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Annomayusn. lenb: 000CHOBaHME KOMIUIEKCA MEPOMNPUITHI MO 00ECIICUECHUIO Ha-
JIEKHOM 3alUTHl Oepera peku U COOPYKEHHUI OT BO3EHCTBUSA BOAHOIO [TOTOKA U IIJIaBAOIINX
npeaMeToB. MatepuaJjibl 1 MeTOABL. PaccMOTpeH KOMITIIEKC MEPOIIPUATHI O 00eCTIeUEeHUIO
3alIUThl Oepera peku U COOPYKEHUI OT BO3/EHCTBMS BOJHOIO MOTOKA M Kapuexonaa. Ha oc-
HOBE T'MJIPOJIOIMUYECKUX MAaTepUaJIOB yyacTKa PEKU MPHUHATA raOMOHHAs CTEHKa U3 yCJIOBHUS
He nepenuBa. Ha OCHOBaHMM BBIIOJHEHHOIO MAaTEMaTHYECKOIO MOJEIMPOBAHUS IOJydYeHa
CTPYKTYypa IepepacipeesieHusl IOTOKa 10 LIUPUHE PYClla PEKU B CTOPOHY YIyOJIeHHUs JIEBO-
ro pykaBa peku B BuJe npope3u. Pesyabrarsl u o6cyxnenue. Paspaboranbl MmeponpusaTus
10 3alMTe TAOMOHHOIN CTEHKH OT Kapuexoia 3alIMTHBIMUA KOHCTPYKIHSIMH, KOTOPbIE TO3BO-
JSAI0T OCYLIECTBIIATH MEPEXBAT IUIBIBYIIHUX KPYIHBIX BKJIIOYEHUN JEPEBHEB W, IIPU 3aIOJIHE-
HUM KapyaM{, KaK HAaIlpaBIAIOLIME COOPY)KEHUs OyIyT OTBOAUTh MX K CEpEelUHE DEKH.
3arpoeKTUPOBaHHbII COCTaB COOPYKEHUI MO3BOJIUT 00ECeUnTh O€30aCHYI0 SKCILUTyaTallHIo
IIPUJIETAIOIIEH TEPPUTOPUHN U 3AIMUTHBIX COOpYyxkeHui. BeiBoabl. Ha ocHOBaHMM mpoBeneH-
HBIX UCCJEI0OBAaHUI MO 3amuTe Oepera peKru U COOPYKEHUN OT BO3JEHCTBUS BOAHOIO IMOTOKA
OBLIM TIPEIOKEHBI CIEAYIOIINE Mepbl: Ul MPEeJOTBpAIleHUs pa3MblBa MpPaBoro depera 3a-
IPOEKTHPOBaHA CTyNeHuYaTas rabMoHHAasl CTEHKA U CTpyeHalpasisiomas amMba ¢ mpopes3bro
y JIEBOTO pyKaBa peku. MaTeMaTuuecKoe MOIEINPOBAHUE NOKA3aJ0, YTO JaXKe IIPH MaBOAKE
BOJIa HE BBIXOJUT Ha MOMMY B pailoHE peKpeallnoOHHOro 00beKTa, a MOTOK MepepacipeenseT-
Csl B CTOPOHY YIIIYOJICHHS JIEBOTO pyKaBa. [ peOeHb raOMOHHON CTEHKHU OBLIT CIIPOCKTHUPOBAH
Ha oTMeTKe 81,3 M /I 3auIUThl TOMMBI OT 3aTOIUIEHUsA. Takxe MPEeaIoKEeHO HCTOIb30BaTh
3alllMUTHBIE YCTPOMCTBA OT Kapuexoja B BHUJE TAOMOHHON CTEHKH, KOTOPbIE MOTYT OBITH BBI-
MOJTHEHbI B BHJE KpecTooOpa3HOM Oanku uiau T-oOpa3HBIM 3JIEMEHTOM, yCTpauBaeMbIMU
Ha MPOJI0JIbHON Oaske. Pa3melieHne Takux coOpyKeHUI Ha 3aTOIUISIEMOM TepPUTOPUU JOIIXK-
HO oOecreunBaTh yJaBIMBaHUE BCEX KPYIMHBIX BKIIOYEHUH IUIBIBYLIUX JEPEBbEB U UX (par-
MEHTOB, a TAaK)K€ IMOJJIEPKUBATh CBOOOJIHOE JIBUKEHUE BOJHOIO MOTOKA U LIEJIOCTHOCTH Ta-
OMOHHBIX Oepero3aluTHBIX KOHCTPYKIIUM.
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Abstract. Purpose: to substantiate a set of measures to ensure reliable protection of
the river bank and structures from the impact of water flow and floating objects. Materials
and methods. A set of measures to ensure protection of the river bank and structures from the
impact of water flow and floating debris is considered. Based on hydrological materials of the
river section, a gabion wall is adopted in condition of no overflow. Based on the performed
mathematical simulation, a structure of flow redistribution along the width of the river bed
towards the deepening of the left river branch in the form of a slot is obtained. Results and
discussion. Measures to protect the gabion wall from floating objects using protective struc-
tures that allow intercepting large floating tree inclusions and, when filled with floating ob-
jects, will divert them to the middle of the river as guide structures, have been developed. The
designed composition of structures will ensure safe operation of the adjacent territory and
protective structures. Conclusions. Based on the conducted research on the river bank and
structures protection from the impact of the water flow, the following measures were pro-
posed: a stepped gabion wall and a wing dam with a slot at the left branch of the river were
designed to prevent erosion of the right bank. Mathematical simulation showed that even dur-
ing a flood, water does not enter the floodplain in the area of the recreational facility, and the
flow is redistributed towards the deepening of the left branch. The crest of the gabion wall
was designed at an elevation of 81.3 m to protect the floodplain from flooding. It was also
proposed to use protective devices from wing dam in the form of a gabion wall, which can be
made in the form of a cross-shaped beam or a T-shaped element arranged on a longitudinal
beam. The placement of such structures in a flooded area should ensure the capture of all
large inclusions of floating trees and their fragments, as well as maintain the free movement
of the water flow and the integrity of the gabion bank protection structures.
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BBenenne. PycnoBoii amitoBuil (OTJIOKEHHS TOCTOSTHHBIX BOJHBIX MOTO-
KOB, COCTOSAIIME M3 OOJOMKOB Pa3IMYHON CTENEHU OKATAaHHOCTH U Pa3MEpOB)
JIaBHO TPUBJICKAJ BHUMAaHUE CTPOUTENIEN CBOEH NOCTYNMHOCTHIO B pycilax rop-

