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CBsA3b MEXKAY CIIEKTPOM BOJIHEHU A
N XAPAKTEPUCTUKAMM COJIHEYHBIX BJIMKOB

Uccnemyercss CBSI3b MEXIy XapaKTepHCTHKaMH (pasmepaMu U uuciamu) OiukoB ConHia
(vu Ipyroro UCTOYHKMKA CBETA MAJIOTO YIJIOBOTO pa3Mepa) Ha B3BOJIHOBAHHON MOPCKOM IMO-
BEPXHOCTH CO CIIEKTPOM BOJIHEHUsI. JlefaeTcs JOmyIeH e, YTO KaXI0My OTIAEIbHOMY OJIHUKY
Ha peaNbHOM BOITHE, COOTBETCTBYET «3(P()EKTHBHAS BOJIHA» B BUIE CYMMBI JIByX TapMOHHYE-
CKHX BOITH, PACIIPOCTPAHAIONIMXCSA B PA3HBIX HAPABJICHUAX U (POPMHUPYIOIIN GIIUK TOTO Ke
pasmepa. Vcxoms M3 3TOTO MOMYIIEHUS W MCIONB3Ys TUIOTHOCTH PaclpeleieHus pa3sMepoB
GJIMKOB, MMOJYYCHO BBIPAYKEHHE VTS CIIEKTPa BOJHEHHSI, KOTOPOE XOPOIIO COTIIACYETCS C H3-
BECTHBIMHU CIIeKTpaMu. Ha OCHOBE TEOPETHYECKMX PAcuYeTOB M YHCICHHBIX JKCIIEPHMEHTOB
U3y4aeTcst 3aBUCUMOCTh XapakTepucTHK COJHEYHBIX OJMKOB OT CKOPOCTH BETPA, LIMPHHBI
YIJIOBOTO paclpesieieHUs] JHEPIUH TApPMOHUK, a TAKXKe Pa3sHBIX YYaCTKOB CIIEKTPA BOJHEHUS.
[Ipeaaraercst HOBBIM CIIOCOO OMPEEIEHHUS CIIEKTPa BOJHEHUS [0 PACIPEAEIEHHIO Pa3MEPOB
OJIMKOB.

KiroueBble cJ10Ba: COJIHEUHBIE 6J'II/IKI/I, CIICKTP BOJIHCHUS, pa3sMEpPhbI 6J'II/IKOB, YHCII0 OJIUKOB.

