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AHoTauis. Y npeacrasieHii podoTi pO3TISTHYTO OCOOIMBOCTI pyXy PIAMHH B HAIIPHOMY 30ipHOMY TpEHAXK-
HOMY TPYOOIIPOBO/Ii 3MIHHOTO (3pOCTA0YO0T0) 32 JOBXKHHOIO JiaMeTpa, sIKUH MpaIfioe 32 HaSBHOCTI TPAH3HT-
HOi BHTpaTH. BBaxkaeThcs, M0 JOCHIIKYBaHUH TPYOONPOBIA MPOKIAICHO TOPU3OHTAIBLHO Ta 32 HasIBHOCTI
TOPH30HTAJIBHOTO PiBHS IPYHTOBUX BOJ. Takok MPUHHATO, IO PiJIHA 3 HABKOJIHUIIHHOTO IPYHTY HAJAXOAHUTH
1o 30ipHUKa depe3 Horo OiYHY MOBEPXHIO 3a BCI€IO JTOBXKHUHOIO, TOOTO TIPUEIHAHHS PIIUHU JO OCHOBHOTO
MOTOKY B TpyOi BiOyBaeThes Oe3nepepBHO y QinbTpaniifHoMy pexxumi. s onucy 3a3Ha4eHOr0 pyXy BUKO-
pUCTaHO cUCTeMy AU(EPEHIIIMHUX PIBHSIHD, KA CKJIAJAE€ThCSA 3 PIBHSHHS TiIPaBIiKK 3MIHHOI Macu Ta MOJIU-
(ikoBaHOTro piBHAHHS (inbTpaLii. 3araoM Xapakrep 3MiHH BEJIMUMHH diaMeTpa 3a JOBXKHUHOI0 301pHOi TIpeHU
3aJIe)KUTh BiJl 3aKOHY 3MiHH IIPHEIHYBAHOT BUTPATH B3JIOBXK IUIAXY. B 1aHOMY BHIA/IKy 3 METOIO ONHCY 3a-
KOHY 3MIiHU TUIOIII Tiepepi3y IpeHH (JliaMeTpa) 3aCTOCOBAHO BapiaHT 3a0e3MeUeHHs MOCTIHOT BEIMYUHU Ce-
PEeAHBOT MBUAKOCTI B Iepepizax 3a JOBKUHOK JApeHaKHOro Tpybomporoy. Ilix wac aHamizy BUXigHOTO JTU-
(hbepeHiHHOTO PIBHSHHS PyXy PILAMHU 31 3MIHHOI BUTPATOI0 apryMEHTOBaHO MPHUUHSATO, IO BTpaTaMH Ha-
MopYy, MOB’SI3aHUMH 3 €EKTOM MPHETHAHHS PIAWHHU B3JIOBXK NUIAXY Y QUIBTpalifHOMY peXuMi 1 BiTHOCHO
BEJIMKOIO JIOBXKHHOIO TPYyOONpoBOLy, 0€3 CYyTTEBOI TOXMOKM MOYKHA 3HEXTYBaTH. BBeleHO 10 po3risay mo-
HSTTS yMOBHOTO HECKIHUEHHO JIOBI'OT'O HAIiPHOTO 30ipHOT0 JPEHaXHOTO TPyOOIPOBOLY, SIKHI TaKOX MOXKHA
pO3TIAAATH K TPYOOIIPOBiT KOHKPETHOT 0OMEXKEHOT TIOBXXKHUHH, alle 3 HECKIHUEHHOIO MPOCAKHEHICTIO O19HUX
cTiHok. OcoOMUBICTIO pOOOTH TaKUX TPYO € Te, M0 Ha iX MOYATKOBUX AUISHKAX MOXKHA NMPUIAMATH Meperan
HAITopiB, Mif Ai€0 SKOTO Bi0OYBAa€THCS BTIKAHHS PIAWHU 3 HABKOJHUIIIHBOTO IPOCTOPY B TPYOOITIPOBIf, i, Bij-
MOBIIHO, HAJIXO/DKCHHS PiMHK y 30ipHHUK OJIU3BKHM 10 HYJIs (Z, — 0, dQ/dX — 0). Ha ocHOBI mpoBeieHOro
aHaJi3y OTPUMAaHO JOCHTh MPOCTI Ta 3py4HI aHATITHYHI 3aJIEKHOCTI JUISl PO3PaXyHKY PO3TIISIHYTHX TPYOOTII-
POBO/IIB.

