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1. MOHITOpPUHT €(EeKTUBHOCT] €/1eKTPOCIIOKUBAHHS HACOCHUX CTAHLIiN CUCTEMU KOMYHAJIbHOTO BOJIOIIOCTAYaHHSI 3

ypaxyBaHHSM YMHHUKIB 30BHIIIHBOTO CEPENOBUIIA

2. Monitoring of the power consumption efficiency of pumping stations of the public water supply system with the
consideration the environment factors

Pedepar:

1. lncepranis NpUCBA4Y€HA YIOCKOHAJIEHHIO (PYHKIIN MOHITOPHHIY €HEProe(pEKTUBHOCTI B CUCTEMAX
KOMYHaJIbHOTO BOZOIIOCTa4YaHHs, 30KPEMA, [IJIAHYBaHHS Ta KOHTPOJIIO €JIEKTPOCIIOKMBAHHS, IIJISIXOM YPaxXyBaHHS
(HaKTMYHUX YMOB (PYHKIIOHYBaHHS HACOCHO] CTaHLii BOJOIOCTauYaHHS, 3yMOBJIEHUX BIIJINBOM YMHHUKIB
30BHILIHBOTO cepenoBua. [yig popmanisalii BIJIMBY YAHHMKIB 30BHIIIHBOTO CEPENOBUILA HAa €JIEKTPOCIIOKVBAHHS
HACOCHOI CTaHIIii BOJONIOCTAaYaHHS 3alIpOIIOHOBAHO MiAXin, SKuii nependaydae MoumyK MoAiGHOCTI Y 1060BUX
rpadikax BUTpaTy BOAY 3 MepesKi BOJIOIIOCTaYaHHs1, HEPiBHOMIPHICTb SIKUX OIMCaHA 32 IOTIOMOT0I0 KJIAaCUYHUX Ta
MOP(OMETPUYHUX [10KA3HUKIB, POPMYBAaHHS IPYIl OGHOTUNHUX rpadikiB BUTPATH BOJY 32 CE30HOM i 32 TUIIOM JIHA
Ta 1106y 0BY MpaBuJl Kyacu@ikallii 17151 BUSIBJIEHHSI HAJIEXKHOCTI HOBUX J1000BUX rpadikiB BUTPATU BOJM 10 OGHOTO 3

TUTIOBUX KJIaciB. Mloro peanizanis 3a6e3nednsia MOXKJIMBICTb pOPMATI30BAHOTO OMUCY PEXUMY BOJONOAYi,



30KpEMa, BU3HAUEHHS YCEPENHEHNX XapaKTEPUCTUKU BUTPATU BOJY 3 MEPEXi BOAOIIOCTAYaHHS JJ11 KOKHOTO
ce30Hy Ta npodiniB ii 1060BUX rpadikiB [1J11 XapaKTepHUX [IHIB, a TAKOXK YaCOBUX [1ialla30HiB JJ1s1 BUBHAYEHHSI
(criocTepeskeHHs1) BUBHAUAJIbHYX 3MIHHUX Ta NTOOY10BM 6a30BOT0 PiBHS €JIEKTPOCIIOKUBAHHSL. [I7151 yHOPMYBaHHS
6a30BOro PiBHS €JIEKTPOCIIOKUBAHHS 40 BU3HAYAJIBHUAX 3MiHHUX, BiZlibpaHMX HAa OCHOBI aHaJIi3y (PaKTOPHOrO MOJIA
YUHHUKIB, 10 BIIJIMBAIOTh HA €(EKTUBHICTh €JIeKTPOCIIOKMBAaHHS HACOCHOI CTaHLIii, 32 JOMIOMOr0I0 KOMGiHATOPHOTO
aJITOPUTMY METOJY IPYIIOBOrO ypaxyBaHHS apryMeHTiB BUKOHAHO MTOOYIOBY CTPYKTYpPOBaHOi 6araTopakTopHoOi
MoJeJli e71eKTPOCIIOKMBaHHS, sIKa aJallTOBaHa 10 PEXXUMY BOJOIOAAYi 1711 XapaKTePHOTO TUITY [AHS BiJlIIOBiHOTO
CE30HY, J03BOJISIE€ BPaXyBaTH KOHKPETHI yMOBU (PYHKIiIOHYBaHHSI HACOCHOI CTaHIlii, 3yMOBJI€Hi BIJIUBOM CE30HHMUX i
COLiaJIbHUX YNHHUKIB, i BUBHAUUTU 6a30BUI PiBEHb €JIEKTPOCIIOKMBAHHS, XaPAKTEPHUM 7SI 3aJJaHOTO YaCOBOTO
IIPOMIXKY. YIOCKOHaJIEHO NPOLeAypy KOHTPOJIIO €(PEKTUBHOCTI €JIEKTPOCIIOKMBaHHS, sIKa Ilepeidadyae KOHTPOJIb
€JIEKTPOCIIOKMBAHHS HIJIIXOM aHaJli3y JOTPUMaHHs 6a30BOTO PiBHS €JIEKTPOCIOKUBAHHSI, BCTAHOBJIEHOTO SIK
IOBipuMii iHTEpBaJ 04iKyBaHOTO €JIEKTPOCIIOKMBAHHSI, Ta TEXHOJIOTTYHUX [TaPAMETPiB LISIXOM IIOOYL0BU
KOHTpOJIbHUX KapT lllyxaprta, 1110 3a6e3nedye MOXKIUBICTb KOMIJIEKCHOTO aHali3y e(eKTHBHOCTI
€JIEKTPOCIIOXMBAHHS, [IPUYMH BiIXWUJIEHHS Bif 3allJIaHOBAHOTO 3HAYE€HHS Ta €(PEKTUBHOCTI IIpolLecy BOAOoNonayvi

