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Annomayusa. Lenn: pa3paboTka TEXHUYECKUX PEILEHUI YCTPOMCTB Ul HepecTa phid B
TpaKTax MPUTHIPOY3IIOBBIX PHIOOXOHO-HEPECTOBBIX KaHAIOB. MaTepHaJjibl M MeTo/ibl. OCHOBY
pa3paboTOK COCTABMIIM MaTe€pHalIbl U3BECTHBIX MCCIEIOBAaHUNA MPUPOIHBIX U UCKYCCTBEHHBIX
HEPECTHIIUIL JJIS1 IO, MTO3BOJISIONINE YCTAHOBUTH OCHOBHBIE TPEOOBAaHUS K KOHCTPYKTUBHBIM
pEIICHUsIM HEPECTOBBIX YCTPOMCTB, K YCIOBHUSAM MX CO3aHUS U (YHKIIMOHUPOBAHUS B PHIOO-
XOJIHO-HEpECTOBbIX KaHaiax. [Ipu pa3zpaboTke HEPECTOBBIX YCTPOICTB MCIOJIb30BAIUCH TEX-
HOJIOTUH [IOUCKOBOI0 KOHCTpYyupoBaHus. PedyabTarsl. [IpennoxkeHo Tpu TEXHUYECKUX pellie-
HUsI MOOWJIBHBIX HEPECTOBBIX YCTPOMCTB C MX pa3MELICHHEM Ha OTKOCaX KaHaJIOB M B IOIE-
PEYHBIX CEYEHUSX X TPAKTOB. OTKOCHbBIE HEPECTUIININA MPEJICTABISAIOT COOOM rMOKO€E MOJIOTHO
C 3aKpeIUIEHHbIM HEPECTOBBIM CYOCTPAaTOM — HCKYCCTBEHHOW pacTUTENIbHOCTBIO JJsl (UTO-
(GUWIBHBIX pHI0 MM LIEPOXOBATHIMU 3JIEMEHTAMH, UMHUTHUPYIOUIMMH KaMEHHO-TaJIeYHUKOBOE
MOKPBITHE, sIBIIsAIOLIEECs cyOcTpaToM Ui HepecTa JinToduinos. KoHCTpyKius npenycmarpuba-
€T BO3MOYKHOCTh YKJIAJIKH ITOJIOTHA HA ONPEIEIIEHHBIX y4acTKaX OTKOCOB KaHajla C COOTBET-
CTBYIOUIMMH CKOPOCTSMM U INIyOMHaMM MOTOKAa Ha MEpUOJI HEpecTa ONpEIeNICHHOTO BUAA
pBIO U ero ynaineHus 1o ero okoHuaHuu. [lomepekpycinoBble HepecTUIMIIA JUIsl GUTOPHIIOB
MPEJICTaBISIIOT COOON TPOCOBYIO CUCTEMY C NPUKPEIUIEHHOM K HEeW MCKyCCTBEHHOW pacTu-
TEJIbHOCTBIO ¢ BO3MOKHOCTBIO €€ MOTPYKEHHS B BOAHBIN NOTOK. Hecymmii Tpoc ycrporicTa
3aKpEIUIsieTCsl Ha OMOpPe OJTHOTO OTKOca M OapabaHe eOeKH, yCTaHAaBIMBaeMON Ha TIPOTHUBO-
MIOJIO)KHOM OTKOCE KaHalla ¢ BO3MOYKHOCTBIO PETYJIUPOBAHUS €r0 IOJOKEHUS, YCTAHOBKH U
cbeMa. Pa3paboTaHHble KOHCTPYKIIMM 00ECHEUNBAIOT YCJIOBUS /ISl OTKJIAabIBAaHUS TPOU3BO-
JUTESIMA PBIO MKpBI, €€ OIUIOOTBOPEHUSI U BhIKJIeBa. [IpocToTa M rMOKOCTh KOHCTPYKIIMH
MO3BOJIAIOT AJANTUPOBATh UX K Pa3IMYHBIM YCIOBUSAM (YHKIIMOHHPOBAaHUS KaHanoB. KoHcT-
PYKIIMHM HMEIOT NEPCIIEKTUBBI IHUPOKOTO MPUMEHEHUS U JAJTbHEHIIEro COBEpIICHCTBOBAHMUS.
BoiBoa. [IpenioskeHbl KOHCTPYKIIMK HEPECTOBBIX YCTPOUCTB OTKOCHOTO U PYCIOBOTO pa3Melie-
HHA B TPAKTaX pbIOOXOTHO-HEPECTOBBIX KAHATIOB, 00ECTIEUNBAIOIIME YCIOBUS JJIsl HEpecTa phIo.

Knroueewie cnosa. pedHble TUAPOY3JbI, PHIOOXOJIHO-HEPECTOBbIE KaHaJbl, UCKYCCT-
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Abstract. Purpose: to develop engineering solutions of facilities for fish spawning in
the tracts of the near waterworks fish passage and spawning channels. Materials and methods.
The developments were based on materials from well-known studies of natural and artificial
spawning grounds for fish, which made it possible to establish the basic requirements for the de-
sign solutions of spawning facilities, for the conditions of their creation and functioning in fish
passage and spawning channels. When developing spawning devices, search design technologies
were used. Results. Three technical solutions for mobile spawning devices with their placement
on channel slopes and in the cross sections of their tracts have been proposed. Slope spawning
grounds are a flexible canvas with a fixed spawning substrate — artificial vegetation for
phytophilous fish or rough elements imitating a stone-pebble coating, which is a substrate for
the spawning of lithophiles. The design provides for the possibility of laying the canvas in cer-
tain areas of the channel slopes with appropriate flow rates and depths for the period of spawn-
ing of a certain species of fish and its removal at its end. Cross-channel spawning grounds for
phytophiles are a cable system with artificial vegetation attached to it with the possibility of its
immersion in the water flow. The supporting cable of the device is fixed to the support of one
slope and the winch drum, installed on the opposite slope of the channel with the ability to regu-
late its position, installation and removal. The developed structures provide conditions for fish
producers to lay eggs, fertilize them and hatch them. The simplicity and flexibility of the de-
signs allow them to be adapted to various operating conditions of the channels. The designs
have prospects for widespread use and further improvement. Conclusion. Designs of spawn-
ing facilities of slope and channel placement in the tracts of fish passage and spawning chan-
nels have been proposed, providing conditions for fish spawning.

