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K BOITPOCY O BBIBOPE CTBOPA BOJAO3ABOPA
HA NIOBOPOTHBIX YYACTKAX PYCEJ BOJOTOKOB

Bre16op MecTa TOJOXKEHHUS CTBOpa BOJI03a00PHOTO COOPY)KEHHUS Ha KPHBOJMHEHHBIX
y4acTKax pycell BOJOTOKOB, HCKITFOUAOIIETO 3aMJICHHE BXOTHBIX OTOJIOBKOB, SIBJISIETCSI OCHOB-
HOW 3a/1a4ell MPH MPOCKTHPOBAHUY THIPOTCXHHUSCKUX COOpPYKeHHHU. J[aHHas 3amada ycaoxk-
HSETC BOSHMKHOBEHHMEM IIONEPEYHON LUPKYISALUUN HAa KPUBOJIMHEWHOM Y4YacTKE, YTO HPHUBO-
IUT K U3MEHEHHUIO KUHEMaTU4eCKOM CTPYKTYphl U TPAHCHOPTUPYIOLIEH CHOCOOHOCTH MO KH-
BOMY CCUCHUIO ITOTOKA. H€06XOI[I/IMI)IMI/I JAHHBIMHU HJIA BBI60pa MCCTa IOJIOKECHUSA CTBOPA BO-
103a00PHBIX COOPY)KEHUH, B TIEPBYIO OYepeib, SBJISIOTCS MEXaHUYCCKHH COCTAaB HAHOCOB,
BCJIIMYMHA IMPOAOJIBHBIX U paJuaJIbHBIX TOHHBIX CKOpOCTeﬁ. Ha ocHOBe OIBITHEIX JaHHBIX U
TCOPETUYCCKUX peHIeHI/Iﬁ ABHUKCHHUS IIOTOKA Ha KpHBOJ’IHH@fIHI:IX ydaCTKax BOJOTOKa aBTO-
pamu OBLIO MOJTYYEHO PacueTHOE YpaBHEHHE IO ONPEICIICHUIO PACCTOSIHHS OT Hadyalla IMOBO-
poTa 0 CTBOpa BoAo3abopHOro ruapoysna. [lomydennas popmyna Obuta anmpoOupoBaHa Ha
pycnoBoit Moaenu B macmtade 1:10 mo merony @pyna.

KiroueBbie cioBa: cTBOp, BOJ03a00pHOE COOpPYKEHHE, HAHOCHI, TPOJIOJIbHBIC Pajv-
aJIbHBIE CKOPOCTH, PACCTOSHHE JI0 CTBOPA, PYCIOBast MOJIEIb.

Ye. I. Shkulanov, G. L. Lobanov, Ye. A. Savenkova (FSBSE “RSRILIP”)

ON THE ISSUE OF THE SELECTION OF WATER INTAKE CROSS
SECTION AT THE TURNS OF WATERCOURSES

The main objective of the hydraulic design is the selection of the position of water in-
take cross section at the curved parts of the watercourses which excludes the sedimentation of
front end wall. This problem is impeded by the nascency of transverse circulation at a curved
part which leads to the changes in kinematic structure and capacity of a flow. The necessary da-
ta for water intake cross section selection in the first place is the texture of the deposits, longitu-
dinal and transverse bottom velocities. On the basis of experimental data and theoretical solu-
tions of the flow motion at the curved parts of the watercourses the authors got the equation for
determine the distance from the beginning of the curved part to the water intake cross section of
the structure. The obtained formula was tested at the stream model on a scale of one to ten by
the method of Froude.

Keywords: cross section, water intake structure, deposits, longitudinal velocities, trans-
verse velocities, distance before the water intake cross section, stream model.

