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Pedepar:

1. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTyIEHs AoKTopa pinocodii 3a cnenjianpHicTio 101 - «Exosoris».
HauionanpHuil yHiBepcureT «JIbBiBCbKa MoJIiTeXHiKa», MiHICTEPCTBO OCBiTH i HayKu YKpainuy, JIbBiB, 2025. 3axuct
Iyceprauii BinoyAeTbCs Ha 3acifiaHHi crelianizoBaHoi BueHoi pagu. HauioHanpHOTo yHiBepcuTeTy «JIpBiBChbKa
nosiiTexHika» MiHicTepcTBa OCBITH i HayKy YKpaiHu. B guceprauilHOMy JOC/IIKE€HH] BUPIIIEHO BKJIMBE HAYKOBO-
[IpaKTUYHE 3aBJaHHS - MiIBUIIEHHS PiBHS €KOJIOTIYHOI 6€3M1€KN aHTPOIIOEKOCUCTEM MIJIIXOM 3HEIIKOIPKEHHS
TE€XHOTE€HHUX 3a0pyJHEHb 6i0JIOTIYHMMU MEeTOZaMU. 3allpOIIOHOBAHO CIIOCI6 OUMIEHHS IPOMUCIIOBUAX Ta30BUX
BUKUJIIB 32 y4yacTi MikpoBogopocteii Chlorella vulgaris Bin napHuKOBUX rasiB, Takux 5K, Byrjekucaui raz CO2,
nuokeupy cynpdypy SO2 , okenpis Hitporeny NxOy , a Takox okeuay pocdopy P20O5. 3arponoHoBaHO C110ci6
3aCTOCYBaHHS MiKPOXBUJIBOBOTO €JIEKTPOMArHiTHOrO ONpOMiHIOBaHHs MikpoBogopocreii Chlorella vulgaris nys

