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OLIHKA BILIUBY TPAH3UTHOI BUTPATU HA XAPAKTEPUCTUKHU
POHOAIIBYUX IPEHAKHUX TPYBOIIPOBO/IIB

Ha ocnosi nposedenozo ananizy oughepenyitinux pieHaHb, U0 ONUCYIOMb PYX
piounu 30 3MIHHOIO  GUMPAMON) 6 HANIPHUX  PO3NOOLIbYUX — OPEHANCHUX
mpyoonposooax, 3anponoHO8aAHO MemOoOUK)y PO3PAXYHKY NOXUOKU, SIKA BUHUKAE NPU
BU3HAYEHHI 8UMPAMU 8 NOYAMKOBOM)Y nepepiszi mpyoonposoody npu nponycKy HUM
mpau3umuoi eumpamu. Auaniz npeocmasieHo 6 0e3pPo3MIpHOMY 6uenadi. Bniue
MPAH3UMHOI 8uUMpamu HA OCHOGHUL NOMIK OYIHEHO 3a O0O0NOMO2010 6elUYUH
Koegiyienma onopy OpenaxcHo2o mpybonpogody (; i y3aeanbHeno2o napamempa
po3nodinbuoi Openu A, AKutl epaxosye ii  KoHcmpykmueHi i pinempayivni
xapaxkmepucmuxu. Ompumari po3paxyHkosi hopmyau 0ocumv Npocmi i 3pYyuHi y
BUKOPUCMAHNHI.  3aNPONOHOBAHA MemMOOUKA 00380JIA€ GUKOHYBAMU DPO3PAXYHKU
OpPEeHadiCHUX mpyoonposodis, AKi Npayowms Npu HAsAEHOCMI MPAH3UMHOIL UMpamu,
3a MemoouKow po3pPaxyHKy OAHUX mpyo, wo po3nooilsioms 800y 0e3 NPOnYCKy
mpanzumy. Illpu yvomy 6uUSHAUAEMbCA MONCIUBA NOXUOKA, AKA BHOCUMbCA 8
pe3yivmamu po3paxyHky. Jna intocmpayii ompumanux 3anedxcHocmeill 8 pooomi
HageoeHo 8i0noGioHi epaghixu. Pesyromamu npogedenoeo awnanizy 00360510Mb
BUSHAYUMU 2PAHUYi, 6 SAKUX MONCHA KOPUCMYBAMUCL CHPOUEHOI0 MemOoOUKOIO
PO3PAXYHKY OaHux mpyo i oyinumu noxuobKy, uwjo BUHUKAE NPU YbOMY.

Knrouosi cnosa: posznodinvuuii  Openasxchuii  mpyb6onposio, 2iopasniunuil
Koeghiyieum mepms, xoediyichm ¢inompayii; Ginempayitinuti onip;, MpPaH3UmMHA
sumpama piouHu,; 3MIHHA UMPAMA PIOUHU.

IlocranoBka nmpodaemu. Po3noaisibyl ApeHa)kHl TPyOONPOBOAU € OAHUMU 3
OCHOBHHMX KOHCTPYKTHUBHHX €JIEMEHTIB MeliopaTUBHUX cucteM. [Ipu ix ekcruryaTtamii
YacTO BMHMKAE CHUTyalld KOJW PO3MOAUIbYI APEHAXKHI TPyOONpPOBOAM MPALIOIOTh B
pEeXHMI OJHOYACHOTO MPOMYCKY LUIIXOBOi 1 TpaH3UTHOI BUTpaTH. O4YEBHIHO, IO
HAsBHICTh TPAH3UTHOI BHUTpPATH MOBHMHHA CYTTE€BO BIUIMBAaTH HA TiApaBiIiuHI
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XapaKTepPUCTUKU Takux TpyO, 1 iX BHU3HAYECHHS TIPENCTABISA€ TOCUTH CKIAIHY
1HKEHEepHY 1 TEXHIUHY 3a7auy.

Tomy, 3 Hamoi TOYKM 30py, BAKIMBUM IUTAHHSAM, SK€ BUHUKAE TMeEpe
MPOEKTYBAIbHUKAMHU, € THUTAaHHS BHU3HAYEHHS TPaHMIlb, KOJM TMPU PO3paxyHKax
JaHUX MepeX TPyOONpOBOAIB BIUIMBOM TPAH3UTHOI BUTPATH HA KIHLEBHUM pe3ynbTar
MO)KHAa 3HEXTYBaTH, a TaKOX BUKOPUCTAHHS CHPOLIEHOI METOAMKU PO3PAXYHKY.
[HIIMM Ba)JIMBUM MOMEHTOM € MOJKJIMBICTh OLIHKM IOXUOKH, sIKA BHHHKAE B
pe3yabTati boro.

