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Annomayusn. Uenb: pa3padoTka KOHCTPYKTUBHBIX PEIICHUNA M METOJUK THIPaBINYEC-
CKOI0 pacyeTra TPAaKTOB PBIOOXOJIHBIX U PBIOOXOIHO-HEPECTOBBIX KaHAJIOB IOJUTOHAIBHON
¢dopMbI nonepevHoro ceueHus. MarepuaJbl H MeToAbl. OCHOBY HAaCTOSIIETO UCCIIETOBAHUS
COCTaBMJIM: CBEJICHUS, ITOJIyYEHHBIE 110 PE3yJIbTaTaM aHalIM3a U3BECTHBIX U aBTOPCKUX IIpe-
JIO’)KEHUH 110 KOHCTPYKTUBHOMY HCIIOJIHEHUIO M METOJMKaM pacueTa TPaKTOB KaHAJIOB; MaTe-
pHaibl ppIOOBOAHO-OMOJIOIrMYECKOTO0 0OOCHOBAHUS NMPOEKTOB KAHAIOB, (DYHKIIMOHHPYIOLIUX
B coctaBe HikHe-J[oHCKHX THApOY3IIOB. Pe3yabTaThl. YCTaHOBIEHA HEOOXOAUMOCTh (POpMHU-
poBaHus (pa3pabOTKH) MPEUIOKEHUN TI0 KOHCTPYKTUBHBIM PEIICHHUSIM U METOIMKAM THIPAB-
JMYECKOTO pacdeTa MOHMEHHO-PYCIOBBIX TPAKTOB PBIOOXOJHBIX M PBHIOOXOIHO-HEPECTOBBIX
kaHanoB. IIpemioxeHo 1Ba BapuaHTa KOHCTPYKTUBHOTO MCIIOJIHEHUS TPAKTOB, XapaKTEpU3y-
€MBIX OJHOCTOPOHHEH (OTHOCHTEIBHO pycia) OJHO- U JBYXCTYNEHYaTOW (HOpMOH MOMMBI.
Pa3zpaGoTanHble KOHCTPYKIMM oOecrneynBaoT (GOPpMUPOBAHUE B aKBAaTOPUHU KaHaja Pa3HbIX
10 TIIyOWHAM ¥ CKOPOCTSIM TE€YEHUS 30H nepemenieHust 1 Hepecta prio. C yueToM 0COOEHHO-
cTeil (hopM TOMEPEYHOTO CEYCHHS TPAKTOB KAHAJIOB U CPOPMYIHPOBAHHBIX MXTHOJIOTHYE-
CKHX TpeOOBaHMI K UX YCTPOMCTBY, pa3pabOTaHbl COOTBETCTBYIOLUE METOIUKH TUApABINYE-
CKOT'0 pacueTa M MpoBeJleHa UX uYuciieHHas anpobanus. OcoOeHHOCTIO MPEAIOKEHHBIX Me-
TOJIUK SIBJISIETCSl BHEJPEHUE B MX COCTaB PACUCTHBIX 3aBUCHUMOCTEH, YUMTHIBAIOIIUX PHIOO-
BeJUecKre TpeOOBaHUS CO3JaHUS TPAKTOB KaHaloB. BbIBoAbI. YcTaHOBIEHa LieraecooOpas-
HOCTb YCTPOMCTBA TPAKTOB PHIOOXO/IHBIX U PHIOOXOJHO-HEPECTOBBIX KaHAJIOB C MOJIMIOHAJIb-
HOH (ToMEeHHO-pyCIIoBOM) (hopmoil monepeuHoro ceueHus. Pa3paboTaHbl KOHCTPYKTHUBHBIE
CXEMBI U METOJIMKH TMAPABIMYECKOr0 pacueTa TPAKTOB KaHAJIOB TOMMEHHO-PYCIOBOTO IIOTIE-
PEYHOI0 CEYEHHUs C OAHOCTOPOHHEN OHO- U JBYXCTYIIEHYATOU ITONMON.

