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AHoOTAIIA

Brnosuuenko A.A. VYTumizamisi ra3oBUX BHUKUIIB MIKPOBOJOPOCTSIMHU. —
Kgamidikamiitna HaykoBa mparis Ha IIpaBax PyKOIHUCY.

Juceprairist Ha 3100yTTsI HAYKOBOTO CTyMEHs TOKTopa ¢inocodii 3 ramy3i 3HaHb
16 Ximiuna Ta OioiHkKeHepis 3a creniaiabHICTI0 162 bioTtexHosorii Ta OioiHXeHepis. —
HarnionanpHuii TexHiyHUN yHiBepcUTEeT YKpainu «KHUIBCHKHM MOMTEXHIYHUN THCTUTYT
imeHi Iropst Cikopcwskoro», Kuis, 2025.

[Ilopoky HapocTae mpobiieMa BIIXOMIB Yy CBITI, 30KpeMa, W Ta30moaiOHHUX.
Mixunapogua cnuibHOoTa TnpuiiHsuia [lapuseky yromy (2015) momo oOMexeHHs
I00aNbHOTO MOTEIUIIHHSA BHACHIJOK LIOPIYHOTO 3pPOCTaHHS TEMIEpaTypu IUIIXOM
3MEHIIICHHS BUKU/IIB TAPHUKOBUX T'a3iB. L{e € BAXKIIMBUM KPOKOM Yy TI100aIbHUX 3y CHILISAX
NPOTUIT 3MIHM KJIIMATy Ta 3aXUCTy AOBKULIA. 3rigHo 3BiTYy [Iporpamu OOH 3 goBkiyuis
3a 2024 pik, HA CHOTOJHI HE BAAJIOCH JAOCATTH HEOOXIJHOTO PIBHS CKOPOYEHHS Ta30BUX
BUKHU/IIB. [IB1 TpeTHHU 3arajbHOr0 30UIBIICHHS MOMUTY Ha eHeprito y 2023 pomi Oyio
3aJI0OBOJICHO 32 pPAaXyHOK BHKOIHOTO TajuBa. J3riIHO JaHUX MIDKHApOJHOTO
€HepreTUYHOr0 areHTCTBA MOB’s3aH1 3 EHEPTreTUKO0 BUKUIN BYTJIEKHCIIOTO a3y J0CATIIN
PEKOPAHOrO PiBHA B 37,4 MUIBSAP/IB TOH.

Po3pobOka OloTexHosOrii yTWmi3alli ra3oBUX BHUKHUIIB MIKPOBOJOPOCTMU €
aKTyaJIbHUM HAyKOBO-TEXHIYHUM 3aBJAHHSIM, BUPIIICHHS SKOTO JIO3BOJUTH HE JIMIIIE
3MEHIITUTH aHTPOMOTEHHE HABAHTAXXEHHI HA TOBKIJIJIS Ta CKOPOTUTH BUKUIU MTAPHUKOBUX
ra3iB, aje W orpumaTu Olomacy, OaraTy Ha KOPUCHI PEUYOBUHH, IS TMOJAIBIIOTO
3aCTOCYBaHHS B PI3HUX Tally3dX MPOMHUCIOBOCTI Ta CUTLCHKOTO TOCTIONAPCTBA, 30KpeMa 1
B 010€HEpreTHIIL.

JlocmimKeHHsT TIOTJIMHAHHS Ta30BHX BHKHUIB MIKPOBOJIOPOCTSIMU HaOyBa€e BCE
O1IBIIOT0 MOIIMPEHHS Cepell HAayKOBIIIB, 30KpeMa, I1€10 TeMoro 3aiiMatoThbes Zielinski M.,
Debowski M., Yadav G., Zhang X., Wang R., 'ony6 H.b., Isqox B.B. Ta inmi. Humu

PO3MIIAAAETHCA HEOOX1MHICTh 3MEHIIMTH INKIJJIMBUAKA BIUIMB BHCOKHX KOHIIGHTpAIIiH
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TOKCUYHUX PEYOBHUH, LI0 MICTITHCS Y Ta30BUX BUKUJAX, HA MIKPOBOJOPOCTI, a TaKOX
MPOBOJUTHCA PO3POOKA TEXHIYHUX PIIICHb ISl TOBHOT yTHITI3allli BYTJIEKUCIIOrO Ta3y Ta
HIINUX JJOMIIIOK MIKPOBOJOPOCTSAMU. PO3riisigaeThest MOKIMBICTh BUKOPUCTAHHS Y PI3HUX
rajry3sx 6ioMacu MiKpoOBOJIOPOCTEN, BUPOILIEHOT 3 BAUKOPUCTAHHSIM T'a30BUX BUKHU/IIB.

He ngoctaTHhO MOCHIKEHO BIUIMB KOHIICHTpAIi OKCUAIB KapOOHY, HITPOTeHY 1
cyabdypy B Ta30BUX BHKHIAX HA PO3BUTOK MIKPOBOJOPOCTEH, HE BH3HAYEHO
CHIBBIJIHOIIEHHSI HAsBHUX OKCH[IB Ta PEXKHMH iX IMOAadi, AKi HE MalOTh HETaTUBHOI'O
BIUIMBY Ha PO3BUTOK KIITHH MIKPOBOAOPOCTEH Ta MPOJAYKYBaHHS HUMH I[LIIbOBOTO
npoayKTy. Takox He JOCTIIPKEHO 3MiHYy MeTa0odi3My MOpu Ail PI3HUX KOHIEHTpAIIii
OKCH/IIB Ta MBHUAKOCTI IX HaIX0KEHHS 10 (poTobiopeakTopa.

MeTo10 JTOCHIIKEHHSI € Ppo3poOKa OI0TEXHOJIOTIT yTWii3alli ra30BUX BUKHUJIIB
MIKpOBOJIOPOCTSIMH.

Metoau nociigzkeHns. B porieci 10ciiIkeHb BUKOPUCTOBYBAIUCh TEOPETHYHI 1
emmipuyHi  MmeTtoau. EkcrepuMeHTanpHa  YacTMHA  BKJIIOYAla  BUKOPHUCTaHHS
IpaBIMETPUYHOTO METOAY JJIsi BU3HAUYEHHS BMICTY CYXHMX OpraHIYHUX, HEOpPraHIYHUX
pEYOBHH Ta 010Macu, MIKPOCKOMIIOBaHHS — JUIsl CIIOCTEPEKEHHS 3a PO3MIPOM KIIITHH,
3MIHOIO 3a0apBiEeHHS Ta BI3yaJbHOTO BHSBJICHHS JIMIAIB Y (IIyOpECIEHTHOMY
onpoMiHeHHI. J[Ji1 BHU3HAYE€HHsS KOHIIEHTpalli MIKPOBOJOPOCTEH 1 BMICTY MITMEHTIB
BUKOPUCTOBYBABCSI ~ METOJl  CHEKTpodOTOMETpii, [  MIAPAXyHKY  KIITHH  —
aBTOMATH30BaHMU JIYMWIBHUK KITHH. J[711 BU3HAYEHHS 3MiH KUCIIOTHOCTI Y CEPEIOBHIII
3acTocoByBaiack pH-meTpis, 1isi BU3HAYEHHS BMICTY HOHIB — (DOTOKOJIOPUMETPIs, BMICTY
a30Ty, BYIJEIIO Ta CIpKHM — CIEeMEHTHUM aHaimi3 ckiaxy Oiomacu. Ckmaa rasiB
BUMIpPIOBABCsl razoaHaiizatopamu. /[l pylHYBaHHS KJIITHH BHUKOPHUCTOBYBajlach
yJIbTpa3ByKoBa 00poOKa, BUALIEHHS JIIMiIIB 3 OioMacu MpoBoAUIOCh MeToioM Cokciera,
iX CKJaJ BU3HAYABCS METOJOM Ta3oBOi xpomartorpadii. MaremarnyHa 1 cTaTUCTUYHA
oOpoOKa pe3ysbTaTiB, y3araJlbHEHHs MJaHuX, rpadidyHe oQopMIeHHsS Ta Mo0ynoBa

TPUBUMIPHUX MOJeNIel 3A1MCHIOBAIIMCH 32 JOMOMOIOI0 IMPOrpamMHOro 3abe3nedyeHHs

MSExel.



IIpakTH4He 3HAYEHHS OTPUMAHUX PE3YJILTATIB MOJATAE B HACTYITHOMY:

BcTanoBneHO TEXHOJIOTIUHI TMapaMeTpu O10TEXHOJIOTTYHOI YTHIII3aIlli Ta30BUX
BUKHUIB MIKPOBOJOPOCTSAMH, SKi BIUIMBAIOTh HA SKICHMA Ta KUTBKICHUMA CKJIaj
KOMITOHEHTIB iX 010MacH, 1110 MOKHA BUKOPUCTOBYBATH B PI3HUX raly3sX MPOMHCIOBOCTI.

VYTunizamiro ra3oBUX BHUKHUIIB MIKPOBOAOPOCTSAMHU BrpoBajkeHo Ha TOB
«POCTOK-ITPUITAJL JITI» (axT BIpOBaJI>KEHHS A0JIaTOK A).

HaykoBa HOBHM3Ha OTpUMAaHKX PE3YJIbTATIB MOJISATAE B HACTYITHOMY:

enepuie:

- BCTaHOBJIEHO MaKCHMMaJbHI TPaHUYH1 KOHIIEHTPAIll OKCUIIB CYTbQYpPY
Ta HITPOTEHY B ra30BUX BUKHUAX, 32 SIKUX HE B1I0YyBA€THCS MPUITUHEHHS PO3BUTKY
MmikpoBoaopoctet Chlorella vulgaris,

- BHU3HAYCHO pAaIllOHAIBPHUN poO3Mip OTBOpIB Audy30opa, 3a SKOTro
BIIOYBAa€ThCS MAaKCUMAJIbHUA TpHUpIicT Olomacu B mpoueci 0apOOTyBaHHA
KyJIbTypasibHOTO cepenoBuiia COy;

HAOYI0 NOOANBLULO2O PO3BUMKY:

- BCTAHOBJICHHS 3aJI€KHOCTI BIUIMBY Ta30BHX BHUKH[IB Ha SIKICHUH 1
KUTBbKICHUH cKJ1aj MikpoBoaopoctert Chlorella vulgaris.

B nmepmomy po3aiji HaBeaeHO MEpPeayMOBH HEOOXITHOCTI yTHIII3allli ra30BUX
BUKHUJIB Ta 3HAYEHHS POJII MIKpPOBOAOPOCTEW B IbOMY Mpolueci. BcTaHOBIEHO BIUIMB Ha
KyJbTUBYBAaHHS MIKPOBOJIOPOCTEH TaKUX KOMITOHEHTIB Ta30BHX BHUKHU[IB, SIK OKCHIU
BYTJICIIIO, CIpKH, a30Ty. BU3Haue€HO MOXJIMBICTh BUKOPUCTAHHS Ta30BUX BUKHIIB TIPH
KyJbTUBYBaHHI MikpoBonopocteir Chlorella sp. TlpoaHanizoBaHO MOKIIMBI MEPEIIKOIU
3aCTOCYBaHHS Ta30BUX BUKHIB JJIsl KYJbTUBYBAHHS MIKPOBOJOpOCTeil. BuznaueHo
HUIIXYA BUKOPUCTaHHS HAPOIIEHOI OioMacu MIKpOBOAOpocTel. BusHaueHo 3aBaaHHS, sKi
HEOOX1THO BUPIIIUTH JIJIsI CTBOPECHHSI TEXHOJIOT11 yTHIII3allli Ta30BUX BUKUIIB. B gpyromy
poO31ijli HaBEIEHO BUKOPUCTAHI METOJU JOCIIIKEHHS, OMHC YCTAaHOBOK, METOIUKY
BUKOHAHHS EKCIICPUMEHTIB, CKJIaJ] TOKMBHOTO CEPEIOBHINA, BHUKOPHUCTaHI KYJIBTYPH,

MITOTOBKY Ta30BUX BUKHJIB JO yTHII3aIlli MIKpOBOJOpOCTsIMU. B Tperbomy po3aiii
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HABEJICHO PE3yJIbTaTU JIOCHIIKEHb BIUIMBY MapaMeTpiB MOJAayl BYTJIIEKUCIOrO Ta3y Ha
KyJIbTUBYBaHHS MIKpOBOAOpOCTEN. Po3riisiHyTO e(heKTUBHICTh BUKOPUCTaHHS TU(]y30piB
3 PI3HMMH MapaMeTpaMu JUIsl PO3YMHEHHS BYTJIEKUCIIOTO Ta3y B cepeaoBuili. BuznaueHno
ONTUMAJIbHY IIBUJIKICTH MTO/Ia4l ra3y 3a 3a/1aH0i KOHIIEHTpallli. BcTaHOBJIEHO pallioHaIbHy
NepionyHICT, Toaadi  rasy. IIpoaHami3oBaHO 3aCTOCYBaHHSA PEIUPKYJISIMIT s
e(pEKTUBHOTO TMOTJIMHAHHS BYTJIEKHCIOTO Ta3y MIKpOBOIOpOCTsIMU. B ueTBepTOMy
po31aisli  HaBeACHO  pe3yJbTAaTH  JOCHIIPKEHHS  yTHII3allii  Tra30BUX  BUKHUJIB
MIKpOBOJIOPOCTSIMH, BIUIUB Ha KyJIbTUBYBaHHS a30THOI Ta CyJIb(haTHOI KUCIOT. BuzHaueHo
BIUIUB PELMPKYJISIIT Ta30BUX BUKHUIIB Ha €(DEKTUBHICTD iX YTHIII3aIlli Ta cKiaa 6ioMacu
MIKpOBOJOPOCTEH, 30Kpema, JimiaiB. JlocmipkeHO BUKOPHCTAHHS Ta30BUX BUKHIIB 3
ByrutbHOI TEL[ ayig KyJabTUBYBaHHS MiKpoBogopocteil. BuznaueHo BB Ha OiomMacy
MIKPOBOZIOPOCTEM Ta I[1laHOOAaKTEpidi Ta30BUX BHUKHUJIB TICIS CHalioBaHHA Oiorazy. B
II’ATOMY PO3Aiji HaBeJeHO rpadiuyHy MOJENb 3aJI€KHOCTI IIBUIAKOCTI POCTY KIITHH BIJ
TEXHOJIOTIYHUX MapaMeTpiB TMpolecy yTWI3alli Ta30BUX BHUKUIIB. Po3poliieHo
TEXHOJIOTIYHY CXeMy OI10TEeXHOJOTIi YTHJIi3alii ra30BUX BUKHJIB MiIKPOBOJOPOCTSIMHU.
Hapeneno po3paxyHku coOiBapTOCTI poOOTH CIPOEKTOBAHOI YCTAHOBKH JUISl YTHIII3AIlll
ra30BUX BUKHU/IIB.

OcoOucrtuii BHecok 3700yBauya. Bci OCHOBHI pe3ynbTaTH, BIIOOpa)xeHi B
JTUcepTaLiiiHIi po0OoTi, OTpUMAaHO 3100yBaueM 0cOOUCTO. 3100yBayeM MPOBEACHO AHAII3
JITEpaTypHUX JIaHMX, CKOHCTpyiWoBaHa jabopaTopHa Ta MPOMUCIOBO-IOCIITHA
YCTAHOBKU JI1 KYJbTUBYBAaHHA MIKPOBOJOPOCTEN Ta yTWUII3allli ra3oBUX BUKHUJIIB.
Po3po0iieHo TeXHOJIOTIUHY CXeMy YTWJIi3allii ra30BUX BUKHIIIB. AHaJi3 pe3yibTaTiB Ta
MiAroTOBKa MyOJIiKallii 3a pe3yabTaTaMu KX JOCI1KEHb BUKOHAHI 32 Y4acCT1 CITIBaBTOPIB.

Hucepraiiitna po6oTa BUKOHaHa Ha kadeapl 6ioeHepreTuku, 010iHHOpMaTHKU Ta
exobioTexHosorii HalioHanbHOTO TEXHIYHOTO YHiBepcuTeTy Ykpainu «KuiBchkuit
MOMITEXHIYHUHN 1HCTUTYT iMeH1 [ropst CIKOpCBKOT0Y», TI1]T KEPIBHUIITBOM JI.T.H., J1011. ['0;1y0
H.b. Ta Ha kadenpi iHXeHepil HABKOJMIIIHLOTO cepenoBuilia BapMiHcbko-Ma3ypchbKoro

yHiBepcutery B OmbiituHi (Pecrmy6mika Ilonbmia) 3a HacTaBHUITBA O.T.H., TPOQ.



3enincekoro M. (B pamkax epanmy Ne2022/01/4/NZ9/00019 ons naykosyis 3 Yxpainu, siKi
He matomb cmynena PhD Bin Hamionansnoro HaykoBoro Ilentpy (NCN, Pecny6uika
[Tonpma) Ta I'panTiB €Bponeticbkoi Exonomiunoi 3oum i Hopeerii (EEA and Norway
Grants)). Yactuna po0OoTH, sika HaBeleHa B po3auiax 4.3 Ta 4.4 mpoBeleHa pa3oMm 3
MOJIbCHKUMHU KOJIETaMH.

3a Temor0 auceprariii omy0aikoBaHo 11 HayKOBUX Mpailb, B TOMY YHUCIHi: 3 HAYKOBI
CTaTTl, 3 SIKUX 2 CTaTTl OmyOJIIKOBaHI B MEPIOJAMYHMX BHIAAHHSAX, IO BXOJATH JI0O
HAyKOMETPHUYHOI 0a3u Scopus, Ta BigHOCAThCS A0 Q2 Ta Q4 SCImago Journal Rank,
2 crarti B (haxoBUX TNEPIOJMYHUX BUJAHHAX, 8 Te3 JOMOBIJAEH Ha BCEYKPAIHCHKUX Ta
MDKHApOJIHUX HAYKOBO-TIPAKTUYHUX KOH(MEPEHITISX.

KurwouoBi cjoBa: ra3oBi BUKUIM, MIKpoBojopocTi, ytwm3auis, CO,, mmiawu,
aepailisi, BUJQJICHHS TMOXXMBHHUX PEYOBHH, Cyib(haTH, HITpaTH, KiIiMaT, (OTOCHUHTE3,

Chlorella vulgaris, 3eneHi BOIOpPOCTi, O10TLT1BKA, O10TEXHOJIOT 5.



Summary

Vdovychenko A.A. Utilization of gaseous emissions by microalgae. — Qualifying
scientific work, the manuscript.

PhD thesis for obtaining the scientific degree of Doctor of Philosophy in the field
of knowledge 16 Chemical and Bioengineering in the specialty 162 Biotechnology and
Bioengineering. — National Technical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute", Kyiv, 2025.

The problem of waste in the world, including gaseous waste, is growing every year.
The international community adopted the Paris Agreement (2015) to limit global warming
due to the annual increase in temperature by reducing greenhouse gas emissions. This is
an important step in global efforts to combat climate change and protect the environment.
According to the 2024 United Nations Environment Program report, the required level of
gas emission reductions has still not been achieved. Fossil fuels met two-thirds of the total
increase in energy demand in 2023. According to the International Energy Agency, energy-
related carbon dioxide emissions reached a record level of 37.4 billion tons.

The development of biotechnology for the utilization of gas emissions by
microalgae is an urgent scientific and technical task, the solution of which will allow not
only to reduce the anthropogenic load on the environment and greenhouse gas emissions
but also to obtain biomass rich in valuable substances for further use in agriculture and
various industries, including bioenergy.

Research into the absorption of gas emissions by microalgae is becoming
increasingly popular among scientists, in particular, Zielinski M., Dgbowski M., Yadav G.,
Zhang X., Wang R., Holub N.B., Dyachok V.V., and others. They consider the need to
reduce the harmful effects of high concentrations of toxic substances in gas emissions on
microalgae and develop technical solutions for completely utilizing carbon dioxide and
other impurities by microalgae. The possibility of using microalgae biomass grown using

gas emissions in various industries is considered.



The influence of concentrations of carbon, nitrogen, and sulfur oxides in gas
emissions on the development of microalgae has not been sufficiently studied; the ratio of
available oxides and their supply modes that do not harm the development of microalgae
cells and their production of the target product has not been determined. Also, the change
in metabolism under the influence of different concentrations of oxides and the rate of their
entry into the photobioreactor has not been studied.

The research aims to develop biotechnology to utilize gases emissions by
microalgae.

Research methods. Theoretical and empirical methods were used in the research
process. The experimental part included using the gravimetric method to determine the
content of dry organic and inorganic substances and biomass, microscopy - to observe cell
size and color change, and visual detection of lipids in fluorescent irradiation. The
spectrophotometry method was used to determine the concentration of microalgae and the
content of pigments, and an automated cell counter was used to count cells. pH-metry was
used to determine changes in acidity in the medium; photocolorimetry was used to
determine the content of ions, and elemental analysis of biomass composition was used to
determine the content of nitrogen, carbon, and sulfur. Gas analyzers measured the
composition of gases. Ultrasonic treatment was used to destroy cells, lipids were 1solated
from biomass by the Soxhlet method, and their composition was determined by gas
chromatography. Mathematical and statistical processing of the results, data
generalization, graphic design, and construction of three-dimensional models were carried
out using MSExel software.

The practical value of the obtained results is as follows:

Technological parameters for biotechnological utilization of gases emissions by
microalgae have been established, affecting their qualitative and quantitative composition
of components used in various industries.

Utilization of gas emissions by microalgae has been implemented at LLC

"ROSTOK-PRYLAD LTD" (Implementation Act Appendix A).



The scientific novelty of the obtained results is as follows:

for the first time:

- the limiting concentrations of sulfur and nitrogen oxides in gas emissions were
established, at which the development of the microalgae Chlorella vulgaris does not stop;

- the rational size of the diffuser openings was determined, at which the maximum
increase in biomass occurs during the bubbling of the CO, culture medium;

was further developed.:

- the dependence of the impact of gas emissions on the qualitative and quantitative
composition of the microalgae Chlorella vulgaris was established.

The first chapter presents the prerequisites for the need to utilize gas emissions
and the importance of the role of microalgae in this process. The impact of such
components of gas emissions as carbon, sulfur, and nitrogen oxides on microalgae
cultivation has been established. The possibility of using gas emissions in cultivating
Chlorella sp. microalgae has been determined. Possible options were analyzed, such as
obstacles of using gas emissions to cultivate microalgae. The ways of using the increased
biomass of microalgae are determined. The tasks that must be solved to create a technology
for utilizing gases emissions are determined. The second chapter presents the used
research methods, a description of the installations, the methodology for conducting
experiments, the composition of the nutrient medium, used cultures, and the preparation of
gas emissions for utilization by microalgae. The third chapter presents the results of
studies on the influence of carbon dioxide supply parameters on microalgae cultivation.
The effectiveness of using diffusers with different parameters for dissolving carbon dioxide
in the medium is considered. The optimal gas supply rate for a given concentration is
determined. The rational periodicity of gas supply is established. The use of recirculation
for microalgae's effective absorption of carbon dioxide is analyzed. The fourth chapter
presents the study's results of utilizing gas emissions by microalgae and the effect of nitric
and sulfuric acids on the cultivation. The influence of recycling gas emissions on the

efficiency of their utilization and the composition of microalgae biomass, particularly
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lipids, was determined. The use of gas emissions from a coal-fired thermal power plant
(CHP) for microalgae cultivation was investigated, and the influence of gas emissions on
the biomass of microalgae and cyanobacteria after biogas combustion was determined. The
fifth chapter provides a graphical representation of the dependence of biomass yield on
the technological parameters of the gas emissions utilization process. A technological
scheme of gas emissions utilization biotechnology was developed. Calculations of the cost
of operation of the designed gas emissions utilization plant are provided.

Personal contribution of the PhD student. All the main results reflected in the
dissertation work were obtained personally by the student. The student analyzed literature
data and designed a laboratory and industrial research facility for cultivating microalgae
and utilizing gas emissions. A technological scheme for utilizing gas emissions was
developed. Analysis of the results and preparation of publications based on the results of
these studies were performed with co-authors' participation.

The dissertation work was carried out at the Department of Bioenergetics,
Bioinformatics and Ecobiotechnology of the National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute," under the supervision of Doctor of Technical
Sciences, Assoc. Prof. Holub N.B. and at the Department of Environmental Engineering
of the University of Warmia and Mazury in Olsztyn (Republic of Poland) under the
supervision of Doctor of Technical Sciences, Prof. Zelinski M. (under grant No.
2022/01/4/NZ9/00019 for scientists from Ukraine who do not have a PhD degree from the
National Science Center ( NCN, Republic of Poland) and the EEA and Norway Grants).
Part of the work presented in sections 4.3 and 4.4 was done with Polish colleagues.

11 scientific works have been published on the topic of the dissertation, including
3 scientific articles, of which 2 articles are published in periodicals included in the Scopus
scientometric database, belonging to Q2 and Q4 by SCImago Journal Rank, 2 articles in a
professional periodical, 8 abstracts of reports at all-Ukrainian and international scientific

and practical conferences.
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Keywords: gases emissions, microalgae, utilization, CO», lipids, aeration, nutrient
removal, sulfates, nitrates, climate, photosynthesis, Chlorella vulgaris, green algae,

biofilm, biotechnology.
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CIIUCOK NMYBJIKAIIN 3/IOBYBAYA 3A TEMOIO IUCEPTAIIII

Hayxkogi npaui, B skux ommy0/1iKkOBaHO OCHOBHI HAYKOBi pe3yJIbTaTH AUCePTALil

1lybnikayiu y cneyianizoeanux 6uoaHuax Ykpainu,

YV BUOAHHAX, BKIIOUEHUX 00 MINCHAPOOHUX HAYKOMEMPUYHUX 0A3:

1. BnoBuuenko, A. A., & I'ony0, H. b. (2022). BiinB KOMIIOHEHTIB Ta30BUX
BUKUIIB Ha pict MikpoBojgopocteit Chlorella vulgaris. BicHuk JIbBiBCBKOTO
yHiBepcutety (Cepist  Oionoriyna), 86, 3-14. ISSN: 2075-5236 DOI:
10.30970/v1ubs.2022.86.01 (Daxose suoamns kameeopii b) (Ocobucmuii 6Hecok
3000y8a4a. ONPayO8anHs 1imepamypHux OaHux, y4acmo Y HANUCAHHI CmMammi)

2. Debowski, M., Zielinski, M., Vdovychenko, A., Kazimierowicz, J. (2024).
The use of the autotrophic culture of Arthrospira platensis for CO; fixation from biogas
combustion. Processes, 12(2), 396. ISSN: 2227-9717 DOI: 10.3390/pr12020396
(Scopus, Web of Science, SCImago Journal Rank— Q2) (Ocobucmuii énecok 3000y8aua:
NPOBeOeH s eKCNEPUMEHMATILHO20 O0CTIONHCEHH S, YUACMb 8 002080PEHHI pe3yIbmamis,
yuacme y HanuCaHHi cmammii)

3.  Vdovychenko, A., Golub, N., Zielinski, M., & Levtun, 1. (2024). Effect of
acids on biomass growth and development of Chlorella vulgaris culture. Innovative
Biosystems and Bioengineering, 8(4), 39-47. e-ISSN 2616-177X DOI:
10.20535/ibb.2024.8.4.313941 (Daxose esuoanua rkameeopii A, Scopus, SCImago
Journal Rank — Q4) (Ocobucmuii énecok 3000y8aua: onpayro8anHs iimepamypHux
OaHUX, NPOBEOeHHS eKCNEPUMEHMANIbHO20 OOCNIONCEHHS, YUacmb 68 002080pDEHHI

pe3yibmamie ma HANUCAHHI cmammi)
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BCTYII1

AKTyaJabHicTh TeMu. [Ilopoky HapocTae nmpobiema BiXO/IB y CBITI, 30KpeMa, i
razonomiOHux. MiKHapogHa cmiibHOTa mnpuiHsaiaa [lapuseky yromy (2015) momo
OOMEKEHHS TJI00aTbHOrO MOTEIUIIHHS BHACIIZOK HIOPIYHOTO 3pOCTaHHS TEeMIlepaTypu
[UIIXOM 3MEHIICHHS] BUKHU/IIB TAPHUKOBUX Ta3iB, 110 € BAKJIUBUM KPOKOM Y TTI00aTbHUX
3YCHJUISIX TIPOTHU/IIT 3MIHH KJIIIMATy Ta 3aXUCTY JOBKIJUISI, TPOTE CBITOBI BCE IIE HE BAATIOCH
JIOCSITTH CKOPOUCHHsI Ta30BUX BHUKHJIB J10 HeoOXximHoro piBHA [77]. /JIBl TpeTunHm
3araJibHOTO 30UIbIIEHHS MOMUTY Ha eHeprito y 2023 porri Oyio 3a0BOJICHO 32 PaxyHOK
BUKOITHOTO MajuBa [36], a MOB’A3aH1 3 €HEPTeTUKOI0 BUKHUIH BYTJIEKUCIIOTO a3y JOCATIH
pekopanoro piBHs B 37,4 mutbsapaiB Tod (I'T) [37].

Po3poOka OloTexHoNOrl yTWmi3alli ra30BUX BHKHUIIB MIKPOBOJOPOCTAMH €
aKTyaJlbHUM HAyKOBO-TEXHIYHUM 3aBJAHHSIM, BUPIIICHHS SKOTO JIO3BOJUTH HE JIMIIIE
3MCHIIIUTH aHTPOIIOTCHHE HABAHTAXKCHHSI HA JOBKIJUISI T CKOPOTUTH BUKHIHA TTAPHUKOBUX
ras3iB, aje ¥ orpumaTu Olomacy, OaraTy Ha KOPHCHI PEYOBMHHU, ISl MOAAIBUIOTO
3aCTOCYBaHHS B PI3HUX Tally3X MPOMUCIOBOCTI Ta CUILCHKOTO TOCIOIAPCTBA, 30KpeMa 1
B 010€HEpreTHIIl.

JocnmimpkeHHst yTumi3aiii ra3oBUX BUKHIIIB MIKPOBOJOPOCTSIMU HaOyBae Bce
O1BIIIOTO MOMIMPEHHS Cepell HAyKOBIIIB, 30KpeMa, I11€10 TeMOoro 3aliMaroTbes Zielinski M.,
Debowski M., Zhang X., Wang R., Yadav G., I'ony6 H.b., Iauox B.B., ta inmi. Humu
PO3MIIAAAETHCA HEOOXIIHICT, 3MEHINMTH IIKIJJIMBUAKA BIUIMB BHCOKHWX KOHIIGHTpAIIIH
TOKCUYHUX PEYOBHH, IO MICTITHCS Y Ta30BUX BUKHIAX, HA MIKPOBOJOPOCTI, a TaKOX
MPOBOJUTHCSA PO3POOKA TEXHIYHUX PIlIEHb JUIsl MOBHOT yTHIII3allli BYTJIEKHCIIOTO ra3y Ta
THITUX JOMIMIOK MIKPOBOJOPOCTSIMH. PO3MIIsiIaeThest MOKIIMBICTh BUKOPUCTAHHS Y PI3HUX
rajxy3sx 61oMacu MIKpOBOJIOPOCTEH, BUPOIIIEHOT 32 BUKOPUCTAHHS Ia30BUX BUKHIIB.

3aranoMm, MpakTUYHE 3aCTOCYBAaHHS YTWIII3allli BYTJIEKUCIIOrO Ta3y 1 ra3oBUX
BUKHU/IIB B MPOMHUCIIOBUX MaciiTabax 3a JOMOMOTOI MIKPOBOJOPOCTEN 3HAXOJIUTHCS B

3apOJKOBOMY CTaHi, 1 Oararo mpoOieM 1ie noTpioHO BupimmTH. He mgocTaTHbO
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JOCITIKEHO BIUIMB KOHIIEHTpAIll OKCHJIIB KapOOHY, HITPOTE€HY 1 Cylb(hypy B ra30BHX
BUKHJAaX Ha PO3BUTOK MIKPOBOJOPOCTEW, HE BHU3HAYECHO CITIBBIIHOIICHHS HAasSBHUX
OKCHJIIB Ta PEeXHUMH X Mojadi, SKi He MAlOTh HETaTUBHOTO BIUTUBY Ha PO3BUTOK KIITHH
MIKPOBOJOPOCTEN Ta MPOIYyKyBaHHS HUMHU IITLOBOTO MPOAYKTY. Takoxk HE JOCIIIKEHO
3MiHY MeTa0O0JIi3My TIPH Jii pi3HUX KOHIICHTPAIliid OKCHIB Ta MBUIKOCTI 1X HAIXOHKCHHS
1o porobiopeakTopa.

MeTo10 JOCHIKEHHSI € po3poOKa O10TEXHOJIOTIT yTHii3aIli ra30BUX BUKHUJIIB
MIKpOBOJIOPOCTSIMH.

JUs NOCATHEHHSI MOCTaBJI€HOT METH HEOOX1JHO BUPIILINUTH TaKl 3aBJIaHH:

l. JloCmiauTy 3aJIeKHICTh PO3BUTKY KYJIBTYPH BiJl TapaMmeTpiB IMojaul
CO;y (po3mipy 1 KUIBKOCTI OTBOpIB AM(]Y30pa, KOHLEHTpalii B ra3oBiil cywimii,
HIBUIKOCTI 110/1a4l, IEPIOIUYHOCT).

2. Bu3HaunTn MakcuMalbHI TpaHUYHI KOHILIEHTpalli cyiab(dar Ta HIiTpatr
aHIOHIB, K1 BIANOBIIAIOTh 3HAYEHHSIM OKCHJIIB CYJb(Yypy Ta HITPOTE€HY B ra30Biii
CyMillli, 1 HE YUHSATh HETAaTUBHOTO BIUIUBY Ha pO3BUTOK KynbTypu Chlorella vulgaris.

3. Hocmigutu cryninb yruiizanii CO; B 3aJI€KHOCTI Bl peLUPKYJIALIL B
cuctemi (oToOI0peaKTopiB.

4. BcTaHOBUTH 3alIeKHICTh TPUPOCTY OlOMacu MIKPOBOJOPOCTEN BiJ
peXUMY oAyl Ta CKJIaAy ra30BUX BUKU/IIB, IO YTBOPIOIOTHCS MPHU 3rOPaHHI Pi3HUX
BHJIIB CHPOBHHH.

5. Po3poOuT TEXHOJOTIYHY CXEeMy YyTWiIi3alii Ta30BUX BUKHUIB

MmikpoBogopoctsimu Chlorella vulgaris.

00’exT pocaimxenns. [Iporec 010TEXHONOTIYHOT YTUJII3aIlli Ta30BUX BUKHUJIIB
MIKPOBOJIOPOCTSIMH.
Ipeamer pocaimxkenns. IlapameTpu mnporecy yTumizaulii ra3oBUX BHKHUIIB

MIKPOBOZOPOCTSIMHU.
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MeToau D0CTiKeHH.

B mporeci mocnigkeHb BUKOPUCTOBYBAIMCh TEOPETHYHI 1 €MIIPUYHI METOJM.
ExcneprMeHTanbHa 4YacTHHA BKIJIIOYaja BUKOPUCTAHHS TPaBIMETPUYHOTO METOIY MJIs
BU3HAUCHHS BMICTY CyXHX OpraHiYHMX, HEOpPraHIYHUX pEUYOBUH Ta OloMacu,
MIKPOCKOIIIOBAHHSI — JJIsI CIIOCTEPEKEHHS 3a PO3MIPOM KIIITHH, 3MIHOIO 3a0apBJICHHS,
BI3yaJbHOTO BHUSBIIEHHS JIMIAIB Y (IyopecueHTHOMY ompoMiHeHHi. [ BHU3HaueHHS
KOHIICHTpAIlii MIKPOBOJAOPOCTEH 1 BMICTY IIIT'MEHTIB BHKOPUCTOBYBAJIM METO/I
CeKTpOo(OTOMETPI, A1 MAPAXYHKY KIITHH — aBTOMATHU30BaHUM JTIUUIBHUK KIITHH. J{J1s
BU3HAUEHHS 3MIH KHUCJIOTHOCTI Yy CepeloBHIIl 3acTocoByBanu pH-merpito, s
BU3HAYCHHS BMICTY HOHIB — ()OTOKOJOPHUMETPII0, BMICTY a30Ty, BYTJICIIO Ta CIpKH —
€JIEMEHTHUI aHaii3 ckiaay Oiomacu. Ckiiaj ra3iB BUMIPIOBAIM razoaHanizaropamu. Jis
pyiHYBaHHS KJIITUH BUKOPUCTAJIM YIbTPa3BYKOBY 00pOOKY, BUILJICHHS JIMIIB 3 O10Macu
npoBoaAwK MeTogoM Cokciera, BU3HAYaIM 1X CKJIaJ METOAOM Ta30BOi Xpomarorpadii.
MarteMaTtnyHa 1 CTaTUCTHYHA OOpoOKa pe3ynbTaTiB, y3arajdbHEHHS JaHUX, IpadiuHe
oopmiieHHsT Ta MOOYyAOBa TPUBUMIPHUX MOJENEH 31MCHIOBAJIUCH 3a JIOIIOMOIOIO
nporpamHoro 3abe3neueHHss MSExel.

HaykoBa HOBHM3Ha OTPUMAaHHX PE3YJIHTATIB MOJISATAE B HACTYITHOMY:
enepuie:

- BCTaHOBJICHO MaKCHUMaJlbHI TPaHWYHI KOHIIEHTpaIlli OKCUMIB Cyiabdypy Ta
HITPOreHYy B Ta30BUX BUKHAAX, 32 SKUX HE BIIOYBa€ThCS MPHUIMHEHHS DPO3BUTKY
MikpoBoaopoctert Chlorella vulgaris,

- BU3HAYECHO PAIlOHATBFHUN PO3MIp 1 KUIBKICTh OTBOpIB Audy30pa, 3a SKOTO
BIIOYBAEThCS ~ MAaKCMMalbHUU  TpupicT ©Oiomacu B  mporeci  0apOOTyBaHHS

KyJbTypaJibHOTO cepenoBuia COs.
HAby10 No0anIbUL020 PO3BUMKY:

- BCTAHOBJICHHS 3aJIEKHOCTI BIUIUBY I'a30BUX BUKHUIB Ha SIKICHUM 1 KUIbKICHUNA

ckiian MikpoBojaopoctert Chlorella vulgaris.
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IIpakTH4He 3HAYEHHS OTPUMAHUX PE3YJILTATIB MOJATAE B HACTYITHOMY:

BCTAHOBJICHO TEXHOJIOTIYHI TapaMeTpu O10TEeXHOJIOTTYHOI YyTHIII3allli Ta30BUX
BUKHUIB MIKPOBOJOPOCTSMH, SKi BIUIMBAIOTh Ha SIKICHUM Ta KUIBKICHUM CKJIad iX
KOMITOHEHTIB, III0 MOKHA BUKOPUCTOBYBATH B P13HUX Taly3sX MPOMHUCIOBOCTI.

Pesynmbratn poOOTM y BUIUISAAI TEXHOJOTII YTWII3amii Ta30BUX BUKHU/IIB
MikpoBogopocTsimMu  BapoBamkeHo Ha TOB «POCTOK-TIPUJIAJ JITH» (akr
BIIPOBAKEHHS 10JaTOK A).

OcoOuctuii BHecOok 3100yBaua. Bci OCHOBHI pe3ynbTaTH, BigoOpa)keHI B
JIYcepTaniiHii podoTi, 0OTprMaHO 3/100yBadeM 0coOHCTO. 3100yBadyeM IIPOBEACHO aHATI3
JITEpaTypHUX JIaHUX, CKOHCTPYHOBAaHO Ja0OpaTOpHY Ta MPOMHUCIOBO-IOCITIIHY
YCTaHOBKH, MPU3HAYEHI IJIs1 TOCHIIKEHHS MIKPOBOJOPOCTEN, yTUIII3alli HUIMHU Ta30BUX
BHUKU/IIB 1 00J1aTHaH1 CBITJIOMI0OTHUM OCBITJECHHSM 1 CHCTEMOIO Ttoayi ras3iB. Po3pobieno
TEXHOJIOTIYHY CXEMy YTHJI3allli ra30BUX BUKHUIIB. AHai3 pe3ysbTaTiB Ta MiJTOTOBKA
nyOJIiKali 3a pe3ysbTaTaMy LHUX AOCTIIP)KEeHb BUKOHAHI 3a y4acTi CIIBaBTOPIB (CIHCOK
nyOmikaiiit 3700yBaya 3a TEMOIO JucepTaiii 104aTok b).

HuceprauiitHa poboTa BUKOHaHa Ha Kadeapl OloeHepreTuky, 0101H(GOpMaTUKU Ta
exoOioTexHosorii HarioHanbHOrO TEXHIYHOTO YHIBepcuTeTy VYKpainu «KuiBChbKHit
MOITEXHIYHUHN 1HCTUTYT iMeH1 [ropst CIKOpCBKOT0Y», T1]T KEPIBHUIITBOM JI.T.H., 1011, ['0;1y0
H.b. Ta Ha kadenpi iHXeHepil HABKOJMIIHLOTO cepenoBuilia BapmMincbko-Ma3ypchbKoro
yHiBepcutety B OmbituHi (PecnyOmika [lonbima) 3a HacTaBHMITBA M.T.H., MPod.
3enincbkoro M. (B pamkax epanmy Ne2022/01/4/NZ9/00019 ons naykosyis 3 Yxpainu, siKi
He maiomb cmynena PhD Bin Hamionamsnoro HaykoBoro Ilentpy (NCN, Pecmy6iika
[Tonpmia) Ta I'pantiB €Bponericbkoi Exonomiunoi 3onu 1 Hopgerii (EEA and Norway
Grants)). Yactuna po0OoTH, sika HaBelneHa B po3auiax 4.3 Ta 4.4 mpoBelneHa pa3oMm 3
NOJILCBKUMHU KoJieraMu (Ocobucmuii 6Hecok 3000y6aya: ONpaAyto8anHs JimepamypHux
O0aHUXx, NpPOBEeOeHHs eKCNEePUMEHMANbHUX OO0CNI0NCEeHb, Y4acmvb 8 002080PeHHI

pe3yibmamis ma HANUCAHHI cmammi 3a pe3yibmamamu 00CHIONCEHD).
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Amnpobariis pe3ysbTaTiB aucepraiiii. Pe3yabratv A0CHiKEHb, 10 HaBEJCHI B
nucepTarii, OyJau onpuiIroJHEHH] B paMkax MikHaponHUX Ta BeceykpaiHChKUX HAyKOBUX
KOH(EpEeHIIIH:

XV-XVI Beceykpaincbka HayKOBO-TIpaKTHYHA KOH(PEPEHITis CTYICHTIB, acipaHTIB
1 mosoanx BueHux «biorexnosmoris XXI cromitrs» (2021, 2022 pp., Kuis);

XXII-XXIII MixnapogHa HayKOBO-TIpakTHUyHa KoHGepeHuis «BinHoBmoBaHa
eHepreTuka ta eHeproedektuBHIicTh y XXI cromitTi» (2021, 2022 pp., Kuis);

XIV MixHapoaHa HaykoBo-TexHIYHa koH(pepenmis «lIpobmemu ekonorii Ta
eHeprozoepexxenss» (2021 p., Mukonais);

3rd International conference «Water Management and its Surroundings —
Theoretical and Practical Aspects» (2023 p., Onbiutus, Pecriyonika [Tomnbia);

I[X MixHapoaauii MoJoaDKHUKA KoHrpec «Cramuii  po3BUTOK:  3aXHCT
HaBKOJIMIIIHHEOTO cepeoBUIIIA. EneproomiaHicTh. 30amaHcoBaHe
npupoiokopuctyBanHs» (2024 p., JIbBiB);

XXIV MixunapogHa HaykoBoO-TipakTHuHa KoHpepeHiis "Exonoris. Jlroauna.
CycninsctBo" (2024 p., Kuis).

Crpyktypa Ta oOcar nucepramii. Juceprariiina po0GoTa BuKIageHa Ha 174
CTOpIHKaX MAaIIMHOIMCHOTO TEKCTY, CKIATAEThCS 3 BCTYITY, IT'SITH PO3JIJIiB, 3araJlbHUX
BHUCHOBKIB, CIIUCKY BUKOPHUCTAHUX JKEpen Ta IBOX AoAaTKiB. OOCAT OCHOBHOTO TEKCTY
nucepTaiii ckiamgae 135 cTopiHOK JpykoBaHOro TekcTy. PoGora imtoctpoBana 37
TabnuisiMu Ta 54 pucynkaMu. CIMCOK BUKOPUCTAHUX JKepen MICTUTh 96 HaliMeHyBaHb,

3 HUX 89 JIaTUHUIIEIO.
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PO3/LT 1. BUKOPUCTAHHSI  MIKPOBOJOPOCTEN ISl
YTUABAILII TA30BUX BUKU/IIB

1.1 IlepeaxymoBH HeOOXiZHOCTI yTHJII3allii ra30BUX BUKHIIB

CporoJiHi BECh CBIT Oepe ydacTh y AUCKYCISX MO0 €KOJIOTIYHUX, COMIATIbHUX Ta
EKOHOMIYHMX Tpo0JieM, CHPSMOBAHMX Ha TOM’ SIKIIEHHS HECHPUSITIUBUX HACITIIKIB
aHTPOIIOTCHHOI MISUTBHOCTI, 3aBASKA YOMY MIDKHApPOJHUMHU OpTaHi3alisMu Oysio
pospobisiero Ilopsmok aennuii 1o 2030 poky. 3rigHo Llimei cramoro po3BHUTKY, OYJIO
0COOJIMBO BUJIJICHO JOCTYITHY YUCTY €HEPTi0, CTIMKI TPOMAaJIi Ta KIIIMAaTUYHI 3aX0]I1 JIJIst
oOMexxeHHs rio0abHOro nmoTeruIiHHg Ha piBHI 1,5 °C abo Hmwxkue [10]. Tum He MeHIl,
piBEHb BYTJIEKUCIIOIO ra3y B arMocdepi 3pocTae 3 KO)KHUM pokoM. Y TpaBHi 2023 poky
koHneHtpaiiss CO, gocsrna 424 ppm B atMmocdepi, 110 O3HA4Ya€ MPUTOJOMIILIUBE
30utbieHHss Ha 50% MOPIBHAHO 3 PIBHAMH, 3aJ0KYMEHTOBAHHUMHM Ha [OYATKY
1HyCTpialibHO1 epu [65].

[Tixx17, IKWid BAKOPUCTOBY€ETHCS JIJIsl SMEHILICHHS 3a0pYy/IHEHHS MOBITPS, 3aJI€KUTh
BiJl KOHKPETHOTO THUITy 3a0pyJlHIOBada Ta CTaHJAPTIB, BCTAHOBJICHUX [JISi KOHTPOJIIO
BUKHUIB. BUIBIIICTh HIMPOKO BHKOPHUCTOBYBAHMX METOJIB 3MEHILECHHSA 3a0pyAHEHHS
MOBITPS. BKJIFOYAIOTh 3aCTOCYBaHHS CHCTEM OUMWIICHHS Ta TOTJMHAHHS, METOIB
po3AUIeHHs Ta cucteM ¢iabTparlii. 3apa3 MUPOKO BUKOPUCTOBYIOTHCS 3BUYAITHI METOIH,
HalpuKiaj, celekTuBHe KaTtamituuHe BigHoBieHHs (SCR) mms NOy,, Mokpa
necynbdypariis rumoBux rasiB (wet FGD) mst SOy, enektpodinstpu (ESP) mns iy 1
TBepaux 4vactouok (PMs). HesBaxkaroum Ha JIOCATHEHHS TNPUHWHATHOTO PIBHS
e(EeKTUBHOCTI BUJAJICHHS, ICHYIOTh HEJOJIIKHA Ta MEPEIIKOIH, IKi HEOOX1AHO YCYHYTH, a
came: BUCOKY CKJIQJIHICTh, HU3bKY CTaOlIbHICTh, MPOOJIEMH, OB’ I3aH1 31 30€piraHHsIM,
KEepyBaHHSAM BUTOKaMU, 3alIOBHEHHSAM MepEeXeBO1 1H(QPACTPYKTYpH, HAIMIPHI BUTPATH Ha
OYIIBHUIITBO Ta €KCIUTyaTallilo, BUPOOHMIITBO MIKIJUIMBUX MOOIYHUX MPOAYKTIB 1

CTHOXKUBAHHS €JIEKTPOCHEPTii. 3apa3 MOCHIIIHUKUA CHPSIMOBYIOTH CBOIO yBary Ha MOIIYK
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Kpallux MIIXO0AIB A0 KOHTPOJI Ta 3MEHIICHHS BUKHUIIB 3a0pyIHIOIOUYUX PEUOBHH BiJ
TOPIHHS Y BUIMOBIAb HA 3POCTAaHHS EKOJIOTIYHUX MpoOseM, 3a0pyJAHEHHS IOBITPS Ta
CYBODIIII CTaHAAPTH sIKOCTI MOBITPs [50].