AHaJi3 0CTaHHIX JocaixkeHb i myOuaikaniii. JlocnikeHHI0 yMOB pobOTH 1
PO3paxXyHKy pO3NOJAUIBYMX JAPEHAKHUX TPyOOINPOBOMIB, $AKI NpPALIOOTh 0e3
TpaH3UTy, MPUCBAYCHA JOCUTHh BeNUWKa KUIbKICTH poOit [1-4]. ITlpu ubomy
PO3IIIAJA0THCS BUMAAKK POOOTH AaHUX TPyO 3 pIBHOMIPHOIO [5] 1 HEPIBHOMIPHOIO
[6,7] po3mauyero piOguHU B3A0BXK HUIAXYy. OTpHUMaHI aHaMITUYHI 3aJ€XKHOCTI IS
pPO3paxyHKy XapakKTepUCTHK Takux TpyO JOCUTh J00pe cHiBOajarTh 3
eKCIIEPUMEHTATbHIMH JaHUMHU. Bunanok po6oTu po3mOAiIbYuX ApEeHAXKHUX TPYO B
PEXKHMMI OJHOYACHOTO MPOMYCKY IIISXOBOI 1 TPAH3UTHOI BUTPATH BHUBUYEHO 3HAYHO
MeHmie [8]. AmHami3 MpeACTaBICHUX METOJUK PO3PAaXyHKY XapaKTePUCTHUK
pO3TIsAYBaHUX TpPyO s 000X peXHMIB eKCIUTyartalii IoKa3aB iX CYTTEBY
BiIMiHHICTh. [IpudoMy, MOXHa CTBEP)KyBaTH, 1[0 HASBHICTh TPAH3UTHOI BUTPATH B
TpyOl CyTTEBO YCKIAIAHIOE 1 3011bIIy€E 00’ €M HEOOXITHIX PO3PAXYHKIB.

Metoio mnpejacTaBjieHOi PoOOTH € pPO3poOKa HAMIWHOI METOAMKU OIlHKH
BIUIUBY TPAH3UTHOI BUTPATH HA OCHOBHI TIAPaBIiYHI XapaKTEPUCTHUKU HAMIpPHHUX
PO3MOAUIBYUX APEHAKHUX TPYOONPOBO/IB, a TAKOK BU3HAUEHHS MOXUOKH, SKa MPU
[bOMY BHOCHUTBCS B pE3YyJIbTaTU PO3PAXYHKIB.

[Ipu BukKOHAHHI POOOTH 3aCTOCOBYBAJIHUCH METOAUM MATEMAaTUYHOTO aHaNI3y
MPUBEICHUX JO0 O€3pO3MIPHOIO BUIJISAAY BUXITHUX IU(EpEHIIHHUX PIBHSAHb, SKI
ONUCYIOTh PYX PIIMHM 31 3MIHHOIO BUTPATOIO B IAHOMY BHUIAJIKY.

Pesynbratn Ta ix oOrpyHryBaHHs. Cxema poOOTH pPO3MOIIILYOTO
JPEHAXKHOTO TPyOONpOBOy MPHU HASBHOCTI TPAaH3UTHOI BUTPATH IpPUBEJICHA HA
puc.l.

Buxinna cucrema nudepeHIIRHUX PIBHSAHB, SKI OMUCYIOTH TEUII0 B IHOMY
BUMAJIKY CKJIAJIA€THCA 3 PIBHAHHSA TIPABIIKK 3MIHHOI BUTpaTH (1) 1 MOAM(IKOBAHOTO
piBHsHHA QuibTpalii (2) [9,10]:

