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Annorauus. [Ipemioxen ciocod pacuera a3 pexkTuBHOro kKoddduireHra MaHHUHTA, KO-
TOPBIN IO3BOJISIET OLIEHUTH COIIPOTUBIICHUE ITOTOKY JKHIKOCTH B MEAHAPUPOBAHHBIX PEYHBIX pYC-
J1ax. MBI OCHOBBIBaeMCS Ha YHCIIEHHBIX HECTAlMOHAPHBIX MOACIIAX TUHAMHWKN MEJIKOM BOIbBI B
HEOJHOPOIHOM pyciie. [lokazaHO yMEHbILIEHHE CPENHEN CKOPOCTH IBUYKEHUS )KUJKOCTH B MEaH-
JIPUPOBAHHOM PYCJIE [0 CPABHEHUIO C IPAMOIMHENHBIM KaHasIoM. Ha 0OCHOBE TOCTPOEHHOI 3aBU-
CHMOCTH CPEIHEI CKOPOCTH B CEUCHHUHU PYyCIIa OT OCHOBHOI'O 3HAaYCHHS Kod(duiineHTa MaHHUHTa
no H.b. bapeIniHUKOBY onpeneneH BKIIaj B COMPOTUBIEHUE MOTOKY OT MEaHIPUPOBAHUS pycJa.

KuaroueBble cioBa: ruapoamHaMudeckoe MoaenupoBanue, moaens Lllesu, meanapu-
pOBaHHOE PYCIIO, YHCIICHHASI MOJIENTb, KOA((DUIIUEHT EpOXOBATOCTH.

BBenenue

JluHaMuKa pyCIIOBBIX TEUEHHH CYIIIECTBEHHO 3aBUCUT OT Mopdosoruu kaHana [1]. B ruaponuna-
MHUYECKOM MOJICTTMPOBAHUH KPYITHOMACIITAOHBIC XapaKTEPUCTUKU pelibeda yUYUTHIBAIOTCS B SIBHOM
Buje [2]. Jas oleHOK MpoIycKHON CIOCOOHOCTH PyCell B THAPOJOTHH YacTO MCIONB3YETCS MOCIb
[le3u, B koTOpOI KOID(DUITMEHT COMTPOTHUBIICHUS MOXKET ONPENEISIThCS ypaBHeHneM ManuuHra [3]. Ota
(dbopMyra cBA3BIBAET CKOPOCTD IMOTOKA C MOIMEPEYHBIM CEUCHHUEM KaHalla, yIUThIBasi CBOHCTBA MOJCTH-
Narolei moBepxXHocTH. [Ipy TaHHOM TIOAXO0/Ie TPUHSITO CYMTATH, YTO BIHSHHE TApaMEeTPOB pyciia ompe-
nensiercst Ko UIeHToM mepoxoBaroctu. s pacuera kodddpuiuenta MaHHIHTA CYIIECTBYET O0ITb-
o€ KOM4YecTBO (hopMyl, CIpaBeIUIMBBIX JIJISl YaCTHBIX CIydaeB, UX BBIBOJ OCHOBAaH HAa HATYPHBIX
HaAOTIONEHUSX U 1a00paTopHbIX dKcrepuMenTax [11; 12].
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Oco0bl1if HHTEpEC IS UCCIICAOBAHHS TIPEICTABIISET BIUSHUE U3BUIIMCTOCTH pyciia Ha KodQuIm-
eHT Mannunra [7; 10]. B peanbHBIX YCIOBHSIX BHIOpATh 3HAYCHUSI BETMUYWHBI OUCHB CIIOKHO. B TaHHOi
paboTe mpeacTaBiIeH METO OLIEHKH IIEPOXOBATOCTU MEaHPUPOBAHHOIO PyCsia, OCHOBAHHBIN Ha 4HC-
JICHHOM TUAPOINHAMHYECKOM MOAETHPOBAHUH.

YuciaeHHass MoJedb

B ocHoBe uncnenHoil Moienu JeXUT cucteMa ypaBHeHHil Cen-Benana, koTopast onuchIBaeT Ju-
HAMHUKY PYCJIOBBIX TEUEHHH B MPHOIMIKCHUN TEOPHH MEIIKOW BOJBI M YYMUTHIBACT BIHSIHHE penbeda,
BHEIIHUX ¥ BHYTPEHHUX CHJI, @ TAKXKe paboTy UCTOUHUKOB [4; 6]. JIi1st ”HTErpUpOBaHUS CUCTEMBI YPaB-
Henunit ucnonwsizyercs CSPH-TVD meron [5] u momxon pacnapasuienuBanus Ha ocHoBe CUDA-TexHO-
sorud [9].

