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Annomayusn. Uennb: B cTaThe pacCMaTPUBAIOTCS BOMPOCHI MMPOSKTUPOBAHMS BOJ03a-
O6opHoro coopyxenusi Ha pexe Kust B TamOoBCcKkoM 00acT HarpaBjeHHBIC HA 3alIUTY OT 3a-
WJICHUS B3BEUICHHBIMU U BJICKOMBIMU HaHOcamMK. MaTtepuaJibl 1 MeToabl. [Ipoananu3uposa-
HO COBPEMEHHOE COCTOSIHHE O0BEKTa, BBISIBJICHBI OCHOBHBIC MPOOJIEMBI, CBS3aHHBIC C 3amJie-
HUEM KaHaja U TOIaJaHueM HAaHOCOB B BOJIONPUEMHYIO Kamepy. OIpeneneHo HaIudue Io-
BBIIICHHOTO TPAaHCIIOPTa HAHOCOB, YTO XapPaKTEPHO U PEK C TUAPOIOTHYECKUM PEKUMOM
CMEIIIAHHOTO CHETrOBOTO M JIOKACBOrO muTaHus. [Ipemiaraercss KOMIUIEKC MEPONPUSATHI 110
PEKOHCTPYKIIMH BOJI03a00PHOTO y371a, KOTOPBIM BKIIOYAET B ce0si ONTHMH3ALNIO TPACCHI Ma-
THCTPAJILHOTO KaHalla M yCTAaHOBKY HAHOCOTPAHCHOPTUPYHOIUX IMUTOB. Pedyiabrarhl. [lo
pacyeTHOM cXeMme OIpPE/CNICHO paclpe/ieiieHue HAHOCOB B 3aBUCUMOCTH OT YIJIa IIOBOPOTA OT-
BoJHOTO KaHana (¢ = 120°) u MeCTOmnoIOKEeHNE Pa3AeIbHbIX TPACKTOPUIl BIIKCHUS MTOBEPX-
HocTHBIX (D, = 5,26 M) u nouubIX cTpyit (by = 19,0 M). O6ocHOBaHA HEOOXOIUMOCTh PEKOH-
CTPYKIIMH y3JIa C MPUMEHEHHEM HAaHOCOTPAHCIIOPTHUPYIOIIUX LIUTOB, NMPeIHA3HAYCHHBIX IS
aKTUBHOI'O BO3JICMCTBUS Ha CTPYKTYpY MOTOKa, NEpepacipeeseHls] CKOPOCTeH 1Mo KUBOMY
CCUCHHIO PEKU M CO3aHUS IUPKYJSAIMOHHBIX TEUEHHUH, CIIOCOOCTBYIONIMX TPAH3UTHOMY IIe-
PEMEIICHNIO0 HAHOCOB M MPEAOTBPALICHUIO UX OCAXJCHMS Iepesa BOJoNpHeMHUKOM. Paccun-
TaHbl apaMeTpsl mmToB: JinHa muTa (I = 3,50 M), paccrosiaue mexay mutamu (d = 3,0 m),
mexay psaamu muToB (C = 2,20 M) u paccrosiHue ot Oepera (S = 1,9 m). BeiBoabl. Pacnpe-
JiefieHIe HaHOCOB B 3aBHCUMOCTH OT yIJIa IOBOPOTA OTBOJHOTO KaHaja M YCTAaHOBKA HaHOCO-
TPaHCHOPTUPYIOUIUX IIUTOB JUIsl BOZ03a00pHOTro y31a Ha p. Kust y c. 3pIpsiHOBO, IpUMeHEHHe
COBPEMEHHBIX PACUETHBIX METOAMK IMO3BOJHUT 3HAYUTEILHO TMOBBICHTH HAJEKHOCTH BOJO-
CHa0EHHUs, CHU3UTh SKCIUTyaTallMOHHbIE 3aTPaThl M 00ecneuuTh TpedyeMoe KauecTBO 3a0u-
paemoii BOABI.

