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Pa3paboTaH KOMIUIEKC ONTUYECKUX CIICKTPAHATH3ATOPOB I PETUCTPAIMU B PEAIbHOM BPEMCHH CIICKTPOB MOp-
CKOTO BOJIHCHUSI B JIAINa30HE JUTMH MMOBEPXHOCTHBIX BOJIH OT CAHTHMETPOB JI0O METPOB ITyTEM aHaJIH3a U300parkeHUs
MOPCKO# OBepxHOCTH. Ha ocHOBe IByxXMacmTaOHOrO MPEICTaBICHISI MOPCKON IMMOBEPXHOCTH pa3paboTaHbl MOJIe-
JI OTOOPaKEHUS MOBEPXHOCTHBIX BOJIH U AITOPUTMbI 00pabOTKH W300paXkeHHi MOBEPXHOCTH, TO3BOJISIFOIIME BOC-
CTaHABIIUBATH MPOCTPAHCTBEHHO — BPEMEHHBIE CIIEKTPhI BOJHEHUS. [Ipe/UI0MKeH 1 SKCIIEPUMEHTAIILHO anpoOHpOBaH
ONTHYECKUH METO]| OMpPEACICHHUs BBICOT UIMHHBIX 3HEPrOHECYIIMX BOJIH MO CHEKTPY H300paXKeHUST KOPOTKOMAC-
mTa0HBIX BOJH.

B 1abopatopHbIX yCIOBHUSX C HMCIOJIB30BAHUEM HMCKYCCTBEHHOH AH(D(Yy3HON MOICBETKH MOBEPXHOCTH IOJIY4EHbBI
MPOCTPAaHCTBEHHO — BPEMEHHbIE ITAHOPAaMBbl KAMMJUIIPHBIX BOJIH C IIPOCTPAHCTBEHHBIM paspeinerneM 0,3 MM u Bpe-
MeHHbIM pazpemenueM 300 . Co3nan nakeT mporpamm st 00padoTKH H300paKeHNH KalMJUIIPHBIX BOJIH.

KaioueBble ci10Ba: ontuka okeaHa, MOPCKUE BOJIHBI, CIIEKTPAIbHBIN aHaN3, 00pab0TKa H300paKeHU i, AUCTAHIIH-
OHHOE 30H/INPOBaHUE, KAWIISIPHBIE BOJIHEI

BBenenue

Kak u3BecTHO, TUHAMMYECKHE XapaKTEPUCTUKU IOBEPXHOCTHBIX BOJIH MOTYT U3MEPATHCA
C MOMOILBIO PAJNOJIOKAIIMOHHBIX M aKyCTHYECKUX METOAOB. B kinaccuueckux padorax [1,2] mo-
Ka3aHOo, 4TO (PIYKTyallMl BPEMEHHON YacTOTHI Palo W aKyCTHMYECKHX CHUTHAJIOB, PACCESHHBIX
BOJHOM MOBEPXHOCTBIO, ONPEACIIIOTCSA CKOPOCTBIO CHOCA PE30HAHCHBIX BOJIH BETPOM M TEUECHH-
eM, a QIIyKTyaluy 4acTOTbl CUTHAJIOB — OPOUTAIbHBIMU CKOPOCTSIMH JAJUHHBIX HEPrOHECYLINX
BOJIH. [lo mMpHHE CIEKTPOB ATUX CUTHAJIOB MOKHO OLIEHUTh aMIUIMTYAY JUIMHHBIX BOJH. Cymie-
CTBYET ONTHUYECKUI METOJ PETMCTPALUU XapaKTEPUCTUK NOBEPXHOCTHBIX BOJIH IIO IIOCJIEN0BA-
TEIbHOCTU M300pakKeHUH BOIHOW MOBEPXHOCTU, PETHUCTPUPYEMBIX C MOMOIIbIO TeJEKaMephl
[3-9]. Takum MeTOIOM MCCIENYETCsl MOAYJISILUA psiOU JUIMHHBIMU BOJHAMM, JUCIIEPCUOHHOE CO-
OTHOLIIEHHUE BOJIH, Mpo0sieMa CYLIECTBOBaHUS CBOOOIHBIX M BBIHYKJAECHHBIX BOJH, IPOCTPAHCT-
BEHHBIE CIIEKTPhI BOJH, CIIEKTPHI KaIMJISIPHBIX BOJIH B TJAOOPAaTOPHBIX YCIOBUSAX C MCIIOJIb30Ba-
HUEM TpAJUEHTHOIN MOJCBETKU, NOJY4yaroT JaHHble O OAaTUMETPUU U TEYEHHWH HAa MOPCKOM
menbQe. B mocneanee BpemMs pa3BUBAIOTCS METObl ONPEACICHHUS AMHAMHUYECKUX XapaKTepH-
CTHK BOJIH IO IPOCTPAHCTBEHHO — BPEMEHHBIM N300paKeHUIM MOpcKoii moBepxHocTH [13-17].
MeTtoa ¢ HUCIIOJIB30BAHUEM TEJIEKaMEphl HAKJIAIbIBAET OIPAaHUYEHNUE HAa PErHCTpalUI0 JUHAMMU-
YECKUX XAPAKTEPUCTUK BOJIH C JBHXKYILETOCS HOCHUTENS M BBICOKOYACTOTHBIX KaIWJUIAPHBIX
BOJIH M3-32 “‘CMa3a” M300paKeHUsI, CBI3aHHOTO C KaJIPOBOM YaCTOTOM TeJIeKaMepHhl.

