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The technique of determining earthen channel
hydraulic parameters using the solutions of
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OpocurenbHbIE 3€MIISIHBIE KaHaJlbl, UMEIOIIME MPOTSIKEHHOCTh pyclia B
JECATKH KUIIOMETPOB, OombIue pacxoabin HeBbicokuit KIIJI, xapakTepusyroTcs

3HAa4YUTCIbHBIMHA HCTIPOU3BOJUTCIbHBIMUA IMOTCPSAMHU BOJbI (I/ICHapeHI/I€,

buabTpanys, TEXHUISCKUE), YTO HE YIUTHIBACT TEOPUS BOAOPACIIPEACICHUS TI0
oTHenpHBEIM ero Obedam. B pabore paccMmarpuBaeTrcss METOJ pacyeTa
THAPABIMYECKUX MapaMEeTPOB 36MIISTHOTO KaHaia ¢ MMPUMEHEHHUEM TTOTYICHHBIX

pemenuit  nuddepeHIMaNbHBIX  YpaBHEHUW,  ONMUCHIBAIOIIMX  IIPOIECC

YCTaHOBUBIIETOCSI HEPABHOMEPHOI'O TEYEHUsS BOJBI B OTKPBITBIX pycCllax C
MIEPEMEHHBIM PACXOJIOM, TO3BOJIAIONINM YUYUTHIBATH HEMPOU3BOAUTEIIHHBIE
IIOTE€PU BOJBI.

I[BI/I)KCHI/IC BOJAbl B OTKpPBITBIX pycCilax ¢ HICPEMCHHBIM pacxoaoMm

MpEACTaBIsIeT Cco0OM camblii OOmM ¥ HamboJee CIOXKHBIM  Ciydaid

YCTAaHOBHUBIICTOCA TCUCHU. B HaunoOoee IIOJTHOM BHAC CHUCTCMa

mudepeHInanbHbIX YpAaBHEHUN HEPA3pbIBHOCTH W JABWKEHHUS BOJABI C

IICPCMCHHBIM, JIMHEHUHO HU3MCHAIOITUMCS pacxoaoMm, JJIA cliydasd

YCTaHOBUBUIETOCS HEPABHOMEPHOTO TEUEHUS MOXKET OBbITh 3anucana Tak|[1]:
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IIpuBenem ypaBHeHue (2) K BULY:
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TAe o=—— —— - KOPPEKTHB, y{HTHIBAIOMIHH OOKOBO# IPUTOK (OTTOK)

pacxojia Bobl OT OOPTOB pycla;

® - KOPPEKTUB CKOPOCTU OCHOBHOTO MMOTOKA;

« - KOPPEKTHB CKOPOCTH MPUCOEAUHSIOMIETOCS (OTCOEAUHSIOMIETOCS )

IIOTOKA, HAIIPABJICHHOI'O 110 YIJIOM 0 K OCH OCHOBHOTI'O ITIOTOKaA,

d - KOpPPEKTHB CKOPOCTH TOTOKA, YYUTBHIBAIOIIMNA OTACICHUE OT HEro

(IpuCOeIUHEHNE K HEMY) BOJIbI;

U, =UCos 6- CKOPOCTb  IPHCOEAMHSIOIIETOCH  (OTCOEAMHSIOIIETOCS)

[I0TOKa, HAIIPABJICHHOTO IO YITIoM © K oci 0CHOBHOTO OTOKa, M/C;

+q - MHTEHCUBHOCTh OOKOBOTO MPHUTOKA (OTTOKA) pacxoja BOJAbI B MOTOK
(13 1oToKa), m/c.

Pemenusa auddepenumanbupix ypaBHenuid (1), (3) onuceiBaroT mpouecc
YCTAaHOBUBLIETOCS HEPABHOMEPHOI'O TEUYEHHS BOJABI B OTKPBITBIX pyciax C
NEPEMEHHBIM PACXOJIOM.