OcHoBHOM 3a/auell MpU MPOEKTUPOBAHUU PEUYHBIX BOJI03a00PHBIX COOPY-
KEHUI Ha KPUBOJIMHEMHBIX YYacCTKaxX Pycesl BOJIOTOKOB SIBJISIETCSI BBHIOOp MecTa
IIOJIOXKEHHSI CTBOPA COOPYKECHUM, UCKIIOYAIOIIETO 3aWICHUE BXOJIHBIX OrOJIOB-
KOB. 3a/iaya YCJIOXHSIETCS TEM, YTO B JABMKYILIEMCS IMOTOKE HA MOBOPOTE IIPOMUC-
XOJUT Pa3BUTUE YETKO BBIPAKEHHOUN MONEPEUYHON LUPKYISALUU, XapaKTEPU3YIO-

H_ICI\/'ICSI HaJIMYUECM pPAaaAUAIIBbHBIX KOMIIOHCHTOB CKOpOCTeﬁ, HaIpaBJICHUSA KOTOPBIX
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COBIAJAIOT C MOJOKEHWEM pajuyca 3akpyriieHHus. CyllecTBEHHO H3MEHSETCS
KMHEMATUYECKasl CTPYKTypa IOTOKA: MPOMCXOAUT NEPEPACIPEACIICHHE CKOPO-
cTeil, u3meHsiercss (opma KMBOIO CEUEHHUs MOTOKa (IJIs1 pa3MbIBAEMOro pyclia),
KOTOpOE CTaHOBUTCS ACCUMETPUYHBIM, BEpPTHKaIb C HauOoiblled TiTyOuHON
cMenraeTcst Omke K BOTHYyToMy Oepery, o0pa3yeTcs TonepeuHbii (paaraibHbIN)
YKJIOH MOBEPXHOCTH MOTOKA, MPOJ0JIbHBIE MECTHbIE CKOPOCTH YOBIBAIOT OT IO-
BEPXHOCTH KO JHY, IEHTPOOEXHas Cujla Yy MOBEPXHOCTU BOJbI OOJIBIIE, YEM Y
nHa. [lomepeynas nupkynasuus Ha U3rude BOJOTOKA OOYCIIOBIMBAET BO3HUKHO-
BEHHE PaIMAIIBHBIX CKOPOCTEW, MPHU KOTOPBIX B BEPXHEN YAaCTU BEPTUKAJIM IOIIE-
pEUHbIE CKOPOCTH HANpPaBJIEHbl K BOTHYTOMY O€pery, a B HUKHEH — K BBIITYKJIO-
My. Kpome Toro, uaMensiercss TpaHCIOPTUPYIOLIAsE CITIOCOOHOCTh MOTOKA IO YKH-
BOMY CEUYEHMIO U HaOII0JaeTcsl OTJIOKEHHEe HAHOCOB Ha BBIMYKIIOM Oepery u oT-
JIO’KE€HUE KPYITHBIX HAHOCOB Ha HaYaJIbHOM Yy4YacTKe BOTHYTOr0 Oepera.

Jliist BBIOOpa MecTa MOJIOKEHUSI CTBOpa BOA03a00OPHBIX COOPYKEHUU, UC-
KJIFOYAIOLIEr0 BO3MOYKHOCTh 3aHECEHHS] HAHOCAMH BXOJIHBIX OTOJIOBKOB, B IEP-
BYIO 04epe]lb, HEOOXOIUMBI JaHHbIE O MEXaHUYECKOM COCTaBE HAHOCOB U BEJH-
YUHAX IPOAOJIBHBIX U pPagualibHBIX NOHHBIX ckopoctei. Tak, WM. JI. Po3zos-
ckuii [1], npuHUMas pacnpeneneHne NpoAoJIbHBIX CKOPOCTEW HAa BEPTUKAIU I10
J0orapu(pMUYECKOMY 3aKOHY, MOJYYHJI TEOPETUYECKHE MPOPMIN pagralibHbIX
CKOPOCTEM, KOTOPBIE C JOCTATOYHON JOCTOBEPHOCTBIO MOJITBEPKIAIOTCS J1aH-
HBIMU JIAOOPATOPHBIX U HATYPHBIX U3MEPEHUN MOJIS paJuaibHBIX CKOPOCTEH.

