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Pedepat. {1 XO03s5ICTBEHHO-IUTHEBOIO BOJOCHAO0XEHHUSI TOPOJOB U KPYIHBIX IPOMBIILICH-
HBIX TNPEANPUSATHH IIHPOKO HCIONB3YIOTCS TPYHIIOBEIE CKBaKHMHHBIE BOM03a00pHI, B KOTOPBIX
JUISL TPAHCTIOPTUPOBKH BOABI OT CKBAXHH K COOPHBIM y3J1aM IIPOEKTHPYIOT COOPHBIE BOJOBOJBI.
BbI60p OnTUMaNbHOM CXEMBI pa3MeIlleHUs] COOPHBIX BOJOBOJOB OIpPENEIseTCs MOCIe TEXHHUKO-
SKOHOMHMYECKHX W THIPABINYECKUX PacdeTOB BCEro0 BOJ03a00pa C ydeTOM XapaKTepHCTHK CKBa-
JKHMH ¥ YCTAHOBJIEHHBIX B HUX TTyOHMHHBIX HACOCOB, TAPaMETPOB BCEX HATIOPHBIX TPYyOOIIPOBOJIOB.
I'mapaBnnyeckue pacyeTsl 6a3UpPYIOTCS Ha pa3pabOTaHHOW MaTeMaTH4ecKoil Mojean Bojo3adopa,
KOTOpast AOJDKHA 00eCIeunBaTh MOTydeHNE JOCTOBEPHBIX JAHHBIX O MOJadaX HACOCOB, IOHIDKE-
HUSX YPOBHEH BOJBI B CKBaXKMHAX, PACXOJAX U HAMOPAX B CUCTEME COOPHBIX BOJOBOIOB TPH JIO-
OOM KOJIMYECTBE U COUETAaHHU PabOTAIOUIMX CKBAKUH. DTO IO3BOJISIET OCYIIECTBUTH NPaBHIIbHBIH
oAOOp HACOCOB M CHU3UTH YHEPro3aTpaThl HA MOABEM M TPAHCIOPTUPOBKY BOJBI. CTaThsl MOCBS-
meHa pa3paboTKe METOJUKM THIPABIMUECKOTO pacdyeTa IPYMIOBBIX CKBAXXMHHBIX B0OJI03a00pOB
C MapHEIMH COOPHBIMU BOJOBOAAMH, KOTOPBIE IPHMEHSIOTCS Ha BOJ103ab0opax OO0JIbIION ITPON3BO-
JUTEITBHOCTH B CHCTEMaX BOJOCHAOXKEHUS C BBICOKOH CTENEHBI0 0OECIIEUeHHOCTH MOJAYH BOJBL
CJI0’)KHOCTB pacyeTa TaKMX BOA03a00pOB 3aKIIOYAETCs B TOM, YTO 3/1eCh KaXKask CKBa)KMHA OJIHO-
BPEMEHHO IIOJIacT BOY B JIBE€ HUTKH COOPHBIX BOJOBOIOB, YTO OTJIIMYAET 3Ty CXEMY ITOJadH BOJIBI
B COOpHBII y3el OT APYruX THUIOBBIX CXeM. B cTaThe mpencTaBieHBI pacueTHbIE CXEMbl U ajro-
PHUTM THIPABIMYECKOIO pacyera IpyNIOBOr0 BOa03a00pa, KOTOPHIH PAacCMOTPEH Kak CHCTeMa
¢ He(UKCHPOBAaHHBIMH MOJaYaMH BOZBL. AJITOPUTM pacueTa Oazupyercs Ha ydeTe OajlaHca HAIo-
POB B BOJIOBOJIAX C BKJIFOUEHHBIMU B HUX HACOCaMH M OajlaHCa pacxoJ0B B y3/1aX MO BCEM ydacT-
KaM cOOpHBIX BOJOBOZOB. Pa3paborana nporpamma Ha DBM, u mpesicTaBieHbl pe3yIbTaThl YUC-
JICHHOTO pacdeTa BOA03a00opa MOA3EMHBIX BOJ, 000pYJOBAaHHOTO MAPHBIMUA COOPHBIMH BOZOBOJA-
MH U COCTOSIIIETO U3 15 CKBaXUH.
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Hydraulic Calculation Methodology for Group Well
Water Intakes with Paired Prefabricated Water Pipelines

V. V. Veremenyuk"”, V. V. Ivashechkin", V. I. Krytskaya"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. For domestic and drinking water supply for cities and large industrial enterprises, group
well water intakes are widely used, in which prefabricated water pipelines are designed to
transport water from wells to collection points. The choice of the optimal layout of prefabricated
water pipelines is determined after technical, economic and hydraulic calculations of the entire
water intake, taking into account the characteristics of wells and deep-well pumps installed in
them, and the parameters of all pressure pipelines. Hydraulic calculations are based on a developed
mathematical model of water intake, which should provide reliable data on pump flows, drops in
water levels in wells, flow rates and pressures in the collecting water pipeline system for any num-
ber and combination of operating wells. This allows for the correct selection of pumps and reduces
energy costs for lifting and transporting water. The article is devoted to the development of a
methodology for hydraulic calculation of group well water intakes with paired collection water
pipelines, which are used at high-capacity water intakes in water supply systems with a high de-
gree of water supply security. The difficulty in calculating such water intakes lies in the fact that
here each well simultaneously supplies water to two strings of collecting water pipelines, which
distinguishes this scheme for supplying water to a collecting unit from other standard schemes.
The article presents calculation schemes and an algorithm for hydraulic calculation of group water
intake, which is considered as a system with non-fixed water supplies. The calculation algorithm is
based on taking into account the balance of pressures in water pipelines with pumps included in them
and the balance of flow rates in nodes for all sections of prefabricated water pipelines. A computer
program has been developed and the results of a numerical calculation of groundwater intake,
equipped with paired prefabricated water pipelines and consisting of 15 wells, are presented.