ConHeuHble OIMKM coiepkaT B ceOe MOJe3Hy 0 HH(OPMAIHIO O COCTOSSHUM MOPCKOH M0-
BEPXHOCTH U (pakTopax, GOpMHUPYIOUINX HEPOBHOCTHU MoBepxHOCTH. [Ipu mtmine 6mauk ConHia
umeer nuckoobpasnyio ¢popmy. C ycunenueM BonHeHus onmk ConHia aedopmupyercs U pac-
najaeTcs Ha OTAEJIbHbIE MEJIKHE OJMKH, KOTOPbIE OXBAaThIBAIOT HEKOTOPYIO 4aCTh MOPCKOM MO-
BEpPXHOCTH. Pa3zmepsl 3T0i 001acTH pacMpsIOTCS NpU JabHEHIIEeM YCUICHUN BOJIHEHUS, TaK
KaK TMOSIBIISIIOTCS] BOJHBI C OOJBIIMME HaKJIOHAMU, oTpakatouue jyun ConHia ot Oornee yaa-
JIEHHBIX YacTeil moBepxHOcTH. ClleZJ0BaTENIbHO, COMTHEUHbIE OJIMKU cojiepKaT UH(OPMAIUIO O
HAKJIOHAaX MOBEPXHOCTH, KOTOPBIE B CBOIO OYEpEab CBS3aHbI, B OCHOBHOM, ¢ BeTpoM. Kokc u
MaHk B kiaccudeckoi padote [1] u3 n3o0pakeHuit COTHEYHBIX OJIMKOB, ChOTOrpadupOBaAHHBIX
¢ 6opTa caMoiieTa, BbIBEJIU IUIOTHOCTh PAclpeaeieHUs] HaKJIOHOB TIOBEPXHOCTH, KOTOpas OKa-
3ajach O6au3KOM K HopManbHOU. Ilpu 3TOM nucnepcus HAKJIOHOB BAOJb U MONEPEK HampaBiie-
HUS BETpa JIMHEHHO 3aBHCUT OT CKOPOCTH BeTpa. Tam e MoKa3aHo, YTO MpH MOSBICHUU Hed-
TAHOW MJIEHKH JUCHEPCUs] HAaKJIOHOB YMeHbIlaeTcst B 2—3 pa3a. B nanpHeiiem BbINONHAINCH
HaTYpHBIE U JJAOOPaTOPHBIE UCCIIEIOBAHUS IO U3YUYEHUIO PACIPEIEICHNUs HAKIOHOB IIOBEPXHO-
cti. Ha ocHOBe 3KCIIeprMEHTOB, BHINOJIHEHHBIX B J1a00paTOpHOM OacceiiHe [2], moka3zaHo, 4TO
pacnpe/ielieHue HaKJIOHOB KOPOTKMX BOJH 3aMETHO OTIM4YaeTcs OT pacnpeneneHus Kokca u
Maska. Tem He MeHee, IpU PACCMOTPEHUH PEaIbHOTO MOPCKOT'0 BOJIHEHUS! OOBIYHO MOJIb3YIOT-
ca pacipeaenenneM Kokca u Manka. [[pyroit moJaxo1, OCHOBaHHBIM Ha U3YYEHUU CBSA3U XapaK-
TEPUCTHK 3€pPKAIbHBIX TOUYEK C MapaMeTpaMu BOJIHEHUs, MOIy4ni JAajbHellee pa3BUTHE B pa-
0oTax MHOTHX aBTOpPOB, B TOM uuciie [3—5]. B pabore [3] mosydueHo ymoOHOE /it pacyeToB
aHAJMTUYECKOEe BbIpaXKEHUE JJIS IUIOTHOCTH paclpe/ieleHNss KpUBU3HBI (TEM CaMbIM M paauyca
KPUBU3HBI) B 3€pKajJbHBIX TOYKAX JJIsl FayCCOBOW OJAHOPOJHON MOBEPXHOCTU. Tam ke mpuBe-
JICHbI YHMCJIEHHBIE 3KCIIEPUMEHTHI, KOTOPbIE MOKA3bIBAIOT KOPPEKTHOCTH MOJIYYEHHOTO aHaju-
TUYECKOTO BbIpaXeHHs. [loapoOHBIE pacdeThl CTATHCTHYECKUX XapaKTEPUCTHK 3epKaJbHBIX
TOUYEeK (paJuycoB KPUBU3HBI U YHCIAa 3€pKAJbHBIX TOUYEK) Mpe/CTaBieHbl B [4], e U3yyeHo
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BJIMSTHUE Pa3HbIX YYaCTKOB CIIEKTpa BOJIHEHUS U CKOPOCTH BETPa HA 3TU XapaKTEPUCTUKH. DKC-
NepUMEHTaIbHAsl IPOBEPKA TEOPETUYECKON IUIOTHOCTH, BBIBEACHHOM B [3], mpoBeneHa B [5],
/i€ TIOJYYEHO JOCTaTOYHO XOpoIliee MoATBepkAcHUE. B paboTe [6] n3yyanuch CTaTUCTHYECKHE
XapaKTEPUCTHKH OOPAaTHO PACCESIHHBIX KOPOTKUX MMITYJIBCOB C MCIIOJIb30BAaHUEM aHAJIUTHYe-
CKOT'O BBIPAXECHHsI JII1 COBMECTHOI IJIOTHOCTH PACHpPEIeICeHUs BHICOTHI M KPUBHU3HBI MTOBEPX-
HOCTHU B 3€pKaJIbHBIX TOYKaX, IIOJYyYEHHBIMU aBTOpaMH JUIsl M30TPOIIHOTO BOJIHEHUs. B pabore
[7] pa3paboTan MeTon OIpeneseHHs] XapaKTepUCTUK HAKJIOHOB MOBEPXHOCTH, B TOM YHCIE U
KOPPEISIHOHHBIX, IO U300paKEHUSIM TTOIBOTHON COTHEYHOHN TOPOKKH.

OTMeTuM, 4TO B peaJibHOCTU MbI BCeria HabIoaeM He 3epKalIbHYI0 TOUKY, a OJIMK KOHEY-
HOTO pa3Mepa, a 3epKaJbHYI TOUYKY MOXKHO IMPEJCTaBUTh KaK MpEAEIbHOE IMOJIOKEHUE OJHKa,
KOTJ]a YIJIOBOM pa3Mep UCTOYHUKA CBETa CTpeMUTCs K Hy:o. HaOmronenus GJIMKOB Ha B3BOJIHO-
BAaHHOM MOBEPXHOCTHU IMO3BOJIAIOT 3aKJIIOYUTh, YTO OJMKH OOJIBIIMX Pa3MEpOB MOSBISIOTCS Ha
OOJBIINX BOJHAX, a MaJbIX pa3MepOB — Ha MeNKUX BosHax. ClieoBaTellbHO, pa3Mepbl OJIuKa
cofiepkaT B cebe MH(pOpMaLUIO O CrieKTpe BoiHEeHus. Llenbio HacTosiei paboThl SBISIETCS BbI-
SBJICHHE B3aMOCBSI3H MEX/Ty CIIEKTPOM MOPCKOI'O BOJIHEHUS U XapaKTEPUCTUKaMU OJIMKOB.

