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Moaenun menkom BoAabl «BHE Tena»

y=n(x,1)
V\ X, X, / [
/ *’x * Teno cuntaetca 3aPpMKCMPOBAHHbIM
\r/ (3aAKOpEeHHbIM).
* TeyeHue paBHOMEPHO MO OAHOMY U3
H(x,t) —‘JFd(x)/y-h(x) HanpaBaeHuit (1D-nocTaHoBKa).
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B nogobnacti BHe Tena H,+ (Huw, =0
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rae NPOMHTErpupoBaHHOE No rybuHe aaBneHne p =g H?/2 — @, naBneHne Ha agHe P = gH — 1,
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BolaeneHue nogsagadum ona ¢ B ynpoweHHOM

NMOCTAaHOBKE

OAHOMEpPHbIE IMHEAPN30BaHHbIE YPaBHEHMS B aKBAaTOPMKN C MOCTOAHHOW rnybuHoM h0 :
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Mogenn menkou Boabl

[na pucnepcuoHHOM cocTasnawowen ¢ Bblaenaetca (6e3 Kakmx-nmbo AoNONHUTENbHbIX
NpPeAnoNOXKeHNM) ypaBHEHME

(kox)x — kop =F, (2)
4 ok h, -3
k:E, k0:6a;1+12k00, k01:E, kozﬁ, T:h_,zc‘l“l',

6R Rhy
F=f _E-l' 2uz, R=—gnyhy +ulhy, f=gn, +T'

I3TO ypaBHEHUE peLuaeTcs NPu NOMOLLN UHTErPO-UHTEPMNONALMOHHOIO METOAa M MeToAa
NPOrOHKM Ha KaXXA0M Luare sBHOW ABYLLUAroBOM CXeMbl TUMa NPEeANKTOP-KOPPEKTOP.
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Mogenn menkou
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roe S(x) = h(x) +d(x), Q(t) = S(x)u(x,t),

BOZAbl «MO4, TEIOM»

B nopobnactu noa tenom
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y ) (4)
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P(x,t) - NPONHTErPUPOBAHHOE NO TO/ILLMHE C/10A
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0 \/ _/ . Ycnosua conpaxkeHma
W Huly, = Q = Huly,, (6)

D D D 2 2
¢ , ¢ P \) H* S (7)
— =||H—= —R,))— R | ———
XX XrX]
R, = 12(pI;36H1p, R, = —6(p;24H¢

fpaHM4YHOe ycnosue gna CBOGOAHOFI noBepxHOCTU

nxlxr,xl — O (8)

Gayaz Khakimzyanov, Denys Dutykh, Oleg Gusev. Long wave interaction with a partially immersed body. Part Il: Numerical
results // arXiv:2204.08210. - 2022.



MycTb Ha n-ware No BpemeHu uckomble dyHKumm nzsecthbl:  Hj', uft, Q™, Q™.

j+1/2
* * |l f ol I
1. Ha ware npeAuKTOp BoIMUCAAKTCA H[yy/y, Uiy /o R E..A..g % ARERS
] NI Nr
— * *
2. W3 rpaHuyHoro ycnosua (8) nxlxr,xl = 0 Haxogum Hy v Hyy

* n N * _ * * * * *
3. Q"=Q"+17/2xQ" uy; = Q" /Hyy, uyy = Q7 /Hy,
4. Bbluncnaem <p}‘+1/2, B rPpaHMYaALLMNX C TEZIOM AYEMKAX HYXKHO onpeaenuntb k¢, Ha rpaHuue:
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I'opmsoHTaanaﬂ COCTaBAOLWaA BOJIHOBOM CUbI

n(xy,t) n(xr,t)

A= [ Pyl [ Plny.ody

dn dO

roe P - «peKoHcTpymnpoBaHHoe» aasneHne SGN-moaenu,

Pl.y.t) = (H(at) =~ (v + b)) (o - R~ (“5 = 20 Ry,

B utore nocne MHTErpMpoBaHMa NoaydyeHa cneayolan ¢popmyna:
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Ty

B chyyae NSWE-moaenu 3ta popmyna CywecTBEHHO YNpPOLLLAeTcs:

Fi(t) = g(n(-'r;; t) —n(a, t)) (n(% s KU dﬂ)
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dopmynbl ANA BbIYMCNEHUSA BOJTHOBOM CUNbI

BepTuKanbHaA COCTaBAAOLLANA BOJIHOBOMN CUAbI
Ty
Fy(t) = [ﬁ(a:,t)d;x + gdoL,
T

d }3 BblHNCNAAETCA Npn NOMOLLUN UHTETPUPOBAHNA YPaBHEHUA (5), B Utore

L 3H2 — S2 s 3H2 — 52

Fy(t) =

)
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Fy(t) = —= [n|xg—n T $r+n:|
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CpaBHEHI/Ie C 3KCnepuMmeHTaJibHbIMU AaHHbIMUA

B 3aa4aX C POBHbIMW AHOM U AHULLEM
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Lu X., Wang K.-H. Modeling a solitary wave interaction with a fixed floating body using an integrated analytical-numerical
approach // Ocean Engineering. 2015. Vol. 109. P. 691-704.
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BanaHue popmbl nogxoaaLlen BOHbI
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XpoHorpaMmmbl TOYKM ype3a Ha NUuUeBOW (cr1esa) 1 ThiNTbHOW (Cripasa) rpaHsax Tena, npu HaberaHnm Ha Hero
yeavHeHHon BonHbl (1), oguHo4vHou (2), N-BOSH ¢ nnanpyrowmnMm BonNHamMm nosbiweHns (3) 1 noHuxeHus (4).

O. U. I'vces, B. C. Ckuba, I. C. Xakumsanos. CUII0BOE BO3JEHCTBHUE JJIMHHBIX MMOBEPXHOCTHBIX BOJH HA IMOJYMOTPYKEHHOE B
Bofy Teno. |. Biausinue dpopmbl HaGeratorieli BoHbI // Berunciaurenbubie Texnonoruu. — 2022, — T. 27, Ne 4, ¢. 33-62.
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BanaHne nonoxXeHus HepOBHOCTU AHA MBI
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Gusev O.l., Khakimzyanov G.S., Skiba V.S., Chubarov L.B. Shallow water modeling of wave-structure interaction over irregular
bottom // Ocean Engineering. - 2023. - Vol.267. - Art.113284.

Iyces O.U., Cxuba B.C., Xaxumszanos I'.C., Yybapos JI.b. BrnvusHue HEPOBHOCTH THA HAa XapaKTEPUCTHKU B3aMMOICHCTBUS

YEAMHEHHOW BOJIHBI C MOIYIOTPY)KEHHBIM TEJIOM MPSIMOYroyibHOTO ceueHus // TlpuknagHas MeXaHUKa ¥ TeXHUYECKas (H3HKa. -
2023. - T.64. - Ne 1. - C.60-75.
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B3anmoaencteme BOMH C TEIOM U beperom

Y
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B3anmoaeincrame BoHbI C TeJIOM Ha ]/‘BI
N/IOCKMUM CKJIOHOM
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[Mpnmep pacyéTa c ceyeHMem PeanbHOoro ]/‘BI
CK/IOHa

Pe3ynbTaTbhl pacyeéToB
MocTpoeHme moaenbHOro penbeda

ncnonb3oBaHmem nporpammoel WinlTDB
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[lnaHoBaA moaenb Menkon BoAbl V‘ BI

V=X 1) 2 L,
Y
D D .
r
o X,
C ©)
u u-Vv ‘? = OV
Al ) pS b= p‘; pS
nnm
g fl f2 v, P _S 2); g
(pSu), + £, +1f; + ‘?E = pggv (2h — S).
"~ pSp(ut-m) = pH(u® - n),
Ycnosua conpaxeHus ;
, - u'-T = ut T, recl. t>0,
Ha rpaHuLe Tena:
P = pgSo(H — 50/2).
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YucneHHbIn anropmTm ANA N1aHOBOW MOAENN 'I/‘ BI

