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NOPEJUCJIOBUE

B Hacrosimem m3nanum coOpaHbl 86 JOKIANOB, a Takke 86 aHHOTAUH Ha
AHTJIMICKOM sI3BbIKE, MpeJCTaBlIeHHbIX 166 aBTOpamMu Ha XV IIKOJy-CEMHHAp
"AkycTuka okeaHa" uMm. akagemuka J.M. BpexoBckux, coBmeneHHyto ¢ XXIX
ceccueil Poccniickoro Akycrideckoro O0rmiecTsa.

Joknanel noctynwim u3 42 HaydHbIX opraHu3auuil 17 ropogos Poccuw,
Ao6xasnn, Uzpamns, CIIIA u ABcrpamnn. OCHOBHOE WX YHCIIO TPUXOTUTCS Ha
TuxooKkeaHCKH OKeaHoIorndecknit mHCTUTYT uM. B.W. Wmsnuesa JIBO PAH —
17, UactutyT npuknagaoi ¢muku PAH - 13, MactutyT okeanonmormu um. [1.I1.
[Mupmosa PAH — 13, UnctutyTt obmmert ¢usuku PAH - 12, AkycTrueckuii uH-
ctutyT uM. akagemuka H.H. Annpeesa — 11, BopoHexxckuil rocynapcTBEHHBIH
yHHEBepcHUTET - 7, CeBacTOMONBCKUN TOCyNapCTBEHHBIN yHHUBEpCUTET - 6, Moc-
KOBCKHI1 I'OCYZapCTBEHHBI YHUBEPCUTET - 5.

Jloknazpl pacrpeielieHbl 110 YEThIPEM pasJiellaM: pacnpocmpanenue 36yKd,
paccesnue u ompasiceHue 36yKd, AKYCMUYecKds OKeanon102us, MexHuiecKue
cpedcmea u 06pabomKa cusHaNos.

Ha pasnen pacnpocmpanenue 36yka npuxomgurcst 22 poxnana. B Hux 00-
CYXJIAIOTCSl Pe3yJbTaThl HATYpHBIX W YMCICHHBIX DKCIIEPUMEHTOB MO PacHpo-
CTPAHEHMIO 3BYKOBBIX CHTHAJIOB B OKE€aHE, BO BHYTPEHHNX BOJOEMax M Ha MIEJb-
(e. BoNBIIMHCTBO MOKIJIANOB TOCBSIICHO MCCIECAOBAHUSAM B IIETb(OBOH 30HE,
T.€. B MeJIKOM Mope. HaTypHble sxcniepuMeHThl npoBoauinch B UepHom, AnoH-
ckoMm 1 OxoTckoMm Mope, B Muauniickom okeaHe U B Jlamoskckom o3epe. M3ydaer-
Csl TIPOCTPAHCTBEHHO-BPEMEHHAs! KOT'€PEHTHOCTh 3BYKOBBIX IOJIEH aKBaTOPHIA,
(hoxkycupoBKa 3ByKa U €ro 3aTyXaHHe, TOpu30oHTalbHas pedpakiys. [lokaspiBaeT-
Csl CWIIBHOE BIIMSIHWE BHYTPEHHUX NPHJIUBHBIX BOJH HAa BapHallid MHTEHCHBHO-
CTH 3BYKOBOTro 1nouisi B SImoHckoM Mope. [IpencraBineHs! Takxke AOKIaAb! 110 pas-
BUTHIO aJITOPUTMOB YHCIICHHOTO MOJICIIMPOBAHUS 3BYKOBBIX ITOJICH.

B paznen paccesnue u ompasicenue 36yka BXOIAT § JOKIJIAIOB, MOCBSILIECH-
HBIX MPOLECCAM PACCESIHUS BBICOKOYACTOTHOI'O 3BYKa 300IUIAHKTOHOM, PELICHU-
AM 337124 AU(PAKIUN THAPOAKYCTHUECKOTO TOJIs Ha IWIMHAPE W YHIpyroi 06o-
JIOYKE HEaHATNTHYECKOH (POpMBI, aKyCTHIECKUM METOAaM ISl M3MEPEHHs Bep-
THUKAJIBHOTO PACIpEIeNICHNs] CKOPOCTH 3BYKa, a TAKK€ BOMPOCY JIOKATHM3AINH
UCTOYHMKA B CTy4aifHO-HEOAHOPOAHOM aKyCTHYECKOM BOJHOBOJIE.

B pazgene akycmuueckasa okeanonocus npeactasiaeHo 30 10K/Iano0B, MOCBS-
IIEHHbIX aKyCTHYECKHUM METOJlaM M CPEJCTBaM HCCIEIOBaHUs OKeaHa (BKJIFOYas
aKyCTHYECKYI0 TOMOTpaMi0 M MOHHUTOPHHI), OKEAHOJIOTHYECKUM XapaKTepH-
CTHKaM, BaXKHBIM JJIS1 TIOJBOJHON aKyCTHKH, SKOJIOTHYECKUM acCHeKTaM U IIyMaM
Mopsi. bonblinas rpymnmna qokiIazoB OTHOCUTCS K UCCIIEIOBAHUSM MOPCKON Cpeibl
C MOMOIIBI0 aKyCTHYECKOW ToMorpaduu, B TOM YHCJIC C MPUMEHEHHEM CXEMBI
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MTACCHBHOTO MOHHUTOPHHTA. JKCHEPHMEHTAIbHBIE PadOTHl MO 3TOMY Halpasie-
Huto nposeneHbl Ha YepHoMm u bapeHueBom mopsx, a Takxke Bo Diopuackom
MpoJBe ATIAaHTUKH. BO MHOTHX JOKJIaax pacCMaTpHUBAIOTCS BOIIPOCHI, CBSI3aH-
HbIE C BHYTPEHHUMH BOJHAMH. DTO TEOPETHUECKHE U IKCIEPUMEHTANIbHBIE ac-
MEKThI (PIyKTyaluii OABOJHOTO 3BYKA, BBI3BAHHBIX HEJIMHEHHBIMH BHYTPEHHH-
MH BOJHaMH B MEJIKOM Mope. TUMHUYHbIE XapaKTepPUCTHKU U OCOOEHHOCTH HH-
TEHCHUBHBIX BHYTPEHHHX BOJIH B IIeNb(OBOIl 30HE OKeaHa Ha TPHMEPE AaHHBIX
skcriepuMenTa “SWO06”. XapakTepuCTUKH U PaclpOCTPaHEHHOCTh MHTEHCHBHBIX
BHYTPEHHHUX BOJIH B APKTHKE IO JaHHBIM TUCTAHIIMOHHOTO CITyTHMKOBOT'O 30H-
qupoBaHus. OLiEeHUBaHKME MapaMeTPOB BHYTPEHHHUX BOJH IO CHIHAjJaM JOHHOMN
peBepOepanyu. VI3MEHUYMBOCTH CKOPOCTH 3BYKa Ha Inenbde, CBA3aHHAs C BHYT-
PEHHUMH BOJHAMH. BoccraHoBIeHNE MapaMeTpoB BHYTPEHHHUX BOJH 10 TaHHBIM
TOMOTpaIECcKOro 3KCIIEPUMEHTa Ha YepHOMOpPCKOM mienbde. VM3mepenne ma-
paMeTpoB WHTEHCHBHBIX BHYTPEHHHUX BOJIH Ha IIeib(e ¢ MOMOIIBIO JOTIEPOB-
cKoro akycruueckoro npodunomerpa redenuii (ADCP). P nokianoB cBs3aHbl
C M3Y4EHHEM CUTHAJIOB MOPCKHX MJIEKONHUTAIOMINX M aKyCTUYECKHX IIYMOB Kak
6MOJIOrMYECKOTr0, TAK M TEXHOT'CHHOI'0 MPOUCX0oXkeHUs. [lokazaHbl HOBBIE BO3-
MokHOCTH ADCP kak yHHBepCaJIbHOTO CpeACTBa aKyCTHYECKOM OKEaHOJIOTHH.
PaccMoTpeHBl OCOOEHHOCTH aKyCTHUECKHX XapaKTepUCTUK MOPCKON BOJIbI,
HACBIIIEHHON My3bIppKaMU. ['pynma J0KJIaJ0B MOCBAIIEHA ONpEeNeHUI0 Mapa-
METPOB MOPCKOr0 JHA Pa3INYHBIMH METOAAMHU.

K pazneny mexuuueckue cpedocmea u obpabomka cuenanog oTHOCITCS 26
JIOKJIaZIOB, B KOTOPBIX MPEACTaBIEHBI PE3yJIbTaTbl MOPCKUX HCIBITAHUNA HOBBIX
TEXHUYECKUX CPENICTB (MOIIHOW MapaMeTPHYECKOW aHTEHHBI JJIS MCCIEeIOBAHUN
Ha TIPOTSDKEHHBIX TpaccaX, a TakKe MYyIbTIIIMHEHHOW JOHHOW aHTEHHHI), pac-
CMOTPEHBI BOMPOCH Pa3pabOTKH Tiaiaepa — TIyOOKOBOAHOTO MAJOHIyMHOTO
HOCHUTENS THAPOAKYyCTHUECKOM ammapaTypbl, MpPeACTaBICHBl MPOTrPaMMHO-
annapaTHbIA KOMIUIEKC JUIi MOHUTOPUHIA aHTPOIIOTEHHBIX aKyCTHUECKHUX LTyMOB
1 annapaTypbl aKkyCTHUECKOHN CBSI3U [UIsl JOHHOH cTaHuuu. PaccMoTpeHbl BOmpo-
CBl TIPUMEHEHUS! CIIEKTPAILHOTO aHau3a UHTEP(EPEHIIMOHHON CTPYKTYpBI BOJI-
HOBOTO TOJIS JUISl PellleHHsl 33/1a4 aKyCTHUKH okeaHa. [1oapoOHO paccMOTpeHb
MHTETPUPOBAHHBIE CETEBBIE CHCTEMBI MOABOIHOTO HAOIIOICHHSI.

Co Bpemenu npensinymeit X1V mkonsl-cemunapa umenu akaia. JL.M. bpe-
XOBCKHX MPOIUIO TPH roja. 3a 5TO BpeMs yIUIA U3 *KU3HH HAIllU KOJUIETH U TOBa-
PHIIH, KOTOPBIE JOJITHE TOIbI aKTUBHO padoTann B OprkoMuTeTe JUIsl yCHENTHOTO
nposenenus 1Ikombl, a TakkKe aKTHBHO Y4acTBOBAJIM B HEH ¢ JOKJIaAaMH. ITO -
Pomup @emoposuy llBauko, FOpuit Anexceesmua Yemypun, EBrenunit Anatonbe-
Bu4 Komsit, Pomyansn AnatonseBud Banos, Hukonait Hukonaesina OXpuMeHKO.
MBI CKOpPOMM O TOTEPSAX HAIIUX KOJJIET ¥ COXPAHUM IaMATh O HUX.

OprkoMureT
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MHAMSATHU IOPUA AJIEKCEEBUYA YEITYPUHA

1961 - 2014

10 mast 2014 roma cKOpOIOCTIKHO CKOHYAJICS 3aBeAyronmid JlabopaTopueit
akyctuku okeana IOPAH, xaun. ¢us.-mar. Hayk FOpnit AnexceeBnu YernypuH.

B Hnctutyre okeanonornu F0.A.Uenypun padoran ¢ 1988 r. B 1994 r. 3a-
IIATHT JIACCEPTAINI0 Ha COWCKAHWE CTereHW KaHA. ¢u3.-mMaT. Hayk. C 2002 r.
OpLT 3aBemyrommM Jabopatopuert Axyctuku okeana MOPAH. 10. A. Yemypun
HadJaJ y9acTBOBATh B Hay4yHBIX dkcreannusax Ha cygax AH CCCP c 1983 r., emé
Oynyun crynentoM MOTU. OH akTuBHO paboTaid B KadyecTBE PYKOBOIAMUTEIS U
OTBETCTBEHHOT'O UCIIOJIHUTEINS psifa TeM MHCTUTYyTa MO aKyCTHKE OKeaHa, a Tak-
K€ HAYYHBIX Pa0oT 1o POCCHICKMM M MEKTyHApPOIHBIM IPaHTaM.

IOpuii AnexceeBud IMPUHUMAJ y4acTHE B KPYITHBIX MEXKIYHApOJHBIX IPO-
ekrax, Takux kak THETIS-II, ATOK, ACOUS u ap. I[Ipu ero akTHUBHOM y4acTHH
B KaueCTBE 3aM. IpejceaaTes oprkoMurera B 1998 r. nocne §8-neTHero nepepsl-
Ba OBUIM BO3POKAEHBI IIKOJbI-ceMUHaph! akaa. JI. M. BpexoBckux «Akycrnka
OKeaHa», KOTOPbIE BHOBb CTAJIN TIPOBOJUTECS PETYIISIPHO.

OcHoBHbIe HayuHBle HHTEpech FO.A. UemyprHa ObUTH CBS3aHBEI ¢ TpoOITe-
MaMH PacIpOCTpPaHEHHUsS 3ByKa, aKyCTHYECKOH ToMorpaduu okeaHa m o0paboT-
KO aKyCTHUYECKHX CHUTHAIOB. B "acTHOCTH, UM pa3paboTaHBl METOIBI MOJOBOM
JEKOMIIO3ULUH U TOMOTpa(pU4ecKoil MHBEPCHUH aKyCTHYECKHX CHUTHaJoB. B mo-
ciennee Bpems H0.A. UenypuH akTuBHO paboTaii B 00JIACTH HCCIEIOBAHHS BO3-
MOYXHOCTEH HOBOTO HAlpaBJICHUS B aKyCTHKE OKeaHa: MacCUBHOM aKyCTHYeCKOU
tomorpaduu. [lodaydeHHbIE MM pe3ysbTaThl MCCIEAOBAHUI IIMPOKO W3BECTHBI
KaKk B Hallell cTpaHe, TaKk M 3a pyOeKoM, OIyOJIMKOBaHBl B MHOTOYHMCICHHBIX
Hay4YHBIX padOTax.
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IHAMSATHU EBTEHUA AHATOJIBEBUYA KOIIBIJIA

1947 - 2014

29 Hos10pst 2014 T. CKOPOIOCTHM)KHO CKOHYAJICS HM3BECTHBIM POCCHUICKHIA
YYEHBI — aKyCTHK, O-p (pH3.-MaT. HayK, BEAYIINA HAYIHBIA COTPYAHUK JTabopa-
TOPUU AKYCTUYECKOW OKEaHOJOTMH AKYCTHYECKOTO HHCTHTYTa HMMEHH aKaj.
H.H. AunpeeBa Eprenuii AnaronpeBud Kombi.

E.A. Kombut poauncst 8 uronst 1947 B r. Anekcanapose. B 1971 r. mocne
OKOHYaHHST MOCKOBCKOTO (PH3MKO-TEXHMYECKOTO WHCTHTYTa OH IOCTYIHI Ha
paboty B Akyctrdeckuii MHCTHTYT B oTen Ne 3. OCHOBHOE Hay4HOE Harpaslie-
Hue nesrenpHocTH E.A. Kombuta ObUIO CBSI3aHO C HMCCIIEAOBAaHUEM IPOIIECCOB
paccestHuSl U OTPaKEHUs 3ByKa ITOBEPXHOCTHIO M JHOM OKeaHa. CBOMMHM Hayd-
HBIMH pabOTaMH OH CIIOCOOCTBOBAJI YCIICITHOMY Pa3BUTHIO HOBOTO HAIpaBIICHUS
B Hayke — akycTtuke okeaHa. E.A. Kombln MHOTOKpaTHO y4acTBOBaJ B OKEaHHYE-
CKHX JKCIIEAUIMAX Ha cynaxX AKYCTHYEeCKOTO MHCTHTYTA, BBIMOIHSASA INUPOKHUN
KPYT SKCTIEPUMEHTAIBHBIX M TEOPETHYECKNX MCCICIOBAHMI 10 CBOEMY Halpas-
JICHUIO aKyCTUKHU OKeaHa M MpaKTHuecKoil ruapoakyctuku. [1o pesymbraTtam sTux
UCCIIEOBAaHUNH MM OBUIM YCIIEIIHO 3allUIICHbl KaHJUJATCKash U JOKTOpCKas
qucceptauuy. EBreHnit AHaTosbeBHY OBII OJHUM M3 YYaCTHHKOB BCEMHPHO
n3BectHOl «llIkonbl BpexoBckux» M MHOrMe roabl padoTal B cOCTaBe Ipo-
rpaMMHOTO KOMHTETa peryispHo mpoBoguMoi llIkosbl-cemnHapa «AKycThka
okeaHa». E.A.Kombin npoBomun Oosbliyo paboTy IO MEpeBOLy Hay4HO-
TEXHUYECKOH JIUTepaTypsl B n3aatenscrse “Hayka”. PesynbraTsl uccnenoBaHui
E.A. Kombuta Hanmumu otpaxkernue B 6onee yem 100 HayIHBIX paboTax.
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IHAMSATH POMUPA ®EJJOPOBUYA HIBAYKO

1934 - 2014

9 asrycra 2013 r. mocne TsDKenoi OONE3HM yIIesN W3 YKU3HU BUJIHBIN
poccuiickuii y4eHbIi, OJJUH U3 OCHOBaTesIel COBETCKOM U pOoCcCHIICKON aKyCTHKHU
oKkeaHa, A-p (u3.-Mar. HayK, naypeat ['ocynapcrBennoit npemunt CCCP, rinaBHbIi
HayYHBIH COTPYAHUK J1a00OpaTOpHN aKyCTHYECKOW OKEaHOJIOTMH AKYCTHYECKOTO
nHctutyTa uMenu akaja. H.H. Anapeesa Pamup ®enoposuy lIBauko

Pamup @enoposuy ponmics 24 dpespanst 1934 r. B Mockse. B 1957 r. mocie
OKOHYaHHS MOCKOBCKOTO (PH3MKO-TEXHHYECKOTO WHCTHTYTa OH IOCTYIHJI Ha
paboTy B AKYCTHYECKHH MHCTHTYT B Ja0OpaTOPHIO aKyCTHYECKHX METOIOB
uccnenoBanus okeana (JIAMUWO), rae Hagan cBOIO HAyUHYIO JESTEIBHOCTD O
pyxoBozactBoM UM.E. MuxanpueBa. OCHOBHOE HAyYHOE HAIpaBICHUE IEATEIBHO-
ctu P.®. [1IBauko OBLIO CBSA3aHO C UCCIICIOBAHUEM TOHKOW CTPYKTYPBI CKOPOCTH
3ByKa B OK€aHEe M BO3HHMKAIOUIMX M3-32 Hee d((EeKTOB 3aCBETKU 30HBI TeHH. CBO-
MMM Hay4HBIMH PaOOTaMu OH CIOCOOCTBOBAN YCIEITHOMY Pa3BUTHIO BOCTpeOO-
BaHHOTO TOIJa HOBOTO HAINPABJCHMs B HayKe — aKyCTUKe okeaHa. MHOro cuiu
6but0 oTmano P.®. IlIBauko Ha BBHITOJHEHHME aAMUHHUCTPATUBHBIX (DYHKIUH — B
TEUEHHWE MOJITOTO CPOKa OH OBUI 3aMecTHTEeNeM pyKoBojurtess otaena Ne 3
akagemuka JI.M. BpexoBckux, a 3aTeM HayaJIbHUKOM OTZAENa U HadyaJbHUKOM
nmabopaTopun B AKYCTHYECKOM HHCTHUTYTe. Pamup DemopoBMd MHOTOKpATHO
BO3IJIABIIST OKEAaHMUYECKHE JKCIEIUINHN Ha cyAaXx AKYCTHYECKOro HWHCTUTYTA,
BBITIOJIHABIINE UCCIIE0BAHUS MO PA3IMYHBIM HAIIPABICHUAM aKyCTHKH OKeaHa U
MPAaKTUYECKON THApoaKycTUKu. Pamup PDemopoBud ObUT OJHUM H3 KOPEHHBIX
YJIEHOB BCEMHUPHO M3BeCTHOH «lIIkombl BpeXOBCKHX» M CUHMTA CBOMM JOJIFOM
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MocJIe yXOJla CBOETO YUWTENs aKTHBHO padoTaTh IO COXPAHEHHWIO €ro IaMATH,
BHITONHAA (QYHKIWW TIpeAcCenaTeNs MPOrPaMMHOTO KOMHTETa pETyISIpHO
npoBoaumoit [lIkompI-ceMrHapa « AKyCTHKa OKeaHay.

PesynbraTsl nccnenoBanmii P.®. [IIBauko Hammm oTpaxkeHne B Ooiee 4eM
200 HayuHbIX paboTax, B TOM YHCJIE B KOJUICKTUBHON MOHOTpaduu «AKyCTHKa
OKeaHay», yA0oCToeHHOH [ocymapcTBenHoil mpemuu B 1976 r. 3acmyru Pammpa
denopoBrya ObUIM OTMEUYEHBI TAKXKE M APYTHMMH FOCYJapCTBEHHBIMU HarpaJiaMu:
Op/IEHOM «3HaK MoYeTa» 1 MeJaJISIMH.
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MMPOCTPAHCTBEHHO-BPEMEHHOWM CTPYKTYPBI 3BYKOBOI'O
IMOJISA B JTAJOKCKOM O3EPE

Wncturyt npuknagaoi pusukn PAH

Poccus, 603950 Huwxuuit Hosropon, yn. YiesHosa, 1.46
Ten.: (831) 416-4784; Dakc: (831) 416-0630,

E-mail: viro@hydro.appl.sci-nnov.ru

C nomowvio npomsdICeHHOU 8ePMUKATLHOU PeulemKu UsMepeHo pacnpeoe-
JIeHUue UHMEHCUBHOCMU CUSHAL08 HA OUCMAHYUU HAONIOOEHUs. 8 NPOCMPAHCIEE
"enybuna — yeon npuxoda — epems npuxoda”. Imo pacnpeodenenue bipadceHo ¢
nomowwlo Qyukyuu Buenepa nois, CeladceHHOU no yeno8omy U NpocmpaH-
cmeennomy macwmabam. CpasHenue meopuu u IKCNEpUMeHmMa NOKA3bleaem,
umo danHoe pacnpeoesieHue UHMEHCUBHOCU MEHee Yy8CMEUMeNbHO K 6apuayu-
AM napamempog GOIH0800d U, COOMEEMCMEEHHO, 0oee NPeoCKazyemo, Yem
pacnpedenieHue UHMEHCUBHOCMU N0 HA aWmeHHe. Ycmouuueocmv @yHKyuu
Buenepa obvsichsemest mem 06CmosmensbCcmeom, Ymo npu ee GblYUCIeHUU NPOUC-
Xooum paspeuterue (no KpatiHell Mepe YacmuiHoe) 8K1A008 OMOeNbHbIX Jydell.
Hoxkazano, umo cpasHeHue UsMEPEHHbIX U MEeOPEeMUYECKU PACCYUMAHHBIX QYHK-
yuil Buenepa mooicem 6vims Ucnonvp308aHO Npu peuteHuu 3a0ayu 0 J10Kanu3ayuu
UCMOYHUKA 8 80THOBOOE.

KommiekcHyto aMIUIMTyly TOJdsl B BEPTUKAJIbHOM CEUYEHHM IOABOIHOTO
3BYKOBOTO KaHaja Ha (PMKCHPOBAHHOM NHCTAaHIMHM HAOJIOACHHS TPEICTaBUM B
Bune u(z,t)=>,u, (z,t), Ie KaXKA0e ClIaraéMoe OMHCHIBAET BKJIAJ KOHTPYIH-

LMK JTy4el ¢ OAMHAKOBBIMH 3HAKaMH YIJIOB BBIXOZa U3 MCTOYHHMKA U OJUHAKO-
BBIM KOJIMYECTBOM TOYEK MOBOPOTA, z — IIyOWHa, ¢ — BpeMs. [Ipu ¢pukcupoBan-

HOM Z (1)yHKIII/II/I u, (Z,[) 3a4ar0T JIYUYEBbIC UMITYJIbCBI, TO €CTh CUTHAJIbI, ITPUXO0-

JUIIMe Ha TaHHYIO TI1yOWHY, BIOJb pa3HbIX Jy4eBbIX TpaekTopuil. Ha kopoTkux
Tpaccax ()OPMBI JIyYEBBIX UMITYJILCOB YCTOWYMBBI 110 OTHOIICHHIO K HEOOJIBIINM
BapHalUsAM MapamMeTpoB cpefbl. [IpuunHON BBICOKOW YyBCTBUTEIBHOCTH WHTEp-
(hepeHIMOHHOI KapTUHBI MTOJISI K BO3MYILEHHSAM THIPO(PHU3NIECKUX TIOJICH SIBIIS-
ercs TOT (hakT, UTO JaKe Majble BOSMYIIECHHUS MOTYT BBI3BIBAaTh HE3aBUCHMBIE
JpyT OT Apyra U3MEHEHUs 3aJepiKEK JTy4eBbIX MMITyJIbCOB MOPSIKA ePHOAa He-
cymeit 9acToTel. EciM MMIysIbCBI ITEPEKPhIBAIOTCS BO BPEMEHH, 3TO MPHUBOIUT K
CHITBHBIM U3MCHEHUAM 1(z,1).

13



XV wkona-cemunap um. Axao. JI. M. Bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

Hcnonb3oBaHue BEPTUKAIbHOM MPUEMHON aHTEHHBI NMO3BOJIAET BBIIEHATH
CUTHAJIBI, IPUXOIAIINE C Pa3HBIX HANpPaBJICHUH, U TEM CaMBIM IIOMOTaTh paspe-
IICHUIO OTAENBHBIX IYYeBBIX HMITYJIECOB WM HEOOIBIINX TPYII HMITYJIBCOB.
EctrecTBeHHO 0XHIaTh, YTO BBIAETICHHBIE CHUTHANBI OyayT Oojee yCTOWYMBHI U
HpeIcKa3yeMbl, YeM UCXOJHOE paclpeseliecHue 1Moms u(z,¢) Ha anepType aHTeH-
Hbl. B manHO# paboTe MBI paccMaTprBaeM 3TOT BOMPOC HA KOHKPETHOM MPUMEPE.

OT HCXOHOTO pacHpe/eeHs CUTHAJIOB T10 anepType aHTEHHBI u(z,t) Ie-

pelineM kK GpyHKIUH

1

ﬁ(p,z,f)zﬁjdz'ﬁ(z',f)exp —2717'f

c

FPRCEE
4A°
rme U (Z, f )= I dt u(z,t )esz i, C — cpenHss CKOpOCTb 3BYyKa OKOJIO AHTEHHBI.
Orta QyHKIUS 3amaeT JIOKATBHBIA MPOCTPAHCTBCHHBIM CIIEKTP IONIT HAa YacTOTE
f B OKpecTHOCTH TTyOMHBI Z , BBIYUCIEHHBI MO y4acTKy aHTEHHBI JIMHOM
nopsinka A_. BespasmepHslil mapamMerp p HHTEpIpPETHpyeTCs Kak Sin ¢, rie
O/ — yroj mpuxojaa cCurHaia. BeimomHuB oOpaTHoe mpeoOpazoBanme Dypne
U(p,z,t): [df lj(p,z,f)e‘z’”f’ U CIJIauB ‘U‘Z 10 mapaMeTpy p ¢ Macumrabom

crnaxusanus A p » TTOTydaeM GyHKIHIO

! 2 (p—p)
W(p,z,t =7ﬁj~dp' U(p,z,t) exp| —~—L2L 2

b b ) 27[Ap b b )‘ 2A2ﬂ b
KOTOPYIO MBI HHTEPIIPETUPYEM KaK CrIaKEHHYI0 MHTEHCHBHOCTH CHI'HAJA, MPH-
XOIAIIEero Ha TAyOMHY Z B MOMEHT BpeMEHH [ TII0J YIJIOM CKOJBKCHHSA
arcsin p . OTMetM Takxe, uTo W(p,z,f) dakTHIeCcKH MpeacTaBIseT coboit cria-

JKeHHYI0 (QYHKIWI0 BurHepa mons Ha ameprype anTeHHHI [1]. OHa ommchiBaeT
pacipeseneHe HHTeHCHBHOCTH MOJISL B IPOCTPAHCTBE TNITyOMHA — YTOJ IPUX0Aa
— BpeMs.

s neMoHCTpaluy yCTOHYNBOCTH M MPEICKa3yeMOCTH CIVIaKEHHOHW (yHK-
1 BurHepa oOpaTuMcs K aHaIM3Y JaHHBIX HATYPHBIX U3MEPEHUIl, BBIIIOIHEH-
HBIX B JlagoskckoM o3epe. Cxema IKCIIepUMEHTa U TUIIHYHBIA TPO(HIb CKOPOCTH
3ByKa B MeCTe MPOBEJICHNs] M3MEPEHHI TOKa3aHbl Ha puc. 1. VIMmynbcHBINA cHr-
Han B nojyioce gactot ot 1500 1o 3000 I't, nznydeHHslid ¢ riryOuHb 9,3 M MOHO-
HOJBHBIM MCTOUHUKOM U, peructpupoBanca aHTeHHOU pemeTkoi I nmunoi 19
M, 3a()MKCHPOBAHHOH B BEPTHKAJIbHOM ITOJIOKEHUH C IMOMOIIBIO Tpy3a I' m mo-
rutaBkoB K. C momompio noaku JI penierka nepeMenianach OT 0JHOH TOYKH MpH-
ema K apyroil. I'myOuHa o3epa B MecTe NMPOBEICHHS SKCIIEPUMEHTa COCTaBIISLIA
oKo10 20 M.

CoBOKYITHOCTh CUTHAJIOB, PETUCTPUPYEMBIX JIeMEeHTaMu pemietku, I1 3ama-
eT ¢GyHKIuIo u(z,t), MO0 KOTOPOH BBYMCIIUIACH criaxeHHas QyHkius Buraepa
W(p,z,f). B HIXHEH yacTu puc. 2 MOKAa3aHO CEYEeHHE TaHHOW (YHKIMU Ha [U-
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XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuka oxeana', XXIX ceccuss PAO

craanuu 80 M Ha TOPU30HTE MCTOYHHKA, HAIEHHOE I MacIITabOB CrilaKHiBa-
HUA A; =4 M A,=0.07. B BepxHei 9acT OKa3aHO aHAJIIOTHYHOE CEUCHNE TaHHON
(YHKIMH, TOCTPOCHHOE Ha OCHOBE pacdera IMOJsl METOAOM MIMPOKOYTOJBHOTO
napabonuyeckoro ypaBHenus [2]. Xopolee coBnajieHHe TEOPUU U HKCIIEPUMEH-
Ta, KOTOpOE HaOJIOAaeTCs U Ha APYTHX JUCTAHLUSIX, MOJATBEPIKAAET YCTONYH-
BOCTb CIJIaXEHHOH (yHKIMKM Buraepa no oTHOIIEHHIO K HEU30SKHBIM HETOYHO-
CTSIM MoOjenu cpeabl. Ha mpencraBieHHBIX rpadUKax XOPOIIO BHIHBI BKIIAIBI
MPSIMOTO CUTHAJA (a), a TAKIKE CUTHAJIOB, OTPA3HBIIUXCS OT MOBEPXHOCTH BOJBI
(6) u nHa o3epa (c).

20

1440 1460 1480
c, mlc

Puc. 1. IIpoduns ckopocT 3ByKa (ciIeBa) U cxeMa SKCIepUMeHTa
(cripaBa) B JIamoskckom o3epe.
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Puc. 2. Ceuenus usmepeHHOIl (BBepXy) M paccuu-
TaHHOW (BHH3Y) CIUIaXEHHBIX (yHKIHMH Buraepa
B IUIOCKOCTH (f-p) HA TOPWU3OHTE W3ITydarTels
Ha quctaHimu 80 M.

ComocTaBieHIE PACCUNTAHHON W HW3MEpeHHOW (YyHKIMH W MOXKET OBITh
WCTIONB30BAHO ISl PEICHMS 33a7a4M O JIOKAJIHM3ALNH HCTOYHHUKA 3BYKa, TO €CTh
OTIpeZieTIeHUs ero KoopauHat. [IpogeMoHCcTpupyeM 3T0 Ha mpuMepe. PyHKIUIO
Burnepa, m3mMepeHHyI0 B dKCHepuMeHTe, 00o3HauuM W.(p,z,f), a aHATOTHYHYIO
(YHKIMIO Ha pAcCTOSIHUM 7 OT MCTOYHMKA, PACCUUTAHHYIO TEOPETHUECKH,
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XV wkona-cemunap um. Axao. JI. M. Bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

obo3HauuMm Wp,z,t;r). B kadecTBe Mepbl OJIM30CTH CpPaBHUBAEMBIX (DYHKITHI
IpUMeM

J.dpdzdtW@(p,z,t)Wt (p,z,t+7;51) 3)

= U dpdzdi W2 (p.z.1)] U dpdzat W (p. 1)

T7Ie CABWT T BBEJCH JUIS y4eTa TOro (akTa, YT0 CHHXPOHM3AIMs BPEMEHH B TOY-
Kax M3JIyYeHHs M NpueMa OTCYTCTBOBaJIA. B kadecTBe OIEHKM pacCTOSHUS 10
MCTOYHMKA (TITyOMHA NCTOYHHMKA CUNTAETCS N3BECTHON) BHIOMpPAETCS BEJMYMHA 7,
OTBEYAIOIAsi MAKCUMAJIbHOMY 3Ha4YeHUr0 mapamerpa C. 3Ha4eHHE T, PU KOTO-
poM mpaBas 9acTh (3) MaKCHMAaNbHA, TI03BOJISACT TIOMYYHUTh OLIEHKY BPEMEHH TPH-
xona curHana. Ha puc. 3 mokazaHa 3aBUcUMOCTh mapamerpa C OT paccTosHHS
it W(p,z,f), BBIMUCIIEHHOH 10 GYHKIMHU 1(z,f), ©3MEPEHHOH MPU PacTONOKEHUH
HUCTOYHHMKAa Ha paccrtogHuu 80 M or mpuemHuka. Kak BuamM, makcumym C
HaOmonaercst ipu » = 80 M, 4TO MOJATBEP)KAAET MPUMEHUMOCTH 00CYKIaeMOTr0
MeTo/a.

1/2 >

09

08

0.7

086

05

o] 2‘0 4‘0 66 8‘0 1(‘)0 1é0 14‘10 160
rMm
Puc. 3. 3aBucumocts kodddurpenta C OT JUCTaHIUH.
PaGora BeImONHEHa TpH TMoOJIEepXkKe TrpaHToB POOU 15-02-04042 n
15-42-02390.
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VK 534.23

B.H. I'oay0eB
HABJIIOJJEHUE BOKOBOM BOJIHBI B I''TYBOKOM OKEAHE

denepaiabHOE FOCYIAPCTBEHHOE OIOKETHOE HayuHOoe yupexaenue « DUL]
WucrutyTt npuknanHoi ¢usuku Poccuiickoii akanemun Hayk» (UI1® PAH),
yi1. YibsiHOBa, 46 E-mail: golubev@ipfran.ru

Ilpedcmagnenvr  pesyromamuvl  IKCNEPUMEHMANLHBIX UCCIEO0BAHUT  NPO-
CMPAHCMBEHHO-8DEMEHHOU CMPYKMYPbl HUSKOYACMOMHBIX UMNYIbCHbIX CUSHA-
J108 6 2lIYOOKOM OKeaHe 8 YCI08UAX OMKPBINO20 KO OHY aKYCMUYECK020 GOJIHOBO-
oa. Ilpu smom 6 duanaszone oucmanyuti om 5 0o 30 km HabaOOANUCL OOKOBbIE
BOJIHbL NPU KPUMUYECKUX Y2IAX OMPANCEHUsI O OHA HUZKOYACMOMHbBIX 36VKOGbIX
UMNYN6CO8, NPUHUMAEMbIX Ha 2nyoune 6Oonee 4 km. B kauecmee ucmounuxa 36y-
KA UCNONb308ANCA NHEBMOAKYCINUYECKUT U3yuamens (NHeeMonyuKa), oyxcupy-
emulil no auHelinol mpaekmopuu Ha 2nyoune 15 m. Ilpuem u pecucmpayus cuena-
JI08 OCYwecmenanucy 01u3u OHA agmMoHOMHOU OonHol cmanyueil. Ilonoca ya-
cmom usnyyeHHo20 umnyabca cocmaenana 5-50 I'y ¢ makcumymom Ha yacmomax
8-30 I'y. Honyuenvl 3a6UCUMOCHU UHMEHCUBHOCMU OOKOBbIX 60JIH, 00PA306aH-
HbIMU 800HBIM U OOHOKPAMHO OMPAICEHHBIM Jy4amu, om oucmanyuu. Msmepen
cnekmp 60KO08bIX BOH. IKCNEPUMEHMATLHO OYeHeHa CKOPOCHb DOKOBOL BOJIHbL

Bonpocy pacmpocTpaHeHHsI UMITYJIbCOB CO3JaBAEMbIX B3PBIBHBIMH HCTOY-
HUKaMH B MEJIKOM MOpE TOCBSAIIEHO OOJBIIOE KOJIMYECTBO JIMTEPATYpPHI M XKyp-
HaIBHBIX TyOnukanuii [1,2,3]. B HUX U3710KEeHBI KaK pe3yJbTaThl 3KCIIEPUMEH-
TOB, TaK W MPOBEJCHBI TEOPETHUECKHE UCCIICOBAHMS IO PACIIPOCTPAHEHHUIO 3BY-
KOBBIX BOJH B MeJlKoM Mope. Ocoboe BHUMaHHUE ylIelIeHO BOJHAM, paclpocTpa-
HSIOIIMMCS TI0 TpaHHIE paszea ABYX Cpel, JaHO TeopeTHdeckoe 000CHOBaHME
cylecTBOBaHMA OOKOBOH BONHEI [3]. B reodmsuke e€ Ha3BpIBAIOT TOJOBHOW BOII-
HOW, ¥ OHA UCIIOJBE3YEeTCS B METOJIC TIPEIIOMIEHHBIX BOJH. B mpemmaraemom mo-
KJIaJie TIPEJCTaBJICHEI Pe3yNIbTaThl SKCIIEPUMEHTAIBHBIX HCCIIeJOBaHU OO0KOBOI
BomHel (BB) B Tioy0OKOM OKeaHe € WCIOJB30BAHHEM MPOCTPAHCTBEHHO-
BpemeHHOU cTpYKTyphI (IIBC) HI3KOYaCTOTHBIX HMITYJTBCHBIX CHUTHAIIOB [4].

B coBmectHoit axcnienunnn UT1® PAH u CKb CAMU JIBO PAH 6511 nipo-
BEJICH SKCIIEPHMEHT IO HCCIIETOBAaHHUIO MPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTY-
PBI UIMITYJIBCHBIX CUTHAJIOB B TIIyOOKoM okeane (Munuiickmii okeaH). B kagectse
WCTOYHHMKA MMITYJIbCHOTO CHTHAJIA HCIOJIB30BAJICSI THEBMOAKYCTHUECKHN H3ITy-
qarenb (00beM 15 1., pabouee marienue 100 aTm., meproxa usnyuenus 60c), Ko-
TOpPBIi OYKCUPOBAJICS MO NPSMOJIMHEWHON TPAEKTOPHUH C ITOCTOSHHOH CKOPOCTHIO
Ha mryouHe 15 M. [Ipuem m permcrpanus UMITYJIBCHOTO CHUTHANA OCYIIECTBIIS-
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JUCh BONMW3M NTHA aBTOHOMHOW noHHOH crannmeit (AJIC) Ha rmy6une 4.15 kM.
IIpodmie ckopocTr 3ByKa THITUYEH IS TPOITUYECKOH 30HB MHIuiicKkoro okeaHa,
MpU KOTOPOM CKOPOCTBH 3BYKa Y TOBEPXHOCTH Ooiblne yeM y nHa. Ilpm Takom
npoduiie CKOPOCTH 3ByKa (OpMHPYETCs TTyOOKOBOIHBIN 3BYKOBOWM KaHal, OT-
KPBITHIN KO JHY, B KOTOPOM PacIpOCTpaHEHHE aKyCTHYECKUX HMITYJIECOB IIPOKC-
XOJUT IIyT€M MHOTOKPATHBIX OTPaXEHHUH OT JHA U NOBEpXHOCTH. JIuHeiHOe u3-
MEHEHHE TUCTAHIMM OT TOYKU M3JIy4YeHHs IO TOUYKU MpHeMa MO3BOJMIO MOTy-
YUTh MPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYPY HUMITYJIbCOB 3a CUET MX BpPEMEH-
HOTO cTpoOMpoBaHus. B nmaHHOM ciydae cTpoOMpoBaHME CHI'Hana OBUIO OCY-
IIECTBJICHO TaKMM 00pa3oM, YTOOBI MMITYJIbCHI, PACIIPOCTPAHSIONINECS 110 «BOA-
HOMY JIy4y», 0Opa30BBIBAIN JIMHHIO MapaUIeIbHYI0 OCH BPEMEHH 3a CUET KOM-
TICHCALIMN BPEMEHHU paclpocTpaHeHus. [IpHHATHIE pealn3anny pa3MemaTcs Ha
TUTOCKOCTH B KOOPJMHATAX IUITHTEIBHOCTH MMITYJIbCa — MUCTAHIUS B IUTOTHOCT-
HOM Buze (OTH. ypoBeHb 1b) dparMeHT IpoCTPaHCTBEHHO-BPEMEHHOMW CTPYKTY-
pBl MMIYJIBCHOTO CHTHajla TOKa3aH Ha puc.l. Ha mpencraBieHHOM pHCYyHKe
MOJIOXKEHNE TIepeqHero (poHTa HMITYJIbCa, MPHUIIEAIIET0 MO BOJHOMY JIydy

MpocTpaHCTBEHHO-BpeMeHHasi CTpyKTypa, MHauNCKuin okeaH
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Puc.1. IIpocTpaHCTBEHHO-BpEMEHHAs CTPYKTypa UMITYJIbCHOTO CUTHANA,

COOTBETCTBYET Havaly CTpoOa 10 OCH BPEMEHH, 32 HUM CIEAYIOT OTpaKeHHEBIE
HMITYJIbCBI TIEPBOM, BTOpOH, n-oi kpaTHocTH. [lockonbky BB pacnpocrpansercs
¢ OoJpIelt CKOPOCTHIO HAYao CTpoOa OBIIIO CMeIIeHOo 1o ocHu Bpemenu Ha 20 c,
YTOOBI MOJKHO OBLIO HAOMIOAATh CUTHAJIBI, MPEIIIECTBYIONINE IPUXOIY BOJHOTO
U OTpaXEHHBIX CHUrHaJIOB. [IpuBEeNEHHBIN PHCYHOK IpenacTaBiser coboif dpar-
MEHT TPOCTPAHCTBCHHO-BPEMEHHOMN CTPYKTYpPhI UMITYJIbCHBIX CHUTHAJIOB, Ha KO-
TOPOM MOXXHO BBIICIHTH IBE TPACKTOPUHU IIOCIIEIOBATEIBLHOCTEH HMMITYJIHCOB,
3HAYUTEIBHO OIEPESIKAIONIMX BOMHBIA JIyd W SBJISIONMMUCS HMMITYJIbCAMHU-
MpeIBeCTHUKaMU. BoiHa, pacmpocTpaHsomascs ¢ CyIIeCTBCHHO OOJBIIeH CKO-
POCTBIO YeM BOJHEIN CHTHAJ, H3BECTHA B aKyCTHKE Kak OokoBas BoiHA [3]. Kax-
JIBIA M3 3TUX UMITYJIBCOB IPENCTABISIET cO00 OOKOBYIO BONHY, KOTOpas BO3HH-
KaeT MpH yrie MaJAeHUus paBHOM KPHUTHYECKOMY YTy TIOJHOTO BHYTPEHHETO OT-
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paXeHHs Ha TpaHULe IBYX Cpel. PacmpocTpaHSIOIIWIACS IO TpaHMIE BOXa-
MOBEPXHOCTH JHA UMITYJIBC, H3JydacT B BOAHBIA CIIOIl BONHBI MOX KPUTHIECKAM
yriioM. Ha mpezacTaBieHHOM pUCYyHKE BHIHO, YTO Ha PACCTOSHHUHU 6 KM OT UCTOY-
HHKa MOSABIISCTCS UMITYJIbC, KOTOPBIH IepecekaeT JMHUIO BPeMEH MPUXOAa BOI-
HBIX CHTHAJIOB M C YBEIMYEHHEM NUCTAHIUHM OOTOHSET BOAHBIA. DTOT MMILYJIBC
MOXHO HaOmomaTh o muctaHiuu 30 kM. Ha 3ToM ke puCyHKe HPUCYTCTBYET
BTOPOI MMITYJIbC, KOTOPBIH IIepeceKaeT JIMHHUIO BPEeMEH NPUXO0Ja HMITYJIECOB
MIEPBOTO JIOHHOTO OTPAXXECHUS, Ha AUCTaHIMU 12 KM 1 HaOogaeTcs 10 32 KM.

WHTteHcuBHocTs BB ycp. 1.6 ¢, nonoca 5-16 'y CnekTp GOKOBOM BOSHbI, AUCT. 11KM
70
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q
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NCTaHUMA, KM
A u YacToTa, Ny

a) 6)
Puc.2. 3aBUCUMOCTP WHTEHCHBHOCTH OOKOBOI BOJHBI OT PAacCTOSIHHS IOJOcCa
5-16 ', ycpenuenue 1.6 ¢ a), criekTp OOKOBOI BOMHBI Ha AUCTaHOWH 11 kM 0)

Ha pwuc.2a npuBeneH rpaduk 3aBUCUMOCTH WHTEHCHBHOCTH OOKOBOW BOJIHBI B
nojyioce 6-15 ', co3maBaemMoii BOAHBIM JTy4OM Ha WHTEpBaJle JUCTAHIMNA OT 3 110
60 xm. U3 rpaduka puc.2a ciieyer, 4TO HUHTEHCUBHOCTh bB cnamaeT mpumMepHO
Ha 20 nb npu U3MEHEeHUH paccTosHUA OT 8 10 16 kM, 1 Ha AucTaHiuu 30 KM CHUT-
HaJI CpaBHUBAETCA ¢ rymMamu. Ha puc.20 mpecTaBiIeH CIIEKTP UMITYJIbca

Mpocnr, ckopoc 3syka indocean0.ssp

HoBepXHOCTS BOH
T i |

500 R e e
1 000

|

|
1800 — — — — — — — — — — — -

|

2000 RN [ N T

yesram

2500 — =l -4 - ===
3000 it S Bl
3500~ — & — — N\ — T — — — —

4 000 - ===

4500
1490 1500 1510 1520 1530 1540 1550 2
CropocTs asyka m/c G

a) 0)
Puc.3 [Ipodus ckopocTH 3ByKa a), TeOMETPHS JIydel B SKCIIEpUMEHTE 0)
60KOBOM BOJNHBI Ha AUCTaHUIUH 11 KM, KOTOpBI omepexaeT BOAHBIA UMITYJIEC Ha
3 cexyHzasl. CriekTp O0KOBOI BOJIHBI PUC.20 MOIHOCTHIO COBIAIACT CO CIIEKTPOM
U3ITy4EHHOTO UMITyJbca B nuanasoHe yactoT 5-50 I'm. Ha ocHoBe mpocThIX reo-
METPHYECKUX PacuéTOB ObLIa OIpezeseHa CKOPOCTh OOKOBOH BOJIHBI, KOTOpas
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cocTaBWIIa B JaHHOM dKcriepuMenTe ~6.0 km/c. CXeMaTHIHO TeOMETPHs JIydeii B
JTAHHOM SKCTepHMEHTe n300pakeHa Ha puc.3. Ha naHHOM pHCyHKe mpezcTaBiie-
HBI TpaekTopuu BogHoro iyda AE u Tpaektopus 6okoBoit Bomasl ABCDE, acTh
myTtu CD KOTOpoil MpOXOIHT 10 TPAHHUIIE OCATOUYHBIN CIOH-TOBEPXHOCTh TPYHTA.
AKycTHUECKMH MMITYJIbC, W3Iy4eHHbIH BOJIM3M MOBEPXHOCTH, CHAdaia pacipo-
CTpaHseTCs B BOAHOM CJIO€, 3aTEM IMPOXOAUT Yepe3 0CaJOUHBIN CII0H U JoCTUraeT
TBEPZOI MOPOABI, B KOTOPOIl BO3HHMKaeT OOKOBasi BOJHA IPH yIJie IMaieHMUs,
ornpeniensieMOM OTHOIIEHHEM CKOPOCTEN MPOJOJIBHBIX BOJIH B BEpXHEH U HIDKHEH
cpenax. [Ipu yriae mageHus paBHOM KPUTHYECKOMY JIyd CKOJIB3UT MO TPAaHUIE
paszaena H2 u BosiHA pacnpoCTpaHsAEeTCsl CO CKOPOCTBIO PABHOM CKOPOCTH 3BYKa B
HIkHel cpene paBHoll C; [1]. Ilpu yBennueHUH pacCTOSAHUS MEXKIY UCTOUHUKOM
U IPUEMHMKOM BO3HMKAET BTOpasi OOKOBasi BOJHA OT OJHOKPATHO-OTPaKEHHOTO
Jyda TIpH TOM JK€ YTJIe MajJieHus M PaclpoCTPaHsIeTCs ¢ TOH ke ckopocThio. Ha
puc.1 romorpadsl GOKOBBIX BOJIH NMPECTABISIOT NapajuIeIbHbIE MPSMbBIC JTHHUM,
COOTBETCTBYIOIINE CKOPOCTH PACIpPOCTpaHeHHs NpuoiIn3uTenbHo, 6.0 km/c. 310
MO3BOJISIET CJIIENATh MPEIIIOJIOKHUTENIBHO BBIBOA, O TOM, YTO OCHOBaHUE 10 KOTO-
poMy pacrpocTpaHseTcs 60KoBas BOJIHA IPEICTAaBIACT co00il Oa3anbT.

B onmceiBaeMOM 3KcIiepUMEHTE ¢ MOMOIIbIO MPOCTPAHCTBEHHO-BPEMEHHON
CTPYKTYpBl OOHapy>KeHbl OOKOBBIE BOJHBI OT MpPSIMOTO W OJHOKPATHO-
OTpa)XEHHOTO HMITYJILCOB, OIpeJelieHa CKOPOCTh PaclpoCTpaHeHUs: OOKOBOU
BOJIHBI, ¥ MTApaMETPhl 3aTyXaHUs €€ Ha MHTepBaie AucTaHuuil ot 6 10 30 xm. B
nuana3zoHe 4actoT 5-50 I'm cnextp BB coBmamaer co CnekTpoM H3IIy4EHHOTO
UMITYJIbCA.

JUTEPATYPA

—_—

K.Kuneii, I MenBun. Akyctudeckas okeanorpadus. Mup, Mocksa. 1980

2. Axycruka Mopckux ocajakoB mnoj pexn. JI.Xsmnrtona. Mup, Mocksa.
1977

3. JL.M.Bpexosckux, ,HO.I1.JIpicanoB TeopeTnueckue OCHOBBI aKyCTUKU
okeaHa, Mocksa, Hayka. 2007

4. Tomy6es B.H., Jlobanos B.H., lllaponoB I'.A. DxcnepuMeHTaNbHOE HC-

CJIeZIOBaHUE TIPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYPBI HU3KOYaCTOTHBIX

UMITyJbCHBIX CHTHQJIOB B OKeaHe. AKyCTHKa oOkeaHa. JloKmambl

XII mkomnsl-cemunapa uM. akaj .JI.M.bpexosckux, copmeménnoi ¢ XXI

ceccueit Poccmiickoro akycrtudeckoro oomiectsa, crp.55-58, T'EOC

Mockaa, 2009
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B.A. I'puropbes’, B.I'. [lernukos?

O COOTHOHMIEHUU HEIMPEPBIBHOI'O U AUCKPETHOI'O
CIIEKTPOB IIPU MOJJOBOM OIIMCAHUU 3BYKOBOT'O I10JIAA B
MEJKOM MOPE

"BopoHekckuii ToCy1apcTBEHHBIH YHUBEPCHTET
Poccust 394006, Boponex, YHuBepcurerckas 1., 1
Temn.: (473) 220-8748; dakc: (473) 220-8755
E-mail: grigd@yandex.ru

2WuctutyT obmeii Gpusuxm uM. A.M. IIpoxoposa PAH
Poccus 119991, Mocksa, yi. BaBuiosa, 38

Ten.: (495) 503-8384; dakc: (495) 135-8234

E-mail: petniko@kapella.gpi.ru

Ha npumepe menxo6o0Hoz2o akycmuyeckozo 60anosooa llexepuca ¢ ooHo-
POOHBIM JHCUOKUM NONOWAIOWUM OHOM ROJYYEHbl OYeHKu paccmosHuii ¥ om
UCMOYHUKA, NPU KOMOPLIX MOJICHO NpeHeOpedb HenpepbleHbIM CHEeKMPOM Npu
MOO0BOM ONUCAHUU HUZKOYACMOMHO20 368YK08020 honsa. IIposedeno cpasnenue
08YX OUCKpemHbIX npedcmagieHull noisa 8 800HOM cloe Ha ocHose: 1) noiHozo
Habopa HOPMAnbHLIX MO0, 2) NOIHO20 HAOOPA HOPMANBHLIX MOO U KEA3UMOO.
Iokazano, umo 6 ciyuae, Ko20a 6 KaHane cyuecmeyem xoms 0bl 00HA HOPMATb-
Hast M0Od, OONONIHUMENbHBLI Y4em K8Aa3uMo0 N036015em Ha NOPA0OK NpUOIUUMb
SPaHUYY NPUMEHUMOCTNU YKA3AHHO20 NPeOCmasienus u YCMmaHosums ee Ha
yposue " =H | 20e H — 2ny6una soonozo cnos. Ionyuenst 3aeucumocmu xiada
HenpepvisHO20 CNEKMpPA 6 NOJHOe Noje OMm Napamempos 60JH0800A U HAlIOeHb
VCN08UA €20 MUHUMUBAYUU.

B nmanHO# paboTe Ha MpHUMEPEe MEIKOBOJHOTO aKyCTHYCCKOTO BOJHOBOJA
[exepuca (0JHOPOHBIN BOIHBIN CJIO TONIIMHBI H , JeXKaNUil Ha OJHOPOJIHOM
JKUJIKOM TIOTJIOMIAIONIEM MOTYIPOCTPAHCTBE (IHE), CM. pHC. 1a), MOTYYCHBI YHC-
JIEHHbIE OLIEHKH PAcCTOSIHUM 7 OT MCTOYHMKA 3BYKA, MPU KOTOPBIX MOXKHO Mpe-
HeOpeub, Tak Ha3blBaeMbIM, HenpepbiBHEIM criekTpoM (HC) mpu momgoBoM oru-
CaHUHU aKyCTHYECKOro nojisi. I[pyrumu cioBaMHu, yCTaHOBJIEHO, AJIsi KaKUX pac-
CTOSIHUM yAOBJIETBOPUTEILHBIM MOYXHO CUMTATh MPENCTABIEHHUE IOJISI B BOJHOM
cioe B Buje nuckperHoro crekrpa (JC) Mon. AKTyaqpHOCTh TaKOW 3aa4dd BO3-
HHKAeT TIPM PacyeTax 3ByKOBBIX TOJIEH Ha pacctosuusx r/H =1+10, rae Bkian

HC anpuopu Henb3si CHUTATh MaJbIM.
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() {0y M-paspes () EJP-pazpes
0 - Itn & Itn &
17 '
zm? £ p § Yo Ime=0
H ; )
“‘3 kl Fes=10 kl
C1. . O . bl —_
z 0 Reé 0 Ref

Puc. 1. (a) Cxema BonHoBOxa Ilekepuca, rue (c,p) u (cl ,pl) — (CKOpOCTB 3BYKa,

TUTOTHOCTH) B BOJIE | JHE, 0. — MapaMmeTp AOHHBIX NoTepsk. (0, B) BepxHmii mmuct
puMaHOBOW moBepxHOCTH & mnpu M-paspese u EJP-paspese (okupHBIC JHHHH),

k= ((0/ ¢ )(l +ioy 2) — TOUYKa BETBJICHUS (BOJIHOBOE YHUCIO B AHE), (O — 4acToTa

3Byka. UepHsie u Gernble KpyKKU — nommoca &, , coorercTByromme HM u KM.

Honstus JIC n HC, koTopple B CyMMe JalOT TOJHOE IOJIE B BOJHOBOJE,
SIBIISTFOTCS] OTHOCUTEIBHBIMH TTOHATHAMHE. Bce 3aBUCHT OT TOTO, MPEICTaBICHBI JTH
Mobl JIC Tonpko HOpManbHbIME Mofamu (HM, cOOCTBEHHBIMU MOJaMHU) WA K
HM no6asnstores Takxke kBazumonbl (KM, HecoOcTtBeHHbIE MOIbI). COOTBET-
CTBEHHO, BO BTOpoM ciaydae Bkiax HC m3mensercs Ha Bennuuny Bkiaga KM.

[To ompenenenuro, KOTOpOe HCHOJIB3yeTCs B JaHHOW padote, HM — 310
YacTHBIE PELICHUs OJHOPOJHOIO ypaBHEHHUS [ 'enbMrosiblia, yJOBIETBOPSIOLIUE
T'PaHUYHBIM YCIIOBHSM U YCIOBHSM M3IyueHHs: Ha OeckoHeyHoctH [1]. KM — ato
peLICHUs], YIOBJIETBOPSIONINE BCEM NEPEUHCICHHBIM BBIIIE YCIOBHSM, 3a HC-
KJIFOUCHHEM yCJIOBUH M3ITydeHns! Ha OeCKOHeYHOCTH. B pesynbrare, B OTIHYHE OT
HM ammuryna KM He yObIBaeT, a pacTeT B JJHE C yBEIWIEHHEM TITyOHHEI.

ITo Bepakenmro JL.M. bpexoBckux [2], KM sBusroTcs ‘“He3aKOHHBIME
MOJIaMH, OJHAKO, “BIIOJIHE 3aKOHHO WCIIONB3YIOTCS KaK B aKyCTHKE OKeaHa,
HampuMep, IPHU OMUCAHHUH TOJIe B BOJHOBOJAX C MATKUM JHOM [2, 3], Tak U B
psife CMEXHBIX oOnactel (pu3uku, HampuMep, IPU UCCIEIOBAHUN BOJH B DIICK-
TPOMAarHMUTHBIX U ONTHYECKHX BOJHOBOAaX. 3ameTruM, uro KM oTHocATCS K
KJIacCy BBITEKAIOIUX MOJ U TMOJHOCTBIO COCTaBIIAIOT 3TOT KJacc IpU aHalIH3e
ToJIed B BOJTHOBOJAX 0O€3 MOTeph.

C mareMaTHuyeCcKOl TOUKM 3peHus pasioxenue nomaxoro nong Ha JIC u HC
OCYIIECTBIISICTCSL TPE0Opa3oBaHUEM TOYHOTO PEIICHHS, BBIPAKEHHOTO B BHUJE
HecOOCTBEHHOT0 MHTErpania, B KOHTYpPHBIH MHTETpaI 110 KOMIUIEKCHOM TepeMeH-
HOM & W NMpUMEHEHMs K MOCIeJHEeMY TeopeMbl O BblueTax. B pesymbrare, JIC

TIPEJICTABIIAETCS KaK CyMMa BBIYETOB B MONIOCAX &, MOIBIHTErPATBHON QyHKIMH
(BerueTsl u ecth Moabl), a HC ects uHTErpan mo Geperam paspesa, HIYLIIETO OT
TOYKH BETBJICHUS k| KOMIUICKCHOTO KBAaIpaTHOTO KOPHA € = \/klz — &%, npucyr-
CTBYIOILIETO B IOJBIHTErpaNIbHON (pyHKIMH (puc. 10,B).
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M-pazpes, c1fc=D 9 EJP-pazpes, c1fc=El.E
10 . . . . . . .
N () ®) .
gl | L 035
0.3
7 L L
025
= B + 3 t
-~ 0.2
T ;| | L
9 0.15
4 F L
0.1
37 I r 0.5
21 r r i
B ———t ‘
M-pazpes, c1fc:1
10 L L L L L L
5 (5) L max
g | L 035
0.3
7 L L
025
0.2
0.15
[ 01
[ 0.05
T 0
W-pazpes, EﬂfEZW 1 EJP-paspes, E1fL‘.=1 1
10 . . . . . \ . . .
12
o () 11 © L max
10
al | L 035
0.3
7 L L
0.25
< B i [
~ 0.2
T ;| | L
0.15
4
4 F L
4 01
4 L RN
34 3 . 005
24 . 9 F 2t i
1+ T T T T T T
1 a 10 18 20 i} 30 1 a 10 15 20 25 30
riH riH

Puc. 2. Hessizka 6 mexnay tounsiM mosieM u JIC npu M-paspese, EJP-pa3pese u
npu nmapametpax: ¢;/c=0.9-1.1, p,/p=1.7, 0.=0.01. Benas o6nacte cooTBeT-
cTByeT Majiol Hessizke (0 < 0.05), rae MmoxkHO nipeHeOpeus HC.

23



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

Paznudnbie crocoObl MpOBEACHUS pa3pesa MPUBOIAT K PA3IMIHBIM pasiio-
xkeamsm noist Ha JIC u HC. Ipu EJP-paspese (aBroper Ewing, Jardetzky, Press)
no siuHMM Ime=0 (puc. 18) JIC cknanpiBaeTcs U3 MOJHOTO M KOHEYHOIO 4yHcia
HM, 3aryxatomux B nue. [Ipu pa3pese mo muann Ree =0 (puc. 16) AC cxmamsl-
Baercst u3 JIC EJP u monHoro 6eckoneunoro uncia KM. Paszpes Ree =0 naszpan
Hamu “pazpe3 MATLAB” umun M-pa3pes. Ha3zBanme o0ycioBI€HO TeM, UTO pea-
mm3anust M-pa3pesa BO3HHKACT MPH MCIIONB30BAaHUM (DYHKIMH Sqrt TIPH BBIYMC-
JIEHUU KOMIUIEKCHOTO KBaJPAaTHOIO KOpHs B porpaMMHoM rakete MATLAB.

IIpu » >> H Tun pa3pesa He urpaet poiu, nockoiabky HC man npu mobom
paspese, U IoJie B BOAHOM CJIOE€ XOPOIIO ONUCHIBAETCS HECKOJIBKUMH IEPBBIMU
nomepamu HM. Tpu r/H =1+10 MokHO mpeanonokuts, uro skiaa HC B mos-

Hoe moJjie npu M-paspese Oynet menslue, yem npu EJP-paspese. s npoepku

9TOH TUNOTE3bI OBUTH NPOBEICHBI pacyeThl HeBsI3KU O =|I -1 D| / |I ,rie I u I,

— BEKTOpa OTCYETOB WHTEHCHBHOCTH AKyCTHYECKOTO TOJIsi (TOYHBIM pacdeT u
JC) na paccrostHun r u rayonHax 0<z < H . MICTOYHUK CYHTAJICSI PacHoio-
JKEHHBIM Ha JHE, T.K. ObLIO 3aMeueHo, uTo 1pu 3ToM HC Makcumanen.

Ha puc.2 mokasamsl monyueHnsie 3asucumocta 0=0(r/H ,H/)), rre

A — JUTMHA 3BYKOBOM BOJIHBI B BOJIE, [UISl PA3IMYHBIX BOJIHOBOJOB U Pa3IMYHBIX
paspesoB. lllTpuxoBkoii Ha puc. 20,r moka3ana obnacte, rue HeT JIC npu EJP-
paspese, T.K. B kaHaie HeT HU oxHoid HM. Lludpsr 2—12 Ha puc. 2 moKa3bBaroOT
MOMEHTHI mosiBieHuss HM ykazaHHBIX HOMEPOB BIONb ocu [ / A . Bugno, uro,

KOTJIa B BOJTHOBOJIE CYIIECTBYET XOTs Obl omHa HM, nomomauTenbHeN yaer KM
npu M-pa3pe3e MO3BOJSET HA MOPSIOK MPUOIM3UTH TPAHUILY MPUMEHUMOCTH
MOZOBOH Teopuu (T.e. cuurtath, uto I=I,) U B cpegHeM yCTaHOBUTH €€ Ha
yposHe r=H mpu H <10A. Jlgs JOCTATOYHO SAPKO BBIPAKEHHOTO KECTKOTO
(¢, =1.1c) u wmsrkoro (¢; =0.9¢) nma mpumepno nmpu H/A>5 rpanuua
obnactw, rjie MoxkHo npeHedpedr HC npu yuete KM, nmeer 3nadenust » < H .

Pabora BeImonHeHa mpu mojaep:kke Hayunoii mikonel “B3aummonelictBue
ONTUYECKOTO U aKyCTHUECKOro M3inydeHuil ¢ sxuaxocteio” (Ne HIII-214.2012.2),
IIporpammer OPH PAH “®ynnameHnTtanbHble MPoOIeMbl aKyCTHKH HCKYCCTBEH-
HBIX U TpupoHbIX cpen” u PODU (mpoext Ne 14-02-00330).

JUTEPATYPA
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nuBocTok: [lampHayka, 2006.
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0.3. I'yann, U.0. Apomyk

BJIMAHUE MAPAMETPOB MOJEJBHOI'O MEJIKOI'O MOPS
C 2D-CJAYYAHUHBIMA HEOJHOPOTHOCTSIMHA HA
SHEPITETUYECKUE XAPAKTEPUCTUKHU AKYCTHYECKOT O ITOJIA

denepanbHOE TOCYIAPCTBEHHOE OFOJDKETHOE YUPEXKICHUE HAYKH,
TuxookeaHCKHH OKeaHOJIOrnueckuil nHCTUTYT uM. B.W. npuuena

JABO PAH

Poccus, 690041 BnanuBoctoxk, yi. bantuiickas, a. 43

Temn.: (4232) 31-26-17; ®akc: (4232) 31-25-73, E-mail: gulinoe@poi.dvo.ru

Paccmampusaemcs 3a0aua o npoxosicoeHuy 36yK08020 CueHaida cpeoHeua-
cmomnozo ouanasona (500-1000 I'y) uepe3 cpedy MenrKo800HO20 80IHOB00A C
20PUBOHIMATLHBIM NOTOWAIOWUM OHOM U OBYMEPHBIMU QIYKIMYayUamMu CKopo-
cmu 36yKa. Panee na ocnose cmamucmuieckoeo mooenuposanus Ovil ycmanos-
Jen appexm ocnabaenust cnadanus cpeorell UHMEHCUBHOCIU NOJIsL ¢ PACCMOsi-
HUeM NO CPABHEHUI0 ¢ 0emePMUHUPOBAHHBIM ONUCAHUEM, O3HAYarwull Gopmu-
posanue 8 600HOU cpede CMOXACMUYECKO20 80HO800A MO Ul UHOU POKYCU-
pyowell cunel. B nacmosaweii pabome ucciedyemcs enusHue napamempos ciy-
4aiiH020 80HOB00A Ha OaHHBIU 3hekm POKyCUpPosKl, NPUEOOAWUL 8 CIAMU-
CMUYECKOM CMbICIe K TyHuleMy pacnpoCmpaneHuto Moo.

B paborax [1-3] 11t 3ByKOBOTO CHTHANA, PACIIPOCTPAHSIOMIETOCS B METIKOM
Mope ¢ (QIIYKTyaIllsIMA CKOPOCTH 3BYKa M IOTJIONIAIOIIAM JHOM, OBIT YCTaHOB-
JICH MHTepeCHbII cTartictuueckuil a¢dexr. OH 3akitouaercsi B TOM, 4TO B 00Ja-
CTH CHWIBHBIX (UIYKTyalli TOJIs, KOTJa MHAEKC CUMHTWUIALUA HaYyMHAeT Ipe-
BBILIATH €MHUILY, CHaJlaHie CpeHEel MHTEHCUBHOCTU CHTHAJA 3aMEUISIeTCs 110
CPaBHECHHUIO C JETePMHHHUPOBAHHBIMH YCIOBHSIMH pacnpocTpaHeHus. B mope
(hopMupyeTcsi CTOXacTHYECKHH BOJHOBOJ, B KOTOPOM MOJBI C PACCTOSIHUEM 3a-
TyXaroT MeyieHHee. Hu B OZJHOM M3 M3BECTHBIX MHOTOYHCIICHHBIX padoT, Hauu-
Has C KJIACCHYeCKHX [4], W 3aKaHUMBas COBPEMEHHBIMH, 00 3ToM 3(ddekre He
BCTpEYaeTcs Jake YIOMHUHAHUSA. MEXIy TeM oOBsSCHCHHE MAaHHOTO pe3yibTaTa
COCTOHWT B TOM, YTO B TIOTJIOIIAIOMICH Cpele MEIKOT'0 MOPS BCE MOJIBI SBIISIOTCS B
TOHM WJIM MHOW Mepe 3aTyXalolmuMH OJ1aroaapss HaTUIUI0 MHUMOK YacTH COOTBET-
CTBYIOIINX TOPHU3OHTANBHBIX BOJHOBBIX YHCEN (COOCTBEHHBIX 3HAUYEHUH BepTH-
KaJbHOH 3amaun). QIyKTyallil CKOPOCTH 3BYKa MPUBOIAT K (PIYKTyalusM BOJI-
HOBBIX YHCEN MOJ, KaK MX PEaJIbHbIX YacTel, TaK 1 MHUMBIX. DIyKTyalum MHH-
MBIX YacTell cCOOCTBEHHBIX 3HAYCHHWIl MPUBOJST K TOSBICHUIO B PEIICHUH IS
CpeiHel MHTEHCUBHOCTHU MOJSI MEUICHHO PAcTyLIero C JUCTAHIMEH SKCIIOHEeH-
[IUATBHOTO MHOXKUTEJNSI, KOTOPBIH M3MEHSET XapakTep CraiaHus HHTEHCHBHOCTH.
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Ha 5T0 yKka3pIBaloT Kak aHAINTHYECKNE OIEHKH, TaK W PE3YJIbTaThl CTATHCTHYE-
CKOT'O MOJICJIMPOBAHMSL.

PaccMoTpuM MOpPCKYIO Cpelly, COCTOSNIYIO M3 BOAHOTO CIIOS U CIIOS KHUIKUX
0CaJIKOB C TOPU30HTAIBHBIMU MOBEPXHOCTSIMH. IlycTh B BOIHOM cpeie ¢ 1mocTo-
STHHOW TUTOTHOCTBIO Py, PETYISIPHAS CKOPOCTh 3BYKA Co(z) MCHBITHIBAET ClIa0BbIe
IByMepHBIe (uIyKTyamuu, Tak 4to c(z,r) = co(z) + oe(z,r), |dc/co| << 1. Croit
JKUJIKUX OCAJIKOB SIBJISIETCS] OAHOPOIHBIM C TIOCTOSIHHBIMH 3HAUEHHSMH IJIOTHO-
CTH, CKOPOCTH 3BYyKa H TOTJIOLICHHUS: P1, ¢, . Janee momaraem, 9ro ciydvaitnoe
nose &z,r) = -20c(z,r)/co TayccoBo, {(&zr)) = 0 W OMUCHIBAETCS CIEAYIOMIEH
AQHU30TPOMHON KOPPEIALNOHHON (QyHKIIHEH:
|Z| _Zz| +|r1 —I’2|

L L

z r

B(z,—z,,,—1,) E<.€(zl,rl).9(22,}”2)>=0'E2 exp| —

JIJIst TOYeYHOTO TOHAJIBHOTO MCTOYHUKA, M3IYYalolero B HEKOTOPOU TOUYKE BOJI-
HOBOJA (20,0), TTOJIe aBIEHUS TMPEICTaBUM B BUJE PA3IOKEHHS MO JIOKATbHBIM
Mozam (k = w/c):

P =36, (r) ¢, (zr). ;7% (1) 4 [k (5.7) =12 ()]0, (27) =0, (1)

KOTOpBIE Ha IIOBEPXHOCTH (z = H) M IpoHHIIaeMoM JiHE (z = /1) yJOBJIETBOPSIOT
OOBIYHBIM TPAHUYHBIM YCIOBUAM: @y(H, 1) = 0, @u(hy) + gm @ w’ (hyr) = 0. Ins
BTOPOTO CTAaTHCTHYECKOTO MOMEHTa MOJIsl JaBJIeHHs (CpeJHell WHTEHCHBHOCTH)
CIIpaBeUINBO BBIPAKEHHE:

(iF)=0=2(ar o)+ 3 ((66.)(ne). @

rzie CpeaHssi HHTEHCUBHOCTD ITOJISI MPEACTABICHA B BUJIe HEKOTEPEHTHOM M Kore-
peHTHOI cymM. [t ManbIx QuykTyanmii &z,r) cpenHue 3HAUCHHS () PaBHBI CBO-
UM HEBO3MYIICHHBIM 3HAYEHUSIM, @ OTHOCUTEJIbHBIC (IIYKTyalluH ¢ Malbl, MU
MOXHO TpeHeOpeus. [To Teopun Bo3MyIIeHUH COOCTBEHHBIC 3HAUEHHS A;, Oy-
JIy4H JIMHEHHBIM (DYHKIIMOHAJIOM OT HEOJHOpPOIHOCTeH & z,r), TaKXKe pacrperie-
JICHBI TI0 TayCcCOBOMY 3aKOHY. [t MooBeIX aMmmuTyx B (1)-(2) MOXKHO TIOKa3aTh
CIpaBeNTUBOCTE aquabaTHIecKoro mpuommkeHus [2,3], To ecTh

Gm (l”) = Am exp ljdé/ Km (é‘) > Am = l|:27[l ,(rn (V)V:|71/2 (om (ZO’rO )exp[Km (}ﬂO)FO]/2

o

npu 0 < rg < r u K, ro >> 1 . Ilone3ysick Teneps TaycCOBOCTHIO COOCTBEHHBIX
3HAYCHHH, MOYKHO 3aITHCaTh:

<G1G;>~ exp ijdé’(lq—l(;) =exp ijd§(<m>—<l(;>) X
R o : G)
exp —% ;[d§(5lq'—§K;) exp %;[dé’(&qq&rg)
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3nech Ky = <ky> + 0K, , Ok, =Re(Jk, ), 0k, =Im(Jk, ). AHanus nocieasero

MHOXHTENS B (3) MPOJMBACT CBET HA TO, KAKOH CHIIbI CTATHCTHYCCKUN 3P hEeKT
ocnalJeHns CragaHus CpelHe MHTEHCHBHOCTH MOXHO OXHAATh B YCIOBHAX
KOHKPETHOT'O BOJIHOBOJA. Tak, K yCHJICHUIO AP QeKTa MPUBOIUT yBEIUUCHHUE pa-
JIyca KOpPPEJSIUH HEOJTHOPOJAHOCTEH, KaK M0 TOPU3OHTAJIH, TaK U 10 BEpPTHUKA-
JIM, a TIOHWKEHHE YaCTOTHI M3JIy4eHus] Ha000poT ymeHbInaet addekr. Huxke pac-
CMOTpEHa CHUTYaIUsl ¢ JBYMSI CIy4aifHO-HEOJHOPOJHBIMU BOJHOBOAAMH, NMEIO-
IIAMH pa3Hylo IPOHUIIAEMOCTh TOPU30HTAILHOTO JTHA. [IepBBIii BOJHOBOA HMeEET
napamerpsl: H- 1 =50 m, p /p1 =2, ng= co(h)/ci1 = (1500/1600)(1 + if), p = 0.01
(0.34 nb/(xm-I'm)). B ToIIe BOABI pacoONoKeH TEPMOKIHH. TOUYCUHBII HCTOYHHUK
Ha TiIyOuHe 25 M u3iydaeT TOHaIBHBIN curHai dactoTsl 500 ', a daykryanmu
CKOPOCTH 3ByKa MHTEHCHBHOCTH Of MMEKOT BEPTHUKAIBHBIA U TOPU30HTAJIBHBIA
macmTabsl L, = 10 M u L, = 5000 M cooTBeTcTBeHHO. [Jc/co]? = 107 BHYTpHU Tep-
MOKJIMHA, HA OCTAIbHBIX I'IybuHax [dc/co]’> = 10, Jlng naHHOM Momenu BOJHO-
BOJIa B OTCYTCTBHE (UIyKTyanuil cpeabl cymecTByer 11 pacmpocTpassiomumxcs
MoJ. 13 pe3ynpraToB MoaenupoBanus (puc. 1) xopoo BuieH 3hdexT ocnadie-
HUS 3aKOHA CHaNaHWsI CpelHEeH WHTCHCHBHOCTH, O KOTOPOM uaeT pedb. OH cra-
HOBHTCS 3aMeTeH yke mpu » > 10 km, a k quctanmmm 60 kM mocturaeT § nb.

g8 & 5 8

3

L H i H -
ql%as 1805 1525 1545 1865 1585 | 1605

S

<f, 1 (96)
]

110

-120

AL e e S L i ..Nj‘l"‘.‘ﬂ..-\..‘\\u

rikm)

Puc.1. TTorepu npu pacnpoctpanenuu, 500 ['n. HuwkxHAsS myHKTUpHAS KpUBast —
yCpeIHEeHHBIH (110 MPOCTPaHCTBEHHOMY IEPUO/TY) 3aKOH CIIaIaHksI HHTEHCHBHO-
CTH JIUIsl ISTEPMUHUPOBAHHOI MOJIeni BOJTHOBOA (€= 0), MoKa3aHHOW B BEPXHEM
npaBoM yriay. CrionIHast BEpXHss KpHUBasi COOTBETCTBYET HAIMYMIO CITydalfHBIX
HEOJHOPOAHOCTEH B BostHOBOIE. ["'opu3oHT HaOmoaeHus 20 M OT JHa.
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Bropoif BoTHOBOA MMEET T€ K& caMble MapaMeTphl, TONBKO THO BBIOpaHO
6onee mponuiaeMeM: P /py = 1.3, ng = co(h)/c1 = (1500/1530)(1 + if}). B nauuoit
CUTYaIlNH PaCTIPOCTPAHSIIOMINMUCS SBIAIOTCSA 5 MOJA, a MHUMAas 4acTh WX TOpPH-
30HTAJBHBIX BOJHOBBIX YHCET YBEIWYMBACTCS IO CPABHEHHIO C MEPBBIM BOJIHO-
BojioM. [Ipu pacderax mpHHUMANKCH BO BHUMAHNUE €I1e JIBE BHITEKAOIINE MOIBI.
Hwxe u3 puc. 2 BUIHO, YTO PACXOKICHHE MEXITy CTATUCTHUECKON KPUBOH U Je-
TEPMUHUPOBAHHON 3aBUCHMOCTBIO YCHUIIMBACTCS, 3aMeJICHUE CIaJaHusI CpeaHen
MHTEHCUBHOCTH 3aMETHO YK€ Ha paccTOsHUAX MeHee 10 kM, a Ha AMCTaHLMAX
40-50 xm nocturaet 40-50 nb.

-40
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-100 -
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-140

<>, 1 (05)

-160

-180

200

-220

-240

0 5 10 18 20 25 30 35 40 45 50
(kM)

Puc.2. HOTCpI/I Ipu pacpoCTpaHCHUU JJIsk BTOPOT'O BOJIHOBOJA. KpI/IBI)IG " napa-
MCETPbI aHAJIOTUYHBI IPUBCACHHBIM Ha pHUC. 1.
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JJOKAJIM3ALUA UMITYJIBCHOT'O HCTOYHUKA 3BYKA B
BOJIHOBO/IE C CWJIBHO HEOJJTHOPOJIHOM I'PAHMIIEN
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Poccus, 125009, Mocksa, yin. Moxosas, a. 11
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IIpedcmasnenvl pe3ynvmamul NPUMEHEHUSA YUCTEHHO20 MemO00a BPEMEHHO20
obpawenus 601H 0151 BOCCIMANOBNEHUSL NONOHCEHUS UMNYILCHO20 UCTNOUYHUKA
38YKA, HAXOOAWE20Cs 8 BOOHOM Cll0e, KOMOPbIll C8epXy 02panuiel NiA0CKOlU C80-
000HOII NOBEPXHOCTNBIO, A CHU3Y - AOCONIOMHO HCECMKOU NOBEPXHOCHIBIO CIOMHC-
HO20 npoguiisi.

[MoTeHmansHBIe BO3MOXXHOCTH UCTIOIB30BAHUS 00pAIeHNsT BPEMEHH B aKy-
CTHKEe OOCYXTaloTCs yKe OTHOCHTEIbHO naBHO [l]. B wactHOCTH, B [2] OBLT
MIPEUIOKEH YHCIICHHBIA alTOPUTM DEIICHUS CHCTEMBl YpPaBHEHUH aKyCTHKH C
00paTHBIM BpeMeHEeM, KOTOPBIH MO3BOJISIET, IPH OIMpPEICICHHBIX YCIOBHAX, BOC-
CTaHABIHMBATh KOOPAMHATH! JIOKAJIM30BAHHOTO MCTOYHHMKA 3BYKA, HAXOISIIETOCS
B HEOJHOPOJHOM BOJHOM CJIO€, 10 BPEMEHHBIM BBIOOpKAM 3HAYCHHUN TaBICHHS
Ha MPUEMHHUKaX HETOJBIKHON BEPTHKAIbHOW aHTEHHBI.

B nanHoit pabote
TIPU ITOMOIIM 3TOTO aJro-
pUTMa TPOBEAEHO BOC-
CTaHOBJICHHE KOOPJIMHAT
UMIYJIbCHOTO WCTOYHUKA
3ByKa B Cllydae, KOT/a
MEX1y HUM U IPUEMHOMN
AHTEHHOHW  CYyLIECTBYET
3HAUUTENbHBIA  PEe3KUil

nepenan riyOuH. bruta . B
paccMotpena cienytomas — PHC.1. CXeMaTHYeCKui BUI paccMaTpUBAEMO# CH-

samaga (puc.l.). B Boi- CTEMBI
HOBOJIE, OTPAHUYEHHOM
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CBEpXY CBOOOIHOM MOBEPXHOCTHIO /, a CHU3Y KECTKOM MOBEPXHOCTHIO CIIOKHOM
(hopMBI 2, TOYCUHBI UCTOYHUK 3BYKa 3 BO30YXKIaeT aKyCTHUECKOE MoJe, KOTO-
poe ¢uKkcupyeTcs aHTeHHOMU 4, paccTostHue 10 Kotopoit D. Ilepenan rmy6us ¢ H;
110 H> IpoucXOoAUT Ha yYacTKe JJIMHOM0 L.

50 50

50 e

100 100

= N 7
A ~ o\
150 " ‘(\' 150 i ‘ﬂ‘

100 o

e .
150 f oo CJ,11@1 ,,,,,,,,,,,

Fny6uHa, m
rny6uxa, m
ny6uHa, m

="

200 200

200

250 =~

- L
1960 2000 2040 1960 2000 2040
PaccrosHue, M PaccrosHue, M

PaccTosiHne, M
0) B)

a)
Puc.2. PacnipesienieHre MOLyJisl TaBJICHUSI B MOMEHT BPEMEHH, COOTBET-
CTBYIOIIUI MaKCUMAaJIbHO TOYHOM JoKamm3anuu ucrounuka npu L=200(a), 600(6)
u 1000 (B) m.

T T T
1960 2000 2040

MopenupoBanue ObLIO MPOBEICHO I CICAYIONIMX 3HAYCHUH IapaMeTpoB
cucremel: H;=50M, H>;=290 M, D= 2 xm. [lapamerp L npuHHMan 3HaueHUs
200, 600 u 1000 M. McTouHMK M3Ty4aa UMIYJIbC B BUAE OJHOTO MEPUOJA CUHY-
coufsl, yactora kotopoit paBHa 50 I'l. CKOpOCTb 3ByKa B BOJIE JINHEHHO yMEHb-
mranack ¢ yBenmdeHneM riyOonss! ot 1510 M/c y moBepxHOcTH 1o 1480 m/c y mHa.
OTMeTHM, 9ITO MpHEeMHasi aHTEHHA W UCTOYHHUK 3BYKa HaXOIATCSA B MPSIMOYTOJb-
HBIX BOJIHOBOJAX Pa3HOW ITyOWHBI: aHTCHHA - B MEJKOM, HCTOYHHK - B TIy0O-

KOM.
I'myOuna Ha ygacTke L U3MEHAIACh MO 3aKOHY

2
Z

H(z)=H, +|sin %% (H,-H,)

I'Jie Z - IPO/I0JIbHAsI KOOPAMHATA, Zo - KOOPAUHATA Hayajla U3MEHEHHsI [NTyOuHBI.

Kak u B [3,4], BpeMeHHbIE BBIOOPKH 3HAUYEHHH J[ABJICHUSI B TOYKAX pacrio-
JIOKEHUSI TIPUEMHHUKOB aHTEHHBI OBUIM MTOJY4EHBI IIPU MOMOIIX "TIpsIMOTro" anro-
pUTMa, OUCAHHOIO B [5].
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Ha puc.2 noxas3aHbl POCTPAHCTBEHHBIC PACIIPENSIICHUsI MOIYJIS TABICHUS,
NOJIy4EeHHBIE B Pe3yJIbTaTe NPHUMEHEHHUS YHCICHHOTO METO/Ia BPEMEHHOro oOpa-
IICHUS BOJH VIS pa3iuyHbIX popM nmpoduis aHa. [IpexcraBieH MOMEHT Bpeme-
HH, KOTOPBIH COOTBETCTBYET MOMEHTY JIOKIN3ALUK HCTOYHUKA. [laBieHne HOp-
MHPOBAaHO Ha MaKcHMaibHOe 3HaueHHe. lIITpuxoBble KpHBBIE COOTBETCTBYIOT
yposHro 0.5, cromnissie - ypoHio 0.75.

I[Ipu GBICTPOM M3MEHEHHH ITyOHHEI BOJIHOBOAA (cpenuuii ykimon ~50°) Bep-
TUKaJIBHBIA (10 TiyOMHE) pa3mep o00JacTH JIOKaJIU3alMU OKa3aJiCsl PaBHBIM
~18 M, 4TO mpu BBHIOPAHHBIX TApaMETPax COCTABISET OKOJIO TIOJIOBUHBI Xapak-
TEpHOH JUTMHBI BOJIBI (pHC.2a).

YMeHbIIeHHEe HAKJIOHA ITpH (PUKCUPOBAHHBIX 3HAUeHUIX H; u H; npuBoauT
K YBEJIIMYCHHUIO PACCTOSHMSA L, T.€. K OoJiee TIagKoMy Mepexoy OT MEJIKOW 4acTH
BOJIHOBOJA K TyOokoif. [IpM 3TOM KayecTBO JIOKAIM3alMHd HCTOYHUKA 3BYKa
yxynmaercs (puc.26, 2B). Tak, npu ykiaone ~22° BepTUKaIbHBIN pazMep 001acTH
Jokanmmsaiuu coctapun 34 M. [Ipu ykinone ~14° pasmep o6macT Bo3pacTaeT 10
40 M, a B IPUAOHHOI YaCTH BO3HMKAET 30HA ITOBBILIEHHOIO JABJICHUS, CPABHH-
MOT0 TI0 BEJINYMHE € JaBJICHHEM B 00JaCTH BOCCTAHOBICHHOTO HCTOYHHKA.

Takum oOpa3om, yem Oosiee TUIAaBHO BBITIOJHSETCS TIEPEXO/ MEKIY BOJIHO-
BOJIaMU Pa3HOHN TIyOWHBI, B KOTOPBIX HAaXOMASATCS aHTEHHAa W HMCTOYHHUK, TEM C
MEHBIIEH TOYHOCTBIO YAaeTCsi BOCCTAHOBUTH BEPTHUKAIBHYIO KoopauHaTy. Cko-
pee Bcero, 3TOT 3(P(eKT CBsI3aH ¢ M3MEHEHHEM KauyecTBa COTJIACOBAHUS BOJHO-
BBIX COITPOTHBIICHHUH JIByX Y4aCTKOB BOJIHOBO/JIA.
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H.A. 3aBoabckuii, A.M. Majnexanos, M.A. PaeBcknii, A.B. CMmupHosn

OIEHKHU D®PEKTUBHOCTU NPOTAKEHHBIX IPUEMHBIX
AHTEHH B CTYYAHHO-HEOHOPO/ITHOM BOJIHOBO/IE
MEJKOI'O MOPA

Wucrutyt npukinanHoi ¢usnku Poccuiickoii akaieMun Hayk
Poccus, 603950 Huxanit Hosropon, yi. YiesaHoBa, 1.46
Temn.: (831) 416-4742; E-mail: lexsmial@mail.ru

Paccmampusaemcs eénuanue cmamucmudeckux 3¢ghexmos Odanvbrezo pac-
NPOCMPAHeHUs 36YK0B020 CUSHANA 8 KAHAIe MEIKO20 MOPs HA XAPAKMePUCmuKu
npuemHol anmennol. IIpusedenvl pe3ynbmamsl YUCIEHHO20 MOOENUPOGANUS O
20pUBOHMANLHOT U 6EPMUKANLHOL AHMENHBIX PEULemOK.

[Tpu ananuze 3¢pheKTHBHOCTH NPUEMHBIX aHTEHHBIX perieTok (AP) B kaHa-
JIax MEJIKOT0 MOpsi HEOOXONMO YUHUTHIBATh HE TOJIBKO MHOTOMOJIOBBIH XapakTep
pacnpocTpaHeHUsI aKyCTHYECKOTo CUTHAIOB [1], HO u craTucTHyeckne dPQeKTh
paccestHus 3ByKa Ha B3BOJIHOBAaHHOW MOPCKOHW ITOBEPXHOCTH W OOBEMHBIX (UIyK-
Tyausx CKOpPOCTH 3ByKa (0OyCIIOBIEHHBIX, B OCHOBHOM, BHYTPEHHUMH BOJIHA-
MH). CpaBHUTEIHHO MENKOMACINITa0HOE BETPOBOE BOJHEHHWE WMEET MacIITaObl
KOPPEIALHUH [cor ~ 10 M 1 Ha pabOTy TOPU3OHTAIBHBIX AHTEHH BIIHSAET B OCHOB-
HOM BCJICACTBUE IIPOCTPAHCTBEHHOI NeKkoppessauny (a3oBeIX (POHTOB pacHpo-
CTPAHSAIOMINXCST MOJ] U OOYCIIOBJICHHOI'O 3THM OTPAaHHUYCHHUS IONEPEYHOro Mac-
mrada KOrepeHTHOCTH NpHUHHMaeMoro curHana. CiyuaifHoe mose BHYTPEHHHUX
BOJIH XapaKTepH3yeTcsl 3HAYUTEILHO OOJIBIIMMH MaciTabaMu KOPPENSHU Leor >
10> M. DdeKTh paccesHus B 3TOM cllydae NPHUBOIAT MPEUMYIIECTBEHHO K
0CJTa0JICHNIO B3aMMHBIX KOPPEISIIMHA MOJIOBBIX aMIUIUTY M CBSI3aHHOMY C 9THM
OTPaHMYCHUIO MPOJIOJIBHOTO MacmTabda KorepeHTHOCTH. Mcxoas u3 3Tux coo0-
pakeHui, MBI pacCMaTPHBAEM BIIMSIHUE BETPOBOTO BOJHEHUS HA XapaKTEPHCTHKH
HAMpaBICHHOCTH U KOI(Q(PHUINEHT YCHICHUS TOPH30HTAIBHON TIONIEPEYHO OPUCH-
THpoBaHHOH AP, a BIMAHWE BHYTPEHHUX BOJH (C MCIOJB30BAHHUEM MOICITHHON
(hyHKIIMHA MEKMOJIOBBIX KOPpeannii) — Ha 3pPEeKTUBHOCTH TOPU30HTAIHHON AP,
PacIoI0KEHHON MO/ HEHYJIEBBIM YIJIOM K HAIlpaBJIEHHIO Ha UCTOYHMK, U Jajee
Ha 3()(HEeKTUBHOCTH BEepTHKAIBHON AP.

PaccMoTpuMm cHavana BJIMSHHE BETPOBOTO BOJHEHMS Ha XapaKTEPUCTHUKU
ropu3oHTanbHOW AP, cocrosmieil 13 N 3J€MEHTOB C MEXKAJIEMEHTHBIM PaccTOs-
HHUEM d ¥ Pa3BUTOI B MONEPEYHOM HAIIPaBICHHH OTHOCUTEIBHO TPACCHl PACIpo-
crpanenus. [1oBOAHBIN 3ByKOBOM KaHAI MPEAIOJaracTcsi TOPU30HTAIBHO OHO-
POIHBIM C HEKOTOPBIM 33/IaHHBIM TPO(IIIEM ¢(Z) ¥ CTPYKTYpOH THA. AMIUTUTY b1
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MOA ay(7,f) 3BYKOBOTO MOJISI TOHAJIEHOTO TOYEYHOTO MCTOYHHKA SIBISIOTCS CITY-
YaWHBIME (PYHKIUSAMH TOPH30HTANBHBIX KOOPJMHAT U BPEMEHH, MO3TOMY JUIS
OTIMCaHMsI yCPETHEHHOTO OTKIMKa AP HeoOxommMa QyHKINSA WX B3aUMHBIX KOp-
permsiuuii ¢ TONEepeYHbIM pa3HEeCEHHeM TodeK HaOmoneHus, Ny(p.x)=<a,(-
p/2.x)a,"(-p/2,X)>, yUUTHIBAIOIIAS MHOTOKPATHOE PACCESHUE 3BYKa HA BETPOBOM
BosHeHuH [2]. Ilpennonaras GyHKINIO Ny(p,X) U3BECTHOH, HECIOKHO MOIYyYUTh
BBIPDOKECHUE JUI JUcriepcuy (IyKTyanuil YriioBOW 3aBUCHMOCTH OTKIMKa AP,
KOTOpOE 3aTe€M HMCIOJIB3YETCsl HaMH JUIsl YUCIICHHOTO aHaIn3a oTepb kKoadduim-
€HTa ycuJIeHus (BbIUrpbIma) AP.

UnciieHHOE MOZAEIMPOBAHWE BBINOJIHEHO /ISl 3MMHUX yciIoBHH bapeniesa
MOpsI C HCHOJIb30BaHUEM H3BECTHOro crekrpa [lnpcona-MockoBuma st u30-
TPOITHOTO BETPOBOTO BOJHEHUS (puc. 1). 3amaBaincs BOTHOBOX ¢ TMHEHHBIM TIPO-
tduneM c(z) u rmyounoit H = 200 M, ¢(0) = 1490 m/c, ¢(H) = 1500 m/c; mHO MOIe-
JUPOBANOCH KUIKAM IMONYIIPOCTpancTBOM (p = 2 r/em?’, ¢; = 1800 m/c, kodddu-
IUeHT 3atyxanus 3Byka ;= 0.2 nb/m-k['1). icTOuHKMK M3Ty4eHHs ¢ 4acTOTOM f=
250 I'n maxonutcs BONMM3M AHA Ha TiyOmHe 197 M, Ha 3TOil e riryOuHe pacrmo-
JokeHa ropusoHTaigbHas AP (N=51,d=1/2 =3 m).

D{x).4B

-0 T T T T T T T 1 1 ' T T T I + |

0 4 8 12 6 L 0 4 ] 12 16 2
o Fpag arspag

Puc. 1. YrioBast 3aBUCIMOCTH OTKJIMKA TOPHU30HTATbHON AP mipn pa3nmndHbIX pac-
cTosHUAX A0 ucrognuka: 5, 100, 300, 500 xm (cHU3Y BBEpX), U CKOPOCTIX BETpa
10 m/c (cieBa) u 15 m/c (cripaBa).

BuzHo, 9TO IIpH yMEpEHHBIX BeTpax (JIEBBIH rpaduk) yrioBas 3aBHCHMOCTb
otkirka AP 3ameTHO nedopMupyercs Jib B 00aCTH OOKOBBIX JICHIECTKOB, a
K03 dunreHT ycuneHus (BRIMTpbiin) AP yMeHbIIaeTcst Ipu ’TOM HE3HAYUTEIHEHO
(na Bemmuuny 1-2 1b) Brutots no aucranmuit ~500 kM. CuTyalyst KaueCTBEHHO
MEHseTCs, OJJHAKO, IPU CHJIBHBIX BeTpax. B 3ToM ciiyyae He TOJIBKO MOBBIIIAETCS
ypoBeHb OOKOBBIX JIETIECTKOB, HO W 3aMETHO YIIUPSETCS TJIaBHBIA JIENECTOK
¢ynkuun otkiuka. [Ipu sToM BeIMTpeIn AP cylecTBeHHO CHM)KaeTcsl C yBEJH-
YEHHEM PACCTOSHMS [0 UCTOYHHUKA: MTOTEPH YCUIEHUSI JOCTUIAIOT BEIUYHHBI ~5
nb. ®u3nyeckoil MPUUNHONW OTMEUEHHBIX A(PPEKTOB SBISICTCS pacTyIiee C po-
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CTOM JHMCTAHIIAHU OCJIa0IIeHNE MTPOCTPAHCTBEHHON KOTEPEHTHOCTH IPUHUMAEMOTO
CHTHANa, TOMEPEeYHBIi MacmTad KOTOpOW CTAaHOBHUTCS CPABHUMBIM H Jae
MEHBLINM pazMepa AP.

Hns ananuza a¢dexra ocnabieHus] B3aUMHBIX KOPPEISHHA MOJIOBBIX aM-
TUTATY]I Ha XapaKTePHCTUKU TOPU30HTAIBHON AP mpy HEHyJIeBBIX yTiax Hampas-
JICHWsA HA MCTOYHHUK HCIIONB30BANach MOJIEIbHAss MaTpUIla MEKMOJOBBIX KOppe-
msuuit [3]. TlapameTpoM Moaenu SIBISETCS KOPPEISIIIMOHHBIM MacmTad A,
YMEHBILIEHNE KOTOPOr0 OTBEYAET PACTyLIEMY C AUCTAHIMEH 3aTyXaHHIO MEXMO-
JIOBBIX KOPPEJSIIHIA ¥ COOTBETCTBYIOIIEMY YMEHBILIECHHIO MPOAOJIBLHOTO MacHiTa-
0a KOrepeHTHOCTH MHOTOMOZIOBOT'O CHUTHAIA.

Ha puc. 2 mpuBeseHa 3aBHCHMOCTH BBIMTPBIIIA MPOTSHKEHHOHN (a3upoBaH-
Hoit AP (N = 201), pacmoio:;XeHHOI B MEITKOBOJHOM H30CKOPOCTHOM KaHane (H
=100 M, ¢ = 1500 m/c, moHOE wncio mox M = 40), ot yriia ee (a3upOBKA B CH-
Tyalliu TIpUeMa CHTHajJa OT MCTOYHHUKA, PACIIONIOKEHHOTO TOJ YIIIOM os = 45°,
Ha (OHE MPOCTpaHCTBEHHO-0e7I0r0 mrymMa. MoIeNbHBINA CIIEKTP HHTCHCUBHOCTEH
CUTHAJIbHBIX MOJI 33J1aBaJICsl B BUJIE€ rayCCOBOM KPUBOM C MAKCUMYMOM Ha IEPBOil
Mozie 1 3(h(HEeKTHBHON MHUPUHON O = 5 (Y4TO OTBEYACT CHOCY» CHEKTpa CHTHAJIA
B 00JacTb HUBKUX MOJ). i
Kpusbie 1 n 2 oTHOCATCS K
CYIIECTBEHHO  Pa3lIUYHBIM
MacmrabaM — MEXMOJIOBBIX
Koppessiuii: ciydaid A = 0
(pU3MUECKH  COOTBETCTBYET
JIEKOPPEITMPOBAHHBIM MOJIaM
B TO BpeMs kak A = 20 —
COXpPaHEHWIO  KOppeIsui
MOJI C OMM3KUMH HOMEPaMH.
IlynkTupom 31€ch OTMEUEHA
BEJIMYMHA BBIMTPHIIIA B CITY-
yae MpHueMa IMOJHOCTBIO KO-
TepeHTHOr0 curHaia (Tuioc-

@
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Y

20} 10lgN

o

<

e RS R

e ==

o

15 20 25 30 s 40 45 oS50
KOil BOJIHBI) Ha (pOHE Genoro Puc. 2. Boiurpeim ropuzonTanbsHoit AP B 3aBu-
yMa B CBOGOIHOM IIpO- CUMOCTH OT yria (pa3upoBKH NpH TpUEME Ha-
THYHO-K WPOBAHHOI'O CHUTH H H
crpanctee (G = 10IgN). % o oppeﬂApoOa1 vo ;0 2ana a ¢one
ro myma: A = = .
BujpHo, 4to  ocnmabneHne CJIOro 1ryMa (1), )

MEXMOJIOBBIX KOPPEJSIUIl TPUBOIUT U K TOTEPsIM BhIMIpbiia AP, U K «criiaxu-
BaHUIO» €T0 YIJIOBOW 3aBHUCHMOCTH (0COOCHHO B OOJACTH TJIABHOTO JICTIECTKA),
YTO CBSI3aHO, OYEBUIHO, C OCIAa0JICHIEM HalpaBIIeHHBIX CBOWCTB AP B mone wa-
CTHYHO-KOPPETHMPOBAHHOTO CUTHAIIA.

Jiis BepTUKATBHBIX aHTCHH €CTECTBEHHO OJKUAATh CYIIECTBEHHOTO BISHUS
OpPTOTOHAJIBHBIX CBOWMCTB BOJHOBOJHBIX MOJ, TOCKOJIBKY (P (HEKT MEKMOTOBBIX
KOPPETSIUi TPOSIBISIETCS B 3aBUCUMOCTH OT pazperaroiieii cmocoonoctu AP B
MOJIOBOM IIPOCTpaHCTBE. B CBOIO 04epenpb, OHA 3aBUCHUT HE TOJIBKO OT pa3MepoB,
HO U OT nosioxkeHust AP B kaHasle ¥ MEKIJIEMEHTHBIX PACCTOSTHUM.
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Ha puc. 3 moka3aHa 3aBHCHMOCTS BHIUTPHIIa AP B 3aBHCHMOCTH OT HOMeE-
POB TeX MOII, Ha KOTOPBIE «HACTPAMBACTCS» AaHTEHHA, B CHUTYAINIX, XapaKTepH-
3YIOMIUXCSI MOJIOBBIM COCTABOM CHTHAJA, TPUHUMAEMOTO Ha (pOHE ITyMOB MOpS,
JIOKAJTM30BAHHBIX B 001acTh BhICOKHX MOJ [3]. ITpu sTom monoxenune AP B xaHa-
Jie BBIOMPATIOCh TaKUM 00pa- ®
30M, 4TOOBI B3aWMHas Op- o3
TOTOHAJIBHOCTh MOJ[ CUTHAJIA 1
U TOMEX MEHSUIMCh CyIIIe-
cTBeHHO. MMeHHO 310 npu- L
BEJIO K 3HAYUTEIBHBIM OTJIH-
YUSM TIOKAa3aHHBIX 3aBUCH-
MocTeil: KpuBblie 1,2 oTBe- fo|
YyaloT BEpTUKAIbHOU AP,
MEePEKPHIBAIOLLEH BECH KaHA
(N; = 40), pu 5TOM MaJo- =
MOJIOBBII curHa) (IIHpUHA
CHEKTpa O = ) NOKaIN30BaH
B TPYIINE HU3KHUX U CPEIHUX
MOJI, COOTBETCTBEHHO; KpPH-
Bele 3,4 orBeuaroTr AP ¢
YHCIIOM 3JeMeHTOB N, = 16,
HO pa3HBIM MEKDIICMCHT-
HBIM pacctossHueM: d = /2 u d = A. [logoOHBIC pacyeThl MO3BOJSIOT OIICHUTH
HanOoJIee «BBIUTPHIIIHBIC) CIIOCOOBI PACIIONOKEHHS TIPUEMHBIX 31eMeHTOB AP B
KaHaJe TP 3aJaHHOM UX YHCIIE.

Takum oOpazom, aHamm3 OCOOEHHOCTEH (OPMHPOBAHUS MHOTOMOIOBOTO
CUTHAJIa yIaJeHHOI'0 MCTOYHUKA HAa BXOJAE NpueMHOW AP B KaHamax MeNKoro
MOpSI MO3BOJISICT AaTh KOJMYECTBEHHBIN MPOTHO3 €€ BBIXOAHBIX XapaKTePUCTHK
IIPU PA3TUYIHOM BBIOOPE TOJIOKEHHSI X BECOBOTO PACIIPEACICHISI aHTCHHBI.

Pa6ora BemonHeHa npu noaaepykke PODU no rpanty Ne 16-02-00929.

40} L m

] 5 10 15 £ £ £ £ W
Puc. 3. Bemrpeim BepTukanbHoli AP B 3aBucH-
MOCTH OT HOMEpa OTIOPHOM MOJIBI aMILTUTYIHO-
r0 pacmpefesieHds NpU Pa3THMIHBIX MOJIOBBIX
CIICKTpaX CUTHAJIA U MOJIOKeHUIX AP.
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SKCHEPUMEHTAJIBHOE U3BMEPEHUE 'EOAKYCTHUYECKHUX
XAPAKTEPUCTHUK JHA MOPCKOT' O LIEJIb®A

Wucrutyt npuknanHoi ¢puznku PAH

Poccus, 603950, H. Hosropon, yi. YabsHoBa, 1.46

Temn. / ®axc: (831) 436-9717; E-mail: A .khil@hydro.appl.sci-nnov.ru
D10 PAH

2 000 «MopCcKHe HHHOBALIAI

IIpeocmasnenvl pesynvmamovl IKCNEPUMEHMANBHOU OYEeHKU Napamempos
MOPCKO20 OHA 8 NPUOPEINCHOM PAtioHe ¢ MAbIMU 2TYOUHAMU C UCHONb308AHUEM
Memooda KO2epenmuoll CelucMOaKyCmuKky, 8 KOmopom O peuleHust 00pamHou
3a0auu UCNONB306ANCS MEMOO MUHUMUZAYUU HEBS3KU USMEPEHHBIX OAHHBIX C
MOOENbHbIMU PACHEMAaMU.

Ceiicmoakyctuueckne (CA) mccieoBaHusi B CBEPXMEJIKOBOAHBIX paifoHax
ApPKTHYECKOTO IIenb(a ¢ HCIOIB30BAHMEM MOIIHBIX CEHCMOAKYCTHYECKHX HC-
TOYHWKOB B3PBIBHOTO THIIA MOTYT BBI3BATh HETATUBHOE BO3ACHCTBHE HA HKOIIO-
ruro okeana [1]. Mcmomb30BaHMEe MalIOMOIIHBIX KOTepeHTHBIX CA MCTOYHHUKOB
MO3BOJISIET OCIA0UTh HETAaTHBHBIE SIBIEHHA 3a cueT 3((PEKTUBHOIO HAKOIUICHUS
MO3BOJISIET, @ TAK)KE JOCTHYb JOCTATOYHO BBICOKOT'O pa3pelleHHust IPH 30HIUPO-
BaHWU MOPCKOTO AHA [2]. BO3MOXKHOCTH TaKOTro pojia METOJAMK MOXHO OIICHHUTD
Ha OCHOBE HCIIOJIb30BAaHMS JAaHHBIX JKCIIEPUMEHTOB 110 CEHCMOaKyCTHUECKOMY
30HIMPOBAHUIO MOPCKOTO JHA B MEJIKOBOAHOW akBartopuu [ oxy0oil OyxTsl (T.
l'enenmxuk) ¢ ucronp3oBanneM CA M3IydaTelsl ¢ pacHIMPEHHBIM YaCTOTHBIM
nuana3oHoM. Mzmydenne CA CHTHAIOB MPOBOAMINCH C OKOHEYHOM TOUYKH MUpca,
KoTopast pacnionaraiack B 200 M ot 6epera. [ ryOnna Mecra B paiioHe H3MepeHHu
cocraBisia ot 5 o 15 M. CA m3mydaTens OMeIIaics B MOIBOIHOE TTOJIOKEHHE
Ha TIyOuHy 5 MeTpoB. KOHTpONbHBINA THAPOGDOH pacmoiaraics Ha pacCTOSHUH 2
metpa ot CA mamydatens. CA cUrHaibI, OTpaKEHHBIE OT MOPCKOTO JIHAa B YCIIO-
BUSIX MEJIKOBOJIbSI B HHTEPBAJIE 3alepikeK OT 1 10 3 ceK, BBINOIHINCH THAPOdO-
HOM B cocTaBe MoHHOHW craniuu (JIC). B xadecTBe 30HIUPYIONINX, UCTIOIH30BA-
such JIUM ummynbcesl B osoce yacToT oT 200 1o 300 I'm.

Jnist TIOBBIIGHHSI TOYHOCTH OLICHMBAHMS MapaMeTpoB MOPCKOro JHa, Ha
nepBoM sTane oopabotku CA CHrHaNOB OBUIM HMCCIIEIOBaHBI XapaKTEPUCTUKU
CUTHAJIOB W IIYMOB W BBIIOJHEHBI ONEPAIMU MO OCIA0IEHHIO BIUSHUS LIYMOB
IpU M3MepeHHr. B KadecTBe OMOPHBIX MMITYJIECOB IPH COTJIACOBAHHOW (PHIIb-
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Tpall{ HCIIONB30BANCh UMITYJIBCH C KOHTPOJBHOTO THApodoHa. [lnHammde-
CKHH CIIEKTp MMITYJIbCOB TOKa3aH Ha puc.la. OOpaboTka CHTHaNa COTIaCOBaH-
HBIM (UIBTPOM TO3BOJIIIA TTOHU3UTH TOPOTH TPH OICHKAX ITapaMeTpOB OTpa-
JKEHHBIX OT MOPCKOTO JHA curHaioB Ha 30 nb, 4To CBHIETETHCTBYET O BBICOKON
KOT€PEHTHOCTH MPUHUMAEeMbIX MpH n3MepeHnsx CA ummynscoB. Ha puc.16 mo-
Ka3aHa CTPyKTypa W YpOBEHb IIyMOB M MOMEX NpHU JUIUTENbHOCTH 3amucu 270
cek, u peructpanuu 100 ummynscoB. Habmonaembie Bapuaiy IyMoB U MOMeX
00yCIIOBIICHbI M3MEHEHUSIMH IIYMOBOW OOCTaHOBKH TIPH HM3MEPEHHSIX.

Homep nmmoyikca

200 a0 G0 Yacrora, T'n a

6

Puc. 1. lunamudeckuii cnektp npuauMaeMbix CA HMITyIbCOB (2) M CTPYKTypa Bpe-

MCHHBIX BapI/IaI_II/If;I MPUHUMAEMBIX Z[OHHOﬁ CTaHL[PIeﬁ CeﬁCMOH,KyCTPI'-IeCKHX

JIUM ummynibcoB u pacnpezesieHue momex (0).

B wactHOCTH, MOXHO BBIIEINTH ITOMEXH, CBSI3aHHBIC C HAMYHWEM B aKBaTOPHUHU
MepeMeInaronerocs karepa (momMex MHTEpBaje oT uMiryiasca Ned( 1o mMITynsca
Ne70 u wacrorHom mHTepBane ot 100 mo 200 I'ir), MHUPOKOIONIOCHBIX UMITYJIbC-
HBIX TTIOMEX B MOMEHTHI HaOmoneHus ummynbcoB Nel9 u 38, a Taxxke moBepx-
HOCTHBIX BOJIH, HaKaThIBatoIuxcst Ha Oeper. Ha puc. 1B mokasano auHaMuieckoe
pacrpenielieHue CUTHAJIOB U IIIyMOB, B KOTOPOM, B HHTepBaJle 3aaepkek oT 0.5 1o
1.0 cexyHIIbI, XOPOIIO BHHBI BCTYIUICHUS] OTJEIBHBIX UMITYJILCOB, OTPa)KEHHBIX
OT I'paHMI] MEIIKOBOIHOTO BOJTHOBOJA B paiioHe u3MepeHuid. Kpome Toro, BUIHBI
UMITYJIbCHBIE TTIOMEXHU JUTUTENBHOCTBIO OT 1 110 15 cekyH[ B MHTepBaiax M3iyda-
eMbIX UMIynbcoB ¢ Homepamu Ne 33, 58 u 80. HabGmronmarorest taxoke n Goiee
KopoTkue (mmurenbHocThio mopsinka 0.3-0.5 cex) WMIyJIbCHBIE TIOMEXU B BHIE
MEPUOTNIECKUX TocenoBarenbHocTelt (mo 5-10 mT.). Habmogaemeie CA um-
MyJIbChl UMEIOT (PIyKTyalMu, Kak [0 BPEMEeHaM MPHUXO0/a, TaK M MO aMILIUTYIIE.
[Tockonbky monokeHHe MOHHOM cTaHimu U CA H3iIydaTenss HE MEHSIOCh BO
BpEeMeHH, HaOJIIo1aeMble ClIy4aiiHble BapHalli UMEIOT MECTO M3-3a (hiyKkTyarmit
rapameTpoB cpejibl. M3MepeHus MpoBOAMINCH B MPUOPEKHOM paiioHe C MaJbIMU
riyOMHaMH, TP 3TOM TOJIIMHA BOJHOTO CJIOS 3aMETHO MEHSIJIach M3-3a2 BETPOBO-
TO BOJHEHHMS, a TaKXKe JBIDKCHHUS] MajJopa3MepHBIX HaJBOJHBIX CY/IOB, KOTOpbIC
MepUOANYECKH TepeMelIaich BOIM3M paiioHa m3MepeHMd. Kak mokaspiBaroT
OLICHKH, HAOJI01aeMble TIPH U3MEPEHUSIX IMOBEPXHOCTHBIE BOJHBI C BBICOTOH I10-
psnka 10-30 cM, MOrJIM MPHUBECTH K BapuanusM BpeMeH Ipuxoja nopsaka (1-2)
1072 cek, 9TO CpaBHUMO ¢ (IyKTyallUsIMH, HAOIIOJaeMBIME B U3MepeHusx. OTMe-
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THUM, YTO BCTYIUICHHE BOJHOBBIX KOMIIOHEHT, COOTBETCTBYIOIIMX BOJHBIM KOM-
MOHEHTaM HUMEIOT OOJBINYIO JAUCIEPCHIO Pa30pPOCOB BPEMEH MPHXOO0B HUMITYJIb-
coB. BoJsiee mo3aHUe BCTYIUICHUST UMITYJIbCOB MMEIOT MEHBILHUI pa3dpoc BpeMeH
MPUXOJIOB, YTO MOXHO CBSI3aTh C TEM, YTO OHH PACIPOCTPAHSUINCh, B CYI[ECTBEH-
HOM CTEIeHH, B IPUIIOBEPXHOCTHBIX CNOsIX. V3 JaHHBIX, IOKa3aHHBIX HA puc. 10,
B BHJIHO, YTO OCHOBHBIE YHEPrOHACHIIICHHbIE KOMIOHEHTHI IMOJIE3HBIX, B3aHMO-
JIEHCTBYIOIMMX (OTPaXCHHBIX U MpesoMIeHHBIX) CA BOJH COCPEIOTOUYCHBI B MH-
TepBase 3aaepkek co 3HaueHusiMu, ot 0.0 1o 0.5 cex. OcranbHble KOMITIOHEHTHI
CA curnaga MacKUpPYHOTCS IMIYMaMH M TIOMEXaMH, KOTOPbIC PACIPENCIISIOTCS B
HHTEpBAIaX 3aJepKek Mexay 3ouaupyronmmu CA uMirynscamu. Jucnepcust

TLIoTHECTL REMpERTIOCTH Hramamns xoppensmma
001 T T T T T T

o008

NN,
g i o
4 gsmarrya, oTe. e a LU 0.04 L Sanepaen, cex 6

Puc. 2. PacnipesiesieHue BEpOSITHOCTH 3HAYCHUN aMIUTUTY B! iryma (), u (0) — cpaBHe-
HHE CUTHAJIOB C BBIXOJIa COriiacoBaHHOro GuibTpa (1) U pe3ysbTara pacueToB
¢ TIoMol11bI0 MoJienu (2).
BPEMEHHBIX BapHalMi ypOBHEH IIYMOB IIPU U3MEPEHUSIX COCTaBIsUIA nopsiaka 10
nb. Kpome Toro, HabmOmamich OTHOCUTEIHHO MEAJICHHBIE (C MacimTabaMu Io-
psanka 102-10° cex), u cunbHbIe (10 10 1B) Bapuanuu ypoBHel urymoB (puc. 16),
YTO, MO-BUANMOMY, CBSI3aHO C M3MEHEHHSIMH CKOPOCTH BETpa M JABWKCHHUAMU
KPYIIHBIX CyJ0B BONMU3U Oepera, KOTOpbIe MPOMCXOAMWIA BO BpeMs 3KCIIEpHMEH-
TOB. B 11e110M, ypoBeHb IIyMOB YMEHBIIANICA ¢ POCTOM 4acToThl oT 10? 1o 10° 'y
Ha 30 1b (puc. 10).

JlaHHbIe 0 MapameTpax HEOJAHOPOIHOCTEH MOPCKOTO JTHA COIep aTcs B Xa-
pakTepucTukax m3MepsieMblx CA MMITYJIECOB, KOTOPBIC OTPAXKAIOTCS U MPEIOM-
JISTIOTCSI B CJIOUCTOM MOPCKOM JiHE. [T peKOHCTPYKIIMU JHA U3MEPEHUS Xapak-
TepuctuK CA CHTHAIIOB TOJDKHEI OBITH BEITIOIHEHB! ¢ HEOOXOIMMOM T0CTOBEPHO-
CTBIO, TO €CTh, IUCHEPCHUS U CMEIIECHNE OIEHOK JOJDKHA YIOBICTBOPATH OIpe/ie-
JeHHBIM TpeOoBaHMAM (HE MPEBHIMIAThH 33JaHHBIX 3HaueHMit). Kak yxke orMeda-
JIOCh, TPUYUHON OrpaHUYEHHUM TOUYHOCTH SKCIEPUMEHTATbHBIX WU3MEpPEHUU SB-
JSIOTCST MYJBTUIUIMKATUBHBIE W aJAWTHUBHBIC IIYMBI M TIOMeXd. M3MepeHus c
TpeOyeMOoil TOYHOCTHIO 3aBHCAT OT YPOBHSA U CTaTHCTHUECKUX XapaKTEPUCTHK
myMOB U moMex. Kak Mmoka3bpIBaloT pe3ylbTaThl CTOXACTUYECKOTO MOJIEIUPOBa-
HUSI, anpuoOpHas MHQOpPMAIMs O CTaTUCTUYECKOH CTPYKType IIYMOB U TMOMEX
MO3BOJISIET YBEJIMYUTh TOYHOCTh U3MEPEHHUM (COOTBETCTBEHHO, U TOYHOCTH pe-
KOHCTPYKIIMU MApaMETPOB MOPCKOTO JHA) ITyTeM ONTHMH3AINH CTPYKTYPHI pe-
MIAFONUX CTATUCTHK W aIalTalliH [TOPOTOB MPH OIICHKE M3MEPSIEMbIX 3HAYCHUH
CA curnanos. Ha puc. 2a nokazaHo pacnpeeneHue BeposTHOCTA 3HAaUCHUN am-
UIATY OB TyMa Tpu peructpanun CA umiynscoB. Kak mokaspBaeT cpaBHEHHE
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MIOJIYYEHHBIX pacHpelesIeHull, CEHCMOAaKyCTUYECKUI IIIyM B 3KCIEpUMEHTaxX OT-
JUYaNcs OT HOPMAIIBHOTO IITyMa M OKa3aJicsl ONIM3KUM K IIyMy, C pacIpeaelCH -
€M, ONFCHIBACMBIM 3aKOHOM X/ - KBajpaT, ¢ mokaszarerneM paBHbM 0.4. Ha pmuc.
206 moka3aHO pacrpeaesieHue OTHOaroIeil CUTHAlla Ha BBIXOJE COTIACOBAHHOTO
¢unpTpa mocne cymmupoBanus 90 uMiyascoB oT nocsutka JIYM ¢ momocoit 200
— 300 I'm n gurensHOCTBIO | cek, mpuHsITOH Ha paccTossHud 200 M B BOIHOM
cioe co cpenHeid TonmuHoi 10 MeTpoB. BuaHO, YTO OTKIIMKHM C COTJIACOBAHHOTO
(uibTpa NMpPaKTUUECKH COBMNAAAIOT 10 (opme ¢ HaOOPOM aBTOKOPPEISILIUOHHBIX
(YHKIMI 30HAMPYIONIETO CUTHANIA, COOTBETCTBYIOIIUX Pa3UYHBIM BOJHOBO-
HBIM KOMITOHEHTaM. MOKHO BBIJICITUTH OTKIUK MaKCHUMAJIbHOW BEMYUHBI, COOT-
BETCTBYIOIIHMI BOJHOW BOJIHE, a TAaKXKE JIBa OTKIIMKA, PACIPOCTPAHSIONINXCS C
MEHBIIEH CKOPOCTHIO (TIepel OTKIMKOM BOJHOW KOMITOHEHTHI), KOTOPHIC SBIIS-
FOTCSI TIPOJIOTIFHBIME 1 TIOTIEPEYHBIMH TTOBEPXHOCTHBIMU BOJTHAMH. B mHTEpBane
3aJepKEeK 3a BOTHOW BOJHOM HAOMIOMAIOTCSA OTKIMK BONHBI CTOYHITH, a TakkKe
KOMIIOHEHTHI OTPayKEHHBIE OT JOHHBIX IPAHUI U peBepOeparliOHHBIC CUTHATIBI.

OreHKka mapaMeTpoB JOHHBIX CJIOEB OCYIIECTBISUIACh C MCIOJIB30BAHUEM
CpaBHEHHS JaHHBIX SKCIIEPUMEHTA C Pe3ylbTaTaMU PacueToB C TIOMOIIBIO MOJie-
71, onckIBarolei opmupoBanne CA CUTHAIOB yIPYTOro CIOMCTOTO MOJTYTIPO-
CTPAHCTBA, TMOKPHITOIO BOAHBIM CJIOEM. ANpPUOpHAs WHpOpMAIMs, MOTydeHHAs
U3 MPEBAPUTENLHBIX TeO(PH3MYECKUX HCCIIEI0BaHU, TOKa3bIBAET, YTO MOPCKOE
JTHO B paliOHe SKCHEPHMEHTOB C(hOPMHUPOBAHO B OCHOBHOM MOIIHBIM CJIOEM KOH-
CONMIMPOBAHHOTO TPYHTA, MOKPBITOTO TOHKUM OCAJOYHBIM CJIOCM. AHAIH3
BCTYIUICHUH HAOJIOaeMbIX BOJIHOBOJHBIX KOMITOHEHT ITOKa3bIBAaCT, YTO Pa3HO-
CTH BPEMEH MPUXO0/ia BOJHON W TPYHTOBOH MOIMEPEYHOH BOJNH T3 — Tr = 29 Mc, a
TPYHTOBOH TOTIEPEYHON M TPYHTOBOH MPOJONBHOM T2 — T1 = 34 MC. DTO TO3BOIIA-
eT Cy3UTh MHTEpBAJ MOWCKA PEUICHUH, COOTBETCTBYIOIINX MHUHUMYMY HEBS3KH
HKCIEPUMEHTANBHBIX JTAaHHBIX U PE3yIbTaToOB pacueToB (puc.2.B). [Ipu sToMm mms
JHA B paifoHe M3MEPeHUIl OLIEHKH CKOpocTell coctaBmmu ¢ = 1940 m/c u ¢, =
2865 M/c, 4TO COBMAJAET C OLEHKAMHU I€0aKyCTHYECKHUX MapaMeTpoB MOPCKOTO
JTHA, TTOJTyYeHHBIMH B paMKax JPYTHX SKCIIEPUMEHTOB B 3TOM paioHe.
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VK 534.23

Kanueascon Bb.I'., Maabixun A.FO.

I'OPU30OHTAJIBHAA PEOPAKIIUA U BOJIHBI
INENYYIIEN TAJIEPEA B OBJJACTHU IPUBPEKHOI'O KJIMHA
C KPUBOJIMHEMHOU T'PAHULIEN

Boponesxckuii rocyiapcTBeHHbIN YHUBEPCUTET
Poccus, 394006 Boponex, YauBepcurerckast mi. 1
Ten (4732)789748, dakc (4732)789755, E-mail: katz@phys.vsu.ru

B pabome paccmampusaemcsa pacnpocmpanenue 36yKo6020 CUSHANA 6
OKpecmHOCmu KIUuHd, 8 MoM yucie eciu panuya (pebpo) Kiuna A6naemcs Kpu-
sonunelinvim. Ilokazano, 4mo 6 2mom ciyuae Mo2ym cyuecmeosams G0JIH Muna
wenuyweli canrepeu. Flccredyromes ceoticmea maxkux 60JH.

B obnactu oxeaHa ¢ M3MEHSIFOLIEHCS TITyOMHOM pacrpocTpaHeHne 3ByKa Xa-
pakTepu3yeTcs T.H. TOPU3OHTAILHOW pedpakiueii — BBIXOJIOM H3IYUYCHHS (CHUT-
HaJla) U3 BEPTHKAIBHOU IUIOCKOCTH. KaHOHWYECKOH MOJENBIO, OTMHCHIBAIOIICH
CBOWCTBA TOPU30HTAIBFHON pePpaKIUU SIBISCTCS MOJCIh KIIMHA: BOJHBIA CIIOH C
M3MEHSIOIIEHCS TITyOUHOW ¢ IOCTOSTHHBIM HAKJIIOHOM B HEKOTOPOM HaTIpaBICHUH,
XapaKTepU3yeMbIil HEKOTOPHIM Tpodu-

JeM ckopocTH 3ByKa [1]. laHHas Momens
UCTIONB3YeTCsl ISl OMUCAHHSA pacIpo- 0
CTpaHEeHHA 3ByKa B 001acTé OeperoBoro
ckiona (Puc.1). B aTom ciydae pacmpe-
JieJIeHHe T0Jsl B TOPU30HTAJIBHON IIoc-
KOCTH XapakTepHble OCOOEHHOCTH: 00-
JIACTh MHOTOJTYYCBOCTH, KAYCTHKH, 30HEI
TEHU TIp. (Ha SI3BIKE «BEPTHKAIBHBIC MO-
Iel ¥ ropuzoHTanbHble Jyun ([JI)»),
MpUYeM yKa3aHHAs KapTHHA 3aBHCHT OT 150
HOMEpa MOJBI M YacTOTHL. J[aHHBIE OCO- o 3},3‘;1;”;”:&;”?“:0 e
OCHHOCTH IJIs KIIMHA C TPSIMOJIUHEHHON

rpaHuIeii (pebpoM) T0CTATOYHO XOPOIIO Puc.1
uccienoBansl B jureparype [1,2,3].

BwmecTte ¢ TeM 0CcTaTOYHO THIMUYHOW SIBIISIETCS 007aCTh ¢ KPUBOJIMHEWHO TpaHU-
Lei: 3aJUBBI, JIaryHbl, o3epa U 1p. OCOOEHHOCTH TOPU3OHTAIBHONW pedpakiuu
JUISl TAKOW CUTYaIMH SIBJISTIOTCS TIPEIMETOM JIAaHHOM paboThI.

B kauecTBe njieanu3npoBaHHON MOJIENN KJIMHA C KPUBOJIMHEWMHOW TpaHuLIeH
paccMOTpUM O0JIACTh C THOM B BHJIE KOHHYCCKON MOBEPXHOCTH (BEPTHKAIBHOE
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cedeHne MokazaHo Ha Puc.2), KOTOpYI0 MOKHO Ha3BaTh MOJEJNBIO JAaryHbl WIIN
o3epa.

InyBuHa, m
e
.

700 L L w
30 20 10 o 10 20 30

I'opu A0HTaNbHOe paccToAHWE, KM

Puc.2
B sToM ciydae ypaBHeHHs B paMKax MOAXO0Ja BEPTHKAIbHBIE MOJ M FOpH-
sonTanmeHble Myun ([JI) cmemyer mmcaTh B TOJSIPHOW cHCTeMe KOOpauHAT. B
00BIYHON (hOpME 3BYKOBOE TIOJIE TIPECTABISETCS B BUJIE PA3JIOKECHUS 110 «BEPTH-
KaJbHBIM» MOJaM

P(F,z,0) =Y A7) "y, (F,z; 0) (1)
!

Fz[e (1)330335{ (byHK]_[I/IH OIpeaAciiaeT SMKOHAII K , COOTBETCTBCHHO, JIY4YU B I'0O-
pI/I30HTaHBHOﬁ IIJIOCKOCTH

2 2 _
(V.0,)" —n;(x,y)=0 ()
I'ne nokasarens npeiomienus i ['JI, coorBercTBytomux 1-if Moae u, co-
OTBETCTBEHHO (pa30Basi CKOPOCTb, CBSI3aHbl C COOCTBEHHBIM 3HAa4YEHHEM
q, (r,w):
20— 0N2 2/~ = -
Q/(’”aa’):(q/) n,(r,a)); q[(raw):a)/vl(raa)) (4)

[TycTh MCTOYHHMK HAXOJHUTCSI B TOPU3OHTAIBHOM IIOCKOCTH B IIEHTpE, 000-
3HauyeHHOM S1 , B atoM ciyyae ['JI sBnsroTcs paanycaMu M IpU JTOCTHKECHUU
KPUTHYECKOTO CeUeHHMs (TOYKHM MOBOPOTA) yXOIAT B 1HO. Touka noBopora I'JI B
cyaromieicst 001acTH 3aBUCHT OT HOMEpPa MOJIBI M 9aCTOTHI, PACCTOSIHUE OT IeH-

Tpa 0603HA4EHO 7, , COOTBETCTBYIOIIEE 3HaUYeHHe (asoBoii ckopoctn V(1) = ¢,
IIpu cMmemeHNMM HCTOYHHMKA OT LEeHTpa (Touka S2) Jy4M, BBIXOJSAINIUE IO
HEKOTOpBbIM yriioM ¥ (yron } mokas3aH Ha Puc.2 crpaBa) oTpakaroTcs oT KpH-

THYECKOTO CEUCHMs W IIOBOPAYMBAIOT OOpaTHO) B COOTBETCTBUH C 3aKOHOM
CHemmyca B OJSIPHOH CHCTEME KOOPAWHAT.

sin y = const 5)
v, (r)
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ITpn goctaTovyHO ManoM paauyce KpUBU3HBI 33aHHON 00JIACTH 3TH JIy4H 3axXBa-

THIBAIOTCS B KaHAI (KOJIBLO) C BHYTPEHHUM PaJMycoM 7
/ ! !
h r P
— = (6)

N /
vi(n) () ¢

Benuunnbl paguycoB Takoro KoJiblia, B KOTOpoM cocpefotodeHsl ['JI mien-
YyIiel rajepen MOryT ObITh HaliIeHbI €CIIM U3BECTHA 3aBUCUMOCTH (a30BOM CKO-

poctu ot paccrosuus V,(7), Hanpu-
Mep m3 rpaduka (Puc.3). B mpoctom v, (r)
cllydyae JIMHEWHO 3aBUCHMOCTH TITyOH- !

HBI OT PACCTOSTHUSI ¢

H=H,—er=eR~-r)

b

(7
PaccrosiHue oOT BHEIHEW TpaHULBI r
KOJIbIIa 10 peOpa KIIIHA OLIEHIUBACTCS

-1/2
I (1 1

R-ry~—r| - 8
Poofel? o ®

Puc.3

B xauectBe mpumep Ha Puc. 4 mokasana xapturHa [JI memuymieit ranepen
U «o3epa» ¢ pagmycoM 30 kM g AByX ciydaen: ciesa 300 I'm, 3 monma, pac-
CTOSIHME OT IICHTpa 03epa J0 MCTOYHHKA 3ByKa 25 kM, cmpaBa 100 I'i, 3 mona,
paccTosIHHE OT IIEHTpPA 03epa IO UCTOYHMKA 3BYKa 25.5 KM.

Puc.4

Ha Puc. 5 moka3zana 3aBUCUMOCTb BHEIIHETO U BHYTPEHHETO paJuyCOB KOJIblia
«menqymeﬁ rajepen» OT 4YaCTOTbl MW HOMEpa MOJbI. CrioniHass  JTUHHS
COOTBETCTBYET HepBOﬁ Moz€, ITPUXoBast — BTOpOﬁ, IMYHKTUPpHaA — ’I‘peTLeﬁ.
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MOoXHO paccMOTpeTh TakXKe CIydail TOPH30HTANbHON pedpakmuu B obiIacTtu
KPUBOJIMHEWHON TpaHULbl ISt

MOJICTIH «3aJIMBaY, Korja 30

0061acTh uMeer opM . — —
bopmy - p—

MOJIyTpyra, OTKPBITOTO B

ctopony wmops (Puc.6). 3mecw

TaKKe BO3MOKHO

(hopmupoBaHue crenUPUIECKUX
ayded — miemuymed — ramepeu,
BBIXO/AIINX M3 3aJIMBa MOJO0HO
TyyaMm mpoxekropa. IIpumep

TakWX Jydel mokasaH Ha Puc.6, 245 20 0 50 00
mapamMeTpel  NPHUBEICHBI  Ha f.Tu
pHUCYHKE.

Puc.5

100 My, 3 MoAa, paccToRHKE OT eHTpa 25100 M, yknoH 0,01
T T T T T T T

40 50

PaboTa BeimonHeHa npu nogaepxkke PODU, rpanter 14-05-91180, 12-05-00887.
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VJIK 534.21

H.H. Komuccaposa, O.E. ITonos

OCOBEHHOCTHU PACITPOCTPAHEHUA 3BYKA
Y3KOHANIPABJIEHHOI'O U3JIYYATEJIA B YCJIOBUAX KPYTOI'O
MMOJABOJHOTI'O CKJIOHA.

AKycTH4yeckuil HHCTUTYT UMeHH akanemuka H.H.Annpeesa
Poccus, 117036 Mocksa, yi. lIBepHuka, 1.4
Ten.: 8-(499)-723-6300; daxkc: (499) 126-8411, E-mail: olegp@mail.ru

B ycnosusax kpymozo noo8ooHo2o cKloHa cesepo-60cmounoll yacmu Uépro-
20 MOPSL  IKCHEPUMEHMATLHO UCCAeOYemca U 8 1Y4e80M NPUOIUNCEHUU UHMED-
npemupyemcs, pacnpocmpanenue 36yKa Y3KoHanpagieHHo20 6 20pU30HMANbHOU U
6EpMUKANLHOU NIOCKOCAX usiyvamens. Paccmampueaemcs énusnue ciodicno2o
penvegha Ona na popmuposanue 36yK08020 nOJiA.

[TraHMpoBaHKMEe IMIPOAKYCTHYECKOTO SKCIIEPUMEHTA OOBIYHO OCHOBBIBACTCS
Ha TPOTHO3HBIX pacyérax paclpOCTpaHEHHUs 3ByKa JUIsl aJeKBAaTHBIX Mojeiel
MOpCKOi1 cpefipl. B o0miem cirydyae ajiekBaTHbIE MOJIETTH MOPCKOM Cpesibl TOJKHBI
OBITH TPEXMEPHBIMH. Pacu&Thl U TPEXMEPHBIX MOJIENCH CI0KHBI U TIOATOMY Ha
MPaKTHKE MOJIETIb MOPCKOM Cpelbl YIPOIIAeTCs, 9acTo JOBOJBHO CHIIbHO. B 3THX
ClTy4asiX Hy’KHO KOHTPOJIMPOBATh BO3MOKHBIE OITMOKH MPOTHO3HBIX Pacdy&éTos, a
HaJ&KHO CZETaTh 3TO MOKHO JIMIIb, CPAaBHMUBAsI PE3yJbTaThl pacuéra Mo yIpo-
EHHON MOJIENHM € Pe3yJibTaTaMH pacuéra AJis1 TPEXMEPHON MOJEIH.

B kauecTBe sIpKOro mpuMepa, KOrja HCIOIb30BaHHE TPEXMEPHONW Mojenu
MOPCKOW cpesibl 0053aTeNbHO, PACCMOTPUM OAMH U3 SKCIEPUMEHTOB 10 NMPUEMY
CUTHAJIOB MOIIHOTO Y3KOHAMPAaBIEHHOTO U3TydaTess. DKCIEePUMEHT IPOBOIUICS
Ha akBatopuu oT Mbica Cyxym no mbica Kogop B UépHom mope. B aTom mecte
penbed aHa UEpHOTO MOps XapakTepu3yeTcsi O4eHb Y3KMM IIeNb()OM U CHIIBHO
pacd/IieHeHHBIM MaTepUKOBBIM CKJIOHOM. Tak m3o0ata 200M, YCIIOBHO MpUHHMMa-
emas 3a TpaHuiy menbha, Ha 1or oT Mbica Cyxym Haxomutcs Bcero B 500M ot
Oepera (cpenHUIT HAKIOH THA 22Tpagyca).

B xoxe sKclepUMEHTaIbHBIX paboT HYKHO OBUIO OpPraHW30BAaTh OTHOCH-
TEJIPHO MPOTSHKEHHYIO CTAIIMOHAPHYIO Tpaccy. M3mydarens HaxoaAniIcs: HelaleKo
ot Oepera y mpica Cyxy™m Ha TiIyOmHE oKoyio 4M mpu riryoune mops 10m. Jlms
MOCTAHOBKHU Ha SKOPb NPUEMHOTO Cy/iHa Oblla BEIOpaHa OTMENb, PSIJIOM C MBICOM
Komop. B pesynbrate Touka mpuéma ¢ TiiyOMHON MecTa 22M HaxOuiach MpH-
MEpPHO Ha paccTOsiHUM 16kM OoT m3mywarens U B 2kM oT Mbica Kogmop. Ilpuém
OCYIIECTBIISUICS, HA HEHANPABJICHHBII THAPO(GOH, HAXOISAIIMICS B METPE OT JHA.
Bt poBenEH mpeaBapuTeNbHBIA pacyéT I JBYMEPHO HEOJXHOPOIHON MOJIEIH
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MOPCKOW Cpelbl, KOTOPBIH TOKa3al, YTO NMPH CPAaBHUTEIHHO BHEICOKOM YPOBHE
M3ITYYICHUS MOXKHO OBLTO HAIEATHCSI HA YBEPEHHBIN TPUEM CUTHAIIOB.

[MuprHa XapaKTepUCTUKU HampaBieHHOCTH minmydarens (XH) B ropusoH-
TaTbHOM M BEPTUKAIBHOM INIOCKOCTSX COCTaBJLLIa MpuUMepHO 4° TpH YacToTe
m3mydenus 25000 . Yron ckonbxerns MakcumyMa XH B BepTHKaIbHOHN TTOCKO-
CTH COCTaBJUT 4° BHU3 OT TOPU3OHTAIBHON miiockocTu. M3mydartens, paboTas B
UMITYyJIbCHOM PEXHMME, ITOBOPAaYMBAIICS B TOPU3OHTAIBHOW TUIOCKOCTH Ha +15°
OTHOCHTENIFHO a3UMyTa Ha NpUEMHYIO Touky. Ha puc.l mpejacraBieH namepen-
HBII B XOJI€ 9KCIIEpUMEHTa MPO(QUIIL CKOPOCTH 3BYKa U pelibed M0 a3uMyTy OT
U3ITyYaTeNs Ha TOUKY MpUEMa.

0

100

200

300

riyOuHa, M

400

500

1465 1485 1505 0 5 10 15

CKOPOCTb 3ByKa, M/C paccTosHuE, KM

Puc.1 Ilpodumns ckopocTr 3ByKa 1 penbed THa 110 a3UMYTY OT TOUYKH H3ITy-
YeHUs Ha TOUKy NpuéMa.

B BoiOpanHOW TpuEMHON TOYKe HEe OBLIO 3aperuCTPUPOBAHO HHU OJIHOTO
curHana. [ToaTomy ObUTa OpraHm30BaHa BTOpas ToYKa mpuéMa B aApeiide Ha Oonee
rmy0okoM mecte. Bropas Touka mpuéma OpiTa B 2.2KM OT Oepera mpH riryOuHe
MecTa okojo 150m. Paccrosaue mo m3myuatens 15km. I'mapodon Haxommncs Ha
rmyOuHe okojo 15M. OnmHako M BO BTOPOM MpHEMHON TOUke HE OBUIO 3aperu-
CTPHPOBAHO HU OJIHOTO CHUTHAJIA.

BbII0 cenano nmpeanosioKeHue, YTo Npu BHIOPAHHBIX TOYKAX M3IYYEHHS U
npuéMa Ha paclpoCTpaHEHHE 3ByKa OINpPEIEISIoNIee BIMSHUE OKazall CIO0XKHBIN
penbed aHA. YTOOBI IPOBEPUTH ATO MPEAIIOIOKEHUE OBUTH MPOBEJICHBI PACUETHI
JUIsl TPEXMEPHOW MOJIENN MOPCKOHM cpeibl. Pacuér mpoBoamics 1o mporpamme
Komuccaposoit H.H Ray3D, ocHoBaHHON Ha mydeBbIX npejcTaBieHusx. Oco-
6enHocThi0 Ray3D sBisieTcst TOYHasi peanm3anysi 3aKOHa OTPaKeHMsS JIyda OT
JIHA, TIOBEPXHOCTh KOTOPOTO 3aBHCHUT OT OOCHX TOPH30HTAIBHBIX KOOPIHMHAT.
OTO MO3BOJSIET TMPABMIBHO PACCUUTATh HE TOJIBKO YTOJ CKOJBKCHHUS, HO M a3H-
MyTallbHOE  HalpaBJeHUE OTpakeHHoro Jiyda. HeoOxommmble Ui pacueToB
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HCXOJHBIE TaHHBIE O peibede THA ObUIN MOMYYeHbl U3 HaBUTAlIMOHHBIX KapT. Ha
OCHOBE 3THX IAaHHBIX JHO allPOKCHMHPOBAJIOCH CHCTEMOW COIPUKACAFOLIMXCS
TPEYTOIBLHUKOB pazmepom mpuMepHo 200M 1o mmpoTe u 125M 1o gonrore.

0

paccToaHue, Km
—_—
o o]
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paccToaHue, Km

Puc.2 Penped nra. JKupHBIME KPUBBIME TTOKa3aHBI MPOCKIIMHA HA TOPU30H-
TaJbHYIO TIOCKOCTh TPAEKTOPHH JTyuel, BRIXOAAIINX U3 TOUKH n3nyueHus (M3m.)
C YIJIOM CKOJBKEHHS 4° U C a3UMYTalbHBIMU yriamu oT 125 ° o 155° ¢ marom
5°. Yépubie kpyru - n8e Touku nmpuéma (Ip.1 u Ip.2).

Me>i<)1y TOYKaMHU OTpaXXCHUA OT AHA JIYY PAaCCUUTHIBACTCSA IO 3aKOHaM pac-
IMPOCTPAHCHUA B IJTIOCKO-CJIONCTOM cpence. HpI/I OTOM IIporpamMma CJICIuT 3a J1y-
YOM U ONPEACIIACT TOUKY €TI0 OTpaKC€HUs OT JHA. I[anee PACCUNUTBLIBACTCS HOBOC
HalpaBJICHUEC Jyda II0CJIC OTpaKCHUA Ha OCHOBEC q)OpMyJ'H:IZ

k, =k, —2(k,N)N ,rne k, n k, Bonnossie Bextopa nmagaromeii u orpaxes-

HOW BOJIH, N - HOpMallb K MOBEPXHOCTH B TOUKE OTpaxkeHus [1], u mamee mpo-
1IeCC OBTOPSIETCS.
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Ha puc.2 moka3zaHbl IPOEKIINN HAa TOPU3OHTAIBHYIO TIOCKOCTD TPACKTOPHA
Ty4eH, BRIXOAANINX W3 TOYKH M3MydeHHS MOKHO OTMETHTBH, 9TO B pe3yJIbTaTe
W3MEHEHUH a3uMYTaJbHBIX HANpPaBICHUM JTy4dedl MpU OTpa)X€HUM HU OJUH U3
JMy4yel He momagaeT B MPUEMHBIC TOUKH M Jake He mepecekaeT m300atsl 100M,
MIPOXOJIAIIEH MOpUCTee TepBoi Touku mpuéma. Ha purc.3 mogHOCThIO MOKa3aHa
TpEXMepHast TPACKTOPHUS OJHOTO U3 JTyUei.

e Ip.1

15

rayGHHa, kM
(==
(4]

PAcCTOAHNE, KM paccrosuue, Kn

rayGuHa, kM

[y]
o
o
o o
[y %]

Puc.3 TpaexTopus aydya ¢ yrjioM CKOJbXKeHHs 4° U a3UMyTaJIbHBIM yTJIOM
PaBHBIM HAIPaBJICHUIO HAa TPUEMHHUK.

Takum o0pazoM, pacd€Tsl Uit TPEXMEPHOH MOAETH MOPCKON Cpeabl TI03BO-
JWIM OOBSCHUTH DKCIIepUMeHTa bHbIe (akThl. [IpaBuibHAs MocTaHOBKA JKcIle-
pPHMEHTa B YCIIOBHSX CIOXHOTO penbeda THa TpeOyeT mpeBapUTeIbHBIX pacué-
TOB C HCIIOJIb30BAHUEM TPEXMEPHBIX MOJIENICH PacIIPOCTPaHEHMS.

Pabora BemonHEeHAa TpU moamepxke rpaHToB PODU Nel5-52-40003 wu
Ne16-29-02003.
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VK 534.23

P.A. Koporuenko, A.H. Camuenko, A.H. llIBbipes, U.O. Spomyk

MOJIEJIUPOBAHUE PACITPOCTPAHEHUA AKYCTUYECKHUX
CUTHAJIOB 22 ¥ 33 T'll HA AKYCTUYECKOM TPACCE C
MN3BECTHBIMUA '’EOAKYCTHYECKUMU XAPAKTEPUCTUKAMHU

denepanbHOE TOCYIAPCTBEHHOE OFOJDKETHOE yUpeKIeHUE HayKH, Tuxooke-
AHCKUI okeaHosnorndeckuii HHCTUTYT UM. B.11. Mnenuesa JIBO PAH
Poccus, 690041 BnanusocTok, yiu. bantuiickas, 43

Ten.: (4232) 31-26-17; ®axc: (4232) 31-25-73

E-mail: samchenco@poi.dvo.ru

Jloknao nocsawen obCcyicoenuio pesynbmamos MoOeIuposanus aKycmuye-
ckoeo cuenana 22 u 33 I'y na namypHoti akycmuueckoli mpacce 6 3anuse Ilocve-
ma Anonckoco Mops ¢ nomMowbio WUPOKOY20IbHO20 NAPADOIUIECKO20 YpasHe-
Hus. Ieomempuyeckue napamempsl akycmuieckoe0 601HO800d HA Mpacce om
mouky  usnyuenus 00 MOYKU NpuemMd NOIYYeHbl HA OCHOBe 2e0l020-
2eousuuecKux Memooos. Ynpyaue xapakmepucmuku 601H0800A4 AHANUMUYECKU
paccyumanvl o OAHHbIM TUMONI0SUYECK020 onpobosanus epyuma. Ilonyuennvie
Mooenbhble pe3yIbmamvl CPAGHUBAIOMCSL C IKCNEPUMEHMANbHLIMU OAHHLIMU NO
O0aHHOU aKycmu4ecKkoll mpacce.

B 2014 u 2015 roxy B 3anuBe IlockeTa SImOHCKOTO MOpPS OBIIM MPOBEACHBI
HU3KOYACTOTHBIE THAPOAKyCTHUECKHe uccienoBaHui. OfHa M3 aKyCTHYECKHUX
Tpacc MpeAcTaBlieHa Ha pUCYHKE 1, MpOoTsukeHHOCThIO 9200 M OT TOYKH U3ITyde-
HUSI, OTMEUYEHHOM 3BE37I0YKOIl 70 TOYKU Mpuema, MmokazaHHoil kpyrom (AO01).
Wznydyenne mpoBOAMIOCH C TMOMOIIBIO HHU3KOYACTOTHBIX THAPOAKYCTUYECKUX
n3ydarened ¢ Hecymel gacroroit 22 I'm u 33 'y ¢ OopTa MaJIOMEpPHOTO CyIHA.
Wznygarenu morpyxaiuck Ha rryouHy mopsaka 15 m. [lpuemnas cuctema mpe-
CTaBIIIET COOON aBTOHOMHYIO JOHHYIO CTaHIHIO [1]. AHamM3 3KCIIepHMEHTAIb-
HBIX JTAaHHBIX MPUBET K HEOOXOAMMOCTH TPOBECTH MOJCIHPOBAHUE PACIIPOCTpa-
HEHHs aKyCTHYeCKMX CHrHaimoB ¢ dactotamu 22I'm u 33 I'm mo akycTtudeckoit
Tpacce, ¢ MOMOIIBI0 IMIMPOKOYTOIBFHOTO MapadOIMIeCKOr0 ypaBHEHUs. | paHud-
HBIE YCIIOBUS JUIS MOJICIUPOBAHHS OBLIH ITOYyYEHBI U3 T€0aKyCTUIECKON MOIETH
patriona [2].

JloHHBIE OTJIOKEHHUS B TOUYKE M3ITYyUCHHUS BKIIOYAIOT B ceOs B CIIOS PBIX-
JIBIX OCa/IKOB, BEPXHHUH CIIOM MeNKO-CpeAHE3epHUCTOro Mecka Mo3Hereicrone-
HO-TOJIOIIGHOBOI'O BO3pacTa, MOIIHOCTEIO 20 M U BTOPOIl cioil rpy6o3epHUCTOro
MecKa HIDKHET0-CpeslHero IuieiicTorieHa, MouHocThio 40 M (puc. 2). Ilo nanHbIM
re0aKyCTUYeCKON MOZeNn NEPBbIA 0CaTOUHBIN CI0W BJIOJIb AaKyCTHUYECKOIO MPO-
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(bWt IMeeT CPeIHIOI0 MPOIONIFHYI0 CKOPOCTh 3ByKa mopsiaka 1725 m/c. Bo Bro-
POM OCaIOYHOM CJIO€ CpeHss MPOJONIbHAs CKOPOCTh 3ByKa paBHa 1850 m/c.
AXycTHYeCKHi (DYyHIAaMEHT B MECTE MPOBEACHMS THIPOAKyCTHYECKOTO HKCIIePH-
MEHTa IPEACTaBJICH JHOPHT-TPAHUTHBIM I'AMOBCKMM KOMIUIEKCOM IO3HEHEpM-
CKOro Bo3pacra. B reoaxycruueckoil Moaenu npomoibHast CKOPOCTh IPAHUTHOTO
ciost paBHa 5400 m/c. ['paHUTHBIN CJIOH OT TOYKM TpHEMa JI0 M3JIyYSHUS] UMEeT
HaKJIOHHYIO TPaHHUILy.

1M°50°E 1M"100°E
h L

P

“n-osFamosa)

A2ISTN

5

Puc. 1. Akyctuueckas Tpacca.

Bromnp akyctudeckoro mpoduist OT TOYKH M3IyYEHHs JI0 TpHeMa CHrHaia
JTHO MODsI ZIOCTaTOYHO POBHOE C MIyOHHOM mopsinka 37-40 M, a BEpXHss TpaHULa
TPAaHUTHOTO CJIOSI MMEET HAKJIOHHYIO rpaHuiy. [nyOmHa 3ajeraHusi TpaHHIBI
TPaHUTHOTO CJOSl B TOUKE M3JIydeHUus npuMepHo 100 M OTHOCHUTENBHO YPOBHS
Mopsl, a B ToUKe npreMa curuana — 220 m. TpeTuil ocaJo4HbIi C10H HEOr€HOBOTO
BO3pacTa M0 aKyCTHYECKOH Tpacce BBIKIIMHMWBACTCS MPUOIM3UTENBHO HAa 2 KM OT
TOYKH ITPHUEMa, YTO 1aeT BO3MOKHOCTb MCKIIFOUUTD €T0 P aHAIN3€ U 100aBIsATH
B MOJIEIb.

Mny6una, m n

MNp una - Manyyenue 1

+
+
+

0 1 2 3 4 5 6 7 8 9
Paccmosnue, kM

Puc. 2. 'eonorndeckas Mojens akycTuaeckoi tpaccsl. I — Ocanounslit cioit

O3 JHEIUIEHCTOLIEH-TOJI0LEHOBOro Bo3pacta; II — Touia ocankoB HUXKHETO-

cpennero mieiicronena; 111 — Ocanounslii cioit HeoreHoBoro Bo3pacta; [V —
I'panuTOM 1Bl MO3THENEPMCKOTO BO3PACTA.
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Ha pucynke 3 moka3aHbl MOJEJIb HHTEHCHBHOCTH aKyCTHYECKHX MOJeh
22 I'm u 33 I'm o SKCIIEpUMEHTAIBHOM Tpacce, pACCUNTAHHBIX C TIOMOIIBIO IITH-
POKOYTOJILHOTO MapaboJIMuecKoro ypaBHeHHs. B MoOJen HCroinb30BaUCh aKy-
CTHYECKHE TapaMeTpbl BOJHOBOJA, OCHOBAHHBIE Ha T'€0aKyCTHYECKOW MOJIENN
JTHA Y TU/IPOJIOTHUECKUX M3MEPEHHSX C TOMOIIBIO CTAIIMOHAPHBIX TEPMOTUPIISH/L
u rugaposorudeckoro 3ou1a RBR-600. [IpomonbHele cKOpoCcTH 3ByKa B OCanoy-
HBIX CJIOSIX YKa3aHbl BBINIE, IUIOTHOCTH B IEPBOM OCAJOYHOM CJIOC paBHA
2,04 r/em?, Bo BTOpoM — 2,18 r/cm’, B pynmamente — 2,33 r/cm’. Cpeauue 3Haue-
HUSI OCJIa0JIeHUs] TIPOIOJIBHOM CKOpPOCTH 3ByKa, paccuntanHble mpu 100 k[ B
mepBoM cioe ocankoB — 52,1 J16/M, Bo Bropom — 43 JI6/M, B pyHmIaMeHTE —
35 J16/m. o Bcelt BUAMMOCTH, 3a CYET HEOOJBIIION TOJIIIMHBI BOJIHOBOJIA B TOUKE
mnyderns 22 ' curnama, mpumepro 100 M, He chopmupoBanach 4eTKast MOJO-
Basg CTPYKTypa MO aKyCTHYEeCKOH Tpacce, YTO BHUIHO PHUCYHKE 3 (BEpXHHIA).
CorylacHO MoOJeNH, TOKa3aHHOM Ha pHCyHKe 3 (HIKHHUII), MaKCHMalbHbIE
MOIIIHOCTH HaOIIoHaroTCcs BOOAL AHA Wi curHaima 33 ' 3aMeTHO BiIUSHUE
HAKJIOHHOT'O JIHA.

Acoustic feld on plane X2, Y = 0, 1- 15 Modes, f= 22 Hz
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Puc. 3. Monens MHTEHCUBHOCTH aKyCTHUeCKOro mons 22 'l Ha BepXHEM PUCYH-
ke 1 33 ' Ha HIKHEM TI0 AKCTIEPIMEHTAIFHON aKyCTHIECKOH Tpacce.

B HaTypHBIX HCCIIEIOBAHUSIX MCHOIB30BAIICH CIOXKHBIE (ha30MaHHUITYIHPO-
BaHHbIe cUTHANBI (M-Tocie0BaTeIbHOCTH) AuHON 63, 127, 255 u 511 cumBo-
noB, ¢ 4 — 10 nepuogamu Hecyuied 4acToThl Ha cuMmBosl. OOpaboTka 3akiroua-
Jach B pacyeTe KOPPENSIHOHHOW (YHKIMHM THAPOAKYCTHYECKOTO OCHOBHOTO
curHana ¢ yactotamu 33 I'm u 22 ', a Takke UX rapMOHMK B TOUYKE MpHUEMa.
Caeptka curtana 33 I'u mokasana oJJUH YeTKUH POBHBIN MUK MUPUHOMN B | ¢, 4TO
YETKO KOPPETHPYeT C JaHHBIMH MOJENH, MOJYyYEHHOH ¢ TMOMOIIbI0 IIUPOKO-
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YTOJIEHOTO TTapadoiaeckoro ypaBHeHmst. CBepTka curHama 22 ['1 mokasana, 9to
muK ropasno mupe 33 ' u cocrasisier 6omee 2 ¢, mMeeT OOKOBOIA JIETIECTOK ClTe-
Ba, U B LIEJIOM JOCTAaTOYHO HE poBHBIN. ["apmonuka 110 ' nmeer aBa nuka, OquH
YETKUI, KOTOPbIH, CKOpEe BCEro, MPUILET 10 BOAHOMY CJIOK U «pa3Ma3aHHbII
MPHUIIEIIINNA 10 CJIOSM PBIXJIBIX 0cankoB. ['apmonmka 99 'l UMeeT TpU YETKUX
POBHBIX IMHKa (€CNIM aMIUIUTyJa MEepBOTO B3ATh 3a €IUHHILY, TO BTOporo — 0.8,
TpeThero — 0.55), 4TO COOTBETCTBYET TPEM CJIOSM C Pa3IMUHBIMHU aKyCTHUYECKUMU
CBOWCTBaMU, BOAHBIN CJIOHN U JIBa OCAJOYHBIX.

O4eBUAHO, YTO BOJHOBOAOM JUUIS HU3KOYACTOTHBIX THJIPOAKYCTHUYECKHX
CUTHAJIOB SIBJIIETCSL HE TOJILKO BOAHBIN CIIOM, HO U PbIXJIbIe JOHHBIE ocajiku. [1o
HalleMy MHEHHUIO, pe3yJibTaTbl MOAEIUPOBAHUS C TIOMOIIbIO MIUPOKOYTOJBLHOTO
MapaboIMYecKOro ypaBHEHUS Ha aKyCTHYECKOHW Tpacce, ¢ yU4eTOM Te0aKyCTHUe-
CKHX CBOWCTB BOJIHOBOJZA, ITOKAa3bIBACT AJCKBATHYIO KapTHHY PACIpPOCTPaHCHHUS
aKyCTUYECKUX CUTHAJIOB.

JUTEPATYPA

1. JleontseB A. II., IluBoBapoB A. A. ABTOHOMHAas NpUEMHAas JBYyXKa-
HallbHasl THJIpOaKycTHuecKast craHuus // IIpudopsl 1 TeXHUKa SKCIIEpH-
MeHTa. 2013. Ne 4. C. 144-145.

2. Camuenko A.H., Kapnayx B.H., AxcenroB KMH. Teonoro-
reoU3UIECKNe HCCIIETOBAHMUS BEPXHEN YacTH 0CaJ0YHOTO YeXJIa U Teo-
aKycThdeckas Mojenb mmenbda 3ammBa [locbera (Smonckoe mope) //
Tuxooxeanckas reojorusi. 2013. T. 32. Ne 1. C. 65-75.
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KOMIIVIEKCHBIE OKCIIEPUMEHTAJIBHBIE UCCJIEJOBAHUSA
3BYKOBBIX U BHYTPEHHHMX BOJIH B HIEJIb®OBOM 30HE
AMOHCKOI'O MOPS

denepanbHOE TOCYIAPCTBEHHOE OFOJDKETHOE YUPEKICHUE HAYKH,
TuxookeaHCKkH okeaHonoruueckuii HHCTUTYT uM. B.W. Unsnuesa JIBO
PAH, Poccus, 690041 BrnaguBoctoxk, yi. bantuiickas, 43

Ten.: (4232) 31-26-17; ®axc: (4232) 31-25-73

E-mail: yaroshchuk@poi.dvo.ru

Joknao noceawen obcyscoenuio pe3ynomamos KOMHIAEKCHbIX aKYCMUKO-
OKEeaHON02UYECKUX IKCNEPUMEHMOB, NPOBEOEHHbIX Ha ulenbge Anonckozo mops 6
2015 2. Ha ocHosanuu 0bpabomku OAHHLIX C PA3IUYHBIX 2PYAN AGMOHOMHbBIX
MEPMOSUPIIAHO, PACNOJIONCEHHBIX HA AKYCIMUYECKUX Mpaccax Kak 600.b, maK u
nOO Y2loM K HANpasieHulo pacnpoCmpaHenus GHYMPEeHHUX 2pasumayuOHHbIX
6onH (BI'B), ananuzupyemcs npocmpaHcmeeHHO-epementas usmenyugocms BI'B
6 sanuse Ilempa Benuxozo u eé gnuanue Ha noje cKkopocmu 36yKd 6 NpUOPedNCcHot
30He, a maKaice e20 pacnpocmpaneHe 8 3moii 30He.

[IpoOnema NpOCTPaHCTBEHHO-BPEMEHHOW W3MEHYMBOCTH 3BYKOBOI'O II0JIS
noj, BiusiHueM BI'B TpagunmoHHO mpuBiieKkaeT BHUMAaHUE MHOTHX HCCIIEIOBaTe-
newt [1]. OgHako, Kak MpaBWIO, B aKyCTHYECKUX JKCIIEPUMEHTAX HCCIISIOBAHUS
BHYTPEHHUX BOJIH JJOCTaTOYHO OTPaHUYEHBI U HE TO3BOJISIIOT MOJIYYHUTh JAOCTO-
BepHOH KapTuHbI 0 osie BI'B B o6nactu ¢popmupoBanust 3ByKOBOTO OJISL.

B okrs6pe 2015 r. Ha ruapodusmueckom nonmrone 3anuBa [loceera Snon-
CKOTO MOpsI OBUTH TPOBENCHbI KOMIIEKCHBIE aKyCTHKO-OKEaHOJIOTHYECKHE HC-
cienoBanus. Llenb 3THX HKCIIEPUMEHTOB 3aKiIIovyanach Kak B UCCIEJOBAaHHU OCO-
6enHoCTel (hOpMHUPOBaAHMS 3BYKOBOTO MOJIS, TaK U B ACTAILHOM H3YUYECHHH TIOJIS
BI'B. Cxema mmocTaHOBKH SKCIIEpUMEHTa TIPUBEICHA Ha puC. 1.

JJist OTIeHKN M3MEHYHNBOCTH (DOHOBBIX THIPOIOTHYCCKUX YCIOBUU B paiioHE
aKyCTHUYECKOTO IIOJIMIOHA Oblla MpPOaHAIM3MPOBaHA BPEMEHHAsh M3MEHUYMBOCTH
CpeIHel 1o TITyOnHe TeMIepaTyphl U TTyOnHa 3aneranus uzorepmsl T=8°C, ko-
TOpasl pacrojarajgach B OKPECTHOCTH MaKCHMMyMa IpaJueHTa TemmnepaTypsl. 1o
rTyOMHE CJIos pacroyiarajloch 36 TeMIepaTypHBIX JaTYHUKOB TEPMOTHUPIISHIBI
T03. Ananu3 BpeMeHHONW M3MEHUYMBOCTH BBIMOHSIICS C MCIIOJIb30BAHUEM CIICK-
TPaJIBHOTO MOAXO0/A 10 CTaHIapTHOW MeTonuke. C ero UCIoJIb30BaHNEM PaCCUu-
TBIBAJIACh CIIEKTpalibHAasl TUIOTHOCTh BapUalMii MCKOMBIX XapaKTepHCTHK KakK Ha
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BCEM MHTEpBasie HAOIIOCHNH, TaK U HA MHTEPBaJe ¢ MAaKCHMyMOM M3MEHYNBO-
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Puc. 1. Cxema skcniepumenTta. TpeyronbHuku — TepMmorupisaasl (T), dep-
HBIC KPY)KKH — aBTOHOMHBIC JOHHBIC aKyCTUYCCKUE CTAHIIUH (A), Oesbie KPYKKH
— TUJIPOJIOTUYECKUE pa3pesbl, 3B€3/J04Ka — aBTOHOMHbIN u3nyvarens 341 I'm.

Ha puc. 2 mis wimrocTpanuu MOKa3aHO BapUald BO BPEMEHU H30TEPMBI
8°C. V3MeHYMBOCTh CpeiHel TeMIlepaTyphbl CJIosi UMeeT oo0HbIH ke Buj. Cra-
TUCTUYECKUH aHAIN3 CPEAHEH TeMIepaTypbl BOJHOTO CIIOSI [TOKA3all, 9TO CpeiHee
3HaueHue temmepatypsl 7.8°C, a cranmaptHoe otkioHenue 1.1°C. CranmapTHoe
OTKJIOHEHHE HHU3KOUacTOTHOM coctasiistromeit 0.9°C, BeicokogacTtoTHOi — 0.5°C.
Takum o0Opa3oMm, TemrmepaTypHBIi (OH Ha MOTUTOHE OTIMYANICS TOCTATOYHOM
YCTOWYUBOCTHIO.

Tny6uHa, M

0 1 2 3 4 5
Bpema, cyTEM
Puc. 2. (a) — mzotepma 8°C B Touke T03 n ee HU3KOYACTOTHAS COCTABIISIO-
mas (cepast TuHUsA), (0) — BBIZIEIEHHAs! BBICOKOYACTOTHAS COCTABJISIFOIIIAS.

st M3ydeHns CHeKTpajabHOIO COCTaBa BBICOKOUACTOTHOM COCTaBIISAIOLICH
TEeMIepaTypbl CJI0s1 ObUT BBIOpaH BPEMEHHON MHTEPBal ¢ MAKCUMYMOM 3TOH H3-
MEHYMBOCTH, Ha PHUC. 2 OH OoTMe4YeH pamkoi. CHeKTpajbHBI aHalU3 CpeaHei
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TeMIepaTyphbl H BEPTHKAIBHBIX CMEIIeHnH n3oTepMbl 8°C 1oKasai, 9To B qUara-
3ore gactoT (0.2 - 0.02) MuH! CIIEKTPHI UMEIOT KBa3UIMHENYATYIO CTPYKTYpPY C
MaKCHMYMaMH, pacIoI0KeHHBIMH B OKPECTHOCTH Tepronos: 25, 19, 31, 14, u 9
MHH. Tak Kak ykazaHHas n3orepma Oblla BeIOpaHa B pailoHe MakcUMyMa Tpaju-
€HTa TUIOTHOCTH [2], TO U3MEHYHUBOCTh THAPOJIOTUIECKUX TMOJIeH, BKITIOYAs MMOJIe
CKOPOCTH 3ByKa, B pacCMaTPHBAEMOM JHaIla30He YacTOT Ha NOJIUroHe (GhopMupy-
eTcsl 1oJIeM BHYTPEHHUX BOJIH C YacTOTaMH OJIM3KMMH K dactoram: 1/25, 1/19,
1/31, 1/39, 1/22, 1/14, u 1/9 mun’!.

MHOTOYHCIICHHBIE HCCIIeIOBaHMS N3MEHYMBOCTH THIPOJIOTMYECKUX TTOJIeH B
menb(OBBIX 30HAX OKEaHa, BKIFOYAs M3MEHYMBOCTD ITOJISI CKOPOCTH 3BYKa, yKa-
3BIBAIOT HA TO, YTO MX ME30MacIITaOHasi N3MEHUYMBOCTH ()OPMHUPYETCS BHYTpPEH-
HUMHU TPaBUTAIlMOHHBIMHE BOJHAMH COOTBETCTBYIOIIETO YacTOTHOTO AMAIa30Ha.
3amuB [lockeTa He ABIISETCS MCKIIIOYEHHEM M3 3TOTo Mpasmia. Kak ycraHOBIEHO
Pa3IHYHBIME HCCIeqoBaTeNIMU, Hanpumep [3], BeicokodacToTHRIe BI'B B 3TOM
paiioHe MOTYT BBI3bIBAaTh 3HAUUTENbHYIO0 H3MEHYUBOCTD OISl INIOTHOCTH.

B TeueHme mepBBIX TPEX CYTOK JKCIEPUMEHTa MPOBOAMIOCH U3ITyueHHE
CTaOMILHOTO TOHAJIBLHOTO CUTHANA ¢ yacTtoTod 341 I'i. Permcrparus nmpoBoau-
Jach Ha aBTOHOMHBIE JIOHHbIE akyctnueckue craHumu A02-A08 (cm. puc. 1),
CUHXPOHU3MPOBAaHHbIE MEXIYy COOOH C JIOCTATOYHO BBICOKOM TOYHOCTBIO MO
BpeMeHHU. B 3ToT ke mepros BpeMeHU ObUT BBITIOJIHEH THAPOIOTHUECKHN pa3pe3
3oa10M CT]l oT m3nyuatens no Touku TOIl, pe3yabTaTel H3MEPEHHON CKOPOCTU
3ByKa BJIOJIb 3TOW aKyCTH4YECKO! TpacChl MPUBEACHBI HA PHC. 3.

2, m
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70|

1450 1500 c, mfc

Puc. 3. CxopocTb 3ByKa BOJIb akycTH4yeckoit Tpaccsl T03-TO1.

BrINOTHEHHBI THIPOIOTHICCKHN pa3pe3 W MPUMEHEHHE PErpecCHOHHOTO
T-S aHanm3a MO3BOMIIO B TCUYCHHUE BCETO PKCIICPUMEHTA IO U3MEPEHISIM TeMIIe-
paTypbl B MecTaxX IIOCTAHOBKH TEPMOTHPIIAH BBRIYHCIIATH ITOJIE CKOPOCTH 3BYKa C
touHocThIO 110 0.1 M/c [5]. B wacTHOCTH, Takue pacdeThl MOKa3all, 9YTO BBICOKO-
YaCTOTHBIC BapHaIlUl CKOPOCTH 3ByKa MOTYT JOCTHTATh 3Ha4eHUH 10 50 m/c.

IIpocTpaHCTBEHHO-BpeMEHHAasI N3MEHYNBOCTD TOJISI TEMIIEPAaTyphl (COOTBET-
CBEHHO CKOPOCTH 3BYyKa) IO aKyCTUYECKOH Tpacce, KaK XOPOIIO W3BECTHO, SBIIS-
eTCsl OMpeelIsiIoIIuM (akTopoM Bapuanuii 38ykoBoro noiist [1]. C yBennueHuem
JUCTAHIIUK OT UCTOYHHUKA JIO NMPHUEMHOW CHCTEMBI, 32 CYET HaKaIlTMBAFOIIUXCS
cratucThueckux 3(h(eKToB, (QIyKTyallid MHTCHCHBHOCTH 3BYKa MOTYT JIOCTH-
raTh 3HAYUTEIbHBIX BenuuuH [5]. Ha puc. 4 nns woiocTpaluud MpencTaBiIeHbl
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3Ha4YeHWs Bapuanuii mHTeHcHBHOCTH curHana 341 I'm B momoce 0.02 I'm 3a 90
MUHYT, U3MEPEHEHHbIE Ha JIByX akycthyeckux craHuusax A02 u A0S. Bepxuwuii
PUCYHOK COOTBETCTBYET OONBIINM (IIYKTyarusM mojs Temmeparypsl Ha TO03,
OHM OTMEYEHBI paMKoi Ha puc. 2. HIDKHUII pHCYHOK COOTBETCTBYET Ooee cia-
ObIM (pIyKTyalMsM TeMIepaTypbl, POBHO Yepe3 CyTKH MOCIe COObITHI, OTMEUeH-
HBIX pamkoil. Kak BuaHO U3 rpadukoB, 3HaueHHs: (QIyKTyalnid WHTEHCUBHOCTH
naxke Ha OmvkHuelr ctaHiu A02 MOXKET JOCTUraTh JECATKA JelHrOell.
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Puc. 4. THTeHCUBHOCTbh 3BYKOBOIO IOJIS, 3apETUCTPUPOBAHHAS HA aKyCTH-
yeckux JOHHBIX cTaHIUIX A02 n AO5. BepxHHil pUCYHOK COOTBETCTBYET «CHJIb-
HBIM» (IIYKTYaIisM, a HIKHAN «cTa0bIM» (QIYKTYyaIusiM CKOPOCTH 3BYKa.
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YK 534.23; 534.231

I'.H. Ky3nenos', A.H. Ctenanos’

OT'PAHUYEHUA MPUMEHUMOCTHU MPUHIIUITIA B3AUMHOCTHU
IIPH USMEPEHUAX AMIIINTY THO-®A30BbIX XAPAKTEPUCTHUK
BEKTOPHBIX ITOJIEM B MEJIKOM MOPE

' Hayunblif eHTp BOMHOBBIX HccnenoBanuii MO® PAH

Poccust, 199991 Mocksa, yi. BaBunosa, 1. 38

Temn.: (495) 941-0193; dakc: (499) 256-1790, E-mail: skbmortex@mail.ru
2 CamapcKuii roCyIapCTBEHHBI YHUBEPCUTET

Poccus, 443011 Camapa, yin. Axagemuka [laBnosa, 1. 1

Hccnedyemc;l npunyun 63auMHoOCmu  NPUMEHUMENbHO K 6€KIMOPHO-CKaA-
JIAAPHBIM NOJAM 6 80JIHOBOOE. Hoz<a3aH0, umo 0sis BEPMUKATIbHbIX COCMABJIAIOWUX
KonebamenvHoll CKopocmu U eeKkmopa nomoKka MOWHOCNU OH He 6blNOJIHAEMCAL.

[TpuHIMI B3auMHOCTH CHOPMYIIMPOBAH B BOJHOBOAE VISl CKAISIPHOTO TTOJIS
3ByKOBOro jAasieHus. Hibke paccmarpuBaeTcsi BOSMOMKHOCTh PacHpOCTPAHEHUs
MPUHIONIA B3aUMHOCTH Ha BEKTOPHBIE TOJISI KOJICOATEIBHOM CKOPOCTH, MOTOKA
MOIIHOCTH W TpaaneHToB (a3pl. s 3TOro B MOIOBOM IpEACTaBICHUH JUIS
IUIOCKOTO BOJIHOBOZA MOJYYEHBl AHAIMTUYECKHE 3aBUCHUMOCTH DTHX XapakTe-
PHCTHK M BBIIOJHEHO KOMIIBIOTEPHOE MOAEIHMPOBAHNE aMIUTUTYAHO-(a30BOH
CTPYKTYPBI CKaJISIPHBIX U BEKTOPHBIX MOJIEH.

Bo3MOKHOCTH NPpUMEHEHHsS] METO/Ia B3aHMHOCTH B BEKTOPHBIX MOJIAX
paccMOTpUM Ha IpuMmepe mojel, chopMUPOBAHHBIX TOUEUHBIMH MOHOIONISAMH,
CUTHAJIBl KOTOPBIX IPHUHUMAIOTCS YETBIPEXMEPHBIMU BEKTOPHO-CKAIAPHBIMHU
npueMHUKamMu. [Ipy MOAeIMpPOBaHNN MPUEMHHK U U3TydaTeslb MEHSAIOTCS MecTa-
Mu. Pacrionoxum ToYedHbI FapMOHUYECKUM UCTOYHUK C KPYTOBOM 4acTOTOM @,
HaxoJIIHics B BosiHOBOJe [lekeprica TOMIIMHON /2 B TOUKE C JIEKapTOBBIMH KO-
OpAMHATaMH (X0,V0,20) ¥ TIPUEMHUK B TOUKE C KOOpIUHATaMH (x,),z). st pacuéra
nosst P 3BykoBoro gasienust (3/1) B BomHoBoe [lexepuca ncrons3yem noiydeH-
HOE JL.M.BpexoBckux pasiioxxeHue o HOPMaJIbHBIM BOJIHAM

. 1
P=iap,Y AH" (&), tre H" — dyHkums XaHKens HyJeBOro Iopska,
1=0

2 2 s
= \/(x — XO) + (y — yo) — FOPU3OHTAJIBHOC PACCTOSIHUC MEKAY TOYKOU U3ITY-

YeHUs U MpuéMa, (; — KOPHHU JUCIIEPCHOHHOTO ypaBHEHHs BosHOBoAa Ilexepuca

ctg { =i\ = (khv)* /m{ , k — BomHosoe wmcno, v’ =1-n", n=n,(1+id),

N, =C,/c — OTHOIIEHHE CKOPOCTEH 3BYKa B BOJHOBOJIE Co M TPYHTE C, & — KO-

5(QUIMENT MOTJIOMIEHH TPAHUIIBI, 777 = P/ P, — OTHOLIEHHE IIOTHOCTEH p MOJ-
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CTHJIAIONIETO MOJIYNPOCTPaHCTBa U po Boabl. KoaddummenTst sToro paznoxxeHus
A; MMeI0T BUA

2Amu;sin,,sin
h(sin®utgu, /m* + sinu, cosu, —u,) , (1)

rae A — 00bEMHAs CKOPOCTh HCTOYHHUKA, u, = hyk’=&, o =uz,/hs o, =uz/h-
B 1Ipeanono;xkeHuy MoTeHIMaIbHOCTH HOJIs CBA3h MEKIY BEKTOPOM VKO-

nebarensHoit ckopoctu (BKC) n 3]1 BripaxaeTcs cooTHOMEHUAMH |/ = grad v/,

P:_po(a\p/az): ia)poy/, | — TOTEHIHAT CKOPOCTEH 3BYKOBOTO ITOJIA. Ucxons

W3 STUX COOTHOIIEHHA, MOYKHO 10 1oiTt0 3/ HaiiTh OpTOrOHAIFHBIE KOMITOHCHTHI
BKC. Komnonertst BKC /' monyueHsl cOOTBETCTBYIOIMM UM PEPEHITHPOBA-
HUEM KOHTYPHOT'O MHTErpaja ¢ MOMOIIbIO BBIUYETOB — CBEJEHBI K CyMMaM, aHaJlo-
TUYHBIM CYMME HOPMAJTBHBIX BOJH 1ot 3/1:

_x had —_ R oo ,
V; - TZAlnglm(r‘%z)’ V\ = TyzA@Hf”(Vi,)a Vz = ZA/H(EI)(’{/)a 2)
1=0 1=0 1=0
rae A = Au,ctge, /h, H" — byskuus XaHkens nepBoro mopsika.