Keywords: river waterworks, fish passage and spawning channels, artificial spawning
grounds, spawning facilities, spawning substrate, fish spawning
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BBenenne. OnHON U3 aKTyaldbHBIX 3aJlad COBPEMEHHOTO HCMOJIb30BAHUS
BOJIHBIX PECYPCOB PEK, CTOK KOTOPBIX 3aperyjJupoBaH KacKagaMU THAPOY3JIOB,
SBJIIETCSI 00ECTICUCHNUE YCIOBUM JIJIT €CTECTBEHHOTO BOCIIPOM3BOJICTBA TPOXO/I-
HBIX M TOJIYIPOXOJHBIX BUIOB pbiO. OHO M3 HAIpaBJICHUUN pEIICHHs yKa3aH-

HOM 3a/1a4M — YCTPOMCTBO B COCTABE PEUYHBIX HU3KOHAIIOPHBIX TMAPOY3JIOB PhI-
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00X0/THO-HEpeCTOBbIX KaHajoB [1-8], obecrmeunBaromuxX yCIOBHS I MHUTPa-
Uil 1 HepecTa pbI0, YTO MPEAYCMATPUBAECTCA COOTBETCTBYIOIIUMHU PACIIOPSIKE-
HusiME 2. OIpeIe/ICHHbIe TPeOOBAHNS W PEKOMEHIALIH, KACAIOLIUECS YCIOBHIA
HepecTa (MPEeUMYIIECTBEHHO B €CTECTBEHHBIX HEPECTHIIMINAX) Pa3IUYHbIX BU-
JIOB TIPOXOJIHBIX M MOJYNPOXOJHBIX PBIO, YCTAHOBJIECHBI U CHOPMYITUPOBAHBI UX-
tuosoramu C. W. Huxonoposem [9], C. A. Bmacenko [10], I'. W. KapmeHn-
ko [11], B. A. burextunoii [12], J. J. Taylor [13] u ap. Mcnosnp3oBanue yka3aH-
HBIX PEKOMEHIAINA TO3BOJIUIIO AJaTUPOBATh UX K yCIOBUSM HepecTa prid Ha
MCKYCCTBEHHBIX HEPECTHIIMIINAX, a MHXKEHEpPaM — CO3/IaTh COOTBETCTBYIOIINE
TpeOOBaHUAM PBIO MX TEXHUYECKHE pelleHus. B ompeneneHHON Mepe yka3aH-
HbI€ pa3pabOTKU B 3TOi obnactu npuBeneHsl B nyonukanusax I1. H. Xopomko,
A. J1. Brnacenko, Ba. H. llkypst [14—-16]. IIpu 3TOM B MEHbBIIICH CTEIICHH H3Y-
YeHBI BOMPOCHI pa3pabOTKh KOMIIOHOBOYHO-KOHCTPYKTHUBHBIX PEIICHUN Hepec-
TOBBIX YCTPOWCTB Ui YCIIOBUM MX pa3MEUICHUs] U MPUMEHEHHs] B pbIOOXOIHO-
HEPECTOBBIX KaHATAX PEYHBIX TUAPOY3IIOB.

Lenp ucciaenoBanust — pa3pabOTKa TEXHUUECKUX PEIICHUN YCTPOUCTB NSt
HepecTa pbI0 B TpakTax MPUTHAPOY3JIOBBIX PHIOOXOIHO-HEPECTOBBIX KAHAJIOB.

Matepuanbl U MeToabl. OCHOBY HCCIEIOBAaHUS COCTABWJIM MaTEpPUANBI
U3BECTHBIX MXTUOJIOTUYECKUX W THUIPOJOTHUECKHX MCCIEAOBaHUN B 00JIacTU
CO3/IaHUs W UCTIOJIb30BaHUSI UCKYCCTBEHHBIX HEPECTHIIUII B peKax C 3aperyiiu-
POBAaHHBIM TUAPOY3JaMu CTOKOM. llpu pa3paboTke KOHCTPYKLIMH HEPECTOBBIX
YCTPOMCTB HUCIIOJIb30BATTUCH TPHUEMbI IIOUCKOBOTO KOHCTPYHUPOBAHUSI.

Pe3yabTathl u 00cy:knenue. HepecT ppi0 B akBaTOpUaIbHOM MPOCTPAH-

106 yrBepxIeHNY MIaHA MEPOTPHSTHIT («IOPOKHOM KAPThI») MO O3JOPOBICHHIO H
Pa3BUTHIO BOJOXO3SUCTBEHHOr0 KoMILIekca peku [Jon [DnexkTpoHHbI pecypc]: Pacnopsike-
Hue IlpaButensctBa Poc. @enepanun ot 21 uronsg 2021 r. Ne 2012-p. Jloctyn u3 cuctembl
«Koucynprant [1ntocy.

206 yrBepxaeHur CTPaTerny PasBUTHS arPOIIPOMBIILICHHOTO W PHIGOX03SHCTBEHHO-
ro komruiekcoB Poccuiickoir @eaepanuu Ha nepuoa 10 2030 roga [DneKTpOHHBIN pecypc]:
Pacniopsxenue IlpaButensctBa Poc. @enepanuu ot 8 cent. 2022 r. Ne 2567-p. loctyn u3
cuctemsl «Koncynbtant [1mrocy.
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CTBE PBHIOOXOTHO-HEPECTOBBIX KaHAJIOB MOXKET ObITh OOECIIEUEH MPU COOTBETCT-
BYIOIIMX OIpPENEICHHOMY BHUIY THIPOOHMOHTOB THAPOMETPUYECKUX U (PUUKO-
XUMHUYECKUX YCIOBHSIX BOJHOM Cpeibl M HAIMYUU HEPECTOBOTO cyOcTpaTa, YTo
NOATBEPKIACTCS JTaHHBIMU HccienoBanui [17]. I'mapomeTrpuyeckue yclioBUs
JUTsL HEpecTa MPOU3BOJUTENEH phIO B TpaKTaxX KaHAJIOB OMPEACNAIOTCS UX OUOo-
JOTHYECKUMH MOTPEOHOCTSIMU B 00beMe )KM3HEHHOTO MPOCTPAHCTBA, MITyOHMHAX
U CKOPOCTHOM DPEKHME BOAHOTO NMOTOKA. PU3NKO-XUMUYECKHUE YCIOBUS OIpe-
JEJSII0T TEMIEPATYPHBIA PEXKUM BOJHOM CpPEJbl, TOKA3aTeNM Ka4yeCcTBa BOJIBI 11O
KHCIIOPOJy U JpyTHe XUMHUYecKue nokaszarenu. HepecToBbIM cyOcTpaToMm Juist
¢uTodunos (yewa, cygaka, TapaHu U Jp.) ABISETCS PaCTUTEIbHOCTb, a AJIs JIU-
TO(HIOB (IIeMau, prIOIa, OCETPOBBIX) — POCCHITA KAMHEH U TpaBus.

Tpebyemble st HepecTa pbl0 THAPOMETPUUYECKUE MapaMeTpbl MMOTOKA B
TpakTe KaHaja 00eCreYrBaIOTCSI COOTBETCTBYIOIIMMH PACXOIHO-CKOPOCTHBIMU
XapaKTepUCTHKAaMHU M €ro reoMeTpuel. YKazaHHble TpeOOBaHUsI MOTYT obecIie-
YUBATHCS 10 BCEW JJIMHE KaHalla WM HAa OTACJIbHBIX €r0 y4acTKaX, KOTOpbIE U
BBIOMPAIOTCS B KAYECTBE MECT PACIOJI0KEHHSI HEPECTOBBIX YCTPOMCTB.