B UII® PAH O6bin pa3paboTaH ONTUYECKHI METOJ U3MEPEHHs MPOCTPAHCTBEHHO — Bpe-

MEHHBIX CIIEKTPOB IOBEPXHOCTHBIX BOJIH, MCIOJB3YIOIIUM HEKOT€PEHTHBIM ONTUYECKUN CIIEK-
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Tpananuzarop [10-12]. B aTom MeToae HE MCMONB3YyeTCs MpelBapUTeNibHAs 3alUCh U300paxe-
HUs, Onarofapsi 4eMy OTCYTCTBYET OTPaHMYCHHME Ha BPEMEHHYIO YaCTOTY PETUCTPUPYEMBIX
BOJIH. B pabore Ha ocHOBEe IByXMacIITaOHOTO MPEACTABIECHUS MOPCKOW MOBEPXHOCTH MPHUBO-
JUTCS TEOPETHUECKUE UCCIIE0BAaHUE ONTUYECKOr0 METOAA OIpPECIICHUS JUHAMUYECKUX XapaK-
TEPUCTHK KOPOTKOMACIITAOHBIX (10 METpa) MOBEPXHOCTHBIX BOJIH 110 U300PAKEHHUIO 3TUX BOJIH.
[Toka3aHo, 4TO CKOPOCTh M300pa)KEHHS BOJH IOMHMO COOCTBEHHOW CKOPOCTH OMNpeAeseTCs
BBICOTAMU JJIMHHBIX 3HEPTOHECYIIUX BOJH. [IpeoxkeH onTu4ecKuii MeTo/1 ONpeesIeHUs BHICOT
JUIMHHBIX BOJIH IO CIIEKTPY M300pakeHUs] KOPOTKOMACIITAOHbIX BOJIH. Pa3Buras Mozenb no3Bo-
JUJ1a UHTEPIIPETUPOBATh MPOCTPAHCTBEHHO — BPEMEHHBIE CIIEKTPbl U300pakKeHUs! IOBEPXHOCTH
MOpsl U OOBSICHUTH HAOJIIOJABIIMECS PA3IUUMs B IMIMPUHE ONTHYECKUX CIEKTPOB U JIOMJIEPOB-
CKHX CIIEKTPOB pauOCKaTTEPOMETPOB.

Ha ocHoBe mpuHIIUTIOB, M3I0XKEHHBIX B padoTe [17], B 1ab0OpaTOPHBIX YCIOBUAX C HC-
MOJIb30BAHUEM HCKYCCTBEHHOM IU(QPYy3HOI MOACBETKH MOBEPXHOCTH IMOJYYEHBI MPOCTPAHCT-
BEHHO — BPEMEHHbIE TaHOpaMbl KallWJIISIPHBIX BOJH C MIPOCTPAHCTBEHHBIM pazpeuienueM 0,3 MM
u BpeMeHHBIM paspemenreM 300 I'n. Paspaboran maker mporpamm aisi o0paboTKu M300paxe-

HUH KalnmUJIJIAPHBIX BOJIH.

IIpocTpaHCcTBEHHO — BpEMEHHOI aHAJIN3 H300paKeHUsI MOPCKOil MOBEPXHOCTH

Cxema HabOmonenus: uzo0paxkena Ha Puc. 1. 3nech npeacraBieHo ceueHue MOBEPXHOCTH
BEPTUKAJIBHOHN MJIOCKOCTHIO, B KOTOPOH JIEXKUT ONTHUYECKast ock o0bekTuBa O, hopmupyromiero
n300pakeHre MOBEpXHOCTU. Bocmonb3zyemes AByXMacITaOHBIM MPEICTABICHUEM TTIOBEPXHOCTH,
KOIJla KOPOTKHE BOJIHBI B BHJIE I[yra BOJH HAXOASTCS Ha JJUHHOW BOJHE, MPOCTPAHCTBEHHBIN
nepuoj KOTopoil MHOTo Oosblie epruoja KOPOTKUX BOJH. byneM paccmaTpuBath n300pakeHue