Mmenxkoun soapbl

LLlar npeaukTop cxembl TUNa Mak-Kopmaka:

~ e n 1.n 1.n 2.n 2.n
J{ij . j+1/2 u_j F1/2 f_] +1/2 f.;r'l 1/2,52+4 1;’2 f +1/2 f,'jl F1/2,92—1/2 —0. (78)
T hy ho
~f l Ll Tl
ut oL —ur
| 1/2 T ll."IJ 7 L
"+ Vi P12 = gVa (h = 5/2)5,1) (7¢)

=

LLIar koppeKTop:

- T
artl Hit1/2 Ml 12 f1 * _ fb 2,% £2.
. J+1/2 2 +3/2,52+1/2 j+1/2 J141/2,5243/2  Tj4+1/2
IS IAREL _ -+ + R — = (). (8a
PRj+1/2 T/2 hy ho - (83)
. » 2 -
Vi (SViP)y = =V, - (S@"). + gLy (h — S/2); (8b)
fi
'I_l{F b 1_. o 1:1”' 1
F1/2 F1/2
S ! + vh j+1/2 — gvh L (7//2 j+1/2 (8C)

T/2

Iyces O.U., Xakum3zanoe I'.C. UncIeHHBIN aqTOPUTM JJIsL pacueTa B3aMMOACHCTBHS ITOBEPXHOCTHBIX BOJH C MOMYIOTPYKEHHBIMU
COOPYXCHHUSMH B paMKaX IIAHOBOW MoJeu Meskoi Boasl // Berancmutensubie TexHooruu. 2023. T. 28. Ne 4. C. 73-93.
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PacuéTbl ¢ peanbHon popmoi coopyKeHus ‘B
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Hacroawmmn poknag npo 1D nocTaHOBKY C 'I/‘ BI

pOBHbIM AHOM bacceiHa n gHULWEM Tena

y=-h,

Caman «ynpouwéHHaa» NOCTaHOBKA — War Ha3aa?
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MoTtusauus V‘ BI

* Bo MHOrMx cTatbAx, NOCBALWEHHbIX YACIEHHOMY MOAENNPOBAHMIO NOA06HbIX 3343y,
NPUBOANTCA €ANHUYHbBIN PACYET BO3AEMCTBUA BOIHbI C MOAYNOrPYKEHHBIM TEIOM 0414
demoHcmpayuu pabomocrniocobHocmu anzopumma [Hanpumep, 1] (B HEKOTOPbIX CAyYasax
BMAHO, YTO a/ITOPUTM paboTaeT nsioxo).

* B HekoTopbix PpuKcmnpyetcs 6a3oBbin Habop NapameTpoB 3a4a4n U MOTOM OAUH U3 HUX
BapbUpPYyeTCA N CTPOATCA rPadMKM 3aBUCMMOCTEN UCCNEAYEMOM XapPaKTEPUCTUKKN OT 3TOrO
napameTtpa [Hanpumep, 2].

0.25 0.12
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wn
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max|F/(pghy?)
=

max|F/(pgh,?)

0.05 A

aylhy

[1] Yuxiang Ma, Changfu Yuan, Congfang Ai, Guohai Dong. Comparison between a non-hydrostatic model and OpenFOAM

for 2D wave-structure interactions // Ocean Engineering. - 2019. - Vol.183. — P. 419-425.

[2] Oleg I. Gusev, Gayaz S. Khakimzyanov, Leonid B. Chubarov. Numerical investigation of the wave force on a partially
immersed rectangular structure: Long waves over a flat bottom // Ocean Engineering 221 (2021) 108540. 24



HUP no moaenupoBaHUIO - BO3SMOXKHOCTHU ‘ BI

PacyéTbl ¢ UICNONIb30BaHNEM MUEPAPXUN MaTEMATUYECKUX N\op,eneﬁ noBbIWAKT
AOCTOBEPHOCTb NMNONYYHEHHbLIX PE3Y/1IbTATOB,

Pa3/iyHbIE TUMNbI BOJIH U UX MapaMeTpbl (amnauTyaa, ANvHa);

3a/atoTCA He TOIbKO KOHKPETHbIe napameTpsbl (3arnybneHue, AnnHa, WMPUHA)
KOHCTPYKLUU, HO U eé popma;

BO3MOMKHOCTb Y4MUTbIBaTb PeaibHY0 BaTUMETPUIO, Fae NAAHMPYETCA pa3MelleHne
COOPYKEHUS;

BO3MOXXHOCTb paCCMOTpPETb pPa3Hble Yrabl NoAX04a BOJIHbI;
AHanuns XPOHOIrpamm, a He TOJIbKO MaKCMaJIbHbIX 3HaLIeHMl>'I;

[MoncKk HaMmeHee NoABepPKEHHbIX BOJIHOBOMY BO3AENCTBUIO Y4aCTKOB akBaTOPUKN NS
pasMmeLleHms.
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®opmynbl, N03BONAIOLWME OLLEHUTb BO3JeNCTBUE V‘ BI

Z

=

B HeKkoTopbIx paboTax aBTopamu NpmBoasTcs GOpPMY/bl NS PacyéTa XapaKTepPUCTUK
BO3/,ENCTBUA BOJIH C NOAYNOrPYKEHHbIM TEIOM U/IN BEPTUKANIbHON CTEHKOW.

Hanpumep, ana Bo3gencremna bopa:

hy

5.0 v -~ g
s .= 0.5pgh” _BYf.
4.0
\ Cvna BO34ENCTBMA HA NONYMNOrPY*KEHHOE TEN0
30 \\ BbIYNCNIAETCA KaK A0NA OT CU/1bl BO34ENCTBUA
. Ha BEPTUKANbHYIO CTEHKY.

2.0 S

N

\\

N
AN

1'[[';.0 05 o hy

[1] 4.A4. [lopdpman, C.A. [lewenun, K.K. Cemenos, U.C. Hyouep, B.B. Maxcumos. Bo3gencrtane BOMHbI LLyHaMn Ha MOPCKMEe
rMApOTEXHUYECKME COoOopYyXeHus 1 BeperoBble 06beKThbl // DyHAamMeHTanbHas 1 npuknagHas rugpodusmka - 2017. -
T.10. - C. 16-30.

[2] CIT 292.1325800.2017. CBox npaBuil. 3MaHKs M COOPY)KEHHS B IlyHAMHOIIACHBIX paiioHax. [IpaBuiia mpoeKTHPOBAHHUS

(yTB. 1 BBeneH B aevictBue [Ipuka3zom Munctpos Poccun ot 23.06.2017 N 915/mp)
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dopmynbl gna 3ansnecka yeauHEHHOU BOIHbI Ha 'I/‘ BI

BEPTUKANbHYIO CTEHKY

>

[Ons 3annecka yeAMHEHHOM BOJIHbl HA BEPTUKAJIbHYIO CTEHKY:
1
_ 2

[1] Byatt-Smith J.G.B. An integral equation for unsteady surface waves and a comment on the Boussinesq equation // Journal of
Fluid Mechanics. 1971. 49: 625-633.
[2] Maxworthy T. Experiments on collisions between solitary waves. Journal of Fluid Mechanics. 1976; 76(1):177-185.

1 3 .
R = 2ay + §a3 + iaé

[3] Su C.H., Mirie R.M. On head-on collisions between two solitary waves // J. Fluid. Mech. 1980. Vol. 98, No. 3. P. 509-525.