OnuH U3 CyHIIECTBEHHBIX HEJOCTATKOB M3BECTHBIX KOHCTPYKTHBHBIX pe-
IIEHUI UCKYCCTBEHHBIX HEPECTHIIUI] — OTCYTCTBHE BO3MOXXHOCTU UX ONEPATHUB-
HOM OYMCTKU OT 3aCOpEeHHH (IIpU MCHOJIb30BaHUWU B peKax WJIM KaHallax ¢ 0Ou-
JMEM HAHOCOB WJIM MYyCOpa), YTO CHUXKAET MPHUBJIEKATEIbHOCTh HEPECTOBOTO
cyOcTtpata msst poi0 ¥ 3PHEeKTUBHOCTh UX TPUMEHEHHUSI.

ITo pacrnonoxeHuio yCTpOMCTB sl HEpecTa phl0 B TpakTax (Ha KOHCT-
PYKTUBHBIX 3JIEMEHTaX) PbIOOXOJHO-HEPECTOBBIX KAHAJIOB Pa3IuyarOT OTKOC-
HbI€ HEPECTOBBIE YCTPOKUCTBA U pa3MeIllaeMbl€ MTONEPEK UX PYCel.

[Ipensiaraemblie K UCHOJIB30BAHUIO B KaHallaX BapUAHThl KOHCTPYKIIMM OT-
KOCHBIX HEPECTOBBIX YCTPONCTB MPOUITIOCTPUPOBAHBI PUCYHKOM 1.

HepectoBble ycTpoiicTBa Mo puCyHKy 1 MmpeacTaBisitoT co00i ruOKoe CUH-

TCTHUYCCKOC IIOJIOTHO C 3aKPCIVICHHBIM B €TO KOHHCBOﬁ qaCTu 6aJ'IJ'IaCTOM, AB-
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JISTFOIITUMCSI TSITOBBIM 3JIEMEHTOM, KOTOPBIA 00€CIIeYMBACT CMAThIBAHUE TTOJOTHA
¢ Bemymero Baya (6apadaHa) moabeMHO-CITYCKHOTO MEXaHM3Ma 10 OTKOCY KaHa-
Ja U ero HaMOTKy oOpaTHO Ha OapabaH C IIEJIbI0 OYHMCTKH M (WJIM) 3aMEHBI.
Ha nmoBepxXHOCTH HEPECTOBOTO MOJIOTHA, OOpaIlleHHON K BOAHOMY MOTOKY, 3aKpe-
IUISIETCS UMUTALIMSI HEPECTOBOTO cyOcTpara. B 3aBUCUMOCTH OT MPOrHO3UPYEMO-
TO K IPOXOJy ¥ HEPECTY BHJIa PHIO, TOBEPXHOCTH MOJIOTHA MOYKET OBITH TTOKPHITA
UMHTAIMEH TaabKi ¥ (WIK) rpaBus (CM. pucyHku la u 1D) wiam umuranuei Boj-
HOW pacTUTEeNbHOCTH (cM. pucyHku 1C m 1d). [IpuMeHeHre nepBOro BapuaHTa
cyOcTpara mpeaycMaTpuBaeT paclIMpeHHe HEPECTOBBIX IUIOIMIAJCH B KaHalax
JUTsL BOCITPOU3BO/ICTBA JIUTO(UIIOB, BTOporo — ¢uroduios. [Ipu aTom B onpene-
JICHHBIX HMXTHOJIOTHYECKUX YCIOBUSAX HE HWCKIIOYAIOTCS W THOPHIIHBIE CXEMBI

KOMITIOHOBKH ITOJIOTHA HCPCCTOBBIM CY6CTpaTOM I10 €TI0 pa60qeﬁ ITOBCPXHOCTH.
>~
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a, b — mpononbHBI pazpe3 A—A u NONyIJIaH HEPECTOBOTO YCTPOMCTRA IS INTODHIIOB;
C, d — mpo1oMBbHBIN pa3pe3 A—A U MOTYIUIaH HEPECTOBOTO YCTPOIMCTBA [I1st GUTODHIOB,;
M, — 3aJ0’)KeHue 0TKOCOB; h, — ryOuHa B kaHaie, M; B, — mprHa HEPECTOBOTO MOJOTHA, M

a, b — longitudinal section A—A and half-plan of the spawning facility for lithophiles;
¢, d — longitudinal section A—A and half-plan of the spawning facility for phytophiles;
my — ratio of slopes; h, — channel depth, m; By, — spawning bed width, m

Pucynok 1 — OTKoCHOE HEpecTOBOE YCTPOMCTBO
Mg JIuTo(puioB M puroduiion

Figure 1 — Slope spawning facility for lithophiles and phytophiles

Oumncrka HCPCCTOBOI'O IMOJOTHA OT 3acopeHHﬁ OCYHICCTBJICTCA IMEPCHOC-
HBIM OpaHJICTIONTOM, TTOCPEJICTBOM PACKJIAKA HEPECTOBOTO MOJIOTHA B HAMPAB-
JIeHUHW, 00paTHOM BepxHeW OpOBKE KaHalla, ¥ MPOMBIBKU €T0 IO JaBJICHUEM.
HepI/IOI[I/I‘IHOCTI) OYHUCTKH HCPECCTOBOT'O IIOJIOTHA IMPOTHO3UPYCTCA B COOTBECTCT-
BHH C U3BCCTHBIMHU MCTOJHUKAMHU pacucTa CKOPOCTH OCAXKICHUA HAHOCOB B PCKaX
Y JIMHEMHBIX COOPYKEHUAX, a TAKXKE M0 pe3ysbTaTaM IJIaHOBOTO TEXHUYECKOTO

OCMOTpa, OCYIIECTBIIEMOTO CITYK00# SKCIUTyaTaluy KaHaua.
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MuHHMaJIbHO BO3MOKHAS JJIMHA HECPECTOBOI'O ITOJIOTHA LH s AL TAHHBIX

YCJ'IOBI/Iﬁ CIro UCIIOJIB30BaHUIA HpI/IHI/IMaeTC}I B COOTBETCTBUHU C 3aBUCUMOCTDBIO.
L,=mh +A

n/n’

roe A, =1,5...2,0 M — 3anac 1o NPOTHKEHHOCTH HEPECTOBOI'O I0JIOTHA, IPHU-
HUMaEMbIi B 3aBUCUMOCTH OT THJIPOJIOTMYECKHUX YCJIOBUH AKCILTyaTalliy phi0o-
XOJTHO-HEPECTOBOTO KaHalla U pa3MEpOB MOBEMHOTO O00PYIOBaAHUS, M.

[upuna HepectoBoro nosiotHa (B,,,, M) B 001ieM ciydae MpUHUMAETCS B
COOTBETCTBHH C pa3MepaMu KaHasla, MPOTHO3UPYEMBIM KOJIUYECTBOM MUTPH-
PYIOIINX IT0 HEMY PBIO U PSAIOM IPYTHUX TEXHUKO-IKOHOMUYIECKUX (haKTOPOB.

