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YUCJIEHHOE MOJEJINPOBAHUE M30TPOITHON OKEAHCKOM 3LIBU
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HoBblii aropuT™ OpUMEHSIETCS /IS AI€TaTbHOTO MOACIMPOBAHMS SBOIIOLUU U30TPOITHOM 36101 B OMHOPOIHOM
okeaHe. [Toka3aHo, 4TO ycTaHOBJIeHUE criekTpa 3axapoBa— DMIOHEHKO ITPOUCXOANT B3PBIBHBIM 00pa3oM
3a KOPOTKOE BpeMst. [Ipon3BeIeHO YUCICHHOE OIpeIe/ieHIE C1a00TypOyICHTHOM KOJIMOTOPOBCKOM KOHCTAHTHI.
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1. BBEAEHUE

B Hacrosieit crarbe, Kak u B [1], mpon3BOOUTCS
YUCJIEHHOE pellleHUue KUHETUYEeCKOTO YpaBHEHUS IS
BOJIH Ha Boze (ypaBHEHHUS XaccelbMaHHa) IIPU OTCYT-
CTBMM B3aIMOJICCTBUS C BETPOM, T.€. BOCITPOM3BOIUTCS
3BOJIIOLIMI CBOOOOHOM OKEaHCKOU 3b10u. OTiinuue
OT CTaTht [ 1] — 9TO MCMOIB30BaHUE HOBOTO YUCIEHHOTO
anroputMa. PaHee MBI mpuMeHsu Kon Pecmo—
Tpeiicn [2], ycoBepilleHCTBOBAaHHbII Hallleil IPYITION.
B HacTosmieit pabote MBI MCTIONTB3YeM COBEPIIIECHHO
HOBBI KOJ, pa3paboTaHHBI OAHWM U3 aBTOPOB
(B.B. Ieormxaes). JleTanu ero eii¢ He OyOIMKOBAHBbI,
HO HOBBIN KOII, CYIIECTBEHHO 00Jjiee TOUHBII 1 ObICT-
pBIii, y2Ke IpUMEHSIICS Hamu [ 3].

HoBbrlii Koa mo3BoJisieT 6ojiee MOJHO, JIeTalbHO
U yOeauTeIbHO MOATBEPAUTD BEIBOABI C1a00TYpOYIEHT-
HOI TeOpUU BETPOBOIO BOJIHEHHUSI. 3aMETUM, UTO CpaB-
HEHHE C SKCIIEPUMMEHTOM IJIaBHBIX MTPEACKAa3aHUI STOMN
TEOpPUHM OBbLIO y2Ke TpoaeaHo B padote [1]. Takum odpa-
30M, JIJaHHAas CTaThsl UMEET, MPEK/e BCEro, TEOpeTUuIe-
cKoe 3HaueHue. [J1aBHbIe pe3ybTaThl, MOJYyYeHHbIe
B 3TOM CTaThbe, CICAYIOLIUE:

1. Tlpu ymepeHbIX 3HaUEHUSIX HAUaTbHON KPYTU3HbI
(u<0,1) cTerneHHast aCUMNITOTUKA CIIEKTPA BO3HUKAET
3a HECKOJIbKO COT MEePUOIOB UCXOMHBIX BOJH, TO €CTb,
MMOYTH Ha MOPSIIOK ObICTpee, YeM MPencKa3biBaloT pas-
MEPHOCTHbIE OLIEHKHU. YCTaHOBJIEHUE CTeNEHHbBIX aCUM-
MTOTUK ITPOMCXOIUT B3PHIBHBIM 00pa3oM, 3a KOHEUHOE
BpeMsI;

2. KonmoropoBckasi KOHCTaHTa, HaliIcHHAs B UUC-
JIEHHBIX 9KCIIEPUMEHTAX, C XOPOIIeil TOUHOCTHIO CO-
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BIAIAET C NPeACKa3aHHOW CTallMOHAPHON Teopuei,
n3JI0KeHHOM B cTtathe [3]. KpoMe Toro, paboTa moxa-
3bIBAET, UTO HOBBI YMCAEHHbBII METO/ pellIeHUS YpaB-
HeHMsT XacceJbMaHHa UMEeeT XOPOIIUe MePCIeKTUBBI.

