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1. O6'eKT mOCTiI>KeHHS - CTOXaCTUYHI MTPOI[ECHU KBa3iCTallioHADHUX PEKMMiB pOOOTU CHCTEM BOMIOTIOCTAYaHHSI.
MeTonu IoCii>KeHHs - METOIU MaTEMaTUYHOTO MOJIEJIIOBaHHS HEJIIHIMHUX CTOXaCTUYHUX CUCTEM [1J1s [100yI0BU
CTOXaCTUYHOI MOZEJIi KBa3iCTaliOHApHUX PE>KUMIB POOOTU CUCTEM MOaYi Ta PO3NOIiNy BOIU; ONITUMATBHOIO
CTOXaCTUYHOTO YIIPABJIiHHS, TEOPIii UIMOBIPHOCTEN, MATEMATUYHOI CTATUCTUKY i BUIIAZIKOBUX MIPOLIECIB [JIsT
PO3B'si3aHHS 33724 onTUMizaLii. TeopeTHUyHi Ta NPakTUYHI pe3ysbTaTy - po3pobJieHa CTOXaCTUYHA MOJIeJlb
KBasiCTallioHapHUX PEXXUMiB pOOOTU CUCTEM I0/AYi Ta PO3NOAINY BOAU JO3BOJIMIA BPaxyBaTH CTOXaCTUYHUM
XapakTep 00'eKTa yIpaBjiHHA I OTOYYIOUOTO CepeNoBUIIA, al€eKBATHO oNucye GaKTUYHI peXXKUMU POOOTH CUCTEMU
BOJIOIIOCTAa4YaHHS Ha 3aJJaHOMY iHTepBaJIi 4acy, MO>XKe BUKOPUCTOBYBATHCS SIK 6a30Ba MOJIeJIb IJ1s1 IOCTAHOBKU Ta
PO3B's13aHHSI 3354 OIITUMAJIbHOT'O CTOXaCTUYHOTO YIIPaBJIiHHS PO3BUTKOM i QYHKI[IOHYBaHHSIM CUCTEM I0ojayi Ta
posmnoginy Bogu. Y nucepTaliiiHiil poboTi po3pobseHi HabIMXeHi METOAY PO3B'SI3aHHS LMX 3a4ad. SIK okazanu
IOCIIIPKEHHS, B PE3YyJIbTaTi 30HYBAaHHS i BUKOPUCTAHHS PETYJISATOPIB TUCKY [1JI TECTOBOI'O IIPUKJIALY CyMa

KBa/lpaTiB HAJIMIIKOBUX HAIIOPiB Y By3Jlax BOLOIPOBIAHOI Mepesxi 111 06paHoi 30HU 3MeHmuIacst Ha 73%. Y



pe3yJbTaTi pO3B'sI3aHHA 337a4i oNTUMi3alii peXkuMiB po60TH HACOCHOI CTaHLii CITIOXXMBaHHS €JIeKTPOEHEPTil
HACOCHOIO CTaHIjielo ckopoTusocs Ha 11%. EkoHoMidHMI edeKT npu rnepexoi Bin icHy040i cucTeMu yIpaBiliHHS
pekuMaMu pobOTH B CUCTEMAX ofadi Ta po3MoAisy BOAU 0 CUCTEMU ONITUMAJIBHOTO CTOXaCTUYHOTIO YIIPaBJIiHHS
3 BUKOPUCTaHHSIM TPU30HHOTO Tapudy Ha €JIEKTPOEHEPTilo AJ1s1 OLHOTO 3 HalOIIbIIMX MariCTpaabHUX BOJOBOLIB
Ykpainu ckiaB 6113pK0 6,5%. HaykoBa HOBM3HA OTPUMaHUX PE3yJIbTATIB [IOJISITA€ B TOMY, 10 BIIEpIle PO3pobieHa
MaTreMaTU4Ha MOJeJsb KBa3iCTallioHapHUX PEXXUMIB poOOTH CUCTEMHU I107adi Ta PO3IIOiNY BOIH, 110 BPAXOBY€E
CTOXaCTUYHUI XapaKkTep 00'eKTa yIIpaBjliHHS i HABKOJIUIIHBOIO CEPEIOBUIIA 1 afIleKBAaTHO ONUCYE ITPOLIECU
TPaAHCIIOPTY Ta PO3IOAiNy BOAY B CUCTEMi BOJOIIOCTaYaHHS Ha 3a/1aHOMY iHTepBaJii yacy; Brepiie po3po6IeHo
MaTeMaTU4Hy MOJeJIb 3a71adi OIITUMAIbHOTO CTOXaCTUYHOTO YIIPaBJIiHHS peKUMaMu poOOTH MariCTpaabHOToO
BOZIOBOJY 3 iIMOBIpHICHUMMU Ta €KCTPEMAJIbHUMU OOMEXKEHHSIMU Ha (a30Bi 3MiHHI, PO3B's13aHHS 5IKOi JO3BOJISIE
OTPUMAaTH MiHIMyM MaTEMaTUYHOTO CIIOJiBaHHS BAPTOCTi BUTPAT HA €JIEKTPOEHEPTII0 NP TPM3OHHOMY Tapu®i Ha
iHTepBauli ynpassiHHS; BeplIe po3po6sIeHnI HabIMKeHUI METO, PO3B's13aHHSI 33/1a4i ONITUMAJIbHOTO
IleTEepMiHOBAHOIO €KBiBaJIEHTy Ta BUKOPMCTaHHI METOMY TiJIOK i MEX; OTPMMAaB NOaJIbIINYI PO3BUTOK METO],
ONITMMAaJIbHOTO CTOXaCTUYHOTO yIIPaBJIiHHS PO3BUTKOM CUCTEM T0/adi Ta PO3MNOAiy BOAU LUIJISIXOM 30HYBaHHS
BOJOTIPOBIAHUX PO3MIOIIbYMX MEPEXK MJISI MIiCT i3 CKyIaiHUM pesibe(hOM MiCIeBOCTi i pi3HOI0 TOBEPXOBICTIO
3a0y[I0BY; OTPUMAJia NOJAJIbIINI PO3BUTOK MaTeEMAaTUYHA MOJEJIb 3a/1a4i ONTUMI3allii peXXuMiB po6OTH HACOCHO]
CTaHLii Ha 3a1aHOMY iHTepBaJli yacy, po3B'sI3aHHS SIKOi 3abe3nedye MiHiMyM MaTeMaTUYHOTO CIIOJiBaHHS 3aTpar
€JIEKTPOEHEePrii Ta CTiMKiCTh PO3B'SI3Ky 10 IPOTHO30BAaHOTO PiBHS CTOXACTUYHUX 30ypeHb. Jucepraliiina po6oTa
BMKOHaHa Ha Kadepi NprkiagHoi MaTeMaTHKY XapKiBCbKOI'0 HallioHAJIbHOT'O YHIBEPCUTETY PaslioesIeKTPOHIKU
MinicTepcTBa ocBiTu i HayKu YKpaiHu Bifi[IOBiAHO [0 IJIaHiB HAYKOBO-[OCJIIAHUX POOIT AEP>KOIOKETHOI TeMU N2
293 "Po3pobka MeTOo0JI0Tii Ta MaTEMAaTUYHUX MOJIeJIEN COLliaIbHO-€KOHOMIYHUX CUCTEM IpU peasisallii KoHLeni
ix cranoro po3sutky" (N2 IIP 0115U001522), y BUKOHaHH] 5IKOi aBTOp O6paB 6e31ocepeiHIoO YIacTb Ha Iocasi
HAyKOBOro criBpobiTHUKa. Kpim Toro, aBTop € BiANOBiZaIbHUM BUKOHABLIEM IOCIIO@aPChKOro gorosopy N¢16-3
"OujiHKa NoTeHIiany pecypco30epesKeHHs BOJOBOLIB KOMIJIEKCY BOAOIIATOTOBKY "[JOHELb" BilOKPEMIIEHOTO
Iipo37iny KOMyHaJIBHOTO MiAnpueMcTBa "XapkiBBogokanan" (265/3-HP /16 N2 IP 0116U007035).