CTBOPEHHA YMOB e(l)eKTI/IBHOFO IOTJINHAHHS TTaPHUKOBUX rasiB. EKCHepI/IMEHTaﬂbHO BCTAaHOBJIEHO OINMNUTHUMAJIbHE



criBBigHOUmEHHs KoHLeHpaniit CO2, SO2, NxOy , P205, sxe 3a6e3n1e4nTb ONTUMAaJIbHe TOTJIMHAHHS Hal6iIbIn
MOIIMPEHUX [IapHUKOBUX ra3iB Ta 3011bMINTh e(PEeKTUBHICTh OUUIEHHS IPOMHUCJIOBUX rA30BUX BUKUIIB, TUM CAMUM
IIO3BOJIUTH IOCSTATU MiJIBUILIEHHS PiBHS €KOJIOTiYHOi 6€311eKy aHTPOIIOeKOCUCTeM. B po6OTi TaKOK BUBYEHO BILIUB
IIOTY>KHOCTi MiKPDOXBUJIbOBOTO €JIEKTPOMAarHiTHOro BUITPOMiHIOBaHHS Ha IPUPICT 6ioMacu MiKpOBOJOPOCTEN
Chlorella vulgaris, a Bix Tak noraHaHHS TAaPHUKOBUX I'a3iB 32 BCTAHOBJIEHOT'O ONITHMAJIBHOTO CIIiBBiAHOLIEHHS
koHueHTpauit CO2, SO2, NxOy , P205, npoayKTiB criajtoBaHHs NajauBa (TBEPAOro, Pilkoro Yy ra3onoiioHoro).
BusHayeHO NOTYKHICTb €JIeKTPOMAarHiTHOro BUIIPOMIHIOBaHHS, 32 SIKOTO BiZIlOYBAa€THCSI MAaKCUMAJIbHUM MTPUPICT
6iomacu Mikposogopocrei Chlorella vulgaris. 3anponoHoBano mexaHi3M (ikcalii ByIJIeKHUCIIOro rasy Ta CymyTHIX
[IapHUKOBUX Ia3iB, MPOAYKTIB craynoBaHHs nanusa, NxOy , P205, SO2 i3 razoBoi (pasu y BHYTpilIHil 06’eM KITITUHU
MmikpoBogopocrteii Chlorella vulgaris nix yac ounieHHs IPOMHUCJIOBUX ra30BUX BUKUIIB. BCTaHOB/IEHO TPpaHUYHI
KOHIIEHTpAallii aKTUBATOPIB NPOLeCy NOIrJIMHAHHS ByrjeKucsoro ra3y mikposogopoctsimu Chlorella vulgaris.
BusHayeHO KOHLEHTpALlil OKCUAIB HiTporeHy Ta okcuay Gpocdopy, sIKi MAaKCUMaJIbHO CIPUSIOTh NOTJIMHAHHIO
BYIJIEKUCJIOTO Ta3y Ta IPUPOCTY MIKPOBOLOPOCTEN. BCTaHOBIEHO CyMapHi ONITUMaJIbHI CHiBBiIHOIIEHHS
KOHIIEHTpallill akTUBAaTOPiB IPUPOCTY, a came NxOy , P205, Ta inribitopa SO2 a1 MAaKCUMaIbHOTO MOTJIMHAHHS
BYIJIEKUCJIOTO razy Mikposogopoctsimu Chlorella vulgaris. 3anponoHoBaHO MaTeMaTUYHUI OINUC MOTJIMHAHHS
napHUKOBUX rasiB mikposogopoctsmu Chlorella vulgaris. Ha ocHOBI pe3ysipTaTiB poBeeHNx JOCTiIKeHb Ta iX
00pOOKH 3aIIPOIIOHOBAHO METO], OUMIIIEHHS IPOMUCIIOBUX ra30BUX BUKUIB Bifl Hal6ibll OMIMPEHUX TAPHUKOBUX
rasis 3a JIii MiKPOXBUJIbOBOTO €JIEKTPOMArHiTHOTO OMPOMIHIOBaHHS. 3alIpONIOHOBAHO METO]], IIEPEPOOKU
HaKOIM4YeHOoi 6iomacu MiKpoBoZopocTeil y 6ionanuso. ITokazaHa MOKJIMBICTh OYMILEHHS razy 6iomeTaHisanii Bix
cipkoBoaHIo H2S 3a yuyacti mikpoBogopocteii Chlorella vulgaris . SIk pe3ysbTaT, peasnisalis TeXHIYHUX pillleHb
IYCcepTalifHOi poOOTH LO3BOJISIE 3MEHIIUTH KiJIbKICTh IAPHUKOBHUX Ia3iB, sIKi BUKUAIOTLCS B aTMOCPEPY,
3MEHIIYBaTU PiB€Hb HETaTUBHOTO BILJIMBY €JIEKTPOMArHTHOTO BUITPOMiHIOBAHHS IPOMUCIIOBUMU YCTAHOBKaMU, TUM
CaMUM ITOKPaLIUTU PiBEHb €KOJIOTIYHOI 6e3I1eKH aHTPOIIOEKOCUCTEM. Pe3ynbTaT JOoCaimpKeHb fucepTaLiiiHol
po6OTH BIIPOBaIKEHi y HaBYaJIbHUI IIPOLIEC JIEKLiITHOTO Kypcy «TexXHOJIOTiHI IIPOLleCH OXOPOHU HaBKOJIMIIHbBOTO
CepeoBUIIa», IJIs1 CTYAEHTIB Ipyroro (Maricrepcbkoro) piBHs Buoi ocsity 101 Exostorig. Takoxx po3po6sieHo
MEeTOIMYHi BKa3iBKU «BI1JIMB MiKpOXBUJILOBOTO €JIEKTPOMArHiTHOTO BUITPOMiHIOBAHHS Ha XJIOPOIICUHTE3yI0i
mikpoBopopocti Chlorellay 3 gucuumnniny «EKosoris moguHu» 17151 CTYIEHTIB eploro (6akaaaBpCbKOro) piBHS
Buioi ocsitu 101 Exosoris. Marepianu aucepraniiinoi po6otu nepenano T3OB «Komnanii «Lentp JITO», mo
MigTBEPyETHCS BiIIOBITHUMH aKTU BIPOBAIKEHHS Ta repejayvi. Kimodosi cioa: mikpoBogopocTi Chlorella
vulgaris, mapHUKOBi rasu, Byryiekucauii ra3 (CO2), nnokeng cynbsdypy (SO2), okcuau asoty (NxOy), okennu
docdopy (P205), cipkoBonens (H2S), MiKpoxBuiboBe eJIeKTpOMarHiTHe BUIIpoMiHioBaHHs (MEM), akTuBaTop,
iHri6irop, 6ionanauBo, CTiyHi BOAU.

2. Mandryk Solomiia. Increasing the level of ecological safety of anthropogenic ecosystems by neutralizing
technogenic pollution by biological methods. Dissertation for the degree of Doctor of Philosophy in the specialty
101 - "Ecology". National University "Lviv Polytechnic", Ministry of Education and Science of Ukraine, Lviv, 2025.
The defense of the dissertation will take place at a meeting of the specialized academic council. National University
"Lviv Polytechnic" of the Ministry of Education and Science of Ukraine. The dissertation study solved an important
scientific and practical problem - increasing the level of environmental safety of anthropogenic ecosystems by
neutralizing technogenic pollution by biological methods. A method of cleaning industrial gas emissions with the
participation of microalgae Chlorella vulgaris from greenhouse gases, such as carbon dioxide CO2, sulfur dioxide
SO2, nitrogen oxides NxOy, and phosphorus oxide P205, is proposed. A method of using microwave
electromagnetic irradiation of microalgae Chlorella vulgaris to create conditions for effective absorption of
greenhouse gases is proposed. The optimal ratio of concentrations of CO2, SO2, NxOy, P205 has been
experimentally established, which will ensure optimal absorption of the most common greenhouse gases and
increase the efficiency of cleaning industrial gas emissions, thereby allowing to achieve an increase in the level of
environmental safety of anthropogenic ecosystems. The work also studied the effect of microwave
electromagnetic radiation power on the growth of the biomass of microalgae Chlorella vulgaris, and hence the
absorption of greenhouse gases at an established optimal ratio of concentrations of CO2, SO2, NxOy , P205, and