KurouoBi cioBa: Hanipauii 30ipHUI IpeHaXXHUI TPYOONPOBIiA, TiApaBIiuHIiA KOe(ilieHT TepTs, 3MiHHA BH-
Tpara, TpaH3UTHA BUTpaTa, KoedinieHT pinbrpauii, pinpTpaniiauii omip.

BCTYII KHUX yT1/1b 0€3M0cepeIHbO 3aJICIKUTD BiJT HAI-
HOCTI poOOTH MemiopaTuBHUX cucteM [1, 2].
BoaHouac 3acTocyBaHHS MPOMEHEBUX 1 TOPHU-
30HTAIBHUX BOJI03a00PIB CIIPUSIE ITiIBULIICHHIO
CTIKOCT1 KpUTUYHOT 1HPPACTPYKTYPH 3aBASIKU
MOEJTHAHHIO TIPUPOJHUX 3aXMCHUX 1 PUIBTPY-
BaJIbHHUX BJIACTUBOCTEH IPYHTY Ta KOHCTPYKTH-
BHUX ocobimBocteit cniopya [3-5]. Edextus-
HICTh QYHKIIIOHYBAaHHS TAKUX CHCTEM 3HAYHOIO
MIpOI0 BH3HAYA€THCS POOOTOI0 IX OCHOBHHUX

30anaHcoBaHe BUKOPUCTAHHS, 30€peKEHHS
Ta BIJJHOBJICHHSI BOJHHUX PECYPCIB € BAXKIIMBOIO
NEPEaYMOBOIO CTAJIOTO PO3BUTKY CLIBCHKOTO
roCIo/1IapcTBa, IPOMHUCIIOBOCTI Ta ypOaHi3oBa-
HUX TEPUTOPii, 0cOOIMBO B yMOBaxX KiIiMaTHy-
HUX 3MiH 1 3pOCTaHHSI aHTPOIIOT€HHOTO HaBaH-
TakeHHs. [t YKpaiHnu 11e nuTaHHs Ma€e 0co0-
JIMBE 3HAYEHHS, OCKITbKHA €()EeKTUBHICTh BUKO-
PHUCTaHHS 3HAYHUX TUIOL CLIIbCHKOTOCTIOAAPCh-
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€JIEMEHTIB — 301pHHX JIPEHAXKHUX TPYOOIIPOBO-
ITiB.

BinbmiicTe iCHYIOUMX JIpEHAXHUX TpyOor-
POBOJIIB B HaIIIi# KpaiHi CIIPOEKTOBAHI 3a 3acTa-
PUIMMH TIIXO0JaMH 13 3aCTOCYBaHHSAM TPyO 1o-
CTIHHOTO AlamMeTpa, 10 MPU3BOJIUTH J0 HEPIB-
HOMIPHOCTI TriipaBiigyHOrO pexkxumy. Ha mouat-
KOBUX JUISHKAX 1€ BUKJIMKA€E 3aMyJIEHHS yepe3
HU3bKI IIBUIKOCTI OTOKY, TOJII SIK HA KIHIIEBUX
— 3pOCTaHHs BTpAT HANOPY 4epe3 HaJIMIpHI
MIBUJIKOCTI. Y Pe3yJbTaTi 3HUKYETHCS e(EKTH-
BHICTb POOOTH CHUCTEM 1 30UIBLIYIOTHCS E€KC-
TUTyaTaniiHi BUTPATH.

OnHUM 13 NepCHeKTUBHUX HAIpPSMIB € 3a-
CTOCYBaHHS 30ipHUX APEHAXKHHUX TPYOOIPOBO-
JiB 3MIHHOTO JliaMeTpa, Kl 103BOJISIIOTH y3I0-
IUTH 3MiHY BUTPATH BOJH B3JIOBX KOJEKTOpA,
3a0€31eYUTH PIBHOMIPHIIIWA PO3IMOILT IIBH/I-
KOCTEH 1 3MEHIIIMTH TiJpaBiiivdHi BTpatu [6, 7].
IIpote, He 3Ba)kar04YM Ha HAsIBHICTh 3HAYHOI Ki-
JBKOCTI HAyKOBUX Tpallb, MPUCBSIYECHUX aHa-
73y poOOTH HaMipHUX IPEHAXKHUX TPyOOompo-
BoziB [8-12], mutaHHS pO3paxyHKY 30ipHHX
TpyOOIIPOBOJIIB 3MIHHOTO Iepepi3y, sKi Impa-
IIOIOTh TIPU HAsSBHOCTI TPAaH3WUTHOI BUTPATH,
J10Ci BUBYEHE HEJJOCTAaTHbO.