HBIX PCK. N3batue u3 pyceil peK aJllItOBUS U3MCHACT OTMOCTKY AHA PCKH, HAPY-
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[IaeT CIOXKHUBIIMICS OanaHC PyCIOBOrO MOTOKAa M HaHOCOB. B cBoro ouepens
MOTOK M3MEHSET MapaMeTphl pycia peku, o0pas3ys pa3MbiBel U octpoBa [1-5].
Yacrto a1 3amuThl OEpEroB OT pa3MbIBa MCIIONb3YIOTCS TaOMOHBI KaK Haubosee
AKOJIOTUYHBINA CIOCO0 3alIUTHl OT AedopManuii MpUOPEKHON Tos0Cckl. MHOTO-
YUCJICHHBIE UCCIIEN0BaHUS TaOMOHHBIX KOHCTPYKIMM M HAOJMIOJEHUS 3a UX CO-
CTOSIHMEM I10CJI€ NTABOJIKOB BBISIBWJIM OJIHY M3 MPOOJIEM HAIEKHOCTU COOpYXKe-
HUW — NOBPEXACHUE KOHCTPYKLIMU OT Kapuyexonaa. B pesynbrare KOHTakTa Je-
pPEBbEB ¢ TAOMOHOM MPOUCXOAUT Pa3phIB U pasrubaHue raOMOHHON CETKHU C T0-
CIIEIYIOIIUM Pa3MbIBOM KOHCTPYKIIMM Ta0MOHA M HApYyIIEHHWEM €ro IeIOCTHO-

CTH, YTO CYIIECTBCHHO CHUXAET ero (PyHKIIMOHATIBHOCTH (PUCYHOK 1).

Pucynok 1 — 3aBas u pa3pyumieHue raOMOHHON KOHCTPYKIIUU
4acTSIMH CTBOJIOB JiepeBbeB (kapuamu) (aBTop ¢poto A. M. AHOXMH)

Figure 1 — The blockage and destruction of the gabion structure
by parts of tree trunks (floating debris) (photo by A. M. Anokhin)

Jlnist 3ammThl OeperoyKpenuTeNbHBIX COOPYKEHUN M3 TaOMOHOB HEOOXO-
MO TIpeyCMaTpUBaTh CTPYECHAIPABIISAIOLINE U 3alIUTHBIE COOpYXeHus. B aToi
CBSI3U LIEJIbI0 HAYYHOT'O MCCIIEIOBAHUS SIBIISUIOCH 0OOCHOBAHUE MPOSKTUPOBAHUS
KOMIIJIEKCa MEPOIPUATHI MO 0OECleueHHI0 Ha/IeKHOM 3aluThl Oepera peku u
COOPYKEHUH OT BO3JICHCTBHS BOJHOTO MMOTOKA U IJIABAIOIIMX MTPEIMETOB.

Matepuanbl u MeToAbl. PaccMOTpeH OIMH M3 XapaKTEPHBIX YYaCTKOB

ropuoit p. lllaxe, rie o6o3HaYMIIACh TEHACHIIMS Pa3MbBIBOB pyciia U 00Opa3oBa-
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HUS TAICYHBIX OCTPOBOB. CpeHsisl UpUHA pycia PEKU Ha BHIOPAHHOM H pac-
cMaTpHBaeMoOM yvacTke coctaisieT oT 80 1o 140 m.

Bcenenctsue Toro, uto Goibias 4acTh BOJAHOTO MOTOKA PEKU M3-3a 00pa-
30BaBIIMXCSI OCTPOBOB, Pa3NIENSIONINX PYCIO HA JIBa pyKaBa, NepeHarpaBicHa
K ITpaBoMy Oepery, y4acTOK Oepera MHTCHCHBHO DPa3MbIBACTCS B JHaIra3oHe
ot 3 10 5 m/rox [6].

Jlist oGecriedeHus 3auThl IPaBoro O6epera peKu OT Pa3MBIBOB M IOCIIE-
JYIOIIEr0 pa3pylleHus, a TaKKe MPHUIAaHUS YCTOWIMBOCTUA Oepery B mpeenax
ydJacTKa TPOCKTHPOBAHUS yCTPAMBAETCSl CTyIeHUYaTas raOMOHHAs CTEHA, MpPO-
TSHKEHHOCTh KOTOpOoW coctaBisieT 364 M. s obecrieueHus: nepeHanpaBIeHUs
MOTOKA PEKHU K JIEBOMY Oepery Ha y4acTKe yCTpauBaeTCsl CTPYyEHAIPaBIISIONIast
nam0a, a TaKKe BBITIOHSACTCS yIITyOJICHHE JICBOTO PyKaBa PEKU B BHJIE TIPOPE3U

(pucyHOK 2).