Paccunrarh CKOPOCTH PYCIOBOTO MMOTOKA MOXKHO MpH roMoInu Gopmysisl Llesn [3]

V., =C(UR)", (1)

rae V — cpennsis ckopocth nmoroka; C — ko3ddunuent lle3u; / — ruapaBIuvecKuii YKIOH; R — THIpaB-
nudeckuit paguyc. [ onpenenenus koddduiuenta C CylecTBYIOT pasauunbie popmyssl. Hanbomnee
4acTo UCIONB3YIOT hopmyiry MaHHWHTa

C = RYS/n, 2)
rj1e 71 — Ko3((DHUIMEHT IEPOXOBATOCTH 110 MaHHUHTY [¢/M!/3], KOTOpBIiA SABISETCA COCTABHOIM BETHIMHOM
¥ YYHUTBIBACT CBOKMCTBA MOJCTHIIAKOIIEH MOBEPXHOCTH JiHA. OOO3HAYUM 71, — OCHOBHOE 3HaYEHHE KO3 (-
(unrenTa mepoxoBaTOCTH B IPSIMOIMHENHOM pycie; 1, — dPPEeKTHBHBIA k0> puurenT ManHUHTa B
MeaHAPUPOBAHHOM KaHase. B 4uCIIeHHON MOZENH NapaMeTp 71 UCIONb3YETCs IIPU PacueTe CUJIbI IIPH-
JIOHHOTO TPEHHS.

B xauecTBe Mozeny NpsIMOIMHEHHOTO pycia 3a1aauM (yHKIHIO

by(x, y) = b exp(/L?) — Ix 3)

¢ 6a30BbIM HabopoM nmapameTpoB b =5 M; L = 500 M n ykinonom / = 0,07 m/km. [l MeaHApPHPOBaH-
HOTO pycia npoduib JHA 3a1a1iM B BUIE

b(x, ¥) = =Dy (EXP((V = Yy SIN(kX))Y/L?)) — Ix, “4)

IJie k OmpeseNnseT NPOCTPAHCTBEHHBIH MacmTad MeaHAPUPOBAHMS; J  — aMIUIMTYla MEaHIpa.
Bribepem 3nauenus k = 2m/3 500 (1/m); y = 1200 m, 2400 m. IIpu ykasaHHBIX mapameTpax
OTHOUIEHUS JUINH MEaHAPUPOBAHHOTO pycia K mpsiMoirHeiHoMY paBHO 1,75 1 2,95 cooTBeTcTBEH-
Ho. Ha BXoje pacmonokuM UCTOYHHUK BOMBI ¢ cyMMapHBIM pacxomom O = 1 500 m3/c, Bpems pac-
yera t = 3 CyT.

Pe3y.11 bTaTbl pac4dyeToB

14 oueHKM BIMAHUS U3BUJIMCTOCTHU pyciia HAa TapaMeTp # MPOBEIEM pacueThl Ha MEaHIpU-
POBaHHBIX pyciax ¢ n, = 0, a 11 NPAMOIMHEHHOTO KaHajla BENMYIUHY 71, OyaeM BapbupoBath. Ha
pucyHke | mpuBeleHa CTPYKTypa CTAllMOHAPHOrO MOTOKA Ha IMIAJKOM IMPSMOJIMHEHHOM penbede
s ydactka 5 000 M < x < 18 000 m.

Pacnipenienenne riryOUHBI M CKOPOCTH JUISL MEAHAPUPOBAHHOTO pycia ¢y, = 1 200 M n3o0paxeHo
Ha pucyHke 2. B aToM ciaydae Mbl MOXKeM HaOJIIOAaTh HEYCTOMYMBOCTh MTOTOKA MPU MajIbIX 3HAYCHUSX
n. O1otT 3 dexT BO3HUKACT U B MPSIMOIIMHEHHOM KaHaje [8].
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Puc. 1. Pactipenenenus iryOUHBI M TIOJsI CKOPOCTEH TIOTOKA
B IIPAMOJIMHERHOM pyciie npu i, = 0,02
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Puc. 2: a — pacnpenenenune riryOMHBI MEaHAPHUPOBAHHOTO YIaCTKa;
0 — pacrpenesieHue MO/ CKOPOCTH

Omnpenenum cpeHIO CKOPOCTb I10TOKA B CEUCHUHU KaHalla yepe3 MHTerpalibHbli pacxod Boibl O
<V>=0s, )

rae S — mIomaab CeueHusl.

