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PACYET ITAPAMETPOB ’KUBOT'O CEYEHUA NPPUTAIITMOHHBIX KAHAJIOB

Paumosa H.XK -cmascép yxumysuu
M.K.UmomoBa -mazucmp,
ILM.IOn1pomeBa, dpkuHOB C.T. - masaba (KMHH).

AHHOTAauMA. B cmambe npoaHaau3upo8aHbsl cywecmesyroujue pacyémmble
@dopmyabl nNO  yCmMAaHo8/1eHUI0 WUPUHbI yCcmoli4u8020 KaHa/aa, nposodu/oCh
conocmas/ieHue pacyémHbulx, 1a60pamopHbIX U HAMYPHbIX OAHHbLIX U HA 6ad3e 3moz2o
no/ay4eHa 3asucumMocmes 05 pacyéma OMHOCUMEAbHOU WUPUHbI YCMOUYUBLIX
3eM/ISIHbIX KAHA/108 8 NeCUaHbIX HEC8S3AHHbIX 2PYHMAX.

KioueBble €/I0Ba: KaHaJl, yCTOMYMBOCTD, THAPABJINYECKasi KPYIMHOCTb, HAHOCHI,
rJIy6uHA MOTOKA, THAPOJMHAMUYeCKast yCTOUYMBOCTb, KBA3UYCTOWYUBOCTD MOTOKA.

Annotation. The article analyzes the existing calculation formulas for establishing
the width of a stable channel, compared the calculated, laboratory and field data, and on
the basis of this, a dependence was obtained to calculate the relative width of stable
earthen channels in sandy unbound soils.

Key words: channel, stability, hydraulic size, deposits, flow depth, hydrodynamic
stability, quasistability of the flow.

Heo6xoauMbIM Tpeb6OBaHMEM IMpPU MPOEKTUPOBAHUM 3€MJIIHBIX KaHaJIOB
sIBJIsieTCA CO3HaHUe 3QPEKTUBHOM CUCTEMBI, KOTOpas CMOrJia 6bl TPAaHCIIOPTUPOBATH
3a/laHHOe KOJIMYeCTBO BOJIbI U HAHOCOB U He TpeboBasa Obl 3HAYMTEJbHbIX
JKCIUIYaTalMOHHBIX 3aTpaT Ha pPYCJOBbIIPABUTEJIbHblE PAabOTbl HAa MNPOTIKEHUU
BCEro nepuo/a CBOero CyleCTBOBaHHUS.

B Hacrosinlee BpeMsi NpU pacyéTe pa3MepoB YCTOMYMBBIX KaHAJIOB
MCIIOJIb3YIOTCS JBa OCHOBHBIX MOJAX0Ja: aHajiu3 MopdOoMeTpUU KaHaJOB Ha bOase
TEOPUHU pexxuMa U pU3UYeCKUU M0/IX0/, OCHOBAHHbBIMA Ha UCCAe0BaHUN QU3UYECKUX
NPOLLECCOB, MPOTEKALUX B KaHaJax C JehopMUPYyeEMbIMU beperamMu U AHOM. MeTo/,
TEOpPHM peXruMa BO3HHUK Ha pybexxke 19 u 20 cToJieTUH B CBS3U CO CTPOUTEIbCTBOM
OpPOCHUTEJIBHOU cucTeMbl B UHAMM.

dusnyeckui NoAxXo/, BKJAKYaeT TPU OCHOBHBIX MeTO/la PaciéTa KaHaJIOB: METO/,
npezeJbHOM BJEKYIEN cuibl, paspaboTaHHblil B CIIA B Havasie 1950-x rof0B, MeTO/,
JIONYCTUMBIX cKopocTeHd, co3gaHHbii B CCCP B 1930-1940 romax u wMeToz
omnpezesieHUss  MOpPPOMETPUM  yCTOMYMUBBIX KaHaJOB Ha  0ase  TeopuH
TUAPOJAUHAMUYECKOM YCTOMYUBOCTHU. [locmesHu MeTo[, MOJIYYUJ CBOE pa3BUTHE
CpaBHUTEJIbHO HeJaBHO (koHel 60-x Hayaso 70-X roaoB), oAHAKO, HECMOTPS Ha
MaJibli CPOK CBOEro CyIeCTBOBaHUs, OH B psJe CJydaeB MO3BOJIUJ MPaBUJIbHO
ONUCaThb CJ0KHbIe (PpU3HUUYECKHEe MPOLECCH], MIPOTEKAIOIMEe B KaHalaX C MOJABUKHbIM