Knrwouesvie cnoea: murpanys pblO, HepecT pbl0, pbIOOXOIHBIA KaHal, PhIOOXOIAHO-
HEPECTOBBIN KaHaJl, TPAKT KaHaia, TUAPaBIMYECKUN pacueT MOJIUTOHAIIbHOTO TpaKTa KaHaja
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Abstract. Purpose: development of design solutions and methods for hydraulic calcu-
lation of fish pass and fish passing-spawning channel tracts of a cross-sectional polygonal
shape. Materials and methods. The basis of this study was: information obtained from the
analysis of well-known and original proposals on design and methods of calculating channel
tracts; materials for fish farming and biological substantiation of channel projects operating as
part of the Lower Don waterworks. Results. The need for the formation (development) of
proposals for design solutions and methods of hydraulic calculation of floodplain-bed tracts of
fish pass and fish passing-spawning channels has been determined. Two options for the struc-
tural design of tracts characterized by a one-sided (relative to the bed) single and two-stage
floodplain shape are proposed. The developed structures ensure the formation of fish move-
ment and spawning zones of different depths and flow speeds in the channel water area. Tak-
ing into account the peculiarities of the cross-section shapes of channel tracts and the formu-
lated ichthyological requirements for their design, the appropriate hydraulic calculation meth-
ods were developed and their numerical testing was carried out. A feature of the proposed
methods is the introduction of calculated dependencies that take into account the fishery re-
quirements for creating channel tracts, into their composition. Conclusions. The feasibility of
constructing fish pass and fish passing-spawning channels with a polygonal (floodplain-bed)
cross-sectional shape has been established. Design schemes and methods for hydraulic calcu-
lation of channel tracts of floodplain-bed cross-section with one-sided single- and two-stage
floodplains have been developed.

Keywords: fish migration, fish spawning, fish passage channel, fish passing-spawning
channel, channel track, hydraulic calculation of the polygonal channel tract
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BBenenme. Pa3pabotka 3(QPEKTUBHBIX KOMIIOHOBOYHO-KOHCTPYKTHUBHBIX
peleHnid PHIOOXOAHBIX M PHIOOXOTHO-HEPECTOBBIX KAHAJOB IMPEIyCMaTpUBAaET
pelleHre 3aa4d MO0 BBIOOPY ONTUMAlIbHOM (DOPMBI MONEPEUHOTO CEUEHHs HX
TPAKTOB, (GOPMHUPYIOIIMX OJAronpusATHBIC YCIOBUS JJIsl MIPOXOAa U HEpecTa pas-
JIMYHBIX BUAOB pbl0. HecMOTps Ha MIMPOKYIO MPaKTUKY YCTPOMCTBA TaKUX KaHa-

JIOB C TpameneuaaibHpIMU TpakTamu [1-5], HaydHO 00OCHOBaHa M JIOKa3aHa
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HEOOXOAMMOCTh NIepexoia K UX MOJIMTOHATBLHBIM (OWMEHHO-PYCIOBBIM) (hopMam
MOTIEPEUHBIX MTpoduIe, 00ecreYnBarOIMX BO3MOKHOCTD (DOPMHUPOBAHMS B aKBa-
TOPUM KAaHAJIOB YCJIOBHUH I MIEpEMEIIECHUS] U HEPecTa PbI0 ¢ pa3IUuHBIMUA OHO-
JIOTUYECKMMHU TPEOOBAHUSIMU K YCJIOBHUSIM HMX BOCHPOM3BOJICTBA [6]. Marepuaisl
aHaJlM3a CBEJICHUI U NPEJIOKEHUIA 110 KOHCTPYKIUSAM TaKUX TPAKTOB, ITPUBEICH-
HBIX B pabotax A. A. Yucrtsakosa u ap., Bin. H. lllkypsr [7-9], no3Bonmuiu ycTaHo-
BUTh HEOOXOIMMOCThH Pa3pabOTKU METOJUK WX THAPABIMYECKOTO pacuera, y4H-
TBHIBAIOINX TPeOOBaHUS K (POPMHUPOBAHUIO OJIATOMPUSATHBIX YCIOBUN (MO MIMPH-
HaM, TIyOMHaM, CKOPOCTSM TEYEHMs, HEPECTOBOMY OOYCTPOMCTBY) B KaHaIax
JUTSL IEPEMELIEHHS] M HEpeCTa pa3iIMYHbIX BUIOB pbIO. IIpu 3TOM, C yueTom mmpo-
KOro pa3zHooOpa3usi TUIPOrpapUUeCKuX YCJIOBUM YCTPONCTBA M SKCILTyaTalluu
TaKUX KaHAJIOB, MPUOOPETAET aKTyaIbHOCTh PACHIMpPEHUE UMEIOIIECs 6a3bl KOH-
CTPYKTHUBHBIX pa3pabOTOK MONEPEUHBIX CeUeHUM (TpoQuIIeit) UX TPAKTOB.