Keywords: groundwater intake, water supply, paired prefabricated water pipelines, calculation
algorithm, specific flow rate of wells, pressure balance
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BBenenue

['pynmoBsie ckBaKMHHBIC BOI03a00PHI UMEIOT B CBOEM COCTaBE COOpPHBIC BO-
JOBOJbI, KOTOPBIC CIIYXKAaT AJIA TPAHCIIOPTUPOBKH BOJAbLI OT CKBAXXHMH K COOPYIKEC-
HUSIM OYHCTKH ¥ MOATOTOBKU BOJBI (COOpHBIM y3nmam). TuroBbie cxembl cOop-
HBIX BOJIOBOJIOB B TUTAHE MOTYT OBITh JIMHCHHBIMU (TYITHKOBBIMH), KOJIBIIEBHIMH
1 napHbIMH [1-2]. Be16op To# miM MHOM cXeMbl COOPHBIX BOJOBOJIOB IIPH TIPO-
EKTHPOBAHUH BOJ103200pa OHKEH MPOU3BOAMTLCS HA OCHOBE PE3yJIbTATOB TH/I-
PaBIMYECKUX U TEXHUKO-DKOHOMHYCCKHUX PACUETOB U 3aBUCHUT OT PACIOJIONKE-
HUS CKBOXUH M COOpHBIX y370B (CY), TCOTOTHIECKUX U THAPOTCOJOTHICCKUX
YCIIOBHI MecTa pa3MelleHHs Bo103a00pa, KATErOpHH HAICKHOCTH TOAaYH BOJIBI
MOTPEOUTEINIO U psifa Apyrux (akTopoB. Ha cTtamuu pa3paboTKu MPOEKTa JTOMIK-
Ha TMPOM3BOJUTHCS MPOBEPKAa PabOTOCIOCOOHOCTH CHCTEMBI HA OCHOBE KOM-
TUIEKCHBIX PACYeTOB BOJ[03a00pa MOJ3EMHBIX BOJ, KOTOPBIA MPEICTABISIET CO-
0ol eIUHYIO0 THUAPABIMYECKYIO CUCTEMY, COCTOSIIYIO M3 B3aUMOJICHCTBYIOIIUX
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MeXIy co00l CKBa)XHMH C MOTPY>KHBIMH HacocaMH, pabOTaloMKUMH apalieIbHO
Ha cOOpHBIE BOAOBOIBI. B pe3ynpTare KOMIUIEKCHBIX PacueToOB BOA03a00pOB
MOJTy4ar0T 3HAYEHUs 0OAa4YH MTOTPY>KHBIX HACOCOB Y ITOHMKEHUI YPOBHEH BOJBI
B CKBR)XHMHAX, PACXOJIOB U MOTEPh HAropa B COOPHBIX BOAOBOAAX TPHU pa3iiHy-
HOM KOJIMYeCTBe pabOTaIOMKX CKBAXUH. KOMIIJIEKCHBIE pacueTsl JOKHBI IIPO-
W3BOJAUTHCS Ha Pa3jInYHbIE PEKUMBI U MEPUOIBI IKCIUTyaTallMd BOA03a00poB
C YYETOM B3aMMOBIIMSHHS CKBAXWH, KOJIbMaTa)xka UX (HIBTPOB U CPabOTKH 3a-
[IaCOB MOJ3EMHBIX BOJ. OIHAKO 4acTO MPOUCXOAUT TakK, YTO BBEACHHBIC B ACH-
CTBHE COOPY)XEHHS B IpOLECCE KCIUTyaTallud padoTaioT B PEeKUME, HE COOT-
BETCTBYIOIIEM pacueTHOMY [3]. DTO MPOMCXOIUT B CBSI3U C TEM, 4TO (PaKTH-
YEeCKHE TUAPABINYECKUE XaPAKTEPUCTUKU CKBAKHH YaCTO OTJIMYAIOTCS OT IIPO-
eKTHBIX, @ IPOTHO3HAs CpaboOTKa 3amacoB IMOA3EMHBIX BOJI W WHTEHCHUBHOCTb
pocTa THAPABIUYECKUX CONPOTHBIICHUN (PUIBTPOB CKBaXKHH, JIMHUH TTOAKITIOYC-
HUSI K COOpHBIM BOIOBOJAM M B CaMUX COOPHBIX BOJOBOJIaX HE COOTBETCTBYIOT
pacyeTHBIM 3HAYCHMSM, ITOJYUCHHBIM Ha CTAAHMU NMpoeKTUpoBaHus. Kpome 3T0-
ro, HaOIIOaeTCss U3HOC MOTPY)KHBIX HACOCOB B MpOIECCE AKCIUTyaTalluH, YTO
IIPUBOIUT K CHMXKEHUIO UX HAIIOPHO-PACXOAHBIX XapakTepucTuk [4]. Ilostomy
BBIMOJIHEHHE KOMIUIEKCHBIX pacueTOB HEOOXOAMMO HE TOJIBKO Ha CTaJUH MPOEK-
TUPOBaHUS BOJ03a00pOB, HO W IO pe3ysbraTaMm O00CJCIOBaHMs BOI03a00POB
B IIpoIiecce IKCIUTyaTalliy, B TOM YHCIIE U [0CJIE TaMIIOHa)Ka CTapbIX U mepedy-
pHUBaHUS BBILEANINX U3 CTPOSI CKBAKKH. PacueTsl JOMKHBI cofepKaTh MPOTHO3
MO0 CHIKCHUIO MPOU3BOIUTEILHOCTH BOJ03a00pa BO BPEMEHH U PEKOMEHIAIIUH
10 TIOBBIMIEHUIO0 dPPEKTUBHOCTH €ro paboTH [5—6]. DTO HEOOXOAMMO IS BO-
7103200pOB ¢ JTIOOBIMU MJIAHOBBIMH CXeMaMH COOPHBIX BOJIOBOOB.

