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up to the street Berezovaya alleya the necessary volumes are calculated (WPM) along the length
of the river, on the spaces of the served territories, on the number of structures in operation

of hydro technical districts (OHTD).

Meteorological and hydrological conditions; flooding forecast of the territory; efficiency
of water protection measures, works on river operation, technologies of water protection

works.
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DenepaibHOE TOCYIapCTBEHHOE OI0IKeTHOe 00pa30BaTeIbHOE YUpeskIeHNe BBICIIIero 00pasoBaHmst
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PACYET ®WUJ1IbTPALUOHHbIX HAPYLUEHU KAHAJ1I0B
JIOKAJIbHO HEOAHOPO/AHbIX NIPPYHTAX

Jlooice iosuux KOJUIEKMOPHbLX KAHQJI08 PYCJia ompecyJiupo8aAHHbLX eodonpumnmcoe Mmoacem

paspyuams hubmpayuoHHble nomokxu. B nauboswweil mepe 3mom npouyecc nposeisiemcs 8 YCao8uUsix
JIOKQJIbHO HeOOHOPOOHBLX 2PYHIM08, K020a NPOHULACMOCID JIOKAJIbHO20 8KIIOUEHUSL CYULeCTN8eHHO
OMAUUACINCA OM NPOHULACMOCU OCHOBAHUS J10X4CA KaHaa. Takue euopoceonocuvecKue yeaosus
xXapaxmepHbl 0Jisk NOUMEHHbLX U JIECHbIX 3emenib. Bonusu konmypa exiouerus (hopmupyromcs 30Hbl
C NOBBLUEHHBIMU CKOPOCMAMU U 2PA0UCHMAMU (PUTIbMPAUUOHH020 NOMOKA, KOMOPbLe 8bI3bLEAIOM.
cyghghosuio 1 KoHmaKmmbiii pasmots. Pewaemces 3a0a1a cmayuoHapHOL nJoCKol (OUIbMPALULL 8 JI0XHCe
KQHQJQ, CO0epHcaUuLeM 8KIIIOUEHUe, NPOHULACMOCID KOMOPO20 OMJIUYALINCS OM NPOHULACMOCMU
epynma ocrosarus. Mcnonvzyemces meopema 06 OKPy#CHOCMU U QHATIUMUYECKOE NPOOOJIHCEHUE
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xapaxkmepucmuueckoil goynrxyuu. Ilosyuerbt aHanumuueckue 3a8UCUMOCMU CKOPOCMU U 2PAOUEHMO08
punvmpavyuu sHympu u éne exiouerus. Haubosee cyuiecmeernnoe 8iusrue Ha napamempot
PuUILMPALUL OKA3BLBACT CKOPOCMb (DUSIbMPALUOHH020 NOMOKA 8 6ECKOHEeUHOCMU 1 COOMHOULeHUE
NPOHULaeMOcmell 8KJIIOUEHUSA 1 2PYHING 0CHOBAHUA J10ca KaHana. Ecnu nponuyaemocmo sxiiouenus
HUCe NPOHULACMOCIU 2DYHMA OCHOBAHUSL, MO CKOPOCMb (DUSIbMPALUL 8 OCHOBAHUL NOBLILUALINCA.
Tlosvtwerue ckopocmu nPONOPUUOHATILBHA PA3HOCMU NPOHULAEMOCIeEl 8KII0UEHUS U OCHOBAHUS
JI0XCQ KaHAA. Bausnue sKkiioueHus Ha CKOpocmb husbmpayul U 2padueHm puibmpaliuoHHo20
NOMOKQ CHUMCAemcs No Keaopamuu4eckol 3a8UCUMOCIU NO Mepe YOAJIeHUSL 0Mm e20 KOHMYPA.
Ipu npoexmuposarul u KCNILYAMAUUL KAHATI08 He0OX00UMO YHlULMbLE8aMb 0COOEHHOCU PUTbMPALLUL

HQ Yy4aCmKax KaQHQJia ¢ 8KJIIOYEeHUAMU.

