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PaccmaTpuBatoTcs pesynbTaThl MaTEMAaTHYECKOTO MOJEIUpOBa-
HUSl BOJIHOBBIX YCJIOBMH, TE€YEHHH, TPAHCIOPTA HAHOCOB U JUHAMUKH
IJIsKa Ha akBatopum Kamamurckoro 3anusa, npuieratouieil K & Caku
(KpbIM) B pamMKax pa3paGOTKH MPOEKTa PEKOHCTPYKIUK HAGEPEsKHOM.
IIpoexkt paspaboran HayuyHo-mpoekTHbIM neHTpoM «beperosammura»
(r. KpacHopap). MojienmpoBaHue BBIIOJIHSIIOCH IO IIPOrpaMMaM, pas-
paboranHbIM B Poccuu m peanusyronmm Kak HOPMATUBHbIE METOJIbI,
TaK U NMOHEpHBIe pa3paboTku. B pe3ynprare nccinegqoBaHuil MOJIYYEHbI
pacyeTHble XapaKTepPUCTUKH TUIPO- U JUTOJUHAMUYECKUX MPOIECCOB,
onpefeseHbl Harpy3Ky U BO3AEICTBHS Ha IPOEKTUPYEMBbIE COOPYKEHUS,
IPEVIOXKEHBI TPH BapuaHTa KOH(PUTYpAINH IUISDKEYICPKUBAIOIIAX CO-
opyXeHuil. BoimonHeHa oljeHKa BOTOOOMEHa MEXXOYHHBIX U 3aBOJTHO-
JIOMHBIX aKBATOPHH C OTKPBITHIM MOPEM.

Karouesnvle cnosa: 60aHbL, meveHUs, YPOBEHb MOPA, MPAHCNOPM HA-
HOCO08, OuHamuka bepeza, KoHguzypayus naaxNceyOepIUSarOUUX COOPY-
HCEHULL.

MATHEMATICAL MODELING FOR THE
SUBSTANTIATION OF EMBANKMENT
RECONSTRUCTION PROJECT IN TOWN SAKI
(CRIMEA)

K.N. Makarov, N.K. Makarov
Sochi State University, Sochi, Russia, ktk99@mail.ru

The results of mathematical modeling of wave conditions, currents,
sediment transport and beach dynamics in the water area of the
Kalamitsky Bay adjacent to the city of Saki (Crimea) within the
framework of the development of the embankment reconstruction
project are considered. The project was developed by the Scientific and
Project Center «Beregozachita» (Krasnodar). The simulation was carried
out according to the programs developed in Russia and implementing
both normative methods and pioneer developments. As a result of
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the research, the calculated characteristics of hydro- and lithodynamic
processes were obtained, the loads and impacts on the designed structures
were determined, and three variants of the configuration of beach-
protection structures were proposed. The assessment of water exchange
between inter-bunny and under breakwaters areas with the open sea was
performed.

Keywords:waves, currents, sea level, sediment transport, coast dynamics,
beach protection structures configuration.

YyacToK NMpOEKTHPOBAHUS pacloyiaracTcsl Ha 3alaHOM IoOepekbe
nosryocTpoBa KpbIM, B MPUMOPCKOI KypopTHOH 30He ropopa Cakw, Ha
necyaHon koce mmpuaon 640 M Ha 6epery Kamamurckoro 3ammBa Uep-
HOT'O MOPSL.

OO0mas NpoTsLKEHHOCTh ydyacTka cocTaBiisieT 5850 M. IeHepasnbHbIi
a3uMyT OeperoBoOi JIMHUM Ha yyacTKe poekTupoBanus ab = 1450 (3250).
CpepiHuil YKIIOH IHA B IPUOPEKHON 30HE OT ypesa o riayouHsl 3.0 M co-
crapisieT i0-3 = 0.022, nasiee IHO yMOIaXKUBAETCS M YKIIOH JJHA CTAHOBUTCS
paBabmM i3-10 = 0.015 - 0.010.

Llens wmccremoBaHMil 3aKITIOYANach B OINPEACICHAN HEOOXOTUMBIX
00BEMOB OTCBITIOK IDISKEO0Pa3yIOIero MaTepralia i ONTHMATBHOM KOH-
(purypanuu mispKeyaepsKUBaIOIUX COOPYKESHUI.

J11s1 MofieTupOBaHUS IPUMEHSITICH IPOTPAMMHBIE CPEfICTBa, pa3pado-
TaHHbIe B Poccni [1,2] u peanu3yroliye HOpMaTUBHBIE U PEKOMEHJIATEIb-
HbIe METOJIBI [4, 5], a TakKe MMOHEpHbIE pa3paboTKu [3].

Brina pazpaborana mmgpoBasi MOIeTh aKBaTOPHUH, IPUIIETAIONIeH K
MIPOEKTHOMY YIaCTKY, OTOOpaskeHNe KOTOPOI IPUBEAICHO Ha PUCYHKE 1.