OcHOBHbIE COOTHOIIEHHUs. J[OIMycTHUM, YTO MOpCKas MOBEPXHOCTb OOIydaeTcs mapaj-
JIETTHHBIM ITYYKOM HEMOHOXPOMATHYECKOTO M HETIOJIIPU30BAHHOTO CBETA, MAAIONINM B HAIpaB-
JICHUM €MHUYHOTO BEKTOpa S(, a HAOIIOJAeTCsl B HANPABICHUU €MHUYHOIO BekTopa S. IlycTs
HPOU3BOAUTCS HEMPEPBIBHAS PETUCTPALIUS UHTEHCUBHOCTHU cBeTa [ (t), OTpaXkKeHHOI'oO OT y4acTKa
NoBepxXHOCTH S. B mpubmmkeHun reoMeTpudeckor onTuku curaain I (t) ¢opmupyercs: BKIaoM
BCEX 3epPKAIbHBIX TOYEK yYacTKa MOBEPXHOCTH S, TIOSBIISIONIMXCS B MOMEHT BPEMEHH ¢

16) = K - [p, () + p, () + py(8) + =+ + pyy ()]

rae K — koodduuunenr, 3aBucsiumii ot Sy, S U JUTMHBI BOJHBI cBeTa A; p;(t) — Benuuuna, 00-

. . 1
paTtHas TOJNHON KpuBH3HE () B 3epKaJbHON TOUKe: p = |ry1y| = oy L M T2 — DIaBHBIC pa-

JIMYChI KPUBHM3HBI B 3€pKajbHON Touke; N (t) — YHCIIO 3epKaJbHBIX TOYEK B y4aCTKe MOBEPX-
HOCTH S B MOMEHT BpeMeHH t. Eciti moBepXHOCTh 00Iy4aeTCss HCTOYHHKOM CBETA C MajIbIM Te-
JIeCHBIM yriioM € (HampumMep, COTHIIEM), U pacCTOSHUE L OT MOBEPXHOCTH 10 TOYKH HAOIIO1e-
HHs HAMHOTO OOJIbIIle, YeM PaJUyChl KPUBU3HBI 77 U T, B 3€PKaJbHOM TOYKE, TOT/a IUIONIAIb
OnrKa A He 3aBUCHT OT yIJIa MaJICHUs M ONPEICIISeTCs BhIpaKeHHeM: A = Z p.

JIstst TpOCTOTHI OyIeM paccMaTpUBaTh CITydaii, KOT/[a MMOBEPXHOCTH 00TydaeTcst 1 HabIIto-
JlaeTCs B BEPTUKAIBHOM HampasjeHuu, T. €. So = (0, 0, 1) u s, = (0, 0, 1).

Ipocmas modenv mopckoi nosepxnocmu. B3BOITHOBAaHHYIO MOPCKYIO MMOBEPXHOCTH B
Touke (X,y) B MOMEHT BpEMEHH t MPEICTABUM B BUIE CYMMBI JIByX TapPMOHUYIECKUX BOJIH, pac-

IIPOCTPAHSIOIIMNXCS B HAPABIICHUSIX El u 752 (puc. 1):
((x,y,t) =¢; cos(klxx + kiyy + o t + 81) +c, cos(kz,cx + kyy + wyt + 82):
= €1 €COS @, + C; COS @, 1)
rae @1 = kixx + kiyy + 0t + & M@y = Koxx + kpyy + wot + €5,

Tor;[a 3CPKAJIbHBIC TOYKH C HYJICBBIMU HAKIIOHAMH OIPCACIIAIOTCS KaK PCHICHUC CUCTCMbI
YpaBHEHU:

0 (X, y,8) = —C1kix Sin @y — ckpy sing, = 0} @)

Gy (x, y,t) = —cikyy sin@y — ok sing, = 0
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k, Ecnu HampaBieHus pacnpocTpaHeHUus
- -
R k, n k, HE KOIIMHEapHBIE, TO ACTCPMHUHAHT
k CUCTEMBI ypaBHEHUH (2)
o] -
g ki |tk Cokox|
5 o = =
2 R C1kiy  Cakox
@
[}
g \ 02 b = ¢165(kyxkoy — koxkqy) # 0
m
K \\ Y OHa UMEET TPUBUAIBHOE pELICHHE:
B o1\ | . sing; =0 3
BonHosoe uucno kx sin O, = o) ( )

Tenepp HaliieM KpuBU3HY () B 3€pKaJlb-

Puc. 1. Cuctema AByX rapMOHHUYECKUX BOJH, o
HOM TOYKE C HYJIEBBIM I'PAIUEHTOM:

PacpoCTPaHSIONIMXCS B HATPaBIeHUSX kq 1 k.