T'uopomexarnuueckuli pacuem @GUIALBMPAUUL, JI0XHCE KAHALA, XAPAKMEPUCMUYECKAA
PYHKUUA PUILMPALUOHHO20 MeUeHUS, meopema 00 OKPYNCHOCMU, AHAJIUMU1ECKOe
nPo0oJIdCeHUE XAPAKMEPUCMUYeCKOl (DYHKUUL, 8KJIIOUEHUE 8 OCHOBAHUE JIONCA KAHAJIA,
cKopocms uibMPALUL, 2pAduerm PuabMPALUOHHO20 NOMOKA

Beenenmne. Yepes gHO M OTKOCHI B JIOB-
yme, KOJJIEKTOPHBIE ¥ KapTOBbIe KAHAJIBI, PyC-
Ja  OTPEeryJIMPOBAHHBIX  BOJOIIPUEMHHUKOB,
B OCYIIIUTEJIA MEJIMOPATUBHBIX CHCTEM HAa Jiec-
HBIX 3eMJIAX IIOCTYIIAIT (QHILTPAIIMOHHEIE
HOTOKM I'PyHTOBHIX Box. OUIbLTPAIIOHHBIE II0-
TOKU BBI3BIBAIOT Cypp0o3UI0, KOHTAKTHEIHN pas-
MBIB M CIIOCOOCTBYIOT HAPYIIIEHHUIO JIOKA KaHa-
na. B HaubosbIieit Mepe 9TOT IIPOITECC IIPOSB-
JIsIeTCA B YCJOBHUAX JIOKAJIBHO HEOJHOPOIHBIX
TPYHTOB, KOIIa MIPOHHIIAEMOCTh JIOKAJIHLHOIO
BRJIIOUEHUS CYIIECTBEHHO OTJIMYAETCS OT IIPO-
HUIIAEeMOCTA OCHOBAaHUS JIOKa KaHasda. Ta-
KHe THUIPOreoJIOTUUYECKUe YCJIOBUS XapaKTep-
HBI JIJIS [IOMMEHHBIX W JIECHBIX 3emMesb [1, 2].
B 30me 0KaIBHOrO BRJIIOUEHUS OTMEYAIOTCS
MHOBHINIEHHAS CKOPOCTh (PUILTPALIAN U IIOBBI-
MIEeHHBIN TPagueHT QUIHTPAITHOHHOTO ITIOTOKA,
KOTOPBIE CITOCOOCTBYIOT PA3PYIIIEHHIO JIOKA Ka-
Hasa. [Ipu mpoexkTrpoBaHUN KAHAJIOB HE00OXO-
OUMO YYUTHIBATH IIapaMeTphl (PHIBTPAIIHNOH-
HOTO IIOTOKA B 30HE JIOKAJILHOTO BEJIIOYEHMS.
lM'upopoMmexanudvecknii MeTon pacyeTa IIO3BO-
JISIeT HAWTH YKa3aHHbIe BeJIMYNHEL. Peraercs
IJIoCKas 3ajlava CTAITMOHAPHOM (pUIbTpaITUU
B JIOJKe KaHaJia, pa3MeIleHHOT0 B OJHOPOIHOM
TPYHTE, COIepskalleM BKJIIYeHHe, IIPOHUIlae-
MOCTh KOTOPOr0 OTJIMYAETCSA OT IIPOHMIIAEMO-
CTU OCHOBHOTO MACCHBA TPYHTA.

Marepuansl W MeTOObI HCCJIEIOBA-
Huit. Boosb gHa kamasa mpoJieraeT JIOKaJIb-
HOe BKJIIOUEHWe TPyHTa, 0ToOpaskaeMoe IoJIy-
OKpy:kHOCTRIO pamuyca R, rme 2R — mumpuna
BriIouenns, aR — ero rimyouna. Kosddurmen-
THl (PMJIBTPAITUN OCHOBAHUS JIOYKA KaHAIa —
k , Brmouenna — k,. B pycie kanana ects ciroit
Bomel h. Habiromaercss mmockas crammoHap-
Hasg uiabTpanmsa B Joxke kaHasiga. CKopocTh
unapTparmu moroxka V. Cxema pasMerreHus
JIOKAJIPHOTO BRJIIOUEHUS 1 JIOMKA KaHaJIa IIoKa-
3aHa Ha pUCyYHKe 1.