TpuBae momryk ONTUMAIbHMX PIINIEHb 1 3aCTOCYBaHHS PI3HUX MIAXOIB, I0JI0
BJIOBJIIOBAHHS 1 30€epiraHHsl BYTJIEKHCIIOTO ra3y, KOXeH 3 SKHX Ma€ CBOI MepeBaru i
Heponiku. Jlo mpormeciB 3axormeHHs CO, BigHOCATH O10JOTIYHUH, TEOXIMIYHHM 1
ximiyHuil. bionoriune 3axoruieHHs BigOyBaeTbcsi y mpoueci (orocuntesy: CO;
MOTJIMHAETHCS 3 aTMOc(epu IepeBaMHu, CLITLCHKOTOCIIOIaPCHKUMU KYJIbTYpaMH Ta BOJHOIO
6iomacoro. ['eoxiMiuHe 3aXOTUICHHS BKIIIOYA€ BUKOPUCTAHHS HU3KU MIHEpAIiB, sIK1 3/1aTHI
3B’si3yBatu  atMocdepuuit CO, y dopmi TBepaoro kapOoHaTy abo pPO3YMHEHOTO
OikapOoHaTy, oOM/IBa 3 SKMX € JOBIOBIYHMMH HAKOIWYyBauaMH BYIJICHIO. XIMIYHE
3aXOIUICHHS JIO3BOJIAE€ BIIOBIIOBATH BYTJEKHUCIUNA ra3 Oe3mocepeHhO 3 TMOBITPS 3a
JOTIOMOTOI0  XIMIYHMX PO3YMHHHUKIB 1 COpPOEHTIB, MPU3HAYEHUX JJISI MOBTOPHOIO
BUBUIBHEHHS MOTO Yy BUIVIAI KOHUEHTpoBaHOro motoky CO, mis BUKOpUCTaHHS a0o
30epiranns [8, 22, 71, 87].

[Ilo crocyeTbes mpoleciB 30epiraHHs, TO TYT BAXKIMBUM (DaKTOPOM € TPUBAJICTh
30epiraHHs 1 MoJajabllle BUKOPUCTAHHS BJIOBJICHOTO BYTJICIIO a00 MOro KOHCEPBYBaHHSI.
Byrnenps Moxe 0Bro 30epiraTucsi B €KOCHUCTEMax, TaKUX, SIK JIICH, IPYHTH, O00J0Ta Ta
MOpCbKUN ocan. byxaiBenbHl MaTepiand Ta OIOBYTULISL BUTOTOBJIEHI  IILISIXOM
nepeTBOpeHH 310paHoi 6ioMacu (y BUMAAKy OlOBYTUJUIS Ta JEPEBUHU B OYIIBHUIITBI), 3
KOHLIEHTpoBaHUX MOTOKIB CO, abo HaBiTh 3 CO, 3 HABKOJMILHBOIO MOBITPS, MOXKYTh
30epiratd BYTJEIb MPOTATOM JACCATUIITH. ['eoXiMiuHE 3aXOIUICHHS Oe3MocepeIHbo
npU3BOAUTh A0 TpuBajoro 30epiranHs CO; y ¢opmi kapOOHaTHUX MiHepaiB abo
OikapOOHAaTIB B OKE€aHl, BUKOPUCTAHHS TI'EOJIOTIUHUX (opMaliid, TaKuX, K BHUCHAXKEHI
Ha(TOBI Ta ra30Bi po10BHUIIA a00 COJISTHI BOJOHOCHI TOPU30HTH, a00 PEaKTUBHI MIHEpaIH,
30Kkpema, 6azanet [71].

OCKUTbKY HaOUIBIIMM JIHXKEPEJIOM BUKHU/IIB € CIIAIFOBAHHS BUKOITHOTO IMaJIUBa, a

JIIOJICTBO JIOCI HE BPETYJIOBAJIO HAPOIIyBaHHS HEOOXITHOTO 00’€My 1 TOBCIOJHE
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3aCTOCYBAHHS YHUCTOI €HEPrii, MpU [IbOMY, ICHYIOU1 BapiaHTH yTHIII3allil Ta30BUX BUKHIIB
e He 3/JaTHI OIpaIfOBaTH JOCTAaTHIO KUIBKICTh BHUKHJIB 3a PO3YMHOIO I[IHOIO Ta 03
ICTOTHOT HEHaBMHUCHOI MIKOU [59], MOIIyKH 1 ONTHUMI3AIisl BXKE 1ICHYIOUMX TEXHOJOTIH
TPHUBAIOTH [8], a MMPOKE BUKOPUCTAHHS YJIOBIIOBAHHS 1 YTHIIi3allii BYTJIEKHCIOTO Ta3y

HEMUHYYE.

1.2 BukopucranHsi MiKpoOBOJAOPOCTeH AJI51 yTHJIi3aIlil ra30BUX BUKHIIB

Biodikcartiss mpoMUCIOBUX JUMOBHX Ta3iB 3a JIOIMOMOI'OK MIKpOBOJOPOCTEH Ta
[[1aHOOAKTEP1H MUPOKO OOTOBOPIOETHCS K YUCTA AIbTEPHATUBA ISl SMEHIIICHHS] BUKH/IIB
MapHUKOBUX T'a3iB.

DOTOCHHTE3YI0Ul €YKAPIOTHYHI MIKPOBOJAOPOCTI Ta MPOKAPIOTUYHI IiaHOOAKTepii
(cMHBO-3€JIeH1 BOJOPOCTI), IO 3yCTPIYAIOThCA AK Yy IPICHIM, Tak 1 B MOPCBHKIM BOII, €
BOKJIMBUMU JUISl BOJHUX E€KOCHUCTEM 1 IJ00aIbHOTO BYTJICIIEBOTO OanaHCy, BIAITPAIOTh
BUpIIIANBHY poib y 6iodikcaliii CO,. MikpoBOAOPOCTI MaIOTh OCOOJIUBY XapaKTEPUCTUKY
KOPOTIIMX IMKJIB pOCTy, TOOTO yac reHepauii Big 4 no 10 1HIB, pO3MHOXYIOYHCH
CKCIIOHEHITIAJILHO 32 PI3HUX YMOB cepeioBuiia [67]. Bonu aye pi3HOMaHITHI Ta MICTITh
3HAYHY KUIbKICTh  Ol0aKTMBHHUX  CIOJIYK, BKJIIOYAlOYM  Ol0AKTHBHI  TENTU]IHU,
MOJIIHEHACUYCHI )KUPHI KUCIIOTH, BITaMiHH, (PEHOJIBHI CIIOJIYKH, MOJIICaXapuId, MITMEHTH,
crepunu, pitoropmonu tomro [11, 20, 31, 85, 90]. B manuit yac mpoBOAATHCS JOCTIHKCHHS
iX  3aCTOCYBaHHs, CHpSIMOBaHI Ha XapyoBYy IIPOMHUCJIOBICTh, aKBaKyJIbTypYy,
dbapmareBTUYHy, KOCMETUYHY, CIJIbChKOTOCIIOAAPChKY Ta O10MaJIuBHY MPOMUCIIOBICTb, a
TaKOX MParHyTh 3aCTOCOBYBATH OLIbIIIE THTPEIIEHTIB MiKpoBoopocTeit [11, 31, 85].

[Ticns TpuBayioi €BOJIOLIT MIKPOBOJAOPOCTI MPUCTOCYBAIUCSA KUTH B PI3HHUX
cepenoBuiax (o3epa, piukd Ta OKEaHW) 1 HaBITh MOXKYTh BHKHBATH B €KCTPEMAIbHHUX
yMOBax (CTIYHI BOJIU, BUCOKA COJIOHICTh, EKCTpeMasibHa TeMiiepatypa Toio) [31, 85, 86].
Bigome ix 3acTocyBaHHS HJi1 OUYMIICHHS CTIYHUX BOJ[ BIJ HITpaTHOI, HITPUTHOI Ta

amoHiitHOi Qopm azoTy Ta docdatiB [86, 94], Baxkux wmertamiB [49], cTiiiki 10
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nigsuiieHoro Bmicty NaCl B cepenoBuiii ta a0 3a0pyaHeHHst HapTonpoaykramu (10 40
/i) [90, 94]. MikpoBOAOpOCTI MatOTh 34aTHICTh criokuBaTH CO; 3 MOBITPS, 3 HU3BKOIO
kounentpariieo (0,03—0,06%), abo 3 Bucokoro konmeHntpaiiito CO, Bia cTamioHapHUX
JKepe, TakuX, sIK ByriibHI enekTpoctaHili (10-20%, B aeskux gocnigax, 10 50 %) [38,
73, 81, 90], a Takok HEOpraHIYHUN Ta OPTaHIYHUI BYTJIELb y CTIYHUX Bojaax [86].

Buxoasun 3 BUKOpUCTaHHS JKEpEia eHeprii Ta BYTJIEII0, MIKPOBOJOPOCTI 3/1aTHI
10 dotoaBToTpodHOrO, TeTeporpodHoro, (ororereporpodHOro ado MiKCOTpohHOTO
pocrty. I1lix yac HoToaBTOTPOGHOTO POCTY BOJOPOCTI BAKOPUCTOBYIOTH CBITJIO SIK KEPEIIO
€HEprii Ta HEOPTaHIYHUN KapOOH SK JHKEPESIO BYTJICII0; IPU MeTabo1i3M1 rerepoTpodin
JOKEPENIOM €Heprii 1 BYIJICHIO € OpraHiuHl CIIOJYKH; 3pocTaHHA (ororerepoTpodis
JTIO3BOJISIE€ CBITITY OYTH JIPKEPEJIOM €HEPrii, a OpraHiuHOMY KapOOHY — JKEPEJIOM BYTJICIIO;
1 171 9ac MeTabo13My MIKCOTPO(hiB BOJAOPOCTI MOKYTh BUKOPHUCTOBYBATH SIK CBITJIO, TaK
1 OpraHiuHi CHOJIyKHU SIK JPKEpPEJIOo €HEPrii, a TAKOK HEOPraHIYHUI 1 OPraHiuHUNA BYTJIELb
K JDKEPEJIO BYTJIEII0. 3aJIekKHO BiJl 00paHOTO PEXUMY POCTY, CKJiaja 610MacHu BOJOPOCTEM
Oyne BIJIPI3HATHCS, IO CIiJ BPaXOBYBaTH, KOJH IUILOBUMH MPOJAYKTaMU € crienudivni
MaKpOMOJIEKYJIM, TaKl SIK JiMiAu ado BYIJIEBOAU. 3a3BUYAll 111 BUPOOHULITBA O101M3€s
HE0OX1THA BeJIMKA KIJTBKICTh BOAOPOCTEBUX JIIMIIIB, TOJII K GiomMaca 3 BUCOKUM BMICTOM
BYIJICBO1B BaXXJIMBA JJ1s1 BAPOOHUIITBA O10€TaHOIy, 0100yTaHoy Ta 610BOAHIO [49].

Yepe3 KOPOTKUH KUTTEBUU IUKI MIKPOBOJOPOCTI HIBUIKO POCTYTh 1 MOXYTb
HaKoONMU4YyBaTH OioMacy 3a KOpOTKMW yac. KpiM TOro, pi3sHOMaHITHI YMOBH >KUTTS
BIJIIFPAIOTh 3HAYHY pPOJIb Y METa0O0J13M1 MIKPOBOAOPOCTEM, a BUPOOHULITBO O1070TTYHO
AKTUBHUX PEYOBHUH PIZHUTHCS MK BHUJAMHU 1 MOXKE 3aJIe)KATH BiJ YMOB KyJbTHBYBaHHSI,
JIOCTYITHOCT! TIO’)KMUBHUX PEYOBHMH, TEMIIEpaTypH, 1HTEHCHUBHOCTI CBiTia, pH 1 1ukiiB
TempsiBa-cBiTiIO[38, 51, 85, 90].

[linnaBaHHS KIITHH CTpeCy BUSBWIOCA JIyXe €(QEKTUBHUM Yy 30UIbIICHHI
KOHIICHTpAIlii [ITbOBUX MaKpoMoJiekyJ1. CTpec Moke OyTH BUKIUKAHUHN 3MIHOKO XIMIYHHUX

a00 (13MYHUX apaMeTpiB KyJIbTYpHU. XiMIUHI MapaMeTpH 3a3BUYail BKIIOUYAIOTh MMOXKUBHI
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PEUYOBHUHHU CEPEJIOBUIIIA POCTY: ByTJICIb, a30T, (Gochop, CIpKy, 3a1i30 a00 COJIbOBHI CTPEC
(XJIopua HaTPirO0); TOAL K (hi3UYHI MapaMeTpHu BKIIIOYAIOTh CBITIIO 200 Temmepatypy [49].

®dotocunTe3 BUpoOsie Benuky KinbKicth AT® 1 HAJI®H, saxi HeoOXimHi s
¢ikcamii CO, mikpoBomopoctsimu. [lukn Kanbpina ommcye nornuHanHs CO,, sike
BIIOYBAa€ThCSA 3a JOMOMOIOI0 TPbOX CTaflii: KapOOKCHIIyBaHHS, BITHOBIICHHS Ta
perenepariii. CO, mormmuaeTbes S-6ichocdarkapookcunazoro (RuBisCo), pubynozoro-1
y pubynosy-1 1 5-6icdocdar (RuBP) mix yac dasu kapbokcunyBanus. Lle renepye asi
mostekymu  3-pocdorminepary (3-PGA). Ilorim 3-PGA  dochopumtoetbest 110
riminepanpaeria-3-gocpary (G-3-P) 3a  gomomororo  3-docdormineparkinazu - Ta
riinepaibaeriadocdaraeriiporeHasd IMUIIXOM XIMIYHOTO BiJIHOBJIEHHSI BiJIIIOBIJTHO.
RuBP mnomnoBHIOETBCS cepi€l0 XIMIYHUX peakiid, 1 nukia (Qikcarii mepexoauTb A0
HactynHoi ctafii. CO, nepeHocuThes Ha RuBisCo uepes mociiioBHICTh: KIIITHHHA CTIHKA,
KJIITHHHA MeMOpaHa, I[uToIuIa3Ma, MeMOpaHa XJIOpOILJIacTa, CTpoMa Ta MO3aKIITUHHUM
npukopaoHHUM 1map. Omip Tpan3uty Ta Audys3ia CO, € KIYOBUMHU OOMEKYHOUUMHU
3MIHHUMH, 110 BIUIMBaIOTh Ha ¢ikcaiiro CO; MpoTATOM yChOTO MPOLECY MEPEHECEHHS.
Onnak CO; Moke BUPOOJATHCS KapOOaHT1Ipa30r0 B JAEAKUX IITaMaX MIKPOBOJOPOCTEH,
Koy BOHHU cnoxkuBaroTh HCO3 [38].

MikpoBOAOPOCTI BUKOPUCTOBYIOTh MPUPOJHE COHSYHE CBITIO SIK €HEPriio s
edextuBHOI (ikcanii CO; 1 TPOIYKTUBHOTO oTocHMHTE3Y, O B 10-50 pa3iB nepeBuiiye
MPOAYKTUBHICTh BUIIUX pociauH [84, 86, 90]. MikpoBogopocTi MOXYTh MOTJIMHATH
PO3YMHEHHI HEOpraHiyHUM ByTJIClb 13 BOAHOTO cepenouina y popmax H,CO3;, HCO; ™,
CO, Ta COs*, ioro (opMu 3HAYHO BiXpPI3HAIOTHECA 3amexHo Big pH, mwBHAKOCTI
3MIITYBaHHsI, KOHIIEHTPAIIi1 MIKPOBOJOPOCTEH TOIII0, @ HA3€MH1 POCITUHU, HABITAKHU, MAIOTh
3HAYHO BY)KUYMU Aiana3oH 3acBoeHHs [38]. PamioHanbHUMH yMOBaMU AJii BUPOILYBAHHS
Chlorella vulgaris €: Temneparypa 25+5°C, inTencuBHicTh ocBiTiienHs 2500-5000 Jlrokce,
pH 8,5 £+ 3, doronepion (pexxum cBitTio:Tempsra) — Bijx 16:8 go 24:0 roaun [30, 90]. C.
vulgaris Bijae nepeBary OUIbIII TPUBAJIOMY OCBITIICHHIO MTOPIBHSIHO 3 TEMHHUM ITUKIIOM,

JUTsl CUHTE3Y OUIBINOI KUTbKOCTI 6ioMacu mikpoBogopoctei [38]. Ha ximiuHmil ckian
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MIKPOBOJIOPOCTEH BILJIMBAE IHTCHCUBHICTh OCBITJICHHS, TeMmIlepaTypa 1 JOCTYIHICTh
nokuBHUX pedoBUH [53, 90]. Hampuknan, 3a manoi KUIBKOCTI JKEpesl HITPOTeHY B
CEepeIOBHILIl, MIKPOBOAOPOCTI aKTUBHIIIIE MPOTYyKYIOTh 3allaCHI PEUOBUHH — BYTJICBOIU Ta
mimiau [9, 48], Hu3bka koHueHTpailiss CO; NpUrHiYye CUHTE3 KHUPHHUX KHUCJIOT, TOJI SIK
BHCOKA CIIpUsie X HAKOMWYCHHIO, HE3BAKAIOUM Ha TajJbMyBaHHSA JecaTyparlii Ta
MOJOBKEHHS ByrjeneBoro ygadifora [86, 90]. Temneparypa BmnBae Ha norauHadds CO;
MIKPOBOZIOPOCTSIMU 4epe3 3MiHy aKTHBHOCTI (epMeHTiB KapOokcminazu ta RuBisCo,
OCKUIBbKH (PepMEHT € OLTKOBOIO OJMHMIICI0, HU3bKAa TEMIEpaTypa MPU3BOIUTH 10 3MiH
aMIHOCTPYKTYp, TOJ1 SIK BHCOKa TEMIIEpaTypa pPO3TIATY€E Ta PO3PUBAE MOJIMETTHIHUN
JIQHITIOT, 110 MPU3BOAUTH N0 nopyieHHs cekBectpailii CO; [38]. Helitpansauii pH (Bifg
6,5 1o 8) MpOMOHYEThCA SK XOpolla yMOBa JUisl KYJbTHUBYBAaHHS MIKPOBOJOPOCTEH,
ockimbku  cekBecTpaiiss CO, moB’s3aHa HE JMINE 31 3pOCTaHHSAM OloMacu
MIKpOBOJOPOCTEH, aje TaKOX 3 MOTJIWHAHHSM TMOKUBHUX PEUYOBHH, (POTOCHHTECTUIHOIO
aKTHUBHICTIO Ta JEKUIbKOMa (pepMEHTATUBHUMU peakulisiMu, a kuciauil pH mae nepeBaru
st normmHanHs CO; yepe3 30ublieHHS KoHieHTpailli ButbHOro CO, [38]. byno
JOCTIPKEHO BUXiAHY IMUIBHICTE KINTHH: B AianasoHi Big 1,775 x 10* mo 10° kmitun/cm?
[40] a6o 0,15 1/ mm> [82] A1 NPOAYKTHBHOTO TOTIMHAHHS Ta30BUX BUKUIB [90]. Takum
YUHOM IHT10YI0YY J1iF0 YUCTOTO AUMOBOTO ra3y 0yJio 3BeICHO 0 MIHIMYMY 3a JJOTTIOMOT 00
PI3HHX CTpaTeriid, TakuX SK BUKOPUCTaHHS BUCOKOI MOYATKOBOI LIIJIBHOCTI KJITHH 1
cepiiinux orobiopeakTopis [82].

HeoOximH1 aasi )KUTTEAISIBHOCTI PEYOBUHU 3aCBOIOIOTHCS KIITUHAMH Y (OpMi
10HIB HEOpPraHIYHMX COJIeH, M0 MICTITh MakKpo- Ta MikpoereMmeHTH [7, 90]. 3a3zpuyaii
KapOOH HAJAXOJUTh y BUIIISII IOKCUAY, HITpOTeH — y Bursai aniona NO3™ abo katioHa
NH4*, pocdop i cynsdyp — y Buraszi anionis PO4>" i SO4*, meTanu — y dopmi KaTioHiB
K, Ca?*, Mg?" [90, 94]. SIx mxepena kapOOHY Ta HITPOreHy MOXKHA BUKOPHUCTOBYBATH
ra3oBl BUKHAW, $KI BHIUISIOTECA BHACHIAOK CHAJIOBaHHS ITaJliBa B  KOTJAaX
TEIUIOEJIEKTPOCTaHIIM 4i BUpOOHMYMX mporieciB [81, 86, 90], ockiabKM A0 OCHOBHHUX

KOMIIOHEHTIB TaKuX I'a3iB HaJleXKaTh BOJISIHA MTapa, OKCUIN KapOOHY, HITPOTeHY, CylIbdypy
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[4], ane BaXJIMBO BPaXOBYBATH iX TEMIEPATYPY Ta KOHUEHTPAI[II0 KUCIIOTHUX OKCHU/IIB, Ta
IHIIMX KOMIIOHEHTIB, $KI MOXYTh YWHUTHM HETAaTUBHY MII0 Ha >KUTTEIISIIbHICTD
MiKkpoBogopocTeit [72, 90].

MiKpoBOJOPOCTI MOXHA  KYJbTHUBYBaTH  (OTOABTOTPOPHO B  3aKPUTHX
dboTobiopeakTopax ab0 BIAKPUTHX BOJOWMAaX, BUKOPHUCTOBYIOUH COHsiuHE CBITIIO, CO; 1
HEOpraHiuyHl TOXXMBHI PEYOBMHU MJii POCTy, BHpoOHuuTBa Olomacu Ta O,. OnHak
3BHYaliHe BeMKoMaciiTadHe (GoToaBTOTpoHE BUPOOHMIITBO CTpaKJAa€ BT HHU3BKOI
IIUTPHOCTI OloMacy 4depe3 OOMEKEHHS CBITJA, SIKI MEPEIIKOKAIOTh POCTY KIITHH, IO
P13KO 30UIbIIIY€ BapTICTh BUpOOHUIITBA. KpiM TOT0, MIKPOBOIOPOCTI MOYKHA BUPOIIYBaTH
B MIKCOTpOQHUX a00 TeTepoTpoGHUX YMOBAX, BIAMOBIAHO, 32 HASIBHOCTI Ta BIJICYyTHOCTI
CBITJIA, JOJAIOYM OpPTaHIYHUN BYIJICNh SK TOXXKHMBHY PEYOBHHY, IO CTAJIO 3BUYAWHOIO
MPAKTUKOIO JIJIi KOMEPIIHOTO BUPOOHUIITBA, 30UIBIIYIOYM MPOIYKTUBHICTH OloMacu
Bojtopocten. [20, 58]

B po6oti [1] nmopiBHsIM npupicT 6loMacu B 3aKpUTHX CUCTEMax Oe3nepepBHOIO
ra3ornocTayaHHs, B TOMY YHCJI1 XJIOPENH, 3a Pi3HOT KOHIIEHTpaIllii Byriekucioro rasy (0,04
% 1a 10 %) B pi3HUX THHaX PoTOOIOpEeakTOpiB (CKIsIHA K002 1 TpyOUacTa BepTUKaIbHA
KoJIoHKa). Lel excriepuMeHT mokaszas, 10 TapaMeTPy POCTY JUTs BCIX JOCIIHKEHUX BUIIB
MIKPOBOAOPOCTEN CYTTEBO 3pOCiiv Mpu XapuyBaHH1 10% Byriekuciaoro rasy nopiBHsSHO 3
TUMHU, XTO oTpuMyBaB 0,04% Byriekuciaoro rasy, a Takox 0yJio BUSIBJIEHO B KIJIbKa pa3iB
OuIbIy €PEKTUBHICTh MPUPOCTY B BEPTUKAIBHINM KOJOHI, MaKCUMaJIbHa KIHETUKA POCTY
cnoctepiranacs 'y Chlorella vulgaris . Ilpote Bce 1Ie ICHYIOTb NEPEHIKOAN st
KOMEPIIIHHOTO 3aCTOCYBaHHSA MIKPOBOJIOPOCTEH 4epe3 HE3PLIICTh TEXHOJOTII Ta BUCOKY

BapTICTh BUpOOHMIITBA [85].

1.3 BniuB KOMIIOHEHTIB ra30BUX BUKHU/IIB HA MiKPOBOI0OPOCTi

JluMoBUI ra3 BUXOJIUTH 13 CIAIIOBAIBHOI YCTAHOBKHU Ta MICTUTh MPOAYKTH peaKiii

najgnBa, a TaKOX TMOBITPA IS 3TOPSIHHS Ta BIANpaIlbOBaHI PEUYOBUHU, BKIIFOUAIOUH
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roJIOBHUM 4nHOM ByTiekuciauit rasz (CO,), a3ot (N7) 1 kucens (O;) 1 BoasHa mapa (H,O).
KonnenTpariis Ta npodijib pe4OBHH B IMMOBOMY T'a3l 3ajeXaTh BiJl CIIAJICHOTO MajnBa Ta
HOT0 SIKOCT1, CUCTEMH CIIAIFOBAHHS, BAKOPUCTOBYBAHOTO MPOLIECY Ta TEXHOJIOT1H, a TAKOXK
METO/IIB OUHMIIICHHSI, 1[0 3aCTOCOBYIOTHCS y BHITYCKHOMY KaHali.[67 ]

Ha nomarok no CO, nuMoBi ra3u MOXXyTh MICTUTH MOHaA 140 pi3HUX CIONYK, Y
TOMY YHCI KUTbKA LIKIJIMBUX Ta3iB, TakuxX sK okcuau a3oTy (NOy, 3 JOMIHYIOYHUMH
OKCHJIOM a30Ty Ta AlI0KcHIOM a30Ty) 1 SOy , a Takox He3ropui ByraeBoH1 (CyHy, Taxi sk
metaH 1 Oytan), CO, BaXKi MeTaaH, TAJIOTCHOBI KUCJIOTH Ta TBepAl YacTUHKH. [49,67]

TumnoBwuii ckag ATMMOBHUX Ta3iB HaBeaeHo y Tabmumi 1.1 [39, 90].

Tabmuug 1.1. Tunosi napametpu qumMoBux rasiB ByruibHoi TEC [39, 90]

IHapamerp IHoka3Huk
H,O 20-23 06.%
o, 10-11 06.% (Bomoruit)
12,5-14,5 06.%, 245-285 /™3 (cyxuif)
4,5-5 00.% (BoJioruit)
O 56,5 06.%, 71-93 /v (cyxuif)
0,012-0,02 06.% (BosIOTHI)
502 0.26-0,46 r/v* (cyxuif)
NO, 0,015-0,025 06.% (Bonoruii),
(10 99% - NO, pemta - NO2, N>O) 0,24-0,41 /v (cyxwmit)

Xo4a B JIeIKMX JUMOBHUX razax KOHIIEHTpAIil MEBHUX CIONYK, Hanmpukia, NOy,
SO 260 BaXKKWX METaIiB, HE3HAYHI, B IHITUX KOHIIEHTPAIII1 TEPEBUIIYIOTh TOKCUYHI MEXI,
BUKJIMKAIOUX TIIKUCICHHS CepeoBHINa a00 CKOJIOTIYHHM CTPEC I MIKpPOBOAOPOCTEH
[60]. Konuentpanii okcuay a3ory, konmparoThed Bim 50 mr Hm™ mo 1500 mr Hwm,

miokcuny cipku Big 0-1400 mr Hm™ i tpuokeuny cipku Big 0-32 mr Hm. Bignosigno, as
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YCIIIIIHOTO KyJIbTUBYBaHHS BojopocTelt KUIbKICTh SOy 1 NOy y TUMOBHX razax Mae OyTH
B1JI HU3bKO1 /10 TOMipHOi (6sm3bk0 150 ppm). [49]

Konnentpartis CO; B ITMMOBHUX ra3ax Pi3HUTHCS 3aJI€KHO BiJl BUAY BUPOOHUIITBA 1
CTaHOBUTH BiJ 3 10 25 % Bij 3arajapbHOTO 00’€My razoBux BUKHAIB [4, 84, 90]. 3okpema,
IIpU CHAIIOBAHHI IPUPOTHOTO Ta3y Iei moka3Huk csrae 5-6% CO, [84], a Ay Byriuis e
nokasHuk ctaHoBuTh 10-15% [49, 73, 74, 90].

Bakki meranu 3 JUMOBHMX ra3iB HaKOIHUYYIOTHCS B OloMaci MiKpOBOJOPOCTEH,
OCKUIBKHM KIIITUHHI CTIHKA BOJOPOCTEW € MOPUCTUMHU 1 JO3BOJSIOTH BUIBHO MPOXOTUTH
MOJIEKyJlaM Ta 10HaM BaXKHX METaliB, TOOTO IOTJMHAIOTHCS MIIAXOM OiocopOIrii
(macMBHOTO TOIJIMHAHHS), J€ 10H MeTaldy 3B’SI3Y€ThCSA 3 JIraHJiaMu, NPHUCYTHIMHU B
KIITUHHUX CTIHKaX, a0o0 muisixomM AT®-3a1eXHOTO aKTUBHOTO TOTJIMHAHHS 4Yepes
MeMOpaHy. Bubip TpaHcmopTy 3a3BuYail 3aleXuTh BiJ J03M — HHU3bKa J103a CIIPUSE
aKTUBHOMY TpaHCHOpPTy. Baxki MeTanmu BIUIMBaIOTh SIK Ha OlomMacy, Tak 1 Ha
NPOAYKTUBHICTh JIMIAIB, € MOTEHI[IHHO TOKCUYHUMH JUIsl MIKpPOBOAOPOCTEH, 1 iX
HAKOIWYEHHS B 610Maci MOXKe B MOJIaJIbIIIOMY BUKJIUKATH KaHIIEPOTEHHUMN, TePaTOTCHHUM
1 MyTareHHUH BIUTMB HA 3I0POB’sI JIFOIWHHU 1 TBAPHH, TOMY HAKOITMYEHHS BAKKMX METaJIiB

MIKPOBOJIOPOCTSIMU MOKE OOMEKHUTH chpepr BUKOpUCTaHHS OioMacu. [49]

1.3.1 BnuiuB giokeuay KapOOHy HA KYJbTHBYBAaHHS MiKPOBOJOPOCTEH

HaliBaxuBIIIMM KOMIOHEHTOM MIHEPAbHOTO JKUBIICHHS € HEOpTaHIuHUN
KapOOH, SKWUH MOXKHA IIOAAaBaTH JO KyJIbTYpaJbHOTO CEpeIOBHUINA 3a JOIMOMOTOIO
0apOOTyBaHHS MOBITPSIM 3 JOJIaBaHHSM BYTJIEKUCIIOTO Ta3y [7], ockuibku nudysis CO; 3
aTMoc(epH y BOJHHUIA PO3YMH BIJOYBAETHCS MOBUIBHO Y€pe3 HU3BKHUUM BMICT JIOKCHIY
KapOOHY B TOBITPl Ta BUCOKHH MOBepXHEeBUU HaTAr Bomu [75, 90]. OOmexyBaaIbHUM
YUHHUKOM (hiKcarlli JIOKCUAy KapOOHY MIKPOBOJOPOCTSIMH, SK MPABUIO, € MacOOOMIH
CO, [93], 1, 3aramom, 3pOCTaHHsI HOTO KOHIIEHTpAIlli TaKOXK MPU3BOJIUTH J0 MOCHJICHHS

MacooOMiHy [90]. TIpoTe HaJIUIIOK BYTJIEKUCIIOTO ra3y y KyJbTypaJbHOMY CEpPEAOBHIILII
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npu3BOAUTh 10 Horo 3akucieHHs. CrnoxuBanHs CO; MIKpOBOJOPOCTSAMH B IpPOIIECi
(bOTOCHHTE3Y 3HUXKY€E KUCIOTHICTh. BCe 11e KOMIUIEKCHO BILTMBAE HA IIBUIAKICTh IPUPOCTY
6iomacu MikpoBogopocteir. [Ipu pozumnenni CO, y BogHomy posuuHi 3 pH < 6,
OCHOBHHMM IIUISIXOM TEPEeBEJACHHS HOro B pO34YMH € MpsiMa TigpaTailisi 3 YTBOPEHHSIM
ByTrutbHOi kucnotu, npu pH Bix 6 m1o 10 gomiHyO4OI0 crionykoro € OikapooHaT [62].
['iIpoKCcHI-I0HM TPaHCTIOPTYIOTHCSA 3a MEXKI KITHUHMA Tif 4ac QorocuHTesy. I[HmI
MEXaH13MH MiABUIIIeHHs pH 3yMoBIIeH1 akTUBHICTIO epMeHTy puodyosu-1,5-6ichocdar-
KapOOKCHIIa3y, M0 3pocTae 3a BUmux 3Ha4eHb pH. [Ipy mogayi miaBUIIeHOT KOHIIEHTpAITii
CO, 1m0 KyJnbTYpaJbHOTO CEpeOBHUINA, CIiJI MiAOUpaTH ONTUMAIBHUM IJIsi  POCTY
MIKPOBOJOPOCTEH JTy>KHO-KUCIOTHUH OanaHc [62, 90].

[Tomupenum metoaom yruimizaiii CO, 3 TMMOBUX Ta3iB € MOTJIMHAHHS/aAcopOIis
HAa OCHOBI BHKOPHUCTAHHS PO3YMHIB aJKaHOJAMIHIB — MOHOETaHOJIaMIHIB a0o0
JMeTaHoJIaMIHIB Ta 1H [23, 62, 90]. [ledkl JOCIITHUKH MPONOHYIOTh BUKOPUCTOBYBATH
METOJMKH, 3aCHOBaHI Ha BHUKOPHCTaHHI PO3YMHY KapOOHATIB HATPilO, Kaliio 1
kapOoaHrigpasu [66], abo amonito [23] mna yrumizamii CO, 3 IUMOBHX Ta3iB Ta
MeMOpaHHOTO BHUAAJNIEHHA IIOKCHUIY KapOoHy 3 moBiTps [63] 3 moaagpliuM HOro
BUKOPUCTAaHHAM MikpoBojopocTsiMu [90]. IlepeBaroto Takux METOMIB € JIETKICTh
MacmTaOyBaHHS Ta KOHIICHTPYBAaHHS BYTJICKHUCIOTH. AJie TakKi METOIU MAlOTh BHCOKY
€HEPrOEMHICTb 1, K HACIIJIOK, TPU3BOJSITH 10 3A0POKYAHHS TEXHOJOTTUHOTO MPOIECY
MOPIBHSHO 31 3BUYAaHUM BHPOIIYBAHHIM 32 BUKOPUCTaHHS KoHIleHTpoBaHoro CO; [23,
84, 90]. Mo Toro x, AJjig MPOrPECUBHOIO POCTY 1 PO3BUTKY MikpoBojaopocteit Chlorella
vulgaris HeoOXimH1 parioHanbHl KoHmeHTparii CO,, OCKUIBKM B pa3i IMEepPEeBUIICHHS
IIOPOTOBOTO PiBHSA NPHUPICT Oiomacu Oye yrnoBuibHIOBaTUCH [90]. B po6oTi [35] mokasaHo,
o 3a 10% niokcuay kapOOHY PICT MIKPOBOJIOPOCTEM TraibMyeThes, 3a 15% - mpupict
MOBHICTIO 1HTIOYEThCSI Ha 4 JCHBb KYJBTUBYBaHHS. 32 BUKOPHUCTAHHS JAHUX METOIIB
MPOTOHYETHCSI BUKOPUCTOBYBATHU IITAMU KYJIbTYP, AKI 3pOCTAIOTh 32 JIy’KHUX YMOB [66],
a ockinbku migBumieHuil BmicTt CO, NPU3BOIUTH 1O 3aKUCIEHHS CEpPEeOBHUINA, TO

BUKOPHCTAHHS TaKMX MIKPOBOJIOPOCTEH € mpodsieMHuM. [90]

32



Jlns BU3HAYEHHS MaKCUMaJIbHOI MIBHUIKOCTI (pikcarii JloKcHUIy KapOoHy 3a
nonomoroto Chlorella vulgaris nocmikeHo ii KyJIbTUBYBaHHS 3a PI3HUX KOHIICHTpAIIii
CO, (Bim 2% no 10%) Tta mBuakocti aeparii (Bix 0,1 mo 0,7 06./006.) Ta mOYaTKOBOI
KOHIIeHTpalii MikpoBogopocteit 2x107 xmitun/cm® [90]. BeTaHoBIEHO, M0 MaKCHMyM
dikcauii CO, (2,22 r /nm® Ha 100y) 0oTpuMaHO 3a BUKOpHCTaHHA 6,5% CO; Ta MBUIKOCTI
aeparrii 0,5 00./06. micist 7 116 kyneTuByBanHs mipu 30°C [90]. 3a Takux yMOB iICTOTHUX
BIIMIHHOCTEH y 010XIMIYHOMY CKJIaJll KJIITHH MIKpPOBOJIOPOCTEH He crocTepiraioch [3]. B
pobotax [57, 68] mokaszaHo, MO JOMYCTAMAa KOHIIEHTpAIiS BYTJICKHUCIOTO Ta3y MOXKE
BapitoBatuch Bix 14 g0 100 %, xoya MakKCHUMaJbHHI NPHUPICT CIOCTEpIragud 3a
koHneHTpariii 10% [90]. [TouarkoBa miiIpHICTH 1 MK ITIJIbHOYTIAKOBAaHUX KIITHH Ha 1 Mt
KyJbTypu OyJia HallKpaliow BiANPaBHOIO TOYKOI, MO0 yC1 (POTOCUHTETUYHO AKTHBHI
KJIITAHA TOTJIMHAIM TPUOIU3HO OJHAKOBY KUIBKICTh CBITJIIA, YHUKAIOYM TPU LBOMY
IIBUJIKOTO BUCHAXEHHS MOXKUBHUX Pe4OBUH [57]. [nst mocsATHEHHSI BUCOKOI MIBUIKOCTI
¢ikcarnii CO; 3 TUMOBHX Ta3iB HEOOX1JIHI MIKPOBOJAOPOCTI 3 BUCOKOIO TOJIEPAHTHICTIO /10
HUX, came Tomy yBara npusinena Chlorella vulgaris, sk 0OlTHOMY 3 MOKJIUBUX BUIIB [ 84,
90].

3riHO BUCHOBKIB [75], MIBUAKICTH MOTJIMHAHHA IOKCUy KapOOHY KIIITHHAMU
MIKPOBOJIOPOCTEH 3aJieUTh BiA: MIBUAKOCTI aepailii, koHueHTpaiii CO,, cnexkTpy Ta
IHTEHCUBHOCTI OCBITJICHHSI, IIIJIBHOCTI KJIITUH, pH, TemnepaTtypu, ¢oTonepioay, THUIY,
pPO3MIpY 1 TOBEPXHEBOI IUIOII PEaKTOpa, BMICTY MOXUBHUX PEUYOBHH, Yacy nepeOyBaHHS
ra3zy B CEpeJOoBHII, yacy 3MinryBaHHs Ta 6anancy CO; — O, [90]. 3aBucoka KOHIIEHTpaIlis
BYTJICKHCJIOTO Ta3y MOXKE 3HWXKYBaTH epeKTUBHICTh (oTocuctemu Il 1 moripiryBatu
aKTUBHICTh KapOOaHTipa3W BHACHIJOK 3aKUCHEHHs cepeposuma [33, 75, 90].
[Tineumenus pieus CO; 3amKkye pH cepenopuiia 3 6,8 (6e3 nogaBanns CO;) no 5,2 (npu
06pob1i 60% COy) [57]. Axmo 3HmwkeHHs pH cepenoBuina He KPUTHYHE, TO 3 4aCOM
BIIOyBaeThCsl crabumizaniss pH BHACHIIOK CHOXKWUBAHHS KUCIUX ra3iB 1 HAKOMMYEHHSAM

6iomacu MmikpoBogopoctei [33, 57, 90]. HaiGinsimuii npupict 6iomacu BigOyBaeThCs 3a
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yMmoB koHueHntpaiii CO; B razosiid cymimi 1-10%, mpoTe iHTEHCMBHA KOpOTKOYacHa i,
HaBITh 3a KOHIIeHTpallii 5%, Mae TokcuuHuii BrumB [33, 90].

Ha pict Ta po3BUTOK MiKpOBOIOpOCTel 3a minBuiieHoro Bmicty CO; BITUBae
nonepenHs aganTtais KynetypH [ 15, 30, 70, 82]. Busineno, uio koiu kyiastypy Chlorella
vulgaris BATpUMYBATH B yMOBaX HaJIXOKCHHS MOBITPS, TO TIPH 3MiHI YMOB CEpEIOBHIIIA,
Ha OapOotyBanHs 3 15% (06./06.) nogatkoBoro CO,, mpupict 6iomacu OyB HIKYUM Ha
5%. Y BuUmaaKy KyJbTHBYBaHHSI 3 0apOOTyBaHHSM MOBITpAM 3 nogaBaHHAM 5% CO-
npupict 6iomacu OyB Buiie Ha 13% Ha cepenoBui, o MicTuth 15% nopatkosoro CO,,
y HOPIBHSIHHI 3 BUX1JTHOIO KyJIbTypoto (5% CO») [56].

AJnanTuBHAa  €BOJIONISA, TOOTO  OJOMAIIIHEHHS, BUKOPHUCTOBYETbCS  JIS
KyJIbTUBYBAaHHS MIKPOBOJOPOCTEH y MTEBHUX YMOBax (HANPHUKIIAJ, BUCOKA KOHIICHTpAITis
CO,, BHUCOKA COJIOHICTH) JJIi OTPMMAHHA INTaMiB 13 OaxxaHUMU (DEHOTUIIAMHU, 1 Mae
nepeBary B TOMY, IO JT03BOJISIE€ HEIHTYITUBHIUM KOPHUCHUM MYTAIlisiM HAKOTTUIYBATHCS B
pI3HUX TeHax mapajienbHo. Jlemani Ounblne 3yCUib JOKIANAETHCA MJI1 OJOMAITHEHHS
HITaMiB MIKpOBOJOPOCTEH Ta IiaHOOAKTEpiid y TOJEPAHTHOCTI 0 TUMOBHUX rasiB. Tak,
Hanpukiana, Arthrospira ZJU9000 ne 6yna tonepantHowo a0 10% 1 15% CO, 13 camoro
MoYaTKy, aje NPOJAEMOHCTpyBajia pi3Ke MIABUIIEHHS CTIAKOCTI 10 HBOTO MICIHS
OJIOMAlTHEHHS! BHACIIJOK TOCUJIEHHS METa0OMIYHHUX NUISIXIB Mig yac poTtocunTesy. Komu
KJIITUHU BHEpIe MiAJINCS BIUIMBY BHUCOKOTO PIBHSI ByIJIeKHCIOTO razy, TUCK CO;
BCEpEAMHI KIITHH PamnToBO 30UTBIIUBCA. TOMYy BHPOIIEHI Ha TOBITPI KIITHHU
MOKEPTBYBAJIM MBUJAKICTIO (DOTOCUHTE3Y, 1100 aAanTyBaTUCS J0 BUCOKOI KOHIIEHTpaIlli
COy. Pi3HuIg THCKY BYTJIEKHCIIOTO Ta3y 30BHI Ta BCEPEIUHI KIIITHHU 3MEHIITYBaJacs 1111
yac BBy 15% CO, BiJi MOKOJIIHHS IO TTOKOJIHHS, CIIPUSIOYN CHAKOBIM CTaOIBHOCTI
Ta CTaOLILHO BUCOKOMY BUXOly OioMacu. [14]

B nocnimxenni [12] aBropu BpaxyBamu sik CO,, Tak 1 momimku (200 ppm NOy i
100 ppm SOy ), 1 orpumanu Chlorella sp. Cv nicas npu6au3Ho 110 nmokosiHbp aIanTUBHOI
€BOJIIOLIIT, 1 [IeH IIITaM MaB MMiABUIIIEHY PETYJISIIII0 IeHIB, OB’ SI3aHUX 3 HITPATPEIYKTA3010

Ta MO3aKJIITUHHUM TPAHCTIOPTOM CIPKH, 110 CIIPUSIIO BUKOPUCTAHHIO HITPATIB 1 CyIb(}aTiB
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13 po3uriHeHUX NOy 1 SOy. JlekinbKa reHiB, saKi 0epyTh yuyacTb y (P OTOCHHTE31, OKUCHOMY
dochopumntoBanni, (Qikcanii CO,, meTabomi3Mi Cipkd Ta MeTabosi3mi azory, Oyiu
aKTUBOBAHI 1 Il pe3yIbTaTH MATBEPIUIM TIMOTE3y MPO TE, IO €BOIIOIIOHOBAHUHN IIITAM
MOKE Kpallle TMEPeHOCUTH BIUIMB JUMOBHMX Ta3iB, OKPIM IIBHJIKOTO 3pOCTaHHS iX
KOHIIGHTpAIlii, a MJBUIICHA PETYJAIis TEHIB, BIAMOBINATLHUX 3a TO3aKJIITHHHUAN
TPAHCIIOPT CIpKH, OyJia BaXIJIUBOIO /I IEPEHECEHH BUCOKOT KoHIeHTpatii SO, [12].

