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V crarri omuMcaHa METOAMKAa BH3HAYEHHS MICIHL BHUTOKIB Ha
BOJIONIPOBITHUX MepexaxX Ha OCHOBI BUMIPIOBaHHS THCKIB B OKpeMHUX ii
By3nax. [IpencraBieHi pe3yabTaTH 3aCTOCYBaHHS METOAMKH Ha
MPUKIAAI PO3paxyHKy (parMeHTy Mepexi >KHUTIOBOTO MiKpopaioHy
Micta 3amopixoks. 3ampoloHOBaHI pPEKOMEHAAlii 3 NPaKTHYHOIO
BUKOpPHCTaHHS iHopMarii mnpo GakTWdHi BY3IOBI THCKH JUIA
OTIepaTHBHOI JIIKBiAa1lii BUTOKIB.

The article describes the method of determining the sources of
leakage in water supply networks on the basis of measuring the pressure
in its individual nodes. The origins lead to significant losses of drinking
water during transportation, as well as to the deterioration of the quality
of drinking water as a result of its pollution. Today, the main methods
for detecting leaks in water supply networks are visual control and
methods related to the use of measuring equipment. Existing methods
require the installation of additional equipment on the water supply
network. It does not allow to quickly determine the place of leakage and
eliminate it. Therefore, the problem of operational determination of
leakage sites remains relevant.

The aim of the research was to develop a methodology for
determining leakages in the water supply network and to substantiate the
practical use of information on actual nodal pressure for the operative
determination of sources of leakages and their elimination.
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The method of detecting significant leakages is based on the method
of determining the leakage sites in real time by the difference in
pressure, measured control nodes. The differential pressure is measured
on separate sections of the network. The resulting difference is
mathematically transformed into a volume capacity and loss of pressure
on the plots. Compares actual and marginal, capacious costs and pressure
loss simultaneously for all sections of the network. As a result of the
pressure drop in control nodes, the locations of leaks are determined
simultaneously on all main sections of the network.

The results of application of the technique are presented on the
example of calculation of the fragment of the network of residential
micro-district of the city of Zaporizhzhya. The hydraulic calculation of
the network is made taking into account the pressure difference in the
control units. As a result of the calculation, actual water consumption
and pressure loss in the network areas are obtained. The limit values of
these parameters are taken for an hour of maximum water collection. As
a result of comparison of actual and boundary parameters, emergency
areas have been identified. The savings are saved as a result of the
establishment of damaged sites and the operational elimination of
leakages. Recommendations on the practical use of information on actual
unit pressure for operational elimination of leakages are suggested.

Kito4oBi croBa: BUTOKH; BUMIpPIOBaHHS THCKIB, KOHTPOIBHI BY3JIH;
(hakTUYHI BUTpATH.

Keywords: leaks; pressure measurements; control points; real
consumption.

CucteMr momadi Ta  PO3MOMAUICHHS BOJAW  KOMYHAJIBHUX
BOJONPOBOMAIB € HaWOINbII EHEProMiCTKOI0 YacTHHOI CHCTEM
BOJIOTIOCTAYaHHSI HACEICHUX MYyHKTIB YKpaiHu. BHacmimok TpuBamoi
eKcruryartarfii 6e3 HeOOXIJIHOTO TOTOYHOTO PEMOHTY OUIBIIICTh
BOJIONPOBITHUX MEPEXK 3HAXOAHWTHCS B HE3aJOBUILHOMY TEXHIYHOMY
CTaHl, KWW WIOJHS TOTIPIIYETHCS, YaCTHHA 3 HUX — B aBapiiiHOMY
cTaHi. 3 TOTIPIICHHSAM TEXHIYHOTO CTaHy BOIOIPOBITHUX CHCTEM
MMOMITHO 3HWKYETbCI e(EKTUBHICTh I1X POOOTH Ta 3pOCTAIOThH
HepalioHaIbHI BTPAaTU BOJAU, BUTOKH. [l0Ka3HUK BTpaT BOAM Yy MiCHKUX
Mepekax € HaJITO BUCOKUM 1 3HaxonuThes B Mexax 0,4-3,0 M/KM y piK,
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B TIOPIBHSIHHI 3 IOKa3HWKaMHK y 3axifaHii €Bpomi, ski ctanosnsaTs 0,1-0,4
M/kM y pik [1].