KOpOTKOMaCH_ITa6HbIX BOJIH BAOJIb OCH ). HYCTL OIITHYCCKasd CHUCTEMA HaXOAMUTCA Ha HCEIIOI-

BIUKHOM OCHOBAHUU (JIBKEHHE HOCUTEIISI MOXKET OBITh YUTEHO B IPUBOAUMBIX popmynax). [1o-
JIOXKEHHE 11yra KOPOTKHMX BOJIH Oy/Je€M ONHUCHIBATb BBICOTOM / JUIMHHOW BOJHBI HaJ CPEIHUM
YPOBHEM BOJIbI B MECTE, Iie HaXoauThcs UyT (/4 >0 — BoJIHA BBIILIE CPEIHErO YPOBHS), U pac-
CTOSIHMEM Y 1O TOPU30HTANIM OT Iyra 10 TOYKH IE€pPECEUEHUs NEePIEHANKYJIIsApa K CpeaHen mo-
BEPXHOCTH BOJbl, OMYIIEHHOT0 OT 00bekTuBa O (puc.l). [loBepXHOCTHh JIMHHOIN BOJIHBI B Ipe-
Jieniax Iyra CYMTaeM JIOKaJIbHO MJIOCKOM.

Paccrosinne y m3oOpaxeHus 1yra B (pOKanbHOM IUIOCKOCTH OOBEKTHBA OT ONTHYECKON
ocu OyJeT OnmUChIBaTLCS (hopMyIIoii:

YT cos? B 1gB+Y [(H—h)

Frgp (1)
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I'me [ — yron BusupoBaHUs (Yroa MEXIy ONTHYECKON OChI0 OOBEKTHBAa U TOPHU3OHTATHHOMN

IUIOCKOCTBI0), F' — (okycHoe paccrosiHue oobekTBa O, H — BpICOTa 0OBEKTHBA HaJll CpeaHEH

MMOBCPXHOCTHIO BOABI.

Puc. 1. Cxema nabnrooenus 63601H08AHHOU NOGEPXHOCU

N300paxenHue 1yra KOpOTKUX BOJH OyJeT CMEIIAThCs 32 CYET U3MEHEHHUS TOPU30HTAb-
HOM KOOPAMHATHI IyTa Y M M3-3a U3MEHEHUS BBICOTHI IJTUHHOMN BOJHBI /. CKOPOCTH 3TOTO CMeE-
mieHnst (KoTopas OyJIeT onpenesisTh HAaKIOH (PPOHTOB KOPOTKUX BOJIH Ha MPOCTPAHCTBEHHO —

BPEMEHHBIX U300paKEHUAX MOBEPXHOCTH [17]):

d —-FY(H-h dy dh
LA U=l Yy By 2)
dt  (Y/(H-h)+tgf) cos” [ dt dt
Y Y
bynem cuurare H >>h u moje 3peHUs 00bEKTHBA y3KOYTOJIbHBIM, TaK YTO 77 r T =ctgf.

Torna:

dy —Fsin*fB dY 1 dh
@ = —'B —t——) 3)
dt H dt tgf dt

BpeMeHHaH qacToTa fI/I306pa)KeHI/I$I ayra KOpoTKHUX BOJIH, KOTOpas MOXKET U3MCPATHCA

C TIOMOILBIO MPOCTPAHCTBEHHO — BPEMEHHOTI'0 ONTHYECKOro crekTpananusaropa [10,11], Oyner
paBHa:

dy/de 1.dY 1 dh
= [ —+__
L S NP “)

1

I'ne A - npocTpaHCTBEHHBIH eproa N300paKeHUsI KOPOTKUX BOJIH,
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_ AH s
Fsin® f )

— [AJIMHa KOPOTKUX IMOBCPXHOCTHBLIX BOJIH B HpeHe6pe)KeHI/II/I JIOKAJIbHBIM YKJIOHOM IJIMHHBIX

dy
BOJIH. 7= Vy— COCTaBJIAKOIIAd CKOPOCTU KOPOTKHUX BOJIH V BIAOJIb OCHU Y, KOTOpasa sl CBO-
t

OOIHBIX BOJH Oy/IeT paBHA:

V=V, 4V, +V, (6)
Fz[e vV,— Op6I/ITaJ'ILH8.5I CKOpPOCTb I[HHHHOﬁ BOJIHHBI, Vp — (1)2130Ba${ CKOPOCTb KOPOTKHX BOJIH, V —

CKOPOCTh CHOCA KOPOTKMX BOJIH, CIIAraromiasics U3 CKOPOCTH TEYEHHS M CKOPOCTH BETPOBOTO
CHOCA.
Kak cnenyer u3 gopmyn (4) - (6), yactora f Oyner (GpayKTyupoBaTh OKOJO CPEIHETrO

3HAYCHHMS:
1
<SSV V) (7

Cpe;[Hee SHAYCHUEC YaCTOThI NO3BOJIACT ONPCACINUTL IMMPOCKIUIO CKOPOCTU CHOCA BOJIH HaA
HaITpaBJICHHUEC BU3UPOBAHU.