ITycts manee P=|P|eY =ReP+ilmP, |P| — Moxynb u ¢ — dbasa moms 3/,
HecoxHO 1mOKa3aTh, 9TO BEIPAXKEHHSI OPTOTOHAIBHBIX IPOSKIUH rpagueHTa ¢da-
361 grad ¢ 3/1, npeacraBnennsie yepes mpoekuuu BKC V7, umeroT Bua:

d¢ ReV ReP+ImV,ImP  d¢ RelV ReP+ImV ImP

o |PPlop, Ty |PF/ap, ’
dp _ ReV_ReP+ImV_ ImP 3)
0z |PT /ap,

B cooTBeTcTBUU € «IIPUHLUIOM B3aMMHOCTH» IUISL MOJISL 3BYKOBOTO JIaBie-
HUSL P COOTHOLIEHUS HE M3MEHATCS, €CIM UCTOUYHUK U MPHUEMHUK IIOMEHATH Me-
CTaMH. DTO C OYEBUIHOCTBIO CIEAYET U3 CHMMETPUYHOCTH BhIpakenus (1) s
KO3(h(OUIMEHTOB A; Pa3iIoKEHHs TIIOJIST JIABJICHHS I10 HOPMAJIBHBIM BOJHAM

P=iop,Y A H)"(r€,) OTHOCHTENBHO Z U Z: A, ~sin(u,z, / h)sin(u,z/ h)- Amnanus
1=0

BBIpaKEHUH (2) U1 KOMIIOHEHT BEKTOpa KosiebaTenbHOM ckopoct Vi u V,, a,
CIIe0BATENbHO, M Ul IIPOAOJIbHON KOMIIOHEHTBI 3TOTO BEKTOpa = [V? + )2

MOKa3bIBAET, YTO 3TU XAPAKTEPUCTUKU MO MMEIOT TOYHO TaKylO K€ 3aBHCHU-
MOCTb OT z " zo. IloaTOMy 11 ropusonTaneHbIX KoMmoHeHT BKC u rpaauenta
(ha3pr grad ¢ MPUHIMI B3aMMHOCTH TakKe CIpaBeUTUB. [ BEpTHKAILHON KOM-
TIOHEHTH! V-, moiy4aemoii nuddepeHnnpoBaHueM BBIPAKEHUS IS IaBJICHUS 110

KOOP/IMHATE z, aHAJOTHYHOE PAsNOKEHHe | N 770 BKJIFOUaeT koddpdu-

pA ’ p V. _ZAIHO (G) bd
1=0

IMEHTB 4], KOTOpBIE 3aBHCAT OT Z W Zo MHa4e: A ~sin(uz,/h)cos@,z/h).

U ecnit B 5TOM BBIPKEHUU Z U z) IOMEHSITh MECTaMH, XapaKTEPUCTUKHU OIS U3-

mensTest. CreoBareNbHO, K BEPTUKAIBHON KOMIIOHEHTE KOoJ1e0aTelbHOH CKOpO-
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CTH, TaKke Kak M K BePTHKAJIHHON KOMIOHEHTE TpaareHTa (a3bl, IPUHIIAI B3a-
UMHOCTH HempuMeHUM. COOTBETCTBEHHO, €ro HeNb3s MPUMEHSTH U IS BEPTH-
KaJIbHBIX KOMIIOHEHT IOTOKA MOILIIHOCTH.

BrInosHUM 4MCIEHHOE MOAEIUMPOBAHUE — PACCUUTAEM I10JIE€ TOUEYHOI'O He-
HaIpaBJICHHOTO MCTOYHHMKA B BOJHOBOJE Ilekepurca (OqHOPOIHBIN BOAHBIN CIIOM
tonmuHoi # =100 M co CKOpOCThIO 3ByKa B Boje co= = 1450 m/c). Pacuersi
MPOBEEHBI MpH mapamerpax aHa: m = 1.8; n=0.725; xoadduiuenr 3aryxanus
0,=0.02. ITmockocts OXY meKapTOBOM CHCTEMBI COBMEIIEHA CO CBOOOIHON TIO-
BEPXHOCTHIO BOJTHOBO/IA, a €& och OZ HampaBjeHa BHU3 — K JTHY BOJHOBOJA.

BrruncnurenbHbIN 3KCIIEPUMEHT BKIIIOYAET JBE CXeMbl pacuéroB. B nmepsom
CiIy4yae TOPU30HTAJIbHbIE KOOPAMHATHI M3JIydyaTelsss NPUHUMAIOTCA PaBHBIMU HY-
mo: xo=0 u yo=0, a ero rIyOuHa zy U3MEHICTCS OT CBOOOTHON MOBEPXHOCTU
zo=0 nmo mHa zo=/h. IIpu 3TOM YETHIPEXKOMIIOHEHTHBIH BEKTOPHO-CKAJSIPHBIN
NPUEMHUK 3ByKa HaXOJMTCSl HA OIHOW M TOH e MOCTOSHHOW TiyOuHe z =50 n
100 M Ha rOPU3OHTAIBHBIX PAacCTOSHUAX ¥ = 5 U 20 KM OT UCTOYHHKA. Bo BTOpom
cly4yae UCTOYHHK U NPUEMHUK MEHSIOTCS MECTaMH, T.€. MU3JIydaTeslb HaXOIUTCS
Ha OJHOH W TOH ke MOCTOSIHHOW TriryOmHe zo= 50 m 100 M Ha Tex ke TOpPH30H-
TaIBHBIX PACCTOSIHUSAX OT NMPUEMHUKA, a TIIyOWHA NMPHEMHUKA W3MEHSETCS OT
z =0 o h. ['opu3oHTaIBHBIE KOOPAWHATHI BEIOpAHBI paBHEIMU X = 0 11 y = 0.

Ha puc. 1-3 must wactot 25 u 100 ' mpencTaBIeHB! 3aBUCHMOCTH 3BYKOBO-
ro IOJIsL OT Zo AJI IEPBOM CXEMBI M OT z — JJIs BTOpoil. Mcnonb30BaHa cienyo-
1mast Hymepauus Kpusbix: [ — |P(zo)| u |P(z)| — ammumatyast 3/1; 2 — |Vi(zo)| v |Vi(2)]
— aMmmmTy el poxoibHbix komroueHT BKC; 3 — dg(z0)/dr u dg(z)/dr — npo-
JIOJIbHBIE KOMITOHEHTHI rpaanenTta ($as3wl; 4 — |V(zo)| — aMIuIuTy1a BepTHKAIbHOM
komroneHTsl BKC B 3aBucuMocTH OT zo; 5 — |V2(z)| — aMmiuTy1a BepTHKaIbHON
komroHenTsl BKC B 3aBuCHMOCTH OT z; 6 — d¢(20)/0z — aMIUIUTy1a BEPTUKAIIb-
HOM KOMIIOHEHTBI TpajreHTa (a3sl B 3aBUCUMOCTH OT zo; 7 — d¢(z)/0z — aMIuu-
Tylla BEpTUKAIBHOW KOMIIOHCHTHI TpajiieHTa (ha3bl B 3aBHCUMOCTH OT Z.

Pacuetsr II0Kas3ajiy, 410 3aBUCHUMOCTH OT FIIy6I/IH U3JIy4YCHUSA U IpUeMa aMIUIATY bl
311 |P(2)| u |P(z0)| (kpuBast /), ropusontansuoii npoexumu BKC |Vi(z)| u |Vi(zo)| (xpuBbie 2)
¥ TOPH3OHTAIBHBIX MPOEKIHA TpagueHToB hassl 31 dp(z0)/0r 1 dg(z)/dr (kpuBbIe 3), KaKk
9TO U CJICAOBAIIO OXKHIATh, OKA3aIUCh UACHTHYHBIMH, T.C. |P(20)[=|P(2)|, |Vi{(z)|=|Vi(z0)| 1
0¢(20)/0r=0d¢(z)/dr. ITO yKa3bIBAET HA BBINOJIHEHUE «IPUHIUIA B3AaUMHOCTH» JUISi TOPH-
30HTAJILHBIX KOMIIOHEHT KOJIe0aTeabHO0i CKOPOCTH U I'OPU3OHTAJIbHBIX KOMIIOHCHT I'paau-
eHTa (a3bl. 3aBUCUMOCTH OT TIIyOUH zo ¥ z y BepTuKaibHbIX npoekiuit BKC Vi(z) (kpuBbie
4) u Vi(zo) (kpuBbIe 5) U 'y BEPTHKAJIBHBIX KOMIIOHEHT rpaarenta ¢asvl 311 dp(z0)/0z (kpu-
Bble 6) U 0p(z)/dz (KpUBbIE 7) CYNIECTBEHHO PA3JIMYaIOTCs, B YACTHOCTH, HA KPHBOM 7
HaOJII01aI0TCS 30HBI CO CMEHOH 3HaKa BepTHKaIbHOM mpoekunu BKC.

Otmetum, uto GyHKIMH P(z0), Vi(z0) n npu zo—0, u dyukuun P(z), Vi(z) npu z—0
TaK X€ MOHOTOHHO YMCHBIIAKOTCA U CTPEMATCA K HYJIIO. " a0 €CTECCTBCHHO, TaK KaK M3
TeX ke cooTHoureHu# (1) cremyer, 4To Bce nepednciieHHble QyHKIUN BKIIOYAIOT CHHYCO-
UJANBHYI0 3aBUCUMOCTB OT Z MiH zo. B To sxe Bpems BennunHa Vi(z) nmpu z—0 npuHumMaeT
JOCTAaTOYHO OoJIbIINe 3HAYCHHSI. DTOT BBIBOJ ITOJTHOCTBIO COTJIACYETCA C KOCUHYCOUAaJIb-
HOU 3aBHCHUMOCTBIO KO (HUIIMCHTOB Pa3IoKeHHs Vx(z) OT z U ¢ pe3yJbTaTaMH KJIacCude-
CKOI'0 aHaliu3a IOBCACHUS pa3JINIHbIM 06p330M OPUCHTHUPOBAHHBIX I{HHOHeﬁ y MSTKOU U
JKECTKOU IOBEPXHOCTH.
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Puc. 1. AMmumty 1HO-(ha30BbIe XapaKTEPUCTUKH BEKTOPHO-CKAJISIPHOTO TIOJIS
nipu riryouHe npuema z = 100 M u riryoune nsinyuenus zo= 100 m;
yacrora = 25 ['ll, rOpr30HTaIBHOE PACCTOSIHUE 7' = 5 KM.
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Puc. 2. To ke, uro Ha puc. 1, Ho yactota f= 100 I't, » = 5 kM.
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Puc. 3. To xe, uro Ha puc. 1, Ho npu rryOuHe npuema z = 50 M u rIyOuHE U3ITyUEHUS Zo =
50 m; yactota = 100 I't;, ropuszonTaibHOe paccrosHue 7 = 10 kM.

OTMeTuM TaKxke, 4To 3aBUCUMOCTH P(z0) 1 Vi(zo) mogo6usl. ['paanents! dassl B 30-
Hax MHTEP(EPEHUHOHHBIX MaKCHMYMOB IJIaJIKHE, @ B 30HaX MHHHMyMa HaOJIONAIOTCS
CKa4K{ M BapHalys 3HAKA, YTO CBUJCTEIBCTBYET 00 N3MEHEHNH B ATHX TOYKAX HaIlpaBlie-
HMSI BEKTOpa MOTOKa MOIIHOCTH. B IMTepaType Takue XapaKTepUCTHKU CBSI3BIBAOTCS C
HalM4IueM ocoOeHHocTel dazoBoro ¢ponTa (aucmokanumii u cénein). KoopannaTs! 0coObIx
TOYEK 3aBUCAT OT IIyOWHBI BOJIHOBO/A, YaCTOTHI 3ByKa M INIyOHH PacIIOIOKEHUS U3ITyda-
FOILIMX TIPUCMHBIX CHCTEM.

YKa3zaHHbIE BbILIE OrPAaHUYECHHS 110 IPUMEHEHMIO IPUHIMIA B3aUMHOCTH JUIsl BEPTH-
KaJIbHBIX COCTABJIAIOLIMX MOJII MOXET OCJOXHHUTH €r0 MCIIOJIb30BAaHUE IIPH HATYPHBIX
9KCHEPUMEHTAX, TPEOYIONINX BO30YKICHHS 000I0UEK (KOpITyca).
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VJIK 534.231

B.A. Jlucrotun'?, O.P. JlacToBenko!, A.A. SIpomenko !

CTPYKTYPA AKYCTUYECKOI'O IOJIA B YCJIOBUAX
CUHONTUYECKOH AHOMAJIMM ITPO®WUJISA CKOPOCTH 3BYKA

! CeBacTomnonbCkuii rocy1apcTBEHHbINA YHUBEPCUTET

yi. Yauepcurerckas 33, r. CeBacronodb, Poccus, 299053

2®I'MY uM. agm. @.@. Ymakosa B . CeacTomnomne

yi. ['epoes CeBacromos, 7, kopr. 8/22,299001, e-mail: vlisiutin@mail.ru

Ipu svinadenuu cunvbHo20 003405 8 NPOSPEMOM NPUNOBEPXHOCHIHOM 800-
HOM cll0e 00paszyIomcs aHOMAanuu NPOQUIsL CKOPOCU 36YKa Y3KOBOTHOBOOHO20
MUNA co CHUMNCeHueM cKopocmu 38yka 0o 18 m/c.

Paccmampusaemcs usmenenue akycmuuecko2o nois npu mpamcgopmayuu
V3K020 NPUNOSEPXHOCIHO20 60THOB00d, BbI36AHHO20 NUSHEGHIM 00dCOeM Npu
Hanu4uY Ha npoguie cKopocmu 36yKa OCHOBHO20 38VK08020 Kauana Hepromop-
ckoco muna. Hanuyue noo npunoeepxXHocmuuimM KAHANOM 6MOPO20, OCHOEHO2O0
Kanaid, ¢ MeHbulell CKOpocmulio 36yKd MeHsem CmpyKmypy aKyCmuiecko2o noJsi.
Togvluennbiii yposens nois Ha OCU NPUNOBEPXHOCTIHOU AHOMAUU Popmupyem-
¢ 3a cuem clodicenus Moo ¢ @blcokumu nHomepamu. Ilo mepe saenybnenus amo-
Manuu, ycmoudugocms Nojs K 6empo8oMYy GOJIHEHUO NOGbIULAEMCS, HO Koze-
PEHMHOCMb N0 He COXPAHAEMCsl, d MOOANbHble KOIDduyuenmol no2noujeHusl
VBenUUUBAIOMCAL.

Cunonrtudeckue anomanuu I1C3 mpossisiorcs B ner-  ¢(2), M/c
HUii TIEPUOJ TIPH BHIAJECHAN HA TIOBEPXHOCTH MODS JUBHe- 6001470 1480 $190
Boro n0x/1i. COBMECTHOE BO3JEHCTBME TEPMHMYECKOTO M 100 — <
XaJIMHHOTO (DAKTOPOB HPUBOAUT K 3HAUMTENLHOMY CHIKE- 2O 57 =717
HUIO CKOPOCTH 3ByKa y moepxHocTH [1]. ®omoBEIA mpo- [ 7/ = 7717
(UIb CKOPOCTH 3ByKa U €ro U3MeHEHHe, COOTBETCTBYIOIIUE: :Zf ]
HEMOCPEICTBEHHO TOCIE JI0Kst; Yepe3 4 uaca; 8 wacos, mo- . . | | |
kasaHbl Ha puc.l. C LeNblo UCCIeNOBAHMS BIMSHMS CHHOI- 7o\ 1 . | |
THYECKO} aHOMATHH Ha aKyctmdeckoe mone, I1C3 ma puc.l s\~ -+ -1 |
ObLI «BIMCaH» B IIENb(OBBIA BONHOBO IyOuHOM #=90M ¢ ool b1
MHUHUMYMOM Ha Tiryoune z=60 M, 9T0 cooTBeTcTBYyeT Uep- zZ,M
Homopckomy IT13K. HemocpenactBeHHO mocie AOXKAS CKO- Puc. 1

POCTh 3ByKa B IPUIIOBEPXHOCTHOM CJIO€ CHHIKaeTcsi Ha 25

M/c. 3areM, MpOoCioiKa XOJOIHON pacrpecHEeHHOH BOABI, MUTPUDPYs BHU3, (Op-
MHpYET Y3KOBOJIHOBOJIHYIO aHOMaIHio Ha (oHoBOM mpoduiie ¢(z). C TeueHreM
BPEMEHH, CJIOH OXJIXKICHHON BOJBI 3ariyOisieTcsl U uepe3 4 yaca mociie IOk
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agomanus [1C3 mpuHMMaeT BHI JIOKAIBHOTO BOJHOBOAA Han OCHOBHBIM [I3K,
MIMPUHON 7 M M OoChi0 Ha TiyomHe z=10 M. B nanpHeiimem JTOKaTbHBIA Y3KUH
BOJTHOBOJ 3arTyOisieTcsl ¥ TPaHC(OPMHPYETCSI, YTO COTPOBOXKIACTCS TTOSBICHHU-
€M aHTHBOJHOBOJIHOW aHOMaJIWHU IMUpUHON 1.5-2 M (uepe3 8 9acoB), MOTOKH-
TEJBHBIA PKCTPEMYM CKOPOCTH 3ByKa KOTOPOW OTIHYaeTcs OT (JOHOBOTO 3HAUe-
Hust Ha 1.0-1.5 M/c ¥ manpHEHIINM MOCTEIIEHHBIM TepeOPMHUPOBAHUEM BOJIHO-
BOJIa B aHTHUBOJIHOBOJ, 3aBepluaroniumMcs yepes 14-28 gacos mocie nuBHA. Cu-
HONITHYECKUI aHTHBOJHOBOJ 4epe3 8-29 uyacoB mpekpalmaer CyllecTBOBaHHE,
cimBasick ¢ honom [1].

Jns pacdera aKyCTHYECKOTO ITOJIsI IPUMEHSUICS] YHUCIICHHBIN aJrOpUTM, pea-
JU3YIOMUI METO] HOPMAJIbHBIX BOJIH [2].

Oco0eHHOCTBhIO CHHONTHYECKOTO BOJIHOBOJA SIBJISIETCS: 1) €ro HecuMMeT-
PUYHOCTH — TPAIUEHT CKOPOCTH 3BYKa |Ac/Az| B HampaBICHUN TTOBEPXHOCTH CY-
IIECTBEHHO BHIIIE, UM B HATIPABIICHUH JTHA; 2) CKOPOCTh 3ByKa B MUHHMYyMeE (o-
HoBoro [13K okaspiBaeTcs HMKE, Y4eM B MHHUMYyME aHOMalIUH. [ TaBHbIM (akTo-
pOM,  TIPEMATCTBYIOLINM
yAepIKaHUIO SHEepPrun
Y3KUM BOJIHOBOJIOM Oy-
JeT He MOTeHIUAJIbHBIN
Oapeep — aHTHBOJIHOBOJI,
a MeHblIas, M0 CpaBHe-
Huto ¢ ocHoBHbIM [I3K
rIyOMHA TOTECHIMAIBHON
saMbl. Benencteue TyHen-
TUPOBAHUSA,  AKyCTHYe-
CKas dHeprus OyIeT mpo-
HUKaTh CKBO3b ITOTEHIH-
aJbpHBIA Oapbep, W KOH-
LEHTPHPOBATHCS B
OKPECTHOCTH TJI00aIbHO-
ro muaumyma I1C3.

Ha puc. 2 nokazansl
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ca, z~=10 M, gepe3 8§ ua- 40
coB, z=18 M. Kak BugHO zZ,M
W3 KapTUH «IOche JI0- Puc. 2

KIS, BCE JTYIH UCTIBITHI-
BaIOT OTPAKEHUSI OT TMOBEPXHOCTH, MPEAETbHBIA YTOJ CKOJIBKEHUS JTyda, BBIXO-
JISALIETO «BHU3» U HCIBITHIBAIOIIETO 3aBOPOT Y~5.62°. IIpenenbHbIi yroy cKoJb-
JKeHusl «depe3 4 daca»: BHU3 Y~4.89° BBepxX Yc~7.79°, oqHAKO Jy4YH C yTiIaMu
CKOJIBXKCHUST OONBIIAMU Y ~4.48° TIOCIIe OJJHOTO 3aBOPOTA HE yIEPKUBAFOTCS Ka-
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HaJIOM M «BBICBEUHMBAIOTCs». Ha mydeBoil kapTHHE «4epe3 8 4acoBy mpelenbHbII
YTOII «BHH3» %~3.59°, «BBEepX» ¥:~9.17°, HO IIyun C yIriIamMH CKOJBXCHUS OONb-
mmMA ¥~3.05° mocne OgHOTO 3aBOPOTa «BBICBEYHBAIOTCS.

Ha puc.3 — nocnenoBarenbHble KapTHHBI OIS M TOPH30HTAIBHBIC Pa3pesbl

TL, nb r,M

_ ) 3000 4000 5000 6000 7000 8000 9000 10000

[}
o

20 0 1000 2000 3000 4000 5000 G000 7000 8000 9000 10000
D e
60
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Ha TayOmHe ucTouHmka (z~10 m). Ha ApkocTHBIX KapTHHaxX W pa3pese L —
ocnmabJeHne TPH pacrpocTpaHeHnH, BeranucienHoe kak 7L=20-1g(p(r,z)/p(r=1)).
[lyHKTUpHOHN JIMHMEH NOKa3aH YPOBEHb II0JII IPU HEKOI'€PEHTHOM CIIOXKEHUH
MOJI.

Yacrora 75 ', [IC3 «uepes 4 waca» mocie noxast, 10 moa. ITpodumn Mon
COOTBETCTBYIOT THIIMYHOMY CJIy4ar0 MEJIKOro Mopsi ¢ noctrostuabiM [1C3, anoma-
TS BIMSIHUSL HE OKasbiBaeT. Ha ropu3oHTaIbHOM paspese - ImepHoauueckas Kap-
THUHA U3MEHEHUS YPOBHS IOJIsI, YIIPOIIAIONIAsICS C POCTOM PAcCTOSHHS M BBICBE-
YMBAaHUEM BBICHIMX MOJ. MonanbHble KOI((QHUIMEHTH! MOTJIOMIEHHS C YBeJde-
HHEM HOMepa MOJBI BCIIEICTBUE BJIMSHUS CIIOMCTOTO JTHA BO3PACTAlOT HEMOHO-
TOHHO, CHIDKEHHE HEKOT€PEHTHOTO YPOBHSI MOJIst focTuraet 85 nb.
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Hwmxe - gactota 1000 I't, 120 moa. IIpodmnm mepBBIX IATH MO HAYHMHAIOT
«BTATUBATHCS» B 00JacTh ¢ TobampbHBIM MUHAMYyMoM Ha [1C3, a moBBIIIEHHBIH
YPOBEHb ITOJISI OCH aHOMAJINHM (DOPMHPYETCS 38 CUET CIIOKEHHS BBICIIMX MOJL..
YpoBeHb ot Ha ocH aHOManuu (GIykTyupyeT Ha ~10 nb 3a c4eT «IOJCBETKI»
OTpa)XEHHBIMU OT JJHA Jy4aMH B 30HaX KOHBEPreHIMU. PaccTosiHue Mexy 30Ha-
MU TIOACBETKH OYAET ONpenenaThes TIyOnHoH BoHOBoga. C POCTOM PacCTOSHUS
YPOBEHb MOJICBETKH CHIKAETCS 3a CYET OCIalJIeHHs JIydel, HCIBITHIBAIOIINX
oTpakeHHe OT JIHa. MopaibHble KOI(D(GUIHUEHTH 3aTyXaHHUsl BO3PACTAIOT MPO-
MOPLMOHAIILHO HOMEPY MOJIbl, HE3HAYUTENIbHbIE OTKIOHEHUS (PE30HAHCHI KOd(]-
¢unmenrta orpaxenust) Bo3HUKaOT st 40-it — 50-it moxpl. OOlnee CHIKEHHE
HEKOr'epeHTHOI'0 YPOBHs MoJist Ha auctaHiuu 10 kM cranoBuTCs Menble - 70 nb.

Hwmxe — chopmupoBasmmascs vHa gactote 2000 ' «cuHONITHYECKAsT TPyOay.
Pacmipoctpansiercst 248 Mo, MOBBIICHHBIN YPOBEHB OIS (POPMHIPYETCS CIIOXKE-
HHEM BBICHIMX MOJ, MHTEeP(EpEeHINOHHAs CTPYKTypa BBIPOXKIAETCS HA THCTaH-
LUK =2 KM, U J1aJie€ YPOBEHb I0JISI IPAKTUYECKH COOTBETCTBYET HEKOTEPEHTHOMY
CJIOKEHUIO. 3BYKOBOE JIaBJIEHHE CHAJaeT C PACCTOSHUEM JO0CTaTOYHO MEIJICHHO,
OCHOBHOE CHIIKEHHE YPOBHS MOJIS MPOUCXOAUT Ha JUcTaHIKu ~3 kM (56 ab), Ha
cienyroux 7 km Bcero Ha 8 nb.

Hwxe — curyanust «uepe3 8 yacoB», OCh aHOMAJIMK Ha TIyOnHe 0koJio 20 M.
OJHUM M3 NPHHIMITHAILHBIX BOIPOCOB SIBIISIETCS y4YEeT BO3ACHCTBUS BETPOBOTO
BOJIHEHUSI Ha IMOBEPXHOCTH MOpPSI Ha YCTOWYHMBOCTH W KOT€PEHTHOCTH  MOJIS.
00br9HO Ha 4-M puCyHKe — IOJHBIHN IITHIIb, Ha 5-M — BOJIHEHHE CO CPEIHEKBAI-
paTUYHON BBICOTOW BOJIH 10 0=2 M. PacyeTsl BBINIOIHEHBI HA OCHOBE TEOPHH OT-
pakeHUs OT CITydaifHO-HepoBHOM moBepxHOCcTH Kupxroda [2]. BunHo, 9To Heko-
TepEHTHBIM YPOBEHb TOJIS HA OCH aHOMAJINK B CIIy9ae HaJMUHsI BOJHEHUS Ha I10-
BEPXHOCTH M €T0 OTCYTCTBHS B JaHHOM CIIydae COXPAHSETCs, OJHAKO MHTepde-
PEHIIMOHHAS CTPYKTypa IOJIs MOJHOCTBIO pa3pyllaeTcs, YK€ HauuHas ¢ IUCTaH-
i ~2 kM. KOHTpacT «cuHONTHYECKOH TpyObD» BCIEACTBHE HAINYHA MOBEPX-
HOCTHBIX BOJIH CHMXkaeTcs Ha =10 nb, unciio pacrpocTpaHsIOMMXCs MOJ CHHXKA-
eTcs 10 76, a MoiabHble KOO (GHUIMEHTHI MOTJIONIeH!s, HaunHas ¢ />40 Bo3pac-
TaloT Oosiee YeM Ha MOPSJOK, BCIEJCTBUE YEro 3TH MOJbI OBICTPO «BHICBEYHBA-
IOTCSI» M3 BOJIHOBOJA. PacyeThl aKyCTHYECKOTO IOJISI C yYETOM BOJHEHUS JUIs
Citydast «Iociie JOXIs», Aaxe sl 6=0.2 M MoKasany MOJHOE pa3pylieHue Kore-
PEHTHOCTH TI0JISl, M OTCYTCTBHE KaHalla, HAYMHAS C AUCTAHIMNA COTEH METPOB.
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VJIK 534.231

B.A. JIuciotun, A.A. fIpomenko, /1.0. Biageuxui

BOCCTAHOBJIEHUE UMITYJIbCHOMN XAPAKTEPUCTHUKHU
OCHOBHOI'O YEPHOMOPCKOI'O IT3K

CeBacToIobCKUi roCyIapCTBEHHBIH YHHBEPCUTET

yia. Yuuepcurerckas 33, r. CeBactomnoinb, Poccus, 299053

OI'MY um. agm. ©.D. Ymakosa B r. CeBacrorioe,

yi. ['epoes CeBacromons, 7, kopr. 8/22,299001, e-mail: vlisiutin@mail.ru

Tpanszummuvie ceoticmea nod8o0H020 38ykogozo Kauana (I13K) moocHo onu-
camv UMNYIbCHOU Xapakmepucmukoti h(t). Toeoa 6bIXx00HOU CUSHA MONCHO Bbi-
YUCTUMb NYMeM C8ePMKU 8X00OH020 € UMNYIbCHOU Xapakmepucmukoii (UX).

Cuenan, hopmupyemviii NOOBOOHBIM 83PbLEOM ONUZ0K K OENbMA-UMNYIbCY, d
cuenan p(t) npuxooswutl 6 2uopogon - smo npubnudxcenue UX xanana.

Il eoccmarnoenenuss UX Yepnomopcroeo 13K cuenan p(t) 6vin oopaboman
cneoyrowum obpasom: 1) «ombenusanuey cnexmpa cueHaia om HU3KOYACHOM-
HOU COCMABNAIOWeEl UMRYIbCO8 NYAbCAYUU 2A308020 NY3bips, 2) urbmpayus
UMPYIBCO8 NYTbCaAyuu 60 6peMeHHOU obnacmu, 3) urbmpayus wymos mops
muna HenuHenno2o mpewtonounea ypoens. Ha eoccmanoenennoti umnynbchol
Xapakmepucmuke OMYEMIUBO NPOAGUIUCL OUCKPENHbIE TyUesble GCMYNACHUS U
HeNnpepvisHblil BOIHOBOU NPOYeCc ¢ 3aKOHOM OUCHEPCUU MOO 2TyOOK020 MOpA.
Hns eviseneHus 3aKoHa usMeHeHus Gaszvl npu Nepevix JAyYesblX CMYNIACHUAX U
3aKoHa oucnepcuy npu 8CMYNIEHUU MOO UMNYIbCHAA XAPAKMepUcmuka oviia
«CBEPHYMAy ¢ PAOOM MECMOBbIX CUSHATOS.

Tpansuthsle cBoiictBa 13K, paccmaTpuBas ero kaxk JUHEHHBIH MHOTOMO-
JIFOCHUK, MOYXHO OITMCAaTh MMITYJIbCHOHM XapakrepucTukoi /(). Torna BBIXOJHOM
curHaji 7(f) BEIYMCISIETCSI KaK CBEPTKA BXOIHOTO S(#) ¢ UMITYJIbCHOW XapaKTepH-
ctukoit (MX). Berancnenne uMIryacHOTO nostst B Buze cBepTku ¢ UX mmeer psin
MpEenMyIIEeCcTB: He TpedyeTcs npeodpa3oBanne Dypbe CHrHANA; CBEPTKA BBIMON-
HSETCSl BO BPEMEHHOI 00JacTH; CBEpPTKA LUKJINYHA, YTO MO3BOJISIET MOJEIHPO-
BaTh OTKJIMKM HA HEMPEPHIBHBIE CUTHAIIBI C OBICTPO MEHSIFOIIMIMCS CIIEKTPOM.

Curnan, ¢opMHpPYEeMbIii yJapHOW BOJHOI IMOIBOJHOTO B3pHIBA ONH30K K
aKyCTHYECKOMY JleNbTa-uMITyJIbCy. Torma curnain p(f) mpuxonamui B rugpohoH
- 9TO MpHUONMKEHNE MMITyJIbCHON XapaktepucTuku kananma. B I13K riaybokoro
MOpsI OTKJIMK Ha MOJIBOHBIN B3pbIB (POPMHUPYETCS KaK pe3ysibTaT MHOTOJIY4YEBOT0O
1 MHOTOMOJOBOTO XapakTepa pacnpocTpaHeHus 3ByKa [1,2]. IlogBoaHbIil B3phIB
(hopmupyer erie U NepUOAMIECKUI CUTHAI ITyJibcaiuu razosoro my3sips (I1ITT),
CIIEKTp KOTOPOT0 HakjajbiBaeTcst Ha criekTp MX. Takum oOpasom, st mosyde-
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Husl UX MHOTOJIy4eBOr0 1 MHOTOMOJIOBOTO KaHalla €¢ He0OXOMMO BBIICIUTH U3
curHana p(f). Jdns Boccranosnernms MX Yepromopckoro 13K wucmoms3oBan
curHain (Bls 59), mokasaHHsIif Ha prc. |, pa3MeIIeHHbIN Ha caifte www. akin.ru.
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Paccrosane mo mcrounmka R=197 kM [1]. Hawano orcdera BpeMeHH COOTBET-
cTByeT MOMeHTY 1=0=R/cy, co— CKOPOCTh 3ByKa Ha OCH KaHama. Torma «oTpuia-
TEJIbHOE» BpeMsl OyleT ONEpEeKEHUEM T BCTYIUICHMs IMPEAbIIYIIEro HUMITyJIbca
OTHOCHTENBHO TocnenHero. Ilepsasi, BTopast, U TpeThsl TPYIIBI «IETBEPOK», OT-
JMYAOLIUEcs] YMCIIOM IIUKJIOB JIyda, OTYETIIMBO Pa3AesAloTCs Ha aHopame pea-
nu3anuu curraia p(f). [lBe mocnenoBaTenbHbIe «4€TBEPKU» MMOKA3aHbl TAaKXKe Ha
JIBYX YBEIMYCHHBIX (pparmeHTax curHaia. [lepmas «uerBEpka» chopmupoBaHa
HMITYJIbCOM YJapHON BOJIHBL, BrOpas - ummyiascamu III'TI. Pasnocts BpeméH
BCTYIUICHUS] IMITYJIbCOB B UeTBEPKax cosnanaet ¢ nepuogom [I'TI - 7=39mc.

Jlnst BBIIEsICHHST MIMITYJIbCHON XapaKTEPUCTHKU cuTHal p(f) Obl1 0OpaboTan
crenyronmM oopaszoM: 1) «orOennBaHne» CIIEKTpa CHI'HaJIa OT HU3KOYaCTOTHON
COCTABIIAONICH HWMITyJIBCOB ITyJIbCAIIMH Ta30BOTO ITy3BIps; 2) (QUIBTpamus WUM-
MyJTBCOB TYJIBbCAIIUN BO BPEMEHHOW 00macTw; 3) GMIBTpaIiis IIyMOB MOpS THTIA
HEJTMHEHHOr0 TPEeLIoIANHTa YpoBHs. MMITyibc faBieHns Ha IEpPBOM JTarie oopa-
60TKH MOICJTPOBAJICS GyHKIHUSIMU: s(0<t<)=P exp(-1/0),

15
S(9<’<T/2):Pm'0-368'§ 1_(02’242j , TIe Pm=5.24.107(m1/3/R)1.13

nukoBoe napienue, 6=9.25-10"m!/3(m!1/3/R)=022 . nocrosuuas Bpemennu

cnana nasienus. Curaan [II'TI mogenupoBaics CHMMETPHYHBIMU OTHOCHTEIIBHO
CBOEr0 MakCUMyMa MMITY/IbCAMU C SKCIIOHEHIMAIbHBIMH 3aKOHAMHU BO3pacTaHUs
v yowBanus  pasnenws:  s(nT/2<t<(n+DT/2)=P (1-a t)exp(-1/6,),

P1 =9.5 -106(m1/ 3/ R) - MakcumanbHOe naBieHue 1-i mynbcauuu, P,1=0.5P,,

O, 0 — KOBPPUIIEHTBI, pa3Hble Ui Kaxaoro nepuona [1I'TI, onpenesnsiemble u3
YCIIOBHSI HEPa3phIBHOCTH UMITYIILCOB, n=1,2,3 [1].

Jns onucanus 3aBucuMoctd T(R,N) - olepexeHHs paclpoCTPaHEHHsT MM-
MyJibca MO OTAEIBHBIM JIydaM OTHOCHUTEIIHLHO MMITYJIbCA, PACIIPOCTPAHSIOIIET0Cs
Broib ocu 13K, u pasnoctu Ar(R,N) BpeMeH pacipoCTpaHEHHUs MO Jydam ¢ OT-
JMYHBIM Ha €AMHUILY YHCIIOM IIUKIIOB MOTYT OBITh IPUMEHEHBI (popMyIIbI [2]:
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T(R,N) = N0 -(aR)e u Ar(R,N)=|[(N-Dl=a—N1=a|.(cR)®, (1)
riae R — pucranums, N — 4iCiI0 IUKIIOB JIy4a, @ U o — dMIUpUdeckre koaddurim-
eHTHI, mojjexkamue onpeneneHuto. lloacrasisst B ypaBHeHusa (1) 3HaueHHA
=1.885c u Ar=0.231c, B3sThIe U3 puC.] U pelas cCUCTeMy, MOTy4YaeM YTOUHEH-
Hble A YepHoro mops 3HadeHus: a=1.717, 0=0.01438.

Ha BoccTaHOBNIEHHOW HMITYJIbCHOM XapakTEepUCTUKE - PUC.2 OTYETIMBO
MIPOSIBIUIACH TUCKPETHBIC JTYYECBBIC BCTYIICHUS M HETPEPHIBHBIN BOIHOBOI TPO-
[[ECC C 3aKOHOM JTUCTIEPCHH MOJI TITyOOKOTO MOPSI.

h(l 0.5

| Ly IM |
1

05, 18 16 14 12

JUnst BBISIBIICHUS 3aKOHA M3MEHEHHUS (pa3bl IIPH MEPBBIX JIYYEBBIX BCTYIUICHHU-
AX W 3aKoHa aucriepcu Mo VX Gbuta «CBEpHYTa» C PsIOM TECTOBBIX CHI'HAJIOB.
Ha pwc3 — peanmsamms W CIEKTpOrpaMMa OTKJIMKAa KaHaja Ha CHIHAI
s1=sin(210007) — KOPOTKHil BHICOKOYACTOTHBIA UMITYJIbC [UIUTEIBHOCTHIO 50 MC.
Bpewmst oTcunthiBaeTcs OT mepBoro (1o puc.l u puc.2) 1y4eBoro BCTYIUICHHS.
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Ha peannzanuu u cnekTporpaMme OTUETIMBO PA3INYAOTCS MPUXObI UMITyJIbCa
IO OTAENBHBIM KaHAIBHBIM JTy4aM, HHTEPBAJIbI MEXKAY KOTOPBIMU YMEHBIIIAIOTCS,
TIOKa OTZAEIbHBIC UMITYJILCHI HE CIIMBAIOTCS B HETIPEPBIBHBINA 3aTSHYTHIH CUTHAI C
NEePUOANYECKH MEHsoIelcs aMIuuTyoi. Ha ciektporpamme npu nepBbIX JIy-
YEeBBIX BCTYIUIGHUSX BHIHBI IIMPOKOIOJIOCHBIE «BCHBIIIKKWY» CIIEKTpa —
MEPEXOJHbIE MTPOLIECCHI BKIIIOYEHUS M BBIKIIIOUEHHs OTJEIbHBIX JIyueil. B Hauane
peanu3alyy JUCTIepCHs IPAaKTUYECKU OTCYTCTBYET, MPOSIBISIETCS] TOJIBKO MHOTO-
JY4eBOW XapakTep pacnpocTpaHeHHs. B OKOHEYHOW 4acTH BCTYIUICHUS! (OPMHU-
PYIOTCS 3a CUET «IO3IHUX» MPHUOCEBBIX JIyueil, I HU3KOYaCTOTHbIE KOMIIOHEHTHI
«Benbiiex» crekrpa npu [TTIBKJI u ITIBBIKJI, pacnipoctpansisick ¢ 00IbIIMMA
TPYMIOBBIMU CKOPOCTSIMHU MOJI, YK€ YCIEBAIOT CYILIECTBEHHO ONEPEAUTH KAaK BbI-
COKOYAaCTOTHBIE KOMIIOHEHTBL, TAK 1 OCHOBHYIO YaCTOTY.
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Ha puc.4 — neranpHBIC KapTHHBI IEPBBIX IBYX JIYUEBHIX BCTyIuieHuit. [loce-
peIrHe — peann3anus UMITyJIbca, CBEpXY - CHHXpOHHas kapTuHa X (yBenmieH-
HbIe (pparMeHTH! puc.2). [{ns 00BeKTHBHOTO aHAIM3a M3MEHEHUs (Da3bl U aMILTH-
TYZAbl HMITYJIbCHOTO CHTHAJIA, C TTOCIEAHNM OblIa IIpoBeeHa onepauus GpazoBoro

0.4
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JIETEKTUPOBAHMs, TOJy4YeHHas pa3oBast QyHKIMs ¢(f) — Ha puc.4 CHU3Y.
Puc.4.

Paccmorpum puc.4, nepBas 4yerBepka (cieBa). [locienoBarenbHble BCTYIUICHUS
Jy4ed YeTBEepKH MPaKTHYECKH CTYNEHYaTo M3MEHSIOT a3y ¥ aMIUTUTYyy KoJie-
OaHusl, TIpUYEeM AaMIUIMTYAa YCTaHOBHUBILIEToCs KOJEOaHUS 3]1eCh CTAHOBHUTCS
MEHbIIIE aMIUINTY/AbI, HaOJfogaeMoil rmocie mpuxoja mnepsBoro nyda. dasosas
(yHKIMST BO BTOPOI YeTBepKe - puc.4, cnpasa, Oojnee crabuinbHa, pa3HOCTH (a3
KosleOaHWH MEXIy IepBBIM M YETBEPTHIM JIydaMH 3aKiiodeHa B mpezaenax 90°,
BCJICZICTBHE YETr0 aMIUIMTyJa Tmporecca Bo3pacTtaeT. CTymeHYaThlil XapakTep
[ITBKJT u TITIBBIKJI, cnexyromuii u3 0e3AUCIICPCHOHHBIX JTyUeBBIX IPEACTaB-
JICHUH, TOATBEPKAACTCS, HO PacyueT MOCIeI0BATEIbHOI0 H3MEHEHHS AMIUTUTY b1
CHT'HAJIa Ha MPOTSDKEHHBIX TPAccax OCIOKHEH CIy4aiHBIMH (IIyKTyalHsIMH CKO-
POCTH 3BYKa BJIOJIb JIy4a, a COOTBETCTBEHHO U (ha3bl kosebanust [2].
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VJIK 534.231.1

A.A. Jlynbkos!, B.I'. llernuxos!, A.Jl. Yepnoycos'?

OCOBEHHOCTU 3ATYXAHUA
HU3KOYACTOTHOI'O 3BYKA B MEJIKOM MOPE
ITPU PA3BUTOM NOBEPXHOCTHOM BOJIHEHNHU

"Mucruryr obuieit Gpusuku um. A.M. IIpoxoposa PAH
Poccus, 119991 Mocksa, yi. BaBunosa, 1.38
Ten.: (495) 503-8384; dakc: (495) 135-8234, E-mail: petniko@kapella.gpi.ru

2AxycTnuecknit MHCTUTYT uM. akan. H.H.Aunpeena
Poccus, 117036 Mocksa, yn. llIBepruka, 1.4
Ten.: (495) 126-9835; dakc: (495) 126-8411, E-mail: chado2008@yandex.ru

IIpodemoncmpuposano énuaHue NoGepXHOCMHO20 6OIHEHUSA HA 3amyxXaHue
HU3KOUACTNOMHBIX AKYCIMUYECKUX BOJIH 8 MENKOM MOpe Ha HeOOonbuux (MeHee yem
100 enybun mecma) paccmoanusx om UCMOYHUKA 36YKA. YKazannoe enusnue
NPOAHANU3UPOBAHO OISl MACKO20 U JCECMKO20 OHA, KO20d CKOPOCHb 38YKd 6 OHe
COOMBEMCMBEHHO MeHbue UTU OOIbULE CKOPOCU 36YKA 8 BOOHOM CJl0€.

HccnenoBanne 3aTyxaHUss HU3KOYaCTOTHBIX 3BYKOBBIX BOJIH Ha OKEAHCKOM
menbde SABISETCS ONHON M3 aKTyaJdbHBIX 3a/ad aKyCTHKH MeJKoro mops. Ha
MEIIKOBO/IbE 3aTyXaHUE B OCHOBHOM OOYCIIOBJICHO B3aMMOJEHCTBHEM aKyCTHYE-
CKHUX BOJIH C MOPCKHM JIHOM. B TO k€ Bpemsi B MEJIKOM MOpe MPUCYTCTBYIOT pa3-
JMYHOTO pOja Ciy4daiiHble HEOJHOPOAHOCTH M, B YAaCTHOCTH, IOBEPXHOCTHOE
BonHenue ([1B), koTopoe MokeT 3aMeTHBIM 00pa3oM BIIMATH Ha MOJI00HOE B3au-
MOJICUCTBHE M YBEJIMUUBATH 3aTyXaHUE 3ByKa NP JabHEM PAaCHpPOCTPAHEHHH B
BOJIHOM cJioe. YKazaHHOE BIIMSIHUE pacCMOTpPEHO B padote [l]u muTupyembix B
Hel CTaThsIX. 3/1ech aHAIN3UPOBAJIOCH PACTIPOCTPAHEHHE 3BYKa Ha OOJIBIINE -
cTaHuuu r >>100H ( H - rayOMHA MecTa) OT UCTOYHHKA 3ByKa. J[s Takux pac-

CTOSIHM/ IIPH MOJOBOM OITMCAHWM 3BYKOBOI'O MOJISI JOMUHHPYIOT TaK Ha3bIBae-
MbI€ PacIpPOCTPAHSIOUINECS MOJbI, B3aUMOJCHCTBHE KOTOPBIX YUHUTBHIBAJIOCH B
pabote [1] 11 pacueToB 3aTyxaHus 3ByKa. B To jxke Bpemst s HeOONbIIHNX pac-
CTOSIHHH r < 100 / (TaKWe paccTOSHHS BaKHBI, HAIPHMEp, NPHU OLEHKE BO3JIEH-

CTBHSI THIMYHBIX MCTOYHUKOB QHTPOIOTEHHBIX IIYMOB Ha MOPCKHX KMBOTHBIX)
HEOOXOANMO yUUTHIBATh BECH MOJOBBIH CIIEKTP 3BYKOBOTO ITOJISI, BKIJIIOYAs BBITE-
Karolye mMozbl. Ele oHOI BaXKHOM XapaKTepPUCTUKOHW 3BYKOBOIO MOJIS B Me-
KOM MOpE SIBJIAETCS 3aBUCHUMOCTL KOd(puIneHTa 3aTyXaHus f(c,) OT CKOPOCTH

3ByKa ¢, B iHe [2]. MccnenoBanye 9TOM 3aBUCHUMOCTH B IPUCYTCTBUM CITyYalHbIX
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HEOJHOPOAHOCTEH TakXkKe TpeICTaBIsIeT WHTepec. B HacTosmiei padore mpuo-
JITCS Pe3yJbTaThl PAcueTOB IOTEPh HPH PACIPOCTPAHEHWH HU3KOYACTOTHBIX
AKyCTHUYECKHX BOJH Ha HEOOJBIINX PACCTOSIHUSAX B MPUCYTCTBUH PA3BUTOTO I0-
BEPXHOCTHOT'O BOJTHEHHUS.

YucaeHHbIe OLEHKH IOTEPh INPU PACIPOCTPAHEHHH OBUTH BBIIIOJHEHBI B

NPUOTMKEHUH MAJIBIX BO3MYILEHUH S (7) MOPCKOW MOBEPXHOCTH |s(r)| << H |,
rne H - rayouna mops. [IBs(7) MomenupoBaaock ¢ MOMOIIbI0 criekTpa [lup-

coHa-Helimana. IIpeanonaranoce, 4To HalpaBlIeHUE BETpa COBMAJAET C HAMpPaB-
JICHHEM DPACIpPOCTPaHEHUs 3BYKOBBIX BOJH. MeTonnKa MOJINUpOBaHUE CIydai-
HBIX BO3MYIUCHHUH S (7) IPH M3BECTHOM CIEKTPEe MX MOLIHOCTH ONHcaHa B pabo-
e [3].

AmmnTyna akycTudeckoro noiast P(r,z, f) B MEJIKOBOJHOM BOJHOBOJE

Ha pacCTOsIHUU r OT UCTOYHUKA U Ha FHyGI/IHe z NpeacTraBsiaCh B BUIE:

M
P(r,z, [)=.,C,(r, )W, (z. ))H (&, (/) (1
rae f wactota syka, ¥,,(z,/) u &,(f) (,(/)=q,(/)+i7,(/)/2) - cob-

cTBeHHble (DyHKIMHM (BOJHOBOAHBIE MOJBI) M COOCTBEHHBIE 3HAUCHHS 3a/1a4d
Itypma-JInyBusuist s HEBO3MYIIEHHOTO BOJIHOBOAA. MaKCHUMAaJbHBIA HOMED
MoIbl M , yU4uTHIBAEMBIN U pacuete, BhIOUpascs pasubiv M = 2H /A, rie
A - nnnHa 3ByKOBOW BosiHBIL. IIpn TakoMm 3HadeHun M B Gopmysne (1) yanuTsiBa-
I0TCSI KaK PaclpOCTPaHSIOLINECs, TAK U BBITEKAIOLINE MOJbI, BKJIIOYAsl KBa3UMO-
nbl. Benmuuuna P(7, z, f) , Te HE YUUTHIBACTCS TaK Ha3bIBACMbIil HEMIPEPBIBHBIN

criekTp (uHTerpan mo Gepery M-paspesa), ¢ TOYHOCTBIO IO HECKOJBKUX MPOLICH-
TOB COBIAJAET ¢ TOYHBIM 3HAUYECHHEM aMIUIUTY/IbI MTOJISI B MHTEpPBAJIC MUCTAHIHIA
H <r<100H [4].

Koodduuments: C, onpeiensiiuch pelieHneM CHCTeMbl Iu(QepeHImanb-
HBIX YpaBHEHHWH Ui B3aUMOJEHCTBYIONIMX MOJ Ha JUCTAHIMU OT MCTOYHHKA

3BYyKa 10 TOYKH C KOOpI[I/IHaTaMI/I(r,Z) [1]. s pacdeToB moTepb MpH paclpo-

crpanennu PL(7) ucrone3oBanuck ciieayronme coOTHOIIEHHS:

PL(r,f):IOIg]I(r—’f)+101gL, @)

V.

in? in
17 2
rne I(r, [)= —“P(l’, z, f)| dz w r, = H . Jlns MOjieNupoBanus BHIOUpa-
H
JIUCH CIIEYIOIIME TIapaMeTPhl BOMHOBOAA. CKOPOCTh 3ByKa B BOIHOM CJIOE CYH-

TaJIOCh TIOCTOSIHHOM U paBHO# ¢ = 1467wm/c, riiyouna H = 120m. J[Ho cuuTanoch
JKUJKON ofHOpogHOU cpenoil. InoTHOCTE B 1HE O] = 1.6r/cM’, KOX(PUIIIEHT
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O, onpeneNsIoIMi  MHHMYIO YacTh IIOKa3arellsl MpeJoMJICHHST B JHE
n =27 (1+ia/2)/c, , BoiGupancs pasusiM & =0.02. ¢, - CKOPOCTb 3ByKa B JIHE.

PesynbraTel MOmeTMpOBaHUS ﬁ(r) u PLy,(r) nokasansl B Tabmuue 1 -3
Ut ckopocte Betpa v = 8, 10 n 12m/c m riryOMHBI HCTOYHMKA 3ByKa Zz, =60M.
3meck U nanee yepra cBepxXy O3HadaeT ycpemaHeHue s 30 He3aBUCHMBIX peali-
3anuii [1B mpum xaxzoit ckopoctu Betpa. PLy(7) - moTepu NpH pacupoCcTpaHEHHN
B OTCYTCTBHE CIydYailHBIX BO3MYyIUeHHil. B TaOmuuax npuBeneHb! 3HAUCHUS KO-
s punmenHTa 3aTyxaHus 3BYyKa B U 3, B BOIHOM clloe, OIpeiersieMble Kak

Ta6muia 1.v = 8m/c, zo =60Mm
f, ' 50 50 50 300 300 300
c1, M/c 100 1430 1700 100 1430 1700

H—PLO,,HB 0.039 0.049 0.057 0.339 | 0.078 | 0.584
= 6KM +0.065 | +0.039 | +£0.043 | £0.213 | £0.101 | +£0.196
By, nb/km | -0.862 | -5.632 -0.414 | -0.857 | -1.448 | -0.469
-0.869 | -5.6350 | -0.4205 | -0.910 | -1.453 | -0.559

BBl | 004 | £0.0005 | 0.0009 | £0.011 | £0.002 | 0.012
Tabnuma 2. v= 10m/c, zo =60m
f, T 50 50 50 300 | 300 | 300
cl, m/c 100 | 1430 | 1700 | 100 | 1430 | 1700

PL=PLy, (x| 0.154 | 0.089 | 0.127 | 0.855 | 0.138 | 1414
f—6xm | £0.144 | £0.086 | £0.088 | £0.317 | £0.118 | 0376

By | 0862 | -5.632 | -0.414 | -0.857 | -1.449 | -0.469

E -0.889 | -5.638 | -0.433 | -1.004 | -1.471 | -0.709
, AB/KM | £0.010 | £0.001 | +0.003 | £0.017 | £0.002 | +0.024

Ta6muma 3. v = 12m/c, zo =60m
f, T'ng 50 50 50 300 300 300
ci, M/C 100 1430 1700 100 1430 1700

PL—PLy,nb | 0.200 | 0.082 | 0221 | 1.388 | 0.265 | 2354
r—6xm | £0.197 | £0.121 | £0.128 | +0.446 | £0.167 | £0.483

By, mb/xm | -0.862 | -5.632 | -0.414 | -0.857 | -1.448 | -0.469

-0.892 | -5.644 | -0.448 | -1.087 | -1.497 | -0.864
+0.015 | £0.002 | £0.007 | £0.029 | £0.005 | £0.031

TAQHTEHC yIJa HAKJIOHA NpH JIMHEHHON MHTEPHOJSALUM 3aBUCUMOCTeH PL(r) u

B , 1b/km

PLy(r) cooTBeTCTBeHHO. JIOBEpUTEIBHBIC MHTEPBAIbl COOTBETCTBYIOT BEPOST-
HOCTH 95%.

Kak BuiHO n3 Tabmum, I1B oka3siBaeT 3aMeTHOE BIMSIHUE HA 3aTyXaHHE 3BY-
Ka y)Ke Ha pacCTOSHUU B OKM IIpHu cKOpocTH BeTpa 12m/c. B Hanbomnpmeit crere-
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HH 3TO BIIMSIHUE TIPOSIBISIETCS VIS J)KECTKOTO AHA NPH ¢ > ¢ J3MeHeHne riryOnHbI
MECTOIIOJIOKCHUS] NCTOYHHUKA 3BYKA MTPAKTUYECKH HE BIMSCT Ha J00aBOYHOE 3a-
TyXxaH#e, 00yCJIOBJICHHOE BOJHEHHEM. B Tabnuiie 4 npuBeneHs! pe3yiabTaThl pac-
yeTa Al Z, =2.5M, KOIJja HCTOYHHK 3ByKa U3 MOHOIIOJBHOTO IIPEBPAIIACTCS B
JIMIOJIBHBIN U Y HETO M3MEHSIEeTCs TuarpaMMa HarpasieHHOCTH. OTMETHM TakiKe,
410 KOOpUUHCHTE 3aTyXanus B u [, , OlIpeeNeHHbIEe BBIIEYKa3aHHbIM CIIO-
co0oM, HE COBCEM yIOOHBI JUIS OIIEHOK 3aTyXaHUsl 3ByKa Ha MaJbIX PACCTOSHUIX
OT UCTOYHMKA BBUJY CYIIECTBEHHOW 3aBUCHMOCTH 3THX KOI((PHUINEHTOB OT IITy-
OUHBI Zz.

Tabmuma 4. v= 12m/c, zo = 2.5M
f, T'ng 50 50 50 300 300 300
c1, M/C 100 1430 1700 100 1430 1700
E—PLO,HE 0.114 0.05 0.537 | 0.893 | 0.6119 | 3.026
= 6KM +0.924 | £0.207 | £0.384 | £1.843 | £2.304 | £1.800

By, mb/xm | 223 | -655 | -098 | -1.34 | -3.68 | -0.83

-2.24 | -6.55 -1.07 | -1.49 | -3.67 -1.38
+0.04 | £0.01 | £0.01 | +0.08 | +0.04 | +0.06

B , 1b/km

Pabota BreimonmHeHa npu nojanepxkke Hayunoil mkonsl «B3aumoneiicTBue
OINTHYECKOTO M aKyCTHYECKOTO M3Iy4eHHH ¢ skuakocTeion (Ne HIII-214.2012.2),
nporpammbl OOH PAH «®ynnamenrtanbHble Mpo0OIeMbl aKyCTHKH HCKYCCTBEH-
HBIX M TIPUPOAHBIX cpem» U Poccuiickoro ¢onna GpyHIaMeHTaIbHBIX HCCIIeI0Ba-
Hui (mpoext Ne 14-02-00330).
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J.C. ManyJsibueB

IMMOCTPOEHUE ®YHKIIUU NICTOUYHUKA JIJISI 3-D
MO/JIEJIMPOBAHHUS UMITYJILCHOI'O AKYCTHYECKOT'O MO/,
®OPMHUPYEMOTO HA HIEJIbL®E U3JTYYAIOINM KOMILTEKCOM
CEIICMOPA3BEJJOYHOI'O CYJTHA

TuxookeaHCKHI OKeaHOJIOrnueckuil nHCTUTYT uM. B.W. nbuuesa
JABO PAH

Poccus, 690041 BrnanuBoctoxk, yi. bantmiickas, 43

Ten.: (4232) 312120; Paxc: (4232) 312573, E-mail:
manulchevds@gmail.com

IIpeocmasnensr 08a memooa nocmpoeHuss Mmo4euHoll QYHKYuu ucmo4HuKd,
IKBUBANEHINHOT UBTYHAIOUEMY KOMNIEKCY celicMopazeedounozo cyona. Memooul
OCHOBAHBI HA AKYCIMUYECKUX UBMEPEHUAX ONOPHO20 2UOPOPOHA U NpogepeHbl Ha
akycmuveckux OauHwvlx 8 yoanennol mouke. Tpexmepnoe molenuposanue um-
RYAbCHO20 AKYCMUYECKO20 NOJSL Peanu3yemcst ¢ NOMOWbIO Y3K0Y201bHO20 MOOO-
6020 NAPADONUYECKO20 YPABHEHUS C YYEMOM B3aUMOOCUCMBUS PACHPOCHPAHSL-
IOWUXCSL HOPMATILHBIX 80JIH, PACCUUMBIBACMBIX 8 NPUOUNCEHUU “IHCUOK020 ™ OHA.

CeticMopa3BeiouHble pabOThI, MPOBOAUMBIC HA IIETb(e B paiioHaX MOCTO-
SIHHOTO MJIM CE30HHOTO IPOKUBAHUSI MOPCKHUX JKUBOTHBIX, UCIIOJIB3YIOLIUX aKYy-
CTUYECKUE CUTHAJIbl, 000CHOBBIBAIOT aKTyaJIbHOCTh IIOCTPOCHUS IPOCTPAHCTBEH-
HOTO pacrpejielieHns: sHepreTudeckoro napamerpa SEL(Af, x, v, z) akyCTUYeCKO-
T'O UMITyJIbca, (POPMUPYEMOTO CeHCMOPa3BEA0UHBIM CyIHOM. M3myyarommii Kom-
TUIEKC, COCTOSIIMH M3 HECKOJIKMX ITHEBMOIYIIEK, OYKCHPYEMBIX CyIHOM Ha 3a-
JTAHHOM TOPH30HTE, TPEJICTABISICTCS SKBUBAICHTHBIM TOYEYHBIM HCTOYHUKOM S.
CHexkTp aKyCTHYeCKOro CHUTHalla B UCTOYHHKE S MOXET OBITh IOCTPOEH MO pe-
3yJIbTaTaM HaTypHBIX aKyCTHYECKHX M3MEPEHHH, IPOBEJICHHBIX B OITOPHOM TOY-
K€, HaXOJSIIeicsl Ha PACCTOSIHUHM HECKOIBKO KMJIOMETPOB OT ceiicMOpa3BeJOYHO-
ro cyaHa. JI7s moCTpOoeHHsT HMITyTLCHOTO MCTOYHUKA U pacueTa 3HaueHuid SEL B
TOU JIBO PAH pa3paboTan KOMIUIEKC IIPOTpamMM, OCHOBAHHBIA Ha TPUOIIDKE-
HHUH MOJIOBOTO NapaboIMYecKOro YpaBHEHUs, MOTyUYE€HHOIO C IOMOIIBI0 METO/a
MHOTOMAacCIITAOHbIX PA3JI0KEHUH Il CIIOMCTOM CPeIbl C IPOU3BOIBHBIM KOJIHYE-
cTBOM cioeB [1]. PacueTs! mpoBoasTCs B HEOOHOPOAHOM 3-D reoakycTuaeckom
BOJIHOBO/IE, B KOTOPOM, KakK IPaBWJIO, W3BECTEH MPOCTPAHCTBEHHBIH TPO(UIL
JIHa W paclpe/ieieHle CKOPOCTH 3BYKa B BOAHOM ciioe. Pacrpenenenne akycTu-
YEeCKUX IapaMeTpOB IOpOJ|, CIAraroliuX HO, MOJOUPAeTCs MO COIVIACOBAHHUIO
PE3yJIbTaTOB MOJEIMPOBAHUS TOTEPh MPU PACIPOCTPAHEHUN 3BYKa C pe3ybTa-
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TaMU MX HATYypPHBIX M3MEPEHHH. AKYCTHYECKOE I10JIe PACCUUTHIBACTCS B BEPTH-
KaJIBHOW TUIOCKOCTH C MOMOIIBIO PaCHPOCTPAHSIOIIMXCS B3aUMOJCHCTBYIOIINX
BEPTHUKAIBHBIX HOPMaJbHBIX MOJ, a B TOPU30HTAIBHOH IUIOCKOCTH B CEKTOPE,
OIpe/ieNIeMOM y3KOYTOJIbHBIM [apa0oIMueCKUM YPaBHEHHEM.

Omnmpasich Ha aKyCTHYEeCKHe JaHHbIe OIMOPHOrO THAPO(pOHA, PACCMOTPHM
JiBa Crioco0a moctpoeHust TouedHoi ¢pyHkimun ucrtounuka (OU), a 3aTem mnpose-
PUM UX KOPPEKTHOCTh MPHU CPaBHEHHM MapaMeTpPOB HSKCIEPUMEHTAIBHBIX U MO-
JIeNTbHBIX MMITYJIBCOB B Y/IQJICHHOM TOYKe.

Ha puc. | mnokasana

a N 52.61 . . 7
pTa  paiioHa ceBepo- f [ 15m / 0% A
BOCTOYHOTO Tienbda o. Caxa- [ 1w [ ¢ / ya
JIMH, B KOTOPOM MPOBOJMINCH  52.59- I / /s o
CeliCMOaKyCTHYECKHEe pa3Be- / [ AEE 4 / |
nounele pabotsl [2]. Ha puc. I @ 7

2 mpuBeleHbl BapuallUU aKy-
CTUYECKOTO [JaBJICHUS U HX
CIEKTpPbI, KOTOpPbIE ObUTH H3-

1- o
be} ra
L in
n <1
|
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MepeHbl y qHa B Toukax 'l u [ 2 fx 7
I'2 mocne uznyuenus ceicMo- / !’ ||'( f
52.53-— — B I =" 1
PasBENOMHOTO — cHTHama  Ha 14332 14334 14336 14338 1434
riryouHe 4 M B Touke S. Puc. 1
p(1). Ta, T'1, 0.6 kM plt), Ta, T2, 6.1 kM G( ), a5 omi. | mxTla®/ T
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[Ipn MozenMpoBaHWM PACTIPOCTPAHEHHS aKyCTHUECKHX MMITYIbCOB MBI OTPaHU-
YIJIUCH JBYMS B3aWMOJICHCTBYIOIIMMHI MO/IaMH B 4aCTOTHOM Juarma3zone 20 — 220
I'n, roe cocpenoroueno Ooxee 99% sHeprum ummyiibca. lllar BeIYMCIUTETBHON
ceTku Opayicst paBHBIM | M 10 ocsiM X, y ¥ 0.5 M 1o ocu z. BepTukanbHslii paspes
re0aKyCTUYECKOrO BOJHOBOAA C paclpeieieHHeM aKyCTHYECKHX I1apaMeTpoB
nokaszaH Ha puc. 3. [lapameTpbl THa COOTBETCTBYIOT OCaJOYHOMY CIJIOIO C TIepe-
XOJIOM OT MEJKO3EPHHCTOTO JI0 KPYITHO3EPHUCTOTO Tiecka. ['my6ike 60 M MOHHBIH
CJION B MOJICIH SIBJISIETCSI OJTHOPOJTHBIM.

[Tpn moctpoennn ®U B KadecTBe ONOPHOIO CHUTHaja OBLI B3SAT aKyCTHYeE-
CKUH MMITYIIbC, m3MepeHHbI B Touke 'l (puc. 2). IlepBrrii cioco0 3amaHus To-
YEYHOTO MCTOYHHUKA 3aKII0YaeTCsl B pacueTe PaclpoCTPAHEHHS B TPEXMEPHOM
MOJIETIBHOM T'€0aKyCTHYEeCKOM BOJHOBOJC TOHAIBHBIX KOMIIOHEHT OIOPHOTO
CUTHaJa U3 TOYKH M3JIyYCHHUs! B ONOPHYIO TOUKY. 3aTeM, IPOU3BENs KOPPEKLUIO
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Ha MOTEepHU JEHCTBUTENbHON 1 MHUMON YaCTH KOMIUIEKCHON BEJIMYMHBI, XapaKTe-
pusyromeil akyctudeckoe moie, Oepercs oOpatHoe mpeoOpa3zoBanne Dypre u
CTPOHTCS aKyCTHUECKHI HMITYyIbC p(f), KOTOPBHIA OyAET SIBIATHCS MOJACITHHOMN
(yHKIMEH HKBUBAJICHTHOTO TOYEYHOTO MCTOYHHUKA — Si. B pesynbprare momydva-
I0TCsl Ha4aJIbHBIE YCIIOBHS JUIsl MOJIOBOIO NMapaboIMuecKOro ypaBHEHHUsI, BOCIIPO-
M3BOZAINNE NPH MOJCIMPOBAHUM CHTHAJ OIOPHOTO THUAPO(OHA B TOYKE €ro
PACIIONIOKEHHUS.

Bo BTOpOM criocobe OU 1460 1475 1490(
3aaercs QHAINTHYECKOH 4 M : —
¢yHkImel, koropas mnoaOupa-
eTcs Tak, 4TOOBI MPHU MOJIEIH-
POBaHMU PACHpPOCTPAHECHUS €e
TOHAIBHBIX KOMIIOHEHT M3 HC-

Sws MIC

L1< p <18 rlew?

TOYHHKa B TOYKY OIIOPHOI'O L 1665<C,p <1950 wie 02<u< 04 ab/h
ruapodoHa MOJENbHBIE MOTEPU g ;

COIJIACOBANCH C OKCIEPUMEH- 7 _(p=19;‘0 wle 11-1.§ r-m’. u-o.ll ab/k |
TaJbHBIMH HOTEPSIMH B OIOp- 0 | 2 I 4 5 6 Trga
HOHW Touke. B pabote [2] B Ka- Puc. 3

yecTBe aHanuTnueckod O ncnonb3yercs Mpou3BOHAs OT TayCcCOBOW (DYHKINH,
OJTHAKO €€ DHEPIus JEKHUT B IIHMPOKOM YaCTOTHOM JMAra3oHe, 4To TpeOyeT Mmpu-
MEHEHHE OIIepalliy MO0J0COBOH (DMIIbTpaly K CUrHaiy. B manHo# pabote mpen-
JlaraeTcst CIoNIb30BaTh (DYHKIHIO BeiiBiieTa Mopie, koTopast OyJeT JIOKai30Ba-
Ha BO BPEMEHHM M B YaCTOTHOH 00JIaCTH:

ia r -

PO)=Ppy e e M
rie mapamerp Prq (I1a) sBisieTcst NMKOBBIM 3HaY€HHEM T'€HEpUPYEMOTo UMITYJIb-
ca, wy (pax) M b - mapameTpbl, ONpeeNsIoNe 3HaYeHHE YacTOThI ITHKa CIIeK-
TpaJbHOW TIOTHOCTH MOIIHOCTH M €ro HIMpHHY. B3sB mpou3BoaHyio oT mpeol-
pazoBanust @ypre GpyHkunu (1) ¥ IpUpaBHAIB ee K HyIIO, TOIydrM (HOpMYITy JUIs
BBIYHCIICHUS [ICHTPATBHOM YaCTOThI aHATUTHICCKOTO UMITYJIbCa: fo = &, / 27th

Amnanntnueckas ®U - S, nmokazanHas Ha puc. 4 ompenensieTcd Kak cymMma
JIBYX UMITYJIbCHBIX CUTHAJIOB, KaXK/IbII M3 KOTOPBIX 3amaeTcs QpyHKmei (1).

p(t), 10°1a, 5 pit), 10°11a, S, G( 1), nb

41 61 200 A
] 4 4 ?./ "‘:. _/"f \ _-"{\il _TA\
. A i v
5 44 04 ./ - \
] 4 S~ )
4 4 S L
0 +—— —--“—'\"'NA 'il.'. Y s . 160 g
7 0 - 140 -
2 1 i 1
T -21 120
Le i, f.T'n
-4 — 7T 7T — T TTTTT T —TTTTTTT A=y
0 01 02 03 04 05 0 01 02 03 04 035 20 30 50 100 200
Puc. 4
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VIMIyibCBl UMEIOT CIIETYIOIME apaMeTphl: MUKOBBIC 3HAUCHUS CUTHATIOB Pyqx =
(150; 470) xI1a, menTpanpHas gactota fy = (45; 135) I'n u mmpuHa criekTpaabHO-
ro muka b = (0.02; 0.004). [nsa cpaBHEHUS SKCIIEPUMEHTAIBHBIE M MOJCIEHBIC
OIIEHKHM 3HaueHH SEL aKyCTHYeCKHX UMITYJIbCOB Ha | ¢ BpeMEHHOM HHTEpBaje
npuBeneHsl B Tabn. 1. CornacHO AaHHBIM TaOIMIBI Pa3HOCTh ypoBHeH SEL nwm-
MyJICOB B JajbHel Touke 2 He mpeBbimaet 2 ab U1 IBYX HCTOYHHUKOB Si U S).

Tabu. 1. DxcnepuMeHTanbHbIe U MOJIeNIbHBIE 3HaueHust SEL(20-220 I'i)

SEL(20-220 '), ab ota. 1 MxIla-c
JKCIIEp. MozenbHass OU S ananutuyeckass OU S,
S - 211.9 210.3
I'l 167.5 167.4 167.3
2 139.1 139.7 140.8

MopenbHoe  pacripene-
JIEHUE omenku  SEL(20- ¥ KM SEL(20-2201'm. %, v, 2=4 M), 15

220T'n) Ha Topu3oHTe z =4 M | 12 =

[I0Ka3aHO Ha puc. 5, MOoIy- 20

yeHHoe 1t ®U - S;. Ha rpa- 1 <
>

(uke BUIHO TpOSIBICHHE
TOPU3OHTAIILHON pedpakiyun

>
2 ~
> &
o 04 < 16 2 &
3ByKa, BBI3BAHHON Tpexmep- S
A
T
3

HON HEOJHOPOIHOCTBIO Oepe-
TOBOT'O CKJIOHA. 4
Pabora BrImonHEHA C
MIOMOILBIO IPOrPaMMHOTO
oOecrreuenus g 3-D mone- 2 T r
JMPOBaHMs, pa3paboTaHHOTO *x
OpY  MOJJEPIKKE KOMIIAaHUH
«Oxcon Hedreraz JTumureny.
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VK 534.231

10.1. [TankoBa

HEOCECUMMETPUYHBIN THJIPOAKYCTUUYECKHU BOJTHOBO/|
C HEPOBHbBIM JTHOM

OI'AOY BO «CeBacTononbCKuii rocy1apcTBEHHBIN YHUBEPCUTETY
yi. YauBepcurerckas 33, r. CeBactonoss, 299053

Tlocmpoerno mpexmepHoe ananumuyeckoe peuienue Oas Mooenu 2uopo-
AKyCu4ecko20  80IHOB00A ¢ HEPOSHbIM  OHOM. Ilpednoswcen uucieHHo-
AHAnUMUYeCKUll MemooO HAaxoXHCOeHus NOMEHYUaid cKopocmet, npu KOmopom
Heonpedenennvle KoIDGuyuenmvl npu HOPMATbHLIX MOOAX ONPeOersiomcs u3
becKoHeuHOll cucmeMbl TUHENHbIX aneedpauieckux ypagHeHuUll.

PaccmoTpuM ruipoakyCTUYeCKU BOJTHOBO] C HEPOBHBIM a0COJIFOTHO JKECT-
KUM JHOM. Havano nuiMHAPUYECKOH CUCTEMbI KOOPIMHAT PACIONI0XKHUM Ha I0-
BEPXHOCTH BOJHOBOJIA, CYUTAs €¢ CBOOOIHON MOBEPXHOCTHIO, OCh (Jz OPUCHTH-
pOBaHa B HaIpaBJICHUH JHA. Penbed) qHA ampOKCHMHPYEM TIPU TOMOIIU Habopa
9JIEMEHTOB IMIMHAPHYSCKUX MOBEPXHOCTEH. TOYCUHBII rapMOHUYECKHIA UCTOY-
HUK 3ByKa C KOOpAWHATaMU (7o, Zo, (o), UITYIAIONIHNA BOJHY KPYTOBOH 4acTOTHI
®=2Tf, MOXKET OBITh PACIIONOKEH B IPONU3BOIBFHON TOYKE BOITHOBOA.

Pa3o6peM BoMHOBOI Ha 00JACTH MMUIMHAPUIECKOW (POPMEI, KaKkaas w3 KO-
TOPBIX XapaKTePU3yeTCsI CBOMM paCIpeie]ICHHeM CKOPOCTH 3BYKa M TOCTOSHHON
rmyOuHON. YpaBHeHue ['enpMrosiia uis 3ByKOBOTO TIOJIS B 00IaCTH UMEET BUJ:

Ad 4@ o )3z 2)A0- @)
c*(z2) r

rae Aq)zla(r 8<I>j+1 azq)Jrazj — onepatop Jlamnaca; @ (r, z, ¢) — ammu-
ror\  or) r*a9p> 9z’
TyJa MOTEeHINaa CKOpocTell B 00macty; § - genbra GyHkuus [Aupaka.
Hccenemyem mocraBlieHHYIO BbINIE 3aJady /ISl BOJIHOBOJA C OJHUM LMJIMH-
JPUYECKHM BBICTYIIOM Ha JHE Ooiee aeTanbHO. PaccMoTpuM BHauane ciyuaii,
KOTJla MCTOYHHK 3ByKa C KOOpIUHATAMH (70, Zo, Po) pacmoioxeHn obmactu j = 0
(puc.1), To ects Hax BeicTynoM. [TocTpoum ob1iiee perieHne MOCTaBICHHOM 3a1a-
M B KQXIOH j — ot oOnactu (j = 0, 1), yaoBieTBOpsIIOIIee IPaHUYHBIM YCIOBHSIM
Ha TOPU30HTAJIBHBIX CTEHKaX BOJIHOBOJA U YCJIOBUIO U3JIy4EHMS, B BUAE CyMMBI
HOPMaJIbHBIX MOJI:
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> 3o, (24,0, (G0, (@), re[0:r;),

m=0n=1

q)O(r’Z’(p): = = mn m(goﬂ’o) m (&M )
ZZW”@{ 1,0

m=0n=1
q)l (l", Z’ (P) = i;:oé\l/l,n (Z)DmnHr(nl) (él,nrbm ((P)7

e Amn, Bmn, Cony Din — HeOTIpeeieHHbIE K03()(DUITHCHTET, {g}_ n}w_l u {\I/,- ) (z)}‘”

+Canm( O,nr)]em((p)s re [FO;RL

- COOCTBEHHBIE YHCIIa U COOCTBEHHbIE (DYHKLIMH KpaeBbIX 3a/1ay:

dz\Vj,n N w? &
de C2( ) \V/ n = 5
Vin 0,8)=0, ‘V,]n (h,-’i)zoa (j=0,1)

Hr(nl)(z):_]m(z)-{-iYm(z) - Gynxuusa Xankens 1-ro posa mopsnka m, J, (z) u

Ym (z) - cbyHKuI/H/I beccens nepBoro u BTOporo pojia COOTBETCTBEHHO.

AsnmyTanbhbie cobetennsie dynkmn {0 (¢)}

CUMMETPHHU 33/1a4i OTHOCHUTEIIBHO IIOCKOCTH, COAEpKallell BEPTUKAIbHYIO0 OCh
KOOpJMHAT U TOYKY UCTOYHUKA (puc.]) B BUIE

0, (9)=e, cosm(@—0,),m=0,L...,
C HOpPMUPYIOIHUMHU MHOXKHUTEIAMU
Y - {1 IN2m,m=0
" Um0

[Ipu BHIOOpE OOIIEro pelieHus Uit BHYTpEHHEH o0siacTH, QyHKIUS paju-
AJIbHON KOOPAMHATHI

BBIOMPAIOTCSl B CHILY

Rmn(r) Amn m( 0,l1r)’ (V < r())

anJm (&O,HFO)HM ( 0,n )

Rmn (r) = + Cmn']m nr o (r > )
Hr(nl)( 0,nr0) ( " ) ’
JOJDKHA yHOBHeTBOp}ITL yCHOBI/IHM B UCTOYHHUKE 3ByKa'
w0 _ o dR, (0" 1w, (20)
R, (", = dar,, ()" _ YoulZ) g oy,
’ dr ry—0 o 0

h
rrHe Yj,n = J‘W?,n (Z)dZ .
0

BrinosniHeHue NaHHBIX YCIOBHHA NPUBOJUT K CIEIYIOIIEH B3aUMOCBSI3H He-

OTIpEeNIeICHHBIX KO PHUIINEHTOB:
TEI Vo,,(20)0,,(9)

A, =B, +C,: B, 71{2)(&0,7,”0)'
2 0,n

HO[[CTaBJ'IHH BBIpAXKCHUA JId aMIUIMTYJ IMOTCHIHAJIOB B COOTHOIIECHUSA HEC-
IMPEPLIBHOCTH 3BYKOBOT'O ITOJIA
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oD
0 .
_ 87 ,Z€E [07 h(]]: .
- r r=R
=R 0,z€ (hy; )
1 UCIIOJIb3Ys CBOWCTBO OPTOrOHAIBHOCTH COOCTBEHHBIX (PYHKIUI KPaeBbIX 3a1a4
{\V”(z)}‘” B IPOCTPAHCTBE [, [0; /], MOKHO IIOCTPOUTh OCCKOHCUHYIO CHUCTEMY
B n=1 >

oD,

=R’ Of

=R (Dl

@,

JMHEHHBIX alreOpanyeckux ypaBHEHHH OTHOCHTEIBHO HEONPENeTIeHHBIX KO3(]-
¢unmenToB Cyy U Dy, BXOAAIIMX B 00LIEE PEIIEHUE paccMaTPUBAEMOM 3a1auH.

0 ro R r
i I
T (ro.z0,90)]
@) | )
| I
]
z ,/ hl

Pucynox 1 — Cevenue BOIHOBO/IA C BHICTYTIOM Ha JIHE B INIOCKOCTH (= (@, .

Ecnu B BOHOBOJE ¢ OJHUM BBICTYIIOM T'apMOHMYECKHH TOYEUHBIM MCTOY-
HUK 3ByKa HAXOJUTCSA B HEKOTOPOW TOUKe (70, Zo, (o) BHEIIHEH obnacTtu j=1, TO
AQHAJIOTHYHO MPEIBIAYIIEMY CIydaro o0Iee peleHne 3a1aui CTPOUTCS B BUJE:

(DO (}", Z, (p) = Z ]WO,n (Z)Lanm (EJO,nrbm ((P)S

m=0n=

i > Vi (Z)(Gmn‘]m (&1,;1”)4' KmnHr(nl)(&lnr)bm((p)v R<r<r,

m=0n=1

(D](r,z,(p)= oo oo Gannz(E-’I,nrO)

)
22V, erKm HY(,r0,,(9), r=r,

e G, :Ei Vi (20)9,,(¢0) an') (E-il,n ,,0), Ly, Ky — HEN3BECTHBIE KO DUITESHTHI.
Ln
[ToBTOpSIsSt BHIKIAAKH [Tl JAHHOTO CITydasl, MoJy4aeM, OECKOHEYHYIO CHCTe-
MY OTHOCHTEIIbHO HEOIPEICICHHBIX KOAPGUIHEHTOB Ly, 1 K.
V3MeHeHre aMILTUTY/IbI TIOJISl TIO JJTMHE TPAcChl MOXKHO OXapaKTepH30BaTh
BEJIMYMHOM MOTEPh MPH PACTIPOCTPAHECHHN:
TL = -201g/ >

s

ikr
rme @ = Qe aMIUTUTYAa TOTSHIHANa CKOPOCTEH, co3maBaeMasi TOUYCHYHBIM
47
MCTOYHHMKOM 3BYKa Ha pacCTOSHUM » = | M B Oe3rpaHn4Hoi cpene; O — oObeMHast
KOHe6aT€HBHaH CKOpPOCTb.
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Ha puc.2 npencrasieno usmenenue 7L (7, zo, ¢o) Ha paccTosHUM 7 OT 101Mm
o 2500M s BOTHOBOJA C OMHUM LIIMHAPUYECKAM BBICTYIIOM Ha JHE, Xapak-
TEePHU3yeMOro CIeAYIOmMUMHI mapamerpamu: o = 80 m; 71=100 M, zo = 18 M, 19 =
100 M, R =200 M, ¢p = 1500 m/c, B 3aBUCIMOCTH OT YacCTOTHI f .

I I L
0 500 1000 1500 2000

Pucynok 2 — Usmenenue TL (¥, zo, 9o) Ha PaCCTOSIHUU » Ul BOJIHOBOA C
OTHUM IIWJIMHIPUYECKHM BBICTYIIOM Ha JHE B 3aBUCUMOCTH OT 4YacTOTHI

f(—— 80T ——— 48T -+ 16 I'm).

[pencraBieHHbIe pe3yNbTAThl TOKA3bIBAIOT, YTO HEPOBHOE THO M €TI0 CIIOU-
CTas CTPYKTypa AOMYyCKaeT aHaJIN3 HAa OCHOBE aHAIUTHUKO-YHCICHHOTO MOJEIH-
POBaHMA C MOMOIIBIO JEKOMIIO3UIIMK OOJIAaCTH BOJHOBOA HAa HEKOTOPBIE dile-
MEHTapHbIE 007acTH, B KOTOPBIX penbed AHA MPUOIIHKEHHO OMHCHIBACTCSA MPH
TIOMOIIX HJIEMEHTOB IMIMHIPUUECKHUX TToBepXHOCcTed. Takol moaxon o0ooaer-
sl Ha cilydail pa3pbhIBHBIX CKOPOCTEH 3ByKa M IMJIOTHOCTH B JIOHHBIX CIIOsIX. Takum
00pa3zoM, OJTHMM M3 CYIIECTBEHHBIX MOMEHTOB Mpe/IaraeéMoro rnojaxoja sBiseT-
Csl BO3MOXKHOCTD YUHUTBHIBAaTh I'€0aKyCTHUECKHE CBOMCTBA JIHA HE TOJBKO 110 BEp-
THKaJIM, HO U II0 Tpacce BOJIHOBOAA, YTO JAET BOZMOXHOCTH JJIsi OOJiee MOIHOTO
MOJICIIUPOBAHUS CPelbl PACIIPOCTPaHESHHS CUTHAIA.
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VK 534.231.1

A.H. Pytenko

HATYPHBIE U MOJAEJIBHBIE HCCJIEJOBAHUSA
PACIIPOCTPAHEHUS CEUCMOAKYCTUYECKHX CUTHAJIOB
B 3-D TEOAKYCTUYECKHX BOJTHOBOJAX C CYXOIIYTHBIM

YYACTKOM

TuxookeaHCKHI OKeaHOJIOrnueckuil nHCTUTYT uM. B.W. nbuuesa

JABO PAH
Poccus, 690041 BrnanuBoctoxk, yi. bantmiickas, 43

Temn.: (4232) 312120; ®axkc: (4232) 312573, E-mail: rutenko@poi.dvo.ru

Ilokazana éo3mosicnocms nocmpoeHus A0eKB8amHbIX HamypHouIM UsmMeperHu-
SIM MOOECTIbHBIX OYEHOK dKyCcmu4eckKoco noJiAd, ¢0pMupyeM020 UMNYTTbCHbIM UC-
mouHuxom 6 3-D ceoaKkycmudecKkom 60IHOB00E «cywa-moper. Yucnennoe mooe-
JIupoeaHue, onuparoujeecs Ha UsMepeHue 6 OI’IOPHOMV modke, npoeodumcz 6 npu-

bnuscenuu MIIY — 63aumooeticmeyionux HOPMANIbHbIX MOO 6 GePMUKATbHOU
NIOCKOCMU U Y3KOY20IbHO20 NApadOIUi4ecKo20 YPAGHEHUs 6 20pU30HMATbHOU

niockocmu

Ha puc. 1 moka3ana xapra paiiona menbda o. CaxanuH ¢ yka3aHHeM Ha Oe-
pery TOUYKH - S, B KOTOPO# B CHENHUANBHON CKBayKMHE IiryonHoi 20 M, OBLT 1010~
PBaH 3apsizi, COOTBETCTBYIOMUI | KT TPOTHIOBOTO »KBHBaneHTa. B Toukax .1 u
I'.2 ¢ mOMOIIBI0 aBTOHOMHBIX IMTOJBOJHBIX aKyCTHUECKUX PErucTpaTopoB ObLIN
MIPOM3BE/ICHBI Y IHA U3MEPEHUs Bapualuii akycrudeckoro aasinenus [1]. Ha puc.

2 MoKa3aHbl aKyCTUYECKUE UMITYJILCBI M UX CIIEKTPbI, U3MEPEHHBIE B OTHX TOYKaX
TIOCJIe TIO/IPbIBA 3apsija B CKBaknHe. Ha 3ToM pucyHKe BUIIHO, YTO Ha AUCTAHIIMU

3 xM B TOouke [.1, chopmupo-
BAaHHBIH B BOJC aKyCTHYCCKHMH | / | SM ulim 1:}"“( |
HAMITYJIbC Ha BPEMEHHOM HHTEp- { / / //
s | | [ if
. '

Bajle 7,, HMeI IapameTpsl: = |'I

) N omdel

spL” =174 nb, seL;? =159 nb, N/ ' '|F-~-A
o ( \. L

peak
a SPLi::\_:165 nb. Ha paccros- N
Hun 3.3 kM B Touke I'.2, cooT- 'I [ ‘
spr" =160 1B, /" .f“ ;

L / 5 20 x

=146 1B, a srL” =154 / |/ 5w

BCTCTBCHHO!

SEL™
T90%

nb.
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(a)

pit, Tla, .1, r= 3,08 xn (&)
oo Gif), ab
50

||
i S . 43

pit), Ta, T2, 7= 3,35 ku

14 16 8 el 6 34 87 153 233 a2 3 4an 550 629 £l

Puc. 2,

Takum 00pa3oM, TOJIIMHA BOJHOTO CJOSI OKa3bIBACT CYLIECTBEHHOE BIIUS-
HHE Ha PAaCIpOCTPAaHEHHE B MOpPE DHEPTUH CEHCMOpPa3BeOYHOTO CHTHANA, T'eHe-
pupyemoro Ha Gepery. I[Ipu ommunu npotspkeHHocTH Tpace S — 1.1 u S—1.2 Ha

300 m 3uauenne SEL;? B TO4Ke I'.1 (rmy6una mops 20 m) Ha 13 1b Gonbuie, yem

B Touke ['.2 (rmybuna mops 10 m).

Ha puc. 2 BuaHO, 4TO OCHOBHOH MUK MOIIHOCTH B CIEKTPaX M3MEPEHHBIX
aKyCTUYECKHUX UMITYJIbCOB COOTBETCTBYET YacToTe 36 I'l1 1 BCs SHEprust UMITYJIb-
COB cocpesioToueHa B yacToTHOM jauanaszone 20 — 140 I'i. Takoii BbIBOJ OCHOBaH

Ha TOM, YTO 3HAYECHHUE SEL’;;g% (20-50077y) - SEL’;;’(;% (20-140ry) = 1 nb.

[Tpn moctpoennn 3-D MOJenBHOTO T€0aKyCTHYECKOTO BOJIHOBOJIA OBLTH HC-
MOJIb30BaHbl peajibHble OaTnMeTpHdecKue aaHHble. PacmpeneneHne CKOpOCTH
3ByKa B BOJHOM CJIO€ IIOCTPOCHO Ha OCHOBE OJTHOTO 30HIAMPOBaHMA. MozensHoe
pacrpezeneHe aKkyCTHIeCKUX ITapaMeTpoB B JHE TIOKa3aHO Ha pHcC. 3.
OKBHB&JICHTHAsE TOYEU-

Hasg (YHKLIUS HCTOYHUKA
IIOCTPOEHA C IIOMOIIBIO . M
pacyeroB, MPOBEAEHHbIX
MIIY pacnpocTpaHeHus
B 3-D monensHOM reo-
AKyCTUYECKOM BOJIHOBO-
Jle¢ TOHAJIbHBIX KOMIIO- ( 11< p <138 rlem’? 0.2<@< 0.4 aB/A
HEHT ONOPHOTO CHTHaNa, 60

NOKa3aHHOIO Ha pHC. 28, 00T Ce ' .

W3 TOYKH M3ITydeHHs - S 0 0.5 1 1.5 2 25 3
B Touky mpuema — [.1. Puc. 3. ’
Hanee, mpousBens Kop-

PEKLHIO HA NOTEPU AEHUCTBUTEIBHOM U MHUMOM YaCTH KOMIUIEKCHON BEJIMYMHBI,
XapaKTepu3yIomel aKyCTHYecKoe TMoiie, OepeTcs oOpaTHOe Mpeodpa3zoBaHue
®Dypbe 1 CTPOUTCS aKyCTHUECKUH MMITYJIBC - p(r) , TOKa3aHHBIA Ha puc. 40. by-
JIeM Ha3bIBaTh €0 MOJAEIBHON (QYHKIMEH SKBUBAJICHTHOTO TOYEYHOTO NCTOUHHKA
— S. B pe3ynbrare nomydaroTcsi HadaJdbHbBIE YCIOBHUS AJIsI MOIOBOTO ITapadosmye-

Chy, M/c 1460 1475 1490
[ R

1665 < Cp <1950 m/c

=1950 m/c p=18r/em® =02 1B/A

T T T

KM
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CKOTO YpaBHEHUS [2], BOCIIPOU3BOIAIINE ITPH MOACTHPOBAHNN CUTHAII OTIOPHOTO
ruApoOHa B TOUKE €r0 pacloyioKeHus. MMITyIbe, MOoydeHHBIH MyTeM Iepecye-
Ta QYHKINU UCTOYHUKA B TOUKY | .2 TTOKa3aH Ha pucC. 4T U OH OHOOCH aKyCcTHIe-
CKOMY UMITYJIbCYy H3MEPEHHOMY B 3TOH TOUKe (CM. puc. 4B). Pe3ynbTaTs! cpaBHU-
TEIBHOI0 aHaIN3a IapaMeTPOB SKCICPHMEHTATIBHBIX M MOJEIbHBIX HMITYJIbCOB
MpeJCTaBIeHbI B Ta0m. 1.

(a) (6)
p(n), Ma, .1 p(1), kTla, S, monens
400+ 4000+

) | rl “‘1\{\%' Pt m_W\fwﬁn'mf\:\_ ngFW\r -

2

=200 |. -2000+

-400-] 4000+
GO0 T -6000 T T l
0 0.2 0.4 0.6 1] 0.2 0.4 0.6 0.8
Le nLe
(v) (r)
p(0), Ta, T.2 p(t). Ila, I'.2, monenns
100 100~

ﬂ

| 1
|

'H -y N I ||| e
_“‘f\I | | VMJWJ Jl Wiy ot j\ }]Lll KI[ |VW‘V\M‘JN"““’“

50

=]
T
=

-50 -50

=100

1 T T d
0 0.2 0.4 ie 0.6 0 0.2 0.4 Le 0.6

Puc. 4

Tabm. 1. 3nauenus SEL';"Q‘; ,, 1A OKCIICPHUMEHTaIbHBIX M MOJICIILHBIX MMITYJIbCOB.

SEL" (20-1407y) , 0B OTH. 1 mkITa’c
S DyHKIUSA UCTOUHUKA 2374
I'.1 | DxcnepuMeHTalIbHBIN UMITYJIBC 159.3
I'.2 | DxcnepuMeHTaIbHBII HMITYJIBC 146.7
MosenbHbli UMITYJIEC 147.3
Ha puc. 5 MTOKa3aHO pacripezeneHue 3HAYECHUH byHKIIH

SEL™ [( Af=20—140F14),x,y,z=8,11] Ha FOPU30HTE Z = § M B FOPU30HTAJILHOMN IIIOCKO-

CTH, a Ha pHC. 6 TOKa3aHbl 3HAYCHHs (YHKIWMH SEL™ [( A/=20-1407y) x.y=0u.z] B
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BEpPTUKAJIbHOW IUIOCKOCTH. Pac-
YeThl MPOBEJICHbI B MPHONMKE-
HUM TPEX PaclpOCTPAHSIONIIXCS
B3aUMOJICHCT-BYIOIINX ~ aKyCTH-
YECKUX MOJI.

Ha puc. 6 BuIHO Kak BIHsET
TOJIIMHA BOJHOTO CJOsl Ha pac-
npeJenaeHie 3HaueHuil (yHKIUH
SELY” B BEPTHKAJIbHOW ILJIOCKO-

ctu. CormacHo puc. 6a BO3Je
Toukn MoHuTOpHHTa ['.1 pacmo-
JIO)KeHA 30HA KOHBEPICHIUH B
dhopmupyemMoM Ha mienbpe uM-
IYJIbCHOM aKyCTHYeCKOM IIOJIe.

™
3000

2000

10004 v

=200

SELT(20-140 T, x, v, =8 ), nb

L] SO0 1000 1500k 2000

Puc. 5

2500 300K IS0 A0 4500

Ha ©onee mMenkoBoHOM Tpacce pacnpoctpanenus S — ['.2, cornacHo puc. 60 3Ta
30HA HE BBIPAXKEHA, I09TOMY AKCIIEPUMEHTAIbHBIE U MOJEIbHbIC 3HAUCHUS SEL!™

B OTHX TOYKaxX U OTIMYAIOTCs Oosee yeM Ha 12 nb.

oM SEL 20140 T, x, 3, 06

[ 1000

2000

000

o)

Pue. 6

M SELT(20-140 T, x, 1), ab

40+

)|

PaGoTa BBINOJHEHA C MOMOIIBIO HpOrpaMMHOro obecredenus st 3-D
MOJICITUPOBAHUsI, pa3padOTaHHOTO MPH TOIEPKKe KoMmnanuu «DkcoH Hedreras

JInmurem.
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PE3YJBbTATBI HU3BKOYACTOTHOI'O TNJPOAKYCTHYECKOI'O
IKCHEPUMEHTA, TIPOBEJEHHOI'O HA AKYCTHYECKOM
MOJIMT'OHE MBbIC «1IIYJIbIA»

denepanbHOE TOCYIAPCTBEHHOE OFOJDKETHOE yUpEeXKICHUE HayKH, Tuxooke-
aHCKUI okeaHosnornyeckuil HHCTUTYT UM. B.11. Mnenuesa JIBO PAH
Poccus, 690041 BnanuBoctoxk, yi. banrmiickas, 43

Ten.: (4232) 31-26-17; ®axc: (4232) 31-25-73

E-mail: samchenco@poi.dvo.ru

Jloknao nocsawen ob6CyHcoeHuio pesyavbmamos HU3KOYACIMOmHO20 2Uopo-
aKycmu4ecko20 dKCHepumMeHma npogeoeHno20 na ueivghe Anomckozo mops
6 2014 2. Ienvlo 2udpoakycmuuecko2o 3KCHepUMEeHma Obllo UCCIe008aHUE
B03MOMHCHOCINU HUZKOUACMOMHOU 2UOPOAKYCIUYECKOl u3mydaioweli cucmemsl
(na wacmomax 20-24 I'y), a max dice ycnoeus pacnpocmpanerus, Hu3Ko4acmom-
HO20 38yKa 6 ycnosusax wenvpa. Obpabomka 0aHHBIX SIKCnepumenma 6azupyemcs
Ha 0emanvHoll 2e0aKycmu4eckol mooenu axkycmuyeckux mpacc (IIpogune om
MOYKU UBNYYEHUs 00 NPUEMHOU CIAHYUU).

Ha runpoaxycruyeckom nonurone B 3anuse [lockera SlnoHckoro mopst pe-
TYJISIPHO TIPOBOSITCSI HU3KOYACTOTHBIE THAPOAKYCTHYECKUE SKCIIEPUMEHTAIbHbIE
uccienosanus [1, 4, 5]. Pe3ynbraThl akyCTHYECKUX HCCIIEOBaHUN Ha Iienbde
MOKa3bIBAIOT, YTO C YMEHBUICHUEM YacCTOThI MCIIOJIb3YEMOr0 CHTHajia Bce 00JIb-
IIYIO POJIb UTPAIOT B PACIpPOCTPAHEHUH 3BYKa JIOHHBIE OCAIKH U KOPEHHBIE I10-
poxpl, crararontre nHO. Kpome Toro, B 3aimmBe [lockera mocrpoeHa JeraibHas
reoakycTuieckas mojaenb aHa [3]. B okrsaOpe 2014 1. ObUTH TIPOBEIEHBI ST IKC-
MEepUMEHTAIBHBIX paboT ¢ MaizomepHoro cyana HUC «Manaxur» B 3anuse [lo-
ceeta SAmoHckoro mops (puc. 1). Pabora Opura mocBsIIeHa WCCIEIOBAHUIO pac-
MPOCTPAHEHUs] HN3KOYACTOTHBIX T'MIPOAKYyCTHUECKMX CHTHAJIOB HA OKEaHWJe-
CKOM Imenb(e, a Takke TECTHPOBAHNWE HOBOT'O HU3KOYACTOTHOTO THAPOAKYCTHUE-
CKOTO0 M3JTy4aTens ¢ Hecymiel yactoroit 22 I'm. B skcniepuMenTe ucmoab30Baanuch
HHU3KOYAaCTOTHBIE TUAPOAKYCTUUECKUE U3TydaTelH, morpyxeHHsle ¢ 6opra HUC
«Manaxut» Ha NIyOMHY TMopsiaka 15 M, ABa rMAPOaKyCTHUECKUX H3Iydarels
Hecymier yactotoit 22 I'm (HoBas cuctema) u 33 I’y (ompoOoBaHHAs CHUCTEMa).
HoBast Hu3k04acTOTHasI THAPOAKyCTUYECKas M3Tydarolasl CUCTeMa JIeKTpoMar-
HUTHOTO THUIIA NTpeIHa3HaueHa /I TeHepaliy CUTHAJIOB B uarna3oHe oT 19 1o 26
I'u mpu riryGuHaxX morpyskeHus uaimydarens ot 2 10 40 M. AMIIUTy1a 00beMHO-
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ro KonebarenpHOro cMemmeHus m3mydarers — 10 0.0123 ky6.m (aa gactote 20 ',
M3ITydaTenb pa3BuBacT 3((PEKTHBHOE 3BYKOBOE IaBICHHE Ha | MeTpe OT LeHTpa
m3nydarens 1o 10 kIla. ). BTopoii - m3mydarens Takke IEKTPOMAarHUTHOTO THTIA
¢ TeHepanueil r’uIpoaKyCTUIeCKUX CUTHAIOB B mojoce gactot 25 — 40 ', ¢ pa-
Ooueil ryOuHoi#t morpysxkenust 1o 20 m. Mznydartens pasBuBaeT 3ddexTHBHOES
3BYKOBOE JaBlieHHe Ha | MeTpe oT 1eHTpa u3nydarens o 1 klla.

131°007°E AMMO0"E
h I

—_—

420N

A2300°N

131°007E AM00°E
Puc. 1. Cxema rumpoakyCTHYEeCKOTO SKCIIEPHMEHTa. 3BE3A0YKAMH OTMEYCHBI
TOUKU M3JyYeHMs aKyCTHUecKuX curHajioB 22 I'm u 33 I'l, KpacHBIM KpY>KKOM
OTMEYEHAa aBTOHOMHAs JIOHHAas THMJIpOaKyCTHYecKas MpHUeMHas CTaHIus,
TPEeyroJIbHUKaMHi OTMEUYEHbI TOUKH TOCTAHOBKU aBTOHOMHBIX TEPMOTUPIISHI.

B xoze skcnepuMeHTa B KXKI0H TOYKE C IMTOMOIIb JABYX H3IyYarOIIUX CH-
CTEM MPOBOJMIOCH M3Iy4YE€HHE T'apMOHUYECKHX M CIIOXKHBIX (ha30MaHHUITyIIHpPO-
BaHHBIX curHaIOB (M-mociemoBaTelbHOCTEH) IHHON 63, 127, 255 n 511 cum-
BOJIOB, ¢ 4 — 10 mepmomaMu HecyImiedl 4acTOTHI Ha CHMBOJ. KOHCTPYKTHBHEIC
0CcO0EHHOCTH 000MX M3TydaTeNnell 00ecIednBa0OT TAK)Ke CYIIECTBEHHBIN YPOBEHD
W3JIyYCHUs] HEUETHBIX TAPMOHHUK, KOTOPBIE COXPAHSIOT CIIOCOOHOCTh CBOPAYM-
BaThCsl, KAK U OCHOBHOW CHI'Hal. B aHHOM ciiydae TpeThsl rapMOHHMKAa 00OMX
n3myvareneit (66 u 99 I'i cOOTBETCTBEHHO) M IsATasi TapMOHMKA M3Tydarems 22
I'm. (110 I'm) 3aMeTHO IpeBbINIaTa ypOBEHb MOPCKHX IIYMOB. B kauecTBe mpu-
€MHOI CHUCTEMBI B HKCIIEPUMEHTE HCIOJIb30BaJIaCh aBTOHOMHAsI JOHHAsI MIPUEM-
Hasl IByXKaHaJIbHAsl THApOaKycTHdeckas cranuus [2]. M3nydeHne akycTnaeckoro
CHUTHaJIa MPOBOAMIIOCH B 4 Toukax 3aimBa (Touku 1-4 R22/35 na pucynke 1), «Be-
epom» oT ToukH npuema (touka A0l Ha pucyHke 1). AKycTHYeCKHe HccllenoBa-
HUSI CONPOBOXIAINCH THIPOJOTMYECKUMH HCCIEIOBaHMAMHU. B 3ammBe Obun
YCTaHOBJICHBI TIATh aBTOHOMHBIX TepMorupisiaa (puc. 1). Tepmorupmsauast npen-
CTaBIISIIOT OO0 COBOKYITHOCTH PaBHOMEPHO PACIIPEeNCHHBIX 0 IIyOMHE JHc-
KPETHBIX TePMOJIATUYNKOB C mmarom 3 M. (4 tepmorupnsauasl) u 1 m. (1 Tepmorup-
nsiHAa). [laHHBIE ¢ TEPMOJATYMKOB MEPEAAI0TCs MO Kabello B paciooKeHHbIH Ha
JIHE KOHTEUHEP C CUCTEMOM PETUCTPALIUU.

PaccMoTpuMm BapuaHT, KOrja TOYKa M3Jy4eHus 1, TOuka mpuema B LEHTpE
3anuBa [locbera (puc. 1). Paccrosnue Mexmy TOUKOM M3iydeHus | U mpueMHOM
cucreMoit coctaBmiio okoyio 9200 m. Ilo reosoro-reodusnyeckuM naHHBIM [3],
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OTPaXEHHBIM B '€0aKyCTHYECKON MOJIEIIH, B TOUKE M3Ty4eHHs | MOIIHOCTH BCE-
TO 0CaJOYHOrO cjos rmopsiaka 60 M, a B TOUKe IMpHEMa CHUTHaja MOIIHOCTD PhIX-
71X ocaakoB 150 m. Ha pucyHke 2 BHH3Y npuBeIcHA KOPPEIAIUOHHAS (QYHKINSI
THPOAKyCTHYECKOTO OCHOBHOTO CHUIrHana M-IocieoBaTeNbHOCTH C 4acTOTON
33 I'm u ero TpeThs rapMoHKKa 99 I'm, M3IydeHHOTro B TOUKe | M MPHUHATOrO Ha
ABTOHOMHOH mpueMHOH craHuuu. Ha KoppemsaunoHHBIX (DYHKIMSIX HOJb Bpe-
MEHHOU IIKaJlbl COOTBETCTBYET BPEMEHHU IPUX0Jla OCHOBHOTO curHaia. Ha pu-
CYHKe 2 BUJIHO, YTO aKyCTHYECKHUi curHain ¢ yactotoi 33 ' chopmupoBan ogHy
MOJIy IO aKyCTHYECKOH Tpacce, KOTopasi OTpa)kaeTcs B €AMHCTBEHHOM ITHKE Ha
Koppenorpamme. B To jxe Bpems Ha KoppeJorpaMme MK TpeThel rapMoHuKn 99
'l akycTHYECKOro CHrHaja pacrajicsi Ha TPH COCTABISIIONIME, KOTOpBIE, IO
HallleMy MHEHHIO, COOTBETCTBYIOT TPEM MOAaM, C(hOPMHPOBAHHBIM I10]] BINSHH-
€M JIByX OCaJ0YHBIX CIOEB C PA3IMIHBIMU aKyCTHUECKUMH XapaKTEPHCTHKAMHU B
HHX, KOTOPBIE TTPOCIICKUBAIOTCS IO aKyCTHIECKOM Tpacce.

10 I,

HOpMUpOBaHHas KOPPENAUMOHHAR thyHKUMA

IMOHHAR YHKLMS

s a4 s 05 1 15 2

0
Bpems, ¢
Puc. 2. Bepxuuil pHCyHOK - KOpPPESAIHMOHHAS (YHKIUS THAPOAKYCTUIECKOTO
OCHOBHOTO curHana ¢ yactotoit 33 I'u u ero Tpetbs rapmonuka 99 I'n, u3myueH-
HOT'O B TOUKe | ¥ IPUHATOTO HAa AaBTOHOMHYIO JIOHHYIO T'MJPOaKyCTHUECKYIO PH-
eMHYIO cTaHuio. HImKHMI pHCYHOK - KOppeTALHOHHas (YHKLUS THAPOAKYCTH-
YEeCKOro OCHOBHOT'O CUTHaa ¢ yacToToi 22 I'1, TpeThs rapMoHuka 66 'y u naTast
rapmonuka 110 I't u3mydeHHoro B Touke | M MPUHATOrO Ha ABTOHOMHYIO JIOH-

HYIO THJIPOaKyCTHYECKYIO TPUEMHYIO CTaHIIHUIO.

Ha pucynke 2 (BepxHHil) OKa3aHa KOPPESIUOHHAS (YHKIUS THAPOAKY-
CTHYECKOTO OCHOBHOTO CHTHaja M-TOCIeoBaTeNbHOCTH YacToToi 22 I'm, Tpe-
Thell U TATOl TapMoHuku curHana (66 I'm u 110 I'm coorBercTBeHHO). MOXKHO
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OTMETHTD CIIEAYIOMHUN (aKkT - MOITHOCTh W3MYYeHHOTO curHana 22 I'm mo oTHO-
IICHUIO K M3IIydeHHOMY curTHainy 33 'l B HeCKONBKO pa3 OoIbIle, a TMPUHSTEHIC
CUTHAJIBI TI0 aMIUTUTYE pa3HATCS HE cylecTBeHHo. [lo HameMy MHEHHUIO, B TOU-
K€ M3Ty4YCHHUs TOIIIMHA BOJIHOBOA HE TI03BOJIMJIA B ITOJHON Mepe cpopMUPOBAThH
MOJIOBYIO CTPYKTYpY M3IydeHHoro curHaia 22 ', Ha xoppenorpamme ocHOBHOI
curHan 22 I'u, Takke kKak U B ciydae ¢ 33 I'ip curnanom, uMeeT onuH Muk. B
cilydyae, Korja U3JIy4yeHre MPOBOAMIOCH M3 TOUYKH 4, I'/ile MOLIHOCTh 0CaI04YHOTr0
CJIOSl B TOYKE M3IY4YCHHs TpeBblmana 220 M aMIUTUTYAbl MPUHSITHIX CHTHAJIOB
22 T'm u 33 Ty COOTBETCTBOBANM 3asBIEHHOW pa3HUIIE, KOTOPOE Pa3BUBAIOT
3¢ dexkTHBHOE 3BYKOBOEC IaBlicHHE HA | MeTpe OT IEHTpa KaXKIOTO U3ITydaTelis.
Takum 00pa3oM, SKCHEPUMEHTAIBHO IMOATBEPIIT PabOTOCIIOCOOHOCTH HOBBIH
HU3KOYACTOTHBIH THAPOAKYCTHUSCKUH M3IydaTenb, a o0paboTka W aHaNW3
MONMYYCHHBIX Pe3yJbTaTOB OHKCIEPHUMEHTa IOKA3alld, YTO BOJHOBOIOM IS
HU3KOYACTOTHBIX CHUTHAJOB CIy’)KUT KaK BOJHBIA CIIOH, TaK M CIOW PBIXIIBIX
0CaJIKOB JI0 TpaHUIIbl (DyHIaMEHTA.
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BJMSHUE PEJIAKCAIIAU COJIEM MOPCKOM BO/JIbI HA ®A30BbIi1
HUHBAPUAHT JIBYXUYACTOTHOM AKYCTHUYECKOM BOJIHBI

[OxHBIN enepanbHbI YHUBEPCUTET.

WHCTUTYT HAHOTEXHOJIOTHH, 3JIEKTPOHUKU U TIPHOOPOCTPOCHUSI.
Poccus, 347915 Taranpor, nep. Hekpacosckuii, 44.

Temn.: 8-(8634)-371-649. E-mail: redman79@mail.ru, gavr_am@mail.ru

Paccmompeno enusnue coneii, pacmeopenHvix 8 MOPCKoU 800e, Ha (az08ulii
UHBAPUAHM OULAPMOHUYECKOU AKYCMUYeCKOll 80JIHbI, Yacmombsl KOMOopou Kpam-
Hul 08ym. Tlokazano, umo penaxkcayuoHHsie npoyeccsbl B0OHbIX PACMBOPO8 Co.lell
noo oeticmeuem axKyCmuyeckux Konebauutl npueoosam K 4dacmomHO-3a8UCUMBIM
UBMEHEHUSIM  aMnaumyOHo-pazosvix coomuouteHuii DPypbe-KOMROHEHM BOIHb.
Iposeden ananusz usmenenuli pazo6020 UHEAPUAHMA, BLINOIHAIOWE20 POJIb UH-
Gopmayuonno2o napamempa npu aKkycmuieckoM UcCie008aHUU OKeand, 8 3a6U-
cumMocmu om napamempos cpeovl (COAeHOCMb, meMnepamypd, paccmosiHue pac-
NPOCMPAaHerUsl) U aKyCmu4ecKkoll 0IHbl (3HAYEHUs U OMHOUEHUe YACTON).

W3BectHO [1, 2], 4TO NpUCYTCTBHE B MOPCKOM BOJE COJEH COMPOBOKAAETCA
n3MeHeHneM (ha30BOil CKOPOCTH M TIOBBIIICHHBIM IOTJIONICHUEM aKyCTHYECKON
BOJIHBI B CPaBHEHUHU € IPecHOM BoJoM. [Ipu 3TOM yacToTHast AUCHIEPCUS] CKOPO-
CTH 3BYKa, OOyCIOBJIEHHAsl PEIAKCAIIMOHHBIMH TIPOIECCAMH PAaCTBOPOB COJIEH,
KaK [PaBUJIO, HE IPUHUMAETCS] BO BHUMAaHHE MPU MPOEKTUPOBAHNUH M IKCILTyaTa-
LMK CYLIECTBYIOIIEH T'MAPOaKYCTHYECKONW ammaparypbl. DTO OOBSCHSETCS, BO-
IEPBBIX, MAJIBIMU U3MEHEHHSMH CKOPOCTH 3ByKa (Menee 10™) B mmpokoM mua-
nazoHe 4acToT [3], BO-BTOPBIX, MCIOJIB30BAHUEM Y3KOIMOJIOCHBIX CUTHAJIOB, W3-
Jy4aeMbIX PE30HAHCHBIMH HMCTOYHHKAMH, W, B-TPETbUX, aMIUIUTYAHBIMH METO-
JlaM{ PETUCTPAIMH ¥ N3MEPEHUH, ONepUPYIONINX OTrHOaroel CurHaia.

3agaun oOHapyKeHHsI, U3MEPEHUs] U KIacCH(UKAIUU TTOMUMO aMIUIUTY-
HBIX METOZ0B MOTYT PEIIaThCsl IIOCPEICTBOM MCIOIB30BaHUs (ha30BbIX IapaMeT-
poB. B mpocrefitem ciaydae qByX4acTOTHOH (Ourapmonmdeckoif) BonHsl (BI'B)
TaKAM TapaMeTpoM MoKeT ObITh (ha3oBbiif mHBapuanT (PU), mox KOTOPHIM TO-
HUMAaeTcs Takasi KOMOMHAIWS MOTHBIX (pa3 Dyphe-KOMIOHEHT CUTHAIIA, 3HAUCHHE
KOTOpPOW HE 3aBUCUT OT BPEMEHH M IPOMJICHHOIO PACCTOSIHUSA, a ONpENenseTcs
JIUIIG HAYaJIbHBIMU (pa3aMM 3TUX TapMOHUK [4].

Otmeuensbie cBoiictBa OU B mMomHON Mepe peanu3yroTcsl B OJXHOMEPHBIX
BOJIHAX MaJIOH aMIUTUTY]Ibl, PACIIPOCTPAHSIOIIMXCS B cpeslax 0e3 4acTOTHOI Jiuc-
MepCUU CKOPOCTH 3ByKa. B cpemax maxe ¢ manol mucnepcueit ckopoctd [5], k
KOTOPBIM MOKHO OTHECTH MOPCKYIO BOJY, MOSIBISIETCS] TUCIIEPCHOHHAs NOOaBKa
(ha3oBOro WHBapHaHTa, KOTOpAs HAKAaIUIMBACTCSl C YBEIMUYCHHEM MPOXOIMMOTO
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BOJHOHM paccrosHust. OmmOKa, MPUBHOCHMAS IHCHEpPCHEH, MOKET OKa3aTbCs
cpaBHUMOW ¢ u3MepsieMbiM 3HaueHueM OU. B cBa3u ¢ 3TUM Uil peanus3anuu
(ha30BBIX METO/IOB M3YUYECHHUS] OKEaHa MHTEPEC MPECTABISET UCCIEIOBAaHNE BIIH-
SIHMSI PeJIaKCaLlMOHHBIX IIPOLECCOB MOPCKUX cotied Ha BennuuHy ®U BI'B B mn-
POKOM JAMana3oHe 4acToT, UCHOIb3yEMBIX B THAPOAKYCTHYECKOH anmapaType.

Paccmotpum 3aBucumocts OU mmockoit OurapMoHUYECKOM BOHBL, YaCTOTHI
KOTOPOH KpaTHBI IByM, OT TapaMeTPOB MOPCKOH BOJIBI:

p(z.t) = Z P(2)cosB,(z,1) = Z P(z)-cos mt—Jk(z)dz-Hp, .

i=l1 2z,
e k=0 /ce1(2); k=, /cey(2); ©=® n ®, =20 — gactorsr Dypbe-
KOMIIOHEHT B cocTaBe BONHBL. llocie mpoxoskaerus BosmHOW (1) paccTosHUS

MEXIy TOYKAaMH C KOOpAMHATaMH z, M z ()a30BbI MHBapHAHT NPEICTaBUM

KoMOHHaIme noiHbx ¢as 0,(z,7) B BuIE:
W(2) =26,(2,0) = 0,(z,0) =¥ + A¥s(2) = (20, — ;) + A¥(2) . ()

3necy ¥, = (290, —¢,) — HavampHOE (z =z,) 3Hauenne ®U BI'B; A¥(z) —
npocTpancTBeHHBIN Haber DU, oOyCIIOBIEHHBIN 4acTOTHOW Amcriepcueil dazo-
Boii ckopoctu. IIpu oTcyrerBun nucnepenn umeeM AW (z) =0

O1eHNM BJIMSHHE PETaKCAllMOHHBIX IMPOLIECCOB B Boje Ha BenumuuHy DU
BI'B, mis 4ero Bocmosib3yeMcsi BBIDOKEHUSIMUA KOI((UIMEHTa TOTJIOMEHHs 1
(ha3oBoii CKOPOCTH 3BYKa MPOU3BOJIBHON YaCTOTHI [2]:

ot (c2/cd -1) O ¢ Xl (hrers)
- 22 o=Cot—— 5, ©))
2¢y(1+®°17) 2c,(1+®°17)

rae ¢y u C,, — CKOpOCTh 3ByKa Ipu 0 — 0O w—oo , T — BpeEMs pellaKkCcalyiu.

B Mopckoii Bosie 0THOBPEMEHHO UMEET MECTO HECKOJIBKO PesIaKCallMOHHbIX
MPOLIECCOB, KAXKbII N3 KOTOPBIX XapaKTepPHU3yeTCsl CBOUM BpEMEHEM (T):

Co = Co L+ 2€40 5T + 2000, Ty + 20000, T, (4)
rne uHaekcamu F, b u m 0003Ha4YeHbI pPelaKkCallMOHHBIE IIPOLIECCH B IIPECHON
BOJI€, IPH HATMYUK OOPATOB M CyNb(ATOB MarHusi, COOTBETCTBEHHO.

IIpoctpanctBennsii Haber ®U (2) m3-3a aucrepcuu (a3oBOil CKOPOCTH
3ByKa B MOpPCKOH Boje (4) mpu BepTHKalIbHOM pacrpocTtpaHeHnud BI'B mexmy
TOYKaMH Ha TTyOuHax z, (MMOBEPXHOCTb MOPs) U z INPEACTAaBUM B BH/JE:

1

AW (2) = ¥(z) - \P0=2mj C—(Z) e
()] D2

)
KoadurmeHT mornomieHust 1 BpeMsi pesiakcanny (4acToTa peiakcalun) 3a-

BHUCST OT ITapaMeTpOB MOPCKOM BOABI — TeMIiepaTypsl 1 , COJIEHOCTH S , yPOBHS
pH ¥ THAPOCTaTHMYECKOIo JaBjieHus (IIyOuHbI z ). YacTOTHYIO 3aBHCHMOCTh
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npoctpancTBeHHOro Habera ®U Halimem, MCHONB3YS SMIHPUYECKUE (POPMYIBI
[1] mrs xorddumenHTa MOTIOUICHNS, YaCTOT pelaKcannuu U BeipakeHue (5). Pac-
CMOTpUM Ciy4ail BEpTUKaJIbHOTO pacrpoctpaHenuss bI'B npu nmocTosiHHBIX 3Ha-
YEHUSIX COJICHOCTH U TEMIIEPATYPhI BOJIBI.

Ha puc. 1 u puc. 2 nokasaHsl y4acTKH 4aCTOTHOW 3aBHCUMOCTHU JHCIEPCH-
onnoro Habera ®U BI'B AW (w;) B obmacTu 4acToT penakcanud 60paTtoB M

cynbdata MarHus MPHU Pa3HbIX 3HAYCHHUSIX TEMIEPATypbl BOIbI. AHAIOTHYHbBIC
yuactkn AW (®,), paccuutaHHbIe U Pa3HBIX 3HAYCHHH COJICHOCTH MOPCKOW

BOJIBI, TIPUBEJICHBI Ha pHC. 3 (00IAaCTh YACTOT perakcaruu 0opaToB) u puc. 4 (00-
JIACTh YaCTOT PeNIaKCaIlH CyTb(paTa MarHus).

AY,, ipa().o / AW, epao.
1. 7=26°C s 1. T=26°C
2.7=18°C ;| 2.7—18°C I
3.7=10°C S sl 3 7=10°C
4.7=2°C | ‘/ . ~ 4.7=2°C 0
0,04 - T . S=35%0 ! !
[ S/ pH =8 (.
2/ S, =50 ! !
A~ . Y 20k z M ] ]
[ 7 = z0=0m | |
13 S s P '2
[dr 2 s s e 1L
S L w1t~
0,02 ./‘: . /: z=50m / frm 1 1
I e A A=A
1o w e
L Vo f,-: .7' | 'i.4
g g T
. s u)l|/27t, ®ly 0 Y, \ ' o2
5 1 100 200 iy
Puc. 1 Puc. 2

BuaHo, yTO pacTBOpeHHBIE B MOPCKOW BOJE COJIM CYLIECTBEHHO BIMAIOT Ha
BesmunHy @U BI'B. [Togo6HO yacTOTHOI 3aBHCMMOCTH TIOTJIOIICHHS, OTHECEH-

HOro K JuimHe BONHBI, (yHKIms AW (®;) mMeeT XapakTepHbIE YKCTPEMYMBI.
3Hayenus 4acTor s, W f, ~ MakcuMymoB 3aucumoctTH AW (®;) okasamuch
OoJibllle YacTOT penakcaluu 0opaToB W Cyibpara MarHus s =, 3HaYEHHs
KOTOPBIX OTMEUCHBI Ha PHUC. | ¥ pHC. 2 BEPTUKAIbHBIMHU TYHKTHPHBIME JTHHHSIMH.

C TOBBIIICHUEM TeMIEpaTypsl BOABI MPOUCXOIUT pocT BennduHbl @Y BI'B
U cMeleHne MakcuMyMoB 3aBucumoctd AW (®;) B 007acTh BBICOKHX YacTOT,

qTo 06yCJ'IOBJ'IeHO TeMnepaTypHoﬁ 3aBUCUMOCTBIO 4YaCTOT pejiakCcalilui U poOCTOM
IMOIJIOIICHUA aKYCTquCKOfI BOJIHBIL. AHAJIOTHYHOE I10 XapaKTepy BJIMUSIHUC HA ()71

BI'B u 3aBucumocts AW (®;) Oka3bIBaeT yBENHMYCHHE COJICHOCTH BOIBI, PHC. 3
u puc. 4.
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B obmactu gacToT penmakcammu Cyiab(ara MarHus, puc. 2 U puc. 4, Hempe-
PBIBHBII pOCT TpocTpaHcTBeHHOTO Habera DU ¢ yBemmdeHHeM TeMIlepaTypsl U
COJICHOCTH TNPUBOAWT K JOCTIDKeHMIo 3HaueHunii AW, xoTopble MOryT OBITH
KPUTHYHBI JUIl KOPPEKTHOW MHTEPIpPETAMU PE3YIbTaTOB JOKAMU UM U3Mepe-
HUH (ha30BBIMH METO/IAMH.

AV, epao. AY,, zpao.
1.8=35%0 T-14°C 1.8=35%0 T=14°C
2.8=25% pH=38 2.8=25%0 pH=8
0043 o= 15% =50 15k 3-S=15% z=50
4.8=5% 20=0m 4. 8= 5% Zo=0.m
J 1
/
' /
A / 2
/3 / ~<
0,02 - I S
% o 30N
HEY . o /
A M
NG 4
PY <= v
é él a)||/27t, rkly | w2
0 2 4 200 xly
Puc. 3 Puc. 4

[Mony4eHHbIe Pe3yJibTaThl AAIOT OLEHKY OXKHIAEMbIX U3MEHEHUH (a30BOro
nHBapuanTta bI'B B monoce yacToT, NpeaCTaBISIIOIIMX MHTEPEC ISl THIAPOAKy-
cTuky. Xapakrtep HailineHHol 3aBucuMoctH AW () mno3BONAET MPOBOAUTH

BBIOOp TTApaMETPOB THJIPOAKYCTUUECKOHN ammapaTypsl, ucrons3ytomeid @1 bI'B,
npu paboTe B MOPCKOIi BOJE.
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VK. 534.8.081.7

A.H. Tpéxun, A.M. I'aBpuiioB

OCOBEHHOCTH PACITPOCTPAHEHMSI BUTAPMOHUYECKOM
AKYCTHYECKOM BOJIHBI B BOJIE C TA30BbIMH ITY3bIPBKAMHU

[OxHBIN enepanbHbI YHUBEPCUTET.

WHCTUTYT HAHOTEXHOJIOTHH, 3JIEKTPOHUKU U TIPHOOPOCTPOCHUSI.
Poccusi, 347915 Taraunpor, nep. Hekpacosckuii, 44.

Temn.: 8-(8634)-371649. E-mail: redman79@mail.ru, gavr am@mail.ru

s pewenus 3a0au oyeHKu QU3UKO-MEXAHUYECKUX Napamempos u MOHU-
mopuHea COCMOSHUAL 800HOU Cpedbl U MOPCKO20 OHA UHMepeC Npeocmasisiem
UCNOL308AHUE PAZ0BBIX XAPAKMEPUCTIUK NOTUSAPMOHUYECKOU  AKYCIUYECKOl
sonnvl. H3menenus (hazosvix coommouwenuil ¢ cnekmpe 80Hbl, NPOUCX00sue 8
npoyecce ee pacnpoOCmMpaHeHus, cnocoOHbl CYyuWecmeeHHo NOSIUAMb HA 00CTHO-
sepHocmy noayuaemol ungopmayuu. B pabome paccmompena oona u3z npudun
usmenenus coommoutenun gaz Pypve-kOMNOHEHM 60NHbL, — NY3bIPLKU 2a3d, —
nPUBOOAWUX K HACMOMHOU OUcnepcuu ckopocmu 36yka 6 mopckoll eode. Ha
npumepe OGUSAPMOHUHECKO20 803MYUJEHUs C KPAMHBIMU YACMOMAMU AHATUZUDY-
emcs uUUecKuti MeXaHu3m U Cmenenb GIUSHUAL NY3bIPbKOE HA (a306blil UHEA-
PUAHM 80HbL NPU EPIMUKATLHOM 30HOUPOBAHUU MOPSL.

[Ty3bIppKH ra3a (Bo3ayxa), BCET/Aa COAEpIKaIINecsl B MOPCKOW BOJE, B psijie
CIIy4aeB CIIOCOOHBI CYIIECTBEHHO TOBIHATH HA YCIOBUS m3mydeHus [1] m pac-
MpocTpaHeHus [2] akyCTHYeCKUX BOJTH. B 0OCHOBE TakoTo BIMSHUS JCKUT 3HAUH-
TEJIPHOE pa3fiMuie C)KMMAEMOCTH M IUIOTHOCTH BOJBI M Ia3a, YTO CO3/AET YCIIOo-
BUSL [UI BO3HMKHOBEHHS psfa (HU3HUYECKHX mpoueccoB. Hambosiee mHTEpecHbI
SIBIICHUSI, CONPOBOXKIAIOIINE PE30OHAHCHBIE KOJICOaHNs ITy3bIPhKOB, CPEAU KOTO-
PBIX OTMETHM aHOMAJILHO OOJIbIIIME pacCesiHWe W IOTJIOLICHUE aKyCTHYECKOM
BOJTHBI, AUCTIEPCHUIO (Pa30BOM CKOPOCTH, COHHOJIIOMUHECIICHIIMIO U JIP.

[Tpn GombmIMX aMIUIMTY/aX 3BYKOBOI BOJIHBI KOJEOaHUS My3bIPHKOB CTaHO-
BATCS HEJNMHEHHBIMHU, JIOMOJIHUTEIBHO YCIOXKHSAS IPOIECC PacIpOoCTPaHCHUS
BOJIH. OTMEUYEHHBIC SIBICHUS ITPOSIBISIOTCS MPH HE3HAYUTENbHBIX 00beMax, 3a-
HUMAaeMbIX ITy3bIpbKaMH ra3a. B ecTEeCTBEHHBIX YCIIOBHSX MOSBIECHHE Ta30BBIX
My3bIPHKOB B MOPCKOW BOJIE CBSI3aHO C PAIOM IPHUYHH: BETPOBOE BOJIHEHHUE I10-
BEPXHOCTH, OMOXMMHYECKHE TIPOIECCHl B OPraHMUYECKUX OCTaTKaX IOHHBIX OT-
JIOKEHHH, pe3yNbTaT )KU3HEIESITeIbHOCTH OPraHU3MOB H JIp.

B rugpoakyctuueckoil anmaparype, MCHOJb3YIOLIEH MOJIMrapMOHUYECKUE
BOJIHBI, OZHUM M3 HH()OPMAIMOHHBIX MapaMeTPOB MOXeT ObITh (ha30BBIH MHBa-
puant (®U), npexncraBneHHbIN anreOpanueckod KoMOWHauuMeld MNONHBIX (a3
Oypbe-KOMIIOHEHT, BeJIMYHHA KOTOPOTO B OE3AMCIIEPCHOHHON Cpefie He 3aBUCHT
OT BPEMEHH W TpoiineHHoro paccrosiaus [3]. B Bome ¢ my3sipbkamu rasa, oOia-
Jarolell TMCTIEpCHOHHBIMU CBOWCTBamMH, BennmunHa P MoxeT mpereprieBatb
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HEKOHTPOJIMPYEMbIe H3MEHEHHS, YTO BOKHO YUHUTHIBATH B MPOBOJUMBIX H3MeEpe-
HHSIX.

PaccmoTrpum mtockyro 6urapmonmdeckyto BonHy (BI'B), wacToTsl KoTOpOI
KpAaTHBI IBYM, B BOJIE C BO3JYIIIHBIMU ITy3bIPbKaMH BETPOBOTO IIPOUCXOKICHHS:

2 2 z

PEn=Y B()-cosB (2= P()-cos o [k()d+0 [, (1)
i=1 i=l1 zy

e k= /ce(2); ky =0, /cpr(2); © =0 n ®, =20 — 4acTOTH U3Tydae-

Mol BostHBI. Da30BbIil HHBAPHAHT, TIPEJICTABICHHbBIH KOMOWHANNEH TONHBIX (a3

0;(z,f) rapmoHMueckux BoJH B coctaBe BI'B (1), mociie mpoxokIeHus: paccTost-

HUSL MEX/Ty TOYKAMH C KOOPJMHATAMU Z, M Z 3allUIIEM B BHJIE:
W(2)=20,(z,1) - 0,(z,0) =¥, + AY¥},(2) = (29, — @) + A¥,(2) .

3necs ¥, =(2¢, —¢,) — HauampHoe 3Hauenne OU BI'B (z=z,); A¥,(z) —
npocTpaHcTBeHHBIH HaOer (DU, BBI3BaHHBIN 4YacTOTHOH mucriepcueil (a3oBoi
ckopoctH. B Bozge 6e3 razoBbix my3slpekoB AW, (z) =0.

BisHue ra3oBBIX Iy3BIPBKOB, COJAEpXKalUXCs B Boje, Ha BeauunHy OU
BI'B yutem, ncnosnb3ys BeipaxeHue $Ha3zoBoii CKOPOCTH 3BYKOBOI1 BOJHBI [2]:
2 a,
o Y*-1)a
o (¥ -1?-8’

min

cep(z,0) =yl 1-21 n(a)da |, ()

rae c,= 1480 M/c — ckOpoCTh 3ByKa B BOJie 0€3 My3bIPbKOB; iy M dya — MH-

n
HUMaJIGHBI M MaKCHMAJIbHBIN 3HAUSHHMS! pajidyca Ta30BbIX My3BIPHKOB B BOJIE;
2 .
Y =y /®, O — 4acToTa COOCTBEHHBIX KOJEOAHMH My3bIPbKA; O — MOCTOSH-
Has 3aTyXaHus KosieGaHuil my3bIpbKka; #(a)da — KONMUYEeCTBO My3bIPHKOB B €IIH-
HHIE 00beMa, PaJIyChl KOTOPBIX 3aKIIOUCHBI MEKAY 3HAUCHUAMH a U a + da .
3amaua OTHICKAHMS (YHKIIMK PACTpeeiieHus o pa3MepaM n(a)da Komu-
YeCTBa My3bIPHKOB, 0OPAa30BaHHBIX BETPOBBIM BOJIHEHMEM, aKTyallbHa /10 HACTO-
SIIIEr0 BpEMEHH. JlaHHbIe SKCIIepUMEHTa Pa3HbIX aBTOPOB [2, 4 — 6] pacxoaarcs B
OIpEe/IeTICHUH MUHUMAIIBHBIX Pa3MepOB ITy3bIPbKOB, HAIMYMH U TIOJIOKEHUH MaK-
CHMyMa 3aBUCHMOCTH, OLICHKE €€ CHaJaIoIero yyacTka. Bmecte ¢ TeM uMerorcs
o0mue 3aKOHOMEPHOCTH, pHc. . OTimums MOTYT OBITH BBI3BAHBI Pa3IHMYHEM
MOP(OMETPUYECKIX YCIOBHH M CHOCOOOB MCCIEIOBAaHMS, OTCYTCTBUEM BHUMa-
HUSI K TAKUM (aKTOpaM, Kak MECTO 3apOKACHHS U MTPOIOIDKUTEIBHOCTD ACHCTBUS
BETpa B OJIHOM HAIIPaBICHHUH, YTO BIUSET Ha (POPMY, BRICOTY W IIEPHOJ BOJH [7].
JInist OrleHKN BIWSIHUS Ty3BIPEKOB Ha BeandanHy @MU mcnoip3oBaHa MOAENb pac-
HpEIeNeHNs KOJIMYECTBA My3bIPhKOB MO pasMepaMm #(a)da Ha riyOuHe z B 3a-

BHUCHUMOCTH OT CKOPOCTH BeTpa V' , ommcanHas B [2].
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Just ciyyasi BepTUKAIBHOTO 30HIMPOBAHUS BOJHOW TOJNIIMA PACCUUTAHBI
npocrtpancTBeHHoe n3menenne ®U d¥) /dz na npousBonpHON riyOuHe z U
npoctpaHcTBeHHBIT Haber @M AW, (z) Mexay Toukamu z, 10 z , NOSIBICHHE
KOTOPBIX CBSI3aHO C HATMYHEM TUCIePCHH (a30BOi CKOPOCTH BOIHEI (2):

4, 1 1 &,
_ _ : z .
dz Co1(2)  Cor(2) dz

AW, (z) =¥(z)-¥, = zmj

Bubble Spectra, depth <=0.5m

—&— Garett et al. 2000, 30 min avg

—e— Farmer et al. 1998, 1 min avg

—&— Vagle-Farmer 1898, 60 min avg

----- linear fit to Vagle-Farmer

— Hall 1989 model

—w— Johnson-Cooke 1979, 18 min avg

—#— Medwin-Breitz 1989, B s avg Puc. 1.

Pacnpenenenue
KOJINYECTBa My3bIPHKOB
B BOJIE TIO pa3Mepa Ha

bubble density (per m®in 1 um bin)

10° 4 rayouse z < 0,5Mm
TIPU CKOPOCTH BETpa
10" 4 y =12 m/c [5]
10° T T T T T SRR
0 50 100 150 200 250 300 350

bubble radius (um)

C pocroM rimy6unst (z = 1 M) npoctpanctBenHoe m3Menenne OV BI'B MmonoToHHO
CTPEMHUTCSI K HYJIO, PUC. 2, YTO OOBSICHUMO YMEHBIICHHEM KOJHYECTBA IMy3bIPHKOB Ha
GonpIINX MIyOUHAX M, KaK Clie[cTBUe, ociadiaeHneM aucnepcuu. Ha riny6unax z <1 M B
MHTEpBAJE 9acToT 7, = 220-240 k'l OTMEYEHBI PE3KIE N3MEHEHHS IPOCTPAHCTBEHHOTO
pacupenenenust d¥, / dz . Ilpu Ham4uu B Bojie My3bIPbKOB ra3a U 3aBUCUMOCTH Cq, ()
HepecTpoiika 4acTOThl CUTHANA MIPUBOJUT K U3MEHEHHUIO HE TOJIBKO BEJIMYMHBI, HO M 3HAKa
d¥, / dz . Yeenuuenue ckopoctu Betpa V' ycnnmBaer mpouece o0pasoBaHus ITy3bIpb-

KOB, CONPOBOKAaromumiics pocrom ennuunsl dWy /dz .

Ha puc. 3 moka3aHbl YacTOTHBIE 3aBHCHMOCTH IMPOCTPAHCTBEHHOI'O Ha6era DU
AY, (®) npu BeprukanbHOM pactpoctpaneHud BI'B. Peskoe cyskeHne auanasoHa u3me-
HEHMI KPUBBIX SIBJIACTCA CJIICACTBUEM 6BICTpOl"O YMEHBUICHU KOHUEHTPALWKU IY3bIPHKOB
¢ poctoM ruy6unsl. Makeumym 3asucumoctn AW, () cmewaercs ¢ pocTom riyGuHbI Ha
60.]166 BBICOKHE YaCTOThI H3-3a BJIUAHUA T'MAPOCTATHYCCKOIO JaBJICHUSA Ha PE30HAHCHYIO
HacCTOTy ITy3bIPDbKOB U YMCHBIUICHUSA UX paJguyca. HpI/I 60J'ILH_II/IX CKOpPOCTAX BETpa V oT-
meuer poct AW, uTo BBI3BaHO MOBBILICHHEM KOHLEHTPALUK Iy3bIPHKOB Ha (UKCHPO-
BaHHOI1 ITyOHHE.

Ilony4yennsle pe3yapTaThl MO3BOJISIIOT OLEHUTh BIUSHUE YaCTOTHOM AMCIIEp-
cur (pazoBOil CKOPOCTH aKyCTHYECKUX BOJH Ha JJOCTOBEPHOCTH (ha30BBIX H3Me-
penuii mpu ucnosns3oBanuu bI'B ¢ wactotamu ®, =20, B yCIOBHAX BETPOBOIO
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BOJIHEHUSI, COITPOBOXKIAEMOT0 00pa30BaHIEM BO3IYIIHBIX ITy3bIpbKOB. HarmsaHo
MIPOCIICKUBAIOTCS 3aKOHOMEpHOCTH m3MeHeHnss OV GurapMoHNYEcKOil BOIHEI B
MHTEpBase paboYnX 4acTOT U TITyOHH ITy3bIPEKOBOTO CIIOSI BOJIBI.

—= . gpad/m AW, epad
V=10 m/c

2

3

zZ, M

T,7 A= 350 mrm

Jgo<i] mt

2
RN
s

N
-
- ":3’\-‘\:

V=10 m/c
—
P

l.zg=1mz=2m 4
2.z0=2m,z=3m
3.2z0=3M,z=5m
4.z0=5Mm,z=15m

A= 350 mrm
Apin= 10 mxm

4.f1=220xly
5./1=229 kl'y
6.f1=240kly

7.f1=260kly | -20 ' | o2
10 100 200 Iy

1.f1=30kly
2./1=90«ly
3.f1=215«ly

Puc. 2 Puc. 3
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Ananuzupyemcst npocmpancmeentas u epemennas kocepenmuocmos HY u
BY I'A noneii 6 3a6ucumocmu om cmpyKkmypvl OKeaHU4ecKo20 60IH0800d, 60.i-
HeHUs NOBEPXHOCMU U 00bEMHBIX HeOOHOPOOHOCIel OKeaHa Ol PA3TUYHBIX NO-
JIOJICEHULl UCMOYHUKA U NPUEMHOU CUCmeMbl. AHAnu3upyomes 603MOAICHOCHIU
1006001020 I'A HabI0OeHUs NPU YACMUYHOU KO2ePEeHMHOCMU Noell.

3oHMpyIONMe W TOJe3Hble AudparnpoBaHHble Tuapoakyctudeckue (I'A)
TIOJIST SIBJISIFOTCSI MHOTOBOJTHOBBIMH. X criokHast HHTepepeHIIMOHHAs CTPYKTYpa
CYIIIECTBEHHO MEHATHCS 10 MEpe pacIpOCTPAaHEHISI 3a CUST PAacCesHIS Ha HEO-
HOPOAHOCTSX U 3aTyXaHUs. B 3T0il CBsA3M U KOrepeHTHOCTb I'A mosst Takxke ume-
€T CIIOKHYI0 MHTeP(EepEeHIIMOHHYIO CTPYKTYpY, KOTOpasi TpaHCc(HOpMUpPYyeTCs o
Mepe pacnpoctpaHeHus. [lockoiapKy mMHTEepdepeHIMoHHas cTpykTypa ['A moms
Ype3BbIYANHO YYBCTBUTEIbHA K BapHALMIM (a30BbIX XapaKTEPUCTHK MapIHaib-
HBIX KOMITOHEHT, YTO MposBisieTca B ['A moje U CTPyKType KOT€pPeHTHOCTH B
BHUJIC HEYCTOWYMBBIX IIYMOIIOIOOHBIX CIICKI-CTPYKTYp [1, 2].

YPOBEHS, OTH. & Me ruppochona
ir . ' . v T

08

06 L

04

Puc.1. PesynbraT cormacoBannoi ¢uibTpanuy 30Haupyromiero JIYM ummynsca
(cmeBa) ¢ BBIXOA OHOTO THAPO(OHA HAa paccTOSHUU 150 KM OT M3Iydaro-
el pemeTKy M aHAIOTHYHOE paclipeeeHie Ha arepType NpHUEeMHOHN aH-
TEHHOH pEIIeTKH, PAcION0KEHHOHN Ha pacCTOSHAA 235 KM OT MCTOYHHKA.
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IIprmepom Takux CTPYKTYp (puc. 1) ABISAIOTCS CHTHAJBI, HAOIOJaeMble HA BBI-
XOZIe COTJIIACOBAaHHOTO (DMIIBTPA HAa PA3IMYHBIX JIEMEHTaX yJAJICHHOW Ha JocTa-
TOYHO OOJIBIIIOE PACCTOSHHE MPOTHKEHHON TOPU30HTAIBHON MPUEMHON perIeTKN
[1]. NaTepnpetnpoBaTh HaOMIONAaeMble MHUKH KaK MOJOBBIE OTKIMKH HE TMpPEI-
CTaBJIeTCSI BO3MOXKHBIM. CTPYKTypa TakMX KBa3HCIIy4alHBIX BapHaluii ObICTPO
MEHseTCs B MPOCTPAHCTBE U BO BpeMeHH. OOBIYHO Ul ONMUCAHUS yKa3aHHBIX U
npyrux ¢aykryanuit A cHrHANOB UCMONB3YIOT KOTEPEHTHOCTh. XapaKTepUCTH-
K/ KOT€PEHTHOCTH ONPENENISIOTCS YCPEAHEHHEM KaK 0 CTaTUCTUYECKOMY aH-
caMOJTI0 ITPOCTPAHCTBEHHO-YAaCTOTHBIX (DIIYKTYyal[lii OKEaHUYEeCKO# cpeJibl, KOTOo-
pble BO3AEHCTBYIOT Ha ['A cHUTHaJIBI IO Mepe UX PacHpOCTPAHEHUs, TaK U 1O WH-
Tep(epeHINOHHON CTPYKType CHTHAJIOB, KOTOpas XapaKTEpU3yeTCsl MIMPOKUM
CIIEKTPOM NPOCTPAHCTBEHHOM M BPEMEHHOW M3MEHUMBOCTH. BmecTe ¢ TeM, mpu
TIOZIBOAHOM HAOJIIOZCHUM PELICHHs Yalle BCEro MPUHUMAIOTCS MO OTAEITBbHBIM
peammzamsiM ['A moneid, ycpeqHeHHe KOTOPBIX ONpEeNessieTcsl pa3MepaMu Ipo-
CTPAHCTBEHHO-YaCTOTHBIX alepTyp MPHEMHBIX CHCTEM, KOTOPBIE, B CBOIO OYe-
pellb, 3aBUCAT OT TpeOyeMOro NMpOCTPAHCTBEHHOTO M BPEMEHHOI'O pPa3pelIeHHs
npu HaOuoeHN. Bo MHOTHX cilydyasix MOKHO CHMTATh, YTO IPU PACHIPOCTpaHe-
HHUH TI0 MPOTSHKEHHBIM aKyCTHUECKHM TpaekTopusiM ['A monst ycpemHstores 3a
CYET MHOTOKPATHOTO PAacCesHUsI Ha OOJBIIOM YHCIIE CTATUCTUYECKH HE3aBUCH-
MBIX HEOJHOpoaHOCTEH cpeipl. OIHAKO, CYIIECTBEHHAsI YacTh HE YCPETHEHHbIX,
OTHOCHTEJIFHO BBICOKOKOTEPEHTHBIX KOMMOHEHT I'A mous, mHTepdepupys,
Lkx Ly Ly
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Puc. 2 Pacnpenenenue kodpdununenta narepdepenn BU T'A nons npu pas-
JIMYHBIX 3HAYCHHUSIX OTHOIICHHS YPOBHSIX CIy4allHbIX (MIyKTyaluu 1mokasa-
TeJIsT IPEJIOMIICHUS K JUIMHE KOTePEHTHOCTH 30HAMPYIOIIero mojs K: cie-
Ba, K = 0.5 107 km/cek, B uentpe, K = 0.5 10 km/cex, u crpasa, K = 0.5
107 xm/cek [2].

MPOJOIDKAOT (POPMUPOBATH BBHICOKOKOHTPACTHYIO UpPE3BBIYAfHO YYBCTBUTEIIB-

HYI0 K BCEBO3MOXKHBIM BapHaIlUsM IapaMeTPOB BOJHOBOJA CIIEKII-00pa3HYIO

uHTEep()EPEHIIMOHHYIO CTPYKTYpy. Pe3ynbTaroM Takoi MHTephEepeHIUH Mapiiu-

ANbHBIX BOJHOBOJIHBIX CTPYKTYP B OKEAHHYECKOM BOJIHOBOJIEC SIBJISCTCS 3HAYM-

TeJIbHAsE HEOJHOPOAHOCTh M U3PE3aHHOCTh, a TAKXKE BPEMEHHbBIC BapHUAIlMU Pac-

npeneneHust nHTeHcuBHOCTH ['A mons. B peansHbIx ycnoBusx B I'A BoiHOBOIE

BCE OIpEIETICHHBIM 00pa3oM BapbUpyeTcsl U (PIYKTYHUPYET, U IMOJOKEHHE dJe-

MEHTOB CHCTEMbl HaOJIOJICHHs, W Cpela, Hampumep, H3-3a TEYeHHH, BeTpa U

JIIBYOKEHHUST 00BbEKTOB HaOmroaeHus. MoKHO CUMTATh ¢ OOJBIIONW CTENEHBIO J10-

CTOBEPHOCTH, YTO U PACHpECICHUE KOTePEHTHOCTH B BOJIHOBOJE HEOJHOPOIHO
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1 HecTauMoHapHO. B uacTHocTH, B cilydaiiHO HeoaHopogHoM I'A BonHOBOAE
hopmupyroTcs 30HBI (POKYCHPOBKH BbICOKOoYacTOTHOro (BY) akycTmyeckoro mo-
JIs1, T7Ie KOTEPEHTHOCTh BBICOKAsi M MHTEP(EPEHIIMOHHAS CTPYKTypa SIPKO BBIpa-
JKeHa. OTO 00yCIaBIMBAETCS TEM, YTO, YACTh JIyYEBBIX BOJHOBBIX KOMIIOHEHT
(hoxycupyeTcsi BOIHOBOAOM M, UMEs MAJIyl0 MEKBOJIHOBYIO JTUCIIEPCHUIO, PACCEH-
BAIOTCS Ha CIIy4alHBIX HEOJAHOPOTHOCTSIX COIO3HO (puc.2). B apyrux obmactsax
BOJIHOBOJIa (POPMHPYIOTCS 30HBI TEHH, TJI€ TI0JIE MPEACTABISIET COOOI0 PEe3yJIbTaT
CyNepro3uiMy OOJBIIOro YKCIa JIyYeBBIX BOJHOBOJIHBIX KOMIIOHEHT, KOTOpBIE
PacIpoCTPaHsIIOTCS IO Pa3HbIM TPAEKTOPHSM M PACCEHUBAIOTCS HEKOPPEITUPOBaH-
HBIMHM CIy4ailHBIMH HEOJHOPOAHOCTSAMH. B Takmx obmactsix wnHTepdepeHums
ocmabeBaeT (puc.2) u KorepeHTHOCTh ['A moist 00braHO Mana [2]. B menxoM mo-
pe, mpu GOPMUPOBAHNH KOTEPEHTHOCTH HU3KOYacTOTHOTO I'A moIst cymecTBeH-
HYIO POJIb UTPAIOT 3HAYUTENBHBIC OTIMYMSA JCKPEMEHTOB 3aTyXaHHWE MOJOBBIX
BOJIHOBOJIHBIX KOMIIOHEHT B THE. DTO IPUBOAUT K TOMY, UTO BCIIEICTBUE pacces-
HUSI M 3aTyXaHUs! N0 Ha CIIy4alHBIX HEOJHOPOJHOCTSAX KOI€PEHTHOCTb TEPSIOT
CHayaJla BEICOKOYACTOTHBIE HHTEP(PEPEHIMOHHBIC KOMIIOHEHTHI M MOJABI BBICOKUX
HoMepoB. IIpu 3TOM 3bI0b, HEPOBHOCTU JHA M BHYTPEHHUE BOJIHBI BBI3BIBAIOT
TpaHc(opMaINIO aKyCTHUECKO DHEPIHU B BBHICOKOYACTOTHYIO YacTh MOJIOBOTO
CIIEKTpa, IJIe paccesHhe W 3aTyxaHue OOJbIIe, YTO M PEean3yeT MEXaHU3M pa3-
pyuieHus korepeHTHocTH I'A mosst B nesiom [3].

| Kb wpp. | Ko wopp.

o T IR T Ve o o0 00 B0 809 pim

Puc. 3. l'opu3oHTanmbHas KOrepeHTHOCTh HU3KOYACTOTHON KOMIIOHEHTBHI IS
cinaboro (V=5 m/cex) u cunbHoro (V=15 m/cex) Betpa mpu vactore ['A
noiist /=240 I'l Ha Pa3IMYHBIX AUCTAHIMAX HAOIIOAECHUS B MEIIKOM MOpe
B IIPUCYTCBUE BETPOBOT'O BOJIHEHHUS U IOJIsI BHYTPEHHUX BOJH [3].

B HEKOTOpBIX Ciy4asx, B YaCTHOCTH, B MEJIKOM MOpE, MOTYT PEaln30BaThCS

YCIIOBUSI PaBHOBECHS YKA3aHHBIX MEXaHH3MOB, YTO MOXKHO HHTEPIIPETHPOBAThH

KaK COXpaHeHHE MacITaboB KOTePEHTHOCTH TpHU pacmpocTpaneHun [3, 4], dro

MOXHO OOBSCHUTH T€M, UTO TPH XaPaKTEPHBIX CKOPOCTSX BeTpa v <15 m/cex u

2
qacToTax f <10 FH BCPTUKAJIbHAsA MHAWKATPUCA paCCesiHUs 3ByKa Ha B3BOJI-

HOBaHHOM NMOBEPXHOCTHU IIMpPE KPUTHUECKOTO yria BoiHOBOJA. [Ipu 3TOM 3HAa4M-
TeJIbHAsl YaCTh YHEPTHH clIa003aTyXalolIMX MO/l HU3KUX HOMEPOB PAacCEnBAETCs B
CHJIBHO 3aTyXalollle MOJb! BBICHINX HOMEPOB, JTHOO M3IydyaeTcs U3 BOJIHOBOJA.
BcnenctBue 3TOro sHeprusi paccesHHOM KOMIIOHEHTHI OCTAETCsl CYIIECTBEHHO
MEHBIIIE YHEPIUU KOTEPEHTHOH KOMIIOHEHTHI, OJHAKO TaKOe€ KOTEPEHTHOE MOJe
OBICTPO CrafaeT 1Mo MHTEHCHBHOCTH. [Ipy TakoM MexaHu3Me paccestHusi, GIiyk-
TyHPYIOLEE AKyCTHUYECKOE MOJE€ MOXKHO IPEACTaBUTh B BHJE CYNEPHO3HLUU
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o o -3
HU3KOYACTOTHOM KOMITOHEHTHI, (uIyKTyHpylomeil ¢ dacroramu f =10 ['m u

o o -3
BBICOKOYACTOTHOW KOMIIOHEHTBI, ¢ 4acTtoTamu (iaykryauuit f =10 I'u. Kore-

PEHTHOCTH MOJ B HH3KOYACTOTHBIX KOMIIOHEHTaX IOJHOCTBIO OMNPENEIISIOTCS
BHYTPEHHUMH BOJIHAMH, OJHAKO MX SHEPIUs 3aBUCUT OT PaccesHHs Ha BETPOBOM
BOJIHEHUHU. [Ipy 3TOM cTaTHCTHYECKUE XapPAKTEPUCTUKU BBICOKOYACTOTHBIX KOM-
TIOHEHT B OCHOBHOM OINpeneNsitoTcsi d(pdeKTaMmu paccessHus Ha B3BOJHOBAHHON
noBepxHOCTH. Kak MoKa3pIBalOT YUCICHHBIE OLIEHKH, CIEKTpaJIbHAsl TIOTHOCTh
paccestHHOW KOMITOHEHTBI B MEJIKOM MOpE pacTeT NPUOIN3UTEIBHO MPOIOPIHO-
HaJIbHO JUTMHE aKyCTHYeCKOW Tpacchl. ['opu3oHTaIbHAS KOTEPEeHTHOCTh HU3KOYa-
CTOTHOM KOMITOHEHTHI [yt ciaboro (V=5 m/cex) u cumbHOTO (V=15 M/Cex) BeTpa
(puc.3) 3aBUCHT OT CKOPOCTH BeTpa. DTOT 3PPeKT 00yCIOBICH TEM, YTO Pa3Iny-
HBIE aKyCTHYECKHE MOJBI UMEIOT Pa3HbIe JEKPEMEHTHI 3aTyXaHUs SHEPIHH MpU
paccestHuM Ha BETPOBOM BOJHEHHH M, KPOME TOTO, PA3INIHBIM 00pa3oM (uIyKTy-
UPYIOT B MoJIe BHYTpeHHUX BoiH. Ha maneix auctanuumsax R =10 kM npoctpas-
CTBEHHAas KOT€PEHTHOCTh CHTHAJIa OCTACTCSl CPABHUTEIILHO BBICOKOM TPH JIIOOBIX
MIPOCTPAHCTBEHHBIX PA3HECEHHWSX TOYEK HAOIIOEHNS, TOCKOIbKY (ha3oBbIe
(ITyKTyanuu MOJI OCTArOTCsl BCE €llle MaJIbIMU B CPaBHEHHH ¢ equHuIed. OHako
yke Ha aucTaHiusax R =50 kM, QYHKIHS KOPPENSIHU CYLIECTBEHHO CIaJaeT

3
MIPU pa3sHECEHHIX To4YeK HaOmoaeHus o = 10" M, nmpu 3ToM MacimTad KOTepeHT-
HOCTH p = 500 merpoB. Takum 0Opa3om, UCIIOIB30BAHHE B MEJIKOM MOpE KOre-
PEHTHOI1 00paOOTKKM CHUTHAJIOB MOXET OKa3aThCs Hed(P(EKTHBHBIM KOTEpEHTHAs

00paboTKa ¢ IPOCTPAHCTBEHHBIMU 3aIEpKKaMu OR > 10° METpOB.

PaspymieHre MHOTOTy4eBON W/WIIM MOJIOBOW KOrepeHTHOCTH ['A oI B He-
CTAIMOHAPHBIX OKEAaHHMYECKNX BOJIHOBOJAX OTpaHWYMBAET 3((PEeKTHBHOCTH pabo-
TBI TIEPCIEKTUBHBIX 30HATBHBIX MHTETPUPOBAHHBIX CETEBBIX CHCTEM ITOJIBOHOTO
nHabmonenust (MCCITH), 11 KOTOpBIX BaXKHBI TPeOOBaHNS MUHUMHU3AIMN TpeOy-
eMBIX PHEPropecypcoB. DTO TPEIIONAraeT HCIOJIb30BaHHE MPU HAOIIONCHUN
XOpOIIIO PACTIPOCTPaHAIOMMXCS (Cado 3aTyXaloMWX W BBICOKOKOTEPEHTHBIX)
BOJIHOBOJHBIX KOMITOHEHT, KOTOpPOE 3aKJIIOYaeTCsl B W3IY4YEHHH HEOOIBIIOrO
YHCJIa COTVIACOBAHHBIX C BOJHOBOJOM BOJHOBOAHBIX KOMIIOHEHT M YaCTHYHO
KOT€PEHTHOM HAKOIUICHUH SHEPrOHACBHIIIEHHBIX MOJE3HbIX (AN(pParupoBaHHbBIX,
IPU aKTUBHOM HaOJIOJICHUH) BOJIHOBOJHBIX KOMIIOHEHT. MeToJ1Ka Takoro co-
TJIACOBAHUSI MOXET OBITh OCHOBaHA Ha YCBOSHHMH JIAaHHBIX ONEPAaTHBHOW OKEaHO-
JIOTHHU, KOTOPOE OCYIIECTBISIETCS 4epe3 akTyalbHble Moaeian ['A BoiHOBOja,
CUTHaJIOB W moMmex. [Ipu 3ToM BO3HHKaeT mpodiieMa ONTUMAaIBHOIO COTJIacoBa-
HUSI, KOTOPOE JOJDKHO YUYHTBIBATh U OCOOCHHOCTH (pOPMHPOBAHMS KOTEPEHTHO-
CTH MHOTOBOJIHOBBIX ['A curHanoB. B uyacTHOCTH, Takas mpoOiemMa BO3HHKAeT
IIPU MCITOJIb30BAaHUM METOJIOB COTJIACOBAHUSI C IIOJIEM, B KOTOPBIX, Yallle BCETo,
HE YYUTHIBAIOT TIOTEPH KOTEPEHTHOCTH M3-3a 00BEMHOT0, MPUIOHHOTO U TIOBEPX-
HOCTHOTO paccesHus [4]. OOuH U3 BO3MOXHBIX ITyTeH perIeHus yKa3aHHOH Ipo-
6s1eMBI, KaK YK€ OTMEYaJOoCh, SIBISETCS UCIIONb30BAaHHE B Ka4eCTBE 30HIUPYIO-
IIUX BBICOKOMHTEHCHBHBIX M BBICOKOKOT'€PEHTHBIX KOMIOHEHT I'A moms. Ilo-
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BUIMMOMY, TaKOW TMOAXOJ ONTHMaieH W mpu npueme ['A curHamo. BeposiTHO
Ut obecriedeHus BEICOKOi 3¢ dexkTuBHOCTH cuctema ['A HabmoneHns, TpedoBa-
HUS K OKEaHOJOTHYECKOW WH(OpMAIlH M aJeKBaTHOCTH MOJENed MpH TaKoi
ONTUMU3AIMH MOTYT OBbITh CHIKEHHI [5-8].

VYkazanHas ujesl UCTONb30Baiack npu aHanmie Bo3MmokHoctedt MCCIIH B
YCIIOBUSIX MEJIKOT'O MOps, KOT/la MpeIarajgoch Bo30yK1aTh U NPUHUMATh HU3KO-
yactoTHble (HY) Manomo/ioBbIe aKycTHYecKrue UMITyJIbesl [1, 5, 6]. Ilpu ucnonb-
30BaHMU JIMIIH HU3KOHOMEPHBIX MOJ, HU curHambl MOTYT COXpaHsTh JOCTATOYHO
BBICOKYIO KOTE€PEHTHOCTh IIPH THUIHYHBIX CKOPOCTSIX BETpa Ha AuCTaHIMsAX 50-
100 KM, YTO TO3BOJISIET OCYIIECTBIATH YAaCTOTHOE M IIPOCTPAHCTBEHHOE KOTe-
PEHTHOE HAKOILIEHHE TIPH anmnpeTypax mnopsaka 10° merpos. OHako MyJbTHCTA-
tnaeckne npoeknnu MCCITH, dopmupyempIMu pa3HECEHHBIMH SJIEMEHTAMH,
Pa3HECEHHBIMH B TPOCTPAHCTBE HA AECATKH M COTHH KHJIOMETPOB, MOTYT OBITH
HAaKOIUICHBI JIMIIb HEKOrepeHTHO. lIpencTaBiseT MHTEpeC pacCMOTPEHHE BO3-
MmoykHocTel moctpoerns NCCIIH, ocHoBanHbIx Ha ucnonb3oBanuu BU I'A cur-
HanoB [7, §8]. Kak moka3piBaeT mpeaBapuUTENbHBINA aHAIN3, TIPH UCTIOIb30BAHUH
BY I'A curnanos MCCIIH MoryT cocTosiTh U3 MEHEe TPOMO3JIKHUX AJIEMEHTOB,
KOTOpBIE [UIsi cBOeW paboThl TPEOYIOT MEHBIIMX dHepropecypcoB. OqHako st
TIOBBILICHUS JIOCTOBEPHOCTH OLEHOK 3(P(PEeKTUBHOCTH TpeOyeTcss MpOBECTH Je-
TAJIBHBII aHAIN3 BIHMSHUS KOTEPEHTHOCTH, B TOM YHCIe, [yl YCIOBHU, HaNpH-
Mep, IpH OOJIBIINX CKOPOCTSIX BETPA, a TAKXKE HA JIOCTATOYHO OOJIBIINX TUCTaH-
usix HaOmogeHust. OTMETHM, 4TO pa3pylIeHHe KOTEPEHTHOCTH B TaKHX YCIIOBH-
X WCCIEOBaHO He jocraroyHo. Hambomee pa3BHUTOI K HACTOSIIEMY MOMEHTY
SBIISIETCSI MPUOMKEHHAst MO BIMSHUS CITyJalHBIX HEOAHOPOAHOCTEH OKeaHa
Ha BY ['A curHamsl B BUe BOSHHKHOBEHHS peBepOEpAIIMOHHBIX TIOMeX (CM. [5,
7] u mpyrue uuTHpPOBAaHHBIE B HeW pabotThl). Takoe mpuONMMKEHNE TTPUMEHIMO,
KOrJa ciydaiiHble HEOJHOPOJHOCTH OKEaHa OTHOCHTEJIBHO Majlbl M MOXKHO HC-
M0JIb30BaTh OOPHOBCKOE MPUONIMKEHHUE, NPU KOTOPOM CHTHAJ CUUTAETCsS Kore-
PEHTHBIM U UMEIOLIUM Ty K€ MHTEHCUBHOCTh. [Ipu yBenMUueHUN aMIIIMTY] CIly-
YaHBIX BO3MYIIICHUN OKCAHWYECKOHN Cpeflbl CJICAYEeT YYUTHIBATh YKE U Ociadiie-
HHE UHTEHCUBHOCTU (MOJU(UIIMPOBAaHHOE OOPHOBCKOE MPHOIIMIKEHHE), a TaKKe
T0JIaraTh, YTO KOr€pPEHTHOCTh CUTHAJIA 110 MEpe paclpoCTpaHEeHUs! CUTHAA T1ajia-
eT. Ananu3 korepentHoctd BY I'A mosnsi, OCHOBaHHBIA HAa UCIOJIb30BAHUU JTyye-
BOTO NMPUOIIKEHNS, TIOKa3bIBAET, YTO KOA(P(UIIMEHT KOTePEeHTHOCTH Y3KOIOJIOC-
HBIX CHUTHAJIOB B CIIydae CJAOBIX (UIyKTyaunuil cpeibl NMEET BBICOKOYACTOTHYIO
nuHTep(epeHINOHHYI0 CTPYKTYpy. Ilo Mepe yBemmueHns ciydailHbIX (UIyKTya-
Uil cpenbl HHTep(hEepeHIINOHHBIE KOMITOHEHTH K03((HIleHTa KOrepeHTHOCTH
ymenbmaroTcsa (puc.4). Kak mokasplBalOT BBIYUCIEHHS, MPOIOIbHBIM TOPHU30H-
TanbHBI MacmTad xorepeHTHoctH BU I'A mons obpaTHO mpomopiiioHaieH da-
CTOTE HUCTOYHHKA, yJAJICHHOCTH OT HEro M MOIIHOCTU (UIyKTyaluil rokas3aresis
npenomiieHus. IlycTp ciydaifHble BO3MYINCHHS OKCAaHHYCCKOH cpemsl O -
KOpPpPEIMpPOBAaHHBI, CTALMOHAPHBI W OJHOPOIHBI B TPOCTPAHCTBE BOJIHOBOAA.
ITpubmmKeHHO# OIEHKOH MPOIOIHHOTO MPOCTPAHCTBEHHOTO MacmiTada obiactu
KOTEpEeHTHOCTH (Tle OH chHagaeT B e  pa3) sBIsIeTCS  BEJIMYHMHA
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L z(\/zlr)" c;I'O’I A i minL: , rae I'A (r)= 1'“ CpeIHMIA KBapaT CKOpocTh (BIyKTyamui
k

IoKasaTejid MpeaoMIICHUA BAOJIb k-oit TPaCKTOpHUHU Jiyya, Lk - AJIiHa J1yda, ¢, —

h (km)

a [
1 o9
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o9 07
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0.8 1
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2 ) a 5 & (k) 2 3 4 5 & r (k)

Puc. 4. Pacnpenenenue mpoctpancTBeHHOH korepentHoctn BYU I'A y3komosoc-
HOTO CHTHaja B NIyOOKOM Mope (KaHOHMYECKMH KaHai), IpH dacTtore 2
k[, ¥ pa3nuYHBIX BETMYMHAX CPEAHEKBAJPATHYHOTO 3HAYECHUS] YaCTOTHI
Gbaykryanuu ¢assl nyueii (0.3 (a), 3 (0)). Uctounuk ['A moust pacnomnaraics
Ha riy6une 0.2 kM, omopHasi MpreMHasi ToYKa 0003HaueHa Ha pacipeserne-
HUSIX OJION TOUKOM.

CpeHssl CKOPOCTh 3BYKa B BOJIHOBOJE. BepTukambHBIN MacmTad obyiacTu Kore-

PEHTHOCTH TEOPETHUECKH OLEHNTH 3HAUUTEIBHO CIIOKHEE, TAK KaK OH 3aBHCHUT OT

hopMBI (POHTOB BOJH pedpakiiii, KOTOphIe, B CBOIO OYepe/b, OMPEICIIIOTCS

npoduieM mokaszatens MpeToMIICHUs] BOJTHOBO/A U MTOJ0KEHHEM UCTOYHUKA 3BY-

Ka B HeM. /Iyl OIIEHKH MoIepeyHoro macuraba B oOLIeM ciiydae ciefyeT Hc-

M0JIb30BaTh TPEXMEPHYIO MOEiIb BOJIHOBOAA. Ecim koadduimeHt npoctpan-

CTBEHHOH KOTEPEHTHOCTH OINPENEIATh TPaJUIMOHHBIM 00pa3oM OH OyJeT UMeTh

CJIOKHYIO HHTEP(QEPEHIIMOHHYIO CTPYKTYpY. Takas CTpykTypa popMUpPYyeTCs, KaK

OTMEYaJIOCh BBINIE, 332 CUET KOTEPEHTHOTO CJI0KEHHs OOJBLIOro Yuciia pasind-

HBIX JIyueBbIX KoMIOHeHT. KorepentHocts BU I'A mosnst mpu pacnpocTpaHeHUN

YMEHBIIIAETCSl TI0 Mepe OCIadJeHUs] MEeXIIy4eBoW KorepeHTHOcTH. Ilpu sToMm,

nose GopMHUpyeTcsl YK€ CyMMOH HEKOT€PEHTHO CKJIAJIBIBAEMBIX JIYYEBBIX KOM-

MOHEeHT. B ciydae, Korga AnMHA KOTEPEHTHOCTH JIy9YEBBIX KOMITOHEHT MHOTO

GoJIbIIIe TTPOCTPAHCTBEHHBIX 3a/EPKEK MEXKITy OTACIbHBIMHU Jy4E€BBIMH KOMIIO-

HEHTaMHU B TpefieNiax MpHeMHBIX ameptyp, BU ['A mome OymeT KOrepeHTHBIM,

OJJHAKO OHO MOJKET MMEThb CIOXKHYI0 MHTep()EpPEeHLHOHHYIO CTPYKTYpY (CIIEKII-

CTPYKTYpY XaoTudeckoro Bunaa). KorepentHas o6paboTka Takoro poja BBICOKO-

repeHTHBIX BU ['A curxaioB Bo3MOXHA JIMIIb MPU y4eTe (KOMICHCAIIUH) BCEX

(ha30BBIX HAOETOB BCEBO3MOXKHBIX JIyYEBBIX KOMIIOHEHT JUIS IIPHEMHHUKOB B TIpe-

Jienax MpUeMHOW arepTypbl. it 9TOro HeoOXOAMMO pacCUMTHIBATH COOTBET-

CTBYIOIIIUE arlepTyPHbIE MHOXKUTEIH C MIOMOIIBIO aJIEKBATHBIX MOJIEINEH JIst pac-

yeta BY I'A mosis B BOJHOBOJIE B OTCYTCTBHE CIIyYalHBIX HEOZHOPOJHOCTEH.

Kpome Toro, HeoOX0MMO HCIOIB30BaTh aKTyalbHbIE JaHHBIC ONEepaTHBHON OKe-

aHOJIOTHH O cTpoeHnH ['A BOJIHOBOAA M O MapaMeTpax CIydallHBIX HEOJHOPOA-

HocTel. Kak Mmoka3bIBalOT aHAJIM3 U 3KCIEPUMEHTBI, OPIraHU30BATh TAKOW MpUEM

MPaKTUIECKH HE MpecTaBiseTcs Bo3MOKHEIM [4]. Kak ciexyer u3 pe3yiapTaToB

[IPEIBAPUTEIIBHOIO aHANIM3a CTPYKTYphl IIPOCTPAHCTBEHHOM KorepeHTHocTH BY
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T'A mons, ucnonp3oBaHne KorepeHTHOU 00paborkm BYU I'A curHanoB TpymaHO
peann3yeMo Hu3-3a CI0KHOCTH MHTEPEPEHIIMOHHONW CTPYKTypsl mois. [Ipu pa-
6ote UCCITH mpenmnonaraercst HCIOIb30BaHAE UMITYIbCHBIX ['A cHTHAIOB.

§ T 2 g P

o Tk o =n T s 100

Puc.5. Ppacnpenenenue chokycuposanHoro BU I'A monst B BosHOBOZIE B BEp-
THUKAJTBHOM CEYCHUH, 0003HAYCHHOM OYKBOH R.
B stoMm ciyuae mpu ouenke xorepeHTHocTH BY I'A mond cnemyeT y4nThIBaTh
JIOTIOJTHUTEBHO U MEXKITY4EBYIO JUCIEPCHIO, KOTOPask IPHUBOAUT K PACIUIBIBAHHIO
CyMMapHOro MMmmyJjbca no ocu 3aaepxek. Kak n B cayyae HY I'A curnanos,
MIPEOJI0NIETh yKa3aHHbBIE TPYJHOCTH BO3MOXKHO MPH HCIIOJIB30BAHUH TPH HAOIII0-
JICHUY MHTEHCHBHBIX M BBICOKOKOTEPEHTHBIX BOJHOBBIX KOMIOHEHT ['A moisl.
OTO MOXKHO OCYLIECTBUTH C ITOMOIIBIO COIJIACOBaHHBIX ¢ I'A BOIHOBOIOM IIpoO-
CTPAHCTBEHHO-YaCTOTHBIX AalepTYPHBIX pacCHpesesleHUH, MO3BOJIAIOIINX H3ITy-
YaTh U NPUHUMATh CPOKYCUPOBAHHbIE B HY)KHYIO TOUKY HaOJI0/ICHHS KOMIIOHEH-
1ol BU I'A noms. Ha puc. 5 noxasansl pe3yabTatsl pacderoB BU I'A moms, Bo3-
Oy>k1aeMoro BEepTHKaJIbHOW OrpaHMYEHHOTO pasMepa pemeTkoil u3 30 nzimydare-
Jei, pu ero (JOKyCHpOBKE B 33JaHHYIO TOUKYy HaueianBaHus [8]. DoxycupoBka
OCYILECTBIISIIACH ISl YCIOBUM MEJIKOrO MOPs ¢ 3UMHEH ruaponorueil. Pacuerst
MPOBOJWINCH C IOMOIIBIO JIyuyeBoH mozaenu pacueta ['A mons. AnepTypHble
MHOKHUTETH BO30YKICHUIO TOJIBKO pedpakinoHHON 00BeMHOM BOMHEL [Ipm Ta-
KO (hOKYCHpOBKE ApYyrvue BOJTHOBOJAHBIE KOMIOHEHTHI CYIIECTBEHHO OCHa0Is-
JHCh, KaK 3a CUYET PEHICTKH, TaK M 33 CYET MOTePh MPU OTPAKEHHH OT TPAHUIL
BOJIHOBOJA. KorepeHTHOCTh Takoro c(hOKyCHpOBAaHHOTO COTTIACOBAHHO C BOJIHO-
BosoM BU I'A mosnst popmupyercst paccessHueM JIMIb Ha 00bEMHBIX CIy4ailHbIX
HEO/IHOPOJHOCTSIX OKEaHW4eckoW cpenbl. Kpome Toro, mHTEpdepeHIHMOHHBIE
takoro cdokycupoanHoro BU I'A mosist cymiecTBeHHO mojaBieHbl. Kak moka3si-
BAlOT CpPaBHEHMs, UHTEHCUBHOCTH (hoKycupoBaHHOro ['A mojsi ¢ BbLIEICHHEM
TOJIBKO BOJTHOI KOMIOHEHTBI 1 MHTEHCUBHOCTH ITpu (hoKycupoBke Bcero I'A mo-
15, B YaCTHOCTU M KOMIIOHEHT, OTPa’KE€HHBIX OT MOBEPXHOCTH, OTIUYAIOTCS HE
3HauntenbHo (Ha 10-15%). AHanornunyro (OKyCHpOBKY CIEIyeT BBIOJIHITE U
MIPUEMHON pEIIeTKOH, 4To obecneunBaeT HAOMIOJEHNE C TTOMOIIBI0 WHTEHCHB-
HBIX U BbICOKOKorepeHTHBIX BU ['A koMmoHeHT. DTO obecnieunBaeT ociadiieHue
MOTeph aKyCTH4YecKoi >Heprum, mopbimieHue gyBctButensHocTH MCCITH. Kax
IIOKa3bIBAET MPOBEACHHBIN B paboTe MpenBapuUTEIbHBI aHAIN3, KOIr€PEeHTHOCTb
I'A mosisi IMeeT MHOTOKOMIIOHEHTHYIO CTPYKTypy. Kaxast u3 KOMIOHEHT mouist
UMEET COBOIO, IPUCYIIYIO €l KOIepeHTHOCTh M WHTEHCHUBHOCTb. llombITKa Hc-
noJbp30Bath 1pu ['A HaOJIIOIEHUN BCE BOJHOBOJHBIC KOMITOHEHTHI NPHBOJIUT K
CYIIECTBEHHBIM SHEPreTUYECKHM TOTEPsIM M OCIa0JICHHIO YyBCTBUTEIHLHOCTH.
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N36exarh X MOXHO, €CIIH MOJICIN PacyueTa, MUCIOIb3yeMble, ISl KOTePeHTHOM
00pabOTKH CIIOCOOHBI OMMUCHIBATh U BCE OCOOCHHOCTH (POPMHUPOBaHUS HHTEp(e-
pernuu I'A monst, s 4ero HeoOX0ANMO UMETh B HaJIMYHE TTOAPOOHYIO ITOCTOSH-
HO OOHOBIISIEMYIO 0a3y OKeSaHOJIOrHYecKnX AaHHbIX. [I0CKOIbKY MpakTHYEeCKUX
BO3MOXKHOCTEH y4yera BCEX aClEKTOB M3MEHYMBOCTH OKEAaHHYECKOW Cpelibl Her.
OcraeTtcs JIUIIb UCIIONB30BATh MTPU HAOJIIOIEHUN TOJIBKO OT/ENbHbIE BHICOKOUH-
TEHCHBHBIC U BBICOKOKOT€PCHTHBIC BOJTHOBOTHBIC KOMITOHCHTHI.
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VYK 534.222.2; 551.463.2

B.A. Byaanos, U.B. Kopckos, I1.H. ITonos, A.B. Ctopo:xkenko

PACCEAHUE BBICOKOYACTOTHOI'O 3BYKA U PACIIPEJAEJIEHUE
300IIJIAHKTOHA B BEPXHEM CJIOE OKEAHA

TuxookeaHCKUI OKEaHOIOIMYeCKU HHCTUTYT uM. B.M. Mnbuuesa
JlansHeBocTouHOTO OTHEneHUsT PAH

Poccus, 690041, Bnaguocrok, bantuiickas, 43

Temn.: (423)2374913; dakc: (423)2311400, E-mail: bulanov(@poi.dvo.ru

Ilpeocmagnenvt pesynvmamol UCCIe008aHUL PACCESHUS 38VKA 8 GepXHeM
Cll0e oKeana, NoyyeHHvle 6 pasiuuHvle 200vl. Hamepenus koappuyuenmos pac-
CesHUSA 38YKA NPOBOOUNIUCHL HA XOOY CYOHA U HA OMOENbHbIX CIAHYUAX HA 8blCO-
xux uacmomax om 100 0o 250 Iy 6 paznuunsie 200wt ¢ 2001 2. no 2014 2. Iloka-
3aHO, YMO AKYCMU4ecKas oYeHKa duomaccel cognaoaem c pesyiomamamu OUo-
Jlo2UYeCcKUx usmepenuil in situ.

