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PaccMoTpeHa cTpyKTypa ImoMex TIpu TTOABOAHOM UMIYJILCHOM 30HAMPOBAHUU OKeaHa, CBSI3aHHBIX C TU-
dpakimeit akyCTUUEeCKOTro MoJisi Ha BETPOBOM BoJIHEHUHM. [1pu pacuyeTe MaTpUIIbl pacCesTHUSI BOJTHOBOJIHBIX
MO Ha B3BOJTHOBAHHOM TTOBEPXHOCTH B OKEaHMYECKUX BOJHOBOMAX MCIIOJIb30Bajach IByXMacIlTaOHasI
MOJIeJIb TOBEPXHOCTHOTO BOJHEHUSI, B KOTOPOIi paccesiHUe aKyCTUYECKOTO MOJIsI OCYILECTBIISIETCS PE30HAHC-
HOI TapMOHMKOM BOJIHEHUSI, (ha30Basi CKOPOCTh KOTOPOI MOIYIMpYyeTcs 6ojiee KpyImTHBIMM BostHaMu. TToka-
3aHO, YTO B CJTyyae, KOT/ia BETPOBOE BOJIHEHUE HEPA3BUTO, T.€. CIIEKTP BOJIHEHUSI HEU30TPOIIEH U OMUCHIBA-
ercst monebio JONSWAP, 4acTOTHEIN OTKIIMK COTJIaCOBAaHHOTO (OWIbTpa IpY HAOIIOASHU ITOBEPXHOCTHOM
peBepbepalii CTAHOBUTCSI HECUMMETPUYHBIM T10 OCH YaCTOT M 3aBUCUT OT HaIlpaBJICHUS BETpa.

Karoueswie crosa: nudpakiuys akyCTU4ECKOTO OIS, CEHCMOaKyCTUYECKOE 30HAMPOBAHME, MATPULIA pacce-
STHUSI BOJTHOBOJIHBIX MOJI, IBYXMAacIITaOHast MOIETb ITOBEPXHOCTHOTO BOJTHEHMS, OTKJIMK COTJIACOBAHHOTO
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BBEJEHUWE

AKyCTUYECKOE 30HAUPOBAHUE OKeaHa, YIOBJe-
TBOPSIIOIIIEe SKOJOTMYSCKUM TpPeOOBAaHUSM, MOXKET
OBITh OCYIIECTBJIEHO ITyTeM MCIIOJIbL30BaHUSI KOTe-
peHTHBIX Tuapoakycruueckux (I'’A) MCTOYHUKOB,
KOTOpBIE, IPU OTHOCUTETHHO MaJIOif MOIITHOCTH 13-
JIydeHUsI, 00eCIeuMBalOT BBICOKYIO TOUHOCTh 30H-
IUPOBAHUS 3a CYET HAKOIUIEHUSI CUTHaJoB [1—6].
Hcrionb3oBaHne XapaKTepUCTUK U3MEPESHHBIX OTpa-
KEHHBIX OT HaOI0JaeMbIX HEOTHOPOIHOCTE, cxXKa-
TBIX U OT(OUIIBTPOBAHHBIX KOT€PEHTHBIX ['A UMITYJIb-
COB MO3BOJIIET OLIEHUTh MapaMeTphl HAOIOTaeMbIX
00BeKkTOB. Takoro poma peKOHCTPYKIIMSI HEOTHOPOI -
HOCTEl B OOIEM clydae SIBISIETCS HEKOPPEKTHOI
obpaTtHoii 3amadeiil. [Ipy 3ToM 3amada CBOOUTCS K
OIICHKE TapaMeTpPOB HAOII0JaeMbBIX OOBEKTOB METO-
JIOM CTaTUCTUYECKOM MPOBEPKU FMIIOTE3, B KAYECTBE
KOTOPBIX BBICTYIIA€T MOZAEIb HEOTHOPOIHOCTE B
CJIOUCTOM mpocTpaHcTse [3, 4, 6]. MakcuMusaius
3 OEKTUBHOCTU PEKOHCTPYKLIMU ITapaMeTPOB 00b-
€KTOB OIpeAesIeTCs KaK ONITUMM3AaIeil peIaromx
MpaBuJ, TaK U aleKBAaTHOCThIO Moeau (OpMUPOBa-
HUS TIOJIE3HBIX CUTHAJIOB, IIYMOB U roMmeX. B vact-
HOCTH, MOJen (OPMHUPOBAHUS IIIYMOB U TIOMEX
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MO3BOJISTIOT BBIOMPATh ONTUMAaIbHBIE ITIOPOTY 11 00eC-
IIEYUTh TPeOyeMyI0 poOACTHOCTD aJITOPUTMA OLICHU-
BaHUS MapaMeTpoB OOBEKTOB. ITOCKOJBKY OKeaHU-
YyeCKHEe BOJIHOBOIBI CIIy4aliHO HEOIHOPOIHBI, Ha-
OnmogeHUEe OOBEKTOB  BBIMOJHSIETCSI Ha  (oHe
MYJbTUIUIMKATABHBIX, peBepOepallMOHHBIX ITOMEX,
BO3HUKAIOIINUX IIPU paCCEeSTHUU 30HAMPYIOIIETO aKy-
CTUYECKOTrO IMOoJsI Ha OOBEMHBIX U ITOBEPXHOCTHBIX
HEOOHOPOIHOCTsIX okeaHa [7—11]. Crtpykrypa aky-
CTUYECKOI1 peBepOepaliu B OKeaHe hcciaeaoBaiach B
psne pa6ot [12—20], B KOTOPBIX, B YaCTHOCTH, OBLIO
YCTaHOBJIEHO, UTO B OTJIMYHE OT OOBEMHOM 1 JOHHOM
peBepOepaliii, MOBEPXHOCTHAsI peBepOepanus Xa-
pakTepu3yeTcsl YIIMPEHWEM 4YacCTOTHOTO CIEeKTpa,
KOTOpPOE BO3HMKAET 3a CUET pacCesIHUS MOJIs Ha IBU-
XKYIIUXCS BETPOBBIX BOJHAX. B oKeaHM4YeCKMX BOJI-
HoBomax Inpu ['A HabGmoOAeHWM HeCTallMOHAPHBIX
O0OBEKTOB, a TAaKXKe IMTPU HAOJIIOIEHUHU C TBUKYIITNXCS
mw1aTopM, HEOOXOOUMO 0oJjiee OeTaIbHO HCCIIEIO-
BaTh CTPYKTYPY OBEPXHOCTHBIX peBepOepallMOHHBIX
MoMeX, YTO OOYCJIOBJICHO, B YaCTHOCTU, HEOOXOIM-
MOCTbBIO OIITUMHU3ALIMY IIOPOTOB C YIYETOM IOILIEPOB-
ckux apdekToB [3, 4, 12]. B HacTos1ei padoTe nc-
cliefoBaHA 4YacTOTHAsI CTPYKTypa ITOBEPXHOCTHOI
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peBepOepaly aKyCTUUECKOTO TMoJIsl, BO3HUKAOIIAs
MPU paccesiHUM Ha BETPOBOM BOJIHEHUU B OKEaHUYEe-
CKHX BOJIHOBOJAX TPU MMMIYJHLCHOM MaJOMOJOBOM
30HAUPOBAaHUM OKeaHa [3].