Zx(x;)’: t) = 0}
Zy(xry; t) =0)
Tak kak
Q= Cxx (yy - zxyza (4)
Cox (X, ¥, t) = —c1kfy cOs @1 — k5, cos @,
ny(x' Y, t) = _Clklzy COS @1 — CZk%y COS @2 (5)
Oxy (X, ¥, 8) = —c1kqxkyy cos @1 — cokpiksy cOS @

U B 3¢pKajIbHOI TOUke cucTeMa (3) yIOBIETBOPSAECTCS, UTO O3HAYACT
cos@, = +1
cos @, = +1)’ ()
¢ =+
TOTJ1a U3 COOTHOIIEeHUH (4)—(6) mory4aem:
= ¢,¢5(kixksy — karksy) = Feyey (kagkay — kaxksy)” = FeycpkZk2sin?
Q = ¢165(kpy 2y — Kox 1y) cos @ €os P, = Feyca(kyy 2y — Kox 1y) = +C1CK7 k5 SIn“a.

Otmerum, 4yTo U3 (6) CleayeT, YTO YHUCIO 3e€PKATbHBIX TOYEK C OTPULATEILHON KPHUBU3-
HOM (CceUIOBbIe TOYKH) U MOJIOKUTEIbHOW KPUBU3HOU (AJLTUNTHUYECKHE TOYKH) B JOCTATOYHO
OO0JIBbLION TITOLIAAN S PaBHBI.

Eciu N0JI0KUTh ¢, = pc; = pc, k, = qky = qk, sin?a = r, To noxyuum:

Q=% c*k*/R, (7)
rae GespasmepHslii mapametp R = 1/pq?r.
1
CrenoBatenbHO, JUIs BEJIUYUHBI P = o Y IIoma Omnka A = Ep MOJTyYaeM:
_ R —4 _ €R —4
N3 (8) Haxoaum 3aBUCUMOCTD aMIUTUTYAbl OT BOJIHOBOT'O YHCIIA:

2 = gk-‘* LA (9)

Hcnonb3ys qUcrepcuoHHoe cooTHoMIeHNe w? = kg, u3 (8) u (9) cOOTBETCTBEHHO UMEEM:

4 4
p=" 0y A= R e (10
4 4
c2=R %w‘s u c2=R %w‘s. (11)
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Y4uuThIBasi, 4TO AJISl BETPOBBIX BOJIH B MOPE MEXKIY aMILTUTY/I0W € U BOJTHOBBIM YUCIIOM k
(MM 9acTOTOM BOJIHBI () MMEETCS 3aBHCUMOCTD, BBIpa)KaeMasi CIIEKTPOM BOJHEHUS, U3 COOT-
HomeHus (8) (wu (10)) 3akroyaeM, 4TO BETUYHHBI P U A 3aBUCAT OT BOJHOBOTO 4YHcla k (Miu
oT 9acToThl w). Eciim 3aBucumMoctr p = p(k) u p = p(w) (mmm A = A(k) n A = A(w)) onpe-
JIEJICHbI KaKUM-TH00 IpyruM crocobom, ommmuHbiM OT (8) u (10), To u3 (9) u (11) momyuaem
bopMyIIBI
2 1 -4 2 _ g* s
c°=R —k™ u c“=R w™°, (12)
p(k) p(w)
KOTOPBIC BBIPAKAIOT KBAJPAThl aMILTUTYIbI TAPMOHUK MOPCKOTO BosHeHus. [Ipu aToM kBaapat
AMIUIMTYIBl C2, TapMOHMKM C 4YacTOTOH , M 3HaueHue crektpa S(w,) CBA3aHBI
COOTHOIIEHUEM:

S(wn) = ci/ (2 Aoy), (13)

rae Aw,, — IHAPUHA ITOJIOCHI YaCTOT.

