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1. Inceprauiiiny po60Ty IpUCBSIYE€HO PO3pob1ii 6ioiHKeHepHHUX MifAXO0AiB 4O ONTUMI3allii Ipo1eciB MiKkpoOHOro
cHHTe3y 6i0cyp(daKTaHTIB i 6ionosimMepiB, sIKi € NEPCMEKTUBHUMHU ITPOAYKTaMHU, ajle iX IPOMHUCJIOBE BUPOOHULITBO
Hapasi gy>xe gopore. biocypdakranTu Ta nosirigpokcuankanoaTy ([1I'A) MaroTh MUPOKUI CIIEKTP 3aCTOCYBaHb — Bif,
MEeJULMHU 10 CiJIbChbKOTO TOCIIONIAPCTBA — 3aBISKH CBOil 6ioferpanabenbHOCTi, HU3bKill TOKCUYHOCTI Ta
CTabiJIbHOCTI [PV Pi3HMX YMOBAax cepefoBula. BonHovyac epeKTuBHE BUPOOHULITBO LIMX CIIOJIYK Ha IPOMHUCJIOBOMY
PiBHi IOTpeOye TOYHOTO PETYJIIOBAHHS YMOB KyJIbTUBYBAaHHS, 1[0 3yMOBJIIOE€ HEOOXiAHICTb CTBOPEHHS HANlIMHNX
MaTEMAaTUYHUX MOJEJIEN i ONTUMI3aliiHUX aJIrOPUTMIB. BCTAaHOBJIEHO, IO BUKOPUCTAHHS CY4aCHUX METOLIB
MaLIMHHOTO HaBYaHHS Ta CTaTUCTUYHOTO aHasIi3y JO3BOJIsIE CYTTEBO OKPALIUTY TOYHICTb IPOTHO3YBaHHS BUXOLY

LibOBUX METab0IiTiB. [IpoBEeIeHO MOZEIIIOBAHHS MTPOLeCciB 6i0CHMHTe3Y i3 3amyd4eHHsIM wTamiB Bacillus subtilis



GSP16, Pseudomonas sp. PS-17 ra Rhodococcus ruber UCM Ac-288. ExcriepuMeHTabHi AaHi 6yyu 3i0paHi K y
J1abopaTOPHUX YMOBAX, TaK i HA BUPOOHULITBI, 1110 3a6€311e4nJI0 JOCTOBIPHICTb Ta MPAKTUYHY LiHHICTh pe3yJIbTaTiB.
JocninkeHo eeKTUBHICTh TPbOX MiAXOiB 10 NOOYLOBU MOJ€leil: MeTOZ0JIOTi] I10BepxHi BiAryky (RSM),
PeryJsipu30BaHoi perpecii gpyroro nopsaxy (Ridge) Ta raycosoro npounecy perpecii (GPR). RSM 3actocoBaHo ag
MO/IEe/II0BAaHHS BIUIUBY TEXHOJIOTIYHUX (PAKTOPIB, 30Kpema TeMIieparypu, pH, BUAKOCTI nepemillyBaHHs,
KOHLIeHTpalii I71ieposty Ta IpDKIKOBOrO eKCTPaKTy, Ha CUHTe3 cypdakTuHy mramom B. subtilis. Mozesb
I03BOJIMJIA Bi3yasli3yBaTy MOBEPXHI BiArYyKYy Ta OTPMMAaTH 30HU ONTUMAJIbHUX [lapaMeTpiB. BcTaHOBJIEHO, 1110 IpU
nepexo/ii Bill OHOKPUTEPIayIbHOI 0 6araTOKpUTEPiasbHOI ONTUMI3allii 3 ypaxyBaHHSIM €KOHOMIYHMX OOMEKEHb
MOYKHA 3HMU3UTH CObIBapTiCTh cepenoBuina Ha 41%, 3a6e3euyoun BUCOKUI piBeHb IIPOAYKTUBHOCTI. [IpoBeneHo
TaKOX KiHETMYHE MOJeJII0BAaHHS POCTY 6iomacH i3 3acTocyBaHHIM Mogesnell MoHo i XanneiHa, o 03BOJINIIO
NiATBEPAUTU HASIBHICTb CYyOCTPATHOTO iHrOYBaHHS IIPM BUCOKMX KOHLEHTPALisIX Iiieposy. [ JaHux 6€3 4iTKOro
€KCIIepUMEHTAJIbHOTO AU3aiiHy JOCiIKEeHO MOKIMBOCTI peryssipu3oBaHoi Ridge-perpecii, o BpaxoBye HasIBHICTb
B32€MO3aJIESKHOCTE MK KOMIIOHEHTaMU cepefloBuIla. Y pe3ysbTati 100y40BaHO IPOTHOCTUYHI MOZEJ 151 TPbOX
MeTaboJIiTiB: aOCOJIIOTHO CyX0i 6ioMacy, paMHOJIIMIZIB Ta eK30IosicaxapyiB. bBaraTokpurepiasibHa ONTUMI3aLLis,
37ilicHeHa MeTosloM JudepeHLiaNbHOI €BOJIIOL, TO3BOJINIA 3HANTU YMOBY, 32 IKUX PiBE€Hb LIiIbOBUX IPOYKTIB
3pOCTaB Ha 22-24% y NopiBHAHHI 3 6a30BUMU yMOBaMU. OKpPEMO IOCTIIZKEHO MOXKJIMBOCTI MOJIE/IIOBAHHSI CUHTE3Y
[1T'A 3a nonnomororo GPR. He3Bakaioun Ha 0OMeXXeHUI 06CAr JaHUX, MOJIEJli I0Ka3ald BUCOKY TOUHICTb i 3aTHICTh
BUSBJISITU 00J1aCTi IPOCTOPY (PAKTOPIB i3 BUCOKOIO MMOBIPHICTIO IOKPAalleHHS. BCTaHOB/IEHO, 1110 3aCTOCYBAHHS
GPR-mopeneii i3 Bidyasni3allielo HeBU3HA4€HOCTI Ta QYHKLiI 6akaHOCTi 103BoJIsIE PopMyBaTH €(PEeKTUBHI CTpaTerii
IIJIaHYBaHHS eKCIIepUMEHTIB. Bci Mopiesti peasnizoBaHo y BUIJISIAI IPOrpaMHUX pillleHb Ha MoBi Python, 3
BMKOPHMCTaHHSIM BiIKpUTUX 6i6/1i0TE€K MalIMHHOIO HaBYaHHS, CTATUCTUYHOIO aHaji3y Ta Bisyasisallii, Takux siK
scikit-learn, statsmodels, scipy.optimize, matplotlib i seaborn. [Tepen6adyeHo MOKIUBICTh 3aBaHTaKEHHS
€KCIIepMMEHTAJIbHUX JIaHNUX, BUKOHAHHS [10TlepeiHbOi 0OpOOKY, HaBYaHHS MOesiel, Bidyaisaliio 3ajeXHoCTel Ta
IIPOBEJEHHS 6araToKpUTepiasbHOI ONTUMI3allii 3 ypaxyBaHHSIM €KOHOMIYHMX NIOKa3HUKiB. CTBOPEHUH iHCTPYMEHT €
THYYKMAM i MacIITabOBaHUM, IPUAATHUM JI0 afanTalii min pi3Hi 6i0TexHoJIorivHI TpoLecy, o 3abe3nedye 1oro
[IPaKTUYHY LiHHICTb AJ1s1 BUPOOHUYMX MiAIIPUEMCTB i TOCIinHUIbKUX JabopaTopiii. Lle 3abe3neyye MOXKIINBICTb
MacuTabyBaHHS Ta afanTallii pieHs 10 HOBUX LITaMiB abo LiboBUX MPoAYKTiB. OTpUMaHi pe3yabTaTy CBif4aTh
IIPO JOLi/IBbHICTB iHTerpalii 6ioiHkeHepHUX MiAXOiB A1 onTUMi3aLii npouecis 6iocuHTesy. Po3pobieHi nigxonu
MOXYTb OYTM BUKOPUCTaHi K y IPOMUCJIOBil 6i0T€XHOJIOT], TaK i B JOCIiHULBKIN IPAKTULi 711 CKOPOUEHHS