3anumeM ypaBHeHHE (3) B BUJIE:

1-d 1QB

2 - 1 2
QB) (at a) QB] (4)

1- 1
=iy| ( g(ﬁrrUBioqg(})3

JIns MOTOKa € NEPEMEHHBIM pPACXOAOM BOJBl KOPPEKTHUB CKOPOCTH

OCHOBHOI'O IIOTOKA ¢, MCHBIIC KOPPCKTHBA CKOPOCTHU d , TaK KaK OTACJICHUC
BOAbI OT OCHOBHOI'O IIOTOKa BBI3BIBACT HWHTCHCHBHOC Typ6YJIGHTHOG
NepeMCIIMBAaHHC CprfI H, CJICOAOBATCIIbHO, SHAYHUTCIIbHOC IICPCPACIIPCACICHUC

CKOPOCTEM.
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[IpeoOpazyem ypaBHeHUE (4) K BUY:

1_1QB dH _ oo [%(1 m)+a]QB , 5
U
rjae m=——1 - 6e3pa3MepHbIil mapameTp.

Jlns  ciaydass OTCOCNMHSIIONIETOCS TMOTOKA 3HAYEHHUsl IapaMmeTpa m
UCCIIEIOBATENsIMU  OLIEHUBAIOTCS mo-pasHomy. B.M. Makkasees[2] u B. T.
Yoy[3] npemmnararor OpaTh sl BCEX CIy4aeB OTCOEAUWHEHMS MOTOKa m = 1.
[.A.lletpoB[4] cuMTaeT CKOpPOCTh OTCOEIWHEHHS, HAIMPABICHHON IO
OTBETBJICHUIO U NMpUHHUMAET sl 6okoBoro BojgociuBa m = 0. X. A. HaBosH[5]
CYUTAET BO3MOKHBIM JIJISI CIydasi OTCOSAUHSIONIETOCS MOTOKa OpaTh m paBHBIM
equauiie win oonpine. I1.IN. Kucener [6] mpemiaraer nmpuHUMaTh MPU pacyeTe
ookoBoro Bogocausa m = 0,2...0,5.

Cucrema ypaBHaenuii (1), (5) peiiaercs npu HadaabHbBIX YCIOBUSX:

H(X,) =H,, Q(X()=Q, -(6)

dopma TMOMEPEYHOTO CEUCHUS U XapaKTep €€ M3MEHEHHUs BJOJIb pyclia
3aIal0TCS B BHUJE€ (PYHKIMOHAIBHOM CBS3W WJIM B TaOJIMYHOU (opme.
[IpenmosiaraeTcsi Tak»X,e, 4TO MPOIECC TEUCHUS BOJABI C IEPEMEHHBIM PaCcX0q0M
YAOBJIETBOPSET YCIOBUSAM MEIJICHHON Y MJIABHOM U3MEHSIEMOCTH.

Beipaxkennss (1) um (5) oOTHOocATcS K  KiIacCcy OOBIKHOBEHHBIX
mudepeHInanbHbIX YpaBHEHUW C HEIUHEWHBIMUA KoddduimentamMmu. ITH

K03(1)(1)I/IL[I/ICHTBI qamie BCCIro ABJIAIOTCA OO0CTATOYHO CJIOXHBIMU (bYHKHI/IHMI/I

OJTHOM WITH HECKOJIBKUX TIEPEMEHHBIX. [IprMeM o =1 1 BBeieM 0003HAUCHHS:

- _eH 7

| w@-my+1]
' UBi, q-(8)

Tenepp ypaBHeHHE (5) MOKHO 3aIIACATH TaK:

2
(1 Q)d(o—loB[ 1—( p+r)
gw

]dX (9)
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Beenem B (9) BolpakeHue

2
me=2 (10)
gw
mpeoOpa3oBaB €ro K BUAY
(1-Mx)dw=i,B[ 1-(p+nIk [ax . (11)

Oynkuus (10) HOCUT Ha3zBaHWE NapaMeTpa KMHETMYHOCTH MOTOKa. M3
COOTHOLIECHMUS ISl Hapamerpa KHHETHYHOCTH IIOTOKA MOXHO BBIBECTH

(I)YHKI_[HOHEUII)HBIC 3aBHCHUMOCTH IJIA INIOMIAAN IMOIEPEYHOro CCUYCHUA w= a(Ilk)

U OIPOU3BOIHON _do =f(Ilx) B BUJE:
P d(Ix) '