MOJEJb JJIMHHBIX TOBEPXHOCTHBIX
BOJIH ITP1 PACCEAHHNHN
HA BETPOBOM BOJIHEHUU

Bo mMHoOrmx pabortax Impu pacCMOTpPEHUN MOIEIN
IrdpakIMy aKyCTUYSCKOTO TT0JIST Ha IIOBEPXHOCTHBIX
HEOTHOPOIHOCTSX (BETPOBOM BOJTHEHUU) B BOJIHOBO-
JIe OKEaHMYECKOro THUIIAa MCIOJb30BaIaCh MOMACIb
OpEerroBCKOro pe3oHaHcHoro paccestHus [7—I11]. B
3TOM CJjly4yae Mpu UMIOYJIbCHOM aKyCTMUYECKOM MO.-
CBETKE CIHEKTp AudparupoBaHHOIO IIOJISI OymeT
OIPENENSAThCS CIIEKTPOM HMITYyJIbca ¢ Hecyllel va-
CTOTOIi, KOTOpasli OMNpeaesieTcsl AUCHEePCUOHHBIM
COOTHOILIEHMEM [UISI COOTBETCTBYIOILIEHI pPEe30HAHC-
HOIi KOMITOHEHTHI BETPOBOTO BOJIHEHUS. B ciyuyae,
KOrJa JJIMHA UMITYJIbCa CpaBHMMA JIN00 OOJIbIIIE Bpe-
MEHU KOT€PEeHTHOCTH QIIYKTyaluii HEOIHOPOIHO-
creit T 2T, ciyyaiiHas peanusalusi 4YaCTOTHOIO
crnekTpa IudparupoBaHHOIO ITOJIsI OYAET ONPENe/IsATh-
Csl CBEPTKOM KBajipata (OyHKLIMU HEONpeaeIeHHOCTU
30HIMPYIOIINX UMMOYJIbCOB [1—3] co cmekTpoMm Io-
BEPXHOCTHBIX HEOOHOPOMHOCTEI, YTO HPUBOAUT K
pa3pylLICHUIO OTKJIMKA COIIaCOBAaHHOIO (uibTpa U
pacnpeaelIeHIIO SHEPTUY 110 OCH TOTUIEPOBCKMX Ya-
ctoT. CTpyKTypa andparupoBaHHOIO II0JISI OyIeT 3a-
BUCEThb OT CXeMBI HaOmoAeHMs. Tak, IIpru MOHOCTA-
TUYECKOM HAOIIONeHUN 30HIUPYIOIIME WMITYIbChI
paccenBalOTCsI B OCHOBHOM BBICOKOYAaCTOTHBIMU

KOMIIOHEHTaMU BE€TPOBOIO BOJHEHMA K, ~ h, + h,
(h,,h, — BomHOBBIE uKcaa mon). Kaxnas U3 takux

KOMITOHEHT MMECT 4YaCTOTHLIC CMCIICHUA Qnma BC-
JIMYMHA KOTOPhbIX OLCHUBACTCA HpI/I6HI/I3I/ITeJ1bHO

KakK J_rgl/ 2(h,, + hm)l/ 2, Ilie g — yCKOpeHue CBOOOIHOTO
nageHus. TakuMm o6pa3oM, YaCTOTHBINA CIIEKTP OT-
KJIMKa COIJIACOBAaHHOTO (DUJIbTPAa CUTHAJIOB MOBEPX-
HOCTHOIi peBepOepalli B BOJTHOBOJE OKEaHUYECKO-
ro TUIAa OYAET OnpeAeasiThCd CYMEePIIO3ULINEN CIIeK-

TPOB C HAbOpPOM HeCylIMX 4acTtoT £2,,. B npyrom,
MPaKTUYECKU BAXKHOM cllydae, Korma JJIHAa 30HIU-
PYIOILIETO UMIYJIbCa CYILIECTBEHHO MEHbIIIE BpeMEH!
KOT€PEHTHOCTHU BOJIHeHUsI ' < T, HEOMHOPOAHOCTU
MOXKHO CUUTATh “3aMOpPOXKEHHBIMM Ha MacIiTadax
yCpeaHEHMsI, TaK YTO YACTOTHBINA CIIEKTP OTKJIMKA
COIIaCOBAHHOTO (UIIbTpa sl OUdparipoBaHHBIX
MMOBEPXHOCTHBIMU HEOTHOPOIHOCTSIMUA HMITYJIbCOB
oynet 6osiee y3kuM. Ero mupuHa OyaeT orpencisiTh-
csl MHTepdepeHMell CIeKTPOB 30HAUPYIOLIUX UM-
IyJIbCOB C HECYLUMMU yactoTtamu €, .. B yactHocTH,
MPU BHITIOJIHEHUHY YCIIOBUM CeJIEKIIMU MOIOBBIX M-
MMyJIbCOB YaCTOTa CMEILIEHMSI CIIEKTpa UMITyJIbca Oy-
JIeT eAUHCTBEHHOM. VIMEHHO TaKast CUTyalusl U MO -

BYPOAYKOBCKAA u np.

pa3syMeBaeTcsl B MOJENIM PE30HAHCHOTO pacCesHUS.
TakuMm o0Opa3om, CTpPYKTypa OTKJIMKAa B IJIOCKOCTH
(T,€2) MPpU MOHOCTATUYECKOI CXemMe Habto1eHus Oy-
ner (opMHUPOBAaTbCSI B BUIOE IBYX MaKCUMYMOB,

BOIM3M 4YacToT € ~ X2k, ,, WMEIOUIMX LIUPUHY,
CPaBHUMYIO CO CIIEKTPOM BOJIHEHUSI, IPUYEM BEIr-
Y1HA YKa3aHHBIX YaCTOTHBIX KOMIIOHEHT OyAeT cIia-
J1aTh MPU POCTe 3aA€PXKEK, YTO CBSA3aHO C OCIa0IECHU-
eM 1oJist B BotHoBoze. [1pu HabmoneHnu nugparupo-
BaHHbBIX CUTHAJIOB B CJIy4ae pa3HECEHHbIX ICTOYHUKA
Y TIPUEMHOM CUCTEMBI (OMCcTaTUKA), IIPU YCPETHEHUN
CYIIECTBEHHYIO POJIb WUIPaeT M IIPOCTPAHCTBEHHOE
pacnpeiejieHle pe30HaHCHO pacCerBaIOIIMX KOMIIO-
HEHT BETPOBOTI'O BOJIHEHUS B Mpeaeaax MMITYJIbCHBIX
00beMoB (puc. 1). Kaxablii U3 paccerBarmIINX 3Jie-
MEHTOB MMIIYJILCHOTO O0beMa IIpy OMCTaTUYECKOM
HaOJIIOJeHUM OyIeT XapaKTepu30BaThCsl CBOEH pe30-
HAHCHOI KOMIOHeHTO# k" = 5, [, — h,xy, /15, THE
MHIEKCHI (i, /) 0003HAaYaloT Mapy UCTOYHUK—IIPUEM-
HUK. B 3TOM cilydyae cTpyKTypa 4acCTOTHOTO CIIeKTpa
OTKJIMKA COIVIaCOBAaHHOTO (huJjIbTpa OyaeT (hopMUpO-
BaThCs KaK 3a CUET CJIOXEHUSI MOJOBBIX OTKJIUKOB,
KaXXIbIi M3 KOTOPKIX SIBJISIETCS CBEPTKOI (DYHKIIMU
HEOINpeIeJIeHHOCTU 30HAMPYIOLIMX HMIYJbCOB CO
CIIEKTPOM BOJIHEHMSI, TaK U CJIOXEHMS OTKIMKOB
Pa3IMUHBIX BJIEMEHTAapHbIX pacCeMBalOIUX IUIOIIA-
oK. ITpu 3ToM IMPUHA YACTOTHOTO CIIEKTPa MOXET
OBITb OOJIBIIIE IIMPUHBI CHEKTpa, (OpMHUPYEMOTO
MpU MOHOCTaTUYEeCKO cxeme HaOmoneHusi. Eciau
pa3BUTOE BETPOBOE BOJIHEHUE OIMCHIBAETCS M30-
TponHBIM criekTpoM ITupcona—MockoBUTIIA, TO OT-
KJIIMKM COINIACOBAHHOTO (DMILTpa ITOBEPXHOCTHOI
peBepOepaliuM Npu HU3KOYACTOTHOM HMMITYJIbCHOM
30HAMPOBAaHUM B BOJTHOBOE OyIyT CUMMETPUYHBIMU
OTHOCUTENIbHO ocH {2 = (0 KakK IJ1s1 MOHOCTaTUKHU, TaK
u 1ist ouctatuku. OgQHAKO MPpU CUTYallU, KOT1a BeT-
pOBO€ BOJTHEHHE HEPa3BUTO, TO €CTh CIIEKTP BOJIHE-
HUSI HEU3O0TPOIEH U OMuchiBaeTcsi Moaeibio JON-
SWAP [23], 9aCTOTHBIN OTKJIVK IJISI TOBEPXHOCTHOM
peBepOepalluM CTaHOBUTCS HECHUMMETPUYHBIM I10
0OCH 4acToT £2. DTO CBSI3aHO C TEM, UTO JIJISI KaXKI0M U3
3JIEMEHTapHbBIX PAaCCEUBAIOIIUX IUIOIIAI0K CYMMU-
poBaHMe OyIEeT OCYIIECTBIISITLCS BIOJIb COOTBETCTBY-
IOIIIETO CEYCHUST HEM30TPOITHOIO CIIEKTPa BOJIHEHMS.
[Ipu pacueTe MaTpulibl paccesHUSI BOJHOBOMHBIX
MO B3BOJIHOBAHHOII ITOBEPXHOCTHIO B BOJIHOBOIE
OKEaHUYECKOro THUIla MOXHO MCIIOJb30BaTh IBYX-
MacIITaOHYIO MOAE/Ib IIOBEPXHOCTHOTO BOJIHEHMSI, B
KOTOPOIi paccesiHue aKyCTUUECKOTO IOJISI OCYIIEeCTB-
JISIETCSI PE30HAHCHOM rapMOHMKOI BOJTHEHUS, (ha30-
Basl CKOPOCTh KOTOPOU MOy TMpyeTCsl 00Jiee KPYITHbI-
MU BoaHaMu. OTMETHM, YTO OOCYXXIaeMbIe SIBJICHUS
MOIYJISIIMY OIS HAOIIOOAINCh U aHAIM3UPOBAJINCH
MPU PaCCMOTPEHUM PACCESTHUST PaANOIOKAIIMOHHBIX
CUTHAJIOB OT B3BOJTHOBAaHHOI MOBEPXHOCTHU, a TAKXKe
AKYCTUYECKUM KYPHAJ Ne 6
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Puc. 1. Mexanusm opMupoBaHUST peBepOEPAIIMOHHBIX OTKJIMKOB IS (2) — MOHOCTAaTUYECKOW 1 OMCTaTUIECKOI cXeM Ha-
OJI0IeHMSI, TI0CIIE COTTIAaCOBAaHHOM (hMJIBTPALIMK 30HAUPYIOLIMX UMITYJILCOB OT BETPOBOTO BOJIHEHUSI TIPU MAJIOMOAOBOI UMITYJIbC-
HOIi TOMOTrpaduu rI0CKOCIOMCTOro BOJIHOBOJA OKEAHUYECKOTO TUTIA. YILIMPEHUE JOTIJIEPOBCKUX CIIEKTPOB CUTHAJIOB, PACCESTHHBIX
ToankamMu dA, pacroioXeHHBIMU B TOUKE #, TIPU Pa3IMIHBIX CKOpocTsix Betpa (I — 5, 2— 10, 3 — 15 M/c) (0) — msa mopenu
IMupcona—MockoBuTLA, (B) — AJIsI MOHOCTAaTUKU U (I') — Ouctatuku. CTpejkaMuy MoKa3aHo HanpaBjeHUe BeTpa.