B po6orax [35, 86] cnoctepiranu npupict 0iomacu y aeskux mramiB Chlorella
vulgaris 3a Bukopuctanus 20% CO; [90]. IIpu ipoMy Kpaily TOJEPaHTHICTh BUSBISUIN
MIKPOBOJIOPOCTI1, B34Ti 31 CTIYHUX BOJ [35], B TOi yac, SK 1HIII IITaMU MOTpeOyBaH
MOCTYIIOBOT'O HAPOIIyBaHHSI KOHIIEHTpaIlii [iokcuty KapOony Bif 2 10 20 % ans apanraiii
KyJbTypU JO BHCOKMX KOHIEeHTpauid [86, 90]. JocmigHukH TMOB’A3YIOTh TOSIBY
TOJICPAHTHOCTI /10 BUCOKHUX KOHIeHTpaliii CO; 3 mIacToXiHOHOM A, KU TOCHIIIOE
akTUBHICTh (poTocucremu I, 3amobGiratoun ¢otoinriOyBanHo ¢otocucremu II [35].
MexaHi3M 1HT10yBaHHS, MTOB'sI3aHMM 3 HU3bKUM pH, MOXHa MOSICHUTH TUM, 1110 AKTUBHICTb
dotocuctemu | 3pocrae npu 301TBIICHH] KITBKOCTI €JIEKTPOHIB, 1110 BUKOPUCTOBYIOTHCS
npu  poropochopumoBanHi ans BupoOHuUuTBa AT® [33]. Takum unHOM, OLIbIIA
KinbkicTh AT® Oyme BHeCeHa B 10OHHHMH HAcoOC IS MiATPUMKH KoHIeHTparii H™ ta
ctabinpHOCTI pH. Buxoasuu 3 nporo aBropu [35] poOsiTh BUCHOBOK, [0 TOJIEPAHTHICTh
10 Bucokoi KonmeHTpamii CO; nOpu3BOAWTH J0 MNPUTHIYEHHS (POTOCHUHTE3Y, IO
MiATBEpKYeThes [33] 301bIIeHHSAM KIJTBKOCTI BakyoJei [90].

byno 3a3znaueno [4], mo Chlorella mae OinbIly TOTYXKHICTh BUIAJICHHS
BYTJICKHCJIOTO Ta3y 1 HUKYY MPOAYKTUBHICTh 32 HU3bKUX KOHIEHTpaiiit CO; 1 3BOpOTHI
MOKa3HUKM 3a BUCOKUX. ParionanbHa koHieHTpailist CO; st MAaKCUMAIIBHOTO TPUPOCTY
OiomacH 1 Jy1s HOro MOBHO1 YTUJI13a1lli Ma€ CTAHOBUTH OJM3BKO 5 % [5, 82, 90]. I1pu upomy
e(peKTUBHICTh MPHUPOCTY 32 BUKOPUCTAHHS BYIJIEKHCIIOTO Ta3y Oyina Ha 46 % Ouiblia
(0,314 1/ nm® ma no0y) Bim koHTpoabHOro spasky (0,214 r/ am® ma no0y), ne
BMKOPHCTOBYBAIIOCH ITOBITPS, 38 BUKOPUCTAHHS JUMOBHX Ta3iB - Ha 26 % (0,273 1/ am> Ha

n00y). [Tokasuuku ¢ikcarii CO, B 1ux BUMaaKax OyJid aHAJIOTi4HI. 32 BUKOPUCTAHHS
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IIEPBUHHOIO JMMOBOIO rasy npupict Oys menmmid Ha 11 % (0,191 1/ om® ma m00y)
BIJIHOCHO KOHTpOJIt0. [Ipu 11bOMy CMHTE3 BYTJIEBOIIB MOIBOIBCS, a JIMIIB — 3MEHIIIMBCS B
3,5 pasu (a1 MOPIBHAHHA — 32 BUKOPHUCTAaHHA 5 % CyMilIIi ra3iB, BMICT BYTJIEBOJIB 3pic B
MBTOpa pasw, a JIMiaiB — 3MEHIIUBCS BaBIYl) [82, 90].

Kinbkicts CO,, MpUCYTHBOTO SIK HEOPTaHIYHOTO JKepesa BYIJICL0, BILUTUBAE HA
KOHIICHTpAIliI0 Ta KIITUHHY JIOKai3alito kpoxmamto; mram Chlorella, Bupomenuii 3 %
koHueHTpanisx CO,, 30epiraB Kpoxmalb EPEBAXKHO B CTPOMI, TOI1 SIK IiJT YacC POCTY IPH
Hu3bkoMy piBHI CO; (piBeHb MOBITPS) KPOXMaJb 30epiraBcs B mipeHoinax, Takum unHoM,
BOJIOPOCTI, BUPOIIIEHI B IPUCYTHOCTI TUMOBHUX Ta3iB, Ki MICTATh BUCOKI KiJTbKOCTI CO»,
MOKYTb MOCTPAXKJIATH B1J] HAKOMUYCHHS KPOXMAJTIo B KiiTHHAX. [49].

B T1abmuui 1.2 HaBeneHO BIUIMB pI3HUX KOHUEHTpALlil Ta yMOB I[ojaul
BYTJIEKHCIIOTO ra3y Ha mpupict 6iomacu Chlorella. Slx 6aunMo 3 BIJOMUX TapaMmeTpiB,
HaOUTb cupusTauBuUM € BMicT CO; Ha piBHI 5-10 %, 1110 MATBEPAXKY€E HABEICHI BUILIEC
naui. [IpoTte, BapTO YyTOYHIOBATH 3arajbHU Yac MOJlayl ra30BOi CyMillll B KyJbTypaibHe
CepelloBUIIE, HOTO MEPIOANYHICTh Ta 3AJIEKHICTh NEPIOUYHOCTI TI0/1ayl CyMIIII MOBITPS
3 CO; Bix Hioro koHueHTparii. [90]

3a BUKOPHUCTaHHS ra30BUX BUKHUIIB BiJ criaqtoBaHHs Oiora3y (BMict CO, 6JIM3BKO
13%)  BusaBieHo [89], 1m0 BOHM HE BIUIMBAIOTh HA SKICHUW CKJIag Oiomacu
MIKpPOBOAOPOCTEM, MPOTE BAXJIMBUI CTPOTMH KOHTPOJIb 1 MOHITOPUHI BUPOOHHUIITBA
OlomMacu MIKpPOBOJAOPOCTEM, a TaKOXX IIBHJKE pearyBaHHs B pa3l 3HWKeHHsS pH
KyJIbTYPaJIbHOTO CEpPEAOBHINA, OCKUIBKH JIOCHTh IIBUIKO AOCATAEThCs (asa posmasy
MOy JISIIII.

Buxopucranns wMikpoBogopocteit  Chlorella BusiBunoch e(OEKTUBHUM TIPH
OUMIIIEHH] 0lora3y Bij Byrjekucioro rasy [16, 42, 90], ockiabku BUCOKHN BMICT METaHy
HE YUHUB 3HA4YHOI 3ryOHOI i Ha mpupicT 610Macu, MPOTE 3aCTOCYBAHHS TAKOTO METOMY
noTpedye MornepeHbOi OUUCTKH O610Ta3y BiJl CIPKOBOHIO, 400 3MEHIIICHHSI KOHIICHTpAIlil

H,S<100 ppm, oCKiIbKM BHUIII KOHIIEHTpalii TPU3BOIATH 10 3MEHIIEHHS MPUPOCTY
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0iomacu [42]. Takox HeOOX1aHO perysroBaTH [ 16] IHTEHCUBHICTh OCBITJICHHS 1 TPUBAIICTh

dboTomnepioay Ha PI3HUX CTAAIAX KyIbTUBYBaHHS [90].

Tabmuug 1.2. Bru Byriekucioro rasy Ha npupict 6iomacu Chlorella sp. [90].

YMoBH nozayi .
. . Po6ounii .
Bwmictr| IlouatkoBa ra3oBUX BUKU/IIB , [Tpupict
. - 00’ eM ) ITocu-
No | COg, | xonuentpamisi| IBuakicts| Yac biomacu, ITam
) 3 X .| peakropa, 3 JIaHHS
% KIITHH, T/ oM rnoaayi rnoaayi 3 r/ oM .
M
00./00.-xB.| XxB./m.
1 | 0,03 0,15 0,5 1440 0,5 0,214 Chlorella sp. | [82]
2 1 25 0,15 0,5 720 0,5 0,242 Chlorella sp. | [82]
3] 4 ; 0,0007 ] 1.4 0,47 Chiorella | ¢,
vulgaris
Chlorella sp.
4 5 1 0,25 - 4 0,2 NTCU? [62]
Chlorella sp
5 5 2 0,5 - 40 - MT.7 [62]
Chlorella sp
6 5 2 0,5 - 40 - MT-15 [62]
7 5 0,15 0,5 720 0,5 0,314 Chlorella sp. | [82]
8 | 7,5 0,15 0,5 720 0,5 0,295 Chlorella sp. | [82]
9 10 0,15 0,5 720 0,5 0,271 Chlorella sp. | [82]
10 | 10 0,042 0,0125 19;)(_) 30 0,07-0,1 | Chlorella sp. | [81]
11 10 16 0,5 n/xB - - 0,43 Chlorella sp. | [62]
12 | 10-13 ; 0,83 ; 0,3 2,5 Chlorella | ¢4,
vulgaris
Chlorella sp.
13 | 23-27 - 0,2 - 1 0,528 MTF.15 [84]

PosrastHyTi  gocmimkeHHS  CBIAYAaTh  MPO  JOUUIBHICTH — 3aCTOCYBaHHS
MikpoBogaopocteit Chlorella nyst 6iocexkBecTparlii ra30BUX BUKHUIIB PI3HOTO MOXOIKEHHS,
OCK1JIbKY BOHHM 3/1aTHI €PEKTUBHO YTUIII3yBaTH IIOKCH T KapOOHy B KoHIIeHTparisx 1-10%.
BukopucTtaHHs aganToOBaHUX IUTaMIB MiHIMI3ye eQeKT IHriOyBaHHS 3a MiABUIICHUX

koHieHTparlii (10-20%) CO, [90].
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1.3.2 BruiuB okcHuaiB cyjab(Qypy HA KYJbTHUBYBAHHS MIKPOBOJIOPOCTEM

Yactka pizHux tumiB SO, B ITUMOBHX razax 3ajieKaTUME TOJOBHHUM YHMHOM Bij
XIMIYHOTO CKJIaqy TaJMBa Ta TEMIIEpaTypu 3ropsHHsA, ane 3araqoM SOy CKIIaAa€ThCs 13
cymimn giokeuny cipku (SO») 1 npubmuzno 2-4 % tpuokcuny cipku (SOs3) [67].
Konuentpaniss SO, B TMMOBOMY ra3i BYTUIbHUX €JIEKTPOCTaHLIN Micis aecyibdypaliii
ckinagae 100 — 300 ppm. Tpeba 3a3HaunTH, IO 32 BUKOPUCTAHHS BAITHAKOBO-TIIICOBOL
MOKpOi CHCTEMHU Jecysibypaiii TUMOBUX Ta3iB (110 €()EKTUBHO 3aCTOCOBYETHCS Ha
MepeBaXHIA OUIBIIOCTI €JIEKTPOCTaHIii) s BumaideHHs SO;, cepeaHsl BOJIOTICThH
atMocepu 3poctae B 10-20 pasziB [69]. Taka Benuye3Ha KUIBKICTh BOJSHOI Mapu
BHACIIIJIOK MOKpOi1 Jecyibdypaliii JAMMOBHX Tra3iB BYTUJIbHUX KOTJIIB BHUKHHyTa B
atMocdepy MPU3BOAUTH J0 MiJABUIIEHHS BIJHOCHOT BOJOTOCTI, IO MOCUIIIOE YTBOPECHHS
CMOTY 1 MapHUKOBUH €(EeKT.

Sx mpaBuiio, MIKPOBOJOPOCTI OTPUMYIOTh CYJb(yp, MNOTJIMHAIOUU CylIb(aT y
UTOIUIa3My 3a JONOMOTOI0 BHUCOKOA(IHHMX TpPAaHCHOPTHUX cucteM. OpHak, npu
0apOoTyBaHHI ra30BUMU BUKHUIAMH CEPEIOBHINA KyIbTUBYBAHHS HAJMIpHA KUTBKICTh SO-
MO3Ke Oe3rmocepeIHhO MPU3BECTH 10 3HIKEHHs pH depes HOro BUCOKY PO3YMHHICTH Y
BO1. [29] Tak, B pe3ysbTarti peakiiii rigpaTaiiii Biagpa3y mcis Toro, sk SO, po3UHHSIETHCS
B KYJIbTYpaJIbHOMY CEpEIOBHINI YTBOPIOEThCa cipuncta kuciora (H2SOs3) (1). Tlicns
bOIO0 B Pe3yJbTaTi MOAANBINOI gucorianii Ha cyibdit-ionn npu pH Ounbmie 6 Ta
OicynediT-ioHU B cepenoBuiiax, ne pH 3amumaerscs B miamna3oni 2—6 (2) Ta peakiiid
oxucienns (3,4) HakonuuyroTses ioan Bogrio (HY), 6icynsdir (HSO3Y), cymsdit (SO3%),

cynbdar (SO4>)[34, 45].

SO, + H,0 © H,S0;, (1)
H,SO; - HSO; + H* > S02~ + H* )
SO, + Hy0 +20;, - H,80, & 2H*+S02 3)
H,SOs; + SO,+ H,0 + 0, > 2H,S0, 4)
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[Ipu 3aKuCiIEeHH] CepeloBUILA 3HUKYETHCS POZUMHHICTH Ta HaaxomkeHHs CO;y
KJIIITHHU MIKPOBOJOPOCTEH, IO MPU3BOAUTH JO 1HTIOyBaHHs Mpolecy (OTOCHUHTE3Y 1
3MEHIIICHHsI Hakonn4ueHHs 6ioMacu [29]. Ha cboroHi B TEXHOJOTISIX YTHII3AIi] Ta30BUX
BUKHUIB TPOIMOHYEThCA TOCHII0BHEe BUKopuctauus Galdieria sulphuraria nns
nigBuieHHss pH 3a paxyHOK croXuBaHHA cionyk cynbdypy Ta Chlorella vulgaris nns
yrum3zaiii CO, [17].

B po6ori [34] noka3aHo, 1110 Mpu nocTiiiHOMY BBeaeHHI SO, MpU BUPOIIYBaHHI
Chlorella  vulgaris BMICT OKCHIy BIUIMBA€E Ha PO3MHOXEHHS BOJOPOCTEM,
nepenkopKatoun ¢ikcaiii Byriemnto. Tak, mBuakicts dikcaiii CO; 3amxyerbes Ha 30%
npu 1ii 300 ppm SO,, 1m0 NpU3BOIUTH A0 3HMXKEHHS BUXOAYy Olomacu Ha 58%. 3a mii
KoHLeHTpanli okeuay y 400 ppm Bxke 3a 100y pH 3HMXKyeTbes A0 3 1 KyJIbTUBYBaHHS
npunuHseTses [34]. B inmmx pobotax [88] 3a3Havanuch nonyctumi konuentpaiiii NO 100
ppm ta SO, 60 ppm.

Ockuibku po3unHeHU SO, yTBOpro€e OICYIb(DIT, SIKU 1alll IEPETBOPIOETHCS HA
cynsdit (SO3%") Ta cymsdar (SO4*) i He3Baxkarounm Ha Te, WO KoHueHTpanis SOy B
JTUMOBHUX Ta3ax HEBEIMKa, HOTO aKyMYJISIliS MPOTATOM IIEBHOTO MEPioAy MPU3BOAUTH J0
3HIKeHHST pH 1 mocuiieHHs TOKCHYHOCTI OicynbdiTy, SKUN 37aTEH MOIIKOHKYBATH
HNICMEHTH 1 OIKK, TOMY BUKOPHCTaHHS Ta3iB, 10 MIcTATh Outbiie 60 ppm SO, paasTh
yuukatu [33, 75, 90]. BukopuctaHHs BYTJIEKHCIOrO rasy BOJOPOCTSAMH TOBHICTIO
1HT10y€eThes TIpH 3HIKEeHH] pH 1, SIK HACTIIOK, BIIOYBAETHCS MPUTHIYCHHS (DOTOCUHTEY 3a
koHueHTpauii SO, 200 ppm i 6unbie [33, 90]. [lepeBuiieHHS TOPOTOBOTO PIBHS OKCHLY
cynbypy mnpu3BoauTh 110 3HWKEHHS pH KynbTypanpHOro cepepoBuma a0 3-4 1,
BIJIMOBIIHO, J10 3arubeni Bogopoctei [7, 84, 90].

byno poBegeHo 3BopoTHe 1HTIOyBaHHS JIOKCHJIOM Cyiabdypy mpolecy
MOTJIMHAHHS BYTJICKUCJIOTO Ta3y XJIOPO(IICHHTE3YIOUMMHU MIKPOBOJOPOCTSIMU THUITY
Chlorella, BcranoBieHo gomyctuMi KoHuenTpanii aniony HSO; (0,00045 mr/cm?), mo He
BILUTUBAIOTH Ha Mporiec potocunTesy [90, 91]. SO, npuzBoauTh 10 3MeHIIeHHs pH HuXKYe

4 B cepenoBuli juiie yepe3 20 TOAUH MpU KOHIIEHTpaIli aiokcuay cyibdypy 400 ppm
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[84, 90, 91, 92]. Hdns yTpumaHHs HeUTpaibHUX nokasHukiB pH [4, 33] nponoHyeThCs
JoJaBaHHs po3uuHiB JIyry. [IpoTe 3a Takux yMOB BiJIOyBa€ThCs 1HTIOIFOBAaHHS POCTY
MmikpoBogopocteit [75, 90]. OxucHeHHs Oicynb(iTy KHMCHEM, IO MPHUCYTHINA Yy TUMOBHUX
ra3zax B HEBEJIMKHUX KOHILIEHTPAIISX, MOKE JJOTIOMOI'TH 3MEHIIUTH HOT0 TOKCUYHICTh. Alle
el NUIIX MOXE TPHU3BECTH JO YTBOPEHHS BHUCOKOOKHMCHIOBAJIBHUX IPOIYKTIB, SKi
BUKJIMKAIOTh MEPEKUCHE OKUCHEHHS JIMiJIB y MEMOpaHi Ta MOUIKOMKEHHS XJIOpOQiTy.
Byo Tako 3a3Ha4€Ho, IO 32 BUCOKOI MIIIBHOCTI KiIiTHH (01mm3bk0 0,5 1/ aM*) ToxcudHa

st OKCHUIIB CyNbypy 3MeHInyeTbes [75, 90].

1.3.3 BruiuB OKcHIIB HITPOTeHY HA KYJIbTHBYBAHHS MIKPOBOJAOPOCTEil

MikpoBOAOPOCTI 3a3BUYall 3aCBOIOIOTh HEOPTaHIUHI BUAM a30Ty, TaKl K HITPATH,
HITPUTH Ta aMOHii [2]. BMICT OKCH/IIB HITPOT€HY y BUKUAaX AMMOBHX Ta3iB - 90-95% NO
Ta 5—-10% NO,, He3aJIe)KHO BiJ MPOILIECY 3rOpsIHHSA, 1 HMICIS NPOIECY OUYMIICHHS TUMOBHUX
rasiB BiJl OKCHJIIB 30Ty, iX piBE€Hb BCE I11€ 3HaXoauThcs Ha piBHI S0-200 ppm [43]. NO 3a
CTaHJAPTHUX YMOB € MAJIOPO3YMHHHUM Y BOJI, MPOTE 3roJI0M OKHCIIOEThCS 10 NO;y 1
MOTJIMHAETHCS MIKPOBOJOPOCTAMHU KIITHHU HUIIXOM TpsiMoi audysii [84, 90], a xonwu
piBeHb KHCHIO TiepeBulye 2% 00./00., yactuHa NO okucHioetbes 10 NO,. [lomanbiie
OKHCHEHHSI MOe B1I0yBaTHUCh XIMIYHUM NUIAXOM a00 3a paxyHOK HiTpudikamii [21]. B
po6oTi [17] mochiKeHo BIUIUB OKCHUJIIB Ha po3BUTOK 1mtamy Chlorella sp. ABC-001, ne
aBTOPU MPUMIILIA A0 BUCHOBKY, 110 NO He mae 3HauHOTO BILMBY. [IpoTe nmokazaHo, 1o
NOx 3a paxyHOK peakitiii (5,6) [45] Mae mIkiAJIMBUM BIUIUB HA PICT KJIITUH, CIPUUNHSIIOUH
samkeHHs pH nipu konuenTparii 100-200 ppm.[17, 19, 21, 26, 41]

2NO + 0, < 2NO, (5)
2NO, + H,0 & HNO, + HNO, (6)
Omxe, kibkicTh NOy, 10 HAAXOAUTh B CEPEIOBHUIIE KyJIbTUBYBaHHS, Ma€ OyTu

MEHIIIOI0, HIXK Jllara30H TOJIEPAHTHOCT1 MIKPOBOJIOPOCTEH.
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Bonopocti MmoxyTh edekTuBHO pocTH, norauHaoun NOy (5-10% NO; 1 90-95%
NO) nin gac cramionapsoi ¢aszu pocty [33, 90]. Onnak nogaBaHHA 1O KyJIbTYypalbHOTO
cepenosuia NO ta NO, Ha MOYaTKOBUX CTaJisX KyJIbTUBYBaHHA (PAKTUYHO 1HTIOYE€ PicCT.
[{ro mpoOemMy MPOMOHYETHCS BUPIMIUTU IUISIXOM JOJaBaHHS XeJIaTHUX KOMIUJIEKCIB, IO
3natHi 3B’ s13yBat NO [4, 75, 84], mpoTe, MOKIIMBA JIEaKTUBAITIS XEJIaTiB KHCHEM TTOBITPS
YU TPUBAJIOIO JI€I0 COHSIHOTO CBITHA [75, 90].

BcraHoBiieHO siBHINE akTUBallli MOTJIMHAHHS BYTJIEKUCIIOIO ra3y BHACHIJIOK i
OKCH/IIiB HITpOreHy: i3 3poctanusaM Kouuentpamnii NO;™ 10 18 Mr/m? 36inbL1yeThest mpupict
KIITHH MikpoBogopocTel [28, 90]. Buznaueno [76], 110 HITpOreH Kpalie 3aCBOIOETLCS B
TEMHOBIH (ha3i, 30UTBITYI0YH ITPH LIOMY BMICT BYTJIeBOIB y O0iomaci B 1,7 pa3is [90]. [Ipu
IIbOMY BMICT KUCHIO MOBUHEH OyTH Oubiie 2% [33, 90]. 3acTocyBaHHsI TOBITPS 3 1I0JJaHUM
15% CO, 3ymoBimoe noriauHaHHs 10 96% NO (3a BuxigHoi koHuentparii 100 ppm) [84,
90].

st ycyHeHHs iHT10y104oro edekty okcuny HiTporeHy (NO), sKHil MICTUTBCS Y
JTUMOBUX Ta3ax, WOro OINPOMIHIOBAIU YJIbTPadioNeTOBUMH JOBXUHAMH XBUJIb,
NPOIyCKAaloYM Kpi3b mnepokcua BojgHio [13], orpumanuit Hitpat (NOj) noTim
BUKOPUCTOBYBAJIH SIK JPKEPENO HiTporeHy uist MmikpoBogopocteit Chlorella [90]. IlikoBa
MPOAYKTUBHICTH Ol0Macu Mpu oMy 3pociia Ha 96,7 % (o 1,18 r/1 3a 100y), HOPIBHSHO
3 BUKOPUCTaHHSM CTaHJApPTHOrO MOXKMBHOrO cepenoBuiia bpictons, 3a 00’emMHOI

KoHneHTparlii moganoro CO, 15% B 060ox Bumankax [13, 90].

1.4 BukopucTaHHS ra30BUX BUKH/IIB NPU KYJIbTHBYBAHHI MIKPOBOAOPOCTEM

Chlorella sp.

VYcmimHe KyJbTUBYBAHHS MIKPOBOJOPOCTEH y MPOMHCIOBUX Maclitabax 3
BUKOPUCTAHHSAM Ta30BUX BUKHU/IIB 3aJI€KATUME BiJ] BITOOPY BUTPHUBAIHX 1 MPOTYKTUBHUX
HITaMiB  MIKpPOBOJOPOCTEM NUISIXOM MPUPOJHOIO BIJACIBY ab0 TEHHOI 1HXEHepii,

HalpUKIaj, IITaMU, BHWAUICHI MOOJU3Y €JeKTPOCTaHIH, MOXyTh OyTH OUIbII
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TOJICPAHTHUMU, HDXK 1HII MiclieBl BUau. KpiM BUKOpUCTaHHS CTIMKUX IITaMiB, ICHYIOTh
CTpaterii MATPUMaHHA KUCIOTHOTrO OanaHcy nuiixom noaaBaHHs CaCOs; abo NaOH,
3aCTOCYBaHHS MEPIOIUYHOT MOJa4l TUMOBHX Ta3iB. [49]

JlomaTkoB1 MepemKoar B yTHII3aIli JUMOBHX Ta3iB IOB's3aHI 3 MOTPeOOIO B
MOTY)KHOCTI 4epe3 HU3bKHUIA THCK, a TAKOXK 3 BUMOTOIO JIO OIepalliii 0X0JI0KEHHS depes
BUCOKY Temnepatrypy. lligBumenns temmnepatypu (>20 °C) mMoxe CIPUUUHUTH 3HAYHE
3HIKEHHST po34MHHOCTI CO,, 10 3pEmITOI0 MPU3BOJIUTH 10 3HUKEHHS €(EeKTHBHOCTI
dboTocunTesy. [49, 95]

BpaxoBytoun, mo nornuHanHs CO, MIKpOBOAOPOCTIMH KOMBaeThes Biz 20% 10
70%, monaimenmie 1,3—2,4 xr CO, moTpiOHO Ha 1 K CyXHUX MIKPOBOAOPOCTEH; depe3
BUCOKI BUTpaTu Ha aojaBaHHs CO,, 6apOOTyBaHHS JUMOBMMH Tra3aMH € HaKpaliorw
IbTEPHATHUBOIO Ta OJJHOYACHO 3MEHIITY€ BUKUIM MAPHUKOBHUX T'a3iB 1 BATPATU HA XIMIYHY
Ta Pi3uuHy 00poOKYy NMMOBHUX Ta3iB. Ha mogaTok 10 TOro, 10 Ta30B1 BUKUAM CIIY>KaTh
mxepenrom CO,, 6apOOTyBaHHsS IMMOBHMHM ra3aMH TAaKOX 3a0e3nedye MmepemilryBaHHS
KyJIbTYpH, YHUKAIOUU TPAJIEHTIB KOHIIEHTpAIlll OKUBHUX PEUYOBHH 1 JO3BOJISIOYH BCIM
KJIIITHHAM OJITHAKOBO TMIJJABATHUCSl BIUIMBY JKEpesia CBITJIA, TaK IO CAMO3aTIHCHHS Ta
(GOTOTOKCHYHICTh 3BEEHI 70 MiHIMyMy. bapOoTyBaHHS IWMOBUM Ta30M J0JAaTKOBO
3anobirae 3poctaHHilo pH KyJnbTypw, OCKUIbKM 3HaueHHs pH Hux4e BOChMH
3anobirac sunaposyBannio NH," i Bunaganmio B ocax PO,* . KpiM Toro, me mo3somnse
BUJIAJINTH HAKOTTMYCHUH PO3YMHEHUN KUCECHbB, SKUW € TOKCHYHUM JIJIT MIKPOBOJIOPOCTEH.
OpHak 11 TIPSAMOTO BIIOPCKYBaHHS JMMOBHX Ta3iB Y KYyJbTYpPH MiKpOBOJOPOCTEH
BaKJIMBA BIJMOBIIHA KOHCTPYKIISI Ta poOoTa OJOKY CHUCTEMHU KapOoHi3allii KyJIbTypH,
1HaKkme maike Bech CO, Oyzie BUKUHYTHI B atMochepy. [49]

[Tpu KynbTHBYBaHHI XJIOPEJIN 32 BUKOPUCTAHHS CTIYHHUX BOJ OYyJIO BUKOPHUCTAHO
TuMoBi Ta3u [46, 47, 86, 90]. Cxman nuMoBHX ra3iB ctaHOBUB: 6% CO,, 180 ppm SOy Ta
250 ppm NOy, npu Butparti 0,008 006./xB. B cepenoBuii Oyiau NpUCYTHI IKepela
OpraHiyHOTO KapOOHy, HiTporeHy, cyibdypy Ta ¢ochopy. BcraHorneHo, 1110

MIKPOBOJOPOCTI MOKYTbh 3pOCTAaTH Y CTIYHHUX BOJIaX 3 BUCOKOIO BPOXKAWHICTIO OiomacH 3
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YTHJII3AIlIEI0 TUMOBHX Ta3iB 3 BUAaneHHsM 3 HUX 10 50-70% CO,, no 50-60% NOy Ta 45-
60% SOy [46, 47, 86]. byno nokazaHo, 110 MaKCUMaJlbHa MUTOMA MIBUIAKICTH pocty C.
vulgaris cranosuna 0,35 17! 3a 0,038% CO, (MakcuManbHa MWBUAKICTE (ikcamii 14,26 Mr
CO,/ nv*-11.) ta 0,43 17! mpu 10% CO; (MakcuManbHa MWBUAKICTE ¢ikcamnii 85,72 mr COy/
am> 1) [90]. TIpum meomy C. vulgaris moxazama xopomnry e(GeKTHBHICTH BHIAICHHS
HiTporeny i ¢ocdopy 31 criyaux Boja mpu O6ap6oryBanHi 10% CO; 3 xoedimieHTamMu
BunangeHus 96,12% — 99,61%, a kiIbKiCTh yTHIIIZAIIT CIIOJNYK HITporeHy gocsraina 41,86
MI/II 32 IO4aTKOBO1 KoHIeHTpanii — 60 mr/ am® NH4Cl nporsrom tpeox TrxkuiB [44, 90].
C. vulgaris noka3ana OUIbII BUCOKY 3/IaTHICTh N0 BUAAQJICHHS aMmoHii0 (Outbmie 99 %)
MOPIBHSHO 3 BUAaieHHsM HiTpatis (81,05 %) ta docdatis (87,95 %) [5, 90].

3a BukopuctanHs nuMoBHX Tra3iB (10-13% CO,) MikpoBOIOpPOCTI (PIKCYIOTh Ha
48% O1nbllle BYTIEKUCIIOTO Ta3y y MOPIBHIHHI 3 KOHTPOJIbHUM 3pa3koM (11% CO,) [27].
L1 pe3yapTaTH, Ha TyMKY aBTOpIB, CHPUYMHEHI HasBHICTIO IHIIMX KOMITOHEHTIB (NOy Ta
SOy), siKi 30UIBIIYIOTh TPOAYKTUBHICTH 010MacH MIKPOBOJIOPOCTEH, a TAKOXK KUIbKICTIO
PO3UMHEHOI0 KHCHIO B CEPENOBUIII — 4 MI' 32 BUKOPUCTAHHS I'a30BUX BUKUIIB Ta 8 Mr/ am>
B KOHTpOJIbHOMY BapianTi [90]. I'a3 moxasasu 31 mBuaKicTio 15 1vM>/roa Ha 06’ €M KOJIOHK
B 300 cM® (BHyTpiwHili giamerp 36 MM, Bucora 500 mm), t = 30 °C [27]. Onepxani nani
cymnepedars pesyibraram pobotu [82], ne Oyno mokazano nepepary unctoro CO, Han

razoBumu Bukujamu (puc. 1.1) [90].
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Pucynok 1.1. 3anexHicTh KOHIIEHTparllii 6iomacu Ha 6 100y Bij KOHIIEHTpaIlli Ta
mkepena CO; [82, 90].
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BUKOPHUCTAHHS Ta30BUX BUKHUAIB (TalI.

Po30ikHICTE OfepKaHUX JaHUX TPUPOCTY OIlOMacH MIKPOBOJOPOCTEH 3a

1.3) moxe Oyt oOyMOBIE€Ha pPI3HUMHU

rapaMeTpaMH Mpolecy Ta CKJIaJIoM ra3oBux BUKHAIB [90].

Tabmuus 1.3. BrumiB razoBux BukuAiB Ha npupict 6iomacu Chlorella [90].

IlouaTkoBa YMoBH .
KOHIICH- rmojayi Podounit IIpupict
Ne T ; ist rasgBHX ob’em Buict Buict Buict 6igMI£)ICI/I [ITam Hocu-
- pail . peakto- | COa, % SO., % NOx, % 5 JIAHHS
KJIITHH, T/ BUKH/IIB, JRNE v/ oM 1
v’ 06./06.x | P&
1 0,15 0,5 0,5 102 0,3 0,06 0,191 Chl;:e”“ [82]
2 0,15 0,5 0,5 7,5 0,225 0,045 | 0258 Chl:;e”“ [82]
3 0,15 0,5 0,5 5 0,15 0,03 0,273 Chlge”“ [82]
4 0,15 0,5 0,5 2,5 0,075 0,015 | 0228 Chlge”“ [82]
25 Chlorella
5 - 0,83 0,3 11 0,00034 0,013 (147%%) vulgaris [27]
Pi2
0,006 60%*
Chlorella
- - . 0/ 5%
6 0,125 15 0,01 sodnr | p | 184
0,015 0%*
0,008- o
0,009 183%
0,0015- o/ | Chlorella
7 - - 1 25 0,002 ; 204% o [84]
0,015- o
0,019 160%
8 - - ; 50 1 3 095 | CHerella| s
sp.
9 i i i 15 3 0 | Chlorella 23]
sp.
10 i i ) 20 i ) 0.7 Chlorella 23]
sp.
1 i i ) 10 i ) 0.27 Chlorella 23]
sp.

*MOPIBHSAHO 3 KOHTPOJIEM (3a BizmcyTHOCTI SO,, NO»).

44



biomaca, oTpumaHna 3 MIKpOBOJOPOCTEN, BUPOIICHUX Yy CTIYHUX BOJAX 1 JEAKUX
JTUMOBUX Ta3ax, HE MOXE BHUKOPUCTOBYBATUCS SK 1Ka, KOpPM, a MIpPU CUIBHOMY
3a0pyJHEeHHI, HaBiTh K OiomoOpuBa. OTxe, i Ci BUKOPHCTOBYBAaTH SK JKEpPEJIO
OloeHeprii, e 3a0pyIHIOBaYl MOXKYTh OYTH 30Cepe/KeH]1 B 3011 a00 BiIOKpPEMIICH] MIiCs
BUJTYYCHHS a00 MEPETBOPEHHsI 0araTux eHepricro crmoiayk. Och AesKi NUISIXH MepepoOKu
Oiomacu [6, 49]:

1. XimiyHa KOHBEpCis

- ecrepudikaris (010aU3€b)

- mepeecrepudikaris (610au3€Ib)

2. TepmoximiuHa KOHBEpPCis

- CHamtoBaHHS (EJIEKTPUKA, LICHTPAJIbHE OIMaJICHHS)

- rasudikaris (cuHTE3-ra3 — MeTaHon (eTwieH, (opMalbleriy, OITOBa
KHUCJIOTa, METHIALIETaT, IUMETUII0BUM edip), O€H3UH, BIiCK, HaTa, rac, JU3eiib)

- mipodni3 (6ioHadTa, O10BYTLILIA)

- TigporepMaibHe 3pipkeHHs (010HadTa)

3. bioximiuHa KOHBEpCIis

- (¢epmenTtaTuBHa niepeectepudikaiis (610113€Nb)

- (epmenTais (610eTaHon, 0100yTaHOJI, O10BOJEHB)

- aHaepoOHe 30poKyBaHHs (OlomMeTaH, 610BOJICHB)

OTxe, MIKPOBOJOPOCTI JaBHO BH3HAHI MEPCIEKTUBHOIO aJIbTEPHATHBOIO IS
BUpPOOHMIITBA OlomannBa, COPSIMOBAHOI HA 3aMIHY BUKOPHCTAHHS BHKOITHOTO IMaJIMBAa, 1
CJIy’aTh OCHOBHOIO CUPOBHHOIO ISl 3MEHIIICHHST BUKHU/I1B TAPHUKOBUX Ta3iB.

Opniero 3 HaAMOUIBIIUX MPOOIEM, € THAYyCTplaizaiis 1 TOKPAIICHHs MIBUIKOCTI
pocTy Ta e(PEeKTUBHOCTI CEKBECTpAIlil BYTJICII0 MIKpOBOIOpOoCTsIMU. KpiM TOro, OCKIITBLKH
numoBHii ra3 6aratuii Ha CO,, NOyx 1 SOy, npsiMe BBEIEHHSI B CUCTEMY KyJIbTUBYBaHHS
MIKpOBOJIOPOCTEH MOXE CHPUYMHHUTH IIBUIKE MiJKUCICHHS PO3YMHY BOJOPOCTEH, a
MOTIM CEpPHO3HO MPUTHIYYBATU PICT MIKPOBOAOPOCTEH. TakKMM YMHOM, MIKPOBOJOPOCTI,

K1 BHKOPHUCTOBYIOTBCS it (ikcarii aumoBoro rasy CO,, TOBHHHI MaTH BHCOKY
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KHUCIIOTOCTIMKICTh 1 BUCOKY TosiepaHTHICTh CO,. YHCTOTY KyJbTYypU JIETKO MOPYIIUTH,
TOMY TpPaKTUYHE 3acCTOCYBaHHS Matume oOmexeHHs. [ltamu wmikpoBomopocTed 3
BHCOKOIO €(DEeKTHBHICTIO MOTJIMHAHHS BYTJCIIO Ta BUCOKAM BHXOJOM 0ilOMacu MOXYTb
OyTH OTpHMaHI IUISIXOM CKPUHIHTY BHUCOKOIMPOIYKTUBHUX BHUIIB MIKPOBOJIOPOCTEH 13
BHCOKOIO TOJICPAHTHICTIO O HABKOJHIIHBOTO CEPEAOBHUINA Ta IIHHICTIO MOJAJIBLIOTO
JIOJTATKOBOTO 3aCTOCYBaHHS a00 TEHHOIO 1HXKeHepiew. 3 1Hmoro Ooky, (yHKIA
MEPETBOPEHHS BYTJIEKHUCIIOTO Ta3y TMOKPAILYEThCS 3aBASKU TIUOIIOMY PO3YyMIHHIO
MEXaHi3My TMOTJMHAHHS BYTJCHIO MIKpOBOAOpocTAMU. KpiM TOro, BIOCKOHAJTCHHS
TEXHOJIOT1i 300py BpPO’Ka0 Ta TEXHOJOT1T €KCTPAKI[li BTOPUHHUX MPOAYKTIB, ONTUMI3AIIis
OpOLECY KyJbTUBYBAaHHS, PO3LIMPEHHS PEXUMY KyJIbTUBYBaHHS Ta ONTUMI3aLlis
BUPOOHUYMX BUTPAT 32 PaXyHOK MOKPAIICHHS TEXHOJOTIYHOTO PiBHS MPOIIECY, TAKOK €
npobyieMaMu JIJIs 3aCTOCYBaHHSI CEKBECTpallil BYIJIELIO MIKPOBOJOPOCTSIMH. Y TOM ke dac
EKCIIEPTH 3aCTEPIratoTh, 0 Oy/Ib-sSKa OKpeMa MeTa KyJIbTUBYBaHHS MIKPOBOAOPOCTEN HE
€ €eKOHOMIYHO >KMTTE3IATHUM BapiaHTOM, 1 pO3pOOKa IHIIUX TEXHOJIOTIH JJI MOTJIMHAHHS
BYTJICIIO 3 IMMOBHUX Ia3iB MIKPOBOJOPOCTSAMHM TAKOK BU3HAETHCA HEOOX1HOO, OCKIIIbKU

BEJICTHCS MOIIYK €KOHOMIUHO KUTTE3IATHUX Ta €KOJIOTTIYHO CTIHKUX pillieHb. [80]

BucHoBkM 10 1 po3aijly Ta MIOCTAHOBKA 3aBJAAHb J0CTiIKEHHS

Buxopucranas MIKpoBOAOpOCTe HaOyBae jenaii OUIBIIOTO MOIIMPEHHS,
30Kpema, JIsl yTUI13allii ra30BUX BUKHU/IIB, OCKIJILKY BOHU 3/IaTHI MOTJIMHATH BYTJICKUCITUT
ra3 BHACJ1J0K BJIACHOI KUTTEIISIIBHOCTI, YOMY CIIPHUSIE€ OTO XOpOIlla PO3YHHHICTh Y BOII,
BIH € OJHIEI0 3 PYINHUHUX cuil (POTOCHHTE3Y, 110 3abe3medye HapolryBaHHS Olomacwu.
Takox 1J1s1 CBOTO ICHYBaHHSI BOHU MOTPEOYIOTh TAKMX €JIEMEHTIB KUBJICHHS, SIK HITPOT€H
1 cynbdyp, SKI y BUIJISAI OKCHAIB MICTATHCS Yy Ta30BUX BUKHAAX. BUKopuCTaHHA
MIKpPOBOZOPOCTEN Ma€ YHMCIEHHI MepeBard MOPIBHSIHO 3 1HIIMMHM METOAaMU YTHJIi3allii
JTIOKCUIY BYTJICIIO, BKJIIOUAKOYHW 1HII HUISXU O10J0T14HOI (hiKcallii BYIJICII0: BUCOKY

(OTOCUHTETUYHY aKTUBHICTh, €EKTUBHICTh MTPU HU3BKUX KOHIIEHTPAI[ISX BYTJIEKUCIOTO
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rasy, BUILY IIBHUAKICTh HOTO MOTVIMHAHHS 1 3aCBOEHHS, a TaKOXX 34aTHICTh O YTHJII3allii
OKCHUJIB a30Ty Ta CIpKH, IO MEPEeBEpIIyE MOXKIMBOCTI BUIIMX POCIUH. Buxonsuu 3
HABEJCHUX BUIIEC JaHUX, HEMAa€ OJHO3HAYHOI BIAMOBII CTOCOBHO €()EKTHUBHOCTI
MOTJIMHAHHS Ta30BUX BUKWUIIB 1 iX BIuMBY Ha mpupict Oiomacu Chlorella. Tomy
BU3HAUEHHS paIllOHaJIbHUX MapaMeTpiB I yTUJIi3allli Ta30BUX BUKUIIB € 3aBIaHHIM IS
MOJIAJBIINX JTOCIIKEHb.

AHani3 niTepaTypHUX JKEpe, J03BoJisie cPOpMYIIIOBATH HACTYIHI 3aBJIaHHS:

1. [HocmiauTtu 3alleXHICTh PO3BUTKY KyJbTYpH BiJ MapamMeTpiB Mojaayi
BYTJICKUCIIOTO Tasy.

2. Bu3zHauuTH MakCUMaJIbHI IPaHUYHI KOHIIEHTpAIIl1 CyJIb(aT Ta HITPAT aHI1OHIB,
K1 BIANOBIAAIOTh 3HAYEHHSIM OKCHUAIB CyJb(ypy Ta HITPOT€HY B ra3oBli Cywilli, 1 HE
YUHSATH HETAaTUBHOTO BIUIMBY Ha PO3BUTOK KynbTypu Chlorella vulgaris.

3. BcTaHOBUTH 3aJ€XKHICTh NPUPOCTY O010MACH MIKPOBOAOPOCTEH BIJI PEXUMY
nojayul Ta CKJaay ra30BUX BHUKHUAIB, 110 YTBOPIOIOTBHCS IMPHU 3TOPaHHI PI3HUX BUIIB

CUPOBHHU.

PesynbraTy nepiioro po3ainy yBIHIIUIA O HACTYITHUX HAYKOBHX Ipallb:

Bnosuuenko A.A., I'ony6 H.b. BrjiuB KOMIOHEHTIB Ta30BUX BUKHU[IIB Ha PICT
MmikpoBoaopoctert Chlorella vulgaris // Bicauk JIbBiBChbKOrO yHiBepcutery. Cepis
Oiomoriuna.  2022. Bumyck 86. C. 3-14. ISSN: 2075-5236  DOI:
http://dx.doi.org/10.30970/vIubs.2022.86.01

Bnosuuenko A.A., «llepcnekTuBuM BHUKOPUCTAHHS Ta30BUX BHUKUIIB IS
BUPOIIYBaHHS MiKpoBoaopocTtei». Matepianu XV BeeykpaiHChkoi HAyKOBO-IPAKTHYHOT
koH(pepenuii «biorexnomnorist XXI cromitrs» (Kuis, 23 kBitHs 2021). — 2021 — C.137.

Bnosuuenko A.A., Tony6 H.b.,, «BukopuctanHs Tra30BHX BUKHIIB JIs
BUPOIIYBaHHS MIKPOBOJOPOCTEN B IMpolieci BUpoOHUIITBA OionanuBa». Marepianu XXII
MixHapoaHOT HAyKOBO-MPAKTUYHOI KOH(pepeHuii «BigHOBIIOBaHA eHepreTuka Ta

eneproedextuBHicTh y XXI cromitti» (Kuis, 20-21 tpasns 2021) — 2021 — C.807-809.
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PO3/1J 2. MATEPIAJIM TA METOJU JOCJLTKEHHS

JIJIsT TOCATHEHHS TOCTaBJICHOI MeTH OyJM 3acTOCOBaHI MaTepiald Ta METOIU
JOCITIIKEHb, PO3MIITHYTI B IIBOMY poO3im. Takoxk BHCBITICHO OCHOBHI (haKTOPH, IO
BIUITMBAJIM HA YTHJII3allll0 Ta30BUX BHKUJIIB MIKPOBOAOPOCTSMHM, IO A0 MOJAJBIII
3aBJaHHS JIOCTIIUTH MTapaMEeTpPH 10j1adi ra3iB Ta YMOBH KyJbTUBYBaHHS. [IpeacTaBicHO

BUKOPHCTOBYBaH1 aHAJIITUYHI MPHJIATHU 1 OMUCAHO (H13UKO-XIMIYHI METOAM aHATI3y.

2.1 Kyi1bTHBYBaHHSI MiKPOBOAOPOCTEH

[HoKynsiTH MiKpoBogopoctTer Chlorella vulgaris UTEX 2714 Ta cuHbO-3€I€HUX
Bogiopocteit Arthrospira platensis UTEX 3086 Oynu B3sT1 13 KOJIEKINT KyJIbTyp Kadeapu
1HKEHepil HaBKOJMIIHBOIO cepeAoBHIina BapmiHChbk0-Ma3zypchbKoro yHIBEPCUTETY B
Onbmtuni (Pecriybmika [lonbiia) (siki B cBOO uepry OyJiM OTpUMaHi 3 KOJEKIi
Texacekoro yHiBepcuteTy B Ocrtini, CIIIA), mist 61UIBIIOCTI TOCTITKEHb, ONMUCAHUX Y
po3ainax 3, 4, me yacTUHA NOCIIKEHb, onucaHa B po3auil 3.1 mpoBoauiach 3a
BUKOpUCTaHHS KyiaeTypu Chlorella vulgaris 3 xonekuii Incturyty GoTaniku iM. M.T.
Xononnoro HAH VYkpainn.

Bubip mikpoBogopocTel ISl CeKBECTpaIlii BYTJICIIO 3JICKHUTh BiJl IX CTIMKOCTI 10
BUCOKHX KoHIIeHTpaliii CO; 1 TOKCUYHUX PEYOBUH Y TUMOBUX razax. bararo momnepemaHix
JOCHIDKEHb  BUBYAJIM BHUCOKY TojepaHTHICTh 10 CO, pi3HUX BUJIIB/IITAMIB
MIKpPOBOJIOPOCTEH, Takux ik Nannochloropsis sp., Chlorella sp., Scenedesmus obliquus i
Chlamydomonas sp., Ta taui. Chlorella sp. 6arati 611KoM, XJIOPO(1JIOM 1 JITIIaMH, SIK1 €
OCHOBHHUMHM KaHJUJATaMH JJisI BUPOOHUIITBA €KOJOTIYHO YHCTOI Ta 370pOBOi DK Ta
po3po0OKK HOBUX JKepen eHeprii. I1{o me Baxxnusimme, uncnenni Buau Chlorella moka3zanm
BHUCOKI TEMITH POCTY Ta 3AaTHICTh (PIKCYBaTH BYIJIEllb 32 BUCOKUX KOHIIeHTpauiid CO,, aKi
BBKAJIMCS OJJTHUMU 3 HAUOTBII IEPCTICKTUBHUX BUJI1B MIKPOBOIOPOCTEH IS 3aXOTUICHHS

CO; 3 tumoBUX razis. [52]
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OcHOBHUM 00’€KTOM JlochikeHb O0yno oopano Chlorella vulgaris, oCKUIbKY 111
MIKpPOBOJIOPOCTI MaIOTh BEJIMUE3HUHM MTOTEHIIA JIJIs yTHIII3aIlii 3a0pyAHIOIOYMX PEUYOBUH,
BKJIFOYAI0YM Ta30Bl BUKHUAHM, OCKUIBKH JO TEpeBar I[bOT0 BHUIYy MOKHA BITHECTH HOTO
BHUCOKY TIPUCTOCOBAHICTh JIO PI3HOMAHITHUX YMOB HaBKOJMIIHBOIO CEPEOBUIIIA,
eBpUOIOHTHICTh, CTIMKICTh A0 3a0pyAHEHHS Ta IIBUIKWANA TEMII POCTY, MOKJIHUBICTh
HAKOMWYEHHS KOPUCHUX PEYOBHH.