1 — mpope3p; 2 — cTpyeHanpasistomas 1amoa; 3 — rabnoHHasI CTEHKA;
4 — 3amMTHBIE KOHCTPYKIIMH OT Kap4exoa

1 —slot; 2 — wing dam; 3 — gabion wall; 4 — protective structures from timber drifting

Pucynok 2 — Ilnan yyacTka peku ¢ MepONpUSITUAAMHU 10 Oepero3amure
Figure 2 — River section plan with bank protection measures
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HcTouHnkoM BOJHOTO CTOKA HAa TEPPUTOPUHU PACCMATPUBAEMOTO paiioHa
SBIISIIOTCA aTMOC(EpHbIE OCAJKU, BbINANAoNIMe B BUJE JOXKAS U cHera. M3-3a
0O0JIBIIION KPYTU3HBI TOPHBIX CKIIOHOB M HU3KOM BOJIOMPOHUIIAEMOCTH TIIMHUCTBIX
1oYB (PHITBTpALIUS JTUBHEBBIX OCAJKOB HEMOCPEACTBEHHO B TPYHT CPABHUTEIHLHO
HeBerKka. CaMbIM 3HAYUTETIFHBIM SIBICHHEM BOJHOTO PEXUMa MOKHO CUHTATh
KpaTKOBpPEMEHHbIE OypHBbIE MaBOJAKH. BONbIIYyI0 YacTh rojia OHU BBI3BIBAIOTCS
BBITIQJICHUEM JIMBHEBBIX OCAJKOB. 3a roji oTMedaercs nopsiaka 8—10 maBoakoB.
Cpenssisi X TPOIOJIKUTEILHOCTh COCTABIISIETCSI HA OCHOBAaHWU JJTUTEIIEHOCTH
BbINIAJICHUs T0KIeld — 8-9 aHe, u3 KOTophiX 1—-2 JHS MPUXOAMUTCA HA MOIBEM
YPOBHs ¥ 6—8 — Ha cra/i; MUHUMaJbHas — 4 JHs, MakcuMaiibHast — 16 cyt [7].

B xomnomHOE Bpemst Tofa, KOTaa IUKIOHBI CICAYIOT OAWH 3a IPYTUM, TTHKA
MIABOJIKOB 00pa3yIoT MPOJOIKUTEIHHYIO «TPEOSHKY», KOTOpas MOXKET JTUTHCS
HeaemssMu. OpoHTaIbHAS YaCTh MABOJOYHOM BOJHBI OOBIYHO TIPOXOIUT 32 4—06 4.
OpxHako mpu CMEpPYEBBIX MABOJKAX YPOBEHb BOJABI MOJHUMACTCS 33 CUMTAHHBIC
MUHYTBI WM AK€ MTHOBEHHO, YTO TMPECTABIISET CEPHE3HYIO YTPO3Y IJIS JIFO-
T, OKa3aBIIUXCS B Pyclie PEKU WM Ha e Oepery. DKCTpeMallbHbBIE TI0ThEMBI
ypoBHsI Bojibl Jocturatot 3,0-3,5 M, a B HEKOTOPBIX CIIy4asix CMEPUEBbIC MMABO/I-
KH MOTYT BBI3BIBaTh BCILICCKH 10 610 M [7].

MakcumanbHble pacxoibl BOJABI pacueTHOM oOecnedeHHoctu 1 % —
813 m%/c, 5 % — 619 M3/C, 10 % — 538 M*/c GbuIH TIOJTYYCHBI TI0 MHOTOJICTHUM
HaAOJIOICHUSM TIOCTA U TIPUBEJICHBI HA PUCYHKE 3.

Ha ocHoBanuu ananu3a JaHHBIX Tpaduka 3aBUCUMOCTH Pacxojia OT ypOB-
HS BOJIBI B CTBOPE CYIIECTBYET HEOOXOAMMOCTD ONPEACIIUTH BRICOTHOE TIOJIOKE-
HUE rpeOHs CTEHKH TaOMOHOB 151 0OecTieueHus1 HemepenuBa npu pacxogax 3 %
o6ecrieuentocTr’ [7]. KOHCTPYKTHBHOE GeperoyKpennTeabHOe COOPYKEHHE CO-
CTOWT U3 JIBYX SIPYCOB KOpOOYATHIX TaOMOHOB M MaTparia «PeHo» B OCHOBaHWUHU

(pucyHoxk 4).

1OHpeneneHHe OCHOBHBIX pacdeTHBIX THIposiorndeckux xapakrepuctuk: CIT 33-101-
2003: ytB. nocranoBienueM ['occtpost Poccun Ne 218 ot 26.12.2003. M. I'occTpoit Poccun,
2004. 75 c.
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Pucynok 3 — I'padux 3aBucumoctu pacxoaa Q
ot ypoBHs H B cTBope 00bekTa Ha peke Illaxe

Figure 3 —Dependency graph of the flow rate Q
on the level H in the facility section on the Shakhe River

3
81 1,0M
’ sV O Vo, S
e e e e e
80, S SOt S Yoot o S S T
3
e N
79,0 —2
78.0
o
lNpoekmHble | ommemka,m :,
OaHHble ©
paccmosiHue. M | 7,63
@akmuyeckue| OMMeMKa © ¥ S & Q
0aHHble 3emnu,m o N S o |
x O 5] N N
paccmosHuem| 231 || 3.72 | 563 | 4.46

1 — maTepuan u3 TabUOHOB; 2 — MaTpall U3 METAITMYECKON ceTKH «PeHoy;
3 — ykiajaka rpyHTa; 4 — TeOTeKCTHIIBHBIN MaTepHral

1 — gabion material; 2 — Renault metal mesh mattress;
3 —ground laying; 4 — geotextile material

Pucynok 4 — Ilonepe4nslii npo¢ujib rabMOHHON CTEHKH
Figure 4 — Transverse profile of the gabion wall
C menpl0 aHajaWM3a HETaTUBHOTO BO3JCHCTBUS OEpero3aliuTHBIX Mepo-
NPUATUM HaA pacxojiHble (THAPABIMYECKUE) MapaMeTphbl PEKH, a TaKXkKe ompeje-
JICHUS ONITHUMAJIbHOW BBICOTHI CTEHKH OBLIN BBITTOJHEHBI pacdyeThl METOJOM Ma-
TEMaTHYECKOT0 MOJIEIMPOBaHUs. PacdeTsl TeUeHHMI Ha paccMaTpuBacMOM yda-
CTKE PEKH BBIMOJHEHBI ISl MaBOAKOB 95 % obecrieueHHOCTH M maBojka 3 %
00eCIeuYeHHOCTH. 3HaUYeHUs PAaCcXO0JIOB BOJIBI B PEKE MPHU yKa3aHHBIX MaBOJKAX

MIPUHSATHI CIEAYIOIINMU:
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- maBoJIOK 95 % obecreueHHOCTH — Qgs o, = 205 M3/c;

- maBoJIOK 3 % oOecreueHHOCTH — Q344 = 668 M/c.

