HayuHnas craths
YK 551.466.2
EDN PMPNVZ

XapaKkTepuCTHKH ITOPMOBOI0 BOJTHEHUSA
B Oyxre Jlacniu (UepHoe mope)
10 pe3yJIbTATAM YUCJIEHHOI0 MOJAeJIMPOBAHUSA

A. 10. Beqokons *, B. B. ®omun

Mopckoti euopogusuueckuit uncmumym PAH, Cesacmononw, Poccus
* e-mail: aleksa.44.33@gmail.com

AHHOTANNS

Hccenemytorest XapakTepHCTHKY IITOPMOBOTo BostHeHHs B OyxTe Jlactm (Kpbivcknii momy-
OCTPOB) C UCTOJIH30BAaHUEM YHUCICHHON TUApOoaMHaMudeckoil moaenu SWASH ¢ mpoctpan-
CTBEHHBIM pa3pelIeHreM 5 M. B kauecTBe rpaHIYHBIX yCIIOBHIA 3a1al0TCSI TaHHBIE PeaHaIn3a
BOJIHEHMS], [IOJIyUYEHHbIE HA OCHOBE CHEKTpanbHOU Moxenu SWAN. AHanusupyroTcs moss
3HAYUMBIX BBICOT BOJIH /i, 1 CKOPOCTEH BOJIHOBBIX TEUCHUH B OyXTe MPH IITOpMax pasind-
HOM pe>KUMHON 00€CTICUeHHOCTH. Y CTAHOBIICHO, YTO TIPH IITOPMax, BO3SMOKHBIX | pa3 BTOx,
1 pa3 B 5, 10 1 25 et MakcUManbHBIC 3HAYCHUS /iy B OyXTe MOTYT mocturaTh 2.5-3.0, 4.0—
4.5, 5.0-5.5 u 6.0-6.5 M coorBercTBeHHO. [Ipn 3TOM mpH MTOpPMax, BOZMOXKHBIX 1 pa3 B
25 jet, yCHJIeHHE BOJHOBBIX cKopocTeit 10 1.5-3.0 mM/c mporcxoaut BOJIM3K Oepera Ha Ti1y-
Oomnax MeHee 10 M. BimsiHTE Ha BOJTHBI 3alIIUTHOT'O MOJIA, IIOCTPOEHHOTO B 1980-X IT., SIBIIS-
eTcsl JIOKaJIbHBIM U MPOSIBIISIETCS] B (POPMHUPOBAHNUY TEHEBOM 30HBI C €TI0 TIO/IBETPEHHON CTO-
poHbl. O6CyK1at0TCs BOIIPOCHI BO3MOKHOTO BJIMSHUS IITOPMOBOTO BOJTHEHUSI HA COKpallle-
HHUE TOHHOU pacTuTenbHOCTH B OyxTe Jlacmu. AHannu3 BOMHOBOHM Harpy3Kd Ha JHO OYXTHI
MOKa3aJl, YTO B MEPUOJ] SKCTPEMANbHBIX IITOPMOB B €€ aKBATOPUH HanOoIee Mo Bep KeH-
HBIMH BO3JICHICTBHIO BOJIH OKa3bIBAIOTCS CKIIOHBI B 00acTH MIyOuH oT 2 10 12 M, r/1e 3Ha-
YeHUS IUIOTHOCTH KMHETHYECKON SHepruu yBenmaupaoTes 10 500-2000 Jx/v. Ipu sTom
B 3amafHON OKOHEYHOCTH OYXTHI IUIOTHOCTH MOKeT fHocturath 3000—4500 Jx/v3. B cpen-
Hel yacTH OyXTbl 3HAUEHHsI SHEPreTHYECKOH Harpy3Ku HeBelIHWKd. [IoaToMy K mcuezHoBe-
HUIO 37IECh JOHHOW PaCTUTEIBHOCTH MOTJIO IPUBECTH HE IITOPMOBOE BO3/ICHCTBHE, a YBEIH-
YEHHE MYTHOCTH BOJIbl, BBI3BAHHOE AHTPOMNOTEeHHBIMU (hakTopamu. [lomydeHHbIe pe3yiib-
TaThl UMEIOT OOJIBIIOE MPAKTUYECKOE 3HAUYCHHE Il 0€30MacHOCTH MOPEIIaBaHUsl, MPOEK-
THPOBAHUS ¥ SKCILTyaTallMi 00bEKTOB OeperoBoil HHPPacTpyKTYPBL.
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Abstract

This paper studies the characteristics of storm waves in Laspi Bay (Crimean Peninsula) using
the numerical hydrodynamic model SWASH with a spatial resolution of 5 m. The wave reanal-
ysis data obtained from the spectral model SWAN were set as boundary conditions. The fields
of significant wave heights and wave current velocities in the bay were analyzed for storms of
various regime conditions. It was established that the maximum values in the bay could reach
2.5-3.0 m, 4.0-4.5 m, 5.0-5.5 m and 6.0-6.5 m during storms that are possible once a year,
once every 5, 10 and 25 years, respectively. An increase in wave velocities to 1.5-3.0 m/s
occurred near the coast at depths of less than 10 m during storms that are possible once every
25 years. The influence of the protective breakwater, built in the 1980s, on the waves was local
and manifested itself in the formation of a shadow zone on its downwind side. The possible
influence of storm waves on the reduction of bottom vegetation in Laspi Bay was discussed.
An analysis of the wave load on the bottom of the bay showed that during periods of extreme
storms in its waters, the slopes most susceptible to the effects of waves were in the depth range
from 2 to 12 m where the kinetic energy density increased to 500-2000 J/m>. At the same time,
the density could reach 30004500 J/m® in the western end of the bay. The energy load values
were low in the middle part of the bay. Therefore, the disappearance of bottom vegetation here
could be not due to storm impact, but an increase in water turbidity caused by anthropogenic
factors. The obtained results are of great practical importance for the safety of navigation, en-
gineering and exploitation of coastal infrastructure.

