O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0425U000083
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 13-03-2025

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Nopou Ipuna BonogyumupiBHa

2. Iryna Dorosh

KBasmigikamis: 03.00.20

InenTudikarop ORCID ID: 0000-0003-2957-7922
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HaykoBOi creniagbHOCTI: 03.00.20
Ha3zBa HayKoBOIi cIeniaJIbHOCTI: BiotexHonoris
T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS
OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
JaTa 3axHCTYy: 16-04-2025

CreniaJIbHICTh 32 OCBITOIO: 6ioximis

Micue po60oTH 34,00yBaya: TumMyacoBo He MpaLioe
Kopg 3a €IPIIOY: 00000002

Micue3Haxoo KeHHs: 0, Kuis, 40000, Ykpaina
dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHOi BYEHOI pagH (Pa30Boi CIeliaJi30BaHOI BYEHOI pagu): [l 26.254.01

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [lepkaBHa ycTaHOBa "[HCTUTYT Xap4oBoi 6ioTexHOIOTi Ta

reHoMiky HanioHanbHOiI akageMii Hayk YKpainu"

Kopg 3a €IPIIOY: 02128514

Micqesﬂaxon)KeHHﬂ: ByJI. baiigu-BumHesenbkoro, 6ya. 2-a, Kuis, 04123, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOH: YepHiBeubKuii HallioHaIbHUI yHiBEpCUTET iMeHi FOpis

denproBuya

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. Komto6uHebKoro, 6ya. 2, YepHisui, 58012, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTHYHHUX PyOpPHK: 62.01.99, 34.15.03

Tema guceprauii:
1. OnTumisanis yMOB KyJIbTUBYBaHHS 6i0Macu MiKpOBOJOPOCTEH SIK [IyKepeJsia KOMIIJIEKCY HYTPi€HTIiB

2. Optimization of conditions for the cultivation of microalgae biomass as a source of nutrient complex

Pedepar:

1. Inceprarlist pUCBsY€HA BUBYEHHIO €(PEKTUBHUX METOIiB KYJIbTUBYBaHHS OJJHOKJIITUHHUX MiKPOBOJIOPOCTEN
Desmodesmus armatus (Chod.) Hegew. Ta Acutodesmus dimorphus (Turpin) Tsarenko 3 meToio ontumisariii
ixHbOro 6ioxiMiyHOTrO CcKyIamy IJsl IOTpeb akBaKyJIbTypHU. 30KpeMa, JOCIiIPKYIOTbCSI MOKIIMBOCTI BUKOPUCTAHHS SIK
aJIbTEPHATHMBHOIO )KUBUJIBHOTO CEPEIOBUIIA CKUIHUX BOJ, i3 YCTAHOBKY 3aMKHEHOTO BOONIOCTAYaHHs Ta BIJIUB
Pi3BHOMaHITHUX CTUMYJISITOPIiB Ha MIPOLECU HAKOMWYEHHS 11iIbOBUX 0610JIOTIYHO aKTMBHUX PEYOBUH, TAaKUX 5K
KapoTHHOIAU. AHaMi3y0ThCs (pakTOpY, IO BIJIMBAIOTH HA IPOINYKTUBHICTD Ta SKICHUI cKiaf 6iomacy, 30kpema
KOHIIEHTpALlii iHAYKTOPiB KADOTUHOTE€HE3Y Ta OCMOPEryYJISATOPIB. Lli ZOCTiI)KEHHS CIIPSIMOBaHi Ha MiIBUILEHHS
€(EeKTUBHOCTI aKBaKyJIbTYPHOI'O BUPOOHUIITBA Ta PO3POOKY HOBUX MiTXOMIB 1O PallioHaJIbHOTO BUKOPUCTAHHS
BOJIHUX PecypciB. Y po6OTi Briepie NpoBeJeHO JOCiIPKEeHHS, SIKi ToKa3asu, 10 IpyU BUpolyBaHHi D. armatus Ta A.

dimorphus Ha ckupHif Boai 3 Y3B NpoyKTUBHICTb [IUX BOJOPOCTEN 3anIanacst BUCOKOIO 110 40-To nHs