Tak, 3aranpHa  JOBXKHMHA  BOJOMPOBIAHMX  MeEpeX,  IIO
eKCIUTyaTylOTbCSl ~ KOMYHaJbHUM  mianpueMcrBoM  «Bomoxanam»
(M. 3amopixoxs), cranom 01.01.2017 p. cknanae 2532 km, 3 HuX 640 kM —
BKpail 3HOIIeHI Ta mOTpeOyloTh HeraiiHoi 3amiHu. lLle Mepexi, me
CIIOCTEPITAETHCS HAHOIbIIA KUTBKICTh BUTOKIB. 3a 2017 pik iX KUTBKICTh
cKkiana 6au3pKo 4135 BUTOKIB.

Curyaris, icHyroua y cdepi BOJONOCTaYaHHS 3amopi3bKoi
o0nacri i B KpaiHi, MPU3BOAUTh O 3HAYHHUX BTpPAT IHUTHOI BOIU TPHU
TPaHCTIOPTYBaHHI, a TaKOX /O TOTIPIIEHHsS SKOCTI MUTHOI BOAW 3a
paxyHok ii 3a0pyaHeHHs. BupimeHHs  npoOJIeMHHUX  IHTaHb
BOJIOTIOCTaYaHHA MOXJIMBE 32 YMOBHM peanizamii 3axofiB 13
PEKOHCTPYKIIi 1 MoepHi3alii 00'€KTiB BOIOIPOBITHOTO TOCIIOAAPCTBA.
OpmHak, HaWOUIBIIOK MPOOJEMOIO IPH peaiizaimii TakuX 3aXO[iB €
HepoctaTHe ¢iHancyBanHA. IllopiuHO TUIAaHyeTbes 1 3AIMCHIOETHCS
3aMiHa HaWOLIBII 3HOIIEHUX Ta aBapidiHMX Mepex mpoTsxkHicTIo 10-15
KM BIIACHUMH CHJIAaMH Ta 3a BiacHi komrtu. Hanpuknanx, y 2017 pomi
OyJI0 BUKOHAHO 3aMiHy 735 MOTOHHMX METPiB BOJOMPOBIIHOI Mepexi.
Uepe3 BenmuKy KalliTAJIOEMHICTh Ta OOMEXKEHICTh MICHEBUX JKEpen
(inaHCcyBaHHS OYyIiBHHMIITBO 1 PEKOHCTPYKINSI B JEIKHX BHIIAJKaX
BenyThess  BOpomoBxk 5-10 1 Oimpbme pokiB. Tomy mpobiema
OIepPaTHBHOI JIIKBIAa1lii BUTOKIB Ma€ aKTyaJibHE 3HAUCHHS.