Lenp ucciaenoBanus — pa3pabOTKa KOHCTPYKTUBHBIX PEIICHUN U METOJUK
THIPABIMYECKOTO pacyeTa TPAKTOB PBHIOOXOIHBIX U PHIOOXOIHO-HEPECTOBBIX
KaHAJIOB, XapaKTepU3yEeMbIX MOJUTOHAIBHBIM (MIOWMEHHO-PYCIOBBIM) MOMEPEY-
HBIM MpoduseM (OUepTaHUEM).

MartepuaJjbl M MeTOAbl. B OCHOBY HCClieIOBaHUS TOJIOKEHbI: JaHHbIE
PBIOOBOTHO-OMOJIOTUYECKOT0 OOOCHOBAHHUS TMPOEKTOB PBHIOOXOIHBIX U PHIOO-
XOJIHO-HEPECTOBBIX KaHAJIOB, U3BECTHBIE U ABTOPCKUE CBEACHUSA MO KOHCTPYH-
POBaHHUIO U PacyeTy TPAKTOB KAHAJIOB.

Pe3yabTaTrhl M uX 00cy:kaeHue. VICXOOHBIMU JTaHHBIMH TIPU KOHCTPYH-
pPOBaHUU MOWMEHHO-PYCIOBBIX TPAKTOB PHIOOXOJHBIX M PHIOOXOIHO-HEPECTO-
BbIX KaHAJIOB CIy’KaT: CBEACHUS MXTUOJIOTMYECKOTO (O KOJMYECTBE M pa3Mepe
MUTPUPYIOIIUX IO PeKe 0co0el pbIO, X BUIOBOM Pa3HOOOpa3UH, CKOPOCTAX UX
MJIaBaHUs M HEPECTa, MPEIMOYNTaeMOM BHJIE HEPECTOBOTO CyOCTpaTa) XapakTe-
pa; TUAPOJOTUYECKUE XapaKTEPUCTUKU PEKH, OCPEAHEHHBIE 32 MHOTOJICTHUI
NEpUO B OTPE3KE HEPECTOBOTO XO0Jla MPUOPUTETHBIX BUAOB DPHIO (3HAYCHUS
YPOBHEHW M PacxoA0B BOJBI 10 HUKHEMY U BepxHeMy Obedam); Tonorpaduye-

CKasl KapTa MECTHOCTH; CBEACHHS O PACIOJOXKEHUH U YCIOBUAX PAOOTHI JeH-
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CTBYIOIIMX COOPYKEHUH TUIpoy3Jia U APYyTuX 00beKToB. C y4eTOM MOJyYEHHBIX
JIAHHBIX OMPEIEIAIOTCS THAPOMETPUUYECKUE MapamMeTphbl TpaKTa KaHajla U OCy-
HIECTBIISIETCS €r0 AaJIbHEHIIee KOHCTPYHUPOBAHUE.

ObecrnieueHne pa3HbIX MO TIIyOWHE W CKOPOCTH YCIOBUH AJIs Mepemelie-
HUS U HepecTa pbIO (IIpU UX HU3KOM BHJIOBOM PazHOOOpa3uu B PEKE) OCYIIECTB-
JISI€TCS MOCPEICTBOM YCTPOUCTBA MONEPEYHOro Mpodusis TpakTa KaHaia B COOT-
BETCTBHH CO CXEMOM, MPUBEICHHON Ha pUCYHKe la, a pu yBenuueHuu Ouopas-

HOOOpa3us — 1o PUCYHKY 16.

