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OCOBEHHOCTU OBTEKAHNA HAKJIOHHON HU30BOW 3ABECDI
NPU BbIXOAE PUJIbTPALUMOHHOIO NOTOKA B HUOKHUU BbED

B cmamove nposeden pacuem u QHAJAU3 NPOMUBOPUILMPAUUOHHOLU IhgheKkmusHocmu
HU308bIX HAKJIOHHBbIX Nnpecpad N003eMH020 KOHMYPa 8000NPONYCKHbLX coopydceHul. Ocobbili
uHmepec npeocmasiiem 6bulsaeJeHUe XAPAKMepPHbLX 0cobeHHocmell 00meKaHUs HAKJIOHHOL
HU30801 3a8eCbl 8 HAUbO0.1ee ONACHOU 30He NPU 8bLX00e PPUTILIMPALUOHHO20 NOTNOK A 8 HUNCHUL Obed.
Pacuem npouszeeden na ocnose pabom C.H. Hymeposa 015 6epmuKaIbHO20 8biX00H020 WNYHMA
U 0Nl 20PUBOHMAILHO20 IKPAHA 8 OCHO8AHUL 8000005. B npouecce modenuposanus spaweHus
3a8ecbl BOKpY2 6bLOPAMHOL MOYUKU (PUKCUPOBATIUCH NOJIONCEHUS, COOMBEMCmeyuue yeaiam
B kpamuvim 90°, u 6bLMUCTIANUCL OCHO8HDLE XapaKMmepHble napamempyt: { — Kodpphuuenm
PUILMPAUUOHHO20 CONPOMUBTICHUS HA 8bIX00e 8 HUMNCHUIL 6begh;, a — Koaghguluernm gopmo,
yKQ3bl8QOULUE HA O0UePMAHUS 8blXO0H020 daemerma. Umo nossossem ocyuecmsums
Pa3paboOmKy UHNCEHEePHBLX MePONPULMUL, 00ecneuusaiouux HecyuLyro cnhocobHoCcms 0CHOBAH UL
U YCMOoU4u8ocms COOPYHCeHUs, mpebyemyr 00J1208eUHOCMb COOPYHCEHUSL U €20 OCHOBAHUS.
IIpu neobxo0umocmu ymeHbUWeHUe nepeMelu,eHUL, YIYUULeHUE HANDAHCeHHO-0ehOPMUPOEAHHO20
COCMOAHUSCUCTNEMbLCOODYHCEHUL-OCHOBAHUE, CHUNCCHUE NPOMUBO0A8ICHUA UP UL MPALUOHHO20
pacxoda U makxce YMOUHEHHbL pacyem @UIbMPALUOHHOL NPOYHOCMU OCHOBAHUSA,
npomMuBo0asIeHUs 800bl HQ COOPYHCEHUE U (DUNBMPAUUOHHO20 PACX00A, O nPU Heobx00uMOCmU —
00eMHbIX PUTLMPAUUOHHBIX CUSL U UBMEHEHUS PUSLMPAUUOHHO20 PEeXCUMA NPU USMEHeHUL
HANPANCEHH020 COCMOSHUA OCHOB8AHUSA. Bbinonuenwnvie eudpomexarnuueckue uccs1e008aHUsL
OMHOCAMCA K CLYHUAAM, KO20A WNYHIMbL PACNOJIA2AIOMCSL 8 CPEOHell Hacmi N003eMH020 KOHMYypPa
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u vacmo peajiu3yrmca moJjibKo ¢ ROMOUW,bI0 YUCJIEHHbLX U T-tuCJlel-LHO-2p(1¢u'-t€CK'LL Memooos.

DuabmpayuorHbLl NOMOK, WNYHM, 00MmeKarue, 3a8eca, HUNCHUL 6beg, 20pUOHMASIbHBLL

IKPAH, OCHOBQHUE 8000604.