OTU JlaHHBIE TIOJIYYEHBbl B pe3yjbTaTe 00pabOTKU MaTepuaioB HaOJIO/e-
Hui 3a nepuoa 1940-2000 rr.

Pe3yabTaTsl u 00cy:xkaeHue. [Ipu BBHITOJHEHUH KOMITBIOTEPHOTO MOJIE-
JMPOBAHUS PSAIOBOTO MMABOJIKA TOTyUEHBI JaHHBIE, KOTOPHIE CBUICTEIBCTBYIOT O
TOM, YTO TIOCJIC BO3BEICHHS OCpPETOyKPEHMUTEIBHBIX COOPYKEHUN BOJHBIN ITO-

TOK HE BBIXOJUT Ha MIOMMY B palilOHE PeKpeallMOHHOTO 00bEeKTa (PUCYHOK D).
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Pucynok 5 — MoaesupoBanue noJjisi BOAHOT0 NOTOKA
Ha y4yacTke npu napoake 3 % o0ecne4eHHOCTH IocJIe
yCTPO#icTBa Gepero3aluTHbIX COOPY KeHH

Figure 5 — Water flow field simulation on the site during a flood
of 3 % probability after the bank protection structure installation
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3HauMTeNbHAS YacTh TTOWMBI OCTAETCS HE3aTOITUICHHOW, MOTOMY YTO IS
3 % pacxoma Qg o, = 668 M°/C OTMETKA [OAHSTUS YPOBHS BOBI B PEKE COCTABIIS-
et 81,3 M (pucyHok 3). Jlyist 3a11UThI MOMMBI OT 3aTOIIEHUS TpeOeHb TraOMOHHOU
CTEHKH 3alpOSKTHPOBAH Ha 3TOW oTMeTKe. [loyueHHbIe TaHHBIC CBUETEIHCT-
BYIOT O TOM, YTO CKOPOCTH T€UEHHUS B IPAHUIIAX PYCJIa COCTABSAT: MPU OOBIYHOM
naBojike 3HaueHus ot 1,6 1o 2,1 mM/c, a npu naBojke 3 % 00eCreuyeHHOCTH —
B JHama3oHe oT 2,2 10 2,7 M/c.

XapakTep TeUeHHsI B Mpejenax CYIIECTBYIOIIET0 pyclia HE MPEeTepIuT
3HAYUTENBHBIX N3MEHEHUH, OJTHAKO IIPOU30MAET HEKOTOPOE CMEIIECHUE ITOTOKA B
CTOpPOHY JIEBOTO Oepera, Kak MOKa3aHoO Ha pucyHke 6. B cBsi3u ¢ aTum cymecrt-
BEHHBIX M3MEHEHUI B PYCJIOBBIX IMpoIleccax, BKIOYas AepopMaliui, TaKKe He

O’KHJIaeTCsI, KpOME pa3MbIBa JIHA B CTBOPE TOJIOBHI CTPYECHANPABIISIONICH TaMOBI.

a b

a — KpecTooOpasHbIe 37eMeHThI; b — T-00pa3Hble 2IeMEeHTHI
a — cross-shaped elements; b — T-shaped elements

Pucynok 6 — KoncTpykunu 6epero3almiyTHbIX COOPYKeHH
Figure 6 —Bank-protection facility structures

Ha ocHOBaHUU BBINIEU3I0KEHHOTO U M0 JAHHBIM HATYPHBIX HAOJIIOACHUN
Ha TOPHBIX peKax 4acTO HAOJIOJAETCs Kapyexo, KOTOPBIA pa3pyliaeT rabuoH-
Hbl€ KOHCTPYKUMHU. {751 3a1UThl TAOMOHHOM CTEHKH HEOOXOAMMO YCTAHOBHTH
B pyciie MnpejjaraeMble 3alUTHbIE KOHCTPYKTHUBHO-TEXHUYECKUE COOPY>KEHUS

OT Kap4exoa (PUCYHOK 6).
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[IpuBenenHbIc HA PUCYHKE 6 KOHCTPYKIIUU OYAYT YJIaBIMBATH IUIBIBYIIINAC
JIEpEBbsl M, BBIMOJHSS POJb HAMPABISIIOUIMX COOPYKEHUM, HAIMpPaBIATh MX K
HeHTpY peku. KOHCTpYKIIMU COCTOST U3 3JIEMEHTOB, YCTAHOBJICHHBIX Ha 00IIen
OCH, JUIMHA KOTOPOUM OMpPEAENSIETCS KOJIMYECTBOM 3JIEMEHTOB U PACCTOSHUEM
MEKITY HEMH .

KOHCTpYKTHBHO-TEXHMUECKOE PEIICHUE BBIMOJMHAETCS B (OpMeE KpECTo-
oOpa3HbIX O0amok win T-00pa3HBIX JEMEHTOB, 3aKPETUICHHBIX Ha MPOI0JHHON
Oanke. Pa3mernenre coopyXxeHuil Ha TEPPUTOPUU, KOTOpask MOJIBEpKEHA 3aTOTI-
JICHUIO, JOJKHO B 3HAYUTEILHOW CTENEHU TapaHTUPOBATh YJIaBIMBAHUE BCEX
KPYHHBIX JApeddyromux oOBEKTOB, TaKWX, KaK JEpeBbsi U HX (parMeHThl, a
Tak)ke oO0ecreunBaTh CBOOOHOE MPOXOXKICHUE BOJTHOTO MTOTOKA.