@ — C OAHOCTYIIEHYaTON OUMOM; 6 — C IBYXCTYIEHYaTON MTOMMOI;
My — 3aJI0’)KEHHE OTKOCOB TPAKTa KaHana; B1, i1 — UpHUHA U [NIyOuHA pyCia Mo JHY, M;
B>, B3, h2, h3 — mmupuHbI ¥ TIIyOWHBI IEPBOM U BTOPOH CTYIEHEH MOHMBI TI0 IHY, M

a — with a single-stage floodplain; b — with a two-stage floodplain;
my — canal tract slope ratio; Bi, h1 — width and depth of the channel along the bed, m;
B>, B3, h2, hs — width and depth of the first and second stages of floodplain along the bed, m

Pucynok 1 — Cxembl N0/iIMEHHO-PYCJIOBBIX TPAKTOB KAaHAJIOB
Figure 1 — Schemes of floodplain-bed channel tracts

[MupuHa pycna kaHana 1o AHy B| NpUHUMAETCS U3 yCIOBUSI 0OECTIeUeHUs
MUHUMAaJbHBIX Pa3MEPOB KU3HEHHOTO aKBATOPUAILHOTO MPOCTPAHCTBA I PbIO
(B 3aBHCHMOCTH OT KOJIMYECTBA U pa3Mepa 0coOeH, MIIOTHOCTU MX HEPECTOBBIX
cTan " T. 11.). Paamepsl B; 1 B3 MOMMEHHBIX YacTel TpaKTa yCTaHABIMBAIOTCS HA
ypoBHe 40-50 % ot mupuHsl pycna B, a 3Ha4eHus TIyOouH A, hy, h3 — ucxons u3
TpeOoBaHul 00ecreyeH s MPEANOYTUTENIbHBIX TOPU30HTOB U CKOPOCTEH I1aBa-
HUSl IPUOPUTETHBIX BUJOB pbIO. 3aJI05KEHUE OTKOCOB M1 IPUHUMAETCA U3 YCIIO-
BUs 00€CTICUCHHS] YCTOWYMBOCTH KOHCTPYKIIUU TPAKTa B 3aJIaHHOM BHJIC TPYHTA.

B cooTBeTcTBUM cO cXxeMaMu MO PUCYHKY | pa3paboTaHbl COOTBETCTBY-
IOIME UM METOJMKH THJIPABIMYECKOTO pacuera, 0J0K-CXeMbl KOTOPBIX MpHUBE-

JICHbI HA PUCYHKaX 2 U 3.
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1 Pacxog kaHana — Ok, m/c.
2 Cpegnad cROpOCTE OTOKA — T, MC.
3 Iepenan oTMETOK HA THAPOVIIE — AZry, M.
4 KoadhdHIHEHT 23105 eHIE 0TKOCOR — Mix.
—— 5 IlIupmna pycna mo guy — B, M.
6 I TyOHEA BOJEL E pycie — M1, M.
7 I'nv0HHEa BOJE] B mOHME — f, M.
§ Cpenmee sHa9eHHE EHICTYIIOE IIEPOXOBATOCTH — 4, MM
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PucyHnok 2 — biiok-cxema pacdyera TpaKkTa KaHaJia
¢ OTHOCTYNIEHYATOH MOMMOii

Figure 2 — Block schemes for calculating a channel
tract with a single-stage floodplain

5



[Tyt nossienus 3¢ dexruBHOCTH opoiaemoro 3emiueaenus. 2023. T. 91, Ne 3. C. 300-309.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2023. Vol. 91, no. 3. P. 300-309.

1 Pacxog xamama — (g, M%/C.

2 Cpenaad cEOpOCTE OTOKA — T, MIC.

3 Tlepenag oTMeTOK Ha THAPOY3IE — Afry, M.
4 KoadHIHEHT 2amo%eHHA OTEOCOE — M.

5 HInpusa pyena mo Jay — B, M.

6 T'mvOHEA BOTEL E pyCIe — /i, M.

7 I'myd1Ha BOTE! B MOHME — f, M.

8 I'my0HEa BOZE B MOAME — /i3, M.

9 Cpepuee 3HAYEHHE BHICTYIIOR MEPOXOBATOCTH — o, MM
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Pucynok 3 — biiok-cxema pacuera TpakTa KaHaJja
¢ ABYXCTyIeHYATON MoiMou

Figure 3 — Block-schemes for calculating a channel
tract with a two-stage floodplain
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OG6o3HaueHus no pucyHkam 2, 3: 4”, h¥® — rayGuHbI HOTOKA HPH €ro BbI-