Beemenmne. OcoOniii mHTEpPEC IIpencTaB-
JIsIeT BBISBJIEHIE OCOOEHHOCTeM O0TeKAHMs
HAKJIOHHOM HU30BOM 3aBechl B HamboJIee omac-
HOII 30He IIPH BBEIXOMe (PHILTPAIIMOHHOIO IIO-
TOKAa B HIKHUM Obed. B cBoMx paccyxaeHusax
OIIMPAaJINCh HA YACTHBIE T'HIPOMEXaHUYeCKIe
pemrerna C.H. HymepoBa mjis BepTHEAJIBHO-
T0 BBIXOTHOIO IIIyHTA [1] 1 aBTOpa OJIs TOPHU-
30HTAJIBHOI0 OKPaHAa B OCHOBAHMNM BOH000s [2].
B 1mportecce MbIcsIeHHOTO BpallleHHs 3aBECHI
BOKpyr Tourku 1(3) (pmc. 1, a) durcupora-
JIACH TIOJIOMKEHUS, COOTBETCTBYIOIIME yrjaaMm [
kpaTtHbeiM 90° ¥ BBIYHCIISJINCH XapaKTepHBIE
mapaMeTphl: {  — KoadduimenT (bI/IJIpraLII/I:
OHHOT'O COIIPOTHBJICHHS HA BBLIXOAE B HUKHNI
obed; a — KoapduieHT POPMEI, YKa3BIBATO-
IIye Ha OYepTaHMus BBIXOQHOTO 3jeMeHTa. Ha-
YAJILHBIM IIOJIOYKEHIEM MOYKHO CUMTATDH, KO-
ma saseca (mmyHT) BepTukaseH [ = 0 (puc. 1,
06) u crapasemiuso pemrenne C.H. Hymeposa.
IIpu moBopoTe Ha § = +90° (puc. 1, B) cupase-
JUBO THAPOMEXAaHHUYECKOe pelleHne aBTopa
IIJI1 TOPU3OHTAIBLHOTO skpaHa. Ecau f = +180°
nin f =-90°, To 3aBeca 1-2-3 coBagaer ¢ Bep-
TUKAJBHOM IpaHbI0 1-8, a BO BTOpPOM ciiydyae
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¢ TOMOIIBO# coopy:keHud 3-4 (pmc. 1. a.), 4rTo
IJs1 000MX BAPHMAHTOB PABHOCHUJIBHO OTCYT-
crBuio 3aBechl (S = 0) u pacuyeTHbIe (POPMYJIBI
COOTBETCTBYIOT BBIXOTHOMY YCTYIIy [1].

Marepuasbl 1 METOIEBI MCCJICJOBAHUIA.
Jlost TpuBeOEeHHOr0 MAaKCHMAJIBHOTO Tpaju-
€HTa, BBIXOMIMAIIEr0 M3-II0J HAKJIOHHON 3aBe-
ChI, IpHMeHHMAa IIpeodpasoBaHHass (opMmyJia
P.P. Yyraesa [3]:

IY‘ = Ir :1/(§HBLIX).QH

(D),

T
tnel =h__ "1 7~ TIPUBEIEHHOE 3HATCHNEe MAKCHMAIILHOTO
BBIX

BBIXO/THOTO TPAJMeHTa; A — II0TepsI Ibe30MeTPHIECKO-
T'0 HAOpa Ha BHIXOJE IIPH 00TeKaHNe HAKJIOHHON 3aBECHL;
., o — K03(D(HUIIIEHT COPOTHBIIEHIA HAKIOHHOM 3aBECEL;
a, — koadurerT opMEI HAKJIOHHOM 3aBECEHL.

[To omopHBIM TOYKaM, KOTOPBIE COOT-
BeTcTBYIOT yraaam 8 = 0; f = 90°; 8 = 180°;
u f = —90 ObLIM TIPOBEIEHBI PACYETHI s
pasmmunbix 3Havenui a/T, s/T,, mocTpoeHbr
cooTBeTCTByIoIue rpadpurn dyHKumui
u o . MaTemartnueckne hopMaIu3aluu ITUX
rpadUKOB JIOJIKHBI YIOBJIETBOPATH CJIEIYIO-
UM TPeOOBAHHUSIM: OHU JOJIKHBI OBITH ITPO-
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CTHI; 13 HUX JOJIKHBI €CTECTBEHHBIM 00pa3oM € FOPHU30HTAJILHBIM PParMeHTOM II043€MHOI0
CJIeJOBATh YACTHEIE CJYYAH JIJII BEPTHKAJBb- KOHTYpa M HAKJIOHHOI 3aBecoi, aTUM Tpebo-
HOIO INIIYHTA M TOPHU30HTAJILHOTO JKpaHa;, BaHHUAM 00Jiee BCEro OTBEYAJIM CJIeHYIOIIHe
WX HCII0JBb30BaHHe B (opmysie (1) MOIKHO 3aBUCHUMOCTH:

B HAWJIYYIIEH CTeIeHN COOTBETCTBOBATH JKC-

HIepUMeHTaJbHBIM 3HAUYeHUAM HPUBEIeHHBIX ((H )BMX =4 (1 -p/ 900) ) /90°+0,44 (2)
BBIXOOHBIX TpaaueHToB. llocie umciieHHOrO

aHaJIN3a pAga BAPHUAHTOB W COIIOCTABJICHIS

X C HEeCKOJIbLKMMH CEepHUAMM SKCIIEPHMMEHTOB aH:aH'COSﬁ_’_a@K'Sinﬂ (3)
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®opmyel (2) u (3) cripasenymsel g ruapas-  Aradues W.IK. [4, 2]
JIMYECKH 11eJ1eco00pasubIx 3Havenmit 0 < f < 90°
(puc. 1). B Hux { m { MOTYT OBITH BBIYHCJICHBI

