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1. ¥ cyyacHMX yMOBax 3HaYHOI 3HOUIEHOCTI BOAONPOBIIHUX MEPEXK, MiJBUIIEHHS BAPTOCTI BOIHUX PECYPCIB Ta
€HepPreTUYHUX BUTPAT MIPOGJIEMa BTPAT BOJM, 30KPEMA NIPUXOBAHMX BUTOKIB, HA0yBae€ KPUTUYHOTO 3HAYEHHS [1JIs]
326€3Me4YeHHs CTaJ0TO BOJONOCTaYaHHs. 32 JaHUMU CBiTOBOi TPAKTUKHU, IPUXOBaHi BUTOKU CTAHOBJATH Bif 10% 1o
50% Biz 3arajibHUX BTPAT y CUCTEMAX BOJONOCTAYaHHS 3aJIE5KHO Bifl BIKy Ta TEXHIYHOTO CTaHy TPyOONpOBOiB. B
Ykpaizi npo6siema IpuxoBaHMX BUTOKIB OCOOJIMBO aKTyajlbHa BHACIOK CTapiHHS iH)XKeHepHOi iHppacTpyKTypu
MicCT, 0OMe>xxeHuX (PiHaHCOBUX PECYPCiB Ha MOJI€PHI3allil0 MEPEeX i HeLOCTaTHbOTO PiBHS BIIPOBAPKEHHS Cy4aCHHUX
TEXHOJIOTi! BUSIBJIEHHS BUTOKIB. PO3p0o06sieHII MeTOZ, TO3BOJISIE€ 32 MiHIMAJIBHOIO KiJIBKICTIO JOCTYIIHUX BUMipIOBaHb
THCKY Ta BUTPAT BUKOHATH JIOKAJIi3allil0 MiCLsl BUTOKY 3 BUCOKOIO TOYHICTIO, IO MiATBEPIKEHO YACETIbHUM
MOJIE/IIOBAaHHSAM Ta HAaTYPHUMU €KCIIEPUMEHTaMU. [1J11 TEOPETUYHOTrO OOI'PYHTYBAHHS CTaTUCTUYHO-TiJIPaBIiYHOTrO
METO[ly JIOKaJli3alii TpUXOBaHUX BUTOKIB BOJIX 0yJI0 BUKOHAHO YMCEJIbHE MOJIEII0BAHHS IOXNOOK BU3HAYEHHS
KOOPAMHAT MiCIIsl BUTOKY 3aJI€KHO Bifl OCHOBHUX BXiTHUX [TApaMETPiB CUCTEMHU, TAKUX SIK: liaMeTpP TPyOOIIpOBOY,