Bounpiryro posis B paccestHUM 3ByKa MIPAlOT IUIAHKTOHHBIE COOOIIECTBAa U
BE/IyIlee MECTO B MEPAPXHUU PACCESHMS 3aHMMAIOT pa3lIMuHbIC BBl 300TIIaHK-
toHa [1-5]. Koaddurment paccesHus 3Byka my OnpenenseTcss OOBIYHBIM BBIpa-
JKCHHUEM, YUUTBHIBAIOIIUM (DYHKIMIO pacrpe/eseHus] BKIOUYEHHN 10 pa3MepaM B
BUJIE:

lmax
m, = j o()dN (D), (1)
Imm
rJIe Pa3MEPHOCTh CEUCHHUsSI PACCESIHUSI G OJIMHOYHBIM OPraHM3MOM OOBIYHO 3aj1a-
10T B M , ¥ TOrJa pa3sMepHOCTh Kod(uumenta my omnpenensiercs kak »~ . Ha
MPaKTHKE PACcCEesHUE 3ByKa ONpeleNsieTcsi KOdQPUIMEHTOM pacCesiHusl, dKCIe-
pUMEHTAIbHOE 3HaUYeHHE KOTOPOT0o MOYKHO Hamucath B Buje [1-3]

— 2 2
m, =2/ n@*ct)(F, /P)", )
2 2

rae I, ~PB.°, I, ~P° - MHTEHCUBHOCTH NaJAI0IIET0 HA HEOJHOPOJHOCTb U pac-
CEeSHHOIO 3ByKa COOTBETCTBEHHO, IIpH 3ToM F U F,. - COOTBETCTBEHHO, aMILIU-
TYJIbl AJIAIOLIEH HAa 00beM V BOJTHBI M paccesiHHOW B 0OpaTHOM HarpaBiieHuH, V'
- UMIYJIbCHBINH paccenBaromuii o6beM cpensl, V =7zr’@°cr/2, 6 - mmpuna
JiarpaMMBbl HalPaBJICHHOCTH M3Jy4aTels, ¢ - CKOPOCTh 3BYKa, 7 - JUIMHA HM-

MyJbca 3ByKa.
C xonna 1980-x romoB mosBuiIcs pan Moxenei [1, 3], koTopsie MO3BOJIAIOT

MO JTOCTATOYHO TPOCTHIM (POPMYJIaM BBIYHCIUTH KOIPPHUIUESHT paccesHusl 3ByKa
Ha OOJIBIINX M CIIOXKHBIX 10 (hOpME OAMHOYHBIX 00BbEKTaX, HANPUMED, Ha ci1abo
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M30THYTHIX IWIMHAPAX KOHEYHOW IVIMHBL. B 3TOM cityyae ygaercst OEeHHTh KO-
3¢ duUIMeHT paccesHHS HE TONBKO PHIOAMH W IDIAHKTOHOM MAaJoro pasmepa
(MeHbIIIe IIMHBI BOJHBI 3BYKa), HO W OONBIIMMH PHIOAMH W 300IDIAHKTOHOM,
Hanboee CUIbHO PacCEHBAIOIINM 3BYK. BBIACHUIIOCH, YTO HA BBICOKHMX 4acTOTax
3BYyKa OCHOBHOE PaccesHHe 3ByKa MMEET OMOJIOrn4ecKoe MPOUCXOKACHUE U 3Ha-
YUTENIbHAsl YacTh €r0 CBs3aHA C PAcIpe]eNICHHEM IUIAHKTOHAa B MOPCKOHM BOjE
[2 - 4]. Huxe npencraBieHsl pe3yibTaThl HCCIEAOBAHUN paccesHus 3ByKa, KOTO-
pble MPOBOJMIIMCH HA X0y Cy[IHA U Ha OTAEIBbHBIX CTAaHLMIX Ha 4acToTax oT 100
J0 250 kI't; ¢ 2001 1. mo 2014 .

B ocHOBY akycTHdeckoil OLIEHKM OMOMAacChl B MOPCKOW Cpene IOJIOKEeHA
CBSI3b MEXKTy KOI(PHUIMEHTOM paccesiHus 3ByKa my U paclpeesieHneM Onomac-
Cbl B MOPCKO¥1 cpene m, . IlocTanoBKa 3a1a4u B OOWIMX 4ePTax TPAAMLMOHHA.

HoBblIii oAX0/1 3aKITI0YAETCSsl B MCIOIB30BAHNH TTOYIMITUPUYECKUX (QOPMYJT JUIs
CEUCHHMSI pacCesHHs Ha OJMHOYHOM BKIIOUYEHHM M JBYX MPAKTHYECKH BayKHBIX
TUTIOB (PYHKIHUI pacmpeneNieHns BKIIOUEHHUN 10 pa3MepaM, KOTOPBIH MO3BOIIII
BBISIBUTH CBSA3b MEKIY IKCIIEPUMEHTAIBHBIMU M TEOPETHUECKUMH XapaKTepPUCTH-
kamu [4, 5]. OOmee BeIpakeHHE, MO3BOJIAIONIEE MO AKCIEPHUMEHTAIBHBIM JIaH-
HBIM ISl 7, TIOJy4YaTh JAHHBIE 1O PACTIPEIEICHUI0 OHOMACChl 7, B pamKax

JIBYyX paclpeesneHuil — creneHHoro (P) u rayccosckoro (G), MOKHO Hamucath B
BHUJIE:

mg(P,G) (r, f) = D(P,G)(f)mV r.f), 3)

rae kodpdurment DY (f) 3aBUCHT OT YacCTOTBI, UMEET CIOXKHBIH BUI U MO-

JIpOOHO MpoaHaTU3UpoBaH B pabore [4].

TunmuHoe pacnipenenenne KodpQuIenTa paccestHus 3Byka Ha yacrtore 100
k[ '11 BIOJIB Tpacchl B TPONMMYECKUX BOJAX OKEaHa MPE/ICTAaBICHO Ul ApaBHICKO-
To MOps Ha puC. |, U3 KOTOPOTO BUIHBI SIPKO BBIPAKECHHBIE CYTOYHBIE BapHAIN
m,, , HAJIOKCHHBIC HA TPEHA 71, BJOJb JJIMHHOMN Tpacchl Ha paccTostHuM 1500 kM

OT oTa K CeBepy MpH cpeaneM crhane 5.6 nb. Ha puc.2 mpencraBieHo n3MEHEHHE
BO BpeMeHH KOX(PPHUIMEHTa paccesHus 3ByKa Ha gacTote 138 xI'11, momydeHHoe ¢
HOMOIBI0O MHBEPTHPOBAHHOI'O M3JIydaTelisi, yCTAHOBJICHHOTO Ha JHE B LIelb(o-
BO#l 30He fImonHckoro mops (Oyxta Butsasp, 100 kM k rory ot BmagmBocToka).
XopoI110 BUAHBI CYyTOYHBIE BAPHALMH PACCEsHUs 3ByKa U NPUIMBHBIC BapHaLlUU
riryOuHbEl Mopst. CliielyeT OTMETHTh OOJIBIIYI0O BEIMYHHY W3MEHEHHH 1, , TOXO-
JUIUX B Makcumyme 10 40 nb, 4To CyIIecTBEHHO MpEBBIIACT 3HAYCHHUS Bapua-
Uil m, , NOdy4eHHbIX B IoyOokux Mopsx. B 3amuse Ilerpa Benukoro Snoncko-

TO MOpS Ha TPOTSHKCHUU OOJBIICH YacTH To1a Hauboiee MHOTOYHCIICHHON TPYII-
MOW TUTAHKTOHHBIX COOOIIECTB SBIISIOTCS KOMETOABI [6], IPH 3TOM TOMHHUPYIOT
2 pona xomero: Acartia u Oithona ¢ mmHOM ocodu 1 u 0,3 MM COOTBETCTBEHHO.

Ouenka D mna wactorsl /~250 k' naer D7 ~4*10* r-m/n = 4*¥10'° mr/m>.
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Puc. 2 CyTOqHa;I U3MEHYMBOCTD 777, Ha

mesnbde SnoHckoro Mopst

Ha puc.3 npencrasneHo pacnpesieieHue MIaHKTOHa 71, (1) MO JaHHBIM O

paccesHun 3ByKa mi, (I") BJOJIb MPOTSAXKCHHBIX TpacC MJIA pas3iInYHbIX paﬁOHOB

MupoBoro okeaHa, MoJIy4eHHBIX B KpyrocBeTHOH skcnenuuuu Ha [TYC "Hanex-

na" B 2003-2004 rr. [5].

[IpoBeneHsl cpaBHUTEBHBIE HCCIIENOBAHMS paccesHus 3ByKa B SIMOHCKOM
Mope u BocTouHoi ApkTrke (UykoTckoe Mope), oka3zaHHble Ha puc.4. Ha Bpes-
K€ MpeJ/ICTaBIeHa KapTHHA MOIYyCyTOYHBIX Bapyalrii 3ByKOPAaCCEUBAIOINX CIIOEB
Ha ctaHnuy 4 B UykorckoMm Mope. CepbIM [IBETOM Ha IIKajJe BPEMEHH BBIICICHO
TEMHOE BpeMsI CYyTOK Ha KakKao# craHimu. McciaenoBaHus BBISIBUIM CYIIECTBEH-
HO OoJblliee paccesHHe 3BYKa B BOCTOYHOW APKTHKE, UTO CBA3aHO C OOJbIIEH
KOHIICHTpAIleH TUTAaHKTOHA (CM. TaHHBIE Ha PUCYHKE 4).

0 500

I, KM

Puc.3. Konnenrpauus miaHKTOHa

mg (l") IO JaHHBIM O paCcCeIHUU 3BYKa

BJIOJIb TPACC ISl PA3IMYHBIX PAOHOB
Mupogoro okeana (2003-2004 rr.).
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BaxHoll XapaKTepUCTUKON paccesHus 3ByKa B MOPE SIBISIIOTCSI CYTOYHbIE
BapHanuy Kod(pHUIMEHTa paccesHus 3ByKa. B riryOOKOBOJHBIX MOpPSIX Ha Cpel-
HUX M 3KBATOPHAIBHBIX IMMPOTAX OOBIYHO YETKO BHAHBI CyTOUYHBIC BapHAINN
ko3 dunmenra paccesHus 3Byka [4, 5], 00yclIOBICHHbIE CYTOUHBIMH MEpEMele-
HUSIMH TUTAaHKTOHA 1O riryouHe. OcoOblil ciiyyail MUTpanu IUIAHKTOHA IIpe.-
CTaBJIAIOT PE3yJIbTATHI, MOy4YeHHbIE B UyKOTCKOM Mope (Bpes3ka puc. 4) amis Ko-
s¢dunuenta obparnoro paccesuust S, =101g(m, ) u kpusas 4 Ha puc. 4. U3

BPE3KH pHC. 4 CleayeT, 4To MOBEACHHE TUIAHKTOHA 110 TTyOuHE MPOUCXOIUT NHA-
4e, HeKJIaCCHYEeCKUM 00pa3oM: B TEMHOE BpEMs CYTOK OHHM He TPHOIMKAIOTC K
MOBEPXHOCTH.

Takum oOpa3om, B paboTe CONOCTABIEHBI PE3yJIbTaThl aKyCTHIECKUX HCCIIe-
jqoaHuil B TuxoMm, MHauniickomM M ATIaHTHYECKOM OKE€aHaX, INPOBEIEHHBIX B
2003-2004 rT. ¢ pe3ynpTaTaMu, MOTyIeHHBIMU B JaJTbHEBOCTOYHBIX MOPSX B pa3-
mmanbie rogsl ¢ 2001 r. mo 2014 1. u B Mopsix BoctouHoi Apktuku B 2013 T.
Amnanu3 paccestHuS 3ByKa B SITOHCKOM MOpE M BOCTOYHOM APKTHKE BBISIBHII CY-
IIECTBEHHO OOJIbIlIEE paccesiHUE 3ByKa B BOCTOUHON APKTHKE, YTO MPEIOI0KH-
TEJILHO CBSI3aHO C OOJblIeH KOHLEHTpAIMel NIAHKTOHA B BEPXHUX CJIOSIX apKTH-
yeckux mMopeil. OOHapyKeHO, 4TO CyTOYHasi MUTpalys IJIaHKToHa B UyKoTCKOM
MOp€ OTJINYAeTCsl OT MUTPALMU TUIAHKTOHA B SIMOHCKOM MoOpe.

Pabora BhImonHena mpu nozanepxkke npoekra Ne 15-1-1-046 mporpamMmbl
" Nanbuuii Boctok" JIBO PAH.
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Obcysrcoaemes npubIUNCEHHDIL TYYe8Ol NOOX00 Ol OYEeHKU COBMECHHbIX
CMamucmuyeckux MOMEHMo8 aMIIUmMy0 MO0 HA PA3HBIX 4ACTOMAX 6 BOJIHOB00E
¢ prykmyayusmu ckopocmu 36yKa. Ananumuyeckue 8blpasiceHusi Oisi MOMEHMO8,
NOJYYEeHHbLE HA OCHOB8E NPUOIUICEHHO20 DeuletUst YPAGHEHUs 3auMOO0eticmeust
MO0, NO360JUNU HAUMU 3AKOH NO00OUs, YCMAHAGIUSAIOWUTI CE853b MelCOy aM-
nauUmyoamu Moo ¢ 0OUHAKOBbIM OMHOULEHUEeM HoMepa Moobl K yacmome. [Ipu-
MEHUMOCb 00CYAHCOAEMO20 TIYHEe8020 NOOX00Ad NPOOEMOHCMPUPOSAHA C UCHOJIb-
308anuem mooenuposanus memooom Monme-Kapno 0ns moodenu noosooHo2o
aKyCcmuiecKko2o 60IHO0800d 8 21Y6OKOM Mope.

PaccmoTpuM AByMEpHYIO MOJIENb ITOJBOIHOIO aKyCTHYECKOTO BOJIHOBOIA C
ToJIeM CKOPOCTH 3BYKa ¢(r,z) = ¢(z) + éc(r, z), Tae r — nuctanuwms, z — ri1yGusa,
¢(z) — HEBO3MYILEHHbIH MPOpHIL CKOPOCTH 3BYKa, Oc(r,z) — BO3MYILEHHE CKO-

POCTH 3ByKa, WHAYLHUPOBAHHOE CIyYallHBIMH BHYTPEHHHMH BOJIHAMH. BBeaem
3 PEKTHBHYIO CKOPOCTH 3BYKA Co, YIOBICTBOPSIOIIYIO YCIOBHIO \E (z)- Co‘ <<c,-

Jlnst onvcaHus 3BYKOBOTO TIOJISL HA HECYIIEH 4acToTe f BOCIIONIB3YyEeMCsI €ro pas-
JOKEHHEM TI0 COOCTBEHHBIM (YHKIWSAM HeBO3MyIIeHHOW 3amaun IlItypma-
JnyBwwiss P, s (z ), TO €CTh [0 MOJIaM HEBO3MYIIEHHOI0 BOJIHOBOAA. B mpucyr-

CTBUM BO3MYLICHHS OC aMIUIMTYABI MOZA di/(7) CTAHOBATCS CIly4alHBIMH (DYHK-
OUAMH paccTosHus. OIHOM M3 KJIACCHYECKUX 3a/ad aKyCTHKH OKeaHa SBIACTCS
pacueT CTaTHCTHYECKHX MOMEHTOB aMIUIUTYJl MOJ, Yepe3 KOTOPbIe BBIPAKAIOTCS
CTaTUCTUYECKHE MOMEHTBI CYMMapHOT'O BOJIHOBOTO TTOJISI.

TpaaUIUOHHBIA TOAXOM K PEIICHUIO 3TOH 3amaun chopMysupoBaH B pabo-
Tax [1,2]. B ero ocHoBe 5exxar ypaBHEHHs NepeHoca i BTOPHIX CTaTHCTHYe-
CKUX MOMEHTOB aMIUIUTYH /), TIOJTyUYCHHbIE B MAapPKOBCKOM NPHOIMKEHHH.
AJNbTEepHaTUBHBIM METOJ OIMCAHWS CTATHCTHKN aMIUTUTYJl MOJ IIPEIJIOKEH B
pabore [3]. On 6a3upyeTcst Ha aHATUTUIECKOM PEIICHUN YPABHEHUH /ISl aMIUTH-
Tyn Mo (B aHTIIOA3BIYHOM JHTEpaType uX HasbpiBaioT mode coupling equations),
HaliJICHHOM B BBICOKOYAaCTOTHOM NpHOIIKeHHH. 3-3a HCIOIB30BaHUS BBICOKO-
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YaCTOTHOTO TPUONIKEHUS JaHHBIN MOIX0] UMeeT Ooliee y3Kyr0 00IacTh mpuMe-
HUMOCTH, YeM TPaJULHOHHBIA, HO 3aTO OH MO3BOJIACT MOJIydYaTh OTHOCHUTEIILHO
NPOCTHIC aHATIMTHYECKIE OLIEHKH COBMECTHBIX CTAaTUCTHYECKUX MOMEHTOB JIF000-
To MOpPsAAKa HA Pa3HBIX YaCTOTaX.

B pa6ote [3] nokaszaHo, 4To 1npu Bo30YkJICHHUH OJIsl HA YACTOTE f TOYEUHBIM
HCTOYHUKOM -5l MoJa 3((EKTUBHO B3aUMOICHCTBYET C COCEAHMMH MOIaMHU
NIPU PacCessHUM Ha HEOAHOPOIHOCTSIX CPEIbl, PaclojOKEHHBIX B OKPECTHOCTSIX
JIBYX TaK Ha3bIBa€MbIX MOJIOBBIX JIydel, TPaeKTOPUU KOTOPHIX MbI 00O3HAUYUM
Z’i /(r). DT Jy9H BBIXOZAT M3 HCTOYHUKA [OJ PABHBIMU IO MOIYJIO H IPOTH-

BOTIOJIOKHBIMU TI0 3HAKY yTJIaMU M UMEIOT TOUKH MTOBOPOTA Ha ITyOWHAX, COBIIa-
JAIOIKX C TOYKaMH MoBOpoTa m-i mMozapl. B mpubmmkennn BKB coOctBenHas

dyHKIHS nmeer BUJI P s (z) =0, @D+, ,(2); riue
(p;’/ (z)= A, (z)exp(i ik®, (Z)), k = 2nflco, a siBHBIA BUI QYHKUUHA Ay U Dy, s

XOpOIIO M3BECTEH. B HEBO3MYILIEHHOM BOJHOBOJE BEIMUMHA dy,; HE 3aBHCUT OT
JVICTAaHLUY U PaBHA ¢, /(Z0), 1€ zo — ITyOMHA uctouHuka. B [3] mokazano, uTo B
NPUCYTCTBUH BO3MYILLICHHS CIIPABEIHBO NPUOJIMIKEHHOE BBIPAKCHUE

a, ()=, (z)explikX}, , ()+ @, () explikx; (7). (D)

roe X ROE _i-[or dr'&:(r',z,i ,»(V'))' B npeamonosxeHuu, uyTo Ciy4aiiHble
: ¢ .

Habern (a3l BIOIb TPAEKTOPHEL MOIOBBIX Jydel kX /(r) — rayccoBsl cirydaii-

HBIE BEJIMYHMHBI C HYJIEBBIM CpeAHUM, U3 (1) JIETKO MoydaroTcs aHaINTHYECKHE
BBIPAKECHUS JUIS JIIOOBIX COBMECTHBIX MOMEHTOB aMIUTUTY]l MOJ, B TOM YHCIE U
JUIs aMIUIMTYJ] Ha Pa3HbIX 4acToTaX. SIBHbIE BBIpaKEHMs JJISI 3TUX MOMEHTOB
HaXOJISITCS C MTOMOIIBIO M3BECTHOM (DOPMYJIBI JJIsl CITy4ailHO# rayccoBOi BeIHYH-

HBI (L C HYJIEBBIM CPEIHUM: <exp(i0()> = exp(— <a2> /2). CornacHo nanHOM (op-

Mmysie u (1) ar000# CTATUCTHUECKUIT MOMEHT aMIUTUTY]T MOJ, BKJIFOYas MOMEHTHI
aAMIUTUTYJ, Ha Pa3HBIX YacTOTaX, BBIPAXKACTCS Yepe3 CTATHCTUICCKHAE MOMEHTHI

< X (NX : / (r)> , KOTOpBIE JIETKO BBIP)KAIOTCS Yepe3 MHTETrpajbl OT (QyHKIUH
2 1-/1

KOppEeISIIH BO3MYIIeHUs oc [4].

B pabote [4] meTomom MonTte-Kapio mpoTecTupoBaHa MPAMEHUMOCTH 00-
CY’KIaeMOro IoIX0/a B IIyOOKOBOAHOM IOJBOAHOM 3BYKOBOM KaHaie ¢ (IIyk-
TyalsiIMU CKOPOCTH 3BYKa, BbI3BAHHBIMU CIy4YailHBIMH BHYTPEHHHMH BOJHaMH
CO CTATHCTUKOM, 3aJaHHON AMIUpHUYecKUM criekTpoM ["appera-Manka. 3BykoBoe
MoJIe B OTJEIBHBIX pealn3alisiX PacCUUTHIBATIOCh METOJOM HIMPOKOYTOJIBHOIO
napaboIMYecKOro ypaBHEHHUsI M PacKIaJbIBAIOCh M0 MOJIaM HEBO3MYIIEHHOT'O
BOJIHOBO/a. CTaTHCTHYECKHE MOMEHTHI aMIUIUTYZA MOJ BBIYHCIIINCH yCpeIHe-
HHEM [0 pealn3anusM Bo3MyIlleHHs. OKa3ajoch, YTO MOIyYCHHBIE PE3yJIbTaThl
ObUTH ONTM3KM K aHAITMTHYECKUM OLIEHKAM, MOJIy4YEeHHBIM C IIOMOIIBIO 00CyX1ae-
Moro noaxozaa. TecTupoBaHne OBIJIO OCYIIECTBICHO HA Tpaccax UIMHOM Mopsiika
HECKOJIBKUX COTEH KIIIOMETPOB Ha oHOM gacToTe f= 100 I'mr.
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B nmanHOl paboTe MBI MPENCTaBUM PE3yIbTaThl TECTUPOBAHUS (AJIsI aHAIIO-
THYHOH MOAEIN ITyOOKOBOIHOTO BOJHOBOJA) (POPMYJ IJIsi COBMECTHBIX BTOPBIX
CTaTUCTUYECKUX MOMEHTOB aMIUTUTY I MOJ Ha pa3HbIX yactoTax. Ha puc. 1 moka-

3aHbl PE3yJIbTaThl pacyeTa MOMEHTa <am’f+ Afa;’f>, rJie 3BE3/104Ka BBIPAKAET

KOMIIIEKCHOE conpsikeHne, Ha quctadiusax 200 u 400 kM a7 LeHTpalbHON 4Ya-

ctotbl /=105 't u m = 60. ITone Bo30yk/1aeTcst TOYEUHBIM UCTOYHHKAM Ha IITy-
Oune zo = 1 kM.

00 — 200 km, PE

02r Alat & 200 km, ray
A - - —400km, PE

0 400 km, ray

0.044 b

o
Or

o 00006000000aaa00 7L i g

20 15 10 5 0 15 20 25

=]
w

Af Hz

.
Puc. 1. [Ipumeps! pacyera CTaTUCTHUECKOIO MOMEHTA <am‘ v f> Ha JIMCTaH-

msix 200 kM (crutomrHast TMHUS — MeTo MonTe-Kapio, TpeyroiabHUKH — aHaH-

THueckas onenka) u 400 xm (crutomHas smHHS — Metoq Monre-Kapio, Tpe-
YTOJILHUKHU — aHAJTTUYECKAst OLICHKA).

AHaNUTHYECKOe ONMCAHUE TO3BOJISIET YCTAHOBHUTH 3aKOH ITOJOOMS, CBS3BI-
BAIOIIMI aMIUTUTY/IbI MOJ] Ha Pa3HbIX YaCTOTAX C OJMHAKOBBIM OTHOILICHUEM 71/f.
31ech MBI OCTAHOBUMCS Ha MPOSBICHUH ATOrO 3aKOHa mopobus B dopme QyHk-

on ‘<am+Am,/+A/am,/ >

[PU OJTHOBPEMEHHOM Pa3HECEHHHU 110 HOMEPY MOJIbI U yacTore. M3 3akoHa 1mojio-
Ousl cieayer, 4YTO Ha JOCTATOYHO JUITMHHBIX TPAaccax, Ha KOTOPBIX KOT€PEeHTHas
KOMITOHEHTA I10JIsl CYILIECTBEHHO 3aTyxJa (B Hallleil MOJeNi Cpeiibl Ha YacToTax
nopsiaka 100 I'q aTo mpoucxoaut Ha qucTaHImIX mopsaka 100 kM), MakcUMalb-
HBbIC 3HAYCHUS pacCMaTPUBAECMON (PYHKIIUH B TUIOCKOCTH (Am,Af) pacmooKeHbI
BIOJb mpsiMort Am/Af = — m/f. DTO npefcKa3aHUe COMIACYeTCs ¢ pe3yIbTaTaMHu
pacueTa, IpeICTaBICHHBIMU Ha pUC. 2.

, BBIpaKarolel B3aWMHYIO KOPPEJALHUIO aMIUIUTY] MOJ
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Puc. 2. Craructuueckmiit MomeHT st m = 33 u f= 105 I'm Ha puctanmumsax 200
KM (JeBblii cronber rpadukoB) u 400 km (mpaBblii cronben). Beepxy: pacuer
MeTozoM Monte-Kapio. BHU3y: aHamUTHYECKHE OLIEHKU.

Pabota BoInosiHEHA U oaepkke rpantoB POOU 15-02-04042 n 15-42-

02390.
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Ha ochoge uucneHHo2o MoOenuposanus 00pamHo20 pesepoepayuoHHO2O
paccesHus  MOHATLHBIX — CUCHANO8 NOKA3AHO, 4mo 01 psadd  2udponoco-
AKYCTMUYecKux cumyayuil npu UCHOIb308aHUU HANPABIEHHBIX NPUEMHBIX AHIMEHH
B03MOJICHO HABNI0OeHUe CUSHAN08 00BeMHOU pesepbepayuu ¢ NpedblieHuem Ux
VpogHell 8 npueme Had YPOGHIMU CUSHANO8 OOHHOU U NOBEPXHOCHHOI pesepie-
payuu u utymos Mopsi.

CucremaTndecKkye UcciaeJOBaHNs peBepOepaliiy 3ByKa B OKeaHe CTald Ipo-
BOIUTHC e ¢ KoHna 40-x romos[1,2]. OTu paboTel B OCHOBHOM OBLIH CBSI3aHEI
C PeIICHHEM 33/1a4 aKTUBHOM TMIPOJIOKAIINH, TaK KaK peBepOepaiioHHas loMe-
Xa CYIIECTBEHHO OTPaHNYMBAJIA JAIBHOCTD ACHCTBUS aKTHBHBIX THIPOJIOKATOPOB
[3]. Vxe B xome 3THX pabOT MOCTEIIEHHO BBISBUIICS PSI HOBBIX CAMOCTOSTEIIh-
HBIX HAYYHBIX TPOOJIEM, CBSI3aHHBIX CO CBOWCTBAMH JIOHHBIX OCAJKOB, penbeda
JIHa, TUIPOOMOHTOB, 3ByKopaccenBatomux cioeB (3PC) u apyrux crpykryp, B
TOHN WM MHOW CTENEHM BIMAIOLIMX HA PACCESHUE 3BYKa B MOPCKOH Cpele.

st Bo30yskneHus peBepOepaliy HCIOIb30BAINCh TOHAIBHO-UMITYJILCHBIC
U IIUPOKOIIOJIOCHBIE aKyCTUYECKUE CUTHAIIbI, @ TOHAIbHBIE CBEPX/JIMHHBIE CUT-
HaJlbl He MPUMEHSUINCh M3-3a MX HU3KoW MH(popmaruBHOCcTH. Kazanock, 4To uc-
cJIeIoBaHus peBepOepani OT CBEPXUIMHHBIX TOHAIBHBIX CHT'HAIOB OYIyT BOC-
TpeOOBaHbI sl 00eCIeyeHnsT ONMCAHUS MTapaMeTPUYECKUX peBepOepannoHHbIX
npueMHbIX napamerpuueckux anteHH (PIIITA) [4,5], no u qus PIIITA onum nHe
MIPOBOIMIINCH, YTO (paKTHYECKH TPUBENO K HemoHuMaHuio crienuduku PIIITA, B
TOM YHCJIE CHIIBHOW HECTaOMIIFHOCTH €€ paboThI [5] B pa3sNHUHBIX YCIIOBHX.

Kak 6pu10 yeranosieHo [5], cnydan padotocnocodHocTr PIIITA coBnmanamu
C IPOSIBJICHUEM B MOPCKOM Cpele AMU30AUYECKON aHOMaJbHO-BBICOKOW aMILIM-
TynHo Monynsamuu (AM) 00BEMHO-PacCeSHHOTO aKyCTHYECKOTO TOHAJIHHOTO
CUTHaJIa IPU €ro BCTPEYHOM HEJIMHEHHOM B3aMMOJEHCTBUU C CHTHajIaMu Oosee
Hu3koil yactotel (HY) B 00macTi 00beMHOTO paccesiHus B JajibHEM Mouie [5,0].
OTH HaOJIIOAEHUS IPOU3BOIMIIOCH B YCIIOBUSIX JUTMTENLHOrO (00BIYHO cBbIIE 10
MHUHYT) BO3JEHCTBHS Ha MOPCKYIO Cpely TOHAIBHOIO aKyCTHYECKOro CHIHasa
4yacToTOl [ (JMana3oHa CPEeIHNUX WM BBICOKMX YaCTOT) B TOPHU30HTAJIBHOM CEK-
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tope ot 90 mo 180° momHOCTEIO OT 0,03 M0 3,0 BT. OTHOCHTENBFHO PENKO CHTHAI
YacTOTH! f MOJYIMPOBAJICS MO aMIUIUTYZAE NMPH BCTPEYHOM (KOHTP KOJIMHEAp-
HOM) B3aMMOJEHCTBHH c3 OoJiee HIM3KOYACTOTHBIM curHaioMm F (F <0,3f) B 30He
00bEeMHOTr0 paccesiHus (B JajibHEM mosie 1o yactore f). PaccesHHbI B oOpaTHOM
HAMpaBJIeHUH CUTHaj f TPUHUMAJCS MPUEMHOW aHTEHHOM, HAlpaBJICHHOW Ha
nctroyHnuk HY akyctudeckux curHaioB (ucroib3oBanuch HY ToHanbHBIE U IIH-
POKOIIOJIOCHBIE CHT'HAJIBI OT M3Jly4arelsiel, yAaJeHHbIX Ha 3HAYUTEIbHOE PacCcTo-
SHUE OT NPHEMHOI aHTEHHBI W W3JIydaTelsl CUrHaja 4acToTel f). B ciydasx
HaOmoneHnit rimyookoir AM curnasia o0beMHON peBepOepalyy yKa3aHHBIA CUT-
Hall Ha BBIXOZE HANpPABICHHON NPHEMHOM aHTEHHBI 3HAYMTEIHHO IPEBBHIIIAI
YPOBHH IIyMOB MOpSI U JJOHHO-ITOBEPXHOCTHOH peBepOepanuy, KaKk Mpy Harpas-
JICHWH TIPUEMHOW aHTeHHBl Ha McTouyHMK HY curHama (puc.l, a), Tak u mpu
OTBOPOTE TI0 TOPU3OHTY B CTOpPOHY oT mcrounnka HY curaana (puc.1,6). ITo [5]
MIPEBBIIICHUE HAJ[ IIyMaMH
MoOpsi cocTaBisio oT 48 1o
53 nb (puc.l). OueBumHo,

y 4yro HaOJromaeMeie B [5,6]
T wampancwn mpnewsnea SQOEKTHI TPEGYIOT HE TOb-
clo e el KO TIOUCKA PEIICHUH B pam-
Kax HEeJMHEHHON M MoJeKy-
JISIPHOM aKyCTUKU MOPCKOM
SCUMMATOTPAMMA CHEHATA PeBepdepanun Cpeabl [6]9 HO U MOJACIINPO-

HAKIMIEN HPH Hanpapennn npuemunss BQHUS CBOﬁCTB O6’b€MHOI>'I
B (TOPOHY OO FOPHIOHTY 0T HCTOTHHEN

S0

50 2B a-

403k

30 Bk [T

20 1B

10 nB b-

N i 10 ey L cnrmana ma S rpaz () peBep6epaL{I/I$[ TOHAJIBHBIX
CHUTHAJIOB.
Puc 1 CnexTpsl 1 OCIMILIOrPAaMMBI CUTHAJIOB Jlns pemeHus 5Toil 3a-

peBepOepalny Ha BBIXOJIE MPUEMHOTO TPAKTA  jayy GbLIA BBINOJHEHA MO-
qudukanus pazpaboTaHHON
B 1985-1992 r.r. B AkyctudeckoM WHCTUTyTe M. akaa. H.H.Anapeesa mpo-
rpaMMbl THIPOJIOTMYECKUX pacueToB (obmiee pykoBojactBo — B.B.Bopomus,
MOJIeJIb JIy4eBOro pacrnpocTtpaneHus 3Byka — B.I1. Tebskun [7], anropurm pacye-
Ta peBepOepannonHoit momexu — B.H.I'onuapos [8]). IIporpamma npeanazHaya-
Jach ISl MOJEIMPOBAHUS OOHAPYKEHHSI HXOCUTHAIIOB Ha ()OHE IIYMOB MOpS H
peBepOepaliiOHHON TTOMEXH, O/IHAaKO IPH e TECTHPOBAHUH W BepH(UKAIMN aB-
TOpPOM OBUIO BBISBIEHO, YTO JAaHHAsA IPOrpaMMa MOXKET OBITh HCIIOJIb30BaHA M
IUTS pa3lielieHus] YpOBHEH JOHHOM, IIOBEPXHOCTHOW M 00bEMHOMN peBepOepariim.
[Ipn mpoBeZeHNH PacyeTHOrO MOAEINPOBAHUS ISl MEJIKOTO MOps (TiryOrHa
- 200 M) ObUTH BBIOpAHBI /IBa THIIA THAPOJIOTHYECKHUX YCIOBUI C BEPTUKAIBLHBIMU
paspe3amu ckopoctu 3Byka (BPC3) 3umuero u nernero tumoB (puc.2). s
«c1aboil JIOHHO-TIOBEPXHOCTHOW peBepOepannn» kodhuimeHT oOpaTHOro pac-
cestHusI OT JHa BeiOMpancst K;=-35 nb, ¢ TeMIOM CHIDKEHHSI OT yrila MaJieHus
0,35 nb/rpan; ko3 duireHT 00paTHOro paccesiHus OT nmoBepxHoctu Ki=-55 nb,
C TeMIlOM cHIDKeHust oT yria magenus 0,53 nb/rpan. Jlnst «cuimbHOM JOHHO-
MMOBEpXHOCTHOU peBepOeparum» Kp;=-25 nb u K;=-50 nb. Beicota BomHEHUS —
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0,35 M. Kospunment o6patnoro oobeMuoro paccesuus Kop=10" 1/m, mosoxe-
aue 3PC no rmyoune ot -10 mo -60 m. Hmke 3PC Ha rimyOune -65 M pacmomara-

Zhca O e JUCh M3IydaTeNlb W MpUeMHas aHTeHHa. Ya-
| suma 4 50 yLLneT0 | crota f BeiOupanace - 7 xI'1 [5], akyctuye-
H, ckasg momHocth — 0,033 BT, m3nyuarens —
wm —100 M~ -4 ummHApuYeckui, nuamerpom 0,1 M u BbIcO-
B Jdisi ol | Toit 0,4 M, anepTypa pAAOM PaCIONOKEHHOM
TUIOCKOW MPUEMHON aHTEHHBI - 2X2 M, IIIyMBI

200 M - . 0.5

1400 C,mlc 1500 1400 C,mic 1500 Mop 0’001 Ia Kru/(ru) '

3HavyeHst ypoBHEH peBepOepanroHHBIX

Puc.2 BPC3 CUTHAJIOB TPEACTAaBISUINCH B (OpME HHTe-

TrpajIbHOTO BKJIaJla yYacTKOB, PACIONOKEHHBIX B 30HE OT R 10 D ,rue R paccTosi-

HHE OT IPHEMHOIl aHTEHHBI JO Hadasa 30HbI pacyera, D — OKOHYaHNE 30HBI pac-
geta (D 6panocs 20 km), D > R:

D
ol (r)
I;(R) = j'—dr : (1)
% or
rie [ —MHTEHCUBHOCTD peBepOepalium, a | — 0003HaYeHre THIIA peBepOeparu.
I(R),0f ob 1 ol
ofbemHan 50 TOBEPXHOCTHAR | £ ofbemuan 50 NOBEPXHOCTHAR
50 pesepGepalys, W [1OHHAR pesepbepauys, # AoHHaR
40 Iuma 40 pesepbepauys, |40 ] 40P pesepbepaums,
30 : 30 e, 30 30 auma
20 W 20 20 20
10 10 BS {10 10 .. BY
o} a N0l a 0} & ol & \'\\
0 5 10 15 Rem 0 & 10 15 Rym O 5 10 15 Rgm 0 5 10 15 R.km
”m':‘; o beMHan ‘;g NOBEPXHOCTHAR U dOHHER g‘g oGbeMHan gg ILBEERCHOUTHEA M I0HHAR
a0l pesepbepauua, 40— pesepbepauua, neto 20l pesepbepaLuA, 0 \ pesepbepauna, neto
30 L neto 30 \ 30 . neto 20 e
i < N — T
20 — 20 BS {20 = 20 .
10 L 10 \ 10 e 10 ==
0 W o — {o Q{\ 0 i
10} a Vol @ ] 10 4 {10} & Y

1] 5 10 15 Rem O 5 10 15 Rxkm 0 5 10 15 Rkm 0 5 10 15 Rxm
Puc.3 Pe3ynapTaTsl MOIEINPOBAHUS YPDOBHEN peBepOepanu

PesynbraTel MozenupoBaHus HpeAcTaBiIeHbl Ha puc.3 mist ycmosuir B3C3
3UMHEr0 TUIa — BepXHUil paj, ans yciaosuit BPC3 netHero tuna — HUKHUHN psi.
Wunexcom «a» o003HavyeHsl pe3yabraTsl npu K;=-35 nb, K=-55 nb, a unaexcom
«0o» - mpu Ky=-25 nb, K;y=-50 nb, ypoBHU 00beMHON peBepOepammu - «V»,
YPOBHHU JJOHHO-TIOBEPXHOCTHOH peBepOepannu — «BS». MHTerpansHbie ypoBHH
MHTEHCUBHOCTH OOBEMHOH M IOHHO-TIOBEPXHOCTHOI peBepOepalyy JaHbl 110
BBIXOZy NIPUEMHON aHTEHHBI B JIOTapupMUIecKoll (opMe OTHOCHTENBHO yPOBHS
IIIyMOB MOpSI Ha BBIXOJIC IPUEMHON aHTEHHBI, MpuHUMaeMoro 3a 0 1b.

W3 momyueHHBIX pe3ynbTaToB (puc.3) ciemxyert, uto anst BPC3 3sumuero tuma
W MIPU 3HAYUTENBHBIX YPOBHIX 00beMHoro paccesuus (KOP=10-5 1/m) ypoBenb
00bEeMHOI peBepOepali MPEBOCXOAUT YPOBEHb TOHHO-IIOBEPXHOCTHON peBep-
6eparmu Ha 20 ob (mpu K/[=-35 nb, KII=-55 nb) u na 52 nb ypoBensp mymon
mopst (puc.3,V,a). [1pu nepexone k BPC3 nernero tuna npu K/1=-25 b, KI1=-50
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nb ypoBeHb 00BEMHOW peBepOepalii CTAHOBUTCS MEHBIIE YPOBHSI JOHHO-
MMOBEpXHOCTHOU peBepOeparmu (puc.3,BS,0). O4eBHIHO, YTO TPU CHIDKCHUH
KOP amxe 10-7 1/M, ypoBeHb 00beMHOI peBepOepaliii CTaHET HIDKE YPOBHS
JIOHHO-TTIOBEPXHOCTHON peBepOepaluy AJsl BCEX MPUHATBIX B pacderax THUIaX
BPC3.

[IpuBeneHHbIe Ha PUC.3 3aBHCHMOCTH TAKOKe SBJIAIOTCS (QYHKLMAMHU cliaza-
HUsI YPOBHEH peBepOepanny 1nocjie OTKIIUSHNs U3JIyYeHUs] TOHAIBHOTO CUTHAIA
(MOMEHT OoTKIItoueHHsI n3inyudeHus: coorBeTcTByeT R=0). [TonyuenHsie npu 3ToM
3Ha4YeHMs ypPOBHEW CHIDKEHHs peBepOepauuu (puc.3), B CHIY MX JUIMTEIBHOTO
TIPEBBIIICHHS HaJl YPOBHEM ILIYMOB MOpSI, OATBEPXKIAIOT BO3MOXKHOCTb peajv-
3a1K 00paTHOM MHTErpabHON peBepOepallioHHON TOMOrpad MOPCKHUX aKBa-
Topuii, mpemiokeHHoH B [9]. Ilpu sToM ams psima 4acTHBIX ciaydaeB (puc.3,V,a)
peBepOepanoOHHYI0 TOMOTPadHi0 MOXKHO MPOBOAWTH AaXKE€ HA OCHOBE aHAIM3a
Crajia TOJIBKO CHTHAIOB 0OBEMHOI peBepOeparny.
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10.M. 3acaasckuii, B.}O. 3acaasckuii, A.M. CokoB

O IPUMEHEHUM CKAHUPYEMOM BO31YIITHO-AKY CTUUECKOM
AHTEHHBI JJIA IIEJIEHT'A TOPOACKOI'O TPAHCIIOPTA

denepanbHOE TOCYIAPCTBEHHOE OFOJHKETHOE YUPEXKICHUE HAYKH
WucrutyTt npukinanHoi gusuku Poccuiickoii akanemun Hayk (MI1d PAH)
Poccus 603950, Huxuuii HoBropon, YibsiHosa yii., 46

E-mail: zaslav@ appl.sci-nnov.ru

Jlemoncmpupyemcsi 603MOAICHOCIb neNeH2d O8UICYUWe20cst 00bekma 20poo-
CKO20 MpAaHcnopma Ha OCHOBE UCNOJb308AHUA COOCMBEHHO20 G030YUIHO-
aKycCmu4ecko2o uymd, 3apecucmpuposaHno20 MHO2OKAHANbHOU NPUEMHOU aH-
menHol U ycmpoucmeom yugposoi namamu. Pesynemamel sxcnepumenma
UATIOCPUPYIOMCSL 2paghutecKy Ha 6eepHbIX OUASPAMMAX.

[TomydeHne MaHHBIX O TEKYIIEM HANpaBJICHWW Ha JBIKYIIMHCS OOBEKT ro-
POZACKOTO TPAHCIOPTa ITyTEM PETUCTPALMH COOCTBEHHOTO aKyCTHYECKOTO MHIyma
Ipe/ICTaBIsIeT co00W aKkTyalbHYI0 mpobiemy [1, 2], mpu pemeHnn KOTopoil BbI-
SBIISIFOTCSI HHTEPECHBIE 0OCOOCHHOCTH 3BYKOBOTO M3JIyUCHHUS B BO3LYIITHOM Cperie.

Perncrpanms nryma BBITIONHEHa HA AHTEHHY HPHEMHBIX MHKPO(OHOB.
PaccrosiHue oT mpsSMOJNIMHEHHOM Tpacchl, MO KOTOPOH MPOMCXOIUT JBHKEHUE
TpaHCIOpTa — TPAaMBallHOI'O BaroHa, KOTOPBIM JBUXKETCS ¢ NOCTOSSHHOM CpelHen
ckopoctbto V' =7—10 m/c, no 6a30BOil JMHUK C IPUEMHON aHTEHHOM, pacro-

JOKeHHOH Bnoib Hee, coctaBiuser H =30—40 m. Ilpu perucrpanuu mnryma
npuMeHsieTcs 32-X KaHalbHasi SKBUANCTAHTHAS JHHEHas perrerka (mar 0.1 w)

BCEHAMPABJICHHBIX MUKPO(GOHOB (3JeKTpeTHble MUKpodoHbl Panasonic VM-61,
pabouast mojoca YacTOT KOTOPBIX IEPEKPhIBAeT IHANa30H 3BYKOBBIX YaCTOT
50...16000 %), ycraHoBiieHHas B BO3JyXe BOJIM3M MOBEPXHOCTH TpyHTa. Ha
puc.l mpencraBieH CHEKTp LIyMa, IOJY4eHHBIH Hocie oO0paboTKU peanu3aluu
Iryma [UTATENbHOCTRI0 7' = 18 ¢ ¢ 0JJHOTO U3 MPHUEMHBIX MUKPO(OHOB.
Peanuzanuu NpHMHAMAEeMOro TPaHCIOPTHOTO IIyMa 00padaThIBAalOTCA IO
CIIELIMANILHO Pa3pabOTaHHBIM AITOPUTMY M Iporpamme. B pesynsrare 06paboTku
CTPOSITCS TaK Ha3bIBa€MbIe BEEPHBIC THArPAMMBbI, KOTOPbIE TIOKA3bIBAIOT YITIOBBIC
3aBHCHMOCTH YPOBHSI CYMMapHOT'O CUTHaJla, MPUHUMAEeMOro aHTEHHOM B MpoLiec-
ce CKaHMPOBAHMs TJIABHOTO JICNIECTKA €€ XapaKTePUCTHKH HANpaBJIeHHOCTH; UC-
nosp3yeTcss MaccuB U3 180 Touek mpu MOcIeqOBaTeNIbHOM IHepedope 3HaueHuil

yria asumyta ot 0° o 180°. Anroputm ocHoBaH Ha npubaBke K (ase KakIoi
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CTHEKTPAJIbHOW KOMMOHEHTHl (Dyphe-pa3iokeHHs CHIHala, MPHHATOTO JFOOBIM
3JIEMEHTOM aHTEHHBI, BOJIHOBOTO Ha0era, ONpesesIieMOTr0 MEX3JIEMEHTHBIM pac-
CTOSIHHEM B PEIIETKE C y4eTOM HEKOTOPOTO 3HA4YECHHs yIia, PaBHOMEPHO Iepe-
CTPaMBaEMOro MPU CKaHMPOBAHMM MAKCUMyMa LIEHTPAJIBHOTO JIETIECTKA €€ Xa-
pakTepucTuky HampasieHHocTH. [lomHoe Bpemst HaObmoaenus 7 =18 ¢, B Tede-
HUE KOTOPOr0 MMEET MECTO MPEBBIIICHHE IPUHIMAEMOr0 IIIyMa 0 YPOBHIO HaJ
¢bonomM, mozeneHo Ha 7=9 NPOMEKYTKOB — BpeMeHHbIX OKOH A7, AIuTeNBHO-

cteio AT =2.45 ¢ xaxmgoe, U3 KOTOPBIX MEPBBIE TPH COOTBETCTBYIOT Pacmoio-

JKEHHIO 00bEKTa IPU NPHUOIMKEHUN K aHTEHHE, CIIEAYIOIINE TPU — €ro pacIono-
JKEHHUIO Ha TpaBep3e, T.€. HAIPOTUB aHTEHHbI, TOCIECIHUE TPH — IIPU YIAJICHUH OT
AQHTEHHBI.

[Ipu oOpaboTke ocymiecTBisieTcs: GUIBTpaNUs IIyMa B ONPEICICHHOM, Xa-
paxTepHOii 1yt 00bekTa monoce crekrpa — B uaTepBane 400..600 [y . bnarona-

psL 9TOMY B BEEPHBIX JHarpammax, IOCTPOCHHBIX C HCIIOJIb30BAHHEM IIOIYYCH-
HBIX B 9KCIIEPUMEHTE CUTHAJIOB, B HEKO-
TOPHIX HANpPAaBIEHHUAX O0003HAYAIOTCH
150 peskue BBIOPOCHI - TTUKH.

200

S C ydeToM HanpasJCHHUH, yKa3blBaE€MbIX
S 100 PE3KMMHU MHMKaMU B BEEPHBIX JUarpam-
i . MaxX, MOXHO TMOJIyYUTb OIIEHKY TEKYy-

IMX 3HAYEHWH YIila-a3uMyTa JBHKY-

- IIerocst ICTOYHMKa mryma. OdpasoBanne

500 1000 1500 2000 pPEe3KHX MUKOB, YKa3bIBAIOIIUX HA HC-

rraquency (Hz) TOYHHK, UMEET MECTO TOJILKO JUIsi 000-

Puc.1. Cnextp nryma 3HAYEHHOH BBHIE YACTOTHOH TOJOCHI
(oTHOCHTENbHBIE EAMHHILET) COBCTBEHHOTO ITyMOBOTO H3JTydeHHs.

Ha puc.2 mpezacTaBieHbl HECKOJIBKO NMPUMEPOB BEEPHBIX AHArpPaMM, COOT-

BETCTBYIOIIMX MPOXOY TPAHCIIOPTHOrO 00BEKTa CHavaja 0 Tpasep3a (puc.2 a),

3aTeM 1o o0nacT TpaBep3a (puc.2 6), B KOTOPOM YCTaHOBJIEHA PEIIeTKa MUKPO-

()OHOB M, HaKOHell, NMPU yJAJCHUU TPAHCHOPTHOIO OOBEKTa BJOJb TPAacChl, B

JIBYX YJQJEHHBIX TOYKaX, PAcIIOJIOKEHHBIM 3a TpaBep3oM (puc.2 g, 2). [Ipucyr-

CTBHE MOZYJSIMHM YPOBHSl OTKJIMKA IO YUy a3uMyTa C IEpUOAOM IOpsijKa

36°—40°, a Takke MeNKOMACIITAOHON MOAYJAUMH ¢ mepuogoM 6 —7° umeer
MECTO y3Ke IpHU TPUEME IilyMa B IMMPOKOI MOJI0CE, TIPUYEM IIyOHHA MOIYJIAIUN
CoCTaBIseT mpuMepHo 6 05 . Hamuune OTMEUEHHBIX MEPUOIUUHOCTEU CBUJIE-

TEIBbCTBYET 00 M3PE3aHHOCTH XaPaKTEPUCTHKHA aHTEHHBI M O YAaCTUYHOM Kore-
PEHTHOCTH BO3/yLIHO-aKyCTHYECKOTO M3Iy4eHUs] 00bEKTa, T.€. O IPHCYTCTBUU B
CIEKTpPE IIyMa BbIJEICHHOI0 YaCTOTHOTO MHTEPBaja, B KOTOPOM OINpEJIE/ICHHbIE
KOMIIOHEHThI aKyCTHYECKOI'0 IIIyMa COXPaHSIOT MPOCTPAHCTBEHHOE pacIperene-
Hue (a3sl o GpouTy. [Ipy ncrnons3oBaHUN GUIBTPALUK MTUKK CTAHOBATCS Oojee
pe3Ko 0003HaYEeHHBIMH M KOHTPACTHBIMH, JIOCTUrAeTCsl peBbIIeHHEe Hall GoHOM
~15 nB. Anpobauust Jpyrux y3KOMOJOCHBIX YYaCTKOB CIIEKTPa, OTIMYAIONINXCS
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MECTOIIOJIOKEHHEM I10 YacTOTE OT BBIIE YKAa3aHHOTO, NPUBOAMUT K HCYC3HOBE-
HHIO OCTPBIX IHKOB, Pe3KO 0003HAYCHHBIX Ha BEEPHOW Iuarpamme. MoKHO Io-
JaraTh, 4TO M3Iy4YCHHE IIIyMa BO BCEH IIMPOKOH MMOJI0CE B OCHOBHOM pacasupo-
BaHO, HO B YKa3aHHOH IOJIOCE OHO XapaKTepPHU3yeTcs IOCTOSHCTBOM (ha3bl 110
¢poHTy Ha MaciTabe MOpsAKa anepTypsl aHTEHHBI, YTO U SBISETCA NPHYMHOM
Y3KOI HalpaBIeHHOCTH HEKOTOPOH YacTH IIYMOBOT'O M3JIyYEHUs TPAHCHOPTHOI'O
oOBeKTa.

[TpucyTcTBHE psia TMKOB B BEEpHOIl [uarpaMme MOXeT ObITh 00yCIIOBIICHO
MHO)KECTBEHHBIMU OTPaKCHUSIMU TOJISI IEPBUYHON aKyCTHYECKOH BOJIHBI HEOJ-
HOPOJHOCTSIMA — BEPTUKAIBHBIMH T'PAaHHUIAMHU, ITPUCYTCTBYIOIIMMH BHYTPH
TOPOJICKON 3aCTPOMKM (CTEHBI CTPOCHUI U JJOMOB). JpyrumMu NpuYMHAMHE MOTYT
OBITh 3HAUNTENBHBIC TaOAPUTHI 00BEKTA — Pa3MEPHl €ro M3MYYArOINX TTOBEPXHO-
cTeil M N3pe3aHHOCTh XapaKTEPHCTUKH HAIIPABICHHOCTH NPUEMHON aHTECHHBI.

4712

Puc.2. AsumyTranbHOE pacmpesneieHne MaKCUMyMOB —OTKJIHMKA
aHTEHHbI (IIMKM B BEEPHBIX JHArpaMMax) Ha aKyCTHYECKHH IIyMm

<p2>, 3apErUCTPUPOBAHHbBIA TPH JBHKCHUH OOBEKTa TPaHCIOPTA:
a — o TpaBep3a, 6 — Ha TpaBep3e, 6, ¢ — IOCIe MPOXOXKICHHS

TpaBep3a. /[IpmkeHne oOBeKTa HaumHaeTcs mpu o =0"u jganee
MIPOUCXOAUT IO CTPEJIKE.
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I[JIH OLECHKHW 3HAYCHHUA yTJIa, IMOKA3bIBAIOIICTO HAIIPaBJICHUE Ha 00BEKT Ha
OCHOBE€ JTaHHBIX CKaHHUPOBAHHWSA aHTCHHBI — C HpHBHSKOﬁ K XapaKTE€pHBIM MaKCH-

MaJIbHbIM MIMKaM Ha BEEPHBIX JHarpaMMax, MO’KHO HCTIONIB30BaTh (hopmyy:
M

Am oy,
1

—_
2 An
m=1

roe 1<m<M, M~3..5,A4,— OTHOCUTEJILHBII BEC Ka)KJOT0 U3 MAaKCUMAJIbHBIX

o=

()

3-X 5-M IIKOB B YIJIOBOM PACIpeieIICHUH, (¥,,— yroJl, COOTBETCTBYIOLIHI m -My
MUKy Ha BEEPHOM Marpamme.

OtHocutenbHblil Bec A, B npenenax 0...1 Gepercs HEMOCPEACTBEHHO U3
BECPHOW JMarpaMMbl, COOTBETCTBYIOLICH BBHIOPAaHHOMY 71— My HHTEPBAIY
paccMaTpHBaeMOi peai3aluu.

CpaBHEHHE OLICHOYHBIX CPEJHUX 3HAYCHUI yIia-a3uMyTa & , MOJTYyYSHHBIX
U3 JEeMOHCTPUPYEMbIX BEEPHBIX AUArPaMM, ¢ TEKYLIUMH 3HAYCHUSAMU PEaIbHbBIX
yII0B 00BEKTA, TIOKA3bIBAET: 10 Tpasep3a a) ~70° , Ha Tpasepse 6) ~ 88°.91°, 3a
Tpasep3oM 6) ~106° u 2) ~118° coorBeTcTBeHHO. MMeromieecs: MeX1y HUMU He-

3HAUUTENILHOE PACXOKACHUE HE MPEBBILAET ~ 5° . DTO MO3BOJAET CYMTATH Iie-
71eco00pa3HON MPAKTUYECKYIO PEATH3alMI0 MeIeHTa MPeIaraeMbIM METOIOM.

JUTEPATYPA

1. Proceedings of European Conference on Noise. (EuroNoise 2015)
Netherland. Maasterichts. 2015.

2. Microphone phased arrays (Acoustic antennas) by V. Quaranta;
presenter: A. Concilio The Italian Aerospace Research Centre, CIRA,
2010 (www.cav.psu.edu/.../cav2010 cira_concilio.pdf)
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C. JI. UnbmenkoB, A. A. Kiemés, A. C. KnumeHnkon

METOJ ®YHKIWI1 TPUHA B 3AJTAYE JUOPAKIIUY 3BYKA
HA YIIPYTOil OBOJIOYKE HEAHAJTUTHYECKOM ®OPMBbI

Cankr-IlerepOyprekuii ['ocynapcTBeHHBII MOPCKOIT TEXHMYECKUH YHUBEP-
CHUTET,

Poccus, 190008, Cankt-IlerepOypr, yi. Jlonmanckas, 1.3

Temn.: (812) 783-1546; E-mail: alexalex-2@yandex.ru

Ha ocnose memooa ¢pyuxyuii I'puna u OuHamuueckol meopuu ynpy2ocmu
Haxo0umces pewienue 3a0ayu OUPGPaKyuu 386yKa Ha ynpyeux 000104Kax Heauanu-
MU4ecKoll (Popmvl, COCMABIEHHbIX U3 mel cPepoudanbHoOll, YUIUHOPUYECKOU U
cepuueckoli ghopm. Buinonmen pacuem yenogvlx Xapakmepucmux pacCesmus
NOOOOHBIX COCMABHBIX Meil 015 PA3IUYHBIX BOJIHOBIX PASMEPO8

B nmannoit pabote Ayt M3ydeHHs paccesHUsI 3ByKa YIPYTUMHU TeJaMu HeaHa-
JUTUYECKOH ()OPMBI BIEPBBIE PACCMOTPEHO HCIOJIb30BaHHWE MeTona (YHKIUHA
I'puna, pa3pabOTaHHOTO MPUMEHNTEIBHO K PEHICHHIO 331a4 AU(PAKIUK Ha TeJlax
CO CMEIIaHHBIMY TPAaHNYHBIMH YCIOBHSIMH [ 1,2].

[Ton HEaHATMTHYECKUMH TOAPA3yMEBAIOTCA Tela, TOBEPXHOCTh KOTOPBIX HE
MOXET OBITh OTHECEHA K pa3psAy KOOPAMHATHBIX CHCTEM C Pa3JeITIOIINMHUCS
[IEPEMEHHBIMU B CKaJIIPHOM ypaBHeHuHU l'enbmronbua. PaccMoTpum Takol He-
aHAJMTUYECKUI pacceuBarellb B (OpMe yIPYyroil KpyroBoH LMJIMHIPUYECKON
000J104KH KOHEYHOMN JJIMHBI, OTPaHUYEHHOM 110 TOpIiaM MOJOBUHAMHU BBITSIHYTOMN
chepounanpHoit 000m04KH (puc.l).

Anroput™m pacyera TpeOyeT

3HAHUS aMITIMTYJHO-()a30BOTO 3 k
pacrpezieneHs 3BYKOBOTO JaBie- , AT 7
HUAL 11 HOPMA/IBHOI COCTABISIONICH w T'—- TQZ%%
KoJe0aTenbHON CKOPOCTH Ha HEKO- : I g e’ ! v

TOpPOM 3aMKHYTOM IOBEPXHOCTH
WHTETPUPOBAHUS, COCTOSIIEH B
JIAHHOM clly4ae W3 OOKOBOW TO- i L i
BEPXHOCTH LWJINHIPUYECKOH 000-

JIOYKH W TOBepXHOCTel momycde- ¥
POUIANBHEIX 000I0UEK: Puc.1.
-1 0 9
PP = [p (@ 26(P.0) - 22D (P, o)1as, (1)
4rds on on
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rzie ps(P)— paccesiHHOE TellOM 3ByKOBoOe JaBiienue, P(r, 0, @) — Touka Habiro/1e-
Hust, O — TOYKa Ha MOBEPXHOCTH; Pg(Q) - SBYKOBOG nmasienue B Touke Q; G(P,Q)

- ¢ynknus ['puHa cBOOOAHOTO MPOCTPAHCTBA (e / ), YAOBIETBOPSIOIIAs HEO-
HOPOJHOMY YPaBHEHHMIO | enbpMrosbLa.
PaccesanHoe 3ByKOBOE HaBJI€HHE  CBA3aHO C YIVIOBOM XapaKTEpUCTHKOM
COOTHOMICHHEM:
p,(r.0,9)=r"'D(0,9)exp(ikr). (e
Paccmorpum BHauane 3amady AM(PAKIUM HAKIOHHOTO TaJCHHS 3BYKOBOH
BOJIHBI Ha YNPYTYI0 TONYyI0 OECKOHEUHYIO IMIMHIPUYECKYI0 000J0uKy [3,4].
['eomeTpust 3a1a4K IIPEICTABIEHA Ha PUC. 2.
CkansgpHBIi TOTEHLIMAN  MaJaromien
BOJIHBI  €JMHUYHOW aMIUIUTYZBI C BOJIHO-
BbIM BEKTOPOM K, HAKJIOHEHHBIM MO yIJIOM

[
0 x ocu z, pazIoXuUM TO COOCTBEHHBIM S
(yHKIMSIM CKaJsIpHOrO ypaBHeHHs [ 'enbM- /y //
rojblia B KPYroBOH HWJIMHIPUYECKOW CH-
cTeme KoopauHar (puc.2):
D, (r,0z)=¢ Zsm (k r) cos m@, (3)

m=0

¥
k Puc.2.

) Inpum=0;

rae y=kcos@; k}, =ksin@; ¢, =
2upum#0.

B cootBercTBUE C [5] mpeacTaBUM BEKTOPHBIM MOTEHIHAT A C MTOMOIIBIO

CKaJIIPHBIX TIOTeHIHanoB [lebas y 1 y, yIOBIETBOPSIOMNX CKAIIPHOMY ypaBHe-

HUIO ['eapMrobia:
A =rot (Y k) + rot rot (YK), 4)
rae k - elMHUYHBINA OpT B HANPaBICHNH OCH Z.

Wcnone3ys (4), BeIpa3uM KOMIIOHEHTHI BEKTOPHOTO MOTEHIMATa A M KOM-
MIOHEHTHI BEKTOpPa CMEILICHUS Yepe3 MOTCHINAIBI J U .

CkanspHelid oteHnuan obonoukn @, morennmansl [ebas y u vy, a Takke
MOTEHIUAN PAcCesHHOM BOJNHBI Py MpeJCTaBUM B BHJAE PA3JIOKECHUH MO COO-
CTBEHHBIM (DYHKLHSIM CKAJIIPHOTO ypaBHEHHUS | enbMrosbla B KPyroBbIX LIJIMH-
JIPUYECKUX KoopauHaTax (5):

—e’”Z[Am . (W'r)+B.N, (h'r) ]cosm(p,
m=0
—e’” [ (=7)+D,N, aer]cosm(p,
©)

v = ei‘vzz [Eme (=r)+F,N, (ae'r)] sinm@;

m=1

—e”ZZG H (k r)cosm(p,

m=0
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Hewmsectapie xodhduruentsr A,,, By, Co, Dy, Epey By Gy HaXopmsaTess U3
TPAaHUYHBIX YCIOBHH OTHOCHTEIHEHO KOMIIOHEHT BEKTOpAa CMEIIEHHS W YNPYTux
HAINpsDKeHUI Ha BHEIIHEH U BHYTPEHHEH IpaHuiiax 000JI0UKH.

[ToxcraBinsist BbIpaXKeHHs Ul KOMIIOHEHT BEKTOpa CMEIIEHHS U Pa3I0KeHUI
MOTEHIMAJIOB B TPAHUYHBIE YCIOBUS, MOJyYUM HEOJHOPOJHYIO CHCTEMY CEMHU
YpaBHEHHI OTHOCUTEIbHO OSCKOHEYHOr'O YKCiIa HEM3BECTHBIX KOI()(HUIIMEHTOB.
Hcnonb3yst OpTOrOHAILHOCTh TPUIOHOMETPUYECKUX (YHKIHMUA cosm@ U Sinme,
ornpeaenuM KodpGHuuneHTsl G,, MOTEHIUala PAcCesTHHOW BOJHBI O TPaBHILY
Kpamepa 13 oTHOIIEHHS ABYX ONpeiesuTeNel CeAbMOr0 MOpsIKa.

CBsI3b MEX/Iy PACCESIHHBIM JaBICHHEM Py U CKAUIIPHBIM ITOTCHIIMATIOM CMe-
IIEHUS paccesHHOH BOMHBI P ompenesnsieTcst U3BECTHBIM COOTHOIICHUEM:

P, =—po’®, (6)

ObpatnMcst Temeph K 3amade AAGPAKIMHA TUIOCKOW 3BYKOBOW BOJIHBI Ha
yOpyroi BBITAHYTOW cepoumanbHoii obonouke [3-5].TpexmepHast 3amadya au-
(pakuuy Ha ynpyrom cheponialbHOM paccenBaTtelie pelaeTcs ¢ IOMOLIBIO 10~
teHuuanoB Jlebas U u V, uepe3 KOTOpbIe BbIpakaeTcsi BeKTOpHas GYHKIMS A B
COOTBETCTBHH C TpecTaBiaeHueM [2,3]:

A =rot rot(RU) + ik.rot (RV), (7)
rne R - paguyc-BeKTOp TOUKM HaOIIONEHMS, k2 — BOJTHOBOE YHCIIO MOMEPEYHON
BOJTHBI.

KomroneHTs BekTOpa A CHaydana 3anuineM B ceprieckol cucreme Koop-
JIMHAT, BBIpa3uB ux 4yepe3 U, V' u R, a 3arem no (opmyrnam BEKTOpPHOTO aHAIHM3a
nepeiiaeM Kk cheponjaabHBIM KOMIOHEHTAM.

B kauecTBe paccemBaTesnsi pacCCMOTPUM YHPYTYIO H30TPONHYIO c(heponaaib-
HyI0 060510uKy (pHc. 3).

Bce morennumansl (miockoi BOJHBL P,
paccestHHOM BOJIHBI @4, CKaJIspHBIA MMOTEHIIHUAT
obonoukn ®,, moreHmuansl Jebas U u V' pac- e o o
KJIaJbIBAIOTCSL B PAIBI 110 BOJHOBBIM c(epon- 7
JATBHBIM (DYHKIMSIM, COJIEpIKalllie HEU3BECT- Zzﬁfa’
Hble KOI(D(HULIMEHTHI Pa3JIOKEeHUH, KOTOpbIE
OTBICKMBAIOTCSI W3 (DM3MUECKUX TPAHUYHBIX
ycIoBHiA Ha 00enx MoBepxHOCTIX (& u & ,CM.
puc. 3). 2hy

[TogcraHoBka psAZOB B I'PaHUUHBIE YCIIO- Prc3.
BUSI JlaeT OECKOHEUHYI0 CHUCTEMY YPaBHEHMH,
pacrmanaronryocs Ha OeCKOHEUHbIE TTOJICUCTEMbI ¢ (PUKCHPOBAHHBIM MHIEKCOM 771.
Kaxnast u3 mojcucreM pemraeTcs METOAOM yceueHHs. UHMCo yaepKHBaeMbIX
YJICHOB Pa3JIOKEHHI TeM 0oJIblle, 4eM OOJIbIIe BOJHOBOM pazMmep.

Jns mogenwn, npeacrasinenHoi Ha puc. 1 (L=100 M, L;=200.51 ™, /9 =50 M,
Ro=5.04 m, Ry =5.01 M, & =1.005075, & =1.005, maTepuan 000JIOUYKH — CTaJIb)
ObUI BBIMOJNHEH pacyeT MOIyJsl yriaoBoil xapakrepucruku |D(0)| mpu 6 =
0,=90° B muamazone BOMHOBHIX pa3mepoB kR, = 0.053 + 0.581. B stux yciosu-
ax |[D(90%)| msmensuics B npenenax 0.49 — 18.46.
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Hapsimy ¢ HeaHAINTHYECKHM paccemBaTeleM, MPEACTaBICHHBIM Ha pHC.l,
pPaccMOTPHUM TaKke COCTaBHYIO YIPYTyIO 000JI09Ky, 00pa30BaHHYIO COCINHCHH-
€M KOHEYHOH IWIMHIPHIECKON 000JIOUKH M IBYX MOTyC(HEepHIeCcKHX (TOPIEBBIX)
000J10YeK TaKoro ke nuamerpa (cM. puc. 4). s npuMeHeHus] MeToaa (PYHKIUI
['prHa HYXHO BOCIIOJIB30BAThCSl PEIICHHEM OCECHMMETPUYHON 3aaaun Jaudpak-
UM TJIOCKOM 3BYKOBOW BOJIHBI Ha YIpyroil cepuyueckoil 000JI0YKEe B paMKax
JMHAMHYECKOH Teopuu ynpyroctd [6], TpaHchopMHpPYs ATO pelleHHe Ha Tpex-
MEpHBIIl BapuaHT. DTO peuieHue Majo OyAeT OTIMYAThCS OT MPEACTaBICHHOTO
BBILIIE PELICHHUsS TPEXMEpPHOH 3a1aud IU(paKiuyd Ha yNpyrou cdepouaanbHON
oboJouke.

Ha puc. 5 u 6 mpencraBiieHbl MOIYIIH YIIOBBIX Xapakrepuctuk |D(¢)| (8
miockoctn XOY, npu 0,=90°) ynpyroro HeaHaIMTHYECKOTO pacceHMBarens B
hopme nuIMHAPUIECKOH 000JI0UKH, COUTICHEHHON C IBYMS CEePHUSCKUMHU
(puc. 4), npu ka = 0.523 (puc. 5) u npu ka = 0941 (puc.6), oTHOIIECHNE
l/2a =11.9.

ey
e . poeis e
AR1r -7 : )
3 o i TW : u'f
TN I =l -
7 T
A- — xn M40 R 0
Puc.4. Puc.5. P;;.é.
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126



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

VIIK 534.26

Kocapes O.H.

TOYHOE AHAJIMTUYECKOE PEIIEHUE 3AJAYU TUDPPAKIITUN
I'NAPOAKYCTHYECKOI'O IOJII HA KOHEYHOM TBEPJIOM
OUJINHAPE B JAJIBHEM ITOJIE

WuctutyT MammHoBeaeHus uM. A.A. bnaronpasosa PAH
Poccust, 101990 Mocksa, M. XaputonbeBckuit iep., 4
Ten. (499) 135-4046, E-mail: oikosarev@yandex.ru

Ananumuyeckum memooom noiyueHa ¢hopmyna paciema 38yK08020 Odeiie-
HUs  6MOPUUHO2O 2UOPOAKYCIMUYECKO20 NOJA, NepeusiyieHHo20 abconiomHo
meepobIM KOHeUHbIM YUTUHOPOM 8 OdllbHeM noJie.

3agava TUQpaKIUK THAPOAKYCTHYECKOrO MOJs Ha IMIMHAPHYECKOH 000-
JIOYKE OCTAeTCsl aKTyaIbHON M MMEET BayKHOE MPUKJIaJHOe 3HaUeHue. J[uHamuue-
CKHE MOJIEIH, HallpuMep KOPITYyCOB MOPCKUX MOABHMXHBIX OOBEKTOB, TPUHIMAET-
csl B BHJIE KPYIJIBIX KOHEUYHBIX IMJIMHAPHUYECKHX obOosouek. TouHoe pemieHue
3aga4n qudpakuny Uit 0eCKOHEYHOW HMIIMHIPUIECKON 000JI0OUKH HE B JTATbHEM
nosie momy4eHo B [1-3]. TTombITKH MOMYYUTH TOYHOE pEIIeHHe 3aaadu Audpax-
MM Ha KOHEYHBIX TBEPIBIX HIMHIPUYECKUX 000IOUYKAX B JAIBHEM I10JIe IIpej-
npuHuManuch B [4-10]. [lomydeHHbIe B HUX (POPMYIBI KAYECTBEHHO OTINYAIOTCS
JIPYT OT ApyTa U Bce omubovHble. OOBACHEHNE ITUX OMIMOOK U3-32 OTPAHUYCHUS
o0beMa JoKIaja omyckaeM. Llenb naHHOI paGoThI - MONTYYUTh TOYHYIO (HOPMYITY
pacueTa BTOPUYHOIO FHAPOAKYCTHUECKOTO IOJIS, PACCESIHHOTO a0COIIOTHO TBEp-
JIOW KOHEYHOU HMIMHAPUIECKON 000704YKOW (LIMIMHAPOM) B JajibHeM Toje. Ta-
Koe pereHue npusezieHo B [11]. B moknane u3noxkeH apyroii, 6ojaee CTpOruii mo
cpaBHeHUIO ¢ [11], crmocob penieHusI.

[Tpunsrteie o6o3Hauenus: L, a - mnHa v paguyc nmimHapa, k=0/c — BoIHO-
Boe ymcio, W=27f, f - yacTora KosebaHUl, p — TWIOTHOCTH BOJBI, C - CKOPOCTh
3ByKa B BoJe, R — omopHoe paccrosHue, ¥ - yroi nageHus, 6 — yron Habmone-
HHS, M — FTAPMOHUKH, @ — OKPY>KHOH YroJl, €, —K03(hUIMEHT, paBHBIA € = 1,
npu m = 0 u €y, = 2 mpu m>0, Jm(ka) - pynxmus beccens nmepsoro poxa, Hn®(ka),
H,,®'(ka) — gynxmus [ankens BToporo poaa u ee IIpou3BoaHas. BpeMeHHas 3a-
BUCHMOCTh BceX (DyHKLMi mpuHsTa B Buze exp(iot). Muoxurens exp(iot), rae i-
MHHMOE YHUCII0, BE3JIE OITyIIEH.

[TonHOe 3ByKOBOE TI0JIE HA TIOBEPXHOCTH IMJIMHAPA p PaBHO CyMME 3BYKO-
BOTO JIABJICHUS TaJAIOLIETO TI0JISl Py U PACCESTHHOTO TIOJIS Py, p=Po+Ps.

I'panndHOE yCIIOBHE Ha TOBEPXHOCTH AOCOIIOTHO TBEPAOM LMIIMHIPUYECKON
obomouku ipu r=a, Op/or=0  (6)
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[TycTh MOHOTIONBHBIA UCTOYHHUK H3ITyUeHIS ¢ 00hEMHOI CKOPOCTRIO V, pac-
monoxkeH B Touke M mpoctparctBa [11]. IIpoBegem minockocte OO,M uepes
HneHTpansHyo och nmwmHApa OO, u Touky M. Koopauaaramu Toukn M B cdepu-
YECKOU CHCTeMe KOOpIUHAT ¢ IeHTpoM B Touke O sBistotest (H, W, @o), W - mo-
JIIpHBIN IO MaJeHusl, OTCUUThIBAEMBIN OT IPOAOABHONW OcH LuiauHapa. PaccTo-
sHUE OT eHTpa koopauHat O g0 Toukn M B miockoctd OO,M paBno OM = H,
paccrostHare OoT TOYKH M g0 moBepxHOCTH obomoukn MA = ha, ha=H-zcosy-
rsinycos@. Touka A pacrosnokeHa Ha MOBEPXHOCTH IWIMHAPA B CEUYCHNUH, OTCTO-
AmeM oT Touku O Ha pacCTOSHUU Z, U UMEET IMIMHAPHYECKHE KOOPAMHATHI
(z,r,0). 3ByKOBOE IaBIICHHE ITTAIAIOIIETO MO B TOYKE A HIIMHAPUIECKON IIO-
BEPXHOCTH, CO3/IaBa€MOE MOHOMOJIBHBIM UCTOYHHUKOM [11]

po =K, &Y i, I (krsiny)cosm@, (7
m=0
- —ikH
K, = ipol e ’
. H

PaccesiHrne Ha KOHEYHOW HMJIMHAPUYECKON 000JIOUKE MPU MPOM3BOJILHOM pac-
MpeIe/ICHIH KOJIeOaTeIbHOM CKOPOCTH Ha €€ MMOBEPXHOCTH [3].

po= Y @™ [AHP (IR =7 ) erdy,  ®)

=—oo
Koappuunentsr am u A(Y), B (8) onpeznensiercst u3 rpanudHoro yciosus (6). Io-
cie onpezeneHus Kod(GGUIMEHTOB a, U A(Y) U NpoBeAeHUs Mpeodpa3oBaHMid,
AQHAJOTMYHBIX MPOBEJCHHBIM B [3], aMIUIUTYyay mM-0i T'apMOHHUKH PacCEestHHOTO
3BYKOBOTO TI0JIs (8) Ipe/ICTaBUM B BHJIE

P =ij I I w(zy) #a Uk -7) M dydzy (9)
s \/mhmz) (a kz—'yZ)

rJie B COOTBETCTBUU ¢ (7) aMILUIUTY/1a KOJIe0aTelIbHOTrO MePEMEIICHUs paCCesIHHO-
T'0 3BYKOBOT'O TTOJIA

w(z0 ) =—wexp(ikz,cosy) . (10)
B Berpaskennn (9) COMHOXHUTEIHh COSMQ, OMPEACTAIOMNN 3aBUCUMOCTh 3BYKOBO-
IO JaBJIE€HHs OT OKPY)KHOT'O yIJia ¢, OIYyILEH, HO Jajiee B OKOHYATeIbHOH popmy-
Je OH OyJeT yuTeH, Zo - MPOAOJIbHAsT KOOPJAUHATA, BIOJIb KOTOPOH M3MEHsAETCA
(yHKIMS KoNeOaTeNbHOrO MepeMelIeH s, OHa BBEJeHa, YTOObI HE MyTaTh ee C
koopauHatoii z. [Tocne moxcranoBku BoipakeHus (10) B popmyiy (9) nomyuum

s e i (ol )
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B pesynprare mpoBeneHHBIX mpeodpa3oBanuii B (11), BKIIOYAOMUX, B TOM YHC-
Je, WCHOJIb30BAaHUE CBOWCTB AeNbTa-QyHKIMH M ONpeAenuTens BpoHckoro,
OITyCKaeMBIX Ul KPaTKOCTH, CyMMapHOE 3BYKOBOE II0Jie Ha IOBEPXHOCTH IIH-
JUHIPUYECKON 000I0UKH ¢ Y4eTOM BhIpaxkeHuit (6) u (7)

; > 2i
p:—KH elkzcas\u Zlmem T COSm(p (12)
m=0 TAH " ( A )
rae A = kasiny. 3ByKoBOe IaBieHHE Py B JaJbHEM MOJIE B TOuke HabmoaeHus N

co cthepuueckrmu koopauHatamu (R, 0, @o) BBIUMCIHM C MOMOIIBIO (HOPMYJIBI
Kupxroda [12]

jj aGNA) P G(N,A) |ds (13)
on
G(N,4)= M R1=|N,A|

1
rne Op/on = 0, n - HOpMaJb K MOBEPXHOCTH, (6), ds=ad@dz — 31eMeHT OBEPXHO-
CTH HWwIMHApa, R - paccrosHMe OT Hayayma KoopAMHAT - TOuku 0, 10 TOUKH
HaOmonenust N. VYron HaOmoneHHss 6 OTCUMTBHIBAETCS OT MOJIOKUTEIBHOIO
HAaIpaBJeHUs TPOJOJILHON OCH LMJIMHAPA 0Z, OKPYKHOM yroJl (g OTCUUTHIBACTCS
B IUIOCKOCTH, EPHEHIUKYIApHON ocu oz. [Ipu koopauHarax touek N(R,0,(0) u
A(z,a,p) paccrosinre Ry = R — zcos6 - asinBcos(@-@o). [TomHoe 3ByKOBOE NaBie-
HHE P MOXET OBITh pa3iiokeHo B psig Dypbe 1Mo OKpyKHOW KOOpIUHATE (. 3aBH-
CHUMOCTb BCEX BEJMYMH OT OKPY)KHOTO YIJIa () OIPEHEINSEeTCS MHOXKUTEIEM
cOSmM, KOTOPBIN OMyIleH, HO Oy/JIeT yuTeH B KOHeuHO# (opmyue.

[Tocie mpoBeZieHUsI HHTETPUPOBAHUS TI0 OKPYKHOMY YTy, AuddepeHuupo-
Banwus Beipaxenust G(N,A), 3ameHsl nipejienioB nHTerpupoBanus 0<z<L u 3amMeHbI
exp(itm/2)=i", popmyiy (13) npeobpasyercst K BUILY

e

L
Py =_E ") J; (M)J‘pelkzcmedz (14)
0

rae n =kR - mm/2, u = kasin®, J,'(1) - nponsBonHas ¢pyHkun beccens.
Herpynno nokazats, 4ro, ucnonssys Gopmydst (12), (14) u, mpoens coot-

BETCTBYIOLIME NPeoOpa3oBaHus, OKOHYATEIIbHYIO (OPMYITy 3BYKOBOTO JABIICHUS

BTOPHUYHOIO THIPOAKYCTUYECKOTO TIOJIS B JAJIbHEH 30HE MOXKHO ITOJYYHUTh B BUIIE

SR o / #BL
p(0)=K, ¢ = e, i sin® J,;(p) ¢ - ! cosm@ (15)
R = siny )\ H(Y (L) ikB
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rae B=cosy+coso..

®opmyna (15) moxydeHa CTPOrMM aHATUTHYECKHUM METOJOM 0e3 KaKHX-
00 OTpaHWYCHUH W MIOMYIIEHHWH M IMOITOMY sBIsieTcs TouHOW. OHa MOMKET
ObITH 3(h(EKTHBHO MCHONB30BAHA PN PELICHUH PA3INYHBIX MPUKIAAHBIX 33724,
HalpuMep, aKyCTHUECKOTO MHPOEKTHPOBAaHMS IOJIBOJHBIX OOBEKTOB, TalllCHUs
BTOPUYHOIO MOJIsI, pacdyeTa CHJIbl Lend. B HEeKOTOpBIX MpakTHYECKHUX 3ajadax
MOJIeIIb LMJIMHIPUUECKOI 000J0UKH JIOTIOIHSAETCS TOPLEBBIMU KPBIIIKAMH, yUET
KOTOPBIX MIPOU3BOUTCS U3BECTHBIMU MeTOIaMu [4-6].

—_—

10.

11.

12.
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B.II1. Ky3HenoB

AKYCTUYECKHWE METOAbI AJId AMCTAHIIMUOHHOT'O
N3MEPEHUSA BEPTUKAJIBHOI'O PACITPEJEJEHUA CKOPOCTH
3BYKA B OKEAHE

WuctutyT okeanonoruu um. I1.I1. upmosa PAH
Haxumosckuii np.36, Mocksa, Poccust, 117997
Ten. 8(499) 124-75-92; Fax: 8(499) 124-59-83;
E-mail: vladkuz@ocean.ru

B pabome paccmompen KoppensyuorHuiii Memoo onpeodenenus epmuKaisb-
HO20 pacnpedenenusi CKopoCmu 36yKd, N0360AI0WUL Onpedeamb 6peMeHa npu-
X00a aKyCmu4ecKux CUcHalo8, PACCESHHbIX OM aKyCMU4ecKu KOHMPACHMHbIX
Heoonopoonocmeli cpedul. Ilokazano, umo 015 noayuenus npuemiemMoll moyHo-
cmu Memooo08, OCHOBAHNBIX HA NPUMEHEHUU 8eePHOL XaApaKmepucmuKy Hanpas-
JIEHHOCMU  aKYCU4ecKux anmeHnH O OOHapydHceHus 00pamnozo oObeMHo20
paccesanus 36yKd, HeobX00UMO UCHONb306AMb OYeHb V3KUL aKYCIMUYECKUll Iy,
M.K. OMHOCUMENbHAS MOYHOCMb MAKUX MEMo008 OKA3bleaemcsi NopsaoKd
Y2l080U WUPUHBL TYYd.

[IpoGmema ompeneneHnsT BEPTHKAIBFHOTO pACIpeleTICHHs CKOPOCTH 3BYKa
(BPC3) gucTaHIIMOHHBIM METOJOM SIBJISIETCSI aKTyaJbHOH M JOCTaTOYHO CIIOXK-
Hoii. Ee penienne oCHOBBIBAaETCA Ha aKyCTHUECKOM 30HANPOBAHIH €CTECTBEHHBIX
HEOJHOPOAHOCTEH B TOJIIE OKeaHa. 3ajaya CBOAMTCS K MOJYYCHHIO HAIEKHBIX
9XOKOHTaKTOB OT OOBEMHBIX pacceuBaTelCii B BOJHOM CpPElie U OMPEACICHUIO HX
KoopauHAT. B Tolie okeaHa 3BYK pacCeMBAcTCs Ha ra3oBBIX IMy3bIPbKax, pas-
JUYHOTO POJia B3BECSAX, MEIKOMACIITAOHBIX HEOJTHOPOTHOCTIX OMOJIOTHYSCKOTO
MIPOUCXOXKACHUS, Ha THIPOJIOTHICCKOM CTPYKTYpe BOJHOM TOJIIM OKeaHa, T.c. Ha
MEJIKOMACIITa0HBIX ~ (PIyKTyanmusx TruapohU3NIeCKUX IOJICH TeMIepaTypel,
TUTOTHOCTH, COJICHOCTH, TYypOyJIeHTHOCTH, TeUeHUH U T.1I. [losToMy mms momyude-
HUS HAJSKHBIX JXO0-KOHTAKTOB OT €CTECTBEHHBIX pAcCEHMBATeNeH BAOJb BCei
Tpacchl JIONMUPOBAHUS HEOOXOIMMO HCIOIB30BaTh IIMPOKOIIONOCHBIE THAPOIIO-
KallMOHHBIE CUCTEMBI C BO3MOYKHOCTBIO PETHCTPAIlMN CUT'HAJIOB C OONBIINM U~
HAMHYECKUM JHANa30HOM M3MEHEHHs aMIUINTY. paccesHus. K TakuM cucremam
OTHOCATCS TapaMeTPUUYECKHE THIPOAKYCTHUECKUE JIOKALIMOHHBIE CHCTEMBI.

i addexTuBHON pabOThI qucTaHIMOHHOTO M3Meputens BPC3 B pa3nnu-
HBIX THIPOJIOTMYCCKUX YCIOBHAX HEOOXOJUMO KOMILUICKCHOE HCIOJIh30BaHUE
M3BECTHBIX METOJIOB OIICHKHM BPEMEH MPHUXO0JIa PACCESHHBIX CUTHAIOB. Hanbob-
ee pa3BUTHE MOJIYYHIN METOBI OIIEHKH BPEMEH MPUXO0/a PACCETHHBIX CUTHA-
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JIOB, CEJIEKTHPYEMBIX B INPOCTPAHCTBE C IOMOIIBIO BEEPHONW XapaKTEPHCTHKH
HANpaBJICHHOCTH NPUEMHON aHTEHHBI, © METOJIbl OLIEHKH BPEMEH IIPUXO0Ja pac-
CESIHHBIX CHTHAJIOB, OCHOBAHHBIC HA BBIUYMCICHUSIX B3aWMHO-KOPPEISIIHOHHBIX
(yHKUHMI OTpa’KeHHBIX CUTHAIIOB.

[Ipennaraemas cxema U3MEpPEHHs BEPTUKAIBHOIO MPOQHISL CKOPOCTH 3BYKa
B OKEaHE, OCHOBAaHHAsl Ha MPOCTPAHCTBEHHO-BPEMEHHOM KOPPEJSILIUK 3BYKOBBIX
BOJTH, PAaCCESHHBIX JIOKaJTbHBIMI 00beMaMi Cpe/ibl, IpUBeieHa Ha puc. 1.

Puc. 1. Cxema xoppenayuonrnoeo memooa usmeperus npoguns ckopocmu C(z).

['eomeTpuyeckn 3Ta cxema OJM3Ka K CTPYKTYPHOM CXEMe aKyCTHYECKOro
HEKOHTAaKTHOTO pPeBepOepalliOHHOTO H3MEPUTENsi BEPTUKAIBHOTO pacIpesesne-
HUSI CKOPOCTH 3ByKa B OKeaHe, npeanoxkenHoro Jle Burnem. [Ipuniun ero pabo-
ThI KpaTko u3nokeH B padore I.H. Cepasuna [1]. CynHo, HaXoasch B TOYKe 1

H3JIy4aceT oA pa3sjiInvYHbIMU yTJIaMU Otl. , K TOPU30HTY JOCTATOYHO 0oJIBIIIOE KO-

JIMYECTBO UMITYJILCHBIX aKyCTUYECKUX CUTHAJIOB U MPUHUMACT 06paTHO paccesH-
HEIE HAa 00BEMHBIX HCOJHOPOAHOCTAX 3BYKOBBIC BOJIHEBI. BLI60p Bua CUI'HaAJIOB U
KOJIMYCCTBO IMMOCBUIOK ONPEACIACTCA Tp€6OBaHI/I$[MI/I TOYHOCTH U H€06XO,HI/IMOCTI/I
YCpeAHCHUA OOJIBIIOTIO KOJIMYECTBA peanmaunﬁ. OLICBI/I,HHO, YTO IAJIA MOJYyYCHUS

JOCTATOYHOr0 KOJIMYECTBA JUCKPETHBIX 3HAUYCHUH C; aKyCTHYECKHH M3JTydaTeb
JIOJDKEH MMETh BECbMa OCTPOHANPABIEHHYIO AMarpaMMy M BO3MOXHOCTH OIepa-
THBHOT'O CKaHMPOBaHUA Jy4a [0 Pa3HLIM HamlpaslieHuam (&, . Jlanee, cyaHo, ne-

peMeInasich B TOUKY 2, OTCTOSIIYIO OT TOYKH | Ha paccrosHue D, onpenensieMbIM
cKopocTbio cynHa V u Bpemenem nepemernenus 7, D =VT u usnyuaer yxe
BEPTHKAJIBHO BHHU3 TAK)KE CEPUIO M3 J0CTATOYHO OOJBIIOrO YHCIIA MOCHUIOK TEM
)K€ aKyCTHUYECKMM H3JIydaTesieM M Takke NMPUHHMAeT paccesHHbIE B 00paTHOM
HanpasJIeHUH cUrHaibl. O0e cepuu pacCestHHBIX CHTHAJIOB 3allOMHUHAIOTCS B Ma-
MSTH BBIYMCIUTEIFHOTO KOMIUIEKCA U 3aTeM 00padaThIBalOTCA C LENbIO MOTytde-
HHS KOPPESALMOHHON (DyHKIIMM CHUTHAJIOB, PACCESHHBIX OJMHAKOBBHIMH HEOIHO-
poxHOCTAMHU B 00beMe IepeceueHust Jiydeil. B pesynbprate ycpenHenus no 60ib-
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IIOMY YHCITy TOCBUIOK HAXOAWTCS MaKCHUMyM KOPPEIALHNOHHOW (DYHKLIHH H CO-
OTBETCTBYIOIIEE €My BpEMs 3alla3iblBaHUs IO Pa3HbIM HAIPABICHHUSAM PACIPO-
ctpaHeHus. [TockoipKy paccrostare D MexXay TouKaMu | ¥ 2 | YTIIBI H3ITy9eHUS

Oti N3BCCTHBI, JICTKO BBIYUCIAIOTCA PACCTOSAHUA OT TOYCK 1u?2 a0 obOnacTeit

nepeceyeHus jdydei. M nanee mocienoBaTeNnbHO BBIIOMHASA 3T BBIYUCICHHS IS
Bce Ooree rmyOOKMX 0OBEMOB paccesHHUs, MOXKHO B MPHHIIUIE OMPEISTUTh H3-
MEHEHHE CKOPOCTH 3ByKa ¢ IiIyOMHOH. TakoBa, BKpaTie, cxema ONpeAesICHUS
BEPTUKAIBHOTO MPOQUIsE CKOPOCTH 3ByKa. OJHAKO Uil TPAKTUYECKOrO OCy-
LIIECTBJIEHHUS TOTO METO/[a HEOOXOMMO OLIEHHTh TOYHOCTD onpeeneHus C(2)
U, COOTBETCTBEHHO, BHIOOP MapaMeTPOB CHUTHAIOB M AUAarpaMM HalpaBIeHHOCTH
U3TyvaTesnel, MeToabl U CKOPOCTh CKAaHUPOBAHUS JTydei, 3HaUeHHs YIIoB (&, , U

paccrosiHEe D, mperMylecTBa M HEJOCTaTKU 9TOr0 METOJA.

He paccmatpuBast mogpoOHO BONPOCH! TEOPUH KOPPENALMU CIIy4aiHBIX II0-
Jeil, MOKHO CIeaTh PsAA KaUeCTBEHHBIX M KOJMYECTBEHHBIX 3aKIIOYEHHH O Xa-
paKkTepe MPOCTPAHCTBEHHOW KOPPEJSIMK PACCESHHOTO II0JII M BMECTE C 3THUM
MOJYYUTh OLEHKH NMPHUMEHHMOCTH TPEIUIOKEHHOTO KOPPENSIIMOHHOIO MEeTO/a
JIMCTAaHLIMOHHOTO OTPEEIICHHs BEPTUKAIBHOTO MPOQHIISI CKOPOCTH 3ByKa B OKe-
ane. Tak, MO)KHO YTBEp)KIaTh, YTO Y€M MEHBIIIE 00IacTh IepeceueHus Tyde L,
T.€. MEHBIIE YIIIOBAs MIMPHUHA Jyda () W pacCTOSHUE OT TOYeK HabmoneHus 1 u

2 110 o0nacTH paccesHusl, TeM OOJblIe «yro Koppemsiuun» Y/ u paccrosuue D,

Ha KOTOPOM MOKHO YBEPEHHO IPOBOJUTH M3MEPEHHS C(Z ) . Manocts pa3zmepa
pacceuBatomiero oobemMa L OIHOBpeMEHHO TpeOyeTcs Iuist HauOoJIbIIeil TOYHO-
CTH TOJTyueHHUs1 TTPOPUIIS C(Z) . Takum 00pa3om, MOXHO IOJYYHUTh JBE OUCHb

MIPOCTHIE OLIEHKHM MPUMEHHMOCTH TMPEIOKEHHOTO KOPPESAIMOHHOTO METoaa
JIUCTAHIIUOHHOT'O OMPEICICHHUS BEPTUKAIBHOTO MPOQUIIS CKOPOCTH 3ByKa B OKE-
aHe, a UMEHHO: MaKCUMAJIbHBIN yroJl KOPPENlUd MEXy TOUKaMUu u3MepeHust |
1 2 UMeeT MOPSA0K OTHOIICHUS JJIUHBI BOJHBI K MOMEPEUYHOMY pa3Mepy pacceu-
Baromieil obmactTut L, a BpeMsi KOPPEISINHA MEKIY H3MEPCHHSIMHU PACCEsSHUS B
Toukax | u 2 nopsaka oTHomeHus L k ckopocTu cyana V.

DT OLIEHKU MPOTHBOPEYHBHI B OTHOIIICHUH Pa3MEPOB PACCEHBAIOIICTO 00b-
ema: IS yBenuueHus yryia Y/ L — JMOIKHO YMEHBIIATHCS, a JJs yBETHUCHUS

BPEMEHHU Koppersiiuu 7 Hao0opoT yBennduBaeTcs. Takke i oOecreueHHs
XOPOIINX Pe3yJIbTaTOB HEOOXOMWMO YBEIHYUBATH JIUHY BOJHEI ﬂ, cUrHaja
MOCBUTKYA W YMEHBIIIATh CKOPOCTH JABIKCHHA cyaHa V. KoHedHo 3TH OIeHKH Ja-
0T JIUIIh Ka4eCTBEHHYIO KapTHHY PEaTMCTUYHOCTH METOZa, HO TakkKe OHH M

MO3BOJISIIOT CJIeNIaTh HEKOTOPbIE BBIBOJIbI OTHOCUTEIBHO MPUMEHUMOCTH MOJ00-
HBIX METOJIOB U B TOM uucie o meroae e Butna [1].
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B 3axirouenne OTMETHM HEKOTOPBIE TTOJIOKUTEITHHBIE MOMEHTHI B TIPUMEHE-
HUH YKa3aHHOTO METOJA!
1) mo cpasrenuto ¢ meronom [le Butna [1] ucmons3yercs onua Oonee mpocrast
aKyCTU4YecKasl CUCTEMA, a He JBe, kKak B MeToe Jle Burua;
2) BO3MOKHOCTb BapbUPOBATh PAcCTOAHUE D MEXIy TOUKaMU M3MEPEHUS B OT-
nuune ot metoaa Jle Butna, roe D=const,;
3) KOppeNALUOHHBIA METO/ C UCTIOJIb30BAHUEM CIIOKHBIX CUTHAJIOB U ONTUMAJIb-
HOW MaTeMaTUYCCKUH 00paboTKOW OoJiee IePCICKTHBEH, HEKEIIN MPOCTOM MOMCK
paccesHHBIX CUTHANOB [2,3].
4) ogHaKo OrpaHHYCHHE KOPPEIAUH 110 BpeMeHH 7 CHIKAeT JOCTOMHCTBA JaH-
HOTO METO0JIa, HO B TO K€ BPeMs OrpaHMYCHHE KOPPEIALHUOHHON CBSI3H MO yIiaM
MPUCYIIE, B IPUHIMIE, U 111 MeTtona Jle Butia.
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JOKAJIN3AIIASA UCTOYHUKA B COAYUYAHHO-HEOHOPOTHOM
AKYCTHUYECKOM BOJIHOBOJE
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Poccus, 603195 H. Hosropon, yn. YiabssHoBa, 1.46
Ten.: (812) 416-0648; Dakc: (812) 436-5745, E-mail: sazontov@ipfran.ru

Paccmompena 3adaua o noxkanuzayuu UCMOYHUKA 6 CAYYAUHOM MEIKO800-
HOM KaHane, 8 KOmopom npeoonadaruum MexaHusMOM, 8bl3bl6AUUM PACCes-
HUe 38YKa, AGNAEMCs pazeumoe eemposoe gonHeHue. Ha ocrnose kpumepus max-
CUMYMA OMHOUWEHUS CUSHAN/NOMEXA NOCMPOEH A0AaNTNUBHbLI Al2OPUINM PeUeHUs.
06pammoil 3a0a4u, 0061a0aWUIl NOGBIUEHHOU YCMOUYUBOCBIO K CIMAMUCIUYE-
CKOMY paccoanaco8anuio, 00YCl081eHHOMY HECOOMEETNCINEUEM MeXCOy UCTHUH-
HOU CUCHAILHOU KOPPETAYUOHHOU Mampuyel u ee pacuemnoi mooeivio. IIpeo-
cmasiensl pe3yIbmamul YUCIEHH020 MOOeIUPO8ANLUs, NOKA3bIEAIOWUE MOYHOCU
OYeHUu8anus. KOOPOUHAm UCTOYHUKA U 8EPOAMHOCINU €20 NPASUIbHO20 0OHADY-
arcenust. [lpusedena anpobayusa npednodcenno2o memood ¢ UCNONb308AHUEM IKC-
NePUMEHMANbHLIX OAHHBIX, NOJVYEHHLIX Ha cmayuonaphoi mpacce ¢ bapenye-
80M MoOpe. Ycmanosneno, 4mo 8 peanbHuIX YCI0GUAX COOMBEMCMEYIOWUL A0~
pumm A615emcs pabomocnocoOHbIM U obecneuugaem yooseiemeopumenbHoe Ka-
Yecmeo 60CCMAHOBICHUA UCMOYHUKA, YOAleHHO20 HA pACCMOAHUEe NOPAOKA
15 km om awmenHOll pewiemru, 6e3 UCNONBL308AHUSA MPYOOEMKOU Npoyedypbl
00HOBPEMEHHO20 NOUCKA KAK UCKOMbBIX KOOpOUHAM, MAK U Heu38eCcmHuIX
napamempos 601HO800d.

[TpoGiiema JOKaIM3alMK UCTOYHUKA B TIOIBOJHOM 3BYKOBOM KaHaje sIBJIS-
€TCs OJTHMM W3 Ba)XKHBIX aCIEKTOB O0LICH TEOpUH OOHApYKECHUSI M OLCHUBAHUS
rapaMeTpoB CHTHAIOB Ha (pOHE IMOMEX C MCIOJIb30BAHUEM AIANTHBHBIX aHTCH-
HBIX penieTok (AP). Oxqnako ee pemeHne, OCHOBAaHHOE Ha METOJIE COTJIACOBAHHO-
TO TOJIS, CTAIKHUBACTCSl C TPYAHOCTSIMU IPUHIUIHAAIBHOTO XapakTepa [1]. Ilpu-
YIHA 3TOT0 COCTOUT B TOM, YTO TapaMeTPhl PEaTbHOIO BOJTHOBO/IA U3BECTHBI, KaK
MIPaBUJIO, IPUOIMKEHHO M MOTYT M3MEHSAThCS BO BPEMEHH BCIEJICTBUE Pa3Iny-
HBIX HECTAllMOHAPHBIX OKEaHWYECKHX IIPOIeccOB. Bo3HMKarolmee HECOOTBET-
CTBHME MEKIY HPUHATHIM 3BYKOBBIM I10JIEM U €TI0 PACUETHON MOJIENIBIO U SBIISCT-
Csl OZIHOW M3 TJIABHBIX MPHYMH, HE MO3BOJIAIOIINX MOJTYYUTh IPUEMIIEMOTO pele-
HUS 00paTHOH 337241 B HATYPHBIX YCIOBHSX.

Ha oTHOCHTEIBHO KOPOTKHX Tpaccax (W/WiIM B HU3KOM JHalla30He 4acToT),
KOTJla IPOCTPAHCTBEHHBIN pajilyc KOPPENSILUU MOJE3HOr0 CUTHANa MPEBHIIIACT
aneptypy AP, onpenenstoniym sBiIseTcs 1eTePMUHUPOBAHHOE PACCOTIIACOBAHUE,
00yCIIOBIICHHOE HETOYHBIM 3HAaHHWEM DEryJISIPHBIX XapaKTepPHUCTHK KaHama (Ipo-
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(hnIs CKOpOCTH 3BYKA, TIIyOWHBI BOJIHOBOAA, ITApaMETPOB TpyHTA). s dacTmd-
HON KOMITEHCAIIMA TAKOTO HECOOTBETCTBHUS B JIMTEpPAType MpPEATIOKEH Psijl ajar-
TUBHBIX METOJOB (OMHCaHHBIX B 0030pe [1]), TO3BONAIOMUX MOTYyYUTh YAOBIIE-
TBOPHUTEJIPHOE KAayeCTBO BOCCTAHOBJICHHUS HMCTOYHHMKA B YCIOBHSX alpUOPHON
HEONPEIEIEHHOCTH.

IIpn Hanuuuu ciayyaiHbBIX HEOAHOPOAHOCTEN MOPCKOW Cpebl MPEANOoxkKe-
HHE O 33/IaHHOH PEeryJiipHOW MPOCTPAHCTBEHHOH CTPYKType MOJIE3HOTO CHUTHANA
B MPHUHIMIIE HE BBIMOJHSIETCS W KOI€PEHTHBIC allOPUTMbI HE B COCTOSIHUU o0ec-
MEYUTh COTJIACOBAHME MOJICNU C PEAIbHBIMHU JaHHBIMH. B 1momo0HO# cuTyanmu
COTJIaCOBAHUE MOXKET OBITH BBINOJIHEHO JIMIIb B CTATHCTHMYECKOM CMBICIE, NPH
9TOM (B OTJIMYHE OT JACTCPMHHHUPOBAHHOM ITOCTAHOBKH) VISl PELICHUS IIPOOIIEMBI
JOKaIN3alMd MCTOYHHWKAa HEOOXOAMMO pacriojiaraTb HE OTJENBHOIN PErInKOH
3BYKOBOTO IIOJIS1 Ha amepType AP, a pacueTHOI MOIENbIO CUTHAIBHON KOppeIs-
[MUOHHOW MaTpHIEI (CM., HaripuMmep, [2—4]). OgHako Ha MPaKTHKE pacCYUTAHHAS
CUTHAJIbHASI MaTPHLIA BCEr[a OTINYAeTCs OT UCTHHHOM Ha BENIMYMHY HEKOTOPOMH
ciyyaiiHOW omMOKK, 00YyCIIOBICHHOW HEMoNHOM MH(pOpMalueld o KaHalie pac-
npocTtpaneHus. OOmuil Moaxox K MOCTPOSHHIO POOACTHBIX AJITOPUTMOB IPO-
CTPAHCTBEHHOH 00pabOTKH B TAaKMX YCJIIOBHSIX MPEAINOJIaraeT OrpaHn4eHHOCTD 110
HOpPME COOTBETCTBYIOLIEH MAaTpHUIbl OIIMOOK, MPH ATOM ajanTaius K anpuopu
HEHM3BECTHBIM YCIIOBHSIM IpHEMa 3aKJII0YaeTCs B HAXOXKACHUH YCTOMYMBOI Mpo-
Lelypbl OLIEHUBAHMS, ITO3BOJISIONIEH YaCTHYHO CKOMIIEHCHPOBATH 3(h(eKTs cTa-
TUCTHYECKOTO HECOOTBETCTBUS (CM. [S] M IUTUPYEMYIO TaM JUTeparypy). B atoi
CBSI3M HaMOOJIBIINI WHTEPEC NPEICTABISIET IMEHHO Pa3BUTHE COOTBETCTBYIOIINX
aIalTHBHBIX METOJI0OB B MPIJIOKEHUH K 337a4e JIOKAJU3alUN NCTOYHHUKA B CITy-
YaiHO-HEOTHOPOIHOM aKyCTHYECKOM BOJTHOBO/IE.

Ilycts B TOuke ¢ KoopauHaTaMu (I,Z,) OKEaHHYECKOI'0 BOJIHOBOJA PACIIO-

JIOKE€H MCTOYHUK, M3JTyYalOMni y3KOIOIOCHBIM CUTrHal (), TIPeACTaBIISIOIINHA
c0o0O0¥ CTaTHCTUUECKH CTAIIMOHAPHBIN CITyYaiHBIN MPOIECC C HYJIEBBIM CPEIHUM
3HAYEHUEM U AUcCHepcucit (5?. [Ipuem ocyiecTBisieTcs JITMHEWHON BEPTUKAJIb-
HoWi AP, coctosmieit u3 N OJUHAKOBBIX AJIEMEHTOB, PACIIOIOKEHHBIX HA TOpPHU-
30HTAX {z} ;VZI . (Hauano xoopauHaT 1o JanbHOCTH BBIOPAHO B MECTE YCTAHOBKHU

AP))
B y3komonocHOM puOMIMKEHAN pe3yIbTUpYIoIIee moiie Ha Bxone AP B Mo-

MeHThl Bpemeru f; (/=1,2,---,L) omuceiBaercs N -MEpHBIM BEKTOPOM HalIo-
neHus X(1;) :

x(#;)=s(t,)e(0)+n(7) .
3nech e(0) — curHanbHbI BekTOp AP, 3aBUCSIINI OT HEU3BECTHBIX KOOPAUHAT

T o
0=(7),z,) ,a n — BeKTOp afAUTUBHOrO Iyma. (Bepxuuii uagexc 7 o3Havaer

OTIePAIINIO TPAHCTIOHUPOBAHHUS. )
[Ipu ncmonp30BaHUN JTMHEHHON 00paOOTKH MOIIHOCTH CHUTHANIA Ha BBIXOE
AP naercs BIpaXXeHHEM
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L 5 i R L
PO)=L" W (0)x(t, )‘ =wH(O)F,w(0), [, =L ) x())x* (1), (1)

I=1 I=1
rne w(0) — BecoBoii BekTop pasMepHocTd N X1 (SBISIONIMACT (PYHKIUCH WH-

(hopmaronHoro napamerpa 0 ), a fx — BBIOOPOYHAsT KOPPEISIIMOHHAsT MaTpH-
ua. OnTHMasbHBINA BECOBOH BEKTOP W o, MOXKET OBbITb HAH/ICH U3 KPUTEPHS MaK-
CHUMyMa BBIXOJIHOTO OTHOIIEeHUs curHai/mrym SNR :

» WR (0)w

N

w, =argmax SNR(w), SNR =0

opt g a (w) Wi, w
3neck Ry(0)=<e(0)e*(0)> — curnanpnas mMatpua, y10BIeTBOPSIONIAs yCIIO-
Buto Hopmuposku TrR (0)=1, a ', =<nn*>— nomexopas marpuna. (Cum-

BOJI + O3HA4yaeT ONepalyio IPMHUTOBOTO CONPSIKEHHUS, YIIIOBbIE CKOOKH — CTa-
TUCTHYECKOE ycpeaHenue, a Tr(-) — ciex MaTpHIibL. )

B peanbHbIX cuTyauusix koppesinnoHHas matpuna myma I anpuopu He-

U3BECTHA U BMECTO Hee UCIONb3yeTcs BeiOopounas Matpuia I'y . B aToM cirydae

Hanbojee MOMEXOyCTOWYHBOE pacrlpeleeHue w o0ecreynBaoLIee MaKCcH-

opt >
MyMm SNR, coBmamaer ¢ TiaBHBIM COOCTBEHHBIM BEKTOPOM OOOOIICHHON 3aMaun
stopt
ctu (1) oka3bIBacTCs paBHOI [8]:
-1 -1
P(0) = 15 AT IR (O) ], )

-1
THE  HUpax {Fx RS(B)} — MAaKCHUMaJbHOE COOCTBEHHOE 3HAYEHHE MAaTpPULIbI

= Upmax I'xW o - Pealiusyromasicst mpu 5ToM BEIMYMHA CPEHEH MOLIHO-

F;lRS(B). Takum oOpa3oM, 3HaHHE MOZEIM CHUTHAIBHOW Marpuisl R (coB-

MECTHO C BbIOOpOuHOil Marpuueil I'y ) mo3BoiseT OLEHUTh KOOPAUHATHI UCTOY-
HUKA B CITy4aifHO HEOTHOPOAHOM KaHaje: 0 =arg max u;lax {F;IRS(O)}.
0
[Ipu mpaxkTUYecKOl pealu3aluy 3TOro ajiropurTMa B KavyeCTBE MaTPHUIlbI
R (0) (BcnenctBue HemosHON MH(OPMAIMM O KaHAJC PACIPOCTPAHCHUS) HC-

MOJIL3YCTCA HCKOTOpasA OLICHOYHAA MaTpulia Rgo)(ﬁ), paccuuTbiBacMad Jjid HO-

MUHAJIBHBIX aKYCTHYCCKUX XapaKTCPUCTHUK BOJIHOBO/A. HpI/I HaJInyun paccoria-
COBAHUA MCIKAY COOTBCTCTBYIOIIIMMHA MaTpullaMnu yKa3aHHBII>i MCTO OLICHHUBAHUWA
HYXXIAarTCA B YTOYHCHUU.

HpC)K,HG BCCTO OTMCTHM, YTO IpoHeaypa agalTaluu K alpuopru HCU3BECT-
HBIM YCJIOBUSAM IIpHUE€Ma OOJDKHA YYUTBIBATH YCJIOBHUE MTOJIOKUTEIIEHOM omnpene-

. 0
JICHHOCTU CUrHaJbHON Matpuubl. ITocnennee o3Hauaer, 4to Rg )(0) npeacrasy-

Ma B BHJIEC: R§0) (0)=D,(0)D{ (0) , rne Dy(0) uMeeT cMBICT KBAAPATHOTO KOPHS
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u3 Rgo) (8). Ormerum Taxxke, uto Matpuia D (0) B cury Tr R§0) (0)=1 ynosie-
TBOPSIET YCJIOBUIO HOPMHPOBKH ||D0(9)||129 =Tr[D,(0)D;(0)]=1, rme |-||p
o3HauaeT HopMmy Ppobennyca. lanee, Oynem mpeamnonaraTb, YT0 UCTUHHAS MaT-
puta D(0) ommmuaerca ot Dy(0) Hexoropoii ommbKoi, HOpMa KOTOPOH orpa-
HHUYEHa 3aJaHHol BenmunHoi: ||D(0)—D(0) || %S €. Torga amanTanus K cTaTu-
CTUYECKOMY pacCOITTACOBAHHUIO 3aKIIOYACTCs B HAXOXKACHUH TAaKOW OLCHKU
ﬁ(ﬂ,e) HWCKOMOH MAaTpHIIbI, KOTOpas YAOBIETBOPSCT YKa3aHHOMY HEPaBEHCTBY,

YCJIOBHIO HOPMUPOBKHU U 00ECIICYHBACT MAKCUMYM BBIXOJJHOW MOLIHOCTH (2):
. ~ 2
rrgn{,umax (D+FX1D)} mpn | DD, || 2< e, D2 =1. 3)

3unanue D(0,€) mo3BonseT paccuMTaTh BHIXOJIHYIO MOILIHOCTB MpoLieccopa B Co-
OTBETCTBHH C (hOopMyJIIOii
_ -1 SRt SR
P(0,8) = trin D" (0.6)F'D(0,8) | 4)
U B UTOT€ OLEHUTh UCKOMbBIE KOOPIMHATHI HCTOUHHKA.
Hwxe MBI paccCMOTpPHUM Cllyyaid, KOT/1a OCHOBHBIM UCTOYHUKOM (DIyKTYyaIui

aKyCTHYECKOrO TIOJIS SBJISETCST Pa3BUTOE BETPOBOE BOJIHEHME, OIMCHIBAEMOIO
Mojenbto crnekrpa [Mupcona—MockoButia. J[as Takoro cueHapus pe3yJsibTaThbl

pacueTa 0XKHUIaeMON MaTpPUIIBI R§°>(9) (B ipuOIMHKEHNN MaJIbIX 3HAYCHHUN TMapa-
metpa Panest) nmpusenens! B pabore [6], a pemieHne onTUMA3aMOHHON 3a1auu (3)
s D(0,€) moctpoeno B [7].

0 T T T [Mpoummoctpupyem  3h(HeKTHBHOCTH
MIPEAJI0KEHHOTO aIrOPUTMa pe3ybTaTaMu
CTaTUCTUYECKOI0 MoJenupoBaHus. [l
- OTPENIeTICHHOCTH PACCMOTPUM aKBaTOPHIO
BapenueBa Mops, B KOTOpOW 3BYKOBOE
I0JIe CO31aeTCs HMCTOYHUKOM, DacIIoo-
- KEHHBIM Ha riryomne 70 M, M HM3Iy4aro-
MM Y3KOIIOJIOCHBI CHUTHAJI C HeCymIeH
gacrotoii 240 T'm. Ilpodums cxopoctn
- 3ByKa, W3MEPEHHBIH B JQHHOM pPETHOHE,
MIPECTABICH HA pUC. | CIUIOIIHON JTMHUEH
(IyHKTHPOM TIOKa3aH Mpoduiib, HCIIONb-
L L L 3yemblil ipu pacuetax). [Ipeanomnaraercs,
1465 1470 1475 1480 1485 gro NpUEM OCYIIECTBIISUICS JIMHEHHOM
Ckopoctb 3ByKa (M/c) BEPTUKAJILHOW AaHTEHHOH (C LIEHTPOM Ha
niryoune 80 M), cocrosieit u3 24 37eMeH-

Puc.1. IIpoduns ckopocTu 3ByKa. TOB, PACIIOJIOKEHHBIX Yepe3 3 M.
B kauecTBe Mozenm HA HMCIOIB30BAJIOCH OJHOPOIHOE JKHJIKOE ITOTIIONIAIOIIee
HOJTYIIPOCTPAHCTBO C MIIOTHOCTEIO 1.8 1/em3, ckopocThio 3Byka 1780 m/c 1 k0a(-

40

80

Ciy6una (M)

120
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¢urentom noruomenus B rpyare 0.1 16/ A . TIpu MoenupoBaHuU BEIGOPOYHOMN

KOppesauoHHoW MaTpunbl I'y, ckopocTs BeTpa v Opanack paBHOM 5 M/c, 7.5 M/c

n 10 m/c, a B mporecce JIOKaJIM3aluK JJIsl V UCTIONIb30BAINCH 3HaueHus 4 m/c, 6
M/c 1 9 M/c (TeM camMbIM IPHUHIMAJIICH BO BHUMaHHE d()(HEKTH CTATHCTHIECKOTO
paccoryacoBanusi). [lapamerp perynsipuzanuu €, UCIIOIb3YEMbIil B aJallTHBHOM
anropurMe, coctapisui 0.15.

Ha puc. 2 npuBeneHbl 3aBUCHMOCTH CpeHEKBaApaTHuHbIX onmmbok (CKO)
OLICHMBAHMS IIOJIOXKEHHSI MCTOYHMKA 10 AAIBHOCTH M TIIyOMHE OT BBIXOJHOTO
OTHOUIEHHs cHurHaj/moMexa. COOTBETCTBYIOIIME OIIMOKH PacCUUTHIBAIMCH I10

hopmymam
. Ok . I~k .
CKO(r):\/K DIMNGET I CKO(z):\/K Gz

3/1eCh 7, M Z;— OLEHKU KOOPJMHAT JIst k -oif peanusamuu BexTopa HaGMOE-

HUS, TIPA 3TOM s Kakaoro SNR olImiee 9mcio HE3aBHCUMBIX peai3aiui K
Opasiock paBHbIM 50. (BpiOopouHasi KoppessiinoHHas MaTpuia (GopMHUpoOBaIach
no 128 BpeMeHHBIM OoTcyeTaM JumTenbHocTH 1 ¢.) Kak cnexyet u3 puc. 2, ¢ po-
CTOM V HaONIO#aeTcs 3aMeTHas I0Teps TOYHOCTH OLCHMBAHHS, IPHYEM
HanOoIbIIee OTKIOHEHHE OT MCTHHHBIX 3HAYCHUI XapaKTEpHO AJIS TOJIOKCHUS

HCTOYHHUKA I10 JAIIBHOCTH.
10! T T T 10t

10° 108

10? 10°

10! 10!

CKO (m)
CKO (M)

1" 1"

10!

107!

10

-5 -0 -5 0 10725 8 B 16 20
SNR (aB) SNR (aB)
Puc.2. CKO mo mampnoctH (1) n rmybune (2) B 3aBucumocta oT SNR mipu (a)
v=5 m/c u (6) v=10 m/c.

OpHOM U3 BaXKHBIX XapaKTEPUCTUK METO/a SIBIACTCS JOCTUraeMasi ¢ ero mo-
MOIIBIO BEPOSTHOCTD MPABUIBHOM JTOKATU3AIMH, OTIpeiensgeMast Kak 0 peaiu-
3aluid, /Ui KOTOPBIX OLIMOKK B OINpPEACICHHH IOJ0XKEHHS HCTOYHHMKA IO JIU-
CTaHIIK ¥ TIyOWHE HE MPEBOCXOIAT 3aIaHHBIX BEJIUHIAH OF U OZ .

Jis paccMaTpmBaeMoOro CICHApHsi Ha pHUC. 3 TPEICTaBICHBI Pe3yJIbTaThI
pacdera ykazaHHOW BeposATHOCTH B 3aBucuMocTd 0T SNR . Ilpu BeuuCIEHHAX
IPaHUIlbl 00JIACTH JIOKAIU3AUMUH O W Oz IPUHUMAIKCH COOTBETCTBEHHO paB-

HbiMU 400 M 1 2 M. EcrecTBeHHO, UTO BepOsATHOCTh F; BechbMa YyBCTBUTEIIbHA

=

K BETPOBOIM OOCTaHOBKE, TaK YTO MPH CHJILHOM BETPE JJIs TApaHTUPOBAHHOM JI0-
KaJII3aIiy UCTOUYHUKA Tpedyercs moctaTouHo 6ompimoe SNR .
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1.0 .

1.0 T T T T T T T

b3

—20 —15 —10 -5 4] b 15 10 20 30 0 50 60 70 80 90 100
SNR (1B) Ofmes Bubopxn L

Puc. 3. BepostHocTs mpaBmwibHOTO Prc.4. BeposSTHOCTH MpaBHIBHOTO 00-
OoOHapyXeHHs B 3aBUCHMOCTH OT HapyXKEHHs B 3aBUCHMOCTH OT 00beMa
SNR npu pa3nuuHbIX CKOpocTsiX BeT- BbIOOpkH L mpu SNR =—-10 1b
pa: (1) v=5 m/c, (2) v=7.5 m/c, u v=7.5 m/c.
(3) v=10 m/c.

Ha puc. 4 nokazana 3aBUCUMOCTb [F; OT 4yHCIa OTCYETOB, [0 KOTOPBIM

oneHuBaeTcsi BeIOOpouHas Marpuna, npu SNR pasaom —10xb u v=7.5m/c.
Buano, uto a1t paccMaTpuBaeMbIX MapaMeTPoOB 337adM JOCTATOYHO HMCIONB30-
BaTh 00beM BbIOOpKM L mopsaka 10%, uTo6bl 06ecneunTh penenre oopaTHoit
3aJa4H.

13.82 kM

Juis BepupuKauu
MIPEATIOKEHHOTO  METO-
Ja OBUTM MCIIOJIB30BAHBI

9KCIEPUMEHTAIIbHbIE
JIAHHBIE, MOJyYEHHbIC B
oktsi0pe 1990 r Ha cra-
LIMOHApHOIl Tpacce B
Bapenuesom Mope.
1467 s /e AHTEHEHA TeomeTpust  3KCHIEpU-
IAXAFTTEEL AL L ELLL MEHTA  CXEMATHYECKH

ey = 1780 m/c, pr = 1.8 r/em®, a = 0.1 aB/A

Puc. 5. 'eomeTpust skcriepumMeHTa. n300paxeHa Ha puc. 3.
Ha rny6uny 148 M Ob11
OITyIIEH M3JTy4yaresb, pa00TaBIINH B HETIPEPHIBHOM PEKHMME Ha HECYIIIEH 4acToTe
240 TI'u. Ilpuem ocymiecTBIsIICA HA BEPTUKAJIBHYIO aHTEHHY, COCTOSIYO0 U3 14-
TH JIEMEHTOB, PACIHOJI0KEHHBIX yepe3 8.5 M. JluctaHims MexIy UCTOYHUKOM U
aHTeHHOU ObLta paBHOW 13.82 kM. ['yOuMHa B MecTe MOCTAaHOBKM aHTEHHBI CO-
cTaBisIa npubam3uTensHo 170 M, a B MecTe 1oCTaHOBKH u3imyuarens —150 .
CKopocTh BeTpa BO BpeMsl IIPOBEJICHUS SKCIIEPUMEHTa BapbUpOBaIach B HHTEP-
Bare 7*3 m/c. TouHble 3HAUCHUS TAPaAMETPOB JHA B PAaCCMATPUBACMOIl aKBaToO-
pHUH aIIPUOPH HEU3BECTHBI U NPU MOJIEIMPOBAHUM OXKUIAEMOI CUTHAJIBHONW MaT-
PHIIBI CUMTAIOCh, YTO OCAJ0YHBIC IIOPOABI MPEACTABIIUIN COOOH TTIMHUCTHIC HIIbI
C HOMMHAJIBHBIMU XapaKTepPUCTUKAMH, yKa3aHHBIMH Ha puc. 5. [lns ¢popmuposa-

1481 m/¢

G

44.5 m

148 m
170 M

.. [

Il}}

HUSI BBIOOPOYHON KoppersinnoHHOM Matpuuel I'y wmcmomb3oBamocs L =1024

BPEMCHHBIX OTCUCTOB U3 15 MUHYTHBIX Q)paFMeHTOB 3alliuCH.
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Ha puc. 6a m3o0pakeHa HOpMHpOBaHHas (HA MaKCHUMaJbHOE 3HAYCHUE)
MOIIHOCTh CHTHAJIa Ha BBIXOJE IPOLECCOpa, pacCUMTaHHAs C HMCIOJIB30BAaHUEM

. . 0
HealanTUBHOI 0KUAaeMOW MaTpHLbI Rg )(0) cornacHo (2). nst cpaBHEeHUs Ha

puc. 60 mokasaHa COOTBETCTBYIOIIAS BBIXOHAS MOIIHOCTb, [IOCTPOCHHAS C MPH-
BJICUCHHEM pPOOACTHOro Merona (4), MO3BOJISIONICTO IMOBBICHTH YCTOWYMBOCTH
MPOIICTyPhI OIICHUBAHUS U YACTUYHO CKOMIICHCUPOBATh 3(P(PEKT cTaTHCTUICCKO-
ro HecooTBeTcTBUs. [Ipu pacuerax MOMCK UCTOYHHMKA IO AAJbHOCTH OCYILECTB-

asuicst B quanazone (10+20) km ¢ marom 20 M, a 1o riayOuHe — B MHTEpBaJe
(0+160) M c marom 1 M; mapamerp peryJsipusaliy € , HCIOIb3YeMBbId B ajal-
THBHOM ajroputme, 3amaBaicsi paBHbiM 0.1. CKOpOCTh BeTpa MpU HAXOXKICHHU

CUTHAJIBHOW MaTpPHUIIBI R§°> (8) Opanace 7 m/c.

(a)

120

80
40
(k) 1070 Fayonea 0

(6)

120 s
ery ! 40 0 )
Kar) 0 CoryOu

Puc. 6. BerxoHast MOIIHOCTB IIPOLIECCOpa, UCIIONB3YIOMIEro OOBIYHBIN (2) 1
aJanTUBHBIHN (0) METO MIPOCTPAHCTBEHHOH 00pabOTKH
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W3 npuBeeHHBIX rpaduKoB BUJIHO, YTO BO BCEX CIydasx MOJOXKeHHe abco-
motHOro Makcumyma P(0) nabmonaercs npu 7y =12.45 kM u z, =148 M, uro

JOBOJIBHO OJM3KO K HMCTHHHBIM 3HAa4eHWsIM KoopauHat. OIHAKO MPHMCHCHHE
HEaANITUBHOTO C10co6a 00pabOTKHU MPHBOINT K HOSIBICHUIO JOCTATOYHO HHTCH-
CHBHBIX JIOJKHBIX [IMKOB, YTO 3HAYUTEIILHO 3aTPYy/IHSICT PEIICHUE 3a1a41 JIOKAIIH-
3alUH UCTOYHHUKA

Takum 00pa3oM, MPE/CTABICHHBIC PE3YJIbTAThl CTATHCTUYECKOTO MOJEITH-
POBaHUS M IKCIICPUMEHTAIBLHON anpobainy CBUICTENBCTBYIOT, YTO B paccMaTt-
pHBacMbIX YCIOBHUSX bapeHiieBa MOpsi peaqu30BaHHBIH POOACTHBIH aaropuT™
SBJISCTCS. pabOTOCIIOCOOHBIM M O0ECICUMBACT YAOBJICTBOPUTEILHOE KAaueCTBO
BOCCTAHOBJICHHSI HCTOYHHUKA, YIAJICHHOTO Ha paccTosiHue mopsiaka 15 kM ot AP,
0e3 MCIOJIB30BaHMS TPYJIOSMKON HPOLEAYPBl OJJHOBPEMEHHOIO MOUCKA KaK HC-
KOMBIX KOOP/IMHAT, TaK 1 HEM3BECTHBIX MapaMeTpoB BOIHOBOAA. ClieI0BaTeIbHO,
OPUMEHEHHE aNalTUBHBIX MPOLEAYP, OOMaafoNMX MOBBIIICHHON YCTONYHBO-
CTBIO K CTATHCTHYECKOMY PaCcCOIIACOBAHUIO, SIBISICTCSI HEOOXOAUMBIM yCIIOBUEM
peLIeHus 00paTHOH 3a1aui B PeaibHOM CIIy4aiiHO-HEOAHOPOIHOM KaHaJe.

Pabota BbinonHeHa npu yacTUUHON (rHaHCOBOM noauepxkke PODU (rpant
Ne 15-42-02390).
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V]IK 681.883

K.B. Apuios!, O.E. ITonos?

OLIEHKA BJIMSIHUS OTJIMYUIA MEXKIY ®PAKTHUYECKOM
MOPCKOM CPEJIOM U CPEJIOM COI'JIACOBAHMS HA
BEPOSATHOCTH MPABUJILHOT'O OGHAPYKEHUS IPU
HIUPOKOMOJOCHOM COTJIACOBAHHOM OBPABOTKE
T'HJAPOAKYCTHUYECKHUX CUT'HAJIOB

"MucrutyT MammHoBenerus um. A.A. Bnaronpasosa PAH, Poccus, 101990,
Mocksa, Mansiii XapuToHbeBckHii Tiep., 4, E-mail: k.v.avilov@list.ru
2WuctutyT dusukm atmocdepst um.A. M. O6yxosa PAH, Poccus, 119017,
Mockasa, [TepxeBckwmii Tiep., 3

Pacuemuvim nymem noxazana ycmotvusas 3a8UcuMOCmb  OMHOULCHUS
CUSHA/WYM OM MOYHOCMU 3HAHUS cCpedbl Oisl €€ Mooenel, ONUKUX K PealbHbIM.

JlanpHOCTh OOHApYXXEHUSI B JJIEMEHTE IPOCTPAHCTBEHHOT'O pa3peleHus
(OI1P), xapakrepu3yeMbIM IITyOHHOMW, TUCTAHIIMEH M KypCOBBIM YIJIOM IIPH JIIO-
6oit mHelHON 00paboTKe ompenessieTcs Mpy 3aJaHHOM YPOBHE JIOKHBIX TPEBOT
YPOBHEM BEpPOSTHOCTHU MPABIILHOTO OOHAPYKEHHMS, SBIAIOMIETOCS OTHO3HATHOM
(dhyrxmmeit otHomeHus curHan/mrym (1) [1,2,3]:

>t (@) Sf(a))u/(xj,a)]2

SNR =~
2

31eck N, 1§, CyTh (hakTHIECKHE MATPUIIBI B3AaUMHBIX CIIEKTPOB IIIyMa M 3HEp-

(M

p*(@N, (@p(@)

TEeTUYECKHH CIIEKTP UCTOYHHKA, y ; (XSf, a)) - BEKTOp (paKTHUECKHX TEPEAATOTHBIX

¢yaxmmii ot OI1P x mpueMHNKaM aHTEHHBI, p(x’,, @) - BEKTOP 00paboTKH, B Ka-

YeCTBE KOTOPOTO MOYKHO BBIOPATh BEKTOP E€CTECTBEHHON MEPBUYHON 00pabOTKH

-1 K -
N, () /SP (a))up(xp,a)), rae N, M §  CyTb NPEIIONAracMble MATPHLb B3AHM
HBIX CIIEKTPOB LIyMa M SHEPreTUYECKHA CIIEKTP UCTOYHHKA, up(xj,,a)) - BEKTOp

nepelaTouHbIX (YHKIHMH TpesnonaraeMoii B 00pabotke mozaenu cpensl ot DI1P x
NPUEeMHUKaM aHTEHHBI, JUIS Pa3IMYHBIX MOJEJICH MOPCKOM Cpeabl WM BEKTOp
TPaIUIOHHOH IIOCKOBOJIHOBOM 00pabOTKH.

[Ipu BBIABICHWU BIMSHUS TOYHOCTH 3aJaHUS CPeIbl HA OTHOIICHHWE CHUT-
HAJI/TITyM MBI TIPEAITIONIOKUM, UTO IITyM Ha MIPUEMHUKAX aHTEHHBI SBISIETCS OeIbIM
0 TIPOCTPAHCTBY W BPEMEHH, a CIEKTP MCTOUYHUKA TAaK)Ke HE 3aBHCHUT OT YacTO-
Thl. Torya BIMsSHNE COOCTBEHHO MOJIENHN CPEbl Ha 00paboTKy OyJeT OMHUChIBATh-
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Cs C TOYHOCTBIO IO ITIOCTOSHHOTO MHOXHTENS (HOPMYJIOH OTHOLICHHS CHUT-
HAII/TITyM JIJ1S alTOpUTMa BaaneTTa 2):

SNR, Sl b of o
[T b o

B MHOro4mcieHHbIX padoTax ObLI MOKa3zaH OOJBIION MOTEHIMAT COTJIaco-
BaHHOW 00paboTku curHaioB [4,5]. OnHAaKO OCHOBHBIM apryMEHTOM MpPOTHB
NIPUMEHEHHSI COTJIACOBAHHOM 0OpabOTKHM Ha TNPAKTHKE SIBISIETCS YTBEPKACHHE,
YTO, KaK MPaBUIIO, CBOMCTBA MOPCKOM Cpe/ibl M3BECTHBI HE TOYHO M 3TO HE JIacT
MIPOSIBUTHCA MIPEUMYIIIECTBaM COTTIacCOBaHHOM 00paboTku. Hayunoe o6ocHOBaHME
TpeOOBaHMH K TOYHOCTH 3HAHHS MOPCKOH Cpembl JOCTATOYHOW IS YCHEITHOTO
TIPUMEHEHHSI COTJIACOBAHHOW OOpa0OTKM CHTHAJIIOB B O0IIEM ciydae TpeOyeT
OONBIIMX M JIOCTATOYHO TPYAOEMKHX HcclenoBaHuid. B atoit pabote mpencras-
JieHbl pacuéThl SNRp sl OIIEHKH YCTOWYMBOCTH QJITOPUTMA COTJIACOBAaHHON 00-
pabOTKH TS OJTHOHN M3 MOJIENIe MOPCKOM CPEIbI.

bbuta coznana ABYMEpHOHEOIHOPOJHAs MOJENb Cpefbl A Tpacchl B ba-
PEHIIEBOM MOpe, Ha30BEM €€ - (DaKTHYECKOI MOZIEIBIO CPEJIbL.

160 T T T T T T

1651 : : i

i
=

rmyBuHa, M
rnyBnHa, M
by
o

o
=1
I

18517 : g

: . ol
460 1465 1470 1475 0 1 2 3 4 5 G 7

CHOPOCTE 3BYKA, wic PacCcToAHWE, KM

Puc.1 CneBa npoduiu ckopocTr 3ByKa. | 1 2 mpoduim CKOPOCTH 3BYKa IS
(axTrueckoi Momenu Ha pacctossHud 0 m 18kM oT Havana Tpacchl. Kpusas 3 —
po¢uIIb CKOPOCTH 3BYKa M3 KIMMaTHUYSCKOW 0a3bl maHHbIX. CrpaBa: 1- pemabed
(haktuueckoil momenu, 2 — penbed U3 OATUMETPUYECKOH Oa3bl MaHHBIX IHA
MupoBoro okeana etopo2 [7].

Ha Tpacce 3amanbl 1Ba npouiIst CKOPOCTH 3BYKa PUC.1, peanbHO U3MepeH-
HBbIE B OJJHOM M3 IKCIIEPUMEHTOB Ha paccrossHMM 0 m 18kM OT Havana Tpaccsl,
npodmm 1 u 2. Ha puc.1 npencrasnen penbed Tpaccsl, kpusast 1. Ha paccros-
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HUHM 7KM OT Hadaia Tpacchl ToyOmHa m3MeHsercs ¢ 166.4m no 179.3m. Cioucroe
JTHO TIO TPACCE COCTOSIIO U3 TPEX JKUIKUX CIIOEB HA XKHUIAKOM TTOIYIIPOCTPAHCTBE C
aKyCTHYECKHMH CBOMCTBaMH, IpeAcTaBieHHbIME B Tabmuie 1. [lo Tpacce Tom-
IIMHA TIEPBOTO CJIOSl HE MEHsUIach, a TOJILIUHBI 2 U 3 CIIOEB U3MEHSUINCh MEHee
yeM Ha 1m.

HenanpasiieHHBIN NCTOYHUK 3ByKa HAXOJWJICS B Hadasle TPacchl Ha IiryOnHe
110 m. CriexTp ucTOuHNKA paBHOMEpHBIH B nosnoce 20-1281'1. Moaenupoanach
padoTa ropu30HTAILHON OYKCHPYeMOi aHTEHHBI Ha TiyouHe 90M, cocrosimeit u3
64 npuemMHUKOB ¢ marom 6.3m. Jlnanazon yactor HadmoaeHus 20-1281m.

st coriacoBaHHOM 00paOOTKH HCIIONB30BAINCH TIEPEAAaTOYHbIE (DYHKINH,
paccunTaHHBIE JUISI TPUEMHHUKOB TOPU3OHTAJIBHOW aHTEHHBI Ul (DAaKTHYECKOH
MOJIETIM CpPe/bl W TepeAaTOvHble (PYHKIMH, PACCUNTAHHBIE IS YIPOIIEHHBIX
MOJIeTIel Cpebl, KOTOPhIE CO3aBaIl HMHUTAIMIO HAIIETO HEMOIHOTO 3HAHHUS MO-
JIETTN CpeJibl, Ha30BEM HX - MIPEATIoaracMble MOIETH MOPCKOH cpebl. Pe3ynbra-
TBI PACUETOB MPECTABIICHbI HAa PHC. 2.

Tabmuma 1 AxycTrueckue CBOMCTBA JTHA.

CkopocTh Tanrenc OTHotIeHNE
Tommuna N
Ne ciost MIPOJIOJBHBIX |  yIJIa Mo- TUIOTHOCTEH B
CIIOs, M

BOJTH, M/C Tephb CJIO€ M B BOJIE
1 4.5 1460 0.001832 1.575
2 16.5 1472 0.000366 1.73
3 22.5 1670 0.000366 1.85
[TosrynpocTpaHCTBO - 2250 0.00083 1.85

[Tpu pacuére BennunH SNRp, peCcTaBICHHBIX HAa pHC.2, OBUIM UCIIONIB30-
BaHbI CIIEYIOIINE MPEAIoIaraeMble MOJIEII MOPCKOM CpeJIbL:

1. [Ipenmonaraemast MoeIb MOPCKOH CPebl, KOTOpPask MOJHOCTBIO COOTBET-
CTBYET (haKTHIECKOH MOJIEIN CPEIbI.

2. IlpenmomaraeMasi MOJIETb MOPCKON CpEIBl OTIHYAETCs OT (haKTHIECKOH
MOJIETIH TE€M, UTO TI0JIE CKOPOCTH 3BYKA, 33JlaHHOE ABYMs M3MEPEHHBIMU NPOoQH-
asmvu 1 u 2 puc.l, 3aMeHEHO Ha MMOCTOSIHHBIN Ha BCell Tpacce MPOQHIb CKOPOCTH
3ByKa, KOTOPBIH B3AT M3 KIMMAaTHYeCKOW 0a3bl AAHHBIX, NMPOo(WIb 3 NaHHBIX
puc.1.

3. Ilpu co3manum mpenrosiaraeMoil MOJIENIN MOPCKOH cpezbl (akThdeckas
MOJIETIb Cpe/ibl 3aMEHEeHa Ha TIOCKOCIONCTYIO MOoJieb cpefbl. [locTosiHHas rimy-
6una 170m, npodmitb cKOpoCTH 3ByKa — KpUBast 2 puc.2, THO CO CPETHUMH aKy-
CTUYECKUMU cBOMCTBaMU AJist yuacTtka 0-18km.

4. IlpenmonaraemMasi MOJesIb MOPCKOH cpelbl OTIAMYAETCS OT (haKTHIEeCKOU
MOJIETIM TeM, YTO TI0JIe CKOPOCTH 3BYKa 3aJaHHOE IBYMSI M3MEPEHHBIMHU NPOQH-
nsmu 1 1 2 puc.l, 3aMeHeHO Ha MTOCTOSIHHBIN Ha Bcel Tpacce MpOQIITh CKOPOCTH
3ByKa, KOTOPBIA B3AT W3 KIUMATHYECKOH Oa3pl HaHHBIX, MPOQWIb 3 HaHHBIX
puc.l. Kpome 3TOro mcmonp3oBaH penbed W3 OaTHMETPUIECKOH O0a3bl JaHHBIX
nHa MupoBoro okeana etopo2 [5] puc.1 kpuBas 2.
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5. Ilpenmonaraemasi MOJEIIb MOPCKOM CpeIpl OTIMYACTCS OT (PaKTHUSCKOU
MOJIETIH T€M, YTO CIOMCTOE JHO 10 BCEH Tpacce 3aMEHEHO Ha MOJIYIPOCTPAHCTBO
CO CKOPOCTBIO TPOMONBHBIX BONH 1510M/c, Tanrencom yria moteps 0.0111 u
OTHOIIIEHHEM IIJIOTHOCTEN B IHE U B Boje 1.7.

-12

-14

-16+

SNRB, ab
N
N)

1 2 3 4 5 6 7
paccTosiHmne, KM

Puc.2 Bennunna SNRp, paccunTaHHas AJIS MATH TPEANIONaraeMbIx
MOJeNeN cpeibl.

AHanm3upys NOJIydeHHbIe KpUBbIe H3MeHEeHUsI SNRp, MO)KHO OTMETHTh, YTO
3aMeHa I0JIsI CKOPOCTH 3ByKa IO Tpacce Ha IMOCTOSHHBIA Ha BCEH Tpacce Mpo-
(hnIh CKOPOCTH 3BYKa M3 KIMMATHUYECKOW Oa3bl, mpearonaraeMas Momenb No2,
MPaKTUIECKH HE TIOBIHSIO Ha BenmuanHy SNRp kKpuBble 1 1 2 puc.2. DTO MOXHO
00BSICHUTD HU3KOM yacToToi HaOmroneHus 20-1281 .

st mpeanonaraeMbix Mojeneit Ne3 u Ne5, 10BONIBHO CHITBHO OTJINYAFOIIIHX-
¢ oT (hakTuueckoit Moaenu, SNRp YMEHBIIMIOCH IPUMEPHO B 2 pa3a 0CTaBasCh
JIOCTaTOYHO BBICOKOM.

bonbiie Bcero SNRp yMEHBUIMIIOCH MPH UCIIOIB30BAaHUN B Ka4eCTBE IPE-
nosraraeMoi Mojiest Ne4, koryia 0ZJHOBpeMEHHO ObLIT U3MEHEH penbed 1 Tpoduiib
CKOPOCTH 3ByKa. BO3MOKHO, 3TO BBI3BAaHO JOBOJBHO OOJBIINM M3MEHEHUEM TITy-
OMHBI IO cpaBHEHHIO C (hakTHYecKOH, Ha 20M, nim Ha 12%.

Her comuenns1, 9To TpeOOBaHUS K TOYHOCTH 3HAHHS aKyCTHUECKHX CBOMCTB
MOPCKOW Cpe[Ibl, HEOOXOIUMOHN ISl YCIEITHOW peasi3alii COTJIACOBAaHHON 00-
pabOTKH CHTHAJIOB, MOTYT OBITH COPMYIMPOBAHEI MO PE3yIbTaTaM MOJCIHPO-
BaHMA pabOThl KOHKPETHBIX TMAPOAKYCTHUECKUX CHCTEM B ONPEACIEHHBIX YCIIO-
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BUSIX paboTel. KoMIuekcHOe MoaennpoBanue padoThl Pa3IMuHbIX THAPOAKYCTH-
YECKHX CHCTEM B PA3JIMUYHBIX YCIOBUSX ITO3BOJHT C(hOPMYJIHMPOBATH OOIIHE Tpe-
6oBaHNS K TOYHOCTH 3HAHHS aKyCTHIECKUX CBOMCTB MOPCKOH CpE/bI.
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YJIbTPA3BYKOBBIE TOHAJIBHBIE CUT'HAJIBI BEJIYX
(DELPHINAPTERUS LEUCAS) AHAJIBIPCKOI'O JINMAHA

@ ®I'YIIH UnctutyT okeanonoruu um. ILIT. [lupmosa PAH

Poccust, 117997 r. Mocksa, rip. Haxumosckuii, 1. 36

Temn.: (495) 124-5965; dakc: (495) 124-5965, E-mail: mirounga76@mail.ru
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Poccus, 689000 r. Anamsips, yi. OTke, 1. 56

Temn.: (427) 222-6761; ®axc: (427) 222-6761, E-mail: d-litovka@yandex.ru

Yemanosneno, umo benyxu uznyuarom ceucmul ¢ 4acmomoi OCHO8HO20 Mo-
Ha bonee 8bicOKOIl, HeM Ko20a-1ubo coodbwanocy panee. Lllupokononocnvie axy-
cmuveckue 3anucu npoussedeHvl 6 aszycme-cenmsope 2013 2. ¢ Anadvipckom
numane (bepunzoso mope, Yykomxa) 6 nazynvnom ckonnenuu 6enyx. Ynempasey-
KOGble CEUCTbL OOHAPYICEHbI 8 DONBUUHCIGE CecCUll HAOMO0eHUll, HO NPU INOM
OHU COCMABIANU HEZHAYUMENbHBLI NPOYEHM OM 3ApecUCmPUPOBAHHBIX KOMMY-
HUKAMUBHBIX CUSHAN08. bonvuuncmeo ynompaszeykoewix ceucmog Owiiu npo-
cmuimu u eecoma cmepeomuntvimu. OHU UMenu KOHMYp HYACmomyvl OCHOBHO2O
MOHA, NOTHOCMbIO JIedcawull 8 Yibmpaszeykogol obracmu, 0bbiuHo 8 nonoce 23-
35 kly. Omu ceucmel, Kak npasuio, umeny KOPOMKYH Ui CPEOHIOK Oaumelsb-
HOCMb, YRAOWEHHYIO UTU 80CX00Awyi0 popmy Koumypa. Borvuwuncmso cneyu-
QUUHBIX YTLMPA36YKOBBIX CEUCTNOE ObLIU BINOPLIM, THEPMUHATLHBIM DJIEMEHMOM
8 NOC1e008AMENBHON KOMOUHAYUU C ULUPOKONOTOCHBIM UMNYTbCHBIM 36VKOM.

B nocnennee Bpemst HabIrOaeTCsl 3HAYMTENBHBIN POCT MHTEpeca K Mccie-
JIOBAaHMIO aKyCTHUYECKOH akTHBHOCTH Oenyxu (Delphinapterus leucas). 1o cBs-
3aHO C MHTEHCH(UKAINEH OCBOCHUSI APKTHKH, a TaKXKe C PE3KHM YBEINYCHHEM
yrcna OenmyX, COIAECp)KAIIMXCS B YCIHOBHAX HeBoW. [losBisrorcst paboTshl,
HalpaBJICHHbBIC HA BBIBICHNE (DYHKIIMOHATBHONW HArpy3KH CUTHAJIOB U OIIMCAaHNE
BOKAJIIEHBIX PEIepTyapoB OelyX W3 paHee HeW3ydeHHBIX momyrmsmwmid [1]. s
OLIEHKH pacIpeie]ICHUs] KATOOOPa3HbIX BO BPEMEHHM U MPOCTPAHCTBE AKTUBHO
BHEJIPAIOTCSI COBPEMEHHBbIE TEXHUYECKUE CPEJCTBA MACCHBHOTO aKyCTHYECKOI'O
Monutopurra (ITAM) [2].

[TpumeyarenbHO, YTO OOJIBIIMHCTBO aKyCTHUYECKHX 3arucell OemyXx B mpUpo-
Jie — y3KOTIOJIOCHBIE, OTpaHUYEHHbIE BEpXHUM TpenenoM B 18-24 k1. daktuue-
CKH, OHH COOTBETCTBOBAJIM YaCTOTHOMY JHAIa30Hy cilyXa 4yeioBeka (Homo sapi-
ens). VI3BeCcTHO, OJTHAKO, YTO YACTOTHBII JHAIa30H ciiyxa OelyX Ha IOpSIOK K-
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pe, mprieM 00JIacTh MaKCHMAJIbHOHM YyBCTBHUTEIBHOCTH MIPUXOIUTCS HA YACTOTHI
B 40-50 x['m1. /leiicTBUTENFHO, HMITyTECHBIC CHTHABI OeTyX, KaK MPaBHiIO, HMe-
0T HIMPOKOIOJOCHYIO CTPYKTYPY W MOTYT COJAEp)KaTh 3HEPTHI0 HAa YacTOTax
Boimie 200 x['m. B To ke Bpemsi, BOIIPOC O HAIMYHUU y OelyX YIBTPa3BYKOBBIX
(V3), T.e. ¢ wacrotoii ocHoBHOro ToHa (HOT) BbIme 20 k1, TOHATBHBIX (CBU-
CTOBBIX) CHTHAJIOB M3Yy4eH KpaifHe cimabo. CBHUCTHI OelyX, Kak MojararoT, sBIs-
IOTCS, B OCHOBHOM, OTHOCUTENIbHO HHu3KoyacTOTHbIME (UOT mo 5-8 kI'm). Coob-
IaJI0Ch TaKke O 0ojiee BBICOKOYACTOTHBIX TOHAIIBHBIX CHTHAJax, JIEKal[X B
obnactu 1o 20-24 xI', a Takxke cBrcTax, ybk KOHTYpa HOT yacTH4HO BBIXOAMIN
3a BEPXHHMH MpeieN HMCHOIb30BaHHOW PErHCTpPHpYIOIIEH ammapaTypbel. Tem He
MeHee, MHOTOJIETHHE IIMPOKOIIOJIOCHBIE 3alMCH (YacToTa JUCKpeTusannu 96 n
192 xI'm), mpoBOANMBIC B CONIOBEIIKOM M MATOCTPOBCKOM JIETHEM PETPOAYKTHB-
HOM CKOIUICHHH, TIOKa3ali, 4To Y3 CBHCTHI U3IIydaroTcst 6emyxamu beroro mops
KpaifHe penko. [Ipu 3TOM OHH COCPEIOTOUYCHBI B MPUTPAHUIHON 007aCTH OKOIIO
20 xI'm. HaoGopoT, miepBhIe e MTUPOKOTIONOCHBIE 3amich 0eyX B AHAIBIPCKOM
JMMaHe BBIIBUIN MaJIOUHCICHHBIE, HO PETYISIPHO U3JIydaeMble Y3 CBHUCTHI, IPH-
YpOUYEHHBIE K O0JIee BEICOKMM YacTOTaM.

HaOnronenust 3a )HUBOTHBIMH M 3aIUCh WX aKyCTHYECKUX CHTHAJIOB IPOBO-
e ¢ 13 aBrycra 1o 6 centsiopst 2013 1. B HarysIpbHOM CKOIUIGHHH OenyX B AHa-
JBIPCKOM JIMMaHe. beiyXu NeMOHCTpUpPOBAJIM pa3iUyuHble BHJbI AKTHBHOCTH,
cpean KOTOPBIX Hanbosee 3HAYMMBIMH SIBJISUTHCH (DOPMBI TTOMCKOBO-OXOTHHYBETO
noBezieHus. JKMBOTHBIE OXOTWIIMCH Ha MAYIIYIO Ha HepecT kery (Oncorhynchus
keta). Beero mosrydeHo okojo 67 4 3amuceil, mpyu 3TOM OoJblIas UX 9acTh BBI-
nmoiHeHa B patione “10-ro mpuyana”. [{na mpmema 3ByKa MCIIONB30BANN BCEHA-
mpaBIeHHbIC cepruueckne rTuapodonsl (nuamerpoM 50 u 40 MM) ¢ OTHOCHTEIB-
HO poBHO AUX 10 40-50 x['11. 'mapodoHs! OBUTH OCHAIIEHBI TIPSy CHITUTEIIIMI
U coequHAINCh KabeneM ¢ Oiokamu ¢antoMHoro nuranus. LlupokomnonocHyro
3aMKCh BEJM C MOMOIIBIO0 TOPTAaTHBHOTO pekopaepa Zoom H4n (36 1 36 muH) u
HoyTOyKa Acer TravelMate 6292 (2 4 46 muH). B mocneanem ciryuae IpUMEHSITH
aymuo unrepderic Edirol UA 101. Mcmonp30oBanu 4acToTy TUCKpeTU3auu 96 u
192 xI'n. IlepuenTHBHO-MHCTPYMEHTAIBHBIM aHAIN3 MaTepHhajia IPOBOIIIN C
nomomipto nakera Adobe Audition 2.0. Akyctuueckue n3mepenus (n=43) caena-
HBI B iporpamme Syrinx 2.0 (paspaborunk [Ixon bapr, Koprensckuii yHnsepcu-
tet, CILIA). ITapameTpsl, NCTIONIB3yeMbIE TIPH ITOCTPOEHUH COHOTpaMM B Syrinx
2.0: pasmep Omoka OvicTporo mpeobpazoBanus Pypre — 512, BecoBas QyHKIHS
XeMMHUHra.

[Tpn npoBeaeHNH 00IIET0 aKyCTHYECKOTO aHaln3a Y3 TOHAIBHBIX CHTHAJIOB
JyKOTCKHMX O€IyX IOJy4eHbl 3HAU€HHUsI, IpeicTaBIeHHbIE B Ta0u. 1. Buano, uto
CUTHAJIBI UMEIH CPEIHION [UINTEIbHOCTb, OTHOCUTEIBHO HIMPOKUM 4acTOTHBIM
JUanas3oH ¥ ObUIH MpHypodeHs! K mojoce oT 23 no 30 k['1. MakcumansHbIe 3HaA-
yenus: YOT - 38.2 kI, yacToTHbIN quanazon — 16.9 k', qmurenbHOCT — 5.3 C.

B nenom, coBokynHocTh Y3 CBHUCTOB BechMa rpajayaibHa. OqHako Bce Y3
CBUCTBI aHAJIBIPCKUX OEIyX MOYKHO YCJIOBHO Pa3JeNUTh Ha JBe Kareropuu. [lep-
Basl - OTHOCHUTEIHHO HU3KOYACTOTHBIE CHTHAJIBI, PACIIOJIAraloIIiecs B 10JI0CE OT
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20 mo 23-25 x['u. JlaHHBIE 3BYKH CXOXH C TAKOBBHIMH OCIOMOPCKHX OCITyX, OHU
BECbMa PEIKH, OJHAKO IPH STOM OTIMYAIOTCS JTOBOJIBHO BEICOKUM Pa3HO0Opa3H-
eM. K 9T0if ke KaTeropuu OTHOCHIINCH TOHAJBHBIC CUTHAJBI C IMHPOKUM YaCTOT-
HBIM JIMAIla30HOM, BEPXHsI 4aCTh KOTOPOr0 HaXOAWJIACh B HIDKHEH 00JIacTH yilb-
TPa3BYKOBBIX 4acCTOT.

Kareropuu YacToTa OCHOBHOTO TOHA, KI'IT Jmurens-
V3 cBUCTOB | HayampHAas | KOHEYHAS | MHHMMAJ. | MAKCHMAJ. | HOCTb, C
V3 cBuctel | 23.2+£3.3 30.1+4.5 | 23.1£3.3 30.2+4.3 0.7+1.1
(Bce)
Kopotkue 22.5+1.1 30.4+1.8 | 22.6%1.1 30.4+1.8 0.1+0.05
v3
Bocxons- 23.9+49 | 33.3+3.0 | 23.9+4.9 33.3+3.0 0.4+0.3
e Y3
YmsouieH- 23.6£3.4 | 24.4+4.1 | 23.2£3.6 25.0+4.1 2.2+1.5
Hble Y3

Taba. 1. YacToTHO-BpeMeHHbIE XapaKTEPUCTUKU Y3 CBUCTOB OellyX AHaJIbIPCKO-
o JIMIMaHa.

Time [sec)

Puc. 1. Conorpamma crenuuuHbsiXx Y3 TOHAJIbHBIX CHTHAJIIOB aHAIBIPCKHUX
oenyx. ¥3 cBuctel ¢ YOT mopsiaka 30 k' ciaeayroT 3a «riaacHOMOI0O0HBIMI
UMITYJIbCHBIMU TOHAMH C HU3KOW YaCTOTOW CIIeIOBAaHHS UMITYJIbCOB.

Bropas kareropus — crnenuduunsie Y3 CBUCTBHI aHAJBIPCKUX O€TyX, 3aHH-
MaroIye, B OCHOBHOM, aAuana3oH oT 23 no 35 kI’ (Puc. 1.). /lanasie Y3 cBUCTHI
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COCTABISUTM HE3HAYUTENBHBIN TPOIEHT OT 3aperuCTPHPOBAHHBIX KOMMYHHKA-
THUBHBIX CHTHAJIOB, HO TPH 3TOM OHHM BCTpPEYAINCh B OOJBIIMHCTBE CECCHN
HabmoneHuii. CTPYKTypHBIE OCOOCHHOCTH W PETYISIPHOE HCIIOIB30BAHUE ITHUX
CUTHAJIOB YKa3bIBAa€T Ha TO, YTO OHM - XapaKTepHas U HEOTheMJIeMasl KaTeropus
CUTHAJIOB aHAJBIPCKUX OellyX. DT CBUCTHI, KaK MPaBHUIIO, UMEIH KOPOTKYIO MU
CPEHIOI0 AJIUTENBHOCTD, YIUIOMIEHHYIO HIIM BOCXOAALIyI0 (opmy KoHTypa. IIpo-
CTBIC U BeChbMa CTEPEOTHITHbIC, OHM YacTO M3JaBalich B Buie cepuid. [Ipu stom
(hopma KOHTYpa W JUIMTEILHOCTh CHT'HAJIOB BHYTPH OJHOM CEpUHM MOTJIM 3HAYH-
TEJILHO BapbUPOBaTh, B TO BPEeMsI KaK YaCTOTHBIC XapaKTEPUCTHKU OCTaBAIHChH
BecbMa cTaOMIbHBIMU. [IprMeyaressHO, YTO 3BYKH ATOW KaTeropuH, Kak MpaBH-
JI0, SIBJISITUCH BTOPBIM, TEPMHUHAIBHBIM JIEMEHTOM B ITOCJIE0OBATEIbHON KOMOH-
HallU¥ C HIMPOKOIIOJIOCHBIM MMITYJILCHBIM CHTHAJIOM, MPEACTABICHHBIM OOBIYHO
«TJIACHOTIOIOOHBIM» HMITYJICHBIM TOHOM C HH3KOW YacTOTOW CIIETOBAaHWS MM-
mynscoB (Puc. 1.).

Ha ocHOBaHNM 3HaYCHUIT [UINTEIBHOCTH CUTHAIOB M (POPMBI UX YaCTOTHOTO
KOHTYpa OBIIIM BbIIEJICHBI TPU THIA Y3 TOHAIBHBIX CUTHAJIOB UyKOTCKHX OElyX:
1. xopotkue Y3, 2. BOCXOAAIINE MPOJODKUTENbHBIE Y3 1 3. YIUIOIIEHHbIE MPo-
JIOJDKUTENbHBIE Y3 CBHCTBI. AOCOJIIOTHBIE XapaKTEPUCTUKU CHTHAJIOB IaHHBIX
THUIIOB ITPECTaBIICHBI B TA0I. 1.

K HacrosimieMy BpeMeHH 00BEM HIMPOKOIOJIOCHBIX 3aIlMCeH aHaJbIPCKHX
OeyX OorpaHMYEH BCEro OJHHM Ce30HOM HabroneHHui. OUeBUIHO, YTO HE0OXO-
JIMIMO JlaibHelIee HaKOIUICHHE JaHHBIX, OCOOCHHO, €CIIM YYUTHIBATH PEIKOCTD
V3 cuctoB 6emyx. OHAKO yKe ceifuac sSICHO, YTO ONHMCAHHBIC HAMH CIIeUpUY-
HbIE Y3 CBHUCTHI - HEOThEMJIEMasi 9aCTh aKyCTHIECKOTO perepTyapa aHaIbIPCKUX
Oemyx. BeposTHo, criertnduanbie Y3 CBUCTHI SBISIOTCS MPOSBICHUEM Treorpadu-
YeCKOM M3MEHUYMBOCTH BOKAJIBHBIX PENEPTYapoB, T.K. OHU HE BCTpEUatoTCs y Oe-
nyx benoro mops. ITo Bceil BHAWMOCTH, ONMUCAHHBIE Y3 CBUCTHI BBIOIHSIOT
KOMMYHHKAaTUBHYIO (DyHKIHIO, OJJHAKO WX KOHKPETHAs CMBICJIOBAsi Harpy3ka He-
U3BECTHA.

JUTEPATYPA
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Belikov R. 2013. Monitoring white whales (Delphinapterus leucas) with
echolocation loggers // Polar Biol. 36:493-5009.
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VYK 534.23; 542.34

H.U. bejosa, I'.H. Ky3nenon

SKCHEPUMEHTAJIBHOE UCCJIIEJOBAHUE
UHTEP®EPEHIIMOHHOM U ®A30BOM CTPYKTYPbI IOTOKA
MOIITHOCTH OT JIOKAJIbBHBIX NCTOYHUKOB B MEJIKOM MOPE

Hayunslit neHTp BoHOBBIX Hccaenoanuit MO® PAH
Poccust, 199991 Mocksa, yi. BaBunosa, 1. 38
Temn.: (495) 941-0193; dakc: (499) 256-1790, E-mail: skbmortex@mail.ru

B menxkom mope ucciedyemcs unmep@epenyuonnas Cmpykmypa amnauny-
0vl U ¢hazvl CKANAPHO2O NOIA U MPex COCMABTAIOWUX 8eKMOPA KOaeDamenbHOl
CKOpoCmU U 8eKMOpA NOMOKA MOWHOCMU. Ycmarnoenena cesa3b epaduenmos ga-
3bl @ 20PUBOHMANLHOU U 6EPMUKANLHOL NIOCKOCIU C USMEHeHUeM HanpagieHus
COCMAsNAIOWUX 8eKMOPA KONeOAMENbHOU CKOPOCIU U Yend 8036bIULEHUS.

AHaMM3UPYIOTCS SKCIIEpUMEHTAIbHBIC JJaHHBIC, TIOJIyYeHHBIE B MEJIKOM MO-
pe C HUCIIOJIb30BaHMEM IPOCTPAHCTBEHHO-PA3HECEHHBIX YETHIPEXKOMITOHEHTHBIX
BEKTOpHO-CKAISIpHBIX npueMHUKOB (BCII) u OykcupyeMbIX MO 3aJlaHHBIM IIpsi-
MOJMHEHHBIM TPACKTOPHAM TOHAIBHBIX WM HMITYJIBCHBIX IITHPOKOIIOIOCHBIX
n3Mydareneil. M3myueHne u IprueM CUTHAJIOB MPOM3BOIMINCH B CHCTEME €IIHOTO
BpeMmeHH. KoopamHATH W3TydaTeNisi OTHOCUTENFHO MTPUEMHBIX 3JIEMEHTOB M3Me-
PSUTACH C MCTIONB30BAaHUEM JIBYX CITyTHHKOBBIX HAaBUTALMOHHBIX CHCTEM H yTOU-
HSUITUCh B PEANbHOM BPEMEHH MO aKyCTHYecKnM curHaiaMm. CKOpoCTh 3ByKa B
BOJIe MIPAKTHUYECKH HE 3aBHCeNa OT INIyOMHBI ¥ paBHsUIACh B cpenHeM 1473 m/c.

Hwxe uccnenyercs MHTephEpeHIIMOHHAsT CTPYKTYpa 3BYKOBOTO JaBIICHUS
(3), Tpex cocTaBisrOLINX BekTOpa KosebarenbHo# ckopoctu (BKC) u BekTopa
noroka momHoctr (BIIM). BerisicHsieTcst ¢Bsi3b MHTEpPEPEHIIMOHHBIX MUHHMY-
MOB ¥ MaKCUMYMOB ¢ (pazoBbIMH cooTHoImeHnsIME Meskay 3/] u BKC.

BCII-1 6but mpunogssaT Hag AHOM Ha 20-22 M, octanbHble (2, 3 u 4) — pa3-
HECEHBI M0 TOPHU30HTAMM Ha 50 M M pacrojarainch Ha TIyOMHE OKOJO 1 M OT
ITHA. DKCIEPUMEHTHI TIPOBOAMIINICH TIPH OJHOBPEMEHHOW OYKCHPOBKE Ha STUHOM
KapKace YeTBIpEeX M3IydaTeled: TpeX TOHAIBHBIX JJIEKTPOMATHHUTHBIX (YacTOTHI
117, 320 1 650 I'm) 1 ogHOTO MaoOrabapuTHOTO MbE30KEPAMUIECKOT0 IMTUPOKO-
MOJIOCHOTO HMITYJIbCHOTO HW3My4aTesl («IHMHTepay»), MpeaHa3HAaueHHOTO st
yTouHeHUs KoopauHaT Kaxkaoro BCII oTHocuTeNnbHO OYKCHPYEMOTO H3IIydaro-
miero Moayusia. M3mywaromiee CyJHO BBIMONHATO paJualibHbIEe MPSIMOJIMHEHHbIE
rajchl Tak, 4TO Tpacca OYKCHPOBKM IepeceKalia MPUEMHYI0 CHUCTEMY MEXIY
BCII-3 u BCII-4. Ha puc. 1 qnsa npunogusroro Hag qHoM BCII-1 u gactot 117 1
320 I'm mpencTaBiueHBl TpaQuKH IUIsl 3BYKOBOTO JaBiCHUS P, Z-KOMIOHCHTHI
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BKC, pasnoctn ¢a3 mexny 3/ u Z-KoMHOHEHTOMH (AQpy,), HHTErPaIbHOro Hale-
ra pasHoctd (a3 mexnmy 3] u BepTukanpHOU coctaBiritoieii BKC (A(DPVZ),
(nabera (ha3bl ¢ KOMIIEHCAIEeH CKaYKOB Ha 27), Yriia BO3BBIIICHHS (CKOJIBKEHHS)
9KBUBAJICHTHOH TJIOCKOW BOJIHBI B BEPTUKAIBHOH INIOCKOCTH. DTOT YrOJI Paccuu-
TBIBAJICS C UCTIOJIb30BaHUEM (bopMynLI: 0 = arctan((P"V2)/[{P"Vxy* P Vy)*]"?).
A LA - e s M

[T 1200 T 00 0 Ao 1o [EL T A TTann

A-womnoncnTa koneGaTensnoll ckopocTi. ab F-momnonanTa koncGaTenenall cropocT. u
0 a0

= ’“"“ﬂ"w E—— WHW"”'

eI ||.u|| 1200 MW ET ETiTH

e e

il T

MIMTerpanmmmiil maGer .|. v, g

R

N
A 160 HOM ETiT

» N . . "
[T 1200 e ETT o
Huer : nater duri, pas

HOHD (T T

HOD ST o ana 1o

: WWW r %memw

[Ty 1200 HOO EnT o A 1600 1200 O ano A0
POccTosmmne, m PACETOMMD, M

Puc. 1. 3aBucHMOCTH OT pacCTOSIHUS 3BYKOBOTO IaBJICHHUS, Z-KOMIIOHEHTEI
KOJIe0aTeIbHOI CKOPOCTH, PA3HOCTH (a3 MEXKIy 3BYKOBBIM JTaBIICHHEM
1 Z-KOMITOHEHTOH, yria Bo3BhimeHus 6. Yacrora 117 (a) u 320 I'x (6).

BumHo, 9T0 cTpyKTypa mons B OmmkHEH 30HE (paccTosHus Ao 1.5 royOmH
BOJIHOBOJIA BJIEBO ¥ BIIPaBO OT MPHUEMHOTO 3JIEMEHTAa) M B JaJbHEH 30HE — Ha
OONBIIMX PacCTOSHUAX, pa3iH4aloTcs. B OmmkHel 30HE cHpaBeaIMBO JIy4eBOE
npuOJIMKEHNE U HaOIroIaeTes Mo1o0ue 3aBUCUMOCTE! OT paccrostaus 3/ u Bep-
TUKabHBIX cocTaBisifommx BKC. Ho BennynHa BepTHKaIbHBIX COCTABIISIOINX
BKC Ha 5THX pacCTOSHHSX W3-32 KOCHHYCOWAAIBHOW 3aBHCUMOCTH OT yIJia Ta-
JICHUSI YyBCTBUTEJIBHOCTH YOBIBaeT ObICTpee, ueM 3ByKOBoe JnaBieHue. [locie
(hopMHpoBaHUS HOPMAIBHBIX BOJH MHTEP(EPESHIMOHHBIE CTPYKTYpHI moist 3/ n
TOpHU30HTANBHBIX cocTaBisonx BKC craHOBSITCS MOJOOHBIMHU, HO OTIIMYAIOTCS
OT AHAJOTUYHBIX 3aBUCHMOCTEH ISl BepTUKAIBHBIX cocTaBistonmx BKC, mo-
CKOJIbKY BEPTHKAIbHBIN BEKTOPHBIM MPUEMHHUK TTOABIISET MOJBI TIEPBBIX HOME-
POB M TOTYEPKHUBACT MOJBI BBICOKUX HOMEPOB. DKCTPEMaIIbHBIE 30HBI MAKCHMY-
MOB U MHHUMYMOB T0J1s1 3] ¥ TOpr30HTambHBIX cocTaBistommx BKC cmemnienst
OTHOCHTEJIBHO 3aBHCUMOCTEH [T BepTUKaIbHBIX cocTaBistomux BKC.

W3 puc. 1 ciaexyert, 4yTo BOJIU3H 30H HHTEP(HEPEHIIMOHHBIX MUHAMYMOB I'pa-
JOUEHTHI (a3bl OBICTPO BO3PACTAIOT, @ B 30HE MHTEP(HEPEHINOHHBIX MHHHUMYMOB
3BYKOBOTO JIaBJICHHs HAOJIONAIOTCS CKAauyKM pa3sHOcTH (a3 mexny 3/] n Bepru-
kanpHOU coctaBisonieid BKC. Ilpuuem, yem riryoke MHHUMYM 3aBHCUMOCTH
P(r(?)), Tem Oosbllie BeMUMHA cKadyka pazHocTy (a3. [Ipu ceyeHnu auciiokanuu
(rirybokoro nHTEp(EPEHIIMOHHOTO MHUHHMYyMa) W TPH «OOXOZAE JMCIOKALIUI»
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BO3MOJKEH ITOJTHBIM IMTOBOPOT ITOTOKA MOITHOCTH M M3MEHeHue ¢asbl Ha 27, B mm-
TepaType TaKHe 30HBI HA3bIBAIOT 30HAMH «3aBHXPEHHOCTH». OIHOBPEMEHHO
(hopMUPYIOTCA M OTKIIOHEHHUS OT JIMHEHHOHN 3aBHUCHMOCTH WHTETPATbHOHN (has3el —
npu 00xoze 0co00it ToukH (Iuciokaimu) (daza U3MEHsETCs Ha BEIUYUHY +27
ni —27 (B 3aBUCUMOCTH OT «3HaKa JIUCIOKAaIMMW»). TakuMm o0pa3oM, B 30HAX
r1yOOKHX MHTEP(EPEHLMOHHBIX MUHUMYMOB, B KOTOPBIX HE TOJBKO 3BYKOBOE
JlaBjieHne P—min, HO M MPOEKUUH KosiebaTenbHol ckopoctu |Val,|Vyl,|V7—min,
HaOMI0Nat0TCsl CKaYKH (a3bl B TOPHU3OHTAIBHONW M BEPTHKAIBHOW IUIOCKOCTH Ha
BEJIMYMHY 710 27t. B 0TAEIbHBIX 30HaX IpasueHT (a3bl HENPEPHIBEH U IIPU CMEHE
3HaKa (as3bl MPOXOIUT Yepe3 Hysb. B 3THX ToYKax, Mo-BUIUMOMY, 00pazyroTcs
«cemma». B mpyrux 3oHax HaOmOAalOTCA CKauykooOpasHble M3MEHEHUs (a3bl,
rpasneHT ¢a3bl XapaKTepU3yeTcsl pa3pbIBOM HEIPEPBIBHOCTH U CTPEMUTCS K Oec-
koHeuHOocTH. Ha puc. 1(0) Takke BUAHO, UTO C YBEIHMUCHUEM YacTOTHI 3ByKa WH-
TEpBAJIBl PACCTOSHUHN, B TPE/esIaX KOTOPBIX YTOJl BO3BBIIIECHHUS OJIM30K K TOpPH-
30HTAJIBHOMY, paclupsIoTcs. B 9TuX 30HaX (30HaX MHTEP(EPEHLIMOHHBIX MaK-
CHMYMOB) pa3HOCTh (a3 MEXKy 3BYKOBBIM JIaBJICHHEM U KoJeOaTeNbHON CKOPO-
CTbIO ACUMHOTOTHUYECKH CTPEMUTCS K HYIIO, YTO COOTBETCTBYET MOJIEIH SKBUBA-
JICHTHOI TT0CKOW (KBaszuOerymiei) BomHbl. OTMETHM TakKe, YTO Ha MaJlbIX pac-
CTOSIHMSIX — B 30HE TpaBep3a MPOCTPaHCTBEHHBIH MacumTad 30H MHTEP(EpeHIH-
OHHBIX MakcuMyMoB P(r(f)) u V(r(f)) 3aMeTHO MeHble, YeM B JajibHEH 30He.
Kak cnencrBue, B paifone TpaBep3a ckauku (a3, M3MEHEHNS HAIIPABJICHHUS BEPTH-
kanbHOM coctapisitoweit BKC u yria npuxona npoucxonsr vaiie. M3-3a yacTbix
YyepesloBaHUH 30H MAaKCUMyMOB W MHHHUMYMOB W M3MEHEHHUS 3HAKOB BEPTHKAIIb-
Holi cocraBistromeii BKC BenmmunHa yriia BO3BBIIICHHS MPHOOpPETaET KBA3UCITY-
YaifHBIA XapaKkTep ¥ U3MEHSACTCA B OTACTBHBIX TOUKax oT +90° mo —90°.

Ha puc. 2(a) npuBeneHbl nHTEp()EPEHIIMOHHBIC 3aBUCUMOCTH OT PACCTOSHHUS
TOPU30HTAJIBHBIX M BepTHKaIbHONH KOMIOHEHT BIIM Jyyz Pacuers! ycpennen-
HBIX 32 IIEPUOJ] BEIMYUH BhINOJHEHBI 110 Gopmyiie (Jyyz) = (1/2)Re(PV xrz).