KonuuectBo coopykeHuit OyZeT 3aBUCETh OT KOJMYECTBa Kapuexo/aa, €ro
pa3MepoB, MOP(DOTOTUIYECKUX DIIEMEHTOB pyciia U PACIOJIOKEHHUS] MECT €CTeCT-
BEHHOU 3aJICPKKH IEPEBBEB U UX gacreit* >,

Takum 00pa3om, KOMILJIEKC COOPYKEHUN B CBOEM COCTaBE BKJIIOUAECT:

- TaOMOHHYIO CTEHKY;

- CTpyEHAIpPaBJISIIONLYI0 1aMOy U TIPOpe3b;

- YCTPOICTBA, 3alIMIIAIOIINE THAPOTEXHUYECKHE M MPUPOIOOXPAHHbBIC

coopyxenus [8—16].

’ITar. 2533912 Poc. denepanus, MIIK® E02B 3/02. Cr1oco6 04ucTKH pycen pek BOIu-
31 MocToB / AHoxuH A. M.; narenroobnanarens ®TBOY BITO HI'MA. Ne 2013118901/13;
3asBiL. 23.04.13; ony6m. 27.11.14, bron. Ne 33. 5 c.

3Y0Tp0171<:TBo JUISL 3aI0UThI TUAPOTEXHUYECKUX M MOCTOBBIX COOPYKEHUH OT IUIaBaro-
1IMX JepeBbeB: nat. 2664835 Poc. denepanus: MIIK® E02B 3/02; E02B 3/04 / Anoxun A. M.,
bannypun M. A., Yyraesa O. B.; 3marentoo6nanarens ®I'bOY BO «JloHckoli rocynapet-
BEHHBIN arpapHblii yHHBepcuTeT». Ne 2016144589; 3asaBn. 14.11.16; omy06xn. 23.08.18, Broi.
Ne24.9c.

‘TuaporexHuueckie coopykeHus. OCHOBHBIC TOJIOKEHHS. AKTyalH3HPOBAaHHAs pe-
nmaknus CHull 33-01-2003: CIT 58.13330.2012: ytB. npukazom Munperuona Poccun Ne 623
ot 29.12.11: BBen. B neficteue 01.01.13. M.: Crangaptundopm, 2020. 39 c.

*Harpyski ¥ BO3JCHCTBHS. AKTyanusupoBaHHas pemakiuus CHull 2.01.07-85*:
CI120.13330.2011: yrB. npukazomM Munpernona Poccuu Ne 787 ot 27.12.10: BBen. B neuct-
Bue 20.05.11. M.: Crangaptuadopm, 2011. 96 c.
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BoiBoabl. Takum 00pa3oM, Ha OCHOBAaHWUHW MPOBEIECHHBIX MCCIIECIOBAHUN
KOMITJIEKCA MEPONPHUATHI TI0 00ECIIEYCHHIO 3alUTHI Oepera PeK: W 3aIUTHBIX
COOPY>KEHHUH OT BO3JICUCTBHUS BOJIHOTO MOTOKA HEOOXOIUMO OTMETHUTD.

- U1l 0OECTICUCHMSI 3aIUTHI MPABOr0 Oepera peKu OT Pa3MbIBOB U MOCTIE-
JTYIOLIET0 pa3pyIIeHUs 3alpOoeKTUpOBaHA CTyleHYaTas raOWOHHAs CTEHKA H
CTpYCHaNpaBJIsAtoIIas JamOa ¢ BBIIIOJIHEHUEM MIPOPE3HU Y JICBOTO PyKaBa PEKH;

- 10 pe3yJibTaTaM BBINOJHEHHOTO KOMIIBIOTEPHOTO MOJICIUPOBAHUS PS-
JIOBOTO MAaBOJIKA MOJYYE€HBI IaHHBIE, KOTOPbIE CBUAETEIBCTBYIOT O TOM, YTO I10-
CJI€ BO3BEJCHUSI OEPErOyKpPENUTEIbHBIX COOPYKEHUI BOJHBIN MOTOK HE BBIXO-
JUT Ha MOWMY B palloOHE PEKpearlioOHHOI0 00BhEKTa, MOJTYYEHO IIJIaHOBOE Iepe-
pacrpejiesieHde MOToKa I0 IIMPUHE pycia PeKH B CTOPOHY YIIyOJICHHS JIEBOTO
pyKaBa B BHJI€ Mpope3u. s 3ammThl MOWMBI OT 3aTOIUICHUS] TPeOEHb rabuOH-
HOM CTEHKH OBLI 3alpOCeKTUPOBaH Ha OTMeTKe 81,3 M;

- 3al[UTHBIE YCTPOUCTBA OT KapyexoJia B BUJe TAOMOHHON CTEHKH MOTYT
OBITH BBIIIOJIHEHBI KaK KpecTooOpa3Hble Oanku uinu T-o0pa3Hble AIeMEHTHI, YCT-
pavBaeMble Ha MPOJOJILHON Oanke. Pa3MeleHne Takux COOPYKEHHMM Ha 3aToll-
JIIEMOU TEPPUTOPHUU JIOJKHO 00eCIeunBaTh YIaBIMBAHUE BCEX KPYMHBIX BKIIIO-
YEHUH TUIBIBYIITUX JE€PEBbEB U MX (ParMEHTOB, a TAKXKE MOJJICPKUBATH CBOOOI-

HOC ABMXKCHHMC BOAHOI'O ITIOTOKA N NCJIOCTHOCTD raOMOHHBIX KOHCTPYKHHﬁ.

