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CREATION OF AN ARTIFICIAL TERRITORY FOR RECREATION IN THE GULF OF FINLAND

Annomayusn

B cmamuve 6v11 npousseden usyanvhulii anaiuz abpasuu nodepesxcos Dunckoco zanusa 6 Cecmpopeyxe.
Obo3nauenvi 0cCHOBHbIE yeau u 3a0a4u CUCTNEMHO20 UCCNIe008aHUS 6 0Oaacmu Op2aHU3AYUOHHO20-MeEXHI0cUYe-
CKO20 NPOEKMUPOBAHUSL KOMNJIEKCHO20 NPOYECCd UHIHCEHEPHOU NOO2OMOBKU UCKYCCMBEHHOU NPUOPENCHON mep-
pumopuu @unckoeo 3anusa. [Ipedocmasiensi udeu no pazsumuio peKpeayuu npu ROMOWU CO30aHUSA UCKYCCMBEH-
HOU meppumopuu.

Abstract

A visual study of the abrasion of the coast of the Gulf of Finland in Sestroretsk, Leningrad Oblast was carried
out, and the development of recreation was proposed by creating an artificial area. The goal and objectives of
system research in the field of organizational and technological design of an integrated process of engineering
preparation of the artificial coastal territory of the Gulf of Finland are determined.

Knrouegvie cnosa:. uccneoosanue, undicenepras nod20moska meppumopuy, nobepedicve, abpasus, uckyc-

CMBEHHAs. MepPUmMopusl, pekpeayusi, OpeHaxc

Keywords: research, engineering preparation of the territory, coast, abrasion, artificial territory, recreation,

drainage.

PacnionoxxenHsIil Ha 6eperoBoit muHIA OUHCKOTO
3anuBa r. CecTpopenk SBISETCS MECTOM OTIbIXa He
TOJIBKO JIJIE MECTHOTO HaceeHus, sxureiei Cankr-Ile-
TepOypra 1 JIeHUHTrpaCKOM 001aCTH, HO U JUIsl TIPHE3-
JKAIOIIUX TYPHCTOB.

CornacHO COBPEMEHHBIM CTaHAapTaM, OpraHH3a-
IIUsI PEKPealiOHHON MPUOPEXHOH TEPPUTOPHH TIPEy-
CMaTpUBacT HAINYNE NEIEeX0HBIX HaOePEKHBIX, IIIA-
JKEeH, IPUYANIOB JUIS MaJIbIX Cy,E[IOB 0O0IIIECTBEHHOTO |

-~ =

YacTHOTO Ha3HaueHHUs. Best Teppuropus, cocrosmas u3
COBPEMEHHON OeperoBoi 30HBI, OIPYKEHHBIX U MPH-
MOJHATBHIX OeperoBbix (opM, HasbiBaeTcsi mnoodepe-
*KbeM. BusyanpHoe uccienoBanue noodepexbs DuH-
CKOT0 3aJIMBa MPOBEIEHO COTIACHO MapIIpyTy (puc. 1),
KOTOPBIH OepeT Hayajo OT CTaHIHMU 3IIEKTPOINOoe3na
Cecrpoperk, nanee yepes napk yOku, Bnois 6epero-
BOH JIMHUM 0 cTaHuuu Kypoprt.
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Puc. 1. Touku mapwpyma uccredosanus nobepedicos Qunckozo 3anusa
6 2. Cecmpopeyxk Jlenunepaockoii obracmu

[ToGepexbe SIBISIETCS OMHUM M3 CAMBIX MOOHIIb-
HBIX YYaCTKOB cymiu. B mporecce naMeHneHus penbeda
TJIaBHAas POJb OTBOXMTCS Pa3HBIM BHAAM JBHKCHUS
BOJIBI: BETPOBOMY BOJIHEHHIO, BOJTHOBBIM TEUCHUSAM H

npuirBaM-oTauBaM. OrpoMHOE 3HAYCHHE TAK)KE OKa-
3BpIBACT KPyTH3HA Oepera, riiyOmHa MOpS U COCTaB
rpyHrta. [Iporcxoaut o6pa3zoBanne GEperoBBIX BAJIOB U
IIOH Ha TecyaHoM mnobepexbe. CTanuu OTCTYIUICHUS
MOXHO HabmoaTh Ha puc. 2 u 3.
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I, 11, Il =Cranum otcrynavun Gepera

1 - Knudp

2 - BonHonpuBonHan Hvwa

3 - Nnax

4 - beny

5 —- MNpucnoHeHHas noasoaHas
AKKYMYyNATUBHANA Teppaca

Puc. 2. Cxemamuueckuii nian mopckoeo bepeea, cmaouu OMCmynieHust o0 8030elicmeuem
6emposoti goanvl [1c.316]

Puc. 3. Abpasus b6epeaa:
K — xnugh; AT — abpaszuonnas meppaca (benu);
TTAT — noosoonas axkymyasmuenas meppaca;, ¥B — ypogens 600bl

Ha xaxxmoit u3 msaTh HaMEYeHHBIX TOYCK Mapill-
pyTa ¢ IeIo UCCIe0BaHuS IPHOPEKHON TePPUTOPHH
MPOM3BEICHA BU3yallbHAsl XapaKTEPHCTHKA TPYHTOB,
paspyuieHus u abpas3un oepera.