Macca 6ainnacrta onpesensieTcsi U3 yCIOBUs BbIAEPKUBAHUSI HEPECTOBOTO
MOJIOTHA B CTATUYECKOM M HATSAHYTOM (HANPS>KEHHOM) COCTOSIHUU, TIPEIOTBpa-
IIAIOIIEM €T0 CMELIEHHE TOTOKOM BOJIbl U MUMHUMU3HUPYIOIIEM €T0 HONEPEUHYIO
MyJIBCAIUIO U KOJIEOAHUS! IBIKYIIUMCS TOTOKOM BO/IBI.

OTKOCHBIE HEPEeCTOBBIE YCTPOWCTBA B PHIOOXOIHO-HEPECTOBBIX KaHallax
PEKOMEHyeTCsl pacrojiaraTh B 30HaX OT/AbIXa pbIO, rje chopMUpOBaHBI HEOO-
XOJIMMbIE THAPOMETPUUYECKHE U PHIOOBEIUECKUE YCIOBUS IS HEpECTa JUTO- U
buToduIbHBIX BUIOB phI0. OHA W3 BO3MOXKHBIX U MEPCHEKTUBHBIX CXEM pa3-
MEIIEHUSI HEPECTOBBIX YCTPOUCTB B TAKWUX 30HAX JJIsl OTHOBPEMEHHOTO BOCIIPO-

W3BOICTBA JIUTO- U PUTODUIOB MPOUUTFOCTPUPOBAHA PUCYHKOM 2.

Tlnaun
Plan
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B,/ — mmpuHa 30HBI OTJBIXA IO AHY, M; M, — 3aJI0’KEHHUE OTKOCOB B 30HE OT/IbIXA PHIO;
Ls/os Loy Loy — IUTHHA 30HBI OT/IBIXA, €€ BXOJHOTO M BBIXOJHOTO (ISl TOTOKA) y4aCTKOB, M;

V, — cpenHss CKOpOCTh TeUEHHs B TpakTe KaHana, m/c; V,, , V, ., V., . — CpeJHHEe CKOPOCTH

3/0v Yex1 Yewvix

TEYCHUs B 30HE OT/bIXa, HA €¢ BXOJHBIX U BBIXOJHBIX ydacTKax, M/c; 1 — TpakT KaHaja,
2, 3 — THO ¥ OTKOCHI 30HBI OTJbIXA PbIO; 4, 5 — OTKOCHBIC HEPECTOBEIC YCTPOHCTBA
JUTSL HepecTa TUTOQUIBHBIX U PUTOGUIBHBIX BUIOB PHIO

B.,, — recreation area width along the bottom, m; my — ratio of slopes in the fish recreation
area; Lo, Lout, Lent — length of the recreation area, its inlet and outlet (for flow) sections, m;
v, —average flow speed in the canal path, m/s; V,,,, V., Ve,— average current

speeds in the recreation area, at its inlet and outlet sections, m/s; 1 — channel path;
2, 3 — bottom and slopes of the fish recreation area; 4, 5 — slope spawning facilities
for spawning lithophilous and phytophilic fish species

PucyHok 2 — Bapuant o0ycTpoiicTBa 30HbI OT/IbIXa
PbI0 HEPECTOBBIMHU YCTPOMCTBAMH

Figure 2 — Option for arranging a fish recreation area spawning facility

[Ipennaraemasi KOHCTPYKIMSI yCTPOUCTBA JUIsl HepecTa (PUTOPUIBHBIX BU-
JI0OB MUTPHPYIOIIHUX PBIO CO CHEMHBIMHU DJIEMEHTaAaMH HEpPECTOBOro cyOcTpara,
pacnojaraéMbIMH IONEPEK pyciia KaHala, IPOUJUTIOCTPUPOBAHA PUCYHKOM 3.

B cooTBercTBUMM C NaHHBIMH PUCYHKa 3, MOMEPEKPYCIOBOE HEPECTOBOE
YCTPOMCTBO MO CYHIECTBY MPEACTaBIsIET COOOM TMOKHI METalTM4ecKuil Tpoc,
3aKperUIsieMblid Ha OpOBKax MPaBOro U JIEBOI'O OTKOCOB KaHala, C MPUKPEIUICH-
HBIMH K HEMY YYaCTKOBBIMH TPOCAMH C KOHIIEBBIMH T'Py3aMH, BBIIIE KOTOPHIX
3aKpEeTIeH ChbeMHBI HEPECTOBBIN cyOcTpaT /it GUTOPUIBHBIX BUIOB PHIO, BbI-
TIOJTHEHHBIN U3 CHHTETHUYECKUX U (WJIH) HATYPaJTbHBIX MaTEpHaJIOB.

KonnuecTBo cheMHBIX 3JIEMEHTOB CyOCTpaTa M paccTOSHUE MEXIYy HUMHU
Ha YYaCTKOBOW BETBU OIPEACTSIOTCS B COOTBETCTBHH C JAHHBIMH MPOEKTA PhI-
00BOIHO-OMOIOrMYECKOTO 00OCHOBAHUS YCTPONCTBA PHIOOXOTHO-HEPECTOBOTO

KaHaJla, yTBEP>KJIESHHOTO CIEIUATNCTaMHU PHIOHOTO XO351CTBA.
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VB - YPOBCHb BOABI, M; M, — 3aJI0’KEHUE OTKOCOB B TPAKTC KaHajJia; BK — HIMPpHUHA TPAKTa
KaHaJa 1o Ay, M; h, — rimyouHa BogHOTrO TI0TOKA, M; 1 — TpakT KaHana; 2, 9 — 6eToHHas
ionaaka; 3 — OETOHHBIN (METAITMYECKHii) cToJ0; 4 — OCHOBHOI Tpoc; 5 — kapabuH;

6 — yJacCTKOBBIH TPOC; 7 — UCKYCCTBEHHBIN HEPECTOBBII CyOCTpaT ¢ KOHIIEBBIM KPEIUICHUEM;
8 — koH1eBo# Tpy3; 10 — cToiika ¢ mapa3uTHeIM MKUBOM; 11 — cTolKa ¢ BeAyIIUM ILIKUBOM
UV — water level, m; my — ratio of slopes in the channel tract; By — channel tract width
along the bottom, m; h, — water flow depth, m; 1 — channel tract; 2, 9 — concrete ground,;
3 — concrete (metal) column; 4 — main cable; 5 — hook; 6 — sectional cable; 7 — artificial
spawning substrate with end fastening; 8 — end load; 10 — stand with idler pulley;

11 — stand with drive pulley
Pucynok 3 — KOHCTpYKTHBHOE pelieHre HepecTOBOro

yCTpOiicTBa, pa3MeNniaeMoro nonepexk pycjia KaHaja

Figure 3 — Design solution of a spawning
facility placed across the channel bed

Hecymmii Tpoc ¢ OQHOW CTOPOHBI KaHalla 3aKPEIUISIETCS MOCPEICTBOM

NEeTJIM Ha CTOJIOYATON Omope, a ¢ APYyroil CTOPOHBI KaHaja MpUKpEIUIsieTcs K Oa-
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pabany seOenku, pa3MeniaeMoil Ha BepxHeld OpoBke oTkoca. IIpu TakoMm yct-
pONCTBE OMOPHO-HECYIIEH YaCTH KOHCTPYKIIMH 00ECIIEUNBAETCS PACIIONOKEHNE
U yAep>KMBaHUE TPOCa HaJl TOBEPXHOCTHIO BOJIbI, BO3MOKHOCTh U3MEHEHHUS Bbl-
COTBHI €r0 PACIOJIOKEHUS, HAaTATHUBAHUS, ociabieHus U ynaieHus. Beimeyka-
3aHHbBIC MOJOKEHUS HECYILIETO TPOCA PETYIUPYIOTCS BBICOTOM €ro 3aKperieHus
Ha OMOPHBIX AJIEMEHTaX U paboTOM eOEAKN MOTbEMHHKA.