R = 2,555

[4] Liu P.L.F., Al-Banaa K. Solitary wave runup and force on a vertical barrier // Journal of Fluid Mechanics. 2004; 505:225-233.
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dopmynbl gNa CUNbl BO3AEUCTBUA YeAUHEHHOMU 'I/‘ BI

BOJIHbl HA BEPTUKA/IbHYIO CTEHKY

[nsa cunbl BO3ANCTBUA YeANHEHHOWN BOJIHbI Ha BEPTUKA/IbHYIO CTEHKY:

Fy,/(pgh?) = 2.65(1 — exp(—ajy™?)

[1] Liu P.L.F., Al-Banaa K. Solitary wave runup and force on a vertical barrier // Journal of Fluid Mechanics. 2004; 505:225-233.

Fy./(pgh?) = —1.61a3 + 2.79a,

[2] Chen, Y.Y,, Li, Y.J., Hsu, H.C., Hwung, H.H., 2019b. The pressure distribution beneath a solitary wave reflecting on a vertical
wall // Eur. J. Mech. B Fluid 76, 66-72.

F1/(pghd) = 0.11a3 + 2.19aq

[3] Gusev O.l., Khakimzyanov G.S., Chubarov L.B. Numerical investigation of the wave force on a partially immersed
rectangular structure: Long waves over a flat bottom // Ocean Engineering. 2021; (221):Article 108540.
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dopmynbl ANA XapaKTepUCTUK BO3AENCTBUA 'I/‘ B I

YEeAUHEHHOM BOJIHbI HA NONYNOrpy}XeHHoe Teno

na oyeHb KOopoTKoro Tena (L=0.16h.) B paboTe

Liu P.L.F., Al-Banaa K. Solitary wave runup and force on a vertical barrier // Journal of Fluid Mechanics. 2004;
505:225-233.

npeacTasneHbl GOpMy/bl AN MaKCMMaAbHOTO 3aniecKa
H/h=a(H/h,
a=20+081(D/h)—026(D/h), B =132+020(D/h)—0.35D/h)

N MAaKCMMaNbHOW rOPM30OHTaIbHOW COCTABAAIOLLLEN BOJTHOBOM CUAbI:

Fm/FrJ - ‘S{l - eKP[_(H/h}y]}a

§ =244022(D/h)+3.11(D/h)*, y = 2.65—2.08(D/h)+0.57(D/h)*.
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CHwuM 2.06.04-82*: Harpy3kun n BO34EeNCTBUSA Ha

rMAOPOTEXHUYECKNE COOPYKEHUA ‘
s BOJIHOBbIE

PucyHok 15 - N'pacduk 3HayeHun koadpuumeHTa xum

rae 4 w4 - coorBercTBeHHO Gokosasi M noGoBas NoABOAHLIE NrOWAAW

NapyCHOCTK NnaBy4ux 06 LEKTOB, M2;

C » T, - obobwanupe Ko3gMUMEHTbI NPOAOINLHOA M NOMNepevyHOl CWIbl x
BO3AEWCTBUA TEYEHWA, ONpeaensieMble C YYETOM COOTHOLLEHUA OCadKW NnaByyero \\ !
obbekTa v rnybuHbl Bogb! (npunoxexne K); 0,8

07 AN

¥ ¥} - nonepedHan v npogonbHAas COCTABMAIOLLME CKOPOCTH TEHeHWA, M/C,
NPUHUMaEMbIE B COOTBETCTBUM C Tabnuuen 7. 06

L

. . 0.5 \\
6.4 PacueTHble MakcumarnbHble 3HadeHws nonepedHon O, kH, n npogonsHon MV, 0.4

KH, ropu3oHTansHbIX CMN OT BO3AEMCTBMA BOMH HAa NnaBydue obbekTbl cregyeT ' T
onpegenaTs no opmMynam:

[~
0,3 [ »
0,025 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 Y

Q= @yoghd, (37)
Tabrnuua 9
N =ampghd,, (38)
e 0,5 ull1 2 3 4 1 6onee

roe @ - KO3DMUWMEHT, 3aBUCALMIA OT OcCagku d;, M, nrnasydero obObeKTa; a4 MeHee
NPUHUMAETCA NO rpadmKy Ha pucyHke 15;

¥y - KO3(hMLMEHT, NPUHUMaEMbIA No Tabnuue 9, B KOTOPOW &; - HanbonbLWMA K 1 0,73 0,5 0,42 0,4
rOpU3OHTanbHbLIM pa3Mep NPOAONBHOMO CWUMYaTa NOABOAHOM YacTW MnaByyero 03(PULIMEHT ¥
obbekTa, M;

% - BblcOTa BOMHbI 06ecne4eHHOCTL0 5% B cucTeme, M;

* BepoatHo owubka opwrvHana. CregyeT uwrarb ¢; /A . - MpumevaHue
A A; - obosHadeHus Te e, 4Ton B 6.3. naroToBuTena Gasbi AHHbIX.
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Kak nonyuntb popmyny no pesynbratam ‘ B I

pacyeTos

1. onpepennTb Anana3oHbl MNapamMeTpoB 3aaad4n, B KOTOPbIX WUCNOJb3yemble Moaenun
pa60Tar0T a1eKBAaTHO, CO34aTb COOTBETCTBYHOLWLNE MACCUBbLI,

2. BbINONHUTb  MaccoBble  pacyéTbl, cobpaTb HeobXxoAuMble  XapaKTePUCTUKU B
cooTBeTcTBYlOWME Ppalnbl;

3. uccnenosatb OAHOMEPHbIE CPe3bl HYKHOW XapaKTepPUCTUKMU (Hanpumep, 3aBUCUMOCTb
3an/iecka Ha JINLEBYIO rpaHb OT aMNIUTYAbl MPU PUKCUPOBAHHbBIX OCTa/IbHbIX NapamMmeTpax),

M NonblTaTbCA I'IO,£|,06paTb d)yHKLI,VIVI, KOTOpPbl€ XOPOLWO ONMNCbIBAOT TaKMUE 3aBUCNMOCTN,

4. «3HaA» 3aBUCMMOCTM OT Ka)KAOro napameTpa W arpuopHyto UHEGOPMAyU NOCTPOUTb
o6yt popmyny, BOSMOXKHO, C 6ONbLINMM KONMYECTBOM KO3POULIMEHTOB;

5. onpeaenuTb «ONTUMAa/bHbIN» Habop KO3GPUUMEHTOB, MUHUMU3IUPYA MNOrPELIHOCTb
dopMynbl OTHOCUTENIBHO AAHHbIX PACYETOB;

6. MO BO3MOMHOCTU COKpPaTUTb Gopmyny, M3b6aBAaACb OT HaMMEHEee 3HaYallMX Caaraembix,
Ka*KAblii pa3 3aHOBO NPOBOAA ONTUMM3ALMIO U3 NpeablAyLLero NyHKTa.
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NMpo NoUck «onTUManbHbIX» KO3PPULUEHTOB. 'I/‘ BI

YT0 MMHMMKM3UPOBATL?

* B 3aBUCMMOCTM OT MapaMeTpPoB 33[ayu, XapPaKTEPUCTUKM B3aMMOAEUCTBUA MOTYT
oTAMYaThCcA Ha 4 nopagka, NO3TOMY MCMNO/b30BaHME CYMMbl KBaApaToB abCcontoTHbIX
3HAYEeHUM OTKNOHEHMN NPUBOAMT K TOMY, YTO OYEHb NJ1I0X0€E COOTBETCTBME byaeT B ob6nactu
Ma/ibIX 3HAYEHUNIM XapPaKTEPUCTUKMN.

PelweHune - NCNoab30BaTb CYMMY KBaApPaTOB OTHOCUTENbHbIX OTKNOHEHUN.