XOZI€ Ha PYCJIOBYIO U IIOMMEHHBIE OPOBKH, M; (), (®0k), — HAUAJIBbHAS U pacyeT-

Hasl TUIOMIAH TIONIEPEYHOrO («OKMBOTO») CEYEHHs TPAKTa, M, ), — CMOYEHHBIM

nepuMeTp, M; Ry — TuapaBIuecKuil paguyc, M; Ax — 3QPeKTUBHAsI BHICOTA BBI-
CTYIIOB ILIEPOXOBATOCTH MO CEYCHMIO, MM; 7x — KOA(D(PUIIMEHT 1IepOXOBaTOCTH;
C — ocpenHenHoe 3HaueHune napamerpa lllesu no gopmymnam H. Mannunra (C)),
N. . Arpockuna (C»), H. H. ITaBnosckoro (Cs), . . Arpockuna — /1. B. IlITe-
pennuxta (Cy) [10]; Ix — IpOoAOIBHBIN YKIOH KaHama; L, — IJMHA TPaKTa KaHalla, M.

Pe3ynbpTaThl YMCIEHHON anpoOauyu METOAMK (110 IByM BapuUaHTaM IOIie-
PEUYHBIX CEYEHUW TPAKTOB KaHAJIOB C MapaMeTpaMu, OJIM3KHUMH K PEaIbHbIM)

NpuBEIeHbI B TabuIe 1.

Taoauua 1 — Pe3yabTarsl rHAPABIMYECKOr0 pacyera TPAKTOB KaHAJIOB
M0 NMPeAJI0KEHHBIM KOHCTPYKTHBHBIM CXeMaM U MeTOAMKAM
Table 1 — Results of hydraulic calculation of channel tracts according
to the proposed design schemes and methods

Mapaverp C oz[HOCTvyneiianoﬁ C z[ByXCTvyneEIanoﬁ
oMo oMo
1 2 3
Ucxonunie maHabIe

Pacxon kanana Oy, M>/c 100,0

Cpenssist CKOpOCTb OTOKA V,, M/C 0,895

[Tmoniagp MONEepeyHoOro CEYEHUs My, M’ 111,7

ITepenag oTMeTOK Ha ruapoysiie AZ, m 2,0

KoadduineHT 3am0xkeHns OTKOCOB Mix 2,5

PacueTnas miomaas nornepeyHoro

(«GKUBOTO») CEUEHHS Mp, M> 111,7 111,7

[[Iupuna pycna o nuy Bi, M 17,07 14,747

PacueTHble 3HaUCHHUSI

IIIupuna noiMsl 110 AHY B2, M 8,535 7,373

[lupunHa noimel 1o 1HYy B3, M — 7,373

CMO4YEHHBIN IEpUMETDp Y, M 44,453 48,342

I'uppasnnuecknii paguyc R, M 2,513 2,311

OcpelHeHHOE 3HAYE€HHUE BBICTYIIOB 11~

pPOXOBAaTOCTH d, MM 130,0

D¢ dexkTuBHAS BHICOTA BBICTYIIOB IIIE-

pOXoBaToCTH A, MM 102,05

KoadduimeHT mepoxoBaTtocTu nx, MM 0,035

['nmy6una Bosibl B pyciie hi, M 3,5 ‘ 3,5




[Tyt nossienus 3¢ dexruBHOCTH opoiaemoro 3emiueaenus. 2023. T. 91, Ne 3. C. 300-309.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2023. Vol. 91, no. 3. P. 300-309.

[Tpoaomkenue TadaUIBI 1
Table 1 continued

1 2 3
['myOuHa BOMBI B oiMe /12, M 2,5 2,0
['myOuna BoJbI B IOKME /13, M — 1,5
[TapameTp Ile3u:
no H. Mannunry (C1, m*%/c) 33,06 32,60
no 1. U. Arpockuny (Ca, m%°/c) 35,45 34,80
no H. H. Tasnosckomy (Cs, m*%/c) 35,21 34,65
no U. U. Arpockuny — J1. B. llITepen-
mxty (Ca, M%3/c) 35,13 34,51
Cpennee 3nauenue (C,_, , m>>/c) 34,71 34,14
IIponosibHBIN YKJIOH KaHama [k 0,000265 0,000297
[IporspkeHHOCTD KaHaa Ly, M 7560,0 6727,0