Keywords: storm waves, Black Sea, Southern Coast of Crimea, Laspi Bay, numerical
modeling, SWASH
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Beenenne

B mocnemHee mecsATmieTHe BO MHOTHX paiioHax MOxHoro Oepera Kpnima
(YOBK) aktuBHO BemyTcsi paOOThI MO MPOEKTHPOBAHUIO, PEKOHCTPYKIUU HMEIO-
LIMXCS. U CTPOUTENBCTBY HOBBIX OEpPEro3allUTHBIX COOPY)KEHUH AJIsl pa3BUTHUS pe-
KpearoHHON NesTeNbHOCTH. J{J1s mpoBeneHus 3TuX paboT HeoOX0ArMa PEeKUMHO-
KJIMMaTH4YecKasi MHPOpPMaIHsi 0 BETPOBOM BOJHEHUH M BOJHOBBIX TEUECHHSX C BbI-
COKUM IPOCTPaHCTBEHHBIM pasperieHreM. OnHuM u3 takux pailonoB FOBK siBis-
etcst OyxTa Jlacnu.
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Byxta Jlacniu siBiseTcst onHUM U3 caMbIX Temuibix ydacTkoB FOBK [1]. Oto ot-
KpbITast OyxTa, KOTOpasi paclojoXKeHa Mexay MbicaMu A u Capbld, IPOTSKEH-
HOCTB ee OeperoBoil IMHUN COCTaBIIAET OKOMIO 4 kM. Paiton OyxTel Jlactin acreTnye-
CKH{ 3HA4YMM U TpUBJIEKaTeNeH JUIs pa3BUTHUS peKpealluoHHON JAeqaTenbHOCTH [2].

Bepera OyxTbl 0THOCATCS K aOpa3sMOHHOMY U a0pa3noOHHO-OMOI3HEBOMY THIIaM,
JUIS1 KOTOPBIX Pa3BUTHI IPaBUTALMOHHBIE Ipotecchl. [lobepeikbe CoxKEHO TOBOIBHO
LIMPOKKM, O0KOJIO 20 M, TaJICUHBIM IUISDKEM, K 3alasy U 10Ty MaJIeHbKHUE IUIDKHU de-
PEeAYIOTCS C HATPOMOXKICHHUSIMHE TIIBI0. Y 6eperoB OyXThI PacIioioKeHBI HEBBICOKHE
ksl [1]. [TogBoaHBIH CKIOH NPUTITYOBIi, Ha OOJBILEH €0 YaCTH BBIPayKEeH IITBIOO-
BBIA OCHY, KOTOPBI KPYTO OIYCKAaeTCsl Ha 3HAYUTENbHYIO0 ITyOuHy. LleHTpanbHas
4acTh OyXThl NPEACTABISAET COO0H HAKIOHHYIO PaBHUHY C IECUYaHbIMU U aJeBPUTO-
BBEIMH OTJIOKeHUAMU [3]. B mpuOpexHoii 30He OT MbIca Alis 10 Mbica Capbld 00Tb-
IIyIO YacTh To/1a (QOPMHUPYIOTCS yCTOWYHBBIE BIOIEOEPETOBbIE aHTUIIMKIIOHUIECKHE
TedeHust co ckopoctsamu 10 0.6 M/c. [uaponoruyeckuii pexxum 0yxThl Jlacnu onpee-
JsleTCs BIMSHUEM 3THX TEUEHHH, OCTYIJIEHHEM TNTyOMHHBIX BOJ B IIOBEPXHOCTHBIC
CJIOU B TIPOLIecCe CTOHHO-HArOHHBIX SIBJICHUH, BOTOOOMEHOM C OTKPHITBIM MOpeM [4].

B 1983 r., kak nokazanu HaTypHbIe uccienoBanus [5], Oyxrta Jlacu Haxonumach
B €CTECTBEHHOM MM OJIN3KOM K HEMY COCTOSIHHH, ITPH KOTOPOM TOIEPIKUBAIOCH
JKOJIOTHYECKOE paBHOBecHEe OeperoBod 30HBI. byxTa XapakTepu3zoBaiach H300U-
JMEM YHUKaJIbHBIX MECTOOONTaHUI JOHHON PacTUTEILHOCTH — LIUCTO3UPHI, HHILIO-
($opbl, BSMOPHHKA.

B konne 1980-x rr. B BocTO4HO# yactu OyxThl Jlactiu ObIIO MOCTPOEHO THIPO-
TEXHUYECKOE COOPY KEHHE, KOTOPOE YACTUIHO NEPEKPHITIO BIOIBOEPETOBhIE TOTOKH
HaHOCOB B ee BepimHe [6]. B 2009 r. B 10ro-BOCTO4HOI YacTh OYXTHI OBLI TOCTPOCH
TOCTUHUYHBIA KoMmIuieke «byxTa Meutby. CTpOUTENsCTBO COMPOBOXKIANIOCH Mac-
WTAaOHBIMU OEperoyKpenuTeIbHBIME paboTaMu, KOTOpPbIE MPUBEJIN K U3MEHEHHIO
KoH(Urypauuu 6epera U MOABOJHOIO OeperoBoro ckioHa. OJHAKO MOcie MEPBBIX
YK€ CHJIBHBIX IITOPMOB HaOepekHasi M BOJTHOOTOOWHAs CTEHKAa KOMIUIEKca OBLIH Ha-
CTUYHO pa3pyIueHs! [7]. AHTPOIIOTeHHOE BO3/IEHCTBHE IPUBETIO K JOTIOTHUTEIEHOMY
MOCTYIICHUIO TEPPUT'CHHOT0 MaTepHala 1 ero OCeIaHuIo B pHOpekHoi oOnmactH [2].
Kak u3BectHO [8], cTpONTENBCTBO THAPOTEXHUUECKHUX COOPYKEHUH MOXKET MPHUBO-
IUTh K HApYLIEHUIO TUAPOAMHAMUYECKOTO PEKUMA M U3MEHEHHUIO yYacTKOB abpa-
3uM M akkymyJsiiuu. Hanmpumep, nccnenoBanus B 3anuBe [lerpa Benmukoro (SImon-
CKO€ MOpe€) IoKa3ajH [§], 4TO CTPOUTENBCTBO THAPOTEXHUUECKUX COOPYIKEHHM MpH-
BEJIO K 3HAYHTEIILHOMY COKpAILEHHIO JJOHHOH pacTUTEILHOCTH B OEperoBoii 30He.

