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AHoTauisi. B naniii po6oTi Ha OCHOBI MPOBEICHOrO aHaJi3y MU(EPEHIIHHUX PiBHSHB, 110 OMHUCYIOThH
PYX piIUHHM 31 3MiHHOIO BUTPATOI0 B HAMPHUX 30ipHUX APCHAXHUX TPYOOIPOBOJAX, 3alIPOIIOHOBAHO
METOJINKY PO3PaxXyHKY ITOXHOKH, sIKa BUHUKAE TPY BU3HAYCHHI BUTPATH B KiHIIEBOMY Tiepepi3i Tpyoo-
MIPOBOY TP MPOIYCKY HAM TPAaH3UTHOI BUTPATH. AHAII3 MPEICTaBICHO B OE3PO3MIPHOMY BHTJISIIL.
BrutuB TpaH3UTHOT BUTPAaTH HA OCHOBHUH MOTIK OILIHEHO 3a JOIOMOTO0 BEJIMYHMH Koe(illieHTa Oropy
JIPEeHaXHOTO TPyOOompoBoAy (| 1 y3araapHEHOTO mapamerpa 30ipHOi IpeHH A, SIKuil BpaXxoBYe ii KOHC-
TPYKTHBHI 1 QibTpaniiiHi xapakTepucTUkd. OTpUMaHi po3paxyHKOBi (OPMYJIH TOCUTH HPOCTI 1 JIerKi
B KOPUCTYBaHHi. 3alIpONIOHOBaHA METO/IMKA JIO3BOJISIE BAKOHYBATH PO3PAXYHKH JPEHAKHUX TPyOOTpO-
BOJIIB, SIK1 MTPALIOIOTH IIPH HASIBHOCTI TPAH3UTHOT BUTPATH, 32 METOMKOI PO3PaxXyHKY JaHHUX TPYO, 110
BIZIBOJIATH JIPEHAKHI BOAM 0€3 MPOITYyCKy TpaH3uTYy. [IpH 11bOMy BH3HAYAETHCS MOXKIIMBA TIOXHOKA, SKa
BHOCHUTBCSI B PE3YJIbTAaTH PO3paxyHKy. st LmocTpalii oTpuMaHuX 3ajexHOCTel B poOOTi HaBeleHO
BiNOBiIHI rpadiku. Pe3ynbTaTi mpoBeieHOTro aHami3y T03BOJISIOTh BU3HAYUTH IPAHHII, B SKHX MOXKHA
KOPHCTYBAaTHCh CIIPOILEHOI0 METOINKOIO PO3PAXYHKY JaHHUX TPYO 1 OI[IHUTH MOXHUOKY, 1110 BUHUKAE TIPH
bOMY.

KurouoBi ciioBa: 30ipHHI ApeHaXHUN TPYOOIPOBIJT; T1ApaBIiYHUI KOEIieHT TepTs; KoedimieHT di-
NBTpalii; GiapTpaIiitHuiA oImip; TpaH3WTHA BUTPaTa PIAWHU; 3MiHHA BUTpATa PiAWHU.

BCTYII

OCHOBHUMH KOHCTPYKTUBHUMH €JIEMEH-
TaMH MEJIIOPaTUBHUX KOMIUJIEKCIB € CHUCTeMa
30ipHUX JpeHaxHuX TpyoOomposoniB [1-3]. 3a
XapakTepoM poOOTH JaHi TpyOOmpoBOAM MO-
KYTb MPALIOBATU SIK IPU HASBHOCTI, TaK 1 Npu
BIJICYTHOCTI TpaH3UTHOI BUTpaTH. Po3pooii
METOJIMKH T1IPaBIIYHOTO PO3PAXYHKY Hamip-
HUX JPEHAXHUX TPYOOIPOBOJIIB, SIKI Ipallo-
I0Th 0€3 TPaH3UTYy, B IaHUI Yac MPHUALUICHO J10-
cuth Oararo yBaru [4-6]. OTpumani faHi 3 piz-
HUM CTYIIEHEM TOYHOCTI OMHCYIOTh 3MIHY Xa-
PaAKTEpUCTUK MOTOKY MpPU 3MiHI HOro BHUTpaTu
B3IOBXK mursixy [7, 8]. Y Bumaaxky HasBHOCTI
TPAH3UTHOI BUTPATH METOAMKA PO3PaXyHKY
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Takux TpyO morpedye CyTTEBOTO BIOCKOHA-
neHHs. [Ipy iboMy Ba)KIIMBHM MTUTAHHSM € BH-
3HAa4YeHHs BIUIMBY TPAaH3UTHOI BUTPATH Ha Xa-
PaKTEpUCTUKH OCHOBHOTO MTOTOKY B TPYyOi.