Oc00EHHOCTBIO MPE/I0KEHHBIX METOJUK SBIISICTCS HAJIMYKE B UX COCTaBE
3aBUCUMOCTEH, YUYUTHIBAIONUX (POPMUpPOBaAHUE HEOOXOAMMBIX (MO TIIyOUHE,
CKOPOCTH, pa3MepaM KU3HCHHOTO MTPOCTPAHCTBA U JIP.) YCIOBUH I HAXOXKC-
HUS, TIEPEMENICHUS U BOCIIPOU3BOJICTBA (HEPECTa) MUTPUPYIOMINX 0c00ei phIo
B PYCJIOBOM M TIOWMEHHOM OTCEKax TpaKTa KaHaJja.

BoiBoabI

1 Marepuanbl aHaIM3a U3BECTHBIX CBEACHHM MO TpaKTaM PhIOOXOTHBIX U
PBIOOXOTHO-HEPECTOBBIX KAHAJIOB, XapaKTePU3YEMbIX MOWMEHHO-PYCIOBBIM
MOTIEPEYHBIM MPOQUIEM, TO3BOJIWIN yYCTAHOBUTH MOTPEOHOCTh B pa3paboTKe
METOJMK X THAPABINYECKOTO pacyeTa U paclIMpEeHUH HAKOTUICHHOHN 0asbl JaH-
HBIX 10 MX KOHCTPYKTHUBHBIM PEIICHHUSIM.

2 IlpensoskeHbl BapuaHThl KOHCTPYKTUBHOT'O HCIIOJHEHUS U METOIUKU
THAPABIMYECKOTO pacyeTa TPAKTOB KaHAJIOB, XapaKTEPHU3YEMBIX OJHOCTOPOH-
HUM OTHOCHUTEIILHO PyCia PAaclOJI0KEHUEM MX MOWMEHHBIX OTCEKOB C OJIHO- U

ABYXCTYIICHYATBIM HMCIIOJIHCHUCM.

CnMCOK MCTOYHHUKOB

1. Hlkypa Bun. H., Ipo6otoB A. H. Priboxoanbie U pbIOOXOIHO-HEPECTOBBIE KaHAJIBI:
moHorpadus / HoBouepkac. nnx.-menuopatus. MH-T AI'AY. HoBouepkacck: JIuk, 2012. 204 c.

2. llkypa B. H., [lleBuenko A. B. KoHncTpynpoBanue u pacder TpaKTOB MPUTHIPO-
Y3JI0BBIX PHIOOXOTHO-HEPECTOBBIX KaHAJIOB // Menuopalius u rupoTeXHUKA [ DIEKTPOHHBII
pecypc]. 2022. T. 12, Ne 3. C. 244-263. URL: http:www.rosniipm-sm.ru/article?n=1304 (nzara
obpamenus: 15.08.2023). https:doi.org/10.31774/2712-9357-2022-12-3-244-263.

8



[Tyt nosbienus 3¢ dextuBHOCTH opotaemoro 3emuenenus. 2023. T. 91, Ne 3. C. 300-309.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2023. Vol. 91, no. 3. P. 300-309.

3. Fishway in hydropower dams: a scientometric analysis / J. L. Brito-Santos, K. Dias-
Silva, L. S. Brasil, J. B. da Silva, A. M. Santos, L. M. de Sousa, T. B. Vieira // Environmental
Monitoring and Assessment. 2021, 28 Oct. Vol. 193. P. 1-17. https:doi.org/10.1007/s10661-
021-09360-z.

4. Baki A. B. M., Azimi A. H. Hydraulics and design of fishways II: vertical-slot and
rock-weir fishways // Journal of Ecohydraulics. 2021. P. 1-13. DOI: 10.1080/24705357.20
21.1981780.