A A P i
o dopmysze P.P. Uyraesa [3], mosyuenHoir Ha oc- T T, T,
nHoauuu Tounoro perrenvst C.H. Hymerosa [1]
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njin
1,5
T
co=2 4L )
T, 1+2a/T,

BHaveHus koaQpPUILEeHTOB QOPMBI
ompenesisercs 1mo 3asucumoctam P.P. Uyra-

eBa [3]
sin[0,5ﬁ(% +7T1H

Aradues N.7K. [2]

— Qa
@, =297,

BaBucumocTu JJIAd MAaKCHMAJIBHBIX BBI-
XOOHBIX I'PaAWMEHTOB B BEPTHUKAJIbHbBIEC WM HAa-
KJIOHHBIE 3aBe€Chbl MOJKHO 3aIIMCAaTh B CJIEOYIO-

mieit popme [3]:

(8)

amz

(9)

H 1 H 1
I,= > —— I,=—.——— (10),
T a,-¢ T, a,-¢

rae H — mamop Bozbl, meficTByOUil Ha coopy:xeHue; L{
uXx{ cyMMmapHble K03QQUIIMEHTHI COIIPOTUBIICHNS IO~
3eMHEIX KOHTYPOB, B KOHIIE KOTOPHIX PACIIOJIOMKEHDI, COOT-
BETCTBEHHO, BEPTUKAJIbHAS U HAKJIOHHAS 3aBeca.

CootHecsa mexay coboit Beipaskenus (10),
JIETKO TI0JIYYHTh:

Benumuuner { u { B obmeit cymme X¢
u X¢ 3aHUMAIOT HesHaHHTeJIBHyE)g,HOJIIO 9to
03HAYAET, YTO COOTHOIIIEHUE BECbMAa
osmusko K equuuite. Torma u3s (1 1)%§enyeT po-
IOPITUST YKA3BIBAIOIAS, YTO BBIXOIHBIE T'pa-
JMEHTHI HEeIIoCPeICTBEHHBIM 00pa3oM 3aBHUCIT
TOJIBKO OT K03(puIrmeHTa (POPMEI,

1./1, =

T

(12)

o KoTopoit (12) mocTpoeHbl Tpaduku (puc. 2)
YKAa3BIBAIOIINE, UTO IIPHU II0BOPOTE BEPTUKAJID-
Ho# 3aBeckl Ha 90° IpH OTHOIIEHUN €€ JJIMHBI
K BeJIMYMHE 3aTrIy0JIeHus IIogoBel S/a = 1...2,
o(ppeKTUBHOCTE CHMKEHUS TI'PATHUEHTOB W3-
MeHseTcsa mpubmanTeabHo Ha 10%. Ecau (8)
YIIPOCTUTDL OO BHOA

o B vz

(aTo BIOJTHE JomycTUMO, Korga S +t < 0,7T),
TO He TPYOHO IoKasarhb, uto mpu S/T = 1,55
yIroJI IIOBOPOTA HE BJIMAET HA BBIXOIHBIE I'pa-
nuerTsl (I / I = 1). Torma B ciyuae S/a, <
1,565, manmHas 3aBeca mpu JOOBIX [ odder-
TUBHEE BEPTUKAJILHOM, a IPU OTHOCUTEILHO
OJIUHHOM 3aBece S/a > 1,55, BepTHUKAJIBHOE
ee IOJIOKEHHEe, C THUAPABINYECKON TOUYKH
3peHwms, iesecoobpasuee. OgHAKO cieayer
HMeThb B Bumy, uTo eciu ff = 0, TO yBeJIHUYIHU-

(13)

e BaeTca (PMILTPAIIMOHHOE IIPOTHUBOABIICHUE
e a, Ha IIOJ3eMHBIH KOHTYpP M IOBBIIIAIOTCA 3a-
I /I =~—+— (11). rpaTer Ha 3ariybieHHe 3aBechl B TPYHT OC-
P HOBAHHA.
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Puc. 2. I'pacduku OTHOCHTEIBHBIX BBIXOJHBIX rpagueHToB Ju =J /[ J,
B 3aBHCHMOCTH OT yTIJIa IOBOPOTA 3aBECHI

Ha mpaktmre Bo3MOKHA CHTYAINsA, KOIOa
HOrpysKeHne 3aBechl (IIIIYHTA) OKAMKETCS Oorpa-
HUYEHHOU U3-3a HaJIW4HUA Ha ruryouHe T kame-
HHUCTBEIX oTJIodkeHwmii. Torma ymaumeeHme S oka-