VY 3B’S3Ky 3 UM aKTyaJlbHUM € BJJOCKOHa-
JIEHHS TiAPaBIIYHUX MITXOAIB 0 aHAli3y po-
00TH HaNipHUX 301pHUX APEHAKHUX TPYOOIpO-
BOJIIB 3MIHHOTI'O JllaMeTpa 3 YpaxyBaHHSAM pea-
JBHUX YMOB ekcrutyaTanii. lle no3Bonuts mia-
BUIIUTU TOYHICTh PO3PaxXyHKIB, OOIPYyHTYBaTH
ONTHMAaJIbHI TapaMETPHU CUCTEM 1 3a0€3MeUnuTH
ix e(eKkTUBHY, HaiIiHY Ta €HEProoIlaaHy po-
ooTy.

METAIMETOIHN

Mertoto 1aHoi poO0TH € po3poOKa METOAUKH
PO3paxyHKy KOHCTPYKTHBHHX XapaKTEPHCTHK
HaMipHUX 301pHUX JPEHAKHUX TPYOOIPOBOIIB
3MIHHOTO /iameTpa (Takoro, IO 30UTbIIy-
€TbCS), SIKI MPALIOIOTH 32 HAABHOCTI TPaH3MT-
HOI BUTPATH.

JUist TOCATHEHHS METH BHKOPHCTAHO Me-
TOJM MaTeMaTHYHOTO aHaJl13y BUXIAHUX Aude-
PEHLIHHUX PIBHSHB, 1110 ONUCYIOTh PYX PiIAUHH
31 3MIHHOIO BUTPATOIO B3JIOBXK ILISAXY, 3BEJIEC-
HUX 70 6€3p03MipHOTO BUTTISAY.
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PE3YJIBTATHU TA TIOSACHEHHA

[IpakTHKa MPOEKTYBAaHHS Ta EKCILIyaTarlii
30ipHUX JPEHAXHHUX TPyOONpPOBOAIB MeJiopa-
THBHHMX CHCTEM 1 MiJI3EMHUX BOA03a00piB MO-
Kazayia, mo i 300py 1 BIABEACHHS PiIUHU
Hal4acTiIle BUKOPUCTOBYIOTHCS TPYOH MOCTIH-
HOTO JiaMeTpa. SIKIo cuctemMa CKIaaeThes 3
KUIBKOX pOOOYHX JIJISHOK, OKpPEeMi 3 HHUX MO-
KYTb MPAIIOBATH B PEKUMI MIPOITYCKY TPAH3U-
THO1 BUTPATH.

Ha namry gymKy, TOJIOBHUM KPUTEPIEM BHU-
00py 3aKOHY 3MiHHM (301JIBLIICHHS ) AlaMeTpa Ha-
HiPHOTO 30iPHOTO JPEHAKHOTO TPYOOIPOBOIY
BB)XKAEThCSI yMOBa 3a0e3IeYeHHs] TOCTIHHOT
CepeIHBOl MIBUAKOCTI PYyXy ITOTOKY B3JIOBXK
nuisaxy. O4eBUAHO, IO XapakTep 3MiHU JliaMe-
Tpa TpyOu Oyze 3aiexard BijJ BETUYUHU iHTE-
HCHBHOCTI IIPUETHAHHS PiIMHA HA PI3HUX IS~

HKax JPEHAKHOTO TpyOOIpoBOIY
dQ dQ
=—=V—).
(9 dx dx )

PosrisiHeMo BUIa 0K HEPIBHOMIPHOI 3MiHH
3pOCTaoyuoi MUTOMOI BUTPATHU B3JOBX 301p-
HOro TpybompoBoay. Cxemy poOOTH TaKoro
30ipHMKa HaBeECHO Ha puc. 1.