BBICOKOYACTOTHBIX aKyCTUYECKUX CHUTHAJIOB OT IIO-
BEPXHOCTU C BETPOBBIM BOJIHEHUEM [24].

PaccmorpuM ocobeHHOCTH (hOpMUPOBaHUST pe-
BepOepallii OT BETPOBOTO BOJIHEHMSI B BOJIHOBOIE
OKEaHMYECKOI'o TUIIA, B YACTHOCTHU, B MEJIKOBOIHBIX
TUIPOaKyCTUYECKUX BOJIHOBOIAX IPU BO30YXKICHUU
HU3KO0YaCTOTHHIX I'’A MaJIOMOIOBBIX UMITYJIBCOB. By-
JIEM CYUTATh UCTOYHUK Y IPUEMHYIO CUCTEMY HEIO-
IBIKHBIMU. B 3TOM cityyae HaOmomaeMasi B MEJIKOM
MoOpe IOHHAas peBepOepalus OyaeT UMETh Y3KUI 10-
IUIEPOBCKUIA CIIEKTP, IIIMPHUHA KOTOPOIo OyIET orpe-
JIEJISITBCSL CHEKTPOM 30HOUPYIOIIMX MMIIYJIbCOB, a
TakK>ke€ BHYTPEHHMMH BOJIHAMU, MOABOTHBLIMU IIOTO-
KaMu 1 BUxpssMu. Ero sHeprust OyneT CKOHIUEHTPU-
poBaHa B OCHOBHOM B MHTEpBaJie HU3KUX JOILICPOB-
CKHX 4acToT. B oTinnume ot moHHOI peBepOepainu,
MOBEPXHOCTHAsl peBepOepalusi MMeeT JOCTaTOYHO
IUUMPOKUI JIOIJIEPOBCKUM CIIEKTP, BO3HUKAIOLIUIA
M3-3a IBMKCHMSI BETPOBBIX BOJH. I ameMeHTap-

AKYCTUYECKUM KYPHATT TomM 65 Ne6 2019

HOM pacceMBalolleil MIOIIAIKN ITOBEPXHOCTU dA ¢
KOOpIWHATOI ee LIeHTpa I' YPOBEeHb peBepOepalnu
OyoeT ONpeAensiTbCs BEIMYMHON PE30HAHCHOM
CHEKTPaJIbHOT KOMIIOHEHThI BETPOBOTO BOJIHEHUS

R o
W, (k;",Qp",r), Toe opWeHTaLus PEe30HAHCHOM

MPOCTPAHCTBEHHO YaCTOThI kZ.’" orpenessieTcsl B3a-
WMHBIM TIOJIOXKEHUEM pacCerBaIoIIei TUIOIIAAKU T10
OTHOIIICHUIO K i-My UICTOYHUKY 1 j-My IPUEMHHUKY, a
TakKe HOMepaMu Itagatouieii (1) u nudparupoBaH-
Hoit (m) BoTHOBOAHBIX Moid. Kak yXe yKa3bIBaJloCh,
nrdparnpoBaHHOE TTOJIe OYIET UMETh TOTLIEPOBCKIIA
CIIEKTpP, CIBUHYTBIM Ha BEJIMUUHY, OTTPEICIISTIOITYIOCS
MHUCTIEPCUOHHBIM COOTHOIIICHUEM ISl TTIOBEPXHOCT-
HBIX BOJIH. 3HaUEHUE CIBUTA MOXHO MPEICTABUTh Ye-
pe3 BeJUYMHBI (Pa3oBbIX CKOPOCTEl BOJHOBOMHBIX

o 1)\/2
mon Q" = i(gf02n(v,, -V, )) , Toe f, — CpemHsist
YacTOTa MAJAOUIET0 Ha HEOAHOPOAHOCTH Tos. Oc-
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HOBBIBasICh Ha TAHHbBIX, MTOJIYyYEHHBIX IPU IKCIIEPHU-
MEHTaX M0 M3YyYEeHUI0 OCOOEHHOCTel paccesiHUsl Ha
B3BOJIHOBAHHOI MOBEPXHOCTU OKEAHA B pauOI0Ka-
U1 U TUAPOAKYCTUKE, OyIeM CUUTaTh, YTO YaCTOT-
HbII CreKTp AudparupoBaHHbBIX HA BETPOBOM BOJI-
HEHUM CHUTHAJIOB YIIUPSETCS 3a CUeT KpylHOoMac-
IITA0OHBIX KOMIIOHEHT BETPOBOTO BOJTHEHUSI U 3bIOU.
B aTOM ciiyyae MOXXHO MPUOJUXKEHHO CUMTATh, YTO
CIHEKTP PACCEIHHOTO KaXJ0i 3JileMeHTapHOI pacce-
MBalolIel TUIOMAAKONH cUrHaia OyAeT UMEThb IIUPU-
HY, CPAaBHUMYIO C IIUPUHOU U (DOPMOI1 CIIeKTpa BeT-
poBoro BoiHeHus. Hanpumep, s ciiydast pa3BUTO-
ro BOJIHEHUS, JJII KOTOPOro MPUMEHMMa MOJENb
IMupcoHna-MockoBuUTIIA, TOTIJIEPOBCKUIA CIIEKTP pe-
30HAHCHOW KOMIOHEHThI BETPOBOTO BOJIHEHUS
MOXHO MPUOJIMXKEHHO OMUCATh BbIPAXKEHUEM:

WG Qo) = a W) +

ij oo
+ b, x0.74g"V Q£ Q") x (1)
X exp [—0.74g4V‘4(Q + Q;’j”’)“‘],

rae V' — ckopocTh BeTpa, g — YCKOpeHUe CBOOOTHOTO
najaeHust, a KOOQOUIIMEHTBI a, U b, ONPENENAIOTCS
[IyOMHOM MOIYISILMM JIBVKEHUSI PE30HAHCHOM
KOMITOHEHTBl ~KPYMHOMACIITAOHBIM  BOJHEHUEM.
ITpu 5TOM MPUGIMKEHHO IIUPUHY MOIYISITUOHHOMN
KOMITOHEHTHI 02 MOXKHO CUMTATH OJIM3KOM K 4aCTOTE
PE30HAHCHOM KOMIIOHEHTHI CIIEKTPa BETPOBOTO BOJI-
HeHUs. OOGBIYHO, ITPU HEOOJBIIINX CKOPOCTIX BETpa,
MOIYISIIMOHHBIE KOMITOHEHTHI B 5—10 pa3 MeHblIe
BEJIMYMHBI Pe30HAHCHOIT KOMNOHEHThl. Kak moka-
3BIBAIOT TEOPETUUYECKUE OLIEHKU U DKCIIEPUMEHTHI, C
YBEJIMYEHNUEM CKOPOCTHU BETpa YPOBEHb MOIYJISIIN-
OHHBIX KOMITOHEHT ITpUOJIMKAEeTCSI K YPOBHIO pe30-
HAHCHOM KOMITOHEHTBI AU(ParupoBaHHOTO CUTHAJA
(puc. 2) [2, 12, 21, 22]. Takoii acpheKT MOXKET ObITH
CJIEICTBEM HE TOJIBKO pOCTa IIyOMHBI paccMaTpu-
BaeMOil MOIY/ISIUY, HO U BIUSHUS 3(PPEKTOB MHO-
FOKpaTHOTO paccesiHUsI. Bkiam B pe3ynbTUpYIOIINii
YPOBEHb peBepOepalii KaxKIoro 13 3JeMeHTapHBIX
pacceuBalolIUX YYaCTKOB IIPU WHTETPUPOBAHUU
IUIOIIAAN UMITYJIbCHOTO 0ObeMa IIJIsl COOTBETCTBYIO-
IIEeii pe30HAHCHOM KOMIIOHEHTBI CIIEKTPa BOJTHEHUS
MOXHO NPUOJIMKEHHO OLEHUTH C MOMOIIBIO KO3(h-
duLIMeHTa MOBEPXHOCTHOTO paccesTHUsI Ha (pUKCU-
pOBaHHOI1 TOIJIEPOBCKOIT yacToTe. IJIsT HETO UMeeM

myy = 4, (K" )sin®(@, + 0)sin®(6,, + A, tre

M
/A -1
Ay = ‘cosyd ‘ N~ — Ko3hOULIMEHT aHU3OTPONTUUN
MPOCTPAHCTBEHHOTO CIEKTpa BOJHEHMsI, N =
/2 AlM 4 .
:I y cosyd ‘ dyd — HOPMUPYIOIIUNIA KOo3hduUIm-
-7/2

€HT, 0, ,, — BEpTUKaJIbHbIE YIUIbl NaneHus mox. Cpen-
HEKBaIpaTUIHOE 3HAYECHUE YKIIOHOB MOPCKOI MOBEPX-
HOCTH O/ MOXET OBITh B3ITO 13 SMINPUIECKOTO CIIEK-
tpa Kokca—Manka, mis xoroporo o = (1.5 X 1073 +

BYPOAYKOBCKAA u np.

+2.54 x 10730)/2, ¥ — yron mexy k;" 1 Hanpape-
HueM Betpa V, M = 21.75exp[—0.74V(2kg)~"/?] — ko-
3¢ PUILIMEeHT aHU30TPOITMM CIeKTpa BoiHeHUs. Ko-
3(OUIUEHT aHU30TPOIUU OIMUCHIBAET CUTYAIMIO,
KOrJa BOJIHEHME Hepa3BuTo. TakuM obpa3oM, ypo-
BEHb OTKJIMKA COTJIACOBAHHOIO (pUIIbTpa ST I10-
BEPXHOCTHOI1 peBepOepalunu oyaeT GopMUpPOBaAThCS
CYMMHUPOBaHUEM BKJIaI0B Kax10i 13 3JIeMEeHTapHBIX
pacceMBaloNIvX TUIOIIAA0K B Tpeaeiax OTACIbHBIX
MMITYJIbCHBIX 00BeMOB, KaK IOKa3aHo Ha puc. 1B, Ir.
dopma MOAYISILIMOHHOM YaCTU YaCTOTHOTO CITEKTpa
JUTSL KaXKIOOM 13 3JIEMEHTAPHBIX pacCEeUBAIOIINX I1J10-
IIAJ0K OMpeAessieTCs CEeYeHUEM CITEKTpa BOJHECHUS
B IJTOCKOCTH BOJTHOBBIX UM CEJI TIOJ YTJIOM, OTIIPENeIsi-
€MBbIM Pa3HOCTBIO YIJIOB MMaJCHUS U PACCEeSTHUS MO/ B
TOPU30OHTAJIbHOM TIIOCKOCTU. Eciu BoHeHUe pa3-
BUTO, KO3(M(OUIMEHT aHU30TPOIIMM OydeT paBeH
eIUHUILIE, a CTIEKTP BOJHEHUS OyIeT U30TPOITHBEIM. B
cllydae Xe, Korga Koa(@@HUUIUEeHT aHU30TPONUM He
paBeH enuHulle, ¢opMa U BeIMYMHA MOIYJISIIIMOHHOM
YacTM YaCTOTHOTO CITeKTpa OTKJIMKA, PacCesSTHHOTO
B3BOJTHOBAaHHOM MOBEPXHOCTBIO, OYZIET 3aBUCETh OT yT-
na Y4 Mexmy opveHTalMeil COOTBETCTBYIOILEH 31e-
MEHTapHOI TUIOIIAAKe PE30HAHCHON TapMOHUKM U
HampasjieHueM BeTpa V.

OTMETUM, UTO paCCMOTPEHHAsI MOJE/Ib SIBJISIETCS
NpUOJMXKEHHOM, TaK KaK KO3(MGUIIMEHT aHU30TPO-
MMM HE OTpaXKaeT BceX OCOOEHHOCTEM CIIeKTpa BeT-
poOBOTO BOJHeHU. bollee neTanbHBI aHAIN3 CTPYK-
TYpbI OTKJIMKA COIJIaCOBAHHOTO (hHMJILTpA IIPU pacce-
SHUM aKyCTUYECKUX WMITYJIbCOB Ha BETPOBOM
BOJIHEHUHY B BOJIHOBOAE MOXET OBITh OCYIIECTBJICH
IIPU MCIIOJb30BAaHUM MOJIEIM HEPa3BUTOIO BOJIHE-
Huss JONSWAP:

S(Q,0) = 240g°Q  exp™ P4 x

X yex"[‘(g‘g”’)z/ (20292"’)](exp {2B0} +exp{-2B9} ), (2)
-t<O<m,

rue c=1{0.07,Q2<Q,,0.09,Q > Q,};

= O.697g/U120 , Ujy — cKopocTb BeTpa Ha BbicoTe 10 M

K =

m

HaJl IOBEPXHOCTHIO; K,, = wi / £ — BOJIHOBOE YMCIJIO,
COOTBETCTBYIOLLIEE CIEKTPAIbHOMY NUKY (), CIEK-
Tpa JONSWAP. BennunHa Y — OTHOILLIEHME OCHOB-
HOTO CIEKTPAJIbHOTO MakKCUMyMa K €ro 3Ha4yeHUIO
10 anIpoKcuMaluu, mojgydeHHoir I[lupcoHoMm u
MoCKOBUTLIEM [TPY ONMHAKOBOI 4aCTOTE ®,,, T.€. Xa-
pakTepusyeT “nmuKoBaTOCTh” crnekrpa. Koadpumm-
€HT O. 3aBHUCUT OT pas3roHa BOJHBbI, b =—0.28 +