UYacro mocne pacmmpeHus Bogo3abopa myTeM OypeHHst HOBBIX CKBaXKHH I10-
SBJSIFOTCS. HOBBIE YYAaCTKH COOPHBIX BOZOBOJOB U IEPEMBIYKH MEXIY CTapbIMU
U HOBBIMH ydacTKaMu. B 3Tom cirydae cxema cOOpPHBIX BOJOBOJOB B IJIaHE U3-
MEHSIETCS U MOXKET TpaHcopMHUpOBaThCS W3 Oojiee MpOCTOro Buaa B Oonee
CJIOKHBIN, HAPUMEDP U3 JIMHEHHOM B KOJIBIIEBYIO WJIM B CXEMY C MapHbIMU BO-
noBogamu. Yacto cxema cOOpHBIX BOJOBOJIOB MOCJE PEKOHCTPYKIHH KPYITHOTO
CKBOXMHHOTO BOZ[03a00pa CTaHOBUTCS OYEHb CJIOXHON, KOMOWHHUPOBAaHHOU
U TIPEICTaBIsIeT cO00 COBOKYNHOCTh THUIOBBIX U Oojiee cloHbIX cxeM. llo-
TOMY AJsl CO3JaHHMA MaTeMaTH4YeCKUX MOJeNiel KPYMHBIX BOJ03a00pOB €O
CIIO)KHBIMH HETHITOBBIMH CXEMaMH COOPHBIX BOZOBOJOB HEOOXOIAMMO BIaJeTh
QITOPUTMAaMHU pacdeTa BOA03a00POB C TUIOBBIMU CXE€MaMU. DTO OCOOCHHO aK-
TyaJbHO B CBSI3M C TE€M, YTO B HACTOSILEE BpeMs MJET Mpolecc MepeBoia BOAO-
cHaOkeHHUs] T. MHHCKa Ha TMOJ3eMHBbIE BOJBl W PACHIMPEHHUE JCHCTBYIOIINX
IPYNIIOBBIX CKBAXUHHBIX BO03a00poB «OcTpoBbl», «Buukosmuna» u «Penu-
LUaHOBO» MyTeM Oypenus okoso 100 HOBBIX CKBaXKUH [7].

MeTtonrka KOMIUIEKCHBIX PacyeTOB TPYIIIOBBIX BOJ03a00pPOB C THIIOBOH
JMHEHHON cXxeMoll coeinHeHHsi cOOPHBIX BOJOBOIOB OCBELICHA B JIUTEpaTy-
pe [1, 5, 6, 8]. B BHTY paspabotansl anroputMsl 1 nporpamMmmsl Ha 9BM Bogo-
3a00pOB C Pa3BETBICHHON M KOJBIIEBOM CXeMaMH COEIWHEHHUS COOPHBIX BOJO-
BOJIOB, MTOJyYEH OIBIT CO3AaHUSI IMUTALIMOHHBIX MOAETIEH KPYIHBIX TPYMIIOBBIX
CKBa)XHHHBIX BOJI03a00POB MO pe3ynbpTatam obcienoBanus [9—10].
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Bopmo3abopsl ¢ THIIOBOH cXeMOil MapHBIX COOPHBIX BOAOBOJOB SIBIISIOTCS
CJIOKHBIMH B 4aCTH CO3JaHHA MaTeMaTH4YEeCKHX MOJEIEH MO CPaBHEHUIO C Apy-
TYMMH TUIIOBBIMH CXE€MaMHU, TaK KakK 3/IECh OJJHA U Ta e CKBaXKMHA MOJICOETNHE-
Ha JByMs OTIACIBHBIMH JIMHHUSMHU K JBYM HHUTKaM COOPHBIX BOJOBOJOB, B TO
BpeMs KaK B JIMHEHHBIX M KOJBLEBBIX COOPHBIX BOJOBOJAAX KaKOas CKBa)KUHA
MOJKITIOYEHA TONBKO K OJHOMY COOPHOMY BOJIOBOAY. DTO MPUBOIUT K TOMY, UTO
pacxon BOJBI, MOJaBaeMOW MOTPYKHBIM HAacOCOM CKBaXKMHBI, paclpeneisieTcs
[0 IByM HapHBIM COOPHBIM BOJOBOJAM B HEM3BECTHBIX IPONOPLHSX, U 3TO CO-
30a€T JOMOJIHUTEIbHBIE TPYIHOCTH NpPU pa3padOTKEe MMUTALMOHHOW MOZIEIH
Bozo3abopa. B mureparype OTCYTCTBYIOT METOIMKH pacyera TPYINOBBIX CKBa-
KMHHBIX BOJI03200pOB C MapHBIMU COOPHBIMH BOJOBOJAMH, YTO 3aTPYAHSET CO-
3laHME UX MaTeMaTHYECKUX MoJeNiell U Mozenell Bono3abopoB ¢ Gonee Clox-
HOU KoH(UTyparuei cOOPHBIX BOJOBOJIOB.

Ienpro Hacrosmed paboOThl SABIAETCS pa3pabOTKa aJropuTMa U METOIUKU
THIPABIMYECKOTO pacyeTa IPYMNIOBBIX CKBRKUHHBIX BOJ03a00POB € MAPHBIMU
COOPHBIMH BOJIOBOIAMHU.

