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1. Incepraniiiny po60Ty IIPUCBSIYE€HO PO3po01Ii GioiHKeHepHHUX MiAX0AiB B0 ONTUMI3aLii poeciB MiKkpoOHOTO
cuHTe3y 6iocypdakTaHTiB i 6iorosimepiB, sIKi € IePCNEeKTUBHUMHU ITPOAYKTaMHU, ajle iX IPOMHUCJIOBE BUPOOHUIITBO
Hapasi gyxe gopore. biocypdakranTu Ta nosirigpoxcuankanoartu ([1I'A) MaroTb MIUPOKUM CIIEKTP 3aCTOCYBaHb — Bif|
MEIUIVHY 10 CiJIbChKOTO rOCIOIapCTBa — 3aBASIKY CBOill 6iozerpasadesbHOCTI, HU3bKil TOKCUYHOCTI Ta
CTabisIbHOCTI IIpY Pi3HMX YMOBax cepenoBulia. BonHovyac edekTrBHE BUPOOHUILTBO LIMX CIIOJIYK Ha IIPOMUCIIOBOMY
piBHI NoTpebye TOYHOTO PEryJIIOBAaHHS YMOB KyJIbTUBYBAHHS, 1J0 3yMOBJIIO€ HEOOXiIHICTh CTBOPEHHS HAlIMHUX
MaTeMaTU4YHUX MOJEJIEN i ONITUMI3alilHUX alrOPUTMIB. BCTaHOBJIEHO, 110 BUKOPUCTAHHS CY4YaCHUX METO/IB
MAIIMHHOTO HAaBYaHH4 Ta CTATUCTUYHOTO aHajli3y NO3BOJISIE CYTTEBO MOKPALIUTH TOUYHICTb IPOTHO3YBAHHS BUXOY
11i71bOBUX MeTabo1iTiB. [IpoBeieHO MOZeJII0BaHHS IIpolieciB 6iocuHTe3y i3 3amydeHHsM 1TaMiB Bacillus subtilis
GSP16, Pseudomonas sp. PS-17 ra Rhodococcus ruber UCM Ac-288. ExcriepuMeHTabHi 1aHi 6yu 3i6paHi 4K y
J1260PaTOPHUX YMOBAX, TakK i HA BUPOOHUILTBI, 10 3a6€3M1e4nsI0 JOCTOBIPHICTb Ta IPAKTUYHY L[iHHICTb PE3YJIbTaTiB.

JocminkeHo eeKTUBHICTh TPbOX IiAXOiB 10 OGYLOBU MOJieJieil: MeTOLOJIOTi] [10BepxHi Biaryky (RSM),