KoMnoncnmu nextopa noToss smommoctn, b (a)  Pawocrs dn, paa ({2
250 T T T

Ayt L

1206 RO T [0 T 1200 HIH) T

YY) g T

150 L "

ey NN

ETT) B0 A [ FTi) 1200 FroT) ETTT) 0 ann
Paccronnme, M Paccronnne, s

Puc. 2. Ammuuty el (2) n pazHoctu ¢as (0) OpTOroHaNbHBIX COCTABIISIONINX
BEKTOpa MOTOKA MOLTHOCTH Y3KOMOJIOCHOTO curHana Ha yacrtote 117 I'.

250

Ha puc. 2(6) npuenensr pasHoctu ¢a3 mexny 3 m X-, Y- u Z-coctas-
mromumu BKC. Tak kak TOpH30HTaNBHBIE COCTABISIONINE UMEIOT WHAWBHIY-
albHBIE 30HBI MUHHMYMOB B MOMEHT MpOX0Ja M3IydyaTeJeM HalpaBlIeHHUil, 1Mo
KOTOPBIM YyBCTBHUTEIBHOCTh X- MM Y-KOMIIOHEHTHI M3-32 KOCHHYCOHJATbHOM
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3aBHCHUMOCTH YYBCTBUTEJIBHOCTH MHHHMaJbHA, TO MPH MPOXOJE ITUX YYaCTKOB,
KaK U CIIeIOBAJIO OKHIATh, TPOUCXOAAT CKaYKH Pa3sHOCTH (a3 Mexay X- mwm Y-
kommnoHeHTamMu BKC otHOCHTENRHO ApyT mpyTa (oTHOCHTENbHO 31 Ha £90°).
PaccmoTpuM pesynbTaThl aHalM3a XapaKTEPHCTHK IIOTOKA MOLIHOCTH IPH
HCIIONB30BaHUN [IMPOKOIIOJIOCHOTO H3JIydaTelisi, OyKCHPYeMOro IO MPsIMOJIH-
HEeHHbIM rajcaM (HM3KOYAaCTOTHOTO IMHEBMOMCTOYHMKA). IS CUTHAJIOB, IIPUHS-
ThIX putoHHBIM BCII, mocTpoeHs! 3aBUCHMOCTH aMIUIUTYABI ¥ (ha3bl COCTaBIIs-
rorrux BIIM B mosioce 1/3 okTaBbI ¢ nieHTpansHoi yactoton 200 't (puc. 3).

COCTARIMIOWING BERTOPI BOTOKRI MounocTn, Ak ) Paaoc
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Puc. 3. AMmututy s (2) 1 pazHoctu ¢as (0) OpTOroHaNnbHbIX COCTABIISIONINX
BEKTOpa MOTOKa MOIITHOCTH B Tostoce 1/3 okraBel (dactora 200 I'x).

30HBI IMI00ATLHBIX MUHUMYMOB TOPH30HTANBHBIX cocTaBisitomux BIIM co-
OTBETCTBYIOT 30HAaM MHMHHMYMOB YyBCTBUTEJIBHOCTH T'OPU30HTAJIBHBIX COCTaB-
JSIFOLIMX TIPUEMHUKOB KOJIeOaTeIbHOM CKOpocTH. [lis nanbHel 30HbI XapaKTepHO
MOHOTOHHOE CITaIaHUC aMIUTATY/IBI IIOTOKAa MOIIIHOCTH C YBEIMYCHUEM PACCTOs-
Hust, OtMetnM Oosiee ObIcTpoe cnaganue Z-komrnoHeHTsl BIIM mo cpaBHeHuto ¢
TOPU30HTAIEHBIMU COCTABILIOIIMMU. [Ipy mpoxoje 30HBI MHHUMYMa YyBCTBH-
TETBHOCTH BEKTOPHOTO X-KaHajla HaONIOMAeTCs €CTECTBEHHBIM CKadoK (as3bl Ha
180°. AHaNOTHYHBIA pe3yJTbTaT MOXXHO OTMETHTh W i Y-KoMmoHeHTH. Ho
HaOIIOMaeTCs M OTIINYNE, OOBSICHSIONICECs ABIDKCHIEM H3TydaTesst BOIM3H JTH-
HUH, COOTBETCTBYIOIIEH MHHHMYMY UYyBCTBUTEIHLHOCTH Y-KOMIIOHEHTHI: H3-3a
HEeOOJIBIIIOr0 PHICKAHbsl CYAHA-OYKCHUPOBIIMKA MO KypCy HJIM, BO3MOXKHO H3-3a
Maibix nepementennid BCII Bo BpeMeHU mOJ NeWCTBHEM MPHUIOHHBIX TEUCHHIA
BCII moxeT neproinuecKky OPHEHTHPOBATHCSI HA UCTOYHHMK Pa3HBIMH 30HAMH,
COOTBETCTBYIOUIMMH PA3IMYHBIM Y4aCTKaM KOCHHYCOUAAIbHOU XapaKTEepPUCTUKU
HarpasJIeHHOCTH. [109TOMY BO3HUKAIOT MHOTOKpATHBIE CKa4KK (ha3 Ha T paJiiaH.

Pa3zHOCTE (pa3 MKy 3BYKOBBIM JTaBICHUEM U Z-KOMITOHEHTOH ISl CUTHAIA
¢ mosiocoii aHanm3a 1/3 OKTaBBl M3MEHSET 3HAK, YTO CBUJAETEILCTBYET 00 M3Me-
HEHUU HaIpaBlIeHUsl Mpuxofa BepTukaibHoi cocraBistomeil BKC u npuxozne
(hpoHTa BOJTHBI B TOUKY MpHEMa C pa3IMYHBIMHU yTJIaMH BO3BBIIIEHUS. Ho mpu
[IIPOKOTIOIOCHOH 00paboTKe 30HBI HHTEPPEPECHIIMOHHBIX MUHIMYMOB «CMa3bl-
BAIOTCS» M3-3a PA3IN4MsA Ha PAa3HBIX YAaCTOTaX MECT PACIIONIOKEHHS AUCIOKAIIUI
(Aw/® ~ Ar/r), «3aMbIBalOTCs» U CKadku (a3, T.e. y)Ke B cllydae npremMa CHria-
JOB B mojoce 1/3 okTaBbl 30HBI MHUHHMYMBI BBIPD@XKEHBI C1ab0 U ckadyku (a3
MPAaKTHYECKH HE MpOSIBISIOTCS. [IpOosBISIIOTCS 30HBI ¢ MHTEP(EPEHIMOHHBIMU
MaKCHMyMaMH, KOTOpbIe He00XO0IMMO HCIIOJIb30BATh ITPH OOHAPYKEHNUH LIEIIEH.
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VJIK 551.466.8

A.C. Benoropuesn!, A.H. Cepedpsinbrii'?

O BO3MOXHOCTHU UBMEPEHUA CKOPOCTHU U
HATIPABJIEHHOCTHU BHYTPEHHHUX BOJIH C IOMOIIbIO ADCP

'AO "Axycruueckuii unctutyT uMm. akana. H.H.Angpeesa"
Poccus, 117036 Mocksa, yi. [lIBepHuka, a. 4

Ten.: (499) 723-6300; Dakc: (499) 126-8411

E-mail: serebryany@hotmail.com

2 UuctutyT okeanonorun um. ILI1. [upmosa PAH
Poccus, 117997 Mocksa, yin. HaxumMoBCKHI TIPOCIIEKT, 1.36
Ten.: (499) 124-5996; Daxkc: (499) 124-5983

Paccmampusaemest 603m0dicHOCb U3MEPEHUsL PA308bIX CKOPOCMET 6HYM-
PEHHUX 80JIH U HanpasieHus ux pacnpocmpanerus ¢ nomowvio ADCP. Ilpeona-
2aemviti Memoo 0eMOHCMPUPYEMCsl HAd npumepe OAHHbIX USMEPEeHUTl Ha welbge
Anonckozo mops.

[IITaTHble BO3MOXXHOCTH aKyCTHYECKHX JOIIUICPOBCKUX Mpoduiorpados
(ADCP) — 3T0 m3mepeHne Tpex KOMIOHEHT TedeHHs. OJHAKO Kak IOKa3bIBaeT
MHOTOJIETHHH OIIBIT BO3MOKHOCTH 3THX HNPHUOOPOB HE OIPaHWYMBAIOTCS TOJBKO
n3MepeHusmMu TedeHnit [1]. B gacTHOCTH, paHee yxe ObuI0 Moka3aHo, uro ADCP
TIOJIE3HBI JJIsI U3MEPEHNUS NTapaMeTPOB BHYTPEHHNX BOJH. MIMH BO3MOXHO M3Me-
PSTH BBICOTY BHYTPEHHEIl BOJIHBI, TIEPHOJ, OCOOEHHOCTH MPOGMIS BOIHBI U JIp.
W3BecteH metoxn m3mepeHHs (a30BOil CKOPOCTH BHYTPEHHHX BOJH IIyTeM IpO-
XOXKAEHHS ¢ OYKCHPYEMBIM aKyCTHYECKUM HPOGHIOMETPOM BHYTPEHHEI BOJHBI
Ha BBITIOJIHAEMBIX TIOCIIEIOBATEIbHO BCTPEUHBIX rajcax [2]. B maHHo# pabote
MBI 00CYy’KaeM BO3MOXKHOCTH MO JaHHbIM deTbipexiydeBoro ADCP momy4ars
oLleHKH (a30BOi CKOPOCTH BHYTPEHHHX BOJIH, a TAK)KEe HAIpaBJICHHE UX PAacIpo-
CTpaHEHHs NPH OJHOKPATHOM IIEPECeUeHNH aKyCTHYecKnM npoduorpadom my-
ra BHyTpeHHHX BOJH. [Ipemmaraemelii croco® omneHkn (a3o0BOH CKOPOCTH H
HAalpaBJIeHUs] paclpoCTPaHEHUs] BHYTPEHHUX BOJH OCHOBAH Ha CIEIYIOMINX CO-
obpaxkennsx. Jlyan ADCP “Rrio Grande 600 kHz” cocTtaBisroT ¢ BepTHKAIBIO
yroix 20°. ITo Mepe yBemMUeHHs TIIyOWHBI, 001acTH, 0OCIeyeMble KaXXIbIM Y-
gyom ADCP, pacxonmsarcss o ropu3oHTaNd. BeencTBie 3TOT0 CHTHANBI O Iepe-
MELIEHUN BHYTPEHHHMX BOJIH, MOJy4aeMble OT KaXKJOro Jyd4a, JOJDKHBI OBITh
CMelleHb! 1Mo BpeMeHH. [1o 3ToMy CMeEleHHI0 MOXKHO OLICHUTh HaIpaBlICHHE U
(ha30BYyIO CKOPOCTDH BOJIHBI, 4, KaK CICICTBUE, U JUTHHY BOJIHBI.

PaccMoTpuM npumep M3MepeHuil BHYTPEHHUX BOJIH Ha Hienbgde SmoHckoro
MOpsl. 3/1eCb BHYTPEHHHE BOJHBI UMEIOT B OCHOBHOM HPWIIMBHOE IPOUCXOXKIE-
HHE W MOSIBIISIFOTCS Ha IIeNb()e PerysipHO B BHJE MMaKETOB MHTEHCHBHBIX BOJIH C
BbIcoTamu okoo 10 M u Oombire. M3meperus Obutn mpoBeneHBl 20 ceHTIOPs
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2004 r ¢ gxTHI 3agKOpeHHOU Ha TyomHe 40 M, yIaneHHOH Ha 2 KM OT OOpBIBH-
croro Oepera M. Illymera. Ha puc. 1 moxa3aHa 3amich 3apeTHCTPUPOBAHHOTO
myra. AHanmu3 MBI OyIeM MPOBOIWTH IS IBYX TOCIEAHUX BOJH B myre. OHHU
XOPOILO MPOCMATPUBAIOTCSL HAa KapTUHAX 0OPAaTHOIO paccesHus Bcex 4-X Jyuei.

Beam 2 Backscatier [d5]
piatiom ' Tap © —flotam O

T 3 L] L] —

Puc.1. Ilyr BHyTpeHHHUX BOJH Ha meﬂbq)em;[rIOchoro Mopst. U3smepenus ADCP
“Rio Grande 600 kHz” 20.09. 2004. Kaptnna oOpaTHOTO paccesHus Ha yde Ne2.

Hamomunm opuentanuto myqeir B ADCP. Hanpasnenne myda Ne3 coBmanaer
¢ KypcoM cyaHa. [Ipu Bue cHU3Y IO 4acoBOIl CTpEJKe IMOCIEI0BATEIbHOCTD JIy-
geit — Ne3, Nel, Ne4, No2.

[penBapurensHast 00pabOTKa AByMEPHBIX MACCHBOB BKIIIOYaa B ceOs: Mpo-
CTPAHCTBEHHOE YCPEJHEHHE MacCHBOB MEIHaHHBIM (HIBTPOM C OKHOM pa3me-
poM 5 Todek 1o IiayOuHe, 5 ToYeK MO BpeMEHH; «BBIOEIMBaHME» - ObLIO yOpaHO
JIMHEITHOE yMEHbIIEHNEe MHTECHCHBHOCTH CUTHAJIa 00paTHOTO paccesiHUs P yBe-
JMYEHUHN TIIyOWHBI, IPOCTPAHCTBEHHOE CIIIQ)KMBAaHWE MAacCHBOB JIBYMEPHBIM
rayccoBbIM (DWIIBTPOM C OKHOM 3 TOYeK Mo TiryOuHe, 5 Todyek 1o BpemeHH. Pe-
3yJIbTAT MpeBapuTenbHol 00paboTku aist tyda Nel mpencrasieH Ha Puc. 2.

Jnst onpenieneHnst BpEMEH 33/IepKEeK CUTHAIOB MPONU3BOIMIIOCH BBIYNCIICHNE
(hyHKIMI B3aMMHOW KOPPEIAIINH CUTHAJIOB OT KKIOH Taphl Ty9er I KaXI0TO
13 BBIOPAHHBIX TOPH30HTOB. [l0 BepTHKaNM paccMaTpUBAINCh 9 TOPU30HTOB, C
25,5 M 110 29,5 M, Ha KOTOPBIX HAOJIOATIOCh HAIMYKE SIPKO BBIPAXKEHHBIX (HPOH-
TOB BHYTPEHHHUX BOJIH.

BeprukansHoe 30H1upoBanue Benock ¢ nepuogom 0,82 c. OOpadaTsiBacMbie
JIByMEpHbIE 3aBUCUMOCTH OBUIM IOJIyYEHBI IOCIE MPEIBAPUTEIBHOTO YCpeaHe-
HUS 110 BPEMEHH PaBHOTO 5 oTcueTaM, 4.1 ¢. BBy HEOONBIIOroO yriia pacxox-
JICHUS JIy4del, a Takke JI0CTaTOYHO Y3KOTO JMana3oHa riyOuH, M Py HeOOIbIINX
CKOPOCTSX BHYTPEHHHUX BOJIH, OXKHJAEMOE M3MEHEHHE 3a/IePKKH MEXy JIydaMu
B 3aBUCHMOCTH OT TITyOMHBI COCTaBIISUIO 1-2 0TCUETa KOPPEISIIHOHHON (DYHKIIHH.
TakuM M3MeHeHneM ObUIO PEIIeHO MpeHeOpedsb.
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[Ipu BBIYMCIEHHN KOPPEIIMMOHHBIX (YHKLHH, OKa3aJ0Ch, YTO Ha WX BUJ
OoIbIIIOE BIMSIHUE OKa3bIBAIOT CHIIGHBIC JIOKAIBHBIE BBIOPOCHI, TIOJOOHBIC TEM,
YTO HAOJIIOAIOTCS HAa TIPEIBIAYIIEM PHCYHKE Ha TimyOuHe 27 M B paiione 3900-oi
cekyHIbl. Takue BBIOPOCH NPHIIIOCH yOadWTh Bpy4Hyl0. O0IacTH BBIOPOCOB
OBbLIM 3aMEHEHBI CPEIHUM 110 BCEMY PUCYHKY 3HaYCHHUEM.

Backscatter. Beam 1

myGara i

3400 3600 3800 4000 4200 4400
Bpewms (c)

Puc. 2. Bux obpaTtHO paccesnHoro curnana syda Nel ADCP g aByX BOJH B
IyTe TOCIIe TIPOBEACHNS IPEABAPUTEIHLHONH 00pabOTKI

[Ipumep BBIYMCICHUS B3aUMHBIX Koppemanuii myueit Ne3 u Nel mns Bcex fe-
BSITH FOPU30HTOB NpHBeeH Ha Puc. 3.

2.5

0.5

Bpewms (c)

Puc. 3. ®ynkuun B3aumHoi koppenauuu gydeit Ne3 u Nel nnst 9-tu ropusoHTOB.

Kaxnprit rpaduk oTHOCHTCSA K OTACIEHOMY TOPH30HTY. [l BU3yanu3aIin
HCTIOJIB30BATIOCH CMEIIEHHE TPaMKOB, OTHOCSIIUXCS K pa3HBIM TOPHU30HTAM, IO
BepTHKaNN. [loJ0KUTENbHOE CMElIeHHe MaKCUMyMa KOPPEISIMHOHHON (DYHKIINU
[0 BPEMEHHU PHCYHKE O3HAuYaeT, YTO BOJIHA IBMXKETCSl B HAINPaBJIEHHM OT 1-ro
Jy4a Ko 2-My.

AHayorn4yaasi 00paboTKa MPOBOAMIACK [T KKI0H mapsl aydeit. [Ipu stom
JUTS KaXKJIOM TMaphl BBIYMCISIIACH CpedHss 3aaep:kka. OHa BBIYMCISIACH CIEIYIO-
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UM CTocoOOM. Bprumcsiiach 3afepikka sl KaKJI0ro ropuzonra. B mepedne
MOJYYEHHBIX 3a/IePKEeK OTOpachIBAIMCh MaKCUMaJbHAs 1 MUHUMalbHas1. Cpenn
OCTaBIIMXCSI, BBIYHCIISIIOCh CpeiHee apudMeTndeckoe 3HaveHue. llomydeHHbIe
pe3yabTaThl IPUBEICHBI B Ta0M. 1.

Tabnuma 1

JIya Nel Jlya Ne2 3angepxka (c)

20,5
28,1
37,7
28,7
13,1
4 2,5

Q| | = [ o |

B mepBbIX ABYX KOJIOHKaX IMpPUBEIEHbI HOMEPA pacCMaTpUBAEMBIX Map Jy-
yell. B TpeTbell KOJIOHKE — BpeMsl 3aJ€pKKU MEKIY CUTHAJIaMU COOTBETCTBYIO-
mux Jgydeil. Mcrmonb3yst Bpemst 3aJ1ep>KK1 CUTHAIIOB ISt Tapbl 1 1 2 MOKHO Tipea-
BapUTEJIbHO OLIEHUTH (ha30ByI0 ckopocTh BB, mpenmnonmaras, uyto oHa wmaer 1o
JIMHWUY, COCIUHSIONICH o0acTu 3TuX nydeil. Ha cpenneit rimyOuHe paccmarpuBa-
emoii obsactu 27,5 M, iydn o0pa3yroT KBaJapaT, MTOJOBUHA UAroHa KOTOPOTO
paBHa 27,5M x tg20° = 10 m. PaccmarpuBas 3anepxky 2-ro u 1-ro mydeit dazo-
BYIO CKOPOCTb BOJIHBI MOKHO OLleHHTH B 20M/37,7 ¢ = 0,53 m/c.

Wcnone3ys nadopmannio o Bcex 3amepKKax, METOJOM HaWMEHBIINX KBa-
patoB OBUTO TIOMYYeHO: (ha3oBast CKOpocTh BOIHBI = 0,45 M/c.; HampaBJIeHHE pac-
MIPOCTPAHEHUSI BOJHBI COCTAaBISICT 25° OT JHMHWH, COCIUHSIOMICH TOYKH JTydei
Nel u Ne3.

ITockonmbKy Kypc HOCHUTENSI COBIAJAET C HAMpaBJIEHUEM Jyda 3, BOJIHA pac-
HpOCTpaHseTcs Mo KypcoBoMy yriry 70° mpaBoro Oopra, WiH, 3Hast Kypc HOCHTe-
151 (280°), Bonna unet B HanpasieHun 350° N. Takoe HanpaBiieHUE COOTBETCTBY-
eT JIBIDKEHUIO BOJHBI Ha Oeper. Ecim mepuon Bosubl B3tk 400 ¢, TO ee /uiHA
coctaBuT 192 m. [lonyueHHOE 3HaYEHWE HANPABICHUS! PACIIPOCTPAHEHUS BOJHBI
XOpOILIO COOTBETCTBYET HANpPAaBICHUIO CKOPOCTEH TeueHWH, HaOI0JaeMbIX B
TOYKE MaKCUMyMa BOJIHBI B MOMEHT BpeMeHH 3620 ¢ Ha riryOuHe 22 M.

PaGota BbITIOJIHEHA TIpH YacTWYHOW mojziepkke rpanra POOU Ne 13-05-
01106.
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V]IK 534.87

H.I'. bu6oukos

BUOIIYMBI IIEJb®A FOKHBIX MOPCKHUX PYBEXKEN POCCUU U
ABXA3UUN

AxycTtnyeckuil ”HCTUTYT UM. akaa. H.H.Aunpeesa
Poccus, 117036 Mocksa, yi. llIBepHuka, 1.4
Temn.: (495) 7231163; ®axkc: (495) 126-8411, E-mail: nbibikovl@yandex.ru

Ilpusooamcs ocHosHbie pe3yivmamvl aHanU3a OUOULYMO8, 3ape2UCPUpo-
BAHHBIX 80NIU3U Depe2080ll TUHUU OaNbHe80CMOYHbIX epanuy Poccuu u pecnybnu-
ku Abxasusi. B obeux akeamopusx na wieivbpe 601usu 6epe206oil TUHUL 6bISEIEHO
Hanuyue UMNYIbCHBIX ULYMOS, U3TYYAeMbIX PAKAMU-UJEKVHAMU, OMHOCAUUMUCS
K pooy Alpheus. Omo nepsvie HayuHble cUOemeNbcmea HaauyUus IMux 00beKmos,
00bIYHO OOUMAIOWUX 6 MPONUYECKUX 30HAX OKEAaHd, 8 YKA3AHHbIX AKEAMOPUSIX.
Ilpusedenvl uacmomHo-epeMennbie XapaKmepucmuKu OmOeNbHbIX UENYKo8 U
cmamucmuyeckue Xapakmepucmuky 8peMeHH020 pacnpeoeienus Haubonee uH-
MEHCUBHBIX OMOENbHBIX UMNYIbCOS. DKCNEepUMEHMAlbHble OaHHbIe YKA3bI8arom,
umo cnekmp omoenvHo20 ujenuka npocmupaemcs 0o 50-70 xkl'y npu nuxogoti
UHMEHCUBHOCMU, U3MepeHHOU Ha paccmosinuu oxono 1 m, bonee 200[1a. Bpe-
MeHHOe pacnpedeiienue uen4ko8 He3HaAuYUmenNbHO OMAUYAemcs Om MOYEYHO20
Ilyacconosckozo npoyecca 3a UCKTIOYEHUEM CAMBIX KOPOMKUX UHINEPBAios, KO-
mopvle, 8UOUMO, COOMBEMCIMEYIONM OMPANCEHHBIM UMNYIbCAM. YKazvieaemcs Ha
nepcneKmusHOCMb MOHUMOPUH2A YKA3AHHBIX 368YKO8 KAK 8 OMHOUEHUU KOH-
MPOJA IKONOSUYECKO20 COCMOAHUA Cpedbl, MAK U NpU NposedeHull cUOpOoaKy-
cmuyeckux pabom.

B HexoTophIX mIenb(OBHIX 30HAX OKeaHa JIOMHUHHMPYIOIIUM HCTOYHHUKOM
3BYKOB OKa3bIBatoTCsl OMomryMel. Hanbosnee HHTEHCHBHBIE OHOIIYMBI B TPOIIHYE-
CKOM, CyOTpONMYECKOH M OTYACTH YMEPEHHOH 30HE MHUPOBOTO OKeaHa T'€HEepH-
PYIOTCS POIOLIMMH PavyKaMH, )KUBYIIMMH B TIOBEPXHOCTHOW JIOHHOH cpene. OTH
JKUBOTHBIC TIPUHAIEKAT K CeMEHCTBY Alpheus n B pycckos3pIdHON TUTEpaType
OOBIYHO HA3BIBAIOTCS] paKaMU-IIEIKYHAMH.

buomexaHn4eckue acrekThl M3IY4YeHHUs] 3TOT0 CHTHajda HCCIE[OoBallUCh B
psizne paboT M Jake MOABEPTraJCsl MOAPOOHOMY PACCMOTPEHMIO C TOUYKH 3PEHHs
€ro 3BOJIFOIIMOHHOTO MPOMCXOKICHUS. B Hacrosmiee BpeMs: Hanbosee Mpu3HaH-
Hasl TEOpUsl M3IyYEHHs IIEeNYKa CBSI3bIBACT €ro TeHepaluio ¢ (OpMHUpPOBaHHEM
KaBUTAI[IOHHOTO ITy3bIpbKa, IMPHU PE3KOM 3aKpbIBAaHHU CIICHHAIH3UPOBAHHON
kiemHy [1]. Tlocnenyromiee cXJIoMbIBaHUE My3bIphKa COMPOBOXAATIACH PE3KUM
MIOJTbEMOM TEMIIEPaTYphI (10 HECKOJIIBKUX THICSY I'PAJyCoB) U JTaXKE COHOJIIOMH-
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Hucnenime [2]. Kak mpaBmiio, akTHBHOCTH anb(eycoB HAOMIOOATH TOIHKO B
TPOMUYIECKUX 30HAX MUPOBOTO OKECaHa.

MBI OCYIIECTBHJIN TOJIEBbIE HAOIIOACHHS 3BYKOB PAKOB-IIEJIKYHOB THXo-
okeaHCKo# menbda B 3anuBe CraBsHka npuOiu3uTensHo B 80 kM K tory u3 Bra-
JMBOCTOKAa U B akBaTopuu UepHoro mopst Ha Teppuropun ropoga Cyxym. Otu
aKBaTOPUH COOTBETCTBYIOT CEBEPHOMN IpaHHIE apeaja AaHHbIX 00bekToB. Ilpn
pabore Ha TuxookeaHCKOM wIeb(]e 3aMich BEIUCh B OJTHOM TIOCTOSIHHOM ITyHK-
Te perucrpanuu Ha riyouHe 4M u B 19-TH paziM4HBIX TOYKax 3anuBa. HMcmoib-
30BaJIOCH PHIOOJIOBHOE CyTHO BojousmenienueM 300T u Jierkoe Bojioiia3Hoe 000-
pynoBanue. st perncTpanyy OMONIYMOB HCIOJB30BAIH KAIMOPOBAaHHBIA Ma-
JOMIYMSIIIAN IIMPOKOIIONIOCHBIH ycunutesnb, U MarHutodon (1407, Bruel &
Kjar), vacToTHas XapakTepuUCTHKa KOTOPOro ObuTa nuHeitHOH no 15 k[ Ha BBI-
COKOM cKopocTu 1 10 4 K[ 11 B pe’KuMe 3aIHCH MIPU CTAllHOHAPHOM MOHHUTOPHUHTE.

B YepHOoM Mope ucciaeqoBaHNs OCYIIECTBISIIN C ITOMOIIBIO MIMPOKOMOIOC-
Horo ruzipodoHa Gupmsl Bruel & Kjar, ycunennsiit curaan ¢ Beixoja ruapodona
BBOJIWJIM B MEPCOHATBHBIA KOMIBIOTEP ¢ YacToToi auckperm3anuu 20 k', OT-
JIeNIbHbIE YYaCTKH 3alMCe pPEerucTpupoBalii, HCHOJb3Ysl aHaJIOro-LU(ppPOBOro
npeodpazoBatens USB-3000 ¢ wacroroit nuckpernsanuu o 1 mI'm. Ilpu takoi
3aIlUCH yIaBaJIOCh OLEHUTHh UCTHHHBII CIIEKTpP CUTHAaJa, BEPXHsIA YacTOTHAs rpa-
HUIla KoToporo npessimana 70 k.

Ha TuxookeanckoM mrenbge 3ByKH yIaBajoch 3aperucTpupoBaTh Ha TTyOn-
Hax Oosee 15M, mpUYeM ONTHMAIBHBIM IPYHTOM CITYKHJIO JIHA C MEJIKOKaMEHH-
CTBIM TpyHTOM. Ha YepHOM MoOpe perucrpanusi OCyIecTBISIIACh B OJHOW TOUKE
Ha TIyOWHE 8M, MpUYeM THO OBUIO TaJeYHBIM CO 3HAYUTEIHFHBIM YHCIOM PaKo-
BUH MHUJIUH, KOTOPBIE MOTJIN CITY>KHTb YOEKHIIIEM JUTS PAKOB-IIEIKYyHOB.

O06paboTKa TaHHBIX Belach B JaOOpaTOpWH, MPUIEM B OOOMX CIIydasx MBI
UCIIONIB30BAIM TEXHUKY aHallM3a BPEMEHHBIX TOYEYHBIX IPOLIECCOB, BbIIEISS
BBICOKOAMIUTUTYTHBIE UMITYJIBCHI (0OBIYHO Ha ypoBHE oKkos010 Ila) moporoBbM
ycTpoiictBoM. HemaBHO mogo0HBIN Moaxoa ObLT HMCHOJIB30BAaH WHOCTPAHHBIMU
aBTOpaMHM, UCCIICIOBABIIUMH TIeTb( BOIM3M ABcTpanuu [3].

Ha puc 1 mpuBeneHbl pe3ysbTaThl CTATUCTUYECKOTO aHAIM3a TaKOro Mpo-
1ecca, 3aperucTpUPOBAHHOTO B AOXa3MH Ha MPOTSHKEHUH WHTEpBaja JUTUTEIbHO-
CTBIO OJIMH Yac HEMOCPEACTBEHHO Iocie 3axona coiHna. Cresa Mmoka3aHo pac-
Ipe/ieIeHNe MHTEPBAIOB MEXIy HMMIIyJIbCaMH B MONyJIOrapru(pMHUUECKOM Mac-
mrabe, a crpaBa (QYHKIHS aBTOKOPPEIIINN, HOPMHPOBAHHAS TaKUM 00pa3oM,
YTOOBI OBITH TIPE/ICTABICHHON B BH/I€ MTHOBEHHOM YacTOTHI HMITyJIbCalni. AHa-
3 ocymiecTBIsuIicsa ¢ maroM 0.5Mc. 3HadeHne, COOTBETCTBYIOIICE HYICBOW 3a-
nepxke, papastromeecst 2000, He yka3aHo.
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Puc. 1.

XOpoIo BUIHO, YTO CYIIECTBYET JBE TPYMITBI MEXHMITYJIbCHBIX MHTEPBaA-
70B: B muamna3oHe 2-10 Mc u B 1uamna3oHe O0NbIMX 3HaYeHuH. [ pymma KopoTKix
MHTEPBAJIOB, 110 KpaifHeH Mepe YacTUYHO BKIIOYAET BTOPUYHBIE IXOCUTHAIIBI,
OTpa)KEHHbIE OT MOBEPXHOCTH BOAbL. ClelyeT, OAHAKO, 3aMETUTh, YTO OTMEYa-
JIOCh TIOSIBICHHE BECbMa MHTEHCHUBHBIX HMITYJIBCOB 0€3 KaKUX-THOO BUANMBIX
oTpaskeHHi. BO3MOHO, 4TO OTpaXKeHHbIE CUTHAJIBI ¢ 3ajepakkamu oT 3 10 10mc,
COCTaBJISIBILIE OOBIYHO OKOJIO OJTHOI MSTOH OT OOIIEro 4nciia NHTEPBAJIoOB, BO3-
HUKaJIM BCJIEICTBUE HANpPaBICHHOCTH H3JIy4EHUs, TEHEpUPYEMOIro KUBOTHBIMH,
HaXOJSIIIMMHCS 110]] CTBOpKaMu pakoBuH. [Ipu perucrpanuu B SImoHcKoM Mope
PE3KOT0 BBIJICJICHHS TPYTIITBI KOPOTKUX MHTEPBAJIOB MBI HE oT™Medanu [4,5].

OcranbHble MEKXUMITYJIbCHBIE WHTEPBAJBI OBUIM pacHpesielieHbl B BecbMa
IMIMPOKOM JIMana3oHe, MPOCTUPAIONIEMCS IO HECKOIBKNX ceKyHJ. IIporecc Bech-
Ma 6mm30K K ITyaccoHOBckOMy, B KOTOPOM BEPOSITHOCTh MOSIBICHHS MMITYJIbCa
OCTaeTCsl HE 3aBHCUMOI OT BPEMEHH. DTO COOTBETCTBYET JIMHEHHOMY B TOJyJIO-
rapu(MUUECKUX KOOPJMHATAX YMEHBIIEHHIO YHMCIIa MHTEPBAJIOB U MOCTOSHCTBY
3HAYCHUH aBTOKOPPEIAHOHHON pyHKINH (puc.1).

Mbl OCyLIECTBHIM pa3ieibHBI aHalINW3 BCEro HCCIEAYyeMOro Ipolecca U
mpolrecca, B KOTOPOM OBbUIM HCKIIOYEHBI MHTepBajibl, MeHbme 10 mc. Ecte-
CTBEHHO, 4TO JIIs BCETO Ipolecca KodGHUIUESHT Bapualyy MPEBbIIal eIHHUILY
(1.25), a mpu UCKITIOYEHNUH KOPOTKUX MHTEPBAIOB OBIIT HECKOJIBKO MEHEE eJNHH-
16! (0.98). OHaKO ¥ B TOM M B JIpyroM cliydae Hpolece HPOSBISII ONpeelieH-
HBIE TPU3HAKU XaOTHYHOCTH.

o
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=] (=]
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8 " 8
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g — 5 A~
g 1 8 1
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
y4acTok aHanusa,c y4acTokK aHanusa,c
Puc. 2.

Ha puc 2 mpuBeneHs! 3aBUCHMOCTH OTHOLIEHHS AUCHEPCUH YHCIa UMITYJIb-
COB Ha (PUKCHPOBAHHOM BPEMEHHOM y4JacTKe K CPETHEMY 3HAUCHHIO ATOTO YHCIIA
OT JUTUTEIBHOCTH YYaCTKOB, JUI KOTOPBIX OCYMIECTBISUICS aHann3. OOBIYHO 3Ha-
YEHHE ITOTO OTHOMICHHS Ha3bIBatoT akTopoM Dano. CreBa NpUBEICHBI JaHHBIC,
MOJTy4eHHbIE JUIST MCXOAHOTO Mpoliecca, a CIpaBa - Ul Ipolecca ¢ HCKIIOUCH-
HBIMM KOPOTKMMH HHTepBalaMu. B 00oux ciydasix OTMEUEHbI 3aMETHbIE OTIH-
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yms oT nporiecca [lyaccona, B kotopoM (aktop PaHO HE3aBUCHMO OT BEIHMUHHBI
AQHATM3UPYEMOTO yJacTKa BapbUpyeT BOMM3HM eAWHHIEL. {1 MogHOro mporecca
XapaKTepeH JHHEHHBIH poCT 3Toro (akTopa B JBOHHBIX JOTapUPMHUECKUX KO-
OpAMHATaX B OYEHb IIUPOKOM JMAla30HE BPEMEHHBIX Y4YacTKOB, Ui Ipolecca
0e3 KOPOTKUX MHTEPBAJIOB 3aMETHBIN POCT 3HaYeHH pakTopa PaHO OTMEUYAETCsI
IpH y4acTkax aHaiausa, oonbsiux 10c. ITocnenuuii 3hdhekt ecTeCTBEHHO CBSI3aTh
C MEJICHHBIMH U3MEHEHHSIMH YaCTOTHI CIIEOBAHUS HMITYJIECOB.

Mpbl monaraeM, 4YTO TOAPOOHBIM BPEMEHHOM aHAM3 CTaTUCTUYECKHX
CBOWCTB 3BYKOBOIH aKTHBHOCTH PaKOB IIEJIKYHOB, Hapsay C IPOCTON perucrpa-
el WX CpeaHell YacTOTHI CJIEOBaHMS MOXKET OBITH TOJIE3CH IJISI HEKOTOPHIX
npakTHYeckux Hener. [Ipexae Bcero, HempepbIBHBI MOHUTOPHHT ATOW aKTHBHO-
CTH MOJKET SIBUTHCS TPOCTHIM, CPAaBHUTEJIFHO JICIIEBBIM CPEJCTBOM HAOIIOICHUS
3a COCTOSIHHEM MPUOPEXHOHW akBaTopuu. ECTh MHOTHME OCHOBAHUS CUHTATh, YTO
3BYKOBasi aKTHBHOCTh PAKOB 3aBHCHUT OT TaKMX (DaKTOpPOB BHEIIHEH Cpeibl Kak
YHUCTOTA BOJIBI, €€ TEMIlepaTypa, XMMUYECKHH COCTaB, a TaKkKe HAJIMYUE IOCTO-
POHHHX 00BEKTOB. B THXOOKEaHCKOH akBaTOpuy Mbl HAOIMIOAAIN MPAKTHIECKU
MIOJTHOE NPEKpalleHUe 3BYKOBOI aKTUBHOCTH PAKOB 33 HECKOJIBKO YacoB /10 MPH-
Xo/1a Tai(yHa, 4TO TaKKe MOXKET MPEACTaBISITh ONpeNesieHHbI nHTepec. Bos-
MOXXHO HCIIOJIb30BaHUE HMMITYJIbCOB, T€HEPUPYEMBIX PaKaMU-IICIKyHAMH, JUIs
MACCUBHOTO HAOJIIOJICHNUS 32 MOSIBICHUEM MTOCTOPOHHUX 3BYKOOTPAXKAIOIINX 00b-
€KTOB, a TaK)K€ MaCKHPOBKH M ITOJIABICHHS THIPOaKyCTHIECKONH aKTHBHOCTH HC-
KyCCTBEHHOTO TIPOMCXOXKICHUSL.

B skcnepuMeHTanbHOM 9acTH paboTa BBIIOIHSUIACH C YYACTHEM COTpPYIHH-
koB Akxyctuueckoro mHctuTyTa [ pyoHnk O.H., Kocrepuna C.B, CepebpsiHOTO
A.H., OpunanaukoBa O.b. BrimonHeHne paboTel Ha akBaTopuu UepHOro Mops
nmoaepkuBaiock rpanToM PODU Ne 15-52-40012 AGx_a.
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OCOBEHHOCTU AKYCTHYECKHUX XAPAKTEPUCTUK
MOPCKOM BO/Ibl, HACBIIIEHHOM ITY3bIPLKAMMA
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Poccus, 690041, Bnaguocrok, bantuiickas, 43

Ten.: (423)2374913; daxkc: (423)2311400, E-mail: bulanov@poi.dvo.ru

B pabome obcyxcoenvr ocobennocmu  aKycmuyeckux Xapakxmepucmuk
MOPCKOIl 800bl, HacvlyenHoll nysvipvkamu. lloxaszano, umo corcumaemMocms,
aKycmu4eckas HenuHeliHoCb U KasUMmayuoHHAs NPOYHOCHb 800bL, coOepxcauyell
nY3bIPLKU 8 QOCMAMOYHO OONLULUX KOHYEHMPAYUAX, NPOAGNAIM AHOMAIbHbIE
Xapakmepucmuku, pe3ko omaudaiowue ux om maxoswlx, HabIOOAIOUWUXCA 8 YU~
CcMotl MOPCKOlL 800e.

IIpu pa3ButoM BoJHEHWH (TIPH CHIIBHOM BETpPE HAJl MMOBEPXHOCTHIO MOPS)
BCerJla HaOIF0JaeTCs TIOBBIIICHHOE PacCesHUE 3BYKa, 0OYCIIOBICHHOE Ta30BBIMH
My3bIpbKaMHU, BOBJICYEHHBIMU B TOJIIY MOPCKOM BOJbI AUHAMUKOW JIBUKEHHUU B
MOBEPXHOCTHBIX BOJIHAX. J[aHHBIC TI0 PACCESIHUIO 3BYKa HAa PAa3IMYHBIX 4acTOTaxX
B MPUIIOBEPXHOCTHOM CJIOE€ MOPSI TIPH HAJMYHMU PA3BUTOrO BOIHEHUS U BOBJICYE-
HUSI ITy3bIPHKOB B TOJIIIY MOPCKOW BOJIbI TIO3BOJIMIIM BBISIBUTH CTPYKTYPY pacrpe-
JISJIEHUs TI0 pa3MepaM Iy3bIphKOB U UX AUHAMHUKY [1-3]. IlomyueHHbIe naHHBIE
M0 PACTIPEIENICHUIO My3bIPHKOB B MOPE TIO3BOJIMIIM ONPEICIUTh IPyTrHe aKyCTH-
YEeCKHE XapaKTePUCTUKU MPUTIOBEPXHOCTHBIX CIIOCB MOPCKOIT BOIBI.

OyHKIUSA pachpenesicHusl My3bIPhKOB IO pa3MepaM g(R) MOXeT OBITh
HaliJileHa [0 4YacTOTHOM 3aBHcUMOCTH Kod(duineHTa paccesHus 38yka m, (@) B

MIPETOI0KEHUH, YTO OCHOBHON BKJIAJ B paccesHHe 3ByKa BHOCAT PE30HAHCHBIC
My3BIPEKH, paglyc KOTOPBIX CBS3aH C 4YacToToil mo ¢opmyine MunHepTa

R(w)=\ByR / pe [1-3]:
26,
gR@)=—remm, (@), R(@)=\3yR, I pJo, (1)
rae 0, — Ko HUIMEHT Pe30HaHCHOTO 3aTyXaHus Ha 4actote @, P, - rugpocra-
THUYECKOe NaBiieHue, ¥ =1.4 - mocrosiHHas ajuabaThl ra3za BHYTPHU My3bIpbKa.

[Tonmy4yeHHBIE TaHHBIE C TOMOIIBIO TPEACTABICHHONW (POPMYITBI TIO3BOIMIH TIOTY-
4uTh (PYHKIMU paclpesesieHus my3bIpbKOB Mo pazmepam. Ha puc.1 mpencrasie-
HO pacIpefeneHne My3bIpbKOB C pamuycoM 20 MKM B BHAC BEITUYHHBI
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N(R)[m mkm™], 4acTo uCIOIB3yeMOil B aHTIOA3BIYHON TUTEpaType, KOTopas
cBs3ana ¢ g(R) cootnomenuem [1, 2] N(R)[m mkm™1=10" - g(R)[cm™] . Bepx-
HHUH PHUCYHOK — H3MEHEHHE BO BPEMEHH KOHIICHTPAIMH ITy3bIPHKOB N Ha TITyOHHE

0.3 M, pucyHOK cmpaBa — pa3pe3 N(z) B MOMEHT BpeMmeH:u 6:20 dac., Korma
HaOI0aeTCs MAaKCHMAITbHOE BOBJICUCHHE MY3BIPHKOB B TOJIITY MOPSL.
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Puc.1. I3MeHeHne cTpyKTyphl IPUITOBEPXHOCTHOTO ITy3BIPEKOBOTO CIIOST
IIPY TIPOXO’KAEHUN BETPA.

W3 puc.l BHOHO, YTO C YCHIIEHHEM BeTpa MPOMCXOIHUT CYIIECTBEHHOE BO-
BJICUCHHUE ITy3bIPHKOB B TOJILY MOps. I1o/y4eHHbIe SKCIIepUMEHTAIBHbIE Pe3YIlb-
TaThl IO3BOJIMIIM ANNIPOKCUMHPOBATh PACIIPEACIICHNE ITy3bIPHKOB CPAaBHUTEIHHO
npocroit pyukuuei g(R) Buna [4]:

R R
g(R)=A,R"exp|-n ?p_l = | )

m

B ¢dopmyne (2) nokazarenb CTENEHU # U KPUTHUECKHE pa3Mepsl R, (MakcH-
MyM g(R)), R, (ciag g(R) npum Gonbimx R) SBISIOTCS €CTECTBEHHBIMH TTapaMeT-
pamu, KoTopble cieayloT u3 teopun ®apmepa-I'appera B MHEPIMOHHOM HHTEp-
Baje MeXIy pasmepamu R,, R, [2]. IIpu 3TOM OKa3bIBaeTcs, 4TO BenW4IuHA #~3.3,
xoTs nipu m3MepeHnsax g(R) Ha OompImroM GakTHIEeCKOM MaTepHalie B YMEPEHHBIX
COCTOSIHUSIX MOpsI OKa3bIBaeTcs n~3.5-3.8. [2-4].

dopmyity (2) ynoOHO HCIONIB30BATh, YTOOBI B paMKax T'OMOTE€HHOW MOJIENIN
MHUKPOHEHOAHOPOIHON cperpl [1, 4] oLleHUTh aKyCTHYECKHE apaMeTphl MPHIIO-
BEPXHOCTHBIX CJIOEB MOPCKOM BOJIBI C ITy3bIPbKaMH.

AKycTHYecKasi HeJIMHEeHOCTh NMPUIIOBEPXHOCTHBIX €J10€B MOPCKON BO-
Abl. BaxXHBIM mapaMeTpoM B HETMHEHHON T'MPOaKyCTHKE SIBJIAETCS HEJIMHEHHBIN
aKyCTHUYECKUI mapaMeTp £, KOTOPBII OIpeaenseT PacCTOsIHUE pa3pbiBa B BOJIHE
KOHEYHOW aMIUIUTY/bl. B MUKPOHEOJHOPOJHOM MOpPCKOW cpene mapamerp &
3aBUCHT OT CTPYKTYPBI CPEIbl, @ TAK)KE OT JUHAMHYECKUX CBOHCTB BKIIIOYCHUH.
Benuuuna £ onpenensercs B Buae [4]
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1)
1+ 22 PED 1 g ) 2V
3 PBe : O=1-|——| (+i) (3
+gr R*g(R)dR ®
* QO(R)

HOHy‘{eHHHe BbIIIC PE3YJLTAThlI MO KOHICHTpAalUW IY3BIPHLKOB B ITPUIIO-
BCPXHOCTHBIX CJIOAX MOpCKOﬁ BO/IbI MO3BOJIAIOT ONPCACIIUTL AOIMOJTHUTCIIBHYIO
AKyCTHYCCKYIO HeJ'IPIHeﬁHOCTL, IIPUBHOCUMYIO pacnpeacjICHHbBIMU B BOJAC IIy-
3bIpbKaMH, 06HaHaIOHII/IMI/I BBICOKOH HEIIMHEHHOCTBIO.
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Puc.2. KoHneHTpanus my3slpbKOB U HEIMHEWHBIN napamerp £ Ha riryoune 0.3 m

Kak BumgHO U3 pHuC. 2 B MOPCKON BOJe ONM3M MOBEPXHOCTH MOPS HETMHEH-
HBIM MapamMeTp &£ CYLIECTBEHHO NPEBBIIIAECT HEJIMHEHHBIM MapamMeTp B YHUCTOM

BOJIC, paBHBI 3.5.
KaButanmoHHasi npo4yHoOCTh NPUIIOBEPXHOCTHBIX CJI0€B MOPCKOIl BOIBI.
Bonpoc 0 B3auMOCBS3M KaBUTALIHOHHOW NPOYHOCTH AP, WM HEIMHEHHOIO aKy-

CTMYECKOTO Mapamerpa £ KUIKOCTH 00CYkKIAJICS B JINTEpaType u OblIa moiyde-
Ha 3aBHCUMOCTH CIIEAYIOMIero Buaa [4, 51:

- DB T 4
=[23(e,-DA,] “4)
r1€ BEIWYHMHA ﬂe mpeaACTaBJIACT coOoit 3(1)(1)6KTI/IBHyIO CXKUMAaEeMOCThb BOJbI C

nmy3bIppKaMu. B urore MoxxHO Hamucath GOpMyITy AJsl KaBUTAOHHOW MPOYHO-
CTH:

’ ’_ 72
AP =P | 14x 2| /| 14xBEZDP (5)

Bo s’ ’

rae x —00beMHasi KOHIIEHTPAIHs My3bIPbKOB. JIJs cilydast YMCTOM UIKOCTH BbI-
1/

paxenue AF, OblIo onpeseneHo 3enbaoBuueM, AP, = (167z0'3 [3kT In(C / J )) ,
e O - k03(UIMEHT MOBEPXHOCTHOTO HATSDKEHUs, k - mocTosiHHash bombima-
Ha, T - temneparypa, In(C/J)=70-78. Insa Bogsl AP, =1400 atm u u3 (4)
clenmyer £ =3+5, 4TO cormacyercs ¢ 3HaYCHHSAMH I 4ucToi Boabpl. CriemyeT
OTMETHUTb, YTO MPHU OONBIINX KOHIEHTPAIHUAX My3bIPbKOB X > x,, = A5/ =107
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KaBHUTAaIlUOHHAs IIPOYHOCTH CTPEMUTCA K MHUHUMAJIIBHOMY 3HAYCHUIO

AF,

,min

Puc. 3.

=AP, (e85 /26’ -1) '] =107 AP, , npu stom AP, =10* Ila.

min

1,6E4 :\
2,465 27 r R

3.7E8

-
I P2EE

0 2 a B 8 10 12 o
KaBuTanmoHHast POYHOCTH MTPUMIOBEPXHOCTHOTO CIIOSI MOPCKOH BOJIBI.

Ha puc.3 npencraBiaeHO M3MEHEHHE BO BPEMEHM KAaBUTALMOHHOM MPOYHO-
CTH ITy3BIPHKOBOTO CJIOSI, KOTOPOE OTBEUYAET 3aBUCUMOCTSIM Ul NN, NIpecTaBlICH-
HBIM Ha pHc. BuiHo, 4T0 BOIM3M MOBEPXHOCTH MOPSI KaBUTAI[OHHAS IIPOYHOCTh
MOXET OBbITh HM3Ka W Ja)Ke HIKE BEJIMYMHBI THAPOCTATHUECKOTo naBieHus. Ha
OobIIMX TITyOMHAX KaBUTALMOHHAS ITPOYHOCTH CTPEMHTCS K 3HAYCHUIO KaBUTa-
LUOHHOU IPOYHOCTH B YHCTOH BOJE.

PaGota BhImosHeHa mpu moaaepkku mpoekta Ne 15-1-1-046 mporpaMmbl
" Nanbuuii Boctok" JIBO PAH.

—_
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Paccmampusaemcs cxema naccusnoii momoepaguu okeana Ha 6ase Koppe-
JIAYUU eCmecmBeHHbIX WYMO8 MOPA, 3aNUCAHHBIX OOUHOUHBIMU OOHHLIMU 2UOPO-
Gonamu. IlpumenumensHo K 3adauam uopoOaKyCmuKku OAHHBIL MemoO CUTbHO
OSPAHUYEH BO3MOJICHOCIbIO HAKONACHUS UYMOBO20 CUSHANA ONsl NOJYYEeHUs
HYJICHO20 OMHOWeHUs: cuenan/nomexa. B pabome npusoosmca pezynomamel uc-
CNIeO0BAHUSA 3ABUCUMOCTU ITNO20 OMHOUWIEHUS OM PA3TUYHBIX NAPAMEmpPO8 pac-
cMampusaemoll KoppenayuoHHOU 00pabomKu Ha OCHO8e OaHHLIX IKCNepUMeHma
6 Bapenyesom mope. Pesynmomamvl 00pabomku 3KCHepUMEHMATbHBIX OAHHBIX
CPABHUBAIOMCA C MEOPEeMUYECKUMU OYEHKAMU.

[TaccuBHas ToMorpadus okeaHa B LIEJIAX €r0 MOHUTOPHHIA IPEICTaBIseTCS
MEPCIIEKTUBHBIM METO/IOM 3a CUET CYIIECTBEHHOI'O COKpAILEHUS! PAacXOlIOB Ha
MHCTpYyMEHTaIbHYI0 0asy [1, 2].

PaccmaTpuBaemas cxema acCMBHOM aKyCTHYECKOW ToMOrpaduu mo3BOJIseT
OLICHUTH BpEMsl PACIpOCTPAHEHUS] CHUTHAIIOB MEXIy ABYMs TMApPO(OHAMH TIO
BPEMEHHBIM 3aJIep’KKaM, COOTBETCTBYIOIIMM MakcuMyMaM (YHKIMH B3aUMHOU
KOPPEJSAINH ITYMOBOTO TIOJIS, 3apETUCTPUPOBAHHOTO STUMH Tuapodoramu [3]. B
[4] O6BUTO TTOKA3aHO, UTO YACTOTHO-BPEMEHHOW aHaNmM3 (YHKIWNH B3aUMHOMN KOp-
PEIALMN PETUCTPUPYEMBIX IIYMOB B HEKOTOPBIX CIydasx ITO3BOJISIET BBIACIUTH
CHTHAQJIBI OTIENBHBIX MOJ. B pesyinbrare mpencrabisieTcss BO3MOXKHBIM 0e3 Hc-
II0JIB30BAHUS HU3KOYACTOTHBIX M3JIydaTelsiedl U BepTHKAIbHBIX aHTCHH IOTYYHTh
MH(OPMALUIO 0 MOZOBOM COCTaBe aKyCTHYECKOIO IOJIsd, KaK eciau Obl CHUTHai
M3JTydaJICsl U IPUHUMAJICS PacCMaTpUBAEMBIMH T'HAPO(OHAMH.

[TpakTHyeckas peanuzanus pa3BUBaeMbIX METOJIOB IACCUBHON TOMOrpaduu
AKBATOPU OINpEJeIseTCsl, B MIEPBYIO OYepe/ib, BO3MOKHOCTHIO HAKOIUICHHS IITy-
MOBOTO TIOJII B TEUYEHHE BPEMEHH, HEOOXOAMMOro JUIs JIOCTOBEPHOH OIEHKH
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($yHKUMY B3auMHOM Koppemsinuu. Tak, Hapumep, TpedyeMoe BpeMs HaKOTUICHHUS
HE JIOJDKHO NPEBBINIaTh XapaKTEPHOrO BPEMEHHOTr0 MaciuTaba HW3MEHYMBOCTH
BOCCTaHABIIMBAEMBIX XapaKTEPUCTHUK BONIHOBOAA. B [1] BrepBEIe OBLIO BBICKA3a-
HO IPEIIION0KEHNE, YTO CYLIECTBEHHOE COKPAILCHHE BPEMEHN HAKOIUICHUS BO3-
MO)KHO, €CITH KOPPEISILIMOHHON 00paboTKe MOABEpraloTcs HE IOJHbIE IOJ, a
OTZeJIbHBIE MOJOBBIE CHTHAIBI. B 3TOM cilydae OTHOLIGHHME CHTHai/omMexa Ha
BBIXOJIC KOPPEJIATOpa OICHUBACTCS CICIYOIIUM oOpa3om [1]:

(Sout/Nuul )ampl = V 2Aﬂ ! V CO /27[2f0R, (1)

rge Af — MmUpHHA IOJIOCH YacTOT, f,— LEHTpalbHas 4acToTa, R —paccTosHUe
MEXIy TOYKaMH Ipuema, 7 — BpeMs HaKOIUICHHS, ¢, — CKOPOCTh B cpexe. B

nmanpHeimemM cootHomneHne (1) OyoeT MCmoibp30BaThCS B KadeCTBE TEOpETHUE-
CKOM OIICHKH JUIsl OTHOILICHMS CUTHAJI/TIOMEXa.

B kauecTBe 9KCHEpHMEHTAIBHBIX JAHHBIX HCIIOJIb30BAHBI IIIyMOBBIC 3aIIUCH,
3aperucTpUpOBaHHbIe NOHHBIMH ruapodonamu B bapenueBom mope. [nmyOuna
MOpsi B MECTE NPOBEJCHUs IKCIEPUMEHTa CcOCTaBisuia npumepHo 200 MeTpos,
JTHO MOKHO CYMTaTh POBHBIM. 3aIlMCh NPOW3BOJMIACH MHTEpBAJAaMH OKOJIO 30
CeKYH[ KaxKJble 1.5 MUHYTHI.

Crenyer oTMeTHTB, 4TO oreHKa (1) OTHOIIEHHS! CUTHaj/TIoMexa IMoJydeHa
IIPU YCIIOBUH BBIITOJHUMOCTH Psiia TIPEIIIONIOKECHUH, TAKNX KaK M30TPOIHOCTH
IIyMOBOT'O MOJISI, BO3MOXKHOCTh HJICAIBHOTO BBIACICHUSI OTAEIBHBIX MOJOBBIX
CHTHAJIOB B MOJIHOM MPUHHMAEMOM II0JI€, a TaKXKe CTAalMOHAPHOCTh MpPUHHUMAc-
MOTO IIIyMOBOTO TIOJIS1 B TEUEHHE BPEMEHM €r0 HAKOIUICHWs. B ycrmoBumsx pac-
CMaTpUBAEMOr0 JKCIEPUMEHTA yKa3aHHbBIE IPETIOIOKEHNS HE BBIOIHSIINCH B
MOJTHOW Mepe, 4YTo, Kak OyJeT MOKa3aHO HIKE, NMPUBOAUT K Pa3INYUI0 MEXIY
TEOPETHYECKMMHU 3HAYeHUAMH S, /N, M UX IKCIIEPUMEHTATbHBIMHI OLICHKAMH.

out

HpI/I HUCCIICAOBAaHNH OTHOIUICHUA CHUTHAJI/TIOMEXa S o /Nout B Ka4€CTBC CHUI'HA-

ma S,,, Ha BBIXOJE KOppEIATOpa NMPUHMMAETCS 3HaueHHEe MakcuMyMa (THKa)

out
(YyHKIMM B3aUMHOM KOPPEJSILIH, COOTBETCTBYIOIIUII MTOJIOXKNUTEIBHBIM BPEMEH-
HBIM 3a/Iep’)KKaM (M3MEHEHHE MAaKCHUMyMa, COOTBETCTBYIOIIErO OTpUIATEeIbHBIM
BPEMEHHBIM 33/iepKKaM, Obu10 aHanmornyHeiM). [llymom N, cuuTaercs cpegHe-

KBaJ[paTUYHOE OTKJIOHEHHE (YHKIMU B3aUMHOW KOppessiuu B 00JIacTH, IJie
AQHAJTM3UPYEMBIi MK OTCYTCTBYET.

Ha Puc. | npuBesneHa 3aBUCUMOCTb BBIXOJHOTO HOPMHPOBAaHHOTO OTHOIIIE-
HUSl CUTHAJI/TIOMEXa OT KOJINYECTBA peaji3aliii MIYMOBBIX 3alKCceil, UCIIOJIb30-
BaHHBIX TPU OICHKE KOPPEISIMOHHON (yHKImH. [IyHKTHpHBIC JTUHUU H300pa-
JKAFOT SKCIIEPUMEHTAIFHBIC 3aBUCUMOCTH, MTOTYYCHHBIC [T Pa3IMIHBIX Map THJI-
pooHOB, pacIoNoKeHHBIX Ha paccTosHUU npuMepHo 500 M, 00paboTka mpomns-
BOAMJIACH B 4acTOTHOM auamna3zoHe 5—15 I'm. Cmrommnas auaug Ha Puc. 1 moka-
3BIBACT TEOPETHUECKYIO 3aBHCHMOCTH OTHOIICHHWS CHUTHAJ/TIOMEXa OT BPEMEHHU
HaKOIUICHHUs, TomydeHHylo Ha ocHoBe (1). Kak BumHOo Ha Puc. 1, skcrepumen-
TaTbHBIE W TEOPETHYECKHE 3aBHCHMOCTH COBIIQJAIOT TONBKO HAa HAYaIHHOM
y4acTKe, 3aTeM POCT SKCIEPUMEHTATIbHBIX 3aBUCUMOCTEH 3aMeIIeTcsl. ITO MO-
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JKET OBITh CBSI3aHO C TE€M, YTO C TCUCHHUEM BPEMEHH XapaKTEePUCTUKU MOPS HJIH
MCTOYHHMKOB IIIYMOBOTO BOJISI MEHSIIOTCS, M IIlyMOBOE I0JIe TepecTaéT ObITh CTa-
[HOHAPHBIM. XapaKTepHOE BpPeMsi, COOTBETCTBYIOIIEE KOPHEBOMY POCTY JKCIIe-
PUMEHTAIBHON 3aBHCUMOCTH OTHOIIEHHSI CUTHAJI/TIOMEXa OT BPEMEHU HaKoIlIe-
HUSI, B YCJIOBHMSIX PACCMAaTPUBAEMOIO JKCIEPHMEHTa MOXKET OBbITh OLIEHEHO Kak
=] yac.

Sour/Nout

40+

30

ensTRIT L,
: I‘I.'i'-'s““‘ b

caresxe st l‘;‘;‘{‘;;
eaaedtt

20"

10

% 100 200 300 400 500 600 700

Puc. 1. 3aBucuMOCTb OTHOIIEHUs CHTHajz/momexa S, /N, OT KOJMYeCTBa pea-

JIM3alui IIyMOBBIX 3alIUCEH #, UCIOJIb30BAHHBIX MPU OLEHKE KOPPEISIUOHHON
(hyHKIMA (AIUTETBHOCTh OonHOW peamm3anmu =30 cekyHna). CIUTOIIHAS JIMHUS
OTpaKaeT TEOPETHUYECKYI0 3aBHUCHMOCTH, IMYHKTHPHBIC JHHUW — JKCIIEPHMEH-
TaJIbHBIE.

Crenyromeil pacCMOTPEHHOI 3aBUCHMOCTBIO ObliIa 3aBHCHMOCTb OTHOILE-
HHS CHTHAJI/TIOMEXA OT IIEHTPATbHOM JacTOTHl f(, IPH MAKCHMAIBHO BO3MOXKHOM

B 3TOM cCjIydae IIMPUHE YacTOTHOro nuamasoHa Af, roe Af =f  —f. .,
fo= (fone + ouin )/ 2. Ilpu xoppensauuoHHONW 00pabOTKe HIDKHASA PAHULIA YacTOT-
HOTo Auarna3oHa Obula 3aMKCHpOBaHa U cocTaBisia fo;, =5 I'n (Hwke 5 T'u B

MPUEMHBIX JaHHBIX HAOMIOJAETCs CYILECTBEHHBIH POCT aMIUINTYAbI TOMEXH,
BO3MOYKHO, COOTBETCTBYIOIIEH MHKPOCEHCMHUECKOMY LIIYMY), & BEPXHsS IPaHU-
I1a yBEININBAJIACh, YTO M COOTBETCTBOBAJIO CMEIIEHHUIO f, BBEpX IO YACTOTE B
9TOM cirydae. Pe3ynmpTaThl MpOBEICHHBIX BBIUMCICHUH M300pakeHbl Ha Puc. 2,
r7ie, KaK U TPEekAe, IMyHKTUPHBIC JTUHWH COOTBETCTBYIOT SKCIIEPHMEHTAIbHBIM
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JTAHHBIM, TIOJYYEHHBIM U Pa3HbIX Map THApPO(QOHOB, PACTIONOKEHHBIX Ha pac-
CTOSIHUU R = 500 M , BpeMsl HAKOTIICHUs! ObLIO BBIOpaHO paBHbIM 7 = 1 u.

25
Sout /Nout

20~

100 20 40 60 80

Puc. 2. 3aBUCHMMOCTh HOPMHUPOBAHHOT'O OTHOIICHHS CUIHAJ/TIOMEXa B 3aBH-
CHUMOCTH OT IEHTPAIBHON YacTOTHl f, MPH MAKCHMAJIbHO BO3MOXKHOM UIS 3TOH

4acTOTHI LIIMPUHE MOJIOCHL Af .

Pe3ynbraT, mogydeHHBI HA OCHOBE 3KCIIEPUMEHTAIBHBIX JaHHBIX (Puc. 2),
CYIIECTBEHHO OTIMYAETCS OT OKMIAEMON TEOpEeTHYeCKol 3aBucuMocTH. B 00ia-
CTH 3HAYCHMH LEHTPATBbHBIX 9acToT f; oT 10 1o 20 ['m, HabmromaeTcst MaKCUMyM.

3atem, U YBEITMYCHHU LIEHTPAIBHOH YaCTOTHI, SKCIIEPUMEHTAIbHBIC 3aBHCHMO-
CTH CHAJalOT U BBIXOIAT Ha IOCTOSIHHBIA ypoBeHb. [Ipupoaa Takoro moBeieHUs
He sICHa U TpeOyeT JOIOIHUTENFHOTo aHaiu3a. Ha TaHHOM »Tare MOXHO clienaTth
TOJIBKO OCTOPOXKHOE IPEAIIONOKEHHE O TOM, YTO YBEIMYEHHE IIOJOCHI 4acTOT
OIMICAaHHBIM BBILIE CIIOCOOOM IIPUBOAUT K YBEIMYCHUIO KOJIMYECTBA MOJ BBICO-
KHX HOMEpOB, (POPMHUPYIOLIUX PHUHUMAEMOE IIYMOBOE I0J€. DTH MOJbI MOTYT
UMETh 3aMETHO OTJIMYHBIE OT HYJsS MEXMOJIOBbIE KOPpEJSLnH, J00aBiss Je-
CTPYKTHUBHYIO TIOMEXY, HE JAlONIyI0 KOrepeHTHOTO BKJIa a B OLEHKY KOppeJIsIH-
OHHOHN (QPYHKINH.

[TomydeHHble B HacToOsIIEeH paboTe pe3yibTaThl yKa3bIBalOT HA TO, YTO MPU
KOPPEISLMOHHON 00paboTKe ITyMOB B Pa3BHBAEMBbIX IOX0/1aX MMACCUBHOIO TH/I-
POAaKyCTHYECKOTO MOHUTOPHHTA ONTUMANBHBIM (C TOYKH 3pEHHS MHHHMH3ALHN
BPEMEHH HAKOIUICHHS) SBIISCTCS PaCCMOTPEHHE HU3KOYACTOTHOIO JWAra3oHa, B
KOTOPOM NMPUHUMAEMOe MOJIe MOXKET (POPMHUPOBATHCS HEOOJBIINM YHCIOM MOJ
HHM3LIMX HOMEpOB. BpeMs HakomeHus, HeOOXOAUMOE AN JAOCTHXKEHHS Tpeldye-
MBIX 3HaYCHUH OTHOILICHHUS CUTHAJ/TIOMEXa, MOXKET 3aMETHO OTJINYAThCS OT TEO-

173



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

perrdeckux omneHok (1), momydeHHBIX panee. OCHOBHAS MPUYMHA HAOIIOIaeMbIX
PacXOXKICHUH, TTO-BUANMOMY, CBSI3aHA C HEBBIMOJHUMOCTBIO B YCIIOBHSAX HATYp-
HOTO JKCIEPUMEHTa NPUOIMKEHUH, NCTIONB3yEMBIX B TEOPETHIECKUX OICHKAX.
Tak, HanpuMep, BO BpeMsl HAKOIUICHHs CUTHAJIa MOXET HaOII0IaThCsl HECTAllNO-
HApHOCTh MPUHMMAEMOT0 IIYMOBOTO TIOJIS, BbI3BaHHAsl KaK HECTALMOHAPCTBIO
[apaMeTpOB BOJIHOBO/IA, M3MEHSIOIINXCS B TEUCHUE BPEMEHHU HAKOIUICHUS IIyMa
W BIMSIONIMX HAa XapakTep €ero pacHpoCTpaHEHHs, TaK ¥ HeCTalMOHAPHOCTBHIO
CaMUX MCTOYHHMKOB IIIYMOBOTO MOJIS, XapaKTEPUCTHKH KOTOPBIX TAK)KE MEHSIOTCS
co BpeMeHeM. CremyeT OTMETHTh, YTO IOJIydeHHbIe B HacToslel padore pe-
3yNbTaThl TPEOYIOT NajbHEHIIEeH THIATENFHON HKCIIEPUMEHTAIBHON MPOBEPKH,
MpEeXJe YeM MOXHO OyJeT OKOHYAaTeIbHO TOBOPHUTH O CIPAaBEJIMBOCTH BBIIBH-
HYTBIX PEATONIOKEHHM.

Pabora BrimonmHeHa mpu mojuepkke rpaHta [Ipesmmenta PO No HIII-
283.2014.2 n rpantoB PODOU Ne 15-05-01183, Ne 16-02-00680, Ne 16-29-
020970¢hu_m.

JUTEPATYPA

1. B.A. Bypos, C.H. Ceprees, A.C. lllypyn. Mcnons3oBaHue B NaCCUBHOU
ToMOorpaui OKeaHa HH3KOYACTOTHBIX mIymMoB // Akyct. XKypn. 2008,
T.51,C.51-6

2. Bypos B.A., Ceprees C.H., lllypyn A.C., lllepbuna A.B. Tomorpadu-
YECKOE BOCCTAaHOBJICHHE XapaKTEPHUCTHK JHA MEITKOro Mops // AKycT.
KypH. 2015. T. 61. Ne 5. C. 583-595.

3. Bypos B.A., I'puniok A.B., Kpasuenko B.H., Myxanos IL.IO., Ceprees
C.H., llypyn A.C. Beirenenne Mo U3 IIyMOBOTO TOJISI MEJIKOTO MOPS
OJMHOYHBIMH JOHHBIMH TUApO(OHAMHU 11 1eell MacCUBHOM TOMOorpa-
¢um // Akycr. xypH. 2014. T. 60. Ne 6. C. 611-622.

4. Shurup A.S., Sergeev S.N., Goncharov V.V., Vedenev A.L., Godin O.A.,
Zabotin N.A., Brown M.G. Retrieval of deterministic normal modes
from cross-correlations of acoustic noise in shallow water // Proceedings
of Meetings on Acoustics. 2015. V. 24. N 1. 070007

174



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

VK 534.23

A. WU. Benenes', O. A. I'onun®, B. B. l'onuapos’, H. A. 3a6oTun’,
C. H. Ceprees?, A. B. lllatpasun!, A. C. lllypyn?, M. G. Brown*

BOCCTAHOBJIEHUE TAPAMETPOB MEJIKOI'O MOP#1 B
ITACCUBHOU TOMOTI'PA®NYECKOUN CXEME 110 JAHHBIM
3KCIIEPUMEHTA BO ®JIOPUJICKOM ITPOJIMBE
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3 University of Colorado, Boulder, Colorado, USA

4 University of Miami, Miami, Florida, USA

B pabome uccnedyromesa 803MOMCHOCIU NPAKMUYECKO20 NPUMEHEHUs Me-
mMoo0s utymoeoll unmepgepomempuu 015 60CCIMAHOGNEHUS NAPAMEMPOE MENKO-
20 mops. Ha 6aze sxcnepumenmansHoblx OaUHbIX ¢ OOUHOUHBIX SUOPOPOHO8, pa3-
Mewénubix 6 npudoHHol obnacmu Ha 2nyoune nopaoka 100 m na paccmosinuu
nopsoxa 5 km 60 @uopudckom nponuse, 0eMOHCMPUPYIOMCS BO3MOICHOCMU NAC-
CUBHOIL TTYYeBOl MoMoepaghuul npu 0CCMAHOGIEHUU NPOGUIS CKOPOCMU 36VKA U
meuenuil. B ycrnosusx paccmampugeaemozo 3KCnepuMenma 4acmomno-6peMeHHOl
aHanu3 63aUMHOU KOPPETAYUOHHOU (QYHKYUU WyMO8 NO380NAEM OYeHUMb Ouc-
nepCUoHHble KPUBble Nepebix Yemvlpex Moo, Ymo Modxcem Oblmb UCTONb308AHO
npu NOCMpoenUU cxem NACCUBHOT MOOOBOT MOMOSPAPUU METKO20 MOPs NO OaH-
HbIM € OOUHOYHBIX OOHHBIX 2UOPOGDOHOE.

WuTepdepomerpus NIyMOB MO3BOJISICT OICHUTH MapaMEeTPhl CPEIbl Ha OCHO-
B€ MPOCTPAHCTBEHHO-BPEMEHHOH KOPPEISAIIMOHHON 00paOOTKH MIYMOB, PacIpo-
CTpPaHSIOMIUXCS B UCCIEIyeMOH cpeae. DTOT METOJI OCHOBAaH HAa BO3MOXKHOCTH
aNMpPOKCUMAIIUH OBYXTOYCeYHON (yHKImMM ['prHA cpenbl (QyHKIHEH B3aUMHOMN
KOPPEJSLUKE [IYMOB, 3apErHMCTPUPOBAHHBIX B TPOCTPAHCTBEHHO Pa3HECEHHBIX
Toukax [1, 2]. B 3agauax muarHOCTUKU MPUPOIHBIX CPEJl STOT MOIXO MPEICTaB-
JISIETCSI BEChMa MEPCHEKTUBHBIM, TaK KaK MO3BOJISIET OTKA3aThCsl OT UCIIOIb30Ba-
HUsI aKTUBHBIX UCTOYHHMKOB 3BYKa U B Ka4eCTBE MH(POPMAIIMU O CPEE UCIIOIIB30-
BaTh €CTECTBEHHBIE HIYMbI, YTO JEJAeT ero KpaiHe MpUBIIEKATEIbHBIM ISl UC-
TMOJIb30BaHMS B 1ESIX MOHUTOPHHIA MOPCKUX akBaTopuil. OHAKO HecTallMOHAp-
HOCTh MOPCKOH OOCTaHOBKH CTaBHUT ITOJI COMHCHHE BO3MOXXHOCTh HAKOIUICHHS
IIIyMOBOT'0 CHUTHAJIa B TCUCHHE HEOOXOIMMOT0 BPEeMEHH, TIOATOMY BOIIPOC O Tep-
CIICKTHBAX MPAKTHYCCKOTO MPUMEHEHHUS OCTACTCS OTKPBITHIM.
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B macrosmeit pabote 00CyX)maroTcs pe3yibTaThl 00pabOTKH B paccMaTpH-
BaeMOM TIOJIX0/I¢ JaHHBIX dKCIIEPUMEHTa, TIPOBeIeHHOTo B Aekadpe 2012 roma Bo
®nopuackom mponmse [3]. 3amuch MIyMOB MOPSI OCYIIECTBISIACH ABYMS THIIPO-
(hoHamu, pacrosioxkeHHbIMH Ha paccTosiHuK 5.01 kM B 5 M OT 1Ha (riyOuHa Mopsi
no tpacce — npumepro 100 m). Ha Puc. 1 uzoOpaxen ¢parment dyHkuuu B3a-
umMHON Koppemsinnn Ce(f) ITyMOBBIX CHUTHAJIOB, 3apETUCTPUPOBAHHBIX paccMar-
puBaeMbIMH THIpo(GoHaMu. OTUETIMBO BUIHBI MAKCUMYMbI, COOTBETCTBYIOINE
BpeMeHaM T+, (7 — KOJIMYECTBO PacCMaTPHBAEMbIX MAaKCHMYMOB) pacIlpocTpaHe-
HUH CHTHAJIOB MEX1y THAPO(OHAMH BO B3aMMHO IPOTHBOIOJIOKHBIX HarpasJie-
HUsIX. Hannune TedeHuit B MecTe MpoBeJIeHNs SKCIIEPUMEHTA IPUBOJIUT K HEB3a-
MMHOCTH PaclpOCTPAaHEHUs] CUTHAJIOB MEXIy T'MApO(OHAMHM, YTO B CBOIO OdYe-
pelb MPUBOJUT K CMENICHHUIO MOJIOKEHHUSI MAKCHMYMOB KOPPEISIIIMOHHON (pyHK-
MK «B HanpasyieHUn» 1o TeueHnto Ci.(7) u npotus teueHus C-(f) (Puc. 1). Io-
CKOJIBKY ITyMOBBIC KoppessiiuonHbie GyHKImH C.(f) 00ecrednBarT IpuOIIDKe-
HHUE K JICTEPMHHUPOBAHHBIM (YHKIHMSIM [ pHHA, ONMUCHIBAIONINM paclpocTpaHe-
HHE 3ByKa B MPOTHBOIIOJOXXHBIX HAINPABICHUSAX MEXIY T'MAPO(QOHAMH, TO HX
MOXKHO CONOCTaBHUTh C AaHAJOTUYHBIMH MOJCIBHBIMH (DYHKLUUSAMH, MOITYy4YHB B
UTOTe JaHHBIE I BOCCTAHOBICHUS NPOQUIE CKOPOCTH 3ByKa U TEYECHHS B HC-
CJelyeMON aKBaTOPHH.

l. T T T T T T T
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Puc.1. ®parmenT GpyHkuun B3auMHoi koppemsun myma Ce(f), pacCUMTaHHOH B 110-
noce yactoT 10-100 I'u, npu BpeMeHH ycpeaHeHHs OKOJo 6 IHeH (BepXHMH PUCYHOK) U
Y4YacTKH 9TOH QyHKIMU TP pacipocTpaHeHHH NPOTHB TedeHUsI C—(f) (CIUTONIHAS JIMHUS)
u 110 Te4eHHI0 Cre(f) (IITPUXOBAs TMHUA) N300pa’KeHbl HA HUKHEM PHCYHKE.

Ha ocnose nanubix CTD- u ADCP-u3mepenuii, IpoBOJUMBIX BO BPeMsl yCTaHOB-
KI TIPUJOHHBIX CHUCTEM, Oblila OCTPOEHA MOAENDb Cpebl B palOHE SKCIIEPUMEH-
Ta, B KOTOPOM TaKKe y4MUTBIBAJICS CJIOM ocankoB. Jlanee paccUMTHIBAIUCH Napa-
METpBl COOCTBEHHBIX JIydel IUIi TEOMETPHM SKCIIEPUMEHTa B CIydae paclpo-
CTpaHEHMs 10, MPOTUB M B OTCYTCTBHE Te4eHHs. [Ipu 3TOM BIMSHME TeUeHWH
YYUTHIBAJIOCH B IPUOIIKEHUH () (HEKTUBHON CKOPOCTH 3BYKA Cef(z) = ¢(2) T u(z).
B cinyyae orcyrcrBus TedeHHH ObLIM PACCUMTaHBI Takke KOO(Y(HUUMCHTHI a
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ToMorpaduyeckoi MaTpuisl A = {alj} , CBSI3BIBAIOICH HEM3BECTHBIC BapHAINN

ckopoctu 3Byka Ac = {Ac¢;} Ha j=1,2, ..., J rmyOuHax ¢ BapualMsMH BpEMEH
npuxoga AT = {AT}} xaxmoro w3 / = 1, 2, ..., L COOCTBEHHBIX IIyueii:

AAc = AT [4]. Bpemena pacipocTpaHeHHsi CUTHAJIOB BOMb Ty4deil 00benHs-
Juch (paspemanuch) B 11 4eTBepok, uMeronux oT 1-ro go 11-Tu oTpakeHUd OT
MOBEPXHOCTH, U B Tpyniry U3 20 npuaoHHBIX Jydei. CpeHre BpeMeHa MpHuxo/a
B KKIOH M3 3TUX TPYIII JIydel COMOCTaBISUINCH C MAKCUMyMaMH SKCIIEPUMEH-
TIPHON (YHKIMHM B3aUMHOW KOppeisinnu mrymMoB (upeHtndwukamus). [lanee
CpesiHHe BpEeMEHA WACHTH(UIMPOBAHHBIX TPYHI JIydeH, NMPOHYMEpOBaHHBIX B
MOpsIIKE BO3pacTaHus, 0003HavarTes Kak 7y, n = 1, ..., N = 11. B Bumgy cTonb
HeOoIpIIoro KonmvecTBa gaHHbIX (N = 11), mpu permennn oOpaTHOH 3aqadu pac-
CMaTpHUBANIACh 3arpyOJICHHAS MOJICNb CPE/bl, YIUTHIBAOMIas IUIIb K = 8 riryOuH,
Ha KOTOPBIX OLEHUBAIUCH NONPAaBKU Ac,, #, K MOJEIbHBIM HPO(GUISIM CKOPO-
CTH 3ByKa W TEUCHHUH, COOTBETCTBECHHO. B pesynbrare ObUIa MOJydeHa Clielyro-
masi CUCTeMa JIMHEHHBIX aareOpandecKux ypaBHEHHH OTHOCHTEIHHO HEH3BECT-
HeIX Ac, u u,: b,(Ac, tu)=T,, -T,, k=1..,8 n=1,.,11, rae ko3dpdu-
LIUEHTHI b,x PABHBI CPEIAHUM 3HAYECHHUAM ¢ (C y4ETOM MX M3MCHEHHUS IPH JIMHea-
puzanuu Ac; U ;) JUId COOTBETCTBYIONIMX Ipymi jyueil. [lomycymma u mosypas-
HOCTB TIap YpaBHEHUH 1Mo (3HaK “+”) v mpoTHB (“—"") TeUEeHHUs NAIOT 10 OTAETHHO-
CTH ypaBHEHHS Ul ONIPEAEICHHs BapHalMii CKOPOCTH 3BYKa Acy M TEUCHUS Uj,
KOTOpbIE B MATPUYHOH (hopMe 3aMUChIBAIOTCS CIICLYIOIUM 00pa3oM:

BAc=(T, +T.)/2-T. =AT, Bu=(T,-T)/2=AT,. 1

£ N
Low T )

Tny6uwa, M
(=2
=

4
1535 1540 -1 1 0 0.5
Cxopocmb 38yxa,m/c Bapuayuu cxopocmu 3gyxa,m/c  Cxopocmb meveHus,M/c
Puc.2. Pe3ynbraTel BOCCTaHOBJICHHS! BEPTHKANBHBIX Hpoduiei cAz), AcAz), u(z)
(crutomnble >kUpHbIE JTUHUM). LITPUXOBBIC JIMHUM OrPaHMYMBAIOT MHTEPBAIbl M3MEPEH-
HBIX B 9KCrepuMeHTe npoduieid. TouedHble JIMHMM — pacdyeThbl Ul JPYTMX BapHaHTOB

[TPRL}

uaeHTudukamy. CrutomHas JuHUS (cIeBa), OTMEYCHHAst “0”, — MCXOAHBIN (I MHBEP-
CUH) MPO(UIIb CKOPOCTHU 3BYKA.

VYpaBHeHwust (2) penaauch CTaHAapTHBIM METOJJOM MHUHUMM3AIMK CPEIHEKBaApa-
TUYHBIX HEBS30K C perynspusanueil no A.H. TUXOHOBY, IpK 9TOM JONOIHHUTEINb-
HO HakKJIaJIbIBAIOCh TpeOOBaHHE Ha IJIAJKOCTh BOCCTAHABIMBACMBIX (YHKIMH
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Ac(z), u(z) mo rmy6une. Pe3ysnbTaThl BOCCTaHOBIICHHUS NTpHUBEAEHBI Ha Puc. 2, rae
BUJIHO, YTO PAacCMOTpEHHAas CXeMa JIyu4eBOH TOMOTpaduH JaeT TOJBKO BechbMa
rpyOyI0 OLEHKY NMPOQHIsl CKOPOCTH 3BYKa B BOAHOM CJIO€, HO TIPH 3TOM I03BO-
JSIET OCYIIECTBUTH MPUOIMKEHHOE BOCCTAHOBIICHNE TPOPHIISI CKOPOCTH TEUEHHUSL.
CpaBHeHHE C IPAMBIMH H3MEPEHUSIMU CKOPOCTH TEUEHHs NPHU IOMOILIM JABYX
ADCP [5] noka3biBaeT, 4TO BOCCTAHOBJECHHbIE MPOMUIN CKOPOCTH TEUEHHs
(puc. 2) cormacyioTcs ¢ HE3aBUCUMBIMH H3MEPEHHUSMH C TOYHOCTBIO IMOpSAIKA
0.10-0.15 m/c.

s peanuzanuy METONOB KIACCHYECKOH MOIOBOM TOMorpaduu HeoOXou-
Ma HH(OpMaIHs 0 BpeMeHax paclpoCTpaHEHUH OTAEIbHBIX MOJIOBBIX CUTHAJIOB B
Pa3IUYHBIX YaCTOTHBIX JHana3oHax. B ycloBHAX paccMaTpuBaeMOro 3KCIepH-
MEHTa 3Ta WHPOpMaIHs MOXKET OBITh MOJy4deHa M3 CHEKTPOTPaMMbl (YHKIHU
B3auMHOW Koppessinnu nrymoB (Puc. 3). Ha Puc. 3 oTuetsinBo mpocnexnBarorcs
JIMCTICPCHOHHBIE KPUBBIC, COOTBETCTBYIOIIME MOJaM pa3HbBIX HomepoB. [lamee
BBIJICISUTICH CUTHANIBI OTJENBHBIX MOJ. IIpuMep curHana mepBoi MOJBI, BBIIE-
JICHHOW Ha OCHOBE JAHHBIX OT OJMHOYHBIX I'MIPO(OHOB B IMACCHBHOM pPEXHME,
npeacrasieH Ha Puc. 3.

v,c,, ¢,/ | Ao |
max G (7 f)‘ 0.5 m;clx |pl (t)|
35 0
3.3 E 0.5
20 40 60 80 33 3.45 36 1.
/T ’

Puc. 3. CneBa: HOpMHPOBAHHBIH MOJYJIb CIIEKTPOrPaMMbI (DYHKIIMU B3aUMHOU KOp-

pETALNN IIyMOB

4 “ 4
C, (v, f )|, PACCUNUTAHHBIH O SKCHEPUMCHTAJBHBIM JaHHBIM, T -
OTHOCHTENIbHAs BPEMEHHas 3anepikka, f - uacrora. CrpaBa: HOPMHPOBAHHAs OLICHKA

CHTHAJIa TIEPBOi MO/IbI ]31 () , Beimenennoro us C, ", f).

BolgenenHble  cUrHajibl  OTAEIBHBIX ~ MOJ ~ HUCIOJB30BANINUCh  JUIA
MPUOIMKEHHON OIIEHKH CKOPOCTH 3BYyKa B JHE. JJI 3TOro sKcriepuMeHTaIbHbIC
JTAHHBIE COTOCTAaBIUINCH € (Ja30BBIMH XapaKTEPUCTUKAMH MOJIOBBIX CHTHAJIOB,
pacCUNTAaHHBIX JUIi MOJEJIBHOIO BOJHOBOAA. JlJIi KOJNMYECTBEHHOH OLEHKU
TaKoro COIOCTABJICHUS paccmaTtpuBaCs (dyHKIMOHAT BUzA

J(0)= Z Z [ﬁm (NHexp=i o, (f, 0))] : , tme p,(f) - CHEeKTp cuTHaua BbIIe-
flm

JeHHOW Moxael m-ro Homepa; @, (f,0) - da3oBblii Haber m-0ii MOABL,

BO3HPIKaIOH1PIﬁ npu pacnpoCTpaHCHUUN JTOU MOJIbI MEXKIAY pacCcMaTpyrBacMbIMU

bottom }

TOYKaMH IpHeMa B MOZEIBHOM BOJIHOBOIE; 0= {c — Habop mapameTpoB
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bottom

Cp€abl, B HAIIEM CJIy4dac — CKOPOCTb 3ByKa B JTHE C . Ha puc. 4 I/I3o6pa>1<eHa

bottom

3aBHCUMOCTb HOPMHUPOBAHHBIX 3HaueHUH J(c ), MAKCUMYM KOTOPOIl MO3BO-

JSIET TOJTYYUTh OIEHKY 3HA4YEHHUs] CKOPOCTH B JHE B PaMKax paccMaTpHBacMOU

N
momemm: ¢ "™ =1770 w/c. TlomydeHHas oOueHKA ONM3KAa K 3HAYCHHIO
c™tom = 1710 M/C, HCTIOIh30BaBIIEMYCs B [3].
J(cbonom)
max J(Cbottom) 1
Chcll(\m
0.9
0.8

1700 1800 1900 ™™™ w/c

bottom bottom

Puc. 4. 3aBucumocts J(c ) OT CKOpPOCTH 3ByKa B IHE C

[IpoBeneHHOE HCCIEIOBaHUE YKa3blBaeT HAa BO3MOXKHOCTH IPAKTHYECKOH
pearn3ani METOJ0B IIYMOBOI HMHTEp(EpOMETPUH IS LieNield MacCHBHOTO MO-
HUTOPUHTA TAPAMETPOB MEJIKOI'O MOPSL.

PabGora BeimonmHena mpu moamepikke, rpantoB NSF  OCE1129524,
OCE1129860, rpantoB POOU Ne 15-05-01183, Ne 16-02-00680 u Ne 16-29-
020970¢u_m.
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SKCHEPUMEHT IO AKYCTUYECKOMY 30HANPOBAHHUIO
MEJIKOI'O MOPSIC HEJIBIO PEKOHCTPYKIIUU TAPAMETPOB
CPEJbI IO AKTUBHOU 1 MACCUBHOU TOMOI'PA®UYECKOU
CXEME

' Uncturyt oxeanonorun um. [LI1.Iupmosa PAH.

Poccus, 117997, Mocksa, HaxumoBckwmit mip-T, 36.

Tem: (499) 129-1936, (499) 124-8502; dakc: (499) 124-5983
E-mail: vedenev@ocean.ru

2MI'Y um. M.B. JlomoHOCOBa, (pu3ndeckuii (haKymbTeT,
Poccus, 119992 I'CII-2 Mocksa, Jlenunckue ropsl, 1.1, ctp.2.
Temn: (495) 939-3081, E-mail: sergeev(@aesc.msu.ru

Ilpedcmasnensvr  npedsapumenvhvle pe3yibmamvl NPOGEOEHHO20 OCEHbIO
2015 200a Ha wenvghe Yeproeo Mopsi sxcnepumenma, HanpagieHHO20 Ha CPABHe-
HUE 603MOJICHOCMEN AKMUBHO20 U NACCUBHO20 NOOX0008 K BOCCMANHOBIEHUIO
OKeaHoN02UYeCcKUX C80UCME Cpedbl N0 XAPaKmepucmukam pacnpocmpaneHus
AaKyCmu4ecKux CUSHANO08 U OKPYICAIOWUX ulymog mops. Ilpusedensvl pesynomamuol
PEKOHCMPYKYUU NAPAMEMPO8 MOPS N0 AKMUBHOU MOMOSPAPUUECKOU cXxeme U Ux
cpagHenue ¢ OAHHbIMU HAMYPHBIX USMEPEHUIL.

B oxTts6pe 2015 rona B paiione ['omy0oii 6yxTsl (moauron 0O MO PAH)
OBUT TIPOBEZIEH DKCIIEPUMEHT IO OIEHKE NPUMEHUMOCTH ITaCCHMBHOI'O aKyCTHYe-
CKOTO METOZa BOCCTAHOBJICHHSI THAPOPHU3MYECKUX IAPaMETPOB IO IAHHBIM C
OJIMHOYHBIX THAPO(GOHOB B YCIOBUSIX OYEHb MEJIKOTO MOPS M BBICOKOTO YPOBHS
¢onoBoro myma. /IBe aBTOHOMHBIC JOHHBIE THAPOAKYCTHYECKHE CTAHIINU
(AATI'C-A u AJII'C-B), ycranosieHHble Ha paccTosiHUM Rap =1005 M apyr or
Jpyra u riryouHax: za = 34 M u zg = 35.5 M, BeJIW HENPEPBIBHYIO 3aIHCh OKPY-
JKAIOIIEro IIyMa B IIUPOKOM JUaNa30He 4acToT. B 3a1aHHBIE MOMEHTBI BpEMEHU
9TH K€ CTAHIMHU M3Iy4ald ¥ PETHCTPUPOBAIM 30HIMPYIOIINE HIyMOIIOJ0O0HbIC
CUTHAJIBI, oOecreunBas HAOOP AAHHBIX Ul pealu3aliy TPaJUINOHHONH CXEMBI
akTuBHOW TOMorpaduu [1] mo maHHBIM ¢ OXWHOYHBIX THApodoHoB. [lepen
MOCTaHOBKO# U nocJe noabema cranuuii 3oa10M CTD Obiin uzmepenst npoduim
TeMIepaTypbl U CoIEHOCTH BoAbl. M3mepenus ckopoctu Tedenus (CT) mpoBoau-
JHUCh HEMPEepBIBHO HA MPOTSHKEHUM BCEro JKcrmepumeHta 3o0HIoM ADCP,
YCTAQHOBJICHHBIM Ha IiTyOuHe ~22 M Ha paccTosiHUU ~540 M OT TOYKH ITOCTAHOBKH
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AJII'C-A. Kapra paiioHa nCCIIeZOBaHHMIA C TOYKAMH MOCTAHOBOK IIPHBEICHA Ha
puc.l.

MsjiyyeHue  IIPOM3BOIMIOCH S \
yepes 3apaHee  3amporpaMMHpO- . '
BaHHbIE WHTEPBAJIbl BpEMEHH, M-
TEJILHOCTh  KOTOPBIX BapbUpOBa-
nack ot 20 10 300 cexyna. Kaxnas
W3 CTaHUMWA W3JIydyaja CUTHal B Cravums A fe) /
cepelMHe TPOMEXYTKa BpPEMEHHU *
MEXIy M3ITyYCHHUSIMH BTOPOH CTaH- :
. Bpemst m3imydeHust curHaioB
KOHTPOJIMPOBAIOCH C  TTOMOIIBIO Cranum B
npuemHnKoB GPS, pacmomoxen- *

HBIX B TIOBEPXHOCTHBIX OJ10Kax

crannuii. TOYHOCTH TaKOI CHHXPO- Puc. 1.

Hu3anuu cocraBisieT ~10 mMkc. CHrHaAN mpeacTaBisieT coOOH KIUIIUPOBAHHYIO
(hazoMaHHUITYIMPOBAHHYIO MOCIIEIOBATENFHOCTE ¢ Hecymied wactotoir 10 kl'm.
N3menenne (a3bl KOHTPOIUPYETCST KOJOM IIOCIIEI0BATEILHOCTH MaKCUMaIbHON
JUTHHBI (M-TTocenoBareabHOCTH) AMuHON 2047 otrcderoB. [IpomomKuTETIEHOCT
Ka)XXIoro cuMBona coctaBisuia 500 MHUKpOCeKyHH, obecreunBasi IITUTEIHHOCTD
curHana ~lc. M3mygaeMble CHUTHAIBI MCIOIB30BAINCh TaKKe KaK aKyCTHUECKHE
uMIyIbehl as cuaxporm3ammn AL peructpatopoB: GpoHT curHama, U3ITyIeH-
HOT'O Ka)XJI0M CTaHIMEH, CITy>KUT BPEMEHHOW METKOM Ha 3alluCcH IIyMa perucrpa-
TOpoM TOH ke cTaHiuu. OO0ImIee Bpems 3amucu (UTMTETLHOCTh AKCIIEPUMEHTA)
cocTaBmio ~43 yJaca.

OyHKIMU UMITYJIBCHOTO OTKJIMKA CPellbl Ha TPACcCe MEXKAY CTAHIUSMH MO-
ryT OBITh paccuuTaHbl ABYMsI Crioco0amMu: Ha OCHOBE KPOCC-KOPPESIIMOHHON
(DYyHKIIMM OKpYKAIOIIEro IIyMa, 3allHCaHHOTO B JIBYX TOYKax (ITacCHBHAs cXxema
[2]), n Ha ocHOBe (pyHKIMHM KOPPEISINN 3aIMCAHHBIX 30HANPYIONINX CHI'HAIOB C
KONMSIMH M3JIy4eHHOTo curHajia (akTuBHas cxema [1]). CpaBHeHHE C JaHHBIMU
MPSMBIX HAOJIIONCHUH PE3yIbTaTOB PELICHHsI 0OPATHOH 3a/1a4n ¢ UCTIOIb30BAHH-
€M B Ka4eCTBE MCXOJHBIX JaHHBIX 3THX ABYX HA0OpOB (pyHKIMI MMITYyIBCHOTO
OTKITMKA TTO3BOJIUT CIENATh BEIBOIBI 00 3P(PEKTHUBHOCTH MTACCHBHOMN TOMOTpadu-
YECKOH CXEMbI PEKOHCTPYKIMHU MPOPHUIIS CKOPOCTH TEUCHUH B YCIOBHUSIX BBICOKO-
TO YPOBHS IOMEX B Cy0XOJHOM OyxTe. Hike M3/105KEeHbI TIpeIBapUTEIbHBIE pe-
3yJbTaThl 00paOOTKU JTaHHBIX SKCIIEPUMEHTA [UIsl aKTUBHOI CXEMBI.

OneHka (QyHKIMHM UMITYJILCHOTO OTKJIMKA CPEAbl IO Tpacce MPH M3ITyuYeHUH
B HanpaBiieHnH oT A k b nokaszana Ha puc.2. AHanoru4Hasi KapTHHa, HO TIPH HU3-
Jy4YEeHHH B HampaBleHUW OT b K A, mpakTHYecKu HE OTJIMYasach OT puc.2 (HU3-
KOE paspelieHne). 3Be3JJ0YKaMH cjeBa Ha pHc.2 OTMEUEHHI BpeMeHa INPHXOja
COOCTBEHHBIX JIydei, COeTUHSIOMUX THAPOGOHBI cTaHuii A n b 1 mokazaHHbBIX
Ha puc.3. Mcnons3yemsble it pacuera, OJM3KHe K M3MEPEHHBIM B Havaje KCIe-
pumeHTa mpodmmn ckopocTH 3Byka (C3) Takke moka3zaHbsl Ha puc.3 (cieBa).
Hamubomnee OBICTPHI IPUXOA COOTBETCTBYET TPYIIIE TyUeH, paclpoCTPaHIIOIINX-
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csl B c1abOM TIPUIOHHOM KaHaje, OCTalbHbIC TPYMIIB IPUXOI0B OTBEYAIOT OTpa-
3MBIIMMCS OT TIOBEPXHOCTH JIydaM OT 1-T0 10 4-x pas.

MynbcHbii oTknuk (A-B)

710

~
(=]
[=]

=2
©o
(=]

Bagepika, Mc

@
[ox]

0 5 10 15 20 25 30 35
BpeMSl 3KCNepUMEHTa, Yachl
Puc.2.

[y Buna,

3

1504 15043 O 01 0.2 03 0.4 it 0.6 0.7

CKOpoCTe 3BYKE MiC AucTaHums, ki

Puc.3.
Husl=1,2, ..., L =38 coOcTBeHHBIX JTyueii B omopHoii cpene ¢ [IC3 B BoJ-
HOM cIIoe ¢y (n =1, 2, ..., N =10) BmecTe ¢ BpemeHamu npuxoaa 7j, pacCUuThI-

BaJIMCh TAKXKE 3JIEMEHTHI dj, MATPHUIIBI CBA3H MEXKITy BapHAIMIMHU BPEMEH MPUXO0-
na AT+= Ti+— Ti, u Bapuanusimu C3: Ac, = ¢, — Cno 1 CT: Luy,

N
Y, (A, tu,)=AT, =T, T, (1)
n=l1
CkJagpIBasi U BBIUUTAsl YPAaBHEHUs JUIS OJHOTO 3HA4YEHUs /, MOJTy4UM JHHEHHBIE
MaTpUYHbIe YPaBHEHUS JUIs BApUaLlMii CKOPOCTH 3BYKa (2) 1 Teuenuit (3):

N

za[nAcn :(AE++AZ—)/2:(7}++T}—_2Z¢7 )/2, (2)
n=1

N

D a,u, =(AT, ~AT)/2=(T, ~T,)/2. (3)
n=1

Otcroza ciemyer, 4To Te4eHUs (paKTH4YeCKH BOCCTaHABIMBAIOTCS 110 PAa3HOCTH
(HEB3aUMHOCTH) BpPEMEH pacHpOCTPaHEHUs], KOTopas ciJad0 YyBCTBUTEIbHA K
BapHalUsaM MIPOYMX MapaMeTpoB cpefbl, B yacTHocTH, C3. CrnenoBaTenbHoO, Mpo-
¢une CT, BoccTaHOBIECHHBIN B pe3ysibTaTe WHBEPCUU JIyYEBBIX ypaBHEHHH, Oy-
JeT CyLIeCTBEHHO OoJee OJIM30K K pealbHOMY 10 cpaBHEHUIO ¢ npodunem C3.

B cumy storo npocreiimryro onenky cpenneii no riryoune CT (<u>) MoxkHO
MOJYYUTh Ha OCHOBE IMOJIOXkKEHHsT Makcumyma (AT,,) Koppeasiuui GyHKIHMH OT-
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KITMKa CpeAbl B TpsAMOM (puc.2) U 0OpaTHOM HANpaBJICHUSIX, PABHOTO Pa3HOCTH
AT,, = <Tap> — <Tpa > cpeqHUX BpeMeH pacnpocTpaHeHus oT A k bu ot b k A:
Ao<u>=AT,/2, Ao = T,/co, <u> = AT,4/(24,), @)

rne T, = Rap/C, - OLIEHKAa BPEMEHH PACIPOCTPAHEHHsI CUTHAJIOB B cpesie 0e3 Teue-
HUM, ¢, = 1500 m/c. Ha puc.4 npencraBneH rpaduk U3MEHEHHS CPEeIHEH 10 TITy-
6une BexnumHBl Tpoekiuy BekTopa CT Ha HampaBieHHe OT CTAaHIMH A K CTaH-
mun b B cioe ot 3 mo 18 merpoB (mHMsA 1, momydyeHHas W3 JAHHBIX 30HIA
ADCP). JIunwueii 2 noka3ana rpy6as ouenka CT B ToM ke HampaBlIeHHH, PACCUU-
TaHHAas 10 BhIpakeHUIO (4). 3aMeTHbIe pa3nuyus KPUBBIX HA HAYAIBHOM Y4acTKe
npu Manbix CT, mo-BHIUMOMY, CBSI3aHBI C MPOCTPAHCTBEHHOW M3MEHYMBOCTBIO
CKOpOCTH TeueHHs. B koHue skcniepumenta (npumepro 31 vac) cranuums b cme-
CTHJIACh 10 JTHY (M3MEHEHHE PACCTOSHUS) U, BO3MOXKHO, IIepeBepHyIach (37 vac).
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=
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Bpema aKcnepuMeHTa dack
Puc 4.

OI1eHKY CpeHUX MO Pa3TUIHBIM MHTepBaiaM riryouH 3HaueHnit CT (kak u
C3) MOHO MONYyYUTh U3 ypaBHEHHUH (3), MOIOKUB B KaXKIAOM WHTEpBase 3Haue-
HUS U, = U = const, rae k — Homep uHTepBana. Hampumep, BoiOpas 1-if mHTEpBaN
riyouH ot 0 110 z,; ¥ 2-i B IPUIOHHOM CJIOC OT Z,1 10 Zy (AHO), IPUIEM K CHCTe-
Me ypaBHEHUH it 2-X HeusBecTHbIX: Uy u Us @ An + Ap = (Tn— T1)/2. Anano-
ru4Hyio (4) oneHky cpeaneil mo Bceil riryonHe CT MOXHO MOJYYHTh, MOJ0XKUB
m= N, cyMMupoBarh JiefieHHble Ha L Bce ypaBHeHus (3) ¢ paBubiMu AT7,,/2 mpa-
BBIMH 4aCTAMU: A 1-Uspy = AT,/2. Pe3ynbTaT Takol OLIEHKH NPAKTHYECKH COBIAI C
nuHUel 2 Ha puc.4 (oTHOcHUTeNbHAsE pa3HOCTh (41 — A,)/A1 cocTaBmia meHee 2%).

JUTEPATYPA

1. Tonuapos B.B., lsanos B.H., KouetoB O.1O., Kypesuaos b.®., Ceped-
pasbiii A.H. Axycruueckas Tomorpadusi Ha menbdpe YepHoro mops. AKYCT.
KypHai, 2012, 58, 5, cc. 614-622.

2. Tonuapos B.B., Hlypyn A.C., I'omun O.A., 3abotun H.A., Benenen
A., Ceprees C.H., Brown M.G., lllarpaBun A.B. Tomorpaduueckast uHBepcHs
M3MEpEeHHBIX (DYHKIUI B3aUMHON KOPpEJSIIMY IIyMOB OKeaHa B MEJIKOW BOJE C
WCIIOJIB30BaHUEM JIY4eBOH Teopur. AKycT. )kypHai, 2016, Ned (B meyatn).
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T'onuapog B.B.!, Kypbsinos B.®.!, Cepeopsinbrii A.H.'?

AKYCTHYECKAA JTUATHOCTUKA BHYTPEHHUX BOJIH HA
YEPHOMOPCKOM HIEJIb®E

' Uncruryr okeanonoruu um. [LIT. lupuiosa PAH.

Poccus, 117997, Mocka, HaxumoBckwii p-t, 36.

Ten: (499) 129-1936, (499) 124-8502; dakc: (499) 124-5983
E-mail: gvv@ocean.ru

2 AKycTrdeckuii HHCTHTYT uM. akazx. H.H.Annpeesa
Poccus, 117036, Mocksa, yi. I1IBepHuka, 4.

Ten: (499) 723-6300, Dakc: (499) 126-8411

E-mail: serebryany@akin.ru

IIpogedena pexoHCmpyKyus napamempos 6HYmMpeHHUx 60JH, NPUCYMCIMEO-
8aBUIUX HA Mpacce 60 8pPeMA MOMOZPAPUUECKO20 IKChepuMenma na uweibgpe
Yeprozo mops ([enendoicux). Bviio eviaeieHo Hanuuue mpeHoa 6 O8UdICEHUU
MEPMOKIUHA, B03MOIICHO, CEAZAHHOE C NOOXOOOM NPUOPEINCHO20 BUXPS, A MAKICE
Hanuyue KOpPOMKONEPUOOHLIX BHYMPEHHUX 60NH. Boccmanoenennvle xonebanus
MEPMOKAUHA HAXOOAMCA 8 XOPOueM COOMEEMCMEUL ¢ pe3yTbmamamil He3aeu-
CUMBIX UBMEPEeHUTl, COCNAHHBIX 3AAKOPEHHOU MEePMUCTNOPHOU YeNnouKol, pacno-
JIOJHCEHHOU 80NIU3U AKYCIMUYECKUX MPACC.

B cents6pe 2010 r. Ha mensdpe Yeproro mopst (I'enenmxuk) ObUT IpoBeaeH
TOMOrpaMueCcKuil SKCIIEPUMEHT 110 BCTPEYHOMY PaclpOCTpaHEHUIO (a3oMaHu-
MYJIMPOBAHHBIX aKyCTHYECKMX CHUTHAJIOB. B sKcrepuMeHTe NpHMEHsUIach Tpe-
YToJIbHAsl PACCTAHOBKA TPEX TPAHCUBEPOB, YAAICHHBIX APYT OT JIpyra Ha paccTo-
saue okoso 1 kM. I'myOuna mMopst ipu aToMm Obu1a okosto 40 M. [Tomnmo akyctu-
YEeCKNX M3MEPEHHH BO BPEMs SKCIIEpUMEHTa MPOBOAMINCH U3MEPEHHsI C TIOMO-
mpio ADCP, 30HI2 CKOPOCTH 3BYKa, a TakKe BEPTUKAIHHON TEPMHUCTOPHOM Iie-
moukoil. B paborax [1-2], ucmonp3ys 3KCIIepUMEHTAIBHO MOITYICHHYI0 KapTHHY
BPEMEHHOTO XOZa OTKJIHMKOB CPEeibl, OblJIa BOCCTAHOBJICHA PETYISPHAs BPEMEH-
Hasl U3MEHYUBOCTb TMAapaMETPOB CPEbl AJIsl €€ CPaBHUTEIBHO HPOCTHIX (ycpen-
HEHHBIX) Mojienel. B HacTosmeil paboTe mpeArnpuHATa MOMbBITKA CBA3ATh KCIIe-
PUMEHTAIBHO TIOJy4YEHHBIC Bapuallld BPEMEH IPHUXOJA OTAENbHBIX 3BYKOBBIX
UMITYJIbCOB C BO3MOYKHBIM MPOX0XKICHNEM BHYTpeHHUX BOJIH (BB).

Ha puc. la nokasaH Ha4yanbHBI Yy4acTOK KapTHHBI BPEMEHHOTO XO/a OT-
KJIMKOB CpeJibl ISl 3ByKOBOW Tpacchl MEXAy TpaHcuBepamu | u 2, Ha KOTOpoi
JIOCTaTOYHO YETKO BBIIEIIOTCS OTMEYEHHble Iudppamu 4-pe umiyiabca. B
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MEPBYIO OYepelb ObUIM BBIIECICHBI TaKHE HHTEPBAJIbl BPEMEH dKCHEPUMEHTA foxp,
Ha KOTOPBIX OTAEIbHBIE MMIYJLCH 1—4 MOXHO pazfenuTh. DTH WHTEPBAIbI U
COOTBETCTBYIOILIIE UM HHTEpPBAJbl BPEMEH 3aIEpXKEK OTACIBHBIX HMITYJILCOB
NOoKa3aHbl Ha puUC.la OenbIMH THHUAMH. JIErKO BHIETB, YTO C POCTOM fexp MM-
IyJIBCHI 2 U 3 CONMKAIOTCS, M UX Pa3/CNICHUE IIPH Zexp™>5-7 4aCOB CTAHOBHUTCS BCE
Oounee 3aTpynHuTeNbHBIM. [i1st epBbiX 270 MUH KCIIepUMEHTa ObLIM paccuuTa-
HBl YCPEAHEHHBIC 10 PA3IMYHBIM HHTEpBalaM Afyp, BpeMeHa Npuxona Tex(fexp)
Bcex 4-x umnynbcoB (k=1:4). Ha puc.16 s BTOpOro umIlyibca CIUIOIIHOM JH-
HHUEH IOKa3aHa 3aBUCUMOCTD [eo(fexp) TMPU Alexp=2 MHWH, IITPUXOBOW IIIIABHON
JMHHEH — Ta )Ke 3aBUCHMOCTB NPHU Afexpy=20 MHH, KOTOpas COOTBETCTBYET Pery-
JSIPHBIM M3MEHEHHUIO TeMIIepaTyphl Cpeibl, BEI3BAHHOMY HOAXO0JOM JUIMHHBIX BB
WM TPHOPENKHOro BUXpsA. WX pa3HOCTb, MO-BUIMMOMY, OTBEYAeT BIHMSHHIO Ha
BpeMs PacIpoCTpaHEeHUs 3BYKOBBIX CUTHAJIOB Ooiee koporkux BB (mepuox ~ 10
MUH).

a)

Omuocumensras aMnaumyda cuznana 6)
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60 \f
o Q-m-m.-,,,m T~ - )
g M i 50 835 ;’u,.,f‘?j
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5 40
3 840 834 ,."J\I'd
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o, I\ /?(
S 845 . ’lao’h“\‘
"
s 20 833 1 .P’ﬂ
2 850 I
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. |_|'v,-‘ Wy
855 83z pilf
0 1 2 3 4 5 0 1 2 3 4 f
Bpema skcnepumenma,uacst Bpema skcnepumenma,uackt
Puc. 1.

Amnanuz TpaekTopuil codcTBeHHBIX Jyueit (CJI), coequHSIOmUX HCTOYHUK U
MPUEMHHK, T0Ka3aJl, 4YTO UMIYJIbChl | U 3 COOTBETCTBYIOT OJZHOKPATHO W JIBY-
KPaTHO OTPaKEHHBIM OT ITIOBEPXHOCTH JiydaMm. Mmmynec 4 hopMupyercs mydamu,
PacipoCTPaHsIIONMMHUCS B MPUIOHHOM 3BYKOBOM KaHayie. MOXXHO 0XKHAATh, 4TO
MMEHHO UMITyJbc 2 HauboJjee mojaBepikeH BimsHHIO BB, mockonbky cooTBert-
crBytomue emy CJI B OCHOBHOM pPaclpOCTpaHSIOTCS B 00JAaCTH TEPMOKIIMHA —
HaMOOJBIIIEro CMEIEHHUS CII0EB BOJIBI 1101 ieiicTBreM BB.

Jlnst BOCCTaHOBIIGHHS MAapaMETPOB CPEIbl MCIIOIb30BAJICS TaK Ha3bIBAGMBIN
METO/I COTJIACOBAHHBIX BPEMEHHBIX OTKJIHMKOB [3] — MOMCK HaMIIydIIEro COOTBET-
CTBHSL MEXAy IKCIIEPUMEHTAIBHBIM M PACCUYMTAHHBIM UIS Pa3JIMYHBIX TTapaMeT-
POB cpeabl UMIyJIbcaMH. PacueT MpoBOAMICS IUISI TOPU3OHTAIBHO OIHOPOIHOM
Mozenu cpesl ¢ 10-Ti TogeuHsIM 1o TiTyOuHe npoguneM ckopoctu 3ByKa (I1C3)
c(zn), NICXOHBIM Co(z,) T KOTOPOTO OBLT B3AT ycpenHeHHbI o Tpem I1C3, us-
MEpPEHHBIM B TEUEHUH 5-TO Yaca HKCIepUMeHTa BOMU3M Touek noctaHoBku AJIC.
BapsupoBanuce kKak 3HaueHUS c(z,) = co(zx) + Ac(zn), Tak 1 00ycnoBieHHbie BB
TIyOuHBL z, + Az, TOC Azy = Ainw@(2n), Ainw — aMIUIUTYOa TepBOH Moxbl BB,
@(z,) — ee IPOoHITH, KOTOPHIH B CHITY YCIOBHIA MEIIKOTO MOPSI TPAKTHYECKH OCTa-
BaJICSd HEM3MEHHBIM B IIMPOKOM JHarna3oHe 4yactor BB.
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Jnst BceX KCHEPUMEHTANBHBIX Pei(?, fexp) M PACCUUTAHHBIM I10 JIYYSBBIM
npuxonam P(t, Ainw) AIMIYIHCOB BBIYHCIIAIACH UX KOPPEIAIIHS:

Cy (b A, A ) = [ P (1,1, )Py (6, Ac, A, Vet k=1,2,3,4.
3]1601) BCEC HUMITYJIbCBI npeamnojarajimchb HOPMHPOBAHHLIMU, TakK 4qTo

J‘ij (4,1,,)dt = J-Pri (t,Ac, A, )dt =1, unrerpuposanue 1m0 BpeMeHH Ul

exp?

KaXJIOTO k-TO0 WMITyJbCa MPOBOJUTCS TIO0 COOTBETCTBYIOIIEMY €My HHTEpBAIY,
apryMeHT Ac OTBeUYaeT yCPEIHCHHBIM 10 TyOuHe Bapuarusam Ac(z,). [Ipu atom
D c,, A.nw) nokasana (s Ac = 0) Ha

exp? 1

avmmryna BB 4 (7, ) = max C, (t
Ainw

puc.2a CIUIOIIHOM NuHMEH, ee perynsapHbii xon Amo (amuaEBIe BB) — mrpuxo-
Boii simHMel. Ha prc.26 nokazana ux pasHocTb A4, — KopoTkue BB.
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o 04
-
202
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204
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E i 50 100 1400 200 250
Bpensa sECIepHMERTE, MIH
Puc.2.

Paccunrannsie xoppemsnuonubie GYHKIUU Ci(fexp, AC, Ainw) € pocTOM Ac cMe-
maroTcs (Kak 1esioe) B HApaBJIeHUH OONBIINX Ainw, CMEIIAIONIMX TEPMOKIHH K
MOBEPXHOCTH, YTO YMEHBIIAET Cpe/iHee 3HAYCHHWE CKOPOCTH 3BYKa B BOJHOM
cinoe, KoMneHcupys pocT Ac. B To Bpems kak aMmuiutyasl A4,,0 kopoTkux BB
OCTAIOTCS MPaKTUYeCKN Hen3MeHHbIMU. K Gin3koii 3aBUCUMOCTH A4 y0(fexp) TIPH-
BOJIUT U JPYrOd METOJI BOCCTAHOBJICHUs aMIUINTYAbl BB, ocHOBaHHBIN Ha cxeme
JMHEHHON Ty4eBoil Tomorpadun Manka OOpaTiM Takke BHUMaHUE, YTO Xapak-
TEpHBIC YaCTOTHl KOpOoTKMX BB Ha pnc.26 m3MeHsIoTCs B X0JI€ HKCIIEPUMEHTA,
CYIIECTBEHHO YMEHBIIAsCh B KOHIIE 2-TO 4aca 3KkcnepuMeHTa. Ha puc.l MoxHO
YBHJETB, YTO B 3TO BPEMS Ha4aJI0Ch Oosee OBICTPOE M3MEHEHNE BPEMEH NPUX0Aa
OTAETBHBIX UMITYJIbCOB, MIPEXE Bcero, BToporo. Ilo-suaumomy, 310 00ycnoBie-
HO BCTYIUICHHEM Ha TPaccy paclpoCTpaHEHHUs 3ByKa 0ojee XOJIOIHBIX BOJ, CO-
IIPOBOXKAAOLLEECS NEPECTPOUKON CTPyKTYyphl BB.
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Ha puc.3a moka3an cpeqauii H3MEpeHHBINH MPOQIITH TEMIIEPaTyphl B palioHe
9KCIEpPUMEHTA. | OpH30HTaNbHbIC JMHUM HAa PHCYHKE COOTBETCTBYIOT ITyOMHaM
TEPMHICTOPOB, YCTAHOBIICHHBIX HECKOJIBKO CEBEpHEE B OOJIee METKOBOIHOM paii-
oHe. ['opH30HTaNbHbIE TOYEUHBIE JIMHUM OTBEUAIOT MAKCUMAJIbHOMY M3MEHEHUIO
TEMIIEpaTypbl, Ha COOTBETCTBYOIIeH riyOnHe, Bbi3BaHHOro BB ¢ mpoduiem,
MOKa3aHHBIM IITPUXO0BOH nTuHUEH. Ha prc.36 mTpuXoBBIMU TUHUSAMHU C TOUKAMHU

a) 5)25_ T = T T T T ‘_l e ‘_,_;f‘i ;_\__
1] F-—— — +— — =

21

10 15 20 : : ' : '
Thipatale 125 13 135 14 145 15 155 15 185 17

BpemA SKCIEpHMENTAE, Yack]

Puc 3.

[I0Ka3aH U3MEPEHHbIN 3aSKOPEHHOM LIENIOYKOM TEPMHUCTOPOB XOJ TEMIEPATypbl
Ha YKa3aHHBIX [Uppamu riyOuHax (B M). 3/1€Ch JKe CIUIOIIHBIMH JTMHUSMHU TIPE/-
CTaBJICHO PACCUUTAHHOE 0 BOCCTAHOBJECHHBIM aMIuIMTyAaM BB u3meHenue B
X0JIe SKCIIepIMEeHTa TeMIepaTypbl BOjbl. Takke oTMEUeHHbIE IU(ppPaMH TITyOUHBI
JUISL 9THX KPHUBBIX BBHIOMPAINCH IO HAUMEHBIIEMY X CPEIHEKBAIPaTHYHOMY OT-
KJIOHEHHUIO OT HKCIIEPUMEHTAIBHBIX 3aBUCHMOCTEH (IITpHXOBbIe JHHNM). OTMe-
THUM JIOCTaTOYHO XOpOILEEe COOTBETCTBHE BOCCTAHOBJICHHBIX KOJEOaHWII TepMo-
KJIMHA C pe3yJIbTaTaMM HE3aBUCHMBIX M3MEPEHHUH C yIeTOM, YTO OHH OBUTH IpO-
BEJICHEI B O0JIee MEITKOBOTHOM paiioHe Ha yaaneHnn okoio 1 km ot AJIC.
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of shelf of the Black sea. Hydroacoustics, Annual Journal, Vol.16,
pp- 67-76, Gdansk 2013.
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SKCHEPUMEHTAJIBHOE OIIPEJEJIEHUE AKYCTUHYECKHUX
XAPAKTEPUCTHUK MEJIKOI'O TIPUPOJHOT'O BOOAOEMA

Ousnveckuii hakyapreT MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBEPCHUTETA
umenu M.B. JlomoHocoBa, kadenpa akycTHKH

Poccust, 119991 Mocksa, Jlenunckue ropsl, 1.1, ctp. 2

Ten.: (495) 939-3081; E-mail: burov@phys.msu.ru

Ilpusooamcs pezyromamel 00pabomKy OAHHBIX HAMYPHO20 IKCNEPUMEHMA
no pacnpoCmMpaHenuro 38yKa 6 MeIKoM npupoOHom eodoeme. Ha ocnose cnex-
mpoepamm QYHKYuil OMKIUKA 8000eMa ONpedesemcs KOMNIEKCHOe M00080e
sonnogoe uucio. Hcnonvzosanue nabnooaemozo ¢ dKCHepUMeHme OmpaxceHus
cueHana om bepe2os no36osAen OYeHUMb CKOpOCHs 38YKa 6 epYHMme.

B mnocnennee BpeMst 0coOyro akTyalIbHOCTh MPUOOPEINTH 33/1a41 I'e0JIoropas-
BE/IKM 1 MOHUTOPHHIA aKBaTOPHH, IPEXkK/E BCEro, CEBEpPHBIX. B oTimmumne ot 6o-
Jee «KJIACCHYECKHUX» HMCClIeaoBaHnil riry0bokoro okeana [1] B aToM cirydae npu-
XOJUTCS UMETH JIEJO CO CIOKHBIMH TPAaHHYHBIMHU yCIOBHSIMH [2,3]. Bo-mepBrIx,
CeBEpHBIC MOPS 00IATAIOT MaJOH TIIyOMHOM, a 3HAYHT, CBOWCTBA JTHA OKA3BIBAIOT
CYIIECTBEHHOE BIIMSIHME HA XapaKTep paclHpOCTpaHEHUs 3ByKa. Bo-BTOpBIX, ImO-
BEPXHOCTh MOJKET OBITh IIOKPBITA CIIOEM JIbJ1a, TOPOCOB PA3INYHON TOJIIUHBIL.

[IpoBenieHne HaTYypHBIX SKCHEPUMEHTOB JOPOTO M OTSTOLIAETCS CIOKHBIMU
HOTOJHBIMH YCIOBUSMH. B pamkax naHHOI paOOTBI OIMCBHIBAIOTCS PE3yJIbTAThI
Oosiee MPOCTOro SKCIEPUMEHTa, MPOBEeIeHHOro B MockoBckoit obnactu. Lenbio
9TOro SKCIepUMeHTa Obljla MpakTHYecKas IpoBepKa 000py10BaHHs U pa3paboTka
METOJIOB HCCIICIOBAHUS, TIO3BOJIIIONIMX OIEHUTH 3HAYEHHUS aKyCTHYECKHX
CBOHCTB TPyHTa: €ro IUIOTHOCTH, CKOPOCTH U IIOTJIOLICHUs 3ByKa. B kauectse
o0beKkTa uccieioBanuii ObuT BIOpaH kapbep Cruma — BoITAHyTOE Ha 300 M B 17H-
HY 03ep0O C OTBECHBIMH Oeperamu, oOpa3oBaBiieecs IOciie A0ObMU Topda Ha
MecTe BepxoBoro Oosora. lllupuna kapsepa cocTtasisia okoiao d =20 M, a riy-
OuHa ObLIa MPaKTUYECKH MOCTOSIHHA U paBHa | M. McToYHMK 3ByKa, U3ITy4Yatonni
JMHEIHO YacTOTHO Moy upoBaHHbIH (JIUM) curnan, pacrnosnarasics nocepenuae
Bozmoema. [lepuon JIUM curnana cocraBmsan 7 =10 cek, mpu 3TOM €ro 4acToTa
mersack ot f; =100 I'm no f, =10 x['m. [Ipuem mpousBoamiICcs ¢ MOMOIIBIO

OJIMHOYHOTO THAPO(OHA, KOTOPHIH ITO3UIMOHUPOBAIICS Ha JIOJKE B 9 pasIMUHbBIX
TOYKaX. ['OpH3OHTaNbHBIE KOOPAMHATHI U3ITy4aTelsl U BCEX TOYEK IpHema (HK-
cupoBanuch ¢ momomsio GPS matumka, a mo BepTHKaiM 00a OHHU pacIoNarajiich
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nmocepenuHe TiryOnHbI Bogoema. C moMOIIBI0 IPOORI TPYHTA YAAJIOCH OMPEICITUTh
€ro INIOTHOCTb, KOTOPask COCTaBUIIa P, = 2 KI/M

Hcnonp3oBanne JIUYM ¢ mocnenyromei KOppeIsHoHHONH 00paboTKoi m3-
Jy4eHHOro f(#) W mpUHATOro g(f) CUTHAJIA TIO3BOJISIET BOCHPONU3BECTH UMITYJIb-
CHYIO (DYHKIMIO OTKJIMKA cUCTeMBbI H (1), TOCKOJBbKY OHA SIBJIAETCS SAPOM HHTE-

IPaNBHOTO PeoOpPa30BaHus, CBS3BIBAIOLIEIO ABTOKOPPEILIIHOHHYIO (YHKIMIO
K ;7 (T) m3my4eHHOro CHrHaNa ¢ B3aMMHOH KOppensuuonHoi gynkumein K, (T)

M3Iy4eHHOTO ¥ TIPHHATOr0 curHano: K, (7)= jH (t-7)K;(7)d7’". JIns ucnomns-

30BaHHOrO B oKkcriepumente JIUM curuana f(7) dynkuus K ;(T) npeacrasuser
co00i MOCIIeIOBATEILHOCTh UMITYJILCOB C IIEPHOIOM ClIeOBaHUS 7 W JJINTENb-
HocTeio AT =(f, — fl)_l = fz_1 << T . C yyeroM TOro, 4TO Bpemsl peBepOepaiuu
B BogoeMe MHOTO Merbute 7, Gynkuns K, (T) mponopuuoHanbHa Mocuenosa-
TEBHOCTH MUMITYJIbCHBIX OTKJIMKOB BOJOEeMa ¢ neproaom 7 .

Ha puc. 1. npexcras- 1,k AMITUTY 1A, OTH. €11.

JeHa CIIEKTpOrpamMmMa 0

f] exp

dymxmmmn K (7) , Hopmu-
2000

pOBaHHAas HA MaKCUMyM Ha [Tpsimoit curHan

kaxknoii wacrore f . Bo-

4000
MEPBBIX, BUIHO OTCYTCTBHE

CHUTHaJla Ha 4aCTOTax HHXKC

' OTtpaxeHHBIN
/7 =700 Tu (o6osma- Koaq 3 fadl N
yeHa Oeyloll ITyHKTUPHOH
nuHUEH Ha puc. 1), 9To co-
OTBETCTBYET KPHUTHUYECKOI
4acTOTe MEPBOM MOIBI U 10000
MOJIEIM Msrkoro aHa. s

8000

8.89 8.91 8.93

Puc. 1 T, cex
exp .
YacTOT BBILIE f] BILIOTh

mo 4-5 x['11 HabmroJaeTess 3aMeTHasl AUCTIEPCHs. DTO TO3BOJISET ONPEACTHUTD Ya-
CTOTHYIO 3aBUCHMOCTb I'PYIIIOBON CKOPOCTH MEPBOM MOJIbI, HA OCHOBAHUH YEro
MOXKHO PaccuuTath U ee (a3oByto ckopocTh. OKazaloch, YTO OHU C XOpOUIEH
TOYHOCTBIO COBIAJIAIOT CO 3HAYCHUSIMH, PACCUUTAHHBIMU B MOJIEITH MSITKOTO JTHA
BOZIOEMA.

AHanu3 TaHHBIX, TOTYYCHHBIX Ha 9 pa3IMYHBIX PACCTOSIHUSAX OT HCTOYHHKA,
MO3BOJISIET ONPECNIUTh TAKKE U MOJOBOE 3aTyXaHHe O B BOJOEME Ha pPa3HbIX
gacToTax. [lOCKOJNIbKY aMIUIMTy/a CUTHajla, a 3Ha4uT, W OTHOIICHHE
CHUTHaJI/TIOMeXa CYIIECTBEHHO MEHSETCSl OT TOYKH K TOYKe, Ui KOPPEKTHOTO
ydera BCEX JAHHBIX MOXKET OBITh HCIIOJIB30BaH METO][ MAKCHMAaJIbHOTO MPaBIO-
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nomo6ust [3]. B uTore okaspIBaeTCs M3BECTHBIM YacTOTHAs 3aBHCHMOCTH KOM-
TUIEKCHOTO MOJIOBOT'O BOJIHOBOTO YHCIIA.

BHumarenpHOe M3ydeHHE CHEKTPOTPaMM I0KA3a10, YTO MOMHMO OCHOBHOMN
JIUCIIEPCUOHHON KPUBOW MPUCYTCTBYET €LIE OJIHA, MEHbLIEH aMIUIUTYbI, IOBTO-
pstromas popMy IepBoil U cieayromias 3a Hel ¢ HEKOTOPHIM BPEMEHHBIM CIIBU-
TOM, HE 3aBUCSILIMM OT 4acTOThl. CONOCTABIEHUE BEIUYMHBI 3TOTO BPEMEHHOTO
MPOMEXYTKa U T€OMETPUH IKCIIEPUMEHTA TPUBOAUT K BBIBOJY, YTO HaOJrO/ae-
Masi BTOPUYHAsl KpHUBas MOSIBJIAETCS BCIEACTBUE OTPAKEHMS CHUTHAja OT CTEHOK
BOJIOEMA.

Ha puc.2 mnokazana 3aBucH-
MOCTb OT BPEMEHHOro caBura 7T
HOPMHPOBAHHOW Ha MaKCUMyM aM-
TUTUTY /bl CIEKTPOrpaMMbI Ha 4acTOTE 08y
2 x['m mpu paccTosiHUM MEXIy HC-
TOYHHKOM W TIPUEMHBIM THIpOdO- 067
HOM, paBHbIM 90 M. Xopomo paznu-
YUM MEPBBI U BTOPOH MaKCUMYMBI, 0.4¢
COOTBETCTBYIOIINE TPUXOAY MPSIMOTO
U OTPAKEHHOTO CHTHAJIOB. Y MEHbIIIE- 0.
HHUE aMIUTUTY (bl OTPa’KEHHOTO CHUTHa-

112 110 CPABHEHUIO C MPAMBIM BbISBAHO 09 v~ Py ““Ef 4
GosbIell JUIMHOM MPOMAEHHOrO MyTH Puc. 2
U TIOTEPSIMU MIPU OTPAXKEHHU OT Oepe-

TOB.

OmnpenenuB NoclenHIe, MOXHO C TOMOIIbI0 (opMmys DpeHens OIEeHUTh CKO-
POCTb 3ByKa ¢, B IPYHTE.

f\OMHJ'II/ITy,Ha, OTH. €].

[Ipsmoit
CHUTHAJ

OTpaskeHHBIH

/ CUTHAaJI

(=]

T, cex

Ananmz OTPAXXECHHOI'O CUTHAJIa IIPOU3BOAUIICA IS BOCBMHU ITOJIOKEHHI pu-
€MHOT'O FI/I,HpO(i)OHa. HYCTL npueM BEACTCA B n-u TOYKE, paCHOHO)KCHHOﬁ Ha

paccTossHUM R, OT UCTOYHUWKA; A, — aMIUINTyAa U3ITy4YSHHOTO, A(S,") — TIPUHATO-
ro IpsIMOro, MPUHATOTO a AT(") — OTpaXEHHOro curHana. J{iauHa myTH pachpo-

CTpaHEHMs OTPa)KEHHOT'O CHI'Hajla paBHa L, = 1[le +d* . Torxa ¢ yuerom 3ary-

XaHUuAg U HI/IHI/IH[[pI/IquKOﬁ pPacxoguMoCTH
AO exp(_aRn) A(n) _ Z2 — Zl AO exp(—OLL”)

JR, 7 Zyvzy L,

rae Z,, =p,,C,/cosp, — aKycTHueckue mMmenaHchl Bomel (m=1) u rpyuTa (

AP = (1)

m=2) COOTBETCTBEHHO. [3; U [, — yroa majeHus W yroyi HPEJIOMIICHUS Jyd4a
IIpU PaclpOCTPAHEHNH U3 BOABI B TpyHT. Ilpu atom cosP, =d/L, , a cosP, BbI-
pakaercst n3 3akoHa CHeqmyca. TakuM 00pa3om, OTHOIICHHE aMIUTUTY T
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A" z,-Z R
—="2"Lexp(-afL, — R, ) |7~ 2)
AP Z,+ 2, L

n
HN3MEPEHHOC B SKCIIEPHUMCHTE, MMO3BOJIACT ONMPEACINTL CKOPOCTh 3BYKa B I'PYHTC
6epera Cy , IPUYEM MMEIOIINEC JaHHBIC ITO3BOJIAIOT CACIATH OTO AJIsI COBOKYII-

HOCTH TOYEK IpPHEMa M IPH Pa3HBIX dacToTax. Tak Kak ¢ yBEJIMYEHUEM PacCTOs-
HUSI TOYHOCTh M3MEPEHUH YMEHBINAETCS, VI KaKI0H 4acTOThl OBIIO MIPOU3BEIC-
HO B3BEIIEHHOE YCpEIHEHUE HAIEHHOW CKOPOCTH 3ByKa IO COBOKYNHOCTH TO-
YyeK mpuema. MTorosast morpemHoCcTb U3MEPEHUH BKITFOUasia B ce0sl MOrPEeLIHOCTh

(1)

GPS JaT4YuKa, MOrpCuIHOCTL OIPEACIICHUA Afln) u , CBA3aHHYIO C 3allyM-

JICHHOCTBIO CHUTHAJa, ¥ TOTPEIIHOCTh MOJOBOrO Kod(duuueHTa 3aryxanus O,
paccyuTaHHYIO CTaTHCTHYeCKHU. [lomyyeHHbIe pe3yibTaThl IPUBEACHBI Ha pUC. 3

3r1ech JKUPHOM YepHOW aMHUEH 060-
3HAUCHBl IOJTyYCHHbIE 3HAYEHUS CKO-
poctH ¢, , a o0nacTb, BEIJEICHHAs Ce-

¢y, M/C
5000

pPBIM,  COOTBETCTBYET  ITOIPELIHOCTH 4000
n3MepeHuil. [lorpemHocTs MUHUMANb-
Ha B nuanaszoHe gactoT 800 — 2000 I,
KOTOPBIII COOTBETCTBYET MUHHMMAJIbHO-

3000

2000
My 3aTyxanuio. JlanbHelluee B3BEIIEH-
HOE YCPEJHEHHE [0 4YacToTaM JaeT o
JUISL CKOPOCTH 3ByKa B TPYHTE 3HAYECHHE
c, =1050£180 wm/c. Takas Hu3Kas O s
CKOPOCTB 3ByKa MOYET ObITh CJIEJCTBH- Puc. 3 T
: g

€M HaJIM4HUs OOJIBIIOTO KOJINYECTBA
ra3oBbIX Iy3BIPHKOB, KOTOpPBIE BO3HHKAIOT IPU PA3JIOKEHHH OMOJIOTHYECKUX
OCTATKOB.

VccnenoBanue BIMOIHEHO 3a cueT rpaHToB PODU Ne 15-05-01183a, Ne 16-
29-020970¢u_M.
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VK 534.23

Kannenncon B.I'.

®JIYKTYAIIMM 3BYKA, OBYCJIOBJIEHHBIE B3AUMOJIENACTBUEM
MOJI B IPUCYTCTBUHU JABUKYIINXCA HEJTUHEMHBIX
BHYTPEHHUX BOJIH B MEJIKOM MOPE

(TEOPUS N DKCIIEPUMEHT)

Boponesxckuil rocy1apcTBEHHbII YHUBEPCUTET

Poccus, 394006 Boponex, YauBepcurerckast mi. 1
Ten (4732)789748, ®akc (4732)789755, E-mail: katz@phys.vsu.ru

B pabome ananuzupyromes payxmyayuu 36yK06bix CUSHANO08 8 MEIKOM MOPE
6 npuUCYmcmeuy UHMEHCUGHBIX GHYMPEHHUX GOJH, PACHPOCMPAHSIOWUXCS NOO
HEeKOMOopbIM Y2IoM K akycmuyeckoil mpacce. Teopemuyeckuil ananus npogooum-
€51 8 IYUEBOM U MOOOBOM NOOX0OAX, NPUBOOSINCIL IKCNEPUMEHMATbHbLE OAHHbBLE.

B nmannoit pabote paccmarpuBaroTcs
(hayKTyanmuu 3BYKOBOTO TIOJSI, O0YyCIIOB-
JICHHBIC BISHACM HEIHMHECUHBIX BHYT-
peranx BomH (HBB), mnepecekaromux
aKyCTUYECKYI0 Tpaccy MOJ HEKOTOPBIM
yraom (Puc.1), a mMeHHO, KOT/1a 3TO BIH-
sSHHE OOYCJIOBICHO B3aMMOJACHCTBHEM
MOJI.

B pamkax Hawei monenu npearnosia-
raetcs, yto maker HBB gaBmkercs 6e3
W3MCHCHHS CBOCH (POPMBI C TOCTOSHHOMN
CKOpOCThI0. B 3TOM ciyuae MOKHO pasze-
JIUTh aKyCTHYCCKYIO TPAcCy Ha HECKOJBKO
obmacreit (Puc.2) B 3aBECHMOCTH OT TIPO-

\n

WCTOYHHK

HBB

NPpUEMHKUK

Puc.1

SIBJICHHUST B3aUMOJEHCTBUA MO, B wactHOCTH, B oOnactu I rie xaHan sBisieTcs
PeTyIsApHBIM, aMIDIATYIBI MOJ] IIOCTOSTHHEL, Kak u B obmactu III. Tlepepacnpene-
JICHWE SHEePrud M0 MOAAM IIPOUCXOIUT B ABIKymIeics obmactu II. Teopernue-
CKasi MOJIeIb TAKOTO HECTALMOHAPHOIO BOJIHOBO/A MOXKET OBITh OIMCaHa BapHa-

ouen CO (Z) - HCBO3MYIIIECHHOT'O Hqu)I/IJ'IH CKOPOCTHU 3BYKa CO BpEMCHEM T:

c(z), x<R,, x>R, +L

C(X’Z):{c(r1 +x,2,T), R, <x<R.+L’
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XV wikona-cemunap um. Axao. JLM. by~~~ " s moen el VIV 2 ommeee DAN
R, R+

-
-
v

T/ie TPaHWIBI TakeTa ¢ mupuHoi 0
- —

L neuxytes co ckopocThio V:

pas3jIoKCHUE MO Mo MoJdaM

ke
V., (Z), (cobcTBEHHOE 3HAYEHHE

T |

| |

: | |

R, =R, +VvT .Botom cysae ~ * A
l |

i |

J e

HET HET

q,,) AMeeT BuJ B obnacty I: v (n (am

Branmoneiicrane mon

Puc.2

OCTL

2)

)= X v Jowlia.r)

rae K03 PUIHMEHTHI pa3noKeHus MOCTOSHHEI, Toraa, Kak B obmactu Il u, coot-
BETCTBEHHO, Ha TPHEMHOI aHTEHHE, MOJIAJIbHbIC aMILTUTY (bl MEHSIOTCSI CO Bpe-
MEHEM;

P (r,z,T) Z \/_ 1|1m z)expliq,r) 3)

U MOryT OBITH OIpeACJICHbI U3 COOTBCTCTByIOHICI/I CUCTEMBI ypaBHeHPII:I B3auMO-
HCﬁCTBI/Iﬂ MOI. O6HI€€ BI)Ipa)KeHI/Ie JUIA T1I0JI Ha HpI/IeMHI/IKe HUMECT BUJT

z , €Xp —qumnv T ) 4)

OCHOBHOM BBIBOJ, KOTOPBIA MOXKHO C/eNaTh U3 BeIpakeHHs (3) 3TO mepuomye-
CKasl 3aBHCUMOCTb ITPUHIUMAEMOTO T0JIsl OT BpeMeHu. [lepros (Tounee neproibn)

ONpPENENSIOTC  BBIpaXKEHUEM 27T / |Aqmnv

=A,, /v, tone A, npoctpan-

CTBEHHBIM mepuos OueHuil. CHEKTp WHTEHCHBHOCTH MIPUHHMAEMOTO CHUTHAaja
MOXeET OBITh IMOCTPOEH, UCIIOJB3Ysl CTAaHIAPTHYIO TeXHUKY DPypbe npeoOpazosa-
HUS

Puc.3
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BosMoskHa ydeBas wHTEepHpeTanus ykazaHHoro 3¢dekra (Puc.3), rae mo-
Ka3aHo, KaKuM 00pa3oM MOTYT MPOSBIATHCA (DIyKTyallMy MpH OMHCAHWN OIS,
KaK CYMEepPHO3UINN «COOCTBEHHBIX» JIy4eH, TO €CTh COCAMHSIONNX UCTOYHUK U
MPUEMHUK B BOJHOBOJIE.

[IpuBeneM HEKOTOpBIE HKCIEPUMEHTANIbHBIC PE3YJIbTaThl, MOJY4YECHHBIE B
skcniepumentax Shallow Water 2006 (SW06) u ASIAEX 2001

Ha oxHol n3 akycTHUECKHX Tpacce JTHMHOM mopsinka 20 KM ObUT ABHKYILHUI-
cs maket HBB, umeromnuii hopmy, mokazaHHyro Ha puc.4

NMunKnm nocToAHHOR CKOpOCTH 2BYHKa

@

20

26

1 nybuHa, m

30+

35

40 T T T T T T T T T T

Paccroanume ot MCTOYHMKA, KM

Puc.4
CrekTp MHTEHCHBHOCTH TIPHHIMAEMOTO CHTHAJIA TTOKa3aH Ha PHC. 5

1 _
(a) i \‘ _SKEHEPMMEHT .
P Teop., 3.2 wic, 0 aB/.
A L S S R Teop., 3.2 m/c, 0.3 ab/in
0.8+ q Wb
(=% 1]
1
i ; }
51 } H a
= 0B+ r 1 !
E] i 1 {3
E : g r Y
: j A b
. N~
LR Y A i ! ! ' [ .
H i P ] H ' g LY
g K i VoS S 3
£ [ S . S,
- e m—— .,
02 e
0 T 1
0 5 10 40
0 5 10 40
330 1 1 ]
D
320+ ®
=
= 3104
2 ]
& -
# 300+ [ g
g L
]3; 290 | t
.
i
280 4 l 1
270 m 1
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Ha puc. 5 BUIHBI MAaKCHMyMBI B CIIEKTPE TPH 3HAYEHHAX YACTOT, COOTBET-
CTBYIOIINX IUKJIAM Jyded (pa3sHOCTSIM COOCTBEHHBIX 3HAUCHWIA), YKa3aHHBIX Ha
HIDKHEM pUcyHKe. OTMETHM, 4TO 3TO XapaKTEpHBIC YaCTOTHI (PIyKTyaruii 3aBH-
CSIT OT YacTOThI 3ByKa JaXe B IaHHOM, CPAaBHUTENBHO Y3KOii mojoce.

[Monoxxenus: ABMXKYyILerocs oquHoyHoro conurona HBB, nabmonasmerocs
B skcniepumente ASIAEX 2001 nmoka3ansl Ha puc. 6 (cieBa) 1 COOTBETCTBYIOIIHE
npoQHIIM CKOPOCTH 3BYKa B Haualle ¥ KOHIIE TPacChl IOKa3aHbI CIpaBa.

o
=]

o
=]

rny6uHa, m
rny6uHa, M

N
=]
=]

250 ‘
S224Hz 4 p—
350 / — ?

; ' y y 000 1520 1540
5 10 15 20 25 30

paccToAHne, KM CKOpOCTb 3BYKa, m/c

Puc.6

WuaTepecHoi! 0cCOOCHHOCTHIO JaHHOW CHUTYAIlUH SBISIETCS TO, YTO aKyCTHUYECKAs
Tpacca (~35 KM) COCTOMT W3 ABYX MPHUMEPHO PETYISPHBIX YacTei: ¢ TIyOMHAMHU
oxos1o 250 M n okoso 130 m.

1200 : : : : : - 1000 - - : . . - -

A 3500 +
1000 | T

2

600

§

400 | |

g

WHTeHCUBHOCTD, OTH.€1
AMNNUTYAa, OTH.ea
H

R

g

ol R e il e anj 9 @9 4
05 3 = oL TF: o e ..5 l.'". "'3"‘“,:4:[‘ 1 o }

Bpems, 4 YactoTa, Uy
Puc.7

Ha puc.7 cneBa mokasaHbpl Bapualii HHTEHCHBHOCTH IIPUHUMAEMOr0 CHI'HAlIA Ha
yactote 224 'l Ha oxmHoM W3 ruapodoHOB (riayOuHa 53 M), crpaBa IMokaszaH

CHEKTpP yKa3aHHOTO CUTHaJa, TAe yKa3aHbl apbl B3aUMOEHCTBYIOIINX MO/,

Pabora BrimonHena npu noanep:xkke POOU, rpanter 14-05-91180, 12-05-00887.
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Kanneascon B.I'.!, Kaniman P.!, Jlynbkos A.A.2, OcTtpoBekuii U.3

OTPAKEHHUE OT 'A3OHACBIIEHHBIX OCAJJKOB U JAJIBHEE
PACITPOCTPAHEHMUE 3BYKOBBIX CUT'HAJIOB B O3EPE
KHHEPET

'L.Charney School of Marine Sciences, University of Haifa,
Israel, 3498838 Haifa,

E-mail: bkatsnels@univ.haifa.ac.il , reginak@research.haifa.ac.il
2 UnctutyT 00mei ¢pusuku uM. A.M. IIpoxoposa PAH,

Poccus, 119991 Mocksa, yi. BaBuiosa 38

E-mail: landr2004@mail.ru

3Yigal Alon Kinneret Limnological Lab.,

Israel, 14950 Migdal, P.B.447

E-mail: ostrovsky@ocean.org.il

B pabome npeocmasnenvl pezynomamol S5KCNepUMEHmManbHblX UCCae008anUll
U MOOENUPOBAHUS PACNPOCMPAHEHUS. HUZKOYACTOMHEBIX aKyCMU4eCKUX CUSHANI08
6 ozepe Kunepem na 61uskue u 0anbHue paccmostusl.

OKcnepuMeHT IPOBOAWICA B MEIKOBOAHOW akBaropuu (o3epe Kwuueper,
puc. 1), umeromeit tayomny mo ~40 M, AOCTaTOYHO IUIABHOE W3MCHEHHE
OatuMeTpur M TNPOGUIb CKOPOCTH 3BYKA, MEHSIOLIIMICA OT NPaKTHYECKU
MOCTOSTHHOTO (3UMOM) 10 TTOKa3aHHOTO Ha puc. | (Jietom).

JlanHas akBaTopus XapakTepusyercs (10 pe3yibTaTaM APYTHX HCClenoBa-
Huil [1]) 3ameTHON KOHIEHTpanued rasa (MeTaHa) B TOHKOM CJIO€ OCAaJKOB
(tromumna He Oonee 0.5-1 M) B BuAe my3bIpbkoB. Kak M3BecTHO, Hannune
ra30BBIX MY3BIPHKOB Jla’ke HEOOJBINONH KOHLEHTPAIMH CYIIECTBEHHO MEHSET
aKyCTHUYECKHE CBOMCTBa 0caakoB. Ha puc. 2 mokazaHa 3aBUCHMOCTb CKOPOCTH
3ByKa OT 00BbEMHOW KOHIICHTpAIH ra3a [2]:

BuaHo, 4TO CKOPOCTH 3ByKa B OCAaJOYHOM CJIO€ MOKET OBITh B HECKOJBKO
pa3 MEHbIIIE, 9eM CKOpOCTh 3ByKa B Boze. IIpm 3TOM BONHOBOABINH Xapakrep
pacmpocTpaHeHHsI 3ByKa MEHseTcs [3] 1Mo CpaBHEHHIO C M3BECTHOH CHUTYyaIlHeH,
KOIZ1a 3BYKOBbBIC CHUTHAJIbl 3aXBaThIBAIOTCS B BOJHOBOJ NPH YIJax CKOJbKEHUS
MEHBIIINX YIJIa TOJHOTO BHYTPEHHETO OTPAXKEHHUSL.

PacnpocTpaneHue 1 oTpakeHHE CUTHAJIOB OT JIHA PacCMaTpUBAJIOCh B JBYX
BapuaHTax: KOT/ia U3Jly4yaresb ¥ MPUEMHHUK OYKCUPOBAJINCh BMECTE U OTPaKeHHE
CUTHAJa MPOMCXOUIO MPAKTUYECKH C YITIOM cKosbxkeHus 90 rpagycoB (u3yua-
JIOCh ISl pa3HBIX TiyOuH akBatopuu, ot 10 mo 40 M), a Takke Ha pacCTOSHHSX,
COOTBETCTBYIOIINX BOJHOBOJHOMY pacnpocTpaHeHuro (0 30 riyOuH BOJHOBO-
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na). MoaenupoBaHre paclipOCTPaHEHUS M OTPAKEHHUS CHTHAJIA TIPOBOAMIIOCH TIPH
BAPBUPOBAHNM CKOPOCTH 3ByKa B OCaZJOYHOM CJIO€.
(a) @)
IyGuna.

iyOui, M

8 6 4 2 0 2 4 ) 1470 1480 1490 1500
X, KM CKOpPOCTh 3BYKR, M/C

Puc.1. Kapra rmryoun o3epa Kuneper (a) u THIIHYIHBIH TPO(UITE CKOPOCTH 3BYKa
B BOJIHOM CJIO€ B JIETHHI mepro BpeMeHH (0).

2

=

21000 y

2y \

m

-

g 500 N

(=B "

g L

= Ml il
o -6 -3 ) -3 -2 -1

10 10 10 10 10 10

O0BéMHEA% KOHIECHTPALd

Puc.2. 3aBUCHMOCTB CKOPOCTH 3BYKa OT 00BEMHOI KOHLIEHTPALIUH
rasa B OCaJKax.

B paboTe ucronbp30BaNMCh CUTHAIBI C JIMHEHHOH YacTOTHOM MOIyIsIuen
(JTYM) B mosoce 300-2000 I'n ¢ mmrenbHOCTHIO S ¢. [IpreM ocymiecTBisiics Ha
onuHOYHBIN ruApodoH. IIpy 3TOM OBUTO OTMEUYCHO TOSBICHHE OOJNBIIOTO YHCIa
OTpaXEHHBIX CHUTHAJIOB JaXke MpPH yrie mageHust okosno O rpamycos, YTO Kade-
CTBEHHO CBHJIETEIBCTBYET O MaJIOM CKOPOCTH 3ByKa B OTpa)kalollleM ciioe. JTa
CKOPOCTb OLICHUBAJIaCh HA OCHOBE COIVIACOBAHMS JaHHBIX U3MEPEHHs aMILTUTY/IbI

orubaromeil OTpaKeHHBIX CHrHanoB B, (f,) ¥ paccuMTaHHBIX OrHGArOMMX

exp

B, (t;;¢,) s pasHbIX 3HaYeHHiA CKOPOCTH 3BYKa B ocankax. Kpurepuem G-
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30cTH ObUTa BHIOpAaHA BENMYMHA, ITPOCYMMHUPOBAHHAs MO BCeM N OTpakKeHHBIM
CUTHAJaM
-1

N
F(C) Z 201 me(tz’cl)
' =1 Bexp(t)

.,
2
o
-]
"y

=
s e 5

YCTh. Ik

b
—
T
Ll

b

'i‘il‘-

[

da
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&

[1HTEHCHBHC

1
2

Ll

e

T, 16 HHTEiHCIf[ELl-{OC'T]b. gt

-+
H
]

b

ey

HCHBHOC

=
&

5,

0 0.03

[HT¢

Puc.3. DxcniepuMeHTaIbHBIC OTHOAIOIIME PUHITOTO CUTHAIA U MOZCIBHBIC OTU-
Oarorue, pacCUUTaHHBIC IS PA3TUIHBIX CKOPOCTEH 3ByKa B Ocakax: (a) —
100 m/c, (6) — 400 m/c, (B) — 700 m/c.

Ha puc.3 mokazaHbl U3MEpEHHBIE M PACCUUTAHHBIC UL PA3HBIX 3HAYCHUH
CKOPOCTH 3BYKa B OCaJKax OTHOAIOIINe CHI'HAJIOB, H3MEPEHHBIC B LICHTPE 03epa
(rmy6una 40 m). B manHOM ciydae BTOPO# pECYHOK (0) TOKa3bIBaeT HAMITyHIEee
coryacue Juisi ckopoctd 3Byka 400 m/c. AHAJIOTHYHBIM 00pPa30M MPOBOJIUIOCH
OIIpe/ieNIeHNe YCPeIHEHHOW CKOPOCTH 3ByKa Ha CPAaBHUTEIBHO JUIMHHBIX TPACCax.

Ha puc. 4 moka3aHbl MOJOXEHUS UL CKOPOCTH 3BYKa (3HAQUCHUS B TOYKE
MaKCHMyMa KPHBBIX) MOJY4YEHHbBIE COIVIACOBAHHEM DKCIIEPUMEHTAJBHBIX M TEO-
peTUYeCKUX JaHHBIX Ha Tpaccax AnuHou 240 M, 700 m u 1130 m.
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Puc.5. CxopocTs 3ByKa U KOHLIEHTPAIIHS ra3a B BEPXHEM CJI0€ OCa/IKOB,
MOJTyYEHHBIE MTPU JIOKAIBHBIX U3MEPEHUSX.

Ha puc. 5 nmoka3aHbl 3HaY€HHsI CKOPOCTH 3BYKA M, COOTBETCTBEHHO, KOHIICH-
TpalMy ra3a B OCaJKaxX M pa3HbIX TOYEK, OTMEYCHHBIX TPECYrOJbHHKAMU Ha
puc. 1. OTYéTIMBO BUAHA U3MEHYMBOCTH KOHIICHTPALIMU B 3aBHCHMOCTH OT MECTa
U3MEPEHHMS, YTO CBSI3aHO C OCOOCHHOCTSIMH PACIIPE/ICNICHUs] OPraHUYeCKOro Ma-
TepHana BHYTPH 03epa.
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VK 534.2,534.6

B.B. Kep:xakos, B.B. Ky 1ununa

OIIEHKA MTAPAMETPOB MOPCKOI'O JHA C UCIIOJIb30BAHUEM
METOJA COT'JTACOBAHHOTI'O ITOJIA

Wucrutyt npukianHoit ¢pusnku Poccuiickas akaneMust Hayk
603950 H. Horopon, yn. YiubesHoBa, 46, Ten.: (8312)164764 ®akc:
(8312)365976 ,E-mail: kul@hydro.appl.sci-nnov.ru

Tonyyenvl oyeHKu 2eo0aKycmuieckux napamempos MopcKo20 OHA HA OCHO8e
OAQHHBIX HAMYPHO20 IKCNEPUMEHINA, BbINOIHEHHO20 6 OOHOM U3 MEIKOBOOHbIX
Pationog amiaHmuyecko20 OKeaHa ¢ UCNONb308AHUEM Memoodd CO2iacO8aHUs.
noneil. Ha ocnose umerowuxcs anpuopHuix 2eono2udeckux U 2eoQusuyeckux
OAHHBIX 8 Kauecmee UCXOOHOU 2e0aKyCmUu4eckotl MoOelu 6blOPan HeoOOHOPOOHbII
800716 MPACCHI BOTHOBOO, COCMOAWUTL U3 OBYX CII0€E 0CAOKOS U NOOCHUNAIOUE20
nonynpocmpancmsa. Ilpu noucke napamempos, coomeemcmeyomux MUHUMYMY
yeneeoll (yHKyuu, UCNONBL306ANCSH 2UOPUOHBIN ANI2OPUMM, NPEOCMABIAIOUUL
KOMOUHAyuio memooa 0blcmpo2o omoicuzd ¢ Memooamu HNpsIMO20 NOUCKA.
B npoyecce noucka 6vinu 6binoOIHEHb! OYEHKU SPAHUY CLOEE OCAOKO8, USMEHSIO-
wuxcs 800J1b MpAcChl, CKOPOCmell NPOOONbHLIX BOJIH, UX KOIDPuyueHmos 3amy-
Xauus u niomHocmetil. Ymounsaemes maxice enyOuHa uCMoYHUKA U3nyYeHusl.

B cBsI3M C CyIIECTBEHHBIM BIIMSIHHEM JHA W JOHHBIX OCAJKOB Ha Paclpo-
CTpaHEHHE 3ByKa B MOpE OOJIBIION MPaKTUYECKH HHTEPEC MPE/ICTABISIOT 3a/a-
YM, CBSI3aHHBIC C OIIEHKOM MX I'C0aKyCTHYCCKHX XapaKTePUCTUK. DOTa 3ajada
0COOCHHO aKTyaJbHa B YCJIOBHSX MEJIKOIO MOpPS, TJC BIHMSHHUC JHA M JOHHBIX
0CaJIKOB Ha PACIPOCTPAHCHNUE CUTHAJIOB SIBILTIOTCS B OOJBINMHCTBE CIIy4aceB JIO-
MUHHPYOIIM (HaKTOPOM.

B nHacrosiee BpeMs IS OIIEHKH T€0aKyCTHYECKUX TTapaMeTpoB JHA IITUPO-
KO HCIOJB3YETCSl METOJ] COIrJIaCOBAHHOTO MO (B aHIJIOSN3BIYHON BEPCUH OTIpe-
nemsiercss kak matched field methods [1]). Onenka mapameTpoB POU3BOAUTCS
MyTeM CPAaBHEHHUSI M COTJIACOBAHMS HKCIIEPUMEHTAIBHO MMOJyYSHHOTO aKyCTHYe-
CKOTO TIOJISl MJIM PE3yJIbTATOB ero 00pabOTKU C COOTBETCTBYIONIMMH TEOpeTHYE-
CKUMH 3aBHCHUMOCTSIMH MOJICIILHOTO BOJIHOBOJIA HAa OCHOBE IIEJIEBBIX (DYHKIIHIA.
LleneBble QyHKIMH, KaK TPABHJIO, SBIsETCS (YHKIUSIMHA OBPaXKHOTO THIIA, 00Ja-
JTAFOIIAMHU MHOYKECTBOM JIOKAJIBHBIX MHHUMYMOB M TOYKOM II00aThHOTO MUHH-
Myma. s moucka rio6aabHOro MUHUMYyMA ILEIeBOM (DYHKIMHM WCIOJIB3YIOTCS
pa3paboTaHHBIC aJITOPUTMBI, MTO3BOJISIOIINE HAXOAUTh TJI00ABHBIC SKCTPEMYMBI
(yHKIMI MHOTHX TepeMeHHbBIX. Huke mpencTaBiieHbl HEKOTOPHIC pPe3yNIbTaThl
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OLIEHKH I'€0aKyCTHYECKHX XapaKTEPHCTHK HEOAHOPOJHOTO BIOJb aKyCTHIECKON
Tpacchl BOJHOBOJA. Pe3ynbTarsl 0asupyloTCs HA JAHHBIX, HOJYyYCHHBIX B XOJE
HATypHOTO SKCIEPUMEHTA B YCIOBHAX MEIIKOTO MOPS C UCIIOJIb30BAaHHEM MOJIEIN
BOJIHOBO/Ia, OCHOBaHHOW Ha WMeIOIIeics anpuopHoil uHpopmarmu. [yOuna
MOpsl B HcCieqyeMoM peruone coctanmsia 330-275m. HccnenoBanus npoBoIu-
JUCh HA aKyCTHYECKOW Tpacce MPOTSHKEHHOCTBIO OKOJIO 25 KM. YCIIOBHS pac-
MIPOCTPAHEHUsS 3BYKa B pailoHE MPOBEAEHUS SKCIEPUMEHTa XapaKTepHU30BalIoCh
KaHaJIOM OTKPBITHIM KO JHY. COOTBETCTBYIOILEE PACHpEeieHe CKOPOCTH 3ByKa
C TJIyOMHOM MPHUBEJICHO HA pHUC. 1.

OKCNEPUMEHT MPOBOAUICS C UCIONB30-
,:;.:M o BaHUEM OyKCHUPYeMOIo CyIHOM H3ILy-

YaoIIero KOMIUIEKCa 000pyJOBaHHOTO
HU3KOYACTOTHBIMU  HEHAINPABJICHHBIMU
M3ITydaTeIsIMH  TO3BOJITIOIIMMH 31Ty~
4aTh OJJHOBPEMEHHO CHTHAJbl HAa 4acTO-

FnySunaim)

i i

i -4; tax 135 u 237T1. Bo Bpems skcnepu-
) - / S ] MEHTa HCIOJIb30BAIOCh HEIPEPBIBHOE
" ___/____4:___+___%___ﬂ.____ ] TOHaJbHOE U3MyueHue. ['mybuna Oykcu-
_ I i Lo : POBKH, YpOBEHb H3IYYEHHs, a TaKxkKe
W0 1515 1m0 15 150 1535 1540 1546

CKOPOCTb JIBU)KEHHsI Cy/IHa BJOJIb Tpac-
CBI, IO BO3MOXHOCTH, TTOIEPKUBAINCH
MIOCTOSTHHBIMH. JlaHHBIE TIO CKOPOCTH U
TEKyIINe KOOPAMHATHI Cy/JHA CUHTHIBA-
JUCHh ¢ KOpaOeIbHOW CHCTEMBI M MCIIONB30BAINCH TPH 00pabOTKE HKCIEPUMEH-
TAJIBHBIX AAaHHBIX. [IpreM W perucrpanys CUIHAIOB OCYIIECTBILUINCH HA OJH-
HOYHBIH TUAPO(OH ¢ TOMOIIBI0 aBTOHOMHOW JOHHOH CTAHIIMH Ha TIIyOWHE OKOJIO
200m. ['myOuHa OyKCHpPYEeMOro U3Jydarolero KOMILIEKCa U CKOPOCTh OYKCHUPOB-
KU COCTaBJIsLTH, COOTBETCTBEHHO, 0K0JIO S0M U 2.5 M/c. YpOBeHb 1IyMOB Ha IpO-
TSDKEHUM BCEM Tpacchl ObLT ropas3[io HUXKE YPOBHS HNPUHUMAEMBIX CUTHAJIOB
(mpumepHo Ha 30 1b) U B TeopeTHUYECKHX pacueTax He yUUTHIBAJICS.

[lpm pacuerax ypOBHEH CHI'HAJIOB WCIIOJIB30BAICS MOJOBBIH ITOIXOI.
Hcxonnast reoakycTHuecKas MOJISNb JHA BBIOMpajach Ha OCHOBE HMMEIOIEHCs
anpropHON MH(MOPMAINH, Kacalolleiics IreoJOrnYecKuX XapakTepUCTHK paioHa.
CoracHO 3THM JaHHBIM OOIIast TOJIIIHA 0CaJOYHOTO CIIOSI COCTABIISICT HE MEHEe
150M. 1 COCTOUT U3 HIHKHETO MOIITHOTO CJIOSI KApOOHATHBIX M MMHPOKIACTHICCKAX
TIOPOJT M, MOKPBIBAIONINX MX, BEPXHUX OCAJOYHBIX CJIOEB COCTOSIINX U3 OMOKIa-
CTHYECKNX TECKOB M OMOTEHHBIX HM3BECTKOBBIX OCAAKOB, PA3IMYAIOUIUXCA IO
IpaHyJIOMETPUYECKOMY COCTaBy M IOKPBIBAIOIIMX 3HAYUTENbHBIE IUIOIIAAN B
paiioHe mpoBeaeHHs dKcIepuMenTa. Mcxons u3 3Toro, B Ka4ecTBe CXOAHON ObI-
Ja BbIOpaHa JBYXCIOIHash MOAENb OC3AKOB C IOJICTHIAIOMINM IIOJYIPOCTPaH-
ctBoM. Kpome Toro, ucxost U3 MpeaBapUTEIbHOrO aHAJIN3a IMIOBEICHUS YPOBHEH
CUTHAJIOB U INTyOMHBI BOJIHOBOJIA (OaTHMETpHH) BIOJIL TPAcChl, OHA pa30HBaIach
Ha OTJIENIbHBIC YYaCTKU B K&XKIIOM M3 KOTOPBIX MapaMeTpbl, MOJUICKAIINE OIpe-
JIETICHNIO, PAa3bIrPhIBAJINCH HE3aBHCUMO TIPH PAaBHOMEPHOM HX paclpeesicHuH B

CropocTs asyra (Micex)
Puc.1. BeprukanbHoe pacnpenaene-
HHUE CKOPOCTH 3ByKa B BOIHOM CJIO€.
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3aJJaHHBIX alpHopu 00JacTAX. B mpoliecce momcka OIEHUBAINCH CIETYFOIIIE
mapaMeTphl: TIyOMHa BepXHEH I'paHUIBI 1-To U 2-TO CIIOEB W TIyOMHA TPaHHIIBI
MTOJTYTIPOCTPAHCTBA, CKOPOCTH MPOAOJIBHBIX BOJIH B CJIOSAX W IOJYIPOCTPAHCTBE,
KO3 QHUIMEHTHI MX 3aTyXaHUSA U IUIOTHOCTH. Pa3bIrphIBaNCh Takke MPOTSHKEH-
HOCTH Ka)KJIOTO U3 YYAaCTKOB TPACCHI, a TAKKE YTOYHSIIACh TTyOnHA OyKCHpyeMo-
T0 CyAHOM HCTOYHHKA M3My4deHus. OO0Iee 9uciao pa3bIrphIBAEMBIX Te€0aKyCTHIe-
CKHX TapaMeTPOB C YUETOM pPa30UEHUs TPACCHI Ha OJHOPOIHBIC YIaCTKH COCTaB-
nsno 40.

TTocsie KaxJ0ro po3bIrphliilia COBOKYITHOCTH I'€0aKyCTHYECKUX [1apaMeTPOB pacCcyi-
TBHIBAJIUCh COOTBETCTBYIOLIME OTHM IapaMerpaM peaiu3alid aKyCTHYECKOro IOJsi Ha
y4acTKax Tpacchl npu (buKCHPOBaHHOI 4acToTe U3ITY YCHUSI u
ry6une mpuema. Jist Bceil Tpacchl pacdeT aKyCTHYECKOIo IOJs HMPOBOIWIICS METOAOM
nonepeuHsix ceueHuit. [Ipu ¢dopmupoBanuu neneBoil GpyHKUUM J(fmk) HCIOJIB30BAIOCH
3HAYEHHE PA3HOCTH SKCIEpUMEHTabHON PE(r) n Teopetnueckux Pl(r,mi) 3aBucumocteit
[OTeph IpPU pacmpocTpaHeHHH Ha yactore 137I'm ¢ KommeHcauueidl IHIMHAPUYECKON
PACXOAUMOCTHU aKyCTHYECKOro nossi. st k-ro po3sirpeliia napamMmeTpoB Henesas QyHKIus
UMEET BUJ[

N En= (PE(rn)—PT(rm )3 4(

Jimy) =
R(m""}= N (PE ) -<

\E;‘.:y_ (PE(rp)-<PES) 2 EN _ (AT (rpmp)-<PT (my)3)3

N N
1 1
< PR e TZ PE(r,), < PT(m;) >= ¥Z PT (5, my).
" n=t T n=t

(1 my)=<PT (mg)=)

.

3neck rn, n=1,2,...N— TOPU30OHTAILHOE PACCTOSAHHE OT NMPHUEMHHUKA JI0 HCTOUYHHMKA B
JUCKPETHBIX TOYKaX TPACCHI; Mk - BEKTOP T'€0AKyCTHYECKHX HEM3BECTHBIX IapaMeTpPOB
npu posbirpeime Homepa k. [Ipu moucke r1006a1pHOr0 MEHUMYMa LENEBON (PYHKIIMU HC-
MOJIB30BANICSL METOJ] OBICTPOrO OTXKHra[2] B COYETAHHM C METOAOM ITOKOOPJHHATHOTO
CITycKa

TnyBuxa(m)

6 1%
PaccTosHue(im)

Puc.2.Ctpykrypa TOHHBIX OCaJKOB,l-M3BECTHSK,2-KPYIHBIA MECOK,3- TIIMHUCTBINA W,
4-KpyIHO3EpHUCTBIH MECOK C TpaBUeM, S-rpaBUil ¢ MECKOM, 6- , 7-IIECOK C rpaBUeM, 8-
Mel

Ha puc.2 nmpencrasieHa CTpyKTypa [Ha, IOJIy4YEHHas B IIPOLIECCE BOCCTAHOBICHUS
re0aKyCTH4YECKNX XapaKTePUCTHK JOHHBIX OCAJKOB B PaMKaX MCIIOJIb3YeMON MOJIEIH BOJI-
HOBOJ@. UHCIIO0 y4acTKOB pa30MEHMs TPACCHl HE Pa3bIrPhIBAIOCH U OCTABAIOCH (UKCHPO-
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BaHHbIM. VI3 MOJTy4EeHHBIX JAHHBIX CJIEYyeT, YTO IyOHHa BOJIHOBOJA BJIOJb TPACCHl MEHS-
erca B mpenenax 299-307M, 4To HAaXOAWTCA B M3BECTHBHIX MpeeNax XapaKTePHBIX IS
rIIyOUH MCCIIEyeMOro PEerHoHa.

Ha puc.3 s cpaBHEHHs NPEICTABIEHBI JKCIepuMeHtanbhas PE(r) u pacuernas
PT(r,m) 3aBUCHMOCTH TIOTEPH MPH PACIPOCTPAHECHUU C KOMIICHCALMEN LIIMHIPUYECKOM
PacXoAMMOCTH aKyCTHYECKOro nosis Ha yacrtore 135 u 2371 uia napameTpoB COOTBET-
CTBYIOLIMX OKOHYAHHIO HPOLEIYyphl MOMCKa. TeopeTnueckass 3aBHCHMOCTh Ha 4acTOTE
2371'u npuBeieHa IPU UCIOIb30BaHUH NTapaMEeTPOB HalAEHHBIX Ha yacToTe 1350w,

Tab6muma.
=
o = =]
a 1O =
= = g 8% 3 = 3 S
B =) 1) = = = 9 = 5
13 Z o = Zoxa =i 2 @ S5
5 =3 = Exo e a3 S s = 8
2 9 = > E 9 e s O 9 a by a2
2] S 0 5 5 &8 0 ~ o B o = S8
= M2 =S 252 = o = = =i
Glp |a GClp |a Glp |a Glp |a Clp |a Glp |a GClp |a GClp |a
=3 =3 (=3 < (=3 (=3 =3 =3
(] o e = o — — o o x
& S |[S]xelw |[f]2|2 |2 [Z]|e]2 [Za(s || |E]le]2
&l el s Zl =1 =1l =1Z =l =1 —lal g —lalgs alal S al —1 3
Cp-CKOPOCTB IPOJIOJIBHBIX BOMH(M/CEK), p-IIIOTHOCTB(I/CM?), 0~ 3aTyXaHue IIPOIoITbHBIX BOAH(1B/M K[ 1)

Ha puc.3 nns cpaBHEHHMs TIPEINCTABIEHBI OKCIEpUMEHTanbHas PE(r) m pacdeTHas
PT(r,m) 3aBUCUMOCTH TIOTEPH NPU PACIPOCTPAHEHUHU (C KOMIICHCALUEH IITMHIPUIECKOM
PacXoIMMOCTH aKyCTHYECKOro moust) Ha dactore 135 u 23711 uis mapaMeTpoB COOTBET-
CTBYIOLINX OKOHYAHHMIO MTPOLIETYPHI TOUCKA IIPH IITyOMHE HCTOYHUKA S2M.

2
3

4

#
T

Morepn mpu pacrpocTpasssuo: (55)
z

flovepn npe pacopocTpanems (a5)

¥
H

O i ] (] q v " " Fl

Paceromuna (rn)
Puc.3. 3aBHCHMOCTH IOTEPh IPH PACIIPOCTPAHEHHU 3BYKOBOT'O IO JIeBBIi pHC. -4acToTa
135Tw, npasslii puc. -yacrora 23711, ITyHKTHp - SKCIIEPUMEHT, CIUIOLIHAS JIMHUS - PACyeT.

W
Pacevomoe (M)

Teoperunueckast 3aBUCUMOCTb Ha yactoTe 23711 npuBeaeHa npu UCIOIb30BAaHUM T1a-
paMeTpoB HaiiieHHbIX Ha yactore 1350'm. [l yBeau4yeHHs TOYHOCTH OLICHUBACMBIX I1a-
paMeTpoB JKeNaTeNbHO HCIOJIb30BAHUE IINPOKOIIOIOCHBIX CUTHAJIOB M YBEIWYECHHUE YuCIia
YYacTKOB NPH pa30MEHUHN HEOJHOPOTHOTO BIOJb TPACCHI BOIHOBOIA.

JUTEPATYPA
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VJIK 551.463.21

Bb.U. Knauun
«IIYMOBAS CTEHA» HAJl PA3JIOMOM JIHA B OKEAHE.

MockoBckuit I'opoackoii Ilcuxonoro- I[legarornueckuit Y HuBepcurer
Poccust 127051 Mocksa, yi. Cpetenka 29 ten 8(909)640-66-09
E — mail: klboris@rambler.ru

Ecnu 3anonnennsie wymom «800HbIe» IyHU CYUECMBYIOM MOIbKO HYMPU U
HAO pazioMom OHA 8 OKeaHe, U makue Jy4u Omcymcmeylom 6 ClOUcCmou yacmu
OKeaHa — GO3HUKAEM «ULYMOBAsL CIEHAay - 001aCmb 3HAYUMENbHO20 NOBLIUUEHUS
WyMa Hao pasiomMom U 6Hympu Hezo.

OOBIYHO HU3KOYACTOTHBIN IIyM B OKeaHe (pOpMUPYeTCs «BOAHBIMI» Jyda-
MH, BBIIICANINMH C MIOBEPXHOCTH U HE mommeqmumu 1o aHa [1]. Ecau ckopocTs
3ByKa y JIHa CIIOUCTOTO OKeaHa Cs (CM. puc. | a) MeHbIe MM paBHa CKOPOCTH
3ByKa y noBepxHocTH CII., TO B CJIOUCTOM OKeaHe BOJHBIX Jiyded He Oyner. Ec-
JIM, TIPH 3TOM, UMEETCSI POTSHKEHHBIN Pa3jioM JHa, TIe CKOPOCTh 3ByKa Ha HHXK-
HUX TOPH30HTaX U JIHE pa3jioMa Cs OOJIbIIE, YeM Y MOBEPXHOCTH OKeaHa, (CM.
puc. 1 a), To B 9TOM paznome OynyT BoaHbIe 1yuu (puc. 16). Ilpu Takux ycioBu-
SIX THTEHCHBHOCTH COOCTBEHHOT'O IIIyMOBOT'O TTOJISI OKEaHa BHYTPH pasjoMa U Hajl
HUM OyZeT CHIIBHO IPEBBIIATh IIYMOBOE II0JIE B CJIOMCTOH YacTH OKeaHa.

Cn A

Puc 1
204



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

[TycTh Bce XapaKTEpUCTHKH OKEAHWYECKOHM Cpesbl, B TOM YHCIIE W AUIOIb-
HbIE WCTOYHHMKM IIyMa Ha MOBEPXHOCTH, OJHOPOIAHBI B  TOPH30HTAILHOM
HaNpasJICHUH BJIOJb pa3noMa. Toraa mrymoBoe moje OyneT OJHOPOIHO B 3TOM
HampaBiIeHud. PaccMOTpuM IMKI BOAHOTO jy4a pasnoma (puc. | B). Jlyuemas
MHTEHCUBHOCTD | (z), (IIJIOTHOCTH MMOTOKA MOIIHOCTH 1IIyMa B €ANHUYHBIN Teec-
HBI YTOJI ¥ HA EAMHUYHYIO TUIOINAAKY) MpHUIIeamas B Touky N Ha rOpH30HTE Z
BHYTpU pazjioma, OyJeT paBHa JIy4yeBOil HHTEHCHUBHOCTH, NpHUILeNIeH B TOUKy M
3toro e Jiyda. (Touku M u N 0TCTOSAT pOBHO Ha ITHKII JTy4a.)