B nepBoii Touke MapuipyTa IpyHT rajedyHO-rpa-
BUWHBIN C BaJyHaAMH. 37€Ch MOXHO HAOJIOAATh pas-

MBIB 1T00OEpekbsi BodHAMH. YacTh paspymieHHoro Oe-
pera BEIHOCHUTCS B BUJIE TAJIbKH, TPABUs M IIeCKa Ha al-
Pa3sHOHHYIO Teppacy M OcenaeT Ha Hell B BUe Oepero-
BBIX aKKyMYJISITOpHBIX (opMm (puc. 4) [1]. dpyras xe
4acTh BBIHOCUTCS B 3QJIUB, 00pa3ysl IPUCIOHEHHYIO a0-

Pa3HUOHHYIO Teppacy.

OcHOBHOE pa3pyuieHne 6epera MPOUCXOIUT B pe-
3yJIbTaTe BOJNHOBOH ICATEIBHOCTH U JIABJICHHUS JIbJA.
Ipu cunbHOM BeTpe BOIHBI Ha DUHCKOM 3aJIMBE MOTYT
JlocTUraTh 10 4 M B BBICOTY. Y JIOJOYHOM CTaHIIH,
n300paKEHHOM Ha IUIaHe cieqylolieil ToukoM, Oeper

Puc. 4. Banynno-eaneunsvie meppacsi nobepesicos

CTaHOBUTCSA AKKYMYJIATHUBHBIM, 0OJ€€ IOJIOTUM, CIIO-
YKEHHBIM KaMHEM M KPYITHBIM IIECKOM.

OKOJI0 YeTBEpPTOH TOYKH MOXHO HAOJIOATh Clla-
Ob1ii Betep 70 1 kM ot Gepera. BricoTa nioH ocraercs
nocTositHHOW. He cuibHbI npuboii, BosHA racuTcs 3a
100 metpoB ot Oepera, U OJM3KUE K OTHOPOJHOCTH
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JIIOHBI C pa3MepoM uacTul B fuanasoHe ot 0,1 go 0,25
MM. MeJkornecuanslil IUIsDK NpeACTaBIsieT co0oi 3a-
IMIMTHBINA CJIOH OT pa3pylIMTeNnbHOM paboTel Mops. Ha
nobepexbpe 3a CYET BETpa CO3JAITCA IecUYaHble

XOJIMBI-JIOHBI, HallpaBJIEHHbIE NEPIEHIUKYIISIPHO I1a-
BEHCTBYIOLIMM BeTpaM. J[IoHBI MMEIOT Oojee KpyToit
cksioH 20 — 25° ¢ moABETPEHHON CTOPOHBI U CKJIOH 10
— 12° ¢ naBerpeHHOW. CXeMy pacIIOJIOKCHUS JIOH
MOXHO BUJETh Ha PUC. 5.

Puc. 5. Cxema pacnonooicenus cecmpopeykux 010

JIfoHBI B TUIaHE PUHUMAIOT (HOPMY OTKPBITOI K
MOPIO ITIOAKOBHL. PacrionoxeHne QJI0H CBA3aHO C OTCTa-
BaHUEM B CKOPOCTH IBW)KCHHUS HHI3KHX, OOKOBBIX Ya-
CTei TIOHBI OT OoJiee BRICOKOH cepenHBI. J{FOHBI Clia-
TaroTCs OOBIYHO TOHKO3SPHUCTHIMH TIECKAMU C Xapak-
TepHOH Koco#l cioucrocThio. Ha groHax MOXHO
HaOJFOIaTh PACTUTEIBHOCTD — KYCTAPHHUK-KPACHOTA U
OBCSIHHUITY TIecHaHylo [2].

B koHn11€ TUIsIKA Y JIECOTOIOCH 000pyI0BaHbI CTie-
[IMabHbIE OCTOHHBIC OTPAXIACHUS, CO3JAIONINE Tpe-
rpagy Ijisl mepeHoca mecka Mo JMHUU TUIsKa BriIyOb
MoOepexKb.