Ha ocHOBe cepru pacyeToB, IPOBEIECHHBIX Ha penbede by(x, y) co 3Havennsmu 1, = 0,01 + 0,05,
TOJTyYUM 3aBUCUMOCTD <V > 0T 11, (M. puc. 3). [To MOCTPOECHHOM aNNpOKCUMAI[MU MOXKHO OIPEIEUTh
3Ha4enue n,,. Jlis MeanpupoBaHHOro KaHana ¢ aMrutynoi y, . = 1 200 umeem n, =0,0175 (cm. puc. 3,
Touka A), B cinyqae y, = 2 400 M koopdunment n, = 0,048 (cM. puc. 3, Touka B). Kak Buaum, npu
YBEITUYCHHH aMILTUTYIIBI MEAH/Ipa B JIBA pa3a 3HaueHue 3G PeKTuBHOro ko3 duiinenta MaHHUHTa yBe-
Tu4MBaercs B 2,7 paza U 3aBUCHUMOCTD HE SIBJISIETCS| CTETIEHHOM.
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Puc. 3. Pe3ynbrar anipoKcUMUpYOLIel 3aBUCUMOCTH CPEAHEH CKOPOCTH B CEYSHUH pyciia < V> (M/c)
oT ko3 dunuerra MaHHUHTA B IPSIMOJIUHEHHOM KaHaJe

3akjaouyeHue

Jlnist ompenienieHurs BKJIaa B COPOTUBIICHUE IOTOKY OT MEaHJPUPOBAHHOTO pyciia B paboTe mpe-
JIOKEH METON onpezenenus 3¢ dekrusroro kodpduurenta Mannunra 7, . Hanr moaxon ocHoBaH Ha
CpPaBHEHHMH PE3yIbTaTOB YMCJIEHHOTO THIAPOTMHAMUYECKOTO MOJECTHUPOBAHUS B MEAHAPHUPOBAHHOM H
npsiMmoM pyciiax. C yCHUJIeHHEM CTeleH! M3BUIUCTOCTH pyciia UMEEM YMEHbIEHHE CPETHEN CKOPOCTH
JIBHIKEHH S )KUIKOCTU B CEYEHUHU KaHaa. Bapbeupys 0CHOBHOE 3Ha4eHue koo duunenta Manuunra 7, B
MPsIMOM KaHaJIe Ha OCHOBE YHCICHHBIX THAPOTUHAMUYECKHUX MOJIEIEH, MbI OLIEHUJIH BKJIaJ B COTIPOTUB-
JIEHUE TIOTOKY OT MEaHAPUPOBaHUs pycia.
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THE METHOD OF ESTIMATION OF THE EFFECTIVE ROUGHNESS
COEFFICIENT IN THE MEANDERING CHANNELS
BASED ON NUMERICAL SIMULATION
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Abstract. We propose the method for calculating the Manning effective coefficient that
allows estimating the resistance to water flows in meandering river channels. The method is
based on the numerical non-stationary models of the dynamics of shallow water in the irregular
channel. We show the decrease in the average velocity of the fluid in the meandering channel
in comparison with the straight-channel. On the basis of the N.B. Baryshnikov’s constructed
dependence of the average velocity in the channel cross-section from the main value of the
Manning coefficient, we determine the contribution to the flow resistance from meandering of
the channel. The numerical model utilizes the Saint-Venant equations, which describe the
dynamics of flows in the theory of shallow water and considers the irregular of the relief,
external and internal forces, and the work of sources. For integrating the system of equations,
we use the CSPH-TVD method and parallel technologies CUDA.

With an increase in the degree of sinuosity of the channel, we have a decrease in the
average velocity of the fluid in the section of the channel. Varying the main value of the
Manning coefficient 7, in the straight-channel, we estimated the contribution to the flow
resistance from the meandering of the channel and obtained the values of the effective Manning
coefficient of the channel for various sets of parameters.

Key words: hydrodynamic simulation, Chezy model, meandering channel, numerical
model, roughness coefficient.
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