CnMcoK MCTOYHHUKOB

1. bepxoBuu K. M., 3notuna JI. B. K orienke onacHOCTH rOpU30HTAIBHBIX jJedopMa-
il pycna // 3aKOHOMEPHOCTH MPOSIBICHUS SPO3UOHHBIX M PYCIIOBBIX MPOLIECCOB B Pa3iuy-
HBIX IPUPOJIHBIX YCIOBUAX: MaTepraiibl V Beepoc. Hayd. KOH(]. ¢ MexayHap. yyacTuem, 00b-
enuH. ¢ XXXIV menap. coseny. MexBy3. Hayd.-KOOpAMHAIL. COBETa MO IpolsemMe 3po3., py-
CJIOBBIX M YCTHEBBIX TIporieccoB (T. Mocksa, 3—6 cenr. 2019 1.). M.: Jlenann, 2019. C. 111-112.
EDN: IQFWQW.

2. JInarHOCTHKA MOCTOBBIX ITEPEE3/I0B Ha MAJIBIX PEKaX U MEITMOPATUBHBIX CHCTEMAX C
Y4eTOM YIpo3bl BHe3amHoro naBojka Ha FOre Poccun / M. A. bannypun, B. A. BonocyxuH,
U. A. Tlpuxoasko, A. A. Pynenko // Menuopanus u rugporexnuka. 2023. T. 13, Ne 1.
C. 200-218. URL: https://rosniipm-sm.ru/article?n=1349 (mata oOpamenus: 03.03.2025).
DOI: 10.31774/2712-9357-2023-13-1-200-218. EDN: EURSRG.

3. bepkoBuu K. M., 3noruna JI. B., Typsikun JI. A. Pa3paboTka pycioBbIX KaphepoB B
MOJIBKHBIX pycllaX peK: peakius, MOCIeICTBUS U NMepcreKTuBbl // 3BecTust pycckoro reo-
rpaduueckoro oomectra. 2023. T. 155, Ne 1. C. 13-20. DOI: 10.31857/S0869607123010032.
EDN: HCVANJ.

10


https://elibrary.ru/iqfwqw
https://doi.org/10.31774/2712-9357-2023-13-1-200-218
https://elibrary.ru/eursrg
https://doi.org/10.31857/S0869607123010032
https://elibrary.ru/hcvanj

Menumopanus u ruaporexauka. 2025. T. 15, Ne 2. C. 353-365.
Land Reclamation and Hydraulic Engineering. 2025. Vol. 15, no. 2. P. 353-365.

4. Bomocyxun B. A., Hlypckuii O. M. HaBoguenue na KyGanu. IIpoGiemsl u 3ana-
gy // T'uaporexnuka. 2012. Ne 4(29). C. 6-9. EDN: UJKIAH.

5. bepkoBuu K. M., 3notuna JI. B., Typsikun JI. A. Pa3mbIB peunbix OeperoB: ¢akTo-
pBI, MEXaHM3M, ACATENbHOCTh uenoBeka // I'eomopdomorums. 2019. Ne 2. C. 3-17. DOIL:
10.31857/S0435-4281201923-17. EDN: LKKEKQ.

6. Pomamuu B. B. Mopdoannamuka pednsix pycen CounHCKOTo paiiona YepHomop-
ckoro nooepexns Kapkaza. M., 2002. 167 c.

7. IIpuxonpko U. A., Bmagumupor C. A., Pomanenko H. C. MaTtemaTudeckoe moie-
JMPOBAHUE OISl TEYCHUH B pyclie peKr M3bIMTa MPH pacueTHBIX MMaBOAKaxX // DKOIOTUs ped-
HBIX JaHamadToB: co. cT. mo Marepuanam [V MexayHap. Hayd. 3xoJior. KoHd., 3 aek. 2019 r.
Kpacnomap: Ky6I'AY, 2020. C. 133-140.

8. Anoxun A. M., 3anasckuii H. U., 3anasckuii B. H. Kommieke mj1g 3ammTel MOCTOB
U BOJIOIIPOIYCKHBIX COOPY)KEHHH OT KpymHOTO Apeiidyroiiero mycopa // TpancropT: Hayka,
oOpa3zoBaHHe, MPOM3BOJCTBO: TPYAbl MEXAyHap. Hayd.-mpakT. KoHd. (Pocros-na-lony,
12-15 amp. 2016 r.). T. 4. Texuuueckne u ectecTBeHHble Hayku. Poctos H//].: PocToB. roc.
yH-T iyTei coobmenus, 2016. C. 18-20. EDN: XWFTMD.

9. ObecnieueHre 0€30MaCHOCTH M HAJIEKHOCTH HU3KOHATIOPHBIX THAPOTEXHUYECKHUX
coopyxenuii: Mmororpadus / B. H. leapun, FO. M. Kocuuenxo, /I. B. baknanosa, O. A. ba-
eB, E. JI. Muxaiinos. HoBouepkacck: PocHUUIIM, 2016. 283 c. EDN: WUYTAT.

10. JlanmenkoB B. C. PycnoBas ruapoTexHuka: mpakT. mocodue. HoBodepkacck:
HI'MA, 2000. 407 c. EDN: SHYSWP.

11. Effect of an extreme flood event on solute transport and resilience of a mine water
treatment system in a mineralised catchment / W. M. Mayes, M. T. Perks, A. R. G. Large,
C.J. Gandy, P. A. H. Orme, A. P. Jarvis // Science of the Total Environment. 2021. Vol. 750.
Article number: 141693. DOI: 10.1016/j.scitotenv.2020.141693. EDN: KVJFGU.

12. The land-river interface: a conceptual framework of environmental process inter-
actions to support sustainable development / R. C. Grabowski, K. Vercruysse, 1. Holman,
A. Azhoni, B. Bala, V. Shankar, J. Beale, S. Mukate, A. Poddar, J. Peng, J. Meersmans // Sus-
tainability Science. 2022. Vol. 17. P. 1677-1693. https:doi.org/10.1007/s11625-022-01150-x.