A
dh 2,4V P p2_y), (1)
dx g dx 2gD
d(rQ) h
=——=—k . 2
1 dx @ @)

ne H — 3MiHHHMIA 3a JIOBXUHOIO II’€30METPUYHUN Hamip B TpyOOIpOBOI,
hsp — TIOCTIMHUN B3IOBX TpyOM Hallp BOJM B CEPENOBHILI, B sIKE B1IOyBa€ThCS
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BUTIKaHHS (BHCOTa MIiJHATTS TIPYHTOBUX BOJA B TMOPIBHSHHI 3 BIAMITKOIO OCi
TpyOOIIpOBOAY); /& — 3MIHHUM 3a JOBXHHOIO TEpenaja HamopiB, MiA Ji€0 SKOTO
B110yBa€ThCsl BUTIKAHHS PIAUMHU 3 TPyOONPOBOIY B HABKOJUIIHE cepenoBuiie; O, V,
D, Q — BIANOBIIHO, BUTpaTa, CEepeaHsS IIBUIKICTh, AiaMeTp 1 IUIOMIAa >KHUBOTO
nepepizy MOTOKY Ha BIJICTaHI X BiA modatrky Tpyou; Omp — TpaH3UTHA BUTPATA;
@ — oinprpauiiiauii omip apenu; kp — koedirieHT GinbTparii IPyHTY HaBKOJIO
TpyOH; A, — TIiOpaBIIYHUM KOE(DIIIEHT TEPTA PO3MOAUIBYUOTO JAPEHAKHOTO
TpyOOIPOBOY; & — MPUCKOPEHHS BUILHOTO MaAIHHS.
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Puc. 1. Cxema poOOTH pO3NOALTBUOTO APEHAKHOTO TPYyOOTIPOBOAY
NP HASIBHOCTI TPAH3UTHOI BUTPATH.

B sikocTi mapaMeTpa, 3a BETUYHUHOIO SIKOTO 3A1MCHEHO TTOPIBHSIHHS OTPUMaHUX
pe3yibTaTiB, B poOOTI MPUIHATO BUTPATy B MOYATKOBOMY Iepepi3i PO3MOIITLYOTO
TpyOONpPOBOAY Il BHUIAAKY HOro poOOTH B JBOX peXHMMax eKciuryartamii. Sk
nmokazaHo B poOoti [11], MmMBUIAKICTE B IOYATKOBOMY Iepepi3i PO3MOALIHYOTO
TpyOOIIPOBOZY TpPH OJHOYACHOMY TIPONYCKY TpPaH3WTHOI BUTPATH, MOXe OyTH

BU3HAYEHA 13 CITIBBIHOIIECHHS:
— 33 3
Vn.mp - Vn + Vmp ' (3)

ne V, — cepemHs MBHUAKICTh MTOTOKY B MOYaTKOBOMY MEpEpi3i pO3MOAUIBYOI TPyOH,
fKa Mpautoe 6e3 TpaH3uTy; Vimp — MBUAKICTH B TOYATKOBOMY II€pepi3 MPH MPOMYCKY
TIJIbKU TPAH3UTHOI BUTPATH.
B Ttoii xe yac BUTpaTy B MOYATKOBOMY I€pepi3i MpU MPOIYCKY TPaH3UTHOI
BUTPATH MOKHA MPEACTABUTH Y BUTIISIAL:
Vmp =V (148), )

ne 0 — YaCTHHA BEJIMYMHHM IIBUAKOCTI B IOYATKOBOMY IEpepisl, IKa BPaXOBY€ BIUINB
TPaH3UTHOI BUTPATH B HbOMY.
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Benuuuny 0 TakoX MOKHA TPaKTyBaTH SIK 3a/laHy JOMyCTUMY MOXHUOKY (0
OJIMHUIII), SIKOIO MOXHAa 3HEXTYBATH MPU BU3HAUEHHI IIBUJKOCTI B MOYATKOBOMY
nepepizi NpH HASBHOCTI TPAaH3UTYy, Y MOPIBHAHHI 3 IOYATKOBOK IMIBUAKICTIO 0e3
HBOTO.

bynemo BBaxkaTu BIUIMB TPAH3UTHOI BUTPATH Ha  XapaKTEPUCTUKHU
TpyOONPOBOAY HECYTTEBUM (TaKUM, 110 HUM MOKHA 3HEXTYBATH), SIKIIO MPU LBOMY
BEJIMYMHA HIBUJKOCTI B TOYAaTKOBOMY IE€pepi3l 3HAXOIUTHCS B MekKax MPUUHATOT
NOXHOKM TOYHOCTI BHUMIpIOBaHb 1 po3paxyHKiB 0. ToOTO, KOJIM BHUKOHYETHCS
CHIBBIIHOIICHHS:

%

n

Wiy <v,(1+8). (6)

JU1s aHami3y npeacTaBUMO BUTPATH B 0€3p0O3MIPHOMY BUTIIAIL

mp SV, (1+38), (5)

a6o, 3 ypaxyBanusm (3):