perynsapusoBaHoi perpecii gpyroro nopsaky (Ridge) ra raycosoro npotecy perpecii (GPR). RSM 3acTocoBaHo A1
MOJeJIIOBaHHS BIUIMBY TEXHOJIOTYHUX (aKTOPiB, 30Kpema TemnepaTypu, pH, IBUIKOCTI nepemilryBaHHs,
KOHLIeHTpalii I71iLeposty Ta IpDKIKOBOIO eKCTPAKTy, Ha CUHTe3 cypdakTuHy mramoMm B. subtilis. Mozesb
I03BOJIMJIA Bi3yasli3yBaTy MOBEPXHI BiryKy Ta OTPMMATH 30HU ONTUMAJIbHUX IIapaMeTpiB. BcTaHOBJIEHO, 110 IpU
nepexoi BiJ OJHOKpUTEepialbHOI 10 6araToKpUTepiabHOI ONTUMI3alLii 3 ypaxyBaHHSIM €KOHOMIYHAX OOMEXEHD
MO>KHA 3HU3UTU COOiBapTiCTh cepenoBullia Ha 41%, 3a6e3nedyour BUCOKUM piBeHb IPOAYKTUBHOCTI. [IpoBeneHo
TaKOX KiHETMYHE MOJEJIIOBAaHHS POCTY 6iomacH i3 3acTocyBaHHSIM Mogesnell MoHo i XanneiHa, o J103BOJIUIIO
HiATBEPAUTU HASIBHICTb CyOCTPATHOTO iHriOyBaHHS IIPY BUCOKUX KOHLEHTPALisIX Iiineposy. s faHux 6e3 4iTkoro
eKCIIEpMMEHTAJIbHOTO AU3aiiHy IOCIiIKeHO MOXKIIMBOCTI peryJsisipu3oBaHoi Ridge-perpecii, o BpaxoBye HasBHICTb
B32€MO3aJIESKHOCTEM MK KOMIIOHEHTaMU CepeloBuUILa. Y pe3yJbTati 100y40BaHO IPOTHOCTUYHI MOZEJ JJ1s1 TPbOX
MeTaboJIiTiB: aOCOJIIOTHO CyX0i 6ioMacy, paMHOJIIMIAIB Ta €K30IoJicaxapyiB. bBaraTokpurepiaibHa ONTUMI3aLis,
3pilfiCHEHa MeTOAoM IudepeHLiaTbHOI eBOJIIOL], J03BOINIa 3HAUTH YMOBH, 32 SIKMX PiBeHb LiJTbOBUX IPOIYKTIB
3pOCTaB Ha 22-24% y NOopiBHAHHI 3 6a30BUMHU YMOBaMU. OKPEMO JIOCII/IKEHO MOXKJIMBOCTI MOJI€/IIOBAHHSI CUHTE3Y
[1T'A 3a nonnomoroo GPR. He3Bakaioun Ha 0OMEXXEHUI 06CAT JAaHUX, MOJIEJIi IT0OKa3aJlyd BUCOKY TOUHICTb i 3aTHICTh
BUSIBJISITH 06J1aCTi MPOCTOPY (PaKTOPiB i3 BUCOKOIO IMOBIPHICTIO IIOKpalleHHsI. BCTAaHOBJIEHO, 110 3aCTOCYBaHHS
GPR-mopesnel i3 Bizyasisaljiero HeBU3HAUY€HOCTI Ta PyHKILii 6aKaHOCTi 103BoJIsie GopMyBaTy e(peKTUBHI cTpaTerii
IIJIaHYBaHHS €KCIIePUMEHTIB. Bci Mopiesti peasnizoBaHo y BUIJISIAI TPOrpaMHUX pillleHb Ha MoBi Python, 3
BMKOPHMCTaHHSIM BiIKpUTUX 0i6/1i0TE€K MAalIMHHOTO HaBYaHH$, CTATUCTUYHOrO aHaji3y Ta Bidyasisallii, TaKuX SIK
scikit-learn, statsmodels, scipy.optimize, matplotlib i seaborn. [Tepen6ayeHo MOKINBICTh 3aBaHTaKEHHS
€KCIIEpMMEHTAJIbHUX JIJaHNUX, BUKOHAHHSI [10lepeIHbOi 0OpOOKY, HaBYaHHS MoZesiel, Bidyaisalilo 3ajeXXHoCTel Ta
IIPOBEEHHS OaraToOKpUTEpiasbHOI ONTUMI3allii 3 ypaxyBaHHSIM €KOHOMIYHUX NIOKa3HUKiB. CTBOPEHUH iHCTPYMEHT €
THYYKMM i MacIiTaboBaHUM, IPUAATHUM JI0 afanTanii min pisHi 6ioTexHoOriYHI ponecy, mo 3abe3nedye Moro
[IPaKTUYHY LiHHICTb AJ1s1 BUPOOHUYMX MiAIIPUEMCTB i TocainHuIbKuX JabopaTopiil. Lle 3abe3neyye MOXKIINBICTb
MacuTabyBaHHs Ta ajganTauii pillieHs 10 HOBUX IITaMiB ab0 LiIbOBUX NPOAYKTiB. OTpUMaHi pe3yJibTaTu CBiIyaTh
IIPO JOLJIBHICTB iHTerpalii 6ioiHkeHepHUX MiAXOIiB A4 onTUMi3aLii npouecis 6iocuHTesy. Po3pobieHi nigxonn
MOXYTb OYTH BUKOPUCTAH] SIK y IPOMUCJIOBIH 6i0TexXHOJIOTI], TaK i B JOCAIGHULBKIN IIPAKTHULi 1711 CKOPOYEHHS

YuCJia eKCIIEePUMEHTIB Ta MMiJIBUIleHHS e(peKTUBHOCTI 6iorpoliecis.

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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