+0.65exp[-0.75In (x/x,,)] + 0.0lexp[0.2 +
+0.71g(x/x,)1, B =10, tie ¢ = ¢, — dy; Oy — reHe-
paJibHO€E HarlpaBJIEHUE paCIIPOCTPaAaHEHW A BOJITHEHMA,
O, — aBI/IMYTaJIBHHﬁ yrou, OTCUUTBIBAEMBbII OT OCU X,

AKYCTUYECKUM KYPHAJT Tom 65 Ne6 2019



AHAJIN3 BJIUAHUA JJIUHHBIX ITOBEPXHOCTHBIX BOJIH

(a)
M=1024,1,=0,71= 10

O —
V=20
—20 - V=15
. V=10
5_ V=5
= a0
<
~
—60 F
—80 1 1 1 )
0 2 4 6 8

767

(©)
M=512,1,=0,05,1=10

0 —
V=20
o V=10
os] V=5
=
o
T
S 40k
_60 1 1 1 J
0 2 4 6 8

Puc. 2. HopmupoBaHHBIE YaCTOTHBIE CTIEKTPBI TIOBEPXHOCTHOM peBepOepalivy 1151 30HAUPYIOIIMX CUTHAJIOB B Bune M-tiocie-
JoBaTeIbHOCTH Tipu M, paBHoi1 (a) — 1024 1 (6) — 512, paccunTaHHBIE ISt MOHOCTAaTUYECKOM cXeMbl HabmoaeHus [25], mpu

ckopoctsx Berpa: V=15 (1), 10 (2), 15 (3) u 20 m/c ( 4).

A — HOPMHUPOBOYHBIN KO3(@GUIMEHT, BBEACHHBINI

JUISL BBITIOJIHEH WS yeioBust A = B arctg (sh2mB).

dopma crekTpa BEeTPOBOIO BOJIHEHUSI, COOTBET-
crBytomero monenu JONSWAP, rmokazaHa Ha puc. 3,
a Takke 40 B JoraprupMUUecKoOM MacllTade, B U30-
METPUUYECKOM U SIPKOCTHOM MpeacTaBiaeHusix. st
TAaKOrO CIIEKTpa CTPYKTypa MOIYISIIMOHHOII 4acTHh
CIieKTpa OyIeT OMpeaeiisiTbCsl OpUEHTUPOBAHHBIMU
MOJI COOTBETCTBYIOIIMMU YyIJIaMU CEUCHUSIMU [IBY-
MEPHOTIO CIIEKTpa, (pOopMa KOTOPBIX IJISI OTPULIATEI b~
HBIX 1 MIOJIOKUTENIBHBIX 9acTOT OyaeT oTimdaTrbes. B
9TOM CJIy4ae YPOBEHb PE30HAHCHBIX KOMIIOHEHT OY-
JIeT pa3InYHbIM I10 BEJIMYMHE, TPUUEM pas3inyusi Oy-
JIyT 3aBUCEThH OT HAIIPABJICHUS BETpa 1 OIIPEACIISIThCS
13 HECUMMETPUYHOTIO CIIEKTpa BoHeHUsI (puc. 3, 4).
Ilpy MoOHOCTAaTMYECKOUN cXeMe HaOMIoNeHUs IS
KaXXJI0OI'0 pacCenBaIOIIEro 3JIeMEHTA CIIEKTP MOIYJISI-
U1 OYAET ONpPEenesIThCS CEYCHUEM CIIEKTPa BOJIHE-
HUS 1, B LIeJIOM, OyZeT Takke HecuMMeTpuIHbBIM. Mc-
KJTIOYEHUEM SIBJISIIOTCS pacCerBaloIe 3JIeMEHThI, Ha-
XOOdInWecss  Ha  JIAHUM, NEePIIEeHAVKYJISIPHOMI

HAIpaBJIeHUIO BeTpa (371eMeHThI dA, U dA; Ha puc. 4a),
Y KOTOPBIX CITEKTPBI MOAYJISITUUA OYAyT UMETh CUM-
MeTpudHyIo ¢dopmy. B 11es1oM, U1 Kaxkmoro M3 pac-
CEeMBaIOIINX 3JIEMEHTOB B CUJIy CUMMETPUU 3aladyu
HalaeTcsa OOIOJHUTEIIbHBIA 3JIEMEHT, WMEIOIIUA
3epKajibHyI0 (hOpMY MOIYJSAIMMU, TaK UTO CyMMap-
HBIH OTKJIMK MPU MOHOCTATUYECKOM cxemMe HaOJIIo-
JICHUS U aHU30TPOITHOM CIIEKTPE OCTAHETCSI CHUMMET-
PUYHBIM OTHOcUTeNbHO ocu £ = 0. [Ipu HaGIOME-
HUU TTO OMCTaTUUYECKOI cxeMe TaKoil KOMIeHCcalluu
HECUMMETPUYHOCTH CIIEKTpa MOIYJISIIMU HE TTPOUC-
xonuT (puc. 4r). MckiiroueHueM SBsieTCsl Cydai,
KOT/Ia BeTep AyeT B HAINlpaBJIEHWUU JIMOO MepreHInKY-
Ne 6 2019
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JIIPHOM, JTU0O TTapayIeIbHOM JIMHUUM MEXIY UCTOY-
HUKOM U IIprueMHUuKoM. B meimom dopmupyercs He-
CUMMETPUYHBIN MO OCHU {2 OTKIIMK ITOBEPXHOCTHOM
peBepbepaliu, opMa KOTOPOTO 3aBUCUT OT HAIIpaB-
neHus Betpa. Kaxnast 13 KOMIIOHEHT IOJISI, pacCestH-
Hasl 3JIEMEHTAapHOM IUIONIAAKOM, OyIeT XxapaKTepr30-
BaThCs CBOMM 3aTyXxaHueM. Bce ajaeMeHTapHbIe I10-
IIaOKM, HaXOASIIWecs B MpeAeiaax WMITYJILCHOTO
ob0bema, OyayT CyMMHMpPOBATHCS B OJHOM 3JIEMEHTE
paspemeHus (AT, AQ) cucTeMbl HAOIIOAEHMSI, KOTO-
puili omipenensieTcs (OYHKIIUEN HeoMNpeaesieHHOCTU
30HIMPYIOLINX UMIYJIBCOB Fy, (T,L2), T.e. UX IIMHOU
M T10JIOCOM YacToT. OOBIYHO B Ka4eCTBE 30HINPYIO-
X BBIOMPAIOT CIIOXHBIE MOIYJIMPOBAHHBIE MM-
MyJIbCBI, UMEIOIIME OCTPYIO (MIrojbyaryio) dopmy
(GYHKIIMM HEONpeneIeHHOCTM U HM3KHI YPOBEHB
OOKOBBIX MAaKCMYMOB, Yallle BCEro, He IIPEBHIIIAI0-
it —30...—40 ob.

AHAJIN3 CTPYKTYPBI PACCEAHHOI'O
BETPOBBIM BOJTHEHWUEM
AKYCTHUYECKOTI'O ITOJIA

B OKEAHMYECKHMWX BOJTHOBOJAX

Hccnenyem pacripenenieHne ypoBHEW OTKIIMKOB
COIIACOBAaHHOM (PUJIBTPALIMHU B INIOCKOCTH (T, {2) ISt
MOBEPXHOCTHOI peBepOepaliud B BOJHOBOZAE, UC-
TOJTB3YST OTMMCAHHYIO BBINIE MBYXMACIITAOHYIO MO-
JIeJTh paccesHus. B kadecTBe 30HIUPYIOIITNX PACCMOT-
PUM CJIOKHBIE MO TMPOBaHHBIE UMITYJIECHI JUTUTEIb-
HocThio 10 C, B YaCTHOCTH, C 3aKOHOM MOMYJISIIINN
azpl B BUune M-1iociienoBaTelbHOCTY € HeCyIeil Ja-
crotoii 250 I'tt 1 mosnocoii 10 I'i. Mcmonb3yeM Moaeib
MEJTKOTO MODSI B JIETHUX YCJIOBUSIX TIPUAOHHOTO TH-
pPOaKyCTUIECKOTO KaHaja, MPEeNCTaBISIONIEro Co0oi
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Puc. 3. Crpykrypa criektpa W (k) BerpoBoro BosiHeHUs1 Mozaesiu JONSWAP (a), (B) — mist ckopoctu Betpa 10 m/c, u (6, 1) —
5 Mm/c. Ha pucyHnkax (a), (6) BeTep HampasJjieH 10 TOPU30HTAJIN cJieBa HAIIpaBo.