® Ll,enecoo6pa3Ho MUWHUMU3NPOBATb N MAaKCUMAJZIbHOE OTHOCUTE/IbHOE OTK/IOHEHWE.

byaem wucnonb3oBaTb NpousBeaeHME CYMMbl KBagpaToB OTHOCUTE/NIbHOW OWKNBOKKN Ha
MaKCMMa/IbHYHO OTHOCUTENIbHYIO NOrpeHOCTb.
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NMpo NoUck «onTUManbHbIX» KO3PPULUEHTOB. ‘ BI

C g Kak MMHUMM3UPOBaTL?

Ncnonb3oBaHMe roTOBbIX OTKPbITbIX MPOrpaMMHbIX KOAO0B: npoueaypbl least _squares u
basinhopping n3 6ubnnotekmn SciPy Optimize Ha Python.

* least_squares npegHasHayeHa ans peweHua  Global optimization
HEeNMHENHbIX (B Hawem c/ly4yae OTHOCUTENbHO

basinhopping (func, x0[, niter, T, stepsize, ..]) Find the global minimum of a function using
KoapduumeHtoB ¢dopmynbl) 3agay, MLeT the basin-happing algorithm.
JI0Ka/ibHbIN MMHMMyM CyMMbI I-(Bap,paTOB brute (func, ranges|, args, Ns, full_output, ...]) Minimize a function over a given range by brute
(OTHOCMTeI'IbeIX OTK/IOHEeHUNU B Hallem force.
Cfly'“lae). 3Ta n pOLIIeplypa cunTaet O4eHb differential evolution (func, bounds[, args, ..]) Finds the global minimum of a multivariate
ObICTPO, W HEecMoTpss Ha TO, 4YTO He function.
rapaHTU eTcA Fn06al1bHOCTb MaKCUMYMA n shgo (func, bounds|, args, constraints, n, ...]) Finds the global minimum of a function usin
) g g g
HET HMKAKOM BO3MOXHOCTU MUHMMU3NPOBATb SHG optimization.
MaKCHMan bHy|-0 OTHOCMTEﬂbHyl'O 0LL||/]6Ky, BO dual annealing (func, bounds], args, ...]) Find the global minimum of a function using
Dual A ling.
MHOTMX C/Ay4asAX OHa MNO3BOAAET MO/Yy4YUTb He Annesing
yLI,OBfI eTBOpMTen bH b”\/ﬁ pe3yl1 bTaT. direct (func, bounds, *[, args, eps, maxfun, ..]) Finds the global minimum of a function using
. . the DIRECT algorithm.
* basinhopping paboTaer 3HAYUTENbHO

MeaNeHHee, HO NO3BONAET HAaUTU 100a/1bHbIN
MUHUMYM ONA 3a4aHHOM PYHKUMK, B KayecTBe
KOTOpOWM B HacToALemn pabote
MCNONb30BaJIOCh npounsseaeHue CYMMbl
KBaApaTOB  OTHOCMTENbHOWM  OWWOKM  Ha
MaKCMMaIbHYIO OTHOCUTENIbHYIO OLIMBKY. least_squares (fun, X0, jac, bounds, ..]) Solve a nonlinear least-squares problem with bounds on

the variables.

Least-squares and curve fitting

Nonlinear least-squares
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Bospeincreue 6opa Ha nonynorpy*KeHHoe Teno V‘ BI

0 10 20 30 40 50

x/h,

* Wcnonb3yetca NLSWE-mopenb, 60op pacnpoctpaHaeTca 6e3 nameHeHmna Gopmbl

* [lapameTpbl
ap = [0.01,0.02, ...,0.1,0.15, ..., 0.5],

d = [0.05,0.1, ..., 1].

* 360 pacuéeTos
* XapaKTepUCTUKM BO3AENCTBUA He 3aBMCAT OT JAJAWHbl Tena L (Kpome
BEPTUKA/IbHOM CU/Ibl, KOTOPaA NPSMO NPONOpPLMOHanbHa L)
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3anneck 6opa Ha n1eBylo FpaHb Tena V‘ BI

MaKcManbHbIM 3anaeck 6opa Ha NeBYIO rpaHb HE 3aBUCUT OT 3arnybneHus
TeNa N XOPOLWO OMNWUCbIBAETCA KBaApaTUYHOW YHKUMENH OT amnauTyabl

bopa:
R;/ho = 0.423a3 + 2ay.
1.2
MaKcumanbHas OTHOCUTE/IbHASA
14 ; NOrpPEeLWwHOCTb 3TON GOPMYbI
........ 2 coctasnaet 0.7%,
0.87 + + +3 cpeaHana — 0.4%.
= (.64
S
1 — nony4yeHHaa popmyna
0.4~ 2 — aHanuTu4ecKkoe pelwleHune AnA
- BO3JENCTBMA Ha  BEPTUKAJbHYIO
0.2 cTeHKy [Stoker 1957]
3 — pe3ynbTaTbl PAaCYETOB
O T T T T T T ' T ' |
0 0.1 0.2 0.3 0.4 0.5

ay/h, -



fopu3oHTanbHaA cuna sosaencrTema bopa V‘ BI

Mpn noctpoeHnn Gpopmynbl 418 TOPU30OHTAIbHON COCTABAAIOWEN CUbI BO3AENCTBUA
6opa y4nTbIBaNOCh, YTO

*  npu ao =0 cnna paBHa HYNIO

* B Cpe3ax 3aBUCUMOCTb OT d XOPOLLO OMUCbIBAETCA IMHENHON QYHKLMEN

* B Cpe3ax 3aBUCMMOCTb OT 0o XOPOLLO ONUCbIBAETCA Kybuyeckon dyHKLUMEN

NTorosas popmyna:

Fy/(pgh?) = 1.987(a2 + apd) + 0.503a3d + 0.859a;

MaKcumanbHaa OTHOCUTENIbHAA NorpewHocTb paBHa 0.7%, cpegHAaa — 0.2%.

3ameyaHue. [NpumeHeHne Gopmy/ibl ANA TOPN3OHTA/IbHOM COCTABAIOLLLEN BOTHOBOM CUbI
B NSWE-mopenu

Fn()/(pgh3) = (1, ) = man 1)) (ﬁ(”"" et Z’-)

2

B NPeAnoN0KEHNN MOMEHTA/IbHOrO MaKCMMaNbHOIO BO34eNCTBMA BOpa Ha /1IEBYIO rpaHb
MPW TOM, YTO Ha NPaBOM rpaHMN cBOBOAHAA NOBEPXHOCTb €LLe OCTAeTC HEBO3MYLLEHHON,
NPUBOAMT C y4eTomM GpopMy/bl ANA 3aNNeCKa K CeayroweMy BblpaxKeHMuIo:

Fi./(pgh?) = Ri(R;/2+d)) = 0.0895a) + 0.846a3 +0.423a5d + 2(a3 + agd)

MaKcMmanbHaa OTHOCUTENbHAA NOrPEeLHOCTb 3Ton dopmynbl pasHa 1.3%, cpegHaa — 0.4%.
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a b

0.025 0.121
4 | — /"
0.02- ] 00=0.01 P I a0=0.05 e
1 —2 g L 008 =2 e _
woos] 1oL x(/ e . e 7 1 — nonyyeHHaa popmyna
& 1 Pl 2 _i*
< 0.014 " 5 e
| Pt 0041 7 2 — ¢opmyna u3 [1,2], rpe
0.005- s | o
| e = cuna BO34encTBmA Ha
(} /" . T . T v T . T d 1 0 N T v T . T T 1
0 0.2 04 06 0.8 1 0 0.2 0.4 ” 0.6 0.8 1 nonynorpymeHHoe TENO
o hy BbIUMCAAETCA KaK [JonA OT
‘ ¢ .. d CWAbl  BO3JENCTBMA  Ha
0.5 o002 -~ | 00=0.5 ) BEPTUKANbHYIO CTEHKY
] /‘,/(.. 164 /;J_f#
0.4 —_——2 //:: ) ] /’_,*f_:—:'f
Soa] YV o S I 3 — pe3ynbTaThl pacyéTos
&% T L e 2
'“‘;:0 24 /////-r " w087 —F o + + +3
ol 0.4
G T I I I 1 G 1 T L I 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
dih, dih,