Onupasch Ha JaHHBIE UCCIICOBAHMS MTOOEPEKbS
®uHCKOTO 3aiMMBa B OKpecTHOCTH T. CecTpoperk,
MOJKHO CJIIeJIaTh BBIBOJL O TOM, YTO TPaIUIIMOHHAS 3a-
CTpOWKa XHIIBIMHU 3JaHUIMHU HE PallMOHANBHA, TaK KaK
TEPPUTOPHUS HMEET PEKPEAIIMOHHYIO [IEHHOCTh KaK IS
MECTHOI'O HacejieHMs, Tak U 1y xuteneir Cankr-Ile-
TepOypra. PasButue WHQpaCTpyKTYypHl peKpearnoH-
HOW 30HBI C IEJIHIO TIOBBIIICHUS MPUBIEKATEIHHOCTH
TEPPUTOPHUH JJIS1 POCCUSH U €BPOTICHIICB.

[lepBoHagabHO I OpraHU3alMK HPUOPEKHON
teppuropun OuHckoro 3amuBa B CecTpopernke HE00-
XOJIMMO PEKOHCTPYHPOBaTh Mapk JlyOKkH, BBIIOJIHUB
OCBEIICHUE IEKTPHUYCCKUMH (POHAPSIMH TEIICXOTHOMN
W BEJIOCHIICTHON TOPOXKHOHN CeTH, 0OecreueHue MecT
OT/pIXa B BUJE cKkameek U kade. [lepen Hagamom paboT
o OJIaroycTpouCTBY TEPPUTOPHH HapKa HEOOXOAUMO
BBINOJTHEHHE MEITUOPALIUH IS CHIDKCHHS 3a00JI0YCH-
HOCTH.

B cTtopoHy 3anuBa HYXXHO MPUPACTUTH TEPPUTO-
pHro, Ha KOTOpoi OyIeT Bo3BeIeHa MenexofHast Habe-
peXHAs C BBIACIICHHBIMHU TI0JI0CaM JIJIS JIETKMX aBTOMO-
owmteii. Mexny Habepe>KHOM 1 TTapKOM CIIeAyeT pa3Me-
CTUTHh PECTOPAHBI, TOCTUHUIIBI, KHHOKOHIIEPTHBIH 3all,
BBICTaBOYHBIC Tajeper, CIIOPTUBHBIC TUTOINAIKA IS

OTIbIXAOIUX, 3UMHMN akBanapk. Jljis 3uMHeEro nepu-
oJla OTAbIXa HEOOXOAMMO TPENyCMOTPETh B IapKe
JIBDKHBIE MapiupyTel. Co31aTh TpUYaIbHBIA GPOHT IS
MIPOTYJIOYHBIX JIETKUX MOPCKHX Cy/10B. BBIIEnUTh 30Hy
JUISL TIPOBEJICHNUS] TPEHUPOBOK M COPEBHOBAHMH Ha 5IX-
Tax, a TakKe 30HY JUIS JOOUTENel T0ABOTHOTO MHUPA,
akBaylaHrHCTOB. CO3/1aTh IECYAHBIH TUISHK BAOJIb Habe-
pexHoi. Tispk 3amurur Oepera u OyJeT B JieTHee
BpEMsI CITY)KHTh MECTOM JUIsl KyIIaHHsI ¥ IIPUHSTHS COJI-
HEYHOT'0 3arapa.