cJioit xxuakoctu toyuHoin H = 300 M, ¢ 3aBUCUMO-
CTBIO CKOPOCTH 3BYyKa OT TJTyOMHBI, MTOKAa3aHHOM Ha
puc. 5a. JIHO BoIHOBOMA OyIeM CUMTATh COCTOSIIINM U3
JIBYX CJIOEB OCA/IKOB TOJILLIUHON A, =5Mu h, =25m. B
3TUX OCAIOYHBIX CJIOSIX CKOPOCTh, TNIOTHOCTh U KO-
3G GUIIMEHT 3aTyXaHUsI MPOIOIBHBIX BOJIH COOTBET-
CTBEHHO paBHbI ¢; = 1430 M/c, p, = 1.6 T/cm3, M, =
=0.05 1b/m xT'; u ¢, = 1520 m/c, p, = 1.9 t/cm3,
N, = 0.08 nb/m kT'u. ITonynpocTpaHCTBO, HA KOTO-
POM pacrojiarajuch 0CagouHbIe CJIOU, UMEJIO TTapaMeT-
phI ¢, = 2500 m/c, py = 2.1 r/em3, My = 0.08 n1b/km T
Ha puc. 560, 5B moka3aHbl UMITYJIbCHbIE OOBEMBI pa3-
JIMIHBIX HOMEPOB B BOJTHOBOJIE C YKa3aHHBIMU BHIIIIE
napaMeTpamMu, I Cllydast W3JIydeHHUs IIepBOM U
npuema TpeTheil Mo MpU OMCTaTUYECKOI cxeMe Ha-
OJIIOAEHMST, KOTIIa PACCTOSTHUE MEXKIY MICTOYHUKOM 1
MpUeMHUKOM cocTaBisuio 50 kM. B orymmume ot ciy-
yasi CBOOOJIHOTO MPOCTPAHCTBA, UMITYJIbCHbIE O0bE-
MBI HU3KHUX HOMEPOB HE OXBATHIBAIOT UCTOYHUK M
MPUEMHHWK, YTO SIBJISICTCS CIACICTBUEM MEXMOIOBOM

nucriepcun. KoHkpeTHast hopMa UMITYJIbCHBIX 00be-
MOB HU3KUX HOMEPOB ONpeENeseTcsl 3HAaYEeHUSIMU
MOJOBBIX BOJIHOBBIX YKCEJ U PACIIOJIOXKEHUEM HC-
TOYHUKA U MpUEeMHUKA. Pe30HaHCHBIE CIIEKTpaIb-
HbI€ KOMIIOHEHTbI, COOTBETCTBYIOIIME TIEPBOMY UM-
MyJILCHOMY O0BEMY B MJIOCKOCTH (X, y), B TLIOCKOCTA
BOJIHOBBIX YKCEJT PACIOJaraloTcs B COOTBETCTBYIO-
IIEM MUMITYJIbCHOM O0beMe, NMeIoIieM (hOpMY KOJIb-
1a ¢ ueHTpom B Touke (k, = 1,k, = 0) (puc. 58). Ilo
Mepe yBEJIUYEeHUs HOMepa, KOTIa UMIYJIbCHbIN 00b-

€M B IUIOCKOCTH (X,y) OXBaTUT U MPUEMHHUK, COOT-
BETCTBYIOIIUIN WMITYTbCHBIA OOBEM B TUIOCKOCTHU

(ky,k,) TpaHchopMupyercss B raHteqo (puc. 5B).
[1pu nanpHeiimeM pocTe HOMepa UMITYJIbCHOTO 00b-
emMa ero (popMa B 00eUX MJIOCKOCTSIX MTPUOIMKAECTCS K
KPYTOBOMY KOJIBIy (TaKue WMITYJIbCHBIE OOBEMBI
MPUCYIIN CIYy4ai0 MOHOCTAaTUYE€CKOTO HAOMIOMEHIS).
OpueHTanisi (OKyCOB UMITYJIbCHBIX OOBEMOB B
TUIOCKOCTHM BOJIHOBBIX UMCEJ OIPENessieTcs] OpueH-
Tarye JMHUHA MEXITYy NCTOYHUKOM W TIPUEMHUKOM.
AKYCTUYECKUM KYPHAJ Ne 6
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Puc. 4. MexanusM dhopMUpoBaHUs peBepOepallMOHHBIX OTKIMKOB TS (a) — MOHOCTATUYECKOI M GUCTATMYECKOM CXeM Ha-
OJIIOIEHUSI, TTOCJIE COIJIACOBAHHOM (OUIbTPALIMK 30HIMPYIOIIHUX UMITYJILCOB OT BETPOBOIO BOJIHEHUS B IUIOCKOCIOMCTOM BOJI-
HOBOJIe OKEaHNYECKOTO THUIA. YIIUPEHUE TOTUIEPOBCKUX CTIEKTPOB CUTHAJIOB, PACCESTHHBIX TIIOMIANKAMU dA, PACTIONIOXKEH-
HBIMU B TOUKE 7, IPU pa3IMUHbIX cKopocTsix Betpa (1 — 5, 2 — 10, 3 — 15 m/c) (6) — 1151 MO/IeJIM HEPa3BUTOTO BOJIHEHUS

JONSWAP, (B) — mjist MOHOCTATUKMU U (T) — OUCTaTUKM.

BHyTpu KoJiblla, OTPaHWYUBAIOIIETO TIEPBBINM MM-
MYJIbCHBIN 00BEM B INIOCKOCTHU BOJTHOBBIX UKMCeJl, Ha-
XOIATCSI TPOCTPAaHCTBEHHBIE TAPMOHUKHU, KOTOPHIE
HE Yy4acTBYIOT B GOpPMUPOBAHNM OMCTAaTUYECKOM pe-
BepOepaluu. M3MeHeHUs! TUAPOJIOTUM, 4YaCTOThI,
HOMEPOB paccMaTpUBaeMbIX MO, (hOPMBI 30HIUPY-
IOIIMX MMITYJIbCOB OyIyT 0OycaaBIMBaTh TpaHChOp-
MallMio CTPYKTYPbl UMITYJIbCHBIX OOBEMOB, OJHAKO
o01IMe 3aKOHOMEPHOCTU UX (DOPMUPOBAHUS, UX TO-
ITOJIOTHsSA, OYAYT TMMOTOOHBI TeM, KOTOPhIE TTOKa3aHbI
Ha puc. 5. Kak u cienoBajio oXXuaars, IIp1u MOHOCTA-
TUYECKOI cxeMe HaOJIOACHYSI UMITYJIbCHbIE OObEMBbI
UMEIOT TIPOCTYIO (PopMy KOJIEll, YTO YIIPOIIaeT MH-
TEpIIPEeTAIIIO CTPYKTYPHI peBepOepallMOHHBIX OT-
KJIMKoB. Ha puc. 5r mokasaHa CTpyKTypa OTKJIMKOB
MOBEPXHOCTHO# peBepOepaliii [IJIsi MOHOCTaTUYe-
CKOM cXeMbI HaOIIOACHMS 1 ITapaMeTPOB BOJIHOBOAA
W WMITYJIbCOB, YKa3aHHBIX BHIIIE. Pacdersl ocy-
mectBisiuch mist Moaeau JONSWAP nipu ckopoctu
BeTpa 5 M/c. B cuity oTMedeHHO#1 BbIIIIe CUMMETPUH
3aMa9M B MOHOCTAaTMYECKOM CXeMe, CTPYKTypa pe-