[1] 4.A. Jopgman, C.A. Ileuenun, K.K. Cemenos, U.C. Hyonep, B.B. Maxcumos. Bo3aelicTBie BOJHBI I[yHAaMHU Ha MOpPCKHE
THJPOTEXHHUYECKHE COOPYKEHHsI U OeperoBbie 00bekTh // DyHaaMeHTa bHAs U IPpUKIaaHas ruapodusuka - 2017. - T.10. — C. 16-
30.
[2] CIT 292.1325800.2017. CBox npaBuil. 3MaHKs M COOPY)KEHHS B IlyHAMHOIIACHBIX paiioHax. [IpaBuiia mpoeKTHPOBAHHUS
(yTB. M BBezieH B neiictre [Ipukazom Muncrtpost Poccun ot 23.06.2017 N 915/mp)
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BepTuKanbHana cuna Bo3geunctasmua bopa V‘ BI

BepTuKanbHana coctaBasowas cmabl Bo3aencremna bopa

* 3aBMCUT OT L NpAMO NPONopUMOHANbHO

* He3asucut ot d

* 3aBMCMMOCTb OT 0o XOPOLLO OMUCbIBAETCA KBaApPaTUYHOMN QYyHKLMNEN

WTorosaa ¢popmyna: F,/(pgh?) = L - (0.286a3 + ag)

MaKcumanbHaa OTHOCUTENIbHAA NorpewHocTb paBHa 0.6%, cpeagHAaa — 0.2%.

3ameyaHue. [NpumeHeHne GopmMy/ibl ANA BEPTUKANbHOM COCTAaBNAOLWEN BOJTHOBOW CUAbI B
NSWE-mogenu

0o | B

Fo(t)/(pgh?) = = (i, t) + (e, 1))

B NPeAnoN0KEHNN MOMEHTA/IbHOrO MaKCMMaNbHOIO BO34eNCTBMA BOpa Ha /1IEBYIO rpaHb
MPW TOM, YTO Ha NPaBOM rpaHMN cBOBOAHAA NOBEPXHOCTb €LLe OCTAeTC HEBO3MYLLEHHON,
NPUBOAMT C y4eTomM GpopMy/bl ANA 3aNNeCKa K CeayroweMy BblpaxKeHMuIo:

E,/(pgh) = LR;/2 = L - (0.216a; + ag)

MaKcMmanbHaa OTHOCUTENbHAA NOrPELHOCTb 3ToOM dopmynbl paBHa 2.5%, cpegHaa — 1.2%.
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Bo3peucresme yeAMHEHHOM BOJIHbI 'I/‘ B I

Ha NONYNOrpy»XeHHoe Teno

y=-h,

* Wcnonb3yetca SGN-moaenb, yeguHEHHAA BOJIHA pacnpocTpaHAeTca bes
n3meHeHUA Gopmbl

* [lapameTpbl
ag = [0.01,0.02,...,0.1,0.15, ..., 0.5],

d = 1[0.05,0.1, ..., 1],
L =3,4,...,10,25).

* 3240 pacyéTtos, n3 HUx 3055 yuntbiBannCb
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paHuubl npumeHnmoctu SGN-mogenu V‘ B I

4]

0.241  [lpu BapbmpoBaHuu 3arnybnenHua Tena d cornacue
0.2 MeXAYy MOAENAMM OCTAETCA OYeHb XOPOLWMM BO
. 0.167 BCEM AMana3soHe;
-gifo N °* NpU YBEAMYEHUM aMNAUTYAbl Qo YeAUHEHHOWM
Eo N BOJIHbI Pa3/IN4YMNA PACTYT, HO He NpeBblwatoT 10%;
' * NpU YyMEHbLeHUU ANAnHbI Tena L pa3nnmuma pacTtyT
0.0 n npu L < 3 gocturatot 6onee 15%, npnyém SGN-
) S S— MOAE/Ib 3aHUKAET 3HAYEeHUA cubl!
0 02 04 06 08 I
d/h,
b o
0.8 0.12-
Y Y
' 2 + + 5 . -
0.6 . A, £ =
1 - Pot-mopenb n y 0.03 =
= ] A S 7
2 - SGN-moaensb 311.4 7 -% f’,_’i'
Ll L ‘
. = ’
h V4 = 0.04{ /
0.2 o~
P
T (

6 20

LA
=
o
o
t

0 01 02 03 04 o0
a.th Lih

40



3anneck yeAUHEHHOW BOJIHbI HA INLEBYIO FPaHb 'I/‘ BI

e NOAYNOrpy»XeHHOro Tena

Ons noctpoeHua ¢opmynbl, annpPOKCUMUPYIOLWEN BEANYUHY MaAKCMMANbHOTO
3aniecka Ha JINLUEBYIO TPaHb MOAYNOrPYyEHHOro 3aKPEnNeHHOro Tena,
YYUTbIBANOCDL, YTO

* npwu g, = 0 3aNNeck paBeH HyNIo;

* npu d=13anneck He 3aBUCUT OT L;

* KaXAaas M3 3aBMCMMOCTEM OT 3arnybneHma d w  aauHbl L XopoLwo
annPoOKCUMUPYIOTCA  APOOHO-IMHENHBIMU  PYHKUMAMM, @ OT Haya/bHOM
aMnNAnTyAbl Nagatowen BOMHbl Qo — APOOHO-pauUMOHaNbHOW, B KOTOPOM
cTeneHb Yyncantena boina pasHa 3, a 3SHameHartens — 1;

Toraa CTpyKTypa «nosiHoM» popMy/ibl MOXKET b6bITb NpeAcTaB/eHa B BUAE

L - (kyagd + kyad + kgad + kgag + ksd + kg) + (1 — d) - (a3 + kray + kg)
Lo (kyapd + Egag + kpd |ii.'12jl | |[1 d) - (kyaag L‘.H]_

Ry /hy = ag

Mpoueaypa onTUMM3aLUKM NPUBOAUT K Habopy KoaddULmneHToB

r']'lf.'l rIf'_}. .IE-.':; ;T.f.1 r;f':, ;f.ffj JEC:T
-0.078 | 0.26 | -0.037 | 0.75 | 0.0031 | 0.0044 | 0.048

kg Fy k1o L k1o ks F14
0.16 | -0.032 | 0.39 | 0.0022 | 0.0016 0.42 0.17

MaKcmmanbHaA OTHOCUTE/IbHAA NorpewHocTb coctasnaeT 1.9%, cpegHAaa — 0.3%.
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3anneck yeagUHEHHOM BOJIHbI Ha s1UYesy!ro FpaHb 'I/‘ B I

NONYNOrpy»XeHHoro Tena

NTorosas «yce4yéHHaa» popmyna:

L-(0211a; + 0.629ay) + (1 — d) - (a; — 0.19ay + 0.0822)

Ri/hg =a
1/ = do 0.32Lay + (1 d) - (0.380a, 1 0.0822)

MaKcumanbHaA OTHOCUTE/IbHAA NOrpewHoOCTb cocTasnaeT 3.7%, cpegHaa — 0.9%.