OCHOBHMMH METOJaMHU BHSBJICHHS BHTOKIB Ha BOAOIPOBIIHUX
MepeXax € Bi3yallbHUI KOHTPOJIb 1 METOAH, OB’ sI3aH1 3 BAKOPHUCTAHHAM
BUMIPIOBaJIbHOrO 001aiHaHHs. Bimomuii criociO BU3HAYCHHS HAassBHOCTI i
KUTBKOCTI BUTOKIB y HaIlipHId Mepexi, SKUH TonArae y BH3HA4YEHHI
HAsBHOCTI BUTOKIB 3a MOKa3aHHSIMHU YCTAHOBJICHOT'O HA IMOYATKY MEpExkKi
BUTpATOMipa B HIYHUIL Yac, a BEIMYMHA BUTOKIB Y Oy/Ib-sIKUI 1HIIHHA Yac
1 CTaH MepeXi BU3HAYAIOTHCS 32 BIJOMOIO (POPMYIIO0 JUIS PO3PaxyHKY
BUTOKIB PIAMHM 13 OTBOPIB, BPaxOBYIOUM IOKa3aHHA MaHOMETpa,
BCTAHOBJIGHOTO Ha mo4atky Mepexi [2]. Ilpu 1pomy mpuiiHsTEe
MPUITYIICHHS, 110 HASBHICTh Y HIYHI TOJHMHHU IIOKa3iB BHTPAaTOMIpa,
BCTaHOBJICHOT'O Ha TOYaTKy MEpEXi, BIAMOBiga€e BUTpaTaM BOAM JIMILE
yepe3 BUTOKM B MepexXi, a He mnorpedaM CHOXHBAYiB, 3HIKYE
JIOCTOBIPHICTH JAaHOTO CIIOCO0Y.

Takox ¢axiBusmu [2] IPOMOHY€ETHCS METO], B OCHOBI SIKOTO JISKATh
¢i3uuHi TporecH, IO MAaTh MIClle TP YTBOPEHHI TpinwH. B
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pe3ynbTaTi 3MIHM MacH Ta KUIBKOCTI PyXy PiIWHH, fKa 3aJIHIIIIACH
BCepearHi TpyOOpOBOAY B PE3yNbTaTi BUTOKY, BHU3 1 BBEPX MO MOTOKY
PO3MOBCIOIKYIOTHCSI XBUIII PO3PIIKEHHS, SKi CIPUIMAIOTHCSI 1aBayaMH,
BCTAaHOBIIEHUMH Ha KIHIIX TUISHKA Mepexi. Peamizariis maHoro meromy
noTpedye JBOCTOPOHHBOTO JOCTYIY 10 TpyOompoBomy. Y poborti [4]
MPOTIOHYETHCS. BUKOPUCTAHHS TECTOBUX CUTHANIB y BHUIVIAAI XBHIIb
THUCKY, SIKI CTBOPIOIOTHCSI B CEPEIOBHII TPAaHCIIOPTYBAHHS, Ta HpPHH-
MadviB BiIOUTHX XBWJIb 1 MIOAAJBINOTO iX aHANI3y AJ BU3HAYEHHS CTaHy
TpyOoIpoBoay. ['eHepaTop TECTOBUX XBHJIb 1 IPUHMAaY PO3TAIIOBYOThHCS
Ha HE3Ha4yHI BIACTaHI OAWH BiA OJHOTO, IO A€ 3MOTY TIpH
OJTHOCTOPOHHBOMY JOCTYIIi IO TPYOOIIPOBOY AiarHOCTYBAaTH MOTO CTaH
Ha 3HAYHIN BIJACTaHI BiJA MiCIsI CTBOPCHHS KOJHWBaHb CEPEIOBHIIA.
OnepaTUBHICTh BH3HAUEHHS MICIIb BUTOKIB i3 BHKOPHUCTAHHSAM I[HOTO
METOJTy 3aJIe)KHTh BiJ KUTBKOCTI 1aBadiB, pO3MIIICHUX HA MEPEXi.

3acToCyBaHHSA TEOIH(QOPMAIIMHUX CHUCTEM Ja€  MOJKIJIMBICTh
peanizaiii MeTOJy BU3HAUYCHHS BHTOKIB Ha OCHOBI MOJCIIOBAHHS HOTO
SIK JIOJIATKOBOT BUTPATH HE3aJCKHO BiJl THCKY Yy BYy3Ji Ta METOAY Ha
OCHOBI (piKkcarlii HaAMIpHOTO THUCKY NP MiHIMAJIBHOMY HIYHOMY ITOTOIII
[3]. Ane, sk BiA3HA4YaOTH aBTOPU OCTAHHLOTO METONY, iAeHTH]IKaIis
BUTOKY HE 3aBXIM TOYHO BKa3ye Ha HMOro Miclle, Xo4a U 3MEHIIYE
HEBU3HAYCHICTh.