Knroueswvie cnoea: Bono3adOpHBIN y3€J, CHErOBOE H JIOKACBOE TUTaHUE, MarHCTPAITb-
HBbI KaHall, CeUYeHUE PEeKH, LMPKYJIALUOHHBIE TEUEHHs, HAaHOCHI, THAPABINYECKUNA pacyer,
CTpy€HaNpaBJISAIOIINE IIUTHI, TApaMETPbI, YToJl TOBOPOTA
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Abstract. Purpose: the design of a water intake structure on the Kiya River in the Tam-
bov region, which is aimed at protecting it from siltation by suspended and dragged sediments
is discussed. Materials and methods. The current state of the facility was analyzed, identifying
the main problems associated with canal siltation and sediment intrusion into the water intake
chamber. Increased sediment transportation, typical of rivers with a hydrological regime of
mixed snow and rainfall, was determined. A set of measures on water intake unit reconstruc-
tion, including optimization of the main canal route and the installation of sediment transport
shields is proposed. Results. The sediment distribution depending on the turning angle of the
diversion canal (¢ = 120°) and the location of single trajectories of surface (b, = 5.26 m) and
bottom streams (bs = 19.0 m) was determined by design scheme. The need for reconstruction
of the facility using sediment-transporting shields was substantiated. These shields are designed
to influence actively the flow structure, redistribute velocities across the river's cross-section,
and create circulation currents that facilitate the transit of sediment and prevent their sedimen-
tation before the water intake. The shield parameters were calculated: shield length (I = 3.50 m),
distance between shields (d = 3.0 m), distance between rows of shields (C = 2.20 m), and dis-
tance from the shore (S = 1.9 m). Conclusions. Sediment distribution depending on the turn-
ing angle of the diversion canal and the installation of sediment-transporting shields for the
water intake unit on the Kiya River near the village of Zyryanovo, along with the use of mod-
ern calculation methods, will significantly improve reliability of water supply, reduce operat-
ing costs, and ensure the required quality of the withdrawn water.

Keywords: water intake unit, snow and rain supply, main canal, river cross-section,
circulation currents, sediments, hydraulic calculation, flow guide shields, parameters, turning angle
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00JIaCTH W MpeCTaBIseT cOO00N OECTUIOTHHHBIN BO103a00p, TTPEIHA3HAUYCHHBIHI
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JJ1sl 3a00pa BOJBI HA XO3SIMCTBEHHO-MUTHEBBIC M MPOU3BOJCTBEHHBIC HYKIIBI.
VY3en BkiO4YaeT B ce0si BOJONPUEMHBIA OTOJIOBOK, MOJABOISIIUMNA U OTBOJHOU

KaHaJlbl, aBAHKaMepy ¥ HACOCHYIO CTaHIIMIO MEPBOIo MojgbemMa (pUcyHok 1).

Pucynok 1 — Bogo3za0opHblii ruipoy3esi ¢ YCTAHOBJIEHHbIMH IIUTAMHU
Figure 1 — Diversion unit with installed shields

Pexa Kus — neBb1it nputok p. YynslM, npoTekaronmi no reppuropun Ke-
MepoBckoil m Tomckoit obnacreid. JlnuHa peku cocTaBiseT 548 KM, IUIOMIAIb
BoztocOopa — 32,2 teic. kMm%, CpemHuii pacxon Boabsl y I. MapuuHcka (Gnuskaii-
Ui THAPOJIOTHYECKUI TTocT) cocTanisieT okono 150 m%/c. Peka xapakTtepusyer-
Csl CMEIIIAHHBIM CHETOBBIM M JI0KJIEBbIM MUTAHUEM, YTO OIPEIEISAET €€ TUIPO-
JIOTUYECKUN PEXUM: BBIPAXKEHHOE BECEHHEE IMOJIOBOJIbE (C MUKOM B HIOHE),
YCTONYMBAsI JIETHE-OCEHHSII MEXKEHb, MPEpbIBacMasi JOKIECBbIMU MMaBOJKAMHU, U
3UMHSISI MEXEHb. B BEpPXOBBSX peKa HOCUT TOPHBIA XapakTep CO CKOPOCTIMHU
teuenus 1,2—1,6 M/c, B HIDKHEM TEUEHUU CKOpocTu cHuxkarotcs 1o 0,2-0,6 m/c,
a Ha mepekarax moryt gocturath 1,6 m/c. IlepekaTsl pacmomnararoTcsi depes
Kaxable 3—4 kM, ux juirHa coctaBisger 50200 M, a rmyouna — 10 0,6 m. [1]

B macrosimmee BpeMs B0m03a00pHBIA y3€J CTAJIKHUBACTCS C PSAIOM IIPO-
OJieM, TUMMYHBIX TS TTOJO0HBIX COOPYKEHUN Ha PaBHUHHBIX pekax. OCHOBHas

N3 HUX — 3aWJICHUC MAarvucCTpaJbHOr0 KaHalla W IIOoIIaJJaHrne B3BCUICHHLIX W BJIC-
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KOMBIX HaHOCOB B BOJONPHEMHYIO KaMEPy?, YTO IPUBOJUT K CHUKEHHIO IIPO-
MyCKHOW CIOCOOHOCTH KaHalla, MPeXkIeBPEMEHHOMY H3HOCY HACOCHOTO 000pY-
JOBaHMsI, YXYJIICHUIO KauyecTBa 3a0upaeMoi BOJbI U, KaK CJIEICTBUE, YBEIUYE-
HUIO 3aTpaT Ha €¢ OYUCTKY (pUCyHOK 1).