B chyyae d=1 (BepTKanbHaA CTEHKA):

i
2T T4 ws
Ri/hy = 1.966ag + 0.66a2 - NTUHUA 1 R 3 g
----- 4 _'/_."{ii.ﬁ
[pyrne n3sectHble GpopMy/ibl: = . -g SR
e o o Foy
1, . 1 a a a G
R=2a+ ;a; - WHUMA 2 [Byatt-Smith 1971] <08 ; %
> >
‘ 1, 3, . S
R =2a0+ a5+ 7a; - nuHnA 3 [Su, Mirie 1980] ° o o]0 A
- a s al]l £
- 04 __._._. 12 o
R =255a" - nuHuAa 4 [Liu, AlBanaa 2004] 2
‘ rd
nunHua 12 — Pot-mopenb
.o 0 — I I I 1 1
MapKepbl 5-11 — 3KCNepuUMeHTbl 1 PaCYETbl 0 0.1 0.2 0.3 0.4 0.5
[3arpaackan, Maxworthy, JasneTiwumH, ay/'hy

MaHownnuH, Fenton-Rienecker1982, Chan-Street1970, Cooker1997] "



3anneck ye4gUHEHHOW BOJIHbI HA Mbi/AbHYIO FPaHb 'I/‘ BI

NONYNOrpy»XeHHoro Tena

Ons noctpoeHua ¢opmynbl, annpPOKCUMUPYIOLWEN BEANYUHY MaAKCMMANbHOTO
3an/1ecka Ha TbI/IbHYIO TPaHb MNONYNOTPYKEHHOro 3aKpensieHHoro Tena,
YYUTbIBANIOCb, YTO

npu ad. = 0 3anN1ecK paBeH Hyto;

npu d = 1 3anaeck ToXKe paBeH HY/IO;

3aBMCUMMOCTb OT L XOpOoLLOo annpoKcummnpyeTca ApobHO-TMHENHON PYHKUMEN;
3aBUCMMOCTb OT d XOpowo annpoKcMmMuMpyeTca ApOoOBHO-paLMOHaNbHOM
bYHKLKMEN CO CTeNEHbIO 2 B Yncamtene n 1 8 3HameHartene;

3aBUCMMOCTb OT Qo XOPOLWO annpoKCMMUpyeTca ApOoBHO-pauMOHaNbHOM
byHKLUKMEN co cTeneHbto 3 B uncamtene n 1 8 3HameHatene;
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3annecK yeAUHEHHOM BOJIHbl HA Mbi/IbHYHO TPaHb 'I/‘ BI

NOAYNorpy>KeHHoro Tena

Toraa CTpyKTypa «NoAHOM» GOpPMY/bl MOXKET BbITb NpeAcTaB/ieHa B BUAe

Iii.']l"r-ﬁf.i‘:-.lr.' | L‘.zﬂﬁd | k:;f}-ﬁ.lr; | .|ii‘..1ﬂﬁ | k:‘,f}.[JifL | .Iii'.q'rﬂ{]l"i | ﬁ‘.'rﬂuL | |iih|’”; | k!ll’f-l] | Jii".n]l’ir- | —I-'-llL | lii'-l'g
R.r.l,-'fh‘-l] = f.i'-[]{]. d]
kvsapdL + kpgapd + kisagl + kwgdD + Eypag 4+ kygd + By L+ 1

Mpoueaypa oNnTUMM3aLUM NPUBOANUT K Habopy KoapdunumneHTos

;:?1 ;f.:z I:?:; ;u’.:,l If?.r, .IEG.'('. k-:T Jii.'g .|E|.'” Jii.'] 0
0.084 | 621 ] 0.24 | -12.95 | —2-10% | -2.06 | -0.07 | -0.01 | 15.56 | 0.15
k1 12 ks k14 ks e kaz ks kg
0.013 1.1 | -0.18 | -12.31 1.75 -0.013 | 12,52 | -0.99 | 0.027

MaKcmanbHasa OTHOCUTE/IbHAA NorpelHocTb coctasnaeT 4.2%, cpeaHas — 1.1%.

NTorosaa «yce4yéHHaa» popmyna:

0.233a2d — 0.68a2 1+ 1.066ay + 0.105
(1 —d)(ay +0.094) + L - (0.133a, + 0.00115)

By /ho = ap(l — d)

MaKcmmanbHaA OTHOCUTE/IbHAA NorpewHoCcTb coctasnaeT 5.1%, cpegHaa — 1.3%.
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[opu3oHTanbHasA cuna, oKasbiBaemas 'I/‘ B I

e yeaAUHEHHO BONHOM Ha Teno

Ans noctpoeHna Gopmynbl, annPOKCMMUPYIOLWEN BENUYUHY TFOPU3OHTANIbHOM

COCTaBNAOWEN CUNbl BO3AENCTBUA YEAUHEHHOMW BOJIHbI, YYMUTbIBA/IOCh, YTO

* npu ao =0 cnna paBHa HY/IO;

* npud=10Ha He 3aBUCUT OT L;

* 3aBMCMMOCTM OT 3arnybneHms Tena d wn ero AnavHbl L xopowo
annpoKCMMMPOBANUCL APOOHO-TMHENHBIMN GYHKLUMAMMU

* 33aBMCMMOCTb OT 0o — APOOHO-PALMOHANBHON, B KOTOPOW CTENEHb YNCAUTENA
6blna paBHa 3, a 3HameHartena — 1;

Toraa «nonHas» Gopmyna MoXKeT b6bITb NpeacTaB/ieHa B BUAE

L-(kaid | kzaj + ad + ksag + kad + k5) + (1 — d) - (keaj + krag + ks)
L - (kgapd + kygag + kypd + k) + (1 —d) - (kygay + kqg)

Fy/(pgh?) = aq

Mpoueaypa oNnTUMKU3aLUMK NPUBOAUT K Habopy KoadpPuuneHToB
k 1 IEC'_J |ii.';|. ;"--l Lf,', |ii.'r, |ii.'7
-(.8 077 (0.039 0.016 2.9.10-1 .41 -0.075
ks ’ ke k1o k1 ’ 5P ks k14

221071 37107 | 048 | L7107 | 67107 | 0.847 | 0032

MaKcmmanbHaA OTHOCUTE/IbHAA NOrpeLwWwHOCTb cocTasnaeT 6.2%, cpegHAa — 1.2%.
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fopu3oHTanbHaA cnna, okasbiBaemas 'I/‘ B I

yeAUHEHHOMN BO/IHOMU Ha TeNo

NTorosas «yce4yéHHaa» popmyna:

L-(0.785(1 — d)a? + apd + 0.0329ag + 0.0132d) + (1 — d) - (0.741a? — 0.109ay)
L - (0.4A7Tay + 0.00694) + (1 — d) - (0.986a, + 0.286)

Fy/(pgh?) = ay

MaKcumanbHaA OTHOCUTE/IbHAA NOrPEeLWHOCTb cocTaBnfaeT 6.8%, cpegHaa — 1.3%.