YHCJia eKCIIEPUMEHTIB Ta MMiIBUIIeHHS e(pEeKTUBHOCTI 6ioIpoliecis.

2. The dissertation is devoted to the development of bioengineering approaches for optimizing microbial synthesis
processes of biosurfactants and biopolymers - products with high potential but currently burdened by high
industrial production costs. Biosurfactants and polyhydroxyalkanoates (PHAS) possess a broad spectrum of
applications - from medicine to agriculture - due to their biodegradability, low toxicity, and stability under varying
environmental conditions. At the same time, effective large-scale production of these compounds requires precise
control over cultivation parameters, necessitating the development of robust mathematical models and
optimization algorithms. It has been established that the application of modern machine learning techniques and
statistical analysis significantly improves the accuracy of predicting the yields of target metabolites. The
biosynthetic processes were modeled using strains Bacillus subtilis GSP16, Pseudomonas sp. PS-17, and
Rhodococcus ruber UCM Ac-288. Experimental data were collected under both laboratory and industrial
conditions, which ensured the reliability and practical relevance of the findings. The study investigated the
effectiveness of three modeling approaches: response surface methodology (RSM), second-order ridge regression,
and Gaussian process regression (GPR). RSM was applied to model the influence of technological factors -
including temperature, pH, agitation rate, glycerol concentration, and yeast extract - on surfactin synthesis by B.
subtilis. The model enabled visualization of response surfaces and identification of optimal parameter regions. It
was determined that shifting from single-objective to multi-objective optimization while incorporating economic
constraints can reduce medium cost by up to 41%, while maintaining high productivity levels. Kinetic modeling of
biomass growth was also conducted using Monod and Haldane equations, which confirmed the presence of



substrate inhibition at high glycerol concentrations. For datasets lacking structured experimental design, the
potential of regularized ridge regression was explored, accounting for interdependencies among medium
components. As a result, predictive models were constructed for three key microbial metabolites: biomass,
rhamnolipids, and exopolysaccharides. Multi-objective optimization, implemented through differential evolution,
made it possible to identify cultivation conditions that increased target product yields by 22-24% compared to
baseline conditions. Separately, the capabilities of GPR for modeling PHA synthesis were investigated. Despite the
limited volume of data, the models demonstrated high predictive accuracy and the ability to identify promising
regions in the factor space with a high probability of performance improvement. It was found that combining GPR
models with uncertainty visualization and desirability functions enables the design of effective experimental
planning strategies. All models were implemented as software tools in Python, utilizing open-source libraries for
machine learning, statistical analysis, and visualization, including scikit-learn, statsmodels, scipy.optimize,
matplotlib, and seaborn. The software supports importing experimental datasets, preprocessing, model training,
dependency visualization, and performing multi-objective optimization while taking economic parameters into
account. The developed tool is flexible and scalable, suitable for adaptation to various biotechnological processes,
which ensures its practical applicability in both industrial production and academic research. The modular
structure also allows easy extension of the solution to new strains or target products. The results obtained clearly
demonstrate the feasibility of integrating bioengineering methodologies for optimizing biosynthesis processes.
The proposed approaches can be effectively utilized in both industrial biotechnology and research environments
to reduce the number of required experiments and enhance the overall efficiency of bioprocesses.
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