OcHOBHAfl YaCcTh

[Tapubpie cOOpHBIE BOJOBOABI C KOHIIEBBIM M IEHTPAIHHBIM PACIIOIOKEHHEM
cOopHOTrO y31a (puc. 1) MpoeKTUPYIOT MpH OONBIION MPOU3BOIUTENILHOCTH BO-
J103a00POB ¥ OTHOCUTEIILHO KOPOTKUX COOPHBIX BogoBoAax [1, 2].

a b

I 1
2 3 3 2

Puc. 1. TunoBble CXeMbl CKBR)KUHHBIX BOZ03200pOB C MApHBIMU COOPHBIMHU BOJOBOAMHU:
a — C KOHIIEBBIM PACIIOJIOKEHUEM COOPHOTO y371a;
b — ¢ HeHTpaIbHBIM PACIIOIOKEHUEM COOPHOTO Y3714,
1 — Bomo3abopHast CKBaXuHa; 2 — COOpHBIC BOJOBOBI; 3 — COOPHBIN y3eI

Fig. 1. Typical diagrams of well water intakes with paired collection water pipelines:
a — with end location of prefabricated unit;
b — with central location of prefabricated unit;
1 — water well; 2 — prefabricated water pipelines; 3 — prefabricated unit

Hanuuune nByX HUTOK COOPHBIX BOJIOBOAOB, HAYIIMX K COOPHOMY Y31y, C KO-
TOPHIMH OJHOBPEMEHHO IBYMS JIMHHMSAMH TIOJKITIOYCHUS COCIMHEHA KaXKaas
CKBa)KMHA, MOBBIIIACT HAJAECKHOCTh CHCTEMBI BOJOCHA0KEHHS, TaK KaK IPH BBI-
XO/Ie U3 CTPOsl OAHOW HUTKH paboTaeT BTOpasl.

Cpa3zy ke OTMETHM, YTO IPH LIEHTPATHHOM DPACIIOJIOKEHUH COOPHOTO y3ia
(puc. 1b) mpaBoe u JeBOe KPbUIbs BOMI03200pa paboTarOT HE3aBUCHMO JAPYT OT
Ipyra ¥ METOAMKa WX pacyera OyIeT Takoi e, Kak U 'y Bojmo3abopa ¢ KOHIIe-
BBIM PaCITOJIOKEHHEM COOpHOTO y3ia (puc. la), mo3ToMy OTrpaHHYIMMCS pac-
CMOTPEHHEM TOJIBKO 3TOH CXEMBI.
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PacueTtHas cxema BO703a00pa ¢ MapHBIMH COOPHBIMH BOJOBOJAAMH M KOHIIE-
BBIM PACHOJI0OXEHUEM COOPHOTO y3Jia Mpe/CTaBIeHa Ha puC. 2.

i @) &) &) 62 &
€)
. @) B3) a &

Puc. 2. Cxema TpyHIIOBOTO CKBXHHHOTO BOA03a00pa MOI3EMHBIX BOJ C ITAPHBIMU COOPHBIMU
BOJIOBOJJAMH U KOHIIEBEIM PacIOIOKEHHEM COOPHOTO y371a, CoAepKamero 7 + 1 CKBaKHHY:

CKB — BOJ103a00pHbIE CKBaXKUHBI; Og, Oy, Oy, ..., O, — BOJOIPOBOIHBIE KOJOIIBI HA OCHOBHOM
JIMHUKA COOPHOT0 BOIOBOA; [, [y, ..., 1, — TO )K€ Ha JOIOJHUTEIBHON JMHUU COOPHOTO
BOJIOBOIA; Cy, C, .., C, — TO XK€, K KOTOPHIM ITOJKIIIOUEHbI CKBAYKHHBI

(mepBast CKBa)XKMHAa MOAKIIOYEHA K KOJIOIIY Op)

Fig. 2. Scheme of group well groundwater intake with paired collection water pipeline and the
end location of a collection unit containing n + 1 wells: ckB — water intake wells;
00, o1, 02, ..., 0, — water wells on the main collection water lines;
d;, dy, ..., d, — the same on the additional line of the collection
water pipeline; ¢y, co, ..., ¢, — the same, to which the wells are connected
(the first well is connected to the well o)

s MozenupoBaHHs MCIOJIb3yeM HMCXOJHbBIC JAaHHBIC JIBYX THIIOB: THIPO-
TeOJOTMYECKUe M KOHCTPYKTUBHBIC (TIapaMeTphl COOPHBIX BOJOBOJIOB BOJ03a-
0opa, cCoenMHUTENBHBIX TPYO, CKBKMH M HacocoB). Ha maHHBIe mepBoro tuia
MIPOEKTUPOBIINK ITOBJIUATH, KaK MPABHIIO, HE MOXET, a HCIIOJNb3Ys alTOPHTMEI
MOJICIIMPOBAHUS W BaphUPYs B pa3yMHBIX IpejaeliaX JaHHBIE BTOPOTO THIIA, OH
CIOCOOEH pemaTh pa3IndHbIC ONTUMH3AIMOHHEIC 3a1a4H.

IIpemmaraemass B gaHHOW paboTe METOAMKA pacdeTa MapHBIX BOJOBOIOB
C KOHIIEBBIM pactionoxeHueM CVY 0Oasupyercs Ha pa3paboTaHHOM paHee airo-
pUTME pacuera Boa03a00pOB CIIOKHOW KOH(PUTYpaIiK C TUIOMIAIHBIM pa3Melle-
HHEM CKBakuH [9].

Crnemyst 5TOMy ajrOpUTMY, MBI JJOJDKHBI MCIIOJB30BaTh KaK MOJOKUTEILHBIC
3HAYEHHs PACXOJ0B O yJacTKaM BOJIOBOJIOB, TaK W oTpHIarenbHble. [loaTomy
OTOBOPHM CJIeTyIOIINE COTJIANICHHUS:

1) monoxuTenpbHBIC 3HAYCHHS PAacXOlIOB Ha y9acTKaxX O — O+, k = 0, 1,
2, ..., n, (a TaKXke Ha y4acTKax My — M+, kK =1, 2, ..., n ) COOTBETCTBYIOT JIBHKE-

HUIO BOJIBI OT KOJIOJIIA Oy B CTOPOHY KOJIOMIA O4+; (COOTBETCTBEHHO OT KOJIOALA
Iy B CTOPOHY KOJIOAUA J+1). Il OTpHUIIATEIbHBIX 3HAYEHUH PacXoj0B Ha 3TUX
y4acTKax JBUKCHHUE POUCXOIUT B MPOTUBOIOIOKHBIX HAMIPABICHUSIX;

2) TMONIOKUTEIbHBIC 3HAYEHHUS PACXOJ0B HA y4yacTKax Oy — C; (& Takke Ha
yuacTkax ¢; — 1), k=1, 2, ..., n, COOTBETCTBYIOT JABMIKCHHIO BOIBI OT KOJOIA
0; B CTOPOHY KOJIOALA C; (COOTBETCTBEHHO OT KOJIOALA C; B CTOPOHY KOJO-

na 1y). 1 oTpUIaTeNbHBIX 3HAYEHUH PacXOIOB HAa ATHUX YJACTKaxX IBUIKCHUE
MIPOMCXOINUT B MMPOTUBOIIOIOKHBIX HAIIPABJICHUSIX.
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Cnenys [9], mnst cxembl Bofo3abopa, MpecTaBIeHHON Ha PHC. 2, MBI IMEEM 71
MPOCTHIX KOJIeTl.