JIOXKEM.
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[loHsiTHE pexkuMa 6bL10 cPOpPMyIMPOBAHO HA 6a3e HATYPHBIX U Jab0pPaTOPHbBIX
McCJie[JOBaHWM, MPOBOJAUMBIX B 1leJioM psae cTtpaH. Tak, Lindley [2] ciemyrouium
o6pa3oM omnpejesidj HCXOAHYI MO3UIUI0 TeOpUU pexuma; «PasMmepsl, HIHUPHUHA,
ray6rHa U KJIOH KaHaJja JJisg [epeHoca OonpeJieJIEHHOr0 pacxoja BOJbl MU HAaHOCOB
Bcerjia npejomnpeaesaensl npupogor (Dynature)». CyliecTByeT 60JbIlI0OE KOJIHUYECTBO
pPEXXUMHbIX 3aBUCHUMOCTEH, NO/ITBEPAaeMbIX 60/IbIIUM YHCJI0M
3KCIEPUMEHTANbHbIX JAaHHbIX, K YHCJY OCHOBHBIX M3 KOTOPbIX MOXHO OTBECTH

caenyrouiue:
1) [3,4] Lacey:
Vep=0,635f% (M/c); 1)
2=48Q" (m) ; (2)
1=0,000304 £5/6 3)

rae: Vcp —cpeHAA CKOPOCTb [TOTOKA;

R -rugpaBinyeckum pajguyc;

X -CMOYeHHBbI! IEPUMETD;

[ -yKJ/10H KaHaJa;

f -mapaMeTp 3a3eMJieHUs KaHaJa, CB3aHHbIMA CO CpeJHUM JUAaMETPOM JOHHbIX
HAaHOCOB 3aBUCUMOCTBIO:

f =50,/d,, (4)

2) Lacey, Pemberton [4]

Vc . /24 M
?"_U(Rl 1) (5)

ch=UR(U+1)/21u

rae U 1 u -ko3dpPUUEeHT M NOKasaTesb CTeNeHW COOTBETCTBEHHO, KOTOpbIe
M3MEHSII0TCS B 3aBUCHMMOCTH OT pa3Mepa HaHOCOB:

U=w¥% / dc (6)

rae w —-rugpaBjJnudeCKad KPpYIMHOCTb JOHHBIX HAHOCOB,

U=1, mnpu0,1mMm <dcp<0,2mp, (7a)
U=1/2,npu 0,2 MM < dcp < 0,6 MM, (76)
U=1/3, npu 0,6 MM, dcp < 2 MM, (7B)

U=1/4,0pu d > 2 mm. (71)
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3) Parker [5]:

B=4,4 Q05, (4.8)
rae B=B/dcp, Q=Q/dZ [gd,,(S-1) ;

g —-yCKOopeHHe CBOGOJHOTO NaJIeHUs;
S=pH/pB - OTHOCUTEJIbHAS JIOTHOCTb I'PYHTA.

3) Simons, Albertson [5]:
B=k1 Q% (8)
rae k1 -pasmepHbiii kK03pduuueHT (M/C), 3aBUCALUNA OT XapaKTEPUCTHUKH,

cJaralouiux HO U 6epera KaHaJja.
4) Chitale [7]:

B:6'592 R0,209 1-0,097 Q0’414-Dcp0’115 (9)

[IpuBeéHHble GOpPMYJIbI  He  HCUEPNBbIBAOT IMEepevyeHb  CYIEeCTBYIOIIUX
3MIHUPHUYECKHUX 3aBUCUMOCTEMN, KOTOpbIE MOYTHU BCe MO CBOEMY By NMPEJCTABJISIOT
CTelNeHHble CBSI3U MeX/y LIMPUHOM, cpeJHEW TJyOUHOW, YKJIOHOM JiHAa, Pacxo/oM
BOJIbl M JAMAaMETPOM HAHOCOB U OTJIMYAIOTCA PaA3/JUYHbIMHA KO3bPUIMEHTAMHU U
NOKa3aTeJIIMU CTelleHEeN.