BATHMETPUHECKAA AN
Kesa, Hatipornas Cam . Macurs 1 50000

\\\

Puc. 1. Otobpaskenue unppoBoii MOAEIH aKBaTOPUH, IPHIIETaloNeH
K IIeCYaHOM Koce B MpUMOpCKoii 30He ropona Caku

ITo pesynbraTaM pacuyeToOB yCTAaHOBJIEHO, YTO ISl BOJHOOIIACHBIX
IS IPOEKTHOTO yyacTKa Oepera HampaBlIeHUl B IITOpMax HOBTOpsie-
MOCTBIO 1 pa3 3a 25 IeT cpefiHne BhICOTHI BOJH Ha IITyOOKOI BOJIE COCTaB-
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asrot 3.3 — 3.6 M nipu cpefHux nepuopax 8.2 — 8.7 ¢, cpefHsis IMHA BOITH
—108 — 119 m. [TpogoIKATENLHOCT PAa3BUTON (hpa3bl IITOPMOB — 16 4acoB.
Bricora BosH 1% oGecneyennocTu B cucreMe nocruraet 8.6 m (O3 Ha-
HpaBlICHKE).

J71s1 onpenenieHus ONTUMAIBHON KOH(UTYpaluy IUISKEYACP>KUBAIO-
IIUX COOPY>KECHUH ObLTIO BBIOIHEHO MaTEMaTHIECKOE MOJICIMPOBAHIE.

MopenupoBaHue BBIIOIHSUIOCh HA BO3/IeNICTBUE HauboIee OMacHbIX C
TOYKHM 3PEHUS] pa3MblIBa IUISIKEN pacyeTHBIX IITOPMOB MOBTOPSIEMOCTHIO
1 pas 3a 25 net ot I0I03 u 3 nanpasienuil. [1J1s1 HEHTPAIBbHOTO yyacTKa
C COOPY>KEHUSIMU BBIIIOJIHEHO TaKKe MOJECIMPOBAHME JUHAMUKH IUISIKA
[IpY HOCIEOBATENIbHOM MIPOXOJie IITOPMOB OT NMPOTUBOIOJOXKHbBIX Ha-
TIPaBIICHAT.

B TexHmueckoM 3agaHuy K padoTe ObLIO CKa3aHO, YTO HajIBOJIHAS 11IU-
pUHA IUISKEN He MOoJKHA ObITh MeHee 35 M. [10aToMy pa3MbIB IUIsKA 110
OTHOIICHHIO K PEKOMEHIyeMOH ero MupuHe — 45 M B IITUIIb JOMYCKACTCS
He 6oJjiee, yeM Ha 10 M.

PaccMoTpeHB! criefyiole BapuaHThl INISKEYIEP>KUBAIOIIIX COOPY-
SKCHUIL:

1. Cucrema OyH c BotHOnoMamu. Beero 11 6yn anunoii o 115 M, 5 Bout-
HOJIOMOB JIFTUHOM 110 60 M — PUCYHOK 2;

2. CucreMa IpepbIBUCTBIX BOIIHOJIOMOB ¢ OyHamu. [{yuHa OyH — 1o 60
M, JUIMHA BOJIHOJIOMOB — 110 70 M, paccTosinue Mexy oynamu — 150 M, pu-
CYHOK 3 (MOJIETTBHBIN YIACTOK U3 TPEX MEKOYHHBIX OTCEKOB);

[T S T T |
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a) 6)

Puc. 1. Orobpaxenne nudpoBoit MOIEIN aKBAaTOPHUH, TIPUIICTAIONIEH
K TIeCUYaHOH Koce B MPUMOPCKOH 30He Topoaa Caku

a) 0)
Puc. 3. Pe3ysbraThl MOICIMPOBAHUS IUHAMUKH TUISDKA 110 BTOPOMY BapUaHTy
KOH(UTypanuu coopyxenuil. a) — mropm ot K003, 6) — mTopm ot 3

347



3. CucreMa U3 BOJIHOJIOMOB ¢ OyHaMu Ha I'paHULax ydacTka. [IjnuHa
BOJIHOJIOMOB — 80 M, paccTOsiHUE MeX/ly BoiTHOJIoMaMu — 140 M, pucyHOK
4 (MOZIENBHBIN YIACTOK U3 TPEX BOIHOIOMOB).

|| 7 7 T

a) 6)
Puc. 4. Pesynbrarhl MOJCINPOBAHKS JUHAMUKH IUISDKA 110 TPETheMy BapHaHTy KOH(H-
Typalyun coopyXeHHi. a) — mropM ot FOI03, 6) — mropm ot 3

J171s1 Bcex BapMaHTOB COOPYKEHMH BBINOJHEHA OLIEHKa BOJOOOMEHa
MEKOYHHBIX OTCEKOB U 3aBOJIHOJIOMHBIX aKBATOPHUH C OTKPBITHIM MO-
pem.

Kak HanMeHee MaTepraiOeMKHAN U 9KOJIOTUIECKU Oe30TacHbIN, JIIIs
peanu3anyuy peKOMEHA0BaH BapUaHT COOPYKeHU Ne 3.
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