[lepsoie (cumTas cneBa HarmpaBo) n — 1 kouer; comepxkat o 6 BK (wampu-
Mep, - KOJNBIO CONEPXHUT KOIOALBI Oj, Ci, M, Mo, Ca, 02). DTH KOJbLA Jajiee
OymeM Ha3bIBaTh HadadbHBIMH. [locmemnee n-e komwio comepxut 3 BK (o,
Cu ;) 1 CY. Ero OynmeM Ha3piBaTh KOHEYHBIM KonbIloM. CormacHo [9], Ham
HAaJ0 BBECTH B PACCMOTPEHHE /7 HEM3BECTHBIX PACXOJOB: X, X,, ..., X,, KOTO-
pBIe MOTYT NMPUHUMATH KaK TOJOXHUTEIbHBIE, TAK W OTPUIATENbHBIE 3HAYCHHS.
¥V nac 510 OymyT X; — pacxobl HAa y4acTKax o; — C; (puc. 3).

COopHbIii
y3en

Puc. 3. Cxembl U1 pacdeTa KOJIell MapHOro cOOPHOTO BO03a00pa:
a — HaYaJbHOE KOJIBIIO C HOMEPOM i; b — KOHEYHOE KOJIBLIO

Fig. 3. Schemes for calculating rings of paired collection water intake:
a — initial ring with number 7; b — final ring

OTH HEW3BECTHBIC HAWIEM, MCXOMAS U3 TOTO, YTO CyMMAapHBIC MOTEPH MPH
JIBIDKEHUH 0 KOJIBIY JTOJDKHBI PaBHATHCS HYJI0. B pesynbrare Mbl 100beMCs
COOJIFOICHHUS TIPHHITUITA PABCHCTBA MMOTEPh HAMOPA MPHU JABUKEHUH BOJBI OT JIO-
6oro yzaa BomoBoma 10 CV 1o pasnuvHbIM IMyTsAM ABMKeHHS. HamomumM, 1mo-
tepull ,(Q) npu nBmwxeHnu pacxoma Q Mo ydactky AB BOIOBOJA HAXOMUM
10 TIPABHUITY:

GABQZ, ipu O > 0;

IT = 1
T I, ()

rae G p — ko3duuuent rugpasiudeckoro conporusnenus (ganee KI'C) yuacrt-
ka AB. KI'C paccumTBIBaIOT C HCIIONB30BaHUEM Tabmuil [11] mo 3HAYeHHSIM
JIMaMeTpoB TpyO Ha ydacTke, HX MaTepuaja U JUTHHBL, a TAaK)Ke CKOPOCTH IpOTe-
KaHUsI BOJIBI IO JAHHOMY YYacTKY.

Tenepb onuieM MpPOLIECC COCTABICHUSI CUCTEMBI YPaBHEHUH I HaXOXKae-
HHUA PacXogoB X, X,, .., X, ITPU YCIOBHH, YTO 3aJaHbl PacXoJbl CKBa-

n
xuH Oy, O, ..., O, (mpu k>0 Q,— pacxo] CKBaXUHBI, MOAKIIOYCHHON
K BK ¢;, Oy — pacxon ckBaxkunsl, nogakitoueHHoN k BK o).
Paccmotpum HauanbHOE KONBIO ¢ HOMepoM i, 1<i<n—1 (puc. 3a). 3aech

QOCH,' — BXOJHOHM pacxoJ Mo OCHOBHOU JIMHHUU, KOTOPbIU OIMPEACIACTCA PCKYp-
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peutHO: O, =0y 1 Oy = 0Oy, — Xy 1pH i >1. [Jlanee, pacxozst y; onpese-
JISIFOTCSI pAaBEHCTBOM

Vi = Qi +X;. (2)

BxonHoit pacxon Q;:on,- I10 JIOTIOJTHUTEIHHON JIMHUN TaKXKe OIpeNeisieM pe-

KYpPPEHTHO: QJIOHl =0 u OQron, = OQon,, T Vi 1pH i >1. YpaBHeHue bamanca

TIOTEPH T10 i-MY KOJBITy ¢ yaeTroM (1) u (2) umeer BUL

H 0;C; (xi) + H Gl (‘y’) + H ARz (Qﬂ""i + y’) + H Riri€inl

+ Hc (xi+1) + HOiOHI (rou,- - xi) = O

10041

(yi+1)+
3)

PaccMmoTpum KoHEIHOE KOJBITO ¢ HOMepoM 7 (puc. 3b). 3mech ron,, — BXOJI-
HOM pacxojl IO OCHOBHOH JIMHUWY; Quon,, — TO € IO JIOTIOJIHUTEIILHOW JINHUU

(KOTOpLIe OMpEACIAIOTCA, KaK 3TO OIMKMCAaHO paHee). PaCXO,I[ Y, HaXOIHUTCsi IO

dopmyiie (2). YpaBHeHHe OajlaHCca MOTEPh 110 KOHEYHOMY KOJIbILY ¢ ydyeTom (1)
u (2) umeeT BU:

1 0,¢, (xn ) +11 c, A, (yn ) +11 1,CY (Quonn + yn) +11 0,CY (roHn - xn) = O (4)