_ _ V
V:_%7; Vop == . (7)
gh, &y

Toni 3amexHicTh (6) Oy1e MaTH BUTIISI:

V74V, <7, (1+5). ®

ne v — BIHOCHa IIBWJAKICTh B TOYaTKOBOMY IIE€pepi3i pO3MOALIBUOTO

n.mp

TpyOOIpPOBOJY HpU MPOIYyCKY HUM TPaH3UTHOI BUTpaTH ; V, — Te X came IpU

BiJICYTHOCTI TpPaH3UTY, V.~ — Te K caMe TpH HASBHOCTI TUIbKU

n.mp

TPAH3UTHOI BHUTpPATH; O > —1 — momyctuma BigHOCHa MOXHOKa PO3PaxyHKIB;

n

: .. / .
h, — HaIlip B IOYaTKOBOMY Tiepepizi TpyOonpoBoay; C 5 = A, o Koe(ilieHT Onopy

pPO3MOAUIBYOTO  JPEHAXKHOTO0  TPyOONpPOBOAY; =—— [~ — y3arajbHeHUM

napaMeTp po3MOAUTHYOI JIpPEHHU, SIKUH BpPaxoBY€ ii KOHCTPYKTHUBHI 1 (iabTpamiiHi
XapaKTePUCTUKH.

I3 3anexnocti (8) M PO3MOAUTHUKMX JPEHANKHUX TPYOOIPOBOJIIB HECKIIAIHO
OTPUMATH CITiBBiTHOIIICHHS, SIKE BU3HAYA€ MAaKCUMAJIbHY TPAH3UTHY BUTPATY, KOO B
MeXax MPUUHATOT TOXUOKH MOYXHA 3HEXTYBATH MPU PO3PAXYHKY JaHUX TPYO:

Zwsﬁva+&ﬁ4=3c3Ak+®”%l )
l

p

Bianosinnuii rpagik npuBeIeHU Ha puc. 2.
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Puc.2. Ouinka 0myCTUMOI BEIMYMHU TTOXUOKH O, IKa BHOCUTHCS
B PO3paxyHKH MPU HEXTYBaHHI TPAH3UTHOIO BUTPATOIO.

Ha HbOMY TOKa3aHO BETWYWHY BiJHOCHOI IIBHUJKOCTI IOTOKY, SIKOIO MOXHA
3HEXTYBaTH B TIOPIBHSHHI 3 MIBUAKICTIO B MOYaTKOBOMY IE€pepi3i pO3MOIiIIbHUKA 1
sIKa TTIOXUOKA NP I[bOMY BUHHUKAE.

Bennuuny moxuOku, sika BUHUKAE TPU HEXTYBaHHI MIBHIKICTIO TPaH3UTHOTO
MOTOKY TpPH pPO3paxyHKaxX IMMBUAKOCTI B IOYaTKOBOMY IE€pepi3i pPO3MOIiILIOTO
JPEHAXKHOTO TPYOOTIPOBOY BU3HAYAETHCS 13 3aJIeKHOCTI (9):

BzT—l. (10)
n

BucnoBku. B po0oTi Ha OCHOBI NPOBEICHOTO aHaMi3y BHXIJTHUX
nudepeHIliiHuX PiBHAHB, [0 OMUCYIOTh PyX PIAWHHA B HAMIPHUX PO3MOIIITBUUX
IpeHaXHUX TpyOONpoBOJaX, OTPUMAHO JOCTATHBO TMPOCTI 3AIEKHOCTI IS
PO3paxyHKy BEJIMYUHU NMOXUOKU MPU BU3HAYCHHI [MOYATKOBOI BUTPATH, sSIKa BUHUKAE
IIpU MPOIYCKY 10 TpyOonpoBoAy TpaH3uTy. JJIs OIIHKKM OTpUMAaHHMX pPE3yJIbTaTiB
MIPUBEJICHO BiAMOBIIHI I'padiKu.
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EVALUATION OF THE IMPACT OF TRANSIT FLOW RATE
ON THE DISTRIBUTION DRAINAGE PIPELINES CHARACTERISTICS

The method of calculating the error that occurs when determining the flow rate
in the initial section of the pressure distribution drainage pipeline when it passes
transit flow rate is proposed in the paper. It is based on the analysis of differential
equations describing the fluid motion with variable flow rate in such pipelines. 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 4, which takes into account its
constructive and filtration characteristics. 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 distribute water without
passing transit flow. 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
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which a simplified method of calculating the distribution drainage pipelines can be
used and the error, that occurs, can be estimated.

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