products of fuel combustion (solid, liquid, or gaseous). The power of electromagnetic radiation at which the
maximum growth of the biomass of microalgae Chlorella vulgaris occurs was determined. A mechanism for the
fixation of carbon dioxide and related greenhouse gases, fuel combustion products, NxOy, P205, SO2 from the gas
phase into the internal volume of the cell of the microalgae Chlorella vulgaris during the purification of industrial
gas emissions is proposed. The limiting concentrations of activators of the process of carbon dioxide absorption by
microalgae Chlorella vulgaris have been established. The concentrations of nitrogen oxides and phosphorus oxide
have been determined, which maximally contribute to the absorption of carbon dioxide and the growth of
microalgae. The total optimal ratios of the concentrations of growth activators, namely NxOy , P205, and the
inhibitor SO2 for maximum carbon dioxide absorption by microalgae Chlorella vulgaris have been established. A
mathematical description of the absorption of greenhouse gases by the microalgae Chlorella vulgaris is proposed.
Based on the results of the conducted research and their processing, a method for cleaning industrial gas
emissions from the most common greenhouse gases under the action of microwave electromagnetic radiation is
proposed. A method for processing the accumulated biomass of microalgae into biofuel is proposed. The possibility
of purifying biomethanation gas from hydrogen sulfide H2S with the participation of microalgae Chlorella vulgaris
is shown. As a result, the implementation of technical solutions of the dissertation work allows to reduce the
amount of greenhouse gases emitted into the atmosphere, reduce the level of negative impact of electromagnetic
radiation by industrial installations, thereby improving the level of environmental safety of anthropoecosystems.
The results of the research of the dissertation work have been implemented in the educational process of the
lecture course "Technological processes of environmental protection” for students of the second (master's) level of
higher education 101 Ecology. Methodological instructions "The influence of microwave electromagnetic radiation
on chlorophyll-synthesizing microalgae Chlorella" have also been developed for the discipline "Human Ecology" for
students of the first (bachelor's) level of higher education 101 Ecology The materials of the dissertation work have
been transferred to LLC "Company "Center LTD", which is confirmed by the relevant acts of implementation and
transfer. Keywords: microalgae Chlorella vulgaris, greenhouse gases, carbon dioxide (CO2), sulfur dioxide (SO2),
nitrogen oxides (NxOy), phosphorus oxides (P205), hydrogen sulfide (H2S), microwave electromagnetic radiation
(MER), activator, inhibitor, biofuel, wastewater.
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gases by chlorophyll-synthesizing microalgae. 2-ra MixkHaponHa HaykoBa KOHpepeHList “XiMiyHa TEXHOJIOTis
Ta imxeHepis - 27 (24-28 yepsus 2019 poky, JIbBiB, HallioHanbHUi yHiBEpcUTeT «JIbBiBCbKa MOJIITEXHIKA») C.
345-347 https:/ /doi.org /10.23939 /cte2019.01.345

e Jlsuok B.B., Manapuk C.T., I'yrmnu C.1. Bnnus okcupy pocdopy Ha JuHAMIKY IOTJIMHAHHS BYTJIEKMCIIOTO Ta3y
XJ1I0pOQiNICUHTE3YI0UMMHU MIKPOBOJIOPOCTSIMY 3a IIPUCYTHOCTI Jliokcuny cyibdypy. VI MibkHapoHUiT KOHTpec
«Cranuil po3BUTOK: 3aXUCT HAaBKOJIMIIHbOTO cepenoBuia. EHeproomanHicTs. 36a1aHcoBaHe
IPUPOAOKOPUCTYBaHHS» (23-25 BepecHs 2020 poky JIbBiB, YKpaiHa).

e Mangpuxk C. T., Isg4yok B. B., I'yrainyg C. 1. 3acTocyBaHHS MiKpOBOJOPOCTEN Y BiTHOBJ/IIOBAJIbHUX Ta
HeTpajguLiliHuX IpKepesax eHeprii. 36ipHuk martepianis VIII MibknapogHoro koHrpecy «CTanuil po3BUTOK:
3aXMCT HaBKOJIMIIHBOTO cepenoBuila. EHeproomannicTs. 36aaHcoBaHe IPUPOLOKOPUCTYBaHH» (16— 18
>k0oBTHS 2024, Ykpaina, JIsBiB. — 2024.) C. 115
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