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1. OnrTuMizanist mapameTpiB (PinbTPIB i3 MIHOMOMICTUPOIILHUM Ta [EOJIITOBUM 3aBaHTAKEHHSIM MIPYU OYHUIIEHHI
IIPUPOJHUX i CTIYHUX BOJ,

2. Optimization of filters parameters with polystyrene foam and zeolite media at purification of natural and

wastewater

Pedepar:

1. IlpoBeneHut aHasi3 Cy4aCHUX JKepeJl BITYM3HSAHOI Ta CBITOBOI HAYKOBOI JIiT€paTypy BUSBUB, 10 OJIHI€IO 3
HaMOi/IbII OMMPEHUX | HaraJabHUX NOTPe6 NPY OUMLIEHHI IPUPOIHUX i CTIYHUX BOJL € SIKICTh (ibTPyBabHOTO
3aBaHTAXXEHHS i HEOOXiAHICTb MEePiOANYHOI MOro 3aMiHM. BpaxoByroun BiTUM3HSIHI OCOOIUBOCTI IPUPOIHUX
pecypciB Ta €eKOHOMIYHI TOKa3HUKY, Hai61/1bIl KOHKYPEHTOCIIPOMOXKHUMU € /1B TUIIA CUPOBUHU IJIs1
(dinbTPYBAJIPHOTO 3aBaHTAXXEHHS: IPaBili-NiCOK 3 IPUPOAHOrO MaTepiainy (ripcbkoi opoay, 1o npoimia
IiATOTOBKY NOAPiGHEHHIM) KIIIHONTU01iTy COKMPHULPKOTO POJOBUILA Ta IITYYHUI MaTepias Ha 6a3i CliHeHuX
rpaHyJ XapuoBUX MapOK NoJjictupoy. JlitepaTypHuil aHali3 icHylo4nx (isuKo-MaTeEMAaTUYHUX MOjIeJleil OCHOBHOI

ctazii GinbTpyBaHHS BUSIBUB, 10 BOHU HE BPaxOBYIOTh OCOOJIMBOCTE! IT0YAaTKOBOI cTafii gpinbrpysanss. i mopesnti