ITosBnenune G6eperozammrHoro Moja B Oyxte Jlactiu u paspyuienue ee 6epero-
BOTO CKJIOHA B pE3yJIbTaTe aKTUBHOW 3aCTPOMKH MOOEPEKbsI MOTIIO CTaTh IPUIHHOM
HapyWEHNUs THAPOJUHAMHYECKOTO pEKUMa OYXThI, UTO, B CBOIO OUYEpEelb, TOBIIEKIIO
3a co00i pa3MbIB TaIeYHOT0 OEHYA U IOTIOJIHUTEIBHOE TIOCTYIUICHHE TEPPUTCHHOTO
MarepHuaia, KOTOphIi 00pa3oBajcs n3-3a CTpOUTENbCTBA [2]. Bo BpeMs nccienoBa-
HUil B BepinHe OyxThl B 1998 I. ObIIM BBISBICHBI MIIUCTO-TIECYaHBIE TOHHBIE OTJIO-
KEHUsl, HaunHas ¢ T1younsl 3 M [6]. ByxTa, koTopas B 1980-¢ rT. sIBIIaCH STATOHOM
MPUPOJHON 3KOocHcTeMbl UepHOTro MOps, yTpaTuiia 3TOT cTaTyc. B ee neHTpaibHOU
4acTH COPMHUPOBAIICS TOHHBIA MPUPOTHBIA KOMIUIEKC, JTHIICHHBIH PacTUTEIBHOCTH
[9]. 3a Gonee uem 30-neTHuit Iepro B OyXTe NIPOM3OLLIN CYLIECTBEHHAsI CTPYKTYp-
Hasl lepecTpoiiKka BUJOBOTO COCTaBa PACTUTEINBHOCTH M U3MEHEHUS B KOH(UTYpaLuK
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OeperoBbix rpanuil [10]. B memom 3a 310 Bpems B OyxTe 3amacsl MakpopuTOOESHTOCA
cokparwiuchk B 1.5 pasa, puwniodopsl — B 35 pas, 3octepsl — B 4 pasa [9].

Ha ¢hopmupoBanue fOHHBIX MPUPOAHBIX JaHAmAadTOB OyXThI Jlactu Moriau no-
BJIMATH KaK XO3SMCTBEHHAs JEATeIbHOCTh Ha I0OEPEkbe, TAK M BO3/ICHCTBIE IPUPOI-
HBIX (haKTOpOB. B KIIMMaTrdeckoM acriekTe moapeM ypoBHS YepHOTro MOps TPUBOAUT
K YBEJIMUCHHUIO TIIyOHH y Oepera v yCHJICHHUIO BIUSHUS Ha Hero BosiHeHus [11]. Cpen-
HEroJioBas IITOPMOBas akKTUBHOCTh B UepHoM Mope 3a nepuoj 1991-2016 rr. Bo3-
pocia Ha 10-15 % [12]. DxcTpemManbHBIN MTOPM, KOTOPHIA MPOU3OIIENT B HOSIOpe
2007 r., TaK)xe MOT CIIOCOOCTBOBATh YACTUYHOMY YHHUTOXEHHUIO JJOHHOM PacTHTENb-
HOCTH OYXThI. B 10Jp3y 3TOro0 npeanonoxeHust CBUAETENbCTBYET (PaKT MOJTHOTO YHHU-
YTOKEHUS PACTUTEIBHOCTH Ha TiTyOuHax 10 10 M B meproj 9KCTpeMaibHOrO ITOpMa
B paiione Kapanara B 1992 r. [9]. [TomoOHbIe MOCIEACTBUS MOXKHO OOBSCHHUTH TEM,
YTO BO BpeMs LITOPMOB CUJIbHBIE MPUOHHBIE BOJTHOBBIE TEUSHHUS 1 HHTEHCUBHOE TYP-
OyJIEeHTHOE IepeMElINBaHUE CO3JAI0T OABMKKH BEPXHHUX CJIOEB JOHHOTO IPYHTA,
Y YKOPEHMBIIHECS 3/1€Ch PACTEHH TIOCTETIEHHO BBEIMBIBAIOTCS M3 Hero [8, 13].

C y4eToM M3JI0KEHHOTO BBIIIIE, IIEJIbI0 HACTOSIIEH paboThI SABIISETCS UCCIEN0-
BaHME BOJIHOBOT'O pexXuMa OyXThl JIaciu ¥ cTeneHb ero BIUsSHUs Ha PUTOLEHO3 JOH-
HOM pacturenbHOcTH. ClleyeT OTMETHUTh, YTO JI0 HACTOSILET0 BPEMEHU [OJ00HbIE
HCCIIEZIOBAHUS HE POBOAMIIUCE.

B 3amaun paboTbl BXOAWIO MOTYYECHUE U aHATIHM3 MOJeH BBHICOT BOJH U CKOPO-
CTeil BOTHOBBIX TeueHHi B OyxTe Jlactii mpu mrropmax pa3imndHON pexKUMHOM o0ec-
[I€YEeHHOCTU. PacueTs! MpOBOAMIINMCE ¢ y4€TOM U 0e3 yueTra MoJia, IIOCTPOSHHOTO
B KoHIE 1980-x rT. [ToyueHHBIE BOHOBBIE XapaKTEPUCTUKHA MOTYT OBITH HCIIOJb-
30BaHbI IPU pPa3pabOTKe PEKOMEHIAIMH [0 MPOBEACHUIO X035 HCTBEHHOHN AESATEINb-
HOCTH B aKBaTOPUU OyXThI U OLIEHKE BIMSHUS IITOPMOBOI'O BOJHEHNUS Ha (PUTOLIEHO3
JIOHHOH PaCTUTEIBLHOCTH.