2
w:sfg (12)

do=2%40-1 L ame=+29ax - L Cgme . (13)
3Q ° 30k 3U 310k

[TpumenuB cootHomenus (12) u (13), 3anumem (11) Tak:

igdx=— O - (710 2901 99me]. (14)
[1-(p#0lIk B [1-(p0lk [B° "3U ~ 3@k

Bripaxkenne (14) MoxHO IpeoOpa3oBaTh CICIYIOMNUM 00pa3oM

H (TTk — 1)

i dX = e
10dX 2q 2q dIIx (5)
3am-A o [ ptom -]
1 1
3UBiy () _ 3UBly 11 vy
2q
(Im-——3
3UBj,,

HuddepenunansHoe ypaBaenue (15) B o01ieM citydae He UMEET TOUHOTO
pemienusa. Ilosromy Juis  modydeHHsT NPUOIMKEHHOTO  PEIICHUs  €ro
JIMHEApU3YIOT, 3aMeHsis 3HaueHus napamerpos H, U, p ur B ero npasoit uactu
Ha UX CpelnHe- apupMeTHYecKre 3HaYeHUsI Mexay cTBopamu k u f pacueTHoro
yyacTKa IOTOKa, BAOJb KOTOpOro Beaercs auddepeHurporanue. B stom

ciaydae ypaBHeHue (15) mpeoOpasyercs Tak:
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igdX = H2 - _fHKT;) dTlx , (16)
am = [eenm Sl ]
o {1— > 0 HK}HK
(m =1
3UB10
rac
— _ H H -
=l oeny, U=t ruy, pete 8y g Lalome] g
2 2 2 CkRklo CiRyig UBi,

Bsenem B (17) o603HaueHUS

[pzrm = 24 ]
K = B (13)

(m 29 )
3UB10

Huddepennmansuoe ypaBuenue (16) mpumert Bua

. H (IIx -1)
dX = dIix . (19
3UBj,

[Ipounterpupyem nuddepenunansupie ypasaenus (1) u (19) . [Homyuum

PCIICHHUA B BUAC:!

1n| (1-j'TIv) | ]+Const , (20)

Q =+xgX + Const ,(21)

I7Ie TOCTOSSHHBIE WHTETPUPOBAHUS OMNPEACISAIOTCS W3 3aJaHHBIX T'PaHUYHBIX
YCJIOBUHM, MEXAy ToukaMu K - f HEKOTOpoWl JIMHUHU, BIOJIb KOTOPOM BemeTCs
nuddepeHnupoBanue.

Ananutndeckue pemieHus (20) m (21) panmoHaqbHO NPUMEHSTH JJIS
pacuera BOJOTOKOB, XapaKTEPU3YIOMIMXCS HE3HAUYUTEIbHBIM HU3MEHCHUEM
pacxojia MpUTOKa (OTTOKA) BOJBI 110 JJIMHE pycia.

IlycTp BenmumHa ( BAOJB MOTOKA OCTAETCA MOCTOSIHHOM. ODTO MOKET
OBITh, B YACTHOCTH, IIPU MCCJICAOBAaHUM TEUYCHUS BOABI B 3EMIITHOM,

HeO6JII/II_[OBaHHOM KaHaJIC, KOT'Ja IapaMCcTp ( OTOXACCTBILICTCA C MaAJIo
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u3MeHstomuMmes kodpounmentom dunstparuu. Torna pemenus (20) u (21)

paccMaTpuBaroTCs B BUJE:

. H, +H I k'-1. , 1-i10
i0(Xp ~X,) = (Hy +Hy) [ In | Ky | ( 5 ) | Jank | ], (22)
6(1+ ) Ky
3UB10
(X; = Xy) :% : (23)

B stoMm cnyuae B pemenusix (22), (23) u B o6o3HaueHusix (18) depercs
HWKHUN 3HaK.

N, HaobopoT, Kkorjga mapamMeTpoM ( OICHUBAETCI HWHTEHCHUBHOCTh
MOMNAIA0IINX B KaHaJl  OCAJKOB, HalpUMEpP, JOXKJACBBIX, PEIICHUS

pacCMaTpuBarOTCA B BUAC!