Mertoro TIpOBEICHUX JIOCTIDKEHb Oylia po3poOKa METOIHMKH
BU3HAYEHHS BHUTOKIB Yy BOJIONPOBIAHIAH Mepexi Ta OOIpyHTyBaHHS
MPaKTUYHOTO BUKOPHCTaHHS iHQoOpMamii mpo QakTHYHI BY3IIOBI THCKH
JUTS OTIEPATUBHOTO BU3HAYEHHS MICI[h BUTOKIB 1 iX JIKBiaIlii.

Jniss MOCSITHEHHsST TOCTaBJIeHOI MeTH OyiM BHPIIIeH! HACTYITHI
3aa4i:

- PO3pOOHMTHM METOOUKY BHUSIBICHHS 3HAYHHX BHUTOKIB B yMOBax
peaJIbHOTO Yacy 3a pe3yjibTaTaMd BHMIPIOBAHHS THCKIB B OKPEMHUX
BYy3JIaxX;

- mepeBipuTH €(EeKTUBHICTh METOAMKM LUIAXOM ii peanizauii Ha
MPUKIIAJIl peasbHOI BOIOMPOBIIHOT MEPEXKI OJHOTO 13 )KUTIOBUX paiiOHIB
M. 3amopixoKs.

B ocHOBy MeToauMKM BHSBICHHS 3HAYHUX BHTOKIB B yMOBax
pPEaNIbHOTO 4Yacy TOKIIAJCHO CIOCiO JiarHOCTYBaHHS 30H BUTOKIB Ha
TIJISHKaX MEPEeX TPaHCIOPTYBaHHA [5], IO MICTUTh BHMipIOBaHHS
nepenany THCKIB Ha OKpPeMHX JUISHKaX Mepexi, MaTeMaTH4YHe
MEPEeTBOPEHHSI OTPUMAHOro TMepenany THCKY B 00'€MHY BUTpaTy Ta
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BTpaTH THUCKYy Ha MUIAHKAX, MOPIBHSIHHA (PAaKTHYHUX 1 TPaHUIHUX
00’'€MHUX BHUTpAT i BTpaT THCKY OJAHOYACHO JJIsl BCIX IISIHOK MEPEXi,
Crioci0 BiApi3HSETBCS THM, WIO Tieperna] THCKY BUMIPIOETBCA Y
KOHTPOJIBHHX BY3JIaX MEPEXi TPAHCIIOPTYBAHHS Ta BU3HAYAIOTHCS MicCIIs
pO3TallyBaHHS BUTOKIB OJHOYACHO Ha BCIX MaricTpajbHHUX IiUISHKAX
MEpexi.

Peasizarisi MeToaMKH MPOBOAMIIACH Y IEKUITbKA ETAIIB:

1. BusHaueHHS pPO3PaXyHKOBHX BHTpAT y By3JaxX BOJOMPOBIIHOI
MEpexi.

2. T'impaBniuHuil po3paxyHOK MeEpeXi B PEXHUMI MaKCHUMAaIbHOTO
Bozopo30opy. B pesynbTaTi po3paxyHKy OTpHMaHi BHUTpaTd Ha i
ninsukax ;7 —Q,” Tta Brpatu Hamopy N7 —hZ Gymn npuitasri 3a
TPaHWYHI.

3. BusHaueHHs mepemamy —I1’€30METpiB  3a  pe3yibTaTamu
BUMIPIOBaHHS THCKIB B KOHTPOJIGHHX BY3/IaX Ha MOMEHT BHHHKHEHHS
BUTOKY Ta TIOPIBHSAHHS HOTO 3 Iepernas oM I’ €30MEeTPiB y THX e By3Jax
NP1 HOPMaJbHIH po0OTI MepexKi.