2. Subject matters of the study are stochastic processes of the quasi-stationary modes of operation of the water
supply systems. Research methods - the methods of mathematical modeling of nonlinear stochastic systems to
develop a stochastic model of the quasi-stationary modes of operation of the water supply and distribution
systems; methods of optimal stochastic control, theories of probability; mathematical statistics and random
processes for solving the problems of optimization. Theoretical and practical results - a stochastic model of the
quasi-stationary modes of operation of the water supply and distribution systems developed in the dissertation let
take into account the stochastic nature of the object of control and environment, adequately describes the actual
modes of operation of the water supply system at a given time interval and can be used as a base model for
formulating and solving of the problems of optimal stochastic control of the development and operation of the
water supply and distribution systems. Approximate methods of solving of these problems are developed in the
present work. As the studies have shown as a result of zoning and using of adjustable pressure valves for a test
example the sum of the squares of excess pressures in the nodes of the water supply system for the selected zone
has decreased by 73%. As a result of solving of the problem of optimization of the modes of operation of the
pumping station the energy consumption by this pumping station has reduced by 11%. Economic effect as a result
of the transition from the current systems of control of the modes of operation in the water supply and
distribution systems to the systems of optimal stochastic control with a three-band tariff for the electricity for one
of the largest water mains in Ukraine came up to 6.5%. Scientific novelty of the obtained results is in the fact that a
mathematical model of the quasi-stationary modes of operation of the water supply and distribution systems,
taking into account the stochastic nature of the object of control and environment, and adequately describing the
processes of transportation and distribution of water in the water supply system at a given time interval has been
developed for the first time; a mathematical model of the problem of optimal stochastic control of the modes of
operation of the water main with extreme and probabilistic constraints on the phase variables the solving of which



let get minimal mathematical expectation of the cost of the electricity at a three-band tariff at the interval of
control has been formulated for the first time; an approximate method of solving of the problem of optimal
stochastic control of the modes of operation of the water main based on the formulation of its deterministic
equivalent and use of the method of the branches and borders has been developed; a method of optimal stochastic
control of the development of the water supply and distribution systems by zoning of the water distribution
systems for the cities with complex terrain of the land and buildings of different high has got its further
development; a mathematical model of the problem of optimization of the modes of operation of the pumping
station at a given time interval the solving of which provides minimal mathematical expectation of the electricity
cost and the stability of the solution to the predictable level of the stochastic disturbance. The dissertation work
has been performed on the Chair of Applied Mathematics of Kharkiv National University of Radioelectronics of the
Ministry of Education and Science of Ukraine in accordance with the plans of scientific research works of the state
budget theme N2 293 "Elaboration of the methodology and mathematical models of social and economic systems
within the implementation of the concept of its stable development" (N2 SR 0115U001522) , in the implementation
of which the author was directly involved as a researcher. Moreover, the author was the executive in charge of the
business agreement N216-3 "Estimation of the potential of the resource saving of the water mains of the complex
of waterpreparation "Donets" a separate department of the communal enterprise "Kharkivvodokanal "(265/3-HP /
16 N20116 U007035).
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