[ToxusHe cepenopuiie Tamis monudikopane [94] Oyno oOpaHe K OCHOBHE IS
Chlorella vulgaris, ocKiTbKH KynbTypa OyJia MOMEPEIHBO 10 HHOTO aqalTOBaHA, CKIIAT
KOMIIOHEHTIB AKOro OyB TaKUM: JUCTHIb0BaHa Boja, KNO;—35,0 r/am?, MgSOy4-7H,0—
2,5 r/mm®, KH,POs,4—1,25 1/ M?, EDTA—0,037 r/am’, FeSO4 7H,0—0,009 r/mm?,
H;BOs—2,86 mr/onm®, MnClL,-4H,0—1,81 mr/mm?®, ZnSO4 7H,0—0,22 mr/nm?, MnO3;—
0,018 mr/mm3, NH4sVO3—0,023 mr/ am?. Tlouarkose pH = 6.

JUist 31emeBneHHs] KyJIbTUBYBaHHS MIKPOBOJIOPOCTEH B MUJIOTHOMY IMPOEKTI Ha
TELL O0yno BukopuctaHo MiHepanbHe 100puBo «Azofoska» (Grupa INCO, Ilonbma) 3
TaKUM CKJIa70M (3riiHo BupoOHuka): 13,3% (N) 3aransHoro azory; 5,5% (N) HiTpaTHOTO
azory; 7,8% (N) amoHniiiHoro asory; 6,1% (P,Os) nenraokcun ¢pocdopy, po3uMHHHAN Y
HEUTpaJTbHOMY PO34YMHI UTpATy aMmoHio Ta Boai; 4,0% (P,Os) mentaokcuay docdopy,
po3zuunHoro y Boxi; 17,1% (K,O) okcuny kanito, pouuHHoro y Boji; 4,5% (MgO)
3aranbHui okcuna MmarHito; 21,0% (SOs) 3aranphuii Tpuokcun cipku; 0,025% (B)
3araigpHOTO O0py; 0,090% (Cu) 3aramenoi mini; 0,14% (Fe) 3arambnoro 3amiza; 0,14%
(Mn) zaranpHoro wmapraniiro; 0,020% (Mo) 3aransHoro Momnioaeny; 0,025% (Zn)
3arajbHOTO ITMHKY.

Hnst Arthrospira platensis O0yno CTBOpEHE MOXKMBHE CEpEIOBMINE HA OCHOBI
BOJOINPOBiaHOI Boaum 3a ckinagom: NaHCO, —27 r/ am*, Na,CO3; —8 1/ nv?®, KbHPO, —1
r/ im?, NaNO3; —25 1/ am®, K.SO4 —2 1/ am?, NaCl— 2 1/ nv?.

TakcoHOMIYHMIT aHami3 1 MIAPAXYHOK KIIBKOCTI KIITHUH BOJOPOCTEH B
remouutoMeTpi (kamepa Thoma, HimeuunHa) npoBoiMBCs 3a 10MOMOTor0 Mikpockorna MF

346 3 kameporo Optech 3MP (Delta Optical, Bapurasa, Pecrry6iika [Tosbia) mpu moBHOMY
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30uIbmeHH1 Mikpockona 1000x ado 400%, abo 3a JOMOMOro JIYWJIBHUKA KJIITHH
Countess II FL. Hematocytometer (Life Technologies, CILIA). BusnaueHHs koHIIeHTpalii
O0loMacu TMPOTATOM 4Yacy KyJbTUBYBaHHS IMPOBOJWIOCH UUIAXOM BHU3HAUCHHS
KOHIICHTpaIlii Xyopodiay 3a gomomororo anamizaropa Bogopocteit BBE (Moldaenke,
Schwentinental, Himeuunna). IluTomMa mBHIKICTH POCTY B EKCIOHEHIIHIN (a3l
BHU3HAYasIach 3a popmyoro [54]:
1= (InN—InNp)/t, [ron!], (7)

ne Ni — KOHIIEHTpaIlisl KJIITHH B MOMEHT 4acy t, Ny — mo4aTkoBa KOHIIEHTpALlis KIIITHH.

Byno nocrapieHo 3aBaaHHs TOCTIIUTH TaKl MapaMeTpH IMojadi ra30BUX BUKU/IIB,
0 MOXYTh BIUIMBAaTH Ha IX YTWII3allil0 MIKPOBOJOPOCTSIMH: IIBUAKICTH IOTOKY
BYTJIEKUCIIOTO Ta3y 1 HOro KOHIEHTPALlisl, NEPIOIUYHICTh, PEUUPKYJISILIS, BIUIUB OKCUIIB

a30Ty 1 cynbdypy, IKEPEno JMMOBOTO rasy.

2.2 JlocigHa yCcTaHOBKA Ta po0o4i mapaMeTpu

TpyOuacti (porobiopeakTopu IIHPOKO 3aCTOCOBYIOTHCS IS  301IBIICHHS
POJIYKTUBHOCTI ~ BOJOPOCTEH, OCKUIBKA BOHHU pO3poOJieHl Mg e€PEeKTUBHOIO
3a0€e3MeUeHHsI 30BHIITHBOTO OCBITICHHS, HEOOX1THOTO /I POCTY KIIITHH, 00 YHUKHYTU
HAKOMWYEHHS KHUCHIO Ta TOKPAIIUTH 3MINIyBaHHS, TAaKUM YWHOM TJIBUILYIOYH
010/I0CTYIHICTh TOXUBHUX pedoBUH [76]. Tomy s mpoBeAEHHS EKCIEPUMEHTIB 1
CTBOPEHHSI TEXHOJIOT1i BHKOPHCTOBYBAJIHCh caMme TpyOdacTi OlopeakTopu B PIZHHUX
KOH(DIiryparisx.

JUist mpoBeAeHHS EKCIEPUMEHTIB OYyJI0 CTBOPEHO MPHUCTPIM TOCIHIJIKEHHS
mikpoBogopocteit PBRCA-1 (PhotoBioReactor Clean Air — 1) (puc. 2.1), skuii €
dhoToOI0OpeakTOpPOM, IO MPAIOE€ B HAMIBAaBTOMATHYHOMY PEXHMI 3 BUKOPHUCTAHHIM
BOY/IOBAaHOTO KOHTPOJIEpa, sIKHi opMye TIporpamy poOOTH BUKOPUCTOBYIOUH TOJUHHUK
peabHOro Yacy 1 00JaJHaHuM CBITIOI10JHUM OCBITJICHHSIM 1 CHCTEMOIO 10/1a41 ra3iB JJis

KOYHOI KOJIOH.
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O6’eM KyJIbTUBAL[IHHOTO BifJiIcHHS IpUCTporo 18 aM>, 110 cKIagaeThes 3 niecTu
AT HAPHYHUX KOJI0 3 MOMiBiHIIXI0puLy 1o 3 am® koxHa. ['aGapuTHi po3MipH IPUCTPOIO
He nepeBulLyoTh 90x52x52 cMm. Maca ycrtaHoBku He nepesuiye 30 kr. st KOHTPOIIIO
BXIJIHOI KOHIIEHTpAIIii T'a31B Ta SKOCTI BUX1IHOTO MOBITPs MIPUCTPIH 103BOJISIE BU3HAYATH
koHreHTpaiiito CO, abo IHIUX Ta3iB B 3JICKHOCTI B MAKIIOYEHOTO ceHcopa. Tpeda
BpaxyBaTH, 10 OCHOBHUH ceHcop MQ-135 (myis BumiproBanns korneHTpaiii CO;) Moxe
MOMMWJIKOBO pearyBaTH Ha HasBHICTh mpujaTtHux mis BusineHHs NHj;, NOy, Genzony,
arietony, CO Ta ajikoroso, mo Tpeba BpaxOoBYBaTH 1 HE JOMYCKATH HASBHICTH JKEpea
BIJIMOBIJTHUX CIIOJYK IMOOJM3Y pereHeparopa Mij dYac MPOBEACHHS BUMIPIOBAHHS.
[HauKalis mokasiB IKOCTI MOBITPsI B1IOYBAETHCS Y BIIHOCHUX OAUHUIX (cu). TpuBamicTh
poboTu mpuUCTporo — Oe3nepepBHA. EJIEKTPOXKHUBICHHS MPUCTPOIO 3a0€3MEUyETHCS BiJl
Mepexi 3MIHHOTO CTpyMy Hampyrow 85-242 B, gactororo 50 + 1 I'm. CnokuBaHa

MOTYXHICTh He Oinbie 75 B-A.

Pucynok 2.1. a) 3aransHuii BUTIsa gociianoi ycranoBku PBRCA-1, 0) ycranoBka

I1J1 9ac poOOTH.
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UacTtnHa eKCHEepUMEHTIB MpoBoaWjiach Ha 0a3l  kadeapu  1HXKEHepii
HABKOJIMIITHBOTO cepefoBuia BapmiHcbko-Masypcebkoro yHiBepcuTeTy B ONbIITHHI
(Pecmy6umika Ilonpmia), 1e KyJIbTUBYBAaHHS MIKPOBOJOPOCTEH MPOBOAMIOCH B KOJIOHHUX
dotobiopeakTopax (AB Aqua Medic GmbH, Germany) 3 noniMeTuniMeTakpumiaty (puc.
2.2) 3 aKTUBHUM 00’ €MOM KOJIOHU 2 IM>, B KiJIbKOCTI 5 IITYK, TAKMM YMHOM 3araJbHUii
00’eM KynbTHBaliiHOrO Bimmimenns 10 mm°, 0ONaZHAHUX CHCTEMOKO OCBITICHHS Ta
aepaii. Kynerypa Chlorella sp. ocBiTiitoBanach B 6e3nepepBHOMY pexumi (24 roa/no0y)
ceiTnomionuumu namnamu Aquael Leddy Slim 650 momen, 10 W(AQUAEL sp. zo.o.,
Pecny6mika Ilonbina), komipaa Temneparypa ckiana 8000 K (cuniii 1 uepBoHM qi0an) 1

6500 K (6immit).

Pucynok 2.2. 3aranbpHuil BUTJIA YCTaHOBKU 3 (hoToOlopeakTopamu Aqua Medic.

Jlns okpeMHX JOCHiAIB, Ji¢ BUMarajgach T'€pMETHYHICTH 1 TOCIIJIOBHA Iojaya

JIOCITIJIXKYBAHOTO Ta3y BUKOPUCTOBYBAIHUCH CKJIsHI (poTobiopeaktopu (puc. 2.3), B SIKUX
= > 3 : 3

KyJbTypajJbHE CEepeloBHINE 3aiimano 00’em 1 nM°, a razomoxmioHa ¢aza — 0,3 am°, B

KUTBKOCTI 5 IITYK, TAKUM YMHOM 3arajibHui 00’ €M KyJIbTUBAILIHHOTO BIAIIJICHHS CKJIaJaB
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10 nm’. OcsiTneHHs npoBoawioch B OesnmepepBHOMYy pexumi (24  rom/mo0y)
citnoaiogHoto gammnoro Aquael Leddy Slim Plant 2.0, 3250 momen, 36 W (AQUAEL sp.
70.0., Pecniybmika [Tomnpina), komipaa Temneparypa ckirana 7000 K.

[Tepuctanstrunnii Hacoc (FASTLoad Programmable control peristaltic pump,
VWR, Himeuunna) 3abe3nedyBaB 3aXWCT BiJl 3BOPOTHOTO TOTOKY Tazy. Konbu Oymm
OCHAIIEH] KJIaraHaM# Ui 300py 3pa3kiB OiomMacu MIKPOBOAOPOCTEH Ta KyJIbTYpalbHOTO
cepenoBuIa, M KOHTposito pH Ta rasooro cknamay. Buxigui rasu 30upanuch i

30epiranuch B repMetiyHux Mimkax Tedlar 06’ emom 5 am?.

Pucynok 2.3. 3aranbHuii BUTJIA]] YCTAHOBKU 31 CKIISIHUMU (POTOOI0peaKkTopamu.

Bxin raziB 1o oTobiopeakTopiB 3HAXOAUBCS O€3MOCEPETHBO B KYIbTYpaIbHOMY
CEpeNoBHUIIl HaJ JHOM Yy TMEPIIOMY 1 TPEThOMY BapiaHTI JOCHIIHUX YCTaHOBOK, abo 13
CaMoro KOHYCOIOAIOHOTO /JIHAa 3 OTBOPOM Yy IPYroMy BapiaHTi yCTAaHOBKH, TOJI SIK Ta3u
BUXOJIWJIN y BEpXHIN 4acTHHI (OTOOI0pEaKTOPIB.

TeMmnepatrypa y ¢otobiopeaktopax miaTpumyBaiach Ha piBHl 25 + 1,0 °C.
3nadyeHHs pH BH3HauanOCh MOTEHIIOMETPUUYHUM METOJIOM 3a jJornoMoror pH computer

(AquaMedic GmbH , Bissendorf, Germany).
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Jlns mMojentoBaHHS Al OKCUIIB CYJbQypy Ta HITPOreHy OyJI0 BHUKOPUCTAHO
HITpaTHY Ta CyJb(paTHy KUCJIOTH, III0 BHOCUJIUCH 32 JOTIOMOT'OI0 EPUCTAIETUYHUX TTOMIT

Shenchen LabV 1-1II (Baoding Shenchen Precision Pump Co., Ltd., China) (puc. 2.4).

PI/ICYHOK 2.4, EKCHepI/IMeHTaJIBHa YCTaHOBKa IJIA I[OCJ'IiI[)KeHHH BIINIMBY KHUCJIOT.

Ixepenom CO; ciyryBanu atMocdepHe noBiTps, abo razoBa cymii, abo TUMOBI
rasu, ki momaBanuch kommpecopom Hailea ACO-208 (Hailea group Co., Ltd., Kuraif).
[ToTik moBiTps 3a0e3meuyBaB NepeMILyBaHHs KyJIbTYPH 1 HOT0 MIBUAKICTh PETyII0BalIach
poramerpoM Oxygen Air Flow Meter 3 nianazonom 0-1,5 LPM (Shanwen, China).

B ekcnepuMmeHTi 3 1iaHOOAKTEpISIMU BUKOPUCTOBYBAIUCH (HOTOOIOpEAKTOPH 3
noJiMeTHIaKpHIaTy, pobounm 06’emom 10 1m°, rasosa dasza — 5 am>. Byno opranizoBane
OesnepepBHE BHUMIpIOBaHHS pH, a pe3ynbTaté COpTYBajHMCh, YCEPEIHIOBAIUCH Ta
30epiranuch B mam’sati pH-metpa (AquaMedic GmbH, Bissendorf, Germany). Peaktopu
MOCTIIHO OCBIT/IIOBaNUCS JtoMiHectienTHuMu Jtamnamu (T8 Luxine Plus, Sylvania, United

54



Kingdom), konipna temneparypa 6500 K, 900 mromenis, 15 W. TemnepaTtypa BBeIeHUX

BUXJIOIHUX Ta3iB, MOBITPS Ta Temneparypa Kyibtypu cranoBuia 20 °C £+ 2 °C.

Pucynok 2.5. EkcriepuMeHTalIbHA YCTaHOBKA JJISI TOCIIKEHHS Ta30BUX BUKHU/IIB
Ha TELI.

doTobiopeakTopH, BCTaHOBJICHI B PUMIIIICHHI OJBIITHHCHKOT
teroenekrpocrannii (MPEC) mamu poGounit 06’em 100 av’. PiBens pH BumiproBaBcs
6e3nepepBHO 3a nonomororo pH-komm otepa (AquaMedic GmbH, Bissendorf, Germany).
BbesnepepBHe ocBiTIIEHH 3/1iICHIOBaNIOCH cBiTIOoAIoAHMMHU JlamniamMu Aquael Leddy Slim
Plant 2.0, 3250 momen, 36 W (AQUAEL sp. zo.0., Pecnybmika Ilonbia), komipHa
temriepatypa ckiaiga 7000 K. Temneparypa BBeneHWX BUXJIOMHHMX Ta3iB, MOBITPS Ta
TeMrneparypa KyJbTypu ctaHoBuiia 25 °C £ 2 °C. JIyis 3HemKOoHKeHHs AP1OHNX YaCTUHOK

Oy 1 caxl y JAUMOBOMY Ta3i, HOTO OXOJO/DKEHHS 3aCTOCOBYBAJHCH (PUIBTPYBaJbHI
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YCTaHOBKH, HamoBHEH1 ckioBaroro Ta Oiokyinbkamu (EURONOVA POLSKA Sp. z o.0.,
[Tonwia).

Jlist necynbdypu3aliii ITMMOBHX Ta3iB B YCTaHOBII BUKOPHUCTOBYBABCS BAITHSIKOBHIMA
MeTo, AKui nependavae abcopOuito SO, y BanHIKoBiN cycnensii. lumoBuii ra3 pearye 3
cycnensieto, mo Mictuth Ca0 1 CaCOj; 3 yrBopenusam coseir CaSO; 1 CaSO,, ToOTO rincy.
[Tin yac mux peakuiid, gKi MPOBOASATHCS B piakii ¢aszi, (peakmii 8-10), BamHO
nepetBoproeThes BiAnoBiaHO HAa Ca(OH), , CaCO; 1 Ca(HCO3),. 1li crionyku norinHaTh
SO,, nonepenuro pozunmHeHHM y BoAi (peakitii 11-13) 3 yrBopenHsm CaSQO;, CaSO,

(peakii 14-15). [50]

Ca0 + H,0 — Ca(OH), (8)
Ca(OH), + H,0 - Ca?* + 20H~ 9)
CaCO; + H,0 — Ca?* + HCO3 + OH~ (10)
SO, + H,0 — HSO3 + H* (11)
HSO3 — SO03~ + H*t (12)
HSO3 +20, - S03~ (13)
Ca?* +S03™ +~H,0 — CaS0; - > H,0 (14)
Ca2* + SO2~ + 2H,0 — CaSO0, - 2H,0 (15)

Onniero 3 mepeBar 1iei TexXHOoJor1i € Bucoka edekTuBHICTh cenapailii (90-98 %),
KpIM TOTO, IIsl cCUCTeMa Moke 30upaTtu TBepai yactouku 1 mui [50]. Tlicas monepeaHpoi

MEXaHIYHOI Ta XIMIYHOI OYMCTKH Ta30B1 BUKU]IU MOJAIOTHCS 10 (OTOOI0PEaKTOPIB.

2.3 AHaJI3 | MOKAa3HUKHU T0CJIIIXKYBAHUX Ira3iB

JUist  mOCHKEHHsSI pI3HUX MapaMeTpiB Mojadi rasy [0 KyJbTypaJbHOIO
CepeIoBHILa, TOTyBajlach ra3oBa CyMilll, 1o mMictuia 5-10 % 4nctoro ByTrieKUCIIOro rasy
190-95 % noBiTps, sika 30epiranach B JBOIIAPOBUX MOJTIETUICHOBHUX MilIkax Survival bag

(Lifesystems, BenukoOpuraHnis), po3mipom 1050-750 x 2100 MM 1 mpubIM3HOIO EMHICTIO
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200 1M° 3 BMOHTOBAHOIO TPYOOI0 1 KPaHOM JUIA ITijI’ € AHAHHS Ta30BOT0O MOTOKY JI0 CHCTEMH
dboTobiopeakTopiB (puc. 2.6). Takum camuM ynHOM Bii0yBaBcs 3a0ip 1 JOCTaBKa Tra30BUX
BukuAiB 3 Onpmruacbkoi TELL (MPEC) no maGoparopii (puc.2.6). BmicT Byriekucaoro
ra3y B ra3oBiil cyMilli BUMIpIOBaBCs 3a jgonomMororo razoananizatopa GFM 430 (Gas Data
GFM series, BennkoOpuranis). BMicT gociiaxyBaHUX CIOMYK (OKCH/IIB BYTJICIIO, a30TY,
CipKH) y ra30BuX BUkHaax — a"anizaropom Optima 7 (MRU, Himeunnna). Cxian 6iorasy
1 BUXJIOITHUX Ta3iB y €KCIIEPUMEHTI 3 IllaHo0akTepisiMu — aHanizatopoM Testo 340 (Testo

Ltd., Alton, BeaukoOpuranisi)

N e 4

Pucynox 2.6. IIpouec 3a00py razoBux BukuiB y Mimku Ha TELI.

BuxuionHi razu, oxonomkeni 1o 20 °C, uio moxoasTh Bij cHajgtoBaHHS Oilorasy,
BHUPOOJICHOTO Ha CIIBCHKOTOCTIOAAPCHKIH 0610ra30Biil yCTaHOBII B TEXHIYHOMY MacIiTaol,
30Upaiauch OJMH pa3 Ha JIeHb 1 30epiraauck B repmeTHuyHux Mimkax Tedlar o0’emom
70 am3. 1BUAKICTD notoky CO, cranoBuna 8,0 Mr/xB, mojiaBaBcsl Ta3 3a JOIMOMOTOIO
nepuctaibtTuuHoro Hacoca (FASTLoad Programmable Control Peristaltic Pump, VWR,

. . 3 .
Hapmitant, HiMmeuunHa) npoaykTuBHIcTIO 28 cm”/xB. [logady atMocdepHe moBITps 110
PEaKTOpiB Ta PELUPKYJISIS Ta31B 3/IIMCHIOBAIACH 32 JOMIOMOTOI0 KOMIIPECIMTHOTO Hacoca

(Mistral 200, Aqua Medic, Brentwood Essex, UK) 3 npogykrusHictio 10,8 mv>/xB.
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2.4 TocaigskeHHs1 OTPUMAHOI OioMacu

biomaca BucymyBamachk 10 moctiitHOi Macu B cynmmibHIN madi (LabExpert 3050
MC, Kuraif) 3a temnepatypu 105 + 1°C, 3BaxyBajach Ha €JEKTPOHHHUX aHaJITHUYHUX
Barax (SPU123 ScoutProOHAUS, IlIgeiinapis). OntuuHa ryctuHa 0i10Macu BU3HAYallach
Ha crektpodoromeTpi (ULAB 102) 3a momxuau xBuiai 680 HM, TaKOX BHU3HAYAIUCH
MIrMEHTH 3a JOBXWHHM XBHJI, IO BIAMOBIAAIOTh IiXHIM mikam. JIIs BHU3HAYCHHS
KHCJIOTHOCTI BUKOPUCTOBYBaBCs MoTeHmioMerpuunuii metog i pH-metp (pH-OBII metp
SX 811). Mikpockomisi 6iomacu npoBoamiack Ha mikpockoni (XSP-139TP Ulab TM,
Kurait). Meton Cokciera BAKOPUCTOBYBABCS ISl BUALICHHS JIITIIIB 3 BEJIMKOI KIJTBKOCTI
O6ioMacu, OTpUMaHOi 3 BCHOTO 00’€My peakTopa 1 BKIIIOUYAaB BHUKOPHUCTAHHS amapary
Cokcrera, y IKOMY JIITIIA €KCTParyBaJIMCh 13 610MacH MUISIXOM BUCHAKIMBOTO KUITIIHHSA B
OpraHIYHOMY PO3UYMHHUKY H-T€KCaHI.

Bigninenns Oiomacu BiI KyJbTYpaldbHOI PIAMHA MPOBOJMIIOCH IILIIXOM
uenrpudyrysanns  20-30 cm® cycmeHsii 3 TpUpa3’oBUM IPOMHMBAHHSAM  KJIITHH
JTUCTUIIbOBaHOK Bojaow (2 xB, 11000 o6/xB) y nabGopatopHiii nentpudysi 5804 R
(Eppendorf, Hamburg, Germany).

Bwmict cyxoi wmacu, opraHiyHOi 1 MIHEpPaJIbHOI CKJIAJ0BOi BHUMIPIOBABCS
IpaBIMETPUYHAM METOJIOM 3 TIOTIEPETHIM 3HEBOTHCHHSM 32 BUKOPHUCTAHHS J1a00paTOpHOL
cymapku FED (Binder, Himeuunna) ta maGopatopnoi meui Carbolite ELF 11/14B
(Furnace, BenukoOpuTaHis) BUCYLIyBaHHS IPOBOAMJIOCH 3a Temmeparypu 105 + 1°C,
o3omoBanHs — 3a 550 + 1°C.

Bwmict 3aranpHOro a3ory, 3arajibHOro KapOoHy 1 OpraHiyHOro KapOOHY BU3HAUaBCS
3a pomomoroto anamizaropa TOC (SHIMADZU, Snonis), ne s MAKACTIOBAHHS
cepenosuia BukopucroByBasiack HCI 0,2%, temmneparypy medi Oyj0 BCTaHOBJIEHO Ha
720°C, ocymryBaya — 1°C, a HenucnepciiiHoro iHgpadepBoHoro gatuvka — 65°C. Kpim

TOTO, MapaMeTpH Mojaul razy OyJiu Takl: IBUIKICTh MOTOKY Ta3y-Hocis craHoBwmia 150
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cM>/XB, MIBUJKICTh MOTOKY 0apOOTakHOro raszy craHosmnaa 80 cM>/XB, a THCK O30HY
craHoBuB 207 klIa.

VY cynepHaTaHTi BU3HA4YaBCsl BMICT 3arajJbHOr0 a3oty, anioHiB NO,, NOs, a3oty
amiaunoro, opropochary (P-PO4>), cynsdary (-SO4>) 3rigHo 3 incrpykuismu Hach, o
KOKHOMY OKpEMOMY KOMIIOHEHTY 3a Jomomororo crekrpodoromerpa Hach DR5000
(Hach, Loveland, CO, USA) 13 3actocyBannsm minepamizatopa HT 200S (Hach-Lange,
Germany).

Amnamizarop enementiB FLASH 2000 xommanii Thermo Scientific™ (CILIA)
BUKOPHCTOBYBABCS JIJIsl €JIEMEHTHOTO aHallizy Olomacu, 100 OTpUMaTH YUCTHM BMICT,
a30Ty, BOJIHIO Ta Cipku B OioMaci. TeMriepaTypa rneui miarpumyBaiach Ha piBHi 960°C , a
IIBMIKICTH IIOTOKY Tasy (ras-Hociii — reniil) Oyjia BcTaHoBIeHa Ha piBHi 140 cm®/xB,
IIBMIKICTH IIOTOKY KMCHIO cTaHOBMIIA 250 cM>/XB.

Bu3zHaueHHs KOHIIEHTpaLli XJ0pod LTy @ IPOBOAUIOCH 33 TOMOMOIOI0 aHAJII3aTopa
Bojopocteit BBE (AlgaeOnlineAnalyser, Moldaenke, Schwentinental, Himeyunna). 1 min
KYJIbTYpaJbHOTO CEPEIOBUINA OE3MOCEPEIHBO 3 PEAKTOPIB 30MpaBcs y CKJIISIHI KOJIOM Ta
00’em goBoauBcs 10 S00 M1 3a JOMTOMOT 010 TUCTUIILOBAHO1 BoAM. [[puroToBana cycnensis
nijgaBajgach aHalidy, OTpUMaHl pe3yJbTaTH IEepepaxoBYBAIUCh, BPAXOBYIOUH (PaKTop
po3seaeHHs (k=500). BogopocTi 1aHOr0 TaKCOHOMIYHOTO KJIacy MarOTh MOAI0HUIN CKiIaa
(GOTOCUHTETUYHUX MITMEHTIB 1, TAKUM YUHOM, MalOThb THUIIOBUWA CHEKTp 30yJKEHHS
dbayopecteHIii in vivo, 3a SIKAM JOBXHHM XBWJIl BHUIPOMIHIOBAHHS BHUMIpPSIHOTO
(byopeciieHTHOTO CBITIa CTaHOBIATH Bl 680 10 700 HM. TakuM YMHOM, MOKHA BIIHECTH
BUJlT BOJOPOCTEH 1O CIEKTPAIBHOTO KJACy BOJIOPOCTEH Ha OCHOBI MOTO CIEKTPY
dbayopecuenii. I[llo6 oTpumatu 3Hauymmii cnexkTtp 30y/pKeHHS —(iryopecieHiii,
BUKOPHUCTOBYBAJIOCH IIICTh CBITIOAI0AIB Ha yacToTtax 370 uM, 430 uHM, 470 HM, 525 HM,
590 uMm 1 610 M BiAnOBiAHO. JIOBKMHU XBUJIb 30Y/UKEHHS CBITJIOA10/11B OYyJIM a/lanTOBaHi
JI0 TOBKWH XBUJIb MOTJIMHAHHS CBITJI030MpaIbHUX MITMEHTIB PI3HUX KIIACiB BOJAOPOCTEM:
¢ikowiaHiHy, QikoepUTpUHy, (HYKOKCAHTUHY, EPUAUHIHY Ta XJopodury a. 30yaKeHHs

MITMEHTIB BOJOPOCTEH MPOBOJIMIIOCH ITICIS TEMHOBOI ajamnTalii IUIIXOM BMHKAHHS
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CBITJIOZIO/AIB OJIMH 3a OJHUM Ha BHUCOKIM yacToTi. diyopeciieHTHE BUIIPOMIHIOBAHHS
xJopodily a B pe3ysbTari 30y/DKEHHS BUMIPIOBAIIOCH Y (pa3zax MK ITUMHU IMITYJIbCaMHU.
bynu 3ammcaHi CHeKTpu pi3HUX KIAciB BOJAOPOCTEH 3pa3ka, IO CKIAJAA€TbCsA 3
1iaHoO0akTepiil, XJopodiTiB, A1aTOMOBUX BOJOPOCTEH, NUHO(IArensar i1 KpumTodiTis.
BusnauaBcs cepemHidi cnekTp 30yKEHHs, HOPMalli30BaHHM BMICTOM XJIOpOpUTy a
(BIZOWTKOM TaibIll) KIAcy BOAOPOCTEH. BUKOpuCTaHHS NIHMX «BIIOWTKIB TAJBIIB» 1
MaTeMaTUyHOi omepalii (mpoueaypa HalKpamoro miAXoAy) M03BOJWIO pO3paxyBaTu
KOHIICHTpAIif0 XJI0podiny 3pasKy. [89]

@diyopeclieHTHa MIKPOCKOIIIS KIITHUH TPOBOJAWIACH TaKUM YHHOM: PO3YUH
OapBHMKa HiTbCHKOTO 4EpBOHOTO TOTYBABCS 3 BUKOPUCTAHHSM JIUMETUIICYJIb(POKCUIY
(Sigma Aldrich, CIIIA), notim 50 mMm® po3umHy fnomasBanock 10 1 cm® 3paska Giomacu i
BUTPUMYBAJIOCh B TEMpSBI TMPOTArOM 2 TOJUH. 3pa3Kd JOCHIKYBAJIUCH Ha
nepeBepHyToMy  (QuyopecueHtHoMy Mmikpockoni (DELTA  Optical, Ilonbma) 3
bnyopucuenTHoro Hacagakow FI-100 (ITonbmia) 1 mxepenom xkusneHHss AmScope NFP-1
1 (DIIyOpECIIEHTHOTO  OCBITJIIGHHS 31  301abIeHHIM X500 IUIT  BUSBJICHHA
BHYTPIIIHbOKIITHHHUX JIIMIJIHUX Kpameib. 300paxeHHs (PIKCYBaJIOCh 3a JOIMOMOIOIO
kamepu DLT- Cam Viewer (DELTA Optical, [Tonbiia).

BwmicT mimigiB  y BHUCyIIEHIM OioMaci BH3HAyaBCAd METOIOM  EKCTpakuii
PO3UMHHUKOM. BHKOpHUCTaHHS OpraHiyHMX PO3YMHHUKIB € J0Ope BIIOMUM METOIOM
EKCTpaKIlli 010MOJIEKY MIKpPOBOJOPOCTEH, YaCTO TaKWW THIT €KCTPAKIIIi OB’ SI3aHUM 13
MOTICPETHBOI0 CTAJI€I0 PYHHYBAaHHS KIIITHH, MO0 TMOJETIIUTH AOCTYI PO3YMHHHKA IO
BHYTPIIIHIX CIOJYK KJIIITUHH, TAKKM YAHOM T1BUIIYIOYH BUX1] eKcTpakilii [20].

JIist aHamizy SIKICHOTO CKJIaay JIMiJiB BUKOPHCTOBYBaJlach MeTtoauka [78],
BimoBigHO 10 AKkoi 3pasku y Kimpkocti 30 cm® BimOupanumch 3 peakTopiB i
nentpudyrysanuce npu 11000 06/xB mpoTsrom 2 XB, MICHS BUIAJICHHS CylepHATAHTY
MIPOMUBAIIUCH JUCTUILOBAHOIO BO010. biomaca OyJia BUCYyIlIeHa 10 TOCATHEHHSI TOCTIHHOT
Baru. J[0 aHajoriunux 3paskiB 06’emom 300 cm?, BimueHTpuyroBaHux, mo36aBIeHUX

CYIIEPHATAHTY i IPOMUTHX AMCTUILOBAHOIO BOJOIKO, Oyno noxano 50 cM® Boau i migmano
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Iii yapTpa3ByKy mnpoTsiroM 10 XBUIMH 3a JOMOMOTIOI0 YJBTPa3BYKOBOTO MpoIlecopa
UP400S (Hielscher Ultrasonics, Himeuunna) i3 70% aMmIunityAow0 s HOMEPETHBOI
00poOkwu. [Ticnst 0X0I0/KEHHS 10 KIMHATHOI TeMIIepaTypH, B KOJIO1 JJIsl TUTPYBaHHS 0yJIo
3MimaHo o6poOneHy yibTpasBykom Oiomacy i 10 cm® rexcamy kmacy BEPX (mns
BHUCOKOEePeKTUBHOI pinnHHOI Xpomartorpadii) (Chempur, Ilonbma) 1, 3akpuBIU KOOy,
Ooyno Butpumano no0y y wmimang KS4000iControl (IKA, Himewuwnna), 3a 150
00epTIB/XBUIIMHY 1JIs1 eKcTpakiiii. Jlam npoBoauinock neHTpudyrysanss npu 11000 06/xB
OpoTATOM 2 XB. 1 BiJIIOpaHO CyNEepHATaHT 3 TEKCAHOM MINETKOI Yy BUIApPHI YalllKH,
BUCYIIEHO MPOTATOM 15 XB. Ha BOJASIHIN OaHi 1 e 5 XB. B CyIIWIbHIN madi 10 MOCTIMHOT
MacH, TICJs YOT0 3pa3Ku OXOJIOKYBAIUCH B €KCUKATOPI 1 3BaXKyBaJIUCh.

[Ticnst ekcTpakiii JiMiIiB MNPOBOAWIACh MepeeTepudikaiis BIAMOBIAHO 0
BCTAHOBJICHOTO MPOTOKONIY [78], 3 momambmiuM TpodUIIOBaHHAM METUIIOBUX e(]ipiB
xupHux kuciaotr (FAME). B HamoMy BUNaaKy Ha KiIbKICTh 3BaXKEHMX JIiMiaiB Bix 10 10
20 mr, 3acTocoByBanock 400 mm® cyminn xmopodopm-meranony (2:1, 06./06.), Ta 600 MK
cymimii HCl-meranony (0,6 M xwuciotu B MeraHomi, a6o 2,1%, 00./00.), 25 Mka
BHYTPIIIHBOI'O CTAHAAPTOBAHOIO METHIIOBOTO edipy TpuaekanoBoi kuciaotu (C 13:0 ME),
MICTIsl YOro A0Ope 3MIMIaHO Ta BUTPUMAHO MPOTIroM roaunu 3a 8§5°C, micis 4oro 3pa3ku
OyJ10 OXOJOKEHO 10 KIMHATHOI TeMIIepaTypH 1 I0AaHO 2 MJI TeKCaHy, MIiCIIsl YOT0 TOANHY
BIJICTOSIHO JIJIsl po3/iiyieHHs ¢da3. 3 orisiAy Ha Te, 1110 BepxHs (aza Oyja CBITJIIOT0 KOJIbOPY
(110 CBITYUTH PO HEBUCOKHUIM BMICT OJIiii), BUKOPHUCTOBYBABCS yBECh il 00’€M 1 Taka X
KiIBKiCTB rekcany (MiniMyM mo 150 mm®) Ta 25 MM cTaHZapTOBAaHOTO METHIIOBOTO eipy
TpuaekaHoBoi kuciotu (C 13:0 ME).

[TpodintoBannss FAME (metunoBux edipiB UPHUX KHCIOT) MPOBOJMIIOCH Ha
razoBoMmy xpomarorpadi Bruker 450 (CILIA), ocHameHoMy KamiisipHOO KoJioHKOO CP-
Sil 88 GC (50 m x 0,25 mm x 0,39 Mm), 3 monym’ssHO-10H13aIitHUM AeTekTopoM (FID).
TemnepaTypa KOJIOHKM CIOYaTKy miarpumyBaiachk npu 60°C nmpotsarom 3 XBUJIMH, TOTIM
nigHiManack 10 200°C 31 mBuakicTio 15°C/xB, micis 4oro TemiepaTrypa Jaji 3pocia 10

240°C 31 mBuakictio 5°C/xB. Temmeparypa imxkektopa (1177 Split/Spitless) Oymna
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BctaHorieHa Ha 250°C. Jlna xononnoi mHeBMatuku (Front EFC 21) Oyno BcTaHOBIEHO
trck 22 xIla 3 (pakTUYHMM 3araJbHUM MOTOKOM 5,0 cM*/XB 1 miHilHOIO mBUIKICTIO 37,5
cm/c. It AeTeKTopiB, Ta3-HOCIH (Temiit), JOMOMIXKHi ra3u (BOJCHb 1 TOBITPS) IMIBUAKICT
migrpumyBanack Ha pisHi 10 cm’/xB, 30 cm’/xB i 300 cM’/XB BiamOBiAHO, a 3ajaHa
Temmneparypa miarpumyBanack Ha piBHI 250 °C. 3aranpHuil yac aHami3ly OJHI€lI mpodu

TpuBaB O01u3bK0 30 XB.

2.5 CraTucTH4Hi MeTOIM i MO TIOBAHHSA

3pa3ku U1 aHali3y BiIOUpaIMCh OJHMH pa3 Ha J00Y, PO3LUIUPEHH aHali3 0l10Macu
1 KyJbTypaJbHOIO CEpEJOBUIIA IPOBOAMBCS B KIHII KOXXHOTO EKCIEPUMEHTY.
BunpoOyBaHHsI MPOBOAWIMCH B OUIBII HIXK TPbOX IMOBTOpax JJig KOKHOTO 3 BapiaHTIB
nociimkeHHss. O0pobka nanux, rpadivyHe MNPECTaBICHHS 1 MOJIEIIOBAHHS IPOIIECIB
3MIMCHIOBAJIOCS 3a JIOMOMOror mnporpamHoro 3abesnedeHHss MSExcel (Microsoft
Corporation). CtatucTuuHuii aHai3 [24 ] mpoBOAUBCA 32 JOTIOMOTOI0 METOAY HaMEHIIINX
KBaIpaTiB, pe3yJIbTaTH BBAXKAIUCH JOCTOBIPHUMH, SIKIO CEPEIHE 3HAUCHHS BUMAIKOBUX

BeJIWYMH He nepepuiyBaio 0,05, mo Bi1oOpaxeHo y mo/laHHI KIHIEBUX Pe3yJIbTaTIB.

BucHoBk#M 10 2 po3ainy

JIng  JgocHiDKeHHS — yTWII3amii  Ta30BHX — BUKHIIB  MIKPOBOJOPOCTSIMH,
CKOHCTpYHOBaHO oT0oOI0peaKkTop, 00JaJHAHUN CBITJIIONIOAHUM OCBITIEHHSIM 1 CHCTEMOIO
nojayi rasiB JjIsl KOXKHO1 K0J10u. Bukopuctani B poOoTi 00JiaiHaHHS 1 3aC00U, 103BOTMIH
JOCIIIUTH Pi3HI TapaMeTpy KyJIbTHBYBaHHS MIKPOBOJAOPOCTEH MpPH MOAadl Ta30BUX
BUKH/IIB Ta 1X KOMIIOHEHTIB. 3aMpOIOHOBAaH1 METOH 1 aHATITUYHI MPUCTPOT JAIOTh 3MOTY
pO3B’sI3aTU TOCTABJICHI 3aBJaHHS 1 3’ACyBaTH 3HAYUMICTh BIUIUBY JOCIIIKYBaHUX

napameTpiB Ha KyJIbTUBYBaHHS MIKPOBOAOPOCTEM.
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PO3J1J1 3. BIIVIMB TAPAMETPIB I1IOJAYI BYTJIEKUCJIOT'O I'A3Y HA
KYJbTUBYBAHHS MIKPOBOJIOPOCTEM

bioTexHonoris yTumizaiii ra3oBUX BUKUIIB MIKPOBOJOPOCTSIMH 0arato B oMy
3QJICKUTH BiJ ONTHUMaJIbHO MiAIOpaHUX IapaMeTpiB TOJadl Ta30BUX BHUKHUJIB JI0
KyJbTypanbHOTO cepenoBuma. Jms mpupocty mikpoBogopocteit Chlorella vulgaris i
aKTUBHOI YTWIIi3allli HUMH Ta30BUX BUKHUIIB BAXJIMBHM € PallilOHATbHE BHUKOPHUCTAHHS
JIOKCUIY BYIJICLIO, OCKUIBKM B pa3l IMEPEeBUIICHHS WOro  MOPOroBOrO piBHS,
BiI0yBaTUMETHCS TOKCUYHUI BIUIMB HA KIIITUHU 32 PaxXyHOK 3aKUCIEHHS KyJIbTypaabHOTO
CEpelIOBUIIA, a HECIIOKUTHIM 1 HEPO3UMHEHHUI T'a3 MOBEPTATUMEThC B aTMOcdepy, a B pasi
Hectaul CO; — yIOBUIBHIOBATUMETHCS IPUPICT OioMacH.

[IBuakicte nornuHanHs CO; KIITUHAMU MIKPOBOJIOPOCTEH 3aleXKUTh BII:
IIBUJIKOCTI aeparlii, KOHIIEHTpalli Ta3iB, CIEKTPYy Ta IHTCHCHUBHOCTI OCBITJICHHS,
HIUTBHOCTI KINITHH, pH, TemMnepaTypu, ¢poTonepioay, TUILY, po3Mipy 1 TOBEPXHEBOI IO
peakTopa, BMICTY IMOXUBHUX PEUOBHH, yacy nepeOyBaHHS Ta3y B CEpPEIOBHII, 4Yacy

sminnyBaHHs Ta 6anancy CO, — O, [75, 90].

3.1 Bukopucranas Audy3opiB AJ1s1 HoAa4vi ByIJIeKHCJIOI0 ra3y

Byrnekucnuii ra3 y BOJAHOMY CEpEOBHI JOOpE PO3ZUYMHSETHCS, a IMIBUAKICTH
PO3YMHEHHS 3aJICKHUTh, 30KpEeMa, BiJi KOHTAKTHOI IOl OyJbOamiKd rasy 3 BOJIOIO.
BuxopuctanHs po3NnuIiOBadiB 3 Pi3HUM J[1aMETPOM OTBOPIB JO3BOJISIE PETYIIOBATH 00’ €M
OynpOAallIKy 1 COPUATH Kpalliil poO3YMHHOCTI ra3y B CepeloBHUIIl KyJIbTUBYBaHHsS. Ciin
3ayBAKUTH, IO BEJIMKI OynbOAlIKH TipIIe PO3YMHSAIOTHCS 1 IIBUAIIE MPOXOIAThH
JMCTAHIIIIO BiT OTBOPY 0apOOTYyBaHHS Ha AHI peakTopa 10 MEXI1 PITUHU 3 TIOBITPSIM, B TOI
gac, K JpiOH1 JOBIIE MPOXOMSTh e NUIAX, BHACTIAOK YOTO JIOBIIE€ KOHTAaKTYHOTh 3
PIAMHOIO 1 Kpale po3YHHSIIOTHCS, 10 TOTO %K, MAIOTh O1IbIITY KOHTAKTHY TUIOILY.

Byno mpoBemeHO JOCHIIKEHHS 3aJ€KHOCTI KHUCIOTHOCTI CepeloBHUINA 1
PO3YMHHOCTI BYIJIEKMCIIOTO ra3y Bijf yacy 0apOOTyBaHHsS 32 BUKOPUCTaHHS TU(y30piB 3
PI3HUM PO3MIPOM OTBOPIB Ta PI3HUM iX A1aMETPOM.
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MeTo10 1bOro JOCHiIKEHHS 0yJI0 BU3HAYEHHS BILUIMBY ONTUMAJIbHUX MapaMeTpiB
nudy3opa A pO3NUIIOBAHHS BYTJIEKHCIOTO a3y B KyJbTYypajJbHOMY CEpPEOBHIN Ha
IHTEHCUBHICTB TPUPOCTY OioMacu. Lle 703BOIUTH BUBHAYNTH ITapaMEeTPH IIPOIIECY, 3a SIKUX
B1JIOYBAETHCS 3HEUIKO/PKEHHS OKCHIY KapOOHY 3 OJHOYACHUM YTBOPEHHSIM KOPHCHOTO
MPOIYKTY, IO B MPOIEC] MOAAIBIIOT TepepoOKkn OyJie BUKOPUCTAHUHN 1T OTPUMAaHHS
OiomanuBa, TOOPUB, KOPMY a00 010JIOTIYHO AKTUBHUX PEYOBHUH.

Bukopucrani audy3opu BIApI3HUIUCH KUTBKICTIO oTBOpiB n (14, 18, 22,45, 60 1mT.)
Ta ix miametpom d (0,11, 0,12, 0,15, 0,2, 0,25, 0,35, 0,45 MM) B pi3HUX KOMOIHAIIISIX, & IS
MOPIBHSIHHS BUKOPHUCTOBYBABCSl CTaHIAPTHUM AaKBApIyMHUW MOPUCTHH PO3MIIIOBAY
(Ruugysopa= 2 M, domsopis = 0,05-0,1 mm). udy3op ckiagaerbes 3 KaMepu 3 KPUILKOIO, B
KA Ja3epoM 3poOJE€HO BIAMOBIAHY KUIBKICTh OTBOPIB, MOPOKHHCTOIO TIBHHTA 3
OTBOpaMH, 10 BUXOJISITh B KaMEpy, 10 AKOTO MiJ’ €IHYETHCS TpyOKa MO sIKii MOJal0Th rasu,
1 0oJiTa, IKUM 103BOJIsIE 3adiKCyBaTH 310paHy KOHCTPYKIito (puc. 3.1).

B T1abn.3.1 HaBeneHO NOPIBHIBHY XapaKTEPUCTUKY PO3MIPIB OTBOPIB Ta
BIAMOBIAHUN 1M 00’eM OynwOamiok. Ha puc.3.2 mokazaHa 3ajie)KHICTh KOHIICHTpaIlli
BYIJIEKUCIIOTO Ta3y B 00’€Mi KyJbTYpPaIbHOTO CEPEAOBUIIA B 3aJICKHOCTI BIJl I1aMETPY

OTBOPIB Ta Yacy MPOXOHKCHHS yepe3 (hoToOiopeaKTop.

Pucynox 3.1. 3oBHimHIi BUTISA AU(Y30PiB 3 PI3HOIO KUIBKICTIO OTBOPIB.
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Ta6mui 3.1. BignoBiiHICTE 00’ €My YTBOPEHO1 Oy IL0AIIKH 1 TUCKY BYTJIEKHCIIOTO

rasy B Hii, B 3aJIe’)KHOCTI B1JI JllaMeTPy OTBOPiB Iudy30pa.

