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1. IHNTEHCU®IKALIISI MACOOBMIHY B XXKVBWJIbHUX CEPEJIOBUILIAX LHITIIXOM I'JIPOAVHAMIYHOIO
OBPOBJIEHHA

2. Intensification of Mass Transfer in Nutrient Media by Means of Hydrodynamic Treatment

Pedepar:

1. Muponuyk A.O. InTeHcudikaris MacoobMiHy B SKUBUJIBHUX CEPEIOBHUILAX MIJIIXOM TMiIpOINHAMIYHOTO
00po6eHHs. — [lucepralis Ha 3006YTTSI HAYKOBOTO CTyIeHs JokTopa disnocodii 3a cnenjianbHicTio 144 -
Tensnoenepreruka. — IHCTUTYT TexHiuHOI Teryodisuku HAH Vkpainu, Kuis, 2025. Po6oTa nprcBsiueHa NiJBUIIEHHIO
€(EeKTUBHOCTI MaCOOOMIHHUX IIPOLECIB Y FiIPONOHHUX CUCTEMAX 3a AONOMOTIOIO TiIpOJUHAMIYHOTO 0OPOOJIEHHS
METOJIOM AUCKPEeTHO-iMIIyIbCcHOTO BBefeHHs eHeprii (JIBE). AktyanpHicTb. ['inpornoHika € nepcrnekTuBHUM
HaIpsiIMOM arpapHoi cdpepu, IpoTe TPaAULiiiHi MEeTOY MiArOTOBKY PO34YMHIB He 3a0€3M1e4y0Th O HOPIIHOCTI,
CTabiNIbHOCTI Ta CTEPUIILHOCTI. l]e cripuynHsAe yTBOPEHHS 0Ca/liB i 6iOMJIiBOK Ta 3HUXYE 6i0JIOTIiYHY LiHHICTD
cepenosul. IToTpi6HI cyyacHi eHeproedeKkTUBHi TexHoorii. MeTa mocimkeHHs — inTeHcudikalis MacooOoMiHy Ta

cTabimizalis napameTpiB MOXUBHUX PO3YNHIB TiJPONOHHUX cucTeM i3 Bukopuctanusam JIIBE. Metonu. CTBopeHO



€KCIIepUMEHTAJIbHY YCTaHOBKY 3 POTOPHO-MYJIbCALliIlHUM anlapaToM; BUKOPUCTAHO CTaHAPTHI METOAU
aHaJIiTUYHOI XiMmii; 3acToCcOBaHO MaTeMaTHYHe MoeoBaHH (piBHsSHHS HaB'e-CTokca Ta
Bpinkmana-Jlapci-®opxaiimepa). OCHOBHI pe3ysbTaTi. BcTaHOBJIEHO BIUIMB LIBUAKOCTI Ta HAIPY>KEHHS 3CYBY i
yacy 06po6JieHHsI Ha MiKpo6ioJIoriuHi NoKa3HUku cepenosull,. [Tpu HanpyxeHHi 185-190 ITa yncesnbHICTh
MIKpOOpraHi3MiB 3MeHIyeTbes y 2,5-3 pasu. [Ipu mBugkocti 3cyBy 3,55-3,8x100 co! 3MiHIOIOTbCS (Pi3UKO-XiMiuHI
napametpu (pH, OBII, BMicT kucHio). O6po6sienHs HIBE 3HmXye po3unHeHuil Kucenb Ha 60%, 110 niguiye
CTabinbHIiCTh cepenoBull,. [1inBUIyeThCSl 6i0AOCTYIHICTb €J1EMEHTIB KMBJIEHHS Ta 3HWDKYETbCSI HAKOIIMYEHHS
OpraHivyHUx crnoJyk. [TpakTuyHe 3HaueHHs. EHeproBuTpaTy 3HMKeHO Ha 20%. BUKOpUCTaHHS peareHTiB CKOPOYeHO
Ha 55-65%, Bonu - 1o 90%. YposkaiiHicTb 3pocTae Ha 20-30%. TexHOoJIoTisl anpo6oBaHa B IPOMUCIOBUX YMOBAaX
(TOB «AI'POCBiT-)KutoMmup»). Kto4oBi cyioBa: riponoHika, skuBuabHe CepeioBullle, rinpoaruHaMiyHe 06po6yieHHs],

IVICKPETHO-IMITyJIbCHE BBEI,EHHS €HEPTii, MaCOOOMiH, €eHEProe(EKTHUBHICTb.

2. Myronchuk A.O. Intensification of Mass Transfer in Nutrient Media by Means of Hydrodynamic Treatment. -
Dissertation for the degree of Doctor of Philosophy in specialty 144 — Heat Power Engineering. - Institute of
Engineering Thermophysics, NAS of Ukraine, Kyiv, 2025. The dissertation addresses the intensification of mass
transfer in hydroponic nutrient media through hydrodynamic treatment using the discrete-pulse energy input
(DPEI) method. Relevance. Increasing agricultural efficiency under limited resources and climate change is a global
challenge. Hydroponics ensures stable yields, but conventional preparation of nutrient solutions often lacks
homogeneity and stability, leading to sediments, biofilms, and reduced biological value. Aim. To improve mass
transfer and stability of hydroponic nutrient solutions using DPEIL. Methods. A closed-loop experimental setup with
a rotor—-pulsation apparatus was developed. Analytical chemistry (potentiometry, titrimetry, microscopy) was
applied. Mathematical modeling combined Navier-Stokes with Brinkman-Darcy-Forchheimer equations to
describe mass transfer under pulsed hydrodynamic loads. Results. Key hydrodynamic factors identified: shear rate,
shear stress, treatment time. At 185-190 Pa shear stress, microorganisms decreased 2.5-3 times. At 3.55-3.8x10o sn!
shear rates, physicochemical parameters changed (pH, redox potential, oxygen). DPEI reduced dissolved oxygen by
60%, affecting microbiological stability. Treatment improved nutrient bioavailability, reduced organic
accumulation, and enhanced system stability. Practical outcomes. Energy consumption reduced by 20% compared
with conventional methods. Reagent use cut by 55-65%, water savings up to 90%. Crop productivity increased by
20-30% in industrial phytotesting. Technology successfully tested at LLC “AGROSvit-Zhytomyr.” Scientific novelty.
Defined threshold hydrodynamic conditions for microbial control and nutrient solution stabilization; confirmed
mechanisms of pulsed treatment effects on mass transfer; proposed a model for porous media under DPEL
Keywords: hydroponics, nutrient medium, hydrodynamic treatment, discrete-pulse energy input, mass transfer,
energy efficiency.
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e Jly6oBkiHa I.O., Muponuyk A.O. (2025). BukopucTaHHS ME€TOAY IUCKPETHO-iMITyJIbCHOTO BBE/IEHHS eHeprii AJ1s
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