HAJJIMIIKOBUI TUCK Y MEPEXi, IIJIolIa OTBOPY BUTOKY, 6€3pO3MipHa BUTPaTa BUTOKY Ta BilHOCHA KOOPIMHATA



BUTOKY Ha JIifIgHIi. Ba’kKJIMBOIO OCOOJMBICTIO AOCII>)KEHHS € BpaxyBaHHS HMOBIPHOCTi 6araToaBapiliHOCTI [iITHOK
BOZOIPOBiAHOI Mepeski. [l oLiHKY 1iiel IMOBIpHOCTI 6yJ1a 3aCTOCOBaHa MOJieJb He3alexXHUX nofii ITyaccona. 3a
rinore3amu CTaliOHapHOCTI, OpJMHAPHOCTI aBapill Ta BiICYTHOCTI B3a€MO3aJIEKHOCTI IO OTPUMAaHO aHaJiTUYHi
3aJ1€KHOCTI, 1110 IO3BOJISIIOTH OIiHIOBaTH PU3MK BUHMKHEHHS! MHOKMHHUX BUTOKIB 3aJI€KHO Bifl MUTOMO]
aBapifHOCTI, JOBKMHU IiISHKY Ta Yacy, HeOOXimHOro AJ1s JikBifanii BUTOKy. Po3po6ka CTaTUCTUYHO-TiAPaBIiYHOTO
MeTOoJy JIOKaJli3allii BUTOKIB 6a3yBasiacsi Ha aHasli3i BIJIMBY BXiHUX TifpaBiidyHUX IapaMeTpiB Ha KOOPAUHATY
BUTOKY Ta [IPUBEAEHY OXUOKY JIOKasi3alii. Y 3araJlbHOMy BUIIaJKy KOOPAXHATa TOUYKU BUTOKY X € QpyHKIi€to 11
po3MipHux BxinHux napametpis: X = F (z1; z2; p1; p2; o; L; D; Ae; Ql; Q2; o). 3acTocoByioun O-Teopemy bekinrema,
BijHOCHY KoopAuHaty X /L MOXHa NpeacTaBUTH K QyHKIII0 BocbMu 6e3po3mipHux KomiiekciB: X /L = F (I; Ae/D;
AQ/Q; Rel; Re2; Eu; o /oTp). Ha uncesnbHil iMiTallifiHi MO/l BUKOHAHO TEOPETUYHI AOCIIIPKEHHS 3 BU3HAYEHHS
CACTEMATUYHUX NIPUBELEHUX TOXUOOK CTAaTUCTUYHO-TiIPABIiYHOrO METOAY 3aJIEXKHO Bif] I'STY OCHOBHUX BXiJTHUX
napameTpiB: 6€3p03MipHOi BUTPATH BUTOKY, JliaMeTpa TPyOOIIpOBOLY, IJIOMIi OTBOPY, HAJJIMIIKOBOTO TUCKY Ha
IinsHLi Ta BifTHOCHOI KOOpAWHATH BUTOKY. OTPUMAHI JIiHil TpeHy MOXXYTb OYyTU PEKOMEH0BaHi 1151
KOPUIYBaJIbHOTO YTOYHEHHS O4iKyBaHOI KOOPJVMHATH TOYKU BUTOKY. JI7151 KOKHOTO IIapameTpa o0yoBaHO OKpeMi
rpadiku 3aJIe>KHOCTEN cepefHiX MOXUOOK Ta CTAaHJAPTHUX BiIXUJIEHb ITIOXUOOK, 10 NO3BOJISIOTH 3/iIICHIOBAaTH
KOPEKIIil0 OYiKyBaHOT'O MICLiSI BUTOKY 3 ypaxyBaHHSIM KOHKPETHUX YMOB IiISIHKU. PO3po6yieHuii CTaTUCTUIHO-
rigpaBiiyHUN MeTOZ, IoKasi3allii BATOKIB BOAM BiJJ3HAYAETHCS PSIOM BRXJIMBUX I1€PEBAr, 110 3a6€31e4yI0Th H0ro
IIPaKTUYHY €(PEKTUBHICTb. 3aBIsKU CTATUCTUYHIN 06POOLi NAKETIB TOUOK BUMIPIOBAaHHS JOCSITA€THCSI BUCOKA
TOYHICTh BUBHAUEHHS KOOPIAMHATY BUTOKY. MeTOZ, 103BOJISIE MTPALIOBATH 3i CTAaHAAPTHUM O0JIalHAHHSIM JJISI
BMMIipIOBaHHSI TUCKY i BUTPATH BOJY, 110 BUKJIIOYA€ HEOOXiAHICTb IPOBEEHHS IONTOMDKHUX PO3KOIIOK JJIs1
BCTAHOBJIEHHS IOAATKOBUX BUMIPIOBaJIbHUX IIPUCTPOIB Y3[10BX TPYOOIIPOBOAY. 3alIPONIOHOBAHUM CTATUCTUYHO-
riipaBiiyHU METOJ, peasizoBaHo Y BUIJISIAI aITOPUTMY B cepenosuili Microsoft Excel i3 3acTrocyBaHHSIM
MaKpPOKOMaHJ, 171 aBTOMaTHU3allii po3paxyHKOBUX NPOLEAYP. 3aCTOCYBaHHS METOAY iCTOTHO CKOPOYY€ TPUBAJICTh
IIOIIYKY Ta JIiKBifaLlii aBapiil, 110 NO3UTHUBHO BIJIMBAE Ha 3arajlbHy HaJilHICTh PYHKIIOHYBaHHS BOJOIPOBIIHUX
cucteM. [171s1 yIOCKOHa/IEHHSI IPOTrHO3YBaHHS HaliIMHOCTI BOJONPOBIIHUX MEPEX Y AUCEPTALiiHill po60Ti 610
1o6yI0BaHO MOJEJIb OLiIHKM 6araToaBapiliHOCTi Ha OCHOBI npouecy Ilyaccona. Bysa BBefieHa ontumizaniiina
dyHKuis Fopt, sika xapakTepusye CIiBBiHOLIEHHS [IPYBeAeHOi OXUOKU JloKasizallii BATOKY 10 IMOBIpHOCTI
BUSIBJIEHHS BUTOKY IIiCJIs IEPLIOTO JOIIOMIPKHOTO PO3KPUTTS Tpybonposoay. Lle 03B0n0 aHamiTU4HO
OOI'PYHTYBaTU €(PEKTUBHICTb 3aCTOCYBAaHHS CTaTUCTUYHO-TiPaBliYHOTO METOY B ITOPiBHSHHI 3 KJIACUYHUM
METOJIOM TipaBiigYHOro rpajieHTa. BpaxoByio4uu iCTOTHUH BILJIMB TOYHOCTI BU3HAUYEHHS Koe(illieHTiB
riipaBiyHOTO TEPTS Ha OXMOKY CTaTUCTUYHO-TiAPaBIiYHOrO METOy, BUKOHAHO MOPIiBHSIbHUY aHasi3 GopmyJ
17151 BUBHAYEHHs KoeillieHTa TigpaBilivHOro TepTsl. TakuM 4MHOM, IUCEPTALiIHOI POOOTOIO BUPIIEHO BAXKJIUBY
HAayKOBO-TIPAKTMYHY 33[1a4y YOOCKOHAJIEHHSI METOLIB JIOKAJIi3allii IPUXOBAHMUX BUTOKIB BOJY B HAIliPHUX
BOJIOTIPOBIAHMX MepeskaxX 32 PaXyHOK PO3POOKY CTaTUCTUYHO-TiIPaBJiuHOrOo X0y, 10 6a3yeThCs Ha
KOMIIJIEKCHOMY BpaxXyBaHHI BIIJIMBY OCHOBHUX TipaB/liYHUX IIapaMeTPiB i CTAaTUCTUYHUX BIIACTUBOCTEN BUTOKIB.
OTpuMaHi pe3ysbTaTu JOCIKEHHS CIIPUSTUMYTh HiABUILIEHHIO e(peKTUBHOCTI pOOOTH BOJOIPOBIAHUX MEPEXK Ta