[ToBBIILIEHHBIN TPAaHCHOPT HAHOCOB OCOOEHHO XapaKTepeH AJis Iepuoaa
TIOJIOBO/IbS M IOKJIEBBIX TaBoaKkoB®. ViMeHHO B 310 BpeMs p. Kust HeceT Han6Gob-
Iee KOMMYECTBO B3BEINICHHBIX YAaCTHUI', KOTOPHIE, IONMaaas B MaruCTPaIbHbIA
KaHaJl, OCEIal0T B HEM, CHIXKAsl €ro KUBOE CEYEHHE U TpeOys peryysipHON J0-
porocrosiiei MexaHn4eckoil ounuctku. Kpome toro, cymectByromas KOHPUry-
panus KaHaia He Mo3BoJIAeT 3(P(PEKTUBHO OOPOThCS ¢ HAHOCAMMU, YTO CHIDXKAET
oO0IIyI0 HAJIG)KHOCTh U 3(P(HEKTUBHOCTH pabOTHI BOA03a00PHOTO Y371,

JIist pelieHust ONMMCaHHBIX MPOOJIEM MPEIIaraeTcsi KOMILUIEKC MEPOIPHs-
TUH MO PEKOHCTPYKIMU BOA03a00PHOTO y3J1a, KOTOPBIN BKJIIOYAET B CeOsl:

- ONTUMU3ALMIO TPACChl MAaruCTPAJIbHOIO KaHajla C LEJIbI0 IEpecMoTpa
yIJ1a MOBOPOTa, KPEIUICHUS pyciia B BepxHeM Obede ruapoysna [2—10] u mnano-
BOTO PAaCIOJIOKEHUS KaHajla s MUHUMH3ALUU 30H C NOHWKEHHBIMU CKOPO-
CTSIMH U, COOTBETCTBEHHO, CHIDKCHUSI MHTEHCUBHOCTH OCAXKICHHSI HAHOCOB;

- YCTaHOBKY HAHOCOTPAHCIIOPTUPYIOIIMX IIMTOB JUIsl aKTUBHOT'O BO3/ICHCTBUS
Ha CTPYKTYpY MOTOKa, MepepacipeieNieHnsi CKOPOCTEH 0 )KMBOMY CEUCHHUIO KaHasla
U CO3JaHMs LUPKYJISAIMOHHBIX TEUCHHUH, CIIOCOOCTBYIOIIMX TPAH3UTHOMY TEpe-
MEILEHUIO HAHOCOB U MPEAOTBPAIIECHUIO X OCAXKICHHS TIepe]l BOJOIIPUEMHHUKOM.

Oco0oe BHUMaHUE yAENsAeTCd Y4acTKy MOBOPOTa MAaruCTpabHOIO KaHa-
na. ['mapaBnuyeckuii pacdyer MO3BOJISIET ONPENETUTh, KaKk IPHU 3aJaHHOM YTJe
OBOpOTa ¢ OyIeT paclpeneNaTbcs MyTHOCTb IOTOKa MO IIMPUHE PEKH Mepen

B0Z103a00pPOM MpH AEJICHUH NMOTOKA HA PEUYHOIN U BOJ103a00pHBIN.

’MHoroneTHIEe K0J1e0aHNs ¥ H3MEHYUBOCTH BOJHBIX PECYPCOB M OCHOBHBIX XapaKTe-
puctuk ctoka pek Poccuiickoit @enepanuu: Hayd.-npukia. crupas. CI16.: PUAJL 2021. 190 c.

SIImuar T. C. TlocoGue 10 ONpPeNENeHHIO PACUETHBIX THAPOIOTHYECKUX XapaKTepH-
ctuk. JI.: 'mppomereonsaart, 1984. 444 c.

*HNmrkeHepHas TUAPONOTKs U peryauposanue croka / B. U. XKenssko, B. K. Kypcakos,
B. M. Jlykamesuy, I'. H. Pyakosckas, 1. A. Jlesurynos. ['opku, 2021. 112 c.
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Ilenbro nccnenoBaHuil sBisgeTcs 00OCHOBAHUE CTPOMUTEILCTBA COOPYIKE-
HUI, TOBBILIAIOIIMX HAJEKHOCTh BOJOCHAOKEHUS, CHUKEHUSI SKCIUTyaTallMOH-
HBIX 3aTPaT U 00ECIEUNBAIOIINX TPeOyeMOoe KaueCTBO 3a01MpaeMoil BOJIBI.