eKkcriepuMeHTy. TakuM YMHOM OYJI0 [T0Ka3aHo, [0 CKUAHA BOJla 3a6e3nedye NOCiIKyBaHi BUgu MiKpOBOZOPOCTEN
IOCTYIIOM [10 OCHOBHUMX HYTPi€HTiB, HEOOXiIHMX [1J1s1 iXHBOTO POCTY, 110 POOUTS ii MPUIAaTHOIO [1J1 3aCTOCYBAaHHS B
aKBaKyJIbTypi. 3 METOIO 30i/blIeHHs] BMICTY KAPOTUHOIZiB y 6ioMaci y poOOTi Brieplie 1 JOCHiI)KYBaHUX KyJIbTyp
0yJI0 BUKOPUCTAaHO METOY iHAYKIiI KAPOTHHOT€HE3Y LUIJIIXOM BBEIEHHS Y )KUBUJIBHE CEPELOBUILE Mif Yac Apyroi
a3y Ky/bTUBYBAHHS Ha CKUHIN Bogi 3 Y3B crieniasbHUX IPOMOTOPIB BiIbHOPAAMKaIbHOTO OKUCJIEHHS, 30KpemMa
cymimi Fe?n Ta HoOo yu ocmoperynstopa NaCl. V peaysbTati 3acToCyBaHHS LIUX PEYOBUH PiBeHb BMICTY KQpOTHHOIIB
3pic 1o 27 Mr/r y KyabTypi D. amatus i 1o 24 Mr/T y KysibTypi A. dimorphus, 110 CBifuuTh IPO 3HAYHU
CTHUMYJIIOI0YNH e(EeKT [1X PEYOBYH Ha MPOLieC KApOTHHOTeHe3y B 060X BIAax MikpoBogopocreil. [1pu ipomy
CIIOCTepirasiocst 3H>KEHHS BMICTY IEPBUHHUX KAPOTUHOIMIB Ta 30iIbII€HHS YACTKW BTOPUHHUX KaPOTUHOITB.
TaxkuM YMHOM, 3aIIPOTIOHOBAaHA METOIMKA [IO3BOJISIE iHAYKYBaTU MIPOLlEC KAPOTUHOreHesy, 3a0e3euydn
3POCTaHHS BMiCTy BTOPUHHUX KapOTUHOIMiB 6€3 BUKOPUCTaHHS JOPOTUX N06aBOK. Yiepie 36aradyeHi
KapOTHHOIIAMU KYJIbTYPH BUKOPUCTOBYBAJINCS SIK KOPMOBUI CyOCTPAT 7151 BUPOLIYBaHHS 300IIJIaHKTOHY, 30KpemMa
st Daphnia magna, Semocephalus vetulus Ta Moina macrocopa. AHasi3 pe3y/ibTaTiB eKCIIepUMEHTIB [10Ka3as., 1110
HaM6isbI e(PEKTUBHOIO € CXeMa MOPLiITHOTrO BHECEHHS KyJIbTyPU MIKPOBOAOPOCTE, IONIepeAHbO 30aradeHoi
KapOTMHOiZamMM HUIsIXoM iHgykuii Fe2+ (200 mM) 3 H202 (10-4 MM). Takox y poOOTi IOKa3aHo, [0 OTPUMAaHA
6iomaca MiKpOBOJIOPOCTE i3 MiIBUIIEHUM BMiCTOM KapOTHHOIZIB Ta JiMifiB BUIBUIACS €(DEKTUBHOIO JIJIsI
ITOKPALEHHS SIKICHMX XapaKTEePUCTHK IIOIYJIALIN 300IJIAaHKTOHY, 1O BiIKPMBA€ MOSKIJIUBOCTI 1715 TOJAJIBIIOTO
BMKOPHMCTaHHSI TaKMX METO/IB Y 6i0TEXHOJIOTIYHUX IIPOLiecax BUPOOHUIITBA )KUBUX KOPMIB 7151 aKBaKyJIbTypU. Y
paMKax [OCIIiIKeHHs 6yJ10 po3po6JieHO MaTeMaTUYHi MoJiesli 6asaHCy AJ1s1 ONKCY TUHAMIKY HAKOIMYEHHS!
KapOTHHOIAiB Ta 6iomMacu 3a pisHOHaNpaBsieHoi Aii cybcTpartis. [Ijs peasnisaliii Monesieil 6y CTBOpPEHi
cIlellianizoBaHi NpUKJIaAHi nporpamu y cepenosuli Wolfram Mathematica, a Takox 3a J0IOMOTr0l0 MOBU
nporpamyBaHHs Python, gKi m03BOJSIOT JIeTKO MOAMDIKYyBaTH MapaMeTPU CUCTEMHU Ta CIIOCTEPIraTy 3a BIJIMBOM
3MiH Ha NMOBEJiHKY KyJIbTypy MiKpoBozopocTei. [Tlinxonu, 1o po3pobisiiucs y fucepTaliiiHiil poboTi, L03BOJSIOTH
3HUBUTU BUTPATH Ha BUPOOHMITBO, ONITUMIi3yBaTH BUKOPUCTAHHS BOJHUX PECYPCIB, a TAKOXX OTPUMATH Oisbll
36arayeHi KOpMHU [1JIs1 aKBaKyJIbTYPH, SIKi CIIPUSIIOTh IIOKPALEHHIO POCTY, 3[J0POB’S Ta BilTBOPIOBAJIbHUX

XapaKTEPUCTUK BOJHUX OPraHi3MiB.