I(z) =V I(z)exp(-aS) +Jexp(-aS’)(Cm %/Cz?) (1)

rie V. — oHepreTHyecknii KOd(QQHIMEHT OTPaKeHHsI 3ByKa OT ITOBEPXHOCTH,
J — my4eBast HHTCHCHBHOCTD M3JIyUEHHS ITyMa C MMOBEPXHOCTH OKeaHa, exp(-oS)
n exp(-0S’) gakTophl 3aTyXaHUS Ha OTpe3KaxX S- [UIMHA IUKJIA Ty49a U S’- -
Ha JTy4da oT TOukd A 110 Touku N (cM. puc. | B), o - K03 UIIEeHT 3aTyXaHus,
(Cn%/Cz?) — MHOXHTENb CBSA3aHHBIA C TEM, YTO COIIACHO TEOPHMH MEPEHOCA U3-
aydeHus B qu(y3HOM IIyMOBOM I10JI€ BHOJb JIyda COXPAHAETCS JIy4eBOW HH-
Bapuant 1C? = const.

CunraeM, 4yTO KOIPPHUIMEHT OTPaKEHHsI OT TOBEPXHOCTH V=1, Ha HU3KHX
9yacToTaX JCCATKA M COTHH Tepl 3aryxaHue wmajmo u 1- exp(-aS)= aS;
exp(-0S’)=1. Torna:

I(z)= (J?)/ (aSCZ?). )

Ecnu myd momien 1o iHa, TO JydeBasi HHTEHCUBHOCTD B JIOHHBIX JIydax Oy-
ner In(z)= (VoJCn?) /(aSCZ? ), tne VI -dHepreTHdeckuii Kod(G(QUIUEHT OTpa-
xeHus oT aua. [lomoxum yemosro J=1, Torga: 1(z) —1n(z) =(1-Vx)Cr? \ (aSCz?).
OTcrofa cieyer, 4To Uil HU3KUX YacTOT Pa3HUIIA MEKAY MHTCHCUBHOCTBIO IITy-
Ma B BOJHBIX M JJOHHBIX JTydax cocTaBisgeT okono 20 n6. (Mcmonp3ytoTes JaHHbIE
u3 [2].)

Jlanee MBI MOXXEM YYHTBIBATh TOJILKO BOJHBIE JIyud. CUMTaeM, YTO pas3iioM

MUMEEeT NPSMOYTrOoJIbHOE CEUSHHWE W HEe OrPaHWyYeH B OJTHOM W3 TOPU3OHTAIBHBIX
HarpasieHuil. Bocrons3yemest gopmyroit (2). CunraeM, Kak ye OTMEYanoch,
YTO MUCTOYHHUKH IIyMa Ha TIOBEPXHOCTH — JAUTIOJNN:
J=1Jocos(0)—rme O - yron ¢ BepTUKaIbI0. MBI JTOJDKHBI YYUTHIBATH TOJIBKO Ta-
KHe BOIHBIC JTyYH pazjioMa, KOTOPhIE «YCIEIOT» CIeNaTh HECKOIBKO (okoso 10)
CBOMX TIOJIHBIX IIWKJIOB, HE BBIXOJS 33 BEPTUKAIBHBIC TPAHMIIBI HAJ WIN BHYTPU
pasnoma.

ITycts K <1 nons ropus3oHTalbHBIX HaNpaBlICHUH, COOTBETCTBYIOLIMX Ta-
kuM JydaMm. (KoHKpeTHOe 3HaueHHe MO>KHO 33/1aTh TOJBKO IPH 33JaHHOM pa3-
JoMe.) DTO Jyd4H, 3aTONHAIONINE TUIOCKUH TOPU30HTAJIBHBIN yron (TouHee 1Ba
MPOTUBOIOJIOKHBIX IJIOCKMX YTJIa), HalpaBleHHbIE BIOJb pa3iioMa. MHTeHCHB-
HOCTH IIIyMa OJMHAKOBA JJIsi BCEX FOPU30HTAIBHBIX HANpaBICHUH BHYTPH 3THX
YIJIOB ¥ BbIumcisiercs o gopmyse (2). CuuraeM, 4To BHE STHX YIJIOB HHTCHCHUB-
HOCTb IIyMa paBHA HYJIIO.
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[IpouHTErpHpyeM HApaBICHHOCTh IIyMa (2), MPUIIEAIIYIO B TOUKY Z B
BOJIHOM JIyde pasjioMa JUll Z 52 >=Z >= Z , TAC Z 3 -INIyOMHa JTHa pasjioma,
Z, - KpUTHYeCKas IITyOuHa, Ha KOTOPOM CKOPOCTB 3BYKa paBHa CKOPOCTH 3BYKa y
MOBEPXHOCTH (pHC. | a) 1Mo TenecHOMY YTy

%
E(z)= 4n(Cn? \CZ*) K J Jocos(0z)sin(0z)d0z\(aS) , 3)
€]

rae E(z)- MHTEHCHBHOCTB IIyMa. 31€Ch BO3HHUK JOIOJIHUTENIBHBIM MHOXHTEINb
1/Cz (uem Gosbliie CKOPOCTh 3BYKa, TEM Kak Obl MEHBIIIAS SHEPIUS «3aCTPEBACT»
B eIMHUYHOM oObeMe [1]) , MHOKHTENb 4 BMECTO 2 MOSIBUIICS, TaK KaK IIyM IpH-
XOJMT U CBEPXY U CHU3Y, sin(0’) = (Cz\C sy

Jlanee He0OXOIMMO Y4eCTb, YTO IIy4OK BOAHBIX Jy4ell pa3ioMa BechbMa y30K
B BEPTUKAIBHON IIOCKOCTH. B CBA3M C ATUM, MOYKHO CUUTATh, YTO MOJBHHTE-
rpanbHas GyHKIUS B (3) MpakTHYECKd He MEHSETCs IPU U3MEHEHHH yTJIa C Bep-
THKanbi0. Cle0BaTeNbHO, MOKHO BBIHECTH 3Ty (DYHKIIHIO 32 3HAK MHTETpaja:

E(z)=J4nCr’cos(02)sin(02)K (n/2 —arc sin(Cz, C ))/(aSCZ?) 4)

J1ist TiyOWH BBIIIIE KPUTUYECKOM - BMECTO T/2 BEpXHUIl Mpezies HHTerPUPOBAHHUS
B (3) oynmer 0", rae sin(0”) = (C, /C z), 6" = arc sin(C /C z).

Ecnu, Bce ke, KpuTHYeckasi IIyOMHa HEMHOT'O BBIIIE, Y€M JIHO CIOMCTOTrO
OKeaHa, TO OyAeT HeOOJIBIION MyYOK BOJHBIX JIydel CIIOMCTOr0o okeaHa. UToObl
MOCYNTATh MHTEHCUBHOCTD IIYyMOB JTHX JIydel Ha IIyOMHaX M.y MOBEPXHO-
CTBIO M KPHUTHUYECKOH TiyOuHOH, HyxkHO B (4) momoxuts K =1; BMecTO
7 \2 - §"=arc sin(C , /Cz), a C 5, 3aMEHUTH Ha Cj|
(0° =arc sin (Cz / cs1)).

-17 -11 -3 0Oxzb

((

Z51

Z52
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PesynbraTsl pacueroB u mo gopmyne (4), U ¢ yIeTOM dTHX U3MEHEHUH, IPH-
BEZICHBI Ha pucyHKe (2). BepTukanpHOE pacmpesneneHre HHTEHCHBHOCTH IITyMa B
paszinome rirybuHOU 6750 MeTpoB, mpu TIyOMHE ciorcToro okeana 2500 meTpoB
MPEJCTaBICHO (B AeIMOeraX OTHOCHTENIBHO IIyMa y MMOBEPXHOCTH) HA pHUC. 2 a.
(Kputnueckas rmyouna cocrasisier 2730 merpos. K=1\2) [lpu takux mapamer-
pax B CJIOMCTOM OKEaHe BOJHBIX JTydel HET U LIyM TaM OyZeT HIKe IIPUMEpHO Ha
20 16 yeMm B paznome. (B aToMm npumepe ckopocTh 3Byka y moBepxHoctd 1530 m \
CeK, Y JIHA CIIOUCTOrO OoKeaHa 1525 m \ cek, y aHa pasnoma -1600 m \ cek.)

PaccmoTtpuMm erie 0iMH pa3iioM ¢ MOXOKUMHU NapaMmeTpamu. TollbKo B OTIH-
YyHe OT MPEeIbIIyIIero, KpUTHIEcKas TJIyOrHa B HEM HEMHOTO BBIIIE, YEM JIHO
cionctoro okeana. CkopocTb 3ByKa y 1Ha paBHa 1535 M \ cek. Torza B cioncrom
oKkeaHe OyNleT IIyM B BOJHBIX JIydaX — COOTBETCTBYIOMINN (pparMeHT TiTyOHMHHOMI
3aBHCHMOCTH ITOKa3aH Ha puc 2 0.

Eme ognH Takoi mpumep- ckopocTh y nHa okeana 1530.1 m \ cexk. (To ecTh
4yTb-4yTh OOJIbIIE, YeM y MOBepXHOCTH.) COOTBETCTBYIOIIHUI (hparMeHT riryOHH-
HOIl 3aBUCHMOCTH — Ha pUC 2 B. MBI BUAUM, YTO IPH HMPUONMKECHUH KPUTHYE-
CKOM ITyOMHBI K THY OKEaHa MM MpU NPUOIMKEHHH CKOPOCTH 3ByKa Yy JIHA OKe-
aHa K CKOPOCTH 3ByKa Yy MOBEPXHOCTH — LIyM B OKeaHe cHinKaercs. Eciu kputu-
yeckas INIyOuHa OoJibllle MM PaBHA ITIyOMHE CIIOUCTOrO OKE€aHa, a CKOPOCTb Y
JTHa OKeaHa MEHbIIIE WM PaBHA CKOPOCTH Y MIOBEPXHOCTH— LIYM B CIIOMCTOM OKe-
aHe McYe3aeT BOBCE (B ATOM NPHONMKEHHH), a OCTACTCSl TOJBKO INYyM Hax U
BHYTpH pa3nomMa. UTo MBI M Ha3bIBaEM «IIyMOBOH cTeHOW». ([lennbensr Ha puc. 2
a, 0, B — OTHOCHTEIHHO MHTEHCHBHOCTH IIIyMa HaJ1 Pa3jIoMOM y MTOBEPXHOCTH. )

[TomobHoe siBneHne paccmarpuBaiochk B [3]. Ho Tam amamm3mpoBancs mym
B TIIyOOKOM pa3ziome (Bpoie MapHaHCKOTO), HAXOIAIMIAMCS B TITyOOKOM OKEaHe.
B ToMm ciyuae ycuieHHs mIymMa TPOMCXOAWIO JIMIIb B CPABHUTEIHHO HEOOIb-
I0¥ 06J1aCTH HaZl Pa3IOMOM.
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T'OPSIYUME TOUYKH B MIOJIE HEJTMHEMHBIX BHYTPEHHUX BOJIH
B APKTUKE

Poccuiickuii rocynapcTBeHHBIN THAPOMETEOPONIOTNYECKUN YHUBEPCUTET
Poccus, 195196 Cankr-IlerepOypr, ManooxXTHHCKUH mp-T, 1.98
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Tlpusoosimces ocHogHbBIE pe3yTbmanmvl AHANU3A XAPAKMEPUCIMUK HeTUHELIHbIX
BHYMPEHHUX B0IH HA AKEAMOPUU APKMUYECKUX MOpell, NOTyYeHHble HA OCHO8e
00pabomKu Maccuéa cnymHuKo8bIX paouoIoOKayuoHHvIX usobpasxcenuti. Onpede-
JIeHbl OCHOBHbIE PAliOHbl 2eHepayuu U pacnpoCpaHeHus KOPOMKONepuoOHbIX
BHYMPEHHUX 8OJIH, UX NPOCMPAHCIMEEHHBIE U KUHEMAMUYECKUE XAPAKMEPUCTIUKU.
Buvioenenvt paiionvt Habniooenus KpynHoMacumaotvix 6HympeHHUx 80H 3HAYU-
menvHblx amnaumyo. Ommeuaemcs, 4mo 601U3U KPUMUYECKOU WuUpomul Hab.I10-
oaemvle naxkemvl HYMPEHHUX BOJH MO2YIM PACHPOCMPAHAMbCA HA 3HAYUMENb-
Hble paccmoanus U NOMEHYUANbHO OKA3bI8AMb GNUAHUE HA PACNPOCPAHEHUE
CUCHAN08 NOOBOOHOIU AKYCIMUKU.

BHyTpeHHNE BOJHBI SIBISIFOTCS BaKHBIM JIEMEHTOM JMHAMHYECKOW CTPYK-
TYpBI OK€aHa U BIMSIOT Ha €TO «CPEIHEE» COCTOSHNE MyTeM BEPTHKAIBHOTO Iie-
peMeIINBaHUs, TOPU30HTAIBHOIO U BEPTUKAIBHOTO MIEPEHOCa UMITYJIbCa U SHEp-
T'HH, 2 UX U3y4YeHHe B ApPKTHKE MMEET Ba)KHOE IMPHUKIAJHOE 3HAYCHUE Ul TMOA-
BOJIHOTO MOPEIUIABAHUS M PEIICHHs aKyCTHYECKUX 3a/1a4.

CryTHUKOBBIE HAOJIIOJCHUS 32 MTOBEPXHOCTHBIMHU TIPOSIBIICHUSIMHU BHYTPEH-
HUX BOJIH ITO3BOJISIOT ONPEEIUTh UX MPOCTPAHCTBEHHBIE MTApaMETPBbI, BBIICIHTh
palioHBI PETryJISIPHOTO 00pa30BaHMs, a TAK)Ke MPOBECTH aHAIN3 BO3MOXKHBIX Me-
XaHU3MOB T'eHepaluu u sBostounu [1, 2, 3,4, 5, 6, 7].

B cnyTHHKOBBIX paanoioKanMoHHBIX n3o0paxeHusx (PJIM) oOsraHO Haxo-
JIT CBOE OTPaKCHNWE BHYTPCHHHUE BOJIHBI C MEPHUOAAMHI MEHBINIE MPIIIMBHOTO H
PacIpoCTPaHSIONINECs] B BH/E MAKETOB COJINTOHOMOAOOHBIX HEITMHEHHBIX BHYT-
peHHMX BONH. Takne makeThl KOPOTKOMEpHOIHBIX BHyTpeHHHX BoiH (KBB) mo-
I'yT TPEJCTaBIATh CO00 MHTECHCHUBHbIE BHYTPEHHHE BOJIHBI 3HAUUTEIBHBIX aM-
IUIUTYJ M OPUBOIUTH K OOJBLION M3MEHYMBOCTH I'MAPOJIOIMYECKHX XapaKTepH-
CTHK M NEPEeMEUIMBaHHI0 YCTOMYMBO cTpaTH(UIpoBaHHBIX BoJ [8]. OnHOM U3
npuunH reHepannu KBB B ApkTuke siBisieTcs 3BOJIOINMS BHYTPEHHETO NPHIIMBA
BOMM3M Kputuueckoil mmpoter [9, 10, 11, 12, 13], mosTtomMy CIyTHHKOBBIE
HaOIOZICHUs] MOTYT YKa3bIBaTh Ha PailOHbI HAHOOJNbIIEH aKTHBHOCTH BHYTPEH-
HUX TTOJIyCYTOYHBIX TTPUJINBOB.
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Jus ompeneneHns paiioHOB TeHepanuu u xapakrepuctuk KBB Opumm mc-
TI0JIb30BAHBI M300pa)KeHNSI CITyTHUKOBOTO PAIHOJIOKATOPA C CHHTE3MPOBAHHOM
aneptypoii (PCA) ENVISAT ASAR B C-guana3one mpu paziandHON MOISIpH3a-
un PCA curnana. J{ns akBaropuu EBpasmiickoro cekropa ApKTHKH OBUIO TPO-
aHanusupoBaHo 3550 PJIU 3a nerne-ocennuit mepuoxn 2007 u 2011 rr. B stux
n300pakeHusx uaeHTH(uIpoBaHo 4144 mnakera KOPOTKONEPUOTHBIX BHYTpPEH-
HUX BOJH. Yncio Habmonaembix nakeroB KBB B pazHbie mecsisl ObUI0 pazind-
HBIM: MUHHMAJIbHBIM B Mae-HUIOHE, HECKOJIbKO BBIIIE B HMIOJIE, MAKCUMAaJIbHBIM B
aBrycre-ceHTs0pe. Pesynbratel ananmm3a KBB ms 3amagHoit yactu EBpaswuiicko-
ro ceKTopa ApKTUKHU IpejacTaBieHsl Ha Puc.1.
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Puc. 1. Cnytaukossie PCA HaOmoneHNs HETMHEHHBIX BHYTPEHHUX BOJIH
B 3anaHoi yactu EBpazuiickoro cekropa ApKTHUKN
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Ha Puc.1 (a) mpencraBiena kapTa MOKPHITHS 3allaHOTO CEKTOpa ApPKTHKH
cinytauKoBOi PCA cwemxoit. [Tonoxenns makeroB KBB, naeHTnhUIIIPOBaHHBIX
3a BeCh mepuon HaOmromeHwit, mokazansl Ha Puc. 1 (6). CoracHO mpeacTaBieH-
HOH KapTe, BHYTPCHHHUE BOJIHBI Ha aKBATOPUH PACHPOCTPAaHEHbI HEPABHOMEPHO,
6onpmmHCTBO MakeToB KBB cocpemoroueno B obmactu cBana rrydun ot 50 1o
200m.

B bapenueBoM Mope paiions! peryisipHoit renepaunn KBB naxonsrcs k 3a-
naay ot apx. 3®U (y 3amagHoro msica o. 3emis AleKCaHApbl), K CEBEPO-BOCTOKY
u ceBepo-3anaay ot apx. Llnuudepren, Ha Beixoae u3 npoiu. Kapckue Bopora u B
10)KHOW yacTi Mops BOm3u Boponkn benoro mopsi. B Kapckom Mope ocHoBHBIE
paiionsl Habmonennss KBB Haxoxsrest B nponuse Kapckne Bopora u Ha BbIXoze
13 Hero co ctoponbl Kapckoro mopsi, HaJ 10ro-BoctouHoil yactbto HoBozemennb-
CKOM BIIQJMHBI U K CEBEPO-BOCTOKY OT M. JKenanus. BHyTpeHHHE BOIHBI Takke
PETUCTPUPOBATIUCH B CEBEPO-BOCTOYHOM YacTH Mops — BOmm3u LleHTpampHOMI
Kapckoii BO3BBIIIIEHHOCTH, MEX Iy 0. Buze u 0. Yakosa, a Takke K ceBepy OT 0.
Mmuara (81.6° c.mr.). Kpaitne peaxo mpossnenus BB naOGmonanuce B Menko-
BOJIHBIX paiioHax Mops BOiM3u ycTheB pek Oou u Enuces.

[Tpn anammze PCA wm3o0pakeHnii nHOTJa HaONIOAAIMCh MAKEThl BHYTPEH-
HHUX BOJIH OCOOGHHO KPYIHBIX Pa3MEpOB — C JUIMHOM BOJIHBI BHYTPH NaKeTOB 2-
3km (MakcuMyM 5.5xkm), JuMHOW (pOHTA BEOyIICH BOJIHBI B MakeTax Oojiee
100xm (MakcuMyM 225Kkm), pacCTOSTHIEM MEXK/Ty ITOCIIeI0BAaTeIbHBIMHU ITaKeTaM1
(dazosoii ckopocteio KBB) 30-60xm (0.7-1.4 M./c) u miomaapio makeToB Oojee
700x0°. COrJIaCHO CITyTHUKOBBIM HAOJIFOICHUSIM TAKHE TMAKETHl BHYTPEHHUX
BOJIH MOTYT PAaCHpPOCTPAHATHCS OT MPEANONIaraéMbIX MECT TeHepaui Ha PaccTo-
stans 200-500xm.

KpymHbie cucrtemsl mocienoBaTensHBIX maketoB KBB nHabmiomamuce Han
HoBozemenbckoil BaguHo# U K ceBepo-BOCTOKY oT M. JKemanusa. B atux paifo-
Hax JJIMHa POHTA BeAyllei BOJMHBI B 1yrax gocturana 200 kM u Oosee, a JTiMHA
BOJIHBI BHYTpH 11yToB — 3-4 kM [14]. [Takerst KBB ¢ gmunOi rpe6Hs munupyro-
el BoyiHel Oojiee 100 KM Takke BCTPEYATUCh K CEBEpO-3amaay OT 0. 3eMJIst
AnekcaHapbl, 0. JDKekcoHa, Hall FOKHOW YacThio jkesioba Boponwna. ITakeTs
KBB ¢ makcumanbHOM aiuHON TpebHs, 225 kM 1 518 KM, 3aperncTprupoBaHbl HaJl
I0)KHOW 4YacTblo jkenoba Cesiroit AuHBI M BOMmM3n Kombckoro m-sa (Mexmy In-
oBoM Pri0aunii n M. CB. Hoc). Camble kpynHble 1o miomaan naketsl KBB Haxo-
nstest ceepHee M. Hopakar, ceBepo-3anannee M. Mapu-Xamcyoprt, Kk ceBepy OT
0. bemas 3emus, roxHee o. 3emis Bupueka, K ceBepo-BOCTOKY OT M. JKemaHus u
K 3amajay oT 0. YILIakoBa.

Jannas pabota BblnosiHeHa pu GuHaHCcOBOM noanepxkke PODU B pamkax
npoekToB Nel6-35-60072 mom_a ax u Nel5-05-04639, a taxke rpanta Ilpesu-
neHta Poccuiickoit ®denepauun A rOCyJapCTBEHHOM MOANEPKKH MOJIOIBIX
poccuiickux yuenbix MK-5562.2016.5. CnytuukoBbie ganabie ENVISAT ASAR
ObuTH roy4eHsl B paMkax npoekra ESA C1F-29721.
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IIpeocmasnsaiomes Xapakmepucmuky munogelxX aKyCmu4ecKux CcueHanog
Cepuix Kumos, 3anucauHvie ¢ NOMOWbIO ASMOHOMHBIX OOHHBIX AKYCTMUYECKUX
peaucmpamopos Ha cesepo-eocmounom wenvge o. Caxanun 6 npubpexrcHom
Hunemynckom paiione ux nemue-ocenne2o Haeyna. Ilpueoosamecs cnekmpanbho-
8peMenHble XapaKmepucmuKy 08yX munos aKyCmuyecKux CUeHaios, Komopblmu
Haubonee Yyacmo noNb3YIOMcs cepvle Kumbvl 8 dmom patione. Ilapamempur smux
CUCHANI08 CPABHUBAIOMCS C NOOOOHBIMU CUSHANAMU, NPEOCMABIEHHBIMU 8 pabo-
max opyeux agmopoa.

C mapameTpaMM aKyCTHUECKHX CHUTHAJIOB, M3JIyYaeMBIX CEPbIMH KHTaMHU
MOJKHO TTO3HAKOMUTECS, Harpumep, B padore [1], a Taxoke Ha caiite [2]. [Ipu pac-
CMOTPEHHUH aKyCTMYECKHX CHUTHAJIOB 3allMCaHHBIX, C IIOMOIIBIO aBTOHOMHBIX
MOJBOAHBIX AKYCTHYECKMX PETUCTPATOPOB, YCTAHABIMBAEMBIX Ha CEBEPO-
BOCTOYHOM 1uenbde o. CaxaauH B TOYKAX €XKErOJHOTO aKyCTHYECKOI'O MOHHTO-
pPHHTa aHTPOIIOTEHHBIX LIYMOB, (OPMHUPYEMBIX HMPOU3BOJCTBEHHOH NESTELHO-
CTBIO, CBSI3aHHOH C OCBOCHHUEM HE(TEra3oBBIX MECTOPOXKICHUH MO IMPOEKTaM
«Caxamua-1» n «CaxanuH-2», Mbl YBUAEIH aKyCTHYECKHE CUTHAIIBI C TIapaMeT-
paMu OJIM3KMMM K THIIOBBIM CHTHAJlaM CEpbIX KHTOB, KOTOpPbIE IEHCTBUTEIHEHO
BU3yaJIbHO HaOJIOAAINCh BONM3M JTAaHHBIX TOYEK MOHHTOpHHTA. PaccMoTpuM mx
CIEKTPATBbHO-BPEMEHHBIC XaPAKTEPHUCTHKH.

Ha puc. | mpuBenena mauka CUTHAJIOB, U3ITyYCHHBIX CEPbIM KUTOM W PHHS-
ThIMH B Touke T.l aKyCTHYecKOro MOHHTOPHHTA pacIioyiokeHHOH Ha 10 meTpo-
Boii n3obare. Ha puc. 1 BUIHO, 4TO T€HEPUPYEMBbIii KUTOM aKyCTHYECKUI CUTHAI
uMeeT ABe (a3bl ¥ Ba IMKa MOLIHOCTH B OLICHKE €ro clieKTpa. B nepBoii, HU3KO-
yacToTHOU (haze, HabmomaeTcs y3komnosiocHslid 18-70 ' curnan. Bo Bropoit da-
3e curHai npoctupaercs ot 80 mo 250 'ty ¢ BeIpa)KeHHBIM MMKOM MOIIHOCTH Ha
gactote 215 I'i. I'paduk criekTpa OHOro UMITyJIbca - KpHBasi 2, MoJj00Ha rpaduky
CIEKTpa, PACCUMTAHHOI'O MO BCel Mayke, COCTOALIeH U3 8 MOX0XKUX UMITYJIbCOB.
CrenyeTr OTMETHTb, YTO B CIIEKTPAaxX HECKOJBKHX MMITYJIECOB HAOIIONAIOTCS INKU
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MOIITHOCTH Ha Oollee BBICOKMX dYacToTax, mpumepHo, 450 m 900 T'm. Ilo-
BUIMIMOMY, 9TO TAapMOHUKH, HO OHHM HE BBI3BaHBI HEJIMHEHHOCTBHIO W3MEPUTEIb-
HOT'O TPaKTa aKyCTHYECKON CTAaHLIMH. DTH CUTHAJbI ObUIN «CHHXPOHHO» 3alluca-
HBI eIl B OAHOI Touke MoHUTOpHHTA T.2 pacmonoxenHoi Ha 20 M n3o6are. Ilo-
ckosibKy Toukd mpuema T.1 m T.2 pa3zHecensl Ha 1.5 KM, a CHEKTpPBI COOTBET-
CTBYIOIINX HUMITYJIECOB TIOJOOHBI, TO X PAa3IM4Us B TPyNIE HE MOTYT OBITh 00b-
SICHEHBI TIPOCTPAHCTBEHHON MHTEp(EpEHINel U MOXKHO MPEAIOI0KUTh, YTO ITH
pas3uuus 3aJIaF0TCsl CAMUM KHTOM T.€. OHM WHJMBH/YalIbHBI, YTO TOATBEPKIAIOT
(yHKUIMM KBajJpaTa B3aUMHOW KOT€PEHTHOCTH MEXIy UMITYyJIbCAMH B MayKe U
MEXIy pa3HBIMH MAYKaMH. AHAJIM3 Pa3HBIX MTAUYeK CUTHAJIOB, M3JIyYEHHBIX CEpPhI-
MU KHUTaMH, 1T0Ka3aJ OTHOCHTEIIFHYIO CTA0MIBHOCTh IIEPHO/IA CIICTOBAHUN B HEH
BTOpPOH (ha3bl — MIMPOKOIIOJIOCHOTO aKyCTHYECKOTO CHTHAIA.
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Puc. 1. Bapuanmum akyCTHYeCKOro JaBJIEHHSI U UX CIEKTPbl, PACCUUTAHHbBIE
M0 peann3anusiM OTMEUCHHBIM BPEMEHHBIMH OTPE3KaMH C COOTBETCTBYIOIIUMHU
HOMEpaMH.
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B noxkmanme [3] moka3aHO, 4TO, HE CMOTpPS Ha Pa3IU4ds B CHEKTPAIBHO-
BPEMEHHBIX XapaKTePHCTHKAX OTACIBHBIX HMITYJIBCOB, MOXKHO CO31aTh OMOPHBIN
CHTHAJI, KOTOPBI TO3BOJISIET C JOCTATOYHOM VISl IIPAKTHKU TOYHOCTBIO B aBTOMa-
THYECKOM PEKHME II0 aJIrOpPUTMY, OCHOBAaHHOMY Ha B3aHMHOM TPEXMEPHOM
(BpeMs, 4acToTa, 3HAUCHUE CHEKTPAIBHON INIOTHOCTH MOIIHOCTH aKyCTHYECKOT0
CHT'HAJIa) KOPPEISILMOHHOM aHAJIN3€ HAXOAUTh M0J00HbBIE CUTHANIBI CEPBIX KUTOB
JlaKe B TEeX CIIydasix, KOTJa BO BpEMEHHON 00J1acTH OHU HE 3aMETHBI.

C nomoripio Takoro anroputma B Touke T.1 3a 24 yaca oOHapyxkeHO Oolee
250 1o100HBIX TTAYEeK CUTHAJIOB CePhIX KUTOB. OTenbHas Mayka MOXKET UMETh OT
2 110 16 UMITYJIbCHBIX CUTHAJIOB, KOTOPBIE HAa CIIyX BOCIIPUHUMAIOTCS KaK «CTYK.
Kpome paccMOTpeHHBIX BBIIIE CHUTHAJIOB, TIOJyYUBIINX B JINTEpaType Ha3BaHHE
«Mly», HamMm OBUTH OOHApyKeHBI CHTHaNbl Tuma «M3» (HH3KOYaCTOTHOE
Mbrdaane) u «M4y (KpskaHue u noxprokuBanue). OHA BCTPEUAIOTCS PEeKe U CO-
MPOBOXKAA0T HAO0OpEl «M1». OCOOEHHOCTHIO MMOKa3aHHOTO Ha PHUC. 2 MMITyIIbca
Tuna «M3y, SBISETCS ero MPOJODKUTENFHOCT OT 1.5 1m0 4 ¢, a ero crexkTpab-
HBI COCTaB BKJIIOYAeT HECKOJIbKO CTAOMJIBHBIX OCHOBHBIX rapMOHHUK. B Hamrem
Clly4ae XOpOLIO BHIPAXKEHbI TOHAJBHBIE Y3KOIOJIOCHBIE IIYMBI ¢ LEHTPaIbHBIMU
gactoTamu, mpumMepHo, 50, 100 u 150 I'm.

pit). Na
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100,
85
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4
QG 123 21 3 52 8 144 284 550 1234 3050 f 7537
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Puc. 2. OGHapy>xeHHBIN cUrHAI THIIA «M3» 1 ero CriexTp.

B mope ry6unoit 10-20 M akycTudeckne BoJHbI ¢ yactotoi 18-70 I'y pac-
MIPOCTPAHSIOTCS] BOAHO-TOHHBIME MOJaMHU C OOJIBIIMMH HOTEPSIMH, BOJIHBI C Ha-
croroii 125-250 T'm pacpocTpaHSIIOTCS ¢ MUHUMATIBHBIME TIOTEPSIMI U PacCeu-
BaHUEM Ha MOBEPXHOCTHOM BOJHEHHMH. YacCTOTHBIA UANa30H, UCIOJb3yEMBbIil
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CepBIMH KHTaMH, TIO-BHIMMOMY, OTITUMAJICH JUUIS UX KOMMYHHUKAI[HOHHBIX CBSI3el
BO BpeMsi CE30HHOW MUTpAIMH, MOCKOJIbKY OHHU mepecekaioT OXOTCKoe Mope U
Tuxuil OokeaH B CyOapKTHYECKHX BOJAAX C BBIPAKEHHBIM MPHUIIOBEPXHOCTHBIM
3BYKOBBIM KaHAJIOM, 00ECIIEUMBAIOIIMM YCTOMYMBOE  OTHOCUTEIBHO PaBHOMEP-
HOE ero 03By4MBaHME Ha JaHHbIX yactorax [4]. Takum oOpazoM, IUIBIBYILUI ce-
pbIil KUT, HAXOSICh Y TIOBEPXHOCTH HJIM BO BPEMS HBIPSIHUSI HA HECKOJBKO MET-
poB, MoXkeT 3(h(HEKTUBHO 03BYUUTH MPUITOBEPXHOCTHBIN 3BYKOBOW KaHAJ SHEPIH-
el U3Iy4aeMoro UM CUTHaja ¥ COOTBETCTBEHHO IPHUHSITH CUTHAJT OT IPYroro Ku-
Ta.

[pakTryeckwii OIBIT 00OPAOOTKU CHTHAJIOB CEPHIX KHTOB MO3BOJIMI chopMy-
JUPOBATH PSJI PEKOMEHIANNH, KOTOpPBIC CICAYeT YUYUTHIBATh MPU PEIICHUH 33134
MOHHUTOPHHIA CEPhIX KUTOB MO UX aKyCTHUECKOI akTUBHOCTU. Tak Jyisi MOBBIIIIe-
HUsI Ka4eCTBA MOUCKA U UICHTH()UKAIIMU CUTHAJIOB [0 CIEKTPaIbHO-BPEMEHHOMY
1abJIOHy TPEIYCMOTPEHO co3/aHue 0a3bl JAHHBIX STAJOHHBIX CHUTHAIIOB IS
BBISIBJICHUSI M COIMOCTABJICHUSI XapaKTEPHBIX MPH3HAKOB. JTO MO3BOJHUT Pa3iH-
YaTh CUTHAJbI OTACIBHBIX OCOOCH M OLIEHMBATh MX KOJIUYECTBO B Mpe/eiax uyB-
CTBHUTEJILHOCTU TIPHEMHBIX CHCTEM, OTCIEKUBATH IIEPEMEIleHUEe >KUBOTHBIX
MEKIy TOYKaMHU PETUCTPAIIMHU, IPUHUMAsT U UIACHTH(GHUIUPYS CUTHAJIBI HAa pa3He-
CCHHBIC B KOHTPOJIMPYEMON aKBaTOPUH MPUEMHBIC CUCTEMbI KOMILICKCHOTO aKy-
CTHYECKOTO0 MOHUTOPHHTA.

ABTOMAaTH3aIMs TPOIECCOB MOMCKA W 00pPaOOTKH CHUTHAIOB CEPHIX KUTOB
MO3BOJISICT CYIICCTBCHHO PACIIMPHUTH WH(OPMAIMOHHYIO IIEHHOCTh €KETOJHOTO
aKyCTUYECKOTO MOHHTOpPHWHTA, IPOBOAMMOTO HA CEBEPO-BOCTOYHOM IIeibde O.
CaxanuH. MOXXHO HaJeeTcs, YTO M0 MX aKyCTHYECKUM CHTHaaaM Mbl CMOXEM
OLICHMBATh KOJMYECTBO JKUBOTHBIX B pailoHe HAOIOJCHUN M MX NEepeMellleHHe
BJIOJTb TIOOEPEKBSI.

Pabora BbIMoNHEHA MpuU TMoALEpKKe KommaHusMu «OkcoH Hedreras
Jlmvuren» n «Caxanun DHepmku MHBecTMeHT Jlumureny.
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MOPCKHUE ITPOT'PECCHUBHBIE BOJIHbI C TIEPEMEHHOM
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THokazano, ymo amniumyoHas MoOYIsYUs Oe2yuyux MOPCKUX 6OJH NPUBO-
oum K apghexmy, aHaNOSUYHOMY MOMY, YMO UMeen Mecmo Ol CTOAYUX 80IH,
m.e. — K 2eHepayuy He3amyxaiowux ¢ 1yOuHol nyibcayuti 0asieHus, Komopbvie
Mo2ym 6bImb UCIMOYHUKOM MUKPOCENCM HA OKeaHUu4eckom OHe.

['mapoakycTHyeckue IIyMbl B BOJHOHM Cpelie U MUKPOCEHCMBI Ha JIHE U Cy-
11e, BO30yKIaeMble MOPCKMMH BOJIHAMH, CO3JAI0T TIOMEXH, KOTOPbIE OINpeaes-
IOT pealbHBIN MOPOT YyBCTBUTEILHOCTH THAPOAKYCTHYECKHMX M CEHCMOJIOTHYE-
CKHX U3MEPHUTENILHBIX TPHOOPOB. B mocieHee BpeMst 5TH areHTHl CTalld HCIOJb-
30BaThCSI ISl M3YUYEHHsI CTPYKTYPbl MOPCKOH W KOHTHHEHTAJIbHOW cpenpl. OHa-
KO MEXaHU3MbI UX BO30YKACHUSI MOPCKUMH BOJHAMH 10 CHX MOP OKOHYATEIHLHO
HE BBISICHEHBI U CITy’>KaT ITPEAMETOM HAY9HBIX JucKyccuil. CorlacHO Mpru3HaHHON
Teopun [1-4], OCHOBHOI MPUUNHON MPOUCXOKICHNS MUKPOCEHCM SBIIACTCS Iei-
CTBHE CTOSYMX MOPCKHX BOJIH, BBI3BIBAIOIIUX HE3aTyXaloOIIUE ¢ IIyOMHON Koje-
6anns naBieHusa. OJHAKO cTOsiYasl BOJIHA, oOpasyromiasica B pe3yabTaTe B3auMo-
JeWCTBUA ABYX OETYHIMX BOJH C OJM3KHUMHU MapaMeTpamMu, HO C MPOTHBOIIOJIONK-
HBIMH (pa30BBIMU CKOPOCTSIMH, SIBJISIETCS. MAJIOBEPOSITHBIM SIBIIEHHEM B OTKPBITOM
oxeaHe. B naHHOU paboTe MPOBECHO MCCIENOBAaHUE BO3MOXKHOCTEH paclIupe-
HUSI KJ1acca TIOBEPXHOCTHBIX MOPCKHX BOJIH, CIIOCOOHBIX, COTJIACHO TEOPHH, Pa3-
BUTOI B paborax Jlonre-Xurruuca m 1p. MccienoBarenel, Takke MOopoXIaTh
MHKpOceiicMbI B TIyOOKOM okeaHe. PaboTa sBisieTcst mpojoinkeHHeM Iy OJmKa-
uu [5].

B o0mem ciywae, MOpCKOE BOJTHEHHE SIBIISICTCS CITy4alHBIM TPOIIECCOM, O1-
HAaKO B JaHHOM pabote, cienys [1-4] orpaHHIUMCS pacCMOTPEHHEM TapMOHHYe-
CKHUX BOJIH, HO O€TYIUX U C IEPEMEHHON aMILTUTYI0M.

CunyconnanbHas Oeryinas BoJiHa B O0IEM Clydae ONMHMCHIBACTCS BBIpaXKe-
HueM [6]

$(x,0) = A(x,t) cos(kx— at + @), (1
rne k=2n/A, A — nyuHa BoiHBL. OrpaHUYMMCS CIydaeM BPEMEHHOW MOJYJISIHN

AMIUTATYJbl M TMOJOXHM  MOAYIHPYIOUIYI0  (QYHKIHIO TapMOHHYECKON
A(t)y=acosQt
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C(x,t)=acosQt cos(kx—wt). ()

3neck a=const, ) — uacrora moxyssiunu. Cunraem B (2) ¢p=0. CrieKTp BOJIHEHUS
B 9TOM CJIy4ae COCTOMT U3 CyMMBI JIByX TapMOHHK C CyMMapHBIMH U Pa3HOCTHBI-
MU 4aCTOTaMH OCHOBHOW M MOZyJIMpYIoIIel yacToT (puc. 1)

{(x,0)= g fcos[(Q + @) — kx]+ cos|(Q — ) + kx]} 3)

Cnenys pabortam [2, 4], MOJyYUM OCHOBHOE BBIPAKEHUE JIJIsI OLICHKH CpPe/I-
HEro MO JJIMHE BOJIHBI JIABJICHHSI, KOTOPOE OKA3bIBAET TAKOE BOJHEHHE HA JIHO.
Jlnist cpeiHero 3HaYeHUs KOJIMYECTBa JBIDKeHNsT K. cTonda BOABI OT JHA JIO0 CBO-
00/1HOI TTOBEPXHOCTH C IUIONIA/IbI0 OCHOBaHMS AS=AXAy (BennunHy Ax cunTaem
MaJol, a BEJIMYMHY Ay MOXHO MOJOXHUTb PABHOW €IUHULIE U3MEPEHUS JINHBI,
MOCKOJIBKY TI0 KOOpJIMHATE ) BOJIHA HE MeH;IeTcsl) nMeeM

1 e 0
K = 7 Pz, A + J‘p—dZAS , 4)
0 -H
I7ie p — IUNIOTHOCTH BOJBL, Zg — Z — KOOPJMHATA YaCTHIIBl BOABI B IOBEPXHOCTHOM
BOIHE (20 = ( (X,) — BEPTUKAIBHOE CMCILCHHE CBOOOHOIT MOBEPXHOCTH), ZH —

BEPTHKAJIBHOE CMEIICHHE YaCTHIBI BOABI OT HEBO3MYIIEHHOTO YPOBHS IpH —H >
z >0. [lnst cuHycOnaIbHEIX BOJIH, KOTOPBIE paccMaTpuBalOTCs B JaHHOW padorte,
BTOpPOE CllaraeMoe Mcue3aeT B pe3yibTaTe MHTEIPUPOBaHMA MO x. TakuMm oOpa-
30M, [UISl IPEJICTABICHUS CPETHEr0 3HAUCHUs KOJIMYECTBA ABMKCHUST HMeeM

‘*f[po = Jd zj[p;a%s 5, 5)

OTKYyHa AJid CPSAHETO 3HAUCHUS AaBJICHUA ﬁ Ha THE oJIy4acM

[ T T

VYuuteiBasg, 9TO BTOpOE M TpeTbe ciaraemele (V. , V. — ropusoHTanmbHAS U
BEPTHKAJIbHAsl KOMIIOHEHTbI CKOPOCTH ABMKEHHs YaCTHLl B BOJIHE) JAIOT HyNb B
pe3yapTaTe WHTETPUPOBAHMS CHHYCOMAAJBHBIX KoJjeOaHmid, n3 (6) moxydaem
(dopmyny aist pacuera cpenHero JIaBJICHUS Ha JTHE B BHJIE

=] e

Haiinem naBneHue Ha AHe, CO34aBacMoO€ MPOXOASILEH IPOrPECCUBHOM
BoutHOM (3) ¢ ocrmmmpytomiei ammutyaoi. Iloncrasus (2) B (7), momyunm

5:—§a292 0820, (8)

YTO COBIIAIAET C BRIPAKEHUEM ISl TaBJICHUS OT CTOsTUEH BONHEI [ 1-4]
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Dy =—§a2w2 cos2ax. ©)]

PaccMOTpM COOTHOIIEHHE YacTOTHI MOAYJSIMU {2, 4acTOTHl Hecylied o
MOPCKHX BOJIH C ITEPEMEHHON aMIUIMTYJ0H U BO30Yy>K/1aeMOi MU 4acTOThI MHK-
poceiicM . CormnacHo (3) pe3ynbTHPYIOIasi 4acTOTa MOPCKUX BOJH C ITEPEMEH-
HOW aMIUTHTYION s = | Q = o |. [Ipumem Q >> 0, 0,~ Q, oy =2Q>> o, T.c.
JacTOTa MUKPOCEHCM YABANBACTCS IO CPABHEHHUIO C JACTOTOH MOPCKHX BOJIH.

1.0

0.5

1, cos Cf cos ot

~ 0.0

j—
1

C0s 0, €03

1l [RARAL |

o 2 4 (<] 8
tle

Puc. 1. I3MeHeHne BO BpEMEHU aMIUIUTYIHO-MO/IYJIMPOBAHHOW OeryIneil BOJIHbI
u mepeMeHHoro gaeneHus (mpu x=0, a = 1, Q = 8w): BOJHOBOW MaKeT
cosQtcoswt, orudarolias nakeTa coswt, IePEMEHHOE JIaBlICHUE: cos2£1.

Herpyzano mokasats, 4To BbIpakeHHe (2) Juist OeryIeil BOJHBI C TIepeMeH-
HOH BO BpPEMEHM aMIUIMTYJOH (IIpH yClIoBUH a << J,  >> ®) yIOBIETBOPSET
YPaBHEHUSIM HEIIPEPBIBHOCTHU M JIBIDKCHUS BOJHBI [7].

Mmeem moTeHIMAN, COOTBETCTBYIOMIHIA BOTHE (2), KaK pelIeHHe ypaBHCHUS
Ap=0

@ = —Ce*sinftcos(wt — kx), 10)
KOTOPBIH 3aTyXaeT ¢ riyOUHOIA 1o 3aKoHy €.
W3 paBeHCTBa BEpTHKATBHBIX CKOpocTel mpu z = 0

o9 _ _19% (11)

dz g ot?
HAXOJMM BBIp&KEHHE Uit aucrepcud BonH QF = kg. BripaxkeHue st moBepx-
HOCTHOM BOJIHBI HAXOJMTCS N3 COOTHOIeHMs (1pu z = 0)

{(x,t) = —i% = acosQtcos(wt — kx), (12)
4yTO coBmaaaet ¢ (2).mpu a = CQ/g.

Takum oOpazom, B JaHHOW paboTe MOKa3aHO, YTO KPOME CTOSTYMX MOPCKHX
MOBEPXHOCTHBIX BOJIH, CIOCOOHBIX T'€HEPUPOBATH MHKPOCEHCMBI B TIyOOKOM
OKeaHe, TUM K€ CBOMCTBOM 00J1a/laeT MHOXKECTBO OETYIIIMX BOJIH C IEPEMEHHON
BO BPEMEHHM aMIUINTY10H. Takue BOJIHBI HMEIOT BH/I ITOCIIE0BATEIbHBIX TAKETOB,
49TO 0OBIYHO HaOMIONaeTcs Ha mpakTuke. OTIHINTEIBHON 0COOCHHOCTRIO SBIISCT-
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Cs1 YCJIOBHE 3HAYUTEIBLHOTO TPEBBIIICHNS] MOAYJIUPYIOIIeH YaCTOThI (3aMOIHEHMUS
maKeTa) 0 CPAaBHEHHIO ¢ HecymIel (orubarorieii) 9acToToi.
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VJIK 534.231

B.A. Jlucrotun', U.B. Kanmuniok?, A.Jl. lertsip!

O BO3BMO’KHOCTHU ONNPEJEJIEHUA AKYCTHYECKHUX
XAPAKTEPUCTUK MOPCKHUX OCAJZIKOB B YCJI0BUAX OYEHb
MEJIKOI'O MOPs1 ITIO AUCTTIEPCHUH ITUPOKOITOJIOCHOI'O
UMITYJIBbCA

!CeBacTonosbekuii rocy1apCTBEHHBII YHUBEPCUTET

yi1. YHuBepcurerckas 33, r. CeBactomnons, Poccus, 299053
2VIHCTHUTYT CeHCMOJIOTHH B TeOIMHAMHIKA KpBIMCKOTo (heepaabHoro
yHHBepcuteTa, yi. ['arapuna, 20, r. Cumdeponons, Poccus,

e-mail: vlisiutin@mail.ru

Venosusam «ouenv meakozon mops coomeemcmayem nocmosHHbll npoPuL
cKopocmu 36YKa U MOIUWUHA NPOMEHCYIMOUHO20 OOHHO20 Cll0Sl, NPUMEPHO PABHASL
momyune 800H020. B mpomedcymounom cioe HeKOHCONUOUPOSAHHBIX O0CAOKO8
Cyuecmsyiom 6epmukaibtvle 2paoueHmyl aKkyCmuyecKux XapaKxmepucmux — CKo-
pocmeii npoOdobHbIX U KodpPuyuenma zamyxanus. Kpome moeo, 6 mopckux
ocaokax Habaoaemcst HeKOmMopas OUCNePCUsi CKOPOCHU 38VKd.

Memooamu mamemamuyecko2o IKCNEPUMEHMUPOBAHUSL UCCAEOYEMCS NPUH-
YUNUATLHAS BOZMONCHOCHIL ONPeOeNeHls aKyCU4ecKuxX XapaKmepucmuk ocao-
KO8 no pesucmpayuy 3aKoHA OUCHEPCUU HOPMATLHBIX 80H 8 UMNYIbCHOL XaPAK-
mepucmuke 801H0800a. HMnynbCHas Xapakmepucmuka 60CCMaHasIueaemcs Kaxk
obpammuoe npeodpazosanue Pypve aKyCmuieckozo nois, 8bl4iCIeHHO0 8 WUPO-
Koll noioce dyacmom. AKycmuueckue Xapakmepucmuki 0Caoko8 6bl4UCIA0mCs
Ha ocHoge VGS meopuu M. Bykuneema.

Croncroe JHO MEJIKOT0 MOPSI UIMEET CIIOKHYIO BEPTHKAIBHYIO CTPYKTYpY, B
KOTOPOH MOXKHO BBIJICITUTH CJIETyIOIIHE OCHOBHEIE THITBI CJIOEB: BEPXHHH, IPaHH-
Yanyi ¢ BOJHBIM — CJIOH HEKOHCOJIMINPOBAHHBIX OCA/IKOB, HIKE — CJIOM IOIY-
KOHCOJIMIMPOBAHHBIX OTJIOXKEHHH M YHNpPYruil (pyHIaAMEHT — IMOJYNPOCTPAHCTBO
[1]. Ompenmensromiee BIUSHHE HAa CTPYKTYPY HMITYJIBCHOTO TOJS OKa3bIBaeT
BEpXHHI OHHBIN CIIOW C BEPTUKAIBHBIMH I'PAAMCHTAMHU (DU3HYECKHX U aKyCTH-
YECKHX XapaKTePUCTHUK — IUIOTHOCTH, (ha30BBIX CKOPOCTEH BOJIH M 3aTyXaHMs,
IpUYeM TOJMIMHA OCAJOYHOTO CJIOS, OKAa3bIBAIOIIET0 HAMOOJIbILEe BIIMSHUE,
IPUMEPHO PaBHA ITyOHHE BOJHOTO CIIOSL.

HexoHconuanpoBaHHbIE OCAJIKH COCTOSIT U3 CMECH PAa3HOPOIHBIX YaCTHI
Hec(hepruueckoll (hOpPMBI, TPaHYJIOMETPHUUECKHH COCTaB KOTOPBIX MOXKET H3Me-
HSATHCS B IIUPOKOM JMAIAa30HE — OT CAMBIX TOHKOJMCIEPCHBIX TJIMH JI0 KPYITHO-
3€pPHUCTHIX NTECKOB M I'paBHsl. BeieicTBrE CyNeCTBEHHBIX IT'PaIMCHTOB B BEPXHEM

220



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

CJI0€ OCAZKOB W OJHM30CTH TPAHHUIIBI, CABUTOBBIC BOIHBI OyQyT 00IamaTh CIIOXK-
HBIMH JTUCTIEPCHOHHBIMU XapaKTEPUCTUKAMH, M HX CIEIyeT, CKOpee, OTHECTH K
KJIacCy TIOBEPXHOCTHBIX. DTH BOJIHBI 3/I€Ch PACCMaTPUBAThLCS HE OyIyT.

Jnst perieHus 3a7a4 re0aKyCTHYECKOM HHBEPCHN B HACTOALIEE BPEMsI TOJTy-
YW PA3BUTHE METOA «COTTIACOBAHHOTO MMITYJIBCHOTO HOJIS, HE TPeOyIOmUH 1S
CBOEH peanu3aluy JOPOTHX U CIOKHBIX B SKCIUTyaTalli MHOTORJIEMEHTHBIX aH-
TeHH. CyTh MeTO/ia 3aKJI0YaeTcsl B M3Iy4YEHHH MOJYJIMPOBAHHOTO HUMITYJIbCA H
pErucTpalu PEruIMKYU C TIOMOIIBIO €IMHCTBEHHOTO MPUEMHHKA, PacIoI0KeHHO-
ro Ha JHe Mops [2].

C TOYKM 3peHUs LeJN CHUMYJISIIUHM PealbHON Te0aKyCTHYECKOH WHBEPCHU
Hac OyJeT MHTepecoBaTh MOTEHINAILHAS BO3MOYXXHOCTh BOCCTAHOBIICHUSI CKOPO-
CTH IPOJOJIBHBIX BOJIH 1 BEJTMUMHBI 3aTyXaHUsI B IOHHBIX OCAJKaX B «OYEHb MEI-
koM Mope» (OMM), xora BOJHBIHN CIOH BBICTYIAET MCKIIOYUTENFHO KaK M3Me-
puTenbHBI HHCTpYMEHT. YcnoBusi OMM coOTBETCTBYIOT O€3NIOAHOI ceBepo-
3amagHoi yacTi YepHOTro Mops ¢ ITyOMHAMH BOAHOTO ciiog 2 + 20 M, mecyaHbIM
JTHOM, B IITHJIeBYI0 norony (UepHomopckas OyxTa, Tuxas 6yxra, Kpbim).

PaccmoTpuM ropH30HTaNBHO-CIOUCTHIA BOMHOBOJ OMM ¢ rirybuHoi BOA-
HOTO CJIosi #=5 M, TIeCYaHbIM JTHOM, HEHANpaBJICHHBI TOYEYHBIH MCTOYHUK U
NPUEMHUK Ha JHe Mops. JIMHY Tpacchl pacrpocTpaHeHHUs! 3ByKa MOKa OTpaHH-
4yuBaTh He Oynem. OTKIMK BOJIHOBOJA HAa MOJYJIMPOBAaHHBII CUTHAJI UCTOYHHKA
MOJIETIIPYETCsl KaK CBEpTKa M3IYUEHHOTO C UMITYJIbCHOM XapakTepuctukoit (MX)
BosHOBOAA [3]. UX BoccranaBiuBaetcst kak OJIID ot akycTryeckoro noJs aaB-
JICHUSI BBIYMCIICHHOTO B IIMPOKOM JHamna3oHe yacToT merojnoM HB. Bomnosoe

o w .
YUCJIO B TOPU30OHTAJIIBHO-CIIOUCTOU CPEAC MPEACTABIIACTCA B BUAC k= —(1 + l}/) 5
C

TJIe Y — 3aBUCAIIMI OT YacTOTBI TAHT€HC yTJ1a MOTeph, ¢ — (ha3oBasi CKOPOCTH BOJI-
HBI. AKYyCTHUYECKHE XapaKTEPUCTUKHA MOPCKHX OCaIKOB, & UMEHHO: 3aBHCUMOCTh
(ha30BOIf CKOPOCTH M TaHTeHCA MOTEPh MPOAOJILHOI BOJHBI OT YaCTOTHI U TITyOH-
el c(f;z), y(f,z) monmemupyrorcst ¢ momoimsio VGS Tteopun M. Bykunrema:
—1/2

¢ <c> Im(Sp) < 377p+477v )
=—; =—— = l+——(iw > Mp, s — KOH-
p Re(Sp) Yp Re(Sp) p 3<p><c>2(l ) o> 1t

CTaHTBl TPEHUsI, # — TOKa3aTelb CTPecc-peslakcaluu, <p>, <c> - aJJUTHBHbIC
(mopucrast cpefa) MIOTHOCTH M CKOPOCTH 3ByKa. BepTukajibHble TpaJueHTHI
BKJIIOUCHBI B OKEaHOJOrW4eckyio Bepcuio VGS Teopuu ¢ momomisio (opmyi

mp = nOp(gd /(goalo))l/3 » Mg = Moy (gd /(godo))Z/3>me 1op 7os — KOH-

CTaHTBI TPEHUs, H3MEPEHHBIE JJIsl YaCTHIl «EAMHUYHOTO» pa3Mepa go=1MM, pac-
NOJIOKEHHBIX Ha ©iyoune do=0.3 M, 70,=3.710x10%Ma, #0,~2.898x10"I1a,
n=0.09014.

Paccmotpum rpaduku rpynmnoBoit ckopoctu 1-7 HB u MmonanbHEIX K03 du-
IIMEHTOB 3aTyXaHMsl, BBIYUCIICHHBIC JUIS IBYX CIIy4aeB: JIHO COCTOMT U3 KPYITHOTO
(mmametp rpanyn 0,8 mm, Jlro6mmoBka, CeBacTOIONb, CIUIOMIHAS JHMHAS) U Mell-
koro necka (0,2 mm, [Ipumopckoe, @eonocus, myHKTHpHAs) — puc. 1. Kak BumHO,
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Puc.1. YacToTHBIE 3aBUCIMOCTH TPYIIIIOBOM CKOPOCTH U
MOJaJIBbHOTO KO PHUIIMEHTA MOTJIOMIECHHS

JIMCTICPCHOHHBIE 3aBUCHMOCTH TPYIIIOBON CKOPOCTH M MOJaIbHbIE K03 duimen-
THI TTOTJIOMICHUS TPAKTHYECKU coBNaaoT. HesHaunTenpHas pasHuma — 1o 10 m/c
— B TOYKE MUHUMYMa T'PYIIIOBOl CKOPOCTH 1-i MOJbI, KOTOpas COOTBETCTBYET
BOJIHE D¥pH.

PaccMoTpum peanu3anuy U CIEKTPOrpaMMbl UMITYJIBCHOM XapaKTepUCTUKU
BOJIHOBO/IA, TOKa3aHHbIE HAa pUC.2, paccTosiHue r=2c). JIeBas KOJNOHKa - KpyI-
HBI|, paBas — Menkuil necok. Ha UX 1 HB xopo1io BoccTaHOBIEHBI BCe BOJIHO-
BbI€ «aTpUOYThI» - 'PYHTOBas, BOJHAs BOJHA U BoyiHA Oiipu. HesHauurenabHoe

IR 1mode
iftimode

ifftwaw

IR wav

OTJINYHE HAOJI0IaeTCs BO BPEMEHH BCTYIUICHHS BOJHBI DHPH — B CIIy4ae MeEJKO-
ro Mecka BpeMs BCTYIUICHHUS 4yTh Mo3fHee (BepxHHUU pucyHok). Omgaaxo, X
BOJIHOBOZ[Aa — CyMMa MHOXKeCTBa MOJ (2,3 pUCYHOK CBEpPXYy-BHHU3) U B MOIOOHOI
«Kaiey yBHACTh BOJMHY Oiipu 1-i Moasl HEBO3MOKHO. OCyIIecTBUM HHU3KOYa-
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cToTHYIO punbTpamnmio ¢ yactotoii cpe3a 200 ['m. Temeps (HIKHUI PUCYHOK), IO
peanu3aniu BO3MOXKHO ONPENCIUTh BpeMs BCTYIDICHUS BOJH Jiipu — 2,11 c u
2,125 ¢, 91O ¢ y4eToM pacCTOSHUS 3 KM JaeT IpymIoBsie ckopoctu 1421,8 m/c
1411,7 m/c u pasuuiy B 10 M/c, uyto coorBercTByeT puc.l. [locTpous rpaduku,
aHanmoruunsle Puc.39.7 [5], B cCOOTBETCTBUHU ¢ MOJENBIO JHA U B PAMKax aKyCTH-
YeCKOIl MOJENH OCaAKOB NPHHIMIHAILHO BO3MOXKHO OIIPEeNICHHE aKyCTHYe-
CKUX XapaKTePUCTHK OCAIKOB.
W3nydyeHne  KOPOTKOTO
UMITyJIbCa, B Clly4ae, Korja
BCTYIUICHHUS PEIUTHK MMITYJIbCa
pasnesnsoTes, MO3BOJISIET Olle-
HHUTh OTHOCHTEJIBHBIC aMILIH-
TYIbl M BpPEMEHa BCTYIUICHUS
BeIcX Moj. Ha puc.3 moka-
3aHBl PEIUIMKM OTKJIMKAa Ha
umnynsc B 10 mepuomoB da-
crotel 2 kIl ¢ TayccoBoit
orubaronieii. Bugnel 6 Moz,
BCC PA3NCISIOTCS, aMILTUTYIbI Puc.3. Perumuky nvityisca
NpakTHYeCKH W BpEMEHa
BCTYIUICHUSI TPAKTUYECKH COBIAJIAlOT, HIKHUH PUCYHOK COOTBETCTBYET UYyTh
OOJIBIINM TPYIIIOBBIM CKOPOCTSIM (KpYITHBIM necok). Pasnuma Oyner Bo3pacrath
C YBEIMUCHNEM JIMUCTAHIMH, OTHAKO, YBEJIMUCHNE PACCTOSHNS HapyIIaeT YCIOBUS
TOPU30HTAIILHOW CIIOMCTOCTH BOJIHOBOJA M IPHBOJHUT K JIOMOJHHTEIBHOMY
«OCPEIHEHHUIO» Pe3yJIbTaTOB HHBEpCHH. KpoMe TOro, BEIOIHHUTG YCIOBHE «3HA-
YHUTEIBHOT0» PACCTOSHUS B YCIOBHUSX OYCHb MEJIKOTO MOPSI TEXHHYECKH 3aTPYA-
HHUTENbHO. [JJI IpeoosieHns! OCIeIHEr0 MOXKHO OCYIIECTBUTH MHOTOKPATHYIO
PEKYpCHIO NPHHATOIO U TYT K€ M3JIyYEHHOIO HABCTPEWy CHUTHAja C [TOMOLIBIO
TPaHCUBEPOB, YTO MOYTH YKBUBAJICHTHO YBEIMYEHHIO JUCTAHIIHH.
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B.A. JIuciotun, O.P. JlactoBenko, A./l. lerrsp

O CBA3U ®PUBUYECKUX U AKYCTHYECKHUX XAPAKTEPUCTHUK
HEKOHCOJIMJUPOBAHHBIX OCAJKOB B PAMKAX VGS TEOPUU
MEXTPAHYJIAPHOI'O TPEHUS U PACHIMPEHHOM TEOPUU BUO

CeBacTOIOIbCKHUI TOCYJAPCTBCHHBIA YHUBEPCUTET
yi. YauBepcurerckas 33, r. CeBactonons, Poccust, 299053,
e-mail: vlisiutin@mail.ru

B nacmosiwyee epems 6 akycmuke MOPCKUX 0CaoK08 KOHKYPUPYIom 08e meo-
puu — VGS meopus M. Bykuneema u meopus buo-Cmoinna, pacuupennas H. Yo-
mupocom, M. Hzaxcon u M. Kumypoii (BICSQOS, BIMGS). Bxoonvimu napamem-
pamu VGS meopuu A61a10mcs 06 «KOHCMAHMbL MPEHULY, «KMAMEPUATLHASA IKC-
NOHEHMay U 6A3KOYNpPY2as 6PEeMEHHAs KOHCMAHMA, KOmopwvle Moeym 0Ovimb
onpeodenenvl Uy ¢ NOMOWbI0 usmepenuil. Bxoouvie napamempuor buo-Cmoana
meopuu: nOpUCMOCmy, NPOHUYACMOCY, USBUTUCTIOCY, pA3Mep NOp, MONUWUHA
ACUOKOTI NNIEHKU, OeKPEeMEHMbL, PelaKCAyUOHHbIE YACTHOMDbL.

Ilpedcmasnsiemes obvedunennas meopusi buo-Bykuneema, couemarowas
docmourcmea obeux nooxo0os. Ilpusodsmcs pesynvmamuvl usmMepeHuil npoo
MOPCKO20 necka, OmoOpaHHbIX 6 paziudnbix mecmax. Hzmepennvie 3HaueHus
UCnOIL3Yemcsi KaK 6X00Hble napamempbul Oiis paciema aKyCcmuieckux Xapakme-
pUCmuK npod 8 pamkax 00beOUHeHHOU Mmeopull.

Baxxueiimii 00beKT, H3y4aeMblif B paMKaxX aKyCTUKH MEJIKOTO MOPS - THO U
MOpCKHE OcaJKu. B HacTosIee BpeMs B aKyCTHKE MOPCKHX OCaJKOB KOHKYPH-
pytot nBe Teopun — VGS teopust M. Bykunrema [1] u Teopust buo-Crosna, pac-
mmpennas H. Yorupocom n M. Kumypoit (BICSQS, BIMGS) [2,3]. Hauboxee
MHTEPECHBIH ISl aKyCTHYeCKOW OKEaHOJIOTHHM YaCTOTHBIM JMAma3oH 3BYKOBBIX
BOJIH MOXKHO 3aKJIFOUUTh B FpaHUIax OT geciatkoB ['epu go 50 xI'n. BayTtpu storo
JIara3oHa OKa3bIBACTCSl «IIEPEXOAHas» 00JacTh, B KOTOPOH CIEIyeT OKUIATh
Hanbosee 3HaYNTEIbHYIO JUCIEPCHIO CKOPOCTH 3BYKA B MOPCKHX OCAJIKAX.

B cyxmx rpaHyIMpoBaHHBIX cperax KOI(QQHIMEHT 3aTyXaHUs! OKa3bIBACTCS
MIPOTIOPIIMOHAIBHBIM TIEPBOM CTETEHW YaCTOTHI, WM, YTO 3KBHBAJICHTHO, N0OO-
POTHOCTb TAaKHUX CpPeZ MOCTOsSHHA. M3MepeHHs 3aTyXxaHHs B BOJIOHACHILIIEHHBIX
MOPCKHX OCaJIKaX PEruCTPUPYIOT cla0yto YaCTOTHYIO JUCIIEPCHIO, MOATBEPIKIA-
10T NPOTOPIMOHATLHOCTD 3aTyXaHUsl ' s IJIMH U MENIKOTO TIECKa, HO OOHa-
PYXKUBAIOT OTKJIOHEHHUS OT @' JUIsl KPYIIHOTO TecKa U rpasus [4].

Hawuboree n3BecTHast Teopusi pacHpOCTPaHEHHs YNPYTHX BOJIH B MOPCKHX
ocankax npesioxena P. Ctomiom u I'. Bpailanom Ha OCHOBE TEOpUHU BOJOHACHI-
IIEHHBIX TIOPUCTHIX cpe, pazpadorannoit M. buo (brno-Cromnna Teopust).
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B teopun M. Bro cpena paccmatpuBaercst Kak 1Byx(dasHas, B KOTOPOH 3ep-
Ha MHHEPAJIOB KOHCOJIMIUPOBAHbBI YIIPYTUM CKEJIETOM M HACBHIIICHBI TTOABMKHON
OTHOCHTEITEHO CKeJleTa TIOPOBON KUAKOCTBIO0. Teopust bro o0bsACHIET 3aTyxaHue
B IIOPHCTOM MaTepHalle BI3KOCTBIO IOPOBOro (IO a.

Bs3koCcTb, OHAKO, HE SIBISIETCSl CIMHCTBEHHBIM MEXaHHM3MOM 3aTyXaHHUsL.
Mopepuusupys teoputo buo, P.JI. Crosut nonaraer BeliecTBeHHbIE OOBEMHBIN U
C/IBUTOBBII MOJynu ynpyroctu ckeiera Kp u G KOMIUIEKCHBIMH, JO0aBIss K
HUM IOCTOSIHHBIM TaHT'€HC NOTEPb, U MOAOUPAET COOTHOUICHHS TaKUMHM, YTOOBI
YAOBIETBOPUTH SKCIIEPUMEHTAJIBHBIM JaHHBIM. HO Mpou3BojbHOE H3MEHEHHE
JICMCTBUTENILHBIX U MHUMBIX dacTtei K, u G HapymlaeT ycJIOBUSI IPUYUHHOCTH.
HenprunHHOCTD — IPUHIUITHAIBHBIN HEAOCTATOK, TIOKa3bIBAIOLINN, 4TO (hU3UUe-
CKasl TIPUpOJA SIBJICHUH, PacCMaTPUBAEMBIX B MOJEIH, MCTOJIKOBAaHA HEBEPHO.
Kpome Toro, rnosnoxeHue o CyIIeCTBOBAHWH YIIPYTOro CKEJIeTa B CHITy4HX MaTe-
puanax mpoTtuBopeunt (haktam. HecmoTpss Ha cBom HemocTaTkd, Teopus buo-
Cromna Ha NPOTSKEHUH JAECSATWIETUH ObUla MPAaKTHMYECKHU EAMHCTBEHHOW OKea-
HOJIOTMYECKOM Teoprell paclpoCTpaHEeHUsI BOJIH B OCaAKaxX.

Henasuo, M. Bbykunremom paszpaborana «G-S» u «VG-S» Teopus, 0CHO-
BaHHasi Ha 0000mmeHHOM ypaBHeHur HaBbe-CTokca. G-S Teopusi 0OBSCHSICT Kak
pacnpocTpaHeHHe, TaK U 3aTyXaHHe aKyCTHMYECKHX BOJIH B HEKOHCOIHMIUPOBAH-
HBIX OCaJKaX TPEHHEM MeXIy 4YacTHIaMu. BO3MOKHOCTBIO OTHOCHUTENBHOTO
JIBIDKCHUSI TIOPOBOM KHUJKOCTH NpeHeOperaercsi. YpaBHEHHE COCTOSHHS CPEJIbI
OIMCHIBACTCSI MMITYJIbCHOM XapaKTEPUCTUKOW Cpebl, ONpenessioleii 3aBucH-
MOCThb HAIpsDKEHHUsI HE TOJIBKO OT Jedopmanuy, HO M OT MCTOPHH Ipolecca
Harpy3kd. CKOpPOCTb BOJNH HM  TOTEpH  00pa3yloT  «KOHCEPBAaTHBHO-
JIVICCUNATHBHYIO» Mapy — TPEHHE MPUAACT MaTePHAIy «GKECTKOCTb», HO U BBI3bI-
BaeT mortepu dHeprun. CIOBO «TpeHHE» 0003HAYAaeT CIEHU(PIIHOE B3amMOICH-
CTBHE, IPUHLUUIHATILHO oTanuHOoe 0T Kynonosckoro tpenus. Kmouesas unes G-
S reopun — geopMannOHHOE YIPOYHEHHUE - BO3pPACTaHUE CONPOTHBIICHHS C yBe-
Iu4eHreM aeopMaliy — SBICHHE y)Ke HeJHHEeHHoe.

JanpHeiimee pazsutue teopun buo-Crosa MOTUBHpOBaHO cieayromum. B
Teopuu buo mpeanonaraercs, 4To JKUIKOCTh HE BIMAET Ha YIPYTOCTh CKeJeTa.
Yortupoc n HMzakcon mnpemnoxunu BICSQS mMozpens, B KOTOpoWl HOpMasbHas
JKECTKOCTh KOHTAKTa CKJIAbIBACTCS M3 KECTKOCTH YIPYTroro KOHTaKTa U JKECTKO-
CTH LIEJH, 3aM0JIHEHHON TOHKOU muieHKol Bojbl. Pesymprar BICSQS teopun —
yBeNM4eHHas 1Mo cpaBHeHHIO ¢ bro-Cromnom mucnepcus ckopocti. M. Kumypa,
pasBuBas monenb BIMGS, naet sBHEIC, CBsI3aHHBIC C (PU3MUCCKIMH XapaKTEpH-
CTHKaMH OCaJIKOB BBIPAXKEHHS JUII HOPMAJIbHBIX M CABUTOBBIX JKECTKOCTEH MEX-
I'PaHyJIIPHOM LIENH U COOTBETCTBEHHO JJIsl MOAYJIEH yIpyrocTH ckenera. ViHBep-
TUPYs JaHHBIE N3MEPEHUsI CKOPOCTEH Ha 4acTOTaX MHOTO OOJBLIMX pellaKcaly-
oHHOM, M. Kumypa nosmydaer cBs3b NMpeaesbHON )KeCTKOCTH 3a30pa ¢ pa3MepoM
rpaHy.

Coenunenue teopun buo-Cromna, BICSQS u BIMGS 6buto Ha3zBano Yotu-
pocom «EB» — pactmpennoit buo teopueil. K coxanenuro, nHBepcusi sKcrepu-
MEHTAJIBHBIX PE3yJbTaTOB OTHOCHTEIIFHO ACTIEKT-OTHOUICHHS LIETH W TOJIIMHBI
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TUIGHKA BOJBI B pamkax EB Teopmu naer HeDM3WUHBIA pe3yabTaT — TOJIIMHA
wienky (cumtas 7=1073 Ila ¢) OKa3bIBAETCA MEHBIIE pPa3Mepa MOJIEKYJIBI BOIBL.
Bosmosken u nmpyroit moaxon. octouHcTBo u OoratctBo brno-Cromma teo-
pUM — y4yeT OTHOCHUTEIBHOTO IBMXKEHUS JKHJKOCTH U CKeJeTa M MHOIOJETHHH
OIIBIT YYCHBIX, BOILUIOIIECHHBII B (POPMYJIBI AL pacueTa «BXOIHBIX IapaMeTPOBY.
HocrounctBo VG-S Teopun - OTCYTCTBHE CKeJleTa, Hies penakcauuu u aedop-
MaIMoHHOE yrpo4yHeHue. Bo3ppamasce k onpenenenusm K, u G, U 9y, Js, MOXKHO
M0Ka3aTh, YTO MO (PU3MIECKOMY CMBICTY G | J5 — CABUTOBBIH MOJYJIb YIPYTOCTH
ckenera (buo) u sxectrocth cpenbl (G-S) coBmagarT. YOepeM «CKelneT» U «Tpe-
HHE», OCTaBUM «MEKIPaHyJSIPHOE B3aMMOJICHCTBHE», HE TpOras Moka riyooko
ero (hu3nuecKylo npupoay. BospmeM nucriepcoHHbIe KOMIOHEHTH! y Byknnrema
u moxactaBuM BMecto K, mw G B ypaBHeHums bwmo. MWrak, Temeps,

G=y (io)"g (0), K, = (}/p +4/3y, )(ia))”gp (w) 1 HA3BIBAIOTCS OHU «CIBH-
TOBBIi ¥ OOBEMHBI  MOAYIH  MEKIPAHYJISIPHOTO  B3aMMOJCHCTBHSY,
g(w)= (l + l/(ian’p s ))”_1 , ¥p (ITa), y, (ITa), n, 7, T, - KOMIOPECCUOHHBIE U CIBUTO-

Bble KOI((UIMEHTHI )KECTKOCTH, TOKa3aTelb CTPECC-PENIaKCallui U BS3KOYIpY-
r'e KOHCTAaHThl COOTBETCTBEHHO. Takoe IpelcTaBleHHe OyneM Has3blBaTh Jajee
buo-bykunrema teopueit (BB). Ilocnenaue msaTh BXOTHBIX MapaMeTPOB MOTYT
OBITB OIpe/IeIeHbI TOJIBKO AKCIIEPUMEHTAIIBHO.

Ha puc.] nokaszansl 4acToTHbIE 3aBUCUMOCTH G U Kj, BEIUUCIECHHBIE B paM-
kax BIMGS, BBGS u BBVGS Tteopuu (crunomnas — Re, mynktup — Im, Tonkas
— BIMGS, Toncras - BB). MckmounTenbHO Ul CpaBHEHHS 3aKOHOB JIMCIIEPCHH,
cnenys BIMGS, y, u y, Belunciens! ¢ noMmomsto I'epua-MunummHa Teopu, a
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Puc.1 . CnBuroBbIif 1 00bEMHBIN MOIYIIN B3AaUMOICHCTBHUS

MoKa3aTeb CTPECC-peNaKcannu 7 Moao0paH Tak, 9To0bl G(w=x©) u Kj (w=w0)
s BIMGS u BB mpumepro coBmagamm. Kak BunHo, cormacHo BIMGS, Momymu
OBICTPO MEHSIOTCS (B COOTBETCTBHUH C 3aKOHOM IHCIIEPCHU MOJIEIN) B OKPECTHO-
CTH YacTOThI pejaKkcallid OT MUHMMAJILHOTO 3HA4eHHs, ompeaensiemMoro u3 ['-M
TEOPUHU JI0 MAKCHMMAJILHOTO, ONPEIENeMOro U3 WHBEPCUU HU3MEPEHHBIX CKOPO-
creii. Cornacuo mucniepcun BBGS (cyxoii mecok, g(w)=1, Kjartansson) momynu
MEHSI0TCS TUHeHo, cornmacHo BBVGS yMeHnbInatoTcst Ha yacToTe HUXKE penak-
CallMOHHOM, OTpeeIsIeMOi KOHCTAaHTaAMH Ty, Ts.
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Ha puc.2 — ckopocTu 1 3aTyXaHue KOMIPECCHOHHON BOJIHBI [UIS IBYX THIIOB MECKa —
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Puc.2. ®azoBble ckopocTu 1 KOI(GUIMEHTHI 3aTyXaHUs

kpynHoro (0,8mMm) n menkoro (0,2MM), XapakTepHbIX i wsbkeit EBnaropun u [pumop-
ckoro (Kpeim). Tonkas nunus — pesynstar GS (mysktup) U VGS (crutomHas) TEOpHH.
Jna GS 3aryxanue ~o', norapudpmuyeckas gucnepcus, s VGS Ha 4acToTe HUKE peaK-
CAIlMOHHOW CKOPOCTh MPHOJIMKAeTCs K BBIYUCICHHOW mo (opmyre Byna, 3aryxanue ot-
KIOHseTCs OT ~o'. Toncras muuus — pesynstar BBGS (mynxrup) 1 BBVGS (crutomnsas).
OTanunst B 3aTyXaHWUM HEBEIMKH, HA BBICOKHX YacTOTax IpeolliafacT MeXrpaHyJsIpHOE
TpeHHe, Ha HU3KHUX JobOaBisiercs BA3koe. Ha rpadukax ckopocTH — aBa AUCTICPCHOHHBIX
«rop6a» B ciIydae KPYITHOIO IeCKa C BHICOKOI IPOHMIIAEMOCTBIO M OJIMH — B CIIy4ae Mell-
KOTO IIeCKa, 4TO MOKa3bIBaeT IPAKTHUECKOe OTCYTCTBHE TeueHui. B mesom, aucnepcuon-
Hble kpuBble BBVGS Teopun otnuuatores u ot VGS, u ot EB Teopun. [l nansueiimero
pasButus BBVGS Teopun He00X01MMO COMOCTaBICHUE C IKCIIEPUMEHTOM.
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A.A. JlynbkoB, A.H. MuxHiok

OIIEHKA XAPAKTEPUCTUK UHTEHCUBHBIX BHYTPEHHUX
BOJIH IO CUTHAJIAM JJOHHOM PEBEPBEPAIIMA

Wucruryt obmeit ¢pusuku uM. A.M. [Ipoxoposa PAH
Poccust, 119991 Mocksa, yi. BaBunosa, 1. 38

Ten.: (499) 503-8384; dakc: (499) 135-8234;

E-mail: landr2004@mail.ru

B yucnennvix skcnepumenmax paccmompena 3a0a4a 60CCmMAaHOBNeHUsl Na-
PaAMempos CONUMOHA 6HYMPEHHUX 60IH NO AKYCIMUYECKUM CUSHATIAM 00pamHo20
paccesinusi om Mopckoeo ona. Pacuémul nposedenvi 0iist MeIK080OHO20 B0IHOBO-
oda nemnez2o muna 2nyounot 80 m u uacmomst 36yka ~3 kl'y ¢ ucnonvzosanuem
nyueeo2o nooxooa. Paccesnue na owe onucano saxonom Jlambepma. Ipuém
PeBEPOEPAYUOHHBIX CUSHANIO8 OCYWECMBISIC HA KPY208YI0 AHMEHHY, YCMAHOG-
JIEHHYIO OKONO OHA PSIOOM C UMNYIbCHLIM UCTMOYHUKOM 38VKa. Tlokazano, umo
8bLOCIISISL PACCESIHHBII OHOM CUSHA C PA3IUYHBIX HANPAGIEHUTI MOJICHO (PUKCUPO-
6amb HANUYUE CONUMONA, A MAKIICE OYEHUBAMb KPUBU3HY €20 (hpoHma.

Curnansl 00paTHOTO pacCestHUsl OT TPAHHIl BOJHOBOJA MOTYT BBICTYNATh
KaK B KaUeCTBE IOMEXH NP pabOTe TOH MM MHOH THAPOAKYCTHIECKON CHCTEMEI,
TaK U OBITh JOIOJHHUTEIbHBIM HCTOYHHKOM MH(OPMALH O HEOAHOPOIHOCTSX B
ero Toue. B jgeTHuit nepruoa BpeMeHH M3MEHYHUBOCTb NPHHUMAEMbBIX CUTHAJIOB,
B TOM 4HCJIE peBepOEPaIIIOHHBIX, B OCHOBHOM 00YCIJIOBJIEHA HAJTMYMEM BHYTpPEH-
HUX BOJIH. [Ipr4ém Hambolsiee CHIIbHBIE MCKAKEHUSI 3BYKOBOT'O IMOJISI BO3HHKAIOT
NIPU JIBMOKEHHU COJIMTOHOMOI00HBIX BHYTPEHHUX BOJH [1], KOTOpBIE peryssipHO
HaOMI0at0TCsl B 00JIACTSIX OKEAHCKOTO IIeNb(pa W MOTYT UMETh aMIUIUTYAy He-
CKOJIBKO JIECATKOB METpOB. B padote [2] B pamKax YHCIEHHOTO MOAEIHPOBAHUS
ObUT ONMMCaH BO3MOKHBIM MEXaHM3M BOZHMKHOBEHUSI JIOKHBIX OTKJIMKOB B IIPH-
CYTCTBUH TaKHX BOJIH, 3aKJIIOYAIOIINNICS B (DOKYCHPOBKE 3BYKOBBIX JIydel B 00-
JacTh THa BOMM3M conmuToHa. Takas (pOKyCHpOBKa MPUBOIUT K YCHIICHUIO 00pat-
HOTO pacCestHNS W BO3HUKHOBEHMIO OTUYETIMBOTO NHMKAa B peBepOepaliiOHHOM
curHasue. B To jxe BpeMst BOIIPOC O TOM, KaK PacHO3HATh MOJYUYEHHbIH B IPUCYT-
CTBUU COJMTOHA OTKJIMK U OTIMYUTH €r0 OT OTK/IMKOB, BBI3BAHHBIX IPYyTUMHU
NpUYMHAMH, He paccMaTpuBaics. B HacrosmeM paboTe Ui pelieHHs JaHHOM
3aJauMl MpeyIaraeTcsl UCIoIb30BaTh HAIPABICHHBIA NPUEM peBepOepaliOHHBIX
curHasoB. Ecmu oTknuk crabuiabHO HabmrogaeTcs AId IMMPOKOrO JHAaIa3oHa
a3UMYTaNbHBIX yTI0B (~90 ©), a TakXkKe CMelaeTcss ¢ TeUCHUEM BPEMEHU CO CKO-
poctbio ~1 M/c, TO ¢ GONBIION BEPOSTHOCTHIO OH OOYCIOBIICH MPUOIMKEHUEM
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(poHTa MHTEHCUBHOW BHYTpeHHEH BOJHBL. OTMETHM, YTO OLICHKA BO3MOXKHOCTH
UCIIOJNIB30BAaHMS CUTHAJIOB peBepOepalvi Ui MOHUTOPHHTa (JOHOBBIX BHYTPEH-
HUX BOJIH ObLiTa poBezieHa B paboTe [3].

c(z), m/c ZM
1480 1500 1520 1540 0

y °
e’ 20
g 5
0 oM \ /
-10
60 ©)
(@ -15
80 -500 0 500
o, =0.012
p1 = 1800 kr/m* X, M
¢, = 1600 m/c

Puc.1. BeprukanbHOoe pacipe/ieNieHue CKOPOCTH 3ByKa B BOJHOBOJE (a)
U po(uIIb BHYTPEHHET 0 COMUTOHA (0).

3agava pacrno3HaBaHHs OTKIMKA B MPUCYTCTBUHU COJIHMTOHA PEIIACTCS B PaM-
KaX YHCJICHHOTO MOJCIMPOBAaHMS Ui JICTHUX YCIOBUH Ha ATJIAQHTHYECKOM
menbhe CIIA:
e rIyOWHA BOJHOBOJA ITOCTOSTHHA U paBHa 80 M;
e  mpoduiIb CKOPOCTH 3BYKa MMEET SIPKO BBIPQKCHHBIN OTpPHIATEIBHBIN
rpaJueHT B 00JacTH TepMOKIHNHA (puc.1a);
® IHO: OAHOPOJHOE XXHUAKOE IOTJIOLIAIOLIee MOIYNIPOCTPAHCTBO, HMEIO-
mee mroTHocTh 1800 kr/m®, ckopocts 3Byka 1600 M/c n koddpuument
nornomenus 0.3 1b Ha IMHY BOJIHBL.
[Mpodune  BHyTpenHero  comutoHa  (puc.10)  3amaércsi  ypaBHEHHEM
{=-4 sech(x/ n). Awmmuntyna A Beibupaercs paBHo# 15 M, mmpuaa 1 = 100 M.

PaccmaTpuBaeTcs COMMTOH Kak ¢ INIOCKUM (PPOHTOM, Tak M ¢ ()POHTOM, HMEFO-
MM PaIyc KpUBU3HBI 20 KM.

VmmysnbcHble cUTHAMBI B monoce yactoT 2.7-3.3 x['m m3mydarorcss HeHa-
MIPaBJICHHBIM MCTOYHHMKOM 3BYKa, HaxonsfmuMmcs Ha riyoune 40 m. [Ipuém ocy-
IIECTBIISIETCSl HA TOPU3OHTAIBHYIO KPYTrOBYIO aHTEHHY pajiycoM 2.5 M, coCTos-
IIy10 U3 64 3JIEMEHTOB U PACIOJIOKEHHYIO HEIOCPEACTBEHHO MO U3JIydaTeIeM
Ha riayoune 70 M. PaccrosHue oT m3myuarens 10 (pOHTa COIMTOHA COCTaBIAET
5 kM.

PeBepOepaliioHHbIld  cUTHAI HA BEIXOAE (OPMHUPOBATENSI AMATPAMMBI
HANpaBJICHHOCTH aHTEHHBI MOJENUPYETCSl B paMKax Jy4eBOTO TNPHOIMKCHHUS,
ommcaHHOTO B padorax [4] u [5].

Pe3ynbTaThl YNCIEHHBIX SKCIIEPUMEHTOB MPUBEAEHBI HA puc.2 1 3.
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T T

B OTCYTCTBME CONUTOHA

YpoeHb pesepbepauuu, Ab

Bpewms, ¢
Puc.2. PeBepOepalmoHHbIH CUTHAI HA OMHOYHOM I'MIAPO(OHE NMpHU HAIUYUH U B
OTCYTCTBHUE COJIMTOHA. AMIUIUTY/a COTUTOHA paBHA 15 M.

6000 6000
4000 4000
2000 2000
= 0 = 0
-2000 -2000
-4000 -4000
5000 6000
] 5000 10000 0 5000 10000

XM W, M
Puc.3. OTknuk aHTeHHBI Ha peBepOepallMOHHBIN CUTHAT: (ClIeBa) — NPU HaJIMYNH
BHYTPEHHET'O COJIUTOHA C TUIOCKUM (PPOHTOM, (CIIpaBa) — MPpH HAJIMYUN COJINTOHA,
uMeromero KpuBn3Hy ¢poHta 20 kM. benble mMTpUXOBBIE TUHUHM TOKA3BIBAIOT
PACIOJIOKEHUE COIUTOHA. AMIUIUTY/Ia COJUTOHA paBHA 15 M.

Kak BuaHO U3 puc.2, MPUCYTCTBHE BHYTPEHHETO COMUTOHA MOYKET yCHIIH-
BaTh YPOBEHb PACCESHHOIO CHI'HAJA, MPUXOASANICr0 U3 00JIacTH 32 (POHTOM CO-
JIMTOHA, Ha BeauuuHy 10 7 ab. [lononHurensHble pacué€rsl MOKa3aliu, 4TO MpHU
YBEJIMYEHUU aMIUIATYIbl CONUTOHA 710 20 M 3TOT YpOBEHb OCTAETCSl MPUMEPHO
MOCTOSIHHBIM, a TIPU yMeHbIlIeHUH 10 10 M — cHKaeTcst 10 BenuyuHbl 3 1b.

[IpoctpancTBeHHass 00pabOTKa PeBEPOCPALMOHHBIX CHTHAJIOB C MOMOIIBIO
KpYTrOBOM aHTEHHBI [MO3BOJISIET OJJHO3HAYHO CYIUTh O MPUCYTCTBUU BHYTPEHHETO
comutoHa. Ha puc.3 m300paskeHBl pacrpene/icHusi HHTCHCHBHOCTA CUTHAJIOB Ha
BBIXOJ/I€ AHTEHHBI IPYU CKAHUPOBAHUM B TOPU3OHTAJIBHON IJIOCKOCTH B IMaNa3oHe
yriaoB 90 rtpamycoB. [ TOBBIMICHUS HATIIIHOCTH CHUTHANBI JUISI KaKIOTO

2
HAlNpaBJeHUs] OMHOXKEHbI Ha BelWuuHy (cf/2)°, rue ¢ — CpeiHsisi CKOPOCTh

3ByKa B BOJIHOBOJE, 7 - BpE€Ms, HNPOLICALICEC ¢ MOMEHTA HU3IYyUYC€HHUS HMMILYJbCa.
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MOXHO BHAETH, YTO IOBBILICHHBIH YpPOBEHb peBepOepanuy HaOIrogaeTcs BO
BCEM paccMaTpHBaeMOM AMAla30HE YIIIOB, NPUYEM JIMHUS MaKCUMAJbHBIX 3Ha-
YEeHUH MHTEHCUBHOCTH PACCESTHHOI'O TI0JIs MOBTOpsieT GopMy (pOHTa CONHMTOHA,
YTO MOKET OBITH HCIIONB30BAHO UL BOCCTAHOBIICHUS PAANyca KPUBHU3HBI 3TOTO
¢ponra. Ormerum, uTo 3HaHHE (GOpPMBI (PPOHTA BHYTPEHHETO COJUTOHA BAYKHO
JUISL IPOTHO3UPOBAHMS NepepacipeeseHus H3Iyd4aeMoi aKyCTHUeCKOW SHEeprun
B FOPU30HTAIBHOM TIIOCKOCTH U CBSI3aHHBIX ¢ HUM 3(D(EeKTOB.

[Tony4yeHHbIC B paMKax MOJCTBHBIX KCIIEPUMEHTOB PE3YJIbTAThI MO3BOJISIFOT
HaJIeAThCS HA TO, YTO CEJIEKIHS U aHAJU3 CUTHAJIOB OOPAaTHOTO PacCesHus, MpH-
XOMSIINX C PA3IUYHBIX HANPABICHHUI, MO3BONAT HUACHTU(PUIMPOBATH OTKIIUKH,
CBSI3aHHBIC C MPUCYTCTBUEM MHTCHCHBHBIX BHYTPEHHHUX BOJIH, a TAKXKe OIpese-
JSITh TEOMETPUYSCKUE MTApaMeTPhl BHYTPEHHUX COJIUTOHOB.

Pa6ora BemonaeHa npu nmoaaepykke PODU, npoext Ne 13-02-31234.
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K.II1. JIbBOB
BPC3 B UHTEPHET PECYPCAX ECUMO
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Ten.: (812) 499-7422; dakc: (812) 320-8052, E-mail: k.Iwow@mail.ru

Kpamxo paccmompenvt nabopwr oannvix BPC3 u noneii memnepamypul u
coneHocmu onepamusrotl oxearnonozcuu ECUMO. Ilpusedenvt BPC3 ons Yepro-
20, Anonckoco, Cpedusemnozo mopei u cmamucmuiecKue Xapakmepucmuku
cpasteHus ¢ Oanuvimu obujedocmyntozo pecypca World Ocean Database 201 3.

WurepHeT pecypchl €IMHON TOCYIapCTBEHHON cHCTeMbl HH(OpMAalUH B
Muposom okeane (ECMIMO) npenoctaBisitor HaOOpbl Pa3IMYHBIX THUAPOPHU3H-
YEeCKHMX JaHHBIX JUIS OTACJbHBIX paiioHoB U Mopeil. BPC3 umerorcs B aneKkTpoH-
HoM atnace «Knumart mopeit Poccun u kimoueBbIx pailoHoB MUpoBOro oxeaHay,
a Take B Buie 44 HaOOpOB JaHHBIX, B T. 4. uis 13 Mopeit PO (despans 2016).
JlaHHBIE TIONTOTOBIICHBI HAa OCHOBE H3MEPEHHH TEMIEepaTypbl M COJCHOCTH,
HakomneHHblx B BHUMTMU-MII. BPC3 nonyueHs! pacueTHBIM IyTeM, UHTEP-
MOJMPOBAHEI Ha cTaHAapTHEIE ropu3oHTH (0, 10, 20, 30, 50,...,1500, 2000, 2500,
3000 M) u ycpemHensl o |-rpagycHbIM KBagpatam MapcaeHa. B atnmace mpuse-
JICHO ONMCaHKE AJITOPUTMOB pacdeTa MHHHUMAIbHBIX, CPEAHUX, MAKCUMAJIBbHBIX
kBaHTIIIEH 25% 1 75% w™ecsunsix BPC3 [1-3].

PaccmotpumM, xak mpumep, cpennue onenku BPC3 mis Uepnoro mops (pe-
cypc RU RIHMI-WDC 1089, xBagpar 17738, 43.5° c.am., 38.5° B.n.) u Snon-
ckoro Mmops (pecypc RU RIHMI-WDC 1101, xBampar 13172, 37.5° c.m.,
132.5° B.11.), aBryct. ns cpaBHeHus BPC3 B3ATHI CTaTHCTHYECKH CpETHEMECS Y-
HBIE JaHHBIE TEMIIEPATyphl U coleHOCTH Ha ceTke (.25 rpamyca ob11e10CTyIHOTO
pecypca World Ocean Database 2013 (WOD 13) [5]. daiinbl Temmneparypsl u
comenoctt  WODI13 mocne pacmakoBkn woal3 decav tO8Smn04v2.csv  u
woal3 decav_s08mn04v2.csv ot 09.06.15. Pacuerst BPC3 coriacHo maHHBIM
WOD 13 npoussenensl o popmyiie Bunbcona. Pecypc RU RIHMI-WDC 818
(Uepnoe mope) conepxut 102 3HAUCHMST CKOPOCTH 3ByKa (MHUHUMAJIBHBIC, CPEa-
HHE ¥ MakcUMaslbHbIe) Ut 12 MecsueB kBagpata 17738, 1.e. Tonbko 13.5 % ot
TOJTHOTO Habopa MaHHBIX B 756 3Hauenwii (21x12x3). Pecypc RU RIHMI-WDC
_ 815 (SImoHCcKOE MOpE) TaKKe HETIOTHBIM.
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Puc.2. SInonckoe mope.

B Tabnuiie 1 npuBeeHbI CTATHCTUYECKHIE XapAaKTEPUCTHKK CpaBHeHust Ha 17
crarmapTHeIX ropmontax ECMMO (10, 20, 30, ...,800, 1000).
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Tabmmma 1. CratucTrueckue xapakTepucTuku cpaBHeHmst BPC3.
Yucno nap Cpennee Cpenne-
Habop mannsix YpOBHEi OTKJIOHEHHE, M/C KBaZ[paTU4YHOE
OTKJIOHCHHUE, M/C
RU RIHMI- 17 0.8 3.7
WDC 1089
RU RIHMI- 17 3.7 4.1
WDC 1101
Tabmuua 2. Hekotopsie nanasie BPC3.
HaGop nanHBIX RU RIHMI- | WOD13 | RU RIHMI- | WOD13
WDC 1089 WDC 1101
C, m/c, H=0 1515.4 1514.9 1533.5 1531.7
13K H, M 50 50 300 350
C,m/c | 1461.5 1461.2 1455.4 1456.6
C, m/c, H=1000 m 1486.4 1486.1 1464.8 1465.8

Bri6op momoOHOro moaxoja K BbIOOPY TOPHU3OHTOB CpPaBHECHUS IMPHHAT B
OKCaHOJIOTUH, HAaTpuMep, [5, 6]. B Tabnuie 2 mpuBeeHb HEKOTOPHIC YUCICHHBIC
naunsie BPC3.

Wmerorcst  pecypchl ONEpaTHBHONW OKEaHOJIOTHH ¢ OOHOBIIAEMBIMH TTOJISIMU
TemIiepaTypsl n coneHoctd. Hampumep, nannsie O0yeB APT'O 3a mociemnnue 7
maeit Ha pecypce RU RIHMI-WDC 117, pecypcst RU RIHMI-WDC 1194 u
RU RIHMI-WDC 1197 coxepkar DaHHBIE TeMIIEpaTyphl U COJCHOCTH 3a TO-
ciennue cyTku. Ilomns Temneparypsl u coeHoCTH B MHPOBOM OKEaHe IO JaHHBIM
['Mo06anbHON CHCTEMBI YCBOGHUSI OKeaHOrpaUYeCKUX JaHHBIX, ACHCTBYOLICH B
I'mapomernentpe PO, nmerorest Ha pecypce RU Hydrometcentre 52 [4]. Pecypc
MHTEPAKTUBHBIN, ¢ KapTOil MHMpOBOro OKeaHa, Ha KOTOPOM HAaHECEHbI TUAPOIIO-
IMYECKUE CTaHLUH, €KECyTOUYHO OOHOBIISIEMbIH AaHHBIMM Ha 32 CTaHJapTHBIX
ropuzoHTax oT 10 M mo 5500 M. K coxxanenuto, moanepxka pecypca npekparu-

nach B utoHe 2014 T., HO UMEIOTCS TPEATIOJIOKEHISI O BO3OOHOBIICHUS TOIICPK-
Ku [2].

Pecypc RU RIHMI-WDC 117 comepkuT omepaTuBHBIC JaHHBIC IS aKBa-
topun 1o mmpore ot 0.04° c.mr. mo 77.4° cam. m mo mosrore oT 97.3° 3.1
1o 19.9° B.a1. Ha puc.3 npexncrasnena onenka BPC3 mis CpenuzemHOro Mops
1o JaHHBIM pecypca Ha 24 smuBaps 2016 r., mmpora 35.4° cam., 20.1° B.x.
Temneparypa n 3J€KTPOIPOBOIHOCTD (COJICHOCTh) 3aMepeHsl OyeM Ha 97 ropu-
3oHTax 6, 7, 8, 9,..., 2007 M. [na cpaBHeHms mnpuBeneHa orenka BPC3 mo
nmaHHBIM pecypca WOD13 (anamormuno puc. 1 u 2, HO ssHBaph Mecsn). JlaHHbIe
Ha pecypce IpuBeAeHHI 1Mo Topu30HT 700 M.
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Cpepuseuroe mope, 2016, 24 awaapa, 354 mp.cw, 201 mp.ep
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BHUUT'MU-MIJ] npennomnaraer npopomkenue padorsl mo ECMMO B pamkax
OLII «Muposoii okean» Ha 2016-2031 rosr.

bl e

JUTEPATYPA

http://www.esimo.net/atlas/ - 21eKTpOHHBIH aTiiac
http://portal.esimo.ru/portal - ECUMO pecypcsi
http://is.esimo.ru:8080/iserv/stat/RIHMI-WDC/ - cripaBku 1o pecypcam
3enenbko A.A. u ap. Crucrema yCBOGHHUS OKeaHOTpadUIeCKUX JaHHBIX U
PETPOCTIEKTHBHBIH aHAIN3 THAPOGU3UYECKHUX Moyeii MUpOBOro okeaHa
// NzBectust PAH, ®usnka atmocdeps! u okeana, 2016, T. 52, B meyaru.
http://www.nodc.noaa.gov/OC5/WOD13/
http://www.aoml.noaa.gov/phod/sardac/post_dmqc/3900084/3900084 p
r099.html
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VJIK 532.528

H.II. MeabnukoB, B.I1. EnxucrpaTos

ME3OMACIITABHASI UBMEHUYMBOCTb KABUTAIIMOHHOM
MPOYHOCTHU MOPCKOM BOJIbI.

denepanbHOE rocyIapCTBEHHOE OIOPKETHOE HayyHOe yupexeHue «Hayd-
HO-HCCIIEI0BATENbCKUH paanodu3nyeckuii ”HCTUTYT», Hrxauit Hosropon,
I'uapodmsnueckuii HHCTUTYT AKageMun Hayk A6xasun, CyxXyM.

Temn. 8-920-077-43-52,paxc 8-831-432-57-07, E-mail melnikov50@mail.ru

B pabome paccmampusaemca mezomacuimadnas npoCmMpaHcmeeHHas us-
MeHuusocmy Kasumayuonnoi npoynocmu (KI1,omnocumenvuasn genuyuna) mop-
CKoll 600bl 8 paziudHwix pationax Mupogoeo oxeana: npoause [peiika, sKeamo-
puanvhoi yacmu Tuxoeo oxkeana u 6 cesepo-3anaonoil yacmu Tuxoeo oxeana.
Hapsady ¢ eenuqunoti kasumayuonHou npoyHocmu (omuocumenbhvle eouHuybl)
UBMEpANUCH credyiowue napamempsbl Mopckoli 6oovl: memnepamypa T C, cone-
Hocmb S%o, kowyenmpayus kuciopooa Os (ma/n), obwee easzocodepoicanue V
(ma,n). Kpome smux napamempos onsi cesepo-3anaownoil yacmu Tuxozco okeana
usmepsauce wenrounocmv Alk(2-sx6/1) u obwee codepoicanue HeopeaHuyecko2o
yenepooa 2CO; (mmoaw/n). Bce mpu paiiona npedcmagisirom coboi 600Hble Mac-
Cbl C 3HAUUMENbHbIMU SPAOUeHMamMu 2UOPOPUIUYECKUX 2UOPOXUMUYECKUX U 2UO0-
pobuonocuyeckux napamempos. Takoe cnoscHoe pacnpeodeneHue napamempos
MOpPCKOU 800bl NPUBOOUM K 3HAYUMETbHOU Me30MACUMAOHOU UMEHYUBOCIU
BeNUUUHBL KABUMAYUOHHBIX HOPO2O8.

['mobanbHast MPOCTPaHCTBEHHAS! M3MEHUMBOCTh KaBUTAMOHHOW MPOYHOCTH
MOPCKOM BOJIbI, a TAaKXKe METOAMKa €€ u3MepeHuit npusesaeHa B [1,2].

HccnenoBanue KII moBepXHOCTHBIX BOJA B 30HE aHTapKTUYECKOH KOHBEp-
reHiyy (npoaus [lpeiika), KoTopast OTAEISIET TsDKENble M XOJI0AHBIC aHTApKTHYe-
CKHE BOJIBI OT OoJiee JIETKHUX, HO 0oJiee COJICHBIX CyOapKTHYECKHUX BOJ| IIPOBEJE-
HBI B JIETHUH ce30H ((eBpaib) Baosb 62° 3.4. ot 62° 30" ro.u1. 0 49° ro.n1. Pe-
3yNbTaThl M3MEPEHUM, MPUBEICHHBIE HAa pUC. |A, MO3BOJSIOT CAENaTh BBIBOJ
TOM, YTO (ppOHTAIBHAS 30HA IPOXOAUT B paiioHe 58° ro.m1. FOkHee pactionoxKeHsl
AQHTapKTUYECKHE BOJIbI ¢ ManbiMu 3HaueHHsIMHU K11 o cpaBHeHMIo ¢ Gonee mpoy-
HBIMH CyOaHTapKTHUECKUMH BoAaMu. OCHOBHOM MPUYMHON TOHMKEHUS POYHO-
CTH aHTAPKTUYECKUX BOJ SIBIIACTCA WX ITOBBIIICHHOE Ia30COAEPKaHUE, a TaKXKe
TIOBBIIIIEHHAs OMOJIOrnYecKasl MPOYKTUBHOCTh 3THX BOJI, IPUBOASAIIAS K YBEIH-
YEHUIO KOHLIEHTPALUK 3apOoJblIeil KaBUTALUKM U, CJIEJ0BATENIBHO, K yMEHbIIe-
HUIO BEJINYMHBI KABUTALIMOHHBIX MTOporoB. CpaBHEHNE U3MEHUNBOCTU BEJIMYMHBI
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TS
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Puc.1 Ilponus [peiika (A). DxBaTopuanbHbIi paiion Tuxoro okeana ( b — mpo-
XOJ C [ora Ha ceBep, B — mpoxon ¢ ceBepa Ha ror). M3onunun: a —0 — Temmepary-
pa, B — COJICHOCTD , I' — KOHLIEHTPALUsl KUCIOpOoJa , 1l — 00Iee ra30CoAeprKaHue
I[To ocu X OTIIOKEHBI KOOPAWHATHI, 110 OCH Y OTJIOXKEHA ITyOMHA B METpax.

KaBUTAIIMOHHBIX MOPOroB ¢ U3MCHYHMBOCTHIO T'HAPOJOTHYCCKUX XAPAKTCPUCTUK
MOpCKOﬁ BOJbI MMO3BOJIACT CACJIATH BBIBOJ O TOM, YTO pa3ACJICHUC MMOBEPXHOCT-
HbIX BOJ IO TPAAUIHUOHHBIM XAaPAKTECPUCTUKAM COBHAAACT C pPa3ACJICHUCM JTUX
BOJI IO U3MEPEHUTIO KaBHTaHHOHHOﬁ TIPOYHOCTH.
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Oco0pIit MHTEpEC MPEeACTaBIIeT IKBATOPHANBHEIA pailoH THXOro okeaHa, B
KOTOPOM HaOJIIOAaeTcs ANHAMUYECKasi CJI0)KHAsi KapTHHA MOBEPXHOCTHBIX Tede-
HUM U IPOTUBOTEUEHUH € 30HAMM NOJbEMA U ONyCKaHUs BoA. B sToM palioHe
BBINIOJIHEHO JIBA pa3pe3a ¢ MHTEPBAJIOM B Tpoe CyTOK. V3MepeHus: npoBOIUINCH
Ha TIepBOM Mpoxoe oT 5° 10.111. 10 5° c.ur. yepe3 0,5°; Ha BTopoMm oT 5° c.1u1. g0 0°
gepe3 0,5° a ot 0° mo 5° 10.1m1. uepe3 1°Pe3ynbpTaThl H3MEpEHuil, MpeICTaBICHHbIC
Ha puc.lb, 1B, Moka3pIBalOT CIIOXKHYIO CTPYKTYPY TOBEPXHOCTHBIX BOJ, UMEIO-
IIMX HE TOJBKO MPOCTPAHCTBEHHYIO, HO M BPEMEHHYI0 U3MEHYHBOCTh. Kak BHIHO
13 3TUX PUCYHKOB, CI0XHAas TUAPOJIOrHUYECKasl CTPYKTypa HCCIEIOBAaHHOTO paii-
OHA IMPUBOJHUT K 3aMETHOW NPOCTPAHCTBEHHO-BPEMEHHOW M3MEHYMBOCTH KaBH-
TAIlMOHHOW MPOYHOCTH HAa OTHOCHTENIHLHO HEOOJNBIINX paccTosiHusX. Habmroma-
I0TCSI YepeIyIoInecs Mo MUPOTE CUCTEMA 30H C MaJION M OOJIBIION MTPOYHOCTHIO,
YTO MOXHO OOBSCHUTH HAIMYMEM 30H IOJbeMa M OITycKaHWs Boj. KauecTBeHHO
AQHAJIOTMYHAsi N3MEHYMBOCTH HAOIIOJAETCs M B OOIIEH KapTHHE THIPOIOTHIECKO-
rO CTPOCHHUS B 3TOM pailoHe. MOXXKHO OTMETUTH, 4TO B cioe 0 -50 M B TeueHue
YEThIPEX CYTOK IPOM30IIO0 CMEIIEHHE MUHMMYMa BEJIMYMHBl KaBUTALMOHHBIX
[IOPOTOB, HAXOAMBILErocs paHee Ha mmpore 2°30° c.am., Ha mmpory 3°30'. Ilo
BCEH BEpPOSTHOCTH, HAOJIOaeMOe CMEIIEHHE BOJ C MaJloil IPOYHOCTHIO CBS3aHO
C MEaHAPUPOBAHUEM TEUEHUSI.

Cy0bapkrrueckasi ppoHTabHAs 30Ha THXOro okeaHa MpUMEpPHO pacroiara-
ercst Mexnay 38° u 45° c.ml. U mepecekaeT Becb TUXHUH OKeaH B 30HAIBHOM
HarpasJeHuH, Oy Iydr B CBOEH 3amaJHOH 4acTH HEepa3pbhIBHO CBS3aHHOI ¢ MOII-
HBIMH 0apOoKIMHHBIMU TeueHHssMU Kypocno u Oiisicuo.

C 28 mapra mo 7 ampens 1989 rona B CeBepo-3amnanHoit wacti CybapKkTude-
CKOW (ppOHTAIBHON 30HBI OBIIM TMPOBEAEHBI KOMIIEKCHBIC M3MEPEHHsS pa3ind-
HBIX [TapaMETPOB MOPCKOH BOAbL. COTIIaCHO 3TUM M3MEPEHUSAM THAPOJIOTHYECKAs
CTPYKTypa CyOapKTH4YecKOil ()pOHTANBHON 30HBI, MMEET XOPOIIO BBIPAKEHHYIO
IBYX(POHTAIBHYIO CTPYKTYpy. Ha puc. 2 nmpencraBieHbl H30IMHUU: a - BEJINYH-
ubl KII, 0- menounoctu Alk, Ha ropusontax A — 50m u b — 70 m. Ilpocrpan-
CTBEHHOE pacIpe/ieieHHe BEeJMYMH KaBUTAI[MOHHBIX MOPOTOB B MEX(PPOHTAIb-
HOW 30HE HOCHT CJIOKHBIH SYCHCTBIA XapakTep. Jlaxke HEOOIbIIOe M3MECHCHHE
ropuzoHTa Ha 20 M IIPUBOJWT K CYIIECTBEHHBIM M3MEHEHHSM B XapakTepe WH-
Bepcuil. /IBe nHBepcun Ha ropusoHTe 50 M, pacnosokeHHble Ha mupoTte oT 40°
c.m1. 110 41° c.im1. Ha ropu3oHTe 70 M CIMBAIOTCS B OJJHY MHBEPCHUIO; HHBEPCHS Ha
ropu3oHTe 50 M, pacmonioxeHHas Mexay 37° c.r. u 38° c.amr. Ha ropm3oHTe 70 M
MpocTO Hcye3aeT. PacnpenenenHue Mo MpoCTPaHCTBY HAa PA3HBIX TOPU3OHTAX UL
IIEIIOYHOCTH TAKXK€E CYIIECTBEHHO M3MEHSETCSL.

HpOBeHeHHHe HUCCJICAOBaHUs ITOKa3ajaIu, 4TO Me3omaciuTabHas U3MEHUYNBOCTEL BEJIH-
YUHBI KaBUTALIMOHHBIX IOPOroB B JUHAMHWYECKH AKTHUBHBIX paﬁOHax MI/IPOBOFO OK€aHa
HMeeT BECbMa CIIOXKHBIN XapakTep U 00yCIIOBJIE€Ha CIIOKHBIM IPOCTPAHCTBEHHBIM pacipe-
JCJIICHUEM TUAPOJIOTUYCCKUX, XUMUYCCKUX U OMOJIOrMYECKUX mapamMeTpoB MOpCKOfI BOJHBI.
Ilo cyTu, pa3nuuHble BOIHBIE MAacChl 00IaJal0T Pa3TUYHON KaBUTALMOHHON POYHOCTHIO.
1 tam rae CymecCTByE€T pe3Kas rpaHulla MEKAY BOJAHBIMU MaCCaMU Mbl UMECM CYyIIC-
CTBCHHOC U3MCHCHUE BEJIMYNHBI KABUTALIMOHHBIX TOPOTOB HAa HE3HAYUTECILHOM IPOCTPAaH-
CTBEHHOM MacITaoe.
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VK 534.231.1

A.H. Pyrenko, M.1O. ®epmanos, M.R. Jenkerson

3-D MOJEJIUPOBAHUE AKYCTHYECKOI'O I10JI4,
P®OPMHUPYEMOI'O HA HIEJIb®E BO BPEMS1 3ABUBKH
OYHIAMEHTHbBIX CBAU HA BEPEI'Y

TuxookeaHCKUH OKeaHOJIOrHuecKuii MHCTUTYT uM. B.M. NnbuueBa

ABO PAH

Poccus, 690041 BnanusocTok, yiu. bantuiickas, 43

Temn.: (4232) 312120; ®axkc: (4232) 312573, E-mail: rutenko@poi.dvo.ru

Ilokazana 603MOHCHOCHIL NOCMPOEHUA HA Welbghe UMNYTbCHO20 aKyCHmuYe-
CK020 Nosl, hopMupyemozo 60 epems 3a0uKu QyHOaMeHmHbIX ceall Ha bepeey.
YHucnennoe moodenuposaniue, npogooumcs 8 mooenvHom 3-D eeoakycmuyeckom
sonnogode ¢ nomownvio MI1Y 6 npubnudxxcenuu y3K0y2016H020 NAPAOOIULECKO20
VpasHeHus 6 20pU3OHMANLHOU NAOCKOCIU U BEPMUKATLHBIX 83AUMOOECEYI0-
wux HopManbHvix Mo0. DYHKYUA UCTOYHUKA NOCIPOEHA NO USMEPEHUAM, Npoge-
OEHHbIM 8 ONOpHOU mouKe. Pezynvmamel modenuposanusi cpasHusaiomes ¢ pe-
3YIbMAmMamu HamypHuIX U3MepeHull, NPOBEOeHHbIX HA CeGePO-80CMOYHOM ULEb-
@e o. Caxanun.

Ha puc. 1 nokazana kapra paiioHa C yKa3aHHUEM TOYEK aKyCTHUYECKOI'O MO-
Hutopunra: N-10, N-20, N-8km, T1, T2 u Toukn U3dy4eHHUs - S UMIYIHCOB BO
BpeMsi 3a0MBKH (DYyHIaMEHTHOI cBau Ha Oepery.

Ha puc. 2 noka3aHbsl BapHalnuy aKyCTHYECKOTO JIABJICHHS - p(r) W UX CIIEK-
TPBI - G(f), U3MEPEHHbIE C IOMOLIBI0 THAPO(GOHOB ABTOHOMHBIX ITOJBOAHBIX
aKyCTUYECKMX perucrpa- ¥
TOPOB, YCTaHOBJIEHHBIX B
TOYKaX  aKyCTHYECKOTro
MOHHUTOPHHIA, IIOKa3aH-
HBIX Ha puc. 1. [laHHble
AKyCTHYECKHE HMITYJIBCHI
COOTBETCTBYIOT JBYM
yZapam «KoIpay» IO CBae,
3a0nBaeMOil B TOYKe S
IpH TIyOMHE ee HIKHETO
KOHLIA paBHOH 15 M.
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Ha puc. 1 u puc. 3 moka3aHbl MPOCTPAHCTBEHHBIN peibed IHA, Oeperopas
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ToykaM 3-D MOZEIBRHOro reo-
AaKyCTUYECKOI0 BOJHOBOAA, mo- 790

COOTBETCTBYIONINX  YKa3aHHBIM 501
o 1 2 3 4 5 6 7

8 . Em
Ka3aHHOI'O Ha puUcC. 3. Puc. 3.
3 N-10 N-20 N-Brwm
x=0&m y=08Km, X7 2EM, Y T 0 KM, x=4rm,y =0 Km, x=T.9 kM y=0EKmM,
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XV wikona-cemunap um. Axao. JI.M. bpexosckux "Axycmuka oxeana', XXIX ceccus PAO

Ha sTom pucyHKe BHIHO, 4TO B TOUKE MOHMUTOpWHTra N-8KM Uil 3ByKa C 4acTo-
to#t 110 I'm MoryT pacmpocTpaHsATCs 3 BOAHBIX MOJIBI, TO3TOMY TIPH OCTPOCHUN
SKBHUBAJICHTHOW TOYECYHOH (DYHKIIMH MMITYJIbCHOTO WCTOYHUKA W JaJbHEHIIeM
MOJICITAPOBAHNY (QYHKIUH SEL™ (20-140Hz,x,y,z) MBI OTPAHHYIHAMCS PacTIpoCTpaHe-

HHUEM TPEX B3aUMOJEHUCTBYIOIUX aKyCTUYECKUX MOA. PacueTsl mpoBOAMINCH 11
MIPOCTPAHCTBEHHOHN CETKH C maramu 1 M mo ocsaM X, y u1 0.5 M 1o z.

Jis IoCTpOeHUs SKBUBAJICHTHON TOUYEYHOW (PYHKIUU WCTOYHHUKA, BOCIIOIb-
3yeMcs aKyCTHIEeCKAM UMIYIbCcOM, m3MepeHHbIM B Touke N-10. Ha pruc. 5 moka-
3aHBI 9KCIIEPUMEHTANIbHBIE ¥ MOJEJIbHBIE UMITYJIbChl. B Tabm. 1 ans cpaBHeHMS
MpeACTaBICHBL OKC- p(t), MTa, N-10

TMEPUMEHTAJILHBIE nu
MOACJIBHBIC 3HAYCHUA

SEL™ (20 -140H:) . B4 ! 4

JTOM TabyMue BUAHO, 0 ‘\Wﬁ“‘“}” ‘ bt
49TO 3HAYCHMA

SEL™ (20 — 140 Hz) B

Touke N-20 orinua-

0.3

40

20 - 'l

=204

-40

p(t), lla, S

0 irnmmass n-.ll }h”)

torcs Ha 0.1 1b, a B 0 06 09 ¢ 0 03 06 09,
TOuKe N-8KkM Ha ) p(t), ITa, N-20 ’ p(t), ITa, N-20, monens
1.1 nb. Cornacuo 4 4l
puc. 1 Touku T1 u T2 | || | { ”‘
pacmoIoKeHsl BHE | | -I " ] ”l
CeKTopa  Y3KOyromp-  0-\My¥ |, J|||||||‘ | [/ R : 4"5”“1" ‘ ‘ |”|' *.». il
HOTO TapaboNnIecKo- 3- 24 | |}
r0 ypaBHEHUs U TO- I|1 i
9TOMY B 3THX TOUYKaX g _ _ _ l
pasHHIA  3HAuYCHMH 0 03 06 09, 0 03 06 09 s
paBHa 1.9 u 1.2 b, " Puc. 5. :
COOTBETCTBEHHO.
Tabn. 1. DkcriepuMeHTaIbHBIC U MOICIBHBIC 3HAUCHHUS SELimp(zo — 140 Hz)
SEL™ (20 - 140H2) , 1B
Touxa Paccrosiaue " ( ), A IASEL, 1B
10 S, KM SKCIIEP. MOJIENb
S 0 - 195.6
N-20 4 121.4 121.5 0.1
N-8xm 7.9 113.9 112.8 1.1
T1 24 120.4 122.1 1.9
T2 4.5 1214 120.2 1.2
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XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

Ilenpto yncneHHOTO MO-
NENUPOBAHUS  SBIISCTCS
MOCTPOCHUE  TPOCTpPaH-
CTBEHHOTO pacIpesene-
HUs 3HAYEHUI
SEL™ (20-140Hz,x,y,2) B
BogHoM cioe. Ilpu mpo-
BEJICHWU Takux paboT Ha
Gepery ¢ MOMOIIBIO MO-
JISIUPOBAHMS OLIEHUBACT-
csi obmacte menbda, B
KoTopoil  popmMHpyIOTCS
HU3KOYACTOTHBIC aKyCTH-
YEeCKHE HUMITYJIbChI C Ta-
pamMeTpaMyd BO3MOXHOTO
BIUSIHAS HAa  MOPCKHX
JKUBOTHBIX, JUIT KOTOPBIX
JIAaHHBIA palioOH SBISIETCS
MECTOM BpPEMEHHOTO HWJIH
MTOCTOSTHHOTO ~ OOUTAHUSI.
Ha puc. 6 nokasano pac-

¥, K SEL™ (20-140Hz,x,y,2=9m)

imp

M SEL™ (20-140Hz,x,y=0,z)

10
Se
204

HpEICICHUE OIHOTO U3 30

TAKUX  [APAMETPOB -

SEL™ (20-140Hz,x,,2) g

TOPU30HTAIILHON IUIOCKO- 50 . . . j . .

CTH Ha TOPU30HTE Z = IM 0 1 2 3 4 5 6 7 8
U B BEPTHKAJbHOM IIOC- Puc. 6. o

kocTu s y = 0.

Pabora BBINIOJHEHA C MMOMOIIBIO MPOrPAMMHOT0 obecriedeHus st 3-D Mo-
JICJIUPOBaHMsI, pa3pabOTaHHOTO TPH MOIACPKKEe KOMIaHuu «JkcoH Hedreras
JInmuremy.

JUTEPATYPA

1. Trofimov M.Y., Kozitskiy S.B., Zakharenko A.D. A mode parabolic
equation method in the case of the resonant mode interaction // Wave
Motion, 2015, V. 58, P. 42-52.
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VJIK 551.466.8

A.H. Cepedpsinprii 23

ADCP KAK MOIIIHbI1 THCTPYMEHT AKYCTUYECKOM
OKEAHOJIOI'IHU: HOBBIE PE3YJIBbTATBI

! Uucrutyt okeanosnoruu um. ILIT. Hlupmosa PAH
Poccus, 117997 Mocksa, yn. HaxumoBckuii nmpocnexT, 1.36
Ten.: (499) 124-5996; dakc: (499) 124-5983

2 AO "AkycTrudeckuii HHCTHTYT uM. akaza. H.H.Anzmpeesa"
Poccus, 117036 Mockaa, yu. llIBepHuka, 1. 4

Temn.: (499) 723-6300; daxkc: (499) 126-8411

E-mail: serebryany@hotmail.com

3 HNuctuTyT Kocmuueckux uccienopanuii PAH
Poccus, 117342 Mocksa, yi. [Ipodcoroznas 84/32

Ilpeocmasnen 0630p uccredosanuii nposedennvix ¢ nomowwio ADCP, Oe-
MOHCMPUPYIOWUT BO3MOICHOCIU NPUOOPA KAK YHUBEPCATLHOZO CPeOCmBa aKy-
cmuueckoil oxeanonocuu. Llupoxue sozmosxcnocmu ADCP nokazansl Ha npume-
Pax, NOTYYEeHHBIX 6 wenb@osbix 30Hax HYepHozo Mops 3a nocieoHue 200bl.

Axycruueckue nomniepockue npodunorpadst teuenuii (ADCP) yxe nas-
HO 3apeKOMEHAOBaNN ce0sl HaAEKHBIMU M yNOOHBIMH IPUOOpaMHM, AAOIIMMU
JeTanbHyl0 HHQOPMALUIO O TEYEHHAX B MOPCKOI cpexe. OnHAKO, IPUMEHEHHE
ADCP He orpannumBaercsi Tojbko TedeHussMU. ADCP - 3T0 MoriHsI nprbdop
aKyCTHYECKOI OKEaHOJIOTHH, MO3BOJISIIOIIMI HM3MEpsITh BHUXpeoOpa3oBaHUE B
menb(oBOi 30He, BHYTPEHHHE BOJIHBI, TEUCHHUS! B TIOBEPXHOCTHBIX BOJIHAX, 3a-
TPSA3HEHHOCTh aKBAaTOPUii, penbed JHA U MHOTOE Apyroe. B mpensiaymeit padote
[1] Ha ocHOBe HamIero JECATHIICTHETO OMNBITa OBIIM IOKa3aHbl €r0 BO3MOXKHOCTH
JUIS MCCIIEIOBAHMS Ha MIenb(e BHYTPEHHHX BOJIH M CyOME30MacHITaOHBIX BHX-
peii, Uil M3MepeHHs] KOHIIEHTPAIWU B3BEIICHHOTO BEIIECTBA M PACHpe/eIeHHS
TUITAHKTOHA B MOPCKOH TOJIIIE, AJIsI IPOBEICHHS YKOJIOTUIECKOr0 MOHUTOPHHTA 1
MOJICITy THUKOBBIX M3MepeHuid. B HacTosieit paboT OymyT mnpejcraBiieHbl HOBbIC
pe3ynbTathl, nonydenHsie npu padore ¢ ADCP “Rio GrandeWorkhorse 600 kHz”
3a MOCJIeIHNE TPH rofa.

HccnenoBanue moJisi TedeHHii Ha MopckoM menabgpe. B [1] Hamu Obino
MPOJIEMOHCTPUPOBAaHA BO3MOXKHOCTH ¢ momolibio ADCP BbIBIATH Ha Hienbde
cyOme3omaciuTabHble Tonorpaduyeckue BUXpH U U3MEPSTH CONPOBOXKIAIOLINE
UX XapakTepHble TeueHus. st Toro, 4ToObl MOKa3aTh BCE BO3MOXKHOCTH II0 M3-
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XV wikona-cemunap um. Axao. JI.M. bpexosckux "Axycmuka oxeana', XXIX ceccus PAO

MEpEHHUIO TeUYEeHUH B menbPoBoil 30He, KoTopbie maeT ADCP, MBI paccMoTpuM
puMep CheMOK B OKTs0pe 2015 T, mpoBeAeHHBIX Ha akBaTopuu UepHOTO MOps
BOm3u ['enenmkuka. s cheMKH MPUMEHSIIOCh MAIOe MOTOPHOE CYTHO (SIXTa) C
3akpersieHHbIM Ha 00pTy ADCP. Chemka mokpbiBasia MpsIMOYTOJILHHK C pa3Me-
pamu 5 kM X 4 KM, TaKUM 00pa3oM, 4TO CTOpPOHA 5 KM IMPUMBIKaJIa K IPUOPEK-
HOH 30HE U pacrojiarajiach napauieiabHo OeperoBoil uepre. AKBaTOpHs UCCIIENO-
BaHMU pacnonaranach BOJIM3M Mbica TousicThiid. Beero Ha mccnemyemoit akBaro-
pun ObUTO cenaHo 14 rancoB ¢ perucrpaiyeil JaHHbIX Tedenus. [1o opueHTan
rajcoB ObLIM JIB€ PAa3HOBUIHOCTH — OJHU TAJICHl OBUTH TapajuiesibHbI Oepery, a
JpyTHE - OPHEHTHPOBAHBI 110 HOPMAJIM K HEMY. SIXTa BO BpeMsl ChEMKH J[BHUTa-
Jach ¢ PaBHOMEPHOH CKOPOCThIO Onm3koi K 2.5 m/c. [lo maHHBIM CheMKH OBLTH
MIOCTPOEHBI IPOCTPAHCTBEHHBIE KAPTHHBI TEUCHNH HA akBaTOpuu. B cBs3m ¢ TeM,
YTO MpPU IMPOBEICHNH W3MEPEHHI OBUIO BBISBIECHO CYIIECTBEHHOE HM3MEHEHHE
XapakTepa Te4eHUH ¢ TITyOMHOM, OBIIIN MTOCTPOCHBI MPOCTPAHCTBEHHbBIE KAPTHHBI
OCPEJIHEHHBIX TEUECHHUH 110 BCEMY BOIHOMY CTOJOY, sl MOBEPXHOCTHOI'O CIIOS
MOpsI M [UIsl IPUAOHHOTO cinost. KapTuHa [uis MOJIOBEpXHOCTHBIX TeUEHHH (ClIon
5 M) npuBeneHa Ha puc. 1. IIockonbKy 4acTO COCHOCTaBIISIOT AaHblE ChEMKH

27
P
a 29422910+ N
n 7, _:%’{;
AN
% = " P
S AR
L
27910-4900° —~_—
T ——
< 33
- —
7 a7 — =
!J““
2
41
%
40
aa
3
*2 famaTy
0 5 10 15 20 25 30 35 40 45 50 55 60
\ 25
= CKOpOCTb Te4eHUs, CM/C 0 M

s 5 % e 22¢

Puc.1. TloamoBepXHOCTHBIE TE€UEHUs B IIEIb(OBOH 30HE MO JAHHBIM ChEMKH
ADCP or 7.10.2015 (pekoncrpykumsi nmanHeix ADCP  mpoBenena
JI.JI.TapacoBbIM).
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XV wikona-cemunap um. Axao. JI.M. bpexosckux "Axycmuka oxeana', XXIX ceccus PAO

TEUEHHUH CO CIyTHHKOBBIMH CHHUMKAaMH, [T0O9TOMY CHCTEMa MOBEPXHOCTHBIX Teue-
HUH U1 aHAIH3a MOXET TPEICTaBIATh OobInuii nHTEepec. M3 puc.l BuagHO, 4TO
Ha aKBaTOPHUU MPeodiIaano TEUEHUE FOr0-BOCTOUHON HAMpaBIEHHOCTH, YTO I'0-
BOPUT O IPHCYTCTBHM B 3TO BpeMs Ha Iueiab(e aHTHLUUKIOHHYECKOTO BHXPA.
Ckopoctb TeueHus B Buxpe ot 0.15 m/c Ha nepudepun no 0.5 m/c B Mopucroit
YacTH aKBaTopuH, rjae rinyounsl Oomee 30 M. Xapaktep TeueHMH Ha FOro-
BOCTOYHOW YacCTH MCCJIEIYeMOIl aKBaTOPUU FOBOPUT O COCEACTBE C aHTUIMKIIO-
HUYECKUM BHXPEM CJIEIYIOLIEro 3a HUM Ha CEeBepo-3ara]] HUKIOHUYECKOTO BUX-
ps.

HN3mepenusi TeyeHuii B NMpUOpe:KHOIl 30He B palioHaX BHAaJeHHs PeK.
Oco0BIif MHTEPEC MPEICTABIAIOT MPHOPEKHBIE 30HBI MOPS, TIOABEPKEHHBIC BITH-
SHUIO PEYHOTO CTOKA. 371eCh CHUCTEMa MPHOPEKHBIX TEUEHHH CYNIECTBEHHO M3-
MEHSIETCS M3-32 BEIHOCA B MOpPE OOJIBIION MaCChl MPECHBIX U OXJIAKACHHBIX BOJI.
HanGonpliee BIMsHIE PEYHOTO CTOKA Ha JUHAMHUKY HPHOPEKHBIX BOA IIPOUCXO-
JIUT B BECEHHE-JIETHUM U OCEHHUH Nepuoibl. PaccMOTpuM npumep HM3MepeHui
CHCTEMBI TPUOPEKHBIX TEUCHUI y MecTa BrajaeHus B Mope peku Komop. CreMku
C MOMOINBIO YCTAaHOBJIEHHOr0 Ha MOTOpHOM Katepe ADCP mposoaumuch B Ok-
Ts10pe 2015 r. HameueHHas cxeMa CheMKH IMperoaraia XoxKICHHe KaTepa Me-
aHJIpaMH BJIOJIb MOOEPEKBS TAK, YTOOBI T'aJIChl, OPUEHTHPOBAHHBIE TI0 HOPMAITH K
Oepery, IMeNI MaKCUMaJIbHYIO JuHHY 11 peructpanun ADCP o Bo3MokHOCTH
Gosnpreit naGopmanuu. OgHAKO M3-3a OJIM3KOTO MOX0/1a K OeperoBoi yepTe BO
MHOTUX MecTax menbda n3o0arel 50 M MBI OBIIM BBIHY)KJICHBI YKOpauMBaTh
HaMEUeHHBIC TaJChl W3-3a orpaHmdeHnil pabdoter “Rio Grande 600 kHz”
mo riryoune. [lo pesympTatam chbeMKu (pHC. 2) BHAHO, YTO IOJIC TEUCHUN MIMEET

MYS BAGLAN

\\ V23 {507 88007 0 g8
\\ Cpearas no. ucwpoy@*"}%"f/
Puc. 2. Cuctema Teuenmii B menbhoBoit 30He YepHOTO MOpS BONM3H BIAJACHUS

p- Komop. Usmepernns 27.10.2015 (pexonctpykums ganasix ADCP mposenena
JILJI. TapacoBbIm).
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XV wikona-cemunap um. Axao. JI.M. bpexosckux "Axycmuka oxeana', XXIX ceccus PAO

CIIOKHBIA XapakTep. Y3KHH MOTOK BIOIH0EPEroBOTO CEBEPO-3aMa HOTO TEUCHUS
BCTPEUYAETCs] C BEIHOCUMBIMH B Mope Bojgamu Kojopa, mpu 3TOM HPOUCXOIWT
BUXpeoOpaszoBaHue. B To ke Bpems, TeueHHs Ha ylaJleHHH OT Oepera mepectpan-
BAlOTCS TaKUM 00pa30M, YTO OCHOBHOM MOTOK PACIPECHEHHOM BOJABI TIEPEHOCUT-
csl B I0OTO-BOCTOYHOM HampaBieHun. MurtepecHs! ganasie ADCP o obpaTHo pac-
CEIHHOMY CUTHAJy. PeuHble BObI BEIHOCAT ¢ c000i OONBIIOE KOJMYECTBO B3Be-
IIEHHOTO BEIIECTBA, YTO BBI3BIBAET CYIIECTBCHHOE YCHUJICHHE OOpaTHO paccesH-
Horo curHasa. Ha puc. 3 mokasaHbl JaHHbIE JBYX CEUCHHH, CHEIaHHBIX
10 HOpMaJH K GeperoBoii uepte. OJTHO ceueHHe HaXOANIOCh HAITPOTUB BIIAACHUS

A T oy

(a)

Avmrage Backesatmes [A0]

(6)
Puc. 3. Kaptunbl oOpaTHOro paccesHusl, CHATbIe Ha pa3pe3ax B MPHOPEKHON
30He Mopst 27.10.2015: nanporuB Bragenus p. Kogop (a) u B ceBepo-3amaHoii
YaCTH ChbEMKH C «HABETPEHHOU CTOPOHBD) (0).

p- Kozmop, a Bropoe — «BBepX 10 TEUEHUIO», T.€. I/Ie BINSHHUE BBIHOCA PEKH MpakK-
THYECKH OTCYTCTBOBaJO. Ha ceuennu Hanporus Kogopa xoporro rnpociexnsaeT-
Csl TIOBBIIICHHAS! KOHIICHTPAIMS B3BEIICHHOT'O BEIIECTBA CHAYaja B MPUIIOBEPX-
HOCTHOM CJIO€ MOpsI, @ 3aTE€M I10 Mepe YAAIEHUs OT Oepera UMEET MECTO yIiyo-
JICHWE W paclIMpeHue o0IacTu «MyTHOH BOIBD). B TO e Bpems Ha ceueHWH He
TIOZIBEP’)KEHHOM BIIMSIHUIO PEYHOTO CTOKA MBI HE OTMEYaeM KaKHX-THOO 3aMmeT-
HBIX 00JIacTeil MOBBIIIEHHOTO 00PATHOTO PACCESHUSL.

HoBble Ha01101eHNs BHYTPEeHHUX BOJIH. Hamu panee HeoHOKpaTHO Moa-
yepkuBajoch, uro ADCP — npubop, odeHb MOIXOISIINI Ui U3MEPEeHUs Tapa-
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METPOB BHYTpPEeHHHUX BOJH. OH XOpOII /Il N3MEPEHNH B 3asIKOPEHHOM TN TIPH-
JIOHHOM pPAacHOJIOKEHHWH, a Takke NMpu OyKCHPHBIX CcheMKax. [Ipm mposenenun
pabor ocenbto 2015 r Ha YePHOMOPCKOM IieNb(he HaMK ObUTH 3apETUCTPUPOBAHBI
BHYTPEHHHUE BOJIHBI, HEOOBIYHOCTh KOTOPBIX 3aCTaBIIET HAC BKJIIOYNUTh UX B JIaH-
HYI0 paboTy B KayecTBE HOBOTO NPUMEPA, MOJY4YEeHHOro ¢ noMoibio ADCP.
Lyr BHYTpeHHHX BOJH HEOOBIYHO OOJIBIIMX JUIi YepHOro MOpsS aMIUIUTYA
ObLT BcTpeueH HaMu Bo Bpems cbeMok ¢ ADCP “Rio Grande 600 kHz” B akBaTto-
pun 61m3 M. ToncTelit U ObLT 3aperHCTPUPOBAH HA CEMH Pa3HOHAINPABICHHBIX
rancax. Ha puc. 4 mokaszana 3anuck ooparHo paccestHHoro curnana ADCP npu
BCTpeUe ¢ I[yroM IIpH IIPOXO0/Ie Ha Tajice OT MPUOPEKHON 30HBI B CTOPOHY OTKPBI-
Toro mopst. IlakeT BHYTpEHHUX BOJIH JIBUTAJICSI Ha Oeper, MpH 3TOM COIPOBOXK-
JIABIIIHE €TO TPHUIOHHBIE TEUCHNSI NMEJIN CEBEPO-3aMaHy 0 HalPaBICHHOCTb.

Beam 3 Backscatter [dB]

Teo 0 Bottem O

Sottom

5.

Depth [m]

2

410 s72e c0ez ease ee7s
Length [m]

Puc. 4. Kapruna sxosokannonHoro kontpacra no jganusiM ADCP “Rio Grande
600 kHz” npu mpoxo’kaeHNH Ha pa3zpe3e 4epe3 MakeT HeJIMHEHHBIX BHYTPEHHUX
BOJIH. BricoTa ronoBHOW BonHbl 14 M. [lakeT MHTEHCHBHBIX BHYTPEHHHUX BOJH
JIBUTAJICS 110 esIb(y B CTOPOHY Oepera n3 TiryOOKOBOJHBIX paiiOHOB MODS.

B myr BXxommimo d4eThlpe BOJHBI COJMUTHOMOMOOHOW (POpMBEI ¢ 000CTPEHHBIMU
TpeOHSIMH ¥ CTIIaKEHHBIMH TogomBamu. VIx mmmHer coctaBmsum 100-110 M, BbI-
cotel 10 14-15 M, BepTUKaJIbHBIE CKOPOCTH B TCUCHHSX, CBSI3aHHBIX C I[yTOM,
mocturamn 0.15-0.20 m/c. [IpocmexuBanock Ha TMOCIEIOBATENBHBIX rajcax He
TOJIBKO COXpaHEHHE COJUTOHOMOAOOHOW (OPMbI BHYTPEHHHMX BOJIH, HO TaKXkKe
COXpaHEHHE CUJIBbHOI BEPTUKAIbHON KOMIIOHEHTHI B UX OPOUTATBHBIX TCUCHUAX.
Taxke ObUIO BBIPQKEHO JIPYyroe CBOMCTBO HENMHEWHBIX BOJH - PaHIKMPOBAHHE
BOJIH B I[yre MO aMIUIATYJE. XOpOIlee KaueCTBO aKyCTHYECKOTO HM300parkeHUs
BHYTPCHHUX BOJIH OKa3aJloCh BO3MOXKHBIM Ojiarojapsi OOJBIIOMY KOJIHYECTBY
paccenBaTelnieii B MPUIOHOM ciioe. Ha HECKOJIBKUX CEYCHHUAX I[yra Mbl OTMEUYAIN
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007acTh YCHICHHOTO pacCesHUs 3BYKa, PACIIONOKEHHYIO y TOJOIIBBI BTOPOM
BOJTHBI, KOTOpas ObIJIa aKyCTHYECKUM M300paKeHHeM CTau phI0, IPUBICUYCHHON
BOCXO[ISIIIIAM OT JHA TIOTOKOM, COJIEpPYKAIX KOPMOBBIC KOMIIOHEHTHI, BBI3BaH-
HBbIM BHYTPEHHEH BOJIHOM.

Hogble Ha0l0aeHUs1 BHYTpPeHHero 6opa. BHyTpenHuil 00p - CHIbHOHEH-
HeifHasi BHYTPEHHSI BOJIHA, MBIDKYIIAsCs 1o 1elibdy Kk Oepery. OObIMHO BHYT-
peHHHME OOpbI BO3HMKAIOT W3 JJIMHHOIEPHOAHBIX BHYTPEHHHUX NPHIMBHBIX HIIH
WHEPLUMOHHBIX BOJH. HOBBIN MHTEpPECHBIX MpUMEp BHYTPEHHEro Oopa ObLT 3ape-
THCTPUPOBAH HAaMH IIPU M3MEPEHUsIX ¢ okeaHorpaduueckod miardopmbl B pu-
OpexHoit 30He YUeproro mops B utosie 2013 r [2]. BHyTpeHHUIT 00p MpOsSBUIICS B
BUJIE CTYMEHU XOJOJHOW MPHUIOHHOW BOABI, CMECTHBILEH TEpPMOKIUH Ha 10 M
BBepX. VHTEepecHO 0cOOEHHOCTHIO Tporiecca ObLTa pEerucTpaIis Pe3Koro cMe-
eHU OOPOM 3BYKOPACCEHBAIOIINX CIIOCB, PACIIONATABIINXCS HA TMKHOKIIWHE.

Average Backscatter [dB]
———Bottom ——Top O ——Botiom O
— i

L L

8364 15194 22024 28854
Ensemble Number

Puc. 5. 3anmck curnana oOpaTHOTO paccesHHUS BO BPEMsI TPOXOXKACHHS Oopa.

PaboTa ObL1a BEITOTHEHA TIPH YaCTHYHOU TOIAepkKke rpanToB PODU mipo-
exT Ne 13-05-01106 u Ne 15-52-40012 AGx-a.

JUTEPATYPA

1. CepebOpsinblii A.H. ADCP kak MOIIHBIII MHCTPYMEHT aKyCTHYECKOM
OKEaHOJIOTHH: OIBIT JAECSTH JIET NCCIIeI0OBaHUI Ha MIeb(e POCCHHCKUX
mopeir // Axyctnka okeana. Jlokmanel 14-0if IIKOJIBI-CEMHHApa
akaz. JI.M. Bpexosckux. M.: TEOC, 2013. C. 231-236.

2. Cepebpsubiit A.H., Xmuenko E.E. MccnenoBanust BHyTpEHHUX BOJIH Ha
KaBKa3CKOM M KpbIMCKOM mienbdax Yepuoro mopst nmerom 2013 r //
CoBpeMeHHbIe NPOOIeMbl AUCTAaHLMOHHOTO 30HIMPOBAHMS 3eMIM W3
kocmoca. 2014. T. 11. Ne.3. C. 88-104.
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3 Tuppodusndeckuii MHCTUTYT AKkageMuu Hayk A6xasuu
Ab6xazus, CyxyM, yi. KpacHomasikckas, 1.67

Ilpedcmasnen 0630p dKCnEPUMEHMATLHBIX PAOOM, NPOBOOUMBIX HA AOXa3-
ckom wenvghe YepHoeo mops no akycmuueckoll OuasHOCmuKe U Uccae008aHuo
2UOpPOuU3ULECKUX NApaAMempo8 MOPCKOL cpedbl 3a NOCIe0HUe 200bL.

C 2013 r HavaiaMCch COBMECTHBIE POCCHHCKO-abXa3CKUe HCCIICAOBAHUS U3-
MEHYMBOCTH THIPOGHU3MYECKHX [apaMeTpoB MOPCKOW Cpelasl Ha CeBepo-
BOCTOYHOM Hienbde YepHoro mops, mpoBouMble TnpH mnojuepxkke PODU n
Axanemun Hayk AOxaszuu. DTH pabOThl MMENM CBOEH OCHOBHOM HalpaBJICHHO-
CTBIO TIPOBEAEHNE MOPCKUX HATYPHBIX SKCIIEPUMEHTOB, HCHONB3Yst 6a3y ['mapo-
¢usnueckoro nHCTHTYTa AKagemun Hayk AoOxasun (IMMAHA), nayuHoro yupe-
JKJICHHSI, KOTOpPOE B TEUEHHWE MHOTHUX JIET CO JHS OCHOBAaHUS OBUIO CYyXyMCKOM
cTaHnuell AKyCTHYECKOro HHCTHTYTa. OCOOCHHOCTH CIOXKUBIICHCS CHUTYaIlMHd K
Havyasy paOoT ObuIa B TOM, YTO B NPEABIIYIINE JBA JACCSATHIICTHS B TaHHOM pai-
OHE HE NMPOBOJMINCH LIEJICHANIPABICHHbBIE CCIEI0BaHNS BOIHON cpepl. AOxa3-
CKHE y4YeHble, HE CMOTpPsI Ha CBOIO MOIBMKHUYECKYIO NESTEIbHOCTb, HMPOJOI-
JKABIINE 3aHUMAThCA HAYKOH B HEMPOCTHIX HOBBIX YCIOBHAX, ObIIM OIPaHMYEHBI
OTCYTCTBHEM HEOOXOIUMOM HIKCIEPUMEHTANbHON TeXHUKH. Hauano pabGoTsl Haf
COBMECTHBIM TIPOEKTOM, OJiarojapsi KOTOpoMy yJajloch JUIsl HCCIIEIOBaHUN paio-
Ha TIPUBJIEYb COBPEMEHHYIO OKEaHOIOTMYECKYI0 TEXHHUKY, a0 BO3MOKHOCTH,
Kak Obl CHOBA «II€PEOTKPBITHY ITOT paHee MOIMYJSIPHBIN Y YYeHBIX palioOH aKBa-
Topuu YUepHOro Mops.
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[TepBrie SKCTIeANIINOHHBIC UCCIIEIOBAHNS OBUTH TIPOBeIeHBI oceHbio 2013 T.
B 2014-15 rr Mopckue m3MepeHHs MPOBOAWINCH B BECEHHE-JIETHUI M OCCHHUHN
neproabl. OCHOBHOW 00BEM HAMMX W3MEPEHUI NPOBOIWICS Ha aKBATOPHU
BOM3K Mbica Cyxymckuid. I mpoBeeHUsI MOPCKUX U3MEPEHHH Ha YepHOMOP-
ckoM 1enbde Mbl yxe 10 JeT mpakTHKyem crnocod padoThl, KOTOPBIH MOKHO
Ha3BaTh «AIXTCHHOW OKEaHOJOIMEN», KOTOPBIM 3aKII0YaeTCsl B HCIOIb30BAHUHU
CYJIOB MaJlor0 TOHHaXa (SIXThI, MOTOpPHBIE JIOJIKM), CHAOKEHHBIX COBPEMEHHON
OKCAHOJIOTHYECKON TEXHHMKOW KOMIIAKTHBIX pa3MmepoB [1]. DToT crmocod ObLI
NPUMEHEH U 1Sl paboThl Ha abXa3ckoM Ienbge. bbuth cenansl CbeMKH Ha Mpo-
CTPAHCTBEHHBIX pa3pe3ax HaJl MIeIb(POM C IMOMOIIbI0 aKyCTHUECKOTO JOILIEPOB-
ckoro npoduinomerpa tedenuit (ADCP “Rio Grande 600 kHz”), ycraHOBICHHOTO
Ha MaJlOM MOTOPHOM HEMAarHUTHOM CYyJHE, YTO JIaJl0 BO3MOXHOCTh cOOpaTh MH-
hopmarro 06 0COOEHHOCTSX TOJISI TEYCHHH W MHTEHCHUBHOCTH OOpaTHO pacce-
SIHHOTO aKyCTHYECKOTO CHTHAJIa Ha aKBaTOPHUH y3KOTO Iesb(a, KOTOPbIM Xapak-
Tepusyercs abxaszckoe nmodepexbe. Bblin cienanbl HECKOIBKO TOXOI0B AT ITPO-
BEJICHUS] ChbEMOK B NPHOPEKHOW 30HE BOIM3M BHajgeHus B Mope pek ['ymucra n
Koznop. [lonroBpeMeHHbIE MHOTOCYTOYHbIE U3MEPEHUS] M3MEHUYMBOCTH TCUCHUH B
NPUOPEKHOM 30HE BEJUCH C MOMOIIBbI0 cMoTpsitero Buu3 ADCP, 3akpeniienHoro
Ha I0KHOH cropoHe scrakansl [MMAHA, rae riyOuna mopst cocraBisier 13 M
(Cwm. Puc. 1). 3mepeHre BpeMEHHON H3MEHUMBOCTH TEMIIEPATYPHOU CTPYKTYPBI

Puc.1. Dcrakama TMAHA, ¢ KoTOpo# MPOBOIMINCE MHOTOCYTOUHBIE H3MEPEHHS
TE€YEHUH U BEPTUKAIBHOIO PACIPENEIeHUs] TEMIIEPATYPbl U CKOPOCTH 3BYKa.

MOpSI ¥ BHyTPEHHHX BOJIH BEJIHCH C TIOMOIIBIO 3 3asIKOPEHHBIX TEPMOKOC (Kaykaast
13 KOTOPBIX cojepkana 11 maTankoB TeMIepaTypsl), PAacIIONOKEHHBIX B JIMHUIO
HaMpoTHB 3CTakaabl. Kpome TOro, B OTAENBHBIX TOYKaX HMPHUOPEKHON 30HBI Be-
JIMCh U3MEPEHNUS BEPTUKAIBHBIX MPOQUIIEHl TeMIepaTypbl 1 CKOPOCTH 3ByKa MU-
Hu30HA0M SVP. Benucek Takxke pabOTHl MO M3yYEHUIO W3MEHYMBOCTH MOPCKOI
CpeIBsl METOZIOM aKyCTUYECKOH aBTOreHepaluu (Tak Ha3bIBaeMblil MeTon Dypmay-
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eBa). s aTOro ObUTAa yCTAaHOBJIEHA CTallMOHApHAs Tpacca JUIMHONW HECKOJBKO
COTEH METPOB BOJIN3M SCTAaKaabl. JKCIHEPUMEHTHl Ha CTALMOHAPHOW aKyCTHUe-
CKOM Tpacce MpoeMOHCTPHUPOBAIN BO3MOKHOCTh YBEPEHHO BBIIBIISITH METOJIOM
T'HAPOAKYCTHYECKOT0 aBTOTeHEpaTopa TUAPO(GU3NUECKYI0 M3MEHYHBOCTH MOp-
CKOI1 cpellbl B TpeX AMana3oHax — C BpEMEHHBIM MacIITaboM H3MEHYUBOCTH 3-12
MUHYT, 24-50 cekyHn, u 4-7 cekynj. CaMbie KpynmHOMAcIITaOHbIe (DIyKTyalnuu
(ha3bl cBs3aHBI C BHYTPEHHUMH BOJHAMHM, CPEIHUE — C HAIMYHEM KPYITHOW 3b10M
Ha MTOBEPXHOCTH MOPSI, U CaMble MaJible — C IPUCYTCTBUEM BETPOBOH BOJIHBI.
[IpoBeneHHbIE U3MEPEHUS BBISIBUIIM 4aCTOE TPHCYTCTBHE CHIIBHBIX TEUSHHH
(mo 1 wm/c) B mpuOpexkHOW 30HE W MO IMENb(]y, YTO OOBACHSACTCS OIH3KUM
MOAX0JIOM K Oepery B JaHHOM paifoHe OCHOBHOTO YEPHOMOPCKOTO TEUCHHMSI.
Taroke B IpuOpekHOI 30HE OBLUTH 00HAPYKEHBI AHTHIUKIOHUIECKHE BUXPH, TI0-
SBJICHHE KOTOPBIX CBS3aHO ¢ Tomorpaduei OeperoBoil NMHUM M BIUSHHUEM JHA.
JlnmuTensHOE BO3ICHCTBHE BETpa MPUBOAMIIO K YCHICHHIO KOJIeOAHM HHEPIINOH-
HBIX NepuoaoB. Hamu ObuM 3aperucTpupoBaHbl HHTEHCHBHBIE KBa3MMHEPIMOH-
HbIe BHYTPEHHHE BOJHBI C mepuoaoM 16-17 4 u Beicotamu 10 15-20 M. B kaue-

CTBE MpHUMeEpa Ha pHC. 2 MOKA3aHO U3MEHEHHE TeMIIepaTyphl BOJHON TOJIIHU BO
T°C

I24

nybuna, m

Bpemsa, 4
Puc. 2. Konebanus temmepatypsl 1o U3MEpEHUSIM TepMUCTOPHOI meru B 2013 .

BPEMEHH, U3MEPEHHbIE TEPMUCTOPHON LIENOYKON, YCTAHOBICHHON Ha rimyouHe 41
M. Peructpanus Benack ¢ 11:00 26 cenrsiopsi, 3akonyena — 16:00 2 oxtsops 2013
r. Ilokazanust temmepatypsl peructpupoBaiuck depe3 30 c. TemneparypHas
HIKaja rnokasaHa crpana. Ha npoTspkeHun Bcell 3amicu NpUCyTCTBYET CIION TeM-
MEepaTypHOTro CKadka (TEPMOKIIUH), PACIOJIOXKCHHBIH B mpenenax ot 22 mo 12
rpajlycoB, COBEPLIAIOIINI 3HAYUTENILHBIE KOJIEOAHUsI 110 BEPTUKAIN (JIOCTHIa0-
mue 15-20 m). Hanbosee 3aMeTHBIN BepTHKAIBHBIN X0/ TEPMOKIMHA (OKOJIO OT-
metkn 100 1 200 9) ObUT CBSA3aH C yCHJIEHHEM BETpOBOro Bo3zeicTBus. Koneda-
HUSI TEPMOKJIMHA C TIEPHOJOM OJIM3KUM K 17 4 CBS3aHBI C MHEPUNOHHBIMH BHYT-
PCHHUMH BOJIHAMH, HOAXOSIINMH B MIPUOPEKHYIO 30HY. DTOT paioH OTIHYAcT-
Csl y3KUM eNb()oM U OJIM30CTHIO TITYOOKOM BOMBI, UTO CITYKUT OJIATOIPUSTHBIM
YCIIOBUEM AJISI Pa3BUTHSA 34€Ch BHYTPEHHUX BOJH OOJNBIINX aMIUIUTY.
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OTnenpHBIM HAIIPaBICHHEM OBLIH PaOOTHI MO MCCICIOBAHUIO TIOJIS TEYCHUH
B MECTaX BIAJCHHUS KPYIHBIX pek AOxa3uu B Mope. [lomyTHO n3Mepsich Xxapax-
TEPUCTUKN 0OPATHOTO paccesHUs CHTHajla ¥ UX M3MEHYMBOCTH Ha akBaTopuu. Ha
puc. 3 mpuBeeH NMpUMEp, MOJYUYCHHBIH B ChEMKE B paiioHe BmaaeHus p. I'ymu-
CTa, IEMOHCTPHUPYIOLINI BEIHOC B3BEUICHHOTO BEIECTBA B MIPUOPEIKHYIO 30HY.

Average Ba

e,

Dept )
3

\

W

Leph o]

.

Puc. 3. Bug obpartno paccessaaoro curnaina ADCP B npuOpesxHO# 30He MOpsl Ha
JIBYX TTOTIEPEYHBIX OEperoBoi yepTe ceueHsx. BBepxy cedeHne HanpoTHB MecTa
BrajieHns [ ymuctel. BHM3Y - Ha mapauiebHOM pa3pe3e BHU3 110 TEUSHHIO.

Kpome BbllIenepedncaeHHOro ObUTH BBISBICHBI U APYTHe HHTEPECHbBIE 0CO-
OEHHOCTH U3MEHYMBOCTH M'HAPO(U3NYECKHX MoJiel abxazckoro enbha YepHoro
MOpsI, YTO OKa3ajJoCh BO3MOXKHBIM OJIarofgapsi HCIOJIb30BAHHUIO B H3MEPEHHUSIX
OKEaHOJIOTHYECKHX TPUOOPOB HOBOTO ITOKOJICHHSI.

Pabota BbImosHeHa npu nozepkke rpanta POOU No 15-52-40012 Aox-a.

JUTEPATYPA

1. Cepebpsinbiii A.H. ADCP kak MOIIHBIII HMHCTPYMEHT aKyCTHYECKOM
OKEaHOJIOTHH: OIIBIT AECSTH JIET HCCIECAOBAHUN Ha meab(e POCCHHCKHX
Mopeli // Axycruka okeana. Jloxnanel 14-0¥ IIKOJIBI-CEMHHApa aKaj.
JLM. Bpexosckux. M.: TEOC, 2013. C. 231-236.
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4 Hucrutyt kocMudeckux uccnenoBanuii PAH
Poccus, 117342 Mocksa, yi. [Ipodcoroznas 84/32

Ilpeocmasnen 0630p pe3ynbmamos uccie008aHull 6HYMPEHHUX BOJIH, NPOGe-
OenHbIx 680 epems sxcnepumenma “‘Sallow Water 2006 na wenvgpe Amnanmu-
Yeckoeo OKeaua.

B 2006 r na atnantuueckom menbde CHIA  Obut IpoBeEeH SKCIEPUMEHT
“Shallow Water 2006 (SW06), 00beTUHUBIINI YCHIUS OOJIBIIOTO KOJIUYECTBA
HAay4YHBIX TPYIII, LEIbI0 KOTOPOro OBUIO M3Y4YEHHE PAcIpOCTpPaHEHMs] HU3KOYa-
CTOTHBIX aKyCTHYECKHX CHUTHAJIOB B YCJIOBHSIX IPHCYTCTBHSI HHTEHCHBHBIX BHYT-
PEeHHUX BOJIH. B sKcreprMeHTe ObUIM OpraHW30BaHBI JIBE aKyCTUYECKHE TPACCHI
JUTHHOM 0K010 30 KM, pacIoioKeHHbBIE 0 HOPMAaJH APYT K APYTy, TAKAM 00pa-
30M, YTO OJJHA Tpacca IPOCTHpAach MapaiiieIbHO H300aTaM MaTepHKOBOTO
CKJIOHA, a IpyTas — OblIa HarpaBJiieHa Ha Oeper. B Touke mepeceueHns Tpacc ObI-
JIM YCTaHOBJICHBI PHUEMHbIE aHTEHHBI. KpoMe TOro Ha akBaTOpUH OBLIO MOCTaB-
JICHO OOJIBIIOE KOJIMYECTBO 3asKOPEHHBIX aBTOHOMHBIX CTaHIMi (62) ¢ BepTH-
KaJIbHBIMH THPJSIHAAMH JaTYUKOB TEMIEPATyphl, ¢ OJMHOYHBIMU THAPO(OHAMHU
u ADCP [1] (Puc. 1). Ha npoTsbkeHHH 3KCIIepUMEHTa AEaluCh CIyTHHUKOBBIE
CHhEMKH aKBaTOPHH, a TAKKEe MPUMEHSJIMCH JIPYTUE CPEICTBA M METO/IbI U3yUCHUS
WN3MEHYMBOCTH MOPCKOH CPeIbl U €€ TIOBEPXHOCTH.
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HecMoTpst Ha TO, YTO OCHOBHOE BHHMAaHHE B SKCIIEPUMEHTE OBUIO y/IEICHO
BIIMSTHAIO BHYTPEHHHX BOJIH Ha paclpocTpaHeHHe 3ByKa [2] (B pe3ymnbraTe 0Opa-
0OTKM MaTepuanoB OBUTH OIMyONWKOBAHBI JECATKH CTaTei, HA KOTOpPBIE MBI HE
MMEEM BO3MOXKHOCTH 3JI€Ch COCNIAThCS), TAKKE OBUIN TOJTyYEHbI OOraThle JaHHBIE
0 CaMHUX BHYTPEHHHX BOJIHAX — UX MapaMeTpax, U3MEHUUBOCTH, TUHAMHUKH BOJIH
Ha mensde u T.1. Llenpio Hamel paboTs! sBigeTcss 0000IIeHne TaHHBIX O BHYT-
PEHHUX BOJIHAX Ha menbde, HaOrogaBmmxcs B akcrepumente SWO06. [Tockois-
Ky TPOrpaMMOl HCCIICJIOBAHUI BHYTPEHHHUX BOJIH B OKCIIEPUMEHTE 3aHHMAJIOCh
HECKOJIBKO TPYII, KaX0H 13 KOTOPBIX OBLIM MOIYyYEHBI OT/IENIbHBIE PE3YJIbTaThI,
JIOTIOJTHSIOIINE TTOJIHYIO KapTHHY OCOOCHHOCTEH BHYTpPHBOJIHOBOTO Tosst SWO6,
MIO3TOMY B JIOKJIaJl HApsIy C HAIIUMH COOCTBEHHBIMH pe3yJIbTaTaMH Mbl BKJIIOYa-
€M KpaTkuii 0030p BceX pe3yIbTaTOB (C COOTBETCTBYIOIIMMHU CCHIIIKAMN).

o Eenvmoor
. @  smoor
glenmoaor
B osumoor
i * O  esuBL
O #  MSM
NRL300
MNRL500
whoi224
whoid00
SHRU
WHOI array
ASIS

=]
o
¥

=
T4 P k¥

39°N

k] i 73W 50

Puc.1. PaccranoBka 62 3asKOpeHHBIX cTaHLIMI B 3kcriepuMeHTe “SW06”.

VHTeHCHBHBIC BHYTPEHHUE BOJHBI HA NMPOTSDKEHWH BCETO BPEMEHH JKCIIe-
pPHUMEHTA TIOSIBISUTHCH HA IIeNb(e ¢ MePUOJUIHOCTRIO ONM3KOH K TOIyCyTOYHOM
B BHJIC I[yTOB KOPOTKONEPHOIHBIX BOJH C SPKO BBIPAKEHHOH HEITMHEHHOCTBHIO
npodusa. [TakeTl KOPOTKONEPHOIHBIX BOJIH OBUIM YacTO MPUBSI3aHBI K MEpea-
HUM ()POHTAM MOJTYCYTOUHBIX MPWINBHBIX BHYTPEHHHX BOJIH, JIBHKYLIUXCS IO
mens(y B CeBepo-3alagHOM HampaBieHHH. HampasieHue pacipocTpaHeHUS
BOJIH BO MHOTHUX CIIy4asiX MOXHO OBIJIO ONPEAETUTh M0 KOCMHUYECKUM PafapHbIM
cHUMKaM. Hapsiny ¢ JUIMHHONIEpHOJHBIMA BHYTPEHHUMH TIPHIIMBHBIMU BOJIHAMHU
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TaKke OTMEYAINCh KBa3HMMHEPIIMOHHBIC BHYTPEHHHE BOJNHBL X mHTEeHCH(UKa-
Ul IMEJIa MECTO B CEpEIMHE aBTycTa, KOTAa ObLIN 3apernCTPUPOBAHBI I[YTH KO-
POTKOTIEPHOTHBIX BOJIH MAKCHMATBHBIX BBICOT [3].

Ha puc. 2 moka3zaH Iyr MHTEHCHBHBIX BHYTPEHHHX BOJH OT 19 aBrycra, mo-
CTPOEHHBIN 110 JAHHBIM 3allMCH TEPMHCTOPHOM LIENIOYKHU. B 11yre BBICOTHI BHYT-
PEHHUX BOJH jocTurany 23-24 M. DT BeIMYHHBI ObUTM MAaKCUMAJbHBIMH 32 BCE
BpeMsi skcriepumenTa. Llyr coctosut n3 10 BosnH. Becem BosHam Obuta mpucymia
BEpTUKAJIbHAS aCUMMETpPHUSI MPOQUIIs- BOJHBI MMEIH BHI SPKO BBIPAKEHHBIX
yriryOJIeHui Ha TEPMOKIIMHE, YTO CBUIIETEIHCTBOBAIO O HEJIMHEHHOM XapakTepe
BOJH. OTMeUaeTcst CHHXPOHHOCTh KOJICOaHMH Ha BCEX TOPH30HTAX, YTO TOBOPHUT
0 MIPUHA/UIC)KHOCTH BHYTPEHHHUX BOJIH K ITEPBOM MOJIE.

e,

-80

10:30 11:00 11:30 12:00 t, 4

time

Puc. 2. Llyr connToHOMOM00HBIX BHYTPEHHHUX BOJIH OT 19 aBrycra.

Mo mamueM mpumorHoro ADCP opOuTaiipHBIC TEYEHUS TOJOBHBIX BOIH B
9TOM Iyre AocTHramu BenuauHb 0.5 M/c 1 OoJee, a BEpTHKAIBHBIE CKOPOCTH -
0.2 m/c. B pe3ynpTare HabmIroAaBIIeeCS YCUICHAE IPUIOHHOTO TEUCHHS TIPUBEIIO
K HEO)KH/IAHHOMY BO3JICHCTBHIO Ha JISKAIYI0 HA THE TOPU3OHTAIBHYIO aHTCHHY
ruapopoHoB. OpOUTaNBHBIE TEYEHHS, JOCTUTAIOLINE CBOEI0 MaKCHMyMa B I10-
JIOLIBE BHYTPEHHEH BOJIHBI, OBIIM CIIOCOOHBI IIepeMeIlaTh 110 JHY YacTb LEeMOYKN
rupoQOHOB, BbI3bIBAS 3a(UKCUPOBAHHBIN aKycTH4ecKuil dGexT (TpeHue rui-
podoHOB 10 AHY) B BHE IIMPOKOIIOJIOCHBIX BCIIECKOB IIyMOB THAPOGOHOB [4].
AHanmi3 1IyMOB, 3apETrHCTPUPOBAHHBIX HA TOPU3OHTAJIBHOW aHTEHHE rHapodo-
HOB, BBISIBIJI NPSIMYIO CBSI3b MEKIY YCHJICHHEM IIYMOB M MPOXOXKICHUEM Yepes3
AQHTEHHY ITaKeTOB MHTCHCUBHBIX BHyTpeHHUX BoiH (Puc.3). Taxke maHHBIN >-
(heKT MMO3BONIMII OLICHWUTH HANpAaBICHUS JBW)KEHHUS M (Pa3oBYIO CKOPOCTh BHYT-
PEHHUX BOJIH.
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thark 231103424 dat @ 08/19 110104.001638 ch:45 Recs:098-"
anon

hydrophase 16 19 August, 2006

Tss 11:01:39
Tig 10:04:19
Tig- Ts = 1405
- - e "E‘.
110X 92 1103 11 110603
Time (hr:min:sec) the event propagate
ihark 231103424.dat @ 08/19 110104.001638 ch:19 Recs:098-" with speed :
Vev =435 m(Tis-Tash= 3 mis
) =190
= Viw=Verxsin@ =10
3 ‘Y LOmis
= 4
* bydrophone 47
Time (hrmin:sec i Iw

)
ihark 231103424 dat @ 08/19 110104.001638 ch:16 Recs:098-"
anoo

Yroram (= 1103 s
Time (hrimin:sec)

a

Puc.3. IlocnenoBaTebHOCTE CIIEKTPOTPAMM aKYCTHUSCKUX CHTHAJIOB, 3aperh-
CTPUPOBAHHBIX THAPO(GOHAMU TOPU3OHTAIBHOW aHTEHHBI (a) M cXeMma, JIEMOH-
CTPHUPYIOIIAsi MPOXOJl BHYTPEHHEH BOJIHBI HaJ| IOHHON aHTEHHOH TUIpOpOHOB
(). CexTporpaMmbl COOTBETCTBYIOT ruapodonam 45, 37, 19, 16 (cBepxy BHH3).

0

Kak yxe oTMeuanoch BO BHYTPEHHHUX BOJIHaX OblIa sIBHas BBIPAKEHHOCTh
koneOaunii 1-oif Moxpl. OfHAKO B 3KCIIEPUMEHTE TaK)kKe HAOIIOJaNCh BOJIHBI
2-0i MOJIBI, HO OHM OBUTH HEJO0JITr0 >KUBYIIMMH [5]. Jlpyroii BbIIBICHHOW MHTE-
pecHOlf 0COOEHHOCTBIO OIS BOJH ObuIa peructpanus «dddexra cMeHbI MOJSp-
HOCTH BHYTPEHHHUX BOJNH». JTOT 3¢ ekt Habmomancs ¢ momombio ADCP, ycra-
HOBIICHHOM Ha OYKCHPYIOIIEM CYAHE B O0IACTH MeNKOBOmHOTO Tmrenbda [3].
C moMomIpi0 CyI0BOTO pasinoIoKaTopa OBIIIO MPOCIEKEHO 3a IBIKCHHEM IIyTa
MHTEHCHBHBIX BHYTPEHHUX BOJH Ha Ienbde M uepe3 MOBEPXHOCTHBIE PaIrolio-
KaI[MOHHBIE N300paKeHNsI yTOYHEHO MPOCTPAHCTBEHHOE CTPOCHUE BOJIH B I[yTe U
npociekeHa ux Tpancdopmarius mo GpouTy[6].
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[NoxpiToXMBas, CIEqyeT CKa3aTh, YTO B LEJIOM MPOBEACHHBIN IIMPOKOMAC-
mTabHbIN kcrepuMerT “SWO06” mam MHOTO HOBBIX WHTEPECHBIX PE3yIbTaTOB O
peaIbHOM TI0JIe BHYTPCHHHX BOJIH HA OKEaHCKOM Ilelb(de, YTO ITO3BOJIMIO HE
TOJIBKO JIETaIbHO M3Yy4YHTh aKycTHYecKHe 3(PQeKTbl 0T BHYTPEHHHX BOJH, HO M
HPOABUHYTHCS B (PyHAAMEHTAIBHBIX 3HAHUAX O BHYTPHBOJIHOBOM II0JIE OKEaHa.

Pa6ora Opima monaep:kana ONR u wactnuyno PODU.
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VJIK 551.466.8

A.H. Cepedpsnbiii 2, E.E. Xumuenko 2

N3MEHYHNBOCTD CKOPOCTHU 3BYKA HA IIEJB®E YEPHOI'O
MOPs, CBA3AHHASA C BHYTPEHHUMU BOJTHAMMA

'AO "Axycruueckuii unctutyT uMm. akan. H.H.Angpeesa"
Poccus, 117036 Mocksa, yi. [lIBepHuka, a. 4

Ten.: (499) 126-7401; dakc: (499) 126-8411

E-mail: serebryany@hotmail.com

2 UuctutyT okeanonorun um. ILI1 [upmosa PAH
Poccus, 117997 Mocksa, yin. HaxumMoBCKHit POCIIEKT, 1.36
Ten.: (499) 124-5996; Daxkc: (499) 124-5983

IIpeocmasnensi pe3ynrbmamsl UCcie008aHUll IUAHUSA 8HYIMPEHHUX BOIH Hd
nojie CKOpocmu 36yKd 8 MOpe HA OCHO8E USMEPEHULl, NPOBEOEHHbIX HA KPLIMCKOM
u 120-6ocmourom wenvgax Yeprnoeo mops 6 2013 u 2014 22 co cmayuonaprvix
naamgopm. Hzmepenus eenucv nymem 00J208PEMEHHBIX €ICEUACHBIX 30HOUPO-
sanuti 3ondom mini SVP, a maxowce eupnanoamu mepmucmopos u ADCP. Buisig-
JIeHbl XAPAaKmepHble Yepmbl USMEHYUBOCU CKOPOCMU 36YKd, 6bl36AHHbLE GHYMI-
DEHHUMU UHEPYUOHHBIMU U KOPOMKONEPUOOHBIMU BOTHAMU, d MAKICEe 6HYMPEH-
HUmMu bopamu.

BHyTpeHHHE BONHBI HA MOPCKOM IIeib(e MOTYT BBI3BIBATH 3HAUNTEILHbIC
KoJIe0aHHs MMKHOKJIMHA, YTO BEeT K CYLIECTBEHHBIM BapHalMsAM CKOPOCTH 3BY-
Ka B BOAHOU cpeze. B OecripunmBHOM UepHOM MOpe BHYTPEHHHE BOJHBI B Cpeji-
HEM OTJIMYalOTCSl OTHOCHUTEIBHO HEOOJIBIIMMH aMIUIMTYJaMU TI0 CPAaBHEHHUIO CO
CBOMMHM aHAJIOTaM{ B MOPSIX C IPWIMBAMHM, OJHAKO B OT/AENIBHBIX CIy4asX 371eCh
HaOJII0IAI0TCSl MHTEHCUBHBIE JUIMHHOIIEPUOHBIE W KOPOTKOIIEPUOHbBIE BOJIHBI
[1]. B Teyenne HECKOJBKHX IMOCIEAHUX JIET B MPAKTHKY SKCHEIUIMOHHBIX HC-
CJICZIOBAaHUH MBI BBEJIM MCIIOJIb30BaHUE 30H/1a, KOTOPBIN J1aeT NPSIMbIe N3MEPEHHUS
CKOpOCTH 3BYyKa B Boje. Munm3ona mini SVP ¢upmsr “Valeport Limited” n3me-
psieT TeMmepaTrypy, CKOPOCTb 3BYKa M TIIyOWHY, ITO3BOJISAS TPOBOJUTE MPOQHUIH-
poBaHME BOTHOHM Cpebl C TOYHOCTHIO m3MepeHus ckopoctu 3Byka 0,02 m/c. TIpo-
Bels HaOMIOJEHMs 3a BHYTPEHHUMHM BOJHAMHU Ha nenbdax YepHoro mops co
cTanMoHapHbIx ocHoBaHMi (Tuiatpopma MI'M PAH wu scrakana ['mnpodusude-
ckoro nHctutyta AH A6xa3zun (TMAHA) ¢ momomipio TpagullMOHHBIX METOIOB
n3mepenuii (repmucropusie nenodku, ADCP), u npumensis mini SVP st uzme-
peHusi GOHOBBIX YCIIOBUI Cpelibl, Mbl COOpalli OOLIMPHBIA MacCUB Matepuaia oo
M3MEHYMBOCTH BEPTUKAIBLHON CTPYKTYpPhl CKOPOCTH 3ByKa Ha HIejib(e, BHI3BAH-
HOI BHYTPEHHHMH BOJIHAMHU Pa3HBIX MaciuTaboB. B [2] Obln paccMoOTpeHs! mep-
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BBIE PE3YJIBTATHI MPSAMBIX M3MEPEHHI CKOPOCTH 3ByKa Ha KpPBIMCKOM ImIeib(de
Yeproro mopst B 2011 1., B KOTOpPBIX OBLTAa BEISBIICHA CHIbHAS M3MEHUYHUBOCTH
MOJSI CKOPOCTH 3BYKA, BBI3BAHHAS BHYTPEHHUMH WHEPIIMOHHBIMH BOJIHAMH.
Hacrosimiasi pabora, ocHoBanHasi Ha uaMmepenusix B 2013 u 2014 r.r., siBisiercs
npopomkeHnneM uccienoanuii 2011 r. B Helt paccmarpuBaioTcs pe3ysbTaThl
M3MEPEHHUH, IPOBEJCHHBIX B JIETHUII EpHOJ Ha KPBIMCKOM wienbde ¢ miatdop-
Mel M1 PAH B 2013 u 2014 r.r., 1 Ha POro-BocTouHoM mesbde YepHoro mops
c acrakaasl [MAHA B 2014 1.

I¢ddeKkT MHEPUMOHHBIX BHYTPEHHUX BOJIH HA TMOJie CKOPOCTH 3BYKa B
YEepHOMOPCKUX BOJAx IMPOSBISETCS B TOM, YTO H3OIIETHI CKOPOCTH 3BYKa CO-
BEPIIAIOT CHHXPOHHBIE 110 TITyOMHE BEPTHKAIBHBIE CMEIIEHHS C IEPUOIOM OKOJIO
17 9 (JlokambHBI WHEPIIMOHHBIA MEPHUO/T), COOTBETCTBYIOIINE KOJICOAHUIM BCeit
BOJHOH Tommu M TepMmokinHa. IlpuMep storo s¢ddexra nemoncrpupyercs Ha
puc. 1, rae mpuBoasATCA MaHHBIE m3MepeHni ¢ miatdopmsl MI'U PAH 3a mepuon
¢ 14 mo 19 urons 2014 r. BpeMeHHO# X0 HHEPLIMOHHBIX KOJIeOaHH TEPMOKINHA
BpPEMEHAMH «3aTyLIEBBIBAJICS» BHEIIHUMH (DAKTOpaMH, TaKMMH KaK BETPOBBIC
CrOHHO-HAaroOHHbIE BO3AEHCTBUS, TEM HE MeHee |7-yacoBasi MepUOJUYHOCTD JO-
TOTIEPHOJIHBIX BEPTUKAIBHBIX CMEIleHHH mpeodnanana. DPQPekT BHYTPEHHUX
WHEPLMOHHBIX BOJH MPUBOAWI K 3HAYUTEIILHBIM KOJICOAHHUSIM CKOPOCTH 3BYKa B
cioe ckauka (B cpepHeM 10 20 m/c). B HabmoneHusx 00OUX JIeT perucTpupoBa-
JIMCh TIPEUMYILECTBEHHO KojeOanus 1-oif Mozpl, HO Kak u B 2011 1. oTMeuanuch
TaKKe CIIy4au JUIMHHOIIEPUOJHBIX BOJIH 2-MOJIBI.
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Bpemsa, 4
Puc.1. Bapuammu cxopoct 3Byka BoxHoOU Tomumw ¢ 14 mo 19 mrons 2014 r B
menbdoBoit 3oue FOBK.

CxoyiHast KapTUHA JUTHHHOTIEPUOIHBIX (IYKTyaluii CKOPOCTH 3BYKa, ITOJTY-

yeHHas 1o HaOmoaenusiM ¢ margopmsl y FOBK, nposiBunack u B HaOmoaeHUSIX
c acrakansl [MAHA B AGxa3uu, npoeneHHbIX B Mae 2014 rona (cMm. puc. 2).