5. boposckoii B. I1., T'ap0y3 A. 1O., baes O. A. Meroauka THIpaBIAYECKOTO pacyeTa
HEPECTOBOr0 KaHaja ¢ pa3HO(QPaKUMOHHBIM IPaBUITHO-TAICYHUKOBBIM MOKPBITHEM pycia //
Hayunsriii sxxypuan Poccuiickoro HUW nipo6iiem menuopanuu [OnekTpoHHbIN pecypc]. 2018.
Ne 1(29). C. 233-248. URL: http:www.rosniipm-sm.ru/article?’n=923 (mata oOpareHus:
15.08.2023).

6. Pei6oxoaHo-HepecToBbIl KaHa «Pycnmo-noiimay / M. A. Ckopoboraros, A. U. Jly-
naunul, E. C. I'op6amesa, A. I1. Pemero // Oxpana u Bo300HOBIEHUE THAPODIOPHI U UX-
tuodaynsl. HoBouepkacck: HITMA, 2001. C. 100-104.

7. YuctakoB A. A. KoHCTpyKIIuM pBHIOOXOAHBIX U PHIOOXOJHO-HEPECTOBBIX KAHAJIOB:
yue6. mocobue. HoBouepkacck, 2004. 150 c.

8. Ilar. 2274702 Poccwuiickas ®eneparus, MIIK E 02 B 8/06, E 02 B 8/08. Crioco6
raiieHuss KHHETUYECKOM HEPTUU BOJHOTO MOTOKA B PHIOOXOJHO-HEPECTOBOM KaHAJe U Phl-
00XOIHO-HEPECTOBBIN KaHal, ero ocymecTsistommii / Yuctakos A. A., Hlkypa B. H., Aunbi-
MoB C. M. Ne 2004135132/03; 3asBi. 01.12.04; omy6m. 20.04.06, bron. Ne 11. 20 c.

9. lllxypa Bn. H. PeiboBOHBIE MeIHMOpaIIU MajbIX U CPEIHUX CTEHHBIX peK (000c-
HOBaHHE MMyTEH M CPEACTB UX peanusanuu): MoHorpadus / HoBouepkac. HHK.-MeINOpPATHUB.
un-T JIlAY. HoBouepkacck, 2015. 197 c.

10. Mamenos A. II. O pacuere korddunuenta lesu peynoro notoka // [Ipupomo-
obyctporictBo. 2011. Ne 3. C. 62-67.

References

1. Shkura VI.N., Drobotov A.N., 2012. Rybokhodnye i rybokhodno-nerestovye kanaly:
monografiya [Fish Pass and Fish Passing-Spawning Channels: monograph]. Novocherkassk
Engineering and Land Reclamation Institute of Don SAU, Novocherkassk, Lik Publ., 204 p.
(In Russian).

2. Shkura V.N., Shevchenko A.V., 2022. [Design and calculation of fish passing and
spawning channel tracts at waterworks]. Melioratsiya i gidrotekhnika, vol. 12, no. 3, pp. 244-263,
available: http:www.rosniipm-sm.ru/article’n=1304 [accessed 15.08.2023], https:doi.org/
10.31774/2712-9357-2022-12-3-244-263. (In Russian).

3. Brito-Santos J.L., Dias-Silva K., Brasil L.S., da Silva J.B., Santos A.M., de Sousa L.M.,
Vieira T.B., 2021. Fishway in hydropower dams: a scientometric analysis. Environmental
Monitoring and Assessment, 28 Oct., vol. 193, pp. 1-17, https:doi.org/10.1007/s10661-021-
09360-z.

4. Baki A.B.M., Azimi A.H., 2021. Hydraulics and design of fishways II: vertical-slot
and rock-weir fishways. Journal of Ecohydraulics, pp. 1-13, DOI: 10.1080/24705357.2021.19
81780.

5. Borovskoy V.P., Garbuz A.Yu., Baev O.A., 2018. [Hydraulic calculation methodolo-
gy of spawning canal with differently fractured gravel-pebble-bed covering]. Nauchnyy zhurnal
Rossiyskogo NII problem melioratsii, no. 1(29), pp. 233-248, available: http:www.ros-
niipm-sm.ru/article?n=923 [accessed 15.08.2023]. (In Russian).

6. Skorobogatov M.A., Lupandin A.l.,, Gorbasheva E.S., Reshetov A.P., 2001. Ry-
bokhodno-nerestovyy kanal ‘“Ruslo-poyma” [Fish passing and spawning channel “Bed-
Floodplain™]. Okhrana i vozobnovlenie gidroflory i ikhtiofauny [Protection and Renewal of
Hydroflora and Ichthyofauna]. Novocherkassk, NGMA, pp. 100-104. (In Russian).