@nyKTyallMOHHAsE COCTABJIAIOINAs YacTOThl ¢f MO3BOJISIET HOJIY4YUTh HMH(POpMaLUI0 00

0p6I/ITaJILHOI>'I CKOPOCTHU U BbICOTAX NJIMHHBIX NTOBECPXHOCTHBIX BOJIH:

§ =L v, + 4 ®)
2 12f3 dt
B oTimune OoT KIacCHYECKO TEOPUHM PACCESHUs PAJU0 M aKyCTHYECKMX BOJH MOPCKOMN
HOBEpXHOCTLIO [1,2], rae (uyKTyaluy 4acTOThl AOIIEPOBCKOTO CHIHANA ONPENEISIOTCS OpOu-
TaﬂBHOﬁ CKOpOCTBIO I[HI/IHHOI\/'I BOJIHBI, B OIITUKEC (bHyKTyauI/II/I qaCcTOThbI CUT'HaJ1a CHeKTpaHaJ'II/ISa-

TOpa 3aBUCAT CIIC OT HpOHSBOHHOﬁ BBICOTHI OJIMHHBIX BOJIH, OTHOCHUTEIbHBIN BKJIaJ KOTOpOfI B

BEJIMYUHY Jf 3aBUCUT OT yIJia BUBUPOBaHUA [ .

HYCTB Ha TMOBCPXHOCTHU MOpPA PaCHpOCTPAHACTCA TJIMHHAA KBA3HMOHOXPOMATHYCCKaAsd

BOJIHA
h = hycos( k,r—w,t) )
I'ne h,, k,u @,— amIunTya, BOJHOBOW BEKTOP M BPEMEHHAsl 4acTOTa JAJIUHHOHN MMOBEPXHOCT-

HOU BoiHEL. MI3MeHeHne BEICOThI BOJIHEI B TOYKEC, I'IC HAXOOAUTCA YT, 6yz[eT PaBHO:

% = —h, sin(k,r — wt)[K,V — @, ] (10)

rOpI/ISOHTaJ'IbHaH COoCTaBJIAIOIIaA 0p6I/ITaJ'IBHOI71 CKOPOCTHU JJIMHHBIX BOJIH 6y):[eT paBHa:
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v, = hovopko cos(k,r —w,t) (11)
I'ne v,,— ga3oBas cCKOPOCTb JUIMHHOM BONHBL. B HATYPHBIX YCIOBUAX /ISl BOJIH JVIMHOW NECATKH
METPOB, YKJIOHBI KOTOPBIX HE MPEBBIIIAIOT HECKOIBKUX IPaaycoB, /,k, <<1 u ¢a3oBas ckopocTh
MHOT0 (0JIbIIe OPOUTAILHOM CKOPOCTH V,, >> V.

B nanpuelimem Oynem monaraTh, YTO JJIMHA KOPOTKUX BOJIH HE mpeBbliaeT Merpa. [lpu

5TOM OyZIeT BBINOIHSATHCSA HEPABEHCTBO V,, >>V . Takxke B HATYPHbIX YCIOBHUsAX (ha3oBast CKO-

POCTh MJIMHHBIX BOJIH MHOI'O OoJbIIIC CKOPOCTHU CHOCA KOPOTKHUX BOJIH: Vop >>V,.. Bce 310 03Ha-

dh .
4aeT, 4To @, >> kOV " BBIPAKCHUC IJIA 7 B TOYKEC MEPCCCUCHUA OIITUICCKOU OCU 00BEKTHBA C
t

MOPCKOM MOBEPXHOCTBIO MOXKHO YIIPOCTUT:
dh . oh
7 = hyw, sim(k r —w,t) = m (12)
Torna u3 popmy (8), (12) cnenyer, uto
1 Oh

1
@[~—5(V0y+@5) (13)

U cpennee kBaapaTU4HOE 3HAYCHHE TUCTEPCHU (DIYKTyaluid BPEMEHHOW 4acTOTHI M30-

OpaskeHUs 11yra KOPOTKHUX BOJH OyJeT paBHO:

O, =< > :%\/< (v,,)' >+ tglz,B < (%)2 > (14)

I'ne cuuraem v, u m HEKOppEeINpOBaHHbIMU. BennunHa o, ompenesnsieTcst He TOJIBKO ro-
t

PU3OHTAIBHBIMH OPOMTAIBHBIMU CKOPOCTSIMH JUIMHHBIX BOJIH, HO W BBICOTAaMH JJIMHHBIX
BOJIH, YTO MPHUBOAUT K JOMOJIHUTEILHOMY YIIUPEHUIO BPEMEHHBIX CIIEKTPOB M300pa)keHUi
BOJIH TI0 CPAaBHEHHIO C JOIUICPOBCKUMH CIICKTPAMH PATUOCUTHATIOB, PACCESHHBIX MOPCKOMH
MOBEPXHOCTHI0. COOTHOIIEHNE MEXy dTUMH IBYMs (DaKTOpaMu 3aBUCHUT OT yTJIa BU3UPOBA-
Hus. U3 popmyn (11) u (12) B npeHeOpekeHUHU CMENICHUEM TOYKHU MEPECEUCHUs OCH BH3HU-
pPOBaHHs C MOBEPXHOCTHIO MOXKHO IMOJYYHTh CIEAYIOIIEE BBIPAXKCHHE NI JUCIIEPCHUH Bpe-