260



XV wikona-cemunap um. Axao. JI.M. bpexosckux "Axycmuka oxeana', XXIX ceccus PAO

C, m/c

[nybuHa, m

10 20 30 40 50 60 70 80 90
Bpewms, 4
Puc. 2. BpemeHHOI X0 H30IUIET CKOPOCTH 3ByKa y M. Cyxymckwuii ¢ 23 mo 26
Mas 2014 r. U3mepenus ¢ acrakaasl [ MTAHA npu rmy6une 13 m.

IddekT KOPOTKONEPHOIHBIX BHYTPEHHUX BOJIH HA M0JIe CKOPOCTH 3BY-
Ka aHajgorunycH 3((eKTy WHEPIIUOHHBIX BOJH, HO MPOSIBIIICTCS HAa ropasio Oolee
KOPOTKHUX TepuoAax (0T SIWHUI] JO HECKOIBKHX JECATKOB MHUHYT), COOTBET-
CTBYIOIINM IIEPHOJaM KOPOTKHX BOJH. Takke Kak ¥ B JJIHMHHOIICPHOIHBIX BOJI-
HaX B KOPOTKUX OTMEYAIHCH CIIyYaH MOSBICHUS 2-01 MOJIBI, HO TIpeo0Iagaromeit
Oputa 1-as Mmoma. Ha puc. 3 mpencTaBieH BpeMEHHOM X0/ M30IIIET CKOPOCTH 3BY-
ka 14 mrons 2014 1. koraa HaOMIOMANaCch BOJTHA BTOPOI MOJIBI, THIIA "BOJHEI pac-
TsOKeHUA''c ieproioM Om3kuM K 1 4. IIpoxoskaeHne BOTHBI BRI3BAIO 3aMETHOE
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Bpewms, 4
Puc. 3. Konebanus n3omier CKOpoCcTH 3ByKa, BBI3BAHHBIC BHYTPEHHEH BOJIHOM 2-
oif Mmonsl (14 wmronst 2014 ). CripaBa BepTHKaJIbHBIE TPO(MIN CKOPOCTH 3BYKa
JUTS XapaKTepHBIX MOMEHTOB 14 HroIs.

n3MeHeHHe MpoduIIsi CKOPOCTH 3ByKa: rocie 16 4 Bblllle ropu3oHTa 23 M H3011Ie-

TBI IOAHSINCH 0 16 M, TP 3TOM 3HAYEHHE CKOPOCTH 3BYyKa M3MEHHUIIOCH ¢ 1485
m/c 1o 1500 m/c, OAHOBPEMEHHO C ATHM HPOU3OIILIO 3ariyOJieHne U30ILIET HUKE

261



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

ropu3oHTa 23 M 70 25 M, a CKOpOCTh 3ByKa yMeHbIImiIach ¢ 1485 m/c mo 1479
m/c.

IddekT BHyTpeHHEro H0pa Ha 1MoJie CKOPOCTH 3BYKA TPOSIBIAETCS B PE3-
KOM M3MEHEHHH BEPTHKAJIBHOIO paclpeleseHus: ckopocTH 3Byka. [Ipu moaxone
BHYTPEHHET0o 00pa MpIKaThIil KO THY TEPMOKIHH (CJIOH CKayka CKOPOCTH 3BYKA)
PE3KO MOAHUMAETCS, YTO BEeJET K OBICTPOMY PACLIMPEHHIO BBEPX 00JIaCTH HpH-
JIOHHOTO 3BYyKOBOro kaHana. Ha puc. 4 mpuBojsTCs JaHHblE U3MEPEHHH BHYT-
peHHero 6opa, 3apeructpupopanHoro ¢ miardpopmsl MI'U 11 urons 2013 1. Bo
BpeMsi [IPOXOXKJICHUSI OOpa TepMOKIIHMH mojHsuicst BBepX Ha 10 - 12 m. [Ipu sTom
3HAUEHMSI CKOPOCTH 3BYKa B NPUIOHHOM ciioe Beipocin ¢ 1470 mo 1490 m/c, a B
ceperHe BOHOM Tomm ymaimu ¢ 1512 no 1495 m/c.
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Puc. 4. BpemeHHoi1 X0 M30IIET CKOPOCTH 3BYKa BO BPeMs NMPOXOXKJICHHUs BHYT-
pennero 6opa 11 ntons 2013 r (cneBa). BeprukanbHble MpoQuiIn CKOPOCTH 3BYKa
JUISl XapaKTepHbIX MOMEHTOB |1 muions (cripaBa).

C, mic

Pabora BemmonHena npu noanepxke rpaHToB PODU Ne 16-35-00454 mon_a
u Ne 15-52-40012 AGx_a.
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YK 534.2+574.2:681.883.072

I'. B. Xen, M. 1O. Ky3nenos, E. O. Baciok

AKYCTHYECKHUE UCCIIEJOBAHUA OKEAHOJIO'HYECKHUX U
BUOJIOI'NMYECKHX IMPOLECCOB B JAJIBHEBOCTOYHBIX MOPAX
POCCHM.

THuX00KeaHCKHI HAyYHO-HCCIIC0BATSIILCKUI PHIOOX03SIHCTBCHHBIN IICHTP
(TUHPO-Lentp)

Poccus, 690091 Bnanusoctok, niep. LlleBuenko, a. 4

Temn.: (423) 260-4530; ®axc: (423) 230-0751; E-mail: gennadyl@tinro.ru

Hoxazwisaromesi ocHosHvie npunyunsvl coopa u naxonnenus ¢ THHPO-
Llenmpe eudpoakycmuyeckux u CONymcmeylowux usmepenuil (0uonocuyeckus,
HABUSAYUOHHBIX, SUOPONOSUYECKUX) Ollsl MOHUMOPUH2A DUOPECYPCO8 U 6bIAGTCHUA
ceazell mexcoy Humu. H3 obweeo maccusa usmepenuii cpopmuposan memaapxus
aKyCmu4ecKux u300padcenull npoMulCl08bIX 61008 Pblh, CONPOBOHCOACMbIX UH-
Gopmayueil 0 pazmepHoM U UOOBOM COCMABE CKONAEHUl, CMAaoull 3peiocmu,
ce30He, patioHe pabom, napamempax cpeobl, bamumempuu, 6PemMeHu CYymoK u op.
Ha ocnoge nonyuennvix Oammwix 6bIAGNIAIOMCA 3AKOHOMEPHOCMU CE30HHOU U
MedHC2000601  UBMEHUUBOCMU NPOCMPAHCIMBEHHO20 pacnpedeNeHus U oounus
MUuHmas, cenvou, jococell u Opyaux povlb 8 paziuyHbIX No eUOPOIO2UYECKUM YCIO0-
8UAM 800aX 0abHEBOCMOYHBIX Mopell Poccuu.

TUHPO-LlenTp B TeueHHE psizia JIET BHITOIHIET MOHUTOPHUHTOBBIE pabOTHI B
JTAITbHEBOCTOYHBIX MOpPAX Poccuu ¢ MCMONIb30BaHNEM COBPEMEHHBIX MHCTPYMEH-
TAJILHBIX METOJIOB U CPEJICTB IUCTAHIIMOHHOTO 30HAUPOBAaHUs cpefbl. [ uapoaky-
CTHUYECKHE CPEACTBA MO3BOJISIOT C BBICOKUM pPa3pelleHHeM OINEepaTHUBHO OLIEHU-
BaTh TOPH30HTAIBHYIO M BEPTHKAIBHYIO CTPYKTYpPY CKOIUICHWH T'MAPOOHOHTOB.
CoBpeMeHHBI YPOBEHb Pa3BUTHS TMAPOAKYCTHYECKOM TEXHUKH M pa3paboTaH-
HBIE MPOTPAMMHBIE CPE/ICTBA JAIOT BO3MOXHOCTBH IPAKTUYECKOTO HMCIONIB30Ba-
HUSI 9XOJIOKAIMOHHBIX MPUOOPOB HE TOJBKO aKyCTHKAMH, HO W HXTHOJIOTaAMH
MOCJIe MX HETPOAOIDKUTEILHOTO O00y4eHHsS METOJaMH OKOHTYPHBAHUS CKOIIIE-
HUA M OIEHOK WX BEPTHKAIBGHON MPOTSHKEHHOCTH, YMCICHHOCTH M OHMOMAacChl
MIPOMBICIIOBBIX PBIO Ha 00CIeTyeMOi aKBaTOPHH.

I'mapoakycTudeckuil HXOMHTErPallMOHHBIM METOJ OCHOBAaH HAa M3MEPEHUU
CHJIBI 00PaTHOIO MOBEPXHOCTHOI'O PACCESHUsSI OT CKOIUIEHWs B Npeesax BblIe-
JIEHHOTO CJIOSl U JKCIEPHMEHTAIbHO ONPENECICHHON 3aBUCUMOCTH CHIIBI LIEIH
THJPOOHOHTOB B CKOIUICHUSIX PHIO OT MX JUIMHBI Tena. Vcrmonmb3yemble Ui 9THX
Hesnei ycTpoiicTBa JOJDKHBI 00JafaTh BaKHON (QYHKIMEH Tepenadn «ChIPhIX»
THIPOAKYCTHYECKHUX JAHHBIX B onu¢poBanHoM Buie depe3 Ethernet mnrepdeiic
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u coxpaneHus B (paitmax m3ectHoro ¢opmara SIMRAD RAW wmm HAC [1],
HOAJCPKHBAsT, TAKAM 00pa3oM, BOSMOXKHOCTh OpraHH3alMi cOopa U HaKOIUICHUS
THAPOAKyCTHYECKUX M COIYTCTBYIOIIMX M3MEPEHUI M MX MOCIEeIYIOIEeH MOCT-
MPOLIECCOPHON 00PaOOTKH.

OXOUHTETPUPYIOIIIE KOMIUIEKCHI 10 U3MEPEHHOM MOLIHOCTH OTPaXKEHHOI'O
CHT'HAJIa BBIYMCIAIOT KOY(GUIMEHT 00paTHOr0 0ObEMHOI0 paccesHus B Ipere-
JlaX BBIOPAHHOTO CJIOS (Sy), @ 3aTEM PACCUUTHIBAIOT KOAPQHUIMECHT 0O0paTHOrO
TIOBEPXHOCTHOTO PacCesHUsI KaK WHTErpajl Sy MO JIUana3oHy IIyOuH (Sa) U IOJTy-
YalOT Ha BBIXOJIE €r0 MAcIITaOMPOBAHHYIO BeJIMUMHy Sp = 471(1852)%s, - kod(dhdu-
[IMEHT TIOBEPXHOCTHOTO PACCESHUS HAa KBaJAPATHYK MOPCKYHO MO (M>MuIs2).
Koa¢ppunnenr sa ucnonb3yercss B pacueTax aKyCTHYECKOH OLEHKH IUIOTHOCTH
ckoruieHus [2]:

Pa= SA /(4T Gbs) = s /Gsp (1)

IJie Pa — INIOTHOCTD LieNel, BhIpaKEHHAs! KaK KOJINYECTBO T'MAPOOMOHTOB Ha
€/IMHUILy MTOBEPXHOCTHOH IUIOMIA/N CJIOS, Gps - MOMEPEYHOE CeUYeHHE 00paTHOTO
paccesHUSI OAMHOYHOW LENIU U Gy - aKyCTUUECKOE IMONEPEYHOE CEUCHHE LENU
npu chepraeckoM paccesHUH, KOTOpPBIE SIBISIOTCS MPOMU3BOJHBIMH CHIIBI LIENH
(TS):

TS = 101g(cs) = 101g(0sp/4T) 2)
3a mepuo] BBIOIHEHHS aKyCTHYECKHX CBEMOK M AIKCIUTyaTallud Hay4HBIX
sxosiotoB EK-500 u EK-60(ES-60) SIMRAD Ha cepBepe 1abopaTopuu mpoMbIC-
noBoit ruapoaxyctuku TUHPO-LlenTpa HaKomieH 3HAaUNTENbHBIN 00bEM UCXO/-
HBIX aKyCTHYeCKUX u3MepeHuil B bepuHrosom 1 OXOTCKOM MOpSIX U MpPUIIETat0-
mux Bogax Tuxoro okeaHa Ha yactotax 38 u 120 x['11 ¢ pa3pelieHuem 1o riy-
oune or 5 cM 10 18 cM B 00mmem oobeme mopsinka 10 Toaiir. Bee comyTcTByIO-
Iye OTUM H3MEpPeHMsIM TapaMeTpbl: Ouosoruueckue (1Mo  pe3ysbraram
KOHTPOJIBHBIX TPAJICHWH), HAaBUTAMOHHBIE, THIPOJOTHYECKHE, TaHHBIE COMPO-
BOXK/ICHHMS AKyCTHYECKHX H3MEpPEHHMH conepKaTcsi B WHTEIPUPOBAHHOW 0ase
JTAHHBIX, KOTOpas SBIsETCS WH(POPMAIMOHHONW OCHOBOW Uil MOCIEAYIOIIEeH
00paboOTKH aKyCTHYEeCKMX W3MEPEHHH M €XEroJHO TIIOTOJIHIECTCS HOBBIMHU
uHpopManusamu [3].

HakomnneHHslii MacCUB HUCXOJHBIX T'MIPOAKYCTHUECKMX HM3MEPEHUN I03BO-
JsIeT BOCIIPOU3BOAUTH HXOIPAMMY M COIYTCTBYIOLIYIO €if HH(pOpPMAIHIO B II000H
TOYKE 00CJIEZIOBAHHON aKBaTOPHH B PealbHOM MaclITabe BPEMEHU C MCIOJNbB30-
BaHUEM INPOTPAMMHBIX CPeACTB, pa3padboTannsix B TUHPO-Llentpe [3]. U3 06-
IIET0 MAacCHBa XPAHAIIUXCA HAa CepBEpe MCXOAHBIX M3MEPEHUH IO 3aJaHHBIM
YCIIOBUSIM OTOOpa MOJIyYeHbI BBIXOJHBIC (Dailyibl AaHHBIX, TAE CrPYIIHPOBAHBI
nH}opMmanuu 06 sXorpammax, napameTpax Cpejibl, BUI0OBOM COCTaBe CKOIICHUH,
pa3MepHON KOMIIO3UIIMK M CTaJusX 3PEJOCTH 00BEKTa, Ce30He, paloHe padoT,
BpeMeHHU CyTOK M Ap. (puc. 1). Ha ocHOBe mosy4eHHBIX JaHHBIX C(HOPMUPOBAH
METaapXyUB aKyCTHYECKHX HM300paKeHMH HEKOTOPHIX MAacCOBBIX BHIOB PHIO B
JTATEHEBOCTOYHBIX MOPSIX, COIPOBOXKIAEMBIX BCEH MOCTYMHOW MHpOpMaIueir 00
00BEKTE Ha HXOTPaMME H yCIOBHSX €€ MMOIyIEHHS.
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Puc. 1. [Ipumep npencraBieHus AaHHBIX B OMOJIMOTEKE THIOBBIX I'MAPOAKYCTH-
YECKUX N300paXKeHNUH TPOMBICIOBBIX 00HEKTOB OXOTCKOT0 MOpSI.

Ha pucynke 2 mnpeacTaBieH (parMeHT »5XO3almiCH Ha Tajce TPaloBO-
aKyCTHYeCKOW chéMKH B BepurroBom mope. Co3aBasi o pe3yabTaraM HICHTH-
(UKaMK COOTBETCTBYIOIME CIIOW Ha dXOrpaMme (BBIIIE U HIKE TEPMOKIIMHA)

SEuERTRLEL

EREEE EY T EY)

B TR ™ NN v B BTN S THEN i KE e 9

Puc. 2. ®parmenT q)apma aKyCTHYECKON 3XOTpaMMbl B PEKHUME MOCTIPOLIECCOP-
HOH 00pabOTKH.

W NIPUCBaMBasi BBIICJIICHHBIM CJIOSIM COOTBETCTBYIOIIHME pa3MEPHO-BUIOBBIE KITIO-
Y, ITOJy4aeM OIEHKH MPOCTPAHCTBEHHOTO pacipeseieHe IUIOTHOCTH CKOILIe-
HUI PBIO M TEMIEpaTypsl BOJ Ha 00CIIeJOBAaHHOW aKBaTOPHH.
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Ha ocHOBe MONyYeHHBIX AAHHBIX BBIIBIIIOTCS OCOOCHHOCTH CE30HHOW U
MEKIr'0/10BOM M3MEHUYMBOCTH FOPU30HTAIBHOTO M BEPTUKAIBHOTO PACTIPEICICHIS
1 OOMIIHSI IPOMBICIIOBBIX BUAOB PHIO B 3aBHCUMOCTH OT THIPOJIOTHYECKUX YCIIO-
BUil B TOpH30HTaX MX oburtanus. Hanpumep, Ha 1menbde ceBepo-3anaaHoii yactu
bepuHrosa Mopsi B J€THE-OCEHHUH NepuoJ KapThl BEPTHUKAIBHOTO paclpesere-
HUSI WUTIOCTPUPYIOT PAcCIO0KEHHUE IUIOTHBIX CKOMJICHUH MuHTas Ha HaBapuu-
ckoM menbde Hiwke sapa JIXIT (JlaBpeHTbeBCKOTO X0I0AHOTO IsiTHA). ['panuia
TOPU30HTAIILHOTO PACIpe/IeNIeHNs] OCHOBHBIX CKOIUICHWH MUHTasi COOTBETCTBYET
pacrosokeHno (PPOHTAIBLHON 30HBI MEXIYy OTHOCHUTEIBHO TEIUIBIMH BOJAMH
CkioHoBoro teuennst n JIXI1. MexronoBble KoneOaHust YUCICHHOCTH U PacIpo-
CTpaHEHMs MUHTas Ha CeBepo-3amaiHblii menb( bepuHroBa Mopsi comocTaBis-
IOTCSI C TEPMUIECKUMH YCJIOBHUSIMH. BBIsSBIIEHA CBSI3b MEXIy OOMIMEM MHUHTasl U
AaHOMANMSAMHU TIPUIOHHOW TemrepaTypsl (kKoddduuuent xoppemsamuu 0,63,
p<0,01). Pactipenenenue ceroieTOK MUHTas CBSA3BIBACTCS C HAIIPABIICHUEM TEde-
HUH B AHa/IBIPCKOM 3aJIMBE M HA MPWIETAIOIINX K HEMY aKBaTOPUSX, a Ha4ajIo U
MacmTabbl X BBIHOCA B 3Ty 4acTh MOps - C JOMUHHMpOBaHueM B HaBapuHckom
TEYEHNH MEPUINOHAIBEHOTO M CEBEPO-3aIlaHOro 1eIb(HOBOro MOTOKOB.

B Oxorckom Mope Ha nu3obarax Gosee 150 M B X0JIOJJHbIE TOJBI POCIEKH-
BAeTCsl yBENMYEHHE TIIyOMHBI OOMTaHMs (LEHTpa KOHIGHTpAIMU) MHUHTas II0
CPaBHEHUIO C TeIUIbIMU rogaMu. CKOIUIEHHsS MHUHTas, Kak MpaBuiIo, pacrojara-
IOTCSI HM)KE BBIXOJIOKEHHBIX OXOTOMOPCKHX BOJI: B OCHOBHOM TE€PMOKIIHE WU B
BEpXHEH 4acTH NMpOMeXyTOouHbIX BojJ. Ha miennde B XoiomHbIe TOIBI CperHe-
B3BEIICHHbIEC TITyOWHBI OOMTAaHMS MUHTAsl YBEJINYMUBAIOTCS 110 CPABHEHHIO C TeIl-
JBIMHM TOJAMH, YTO B OOJBIIMHCTBE PAaHOHOB CBS3aHO C OoJiee MHTCHCHUBHBIM
dhopmupoBarnem [THIB (T10THRIX MIETB(POBBIX BO) C TEMIEPATYPOH, OIM3KOM K
3aMep3aHNI0, KOTOPbIE H30eTaloTcs BCEMHU Pa3MEPHBIMH I'PYIIIIAMH PBHIO.
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YK 53.082.61: 551.46

X.J. Lauypsia

U3MEPEHUE CKOPOCTH 3BYKA B BOJHBIX PACTBOPAX
TJIABHBIX KOMIIOHEHTOB MOPCKOM COJIA

BUHUTU PAH
Poccust, 125190 Mocksa, yi. Ycuesuua, a. 20
E-mail: chviniti-2@yandex.ru

Ilposedensr abcontomuvle usmeperus CKOpoCmu 38yKa 8 pazdasiieHHbIX 800-
Hoix pacmeopax NaCl 6 unmepesane dasnenuii 0.1-196.2 MIla u npu memnepamy-
pax 0-100 °C. Yacme sxcnepumenmanbHuix OaHHbLIX npedcmasiena ¢ maonuye.
Hano xkpamkoe onucanue mMemoouxu usmMepeHuil u OyeHeHa NOSPeuHoCms pe-
3YI6MAMOs U3MepeHull.

BBenenme. J[ns penieHuss MHOTUX MPAaKTHYECKUX M TEOPETHUECKHMX 3aiad
TIOJIBOIHON aKyCTHKH HEOOXOAMMO pacloiaraTh HaJeXHbIMU JaHHBIMU O CKOPO-
ctu 3ByKa (W) B pacTBOpax MOpPCKO# BOABI. B mpemsiaymmx padorax [1-3] Hamu
ObuUTH TIpOBeZIeHB! a0COMIOTHBIE M3MepeHnst W B CTaHIApTHOM MOpPCKOW Boze B
IIMPOKOH 00IaCTH TeMIIepaTyp M JaBIICHUH, 1 Ha UX OCHOBE OBLTH pa3paboTaHbI
CTPYKTYPHO-000CHOBAaHHBIC ypaBHEHHs, aIeKBaTHO OmHCHIBaromue ee PWTS —
MoBepXHOCTh. OTHAKO, HECMOTPS Ha BBICOKYIO TOYHOCTB, 00ECIICUNBAEMYIO 3TH-
MH ypaBHEHUSIMHU, UX NPUMEHUMOCTb OTpaHUYEHA TOJBKO IJISl IPUPOAHBIX BOJ,
MOHHBIH COCTaB KOTOPBIX JOCTAaTOYHO OJNM30K K COCTaBY CTaHAAPTHOW CpelHe-
okeaHckol Boiel (SMOW).

[To oyeBMAHBIM MpUYMHAM (KIIMMATHYECKUM, reorpa(uiecKkumM, Ce30HHBIM,
AQHTPONOTEHHBIM W JIp.) MpPUPOJIHAas MOPCKas BOJAa 3aMETHO OTJIMYAETCS OT
SMOW He TOJIBKO 10 KOJIMYECTBY PACTBOPEHHBIX KOMIOHEHTOB, HO U 110 MX XH-
MHUYECKOMY COCTaBy. B wacTHOCTH, B NPHOPEXKHBIX BOAAX, B HM30JIMPOBAHHBIX
MOPSIX W/WJIM B MOPSIX C OTPAaHWYEHHBIM BOJI0OOMEHOM, IIOCTOSIHCTBO OTHOILICHHMS
KOHLICHTPALMH PaCTBOPEHHBIX KOMIIOHEHTOB MOKET He cobmtonaThes. [Ipumene-
HHUE YNOMSHYTBHIX YPaBHEHHH B 3THX YCIOBHSX MOJXET MPUBECTH K JOTOJHH-
TEJILHBIM MOTPEITHOCTSIM, 3aMETHO TIPEBBIMIAIONIIM HX JIOITYCKH.

Paznuune moHHOTO cocrtaBa MpUpPOAHBIX BoA oT SMOW otpaxaercs He
TOJILKO Ha BEJNMYMHY CKOPOCTH 3ByKa, HO W Ha (opmy PWTS-nosepxHoctu u,
KaK CJIEJICTBUE, HA BEPTUKAJIbHBIA U TOPU30HTANIBHBIN IPaAUEHThl CKOPOCTH 3BY-
Ka B OKeaHe. DTO MOXKET OBbITh OJHOW W3 BO3MOXKHBIX MPUYMH PACXONKICHHUH
MEXIy SKCIEPUMEHTOM M PAcYe€TOM B OIPEAEICHUH PACCTOSHUS OT UCTOYHHKA
J10 OJvKHEH 30HbI KOHBEepreHuu [1].
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Crenyer Takke 3aMETHTb, YTO MPUPOIHAS MOPCKasi BOJa MPEICTABISIET CO-
601 TepMHYIECKH HEYCTOHUYMBYIO CHUCTEMY - NPH YBEJIMYEHHN TEMIIEPaTyphl U3
Hee IOCIIeIOBATeIbHO BBIMANAIOT B ocamok 3iekrponutsl: Mg(OH),, CaCOs n
CaSOg4, Tak 4TO MOCTOSHCTBO OTHOIIEHUS KOHIIEHTPAIMI PaCTBOPEHHBIX KOMIIO-
HEHTOB B IIMPOKOM TEMIIEPATypHOM JHAIa30He TaK)Ke HAapyIIaeTcs.

W13 BBIIEN3I0KEHHOTO CIIEIYeT, UTO JUIsl OMUCAHUS 3aBUCUMOCTH CKOPOCTH
3BYKa WJIHM JPYTHX (PU3HKO-XHMMHYECKHX CBOMCTB MOPCKOW BOJIBI OT COCTaBa He
BCEr/a JOCTaTOYHO OJJHOT0 0000IIEHHOro napaMeTpa S, He00X0IUMO YUUTHIBATH
KOHLIEHTPALMK OTJEJBHBIX AJIEKTPOJIUTOB. B Ka)0M OTAEIBHOM Cilyyae BEJH-
YHHBI CKOPOCTH 3ByKa MOTYT OBITh ONpE/IeIeHbl SKCIIEPUMEHTAIBHO WM PACCUH-
TaHbl (IPY ONPE/ICJICHHBIX YCIOBUAX) HA OCHOBAaHHUH JaHHBIX O CKOPOCTH 3BYyKa B
OMHApHBIX MOJCHCTEMaX. B CBS3M ¢ HTMM HECOMHEHHBIN MHTEPEC MPEICTABIIOT
nccaenoBanns W B BOJHBIX PacTBOPAxX INIaBHBIX KOMIIOHEHTOB MOPCKOI CONH B
mmpokoit PTX - obmactu.

M3BecTHO, 4TO B MOPCKOH BOJie M B OOJBLIMHCTBE IPHUPOIHBIX BOAAX CO-
nepxxanue NaCl siBisieTcs: nmpeobiagaronmM (ero MaccoBast 7oyt B O€3BOJHOM
MOPCKOH COJIM COCTaBIsieT OKOJIO ¥%i). BBumy BaxkHocTH MHOTME (HU3HKO-
xumuueckue cBoricta cucrembl NaCl-H,O moapo6Ho n3yuenst B mmpokoit PTX
- obOmacT. AHanu3 OnmyOJIMKOBaHHBIX JIAHHBIX IOKAa3aJ, YTO CKOPOCTh 3BYKa B
pactBopax NaCl npu armocepHOM AaBICHUH JOCTATOYHO XOPOIIO MCCIeN0Ba-
Ha, HO TNPU BBICOKHMX JaBJICHUSX CHCTEMAaTHYECKHX HM3MEPEHHH 10 ChX IT0p He
MIPOBEJICHO, @ MAJIOYUCIICHHBIC JAHHBIE UMEIOT HU3KYIO TOYHOCTh. Tak, 4To ycTa-
HOBUTH (opMy PWTX — noBepxHocTH U TeM OoJjiee NMPOBECTH TOYHBIA pacyer
TEPMOJMHAMUYIECKUX CBOWCTB PACCMAaTPHUBAEMON CHCTEMBbI 10 UMEIOLIMMCSI 1aH-
HBIM HE MPEJICTaBISACTCS BO3ZMOKHBIM.

OTcyTcTBHE TPENM3NOHHBIX [JAaHHBIX O CKOPOCTH 3ByKa B BOJHO-
SJIEKTPOJUTHBIX CHCTEMaX, BXOJSIIMX B COCTaB MOPCKOW BOABI, MPU BBICOKUX
JaBJIEHHUAX 0OYCIIOBJIEHO ITTaBHBIM 00Pa30M CIOKHOCTBIO aKyCTHYECKOI'0 HKCIIe-
pUMEHTa B KCTPEMAJbHBIX YCIOBHUSIX BBICOKOIO JABJIEHHs, XUMHUYECKH arpec-
CHBHOM U AJIEKTPOITPOBOASIICH CPEIbI.

Llenpto HacTosiIe pabOTHl SIBISIETCS MPOBEICHUE HM3MEPEHHH CKOPOCTH
3ByKa B pa30aBlieHHBIX BOXHBIX pacTBopax NaCl B wuHTepBane naBieHHUH
0.1-196.2 MIla u nmpu Temneparypax 0-100 °C.

Metoauka uccjienoBanus. M3mepenust ckopocTH 3ByKa IPOBOIMINCE Me-
TOJIOM COBMEIICHHS HXO-HMITYyJIBCOB Ha YIbTpa3ByKoBoil wdactore 10 MI, Ha
YCTAQHOBKE, MCIOJIb30BAHHOIN paHee Uil MCCIEOBaHMS aKyCTHYECKHX CBOMCTB
BOJIBI M BOJHBIX pacTBOpoB. OIHMCaHNE YCTAHOBKHA M METOJIUKH MPOBEICHUS M3-
MepeHHUI OCHOBHBIX BEJTMYHUH MTPUBEICHHI B padore [3].

B kauecTBe akycTH4yecKoi 0a3bl MCIIONIB30BATACH Pa3JeiUTeNIbHAs TPyOKa,
nsroroBneHHas u3 ctaau X18H10T ¢ HawanbHOM unHON Lo = 41.447+0.001 Mm
npu temmnepatype 293 K u armochepHom nasnennu. TemneparypHoe u Gapude-
CKO€ M3MEHEHUS [UIMHBI TPYOKH YUUTHIBAIIKCH COTIIacHO (opmyite

L(p,T) = L,(1+ (T -293))(A~ p(1-2u) | E), M
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roe o — cpenHud  Kod(QQUIMEHT JMHEHHOro paclMpeHds MaTepuana TpyOKwu;
T m p — COOTBETCTBEHHO aOCONMIOTHAas TEeMIepaTypa W JABICHHE OIBITa;
1 — koadurment Ilyaccona u E — moayns FOHra Mmatepuana TpyOKu.

Jlnst obecriedeHust cTaOMIBHOTO TEMIEPATYPHOTO OISl B aKyCTHUECKOH sSTUeiKe, H3-
MepHTeIbHas KaMepa Morpykanach B )KHUIKOCTHBIN TepMmocTat. Konebanus temieparypsl
B TEPMOCTaTe, KOHTPOJIUPYEMbIE CUCTEMOH PeryJInpoBaHHs, JekKaT B OCHOBHOM B IIpeje-
gax +0.003 K, HO mpu HuKe KOMHATHBIX TemIeparypax ysenunuuBarorcs o +0.01 K.
H3mepeHue TeMmepaTypsl IPOU3BOAMIOCH HETOCPEACTBEHHO B TEPMOCTATUPYIOLIEH KU I-
KOCTH, C HCIIOJIb30BAaHUEM IUIATHHOBOIO TepMoMeTpa comnportusienus tuma IITC-10
¢ Tounoctsio 0.01 K. /laBieHue B ycTaHOBKE CO3aBaJIOCh, MOICPKUBATIOCH TOCTOSHHBIM
B XOJI€ OIBITOB M M3MEPSIOCH C TIOMOIIBIO TPY30IOPIIHEBOr0 ManoMeTpa tuma MI1-2500
kiacca rounoctu 0.05.

[Ipuroroienue pacTBOPOB ISl UCCICJOBAHUS MTPOU3BOJUIOCH IPABUMETPHUCCKAM
METOJIOM C MHCIIOJIb30BaHUEM JIBAXKABl JUCTUIUIMPOBAHHOMW, JE€ra3upOBAaHHOW BOJBI H
XJIOpU/IA HATPHsl, MapKH X.4. (MaccoBasi J10JIsi OCHOBHOTO BEILECTBA B ITPOKAJICHHOM IIpe-
napate He MeHee 0.999). OTHocuTenbHas MOJIEKyJspHas Macca (IO MEXIyHapOIHBIM
aTOMHBIM MaccaMm) coctaBisieT 58.44 r/monb. [Ipoueaypa NpUroTOBICHUSI PaCTBOPOB H
3aMOTHEHUS] U3MEPUTENBHOI KaMephl MPAKTHIESCKH TOJHOCTBIO MCKITIOYaeT BO3MOKHOCTh
UX KOHTaKTa C aTMOC(epHBIM BO3AyXOM. OTHOCHTENBHAsI MOTPEIIHOCTH OMPEISNCHUS
KOHLIEHTpaluuu pacTBopoB He npessimiaeT 0.05 %.

OmBITH IPOBOAWINCE TI0 M30TEPMaM IIPH CTYNICHYATOM IMOBBIICHUN U ITOHI>KCHUH
nasieHus. Ilociae yCcTaHOBIICHUS! TEPMOJANHAMHYECKOTO PaBHOBECHS, B KKIOH DKCIEpPH-
MEHTAJILHOW TOYKe mpousBoauiock 10-15 wm3Mepenuid, a pe3ysibTarhl YCPEIHSIIUCH.
OO01m1asi OTHOCUTEIbHAS TIOIPEITHOCTh U3MEPEHUSI CKOPOCTU 3BYKa, OlICHeHHas i 95 %
JIOBEPHUTENLHON BEPOSITHOCTH, J&XUT B ripeaenax 0.01-0.04 %.

Obcysxaenne pe3yabTaToB. lM3mepeHus CckopocTH 3Byka B O3TOH cepun
O6butm  mpoBeaensl B pactBopax NaCl ¢ xonmentpamusvm: X = 0.7462  %;
X = 19957 % u X = 45083 % mo Mmacce, Mo ceMu H30T€pMaM B JHAIa30HE
temmepartyp 0-100 °C. B tabn. 1 npencraBieHs! SKCIIEpPIMEHTAIBHBIC JaHHBIE O CKOPOCTH
3ByKa B 1.9957 % - HOM pacTBOpe XJ10puaa HaTpus.

Tabmuna 1. Ckopocts 3ByKa B 1.9957 % - HoMm pactBope NaCl

T, K (MTLL - 90)
p, Mlla 285.73 300.25 314.96 330.51
19.71 1513.35 1556.21 1585.01 1602.78
39.32 1545.97 1589.07 1618.14 1636.90
58.93 1579.24 1621.52 1650.95 1670.27
78.54 1612.85 1654.03 1683.02 1702.62
98.15 1646.26 1686.07 1714.58 1734.42
117.76 1679.49 1717.89 1745.86 1765.31
137.37 1712.57 1749.08 1776.27 1795.68
156.98 1745.16 1780.11 1806.36 1825.43
176.59 1777.43 1810.58 1835.88 1854.62
196.20 1809.12 1840.46 1865.05 1883.25

B pabote [4] mpuBencHBI BEIWYHHBI CKOPOCTH 3BYKa B Pa30aBICHHBIX BOIHBIX
pactBopax xjopuja Hatpus Ha uszorepmax 20 u 45 °C u npu nasienusax po 120 Mlla.
CpaBHUTEIbHBIM aHAIM3 [10KA3all, YTO PACXOXKACHUSA JNAaHHBIX [4] OT pe3yabTaTOB HALIUX
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M3MEpeHHH Jiexar B mpeaesax ot -7 m/c 10 +13 m/c (naunble [4] B OCHOBHOM 3aBBIIICHBI).
3aMeTHM, OJTHAKO, YTO BETMYMHBI CKOPOCTH 3BYKa, MPUBEICHHBIC B [4] NMEIOT HEMPaBIO-
MOJO0HYI0 0apUUECKYIO 3aBUCHMOCTD.

Jaunble [5] npexacraBiensl Ha usorepmax 5, 15 m 25 °C u npu paBieHUsX
10 100 MIla. PacxoxIeHus: 9TUX AaHHBIX C pe3y/bTaTaMy HAalMX U3MEPEHUH B COBNAJA-
IolIeH 00J1aCTH MapaMeTpoB COCTOSIHUS Jiexkat B npenenax +0.1 %. HecmoTps Ha ynoBie-
TBOPUTEIBHOE COIJIaCHe BEJIMYMH CKOPOCTH 3ByKa, (opma PWTX — mnosepxHocTtn
M0 JaHHBIM [5] He OTBEYAeT CTPYKTYPHBIM M3MEHEHHSAM BOBI M0]] BIUSHUEM paccMaTpH-
BaeMoro aiekTpoauta. [lo ykazaHHbIM npuuuHaM, pabotsl [4] u [5] MOTryT UMETbh TONBKO
HCTOPUYECKOE 3HAUEHHE, a OMyOIMKOBAHHBIC B HUX JAHHBIC HENb3s PacCMaTpUBaTh Kak
HaJIC)KHEIE.

W3BecTHO, 4TO camble 3HAYUTEIBHBIC CTPYKTYPHBIC W3MEHEHHs BOIBI MPOUCXOMSAT
MMEHHO IPH HU3KHX TEMIIepaTypax U KOHLEHTPAIUSIX JIEKTPOJUTA (TO eCTh Ipu J00aB-
JICHUM TIepPBBIX MOPLUI COJM), KOrJa MCXOJHAsi CTPYKTypa BOIbI HE HapylleHa MOHAMHU
W/WJIM TEIUIOBBIM JBHKEHHEM MoueKysl. C pocToM KOHLeHTpauuu sjekrpoiaura PWTX —
HOBEPXHOCTh IUIABHO JeOpMHUpyeTcs M, JUIS UCCIICIOBAHHBIX HAMM KOHLEHTpPALUii, OHa
3aMETHO OTJIMYAETCs M0 KPUBH3HE M KPYTH3HE OT aHAJIOTMYHOH MOBEPXHOCTH ISl YHUCTOM
BOJIBI.

BcenencTBue CTpyKTYpHBIX HpEBpAIICHHH, MPOUCXOAAIMNX B BOAE C yBEIHYCHHEM
KOHIICHTPALMH JIEKTPOINTA, 00JacTH OapHyecKod M TeMIIepaTypHOH aHOMAaIHil BOIBI
cyXaroTcsi. Mexy TeM, ¢ pOCTOM JaBJleHHs o0JiacTh OapHYecKol aHOMAIIMH CYXKaeTcs,
a 00J1acTh TeMIlepaTypHOI aHOMAJIMHU, HA000POT, PACILUPSIETCS.

B 3akiroueHne OTMETUM, YTO MOJyYEHHBbIC HAMH paHee JJaHHBIE O CKOPOCTH 3ByKa B
YHUCTOW BOJIE, B CTAaHIAPTHOH MOPCKOM BOJE M Pe3yJIbTaThl HACTOSIIEH pabOoTHI SBISIOTCS
OCHOBOH JUIsl TIOy4YeHHsl NPHHIMITHAILHO HOBOTO YPABHEHUSI COCTOSIHUSI MOPCKOW BOZBI
EOS-20.
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VYK 534.23; 542.34

A.M. BEJIOB, I' H. KY3HEIIOB

HNEJIEHI'OBAHUE U ITOJABJIEHUE CUT'HAJIOB
OT JTOKAJIBHOI'O UICTOYHHUKA B MEJIKOM MOPE

Hayunslit neHTp BomHOBBIX Hccaenoanuit MO® PAH
Poccust, 199991 Mocksa, yi. BaBunosa, 1. 38
Temn.: (495) 941-0193; dakc: (499) 256-1790, E-mail: skbmortex@mail.ru

Koppenayusi nonsi cuenanos, NPUHsmulX CKAIAPHLIM U 20PU3OHMATLHO-
OPUEHMUPOBAHHBIM 8eKMOPHLIM npuemHukom pasna 0.92—0.99; xoppensyus ¢
CUSHATIOM, NPUHSIMBIM 6EPMUKATLHBIM GEKMOPHBIM NPUEMHUKOM, YMEHbULACICS
00 0.66—-0.85. B cxanaprom noue gvloenero 3—5, npu UCnoIb308aHuu 6epmuKaib-
HOU 8eKMOPHOU cocmasnsiowel — 7—9 moo. Bexmopho-cxanapHvle npuemHuxu
neneHeyiom ¢ 8blCOKOL MOYHOCMbIO U nodasisitom cueraisl Ha 20-30 Ob.

PaccmoTpum MHTEp(EpEeHIMOHHYIO CTPYKTYPY, KOPPEISIIUOHHBIE XapaKTe-
PHUCTHKH M BOJIHOBBIE CIIEKTPBI 3BYKOBBIX IT0JIEH TOHAIBHBIX CUTHAJIOB Ha YacToO-
tax 117, 320 n 650 I'n. bykcupoBka H3irydaTens MPOU3BOJWIACH MO MPSIMONIH-
HEWHBIM TpaeKTOpusiM. CHUTHAIIBI OT OYKCHPYEMBIX M3JIydaTeneil MpUHIMAINCh B
CHCTEME €IMHOTO BPEMEHH OJHOBPEMEHHO Ha KOHTPOJIBHBINA THAPOQOH, pacio-
JIOKEHHBIN Ha paMe OyKCHPYEeMOTo M3JIydJaromero KOMIUIEKCa, M Ha pa3HECEHHbIE
B TIPOCTPAHCTBE YETHIPEXKOMIIOHEHTHbIE BEKTOPHO-CKAIAPHbIE INPUEMHUKU
(BCIN), ynanennsie Ha 400M OT HAYYHOTO CyIHA. DKCIIEPHUMEHTHI IPOBOIMINCH B
MOPCKOM 3ajuBe C ITyOuHON 52-53 M. «BoaHbIi» MOIynb OBIIT MPUITOIHAT HAL
JTHOM Ha BbICOTY 20-22 M. Tpu MpUIOHHBIX MOJYJIS PACHOIAraluch Ha PaccTos-
HUM okoso 1.4 M ot aHa. [Ipu uccinenoBaHUM KOPPEISIIMOHHBIX XapaKTEPUCTUK
BBITIOJHSJIOCH  TO3UIIMOHMPOBAHUE  NPHUEMHBIX  MOAYJEH  OTHOCHTEIBHO
W3ITydaTens, B YacTHOCTH, BBIYHCIISIIACH OLICHKA TIeJIeHra

0, = Re[arctg(|V /‘V},)exp(z‘A(p)], rae Ap — pasnocte daz mexay Vi u V,

(puc. 1). BunHo, 4TO TpakTHYeCKH HA BCEM Y4acTKe OYKCHPOBKH IIPH MPUOIIH-
JKCHUHM W yJAJICHUU CYJHO-OYKCHPOBIIMK JIBUTAIOCH 110 PAaJHaIbHOMY TaJICy —
mof yraamu +1/2. OTMETHM TakKe, 9TO B 30HAX MHTEPPEPCHIIMOHHBIX MUHIMY-
MOB Ppin HAOIIOMAIOTCS 3HAKOTIEPEMEHHBIE «BBEIOPOCHDY OLIEHKHM TENIeHTa, KOTO-
pBIe OOBACHSIOTCS CKAaYKaM{ TOPHU3OHTANBHOW M BEPTHUKAIBHOW TPOEKIHU Tpa-
JIMEHTOB (ha3bl 3BYKOBOT'O JIABJIICHHS U TIPOEKIMI BEKTOpa KOJe0aTenbHON CKOpO-
ctu Vi u Vy. B 30Hax riyO0Koro Prin (CHHTYJISIpHBIE TOUKH) HAOJIOAeTCs TOBO-
pot dassl (rpagueHT ¢a3sl K3MEHSET 3HAK) B CBA3U ¢ 00pa30BaHUEM «3aBUXPCH-
HocTH». [Ipyn TeIeHroBaHNM MIMPOKOIIOJIOCHBIX CUI'HAIOB BBHIOPOCOB HET, TaK Kak
30HBI OCOOBIX TOYEK Ha Pa3HBIX YACTOTAX CMEIIAFOTCS 110 MPOCTPAHCTRY.
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Yron, rpai
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Bpema, ¢

Puc. 1. Ilenenr Ha OyKCHPYEeMBIii MCTOYHUK B CHCTEME KOOPAMHAT MPUIOHHOTO
npuemHoro BCII: (a) wactora 117 ', (0) wacrora 320 I'n, (B) wactoTa 650 I'm.

Ha puc. 2 npencraBieHsl orubarommne aMIuiuTy P 1 TOPU30HTAIBHON V-
KOMIIOHEHTHI, BBIYUCICHHON ITyTeM BEKTOPHOTO CIOKEHHUS JABYX TOPH30HTAIb-
HBIX KOMIIOHEHT V; u V), o opmyne V.=V sin(0,) + V) cos(0,), rue 0, — peru-
CTPUpPYEMBIil B peaJbHOM BPEMEHH IeJIEeHT Ha OYyKCHpPyeMbI HCTOYHMK. BumHo,
YTO Ha BCEX 4YacToTax (hopMbl MHTEP(EPEHIMOHHBIX KPUBBIX 11t P u V., kxpome
30HBI BOJIM3W TpaBepca, NPaKTHYECKU COBIAIAIOT.

117 TI'n

¥EBE 3

650 I'n

@ % e ” ' G
= i R

W oE

TN < A Ak .
50 o 7200
nLe

Puc. 2. NnaTepdhepeHnonnse 3aBI/ICI/IMOCTI/I; 4acToTH (cBepxy BHU3) 117, 320 u
650 I': / — maBnenue; 2 — V,-koMItoHeHTa; (a, 0) BoxHbIi 1 ipuaoHHb BCIL.

B0

P, V., aB P, V., ab

¥l . .!'.\l
_, .g VAN
V= ,r\ll," A ‘. "
| P’
o I 1 ] s i ] i 5Ty - . i an an
Bpems, ¢ Bpewms, ¢ Bpems, ¢

Puc. 3. UnTepdepeHmonHbIe 3aBUCHMOCTH 3BYKOBOTO JTABICHUS
u BepTuKanbHON nipoekiinu BKC: / — naBnenue P, 2 — V--KOMIIOHEHTa;

(a) wactora 117 T'u, (6) wacrora 320 I'n, (B) wactora 650 I,
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Ha pwmc. 3 Takke mIg Tpex YacTOT MpPENCTaBICHBI HHTEP(EpCHINOHHBIC
KpPUBBIE Ui 3BYKOBOTO TaBIICHUS P W BEpTHKAIBFHON COCTABIAIONICH Koieba-
TeNBbHOU ckopocTh V.. MHTepdepeHInonHas CTpyKTypa BePTHKAIbHON COCTaB-
nsromel 6osee BBICOKOYACTOTHAS, YeM Ha puc. 2. [IpmuuHa B TOM, 9TO BEKTOP-
HBI TIPUEMHHK C BEPTUKAJIBHON OpHEHTalnell «IOJYepPKUBAET» MOJBI BHICOKHX
HOMEpPOB, a MHTEPBAJIbl MEXIYy BOJHOBBIMH YHCIAMHU MOJ BBICOKMX HOMEPOB
0oJIbIIIe, YeM TSl MOJI IIEPBBIX HOMEPOB, T.C. BOJIHOBOH CIIEKTpP PACIIHPSICTCS.

U3 puc. 2 u 3 crnemyer, 4To HAOIFOIACTCS BBICOKAs KOPPEIISAILUS KOMIUICKC-
HBIX orubaromux P u V, B CBSI3U ¢ MOJ00HEM MOJIOBOM CTPYKTYpPHI (TabIuIa).

Ta6muua. KoaddupeHTsr Koppensinun Mex1y KOMIUIEKCHBIMH OTHOarOIMMU
PuV, (cneBa), Pu V. (cnpaBa) ajist TpeX NPUAOHHBIX TPUEMHHKOB.

FI_I K] Kz K3 FI_I K1 Kz K3

117 | 0.992 | 0.906 | 0.953 117 | 0386 | 0.634 | 0.317
320 | 0.974 | 0.829 | 0.829 320 | 0.055 | 0.450 | 0.202
650 | 0.872 | 0.556 | 0.793 650 | 0.334 | 0.354 | 0.222

C yBenuueHHEM PACCTOSIHUSI MEKAY MCTOUYHHMKOM IIyMa U NPUEMHHUKOM B
pesyibTaTe OcIalJIeHUs] MOJ] BEICOKUX HOMEPOB KOppeIIsLus, 0OCOOCHHO I Bep-
TUKaJIBHOH V-, Bo3pacraeT (IIpu yCJIOBUH, YTO OTHOIIEHHE CUTHAJI/TIOMeXa 00JIb-
e eauHuibl). C yBeTHMYEHHEM YacTOThl KOPPEISIIUS ISl TOPU30HTAIBHBIX MPO-
eKIUH V. yMeHbIIAeTCs, a Ul BePTHKAIBHBIX MPOEKIUH V-, — crabnim3npyercst.

DKcrepuMeHTalTbHAs! OIleHKa (P (PEKTUBHOCTH TOaBICHHs CHIIBHO HIyMSIIIHX
MCTOYHUKOB TIPOBOAWJIACH NMPH KOHTPOJIE KOOPAWHAT MCTOYHHWKA M IIPHEMHUKA,
M3JTy9daeMble CUTHAJIBI PETHCTPHPOBAINCH Ha Pa3HBIX YaCTOTaX B CHCTEME €IHOTO
BpEeMeHH, TITyOMHa MOpsS B paiioHe OYKCHPOBKH H3ITydaTels ObUIa TPaKTUICCKU
MOCTOSTHHOW. DOpMUpOBaHNE KapAWOWA TMPOU3BOIIIIOCH MO0 M3BECTHOW (opMyIie
Ky, = P £ BV,, tie B — KOPpEeKTUPOBOUHBIN KO3(D(PUIMEHT, BEIPABHUBAOIINIA pa3-
MEPHOCTH M YUHUTBIBAIOLINI pa3IM4ne 3aBUCUMOCTEH UyBCTBUTEIBHOCTH OT 4acTo-
Tol. [Ipy 1BUKEeHUs cy1HA-OyKCHPOBILMKA 110 PaJHaIbHOMY rajicy MUHUMYM Kap-
JMOUIHON XapaKTEPHCTUKU HAMPABIEHHOCTH MOXKHO C()OPMHUPOBATH, UCIIOIB3Ys
shipaketne 1, (6) = P(6,,)+ V,(6,,)sin(6,,) +V, (6,,)cos(6,,) — min, e 0y

6, — HampaBJIeHNs HA HAYAJIBHBIH M KOHEYHBIN YYaCTKU TPACChl OYKCHPOBKH U3ITY-
yarenst. OTKIMKA CUTHAJIOB, IPHHATHIX COPMHUPOBAHHBEIMHU B TTPOTHUBOIIOJIOXKHBIX
HarpaBJeHUsIX Kapanounamu (/1 u 1) st tpex 4actot (117, 320 u 650 '), npu-
BeJieHbI Ha puc. 4. BuiHO, 4TO B Cllydae IpueMa CHUrHajla KapJHOUIOH, OpHEHTH-
POBaHHOIl Ha UCTOYHUK 30HOH MAaKCUMyMa, YPOBEHb OTKJIMKA TIPEBBIIIACT BEINIH-
Hy CHTHaJIa Ha BBIXOJE KapAHNOHABI, OPHEHTHPOBAHHOH Ha HCTOYHHMK 30HOH MHUHH-
myMma Ha 20-30 1b u 6onee. [loganenue OyneT MPOU3BOAUTHCS HE HA OTACTBHBIX
JHCKPETHBIX COCTABIIAIONINX, HO OJHOBPEMEHHO B IIMPOKOIl IOJI0CE YaCTOT, B KO-
TOpOii opMa KapIHOH bl U3MEHSIETCS HE3HAYNTENBHO.

J1J1s1 OLIEHKH YTJIOB CKOJIBKEHHUSI CUTHAIIOB ¢(#(7)) B BEPTHKAJIBHOM TIIOCKO-

/ sz +Vy2). Ha puc. 5
MIPUBEICHBI 3aBUCUMOCTH yTia Tpuxoja ¢(#(r)) oT BpeMeHu (0T pacCTOSIHUS) TSt
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OJIHOH U3 TpaeKTopuil. BUHO, YTO HA OTAEABHBIX YYaCTKaX YIJIbI IPUXO0Ja CKay-
KOOOpa3HO M3MEHSAIOTCS B IIMPOKHUX Tpeaerax (B OTHETBHBIX 30HAX — OT +m/2
1o —1/2 1 Ha000POT) M HAOMIOMAIOTCS «pa3pbIBe». Kak moka3an aHamms, 3TH 30-
HBI COOTBETCTBYIOT 30HaM MHTEP(EPEHIIMOHHBIX MUHUMYMOB. B 30Hax unTepde-
PEHIMOHHBIX MaKCHMyMOB I'paJueHThl (a3bl INIaJKue, YIIbl Mpuxoaa OIu3Ku K
TOPU30HTAJILHOMY HAlpPaBICHUIO.

P+V¥,, nb P+V,, nB P+V,, ab
(n) |

\' R

b ] {"W""f

I %-llﬁ \ *P " ‘L-u. ,,.lf‘.\

(M m“q,!

Bpewa, ¢ Bpewa, ¢ Iinum [

Puc. 4. Curnainer Ha BpIX0/1€ CPOPMHUPOBAHHOHN KapAHOUILL: (a, 0, B) YaCTOTHI
117,320 u 650 T'r: / — xapauonia HarpaBiieHa Ha YOASIOMIANACS H3ITydaTelh
30HOU ¢ MaKCHUMaJIbHON YyBCTBUTEIILHOCTBIO, 2 — KapAMOHia HallpaBJieHa
Ha U3JIy4aTesb 30HOH ¢ MUHUMAJIBHON YyBCTBUTEIBHOCTBIO.

100
@, Tpas

-100

200 400 s00 S00 1000 €, cex 1200

Puc. 5. Yron npuxoga curHaia B BEpTUKAIbHOMN MIIOCKOCTH:
(a) wactora 117 I', (6) wacroTa 320 I'ni, (B) wactota 650 I'm.

XapaKTepUCTHKH MOAOBBIX CIIEKTPOB OOOCHOBBIBAIOT OOJIBININE BEITNYHWHBI
K03(h(UINEHTOB KOPPEISIIMU: MOJOBBIE CIEKTPBI 3BYKOBOT'O JABICHUS M TOPH-
30HTAIbHON MPOEKIMU NMPAKTUYECKH COBIAJAIOT, B MOJOBBIX CIEKTPaX BEPTH-
KaJIbHOW KOMIIOHEHTBI MMEIOTCSI TaKXKe MOJIbl BBICOKMX HOMEPOB, KOTOpPbIE MpU
YBEINYEHNUH PAcCTOSIHUS JOCTaTOYHO ObICTpO ociabesaroT. Kak cienctsue, yBe-
JMYUBAIOTCS KOA(PQUIIMEHTHI KOPPEISIIIMU MEXK/1y 3BYKOBBIM JIABIICHHEM M BeEp-
THKAJIBbHOH cocTaBisitonieil koaebaTenbHON ckopocty. [Ipy ucnonp3oBaHUM CKa-
JSIPHBIX TOJIEH MIIM TOPU3OHTAIBHBIX TIPOSKIMH KOJIeOaTEeTbHOW CKOPOCTH BbIJIe-
JSA0TCSL 3—5 HOpMaNIBHBIX BOJH. IIpy MCHONB30BaHUM BEPTUKAIBHOM MPOEKLUU
Kosie0aTeIbHOW CKOPOCTH BBLIEISAIOTCS 7-9 Mox. CienoBarenbHO, MPU aKyCTH-
YeCKOM KalnnOpOBKE BOJHOBOJA IIEIECOO0PA3HO HCIIONB30BAaTh HE TOJBKO CKa-
TSIpHBIC IPUEMHUKH, HO ¥ BepTUKANbHYI0 KoMmroneHTy BKC. VBennmuenne gucna
BBIJICJICHHBIX MOJI TTOBBIIIAECT TOYHOCTh U JOCTOBEPHOCTh MACHTU(HUKALNH TTapa-
METPOB MOJIeNU IrpyHTa. Koppemnsius cKaasipHbIX 1 BEKTOPHBIX CUTHAJIOB BEJIHKA,
KOpPEJALHsI OMEX Majla — 3TO HOBBIIIAET HOMEX0YCTOHUYNBOCTh O0OHAPYKEHHS.
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VYK 534.23; 542.34

I''M. I'nnedoBa, I'.H. Ky3nenon

OIEHKA IIYMHOCTHU HU3KOYACTOTHBIX BYKCUPYEMBbBIX
HUCTOYHUKOB B KAJINBPOBAHHOM PAMMOHE MEJIKOI'O MOPSI

Hayunslit neHTp BomHOBBIX HccaenoBanuit MO® PAH
Poccust, 199991 Mocksa, yi. BaBunosa, 1. 38
Temn.: (495) 941-0193; dakc: (499) 256-1790, E-mail: skbmortex@mail.ru

Cpasnusaromes SKCnepuMeHmanvHvle pe3yibmansl UsMepeHUs 8 pasiuiHbIX
MOYKAX NPOCMPAHCINGA 38YKOB020 0ABleH s, CO30a8aeMO20 OYKCUPYeMbIM U3y~
YQIOWUM KOMNIEKCOM, C pPACYemHbIMU OYEeHKAMU 8 mex e MOuKax npuemd,
BLIYUCTICHHBIMU C YYEMOM NO3UYUOHUPOBAHUS U OYEHKU NaApamempos mooenu
2PYHMA, paccuumanHuiM no OaHHBIM aKyCmMU4eckoll KanubposKu 801H0600d.

IIpu pemrennu nmpoo6saeMbl OlleHKH NPHBeICHHON IYMHOCTH B 3aBUCHMO-
CTH OT JMarna3oHa pabo4ymX 4acTOT M Pa3MEpOB MCTOYHHMKA MOTYT MPUMEHSTHCS
pa3nuuHble MeToIbl. Ha HHM3KHMX YacToTax, KOTAa M3-3a JAUQPAKIUH PacIoio-
JKEHHBIC B PA3HBIX 30HAX IIyMsIINE HCTOYHUKH 00pa3yloT B OJMKHEM II0JIC e/Ti-
HOE CJIO’KHOE 3BYKOBOE I10JI€, MOKHO IOJb30BATHCSI MOAENBI0 SKBHBAJICHTHOTO
MYJIBTHIIONS, COCTOAIIET0, HAIIPUMEp, U3 MOHOTIOJS, TPEX IUIIONICH M MATH KBaj-
pynoneii. Ha cpemHux M BBICOKMX YacTOTaX Pa3HECEHHbBIE B MPOCTPAHCTBE HC-
TOYHHKH, 00pa3yIoIne NHTETPAIbHOE 0JIe, MOTYT pa3pelaThesi, U HEOOX0AUMO
UCCIIEe0BaTh UX MapLUaibHBIA BKIag B oOllee IIyMoOBoe Ioje. B aTom ciydae
CJIOKHBI MHOTOKOMITOHEHTHBI MCTOYHHUK 3aMEHSIETCSI COBOKYMHOCTBIO pa3He-
CEHHBIX B IPOCTPAHCTBE TOYCYHBIX M3IydaTesiei (MOHOIOIb U ANUIIONb), KOTOPhIE
MOT'YT OBITh HCTOYHMKAMHU HIMPOKOIOJIOCHBIX U Y3KOMOJIOCHBIX CHUTHAJIOB — CITy-
YalHBIX WM JICTEPMUHUPOBAHHBIX. PaCCMOTPUM QJITOPUTM OLICHKH ITapaMeTpOB
STUX HCTOYHMKOB, HCIOJIB3YIOIIMN CHCTEMY MATPUYHBIX ypaBHEHUN B BHJE:
K=K, rtae K u K — COOTBETCTBEHHO, IKCIIEPUMEHTAILHO M3MEPEHHAs H TEO-
PETHYECKH pacCUnTaHHas CHEKTPaJIbHO-KOPPEISIIMOHHAS MaTpulla MpHHHMAae-
MBIX cUrHanoB. [Ipu pacueTe SKCIIepUMEHTATBbHON MaTPHIIbI K cursans! ot cka-
JSIPHBIX W/WJIM BEKTOPHO-CKAJSIPHBIX IPHEMHBIX 3JEMEHTOB aHTEHHBI MOZBEpTra-
10Tcst @yphe-npeoOdpa3oBaHMIO, a 3aTEM PACCUUTHIBAIOTCS AIIEMEHTHI CIIEKTPAb-
HO-KOPPEJSAILHOHHAS MaTpPHUIIbI I%lm=Ul U’ . Jlna pacyeTa T€OPETHUECKHX 3Ha-
YEeHUIl 3JIEMEHTOB MaTpHUIlbl K HEOOXOANMO 33aJaTh MOJIETb CIOKHOTO aKyCTHUe-
CKOT'O UCTOYHMKA, PEIIUTh 3a7ady MO3UIMOHUPOBAHUS, a TAKKE BBITIOJIHUTE aKy-

CTUYECKYI0 KalMOPOBKY BOJIHOBOJIA, YTOOBI HCIIOIb30BaTh €0 MOJEIb M Iapa-
METpBI NIPH pacueTe NepelaTouyHbIX (QYHKIMHA. MOITHOCTH aBTOCHEKTPOB M B3a-

277



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

MMHBIE MOITHOCTH MCTOYHUKA — P, SBJISAIOTCS HICKOMBIMHU TTapaMeTpaMH W HaXo-
JIITCA KaK KOPHM CTAaTHCTHYECKH MEPEONPENICICHHON CHCTEMbl YpaBHEHHUH

N
K, =Y P,0,9, +K, (), LLm=1..M, e on=jop®(rr,) ~ 11 ckatip-
nq

HBIX IPUEMHUKOB, @i, = 0D (7/7,)/dr — 111 BEKTOPHBIX PUEMHUKOB, P, =(p.p,)

— DJIEMEHT MaTpHIlbl B3aUMHBIX MOIIHOCTEH MHOTOKOMIIOHEHTHOTO HMCTOYHHUKA,
OTHECEHHBIN K HEKOTOPOH TOUKE MPOCTPAHCTBA, HATIPUMED, K HaYaly KOOpJIUHAT
B BBIOPaHHOMN CHCTEME OTCUETa; D(r, ,r,) — NOTEHIMAT CKOPOCTEH JUIs HCTOYHU-

Ka M3JIyYCHHs] €AMHUYHOM MOIIHOCTH. DJIEMEHTHI MaTpHUIbl moMeX Kj,(n), BXo-
JIIIUE B 3Ty CHCTEMY ypaBHEHHH, MOTYT OBITh M3MEPEHBI SKCHEPHMEHTAIBEHO
WUIN BKJIFOUCHBI B YHCJIO HEM3BECTHBIX mapamerpoB. [lockompky K — spmuTOBa

MaTpulla, TO CUCTEMY ypaBHEHUI K =K moxHo 3ammcats B Buge M? neiicTBu-
TENBHBIX YPABHEHHH, 4TO B OOIIEM CIIydae IO3BOISET HaiTH M’ HEM3BECTHBIX
napameTpoB. Ecim 3Ta cucrema cocTapisieTcs 1o 7 MHTepBasiaM HaOJII0ICHNH, Ha
Ka)XJIOM M3 KOTOPBIX NMPUHIMAaeMble CHTHAJIbI MOKHO CUMTATh KBA3HUCTAIMOHAP-
HBIMH, TO Pa3MEPHOCTb CHCTEMBI yPaBHEHUIT yBeanuuBaercs 1o M*7. Takas cu-
CTeMa ypaBHEHHH SIBIIICTCS TIEPEOIPEACICHHON U pelaeTcs METOJJOM HanMeHb-
IMX KBaApPaTOB AJIsl KaKJOU CIIEKTPaIbHON COCTABIISIOLIEN KOMIUIEKCHOIO CIIEK-
Tpa. B camoM mpocTtom ciydae, Korjia MoiesIb HCTOYHHKA 331aeTCsl B BUIE OJJHO-
IO MOHOIIOJIS, CUCTEMA ypaBHEHMH Ul OLIEHKH MPUBEJEHHON HIyMHOCTH MCTOY-

HHKa yIPOIIAeTCs: ]%,m =P¢,Q,, [,m=1,.,M, rne P — npuseicHHas K OHOMY

i
METPY MOIIHOCTh UCTOYHHKA U3TYUICHUS.

PaccMoTpuM pe3yIbTaThl IKCEPHMEHTAILHON MPoBepKH >(h(HEKTUBHO-
CTH OLICHKU MPHUBEICHHOMN IIYMHOCTH MPH PA3IUYHBIX AJITOPUTMaxX 00pabOTKH.
OKCIIEPUMEHTHI TPOU3BOIILIUCH ITyTeM OYKCHPOBKU H3ITYyYaIOIICH CHCTEMBI, CO-
CTOSIICH W3 KOMITAKTHO PACIIOJIOKEHHBIX HA OJTHOM KapKace TOHAIBHOTO W UM-
MyJIBCHOTO m3nydaTeneil. [lepen OykcHpoBKOil Oblia MpOW3BEACHA KAIMOpPOBKA
M3IydaTeNne ¢ OLEHKOM aJeKBAaTHOCTH MOJEIHU. Y CTaHOBJIEHO, YTO HU3JIydaTelu
MOXXHO CUHTAaTh MOHONOJSIMHU. [IpremMHas aHTEHHa COCTOSNIAa W3 HYETBIPEX
AIIEMEHTOB, TPH U3 KOTOPBIX (BTOPOH, TPETHA U YETBEPTHI) YCTaHOBICHBI BOIU3N
JHa W pa3HeceHbl Ha 50 M Apyr OT Apyra, MepBHI YCTAHOBIEH HaJ BTOPHIM, Ha
BbicoTe OKOJIO 20 M OoT nmHa. CpaBHEHHE DKCIEPUMEHTATBHBIX W TEOPETUUIECKUX
KPHBBIX Mpoxoja Ha vactotre 117 ['Il BBIMOIHEHO TPU JBIKCHUH OYKCHPYEMOTO
HCTOYHMKA IO MPSIMOJHMHEIHOMY raicy. Ha puc. | mpencraBieHbl 3KCIICpUMEH-
TAIPHO WM3MEPCHHBIC IPU OYKCHPOBKE MCTOYHHUKA W PACCUMTAHHBIC KPUBBIC
MPOXOJIa JUTS YeThIpeX MPUEMHUKOB aTCHHBIL. [IpH pacyeTe TEOPETUUSCKIX KPUBBIX
MPOXOJIa HMCIOJB30BATIMCh PE3YJIbTaThl aKyCTHYCCKOW KaJMOPOBKH BOJHOBOIA U
B3aUMHOTO TIO3UITHOHUPOBAHUS UCTOYHHIKA U3TyUCHUS U IPUEMHON aHTCHHBI.

Jis aHanmm3a SKCIIEPHMEHTATBHBIX 3aBHCHMOCTEH BBEICHBI 0003HAYCHHSA
«Py», «K», «P-slide» n «R». OtieHKE TpUBEeNEeHHON IIYMHOCTH, MOTYYCHHBIC W3
CHUCTEMBI ypaBHeHUH K , TIYTEM CKOJIB3SIIETO CrIIaKUBAHUS U TEOPETHIECKHX, U

SKCICPUMEHTAIBHBIX JaHHBIX, 0003HauYeHBI «P-slide». Metox «R» ucmonb3yer
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CHUCTEMY ypaBHEHUH BHUAA [%,,:PF(;;), [=1,...,M, rtne F(r) — npomopuuno-

HallbHasl MOITHOCTU (DYHKIUSI PACCTOSIHUSI MKy UCTOYHUKOM M [-M MTPUEMHBIM
3JE€MEHTOM. B 3aBHCHMOCTH OT COOTHOIICHHUS TITyOHMHBI BOJHOBOA U PACCTOSHUS
7/ €e BRIOUpAroT B Bue 1/r; wimm 1/ r,2 . Metoasl «P» n «K» ucnonb3yror matpuy-

HYIO 3aICh 1T K, ¥ TIEPENaTOuHyi0 GYHKIMIO BOJHOBO/A, BEIYHCICHHYIO 110

pe3yibTaTaM aKyCTH4ecKoW KainmOpoBKH. V3 mpuBeneHHBIX Ha puc. | JaHHBIX
BUJIHO, YTO KaTMOPOBKA BOJHOBOJAA M B3aMMHOE TTO3UIIMOHUPOBAHNE BHITOTHEHBI
JIOCTATOYHO TOYHO, YTO MO3BOJIMIIO BBIYMCIUTH HECMEIICHHBIEC OIIEHKH JaBICHUS
B pa3NMYHBIX TOYKaxX MpHeMa. BUIHO Takke, YTO CIIIQ)KMBAHHWE CYIIECTBEHHO
YMEHBIIAET JUCHEPCUIO OLIEHKU CHEKTPaIbHON MIIOTHOCTH.

i
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Puc. 1. Teopetndeckas u 3KCIIEpUMEHTANbHAS 3aBUCHMOCTH JIABIICHHUS HA YEThI-
pex tumpodoHax TpH OYKCHPOBKE HCTOYHHKA; TEOPETHUCCKUE 3aBHCHMOCTH
(TyHKTHP) PacCUYUTaHBI: ¢ — M0 METOY HOPMAJILHBIX BOJIH; 6 — 10 METOY HOP-
MAaJIbHBIX BOJIH C TOCIEIYIONIMM CKOJB3SIIUM CIIIQ)KUBAHUEM; 6 — KPHBas MPO-
XOJa JUIsI UCTOYHUKA €MHUYHON MOIIHOCTH MPU YMEHBIICHUU KBajpara JaBlic-
HUS 110 3aKOHY 1/r.
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To4HOCTh OLIEHKU NMPHBEJEHHON IIYMHOCTH MCTOYHUKA TIPU HCIOIH30-
BaHUH PA3INYHBIX METOOB WILTFOCTPHPYETCS PHC. 2, HA KOTOPOM IIPE/ICTaBIICHA
TUTOTHOCTh BEPOSTHOCTH PACIIPESIICHIUS OICHKH MOITHOCTH, BBIYUCIICHHAS JKC-
MepUMEHTAIBHO. [IOCKOIBKY OIIeHKAa MOIIHOCTH TOIYYaeTCs] CYMMHPOBAHUEM C
BECAMHU 3JIEMEHTOB MaTpULbl K, TO OHA SIBJIAETCS CIOy4allHOW BEIMUYMHOMN, UMEIO-
el raMMa—pacrpeaeacHue p(x‘oc,[.’)) ¢ mapameTrpamu o u B. Pacmpenemnenue

Xz — YaCTHBIN cnyqaﬁ raMMa-pacrnpeaciacHus ajisi CyMMbI KBaJpaToOB cnyqaﬁﬂmx
BCJIMYMH C OAMHAKOBBIMU BECAMH U CO CTaHAAPTHBIM HOPMAJIbHBIM pacrpeacic-
HHUCM. HapaMeTpLI raMMa—pacrpeaciCeHusd o 1 B BBIYUCJIIAOTCA C UCIIOJIBb30BaHU-

A

eM cpesiHero 3HaueHns P W aucriepcnd 62(P), KOTOpbIe MOJTyHeHbI SKCIEpH-
MeHTanbHO P =0/, 6°(P)=o/B*, otkyna o.= P*/6*(P), p=P/c*(P).

X)

o Tpu pacuere P u o°(P) nc-

k-]

MOJIB30BaJIaCh BBIOOPKA JIUTEIHHO-
—_ ctpio 1000 ¢, 9TO BITOJIHE OCTATOY-
HO JUIs JOCTOBEPHOW OIICHKH Tapa-
NE METPOB ramMma-pacrpeieicHus. 3Ha-
7/ P YCHHE MPUBEIACHHOTO K 1 M 3BYyKO-
P e L [—"T=-] BOro napieHus, CO31aBAEMOI0 H3Iy-
yatesieM Ha vactore 117 I'u ¢ yue-
TOM YyBCTBHTEIBHOCTH THIPO(pOHA
(166 mxB/I1a), mapamerpoB ALl
(1.58/32767 6un) 1 KO03hPUIHEHTA
ycuieHus npueMHbIX kaHanoB (20 nb), pasHo 4820 Ila, yTo oTnMYaeTcs OT pe-
3yJBTaTOB TPEABAPUTEIBHO MPOBEACHHON KaTMOPOBKH H3IIydaTelNsl «Ha CTOIE»
He Oosee, uem Ha 8%. Kak cnenyer u3 puc. 2 merozp! «P-slide» u «K» numeror
HAMOOJIBIIYI0 TOYHOCTh, KOTOPAsi JOCTUTACTCs 3a CUET COTIACOBAHHOM (PHIIBTpa-
UM — COTJIACOBAHHOW C TPACKTOPHUEH MBMIKCHHUS, C MapaMeTpaMu MOJECIH Tepe-
JTATOYHOW (DYHKIIMU BOJIHOBOJA M C TCOMETPHUEH PACIOI0KECHUS NMPUEMHUKOB B
npoctpancTBe. Meron «R» maer 6omipmue morpemHocTH (0 6—8 nb), Tak Kak He
YYUTBIBaCT HHTCP(HEPEHINIO CUTHANA;, U CHTHAJ OBICTPO YOBIBACT, UTO HEpeasb-
HO.

Puc. 2. [I70THOCTH BepOATHOCTH OIICHKA
MIPUBEJICHHON IIIyMHOCTH JJIS1 pa3InIHBIX
aJIrOPUTMOB 00PaOOTKH

TakuM 00pa3oM, yCTaHOBJICHA NPUHLHUIUAIBHAS BO3MOKHOCTD JIOCTaTOYHO TOYHOIL
JMCTAHI[MOHHOMN OLICHKH [TAPaMETPOB HCTOYHHUKOB B BOJIHOBOJIE IIPH YCJIOBHU KalTHOPOBKH
BOJTHOBOJIa, TO3ULIMOHMPOBAHMS U3TydaTelis H 3pPEeKTUBHOTO anropurma oopadotku. s
pelIeHns] NPaKTUYeCKH Ba)KHBIX 3a]ad B PEalbHBIX YCIOBUSIX HEOOXOAMMO 3aJaTh aJeK-
BaTHYIO MOZENb UCTOYHUKA, 3aMEHHUB PEaTbHBIH 00BEMHBI MHOTOKOMIIOHEHTHBII HCTOU-
HHK SKBUBAJCHTHBIM MCTOYHHKOM B BHJIE COCPEIOTOYEHHOIO MYJIBTHIIONS WM Pa3HECEH-
HBIMH B IIPOCTPAHCTBE MOHOMOJISIMH M IMIOJISIMH C U3BECTHOM reomeTpueid. [1pu pemennu
00paTHOM 3324y C LEJIbI0 OLICHKU [1apaMeTPOB SKBUBAJICHTHON MOJEIH ClIelyeT 000CHO-
BBIBATH a/ICKBATHOCTh MOJICJIM M YCTOWYMBOCTH OLICHOK. B yacTHOCTH, He0oOXoaumo oboc-
HOBBIBaTh JIOCTHKCHUE TIOOAIBHOrO 3KCTpeMyMa. [l MOBBIMICHHS MOMEXO0YCTOHYHBO-
CTH HM3MEPEHHil 11eJeco00pasHO HCIIONB30BATh MPOCTPAHCTBEHHO-PA3HECEHHBIE CKaJsp-
HBIC WM BEKTOPHO-CKAJISIPHBIC MOJYJIH, A TAK)K€ MHOTOJIEMEHTHBIC NPOTSHKEHHBIC ITPHU-
€MHBIC CHCTEMBI — HAallPHMep, CTAIIMOHAPHBIE JJOHHbBIE aHTEHHEL.
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VJIK 534.8

A.B. I'punok?, B.H.KpaBuenko?, A.U. Xuiabko

AJATITUBHASA OBPABOTKA IINMPOKOITOJIOCHBIX
I'A CUTHAJIOB TOPU30HTAJIBHOM PEHIETKOM TP
IKCHEPUMEHTAX B MEJIKOM MOPE

Wncrutyt npuknagnoi pusukn PAH

Poccus, 603950, H. Hosropon, yi. YabsHoBa, 1.46

Temn. / ®axc: (831) 436-9717; E-mail: A .khil@hydro.appl.sci-nnov.ru
D OAO "HUU Atomr"

IIpusoosmcsa pesynvmamol 9KCNEPUMEHMO8 NO AOANMUEHOU K cpede ua-
CMUYHO-KO2Epenmuoll  urempayuu wupokonorocHvlx I'A cuenanog 2opusom-
MANbHOT peuemKoll 6 MeIKOM Mope. YKazauuviM MemoooM peuaemcsi 3a0a4d
ROBbIUEHUS MOYHOCMU OYEHKU HANPAGIEHUsl HA UCMOYHUK.

[Ipr wcmomp30BaHUM YaCTOTHO-TIPOCTPAHCTBEHHOTO TMPEACTABICHUSA MPH
0oOHapy)KEHUH H3ITy9aeMBIX CYTHOM CIYYalHBIX TayCCOBCKHX CHUTHAIOB HU3KO-
YaCTOTHOM TOPM3OHTATBHON (a3oBo-aMrumaTynHON pemieTkoil (DAP) B mMenkom
MOp€ M3-32 CHJILHOM 4acTOTHOM aucriepcun GyHKuuu ['prHA B THApOaKycTHYE-
CKOM BOJIHOBOJIE, JIOKAJIbHO-ONITUMANIbHASI CTATUCTHKA, BBIUMCICHHAS HA OJHOM
BpemeHHOM nHTepBane JI1D, umeert Bun [1, 2]:

T, = Z/el-’gS,f H,G,.p, )

3nech: p / - BEKTOp Habmronennst curaanos ¢ ®AP Ha gacrore f € F (Ha OgHOM

2

orcuére JAI1D); F — monoca yactoTHOro aHanmusa; H , - BEKTOp Nepe/iaTo4HOM

(hyHKIIMH cpenbl pacpoCTpaHeHHs CUTHaloB (BekTop kommencarun ®AP), co-
OTBETCTBYIONINH HHIUBHIYAILHOMY «KaHAIy» B IMPOCTPAHCTBE HEM3BECTHBIX

napamMeTpoB CHUTHaIa, G”/ - KOBapualMOHHAad MaTpulla IMOMEXHW Ha 4YaCTOTC

fe F; g‘_ ;o CIICKTpaJibHAsd IMJIOTHOCTH ITYMOBOT'O CHUTHAJIA. AHFOpI/ITM obOHa-

PYKEHHsI, OCHOBaHHBIH Ha cTaTHCTHKE (1) SIBISETCS ONTUMAJbHBIM TIPH «Clia-
06OM» CUrHaje, OJTHAKO B PEAIbHBIX YCIOBHUIX BXOJSIINE B HETO BEJIMYHMHBI JIHMOO
M3BECTHBI YaCTUYHO, JIMOO HEM3BECTHBI BoBce. MccienyemM BO3MOKHOCTD COTrJa-
COBaHHOW ¢ ¢yHKuueil ['puHa MPOCTPaHCTBEHHO-YACTOTHOW 0OPabOTKM IIHPO-
KOTIOJIOCHBIX THPOAKyCTHYCCKUX CHUTHAJIOB, MOJIaras MoMeXy MPOCTPaHCTBEHHO
HEKOPPEIMPOBAHHOW M CIIEKTPHI MOJE3HOI0 CHUTHAJIA U IMOMEXHM YaCTOTHO He3a-
BUCUMBIMH. VICTHONB3ysl 3KCIEPUMEHTANILHBIC OICHKH OTHOCHTEIBHBIX BpPEMEH
3aJiepKEeK MPUXO/ia B3PBIBHOTO CUTHANIA Ha TryOmHE 50 METPOB 1O Pa3InYHBIM
MOJIaM OT YacTOTHI B MEIKOM Mope riryonHoi 300 MEeTpOB OIEHUM TPYIIOBEIC
CKOPOCTH PAaCMpOCTPAHCHHs CHIHAIIOB C,, U 110 HAM PacCyuTaeM ¢a3oBbIe CKO-

pocTtu Cd) MO KaXJ0M MOJI€ B COOTBETCTBUU C HpI/I6J'II/I)KeHHLIM COOTHOLICHHUCM
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Cgb = C% C,,, rae C — cpeiHsas CKOPOCTb PACIPOCTPAHEHHs 3ByKa B BOJIE, PaBHAs

B yCIIOBUSIX mpoBezeHus skcrepumenta 1500 m/c. [5] (puc.1, cnesa). [Tockonbky
MOJIYYCHHBIC TAKUM 00pa30M OIEHKHU (Da30BBIX CKOPOCTEW CHTHAJIOB IO KaX IO
MOJI¢ TIPAKTUYCCKU COBMAIAIU C MOA0OOPAHHBIMH KCIICPUMEHTAIBHO CKOPOCTSI-
MH Ha HECKOJBKUX YacTOTaX, COOTBETCTBYIOIIUX IAUCKPETHBIM COCTABIISIFOIIIM
CIICKTpa IIyMOUW3IYYCHUS CYIHA, HCIIOIB3yeM UX IIPH MPOCTPAHCTBEHHOH 00pa-
0OTKe IIYMOBBIX CUTHAJIOB B IIMPOKOIT mosoce acToT. Ha puc.1, cnpaBa mnpuse-
JICH TIpUMeEp SKCIIEPUMEHTAIHFHON OIIEHKH HOPMHUPOBAHHOTO YTIIOBOTO CIIEKTPa B
norapudpmmaeckoM MacmrTabe (1b) Ha BBIXOJE MPOCTPAHCTBEHHOH 00pabOTKH
nmoHHoM nuHeiHO! AP Ha wactoTe 14 'l mpu HAXOKACHUH WCTOYHHUKA TIIYMO-
n3nydeHus (HaaBogHoro kopadmns - HK), nBmwkyierocs Ha paccTossHuM 15 KM B
HaTpaBJIeHUHN 1° OTHOCHUTENBHO JMHUU aHTEHHBI. HIKHAS KpHBas paccyMTaHa C
MTOMOIIIFI0 MOJIEIM PACTPOCTPAaHEHHUs CHUTHAJIOB B BHJE CBOOOTHOTO MOIYIIPO-
CTpaHCTBa MpH cKopocTH 3Byka 1500 m/c . BepxHss kpuBasi pacCUUTaHa MyTeM
MPOCTPAHCTBEHHON OOpPAaOOTKH OCHOBHBIX 5-TH PACHpPOCTPAHSIONIUXCS BOJHO-
BOJIHBIX MOJI ¥ HEKOT€PEHTHOM WX cyMMupoBaHuU. [Ipruem B cirydae coriaco-
BaHHOW CO CpeIOod IMPOCTPAHCTBEHHOH OOPaOOTKH HCIOIB30BAUCH (ha30BBIC
CKOpOCTH, IPUBEAEHHBIC Ha puUC. 1, clieBa, 1 Haxosmuecs B auanasone 1500 m/c
— 2150 m/c. IIpu 3TOM BHUIHO, YTO WCIOJH30BAHHE COTIACOBAHHOHN C KaHAJIOM
pacmpoCTpaHeHHsI CUTHAJIOB MPOCTPAHCTBEHHOW O0OpabOTKH C HEKOTEPEHTHBIM
HAKOTIJICHHEM MOJIOBBIX OTKJIMKOB YOMpPAeT CMEIeHHe OIICHKH IeJICHTa Ha I[eTTb,
nmocruratoriee 30° - 40° mpu HAXOXKAECHUH SN B HAPaBICHUH OETyIei BOIHBI
noHHo ymHerHOW DAP. Tlpu KorepeHTHON cortacoBaHHOW 00paboTKe HEO0O0XO0-
JUMO TTPOCYMMHUPOBATh Ha K10 4acTOTe MOJIOBBIE OTKIHUKH C Y4ETOM (ha3bl
JUTS 3aJJaHHOM JalTbHOCTH OOHAPYKEHHs HCTOYHHKA.
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Puc.1
IIpu 5TOM I NABHOCTH R HAXOXIEHUS HCTOYHUKA CUTHAJIA U JOIyCTHMOM
TOYHOCTH 3HaHUs (pa3bl CUTHAIA B TOUKE NMpHUéMa ¢ MOIydnM COOTHOLICHUE JUIs
JIOITYCTAMOW TOYHOCTHU 3HAHHS (Ha30BOH CKOPOCTH Kaxmoi Mol AC<ApC%(wR),
rine C — cpefHsis 1o IyOMHE CKOPOCTh paclpocTpaHeHus 3Byka B Boje. [Ipu 1o-
nmyctumoit BenuunHe Ap= 0.2 paguaHa ¥ JAIbHOCTH JI0 UCTOYHMKA curHana R=10
kM BenmunHa 4C Ha gacrore 15 ' 6yzmet cocrasmsats 0.45 m/c. C pocTom yacto-
TBI U JAJBHOCTH /IO MCTOYHMKA CHTHajJa TpeOyemasi TOYHOCTh 3HaHWs (ha30BOH
CKOPOCTH Ka)JIoi Mozl OyieT Bo3pacTath. [Ipn HeKOrepeHTHOW coryiacOBaHHON
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MIPOCTPAHCTBEHHON 00paboTKe IMyTEM CyMMHpOBAaHUS MOAyNeH OTKINKOB DAP
0 KaXKIO0H MOJie HEOOXOUMO CIIOKUTH MOJIOBBIE OTKIIHKH C TOYHOCTBIO XOTS OBI
IO TIOJIOBUHBI IIUPUHBI XapaKTEPUCTUKN HampaBieHHOCTH DAP, ckoppexTupo-
BaB CMEILEHNE K]I00 MOJIOBOTO OTKJIMKa B COOTBETCTBUH C OIICGHKOW ero ¢a-
30BO# cKOpocTH. [IJis 3TOro HEOOX0IUMO 3HATh (ha30BBIC CKOPOCTH Ka)IOW MO-
JIBI C TOYHOCTBIO AC< C¥/(wl), rne L — aneptypa @AP. Jinsg THIH9IHON anepTyps
OAP L= 1 kM Ha yactote 15 'l moiy4nm pomyctumyto Bennuuny AC<22.5 m/c,
YTO TOYTH Ha JBa IOPsAKA OOJIbIIE YEeM IPU MOJHOCTHIO COTJIACOBAHHOW C THJI-
POaKyCTHYECKHM BOJHOBOJIOM MPOCTPaHCTBEHHOU 00paboTkoii. Ha puc.2, ciesa,
MIPUBEJICHEI PE3YIBTATHl CTATUCTHYECKOTO MOJICITUPOBAHISI BIVSIHHS OITHOOK TP
oleHKe (ha30BBIX CKOPOCTEH Ha TOYHOCTH NEJCHTAMH HCTOYHUKA IIyMOH3ITyde-
HUS B AWana3oHe 9acToT 5 — 38 ['I1 71 BBIMIEN3TI0KEHHBIX YCIOBUH B 3aBUCHMO-
CTH OT HAIpaBICHHUA HAXOXICHUS WCTOYHMKA ITyMa IS HECOTJIACOBAHHOM M
COTJIACOBAHHOW C THAPOAKYCTUYCCKHM BOJHOBOJOM HEKOT€PEHTHOW IPOCTpaH-
CTBEHHOH 00paOOTKH CUTHAJIOB.

T emmr yrave, s

Ouewkrs Hanpasnemss, (ag

Clumben cROpOCTA, WCRK oo 150 o 80 a 80 00 Vion Tya.

Puc.2
PesynbTaThl MOIEIUPOBAHUS MOATBEPKAAIOT MPAaBUIBHOCTE COOTHOILCHUS
WCIIOJIb30BaHHBIX BBIIIE OIEHOK. B peanbHON cuTyaluu Hajau4due B MOpe JWHa-
MHUYECKHX TPOLECCOB (BHYTPEHHUX BOJIH, BUXPEH, PUHTOB, IPHIMBHBIX SIBICHUN
W JIp.) MPHUBOIUT K (UIIOKTyarusiM (ha3oBBIX CKOPOCTEH PacipOCTPaHSIOMINXCS
MO/ ¢ Pa3JIMYHBIM WHTEPBAJIOM CTallMOHAPHOCTHU, 3HAYUTEIHHO IPEBBIMIAIONINM
OLICHEHHBIE BBIIIE BeTMYMHBL. Ha puc. 2, cripaBa, IpuBeaeHb 3aBUCHMOCTH OIIH-
OOK IeJIeHralMy MCTOYHHMKA IIYMOM3IYyUYeHHs B Iosioce yacToT 5 — 38 I'm s
BBIIIIEPACCMOTPEHHBIX YCIOBHI: MOJIENb CBOOOIHOTO MOMYIIPOCTPAHCTBA («+»),
HEKOT€PEHTHAs! COTJIACOBAHHAs C BOJHOBOAOM IIPOCTPAHCTBEHHas 00OpaboTka
(«*») Ipu OAMHAKOBBIX AMIUIUTYAAX MOJ, U MIPU PA3IMYHBIX SKCIIEPUMEHTAIBHO
OLIEHEHHBIX OTHOCHTENIbHBIX aMIUIUTYA MOJ («#»). Pe3ynbTaThl cpaBHEHUs aH-
HBIX 9KCIIEPUMEHTA pacueTaMH OTKJIMKOB B HAIPABICHUH «OEryIlel BOJHBD) TON
ke ADP Ha wactore 14 I'i pu KCTIONB30BAHUH COTJIACOBAHHOW CO CPEIO KoTe-
PEHTHOI1 MPOCTPaHCTBEHHOM 00pabOTKM TIOKa3aHbI HA pHUC.3, clieBa (KOTepEeHTHOE
CYMMHpPOBaHHE MOJ) — KpUBasl U3 «POMOUKOBY, COTJIACOBAHHOW €O cpezoii oopa-
00TKa C HEKOT€pPEHTHBIM CYMMHPOBAHHEM MOJl — KpPHUBasi U3 «KPECTHKOBY», IPO-
CTPAHCTBEHHOH O0OpaOOTKH JJIsI MOJENTM BOJHOBOZA B BHJE CBOOOIHOIO IIOJTY-
npocTpaHcTBa ¢ GazoBoit ckopocTeio 1500 M/c — kpuBas n3 «rouex». Ha puc.3,
CrpaBa, MPHUBEAEH NPUMEP SKCICPUMEHTAIBHONW OIIEHKH COTJIACOBAHHBIX C

Tets, fpag
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¥panei, Ak

Vposess, jiF

Vion, rpaa.

Puc.3.
30HAMPYIOUINM CUTHAIOM OTKJIMKOB B METIKOM Mope riryonHoi 200 M B yCIOBHSIX
JIETHEW TUIIPOJIOTHH MPUHATOrO JOHHOW NMPUEMHOW aHTEHHOM perméTKoil ¢ pac-
crostuust 95 kM. M3nmywarens Ha riryouae 50 M B030y»KIall ONIOAM3UPOBAHHBIE
JIUM curnansl, umeronye nosnocy 22 I'm Ha neHTpanbHoi dactore 82 I'm. Kax
BUJIHO, M3-32 Pa3/IMyus IPYIIIOBBIX CKOPOCTEH pacrpocTpaHeHus Mo U dpdek-
TOB BHYTPUMOJOBOH AUCHEPCUU CPeJHEE BPEeMs 3aTSATMBAaHHE NPUHATOrO CUTHA-
Ja cocTaBisieT nopsaka 1 cekyHnael Ha 10 kM paccrosiHuA. [{1s1 KOTepeHTHOro U
HEKOT€pPEHTHOTO0 CYMMHPOBAHHUSI MOJIOBBIX OTKJIMKOB TPEOOBAHUS MO TOYHOCTH
3HAHUS TPYIIOBBIX CKOPOCTEH Ka)IOM MOJBI TAKiKe OINPEIENAIOTCS MOIy4eH-
HBIM BBIIIE OIleHKaM. Kak Moka3bIBaeT MPOBEACHHBIN aHAIIN3, HUCIOIb30BaHUE
KAaK KOI'€pEHTHOW, TaK M HEKOTEPEHTHOH COIVIACOBAHHOW C T'MIAPOAKyCTHYECKHM
BOJIHOBOJIOM IIPOCTPAaHCTBEHHO-BPEMEHHONH 00paOOTKM CHUTHAJIOB HAa HU3KMX Ya-
CTOTax B MEJIKOM MOpe yOHpaeT CMeIlleHHe OLEHKHU IIeJICHra Ha LeJlb, JOCTHUIa-
toee uHorza 40° mMpu HaXOXK/IEHWU 1IeJM B HANpaBJICHUH «Oerymieid BOJHBD»
nuneitnoit ®AP. Kpome Toro, MoxxHO yOpaTh M CMEIIEHHE OLEHKU AUCTAHIINH JI0
L[eJIM B PeKUME aKTUBHOW THMAPOJIOKALMH, KoTopas pocturaromeit 15% ot uc-
TUHHOW JajbHOCTH 10 1enu. [1pu sTom obecrieunBaeTcst JOTIOIHUTEIBHBIN BBINT-
PBIII B OTHOUIEHUH CHT'HAJI/TIOMEXa, PaBHBIN KOJINYECTBY PaclpOCTPAHSIONIIXCS
MOJI B BOJIHOBOJI€ IIPU KOT'€PEHTHOM HAKOIUICHHH MOJOBBIX OTKJIMKOB U KOPHIO
KBaJIPaTHOMY M3 KOJINYECTBA MOJ P HEKOT€PEHTHOM CyMMHUPOBAaHHH MOJOBBIX
OTKIJIMKOB (TIPY PaBHBIX aMIUTATYIaX MOJ).

JUTEPATYPA

1. Bbaponxun B.M. Cratuctuueckue MeTOAbI aHAIN3a 3BYKOBBIX IMOJEH B
okeaHe / «AKycTuKa OKeaHCKOM cpeab», M. Hayka, 1989, 186-202.

2. A.B. Baggeroer Why did applications of MFP failed, or did we not
understand how to apply MFP? / 1st International Conference and
Exhibition on Underwater Acoustics, 2014, p.41-49.

284



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

VJIK 534.231.1

B.A. I'punenxo

METO/ ABTOMATHU3UPOBAHHOT' O IOMCKA BOKAJIU3ALIANA
CEPBIX KUTOB

TuxookeaHCKH okeaHonoruueckuii MHCTUTYT uM. B.W. Unsuuesa JIBO
PAH

Poccust, 690041 BnanusocTok, yiu. bantuiickas, 43

Temn.: (4232) 312120; ®axc: (4232) 312573, E-mail: amil984@yandex.ru

Ipusooumcst onucanue memooda asmMoOMamu3UPOSAHHO20 NOUCKA BOKATUZA-
yutl cepwix Kumos. Aneopumm OaHHO20 Memoodda OCHOBAH HA 63AUMHOM KOpPpPesi-
YUOHHOM aHANU3e MEKYWe20 CneKmpa axKyCmuyecko2o uymd, UsMEPeHHO20 6
yacmommuom ouanaszone 2-15000 'y, co cnekmpamu munogvix 8oxaiuzayuil ce-
poix kumos. I[Ipusedenvt npumepul pe3yiomamos nPUMeHeHUs. IMo20 aleopumma
OJIs1 NOUCKA BOKANU3AYUTI CEPLIX KUMOS8 8 OAHHBIX, 3ANUCAHHBIX C NOMOUWBIO A6~
MOHOMHBIX OOHHBIX AKYCIMUYECKUX PE2UCMPAMOPO8 8 MOUKAX edCe200H020 aK)-
CMUYecK020 MOHUMOPUHEA, NPOBOOUMO20 HA cesepo-60cmourHom wenvge o. Ca-
xanum.

B 2011 roxy BO BpeMsi MOHUTOPHHTA aKyCTHYECKHUX IITyMOB, IIPOBOIAMOTO
mo 3amaHuio kommamid “OkcoH Hedreraz Jlumuren” m “CaxamuH DHEpIKH
WNuBectment Kommann JITn.” Ha ceBepo-BocTouHOM mmienbde o. CaxanuH, ObUTH
3aperuCTPUPOBAHbl CUTHAJNIBI, KOTOPBIE HA CIIyX AaCCOLMHUPOBAINCH KaK CTYKU
(knock). Ilo3mHee oHM ObLIM WACHTH(GHUIMPOBAHBI KaK OIWH U3 BH/IOB
KOMMYHHUKAIIMOHHBIX CHI'HAJIOB CEPOr0 KUTA, MUTAIOIIETOCs Ha MEJTKOBOJIBE.

B nokiane mpeacraBisieTcsi adrOpUTM  aBTOMAaTH3WPOBAHHOTO IIOMCKa
KOMMYHHUKAIIMOHHOTO CHTHAJa Ceporo Kuta, TUma knock, KOTOpbIii OCHOBaH Ha
TPEXMEpHOH B3aMMHOH KOPPESIIMOHHON (DyHKINM CHEKTPaTbHOM TUIOTHOCTH
momHocTd - G™(ft) onmopHoro curHana - knock c¢ Tekymwmm crekrom G(fz)
aKyCTHYECKHX MIYMOB, M3MEPEHHBIX C ITOMOIIbI0 ABTOHOMHOT'O MOIBOIHOTO
akyctuyeckoro perucrtpatopa — AITAP [1], ycraHoBieHHOro Ha ImIeIbde
OXOTCKOTO MOPSL.

Ha puc. 1 mokazansl BpeMeHHBIE pAIBI (a, T) M TEKyIIue CIeKTphl (0, 1)
AKyCTHYECKHUX CHTHAJIOB CEPhIX KMTOB, 3alIMCAHHBIX C YaCTOTOM TUCKPETU3AINU
30 xI'n B Toukax Mmonutopunra T1 u T2, paccTostHEe MEXAy KOTOPBIMHU 1.5 KM.
Otu Toukn HaxoaTcs Ha 10 u 20 MeTpoBoit H300aTax M pacioioKeHbI Ha TUHUH,
NPUMEpPHO, MepIEeHNKYJISIpHON K OeperoBoii uepre. Ha puc. 1B u puc. le BumHO,
OTIOPHBIA 00pa3, COCTAaBICHHBIH U3 5-TH OT/AENBHBIX UMITYJILCOB, 3alUCAHHBIX B
touke T1, Xopomo koppenupyer Kak cam ¢ co0Od, Tak M C HMITyJbCaMHU,
3apernCTPUPOBAHHBIMU B 3TO e BpeMs B Touke T2.
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Ma, x(t), T1
1 Im2

05
O-fdmyrmwabsnd i e

0 02 04 06 08
. G, T1

0 02 04 06 08 1 12 14 16 18 2 22 24 1 ce

Fu, GitY, T2 .
18001 ' :
5 (n) 70
1400 E = .
- L 2 2 — s
600 -
200 = = ! -

0 02 04 06 08 1 12 14 18 18 22 24 1,cex

ra-

Puc. 1. AxycTrdeckne cUrHaJIbl, 3aMcanHble B ToYKax MoHUTOpHHTa T1 — (a) 1
T2 — (T) ¥ COOTBETCTBYIOIIHNE UM TEKyIIHE CIEeKTPHI — (0, ). Pe3ympTaTer paboTh
ITOPUTMa IIOWCKA JJISi ONOPHOTO CHTHAJNA, COCTABIEHHOTO W3 HMITYJIbCOB
Im2, Im4, Im5, Im6 u Im7 — (8, e).

IIpu BBIUMCIEHUAX OBLT B3AT IIAT 1m0 BpeMeHHOM ocu paBHbIi 0.01 c. Ilpu
yactoTe auckperusanun 30 kI'm on coorBectByeT 300 3HaueHMsM. [Ipu cpeaneit
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JUTATENIEHOCTH UMITyibca ceporo kuta 0.2 ¢ mar 0.01 ¢ sBisercs rpyOsIM, HO OH
OpUT BBIOpaH W3 COOOpaKEHWH ONTHMANBHOCTH 3HAYCHHS UTHTEITBHOCTH
pacdeToB, MOCKOJBbKY Bpemsi pacuetoB bII® we nomkHO mpessimats 10%
BPEMEHHU 3allUCH aKyCTHYECKUX IAHHBIX, a YPOBHb 3HaueHHs Kod(h(uuneHra
B3aUMHOM KOpPEIALUN MEXIy aKyCTHYeCKUM CHUTHAJIOM U OHOPHBIM 00pa3oM
JomwkeH mpeBplmate 0.5, OTH 3HaueHHs ObUIM JOCTUTHYTHI C IOMOIIBIO
nposezenus pacuéroB Ha GPU ¢upmer nVidia ¢ ucnoip30BaHrEeM TEXHOIOTHU
Cuda u Gnaromapst pas3Je/ieHUIO ajJropuTMa BBIMOJHEHUs Ha JIBa JTara, Kak 3To
MOKa3aHo Ha puc. 2.

| 20 ] — i [
DD, Pa. LLeHTPUPOBAHME |0 Spa > | Wanea [ -]
PY (M ] pi(t)
BNy * ] ...

3tan 1 5 3anonHeHue matpuubl S{df,dt} u Sim{df,dt)]

2000 kol
— === |—u- R R i
' - BXOAHOW curHan :
df=20 | =i — [Gf) o — 1 — ! Pin(t) - curHan obpasa :
sl | =i=| == | Woas [ ... ] - okHo Kaiaepa |

0 dt=0.01 t, cex ' G(f.t) - nepuogorpamma

BXOAHOTO curHana :

: S[FxT] | S"™[F Tim] G™(f.t) - nepwonorpamma
N oo.........o0PES

‘ S[F T] FoTm  [S[FxT], ST[FxT™], s'"”
Sran2]  S"[FxT™] ZZS:"; ¥

FT" )
K

i ——{ Pacver koathdmuenTa koppensiumm| i n+T

F n+T™

_ | _ 4
22 (8,-9)-(85,-5" S=—prn

i=1 k=n

K=

FoneTm F onsT™ ' S[FxT],S‘m[F:TimJE
~JZ (S-S ‘\IZZ(S.M- s fs™

]

i=1 k=n i=1 k=

i| -
o i

Puc. 2. — biok-cxema aAJIropuT™Ma NNOUCKa aKyCTUICCKUX CUTHAJIOB CEPBIX KUTOB.

Ha puc. 2 BumHO, 94TO Ha Ka)XKJJOM N-OM IIIare BTOPOTO 3Tamra JUIsl KaXI0ro
HCTIONB3YEMOTO OTOPHOTO 00pa3a IMOWCKOBOTO CHUTHANA pjn(?) PacUUTHIBACTCS

im o .
kod(pduument koppemssmun K" . Onpmako, B (aiime oruéra coxpansercs

o im
MaKcuManbHOe 3Hadenme K, w3 Bcex 3Hadenmit kosddummentos K,

PpacYMTaHHBIX JUISl KaXKI0TO OMOPHOTo 00pa3a Ha N-oM Iare paboThl allrOpUTMa.

Jns wumoctpanny 3¢ GEeKTHBHOCTH padOTHI alropuTMa Ha puc. 3 ToKa3aH
3aITyMJICHHBIA CHTHAII CEPOT0 KUTA, 3aperHCTPUPOBAaHHBIN B Touke T2 B apyroe
BpeMsI.
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MNa, p(t), T2
0.3

0 02 04 06 08 1 12 14 16 18 tcek
ru, G(ft), T2 a6
1400 3 (6)
= | @50
1000 - =
600 % - 40
2004 — -
30
:{.TZ
| B
081 (B)
0.6
0.4
0.2
0 02 04 06 08 1 12 14 16 18 tocek

Puc. 3. AkycTudyeckne UMIYJIBCHI, 3apEeTUCTPUPOBAaHHBIE B Touke T2 - (a) U uX
Tekymuii crektp — (6). Pe3ynapraTel paboTHl anropuTMa MOMCKA IS OMOPHOTO
CHTHAaJa, COCTaBIEHHOTr0 U3 UMITyIbcoB Im2, Im4, ImS, Im6 u Im7, mokazanHBIX
Ha puc. la — rpaduxk B.

Ha puc. 3B BUJIHO, 4TO UM B TOM Cllyyae MpH LIare 1Mo BPEMEHU PaBHOM
0.01 ¢ m mare no yacrore, papHoM 20 ['11 3HaueHNe KOA(PUIEeHTa TPEXMEPHON
B3aMMHON KOPPESALUY Ha NCKOMBIX UMITyJbcax mpesbimaet 0.5.

Pabota BeImosHEHA TIpH TTOAEpKKe KoMmaHusMu «OkcoH Hedreras JInmu-
tem» u «Caxamma DHepmku MuBectMeHT Kommanm JITm.»

JUTEPATYPA

1. bopucos C.B., Koszenp [I.I'., Pyrenko A.H., Ymmunosckuii B.I'.
ABTOHOMHAsI THJIPOaKyCTHYECKasi CTAaHIIMSI C PaTUOKaHAJIOM ISl aKyCTHYECKUX
n3mepennii Ha menbde // Ilpubopsl m TexHumka skcnepumenrta. 2008. NeS.
C. 132-137.
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VK 534.232

O.C. I'pomameBa

OBBEKTHO-OPUEHTUPOBAHHAS BA3A JAHHBIX
OKEAHOI'PA®UYECKHUX U3MEPEHUI «ACPOSIT- BEKTOP»

TuxookeaHCKHI OKeaHOJOTUUECKU MHCTUTYT uM. B.1. nbuuesa
JABO PAH

Poccust, 690041, Bnanusoctok, yi. banruiickas , 43

Ten.: (423-2) 311-400; daxc: (423-2) 312-573

E-mail: gromasheva@poi.dvo.ru

B nepuoo 2001- 20152.e. nabopamopuetl axycmuueckoil oxeanozpaguu
TOH JIBO PAH nposoounuce 3Kkcnepumenmaibhble UCCie008aHUs. Welbhosotl
30HbL  OKeana Memooamy — aKyCmuyeckou momozpaguu Ha — aKyCmuKo-
euopogusuueckom nonueone TOU JIBO PAH, pacnorazarowemcs 6 akeamopuu
m. Ulynoya (6. Bumsszw). Ananus pesyibmamos sKCnepumMennos nokazai yeneco-
obpasHocmv  paspabomku U HE0OXOOUMOCMb  CO30aHUSL  0OBLEKMHO-
opuenmupogannoti 6azvl oannvix (OOB/]) ACPOSIT. Onucwisaiomes ucnonvsye-
Mble UHCIPYMEHMANbHbIE U NPOZPAMMHbBLE CPeOCmEd paspabomku, npoeKm Mo-
oeneli 00vekmos 6azvl OAHHLIX U OUASPAMMA KIACCO8 CUCMEMbL, NPUBOOUMCS
00was XapakmepucmuKka co30aHHO20 NPULONCEHUSA, 0O03HAUAOMC QYHKYUU U
B03MOICHOCIU 2IA6HO20 UHMEPelica CUCmeMbl.

Bosee 10 set maboparopueii akyctuueckoii okeanorpadpuun TOU JIBO PAH
©XKEroJJHO MPOBOJIMINCH HMCCIEOBAHUS HAa HCCIEAOBATEIBLCKOM THIPOAKyCTH-
yeckoM nosmrone «Mpic lynbuay B menbhoBoii 30He SIMOHCKOrO MOpsi, H3y-
YaJHUCh XapaKTEPUCTUKU PACIPOCTPAHEHHS, PACCESHUSI M OTPAKEHHsI 3BYKOBBIX
BOJIH B Pa3IMYHBIX THJPOJIOTHYECKUX YCIOBHAX. [l MpoBEICHUS SKCIIEPUMEH-
TAJIBHBIX M3MEpeHHH JabopaTopuell Obuta pa3paboTaHa crenuaibHas H3MEpPH-
tenpHas cuctema ACPOSIT. M3mepeHus ocCylecTBISUIMCH METOJOM TOPU30H-
TAIBHOTO TUCTAHIIMOHHOTO 30HIMPOBAHUS BOTHON CpPEIbl C IPUMEHEHUEM ITOJIS
npetidyromux paguoruapoakyctuueckux o0yeB (PI'B) m crammonapHO ycTaHOB-
JICHHOTO WK Apeiidyromero uamydaters [1]. JlaHHBIe aKyCTHUSCKUX H3MEPSHUN
MPEJCTABISAIOT CO00I OMHApHBIE MHOTOKAHAJIbHbIE 3aIMCH MPHUHATHIX CUTHAJIOB
JUTUTENLHOCTBIO OT 3 10 10 MUHYT, 3apETUCTPUPOBAHHBIX C YACTOTOW AMCKPETH-
3aruu ot 24 1o 35 kI, JlanHbie 00pabaThIBAIMCh C TIOMOIIIBIO CIIEIUATBHO pa3-
paboTaHHOTO MPOTPAMMHOTO 00ECIIeUeHNsI Ha OCHOBE CIIEKTPAJIbHBIX M KOppes-
IIMOHHBIX METO/IOB.

B pesynbrare ObUTH HaKOIIEHB! OOJbIIME 00beMbl HH(MOPMAIMHK, BKIIOYA-
IOIINe JaHHbIE M3MEPEHHH 3aBUCHMOCTH CKOPOCTH 3BYKa OT IIyOMHBI; JTaHHBIC
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MpOoGUINPOBAHUSA, TEOPU3NICCKUX CBOHCTB MOPCKOTO [HA; NAaHHBIC aKyCTHYe-
CKUX HW3MEpEHHIA; pe3yNbTaThl 00paOOTKH IaHHBIX; XKYPHAJIBl ASKCICPHUMEHTOB.
Jns onTEMU3anuM yIpaBIeHHUs 3TOW HWH(OpMAIel, WCIONh30BaHUS e s
IUTAHUPOBAaHUS W TOATOTOBKM CXeM OKCIIEPUMEHTOB ObUT  pa3paboTaH
MPOCKT  CHEHUAIU3UPOBaHHONW  reomH(opmanuonno  cuctembl  (I'MC)
«ACPOSIT-BEKTOP». OcHoBoOA CHCTEMBI ABTISETCS 00BEKTHO-
OpHEHTHpOBaHHas 0a3a JaHHBIX OKkeaHorpaduyeckux nzmepenniit ACPOSIT.

Hna neneit TUC «ACPOSIT-BEKTOP» t1peOyercss BBICOKOIIPOU3BO-
JUTeNbHass 00paboTKa JaHHBIX, UMEIOMIMX CJIOXKHYIO CTPYKTYpY, NOITOMY B
OOBJ] ACPOSIT nanHBIE MOIENUPYIOTCS B BHIE OOBEKTOB, WX aTpHOYTOB,
METOJIOB M KJ1accoB. Taxke Kak M 0OBEKTHO-OPHEHTHPOBAHHOE MIPOTrPaMMHUpPOBa-
aue, OOB]] ocHOBBIBaeTCs Ha KOHLENIMAX HWHKATCYIAIUHN, HACIEIOBAaHUSI M
nomMopdu3mMa.

Hdus  co3maHus OOBEKTHO-OPUEHTHPOBAHHOW 0a3pl MAHHBIX THAPOAKY-
CTHYECKUX H3MepeHui Obula BbIOpaHa cpema pa3pabOTKU TOJIepKHBAIOIIAS
texHosoruto NET Framework kommnanun Microsoft VisualStudio 2010.

Wutepdeiic 00beKTHO-OPUEHTUPOBAHHON CUCTeMBI 0a3bl JaHHBIX (TJIaBHOE
OKHO TIPOTpaMMBbl, KOTOpOE SIBJISIETCSI OCHOBHBIM JUIS pabOTHI MOJIB30BATEINs C
0a30il TaHHBIX) pe/ICTaBJICH Ha pHc. 1. BBepXy pacrosokeHo CHCTEMHOE MEHIO,
KOTOpPOE COJICPKUT KOMaH[bI MPHUIOKEHHS U MapaMeTpbl, CrPYyNIHPOBAHHBIE 110
¢yHKIMOHATBHOCTH. [101 HUIM HaXOJUTCS TaHENb HHCTPYMEHTOB, ITO3BOJISIONIAs
OBICTPO BBI3BIBATH YACTO HMCIOJB3yeMble (DYHKIIMHM CHCTEMBI, TAaKXKe JOCTYITHBIC
13 MEHIO OKHa. Kaxkiplii syieMeHT maHesnu 0003HadaeTcsi MUKTOTPAaMMOM, COOT-
BETCTBYIOMIEH ee QyHKIHU. Pabodas 0OmacTb TIaBHOTO OKHA COCTOHMT M3 TPEX
yacTel: HaBUTaTopa Mo IKCIIEPUMEHTaM (CJIeBa BBEpXY), KOHTEIHHepa ¢ BKIIaIKa-
MU (BHH3Y) U HH(QOPMAIIOHHOTO (peiima (crpaBa BBEpPXY).

HaBurarop mo skcrnepuMeHTaM MPeICTaBIseT COO0H NPEBOBHIHYIO CTPYK-
Typy 3aJaHuil, MpUYeM KOPHHU JAHHOTO JAEpeBa — 3TO IoJ MPOBOIUMBIX dKCIIEPH-
MEHTOB, B K&KIOM T'OJly OJIHA WM HECKOJBKO SKCIEAUINH, B KaXI0W IKCIeTH-
LM OJIMH WJIM HECKOJIbKO JTAIlOB, @ B KAXKJIOM ATaIle OJJHO MIIM HECKOJBKO 3aja-
HUH, T.€. IKCIIEpUMEHTOB. HaBuraTop mo3Bosser ObICTpO BHIOpATh HY)KHOE 33/a-
HHe, B HEM yKa3aHbl JlaTa HadaJla ¥ KOHIA KaKIOTO dTalla M JjaTa BBIIOJIHEHUS
3aaHMsL.

Bropas gacTe okHa — 00J1aCTh ¢ BKJIQJIKAMH — MIpEJHAa3HAuYCHA [Tl BO3MOXK-
HOCTH OJHOBPEMEHHOH Pa0OTHI ¢ HECKOJIBKUMH 3aIaHISIMHA ITOCPEICTBOM Tepe-
KITIOYCHUS B OJHOM OKHE TPHIIOKEHUS MEXAY OTKPHITHIMH BKJIAAKAMH C 3TUMH
3amauaMu. Ha xakqol BKIagKe B yIOOHOW M KOMIAKTHOH (hopMme mpencTabiie-
HBI BCE JAaHHBIC, CBS3aHHbIC C TEKYIIUM SKCIIEPUMEHTOM, a Ha3BaHUE BKIIAIKHU
MIPEICTABISET AaTy €ro MPOBEICHHUS.

Tpethst yacTh paboueii 00JIACTH OKHA IPEACTaBIICT CO00H HH(POPMAIIMOH-
HBII (peiim, coliepkalinii TaHHBIE O CXeMe TeKYILEro SKCIIEPUMEHTa, B TOM YHC-
JIe CIHUCOK BceX 3aaeiicTBoBaHHBIX PI'b, mx o0llee KOMM4YeCTBO, HAa3BaHHE HC-
MOJIb3YEMOTr0 HM3JydaTelisi, KOOpJAMHATHI U 3ariyOJeHHe BCEX KOMIIOHEHTOB CH-
CTEMBI, a TAKXKe N300paKeHNE CXEMBbI, KOTOPOE MOXKHO YBEIMUYHTH JJISI TIPOCMOT-
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pa B MCXOIHOM pa3Mepe. YBEJIMYEHHOE N300pakeHNE CXEMBI 3KCIIEPUMEHTa OT-
KpBIBaeTCsl B HOBOM OKHE. B MH(OpMaImoHHBIN (QpeiiM BKIIFOYCH 3aT0JOBOK Te-
KYIIETO 33JaHusl, B KOTOPOM yKa3aHO, K KaKOW HKCIIEANIINH 1 K KaKOMy €€ dTamy
OTHOCHTCSI TEKYIIMH SKCIIEPUMEHT U IMOPSIKOBBIM HOMEp 3a/aHus B 3Tare. JTa
e MHPOpMALH OTOOPAKAIOTCS B CTATYCHOM CTPOKE COCTOSHUS INIABHOTO OKHA.
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Puc.1 I'maBrHoe okHo OOBJ] ACPOSIT Puc.2 OxHO pemakTUpOBaHHUS CXeMBI
9KCIIePUMEHTA

Bo BIOXCHHBIX BKJIAJIKax, MPEICTABIIAIONINX HAWOOJBINNN WHTEpEC IS
M0JIb30BATENsI, COJIEPHKATCS BCE OCHOBHBIE JaHHBIE, KAcarolIMecs THIPOaKyCTH-
yeckux n3Mepenuil. [Ipu pazpaborke Momenu 0a3bl TaHHBIX IOMHMO OOIIUX CBE-
JeHui 00 SKCIEPUMEHTE W MapaMeTPOB CXEMBI 3aJaHds OBUIO BBIICICHO eIlle
YEeTHIpe KaTCTOPUH NAaHHBIX: THIPOGOUINICCKHAC YCIOBHUS, TApaMETPhI U3ITydaeMO-
T0 aKyCTUYECKOTO CHTHAJIA, TAHHBIC O PETUCTPAINY U3TYICHUS U camasi OOJIbImas
TpyTIa JaHHBIX — 00paboTKa pe3yinbTaToB AKCIEpUMeHTa. VIMEHHO 10 STHM Ka-
TEropusiM M OBUTH CO3MIaHBI BIOKCHHBIC BKIIAIKH, KaXIas KaTeTOpUs JaHHBIX B
OTAEJILHOM BKJIAJKE.

PenaktupoBanue AaHHBIX, T.€. X U3MEHEHHE, IMTOMOJTHEHUE WU yJIalleHHE,
MaKCHUMAaJIbHO YIIPOIIEHO W aBTOMATHW3MpoBaHO. KHOMKa pemakTHpOBaHUS JaH-
HBIX MPHUCYTCTBYET B KaKIOM HH(OPMAIIMOHHOM OJIOKE, BBINISIUT KaK KapaH-
JTalll, PacIiojIo’KeHa BCET/ia B IPABOM HUKHEM YTy Oyioka JaHHBIX. OKHO peiak-
TUPOBAHUSI CXEMBI IKCIICPUMEHTA TIPEICTABICHO Ha puc. 2. UTOOBI M0JIb30BaTEIh
10 MUHUMYMY BBOJWJI BPYUHYIO JaHHbIE, BE3JIE, I'/I€ MOKHO HCIOJIb3YIOTCS MOJISI
CO CHIFICKOM, B TOM YHCIIE IoJie ¢ BeIOopoM koHKpeTHOro PI'B, mone ¢ Berbopom
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n3ydarens. [Ipu 5ToM ecu MombITaThCs BEIOPATh YK€ MPUCYTCTBYIOINHA B CXe-
Me PI'b, To cucTema He MO3BOJHUT 3TO CACIATh U BBIJIACT COOOIICHUE 00 TOM.
Camu cnicku PI'b u m3myuareneil penakTupyIoTcsl B OTASIFHOM OKHE. Y CTaHOB-
JICHBI MaKCHMaJIbHbIe ¥ MUHHMAJIbHBIC 3HAYCHUS KaK JJIS IIUPOTHI, TaK U IS
JIONTOTHI, TIOATOMY IIPU IOTBITKE BBOJA BBIXOSIINX 3a MPeNeNbl 3HAaUeHUH CcH-
CTeMa BBIJIAeT OIIHOKY.

OKHO TOWCKa — OJJHOIM M3 OCHOBHBIX (DYHKIIUH CHCTEMBI — MOKHO OTKPBITh
1100 Yepe3 MEeHI0, JTHO0 BHIOpaB COOTBETCTBYIOIIYIO KHOIIKY Ha MaHEeNn ObICTPO-
ro 3amycka. [IoMCK MOXHO OCYIIECTBIISITH I10 BCEM BO3MOXKHBIM Iapamerpam
JKCIIEPUMEHTa, B TOM YHCJIE IO OOIMUM IapaMeTpaM, MO THIPOPUIUICCKUM
YCIIOBHSIM U JTaKe TI0 TapaMeTpaM H3Iy4aeMOr0 CHTHAlla, & TAKKe Pa3IHIHON
HHPOPMAIINU O CXeMe dKCIIEpUMEHTa. Bce Mot aBToMaTH3npoOBaHbl: HUTIE BBOJ
C KJIABHATYpHI He TpeOyeTcs, BcE BRIOMPAETCS U3 CIIMCKOB WM C TIOMOIIBIO KHO-
TIOK.

TecTupoBanue pabOTHI MOJBL30BATENEH C CUCTEMOHN IMOKa3ajio, YTO CIPOEK-
THUPOBAHHBIA MOJIB30BATENBCKUI HHTEP(EIC CUCTEMBI SIBISIETCS] 9PrOHOMHYHBIM.
B pabote paccMOTpeHBI JTHUIIb HEKOTOPhIE BO3MOXHOCTH pa3paborannoit OOBJ]
okeanorpaduueckux msmeperuit ACPOSIT, koropast obecrieunBacT:

= MakKCHUMaJbHO 3PPEKTHBHOC XPAaHCHUE JTaHHBIX IKCIICPUMCHTOB;
" CTPYKTYpHU3alHMIO PEe3yJIbTaToB 9KCIIEPUMEHTOB nepuozaa
2006-2009rr.;
= ynoOHBIA W OBICTPBIN JOCTYI K MacCHBaM THIPOJIOTUYCCKUX IaH-
HBIX;
= ONTHUMH3AIMIO MPOIecca 00pabOTKU Pe3yIbTATOB IKCIIEPUMEHTOB;
=  BH3yaIM3aIuio HHGOpMAIH 00 SKCTIEPUMEHTE U €TO PE3yIbTaTOB.
baza mammpix ACPOSIT saBrsercs sapom ['MC«ACPOSIT-BEKTOP»,
MpeIHa3HAYCHHOM I MOJTOTOBKU M TUIAHMPOBAHUS SKCIIEPHUMEHTOB IO HCCIIe-
JTIOBAHUIO BIUSHHUS TUAPOPHU3MUECKUX U TeOMOP(HOTOTHUECKUX XapaKTEPUCTHK
CpeIsl Ha CBOMCTBA aKyCTHYECKHX CHUTHAJIOB METOJIOM TUCTAHIIMOHHOTO 30HIHU-
pOBaHMsI OKeaHa C NMPUEMOM CHUTHAJIOB MOJEM DPaJMOTHIPOAKYCTHYECKHX OyeB
(PT'B) Ha akycTuko-runpoduznueckoM moaurone Meic [lypia.

JUTEPATYPA

1. Tpomamena O.C., baunnckmit K.B., Komemnesa A.B., JIu b.4., FOxHOB-
ckuit B.A. OmnpeneneHne B3aUMOCBS3H U3MEHEHUS MTapaMeTPOB aKyCTHU-
YECKHMX CHTHAJIOB M TMAPO(GU3UUCCKUX XaPAKTCPUCTHK MOPCKOM Cpelibl
//OKEeaHOJOTHYECKUE HCCIICOBAHUS  JaJbHEBOCTOUHBIX MOpEH |
ceBepo-3ananaHoii yactu Tuxoro okeana: B 2kH. / TOU JIBO PAH Ku.2.
— BrnaguBocrok: JlansHayka, 2013.C.241-251
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VK 639.2.081.7(268.45)

B.A. Epmonbues?, U.A. Yoapuyk?, T.M. Cepreesa’

METO/bI, HOBASA ITIPOT'PAMMA IIOCT-OBPABOTKHA 9XOI'PAMM
«SALTSE» M PE3YJIbTATBI ONIPEJEJEHUS 3ABUCUMOCTEN
AKYCTHYECKOM CHJIBI IIEJIU OCHOBHBIX MPOMBICJIOBBIX
PbIb IN SITU OT UX JJIMHBI U TJ1TYBUHbI OBUTAHUS B
CEBEPHBIX MOPSAX

) enepanbHOe rocy1apCTBEHHOE OFOKETHOE HayuHOE yupexaenue «Ilo-
JSPHBIA HAYIHO-HUCCIIEIOBATEECKUI HHCTUTYT MOPCKOTO PBHIOHOTO XO035H-
ctBa u okeanorpaduu M. H.M. Kaunosraay (PI'BHY «I[ITMHPO»), Poc-
cus, 183038, r. Mypmanck, yi. Akagemnka Kannosnda, 6; Temn.: +7 8152
4733582,

Dakc: +7 8152 473331, E-mail: eva@pinro.ru

2 @enepanbHOE FOCYAapCTBEHHOE OI0KETHOE HAYYHOE YUpPexkKIeHIEe
«TUX0OKEeaHCKUIT HAyYHO-UCCIICIOBATEIbCKHUI PHIO0X03SHCTBEHHBIN IIEHTP»
(®I'BHY «TUHPO-Lentp»), Poccust, 690950, r. Branusocroxk, nep. I1les-
4eHko, 4, E-mail: igor.ubarchuk@gmail.com

3uanue sasucumocmeil akycmuueckot cunvl yeau TS pul6 in situ om ux onu-
Hot L (TS-L 3asucumocmeii) u enyounst ooumanus H (TS-H 3asucumocmeti) ume-
em Kaouegoe sHaveHue npu OYyeHKe ux 3anacos cUOPoaKyCmuieckum MemoooM.
Texywue TS-L 3asucumocmu nonyuernuvlt bonee 30 nem Hazao, HyHcOaromcs 8 npo-
6epke u Koppexkmuposke. B oannoii cmamve npedcmagnenvt MemoouKu, Hoeas
npoepamma nocmobpabomru sxoepamm “SALTSE” (Area Scattering Coefficient,
Length and Target Strength Estimation) u pezynomamor onpedenenus TS-L u TS-
H 3asucumocmeil 015 ocHosHbIX npombiciosbix puib 6 Cesepuvix mopsx. Iony-
yennvle TS-L 3asucumocmu omauuaiomes om mexywux u 0co6eHHo 018 mpecKo-
8bIX 61008 pbib U oKyHA-K06aua. Ilonyuennvie TS 83pocavix pwvib Ha pasHwix eny-
OuHax He NOOMEEPOUNU NPeonoIazaemoe HeKOMOPbIMU UCCIe008AMENAMU Cylje-
cmeennoe ymenvutenue TS pul6 ¢ yeenuuenuem enyounst ux ooumanus. Hsmene-
Hus TS 83pocivix pvib Ha pasHbIX YOUHAX OKA3ANUCH 8 Npedenax 8apuayuil, ebl-
3bIBAEMBIX NOGEOCHUEM, NPOCMPAHCMEEHHOU OpueHmayuel, gusuieckum u ouo-
JI02UHECKUM COCMOSHUEM Dblo.

HccnenoBaHns MU YCTAHOBIICHO, 4TO crula 1enu TS peIO in situ sBisercs Bo3pac-
tatomei ¢pynkimeit ux amunel L: TS=B*1g(L)+A, rne B u A — koaddurnmeHTsr,
3aBHCSIIHUE OT BUJA pbIO, 1 TS-L 3aBUCHMOCTH UMEIOT CTaTUCTUYECKUH XapaKkTep
[1]. Hexoropsle nccnenoBarenu npeamoaraiot [2, 3], uro 00beM II1aBaTeIbHOTO
My3bIpsl yMEHbIIaeTCs ¢ TIyOuHOil H B COOTBETCTBUM C 3aKOHOM, OJIM3KUM K 3a-
KoHy boiurs-Mapuorra, 1, clieoBaTenbHO, OTpakarollas MOBEPXHOCTh IUIaBa-
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TENBHOTO TY3bIps 1 TS pheIOBI CyIIecTBEHHO yMeHbImaTes, Ho TS-H 3aBucumo-
CTH HCCIe0BaHbI HenocTaTouHo. Creman BeBOA [1]: m3mepernus TS peid TombKO
in situ MOTYT 00ECTICUNTH JOCTATOYHOI CTATHCTHKOM ISl OTIpeneNeHns] 000CHO-
BaHHBIX TS-L 3aBHCHMOCTEH, UMEIOMIMX KIIOYEBOE 3HAYCHHUE TPU TPOBEACHUH
TpanoBo-akyctndeckux cheMok (TAC) mo onenke 3amacoB pei6. B IIMHPO u
THUHPO-Lentpe misa BeimonHenuss TAC u onpenenenus TS pwiO in situ nipume-
HSIOTCSl HOpBEXCKHe HayuyHble 9xosorel Simrad EK60 ¢ anTennamu ¢ pacien-
JICHHBIM JIY4OM U TIpOrpaMMamu cOopa, HaKOIUIEHUS! K TOCTOOPa0OTKH 9XOrpamMM
9xosioToB. PazpaboTana MeToquKa M CO3aHa POCCHUIICKas Mporpamma rmocrodpa-
6otk «SALTSE» sxorpamm 5Xxo0ToB Juisi onpexaeneHus TS-L 3aBucumocteit
[4, 5, 6]. Hmwxe npuBeneHsl noiyueHHble TS-L 3aBUCMMOCTH JAJISi OCHOBHBIX
MIPOMBICIIOBBIX peIO B CeBEepHBIX MOpPSX, a Ha pUCYHKaxX | U 2 - u3meHeHus TS
B3pOCTBIX PBIO Ha pa3HBIX TIyOWHAX.

TS(tpecka, BM, L=5-50 cm) = 21,6 1gL-69,2; r’=0,97; s.e.=1,1; n=102, @)
TS(tpecka, BM, L=50-100 cm) = 25,5 1gL-75,4; r’=0,81; s.e.=1,1; n=456,  (2)
TS(tpecka, BM, L=100-145 cm) = 36,6 1gL.-97,4; r’=0,80; s.e.=1,0; n=359, (3)
TS(nukma, BM, L=8-81 cm) = 21,9 1gL-69,5; 1>=0,87; s.e.=1,3; n=195, “4)
TS(caiixa, BM, L=3,5-29 cm) = 18,4 1gL-68,3; 1=0,97; 5.6.=0,9; n=178, %)
TS(caiika, KM, L=8,7-21,5 cm) = 21,7 1gL-74,3; r>=0,94; 5. =0,7; n=54, (6)
TS(moiiBa, BM, L=3,2-18 cm) = 17,2 IgL-72,6; r*=0,95; s.e.=1,0; n=105, @)
TS(myraccy, HM, L=18-44 cm) = 27,8 1gL.-75,3; r>=0,92; 5.€.=0,8; n=61, ®)

TS(caiina, BM, L=8-114 cm) = 23,8 1gL.-70,8; 1>=0,98; s.e.=1,4; n=27, 9
TS(cembap, MB, L=8-23 cm) = 23,7 1gL-76,1; 1?=0,96; s.e.=0,8; n=7, (10)
TS(maBara, Mb, L=13-32 cm) = 28,4 1gL.-80,6; r>=0,85; s.e.=1,3; n=24, (11)
TS(BRF, BM, L=6-36 cm) = 18,5 1gL-68.4; 1>=0,95; s.e.=1,1; n=112, (12)

TS(BRF, BM, L=36-47 cm) = 56,0 1gL-126.9; 1>=0,79; s.e.=1,0; n=67, (13)
TS(BRF, HM, L=35-38 cm) = 46,4 1gL-110,9; 1*=0,19; s.e.=0,7; n=12, (14)
TS(BRF, MU, L=25-36 cm) = 23,3 IgL-74,5; 1*=0,76; s.¢.=0,7; n=35, (15)
TS(BRF, MU, L=36-49 cm) = 60,1 IgL-131,4; r*=0,88; s.e.=0,9; n=381, (16)

rJie s.e. — CTaHgapTHas ommOKa, n — KojmdecTBo map maHHeiX TS m L, BRF —
okyHb-KI0Bau, bBM — bapenneso mope, KM — Kapckoe mope, HM — Hopsex-
ckoe Mope, MU — mope Upmunrepa, Mb — mope benoe.

IMomyuennsie TS-L 3aBUCHMOCTH OTIHYAIOTCS OT HBIHE TIPIMEHSEMBIX H OCOOCH-
HO U TPECKOBBIX BHJIOB PHIO M OKyHsS-KIfOBada. [loydeHHBIC TaHHBIE O CHIJIE
nenu TS B3pocibIX peI0 Ha pa3HBIX MIyOWHAX HE MOATBEPAMIH MPEIIOI0KEHIE
HEKOTOPBIX HccienoBarenei [2, 3] o CyImecTBeHHOM YMEHbBIICHUH CHIIBI Ienu TS
pBIO ¢ yBennueHHeM TTyOuHBI uX oburtanus. V3menenus TS B3pocibIX peIO Ha
pa3HBIX IyOMHAX OKa3aJINCh B MpejeNax Baphaluii, BbI3bIBAEMBIX ITOBEJICHUEM,
MPOCTPAaHCTBEHHOW OpHeHTalel, (QU3NUECKUM M OHOJIOTHYECKUM COCTOSTHHEM
pu16. TS-H 3aBrcHMOCTH /17151 MOJIOZH PBIO ellle He UCCIIeI0BaHbI.
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Cunauenu TS (a5)

Cunauenn TS (aE)

Cunauenn TS (a6)

FnyBunaH (M)
A8 1 T T T T T T T T T T ™
] 50 100 150 200 250 300 350 400 450 500 5501 5 Tpecwa, Bapessno wops,

—6—Tpacus, Eapeuiisnc uops,
Le100-420 e, <L>=110 2
(MMHPO)

—=—Tpecaa, Baperiueno wape,
! L=120-145 cu, <L==1Zicm
07 (MAHPG)

= = = Tpecxa, Bapenueso uope,

1 L=122 cu (sawon Boknn-
Mapworral

= & - Tpecka, Bapesissc waps,
L=72 £m [33x0m Boinn-
Mapuarra)

325 350

4 1

| =B~ cCanka, Bapenueso mope, L=20-24 cw,
<L>#23,0 cu (NMMHPO)

s | ==<Caiika, BapeHusas mope, <L>=23.0 cm
{sakon Borna-Mapuorra)

—=— Caixa, Bapeusso mope, L=24-20 cwm,

50 - £ <L>#26,5 cm (NMMHPO)
e, e & Moiea, Gapenueao Mope, L=14-16 cm,
- ™ - L 2L>=14,7 em (MUHPO)
=T . —&—Mo#sa, Baperueso mope, L=16-18 cm,
o5 <L>=17.2 em (MUHPO)

i Q_".'—~—,‘—-—'—‘O‘—'—0——._______O = + MoRba, BapenLeno Mope, <L>*17,2 cM
o {IMR: Ona, Svellingen; 2011)

- = =MoiBa, Eapenueso Mope, <L>=172 cm

46+ = ———— - (aaken Bodna-MapweorTa)

=—s—Moiea, Eapenueso Mope, L=18-20 cm,
<L>=188 cm (MHHPO)

FnySunaH (M)

(1] 50 100 150 200 250 300 350 400 450 500 550 800

b
=

< & - OwyHe-knonay, Bapenueso
Mope, L=36 cu (3aKon Bodns-
MapuoTTa)

-0

5
|

- Oy
mope, L=26-35 cm, <L>=32 cM
(MUHPO)

—d— OxyHE-knioBay, Gaperuess
mope, L=35-40 cm, <L>=36 cm
(MUHPO)

—=— OxyHb-knoBay, BapeHuens
mope, L=4045 cm, <L==42 cm
40 | (AUHPG)

e OwyH-knpoBay, Baperueno
Mope, L=46-50 cm, <L>=47 cm
(MUHPO)

#

42 L

Pucynox 1. Ismenenus TS B3pocioil Tpecky, Caliky, MOMBBI U OKYHSI-KJIIOBa4a

pa3Hoi JUIMHEI Ha pa3HBIX TTyOnHax oouTanus B bapeHueBoM mope
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FriyGuna H (M)

'] 50 100 150 200 250 300 350 400 450 500 550 600 850 700 750~ OxyHe-knioBay,
wope Hpmusrepa,
L=30-35 cm, <L>=32 cm

42 - (MWHPO}
~#r— ORyHb-KNKIBAY,
\o\o mope Hpumunrepa,
i L=35-40 cm, <L>=37 cm
- (MWHPO}
..___"4‘ —&— OryHb-KnKBaY,
s Mope MpMUHTEpa,
A = L=40-45 cw, <L>=43 cm
- R (MMHPO)
----- —— ORyHb-KNKIBAY, MOpE
—A MpMHrrepa, L=37 cMm
(MR[: Reynisson, 1982)

30

]

8

gLl T =+ Oxyne-KnBay, Mope

e "YSue - Mpumntirepa, L=32cm
& / r-_-___-_-___'_‘_‘——"‘----r—r.‘ = (3akon BoAnA-MapwoTTa)

t o, = * = * ONynb-KNKIBAY, MOpE
O MpnHHrepa, L=37 cM
" - (3axom Boins-MapwoTTa))

42 _

Cunauenn TS (aB)

5
o
4
’

' e, = o DRy HE-KNKOBAY, MOPE
Wpmwnrepa, L=43cm
(3axon BoAna-MapwoTTa))

44

Pucynox 2. M3menenus TS okyHs-KITFOBa4da pa3HOHN THHEL
Ha pa3HBIX ITyOWHAX oOUTaHUS B Mope Mpmunrepa
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VJIK 534.2

Ecunos U.b, ITonos O.E*, OBuunnukoB O.b*, Kenurcoeprep I'.B**,
CuzoB L.U**

HOBBIE PE3YJIbTATBI UCHBITAHUA MOIIHOM
IHAPAMETPHYECKOU AHTEHHBI UISI THAPOPUINYECKHUX
HNCCJIEJOBAHUU HA TPOTAKEHHBIX TPACCAX

PI'Y medrn u raza um. .M. I'yOxuna

* Akyctrduecknii nHCTUTYT uM. akan. H.H.Aunpeesa

Poccus, 117036 Mocksa, yi. llIBepruka, 1.4

Temn.: (499) 723-6211; ®axc: (495) 126-8411, E-mail: igor.esipov@mail.ru
**CyxyMmckuit ruapoduzndecknit HHCTUTYT, Cyxym, AOxazus

IIpedcmasenensvl pe3ynrbmamol MOPCKUX UCNBIMAHUL MOWHOU napamempuye-
cxotl anmennvl. Anmenna ycmanoeinena na enyoune 40 m na nonuzone Cyxymcko-
20 T'uopousuueckoeo uncmumyma u npu yuacmome naxauxu 20 kl'y obecneuu-
saem 30HOUposaHUe cpedbl 8 YACTNOMHOM OUANA30HEe NAPAMEMPUHECKO20 U3~
uenus 300-3000 I'y na npomsasxcennvix mpaccax. Ocmpas — Xapakmepucmurda
HanpagienHocmu (2° yeno6ozo paspeulenus) wupoKonoioCHo20 napamempuye-
CKO20 U3TYYEHUsL He0OX00UMa 01 0OHOMOO0BO20 B030YIAHCOCHUS MOPCKO2O 801
Hoso0a 60 ecell yacmomuoll nojpoce. OcobeHHOCMb BOPMUPOBAHUA CUSHANIO8
napamempu4ecKkol aHmeHHOU co30aem yciogue 015 UCNONb30BAHUSL YACTOMHOU
oucnepcuu CKopocmu pacnpoCmpaHenus aKycmuyecko2o CucHaid 6 MOpPCKOM
601H0600€ OJ1 CHCAMUSL CUSHANA NPU €20 PACHPOCMPAHEHUY 600JIb NPOMSICEH-
HOU mMpacchwl.

[Tapamerpuueckas anrenna (I1A) popmupyercs B cpezie mpu KOJLUTHHEAPHOM
B3aMMOJICHICTBHY MHTCHCUBHBIX 3BYKOBBIX BOJH, TaK Ha3blBacMoW Hakaukw. [1A
JIOCTaTOYHO M3BECTHA KAaK MHCTPYMEHT JIsl TPO(MIMPOBAHUS JOHHBIX CTPYKTYP.
Ocobennoctrio ITA sBisieTcst upe3BbIYaliHO y3Kasi TUarpamMMa HarpaBiIeHHOCTH
(OOBIYHO HECKONBKO TPAIYyCOB YTIOBOTO pAa3pEIICHUs) A HHU3KOYaCTOTHBIX
curHanoB. OCHOBHBIE XapaKTEPUCTHKU ¥ HOBBIE BO3MOKHOCTH /11 MOHUTOPHHTA
OKeaHa Ha TPOTHKEHHBIX TPAccax, OTKPHIBAIOIINECS TPH COTJIACOBAHUH CHTHAJIA,
M3JIy4aeMOro MOIIHON MapaMeTpUUYECKON T'MAPOAKYCTHUYECKOM aHTEHHOMW, C ya-
CTOTHBIMH XapaKTePUCTHKAMU MOPCKOT'0 BOJHOBOJa obcyxnatorcs B padote [1].
D¢ dexTrBHAs MHUPHHA JUArPaMMbI OCTAETCSl MOCTOSHHOM B IIMPOKOM JMara-
30He yacToT. [IA omimyaercss OT OOBIYHBIX OTHOCHTEIBHO HEOOJBIINMHU pa3Me-
pamu (pasmep m3nyyaromied ameptypbl 0.7MX2M B HalleM cliydac), IIHPOKON
YaCcTOTHOH 1oJiocoi uamyyaemoro curHana (300 I'u— 3000 I'n) u ocTpoit xapak-
TEPUCTUKOW HaIMpaBICHHOCTHU (2°X8°) BO BceM 4acTOTHOM auana3one. [Ipaktuka
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npumeneHns [TA mokasbeiBaeT, 9To OHM 00€CTIeunBaOT OHOMOOBOE BO30YXKIe-
HHUE TIOJBOJHOTO 3BYKOBOTO KaHaia [2]. [IpuMeHeHre MUpOKOIIOIOCHBIX CHUTHA-
JIOB HYKHO ISl Pa3BUTHS HOBOTO MOAXOA aKyCTHYECKOH ToMorpaduu Mopckux
aKBaTOPUIl C HCIOJIB30BaHHUEM MPOLEIYPhl YAaCTOTHOH 0OpabOTKH CHIHAJIOB,
PacIpoCTPaHsIONIMXCA 110 OJHON Tpacce, BMECTO WM3BECTHOM IMpPOLEIyphl IPo-
CTPAHCTBEHHOH 0OPabOTKM CHUTHAJIOB, PAcIpOCTPAHSIOIIUXCS MO pa3HbIM Tpac-
cam. JI.LM. BpexoBckux oTMeuall, yTo aKkycTHdeckue xapakrepuctuku 1A nena-
I0T €€ “UJealbHbIM HMHCTPYMEHTOM JJIs aKycTUKH okeaHa” [3]. B Hacrosmieit
paboThI MpeacTaBIeHbl Pe3yJIbTaThl MOPCKMX HCIBITAHHI MOIIHOHN NapameTpu-
YeCcKOM aHTEHHBI, YCTAHOBJICHHOH cTannoHapHO Ha mosmrone CyXyMCKOTo TH-
POdHU3NUECKOr0 HHCTUTYTA.

Ha Puc.1 nokazana noarotoBiieHHas sl IOCTAHOBKU B MOpE MapaMeTpuye-
CKasl aHTeHHA. AHTEHHA KPEMUTCsl KapJaHHBIM IT0JJBECOM Ha YCTAaHOBOYHOM Tpe-
Hore. Takol THI KperuieHns] 00ecTeYnBaeT BEPTHKAIBHOE TOJIOKCHNE aHTEHHBI
IpH JIF0OOM HAKJIOHE YCTaHOBOYHOM TPEHOTH B mperenax 25 rpax. B Bepxueit
YaCcTH KOHCTPYKIIMU PACIIOIOKEHO MOBOPOTHOE YCTPOMCTBO, KOTOPOE C IOMO-
IIBIO [IarOBOTO ABUTATENsi 00ECIeUnBaeT KOHTPOJIMPYEMOE BpAICHHE aHTCHHbI
B TOPU30HTAIBHOM IIOCKOCTH ¢ To4HOCThIO 110 0,1 rpaa. MHorosneMeHTHas u3-
JyJaromiasi aHTeHHa COCTOUT M3 12 MIEHTUYHBIX OJIOKOB, KOTOPBIE 3aITUTHIBAIOT-
cst oT 24 ycuiuTene MOITHOCTH JUTsS HE3aBHCUMOT0 BO30YKICHUS KaXKa0ro 0J10-
Ka M3IydaTesell Ha AByX yacTrorax. Pabora ycuimureneit MOIIHOCTH YIpPaBIIseTCs
24 xaHaJTbHBIM IU(POBEIM (HOPMUPOBATENIEM CUTHAJIOB, YTO ITO3BOJISIET OCY-
IIECTBIISITH CKAHUPOBAHKE THarpaMMON HANpPaBIEHHOCTH B BEPTUKAIBHOH ILIOC-
koctu. IlonojkeHWe AaHTEHHBI JOMOJHMUTEIBHO KOHTPOJIMPYETCSI IMOJBOIAHBIM
KOMITaCOM M MHKJIMHOMETpoM. lIntanne aHTeHHBI oOecrieunBaeTcst 1o 48 KHib-
HOMY Kabemto mmuHOH 100 M.

TexHUYECKHE XapaKTEPUCTUKN aHTEHHbI

- Pasmepsl — 2 M (BbicoTa)*0.7 M (ImprHa)

- Yactora nakauku — 20 xI'm;

- [lonoca curnana — 0.3-3 kI’

- Onexrpuyeckas MoiHocTh — 200 kBT

- JnurensHoCTh MMITyIIbCa — 100 Mc;

- IlpuBeneHHBII ypOBEHb CHUTHana -
205 nb/mklla ma 1 xI'11.

- HampasrmeHHOCTh — 2° B BEpTHKAIBHOU

TUIOCKOCTH, 8° B TOPH30HTAIBHON BO BCEM

YaCTOTHOM JIMaIia30He

- 24 He3aBHCHUMBIX KaHaJa YCHJICHHA C

YHCIIOBBIM (DOPMUPOBAHUEM CUTHAJIA

%
j
¥
{0
!
b
!
)

=

Puc. 1. [TapameTpudeckas aHTeHHa
nepe]] MOCTaHOBKOH B MOpe
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OKCHeprMeHT MPOBOAWICS B PaMKaxX HCIBITAHWH MapaMeTPUIECKOro M3ITy-
yaressi Ha akBaTopuu oT Mbica Cyxym 1o mbica Kogop B UépHOM MOpe B oceH-
HUH ce30H. M3mydanuce nmmynbebl putenbHocThio 0.015¢. Illupraa nuarpam-
MBbl HaIlPaBIEHHOCTH B IOPU30HTAJIbHOM IUIOCKOCTH COCTaBIsUIa NMPUMEPHO §°.
ITomyuens! curHanel peBepOepaunu B akparopun Cyxymckoro 3amusa. IIpuém
OCYIIECTBIISUICS HA BEPTUKAIBHYIO LETMOYKY M3 TPEX MOCIEIOBATEIbHO BKIIIO-
YEHHBIX THAPO(OHOB ¢ UYBCTBUTEILHOCTLIO OKoso 180%10°%8/I1a, curnan ¢ Ko-
TOPBIX TIOJABAJICS HAa YCHIUTEIb ¢ Kod(dummentom ycwienus (30+40)=70xb.
I'mapodoHbl OBLIM YCTAaHOBJIEHBI BMECTE C HapaMeTpHueckoil aHTeHHOM. Jlys
KaXI0T0 a3UMyTaJIbHOIO yIJIa U31y4anaocsk 26 uMiybcos JuuHor 0.025¢ nepuo-
oM 10c. Yrosa KoMIeHCcaly B BEPTUKAIBHOH MIIOCKOCTH ObUT BBIOpaH 4rpamyca
BBEPX, MOCKOJIBbKY MHKJIMHOMETP TTOKa3ajl HAaKJIOH 3epKajla aHTCHHBI Ha 4 rpamyca
BHU3. lllar mo a3uMyTanpHOMY yTITy cocTaBisut 12 rpamycoB. Beero Obimm mpoBe-
JICHBI M3MEPEHHA TS 15 a3uMyTaIbHBIX YIIIOB: OT 264 mo 96 rpamycos (264 252
240 228 216 204 192 180 168 156 144 132 120 108 96). C kaxzuo-
IO HaIPaBJICHUS CUTHAJIBI (GUIBTPOBAINCH HA NEPBOIl YaCTOTE HAKAYKU M OIpe-
JIeTsUIach CPeHsIsl OTHOAOIIast CUTHAJA TI0 25-26 peau3aiusim.

Puc.2 batumerpuueckas kapTa akBaTOPHUHU.

Ha Puc.3 mpezacraBieHsl pe3ynbTaThl H3MEPCHHS CUTHANIA peBepOepanuu B
JTHaIa30He YIIIOB, ePEKPhIBAOIINX akBaTopuio CyxyMckoro 3anuBa. biaromgaps
BBICOKOW HATIPABJICHHOCTH H3ITyUCHHSI, MOXKHO TIOTYYHUTh TOCTATOYHO JCTATBHYIO
KapTUHY PACCEsHUsI Ha JIOHHBIX CTPYKTYypax K OEpPeroBOi JMHUH B 3aBUCHMO-
CTH OT HATIPABJICHHUS U JUCTAHIUU. PUC. 4 WILTIOCTPUPYET XapakTep pacipocTpa-
HEHUS HANPABICHHOTO W3JIyYCHHUS! B MANa30HE YIIIOB B BEPTHKAIBHOU IJIOCKO-
ctu (-2)-(+2) rpagyca s penbeda B HanpaieHnn Ha Komop.

HccnenoBanue ObII0 BBITIONHEHO MpH noanepkke PODU (npoexkt PODU-
Abxasus 15-52-40003 u npoekt 16-29-02003).
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Puc. 3. Curmamsl pesepGepammu 1o 15 Puc4. JlygeBas kapTtuHa s

HanpaBJeHUsIM. YPOBHH KaXI0il peanusaiuu  penbeda B HanpasieHun Ha Ko-

CMeIlleHbl OTHOCUTENbHO cocenHeif Ha 20 nb.  gop (asumyT mnpumepHo 144
rpaayca)
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VK 681.883.63

C.A. UBanos, E.B. JIu6encon

XAPAKTEPUCTHUKHU ®JIOKTYAIUI 9XOCUTHAJIOB JIJISA
MHOTI'OJIYYEBOI'O KAHAJIA B MEJIKOM MOPE ITPU PA3JIMYHBIX
I'ITYBUHAX AHTEHHBI THAPOJIOKATOPA U OTPAKATEJIA

AO «Konnepu «Okeannpudop»
Poccus, 197376 Cankr-IlerepOypr, Ukanosckuii mp., 1. 46
Temn.: (812) 320-8040; daxc: (812) 320-8052, E-mail: mail@oceanpribor.ru

Ilpeocmasnenvt pesynomamol oyeHKU Xapakmepucmux @Quiokmyayuii am-
naumyObl OMKIUKO8 CO2NACOBAHHO2O0 (DUAbMPA 8 MHO2O0NY4e80M KaHane O
CHIOJNCHBIX 30HOUPYIOWUX CcueHanos. Ilonyuenvl 3a8uUcuMoCmu Xapakxmepucmux
Griokmyayuti om paspewaroueti CnoCOOHOCmU cueHanog no epemenu. Mcciedo-
8aHUsA NPOBEOEHbl HA NPOZPAMMHOM Makeme OJisl YCI08Ull MeNIKO20 MOPs NPU pas-
JIUYHBIX 2]1YOUHAX AHMEHHbL 2UOPOJIOKAMOPA U OMPAaNcamelis Ha npumepe 1emmuell
eudponozuu ¢ benom mope.

3HaYUTETHHOE BIUSHUC HA XapaKTCPUCTUKUA OOHAPYKCHUS 3XOCUTHAIOB Ha
(oHe moMeX, OLEHKY MX IapaMeTpPOB M KJIACCU(HKALMUIO OKa3bIBAIOT (DIIOKTYya-
[IUM CUTHAJBHBIX OTKJIMKOB, BO3HUKAIOIINE BCICACTBHUE HHTEPPEPEHIINN IXOCHT -
HAJIOB, MPHUIICIMAX K MPUEMHUKY MO OTIACITBHBIM JTydaM, B YCIOBUSX MHOTONY-
4€BOTO pacmpocTpaHeHus. B HacTosImmee BpeMs MpH PEIIeHHH pa3IHdHbIX 3a7ad
B akTUBHBIX THaposokatopax (I'JI) mcnonb3yrores kak ToHanbHbie (TC), Tak u
cnoxkuele 3oHaupytone curaaisl (CC) ¢ cymecTBEHHO pa3HOW pa3peuraronieit
CIIOCOOHOCTBIO 10 BPEMEHH (T,). AKTyallbHbIM SBJISAETCS aHAIU3 3aBHCUMOCTU
XapaKTEePUCTUK (UIIOKTYallid OT MapamMeTpoB 30HAMPYIOIIUX CUTHAJIOB, B 4acT-
HOCTH, CBSI3aHHBIX C MHTEp(EpeHIINel CUTHAIOB B MHOTOJY4EBOM KaHaJIe.

B [1] ananmsupyrotcs uHTepGEpEHIIMOHHAS CTPYKTYpa IIOJIS, CBS3aHHAS C
MHOTOJYYEBBIM PACIPOCTPAHCHHEM 3ByKa B OKeaHe. B [2] mpw BBIIOTHEHUH
OIICHOK MapaMeTPOB 3aKOHOB PACIIPECIICHHS aMIUIUTYIbI MaKCHMAaJIbHOTO CHT-
HAJIGHOTO OTKJIMKa coriacoBaHHOTo (mnbTpa (CD) mist ycnoBuil MaNbHUX JOH
aKyCTUYECKOH OCBEUMIEHHOCTH B TIyOOKOM MOpe, OBUIM BBISBICHBI YYacTKH C
MaJbBIMH YPOBHAMH (QIIOKTYAINi (YIacTKH «A»), Ha KOTOPBIX HHTep(hEpEHIH
MEXIy JIydaMH MPOHCXOIHUT, KaK IMPaBHUJIO, IO OOKOBOMY MOJIO OTKIUKOB, U
YYacTKU ¢ OONBIIMMHU YPOBHAMHU (IIOKTyarmid (yuactku «b»), Ha KOTOPBIX HH-
TepdepeHIIns TPOUCXOAUT MO OCHOBHBIM JICIECTKAM OTKJIMKOB.

Llenmbro JaHHOW paOOTHI SBIISIETCS TTOJyYEHUE KOJIMUECTBEHHBIX OIEHOK Ia-
paMeTpoB (MIIOKTYyaIMii HXOCUTHAJIOB B MHOTOJYYEBOM KaHalle, aHalli3 3aBHCH-
MOCTH 9THX I1apaMeTpOB OT T, JUIS Pa3JIMUHBIX INTyOMH aHTEHHBI M OTpaXkarelis
JUIs1 TeTHel ruaposioruu benoro mops.
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HccnenoBanus ObIIM BBIONHEHBI C ITOMOIIBIO MMHTA- ° —
IIMOHHOTO MOJIEITMPOBAHMS HAa TOM K€ MPOTPAMMHOM MaKe- ©
Te, uto U B [2]. [Ipu omenke mapaMeTpoB (QIIFOKTyaluii BbI-
YUCIISINCH CIEAYIOIIUE BEIUYUHBI: HOPMUPOBAaHHAs (K aM-
TUTATY/IE OTKJIMKA TP OJHOIy4eBoM curHaie) cpeaass (HC) I
BEJINYMHA MaKCUMaJIbHON aMIUIUTYy[bl OTKIMKa CD; Kod(-
¢unment Bapuanuu (KB, oTHOIIEHNE cpeTHEKBaIPATHYHOTO N ecopoers soms, e
otksioneHus k HC). bpun Taxxke mosyuyeHbl SMIHPHUECKUE Puc. 1. BPC3
¢ynkuun pacnpenenenus (OPP) P(x) [3] Benmmunn KB n HC st anannsupyemo-
TO Mara3oHa JUCTaHINH:

P(x) =P(X <x), rne X — Benmmunnsl KB (HC).

[Ipu moxenmmpoBannu muprHa monockl CC ¢ TUHEWHOW 9aCTOTHON MOIYIIsI-
et cocraBuna F' =100, 200, 400 u 800 I'm, uto coorBercTBYeT T,=10, 5, 2.5,
1.25 mc cootBercTBeHHO. JlmurenpHOCTE TC — 1 C (TIpeBBImaeT MaKCUMalIbHOE
BpeMs 3aTArMBaHHs 3XocurHana). I'mapoaxyctudeckue ycnoBusi: bemoe mope
(rmy6una 200 m), netHuil Tun ruapoxoruu (puc.l). I'pyat: wn, rouaa. Hlupuaa
JrarpaMMbl HalpaBJICHHOCTH B BEPTHKAJIbHOM IMJIOCKOCTH: M3IydaTenb — 80°,
NPUEMHUK — HEHaIpaBIeHHbIH. [ TyOnHb! auTeHHBI: Hayr = 50 11 100 M. ['myOuHbI
otpaxkatens: Hyp =37, 50, 62, 75, 82, 90, 100, 110, 120, 130, 140, 151, 160, 170,
180 n 190 m. [lnana3oH aHaTU3UpPyeMbIX AUCTaHUuU: 5...40 kM, ¢ marom 0.5 kM.

[Ipn dopmupoBaHNM MOAETH MHOTONYYEBOH CTPYKTYPHI BBOAMIHCH CITy-
yaliHble HadyaibHbIe (a3bl (3aKOH paclpeesieHns] — paBHOMEPHBIH) BO BXOHBIC
CHUTHAJIBI, COOTBETCTBYIOIINE OTAEIBHBIM JiydaM. OOBEM BBIOOPKH UIsi OCpeTHE-
HUS Ha Kax10# nuctaHuuu — 100 BXOAHBIX CTPYKTYP MHOT'OJIyUYEBBIX CUTHAJIOB.

Jlanee mpencTaBieHbl pe3yIbTaThl SKCIIEPUMEHTOB M UX aHAIU3.

Jns F=200 I', Hawr = 100 M 11 Horp = 62, 120 11 150 M Ha puc. 2 cieBa npu-
BE/ICHBl 3aBUCHMOCTH OT TUCTaHLUM IO OTpaxkaressl 3HaueHud BenuduH KB u
HEKOT'€pPEHTHOW aHOMAaJIMM (CIUIOLIHAS JIMHMSA), a CIIpaBa — HOPMUPOBAHHBIE OT-
kiuky CO (CrIonHas TUHUS) U COOTBETCTBYIOIIHE JIyUYEBbIE CTPYKTYPHIL.

[Tpu Horp = 120 1 150 M Ha Tpaduke anomanuu (puc. 20, 2B) HaOIIOJAOTCS
JIOKaJIbHBbIE MAKCUMYMBbI aHOMaJIMH, 00JIACTH CIia/ia 1Mocjie MaKCUMyMOB H 00J1a-
cti Manbix 3HaueHuil. [To xapakrepy KB nuanazon gucraHiuii MOKHO, Kak U B
[2], paznesnuTh Ha yyacTKH «A» 1 «b», 0co6eHHO BbIpakeHHbIE IPH Hor, = 150 M,
rzie HaOmoaeTcss OTMe4eHHas B [2] B3auMocCBs3b Mexy anoManuei u KB. Ilpn
aHaJIM3€ OTMEYEHO, YTO 00IACTAM ¢ MaKCHMaJIbHBIMHU 3HaueHHAMH KB cooTrBet-
CTBYET J1Ba OJM3KHX IO YPOBHIO JIyda, OTCTOSAIINX APYT OT Jpyra MeHee, 4eM Ha
1 mc (puc. 2e). [Apyroif BapuaHT JTy4eBOU CTPYKTYPHI (pHC. 21T): YPOBEHb MaKCH-
MaJbHBIN JIyd MPEBbINIAeT OCTANIbHBIE Oonee, yeM Ha 6 1b.

MOXHO BHIETb, YTO NPH Horp = 62 M (puC. 2a) 3aBUCUMOCTb aHOMAIIMU U
KB ot aucTaHIMu HE UMEET CTOJIb BHIPAKEHHBIX YUaCTKOB, Kak MpU Homp = 120 1
150 m. B nanHom ciydae (puc. 2r) uMeeT MecTo OOJbIiiee KOJHYECTBO OIH3KUX
M0 YPOBHIO ¥ BpEMEHH NPHUX0/1a JIyuei (opsaKa eJUHUI] MC), TPUYEM BEeIMYHHA
KB npunnmaer 31auenus ot 0.18 go 0.3.
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Puc. 2. HexorepenrtHnas anomanusi, KB (cneBa) n mHOromyueBoit otk CPO
(cmpara) pu F=200 I'm 1t Haur = 100 M

Ha puc. 3 npencrasnenst DDP, 1. e. P(x) BenmmunH KB (cBepxy) u HC (cHu-
3y) st Horp = 62, 120 11 150 M niput Haye = 100 M.
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Puc. 3. P(x) Bemuunn KB u HC tipu Hyyr = 100 M

Crnenyer orMeTuTh 4TO Tpu Hop =62 M HaOMOJaeTCs CyHIECTBEHHOE
yMmeHbInenne ypoBHs ¢urtoktyarmii 1yt CC no cpasaenuto ¢ TC, 3ameTHBIE pa3-
auus B ypoBHe ¢utoktyarmii aiist CC HaOoaaoTes yke IpH yBeTUUeHnH F 1o
200 I'm n mamee po 400 I'u. [t Horp = 120 1 150 M Takke HaOmomaeTcs siBHOE
ymenbmenne ypoBHs ¢mokryanuit st CC mo cpasrernto ¢ TC. IIpu P(x)<0.25
it Horp = 120 M 1 ipu P(x)<0.83 st Horp = 150 M uts CC mMeeT MecTo cyiie-
CTBCHHOE CHIDKCHHE YPOBHS (PIFOKTYalnii MPH Ka)KIOM yBEIHUCHUH paccMaTpu-
BaeMbIX F, T.e. 10 200, 400 u 800 I'ti. ITpu OOmpmMX 3HAUCHHUSIX P(X) I 3THX
Ho:p HAOMIODAETCS OBOJIBHO ci1aboe OTiInuue B ypoBHE (utokTyanuit s CC.
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Takum 00pa3oM, MOKHO CKa3aTh, YTO B JAHHBIX THAPOIOTHUECKHUX YCIOBH-
SIX MMEET MECTO 3aMETHOE CHIKEHHE YPOBHs (DIFOKTYallWid, B CpEIHEM MO pac-
CMaTpUBacMOMY JMANa30Hy JUCTAHIIN, IPU YBEIMYCHUH [OJOCHI CUTHATIA.

Ha puc. 4 nmpencrasnena 3asucumocts 3HaueHn KB u HC o yposaio DDP
P(x)=0.7 ot rmyOuHBI OTpaskaTens A pa3HbIX ITyOuH anTeHHBI — 50 M u 100 M.

@) Hapr =50 M Monoca 8) Hayr =100 M MNonoca
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Puc. 4. 3nauernns KB u HC no yposaio P(x)=0.7

Ot™meTuM, uTO IpU Hawr = 100 M 11 Hor 0T 37 10 90 M MMEET MECTO CHUTY-
aIysi, COOTBETCTBYIOIIAs pUC. 2a, 2r. AHanIM3 MoKazai, 4To npu Hyp =110 M
peo0IalaloT YYaCTKU MO TUCTAHIHK ¢ OOJBIIUME (uItoKTyarmu (puc. 20, 21), ¢
yBenumueHneM Hormp 10 150 M BO3pacTaeT NmpoTsHKEHHOCTh YYaCTKOB C MaJlbIMH
ypoBHsIMH (IIOKTyauuu (puc. 2B, 2e), ¢ AaIbHEHIINM yBeIHYeHUEM Horp TOIIA
9TUX y4acTKOB nafaet. IIpu Har = 50 M ypoBau umtoxtyanuii ana TC npaxkruue-
CKH He oTInYaroTcst OT Hayr = 100 M. Jlis CC Ttak xe, kak u 111 Hayr = 100 M,
MMEET MECTO 3aMETHOE YMEHBIICHHE YPOBHS (DIIIOKTYAINid IPH YBEINYEHHUH T10-
mocer CC. Xox 3aBHCUMOCTH YPOBHS (WIFOKTYAIHSI TS 3TUX IBYX TITyOWH aHTCH-
HBI HECKOJIBKO OTJIMYAETCS APYT OT APYTa.

[TomydeHHbIE pe3ysbTaThl U UX aHAIN3 MOKA3aJld, YTO B JAHHBIX THIPOJIO-
TMYECKUX YCIOBHAX IPH Pa3HBIX MIyOMHAX aHTEHHBI U OTpakaTeis koddduim-
€HT BapHallMM aMIUTUTYJbl OTKJIMKA COIJACOBAHHOTO (HMIBTPA Ul TOHAIBHOTO
cUrHaja OJIN30K K pelIeeBCKOMY 3aKOHY PacIpellesIeHHUs], JUTsl CII0KHBIX CUTHAJIOB
ypoBeHb (DITIOKTYaluii 3aMETHO MEHBIIIE U CHUYKAETCSl C POCTOM T10JIOCHI CHT'HAA.

JUTEPATYPA

1. C.J. Yympos. MaTepdepeHInOHAAs CTPYKTYpa 3BYKOBOTO TIOJIA B CIIOH-
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ckux. Akycruka okeana. M.:I'EOC, 2013.

3. Cwmupnos H.B., [lyaun-bapxosckuit M.B. Kypc Teopun BeposiTHOCTEH 1
MaTeMaTHYECKOW CTATUCTUKH JJI TEXHUUYECKUX npunokeHnil. M.: Hayka, 1965.
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HMHTEI'PUPOBAHHBIE CETEBBIE CUCTEMbBI IOABOJHOI'O
HABJIIOAEHUS: TPEBOBAHWS, IPUHIAIIBI IOCTPOEHNS,
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Temn. / ®@axc: (831) 436-9717; E-mail: A .khil@hydro.appl.sci-nnov.ru
1) Hay4HEBIi COBET 10 KOMILIEKCHOI TpobeMe «[ mapodusuka» PAH,
Mocksa, Poccus

IIpeocmasnenvl pezynomamel pazpabomku 0OIUKA HOBOU NEPCHEeKMUBHOL
UHME2PUPOBAHHOU CemeBol CUCMEMOll N00800H020 Habmoderus (MCCIIH).

OOocHoBaHME O00JMKAa HMHTETPUPOBAHHON CETEBOH CHCTEMBI MOABOIHOTO
nHabmonenust (MCCITH) moxHO npeacTaBuTh B BHJE psja sTanoB. [Ipexne Bce-
ro, Heobxoammo chopmymuposats TpedoBanus k CCIIH. [Tocnennmne Bkiova-
0T B cebs TpeOoBaHHSA K BpeMEHH MeXITy oOHapyKeHHEM M HeHTpann3anueit

yIpo3bl,
Cnon cetn Bupa aTtaku MeTopa sawmTbl
D " « N (nc nomex — * N

Toxe sueiikm) CUrHanoB (cnpea — CReKTpanbHbIX), onpeaeneHne
npvopuTeTa COOGLUEeHMIA, KapTUPOBaHNe pernoHa,
N3MeHeHue pexuma paboTe

. duaneckan HeiTpanusauns O6ecneueHmne yCTOMYMBOCTM M CKPLITHOCTH
anemeHToB ceTn

CBa3HON MpuuensHoe No YacToTe U BpemMeHn W KOPPEeKT KonoB

BO3AENCTEME Ha COOBLEHN C Uenbio BbI3BaTh

ero nckaxenme

MpuHyxaeHne cBA3mn paboTaTk Ha UC Orp: Ha b CBA3N

WNCTOMHMKOB NUTaHUs

C THOe aTak Ha v n ' manbix

ypoBeHb

CeTteBon WU3bupaTtensbHo noxHas nepeagpecauvs DunsTpaums, naeHTUGMKaLMA, MOHUTOPUHT

O6Gpa3oBaHune NOXHbIX Nonyvarenen MNpoBepka Ha U3GLITOYHOCTL

v opmauum “Sinkhole”

(o] Aveek MNpoueaypbl NPoBEpPKU Ha ayTEHTUYHOCTL,

(“Sybil”), kak UICTOUYHNKOB UHDOPpMauUn N36bLITOYHOCTE. MOHMTOPUHI

O He WpenT 6 ucnbiTaHus

KaHanoB CBA3N — <4ePBOTOMMHY - (“Wormhole”)

o noToka WK | Mpewt yBA3Ka NaKETOB C MOMOLLIO

coeauHeHuio (“Hello Flood™) reorpacdunyeckon u BpeMeHHOW nHhpopmaumn

o notoka i Waent naeHT y it
ceA3n, BepudmKaLms

T n Conoc nor

naenTudbMKaums

Puc. 1.
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CHCTEMOTEXHHYECKHEe TPeOOBaHMS, TPEOOBAaHHUS K OECIIPOBOIHBIM IMOJICHCTEMaM
HAOIOCHNS U CBSI3H, TpeOoBaHUS 3(PPEKTUBHOCTH, a Takke TpeOOBaHUSA K WH-
(hopMarmOHHO-yIIpaBIIIOMIeH ToacucTeMe. BaKHBIM 3TarmoM SBIAIOTCS paspa-
6otka npunnumnoB npotuBojaericteus MCCITH nmoaBoaHoro HaGmoAeHNs B o0ec-
nedeHus ux 6e3omacHOCcTH. Takue MPUHIUIBI OCHOBBIBAIOTCSA HAa aHAIM3€ U CH-
CTeMaTU3alli pa3IHNYHbIe BHUIBI aTaK HA CETEBbIC CEHCOPHBIC CHCTEMBI C aKy-
CTMYECKOW MOABOAHOW CBsi3blo. Ha puc. 1 mpezicraBiieHbI METOABI U CIIOCOOBI
3aIUTHI CETEBBIX CUCTEM IOABOIHOTO HaOMOACHUs OT arak [1, 2]. KiroueBsiMu
npuHOUIaMu Gu3ndeckux ocHoB (yHkimonuposanus MCCIIH sBnsercs cos-
MecTHass paboTa pa3HOPOAHBIX (TMAPOAKYCTHYECKUX, THMIPOONTHYECKHX, JJIEK-
TPOMAarHNTHBIX) MACCHBHBIX W AKTUBHO-TIACCUBHBIX CEHCOPOB, OOBEAMHEHHBIX
CeThI0 KOMOWHUPOBAHHOM (paano u ruapoakyctudeckoit) csasu [1-8]. CTpykry-
pa UCCIIH conep:xut BHEUTHHIA (TTaCCUBHBIN) KOHTYp, 00eCcIeunBalonii 00Ha-
pyXeHHe W KpaTKOBpEMEHHOe Iienieykazanue (puc.2). HaGmonerne B mpenenax
MPOTSDKEHHOM 30HBI BBITIOIHAETCS aKTHBHON MYJIBTHCTaTHYECKOW T'HIPOaKyCTH-
geckoit (I'A) cucTemoi, 371eMEeHThI KOTOPOU BKITIOYAIOTCS U pabOTaloOT MO CUTHA-
Jam aganTtuBHOU cuctemsl ynpasienust MCCITH, pacnipeaeneHHOM B HECKOIbKUX
anemen6rax UCCIIH. ITotpeburens mudopmanuu ot MCCIIH (ymnpasistomias
wiaropma) BkIrouaetcs B uapopmanuonnoe moje MCCITH. Bee cencopabie

L

| [
cicopen

Hevefiaci v
cemeopem A wimd

Al T : | T

+ Haywrea

H ]

3 nesemeTEN
—

' Hrvellsc npuEssn
i eriscopon ©
|

AVIETPOMIT T
(et

v/ /
1 L (1
" | ¥ % - a Wi
&N - ! TonT opan
—— | Goiamims aymcrInaC e
e —

Puc. 2.
csizHble AneMeHTsl MCCIIH (yHKIMOHMPYIO CKPBITHO Ha OCHOBE CETEBBIX
npuHOUIOB. Pacnonoxxenne, koHcTpykms U padora snemenros MCCIIH anan-
THPYETCA K KOHKPETHBIM yCIIoBHAM B akBaTopru rnoctaHoBku. ICCITH Bkiroua-
eT B celds MoaCuCTeMy OIepaTUBHON okeaHonmoruu M cuHxpoHm3anuu. MCCITH
(hopMupyeT HHTETPHPOBAHHBIC PEIICHUS W TepelaeT WX MoTpeOuTemo (TuiaT-
tdopme ympaBienus (puc.2)). Hns oOOCHOBaHHS BapHaHTa OOJHKA CHUCTEMBI
HNCCIIH B KOHKpeTHOH MOpCKOM akBaTopuu paspabotanHa  Qusuko-
MatemaTtudeckas mojenasr NCCITH. Monens BkitouaeT B ce0st Moaenu GopMupo-
BaHMs aJalTUBHBIX K ['A BOJIHOBOJY 30HAMPYIONIMX HMITYJIbCHBIX CHUTHAJIOB,
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TUPpParuPOBaHHBIX 00BEKTOM HAOIIOIEHUS CUTHAJIOB (MYJIBTUCTATUIECKON CHIIBI
1eJIN), peBepOepalMOHHBIX IOMEX U aJIUTUBHBIX ITYMOB C Y4€TOM KOHKPETHOTO
CTPOCHUST M HW3MEHYMBOCTH MOPCKOH aKBaTOpuH. AJANTHUBHBIE K YCIOBHAM
HaOJIIOJIEHNsT ¥ TaKTHUYECKUM CUTyanusMm aiaroputMmbl ympasieHuss NCCITH wu
(YHKIMOHHMPOBaHHA €€ COCTaBHBIX YacTed. OHUM M3 KJIIOYEBBIX IPHHIUIIOB
IIOCTPOEHHSI CHUCTEMBI SBIAETCS oOecHedeHHe ee YCTOMYMBOCTH (CKPBITHOH H
ABTOHOMHO#) pabOTHI NPH 33/laHHOI YyBCTBUTEIBLHOCTH M TOYHOCTH HaOIIoJe-
HYsI, HA OCHOBE MCIIOJIb30BAHMsI 3IalTHBHBIX K HECTAMOHAPHBIM YCIIOBHSIM

ANroputM aganTMBHOro
HabnwoaeHua UCCIH

la —a'® "< @ auncmesa H| ne spunusaomcs

lg =g "= &Y, zuncmesa H) spussscencs |

CpapHeHHe H3HepeHHbIX JAHHbIX H THN0Tes ‘

3 |
| |
400" =([lg -a" " an"" =iy ‘ | | Botop napawerpon odvewra | [p= (o7, 1))
S | |
Perynapuzaumua (KOGMPOBaHUE) JaHHBIX OT

o a=0® —obvewm ecmy effoue B
© g=q®  —cBvema negfle mouks p
CeHCOpoB

Gpm MR, @2, R, @Ay, dad'R ‘ - 5 P

Il Lk=1,..K

OnTu

Y
NPUEHHBIX AEMEHTOB

CtoxacTuyeckoe

ynpaeneHue npu et
nowcke pewenmsa  (Jlasam

Puc. 3.
HaOJIIOJIEHNsT M TAKTHYECKOH CHUTYyallii ajJrOpUTMOB YIIPABJICHUS CUCTEMOU H
(hyHKIIMOHUPOBAHUS €€ COCTaBHBIX dacTel (puc. 3) [9-14]. C »To0it nmenpio uc-
TOJIB3YIOTCSl CcOorjlacoBaHHble ¢ ['A BOJHOBOZOM HampaBliCHHbIE WMITYJIbCHBIE
cUrHaJbl ciaboit naTeHcuBHOCTH (010K I, prc.3). x ¢popmupoBanue ocymiecTs-
JISIETCSI C UCTIONIb30BAaHUEM JAaHHBIX OTEPATHBHOW OKEAHOJIOTMHU U JaHHBIX O TaK-
traeckoit curyarmu (6oxu VI, IX, XI). Bee amemenTsl paboTatoT B pexxume
MHUHAMH3ALUHA YHEPronoTPeOIeHNsI U BKIIIOYAIOTCSl HA KOPOTKOE BPEMs 110 CHUT-
HanaMm ynpasnenus (Onoxu 11, IV). ArantuBHoe ynpaBiieHHE OCYIIECTBISICTCS C
ucnonbp3oBaHueM ¢u3nko-mMaTemarndeckot mogenu MCCITH u texkymmx oOHOB-
JSIEMBIX TaHHBIX 00 ycnmoBusax HabOmromeHus (610k VII). AnropuT™bl OIIEHKH TTa-
pamMeTpoB 00BEKTa HAOTIOICHNS OCHOBAHBI HA METOJaX CTATUCTHYECKON MPOBEp-
KH THIOTE3 C MUCIOIb30BaHUEM AallTUBHBIX CTATHCTHYECKUX KPUTEPUEB U METO-
noB moucka pemeHuit (6mox II). Bapuantel m ontumanbhbiii ooauk MCCITH
(CTpyKTypa M aaropuTMbl) JJIsl KOHKPETHBIX YCIOBHH HAOJIOJEHUSI CTPOSITCS C
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WCTIOB30BaHUEM pa3paboTaHHON (PH3MKO-MaTeMaTHISCKONW MOIETH M Oa3bl OKe-
AHOJIOTMYECKHUX JaHHBIX (CTPOCHHE W pelbeda MOPCKOTO THA, CHHONMTHYCCKHE
JTAaHHBIE, THIPOJIOTHYECKIE JaHHBIE) C YUYETOM MX CE30HHOW W TEKYyIIeH M3MEH-
guBoctH [15-19]. IIpu o6ocnoBanuu kouneniuu NCCITH pa3paboTansl Tpebo-
BaHUS W TIPEAJIOKEHUs TO co3laHuio mepcrnekTuBHbIX dneMeHToB MCCIIH, B
yacTHOCTH, ['A m3mydaTeneil n U3MydyaromuX penieTok B Auana3zone yactoT 500-
3000 I'u, ruiaHapHBIC MPUEMHBIC PEIIETKH, B TOM YHCIIE C BEKTOPHO-(a30BBIMU
rupo(oHaMH, CUCTEMBI CETEBOM 3BYKOIO/IBOAHOW CBSI3H U JIP.
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ATIIIAPATYPA AKYCTUYECKOM CBSA3HU J1JIs1 JOHHOM CTAHIIMA
"HIEJb®-2014"

TuxookeaHCKH1 OKeaHOJOTUUECKU MHCTUTYT uM. B.1. nsuuesa
Poccus, 690041 Bnanusoctok, yiu. bantuiickas, 1. 43
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Ilpeocmasneno onucanue annapamypbl akyCmuieckoll ces3u OOHHbIX CIMAH-
yuut "Ulenvgh-2014", yemanasnusaemvix TOHU JIBO PAH na wenvge o. Caxanun
07151 MOHUMOPUH2A AHMPONOSEHHBIX UyMO8. [Ipusedenvl mexnuueckue peuwenus u
anzopummsl  pabomvl  8CMPOEHHO20 MOOeMd CMAHYuUu U MeNeKOMAHOHO20
ycmpoiicmaa.