MartemaTndyeckasi MoJeJIb U BXOJHBIE TaHHbIE

MojenupoBaHue BOJHOBBIX IMOJICH B akBaTOpHH OYXThl Jlacu BBIMOIHSIOCH
C TIOMOIIBIO ABYMEPHOH BEpCHHU YMCIEHHOW BONHOBOW Monenu Simulating WAves
till SHore (SWASH) [14]. Moienb 03BOJSET IPOBOIUTH PACUETHI TUAPOIUHAMMIYEC-
CKUX TMOJICH B MPUOPEIKHON 30HE B HIMPOKOM JHAMA30HE MPOCTPAHCTBEHHO-BpE-
MEHHBIX MacIITa0OB ¢ YUETOM HEIMHEWHOCTH, pedpaKIuu, TUPPAKITUN U OTpake-
HUs BOJIH. VIcXoHBIE YpaBHEHHS MOJICIM UMEIOT CIICAYONIUI BH/I:
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3necsk ¢ — BpeMms; X, y — JeKapTOBBI KOOPAMHATHL, OCh Z HalpaBiieHa BBepx; C(x, y, f) —
OTKJIOHCHHE CBOOOJHOM MOBEPXHOCTH OT HEBO3MYIIEHHOTO YpOoBHS; A = d + { —
MoJTHas TITyOnHa, paBHAs CyMMe OTKIIOHEHHS CBOOOTHON TIOBEPXHOCTH U TIyOHUHBI d
[P HEBO3MYIIEHHOM COCTOSTHHH JKHUIKOCTH; 4 ¥ V — OCPEeIHEHHbIE TI0 TITyOuHe
X ¥ y-KOMITIOHEHTBI CKOPOCTH; ¢(X, V, Z, f) — HETUIPOCTATHUECKOE IaBIEHHUE; g — YCKO-
penue cBoGoOaHOTO NaseHust; ¢y = gm*/h"” — KO3 OUIMEHT TOHHOTO TPEHHUS, m — Ma-
paMeTp mepoXoBaTOCTH MaHHUHTA; T, Ty, Tyx, Tyy — KOMIIOHEHTHI TEH30pa TYpOy-
JICHTHBIX HAIIPSDKEHUH; V; — KO3 (OUIIEHT TOPU30HTAIBHOM TypOYJICHTHOM BA3KOCTH.

Jlist aucneHHoro pemenust cuctemsl ypaBHeHui (1)—(3) Obuta ncmonp3oBaHa
MPSIMOYTOJIbHASL pacyeTHAsl CeTKa TIIyOUH aKBaTOPHH OYXThI C pa3pelieHUueM 5 M,
MOJIy4eHHas: Ha OCHOBE OUM(POBKH HABUTAIMOHHBIX KapT. Pazmepsl pacdeTHOM
obmactu coctaBuian 3500 x 2500 M. [l onTHMH3AIMHA YHCICHHOTO aJTOpHTMa
MPUMEHsJIACh CHCTeMa KOOPJIMHAT, B KOTOPOH OCh X HAIlpaBJIeHa C ceBepo-3araia
Ha I0r0-BOCTOK (pHc. 1).

Ha mopucroii rparnne pacderHoi obmactu (ipu y = 0) 3aaBanack 3HaYUMast
BBICOTA BOJIH /iy U CPEJIHUI TIEPHOJI BOJIH T, BO3MOXHBIE OIMH Pa3 B 71 JIET. DTH Ia-
pameTphl OBUIM TOJIyYEeHbI Ha OCHOBE JAaHHBIX PeaHajn3a BOJHEHUS 33 IEPUOT
19792021 rr. ¢ ucnoNb30BaHUEM CrieKTpalibHOM Moaen SWAN [15, 16] (Tabm. 1).

Puc. 1. Penped ngma pacueTrHOW oOmacTh
(URL: https://www.google.com/maps/@44.3927988,33.
7329232,12998m/data=!3m1!1e3?entry=ttu)

Fig. 1. Bottom topography of the calculation area (avai-
lable at: https://www.google.com/maps/@44.3927988,33
.7329232,12998m/data=!3m1!1e3?entry=ttu )
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Tab6nuna 1. ITapamerpsl BoH

Ta b I e 1. Wave parameters HpI/IMC‘IaHI/ICZ CpeIIHﬂSI BBICOTA BOJIH h, 3Ha4YuMas BbICOTa

—_ _ BOJIH /s M CPEJHUH TEPUOJ BOJH T HAa B3MOPHE OyXTHI
T,ron/| hym/ | hym/ | T,c/ Jlactiu Ha riryOuHe 65 M, Bo3MoxHbIe 1 pa3 B rox, 1 pas
T, year E’ m hs, m 7,8 B 5, 10 1 25 51eT 10 JAHHLIM PETPOCIIEKTUBHBIX PACUYETOB
BonHEeHUA B YepHoM Mope 3a niepuox 1979-2021 rr. [15, 16].

1 33 52 93 —

Note: Average wave height h, significant wave height &
5 4.1 6.5 10.1 and average wave period T in the seaside of Laspi Bay
10 4.5 7.1 10.5 at a depth of 65 m, possible once a year, once every 5, 10
25 50 79 1.1 and 25 years according to retrospective calculations of

waves in the Black Sea for the period 1979-2021 [15, 16].