4. TingpaBmiyHUl pPO3paxyHOK MEpeki 3 ypaxyBaHHSIM IMepenaay
II’€30METPiB B KOHTPOJILHUX By3/1aX HA MOMEHT BHHUKHEHHS BHTOKY. B

pe3ynbTaTi oTpuMaHi (PaKTUYHI BUTPATH IS BCIX JUISTHOK q;” - qg’ Ta
BTpatu Haropy Ha mux h? —h?. sxi e peanbHuMEH Ha MoMeHT

BHUMIpIOBaHHS TIeperna/iiB TUCKIB [S].
5. BusHaueHHs Ul KOKHOI JUJISHKA BiIXMIEHHS BATpar, P, Ta

BTparT Hamopis, P, 3a Gopmymsamu (1-2) BiAnoBigHO:

b _ g
P, = '*kfp'*k -100% (1)
i«
hid—)k B hisz
Py = T -100% 2

6. BcTaHOBNCHHS HAsSBHOCTI BUTOKIB 1 HOMEpIB MMOIIKOIKESHUX
JUISTHOK 32 YMOBOIO (2).

Jis  ampoOarfii  3alipoIOHOBAHOI METOAMKH Oyjao  BHOpaHO
BOJIOTIPOBITHY MEPEXKY >KUTIOBOTO paioHY M. 3amopixKs, cxema SKOl
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ckianaeTres i3 20 By3JiB, MOB’sI3aHUX 25 MUISTHKAMHU, 1[0 YTBOPIOIOTH 6
Kiyens (puc.1).
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Puc.1. Cxema BogompoBigHOi Mepexi

3aMipy THCKY BHKOHYBajmch y By3nax Ned Ta Nel9, mpo
BIAMOBITAIOTE  KOHTPOJILHMM  By3JaM «ByJl. HoBropoxaceka» Ta
«mpocnekt Imxenepa [IpeoOpaxkencbkoro». B sKocTi HarisimHOrO
MPUKIIALy PO3TIITHYTO pobody cUTyailito, sika Tpammiack 7.03.2016 poky
o 18-00 rox. Ilepeman m’€30METPUYHHMX TO3HAYOK y BY3JIaXx «BYIL
Hosropozaceka» ta «mpocnekt Inxenepa [IpeoOpaxeHCEKOro» cTaHOBUB
9.2 M, IO BIAMOBIZATO BUMIPSHUM 3HAYCHHSAM THCKY y TEPIIOMY Ta
JIPYroMy BY3JIaX BiIIOBIAHO. B pe3ynbTaTi TigpaBIivHOTO PO3PaxyHKY
Mepeki 3 ypaxyBauusm All =9.2m orpumani BHTpaTH B IiISHKAx
Mepeki Ta TOpPIBHSAHI 3 iX 3HAYEHHAMH B TOAMHY MAaKCHMAaJIbHOTO
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Bozopo30opy. HaiiGinpmii BiIXWIIEHHS BHTpaT BiAg I1X TpaHUIHUX
3HAYCHb, B SKOCTI SKHX MPUHHATI BUTPATH B TOJAWHY MaKCHMAaJIbHOTO
Boa0po30opy (o 10-00 24.06.2016), Oynu 3adikcoBani y minsHkax Ne 5,
6, 24. 3a3HaveHi OUITHKY OYJI¥ MIPUIHATI B AKOCTI aBapiiHUX.