JliameTp OTBOPIB, 0,05 0,11 0,12 0,15 0,2 0,25
MM +0,003 | 0,006 +0,006 +0,008 | £0,01 | +0,01 0,3520,0210,45+0,02
O0’em 0.070
6yns6amoxk, x10° i(; 004 0,7040,04 {0,90+0,05|1,80+0,09|4,2+0,2| 8+0,4 23+1 50+£2
MM ’
Tuck CO, y
oymbOamkax, x10° 19,840,5| 12,9+0,6 | 10,8+0,5 | 10,2+0,5 [9,9+0,5(9,8+0,5| 9,8+0,5 | 9,8+0,5
ITa

SAx BuaHO 3 puc.3.2. cOOCTEpIraeTbcsl MIBUAILIEC 3POCTAHHA KOHIIEHTpALl

BYTJIEKHCJIOTO Ta3y B KYJbTYpPaJbHOMY CEpPEJOBUII 3a BUKOPHUCTaHHS AUQY30piB 3

OTBOpaMHU MEHILOro JiamMeTpy. HalOlabmivii BMICT BYIJIEKHCIIOTO ra3y B CEpEIOBHILI

xapakTepHuii Juist 3pazka n —d = 14 - 0,12 MM, 1€ KOHLIEHTpaIlisl BYTJIEKUCIIOrO ra3y 3a

300 cexynn 6apborysanns gocsarae 0,59 r/mv’. Konrpoabauii 3pa3ok i 3pazok n —d = 18

- 0,11 mm 3a0e3nedye Takuii ke pe3yabTaT 3a BABIY1 JOBIIMN Yac, JUIsl IHIIUX 1u]y30piB

BMICT BYIJIEKHCIIOTO Ta3y BapitoBascs B Mexax 0,34-0,39 r/am’.

0,7

C(CO,), r/am?

20 40

60 80

t,ic

e

——

-K. d=0,05-0,1 mm

+—n=18 d=0,11 mm

n=14 d=0,12 mm

n=22 d=0,12 mm

n=45 d=0,12 mm

n=60 d=0,12 mm

—-n=22 d=0,15 mm

—-n=22 d=0,20 mm

——n=22 d=0,25 mm

100 120 140 160 180 200 220 240 260 280 300

Pucynox 3.2. 3anexnicts BMicTy CO, B cepeoBHII BiJ 4acy Ta HapameTpiB

pO3MHITIOBaYa
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Bapto 3a3HaumTH, mo 3rigHO 3 pwuc.3.2. 30LIbIIEHHS KUIBKOCTI OTBOPIB HE
MPU3BOJAUTH J10 OUTBIIOI KOHIIGHTpAIlli Byryiekuciaoro razy (3pasku d = 0,12 MM Ta n
=14/22/45/60), mo WMOBIPHO CHPUYMHEHO 3IUTTAM OynbOamok mnpu 30UTbIICHH]
IIIJILHOCTI iX YTBOPEHHS Ha MOBEpXHI audy30pa, 1, SK HACIIIOK, 3MEHIIIEHHS 3arajibHOl
IUTOIII KOHTAKTy BYTJIEKHCIIUN ra3 - KyJIbTypaldbHe CEPEOBHILE Ta, BIAMOBIAHO, MEHIIOI
MIBUAKOCTI AUQY3ii ra3y B CEpeIOBHILIE.

Tomy mnopanblili TOCHIJKEHHS MPOBOAWIN 3 IU(y30poM, SIKHMl 3a0e3neuyBaB
HANOUTBIINI BMICT BYTJIEKHUCIIOTO Ta3y B CEPEIOBUIII, /1€ KITBKICTh OTBOPIB IOPIBHIOBAIA
14, a miametp — 0,12 mm.

Ha puc. 3.3. HaBeneno 3miny pH B niporieci 6ap6otyBannst CO; B 3a7€KHOCTI Bij
MOYaTKOBOI KUIBKOCTI KJIITUH B cepenoBuill. [Ipy miaBUIIEHH] KUTBKOCTI KIITUH BABIYI,
pH migBumyetses Ha 0,5 3a ogHakoBoi KiabkocTi CO,. Binbllia KOHIEHTparlis KIITHH
MPU3BOJUTH /10 OUIBIIOTO CHOKUBAHHS BYTJIEKUCIOTO a3y 13 CEpedOBHINA 1, IK HACTIAOK,

B1I0YBa€ThCS NMiABULIEHHS pH, 1110 NpU3BOANUTS 10 palliOHAJbHUX YMOB KYJIbTUBYBaHHS.
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
t, c

Pucynox 3.3. 3anexnicte pH Bix uacy npomyckanHs CO, (t) 3a pi3HOi

KoHLeHTpanii 6iomacu N-10° ox./cM® B KylIbTypaabHOMY CEpeIOBHUIi

TakyuM YMHOM BCTAHOBJICHHSI palllOHAJILHUX MapaMeTpiB audy3opa T03BOJISIE
npoBoauTu eextuBHy yTumizamiro CO, 3a paxyHOK 30UTbIIEHHS MOTO PO3YMHHOCTI B
KyJbTYypaJbHOMY CEpEOBUII, 1[0 JO3BOJIMUTh MIJBUIIUTH MPUPICT Olomacu

MIKPOBOJOPOCTEH 3a NEPi0J] Ky IbTUBYBAHHS.
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3.2 HIBUAKICTH MOAaYi BYIJIEKHCJIOT0 ra3y

JIns BU3HAYECHHS KOHIEHTpallli KIITHH (TYyT 1 B MOJAJBIINX JOCITIDKCHHSIX) B
KyJbTypaJIbHOMY CepeqoBHINi, OyJ0 moOyaoBaHo KamiOpyBaipHi kpusi (puc. 3.4, 3.5)
3QJIC)KHOCTI ONTHYHOI TYCTHMHHM Ta KOHIEHTpalii XJopodidy a BiJg dYuciaa KIITHH

MmikpoBogopocteit Chlorella vulgaris.

2,5
2
o
% 1,5 y = 0,083x
g 1 R2=0,9934
a
0,5
0
0 5 10 15 20 25

N, -10° kniTuH/cm3

Pucynok 3.4 BianoBigHICTh KIJILKOCTI KJIITHH iX ONTUYHIN T'yCTHHI.
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Pucynoxk 3.5. KaniGpyBanbHa KpuBa 3aJI€KHOCTI KOHIIEHTpaIlli XJ0poduly @, 110

BIJINIOBIJIa€ ONMITUYHI TYCTHHI CEPEIOBUIIA, BT KOHIICHTpAIIlll KJIITHH.
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JlocnmipKeHHsT  3aJIeKHOCTI MPUPOCTY KIITUH Bl 4acy KyJbTUBYBaHHS IIpU
0apOOTyBaHHI BYTJIEKHCIIMM Ta30M 3 PI3HOIO MIBUJKICTIO 1 PI3HUM HOTO BMICTOM MOYKHA
PO3AUTATH HA 1Bl YACTHHM:

a) TOPIBHSIHHS MPUPOCTY Yy peaKkTopax 3 OJHAKOBOIO IIBUAKICTIO Mojayl razy 1
IM>/XB 1 pi3HEM BMiCTOM BYTJIEKHMCIIOTO ra3y B ra3osiit cymimi: 0,04%, 2,5 %, 5%.

0) MOPIBHSHHS MPUPOCTY y peaKTopax 3 Pi3HOI0 MIBUAKICTIO mopaui razy: 0,5
am*/xB., 1,0 mv3/xB., 1,5 1M>/XB. i OJHAKOBMM YCEPEIHEHUM BMIiCTOM BYTJIEKUCIIOTO a3y
B Ta30Biil cymiii, 5%.

Hyw™mepaiiiss 3pa3kiB  BIJANOBIAHO O IIBUAKOCTI I10Jadi Ta30BOi CyMIIIl Ta
YCEPEIHEHOTO BMICTY B Hii BYTJIEKUCIIOTO ra3y:

1) 1 am*/xB, BMicT CO; 0% (MaeThes Ha yBa3i JOJaHUN BYTJIEKUCIINN ra3);

2) 0,5 nm*/xB, CO, 0% + 0,5 nm*/xB, CO, 5% = 1 nm3/xB, BmicT CO, 2,5%;

3) 0,5 am’/xB, BMicT CO; 5%;

4) 1 ov’/xB, BMicT CO, 5%

5) 1,5 nm3/xB, B7micT CO; 5%.

Ha puc. 3.6 HaBeieHa KOHLIEHTpAIlisl KJIITHH (@) Ta MIBUIKICTh POCTY KIITHH (0) 3a
yac KyJbTUBYBaHHs. HalOinbImmii mpupicT KIITUH XapaKTepHUU IJis 3pa3ka 3, B KU
TIO/IaBAJIM MIOBITPS 3 BMICTOM JiOKCHAy KapOoHy 5 % Ta mBuakicTio mogadi 0,5 mv’/xs.
Haii6iip1a mBUAKICTE POCTY KJIITHH XapaKTepHA JUIsl BUKOPUCTAHHS IIBUAKOCTI MOJayl
nositps 1,5 av’/xB Ta kornenTpanii CO, 5 % (puc.3.6, 6), mo Bignosigano 0,75 06./06.
oiopeakTopa. [Ipote Take iHTEeHCHBHE 0apOOTYBaHHS TMEPEUIKOJKAE MOBHOTI 3aCBOECHHS
BYTJICKHCJIOTO Ta3y, IO HAIXOIUTh B KYJbTypaJlbHE CEPENOBHINE 1 MPHU3BOIUTH [0
HAJMIPHOTO BUIAPOBYBAHHS BOAM 3 peakTopa. ToMy i MOAANBIIUX JOCITIHKCHb
3aCTOCOBYBABCS JAPYTrUi 10 €(h)eKTUBHOCTI BapiaHT, /e MIBUJKICTD M0JIaul ra3y CTAaHOBUJIA
0,5 nm*/xB, T0OTO 0,25 06./00. 6iopeakTopa. Tpeda BiAMITUTH, 1110 y 3pa3KiB 31 MBUAKICTIO
noxauvi rasy 0,5 qm>/xB Ta 1 qM>/XB MIBMAKICTE POCTY X04 i pisHUIacs B mepiry 100y (1o
MOB’513aHO 3 OUTBIIUM HAJXOKEHHSIM BYTJIEKMCIIOTO ra3y 3a OUTbLIOL IMIBUAKOCTI), IPOTE

BXK€ Ha Jpyry ao0y craBanga ogHakoBO. CTpHOOK MIBUIKOCTI POCTY B MEpIIi TOJAWHH
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MOB’SI3aHUI 3 BHCOKOIO KOHIICHTpAIIEI0 CyOCTpaTy Ha MOYaTKy KyJIbTHBYBAaHHS 1
BIJICYTHICTIO CTpecOBUX (akTopiB. I[IpoTsAromM KyJIbTHUBYBaHHS KIJBKICTh IOXHUBHHUX
PEYOBHH B CEPEIOBHIII 3MEHITYETHCS, BIAOYBAE€THCS HAKOMUYCHHS METAOOJIITIB, TOMY

I]IBI/II[KiCTL B YCiX 3pa3Kax IMOCTYIIOBO CIIaaac.

-
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(o]

s
<38
E
SIS YmoBU:
S
o4
z , - 1.1 am3/xs, 0%
0 S ,
0 20 40 60 80 100 120 140 160 = 2.1pam°/xs, 2,5%
t, rog
0,06
3.0,5 am®/xs, 5%
0,05
7, 0,04 = 4,1 am3/x8, 5%
]
< 0,03
-+ 5.1,5 om3/x8, 5%
0,02 A
0,01

t, rog

Pucynox 3.6. 3MiHa KUJTBKOCTI KJIITHH (a) Ta MIBUIKOCTI iX pocty (0) mpoTarom
yacy KyJIbTUBYBaHHsS micis mponyckaHHsa CO; 3 pi3HOI HIBUIKICTIO 1 PI3HUM HOTO

BMICTOM.

B nporieci kynbTHBYBaHHS BiI0yBaioch miaBuieHHs pH cepenosuma 3 5,7 10 6,5
JUTSL BCIX pekumiB mojadi razy ta Bmicty CO; (puc. 3.7), 10 CBiIYUTH MPO pallioHaTbHI
YMOBH JJIS )KUTTEAISUIBHOCTI MiIKPOBOJOPOCTEHA.

EdexTuBHICTh CIOKUBAHHS BYTJEKHUCIIOro ra3y (puc. 3.8) npu 1bOMY BapirO€ThCs

Bin 81% B meprry moby, 10 83% Ha 4yeTBepTy M00y KyJIbTUBYBAaHHS IJisi 3pa3KiB, €
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koHueHTpaniss CO, cranoBuiia 5%, KOJM KUIBKICTh KJIITHH 3pOCia MPUOIU3HO B 2 pa3u
(puc. 3.6 a). Menma epeKTUBHICTh YTHII3AIll TIOKCUIY KapOOHY y 3pa3Ky 3 MIBUAKICTIO
nojaui rasosoi cymimi 1 am’/xB Ta xomuentpanicio 2,5% CO, mos’s3aHa 3 THM, IIO
IIBUJIKICTh MMOTOKY Ta3y HE CTBOPIOE YMOB IS 3aTPUMKH 1 IOBHOTO PO3YMHEHHS Ta3y B
KyJbTYPalbHOMY cepenoBumli, nopisusao 3 0,5 am’/xB, 5%, A€ 3a OAMHMIO Yacy

HAJXOIUTh TAKUW cCaMUii 00’ €M BYTJIEKUCIIOTO Ta3y.

= 1.1 am3/x8, 0%

= 2.1am3/x8, 2,5%
3.0,5 am3/xs, 5%

= 4.1 am3/x8, 5%

= 5.1,5 am3/xs, 5%

t, rog

Pucynok 3.7. 3anexnicts pH Big yacy KyJnbTHBYBaHHS Miciisi 0apOOTyBaHHS

ra30BOI0 CYMILIIIIO 3 PI3HOIO BUIKICTIO 1 pi3HUM BMICTOM CO».

AHani3 KyJnbTypaJibHOTO cepenoBuiia (tadmn. 3.2) Ha 3 1 5 100y KyJIbTUBYBaHHS
CBIIUUTH MPO 3arajbHE 3pPOCTAaHHS KOHIICHTpAIlii OpraHiyHOro KapOOHY BHACIIIOK
YTBOPEHHSI META0OMITIB, 1, 30KpeMa, 3HIKEHHSI KITLKOCTI HEOPraHiyHOTO KapOoHy B 112
3pa3Ky (A€ BMICT BYIJIEKHCJIOTO ra3y craHoBuB BiamnoBigHo 0,04 Ta 2,5%), 110 CBITYUTH
PO CIOXHUBAaHHS MOTO MIKPOBOJOPOCTSMH, B TOM 4ac, AK y IHIIMX 3pa3Kax TaKOTO
3HIDKEHHS MICTy KapOoHy He criocTepiraetbes. 3a konmentpaiiii CO; 5% B cymirii rasis
KyJIbTYypa 3a JIOCJII)KyBaHOT KOHUEHTpAIlll KJIITUH HE BUKOPUCTOBYBaJja BeCh KapOOH, 1110

HaIXOAHUB.
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Pucynok 3.8. EQekTHBHICTh MOIIMHAHHS BYTJIEKUCIOTO razy KyJIbTypolO 3a

pI3HUX YMOB IOZa4i Ta30BOi CyMillli Ha TOYaTKy KyJbTUBYBaHHS Ta Ha 4 100y.

Tabnuusg 3.2. BMICT opraniyHOro Ta HEOPraHIYHOTO KapOOHY B KYJIbTYpPaTbHOMY

cepeoBuUlll Ha 3 1 5 100y KyJbTUBYBAHHS.

IBuakicts 3.aram:HHH 3aranpHui KapOOH, Heopraniunwii
) OpraHi4HUN KapOoH, 3 3
3pa3ok nojayi, V. M/ M KapOoH, MI/aM
ictr CO
BMIct 2 72 ron 120 rox 72 ron 120 rox 72rox | 120 rox
38,58+ 51,42+ 53,10+ 54,58+ 14,51+ 3,16+
3 0 s > 5 s s s
! 1.0 mw/xe, 0% 1) o 2,57 2,66 2,73 0,73 | 0,1578
) 1,0 mv?/xB, 43,80+ 61,10+ 55,38+ 70,60+ 11,58+ 9,49+
2,5% 2,19 3,06 2,77 3,53 0,58 0,4745
50,24+ 71,38+ 60,96+ 83,18+ 10,73+ | 11.81+
3 0 ’ s s B ) )
30| 05 a/xe, 3% gy 3,57 3,05 4,16 0,54 | 0,5903
42,02+ 64,78+ 51,46+ 76,36+ 9,44+ 11,58+
3 0 ’ s 5 ) 5 5
4| Lomixe, 5% | 3,24 2,57 3,82 047 | 0,579
51,38+ 72,90+ 59,62+ 83,98+ 8,23+ 11,08+
3 0 ’ s s ) 5 5
S| Lim/xe, 5%\ ) o, 3,65 2,98 420 0,41 | 0,5538

Takox B cepeioBHUIIlI KyJIbTUBYBaHHS BiJI0yBA€THCS 3HUKEHHS BMICTY 3araJIbHOTO
a30Ty, HITpaTiB, HITPUTIB, (ocdariB (Tabn. 3.3) BHACHIJOK CIOXUBAHHA CIOJYK
HITPOTEHY KJIITHHAMU MPOTATOM BupolryBaHHs. [Ipote, sk BuaHO 3 Ta6:1.3.3, B mporieci
BupoiyBanHst Chlorella vulgaris BinOyBaeThCsl 3HWKEHHS BMICTY aMOHit0 10 3 100wu, a
NOTIM HOT0 TMOCTYNOBE 3POCTAHHS, IO IMOSICHIOETHCS YTBOPEHHSM METaOOMITIB 1

BIJIMUPAHHSAM CTapoi KyJIbTypH. [Ipo 3HI)KEHHS aKTUBHOCTI 1 Mepexia 0 HACTYIMHOI CTa il
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pocty cBiquuTh 3HIKeHHS XCK Ha 5 no0y, micisg oro monepeHboro 3poCTaHHs, 110

TaKOX MOSICHIOETHCS 3POCTAHHAM KUIBKOCTI METa0O0ITIB B CEPEIOBHIIIL.

Tabmuua 3.3. 3miHa BMICTYy cHOJyK a3oTy Ta ¢dochopy B KyIbTypaibHOMY

cepenoBuIlll npu KyabTuByBanHi Chlorella vulgaris 3a BUKOPUCTAHHS PI3HOI IMIBUIAKOCTI

nojadi ra3iB Ta BMicTy COs.

YMOBU: BUIIKICT Yac ekciepuMeHTy
3pasok nf)z[aq1, 48 rox 72 rox 96 rox 120 rox
Bmict CO2
3aranbHuii a30T, Mr/om’
1 1,0 am*/xB, 0% 840,00+42,00 | 815,00+40,75 | 760,00+£38,00 | 795,00+£39,75
2 1,0 amM*/xB, 2,5% | 928,00+46,40 | 845,00+42,25 | 790,00+39,50 | 730,00+36,50
3 0,5 nm/xB, 5% 914,00+45,70 | 840,00+42,00 | 705,00+35,25 | 695,00+34,75
4 1,0 am*/xB, 5% 872,00+43,60 | 795,00+£39,75 | 925,00+46,25 | 670,00+£33,50
5 1,5 mv’/xB, 5% 897,00+44,85 | 880,00+44,00 | 730,00+£36,50 | 735,00+£36,75
K Howasne 908,00+45,40
CEPEIOBUILIC
Hirparu, M/ M
1 1,0 am3/xB, 0% 865,00+43,25 | 800,00+40,00 | 785,00+£39,25 | 775,00+38,75
2 1,0 am*/xB, 2,5% | 870,00+43,50 | 815,00+40,75 | 780,00+39,00 | 730,00+36,50
3 0,5 mv’/xB, 5% 875,00+43,75 | 705,00+£35,25 | 670,00+£33,50 | 660,00+£33,00
4 1,0 nvm*/xB, 5% 905,00+45,25 | 685,00+34,25 | 665,00+33,25 | 645,00+32,25
5 1,5 am/xB, 5% 885,00+44,25 | 780,00+£39,00 | 730,00+£36,50 | 730,00+£36,50
K Howansne 1305,00465,25
CEpEeIOBUIIEC
Hitpurn, Mr/am>
1 1,0 nvm*/xB, 0% 0,42+0,02 0,224+0,01 0,124+0,01 0,1140,01
2 1,0 am*/xB, 2,5% 0,48+0,02 0,28+0,01 0,26+0,01 0,234+0,01
3 0,5 mvM*/xB, 5% 0,36+0,02 0,324+0,02 0,36+0,02 0,3140,02
4 1,0 am/xB, 5% 0,47+0,02 0,47+0,02 0,75+0,04 0,59+0,03
5 1,5 mv’/xB, 5% 0,64+0,03 0,61+0,03 0,36+0,02 0,60+0,03
K Hosgiie 0,22+0,01
CepeIOBHIIE
AMowHiit, mr/am?
1 1,0 am*/xB, 0% 3,14+0,16 0,080+0,004 0,25+0,01 3,12+0,16
2 1,0 am/xB, 2,5% 3,86+0,19 0,060+0,003 0,25+0,01 3,18+0,16
3 0,5 nm>/xB, 5% 2,40+0,12 0,060+0,003 0,27+0,01 3,10+0,16
4 1,0 nvm*/xB, 5% 2,62+0,13 0,070+0,004 0,25+0,01 3,64+0,18
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YMOBHU: HIBHIIKICTh Yac excniepumMeHTy
3pasox H.Oﬂaql’ 48 rox 72 ron 96 rox 120 rox
Bmict CO2

5 1,5 om/xB, 5% 2,95+0,15 0,050+0,003 0,26+0,01 4,81+0,24
K Howasne 1,3140,07

CepeIoBHIIEe

docparu, mr/am>

1 1,0 mv/xB, 0% 348,00+17,40 | 344,50+17,23 | 328,00+16,40 | 302,50+15,13
2 1,0 mv/xB, 2,5% | 328,00+16,40 | 338,50+16,93 | 324,50+16,23 | 280,00+=14,00
3 0,5 nv>/xB, 5% 371,00£18,55 | 315,00+£15,75 | 284,50+14,23 | 257,00+£12,85
4 1,0 mvM’/xB, 5% 352,00£17,60 | 316,50+£15,83 | 291,50+14,58 | 254,00+12,70
5 1,5 nv’/xB, 5% 385,50+19,28 | 338,00+16,90 | 317,00+15,85 | 286,50+14,33
K Howasne 525,00426,25

CepeIOBHIIE

Baransuuii pocdop, mr/am’

1 1,0 mv?/xB, 0% 331,00£16,55 | 347,50+£17,38 | 336,00+£16,80 | 298,00+14,90
2 1,0 mm3/xB, 2,5% | 336,00+16,80 | 344,00+£17,20 | 313,50+15,68 | 292,50+14,63
3 0,5 nm>/xB, 5% 364,50+18,23 | 314,00+15,70 | 281,00+14,05 | 261,00+13,05
4 1,0 am*/xB, 5% 359,50+17,98 | 301,00+15,05 | 283,50+14,18 | 256,00+12,80
5 1.5 /X8, 5% | 366,00£18.30 | 362,00£18,10 | 307,00+15,35 | 291,00+14,55
K Hoausne 474,00+23,70

CepeIoBUIIIE

XCK, mr Oz/nmm*

1 1,0 mv’/xB, 0% 86,00+4,30 91,40+4,57 118,00+5,90 87,20+4,36
2 1,0 am*/xB, 2,5% 59,80+2,99 115,00+£5,75 | 132,80+6,64 | 101,20+5,06
3 0,5 nm/xB, 5% 47,50+2,38 105,60+£5,28 | 144,00+7,20 95,20+4,76
4 1,0 am/xB, 5% 55,80+2,79 93,40+4,67 109,80+5,49 99,60+4,98
5 1,5 om*/xB, 5% 108,00+£5,40 | 103,60+5,18 | 118,80+5,94 | 102,00+5,10
K Howasne 35,90+1,80

cepeIoBHIIIE

* Jlyist MOPIBHSHHS HaBEJCHO BMICT TIEpEpaxOBaHUX BUIIE PEYOBHUH Y MOKHUBHOMY

cepeNoBUII, O€3 JoAaBaHHsI CyMiIlli Ta3iB.

AHani3 BUXoy 610Macu 3a CyXOI0 PEYOBHMHOIO BKa3ye Ha Te, 110 MPHU MEHIIIH

IIBUJIKOCTI1 HAJXO/KEHHS BYTJIEKHCIJIOTO a3y BMICT CyXOi pEYOBUHHU Ha OJIMHUITIO 00’ €My

€ BUIIMM Ha 8%, 110 CBIAYUTH PO €PEKTUBHIIIEC HOTO 3aCBOEHHS (Tab1.3.4).
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Tabmuns 3.4. Bwmict cyxoi Oiomacu Chlorella vulgaris na 1

KYJIbTUBYBAHH:I.
BwKicTs Konmnenrparis 6iomacu B 1 100y, Konnenrparis 6iomacu Ha 5 100y,
3pa- - F/I[M.3 ' F/ILM? .

30K amicr CO, Cyxoi Op"ramq- lelllepam)- Cyxoi Op"raqu- le.l.epam,-

MacH Hoi Macu | HOI Macu MacH HOi Macu | HOI MacH

1 1,0 nm3/xB, 0% | 5,76£0,29 | 4,52+0,23 | 1,24+0,06 | 7,47+0,37 | 5,92+0,30 | 1,56:+0,08

2 1,0 mv/xB, 2,5% | 6,27£0,31 | 4,92+0,25 | 1,34+0,06 | 7,57+0,38 | 6,03£0,30 | 1,53+0,08

3 0,5 nm/xB, 5% | 5,45+0,27 | 4,270,221 | 1,18+0,05 | 7,17£0,35 | 5,70+0,29 | 1,48+0,08

4 1,0 nm3/xB, 5% | 6,03£0,30 | 4,70£0,24 | 1,33+0,06 | 6,93+0,35 | 5,48+0,28 | 1,46+0,08

5 1,5 nm3/xB, 5% | 6,14+£0,30 | 4,77£0,24 | 1,36+0,07 | 7,20£0,36 | 5,70+0,28 | 1,50+0,08

1 5 no0y

3a BMicTOM eneMeHTIB (Tabi. 3.5) MOKHa BIJ3HAUUTU JIOCTaTHIO KUIBKICTb

HITPOTEHY ISl CUHTE3Y aMIHOKHUCJIOT 1 OUIKIB KJITHHOI. 3HUXKEHHSI BMICTY CYJIbPypy

IMPU3BOAUTL 3 4aCOM 0 0OMEKCHHS CUHTC3Y HpOTe.l.HiB, 10 II0O3HAYa€ThCA 1 Ha HpI/IpOCTi

cyxoi 61omacu (puc. 3.9) micns 5 100U KyJIbTUBYBaHHS.

Tabmuuga 3.5. Bwmict azoty,

KapOOHy, BOJHIO 1 Cipku B Oiomaci Ha 5 100y

KYJIbTUBYBaHHSI.
Spasox | LBMAKICT ORI, | o C % H % S %
BmicT CO,
1 1,0 mv/xe, 0% | 7,90+0,39 | 43,5042,17 | 6,1020,30 | 0,45+0,02
2 1,0 mv/xB, 2,5% | 5,70+0,29 | 45,3142,27 | 6,18£031 | 0,30+0,01
3 0,5 iv/xB, 5% | 6,78£0,34 | 4455223 | 6,15£0,31 | 0,41£0,02
4 1,0 IM3/xB, 5% | 5,64+0,28 | 43,4042,17 | 6,0520,30 | 0,44+0,02
5 1,5 In/xB, 5% | 8,88+0,44 | 48,3042,42 | 6,6120,33 | 0,37+0,02
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30 m 1.1pam3/x8, 0%

H  2.1am3/x8, 2,5%

= 3.0,5 am3/x8, 5%

Mpupict cyxoi mack, %

B 4.1 am3/x8, 5%

Yac, 5 gi6 B 51,5 am¥/x8, 5%

Pucynok 3.9. [Ipupict cyxoi macu 3a 5 116 KyJIbTHBYBAaHHS 33 PI3HUX YMOB M0J1a4i

ra3oBoi CyMili.

3 ormsimy Ha po3Mmip KIMTHH Ha 5 100y KynsTuByBaHHS (puc. 3.10) moxHa
KOHCTaTyBaTH, 1110 KyJIbTypa, IKy BUPOLIYBaJIU 32 HAHBUIIOIO IIBUIKICTIO 0apOOTYBaHHs

ra30BOI0 CYMIMIIIIO Majia HAMMEHIITNI po3Mip KIIITHH.
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Pucynox 3.10. Knitunu Chlorella vulgaris (301npmennst 400x) 3a pi3HHX yMOB
KyapTuByBaHHA: 1) 1 1v/xB, B7MicT CO; 0% 2) 1 am/xB, CO1 2,5 % ; 3) 0,5 mv’/xB, BMiCT
CO; 5%; 4) 1 nm*/xB, B7micT CO; 5%; 5) 1,5 nvm’/xB, Bmict CO, 5%.
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Takum 4YuHOM, JJIsI OTPUMAaHHS OLIBIIOTO BUXOJy OloMach MiKpPOBOJAOPOCTEH

HEeoOXiTHO BMKOPUCTOBYBATH IIBHJKICTH I0jadi ra3oBoi cymimi 0,5 aM°/XB 3 BMIiCTOM

CO; 5%.

3.3 llepioanuHicTh MOAAYi BYIJIEKHCJIOTO a3y

Ockinpku CO, 100pe pO3UMHAETHCS Y BOI MIBUKO 3aKUCIIOI0YH CEPEOBHILIE,
IO € CTPECOBUM (DaKTOPOM I HEAJANTOBAHUX KYJIbTYP MIKPOBOAOPOCTEH, TO s
pO3poOKH O10TEXHOJOTTT yTUJII3aIlli Ta30BUX BUKHUIIB MPOIMOHYETHCSA MEPIOUYHICTD
nojavi BYIJIEKUCIIOro razy. ToMmy METOr0 IbOTO JOCHIKEHHS OYyJIOo 3’sICyBaHHS Mii
PI3HOTO0 Yacy MepIOAUYHOI MOaui BYTJIEKUCIIOTO ra3y /10 KyJIbTypajlbHOTO CepEeIOBHINA
Ha PICT MIKPOBOJOPOCTEH 3a paIlioHAIbHOI MIBUIKOCTI Mojaadi Ta KoHueHtpaiii CO;
(0,5 mvM*/xB, 5 % CO,). Bmict 5% miokcuay KapOOHY B CyMillli ra3iB SK palioHalbHuUii
napameTp JiJIsi BUpOIyBaHHs MikpoBoaopoctei Chlorella vulgaris miaTBEepIKy€EThCS
IHIIUMHU JocaiKkeHHs M [90].

[TouarkoBa kouuenrpauis Chlorella vulgaris cramosuma 2,67 wmr/am’, i
niaaBasachk MOYeproBomMy NepiouYHOMY BIUTHBY Ta30BO1 CyMillli (BYTJIEKHUCIIOTO Ta3y
5%, noBiTps 95%) 1 nmosiTpsa (100%) B pi3HUX YaCOBHX MPOMOPLISAX BiAMOBIIHO: 1:1,
2:1, 1:2, 2:2 rox:roj, Ta MOCTIHHOIO MOJAYCIO JIUIIE Ta30B0i cyMimti. Y Hiuaui gac (10
rOJIMH) KyJbTypallbHE cepeoBuIlle 0apOOTyBaIM TUILKH MOBITPSM. 3a TaKOro rpadiky
nojiavi 3aranbHOA000BE HAIXOKCHHS BYTJICKUCIIOTO ra3zy OyJio pi3HUM B KOXKHOMY
Bunaaxy: 7, 10, 5, 8, 14 ronun/no0y BiAMOBIIHO.

XpoHorpadist MOTrOAMHHUX MIAKII0YEHb/BIIKIIOYEHb Fa30BOi CyMIIIIi 10 KOKHOTO
3 peakTopiB HaBeAeHa y Tabma. 3.6, mpH 1[bOMY, B MOMEHT BIAKIIOYEHHS Ta30BO1 CyMIIi,
KyJIbTypajbHE CEPENOBUINE MOYMHAIA 0apOOTyBaTH TOBITPSIM AOTPUMYIOYUCH TOI XK
caMoOi IIBUAKOCTI Il YHUKHEHHS OCaJKeHHS Oiomacu B (orobiopeakTopi. Tak camo

YUHWJIM 1 M1 YaC HIYHUX MEePEPB B T10/1a41 Ta30BOT CYMIIIi.
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Tabmuig 3.6. XpoHorpadis migkIF0YeHb ra30BOi CyMIIII/TOBITPS

Yac 100u migKI0ueHb ByTIEKUCIOTO ra3y/moBITPs
£ Hepom | 212188181888 (8(283(28|8|8 |8 |3arammi
8 | COYnoBitps, | & | S | = ATl elg|Ix®|2/g8l8|4 yac Ha
T o g2 lg g8 ]2|8(g|g|glg|g|g| g |mmon
& |82 |98 X |58 8|2 & |7
| I:1 Co, Co €0) COo, CO, CO, Co, 7
2 1:2 Co, CO COo CO, CO, 5
3 | Gesmepepsuo | CO, | CO, | CO, | CO, | CO, | CO, | CO, CO, | CO, | CO | CO, | CO, | CO 14
4 2:1 Co; | CO, Co; | CO, CO, Co; | CO, Co; | CO, 10
5 2:2 Co, | CO, CO, | CO; Co | CO o, | CO, 8

B nepion xynapTHBYBaHHA 3a 1T’ ITh 116 pH cepenoBuia migBUITyBaloch 3 5,6
1o 6,5+0,2 nns ycix 3pas3kiB. KUIbKICTh KIIITHH Ta MIBUAKICTH POCTY 3a LEH Nepioj

HaBeJleHo Ha puc. 3.12, a ta 0.

d
Ymosu:
-1.1:1,5%
0 =2.1:2,5%
0 10 20 30 40 50 60 70 80 90 100 110
t, roa 3. 6e3nepepsHo, 5%
0,035
0.03 —~4.2:1,5%
0,025
o
0,02
2 5.2:2,5%
1 0,015
0,01
0,005 6
0 =
0 10 20 30 40 50 60 70 80 90 100 110

t, rog
Pucynoxk 3.12. 3mMiHa KUIBKOCTI KJIITHH (2) Ta MBUAKOCTI pocTy (0) mpoTsroM yacy

KyJbTUBYBaHH4 3a nponyckanHs COz 3 pi3HOIO NEPIOJUYHICTIO.
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HaiiBumiiii mpupict 6iomMacu XxapakTepHU# a1 BapiaHty, Koiu nojgada CO, /
nmojayva MmoiTps BiAnosigae 2:2. 3a 5 110 MBUIKICTh pocTy KoiuBanack Bij 0,027 mo
0,018 mxr/mm*-rox. Jlns Bapiantis 1:2 Ta 3 Ge3mepepBHOIO IOJAYEI0 Ta30BOI CyMili
IIBUJIKICTh pOCTy Ha 5 no0y ckiagama 0,017 MKT/nM? Ton, s 3pa3ky 1:1 — 0,013
MKT/IM’ TOI.

3 pucysky 3.13 BugHO, 10 pi3HA MEPIOJUYHICTH TOJAYl Ta30BOi CyMiII HE
BIUIMBAE€ Ha TIOTVIMHAHHS BYTJICKHUCIOTO Ta3y KYJbTYpPOI MIKPOBOJIOPOCTEH 1

KOJIMBA€EThCA B Mexax 79 +£2% Ha 5 m1o0y A ycix 3pa3KiB.

100

=)
[y}

m1.1:1,5%

90

m2.1:2,5%
85 4

80 - 3. besnepepeHoO, 5%

75 1 T om4.2:1,5%

70 4

5.2:2,5%
65 -

EdekTuBHicTb NnoruHaHHA (CO,),
%

60 -
0 16 100 LTOA

Pucynok 3.13. EdpextuBnicts nornunanss CO; Ha nepury 15 100y KyJbTUBYBAaHHS

npu 1ii CO;, 3 pi3HOIO NEPIOIUYHICTIO.

AHai3 BMICTy KapOOHY B KyJIbTypaJIbHOMY cepenoBuilll (Tads. 3.7) cBIIUUTH
PO BUHATKOBO BHUCOKMHN DPIBE€Hb CHOKMBAaHHS HEOPraHIYHOTO BYTJIELIO y 3pa3Ky 3
NEepIOINYHICTIO 2:2, MOPIBHAHO 3 IHIIUMHU 3pa3KaMu, L0 O3Hayae e(EeKTUBHE
CHOKMBAHHS BYIJIEKMCIIOTO Ta3y 3 CEpeloBMINAa Ta HOT0 3aCBOEHHS KIITHHAMHU

Chlorella vulgaris.
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Tabnuig 3.7. BmicT opraHiuHoro Ta HEOPraHIYHOTO KapOOHY B KYJIbTYyPAIbHOMY

cepelloBUIll Ha 5 100y KyJIbTUBYBaHHS.

. 3arajgpHuil . ) .
ITepioau ) . 3arajabHuN Heopraniunuii
3pa3ok . OpraHIYHHIA ; ;
COy/noBiTps, TOA ; | XapOon, mr/am° | kapOoH, MI/am
KapOOH, MI/IM
1 1:1 36,62+1,83 44,95+2.25 8,33+0,42
2 1:2 41,25+£2,06 48,99+2.45 7,73+0,39
3 0e3nepepBHO 40,89+2,04 48,98+2.45 8,09+0,40
4 2:1 43,29+2.16 51,284+2,56 7,99+0,40
5 2:2 45,26+2.26 47,86+2,39 2,61+0,13

Bwmict HiTpaTiB Ta pocdatiB B KyJIbTypalbHOMY cepefoBuiii (Tadi. 3.8) Ha 5 100y

KyJbTUBYBaHHS CBIAYWUTH IPO AKTHUBHINIE iX CIOXUBAaHHA y 3pa3kax 3 OUIbIIMM

HAJIXO/DKEHHSM BYTJIEKHCIIOTO Ta3y (3, 4, 5), B Toi yac, ik B KUIbKa pa3iB BUIIA KIJIBKICTh

aMOHII0 y 4 3pa3Ky CBIIYUTH MPO OUIbIIY KUIBKICTh YTBOPEHUX METAOOIITIB B I[LOMY

BapiaHTI JOCHiAy. AHali3 eJleMEHTapHOro ckjanay OioMacu (Ta6:.3.9) cBiIUUTH PO

HU3bKE CITIBBIJHOIIEHHS a30Ty 1 KapOOHy, SK 1 B TOMEpPEIHIX JOCTIIKEHHSX, IO

CIPUSTIUBUN JI1 CHHTE3Y OUIKIB 1 IPUPOCTY OiomacH.

Tabnuug 3.8. BMict cnionyk a3oty Ta hochary B KyJIbTypaIbHOMY CEpEIOBHIII Ha

5 100y KyIbTUBYBaHHS.

Ilepiogu |3aranpHuii| __. ) .

3pa- P H Hitpatu, | ®ocharu, | Hitputu, | Amoniit, | XCK, mr

COgy/nositps,|  a3o0T, 3 3 3 3 3

30K 3 MI/IM MTI/IM MTI/IM MI/IM O, /mm

TOJ MI/oM

1 1:1 746,0+£37,3 | 662,0+£33,1 | 276,0+13,8 [0,030+0,002| 0,040+0,002| 89,10+4,46
2 1:2 748,0+42,4 | 676,0+33,8 | 286,0+14,3 | 1,07+0,05 | 0,030+0,002| 89,60+4,48
3 6e3nepepsHoO | 682,0£34,1 | 608,0+30,4 | 248,0+12,4 |0,060+£0,003 | 0,050+0,003| 94,10+4,71
4 2:1 732,0£36,6 | 628,0+£31,4 | 258,0+12,9 |[0,050+0,003| 0,11+0,01 | 99,30+4,97
5 2:2 706,0£35,3 | 644,0+£32,2 | 270,0£13,5 | 1,36+£0,07 | 0,020+0,001| 96,30+4,82
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Ta6nuig 3.9. BmicT a3oty, kapOoHy, BOAHIO B 6iomaci Ha 5 100y KyJIbTHBYBaHHS.

3pazok C Oz/gzzli:s:, ron N % C% H %
1 1:1 5,55+0,28 43,38+2,17 5,85+0,29
2 1:2 7,16+0,36 42,36+2,12 5,93+0,30
3 Oe3mepepBHO 8,74+0,44 42,99+2,15 6,03+0,30
4 2:1 6,12+0,31 43,91+2,20 6,01+0,30
5 2:2 6,03+0,30 42,72+2.14 5,85+0,29

TakuM 4YMHOM A1 BUKOPUCTAHHS MIKPOBOJOPOCTEM 3 METOI yTHIII3allii
ra3oBUX BUKHUIIB 32 yMOBH 5% CO; B ra30Biii cymiimi npu msuakocTi mogadi 0,5 am’/xs
i 00’ eMi KyJIbTYpaNIbHOTO CEPENOBUINA 2 M, PAIliOHAILHAM IIapaMETPOM Tozadi Oy e
YepryBaHHS FOJIUH «TOJYBaHHS» Ta «CIIOKOIO» 2:2, OCKUIBKH 33 TAKOT'O HAIXO/KEHHS
CO, mBHUAKICTb POCTY KIITHH, a OTKE 1 3aCBOEHHS BYIJIEKUCIOrO rasy Oyne
HaiiBumo. KpiM Toro, 3a mepeHacHuYeHHS KyJbTypajJbHOTO CEpPEIOBHIIA,
HEBUKOPUCTAHUN MIKPOBOJIOPOCTSAMH BYIJIEKUCIUN ra3 MOTPAIUIIE€ Y HAaBKOJIMILIHE
CepeloBUIIE 1 NOTpedy€e MOBTOPHOIO HAIXOJKEHHS Yy (PoTOOIOpeakTop st OuIbII
NOBHOI Horo ytwiizamii. ToMy 3a/uis YHUKHEHHsI JOJATKOBUX BUTPAT 1 JOCATHEHHS
MOCTABJIEHOI METHU JIOLIBHO BUKOPUCTOBYBATH Mepioanyuny noaady CO; 3 BEIMKUMU

HepiO,Z[aMI/I «CIIOKOIO)».

3.4 PeuupkyJisisi ByrJ1eKMCJI0r0 ra3y

B 3anexxHocTi Bijg 00’eMiB ra3y, sKl CIiJ YTUII3yBaTH, Ta MIBUAKOCTI Mojadl i
BUX11HOi KoHIeHTpallii CO,, MOKJIMBO HEMOBHE 3aCBOEHHS MOT0 MIKPOBOJOPOCTSIMH.
Jlnst yaukHEHHS TakuX BUTOKIB CO; MPOMOHYETHCS TPOBOIUTH PEITUPKYJISIIIO BHXITHAX
rasiB.

Jlocii;KeHHST TPOBOIWIIH 32 HACTYITHUX YMOB:

a) B KOJIOHHUX (poToOiopeakTopax (pobounm 06’ emoM 2 M) Oe3 peuupKyIauii (3
BUKOPUCTAaHHAM Ju(y30pa Ta 6€3 HbOTO) Ta 3 OJIMHAPHOIO MPUPOTHBOIO PEIUPKYIIAIIEI0
ra3zoBoi cymiiii (puc. 3.14 a);
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0) B KonoHHUX (oTobiopeakropax (poGounm 06’emMoM 2 aM>) 3 pelMpPKyIISIicto
HACOCOM Ta MPOMDKHUM 3amipoM koHueHTpamii CO; B Ta3oBidl cyMmilll B KOXKHOMY
peakrtopi puc. 3.14 0);

B) B CKIISIHUX, TEPMETUYHO CIIOydeHuX ¢oTodiopeakTopax (podounm o6’emom 1

IM®) 3 PELUPKYIALIEI0 HACOCOM i 3aMipoM KoHuenTpaii CO; Ha Bxozi i Buxoni (puc. 3.14

B).
ﬁ AIr )
\ 3 P J
Pomp
Pomp
gae atiol
a
Pomp
gae atio
0
B

Pucynox 3.14. 3aranpHi cxemu 3’eaHaHHs (POTOOIOPEAKTOPIB 3 PEUUPKYIIAIIEIO

ra30BOi CyMIIIIi.
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Jlocmia mpoBoauBCsS B KoJIOHHMX (orobiopeaktopax (puc. 3.14 a) 06e3
PELMPKYJIALIi (3 BAKOPUCTAHHSIM T (]y30pa, OMMCAHOT0 paHilie B po3iii 3.1, 1110 MICTUTh
14 otBopiB miamerpom 0,12 MM Ta 06€3 HBOTO) Ta 3 OJWHAPHOI MPHUPOTHBOIO
PELUPKYJISIIEIO Ta30BO1 CyMIIII, 1€ 03HAUaE, 1110 Ta30Ba CyMIlll, 1110 BUHIILIA 3 peakTopa 3
HAJXOUTh JI0 peakTopa 2 1 6apboTye KynbTypaabHE CEPEIOBHINE il BIACHUM THCKOM,
HE 3aCTOCOBYIOUYHM MK IIUMH pEeaKTOpaMH poOOTy Hacoca, Ha BiAMiHY BiJ] BapiaHTy (puc.
3.14 0), e BIacHOIo TUCKY Ta3y HE BUCTAYaE 1 ISl MOJAIBIIOT IUPKYJIALIT HOTo B CUCTEMI
pEeaKTopiB 3aCTOCOBYBABCS JTOAATKOBHI HacoCc Mix 2 1 3 peaktopoM. 100 yHUKHYTH 1i€]
npoOiemMu B MailOyTHhOMY 1 OyJi0 HeoOXiJiHe TpoBeAeHHsS cepii «B» (puc. 3.14 B), ne
BUKOPUCTOBYBABCS 1HIIMK TUMN OilopeakTopiB 1 Oylia MOXIIMBICTH CIOJy4YaTH iX
TepPMETUYHO, Ui PyXy raszy BiJ MEpIIOro 10 OCTAHHBOTO peakTopa 0e3 JAOAaTKOBHX
BTpPYy4aHb.

['epMeTHyHE CrIOIyYeHHS peaKTOpIB 3 Ta 2 CTBOPIOE €(EKT, 3a SIKOTO ra3 HE MOXKe
BUTBHO BHJIUIATHCH J0 HABKOJMIIHBOTO CEPEIOBHUINA, & MYCHUTh JIOJATH THUCK BOJSHOTO
CTOBIIA HACTYIHOT'O peaKkTopa 2, TaAKUM YHHOM JIOBIIUHN Yac KOHTAKTY€E 3 KYJbTypaJbHUM
CepeoBUIIEM 3 peakTopa, 110 1 MPU3BOAUTH 10 OUIBIIOI MIBUIKOCTI POCTY KJIITUH (pHUC.
3.15), mopiBHsIHO 3 peakTopamu 4 Ta 5, ne BUXIJHA MIBUAKICTH 1 KOHIICHTPAIllsl TOTOKY
ra3oBoi cyMmiii 0ysu ogHakoBUMH. To0To, B 2 peaktop CO, HAIXOIUTH Micis 3 peakTopa

1, BIJIMOBIIHO KOHIIGHTpAIlisl B HOMY JIIOKCUAY KapOoHy MeHIie 5%.
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8
7 a
<5 Ymosu:
=
24
23 + 1.0,5 gm3/x8, CO, 0%
)
22
1 = 2.0,5am3/xs, CO,
0 — — — — . nicna 3 peakTtopa
0 20 40 60 80 100 120 140 160
t, ropg 3.0,5 AMa/XB, CO, 5%
0,05
0,045 + )? s 4. 0,5 ILI,Mg/XB, CO, 5%

5.0,5 gm3/xB, CO, 5%
3 gudysopom

20 40 60 80 100 120 140 160
t, rog

Pucynox 3.15. 3miHa KUTBKOCTI KIITHUH (a) Ta MIBUIKOCTI iX pocty (0) mpoTsrom
yacy KyJbTHUBYBaHHA B (oToOiopeakTopax 0e3 peuupkyJsiuii (4 — 6e3 qudysopa, 5 — 3
nudy3opoM) Ta 3 OJMHAPHOI MPUPOJHBOIO PELUUPKYJISINED Ta30BOi  CyMill
(peuupkysiis 3 3 B 2 peaktop). Kontpons (1) 6apboTyBaBcsi OBITPSIM 3 TOKO CaMOIO

MIBUIKICTIO.