B peanpHuX ymoOBax JIpeHakHi TpyOOIpo-
BOJIA YaCTO MOXYTh ITPAIIOBATH ITPH HASIBHOCTI
TpaH3uTy. B boMy BUMaaky Ha mepiuii Iiis-
HIIl BIBITHUN TPYOOIPOBI Ipartoe 0e3 TpaH-
3Ty, a Ha BCIX IHIIMX — MPU HAsBHOCTI TpaH-
3UTHOI BUTPATH.

META I METOAU

Mertoro poboTu € po3poOka HaAIHOT METO-
UKW OLIHKH BIUTMBY TPaH3WTHOI BUTPATH HA
OCHOBHI T1IpaBJiyHI XapaKTEPUCTHKU HaIlip-
HUX 30IpHHUX JpEHAXHUX TPYOONpPOBOIIB, a
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TAaKOX BH3HAUEHHS TOXHOKH, KA MPH IbOMY
BHOCHTKCS B pe3yJIbTaTH po3paxyHkis. [Ipu Bu-
KOHaHHI poOOTH 3aCTOCOBYBAINCH METOIHM Ma-
TEMAaTUYHOTO aHai3y NPUBEACHUX 10 0e3po3-
MIPHOTO BUIJISy BHUXITHUX audepeHIiiiHmx
PIBHSHB, SIKI OIMMUCYIOTh PyX PIAMHHM 31 3MIHHOIO
BUTPATOIO B JTAHOMY BUMAJIKY.

PE3YJIBTATHU TA ITIOACHEHHA

Cxema po0oTH 30ipHOTO IPEHAKHOTO TPY-
OONPOBOJy TPU HASBHOCTI TPAH3UTHOI BH-
TpaTu NpuBeaeHa Ha puc.l.

\% IToBepxus 3emii

Al AN 2NN

Puc. 1. Cxema poOoTu 30ipHOTO IpEHaKHOT'O TPYOOIPOBOAY P HASIBHOCTI TPAH3UTHOT BUTPATH
Fig. 1. Scheme of the perforated drainage pipeline operation in the presence of transit flow

Sk Bimomo [9, 10], pyx piauHHU B HamipHOMY
301pHOMY JpEHaXXHOMY TpyOOIpOBOAl BiIOYy-
BA€THCA 31 3MIHHOIO BUTPATOO B3/I0BXK IIJIAXY 1
B 3arajlkHOMY BHITaJIKy MOX€ OyTH ONUCaHHUA
CHCTEMOIO0 JIBOX IU(EpeHIIHUX pIBHAHb, a
came, piBHSIHHS TiApaBiiky 3MiHHOT Macu (1) 1
MoH(iKOBaHOTO PIBHAHHS QiabTparii (2)

dh 2 dQ A,
dan av s 0. (1
dx gQ? ~ dx 2gDQ? ° @
d d(Qv z
d9_div) 2, @
dx dx @

ne H — rimbuHa 3aHypeHHs oci TpyOonpoBoay
BiJl piBHS IpYHTOBUX BOJ (puc. 1); h — m’e30me-
TPUYHUI Hamip B TpyOi; Z = H — h — 3miHHwMii 32
JIOBKMHOIO TIepenaj HamopiB, Mif JIEI0 SKOTO
Bi/I0YBAa€ThCS BTIKAHHS PITUHU 3 HABKOJMIII-
HBOTO cepeqioBUIIa B Tpyoomnposin; Q, V, D, Q
— BIJIIOBITHO, BUTPATA, CEPETHS IIBUAKICTS, Mi-
aMeTp 1 IJIOIIIA KUBOTO TTepepi3y MOTOKY Ha Bi-
ACTaHi X BiJ moyaTky Tpyou; Q.p — TpaH3UTHA

Butpara; @ — (UIBTpaliiHUN OImip ApeHWU;
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Kp — xoedimieHT ¢inbTpaLii I'PpyHTY HABKOJIO
TpyOH; Ay — TiAPABIIYHUNA KOE(ILIEHT TepTH
JPEHaKHOTO TPYOOIPOBOY; § — MPUCKOPEHHS
BUILHOT'O ITAIIHHA.

Hpyruii wien B piBHsAHHI (1) BpaxoBye
BTpaTH HAIopYy, sIK1 OB’ s3aH1 3 €PEeKTOM 3MIHU
BUTPATH B3I0BXK NUIAXY, TPETii — 3 BTpaTamMu
Ha rigpasmiude Tepts [11, 12].