Pesynbratsl 3Toro reopetuyeckoro pemenus K. B. I'pumanun [2] npen-
CTaBWJI B BUJIE CJICIYIOLLETO YPABHEHUSI OCPEIHEHHBIX BO BPEMEHH PaIHAIBHBIX

CKOPOCTEN:

4 ~lin--n’+2n' |-= |, 1
e B R e B (D)

rne W — panuanbHasi CKOPOCTb;
h — riryOMHA MOTOKA HA BEPTUKAJIM;

V- CpeaH:AAa IpPpOoaoJibHAsA CKOPOCTh HA BEPTHKAIIN,
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k —nocrosinHas Kapmana (21711 OTKpBITBIX TOTOKOB npuHuMaeM k = 0,4);
7 — PacCTOSHHUE OT IIEHTpa BpaIeHUs A0 MPOJIOJIbHON OCH BOJIOTOKA;
n = y/h — 6e3pa3mepHas ra1yOnHa, OTCUUTHIBACTCS OT JIHA MOTOKA;
y — riryOrHa MOTOKa B pacCMaTpUBAEMOM TOUKE.
s n=0 (W:WH) I'. B. XKenesusikoB [3] monydaeT dhopmyiy st JOHHOM
paanalbHON CKOPOCTHU:
2
W, =~(h-v)/ 2k 7). @)
rae W, — noHHas paauanbHas CKOPOCTb.

Kak ormeuaetcst B pabote I'. B. XKenesnsakosa [3], nmpeaenbHbIi yroi mo-
BOPOTa, IPU KOTOPOM MPOUCXOJIUT MOJHOE Pa3BUTHUE MOTIEPEUHOU ITUPKYIISAIINH,

MO>KHO ONPENETUTh 10 popmyiie:

0, = (1,5Ch, )/\er, 3)
rae 6, — NpeeNbHbIH yroy MoBOpoTa;

C — ko3¢ durment Ilesu;

h,, — CpenHsis TIIyOrHA TIOTOKA,

g — YCKOpeHHue CBOOOIHOTO MaIeHHUS.

Ha pucynke 1 moka3an npoduiib >KMBOTO CEUYEHMsI, HAIpaBJICHUE IOIe-
pPEUYHON LMPKYJISLUMU M pACIpEeIeHHEe pPaJualbHbIX CKOPOCTEH Ha OJHOM
U3 BEPTUKAJIEH.

JliMHa ydacTka MOJHOTO PAa3BUTHA MONEPEUHON MUPKYISILUU L ompene-
asieTcst o popmysie:

L:1,5Chcp 4
Ve

[IpyHuMas pomnyiieHue, 4To ABMKEHHE Ha JUIMHE L paBHONEpPEMEHHOE U

JIOHHBIE CTPYH Ha paccTOsHUM X OT Haydajia MOBOPOTa U3MEHSIOTCS MPSIMONPO-

X
MMOPHUOHAJIBHO OTHOCUTCIBbHO OJIMHBI f " NCpEMCIIAr0TCA OT BOTHYTOI'O 6epe-

ra K BBITYKJIOMY, MOKHO HAalTU CPEIHIOI0 PAIUAIBHYIO IOHHYIO CKOPOCT:
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: )

Tac W}lC — paaualibHas NOHHAA CKOPOCTh.

g

e S,

Pucynok 1 — Cxema 1BH:KeHUS BOAbI HA U3JIYYHHE PEeKHU

3Has CPEAHIO JOHHYI paJuajbHYI) CKOPOCTh, MOXKHO ONPEICIUTH
Bpems 7', 3a KOTOpOE JTOHHBIC HAHOCKHI TIEPEMECTATCS OT BBIITYKJIOTO K BOTHYTO-
My Oepery:
b _B-k2 r-C-h,
W, Jghv-x'

Tac B - IIMPHUHA BOJOTOKA IO OIHY.