Buxopucranns nudysopa ass 301IbIIEHHS] MBUIKOCTI POCTY KIITHUH MOPIBHSIHO 3
BIJICYTHICTIO PO3MWJIIOBAHHS TAKOX MPHU3BOJIUTH A0 €(DEKTUBHOCTI POCTY KIITHH (pHC.
3.15) KucnortHicTh cepenoBuIilla KyJIbTHBYBaHHS Oyia CTaOUIbHOIO MPOTITOM

EKCIIEPUMEHTY B YCiX 3pa3kax (puc. 3.16).
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B 1.0,5 am3/xs, CO,; 0%

] 2.0,5 ,IJ,M3/XB, CO;
nicna 3 peaktopa

m 3.0,5 am3/xs, CO, 5%

m 4.0,5 am3/x8, CO; 5%

0 2 15 21 26 38 48 62 69 m 5 05am/xs C0;5%
3 andysopom

t, rog

Pucynox 3.16. 3anexnicts pH Bix uacy KyabTuBYBaHHS B hoTOOIOpeakTopax 6e3
peuupkysii (3 audysopom Ta 06e€3) Ta 3 OJUHAPHOIO MPUPOJIHBOIO PEIUPKYIISIIED

ra30BO1 CyMIiIIIi.

Ha pucynky 3.17 MokHa criocTepiratu, 110 piBE€Hb MOTJIWHAHHS BYTJIEKHCIIOTO
razy B peaktopi 3 craHoBuB 78 % B mepmry mo0y i 84% B TpeTio 100y, a KiHICBa
koHueHtpaiiss CO, B Ta30Biil cyMilll Ha BUXO/Il 3 2 peakTopa Oyja B MeKax MOXUOKU
MOPIBHSHO 3 peakTopamu 4, 5. Buxoasuu 3 BUIIICHABEEHOTO MOKHA 3pOOUTH BUCHOBOK,
110 OJTHOPA30BOI PEHMPKYJIAIT 3a TAKMX MapaMeTpiB MIBUAKOCTI M01a4i ra30BOi CyMiII 1

koHueHntparii CO, HeA0CTaTHBO I MOBHOI yTHIII3AIlT BYTJIEKHCIIOTO Ta3y.

= 100
§ 95 2.0,5am3/x8, CO,33
| |
E 90 peakTopa
= a5 T R | T -
= e
2 = g0 " 3.0,5 am¥/xs, CO; 5%
n o
5 8 75 -
= = B 4.0,5 gm3/xs, CO, 5%
o 70 -+
=
E 65 - ;
3 o,
_g_ 60 - 5. 0,5 am3/x8, CO2 5%
i 3 andysopom
55 - Andysop
50 -
t, rog,

0 25 68

Pucynox 3.17. EdektuBnicts mnornuHanHs CO, Ha mnepury 1 3 100y
KyJbTUBYBaHHS, B (poTobiopeakTopax 0e3 penupkyssiii (3 audy3opom 5 Ta 6e3 4) Ta 3

OJIMHAPHOIO TIPUPOIHHOIO PEIUPKYIIALIEI0 Ta30BO1 CyMillli (3 peakTopa 3 y peakTop 2).
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AHai3 BMicTy kapoOoHny (1a6:1.3.10) mokasye, 110 B KyJbTypaJlbHOMY CEpPEIOBHUIIII
3pa3ka 5 BMICT HEOPraHIYHOrO KapOOHY € BHINMM, HIK B 1HIIUX, IO MiATBEPKYE
MoTiepeIHl  AOCTIHKEHAS MPO e(PEeKTUBHICTh 3aCTOCYBaHHS AUQY30piB IS KPaIIoro
PO3YMHEHHS BYTJIGKHCIOTO Ta3y B KyJbTypaldbHOMYy cepemoBui (po3ain  3.1).
CnoxuBaHHs a30Ty 1 ¢ochopy y BCix 3paskax, KpiM KOHTPOJIHHOTO OyJIO aHAJIOTiYHE,

OCKUIBbKHM BiOyBaeThcsa Ounbllie HapolryBaHHS Oiomacu BHAcHifoK crokuBaHHI COa,

MOPIBHSIHO 3 KOHTPOJIEM, JIe ICHY€E HecTaua BYTJIeKUcIoro ra3y (tadm. 3.11).

Tabmuusg 3.10. BMicT opraHiyHOro Ta HEOPraHIYHOro KapOOHY B
KyJIbTYpaJbHOMY CEpPENOBHILI Ha 3 100y KyJIbTUBYBAHHS.

3aranbHUi OpraHigYHUI 3araJbHUI Heopraniunuit
3pa3ok 3 3 3
KapOOH, MI/aM KapOOH, MI/IM KapOOH, MI/IM
1 24.93+1,25 26,78+1,34 1,84+0,09
2 26,30+1,32 33,05+1,65 6,75+0,34
3 32,57+1,63 39,82+1,99 7,254+0,36
4 28.86+1,44 35,94+1,80 7,08+0,35
5 29,85+1,49 38.,22+1,91 8,37+0,42

Tabmuusg 3.11.Bmict cnionyk a3oTy Ta dhocdary B KyIbTypaTbHOMY CEPEIOBHUIIII

Ha 3 100y KyJIbTUBYBaHHS.

3arajgpHui ) ) .
Hitparu, | ®ocdaru, | Hitputh, | Amoniid, | XCK, mr
3pa3ok asor, 3 3 3 3 3
3 MTI/IM MI/IM MTI/IM MTI/IM O, /nm
MTI/IM

1 744,0+37,2 | 760,0+£38,0 | 290,0+14,5 | 0,27+0,01 | 0,010+0,001 | 53,40+2,67
2 676,0+£33,8 | 638,0£31,9 | 264,0+13,2 | 0,59+0,03 | 0,030+0,002 | 48,40+2,42
3 704,0+£35,2 | 678,0£33,9 | 282,0+14,1 | 0,57+0,03 | 0,020+0,001 | 44,80+2,24
4 752,0£37,6 | 660,0+£33,0 | 278,0+13,9 | 0,41+0,02 | 0,020+0,001 | 45,40+2,27
5 646,0+£32,3 | 664,0+£33,2 | 284,0+14,2 | 0,49+0,02 | 0,020+£0,001 | 50,30+2,52
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Hnst 3’sacyBaHHs NpoayKTUBHOCTI moriauHaHHsS CO; B KOXHOMY pEakTopl Ta
BU3HAYECHHS HEOOXITHOI KIJIBKOCTI peaKTOPiB AJIA MOBHOT yTUIII3allii JIOKCUTYy KapOOHY
MIKpOBOJIOPOCTSIMH, a TaKOK BHU3HAUYCHHS MapaMETpPiB Ui MAKCUMAJIBHOTO MPHUPOCTY
OioMacu BUKOPUCTOBYBAJIM CUCTEMY, 110 HaBeJeHa Ha puc. 3.14, 6. HaliBuiill moka3HUKH
IIBUKOCTI POCTY KyJIbTYPH criocTepiranuch peaktopi Ne 5 (puc. 3.18), ae He BinOyBasioch
peIMpKyJsaii. 3a TakMX YMOB KyJbTUBYBaHHS BinOyBanoch miaBuiieHHsS pH

KYyJbTYpaJIbHOTO CepeaoBHINaA Bij 5,5 10 6,5-7 B ycix ¢oTobiopeakTopax (puc.3.19).

0,05

=« 1.0,5 am3/xs, CO, 5%

0’04 A‘L\T
/ 1 — 2.0,4 am3/xs,

0,03 .
- / peumprynauia 3 1
=%
o -= 3.0,4 am3/x8,
= 0,02 A/x
= peumpKynauia 3 2
=+ 4.0,35 gm3/xs,
0,01 .
peumnprynauia 3 3
= 5.0,5 am3/x8, CO, 5%
0,00 ———— T —————T—T—T——T————7— 6es peumprynaji
0 20 40 60 80 100 120 140
t, rog,

Pucynox 3.18. 3anexHiCTh MBUAKOCTI POCTY KJIITUH MPOTITOM Yacy

KyJbTUBYBaHHS B (JOTOOI0pEAKTOPaX 3 PEHUPKYJISAIIEI0 HACOCOM.

B 1.0,5am3/xs, CO, 5%

B 2.0, 4 om3/xs,
peunpkynauia 3 1

m 3.0,4 gm3/x8,
peumnprynauia 3 2

B 4.0,35 am3/xs,
peunpkrynauia 3 3

pH
o PN W R U N
,

m 5.0,5am3/x8, CO, 5% 6e3

0 8 21 30 44 54 68 76 144
t, rog peumnprynauil

Pucynok 3.19. 3anexnicts pH BiJ yacy KynpTUBYyBaHHS B (OoTOOIOpEaKTOpax 3

PELUPKYJIAIIIEID HACOCOM.
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Ha puc. 3.20 HaBeneno cryninb ytuiizaiii CO; npu penupKyIsiii 3a BAKOPUCTAHHS
HaHocy. B mepury noOy kynsTuByBanHs normuHaHHS CO, BiTOYBaJIOCH 01T IHTEHCUBHO,
IO MOB’S3aHO 3 HEHACHYEHICTIO CEPEeIOBUINA KYJIbTUBYBAHHS BYIJIEKHUCIUM Ta30M.
3aranoMm, croctepiraiu HepiBHOMIpHUN po3noain edektuBHOcTi mormuHaHHs CO, 3
ra3oBO1 CyMIIlli, 110 TIOSICHIOETKCS, 30KpeMa, poO0TOr0 Hacoca Mix 2 1 3 peakTopom, M0
nopyiurye 0ajgaHCc piBHOMIPHOI HUPKYJIAIIT 1 MEPEIIKOIKae MOTJIMHAHHIO BYTJIEKHCIIOTO
ra3zy MikpoBoiopocTsmHu. [lepekaduyBaHHs ra30B01 CyMillli 3a JOMOMOT'0I0 HACOCa BIUIUBAE

Ha edekTuBHicTh norauHaHHs CO; y peakTopax 3 pelupKyJIsIi€ro.

120

g ®m 1.0,5am3/xs, CO;
T

T 100 5%

= 3

E e 80 m 2.0,4 awm3/xs,

c _°_-: peumpKkynauia 3 1
Ny

E -8.- o0 3. 0,4 om3/xs,

] eumnprynauia 3 2
= 40 peunpkynal,

x

_g_ m 4.0,35 am3/xs,
L 20 peumprynauia 3 3

m 5.0,5am3/xs, CO2
5% 6e3 peumpk.

t, rog,

Pucynox 3.20. Ed¢exruBnicts nornmuaands CO; mpoTArom 4acy KyJIbTUBYBaHHS

B (hoTOO10pEaKkTOpax 3 peUUpPKYIISIIE 32 JOIOMOIOI0 Hacoca.

Bwmict a3zory Ha 3 J1eHb KyJbTUBYBaHHS 3HIKYBaBCS B KYJbTYpPaJbHHUX
CepeIoBHUIIaX MO X0y Ta30BOi CyMIillll B CIIOJYyYEHUX peakTtopax, To0To, Bix 1 10 4. B
MPUIMAIOUWX TIEPIIUMH CYMIIII Ta3y 3 BUX1AHOIO KoHIleHTpatie 5 % CO,, Tobto B 1 1 B
5, 6yB Ha Takomy K piBHI. (Tabn. 3.12). BmicT opraniuHoro kapOoHy OyB HallBUIIUM B

MEPIIOMY PEaKTOP1 3 PEIUPKYJIALIMHNX, & HEOPTAHIYHOTO — HAWHIDKYUM, IO CBITYUTH
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PO PYHHYBaHHS KIITHH. TaKOX B I[bOMY PEaKTOpPi OTpUMAaIM HAWBHUII MOKA3HUKHU CYXOi

Macu Ha 3 100y (puc. 3.21).

Ta6muig 3.12. BmicT a30Ty Ta kKapOOHY B KyJbTypaJIbHOMY CEpEIOBHIII Ha 3

100y KyJIbTHBYBaHHS.

3aranpHui
3arajbHUR _ 3arajbHUM Heopraniunuii
3pasok | OpraHiyHui
HIiTpOreH, Mr/am> KapOoH, Mr/aM® | kapOoH, Mr/am>
KapOoH, Mr/am’
1 697,9+34,9 46,70+2,34 50,32+2,52 3,62+0,18
2 686,0+34,3 25,83+1,29 34,26+1,71 8,43+0,42
3 680,10+£34,0 26,09+1,30 35,32+1,77 9,23+0,46
4 679,8+34,0 23,94+1,20 31,18+1,56 7,24+0,36
5 694,2+34,7 26,77+1,34 35,97+1,80 9,20+0,46

H 1.0,5am3/xs,
CO25%

=

» 0,8 2.0, 4 om3/xs,
gc peumpKrynauia 3 1
0,6 - 3. 0,4 agm3/xs

N ,4 AM ,

g peumnprynauia 3 2

o
IS
l

cyXol

4.0,35 om3/xs,

peumpKynauia s 3

- 5. 0,5 am3/xs, CO2
5% 6e3 peumpK.

C
o
N

Yac, 3 gobm

Pucynok 3.21. Konmentpamis cyxoi Macu y 3pa3kax Ha TpETIO 00y

KYJIbTUBYBaHHS.

Jly1st 3amo0iraHHs yTBOPEHHS HaIMIPHUX TUCKIB B CUCTEMI B TIPOIIECT BUKOPUCTAHHS
Hacoca MDK peakTopamH, sIK BiAOyBajoCh B MOMEPEAHBOMY IOCHIl, JOCHIIKYBaIH
MIPOIIEC PEHUPKYIISIT ra30BOi CyMillll, BAKOPUCTOBYIOUN T€PMETUYHO CIIOTYUEHI CKIISHI

PEaKTOPH 3a CXEMOI0, 1110 HaBe/ieHa Ha puc. 3.14 B.
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Jlis BU3HAYCHHS TapaMeTpiB Mepediry mpoiecy MOTIMHAHHS BUKOPHCTOBYBAIU
onHOOIopeakTopHy cucteMy (SBS, single-bioreactor system), sika ckiananacs 3 €MHOCTI
o0’emoM 1 11, 3 MiABEAEHHSIM ra3y J0 CEpeJOBHINA 1 MEPEMINTyBaHHIM 3a JOMOMOTOI0
MarHiTHOI MIIIAJIKK, a Ha BUXOJI ra3o30ipHUK. MynsTuOiopeaktopHa cucrtema (MBS,
multi-bioreactor system) CKOHCTpyiHOBaHa aHaJOTIYHO, ajie 3 5 pPEaKTopiB, 3 TIEHO
pI3HUIIEIO, 110 Ta3 3 MEPIIOr0 PeaKTopa LMUPKYIIOBAB J0 APYroro, 3 Ipyroro TPEThoro i
TaK JI0 IT’SITOT0, Ha KIHII SIKOT0 MICTUBCS ra3030ipHUK (puc. 3.14 B). st 6apOboTyBaHHs
rOTyBaJld CUHTETHUYHY cywmimi, ska 3a BMictToM CO, momiOHa Ha Ta30BI BHKHUIU:
ByrIiekucioro razy (3-7%) 1 moitps (93-97%). ['azoBa cymii Ge3nepepBHO MogaBaiacs
B PEaKTOpHI CHCTEMH MapajienbHo 31 msuakictio 0,15 am’/xB. Temnepatypa 26°C,
uutogao6ose LED ocsitnenns (konbopoBa temneparypa 9000 K, citinoBuit motik 3800 M,
noTyxkHicTh 36 BT). KoHileHTpartiig ra3oBoi cymimni BUMIpIOBaJlach Ha BXOJ[l Ta BUXO/I 3
peakTopHUX cucteM aHaiizatopom Gas Data GFM430.

Ha pucynky 3.22 HaBeJeHO KOHIICHTpPALIIO KIITUH Ta IIBUJIKICTH POCTY
MmikpoBogopocteit Chlorella. Menma mBUAKICTE pocTy B MBS mnoB’szana 3
PO3MOAITIEHHAM TOro > camoro 00’emy CO,, mo Hagxoauth 10 SBS, 1Mo KiabKoMm
peakropam MBS 1-5. Takox crnoctepiraeMo BiJIMIHHICTh IIBHAKOCTI POCTY KYJIbTYPH
MK (orobiopeaktopamu. pH cepenoBuiia 3HAXOAMBCS B PALlOHATBHUX — MEXKax
KyabTuByBaHHs Chlorella vulgaris 3 mOCTYOBUM 3pOCTaHHSIM IPOTATOM KYJIbTUBYBAHHS

B 6,5 10 8,0 (puc. 3.23), 110 BKa3zye Ha COPUSITIUBI YMOBH JIJIsi BUPOIILYBaHHS KYJIbTYPH.
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Pucynok 3.22. a) 3MiHa KUIBKOCTI KJIITHH MPOTSTOM 4Yacy KyJbTUBYBaHHS. 0)
3anexHiCTh MIBUKOCTI POCTY KJIITHH BiJ] 9acy KyJIbTUBYBaHHS B TEPMETHYHO CTIOTYUYCHUX

dboTobI0peaKTOpax 3 PeHUPKYJIAIIEIO.

10

W SBS
EMBS1

pH

B MBS 2
u MBS 3
B MBS 4

B MBS 5

t, rop,

Pucynok 3.23. 3anexnicte pH Big uYacy KyJbTUBYBaHHS B T'€PMETUYHO

criorydeHux (porodiopeakTopax 3 peHUpPKYIISIIEI0 HACOCOM.

Ha pucynky 3.24 HaBeneHi TOUKOBI BUMIPIOBAHHSI KOHILIEHTpAIIIl Ta3y Ha BXO/[1 Ta

BUXO/1 3 OlOpEakTOpPHUX cUCTeM. BapTo 3ayBakKUTH, IO Ha MOYATKy KyJbTHBYBAaHHS
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e()EeKTUBHICTh MOTJMHAHHS BYTJIEKUCIIOTO Ta3y B MUIbTHOIOpeakTopHi cuctemi (MBS)
Oyna BHUIOIO HDK B ojaHOOlopeakTopHid (SBS), mo mnoB’s3aHo 3 MNOYaTKOBOIO
HEHACHUECHICTIO CEpEJOBMINA BYIJIGKHCIUM Tra3oM, 1 OumplmmuM o0’eMOM 5
b oToO10peaKToOpiB, B cepeoBHIIL AKUX PO3UUHSIETbCS CO,. 3perToro, 115 pi3HUIS 3HUKAE
yepe3 Kulbka 110 KyJIbTHUBYBaHHS 1 €(EKTUBHICTh MOTJIMHAHHS BYTJIEKHUCIIOTO Ta3y B

CHUCTEMAaX CTa€ Mail’ke OJTHAKOBOIO.

100

S
E I
g /|
: 7 T [
.
o X8
C =g
e}
L2075 |
g S
S 70 |
E 65 - -
w 60 = T T T 1
24 48 72 91 t,ron

m SBS MBS 1-5

Pucynox 3.24. BxigHa Ta BUXiJHA KOHIICHTpAIlisl BYTJICKHCIIOTO Ta3y B Tra3oBid
CyMillli, IO TMPOIMYCKAETbCSI B TEPMETHUYHO CHONy4YeHUuX (HOToOlOpeakTopax 3

PELUPKYJIAIIETO.

Hwxuuii piBeHb 3araJibHOro a30Ty Ta BUHATKOBO HU3bKHUI PIBEHb HEOPTaHIYHOTO
KapOOHY y KyJbTYpaJIbHOMY CEpEIOBHINI TEPIIOTO PEaKTOpa MYJIbTHOI0PEaKTOPHOT
cuctemu (MBS 1) BigHOCHO 1HImMX 3pa3kiB (Tadu. 3.13) Ta BUIIMI BMICT OPraHI4HOIO
KapOOHy, CBIIUUTh TIPO aKTUBHUU MeTabomism kynetypu Chlorella vulgaris Ta
CIIOKUBAHHS HEI TOXUBHUX pedoBwH. lle miaTBep/kyroTh nani Tabmuimi 3.14, ne

MOKAa3aHOo CITIBBIHOILIEHHS MIHEPaJIbHOTO Ta OPraHIYHOIO0 KOMIIOHEHTIB B CyXxii 6ioMaci.
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Ta6muig 3.13. BMmict 3arajasHOTO a30Ty, OPraHIYHOTO Ta HEOPTaHIYHOTO KapOOHY

B KYJITYypaJIbHOMY CepeJIoBUIIIl Ha 4 100y KyJIbTUBYBaHHS.

3aranbHui 3aranbHuit _
Haspa 3araJibHui ' Heopraniunui
3pa3ok OpraHiuHUH KapOoH,
peakTopa | a3or, Mr/am’ KapOOH, Mr/am>
KapOOoH, Mr/am> MT/ M
1 SBS 621,20+31,06 58,12+2,91 133,60+6,68 75,63+£3,78
2 MBS 1 605,50+30,28 118,20+5,91 136,60+6,83 18,47+0,92
3 MBS 2 615,20+30,76 54,78+2,74 129,30+6,47 74,51+3,73
4 MBS 3 637,00+£31,85 54,06+2,70 121,80+6,09 67,76+3,39
5 MBS 4 634,50+31,73 47,3242,37 115,50£5,78 68,17+£3,41
6 MBS 5 643,50+£32,18 68,58+3,43 125,70+6,29 57,09+£2,85

Ta6muns 3.14. KonueHnTtparist cyxoi 6ioMacu Ha 4 100y KyJIbTUBYBaHHS.

) .. | B Tomy uucii, B Tomy umcii,
HazBa Konuentpamisa cyxoi S , _,
3pa3ok : 3 OpraHivYHOI MacH, | MIHEpaJIbHOI
peakTopa | 6iomacu, r/am 3 3
/oM MacH, I/IM
1 SBS 1,35+0,07 1,19+0,06 0,17+0,01
2 MBS 1 1,41+0,07 1,2+0,06 0,15+0,01
3 MBS 2 1,26+0,06 1,14+0,06 0,12+0,01
4 MBS 3 1,25+0,06 1,14+0,06 0,12+0,01
5 MBS 4 1,26+0,06 1,17+0,06 0,090+0,005
6 MBS 5 1,13+0,06 1,04+0,05 0,090+0,005

Takum yrHOM, 32 BUKOPUCTAHHSA Ta30BO1 CyMIIII1, 110 MICTUTH 3-5% BYTJIEKUCIIOTO
ra3y, HeMae CyTT€BOI Pi3HULI MOKA3HUKIB B MPOYKTUBHOCTI CIIOKMBAHHSI BYTJIEKUCIIOTO
razy Ta NpUpPOCTy OlomMacu MpuU KyJIbTUBYBaHHI Ouibiie 3 110, TOMYy pallioHaJIbHUM
pIIIICHHSIM € BUKOPUCTAHHS OJHOOIOPEAKTOPHOI CHUCTEMHU. Y TOM K€ uac, 30LTbIICHHS
KOHLIEHTpalli MIOKCUIy KapOOHYy B CyMIIll ra3iB MPU3BOJAUTH 10 HEOOXITHOCTI HOro
peuupKyIIsLii A0 noBHOT yTumizaiii. Tomy npu nepeBuieHi konuenTparii 5% CO; BapTo

PO3TIIIHYTH BUKOPUCTAHHS MYJIHTHO10PEaKTOPHOI CHCTEMHU.
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BucnoBku 10 3 po3ainy

Bcranosneno, mo audysop 3 aiamerpom oTBopiB 0,12 MM B KibKOCTI 14 miT. €
e(eKTUBHUM JJIsl HACHYEHHS KyJIbTYPaJIbHOTO cepeloBulla mxepenom kapoony (CO,) —
10 0,59 r/nm?® 3a 5xB., i B mepmry 100y crpuse Ha 40 % BUIIiM IBUAKOCTI POCTY, @ B TPETIO
— Ha 20 %, mopiBHSIHO 3 OapOoTyBaHHsIM Oe3 audy3opa. HaiiBuiia mBHAKICTE POCTY
KIIITUH CIIOCTEPITaeThCs 3a palioHaIbHUX YMOB KyJIbTHBYBaHHs: KoHIeHTpalii CO, 5%,
IIBUJIKOCTI Moj1a4i ra3oBoi cyminr 0,25 06./06., Ta nepiogudrocti 2:2 roa. [lokaszaHo, 1110
e(eKTUBHICTh TOTJIMHAHHS BYTJIEKUCIIOTO Ta3dy B MYJIbTHOIOPEAKTOPHUX CHCTEMaxX €
BUIIIOI0, OCOOJIMBO HA MOYATKY MpoOIecy KyJabTUBYBaHHS: 12 % y mepury no0y, 4 % Ha

TPETIO 100Y.

Pe3ynbraTtu TpeThOro po3/iay YBIWIILIN 10 HACTYITHUX HAYKOBUX TPAIlb:

Bnopuuenko A.A., Tomy6 H.b.,, «3anexuictb mnpupocty Oiomacu
MIKPOBOJOPOCTEN 3a BUKOPUCTAHHS AU(PY30pIB 3 PI3HUMH NapaMeTpaMH PO3MUIIOBAHHS
ra3oBux BukuaiB.». Marepianu XXIII MixuapoHOT HAyKOBO-TIPAKTUYHOI KOH(PEPEHIIii
«BigHoBmoBana eHnepretrka Ta eHeproedekTuBHicTh y XXI cromittiy (Kuis, 19-20
TpaBHs 2022) — 2022 — C.272-273.

Bnosuuenko  A.A., «Bukopucranas  audy3opiB 11 BUPOILyBaHHS
MikpoBogopocTeil.». Matepianin XVI BeeykpaiHChkOi HAyKOBO-IIPAKTUYHOI KOH(PEPEHIIii
CTYJICHTIB, actipaHTiB 1 Mosioux BueHux «biorexnonoris XXI cromittsa» (Kuis, 3 uepBHs
2022) —2022 — C.124-125.

Vdovychenko A., Zielinski M., «Comparison of CO, utilization by microalgae
during gas flow in single- and multi-bioreactor systems.». Matherials of the 3rd
International conference «Water Management and its Surroundings — Theoretical and
Practical Aspects» (Olsztyn, Poland, 17-18 May 2023) — 2023 — P.126.

Bnosuuenko A.A., «IlepioguyHa mogaya ByTJIEKUCIIOTO a3y Uil KyJIbTUBYBaHHS

MIKPOBOZOPOCTEM 3 METOI0 ioro nepepodku.». Marepianu XXIV MixkHapoJHOI HayKOBO-

93



npaktuaHoi koHepenii "Exomnoris. Jlroguna. CycninectBo" (5 uepBHs 2024 p., M. Kuis,
Vkpaina) — 2024 — C.88-90. ISSN (Online) 2710-3315 DOI: 10.20535/EHS2710-
3315.2024.304177
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PO3I1J1 4. YTUJII3ALIA 'A3OBUX BUKHUIIB MIKPOBOJOPOCTAMU

BuxopucTtanss ra30BUX BUKUIB, 30KpeEMa, ByTIECKUCIIOrO rasy, Ui BUPOITYBaHHS
Olomacu pI3HUX BHJIIB MIKPOBOJOPOCTEH 3a yMOBU MOMEPEIHBOI adanTaiii a0 il
3aBuIleHUX KOHIeHTpawiii CO, mpuBepTae MMPOKY yBary HaykoBIiB. IIpote, icCHyI0Th
HEBUIIIeHI MPoOIEeMH, OCKIIBKH B Ta30BUX BHUKUAX KPIM BYTJIEKUCIIOTO Ta3y MPUCYTHI
! 1HIII KOMIIOHEHTH, cepell SKUX 3HaYHUI BIUIMB HA IMPUTHIYEHHS POCTY KIITUH MarOTh
OKCHJIM a30Ty Ta CIpKH, 1110 BUKJIMKAE€ HEOOX1THICTh MPOBEACHHS JAOCTIIKEHD iX BIUIUBY
Ha KyJIbTHBYBAHHS 1 BUBHAUEHHS MAaKCHUMAJIbHUX TPAHUYHUX KOHIEHTpALlld yTBOPEHHUX
KHCJIOT JJI1 CTBOPEHHS Ol0TEXHOJIOril iX yTwiizamii. Takok HEO0OXIJTHO BU3HAYWUTHU
MOJKJIMBICTh BHUKOPWCTAHHS TUMOBHUX Ta3iB IJs KyJbTUBYBaHHS MIKPOBOJOPOCTEH Ta
1iaHoOakTepiil nuIIXoM OIHKM edekTuBHOCTI BumaneHHs CO,, pO3BUTKY Ta CKIaIy
OioMacH MIKPOBOJOPOCTEH, a TAKOK 3MIHM KOHILIEHTpaLli XJI0podiry a Ta eEeKTUBHICTD

BHUAAJICHHA ITOKUBHUX PCUYOBUH 13 KYJIbTYPAJIbHOI'O CCPCAOBHUIIIA.

4.1 BiutuB KHCJI0T, YTBOPEHHUX 3 ra30BUX BUKH/IB HA KyJIbTHUBYBAHHA

MmikpoBoaopocreit Chlorella vulgaris

Meto 1BOTO JOCHIIKEHHS OYyJI0O BU3HAYEHHS TMOPOTOBUX KOHIIEHTpAIlIi
KOMITOHEHTIB T'a30BUX BUKH/IB, TaKUX, K OKCHUIU a30Ty 1 CcyJb(dypy, IO HE YUHATH
TOKCUYHOI [ii Ha KyJIbTYpy MIKPOBOJOPOCTEH 1 JO3BOJIAIOTH BUKOPUCTOBYBATH
MIKPOBOAOPOCTI Jisl yTHIII3a1lii Ta30BUX BUKU/IIB 32 BU3HAYEHHX MTapaMETPIB.

Jlist MopjentoBaHHS Jii OKCUIIB CyJb(Qypy Ta HITpOreHy OyJIO BHUKOPHUCTAHO
HITpAaTHY Ta CyJb(haTHY KHUCIOTH, IO BHOCWJIHNCH B KYyJbTYpaJbHE CEpEJOBHILE 3a
JIOTIOMOTOI0 TIEPUCTAIBTHUYHUX TIOMII 3 HE3HAYHOI MIBUAKICTIO. Po3paxyHok 3a
cyibypoMm BMICTy cynb(haTHOT KUCIOTH, SIKa MOTJa O YTBOPUTUCH MPH HAIXOJKEHHI
PI3HUX KOHIIEHTpALl JIOKCUAY CIpKM HaBeaeHo B Tabin. 4.1, BUXOASYM 3 yMOBH

IIBUIKOCTI mozgaui takoro razy 0,5 am*/xB Ha po6ounii 06’em (orodiopeakTopa 2 am°.
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[lepepaxyHOK 3a HITPOI€HOM BMICTY OKCHJIIB a30Ty B ra3i Ha aHaJOTI4YHY KUIBKICTh
a30THOI KMCJIOTH HaBeneHO B TaOi. 4.2. IIBUaKicTh BBEEHHS KUCIOT B 000X BHITaIKax
cranoBuna 0,03 cM’/xB, 0 BiAnoOBizac HaBeAeHil MIBUIKOCTI MOAAYi ra3y i BiamosigHin

HOro KOHIIEHTpaIli.

Tabmuis 4.1. BinnoBiAHICTh KOHIEHTPALIA OKCUAIB CIPKH 1 CyJIb()aTHOT KUCITOTH.

Ne Konnentpariis SOx B | KonnenTparris
- | aUMOBHIX rasax, ppm H>SO4, %
1 0 0
2 15,00 + 0,08 0,100 +0,005
3 30,0+ 1,5 0,20 £0,01
4 45,0+2,3 0,30+ 0,02
5 50,0 £2,5 0,33 +0,02
6 60 +3 0,4 +0,02
7 100+ 5 0,73 £ 0,04
8 150,0+ 7,5 1,1 +0,06
9 200+ 10 1,5+ 0,08

Tabmui 4.2. BignoBiIHICTh KOHIIEHTPAIIN OKCHIIB a30Ty 1 @30THOT KUCIIOTH.

Ne Konnentparis NOx B | KonrenTpariis
| AmMoBHX razax, ppm HNOs, %
1 0 0
2 40+2 0,19 +0,01
3 60=+3 0,28 £0,01
4 80 +4 0,37 +£0,02
5 100 £5 0,47 +£0,02

Jxepenom CO; ciyryBaiio atMocdepHe MOBITPsl, sIKE M10/1aBaJIOCh KOMIIPECOPOM
y BEpTUKaJIbHI KOJOHHI (hoToOIOopeakTopu 1 3a0e3nedyyBayio MepeMilllyBaHHS KYJIbTYpH.
[TouaTkoBa KOHIIEHTpAIlsl KIITHH B JOCHIDKEHHI 3 HITPATHOI KHUCIOTOI CTaHOBUIIA
85+5-10* kmiTun/cM®, B mOCHiIKeHHI 3 Cyab(aTHOK KHCIOTOK cTaHoBmma 75+5-107

KJIITUH/CM>.
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4.1.1 Biuius cyiab(aTHOI KHCJI0TH HA KYJbTHBYBaHHS MIKPOBOIOpOCTeil

binpiry wactuny SOy (10 99%) B ra30BUX BUKHAX CKIAJa€ JIOKCH] CIPKH, IIe
MOXe OyTH MPUCYTHIM TPHUOKCHUJI CIPKHM Y HE3HAUHMX KUIbKOCTSAX. Ilpm HamxomkeHH1
ra3oBUX BHUKHUIIB B KYJbTypalbHE CEpEAOBHUIIEC BIJOYBA€THCS MOCTYNOBE OKHCHEHHS
SO, y porobiopeaktopi, a SOz B CBOIO Uepry IpH KOHTAKTI 3 BOJIOIO YTBOPIOE CYJIb(aTHy
kucinory [34, 45, 55]. BiamoimHo, TNpu TMOCTIHHOMY 0apOOTyBaHHI BiI0OYyBa€ThCs
HakonudeHHs SO4>" Y KyJIbTypalbHOMY CEPEIOBHIIIL.

3a moCTIHHOrO BBEJEHHS Cynb(aTHOI KUCIOTH y KoHUeHTpauii 0,1% npoTsarom
nepioi 100u BiAOyBae€ThCAd HE3HAYHUI PUPICT OIOMACH MO BIAHOLIEHHIO JO KOHTPOJIIO
(puc. 4.1). Ilpotsrom HactymHOi J0OM MpUPICT OioMacu B KOHTPOJIBHOMY 3pa3Ky
MEPEBUIILY€E MPUPICT MPHU BBEACHHI Oyab SKOi KOHIEHTpaIlil cyibpaTHOI KUCIOTH. [Ipu
npoMy pH HaOyBae 3HaueHHs MeHuIe 4 Juisl BCIX 3pa3KiB OKPIM 3pa3KiB 3 BBEJECHHSIM
KoHIleHTpalii cyibparHoi kuciotu 0,1 ta 0,2% (puc. 4.2). 3a Takux 3HaueHb pH
CIIOCTEPIra€eThCs pi3Ke 3HMKEHHS npupocTy O0iomacu. [lpu gocaruensi pH = 3 1 meHie
PO3BUTOK KYJIbTYpU MPUIHHIETHCS, 10 CIIOCTEPIra€ThCs Ha TPETIO 100y KyIbTUBYBAaHHS

(puc. 4.1).
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Pucynox 4.1. 3MiHa KUJTBKOCTI KIITHH (a) Ta MIBUIKOCTI POCTY MIKPOBOJOPOCTEM

(0) mpoTarom vacy KyJIbTUBYBaHHS 3a P13HOI KOHIIEHTpAIlli CyIb(paTHOI KUCIOTH

Yac, rog,

m0%
m0,10%
m0,20%
m0,30%
m0,33%
m0,40%
m0,73%
m1,10%
1,50%

Pucynok 4.2. 3mina pH nipoTsirom yacy KyJIbTUBYBaHHSI ITPH MOCTITHOMY BBEJICHHI

cynb(haTHOI KUCIOTH PI13HOT KOHILIEHTpAIIi1
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Otpumani 3HaueHHs pH, 3a skoro BiOyBa€eThCs 3arubOeb KIITHH, BIAMOBIIAIOThH
3HAUEHHAM, OJIEp>)KaHUM B poOoTi [18], ne cmocrepiraiv MOCTYNOBE MPUITMHEHHS il
dorocucremu Il mpu HU3bkOMYy pH 1 MOXIMBE NOWIKOMKEHHS KiIiTUH. Hesnaune
nigsuiieHHs pH 3 5 1o 5,5 npotsrom 3,5 116 KyJIbTUBYBaHHS JJIs 3pa3ka 3 BBEJCHHSIM
cynbdarroi kuciaotu 0,1 % (15 ppm SO,) BinOyBaeThCs BHACIIIOK HAPOIITYBaHHS Oi0MacH
MI1KpOBOJIOPOCTEH.

3a mii cynbdarHoi kucinotu konmenrtpauii Bummx 3a 0,73% (100 ppm SO,)
BiIOYBA€ThCS Ppi3Ke 3HUKEHHS KHCIOTHOCTI. [lpw migBUIEeHHI BMICTY Cyab(aTHOI
KHUCIIOTH 3HUKYETHCS BUX1]] META0OJITIB B KyJIbTYpalIbHE CEPEIOBUIIIE, 1110 CBIIYUTH PO
3MiHY MeTa0oJi3My KIITHH MiKpoBojopocTeit (Tab:a. 4.3). [ligBuiieHHss BMicTy KapOoHy
IpH 301JIBILIEHHI BMICTY CYJIb()aTHOI KUCIIOTH MOHA MOSACHUTH Ji3ucoM KiituH Chlorella
vulgaris [29]. 3a mocTiitHOTO BBeICHHS CyJIb(paTHOI KUCIOTH y KoHieHTpali 0,4% komnu
3HaueHHda pH nocsranu 3,5 BiiOyBa€eThCs BTpaTa XJa0poQiIiB KIIITHHAME, PO 1O CBITYUTh
ix 3HeOapBieHHs (puc.4.3). IIpote, npu 3ynuHEHH1 NOJa4l KUCIOTH Y KOHUEHTpAIlii, 110
He nepesuinyBaia 0,73% (100 ppm SO,) criocTepiraeTbes perenepaiisa KyJabTypy 4epes

7-10 ni6.

Tabmuns  4.3. 3MiHA KOMIIOHEHTIB KYJIbTYpaJbHOTO CEpPEIOBUINA  TICIs
4OTHUPU000BOTO BILUTUBY CYJIb(PATHOI KUCIIOTH.
Koniien- 3arajpHui :ar:HiLHHHv Hieop r%- C};IZ};HHe 301IbIIEHHS
TaHIYHUNA| HIYHUH BHECCHHS -
Tparfis KapOOoH, P BMICTY
1,80 M/ kapOoH, | kap6on, | H,SO4 (4 1.), ) o
2o mr/nm? mr/nm> mr/nm? S04, %
0% 114,345,0 69,6+£3,0 | 44,72 - -
0,1% 56,2420 28,9+1,5 | 27,2413 86,3+4 8,8+0,4
0,2% 66,9+3,0 41,5£2,0 | 25,3+1,3 172,6+8 17,6+0,8
0,3% 71,8+3,0 37,8+2,0 | 33,9+1,6 258,9+12 26,3+1,2
0,4% 69,9+3.0 36,5¢2,0 | 33,4+1,0 345,2+17 35,1+1,7
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Ha pucynky 4.3 300pakeHO Bi3yaJibHI 3MiHU KYJBTYpPH JO Ta ICIS BIUIUBY
cynb(daTHOi KHCIOTH, 30KpeMa 3HeOapBJICHHS KIITHH (0) BHACHIIOK pyHHYBaHHS
xjopodiny. B poboti [83] crocTepiranu momkopKeHHs Xjiopodiny a B Botryococcus
braunii, MO COpUYMHEHE BHCOKUMH KOHIICHTpAIisIMH OiCynb(iTIB KOHICHTpAIli 2
MMOJIB/AIM®, 1 TIpUOKCAIN el TOKCUYHKE e()eKT reHepallii akTHBHUX paIuKalliB KUCHIO,
SK1 CIPHUSIOTH BIIOUTIOBAaHHIO XJOpOo(dUTy @ Ta MEePEeKUCHOMY OKHCJICHHIO MEMOpaHHHX

JIITIAIB.

Pucynox 4.3. Kmitunu xynerypu Chlorella vulgaris no (a) ta micins (6) BIUIMBY

cysbdaTHoi kuciaotu koHreHTpaii 0,4 % (301apenns 400x). I[lopiBHSIHHS 30BHIIIHBOTO

BUTJISIAY KYJIBTYP (B).

B Tabmumi 4.3 HaBeaeHO 3MiHY BMICTY KapOOHY NpH MOCTIHHOMY BHECEHHI
cyib(arHoi kuciaotu mnpoTsarom 4 ni0 excnepuMmeHTy. Haiibinbiry KOHIIEHTpaIlio
3arajibHOro KapOOHy Ma€ KOHTPOJBHUM 3pa30K, OCKUIBKU KJIITHHU HE MiANagaid Mmija
CTpecoBY Aii kKuciaotu. B 3pa3ky 3 koHuentpaiieto 0,1% cynbdaTHoi kuciotu 3adikcoBaHa
HallMEeHIlla KOHIEHTpalis KapOoHy. 3a TakuX yMOB BIJOYyBaeThCsl CTaOUIBHUM pICT
KyJbTypH (puc. 4.1).

Buxonsun 3 nanux tabmuili 4.3, CriiBBIHOIIEHHS YaCTKW HEOPTAaHIYHOTO KapOOHY

710 3arajibHOTO y KyJIbTYPaJIbHOMY CEPEIOBUIIIl € HACTYITHUM:
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-y KOHTPOJIbHOMY 3pa3Ky HeopraHiuyHuil kapOoH cTaHOBUTH Maibke 40% Bif
3arajbHOTO KapOoHY;

- B 3pa3kax, mo mimgsranmn fii kuciaotu: 0,1% xucmotu - 48% , 0,2% kucnotu -
38% , 0,3% xucnotu - 47%, 0,4% kucnotu - 48%.

BwMmict kyneTypanpHOro cepenoBuina, B sike Haaxomuwina 0,2% kucnora (1o
Binnosizae 30 ppm SO,), BiAPI3HAETHCS BiJ] IHITUX, OCKITBKHA 3HAXOIUTHCS HA MEXKI MK
PO3BUTKOM Ta 3arv0eIuIio KyJIbTypH. BMICT opraniyHoi pedoBuHHM y cyxiii 6iomaci Ha 10%
BUIINM, HIK Y BCIX IHIIUX 3pa3kax. Alle pu TPUBAIOMY KyJbTUBYBaHHI BiIOYBa€ThCS
3HKeHHsT pH Hux4de 4. 3a Takux yMOB BIJIOYBa€ThCs MPOIEC pyHHYBaHHS XJIOPO(D1IiB,
MICTISt YOT0 MPUPICT 010MaCH PI3KO 3HIKYETHCA.

KucnoTHicTe cepenoBuina Oe3nocepeHbO BIUIMBAE HA Pi3HI (P1310JIOTIUHI Ta
O10XIMIYHI TIpolLleCH, IO Bi1IOYBaIOThCS B KIIITHHAX MIKPOBOJOPOCTEH, a TaKOX
Ha PO3YMHHICTH 1 JocTynHIcTh CO; [64], TOMy MiATPMMKa ONTUMAJIBHOTO aAiana3zoHy pH
Ma€ BaXJIMBE 3HAYEHHS JJI POCTY KJIITHUH, aKTUBHOCTI ()EPMEHTIB 1 3aCBOEHHS MOKHUBHUX
pedoBuH. TakuM 4YMHOM, JJi1 yTWI3alil Ta30BUX BUKHIIB 32 JOINOMOIOIO
Chlorella vulgaris HeoOX1AHO BBOJWUTU OKCHUJ Cydb(ypy B KOHIIEHTpaIlli, siKa HE
nepesuilye 15 ppm 3a moyatkoBoi KoHHeHTpamii 75+5-10* kmitun/cm®. Crig 3a3HaunTH,
0 NOpu 30UIBIIEHHI IOYAaTKOBOI KOHUEHTpALil KIITUH CTIMKICTH A0 HE3HAYHOIro
NIJBUILIEHHS BMICTY OKCHJIB CyJb(ypy B ra30BHUX BHUKHIAX 3POCTAE, IO MOSCHIOETHCS
KpaIo PEryJysilicl0 KUCIOTHOCTI CEPEelOBUINA 32 PAXyHOK KUTTEMISUIBHOCTI camoi

KYJIbTYpH 1 IIABULIEHHS ii TOTPeOU B MOKUBHUX KOMIOHEHTax [90].

4.1.2 BiuiiuB a30THOI KMCJIOTH HA KYJbTUBYBAHHSI MIKPOBOIOPOCTEH

B cknazai okcuiB a30Ty, M0 MICTATHCA Y Ta30BUX BUKHIaX, OibIe 90% mpunamae
HAa MOHOOKCHJ a30Ty, pEIlTa BKJIIOYAE 3AeOUTHIIOrO TIOKCHJ a30Ty, I MOKIUBA

npucyTHicTh N>O y He3HauHUX KUIbKOCTSX [90]. NO okucHioeTbes kucHeM 10 NO,, akuit
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y BOJHIN (a3l O6e3repepBHO 1 HEOOOPOTHO pearye 3 BOJIOI0 3 YTBOPEHHSM a30THCTOI Ta
a30THOI KUCHOT [21].

KonnenTpariis HITpaT 10HIB, SK JKepeia HITPOTeHY, Y KUBUIHHOMY CEPEIOBHIII
BILJIMBAE K Ha MPUPICT OlomacH, Tak 1 6iocuHTe3 MeTabomiTiB [61]. ¥V mpoiieci 3acBOEHHS
HITpaTy BiIOyBa€ThCs HOTO MEpEeHEeCeHHs uepe3 MeMOpaHy KJIITHHH, TMEPEeTBOPEHHS 0
HITPUTY 1 B MOJAJIBIIOMY JI0 aMOHII0, YC1 TIpoliecu — eHeproButpaTHi. HitpaT-peaykrasa,
0 3HAXOJMUTHCSA B IUTOIIA3Mi 1 B MIPEHOIIl MIKPOBOJAOPOCTI, aKTHBYE BiTHOBJICHHS
HITpaTy A0 HITPUTY 3a BUKOPUCTAHHS MIpUAMHOBUX HyKiIeoTHIIB (AT®, I'TO) sk
JIOHOPIB eJIeKTpoHiB. HiTput penykraza — QepMeHT XJIOpOIIacTy, BUKOPHCTOBYE
dbepeoKCHH SIK JOHOP EJEKTPOHIB B peakilli mepegadi 6 €JNEeKTPOHIB y TMpoleci
BIJIHOBJIEHHS HITpUTY [28]. CaMe 3HaYHUMU €HEPreTUYHUMHM 3aTpaTaMu Ha BIJHOBJICHHS
HITPOre€Hy MOKHA TMOSICHUTU HIDKYMUA MpUPICT O0ioMacu MIKPOBOJOPOCTEN 3a BBEICHHS
HAJIJTUIITKOBOI KIJTbKOCT1 HITPaTHOT KUCJIOTH BIITHOCHO BUKOPUCTAHHS SIK JIKEpelia a3oTy
aMOHII0. 3a MIJBUILEHHS BMICTY HITPAaTHOI KHUCJIOTH B KYJbTYpaJbHOMY CEPEIOBHILI
B1JIOYBAETHCS 3HMKEHHS MpUpocTy Olomacu (puc. 4.4), 0 MOACHIOETHCS 3aKUCHEHHSIM
cepenoBua (puc.4.5).