B ocnHoBe BbipaxkeHus (12) IeXKUT JOMyIICHHE, YTO KXIOMY OTIAEIbHOMY OJNHMKY Ha pe-
aJTBHOM BOJIHE, COOTBETCTBYET «3(ddexTruBHas BoimHa» B Buae (1), hopmupyromuii 6JUK TOTO
Ke pazMepa.

Onpenenenue 3apucumocreii p = p(k) u p = p(w). g onpepenenus 3Tux 3aBHCH-
MOCTEil MOTYT OBITh pa3pabOTaHbl pa3HbIE METOJIbI, OCHOBAHHBIC HA TCOPETHUUCCKUX pacueTax
1100 HA YHUCIICHHBIX WM HATYPHBIX IKCIIEPUMEHTAX.

Teopemuueckoe onpeoenenue 3asucumocmen p = p(k) u p = p(w). ITycth MWIOTHOCTH
pacrpeiesieHus] BEJTMYMHBI P («KBaapaTta paauyca KpuHu3HbI») ectb W (p). Toraa, o6o3Hayas
YHCJIO 3ePKATbHBIX TOUEK CO 3HAYCHUAMHE P M3 uHTEepBaia (p ,+0) , uepes n(p), OyaeM UMETh:

n(p) +oo
— = W (p)dp.
v = WPdp
3nech Ng — YHCIIO 3€pKalbHBIX TOYEK Ha JOCTATOYHO OOJIBIIIOM YYacTKE MOBEPXHOCTH S.
«Cpennee paccTossHUe» | MEXTy 3epKaTbHBIMUA TOYKAMH OTIPEICIHM U3 COOTHOIICHUS:
S 1 = - 1
—x—=[? = [=
Ns (N1 VN’
rie (N;) — cpejHee YHCIIo 3epKabHBIX TOUYEK Ha €IWHHIIE TUIOIIAIH.
Torna «cpenee paccTosiHue» [, MekKTy 3epKalbHBIMM TOUYKaMH CO 3HAYEHHSMH P U3 HH-

TepBana (p, +0), Oyner:

l_ = i: i +o00 ! = L . (14)
P 1/n(p) Ns [, w(p)dp m

Eciu CYUTaTh, YTO 3CPKAJIBHBIC TOYKHN CO 3HAYCHUAMH P BOZHUKAIOT Ha BOJIHE JIIMHOM

T 2T
A = [, T. €. C BOJHOBBIM YUCIIOM Kk = —> TO 13 (14) umeewm:

k=2 [ w)dp. (15)

anee, yuntsiBasi JUCIIEPCUOHHOE COOTHOLIEHHE w’=k g u3 (15) nonyyaem:

w? =22 INRUOLE (16)
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10 Wp) Beipaxxenwust (15) u (16) B 3aMKkHYy-
| TOM BHUJE OINPEACISIIOT 3aBUCUMOCTHU
p=pk)up=pw).
0.8 — KpuBass miotHocTH pacrpezesne-
i Hus W(p) Oe3pazMepHOil BETMUMHBI
p = p V3H (nmapametp H onpenensiercs
== yepe3 MOMEHTHI CIIEKTpa BOJHEHMS [3,
~ 4]), moka3aHa Ha puC. 2.
. Jns acumnroruku W (p) umeem:
4 —
_ 3 _
1 W) ~ =, mpn p - +oo. (17)
02— Vyuutsiasg (17) B (16) nns acum-
it . OTOTUKU 3aBUcUMOCTH p = p(w) mpu
y ‘ p — +oo, mosry4yaem:
0.0 T T T T T - 1 3 2ng
0.0 20 4.0 P 6.0 = [2. 2L p2
P=\z W ?® (18)
Puc. 2. [InotHOCTH pacnpenenenus W (p). IIpu stom, noxcrasnss (18) B

CrutonrHas TMHUS — TEOPETUIECKasl; TyHKTHP —

(12), 0y HU3KUX YaCTOT UMEEM:
YN CJICHHBIC DOKCIICPUMCEHTEI.

2 SW3H _
oo fon s
3 2T
Bemmuuna (N;) (cpeaHee 4HCIIO 3€pKalbHBIX TOYEK HA €IAWHHIIE IUIOIIAIAM) M CPEIHEe
3HAYEHHWE BEJIMYMHBI (P) OMPEAENAIOTCS Yepe3 MOMEHTBI CIEKTpa BOJIHCHHS MO (hopMyIiam,
MpUBEJICHHBIM B [3].