AKYCTUYECKUN XYPHAJ Ne 6

TOM 65 2019

BepOEpaLIMOHHBIX OTKJIMKOB CUMMETPUYHA MO Ya-
CTOTaM W He 3aBUCUT OT HallpaBjeHus1 Betpa. Ilpu
YBEJIMYEHUU CKOPOCTHU BETpa OTKJIUKU B 1IEJIOM pac-
TYT IO BEJIMUMHE U “TIPMKMUMAIOTCS” K HYJIEBBIM Ya-
croraM (MUK Ha HYJEBOM 4YacTOTEe COOTBETCTBYET
JIOHHOI1 peBepOepallii, KOTopash pacCUMThIBaIach C
npusiieaeHueM Moaenu Jlommens—3eenunarepa). Ha
puc. 6 mpeacTaBieH BUI OTKJIMKOB MOBEPXHOCTHOM
peBepOepalum 1j1si OMCTaTUYECKOM CXeMbl HaOIIo/1e -
HUS JJISI MOJIEJIM, TTOKa3aHHOM Ha puc. 5, B ciyvae,
KOTJla CKOPOCTh BEeTpa COCTaBJIsLIa S M/C, JUIST IBYX
YIJIOB MEXIY JIMHUSIMUA HA UCTOYHUK U TPUEMHUK U
HarnpaBJieHUeM BeTpa. B COOTBETCTBUM C MOJEJbIO
¢dbopmMurpoBaHUs peBepOepallMOHHBIX OTKJIMKOB, TTO-
Ka3aHHOW Ha pucC. 5, B cilyyae, Koraa BeTep AyeT Mo
YIJIOM K aKyCTUYECKOM Tpacce, OTKJIMK IMMOBEPXHOCT-
HOIi peBepOepallMd CTAHOBUTCSI HECUMMETPUYHBIM
OTHOCHTEIHLHO HYJIEBOI 4acTOTHI (pUc. 6a). OTanaus
B YpOBHsIX MOTYT nocturath 10—20 nb B 3aBUcUMOCTH
OT HamnpaBJeHUS U CKOPOCTU BeTpa, a TakXKe OT
CTPYKTYpbl BOJIHOBoja. Kak yxke ObLIO OTMEYeHO,
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Puc. 5. (a) — CTpyKTypa ruipoakyCTUYECKOro KaHaja U Habopa ocalouHbIX CJI0eB, (PopMa UMITYJIbCHBIX OOBEMOB B IJIOCKOCTH
©) — (x,y) u (B) — (kx,ky), a Takxe (I') — OTKJIMK ITOBEPXHOCTHOM peBepOepaliii B BOJIHOBOJE MTPU BO30YKICHUU MEPBOMl U
MpueMe TPEThei MOl BOJTHOBOA JUISI MOHOCTATUYECKOM CXeMbl HAOJTIOIeHMSI.

JUISI HEKOTOPBIX HaIlpaBJCHUIA BeTpa HaOJIIodaeTCs
CUMMETPUYHOE pacIIpeAcieHrne OTKIIMKOB 110 9aCTO-
Te (puUc. 5), UTO CBSI3aHO C FTEOMETPUUECKOI CUMMET-
pueii 3amauu. MI3MeHeHre HanpaBeHUs BeTpa Mpu-
BOJUT U K CYIIIECTBEHHOMY U3MEHEHUIO YPOBHS I10-
BepxHOCTHOI peBepbOepannu. Criektp JONSWAP
UMeeT SIPKO BhIpaXKeHHBII MaKCUMyM, 00yc/aBIrBa-
IOIIUI OOJIbIIINE MO BEJIWYMHE BOJIHBI, HalpaBJieH-
Hble 1Mo BeTpy. MIx BenuumHa Moxet Ha 15—20 nb
IIPEeBOCXOAUTH OKpyxXarommuii ¢poH. Ecnu Hanpasie-
HUE TaKUX BOJIH IIEPIIEHIUKYISIPHO aKyCTUYCCKOM
Tpacce, OHU (OPMUPYIOT OOJIBIIYIO IO BEJIMYMHE Pe-
BepOepaluio. 3To BUAHO U3 CpaBHEHMUSI pacipenaesie-
HUI, MOKa3aHHBIX Ha puc. 5, 6. Takum ob6pa3om, rpu

MMPOYNX PABHBIX YCIIOBUSIX YPOBEHBb TTOBEPXHOCTHOI
peBepOepany MoxkeT MeHsIThest Ha 15—20 nb B 3aBu-
CUMOCTHM OT HampaBJIeHUsI BeTpa. AHaJOTM4YHbIe
OLICHKHM TIOJIy4yaloTCsl U MpU M3MEHEHUM CKOPOCTU
BeTpa oT 5 mo 20 M/c.

Ilpu ananmmse nudpakuyu I'A Mo Ha MoOBEepX-
HOCTHOM BOJIHEHMM B OKEAaHWYECKMX BOJIHOBOIAX,
KOTOPBIH OBLI IIPEAIIPUHST B IPEABIIYIINX pa3aeiax,
MIPEAIOoJarajiochb, 4TO paccessHue MO IIPOMCXOIUT
TOJIBKO Ha HeperyJaspHoii MOBEepXHOCTH BOJHOBOIA.
BwMmecTe ¢ TeM, 3 TMHEHHOM TEOPUH TTOBEPXHOCTHBIX
BOJIH Ha CBOOOTHOI TpaHUIIE BOJHOBOJA OKEaHUYE-
CKOTI'O TUMA CJIEAYET, YTO TaKMe BOJIHBI BHI3BIBAIOT HE
Ne 6 2019
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Puc. 6. CTpykTypa OTKJIMKA MTOBEPXHOCTHOM peBepOepaliuy pyu OMCTaTUYECKOM cXxeMe HaOIIONSHUST IS MOAEIU MEJKOTO
Mopst (puc. 5a): (a) — yroa Mexay JIMHUE NICTOYHUK-IIPUEMHMK 1 HarpaBiieHreM Betpa 30 rpam, (6) — yroy Mexmy Tpaccoii

MCTOYHUK-TIPUEMHMK U HampasieHueM Betpa 90 rpaj.