13. Vercruysse K., Grabowski R. C. Human impact on river planform within the con-
text of multi-timescale river channel dynamics in a Himalayan river system // Geomorpholo-
gy. 2021. Vol. 381. Article number: 107659. DOI: 10.1016/j.geomorph.2021.107659. EDN:
WSJPVG.

14. Large variations in global irrigation withdrawals caused by uncertain irrigation effi-
ciencies / A. Puy, A. Saltelli, B. Lankford, J. Meier, S. Van Der Kooij // Environmental Re-
search Letters. 2022. Vol. 17. no. 4. Article number: 044014. DOI: 10.1088/1748-9326/ac5768.
EDN: DRJSDU.

15. Okubo S., Ikeya H., Ishikawa, Y., Yamada T. Development of New Methods for
Countermeasures against Debris Flow // In book: Recent Developments on Debris Flows.
2008. P. 166-185. DOI: 10.1007/BFb0117768.

16. Parola A. C., Apelt C. J., Jempson M. A. Debris forces on highway bridges. Wash-
ington D. C.: National Academy Press, 2000. No. 445. 78 p.

References

1. Berkovich K.M., Zlotina L.V., 2019. K otsenke opasnosti gorizontal’nykh
deformatsiy rusla [Assessing the danger of horizontal channel deformations]. Zakonomernosti
proyavleniya erozionnykh i ruslovykh protsessov v razlichnykh prirodnykh usloviyakh:
materialy V Vseros. nauchnoy konferentsii s mezhdunar. uchastiem, ob"edin. s XXXIV plenar.
soveshch. Mezhvuz. nauchnogo-koordinatsionnogo soveta po probleme eroz., ruslovykh i
ust'evykh protsessov [Patterns of manifestation of erosion and channel processes in various

11


https://elibrary.ru/ujkiah
https://doi.org/10.31857/S0435-4281201923-17
https://elibrary.ru/lkkekq
https://elibrary.ru/xwftmd
https://elibrary.ru/wuytat
https://www.elibrary.ru/shyswp
https://doi.org/10.1016/j.scitotenv.2020.141693
https://elibrary.ru/kvjfgu
https://doi.org/10.1016/j.geomorph.2021.107659
https://elibrary.ru/wsjpvg
https://elibrary.ru/drjsdu
http://dx.doi.org/10.1007/BFb0117768

Menumopanus u ruaporexauka. 2025. T. 15, Ne 2. C. 353-365.
Land Reclamation and Hydraulic Engineering. 2025. Vol. 15, no. 2. P. 353-365.

natural conditions: Proceed. of the VV All-Russian Scientific Conference with International
Participation, Combined with the XXXIV Plenary Meeting of the Interuniversity Scientific
Coordination Council on the Problem of Erosion, Channel and Estuary Processes]. Moscow,
Lenand Publ., pp. 111-112, EDN: IQFWQW. (In Russian).

2. Bandurin M.A., Volosukhin V.A., Prikhodko I.A., Rudenko A.A., 2023.
Diagnostika mostovykh pereezdov na malykh rekakh i meliorativnykh sistemakh s uchetom
ugrozy vnezapnogo pavodka na Yuge Rossii [Diagnostics of bridge crossings on small rivers
and reclamation systems with regard to the threat of flash flood in the south of Russia].
Melioratsiya i gidrotekhnika [Land Reclamation and Hydraulic Engineering], vol. 13, no. 1,
pp. 200-218, available: https://rosniipm-sm.ru/article?n=1349 [accessed 03.03.2025], DOI:
10.31774/2712-9357-2023-13-1-200-218, EDN: EURSRG. (In Russian).

3. Berkovich K.M., Zlotina L.V., Turykin L.A., 2023. Razrabotka ruslovykh kar'yerov
v podvizhnykh ruslakh rek: reaktsiya, posledstviya i perspektivy [In-stream mining in alluvial
river channels: response, consequences and perspectives]. lzvestiya russkogo
geograficheskogo obshchestva [Proceed. of the Russian Geographical Society], vol. 155, no.
1, pp. 13-20, DOI: 10.31857/S0869607123010032, EDN: HCVANJ. (In Russian).

4. Volosukhin V.A., Shursky O.M., 2012. Navodnenie na Kubani. Problemy i zadachi
[Flooding in the Kuban region. Problems and tasks]. Gidrotekhnika [Hydraulic Engineering],
no. 4(29), pp. 6-9, EDN: UJKIAH. (In Russian).

5. Berkovich K.M., Zlotina L.V., Turykin L.A., 2019. Razmyv rechnykh beregov:
faktory, mekhanizm, deyatel'nost' cheloveka [Riverbank erosion: factors, mechanism, human
activity]. Geomorfologiya [Geomorphology], no. 2, pp. 3-17, DOI: 10.31857/S0435-
4281201923-17, EDN: LKKEKQ. (In Russian).

6. Romashin V.V., 2002. Morfodinamika rechnykh rusel Sochinskogo rayona
Chernomorskogo poberezh'ya Kavkaza [Morphodynamics of River Channels in the Sochi Re-
gion of the Black Sea Coast of the Caucasus]. Moscow, 167 p. (In Russian).

7. Prikhodko L.A., Vladimirov S.A., Romanenko N.S., 2020. Matematicheskoe modeli-
rovanie polya techeniy v rusle reki Mzymta pri raschetnykh pavodkakh [Mathematical simula-
tion of the flow field in the Mzymta River channel during calculated floods]. Ekologiya
rechnykh landshaftov: sh. st. po materialam IV Mezhdunar. nauchnoy ekologicheskoy
konferentsii [Ecology of River Landscapes: Coll. of Articles Based on the Proceed. of the IV In-
ternational Scientific Ecological Conference]. Krasnodar, KubSAU, pp. 133-140. (In Russian).