PacueTrsl U Ync/1eHHbIe IKCIePUMEHTHI. /[ BBIBIEHUS CBA3EH MEX]y CIIEKTPOM BOJI-
HEHHS U XapaKTePUCTHKAMH 3epKaTbHBIX TOYEK (OJIMKOB) OBUIM BBIMOJHEHBI PACYETHI 110 TOJY-
YEeHHBIM (pOpMyJiaM, a TaKKe YUCIECHHbIE HKCIIEPUMEHTHI C MCIIOJIb30BAaHUEM CIIEKTPa BOJIHE-
HUS, TIPEUIOKEHHOTO B [8]. BpIIM paccMOTpPEHBI TP pa3HBIX CiIydas, B KOTOPBIX CIEKTpP BOJI-
HEHUS COJEPKUT TapMOHUKH: 1) OT Apin =6 MM 10 Apyax = 30 M; 2) OT Appiy =7 M 110 Apax =
30 M; 3) oT Appjp = 60 cM 10 Ajpyax = 30 M.

Pe3ynbTaTel pacueToB IUIOTHOCTH (CPEAHEe YHCII0) 3epKaIbHBIX Touek (N;) U cpemHero
3HAYCHUSI BEUUHMHBI (p) MPUBEICHBI HA PHC. 3—6, U3 KOTOPHIX MOXKEM JeNaTh CICIYIOIINC
BBIBOJIBL: 1) BenuumHa (p), KOTOpas MPOMOPIMOHANBHA CPEJHEMY pasMmepy OJinKa, ¢ pOCTOM
CKOpPOCTH BETpa, a TAKXKe C 000ralieHneM CIeKTpa KOPOTKMMHU BOJIHAMH, YMEHbIIAETCs; 2) Ipu
HaJMYHMU KalWUIPHBIX BOJH (ciy4ail 1) mIoTHOCTh 3epKanbHbIX Todek (N;) pacTeT ¢ pocTom
CKOpPOCTH BETpa, a JAJIs ciay4yaeB 2 U 3 cHauajga yMEHbIIAETCs, a 3aTeM yBeJIU4nuBaeTcs; 3) cre-
MIEHb POCTa YUCIia OJIMKOB HAMHOTO MEHbIIIE, YeM CTENIeHb YMEHBIIIEHHs pa3MepoB Onnka; 4) ¢
CY’KEHHEM ILUPUHBI YTIIOBOTO PACIPENEIICHUS] SHEPIMHU TAPMOHUK IIOTHOCTh 3€PKaJIbHBIX TO-
YeK yMEHbBIIaeTcs (CHavdajga MEJUICHHO, IMMOTOM OBICTPO), a pa3Mepbl OJMKa YBEIUYHUBAIOTCS
(cHayana OBICTPO, MOTOM MeJUIeHHO). OTMETUM, YTO 3THU KOJIMYECTBEHHBIE BBIBOJBI, B OCHOB-
HOM, KQUE€CTBEHHO MOHATHBI U3 ITOBCETHEBHBIX HAOIIOACHUH.

Ha puc. 7 npezncrasiena 3asucuMocts p = p(w), monydennas mo ¢opmyse (16) ¢ wuc-
MOJIb30BAHUEM CIIEKTpa U3 [8] mpu ckopoctu Betpa v = 10 M/c, U3 KOTOPOH BHIIHO, YTO C pOC-
TOM YacTOTHI BOJIH pa3Mep OJmKa yMeHbIIaeTcst (CHavajga ObICTpO, MOTOM Ooyiee MEIJICHHO).
CnekTpbl BOJHEHUS, nostydyeHHsle o dopmyrnam (12), (13) u (16), a Taxke npeyioKeHHbIE B
[8] u B Naval Resarch Laboratory [9], mpencraBnensl Ha puc. 8. Kak BUIHO, CIIEKTp BOJTHCHHSI,
MOJTyYEHHBIH 10 pacHpeeICHUIO pa3MepoB OJIIMKOB M BhIpaxeHHbIN 1Mo ¢hopmynam (12) u (16),
xopoto coryacyercs co criekrpom Naval Resarch Laboratory.
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Puc. 3. 3aBUCHMOCTH TJIOTHOCTH YHCIIA 3ePKaIbHBIX TOYEK (N;) ¥ BEUUUHBI (P) OT CKOPOCTH BETpPA V.
1 — no popmyram u3 [3]; 2 — YUCICHHBIE SKCIIEPUMEHTBI.
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Puc. 4. 3aBUCHMOCTH TUIOTHOCTH YHCIIA 3ePKAIBHBIX TOUEK (N ) ¥ BEIMYUHBI (p) OT CKOPOCTHU BETpa v,
paccunTannbie 1o popmynam u3 [3], Ipu pa3TUIHON IIMPUHE YTIIOBOTO paCIpeIeIeHUs JHEPTHH
rapmoHuK AB. CrieKTp BOTHEHHS COAEPKUT TAPMOHUKHU OT Apip, = 6 MM 10 Ay = 30 M.
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Puc. 5. 3aBUCHMOCTH TUIOTHOCTH YHCJIA 3ePKATbHBIX TOYEK (N;) M BEIMUUHBI (p) OT CKOPOCTH BETpa V.
1 — no gopmysam u3 [3]; 2 — yUCICHHBIE SKCTIEPUMEHTBI.
CHexTp BOJIHEHUS COJIEPIKUT TAPMOHUKH OT Ayin = 7 ¢M 10 Ao = 30 M.
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Puc. 6. 3aBHCHMOCTH IUTOTHOCTH YKCJIa 3€PKAIBHBIX ToUeK (N;) M BEIMUHUHEL {p) OT CKOPOCTH BETpa V.
1 — kpussbie 1o popmynam u3 [3]; 2 — YKCIEHHBIE YKCIIEPUMEHTHI.
CrieKTp BOJIHEHUS COJIEPKHUT TAPMOHUKH OT A i, = 60 cM 10 Ao =30 M.
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Puc. 7. 3aBucumocts p = p(w),
paccunrtanHas 1o gopmyiie (16).
CHCKTp BOJIHCHUS COACPIKUT TAaPMOHUKHN
OT Apin = 60 cM 10 Aoy =30 M.
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Puc. 8. YacToTHBIE CTIEKTPHI BOITHEHUSI.