TOJIbKO BE€pPTUKAJIbHbIE CMEIIIEHUS CBOOOMHOM Ipa-
HUIIbI, HO 9KCIMOHEHIIUAJIbHO 3aTyXalollue C I1you-
HOI CMEIIEHUS KUIKOCTU MO MOBEPXHOCThIO. Xa-
pakTepHasi TOJIIMHA BOMHOTO CJIOSl, TJIe OObEMHbIE
BO3MYIIIEHHUS CYIIECTBEHHbBI, paBHA JIJIMHE MOBEPX-
HOCTHOM BOJIHBI. B ciiydyae yMepeHHOIro U CUJIbHOTO
BETpa BO3MYIIIEHHbBI BETPOBBIM BOJTHEHUEM IMOBEPX-
HOCTHBIN CJIOM MMeeT TOJIIMHY MOopsiiKa HECKOJIb-
KUX JECSITKOB MeTpoB U Oosiee. COOTBETCTBYIOIIVE
o0beMHbIe 2DdEKTH paccesiHUS 3ByKa Ha BETPOBOM
BOJIHCHUHM B HEKOTOPBIX CIy4asiX CTAHOBSITCSI COIO-
CTaBUMBIMU € 3(hheKTaMU paccesiHUSI Ha HePeTyJIsip-
HOI1 TIOBEPXHOCTHU oKeaHa [25]. B ykazaHHoIi paboTe
MPOBEJEH aHaJIU3 CTPYKTYPbl MOBEPXHOCTHOM pe-
BepOepalli B MEeJIKOBOIHBIX ['A KaHajmax Ipu UM-
MYJIbCHOM MOJCBETKE CIOXHBIMU Y3KOIOJOCHBIM U
MOJOBBIMU UMITyIbcaMu ¢ yacTtoToit 200 I', mmrenb-
HocThio 10 ¢ 1 monocoii 10 I'n. ITpu aHamm3e ncnob3o-
BaJIaCh PaCCMOTPEHHAs! Bblllle MOJIEb BOJTHOBOA, T.€.
MEIKOBOIHBIN KaHAJ C JIETHEU ruapojiorueii. st BeT-
POBOTO BOJTHEHU S UCITOJIb30BaJIaCh MOJIeJIb U30TPOII-
Horo criektpa IIupcona—MockoButia. Pacuernt
MPOBOJIMJIMCD LIS ClTydasi, KOTJa pacCTOSIHUE MEXIY
WCTOYHUKOM U MPUEMHUKOM COCTaBJIsLIoO 50 KM, 4TO
COOTBETCTBYET (DOPMUPOBAHUIO PACCESIHHBIX TMOJIei
npu OucTaTU4ecKoil cxeme HaboaeHus. bbuio mo-
Ka3aHo, YTO 3a CYET pacCesiHUSI Ha OObEMHBIX HEO/I-
HOPOIHOCTSIX, FEHEPUPYEMbBIX TTOBEPXHOCTHBIM BOJI-
HEHVWEM B MHTEpPBaJIE MaJIbIX BPEMEH 3aliepXeK
(1 < 0.3 ¢), OTCYUTBIBAEMBIX OT MUHUMAJIBbHOTO Bpe-
MEHHU pacnpoCTpaHEeHUsI MPSIMOTO CUrHaja, HabIto-
JlaeTcs CYyIIECTBEHHbBIN BKJal OOBEMHOTO paccesi-
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HUsI, TIPU 3TOM OTJIMYME YPOBHEM pacCesTHHBIX CUT-
HaJOB, pacCYMTAaHHOE B paMKax IBYX MOJEJei,
moxeT nocturath 50 a1b. TTpu 6osbinx 3anepxKax T
00BEMHOE paccestHue TIPaKTUYECKW He BIMSIET Ha pe-
BepOepallMOHHbIN CUTHAJI. DTOT pe3yJbTaT UMeET J10-
CTaTOYHO IIPOCTOE OOBsICHEHNE. JIeliCTBUTEIHPHO, HAW-
Oonbiiee BAUsSTHUE 3(PdeKTa 00BEMHOIO paccesTHUs
cienyeT OXuaaThb IS KPYIMHOMAcCIITaOHbIX KOMIIO-
HEHT CIIeKTpa BETPOBOTo BoJIHeHUS. C Ipyroit cTopo-
HbI, UIMEHHO OHU OTBEYAIOT 32 MAJIOYTJIOBOE PE30HAHC-
HOe paccesiHUE WMIYJIbCOB MOJACBETKU, KOTOpPOe U
¢dopMupyeT BOIM3U JTUHUM “UCTOYHUK—IIPUEMHUK’
peBepOepaIMOHHYIO KOMITOHEHTY C MaJIBIMUA BpeMeHa-
mu 3aaepkek. [Tpu yBemueH cKopocTy BeTpa BKJal
00BEMHOTO PACCesTHUST BO3pPAcTaeT, TOCKOIBKY MaK-
CHMYM IIPOCTPAHCTBEHHOTO CIIEKTPa BETPOBOTO BOJI-
HEeHUsI cMelaeTcsl B 00JacTb HU3KUX yactoT. Heko-
TOpasi, XOTS M He Pe3KO BBIpakeHHAasI, 3aBUCHMOCTD
3¢ PeKTa OT HOMEPOB M3JIyYaeMbIX U1 TPUHUMAEMBbIX
MOJI OmnpeAessieTCs] UX BEPTUKATIbHONM CTPYKTYpOM U
YCIIOBUSIMU pe30HAHCHOTO paccessHust bparra. AHa-
JIOTUYHBIE pacyeThbl, MPOBENeHHBIC UIST APYTUX TH-
MUAYHBIX JIETHUX Mpoduiieii CKOpocTHU 3ByKa B MeJl-
KOM MOpe, TaKKe YKa3bIBaIOT Ha CYIIeCTBEHHOE YBe-
JIMYeHWe YPOBHS peBepOepaliuy B MHTEPBaJie MaJIBIX
BpeMeH 3anepxkek T < 1 ¢ (17151 To# XXe AMCTaHIIMU Ha-
omoneHust a = 50 Kkm).

SAKJIIOYEHHUE

M3 mpoBeneHHOTO aHAIN3a CTPYKTYPHI TOMEX IIPU
MOABOJHOM WMITYJIbCHOM 30HAMPOBAHUM OKeaHa,
CBSI3aHHBIX ¢ MUMpaKIIneil aKyCTUIECKOTo Mo Ha
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BETPOBOM BOJTHEHUU, CJICAYET, YTO €CIU IIPU pacue-
Tax MaTPHUIILI paccesTHUS BOJHOBOMHBIX MOJ Ha
B3BOJTHOBaHHOI MOBEPXHOCTH B OKEAHUYECKUX BOJI-
HOBOJAX MCIOJIb30Balach AByXMacIITabHass MOICITb
ITOBEPXHOCTHOTO BOJIHEHMSI, B KOTOPOI paccessHue
aKyCTUYECKOTO TI0JIsl OCYIIECTBISIETCS PE30OHAHCHO
rapMOHUWKOM BOJTHEHUS, a (pa30Bast CKOPOCTb MOIYJIH -
pyeTcst boJiee KpyITHBIMU BOJTHAMM, JUTSI HEU30TPOITHO-
IO CITeKTpa BOJTHEHUsI YaCTOTHBIN OTKJIMK COTJIaCOBaH-
HOTO (bmIbTpa Mpy HAOTIONEHUN ITOBEPXHOCTHOM pe-
BepOepalii CTAHOBUTCS HECUMMETPUYHBIM TIO OCH
YacTOT Y 3aBUCHUT OT HaIlpaBJIeHUsI BETpa.

[MonyyenHbIe B paboTe pe3yJIbTaThl IIPEACTABIISI-
IOT MHTEPEC NP PELICHU aKTyaJbHbIX IIPUKIATHBIX
3a7a4, B YaCTHOCTH, CBSI3aHHBIX C OLIEHKOM 3 dek-
TUBHOCTH CHCTEM TIOABOTHOTO HaOmoneHud [3, 4].
Cyl1iecTBeHHbIE HETOYHOCTM TaKMX OILIEHOK 4YacTo
MPUBOMSAT K BBIBOJAM O Hepeaan3yeMOCTH pa3pada-
TBIBAEMBIX CHCTEM IIOABOOHOIO HaOmomeHus. B
YaCTHOCTH, 3TO CBSI3aHO C HEIIPaBWJIbLHBIM yYE€TOM
peBepOepallioHHON momeXxu. IToCKOJBbKY OOBEKTHI
HaOJIIOAeHMWsI ITIepeMelIaTcs, AudparupoBaHHEIC
Ha HUX ['A cUrHajbl UMEIOT MOIUIEPOBCKUE CMeEIle-
Husi. Eciu ipu oO6paboTKe CUTHAJIOB 3TOTO HE y4u-
TBIBaTh, MOJIE3HBIE CUTHAJIBI OYIyT MOIHOCTHIO Mac-
KMPOBaHbI TOHHOW peBepOepalreii, YTo 0COOeHHO
SIPKO MPOSIBJISIETCS B YCJIOBUSIX MeJIKOTo Mopst. OnHa-
KO Ha JOIUIEPOBCKMX YacTOTaX CHUTHAJIOB HaOJoma-
IOTCs peBepOepallMOHHbIE TIOMEXU OT BETPOBOIO BOJI-
HEHUSI, KOTOphle (DOPMUPYIOTCS, B TOM 4YMCJIE, MO,
BJIMSIHAEM IJIMHHBIX TIOBEPXHOCTHBIX BOH. [Ipemno-
JKEHHasI B CTaTbe MOIEJIb 00JIee KOPPEKTHO YUUTHIBAET
0CoOeHHOCTU (hOPMUPOBAHUST PEBEPOEPALIMOHHBIX
IIOMeEX, YTO MO3BOJISIET MPABIILHO ONPEISIISITh ITOPO-
T TIpU HAOJIOJEHUM TTOABOOHBIX OOBEKTOB. DTO, B
CBOIO ouepellb, TO3BOJISIET OoJiee JOCTOBEPHO Olle-
HUTH pa3MepEhl 30H, TJIe BO3MOXHO HaOJII0AeHNE 00b-
€KTOB C 33JIaHHOI JOCTOBEPHOCTHIO.

PabGota BeIMmoTHEHA B paMKax 0a30BOI 4YacTH TOCy-
JApCTBEHHOTO 3anaHus (mpoekT 3.5672.2017/64/8.9) B
qyacTu pa3paboTKu Mojejieit popMHUPOBAHUS pe-
BepOepallMOHHBIX TOMeX MPU aKyCTUUYEeCKOl nua-
THOCTHUKE OKeaHa, a TakXKe YaCTUYHO MojaepxkaHa
PODU (rmpoexT Ne 18-02-00128\18) B yacTu 1ipoBe-
JIeHUsI YMCJIEHHOTO aHaJiu3a CTPYKTYphbl peBepbepa-
LIMM OT MMapaMeTPOB BOJTHEHMSI.
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