CJIABOTYPBYJIEHTHAA TEOPUA
OKEAHCKOI'O BOJIHEHUA (WTT)

WcTtopusa teopuu ciaabdoit TypoyneHTHocTu (Weak
Turbulence Theory — WTT) Hauanmachk ¢ pabotsl Ouii-
Jurca [4], KoTopblid BbIcKa3aa NPeAogoXeHUe, YTO
OCHOBHBIM (DM3UYECKUM MPOLIECCOM ISl BOJH Ha IO-
BEPXHOCTU OKeaHa SIBJISIETCS YeThIPEXBOJHOBOE B3au-
mojelicTBre. B3aumMoneicTByOT 4eTBEPKHU BOJH (KBa-
JIPYIUIETHI), BOJIHOBBIE BEKTOPA KOTOPBIX CBI3aHbI YCII0-
BUSIMU pe30HaHca

(,01+(1)2=0)3+(D4

(1)
(0, =+/glk| — 3aKkoH aucnepcuu BOJIH Ha TIyOOKOM
BOJE).

B 1962 r. Kitaycc XaccellbMaHH BbIBEJ KUHETUUECKOE
YPaBHEHHUE [UIsl CIIEKTPA BOJHOBOTO JAeiicTBust N, [5—7].
C y4€ToM BO30YKIEHMST BOJIH BETPOM U AMCCUIIALIUI
3a CU€T OOpyllIeHU I, KUHETUYECKOEe YpaBHEHUE UMEeT
BUL

N, . 0oy, IN,
ot ok or

3nech S, OMUCHIBaeT BO3MYILEHNE BOJH BETPOM,
Sgiss — VX TUCCUITALIMIO B pe3yJIsTaTe 00pyLIEeHMIA, Sy —
HeJIMHEeHOe B3auMOACICTBIE, MOAYUHSIIONIEeCs Pe30-
HaHCHBIM ycaoBusiM @uitunca (1). Ynen S, ecre-
CTBEHHBIM 00pa3oM pa30uBaeTcs Ha “TIIpUXOASIINA”
U “yxomsiuuii” wieHsl [8]:

nl —

= Snl + Sin + Sdiss' (2)

3nechb
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Fo=mg’ [ |T(k Ky ks, k)N, NyN, x

k. k3 .ky
xd(k+k, —k; —ky)d(0+ 0, —0;—m,)x (4)
X dRdkydk g,
Ty=ng” | |T(k Ky ks, ky)P
kz,k},k4

X O(® + 0, — 03 — 0,)dK,dKk;dk,.

SAnpo Tklkzk3k4 — ogHOpomHas (PyHKILUS CTETIeHHU 3,
MOMYMHSIIONIASICS YCIOBUSAM cuMMeTpun. Haubomee
IIPOCTOE BhIpaKeHUE ST He€ COOePXKUTCS B cTaThe [3].

SIBHBIN BUJ HEKOHCEPBATUBHBIX WieHOB Sin 1 Sdiss
SIBJISIETCS TIPEAMETOM IMCKyCcCUHU (CM. Hampumep, [2]).
OpHako ceifyac TBEpAO ycTaHOBICHO [8, 9], uTo 3TN
YJICHBI, KaK MPaBUJIO, Ha TIOPSIAOK MEHBIIE, YeM OT-
JenbHble caaraeMblie wieHa Snl. [ToaToMy mocTpoeHue
JIEeTaIbHO pa3paboTaHHOM aHAIMTUYECKOI TEeOPUH Be-
TPOBOTO BOJHEHUSI (Takasl mporpaMMa Oblia 3asiBieHa
B cTaThsx [10, 11]) caeayeT HaumHATD ¢ cCUCTEMaTUYE-
CKOTO M3Y4YeHUsI BPEMEHHOI 2BOJIIOIIMU MTPOCTPAHCT-
BEHHO OJTHOPOIHOM 3bI0M, TO €CTh C pEIIeHUS ypaBHE-
HUS

aN,

at nl*

MBI pelranm 310 ypaBHEHME B 00IIeM aHM30TPOITHOM
cliyyae B padore [1]. B naHHOI1 paboTe MBI JeTaJlbHO
n3y4aeM M30TPOIIHBIN cirydaii. bymem mpeamnonaraTs,
YTO MOTOK BOJTHOBOTO JEUCTBMSI U3 00JIACTU OY€Hb KO-
POTKMX BOJIH OTCYTCTBYeT. Torma IoJIHOe BOJTHOBOE
nercTeue

(6)

N = [ Ndk (7)

ABJIACTCA CTPOTMM MHTETPAIOM ABUKCHUA, TOIJa KakK
OHEpPrusa

E = [ Edk (8)