1 — npeanoxxeHHbIH B [8]; 2 — mony4YeHHBIN
o ¢popmyaam (12), (13) u (16); 3 — Naval Resarch
Laboratory [9]. CriekTp BOJHEHUS COEPIKUT
TapMOHUKHU OT A i = 60 cM 10 Apax =30 M.
Ckopocts Betpa v = 10 m/c.

60

3aBUCHMOCTH TUIOTHOCTH (Cpe/IHEe YUCII0) 3epKaIbHBIX ToUeK (N;) ¥ CcpeIHero 3HaYeHHsI
BEITMYHMHBI (P) OT CKOPOCTH BETPa U3YUAIUCH U YUCIICHHBIMH YKCIICPHMEHTAMHU.

YucjieHHbIe 3KCIIEPUMEHTBI. AJTOPUTM YHUCIECHHBIX SKCHEPUMEHTOB COCTOMT M3 3-X
yacTeil: 1) MoaenupoBaHre MOPCKOM MOBEPXHOCTH; 2) HAXO0KJIEHUE 3€pKAIBHBIX TOUYEK Ha MO-
BEPXHOCTH; 3) Berurciaenue Bemynt (N;) u (p).

Mooenuposanue mopckoit nogepxnocmu. B o01iem ciydae, IpyU BBIIIOJHEHUH OIpETe-
JICHHBIX YCJIOBHA, B3BOITHOBAHHYI0 MOPCKYIO MMOBEPXHOCTh Z = ((X, Y, t) MOKHO pacCMaTpUBaTh
KaK TayCCOBYIO OJHOPOJHYIO M CTallMOHAPHYIO (DYHKIHMIO, KOTOPYIO MOYKHO TPEICTaBUTh Kak
CYMMY TapMOHUYECKUX BOJH Pa3HBIX JUIMH U PacTIpOCTPAHSIONINXCS B pa3HbIX HAIIPABICHUSX:

{(x,y,t) = IN_1 ¢ coS(knyeX + kpyy + 0pt + &),
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Ces3b MEXKAY CIICKTPOM ...

rJIe aMIUTUTYIBI C,, OTIPEIEISIOTCS U3 CIIEKTPa BOJIHEHHUS, €, — CIIy4aiiHble (ha3bl, pABHOMEPHO
pacripeznenennsie B uarepsaie [0, 2.

Haxoscoenue 3epkanbHbIX MOYEK MOPCKOU ROGePXHOCMU. 3ePKaTbHbIE TOYKH MOPCKOM
IMMOBCPXHOCTHU HAXOAATCSA KaK KOPHHU CUCTCMbI ypaBHeHHﬁ:

{Zx(x'y' tO) =0
Zy(x'y' tO) = 01

KOTOpast pemranach MmetonoM Herotona—Paricona.