HepecToBbie aneMeHTHI TIpeiaraeTcsi BBIMOIHITH B BUE TpOca C 3aKper-
JSIEMBIM Ha HEM HEPECTOBBIM CYOCTPAaTOM — BETBSIMU JIPEBECHBIX WM KyCTap-
HUKOBBIX PAaCTCHHWHA WM WCKYCCTBEHHOW PACTUTEIHHOCTHIO U y/IEPKUBAOIIETO
€ro B BOJAHOM IOTOKE OajiacTta, 3aKperisieMoro Ha ero HU30BOM KoHIue. Bepx-
HUE KOHIIBI HEPECTOBBIX 3JIEMEHTOB 3aKPEIUIAIOTCA Ha HECYILIEM TpPOCE C OIpe-
JICIICHHBIM IIarOM MEX]Iy COCEACTBYIOUIMMH dJIeMEHTaMH. Bua u pasmeps! He-
pecToBOro cyOcTpara ONpeleNstoTcss OMOJOTMUECKUMU IMOTPEOHOCTSMHU €ro
nojb3oBatesien (ppio-PpuTodunos).

[TapameTpsl KOHCTPYKIIMA HEPECTOBOTO YCTPOWCTBA MPUHUMAIOTCSA B CO-
OTBETCTBUHU C pa3MepaMu PbhIOOXOJHO-HEPECTOBOTO KaHaja — €ro IIMPUHON U
INIyOMHOM BOJHOrO TMOTOKAa. MecTa yCTaHOBKM HEPECTOBOTO YCTPOMCTBA IO
MPOTSHKEHHOCTH TPaKTa KaHajia OMPENesII0OTCs 30HaMH COOTBETCTBHUSI CKOPOCTH
MIPOTEKAIONIETO M0 HEMY MTOTOKA 3HAUYCHUSIM «HEPECTOBBIX» CKOPOCTEH orpee-
JICHHOTO BHJA PbIO, a KOJIWYECTBO YCTPOMCTB OMpPENEIsIeTCS ¢ yUeTOM TOTped-
HBIX HEPECTOBBIX IJIOMIAIEH («HEPECTOBBIX THE3)).

Ha manpix u cpegHux pbrlOOXOAHO-HEPECTOBBIX KaHallaX C PacxoJaMu
Q. =5,0..25,0 M/c u Q. = 25,0...80,0 M/c COOTBETCTBEHHO, C Tpamnelneu1anb-
HOI (hOPMOI1 MOTIEPEUHOr0 CEUEHUs] TPAKTOB TPOCOBOE HEPECTOBOE YCTPOUCTBO
pacronaraercsi B mpejiesiax 30Hbl OT/bIXa PhIO, T/I€ HMEIOTCSI COOTBETCTBYIOIINE
OMOJIOTHYECKUM OCOOEHHOCTSIM TUAPOOMOHTOB CKOPOCTHBIE, TNTyOUHHBIE U TEM-
nepaTypHble yCIIOBUS JJISI HEpecTa PhIO, OIJIOJOTBOPEHUSI UKPBI U MOCIIETYIO-
IIEr0 Pa3BUTHS PEIPOAYKIIMOHHOTO MaTepraina (JIMYMHOK U MaJIbKOB).

Ha xpymHBIX pbIOOXOHO-HEPECTOBBIX KaHajaX ¢ MPOMYCKAEMbIMHU pac-
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xomamu Q. ot 80,0 1o 100,0 M%/c ¢ HMOMMrOHATBHOM («PYCIO-IOMMEHHOM)
(GopMoii momepeyHoro ceyeHus TpakTa npeiaraeMasi KOHCTPYKIIUSL HEPECTOBOTO
YCTPOWCTBA pa3MelIaeTcs B Ipeienax NONMEHHBIX YacTeil TpakTa, B COOTBETCTBUH
C KOHCTPYKTHBHOM CXEMOW IO PUCYHKY 4.

[Tonepeunslit pazpe3 A—A
Cross section A-A
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VB — yposens Bozibl; B, B, — mmpuHa pycia ¥ HOHMBI IO THY MOHMBI 10 IHY, M;

hp, h, — rybnna B pycne u noiime, M; V,,,V,, — CpeAHAs CKOPOCTH MOTOKA B PYCIOBOM

MOWMEHHOM OTCEeKax pyciia KaHajna; 1 — pycio; 2 — noiima;
3 — monepeuHoe HEPECTOBOE YCTPOUCTBO

UV — water level; By, B, — channel and floodplain width along the bottom, m; hy, h, — channel
and floodplain depth, m; v, ,v, —average flow velocity in the channel and floodplain sections

of the canal bed; 1 — channel; 2 — floodplain; 3 — transverse spawning device

PucyHok 4 — IlosMronanbHoe pyc/io KaHaJ1a, 00yCTPOeHHOe
HEePeCcTOBbIMU ycTpoiicTBamMu AJis1 GUTOQUILHBIX BUAOB PbI0

Figure 4 — Polygonal channel bed, equipped with
spawning facility for phytophilic fish species

VYkazaHHas peKOMEHIAIMs B YaCTH Pa3MEIICHHUS HCKYCCTBEHHOTO HEpec-
TOBOTO CyOCTpaTra B MOMMEHHBIX OTCEKax KaHalla 0OOCHOBBIBACTCS HIKECIIC-
JTYIOIIMMHU OCHOBHBIMH (PaKkTOpaMu: HauOOJIbIIIEH BEPOSTHOCTHIO MTEPEMEIICHUS
butopmibHBIX peIO ¢ O0Jee HU3KOHM IJIaBaTEIbHOM CIOCOOHOCTBIO B MOMMax

KaHaJa, MEHBIIIEH CKOPOCTBIO TCUHCHUA B MOMMEHHBIX YacTIX IO CpaBHCHHIO C
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pycnoBoii (V, <V, ); HaIM4MeM 3aBUXPEHUH B MECTAX CONMPSIKEHHS PYCIOBOIO U

MOMMEHHOTO TOTOKOB, 00yCIaBIUBAIOIUX OOJbIIee 00OTaIlIeHUEe UKPBI, OTIIO0-
KEHHOHM Ha cyOcTpaTe, KHCIOPOJOM; 3HAYUTEIHHO OOJBIIEH (0 CPaBHEHUIO C
PYCJIOBBIM MOTOKOM ) MMPOTPETOCTHIO BOJHBIX Macc.