3a ymoBH 3a0e3MNedeHHs MOCTIHOI Benu-
YUHU CEPE/IHbOI MIBUAKOCTI B Mepepisi, JaHuH
PYX MOKHA OIIMCATH MAaTEMaTHYHOO MOJEILIIO,
sika Mae Bursig [13, 14]:

dh VdV  A,V°_

—+ = =0; 1)

dx g dx 2gD
d_QZMZVd_Q:kquT—h:kqb;,(z)
dx dx dx (e} (e}

ne Hprp — BiAcTaHb B oci TpyOompoBoay A0
piBHSI ITPYHTOBUX BOJ; h — 3MiHHUIA 32 JOBXKHU-
HOIO IT’€30METpUYHUN Hamip B  TpyOi;
Z =H — h — 3MiHHU# 3a TOBKHUHOIO MIepenas Ha-
MOpiB, IKUH BU3HAYAE IHTEHCUBHICTD BTIKaHHS
piIMHU B JpeHy 3 HaBKOJHUIIHBOTO TIPYHTY;
V — 3a1aHa BeMTMYMHA CEpPEeHBOI MIBHJIKOCTI B
nepepizi MOTOKY Ha BiACTaHI X BiJ MOYATKY
Tpyou; D, Q0 — 3MiHHI 32 JOBXHUHOIO JliaMeTp 1
TJI01IA TIepepizy Tpyou; @ — 6e3po3mipHuil di-
JAbTpaifHUi omip JpeHu (Horo BHU3HAYECHHS
CTaHOBHTH OKpeMy (inmpTpariiiny 3amauay [15]);
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Puc. 1. Cxema poOoTu HammipHOTO 30ipHOTO APEHAKHOTO TPYOOTIPOBO Y 3MIHHOTO JliaMeTpa 3a HasIBHOCTI Tpa-

H3WUTHOI BUTPaTH

Fig. 1. Operation scheme of a variable-diameter pressure collecting drainage pipeline with transit flow

Ky — xoediieHT QimbTpalii IPyHTY HABKOJIO
TpyOu; Ay — TiApaBIiyHMUIA Koe(illieHT TepTs
30ipHOTO JpeHaxHOro TpyOoIposoay [16]; g —
MIPUCKOPEHHS BUTBHOTO A [IHHS.

3a yMOBHU 3a0e3IeUYCHHS TIOCTIHHOI BEJIH-
YUHH CEePeIHBOI MIBUAKOCTI B Mepepisi, TaHui
PYX MO’KHA OITUCATH MAaTEMATUIHOO MOJIEILTIO,
ska Mae Bursn [13, 14]:

dh 2VdV AVE

—+— =0; 1)
dx g dx 2gD
dx dx dx @ @

ne Hprp — BiAcTaHp BiJl oci TpyOOmpoBOay A0
pIBHSI ITPYHTOBUX BOJ; h — 3MiHHUIA 32 JOBXKHU-
HOIO IT’€30METpUYHUN Hamip B  TpyOi;
Z =H —h — 3MiHHU# 3a TOBKHUHOIO IIepenas Ha-
NOpiB, IKUM BU3HAYAE IHTEHCUBHICTD BTIKAHHS
piiMHU B JIpeHy 3 HaBKOJHUIIHBOTO TPYHTY;
V — 3ajaHa BeTMYMHA CEPEIHBOI MIBUJIKOCTI B
nepepizi MOTOKY Ha BiACTaHI X BiA IMOYATKY
Tpyou; D, ) — 3MiHHI 32 JOBXKHUHOIO JliaMeTp 1
101 TIepepizy Tpyou; @ — 6e3po3mipHwmit di-
JIbTpALifHUN omip JIpeHu (MOoro BU3HAYCHHA
CTaHOBHTH OKpeMy (imbTpariiitay 3amauay [15]);
Ky — xoedimieHT QimbTpamii IpyHTY HABKOJIO
TpyOu; Ay — TiApaBIiYHUM Koe(]ilieHT TepTs
30ipHOTO JIpeHaxHOTo TpyOoIpoBoay [16]; g —
MIPUCKOPEHHS BUTBHOTO A {IHHS.