B Tewennu 2013-2015 rr. npu noanepxke kommnanuei «9xcon Hedreras
Jlumuren» B TOW JIBO PAH 6b11 pa3paboTan KOMITIEKC yCTpOICTB Ha 0a3e aB-
TOHOMHOHM akycTtudeckoi JoHHOH cranuuu «llemnsd-2014» [1]. Cranmms cmo-
coOHa IPOM3BOAUTH 3alMCh THAPOAKYCTHYECKOTO CHUTHAJIA B IIOJIOCE YacTOT 0
15 x['1, k Helt MOKET OBITh TOAKIIOYCH TIOBEPXHOCTHBIN TeIEMETPHUSCKUI Oy,
obecneunBaromuii YKB UM u ciiytHUKOBEIH (MpuanyM) KaHaITBl TIepeIadn aKy-
CTHYECKUX JIaHHBIX W yTpaBieHus OyeM. Bo3MoXHOCTh KOHTpOJIst pabOTHI CTaH-
MM JUCTAHIMOHHO Mo KaHaiy «Mpuanym» 6e3 nmpepbiBaHus ee paboThl - MOjIe3-
Hasl (pyHKLUS, TO3BOJISIONIAs UCKIIIOYNUTH JIUITHUE MOABEMbI M TOCTAHOBKH CTaH-
Uy B Mope. Ilpu moctaHoBKe CTaHLIMM 0e3 MOBEPXHOCTHOIO Oys 9Ta (YHKLHS
obecrieunBaeTcsl anmapatypoil nepenadd J@HHBIX [0 aKyCTHYECKOMY KaHaly,
MPEJCTaBICHHON B JaHHOM Jokiane. Kpome Toro, sta ammapaTypa MO3BOJISET
MPOBEPSITH paboTy CTAHIMHM B MOMEHT €€ BKJIIOUECHUS Iepes MmocTaHoBKoi. XKe-
JaTeJIHO CIEaTh TaKylo NMPOBEPKY MMEHHO B TOM COCTOSIHMM CTAHIIUH, B KOTO-
POM OHa IPOJOJDKUT CBOIO paboTy B Mope. [Ipu 3ToM mocTaHOBKa 4acTo MpOu3-
BOJUTCS B YCJIOBHSX CIJIBHBIX IIYMOB, TaK YTO JIa)K€ YEJIOBEUECKast PeUb IIOXO
pasnuuuMa. AKyCTHUECKHH MOJIEM M CBSI3aHHOE C HUM TEJIEKOMMYHHKAI[IOHHOE
ycrpotictBo (TKY) crmocoOHBI TpeAcTaBUTh BCIO HEOOXOANMYIO HH(OPMAITHIO
YEJIOBEKY B BU3YaJIbHOH (popme, MoAPOOHO U HATIISIHO.

ITono6Has anmapaTypa W3BECTHA U MUMEETCs B NIPOJIaXKe — HAIIpUMeEp MpPOU3-
BonctBa EvoLogics GmbH [2] unu Teledyne Benthos [3]. Onnako ee npumMeHe-
HHE B COCTaBe JIOHHOW CTaHIIMU HENb3sl CUUTATh ONTHMAIBHBIM PELICHUEM,
MPEeXJEe BCErO M3-32 BBICOKOW CTOMMOCTH. Kpome TOro, BOSHHMKAIOT KOHCTPYK-
TUBHBIE MPOOJIEMBI — MOJIEM HEOOXOAMMO BCTPOMTH BHYTPb KOpITyca CTaHIMH
160 obecneunTh KabelbHOe COSANHEHNE MEXIY KOPITyCaMH MOJIEMa U CTaHIIUH.
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Bospacrator cymmapHasi motpebisiemMas CTaHINEH MOIIHOCTH, TaOapUTHI U BEC
cTaHIWHU B cOope, CHIDKaeTcs HameKHOCTh. [Ipu paspabotke cranmmm «lllembd-
2014» wW3HAYaTBHO MPEIIONArajioch HAMYHE BCTPOCHHOTO B KOHCTPYKITHIO
CTaHLIMU JEUIEBOTO MPOTPAMMHO-AMIAPaTHOTO aKyCTHYECKOro Mojema. bbuio
pa3paboTtaHo Takxke TerekomaHnHoe ycrpoiictBo (TKY), pa3meniaemoe Ha G0pTy
CyaHa.

[TpuopuTeTHBIME 3aadyaMy TPH pa3paboTKe MojaeMa ObUIM MHHUMH3ALMS €ro
annapaTHOM 4acTH W CHIDKEHHUE MOTpedJIsieMOil MOJJIEeMOM MOIIHOCTH B PEKUME
npuema. Pemennem crana nporpaMMHasi peain3aliys IpUeMHOro TpakTa MoJemMa
U TporpamMMHoe ()OpMHpOBaHME OTBETA CTAHIMH B OCHOBHOM KOHTpOJUIEpE JOH-
HOW craHImH. [Ipy 3TOM B KauecTBE BXOJHOTO CHTHAJA JJIS MPOTPaMMEI ITPHEM-
HUKa MOJIEMa HUCIIOJIb3YeTCsl MOTOK JaHHBIX OT ALIIl 0CHOBHOTO M3MEPUTEIBLHOTO
TpakTa ctaHiuu (puc. 1). Ba)KHBIM TOCTOMHCTBOM TaKOTO PEIICHUS SBIACTCS TO,
9TO caM (aKkT OTBETa CTAaHIIMK Ha 3arpoc MOATBEPKIACT MCIPABHOCTb M3MEPH-
TENBHOTO TPAaKTa CTAHLUHU. ATMAapaTHBIE YaCTH MOJEeMa BKIIOYAIOT TOJIBKO yCH-
guteias (YHY) ¢ mensmMu nutaHus, MOBBIMIAIOIIMKA TpaHchOpMaTOp U Mepeaaro-
i TuAPodoH.

A-50 OcHoeHoli konmponnep PIC32MX795F512H
—=|3anwce Ha SD kapti |
24-6utHoe Pl 1
O ALLN {BN® 1024 = Ananus cnekTpal

AHanus GUToBbIX
nocnefosaTenbHocTen

ruapodoH I
O I I l< [ Mepenaya oteeta |={Cnoso coctoannal

Puc. 1. CoBmenieHHas CTPYKTYpHAs cXeMa MoJieMa U OJIOK-CXeMa alrOpuTMa ero
paboTHI.

MNepepatoLynin

CurHaisl, KoTopsiMu oOMeHnBatoTcss TKY u Mozem, Takke OnTHMUA3ZNPOBa-
HBI JIUISL CHIDKSHUS TOTpedieHnst cranuuy. [IporpaMMy nmpreMHHKa aKyCTHYeCKO-
ro MOJIeMa yJIaJIOCh Pean30BaTh 0e3 yBeIUUeHHs pabovell YacTOThl KOHTPOJIIe-
pa CTaHIIMH, T.€. B PEKUME ITpHeMa MOJIEM He MOBBIIIAET MOIIHOCTH, ITOTPeOIs-
eMoli cTaHIuell. AIroOpuTM NpHeMa OCHOBAH Ha MepuoauueckoM pacuere bIID u
aHaIM3e TOyYeHHBIX ceKTpoB. Pacuer BII® mpomsBomutcs Ha psge 1024 3Ha-
YEHHS, 9TO OOYCIIOBIICEHO BO3MOXXHBIM [OMIIIEPOBCKUM CIBHTOM YacTOT B HH-
(hopMarIMOHHOM aKyCTUYEeCKOM CHTHAlle, BBI3BAaHHBIM JpeiipoM CyaHa C pazme-
menasiM Ha HeM TKY. [{ng gacrorer aquckpetnsanuu 30,24 k11, ncronszyemoii B
ALII cranimu, pa3pelieHne Mo 4acToTe IpH TaKoil JUIMHE psijia cocTaBuT Af =
29,5, T.e. pU CMEUICHUU MPUHATON YacTOThl CUrHaya f0 15 'y B Goblnyio
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VTN MEHBIIYIO CTOPOHBI MAKCHMYM SHEPTHH CHUTHAJIa OCTAHETCS B TOW XK€ IT0JI0-
ce BII®. Jlomyctumast cKOpoCTh Apeiida cynHa OTHOCUTEIHHO CTAaHINH V:
V = ¥CAf/2F;

rae C — cpefHss CKOpPOCTb 3ByKa B MOPCKOW BOJE M F MakCHMalbHasl 4acToTa
CHTHAJa, 4TO JaeT BenuunHy +2,46[M/c|. D10 orpaHUYeHHUE BIIOIHE IOILYCTHMO
MPaKTHYECKH, TeM 0oJee YTO CHCTeMa CBS3M COXPAHUT PabOTOCIIOCOOHOCTH M
npu OOJBIINX CKOPOCTSX Apeiida (¢ HEKOTOPBIM CHIDKEHHUEM JajbHOCTH JIeH-
CTBHSI) 3@ CUET MIPOHUKHOBEHMSI SHEPTHUH B COCEJHHE YaCTOTHBIE ITOJIOCHL. B TO
JKe BpeMs, pu JiuHe paga 1024 oTcuera B pe30HAHCHOH MOJIOCE 4acTOT mepe-
nmaroriero ruapodona (8-9 xl'm) pasmemarorcs Gonee 30 HHTEpBaIOB YacTOT
BI1®. 370 M03BOJISIET BBHACIUTH CUTHAIBHBIE YaCTOTHI HA IIPUEME J[aXKe C YIeTOM
TOTO, YTO U 3alUTHI OT ONMKHEH peBepOeparmm mis mepenadun ot TKY Ha
CTaHIMIO M 0OPAaTHO MCTIOJIB30BAHBI Pa3Hble HAOOPH! CUTHAIBHBIX YACTOT.

HekoTopreie 0COOCHHOCTH MMEIOT anropuTMbl pacdera BII® m obpaboTku
pe3ynbTaToB B KOHTpoiulepe. Bee paboumne mporpaMmbl yCTpPOMCTB KOMILIEKCa
«lenbh-2014» nanucansl Ha si3bike Cu. Mcnonbsyercst kommunisitop Microchip
C32 u BcTpoeHHasl B HEro LieJIoUnClIeHHast poueaypa pacueta bIID, ontumusu-
poBaHHast Juis 32-pa3psaHbIX MUKPOKOHTPOILIEPOB. Pe3ynbTaTtoM 5To# mponesy-
PBI SIBISIFOTCS J1BA psifia 32-OUTHBIX YHCEl, COOTBETCTBYIOINIME PEalbHOM U MHU-
MOH YacTH aKyCTHYeCKOro CHrHaia. [Ipu oneHKe aMIUTUTY bl TOHAJIBHOTO CHTHA-
Ja B paboueil mporpamme wucnonb3yercsi He EBkmmmoa merpuka L2 (4 =
VRe? + Im?), a npsmoyroibHas metpuka L1, T.e. A = |Re| + |Im|. Pa3nocts
YHCIEHHBIX Pe3y/IbTaTOB THX METPHK He MPeBbICHT V2 pa3, T.e. 3 1b. YuuThiBas,
YTO ClIydalHble KOJE€OaHUsl aMIUINTYAbl CUTHAJIBHBIX TOHOB BCJIEJCTBHE MHTEp-
(bepeHIM TOCTHTaIOT AECATKOB AenuOen, pa3Huiia B 3 b He UMeeT MpaKkThye-
CKOr0 3HaueHWs. B To ke Bpems, pacueT OIIEHKM MO ITOH MeTpuke Tpedyer
MEHBIII€ BBIUYUCICHUI M TO3BOJSIET MCIOJIB30BATH ISl AAJbHEHIINX PacdyeToB
LEJIOYHCIICHHYO 32-0UTHYIO MaTeMaTHKy.

Paccmotpum paboTy aKyCcTHYECKOTo MOieMa B COCTaBe CTaHIWH. [TpuHsTHIH
M3MEPHUTEILHBIM TPAKTOM CTAHIMN aKyCTHYECKUI CUTHAI IipeoOpa3yeTcs B 1ud-
POBOI ITOTOK M TIOCTYIIaeT B KOHTpOJUIEp cTaHuuu (puc. 1), rie ero oopaboTkoit
3aHMMAIOTCS TIapaJUIeNIbHO JIBE TPOrpaMMHBIE MPOLEAYPHI — 3anucH Ha SD kapTs
u npuema 3anpoca ot TKY. Paznenenue npoueccopHoro BpeMeHH MEXIY ITUMHU
MPOLEAypaMH PETYIHMPYETCs] CHCTEMOM MHOTOYPOBHEBBIX IIPEPHIBAHUN, MHpPHU
3TOM HCIIOJb3yeTCs MOIHAs annapaTHas MOJAEpKKa IpPEepbIBAHUM MHKPO-
kouTposuiepa PIC32MX795F512H. C nepuogom 50 MC IPOUCXOAUT HAKOTIJICHHE
OTCYETOB BXOJIHOTO curHaia B Oy¢ep u pacuer BIID. Ananus criekrpa npuHsTO-
TO CUTHaJIa N0 COOTHOIICHUIO HHTEHCHBHOCTEW CUTHAIBHBIX TOHOB U OKpYIKaro-
IIEro IIyMa IMO3BOJISIET MPHHATH pelieHue o npueme 6o0/a (KaHaIbHOTO CHMBOJIA)
W ero 3Ha4eHuH Jist JanHoro pacuera bII®. Ecim mocienoBarensHOCTh NPUHS-
TBIX 0OJ] COBMAJACT C OXHMAAeMOH, CTaHLMS (OPMHPYET OTBET, BKIIOYAIOIIMHA
KOJIMYECTBO 3alMCaHHBIX (aijloB MaHHBIX, HANpsDKEHHE Oarapeidl MUTaHWs, HO-
Mep crannuy. Jlanee nmporpaMma BKIIFOUAeT IMUTAHNWE YCHIIUTEINS MO/IeMa 1 OuT 3a
6utoM (opMHpyeT CHTHAJ OTBETa CTAHIWH. [I0 OKOHYAaHMM Teperadn NMHUTaHWe

311



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

YHY BBIKITIOWAaeTCS W TporpaMMa BO3BpamaeTcs B pexkuM npuema. Cremyer
OTMETHUTH, YTO paboTa MPOrpaMMbl MOJZIEMa HE OCTaHABIMBAET paboTy mporpam-
MBI 3aMMCH JaHHBIX.

Pa3zpaboTanHoe [y ompoca craHuuil ¢ OopTa Cy[Ha TelIeKOMaHIHOe
YCTPOMCTBO IO3BOJSIET CIENATh 3alpoc U MOJIy4UTh OTBET OT cTaHUUM. Jlns
orpoca CTaHIMH CYJTHO JIOKHUTCS B Apeiid, ruapodon TKY Ha mnmuaHOM Kabene
BhIBeIIMBaeTcs 3a 6opt, Ha TKY BbIcTaBisieTcss HOMEp CTaHIIMU U TIPOU3BOJIUTCS
3arpoc. B Hacrosimee Bpemst TKY He nMeeT BCTPOEHHBIX CPEICTB OTOOPaKEHHMS
W 3aIMCH BBITIOJIHSEMBIX JICHCTBHI M OTBETOB CTaHIWi. B KauyecTBe TakoOBBIX
MOTYT OBITH MPUMEHEHBI HOYTOYK, IUIaHmeT win cMaptdoH. [Iranupyercs pas-
Bute TKY B camocTosTenpHOE YCTPOICTBO, CHAOKEHHOC MOHHTOPOM U CIIO-
co0HOe BECTH XKYPHAJ, 3amuchiBas ero Ha SD kapty. B gactu paGoTHI ¢ aKycTH-
YECKUM CHUTHAJIoM anropuTMbl paboTel TKY u mozema cranmmu momoOHBL [lo-
TIOOHBI TaKKe cxeMoTexHmueckue pemenns. Kak u cranmus, TKY nmeer cucre-
MY peaJbHBIX JaThl — BPEMEHH Ha oCHOBe MUKpocxeMbl DS3234N, obecrieunBa-
IOITYIO YXOJ BpeMeHHU He 6ojiee 2 MUHYT B IO/,

OnucanHoe o0OpynoBaHWE W paboune MPOTPaMMbl MPOILIH HCHBITAHUS
ocenbio 2014 1. B 6. BuTs3b SInMoHCKOro MOpst M yCHENIHO MCIOJIB30BaJIOCh IS
MOHHUTOPHHIA COCTOSIHHMSI OJHOM W3 AoHHBIX craHuuil «lllensd-2014» nerom
2015 r. na menbde OxoTckoro Mopsi. B 3akpeiToll OyXTe ycTOHUMBas CBSI3b CO-
XpaHsIack 10 qucrannuii 2 kM. OgHako B Mope, U BOJIHEHNH 3-4 Oaia, BeTpe
1 TE€YEHUU JAIBbHOCTb YCTOMUMBOHM CBsi3u cHUxkasack A0 350-450 M. [Iposenen-
HBIE SKCIEPUMEHTHI NOKA3aJIM, YTO OHAa OTpaHWYeHa yCJIOBUSIMU PabOTHI THIPO-
tdora TKY Ha mpueM — OH OABEPIKEH BIUSHHUIO IITyMOB OOTEKaHUS MPU PBHIBKAX
M KauaHWAX Cy[HA, JPOXKH KaOessi, CyIOBBIX IIyMOB. B HacTosimiee BpemMs paspa-
0aTBIBAIOTCS ANTOPUTMEI ITPHEMa M KOHCTPYKIHS THAPO(OHA, 6ojiee yCTOWINBEIE
K UHTEp(EPEHLIUH U IIyMaM.

ABTop Gmarogaput kommanuio «kcoH Hedreras Jlumuten» 3a moagepxKy
B pa3palbOTKe anmapaTHbIX CPEJCTB, OMMCAHHBIX B 3TOM CTaThe, M KOMILIEKCA
«enpp-2014» B nenom.

JUTEPATYPA

1. A.H. Pyrenxo, C.B. Bopucos, [I.I'. Kos3zens, B.A. I'punierko Pagnorua-
poakycTHYecKast CTaHLHs JUIi MOHHUTOPHHIa HapaMeTpoB aHTPOIOTCH-
HBIX UMITYJICHBIX M LIYMOBBIX CHUTHAJIOB Ha menbde // AKycTHYeCKuil
xypHa1 2015. Tom 61. Ned. C. 500-511.
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J.I'. KoB3eab, B.A. I'puuenko, N.B. Menseaes, M.1IO. ®@epmanos

U3MEPUTEJbHO-PETUCTPAIIMOHHBIN KOMILJIEKC JIJIS
MOHUTOPHUHI'A B PEAJIbBHOM BPEMEHU AKYCTHYECKHUX
IMAPAMETPOB CEMCMOPA3BEJOYHbIX CUTHAJIOB HA HIEJIb®E

TuxookeaHCKH1 OKeaHOJIOTUUECKU MHCTUTYT uM. B.1. nbsuuesa
Poccust, 690041 Bnaapusoctok, yiu. bantuiickas, 1. 43
Temn.: (4232) 31-21-20; cot 8-914-660-27-09; E-mail: dgkO6@mail.ru

00630pHbIll 00KIA0 NO NPOSPAMMHO-ANNAPAMHOMY KOMRIEKCY, paspabo-
mannomy 6 TOU JIBO PAH 0ns monumopunea 8 pesicume peanbHo20 8pemMeHu
(POoHOBIX U aHMPONO2eHHbIX WYMO8. Paccmampusaromesi ocHogHble cmpyKmyp-
Hble peulenus N0 NOCMPOEHUIO USMEPUMENbHOU U meleMempuyecKoll annapamy-
pbl, cucmemvl mpaHcnopma OaHHbIX U KOMAHO.

AnmaparHo—tniporpamMMHubIi kKommuieke «lllensh-2014» pazpabdoran aist Mo-
HUTOPHUHIA CEHCMOpPAa3BEeAKH, IPoBOAUMON jeToM 2015 r. koMnaHusMH “OKCOH
Hedreraz Jlmmuten” u "Caxamma Duepmxu WMuBectmMent Kommanu™. O6mas
MPOTsDKEHHOCTh paifoHa MOHHUTOPHHTA COCTaBmia 122 KM, MOHHTOpPWHTA B pe-
JKUMeE peanbHoro BpeMeHd - 104 kM. beuto 3ameiicTBoBaHO 55 MOHHBIX CTaHIWN
pa3HBIX MoaupUKaIuii, 22 W3 HAX OBLUTH OCHAIICHBI TEIEMETPHUCCKUMH OYSIMH U
obecrieunBagy MOHHTOPHHI B PEXHME PEalbHOrO BpeMeHH. bombmias mpoTs-
JKEHHOCTb paifoHa MOHHUTOPUHIra MoTpedoBaa MPUMEHEHUS TTI00AIbHBIX CUCTEM
neperaun JaHHbIX. [IOCKOJIBKY COTOBBIE CETH HE MOKPBIBAIOT BCE TOYKH YCTa-
HOBKM CTaHIIMH, €CTECTBEHHBIM BBIOOPOM B JIaHHOM ClIy4yae CTaja CITyTHHUKOBAs
CBsI3b — @ UMEeHHO «Vpunuym». BeiObop 00yciioBieH mpexk/ie BCero OTCyTCTBHEM
«OerbIX MATeH» - CeTh padoTaeT B JII000H TOUKe 3eMHOT0 Iapa, BKIIFOYas MOJI0-
ca, ¥ MPEJOCTaBIsIET pa3HOOOpa3HbIe CEPBUCHI NEPeIavn JaHHbBIX, YTO JIaeT He-
00XOIMMYTO0 THOKOCTD NPH OPTaHU3alNH CIOKHBIX CHCTEM cOOpa JaHHBIX.

ba3oBBIM M3MEPUTENBHBIM YCTPOHCTBOM KOMIUIEKCA CTaja aKyCTHUYECKas
mouHas ctannus «lllemsd-2014» (puc. 1). CraHims BeaeT HEIPEPHIBHYIO 3aIHCh
aKyCTUYEeCKOTO CHTHaja Ha KapTel mamsath Tuma Secure Digital (SDHC wmm
SDXC) B mosoce gactot 2 - 15000 I'm ¢ muHamudecknm nuanazoHom 145 a1b (B 1
I'n oxue BII®). B xopmyce 371eKTPOHHOTO MOIYJS CTAaHIIMKA MOTYT OBITH pa3zMe-
MEeHbI 10 24 KapT MaMsITH, YTO TIPU eMKOCTH oHOM KapThl 1281'b obecneunBaeT
Oosiee TO/Ia HETIPEPHIBHOM 3amucH. B kopmyce craHuy pa3MenieHbl 3JIeKTPOH-
HBIA MOAYJIb U 2 OatapeiiHbix O0ka o 40 Oatapeek Tumopasmepa D, uto obec-
MeYrBaeT el aBTOHOMHOCTH 1Mo nuTaHuio He MeHee 200 cytok. [Ipexycmorpena
BO3MOKHOCTb MOIKIJIIOYEHHS JJONOJHUTEIBHBIX OaTapeHHbIX OJOKOB B OTHEIb-
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HOM Kopmyce. Vimeercs Takke MUHA MOAUGHUKALUS CTAHIUH C OJHUM Oarapeii-
HBIM MoaylieM. K cTaHIuu MOKET OBbITh MOJKJIIOYCH MOBEPXHOCTHBIN TelIeMeT-
pudeckuii Oyii, odecneunBaromuii mepenady mo mudposomy YKB-UM pamnoka-
Haiy curHana B mojoce 2-2000 I'ma. [To ciyTHHKOBOMY KaHany «puamym» Oyt

ulridiums ’ [

satellite VHF radio

1 alridiumes saellive VHF radio

Agoustic TCL

1
e {

U

Puc. 1. Bapuantsr nmoctanoBku ctanimit «I1lensh-2014».

pa3 B MUHYTY mepenaeT Ha HeHTpainbHbiil moct (III1) coobmenue amuHoi 270
OaiiT, comeprkamiee 1/3 OKTaBHBII CHEKTP aKyCTHUECKOTO CHUrHaja B mosoce 15-
2000 I'm, a Takke aMILITYJHYIO U SHEpreTHYecKyIo orudaronye curaaia. Mak-
CHMaJIbHOE BpeMsI JJOCTaBKH COOOIIECHHUS HE MpeBhIIIaeT MUHYTHL. B ciyudae mo-
CTaHOBKH JIOHHOW cTaHIMHM 0e3 Oys MMeeTcsi BO3MOXKHOCTH JMCTAHIIMOHHOT'O
KOHTpOJIS1 €e pabOTHI 10 aKyCTHYECKOMY KaHally, IPH TTOMOIIN BCTPOSCHHOT'O MO-
JleMa ¥ Pa3MEIIeHHOr0 Ha OOPTY CyIHa TEIEKOMaHIHOTO YCTPOHCTBA.

Ha Bpems Hauasma MOHHTOpPHWHTA €€ HE CYIIECTBOBAJIO OTJIAXKEHHOW M 00-
IIENPU3HAHHON METOJMKH pacueTa mapaMeTpoB ceiicMOpa3BeJOUHBIX UMITYJILCOB
M0 JAaHHBIM, PACCUMTaHHBIM B Oye U mepemaHHbIM depe3 «puaumym». [Tostomy
6puta cozmana komOuHHpoBaHHAas YKB — coroBast (GSM) — cnyTHHKOBasi CeTh
(puc. 2), obecnieunBarolias BO3MOXKHOCTb JocTaBkd Ha LI kak mpsMoro curHa-
Jla, TaK ¥ Pe3yJbTaTOB PACUYETOB B TeleMeTpuieckoM Oye. [yt yBepeHHOro npu-
ema naHHbIX 10 YKB Ha moGepekbe ObUIO OpraHu30BaHO 3 OEperoBbIX MpPUEM-
HBIX rocTa. Ha KommploTepax 3THX ITOCTOB IMPOBOAMIACH 00pabOTKa MPHHATHIX
no YKB curnanos. Kpatkue pe3ynbrarsl aHaai3a aBTOMaTHIECKH TIepeIaBaIiCh
Ha LI1 gepe3 mHTEpHET NMMOO, TIpK €ro OTCyTCTBHH, depe3 «Upumuym». Bomee
mopoOHO paboTa CHCTEMBI TPAHCIIOPTA NAHHBIX OT TEJIEMETPHUYECKHX OyeB
OeperoBbIX MOCTOB PACCMATPUBAETCS B OTAEIHHOM JIOKJIA/Ie 3TOH KOH(EpeHIHH.
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Iridium Satellite
IridiUm g—

Satellite . \g aﬁ: X

VHF Iridium Satellite

transmitter

modem

1
1
: 1
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=| Iridium Data Server
1 1
Y & 1 1 = Ifidium
\;ﬁp Iridiu_m Internet ; 3 ; modem f:::ti:
: Satellite modem Mail Server AL
receiver modem
te &\
g) ((é))
= \/’ \\ »
Fly camp Central Post
== Primary way for data transferring — Primary way for commands transferring
— Backup way for data transferring --- Backup way for commands transferring

PucyHok 2 — cxema oCTaBKU TaHHBIX U KOMaH]I

[locne BBOza B KOMITBIOTEpP OEpEroBOTrO IMOCTa HOPMHPOBAHHBIE AKyCTHYe-
CKHE JIJaHHBIE TIOCTYIMAIOT B IIPOrpaMMy ITOUCKA M OLIEHKHU ITapaMeTPOB aKyCTHUE-
CKHX MMITYJIbCOB, KOTOpas B aBTOMAaTUYECKOM PEXHUME BBIEISIET TH UMITYJIbCHI.
OOHapy)KEeHHbIE HMITYJIbChI 0TOOPaXKaIOTCs Ha TUCIIIee KOMITbIOTepa OeperoBoro
MOCTa, a TabJIMIa WX MapaMeTpoB NepechlIaeTcs Ha LEeHTpalbHbI moct. [lepe-
CBUIKA OCYIIECTBIISICTCSI aBTOMATHYECKH Yepe3 MHTEPHET, a IPH €ro OTCYTCTBHU
yepe3 «Mpuamym». IlomydeHHble maHHBIE OTOOpaskaroTcsi Ha MoHHTOpe DBM
LEHTPAJILHOTO MOCTA.

Kpome mepemaum akycTHUecKMX MaHHBIX, «Mpummym» B KOMILIEKce
«llemp}-2014» wmcnomp3yeTcs UIA yIpaBleHHs padoToi Oys M JUArHOCTHKH
COCTOSIHUS TOHHOW cTaHImu u Oys. [ ormpaBku komanz ¢ LIT Ha Oyit mpume-
HSIETCSI aJITOPUTM, aHAJIOTHYHBIN alrOpPUTMY MIPOTPAMMBbI Ul OTIPABKH AaHHBIX
¢ Oeperosoro nocta. [Iporpamma popMupyer crienuaibHOe COOOLIeHHE, B KOTO-
poMm anpecatom sBistercss IMEI (MHOuBH Iy bHBIN, TPUCBOCHHBIN MPOM3BOIUTE-
JIeM HOMEp) MOJIeMa TeJIeMETPHUUECKOTo Oysl, M OTChUIaeT ero Ha cepsep Mpumu-
YM MO JIOCTYITHOMY B TEKYIIMI MOMEHT BpEMEHH KaHally — WHTepHeT wiu Wpu-
quyM. B oTBer Ha moOyro KoMaHIy Oy MCIIOJHSET €€ M B KayeCTBE MOITBEp-
skieHns BoicbutaeT Ha LI cioBo cocTostHus craniym u Oys. B HeM conepxutcs
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nHpOPMALUSA O HANPSDKEHUH OaTapeil MUTaHWSA CTAHIMU U Oys, KOIMYECTBE 3a-
MUCAHHBIX CTaHIMEH (ailoB MaHHBIX, BPEMEHM Hadaja 3aliCH IOCICIHErOo
(hatima, Texymre pexkuMbI paboThl Oys. [t oOHapyKeHus 3aTeKaHus W 0OpHI-
Ba Kabessl MHAMIMPYETCs TaKKe HaJIMuUe IMOTOKa JIaHHBIX OT JOHHOM CTaHLUH K
Oyro. B HacTosimiee Bpems peann3oBaHO 6 KOMaHJ YIpaBiieHHA Oyem: BKIIIO-
YHUTH/BBIKIIOUHTE YKB nepenatunk, H3MEHUTh MOLIHOCTD NEepeaaTyrKa (1o LHK-
ay 0,5-2-5 BT), BKIIOYHTB/BBIKIIOUHTE Tiepeiady JAaHHbBIX 1o «pummym», cooo-
IIATH COCTOSTHAE CTAHIIUH U OYsI.

AnmapaTHble CpeACTBa KOMILIEKCA ITOIICPKUBAIOTCS MTAKETOM PadovnX U
CEpPBUCHBIX MIPOTPAMM.

OmnbIT NpakTHYecKOW paboThl BCEX YCTPOHCTB KOMIUIEKCA B AKCIICAWIHIX
2014 u 2015 rr. moxa3zay uxX XOpouryio 3pPeKTHBHOCTh U HAAEKHOCTh. B 2015 1.
mpu 00IIeM YHUCIIe Pa3IHYHBIX YCTPOHcTB 6onee 70 1 BpeMEHH UX SKCIUTyaTallui
oT 3 710 4 MecAIeB MPOU3OIILIO JIUIIH 2 CITydas HEUCTIPABHOCTH JICKTPOHUKH, HE
MOBJIEKIINE TOTEePb JaHHBIX. OJHAKO MMEIO MECTO HECKOJIBKO CIydacB IOTepU
JIAaHHBIX W3-32 OMHMOOK 4esoBeka. B Hacrosiee BpeMs padoTa Haj pabouyuMu
IporpaMMaMH yCTPOMCTB KOMILIEKCa MPOJOIKAETCsl - pa3paboTaHbl U pean3y-
I0TCSI TEXHUYECKHE MEphI 3alUThI OT YeJI0BEYecKOro (hakropa. ITH Mepbl BKIIO-
YalOT YJIYYLIEHHYI0 CaMOJMAarHOCTHUKY BCEX YCTPOWCTB KOMIUIEKCA MpPU HX
BKJIFOUCHUU W HAJCKHYIO BU3YAIbHYIO MHAMKAIMIO PE3yJbTaTOB ATOHM AMArHo-
CTHKH JUTS JTIOJIeH, TOTOBSIINX CTAHIIMHU K ITOCTaHOBKE.

PaGora BbImosHEHA IpH TOANEP)KKE KommaHusIMH «OkcoH Hedreras
Jlumuten» n «Caxanun Duepmxu MuBectment Komnanu JIta.».

JUTEPATYPA
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BO3MOKHOCTHU COBEPHIEHCTBOBAHUA XAPAKTEPUCTHUK
INPUEMHHMKOB I'PAIUEHTA JABJIEHUSA ITPH OTPAHUYEHHDbIX
IF'ABAPUTHBIX PASMEPAX

TuxookeaHCKHH okeaHonoruueckuii HHCTUTYT uM. B.W. Unbuuesa JlanbHe-
BOCTOYHOTO OTAeNeHus] Poccuiickoi akageMuu HayK
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Temn.: (423) 237-5698; ®axc: (423) 231-2573, E-mail: k-v-i_2006@mail.ru

B csa3u co cnadom uyscmeumensnocmu no 386yK080My 0asleHuio 8 HU3Koud-
cmomuyio obaacme npobiema obecnedenus 00CMAMOUHOU YYECNBUNENbHOCTNU
HT]] npu npuemnemvix eabapumax ecezoa cmosiia neped paspabomyuxamu. /s
VCA08UTI 0OZPAHUHEHHBIX 2aDAPUMOE8 NPEONONCEHbL MEXHUYECKUE PEeUeHUsl NO pea-
auzayuu 2-x xomnonenmuwix I1I]] cunosozo u unepyuonno2co munog ¢ yayuuieH-
HbLMU paboyumu xapakmepucmukamu. Paspabomana memoouxa pacuema uys-
CMBUMENTLHOCIU K 36VKOBOMY O0AGIeHUI0 0Ji NPediodceHHblx gapuarmog I u
UxX cpasHumenvHoll oyeHku. Teopemuuecku OyeHeHbl 803MONCHOCIU ONMUMU3A-
yuu yyscmeumenvbHocmu npeonodcenHozo sapuanma I11J[ cunosoco muna. Ilpu-
800AMCs pe3yibmamol SKCNEPUMEHMANbHOU OYEeHKU XAPAKMepUCmuK uU320mos-
nennvix maxkemos I11J].

[IpuMeHeHne BEKTOPHO-CKASIPHBIX NPUEMHUKOB, COCTOSIINX M3 JIATYMKOB
3BYKOBOTO JaBJICHUS U NPHEMHHKOB KOJIEOATEIBLHON CKOPOCTU WJIM TPaJHeHTa
nmasnenust (I1I/1), B cocTaBe aHTEHHBIX PEIIETOK IO3BOJISIET OOECIEYUTh IPO-
CTPAHCTBEHHYIO M30MpATEIbHOCTh W TIOBBIICHHE IOMeXoycToiuusoctu [1, 2].
OnHaKo B CBSI3M CO CINAJO0M YYBCTBHUTEIBHOCTH II0 3BYKOBOMY MIaBJIEHHIO 6
nb/okTaBa B HM3KOYAaCTOTHYIO 0OJIacThb TpoOiieMa oOecHedeHus! J10CTaTOYHOM
YYBCTBUTEIBHOCTH HU3KO4YAacTOTHBIX I1I'J] mpm mpuemieMsix rabapurtax BceTaa
CTOsUIa TIepes Pa3padOTINKaMU.

W3Bectas! nonsiTku npumenerus [1I]] pasHoctHoTo THMa [3]. OmHAKO mpH
MomnepeuHbIX pasMepax 70 80 MM Ha pPa3HOCTHOM IPUHLUIE HEBO3MOYKHO
OCYIIIECTBUTh BEKTOPHBIE MPUEMHBIE 3JIEMEHTHI ¢ pabOYUM AMATa30HOM 4YacTOT
cymectBeHHO Hmxke 1 k[ [2]. [nst Gosmee HU3KOYACTOTHOTO JTUAra3oHa d3TO
00CTOSITENILCTBO JAUKTYET HEOOXOIUMOCTh pa3paboTku u mnpumMeHenust [1I']]
CHJIOBOTO WJT HHEPIIMOHHOTO TUTIOB. ECITN MOMBITKY pa3paboTKH/MCIIOIb30BaHNUS
[II'1, cunoBoro Tuma He BO30OHOBISLIMCH ¢ 80-x romoB XX Beka, TO B OTHOIIIC-
HUM WHEPIMOHHOW CXEMBbl B IIOCIEIHHE TOJbl OTMEUAeTCs 3HAYUTEIHbHOE
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NPOABMXCHHUE, CBA3aHHOE C TIOSIBJICHHEM BBICOKOYYBCTBUTEIBHBIX AKCEIEPOMET-
OB, BBITTOTHEHHBIX HA OCHOBE HOBBIX ITh€30MaTEpUANIOB [4].

Jnst penieHus 3amay MOBBIMICHHUS YyBCTBHTEIBHOCTH HPH OTPaHMYCHHBIX
rabapuTHBIX pa3Mepax pa3padoTaHa KOHCTPYKLHUS BEKTOPHO-CKAJIPHOTO MPpUEM-
nuka c¢ I1I']] uaeprimonnoro tuna (puc. 1) [5].

6

G 5 2 3 4 1

Puc. 1. Cxema BEKTOPHO-CKaISIPHOTO TPHEMHHKA C 2-KoMIOHeHTHbIM [11°/]
uHepuuoHHoro tuna: 1,2 — T-o0pa3Hble MOJIOBHHKU KOpITyca U3 c(heporiacTikKa,
3 — nMbe30KepaMUUECKUN IMIIMHIPUYECKUI TaTYMK 3BYKOBOTO NMaBlieHus, 4 — pe-
3MHOBBIE MPOKJIAJIKU, 5 — BHYTPEHHUE KaHAIBI, IEPIEHANKYJISIPHBIE IPOJIOIBHON
ocH KopIryca, 6 — TaTYAKH KOJIeOATeEHOTO YCKOPEHNUS (aKCeIepOMETPHI).

Hus ocymectienus 2-xkommonentHoro IIIJ[ (puc. 1) T-oOpa3nbie momo-
BUHKH KOPITyca Pa3BEPHYTHI TaK, YTO BBIIIOJHEHHbIE B HUX KaHaJlbl OPUEHTUPO-
BaHbI NEPHIEHUKYJISIPHO APYT APYTY, a yCTaHABIMBAaEMble B HUX JIATYMKU KOJe-
6aTeNbHOT0 YCKOPEHHUsI Pa3MELIEHbl TaK, YTO MX LEHTPhl Macc HaxomIsATcs Ha
MIPOOJIBHONM OCH CUMMETPHHU KopIyca. PazHeceHue akcenepoMeTpoB BIOIb KOp-
Imyca NpUeMHUKa T03BOJISIET 00ecreunTh TpedyeMoe 3HaueHHe CpelHel IIOTHO-
CTH BCEH KOHCTPYKIIMH, OJM3KOE K TUIOTHOCTH BOABI, TIPH JOCTATOYHO OOJIBIION
Macce akceJIepoMeTPOB, YTO MPUBOIUT K MAaKCUMU3AIMN TyBCTBUTEIBHOCTH BEK-
TOPHBIX KaHaJIOB. /laHHass KOHCTPYKIMSI peai30BaHa B BHJE MakKeTa C pa3Mepa-
mu 110 x ©32 MM, Maccoii 66.5 T, 06beMomM 80 cm?.

B cooTBercTBUE ¢ pa3pabOTaHHON YIIPOIIEHHONH METOIUKON [6] TeopeTmde-
ckast yyBcTBUTENbHOCTH [1I'J[ MakeTa K 3ByKOBOMY JNABJIEHHIO B IUIOCKOM BOJHE
Vperip = Vak/p, TII€ p — TNIOTHOCTB cpeibl, k — BOITHOBOE YHMCTIO, Vu — UyBCTBUTEIb-
Hoctb [II'/] o yckopeHuto.

VYcnoBue obecnieueHus: HelTpanbHON maBydectn Makera [1IJ] uHepimon-
HOTO THIA JOCTHTHYTO pa3MeLIeHHeM B KOpIyce M3 CepoIuiacTuKa ABYX aKce-
nepomerpoB PCB 333B52 (Piezotronics), KaXIblii U3 KOTOPBIX UMEET 4yBCTBH-
TENBHOCTH TI0 YCKOPEHUIO v, = 100 MB/Mc™. AkcenepoMeTphl 5TOro Tuma obec-
TIEYMBAIOT €/IBa JIM HE MaKCHMaJIbHOE M3 HbIHE JOCTHKUMbBIX 3HaY€HHE YYBCTBH-
TENBHOCTU 110 YCKOPEHMIO IpU CToNb Manoi macce 7.5 r. Ha uactote 100 I'g
pacueTHas 4yBCTBUTENBHOCTH AaHHOro I[1I'/] k 3ByKOBOMY HABICHHIO Vpgrip =~ 40
mkB/I1a.
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BBITIONTHEHO DKCHEPUMEHTAIBHOE HMCCIICIOBAHUE XapaKTEPUCTUK MaKeTa.
YyBCTBHTEIBHOCTh MaKeTa OLIGHEHa B CBOOOJHOM IIOJIE METOJOM CPAaBHEHHS C
ucnons3oBaaneM JIUM curaanos B moxoce gactoT 300 — 3000 I'm. Dxcrpamonm-
pOBaHHAs YyBCTBUTEIBHOCTH K 3BYyKOBOMY JABJICHUIO B HAIIPABICHUH MAKCHUMY-
Ma JUIOJIFHON XapaKTepUCTUKU HampaBieHHocTH Ha yactoTe 100 I’y cocTaBnseT
30 — 32 mxB/Ila, yTo 10CTaTOYHO OJIM3KO K MONYyYSHHOW TEOPETUUECKON OICHKE.
JlurnonpHas XapakTepucTHKa HarpasieHHocTH KaHana [1I'/] umeer koaddpunment
neneHus He MeHee 20 1b B Mccne0BaHHOM 10JI0CE YacToT.

Cpenu III'J1 crtoBoro THiia HauOoOIIbIlEe PacIPOCTPAHEHUE TTOJTYYHIIH Ba-
PHAHTBl YCTPOMCTB, COAEpIKallue IIACTHHYAThIe M3TMOHBIE IpeoOpazoBarTely,
YCTaHOBJIEHHBIE IO KpasM HIU B LEHTpe TsLKENoro cepiaeuHuka [7]. OgHaxo
HEIOCTaTKOM TaKOW KOHCTPYKLUMH SIBISICTCS HH3Kas YyBCTBHTEIBHOCTBH
M3-32 KOPOTKOTO Ha0era 3ByKOBOI BOJHBI MEXIY JBYMs CTOPOHAMH ILIaCTHHYA-
TOro M3rHOHOrO mpeobpasoBarens. HaMu NMpeioxkeHO TEXHHYECKOe pelIeHHe

(puc. 2) [8].

Puc. 2. TIT'/] cunoBoro tuma: 1 — kopryc, 2, 3 — KpyrJjble N3rnOHbIE YyBCTBH-
TEJbHBIE DJIEMEHThI BEPTUKAIbHON U TOPU30HTAIBHON OpUEHTALUN, 4 — [1OJIbIe
KaHaJbl B KOPITyCe.

[IpeanaraeMoe TEXHNYECKOE PEIICHNE OOECIIEYNBACT BMECTE C YBEINYCHH-
eM Habera 3ByKOBOI BOJHBEI €HCTBO (pa30BOTO IIeHTpa 000MX OPTOTOHAIBHBIX
kananoB [IT'J]. JIpyrum mpeumMyIecTBoM sBiseTcs: ooTekaeMocTh kopiyca I
B OCEBOM HAaIpaBJICHUM.

B cootBercTBHU ¢ pa3pabOTaHHOW YIPOIIEHHOW METOAMKOI [6] TeopeTHde-
ckast yyBcTBUTENILHOCTD [1['J] 3TOr0 THMA K 3BYKOBOMY JIABJICHHIO MOXET OBITh
TIPEJICTABIIEHA B BUJIE Vpgrfp = Vpokl/2 4Lh/ma?, riie vpo — OHOCTOPOHHSIS 4yBCTBH-
TEJIFHOCTh KPYIJIOTo TUIACTHHYATOr0 U3TMOHOT0 Mhe30Ipeodpa3oBaTes K JlaBiie-
mmo, | = D’ + L/2, a comuoxkutens 4Lh/ma’ xapakrepusyeT TpaHC()OPMAIHUIO
3BYKOBOT'O JaBJICHUsI B KaHAJIE KOPITyca C N3MEHSIOIINMCS CEYCHUEM.

Wsrorosnen maker III'J] atoro tuna guamerpom 52 mMm. Ha yactore 100 'y
pacyeTHas 4yBCTBUTEIbHOCTh AaHHOrO I1I'/] K 3ByKOBOMY JaBJIEHUIO COCTaBMJIA
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Vpertp = 30 MKB/ITa. BeImosHeHO SKCTIepUMEHTATbHOE HCCICOBAaHNE XapaKTepH-
CTMK MakeTa B KOJEOMIomeMcs CTOI0e JKMAKOCTH B JHANa30HE YacToT
50 — 300 I'r. YyBCTBUTETHHOCTH K 3BYKOBOMY JTABJICHUIO B HANIPABICHUN MaKCH-
MyMa JTUTIOJNBFHOM XapaKTepUCTHKHU HarpaBieHHOCTH Ha yactoTe 100 I'11 cocTas-
nsiet okoso 50 mMkB/Ila, 4To mocTaTouHO OJM3KO K MOJYYEHHOH TEeOpeTHYEeCKOi
onerke. JlumonpHas xapaktepucThka HarpaieHHocTH I[1I']] umeer xoaddurm-
eHT feneHus He meHee 20 ab.

Takum oOpa3om, 00a BapuaHTa MPEIIOKEHHBIX TEXHUYECKUX PEHICHHH M03-
BOJISIFOT CYILECTBEHHO CIIBUHYTh B HM3KOYacCTOTHYIO 00JacTh cepy HCIOIb30-
Banwue [1I'/] ¢ orpannyeHHBIMI Ta0APUTHBIMU pa3MepaMu.

HccnenoBanus BBINOIHEHBI IPU YaCTHYHOM mozanepxkke rpanta JIBO PAH
15-1V-1-001.
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BO3MOKHOCTHU KOHTPOJIA COCTOAHUA BOJOJIA30B
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Ilpobrema 06eKmMuUBHO20 KOHMPOJSL COCMOSHUA 8000]A3A NOO 800U NPEO-
CMAaBIsemcst adCHOU U HepeuweHHol 3a0aydetl, 0COOeHHO 8 T0OUMENbCKOM 0ali-
sunee. IIpugoodsimcs ocHoGHble pe3yIbmamvl HAMYPHLIX IKCNEPUMEHTNOE C 8000~
Nazamu, IKUNUPOBAHHBIMU ObIXAMENbHLIM annapamom omxpwvimozo yukia. C
NOMOWBIO peUCmpayuy uymos Obixanusi N00 80001A3HbLIM KOMOUHE30HOM YyOa-
emcsl, He Hapywlasi yeioCmHOCmU MpaKmos OblXAmeIbHO20 annapamd, usme-
pums 10O 60001 pumm Ovixauus 60001a308. [Ipueeden cnocob paszoenenus uty-
MO8 800Xa U WYMOG 8blOOXA, KOMOPI NO360JIAem KOHMPOIUPOSANb COOMHO-
uieHue OblxamenvHuIxX as.

[IpoGmema 0OBEKTHBHOTO KOHTPOIIS COCTOSIHUS BOJ0JIa3a MO BOMOW TIpe-
CTaBJISIETCSI BAXKHOM M HEPEIIeHHOW 3aJavyeil, 0COOCHHO B JIIOOUTEIHCKOM Jaii-
BuHTe. KOHTpONB COCTOSTHMA BOJOJIa3a BEIETCS IO MapaMeTpaM OCHOBHBIX CH-
CTeM OpraHM3Ma 4YeJOoBeKa, TaKMX KaK HEepBHAs, CepACYHO-COCYIHCTas, JbIXa-
TeNbHas. BO3MOXKHOCTH  ONpEeAeNeHHsl JbIXaTeIbHOTO pPUTMa BOJOJIA30B-
AKBAJIAHTHCTOB C IOMOIIBIO OJIMHOYHOTO TUApOoQoHa OblUIa MPOJAEMOHCTPUPOBaA-
Ha panee [1-3]. B crarbe [3], nOMUMO BbIE€TIEHUS PUTMA JbIXaHUS B HU3KOYa-
crotHOM obOmactu (< 1 k['m), 0OOCHOBBIBaeTCS IIENECOOOPA3HOCTD BBIICICHUS
COOTHOIIICHUS TIPOIOJDKUTEIBHOCTEH (a3 BJoXa U BbIoXa. Llempio paboTh sBis-
JIOCh TIPOIOJDKEHUE UCCIIeqoBaHus [3].

[IpoBeneH HaTypHBINA dKcnepuMeHT. CHapsHKeHHE BOJOJAa30B COCTOSIIO U3
IIBIXaTeIBHOTO ammaparta Ha ocHoBe perymsaropa Titan LX (Aqualung, @panmms)
C OTKPBITHIM IIMKJIOM JIBIXaHHS Ha C)KATOM BO3JyX€ M MOKPOT0/CYyXOro BOJOJa3-
HBIX KOCTIOMOB.

Perucrpanus mryMoB AbIXaHUS TPOBOIMIIACH C TOMOIIBIO JUKTO(OHA MapKU
H1 (ZOOM Corporation, SInmonust). 3anuck coxpansiiack B popmare WAV B UM-
MyJIbCHO-KOJIOBOM MOAYJISALIUU O€3 CXKAaThs, pa3psIHOCTh KBaHTOBaHUs 24 Owra,
yacrora muckperusanuu 48 kl'1. HuskouacToTHas (QuibTpaliss U aBTOMaTHYC-
CKOC pErylUpOBaHHUE YCWJICHUS OTKIFOYCHBI. 3allUCh BelaCh HA KapTy IaMsATH
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microSDHC card 32I'6. B xauecTBe 4yBCTBHTEIHHOTO AIIEMEHTA MCIIOB30BAJICS
BCTPOCHHBI MUKpPO(OH. Mcmomp3yeMblit THKToGpoH 000pyI0BaH BXOIHBIM PEry-
mupyeMbiM yeunureneM 0 - 39 nb. Bemnunaa xod¢d¢uimenTa yCuieHUs MoI0u-
pasachk mepea KakasiM morpykenuem. O0bem nukrodona 185 cM3, mIoTHOCTH
~0,5 r/cM3 - NOJOKUTENbHAS [IABYYECTb.

JukrodoHn momemancs B IepMETHUYHYIO JIACTUYHYIO TPEXCIOHHYHO 000-
JIOYKY M3 JIaTeKca, TomuHa Kaxaoro cios 0,06-0,08 M. JlukrodoH B 000m09Ke
pa3meraicsi B paidloHe sIpeMHOU SIMKH M MPHKUMAJICSI K TEIy BOZO0JIa3a KOCTIO-
MOM. Marepuasl BOJOJIa3HOTO KOCTIOMa — TIOPUCTBIM CHHTETHYECKHH KaydyK
TOJIIIMHON 5 MM, TIOKPBITBIN HeiilonoM. KocTiom oTnensier 0005109Ky quKTo(oHa
oT BHemHe# cpensl. [Ipum 3TOM BO3IyXO3arojHEeHHas JIaTeKCHast 000JI0YKa BbI-
MONHAET pONlb TpaHchopMaTopa KojeOaHWIl BONH, OCTYININX KaK W3 BHEIIHEH
Cpenbl, TaKk M M3HYTPH IpynHON KieTku. KomebaHus 000M0UYKH MepenaloTcs Ha
YYBCTBHUTEIBHBIN 2JIEMEHT — MUKPO(OH ANKTO(OHA depe3 BO3LYIIHOE MTPOCTPAH-
CTBO BHYTPH 00OJIOUKH.

[Nocne 3aBepuieHus MOrPyXKEHHs 3alUCh ¢ AUKTO(GOHA MEePeHOCHIAch B Ia-
MSTh TEPCOHAIBHOTO KOMITbIOTEpa U 0OpadarhiBaiach mporpammoii LabChart 6
(ADlInstruments, ABcTpanusi).

[TpoBeneHa 3amuch JBIXAaTENBHBIX LHIYMOB IPH MOTPYKEHWH BOJIOJA30B Ha
riyOounbl 5-8 MetpoB. Bpemsi morpyxenust no 30 muH. TemmepaTypa BOJIbI
20-22°C.

OCHOBHBIM MCTOYHHMKOM IIyMa IPH BJOXE SIBISIOTCS KOJICOAHHs TaBlICHUS
TypOyJICHTHOTO ITOTOKA IIPEUMYIIIECTBEHHO B EPBOM CTYIEHH (PEryJIsiTOP BHICO-
KOT0 JaBjieHus) mojaBojgHoro ammapata [4]. IIpomecc BbIIOXa CONPOBOXKAACTCS
IIyMOM CO3aBaeMbIX BBIJOXOM ITy3bIpbKOB. Ilociie BEIIOXa cieqyeT KpaTKoBpe-
MEHHasl 1ay3a, KOTOpasi CKPhIBAETCS IITyMOM BCIIIBIBAIONIHX ITy3BIPHKOB [5].

B pabotax [1, 2] gpIXaTeNbHBIA PUTM OMPEAETSUICS IO BEICOKOYACTOTHOMY
(cBrime 20 xI'11) cUTHATY IEPBOM CTYIEHU P BIOXE.

B Hammx 3KcHepuMeHTax yAaaoch OOHApYKUTh Pa3HUILY B TI0JIOCAX YACTOT
MEXKAy LIyMaMy BAOXa M BbIJOXa: HIyMbI BJOXa PErMCTPUPYETCS HAWIy4IINM
obpazom B mosnoce 10-11 x[' (Taxke Habmogaercs mym B mosnocax 3-5 kI,
18-20 xI'), Torna kak mymsl Beigoxa — B osioce 9actoT 10 500 I'i. [Ipenmoxen
ITOPUTM pa3AeibHON (QUIBTPALMK IIYMOB BIOXa M BbIoXa. [locne nuHelHOro
JIETEKTHPOBAHMS U CTIIXXHBAHMS TPEYrOJIbHBIM OKHOM mmpuHO# 0,1 ¢ anroputM
TIO3BOJISIET OIPEAEIATH JIbIXaTeIbHbIE HHTEPBAIBI IO MOMEHTY MAaKCUMyMa OTH-
Oaroreit curHana.

Ha puc. 1 mpencTaBiaeHsl OIMPOKOIIOIOCHBIE IITYMBI, PETUCTPUPYEMBIE TIPU
nmeixaann Bomoinasa (Channel 1), U3 KOTOPBIX (HUIBTPOM BBICOKHX YaCTOT C 4a-
cToToii cpe3a 9 k[T BeIIENeHBI IIyMBI cooTBeTcTBYome Baoxy (Channel 2) u
(bUTBTPOM HIDKHUX 9acTOT ¢ mojocoi cpe3a 200 I'11 BbIZeneHbl ITyMbI, COOTBET-
crBytomue Boioxy (Channel 3).

IlokazanHble Ha puc. | HIymbl, 3alMCaHbl [IPU JBIXaHUM HOPMAJIBHO UYB-
cTBOBaBIero ceds Bomonasza (Channel 1, cieBa Ha mpaBo: BBIJOX, BJOX, BBIIOX,
BII0X). YPOBEHb CHTHaja BbIJOXa OoJIbllle BJOXa. BBIIOX HAUMHAETCS C XOPOLIO
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pa3UuUMOil Mmay3bl Mociie BAOXa. B 3amucu MpUCYTCTBYIOT KPaTKOBPEMEHHBIE,
HIMPOKOIOJIOCHBIE IMIYMbI apTe(hakTOB yAAPHOTO MPOUCXOXKICHUS. BpIOOp onTH-
MallbHO#M MOJIOCH! (DUIIBTPALMHU MO3BOJISICT YMEHBIINTh AMILIUTYJHOEC 3HAUCHUE
apTedakToB U YNPOCTUTDH IMOCIEAYIOIIEe aBTOMATHYECKOE OIPECICHUE IPaHHMI]
¢a3 gpixanms. [locnenyrolnee AETEKTUPOBaHUE MHCTPyMeHTOM Arithmetic
nporpammbl LabChart u criaxusanue (Smoothing nporpammsr LabChart) curna-
goB Channel 2 u Channel 3 mo3BONSET ONpENENATh HAYallo, OKOHYAHUE
(Peak Analysis nmporpammbl LabChart) ¥ COOTBETCTBEHHO TPOJOIKUTEIBHOCTh
BIIOXa M BBIJIOXa BOZ0JIA3.

2,000 406 -

2008406 -
L
2008408 =

A.008405 -

<1.008408 =

D

EREREE S S T T

T T
- ) 208 EXE 4168887 52087 &35 720687 23 2378 10415857 PR

Puc. 1. OciputorpaMMbl IIyMOB ITPH ABIXaHUH BOJI01a3a 1o Bojoii: Channel 1
— nBa mukota aerxasust, Channel 2 — nrymsr ipu Broxe, Channel 3 — mrymet
Ipy BBIIOXE. MacmTad 1Mo ocH OpAWHAT — AMIUTUTY/1a, YCIOBHbIC €ANHHMIB,
Mo abcuuce — Bpems, C.

Tak, 1 HOpMaTbHO YyBCTBOBABIIIETO ce0s Bomoasza (puc. 1) cooTHoIIeHne
(a3 Booxa u BeLmoxa 1:2.5, a mpIxaTenbHBIN HHTEpBal 5.8 ¢, YTO COOTBETCTBYET
10.3 mpIXaTeabHBIX JBMKEHUNA B MUHYTY.

Bbutn TakkKe OLICHCHBI XapaKTePUCTUKH IIYMOB JBIXaHUS BOJI0JIA3a, y KOTO-
POTrO BO3HHUKITH MPOOJIEMBI ¢ 000PYIOBAaHHEM, W OH 3alPOCHIT 3BaKyaIlli0 U3 BO-
nbl. [lepen sBakyanueil AbIxaTeabHbIA PUTM COCTABHII 18 ABIXATEIbHBIX JBHKE-
HUI B MUHYTY, COOTHOIICHUE (a3 aprxanus 1:1.3, 9TO CyImECTBEHHO OTIMYACTCS
OT TTapaMeTPOB JBIXaHUS HOPMATBHO YyBCTBOBABIIETO ceOst Bogoasa (puc. 1).

Takum 06pa3oM, C TIOMOIIBI0 PETUCTPAINU IIYMOB ABIXaHUS IO/ BOIOJIA3-
HBIM KOMOMHE30HOM YAAeTCsl, He HapymIas [EJIOCTHOCTH TPAKTOB BIXaTEIHHOTO

323



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

ammapata, U3MEpUTh IO/ BOJOM PUTM IBIXaHUS M COOTHOIICHHE (a3 BIoXa U
BBIIOXA BOJIOJIA30B, OCHAIICHHBIX JBIXaTSIFHBIMHU allapaTaMi OTKPBITOTO ITHK-
J1a, KOTOPBIE MOTYT OBITh MCIIOJIE30BAHbI TSI MOHHUTOPHWHTA COCTOSHHSA BOJO0JIa3a
BO BpeMs IpeOBIBaHUS MO BOIOH, B TOM YHCIE MPHUHATHS PEIICHUS O MpeKpa-
IIICHUU MUCCHH.

HccnenoBanre BBIMOTHEHO Tpu yacTuyHOU monnepkke HUP Ne roc. per.
01201363046 mo Ilporpamme (QyHIaMEHTAIBHBIX HAYYHBIX HCCIICIOBAHUI
rocyAapcTBEHHBIX akajeMuid Hayk Ha 2013-2020 rr.
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VJIK 534.2

I1.H. KpaBuyn

BJUSHUE NOIBOIHBIX TEYUEHUI HA THJIPOAKYCTUUYECKHE
AHTEHHBI B 3AJAYE JIOKAJIU3ALIUU UCTOYHUKA B MEJIKOM
MOPE

MI'Y, ®usnueckuii paxynbrer, Kadeapa akyCTHKH,
Ten.: +7-916-382-80-62, E-mail: gedackt@mail.ru

Paccmampusaemest 3a0aua onpedenenust paccmosiHusi 00 MO4Ye4H020 UC-
MOYHUKA U €20 21YOUHbL 8 MEIKOM MOPe ¢ NOMOWbIO TUHEHOU NPUEMHOU aH-
MeHHbl, OMKIOHAEMOL MPexmMepHO-HeOOHOPOOHLIM NOOBOOHLIM MedeHueM, d
mMakice ONMUMU3AYUsL 2UOPOMEXAHUYECKUX NAPAMEMPO8 AHMEHHOT CUCMEMbL 8
NPUNOHCEHUU K YKA3AHHOU 3a0aue.

OpnHa u3 npoOIieM JIOKaTM3alui UICTOYHUKOB B MOpe 00YCIIOBJIEHA BIIMSHH-
€M TIOJIBOJHBIX TEUCHUH Ha JIMHEHHbIC MPUEMHbIC aHTEHHBI. J{JIs1 OIIEHKH 3TOTrO
BIIMSTHUSL PACCMOTPHUM aKyCTHYECKYIO CHCTEMY, PACIOJIOKEHHYIO B CIIO€ BOABI C
TIOCTOSTHHOW CKOPOCTBIO 3BYKa M KHMJKHUM OJHOPOJIHBIM THOM (BoiHOBOA Ileke-
pHca) U COCTOSIIIYI0 M3 MCTOYHMKA, pa3Mepbl KOTOPOTO Mallbl B CPAaBHEHHH C
JUTHHOW BOJIHBI Ha paboueil yacToTe, 1 MHOTO3JIEMEHTHOH MPHEMHON JTHHEHHON
BEPTHKAJIBHOW aHTEHHBI. ByieM cuuTaTh, YTO HIKHSAS TOYKA AaHTEHHBI 3aKperiie-
Ha Ha JIHE, a BEpPXHssl CBs3aHa C MPHUTOIUIEHHBIM OyeM. [IpumeM 3KMaHOBCKYIO
MOJIeTb TPEXMEPHO-HEOJHOPOJHOTo TpaaueHTHoro Teuenus [1]. Kondurypanms
U HaTSDKCHUE aHTEHHBI HA TEYEHHM MOTYT OBbITh PAacCUMTAaHbI C MOMOILBIO ajIro-
pHUTMa, cXemMa KOTOPOro u3joxkeHa B [2].

3BYKOBOE MOJIE B BOJHOBOJIE TPEJICTaBUM B BHJE CYNepro3uuuu Moi. [iry-
OMHa MPOHMKHOBEHHSI MOJ] B TPYHT B PACCMOTPEHHBIX HAMH CIIy4asiX, Kak IpaBH-
JI0, HE MPEBBIIIANTA OJTHOTO-JBYX JIECATKOB METPOB, IOATOMY HMCIOJIb30BaHUE MO-
nenu [Texeprca npeacTaBiisieTcst BIIOJHE 00OCHOBAaHHBIM.

[TogBoaHBIE TE€UEHHWS MOTYT OTKJIOHSTH aHTEHHY OT BEPTHKAIH M MCKPHB-
JATh ee (hopMy, yXyIIas ee CriocoOHOCTh CEIeKTHPOBaTh MOABL. PacueTsl moka-
3aJ, YTO MPW TpHEMe MOJ, Ha KOTOpbIe aHTCHHA HE HACTPOEHA, CHUTHAJ Ha BBI-
XOZIe MOJIOBOM aHTEHHBI PE3KO MCKAXKACTCs Jake MPH MaJbIX CKOPOCTIX Teue-
HUS, B TO BpeMs Kak IIpH IIpUeMe MOJI, Ha KOTOpble aHTCHHA HACTPOECHA, CUTHAIl B
HEKOTOPOM JIMana3oHe CKOPOCTEH TEUCHUS! OCTAEeTCsl MPAKTUYECKU MOCTOSHHBIM,
W JHIIb TPU AajbHEHIIeM YBEJIMYEHHH CKOPOCTH HAaYMHAET MCKaXaTbhCs. DTOT
(akT HABOJAMT Ha MBICIb O IMEPCHEKTHBHOCTH METOJa COTJIACOBAHHOTO IIOJIS
(MCII) ans pemieHus 3a1a4y JIOKIW3alUU UCTOYHHKA.
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Ipu ucronszoBarnu MCII peanpHOE aKycTHYIECKOE TIOJE p(7,zs) NCTOYHNKA
3ByKa, IPUHUMAEMOE JIMHEHHON T'MIPOAKYCTUUECKOW aHTEHHOM, KOPPETUPYETCS
C PAacYETHBIM aKyCTHYECKHM IONEM p'P(r,zs) («PEILTHKOID IO, pacCUMTaHHOM
Ha 0a3e anpuopHO HHGOPMAIIUK O KOOPIWHATAX UCTOYHHUKA):

N M
B=2 2" pi*s
j=1 i=1

rne B — xoppensanuonHas ¢yukuus («MCII-mpoueccopy), » - paccTosHUE A0 HC-
TOYHHKA, zs — TJIyOWHA HUCTOYHHUKA, ] — HOMEP THAPOoOHa, i — HOMEp MOJBI, * —
3HaK KOMIUIEKCHOT'O COMpPSDKEHUs, M — YUCIO MOJ JMCKPETHOIO CIIEKTpa, pac-
MIPOCTPAHSIIOLINXCS B BOJIHOBOJIE, N — YUCIIO TUAPOPOHOB).

MCII-niporieccop SBJSIETCS MHOTOIKCTPEMATbHOW (BYHKIHUCH peaibHBIX H
Mpe/IIoIaraeMbIX KOOPJMHAT HCTOYHHKA 3BYKa. Bapeupys mpemmonaracMeie Ko-

OpIMHATLI UCTOYHUKA 7 U Zs, OT KOTOPBIX 3aBHCUT PEILIMKA OIS pl;plc (r,zg ),

MOXXHO OCYIIECTBHUTH JIOKQJIHM3alUI0 ATOTO0 WCTOYHHUKA ITyTEM OTBICKAHHS IJIO-
6apHOr0 MakcuMyMa (YHKIMH B 10 TIepeMEeHHBIM 7 U Zs.

OueBuHO, 4TO AeOopMaLs AaHTEHHBI IO/ JJSUCTBHEM TEUEHHSI MOKET BIIH-
ATh HA TOYHOCTH ONPE/IEICHHUs KOOPINHAT UCTOUYHUKA. DTO BIHMSHUE 10 CHX TIOp
(hakTiaeckn He uccnemoBanock. Ilockomeky MCIIL, Mo cymiecTBy, mpeamoaaracT
«HACTPOHKY» aHTEHHBI HA BCE MOJBI, PACIPOCTPAHSIOMINECS B BOJHOM CIIOE,
MOXHO OXHJaTb, YTO IPHU €ro HCIOJIb30BAaHUU OYIET CyILIeCTBOBAaTh MHTEPBAI
CKOpOCTEl TeUeHUH, B Mpejeaax KOTOPOro KOOPIUHATH UCTOUYHHKA MOTYT OBITh
OTIpEJICJICHBI TIPAKTHYECKH 0e3 OMMOKH, CBA3aHHOU ¢ MedopMaliiell aHTeHHBI Ha
TEUEHHHU. DTO OINpeJielsieT 0COObIi MHTepeC K TPUMEHEHHUIO allTOPUTMOB JIOKAITH-
3aluy, ocHOBaHHBIX Ha MCII.

JeiicTBuTensHO, U3 pacuetoB cieayeT, uto MCII B cpaBHeHuM ¢ cenexiuen
OTAEIBHBIX MOJ| 00ecreYnBaeT Oosiee BHICOKYIO YCTOHUMBOCTD PEIICHMS 3a/1a4n
JIOKAJIN3AIMY K BO3AEHCTBUIO TEUEHUI HAa aHTCHHY.

PaccmoTpuM nHHEHHYIO aHTEHHY, HaXOISIIyIocs B Mope riryonHoi 600 M.
Bynem cumTath, 9YTO MCTOYHWK HAXOMUTCS Ha paccTOSHUU 30 KM OT MPHEMHON
aHTeHHBI Ha TiryOmHe 120 M, gactoTta curaana 40 ['m, mmaa anTeHHB — 600 M,
rTyOMHa TPEHUS B IPHIOHHOM SKMaHOBCKOM cioe — 100 M.

Kak mokasbpIBalOT pacueTbl, IPH OMNPENECIICHUH PACcCTOSHUA 10 HCTOYHUKA
METO]] COTJIACOBAHHOTIO II0JISI 00ECHEUNBAET OUYEHb BBICOKYIO TOYHOCTH JIOKAIH-
3allUU BIUIOTH 10 JOCTHKEHUS CKOPOCTBIO TEUEHUSI HEKOTOPOTO «KPUTHUECKOTO0»
3HaYeHM (3Ta KPUTHUECKask CKOPOCTh pa3IM4Ha JUIsl Pa3HBIX aHTEHH, MOCKOJIBKY
3aBUCHT OT MX T'HJIPOMEXaHM4YeCKUX IapaMeTpoB). [Ipy HEOONBIIMX CKOPOCTSIX
TeueHus1 FKcTpeMyM HeneBoit Gpynkunn (MCII-niporieccopa) B TOUKE pactosoxe-
HUSI UICTOYHHKA SIBIISIETCS TTI00AJIBHBIM, ITPU 3TOM OH HE CMEIIAeTCs 110 KOOpPH-
HaTe MCTOYHHUKA, C YCHIEHHEM JK€ TEUEHHs PacTyT W Jpyrue skctpemymsl. [Ipn
JOCTHKCHUH CKOPOCTHIO TE€UEHHS KPUTHYECKOTO 3HAUCHUS IKCTPEMYM IIEIEBOH
(DYyHKIIMM B TOYKE PACIOJIOKEHNST HCTOUYHHKA yTPAYMBACT CBOIO TII00ANBHOCTD, U
MCII cTaHoBHUTCSA HEPAOOTOCTIOCOOHBIM (pHC. 1).
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0.2

Puc. 1. 3asucumocmu yenesoii oynxkyuu om paccmoanus 00 UCMOYHUKA (8 2ly-
bunax 600Hozo cnos). Hemunnoe paccmosinue 30 km (50 enyoun cros), ckopocmu
meuenusi — 0,12 m/c (a) u 0,18 m/c (6)

Xapaxkrep 3aBucumoct MCII-tiporieccopa 0T CKOpOCTH TeUEHUsI P OTpe-
JICJICHUH TJTyOWHBI HCTOYHHKA HECKOJIbKO WHOH. [1T00aNbHBI MAaKCUMYM, COOT-
BETCTBYIOIINYA WCTUHHOW TIyOWHE HCTOYHUKA NPH OTCYTCTBUU TEUCHUS, MPHU
YBEJIMUYCHNU CKOPOCTH TEUEHHs CHavaja He MEHSET CBOETO ITOJIOKECHUSI OTHOCH-
TEJBHO WCTHHHOW TITyOWHBI, 3aTeM HECKOJBKO OTKIIOHSETCS OT ATOH TOUKH (T.e.
rTyOWHA WCTOYHHKA OmperenseTcs ¢ HeOompioi ommokoi). [Ipu moctmxeHnn
’K€ CKOPOCTBIO TEUEHHSI KPUTHYECKOTO 3HAUCHHS 3/1eCh TakXKe IMT0OANbHBIM CTa-
HOBHTCS IPYTOil SKCTPEMyM, YTO MPHUBOIHUT K PE3KOMY CKauKy OIIMOKH OIpese-
JIeHNUs TIyOHHBI NCTOYHHUKA. KpUTHUECKHe CKOpOCTH TEUCHUS MPH ONPENeICHUN
rIIyOMHBI ICTOYHUKA 3aMETHO BBIIIE, YEM NP ONPEEIICHUH PACCTOSHUSI.

PacueTbl MOATBEPXkKIAIOT, YTO IO MEPE YBEIWYEHHS CKOPOCTH TEUCHHUS
OIIMOKY OTpEIETICHUs] KOOPIMHAT UCTOYHHUKA CHaYala pacTyT He3HAUYUTEIbHO U
JWIIb TPU JIOCTHDKEHWH CKOPOCTBIO TEUCHHS] KPUTHYECKOTO 3HAYCHMS pPE3KO,
CKaYKOM YBEIHUYUBAIOTCS (CM. puc. 2 u 3).

10

AR
KDI

i

0 0.1 0,2 03
v, mlc

Puc. 2. 3asucumocmo owubku onpedenenus paccmoanus 00 UCMOYHUKA OM CKO-
pocmu n00800OH020 meveHust (kpusas 1 — 0ns cghepuuecko2o npumonieHHozo oys
ouamempom 0,8 m, kpusas 2 — ons 6ya ouamempom 1,2 m)
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150 T T T T T
AZs, m
100 =
50 .
0 |
0 0.1 0.6
v, Mfc

Puc. 3. 3asucumocmov owubKu onpedenenus enyouHvl UCMOYHUKA O CKOPOCU
10068001020 mevenus (Kpueas 1 — s kabeno-mpoca anmeHuvl Oe3 oomexamers,
Kpusas 2 — ¢ obmexamenem; ouamemp cpepuieckozo npumoniennozo oys 1 m)

Takum 00pa3oM, B qUAITa30HE CKOPOCTEH TCUCHUS HIDKE KPUTHYECKON Me-
TOJI COTJIACOBAHHOTO TIOJII 00ECIICUYMBACT BBHICOKYIO YCTOMYUBOCTh PEIICHUS 3a-
JTa9d 110 OTHOIIEHWIO K OTKJIOHCHWIO AHTCHHBI HAa TCUCHWH, a TIPU HEOOIBIINX
CKOpPOCTSIX TEYCHHUS OIMMOKM JIOKATU3AIlMH OTCYTCTBYIOT COBCEM, HECMOTpPS Ha
OTKIIOHCHUE aHTCHHEI.

YBenuueHne 3HAUYEHUS KPUTHUYECKOH CKOPOCTH TEUYEHHUS MOXKET OBITh J10-
CTHUTHYTO ONITUMM3AINEH THIPOMEXaHHYECKUX ITapaMeTpOB aHTEHHBI (YMEHbIIe-
HHEM THIPOJAWHAMHYECKOTO CONPOTHUBICHUS Kabeldb-Tpoca U Oys, IOTOHHOI
IUIOTHOCTH Ka0elb-Tpoca, YBEIMUeHUEM 00beMa Oysl, MPUMEHEHHEM Oys Karuie-
BUIHOHN (OPMBI, YMEHBIIIEHUEM aMILTUTYbI CPBIBHOTO (hiaTTepa Kadbeab-Tpoca).

Pacyersl mokasanm, 4To Jake HECIOKHOE 00IaropaKUuBaHUE THIPOIHMHAMHU-
KM aHTCHHBI MTO3BOJISCT YBEIMYUTH JUATIA30H «IOKPUTHYCCKUX» CKOPOCTEH Te-
YCHHUW TIOYTH B 2 pasza. DTO OTKPHIBACT BO3MOXKHOCTh OTKa3a B HEKOTOPBIX CITY-
YasxX OT MPUMCHEHUS CIOKHBIX THAPOAKYCTUICCKUX CHUCTEM MTO3UIIHOHHPOBAHUS
MIPUEMHUKOB aHTEHHBI TJIN HEHA/IE)KHBIX CHCTEeM WHKIMHOMETPOB HA aHTEHHE, a
TakXKe OT WCIIOJIE30BAHMS CICIHATBHBIX aJTOPHUTMOB, YUHUTHIBAIOIINX OTKIIOHE-
HHUE aHTEHHBI, HO PE3KO YCIOXKHSIIOMNX pelleHNe 3a1a49n. ATmapaTypHas peau-
3anus ONTHMU3UPOBAHHON aHTEHHBI IIPH 3TOM OCTAeTCs MPAKTHYECKU TaKOH JKe,
KaK U B OTCYTCTBHE TCUCHHIH.

Pabora monnepxana rpantom [Ipesunenra PO HIII-283.2014.2.
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E.b. Kynamesn

TYPBYJIEHTHBIE CHHEKTPbBI U ITYMbI OB TEKAHUSA
B TYPBYJIEHTHOM IIOI'PAHUYHOM CJIOE

NucTuTyT KocMuueckux uccneaosanuii PAH
Poccus, 117997, Mockaa, [Ipodcoro3nast, 84/32
Ten.: 8(495)333-1234, dakc: 8(495)333-1248
Email: kudashev@iki.rssi.ru

Paccmampusaemces enusinue memMnepantypHo20 noiisi 8 NOZPAHUYHOM Cl1O€ HA
uckagicenue mypoyienmuvix cnekmpos. Ilpodemoncmpuposansl xapakmepvie
uepmvl NOGeOeHUs. MypOVIEHMHbIX CHEKMPO8 HA PA3HBIX YACMOMAXx u npu
paznuunblx  yucnax Petinonvoca. Ilokazano, umo nynecayuu memnepamypbl
mypoyIeHmHol cpedbl MO2Ym OKA3bl8ams onpeoeisaoujee gozoelicmaue Ha Gop-
MUpOBAHUe CUSHANA NPUEMHUKA mypOyienmuvlx oagienuti. Ilonyuenvt oyenxu
UCKAJICEHUST CHEKMPO8 ULYMO8 0OMEKAHUs. NPUMEHUMENLHO K UBBECHIHBIM IKCHE-
pumenmam Cxyuuxa u X2001a ¢ 6Cavbl8arouum ycmpoucmeom.

1. Beenenue

TypOyneHTHBIE CHIEKTPHI TICeBA03BYKOBBIX (B cMmbiciie J[.M.brnoxnHuesa) mynsca-
U JaBJICHHs, BOSHUKAIOIINX B IIOIPAHUYHOM CJIOC W JIOKAIM30BaHHbBIE BHYTPH
TYpOYJICHTHOTO TIOTOKA, CJIO€, SBISACTCS OJHOM N3 Ba)KHEHIINX CTATUCTHYECKUX
XapaKTEePHUCTHK, KOTOPBIE TpeOyeTcs Ui pacyETOB BHOpALMiA U IIYMOB IIPH TYp-
OyneHTHOM oOTekaHuH. IIpsiMble M3MEpEeHMs CHEKTPOB IyJbCALMH JaBICHUSA
ABJIAIOTCS CPEICTBOM IOJYYHTh CBEICHHUS O CTATUCTHYECKUX XapaKTePHCTHKAX
TypOyJIEHTHBIX IOJIEH MaBiieHUs Ha o0TeKaeMoi moBepxHocTH. OCHOBHASA TPY.I-
HOCTb TIPH perucTpanuy TypOyJISHTHBIX CIIEKTPOB CBs3aHA C TEM, YTO B 00JIaCTH
BBICOKHX YacTOT BO3HHKAET UCKaKEHUE CIIEKTPOB M3-32 OCPEIHEHUS TYpOYJIEHT-
HBIX ITyJILCALUH 10 arepType JaTyhKa PH HEKOTEPEeHTHOM BO3JeHCTBHU TypOy-
JICHTHBIX JIaBJICHUH, KOPPESIINOHHBIE MAcCIITa0bl KOTOPBIX COM3MEPUMBI C I'e0-
METPHYECKUMH pa3MepaMu MPHEMHOH MOBEpXHOCTH. PazMepsl 4yBCTBUTEIBbHON
MOBEPXHOCTH JaTYMKa IYJbCAMH TOJDKHBI OBITH MHOTO MEHBLIE MEJIKOMac-
IITAOHBIX KOMITIOHEHT TI0JIsl TYpOyJICHTHBIX NaBieHui. Ecimu 910 ycnoBue He BBI-
TIOJTHSETCS, HeN30SKHO BO3HUKAIOT NCKAKEHUS TYPOYICHTHBIX CIIEKTPOB [1,2].
OKcIepuMeHTalIbHbIC NCCIeA0BaHNs TypOYyIEHTHBIX MyJIbCallli AaBJICHUS CTpe-
MSTCSI IIPOBOAUTH MUHUATIOPHBIMY NIPUEMHHUKaMH JaBieHus. OHaKo, BBHIIOIHE-
HHE 3TOr0 TPpeOOBaHMS NPHUBOIAMUT K YMEHBLICHHIO YyBCTBUTEIHFHOCTH y IPUEM-
HUKOB ITyJIbCALIUH JaBJICHHUS U, KaK CJIEJICTBUE ATOTO, K MaJIbIM YPOBHSIM CHTHa-
JIOB, TEHEPUPYEMBIX IIPHEMHHKaMH TypOyJIeHTHBIX MyJbcalnii. B aTux ycrnoBusix
Ype3BBIYANHO 3HAYUTEIBHBIM OKa3bIBACTCS BIMSHHE ITOCTOPOHHUX (PU3MYECKUX
BO3JICHCTBUI Ha HCKaXKeHUE TYpOYISHTHBIX CIIEKTPOB.
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2. Biausinue myJabcanuii TeMnepaTypsl B TYpOYJIEHTHOM MOTOKE Ha CHEKTPBI
TypOyJIEHTHBIX JaBJIeHU I

Dusndeckast IPUUMHA 3HAYUTEIBFHOTO BIUSHAS TEMIIEPATypPHOTO TIOJIST COCTOUT B
TOM, YTO MHHHUATIOPHBbIE TPUEMHHUKH IMyJIbCAIIUN JaBIEHHH B BOJE OOBIYHO BbI-
MIOJTHEHbI U3 MbE30KEPaMUKH, U, CIE0BATEIbHO, 001aJat0T MUPONIEKTPUUECKUM
s¢dexroM. B cuiry 3TOro M3MeHeHHE TeMIlepaTypbl UyBCTBUTEILHOTO MbE303J1e-
MEHTa NPUBOJMUT K T€HEPHUPOBAHMIO JIOTIOTHUTEIBHOTO 3JIEKTPUYECKOrO CUTHAIA
(momexu) Ha BBIXOJIE IPUEMHUKA ITyJIbCAllMi JaBiieHus. PaccMorpuMm opmupo-
BaHME TEMIIEPAaTypPHOrO CHrHaja Ha OCHOBE MPEJCTaBIEHHH O YacTOTHO-
BOJIHOBOM CIIEKTpe TYpOYJIEHTHBIX ITyJbCAalliii ¥ METOJOB TEOPHUH HPOCTpaH-
CTBEHHOH (rutbTpanmu mosst TypOyJISHTHBIX ITyJIbCAIMIA JaBICHHUS TPUEMHUKOM
KOHEUHBIX pa3mepoB [3-6]. [Ipu Bo3meHCTBHM Ha THE30IIEKTPHUSCKUI TTPHEM-
HUK TEMIIEPaTypPHOTO IOJIA B CHIIy MHpodddekTa mpueMHUK (HOPMHUPYET DIICK-
TPUUYECKUI CHTHAN CO CiydaiiHOW amrummTynoi Sr. BBemem mperncraBieHue o
BOJIHOBOH XapakTepucTuke Sy (K, ) MpHeMHHKa TypOyJICHTHBIX IyJlbcanuii B
MIPOCTPAHCTBE BOJHOBBIX BEKTOPOB K M BDEMEHHBIX 4aCTOT (.

St (K, ®) Oynem paccMaTpuBaTh Kak CBOETO poja MepenaTouHylo (QyHKIUIO MpH-
€MHHIKA, CBSI3BIBAIOLIYIO TOJIE€ TypOyJIEHTHBIX IMyJIbCAli TEMIIEpaTyphl, Xapak-
TEpU3YIOIIeecs] YacTOTHO-BOJIHOBBIM CIIEKTpoM Err (K, ®), W CIEKTPaIbHYIO
IUTOTHOCTH TEMITEPATYPHON OMEXH — YAaCTOTHBIN CIIEKTP MOIIHOCTH «TeMIIepa-
TYPHOTO» CHrHana ! (@) MOCPEICTBOM OCHOBHOIO COOTHOLICHHS BOIHOBOH

¢upTpanmu:

O (0) = | Sy (,0)Er7 (K, 0)dx (1
-

Paccmorpum (hopmupoBaHHE TeMIlepaTypHOTO CHUTHajla B YCJIOBUSIX M3MEPEHHS
MIPUCTEHOYHBIX TypOyJIeHTHBIX MyJIbCAIMi JABICHHS Il MOAEIH MTbE303JIeKTPH-
YecKoro mpeoOpa3oBaTessi CTEP’KHEBOTO THIA - CPAaBHHUTEIBLHO TOHKUH CIOH O
MBE303JIEKTPUIECKOTO MaTepHaia JISKUT HA MACCHBHOM METAJUIMYECKOM OCHO-
BaHWW. Ha BHEIIHIO IpaHUIly be30KepPaMHUKN ACHCTBYIOT TYpOYJIEHTHBIE TyTb-
caru Temnepatypsl. [lone mynscanumit Temmneparypsl 7' B 00TeKaeMOM TeJle OITH-
CBIBAETCS] ypaBHEHUEM TEIUIONPOBOJHOCTH

O _yar., @

ot
rae y — KOX(PQUIHEHT TeMIepaTypOIpPOBOIHOCTH OOTEKaeMOM MOTOKOM KOH-
CTPYKLIMM; IPUEMHUK YCTAHOBJIEH 3aIlo/UTHIo. B paboTe moiydeHo BbIpakeHHe
JUI  CpEeIHEKBaIpaTUYHON BEJIMYMHBI TEMIIEPATYPHOTO CHUTHAJA, TeHEPUPYEMO-
ro Ha BBIXOJE NMPHUEMHHKA TYPOYIEHTHBIX IMyJbCAlUi, MOPOXKIAEMOT0O NPUCTE-

HOYHOH TypOYJICHTHOH BOJHOII ¢ BOTHOBBIM BEKTOPOM K M YaCTOTOH (:
200

1-2¢ %cosP+e” 3)
R

3nech Yr° - Y4yBCTBHTEJIBHOCTH NPHEMHHKA K Temneparype. B Boipaxenun (3)
BBE/ICHBI CIIEAyIOne 0003HAYCHHS:

[S7 =1, 75 (x.0)
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R=1x* +(c0/x)2; ¢:arctg(0)/xl<2);

a=+R-cos(p/2); B=+R-sin(g/2).

[TocienHuii COMHOXHTENb B BBIp@XKEHHH (3) JUIS CpEeAHEKBAJAPATHYHOIO
3HA4YEHHsI TEMIIEPaTYypPHOI'O CUTHAJIA MPEACTaBISIET COOO0M TeMIepaTypHyto BOJI-
HOBYIO XapaKTepHUCTUKY ST (K, ) IpueMHHUKa TypOyJIeHTHBIX IMyJIbCalldil JaBiie-
Hust. PHU3MYecKn TeMmIeparypHas BOJHOBAas XapaKTEPUCTHKa paBHA KBaJpaTy
ko3¢ dunrenta ocyiadieHuss TEPMOCHTHATIA TIPU BOJIHOBOM MPE/ICTABICHUH TEM-
nepaTypHoro HarpykeHust. OIEHKH ITOKa3bIBAalOT, YTO HPH MaJbIX IPOCTpaH-
CTBEHHBIX MacmTabax W HU3KHX YacTOTaX BOJHOBBIX KOMIIOHEHT ITOJISI TIPHUCTE-
HOYHBIX IYJIbCAIMIA TeMIIepaTypbl OCIAOJICHUE TEeMIIEPATypPHOH MMOMEXU PaBHO
(x:/)"" ¥ MpaKTHYECKN HEe 3aBUCHT OT YaCTOTHI U TETIONPOBOIHOCTH KOHCTPYK-
UM, 00TeKaeMol MOTOKOM. 3HaUeHHe KOd(HUIMEeHTa OCIabICHNS TeMITepaTyp-
HOTO CHTHANA U, CIEeI0BATEIbHO, MOJABICHUE TEMIIEPATYPHOU MMOMEXH MPH H3-
MEPEHUHU MPUCTEHOYHBIX TYpOYJICHTHBIX JABJICHUN ONPEICNAETCS JIUIIb 3aTyXa-
HHEM TeMIIepaTyphl 10 JUTHHE Mbe30KePAMHUYECKOT0 YYBCTBUTEIILHOTO DIIEMEHTA.

B npoTHBOIOIOKHOM Cilly4ae OTHOCHTEIbHO BBICOKHX YacTOT TEMIIEPATyp-
HOTO HATPYKEHHMS, KOT/Ia BBINOIHACTCS yCIOBHE O > (K2, 0CIa0JICHUE TeMIepa-
TYPHOI MOMEXH IPU U3MEPEHHH TYPOYJICHTHBIX JaBJICHUI OMpenessieTcsl BhIpa-
JKEHUEM

Si(k, ®) = x/oP. 4)

MOo3KHO cienath BbIBOJ], YTO B ATOM Cliydae JTIOMHUHHUPYIOIIMM MEXaHU3MOM KOM-
TICHCAIINY BIIUSHUS TEMIICPATYPHBIX (DIYKTyaluii CTAHOBHUTCS TEIIOBAsT MHEPITHS
KopITyca mpeoOpa3oBaTelist TypOYICHTHBIX TypOYICHTHBIX MYyIbCAIIUI TaBICHUS.
[IpencraBneHHBII METO OLEHKH BIUSHHS TEMIIEPATYPHBIX (PIYKTyammid cpembl
Ha PErHCTPALHI0 TypOYIEHTHBIX ITyIbCAlMH JaBICHUS MPOWLTIOCTPUPYEM UHC-
JICHHBIM UCCIICIOBAaHHEM BOJIHOBBIX XapakTepucTuk St (K, ®). Ha puc. 1 mokasa-
HBI PAacyUeTHBIC 3aBHCHMOCTH TIOKA3aTeNs OCIAONCHHUS TEeMIepaTypHOW MMOMEXH
S K, ®) OT IIMHBI BOJHEI Ha yacToTax 1; 10; 10%; 103 1 10* I'y 1pu n3Mepenun
CHEKTpa MOIIHOCTH TYpOyJIEHTHBIX MYJIbCAIlNil TaBICHUS IPUEMHUKOM C JTHHOM
pabouero 4yBCTBUTEIHHOTO MHE303JIEMEHTa 15 MM, YCTAaHOBJICHHOTO B CTAIEHOM
KopITyce.

W3 paccMOTpeHHs KPUBBIX BOJHOBOHM (DMIIBTpAIMM TEMIIEPATYPHOW MOMEXH Ha
puc. 1 MOXKHO cjienaTh BBIBOJ, YTO B HIMPOKOM YaCTOTHO-BOJHOBOM JHaria3oHe
YYBCTBUTEIBHOCTD IMbE303JICKTPUYCCKOTO IPUEMHHKA TYPOYJICHTHBIX ITyJIbCAIUI
JIaBJICHUS K TeMIIepaType U3MEHSIETCS Ha HECKOJIBKO MOPSIKOB.
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O
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Puc.1. Bnusiaue TemnepatypHbIX (QIyKTyanuii Ha HCKa)KEHHE TYpOYJICHTHBIX
CIIEKTPOB.
B Bepxweit yactu puc.| cmpaBa moka3aH MPUEMHUK ITyTbCAN JaBICHUS (UTHHA
Ibe303JIeMeHTa /), yCTAaHOBJICHHBIN 3aIIOIIAII0 C 00TEKaeMOil TOBEPXHOCTHIO.

3. BumsiHue myJbcanuii TeMIIEpPATYpbl Ha HCKAa)KeHHEe CINEeKTPOB IIYMOB
00TeKaHHUS.

BcerutsiBaroiiee ycTpoiicTBO CO3/1aHO JUIS MTPOBENICHUSI U3MEPEHHs IIyMOB 00Te-
KaHHUs TIPH O4YeHb BhIcOKuX (6osee 10%), uncnax PeiiHosbaca Haberaromero mo-
Toka [7,8-11]. IIpu nBM>KeHUM Tena B )KUIKOCTH C IIEPEMEHHOM BIOJIb TPASKTO-
pUH TeMIepaTypoi, IPHEeMHHK, YCTaHOBJICHHBIN Ha 00TEKaeMOIl MOBEPXHOCTH,
BOCIIPHHHMMAET TeMIepaTypHble Mynbcanuu. PaccMoTpuM ciydail, korga mnpu
BEPTHKAJIBHOM BCIUIBITHH YCTPOMCTBA (BIOJIb TPAEKTOPHHU) IOJE TEMIEpaTyphl
MOXXHO CUUTATh OZHOPOAHBIM, U IyJIbCAINU TEMIEPATYPhl MPEACTABISIOT cOO0H
CTAallMOHApHBIA CllydaiHblil mpouecc. B pamkax Mopenu «3aMOpOKEHHOCTHY
YPOBHHU TPUCTEHOYHBIX MyJbCallMi TeMIIEpaTypbl W TEMIIEpAaTypHas HEpaBHO-
MEPHOCTb CBSI3aHBI IIPOCTHIM COOTHOLIEHHEM

D r(w)dw = Er(x)dx. &)
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3neck @77 — 4yacTOTHAs CHEKTpalIbHAS IJIOTHOCTh MPUCTEHOYHBIX ITyJIbCa-
i Temneparypsl; Er(K) — OJHOMEpHBIH (BIOJb HANpaBlICHUS JBHUKEHHS)
MPOCTPAHCTBEHHBIN CIIEKTP TEMIEPaTypPHON HEPaBHOMEPHOCTH. YTJIOBas 4acTo-
Ta (0 OJIHO3HAYHO CBsI3aHA C BOJHOBBIM YHCIIOM K COOTHOLIEHHEM K = /v, rje v
— CKOPOCTb ABMKEHHS KHUIKOCTH OTHOCUTEIBHO IIPUEMHHKA.

W3 (5) mpencraBuM CBSI3b MEXKAY CIEKTPAIBFHON IIOTHOCTBHIO TPHCTEHOY-
HBIX MyJbCAIIMH TEMIEPATYPhl M CIIEKTPOM I'PaJIMCHTOB TEMIIEpaTyphl BAOIb Tpa-

€KTOPHH, ONPENIETAEMBIM BhIpakeHneM £ ' (k) = K2ETT :
v '
@, (0)=—E' (x): (©)

Beipaxkenue (6) onpenensier CleKTpaibHbIe YPOBHH ITyJIbCALUI TEMIIEpaTyphl Ha
oOTexaemoi moBepxHocTH. CIEKTp TEMIIEpaTypHOIO CUTHala, TeHEPHPYEeMOro
MIPUEMHHUKOM TIpH BO3JIEHCTBUHU IyJbCAllUi TEMIEpaTypsbl, onpeaessercs BbIpa-
JKECHHEM

2
®755(0) = (ot | @y (o) ?

rae € — JMIJIEKTpUYecKas MPOHHUIAEMOCTh; Yo — IHPOdJIEKTpHYECKas
MOCTOSTHHASL.
Tornaa mosydaem ¢ y4eToM (6) COOTHOIIICHHE

oo o (] o L)
M{ﬂ) Jrw] w7\, ®)
(DgS ((’)) € Yp 033 q)pp ((’))

oTpeessonee OTHOCUTENbHBIA BKJIa TEMIEPaTypHOH HEOTHOPOIHOCTH CPEbI
B LIyMBI OOTEKaHMs, PErHCTPUPYEMbIe PUEMHUKOM TypOyJIeHTHBIX ITyJIbCallui
JIaBJICHNUSI, YCTAHOBJICHHOM Ha BCIUTBIBAIOIIEM YCTpPOHCTBe. B mociennem paBeH-
ctBe @,,(®) — crexTpaibHasl IOTHOCTh MPUCTEHOYHBIX ITyJIbCALUI JaBICHUS;
Y» — YYBCTBUTEIBHOCTh IPUEMHHUKA K JIABJICHUIO.

B pabore noxyueHHBIN pe3ynbTar (8) UCTIONB30BaH AJIS OLEHOK MCKaXKeHUS
CIEKTPOB IIYMOB OOTEKAaHUs NMPUMEHUTEIBHO K M3BECTHBIM IKCIIEPUMEHTaM C
BCIUTBIBAIOIINM yCTporcTBOM [7]. [IpuBriekass maHHBIC 10 BEPTUKAIBHBIM TPaIi-
eHTaM TeMIIepaTypsl B okeaHe [12], moka3zaHo, yTo Ha dactoTax okoio 100 I'm u
ckopocTH v ~ 10 M/c BKJIajl MyJIbcannii TEMIEpaTyphsl B TeHEpUpyeMble IPHEMHH-
KOM CHTHAQJIBI OOTEKaHMS MOXET OBITh MPAKTUYECKH PABEH BKJIAAY TypOYyJEHT-
HBIX JIaBJIEHUH.
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1) Hay4ne1i IeHTp BonHOBEIX Hccnenopanuii MO® PAH, Mocksa, Poccns
’Hay4HbIi COBET IO KOMILIEKCHOM mpobieme « uapodmsuka» PAH,
Mocksa, Poccus

Ananusupyemces  enusHue  cmpykmypvl  npOCHPAHCIEEHHO-4ACIOMHbLIL
CHEKMP WLYMOBBIX NOJCH U MYTbMUCINIAMUYECKAsl CUA Yelu 00beKmoe Ha UX aKy-
CMUYECKYIO 3aMemHOCHb 6 UHMESPUPOBAHHBIX CEMeblX CUCEMAX NO0080OHO20
Habnooenusl.

3HAaYNTENIbHOE CHIDKCHHE NIYMHOCTH MOPCKHX IOJBOAHBIX OOBEKTOB
(MIIO) 3a mocnenuue pecstuineTus n3ectHo. Crieyromnye oTCro/1a 3aTpyTHeHUS
B OTHOIICHWU TMPHMEHEHUS Ul OOHAPYKEHNSI TAKNX OOBEKTOB MACCHBHOW THJ-
POAKyCTHKH B Jy3JIbHONH CHUTyallMH «OOBEKT — JIOKAJIbHBIM OOHAPYKUTENb) H3-
BECTHBI Takxke. [JlaBHOE W3 3aTPyJHEHUH — Maible JAIBHOCTH OOHApY>KEHUS
MIIO. [IpumeHeHHE aKTHBHOM THIPONOKAIMKA B CUIY pAda MPUYHH HE MOMKET
paccMaTpuBaThCs B KauyecTBE MOJIHOLIEHHOTO IMYTH IPEOJOJEHUS YKa3aHHOTO
3arpynHeHus. [lombITku HaWTH WHOW (HEaKyCTHYECKHi) CIOCO0 YBENTHYEHUS
JIATbHOCTH OOHApy)KEHUS] MaJOIIYMHOTO OOBEKTa JIOKAJbHBIM HaOJIIoAaTeseM
HeIb3sl M0Ka MPHU3HATh YCIENIHBIMHU Takoke. M3BecTHbIM [1], mpuemiaeMbiM uist
3a7a4 TIO/IBOJHOTO HAOJIIOAEHUS pEIIeHWeM YKa3aHHOW IpoOJeMBbl, SBISETCS
MIPUMEHEHHE MPOCTPAHCTBEHHO-PACIIPE/ICIICHHBIX, O0bEIMHEHHBIX B IEJIOCTHBIC
KOHCTPYKIIUH CETEBOW CBS3bIO, MHOTORJIEMEHTHBIX CHCTEM M3 IMO3HUIHOHHBIX U
MOOWIIBHBIX YCTPOWCTB. B TakMX MHTETpHpOBAHHBIX CETEBBIX CHCTEMax IMOIBOA-
Horo Habmoaerns (MCCITH) otcyTcTByeT BBIpaKEHHOE CTPEMIICHHE K yBeEJUe-
HUIO JaJbHOCTH OOHapyKeHHs 00BbeKTa M3 ONHOHN Touku. MeTpukamu d(dex-
TUBHOCTU 3/IECh SIBJISIOTCSl IUIOMIAb ITOKPBITHS, KyMYJSATHBHAs BEPOSTHOCTD
oOHapy KeHUsI, BpeMs, MoTpeOHOoe A1 OOHAPYKEHHUs, Ka4eCTBO KIIacCH(UKAIIIH
¥ TOYHOCTH JIOKaJHM3alluu 00beKTa. PerynmpoBka 3p(HeKTUBHOCTH TaKUX CHCTEM
MOXET OCYILECTBISATHCS KOJIMYECTBOM AJIEMEHTAPHBIX CTAHIMH, ONTUMHU3ALHEH
UX PAacCTAaHOBKH B IPOCTPAHCTBE B 3aBUCHMOCTH OT OKPY’KAIOIIMX YCIOBUH U
TaKTHYECKOH OOCTaHOBKH, II€JICHAIIPABICHHBIM COYETAHUEM IMTACCUBHOTO M I1ac-
CHBHO-aKTHBHOTO (MYJIFTHCTATHYECKOT0) PEKUMOB HAOJIIOACHHUS U COBMECTHON
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00paboTKOI MPOCTPaHCTBEHHO-BPEMEHHBIX NaHHBIX. [lokazarenn 3¢ ¢eKTHBHO-
CTH MOTYT IOCTHTaTh TOpa3fo OoJjiee BBICOKMX 3HAYCHHWU B CPAaBHCHHWH C TEMH,
KOTOPBIE UMEIOT CHCTEMBI CYIIECTBYIOIIETO THIA. ByayIiee cucTeM ImoaBOAHOTO
HaAOJIOACHNUS CBS3BIBACTCSI IMEHHO C TaKUMHU cucTeMaMi. OCOOEHHOCTBIO CHCTEM
YKa3aHHOTO THIIA SIBJISETCS MHOTOPAaKypPCHOCTh HAaOMIOEHHUS OOBEKTOB, KakK B
MACCUBHOM, TaK M B TIIACCUBHO-aKTHBHOM pEXHME M IPOCTPAHCTBEHHO-
BPEMEHHOW XapakTep IMOJydYaeMbIX NaHHBIX. VIMes B BHIY, UuTO OOHAPYIKCHHIO
MOJICXKHUT JBIKYIIHIACS OOBEKT, BAKCH TAKXKE yd4eT IMHAMHUKU MPHHUMACMBIX
CUTHAJIOB B YaCTOTHOM 001acTH. DTO MPOCTPAHCTBEHHO-YACTOTHBIC U YACTOTHO-
BPCMEHHBIC XapaKTCPUCTUKH CUTHAJIOB. YUHTHIBAs, YTO B COBPEMEHHBIX CHCTE-
MaX CETEBOr0 THIIA IIUPOKOE NMPUMECHEHHE HAXOIAT aKyCTHYCCKHE BEKTOPHO-
CKaJSIpHBIE CEHCOPHI, TPEACTABICHUE IIOJIEH TOMKHO COOTBETCTBOBATH STOMY
00CTOSATEITECTBY.

K memackupyromiiM 00BEKT aKyCTHYECKHM XapaKTEPUCTUKAM B YCIOBHUSX
MIPUMEHEHHSI CHCTEM CETEBOTO THIA MOXHO OTHECTH cleayrontue. Jto: 1) mpo-
CTPAaHCTBEHHO-YACTOTHBIA CHEKTP LIYMOBBIX IOJIeHl OOBEKTa TMPH Pa3THIHBIX
peXnMax IBIDKEHHS M paboThl BHYTPUKOPAOETbHBIX MEXaHU3MOB, 2) MYJIbTHUCTA-
TUYECKasl CUJIA IICIIH.

Baxunoit noacucremoit UCCITH siBisieTcst maccMBHas cUcTEMa aKyCTHYECKO-
r0 HAOJIFOICHUS NBUKYIIUXCS [ITYMOM3ITYYArOIINX 00BEKTOB, KOTOpask COCTOUT M3
Habopa TPOCTPAHCTBCHHO PACIPEICICHHBIX CBSI3aHHBIX CETEBBIM METOJIOM IpH-
eMHBIX 2JeMeHTOB. ONTHMaIFHBIM METOAOM OITUCAHUS MPOCTPAHCTBEHHO-
YaCTOTHOTO CIIEKTpa HAOJIOaeMBIX ITYMOBBIX IMOJICH 00BEKTa, MOITYYaeMBIX OT
CETEeBOH CHCTEMBI MIPOCTPAHCTBEHHO PACIIPEICIIEHHBIX aKyCTHUECKIX CEHCOPOB,
SBIISICTCSI MOJENh TpeHAa ¢ ommnOkod [2]. OcHOBOI mis pa3paboTku Monenein
CIIY’)KHAT ampuopHas HHPOPMAIUS B BHUIE MPEICTABICHUA O TOM, YTO, JBHUTAsCh
PaBHOMEPHO C OIPEEIIEHHON CKOPOCTHIO U MPSIMOIUHEHHO, 00BEKT HAOIIOACHUS
MepeceKaeT OPraHU30BAHHBIM Ha OCHOBE CETEBBIX TEXHOJOTHH Oaphep W3 Ipo-
CTPAaHCTBEHHO pacHpeaesIeHHBIX ceHCOpoB. Kaxaplii ceHcop oOpa3yeT 30Hy UyB-
CTBUTEJBHOCTH, TPH IOMAJaHUU B KOTOPYIO HCTOUHHUK peructpupyercs. [Ipu
TaKoil cxeMe HaOJIOJACHUS MOTYT OBITh M3MEPEHBI: BPEMsI HAXOXKICHUS ILIEIH B
30HE KKIOTO CEHCOpa, BpeMs OT Hadala ImpreMa Ha 1 - M JI0 KOHI[a ITpreMa Ha | -
M CEHCOpE M YPOBCHb cUrHana. Bun QyHKImMA BpeMeHN 00HAPYKEHUS U MTOTePH
KOHTaKTa B ()YHKIIMH HETPEPBIBHOTO PACCTOSIHUS, OMpPEHCISACTCS TaHHBIMH O
TIPOM3BOJIFHBIX, HO M3BECTHBIX KOOpAMHATAX CeHCOpoB CiydaliHas KOMIIOHEHTa
MpeJCTaBIeHa 0OOOMICHHBIM paCTIpeIeTICHIEM HEBS30K MEXIy HaOIr0IaeMBbIMI
JAHHBIMH U IETCPMUHUPOBAHHON (BBIYMCIISICMOI) KOMIIOHEHTOH B MOJICIIHA TPEH-
Ja ¢ omunoOKoil. HeBsi3ku XapakTepu3yroTcs B IIPOCTPAHCTBE L, - METPUK IIPU He-
U3BECTHOM TapameTpe p. M3BecTHO [2], YTO OLEHKH, OCHOBaHHBIE Ha L, - METpH-
Kax HMMEIOT CBA3b C METOJAOM MaKCHMAaJbHOTO TPaBAONOA00Ms, TpeOyromero,
9TOOBI B 3aBUCUMOCTH OT XapaKTepa 3aKOHA PACIPECIICHHS CITyYailHbIX BETHYUH
(ommboK M3MepeHunit), MPUMEHSJICS COOTBETCTBYIOIUI MeTo]] 00paboTKH, obec-
MCYMBAIOIIHNI YCTOHYNBOCTh K 3aCOPCHHUIO AHHBIX BbIOpocamu. JleTepmMuHUpO-
BaHHAsl COCTABIIONIAsl SIBSICTCS (YHKIHEH HEW3BECTHBIX, HO ITOMJICIKAIIAX
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OLICHKE ITapaMeTPOB JBIDKCHHUS] NCTOYHUKA CHUTHaja. B 3aBHcHMOCTH OT 00BbeMa
HaOTI0JaeMBIX JTaHHBIX, KOJIMYECTBA U PACCTAHOBKM CEHCOPOB OIICHMBAHHUE TIa-
pameTpoB OyneT mMeTh psin ocobeHHocTeill. OOpaboTka MaHHBIX OyIeT MMETh
TaKk)Ke 0COOEHHOCTH, CBS3aHHBIC CO CTATUCTHKON CIy4alHOW KOMIIOHEHTHI. AHa-
JIU3 PacXOXICHUN HaONIOMaeMbIX JaHHBIX M TPeHJa SBISETCS 0COOOW 3aaauei,
penieHne KOTOPOi CBSI3aHO € BRIOOPOM allrOpUTMa 00paOOTKH.
B axtuBHOW MysnbrucratHyeckoil moxacucreme I'A wnabmopenus MCCITH
JIeMacKupytoneil 00beKT aKyCTHYECKOH XapaKTepHCTHKOH sBisieTcs Audparu-
7 = poBaHHbI UM ['A curnai, KoTto-
I 0 PpBIii ¢ HEKOTOPOM [OJIeH YCIOB-
' : HOCTH MOKHO OIIHCHIBAaTh ITOHS-
THEM MYJIbTUCTATHYECKON CHIIBI
memn (MCLI). Dta xapakrepu-
CTHKa TECHO CBf3aHA C HM3BECT-
HBIM IOHATHEM CHJIBl IIEJIH

s e e s e e " (CII), KOTOpOE HCII0JIB30BaIOCh
Puc. 1. BCL] nns aGCconOTHO KECTKOro LMIMHAPA
IIPU MHXKEHEPHBIX pacuerax

(cneBa) 1 ynpyroit 000104k (cripaBa).
C TIOMOIIBIO YPAaBHEHUS! aKTUBHOM THIPOJIOKAIINH, KOT/Ia 3aMETHOCTh JUISl aKTy-
AIBHBIX MOHOCTaTHYECKUX cxeM ['A jokaruu, mpuOImKeHHO, MOXKHO OBLIO Xa-
pakTtepu3oBath BenmunHOW CLI, KOTOpyr0, OOBIYHO OMUCHIBAIHA OJHHM YHCIOM
(ee BemmumHa BapeHpoBanack oT 15 no 45 nb) [3, 4]. Pa3opoc 3nauennii CL[ 06b-
SICHSACTCS TeM, 4TO Habmonaemble ipu ['A moxannu 00BEKTH UMEIOT aHW30TPOTI-
HOe cTpoeHue, Tak, yto CII 3aBUCHT OT opueHTanuu oobekTa HabmoaeHus. [ITpu
6ucraTnueckoit cxeme I'A nmoumpoBanus BennunHa CLI cTaHOBUTCA yXKe 3aBUCS-
IIed M OT B3aMMHOT'O TTOJIOXKESHUSI HCTOYHUKA ITPUEMHUKA M 00beKTa HAOIIOICHUS
[4]. B obmem ciyyae it 3amaHHON ()OPMBI U BHYTPEHHETO CTPOCHUS 00BEKTa
HaOmonenust, CL{ siBistercst GyHKIMEH ero KOOpAMHAT U OPHEHTAINH, TO €CTb,
TpexMmepHoi maTtpuuei [4]. Kpome Toro, oHa CymecTBEHHO 3aBUCUT OT YaCTOThI
noJist mojcBeTku. Eciy 3amaroTes magaronye U3 HCTOYHUKA W IPUEMHHUKA BOJIHO-
BOJIHBIE CTPYKTYPHI, TONB3ysich MaTpuiieii CL] MOXKHO MOMy4IHTh TU(parupoBaH-
Heiii ['A curnan. OmnpeneneHHas TaKUM 00pa30M XapaKTePHCTHKA 3aBHCHUT TOJb-
KO OT OOBEKTa M OIMCHIBAET €r0 3aMETHOCTh NPH aKTHBHOM ['A HaOmOICHUH.
[TockonbKy OOBEKT IBMKETCS BHOJb OMPEACICHHOW TPaeKTOPUH, HEO0OXOANMO
OCYIIECTBISITh U JIOTUIEPOBCKYIO (prutbTparuio Au(parupoBaHHOTO TOJIs, MPU
3TOM CIIeAyeT YYWUTHIBaTh M3MEHEHHs OIJIEPOBCKOTO CMEIICHHS B TIpoliecce
JIBIDKEHUSI 00BEKTa BJIOJIb, B OOIEM ciydae, KpHBOJIMHEHHOI TpaekTopuu. [lo-
BUIUMOMY, B TaKMX IMPOCTEHIIMX CIIydasX IOJIE3HO pa3/esisiTh 3a7ady OLEHKH
TIOJIE3HOTO AU(ParupoBaHHOTO CUTHala Ha 3aJady OLEHKHU IOTepb IPH Paclpo-
cTpaHeHnn W 3amady oueHku CLI (BenmumHbl qudpaknuy Mmojst B HEMOCpea-
CTBEHHOH Osm30CcTH OT 00BeKTa). IIpu 3TOM, Kak yxe orMmedanoch, Marpuna CL]
Oynmer xapaxrepnsoBathcsi (JOpMOIl M cTpoeHHEeM o0BekTa HabmomeHus. Ona
OyZer 3aBHCETh W OT JUIMHBI BOJHBI TMOJS aKyCTHYECKOW MOJCBETKH (3TO ere
onmHo m3mepenue B marpuile CI[). C Touku 3peHus OIEHKH 3aMETHOCTH O0OBEKTa
W aHaJM3a ee BIMSIHUA Ha 2QPEKTUBHOCTh akTUBHOTO ['A HaOIrOMeHNs, BOZHUKA-

= & @ m oF M oM omom
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€T HeOOXOANMOCTb pelIeHus 3a1aun u3Mepenns marpuips! CL u 3agaun ymeHs-
IICHUST 3aMETHOCTH, TO ecTh, BenmuunHbel CLI. Pemenme oGowmx 3amad TpeOyeT
anPUOPHOTO OIPEIeNICHIsI CXeM M YCIIOBHH mpermonaraemMoro ['A HabmromeHus,
YTO JOJDKHO 00eCTIeYnTh (hOPMYITHPOBKY TPEOOBAHUH K H3MEPEHHUAM U, C yUETOM
TaKUX M3MepeHui, (HopMyIUpOBKY TpeboBanuii k ocnadienuto CLI, obecrieun-
BAIOILIEMy YMEHBIIIEHHE 3aMETHOCTH. MakcuManbHbIi 3(D(EKT NpHU HAKOIUICHUU
JudparnpoBaHHbBIX (HAOII0aeMBIX) KOMIIOHEHT ['A TOJsS MOXKHO OXHJAATh MPH
KOTEPEHTHOM HX CJIOKESHUH JJIsl Yer0 HeO0OXOJMMO OCYLIECTBISITh IIPOBEPKY T'H-
MOTe3 O MapaMeTpax JBM)KEHHs OOBEKTa M PACCUMTBHIBATH ITAPaMETPhl CUTHAJIOB,
JUIl KOTOPBIX MOJKHO OCYIIECTBHTh HaKOIUIEHHE ¢ ydeToM (asel curHama. U3
BBIJIBUHYTHIX THIIOTE3 IIPHHUMACTCS B KQUECTBE PELICHMs HAMTy YN pe3ybTar.
ITpn 3TOM mMMeeT MecTo IpoOsieMa ONTHMHU3AIMN TPACKTOPHH TOWCKA PEIICHUS
[3]. BemmonHeHMe Bcex MEpedHMCICHHBIX omepanuii Tpedyer Oombmioro oobeMa
anpuopHoi mHpopMarm. Yacto Takoit mHPopManuu HeT. B 3TOM cimydae ocra-
eTcsl 0TKa3aThCsl OT KOT€PEHTHOIO HAKOIUIEHHs MYJIbTUCTATHUECKUX TPOEKIUN U
OCYIIECTBIIATh MO0 YaCTUYHO-KOTEPEHTHOE, MO0 HEKOTepeHTHOE MX HaKOIlIe-
HHE.

W3amepenus ['A noseit 00beKTOB HAOIIOICHUST JIOJDKHBI OBITh HAllEIEHBI Ha
OLICHKY yKa3aHHBIX XapakTepucTHK. OUeBUIIHO, YTO TAKUE M3MEPEHHs JIOJKHBI
OCYIIECTBIISITHCSL NTPOCTPAHCTBEHHO-PA3BUTHIME KATMOPOBAHHBIMU CHCTEMaMH,
COCTOSIIIIMMH U3 ITACCHBHBIX ITPUEMHUKOB U IUPOKOIIOJIOCHBIX M3imyuareneii. [1o-
CYIIECTBY, TaKH€ CHUCTEMBI IOJDKHBI OBITh W3MEPHUTEIBHBIM aHAJIOTOM CHCTEM
oOHapy)XeHHs. Y4eT XapaKTepHCTHK aKBAaTOPUH (BOAHOTO CJIOS M JIHA) U MX Ka-
TOpOBKa OJDKHBI OBITH TPeycMOTpeHbl. HopMupoBaHue, JOIKHO COMPOBOXK-
JIaThCsl OLICHKAMHU MPUEMIIEMOTO PHCKA M, BO3MOXKHO, JOJDKHO OBITH CBS3aHO C
Pa3IUYHBIMYA BapHAHTAMU CHCTEM OOHApYKEHUS.
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Paccmompen memoo oyenxu 2nyOuHvl UCMOYHUKA 38VKd, OCHOBAHHBII HA
unopmayuu 06 omHouLleHUU AMIAUMYO COCEOHUX MOO 801HO8020 noJisl. Ilpuse-
OeHblL pe3yIbmamyl 8bIHUCTUNETBHO20 U HAMYPHO20 HKCNEPUMEHMOB.

B kauecTBe oOlLIEHKH FJ'Iy6I/IHI)I HUCTOYHMKA Zg NPUHHUMACTCA BECIMYHWHA V,
orpeaciiieMas peiCcHUEM YpaBHCHUS

. |\Vm(V' fO)\Vm(Zq'fO)

Ymn = : ey

v, v v, (24 fo)
30ech Yon = Am(r)/A,, (r) — oTHOIIIEHKWE aMIUIMTY1 MO HOMEPOB /7 U 11 B TOY-
Ke TIpHeMa Ha TITyOuHe Z,, yJaleHHOH Ha PacCTOAHWE T OT UCTOYHMKA; fo —

OTIOpHast 4acTOTA CTEKTPa MPUHATOTO CUTHaNa; ¥, (z) — cobcTBeHHas GyHKIUs
m-i Mozibl. BBenem dyukmmio O, (v)
D (V) = 0,00 (V) = Yo, (2)
o (V) = Wm(V'fO)Wm(Zq'fO). 3)
m Wn(V:fo)\Vn(qufo)

Pemiennem ypaBuenus (1) sSIBISIFOTCS 3HAYCHUsI V = V', TPU KOTOPBIX BBIPAKEHHUEC
(2) obpamaercs B HyJb, @, (V') = 0. Pemenue Heonnosznaunoe. s uzdasie-
HUSI OT HEOIPEACICHHOCTH CJICAYET BBIOJIHUTH COBMECTHYIO OICHKY TJTyOHHBI
JUTS. Pa3HBIX Tap OT(GHIBTPOBAHHBIX MOJ OJHOW WJIM pa3HBIX IOJOC CHTHAJA.
Kaxxmast Takass komMOuHaIust OyJeT Coep:KaTh OJHO IMPAaBUIIbHOE 3HAYCHUE, a
OCTaJIbHbIE — JIOKHBIE. JIJIs1 OIIEHKHU TITyOUHBI CJIeIyET BHIOpATh 3HAYEHHE V' = V,
KOTOPOE SIBJISIETCS OOIIUM JIJIsl BRIOpaHHBIX kKoMOuHalwii [1]. [Ipowmutoctpupyem
3G GEKTUBHOCTD MPEJIOKEHHOIO AITOPUTMA Ha MPUMEPaX BBIUHCIUTEIHLHOTO U
HATYPHOTO SKCIICPUMCHTOB.
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CropocTe, mig

Paccmorpum MOJIENbHBIH TOPH30HTAIIBHO- ues w0 rs ti0ves
OTHOPOIHBIN BoNmHOBOA riryomHoit H = 120 M ¢ morio- =
IAOIIUM KUAKUM OJHOPOIHBIM JHOM: OTHOIIEHHUE IIOT-
HOCTH TpyHTa U BOJbl — 1.8, KOMIUJIEKCHBIA MOKa3aTeib
npernomiennss — 0.84(1 4 i0.03). Ilpoduns cropoctu .
3ByKa TOKa3aH Ha puc. 1. [myOmna nucrounnka zg = 47 M, 0
npueMHuka — z, = 60 M, paccrosuue — r = 7 kM. [Tonoca 2
crnekrpa 160—180 I'u. Onopuas wacrora f, = 170 I'u.

)
-60)

FryGne,

Puc. 1.

Ha puc. 2 npuBeeHbl 3aBUCKMOCTH HOPMUPOBAHHON orubaromieil curuana &
OT BPEMCHHU T TPU PA3IUYHBIX 3HAUCHHSX BXOJHOTO OTHOIICHHS CUTHAJ/IIYM ¢
(o0 MOIIHOCTH), TOJy4YEeHHbIE B pe3yjbrare npeodpasoBaHus Dypbe crekrpa.
ITyHKTHpOM OTMEYEHBI BpeMeHa paclpoCTpaHeHus T,, mon. [loa uzmepsemoi
AMIUTHTYIOM M-I MOJIbI TOHUMAeTCst BeauuuHa A, = &(T,,). Janee orpannunm-
Csl paCCMOTpPEHHUEM JBYX KOMOMHAINH cocenaux mox: (6, 7) u (7, 8). OTHOmIEHHE
AX aMIUIUTYA: WCTUHHOE yfgzm ) = 0.14,0.99, mno orubaromel curHaga

Ym(n+1) = 0.45,0.77 (puc. 2) cootBeTcTBERHO 11 MOJ (6, 7) 1 (7, 8).
5 146 8 10 12 E 146 8 10 _ 12

T T 1.0

L - . L L
8 53 54 47 4. 49 50 51 52 53 54

T ¢
©)
Puc. 2. 3aBucumocts &(T): (a) g = o0; (6) ¢ = 1072,
Ha puc. 3 mnpexacrariensr 3aBucumocTu (yHKImH (2), oOpe3aHHBIC Ha
ypoBHE D11y (V) = 5, IpH pasIMUHBIX ypoBHAX IIyma. [TyHKTHPOM MOKa3aHBI
3Ha4YeHUs PYHKINH, OTBEHAIOIIHe TIIyOnHe MCTOYHWKa zZ; = 47 M. Kak BumHO,

m(m+1) d>m(m-c-l)

020 40 80 80 100 120 020 40 60 80 100 120
vV, M v, M
(@) (6)
q’rn(rrur:) 0"‘(”'4‘1)
4t : 4 1
] I 2 |
%26 a0 B0 80 100 120 %20 40 0 80 100 120
v, M v, M
(B) (r)

Puc. 3. 3aBucuMocTh @y 141)(V): m =6 (a,6); m =7 (B,7); ¢ = © (3, B), ¢ =
1072 (6, r).
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MOBTOPSIIOLIUMHUCS SIBJISIFOTCS] 3HAUEHUSI B OKPECTHOCTAX V =47 MU vV = 62 M, U3
HUX MEPBOE SIBISETCS JOCTOBEPHBIM, & BTOpPOE — JIOXKHBIM. OmHOKN B orpezere-
HUHM OTHOIICHUS aMIUIUTY] COCETHHUX MO, OOYCIIOBIICHHBIC HAJIOKCHHUEM HM-
MyJTBCOB U BKJIAJIOM IITyMOB, HE3HAYUTEIIFHO BIUSIIOT HA OIICHKY TIYOMHBI HCTOY-
HUKA, YTO CBHJCTEILCTBYET 00 YCTOWIMBOCTH aNTrOPUTMA.

JUis  He3aBUCHUMBIX CIYYaWHBIX peadu3anuil pe3yibTaThl BBEIOOPOYHOTO
YCpeAHEHUs OIIEHKU TTyOMHBI IpUBEACHH Ha puc. 4. J{1s ynoOcTBa BOCIpUATHS
Mo ocH abCIUCC OTJIOKEHA BEIMIMHA \/E =1/ ﬁ Bospacranme mryma npuBo-

JIUT K YCTAaHOBMBIIMMCSI 3HAUEHHUSIM CTATUCTHMUYECKUX XAPaKTEPUCTHUK OLEHKU V
NIyOWHBI UCTOYHUKA (ITyHKTHP). OCHIUAINN CPEIHUX BBIOOPOYHBIX 3HAYCHUH
00yCIIOBJICHBI KOHEYHBIM O0BEMOM BBIOOPKH. Pe3ynbTaThl MOAEIMPOBAaHUS CO-
IJ1acyIOTCSl C TEOPETUYECKUMU OLieHKamH [ 1].

Oy, M
2.0F

50 100 1 %o 200 c0 5‘0 100 1%0 200

g,, M

3.0 T T T

2.0

1.0

n L L "
0 50 100 150 200 50 100 150 200

Vg Vg
(8) (r)

Puc. 4. 3aBucumocTh CpemHEl OLEHKH TIYOMHBI V M CPeIHEKBAIPATHIHOTO OT-
KJIOHEHHUs] O, OT BEJTUUUHBI \/E : (a, ©6) mogsI (6, 7); (B, T) Moasl (7, 8).

OKcIepUMEeHT TPOBOAMIICS B aKBATOPUH MOPCKOT0 3ajuBa THX00KEaHCKOro
menbda: rmyouHa 53 M, paBHOMEPHBIA MPOQHIL CKOPOCTH 3ByKa. M3imydarens
pacronaraics Ha rTyOuHe Zg = 15 M, OIMHOYHBIH IPUEMHUK — Ha MIyOMHE Z, =
52 wm, paccrostane v = 10 kM [2]. OTHOmIeHHe curHan/mym q = 29.2. Anannsn-
poBanack nonoca usnyuerusa 190-210 I'u, vactora f, = 200 I'n.

Ha puc. 5 MpUBCJICHAa HOpMHUPOBaHHAaA OFI/I68.IOIII8.$I & IMPUHATOIO CUTHajia OT
E 123 4 5 E 123 4 5 E 123 4 5

1 T T T 1F T 1 T

0.8}
0.6}
0.44
0.2

0.8
0.6
0.4

0.2}

.7 E.é 75.9 '{[ g.‘ 72 73 74 7 63 -8.9 7t g.1 TZ TR T4 .7 55 5‘9 'I’T gl‘l 7.2 7‘,3 74
(a) (©) (B)
Puc. 5. 3aBucumocts £(T): (a) ¢ = 29.2; (6) ¢ = 1072; (B) ¢ = 107
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BPEMEHH T MPH PA3TNIHBIX 3HAYEHUAX BXOAHOTO OTHOIICHUS CUTHAI/IIYM ¢. Jlyis
MIPOBEPKH MTOMEXOYCTOMYMBOCTH aJTOPUTMa MpH 00paboTKe MOOABISIICA MIYM.
ITyHKTHpPOM OTMEYEHBI BPEMEHa PAclpOCTPAHEHHUS T,, MOJ. YBEJIMYEHHE MIyMa
COIPOBOXKIAET POCT MCKaKEHUH Ormoaromieil curHaia, 4To MPUBOJIUT K BO3pac-
TaHMIO OMIMOKH B M3MEPEHHH OTHOILEHHUS aMILTUTY I MOJI.

Puc. 6 nemoncTpupyet noseaeHue GyHKuu (2), oopezanHoi Ha yposae 0.5,
Juisl KoMOuHanmii HomepoB Mo/ (3, 4) u (4, 5) npu pasIUUHBIX YPOBHSX IIIyMOB.
[TynkTHpOM TOKa3aHbl 3HayeHUs (DYHKIUH, OTBEYAIOIINE TIyOWHE HCTOYHHKA
zs = 15 m. [loBropstronyecst pemenns: ypaBHeHHs (2) cOCpeaOTOUCHBI B 001aCTH
v=15mu v = 15 m. Kak u B cirygae BEIYUCIUTETHHOTO SKCIICPUMEHTA, OIIHO-
KA WM3MEPEHHs OTHOIICHWS AaMIUINTYJ OT(WIBTPOBAHHBIX MOJ, BBI3BAHHBIC
HaJIOXKEHUEM HMITYJIbCOB U HAJIMYUEM IIIYMOB, HE3HAYUTENILHO BIMAIOT Ha OLECH-
Ky TJIyOMHBI MCTOYHMKA. Hampumep, npu Bospactanuu myma B 3.4x10% pas ciy-
YJaifHOE OTKJIOHCHHE OIIEHKH V OT ITyOMHBI HICTOYHUKA Z; HE ITPEBBIIIACT 3 M.

®m(nM-l)

D1y

mm(m{-l)

0 10

20 30 40 50

010 20 30 40 50

V, M

(©)

v, M

(8)

mm(mfl} ¢rrl(m-l—l)

0 10 20 30 40 50 %76 20 30 40 50 0 10 20 30 40 50

® ) ©

Puc. 6. 3aBucumMocth @41y (V): m =3 (a, 6, B); m = 4 (1, 1, e); ¢ = 29.2 (a,
;g =102 (6, 1); g = 107* (3, ).

PaGora BBITONTHEHA TMPH YACTUYHON TMOANEPKKE MPOTPaMMBI (pyHIaMEH-
TanbHBIX uccinenoBanui Otaenenus ¢usndeckux Hayk PAH «®Dynnamenrtans-
HbIE TIPOOIEMBI aKyCTUKH UCKYCCTBEHHBIX M MIPUPOIHBIX CPEI.
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UHTEP®EPOMETPUYECKHUI METO/ OIIEHKH CKOPOCTH
HNCTOYHUKA 3BYKA B OKEAHUYECKOM BOJIHOBOJIE

HayuHbIii IeHTp BOJHOBBIX HccienoBanuii MHCTHTYTa 0011eH hU3nKH
uM. A.M. Ilpoxoposa PAH

Poccus, 119991 Mocksa, yi. BaBunosa, 1.38

Ten.: (499) 503-8384; dakc: (499) 135-8234, E-mail: kumiov@yandex.ru
'BOpOHEKCKHUI TOCY1apCTBEHHBI YHUBEPCUTET

Poccus, 394006 Boporex, YHUBEpcUTETCKAS TI1., 1. 1

Tem.: (4732) 789-748; ®dakc: (4732) 789-755, E-mail:
pereselkov@yandex.ru

PaCCMOWlpe‘Ha nomexoycmo[tlmeocmb aneopumma no OyeHKe pa@uaﬂbnoﬁ
COCWICI@JZ)ZIOW&‘MV CKopocmu uUcmo4YHuKd 36yKd, OCHOBAHHO20 HA qu)opmaL;uu o
Yacmoniiblx CMeuleHUAX meequepquuOHHbzx MAKCUMYMOB NOJIA. Hpu@e()@Hbl
pe3yivmamosl meopemuidecKkoeo aHaiu3d, bl4UCIumenbHoco U HantypHoeco dKcne-
pumenmoe 6 obnacmu HUZKUX YaCmOmM.

VCTOYHMK IBWKETCS II0 IIpsAMONMHeinoi
TPAaEKTOPUH TIOJ YTJIOM (P K OCH X CO CKOPOCTHIO
v. CurHan Ha (OHE MOMEeXU MPUHUMAETCS MPH-
emHUKoM Q. ITonmoxeHue HCTOYHMKA 3ByKa Ha
MOMEHT BpeMEHHU t; — Sj,j =1,2,...,], paccros-
HUEC MEXIY MPUCMHUKOM WU MCTOYHHKOM Ha MO-
MEHT t; — 7. (puc. 1). Hauano nabmonenns ¢, =
0, Bpemst HaOmrozienns t; = T.

)

QI n S x
Puc. 1. 'eomeTpus 3agaun.

[Ipu ABMKEHUM MCTOYHMKA 3BYKa Ha IUIOCKOCTH BpeMs—4acToTa MHTepde-
PEHIIMOHHAs KapTUHA MPOSIBIISIETCS B BUJIE JJOKAIN30BAHHBIX MOJIOC MAKCUMYMOB
CICKTPATbHOW MHTCHCHUBHOCTH. 3a BpeMsl HAOIFOICHUS TIPOBOUTCS HAKOIUICHUE
CUTHAJIA TI0 PA3JIUYHBIM HATIPABJICHUSM H Pa3HBIM YaCTOTaM B IpeeliaX IMIAPHHEI

nHTep(depeHINOHHOH rojock!. [loroxeHne ri1aBHOro MakcCUMyMa (yHKIIMOHAA
T f(©)+Af2/2

ow)=[ [ wepldur, ()

0 f(O)-Bf2/2
T.e. max®(v,) = O(u), peaau3yoOIIEro TPAeKTOPHOE HAKOTUICHUE, TIPUHUMAETCS
3a OLICHKY # PaIHAIbHON COCTAaBISIONMIEH CKOPOCTH U, = vCos®. 3aeck w(t, ) —
peanm3anys CUrHaia u nomexu; Af, — mmpuHa HHTEPPEPSHIIMOHHON ITOJIOCH;
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() = + B v.t/ry, Q — HonoKeHHe HAOIIOIAEMOr0 MaKCHMyMa B MO-
MEHT BpeMEHH t;, B — MHTepPepeHIHMOHHBIA HHBapuaHT. Eciu MakcuMyM ¢op-
MUpYETCs MPU HAaKOIJICHUH BJOJb MPSIMOJIMHEHHBIX WHTEP(EpPEeHIIMOHHBIX I10-
JIOC, €TO TOJIOKEHHE MPUXOANTCS Ha 3HAUCHHE PaHaIbHON COCTABILIIONMIEH CKO-
pocTh. VICKpHBIIEHHOCTBIO TTOJIOC MOKHO ITpeHeOpeub, eClii pacCTOsIHUE P, MPo-
XOJMMOE UCTOYHHKOM 32 BpeMs HaOIIOICHHS, YIOBICTBOPSET YCIOBHIO

p K 1ycos@/sin?@. )

[Mox momexoycToWYMBOCTRIO O anropurma OyAeM MOHHMATh OTHOIICHHE
CHUTHAJI/TIOMEXa ¢ TI0 MOITHOCTH Ha BBIXOJIC TPACKTOPHOTO HAKOIUICHHUS K OTHO-
IIEHUIO CUTHAI/TIOMEXa ¢, TI0 MOIIHOCTH Ha BXOJIe MpUeMHUKa, 0 = q/q,. [Ipn
TPaeKTOPHOM HAKOILICHUH BIOJIb HHTEPPEPEHIIMOHHBIX MTOJIOC

0 =BJ/W, 3)
rae W u B — 4ucio uHTepEepEHIIMOHHBIX 0JI0C 3a BpeMs HaOmoaeHus T U uxX
YHCII0, 1I0 KOTOPBIM NPOBOIUTCS HakoruieHne, B < W. Ecin npuMensiercst ropu-
30HTaJIbHAS JINHEHHAsI aHTEeHHA U3 / IPUEMHHUKOB, TO IOMEX0YCTOHYNBOCTh

6 =1I1BJ/W. 4)
3aMeTuM, 9TO TPaeKTOPHOE HAKOIUIEHUE BIOJh WHTEP(HEPEHIIMOHHBIX MOJIOC SB-
nseTcs “KOTepeHTHBIM™ IO OTHOAIOIIeH CIEKTPaTbHBIX MaKCHMyMOB, a Tpa-
€KTOPHOE HaKOIJIEHUE TI0 JPYI'HM HAIpaBICHUSIM — ‘‘HEKOrepeHTHbIM . BXxo/iHbIe
OTHOIIICHHS CUTHAJ/TIOMeXa (y, 00yCIOBIMBAIOIINE “KOTEPEHTHOE TPACKTOPHOE
HAKOIIJICHHWE, U TEM CaMbIM JalOIINe aJeKBaTHYIO OICHKY paJgHaibHOIl cocTaB-
JISIOIIEH CKOPOCTH, OLIEHUBAIOTCS KakK
>q) = w >q) > w 5
Q=40 =z, 90240 = ()
JUTS ONMHOYHOTO NMPHEMHHUKA M aHTEHHBI COOTBETCTBEHHO.

Ilpu 3HaveHHsAX (o < qy TPACKTOPHOE HAKOIUICHHWE OCYIICCTBISIETCS B
HAPABJICHUsX, ISl KOTOPBIX MOIYJb YrioBoro koddduimenra |k| — 0, uto
NPUBOIUT K cHIKeHuio |u|. B mpemensroM ciydae || = 0, qo = qq, oleHka
u = 0. [Ipu nampHelIIeM NOBBIIIEHMH IIOMEXH HAMpPaBICHUS TPACKTOPHBIX
HAKOTICHHH MOYKHO CUHTATh PAaBHOBEPOSTHBIMH, BEMYHHA U (DIYKTyHPYET OT-
HOCHTENIFHO CpeIHero 3HaueHus U = 0 U cpeTHeKBaApaTHIHOE OTKIOHCHHE

o, = 2|v|/V12, (6)
rae |v| — MakcuManbHOe 3HAYCHHE apHOPHON CKOPOCTH.

[Ipu MomenMpoBaHUN HCIOIB30BAJICS TOPU3OHTAIHHO-OAHOPOIHBINA BOJHO-
Boa riryounoit H = 200 M ¢ mOCTOSHHOW CKOPOCTHIO 3ByKa 10 Timy6une. [ry0u-
Ha oauHo4HOro npuemHuka 100 M. Mcrounuk Ha rioyOuHe 70 M CO CKOPOCTBIO
v = 5 m/c mBurancs nox yriaom @ = 60°, paccrosaue r; = 5 km (puc. 1). Bpems
HaOmonenuss T = 200 c, yncno BpeMeHHBIX oTcueToB | = 20. MozensHOe 3Ha-
YEeHUE paJuajbHON COCTABILIIONIEH CKOPOCTH v, = 2.5 m/c. TpaekTopHOe HaKoI-
JICHUE MTPOBOAMIIOCH BJIOJIb OJIHON MHTEPEPEHIIMOHHOM TTosIockl, B = 1.

CiydaiiHble peann3alii HOPMHPOBaHHOHM nHTepdeporpammsl U (QyHKINH
®(v,) (1), T.e. D(v,), H306paxeHs! Ha puc. 2. BepTHKATBHBIM MyHKTHPOM OTMe-
YEHBI MOJI0XKEHHS TJIaBHOTO MakcuMmyMma. [lpu “korepeHTHOM’ HakoruieHUH (a, 0)
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TJIaBHBI MaKCHMyM pAacHoOJOXeH B Touke v, = 2.6 M/c (1, m). IlorpemHocts

|v, — v,| = 0.1 m/c obycroBnena HapyieHneM HepaBeHcTBa (2). [Ipu manbHei-

IIeM YMEHBLICHH! BXOJHOI'O OTHOLIECHUs CUTHAJ/TIoMexa (B, €) IIaBHBII MaKCH-

MyM peeztgumyeTCﬂ MIpH “HEKOT'ePEHTHOM ’ HaKOIUICHUU.
- - 200 ———— -

o 570 Y0 =0 5070 Jo 5.0 @ 10

0 0 0 5
V., W V., Mlc V., Mic

®) W (©
Puc. 2. Unrepdeporpamma (a, 6, B)) u ¢pynkuus P(v,) (T, 1, €) npu pasinuaHbIX
3HAYEHHUAX (y: qo = 102 (a,T); g = 1072 (6, n); go = 4 X 107* (8, e).

sl HE3aBUCUMBIX CIIy4YalHbIX peaju3aluil TPaeKTOPHOI'O HAKOIUIEHUs pe-

3yJIBTaThl BEIOOPOYHOTO YCpEeIHEHUs! MpuBeaeHbl Ha puc. 3. J{is ynobcTBa Boc-
OPHUATHS TI0 OCH abCIHCC OTIOKEHA BENMUYHHA /gy = 1/./q,. “KorepentHoe”
TPaeKTOPHOE HAKOIUIEHHE COXPAHseTcs 10 3HaueHus ./gg = 10 (gf = 1072).
[pu \/go = g4 = 27.2 (q§ = 1.3 X 1073) cpennee 3nauenue & = 0 u cpeane-
KBaJpaTMYHOE OTKIOHeHHE 0, = 6.6 M/c. CormacHo (5) u (6) umeem gy = 1072
(W =4)uo, =58wm/c(v=10m/c).

i, M/c Oy, M/C
T T T T T T T 75
3.0p E seves 4 _
[ovne oo oo Puc. 3. 3aBHcm\focrb cpexn
20L e, E 20 o HETr0 3HAYCHMUsS U U CpeIaHE-
1.0k % ] i i KBaJIpaTUYHOI'O OTKJIOHEHUS
g - 4 0, OILIEHKH CKOPOCTH UV, OT
o "seseed .."
st iy
010 2030 40 50 08620 36 40 so  BCJIHHYHHBI \/Jp.
V4o o

DxcnepuMeHT npoBoauics B 2004 T. B akBaTOpUM MOPCKOTO 3aiuBa Tuxo-
OKEaHCKOro Ielb(a, yianeHHoi oT Oepera Ha paccrosiHue oonee 20 kM. ['myou-
Ha 53 M, paBHOMEpHBIIl MPOQHIL CKOPOCTH 3ByKa. VICTOUHMKOM 3BYKa SIBIISLICS
OyKkcupyeMmbli Ha TIyOnHe 15 M mHeBMaTH4ecKuit n3mydarenb. CKOpocTs OyKcH-
poBku v = 1.7 m/c, nepuoanunocTs m3nydenust 6t = 30 c [1]. Curnansr npuHn-
MaJliCh OJMHOYHBIM NPHUEMHHUKOM. M3mydatenb u3 TOUkH S; OyKCHpoOBaiCs B
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CTOpOoHY mpueMHHKa @, paccrostaue 17 = 10 xm (puc. 1, ¢ = m). [Ipu omenke
CKOPOCTH OYKCHPOBKH ITHEBMOMCTOYHHKA MCIIOIB30BAJICS (D)PAarMEHT JUTUTEITBHO-
cteio T = 12 MHH Ha Ha4aJbHOM y4acTKe TpaeKkTopuu S;(Q. HopmupoBaHHBIE
unTepdeporpamMmsl 1 QyHKIMH ®(Vv,) HpH PasIHUHEIX BXOTHBIX OTHOIICHHAX
CUTHAJI/TIOMeXa @, NpeACTaBIeHbl Ha puc. 4. B skcnepumente g, = 29.2 (a, 1).
JIns poBepKHM TTOMEXOYCTOHYMBOCTH alTOpHTMa Ipu 00paboTKe H0OaBIsIacCh
nomexa. Bemnmunmna o = 1.6 X 1073 npuOIM3MTENbHO paBHA TIPEIETBHOMY
3HAYCHHIO (), KOT/Ia CIIe TOMYCTUMO “KOTePEeHTHOE” TPaeKTOPHOE HAKOILICHHE
(6, m). [To maHHBIM ajqropuT™Ma OIleHKa ckopoctn U = —1.7 m/c (T, 1), T.e. coria-
cyercs ¢ onbITHBIM 3HadeHuneM. CormacHo (5), momaras W =B =1 u
J=T/8t =24, umeem q{=1.7X% 1073, uro ONM3KO BKCIEPUMEHTAIBHON
ouenke gy = 1.6 X 1073,

12

R R e e e L e e e s e

*y *3 c *3

(r) (m) (e)
Puc. 4. Unrepdeporpamma (a, 6, B)) u pyrkuus P(v,) (r, 1, €): qo = 29.2 (a, 1);
qo = 1.6 x 1072 (6, n); qo = 10™* (B, €). BepTUKaIbHBIM MyHKTUPOM OTMEUEHbI
TMIOJIO’KEHHSI TIIABHOT'O MaKCUMYyMa.

Pabota BeIoHEHa TIPH TOAIEPIKKE MTPOTrpaMMbl (DyHIaMEeHTalIbHbBIX HCCIIe-

noBannii Otnenenus usudeckux Hayk PAH «®PyHnameHTanbHBIE TPOOIEMBI
AKyCTHKH UCKYCCTBEHHBIX U TIPUPOJIHBIX CPEI».

JUTEPATYPA

1. benos A.1., Ky3uenos I'.H. OneHnka myMHOCTH JBMXKYIIUXCSA UCTOYHU-
KOB Ha OCHOBE MICHTH(UKAINU aKyCTHIeCKOW MOJIEII MOPCKOTo JiHa //
Axyct. xypH. 2013. T. 59. Ne 6. C. 722-734.
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I'.H. Ky3Henos, A.A. JlyHbKko0B

OTKJIMK T'OPU30HTAJBHOM BEKTOPHO-CKAJISIPHOI
AHTEHHbBI B MEJIKOM MOPE

Wucruryt obmeit pusukn uM. A.M. IIpoxoposa PAH
Poccus, 119991 Mocksa, yi. BaBunosa, 1. 38

Ten.: (499) 503-8384; dakc: (499) 135-8234;
E-mail: landr2004@mail.ru

C npumeHeruemM YUCIEHHO20 MOOCTUPOBAHUS HA Oaze MOO0BOL meopuu npo-
6edeHa oyenka IPOeKmusHoOCmU UCNOAb308AHUS. JIUHELIHOU 20PU30OHMATbHOL
BEKMOPHO-CKANSIPHOT AHMEHHbL OJIsl NeNEH208AHUS WUPOKONOIOCHO20 UWYMOBO2O
UCOYHUKA 68 METKOBOOHOM aKYCMUYeckoM 601H0600e. [Ipednodcen u ucciedo-
8aH MemOoO POPMUPOBAHUsL OMKIUKA AHMEHHbI, OCHOBANHBIL HA HAKONIEHUU CU2-
HANa moabKo 6 30HaX UHMEPPEPEHYUOHHBIX MAKCUMYMOSB 36YKOB020 NOJIAL C YUé-
mom 3¢ppekmueroll Ppazoeoil ckopocmu. Pacuémel evinonnenst st 601HO800A ¢
nOCmMosIHHOU ckopocmuio 36yKa. [lokazano, umo npumenenue pazpabomaniozo
Memooa HApaeHe ¢ AanleoOpUmmMoM, UCHOIb3VIOUWUM 00pabomky KO8APUAYUOHHOT
Mampuywl, nOSblulAem KOHMPACMHOCMb OMKIUKA U obecnevueaem 0O0HO3HAY-
HOCMb NENIeH208AHUSL.

[leneHroBanme MCTOYHUKOB INHMPOKOMOJIOCHBIX CHUTHAJOB C NMPHMEHEHHEM
TOPU30HTAIBHBIX BEKTOPHO-CKANSIPHBIX aHTeHH (BCA) — 3TO akTHUBHO pa3BHUBa-
fomtascsa o0NacTh B cOBpeMeHHON ruapoakyctuke [1,2,3]. Mcmons3oBanue obpa-
0OOTKHM B HMIMPOKOI! MOJIOCE COBMECTHO C aHAJTM30M CHUTHAJIOB Ha BEKTOPHBIX KaHa-
JIaX SBJSICTCS] KPUTHYHBIM B CITydae, KOr/ia HCTOYHUK 3ByKa UMEET Malyt0 WHTCH-
CHUBHOCTB. B pabote paccmarpuBaeTcsi BOIIPOC BBIOOPA ONTUMAIFHOTO AITOPHTMA
dhopMupoBaHHs IWAarpaMMBbl HAMPABICHHOCTH B YCIOBHSX H30TPOITHOTO IO
(hOHOBBIX ITOMEX.

Cxema YHCICHHOTO MOJCIMNPOBaHUA MMOKa3aHa Ha puc. 1. J{is pemenus 3a-
JIauM UCIOJIb3YeTCsl KaK IMIHMHIpUUecKas cuctema koopauHar (r,d,z), Tak u
JekapToBa (X,y,z), o0liee Hayajio KOTOPBIX PACIIOIOKEHO Ha BEpXHEH rpaHulle
BOJTHOBOZA (CBOOOJHON TOBEPXHOCTH) HEMOCPEACTBEHHO HAJl IIEHTPOM IMPHUEM-
Holi aHTeHHBI. B cmyuae BCA Ha kKaXIIoM ee 3JIeMeHTe PEeTUCTPUPYETCS 3ByKOBOE
JTABJICHUE p, a TAKXKE J[BC FOPHU3OHTAILHBIC MPOCKIIMUA KOJICOATEIIBHON CKOPOCTH
Viu V, Ha ocH x U y, COOTBETCTBEHHO.

[IpencraBuM BEKTOp NPHUHUMACMBIX AHTCHHOW CHTHAJIOB, OTBEYAFOIIUX
HEKOTOPOIl 4aCcTOTe Wy M HEKOTOPOMY HCTOYHHKY IITyMa B TOUKeE Ty = (75, &g, Zg),
B BUJIC
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U(wg; 1) = [pl,...,p],pchl,...,pch ,pchl,...,pch,],
I7ie p — IVIOTHOCTH BOJIBI, C — CKOPOCTH 3ByKa B BOJE, J — 00IIee YUCIIo IpHeM-
HBIX aneMeHToB BCA. Jlns ckamsipHoil anteHHBI (CA) BekTOp OyJeT cocTosTh
TOJIBKO W3 MEPBBIX J SJIEMEHTOB.

Jus popMupoBaHUS OTKIMKA aHTCHHBI B 3aJJaHHOM HAIpaBICHUU OyaeM
MIPUMEHSTH CIEAYIOIINE alTOPUTMBI, 0000IMIEHHBIE Ha CITydail CHTHAJIOB B IIHPO-
KOH 1moJioce:

1. Meron baptierrta
B(wy, ) = W(wy, §)U(w; 75,
bgar(d) = Xkl B(wy, ).

Jlnst TuHEelHON aHTEeHHBI, 3JIEMEHTHI KOTOPOW PacIooKeHbl B TOYKAX C IeKapTO-
BEIMH KOOpAMHATAMH (0, Vi za), BBIP@KCHUE JUI CKaHMUPYIOMIETO BEKTOpa
W(wy, ¢), nmeer BuI:

W(wy, ) = [exp(iowyy; sin /cefr ), ., exp(iwyyy sin /Cegr),

cos ¢ exp(iwgy; Sin @ /cefe) , .., Cos G exp(iwyy; sin ¢ /cefr),

sin ¢ exp(iwyy, sind /ceff) , .., Sind exp(iwky] sin § /cefr)]-
B mpuBeICHHOM BBIPAKECHUHU Coir — O dexTuBHas daszoBas ckopocth (DDPC) B
BOJTHOBO/IE, KOTOpast 00bIYHO Ha 3—15% Oosblire CKOPOCTH 3ByKa B BOJHOM CIIOE€
[4].
2. Merton baptnerra ¢ cyMMHpOBaHHEM TOJBKO IO TEM 4acTOTaM, Ha KO-
TOPBIX HAOIIOIAIOTCS MaKCUMyMbI pactpenenenus B(wy, ¢). [penmonaraercs,
YTO B ciTydae cOopa SHEPTUH CHUTHAJA TOJBKO B 30HAX MAKCHMYMOB YBEIMYHABA-
€TCS OTHOIIIEHUE CUrHa/moMexa [5].
3. AnropuT™M Ha OCHOBE 00pabOTKH KOBapHAIMOHHOW MAaTPHIIEI [6]

beu(d) = |Zk2i2j>i (VVi*(wkv PV (wy, CI))) (Ui*(wkv P)Uj(wy, ¢))|-
OTMeTHM, 4TO B 9TOM CIy4ae BEJETCS KOTepPEHTHOE CyMMMPOBaHHE B PaccMar-
PHBAEMOM YaCTOTHOM JHAMa30He.

Bua ceepxy

Jlunefinas aHTeHHA

/

LIymosoil
HCTOYHIK
[ -

Puc. 1. Cxema YUCIIEHHOTO 3KCTIEpUMEHTA.
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1L

05

N T e -An*‘awwj e,
-150 -100 -50 50
Hanpaaneﬂne‘ o

Puc.2. OTKIVK aHTCHHBI NP PA3IHYHBIX aJTOPUTMAX 00PaOOTKHU: CILIOII-

Has nuHUs — Mmeton baprtnerra mis CA, wtpuxoBas — meton baprmerra st

BCA, mrpux-nynktupsas — ains BCA, paccuntaHHas Ipu HaKOIUIEHHH CUTHaIa

B 30HaX MHTEP(EPEHINOHHBIX MaKCHUMYMOB, MyHKTHpHas — musi BCA, paccun-

TaHHass C WCIOJH30BAaHMEM  KOBapHAIIMOHHOH  MaTpuipl.  OTHOIICHHE
curHai/momexa pasao —20 nb.

Hanpaenexue, ©
Puc.3. To ke, 9TO ¥ HA PUC. 2, HO JUI OTHOIICHUS CUTHAI/ToMexa —25 1b.

UncieHHOE MOJETMPOBAHME BBIMOIHEHO JUISI MEJIKOBOJHOTO BOJHOBOA
rmy6unoit 200 M, TunmuHOorOo U bapenienBa mops. CKOpocTh 3ByKa B BOIHOM
cll0€ ¢ MPEAIoJIaracTcsi MOCTOSHHOW 1 paBHOU 1465 m/c. J[HO paccMmarpuBaeTcst
KaK OJIHOPOJHOE >KUJKOE ITOIIONIAIONIEe MOTYIPOCTPAHCTBO CO CIEAYIOIUMHU
napaMeTpaMu: CKOpocTh 3Byka ¢; = 1800 m/c, toTHOCTh p = 1800 Kr/™M?, K03(]-
(unMeHT MOTJIOIEHUS 3ByKa B JIHE, OTHECEHHBIH K /utnHe BoyiHBI By = 0.33 nb/A.
IIpocTpaHCTBEHHO-YaCTOTHOE paclpe/esieHne Mot (OHOBBIX HOMEX 3aaeTcs
M30TPOIHBIM U MOJIEIUPYETCs TaK JkKe, Kak U B [5].

[IpuemHuas nuHeHAs aHTEHHA COCTOMT U3 48 paBHOMEPHO pachpeaeIEHHbIX
aneMeHTOB. CHUTHAIIBI peTUCTPUPYyIOTCa B moioce gactoT 100-300 ' B TeueHne
1 c. Aatenna umeer mmHy 115 M u Tay6may norpyskerust 100 M. OIuHOYHBII
IITyMOBOHM HMCTOYHWK HAaXOIWTCS HAa PACCTOSHUU 5 KM B HampasieHHH ¢ = 60°.
I'my6una ero pacmonosxkeHus paBaa 80 M.

Pe3ynbTaThl MOJIENIBHBIX 3KCIIEPUMEHTOB NIPUBEIEHBI HA pUC. 2 U 3 [UIs ABYX
pa3MyUHBIX 3HAYEHHWH CUTHAJI/IOMeXa Ha OAWHOYHOM IPHEMHHKE 3BYKOBOTO
nmasnenus: —20 u —25 nb. Ilpu otHomenun —20 1b HampaBieHHE Ha IIYMOBOM
UCTOYHMK ompeziessiercst 6e3 ommbok Kak ¢ ucrojib3oBanneM BCA, tak u ¢ mo-
momplo CA, HO BO BTOPOM Cllydae NMPHCYTCTBYET 3epKalbHbIN JienecTok. [Ipn
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CHIDKEHHUM OTHOIIEHHUS CHUTHAJ/TIoMeXa 10 —25 Ab olleHKa IejieHra ¢ MOMOIIBIO
CA u BCA mo anroputmy | craHOBHTCS HEYCTOWYMBOI, B TO Bpems kak BCA
npu 00paboTKe TI0 ANTOPUTMY 2 WITH 3 BCE €IIle MTO3BOIISET KOPPEKTHO OIIEHUBATh
HaTpaBJIeHUE NIPUX0/a IITyMOBOTO CHTHAJIA.

OtmeTuM, 4TO Ha pHC. 2 1 3 I MOTYYCHNST HECMEIIICHHBIX OI[CHOK TesieHra
ucnonb3oBana BeanmuuHa IPC Ha 3% mpeBwIIaomas CKOpocTh 3ByKa B BOJIE.
Ecnu npu mieJieHroBaHMY MCTOYHHKOB MPUMEHSIETCSl BETUYMHA Cp, TO BCE Xapak-
TEPUCTUKU HAIPABICHHOCTH CMEIIAOTCS, @ IEJICHT OIICHUBACTCS C IOTPEIIHO-
CTBIO.

UucneHHOE MOACTHPOBAHUE MTOKA3aJI0, YTO BBITIOJTHEHUE 00PaOOTKU TOIBKO
B 30HaX HHTEP(EPEHIIMOHHBIX MAKCHMYMOB IIPAMEPHO IO IIOMEXO0YCTOHIUBOCTH
PaBHOCWIIHO WCIOJB30BAHUIO KOBapMAIIMOHHON MaTpuilel. O0a 3THX moaxona
MTO3BOJISIOT TIOBBICHTh KOHTPACTHOCTD OTKJIMKA aHTEHHBI. OIHAKO, KaK TIOKa3aIi
pe3yIbTaThl AOMOJHUTEIFHOTO aHANN3a, MPHU JadbHEUIIeM CHIDKCHWH OTHOIIe-
HUS CUTHaJI/TIoMexa (¢/I1 Ha CKaJsIpPHOM IPHUEMHHUKE MeHee —25 1b), riio0abHbIH
MaKCHMYM Ha BbIX0Jie (popMHpOBaTESIsl TUarpaMMbl HAIPABJICHHOCTH pacrosiara-
eTCsl Ha CIlydailHOH yriioBOil KOOpAMHATe — BHE 3aBHCHMOCTH OT BBIOPAHHOTO
aJrOPUTMa TEJICHroBaHusl. J[JIsl MOIyYeHUsI TOYHOTO M HECMEIICHHOTO IeJICHra
Ha MCTOYHHK HEOOXOMMO BBIMOJHHUTH TUTECIHLHOE HAKOIUIGHHE CHUTHaja, oOec-
MEYMBAIOIICe OOHAPYKCHUE CKPHITOM 3aKOHOMEPHOCTH (TIeJIcHra Ha MCTOYHHK)
Ha QOHE CIYYalHBIX QIYKTyarnid ToMeX.
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JILE. Jlelikun
OBb OBHAPYKEHUU BUOAKYCTUYECKUX CUT'HAJIOB

AO «IIHUU «Kypcew, Poccus, Mocka, 105187, yn. Kupnuunas 34a,
del42@mail.ru

Jloknao nocesauen sonpocam 0OHapydiceHUuss OUOAKYCMUYECKUX CUSHANIO8 8
no08ooHoll cpede. Paccmampusaromes HempaouyuorHsle nooxoovl K npoodieme
CuHmesa aneopumma OOHAPYICEHUs, 6 MOM HUCIE CESI3AHHbIE C VIAGTUSAHUEM
OMIUYUTT CIMAMUCIMUYECKO20 PACnpedeietust NOAe3H020 CUSHANA om pacnpede-
JIEHUSL OKPYAHCAIOWe20 wyMd, a makice Memoovl OOHApyiceHus: OuoaKycmude-
CKUX CUSHANIO8 HA OCHOBE BbISIBNIEHUSL UX CNEYUDUUECKUX NPUSHAKOS C UCNONb30-
sanuemM onepamopa paszoeieHus dHepeuu u eeusiem-ananuza. Obcysxcoaromes
pe3yIbmamol CPAGHUMENbHO20 MECMUPOBAHUL MEMOO08 0OHAPYICEHUs ODUOAKY-
CMUYECKUX CUCHAN08 8 ULyMe.

Wntepec k npobiieme oOHApYKeHHs OMOaKyCTHYECKHUX CHTHAJIOB OOYCIIOB-
JICH TIOCTOSIHHO pacTyIIMMH TpeOOBaHMSIMHU K TEXHUYECKUM CPE/ICTBAM, UCIIOIb-
3YEMBIM JUIS PEIICHUs MIUPOKO CIEKTpa HAYYHBIX M MPUKIAIHBIX 3a1ad, CBI3aH-
HBIX C M3y4YCHHEM IIOJIBOJHON (hayHBI, KOHTPOIEM COCTOSHHS MOPCKHX IKOCH-
CTeM, TIPOMBICTIOBOH pa3BeIKOl OMOpecypcoB, a TakKe ¢ pa3paboTKON psaa HO-
BBIX TEXHOJIOTHH. VIcronp30BaHNe MACCHBHBIX METOJOB IPH PELICHUH TaHHOTO
Kpyra mpoOiieM UMeeT sl MPEHMYIIECTB, KOTOPbIe, 3aKII0YaloTCs B OOJbIIEH
(TI0 cpaBHEHUIO C METOIaMHU aKTUBHOHM THAPOJIOKAIINN) JATbHOCTH OOHApPYKEHUS
CUTHAJIOB, B BOBMOKHOCTH MACHTH(UKAIIMU MX HUCTOYHUKOB, a TaKXKe B CHHXKE-
HUH 9KOJIOTHYECKOM Harpy3Ku Ha MOPCKYIO Cpeay.

PazpaboTka rumposokatopa OMOaKyCTHYECKHX CHT'HAJIOB MOXKET OBITh CBe-
JIeHa K PEIICHUIO JIBYX YCIOBHO-HE3aBUCHMBIX 3371ad, OJHA M3 KOTOPBIX 3aKJIIO-
YyaeTcsl B ONTHMH3AlUN TPaKTa NPOCTPAHCTBEHHOW OOpaOOTKM CHTHAJOB B aH-
TEHHOH CHCTeMe, a ApyTas — B CO3MaHUH aJTOpUTMa 00pabOTKH CHTHAIIOB, 0Oec-
TIEYNBAIOIIETO OOHAPYKEHIE OMOaKyCTHYECKUX CUTHAIOB B OKPYIKAOIIEM IITyMeE.
®dopmanpHOE pelIeHue 3aadll CHHTE3a alrOpHTMa OOHAPYKECHHS MOXKET OBITH
HalJIeHO B paMKax CTaTUCTUYECKOM Teopuu MNpoBepku runore3. Ha mpakrtuke,
MONCK TaKOTO PEIICHUS OOBIYHO CBSA3aH C MCIIONb30BAaHHEM YIIPOIIEHHBIX MOJIe-
Je HaOMIOJeHUs, IS KOTOPBIX CTPYKTYpY CHTHAJBHOTO IETEKTOpa YIaeTcs
HalTH B siBHOM BHJe. OCHOBY YNPOIIEHHBIX MOJIENEH, KaK MPaBHUIIO, COCTABIISIET
MIPE/IOI0KEHHE O HOPMAJIbHOCTH CTATHCTHYECKUX pacIpe/IeieHHid CUTHAJIOB 1
(nnm) momex. [yt Takoi MosieNy pelieHne KIacCHYecKoi 3a1aun 0OHapyKeHUs
cUrHaja Ha (oHe OKpYy’KarolMX NIyMOB NPUBOAMT K KBaJpaTHIYHOMY (SHEpreTH-
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YECKOMY) NeTeKTopy [1], TOAKIIOUeHHOMY K BBIXOIY OJOKa KOT€PeHTHOW IIPO-
CTPAHCTBEHHOH OOpabOTKH, NMPHUYEM JAaHHOE PEIICHHE OKa3bIBACTCS ONTHMAlb-
HBIM OJTHOBPEMEHHO TIO IeJIOMY psiay KputepueB dddexkrnBHOCTH [2].

OcHOBHasi 0COOCHHOCTh OMOAKyCTUYECKHX CHTHAJIOB 3aKIIIOYAeTCS B TOM,
YTO OHH, KaK MPaBWIO, HE MOJYHHAIOTCA HOpManbHOMY 3akony [3]. M3-3a He-
MPUMEHUMOCTH CTaHJAPTHOW MOJENU Ul ONUCAaHHUs OMOAKyCTHYECKHX IOJIEH,
KJIACCHMYECKHE IIyMOIIEJIEHraTOpbl MOTYT CYIIECTBEHHO YCTYNaTh B KauecTBe
OoJiee COBEPIICHHBIM THIPOJIOKAMOHHBIM CHCTEMaM, B KOTOPBIX MCIOJIB3YIOTCS
AITOPUTMBI 00pPaOOTKH, CIOCOOHBIE JOTOJHUTENBFHO YUYUTHIBATH PA3INYMsl B CTa-
THUCTUYECKMX CBOMCTBaX OOHApYXKMBAEMOIO CHTHAlla W OKPYXKAIOIIEro IIyMa.
CripaBeUTMBOCTh CKa3aHHOTO IOJTBEPXKIACTCS, B YACTHOCTH, PE3yJIbTaTaMH Iie-
JIoTO psina paboT, B KOTOPBIX OOHAPYKUTENN OMOAKYCTHUSCKUX CHUTHAJIOB CTPO-
ATCs1, HATIPAMEP, Ha OCHOBE BEIOOPOUYHBIX OIEHOK KypTo3uca [3], 1100 ¢ UCIomnb-
30BaHMEM DHEpreTHdecKoro oneparopa Turepa-Kaitzepa [4].

Lenp HacTosiiel pabOThl COCTOUT B MPOBEACHUM CPABHUTEIBHOTO aHAIN3a
3¢ PEKTUBHOCTH PA3IHYHBIX AITOPUTMOB OOpabOTKM B 3adade OOHAPYKEHHS
3aMacKHPOBAHHBIX LTyMaMH OMOAKyCTHYECKUX TPAH3UEHTHBIX CUrHajioB. I[Tomu-
MO KJIaCCHYECKOTO YHEPreTHYecKOro MPUEMHHKA U JETEKTOpa, HUCIIOIb3YIOLIEero
B Ka4yecTBe peliaomiell cratucTiku orneparop Turepa-Kaiizepa [4], Mbl paccMoT-
PHUM J1Ba HETPaAWIMOHHBIX NOAX0Aa K O0OHAPYKEHHIO OMOaKyCTHYECKUX TPaH3H-
SHTHBIX CHTHAJOB. 32 OCHOBY IIEPBOTO M3 JTHX IIOJXOJIOB OyIeT MPUHST KpUTe-
puii Konmvoroposa-CMHpHOBa, KOTOPBIH ITO3BOJISIET YJIABIUBATE J1700ble OTIMIHS
CTaTUCTUYECKOTO PacIIpe/IeNIeHNs TOJIe3HOT0 CUTHANIA OT PACIPEICIICHHUs] MAaCKH-
pyIoIIei MoMexH, M KOTOPHI, B OTIAMYHE OT TecTa [3] HA OCHOBE Kypmo3sucd,
MOXeT 3()(h)eKTUBHO MPUMEHSATHCSA MPH MPOU3BOIGHOM pPACTIPEEICHUH ITOMEXH;
B OCHOBY K€ BTOPOTO MOAXOAa OyJIeT MOJ0KeHa Wjaesl MCIOoIb30BaTh A 00Ha-
PYKEHHsI TPaH3UEHTOB METOAbI BeliBieT-aHanu3a. Posb TecToBOro curxanma Oy-
JIET UIpaTh CUJIBHO 3allyMJIEHHAsl HATypHasl 3allMCh OMOAKyCTUYECKUX CHUTHAJIOB
pBIO cemeiicTBa Pomacentridae.

PesynbTaThl IpOBEICEHHOrO aHalM3a MpeacTaBieHbl Ha Pucynke 1. Ha mane-
nu (S) mokaszaHa peann3alys TECTOBOIO CUTHAJIA MPOJOKUTEIBHOCTBIO TPH Ce-
KyH[Ibl; TECTOBBIH CHTHAJ COACPKHUT LIECTh KOPOTKHX (10 ~25 MC Kaykablii) Ono-
AaKyCTHYECKHX TPAaH3MEHTOB, 3aMACKHPOBAHHBIX QJJUTHUBHBIM OKpPYKArOIHM
IIyMOM C COIIOCTaBMMOW CHEKTPaJIBbHON IIOTHOCTHIO. LIlyM 1 TpaH3MEHTHI JIoKa-
JIN30BaHbI B ostoce 9actoT oT 0 o 3 kI '11.
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Pucynoxk 1 — O6HapyxeHne OM0aKyCTHYSCKIX UMITYJIHCOB B IIIyME.

(S) — peamuzanus curnana, (E) — sHepretmueckuii npuemuuk, (P) — tect Ha oc-
HoBe kputepus Konmoroposa-CmupHoBa, (K) — TecT ¢ ucrnonbp3oBaHueM orepa-
topa Turepa-Kaiizepa, (W) — TecT Ha ocHOBe BeliBieT-aHanm3a, (H) — pesynbrar
00OHapyKEHHs OTIepaToOpOM.

Ha nmanenu (E) BuiHO, 4TO M3-32 MaCKUPOBKH IIYMOM W MajOr0 BXOJHOTO
OTHOIIEHHS CUTHAJI/TIOMEXa, KJIACCHYECKHH SHEPTeTHYECKN MPUEMHHUK HE TI03BO-
T OOHAPYKUTh HU OJHOTO CHUTHAJIA; 37eCh HEOOXOIUMO cpa3y OTMETHTb, YTO
9TH K€ TPAH3MEHTHI 0e30MMO0YHO 0OHAPYKMBAIOTCS YEIIOBEKOM; MOMEHTHI BO3-
HUKHOBEHHUS TPAH3MCHTOB YCIIOBHO Toka3aHel Ha manenu (H). Ha manemu (P)
YCIOBHO TOKa3aHbl MOMEHTBHI CcpabaThIBaHHs OOHApPYKHUTENsl, OCHOBAHHOTO Ha
cratuctuueckoMm tecte Konmvoroposa-CmupHOBa mpu ypoBHE 3HauMMocTH 15%;
Ha PUCYHKE OTYETIMBO BH/HBI JIOXKHbIC CpabaThIBaHUsI U TIPOMYCKH TPAH3UECHTOB,
OOBSICHSIIOIMECS] BHICOKOH YyBCTBUTEIBHOCTBIO TOTO TECTa M, KaK CIEACTBHE,
€ro HeyCTOWYMBOW pabOTOIl; yMEHbIIEHHE YPOBHS 3HAUUMOCTH IPUBOAUT K yBe-
JMYEHUIO YUCIa JIOXKHBIX cpabarbiBannii. Ha manenu (K) mokasan oTkiMk npu-
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eMHHKa, peanusyioniero onepatop Turepa-Kaitzepa y(x) = (x° — x¥) ; HecMoTps
Ha BBICOKHMH YPOBEHB IIyMa, 3TOT TECT MPOJSMOHCTPHUPOBAI HEIJIOXYIO podacT-
HOCTh W TMO3BOJIMJ YJOBICTBOPUTEILHO HACHTH(PUIIMPOBATH MOMEHTHI BO3HHK-
HOBCHUsI TpaH3MeHTOB. U, HakoHer, Ha manenn (W) MoKasaH pe3ysbTaT TecTa, B
KOTOPOM HaMu ObLI HCIIOJIB30BaH KJIACCHYECKU BEUBIIET
m(x) = cos( 5x)exp( —x’/2); HECMOTpS Ha TO, YTO NAHHBIIl BEHBIET HUKAK HE

ObLT aIaNTUPOBAH HU K CUTHAJY, HU K IIyMY, IOCTPOSHHBINA HAa €r0 OCHOBE TECT,
KaK 3TO HEMOCPEICTBEHHO BHIHO U3 Puc.1, mokasan Hawaydinme pe3yabTaThl U, B
MIPUHIAIE, MOT OBl OBITH MPUHAT 32 OCHOBY aJrOpUTMa OOHApYyKeHHS OMOaKy-
CTHYECKUX TPAaH3MEHTOB B PACCMOTPEHHOIT 3a1a4e.

Kpartkue BbIBOIBI. BeposTHO, MBI HE COBEPIIUM OOJIBIION ONIMOKU TIPE-
MOJIOXKHUB, YTO OMOAKyCTUYCCKUE CHUTHAJBI, TO3BOJISIONINE JKUBBIM OpraHu3Mam
3(hhekTHBHO 00HAPYXKUBATh M WICHTH(QHINPOBATH APYT IPYTa, a TAKKE KOMMY-
HUIIIPOBATh W OPUEHTHPOBATHCSI B MPOCTPAHCTBE, MOTYT, IO BHUAUMOMY, 00JIa-
JIaTh IEIBIM PSIOM CHEIU(UICSCKAX MPU3HAKOB WM OCOOCHHOCTEH, Omaromaps
KOTOPBIM 3TH CHUTHAJIBI CTIOCOOHBI YBEPEHHO BBIICISATHCS CIYXOBBIMUA CHCTEMaMHU
13 MaCKUPYIOIMINX aIIATHBHBIX IIYMOB HEOMOIOTHUECKOW MPUPOIBI; BO BCIKOM
ciIydae, B 3TOM YTBEPKACHUH TPYIHO YCMOTPETh KaKoe-TnOo SBHOE TPOTHUBOpE-
YHe C IBOJIONMOHHON Teopuelt nim [IpoBuaenreM. KOCBEHHBIM CBUIAETENHLCTBOM
B TIOAJIEPKKY JAHHOTO TE3HMCa CMOTYT, HaBEPHOE, MOCIYXUTh U IOTyYCHHBIC
BBIIIIC TIPEBAPUTEIbHBIC PE3yIbTaThl, IOKA3aBIIHe, YTO ONMXKE BCETo K CIyXO-
BO CHCTEMe YeJIOBeKa 10 KauyeCTBY OOHApPY)KECHUS 3alllyMJICHHBIX OMOAaKyCTHYC-
CKHMX TPaH3MEHTHBIX CHTHAJOB MOJXOIUT UMEHHO BEHBJIET-aHAIN3, KaK, BEPOSIT-
HO, HanOoJiee CXO/IHBIN C HEl 10 IPUHIUIIaM 00paboTKM CHTHAJIoOB. B 3akmove-
HUE TIOAYEPKHEM €IIe pPa3, YTO KIACCHUYCCKHI KBaIPATUIHBIN MPHEMHUK (TIaHENb
(E) Ha Puc.l), sBISOmmMiACS, ¢ MaTeMaTHYCCKOW TOYKH 3PCHHS, HAMIYYIIUM
YCTPOUCTBOM JUIsi OOHApYKEHHsI HCH3BECTHBIX CHUTHAIOB Ha (POHE CITydaitHOU
TTOMEXH, OKa3aJICsl COBEPIICHHO HEPaOOTOCIIOCOOHBIM B pACCMOTPEHHOI 3a1ade.
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yi. YHuBepcuterckas 33, r. CeBactomnons, Poccus, 299053

2®I'MY um. aam. O.O. Yimakosa B . CeBacTomnone

yi1. 'epoes CeBacrormons, 7, koptr. 8/22, 299001, e-mail: vlisiutin@mail.ru

OmKIUK 801H0800A MENKO20 MOPS HA KOPOMKUL UMRYI6C 0A8IeHUs ABAem-
cA €20 BONHOBOU UMNYILCHOU XAPAKMEPUCMUKOU, 8 KOMOpOl MZHO8EHHAs Ya-
cmoma cusHana Moobl USMEHAEMCs ¢ medeHUuem 8peMeHU 8 COOMBemCcmseuU ¢
3aKOHOM OUChepCUl 2pynno6oti CKOPOCHIU.