TepsIeTCs 3a CUET ITOTOKA B 00JIACTD OOJIBIINX BOJIHOBBIX
4ucesl IOCPEeICTBOM KOJIMOTOPOBCKOro Kackana. Ilpu
9TOM €IUHCTBEHHOE PELIEHNE CTALMOHAPHOIO YpaBHe-
Hua S, =0 ectpb

\dE /d1|'/?
N(k) = Cp W (9)
D10 criekTp 3axapoBa—DUIOHEHKO, BIEPBbIE HAMIECH-
HbIIi B pabote [12], ¢, — GespasmepHast KOTMOTOPOBCKast
KOHCTaHTa, cornacHo pabdote [3] ¢,=0,194.
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YUCJIEHHBIN
HKCITEPUMEHT

YucneHHoe MccaenoBaHUe TTPOBOIMIOCH TS MIea-
JIN3UPOBAHHOM 3aa4i SBOJIIOLIMK BOJTHOBOTO TOJIST
B OMHOPOIHOM M30TPOITHOM OKe€aHe TPU OTCYTCTBUU
reHepamuy 1 quccunanny. HagambHoe cocTosSTHIE OT-
BeYaJIo U30TPOITHOMY pacIIpene/IeHHIO, JIOKATN30BaH-
HOMY B 00JIaCTH YaCTOT

0,04n < w<4rnrad/s 0,02<f<2 Hz. (10)

Takast mocTaHOBKa MO3BOJIIET MUHMMU3MPOBATh YMCIIO
napaMeTpoB 3aJauyu U COCPENOTOYMUTHCS Ha BOIIpPOcax
KayecTBa aJropyMT™Ma BbIUYMCICHUS MHTerpaja CTOJIKHO-
BeHMH S, HE OTBJIEKAsICh Ha BOMPOCHI, CBSI3aHHbIE
C HETPUBUAJIBHON 3aBUCUMOCTBIO PEIUIEHUMN OT yrjia

(cp. [1]).

Hcnoabs3oBanachk Jiorapudmuueckas ceTka 1mo yac-
TOTE C UHKPEMEHTOM (M, — ®;)/®; = 1,03344 (141 y3en).
Br160p 49 152 pe3oHaHCHBIX KBaApYIUIETOB ITPOU3BO-
JAJICS CTielIMaibHbIM 00pa3oM, 4TOObI OOECTIEUUTD OT-
TUMaJIbHOE TOKPBbITHE 00J1acTeil MHTEeHCHUBHbBIX B3au-
moneiictBuii [3]. st 9aCTOTHOTO CIIEKTpa SHEPIUU

4|

g(@)do = TN(k)ar|k| (11)

KOJIMOTOPOBCKMIA CIieKTp (criekTp 3axapoBa—Puiio-
HEHKO) UMeeT BUJI

1/3

3dE] (12)

g(w) = 4nc,g

HauanbHoe ycjioBre NpeAcTaBIsieT Co00i “CTYIeHbKY
e(m)=2,0,1 <0/2n<0,2, &(w) = 107 BHe 3101 0GIACTH.
XapakKTepHbIif HaYaJIbHBIN MEPUOJT COCTABIISIET OKOJIO
T =7 c. HauanbpHas KpyTH3Ha, ONpeAeeHHAsI Yyepes
CPEHIOI0 YacTOTy (),

E cofn

n= e =0,1.

(13)

YuicneHHbI 3KCIEPUMEHT /151 (PU3UYECKOTO BpEMEHH
200000 ¢ (oxomo 56 9) TpeOyeT MeHee 2 4 MAIlTMHHOTO
BPEMEHU MePCOHATBHOIO KOMIThIOTEPA U JIETKO MOXKET
OBITH TTPOIOJIKEH 10 HECKOJIBKINX MUJUTMOHOB CEKYHII.
Kon peanuzoBaH aj1st mapajuleIbHbIX BBIYUCICHUI, YTO
MIPUOITITKAET er0 OBICTPONEHCTBIE K TPeOOBAHUSIM OIle-
PaTUBHBIX MOJIEJICH BETPOBOIO BOJHEHMSI.