MEHHOMU 4YaCTOTBHI:

2
o, z%\/(koy/ko)2+l/tg2ﬂ (15)

B O6H_[6M cjiyduae, ¢Clid y JJIMHHOM BOJIHBI MEIJICHHO MEHSIOTCS aMIUINTya U (1)21321, B

Gopmyse (15) mnst o, BMecTo /i, OyzneT cpeiHee KBaPATHIHOE 3HAYCHHE aMILTUTY/IbI JTHHHOM

BOJHBL 0, =< h’ > .
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Ipu yrie Busuposanus B — 90° (BusuposaHue BOIM3M HAAUPA)

1 h,o,
o, azqk (v,)>= ;\é\koy k| (16)

- JIUCHIEPCHUS] YaCTOTHI OMpeAesieTcss OpOUTATBLHBIMU CKOPOCTSMHU JUIMHHBIX BOJIH aHAJIOTUYHO
JIOTUIEPOBCKOMY CIIEKTPY PaanoJIOKaTOpa.
I[Ipu BU3MPOBAHHUH 10]] CKONB3SAIIMMY yriaamu, koraa S — 0°

hy@,

Oy _)W (17)

CnenyeT OTMCTHUTB, YTO B 3TOM CJIyda€ 3HAUCHUC O 7 HC 3aBHCUT OT HaIIpaBJICHHA pac-

IpOCTpaHEHUs JUIMHHOK BOJIHBL. Popmyity (17) MOKHO MCIIONB30BaTh JUIs ONIPEESIICHHUS aMILIH-

Ty[bl JJIMHHOM BOJIHBI, [/I€ BEJIMYUHA O, ONPEACIACTCS 110 WIMPUHE TIPOCTPAHCTBEHHO — Bpe-

MEHHOTO CIEKTpa sl M300pa’keHHsI KOPOTKOW BOJHBI. BpeMeHHYI0 4acTOTy AJUHHON BOJIHBI
MOYKHO OTIPEJICTHTH MO (PIYKTyalMsiM TEKyIIel BpeMEHHON 4aCTOThI CUTHAJA CIIEKTPAHAIM3aTO-
pa, kotopas ipu B — 0° Gyzet onpeaensaThes popmynoit (cm. (13)):

1 oh
§ —>-——
y Mg f ot (18)

[lonTBepxaeHneM OMUCAHHOW MojeaH (OPMUPOBAHUS MPOCTPAHCTBEHHO — BPEMEHHBIX
CIEKTPOB M300paXKeHUSI MOPCKOH MOBEPXHOCTH MOCTYXHJIU M3MEPEHHbIE 3aBUCUMOCTH JIMHA-
MHUYECKUX XapaKTEPUCTHK M300pakeHUs] KOPOTKOMACIITAOHOTO BOJHEHUS OT yIila U HampasJe-
HUSl BU3UPOBaHUA. DKCIEPUMEHTHI [0 U3YYEHUIO IMPOCTPAHCTBEHHO — BPEMEHHBIX XapaKTepH-
CTHK BOJIH OITHYECKUM METOJIOM IPOBOJMINCH HAa YepHOM Mope.

PaccmoTrpuMm pe3ynbTarhl 00paOOTKM JaHHBIX OJHOIO M3 SKCHEpUMEHTOB. Berep myn
CHJIBHBIMU TTOPBIBAMHU CO CKOPOCTHIO 5-12 m/c. Tlepro AMMHHBIX BOJH OMpPEIEIsICS 10 MePUo-

Iy (uryKTyauuii BpeMEHHOH 4acTOThl CHTHajla aHauu3aTropa W cocTaBisil 1) =27/, =4 cek.
[TapameTpsl 3xcniepumenTa Oblan cnenyrommmu: A =0,2 mym, H =13 M, F =300 MM, yron Bu-

3UPOBAHMS COCTaBIST [ = 140, 20° u 300, COOTBETCTBEHHO JIJIMHA BOJIH, AaHAIM3UPYEMBIX HA T10O-

BEPXHOCTH MOpsi, cocTaBisiia A =13 cM, 6 cMm 1 3 cm.
Ha puc.2 npuBenena 3aBUCMMOCTb IIMPUHBI [0 BPEMEHHOM 4acTOTE YCPEIHEHHBIX IPO-

CTPAHCTBEHHO — BPEMEHHBIX CIIEKTPOB M300paxkeHuil Ha ypoBHe 0,5 aMILIUTYy bl CIEKTpa L, OT
yria BU3UPOBaHUS L TPH Pa3IUYHBIX a3UMYTax HaNpaBJICHUS BU3HPOBAHUS OTHOCHUTEIHHO Ha-
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[IpaBJICHUA BETPA @ =0°, 90° u 50° (o =0° COOTBETCTBYET HAIPABJICHUIO BU3UPOBAHUSA HABCTPE-
gy BeTpy). llluprHa cnexTpa no4Tu He 3aBUCUT OT HAIIPaBJIEHUs BU3UPOBAHUS ¢, KaK U TOJIKHO
cienoBath U3 Gopmydsl (17). YMeHblIeHHEe IMUPUHBI CIIEKTPa IPU U3MEHEHUH ¢ B CIIEAYOIEn