(6)

3a 3TOT ke IPOMEKYTOK BPEMEHHU CTPYHU MEPEMECTATCS B IPOJOJILHOM Ha-
MpaBJIeHUH Ha paccTosiHue X . Bpems nepemenienus onpeaenurcs no hopmyiie:
T=X/V,, (7)
rae V, — 10OHHas MPOJOJIbHAS CKOPOCTb.

3HayeHue JIOHHOW MPOJOJBHOW CKOPOCTH MOXHO HaWTu mo dopmylie

I'. B. Xene3nsikona [3]:
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V,=V-3V./k, ®)

T
Tac V* = -2 — AUHAMHUYICCKasA CKOPOCTh,

p

T, — KacaTeJIbHOE HANPsKEHNE HA FPAaHUIIEC TOBEPXHOCTH JHA PYCIIa;
p — IUIOTHOCTb >KUJIKOCTH.
IIpupasusas ¢popmynsl (1) u (2), noacrasus V, u3 Gpopmyis (3), Homydum

clenytoliee ypaBHEeHUE:

Y k*-B-r-C-h,-(V-15V.) ©)
B Je-hv '

I[JISI OIIpCACICHUA paSMBIBaIOH_Ieﬁ I[I/IHaMI/ILICCKOI‘/’I CKOpPOCTH B 3aBHUCHUMO-

CTH OT AMaMeTpa JOHHBIX HAaHOCOB BocmoJib3yemcs onbiTamu H. H. bensimes-
ckoro [4], KOTOopbIi ompenensul 3HaYeHHs] MPHUAOHHBIX Pa3MbIBAIOIIMX CKOPO-
CTeil B 3aBUCUMOCTHU OT IMaMETPa JOHHBIX OTJIOXKEHUH.

Hcxoas u3 TOro, 4ro B MPUIOHHOW OOJACTH paclpeiesieHue CKOPOCTH
JUIsE  TIEpOXOBAaTOr0  pyciia TMOMYUHSAETCA JIOrapu(PMUUYECKOMY  3aKOHY,

JI. T'. JloiusgHCcKuU [S] MpeaioKuil Caeayoyo 3aBUCUMOCTD:

14 4 AV.
—=575lg—+@| /= |, 10
v gA y (10)

rae Y — riyOuHa noToka;
A — BBICOTa BBICTYIIOB IIIEPOXOBATOCTH;
V — KHHEMaTHYeCKUH KOI(PPUITUCHT BI3KOCTH.
Cunras, 94T0 CpeAHssl CKOPOCTh Ha BBICOTE BBICTYIIOB IIEPOXOBATOCTH
paBHa JCUCTBUTEIHHON MPHUIOHHOW Pa3MBIBAIONICH CKOPOCTHU, MEPEMHCHIBAEM
ypaBHeHnue (10) B cienyromiem Bue:

K:(D AV, ) (11)
8 \Y%

[To nanubiM B. A. BasuneBnya [6] kBagpaTtuyHas 00JacTh CONPOTUBICHUS

Pa3BUBACTCA IIPHU d > 1,5 MM. DTO MO3BOJISICT HaM KCIIOJb30BaTh OIIBITHBIC JaH-
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ueie H. H. BensmieBckoro a1 JOHHBIX HAHOCOB ¢ quameTpoM Oomee 1,5 mm. Jlms

KBaJIpaTUUHOM 00J1aCTH CONpOoTHBIIeHUs ypaBHeHue (11) MOXKHO 3amucaTh B BUJIE:
V

—=8.5. (12)

7

O6paborap onwsiTHbIe AanHble H. H. bemnsimesckoro [4] u mocTpouB 3aBu-
CUMOCTh JEUCTBUTEILHOM pPa3MbIBAIOIICH MPUIOHHON CKOPOCTH OT JHAMETpa

JOHHBIX OTJIOXKCHUM (pI/ICYHOK 2) IJIA Auara3oHa JHaMCETpPOB HOHHBIX OTIIOXKC-

Huit ot 1,5 MM 10 100 MM, monydaeM ¢ gocToBepHOCTBIO R = 0,996 criemyio-

Y10 3aBUCUMOCTbD:

V=17,31d". (13)