Wrtak, npu Hanuuuu 3HAUYEHUH PacXoloB CKBAXUH O, O, ..., MBI MO-

n

JKEM COCTaBUTh CHCTeMY 7 ypaBHeHUH (3)—(4), A HaXOXIeHUS HEH3BECTHBIX
pacxomoB Xx,, X,, ..., X, H, CIEIOBaTeJIbHO, TAaKOE paCIpeleieHHE PacXoI0B

BOJIBI 110 Y4acTKaM BOJOBOJAA, IPH KOTOPOM OyJET BBINOJHEHO, BO-NEPBEIX,
TpeboBanue 3akoHa Kupxroda [9], a Bo-BTOpEIX, TpeOOBaHHE paBEHCTBA MOTEPh
Haropa IpH JBHKEHHH BOJIBI OT JIFOOOT0 y371a BogoBoja 10 CVY 1o pasjinyHbIM
HyTAM JBUKEHHUS. DTy CHCTeMy OyJeM Ha3bIBaTh CUCTEMOM PEalbHOIO pacnpe-
nenenus Boasl (PPB).

Cucrema PPB conepuT HeMsBeCTHBIE X, X,, ..., X, (1) Kak ABHO, Tak M

HesiBHO depe3 KI'C yuacTKOB, KOTOpBIE 3aBUCST OT CKOPOCTH IPOTEKAHHUS BOJBI
1o y4acTky [8]. B cBsA3M ¢ 3TUM MHOTUE U3BECTHBIE METOJBl PELICHUS CUCTEM
ypaBHEHUH 31echk He roaarcs. [loatomy mis pemenus cucreMsl PPB Mbl npen-
JlaraeM HCIIONIb30BaTh METOJ HTepanuil. IIpenBapuTensHO OrOBOPUM, YTO MEpPY
OTJIMYMS JIByX BEKTOPOB @ = (a,, d,, ..., a,) u b =(b,b,, ..., b)) Gynem ompe-

JeTsTh 1o hopmyne

\5—5\= (5)

Hnsa pemenusi cucrembl PPB meromom wurepanmii TpeOyeTcs BBITOIHHUTH
CIEAYIOLIME NEUCTBUS:
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1) 3aaem TounocTk € > 0 1 HavanbHBIH BekTop pacxonoB XV = (x(”, x{”, ...,

x©') (mpu pacueTe KOHKPETHOI cHcTeMbl Gpaim Hyesoit Bektop X =(0, 0, ..., 0));

2) npu ycnosuy, uto Hauw Bekrop x =(x*, x¥, .., x), k>0, no-
(k+1)

CJIEIOBATENbHO YBENINYMBAs HOMED i, HAXOAUM pacxonael x;" ', i=1, ..,n, 14

4ero METOAOM IMOJIOBUHHOT'O ACJICHUA peIIacM C TOUYHOCTBIO O, le YpaBHEHUC (3)
(k)

OTHOCHTCJIBHO X; (HpI/I 5TOM 3HA4YC€HHUC X;,| CYMTACM pPaBHbIM X, |, i<l’l),

He 3a0bIBasi IEPEeCYUTHIBATh, KOTAA 3TO HeoOxoaumo, ydactByromue B (1) KI'C;

k+1 o
3HAYCHUE xl( ) CUMTACTCs paBHBIM HAWACHHOMY 3HAYCHUIO X,;

FHHD

3) ecnm ‘ )_C(k)‘>8 (5), To BO3BpamaemMcs B BEHITIOJIHEHUIO MYHKTa 2,

o o —(k+1
B IPOTHBHOM CJly4yac HauJCHHbBIM BEKTOP x( )

OTMeTI/IM, 4YTO B MPEACTABJICHHOM HUXKE NPHUMEPE C YHUCJIOM KOJCH n = 14

CUUTACM HUCKOMBIM PCHICHUCM.

(15 cxBaxun) min e€=10" momobHas mnpoueaypa MoTpeGoBaga MaKCHMYM
7 uteparui.

ChopmynupyeM alropuT™M MOAETHPOBaHUs pabOThl BOI03a00pa ¢ MapHBIMU
cOOpHBIMH BOJIOBOJAMU M KOHLEBBIM pacmoniokeHneM CY Ha OCHOBe airo-
putMa, uznoxeHHoro B [9, c. 10]. Bemonusem 1-ii mar 3toro amroputMa [9]
¢ ydetoMm cxemsl puc. 1. Ecau HaiineHsl HEKOTOpbIe NMPUONMKEHHBIE 3HAUCHUS
pacxonos ckaxun Q\”, OV, ..., O\, To, cocraBuss u pemas cucremy PPB,

s
HaXOJIUM pacxoJbl Ha KaXXIOM ydacTke Bopo3abopa mexny BK (kak sTo ObL10
omnucano Bbime). [lamee HEOOXOOMMO BBHIMONHUTH (0€3 BCAKHX W3MEHEHUH)
2-# war anroputMma u3 [9].

IIpumep. PacuetHas cxema npezacraBieHa Ha puc. 3. McxoaHble JaHHBIE O
CKBOXMHAM M BOJOBOIY (TaOy. 1-5) B3sATHI M3 peaqhbHOr0 OOBEKTAa — ydacTKa
TPYIIIOBOTO Bom03abopa «lleTpoBmmHay r. MuHCKA.