0 and 0 .
nocienoBarensHocTH: 07, 907 1 507 00BACHICTCS TEM, YTO MMEHHO B TAaKOH ITOCJIEIOBATEIbHO-
CTH TIPOBOAUIIUCH U3MEPEHHS U 3a 3TO BpeMs (0KoJsio |1 yaca) CKOpOCTh BeTpa U , COOTBETCTBEH-

HO, aMINIMTYyJla JJIMHHBIX BOJIH YMCHBIIAJIUCH.

:00
35 @
1 L.Iy - 0
1 //33 =
30; / ///
] . .
| A 2z 9=50
25 — / // P s
_ 4 .7 2 ‘
20; //2//// . - /
2 o 187
] 165 _ -~ 165
15 — 15~ -
-
4 125
10 —
7
0 T T ‘ I I I T ‘ T T ‘ T I I ] ‘
10 15 20 25 0 p°

Puc. 2. 3 L, 6l A’ 0
Uc. 2. 2A6UCUMOCNIb WUPUHBL 6DEMEHHO20 CNEKMpPA 60J1H 0.5 6 1Yy om yela 6U3upoeanus u asumyma (0

HanpaeieHus Hab0OeHUs: Cnekmpanaiuszanmopa om HanpdaejleHusd eempa

Ha puc. 3 npuBezneHbl 3HaU€HHs aMIUIUTYbl AJMHHON BOJIHBI /i, IPU Pa3HBIX yIJlaX BH-

3MPOBAaHUS W Pa3HBIX HaNpaBJICHUSX HAONIONEHUS OTHOCUTENBbHO BeTpa. CpenHuil BpeMEeHHOM
CIEKTpP CUTHaja alnpOKCUMHUPOBAJICS rayccoBoi (QyHKIMEH U cpelHee KBaApaTUYHOE 3HaAUECHUE

(pmykTyanuit yacToThl ¢, OBLIO CBA3aHO C WMPUHOW CHEKTPa Ha ypoBHE 0,5 aMIUIMTYIbI Clie-
JTYFOIIIMM COOTHOIIICHUEM:
Lys=2.350, (18)
3HaueHMs BBICOTHI BOJHBI /1, BhIUMCISLINCH IO (opmyne (15) npu @, =27/4 (pan/c).

HanpaBneHHe pacupoCTpaHCHUA )I.J'IHHHOfI BOJIHBI CYHUTAJIOCH COBIIAJAOININM C HaAIpPpaBJICHUCM

BETpA.
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| hyem
25 —
i B =
_ a\\\ //_/—/—/
| —— o _ 215 ano
- =90
20 — IR
. 19 - — - _ _ =
~ 185
l 18"~~\‘ o . - —175 . _ &0
- 17- @=50
15 —|
10—
57
0 [ [ [ ‘ [ I [ [ [ [ [ [ [ [ I I [
10 15 20 25 30 g°

Puc. 3. Amnnumyoa onunHuvix 6011 ho , OnpedeneHHas ONMU4EeCKUM Memooom

Kak BUJHO U3 pI/IC.3, BBIYMCIICHHBIE 3HAYCHUS BBICOTHI BOJIHBI OJIM3KH IIpUu pas3IMIHbIX

3HaYEHUSIX @ W [, 4TO MOATBEPKAACT NPEUIOKEHHYIO MOJEIb (POPMUPOBAHUS MPOCTPAHCT-

BEHHO — BPEMEHHOI'O CIEKTpa M300pa)KeHUs MOPCKOU moBepxHOCTU. CieayeT OTMETUTh, YTO
IpY 3TON MHTEpHpEeTallU JaHHBIX HE YYUTHIBAJIACh BO3MOXHASL MOAYJIALUSA HHTEHCUBHOCTH KO-
POTKHUX BOJIH O MPOQUIIIO ATUHHOM BOJHBI.

Taxum 06pa3om, ONMMCAaHHBIM OPUTHHAIBHBIM ONTHYECKUM METOAOM MOKHO OIPEIEIIsATh

AMINIATYAHBIC XapaKTCPHUCTUKHN AJIMHHBIX SOHEPTOHCCYIIUX BOJIH.