8. Anokhin A.M., Zalavskiy N.l., Zalavskiy V.N., 2016. Kompleks dlya zashchity
mostov i vodopropusknykh sooruzheniy ot krupnogo dreyfuyushchego musora [Complex for
protecting bridges and culverts from large drift garbage]. Transport: nauka, obrazovanie,
proizvodstvo: trudy mezhdunar. nauchno-prakticheskoy konferentsii. T. 4. Tekhnicheskie i
estestvennye nauki [Transport: Science, Education, Production: Proceed. of the International
Scientific and Practical Conference. Vol. 4. Technical and Natural Sciences]. Rostov n/D.,
Rostov State University of Railway Engineering, pp. 18-20, EDN: XWFTMD. (In Russian).

9. Shchedrin V.N., Kosichenko Yu.M., Baklanova D.V., Baev O.A., Mikhailov E.D.,
2016. Obespechenie bezopasnosti i nadezhnosti nizkonapornykh gidrotekhnicheskikh so-
oruzheniy: monografiya [Ensuring Safety and Reliability of Low-Head Hydraulic Structures:
Monograph]. Novocherkassk, RosNIIPM, 283 p., EDN: WUYTAT. (In Russian).

10. Lapshenkov V.S., 2000. Ruslovaya gidrotekhnika: prakt. posobie [Channel Hy-
draulic Engineering: Practical Manual]. Novocherkassk, NGMA, 407 p., EDN: SHYSWP.
(In Russian).

11. Mayes W.M., Perks M.T., Large A.R.G., Gandy C.J., Orme P.A.H., Jarvis A.P.,
2021. Effect of an extreme flood event on solute transport and resilience of a mine water
treatment system in a mineralised catchment. Science of the Total Environment, vol. 750, Ar-
ticle number: 141693, DOI: 10.1016/j.scitotenv.2020.141693, EDN: KVJFGU.

12



Menumopanus u ruaporexauka. 2025. T. 15, Ne 2. C. 353-365.
Land Reclamation and Hydraulic Engineering. 2025. Vol. 15, no. 2. P. 353-365.

12. Grabowski R.C., Vercruysse K., Holman I., Azhoni A., Bala B., Shankar V., Beale J.,
Mukate S., Poddar A., Peng J., Meersmans J., 2022. The land-river interface: a conceptual
framework of environmental process interactions to support sustainable development. Sus-
tainability Science, vol. 17, pp. 1677-1693, https:doi.org/10.1007/s11625-022-01150-x.

13. Vercruysse K., Grabowski R.C., 2021. Human impact on river planform within the
context of multi-timescale river channel dynamics in a Himalayan river system. Geomorphol-
ogy, vol. 381, Article number: 107659, DOI: 10.1016/j.geomorph.2021.107659, EDN:
WSJPVG.

14. Puy A,, Saltelli A., Lankford B., Meier J., Van Der Kooij S., 2022. Large variations
in global irrigation withdrawals caused by uncertain irrigation efficiencies. Environmental Re-
search Letters, vol. 17, no. 4, Article number: 044014, DOI: 10.1088/1748-9326/ac5768, EDN:
DRJSDU.

15. Okubo S., Ikeya H., Ishikawa, Y., Yamada T., 2008. Development of New Meth-
ods for Countermeasures against Debris Flow. In book: Recent Developments on Debris
Flows, pp. 166-185, DOI: 10.1007/BFb0117768.

16. Parola A.C., Apelt C.J., Jempson M.A., 2000. Debris forces on highway bridges.
Washington D. C., National Academy Press, no. 445, 78 p.

Hugpopmayusa 06 asmopax

A. M. AnoxuH — npodeccop Kadeapbl THAPOTEXHUUECKUX COOPYKEHUM, KaHIUaT TeXHUYe-
CKUX Hayk, HoBouepkacckuii MHKeHepHO-MennopaTuBHbI nHCTUTYT uMeHu A. K. KopryHo-
Ba — (unman J[OHCKOTro rocyaapcTBEHHOTO arpapHoro yHuBepcutera, HoBouepkacck, Poc-
cuiickas Deneparns, anochin2023@yandex.ru, ORCID: 0009-0009-0256-2246;

A. 0. I'ap0y3 — crapimmii Hay4Hbld COTPYJHUK, KaHAUAAT TEXHUYECKUX HAyK, Poccuiickuii
Hay4HO-UCCJIEIOBATEILCKUN MHCTUTYT MpobiieM menuopaiuu, HoBouepkacck, Poccuiickas
Deneparus, A.Y.Garbuz@yandex.ru, ORCID: 0000-0003-1503-7300.

Information about the authors
A. M. Anokhin — Professor of the Department of Hydraulic Engineering Structures, Candi-
date of Technical Sciences, Novocherkassk Engineering and Land Reclamation Institute —
branch of the Don State Agrarian University, Novocherkassk, Russian Federation,
anochin2023@yandex.ru, ORCID: 0009-0009-0256-2246;
A. Yu. Garbuz — Senior Researcher, Candidate of Technical Sciences, Russian Scientific Re-
search Institute of Land Improvement Problems, Novocherkassk, Russian Federation,
A.Y.Garbuz@yandex.ru, ORCID: 0000-0003-1503-7300.

Bxnao aemopos: 6ce aemopwi coenanu d3k8uBaIeHMHbIU 8KIAO 8 NOO2OMOBKY NYOIUKAYUU.

Bce asmopbsl 6 paeHoﬁ CmeneHu Hecym omeemcneeHHOCMb 3a HApYUleHUsl 6 cqbepe OMuKu
HAYYHBIX NYOIUKAYUI.

Contribution of the authors: the authors contributed equally to this article.

All authors are equally responsible for ethical violations in scientific publications.

Asmopul 3a5615810m 06 OMCYMCmMaUY KOHMIUKMA UHMEPECO8.
The authors declare no conflicts of interests.

Cmamus nocmynuna 6 pedaxyuiro 13.03.2025; o0obpena nocne peyenzuposanusn 22.04.2025;
npunama x nyonuxayuu 17.06.2025.

The article was submitted 13.03.2025; approved after reviewing 22.04.2025; accepted for
publication 17.06.2025.

13