2. The dissertation is devoted to the study of effective methods of cultivation of unicellular microalgae
Desmodesmus armatus (Chod.) Hegew. and Acutodesmus dimorphus (Turpin) Tsarenko in order to optimize their
chemical composition for aquaculture. In particular, the possibilities of using wastewater from recirculation
aquatic systems (RAS) as an alternative nutrient medium and the effect of various stimulants on the processes of
accumulation of target biologically active substances, such as carotenoids, are investigated. The factors affecting
the productivity and quality composition of biomass, in particular the concentration of carotenogenesis inducers
and osmoregulators, are analyzed. These studies are aimed at improving the efficiency of aquaculture production
and developing new approaches to the rational use of water resources. The study was the first to show that when
D. armatus and A. dimorphus were grown on wastewater from the RAS, the productivity of these algae remained
high until day 40 of the experiment. Thus, it was shown that the wastewater provides the studied microalgae
species with access to the main nutrients necessary for their growth, which makes it suitable for use in
aquaculture. In order to increase the content of carotenoids in biomass, for the first time, the methods of
induction of carotenogenesis were used for the studied cultures by introducing special promoters of free radical
oxidation, in particular a mixture of Fe?n and HoOo or osmoregulator NaCl, into the culture medium during the second
phase of cultivation on the waste water from RAS. As a result of the use of these substances, the level of
carotenoids increased to 27 mg/g in the culture of D. amatus and to 24 mg/g in the culture of A. dimorphus, which
indicates a significant stimulating effect of these substances on the process of carotenogenesis in both microalgae
types. At the same time, a decrease of primary carotenoids and an increase in the proportion of secondary
carotenoids were observed. Thus, the proposed method allows inducing the process of carotenogenesis, providing
an increase of secondary carotenoid concentration without the use of expensive additives. For the first time,
carotenoid-enriched cultures were used as a feed substrate for the cultivation of zooplankton, in particular for
Daphnia magna, Semocephalus vetulus and Moina macrocopa. The analysis of the experimental results showed



that the most effective scheme is the batch introduction of microalgae culture pre-enriched with carotenoids by
using Fe2+ (200 mM) with H202 (10-4 mM). The work also shows that the obtained microalgal biomass with a high
level carotenoid and lipids was efficient in improving the quality characteristics of zooplankton populations, which
opens up opportunities for further use of such methods in biotechnological processes of live feed production for
aquaculture. As part of the study, mathematical balance models were developed to describe the dynamics of
carotenoid and biomass accumulation under the multidirectional action of substrates. To implement the models,
specialized software applications were created using Wolfram Mathematica environment, as well as Python
programming language, which allow for easy modification of system parameters and observation of the impact of
changes on the behavior of microalgae culture. The approaches developed in this thesis help to reduce production
costs, optimize the use of water resources, and produce more enriched aquaculture feeds that improve the
growth, health and reproductive characteristics of aquatic organisms.
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VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTaHTA)
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Map4yeHko Muxaityio MapkoBu4

2. Mikhail M. Marchenko

KBasigikamnis: 1.6.1., npodecop, 03.00.04

InenTudikarop ORCID ID: 0000-0001-6104-0119

JoparkoBa indopmamist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: UepHiBellbKuil HallioHa/IbHUIT yHiIBEpCUTET iMeHi FOpis

denproBrYa

Kopg 3a €IPIIOY: 02071240

Micue3HaxoaKeHHS: ByJ1. KoutobuHcbkoro, 6ya. 2, YepHisii, 58012, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HAayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiIiiHUuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. lyran Ousiekcii MapTeM'ssHOBAY

2. Olexii Dugan
KBasigikamis: 1. 6. u., mpodecop, 03.00.15, 03.00.20
InenTudikarop ORCID ID: 0000-0002-5646-917X

JoparkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's I1o-6aTbKOBI:
1. Kopxosui1 Biranii IBanoBuY

2. Vitalii I. Korkhovyi

KBasigikanis: . 6. u., c.u.c., 03.00.15, 03.00.22
Inentudikarop ORCID ID: 0000-0002-4803-9970
JoparkoBa indopmamnist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHa ycTaHOBa "THCTUTYT XapyoBOi 6i0TEXHOJIOTI Ta

reHoMiky HanioHanbHOI akameMii Hayk YKkpainu"

Kopg 3a €IPIIOY: 02128514

Micuesﬂaxo,rm(eHHﬂ: ByJ1. Baiinu-Bumnesenpskoro, 6yz. 2-a, Kuis, 04123, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

Penensentu

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi €menp Asna IBaHiBHA

TOJIOBH pajgu

Biacue IlpisBume Im'st [To-6aThKOBI Emenp Asna IsanisHa

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasnbHUMH 3a HiATOTOBKY [TactyxoBa H.JL

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