6yu po3pobJieHi 17151 BUNIaAKy BUKOPUCTaHHS KBAPLIOBOTO MiCKY Y SKOCTi (ibTPyBaJIbHOTO 3aBaHTAXKEHHS, 1110 Ma€
BiZ'eMHuUI 3apsy o-nioTeHnjiany. Kpim Toro, akTyasnbHi HayKoBi my6Jikalii 3acBinuyoTh, 110 3aCTOCYBaHHS Cy4aCHUX
BACOKOTOYHUX BUMIipPIOBAJIbHUX MIPUJIAZIIB JJO3BOJIUJIO IIPOBECTH MPSAMi BUMIPIOBaHHS O-TIOTEHLIAIy
IiHOMOJIICTUPOJIY Ta BUBHAUUTH, 110 HOTO 3apsiy € HOoAaTHIM. J]aHUH eKCIIepUMEHTAIbHO BU3HAYEHUN (PAKT,
BiANOBiIHO 110 3aKOHY KyJslOHa, IEPEHOCUTD ITapaMeTp O-MOTeHLiasny 3 Kareropii (pakTopis, 110 3aBaXKal0Th
3aTPUMAaHHIO KOJIOIIHMX YaCTUHOK ([lepeBakHa Oi/IbIIICTh SIKUX MA€ BiJl€eMHUII 3apsif, O-NIOTEeH1iialy) IPaHyJo0
IiHOTIOJIICTMPOJIBHOTO 3aBaHTAXKEHHS Y KaTeropito GpakTopis, 10 CIPUSIOTh JaHOMY Npolecy. Lle BUKIuKauo
HeOoOXigHiCTb pO3p0o0KHU (Pi3NKO-MaTEMATUYHOI MOJIEJIi T0YaTKOBOI cTafii PpinbTpyBaHHS BOGHOI CycCIleH3ii yepes
dinbTp i3 3€pPHUCTHUM 3aBaHTAKEHHSM, 1[0 TOTIOBHIOE iCHYIOUi (i3UKO-MaTeMaTHHi MogeJIi poiecy
dinbTpyBaHHS. 3BaKaouu Ha GOPMYJIIOBAHHS Ta [IOCTAHOBKY 3a7adi, 1715 ii po3B’s13Ky 6yJI0 3aCTOCOBaHO
IOTY>KHOCTI Cy4acHUX iHpOpMaLiliHUX TeXHOJIOTIN. [l Liei MeTH HallKpalyM YMHOM IiIXOIUTh BUKOPUCTAaHHS
amapary aJropuTMIYHUX 3aCO6iB 10 IapaMeTPiB TEXHOJIOTIYHOTO MOAie/N0BaHHS. Ha 6a3i po3po6seHoi (pisuko-
MaTeMaTU4YHOI MoJieli npouecy QibTpyBaHHS BOJAHUX CYCII€H3ill Ta mapaMeTpiB, 1110 € 3arajJbHOBIIOMUMU 3
HAyKOBUX JIiITEPATYPHUX JKEPEJl, PO3POOJIEHO JIOTIUHY CTPYKTYPY aJITOPUTMY BUOOPY ONTUMAIbHUX TEXHOJIOTIYHUX
i KOHCTPYKTHMBHUX NapaMeTpiB QisibTpa 3 3€pHUCTUM 3aBaHTKEHHIM. Ha ocHOBI po3pobiieHoi ¢izuxo-
MaTeMaTU4HOI Mojesli 6yJI0 3aMJIaHOBaHO Ta IIPOBELEHO ITOPIBHSAJBHI LOCIAY 3 OYUILEHHS IPUPOSHUX Ta
IOOUMIIIEHUX CTIYHMX BOJ, 32 JOIIOMOTOI0 BUIe3a3HAaYeHUX (PibTPYBaJbHUX MaTepiasis. 3 Lie€lo MeTow 6yiu
PO3pOo06JIEHi BiiNOBigHI METOIUKY IOCIIiIKEHDb Ta NOCiAH] ycTaHOBKU. Ha 6a3i pe3ysbTaTiB LUX JOCTiIKEHD 6YJII0
PO3p06JIEHO eMIIIpUYHY MOZEJIb IIpoLecy (ibTPyBaHHS BOJHOI cyclieHsii yepes QinbTp i3 3epHUCTUM
3aBaHTAXXEHHSM JJI51 OUMCTKY [TOBEPXHEBUX (IPUPOJIHUX) Ta JOOUYUCTKYU CTiYHUX BOJ. [IpoTe, HEeJl01iKOM JaHOi
MoJeJli BUSIBUJIACH il TOUKOBICTb 11711 KOHKPETHUX O0'€KTIB JOCIiJKEHb, TOOTO HE YHiBepCasbHICTb. TOMY BUHUKIIA
HEOOXIiJIHICTb y pO3po0Li YHiBEpCaIbHOI TEOPETUYHOI MOZEJIi BUIIE3a3HAYEHOTO Npouecy. [Jis 1boro 6yso
3aCTOCOBAHO Cy4YacCHi MaTeMaTU4Hi 3acobu onTUMizallii po6OTH LWITYYHUX HEHPOHHUX MepeX. KopeKkTHICTh po6oTu
QJITOPUTMY OITMMi3allii [IepeBiPEHO 1JISIXOM IIOPiBHSHHS 3 PE3yJIbTaTaMU €KCIIEPUMEHTAIbHUX JOCIIIPKEHb Ha
PEaJIBHO [Iil0YMX 00’€KTaxX BOLOMIAroOTOBKU. Hemosikom Takoro nigxony BUSBUIACh HEMOXJIMBICTh BU3HAYEHHS
4aCTUHU NIaPAMETPIB 3a JONIOMOTrOI0 aJITOPUTMY oNnTrMi3auii. [loefHaHHS 03HaYeHUX BUlle (PAKTOPIB CTBOPUIIO
HEeOOXiJIHICTh pO3pOOKY 3MillIaHOi a60 HaliBeMIIiPUYHOI MOJeli y BUIJISIZ] aJITOPUTMY TE€XHOJIOTIYHOTO
MOJeJII0BaHHS PinbTPyBaHHS BOJHOI CyCIE€H3ii yepe3 3epHUCTE 3aBaHTAKEHHS. B IKOMy TE€XHOJIOTiUHi Ta
KOHCTPYKTUBHI IapaMeTPH, SIKi MO>KHA KOPEKTHO BU3HAUUTH i3 3aCTOCYBaHHSIM MaTEMaTUYHUX 3aCO0iB ONTUMI3alLii,
BM3HAYaIOTHCS 32 LOIIOMOTOI0 pO3p06JIeHOi TEOPETUYHOI MOJieli. A BCi iHIII 3a7jal0ThCs y HaIliBEMITIpUYHIN Mogeti
SIK KOHCTAHTU Ta BU3HAYAIOTHCSA 32 JOIIOMOT00 po3pobsieHoi eMIipuyHoi Mojieli. B pesysibTaTi 3acToCyBaHHS JaHOI
HaMiBeMIipU4YHOi MoZeJIi po3p06I€HO KOHCTPYKLiIO IPOSCHIOBAIBHOTO (PibTpa - 3aTpUMyBayda (PiTOMIAHKTOHY AJIS
OYMCTKHU OOOPOTHUX BOJ, AEP>KaBHOTO MiATIpUEMCTBA «YepBOHOCIIOBIACHKUI CITUPT3aBOL», L0 3aIMAETHCS
nepepoOKOIO CiTbCbKOTOCIIOAAPCHKOI POAYKILii. 3aBAsSKHA YOMYy PO3pO0JI€EHO HOBY KOHCTPYKIIiIO TPOSICHIOBAJILHOTO
dinbTpa - 3aTpUMyBaya (PiTONIaHKTOHY. [IpakKTUYHE 3aCTOCYBAHHS TaKoro QinbTpa 3a6e3Mneynsio HeooXinHUN
piBE€HBb 3aTPMMKMU KJITUH Ta KOHIJIOMEPATIB LiaHOOAKTEPil 3 OUMIIYBAaHMX BOJ. BIpoBai)KeHHs HAYKOBO-TE€XHIYHNX
PO3pPOOOK OLlep>KaHUX Y HAHOMY JOCIIIIPKEHH] Jajio 3MOTY MiIBULIUTH €KOHOMIUHY e(peKTUBHICTb 0O0POTHOTO
BHMKOPHMCTaHHSI CTIiYHUX BOJ, YepBOHOCI06iAChKOrO criupT3aBoay B 1,5 - 1,7 pasiB y NOPiBHSIHHI 3 pUHKOBUMU