OpHoit 13 3a/1a4, penraeMbIX IpU KOMIIOHOBKE M KOHCTPYHUPOBAHUH PHIOO-
XOJHO-HEPECTOBBIX KAHAIOB C HEPECTOBBIMU YCTPOMCTBAMM, SIBJIACTCS YCTAHOB-
JICHUE BEIUYMHBI IPUPOCTA U (WJIH) YMEHBIICHUS KO3 (UIIMEHTa IePOX0BATO-
CTH €ro pycia, OKA3bIBAIOUIErO BIIMSHUE HAa CKOPOCTHBIE MapaMeTpbl MOTOKA.
JInst yclioBHuil pa3MeIeHHs] B KaHAJIE OTKOCHBIX HEPECTOBBIX YCTPOMCTB pacyer
KO3 UITMEHTA IIEPOXOBATOCTH HA ATHX Y4YacTKax MpesiaraeTcsi BECTU MO METO-
JMKE M 3aBUCUMOCTM, TipetoskeHHbpM FO. M. Kocnyenko, O. A. baesbim [18],
a IIPU MCIIOJIb30BAHUU IONIEPEKPYCIOBBIX YCTPOUCTB — B COOTBETCTBUHU C PEKO-
merparusamu 0. M. Kocuuenko [19].

Pa3paboTku peKOMEHAYIOTCS K BHEAPEHUIO B MPOEKTHI CO3JIAHUS U Pe-
KOHCTpYKIMHU KaHaiioB KoueroBckoro, KoncrantnHoBckoro, Hukomaesckoro Ha
p. Hdon u Kapranuuckoro runpoysna Ha p. Tepek. BeiOop 00beKTOB 1151 BHE-
JIPEHUs U TOCIEAYIOMEeH OMBITHOM ampoOaly HEPECTOBLIX YCTPONCTB 00Y-
CJIOBJICH UX LIEJIEBBIM Ha3HAUYCHUEM B YAaCTH UCIIOJb30BAHUS B KaHAJaxX C BBICO-
KM YPOBHEM IMPOTHO3HOU 3aUJIIEMOCTH PYyCeNl U MIUPOKUM BUIOBBIM Pa3HOO00-
pa3ueM MUTPHUPYIONIUX 110 HUM MPOU3BOAUTENCH PHIO, HAXOMAIIUXCS B COCTOS-
HUM 3PEIIOCTU PENPOTYKIIMOHHBIX MPOTYKTOB.

BriBOALI

1 AHanu3 M3BECTHBIX MCCIIEAOBAHMA U pa3pabOTOK B 00JACTH UXTHOJIO-
MU U PHIO0XO3SUCTBEHHON THAPOTEXHUKHU MO3BOJIMI YCTAHOBUTH BO3MOKHOCTD
MPUMEHEHUS U TMIEPCIIEKTUBHOCTH Pa3pabOTKH UCKYCCTBEHHBIX HEPECTHIIUIILL JIsI
NPUTHUAPOY3IOBBIX PHIOOXOHO-HEPECTOBBIX KAHAJIOB.

2 IlpennoxeHbl KOHCTPYKIIMM MOOWJIBHBIX HEPECTHJIMIN, pa3MeliaeMble

Ha OTKOCAax M HOIICPCK TPpallCHCUAAIBHBIX U IMOJUTOHAJIIBHBIX PYCCII pBI6OXOI[HO-
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HEPECTOBBIX KAHAJIOB, OOECIEUNBAIOIINX YCIOBHS AJIsi HepecTa (PUTO- U JTUTO-

(bPIJIBHBIX BUOOB pBI6, JAaHbI HIPCAJIOKCHUSA 110 UX BHCAPCHUILO.

CIIICOK MCTOYHUKOB

1. [lIkypa B. H. Pei6onpomnyckubie coopykenusi: MoHorpadus. B 2 4. U. 1. M.: Poma,
1999. 729 c. EDN: VLUKJX.

2. lllxypa Ba. H., Ipo6oToB A. H. Pei6oxo1HbIE U pEIOOXOHO-HEPECTOBBIC KaHAJBI /
Hosouepkac. roc. menuoparus. akan. HoBouepkacck: HTMA, 2012. 203 c. EDN: QMLXVV.

3. bopogsckoii B. I1., I'ap6y3 A. FO., bae O. A. MeToauka ruipaBIMdecKoro pacuera He-
PECTOBOro KaHaja ¢ pa3HO(PPAKIIMOHHBIM TPABUITHO-TAIIEYHIKOBBIM MOKPBITHEM pycina // Hayd-
HbIi sxypHan Poccuiickoro HUU npo6iiem menuoparuu [DnektpoHnsiii pecype]. 2018. Ne 1(29).
C. 233-248. URL: http:www.rosniipm-sm.ru/article?n=923 (nara oOpamenus: 22.04.2024).
EDN: YOTSNF.

4. Beepenckuii O. I'. IoBbimenne 3pdexTnBHOCTH pabOThI PHIOOXOTHO-HEPECTOBBIX Ka-
HaJIOB // AKTyabHbIE TIPOOJIEMBI CTPOUTEIHFHOTO M IOPOKHOTO KOMILIEKCOB: MaTepuasibl Mexmy-
HAp. Hayd.-TeXH. KOH(., nocam. 50-neruro Mn-ta crp-Ba 1 apxurekryps! [II'TY. Homkap-Ona,
2019. C. 266-273. EDN: ZMBBCJ.

5. MapteiHenko B. H. PeiboxoHbII KaHa B cocTaBe ruapoysia // HKeHepHbIe Ka-
pbl — Oynyiiee ”HHOBaIMOHHOM SkoHOMUKH Poccun. 2020. Ne 5. C. 150-152. EDN: XEFPTI.

6. Benenckas C. HO. Peiboxoanslii kaHai Ajs IUIOTHHBI TUApOY3ia // MHXeHepHbIe
KaJapbl — Oyayliee MHHOBAIIMOHHOW 3KkoHOMUKH Poccum. 2022. Ne 1. C. 628-631. EDN:
BYDWLO.

7. 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. 752. https:doi.org/10.1007/s10661-021-
09360-z. EDN: YVELEM.

8. Zhai Z. N., Wang Y. Research development in measures for downstream migration
of fish through dams // 10P Conference Series: Earth and Environmental Science. 2018. Vol. 191.
012026. https:doi.org/10.1088/1755-1315/191/1/012026.

9. Huxonopor C. U., Manenes C. A., MopryHos C. B. [Ipo0yieMbl eCTeCTBEHHOTO He-
pecTta MpOXOHBIX OCETPOBBIX M MyTH UX pemienus // PidoHoe x03siicTBo. 2001. Ne 5. C. 4244,

10. Biracenko C. A., Bacunwena JI. M., Actadnena C. C. BiusiHre THAPOIIOTHYECKOTO
pexkuma Ha 3 (PEeKTUBHOCTH €CTECTBEHHOTO BOCIIPOHM3BOJICTBA OCETPOBBIX Ha Huxkuel Bonre //
TexHonoruu nuieBoil U nepepadarpiBatonieil npomsinuieHHOCTH AIIK — nponykTsl 310po-
Boro nutanus. 2016. Ne 5(13). C. 54-59. EDN: XXEMNT.