MarepuaJbl 1 MeTOABL. PacueTHasi cxema paclpeiesieHuss HAaHOCOB B 3a-
BHCHUMOCTH OT yTJja II0BOPOTa OTBOJHOIO KaHaJIa U MECTOIOJIOKEHHUE Pa3/eiib-

HBIX TPAEKTOPHii [BMKEHHUs MOBEPXHOCTHBIX (HA PACCTOSHMM D ) M JIOHHBIX
(na paccrosuuu b)) cTpyii onpezensiem o 3aBucumoctsim. ipod. B. A. [ayms-
Ha (PUCYHOK 2):

b, =1,02- (K +0:86)-b., 1)

b, =0,49-(K +033)-b_, @)
rie K — oTHOLIEHHE yIENbHBIX PACX0I0B, M%/C;

K=q,/d,, 3)
e 0, — yAeIbHbIH pacxoj KaHaa, M%/c;
Q, — YACIbHBII PACXOJ PEKH, Mm2/c;

b, — mupuHa xaHana (peryiasiropa), M.
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b, — HOBepXHOCTHOE IBIXKEHHE CTPYid, M; Dy — TOHHOE IBIIKEHUE CTPYId, M;
Q, — pacxoz pek, M>/c; b, — mupuHa kKaHana (perysiaTopa), M; @ — yroi IoBOpOTa
KaHaja, rpaaychl; I — paJnyc MOBOPOTA B3BELIEHHBIX HAHOCOB, M

b, — surface flow of streams, m; b, — bottom flow of streams, m; Q, — river
discharge, m®/s; b, — canal (regulator) width, m; ¢ — canal turning angle,
degrees; r — suspended sediment turning radius, m
PucyHnok 2 — PacueTHasi cxeMa pacrpe/iesieHusi HAHOCOB
B 3AaBHCHMMOCTH OT YIJIa IOBOPOTA OTBOJHOI'0 KaHAJIa

Figure 2 — Calculation diagram of sediment distribution
depending on the turning angle of the diversion canal
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CrnenyroniuM maroM peKOHCTPYKIIMHM BOA03a00pa SIBISETCS MPOCKTHPO-
BaHHE CTPYEHANpPaBJSIOMUX MUTOB. [[prMeHeHre cTpyeHanpaBiIsonuX IUTOB
0c00eHHO A(PPEKTUBHO Ha peKax ¢ OOJIBIIUM KOJTUYECTBOM HAHOCOB. VX MOXKHO
UCIIONIb30BaTh KaK B Kaue€CTBE BPEMEHHBIX COOPYKEHHM NJIs pa3MbIBa CKOTLIE-
HUIl HAHOCOB, TaK M B KA4eCTBE MOCTOSHHBIX KOHCTPYKIUH It 00eCreYeHus
OJaronpusATHON HUPKYJISAIUH ITOTOKA IIEpe BO103a00POM.

HccnenoBanue NorpyKeHHBIX B BOAY IIUTOB MOKA3bIBAET, YTO B 30HE JCH-
CTBUS IIUTOB 00pa3yeTcsi MUPKYJISIIIMOHHBIA OTOK, U3MECHSIONINIA HATPaBIICHHE
JBIDKEHHUS HAaHOCOB. Taroke pe3ynbTaThl UCCIEIOBAHUS CBUIETEIBCTBYIOT O IIPU-
MEHEHUH Pa3INYHbIX CXEM YCTAHOBKH MACCHUBOB LIUTOB, KOTOPHIE MOTYT UCKIIIO-
YHUTH NOIAJJaHHe HAHOCOB B BOJ103a00pHBIe coopykenus Ha 60—70 % [11-18].

JUist 3amuThl OOKOBOTO BOJ103a00pa OT HAHOCOB HAaMHU NPHUHSTA CXEMa
YCTAHOBKH IIIUTOB, COCTOSIIAsl U3 IBYX pAnoB (pucyHok 3). MccrnenoBanus mo-
Ka3bIBAIOT, YTO LIUTHI, KOTOPbIE YCTAaHOBJICHBI BHE 3a00pa BOJbI, Oonee ¢ dek-

TUBHBI, YEM BHYTPCHHEC PACIIOJIOKCHUC IIMTOB B KOBIIC.