Paccmampusasn moodens uoeanvnoeo 6011H0600a, Ost 3aKOHA OUCHEPCUU KO-
MOpO20 U36eCMHO MOYHOE peuleHue OJisl UMNYIbCHOU XapaKmepucmuKu, nymem
3aMEHbl NePeMeHHOU, «IUHEUHOey MeyYeHue 8peMeHU npeobpazyemcs 6 «Helu-
HeliHoey. B pesynomame, usmensowuecs ¢ medenuemM epemMeHu 4acmomsl Mooo-
8bIX OMKIUKO8 NPeoOpa3yromcs 8 NOCMOsIHHbIE.

B cayuae neudeanvrnoco 6onnosoda uacmoma mMoo08blX OMKIUKOS UIMEHS -
emcs 8 oepaHuyeHHvIX npedenax. Paccmampusaemcs 803MO*CHOCIb KOppeKyuu
«UOeAbHO20Y ONepamopa UCKANCEHUs 8peMeHU Ol CAydas 20PU30HMANbHO-
CIOUCTNBIX 80TIHOBOO08.

Jaist perieHus 3a71a4 re0aKkyCTHYECKOH HHBEPCHH B HACTOSIIEE BPEMsI T10JTy-
YHJI Pa3BUTHE METO/I «COTJIACOBAHHOTO UMITYJIbCHOTO TIOJISDY, HE TPEOYIOIIUHA ISt
CBOEH peaym3aliy NMPUMEHEHHS TPOMO3AKHX MHOTO3JIEeMEeHTHBIX aHTeHH. CyTh
METOo/1a 3aKJII0YaeTCsl B M3JIy4€HHH KOPOTKOTO MMITYJIbCa U PETHUCTPALN PETIIn-
KU C TIOMOIIBIO €AMHCTBEHHOTO THAPO(OHA, PacIIOI0KEHHOTO Ha jJHe Mops. Pe-
IUTHKA TAaKOTO MMITYJIbCa, IO CYIIECTBY, €CTh HMITyJIbcHasl XxapakTepuctuka (1X)
BOJIHOBOJA. OHMM M3 METOJOB BBISBICHHS U BU3YalM3allMU 3aKOHA JUCIICPCHU
B PEIUTHKE CUTHaNa sBIsieTcs ObicTpoe npeodpaszoBanne Dypbe ¢ KOPOTKUM Bpe-
MEHHBIM OKHOM, M TPEACTaBICHHE pe3yibTaTa B KOOPAHUHATAX BpeMs — 4acToTa
(cmexTporpamma). DTOT METOA paboTaeT TeM JIydlle, YeM OOJbIIe PacCTOSHUE
MEXIy MCTOYHHKOM U IPHEMHHUKOM — 4eM OOJblIe «IUCHEPCHOHHBINA pazder»
MOJI.

CymiecTByeT crnoco0 yJy4IIeHHs] MOJAIBHOTO pa3pelleHus] IIyTeM CIIeIH-
AIBHOTO MPeo0pa3oBaHusl UMITYJILCHOM XapaKTepUCTHUKH, OCHOBAHHBIA Ha «He-
JMHeapu3anum» BpeMenu (warped — npeobpaszoanue) [1-3]. B aTom ciydae cur-
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HAJIBI pa3HBIX MOJ C M3MEHSIOMNUMUCS (B COOTBETCTBHU C 3aKOHOM JHCIIEPCHN)
YacTOTAMH TIpeoOpaszyeTcs B CHTHANBI C ITOCTOSHHBIMH YacTOTaMHU, METOIBI
(bUITBTpaK KOTOPBIX XOPOIIIO pa3paboTaHBI.

Maremaruueckyo ocHOBYy warped — npeoOpa3oBaHusi paCCMOTPUM Ha TIPH-
Mepe HIeaTbHOr0 BOJHOBOJA, 3aKOH JUCHEPCHH KOTOPOTO JOIYCKaeT TOYHOE
pemenne st MX. 3akoH AMCIIEPCHH, CBSI3BIBAIOLINN YacTOTY @ M MPOIOIBHOE

2
w
BOJIHOBOE YHCIIO &, JUIA HACAILHOTO BOIHOBOJA MMEET BUI: &, = — - b12 ,C—
C
CKOPOCTb 3ByKa B BOJHOM clioe, b/=(2/—1)-m/(2h) — BepTUKaIbHOE BOJIHOBOE YHUC-

70, / — HOMep MOJbl, # — TIyOHHA BOJHOBOAA. [IpencTaBUM MMITYJIBCHOE TOJIe

JaBICHUS MOJIBI B BUAE P (1) = .[S(g)ei(é-r—mz)dé:, rae S(¢) — dypwe-o6pa3
UMIYJIBCHOTO CHTHAJA,  — PACCTOSHUE OT UCTOYHHKA 10 M3mydatess. [Tomoxxum
S(&)=2n)!, mpu 5TOoM B MOMEHT /=0 HMITYJbC NPEACTABISET ACABTA-DYHKIHIO

Iupaka, ¥  BO3bMEM  BEINECTBEHHYK  4acTh  HWHTerpaja,  TOraa
| =
— — 2
hy () ey jcos(é’-r —wt)dé (1). Tak kak w =c- [E2 + bl2 U YYUTHIBAs YE€T-
HOCTB HOJBIHTErPAILHOTO BBIPAXKEHUS, (1) NPUHUMAET BUI:

hy (1) =L Icos( &r)-cos(et |E2 + bl2 )d& (2). Pemnenne unTerpana (2) o ¢ >t
T
0

bt
BBID@KACTCS TOUHOH hopmyoit: /() = —+-J1 |:c by 412 —tg} 3),
2,12 -1}

rae fo = r/c — KHHEMaTH4eCKOe BPEeMsl BCTYIUICHUS! «BOJHON» BOJHBI, pacIpo-
CTpaHSIOICHCS MEX/y HCTOYHHKOM M IIPUEMHHUKOM I10 KpaTyaiuiemy myTtH, J; —
¢yaxmus beccens 1-ro poma. Kak BumHO u3 (3), perwmuku A, (f) npu JIHHESHHOM
TEUYECHUN BPEMEHHM ! TPEJCTABIISACT CUTHAIBI C M3MEHSIOLICHCS aMIUINTYAOH |
4acToToi — puc.la.

2000

1500
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YacToTa MCXOJHOTO CHUTHAlIA MEHSETCS C TEUYCHHEM BPEMEHU [0 3aKOHY
_ cb, _ @@=y Ty
0= = =
27r\/l—tg/t2 4h\/l—tg/12 \/l—tg/tz
K KPUTHYECKOH 9acToTe MOIHI fo=c(2/—1)/(4h).
OcymiectBuM  3aMeHy TiepeMeHHO B (3) ciemyrommM — oOpasom:

(4) u Ipu t—00 CTpEMUTCS

w(t) = 12 —tg (5) u MIPeACTaBUM 3) B BHIE

h(t)=—
l() 2w(t

IIPU JINHEHHOM TEUEHHM «HCKa)KEHHOTO BPEMEHH» W, «BYaCTOTa» CUTHaNa Io-
CTOSIHHA cb/= fi; — ¥ paBHA KPUTUYECKON YacTOTE MOJIBI.

Omnpenenum terepb ornepatop W MpsMOro MCKa)Xarollero npeodopasoBaHus
kak W(h(1)) = w'()h(w(2)) (7).

Ha puc.1 a — 6 mpexacraBiens! pe3yabTaTel W — mpeoOpa3oBaHHs HMITYJIbC-
HOM XapaKTEPUCTUKU HJEaIbHOTO BOJHOBO/A.

C TOYKM 3peHUs 3aKOHOB JUCIIEPCHUM, IO/ BOJHOBOAOM MEIIKOTO MOpS MO-
HUMaeTcsl Takoil, B KOTOPOM MOJaM C MEHBIIUMH HOMEPAMU COOTBETCTBYIOT
OoJIbIIIME TPYIIIIOBBIE CKOPOCTH — 3aKOH JMCIIEPCHU TOYTH COBIAIAET C MIeab-
HBIM BOJHOBOAOM. OfHAKo, B OTJIMYHE OT HAEATIbHOTO, B BOJHOBOJAE MEIKOTO
MOpsI BEPTHKAJIbHOE BOJHOBOE YHCIIO OyJEeT 3aBUCETh OT YacTOTHI, MOCKOJIBKY
M3MeHsIeTCsl KOAQPUIMEHT oTpaXkeHus V oT JHa.

Paccmotpum Mojens BonmHOBoAa [lekeprca 6e3 MOTIOMEHUST CO CKOPOCTBIO
3ByKa B BOJAHOM M JIOHHOM CJIOSIX C U C2, TFIOTHOCTSIMH CPEJ pi U P2 COOTBET-
ctBerHo. Ha puc.2 mokazana ncxoxnas WX BomHoBoxma Ilexeprca n mpeoOpaso-
BaHHas B COOTBETCTBUHU C (7).

blt bl |
T~Jl[c~bl~w(t)]=—7w (1)J,[cbw(1)] (6). Kax BumHo u3 (6),

h(t)

a Puc. 2

Puc.2a — ucxoxnsiii curnan X A(7), 5 mox u ciektporpaMma. MOMEHT BCTyILIe-
HUS BOJHOH BOJHEI fp=2¢ (7=2-1500 M), 10 3TOrO BUIHA TPYHTOBAS BOJHA. 3aTEM
— W — npeobpazoBanue (7) B cIeIyIOIEM TOPsIKe: W — IpeoOpa3oBaHue BpeMe-
HU (5); nmuHeapu3anyst MaccuBa w(f); MHTEPIIOJISIMS OTCYETOB /(f) Ha JIMHEWHOE
w(f), 9TO MPUBOIUT (PAKTHUECKH K MEPEeIUCKPETHU3AINH, «PACTATUBAHUIO» Bpe-
MEHU B Hadaye W noxydeHnto w(/(f)) ¢ TOYTH TMOCTOSHHOM YacTOTOH, B KOHIIE
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mpoIiecca COOTBETCTBYIOMIEH dacToTe (hazbl D¥pH (a HE KPUTHIECKOH, KaK y He-
AIBHOTO BOJIHOBOA) — pHUC. 20.

IIponomxum ananu3z W omneparopa nNpuMEHUTENbHO K moaenu Ilekepuca.
JlucnepcuoHHOE ypaBHEHHE OTHOCUTEIBHO BEPTHKAIBHOTO BOJHOBOIO HYHCIIA
_ 2I-Dr N arg(V) @), re arg(V) —

2h 2h
(haza xoadduirenta orpaxenus. [Ipeaensl n3MeHeHUs BEPTUKAILHOTO BOJTHOBO-
TO YHCTIa U COOTBETCTBEHHO (Pa3bl J OT KPUTHYIECKOH 10 OYEHBb BBICOKOIH YaCTOTHI
— bi(fer) = 2(I-1)yn/h = by (f = o) = I'n/h, V(fer) = 0 = V(f = 00) = -2-1 iput TFOOBIX
COUYETAHUAX CKOPOCTEH 3ByKa W IIoTHOCTed cpen. Comoctasiss (3), (4), (6) u
(8), BBIUMCIIAS IPOU3BOIHYIO, I10Jy4aeM BPEMEHHOH X0J] 4aCTOThI B UMITYJIbCHON

— c-arg(V, (¢
xapakrepucruke f, (1) = 2D + LA +c_l l—tg /12 Vl'(t) 9).

_ 42742 _ 42742 Amh
4hf1 to/t 4,1 zo/z

& ou
Hcnone3ys (9) u COOTHOIICHHE 7[:—1, rae k=w/c, u~r/t — Tpynmnoas
c

MOJKET OBITH TIPEICTABICHO B BHIE bl /

CKOPOCTH MOJIbI, MOXHO IOJYYHUTH (popMyIty [uisi BpeMEeHHOTro Xxona koadduim-

. OTa 3aBUCHUMOCTH MOJKET

eHTa oTpaxkeHus V (f)=—2arctg

OBITH MCIIONB30BaHA IS KOppeKnuu omepatopa (7) B ciydae peaabHOTO BOJHO-
Bos1a Menkoro Mops [3]. Takoit moaxos TpeGyeT anpruOPHOTO 3HAHUS Ca.
Bo3moxHo u ppyroe pemenue. Jlis
«crupsMIeHus» TpeodpazoBanHoii X Boi-
HoBoga [lekepuca npeanaraercst 06001IeHE
w - npeoOpa3oBaHue B BUJIE

w(t) = (2 —13)™, rne 0,4<m<0,6. Pesyp-
TaT MpeoOpa3oBaHusl MOKa3aH Ha PHC.3, riae

«CTIPSIMIICHHUEO» ObLJIa TOJBEPTHYTa 2-51 MO-
na, sHauenune m=0,44.
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AHAJIN3 TAHHBIX, 3APETMCTPUPOBAHHBIX
MYJbTWINHENHON I[OHHOfI AHTEHHOM B AKBATOPUUA
rOJYBOM BYXThI

AxycTtuyeckuil ”HCTUTYT uM. akaa. H.H. Annpeesa
Poccus, 117036 Mocksa, yi. lIBepHuka, 1.4
Temn.: (495) 126-9835; dakc: (495) 126-8411, E-mail: ocean@akin.ru

Paspabomana mynemununetinaa oonnaa anwmenna (MIA) ona ceticmoaky-
cmuyeckoeo Monumopunea Ha uenvbge. Ilpusedenvl pezynvmanvl UCTbIMAHUL
MJIA 6 axeamopuu ['onyoou 6yxmul (2. I'enendorcux). Ilpusedoena memoouxa um-
OUBUOYANLHO2O NOZUYUOHUPOBAHUSL OAMYUKO8 AHMEHHbL C UCNONb306AHUEM ONl-
HOCUMENbHBIX 8PEMEHHbIX 3a0epaicek. Pazpabomanvl memoodwl onpedeneHnust 2eo-
MEmpUYecKux u akyCmuyeckux napamempos 3a0ayu Ha OCHOGe aHAnu3a Kpam-
HBIX 00BEMHBIX U 20706HBIX BOJIH, A MAKIHCE 60CCMAHOGNEHUSL (DYHKYUU UCHIOYHU-
Ka.

CeticmoakycTndeckass MyJNbTIIINHEHHAs noHHAs anTeHHa (MIIA) pa3pabo-
TaHa B AKycTuueckoM MHcTuUTyTe uM. akaa. H.H. AnapeeBa mns peructpauuu
CEMCMHYECKHNX W aKyCTHYECKHX CHUTHAJIOB B HIENb()OBOM 30HE C HENBIO ETalb-
HOM celicMOpa3BeJKW W MOHUTOPMHIA MECTOPOKIEHUH YIJIEBOJOPOIOB, KOH-
TpPOJIA TIpoliecca OypeHHs CKBaKUHBI M KOHTPOJISL THAPOpPA3phIBa IIACTa.

MJIA cripoekTrpoBaHa B BUJIE JIETKOH CUCTEMBI, KOTOpasi MOXKET OBITh OIle-
paTUBHO pa3BepHyTa B IIEJIb(POBON 30HE KOMaHIOW U3 4-6 YeNOBEK C MCIOJB30-
BaHMEM TOJIBKO HEOOJBIINX HECHEeNNAIN3UPOBAHHBIX CYJI0OB MJIM JIaKe HaJlyB-
HBIX MOTOPHBIX JO/I0K. B coctaB MJIA BXOIsT crcTeMa pa3BepThIBaHUS, CHCTEMA
perucTpanyy 1 cucreMa coopa u xpaneHust nHpopmarnuu. CucteMa perucTpain
COJICP)KUT 8 TOHHBIX celicMokoc umHOM 1o 500 mMeTpoB, nnamerpom kabemns 12
MM # BecoMm okoio 100 kr. Ha xaxmoif celicMokoce ¢ mHTepBaioM 20 METpOB
pacmonokeHs! 24 mr(POBEIX ME30KEPAMIUSCKUX NaTunKa MaBieHus. llemeBoit
pabounii nquana3zon anteHHB! 3—-300 'l mpw 9acTOTe AMCKPETH3ANN JaHHEIX - 4
K[, CeicMOKOCHI MOAKIIOYAIOTCA K MOJBOAHOMY MOIYJIO cOopa reopusude-
ckort mapopmarmn (MOCIT'M) u packiaabIBarOTCs Ha THE MO CXEME «3BE3lIa».
Peructpupyemas undopmanusi or MOCI'U nepenaercst nanee yepes3 ONTOIICK-
TpPUYECKUI Kabenb JUIMHON | KM B OeperoByio cucreMy cOopa M XpaHEHHs WH-
dhopmarum.

Hcnsrranns MJIA nposogunucs B 2014-2015 rogax Ha nonurone FOxHoro
otaenenust Mucruryra oxeanonornu uM. ILI1. Ilupmoa PAH B 'omy6oit Oyxte
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(r. Tenenmxuk). B xadecTBe MCTOYHMKA CHTHAJIa ObLIa MCIOJIh30BaHA MTHEBMO-
MyIIIKa, KOOPAMHATH KOTOPOi (hUKCHpoBaIUCh ¢ moMonisio GPS.

Henpro wcmpiTaHmii OBLTA MPOBEPKa CHCTEMBI pa3BepTbiBanust MJIA, Bo3-
MO’KHOCTH WHAWBUIYAIBHOTO TMO3UIMOHNPOBAHUS AaT9nkoB MJIA ¢ Tpebyemoit
TOYHOCTBIO TI0 3aIUCAM CHUTHAJIOB OT ITHEBMOIIYIIKH, a TaKKE B OIpPEACICHUU
XapaKTEePUCTHK U3JIy4aeMOr0 CUTHAJIA U TIapaMETPOB MOPCKOTO JIHA.

Ha puc. 1 npuBenen npumep ceifcMorpaMMsl (Habopa 3amucei CUTHaIOB) OT
[THEBMOIYIIIKA HAa IIPUEMHUKU OIHOM U3 ceiicMokoc. I1o ocu opauHaT OTI0KEHO
BpEMs B MUJUIMCEKYHOAX. OcHOBHas 4acCTh I10JIs npeacTaBjicHa O6T)CMHI)IMI/I BOJI-
HaMH, pacIpOCTPAHAIONIMMKCS B BOJHOM ciioe. OTYETIMBO BUIHBI IIEPBEIE MPH-
XOZbl CHTHAJIOB, OIpEAessieMble PEe3KHM (PPOHTOM BCTYIUICHHS, 32 KOTOPBIMH
CJIEYIOT KPaTHO OTPAXCHHBIE B BOAHOM CJIOE BOJIHBI. Ilepea mepBbIMH HpHXO-
JlaM1 BUJIHBI Oojiee craOble M HU3KOYACTOTHBIC BCTYIICHUS, CBSI3aHHBIE C KPAaTHO
MPEJIOMJICHHBIMHA (KPAaTHBIMH T'OJIOBHBIMH) BOJIHAMH, PACIPOCTPAHSIOMINMHUCS
BIIOJIb JIHA.

%?
|
i S

t

¥

Cucrema peructpaunu MJIA ¥ HCTOUHKK cuTHalIa (THEBMOITYIIIKa) HE ObUTH
CHUHXPOHHM3MPOBAHBI, II03TOMY a0COJIIOTHBIE BpeMeHa MpoOera CUTrHaloB OT HC-
TOYHMKA J0 TPHUEMHHMKOB OBbUIM HEM3BECTHBI, M JUISI ONPEACICHHS ITOJI0KEHHS
JaTuukoB MJIA 1CIIONb30BaIUCh OTHOCUTENIBHBIE BPEMEHHBIE 33aIEPKKU MIPUXO-
Jla CUTHAaJa Ha pa3Hble JaTYUKH QaHTECHHBI.

DyHKIMOHAI 71T ONIPECTICHUS MOJI0KEHHS aTYUKOB 1o uMeeT B (1):

F=%3(r—1,— pij)z (1)
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2 2 2
rae r; = \/(xsi - xrj) + (ysi - yrj) + (Zsi - er) — PpacCTosiHHE MEXITY
VICTOYHUKOM [ ¥ IPUEMHHUKOM J, & Xg;, Vsi) Zsi U Xrj, Yyjs Zyj - NX KOODAMHATHI,
pij = c(ti i tiT) — MNEPECYMTAHHAs B PACCTOSIHHE 3JIEPKKaA, IIe t;; - BpeMs
MepBOTO TIPHUXO0Ja CHTHAllAa OT MCTOYHWKA [ Ha mpueMHHuK j, Tae +(i) - Homep
MIPUEMHHKA ONMMKANUIIETo K ~-TOMY UCTOYHHUKY.

Kpome Toro, 1enecooOpa3Ho BKIOYNATH B (PYHKIIMOHAN JIOMOJHUTEIbHBIC
YCIIOBHSI, ONPEACIAIONINE MaKCUMAIbHO BO3MOYKHBIC PACCTOSHIS MEKIY MPHEM-
HUKaMHU 1 BO3MOKHYIO He60ﬂbﬂly10 Bapualuio MmoJIOKCHUA UCTOYHHUKOB, CBA3aH-
Hylo ¢ norpemHocTbio GPS. Munnmuzanus takoro ()yHKIMOHajga IO3BOJISIET
OTpEeNIeIUTh TOPU30HTAIBHBIC KOOPAMHATHI MPHEMHUKOB KaK MOKa3aHO Ha pHC.
2., TJie YepHbIMU KPY>KKaMHU MOKa3aHbl HAWJICHHbIE MTOJIOKEHUS IPUEMHHUKOB MPU
COBMECTHOH ONTUMU3AIMH BCEX CEHCMOKOC, YEPHBIMU 3BE310UKAMU — I10JIOKE-
HUS UCTOUYHUKOB 110 GPS, ceppIMu 3Be310YKaMH - TIOJIOKECHUS HCTOYHUKOB CKOP-
PEKTHPOBAHHBIC B PE3yJIbTaTe ONTHUMH3AINHY, OCIBIMH TPEYTOJbHUKAMH — IOJIO-
JKCHHUS KOHIIEBBIX OyeB, TMHUAMU — TPEKH CyIHA BO BPeMs PACKIaIKH CeHcMO-
KOC.

Kaxk BuzHO Ha puc. 2, IOJOKEHUS TPUEMHHUKOB CEHCMOKOC 1 1 2 HaXomsTCs
KaK ¥ CJEI0BaJI0 OKUAATh BOJM3M TpeKa CyIHa, ¢ KOTOPOTO OHM yCTaHABIIMBA-
JIUCh, a [l CEHCMOKOCHI 5 B 00JIACTH YCTAHOBKHU (TPEK PacKIIAIKH 3TOH celcMOo-
KOCBHI HE ObLI 3aIlUCaH).

=100

=200

=300

KoopawHaTa y, M (wupota)

=400

=500

=600

=700 -600 -500 -400 -300 -200 -100
KOOpAMHATS X, M (aonroTa)

Puc. 2.

Bonee Tounas nuadopManus o riIyOuHE IPHEMHUKOB MOXKET OBITh HOJIy4eHa
10 JMHAMHUKE KPaTHBIX OTPAXCHWH. B oTiHMYne OoT BpeMeH IepBBHIX IPHXOJOB,
SBJIIOIINXCA KMHEMaTHYeCKUMH IapaMeTpaMy, Ul HAJEKHOTO OIpeleeHHs
IIyOUHBI 110 KPAaTHBIM OTPAKCHUSIM HEOOXOJMMO YUYHTHIBATH KaK CHIIBHYIO HH-
Tep(pepeHNIO CUTHAIOB NPUXOAAIINX BIOJIb YSTBEPOK JIydel ¢ OJIM3KUMHU Bpe-
MeHaMmH 1podera, (OpMUPYIOLIUX KPAaTHBIA MPUXO0JI, TaK U Ci1adyto UHTephepeH-
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U0 TTOCIICAOBATEIBHBIX MPUXOIOB, a 3TO TpeOyeT 3PpPEKTHBHOTO MOICINPOBA-
HUS HHTEP(EPEHITNH CUTHAIOB, IPUXOSAIINX M0 PA3INIHBIM JTy9IaM.

OOmrast cxema pemieHus 3a1adl OINpeIeIICHIs TITyOHHbI, CKOPOCTH 3BYKa B
JiHe ¥ OPMBI M3JIY4YEHHOTO CHI'HAla 3aKIF04aeTCs B MUHUMHU3aIMK (pyHKIIMOHA-
JIa HEBSI3KU MEX]ly SKCIEPUMEHTaIbHON U MOJIEIbHON 3allMUChI0, PACCUMTAHHOM B
paMKax JryueBoro npubikenus. Takoil pyHKIHOHAT UMEeT BHI;

t2 t ., Narery ) N-1 2

Q=["at(F) - [f dt'gt —t)s(t)) =2HE-Gs[T @

rae f(t) - sanuck, Fj- ee cnektp, s(t) - GyHKIMS MCTOUHMKA, S; — €€ CIEKTD,
g(t) - dynxums I'puna, G; — ee CHEKTp.

Oyukius ['prHa B MOJIENN TUIOCKOTO CIIOSI B JIy4eBOM MPHUOIMKEHUN OTIpe-
JIeJsIeTCsl TOPU30HTAIBHBIM PACCTOSTHUEM MEXKTYy MUCTOYHHUKOM M TPUEMHHUKOM,
NIyOWHAMH HCTOYHHWKOB WM MPHEMHUKOB, TOJIIIMHOW CIOS U KO3(QPHUIUCHTAMU
oTpaxeHus OT AHa. [Ipu 3TOM, TOPU3OHTAILHOE PACCTOSIHUE OIpeieIeHO MUHU-
Mu3aIyel GpyHKIOHANIA 3aJepKEK IePBBIX MPUX0a0B (1), KpoMe TOro M3BECTHEI
OIICHKHY TIyOHWHBI MOTPY)KEHUSI HCTOYHHUKA U PACCTOSHHA OT JHA IO MPHEMHUKA.
Takum 00pa3oM, OCHOBHBIMU BapbHUPyEMBIMH MapaMEeTPaMH SBIISFOTCS TOJIIIHHA
Closl ¥ KOA(PPUIMEHT OTPaKEHISI, B CBOIO OUYEPEIb OIPEICIIEMBIH CKOPOCTHIO
IIPOJOJIBHBIX BOJIH B JHE.

B rtakoii moctaHOBKe, IPH (PUKCHPOBAHHBIX MapaMeTpax MOJCIbHONW (yHK-
i ['puna, QYHKIHMS HCTOYHUKA OIPEACISICTCS pe3ybTaTOM MHUHHMH3AINU
¢ynkuronana HeBs3ku (2). Ha puc.3 cBepxy nokaszaHo cpaBHEHHE HKCIIEPUMEH-
TaNbHOM 3amucH (MOKa3aHa YEpHBIM IIBETOM) M MOJEIBHOM (MOKa3zaHa CepbIM
[[BETOM), KOTOpasi pacCYMTaHa 110 BOCCTAHOBJICHHOW ()YHKIIMM MUCTOYHUKA (CHU-
3y).

le7 3anucek 3(31) Ha anTenHe 0 oT ucTouHka 5(12), TonwuwHa cnoa h = 29.1 M

1.0

0.5

0.0

-1.0

0.1% 0.20 025 0.30

Puc.3
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Kpome 00beMHBIX BOJH, TIPEACTABIAIONINX TIABHYIO 9aCTh BOJHOBOTO TIOJI,
JUTS OTIpENeNICHIsI TTapaMeTPOB CPEIbl MOTYT OBITh MCIOIH30BAaHBI KPAaTHBIE T'O-
JIOBHBIE BOJIHBI, pa3jinuuMble Ha puc.l. Pe3ynbTaThl MOAEIMPOBAHUS [TOKa3bIBaA-
0T, 9YTO OHH MOTYT OBITH OIUCAHBI B paMKaX Jy4eBOT'O MPHOIMKCHUS IS TO-
noBHBIX BOJH [1]. Ilpu 3TOM 1yd, BEIXOIAMNN TTOJ KPUTHIECKAM YTJIOM, MOXKET
HECKOJIBKO Pa3 OTPa3HUTCs OT MMOBEPXHOCTH, YTO IPUBOJUT K HECKOJIBKMM IOCIE-
JIOBaTEJIbHBIM BO30Y)KJCHUSIM TOJIOBHBIX BOJH. Ha puc.4 mokazaHo BoCIpou3Be-
JIEHUE YaCTH 3allCU C TPEeMs IPUXOJaMU KPATHBIX FOJIOBHBIX BOJH. YepHOH Jiu-
HUEH I0Ka3aHa dKCIIEPUMEHTAIbHAS 3aIlIUCh, CEPOH - MOJIE/IbHASL.

800000 ’ 3anuce 3(31) Ha aureuule 0 ot ucTouHmuka 5(12), Tonu.u?na cnosh=294m

600000 |
400000
200000}

0
=200000
—400000 |
—-600000
—800000 |
—1000000

Puc. 4

Hcnonb3yst BpeMeHa OTHOCHUTEIIBHBIX 3aJIepKEK KPAaTHBIX MOJOBHBIX M 00b-
EMHBIX BOJIH, pellleHa KHHeMaTH4YecKasi ONTUMU3AI[MOHHAs 3a/1a4a, [TO3BOJISIONIAs
[0 OHOM 3amuCH OMpPEeNUTh PACCTOSIHUE MEXKIY HCTOYHMKOM M OTAEIbHBIM
MPUEMHHUKOM, a TAaKXKe CPETHIOI0 IIyOHHY BOJIHOTO CJIOSI U CKOPOCTh 3ByKa B JIHE.

Takum 06pa3om, aHaNMN3 CEHCMOAKyCTHYECKUX JIaHHBIX, IIOJIy4YEHHBIX C I10-
Mousro MJIA, NO3BOJSIET OAHOBPEMEHHO OINPEIESNINUTh KaK IMPOCTPAHCTBEHOE
TIOJIO’KEHHE NTPUEMHUKOB aHTCHHBI, TaK U CKOPOCTH 3BYKa B JHE, U, KPOME TOTO,
BOCCTaHOBUTH ()OPMY M3ITYUYEHHOTO CUrHaja. [Ipu 3TOM MCIIOIb30BaHHE BpPEMEH
MPUX0JIa TOJIOBHBIX BOJH BMECTE C BPEMEHAMH IPHUX0Ja OOBEMHBIX IO3BOJISIET
PELINTh 3Ty 3a/1a4y, ONUPAsICh TONBKO HA KHHEMATHUECKHE XapaKTEePHCTHKH ATHX
BOJIH, U3BJICYCHHBIEC U3 OJIMHOYHOH 3aITUCH.

JUTEPATYPA

1. Bbpexosckux JL.M., 'ogun O.A. AxycTtuka cinoucteix cpea. M. Hayka
1989
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VJIK 621.398

HN.B. MenBenen

TPAHCHOPT JAHHBIX U KOMAH/I ITPU ITPOBEJEHUN
I'nMAPOAKYCTUYECKOI'O MOHUTOPHUHTI'A C
HCHOJb30BAHUEM CITYTHUKOBOM CBA3N

TuxookeaHCKUI OKEaHOIOrM4eCcKuid HHCTUTYT uM. B. . nbuuesa
Poccust, 690041 BnanusocTok, yiu. bantuiickas, 43
Ten. (423) 231-2120, E-mail: igm@vamkila.ru

Ilpusooumes onucanue aneopummos pabomuvl U NPOSPAMMHO20 0becneye-
HUs 014 nepeoauu no CHYyMHUKOBOMY Kanany «Hpuouym» KomaHno ynpaseieHus
A8MOHOMHOU 2UOPOAKY CIMUYECKOll CMAaHyuell U pe3yIbmamos CneyuanbHo20 aHa-
JU3A, USMEPEHHBIX ell aKyCMUYeCKUX CUSHANO08, 80 8PeMsl NPOBEOEHUs 8 PeanbHOM
8peMeHU MOHUMOPUH2A YPOSHEl AHMPONOSEHHbIX UYMO8 U NApaMempos aKy-
CMUYECKUX UMNYTbLCO8, POPMUPYEMbIX Ha cegepo-8ocmounom wensvge o. Caxa-
JIUH CeUCMOPA38e00UHBIMU CUSHANAMU.

Cxema TpaHCIIOpTa JaHHBIX U KOMaH] IpezcTaBieHa Ha puc. 1. Ha atom pu-
CYHKE BHUJIHO, YTO aBTOHOMHBIN aKyCTHUYECKHIl PErHCTPaToOp C MOBEPXHOCTHBIM
pamuoTeneMeTpuIeckuM OyeM TepemaeT Ha OeperoBoi pagHOTPHUEMHBIA TOCT
BapHalliil aKyCTHYECKOTO [aBJICHHWS, W3MEPCHHBIE B YACTOTHOM [HAITa30HE
2-2000 I'm, ¢ momompro nuppoBoro oxHoHaNpaBiIeHHOTo Y KB-UM pammorere-
MeTpu4eckoro kaHaia. Ha GeperoBsix mocrax CrenualbHOE IporpaMMHOe obec-
nedenue (I10) aBToMaTHUeCKHM HAaXOAWT aKyCTUYECKHE HMMITYJIbCHI, COOTBET-
CTBYIOIIHE CEHCMOpPa3BEIOYHBIM CHUTHANaM U OMpeNeisieT MX OCHOBHBIE Mapa-
MeTpbl: SPLpcak, SPLims, SEL. PesynbraTsl aToro aHanusa B Buje (GailiioB crienu-
aIBHOTO (hopMaTa MepeiaroTcsl C MCIOIb30BaHUEM HHTEPHET-IIOJKIIOYEHHH Ye-
pe3 omepaTropoB COTOBOW CBsi3M Ha HeHTpaibHbI mocT (LIIT) MoHuTopuHra. Ha
aKycTHdeckoMm Oye ycTaHoBieH TpaHcuBep «punmym», KoTopslii oOecrieunBaet
ynpasieHne ¢ Oepera pabOTOH aKyCTHUECKOTO Oys: BKIIFOUCHHE-BBIKIIIOUYEHHE
YKB nepenatunka, W3MEHEHUSI MOITHOCTH €0 M3JIy4eHHs, mepemnady Ha Oeper
MPOTOKOJIA PabOTHl aKyCTHYECKOH CTAaHIIMKA M PEe3yJIbTAaTOB aHali3a aKyCTHYe-
CKOTO CHTHAJIa, IPOBEICHHOTO MHUKPOKOHTPOJUIEPOM Oys. DTOT TpaHCHBEp, pa-
0oTaeT B pexUMe Iepeadyd KOPOTKHUX MakeToB maHHbIX (Short Burst Data, SBD)
CHUCTEMBI CITyTHHKOBOMH cBsi3u «Wpumuym». Ilepen Hagasom paboThl TpaHCHBEP
JIOJDKEH OBITh aKTHBHPOBAH Yepes Mmposaiiaepa ycuyr cucteMsl « Upuamymy». [pu
9TOM 3aJaeTcs IUIaH PACCBUIKH, B KOTOPOM MOTYT OBITh YKa3aHbl ajipeca Tpex
BUJIOB: @) HOMEP JIPYTroro TpaHcuBepa, 0) ajapec dIIeKTpOHHOI mouTkl, B) [P-anpec
cepBepa, paboTarouero No crenuaibHoMy rnpoTtokoiy DirectlP. Coobmienne Ha
TIPOM3BOJIBHBIA TpaHCHBED (HApHMep, KOMaH/1a Ha 3a/IaHHBIA Oyif) MOJKET OBITh

364



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

TIOCJIAHO IO 3JIEKTPOHHOHU mmoyuTte. {71t 3TOro B TeMe MHChMa YKa3bIBAaeTCsl HOMEP
TpaHCHUBEPA-TIOIyJaTelsl, COOOIIEHNE B BHAE (ailia MPUKPEIUIIETCS K ITyCTOMY
MUChMY, CaMoO MHChMO OTIpaBisieTcs Ha anapec SBD-cepBuca «Mpummym»:
data@sbd.iridium.com.

NOYTOELIA CEpBER

CRYTHUEH Mpuamym
cHCTEME! Mpnauym o

cets MHTepHeT

KOMMERYECKH A

RaTalueHTh
© HAIEXRHEIM
NOSKNHIYEHHEM K
CETH MHTEpHET

(r. Canr-lNetepbypr)

P

TpAHCHEEDEI
pramym
paaky YKB-
KaHANE
LiEHTpaNEHEIR i
e
ol

GSh-kaHan (3G, GPRE)

NOYTOBGIA
cepeep
cepeep -

AMCNETYER

OAHH U2 Eeperoab\x
nocToE

bazoean CTaHUHA
COTOBOR CEAIM

Pre. 1. Cxema TPAHCTIOPTa JAHHBX H KOMAaHI B TIpoHecCce THAPOARYCTIMECKOTO MOHHTOPHHTA

CrnyTHUKOBBIH Tpaduk nocrarouno poporoi ($1.3 3a 1000 6aiiT) U MOCKOIBKY
TapUPHUIUPYIOTCST TOJIILKO 3(DUpPHBIE TIepeJauy JaHHBIX (TPaHCHBEP — CIIYTHHK
WINA CIyTHUK — TPAaHCHBEP), TO Pa3yMHO HCIIOIB30BaTh AJIEKTPOHHYIO TOYTY,
n3beras rnepeiay «TOYKa-TOUKa». TeM He MeHee, NPH MPEPHIBAHUSIX WHTEPHET-
noaxitoueHuid, LIIT 1 Oeperosble MOCTHI, OCHAIIEHBI CITyTHUKOBBIMH TPaHCHBE-
pamu «Mpuauym», KOTOpble aBTOMAaTHYECKH BKJIFOYAIOTCS ITPU MPEPHIBAHUY WH-
TepHeTa.

Bo Bpemst MOHHMTOpHHTA pe3ynbTaThl aHanu3a oobemom 270 GallT mepena-
I0TCSI pa3 B MUHYTY Ha CITyTHUKH «/pHImymM» cO BCeX BKJIIOYEHHBIX MO KOMaH/e
¢ LIIT 6yes. Jlanee, B BuAe COOOIICHUH JICKTPOHHOW MMOYTHl OHH ITOCTYMAIOT B
nouToBbIN KK LTI, KOTOpBI OpraHU30BaH HA HAJIEKHOM IIATHOM XOCTHUHTE.
[To ycnoBusM aKyCTHYECKOTO MOHHUTOPHHTA, IPOBOANMOTO B PEaIHbHOM BPEMEHHU
JUIs OeperoBBIX MOCTOB HEOOXOAMMO ObIcTpoe, He Oosiee yeMm 3a 2-3 MHUHYTHI,
ABTOMATHUYECKOE MEPEKII0YCHNEe Ha CITyTHIUKOBBIM KaHaJ MpU MPONajaHu MECT-
HOro nojKitoueHus k cetn Murepuer. B cucreme «Mpuanym» He mpemycMmoTpe-
HBl aBTOMaTU3UPOBAHHBIE CPEJICTBA ONEPATUBHOTO U3MEHEHHMs IIJIaHa PACCHUIKH,
a 3aJjaHue MapajuleIbHON PAacChUIKM B JBa ajpeca (Ha AJIEKTPOHHYIO MMOYTY U Ha
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TpaHCHBEp) Hem30eKHO BEIET K TOMY, UTO oOpa3yercs odepenb u3 50 ycrapes-
MIUX COOOIICHUH U TPaHCHUBEpPA-TIONyJaTelNs, U MPU MEePeKII0YCHNN Ha CITyT-
HUKOBBIH KaHaJ 3Ty OdYepelhb MOKHO OYHCTHTH JINOO TOTHOCTHIO, TIPHUHSB BCE
coo01IeHns, 4To 3aiiMeT B JydmieM ciaydae 10 MUHYT, 1100 HCIIOIB3Ys IPOTOKOM
DirectIP uepe3 Uuteprer. [loatomMy B pa3paboTaHHON HAMHU cXeMe He MPUMEHsI-
JIOCh 3a/laHIe HOMEPOB TPAHCHBEPOB B IJIAHAX PACCBHUIKU. BBIxos ObLT HalZieH B
CO3[JaHWM BHEIHEr0 aBTOMAaTa, OCYILIECTBILIOIIETO IEPEChUIKY COOOIIeHHH
9JEKTPOHHON MOYTHI IPU MPEPbIBAHNM HHTEepHET-NoAKItoueHns Ha LI1.

Jaist peanuzanyuy 3Toi uaen ObUT apeHI0BaH BUPTYaIbHBIA CepBep Ha IUIaT-
HOM XOCTHHI'€ C HaJIS)KHBIM TTOJIKIIOUeHNEM K ceTH MHTepHeT ((hu3nueckn Haxo-
JITCSl B KOMMepueckoM fararenTpe B r. Cankt-IlerepOypre). s BUpTyaapHOTO
cepBepa Ha s3pike PHP Opina Hammcana mporpamma — «cepBep-aucrerdepy. 3a-
MyCK TIPOTpaMMBI TIPOW3BOIUTCSA MO TaiiMepy exeMuHyTHO. biok-cxema ainro-
putMa ee paboTHI mpeacTaBiaeHa Ha puc. 2. CepBep-AnucHeTyep PerysapHO MOTY-
yaeT 1o aekTpoHHoi noute ¢ L1 moarBepxkaeHuss ero noctynHocT yepe3 M-
tepHeT. CepBep-aucnerdep UMeeT AOCTyN K mouToBoMy sAmuky L{I1, Ha xoTopsIit
MOCTYTAIOT JaHHBIE C aKYCTHYECKUX OyeB, U, B CIIydyae OCTaHOBKH ITOJTBEpPXK/Ie-
Huii ¢ LI1, u3Biekaer U3 mucem, aJpecoOBaHHBIX €My, NMPHKPEIICHHbIE (aibl
(manHBIE ¢ OyeB) W MepechUIaeT WX 4Yepe3 IMOUTOBBIA cepBep cucTeMbl «Mpuam-
ym» Ha TpancuBepsl L{I1. Ha IIIT G0 yCTaHOBIEHO HECKOJIBKO TPAHCHUBEPOB
Juisl oOecTieyeHHs TeMIIa IpreMa JIaHHbIX 0T OyeB M OeperoBbIX MOCTOB, TaK Kak
OJIMH TPAaHCHBEP MOXKET He yCIeTh NpUHATH Ooiee 4 coobuienuii B MuHyTY. Cep-
BEp-/IUCIIETYEp IMPU MEePEChUIKE HCIOIb3YeT M0 O4epear HoMepa BceX paboumx
tparcuBepoB LII1. Korma ects mogximrouenue k cetu MHTEpHET, KOMaHaa s Oys
MOCHITACTCS MMUCHMOM Yepe3 MOUTOBEIH cepep «pumuym». ITo MOKHO CIenaTh
kak ¢ LI, tak u ¢ mroboro u3 O6eperoBrIx mMocToB. B cimydae orcyrcrBus UaTep-
HET-TTOIKIIIOUEHHS] KOMaH/Ia MTOChUTAeTCA Yepe3 CIyTHUKOBBIN TpaHcusep. Coo0-
IICHHUS, OTIIPABIISIEMBIC Yepe3 TPAaHCHBEP, MEPEchUIaloTCsS B COOTBETCTBHHM C 3a-
JTAaHHBIM TUTAHOM PacchUIKH. [109TOMY B KauecTBe ajpeca Ha3HAYCHHS AJIS TPaH-
cuepoB L1 Obu1 yka3aH cnenmainbHBIH ajpec 3JIEKTPOHHOW IOYTHI cepBepa-
nucnerdepa. CepBep-AucHeTyep OTCIEKUBAET MTOUTY Ha ATOM aJipece U IMPOU3BO-
JIUT TIEPECHUIKY Ha COOTBETCTBYIOIIMI aKyCTHYeCKHil OyH, M3BJeKas €ro HOMep
n3 camoii komanael. Komanna ynpasnenuns 6yeM, mocianHasi ¢ OeperoBoro nocra
¢ Ucnonb3oBaHUEeM TpaHcuBepa «Mpuanmym», nomagaer, B COOTBETCTBUM C ILIa-
HOM pacchlikd, B mouToBblil smuk LII. Ecou B ator Moment LIl umeer neit-
CTByIOIIlee MOMKIIOUeHNe K cetn MuTepHeT, To ero [10 mpon3BOAUT MepechuIKy
KOMaHIBI Ha COOTBETCTBYIOIIUI Oyil depe3 modtoBwii cepBep «Upummym». B
ciayyae orcyrctBus MHTepHer-nonkmouenus Ha LII, cepBep-nucneruep pacrio-
3HaeT B noute, agpecoannoi LI1, komanay mis Oys ¢ OeperoBoro mocTa u mpo-
M3BOJIUT €€ MEePEChUIKY Cpa3y Ha COOTBETCTBYIOLTHIA Oyil.
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Puc.2. Anropurm padoTsl cepBepa-ancneryepa

Jlerom 2015 roga npencrasiaeHHas TpaHcnopTHas cxema u [10 ycmemiHo oT-
paboTaii BO BpeMsl aKyCTHUECKOI'0 MOHUTOPUHTa CeHCMOpa3BeI0YHbIX HCCIIE/I0-
BaHUi{, MPOBOMMBIIMXCS KoMIaHuend «OkcoH Hedreras Jlumurten» Ha ceBepo-
BOocTOYHOM Inenbde o. Caxanus. [Iponmycku nepenaun nanaeix (10 15% B pazHbie
JTHH) OBIIM TOJBKO ¢ ofHOro m3 § Oyes. [lo-Buanmomy, 3T0 OBUTO BBI3BAHO 3a-
TOIUIEHHEM €ro INpHEeMO-TIepeaaloieil aHTeHHbI TpaHcuBepa «Mpuanym» CHilb-
HBIM TE€UYCHHEM.

B Oymymem mmaHupyeTcs W3MEHHTh alIrOpUTM  paboOThl  cepBepa-
JHcIieTdepa, 4TOObI pearupoBaTh Cpa3dy Ha Hadano padoTsl TpaHcuBepos LIIT
(BMECTO pPEryNApHBIX MOATBEPKAEHUN IO AJIEKTPOHHOM IOYTE) M MPUMEHHUTh
TpancuBep Iridium 9522B, crmocoOHBIM TmepenaBaTh JaHHBIE CO CKOPOCTBHIO
10 2400 6ut/c. DTO MO3BONMUT, MO 3ampocy, MONIydYaTh Ha Oepery pe3ysbTaThl
aHallM3a, HO U KOPOTKYIO peaan3alfio, H3MEPEeHHbIX Bapualiil aKycTH4eCKOro
JIaBJICHUSL.

PaGora BbIMONHEHA TIIpU  TOJUIEPXKKE KOMITAaHUH
JInmuremy.

«9xcon Hedreras
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YK 551.46.07

Octposekuii A.I'.'3, Boikos C.B.>3, Koueros O.10.!, Mbicausen U.B.!7,
Oapmanckuii B.M.2, IlIsoes JI.A.'3

O PABPABOTKE ABTOHOMHOTI'O I'IYBOKOBOJAHOI'O
MAJIOIIYMHOI'O HOCUTEJISAA THAPOAKYCTHYECKOU
AIIITAPATYPbI

'MOPAH 117997 Mocksa, HaxumoBckuii mpoc., 36, osasha@ocean.ru
2 WI123 PAH, Mocksa, JIeHHHCKHIA TpocmekT, 33

3000 UTLL «Moprexnonorum» 105082 r. Mocksa, yi1. ®puapuxa
Durensca, 75/3

Ilpedcmasnenvl  npomedcymounvlie pe3yibmanmvl paspabomku  CUCHEM
YIpasieHus O8UNCEHUEM OKeaHCcKo2o aratioepa - Hocumens cuopodu3uteckou u
2UOPOAKYCIMUYECKOT annapamypbl, KOMOPbL NOSPYAICACTCIL 3d CUem U3MeHeHUl
COOCMBEHHON naagyyecmu U npu >mMOM nepeMewyaemcs 8 20pU30HMATbHOM
HanpagieHuu, 3a cuém uzmeneHus Oudpepenma u NOOLEMHOI CUIbL KPbLIHEE.

CoBpeMeHHbIE TMaiiepsl peTHa3HaueHbI ISl PEIICHNUS 3a/1a4 B yTAJICHHBIX
W TPYJHOMOCTYIHBIX IO MOTOAHBIM M JIEJOBBIM YCJIOBHSIM aKBAaTOPHUSX, HAINpPH-
mep:

- THAPOJIOKAIIMN MOPCKOTO JTHA,

- IaTPYJIHPOBAHUS AaKBATOPUI MOPCKHUX MOPTOB U OOBEKTOB XO35IMCTBEHHOMN
JIeSITENIbHOCTH,

- IOJy4eHHsl TPEXMEPHOI CTPYKTYpPBI THIPOPU3NIECKUX TTOJIEH OKeaHa.

['nmaiizep mepenBuraercst Mo MHUJI000Pa3HON BEPTHKAIBHOW TPAEKTOPHHU, TO
MOJHAMAsICh K IOBEPXHOCTH MOpS, TO IOTPYXasch Ha TIIIyOUHY, MOTpeOJIsist
MHHHAMaJIbHOE KOJMYECTBO DIEKTPO’HEPIHH, Ojarofapsi IUIAaHUPOBAHUIO B
BosHOH Tomme. Kpen n quddepeHT KOHTpOIMpYyIOTCs MyTeM M3MEHEHUS [IeHTpa
Mmacc Oayutacta. [l IBYDKEHUS B 331aHHOM HAlpaBiIeHUHM TaKXKe MCIOJIb3yeTCs
BEPTUKAJIbHBIN PYJIb.

I'maiinep npoBOIUT U3MEPEHMSI IO MAPLIPYTY ABUKEHHS, KOTOPBII 3a1aeTCst
nepen myckoM. OOMEH JaHHBIMH M YIPABISIOIIMMI KOMaHJaMH, BKITFOUasi KOp-
PEKTHUPOBKY MapIIpyTa, OCYLIECTBIISETCS IIEPUOJIUUECKH C TOMOIIBIO alNapaTHoO-
MPOTPaMMHBIX CPEJICTB TEJIEMETPUM IIPHU BCIUIBITUAX IJIaiiepa K MOpPCKOH
MOBEPXHOCTH. B pekuMe HaJBOJHOrO IJIaBaHWA, TEIEMETPHUECKUN KOMILIEKC
nepeaaeT JaHHbIe U3MEPEHUH U OCYIIECTBIIET MO3UIHOHUPOBAHHUE C ITOMOIIIBIO
cucreMbl ciryTHUKoBO# HaBuranuu GPS/T'JIOHACC.

[TepBble rnaiinepsl ObuM ckoHCTpyHpoBaHbl B 1980-x rr. I'. CTOomeruioM u
Jl. Bebbom wu3 Byacxombckoro oxeanorpaguyeckoro wuHcruryta (CILA).
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B nexabpe 2009 r. BuepBbIe B HCTOpUH Taiiaep Slocum coBepIi aBTOHOMHOE
TpaHCATIAHTHYECKOE TNIaBaHHE, - OH TIepecek okeaH oT mobepexxps Heto Ixepcn
(CIIA) no Nbepuiickoro n-Ba EBpomneiickoro koHTHHEHTa 3a 221 CyTKH.

B CIIIA pa3pabaTbeiBaeTcs HOBBIN THI TJIalijiepa, KOTOPbIH Oojee MpHCIo-
COOJIeH JUTSl THIIPOAaKyCTHYECKOro MOHUTOpHHTa [1-3]. MakeT npoToTurna Takoro
rnaiiaepa mox HazBaHueMm X-Ray Obut u3rotosieH emte 2007 r. [lmanep rmaiigepa
X-Ray umen mupoKue KpbUibsl, HECYIINUE PEIICTKH THIPOAKyCTUUYCCKAX aHTCHH.
[Tocnennsist Bepcust ATOro Tiaijepa mnoiayuwmina Ha3Banue Z-Ray (puc. 1). Ona
YKOMILJICKTOBaHA aHTCHHBIMH pEIICTKaMH, PabOTAIOIIMMU KaK MHUHUMYM B 3-X
muana3zoHax: 10 I'm - 15 KI'm, 10 I'm — 100 KI'm, 20 I'm - 2 KT,

Leading £,
i
g rophone Array 10 1
'Z- 15 kHz

HARP (WARP)
10 Hz - 100 kHz
[ Vector Sensor

B 20Hz-2kHz

HARP (WARF)
10 Hz - 100 kHz

Replace one Vector Sensor with 5 Vector Sensor
'WHOI DMON recorder 20 Hz - 2 kHz

Pucynok 1 — I'maiinep Z-Ray: cineBa — oo, cripaBa — pasMelieHne ruapo-
aKyCTUYECKOH anmapaTypbl

[MoMumo periieHus 3a/1a4 BOGHHO-MOPCKOTro (h10Ta, MpUMEHEHHE TaiiepoB
npaBuTenbcTBeHHbIe areHTcTBa CIIIA U psii MEKIyHAPOAHBIX HAYYHBIX OpraHH-
sanuii  (MeXnpaBUTEIBLCTBeHHAs OKeaHorpaduueckas komwuccusi HOHECKO,
Bceemupnas MeTeoposioruueckasi OpraHu3anusi ¥ Jip.) OObSBHIM PHOPUTETHBIM
JUIsl U3y4YeHUS TJI00aJIbHBIX KIMMATHUECKHX U3MEHEHHH B YaCTH OINEPATUBHOTO
HaOJII0ICHNS 3a CPe/Ioi MOpeil N OKEaHOB.

B Hacrosiiee Bpemss B MHpOBOM OKeaHe pabOTalOT JECATKH arllapaToB
(http://www.i00s.noaa.gov/observing/observing_assets/glider asset map.html).
ITomuMoO 3TOTO TIAMIEPhI BEIONHSIOT PETYIISIPHBIC BBIXOABI B MOPCKUX aKBaTO-
pusix.

TakTHKO-TEXHHYCCKHE SJIEMEHTHl CepUIHBIX TaiiepoB Spray, Slochum,
Seaglider mpuBeneHs! B pabotax [4,5]. HekoTopsie BOIPOCH TMHAMHUKHU U TUIAHH-
pOBaHUS MapIIPyTOB MOIBOTHBIX TIaiinepoB ocBemieHH B [6]. Kpatkuit 0630p
MEXaHN3MOB M3MEHEHUs TuaBydecTH, quddepeHta u kpeHa moJBOAHBIX Taiije-
POB TpescTaBiieH B [7].

OcHoBHbIe yacTy ruaiiaepa Slocum Glider mokasansl Ha puc. 2.

Ha puc. 2 He noka3aHbl: 00TeKaTeNb U3 CTEKJIOIJIACTHKA, HECYIIHE KPbLIbS,
MIPOYHBIH anmnapaTrypHblil KOpITyc, Iiata ¢ MUKPOIJIEKTPOHHBIMH KOMIOHEHTaMU
CHCTEMBI CBSI3M, BO3YIIHBII HACOC C BHEIIHEH PE3MHOBOH €MKOCTBIO JUIsl BO3ILY-
Xa, BHELIHSSI paCIIMPHUTENIbHAsE eMKOCTB JUIsl 0aJIITACTHOM KUAKOCTH.

OcobeHHOCTH, onpeAeTsroNre NBkeHne rnaaepa Slocum Glider B Bofe:
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a) TepeaHssl LCHTPOBKA IIiaiepa Uil YCTOWYUBOCTH, - LEHTP IUIaBy4YeCTH
CMEILCH OTHOCHTEJIPHO LICHTPA IABJICHHUS KPBHUIbEB B CTOPOHY HOCOBOH YacTh
arnmapara;

0) MOJIOKEHHEe LEHTpa THKECTH IIEPEMEHHOE OTHOCHUTENBHO IIOJIOKEHUS
LIEHTpa IUIABYYECTH, - LEHTP THKECTH KOHTPOIUPYEMO IMepeMelaeTcs BIepe[
WM Ha3aJ OT LIEHTpa IUIaBYy4YeCTH (CMEIIEHHE COCTABIIET HECKOIBbKO MUJUTMET-
POB) co3/1aBasi HYXKHBIH ITPOJOJBHBII MOMEHT JUIS COOTBETCTBYIOLICH peryJsiu-
poBku muddepenTa;

B) 001MI1ast MOJIOKUTEbHAS TUTaBy4ecTh 2-2,5 H;

T') IepeHee pacIooKeHHe 0aIacTHON CHCTEeMbI IepeMEHHOT0 00beMa;

1) KPBUIbSI CTPEIOBHIHON (hopmbl (45°) BBHINOSHEHB! B BHJE IUIACTHH M 3a-
KPEIUICHBI Ha TPOYHOM KOPITyCe aIapaTa;

€) BEpXHUIl KWIb C BEPTHKAIBHBIM PYJIeM OBOPOTOB.

JInueiinelii npuson Cucrema BoIGOPKH
nepemMelenus darapei

Mouyiib 1ojiesHoi
HATrpy3KH

I'napoarperar
JUTA NIEPEeKavYKH
BannacTHoi
HKHIIKOCTH

Hatuuk  Murepieiic

- BRICOTHI
Kunn

\
IpoGnecko-
BhII MagK

.. barapeu
LIMHKOBEIIT aHOIT P

Paybem BHEIIHErO HCTOMHHKA TOKA
Apapuinsii dannacr

Pucynoxk 2 — Komnonoska rnaiinepa Slocum Glider [8]

OOmas GpyHKIMOHATBHAs cXeMa IJiaiiiepa MOKeT ObITh TAaKOW KaK MOKa3aHo
Ha puc. 3.

BannactHas cuctema nmepeMeHHOTro 00beMa JI0JKHAa UMETh B CBOEM COCTAaBe!

- ruzpoarperar,

- BHYTPEHHUI pe3epByap B IPOYHOM I'€pMETHUHOM KOHTEHHEDE,

- BHEIIHAN paCIIUpPSIONIAICS pe3epByap, padOTAromuil IMOX Hapy>KHBIM
JIaBJICHUEM,

- TpyOOIPOBOIHI,

- JaTYMKN KOHTPOJI KOJMUYECTBA Macila BO BHYTPEHHEM pe3epByape,

- JaTYMK HAPY’KHOTO JIaBJICHMS.
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CoBpeMeHHBIe THAPOATPEeTaThl, IPUTOIHBIC IO CBOMM XapaKTEPUCTUKAM IS
pemieHus 3aa4 yIpaBlIeHUs ABIKCHUEM TIaiiiepa, MPEeICTaBIAIOT co00i KOM-
TIaKTHBIE COOPKH, B COCTaB KOTOPBIX BXOIAT:

- MOTOp,

- peBEpCHUBHBII Hacoc,

- BCTIOMOTATEIbHBIN pe3epByap sl padodei KUIKOCTH,

- @HHBTP:

- IpelIOXPaHUTEbHbIE KJIANaHBbI,

- TUApPABIMYECKHE 3aMKH, MEPEeKPBIBAIOIINE IBIDKEHUE KUAKOCTH B OJHOM
U3 HalpaBJICHUH,

- MOHTa)KHasl IJTUTA.

‘7 1
A/ b

HRarunn kypea HaeMraumoHHo- 2BM
MHOPMaLIMOHHBIA 3 Geperosoro
TpreMHMK MOayNb ol uexTpa
GPS Y Cuctema cBAsm Kanan cessu ynpasneHus
AnsTumeTp,
AATUMEN
ryBuHb 1 T
HapYRHOI ABapHitHbli ABﬁapmeM 2
Temnepatypul paguomank fpo ;‘:‘;‘:’BE'"

; t f

Cucrema Hasuraumontas L
= AsapuiHbli
Asapuiiias UCTIONHUTENLHBIA
cucTema
MEXaHU3M
o 1
| Brox nonesmoii Harpys  {——»| CucTema ynpaenenus

WHepUWanoHon |«— ok
i
A
I Cucrema Cucrema /
A noasapsga

HaBuraLuu y
WIMEPERAR 1
sneproobecneserus
TENEMETPUM P ~2208B

CucTema MaMeHeHna
basa aaHHbIX . NnaBy4ecTv n

MMOTHOCTH BOABI B YNpaBneHus ABIKEHUEM
aKBaTOpWW NNaBaHuA OnepreTudeckui SHepreTUHecKUit
MOAYNb NUTAHUA MOAYyNb NUTaHUA
i PaaMO3NEKTPOHHO MCMOMHUTENBHBIX
annapartypbl MEXaHM3MOB
ﬂaT"WIKM AaBINEHNA,
TemnepaTyphbl U MUHERHOTO Moaynk ynpasnexua
nepeMeLLeHns, MCNONHUTENbHBIMW
pacxofiomep, 3HKoAep, MexaHW3Mamu
I'EpKOHbI
Ba.nnacman cucTEMa

nepemeHHoro obbema nubdepeHToM

CucTema ynpasnesus
KpeHoM

‘ CucTema ynpaenesua

PI/ICYHOK 3 - cDyHK]_[I/IOHa.]'[I;H.':lS[ cXeMa MaJIOITyMHOI'0O aBTOHOMHOT'O HOCUTC-
JIA HepCMeHHOﬁ IJIaBy4eCTHU

[praem, Kak MpenoOXpaHUTEIbHBIC KIIATaHbl, TaK W THAPABIMYECKUE 3aMKH
VOPaBISIIOTCS aBJICHHEM pabodeid kuakocTu. I Te u Apyrue - BCTPOCHHBIC,
MpeaHa3HaYCHHbIE ISl TOBEPXHOCTHOTO WIIM BHYTPEHHETO0 MOHTaxa. B MoHTax-
HOW IJINTE CAETAaHbI THAPABIMYECKHE MAarHCTPald M OTBEPCTHUS IS yCTAaHOBKH
MoOTOpa U Hacoca. MOTOp CMOHTHPOBAH C OJHOI CTOPOHBI MOHTaKHOU MIMUTHL. C
MIPOTHUBOIIOJIOKHONH CTOPOHBI MOHTQ)XKHOMW TIIMTHI BHYTPHU pe3epByapa ¢ paboueid
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JKHUIAKOCTBIO PACIIONIORKEH HACOC, KOTOPHII B CBOIO OYepelb TEPMETHUHO KPETIUT-
cs K MOHT&XHOW TuiMTe. Bam Hacoca MpOXOMWT HACKBO3b Uepe3 OTBEPCTHE B
MOHTQKHOW TUTHTE W COCAWHEH C BAIOM MOTOpa ¢ TIOMOMIbI0 My(ThI. ['aGapuTs
THpoarperara 3aBUCAT HE TOIBKO OT PasMEepOB pe3epByapa, JUTHHBI 3JIEKTPOIPH-
BOJIa, a TAK)KE THIA KJIAHOB M CI0co0a nX MOHTaxka. [ MapaBIHUeCKHii HACOC TTH-
CTOHHOTO WJIM IIECTEPEHUIATOTO THITA, 00ECIIEUNBACT TEPEKaYKy (HHUKCHPOBAHHO-
ro 00beMa JKHIKOCTH 32 OIMH 000POT JBUTATEINS.

KommoHoBouHasi cxema GaaiacTHOW CHCTEMBI MEPEMEHHOrO 00beMa COB-
MEIIEHHO! ¢ cucTeMoii u3MeHeHus nudhepenTa nmokasaHa Ha puc. 4.

Xy = Ly
h g Uusundpusecnud
x 4o 2 /ﬂpo-muu' KOPALYE

Ozpaxdenue Gosnacmand) Bax M1 Hemasnus mexg

r T 2 1
" ; 1 u R
Pacuwuypume manad | Hacoc A pesepByaple px) Mopwens l
emxacms dan px\ \ i 44
de gy 3 -j----- .u’--ig........&..

i L [T Rl i B
et “Hacoc W2 iR ' :
:<—E‘—!—) Hacac W2 : /(L—hr

Eax M2 (ugpgepenmuan yucthepwal a Moseanan wizpysea

i lesl ge= 05- : bt i
L] L3 iBax .'\+'3 (dugpepenman duemepna)

EH : '

H . Xy H v

*5 ; ;

D TSR

Xy : . HE i

|

Pucynox 4. - KommoHOBoYHas cxema OTCeKa CHCTEM HW3MEHEHHs
TuiaBydecTd U quddepeHTa noaBoHOro HOCUTEIS

B 2015 r. Hamu ObuM TIpOBe/EHBI PaOOTHI MO0 MAKETUPOBAHUIO CHCTEMBI
YIPaBJICHHUS IBI)KCHHEM TIOJIBOJHOTO HOCUTEIS. B yacTHOCTH, ObLIN TPOBEICHBI
71ab0paTOpHbIE UCTIBITAHUS TUApOArperara B 2-X pexunmax (¢ mpOTHBOABICHUEM
ot 30 krc/cm? u 6e3). [To pesyabTatam UCTIBITAHUN ObLIH:

- BBIOpaH HACOC TUpOArperaTa u JBUraTesb MOCTOSHHOTO TOKA MOIIHOCTBIO
150 Br,

- OIIEHEHBI 3aTPAThl SHEPIHU B CUCTEME M3MEHEHUS MJIABYyYECTH HA BCILIbI-
Tue ¢ ropu3onTa 470 M - okoso 1,6 Br-uac umm 5,6 K[>k Ipu yCIOBUH NTEepEeKavKu
pa6oueii xuakoctn 500 cm® Ha ry6une 470 M 3a 1 Mun 55 ¢ npu Toke 2 A B
AIEKTPUUIECKON 1Ienu npuBoaa 24 B,

- IT0Ka3aHO, YTO YIpaBIICHUE PACX0I0M paboueil KHUIKOCTH OCYIIECTBISIETCS
C TOYHOCTBIO 3 CM>, TIPUYEM [T KOHTPOJIS pacxoia JI0CTaTOYHO MCIOJb30BaTh
JUHEHKy naryukoB XoJla Ha BHYTPEHHEM pe3epByape, a Juisl JyOJUpoBaHHS
KOHTPOJISL Pacxoja Lenecoo0pa3Ho MCIOJIb30BaTh JATYUK JABICHUS B MaruCTpa-
JIM HU3KOTO JIABJICHUSI CUCTEMbI H3MEHEHUS [TaByUYECTH,
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- TIOKa3aHO, YTO CKOPOCTH NMEPEKauyKH padodel KHUIKOCTH PETYIUPYETCs C
TOYHOCTBIO 3 cM’/c B mpenenax 0-8 cm’/c,

- IPOIEMOHCTPUPOBAHA MAJIOITYMHOCTE paOOTBI CHCTEM.

BBUTO BBIMOIHEHO NPOEKTUPOBAHUE CHUCTEMBbI M3MeHeHus auddepenrta HoO-
CHUTEJIsl Ha OCHOBE IEPUCTATBTHUECKOT0 HACOCa C YCIOBUEM, YTO CKOPOCTh Iepe-
Ka4yK{ Harpy3Kd B CHUCTeMe M3MeHeHHs auddepenTa ToKkHa ObITh He HIDKE OIl-
TUMaJBHOW CKOPOCTH INEepeKayKu paboueil KUIKOCTH B CHCTEME M3MEHEHHS Tl1a-
BydecTn — 240-480 ¢M?/MHUH, YTO MO3BOJISET MHHUMH3UPOBATH MHEPLIIMOHHOCTH
i epeHTOBKY 1, TEM CaMbIM, 00ECTICYNTh YIIPABISIEMOCTb.

Haxkonen, Obu1 pa3paboTaH M HM3TOTOBJIEH MAakeT 3JIEKTPOHHOTO MOMYJIS
YIpaBJIeHUS] UCIIOTHATEIBHBIMI YCTPOHCTBAMH JUISI HHTEIPALUK C KOMILJIEKCOM
UCTIOTHUTENBHBIX YCTPOHCTB 00ECTIEYeHNS! IBIKEHUS TTOIBOJHOTO HOCHUTEIIS.
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HNPUMEHEHHME CIIEKTPAJIBHOI'O AHAJIM3A
UHTEP®EPEHIIMOHHOM CTPYKTYPbI BOJIHOBOI'O MOJIA JIJIs
PEHIEHMUSA 3AJIAY AKYCTUKHN OKEAHA

Boponesxckuii rocyiapcTBeHHbIN YHUBEPCUTET
Poccus, 394006 Boponex, YHuBepcuTeTckas ., A.l
Ten.: (4732) 789-748; dakc: (4732) 789-755,
E-mail: pereselkov@yandex.ru

IIpodemoncmpuposano npumenenue CReKmpaibHO20 AHanu3a uHmep@epen-
YUOHHOU CMPYKMYpbl NOAA 04 3a0a4: blOeleHUs ePYNn OOHOMUNHBIX MO0,
OYEHKU CKOPOCIU OBUIICEHUSL UCTNIOYHUKA 36VKA; NOGLIUEHUS NOMEXOYCMOUYU-
socmu. Ilpusedenvi pe3ynvmamsl MOOEIbHO20 dKCHEpUMenma Ojisl peanibHbiX
HAmMypHuIX YCI08ULl 8 0O1ACHU HUBKUX YACTIOM.

Benenune. Kak n3BecTHO, B OKEAaHHYECKUX BOJIHO- a0 15 "",‘;m 50
BOJIaX 3BYKOBOE IT0JIE MCTOYHHKA (POPMHUPYET XapakTep- n
HyI0 WHTep(EpEeHIIMOHHYI0 KapTHHY. M3-3a pa3nnaus B
TUCTIEPCHOHHBIX XapaKTEePUCTHKAX MOJ MHTEp(epeHIIH-
OHHasl CTPYKTypa IOJiI B KOOpAMHATaX ‘‘pacCTOSHHUE- W o s
4acToTa” MPEACTaBIsAeT COOOW TOCIEI0BATENHHOCTh IMa- 501 .
pAIENBHBIX JIOKAIW30BAaHHBIX IIOJIOC MHHUMANbHOM M 60 F
MaKCHMaJIbHOH HHTEHCUBHOCTH (MHTepdeporpamma).

-10 0 1.0
[— ]

Takoe pacnpenesenue
WHTEHCUBHOCTH MI03BOJISIET
3 PEKTUBHO MPUMEHSITH CIICK-
TpaJbHBIA aHanmu3 uHTepde- =
PEHIMOHHON CTPYKTYphl JUIsl -
pemeHust OOJIBIIOTO  Kjacca
aKTYaJIbHBIX 3a/lad aKyCTHUKH
okeana. Mpero moxxoma mpo-
WITIOCTPUPYEM Ha TpUMepe
HEBO3MYIIEHHOTO TOPH30HTAIBHO-0JHOPOIHOTO BOJIHOBO/IA, MPOGHIL CKOPOCTH
3ByKa c(z) KOTOpOro mpuBeneH Ha puc. 1. [TapaMeTpsl 0JHOPOIHOTO TOTIIONIA-
TOIIETO KUAKOro aua: ckopocts 1800(1 + i0.01) m/c, miotrocts 1.8 r/em®. Ha
puc. 2, 3 mpeacTaBieHbl HOPMUPOBaHHAs MHTEP(HEPEHIIMOHHAS COCTABJISIONIAS
nonst u, (1, f) = p(r, f) — |p(r, f)| 1 cooTBeTCTBYIONIMIT MOIYJIE HOPMHPOBAH-
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HOM criekTporpammsl i, (k, T). [ybuna ucrounnka u mpueMunka 30 M.

Bbinenenne rpynm oIHOTHIHBIX MOA. B pacuerax, mpencTaBieHHBIX Ha
puc. 2, 3 WCHOIB30BAJNCH MATH MOJI, U3 HUX NIBE TiepBbIe ¢ HOMepamu [ = 1,2
SBISIFOTCS.  OHHBIMH  (HM3mmMu), Tpu napyrue (I =3,4,5) — 1oHHO-
MMOBEPXHOCTHBIMU (BeICIIMMHK). Ha puc. 3 TOKa3aH MOAYIb HOPMHpPOBaHHOM
criekTporpammsl i, (K, T), Tae HaOIIOAAOTCs BE HEMEePEKPHIBAIOIINECS MAbie
obnactu (At, AK) JIOKaJM30BaHHBIX CIIEKTPAIBHBIX IUIOTHOCTEW rpymnn moa. [lo
OCH OpIMHAT OTJIO)KEHa BEJIMYMHA, oOpaTHas LUKINYECKOW dacToTe w = 2Tf.
[TyHKTHPOM U3 TOYEK M CIUIOIIHON JIMHUEH MOKa3aHbl NPsSMble JIMHUU, TPOXOS-
IIMe Yepe3 Havyalo KOOPAMHAT M MOJIOKEHHS MaKCUMyMOB 3THUX 00acTei, KoTo-
pele TpUXOAATCS HA 3HayeHHs: |1,] = 4.8X 1072 ¢, |k;| =7.5%x 1073 m' wu
|t,] =3.3x 107t ¢, |Kk,| = 2.6 X 1072 m!. 3neck u nanee HUKHKME UHAEKCHI 17
1 “2” OTHOCHUTCS K HU3LIMM U BBICIIUM MOJIaM COOTBETCTBEHHO. Pa3mepsl 0bma-
creit omenusarorca kKak: At; = 1.3 X107 ¢, Ak; = 19X 102 m! u Ar, =
=12x10"t¢, Ak, =1.8x 1072 M.

OnHaKo CHeKTpalbHas IUIOTHOCTh BBICIIMX MOJ CKOHIIGHTPUpOBaHAa Ha
0OJIBIIIOM MHTEpPBaJIE IO CPABHEHHIO ¢ HU3IIMMHU MojiaMH. Takum o0pa3oMm, Criek-
Tporpamma (K, T) mo3BOIsIeT OGHAPYIKUTH Pa3HbIE TPYIIIBI MO JaXe B TEX CIIy-
yasix, KOTJ[a HHTETrpajbHBIA BKJIAJ] OHOW M3 HUX OcalJIeH 110 CPaBHEHHUIO C JIpy-
roii. KoHeuHO, 3TO BO3MOKHO, €CITH WX OOJNACTH CHEKTPAIGHON INTOTHOCTH pa3-
pemratorcs. ITonokeHnst MaKCUMyMOB CIIEKTPaIbHOW MHTCHCUBHOCTH M TPAHHIIBI
o0JracT ee JIOKaJIM3aliy ONPEIeIIOTCS TPOCTPAHCTBEH- %’
HBIMU W YaCTOTHBIMH IEPUOAAMH MHTEP(EPEHIIMU OIIHO-
TUTIHBIX MOJA. BHe oOnacTeil JIokamu3anuu CeKTporpaM-
Ma TIpaKTHYeCKH MoAaBiieHa (puc. 3), mo3ToMy HaubOIb-
myro uHpOpMaMio 00 HHTEPPEpPEeHIIMOHHOW KapTHHE
OJTHOTHITHBIX MOJI OHAa COJIEPKUT B Y3KUX CIIEKTPAIbHBIX
okHax (At, Ak). OtduibTpoBBIBas 3TH 00JAaCTH WU BbI-
MOJHAASL oOpaTHOE IBYKpaTHoe IpeoOpazoBanue Dypbe
F~1{fi}, momy4aeM uHTep(eporpaMmbl IPYII OJHOTHII-
HBIX MOJI.

Ha puc. 4 npencrasiieH pe3ynbTaT Takod (QHUIbTpa-
MM HU3MHUX MOA. [l GuiabTpamuy HUBIINX MOJ HC-
TONb30BANIACH  YACTb CMIEKTPOTpaMMBbl i, (K,T) BHYTpH &
TIPSMOYTOJILHOTO OKHA, MOKA3aHHOTO MyHKTHPOM Ha PHC.
3. Ha puc. 5 npencrasieH pe3yabTaT (GuiIbTpaluy BbIC-
mmx Moj. Jlyist GuIbTpanuy BBICHIMX MOJI MCIOJb30Ba-
JIaCh YacTh CIIEKTPOrpaMMbl i, (K, T) BHE 00IacTH psIMO-
YTOJIBHOTO OKHA, TOKa3aHHOTO MYHKTHPOM Ha pHC. 3.

OmnucaHHOe BBIJENICHHUE TPYMIT OJHOTHITHBIX MOJ (P QeKTHBHO, ecin Crek-
TpaJbHbIe IIOTHOCTH 1L (K, T) JIOKAJU30BaHbI B HEMEPEKPHIBAIOMINXCS 00IACTSIX, a
(UIBTPBI 00JAAIOT MTOCTATOYHO PEe3KMMH TpaHunamMu. OTHO W3 TIABHBIX Ipe-
MUMYILIECTB TPEVIOKEHHOIO METOJa COCTOUT B TOM, YTO OH JAeT BO3MOXKHOCTBH
HOJIy4aTh HHYOPMALUIO O MOZOBOW CTPYKTYpE IPYIIT HU3LINX M BBICIIHX MOI.
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O1eHKa CKOPOCTH JBHKEHHS MCTOYHHKA 3BYKa. [Ipu IBIWKEHHH UCTOY-
HHUKA 3ByKOBOE TT0JIe (POPMHPYET JIOKATH30BAHHBIC HHTEPPEPEHIIMOHHBIE TTOIOCKH
B IUIOCKOCTH BPEMs—4acTOTa, HAKIOH KOTOPBIX OIPEICNICTCS BOJHOBOIHOM
TUCTIEPCHEH, YTIIOM TPAaeKTOPHH M CKOPOCThIO MCTOYHWKA. OIWH W3 METOIOB
OIICHKU CKOPOCTH [1] COCTOUT B TpaeKTOPHOM HAKOTUICHWH MPUHUMAEMBIX CHT-
HaJIOB IO Pa3JIMYHBIM HAMPABICHUSM W Pa3HBIM 4acTOTaM B Tpeleiax HIMPUHBI
HHTepPEPEHIIMOHHON TMOJOCHl 3a BpeMs HaONIOJCHHUS Ha ILIOCKOCTH Bpe-
Mmsi—yacrora. [TojokeHue TiaBHOrO Makcumyma (DYHKIHOHAA, PEeau3yIOIIero
TPAeKTOPHOE HAKOIUICHUE, IPUHIUMAETCS 3a OLIEHKY PaauabHON COCTaBIISIOIICH
CKOpOCTH McTOuHMKA. [IpesaraeMelii B TaHHOH paboOTe albTePHATUBHBIN METO/I,
OCHOBAH Ha CIIEKTPaJIbHOM aHAJIN3e UHTECP(PEPCHIIMOHHON CTPYKTYphI mojst. Mc-
HoJIB3yeTCs ABYKpaTHoe npeodpaszosanne Oypre F{u} k dpyuxumu u, (f, t) aus
ONpeJIeNIeHNs JIByMEpPHOTO CIeKTpa 100
(T, V) U BBIYHUCIIEHHS 3aBUCMOCTH

®(v,) oT mapameTpa, ONpPENENsIO- 50 ™
IEr0 CKOPOCTh M3MEHEHHs PaccTo-
SHUS MEXKJLYy UCTOYHUKOM M TIPHEM- 5
HUKOM B 90 jsﬂleu 110
Puc. 6a. Puc. 66.
ow) = [lawlede. 1) 1 s
0
3neck T = pcosd, v=psind — = o ene | ol @ “ .
MOJISPHBIE KOOPIAMHATEL Makcumym >
3aBUCUMOCTH: a5 ] 05
O (v,) = max®(v,) 2 05 0 05
COOTBETCTBYET OIIEHKE VU, CKOPOCTU P T, ‘7:6
uc. 76.

W3MEHEHHS PaCcCTOSHUSL _

Ha puc. 6 noxkasanel untepde- @,
porpamMMel, (OPMHpYEMBIE HCTOY-
HHUKOM, JIBIDKYIMCSI OTHOCHTEIBEHO
IpUEMHHKA C PAa3IMYHBIMH CKODPO-
crsmu: (a) v=0 wm/c, (6) v=3 :
m/c. ['yOvHa UCTOYHUKA M MPHEM- 0 —p—t—i——i—s = 3 =
Huka 30 m. HayanbHoe pacctosiHue V., We V., M/C
Mexay HumMu = 10 xm. Puc. 8a. Puc. 80.

Ha puc. 7a u 76 npencraieHs!
MOJIYJTH HOPMHPOBAHHOM CIIEKTPOrpamMMsl i, (K, T), COOTBETCTBYIOIIUE PHC. 62 U
66. I'paduk HOpMupoBaHHOH (ynKIHH D, (v,) = ®(v,)/max®(v,) npuseneH
Ha puc. 8. Ee MakcumyM mpuxoautcs Ha 3HadeHus v, = 0 (puc. 8a) u v, = 3 m/c
(puc. 80), COOTBETCTBYIOIIIC HCTHHHBIM 3HAUCHISIM PaJHAIbHON COCTABIISIONICH
CKOPOCTH HCTOYHHKA.

IMoBbIlIeHne moMexoycToitunBocTH. [lpemaraemplii B JaHHOW padorte
IIOZIXOJl, OCHOBAHHBIN Ha CHEKTPAJIbHOM aHAIN3e MHTeP()EPEHIIMOHHOHN CTPYKTY-
pBI TIOJIS, JJa€T BO3MOXKHOCTbH CYLIECTBEHHBIM 00pa3oM MOBBICUTH I(PQEKTHB-

0.5 0.5
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HOCTH 00pPabOTKH MPUHATOrO curHana. I[IpojeMOHCTPUPYEM IMOBBILIEHHE TTOME-
XOYCTOMYHMBOCTH Ha IPUMEPE 3a/1auM 10 OLEHKE CKOPOCTH JABMKEHHS UCTOYHH-
Ka B IPUCYTCTBUY IYMa.

Ha puc. 9 nokaszansl uHTEpdE-
porpamma u,(f,t) (a) U coorBer-
CTBYIOLIMI MOJyJIb HOPMUPOBAHHOU
criekrporpammsl %(t,v) (0), dop-
MHpPyEMble B IPHUCYTCTBHU IIyMa
HCTOYHUKOM, JABMIKYIIHMCSI OTHOCH-
TEJBbHO PHEMHHKA CO CKOPOCTh U =
3 ™/c. OTHoOmEHHWE CUTHAI/IIYM
go = 10™* (mo momHocTtH). 3ame-
M, 4yrto B obnactu (f,t) (a) un-
TepdeporpamMma u mryMoBasi KOMIIO-
HEHTa pacrpejielieHbl  pUubIn3u-
TEJIbHO PaBHOMEPHO. B Toxe Bpemst
B obmactu (T, v ) HabIrOIaeTCs mpo- 0.9:-{3 s i 3 e
THBOIOJIOXKHAsS curyanust. [llymosas V., mic 7,
KOMIIOHEHTA pacrnpejere- Puc. 10a. Puc. 106.

Ha PaBHOMEPHO, a CIIEKTpOrpamMMa MOJIE3HOI'0 CUTHAlIA, KaK ObLJI0 OTMEYEHO BbI-
e, GopMHUPYET 3HAYUTEIBHBIC CIICKTPalIbHbBIC MUKH, BBIICISIONUECCS Ha (oHEe
uryma. PesynsraTel pacuera dynkimonana ®,(v,) (1) mo uHTepdeporpamme
u, (f, t) npexncrasnenst Ha puc. 10a, a mo crnexrporpamme (T, v) — Ha puc.
106. Kax BuaHO, mipeiaraeMblii B TJaHHOW paboTe MeTox ocTaeTcs paboToCIo-
COOHBIM MPHU YPOBHSX IIymMa Ui KOTOpbIX MeTon [1] yxke Tepsier addexTus-
HOCTb.

[Ipennaraemsblii B 1aHHOW paboTe MOAXOJ, OCHOBAHHBIH Ha CIIEKTPAIEHOM
aHanm3e nHTepdeporpaMmbl 3ByKOBOT'O T10JIs1, TO3BOJISIET () (PEKTUBHO UCIIONB30-
BaTh OCOOCHHOCTH (HOPMHUPOBAHUS WHTECPPCPCHIIMOHHON KapTHUHBI BOJIHOBOTO
MOJIST B OKCAHMYECKIX BOJIHOBOJAX M OTKPHIBACT ITUPOKHUE TTEPCIICKTUBKI ISl €T0
MPUMEHEHHUS B PELICHUH aKTYyallbHbIX 3a/[a4 aKyCTHKU OKEeaHa.

Pabota BbIMoIHEHA TP TOAICPIKKE MPOrpaMMbl HYHIAMEHTATBHBIX UCCIIe-
nmoBaHuit Otaenerns ¢usndeckux Hayk PAH «®ymmaMeHTambHBIE MTPOOIEMBI
AKyCTHKH UCKYCCTBEHHBIX U TIPUPOJIHBIX CPEI».

JUTEPATYPA

1. Kuznetsov G.N., Kuz’kin V.M., Pereselkov S.A. Estimation of the
velocity of underwater objects in the passive mode using frequency-shift data //
J. Phys. Wave Phenom. 2014. V. 22. N. 4. P. 306-311.
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VJIK 534.8

N.I1. CmupHoOB, A.U. XHiIbKko

ONITUMU3ALIUA CUHTE3A U AHAJIU3A ITPU
I'nAPOAKYCTHYECKOM HABJIOJEHUU

Wucrutyt npukinanHoi ¢pusznku PAH
Poccus, 603950, H. HoBropog, yi. YibsHoBa, 1.46
Ten. / ®akc: (831) 436-9717; E-mail: A khil@hydro.appl.sci-nnov.ru

O6cyancoaromest 603MONCHOCMU AOANMUBHO20 BO30YICOCHUS AKYCIUYECKUX
nozetl CUCmeMoll He3a8UCUMBIX KO2ePEeHMHbIX u3iyyamenell 6 pepaKyuoHHbIX
soHoB800ax. [lpednacaemcs svidupams KoO3QDuyueHmvl 8030yHcOeHUs U3TYUA-
meieti, 0becneyusarouue MakCUMAaitbHoe U3NyYeHUue He 6CeX KOMNOHEHM NOTHO20
CYMMApHO20 NOJA, a UMb MATO 3A8UCAUUX OM COCTHOAHUA 80THOB00A U HAUOO-
Jiee CmabunbHuIX.

Paccmotpum koHe4HBIH Ha0op U3 K He B3aUMOJEHCTBYIOIINX APYT C Ipy-
TOM TOYEYHBIX KOI€PEHTHBIX MOHOXPOMATHYECKUX M3JTyuyaTesiel, MorpyKeHHbIX
B pedpakiMOHHBII BOJHOBOA (M3iyuaromias anteHHa, MA). BBoas BekTops

KOMIUIEKCHBIX KOA(Q(UIIEHTOB BO30YKACHHU V M aMIUIUTYJA Nojiel d OT OT-
JIeNbHBIX M3JIydaTesiei B Touke HaOII0AeHUs (r, Z) , 3aluIlIeM CyMMapHoe ToJie

WA B BuJe CKaIsSIpHOTO MPOU3BEAECHUS
K

121(,”2;\7):Zkzlﬁzc}k(r,z):<Zi(r,z),\7>. (1)
PaccMoTpuM 3aady yrpasienus noiem WA, cuntas BekTop V yIpaBIsio-

M. HCJILIO YIIpaBJIC€HUA Ha3HAYUM MaKCHUMHU3AIUI0 MOIYJIA aMIUIUTYIbl CyM-

maproro mojust (1) B 3aganHoi Touke HaOmoaenus R = (rR , ZR) :

J(ﬁ)z A(rR,zR;ﬁ)‘:KﬁR,\?N—>n}2}]x, )
ve
rae a, = 5(FR,ZR), U c C" — MHOKeCTBO JONYCTHUMBIX 3HAYCHHH yIIpaB-

JSIOIIETO BeKTOpa V . PaccMoTpuM city4ait ammnaumyono-@aszo8020 ynpaBiIeHus,
KOI'Jla BApbUPYIOTCS KaK aMIUIMTYABI, Tak ¥ (a3sl K0dGGUIHEHTOB BO30YKICHUS
U3JIy4aTeNIen:

U=qu{ﬁ :|§|Zzzlil|vk|q31},1gq<oo, 3)
U._ ={\7 : |‘7|.,° =max, |vk| < 1} . Pemennem 3amaum (2) B ciydae (3) CIyKuT
BEKTOp C  KOMIIOHEHTaMH (\7‘5;) )k = |(&'R )k|p_] /|5R|Z_1 exp(i(l//R )k), e
p=q/ (q - 1) A )k — ¢asa komrutekcHOH ammHTy B! nons ( dy )k or k
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-0ro MU3JjydyaTtejsd B TOUYKE R.B 4aCTHOCTH, I ¢ = 2 , pC€IICHUE MMPUHUMACT

—(2 —
BU]I v(fpt) =0y

(2% /|CIR 2 T.C. COBIIAAACT C HAIIPpaBJICHUEM O(R BEKTOpa aR .

[pu ¢ =°°  ONTHMaJIbHOE YIIpaBJeHHE 3amnuchiBaeTcsi B  (opme

(\7;:) )k =exp (z' (l//R ) . ), TO €CTh OIpeeNIeTCsl HCKIIOYUTENbHO (ha3aMHu KOM-

IIOHCHT I10JIA 5R " HC 3aBUCUT OT UX aMIIIUTYN. AHaJI0rMYHO BbIpAXKacTCsA 4eC-

pe3 mapameTpsl BeKTopa d,, ONTUMANbHOE yIpABICHUE U B CIIydae ()a3o6020

ynpaenenuss WA, xorma Uu=U :{\7 : |\7k| =1k :L_K}, TO ecCTh

phase
V= {e”//1 b eVx }, rie ¥, — dasa k -ro msmyuarens. Ha npakruke BeIGOp

MHOJKECTBa JOIYCTHMBIX ympasineHuid U  ompenensiercs KOHCTPYKTHBHBIMH
0COOCHHOCTSIMU M3JTy4aromie aHTeHHBI, TOCTYITHOCTBIO U HAaJIS)KHOCTBIO HH(OP-

Malyu O II0JIC 5R . Mcrionp30BaHHBIE BBIIIE MHOXKECTBA Uq IMMPUBJICKAIOT

,phase

TIPOCTOTOH pelIeHUs] ONTHMHU3ANOHHON 3a1aqu. OIHAKO YIIPOIIEHHBIH ITOX0 ] K
MTOCTAaHOBKE 3aa4d yTpaBICHUS (2) YA3BUM C LEIOTO psfa TTO3UIHHA: peIIeHIs

3a1a4 BBIPAXAKOTCA Y€PE3 IMapaMETpPhbl IIOJIA aR’ JJIA BBIYMCIICHUSA KOTOPOI'O

HEeoOXOIMMBI HaJIe)KHBIC JTaHHBIE O CBOMCTBAaX BOJHOBOJA; caMa IIOCTaHOBKA 3a-
nmadn (2) mompa3yMeBaeT KOT€PeHTHOCTh IMOJHOTO IOJI B MacmTade amepTypsl
U3JTy4alollell aHTEHHBI, YTO B PEaJbHOCTH MOXKET BBIIOJHSATBHCS TOJIBKO VIS OT-
JETbHBIX KOMIIOHEHT ¥ B OTPaHHYECHHBIX BPEMEHHBIX NPOMEXKYTKaX; MpaKTHye-
CKO€ NPHMEHEHHE JAAHHBIX PelIeHHH OrpaHUYeHO HEOOXOAMMOCTBIO TOCTOSHHO-
ro KOHTPOJIA 3a COCTOSHHEM BOJHOBOJA, IIapaMeTphl KOTOPOTO B PEaJbHOCTH
CITy4aiiHO U3MEHSIOTCS BO BPEMEHH; 3TH PEILICHUS] MOTYT OKa3aThCsl CIIOKHBIMU B
TEeXHUYECKOH peanu3aluy BCIEACTBHE CIIONKHOCTH 33aBacMbIX MMM paclperie-
JeHuit Gpa3z u aMIUTUTY]] BO3OYXKIICHUS! OTACIBHBIX H3ydateneid. [losromy mpen-
CTaBJISIET MHTEPEC HAlWTH OoJiee MPOCThIE B PealIM3aliy yIIPaBICHUS, UCTIONb3Y-
I0IIMe MUHUMAJIbHYIO MWH(QOPMAIMIO O BOJHOBOJE W M0 YCTYIAIOIIUE OITH-
MaJIbHBIM T10 3HaUYeHMSAM (QyHKIHOHaNa. [lo-cymiecTBy, pedb HAET O TAKOM BBIOO-
pe MHOXKECTBa yIpaBICHUH B (2), IPU KOTOPOM JOIYCTUMBIC YIIPABICHHUS 3aBH-

cend Obl TOJBKO OT CTAOMJIBHBIX KOMITOHEHT BEKTOpa 511 . yCTOfI‘IPIBBIX 10 OT-

HOIICHHIO K (bHyKTyaLII/IHM mapaMETpoOB BOJIHOBO/JA. Beigenum B aR T€ COCTaB-
(st)

NSAIOIKE  dyy

, KOTOPBIE MOTYT CUHATATHCA CTa6I/IJ'IBHLIMI/I, TIpeACTaBUM IIOJIHOE

- —(st) , —(nst)
IOJIC B BUJAC CYMMBI aR = aR + aR

J(St)(ﬁ)z

1 paCCMOTPUM BCIIOMOTaTCJIbHYIO 3aJaqdy

~ - —(st) — .
A% (I”R,ZR;V)‘ =‘<al(:),v> — max . Pemenus Ttakoil Bcromora-
veU

TEJIbHOU 3aJa4un vsl 3alMMCBIBAIOTCA TaK K€, KaK U PCHICHUSA HCXO,HHOﬁ 3aJa4u
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- — (st
2) Vopt » HO YK€ 4epes mapaMeTphl BEKTopa al(:) , TO €CTh OHH 3aBHUCAT TOJIBKO

OT CTaOMJILHBIX KOMIIOHEHT BCKTOpa aR . HOSTOMY X MOXHO YCJIOBHO HAa3BaTb

CTaOMIIBHBIMU yTpaBieHUsIMU. KOHEUHO, OHU He 00s3aHbl OBITh PEIICHUSIMH 3a-
naun (2). OgHAKO MOXKHO OXKHATh, YTO B CIIydae 3HAUMUTEIHHOTO TPEBBIICHUS
aMIUTTY]] CTaOMIBHBIX IMOJNEH HaJ aMIUIUTyJaMH HECTaOMIbHBIX, DPa3HOCTh
oJ=J (vOpl ) -J (vsl) >0 Oyzer Mainol, TO €CTb CTaOWIbHBIC YIPaBICHUS
OynyT MOYTH OTNTHUMAJBHBI. Beogs GbyHKIHIO
— 2| 7 — ~ —
}/(r,z,vsl) =10 |A(r,z,vs[)|/|A(VR,ZR,v0m)

JCICHNUC aMIIJIMTY/bI II0JIsI B BOJJHOBOJAE IIpU V. = vst , IOJIyJaeM YHCJIOBYIO Xa-

, KOTOpasl XapaKTepu3yeT paclpe-

PaKTEpPUCTUKY OTHOCUTENBbHOH 3()(EKTHMBHOCTH CTaOMJIBHOTO  YIPaBJICHHS
}/=}/(VR,ZR;\Zt)=102J(17st)/.](\70p[). B ciyudae U=U, npu

i

<<
2

5](:‘) , nMeeM MIPOCTYIO OLICHKY
»(nst) a(st) —»(st)
Ne.a ) la

(dokycupoBke mois yactotsl f =1 kl'1, co3naBaeMoro BepTHKAIbHON aHTEHHOM

y=1- ‘Eil(l"“)

. Jlns wntrocTpauy paccMOTPHM 331ady O
2

u3 K =30 5KBHIMCTAHTHO PACIONOKEHHBIX M3Tydyaresic. AHTCHHA TOrpyxe-
Ha B BOJHOBOJ IIIyOHHOM B | KM ¢ YHHMOIAJIbHBIM MPOQUIEM CKOPOCTU 3BYKa

c (Z) , WM TOKazaTeJIeM  MPEJIOMJICHUs,  ONUCHIBAEMBIM  (OpMYJIOit

n(z):co/c(z):wll—(z—zo)z/hz, 0<z<-1, rme ¢, =15 «xwml,

z,=—0.3 kv, h=35; paccrosune mexny msnysaremsmu 44 =4c,/ f, ko-

OpIMHaTa BEPXHETO U3JIydaress Z, =—0.4 xm. CKOpoCTb NpPOIONBHBIX BOJIH
- , , .
= 7 (75222) = 100
£
=
=
:?%
—
-
3
¥
=
=
=
3 7|
0 4 8 M [1] S0 100
Puc.l. O v =G /la ]
HcC.1. TITUMAJIBHOC praBJ’ICHI/Ie opt =dg Ry pacnpe}leneHI/m g7 B

BOJIHOBOJE (CJIeBa) U ¥ B BepTHKAIbHOM cedeHuu R.
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BOAHOR BOMHE

Z ()

daxa
AmnnuTyna

10 20 30 o 0 20 0
anyarans. HamysaTtens

Arg g =83

4

o 2 4 (] r, KM o 25 50 75 100

Puc.2. CrabumbHoe ynpasienue no Bomsoii somme v = al™ /|l

w

BepX-
, (Bep

HUH psI: TPaeKTOPUH BOAHBIX JIy4del, BEIXOIAIINX U3 LIEIeBOI TOUKH, (Pa3bl
52)

M aMIUIITYABbl YHPaBICHUA V. ; HIDKHHIl pAx: pacupenenenus 1gy B

BOJIHOBOJZIE M )/ B BEPTHKAIBHOM ceveHnr R).
N 3
B JKHIIKOM JHE BO3bMeM paBHoi 1515 wm/c, mnotHocTs rpynTa 1200 kr/™M ™.
BosbMeM B kauecTse Touku Hanermuanus R=(r,z ), 1, =10xm, z, =—0.5

KM. PaccMoTpuM onTuManbHOe U cTabmiIbHOE yrpasienue (puc.l, 2). Beibupas B
Ka4yeCTBE CTAOMIIbHOW BOJIHBI YMCTO BOJHYIO KOMIIOHEHTY (JIEBBI BEepXHUIi Tpa-
¢uxk wa puc. 2), mosyyaeM cTaOWiIbHOE YympamieHHe B (opme

i =al /fal

. ®a3pl ¥ aMIUTY 161 KOO QUIIMEHTOB BO30YKICHHS H3ITYy-
2

yaresieil peICTaBIeHbl, COOTBETCTBEHHO, HA CPEIHEM W TPAaBOM BEPXHHX Ipa-

5(2)

(hukax puc.2; pacupeneaeHus }/(r, ZyV, ) JIaHbI HA HIKHUX rpadukax puCyHKa

2. U3 cpaBHeHus puc. | u 2 BHIHO, YTO CTAOWIBHOE YIpPABICHHE 3HAYUTEIBEHO
0oyee peryisapHO B CPaBHEHHH C ONTUMANBHBIM (pHC.1); TIpH 3TOM IPOUTPHIII B
3Ha4YeHUH QyHKIHOHANIA He npeBbimaet 17% .
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SOUND PROPAGATION

P.V. Artel'nyi, A.L. Virovlyansky, A.Yu. Kazarova,P.1. Korotin,
A.V. Stulenkov

EXPERIMENT ON THE STUDY OF SPATIO-TEMPORAL STABILITY
OF THE SOUND FIELD IN LAKE LADOGA

A distribution of sound intensity in the space 'depth — arrival angle —time' is
measured using an extended vertical array. This distribution is expressed by a
coarse-grained Wigner function smoothed over angular and spatial scales. Com-
parison of the theory and experiment shows that this distribution is less sensitive
to variations of waveguide parameters, and therefore more predictable, than the
intensity distribution over the antenna aperture. Stability of the Wigner function
is explained by the fact that in this distribution the contributions from individual
rays are resolved, at least partially. It is shown that the comparison of measured
and theoretically predicted coarse-grained Wigner functions can be used for
solving the problem of source localization in a waveguide.

V.N.Golubev
OBSERVATION OF LATERAL WAVE IN DEEP OCEAN

Federal Agency for Scientific Organizations of the Russian Federation
Federal Research Center

Institute of Applied Physics of the Russian Academy of Sciences

46 Ul’yanov Street, 603950 Nizhny Novgorod, Russia

E-mail: golubev@ipfran.ru

The results of experimental studies of spatial and temporal structure of the
low-frequency pulse signals in the deep ocean in the open to the bottom of the
acoustic waveguide are presented. At this in the range of distances from 5 to
30 km lateral waves at critical angles of reflection from the bottom of the low-
frequency sound pulses received at a depth of up to 4 km have been observed. As
a sound source was used a pneumo-acoustic radiator (airgun) towed by a linear
trajectory at the depth of 15 m. The signals were received and recorded near the
bottom by an autonomous bottom station. The frequency band of the radiated
pulse was 5-50 Hz with the maximum at frequencies 8-30 Hz. The dependence of
the intensity of lateral waves formed by water and once reflected by rays from a
distance has been obtained. The spectrum of lateral waves has been measured.
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The speed of the lateral wave along its propagation line has been experimentally
estimated

V.A. Grigorev !, V.G. Petnikov >

RATIO OF CONTINUOUS AND DISCRETE SPECTRUM IN MODE
DESCRIPTION OF SOUND FIELD IN SHALLOW WATER

' Voronezh State University,

Russia 394006 Voronezh, Universitetskaya pl. 1
Tel.: (473) 220-8748, Fax: (473) 220-8755
E-mail: grigd@yandex.ru

2 A.M. Prokhorov General Physics Institute RAS
Russia, 119991 Moscow, Vavilov st. 38

Tel.: (495) 503-8384; Fax: (495) 135-8234
E-mail: petniko@kapella.gpi.ru

For Pekeris acoustic waveguide with shallow depth and homogeneous liquid
bottom the distance T was estimate where we can neglect the continuous spec-
trum in mode description of low-frequency sound field. The comparison was
made for the two discrete field representations in liquid layer: 1) complete set of
normal modes, 2) complete set of normal modes and quasi-modes. It was demon-
strated that if at least one of normal mode exists the further consideration of qua-
si-modes provides to bring nearer the boundary of applicability for the second
representation and to place the boundary which is equal to ¥ = H | where H s
depth of liquid layer. The waveguide parameter dependence of the continuous
spectrum contribution to the total field was obtained. The conditions for the con-
tribution minimization were determined.

O.E. Gulin, 1.O. Yaroshchuk
INFLUENCE OF THE PARAMETERS OF A SHALLOW SEA WITH 2D
RANDOM INHOMOGENEITIES ON THE ACOUSTIC FIELD POWER
CHARACTERISTICS

V.I. II'ichev Pacific Oceanological Institute, Far-East Branch of Russian
Academy of Sciences, Vladivostok, Russia; E-mail: gulinoe@poi.dvo.ru

386



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

The problem of a middle frequency range (500-1000 Hz) sound signal tran-
sition through the environment of a shallow-water waveguide with two-
dimensional fluctuations of a sound speed is considered. Horizontal boundary of
a lossy penetrable bottom to be assumed for the waveguide. Previously the fact of
a weaker decay of an average intensity in comparison with the deterministic
propagation scenario has been established based on the statistical simulation. It
means that there is a stochastic waveguide within the water layer of one or an-
other focal strength. In this paper the influence of the parameters of a random
waveguide on this effect of an average intensity weaker decay is investigated. In
terms of statistics this fact points out that modes in stochastic waveguide propa-
gate with smaller losses than in similar deterministic one.

A.A.Danilov, V.N. Kornienko *

LOCALIZATION OF PULSE SOUND SOURCE IN A WAVEGUIDE
WITH A STRONGLY INHOMOGENEOUS ABROAD BY TIME
REVERSAL WAVES NUMERICAL METHOD

N.N. Andreyev Acoustic Institute
Shvernik Str. 4, Moscow 117036 Tel.: (499) 126-63-62
E-mail: dalex46@mail.ru

* Institute of radio-engineering and electronics RAS Mokhovaya Str. 11,
Moscow 125009 Tel.: (495) 629-72-79
E-mail: korn@cplire.ru

The results of the application of the numerical method of time reversal
waves to restore the position of pulse sound source in the aqueous layer are pre-
sented. The layer is limited with free surface on top and with absolutely rigid sur-
face on bottom. The bottom surface has complexity profile.

Keywords: an acoustic signal, radiation and reception, time reversed
acoustic
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A.lL. Malekhanov, M.A. Raevsky, A.V. Smirnov and N.A. Zavol’sky

ESTIMATIONS OF THE LARGE RECEIVING ARRAY
PERFORMANCES IN RANDOM-INHOMOGENEOUS
SHALLOW WATER CHANNELS

Institute of Applied Physics, Russian Academy of Sciences
Russia, 603950 Nizhny Novgorod, Ul’yanov St., 46
E-mail: lexsmial@mail.ru

Statistical effects of long-range sound propagation in shallow-water
channels on the output performance of receiving array is considered. Computer
simulation results are presented for horizontal and vertical arrays with emphasis
on the beampattern degradation and array gain loss.

Vera L. Kalinina, Lev R. Merklin ", Anton Yu. Pleshakov ?,
Vladimir A. Lazarev, Vladimir V. Uvarov and Alexander I. Khil’ko

EXPERIMENTAL MEAGUREMENTS OF GEOACOUSTIC
CHARACTERISTICS OF MARINE SHELF BOTTOM

Institute of Applied Physics of the Russian Academy of Sciences
46 Ulyanova St., Nizhniy Novgorod, Russia, 603950

Tel: (831) 416-06-29; Fax: (831) 436-97-17

E-mail: A.khil@hydro.appl.sci-nnov.ru

DInstitute of Oceanology RAS

2 “Marine innovations”

Using coherent seismoacoustic method marine bottom parameters experi-
mental estimation results in shallow water with small depths near beech region
are presented. The method of minimization differences between experimental data
and model calculations is used fore problem solution

388



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

Katsnelson B.G., Malykhin A.Yu.

HORIZONTAL REFRACTION AND WHISPERING GALLERY WAVES
AND AREA OF COASTAL WEDGE WITH CURVILINEAR BOUNDARY

In the paper sound signal propagation in area of coastal wedge with curvi-
linear boundary (apex) is studied. It is shown that the so called whispering gal-
lery waves can exist. Properties of these waves are analyzed.

Komissarova N.N., Popov O.E.

THE SOUND PROPAGATION OF NARROWLY FOCUSED SOURCE
UNDER CONDITIONS OF THE STEEP UNDERWATER SLOPES

N.N.Andreeva Acoustic Institute
4 Shvernik st., Moscow, Russia, 117036
Phone: (499) 723-6300; Fax: (499) 126-8411, E-mail: olegp@mail.ru

The sound propagation of narrowly focused source is experimentally inves-
tigated under conditions of the steep underwater slope of the north-eastern part
of the Black Sea. The influence of complex bottom topography on the formation of
the sound field is analyzed in the ray approximation.

R.A. Korotchenko, A.N. Samchenko, A.N. Shvyryov, 1.O. Yaroshchuk

SIMULATION OF PROPAGATION OF ACOUSTIC SIGNALS AT
FREQUENCY OF 22 AND 33 HZ ALONG ACOUSTIC TRACK WITH
CERTAIN GEOACOUSTIC CHARACTERISTICS

The paper considers the results of simulation of acoustic signals at frequen-
cy of 22 and 33 Hz at an acoustic track in the Posyet Bay of the Sea of Japan us-
ing a wide-angle parabolic equation. The geometrical parameters of the acoustic
waveguide at the track from emission to reception point were obtained on the
basis of geological and geophysical methods. Elastic characteristics of the wave-
guide were calculated analytically according to the data of lithological soil sam-
pling. The obtained simulation results were compared with experimental data
along this acoustic track.
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A.V. Kosheleva, A.P. Leontyev, V.V. Novotryasov, A.A. Pivovarov,
A.N. Samchenko, A.N. Shvyryov, 1.O. Yaroshchuk

COMPREHENSIVE EXPERIMENTAL INVESTIGATION OF SOUND
AND INTERNAL WAVES IN THE SEA OF JAPAN SHELF ZONE

The results of comprehensive acoustic and oceanographic experimental
studies carried out in the Sea of Japan shelf zone in 2015 are discussed. Spatio-
temporal variability of the internal gravity waves (IGW) in the Peter the Great
Bay, its influence on the sound velocity field, and sound propagation in this area
are analyzed on the basis of processing of data obtained from different groups of
autonomous thermostrings, placed at the acoustic tracks both along and angular-
ly to the direction of IGW propagation.

G.N. Kuznetsov !, A.N. Stepanov 2

LIMITED APPLICABILITY OF PRINCIPLE OF RECIPROCITY
WHEN MEASURING THE AMPLITUDE-PHASE CHARACTERISTICS
OF VECTOR FIELDS IN SHALLOW WATER

' Wave Research Center at GPI

Russia, 199991 Moscow, ul. Vavilova, 38

Phone: (495) 941-0193; Fax: (499) 256-1790, E-mail: skbmortex@mail.ru
2 Samara State University

Russia, 443011 Samara, ul. Akademika Pavlova, 1

We study the principle of reciprocity in relation to the vector-scalar fields in
the waveguide. It is shown that the vertical component of the vibrational velocity
and vector power flow and it is not performed.

V.A. Lisiutin'?, O.R. Lastovenko', A.A. Yaroshenko'?

STRUCTURE OF ACOUSTIC FIELD IN THE SYNOPTIC ANOMALIES
OF THE PROFILE SPEED OF SOUND

! Sevastopol State University

33 Universitetskaya str., Sevastopol, Russia, 299053

2 Admiral Ushakov State Maritime University (Sevastopol branch)
7 - 8/22 Geroiev Sevastopolya str., Sevastopol, Russia, 299001
e-mail: vlisiutin@mail.ru; yaroshenko@optima.com.ua
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In case of heavy rain in the heated subsurface water layer, the anomal sound
speed profile of the narrow waveguide type with a reduction in the speed of sound
up to 18 m/s is formed.

We consider the change in the acoustic field with the transformation of nar-
row subsurface waveguide caused by heavy rain in the presence of the Black Sea
type main sound channel in the sound speed profile. The presence of the second
main channel under the subsurface channel, with lower speed of sound changes
the structure of the acoustic field. The elevated level of the field on the axis of the
subsurface anomaly is formed by summation the modes with high numbers. As far
as the anomaly embeds, the field resistance to wind wave rises, but the coherence
of the field is not saved, and the modal absorption coefficient increases.

V.A. Lisiutin, A.A. Yaroshenko, D.O. Vladetsky

THE RECOVERY OF THE IMPULSE RESPONSE OF THE BASE
BLACK-SEA SOFAR CANNEL

Sevastopol State University

33 Universitetskaya str., Sevastopol, Russia, 299053

Admiral Ushakov State Maritime University (Sevastopol branch)
7 - 8/22 Geroiev Sevastopolya str., Sevastopol, Russia, 299001
e-mail: vlisiutin@mail.ru; yaroshenko@optima.com.ua;
vladetski@gmail.com

Tranmsit properties of the underwater sound channel (SOFAR) can be de-
scribed by the impulse response h (t). Thus, the output signal can be calculated,
by the convolution of the output signal with the impulse response (IR).

The signal generated by an underwater explosion is close to the delta-pulse
signal and p (1) signal coming to a hydrophone - is a IR channel approximation.

To restore the IR of the Black Sea SOFAR, the p(t) signal was processed as
follows: 1) "whitening" of the signal spectrum from the low-frequency component
of the pulse ripple gas bubble; 2) filtering of the pulsation pulses in the time do-
main, 3) filtration of the sea noises such as of the nonlinear tresholding level. The
discrete beam entry and continuous wave process with the dispersion of the deep
sea modes are clearly manifested on the recovered impulse response. To identify
the law of phase modification with the first ray arrivals, and the dispersion law
with entering of the mode, the impulse response has been "convoluted” with a
number of test signals.
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A.A. Lunkov!, V.G. Petnikov', A.D. Chernousov'?

LOW FREQUENCY SOUND ATTENUATION IN SHALLOW WATER IN
THE PRESENCE OF FULLY DEVELOPED SURFACE WAVES

'A M. Prokhorov General Physics Institute RAS
Russia, 119991 Moscow, Vavilov st. 38
Tel.: (495) 503-8384; Fax: (495) 135-8234, E-mail: petniko@kapella.gpi.ru

“N.N. Andreev Acoustics Institute
Russia, 117036 Moscow, Shvernik st. 4
Tel.: (495) 126-9835; Fax: (495) 126-8411, E-mail: chado2008@yandex.ru

The effect of surface roughness on low frequency sound attenuation in shal-
low water is demonstrated at short ranges (less than 100 water depths) for soft
and rigid bottoms where sound speeds are lower (soft) or higher (rigid) than the
sound speed in the water.

D. S. Manulchev

A SOURCE FUNCTION CONSTRUCTION FOR 3-D SIMULATION OF
PULSE ACOUSTIC FIELD FORMED ON THE SHELF BY AN
EMITTING COMPLEX OF SEISMIC SURVEY VESSEL

Pacific Oceanological Institute FEB of RAS, Vladivostok, Russia
Email: manulchevds@gmail.com

The paper presents two methods of constructing a point source function
which is the equivalent of emitting complex of seismic survey vessel. The methods
are based on acoustic measurements of the reference hydrophone and checked by
acoustic data in a remote location. The 3-D numerical simulation of pulse acous-
tic field is implemented with the help of narrow-angle parabolic equation with
allowance for interacted modes in approximation of the “liquid” bottom.
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Yu. I. Papkova

NONAXIMETRIC HYDROACOUSTIC WAVEGUIDE WITH AN
UNEVEN BOTTOM

Sevastopol state university
Universitetskaya str. 33, Sevastopol, 299053

A three-dimensional analytical solution is constructed for the model of a hy-
droacoustic waveguide with an uneven bottom. A numerically-analytic method is
presented to find the velocity potential for which the unknown coefficients for

normal modes are determined from the corresponding infinite system of linear
algebraic equations.

A.N. Rutenko

POSSIBILITIES OF FIELD AND NUMERICAL STUDIES OF THE
PROPAGATION FEATURES OF SEISMIC ACOUSTIC SIGNALS IN 3-D
GEO-ACOUSTIC WAVEGUIDES INVOLVING DRY-LAND REGIONS.

V.LII'ichev Pacific Oceanological Institute FEB RAS,
Russia, 690041, Vladivostok, Baltiyskaya Street, 43
Phone: +7 (423) 231-1400, fax: +7 (423) 231-2573,
E-mail: rutenko@poi.dvo.ru

The report demonstrates the possibility of construction of corresponding to
field measurements estimates of the acoustic field generated by tonal and pulse
acoustic sources in complex 3-D geo-acoustic "sea-land" waveguides character-
istic of the shelf- Numerical simulation, based on the measurement at characteris-
tic points, is carried out in the approximation of MPE - interacting normal modes
in a vertical plane and a narrow-angle parabolic equation in a horizontal plane.
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A.N. Samchenko, 1.O. Yaroshchuk, A.N. Shvyryov, A.P. Leontyev,
A.A. Pivovarov

RESULTS OF LOW-FREQUENCY HYDROACOUSTIC EXPERIMENT
CARRIED OUT AT "SCHULTZ CAPE" ACOUSTICAL STUDY AREA

The results of low-frequency hydroacoustic experiment carried out at the
Sea of Japan shelf in 2014 are discussed. The aim of the work was to study the
capabilities of low-frequency hydroacoustic emitting system (at frequencies of 20-
24 Hz), and the conditions of low-frequency sound propagation in the shelf zone.
Experimental data processing is based on a detailed geoacoustic model of the
acoustic tracks (profile from the radiation point to the receiving station).

A.N. Trehin, A.M. Gavrilov

THE EFFECT OF SEAWATER SALT RELAXATION ON THE PHASE
INVARIANT OF DOUBLE-FREQUENCY ACOUSTIC WAVE

Southern Federal University

Institute of Nanotechnologies, Electronics and Equipment engineering of
SFedU.

Russia. 34791544 Taganrog Nekrasovskiy lane, 44,

Tel.: 8-(8634)-371-649. E-mail: redman79@mail.ru, gavr am@mail.ru

The effect of salts dissolved in seawater on the phase invariant of biharmon-
ic acoustic wave with the frequencies multiple of two was analyzed. The paper
has shown that the relaxation processes of aqueous salt solutions influenced by
acoustic vibrations cause the frequency dependent changes of amplitude and
phase correlations of wave Fourier component. It has also analyzed changes of
the phase invariant, which is an informative parameter while acoustic investigat-
ing the ocean depending on the parameters of environment (such as salinity, tem-
perature, propagation distance) and acoustic wave (such as frequency value and
ratio).
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A.N. Trehin, A.M. Gavrilov

THE PECULIARITIES OF BIHARMONIC ACOUSTIC WAVE
PROPAGATION IN GAS BUBBLE WATER

Southern Federal University

Institute of Nanotechnologies, Electronics and Equipment engineering of
SFedU.

Russia. 34791544 Taganrog Nekrasovskiy lane, 44,

Tel.: 8-(8634)-371-649. E-mail: redman79@mail.ru, gavr am@mail.ru

The phase characteristics of polyharmonic acoustic wave are highly consid-
ered to be used for the purposes of solving the condition monitoring and estima-
tion problems of the physic-mechanical parameters of aqueous environmentand
seabed.The phase correlation changes in the wave spectrum, which occur during
its propagation, are highly able to influence the obtained data reliability. The
paper considers one of the reasons related to the phase correlation changes of
wave Fourier component, i.e. gas bubbles, which cause frequency sound velocity
dispersion in seawater. The example of biharmonic disturbance with multiple
frequencies gives an analysis of the physical mechanism and degree of the bub-
bles’ impact on the phase wave invariant during the vertical soundingof sea.

Alexander I. Khil’ko", Ivan P. Smirnov", Andrei I. Mashoshin?,
Andrei V. Shafranyuk?

COHERENCE OF HYDROACOUSTIC FIELDS: STRUCTURE AND
INFLUENCE ON ENFLUENCE IF UNDERWATER VISION

D Institute of Applied Physics of the Russian Academy of Science, Nizhniy
Novgorod, Russia
2JSC «Concern NII «Electropribor», St. Petersburg, Russia

Spatial and time coherent of hydroacoustic signals in low and high frequen-
cy regions are analyzed in dependence of oceanic waveguide structure, wind
waves and volume inhomogeneities in ocean for differenced displacements of
source and receiving system. Possibilities of underwater hydroacoustic vision
using partially coherent fields are investigated.

395



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

SOUND SCATTERING AND REFLECTION

V. A. Bulanov, L. V. Korskov, P. N. Popov, A. V. Storozhenko

THE SCATTERING OF THE HIGH-FREQUENCY SOUND AND
ZOOPLANKTON DISTRIBUTION IN THE TOP LAYER OF OCEAN

V. L. llyichev Pacific Oceanological Institute

Far Eastern Branch of the Russian Academy of Sciences

Russia, 690041, Vladivostok, Baltic, 43

Phone: (423) 2374913; Fax: (423) 2311400, E-mail: bulanov@poi.dvo.ru

Results of researches of sound scattering in the top layer of the ocean, ob-
tained in different years are presented. Measurements of sound scattering coeffi-
cient were spent on the moving vessel and at separate stations for high frequen-
cies from 100 to 250 kHz in different years between 2001 and 2014. It is shown,
that the acoustic estimation of a biomass coincides with results of biological
measurements in Situ.

A.L. Virovlyansky, A.Yu. Kazarova

STATISTICAL MOMENTS OF MODE AMPLITUDES AT DIFFERENT
FREQUENCIES IN A FLUCTUATING OCEAN

Institute of Applied Physics of the Russian Academy of Sciences

46 Ul'yanov Street , 603950, Nizhny Novgorod , Russia

Tel.: (831) 416-4784; Fax: (831) 416-0630, E-mail: viro@hydro.appl.sci-
nnov.ru

An approximate analytical approach for estimating the joint statistical mo-
ments of normal mode amplitudes at different frequencies in a waveguide with
sound speed fluctuations is considered. Analytical expressions for the moments
obtained proceeding from an approximate solution of the mode coupling equa-
tions allows one to find a scaling law relating mode amplitudes with the same
ratio of mode number to frequency. The applicability of the ray-based approach
under consideration is demonstrated by Monte Carlo simulation in a model of a
deep ocean acoustic waveguide.
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V.B. Zhelezniy

ON THE POSSIBILITY OF NUMERICAL MODELLING OF VOLUME
REVERBERATION CHARACTERISTICS

JSC “Concern “Oceanpribor”
Russia, 197376, St.-Petersburg, Chkalovsky pr., 46
Phone: (812) 320-8040; Fax: (812) 320-8052, E-mail: mfp@mail.wplus.net

On the basis of numerical modelling of reverberation backscattering of nar-
row-band signals it is shown that for a number of hydrological-acoustic situa-
tions at use of narrow-beam receiving antennas it is possible to observe volume
reverberation signals with excess of their levels in reception over levels of bottom
and surface reverberation signals. It is mentioned that modelling results confirm
possibility of observation and processing of volume reverberation signals at re-
search of nonlinear-acoustic interactions with its use, and also possibility of im-
plementation of horizontal reverberation tomography of sea environment.

Yu.M. Zaslavsky, V.Yu. Zaslavsky, A.M. Sokov

ON APPLICATION OF SCANED AIR-ACOUSTIC ANTENNA FOR
BEARING OF URBAN TRANSPORT

Federal State Budgetary Institution of Science

Institute of Applied Physics of Russian Academy of Science (IAP RAS)
603950 Ul’yanov Str., 46, Nizhny Novgorod, Russia

E-mail: zaslav@ appl.sci-nnov.ru

Ability of bearing of urban transport moving object on the base of air-
acoustic noise receiving is demonstrated experimentally. Many channel micro-
phone receiving array is used for air-acoustic noise recording by digital data
storage. Experimental results are illustrated by radial diagram graphics.
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Ilmenkov S. L., Kleshchev A. A., Klimenkov A.S.

METHOD OF GREEN'S FUNCTIONS IN THE PROBLEM OF SOUND
DIFFRACTION ON AN ELASTIC SHELL NON-ANALYTICAL FORM

Saint-Petersburg State marine technical University,
Lotsmanskaya str.,3, 190008, Saint-Petersburg,Russia
Tel: (812) 783-1546; E-mail: alexalex-2@yandex.ru

Based on the method of Green's functions and the dynamic theory of elastici-
ty is the solution of the problem of sound diffraction on elastic shell of non-
analytical forms, composed from the bodies of spheroidal, cylindrical, and spher-
ical forms. The calculation of angular characteristics of the scattering of such
composite bodies for various wave sizes.

V.P. Kuznetsov

ACOUSTIC METHODS FOR THE REMOTE MEASUREMENT OF
VERTICAL DISTRIBUTION OF SOUND SPEED IN THE OCEAN

P.P. Shirshov Institute of Oceanology of Russian Academy of Sciences
36 Nakhimovsky Pr., Moscow, Russia, 117997

Tel. 8(499) 124-75-92; Fax: 8(499) 124-59-83;

E-mail: vladkuz@ocean.ru

The paper considers correlation method for determining the vertical distri-
bution of sound velocity allows to determine the arrival times of acoustic signals
scattered by acoustically contrasting lenses. It is shown that to obtain an ac-
ceptable precision of the methods based on the use of a fan of the directivity of an
acoustic antenna for detecting the backward volume scattering, it is necessary to
use a very narrow acoustic beam, because the relative accuracy of such methods
is the order of the angular beam widlth.
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A. G. Sazontov, L. P. Smirnov, and A. L. Matveyev

SOURCE LOCALIZATION IN A RANDOMLY INHOMOGENEOUS
ACOUSTIC WAVEGUIDE

Russia, 603195 Nizhny Novgorod, Uljanov Str. 46
Tel. (831) 416-0648; Fax: (831) 436-5745, E-mail: sazontov@ipfran.ru

This paper addresses the source localization problem in a random shallow
water channel in which a fully-developed wind sea is the predominant mechanism
causing the sound scattering. Based on the criterion of maximum signal-to-noise
ratio we construct an adaptive algorithm for solving the inverse problem that is
robust to a statistical mismatch between the true covariance signal matrix and its
computational model. The results of numerical simulation showing the accuracy
of the source location estimates and the probability of correct localization are
presented. The algorithm is validated by its application to the experimental data
observed on a stationary path in the Barents Sea. It has been found that under
real conditions the proposed approach is efficient and successfully localizes the
source situated at the distance of 15 km from an array without the need for a
computationally intensive joint estimation of both the source and environmental
parameters.
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ACOUSTICAL OCEANOLOGY

K.V. Avilov !, O.E. Popov ?

EVALUATION OF THE EFFECT OF DIFFERENCES BETWEEN THE
ACTUAL MARINE ENVIRONMENT AND THE ENVIRONMENT OF
AGREEING ON THE PROBABILITY OF CORRECT DETECTION FOR
WIDE-BAND MATCHED FIELD PROCESSING OF HYDROACOUSTIC
SIGNALS

! Institute for Machine Science named after A.A.Blagonravov of the Russian
Academy of Sciences, Moscow, Russian Federation, E-mail:
k.v.avilov@list.ru

2 A.M.Obukhov Institute of Atmospheric Physics Russian Academy of Sci-
ences, Moscow, Russian Federation

The paper presents a numerical experiment showing the stable dependence
of the signal to noise ratio on the on the validity of the medium model.

R.A. Belikov ), D.I. Litovka @, E.A. Prasolova ¥

ULTRASONIC TONAL SIGNALS OF BELUGA WHALES
(DELPHINAPTERUS LEUCAS) IN ANADYR ESTUARY

M P.P. Shirshov Institute of Oceanology RAS

Russia, 117997 Moscow, Nakhimovsky av., 36

Phone: (495) 124-5965; Fax: (495) 124-5965, E-mail: mirounga76@mail.ru
@ ChukotTINRO centre

Russia, 689000 Anadyr, Otke st., 56

Phone: (427) 222-6761; Fax: (427) 222-6761, E-mail: d-litovka@yandex.ru

This study reports that beluga whales produce whistles with the higher fun-
damental frequencies then ever reported in this species. Acoustic recordings were
made in feeding aggregation of beluga whales in Anadyr Estuary, the Bering Sea,
Chukotka, during August-September 2013. Ultrasonic whistles were detected in
most sessions but represented on average only small percentage of communica-
tive signals detected. Most ultrasonic whistles detected were simple and quite
stereotyped. They had an entirely ultrasonic fundamental contour lying in the 23-
35 kHz band. These whistles usually had short or middle duration, flattened or
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upsweep contours. Most specified ultrasonic whistles were the second, terminal
element in a sequential combination with the wide-band pulsed calls. These
pulsed calls were usually pulsed tones with a low pulse repetition rate.

N.I. Belova, G.N. Kuznetsov

EXPERIMENTAL STUDY OF INTERFERENCE
AND PHASE STRUCTURE OF POWER FLOW FROM LOCAL
SOURCES IN SHALLOW WATER

Wave Research Center at GPI
Russia, 199991 Moscow, ul. Vavilova, 38
Phone: (495) 941-0193; Fax: (499) 256-1790, E-mail: skbmortex@mail.ru

The shallow water is investigated the interference of structure of amplitude
and phase of the scalar field and the three vector components of the vibrational
speed and power flux vector. Relation gradients of phase in horizontal and verti-
cal plane with a change of direction vector components of the vibrational speed
and angle of elevation is set.

A.S. Belogortsev', A.N. Serebryany'?

ON THE ABILITY TO MEASURE SPEED AND DIRECTION OF
INTERNAL WAVES USING ADCP

'Andreyev Acoustics Institute

Shvernik Str. 4, Moscow 117036, Russia
Tel.: (499) 723-63001; Fax: (499) 126-8411
E-mail: serebryany@hotmail.com

2P.P. Shirshov Institute of Oceanology RAS
Nahimovski prospect 36, Moscow 117997, Russia
Tel.: (499) 124-5996; Fax: (499) 124-5983

The possibility of measuring the phase velocity of internal waves and their
direction of propagation by using ADCP is discussed. The proposed method is
demonstrated on the example of internal waves observed on shelf of the Sea of
Japan.
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N.G. Bibikov

BIONOISES RECORDED IN SOUTHERN COASTAL WATER
OF RUSSIA AND IN ABKHAZIA

The main results of the analysis biological noises registered near the coast-
line of the Far Eastern borders of Russia and in Abkhazia republic are presented.
The presence of impulsive noise emitted by snapping shrimps belonging to the
genus Alpheus were observed in these regions. This is the first scientific evidence
of existence of these signals near the Russian coastal water. Usually they are
typical for tropical areas of the ocean. Time and frequency characteristics of in-
dividual clicks and statistical characteristics of temporal distribution of the most
in-intensity clicks were provided. Experimental data indicate that the spectrum of
a single click extends to 50-70 kHz. A peak intensity measured at a distance of
about 1 m, sometimes was more than 200Pa. Temporal interclick distribution was
only slightly different from the point Poisson process with the exception of the
strong prevalence of very short intervals, which could correspond to the reflected
echo-pulse. The perspectives of these sounds both for monitoring of the ecologi-
cal state of the environment, and for their possible role in sonar experiments are
discussed.

V.A. Bulanov

FEATURES OF ACOUSTIC CHARACTERISTICS
IN SEA WATER SATURATED BY BUBBLES

V.LIlyichev Pacific Oceanologic Institute

Far Eastern Branch of the Russian Academy of Sciences

Russia, 690041, Vladivostok, Baltic, 43

Ph.: (423 2374913; the Fax: (423 2311400, E-mail: bulanov@poi.dvo.ru

The features of acoustic characteristics of the sea water saturated by bub-
bles are discussed. It is shown that compressibility, acoustic nonlinearity and
cavitation strength of the water containing bubbles in a big concentration, show
the abnormal characteristics sharply distinguishing them from ones observed in
pure sea water.the sea water saturated by bubbles are discussed. It is shown that
compressibility, acoustic nonlinearity and cavitation strength of the water con-
taining bubbles in a big concentration, show the abnormal characteristics sharp-
ly distinguishing them from ones observed in pure sea water.
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V.A. Burov !, A.V. Grinyuk 2, V.N. Kravchenko %, P.Yu. Mukhanov. !,
S.N. Sergeev !, A.S. Shurup !

“SIGNAL-TO-NOISE” RATIO INVESTIGATION IN PASSIVE
MONITORING SCHEME IN BARENTS SEA EXPERIMENT

! Physics Dept. of Moscow State University
Moscow, Russia 119991

Tel. +7-495- 939-3081, E-mail: burov@phys.msu.ru
2PJSC «Scientific Research Institute «Atoll»
Dubna, Russia 141981, Priborostroiteleyst. 5
Tel.+7-49621-273-93, E-mail: kvn@atoll.dubna.ru

The article develops the ideas about passive ocean tomography using the da-
ta obtained by single bottom hydrophones. The method is based on the ability to
estimate the parameters of the marine environment between the distanced hydro-
phones (which record the natural sea noise) using the time delay corresponding
to the maxima of the cross-correlation function of the received noise. For all the
merits of this approach (absence of emitters or antenna systems) the signal col-
lecting time, that is required to achieve the desired values of the signal-to-noise
ratio at the correlator output, is the limiting factor. The results of the investiga-
tion of signal-to-noise ratio dependencies on different parameters based on cor-
relation processing of experimental data collected in the Barents Sea are pre-
sented. The results are compared with theoretical estimates. It was shown that the
right choice of frequency branch (in which a few uncoherent mode signals are
formed) is the main factor for passive tomography scheme feasibility.

A.L Vedenev!, O.A. Godin®, V.V. Goncharov!, N.A. Zabotin®,
S.N. Sergeev?, A.C. Shatravin!, A.S. Shurup?, M.G. Brown*

RECONSTRUCTION OF ENVIRONMENTAL PARAMETERS IN
SHALLOW SEA USING PASSIVE TOMOGRAPHY BASED ON THE
FLORIDA STRAITS EXPERIMENTAL DATA

!'P.P.Shirshov Institute of Oceanology of RAS,

36, Nakhimovskiy Pr., Moscow, Russia, 117851.
Tel.: (8-4995) 126-1936; Fax: (8-499) 1245983,
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3 University of Colorado, Boulder, Colorado, USA
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The possibility of noise interferometry has to be studied for shallow water
monitoring purposes Vertical sound speed and currents profiles were estimated
in ray approach by use of the Florida Straits experiment data. The initial signals
were received by single hydrophones had been placed in 100 m depth in 5 km
distance. Also dispersive dependencies for first four modes were recovered in
frequency-time analysis. The results can be used in passive tomography schemes
development in shallow sea.

A.L Vedenev!, A.V. Shatravin', O.Yu. Kochetov',
V.V. Goncharov!, S.N. Sergeev!?, A.S.Shurup!?

ACOUSTIC REMOTE SENSING EXPERIMENT IN A SHALLOW

OCEAN AIMED AT RECONSTRUCTION OF ENVIRONMENTAL

PARAMETERS USING ACTIVE AND PASSIVE TOMOGRAPHIC
SCHEMES.

!'P_P.Shirshov Institute of Oceanology of RAS,
36, Nakhimovskiy Pr., Moscow, Russia, 117851.
Tel.: (8-4995) 126-1936; Fax: (8-499) 1245983,
E-mail: vedenev@ocean.ru

2Moscow State University, Moscow, Russia; 119991
Tel.: (8-495) 9393081. E-mail: sergeev(@aesc.msu.ru

We present preliminary results of an experiment conducted in autumn 2015
at the Black Sea shelf. The experiment was aimed at comparison of effectiveness
of passive and active approaches to reconstruction of environmental parameters
on the basis of propagation properties of acoustic signals and ambient noise.
Results of reconstruction by means of the active scheme are shown and compared
to field measurements.

Alexander Gavrilov and Daniel Wilkes

MODELLING SOUND EMISSION FROM A CYLINDRICAL PILE
DRIVEN INTO THE SEAFLOOR

Curtin University, Perth, Australia
E-mail: A.Gavrilov@curtin.edu.au

Piles driven into the seafloor during construction of bridges, wharfs and
other offshore infrastructures produce broadband impulsive noise of high intensi-
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ty in the surrounding underwater environment. At short distances from a driven
pile this noise may result in a critical impact on marine fauna, leading to tempo-
rary or even permanent loss of hearing. At larger distances, this noise may have
a behavioural effect on marine animals. In this study, a model is presented to
numerically predict the sound field and waveform of pile driving signals, which
are used to determine the key measures affecting marine fauna : the peak pres-
sure and sound exposure levels. A finite element method is used to model the
sound field in the near field of the pile, which is then approximated by a sum of
local normal modes for predicting piling signals in the far field using either adia-
batic or coupled mode method. Both fluid and elastic models of the seafloor can
be treated by the numerical model. Numerical predictions are compared with
experimental measurements using an accelerometer placed at the above-water
section of the pile and autonomous underwater noise recorders combined with 3C
seismometers deployed at different distances from the pile. The difference be-
tween the sound emission by vertical and slanting piles is also analysed.

V.V. Goncharov !, B.F. Kuryanov !, A.N. Serebryany !

ACOUSTICAL DIAGNOSTICS OF INTERNAL WAVES ON THE
BLACK SEA SHELF

!'P.P. Shirshov Institute of Oceanology RAS

Nahimovski prospect 36, Moscow 117997, Russia

Tel.: (499) 129-1936, (499) 124-8502; Fax: (499) 124-5983
E-mail: gvv@ocean.ru

2 Andreyev Acoustics Institute

Shvernik Str. 4, Moscow 117036, Russia
Tel.: (499) 723-6300; Fax: (499) 126-8411
E-mail: serebryany@akin.ru

Reconstruction of internal wave parameters observed on the track during the
tomographic experiment on the Black Sea shelf (Gelendzhik) is implemented.
It has been revealed the presence of a trend in the movement of thermocline may
be associated with the approach of the coastal eddy, and the availability of short-
period internal waves. Recovered thermocline oscillations are in good agreement
with the results of independent measurements made by an anchored thermistor
chain located near the acoustic tracks.
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K.V. Dmitriev, A.A. Dorofeeva, [.A.Pankov, S.N.Sergeev

THE EXPERIMENTAL DETERMINATION OF ACOUSTICAL
PROPERTIES OF THE SHALLOW POND

The experiment of sound propagation in the shallow pond was made. The re-
sults of its data processing are presented. The complex mode wave number is
determined on the base of the pond impulse response function spectrograms. Us-
ing the pond border reflection observed in the experiment allows estimating the
sound speed in the pond bottom.

Katsnelson B.G.

SOUND INTENSITY FLUCTUATIONS DUE TO MODE COUPOLING IN
THE PRESENCE OF MOVING NONLINEAR INYTERNAL WAVES IN
SHALLOW WATER (THEORY AND EXPERIMENT).

In the paper sound intensity fluctuations due to mode coupling in the pres-
ence of moving nonlinear internal waves are studied. Theoretical analysis is car-
ried out in ray approximation and modal approach, experimental data are pre-
sented.

Katsnelson B.G., Katsman R., Lunkov A., Ostrovsky I.

REFLECTION FROM GAS-SATURATED SEDIMENT AND LONG-
RANGE PROPAGATION OF SOUND SIGNALS IN LAKE KINNERET

In the paper, results of experimental research and modeling of the low fre-
quency sound signals propagation in Lake Kinneret on short and long distances.
B.V.Kerzhakov, V.V.Kulinich

ESTIMATION OF THE PARAMETERS OF THE SEABED BY
MATCHING FIELDS METHOD

Institute of Applied Physics RAS,46,Ulijanova str. Nizhniy Novgorod

603950 ,Tel.: (8312)164764 Fax: (8312)365976 ,E-mail:
kul@hydro.appl.sci-nnov.ru
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Estimates of the acoustic parameters of the seabed are obtained on the basis
of experimental data of full-scale experiment carried out in one of the shallow
areas of the Atlantic Ocean, by matching field methods. A starting geoacoustic
heterogeneous model along of the waveguide was selected as consisting of two
sediment the layers and of the underlying half-space on the basis of apriori geo-
logical and geophysical data with a known vertical distribution of the velocity of
sound in the water layers. When searching for the parameters corresponding to
the global minimum of the objective function a hybrid algorithm was used, which
is a combination of rapid annealing method with the methods of direct search.
The estimates the borders of the sediment of layers, of velocities of longitudinal
waves, their attenuation coefficients, and their densities were found. The depth
of the radiation of the source was clarified

Boris Klyachin
“NOISE WALL” ABOVE THE OCEAN BOTTOM’S BREAK UP.

Moscow City Psychological-Pedagogical University
29 Sretenka Street, Moscow, 127051. Phone: (909) 640-66-09
E-mail: klboris@rambler.ru

In the deep ocean the wave beams coming from the surface form the noise.

There are bottom wave beams (those beams, which reached the bottom com-
ing from the surface) and water waves beams (those beams, which turned,
changed direction and did not reach the bottom). Naturally, there is more noise
in water beams, because it is gathered from many water spaces without being
rejected from the bottom.

When there is a big break up in the ocean bottom, the sound of water wave
beams, which are formed along the break up, spreads. (Wave beams, which turn
inside the break up, under the bottom of the layered ocean, appear).

There are three depths that define the noise field inside and above the break
up: the depth of the layered ocean, the depth of the break up and the critical
depth, where the sound speed equals the sound speed on the surface.

If the critical depth is bigger than the layered ocean depth and smaller than
the break up depth, we have a «noise wally formed above the break up. In this
case there are no water wave beams in the layered ocean. Only the bottom wave
beams determine the noise. But there are water wave beams inside and above the
break up. Correspondingly, the noise inside and above the break up is signifi-
cantly higher (approx. 20 db.) than in the layered ocean.

Similar phenomenon was analyzed before (school #12) for the deep break up
in deep ocean, where the critical depth is smaller than the layered ocean depth
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(for example, Mariana Trench). Similarly, the noise there becomes higher in rela-
tively small space above the break up on the depth of the layered ocean.

There are depth dependences of noise fields in break ups represented in this
report.

LE. Kozlov, E.V. Zubkova, V.N. Kudryavtsev, A.V. Zimin, A.G. Myasoedov
HOT-SPOTS OF NONLINEAR INTERNAL WAVES IN THE ARCTIC

Russian State Hydrometeorological University
Russia, 195196 Saint-Petersburg, Malookhtinsky pr., 98
Phone.: (812) 372-5085; Fax: (812) 372-5085, E-mail: igor.eko@gmail.com

In this work we present main results of observations of nonlinear internal
waves and their characteristics in the Arctic seas obtained from the analysis of
satellite synthetic aperture radar data. Main sites of short-period internal waves’
generation and propagation are defined, and their spatial and kinematic proper-
ties are described. We also point out the regions where large-scale internal wave
packets with significant amplitudes were observed. It is shown that observed in-
ternal waves may propagate long distances from their presumed generation sites
in the vicinity of critical latitude, and plausibly influence the propagation of un-
derwater acoustic signals.

R.A. Korotchenko, A.N. Rutenko, V.G. Uschipovskiy

ACOUSTICAL SIGNALS OF GRAY WHALES OBSERVED
AT NORD-EAST SHELF OF SAKHALIN ISLAND

The characteristics of typical acoustic signals of gray whales recorded by
means of the autonomous multi-sensors measuring systems are presented. The
measurements were made on eastern shelf of Sakhalin Island in the Piltun area of
gray whales feeding activity during summer-fall. Spectral-temporal characteris-
tics of two prevalent types of acoustical signals of whales are provided. Estimated
parameters are compared with similar data from other sources.
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D.G. Levchenko, I.V. Egorov

SEA PROGRESSIVE WAVES WITH VARIABLE AMPLITUDE AS THE
BOTTOM MICROSEISMS AND HYDROACOUSTIC NOISE SOURCES

P.P.Shirshov Institute of Oceanology RAS,
117995, Moscow, Profsoiuznaia Str, 36
Ph. 8 (499) 1248701; E-mail: levch35@mail.ru

1t is shown that amplitude-modulated traveling sea waves leads to an effect
similar to that for standing waves, i.e. to generating pressure pulsations without
attenuation to the bottom irrespective of depth that can be a source of micro-
seisms on the ocean bottom.

V.A. Lisiutin' , L.V. Kalenyuk?, A.D. Degtyar!

ABOUT THE POSSIBILITY OF DETERMINING THE ACOUSTIC
PROPERTIES OF MARINE SEDIMENTS IN A VERY SHALLOW
WATER WITH THE DISPERSION OF BROAD-BAND PULSE

! Sevastopol State University

33 Universitetskaya str., Sevastopol, Russia, 299053

2 Institute of Seismology and Geodynamics of the Crimean Federal Universi-
ty

20 Gagarin street, Simferopol, Russia, 295000

e-mail: vlisiutin@mail.ru; kalinyuki2006@rambler.ru

Conditions of a "very shallow" water corresponds to a constant sound speed
profile and thickness of the intermediate bottom layer, approximately equal to the
thickness of the water layer. In the intermediate layer of unconsolidated sedi-
ments, there are vertical gradients of the acoustic properties — compressional
and shear wave speed and attenuation coefficients. In addition, there is some
sound speed dispersion in the marine sediments.

By the method of mathematical experimentation we study the principal pos-
sibility to determine the acoustic properties of the sediments by registration of the
dispersion law of normal modes in the impulse response of the waveguide. The
impulse response is restored as the inverse Fourier transformation of the acoustic
field calculated in a wide frequency band. The acoustic properties of sediments
are calculated on the basis of VGS M. Buckingham theory.
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V.A. Lisiutin, O.R. Lastovenko, A.D. Degtyar

ABOUT THE RELATIONSHIP BETWEEN PHYSICAL AND ACOUSTIC
PROPERTIES OF THE UNCONSOLIDATED SEDIMENTS WITHIN VGS
THEORY OF INTERGRANULAR FRICTION AND THE EXTENDED
BIOT THEORY

Sevastopol State University
33 Universitetskaya str., Sevastopol, Russia, 299053
e-mail: vlisiutin@mail.ru

Currently, the acoustics of marine sediments comp two theories compete -
VGS M. Buckingham theory and the theory of Biot-Stoll, extended by N. Chotiros,
M. Isakson and M. Kimura (BICSQS, BIMGS). The input parameters of the VGS
theory are: "friction constants", "material exponent” and viscoelastic time con-
stant, which can only be determined by taking measurements. Input parameters of
Biot-Stoll theory are: porosity, permeability, tortuosity, pore size, the thickness of
the fluid film, decrements, relaxation frequencies.

We introduce the united theory of Biot-Buckingham, that combine the ad-
vantages of both approaches. The results of measurements of sea sand samples
taken in various locations are presented. The measured values are used as input
parameters for the calculation of the acoustic properties of the samples within the
united theory.

A.A. Lunkov, A.N. Mihnyuk

ESTIMATION OF INTENSE INTERNAL WAVE PARAMETERS USING
BOTTOM REVERBERATION

A .M. Prokhorov General Physics Institute RAS,
Russia, 119991 Moscow, Vavilov st. 38

Tel.: (499) 503-8384; Fax: (499) 135-8234;
E-mail: landr2004@mail.ru

Estimation of internal solitary wave parameters using bottom backscattering
signals is considered in numerical experiments. Calculations are carried out us-
ing the ray theory for mid-frequency (~3 kHz) acoustic signals in a shallow water
waveguide with a depth of 80 m under summer conditions. Backscattering is de-
scribed by the Lambert’s law. Reverberation signals are received at a circular
array deployed near the acoustic pulse source. We demonstrate the possibility of
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soliton localization and front curvature estimation by selecting reverberation
signals from different directions.

K.P. Lwow

VERTICAL DISTRIBUTION OF SOUND VELOCITY USING INTERNET
RESOURCES ESIMO

JSC «Concern «Oceanpribor»

46 Chkalovsky Pr., Saint-Petersburg, Russia, 197376
Tel: (7-812) 499 7422; Fax: (7-812) 320 8052
E-mail: k.lwow@mail.ru

Briefly considered datasets vertical distribution of sound velocity (VDSV)
and fields of temperature and salinity operational Oceanography of ESIMO for
estimation VDSV. Given examples for Black, Japanese, Mediterranean seas and
the statistical characteristics of comparison with the data a free resource of
World Ocean Database 201 3.

N.P. Melnikov, V.P. Elistratov

THE MESOSCALE VARIABILITY OF CAVITATION STRENGTH
OF SEA WATER.

Federal State Scientific Institution (FSSI) Radiophysical Research Institute
(NIRFI), Nizhny Novgorod.
Hydrophysical Institute of Academy of Sciences of Abkhazia, Sukhum.

We study the mesoscale spatial variability of the cavitation strength (relative
value) of seawater in different areas of the World ocean: the Drake passage,
Equatorial part of the Pacific ocean and in the North-Western part of Pacific
ocean. Along with the value of cavitation strength (relative value) was measured
the following parameters of sea water: temperature T oC, salinity of S%o, O2 is
oxygen concentration (ml/l), total gas content V (mll). In addition to these op-
tions for the North-Western part of Pacific ocean was measured alkalinity Alk(g-
EQ/l) and total inorganic carbon XCO2 (mmol/l). All three areas are water
masses with significant gradients of hydrophysical, hydrochemical and hydrobio-
logical parameters. Such a complex distribution of parameters of sea water leads
to significant mesoscale variability of the value of the cavitation threshold.
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A.N. Rutenko, M.Y. Fershalov, M.R. Jenkerson

3D SIMULATION OF ACOUSTIC FIELD FORMED IN A SHELF ZONE
DURING ASHORE PILE DRIVING.

V.I.II"ichev Pacific Oceanological Institute FEB RAS,
Russia, 690041, Vladivostok, Baltiyskaya Street, 43
Phone: +7 (423) 231-1400, fax: +7 (423) 231-2573,
E-mail: rutenko@poi.dvo.ru

The report demonstrates the possibility of acoustic pulse field construction,
while ashore pile driving. Numerical simulation is conducted in model 3-D geo-
acoustic waveguide using mode parabolic equation in approximation of interact-
ing normal modes in a vertical plane and a narrow-angle parabolic equation in a
horizontal plane. The source function is based on measurements taken at the ref-
erence point. The simulation results are compared with the results of field meas-
urements carried out on the Sakhalin northeastern shelf.

A.N. Serebryany 13

ADCP AS A POWERFUL TOOL OF ACOUSTICAL OCEANOGRAPHY:
THE NEW RESULTS

'P.P. Shirshov Institute of Oceanology RAS
Nahimovski prospect 36, Moscow 117997, Russia
Tel.: (499) 124-5996; Fax: (499) 124-5983

2 Andreyev Acoustics Institute

Shvernik Str. 4, Moscow 117036, Russia
Tel.: (499) 723-6300; Fax: (499) 126-8411
E-mail: serebryany@hotmail.com

3 Space Research Institute RAS
Profsoyuznaya Str. 84/32, Moscow, 117342, Russia

A review of studies carried out using ADCP, demonstrating the power of the
device as an universal tool of acoustical oceanography is presented. Extensive
capabilities of ADCP shown in the examples obtained in the offshore areas of the
Black Sea in recent years are demonstrated.
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A.N. Serebryany'?, G.V. Kenigsberger®, V.N. Ketsba®, V.P. Elistratov?,
V.V. Medvedovsky?, V.I. Moiseyenkov?, K.D. Sabinin', L.L. Tarasov',
A.N. Svadkovsky', O.E. Popov', E.E. Khymchenko?, D.M. Denisov',
V.N. Chekaida!

ACOUSTICAL DIAGNOSTICS AND STUDY OF HYDROPHYSICAL
PARAMETERS OF SEA ENVIRONMENT ON THE ABKHAZIAN
SHELF OF THE BLACK SEA

! Andreyev Acoustics Institute

Shvernik Str. 4, Moscow 117036, Russia

Tel.: (499) 723-63001; Fax: (499) 126-8411

E-mail: serebryany@hotmail.com

2P.P. Shirshov Institute of Oceanology RAS

Nahimovski prospect 36, Moscow 117997, Russia

Tel.: (499) 124-5996; Fax: (499) 124-5983

3 Hydrophysical Institute of Academy of Sciences of Abkhaziya
Abkhaziya, Sukhum, Krasnomayakskay Str. 67

A review of experimental works carried out in the Abkhazian Black Sea shelf
for acoustic diagnosis and study of hydrophysical parameters of the sea environ-
ment in recent years is presented.

A.N. Serebryany>>*, J. Lynchl, K.D. Sabinin>*, A. Newhal'

INTERNAL WAVES IN THE EXPERIMENT
“SHALLOW WATER 2006”

"' Woods Hole Oceanographic Institution,

Woods Hole, MA 02543, USA

E-mail: jlynch@whoi.edu

2 Andreyev Acoustics Institute

Shvernik Str. 4, Moscow 117036, Russia

Tel.: (499) 723-6300; Fax: (499) 126-8411
E-mail: serebryany@hotmail.com

3 P.P. Shirshov Institute of Oceanology RAS
Nahimovski prospect 36, Moscow 117997, Russia
Tel.: (499) 124-5996; Fax: (499) 124-5983

* Space Research Institute RAS

Profsoyuznaya Str. 84/32, Moscow 117342, Russia

A review of the results of internal waves investgations carried out during the
experiment "Sallow Water 2006" on the shelf on Atlantic is presented.
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A. N. Serebryany'?, E. E. Khimchenko?

VARIABILITY OF THE FIELD OF SOUND VELOCITY CAUSED BY
INTERNAL WAVES AT THE SHELF OF THE BLACK SEA

! Andreyev Acoustics Institute JSC
Shvernika 4, Moscow 117036, Russia
Tel.: (499) 126-7401; Fax: (499) 126-8411
E-mail: serebryany@hotmail.com

2P.P. Shirshov Institute of Oceanology

Nahimovski prospect 36, Moscow 117997, Russia

Tel.: (499) 124-5996; Fax: (499) 124-598

Results of observations of the impact of the internal waves on the field of
sound velocity in the sea are presented. Measurements were taken from the sta-
tionary platforms in the Crimean and South-Eastern shelves of the Black Sea dur-
ing 2013 and 2014. Measurements were carried out by continuous hourly regis-
trations by profiler miniSVP as well as by using thermistor chains and ADCP.
Strong features of sound velocity variability caused by inertial and short-period
internal waves and internal bores were identified.

G.V. Khen, M.Yu.Kuznetsov, E.O. Basyuk

ACOUSTIC RESEARCHES OF OCEANOGRAPHIC AND BIOLOGICAL
PROCESSES IN THE FAR EASTERN SEAS OF RUSSIA.

Pacific Research Fisheries Center (TINRO-Center)
Russia, 690091 Vladivostok, Shevchenko Alley, 4
Tel.: 8(423) 2604530, Fax: 8(423) 2300752, E-mail: gennadyl@tinro.ru

The basic principles of collecting and accumulation in the TINRO-center of
the hydroacoustic and accompanying measurements (biological, navigating, hy-
drological) for monitoring of bioresources and identification of communications
between them are shown. From the general array the metaarchive of acoustic
images of some species of fish with information about dimensional and specific
structure of aggregations, maturity, season, area of survey, environmental pa-
rameters, bathymetry, time of day and etc. is generated. Based on the data pat-
terns of seasonal and interannual variability of the spatial distribution and abun-
dance of pollock, herring, salmon and other fish in waters of the Far Eastern seas
of Russia with different hydrological conditions are identified.
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Kh.D. Tsatsuryan

SPEED OF SOUND MEASUREMENTS IN AQUEOUS SOLUTIONS OF
MAJOR SEA SALTS

All-Russian Institute for Scientific and Technical Information of Academy
of Sciences (VINITI RAS)

Russia, 125190, Moscow, Usievicha st., 20

E-mail: chviniti-2@yandex.ru

The independent speed of sound measurements in dilute aqueous solutions of
NaCl over the temperature range of 0-100 °C and at pressures 0.1-196.2 MPa
have been carried out. Part of experimental data is presented in the table. A brief
discussion of the measurement method is given. The uncertainty of experimental
data was found to be 0.01-0.04 %.
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ENGINEERING EQUIPMENT, SIGNAL PROCESSING

A.lL Belov, G.N. Kuznetsov

DIRECTION FINDING AND SUPPRESSING OF SIGNALS
FROM A LOCAL SOURCE IN SHALLOW WATER

Wave Research Center at GPI
Russia, 199991 Moscow, ul. Vavilova, 38
Phone: (495) 941-0193; Fax: (499) 256-1790, E-mail: skbmortex@mail.ru

Correlation field of signals received by the scalarly and horizontally-
oriented of vector receiver is 0.92—0.99; correlation with the signal, of received
by the vertical vector of receiver, decreases to 0.66—0.85. In a scalar field is se-
lected 3-5, when using the vertical vector component — 7-9 modes. Vector-scalar
receivers evaluate the direction of the source with high accuracy and suppressing
signals on 20-30 dB.

G.M. Glebova, G.N. Kuznetsov

ASSESSMENT OF NOISE OF LOW-FREQUENCY TOWED
OF SOURCES IN CALIBRATED AREA SHALLOW WATER

Wave Research Center at GPI
Russia, 199991 Moscow, ul. Vavilova, 38
Phone: (495) 941-0193; Fax: (499) 256-1790, E-mail: skbmortex@mail.ru

A comparison of experimental results of measurements at different points in
the space of sound pressure created by the towed emitting complex, with esti-
mates calculated at the same points of reception, calculated taking into account
the positioning and evaluation of soil model parameters calculated according to
the acoustic waveguide calibration.
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Anatoly V. Grinuk?, Vladimir N. Kravchenko! and Alexander 1. Khil’ko

BROAD BUND HYDRO ACOUSTIC SYGNALS ADAPTIVE
PROCESSING BY HORIZONTALLY ARRAY IN EXPERIMENTS
IN SHALLOW WATER OCEANIC WAVEGUIDES

Institute of Applied Physics of the Russian Academy of Sciences
46 Ulyanova St., Nizhniy Novgorod, Russia, 603950

Tel: (831) 416-06-29; Fax: (831) 436-97-17

E-mail: A.khil@hydro.appl.sci-nnov.ru

DOAO «NII Atoll»

The results of adaptive to media partially coherent filtration of bread bund
signals by horizontal array in sallow water oceanic waveguide are presented.

The increase of resolution at source direction estimation is realized by this meth-
od.

V.A. Gritsenko

METHOD FOR AUTOMATED SEARCH OF GRAY WHALE
VOCALIZATIONS

The description of the method of the automated search of gray whale vocali-
zations is presented. The algorithm of the method is based on a comparative
analysis of the current spectrum of acoustic noise, measured in the frequency
range 2-15000 Hz, with a range of types of gray whale vocalizations. Examples of
the results of application of this algorithm to search for the gray whale vocaliza-
tions in the data, recorded by the autonomous acoustic recorders in the bottom

point of the annual acoustic monitoring carried out on the northeastern shelf of
Sakhalin Island are presented.

0.S. Gromasheva

OBJECT-ORIENTED DATABASE OCEANOGRAPHIC
MEASUREMENTS "ACPOSIT- VECTOR"

V.LII’ichev Pacific Oceanological Institute, FEB RAS
43 Baltiyskaya St., Vladivostok,

Tel.: (423-2) 311-400; Fax: (423-2) 312-573

E-mail: gromasheva@poi.dvo.ru

417



XV wkona-cemunap um. Axao. JI.M. bpexosckux "Axycmuxa okeana', XXIX ceccus PAO

Beginning 2006 through 2013 the acoustical oceanography laboratory, POI
FEB RAS, carried out the experimental studies of the shelf zone of the ocean
acoustic tomography methods at the «Schultz’ Capey» sea hydrophysical study
area. Analysis of the results of the have shown advisability of the development
and the need to create an object-oriented database (OODB) ACPOSIT. This
software allows storing and structuring the experimental data with maximum
efficiency, optimizing the methods of data processing and visualizing the data
measurement and processing results. This paper describes the tools used in the
development and software, and also the project models of database objects and
the class diagram of the system. Particular attention is devoted to the general
characteristics of the created applications, as well as the features and capabili-
ties of the system's main interface.

Viacheslav A. Ermolchev?, Igor A. Ubarchuk?, Tatjana M. Sergeeva’

METHODS, NEW POST-PROCESSING SOFTWARE «SALTSE» AND
RESULTS OF DEPENDENCY DETERMINATION OF ACOUSTIC
TARGET STRENGTH FOR THE MAIN COMMERCIAL FISH IN SITU
ON ITS LENGTH AND THE DEPTH OF ITS HABITATS IN THE
NORDIC SEAS

! Federal State Budgetary Scientific Institution «Knipovich Polar Research
Institute of Marine Fisheries and Oceanography» (FSBSI «PINRO»)

6 Academician Knipovich Str., 183038,Murmansk,Russia.

Tel:+7 8152473582, fax:+7 8152 473331,E-mail: eva@pinro.ru

Y Federal State Budgetary Scientific Institution «Pacific Research Fisheries
Center» (FSBSI « TINRO-Center»)

4, Shevchenko Lane, Vladivostok, 690950, Russia, Tel.:+74232401356,
Fax:+742323000751, E-mail: igor.ubarchuk@gmail.com

Knowledge of the relationship between target strength (TS) of fish in situ
and their length L (TS-L dependencies) and the depth H (TS-H dependencies) of
their habitats is of key importance for the assessment of their stocks by hydroa-
coustic methods. Current TS-L dependencies are based on a small amount of da-
ta, obtained more than 25 years ago, require verification and updating. This arti-
cle presents the methods, new post-processing software “SALTSE” (Area Scatter-
ing Coefficient, Length and Target Strength Estimation) and results of the estima-
tion TS-L and TS-H dependencies for the main commercial fish in the Nordic
Seas. The obtained TS-L dependencies are different from the current TS-L de-
pendencies, particularly for codfishes and beaked redfish. The obtained TS data
of adult fish at different depths (in the Barents Sea for cod at 50-550 m depths,
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polar cod at 100-320 m depths, capelin at 60-260 m depths, beaked redfish at
220-550 m depths; in the Irminger Sea for beaked redfish at 250-750 m depths)
not confirmed by some researchers expected a significant decrease in TS adult
fish to increase the depth of their habitat. TS changes with depth were within the
variations caused by behavior, spatial orientation, physical and biological condi-
tion of fish.

Esipov 1.B., Popov O.E*, Ovchinnikov O.B*, Kenigsberger G.V**,
Sizov LL.**

NEW RESULTS OF TEST OF THE PARAMETRIC ARRAY FOR
OCEANOGRAPHYCAL RESEARCH ON ELONGATED PATHS

RGU oil and gas by .M. Gubkin

* Acoustics institute by N.N. Andreyev

4, Shvernik str., 117036 Moscow, Russia

Tel.: (499) 723-6211; Fax: (495) 126-8411, E-mail: igor.esipov@mail.ru
**Sukhum hydrophysical institute, Sukhum, Abkhazia

Results of the power parametric array marine test are presented. The array
was installed at the depth of 40 m at Sukhum hydrophysical institute range and it
provides the medium sounding in frequency band of 300 Hz — 3000 Hz with pump
frequency of 20 kHz. Sharp directivity pattern (2° angular resolution) of the wide
frequency band parametrical signal transmission is needed for single mode exci-
tation of the marine waveguide in the whole frequency band. Specific feature of
the signal forming by parametric array provides conditions for application of
marine guide sound speed frequency dispersion for signal compression while it
propagates on elongated path.

S.A. Ivanov, E.B. Libenson
THE ECHO SIGNALS FLUCTUATION CHARACTERISTICS IN THE
SHALLOW SEA FOR MULTIBEAM CHANNEL AT VARIOUS SONAR
ANTENNA AND REFLECTOR DEPTHS
SC «Concern «Oceanpribory
Russia, 197376 Saint-Petersburg, Chkalovsky prospect, 46
Phone: (812) 320-8040; Fax: (812) 320-8052, E-mail: mail@oceanpribor.ru

The matched filter amplitude response fluctuations characteristics evalua-
tion results in multipath channel for complex probing signals are shown. The
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dependences of fluctuation characteristics on signal resolution in time are given.
Investigations on simulation software for shallow sea conditions at different so-
nar antenna and reflector depths on the White Sea summer hydrology example
were carried out.

V.V. Kovalenko', A.L. Khil’ko, I.P. Smirnov, E.A. Mareev, A.L. Malekhanov,
A.G. Luchinin

INTEGER NETWORKE UNDERWATER SURVEILLANCE SYSTEMS:
REQUAREMENTS, BILDING PRINCIPLES, SECRECY, ADAPTIVE
CONTROL, OPTIMAL SHAPE, COUNTERMEASURES

Institute of Applied Physics of the Russian Academy of Sciences

46 Ulyanova St., Nizhniy Novgorod, Russia, 603950

Tel: (831) 416-06-29; Fax: (831) 436-97-17

E-mail: A.khil@hydro.appl.sci-nnov.ru

'Research Center of Institute of General Physics RAS, Moscow, Russia
’Hydrophysical Scientific Council RAS, Moscow, Russia

Results of development of image of new perspective integer network under-
water surveillance system are presented.

D. G. Kovzel

ACOUSTIC COMMUNICATION EQUIPMENT FOR "SHELF-2014"
BOTTOM STATION

V.I.II"ichev Pacific Oceanological Institute FEB RAS,
Russia, 690041, Vladivostok, Baltiyskaya Street, 43
Phone: +7 (423) 231-1400, fax: +7 (423) 231-2573,
E-mail: dgkO6@mail.ru

This paper describes the acoustic communication equipment of the bottom
stations "Shelf 2014". The stations are deployed by POI on the shelf of Sakhalin
Island for monitoring of anthropogenic noise. Technical solutions and algorithms
of operation for the built-in modem and telecommand unit are given.
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D. G. Kovzel, V. A. Gritcenko, I.V. Medvedev, M.Y. Fershalov

REAL-TIME MONITORING MEASURING SYSTEM FOR
REGISTRATION OF THE SEISMIC SIGNAL ACOUSTIC
PARAMETERS ON A SHELF

V.I.II'ichev Pacific Oceanological Institute FEB RAS,
Russia, 690041, Vladivostok, Baltiyskaya Street, 43
Phone: +7 (423) 231-1400, fax: +7 (423) 231-2573, E-mail: dgkO6@mail.ru

This report showssoftware and hardware systems, developed in the POI for
monitoring in real time the background and anthropogenic noise. The basic
structural solutions for building measurement and telemetry equipmentare de-
scribed. Transportation system of data and commandlsis also shown.

V.I. Korenbaum, A.A. Tagiltcev, S.V. Gorovoy, A.E. Kostiv, A.D. Shiryaev

POSSIBILITIES OF ENHANCEMENT OF PARAMETERS OF VECTOR
SENSORS UNDER LIMITED DIMENSIONS

V.I. II'ichev Pacific Oceanological Institute FEB RAS
43, Baltiyskaya Street, Vladivostok, 690041, Russia
Phone: +7 (423) 237-5698, fax: +7 (423) 231-2573
E-mail: v-kor@poi.dvo.ru, k-v-i_2006@mail.ru

An achievement of high sensitivity to sound pressure of vector sensors with
limited dimensions is the problem for developers due to decreasing the sensitivity
into low frequency area. Technical solutions are supposed for constructing two-
component vector sensors of inertial and force types with improved parameters
under limited dimensions. The method of sensitivity evaluation is proposed. Pos-
sibilities of optimization are shown for force type vector sensor. Results of exper-
imental estimates of parameters of laboratory prototypes are presented.

A.E. Kostiv, V.I. Korenbaum, S.V. Gorovoy, A.D. Shiryaev

POSSIBILITIES OF MONITORING A SUBMERGED DIVER STATUS
BY MEANS OF BREATHING NOISES ANALYSIS

V.I. II'ichev Pacific Oceanological Institute FEB RAS
43, Baltiyskaya Street, Vladivostok, 690041, Russia
Phone: +7 (423) 237-5698, fax: +7 (423) 231-2573
E-mail: kostiv.anatoly@gmail.com
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The problem of objective control of diver's state under water is an important
and unsolved problem, especially in recreational diving. The main results of field
experiments with divers equipped with open-circuit breathing apparatus are pre-
sented. By means of registration of breath sounds underneath diver's suit it is
possible to measure the breathing rate of submerged divers without distorting the
paths of breathing apparatus. A method of separating the inhalation and exhala-
tion noises which allows monitoring the ratio of the respiratory phases is shown.

P.N.Kravchun

EFFECT OF UNDERWATER CURRENTS ON HYDROACOUSTICAL
ARRAYS USED FOR LOCALIZATION OF THE SOUND SOURSE IN
SHALLOW SEA

Faculty of Physics, Moscow State University
Leninskiye Gory, 119991, GSP-1, Moscow, Russia
Tel.: +7-495-939-3844; Fax: +7-495-932-8820
E-mail: gedackt@mail.ru

The influence of underwater currents on linear arrays used for localization
of the acoustical source in shallow sea is discussed. It is shown that the matched
field processing (MFP) is more insensitive to the influence of currents compared
with the selection of separate modes. Stability of acoustic system can be in-
creased additionally by means of the hydro-mechanical optimization of arrays. It
is shown that the optimized system using MFP is stable enough in underwater
currents. By this way it becomes possible to abandon the use of complicated un-
derwater acoustic positioning systems or systems of inclinometers for arrays.

E. B. Kudashev

TURBULENT SPECTRA AND FLOW NOISE
IN THE TURBULENT BOUNDARY LAYER

Space Research Institute, Russian Academy of Sciences
Profsouznaya Str. 84/32, Moscow, 117997, Russia
Email: kudashev@iki.rssi.ru

In this paper we consider the influence of the temperature field in the

boundary layer to the distortion of the turbulent spectrum. The characteristic
features of the behavior of turbulent spectra at different frequencies and at differ-
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ent Reynolds numbers are presented. It is shown that temperature fluctuations of
turbulent flows may have a decisive influence the formation of the signal of tur-
bulent pressure fluctuations transducer. The paper reports a novel approach to
estimations of the distortion of the flow noise spectrum in relation to the known
experiments Haddle and Skudrzyk using the break-surface device in the shape of
elongated body of revolution [J. Acoust. Soc. Amer., 1969.V.46.P.130-157].

G.N. Kuznecov!, V.V. Kovalenko?, A.I. Khil’ko, V.G. Burdukovskaia

ABOUT CHARACTERISTICS OF ACOUSTIC VESIBILITY MARINE
UNDEWATER OBJECTS IN MULTYSTATIC SURVEILLANCE
SYSTEMS

Institute of Applied Physics of the Russian Academy of Sciences

46 Ulyanova St., Nizhniy Novgorod, Russia, 603950

Tel: (831) 416-06-29; Fax: (831) 436-97-17

E-mail: A khil@hydro.appl.sci-nnov.ru

! Research Center of Institute of General Physics RAS, Moscow, Russia
2Hydrophysical Scientific Council RAS, Moscow, Russia

Space-frequency noise fields spectrum structure and multistatic target
strength of object influence on there acoustic visibility in integer net system of
underwater vision are analyzed.

G. N. Kuznetsov, V. M. Kuz’kin, S. A. Pereselkov', D. Yu. Prosovetskiy’

THE SOUND SOURCE DEPTH ESTIMATION
IN OCEAN WAVEGUIDE

Wave Research Center, A.M. Prokhorov General Physics Institute, RAS
Russia, 119991 Moscow, 38 Vavilov St.

Phone: (499) 503-8384; Fax: (499) 135-8234, E-mail: kumiov@yandex.ru
'Voronezh State University

Russia, 394006 Voronezh, 1 Universitretskaya Pl.

Phone: (4732) 789-748; Fax: (4732) 789-755, E-mailpereselkov@yandex.ru

The method of sound source depth estimation is considered. The method is
based on information about ratio of amplitudes of the neighboring modes of wave
field. The results of numerical and natural experiments are presented.
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G. N. Kuznetsov, V. M. Kuz’kin, S. A. Pereselkov!, D. Yu. Prosovetskiy'

INTERFEROMETRIC METHOD OF SOUND SOURCE SPEED
MEASUREMENT IN OCEAN WAVEGUIDE

Wave Research Center, A.M. Prokhorov General Physics Institute, RAS
Russia, 119991 Moscow, 38 Vavilov St.

Phone: (499) 503-8384; Fax: (499) 135-8234, E-mail: kumiov@yandex.ru
'Voronezh State University

Russia, 394006 Voronezh, 1 Universitretskaya PI.

Phone: (4732) 789-748; Fax: (4732) 789-755, E-pereselkov@yandex.ru

The noise immunity of sound source radial speed estimation algorithm based
on information about the frequency shifis of sound field interference maxima is
considered. The results of theoretical analysis, computational and real experi-
ments for low frequency range are presented.

G.N. Kuznetsov, A.A. Lunkov

HORIZONTAL VECTOR SENSOR ARRAY BEAMFORMING IN
SHALLOW WATER

A .M. Prokhorov General Physics Institute RAS
Russia, 119991 Moscow, Vavilov st. 38

Tel.: (499) 503-8384; Fax: (499) 135-8234;
E-mail: landr2004@mail.ru

Normal mode based numerical simulations are carried out to analyze the ef-
ficiency of bearing estimation with a linear horizontal vector sensor array in a
shallow water acoustic waveguide. We propose and study a beamforming
method, where only the sound field interference maxima are considered and
effective phase speed is taken into account. Calculations are performed for a
waveguide with a constant sound speed. The numerical simulations demonstrate
that the proposed algorithm and a method based on covariance matrix processing

give a higher contrast at the array output and provide unambiguous bearing
estimation.
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D.E.Leikin

ON MARINE BIOACOUSTIC SIGNAL DETECTION

The paper addresses the problem of bioacoustic signal detection in ambient
noise. Assessed is the performance of several detection techniques based on the
classical quadratic detector, the K-S test, the Teager-Kaiser energy operator, and
the wavelets. Detection results obtained for authentic marine bioacoustic
transients under weak signal to noise ratio are discussed.

V.A. Lisiutin'?, O.R. Lastovenko', Zh.V. Malenko!*

FREQUENCY CONVERRSION OF NORMAL MODES IN THE
IMPULSE RESPONSE OF A SHALLOW WATER WAVEGUIDE BY
DISTORTION OF TIME

! Sevastopol State University

33 Universitetskaya str., Sevastopol, Russia, 299053

2 Admiral Ushakov State Maritime University (Sevastopol branch)
7 - 8/22 Geroiev Sevastopolya str., Sevastopol, Russia, 299001
e-mail: vlisiutin@mail.ru; zhvlal7@mail.ru

The response of the shallow water waveguide on a short pulse wave of pres-
sure is its impulse response in which the instantaneous frequency of the mode
signal varies over the time in accordance with the law of dispersion of the group
velocity.

We consider the model of an ideal waveguide. The dispersion law for it has
an exact solution for the impulse response - the "linear” time flux is converted in
the "non-linear" by replacing the variable. As a result, the frequencies of the
modal responses, that vary over the time, are converted to permanent units.

In the case of non-ideal waveguide, the frequency of the modal responses is
changed to a limited extent. We consider the possibility of correcting the "ideal"
time distortion operator in the case of horizontally-layered waveguides.
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G.A. Maximov, V.A. Larichev, D.N. Lesonen, D.M. Denisov, A.V. Derov.

ANALYSIS OF THE DATA RECORDED BY MULTILINEAR BOTTOM
ANTENNA IN THE WATERS OF BLUE BAY

N.N. Andreev Acoustics Institute
Russia, 117036 Moscow, Shvernika st.4
Tel.: (495) 126-9835; Fax: (495) 126-8411, E-mail: gamaximov(@gmail.com

A multilinear bottom antenna (MBA) for the seismic acoustic monitoring on
a shelf is developed. The test results recorded by MBA in the waters of the Blue
Bay (Gelendzhik) are represented. The technique of the individual positioning of
the antenna sensor using a relative time delay is demonstrated. Using the analy-
sis of multiple volume and head waves the methods for determination of geomet-
ric and acoustic parameters of the problem are developed together with recon-
struction of the source function.

1. V. Medvedev

DATA AND INSTRUCTIONS DELIVERY DURING A
HYDROACOUSTIC MONITORING WITH SATELLITE
COMMUNICATIONS

V.1.II'ichev Pacific Oceanological Institute
43 Baltiyskaya St., Vladivostok, Russia
Phone: (423) 231-2120, E-mail: igm@vamkila.ru

Description of algorithms and software used with Iridium satellite communi-
cation system for delivering instructions to an autonomous hydroacoustic station
and results of the special analisys of acoustic signals, measured by this station,
during a real-time monitoring of levels of anthropogenic noises and parameters
of acoustic pulses, formed by seismic survey signals at the north-east shelf of the
Sakhalin island.
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Ostrovskii A.G.!?, Volkov S.V.%3, Kochetov O.Y.!, Myslivets L.V.!?,
Olshansky V.M.?3, Shvoev D.A.'?

TOWARDS DEVELOPMENT OF THE DEEP-DIVING LOW-NOISE
AUTONOMOUS VEHICLE FOR ACOUSTIC SURVEILLANCE

'SIORAS 117997 Moscow, Nakhimovsky prosp., 36, osasha@ocean.ru
2IEERAS, Moscow, Leninsky prosp., 33
3ITC «Mortekhnology» 105082 Moscow, Fridrikh Engels str., 75/3

This presentation concerns with interim results of R&D project for control
of the ocean glider as a carrier for hydrophysical and hydroacoustic equipment,
that dives due to change of its own buoyancy and moves in horizontal direction
using the aerodynamic lift while adjusting its pitch.

S.A. Pereselkov, D.Yu. Prosovetskii, S.A. Tkachenko

APPLICATION OF SPECTRAL ANALYSIS OF
WAVE FIELD INTERFERENCE STRUCTURE
FOR OCEAN ACOUSTICS PROBLEMS SOLUTION

Voronezh State University

Russia, 394006 Voronezh, 1 Universitretskaya Pl.
Phone: (4732) 789-748; Fax: (4732) 789-755, E-mail:
pereselkov(@yandex.ru

Application of spectral analysis of wave field interference structure is
demonstrated on example of the following problems solution: the selection of
similar modes groups; the estimation of sound source speed; the increasing of
noise immunity. The results of the model experiment in natural acoustic condi-
tions for low frequency range is presented.
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Ivan P. Smirnov and Alexander I. Khil’ko

OPTIMIZATION OF SYNTHESIS AND ANALYS
IN HYDROACOUSTIC VISION

Institute of Applied Physics of the Russian Academy of Sciences
46 Ulyanova St., Nizhniy Novgorod, Russia, 603950

Tel: (831) 416-06-29; Fax: (831) 436-97-17

E-mail: A.khil@hydro.appl.sci-nnov.ru

Possibilities of adaptive acoustic fields exiting by not interacted coherence
radiators system in refractive waveguides are discussed. Exiting coefficients
which have the possibility of radiating not all summated field but only stabile
waveguide components are proposed.
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