11. PerpocnieKTUBHBIN aHAJIU3 MCCIIEI0BATENIBCKUX PpaObOT MO BOCIPOU3BOACTBY PhIOIa
u memau (1930-2015 rr.): mayu. u3n. / I'. U. Kapnenxko, E. B. Ilepesep3esa, I'. B. I'onoBko,
JI. . 3unenst. Pocto v//1.: ASHUMPX, 2017. 286 ¢. EDN: ZHEAUD.

12. butextuna B. A., TpydanoBa 3. A. Pazenenue poiOua 1 meman Ha UCKYCCTBEH-
HBIX HepecTmmmiax // PeioHoe xo3siicTBo. 1969. Ne 1. C. 18-20.

13. The effectiveness of spawning habitat creation or enhancement for substrate-spawning
temperate fish: a systematic review / J. J. Taylor, T. Rytwinski, J. R. Bennett, K. E. Smokorowski,
N. W. R. Lapointe, R. Janusz, K. Clarke, B. Tonn, J. C. Walsh, S. J. Cooke // Environmental Evi-
dence. 2019. Vol. 8. Article number: 31. https:doi.org/10.1186/s13750-019-0162-6.

14. Xopouko I1. H., Bracenko A. /1. 'uapocTponTensCTBO U UCKYCCTBEHHBIE HEPECTH-
JUIIa oceTpoBhIX PbIO // Marepuanbl Hayunoit ceccun [THUOPX, nocsimennoit 100-netuto
0ceTpoBOJCTBa. AcTpaxaHnsb, 1969. C. 189-191.

15. Bnacenko A. JI. K Bompocy 00 MCKYCCTBEHHBIX HEPECTHJIMIIAX OCETPOBBIX PHIO

13



[Tyt noBeimenus 3¢ dexruBHOCTH OpomaeMoro semienenus. 2024. T. 93, Ne 2. C. 221-236.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2024. Vol. 93, no. 2. P. 221-236.

p. Kyb6anu // Tpynsl Bcecoro3HOro HayqHO-MCCIEI0BATEIBCKOIO HHCTUTYTa MOPCKOTO PHIOHO-
ro xo3sucTBa u okeanorpadun. 1974. T. 102. C. 3-29.

16. lkypa Bn. H. PeiboBogHBIE MENHOpAIMK MaJIBIX U CPETHUX CTEMHBIX pek (0boc-
HOBaHME MyTEeW U CPEICTB MX peanm3anuu): MmoHorpadus / HoBouepkac. MHXK.-MEIHOPATHB.
uH-T JIlAY. HoBouepkacck, 2015. 197 c. EDN: VNCHVF.

17. llkypa B. H., llleBuenko A. B. Pri00X0HO-HEpECTOBBIC KaHAIBI, KaK CPEJCTBO
yIy4IIeHUs] YCIOBUI Bocnpon3BoacTBa pbi0 Ha HmwxkHem Jlony // PeiGHOE Xx03siicTBO. 2022.
Ne 5. C. 82-87. DOI: 10.37663/0131-6184-2022-5-82-87. EDN: AIWWAW.

18. Kocuuenko 0. M., baer O. A. Pacuer xoadduimenTa mepoxoBaToCTH pyces Ka-
HaJIOB C HEOJAHOPOAHBIMU y4acTkamu // [IpupomooGyctpoiictBo. 2020. Ne 3. C. 6-14. DOI:
10.26897/1997-6011-2020-3-6-14. EDN: UGUURG.

19. Kocnuenko HO. M. O0oOmieHne JaHHBIX IO MIEPOXOBATOCTH pycel KaHAJIOB B
3eMJISTHOM pyciie W OOJHIOBKE // DKOJIOTUS M BOJHOE XO3SMCTBO [DIEKTPOHHBIN pecypc].
2020. Ne 2(05). C. 155-168. URL.: http:www.ecology-wm.ru/article-137.htmI?n=69 (nara 06-
parerust: 22.04.2024). https:doi.org/10.31774/2658-7890-2020-2-155-168. EDN: VYYGVM.

References

1. Shkura V.N., 1999. Rybopropusknye sooruzheniya: monografiya [Fish Passage Struc-
tures: monograph]. In 2 parts, pt. 1, Moscow, Roma Publ., 729 p., EDN: VLUKJX. (In Russian).

2. Shkura VI.N., Drobotov A.N., 2012. Rybokhodnye i rybokhodno-nerestovye kanaly
[Fish Passage and Fish Passage-Spawning Channels]. Novocherkassk State Reclamation Acad-
emy, Novocherkassk, 203 p., EDN: QMLXVV. (In Russian).

3. Borovskoy V.P., Garbuz A.Yu., Baev O.A., 2018. [Hydraulic calculation methodol-
ogy 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.rosniipm-
sm.ru/article?n=923 [accessed 22.04.2024], EDN: YOTSNF. (In Russian).

4. Vvedensky O.G., 2019. Povyshenie effektivnosti raboty rybokhodno-nerestovykh
kanalov [Increasing the efficiency of fish passage and spawning channels]. Aktual’nye problemy
stroitel'nogo i dorozhnogo kompleksov: materialy Mezhdunar. nauchno-tekhnicheskoy konf.,
posvyashchennoy 50-letiyu Instituta stroitelstva i arkhitektury PGTU [Current Problems of
Construction and Road Complexes: Proc. of the International Scientific-Technical Conf., Dedi-
cated to the 50™ Anniversary of the Institute of Construction and Architecture of Perm State
Technical University]. Yoshkar-Ola, pp. 266-273, EDN: ZMBBCJ. (In Russian).

5. Martynenko V.N., 2020. Rybokhodnyy kanal v sostave gidrouzla [Fish passage as
part of a waterworks]. Inzhenernye kadry — budushchee innovatsionnoy ekonomiki Rossii [En-
gineering Personnel — the Future of the Innovative Economy of Russia], no. 5, pp. 150-152,
EDN: XEFPTI. (In Russian).

6. Vvedenskaya S.Yu., 2022. Rybokhodnyy kanal dlya plotiny gidrouzla [Fish channel
for a hydroelectric dam]. Inzhenernye kadry — budushchee innovatsionnoy ekonomiki Rossii
[Engineering Personnel — the Future of the Innovative Economy of Russia], no. 1, pp. 628-631,
EDN: BYDWLO. (In Russian).

7. 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, 752, https:doi.org/10.1007/s10661-021-09360-
z, EDN: YVELEM.

8. Zhai Z.N., Wang Y., 2018. Research development in measures for downstream migra-
tion of fish through dams. IOP Conference Series: Earth and Environmental Science, vol. 191,
012026, https:doi.org/10.1088/1755-1315/191/1/012026.