ExoHOMiss 3a paxyHOK TMONEpPE/PKCHHS 3HAYHMX BTPaT BOJIU B
pe3yJbTaTi ONMEPaTHMBHOTO BCTAHOBJICHHS TOINIKOJKCHHUX JUISHOK Ta
JIKBiaIlii BUTOKIB BU3HAYEHA IO (OpMYyITi

AEB.B. :QG '(asum + a&'l.CYl. + aas) : T (3)

ne Q. -- 06’eM BHTOKIB, sIKI HE CTaJMCs 32 PaxXyHOK ONTHMI3alil
yIpaBmiHHs, M ;

o a &, - KOehillieHTH BIUIUBY, BIAMOBIAHO Ha 3MCHIICHHS

eum? ““en.cn.’ " ae

BHUTpPAT BOJAX HAa BUTOKH, Ha BJIACHI MOTpeOH, HA BTPATH BOJH IIPH aBapii;
T - cepenniii Tapudy Ha Boxy, rpH./M.

3uadenHs Q po3paxoBaHi, BUXOASYM i3 YMOBH MONEPEDKEHHs 64

aBapifHUX BUTOKIB HA MPOTS31 POKY TPUBAIICTIO B 1 m00y JUIA AIIISTHOK
niamerpom 400 MM mpu MIBUAKOCTI Tewii 2.5 M/c:

2
Q= 2.5-% =0.314x:3 / ¢ a60 27130 m*/106.

AE,, =27130-64as/ pix -(0.015+0.015+0.01)- 4.5

AE,, =27130-64as/ pix-(0,015+0,015+0,01)-9.2 =

3.

= 6389652pn/ pix

VY mNOpiBHSHHI 3 aHAJIONIYHUMHM METOJAaMH BH3HAYCHHS BHUTOKIB
MMO3UTHBHA JIisl PE3YJIbTATIB JOCIKESHHS TOJIsrae y BU3HAUYCHHI MiCIlb
pO3TallyBaHHS BHTOKIB OJHOYACHO Ha BCIX MariCTpajdbHHUX HUISHKAX
Mepexi. Lle mo3Bomsie  mpaiiBHUKaM — JIUCIETYEPCHKUX  CIYXKO
KOMYHAIIBHUX ITiJIPUEMCTB HE TUTBKH Bi3yalbHO OIIHUTH CUTYAIIil0, alle
¥ IpUHHSATH PIIICHHS 32 Pe3yJIbTaTaMu PO3PaXyHKIB.

Jlo crnaOkux CTOpiH 3alpONOHOBAHMX PEKOMEHJAIlN 3 BU3HAUYCHHS
BUTOKIB MOYKHA BIJHECTM HEOOXIIHICTh IIOYAaTKOBUX KaIlITAIIbHUX
BKJIaJIcHb B aBTOMATH30BaHY CHCTEMY YIPaBIIHHS ITOTOKOPO3MOALIOM
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Ha CTamii MpOeKTyBaHHA MepexX. Takox HeoOXigHO mependadaTu
BUTPATH HA MOHTaX 00JIaJHaHH KOHTPOJBHUX BY3JIiB HA MEPEKIi.

Bin koMmMyHanmpHHX MiANPUEMCTB OyAyTh NOTPiOHI MMOYATKOBI
KamTajdbHI  BKIQJACHHA B  CHUCTEMY  VIOPABIIHHSI  TEXHIYHOIO
iHppacTpykTyporo. Takox HeoOXiJHi BUTpaTH Ha MOHTaX JOJATKOBHX
Ta TiepeoONaHaHHs ICHYIOUMX BY3MiB KOHTPOJIO THCKY MpH
HeoOximHOCTI iX mepemimenHs. OpHak OITBIIICTE KOMYHAJIBHUX
MiJIPUEMCTB BXKE MalOTh aBTOMAaTH30BaHI CHUCTEMH YIPaBIiHHS, a iX
JIOJTATKOBA KOMIUICKTaIlisl OyJe OKyIUIeHa B TEPMiH IO 5 pOKiB 3a
paxyHOK 3HIKEHHS BHTOKIB Ta CHEPrOCIIOKMBAHHS HACOCHOTO
o0agHaHHSL.
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