B chyyae d=1 (BepTKanbHaA CTEHKA): 1'4'_ I
e T 2
L 2y LAGE29y, + 00132 12_
Fi/(pghs) = a0 oooger ~ MHNA 1 | e 3 )
® 0 o4 L/
[Npyrue n3BecTHble GopMy/bl: . 1‘_ —
Fr/(pghi) = 2.65(1 — exp(—a) ') "§‘008_ ',-"/
- nnHnAa 2 [Liu, AlBanaa 2004] @'0 6-
a4 2 LL‘Q 1 /""
W/ (pghy) = 0.11ag + 2.19ay, 0.4-
- ntnmHuAa 3, Pot-moaenb [OE2021] o .
021
MapkKepbl 4 — skcnepumeHTbl [Chen2019] 1 7
0 T T T T T T T T T 1
MapKepbl 5 — pacuéTbl [Cooker1997] 0 01 02 /h0.3 04 05
dy
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BepTuKanbHaa cuna, okasbiBaemasa yeaUHEHHOMU 'I/‘ BI

BOJIHOM Ha Teno

Ona noctpoeHna ¢&opmynbl, anNMPOKCMMUPYIOLWEN BENAUYMHY BEPTUKANBHOM

COCTABAAIOLWEN CUbl BO3AENCTBMA YEAUHEHHOM BOJIHbI, Y4UTbIBANOCh, YTO

* npu a. =0 cuna paBHa HyNto;

* npu L =0 BepTHUKanbHaA COCTABAAIOLWAA CUbl PAaBHA HY/IHO;

* npu d=1BepTMKanbHaA COCTABAAIOLLAA CUbl PAaBHA HYAIO,

HO TaKMe PACYETbl UCKAOYA/IUCb NMPU MOCTPOEHMU GOPMY/bl, NMOCKOJIbKY MpU

ctpemneHun d K 1 He HabntogaeTca CTpeMIEHME BEPTUKANIbHOM COCTABAAIOLWEN K

HYAO.

* 3aBUCMMOCTb OT d oYeHb cnabad u XOpPOLLO ONUCLIBAETCA IMHENHOM PYHKUMEN
WNN AaXKe KOHCTAHTOM;

* 3aBUCUMOCTU OT AJIMHbI L XOPOLLO ONUCbIBAETCA NMHENHOU PYHKUMEN;

*  33aBMCUMOCTb OT 0o — XOPOLLUO ONUCbIBaeTcA Kybunyeckon PyHKLMEWN.
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BepTuKanbHana cuna, oKkasbiBaemaa yeauHEHHOMU 'I/‘ BI

BOJIHOM Ha Teno

Toraa CTpyKTypa «nosiHon» popMy/ibl MOXKET b6bITb NpeAcTaBeHa B BUAE

F,/(pghy) = aL - (a®(kyd + ko) + a(kyd + ky) + ksd + kg)).

Mpoueaypa onTUMM3aLUKM NPUBOAUT K Habopy KoaddULmneHToB

k1
(.83

—Iu‘.z
-0.05

-L':s
-0.48

ka
-0.49

L‘.ﬁ
(L0135

|ii.'[i,
1.001

MaKcmmanbHaA OTHOCUTEeIbHAA NorpewHocTb coctasnaeT 3.3%, cpegHAAa — 1%.

NTorosas «yce4yéHHaa» popmyna:
F,/(pghy) = aL - (0.351a”d — a(0.265d + 0.492) + 1).

MaKkcuMmanbHaA OTHOCUTENIbHAA NorpewHocTb coctasnfaeT 4.1%, cpegHaa — 1%.
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NMpumep ncnonob3osaHua popmyin.

CpaBHeHMe ¢ pacyéTamum No moaenu dunepa

5.0m 200
w00 (a) Horizontal force
VAR 1 wl /
) : 0.6m 3 [
solitary wave = ok 1
L /4
h=1.0m nr-— ]1 e e e T ]
Wav \
p:l;d';u o -200 \\-,-"/
-400 - —~ ~ —~ . 1
;, i '/’ ri ;- /v 7 ;_v /v ;, i ;‘, / t/, 7 ;r f f 7 ,fr ;f ,-"' /’f {‘, 7 0 5 10 15 20 25 30 35 40
! r I / ! / ! I / 4 ’ ! ! (s)
o GO0 "
[OpM30OHTaNbHAA COCTABAAKOWEN CUNBI: w0l (b) Vertical force
® Open FOAM - 554 H 4000 ‘e"‘i1
o { \ = === OpenFOAM results
* Heruapocrtatnyeckaa moaenb 580 H, g o I Mo toetnts ks
 ¢opmyna -514 H (oTknoHeHUe 7% 1 11%) 2000 - { ‘1\
e pacuyét no SGN-mogenn - 510 H 1or J\
0k — ————— == e —
=1000 t ‘_ _‘l 11‘1 L 'Iq
BepTuKanbHasA cocTaBnAoWaN: ! ’ o E o m B W
ris)
* OpenFOAM u HernapocTaTUyecKasa moaens -
4501 H,

* ¢opmyna - 4616 H (oTknoHeHune 3%)
* pacyer no SGN-mopenun - 4670 H

Yuxiang Ma, Changfu Yuan, Congfang Ai, Guohai Dong. Comparison between a non-hydrostatic model and OpenFOAM for
2D wave-structure interactions // Ocean Engineering. - 2019. - Vol.183. — P. 419-425.
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NMpumep ncnonob3osaHua popmyin. ‘B

CpaBHeHue ¢ CHuI1 2.06.04-82*

PucyHok 15 - N'pacduk 3HayeHun koadpuumeHTa xum

rae 4 w4 - coorBercTBeHHO Gokosasi M noGoBas NoABOAHLIE NrOWAAW

NapyCHOCTK NnaBy4ux 06 LEKTOB, M2;

C » T, - obobwanupe Ko3gMUMEHTbI NPOAOINLHOA M NOMNepevyHOl CWIbl x
BO3AEWCTBUA TEYEHWA, ONpeaensieMble C YYETOM COOTHOLLEHUA OCadKW NnaByyero \\ !
obbekTa v rnybuHbl Bogb! (npunoxexne K); 0,8

07 AN

¥ ¥} - nonepedHan v npogonbHAas COCTABMAIOLLME CKOPOCTH TEHeHWA, M/C,
NPUHUMaEMbIE B COOTBETCTBUM C Tabnuuen 7. 06

L

N
0.5 ]

6.4 PacueTHble MakcumarnbHble 3HadeHws nonepedHon O, kH, n npogonsHon MV, 0.4
KH, ropu3oHTansHbIX CMN OT BO3AEMCTBMA BOMH HAa NnaBydue obbekTbl cregyeT ' T
onpegenaTs no opmMynam:

[~
0,3 [ »
0,025 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 Y

Q = myoghd;, (37)
Tabrnuua 9
N =mpghd,, (38)
e 0,5 ull1 2 3 4 1 6onee

roe @ - KO3DMUWMEHT, 3aBUCALMIA OT OcCagku d;, M, nrnasydero obObeKTa; a4 MeHee
NPUHUMAETCA NO rpadmKy Ha pucyHke 15;

¥y - KO3(hMLMEHT, NPUHUMaEMbIA No Tabnuue 9, B KOTOPOW &; - HanbonbLWMA K 1 0,73 0,5 0,42 0,4
rOpU3OHTanbHbLIM pa3Mep NPOAONBHOMO CWUMYaTa NOABOAHOM YacTW MnaByyero 03(PULIMEHT ¥
obbekTa, M;

% - BblcOTa BOMHbI 06ecne4eHHOCTL0 5% B cucTeme, M;

* BepoatHo owubka opwrvHana. CregyeT uwrarb ¢; /A . - MpumevaHue
A A; - obosHadeHus Te e, 4Ton B 6.3. naroToBuTena Gasbi AHHbIX.
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Mpumep ucnonbzosaHua popmyn. 'I/‘ B I

CpaBHeHue ¢ CHuI1 2.06.04-82*

Bo3bmem, Hanpumep, a. = 0.2, d=0.5, L=5.

ONvHa yeAMHEHHOW BOMHbI C TAKOWM aMNANTYy40M NpumepHo A = 17,

Torpa q
— = 0.029,
A

U 13 pUcyHKa 15 cnepyer
x = 0.85.

Mepexoas K 0b603HaveHMAM HacToAlleln pabotbl a,=L, A; = Wd.