Botuucnenue senruuun (N;) u (p). Jis Kaxmoro CreKTpa pacCMaTpUBAEMbIil yd4acTOK
MIOBEPXHOCTU S BBIOMPAJICS TAKUM, YTOOBI B HEM HaXOMHIUCh OKOJIO 4000 3epKaIbHBIX TOYCK.
Bemmuuna (N; ) BEIUHCIISIIACH IPUOIMKEHHO, KaK

N(t
(N1> ~ (SO).

B ka0 3epkanibHO#M Touke (X;, ;) BEIYMCISIETCS BETMYMHA
1

" [0 (0 3, £0) 0y (30 £0) — 8y (1,9, £

U J1ajee, Mo ancamoJIo {pi} HAXOJHUTCS BEIMUYHHA (p).

Pi

[Tosy4eHHbIE 10 YHUCICHHBIM 3KCIIEPUMEHTaM 3aBUCHMMOCTH BenuduH (N;) u (p) oT CKo-
pPOCTH BEeTpa TaKKe MOKa3aHbl HA PUC. 3—6, U3 KOTOPBIX CICIYET, YTO JJIS BEJIMUYHMHBI (P) CO-
rilacue ¢ TEOPETHYECKOM KPUBOHW Jydiie, yem it Benuuusbl (N;). OGoramienue aHcamOIs
3epKaJIbHBIX TOYEK BEJIET K CY’KEHUIO OTKIIOHEHUH OT TEOPETUUECKON KPUBOIA.

*kk

TeopeTnueckue pacueTsl U YUCIEHHBIE SKCIIEPUMEHTHI TIO3BOJISIOT BBISIBUTH CBA3H MEKIY
XapaKTCPUCTHKAMHA 6JII/IKOB " CIICKTpaMU BOJIHCHU. Kaxk CJICAYCT U3 OTUX PACUCTOB, TAKHUEC Xa-
PaKTEpPUCTUKHU OJIMKOB, KaK MX IUIOTHOCTh M pa3Mepbl OYeHb YYBCTBUTEIbHBI K M3MEHEHUSIM
COCTOSIHUSI IOBEPXHOCTH H COJIEpKaT B cebe mosie3Hyro napopmaimio o Heil. Hanbomnee momxas
uH(pOpMaIKs O TOBEPXHOCTH COJEPKHUTCS B SHEPTETHUYECKOM CIeKTpe BoiHeHus. [lokazaHo,
YTO M3 TIOTHOCTH pACHpeeeHUs pa3MepoB OIMKOB BO3MOXKHO MOTYYUTh YACTOTHBIA CIEKTP
BosiHeHUs. [Ipu 3TOM mpeamnonaraercsi, YTO pa3mep Kaxaoro OJuKa CBSI3aH C ONpPENeTIeHHON
gactoToi. be3pasmepHsiil mapameTp R B hopmyiie (7) oTpaxaer Bce pa3HOOOpa3ue CHCTEMBI U3

JByX TapMOHHMYECKHUX BOJIH, PACIIPOCTPAHAIOIINXCS B HAIIPABICHUIX l_c)l 51 Ez (puc. 1), xoTopsle
dbopMupyIOT OJIMK OMpeaesieHHoro pa3mepa. CiemoBaTeabHO, I MOTydeHUsT HHPOpMAIu 00
YTIIOBOM pacHpeeICHUH YHEPTUU TAPMOHHK 3HAHUS TOJIKO paclpeesieHus pa3MepoB OJIMKOB
HenoctatouHo. [lo-BuaumMomy, TyT Hazmo mpuBiedb W wHboOpMaIuio o Gopme OJIMKOB, O Ha-
MPABIICHUSAX UX BBITIHYTOCTH, a TAaK)Ke PaCHpe/IeNICHUs] PACCTOSHUS MKy OTUKaMU B Pa3HBIX
HaITpaBJICHUAX.
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RELATIONSHIP BETWEEN WAVE SPECTRUM
AND SUN GLINTS CHARACTERISTICS

The relationship between the characteristics (sizes and numbers) of the Sun glints (or other light
source of small angular size) on the rough sea surface and a wave spectrum is investigated. It is as-
sumed that for each individual glint, formed on a real wave there is the «effective wave», which is
the sum of two harmonic waves propagating in different directions and forming the glint with the
same size. Based on this assumption and using the density distribution of the size of the glints, the
expression for the wave spectrum, which agrees well with the known spectra, is derived. On the ba-
sis of theoretical calculations and numerical experiments the dependences of the characteristics of
Sun glints on the wind speed, the width of the angular distribution of the energy of harmonics, as
well as different parts of the wave spectrum are studied. Thus, a new method for determining the
wave spectrum on the distribution of the Sun glints sizes is proposed.

Key words: sun glints, wave spectrum, glints sizes, glint number.
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