Tabauya 1
IMapameTpnl CKBaKUH H HACOCHOTO 000PY/I0BAHMSI

Parameters of wells and pumping equipment

. OTMmeTKa Koaddurment xapakreprucTiuku
Hanmenosanue ¥ AebHBIH Crarndeckuii CThsl H
ne6uT ¢ Y nacoca H" = f(Q)
ckBaxuHbl — BK 2, ’ Hanop H, M | CKBaXu-
M /4 HBI, M —a, 9’/ | b, a/m M
1 2 3 4 5 6 7

16— 00 15,1 8,38 220,3 0,0049 0,1361 75,7

la—cl 2,6 35,9 216,9 0,0097 0,1219 140,4

2B —¢c2 3,5 10,3 216,4 0,0105 0,0209 79,.96

50—¢3 3,8 7,93 221,2 0,0064 0,2652 84,45

60 —c4 12,0 6,35 215,9 0,004 0,071 67,62

8a—c5 2,48 344 209,9 0,0188 0,2785 127,5

106-c6 4,12 7,04 209,2 0,0054 0,2251 66,16

30 —c7 9,7 9,43 209,0 0,0115 0,9391 63,15
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Oxonuanue maba. 1
End of Table 1
1 2 3 4 5 6 7
4a—c8 3,8 33,9 208,9 0,0277 0,2785 124,9
96 —c9 39 4,7 209,0 0,0036 0,1023 81,36
10B—cl0 2,18 6,4 210,5 0,0055 0,2513 68,82
136 —cl1 4,7 2,75 209,2 0,021 1,071 86,8
126 —cl2 4,9 6,0 209,5 0,0166 1,3651 40,57
Ila—cl3 2,35 28,1 211,0 0,0162 0,1061 107,6
l11B—cl4 10,7 6,41 210,7 0,0173 1,3564 67,9
Tabauya 2
ITapameTpbl BOAONOIbEMHBIX TPYO M JIMHUI MOIKIIOYEHUS CKBAKHH
Parameters of water-lifting pipes and well connection lines
TapameTpe! BOAONONLEMHEIX ITapameTpsl IUHUI IOAKIIOUEHUS
HaumenoBanue TpyO
ot B uaerpl JUin |y | Aanetp | TRy
16— 00 100 29,0 4yTyH 125 25,0 /3
la—cl 150 7,0 4yTYH 125 82,0 /s
2B—c2 100 15,0 craib 125 44,0 /3
56 —c3 150 27,0 uyryH 140 32,5 /s
66 —c4 150 8,0 9yTyH 125 25,0 /3
8a—c5 150 13,0 4yryH 125 63,4 /3
106 — c6 150 28,6 9yTyH 140 31,5 /3
36—-c7 150 12,5 4yTyH 125 32,0 /3
4a—c8 100 40,0 uyryH 125 51,0 /s
96 —¢9 160 40,5 /3 110 37,6 /3
108—10 100 12,0 4yTyH 125 38,0 /3
13611 160 19,5 n/3 125 26,0 /3
126-c12 100 12,2 /3 125 32,0 /3
Ila—cl3 160 30,0 4yryH 125 76,0 n/3
118—l4 110 44,0 /3 125 32,0 /3
Tabauya 3

ITapameTpbl y4aCTKOB OCHOBHOIi (KPaCHOI1) JIMHUU COOPHOTO BOI0BO/IA

Parameters of sections of the main (red) line of the collecting water pipeline

OTMeTKa Iapametps! TpyO (ot HauansHOro BK 110 KOHEUHOTO BK

BK yctbst BK BK MOJKHO 331aTh 3 y4acTka Tpy0)

B Havaje avane |B HAIAE v M v

yuacTka B H yuacTKa are- | lnamerp | lnuna are- | namertp |[Jnuna | Mare- |duametp| Jnuna

ydacTka, M puan D, mm Lim puan | D, mMm L,m |puan| D,mm | L, M
1 2 3 5 6 7 8 9 10 11 12

09 220.3 0] yyryn| 150 |57,75 - - -
0; 217,56 0, gyryH| 150 81,0 |uyryn| 150 [200,0] - - -
0, 215,26 03 |Juyryn| 200 |576,0 - - -
03 2240 04 |uyryn| 200 103,0 fuyryn| 250 (200,01 - - -
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Okonuanue mabn. 3
End of Table 3

1 2 3 4 5 6 7 8 9 10 11 12
04 215,85 05 gyryH| 250 10,0 |uyryn| 200 61,6 | — - -
05 210,74 06 gyryH| 250 |205,0| n/» 315 |165,0] - - -
05 209,15 07 |uyryn| 250 19,5 |uyryu| 300 [195,5] - - -
07 209,15 0g gyryH| 300 33,0 | o 315 |191,0] gyr. | 300 122
0g 208,86 09 gyyryH| 300 36,5 | n/» 315 96,5 - - -
09 209,16 019 fuyryn| 250 15,0 |uyryn| 250 |350] - - -
019 210,74 011 gyryn| 350 53,0 Juyryn| 350 |254,0] - - -
011 209.5 0 |uyryr| 300 56,0 |uyryn| 300 |[200,0] - - -
o2 208,14 013 /3 315 84,0 Juyryn| 300 |110,0] - - -
013 211,35 014 [|uyryn| 300 34,0 Juyryn| 300 34,0 - - -
O 211,1 CY [|crams| 400 73,7 |crams| 300 [179,3] uyr. | 300 36

Tabnuya 4
I[MapaMeTpsl y4acTKOB A0NOJTHUTEIbHOM (3€/1€HO0M) JIMHUU COOPHOT0 BO0BOIA

Parameters of sections of the additional (green) line of the collection water pipeline

BK Otmerka BK ITapamerps! Tpy6 (oT HawansHOrO BK 110 KOHEUHOrO BK
ycrbst BK MOXHO 3a/1aTh 3 y4acTka Tpyo
B HayaJle B Hayajse
vacra| B HEHAIE |k Mare- | [Juamerp | lnuna | Mare- |[{uamerp|/Jnuna |Mare-|Juamerp | Anuna
y y4yacTka, M Y puan D, Mmm L,m | puan | D,mm | L,m |puan| D,mm | L,m