Chitale [7] cpenan 0630p NPUrOJHOCTH PEXUMHBIX YpaBHeHUH Ha 6ase
CpaBHEHHUSI PACUETHBIX JIAHHBIX C U3MEPEHHBIMU XapaKTEPUCTHKAMH B Pa3JIMYHBIX
cMCTeMax KaHa/ioB W cAesan BbiBoA, uTo ¢opmyaa (9) okasasacb HauboJsiee
HaZIEXKHOM, 4YeM OOJIbIIMHCTBO JPYrUX PEXUMHbIX 3aBUCUMOcCTeill. OOGHapyKeHO
TakXXe, 4To Ko3apodunueHT Kk, NpuUHUMAEeT pa3jiMyHble 3HAYEeHUs /JJisi KaHaJIOB C
pa3HbIMU reorpapuueCcKUMHU yCIOBUSIMHU.

MeTon  gonmycTHUMOM  BJIeKylled  CUJbl  (JONYCTUMbIX  HalpaBJIEeHHWH)
OCHOBBIBAETCS Ha CJIeAYIOIUX cooOpaxkeHUsax. PU3ndyecKkre CBOMCTBA MaTepuasa, U3
KOTOpPOT0 CJIOKEeHbI 6Gepera KaHaja (yros BHYTPEHHEro TpEHHUSs, IJIOTHOCTD,
OKATAaHHOCTb, CPeJHUU JAUAMETP TPYHTA U T.J.), ONPEEJSIOT HUX CONPOTHBJIEHHE
pa3MbIBy. MexaHHW3M  BO3JEWCTBUS MOTOKA HA KaHaJ  CBS3bIBAETCS O
TAaHTEHIIMAJIbHBIMU HANPSDKEHUSIMU Ha NMOBEPXHOCTH OEperos, a pacyéT KaHAJIOB MO
MeTOAy IpeJebHOU BJEKYILEeH CUIbl OCHOBBIBAETCS HA ONpeJeJIeHUU JOMyCTUMOTO
CABUTOBOr0 HaNpsiXKeHHs], KOTOPOe BbIAEPXKUBAIOT Oepera KaHaJsa. COnpoTHBJIEHUE
O6eperoB 3p03UU SBJSETCH MPU 3TOM OJJHUM M3 Mpeie/IbHbIX GAKTOPOB, BJIAUSIOUIUX
Ha 3KCIJIyaTal[MOHHbIE YCJI0BUS KaHa/Ia -A0CTaTOYHO MaJioe CedyeHue JIJis 3aJaHHOTO
pacxoja OyJeT co3JaBaTh OOJIbIIME CKOPOCTH, CHOCOOHbIE pas3pyllaTb B CBOIO
ouepe/ib bepera KaHaJa.

B  3KcmepuMeHTa/IbHBIX  YCJAOBHUSAX IMOJIy4eHbl JaHHble, M03BOJIAIOIINE

BbI‘-II/IC.HI/fTb npenejbHbIE TaHT€HIaJIbHbIE HaIllpAXEeHHUA Ha ‘ 6eperax
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TpaneLenZaJjbHOr0 KaHajla C OJHOPOJHOM 3€pHUCTOW  LIepOXOBATOCTBIO.
MakcuMasnbHOe BJeKylllee HampshKeHWe, BO3JEeHCTBYyIOllee Ha Oepera KaHaJa,
IIMPUHA KOTOPOro NMpeBbIIIaeT Y/IBOEHHYIO IJ1yOUHY, olleHUBaeTcs Kak 0,75 pB g hcp
L.

MeTon mnpenenbHOM BJIEKYIEWM CUJIBI IIMPOKO MCIOJIb3yeTCd B NpPAKTUKE
MPPUTALMOHHOT'0 CTPOUTEJILCTBA B YCJOBHUAX OCBETJIEHHOTO NOTOKA [9]. OfHaKO, Kak
NOKa3bIBAKOT INOCJEJHUE HCCIAeN0BAHUA: «...MPOEKT, OCHOBAaHHBIM Ha NOHATHUH
npeJleJIbHOTO BJIEKYLIEero HaNpsKeHUs], He COOTBETCTBYET UPPUTAlJMOHHBbIM KaHaaM
C MO/IBUKHBIM JTHOM».