IIpocTpaHCTBEHHO — BpeMeHHbIe MAHOPAMBbI KANMJJISIPHBIX BOJIH

Ha ocHoBe mpuHIIUIIOB, M310K€HHBIX B pabote [17], B 1abOpaTOpPHBIX yCIOBUSAX C HC-
M0JIb30BAaHUEM HCKYCCTBEHHOW nu(dy3HON MOACBETKH MOBEPXHOCTH, WUMUTHUPYIOUIEH MOJ-
CBETKY MOBEPXHOCTH MOPS pPacCETHHBIM CBETOM HebOa, MOTyUeHbI POCTPAHCTBEHHO — BPEMEH-
HbIE NMAHOPAaMBbl KaWJIISIPHBIX BOJH C MPOCTPAHCTBEHHBIM pazpenieHreM 0,3 MM U BpeMEHHBIM
paspemenueM 300 ['m. Pa3paboTan makeT nmporpamm Jjisi 00paboOTKH W300paKeHHUA KaIHILISP-
HBIX BOJIH, KOTOPBIA BKJIIOYaeT B ce0s MCIpPABICHHE NEPCHEKTUBHBIX MCKAKEHHUHM M300pake-
Hus 1o popmyne (1) mpu 4 =0, oToOparkeHue U300pak€HUI B YCIOBHBIX IIBETaX, CIIEKTPaIb-

HBIH aHAJU3 U COTVIACOBAaHHYIO (DPUIIBTPALIMIO BHIOPAHHBIX (PparMEHTOB U300pakeHUH, a TaKkxKe
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pa3paboTaHbl aITOPUTMBI BBIJCICHUS KAMUJUISIPHBIX BOJIH, 00pa3yIONIMXCsl HA CKIOHAX JIHH-
HbIX BOJH. CxeMa 1abopaTOpHOro 3KCIEPUMEHTa COOTBETCTBYET puC. 1, T/ie BOJIHBI BO30YX-
JTAIOTCSl HA TTIOBEPXHOCTH JIOTKA C BOJOM, @ HCTOYHUKOM BETpa SIBISECTCS BEHTUJISTOP, PacHo-
JIO’)KEHHBIN CJIeBa OT OMTHYECKOW CUCTEMBI, TaK YTO BOJHBI HA MOBEPXHOCTH OeryT “OT HabJIt0-
natens”’. B mimockocTu n300pakeHHsl onTUYecKod cuctembl Haxomautcs nuueiika [13C doto-
MPUEMHUKOB ISl CUUTHIBAHUS W300pakeHus moBepxHocTH. CHTHAIBI C JIMHEHKH (HOTOIpUEM-
HUKOB OIM(POBBIBAIOTCS U PETUCTPUPYIOTCS HA KECTKHUM JUCK KOMITbIOTEpa JUisi 00pabOTKU U
O0TOOpaKEeHHUsI.

Ha puc. 4 npuBeneHa npocTpaHCTBEHHO — BpEMEHHAas MaHOpaMa BETPOBBIX BOJIH Ha MO-
BEPXHOCTH JIOTKA C BOJIOM B KOOPJAMHATAX BPEMs B CEK — PAcCTOSHUE MO OCH JoTKa (puc.l, och
Y) B “cepoit” amrmutyaHOU mkane. Ha ckiioHaX BETPOBBIX BOJIH, OOpAIIEHHBIX OT HabI0qaTe-
75 (3TU CKIIOHBI OoJiee sipKue), T.e. Ha “TIOJBETPEHHBIX CKJIOHAX BOJH, BHJIHA BBIHY)KICHHAS
KanmuuisipHasi psiob, KOTOpasi paclpOCTPAHIETCS C TOM e CKOPOCThIO, YTO U OCHOBHAsI BETPOBas
BosiHa. CKOPOCTH BOJIH, OTIpEIeNICHHAas 110 ONTUYECKON MaHopamMe, cocTaBuia 35 cM/c.

Ha puc. 5 npexacrapien npumMep coriiacoBaHHON (UiIbTpanuu GparMeHTa MaHOpaMbl Ha
puc.4. [lo Topu3oHTaIN OTIOKEHO BPEMs B CEKYHJZaxX, MO0 BEPTUKAIH — SIPKOCTh BOJH B YCJIOB-
HBIX eAMHMIAX. “BeplinHbl” BOJIH, HA KOTOPHIX HAOMIOAAIOTCS KaMWUISIPHBIE BOJHBI, COOTBET-
CTBYIOT SIPKOMY CKJIOHY BETPOBOW BOIIHBI, oOpaimieHHOMY OT Habmromarens. [[mrMHa OCHOBHBIX

BETPOBBIX BOJIH Nopsika 50 MM.

CM CCK

Puc. 4. [Ipocmpancmeenno — 8peMeHnas NaHopama 6emposblx 60JH HA NOGEPXHOCTNU IOMKA C 8000
6 KOOPOUHAMAX NO 20PU3OHMANYU 8PEMSL 8 CEK, NO 8EPMUKAIU C8EPX)Y 6HU3 PACCOIHUE N0 OCU JIOMKA OM MeCma
YCMAaHOBKY ONMu4eckoli cucmemvl. AApkocms nogepxnocmu omoopaxcaemcs 8 “‘cepoil” amnaumyoHoll wKaie
(cnpasa) 6 ycnosnwvix eounuyax. Ckopocms 8oaH pasha 35 cm/c
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Puc. 6 — pe3ynbTaT NpUMEHEHUs aIropuTMa BbIAEICHUS KaWIIAPHBIX BOJIH K CUTHATY
Ha puc.5. KanwiispHble BOJIHBI paclpOCTPAHSIOTCS LyTaMHy, “TIpUBA3aHHBIMU B OCHOBHOM K
“NoJIBETPEHHBIM ™ CKJIOHAM BETPOBBIX BOJIH, JUIMHA KaNWIUISPHBIX BOJH COCTaBJSE€T HECKOJIBKO

MUJUTUMETPOB (4MM -6 MM).