9. Nikonorov S.1., Maltsev S.A., Morgunov S.V., 2001. Problemy yestestvennogo neresta
prokhodnykh osetrovykh i puti ikh resheniya [Problems of natural spawning of anadromous stur-
geon and ways to solve them]. Rybnoe khozyaystvo [Fisheries], no. 5, pp. 42-44. (In Russian).

14



[Tyt noBeimenus 3¢ dexruBHOCTH OpomaeMoro semienenus. 2024. T. 93, Ne 2. C. 221-236.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2024. Vol. 93, no. 2. P. 221-236.

10. Vlasenko S.A., Vasilyeva L.M., Astafieva S.S., 2016. Vliyanie gidrologicheskogo
rezhima na effektivnost' yestestvennogo vosproizvodstva osetrovykh na Nizhney Volge [Impact
of hydrological regime on efficiency of natural reproduction of sturgeon in the Lower Volga].
Tekhnologii pishchevoy i pererabatyvayushchey promyshlennosti APK — produkty zdorovogo
pitaniya [Technologies of Food and Processing Industry of the Agro-Industrial Complex —
Healthy Food Products], no. 5(13), pp. 54-59, EDN: XXEMNT. (In Russian).

11. Karpenko G.l., Pereverzeva E.V., Golovko G.V., Ziepelt L.1., 2017. Retrospektivnyy
analiz issledovatel'skikh rabot po vosproizvodstvu rybtsa i shemai (1930-2015 gg.): nauch. izd.
[Retrospective Analysis of Research Studies on the Vimba and Shemai Propagation (1930-2015):
scientific ed.]. Rostov-on-Don, AzNIIRKh Publ., 286 p., EDN: ZHEAUD. (In Russian).

12. Bitekhtina V.A., Trufanova Z.A., 1969. Razvedenie rybtsa i shemai na iskusstvennykh
nerestilishchakh [Spawning of vimba and shemai on artificial spawning grounds]. Rybnoe
khozyaystvo [Fisheries], no. 1, pp. 18-20. (In Russian).

13. Taylor J.J., Rytwinski T., Bennett J.R., Smokorowski K.E., Lapointe N.W.R.,
Janusz R., Clarke K., Tonn B., Walsh J.C., Cooke S.J., 2019. The effectiveness of spawning
habitat creation or enhancement for substrate-spawning temperate fish: a systematic review.
Environmental Evidence, vol. 8, article number: 31, https:doi.org/10.1186/s13750-019-0162-6.

14. Khoroshko P.N., Vlasenko A.D., 1969. Gidrostroitelstvo i iskusstvennye neresti-
lishcha osetrovykh ryb [Hydraulic construction and artificial spawning grounds for sturgeon
fish]. Materialy nauchnoy sessii TSNIORKh, posvyashchennoy 100-letiyu osetrovodstva [Mate-
rials of the Scientific Session of the Central Research Institute of Sturgeon Farming, Dedicated
to the 100™ Anniversary of Sturgeon Farming]. Astrakhan, pp. 189-191. (In Russian).

15. Vlasenko A.D., 1974. K voprosu ob iskusstvennykh nerestilishchakh osetrovykh
ryb r. Kubani [On issue of sturgeon artificial spawning grounds on Kuban river]. Trudy Vsesoyuz-
nogo nauchno-issledovatel'skogo instituta morskogo rybnogo khozyaystva i okeanografii [Pro-
ceedings of All-Union Scientific Research Institute of Marine Fisheries and Oceanography],
vol. 102, pp. 3-29. (In Russian).

16. Shkura VI.N., 2015. Rybovodnye melioratsii malykh i srednikh stepnykh rek
(obosnovanie putey i sredstv ikh realizatsii): monografiya [Fish-Growing Land Reclamation
of Minor and Medium-sized Steppe Rivers (Substantiation of Ways and Means of Their Im-
plementation: monograph]. Novocherkassk Land Reclamation Engineering Institute of
DSAU, Novocherkassk, 197 p., EDN: VNCHVF. (In Russian).

17. Shkura V.N., Shevchenko A.V., 2022. Rybokhodno-nerestovye kanaly, kak sredstvo
uluchsheniya usloviy vosproizvodstva ryb na Nizhnem Donu [Fish passage and spawning
channels as a means of improving fish reproduction conditions on the Lower Don]. Rybnoe
khozyaystvo [Fisheries], no. 5, pp. 82-87, DOI: 10.37663/0131-6184-2022-5-82-87, EDN:
AIWWAW. (In Russian).

18. Kosichenko Yu.M., Baev O.A., 2020. Raschet koeffitsienta sherokhovatosti rusel
kanalov s neodnorodnymi uchastkami [Calculation of roughness coefficients for channels with
heterougeneous sections.]. Prirodoobustroystvo [Environmental Engineering], no. 3, pp. 6-14,
DOI: 10.26897/1997-6011-2020-3-6-14, EDN: UGUURG. (In Russian).

19. Kosichenko Yu.M., 2020. [Integrating data on canal bed roughness in earthen channel
and lining]. Ekologiya i vodnoe khozyaystvo, no. 2(05), pp. 155-168, available: http:www.ecology-
wm.ru/article-137.htmI?n=69 [accessed 22.04.2024], https:doi.org/10.31774/2658-7890-2020-2-
155-168, EDN: VYYGVM. (In Russian).

Hugpopmayun 06 aemope
A. B. llleBY€HKO — MIIQIIANA HAYYHBIH COTPYIHUK, POCCUICKUI Hay4HO-UCCIIEN0BATEIbCKUAN
UHCTUTYT TpobiieM Mmeroparnuu, HoBouepkacck, Poccuiickas ®eneparus, riggellll@mail.ru,
AuthorlD: 1027431, ORCID ID: 0000-0003-4839-6377.

15



[Tyt noBeimenus 3¢ dexruBHOCTH OpomaeMoro semienenus. 2024. T. 93, Ne 2. C. 221-236.
Ways of Increasing the Efficiency of Irrigated Agriculture. 2024. Vol. 93, no. 2. P. 221-236.

Information about the author
A. V. Shevchenko — Junior Researcher, Russian Scientific Research Institute of Land Improve-
ment Problems, Novocherkassk, Russian Federation, riggel111@mail.ru, AuthorlD: 1027431,
ORCID ID: 0000-0003-4839-6377.

Asmop necem omeemcmeeHHOCHb 34 HAPYWEHUS! 8 Cghepe IMUKU HAYUHBIX NYOIUKAYUL.
The author is responsible for violation of scientific publication ethics.

Asmop 3as6isem 06 omcymcmeuu KOHGIUKMA UHMepPecos.
The author declares no conflicts of interests.

Cmamusi nocmynuna 6 pedaxyuio 27.04.2024; ooobpena nocne peyensuposanus 08.05.2024;
npunsma x nyoauxayuu 28.05.2024.

The article was submitted 27.04.2024; approved after reviewing 08.05.2024; accepted for
publication 28.05.2024.

16