[Ipore, 3a BUKOpPUCTaHHS HITpAaT-HOHIB SK JDKepena HITPOTEHYy B
HEHAJMIPHUX KUIBKOCTSIX, IPU OT0 CIIO’KUBAaHH1 B110yBa€ThCs MABUILICHHS 3HaYeHHs pH
KUBUIBHOTO cepenoBuia. Lle xapakTepHo AJis 101aTKOBOTO BBEICHHS HITPATHOT KUCIIOTH
3 koHIneHrpaiier 0,19% (40 ppm okcuaiB a30Ty) Ha TpeTiO A00y KyJIbTHBYBaHHS (pHC.
4.5).

3HmkeHHs 3HaueHHs pH cepenoBuina y mepiiri 1Bl J0OM Mpy BHECEHH] HITPATHOT
KUCIOTH 3  KoHmeHTpamismMu 10 0,28%  MOSICHIOETBCS — alanTari€ero  KIITHH
MIKpOBOJIOPOCTE 1O Takux YyMOB cepemoBumia. g BCiX — HAIIUIIKOBUX
KUIBKOCTEW HITPATHOI KHCIIOTH, III0 BBOJUTHCSA, CIIOCTEPITAETHCS 11 CIIOKUBAHHS, TIPO 1110
CBIIYUTHh MaiKe OJTHAKOBUU BMICT HITPOTE€HY B KYJbTypaJIbHOMY CEpeOBUII HA 4 100y

KyJbTUBYBaHH4 (Tabi. 4.4). Lle He cynepeunTs JaHUM, OTPUMaHUM B poOoTi [61].
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Pucynok 4.4. 3miHa KiIBKOCTI KIITHH (2) Ta MIBUAKOCTI iX pocTy (6) mpoTsrom

4yacy KyJIbTUBYBAaHHS 3a i1 @30THOI KUCJIOTH PI3HOT KOHIIEHTpaIlii

8
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5
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Pucynoxk 4.5. 3mina pH cepenoBuiia npoTsarom 4acy KyJbTUBYBaHHSI 3a 11 a30THOL

KHUCJIOTH P13HOT KOHIIEHTpaIlil
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Tabnuusg 4.4. [TokazHUKH KyJIBTYpaJIbHOIO CEpeIOBUIIA 32 i HITPATHOI KUCIOTH

Ha 4 100y eKCIIEpUMEHTY.

omen- | S | St [ o | o] G
Tpauis KapOoH, p : . BHeceHHs1 HNO3
HNO T/ KapOoH, KapOoH, HITpaTiB \

3 A mr/am? mr/am> NO;s", mr/am> (4 mo6u), Mr/am
0% 33,7£1,6 23,5+1 10,2+0,5 690+34 -
0,19% 32,9+1,6 22,6+1 10,3+0,5 690+34 16348
0,28% 31,2+1,5 21,4+1 9,8+0,5 690+34 240,2+10
0,37% 28,2+1,4 19,2+1 9,0+0,5 690+34 317,4£15
0,47% 23,6+1 14,8+0,7 8,9+0,5 690+34 403,2+20

[Ipu 301IbLIEHH] KOHUEHTpAIll HITPATHOI KUCJIOTH B CEPEAOBHILI 3MIHIOETHCA
MeTa0oJ13M KJITUH, PO IO CBIIYUTH 3HMXKEHHS BMICTY KapOOHY B KYJIbTYPaJbHOMY
cepenoBuili (tabn. 4.4). Tobtro, npu OapOOTyBaHHI CepelOBUINA KyJIbTUBYBAaHHS
ra3oBUMH BHUKHJAMU 3 KOHIEHTpALIE€ OKCUAIB HiTporeny Ouibie 0,28% (60 ppm)
BiJI0YBAETHCS 3HIKEHHSI CHHTE3Y 1 BUXOY METa0OITIB 3 KIITHHHU.

Bigomo, 1o mpu BHCOKHMX KOHIIEHTpAIlSX OKCHIM a30Ty Ta CIPKM HEraTHUBHO
BILUIMBAIOTh HA PICT MIKPOBOJAOPOCTEN, OJIHAK MPOIECH MONEpeaHbOo1 necyabdyparii Ta
neHiTpudikarii, B ToMy 4YHCI O10JOT19HOI, B MICISX YTBOPEHHS Ta30BUX BHUKHJIB,
MOXYTh MPU3BECTH 10 3HAYHOTO 3HUNKEHHS SOy 1 NOy BIAMOBIIHO, B pe3yjbTaTi 4Oro
HETaTUBHUW BIUTMB 3a0pyJHIOBAYiB Ha KYyJIbTHBYBAHHS MIKPOBOJOPOCTEH MOXKHA
MIHIMI3yBaTH.

Buxonsum 3 HaBeJEHOTO MOXHa KOHCTaTyBaTH, IO Ha YTHIII3AIiI0 Ta30BUX
BUKHJIIB MiKpoBogopoctamu Chlorella vulgaris Oynie BINTUBATH BMICT OKCUMIB CYyIbPypy
Ta HITporeHny. MakcumanbH1 TpaHUYHI KOHIIEHTPAIlil OKCH/IIB B Ta30BUX BUKHUJAX, SKI HE
MPU3BOJATH /10 3yNIMHKU PO3BUTKY KJIITUH, € 15 ppm SO, Ta 40 ppm OKCHAIB a30Ty st

IIOYaTKOBOI KoHIeHTpamii 85+5-10* xmitun/cm®. IligBUINEHHS BMICTYy OKCUIIB B
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CepeIOBHIII KyJbTUBYBAaHHS MPHU3BOAMUTH O 3HIKEHHS MPUPOCTY OioMacu, 3HIKEHHIO
IIBUJIKOCTI OYMILEHHS BUKHUIIB, 1, Y BUIAQJKy OKCHIIB CyIbPypy, — J0 pyHHYBaHHS

xjopodiny Ta 3arudeni KITHH.

4.2 PeumpkyJisinisi ra30BMX BUKM/IIB i il BIVIMB HA CMHTE3 JIiMiAiB

MIKPOBOJOPOCTSIMH

l'azoBi Bukuaum 3 3 OnpmTuHChkOi TEIL] BBommmm B dorobiopeakropu miis
YTHJII3aIlli OKCH/IIB B IIPOIIEC PEIUPKYIIALIT 3a BUKOPHUCTAaHHS Hacocy. Ha Bxoi 1 Buxo/ii
cucrteMmu OiopeakTopiB BiOyBaBcs 3amip KoHieHTpatii CO,, O,, CO, NO, NO,, SO..

B omnoGiopeakropry cuctemy (SBS single-bioreactor system), 06’emom 1 mm?
ra3oBl BUKHU]IM HAJIXOJWIM OJJHOPA30BO, a B MyJbTHOIOpeakTopHii cuctemi (MBS multi-
bioreactor system) ra3oBl BUKHIH IPOIYCKAJIW Y€pPE3 YBECH JIAHLIOT 3 I’ SITH PEAKTOPIB 1
JTOCITIJIXKYBAJIMCS] Ha BUXOJ1 3 OCTaHHBOTO peakTopa MBS 5. ["a30B1 BUKUAM BIAPI3HSINCH
3a BMICTOM J10KcUy KapOoHy. KoHTponbHUI 3pa3ok Oe3nepepBHO acpyBaiu MOBITPSM.
[Ticnst mpoBeAeHHS JOCHTIKEHb OTpUMaHy Oiomacy 30upanu JJisl OJaIbIIoi 0OpOOKH 1
OTPUMAaHHS 3 HEl JIIMIIIB, K1 aHATI3yBaJu Ha BMICT KUPHUX KHUCIIOT.

Ha puc. 4.7. HaBegeHO 3MiHYy KUIBKOCTI KIITHH Ta IIBUJIKOCTI  POCTY
MIKpOBOIOpOCTeH 3a KoHLeHTpailii 8 £ 2% CO,. bap6oTyBaHHS TPOBOAWIN OE3MEPEPBHO.
[Ipupict OGiomacu B MyJbTUOIOpEAaKTOpPIHA CcUCTeMi OyB JeHi0 BUIUN, HIK B
OJIHOOI0pEaKTOPHIN, M0 TOB’S3aHO 3 PO3MOJAUIEHHSM Ta30BOr0 BIUIMBY, WIO

IITBEPKYETHCA 1 BUIIUMU 3HaYeHHsIMA pH B MBS nipotsirom ekcniepumenty (puc. 4.8).
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Pucynox 4.7. 3MiHa KUTBKOCTI KJIITHH (@) Ta MBUAKOCTI iX pocTy (0) mpoTsArom
Yyacy KyJbTUBYBaHHS B T€PMETUYHO CHOIy4YeHUX (oTOOIOpeaKTopax 3 peuupKyJIALi€r0

ra30BHUX BHKHUIB, O MICTATh 8 £ 2% CO,

H SBS
EMBS1

pH

MBS 2
B MBS 3
mMBS 4

B MBS5

0 24 48 72
t, rop, W KOHTPO/b

Pucynok 4.8. 3anexHicts pH BiJ yacy KyJbTHUBYBAaHHS B TEPMETUYHO CIIOTYyUEHUX

boTobiopeakTopax 3 peUUPKYJISIIEI0 Ta30BUX BUKUAIB, IO MICTATH 8 = 2% CO..
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[Ticnst mepioro JiHsI, KOJAU B1A0YJIOCh HACUYEHHS KYJIbTYPaJIbHOTO CEpPEIOBUIIA
BYTJICKHCIIMM ra3oM, piBeHb Horo noriauHaHHsa B SBS ¢gotopeakTopi 3HMXKYETHCS, B TOU
gac sk B MBS cuctemi normunanns CO, 30epirajgo cTaOUIbHIIIUN PiBEHb MPOTATOM

nociimxeHHs. Takox B MBS nocuts edexruBHo Bunanserscsa NO; (puc.4.9, 4.10).

12 - a 6
10 20
8
:\: . 15
9: 4 °\=: 10 -+
3 2 8 5
0 K}
O -
0 12 24 36 48 60
60 - t, rog
= B
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E g 40 I L 1 M BxigHi razosi Bukuau SBS, MBS
T x I
Sz 20 &L . — &
% E I d: a I ® BuxigHi rasu 3 SBS
'ue_l' S 0 T T T T r \
e 0 12 24 36 48
t,roa M BuxigHi rasu 3 MBS
SBS MBS

Pucynox 4.9. BMmict Byriekucioro ra3y (a) i kucHio (0) B ra30BUX BUKHIAX Ha
BXOJI 1 Ha BUXOJIi omgHOOIopeakTopHOi SBS Ta mMynbrubGiopeakTopHoi MBS cucrtemu.

EdexTUBHICT CIIOXKUBAHHS BYTJIEKUCIIOTO rasy (B).
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o
g g 30
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3
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g
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£
32 M BuxigHi rasm 3 SBS
0
0 12 24 36 48 60 6 W BuxigHi rasm 3 MBS

t, rog
Pucynok 4.10. Ckiaa KOMITIOHEHTIB Ta30BHX BUKHJIB Ha BXOJl 1 Ha BUXOII
oaHoOiopeakTopHOi SBS Ta mynbTudiopeaktopoi MBS cuctemu.
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Ax BugHO 3 Tabn. 4.5 B cepeOBUII KYJbTUBYBAHHS MICHS Jii Ta30BUX BUKHUJIIB
3MEHIIY€ETHCS BMICT HITPOTEHY 1 30UIBIIYETHCS BMICT KapOOHY MO BIAHOIICHHIO 0
KOHTPOJIBHOTO 3pa3ka. BiamoBinHO, BiIOyBaeTbcs 3MiHA METa0OMI3MYy KIITHH 3
OiocuHTe3y O1ska Ha 010CHHTE3 OaraTUx Ha €HEPrilo PeUuoBUH — JMimiaiB. [Ipu oMy s
BCiX (oTopeakTopiB ogHOOIOpeakTopHOi SBS Ta MymprHbOiopeakTopHoi MBS cuctemu,
3pocTae mpupict 6iomacu, ocoonuBo B MBS 2 ta 3 (tabn. 4.6). Buxin 6iomacu s
TpeTboro (GotopeakTopa B 3 pa3u OUIbLIMI, B TOPIBHAHHI 3 KOHTposieM. MeHIia
KoHIleHTpalsi 6iomacu 11t SBS ta MBS 1 dotopeakropis, nopiBasHo 3 MBS 2, 3,
MOSICHIOETHCSI HETAaTUBHUM BIUTMBOM TiBUIIEHOI KoHIeHTpalii CO, B ra30BUX BUKHIAX

(Ta61.4.6).

Tabmuug 4.5. BMICT 3araapHOro a30Ty, OpPraHidHOIO Ta HEOPTaHIYHOTO KapOOHY
B KYJbTYpaJIbHOMY cepeloBHIll Ha 4 100y KyJIbTUBYBaHHS IICisi OOpOOKH Tra30BUMHU

BUKHJIAMU, 110 MicTITh 8 + 2% CO;.

. 3aranpHui . .
3arajgbpHuH ) . | 3aranpHuii | Heopraniun
) OpraHiuHUM -
3pa3ok HITPOTEH, KapOOH, | Wi KapOOH,
3 KapOOH, 3 3
MTI/IM 3 MTI/IM MI/IM
MI/aM
SBS 601,3+30,1 77,48+3,87 140,3+7,0 | 62,82+3,14
MBS 1 596+29,8 70,29+3,51 145,0£7,3 | 74,72+3,74
MBS 2 | 584,9+29,3 96,36+4,82 173,5+8,7 77,1£3,9
MBS 3 585,7+29,3 84,52+4,23 162,5+8,1 | 77,96+3,90
MBS 4 | 576,1£28,8 79,45+3,97 164,6+8,2 | 85,13+4,26
MBS 5 597,1+£29,9 65,21+3,26 127,8+6,4 | 62,62+3,13
KOHTposib| 671,3+£33,6 25,3+1,3 43,9422 18,6+0,9
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Tabmui 4.6. BmicT cyxoi 6iomacu Ta JimiaiB Ha 4 100y KyJbTUBYBAHHS IIiCISA

00pOoOKM Ta30BUMH BUKHIAMH, 110 MICTITh 8 £+ 2% CO,

KonmenTpariis cyxoi 6iomacw, S
P Bwmict miniais
T
3pa3ok " . - N, % S, %
Cyxoi | Opraniu- | Minepais-

.. .. r/am> %
MacH | HOI Macu | HOI Macu

SBS 0,40+0,02 | 0,36+0,02 | 0,043+0,002| 7,91+0,40| 0,12+0,01| 0,037+0,02| 9,2+0,5
MBS 1 | 0,50+0,02 | 0,45£0,02 | 0,047+0,002| 5,49+027| 0,11+0,01| 0,057+0,03 | 11,4+0,6
MBS 2 | 0,72+0,04 | 0,68+0,03 | 0,049+0,002| 2,55+0,13| 0,06£0,01| 0,074+0,04 | 10,2+0,5
MBS 3 | 0,85£0,04 | 0,73£0,04 | 0,121£0,006| 7,98+0,40| 0,10+0,01| 0,081+0,04 | 9,5+0,5
MBS 4 | 0,40+0,02 | 0,35£0,02 | 0,052+0,003| 3,11+0,16| 0,07+£0,01| 0,043+0,02 | 10,5+0,5
MBS 5 | 0,59+0,03 | 0,52+0,03 | 0,071£0,004 | 4,14+0,21| 0,09+£0,01| 0,053+0,03| 8,9+0,4
KOHTPOJb| 0,28+0,01 | 0,25+0,01 | 0,023+0,001| 6,0£0,3 | 0,29+0,1 | 0,012+0,01 | 4,3+0,2

biomaca, BupomieHa B 0qHOOIOpEaKTOpHIN cuctemi, mictuia Ha 5 % Oiiblie
JIN11B, HIXK KOHTPOJIbHUM 3pa3ok (Tadu. 4.6). B MynbTHO10peakTOpHii cucTeM], JI€ IOTIK
ra30BUX BUKUJIIB PO3MOIIISBCS OYEPrOBO MIXK pEaKTOpaMHu, pi3HULS CKIaaae Bia 4% 1o
7%, IOPIBHSIHO 3 KOHTpOJIeM. BpaxoBytouu MoKa3sHUKU MPUPOCTY JUIsl YCiX 3pa3KiB, MOKHA
BIIMITUTH, 1O Jis OUIbII BUCOKMX KOHILIEHTPAIIIM BYTJICKUCIIOTO Ta3y MPUTHIYYyBajia picT
1 PO3BUTOK KYJBTYPH, IO 3PEIITOI MPU3BOJUTH 0 3arubOeini KIiTHH. BuxopucranHs
MyJIbTHOI0PEaKTOPHOI CHUCTeMH s KynbTuByBaHHsi Chlorella vulgaris 3a ymoBu
niaBuieHoi koHuentpaiii CO, nae 3Mory yTUii3yBaTu JIOKCHT KapOOHY Ta 3MEHIIUTH
JI10 CTPEcOBOro (aKTOpy Ha KYIBTYpY.

B T1abn. 4.7 HaBeneHO CKIaa KUPHUX KHCIOT, SKI YTBOPIOIOTHCA MpH i
MIIBUINEHOT KOHIEHTparii miokcuay kapOony. Ha puc. 4.11 — nHaBenenuit
xpoMarorpadiuHuii aHasi3 KUPHUX KHUCIOT, K1 MICTATHCS B KIITHHAX, A€ SK CTaHNIAPT

BUKOpHUCTOBYBaM Bigomy KiibkicTh KK C13.
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Tabmums 4.7. JKUpHOKUCIOTHUN CKJIaJl MIKPOBOAOPOCTEH, Ticis OOpoOKu

ra30BUMH BUKHIAMH, 1110 MICTATh 8 £+ 2% CO».

Kuphna
SBS MBS 1 MBS 2 MBS 3 MBS 4 MBS 5 KOHTpPOJIb
KHCJIOTa
C14:0 0,47+0,02 | 0,42+0,02 | 0,43+0,02| 0,43+0,02 | 0,41+0,02 | 0,40+0,02 | 1,73+0,09
Cl4:1 0,26+0,01 - - - - - 1,93+0,10
C16:0 | 28,55+1,43| 30,98+1,55| 27,07+1,35 26,68+1,33| 27,26+1,36| 28,11+1,41| 22,33+1,12
Clé:1 5,52+0,28 | 3,39+0,17 | 4,36+0,22| 4,69+0,23 | 4,09+,20 | 2,20+0,11 -
C17:0 - - - - - - 2,19+0,11
C17:1 4,17+£0,21 | 4,42+0,22 | 4,06+0,20| 4,38+0,22 | 5,00+0,25 | 6,18+0,31| 4,61+0,23
C18:0 0,62+0,03 - 0,53+0,03| 0,53+0,03 | 0,47+0,02 - 0,68+0,03
C18:1
3,51+0,18 | 2,43+0,12 | 2,91+0,15| 3,01+0,15| 2,63+0,13 | 2,19+0,11 | 1,86+0,09
TRANS 9
C18:1
CIS 9 46,12+2,31| 44,21+£2,21| 48,60+2,43| 48,13+2,41| 46,96+2,35| 43,76+2,19| 33,34+1,67
C18:2
CIS 9 10,78+0,54| 14,15+0,71| 12,02+0,60[ 12,15+0,61| 13,19+0,66| 17,16+0,86| 32,01+1,60

Ax BugHO 3 Tab. 4.7 3a [ii MiABUIIEHOTO0 BMICTY JIOKCHIY KapOOHY B ra30BHX

BUKUAAX B KIITMHAX MIJABUILYETbCA BMICT HacuyeHuX >kupHuX kucior (C16:0) 1

MoHoHeHacuueHux (C16:1, C18:1) 1 3HMKY€EThCS BMICT NoJliHeHacuyeHux KuciotT (C18:2)

B MTOPIBHSIHHI 3 KOHTPOJIEM.

Takum uynHOM, 3MiHIOIOYM KOHIeHTpalil0 CO, B ra3oBuUX BHUKHJAX MO>XKHA

BIUTMBATH Ha METa0O0Ii3M KJIITHUH MIKPOBOJAOPOCTEH 1 BIATOBITHO HAa OI0CMHTE3 KMPHUX

KHCJIOT.

110



* T T e T
o SBS . == MBS 1
00 3 i
- N0 | 2
seomn wam) i 7
som s » g ‘ i f | |.|
2 ST g .l'a_ 3 ___..&,1“ T T —= .
E e ] w‘ £] 1§ 16 08 s 12 NS WS S s LY S ) L] LL3 ns N L
Pt g S K ”.”:;l‘ .
P BEN-';:
n nme |
o s} i
et i o} i H
‘ | i £ ] i
oo I ; 1 1w . .
- i S O - # _
% ., AN : |!J L)
Bl P gy _.._,L#-I-—T" PO L T - I "5 SO 1,17 "W, W 1, 9 L)
W W WE. N WA 12 s 11 8 WS 4 8 W W8 0 ms 1w s T T B T T A I 7 3 T R T 7 B T B T
} o [
45 000 5 (0000
<ot MBS 4 e MBS5
o 000
0 X0 000
o 3 ild
5000 \ o i ‘ !
o o I | | et N |
. ,.“ 1 J L L osh o : l]fi Lo f !
ST | T | ‘yl'}&«ph«#—'&-ql'i— ek W S b g g
"W " 12 3 “ " " " " 15 E 2 s 19 105 n ns 12 125 17 1S " S 15 155 18 165 7 15 ALl LU 15
T s
:: KOHTpOﬂb H J‘“'I Imector(s) (G Actual Selpont F.ohlnsnrf b V]
¢ : ork [EFC 2
e | @3 Front (1177 Spit/Spltless) Fone: 1,0 ml /e
e Y | Temp. 0T WC Linew valociy 7.7 emiec
20
el
Ll
14 000
14 00
12000
o0 - -
8000 g § 1 L]
s |
s N T 0| Oven Q  Actual SetPoint Detoctarls) ) Actusl Setpoit
2000 el i & I\ s 3 g | — Cobumn oven 2one 00 v
i e e E s Sl 4 prorere _ : Signal 0,000 i
qu_\ BORS W 13 M WS 2 1S 1 NE M OMS M IS W WS W7 TS W Ws W Teme. 40°C 40°C Temo. 50'C 50C

Pucynoxk 4.11. XpomaTtorpadiuynuii aHami3 KUPHUX KHUCIOT OTPUMAHUMN 3a Mii

ra3oBUX BUKHIB 3 KoHIIeHTpalieo CO, 8+2%.

Ha puc. 4.12 HaBeneHO 3MIHY MIBUAKOCTI POCTY Ta KUIBKICTh KIITHH NpU
KYyJbTUBYBaHHI 32 BUKOPUCTaHHS ra30BUX BUKUIB 3 BMicTOM 5+2% CO,, 1110 CTAHOBUTH
ONTUMAJIbHY KOHIICHTPAIII0 BYTJIEKHCIOrO Tra3zy JUisi OUIBIIOCTI IITamiB XJIOPEIH.
KonTponbsHuii 3pa3zok 6apo0TyBaBCs MOBITPSIM, sike HaaAX0auI0 6e3nepeprHo. [IIBuaKiCcTh
POCTY KJITHH B MYJIbTHO10PEaKTOPHIN CUCTEMI, SIK 1 B TIOTIEPEIHIN cepii, Oyia BHINa, HIXK
B KOHTPOJIi, 110 MOB’S3aHO 3 PO3IMOAUICHHSIM Ta30BOTO BIUIMBY, L0 MiATBEPIXKYETHCS 1
BUIIMMU 3HauYeHHsMH pH B  MynpTHOIOpEAaKTOpPHIA  CUCTEMi, TMOPIBHSHO 3

0JTHOO10pEaKTOPHOIO, MPOTATOM eKCriepuMeHTy (puc. 4.13).
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Pucynox 4.12. 3miHa KiTbKOCTI KIITHH (a) Ta IBUAKOCTI pocTy (0) IPOTATOM Yacy
KyJIbTUBYBAaHHS B T€PMETUYHO CIIOTy4YeHUX (POTOOIOpEeaKTOpax 3 pelupKyJISAII€I0 Ta30BUX

BUKHJIIB, IIT0 MICTITE 5 + 2% COs,.
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Pucynok 4.13. 3mina pH Big yacy KyJbTHUBYBaHHS B T€PMETUYHO CIOJYyUYEHUX

boTobiopeakTopax 3 peUUPKYJISIIEI0 Fra30BUX BUKUAIB, IO MICTATH S5 £+ 2% CO».
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Ha puc. 4.14 HaBeneHo BMICT AiOKCHIy KapOOHY Ta KHCHIO Yy ra3i, [0 HaJXOAUTh
1 BUXOUTH 3 oTOpeakTopiB. 3 puc. 4.14 BUIHO, 1110 BUKOPUCTAHHS MYJIbTHO10pEaKTOPHOT
CHUCTEMH 31 301IBIIICHHSAM Yacy KyJIbTUBYBAHHS JIa€ 3MOTY yTHIII3YBaTH OUIBINY KIJIBKICTh

BYTJIEKUCIIOTO Ta3y MOPIBHSIHO 3 OAHOPEAKTOPHOIO.

w(CO2), %
N O N A O ®

B BxigHi rasosi Bukuaun SBS, MBS

L I I M BuxigHi rasu 3 SBS

EdeKTuBHicTb
nornuHanHs (CO2),
%

2
H
B,
H
—

o

0 12 24 36 48 60 t,ron BuxigHi rasm 3 MBS
SBS MBS

Pucynok 4.14. BMicT ByTJIEKHMCIOTO ra3y 1 KUCHIO B Ta30BHUX BUKHJIaX HA BXOM1 1
Ha BuUxoni oaHoOiopeakTopHoi SBS Ta wmynerubiopeaktopuoi MBS  cuctemm.

EdextupnicTs normmHanHsa CO; IpOTIroM 4acy JAOCIIIKEHHS.

[TopiBHSIHO 3 MOMEPETHBOIO CEPI€I0, J€ BMICT BYIJVIEKHCIOTO Ta3y y Ta30BHX
BUKWJAaX cTaHOBUB 8 =+ 2%, mpu aii razoBux BUKuAiB 3 BMicToM CO, 5 £+ 2%,
CIIOCTEPITa€eThCs OlIbIIIEe CIIOKUBAHHS a30Ty 3 cepenoBuina (tabm. 4.5, 4.8), miaBUILIEHHS
BUXOJy Cyxoi Oiomacu s Bcix cucteM (tabdn. 4.6, 4.9). Buxig OGiomacu ajisi BCIX
peakTopiB y 3 pasu Ouiblne, HIX s KOHTpoiro. Takoxx Olomaca XapakTepU3yEThCs
BUIIIMM BMICTOM €JIEMEHTApHOro HiTporeHy (tadin. 4.10), MOpIBHSHO 3 KOHTPOJIEM, 110
CBIIYUTH MIPO BIACYTHICTh CTPECOBUX YMOB 1 O10CHHTE3 O1IKIB. 3MiHa METabO013My B 01K
O0locuHTE3y OUIKIB TaKOX HIATBEPDKYETHCS 3HIKEHHSIM BMICTy dimiaiB (tadmn. 4.9),
3HAUEHHSA SAKUX HAOMMKAEThCS [0 BMICTY JIMIJIB B KOHTPOJBHOMY 3pa3Ky, KpiM

0JIHOO10pEaKTOPHOI CUCTEMH.
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Tabmuig 4.8. BmicT 3araapHOro a30Ty, OpPraHIYHOTO Ta HEOPTaHIYHOTO KapOOHY

B KyJbTYpaJIbHOMY cepefoBUllll Ha 4 100y KyJIbTHBYBAHHS Miclii 0OpOOKH Ta30BUMU

BHUKHAAMH, 110 MICTATE S5 £+ 2% CO,.

3arajgbHu
3arajibHui _ 3arajibHui Heopraniynumii
3pa3ok . OpraHiuYHUN
HIiTpOreH, Mr/am’ KapOoH, Mmr/am> | KapOOH, mr/am>
KapOoH, Mr/am>
SBS 514,5+25,7 17,7£0,9 50,1£2,5 32,4+1,6
MBS 1 534,8426,7 18,1+0,9 48,6+2.4 30,5+1,5
MBS 2 515,8425.8 38,1+1,9 68,9+3.4 30,9+1,5
MBS 3 494,0+24,7 20,7+1,0 49,1+2,5 28,4+1,4
MBS 4 518,5+£25,9 21,0+1,0 48.,5+2.4 27,6+1,4
MBS 5 533,0+26,7 19,6+1,0 42,5+2,1 22.9+1,1
KOHTPOJIb 671,3+33,6 25,3+1,3 43,9422 18,6+0,9

Tabmuus 4.9. KonnenTpaiiisi cyxoi 61omacu Ta JimiiB Ha 4 100y KyJIbTUBYBaHHS

micist OOpoOKH Ta30BUMH BUKHIAMHU, 110 MICTSITh 5 £ 2% CO».

Konuenrpanis cyxoi 6iomacu, r/am’ Bwmicr ninminiB
3pa3ok Opraniunoi | MiHepanbHO1
Cyxoi Macu r/am? %
Macu Macu

SBS 0,89+0,04 | 0,79+0,04 | 0,104+0,005 | 0,058+0,003 | 6,46+0,32
MBS 1 0,87+0,04 | 0,77+£0,04 | 0,095+0,005 | 0,035+0,002 | 3,98+0,20
MBS 2 0,93+0,05 0,84+0,04 | 0,092+0,005 | 0,026+0,001 | 2,78+0,14
MBS 3 0,95+0,05 0,85+0,04 0,99+0,005 | 0,032+0,002 | 3,41+0,17
MBS 4 0,93+0,05 0,83+0,04 | 0,097+0,005 | 0,030+0,002 | 3,22+0,16
MBS 5 0,79+0,04 | 0,71+0,04 | 0,078+0,004 | 0,038+0,002 | 4,77+0,24
koHTpoJsib | 0,28+0,01 0,25+0,01 0,023+0,001 | 0,012+0,001 | 4,29+0,21
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KonmnenTparis minigaiB y 6ioMaci, BUpOIIEHIA B OJTHOOIOPEaKTOPHIA CHUCTEeM1 Ha
50 % Oinpina (1110 MOB’sA3aHO 3 OJJHOYACHUM BIUIMBOM BYTJIEKUCIIOTO ra3y Ha OJAMHUYHUNA
00’eM KynbTypanabHOTO ceperoBuina SBS), HiK B KOHTPOILHOMY 3pa3Ky.

Takum uymHOM, 3MiHIOIOYM KoHIEHTpamito CO; B ra3oBUX BHUKHIAX MOKHA
BIUTMBATH Ha MeTabodi3M KIITHH MikpoBoaopocTeil. [lpu 3HMKEeHHI BMICTY A10KCHITY
KapOOHYy B Tra3oBUX BHUKHJAX BIAOYBAa€TbCsl CUHTE3 OUIKIB, MPH MiABUIICHHI HOTO
KOHIIEHTpAIlii — CHHTE3 3allaCHUX CHEPTeTUYHNX PEUOBHH.

Xnopena, 110 MiaBanach BIUIMBY JUMOBHX Ta3iB, MICTUTh BUIIHUNA BMICT a30Ty,
KapOoHy Ta BoJHIO (Ta0. 4.10), MOPIBHSHO 3 KOHTPOJIEM, a OTXe Oarara mrMeHTamu Ta
O1IKOM, sIKi MAIOTh BEJIMKE 3HAYCHHS JJIi PO3POOKU OI0TEXHOJIOTI] OTpUMaHHS PEUOBUH
JUIS  Xap4oBOi, BETEPUHAPHOI, CIIBCHKOTOCIOAAPCHKOI TMPOMHCIOBOCTI. 3a yMOB
nigsuieHoro Bmicty CO; B Tra3oBUX CyMmillaX B KIITUHAX IiJIBUIIYETHCS BMICT
xjopodury, 110 MOXe 3a0e3NeUUTH OLIble POTOCUHTETUYHUX JIJISHOK I TTOTJIMHAHHS
ceitia. Ile 3abe3neuye Oinbine eneprii qis dikcarii CO; Ta CHOXKUBAHHS J0JIaTKOBOTO

BHYTpimHbOKIITUHHOTO CO; [52].

Tabmuusa 4.10. BigcoTkoBuit ckian a3oTy, kapOOHY, BOJHIO Ta CIPKH B CyXii

Oilomaci.

3pa3ok N % C% H % S, %
SBS 8,5+0,4 49,1+£2,5 6,7+0,3 0,31+0,2
MBS 1 8,1+0,4 49,2425 6,8+0,3 0,22+0,1
MBS 2 8,6+0,4 48,8424 6,8+0,3 0,22+0,1
MBS 3 8,4+0,4 49,5+2,5 6,9+0,3 0,25+0,1
MBS 4 8,6+0,4 49,2+2.5 6,8+0,3 0,27+0,1
MBS 5 8,5+0,4 49,6+2,5 6,9+0,3 0,26+0,1
KOHTPOJIb 6,0+0,3 28,7+1,4 4,5+0,2 0,29+0,1
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B Tabn. 4.11 Tta puc. 4.15 HaBeaeHO CKJIaJ >KUPHUX KHUCIOT JIMiIB

MmikpoBogopoctet Chlorella vulgaris, MmO yTBOPUIUCH, TpHU KyJIHTUBYBAHHI 3a
BUKOPHUCTAHHS Ta30BUX BUKHIIB 3 BMICTOM 5 + 2% CO,. IlepeBaxarounmu KUPHUMU
KHCJIOTaMH y CKJIai JIMiAIB JUIsl 0AHOO10peaKTOPHOI 1 MyJIbTHO10pEaKTOPHOI CUCTEM €
naaeMiTHHOBA (C16:0), oneinona (C18:1 CIS 9), ninonena (C18:2 CIS 9). Ilo BigHOIICHHO
0 KOHTpOJto, 30umbmryeThest yactka C18:1 1 3Mmenmyerhcss gactka C18:2. Takox mo
B1IHOIIICHHIO JI0 KYJIbTUBYBaHHS KJIITHH 3a Jii ra30BUX BUKHUJIB 3 KOHIIEHTpaIlierw 8 + 2%

CO, 36impimyetbes yactka C18:2 xkucnor 1 3HMmKyeThes C16:0.

Tabmuua 4.11. XKupnokucnotuuii cknang (%) MikpoBomopocTed mpu
KYJIbTUBYBaHHI [IPH /11 ra30BUX BUKUAIB, 10 MICTATh 5 + 2% CO».
Kupna
SBS MBS 1 MBS 2 MBS 3 MBS 4 MBS 5 KOHTPOJIb
KHCJIoTa
C14:0 1,41£0,07 | 1,16+£0,06 | 2,56+0,13 | 1,70+0,09 | 1,42+0,07 | 1,21+0,06 | 1,73+0,09
Cl4:1 1,31+0,07 | 1,00+£0,05 | 2,05+0,10 | 1,92+0,10 | 1,35+0,07 | 1,15+0,06 | 1,93+0,10
C15:0 1,04+0,05 - - - - - -
C15:1 1,86+£0,09 | 1,14+0,06 - 1,48+0,07 - 1,24+0,06 -
Cl16:0 | 18,87+0,94 | 23,12+1,16 | 22,02+1,10 | 20,27+1,01 | 20,94+1,05 | 19,49+0,97 | 22,33+1,12
Clé6:1 1,19+0,06 | 0,41+0,02 - - - 0,41+0,02 -
C17:0 - - - - 3,45+0,17 - 2,19+0,11
Cl17:1 4,01+0,20 | 3,81+0,19 | 3,65+0,18 | 4,07+0,20 | 3,35+0,17 | 2,68+0,13 | 4,61+0,23
C18:1
0,94+0,05 | 1,86+0,09 | 2,27+0,11 | 2,18+0,11 | 3,06+0,15 | 2,30+0,12 | 1,86+0,09
TRANS 9
C18:1
CIS 9 44,65+2,23 | 44,71+2,24 | 44,58+2,23 | 44,37+2,22 | 44,63+2,23 | 51,38+2,57 | 33,34+1,67
C18:2
IS o 24,73+1,24 | 22,79+1,14 | 22,88+1,14 | 24,02+1,20 | 21,79+1,09 | 20,15+1,01 | 32,01%1,60

Hacuueni Ta HeHacuueH1 )KUPHI KUCJIOTH CTAHOBUJIU BiMOBIIHO 26,3 % Ta 73,3 %

BIJl 3araJIbHOTO BMICTY JINiAIB B yMOBax OapOoTyBaHHs MoBITpsiM. [Ipu KynbTUBYBaHHI
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MIKpPOBOJIOPOCTEH 3a J1i ra30BUX BUKHUIB 3 BMicTOM 8 + 2% CO, yacTku HacuueHux C16:0
KHUCJIOT 3pociu Ha 5-9%, HeHacnueHux xupHux kucinoT Cl18:1 - na 11-16%, a C18:2
3HU3WIUCH Ha 15-22 %. [Ipuyomy, B 01HO010pEaKTOPHII CUCTEMI, PI3HUIT MIXK KIJIBKICTIO
C16:0 Ta C18:1 Oinbiia, HXK B MyJIbTHO10peakTOpHiil cucteMi. [Ipu yomy 31 3MeHILIEHHS

BMICTY J10KCHTy KapOOHY B ra30Biif CyMillli pu mepexoi o gorodiopeakaTopax pi3HULS

MDK BHUIEHABEICHUMH KHCJIOTAMH 3MEHIINYETHCS, IO CIIBMAgae 3  OlIbIIAM
HAaBaHTAKCHHSM BYTJICKHCIIUM T'a30M MEPIIUX peakTopis (puc. 4.16, a).
SBS = MBS1 .
ool LA E s
e m*‘“‘“”“ﬁ“‘i# po g iy dop 0 i fa e **?l“ —p———
= MBS 2 -
sl 51 Y Qf"éur\'-"f.l ——]
o W [, |
Y Y % M#Jla»#\wfw -»J‘égl'\g LRW
S E [over
25333 KOHTPOJ'Ib 3 WBW‘ Injector(s) 3 Actual Setpoint Column pneumatics (3
1 L v v Front (EFC 21
il L | Front (1177 Splt/S pliless) e Ui
ifEEE iﬂ Temp. S0°C 50°C {-.:mmvﬂlnr.lw' },,U’mrla;;mr.
;EEE Oven Actual SetPoint EEIT‘[:FIE\'F] & Actual Setpoint
1an
2000 Colurmn oven zone ‘ I
e & TRl CLO s T S S SO o, 0T 0T |rim o s
Pucynox 4.15. XpomarorpadiuHuii aHami3 OIKUPHUX  KHUCIOT  KIITHUH

MIKpPOBOZOPOCTEM, IO YTBOPWJIMCH MpPH KYJbTUBYBAHHI 32 BHUKOPUCTAHHS Ta30BUX

BUKUJIIB 3 BMICTOM JIIOKCHUTy KapOoHy 5+2%.

117



[Tpu 6apO0TyBaHHI TA30BUMH BUKHUAAMU, 10 MICTATH 5 £+ 2% CO, mpoTtsirom 3 116
(puc. 4.16, 0), yacTku HeHacudyeHHX >KupHUX kucaoT C18:1 3pociu Ha 12-18%,
HeHacnyeHux C18:2 — smenmmuck Ha 7-12%, Tofl, K KUTBKICTh HACUYCHHUX JKUPHUX

KHUCIIOT KOJIMBAJIUCH B Mekax 2-3% BiIHOCHO KOHTpoto (puc. 4.16, 0).

I

MB31 MBS2 MB:3 MBS34 MBESS kowTpOAbL B MBS 1 MBS 2 MBS5 3 MBS 4 MBS 5 wowTpone

[
=]

[
[=]
[
[

BraicT weWp HX ke or, %
BraicT wupHM KacaoT, %

[
=]
=
=]

a u C16:0 Cl21Cl52 wmClE2CIs3 6 uC1&0 Cla:1CI55 wmCl&2CI59

Pucynox 4.16. BMicT mnepeBakarounx BHUIIB JKUPHUX KHCIOT B JiMigax
MIKPOBOAOPOCTEM, MICIs 00pOOKH ra30BUMHU BUKUIAMH, 10 MICTATH (a) — 8 = 2% CO», (0)

—5+2% CO..

Cepen ycix tumiB xupHux kuciaor, C16-C18 KK Oynu AoMmiHyrouMMH 3a
BUKOPHUCTAHHSA SIK JpKepesa KapOOHY MOBITPs Ta TMMOBHUX Tra3iB 1 CTAaHOBWIM ToHaA 85%
3araigbHOro Bwmicty JKK. ITansmiTunoBa kucnora (C16:0) 1 HeHacuyeHl oOJeiHOBa Ta
minonesa kuciotu (C18:1 CIS 9, C18:2 CIS 9) 6ynu 0CHOBHUMH KOMITOHEHTaMU JITIAIB
(Tabm. 4.7 ta 4.11). Baprto 3a3HauuTH, 1110 Xo4ya abcomoTHui BMicT C18 301b1IMBCS Tpu
NPOIMYCKAaHHI Ta30BUX BHUKUIIB, ajie KuibkicTh Cl6 30ubumiMcs y 3pa3kax, IO
BUPOIIYBAJUCH TIPH OUTBIIIN KOHIIEHTpAIIIl ByTJIEKUCIIOTO Ta3y.

Buxonsuu 3 HaBeIeHUX JaHUX MO>KHA KOHCTATyBaTH, 110 TiABUIIEeHHS BMIicTY CO,
B ra3oBUX BUKHAaX B 1,6 pasiB (BiZHOCHO 5%) MPU3BOAUTH JI0 MiJBUIICHOTO CHUHTE3Y
JIMIIB B MIKPOBOJIOPOCTSIX B 2 pa3u, 3HUKEHHS 010MacH B 2 pasu Ju1si 0THOO10peaKTOPHOI
CUCTEMHU. 3a BUKOPUCTAHHS MYJIbTHO10PEaKTOPHOI CUCTEMHU IM1JIBUILYETHCS BUX1]1 Oi0MacH

Ha 7-47% (TpeTiii peakTop) Mo BITHOIIECHHIO 0 OJHOO0IOPEAaKTOPHOI, B 3aJICKHOCTI Bij
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KOHIIEHTpalii Byrjaekuciaoro rasy (47% JIjs BUINOI KOHIEHTpallii). 3a BUKOPUCTAHHS
ra3oBux BUKUIIB 3 BMicToM CO, 5% — miaBuIy€eThCS O10CHHTE3 OLIKIB KYJBTYPOIO
MmikpoBogopocteit Chlorella vulgaris. ToOTO BUKOPHUCTaHHS Ta30BUX BHKHUIB 3 PI3HUM
BMmicToM CO, Jlae 3MOT'y BIUIMBAaTH HAa MeTa00J1i3M MIKPOBOAOPOCTEH 1 CIPSIMOBYBATU

CHHTE3 Ha Oa)kaHi MPOYKTH.

4.3 BnuiiuB razosux BukuaiB 3 ByrisibHoi TELL

MacmraboBana MiIOTHa YCTaHOBKA /I yTHJII3allii Ta30BUX BUKHIIB poOOYUM
06’emom 100 qv® Gyna ycranosiena 6esnocepenaso B nmpuminieni Onpmruacskoi TELL
Bbyno opranizoBane 6e3nepepBHe 0apOOTyBaHHS MOBITPSAM JJi IIEPEMIITYBaHHS 1 Mo/1aua
razoBux BHUKHIIB. Yac mojaui 1 00’eM rasiB, siKi HaJXOJWJIM O PEaKTOpa, HaBEJICHO B
Tabn.4.12. byno opraHizoBaHo JABI cepii JOCHiiB, Mepma — 3 J0JaTKOBOIO
dbutbTpaniero/necynbdypusailiero raszip (mpoiec onvcaHuid B posnaui 2.3), a Apyra — 3
0e3MmocepeTHbOI0 MOJaYet0 Ta30BUX BUKHUIIB JI0 OlopeakTtopa, aine KoHTpoiem pH,
BHACJIIJIOK YOT'0 [10/iaya ras3iB MpUIUHIIACA PU BIIXWIECHHI KUCIOTHOCTI B Mexax 0,2 (pH
= 6,5). Takox B 000X BUIaJIKax 3aCTOCOBYBajach J0JAaTKOBA Oe3MepepBHa PELIUPKYJIALIIS

ras3iB 3 peakTopa B TeMIli 6apOOTyBaHHS AJi OLIBII MOBHOI HOTO yTHIII3aIlli.

Tabmuis 4.12. Xapakrepuctuku rnojadi rasis 3 TEL B KyapTypalibHE cepeI0OBHUILEC

: 3 nogatkoBoto | [Ipsme HaAXOKEHHS
BapOoTtyBanHs 1 yac po6oTH . . .
diapTpartieo ra30BUX BUKHIIB
bap6otyBanHns HOBi”;“p}IM (6e3nepepBHE), 1200460 1200460
IIM°/XB
[Tonaya ra30BUX BUKUIIB, IM>/XB 480+24 400+20
q .
ac poOOTH HacoCy )'.IJ'ISI 110/1a41 Ta30BUX 1440472 13547
BUKH/IIB, XB
CyMmapHa KUTbKICTh BUKOPUCTaHUX 11520+576 900+45
ra30BHUX BUKHUIB, 1M’ 3a 11 ni6 3a 9 1o
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: 3 nopatkoBoto | [Ipsme HagXOKEHHS
bapOotyBanHs 1 yac poboTH . . :
dbiapTpariero ra30BUX BUKH/IIB

Bwmict CO; B ra3oBux BUKHIaX Ha BXOJ B

o 4,6+0,2 5,1+0,3
peakTop, %
Bwmict CO; miciag ogHOPa30BOro

. P 3,5+0,2 4,6+0,2

IIPOITYCKAaHHS KPi3b KOJIOHY peakTopa, %
Kinekicte nmoganoro CO; 3a yac 529,9+26,5 459423
JOCHIUKEHHS, IM° 3a 11 ni6 3a 9 16

Ycepenuennii cknaa razopux BukuaiB TEL, e npoBoauBcs 3a6ip rasiB, IpOTAroM
MPOBENICHHS eKCIiepuMeHTIB OyB TakuM (nani HagaHo MPEC Sp. z o. B Onburrusi): SO, —
16,15 £ 2 ppm, NOx (MaeTbcst Ha yBa3i OKCHUJI 1 IIOKCU a30Ty B niepepaxyHky Ha NO,) —
83,13+ 10 ppm, CO — 154,59 £ 20 ppm, O>— 6,8 £ 1,2 %, mun — 5 + 1 mr/m>, remneparypa
107,2 = 10 °C, cepeans Bosoricts 11,9 £ 0,6 06.%. BapTo 3a3HauuTH, 110 HA CaMOMY
HIJIPUEMCTBI Ta3u MPOXOAWIA MONEPEHI0 (DI3UKO-XIMIYHY OYMCTKY JUIsl JTOTPUMAHHS
HOPM 1 CTaHJapTiB BUKUIIB B aTMOchepy.

3 Tabmuii 4.12 BuaHo, 1o edextuBHICTh norauHaHHg CO; mics 0JJHOPa30BOI0O
MPOMYCKaHHS 3a MOMNepeaHboi Jecynbdypuzaiii cTaHOBUTH 24%, a BUKOPUCTAHHS
MepIOANYHOI T10/1a4l Ta30BUX BUKHIIB 3 MATpUMaHHAM cTanoro pH=6,5, cknamae 10 %.