9



[Tyt nosbienus 3¢ dextuBHOCTH opotaemoro 3emuenenus. 2023. T. 91, Ne 3. C. 300-309.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2023. Vol. 91, no. 3. P. 300-309.

7. Chistyakov A.A., 2004. Konstruktsii rybokhodnykh i rybokhodno-nerestovykh kana-
lov: uchebnoe posobie [Design of Fish Pass and Fish Passing-Spawning Channels: textbook].
Novocherkassk, 150 p. (In Russian).

8. Chistyakov A.A., Shkura V.N., Alymov S.I., 2004. Sposob gasheniya kineticheskoy
energii vodnogo potoka v rybokhodno-nerestovom kanale i rybokhodno-nerestovyy kanal,
vego osushchestvlyayushchiy [Method for Kinetic Flow Energy Dissipation in Fish Passing
and Hatchery Channel and Fish Passing and Hatchery Channel Itself]. Patent RF,
no. 2274702. (In Russian).

9. Shkura VL.N., 2015. Rybovodnye melioratsii malykh i srednikh stepnykh rek (obos-
novanie putey i sredstv ikh realizatsii): monografiya [Fish-Breeding Reclamation of Small
and Medium Steppe Rivers (Substantiation of Ways and Means of Their Implementation):
monograph]. Novocherkassk Engineering and Land Reclamation Institute of Don SAU, No-
vocherkassk, 197 p. (In Russian).

10. Mamedov A.Sh., 2011. O raschete koeffitsienta Shezi rechnogo potoka [Chezy co-
efficient calculation of river flow]. Prirodoobustroystvo [Environmental Engineering], no. 3,
pp. 62-67. (In Russian).

Hugpopmayus 06 asmopax

A. B. IlleBYeHKO — MIIaJIIMK HAay4HBIA COTPYAHUK, POCCHICKMII Hay4dHO-UCCIIEN0BATEIb-
CKUH HMHCTUTYT npobirem Menuopanuu, HoBouepkacck, Poccuiickas ®enepanus,
riggel111@mail.ru, AuthorID: 1027431, https://orcid.org/0000-0003-4839-6377;

B. H. llIkypa — Beaymuii Hay4HbI COTPYIHHUK, KaHAUAAT TEXHUYECKUX HAyK, mpodeccop,
Poccuiickuii Hay4dHO-UCCIIENOBATENLCKUI UHCTUTYT MpobiieM menuopanuu, HoBouepkacck,
Poccuiickas @enepanus, VNShkura@yandex.ru, AuthorID: 734199, https://orcid.org/0000-
0002-4639-6448.

Information about the authors
A. V. Shevchenko — Junior Researcher, Russian Scientific Research Institute of Land Im-
provement Problems, Novocherkassk, Russian Federation, riggell1l1@mail.ru, AuthorID:
1027431, https://orcid.org/0000-0003-4839-6377;
V. N. Shkura — Leading Researcher, Candidate of Technical Sciences, Professor, Russian
Scientific Research Institute of Land Improvement Problems, Novocherkassk, Russian Feder-
ation, VNShkura@yandex.ru, AuthorID: 734199, https://orcid.org/0000-0002-4639-6448.

Bxnao asmopos: 6ce aemopwi coenanu 3k8uBaIeHMHUbIU 8KIAO 8 NOO2OMOBKY NYOIUKAYUU.

Bce aemopbl 6 pasHoil cmenenu Hecym omeemcmeeHHOCHb 34 HapyuleHus 8 cgepe 3muKu
HAYYHLIX NYOTUKAYULL.

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

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

Aemopbl 3a5671510m 06 OMCYMCmMeUuU KOHGIUKMA UHMEPECOos.
The authors declare no conflicts of interests.

Cmamus nocmynuna 6 pedaxyuro 27.10.2023; o0obpena nocne peyensupoganus 02.11.2023;
npunsama x nyoauxayuu 10.11.2023.

The article was submitted 27.10.2023; approved after reviewing 02.11.2023; accepted for
publication 10.11.2023.

10