HACOCHOIi cTaHIIii.

2. The actual task of improvement the energy efficiency monitoring system in the public water supply system, in
particular, the functions of planning and control the power consumption, taking into consideration the actual
conditions of water supply pumping stations functioning caused by the influence of the external environment
factors, has been formed and solved in the thesis. This provides the possibility of identifying hidden reserves of
energy saving and energy performance improvement of water supply facilities and the entire public water supply
system. The daily water consumption graph from the water supply network is a characteristic of the actual water
consumption regime. An approach that involves the search for similarity of the daily water consumption graph and
the formation of their similar groups first by season, and then by the day type, has been proposed for the
formalization of the external factors influence on the pumping station power consumption efficiency. To reveal the
similarity of the daily water consumption graph by a season, they are described by means of the absolute
characteristics of the water supply regime and the classical indicators of unevenness. The influence of social
factors causes the difference in the form of daily water consumption graph for different days, therefore, to detect
the similarity of water consumption graph by day type, morphometric indicators are used to describe them.
Construction of the appropriate equations of classification functions has been performed to identify the affiliation
of new observed water consumption graph to one of the typical classes by season and the day type. The procedure
of identifying the affiliation of the water consumption graph to the appropriate cluster has been proposed. This
procedure consists of two stages: 1) identification by a season; 2) identification by day type provided, that water
consumption graph is not correspond to the irregular days class. Verification of such condition is necessary for the
correct formation of the energy baseline and for further power consumption control. Formation of the similar
water consumption graph groups has been allowed describing the water supply mode, in particular, the definition
of averaged characteristics of water consumption from the water supply network for each season as well as the
profiles of its daily graphs for the typical days that are the basis of the water supply process planning and its
parameters. Implementation of the proposed approach provides the possibility to identify and take into
consideration the cyclic changes of the technological process (according to the requirements of the ISO 50000
standards series), that are caused by the external factors influence, as well as determine the time ranges for
defining (observing) relevant variables and construction the energy baseline of water supply pumping station with
the consideration of its actual work conditions during the specific time interval. The set of the relevant variables
has been formed based on the analysis of factors that influence on the power consumption efficiency of the water
supply pumping station. Structural-parametric identification of the power consumption model of the pumping
station has been accomplished using the combinatorial algorithm of the group method of data handling. This has
been allowed receiving candidate-models set, each of which is the best in its supporting functions class, for each
typical day of each season. The choice of a better structure of the power consumption model has been realized
based on the criteria for its adequacy (regularity, translation minimum, Schwartz, determination coefficient) and



accuracy of the forecast using the morphological criterion. As a result, a structured multifactor model of power
consumption has been constructed. This model is adapted to the water supply regime for a typical day type of the
appropriate season, allows taking into consideration the specific conditions of the pumping station functioning
caused by the influence of seasonal and social factors, that ensures the possibility to determine the energy
baseline that is typical for a specific time interval. Control procedure of the power consumption efficiency has
been proposed. This procedure involves power consumption control by analyzing the accordance of the energy
baseline that is established for the given season and the day type as a confidence interval of the expected power
consumption, and the technological parameters by constructing the Shewhart control charts. This provides a
possibility for a complex analysis of the power consumption efficiency, the reasons for the deviation from the
planned value, and the technological process efficiency of the pumping station water supply.
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