Torpa a
— =0.29<0.5
A
n un3 Tabnuubl 9 cneayet y, = 1, B Utore
Fp
5 = 0.85day = 0.085,
pgho

a no nony4yeHHou ¢popmyne: 0.172, B pacuére no SGN-mogenu: 0.174.
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3aK/oueHue V‘ BI

v' MonyueHbl GpopMynbl ANA BbIMUCIEHUA XapaKTEPUCTUK BO3AeNcTBua bopa u
YEAUHEHHOW BO/IHbI Ha MNOAYMOrpyXeHHoe Teno, NoJiyYeHHble Ha OCHOBE
pe3ynbTaToB PAcYETOB B paMKax MoAesie MenKkoi BoAbl

v’ MpuBeaeHbl UX MaKCUMasibHble U CPeAHNe OTHOCUTEbHbIE NOrPEeLHOCTH

v [1nA 4acTHbIX C/y4aeB BbIMOAHEHbI CPAaBHEHUA C M3BECTHbIMM Gopmynamu u
pes3ynbTaTamm

bblno 3ameyeHo, 4To nonyvyaemble GOpPMyNbl CyLLECTBEHHO 3aBUCAT OT:

* MCNOMb3yEMOMW MOAENMN M UYUCNEHHOINO ANTOPUTMA — BAMHO YUYUTbIBATb
rpPaHuLLbl NPUMEHUMOCTH!

* [AManasoHa napameTpoB

* MaCCMBOB NAapameTpoB

* BMAA KNOJHON» pOpPMY.bl

[lanbHenwee pa3BuTUE BUAMUTCA B

» MpUMeHeHUn 6onee TOUYHbIX MOAENEN U PACLUMPEHUN TPAHUL, MPUMEHUMOCTU
(B yacTHocTU, ansa 6onee KOPOTKUX Ten ¢ L<3)

» nccnegoBaHUM APYruxX TUMOB BOJIH (C BO3MOMKHOCTbIO 3a4aTb AJIMHY BOJIHbI)
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Cnacnbo 3a BHumMmaHue!
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lNpo nnoxue anroputmbl ‘B

Chang, C.-H., Wang, K.-H., Hseih, P.-C., 2017. Fully nonlinear model for simulating solitary waves propagating through a
partially immersed rectangular structure. J. Coastal Res. 33 (6), 1487-1497.
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Figure 18, Comparisons of the free-surface elevationz obtained from the

present numerical model considering the cases of a rectangular block with

dimensions given in Figure 16 and an excavated block as shown in Figure 17

0.201 0.20 ) for fa) x = <195 for incident and reflected waves, and (b) x = 15.5 for
M, M, transmitted waves.

O.L Gusev et al. Ocean Engineering 267 (2023) 113284
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Fig. 4. Marigrams M, (left) and M, (right) calculated by the models Pot (1,2), SGN (3,4) and SV (5,6) when solving the problem with the cutout in the body bottom (1,3,5)
and without it (2,4,6). 54



NMpo nnoxue anroputmbl - 2 V‘ BI

Chang, C.H., 2017. Study of a solitary wave interacting with a surface piercing square cylinder using a three-dimensional fully
nonlinear model with grid-refinement technique on surface layers. J. Mar. Eng. Technol. 16 (1), 22-36.

g
NN

Figure 14. Snapshots of the 3D wave patterns of the solitary
wave (« = 0.3) diffracted by a vertical square cylinder without
gap (D = 0).
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NMpo nnoxue popmynbi V‘ B I

Chen, Y.Y,, Li, Y.J., Hsu, H.C., Hwung, H.H., 2019b. The pressure distribution beneath a solitary wave reflecting on a vertical
wall. Eur. J. Mech. B Fluid 76, 66-72.
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O Experimental result

51| + Numerical result (COBRAS) o
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(F)y s
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Fig. 17. Maximum instantaneous force as a function of nonlinear parameter H/h.
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NMpo NoUck «onTUManbHbIX» KO3PPULUEHTOB.

Basin-hopping

Basin-hopping is a stochastic algorithm which attempts to find the global minimum of a smooth
scalar function of one or more variables [1] [2] [3] [4]. The algorithm in its current form was

described by David Wales and Jonathan Doye [2] httpy//www-wales.ch.cam.ac.uk/.

The algorithm is iterative with each cycle composed of the following features

1. random perturbation of the coordinates
2. local minimization

3. accept or reject the new coordinates based on the minimized function value

The acceptance test used here is the Metropolis criterion of standard Monte Carlo algorithms,

although there are many other possibilities [3].

This global minimization method has been shown to be extremely efficient for a wide variety of
problems in physics and chemistry. It is particularly useful when the function has many minima

separated by large barriers. See the Cambridge Cluster Database for databases of molecular

systems that have been optimized primarily using basin-hopping. This database includes

minimization problems exceeding 300 degrees of freedom.

See the free software program GMIN for a Fortran implementation of basin-hopping. This

implementation has many variations of the procedure described above, including more advanced

step taking algorithms and alternate acceptance criterion.

For stochastic global optimization there is no way to determine if the true global minimum has
actually been found. Instead, as a consistency check, the algorithm can be run from a number of
different random starting points to ensure the lowest minimum found in each example has
converged to the global minimum. For this reason, basinhopping will by default simply run for
the number of iterations niter and return the lowest minimum found. It is left to the user to

ensure that this is in fact the global minimum.
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NMpo NoUck «onTUManbHbIX» KO3PPULUEHTOB.

least_squares

Method ‘Im’ (Levenberg-Marquardt) calls a wrapper over least-squares algorithms implemented
in MINPACK (Imder, Imdif). It runs the Levenberg-Marquardt algorithm formulated as a trust-
region type algorithm. The implementation is based on paper [JJMore], it is very robust and
efficient with a lot of smart tricks. It should be your first choice for unconstrained problems. Note

that it doesn't support bounds. Also, it doesn't work when m < n.

Method ‘trf* (Trust Region Reflective) is motivated by the process of solving a system of
equations, which constitute the first-order optimality condition for a bound-constrained
minimization problem as formulated in [STIR]. The algorithm iteratively solves trust-region
subproblems augmented by a special diagonal quadratic term and with trust-region shape
determined by the distance from the bounds and the direction of the gradient. This
enhancements help to avoid making steps directly into bounds and efficiently explore the whole
space of variables. To further improve convergence, the algorithm considers search directions
reflected from the bounds. To obey theoretical requirements, the algorithm keeps iterates strictly
feasible. With dense Jacobians trust-region subproblems are solved by an exact metheod very
similar to the one described in [JJMore] (and implemented in MINPACK). The difference from the
MINPACK implementation is that a singular value decomposition of a Jacobian matrix is done
once per iteration, instead of a QR decomposition and series of Givens rotation eliminations. For
large sparse Jacobians a 2-D subspace approach of solving trust-region subproblems is used
[STIR], [Byrd]. The subspace is spanned by a scaled gradient and an approximate Gauss-Newton

solution delivered by scipy.sparse.linalg.lsmr . When no constraints are imposed the

algorithm is very similar to MINPACK and has generally comparable performance. The algorithm
works quite robust in unbounded and bounded problems, thus it is chosen as a default

algorithm.

Method ‘dogbox’ operates in a trust-region framework, but considers rectangular trust regions as
opposed to conventional ellipsoids [Voglis]. The intersection of a current trust region and initial
bounds is again rectangular, so on each iteration a quadratic minimization problem subject to
bound constraints is solved approximately by Powell's dogleg method [NumOpt]. The required
Gauss-Newton step can be computed exactly for dense Jacobians or approximately by

scipy.sparse.linalg.lsmr for large sparse Jacobians. The algorithm is likely to exhibit slow

convergence when the rank of Jacobian is less than the number of variables. The algorithm often

outperforms 'trf" in bounded problems with a small number of variables.
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