[IPOINO3ULSIMA MEXaHIYHUX (PiNbTPIB.

2. The analysis of modern sources of domestic and world scientific literature revealed that one of the most
common and urgent needs in the treatment of natural and wastewater is the quality of the filter medium and the
need for periodic replacement. Given the domestic characteristics of natural resources and economic indicators,
the most competitive are two types of raw materials for filter medium: gravel-sand from natural material (rock
prepared by grinding) clinoptilolite Sokyrnytsky deposit and artificial material based on foamed granules of
polystyrene food brands. The literature analysis of the existing physical and mathematical models of the main
stage of filtering revealed that they do not take into account the features of the initial stage of filtering. These
models were developed for the use of quartz sand as a filter media having a negative o-potential charge. Besides,
relevant scientific publications show that the use of modern high-precision measuring instruments has made it



possible to directly measure the o-potential of polystyrene foam and determine that its charge is positive. This
experimentally determined fact, according to Coulomb's law, transfers the parameter of o-potential from the
category of factors that prevent the retention of colloidal particles (the vast majority of which have a negative
charge of o-potential) by polystyrene foam media granules in the category of factors contributing to this process.
This necessitated the development of a physical and mathematical model of the initial stage of filtration of the
aqueous suspension through a filter with a bulk medium, which complements the existing physical and
mathematical models of the filtration process. Given the formulation and statement of the problem, it was used the
power of modern information technology. For this purpose, the use of the algorithmic means apparatus to
parameters of technological modeling is best suited. Based on the developed physical and mathematical model of
the filtration process of aqueous suspensions and parameters that are well known from the scientific literature,
developed a logical structure of the algorithm for selecting optimal technological and design parameters of the
filter with the bulk medium. Based on the developed physical and mathematical model, comparative experiments
on the treatment of natural and treated wastewater with the help of the above filter materials were planned and
conducted. For this purpose, appropriate research methods and research installations have been developed. Based
on the results of these studies, an empirical model of the filtration process of an aqueous suspension through a
filter with a bulk medium for surface (natural) water treatment and wastewater treatment was developed.
However, the disadvantage of this model was its accuracy for specific objects of study, which is not universality.
Therefore, there is a need to develop a universal theoretical model of the above process. For this purpose, modern
mathematical means of artificial neural network work optimization were applied. The correctness of the
optimization algorithm is verified by comparing it with the results of experimental studies on real water treatment
facilities. The disadvantage of this approach was the inability to determine some of the parameters using the
optimization algorithm. The combination of the above factors created the need to develop a mixed or semi-
empirical model in the form of a technological modeling algorithm of aqueous suspension filtration through the
bulk medium. In which technological and design parameters that can be correctly determined using mathematical
optimization tools are determined using a developed theoretical model. And all the others are given in the semi-
empirical model as constants and are determined using the developed empirical model. As a result of the
application of this semi-empirical model the design of the clarifying filter - the phytoplankton retainer for
purification of circulating waters of the state enterprise - the spirit factory "Chervonoslobidsky" which is engaged
in processing of agricultural products are developed. Due to this, a new design of the clarifying filter -
phytoplankton retainer was developed. The practical application of such a filter provided the required level of
retention of cells and conglomerates of cyanobacteria from the treated water. The implementation of scientific
and technical developments obtained in this study made it possible to increase the economic efficiency of the
circulating use of wastewater of the spirit factory "Chervonoslobidsky" by 1.5 - 1.7 times in comparison with the
market offers of mechanical filters.
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