YcnenHas peanu3anus NoJ0O0HBIX IPOEKTOB OCY-
IIECTBUMa IIPH BHITNIOJTHEHUH HHXEHEPHOI MTOIrOTOBKH
HCKYCCTBEHHOU TEPPUTOPUH C YUETOM HaMBIBA, YILIOT-
HEHHs, JpeHaka M yKpeIuieHns: OeperoB ¢ OJHOBpe-
MEHHBIM CTPOUTENLCTBOM HabepexHoii [3,4]. B cBsa3u
C 4eM, aKTyaJIbHO NPOBE/ICHNE B AajJbHEHIIeM Hcclie-
JIOBaHMSI TEXHOJIOTMYECKOTO OMBIT CO3JIaHMS HCKYC-
CTBEHHBIX TEPPHUTOPHI Ha mnobdepexxbe dUHCKOTO 3a-
nBa BacuibeBCcKoro octpoBa M pa3paboTka ¢ y4eToM
OTEUECTBEHHOTO U 3apyOEHOTO OIBITa MPEUIOKECHHUIT
B 00JIACTH TEXHOJIOTHU M OPTaHH3alUuK CTPOUTEIbHBIX
paboT mpy HHKEHEPHOH MOATOTOBKE TeppuTopuu. 1H-
TEPECEH TEXHOJIOTHMUECKH OTBIT paboT 1Mo oOpa3oBa-
HUIO HCKYCCTBEHHBIX TEPPUTOPUI MOPCKOTO IOPTa Me-
TOJIOM THIPOTEXHUYECKOTO HaMbIBa. MeTox ruipoTex-
HHYECKOTO HaMbIBa MOy YT HINPOKOE
pacripoctpaHeHue 0Jarogapst CBOSi NpocToTe U Jenie-
BU3HE 110 CPABHEHHUIO C YKIJIAJKOH B HACHINb CYXHX Ka-
pbepHBIX HeckoB [5]. [uapoMexaHu3aIys ABISETCS O/
HUM M3 HauOosiee NMpPOrpeccHBHBIX M 3(P(HEKTHBHBIX
CIIO0CO00B TPOM3BOJACTBA 3EMIITHBIX paboT Mo co3na-
HUIO UCKYCCTBEHHBIX OCHOBAHHII HE TOJIBKO TPH CTPO-
UTEIBCTBE MOPCKHX IIOPTOB, HO M B TIPa’KAAHCKOM
CTPOUTENLCTBE. DPPEKTUBHOCTH ITOTO METO/AA 3aJ10-
KEHAa B TEXHOJOTHYECKOM KOMIUICKCHOM IIpOLEcCe,
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00beANHSIONEM Pa3padOTKy, TPAHCIOPTUPOBAHUE M
YKJIQJIKY TPYHTA.
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DETERMINATION OF STRESS STATE FOR A LAYER WITH A LONGITUDINAL CYLINDRICAL
THICK-WALLED TUBE UNDER GIVEN MIXED CONDITIONS ON BOUNDARY SURFACES

A substantially spatial problem of elasticity theory for a layer with a longitudinal circular cylindrical tube
solved in it is solved. The layer and tube are rigidly fixed together. It is necessary to study the stress-strain state

of the elastic bodies of both the layer and tube.

On the lower boundary of the layer, displacements are given; on the upper boundary of the layer and the

inner surface of the tube, stresses; on the boundary of the layer and tube, conjugation conditions. The solution to
the spatial problem of the theory of elasticity is obtained using the generalized Fourier method in relation to the
system of Lamé's equations in the cylindrical coordinates associated with the tube, and the Cartesian coordinates
associated with the boundaries of the layer. By satisfying both the boundary and conjugation conditions, we obtain
infinite systems of linear algebraic equations that are solved by the truncation method. As a result, we obtain

displacements and stresses at different points of both the elastic layer and elastic tube.
A numerical analysis of the stress-strain state of the elastic body of the layer and tube is carried out. Graphs
of the normal stresses on the inner and outer surfaces of the tube are presented.

Keywords: thick-walled tube in the layer, Lame's equation, generalized Fourier method.

Introduction

When designing tunnels, underground facilities
and protective screens, there is a need to determine the
stress-strain state in such structures. To achieve this, it
is necessary to have a calculation method that matches
the calculation scheme and allows getting the result
with the required accuracy.

There are papers for the layer with a transverse cir-
cular cavity or inclusion [1 - 3]. However, the methods
used in them can not be applied to the layer with a lon-
gitudinal cavity or inclusion.

Papers [4-5] consider the stationary problems of
wave diffraction for the layer with a longitudinal cylin-
drical cavity or inclusion, with the problems based both
on the Fourier decomposition method and the image
method.

This paper uses an analytical-numerical approach,
and is based on the generalized Fourier method [6]. On
the basis of this method, also solved are the problems
for a half-space with a cylindrical cavity or inclusion
[9-11], as well as the one for a cylinder with cylindrical
inclusions [12].

Formulation of the Problem

In an elastic homogeneous layer, parallel to its
boundaries, an infinite circular cylindrical thick-walled
tube with an external radius Ri and an interior one Ry is
located.

The tube will be considered in the cylindrical co-
ordinate system (p, ¢, z), and the layer, in the Cartesian
coordinate system (X, y, z), which is equally oriented
and associated with the system of coordinates of the
tube. The upper boundary of the layer is located at the

distance y = h, the lower one, at the distance y=— h.
It is necessary to find a solution to the Lamé equation

— 1 - — .
AU +(1-20; ) tvdivd; =0
where oj is Poisson's coefficient for the layer (j =
1) or the tube (j = 2).
On the lower boundary of the layer, the displace-
h = UE (X, Z) are given; on

—

ments Ul(X, Z)‘ y=—

the upper boundary of the the stresses

FUl(X, Z)‘yzh = FUS(X, Z); on the inner

layer,
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