Kak 1 oxxuanocs, 3BOJTIONNS JaHHOTO HA4aIbHOTO
YCJI0BUSI TIPUBOAUT K BOBHUKHOBEHUIO Y CHIEKTpa “KOJI-
MOTOPOBCKOTI0 XBOocTa”, onrcbiBaeMoro B [12]. Konmo-
TOpPOBCKasl aCUMIITOTUKA YCTAHABIMBAETCS “B3PbIBHBIM
00pa3oM” 3a KOHEUHOE BpeMs. DTOT SKCIIEPUMEHTAJIb-
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HBII (haKT e1é HyKIaeTCsl B TCOPETUUECKOM OOBSICHE -
Huu. M3 coobpaxxeHuit pa3MepHOCTU UMEEM

T _70000c,
u

(14)
YTO Ha MOPSIIOK 00JIbIIIe HAOMIOAAEMBIX B 9KCIIEPMMEHTE
3000 c. Ha puc. 1 coBMmellieHbl HaYalbHbI CIIEKTP U pe-
3yJbTat ero 3Bojonuu mnpu ¢ = 3000 c. BunHo, 4to KoJ-
MOTOPOBCKAasl aCUMIITOTHKA BITOJIHE pa3BUTa yxKe JUIsI
BpeMeHU oKouio 400 HavyaTbHBIX IEPUOIOB.

Pucynok 2 npencrasisieT co00il KOMIIEHCUPOBaH-
HbIi criekTp €(0)0?/g’ B MOMeHT BpeMmeHn 7 = 15 u.
BupgHo, yto acumntotuka (12) TOMUHMPYET IIpU Yac-

g(w), M2

10,0000

1,0000

0,1000

0,0100

0,0010

0,0001

ToTax ® > 4 pan/c (mepuof okoso 1,5 ¢, IrHa BOJTHBI
3,5M).

B pa6ote [1] 6bU10 MOKa3aHO, YTO 3BOTIOLIMS 1IN -
POKOTO KJjlacca HayaJabHbIX YCIOBUM MPUBOAUT K yCTa-
HOBJICHUIO aBTOMOZEIHLHOIO PEIICHUS

(o, 1) = g(or'/M). (15)

Hamr yncieHHbI 9KCITepUMEHT TTOKa3bIBaeT, YTO
YCTaHOBJIEHUE 9TOTO PeXrUMa TpedyeT JOCTaTOYHO 00JTb-
moro BpemeHu 50000 ¢ u Gosee, T.e. 6onee 7000 Ha-
YaJIbHbBIX BOJIHOBBIX MTEPUOIOB. YCTaHOBJIEHUE aBTOMO-
JETBHOTO pekMMa IMoKa3aHo Ha PUC. 3 KaK SBOJIOLMS
HOPMUPOBAaHHBIX HA MAKCUMaJIbHOE 3HAUEHHE CIIEKTPOB

g, 1=3000c
————¢g,1=0c

Yacrora, pan/c

Puc. 1. YacToTHBIE CITEKTPHI SHEPTUU B HaYaIbHbIN MOMeHT ¢ = 0 u ipu ¢ = 3000 c. BumHO ycTaHOBJIEHME CTETIEHHOTO pac-

NpEaCICHUA.

Eo'/g?, ¢
0,014

0,012

0,010

0,008

0,006 [

~

0,004

0,002

J Iar = 589 478, =50 400 c, cpitime = 16 865,51 c

2 4

6 8 10 12

Yacrora, pan/c

Puc. 2. KomneHncupoBauHbIit ciektp mpu £ = 50400 c.
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g(o)/e(w,)
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Puc. 3. HopMupoBaHHBIE CIIEKTPBI 9HEPTUU KaK (GYHKIINN Ge3pa3MepHOI YaCTOTHI B pa3HbIe MOMEHTBI BpeMEHH (CM. JIETEHIY,

BC).
e, M2, ®, paj/c

1,3

0,5
1000

10 000
fc

100 000

Puc. 4. DBOIOLIMS TTOJTHOM OHEPIMU U YaCTOThI CIIEKTPAJIbHOTI'O IMUKa 1JIsd KOHCEPBATUBHOIO KUHETUYECKOTO YPaBHEHMU A (1)

B 0e3pa3MEepHBIX 4acToTax /), (0, — YacToTa CHeKT-
panbHoro nuka). Takum o6pa3om, cTpeMJIeHHE K aBTO-
MOJIEJIbHOMY TTIOBEJIEHUIO B TePMUHAX (hOPM CIIEKTPOB
BBIPaKEHO 3aMETHO ci1abee, YeM YCTAHOBJICHUE KOJIMO-
TOPOBCKOTO “XBOCTa” U MOBEAEHUE UHTETPAJIbHBIX Ma-
paMeTpoB 3bI01. DTa 0COOEHHOCTh MOAPOOHO paccMa-
TpuBajnach B [1].