Ha >xugxnx OOKOBBIX TpaHHIAX pacueTHO# obnactw (mpu x = 0 m x = 2500 M)
3a/1aBaIoCh ycioBre u3inydeHus. KoauImeHT Tropu30HTaNbHON TypOyJIeHTHOM
BA3KOCTH onpenensics o gpopmyne Cmaropunckoro ¢ koucranroid C = (.2. [Napa-
MeTp mepoxoBaroctd Maununra m = 0.022 ¢/M">. Illar uHTErpUpOBaHUS 1O Bpe-
menu coctasisii 0.05 c.

PesynbTaTel MogeTupoBaHus M 00Cy KAeHHe

B pesynbraTe YnCIIEeHHBIX SKCIIEPUMEHTOB MOTy4YeHBl 3HAYNMBIE BBICOTHI BOJTH
Y CKOPOCTH BOJIHOBBIX T€UCHUHU B OyxTe Jlacmu mpu mropMax pa3indHON PeKUM-
HOW oOecnieueHHOCTH. PacdeTsl MpOBOAMINCH C YYeTOM W 0e3 ydeTa 3alluTHOTO
MoJia. BosTHOBBIE OISt TOCTPOEHBI 110 JAHHBIM YHCIIEHHOTO0 MOJIEIMPOBAHUS, OCpe/I-
HeHHBIM 110 100 meprogam Haberaromiei BoiHbI (~ 20 MuH). B kKaxgoM pacueTHOM
y371e 3HAYMMAst BEICOTA BOJIH BBIYHCIISIACK 110 (popmyie: A =4v/D, rae D — nuciep-
CHSI BO3BBIIIICHHUSI CBOOOIHO moBepxHOCTH (.

B pesynpTaTe aHamn3a IpOCTPAaHCTBEHHOW CTPYKTYPHI /iy TIOIYUEHO, YTO
IIpH [ITOpMax, BO3MOXHBIX 1 pa3 B ron, B 5, 10 u 25 neT 3Ha4YUMBbIe BBHICOTHI BOJIH
MoryT gocrurats 2.5-3.0, 4.0-4.5, 5.0-5.5 u 6.0-6.5 M cooTBeTcTBeHHO (pHC. 2 U 3).
[Ipu cpaBHEHNM pe3yNIBTATOB PACUETOB, MOMYYEHHBIX C yYETOM U 6€3 yueTa 3aIlllUTHOT O
MOJIa, BUIHO, YTO COOPY’KEHHE OKA3bIBAET JOKAIBHOE BIUSHIE HAa BOJIHOBYIO TUHA-
MUKY. BOIM3u MoIa ¢ €ro moABeTpEHHON CTOPOHEI (POPMUPYETCS TEHEBAs 30HA Pa3-
MepoM 0koJ10 90 x 110 m. 3HaunMEbIe BRICOTHI BOJIH B 3T0M 30HE cocTaBmwin 0.9 u 1.8 m
MpH IITOPMax, BO3MOXKHBIX 1 pa3 B roj u 1 pa3 B 25 neT cooTBETCTBEHHO. Bo Bpems
IITOpMa, BO3MOXKHOTO 1 pa3 B rofi, BOJHBI C HABETPEHHOW CTOPOHBI MOJIA UMEIOT BBI-
cotsl 3.5-4 M. B cnyuae mTopMa, Bo3MOKHOTO 1 pa3 B 25 NeT, BEICOTHI BOJIH COCTa-
BWIN 4—6 M, a B 30HE BOJIHOBOW TCHH BHICOTA BOJIH yMeHbIaeTcst 10 1.5-2.0 m.

PaccMOTpeHbI CXeMBI BOJIHOBBIX TEUEHHUH IIPY IITOPMAX Pa3IudyHON PEKUMHON
obecnieuenHocTH B OyxTe Jlactin. Ha puc. 4 1 5 mokazaHbsl CKOPOCTH U HaIlpaBIIEHUE
BOJTHOBBIX T€UEHHUH B OyXTe MPH MITOpMax, BO3SMOXKHBIX | pa3 Brogu 1 pa3 B 25 ner.
Buano, 4To 30HBI MaKCHMyMa BOJIHOBBIX CKOPOCTEH pacroiararorcsi BIOJIb OOKO-
BBIX TpaHuIl OyXTHl. [Ipu mropme, Bo3MoxkHOM 1 pas B rox, Ha riayonHax MeHee 10 M
3HA4YEHUS BOJHOBBIX cKopocTel coctaBmim 0.5—1.5 m/c.

[Tpu mrTopmax, BO3MOKHBIX 1 pa3 B 25 JeT, B 9THX 30HaX MOXKET IMPOUCXOANUTH
yBeImIeHue ckopocteit 10 1.5-3.0 M/c, a B TEHEBBIX 30HAX BOJTHOBBIE CKOPOCTH HE TIpe-
BeimatoT 1 m/c. Takum 00pa3oM, CTPOUTENBCTBO 3AIUTHOTO Mona B Oyxte Jlacmu
IIPHUBEJIO K YMEHBIIEHUIO BOJTHOBBIX CKOPOCTEH B BOCTOUYHOHN YaCTH €€ BepIIHHBL. Mo
MIPYUBOJUT K YMEHBIIIEHHUIO B TEHEBOM 30HE BOJHOBBIX CKOpOCTEH B 4—6 pas.
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Puc. 2. 3nauumble BbICOTHI BOJIH B OyxTte Jlacmu
IPY IITOpMax, BO3MOXKHBIX 1 pa3 B roa, 0e3 yuera ruapo-
TEXHUYECKOTO COOPYKEeHHUs (@), C y4eTOM THAPOTEXHHYE-
CKOTO coopyxenust (b)

Fig. 2. Significant wave heights in Laspi Bay for storms
possible once a year: without taking into account the hy-
draulic structure (a); taking into account the hydraulic struc-
ture (b)

Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2024



0 500 1000 1500 2000

500 1000 1500 2000

Puc. 3. 3naunmele BbICOTH BOJMH B Oyxre Jlacmu
[IpH IITOpMax, BO3MOXHbBIX 1 pa3 B 25 jer, 6e3 y4era ruj-
POTEXHHYIECKOTO COOPYKEHHA (a), C yI€TOM THIPOTEXHH-
4yeckoro coopyxeHus (b)

Fig. 3. Significant wave heights in Laspi Bay for storms
possible once every 25 years: without taking into account
the hydraulic structure (@); taking into account the hydrau-
lic structure (b)
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Puc. 4. BonHoBbie TeueHus B Oyxte Jlactu mpu mrop-
Max, BO3MOXHBIX 1 pa3 B rox, 0e3 ydera THIpOTEXHUYE-
CKOTO COOpYKEHHS (@), C yIETOM THAPOTEXHHIECKOTO CO-
opyxenus (b)

Fig. 4. Wave currents in Laspi Bay for storms possible
once a year: without taking into account the hydraulic struc-
tures (a); taking into account the hydraulic structure ()

Ecological Safety of Coastal and Shelf Zones of Sea. No

V, mlc

2.75
25

1225

1.75
15

1.25

0.75

0.5

0.25

.2.2024



V. M

3000

2500

PN R R R XA

A
®

T I
0 500 1000 1500 2000

3000

2500

RN - « = =« & X K

X, M

Puc. 5. BonHoBeie Teuenus B Oyxre Jlacnu npu mrop-
Max, BO3MOXHbIX 1 pa3 B 25 jet, 0e3 yueTra ruipoTexHuye-
CKOTO COOpY>KeHHS (@), C yUYETOM THAPOTEXHUYIECKOTO CO-
opyxenus (D)

Fig. 5. Wave currents in Laspi Bay for storms possible
once every 25 years: without taking into account the hy-
draulic structures (a); taking into account the hydraulic
structure (b)
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[IpoBenena oneHka BOJTHOBOM Harpy3kd Ha AHO OyxThI Jlactm. [{yst aTOor0 OBLITH
paccunTaHbl OIS IDIOTHOCTH KUHETHYECKOW 2Heprun BoiHeHus E. Pactipenenenne
IUIOTHOCTH KMHETUYECKOH YHEPruH B OyXTe IpU LITOPME, BO3MOKHOM | pa3 B 25 Jer,
roKa3aHo Ha puc. 6. Kak BHHO, UHTEHCHUBHOCTH BO3JICHCTBHS BETPOBBIX BOJIH BO3-
pacTaer mo Mepe yMeHbleHus riyouH. B oomactsx ¢ rmyounamu 10-20 M 1o Beelt
akBaTopuu OyxThl Jlactin 1 B 60Jiee METKOBOAHBIX 00J1aCTAX B €€ BEpIINHE, TAE TITy-
OMHa yBENIMYMBAETCS OTHOCHTEIHHO IUIABHO, TUIOTHOCTh KWHETHYECKOW ISHEPTHH
He npesimaet 300 [ix/m’. Takue ske 3HAUEHUS IUIOTHOCTH XapaKTePHbI 1 IS IIEH-
TpaJbHOU YacTh OyXThI 10 TIyOuH 35 M. [louTn o Bcemy repumeTpy OyXTHI Ha TITy-
OuHax 2—7 M pacnoj0KeHbl KPyThle CKJIOHBI. 3eCh MJIOTHOCTh KHHETHYECKON YHEP-
ruu yBenuuuBaerca o 500-2000 I[)K/M3, a B 3alaJHOW OKOHEYHOCTH OYXTHI OHA
MoxeT gocturath 3000—4500 JTx/M’.

Ha puc. 6 *XupHBIMU JTUHUSAMH MOKa3aHb! pa3pe3bl, Ha KOTOPBIX MPOBOANUIOCH
HCCIIEI0OBaHNE MPUAOHHEIX JaHAmadToB OyxThl Jlactu [2]. Pa3zpesnl paconoxeHs
MIEPIICHINKYIISIPHO K OEpery M OXBaTHIBAIOT BCE TUIBI JIAHIIIA(TOB, BBIACICHHBIE
B OyxTe. Paspes | HaxoguTcs B 3amagHoi gacTu OyXThI, paspes Il coemunseT Bep-
mMHYy U cepenuny OyxThl, paspesbl Il u IV pacmonoskeHbl B BOCTOUHOW YacTH
OyxThl. 11 3THX pa3pe3oB MOITyYeHBI MPOMUIH IUIOTHOCTH KHHETHIECKOH SHEPTHH
IIpH LITOpME, BO3MOXKHOM 1 pa3 B rof, B 5, 10 u 25 ner (puc. 7-9). Ha atux xe
pPHUCYHKax MOKa3aH penbed JHa AT KaKI0ro paspesa U uudpaMu OTMEUEHBI THITHI
nanaadToB, uccaenoBaHHbIE B padote [2].