@

JKETCS BO3MOKHEBIM TOJTBKO 32 CUET YBEJTMUEeHUS
yruia HakyoHa £ (puc. 3). YunrsBas B (1) — (3) 3a-
BUCHUMOCTE S = T*sin, ObLIM IIpUBENEHBI pacye-
TBI, B KOTOPBIX IS YI00CTBA aHAH3a OIIEPUPO-
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BaJI OTHOCHUTEILHBEIMHU BeJImauHaMu S =S /S

ul = I,tneS

rmin

/1 =T, al,,, cooTBeTcTBYeT
B = 0. Ha (puc. 3) n3obpaskeHs! rpaduKyu n3me-
HeHus nokasaress S/ I, ykaspIBAIOIIEro Ha OT-
HOCHTEJILHOE YBEJIMUEeHe JJIMHBI 3aBeChI K CJIe-
OYIOIIEMY 34 9THM OTHOCHTEJIHHOMY CHIMKEHITIO

BBIXOJHBIX I'DAJMEHTOB B 3aBUCHMOCTH OT yIJIa ﬂ .
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Brosie odeBmHO, YTO YeM BHIIIE OTHOIIEHME
S/1, tem menee adppexrrBHA 3aBeca. CorsracHo
IIOCTPOEHHBIM KPHUBBIM, C IPOTHBO(QHIILTPAIIN-
OHHOM TOYKH 3PEHUS, PAIIMOHAIBHBIM YIJIOM Ha-
KJIOHA MOYKHO ITpu3HAaTh ff = 45° u He OoJiee yem

OmHako OKOHYATEHLHBIM BBIBOJ CJIEAYET
JTeJIaTh II0CJIe TEXHUKO-9KOHOMIYECKOT0 pacyera
CTOMMOCTH IIPOM3BOICTBA PaloT.
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Puc. 3. I'pacdhukn noxasarens apdekruBHOCTH yOINHEHU 3aBechl S/ J
IPU OTPAHUYEHHOM 3arjiy0JIeHHH IIOBOPOTA 3aBEChI
B 3AaBHMCHMOCTH OT yIJia €€ HAKJIOHA

BreiBOOnI

1. I[Ipn orpaHMYeHHOM IIOTPYKEHUMN 34-
BECHI, VIJINHEHNE 3aBeChl BO3MOYKHO 34 CUeT
yBJIEUEHHS YIJIa HaKJIOHA .

2. OTHOCUTEIbHOE YBJIEUYEHHE J[JIMHBI
3aBeChl IPUBOAUT K OTHOCHUTEJILHOMY CHIMKE-
HUIO BBEIXOJHBIX TI'PAJHEHTOB B 3aBUCHMOCTH
or yria f.

3. UewM Brimre cootHomreHus S/ J, rem me-
Hee a(ppeKTUBHA HAKJIOHHASA 3aBeca.

4. Hamnbosiee  pamnuoHaJbHBIM  YIJIOM
HAKJIOHA 3aBeChl MOMKHO MpH3HATL [ = 45°,
HO He bostee f = 60°.
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FEATURES OF FLOWING AROUND THE INCLINED
LOWER CURTAIN AT THE FILTRATION FLOW DOWNSTREAM

The article deals with the calculation and analysis of the antifiltering effectiveness
of lower inclined barriers of the underground circuit of culverts. Revealing of typical features is
of a particular interest for flowing around the inclined lower curtain in the most dangerous zone
at the filtration flow downstream.The calculation is made on the basis of S.N. Numerov works
for a vertical output pile and horizontal screen at the hearth base. In the process of the curtain
rotation modeling around the chosen point the positions were fixed corresponding to the angles
B multiple of 90° and the main characteristic parameters were calculated: { — the coefficient
of thefiltrationresistanceattheoutlet downstream; a—the coefficient of the formindicating the shape
of the output element.That allows developing engineering arrangements to ensure the bearing
capacity of foundations and stability of the structure, the required durability of the structure and its
foundation. When it is necessary — reduction of displacements, improvement of the deformation
mode of the system structure — foundation, reduction of back pressure and filtration consumption
and also a more precise calculation of the volumetric filtration strength of the foundation, water
back-pressure on the structure and filtration flow and, if necessary, — volumetric filtration forces
and changes of the filtration mode in case of changing the mode of deformation of the foundation.
Mentioning of the feasibility of application and calculations of inclined piles of aprons
and slanting oblique spurs of abutments are found in the works of N.N. Pavlovsky, N.N. Verigin,
V.S. Kozlov, B.A. Pyshkin and P.F. Filchakov, M.M. Grishin, V.G. Degtyar, M.A. Lavrentyeuv,
P.Ya. Polubarinova-Kochina. The performed hydro-mechanical research refer to the cases when
the piles are located in the middle part of the underground circuit and are often realized only
by numerical and numerical — graphical methods.

Filtration flow, pile, flowing around, curtain, downstream, horizontal screen, hearth base.
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