-l

[ E=]
A1

V=17314°%
E-=0.996

] ! | | I i, M
0 0,02 0.04 0,06 0.08 0.1 0.12

— OnbITHAA KPHBAs = == == _ TeopeTH4eCcKasi KpHBas

Pucynok 2 — I'padpuku 3aBUCHMOCTH pa3MbIBaOlIed NPHAOHHON CKOPOCTH
OT AMaMeTPa JOHHBIX OTJI0KEHUH

[loncrasnss ypaBuenue (13) B (12), nonydaem:
V., =2,04d""", (14)
re V., — pa3mbiBaromas JMHAMHYECKask CKOPOCT.

[ToacraBnsas ypaBHenue (14) B (9), monyuaem hopmyiy st OnpeaeacHus

paccTosiHUs X OT Havajia oBOPOTa /10 CTBOPA BOJ03a00PHOTO THIPOY3Jia:
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K -B-r-C-V-153-d" }-h,
X= 2 S (15)

Jg-hV

rae a’cp — CPEIHUI JUaMETpP JOHHBIX OTI0KEHU.

JIJis IpOBEpKU JIOCTOBEPHOCTH MOTYYEHHBIX 3aBUCHUMOCTEN OBLIN MpOBe-
JIEHBI OTIBITHI B JIAOOPATOPUH HA pyciioBoil Mojenu B Maciitabe 1:10. Moaenupo-
BaHUE MPOBOAMIOCH 110 Ppyay ¢ COOMOAEHUEM NOABUKHOCTU pyCIIocararole-
ro MaTepuaia B HaType ¥ Ha Mojenu [7]. B yacTHoCcTH, OBLIM MPOBEIECHBI OIBITHI,

rac B Ka4YCCTBC pyciociaararomero Mmarepuajia uCIroJib30BaJICsA IIOHCKOﬁ IICCOK CO

cpenauM quametpoM d, =0,4 MM. Pe3ynbrathl, OIy4YeHHbIC Ha MOJIETH, MIOKA3a-

JIY, 4TO PacCTOsIHUE OT Hayaja I0BOpOTa 0 CTBOPA, 1€ IPEKPALLACTCs OTIO0XKE-
HUE HAHOCOB Ha BBIMYKJIOM Oepery pyciia BOJOTOKa (T.€. CTBOPE PaCIONIOKEHUS
B0/103200pa COOPYXKEHUS), COOTBETCTBYIOT pacyeTHOMY ypaBHEeHHIO (15).

BbiBOabBI:

- B JABIKYILEMCS IIOTOKE Ha IIOBOPOTHOM YYAacCTKE BOJOTOKOB IIPOUCXO-
IUT pa3sBUTUE YETKO BBIPAXKCHHOW IIONEPEUYHOW LHUPKYIISLNUHA, H3MEHSETCS
TPaHCHIOPTUPYIOIIAsl CIOCOOHOCTh MOTOKA MO XUBOMY CEUYEHMIO, HAOII0AaeTCs
OTJIO’)KEHHE HAHOCOB Ha BBIMYKJIOM O€pery M OTJIOKEHUS KPYIMHBIX BIEKOMBIX
HAaHOCOB Ha HayaJIbHOM Yy4YacTKe BOTHYTOTO Oepera; mpu NPOEKTUPOBAHUU BO-
7103a00PHBIX COOPYKEHUSX BO3ZHUKAET MpoOsiemMa BbIOOpa MECTa PacONOKEHHUS
CTBOpA 3TUX COOPYKEHHU;

- JUIsl OIIPENIETIEHNUs MECTa PacCIIOJIOKEHUsI CTBOPA BO103a00pHOT0 COOpY-
KEHUSI Ha TOBOPOTHOM YYacTKE BOJIOTOKA PEKOMEHAYETCSl UCIIOJIb30BaTh Mpe-
J0XeHHYI0 popmyny (15), koTopast ¢ BBICOKOH BEPOSITHOCTBIO JAET JAOCTOBEP-

HBIC PC3YJIbTATHI.
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