Ha puc. 7 nokaszaHnsl pacnpeielieHle MI0OTHOCTH KUHETUYECKONW SHEPTUHU U pe-
nred aHa Ha paspese |. BuaHo, 4T0o 3HEpreTHyecKre Harpy3Ku JJs paccMaTpuBae-
MBIX HITOPMOB HE3HAYHTEIHHBI BOJIIM3H CaMOTO Oepera, TJie PacIoIoKeH TIIbI00BO-
BanyHHBIA OeHY (udpa / Ha puc. 7) [2]. C yBeanueHHeM IIIyOHHBI OHU Pe3KO BO3-
pacTaroT U JOCTUTal0T MaKCHMaIbHOTO 3HAUCHHS Ha PACCTOSIHUU OKOJIo 15 M ot Oe-
pera Ha rayOounax 2—7 M. B aT0ii 061acTu pacmnosiokeH KpyTol MOJBOAHBIN adpa-
3MOHHBIN O€peroBoil CKIIOH, T/Ie TOMUHHUPYET ucTo3upa (mudpa 3 Ha puc. 7) [2].
[Ipu mrTopmax, BO3MOKHBIX 1 pa3 B T/, MaKCHMaJIbHasi BOITHOBAsI HATPYy3Ka COCTaB-
nstet ~ 500 JIx/m*; 1 pas B 5 met — ~ 1000 JIx/v>; 1 pas B 10 et — ~ 1300 JIx/m>;
1 pa3 B 25 1et — okosto 1700 JIx/m’. 3aTeM npu yaanenun ot Gepera Ha 30 M 1 6o1ee
Ha TIyOnHaX 7—12 M IpOUCXOAUT MOCTETIEHHOE CHUKEHUE SJHEPTeTUIECKON Harpy3Ku
B 2-3 pa3za. 31ech NpoAoJKaeTcs MOABOIHBIN OeperoBoil aOpa3sMOHHBIN CKIIOH
¢ mpeo0IajlaHueM BUJIOB LIUCTO3HMPBI M 30CTEPhl MOpCKoit (1iudpa 4 Ha puc. 7) [2].
Ha riry6unax 6omee 12 M BO3ACHCTBIE SJHEPTETHUSCKON HATPY3KH HECYIICCTBEHHO.

DHepreTuueckas Harpy3ka Ha paspese II, KOTOphIil pacrosiokeH B BepIIUHE
OyxTsI Jlacii, MUHUMAJIBHA BIOJH Bcero Mpodmtst (puc. 8). To CBSI3aHO ¢ MATBIMHU
YKIIOHAMU [[HA, BCJIEACTBUE YETO IHUCCHIAIUSA BOJIHOBON SHEPTHH IMPOHUCXOIUT
Ha JIOCTaTOYHO OOJIBIIIOM PacCTOSHUU OT Oepera.

Ha paspesax Il u IV (B BocrouHo# wacTu OyxThl) (puc. 9) sHEpreTHUecKas
Harpy3ka He3HauuTelbHas BOJIM3u Oepera, 3aTeM OHa BO3PacTaeT 10 MaKCUMaTbHON
Ha UHTEpBaJie IIyOnH 2—6 M, e TaK)Ke PacIoioKeH JOBOJIBHO KPYTOH ITOABOAHBII
CKJIOH C JIOMUHUPOBaHHEM IIMCTO3UPHI (1idpa 3 Ha puc. 9). Ha paspese 111 B cnyuae
IITOPMOB, BO3MOXHBIX | pa3 B rojl, MaKCUMallbHasi YHEpPreTUUecKasi Harpys3Ka
cocrapJisieT ~ 500 Ix/mM’; mpu mTopMax, BO3MOKHBIX 1 pas B 5, 10, 25 net ona j1o-
cturaer 1100, 1300, 1600 /M’ cooTeTcTBeHHO. B obnactm paspesa IV
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Puc. 6. PacnpeneneHue IuioTHOCTH KHHETHYECKOH HEP-
ruu B Oyxre Jlactu mpu mropme, BO3MoXxHOM 1 pa3 B 25 ser,
0e3 ydeTa THIPOTEXHHYECKOTO COOPYKEHHS (a), C YIEeTOM
THIPOTEXHUIECKOTO coopyxkeHus (b). Hudpamu -1V 060-
3HAYCHBI pa3pessl [2]

Fig. 6. Distribution of kinetic energy density in Laspi
Bay for a storm possible once every 25 years: without taking
into account the hydraulic structures (a); taking into account
the hydraulic structure (b). Numbers I-IV indicate section
numbers [2]

Okosoruyeckasi 0e30MacHOCTh MPUOPEXHOM U menb(oBoit 30H Mopst. Ne 2. 2024 71



i
a E ,_)_brd M

— 1 pazsron — 1600

—— 1 pazr 5mer -

—— 1 paze 10 mer — 1200

—— 1| pa3B 25 mer L
— 800
— 400
—0

| ' \ '
b H, M

I T I T I T
-120 -80 -40 0
Paccrosinuc o1 Gepera, M

Puc. 7. Ilpo¢punu mioTHOCTH KHHETHIECKON
sHepruu (a) m penbeda nHa (b) Ha paspese I
Hudpamu 0003HAUCHBI JOHHBIC MPUPOIHBIC
KOMILIEKCHI COTJIaCHO padoTe [2]

Fig. 7. Profiles of kinetic energy density (@)
and bottom topography (b) for section I. The num-
bers indicate bottom natural complexes from [2]
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Puc. 8. [Ipodwy mIoTHOCTH KHHETUICCKOH SHEpTruu (@)
u penbeda nHa (b) Ha paspese II. [{udbpamu 0603HAUEHBI
JIOHHBIE IPUPO/THBIE KOMIUIEKCHI COTIIacHO pabore [2]

Fig. 8. Profiles of kinetic energy density (a) and bottom
topography (b) for section II. The numbers indicate bottom
natural complexes from [2]
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BOJIHOBASI Harpy3Ka 3HAYUTENFHO YMEHBIIIAETCs, IPH 3TOM B CclIydae MITOpMa, BO3-
MoHOro 1 pas B roj, oHa coctasnser 150 JIx/m, 1 pas B 5, 10, 25 net — 500, 550,
700 JI/M> COOTBETCTBEHHO.

AHanm3 Bcex MoydeHHBIX PO HIIel TNIOTHOCTH KHHETHYECKOW YHEPTHH BOITH
(puc. 7-9) mokasan, 4To BOJIHOBAs Harpys3Kka yBEIWYHBAaeTCs NMPU YAAJICHUH OT Oe-
pera, J0CTHrasi MaKCUMaJIbHBIX 3HAUCHUN Ha WHTEpBasie riayOuH 2—7 M. 3atem
Ha WHTEpBayie TIyONH 7—12 M MPOUCXOAWT MOCTENEHHOE CHIDKEHHE BOJTHOBOI
Harpy3ku. Ha riomyOunax 6omee 10—-12 M BoHOBas Harpy3ka pe3Ko yMEHBIIACTCS.
HaunGonpmme 3HaueHUs: BOJIHOBOM HArpy3Kd TOJydeHbl st paszpesoB [ u 111,
IJie OHM COCTaBMIM OKoJo 1600—1700 JI/M’, HECKONBKO MEHBIINE 3HAUYEHMS —
B 30He paszpesa IV (oxomo 700 JIx/M®). MUHUMaNbHBIE 3HAYEHHS BOIHOBOM
Harpy3Ku HojTyueHsl js paspesa 11, rie onu He npesbickiu 50 JIx/m’.