326€3MeYeHHIO CTaJIOr0 PO3BUTKY CUCTEM I[€HTPai30BaHOTO BO/IONIOCTaYaHHS B YKpaiHi.

2. In modern conditions of significant deterioration of water supply networks, rising costs of water resources, and
increasing energy consumption, the issue of water losses particularly hidden leaks has become critically important
for ensuring sustainable water supply. According to global practices, hidden leaks account for 10% to 50% of total
losses in water supply systems, depending on the age and technical condition of the pipelines. In Ukraine, the
problem of hidden leaks is particularly acute due to the aging of urban infrastructure, limited financial resources
for network modernization, and insufficient implementation of modern leak detection technologies. The developed
method allows high-accuracy localization of the leak location using a minimal number of pressure and flow
measurements, which is confirmed by numerical simulations and field experiments. To theoretically substantiate
the statistical-hydraulic method of hidden leak localization, numerical modeling of localization error based on
system input parameters was conducted, such as pipeline diameter, excess pressure in the network, leak orifice
area, dimensionless leak flow rate, and relative leak location. A key feature of the study is the consideration of the



probability of multiple simultaneous leaks in network sections. The Poisson model of independent events was used
to assess this probability. Based on the assumptions of stationarity, ordinariness, and independence of accidents,
analytical expressions were obtained to estimate the risk of multiple leaks depending on specific failure rates,
pipeline length, and the time required for leak elimination. The development of the statistical-hydraulic leak
localization method was based on analyzing the influence of input hydraulic parameters on the leak location and
the resulting localization error. In general, the leak point coordinate X is a function of 11 dimensional input
parameters: X = F (zn, zo, po, po, 0, L, D, Ae, Qo, Qo,n).Using Buckingham’s n-theorem, the relative coordinate X /L can be
represented as a function of eight dimensionless complexes: X /L =f (I, Ae /D, AQ/Q, Ren, Ren, Eu, oo /otp). Theoretical
studies were conducted using a numerical simulation model to determine systematic relative errors of the
statistical-hydraulic method depending on five main input parameters: dimensionless leak flow rate, pipe

diameter, orifice area, excess pressure, and relative leak coordinate. The resulting trend lines can be used to adjust
the expected leak location. For each parameter, separate graphs of average error and standard deviation were
constructed to enable corrections based on specific site conditions. The proposed statistical-hydraulic leak
localization method has several practical advantages. Using statistical processing of measurement point packets,
high accuracy in determining the leak coordinate is achieved. This eliminates the need for additional excavations
to install sensors along the pipeline. The method was implemented in Microsoft Excel using macros to automate
calculations. The method significantly reduces the time needed for leak localization and repair, improving the
overall reliability of water supply systems. To enhance the reliability forecasting of water networks, a Poisson-
based model for multiple leak risk assessment was developed. An optimization function Fopt was introduced,
representing the ratio of relative localization error to the probability of leak detection after the first auxiliary
pipeline excavation. This allowed for an analytical justification of the efficiency of the statistical-hydraulic method
compared to the traditional hydraulic gradient method. Considering the significant effect of hydraulic friction
factor accuracy on localization errors, a comparative analysis of friction factor formulas was performed. Thus, the
dissertation addresses a vital scientific and practical problem of improving hidden leak localization methods in
pressurized water supply systems through the development of a statistical-hydraulic approach that incorporates
key hydraulic parameters and statistical leak characteristics. The findings contribute to enhancing the efficiency of
water supply networks and promoting sustainable development of centralized water supply systems in Ukraine.
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