AHani3 yMOB poOOTHM peaibHUX 301pHHUX
TpyOOIpoBoiB i MaTeMaTu4HO1 Mozeni (1), (2)
JUISL BUTIQJIKy HassBHOCTI TPaH3UTHOI BUTPATH 1
0e3 Hel, 3aiiicHenuit B podorax [13-15], moka-
3aB iX CyTT€BY BIAMIHHICTH Mk coboro. [Ipu
BOMY He OyJI0 BU3HAUEHO T'PAaHUILl, IPU SKHX
BIUIMB TPAH3UTHOI BUTPATH HA OCHOBHHM TTOTIK
IpU po3paxyHKax AAHUX TPYOOIPOBOJIB MO-
’KHA HE BPaXOBYBAaTH.

[IpuBenena B poboti [16] meroauka pospa-
XYHKY 301pHHX JIpeHa)KHUX TPYOONpPOBOIIB pe-
KOMEHJIy€ThCS JUISI 3aCTOCOBYBAHHS IPH JIOBi-
JHHUX BEJIMYMHAX 1 CITIBBIIHOIICHHSIX TPaH3U-
THOT Qump 1 IUTIXOBOT Q, BUTpPAT, 110 TPOXOAATH
110 HammpHOMY KaHaiy. Uum OibIa BeTUYMHA
Qup B mopiBHHHI 3 Qu, 1 OlbIIe 11 BHECOK B
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3arajibHy BEJIMYUHY BUTPATH B KIHIICBOMY II€-
pepizi Qx, TUM ii BIUTMB HA XapaKTEPUCTUKH Te-
qii BiquyTHime. [, BiqnoBigHo, ynM MeHIe Qp,
THM MEHIIIC 11€ B1I0Opa)Kae€ThbCs HA T1apaBIIiv-
HUX Tapamerpax 30ipHoro Tpybomnposoay. be-
3YMOBHO, NOBHHHA ICHYBaTH TpaHUYHA BEJIU-
9iuHU Qpyp.op, HE TICPEBUIIYIOUN SIKY, BIUTUBOM
OCTaHHBOI Ha pOOOTY 30IpHUKA MOYKHA 3HEXTY-
BaTH.

Sk BU3HAYao4y, NpUIMEMO BUTpATy B KiH-
1eBoMy Tepepi3i Tpyou. Bymemo BBaxkaTu
BIUTUB TPAH3UTHOI BHUTpPATH Ha XapaKTepHC-
TUKH KaHaTy HECYTTEBHM (TaKHM, IO MOKHA
3HEXTYBATH), SIKIIO MPHU IbOMY BEITMYHUHA KiH-
[IE€BO1 BUTPATH 3MIHIOETHCS B MEXKaX MPUHHATOT
MOXUOKM TOYHOCTI BUMIPIOBaHb 1 pO3PaxyHKiB.
ToO6T0, KO BUKOHYETHCS CITIBBITHOIIICHHS

QK.mp < QK (1+ 8) ! (3)

ne Qump — BUTpaTa B KiHIIl 301pHOTO JIpEeHaX-
HOTO TPYOONPOBOJY HpU HASIBHOCTI B HBOMY
TpaH3uTty; Qx — Te 3 caMme Mpu BiAICYyTHOCTI Tpa-
H3WUTY, 0 — 3a/laHa JIOMyCTUMa MOXUOKa (1ol
OJIMHMIII), SIKOIO MO’KHA 3HEXTYBaTHU IPU BU-
3HAY€HHI KIHIIEBOI BUTPATH IPU HAassBHOCTI Tpa-
H3UTY, Y IOPIBHSHHI 3 KIHIIEBOIO BUTPATOIO 0e3
HBOTO.

Jlns aHanizy MpelcTaBUMO BHXiIHE piB-
HsHHA (1) B Oe3po3MipHOMY BUIJISAl BBIBILU
HOBI 3MiHHI

\/ Q Va2 Qmp
Ve—<o; V =—""__ (4
Q./9z, "oz, )

3 ypaxyBaHHM LbOT'0 3aJIeKHICTH (3) Oyne

\7K.mp. S\ZC(1+ 6) ! (5)

ne V., — BiIHOCHA MIBHMAKICTH (BHTpaTa) B Ki-

K.mp
HIIEBOMY Iepepi3i 30ipHOTO JAPEHAXHOTO TPY-
OONPOBOTY TIPH MPOITYCKY HUM TPAH3UTHOI BH-
Tpatu ; V, — BiTHOCHA IIBMIKICTH (BUTpaTa) B
KIHIIEBOMY Tepepi3i I[bOro X TPyOOmpoBOAY
IIPH B1ICYTHOCTI TPAH3UTY.