JlJis mojanblmioro aHalilzy BBEIEMO HOBI
3MIHHI:
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Jlerxo MMOKa3aTH, 110
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TMosmaunmo V = =Const , toxi BuUXi-
9z,

nHa cucteMa piBHSIHB (1), (2), SKIIO0 3HEXTY-
BaTU JIPYTrUM WiIEHOM Yy piBHSAHHI (1), HaOyne
BUTIIATY:

; (4)

()

|
Ae C|36.K :}\‘35D_

K

— KxoedimieHT omnopy 30ip-

HOTO JIPEHa’KHOT'O TPyOONPOBOY, SIKHI po3pa-
XOBAaHUM 32 BEJIMYMHOIO JllaMeTpa B MOro KiH-

1 QP |g

2%, 2Kyl \ z,
y3arajibHEeHUil mapamerp 30ipHOI IpeHH, SKUN
BpaxoBye€ ii KOHCTPYKTHUBHI Ta (iIbTpaliiiHi
XapaKTEPUCTHUKHU.

eBOMy Tmepepisi; Az

[MincranoBka D 3 (5) y zanexwuicts (4) i
PO3MOALNT 3MIHHUX Ja€ 3MOTY OTPHUMATH PiB-
HSTHHS:
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zdz =25 ANV 3dD. (6)

3rigno 3 [17] #oro po3B’s30k Oyje MaTu BU-
LIS

=2

=2, 4,V°D+C.

(7)

KoHcTanTy iHTerpyBaHHs 3HaX0AUMO 3 Ipa-

HUYHUX YMOB Ha IMO4YaTKy TpyOompoBoIy:
52

. 7 n—
7=2,; D=0, C=7-2, 4,V°D,.

[TincranoBka y (7) NpUBOAUTH 10 BUpa3y:
(8)

JInst KiHIIeBOTO Tmepepisy 3ainexkHicTh (8) 3a-
MUTIETHCS HACTYITHUM YHHOM:

7272 =45 4,V%D-D,).

1-77 =4¢,, 4,V°0-D,). (9

JIyis HECKIHYEHHO JIOBIOr0 TpyOOIpOBOLY, 32
ymoBu | >0, Z, —0, Bupas (9) Habyne Bu-

TSy
1-45,  A4V3(-D,), (10
3BIIKH
L =40, AN (11)
pr— —_ |3 < 6 .
1-D, o
3a BiZIOMOi BUTpaTH B MOYATKOBOMY Tepe-
D2
pizi Qmp = 7tT”V , 3amaHii V, a Takox

NPUAHATUX 3MIHHUX, 3 (11) oTprMaemMo:

1 mDf v’ @&J
D, 4 de,I\/ZgzK,/gzK Dy
Iz ObOT0 BUpaA3y, IIIAXOM HECKIIAJIHUX IIEPEC-

TBOPEHb, OTPUMAEMO 3HAYCHHSI JllaMeTpa TPy-
O0MpOBOIY B KIHIIEBOMY Iepepisi:

1=4A

de,gz,f
AndV 3

ne D, — niameTp B mouaTkoBOMY Tiepepisi 30ip-
HOTO JIPEHAXKHOTO TPyOOIpOBOIY.

3BiJicH TIepena HarmopiB B KiHIIEBOMY Tie-
pepisi 1iei Tpyou Oyae ckianaTH:

D, =D, + (12)

K
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(DK - Dn) ' (13)

, _ [pndV?
K 2k 49

VY 3anexHocTi (7) B KiHIIEBOMY Iepepisi rpa-

HUuHi ymoBH OyayTh: Z, =1; D, =1. Toni
KOHCTaHTa IHTEerpyBaHHS CKJIaJe:
C= %— 2§|3ak A36\73 . [lincraBumo y (7), Toxi:
22 — 3= 1 —3
? = 2C|35.K A36V D + E - 2CI36.K A36V . (14)
3BiAKH
;- 1-1=D |P-D, (15)
1-D,\ 1-D,
3 iH1oro 00ky, 3 (5) oTpuMaEeMo:
D
Z=2VD d— (16)
dx

[pupiBusemm (15) 1 (16), micns Heckmaz-
HHX IIEPETBOPEHB Oy1eMO MaTH:
D dD =— ! —dX..
JD-D, 2V ,1-D,
[arerpyroun (17), Ha mouaTtky TpyOompoO-
Boxy Maemo: X, =0, [_)zﬁn, C = 0. Toni,

(17)

IIAXOM IIEBHUX NEPETBOPCHBL, OTPUMAEMO!