MeTo/, 0yCTUMBIX CKOPOCTEW, OCHOBAH Ha pa3/IMYHbIX PACYETHBIX popMyJiax
JUIS1 oTpeJie/ieHUs] HEPa3MbIBAOUIMX U HE3aWJIAKIUX CKOpocTel. B 3aBUCHUMOCTH OT
COOTHOIIIEHHS MOCJeJHUX TPOU3BOJUTCS KOPPEKTUPOBKA IJyOUHbBI KAaHAJIOB C 11€J1bI0
noJJiep>KaHusl ero paBHOBecHsl (OTCYTCTBUS pa3MblBa WU 3aUjieHUS). ITOT METOJ,
TaKKe MpeAnoJaraeT OTCYyTCTBHE TPAHCHOPTA AOHHbIX HAHOCOB, a /IJIS B3BEILEHHbIX
HAHOCOB Ipe/oJaraeTcs ux NpoxXokKAeHue M0 Tpacce KaHasia TpaH3uToOM. O4eBUHO,
YTO B CBSI3M CO CKa3aHHBbIM, METOJbI BJIEKYLIeHM CUJIbl U JIOMYCTUMBIX CKOPOCTeH
CTAHOBSATCS HeNpPUEMJIEMbIMM TNPU pacyéTe KaHaJIOB, CIOCOOHBIX MPOMYCKATh
onpe/ie/IEHHOE KOJIMYeCTBO KaK B3BELIEHHBIX, TAK U BJIEKOMbIX HAaHOCOB.

B mnocsesHve roapl B Halled CTpaHe M 0OCOOEHHO, 3a py0OeXoM, HauMHAKT
MCII0JIb30BAaThCSl pPe3yJbTaTbl aHAJIMTUYECKUX MCC/e[JOBaHUH, MOJlyYeHHble Ha 6a3e
pa3JMYHbIX TUAPOJUHAMUYECKUX MOJeJiel, B KOTOPbIX IJlaBasg YCTOMYHUBOCTb
KaHaJIOB C MOJABWXXHBIM JIOXKEM pacCMaTPUBAETCA B Ka4eCTBe OJHOr0 U3 NPOSIBJIEHUN
TUPOAMHAMUYECKON YCTOMYUBOCTU PYCJAOBBIX TMOTOKOB. Tak, B pe3yJbTaTe
MCII0JIb30BaHUS aHAJUTUYECKON 3aBUCHMMOCTH [Jis AJIMHBI JIAHOBBIX BO3MYILEHUHN
KaHas0oB (LMm) :

h,, CM M2
L =2~ 1K= 10
"oV2 g ( Cj (10)

rae: M -nmapameTtp byccunecka ( =22+24 m05/¢ );

k -napameTp sorapudpmMudeckor GyHKLUHN pacnpe/ieseHUsi CKOPpOCTeH;

hcp —cpefHsAA riy6rHa NOTOKA;

C -koadppunuent llesn, B npenoxkenun Lm=8B. B.C. ANTyHHHBIM npezJioKeHa
pacyéTHasd 3aBUCUMOCTh:

2

€ _ oo B 143 (11)

ﬁ th

KoTopass mnpu 3ajaHHOM B/hcp mo3sBossetr paccuutbiBaTh C U, HA060POT, NpHU

n3BeCTHOM C Z1aéT BO3MOXXHOCTB ONlpeJie/IMTh OTHOCUTEbHYI0 UMpPUHY B/hcp.
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B pe3sysibTaTe pelieHus1 3aZjayd THAPOAMHAMUYECKON YCTOMYMBOCTH KaHaJsa C
y46TOM €ro TPAHCIOPTUPYIOIEH CIOCOOHOCTH, TMOJYY€eHO BbIpaXkeHUe i
HayaJIbHOM JIJIMHBl MEAHJIPOB, KOTOPOE B MPEAIO0JIOKEHUU YCJIOBHUU OCBETJIEHHOTO

INIOTOKAa NPpUHHUMAET BU:

aC°h
Lm :TCP (12)

[Ilpunumas LmM=30 B B KauyecTBe XapaKTepHOTro MaciiTaba, NpU KOTOPOM
COXpaHsSIeTCsl YCJOBHE KBAa3UYyCTOMYMBOCTH MOTOKa, A.E. MHUXHHOBBIM NOJIyYyeHa
3aBHCUMOCTD JJIs pac4éTa OTHOCUTEJbHOMN IIMPUHbI YCTOMYUBbBIX 3€MJISIHbIX KAHAJIOB
B IleCYaHbIX HECBSI3aHHBIX TPYHTAX B BUJE:

2
B o1& (13)

he, g

[Tozguee A.E. MUXWUHOBBIM B pe3y/bTaTe aHa/IW3a CYIIECTBYIOIIUX PEXUMHBIX
3aBHCUMOCTEN C MCMOJIb30BAaHUEM MeTOJa pPa3MepHOCTEM MOJIydeHbl 3aBUCUMOCTH
JUIsT pacyéTa UIHMPUHbBI WU CpeJHEW TIJyOUHbI AWHAMUYECKH YCTOMYMBOIO PYyCJa,
HaXOoAsIIIHeCS B JOCTATOYHO XOPOIIEM COOTBETCTBUU C IMIUPHUYECKUMHU JaHHBIMH.