Ha puc. 4 noka3zaHa 3BOJIIOLIMS ITOJHOM BHEPTUn
M 4aCTOThI CIIEKTPaJbHOTO IIMKAa B KOHCEPBATUBHOM
kuHeTnuyeckoM ypaBHeHuM (1). 3a 200000 ¢ TepsieTcs
He 6osiee 30%, TeM He MeHee, 3TOTr0 TeMIIa IOTEPU XBa-
TaeT 1151 GOPMUPOBAHUS CIA00TYpOYJIEHTHOIO KOJIMO-
TOPOBCKOTO CITeKTpa. [leKpeMeHT yObIBaeT CO BpEMEHEM.

JOKJIAABI AKAJEMUU HAYK TomM 489 Ne5 2019

Orierka Ge3pasMepHOi KOHCTaHTBI ¢p Ha€rt ¢, = 0,203,
YTO BITOJIHE COIIACYETCSI C TEOPETUUECKUM 3HAYCHUEM,
HalmeHHBIM B [1].

PE3VJIBTATBI 1 BBIBOJ bI

Kaxk 06b1U10 OTMEUeHO BBITIIe, OCHOBHBIM PE3YJIBTaTOM
SIBJISIETCSI AEMOHCTpaLMsl YCTAaHOBJICHUS CJ1a00TypOy-
JIEHTHBIX aCUMIITOTHK JIJIST YMCIICHHBIX peIIeHUN KH-
HETUUYECKOTO ypaBHEeHUs /1J1s1 BOJIH Ha Bojie (YpaBHEHMUSI
XaccenpmaHHa). BaxkHo, 4TO pe3yabTaThl HOJy4YeHBI
C TTIOMOIIbIO MPUHIMITUATIBHO HOBOTO YUCJEHHOTO aJl-
roputMa, pa3sutoro B.B. [eormkaeBbiM. DTOT alroput™
MO3BOJISIET MPUOIUZUTHCS K TPEOOBAHMSIM OTTEPATUBHBIX
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MoJIeNielt Py HecpaBHUMO O0Jiee BEICOKMX TTOKA3aTeNsIX
TOYHOCTHU U paspelleHus 1o MaciutabaM BOJIH (I10 Ya-
CTOTaM U HampaBieHussM). PaHee npoBenEHHbBIEC YMC-
JIECHHBIE UCCJIEIOBAaHUSI CBOMCTB pellIeHU KUHETYe-
ckoro ypaBHeHus [13, 14], moka3zaB COOTBETCTBHUE OC-
HOBHBIM pe3yJibTaTaM TeOpUH CJ1aboil TypOyJIEHTHOCTH,
OOHAPYKUJIM TIPUHIIUTTHATbHBIC OTPAaHUYECHUS aJro-
putMa Be66a—Pecuo—Tpeiicu (Webb—Resio—Tracy
[2, 15]) kak mo rmoka3aTeisiM TOYHOCTH, TaK 1 10 ObICT-
PONEUCTBUIO.

TToguepkHEM, YTO pa3BUBAEMBbI AJITOPUTM UCITOJIb-
3yeT COOCTBEHHYIO MapaMeTpr3alluio pe30HaHCHBIX
noBepxHocTeit (1), 4To MO3BOJISIET TOYHEE ONMUChIBATh
CIeKTpaJibHble MOTOKU U OCTUTaTh BHICOKMX MOKa3a-
TeJIeil TOUHOCTHU TIPU OTHOCUTEIBLHO HEOOIBIIIOM KOJIM-
YeCTBE Pe30HAHCHBIX KBAAPYILIETOB. OTUM OH OTJIMYa-
€TCs OT JPYIMX MOAXOMOB, B YACTHOCTH, OT MPUMEHSI-
€MBbIX B OIlepaTUBHBIX MoAeJIsIX Bepcuit Discrete Inter-
action Approximation.

Hctounuku punancuposanus. TeopeTuyeckas yactb
paboTHI BHIMOJHEHA B COOTBETCTBUM C TEMOI roc3aaa-
Hust Macturyra okeanosioruu I1.I1. IIupmosa PAH,
tema 0149—2019—-0002. YnucneHHble pacEThl MOAAEP-
>aHbl Poccuiickum HaydHBIM (hOHIOM, TTpoeKT Ne 19—
72—-30028.
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NUMERICAL STUDY OF ISOTROPIC OCEAN SWELL
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A new algorithm is used for detailed numerical study of the evolution of isotropic swell in a homogeneous ocean.
It is shown that the Zakharov-Filonenko spectrum occurs in an explosive manner in a short time. The Kolmogorov

constant of the solution is estimated numerically.

Keywords: isotropic swell in a homogeneous ocean, kinetic equation, Zakharov-Filonenko spectra.
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