Mo>kHO caenaTh 3aKIIOUEHHE, YTO B TIEPHUOJ] IKCTPEMATBHBIX IITOPMOB B aKBa-
Topuu OyxThl Jlacu HanGosee CHITPHOE BOTHOBOE BO3/ICHCTBUE BO3HUKACT Ha TITy-
ounaax 10 10-12 M y GeperoBhIX CKJIOHOB C JOCTAaTOYHO KPYTHIMHU YKJIOHAMH IHA.
Cpenusisi yacTh OYXTHI, JIMIICHHAs! JOHHON PacTUTEIBHOCTH, SBJISICTCS MEIKOBOTHOM,
HO TIPH 3TOM OHa He TIOJ[BEp)KeHa MHTEHCHBHOMY BO3/eiicTBHIO BOJH. [Ipencrasis-
€TCsl, YTO MPUYHUHON UCUE3HOBEHUSI IOHHBIX MTPUPOJIHBIX KOMILJICKCOB B 3TOM 00J1a-
CTH MOXKET OBITh YBEJIIMYCHHE MYTHOCTU BOJIbI, 00YCIIOBICHHOE YBEIUYCHUEM II0-
CTYTUICHUS MEJIKOIUCTIEPCHBIX (PpaKImii BCIEACTBUE aHTPOITOTCHHOTO BO3ACHCTBIS
Ha Oepera OyXTHlI.
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Puc. 9. Ilpodwmiu mIoTHOCTH KHHETHYECKOH 3Hepruu (a) u penbeda axa (b) Ha pas-
pe3e III; npoduiti MI0THOCTH KMHETHYECKOM SHepruH (¢) U penbeda nHa (d) Ha pas-
pese IV. Lludpamu 0603Ha4EHBI JOHHBIE TPUPOAHBIE KOMIUIEKCHI U3 paboThI [2]

Fig. 9. Profiles of kinetic energy density (a) and bottom topography (b) for
section III; profiles of kinetic energy density (¢) and bottom topography (d) for
section IV. The numbers indicate bottom natural complexes from [2]
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3akiaoueHue

C nomorpto yncienHon mojaenu SWASH BbITIOTHEHBI pacyeThl BOJTHOBBIX MO-
neit nns akBaropuu 0yxThl Jlactiu. Ha rpanuiie pacdeTHOM 00JacTH 3a1aBaTUCh TaH-
HEIE, TTOJIYYCHHBIC U3 peaHaan3a BOJHECHUS. B pe3ynbrare UncaeHHBIX SKCIIEPUMEH-
TOB TIOJTy9ICHBI 3HAYUMBIC BBICOTHI BOJTH F CKOPOCTH BOJTHOBBIX TCUCHHM TSI IITOP-
MOB, BO3MOXHBIX 1 pa3 Brof, B 5, 10, 25 ner B Oyxte Jlacniu. PacueTs! mpoBogmuch
C y4eToM u 6€3 ydeTa THAPOTEXHHUYECKOTO COOPYIKEHHUS, IOCTPOSHHOTO B KOHIIC
1980-x rr.

[Tpu mropmax, Bo3MOXHBIX 1 pa3 B rox, B 5, 10 u 25 et 3HauMMBIE BBICOTHI
BOJIH B OyxTe MoryT gocturath 2.5-3.0, 4.0-4.5, 5.0-5.5 u 6.0-6.5 Mm cootBer-
CTBEHHO. 30HBI MaKCHMMyMa BOJHOBBIX CKOPOCTEH PAaCIIOJIOKEHBI BIOJb OOKOBBIX
rpanur] Oyxtel. [Ipu mropmax, BO3MOXHBIX 1 pa3 B 25 neT, ycuieHue ckopocTeit
1o 1.5-3.0 M/c mpoucxoauT BAOAL Oepera Ha TiryomHax MeHee 10 M. MakcuMyMBI
BOJIHOBOM Harpy3Ky Ha JJTHO BO3HHKAIOT Ha IIyOWHAX 2—7 M.

OreHKa BOJIHOBOW Harpy3ku Ha JHO OyxTel Jlacmu mokasana, 4To BO BpeMs
IITOPMOB PA3JIUYHON PEKUMHOM 00€CIICUeHHOCTH HanboJIee IOABEPKCHHBIMH BO3-
JIEACTBUIO BOJIH OKA3BIBAIOTCS O€pEroBhIe CKIOHBI B 00JIaCTH TIIyOHH OT 2 10 12 M,
r7e 3HAYCeHHUS IUIOTHOCTH KHHETHYECKOW JHEpTHH yBenumduBarTca 10 500—
2000 I[)K/M3 . [Ipu 3TOM B 3amaIHO¥ OKOHEYHOCTH OYXTHI IUIOTHOCTH MOXET JTOCTH-
rate 30004500 JIx/m°. B cpemHei yacTh GyXThl 3HAYEHHs JHEPreTHUECKOi
Harpy3kud HeBenukH. [103TOMYy K MCUYE3HOBEHHIO 3/I€Ch JTOHHOW PacTUTEIHHOCTH
MOTJIO TIPUBECTH HE MTOPMOBOE BO3JCHCTBUE, 4 YBEIINICHHE MYTHOCTH BOJIBI, BHI-
3BaHHOE aHTPOITOTEHHBIMU (haKTOPaAMH.
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