Ne 3’2018

[MapameTpsl (HUIBTPAIMOHHOTO TOTOKA JArOT
AJIEMEHTHI XapaKTEePUCTHUCCKON (YHKITUN (UIBTpa-
[IHOHHOTO TeueHus f(z)=¢+iy, Tae ¢ — MOTEHIIHAT
CKOPOCTH TeUYeHHUs; \y — QPyHKIHUS TOKa; i — MHAMAs
eauHUNA. [l ompenerneHus: 3IEMEHTOB XapakTe-
puctryeckoid (DYHKIIMH BOCITONB3yEeMCS TEOpPEMON
00 OKpY)KHOCTH M METOJIOM aHAJMTUYECKOrO Mpo-
noiwkenus [3, 4]. HazoBem obnacth (puibTpanuy BHE
BKIIIOUeHHs |z| > R 30HOI 1, a BHYTpH BKIIIOUEHHS
|z] <R — 30HO0# 2. O003HAYNM TTapaMeTphl TEUSHUS,
OTHOCANIUECA K YKa3aHHBIM 30HaM, COOTBETCTBYIO-
MU uHekcaMmu 1 u 2. OUIBTpalioOHHOE TEUCHUE
CO3JaCT TOUYCYHBIH MCTOYHHK OECKOHEYHO OOJIBIION
MOIITHOCTH (|, pa3MEIIeHHBIA B TOYKE C KOOpPAWHATA-
MH Y = — 0,

Tak Kak NMOBEPXHOCTHb JHA KaHaja SBIISETCS
SKBHIOTCHIHMANBIO (¢ =K h, BHINOIHUM aHAIMTHYE-
CKO€ TIPOJOJDKEHHE XapaKTepHUCTHUECKOW (YHKIUU
TEUCHHs B BEPXHIOIO IONYIIOCKOCTh IJIOCKOCTH Z,
KOTOPOE 3aKJII0YaeTCsl B CHMMETPUYHOM IIPOIOIIKE-
HUM 30H | ¥ 2 B BEpPXHIOW MOIYIUIOCKOCTh U pa3-
MEIIeHNN B TOYKE ¢ KoopauHartamu x =0 u y= + ioo
TOYEYHOTO CTOKa OECKOHEYHO OOJILIION MOITHOCTH
g- B pesysnbrare B miockocTH z MbI ToTy4aeM OecKo-
HEYHBIH CJIOM TPYHTa IPOHMLIAEMOCTH K, conepika-
MK KPYroBO€ BKIIFOUEHHE pajauyca R, 3amoiHeHHOoe
IPYHTOM nponuunaeMoctu k,. B cnoe maGmromaercs
TUIOCKO-TIApAJUIETbHOE CTallMOHApHOE (DUIIBTpAIIH-
OHHOE TE€UYCHHUE IO/ ACWCTBUEM TOUEUHBIX UCTOYHH-
Ka ¥ CTOKa OECKOHEYHO OOJBIIION MOIITHOCTH (|, KOTO-
phle pa3MeNIaloTcs B TOUKax ¢ KoopauHaramu x = 0,

=—joou x =0, y =~+ioco (puc. 2).

XapakreprcTuieckrne QYHKINKA (QHiIb-
TPAIIMOHHOI'0 TeYeHUs B 30HAaX 1 1 2 cooTBeT-
CTBEHHO OyJIyT UMETb BU/I:

2

@, (z):Viz+/IVL_}§ +C,

(1
(2)

rae: V — CKOpoCTh (QMIIBTPAIIMU IOTOKA B 0ECKOHEYHOCTH;

@

Q.