B=7,76 dpQ 0440 npu Q21011
B=0,0023 dpQ'07¢0  mpu 1010< Q'<1012
B=0,30 dpQ 0550 npu 109< Q<1010
B=88 dpQ 0275 npu Q'<109;
hep=0,04 depQ0503  mpu Q'>1011;
hep=10,4 dpQ0281  mpu 109< Q<1011 ;
hep=0,19 depQ0475  mpu Q<109 ;

Q

rae Q=
dczp \ gdcp (s _1)

Bei6op pacyéTHOM ¢opMysibl [ LIMPUHBI KaHajla NPOBOAMTCA Ha 0a3se
CONOCTaBJIEHUS PACYETHBIX, JaOOPATOPHBIX M HATYPHBIX AaHHBIX. B kadecTBe GpopMmy
npoBepsianch 3aBucuMoctu (9,10,12,13). Pe3ysbTaThl conocTtaBiaeHUs1 GaKTUUYECKUX
M pPacyETHBIX JJaHHBIX NpejcTaBaeHbl B puc.l. [IpoBeéHHbIN aHa/IU3 MOKa3bIBaeT,

YTO HauJy4ylllee COOTBETCTBUE C (PAKTUUECKUMU JAHHBIMU Jal0T 3aBUCHMOCTH (13).
JTO AaJio BO3MOXKHOCTb PEKOMEH/I0BATh €€ B Ka4yeCTBe PACUETHON 3aBUCHMOCTH AJIs

onpefeJsieHUs IMPUHBI KaHaJa 10 CBOOO/JHOM MOBEPXHOCTH.
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Puc.1. ConocTaB/ieHUsA U3MEPEHHbIX U BbIYMCIEHHbIX 3HAY€HUN OTHOCUTEJIbLHON
ILIMPUHBI pycJa:

1-nHponakucTaHckue KaHaubl;, 2-Kapakymckuu KaHas; 3-Bosro-Kacnunckuin
kaHas; 4,8,10-n1abopaToHble JaHHble; 5-AMy-Zlapbs; 6-Tawm-Caka; 7-Kbi3-KeTkeHn; 9-
pexu besnopycum.

Takum o06pa3oM, mnoJyYeHHble pe3yJbTaThl JIAOOPATOPHBIX MCCAeL0BAaHUU
MO03BOJIIOT YCTAHOBUTb YCTOMYMBbIE pa3Mepbl KaHaJsa 0 CBOOOJAHON MOBEPXHOCTH
Ha 6a3e CONOCTaBJIEHUS PACUETHBIX, IAOOPATOPHBIX U HATYPHbBIX JAHHBIX.

JINTEPATYPA:

1. Lane E.M. Design of stable channels. Trans. ASCE, 1955, 120-123.

2. Lindley E.S. Regimb channels-Proc, Punjab end, Congress, 1919, 7, 63.

3. Lacey G. Stable channels ot alluvium-Proc Instnciv, end, London, 1929-30, 229,
258-384.

4. Lacey G. Uniform flow in alluvial rivers and canals-Proc. Instn, Civ. End.
London, 1933-34, 237, 421-53

5. Parker G. Hydraulic geometry of active gravet rivers.-«l. Hydr. Div. Proc. ASCE»,
1978.105, N9, 1185-1201.

6. Simons D.B., Alberlson M.L. Uniform water conveyance channels in alluvial
material.-Proc, ASCE. May, 1969, 86 (HYS), 33.

7. Chilate S.V. Shape and sire of olluvial channels,-Proc, ASCE, July, 1976, 102
(HYS), 1003-1011.

8. Chital S.W. Design of alluvial channels-Q 20, R 17,6/th c ongress ICID, Delhi.
1966.

9. PekoMeHJAIMU MO THAPABJUYECKOMY PACUYETy KPYMHbIX KaHaioB (CoBeT 1O
ruapasavke npu 'KHT, 1986).




