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2. IlepenoOpoOka maHWX: BUAAQJICHHS HIyMy Ta aTMOC(EpPHUX CIIOTBOPEHB, KOpETyBaHHS
ocBiTIeHHsA. /s aHamizy TEKCTyp MpPOBOJSATh CETMEHTAIlll0 300pakKeHHS Ha OJHOpPiIHI 3a
TEKCTYpOIO 00JIaCTI.

3. AHamni3 cHeKTpalbHUX JaHHUX (PO3paXyHOK CHEKTPaJIbHUX 1HJIEKCIB, Hampukiag NDVI
(Normalized Difference Vegetation Index), BUSBIEHHS CIEKTpPaJIbHUX aHOMAail, Kiachdikarlis
300pa’keHb 32 TUIIAMH [TOBEPXOHbD).

4. AHami3 TEeKCTypH (PO3paxyHOK TEKCTYPHHUX XapaKTEPUCTHK, TaKUX SK KOHTPACTHICTH,
SHeprisd, KOpemslis, JAUCHepcis, JaKyHapHICTb, (pakTalbHa pO3MIPHICTh, BUKOPUCTAHHS
CTATUCTUYHUX METOIIB JIJIsl BUSIBJICHHS TEKCTYPHUX aHOMAJIIH, Kilacu(ikailisi TEKCTYpHUX o0acTei
3a TUTIaMU TIOBEPXHi).

5. InTepnperarist faHuX.

TpaguuiiHi MeTonu aHamily BKIIOYAIOTh TOPIBHSAHHS CHEKTPalIbHUX CHUTHATyp Ta
TEKCTYPHUX XapaKTEPUCTHUK 3 010J110TeKaMH CIIEKTPATIbHUX BIIOUTKIB 1 TEKCTYp BiIOMUX 00’ €KTIB,
BUKOPUCTaHHS CTATUCTUYHUX METO/IB BUSBICHHS aHOMAIIM.

AJie IpONOHY€EThCS BUKOPUCTAHHS Cy4aCHUX METO/I1B MAITMHHOTO HaBYaHHS.

Jlns BUSIBICHHS CHEKTPAIbHUX a00 TEKCTYPHMX aHOMalliii 3a3BU4Yail BUKOPHCTOBYIOTh
sroptkoBi HeiponHi Mepexi (CNN). CNN MOXyTh eKcTparyBaTH JIOKaJdbHI Ta TJIOOAibHI
oco0iMBOCTI 3 300paskeHb. Jlns BupimeHHs 1€l 3amaui MOXyThb OyTH BHKOPUCTaHI pi3Hi
apxitektypu CNN, taki sik Alex Net, VGGNet, ResNet, InceptionNet.

Mepexa TpeHyeThCsl Ha HAOOpi JaHUX, IO MICTATh 300paXCHHS 3 aHOMAJIisIMH Ta 0e3 HUX.
Bxazanuit HaOip maHux Moke OyTH 310paHMii Bpy4YHY a00 aBTOMATH4YHO. /{711 TpeHyBaHHS MeEpexi
BUKOPHUCTOBYIOTBCSI TaKi JITOPUTMU onTumizaiii sk Adam, SGD.

[Ticnst TpeHyBaHHSI Mepeka Moxke OyTH BUKOpHCTaHa JUIsl BUSBIICHHS aHOMaliil Ha HOBHUX
300pakeHHsAX. Mepexa TreHepye KapTy WMOBIpHOCTEH, 1€ BHCOKI 3Hau€HHS HMOBIpHOCTEH
BIZIITOBIAOTH AHOMAJIBHUM IUISHKAM.

[opiBHsHHS KapT KMOBIpHOCTEH, OTPUMaHUX Ha OCHOBI aHaNi3y TEKCTYp Ta CIIEKTPAIbHOTO
aHai3y, 3HaYHO ITIIBUIIY€ TOUYHICTh BU3HAUYCHHS MPUXOBAHUX 3MiH.

Be3ymoBHMMU nepeBaraMu BUKOPUCTAHHS aJrOPUTMIB IITMOOKOTO HABUAHHS €:

— BHCOKa TOYHICTB;
— YHIBEpCaJIbHICTb;
— e(EeKTUBHICTb.
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For the last decade the possible fossil fuel shortage and global warming have been a
motivation to continue the search for alternative fuel sources. Among the existing fossil fuels
alternatives, higher alcohols (HAs) biofuels, such as butanol, pentanol and hexanol showed
exceptionally good results as candidates for gasoline/diesel substitution [1], [2], [3].

However, despite the appealing fuel characteristics, their synthesis on industrial scale is
debatable. The major reason for this is that HAs in high concentrations are toxic for many known
microorganisms, which lead to insufficient product yields. Some authors suggest changing HAs
synthesis to their precursors — aldehydes of higher alcohols (HADs) which showed much higher
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yield during in situ product removal in microalgae [4]. Hence, extracting HAs and HADs from
culture medium can improve host conditions and final product yield.

Besides, microalgae, specifically cyanobacteria are gram-negative photosynthesising
bacteria that are considered viable biofuel producers, which not only can result in higher HADs
yields, but also contributes to CO, fixation and lowering human carbon footprint [4], [5].

That said, this work focuses on reviewing the available extraction methods for microalgae
metabolites, and selecting the methods which suit the best for HAs and HADs extraction.

In this study following extraction methods were reviewed due to their common use and wide
range of applications [6]:

1. Organic solvent extraction (OSE).

2. Alternative solvents extraction (ASE).

3. Supercritical fluid extraction (SFE).

The general principle for the examined extraction methods lies in the difference of target
solubility from the rest of the substances in the medium. To achieve this difference, specific
solvents and conditions are employed.

It is important to notice that some methods require cell disruption, during which the
metabolites captured inside the cells are released into the medium, making them available to be
extracted. Cell disruption is another important process which deserves its own study; many
available methods can be found in the literature [6], [7].

For this study the cost-effectiveness, ease of process upscaling, product purity, efficient HAs
and HADs extraction, and environmental impact were used as the criteria for comparing methods
mentioned above.

Among the examined methods, SFE was considered the most robust and effective extraction
method, which can achieve high product purity with low environmental impact as well as
straightforward transition from lab scale experiments to industrial scale production [8]. The main
solvent is supercritical CO2, which, alongside co-solvents and gauged conditions, can extract
specific forms of aldehydes and alcohols. However, this method requires high-cost equipment and
is not advised for early stage experiments.

Additionally, both OSE and ASE comprise various solvents that can be used for HAs and
HADs extraction as well. However, these solvents have low selectivity, which makes extracted
products of low purity and additional refining steps are required. OSE is a cheap and common
method, one of its benefits is the fact that some solvents can be mixed with culture medium ( e.g.
oleyl alcohol) can absorb HAs and HADs, lowering the toxicity for microalgae in medium. ASE are
generally more efficient than OSE and have higher selectivity, but are usually toxic for microalgae
and must be used only in the final stages of production.

In conclusion, SFE is a recommended extraction method for a well-developed lab-
production stage, whereas OSE and ASE are suitable for small lab-scale experiments.
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