&

& k\/\z& L = =

: %\

L/f[ %

1 — muTer, 2 — OTBOAHO# KaHa, 3 — peka; Q, — pacxon peku, m/c; Q. — pacxon kaHaia, Mo/c;
P

S — paccrosiaue ot Oepera, M; C — pacCTOsIHAE MKy MacCHBaMHu, M; d — pacCTOSIHUE MEKITY

muTamu, M; B, — mmpuna pexu, M; b, — mprna kanana (perynsrtopa), M; Ly, — utiHa mmra, M

1 — shields; 2 — diversion canal; 3 — river; Q, — river flow rate, m*/s; Q. — canal flow rate, m%/s;
S — distance from bank, m; C — distance between arrays, m; d — distance between shields, m;
B, — river width, m; b, — canal (regulator) width, m; Lsy — shield length, m
Pucynok 3 — Cxema yCTAHOBKHM MacCHBA IUTOB,
YCTAHOBJICHHBIX Iepe/ B0103a00pom

Figure 3 — Installation diagram of an array of shields
upstream of a headworks
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Pe3yabTaThl U 06cy:kaenue. [lapameTps! IMTOB MpUHUMaeM 1o Tabmmie 1,

npuHuMas H = 3,8 m.

Taoauna 1 — [TapaMeTpbl JOHHBIX IUTOB
Table 1 — Parameters of bottom shields

I'myouna |Paccrosame| JnmnHa Paccrosinue | MunuManbHoe
yrox Jlisa Morpysxe- MEXK eUCTBUSL | MEXAY psi- |pacCTOSTHUE OT
YCTaHOBKH| IIUTa Py a A Ay b p
HUS HIUTaMU CHUCTEMbI | JaMH LIIUTOB Oepera
9,0 H
2040 |(0,9-1,0)H| (0,3-0,5)H | (0,6-0,9H ’ 0,5-0,6)H 0,3-0,5H
( H| ( H | ( M o pam) ( ) ( )

[TapameTpsl AOHHBIX HIUTOB (TabiMia 2) U TMPUHATAs CXEMa yCTAHOBKHU

MPEJICTABJICHBI HA PUCYHKE 4.

Tabanua 2 — IIpunaTHIEe TapaMeTPbI IOHHBIX HIUTOB
Table 2 — Accepted parameters of bottom shields

Paccros- Hmuna | Paccrosnue | MuHuMaibHOE
Yron JlinHa ['myOuna N
HUE MEXY | JCHCTBUS | MEXIY ps- | PacCTOSHUE OT
YCTAaHOBKH| IMUTa | HOTPYKEHUS
IIMTAMHU | CHUCTEMbI | JaMH LIIUTOB Oepera
30 3,5 1,1 3,0 31,5 2,2 1,9
- - L L - L - L4 - LJ
=5
" N
2 o /,/(' \ 6
/ / - } \ i
O o~ b / / N
(\Ln\l' N\ / t
a, /
@u |
)
¥ > s — — [pPaHHIlA 3aXBaTa JOHHBIX HAHOCOB
[ | —_— — I'paHHIIA 3aXBaTa B3BEIICHHBIX HAHOCOB

PucyHok 4 — IIlpuHsiTast cxeMa YCTAHOBKH MACCHBA IIIUTOB
Figure 4 — Accepted scheme for installing an array of shields
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BbiBoabl. Pacnipenienenrie HAHOCOB B 3aBUCHMOCTH OT YTIJIa TOBOPOTa OT-
BOJIHOTO KaHaja M MECTOMOJIOKEHUE Pa3leIbHBIX TPACKTOPHUM IBUKEHHS TIO-
BEPXHOCTHBIX M JOHHBIX CTPYH SIBISIETCS HEOTHEMIIEMOM YaCThIO IPOEKTHUPOBA-
HUs 3G(HEKTUBHBIX BOJI03a00PHBIX y3510B. PacnpeneneHue no3BossieT HE TOIBKO
CIPOTHO3UPOBATH PabOTy CYIIECTBYIOLIETO COOPYKEHUS, HO M HAYYHO 0OOCHO-
BaTh HEOOXOAMMOCTh M MapaMeTpbl pEKOHCTPYKLUUHU. B paccmaTpuBaeMoM ciry-
qae 11 Boj1o3abopHoro y3na Ha p. Kust y c. 3bIpsiIHOBO IpUMEHEHUE COBPEMEH-
HBIX PaCUeTHBIX METOJHK M IMOCIEAYIOIIas yCTaHOBKAa HAHOCOTPAHCIIOPTUPYIO-
IIMX I[UTOB TO3BOJUT 3HAYUTEIHFHO MOBBICUTH HAJCKHOCTH BOJOCHAOKEHUS,
CHU3UTh AKCILUTyaTallMOHHBIE 3aTpaThl U 00eCIeunTh TpeOyeMoe KauecTBO 3a0u-

paeMou BOJIBL.
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