,(2)=(1-2)Viz+C,,
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%

Puc. 1. Cxema pasmeineHusa TOKAJIbBHOIO BKIIOYEHUA
B OCHOBAHUU JIOKA KaHaJIa

C,, C,— nocrosiHHEIE;

ikl
k +k,

IIpomuddepeniiuposas Boipakenne (1)
10 7z, HAWJIeM KOMILJIEKCHYIO CKOPOCTh (pHjIb-
tpauuu U (z) B 30me 1.

2

i)

z

U, (2)=U,y —iU,y = Vi+4

®

VA

(©
AN

Puc. 2. Cxema gna pacuera
punsTpanuu B JIoKe KaHaa
B 0€CKOHEYHOM CJIO€ IPYyHTA
HPU HATNYUY KPYTOBOTO BKJIIOYEHUA

v

Brimenns mummyio dacts (3), Haimem
BepTHKaIbHY0 U, (X, ) CKOPOCTh PUILTPALIMN
B 3ome 1:U

VRz(xz _yz)

U, (x,y)=V+/1 (x2+y2)2

(4)

@

[Tomosxus y = 0, u3 (4) HOJIyIUM BEePTHU-
KaJIbHYI0 CKOPOCTh (PUJIBTPAIIMM B BEPXHEM
cJI0e JHAa KaHaJsa:

VR 5)

U (x,0)=V+2 .

CropocTs puIbTpaIIiy BHYTPU BKJIIOYE-
HUsA OyayT oImchIBaTH 3aBucumocTh (3) — (5)
0e3 mocJIeJHEro YiIeHa, YyMHOMKEeHHbIe Ha K0ad-
dunuenrt (1 — 4). I'paguenT ckopoctu puiisTpa-
IIMKM B BEPXHEM CJI0€ JHA KaHaJa BHe BKJIOYe-
uud J, onpenenaerca generuem U, (x,0) Ha k,,
a BHyTpu BEodeHud — J,— U,(x,0) va k,. Pas-
PYIIIEHUIO JIO3KA KaHasa OyayT criocoOCTBOBATH
cypdosus M KOHTAKTHBIA pPasMbIB. BeposrT-
HOCTB cy(pdo31u yuacTKa THA KAHAJA BO3MOK-
Ha IIpH rpaguente J.> J  rne J — kpuTnde-
cxkuii rpagueHT cyddosunu. BeposaTHOCTh KOH-
TAKTHOTO Pa3MbIBa BO3MOKHA IIPU TPaIAEHTe
J > J, tne J7 — KpuTHUecKuit rpagueHT
KOHTAKTHOT'O pa3MbIBa.

Cropocts QuIbTpalli HA KOHType
BKJIIOUEHUS B 30He 1 maer mozcraHoBKa B (D)

x=R.
U, (R,0)=(1+/1)V. (6)

Crkopocts (uabTpaliiy HA KOHType
BKJIIOUEHMSA B 30HE 2 TaeT 3aBUCUMOCTh

U, (R,0)=(1-2)V. (7)

I'eomeTpuio ceueHus JTOKAJIBHOIO BKJIIO-
yeHus 0Oojslee TOYHO OTOOpaskaeT ITOJIOBUHA
asmurica. Pacuer mjiss aToro ciydas BKJTIOUA-
eT KOH(JQOPMHOE Mpeodpas3oBaHUE JJIJIUIICA
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HA IIJIOCKOCTU Z B KOHIIEHTPUYECKHE OKPYIKHO-
CTH PUMAHHOBOM IOBEPXHOCTH HA ILJIOCKOCTH
z,. AHaJINTHYeCKHe 3aBUCHMOCTH IIapaMeTpOB
(pUIBTPAIIMOHHOTO IIOTOKA OT IIapaMeTpoB
BKJIIOUEHMS ¥ OCHOBAHHUS JIOMKA KaHaja Co-
JiepsraT 0eCKOHEUYHBIe PSIIBI U IIeITHBIe JPOOH.
Xo/ pacyeToB aHAJOTWYEH ITPEICTABICHHOMY
BBIIIIE,