02—

01—

01

CCK

Puc.5. [Ipumep coenacosannot punompayuu ppazmenma nanopamul Ha puc.4. I[lo eopuzonmanu —
8PeMsL 8 CEKYHOAX, NO BEPMUKANU — SIPPKOCMb BOJIH 8 YCIOGHBIX eOuHuyax. ‘Bepuunvl” 601H, Ha KOMOPbIX
HabI00aromes KanuuisApHsle 8OJIHbL, COOMBEMCMEYIOM APKOMY CKIOHY 80JIHbI, 00paujenHoMy om Habawoamens

0 0.5 1 15 2 25

Puc. 6. Kanunnspuvie sonnvi, “svioenennvie” uz cuenana va puc.5. Ilo 2opuzonmanvroil ocu - 6pems 6 Cex,
N0 86ePMUKANLHOU OCU — AMAIAUMYOA 8OH 8 YCIIOBHBIX eOUHUYAX
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3akjarovyeHue

Ha ocHoBe nByxMacmtaOHOro mpeacTaBICHUsI MOPCKOM MOBEPXHOCTH MPOBEICHO HCCIIe-
JIOBaHHE ONTHUYECKOI0 METO/A OIpEeSCHUs AMHAMUYECKUX XapaKTepHUCTUK KOPOTKOMACIITa0-
HBIX (IO MeTpa) MOBEPXHOCTHBIX BOJH IO M300pa’keHUIO 3TuX BOJIH. [loka3zaHO, 4TO CKOpPOCTH
M300pakeHUs] BOJIH MOMHMO COOCTBEHHOW CKOPOCTHU OIPENENSIeTCsl BBICOTaMU JIJIMHHBIX YHEPro-
Hecynmx BouyiH. IlpeanioskeH ontudeckuil METOJ OMPENeIeHUs] BHICOT JUIMHHBIX SHEPTrOHECYIUX
BOJIH I10 IPOCTPAHCTBEHHO — BPEMEHHOMY CIIEKTPY M300paKeHUsI KOPOTKOMACIITAOHBIX BOJIH.

B naGopaTopHBIX yCIOBHSIX C MCIIOJIb30BAaHHEM HMCKYCCTBEHHOW MU(PQPY3HOH MOICBETKU
MOBEPXHOCTHU TMOJIYYEeHbI IPOCTPAHCTBEHHO — BPEMEHHbIE MAHOPAaMbl KalWUISPHBIX BOJH C MPO-
cTpaHCTBeHHBIM pazperieHueM 0,3 MM 1 BpemeHHbIM pazpemieHueM 300 I'n. Co3nan makeT mpo-
rpaMM st 00pabOTKU M300paKeHUH KanWUISIPHBIX BONH. Pa3zpaboTaHHbIE METOBI MOTYT MPH-
MEHATBHCS JUIsl UCCIIEOBaHMsI CBOOOAHBIX M BBIHYKICHHBIX KallWJUIAPHBIX BOJIH, OOpYyILIEHUN
BOJIH U UCCJIEIOBAaHUSI MEXaHU3MOB pacCesHUS Paivio M aKyCTUYECKUX BOJIH B3BOJHOBaHHOM MO-

BCPXHOCTLIO.

Pabora BeimonHeHa npu mojuepxkke Poccuiickoro goHma GpyHIaMEHTATBHBIX HCCIIEIO-
BaHuil (mpoexthl 08-05-00195-a, 08-05-00252-a, 09-05-97025 — p IloBomxkbe-a, HIII-
1244.2008.2).
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Investigation of dynamic of two dimensional spectra of sea waves

V.I.Titovl, V.V.Bakhanovl, E.M.Zuikoval, A.G.Luchininl, J .I.Troitzkayal

Institute of Applied Phisics of RAS,
603950, Nizhny Novgorod, Ul’yanova st., 46.

The complex of optical devices for remote sensing of sea surface waves for wide diapason of wavelength from cen-
timeters to meters in real time was created. The methods for retrieval of space — time spectra from daylight imagery
of sea surface based on twoscale approach of the waved surface was developed. The method for measuring of long
energy surface wave’s elevation using spectra of shortscale surface waves images was proposed and experimentally
tested.

The space — time optical images of capillary waves using artificial diffuse illumination of water surface was derived
in water tank with spatial and time resolution 0.3 mm and 300 Hz accordingly. The software for processing of capil-
lary wave’s images was developed.

Key words: optics of ocean, sea waves, spectral analysis, image processing, remote sensing, capillary waves
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