¢>+3D,0-3¢  AV?x=0, (18)
ne ¢=+4/D-D, ,a6o
3 o= 3 -
¢°+3D,,0—— —x=0. (19)
N \[1-D,

3anexnocTi (18) ado (19) mist Bu3HaUeHHS
XapakTepy 3MiHU BEJTMUYMHH BITHOCHOT'O Jliame-
Tpa 3a JOBXKHHOIO 30ipHOTO TPyOOTpOBOIY 3a
HaAsIBHOCTI TPAH3UTHOI BUTPATHU CIiJ pPO3B’SA3Y-
BaTU MiA00POM.

SIk mpuKiaj, Ha pUC. 2 HaBEJICHO XapakTep

3MiHU BigHOCHOTO miametpa ( D ) 3a BimHoc-
HOIO JTOBKHHOIO 30ipHOTO TpyOompoBoay (X )
IpU BIAHOCHIN cepenHiil MBHUIKOCTI pyXy pi-

V.98 _o2s).
Joz, /98108

TUHA (\7 =
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Puc. 2. 3mina BiHOCHOTO JIiaMeTpa 3a BiTHOCHOIO

JIOBXKWHOIO 301pHOTO TPYOOIIPOBOAY TPH:
1-D,=0%2-D, =02
3-D,=034-D,=04

Fig. 2. Variation of relative diameter with relative

length of the collecting pipeline at:

1-D,=0L2-D,=02
3-D,=034-D,=04

BUCHOBKHU TA PEKOMEHJJAIIII

VY Xo#i AoCTiIKEHHST HA OCHOBI aHANI3y JU-
(depeHLIHUX PIBHSAHB, K1 OMHCYIOTh PyX pi-
JVHU Y HallipHUX 301pHUX JIpEHAXHUX TPyOoI-
POBO/IaX 3MIHHOTO (3pOCTAr040ro) 3a JOBXKH-
HOIO TIepepi3y 3a HasBHOCTI TPAH3UTHOI BU-
TpaTH, pO3pOOIIEHO JOCHUTH MPOCTY Ta 3pYUHY Y
BUKOPUCTaHHI METOJIMKY PO3PaxyHKY iX OCHO-
BHUX TIPAaBIIYHUX XapaKTEPUCTHUK 1 KOHCTPY-
KTUBHUX mnapameTpiB. [Ipencrasieni Binmosi-
JH1 PO3PaXyHKOBI 3aJIKHOCTI 1 JOMOMIXHI
rpadiku.
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Operating features of a variable-diameter pressure collecting drainage pipeline with transit flow
Oleksandr Kravchuk, Andriy Kravchuk

Abstract. The presented work considers the fluid flow characteristics in a pressure collecting drainage pipeline
with a variable (increasing) diameter along its length, operating under transit flow conditions. It is assumed
that the pipeline is laid horizontally within a horizontal groundwater level. It is also accepted that fluid from
the surrounding soil enters the collector through its lateral surface along its entire length; thus, the inflow to
the main stream occurs continuously in a filtration regime. To describe this motion, a system of differential
equations is used, consisting of the variable-mass hydraulics equation and a modified filtration equation. Gen-
erally, the nature of the diameter variation along the collecting drain depends on the law of inflow distribution
along the path. In this case, to describe the variation of the cross-sectional area (diameter), a constant average
velocity along the drainage pipeline is maintained. During the analysis of the initial differential equation for
variable-flow motion, it is argued that head losses associated with the lateral inflow effect in the filtration
regime, given the relatively large pipeline length, can be neglected without significant error. The concept of a
guasi-infinite pressurized collector drainage pipeline is introduced, which can also be viewed as a pipeline of
specific limited length but with infinite permeability of the lateral walls. A feature of such pipes is that at their
initial sections, the head differential driving the inflow from the surrounding space, and consequently the in-
flow rate itself, can be assumed to be near zero (zin — 0, dQ/dx — 0). Based on the conducted analysis, simple
and convenient analytical dependencies have been derived for the calculation of the considered pipelines.

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