B po6ori [16] moka3aHo, 110 BiIHOCHA IIBU-
JIKICTh (BUTpaTa) B KIHIIEBOMY Ie€pepi3i HECKIH-
YEHHO JOBroro 30ipHOTO HAIIPHOTO JApPEHaX-
HOTro TpyOONIpOBOJY, SIKUI Mpaloe Ipu HasB-
HOCTI TPaH3UTHOI BUTPATH MOXe OyTH BU3Ha-
YeHa 3a 3aJIEXKHICTIO
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(6)

mp
— — KoeQilieHT

ornopy 30ipHOTO JIPEHaXHOTO TPyOONpPOBOIY;
Qo |g 5 .
= —— | —y3arajgpHeHui napamerp 30i-
2K |
pHO1 ApeHH, KU BpaxoBYye 1l KOHCTPYKTHUBHI 1
¢inpTpamiiiii XapaKTepUCTUKH.
[pupisussim Bupasu (5) i (6), orpumyemo
3aJIeXKHICTD

RS BE TR NN )

3 SIKOT OTPUMY€EMO CITiBBIIHOIIICHHSI, SIKE BU3HA-
Ya€ MaKCUMAJIbHY BiJIHOCHY TPaH3UTHY IIBHU]I-
KIiCTh (BHTpPATY), KOO B MEKaX MPHHHATOI 10-
XHOKM PO3paxyHKiB, MOXKHA HE BpPaXxOBYBaTH
IpU po3paxyHKax 30IpHUX TPEHAXKHUX TPYyOO-

IPOBOJIIB
V,, <V, 3/(@+8)°-1. (8)

I'padik, sikmii BimoOpakae 3ayexHIcTh (8)
NpUBEACHHUI Ha pHC.2.
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which is included in calculations at a transit
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Ha HpOMy moKa3zaHO BENMYMHY BiTHOCHOI
HIBUAKOCTI TIOTOKY, SIKOKO MOXHA 3HEXTYBATU B
MOPIBHSIHHI 3 IIBUKICTIO B KIHIIEBOMY Mepepi3i
30ipHHUKa 1 sIKa MOXMOKa PH [IbOMY BUHHKAE.

[Tpu oMy BeTMYHMHA MOXUOKHU, SIKA BUHU-
Ka€ MpHU HEXTYBaHHI MIBUAKICTIO TPAH3UTHOTO
MOTOKY TPU PO3paxyHKax IMIBUAKOCTI B KiHIIE-
BOMY Tiepepisi 30ipHOTO APEHAKHOTO TPyOOII-
POBO/IY BU3HAUAETHCS 32 3AICKHICTIO

V., thp
V

K

BUCHOBKHU TA PEKOMEHJIAILI{

B po6oTi Ha OCHOBI MPOBEIECHOTO AHATI3Y
BUXIIHUX IU(EPEHIIIHUX PIBHSAHD, 1110 OIUCY-
I0Th PYX PIIMHH B HaIIpHUX 301pHUX JpEHAXK-
HUX TpyOOINpPOBOAaX, OTPUMAHO JIOCTATHBHO
MIPOCTI 3aJICKHOCTI JUISI PO3PaXyHKY BEITUIHHU
MOXMOKHU TMPU BU3HAYCHHI KIHIICBOI BHUTPATH,
sIKa BUHUKAE TP MPOITYCKY MO TPYOOIIPOBOIY
TpaH3uTy. J{J1s OLIHKKM OTPUMAHKX PE3yJIbTATIB
MIPUBEJICHO BiAMOBiAHI Tpadiky.
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Analysis of the results of perforated drainage pipelines calculation in the presence of transit flow rate
Andriy Kravchuk, Oleksandr Kravchuk

Abstract. A method of calculating the error that occurs when determining the flow rate in the final section of
the pressure perforated drainage pipeline when it passes transit flow rate, based on the analysis of differential
equations describing the fluid motion with variable flow rate in such pipelines is proposed in the paper. The
analysis is presented in dimensionless form. The impact of transit flow on the main flow is estimated using the
values of the drainage pipeline resistance coefficient {; and the generalized parameter of the perforated drain
A, which takes into account its constructive and filtration characteristics. The obtained calculation formulas
are quite simple and easy to use. The proposed method allows to perform calculations of drainage pipelines
that operate in the presence of transit flow rate, according to the method of these pipes calculation that dispose
drain water without passing transit. Herewith, the possible error, which includes in the calculation results,
determines. To illustrate the obtained dependences, the corresponding graphs are given in the paper. The results
of the analysis allow to determine the limits within which a simplified method of calculating these pipes can
be used and the error, that occurs, can be estimated.

Keywords: collecting drainage pipeline; hydraulic friction factor; hydraulic conductivity; filtration resistance;
transit flow rate; variable flow rate.
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