(X —X,)= (Hk+Hf) (1 n| HKk - (k' 1)1n| 1- JHKk 1, 24)
6(1—_7

3UBi,
(X; = X;) :% : (25)
Pemenuss (22) - (25) w™morytr OBbITb MNPUMEHEHBI JUIsI pacdeTa

TUAPABINYECKHUX M TEXHOJOTMYECKUX I[IapaMeTpOB KaHalla, C Y4YETOM
bunpTpalMy WA, HAOOOPOT, C YUETOM JOKIEBbIX ocaakoB. [lo pe3ynbraram
NOJIYYCHHBIX PEIIEHUH COCTABJIEHbl QJITOPUTMbl pacueTra U HamucaHa
mporpamMma, IO3BOJISIONIAs MyTeM HMMHTAIIMOHHBIX HCCJIEIOBAHUM BBHIOUPATH
ONTUMAJIbHOE COYETaHHE HEOOXOUMBIX MTapaMEeTPOB KaHaa.

IIpumep pacuera. Paccuurars rupaBIM4YECKUE U TEXHOJIOTMYECKHE
napaMeTpbl 3€MJITHOIO KaHaja TpamneleuJaJbHOrO0 CEYEHHUs MPU CIEAYIOIIUX
UCXOJHBIX JaHHBIX: JJIMHA pPAacyETHOTO YydyacTKa KaHajma L =9000.0m ;
NpPOJOJABHBIA  YKJIOH  KaHaja; i, =0.00015; KodppuuueHT QGuiIbTpauuu
q=0.000041m%/c ;  KOI(DPHIMEHT IIEPOXOBATOCTH n=0.022 ; KOIPPHUIHUCHT
3aJI0)KeHHsT OTKoca m=1.5; pacxon BoAbl B HAYaJIbHOM CTBOpPE KaHaja

=20.0m> /¢ ; TIIyOMHA BOABI B HAYAJIILHOM CTBOPE KaHAJIAa H, =3.0m ; IMIMPHUHA
H H
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KaHaja Mo JHY b=7.0m , KOPPEKTHUB CKOPOCTH OCHOBHOTO MOTOKa ¢, =1.1;

KOPPEKTHB CKOPOCTH MOTOKA, YYUTHIBAIOIIUHN OT/ICICHNAE OT HETO BOABI o = 1.

Pemmenue.

[IpenBapuTebHO PAaCCYMTHIBAIOTCS 3HAYCHUS HOPMAJIIBHOM H, =2.428m. U

KPUTUYECKOHN

H,,=0.907m. rayOuH Boxbl. II0CKONBKY, HayanbHas TIiIyOMHA

BOJbI OOJIbIIIE HOPMAJILHONW M KPUTUYECKOW TIIyOWH, B KaHaje HaOJIoJaeTCs

KpHUBasi MOJIIOpa.

Pacuetsl, BoinoHEeHHBIE TI0 dhopmysiaMm (22) - (23) ¢ pacueTHBIM IIaromM

X =1000m. , IpUBEACHBI B Ta0wuIe 1.

Tabomuma 1

— Pe3ynbrartel pacdyera mnapamMeTpoOB YCTAaHOBHBILIETOCS

HCPAaBHOMCPHOI'O TCUCHUA BOAbLI B 3CMJIIHOM KaHAJIC C IICPCMCHHBIM PAaCXOJd0M.

X,m Q, m/e H,m S,M2 V, m/c
0 20,000 3,000 34,500 0,580
1000 19,959 3,073 35,680 0,561
2000 19,918 3,146 36,874 0,542
3000 19,877 3,219 38,084 0,525
4000 19,836 3,292 39,307 0,509
5000 19,795 3,365 40,542 0,493
6000 19,754 3,438 41,792 0,479
7000 19,713 3,510 43,058 0,464
8000 19,672 3,583 44,336 0,451
9000 19,631 3,655 45,627 0,438
BbIBOALI:
1. Ha ocHoBe moiy4YeHHBIX penieHud pa3paboTaH METON pacyeTa

TUAPABIMYCCKUX U TCXHOJIOIMYCCKUX IMapaMCTPOB 3EMIIAHBIX HCO6JII/IL[OBaHHBIX

KaHaJIOB.

2.

MeToauka IIOHMCKa

OIITUMAJIBHOI'O

pcain30BaHa B BUAC IIPOIPaMMHOIO obecricueHusI.
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