I 217,49 oo |uyrym| 200 [281,0] - - _ _ _ _
pif) 215,7 A3 |uyrym| 200 [5744]| - - - - - ,
g 2184 o, Juyryn| 200 |3044]| - - - _ _ _
Ty 215,7 Iis /3 250 71,0 - - - _ _ _
Iis 213,45 g gyrya | 200 134,0 Juyryu| 250 |171,0] o/s 250 | 66,0
Tg 210,0 gl uyryH | 250 |217,0| - — —
Iz 217,75 Iig gyyryn | 300 [346,0] - — — — _ _
g 208,0 oo |uyrym| 250 |[133,0] - _ _ _ _ _
Ty 209,0 oo |uyryn| 250 | 50,7 | - _ _ _ _ _
Ap | 211,0 . |uyrya| 350 |307,7] - - - - _ _
s 211,0 o |ayryn| 300 [258,0] - - - - — _
bigP 207,0 I3 n/? 315 190,0] - - - _ _ _
13 209,7 14 l'[/3 315 70,0 - — — — — _
T4 210,7 Ccy n/» 315 (290,01 - — - _ _ _

Tabnuya 5
IMapameTpbl COeTUHUTEIBHBIX YYACTKOB COOPHOT0 BOJ0OBOA

Parameters of the connecting sections of the prefabricated water pipeline

Bertku o, — ¢,, Bertku c,,— 1,
CoenMHUTENBHBIN
y4acTox Ig:iw;:f HLJ;:IE Marepuan Ill)lj,iw;i}) HLJ::?\? Marepuan
1 2 3 4 5 6 7
01 —C;— I 150 37,25 YYT'yH 200 30,5 YYT'yH
0, —Cy— I 250 47,55 YyTyH 200 42,25 4yTyH
03— C3— 13 250 42,8 Yyr'yH 200 26,5 4yr'yH
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OxoHuanue maon. 5

End of Table 5

1 2 3 4 5 6 7

04— Cq— Iy 250 36,8 9yT'yH 250 30,4 9yTyH
05 — Cs5 — IIs 250 76,0 qyryH 200 36,0 Yyr'yH
06— Cg— Mg 250 35,0 YyT'yH 250 25,0 YYT'yH
07—C7— 1y 250 25,0 4yTyH 300 33,0 YyTyH
0g — Cg— Ig 300 20,0 qyryH 250 19,5 YyI'yH
09 — Cog— Iy 250 19,0 YyT'yH 250 13,0 YYT'yH
010 — C10— A1o 350 46,0 4yT'YH 300 36,0 YyTyH
011 —C11 — IOyg 300 36,0 9yT'yH 300 26,0 9yryH
012 —Cia— 12 300 40,0 qyryH 250 24,0 YyT'yH
013—Ci3— A3 300 30,0 4yT'YH 300 20,0 YyTyH
014 —Cis— Oy 300 18,6 9yT'yH 300 22,5 9yr'yH

Hwoxe npuBeeHs! pe3ysibTaThl PacueToB JUIs BOJ103a00pa ¢ TAPHBIMH COOPHBI-
MH BOJIOBOZ[aMH, YKa3aHHOTO Ha PHC. 2, C UCXOMHBIMH JaHHBIMH U3 TaOn. 1-5.
(Ha puc. 4: cuHMe 3JUIATICHL — MOAKIIOUEHHbIE CKBAXXHHBI, BHYTPU yKa3aHbI UX
Ha3BaHUS U PACCUUTAHHBIE PACXOIBI, M’/4. Bronb y4yacTkoB Mexay BK B uncnu-
TeNle yKa3aHbl MPOIYyCKAEMBbIE PAaCcXObl, M3/q, B 3HAMEHATeJle — MOTEPU HAIo-

pa, MM).

ol

A40. 4%
231

Puc. 4. Ilpumep pacdeTa Bo103a00pa ¢ MapHBIMU COOPHBIMHI BOIOBOAAMHU
COTJIACHO YKa3aHHOMY QJITOPHTMY

Fig. 4. Example of calculating water intake with paired prefabricated water

pipelines according to the specified algorithm
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AHanmu3 pe3yJbTaTOB pacueTa IOKa3bIBAE€T, UYTO BCE KOJBIEBHIE YYACTKH
COOPHBIX BOJIOBOJIOB YPaBHOBEIICHHI 110 TIOTEPSM HATIOpa U IO PacXoam.

BbIBO/IbI

1. Pa3paboTaHbl anropuTt™M U METOJIMKA THUAPABIMYECKOTO pacueTa TPYIIo-
BOT0 CKBKHUHHOTO BOJ103a00pa C MApPHBIMH COOPHBIMH BOJOBOJAMH, KOTOPBIC
0a3upyIoTCs Ha MPUHIIUIIE PABEHCTBA MOTEPh HAIoOpa MPU JBUKCHUU BOMABI OT
TOYKH Pa3NeNICHHs IBYX MOTOKOB IO COOPHOrO y37a MO Pa3INyHbIM MyTSIM JIBU-
JKEHUS U ypaBHEHMM HeEpa3pbIBHOCTH. [lomydyeHHass METOIMKA pacdeTa MOXKET
MPUMEHSTHLCS MPH JTFOO0M KOJUYECTBE CKBAXKHH.

2. PaccMoTpeH npuMep TUAPABIMUYECKOTO pacueTa rPyINOBOr0 CKBaKHHHO-
ro BOJ03a00pa, COCTOAIIETO U3 15 CKBaXUH, MOJKITIOUCHHBIX K MapHbIM cOOp-
HBIM BosioBoaM. [locTpoeHa MaTeMaTHuecKast MOJIENb BOJI03abopa U cocTaBlie-
Ha KOMITBIOTEpPHAs MPOrpaMMa pacyeTa, KOTopas MO3BOJISIET MOJACINPOBATh pa-
0oty Bogo3abopa mpu JIFOO0OM COUETaHUH BKIIOYCHHBIX CKBAYKUH, OCYIIIECTBIITh
mo0OpP HACOCOB C Pa3HBIMH HATIOPHBIMU XapaKTEPUCTHKAMH, MEHSTH JUIUHBI,
JUaMETPhI U MaTepual TpyOOonpOBOIOB.
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