Pesynwprarer ucciaemopaumii. Anaans
3aBHCHMOCTEH [JIsI pacuera CKOPOCTH (PHJIb-
Tpaluu B BepxHeM cJjioe nua rKauasa (5), (6),
(7) mokaswiBaer caenymoiiee. Hamnbosee cyie-
CTBEHHOE BJIMSAHIE HA €€ BeJIMUYNHY OKA3bIBAET
CKOPOCTh (PMJIBTPAIIMOHHOIO IIOTOKA B 0OECKO-
HeUYHOCTH V, a Takike COOTHOIIEHIE IIPOHH-
IaeMocTell TPyHTa OCHOBAHMUSA JIOKA KaHAJIA
U BKJIIOYEHUS, KOTOPOE XapaKTephu3yeTcs: Be-
anuuHEoi A. Ecn mpoHMITaeMocTh BKIIOUEHUS
k, 6osIBIIle TPOHMIIAEMOCTH TPYHTA OCHOBAHUSA
so:xa kaHana k (A < 0), To ckopocTh uiIbTpa-
IIUY BHE BKJIIOUEHHS 110 OTHOIIEHHUI0 CKOPOCTH
dunbTpanmu B 0ECKOHEUHOCTH CHUYKAETCH.
Tak, mpu n3amMeHeHun A B yeThIpe pasa ot (—0.2)
1o (—0.8) crkopocTh puIBTpaIy BHE BRJIIOYE-
HUS 110 OTHOIIEHUI0 K CKOPOCTH (PUIBTPAIIAHN
B Oecromeunoctu cHmkaercsa ot 0.8V mo 0.2V.
B nporusrOoM ciyuae, korpa k, 6ombme K (A>
0) cxkopocts (UIBTPAIMM BHE BKJIIOYCHNS
110 OTHOIIIEHHIO K CKOPOCTH (PUJIHLTPAITH B Oec-
KOHEUHOCTH TOBBIIIAeTcsa. Tak, mpu maMeHe-
HuH A B 4 pasa ot 0,2 go 0,8 oTMmeuaeTcs IOBHI-
ImeHune ckopocTy uiabrparm or 1,2V mo 1,8V.
OG6paTHasa 3aBUCHUMOCTE XapaKTepHa JJIS CKO-
pocTu PUIBTPAILINH BHYTPU BEIOUeHus. [lpu

k, > k;, (A < 0) cropocTs ¢uILTPaALUM
110 OTHOIIIEHHIO K CKOPOCTH (PHJIHTPAITUH B Oec-
KOHEUYHOCTH BHYTPH BKJIFOUEHHS IIOBBIIIAETCS.
ITpu k, <k, (A > 0) ormeuaerca obpaTHas 3aBU-
CHUMOCTb.

W3 ypaBuenus (5) BUAHO, UTO BIIHASHHE
BKJIIOUEHHS HA (PHIIBTPAIIMOHHEIN IIOTOK CHH-
SKAeTcs 10 Mepe yOaJIleHHusT OT ero KOHTypa
M0 KBaJpaTUYHON 3aBUCHUMOCTH. Tak, CKO-
pocTh (puabTparmu B Touke x = 4R cHm:xaer-
Cs II0 CPABHEHUIO CO CKOPOCTHIO (DHUIBTPAIIAH
B Touke x = R B 16 pas.

BreiBOanI
JlokanbHbIE BRJIIOUEHUS C IIPOHUIIAE-
MOCTBIO, OTJIMYAKLIEHCA OT IIPOHHUIIAEMOCTH
TPYHTA OCHOBAHWS JIOKA KAHAJIOB, (DOPMHU-
PYIOT TOBBINIEHHBIE CKOPOCTH ¥ TI'PAJIUEHTHI
duapTparmonsoro moroka. OHU crocoOCTBYIO
HAPYIIEHUIO JHA U OTKOCOB KAHAJIOB.

Ne 3’2018

NPUPOOOOBYCTPONCTBO

Jlamsr apanuTudeckne QOpMyJIBL pacde-
Ta CKOPOCTH PMIBTPAIIAM I'PASUEHTA B BEpX-
HeM cJIoe JIOKa KaHajla IpH HAJIUYHUA JIO-
KaJIbHOro BEJIOUeHMd. Hanbosbilee BiImsHme
HA IapaMeTphl PUILTPAIMOHHOIO IIOTOKA OKAa-
3BIBAET CKOPOCTh (PMILTPAIIMA IOTOKA B OE€CKO-
HEUYHOCTH V, COOTHOIIEHNE IIPOHHUIIAEMOCTEH
BKJIIOUEHUA W IPYHTA OCHOBAHUSA JIOXKA KaHA-
J1a, Xapakrepusyemoe A. Eciu mpoHHUIaeMocTsb
BKJIIOUEHMA MEHbIIIe IPOHUIIAEMOCTH T'PYyHTAa
OCHOBAHMSA, TO BOJIN3Y BKJIIOUEHUS 0TMEUYAETCS
MOBHIIIIEHHE CKopocTu guiabTparuu. [lpu ue-
THIPEXKPATHOM HU3MEHEeHNU A\ PA3HUIIA MEXITY
CKOPOCTSIMU (PUIBTPAITAN BHYTPU U BHE BKJIIO-
yenusa coctasasger 50%. M3meneHune ckopocTn
uIbTpanMy BHE BRJIIOUEHMA II0 Mepe ymajie-
HHUS OT €r0 KOHTYPAa CHIKAETCS 10 KBaIPaTHU-
HOM 3aBHUCHUMOCTH.

[Ipu mpoexkTHpoOBaHME KAHAJIOB, B KOTO-
pBIe IOCTYIAaT PHILTPAIINOHHEIE IIOTOKH, He-
00X0IMMO KOJIMUYECTBEHHO YYHTHIBATH OCOOEH-
HOCTH (PHJIBTPAIIMHY IIPH HAJTAYNY BRJIIOUCHMH
B OCHOBAHMS €r0 JIOKA. PacueT MOMKHO BBIIIOJI-
HATH IO OpemjoskeHHBIM gopMyiaaMm. Ciyxbda
SKCILTyaTaIlny JOJIKHA 00paInaTth 0codoe BHU-
MaHHe Ha YYaCTKH KAaHAaJIOB C BKJIIOUEHUSIMH.
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Federal state budgetary institution of higher education «Russian state agrarian university —
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CALCULATION OF FILTRATION FAILURES OF CHANNELS
IN THE LOCALLY HETEROGENEOUS SOILS

A bed of trappers, collector canals and channels of adjusted water receivers can destroy
filtration flows. To the greatest extent this process appears under the conditions of locally
heterogeneous inhomogeneous soils, when permeability of the local inclusion significantly
differs from the permeability of the channel bed base. Such hydro geological conditions are
characteristic for floodplain and forest lands. Near the inclusion contour zones with increased
velocities and gradients of the filtration flow are formed which cause suffosion and contact
erosion. There is solved a problem of stationary flat filtration in the channel bed containing an
inclusion the permeability of which differs from that of the base soil. We use a circle theorem
and analytic continuation of the characteristic function. Analytic dependences of the velocity
and gradients of the filtration inside and outside the inclusion are obtained. The most significant
effect on the filtration parameters is made by the filtration flow velocity at infinity and the ratio
of the inclusion permeability and soil bed of the channel. If the inclusion permeability is lower
than the base soil permeability, the filtration rate at the base increases. The increase in speed is
proportional to the difference of the inclusion permeability and the channel bed base. The inclusion
effect on the filtration rate and gradient of the filtration flow decreases according to the quadratic
dependence as per removing from its contour. When designing and operating the channels it is
necessary to take into account the filtration features in sections of the channel with inclusions.

Hydro mechanical calculation of filtration, channel bed, characteristic filtration flow
function, circle theorem, analytic continuation of the characteristic function, inclusion
in the channel bed base, filtration rate, filtration flow gradient
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