Konnenrpamii  xnopodiny a HaBeneHo B Tabn. 4.13. 3a BUKOpHUCTaHHS
KaliOpyBaJIbHOT KpuBOi (puc.3.5) Oysio po3paxoBaHO KOHIIEHTPAIIIIO KIITHH Ta MIBUAKICT
POCTY KYJBTYPH MIKpPOBOJOPOCTEH, rpadiuHe 300pakKeHHS SKUX HaBeACHO Ha puc. 4.16.
Crocrepiraerbcs picT 1 PO3BUTOK KYyJbTYpH MIKpPOBOAOpOCTel B mnepui 4 go0u
eKcrepuMeHTy. Bummii npupict OioMacu XapakTepHMM JUIsl KYyJbTUBYBaHHS TpU
O0apOoTyBaHHI (IILTPOBAHUMH Ta30BUMH BUKHJIAMH, TIOPIBHSHO 3 KOHTPOJIEM, OCKIJIBKU
CEpe/IOBUIIE HACHUUYETHCS MOKMBHUMH pedoBHHAMM 3 rasiB. [IpoTe mani BigOyBaeTbcs
MEPECUYCHHSI CEPEIOBUIIA KOMITOHEHTAMH Ta30BUX BUKHU/IIB, BiIOYBA€THCA HAKOTTMUCHHS
METa0oJIITIB 1 MPUPICT 3HUKYEThCA. B KOHTPOJIBHOMY 3pa3Ky MpupicT OioMacu
30epiraeThCs MOCTIMHUHN. 3a TPUBAIOTO KYJIHTHBYBAHHS B MIPH Jii HE OYUIIICHUX Ta30BUX

BUKU/IIB (puc. 4.16, 6) ciocTepiraeThCs BUILEC 3HAUSHHS IPUPOCTY, MOPIBHSIHO 31 3pa3KOM
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(a), HEe 3BaKarOYM Ha BIACYTHICTh (IIbTpallli BXITHUX Ta30BUX BUKHJIB, OCKIJIBKH MPHU
JOCATHEHHI TPaHWYHO HU3BKUX MEXK KHCJIOTHOCTI CEpeloBHINA, Tojavya Tra3iB
MPUNUHAETHCS 10 HACTAaHHS BimHOBICHHS pH (11is BimOyBaeThCs mopa3y aBTOMATHYHO, 32
nornomororo pH-komm’torepa). ToMy 3aranbHa KiTbKICTh BBEJICHHUX Ta30BHX BUKH]IIB

PI3HHUTHCS B TIOHA]T JECATH pa3iB (Tabm.4.12).

Ta6nuua 4.13. 3aranpHa KOHIEHTpanis XJa0poily a, MKI/qM® Ha HOYaTKy i B KiHIi

EKCIICPUMEHTIB.
BapianT gocininy 3 10JaTKOBOIO (DUIBTPAILIIEIO [Ipsamuii moTik razy
Yac, roauH 0 24 96 264 0 192

Xnopogii (razosi 2065 3570 5090 7425

+ +

(}Ii:;IT)Oc()in: 1810 2675 4070 13160 220+11 | 7045+352
KOWIPOMR 1 41 | 2134 | 4204 | +658
HOBITPS), MKI/IM

Nx10¢ knit./cm3
E~Y wv
—
= N
w N w
—

H
Nx10°€ knit./cm3
-

o
[%;]

0 24 96 264 1, rop 0 = -

la30Bi BUKUMAN KoHTposib, nosiTps 0 192 t, rog

la308Bi BUKMKAN KoHTponb, nositpa

0,025 I

0 6 0
a 24 96 264 t, roa 192 t, roa

Pucynok 4.16. KonueHrtpaiisi KJIITHH Ta IIBUIKICTH POCTY MPOTATOM Yacy

EKCIIEPUMEHTIB (2 — 3 JI0JJaTKOBOIO (PUIBTpaIli€to, O — MPSMUIA TOTIK TA30BUX BUKHIIB).
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B Tabmuuax 4.14, 4.15 naBegeHa auHAaMIKa 3MIH ITOKMBHHX KOMIIOHEHTIB B
KyJbTYpaJbHUX CEPEIOBHILAX 3 IOJAATKOBOIO (PUIBTPAIIIEIO T 3 TPSIMUM TOTOKOM Ta30BUX
BUKHUIB TPOTATOM KYyJbTHUBYBaHHS, IO CBIYUTh HE JIMIIE TMPO TMOTJIMHAHHA IX
MIKPOBOJOPOCTSIMHU, ajI€ 1 MPO HAKOMWYEHHS META0O0MITIB B KyJIbTYPATbHOMY CEPEIOBHIII.
Sx BugHO 3 Ta61. 4.14, 4.15 MIKpOBOIOPOCTI HATAIOTH ITEpEBary aMoHito (110 He ToTpedye
JIOAATKOBUX €HEPreTUYHUX BUTPAT HA XIMIUHI IIEPETBOPEHHS) B SKOCTI JKepesa a3oTy 1
BUKOPHUCTOBYIOTH HOTO JIJIsl CHHTE3Y aMiHOKHUCJIOT, @ He HITPATH, PIBEHb SKUX JTUIIA€THCS
Maike He3MIHHUM. BMicT cynbdiTiB B KyJIbTypaIbHOMY CEPEIOBHUIII B yCIX BapiaHTax
MOB’SI3aHMM 3 HOr0 MOYATKOBUM  BMICTOM B  PO3YMHHUX  J0OpHUBaxX, IO
BUKOPUCTOBYBAJIMCH B IKOCTI ITOKMBHOT'O CEPEAOBUIIA. 3a OTHAKOBI MPOMIXKKH Yacy (7 Ta
8 110 KyJIbTUBYBAaHHS) CIIOCTEPITA€THCS MOTJIMHAHHS 10HIB CyJb(ITY 32 BUKOPUCTAHHS
OUMIIEHUX Tra30BUX BUKUMIB (Tabn. 4.14). 3a yMOB BHKOPHUCTAaHHS Ta30BHUX BHUKHU/IB
norJinHaHHs cyiabdiTiB Ha 15 % HuKYe, HIXK y KOHTpoJl. [IpoTe, B KOHTPOILHOMY 3pa3Ky
MICTUTBCS CYJIb(IT, BHECEHUH HA MOYATKY KYJbTUBYBAaHHSI, B TOM 4Yac, SIK 32 BUKOPUCTAHHS
ra3oBHUX BUKHU/IB BIIOYBA€ETHCS MOCTIHE HAIXOKEHHS IOKCUY Cynbpypy. B npyromy
BapiaHTi (Tabiu. 4.15) pi3HULA B MOTJIMHAHHI Cylb(ITIB ckianae 2%, 10 3HaXOIUTHCS B
Mexax moxuOku. PiBeHb MOrIMHAHHS Cylb()IT-10HIB NOAI0HUI 10 KOHTPOJIBHOTO 3Pa3Ky
nepuioro BapianTy. ToOTo, 3a yMOB MEPi0IMYHOI 110/1a4l Ta30BUX BUKHU/IIB 3 TOTPUMAHHIM
parioHabHOTO 3HaueHHs pH, miokcun cynsdypy, SKUil HAIXOAUTh 3 TA30BUMH BUKUIAMU
HE YHHUTh CYTTEBOI'O BIUIMBY Ha JY>KHO-KACIOTHOrO OajaHC cepenoBumia 1

KyJIbTUBYBAaHHS MiKPOBOJIOPOCTEH.

122



Tabmuns 4.14. JluHamika 3MiHM KOMIIOHEHTIB KYyJIBTYpaJIbHOTO CEpeoBHUIIA
IPOTSATOM BHPOINYBAaHHS KyJIbTYPH TPU TOJadi Ta30BUX BHUKHIIB 3 [0JaTKOBOIO
dinbTparniero. YMoBHI no3HadeHHs: ['B — ra3osi Bukuau, K — koHTpob, MOBITPS H/I —

HCMAa€E JaHHUX.

YMoBH 3aranpHuil|3araabHuN ) ) . )
®ocdaru, Hitpatu, Hitputn,| Amonii,| Cynbditu,
KyJbTUBY-Yac,  a3or, docdop, 3 3 3 3 3
3 3 mr/oM’ | mr/om’ | mr/om° | Mr/oMm MI/IM
BaHHA |rOoA. Mr/am MTI/IM
I'B 0 155,4+7,8 | 25,4+1,3 24.8+1,2 | 67,4+3,4 |1,00+£0,05| 82,6+4,1 /1
K 0 155,4+7,8 9,0+0,5 9,0£0,5 | 63,8+3,2 | 3,1+0,2 |75,0£3,8 /1
I'B 24 H/I 14,3+0,7 8,304 | 63,6+£3,2 | 5,6+0,3 |74,4+£3,7 /1
K 24 H/I 23,6+1,2 | 22,8+1,1 | 63,2+3,2 | 1,8+0,1 | 80,0+4,0 /1
I'B 96 | 165,0+8.3 16,4+0,8 H/1 70,6+3,5 | 31,6+1,6 | 34,0+1,7 | 322,0+16,1
K 96 | 188,594 | 21,0+1,1 H/I 67,0£3,4 | 11,6+£0,6 | 61,0+3,1 | 346,0+17,3
I'B 264 H/I 22.4+1,1 20,4+1,0 | 66,0+3,3 | 30,6+1,5 | 33,0+1,7 | 275,5+13,8
K 264 H/I 17,5+0,9 16,9+0,8 | 68,0+3,4 | 24,9+1,2 | 25,4+1,3 | 246,0+12,3

Ta6mui 4.15. BMICT KOMIIOHEHTIB KYJIBTYPaJbHOI'O CEPEIOBUINA 32 TIEP10AMIHOT
MojJiayul ra30BUX BHUKHIIB B 3aleXHOCTI Bij 3akucieHHs. (I'B — raszoBi Bukmam, K —

KOHTPOJIb, TIOBITPSI).

3aranb- | 3arajb-
YMoBH . . i ) .o .
Yac HUU Hut  |®ocdaru, Hitpatu, Hitputu |Amonii, | Cynbditu,
KYJIbTUBY- ) 3 3 3 3 3
I azotr, |(ocdop,| Mr/am® | mr/am’ |, mr/am°> | Mr/aM MI/IM
mr/mM> | Mr/am>

I'B 0 [156,2+7,8| 24,1+1,2 | 23,1£1,2 | 67,2+3,4 |0,38+0,02| 76,1+3,8 | 285,0+14,3

K 0 |148,0£9,4| 17,009 | 16,6+0,8 | 64,4+3,2 |0,39+0,02| 75,0+£3,8 | 279,0+£14,0
I'B 192 |121,2+6,1| 19,0+1,0 | 18,9+0,9 | 67,4+3,4 | 31,7+1,6 | 24,4+1,2 | 228,5+11,4
K 192 |112,0+£5,6 | 15,5+0,8 | 15,6+0,8 | 59,8+3,0 | 30,4+1,5 | 19,1+1,0 | 229,0+15

JIsis BU3HAUYEHHS Bi3yallbHUX 3MIH B KyJbTypax, [0 BHUPOIIYBajJIM MijJ BIUIMBOM
ra3oBUX BUKHU[IB Ta 0€3 TaKOro BIUIMBY 3aCTOCOBYBAJIM MIKPOCKOIIIOBAHHS 3pa3KiB, B
ToMy 4Yucil 3 (apOyBaHHAM 1 CIHOCTEPEKEHHSM Yy (IIyOpHUCIIEHTHOMY CBITJI JIs

BU3HAYCHHS HAKOTHMYEHHS JIITI/IIB MIKPOBOIOPOCTSIMHU.
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3 puc. 4.17 Gaunmo, MmO KIITUHU KYyJbTYypH, SKYy BHUPOIIYBAIH IIiJ] BIUTMBOM
ra30BHX BUKH/IIB, BHACIIJIOK CTPECY 3MEHIITYETHCS B pO3Mipax, aje MICTITh A0 OLIbIIe
mimigiB. CBiTiHHA XJ0podidy (IOMapaHUeBHii) SICKpaBillle BUSBISETHCS B KYJbTYypi, SKa
mijuiarana oOpoOIli ra30BUMH BUKHIAMH, IO MOXHA MOSCHUTH aKTUBHHUM IIPOIECOM
dboTtocunTe3y B kiiTuHaX. [ligBumenuii cuaTe3 xjopodiny B kinituHax Chlorella 6ymo
BUSIBJICHO TaKOXX 1HIIMMH JOCTIAHUKAMU [52] mia 4ac KyJIbTHBYBAHHS 32 BUKOPHCTAHHS

JMMOBOTO T'a3y, 110 JI03BOJISUIO €(peKTUBHIIIIE TTOTJIMHATH CBITJIO 1, IK HACTIIO0K, (DiKCyBaTH

outeie COs.

Pucynok 4.17. MikpockomnitoBanHs (30u1biieHHsT X500) KyabTypH y ACHHOMY (a,
B) 1 QuryopeciieHTHOMY (O, T') CBIT/I JIJIsi BUSIBIIGHHS BKpAaruieHb JiMiAiB (3koBTi). (a, 6) —

KOHTPOJIb, IOBITPS, (B, T') — Ta30B1 BUKU/IH.

He 3Bakaroum Ha HIWKYUN mpUpicT 6GioMacu MIKPOBOJOPOCTEH 32 BUKOPUCTAHHS
razoBux BUKumiB, Chlorella vulgaris 3naTHa 10 yTUII3a1il ra30BUX BUKHUJIIB 3 MT1ABUIIEHUM
BmictoM CO,, npu 1bOMy BiIOyBa€ThCSd HAKOMUYEHHS JiMiAiB. Bukopucranus
JIOAATKOBOTO OYMIIEHHS Ta30BUX BHUKHUIIB JO03BOJISIE MIABUIIMTUA 1X YTHJI3AIlIO.
[lepionuuna momada BUKHUJIB, 3a SIKOT MIATPUMYEThCA cTaie pH, miaBuUIye MpUpPICT

O6iomacu B 2 pasu.
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4.4 YTuiaizauisi MiKkpoBOAOPOCTSIMH i HiaHOOAKTEPisIMM ra30BMX BUKH/AIB
nicjsi cnajaBaHHs Oiorasy

3BMYaliHO, Ta30B1 BUKUAM HE € CTaOIILHMMHM 3a CBOIM CKJIaJOM, OCOOJIMBO Ii€
3aJIeKUTh BijJl BUTY BUKOPHCTOBYBAHOTO MajinBa. Bcl po3risiHyTI BuUIle BapiaHTH Oynu
JIOCIIIJIKEH] 32 BUKOPUCTAHHS Fa30BUX BUKHUIB, OTPUMAHUX MICIS CMATIOBAHHS BYT1JUIS.
Tomy Oyno 3aBHaHHS MOCTIIWTH, SKUM YUHOM BIUIMHE HA MPHUPICT MIKPOBOIAOPOCTEH
0apOOTyBaHHS Ta30BUMH BUKHAAMHU, OTPUMAHUMU ITICJISI CHIATIOBaHHS Olorasy.

B po6oti [89] BukopucroByBasin Chlorella vulgaris nns yTwmizaiii ra3oBHX
BUKU/IIB MICJISI CIIAJIIOBAHHS 0iora3y. 3a TaKMX YMOB IiJIBUIYBaJIaCh IIBUJKICTh POCTY
Giomac, TOoCArHyBIIM 84,6+3,7 mr/ aM>* 100y, alle KyIbTypa BUSBHIIACS BUCOKOUYTIUBOIO
10 3HKeHHa pH Ta BiAHOCHO MIBUIKO Aocsrana ¢gaszu posnany nonyssi C. vulgaris.
[Ipy wpoMy MikpoBogopocTi edekTuBHO 3acBoroBad CO,, 3HIXKYIHOUHM HOro
KoHreHTparlito 3 13+1% mo 1,0+0,5% nHa Buxoxi 3 oTodiopeakTopa. [89]

Jist 3’scyBaHHA NEPCHEKTUBHOCTI BUKOPHUCTAHHS L1aHOOAKTEpil Arthrospira
platensis nns yTumizailii ra30BUX BUKUIB TICHS CriaitoBaHHs Oiorazy. [l mopiBHSHHS
BUKOPUCTOBYBaM KynbTypy Chlorella vulgaris.

Bubip nnsa nocnimkenus Arthrospira platensis TpyHTYBaBCsl Ha TOMY, 1110 1€l BU]I
BOJIOJII€ TOJIEPAHTHICTIO O MIHJIMBUX YMOB CEPEIOBUIIA Ta Ma€ BUCOKY aJalTUBHICTH 10
CKJIaJIHUX yMOB PO3BHUTKY, XapaKTEPU3YEThCS BITHOCHO MPOCTUM BHPOIILYyBaHHIM, a
TaKOX IMIBUJIKUM TEMIIOM POCTY, KIITHHU MOXYTh BUKOPUCTOBYBATH IUPOKUN CIEKTP
CBITJIA, CTIMKI JJO HU3BKUX DPIBHIB KHUCHIO Ta BUTPUMYIOTH KoJMBaHHS pH Ta BHCOKHMX
temrepatyp. IliaTpumMyBaTH 4YHMCTOTY KYJbTYpPH JIETKO, OCKUIBKHA 3pOCTaHHs Olomacu
BUKJIMKA€ 3Ha4yHe miaBuiieHHss pH xymbrypansHoro cepepoBuma. lle edexTuBHO
MPUTHIYYE PICT IHIIMX KOHKYPYIOUHMX OpraHi3MiB, BKIIOUYAIOUX MIKPOBOAOPOCTI, IpUOU Ta
Halmpocrimi. HaBeneHi Bulle apryMeHTH CBI4aThb NP0 3HAYHUN MOTEHIAN JJis
MPAKTUYHOTO 3aCTOCYBAHHS TEXHOJOTIH yTWII3allii Ta30BUX BHUKHUIIB Ta I1HIIUX

3a0pyAHIOIOYMX PEUOBUH Ha OCHOB1 BUKOpUCTaHHS Olomacu A. platensis.
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Byno noBeneHo, 110 Juiie AesKi BUIA MIKPOBOJIOPOCTEHN MEPEHOCATh BUCOK] PiBHI
SOx1 NOx . Tomy Big0ip mtaMiB € BaxJMBUM it epekTuBHOCTI Pikcaiiii CO; 3 ra3oBux
BUKHIIB. EBpHOIOHTHI Ta CTiiiKi A0 CcyBOopuX yMmMoB cepenoBuia Bugu Chlorella sp. 1
1iaHoOakTepii, BKIOUawoun A. platensis, TaKOX MarOTh JIy’Ke€ BHCOKHWU TMOTEHINAN Y
¢ikcanii CO; 3 ra30BUX BUKHU/IIB, TOMY BBa)KaIOThCA Ty>K€ MEPCIEKTUBHUMH [25].

[TouaTkoBa KOHIEHTpalis OioMacu IlaHOOAKTepiil cTraHoOBWIAa OMM3BKO 275
mr/mm>, atMoc(epHe IOBITpS I0JaBaNoch 3 NpoxykTusHicTio 10,8 aM3/xB, a rasosi
BUKUIM — 28 cM>/XB, IpH 1IbOMY, poOourii 06’ eM poTobiopeakTopa cknagas 10 am>. Jlis
MOPIBHSHHS, Y IOCJIKEHHAX 3 XJIOPEJIOI0, TOYaTKOBa KOHIIEHTpallisi 010Macy CTaHOBUIIA
40 mr/mv®, armocdepHe TOBiTps mojasBanoch 3 mpoxyktueHicTIo 0,1 1M%/XB, a ras3osi
Buku — 0,3 cM’/xB, ipu poGouomy 06’ emi peaktopa 1 am® [89]. To6TO 3a BUKOPUCTAHHS
XJIOpEJIM 1HTEHCUBHICTh 0apOOTyBaHHA OyJia B JECATh pa3iB MEHIIOI BITHOCHO 00’ €My,
10 KOMIIEHCYBAJIOCh Maii’ke B 7 pa3iB MEHIIOK MOYAaTKOBOIO KOHIIEHTPALI€0 O10MACH.

TpuBanicts nocniaiB cranoBuia 20 ta 19 116 BiAMoBiAHO.

Tabmuns 4.16 IlopiBHSHHS CKJIaay Ta3iB, 10 HAIXOIATh 0 KYJIbTYpajabHOTO

CEpEelIOBHUIIA B 3aJIEKHOCTI Bl BAKOPUCTOBYBAHOI KYJIBTYPH.

KynsTypa Chlorella vulgaris [89] Arthrospira platensis
Bapiant | KontposnbHuii 3pa3ok Peaxrop 3 KoHTponbuuii 3pazok Peaxrop 3
JOCTIIK. 3 MOBITPSIM LUPKYJIALIEIO ra3y 3 MOBITPSIM LHUPKYJIALIEIO ra3y
Kommo-
BX1J BUXI] BXIJ BUXIJ BXIJI BUXIJ BXIJ BUXIT
HEHT
0,039 0,031 0,040 0,031
CO2, % 13,0£1,0 | 1,0+0,5 15,7¢1,9 | 1,3%0,7
+0,001 +0,001 +0,002 +0,002

N2, % | 78,1+0,1 | 78,1+0,1 | 76,2+0,4 | 77,9+0,4 | 78,2+0,1 | 78,1+0,7 | 76,3£0,7 | 77,3+0,9

02, % | 20,9+0,1 | 21,2+0,1 | 9,2+0,3 | 21,4+0,1 | 20,9+0,1 | 21,4+0,2 | 7,1£1,5 | 21,2+0,3

CO, ppm - - 1,4+0,2 - - - 112421 -
NOy, ppm| 42+3 - 150+20 - 22,0£2 - 130+17 -
SOx, ppm| 1942 - 1200+70 - 19,0+2 - 9142 -
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3 Tabnuii 4.16 BUHO, IO YTHITI3ALIIS BYTJICKUCIIOTO Ta3y craHoBmiIa 92,3+4,6 %
kyabTypoto C. vulgaris, a 'y Bumanky A. platensis —91,7+4,6 %. I1pu boMy, KUCTOTHICTb
cepenoBuiia B 000X BHUIaaKkax BapitoBaiack Bia 7,0+0,2 Ha mouarky mo 9,2+0,2 Ha
JIECSTHI I€Hb TOCIIKEHHSI, 1110 CBITYUTH MPO BiJICYTHICTh HAIMIPHOTO MOCTA4aHHS Ia3iB,
10 PU3BOJIATH A0 3aKHCICHHS CEPEOBHIIA 1 BOHU 3aCBOIOBAIUCH KIITHHAMH.

AHai3 BMicTy xjopodiny a (tadma. 4.17) y BUnmaaxky KyJIbTUBYBaHHS A. platensis
MOKa3aB, 110 BHKOPUCTAHHS TAa30BUX BUKHUIIB € PEHTAOCIHPHUM Yy KOPOTKOCTPOKOBIH
nepcnekTusi. OHaK, KyJIbTypa, 110 KUBUTHCS Ta30BUMHU BUKUIAMU, IIBUIKO MEPEXOUThH
y a3y BiaMupanHs nonyisiii 4. platensis nuiie yepe3 TpU JHI CTablILHOTO POCTY, IO
BUMAarae peTejlbHOr0 MOHITOPUMHIY KOHLEHTpalli LiaHoOaktepid. B ocHOoBHOMY 1
BU3HAYAETHCS IIBUJIKUM TEpexoioM A0 ¢a3u 3aruOeni Ta JUHAMIYHUM 3HUKEHHSIM
OlomMacu micisl NPOXOKEHHS CcTabuIbHOI (a3u Ha 12-15 1eHp KyJbTUBYBaHHS.

AHaJIOT14Ha CUTYallisl CIoCcTepiranach 1 y JoCHIKeHH] 3 KyJbTypoto C. vulgaris [89].

Ta6mus 4.17. Cknan cyxoi 6iomacu Chlorella vulgaris ta Arthrospira platensis

KynbTypa Chlorella vulgaris [89] Arthrospira platensis

Kontpons- | Peakrtop 3 Kontpons- | Peakrtop 3
[Tapamerpu HUW 3pa30K | LHUPKYJI- HUW 3pa30K | LHUPKYJIA-
3 MOBITPSAM | €O Ta3y 3 MOBITPSIM | €O Ta3y

Bwmict xnopoduty a Ha
novyaTKy/Ha MKy 0,20+0,01 0,20+0,01 0,9+0,05 0,8+0,05
KyJIbTUBYBaHHSI, /7,1+£0,4 /6,9+0,4 /6,7+0,3 /6,6+0,3

M/ M

TBepai neTroui
pedoBUHH, % Cyx0i 90,6+2,0 91,1+1,2 93,4+0,9 92,9+1,3
Macu

TBepai MiHepasbHI
pedyoBHHH, % CyXOi 9,4+0,6 8,9+1,2 6,6+1,0 7,1£1,5
Macu
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Kynerypa Chlorella vulgaris [89] Arthrospira platensis
Kontpons- | Peakrtop 3 Kontpons- | Peakrtop 3
[Tapamerpu HUW 3pa30K | LHUPKYJIA- HUM 3pa30K | LUPKYJIS-
3 MOBITPSAM | IIEIO Ta3y 3 MOBITPSAIM | €O razy
3ara€;}$ e MU S07435 | 494431 | 592423 | 57,9427
3aransHuit hocdop,
MI/T cyxof MacH 19,9423 18,7+1,7 14,1+1,1 12,9+2.5
323;??;;? if;i:‘ 504,8452,4 | 51124392 | 64324278 | 631,8+46,7
3araibHUN
opraHiuHui KapOoH, | 455,2+19,6 | 469,5£11,9 | 563,1+31,0 | 555,94+31,2
MI/T CyX0i MacH
binku, % cyxoi Mmacu 29,1+1,0 30,6+1,4 37,1+1,1 36,6+1,4
Jlimiou, % cyxoi macu | 18,9+0,9 19,4+1,7 11,4+0,7 10,9£1,9
BymeB(;f:l’H% YEOU L 366433 | 372426 | 263433 | 259430

biomaca A. platensis edexTuBHO (iKCyBasa BYTJICKHUCIUN Ta3 BijJ CHATIOBaHHS
Olorasy, Moro KoHIeHTparis Oyma 3HmwkeHa 3 15,7+1,9% no 1,3 + 0,7% 3a 20 1i6. Takox
CIIOCTEpIraii BUIIY IIBUAKICTH pocTy OiomMacu B jorapudMiuHii (a3l pocTy Ta BHIIll
KOHIICHTpaIlli 1iaHoOakTepit y ¢GoTodiopeakTopax BIAHOCHO KOHTpoJito. I[Ipupict B
eKCIIOHEHIIaNbHIN (a3i pocTy ctanosus 230 £ 17 mMr/ am®- neHs. JIOCATHEHHS TOPOrOBHX
KOHLIEHTpAlii 1 3HaYHE MIJBHUILEHHA MEX pH 3pelToro MpUrHidyroTh pICT MOMYJIALIi
mianoOaktepiit. [logaya ra3oBUX BUKUIIB TICHs cHaOBaHHs Oiorazy y ¢goToOiopeakTop
HE Ma€ 3HAYHOTO BIJIMBY Ha CKJ1a/1 610MacH 3 OTJISIy Ha BMICT TBEPUX JICTIOUMX PEYOBHH,
BKJIFOUYAIOYM JIMIU, OUIKA Ta BYTJIEBOJHU, IO MOKa3aHo B Tadiu. 4.17. OTxe, CyTTEBOTO
BIUTUBY TaKe JDKEPEJIO Ta30BUX BUKHIIIB HA XapAaKTEPUCTUKHU OlOMacu HE Mae€, OCKUIbKU
BMICT OCHOBHHMX KOMIIOHEHTIB, III0 XapaKTepu3ylTh OioMacy, OyB MOAIOHUM 10

KOHTPOJTIO.
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BapTo 3a3HaunTH, 1110 criatoBaHHs 010Ta3y € MEHII HIKIATUBUM, HK CIIaTIOBaHHS
BUKOIHMX BUJIB MaJBa, OCKIJIBKU IPU CHAIOBAHHI BUBUIBHIETHCS MEHINIE TOKCHYHHX
CTIOJYK, 110 J1a€ OLIbIIE MOXKIMBOCTEN I 3aCTOCYBAaHHS MIKPOBOJOPOCTEN B YTHITI3aIli]

TaKHX I'a30BHUX BI/IKI/II[iB.

BucnoBku 10 4 po3ainy

Bwmict okcuaiB HITpOTeHy 1 CyJbPypy y ra30BUX BUKHAAX YAHUTH 3HAYHHUH BILJIUB
Ha YTHWII3AIlI0 Ta30BUX BUKHUAIB MikpoBogopoctsmu Chlorella vulgaris. Y BomHOMY
CEpEZIOBUILI OKCHJIM YTBOPIOIOTH KHCJIOTH, L0 MPHU3BOAUTH A0 3HWkeHHS pH (£ 4).
TokcuyHa /151 KUCIOT HA KIITHHHU 3HUKY€E MPUPICT O10MAaCH 1 YHEMOKIUBIIOE €(hEKTUBHE
CIIO’KUBAHHS BYIJICKHCIIOTO Ta3y. Bu3HaueHO MakcUMallbHI TpaHW4YHI KOHIICHTpaIlii
KUCIOTHUX okcuaiB 15 ppm SO, ta 40 ppm NO; 3a BMICTY KJIITUH B KYJbTYpPaJIbHOMY
cepenoBHIIi He MeHIne 85+5-10% kiiTun/cM® Ha TOYATKy KyJIbTHBYBAHHS.

[TinBUIlIEHHS BMICTY BYTJIEKUCIOTO ra3zy (>5%) y razoBuX BUKHAX MPU3BOAUTH
JI0 TIJBUINEHHS 010CUHTE3Y JIMIAIB BJBIUl, 3HWKEHHIO IIBUAKOCTI POCTy Oiomacu 10 2
pas3iB s 0JlHOOI0peakTopHOi cucteMu Ta Ha 10-50% y MynpTUOIOpEaKTOPHIN CUCTEMI.
[Tontepeaus pecynbdypusaliis 103BOJISIE€ YTHII3YBAaTH Ta30B1 BUKKUIX B 10 pa3iB OiIbIIMX
00’emax, Mpu 1bOMY, ePpeKTUBHICTh NorauHaHHsA CO, MICs 0JTHOPA30BOr0 MPOITYCKAHHS
ctaHoBUTh 24%. llepioguyna momada razoBux BukuaiB 3 TEL] 3a miaTpumMaHHs CTaoro
pH miaBuIye mBUAKICT pocTy 6ioMacu B 2 pasu, MOPIBHAHO 3 MOTIEPETHIM BapiaHTOM, B
oMY BUNIAAKY epekTuBHICTh nornuHaHHsa CO; ckianae 10 %.

biomaca A. platensis, ax 1 xyopena, epeKTUBHO MOTJIMHAE Ta30B1 BUKUIU MICIIs
cnamoBaHHs Oiorazy (92% micist Oararopa3oBoOi peUMPKYJALil), TpU IbOMY HE
BIIOYBAa€ThCS 3HAYHUX 3MIH B 11 sikicHOMY ckiafl. [loka3aHo HEOOXiJHICTh CTaloro
3HaueHHs pH>5 mpu KynbTUBYBaHHI 3a BUKOPUCTAHHS Ta30BHX BHUKHUIIB, OCKUIBKH iX
KOMIIOHEHTH 3/JaTHI /10 3aKUCJICHHS CEPeOBHINA, IO CHPUYUHSIE 3YMUHKY POCTY 1

PO3BUTKY KYJIBTYpPU MIKPOBOJOPOCTEH Ta 11aHOOAKTEPIH.
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MIKpPOBOAOPOCTI Il iX 3aCTOCYBaHHA B MpoLeCl yTHi3alli ra3oBUX BHUKUIIBY. [X
Mixuapoauuii MonoiKHUN KOoHTpec «Cramuii po3BUTOK: 3aXHCT HABKOJIMIIHBOTO
cepenoBuia. EHeproomaaHicTs. 30amancoBaHe MpUpoAoKopucTyBaHHD» (28-29 Oepesns

2024, Yxpaina, JIeBiB) — 2024 — C.81.
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PO3/ILJI 5. TEXHOJIOT' IS YTUJII3AILIL TA30OBUX BUKU/IIB
MIKPOBOAOPOCTAMMU

5.1 I'pagivynuii onuc npouecy yruiisamii ra30BuX BUKH/IB

ANTOpUTM 3111MCHEHHS TpadidHOro ONMUCY MPOIeCy YTUII3allii ra30BUX BUKHU/IIB
MIKPOBOJIOPOCTSIMH BKJIIOYAE:

1) BU3HAUYCHHs IIBUIKOCTI POCTy OlOoMacu MIiKpOBOJOPOCTEH B
3QJIEKHOCT] BIJ BMICTY JIOKCHUAY KapOOHY B CyMiml rasiB, IMIBUAKOCTI Ta
MepIOUYHOCTI OT0 Toaaui.

2) BU3HAYCHHS MIBUAKOCTI POCTy OloMacu MIKpOBOJIOPOCTEH B
3aJIEKHOCTI B1J] BMICTY CYJb()AaTHOI KHUCIOTH B KYJIbTYPAIbHOMY CEPEIOBUIII.

3) BU3HAYCHHS MIBUAKOCTI POCTy OloMacu MIKpOBOJIOPOCTEH B
3aJIeKHOCTI BiJ] BMICTY @30THOI KUCJIOTU B KYJIBTYPaJIbHOMY CEPEOBHILI.

4) BpaxyBaHHS BIUIMBY 3HI)KCHHS KHCIOTHOCTI CEpEIOBHINA Ha

npupicT 610Macu MIKpOBOJIOPOCTEH.

[TapameTpu monayi ra30BUX BHKHUAIB T'PAlOTh BAXKIUBY POJb B KyJIbTHBYBaHHI
MIKPOBOJIOPOCTEM, 0 BiOOpa)kaeThcsa Ha AuHaMill pocty. Ha puc. 5.1 BimoOpaxkeHo
y3arajbHIOIUY 3MiHY IIBHJKOCTI POCTY KYJbTYPH 3 YypaxyBaHHSM IOCTIIKyBaHUX
napameTpiB: MBUAKOCTI mojadi, koHneHTpaiii CO, B Ta30Biil CyMilli Ta MepioAUYHOCTI
nojayl ra3oBoi cymimi. KonbOpoM Tm03HadeHa WIBUAKICTb POCTY KyJIbTYpU B

ekcroTeHmianeHii ¢asi p (t) (rox') 3a yac excrepumenry t.
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m0,045-0,05 m0,04-0,045

u, 1/rog
§0,035-0,04 m0,03-0,035
0,05
s ®0,025-0,03 m0,02-0,025
0,04 m 0,015-0,02 m0,01-0,015
0,035
m 0,005-0,01 m0-0,005
0,03
0,025
0,02
0,015
0,01

0,005 0,75 06./06.-x8, 5%
0,25 06./06.-x8, 5%
2:2ro0a,5%
0,5 06./06.xB, 5%

6esnepepeHo, 5%

1:2r08,5%  (akTopM BNAMBY:

2:1rog, 5% - WBUAKICTb [06em rasy Ha
oauHUU0 06'emy
KyNbTypasbHOMO cepeaosmLLa
33 XBUAUHY];

90 0,5 06./06.x, 0% - nepiognuHicte [roa:roal;

- KOHUeHTpauia CO2 [%)

66 0,5 06./06.-x8, 2,5%

76 1:1roa, 5%

Yac,rog, 100

Pucynok 5.1. 3anexHIiCTh MIBUIKOCTI POCTY MIKPOBOJOPOCTEH BiJ HIBUAKOCTI,
nepioAUYHOCTI mojaui rady, koHueHtpauii CO,, NpoTAroM Yacy KyJIbTHBYBaHHS.

Konb0poM mo3HadeHa mBUAKICTL pocTy [rog!].

Takox, po3risaaruy y3arajJbHIOIOYMA ONUC IIBHJIKOCTI POCTY B OJHO- Ta
mMynbTUpeaTopHux cucremax (SBS Ta MBS), cioctepiraemo piBHOMipHHN PO3MOILT B yCiX
peakTopax, 3 He3HaYHUM 3HM)KEHHSM IIBUJIKOCTI POCTY B OJHOPEAKTOPHUX CUCTEMAX, 11O

CBIIYUTH TPO OUIbIIE iX HABAHTAXKEHHS BYTJEKHUCIUM Ta30M Ha OJIMHUIIIO 00’emMy

(puc.5.2).
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0,035-0,04
= 0,03-0,035
= 0,025-0,03
W 0,02-0,025

0,015-0,02
= 0,01-0,015
™ 0,005-0,01
m 0-0,005

u 1fron 004

0,035
0,03
0,025
0,02
0,015
0,01
0,005

MBS 5, B 8%
MBS 4, TB 8%

MBS 3, B 8%

Yac, roa 2,1B8%

72
MBS 5, I8 5%

MBS 4, [B 5%

MBS 3, IB 5%

MBS 2, [B 5%

48

MBS 1, [B 5%
SBS, B 5% Cepii 6i o
24 ssa %PE; Cr 5% epii peym pr-:ynﬂ uii y cnctemax poTtobiopeakTopis:
e "é'Pén}‘ or oo o SBSS- Oﬂ,HOﬁIOgeaKTODHa cncTema;
’ b MBS - mynbTbiopeakTopHa cucTeEma;
0 MBS 1, CT 5% Y P PH. ;
SBS, CI'5% Cr - cuHTeTUYHUWIA ras (nositpa + CO2 5%);

KOHTPOANb i i
B - razosi BuKMAn (emict COz2- 5 abo 8%)

Pucynok 5.2. 3anexHicTh HIBUAKOCTI pOCTY MIKPOBOJIOPOCTEN IPHU KYJIbTUBYBaHHI
B ogHOOiIopeakTopHuX (SBS) Ta mynsTHbOiIopeakTopHuX (MBS) cuctemax mpotarom yacy
JOCTIPKEHHS 32 BUKOPUCTAHHS CHHTETUYHOTO ra3y Ta ra30BUX BUKU/IB 3p13HUM BMICTOM

BYIJIEKMCIIOTO ra3y. KoapopoM 1mo3HayeHa muToMa MIBUAKICTE pocTy [rox].

Jlist a30THO1 Ta cynb(paTHOI KUCIOT, IPU HEJOTPUMAaHHI MAKCUMAJIbHO TPAaHUYHUX
MEX iX BMICTY B KyJbTYpPaJbHOMY CEpPEIOBHII, € I1HTIOYIOUOI IJIi PO3BHUTKY KJIITHH
MIKpOBOJOPOCTEN. 3arajibHUi OMUC IBUIKOCTI POCTY KyJIbTYPH 3 il KUCIOT 300paKeHO
Ha puc. 5.3. Mlis cynbp(aTHOI KUCIOTH MPHU3BOAWIA 10 OUIBIIOI IIBHUAKOCTI POCTY,
MOpIBHAHO 3 a30THOIO, B TEPIIMK JAEHb JUIS OLIBIIOCTI KOHIIGHTpamiid. Ane  Bxke
HACTYITHOTO JHS MpPH MOCTIHHOMY BBEICHHI CyJb()aTHOI KUCIOTU B1AOYBAETHCS PI3KUN
CrajJ IIBUIKOCTI POCTy, IO OyJ0 OOYMOBJIEHO  3HWIXKEHHSM KHCIOTHOCTI. 3a
KOHIIEHTpalii cynb(paTHOI KUCIOTH, Koiu 3HWKeHHS pH He mepeBuirye 4 KynpTypa
3laTHA BUTPUMYBATH TOKCHYHY JII0 KHCJIOTH. 3TiAHO OTPUMAaHUX JaHUX TaKOIO

KOHIIEHTparli€r 1is cyiabdarHoi kucnotu € 0,1%, a aist azotHoi 0,19%, mpu mBUAKOCTI
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nomadi 0,015 cM*/xB IM> KyJIbTypajabHOTO CEPENOBHUINA 3 IOYATKOBOK KOHLEHTPALIECHO

6iomacu 85+5-10* kmiTur/cM>.

0,015-0,02

= 0,01-0,015

W, 1/rog,
0,02
0,015
0,01
0,005

™ 0,005-0,01

m 0-0,005

0% S
0,1% S
0,2% S

0,3%S

0,33% S

0,4% S

0,73% S

1,1%S

1,5% S

96

72

48

0% N
24 0, wee . .
0,19% N KoHueHTpauii a3oTHOT (N) Ta cynbdaTtHOi (S) Kucnot
0,28% N

0,37% N

0,47% N

Yac, rog,
0

Pucynok 5.3. 3aneXHICTh MIBUAKOCTI POCTY MIKPOBOJIOPOCTEH Bijl BIUIMBY
KOHLeHTpanii a3oTHoi (N) Ta cynbdaTHOi (S) KUCIAOT NPOTATOM Yacy KyJIbTHBYBaHHS.

Ko10poM Mmo3HavyeHa nuromMa IBHAKICTE pocTy [rox].

JUist onucy XapakTEpUCTHK IIBUAKOCTI POCTY MIKPOBOJIOPOCTEH MICHs MEpIIoi
n00M KyJIbTHBYBAHHA BHKOPHUCTOBYBAJIUCH (YHKIII, Kl BIJNOBIIAIOTH MOJIHOMaM
JPYroro CTYIEHsI, 110 BPaxOBYIOTh OTPHMMAaHI JaHl BIUIMBY palllOHAIBHOI MIBUIKOCTI

nojayi rasy, konuentpauii CO; Ta nepioanyHocTi (puc.5.4).
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0,035
0,03 +]

0,025 + l;l\
il .

Tg_f I N
3 0,015 +——— - — = -
001 + e — — —
0005 +—m8———— -
0 +—F—F—— ‘ — T T T T \

18 28 42 53 66 76 90 100 b roA

Weuakictb 0,5 am3/x8, smict CO, 5%

MepiognuHicTte 2:2 roa, Bmict CO, 5%
== 0,1% H,50,
== 0,19% HNO3
—MoniHomianbHa
—MoniHomianbHa
—MNoniHomianbHa
—TlMoniHomianbHa

LWenakicts 0,5 am3/xs, BmicT CO2 5%)
MepioanyHictb 2:2 roa, Bmict CO, 5%)
0,1% H,S0,)

0,19% HNO3)

—_— e~ —~

Pucynox 5.4. I'padiuHi pe3ynbTaTd anpoKcUMallii KpUBUX MUTOMOI IIBHJIKOCTI

pPOCTY 4(?) Biz 4yacy f 3a Jiii pi3HUX YMOB.

Js1st 06paHoi parioHaIbHOI KOHIIEHTpAIlli BYTJIEKUCIIOTO Ta3y B ra30BUX BUKUAX,
1110 CTAHOBUTH 5%, 1 palioHaNbEHOT IBUAKOCTI mogadi rasy 0,5 mv>/xB, mo ctanoButs 0,25
00./00.-XB. pIBHSIHHS allpOKCUMAIIii IIBUAKOCTI POCTY 4 (?) B/ 4acy ¢ BUTJISAA€ HACTYITHUM
YUHOM:
u(t) =0,00037 - 0,0052¢ + 0,0359 (16)

npH oMy KoedimienT nerepminanii R=0,97.

J1st mepioAnYHOCTI T0/1a4i Ta30BUX BUKHUIB 2:2 TOI., aTpOKCUMAITis BiIOYBa€ThCS
3a TaKMM 3aKOHOM:
u(t) =0,0001# —0,0023¢ +0,0291 (17)
npu R*=0,97
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AHaNOriyHO KBaJPATUYHUM DPIBHSHHSM ONUCYIOTHCA 1 3aKOHU ampoKcuUMalli 3a
BIUIMBY KUCJIOT 3 33JJAaHUMU KOHILIEHTPAIlISIMHU:

Cynndarna kucnota 0,1 %:

u(t) =0,0001# —0,0023¢ +0,0197 (18)
R?=0,98
AzotHa xuciora 0,19 %:
u(t) =0,0001# —0,0013¢+0,0116 (19)
R*=0,99

Bucoki mokaszuuku koedimienta aerepminaiii (>0,95) cBigyaTh MNpO BEIUKY
BIPOTIHICTh aNpoOKCUMaIllii, OCKUIBKM BigoOpa)katoTh CTYMiHb BIATIOBITHOCTI MIXK
TEOPETHYHOIO MOJICIUTI0O 1 PEATBHUMH CIIOCTEPEKEHHSMHU, IO B HAMIOMY BHUMIAAKY
ctaHoBuia 97-99 % B 1aHOMY 4aCOBOMY ITPOMIXKKY .

Cnin BpaxoByBatH, 110 nipu gocsiraenHi pH=4, kynetypa Chlorella vulgaris pizko
3HUKY€E HIBUJIKICTb POCTY 1 BiiMHpae. TomMy HEBI'€MHOIO YAaCTUHOK TEXHOJOTTUHHMX
plllIeHb YTUJII3allil Ta30BUX BUKHJIIB MIKPOBOJOPOCTSMU € TOTPUMAHHS ONTHUMAJIHLHOTO
PiBHSI KUCIIOTHOCTI.

3a Takoi mBMAKOCTI pocTy, B MakcumanbHux (0,028 rox') i MiHiMambHUX
(0,008 rox’') mexax, i 3amaHMX pamioHanbHUX mapaMerpax: koHmeHrtpauis CO, 5%,
IIBUJIKICTh 1MOJ1a4ul ra3oBoi cymiii 0,25 00./00.-XB, mepiojiax «TroyBaHHS» 1 «CIIOKOIO»
2:2 ron, BUKOpucTaHHs audy3opa, gorpuManHs pH>5, 1in010060BOTO OCBITICHHS,
IIOYaTKOBOI KOHIEHTpALil KINTHH He MeHmI, Sk 85+5-10% xmitmn/cM®, edexTHBHICTH
MOTJIMHAHHS BYTJIEKUCIIOTO ra3y cTaHoBUTh 80+10 % micias oqHOPa30BOTO MPOIMyCKaHHS
ra3oBOi CyMillll 4epe3 KyJapTypaibHe cepenoBuie. s mouoi ytumizaiii CO, BUHUKAE
HEOOXITHICTh PEUUPKYJISALIT ra30BUX BUKUIIB JIJIS iX JOOUMCTKHU B Apyromy peakropi. [1pu
3HAYHOMY 3HIDKCHHI €(DEeKTUBHOCTI OUYHUITIICHHS Ta30BUX BUKHIB BijJ BYTJIEKHCIIOTO Ta3y,
BUXITHUH MOTIK MOXKHA HaIPaBUTH Ha MOBTOPHY OYUCTKY, 3a0€3MEUYI0YH TAKHM YHHOM

MOBHY YTHJII3a1I10 TA30BUX BUKHU/IIB.
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5.2 TexHosioriyHe pilieHHs] YTHJII3AMil ra30BUX BUKHIAIB MIKPOBOJAOPOCTAMH

Buxopuctanas MIKpOBOJOPOCTeH Juis yTWii3alii Ta30BUX BUKUIIB MICH
CHAIIOBAHHS PI3HUX BUJIIB NAJIMBa MOKJIMBE 32 BpaXyBaHHs HABEJICHUX BUIIE MapaMeTpiB
nomadi rasiB. TexHosoriuni pimeHHs (puc. 5.5, 5.6) BKIIOYAOTh: JOBEACHHS T'a30BUX
BUKHJIIB [0 paliOHAJIBHUX T[apaMeTpiB KyJbTUBYBAaHHS MIKPOBOJOpPOCTEH 3a
MaKCUMaJIbHUM TPaHUYHUM 3HAYEHHSM KOHIEHTpaIlill OKCUAIB KapOoHy, cyiabdypy Ta
HITPOTeHY, YTUIi3allisl OKCHIIB, T4, Y BUMAJAKy HEOOX1THOCTI, IPOBEICHHS TOOUYHUIIICHHS
BUKUIIB.

Ornuc TeXHOJOTTYHUX CTaJIii:

JP 1 ITigroroBka BoaM

[TinroToBKa BoaM BKIOYAE (hiIbTPYBAaHHS BOJU 31 CBEPJIOBUHM BijJ HaJIMIpHOI
KUIBKOCTI MIHEpAJIIbHUX COJIeH MJisi 3amoOiraHHsi yTBOpEHHS ocaaiB. JlomyckaeThcs
BUKOPHCTAaHHS BOJIOTIPOBITHOT BOIH.

JIP 2 IligroToBKa MOBITPS

[TinroToBKa MOBITPS 3AIMCHIOETHCS MUIAXOM 3a00py MOBITPS 3 aTMocdepH 1 Horo
binpTpyBanHs (puc. 5.6-2) Big yactTuHOK Oinbmmx 0,4 MkMm. B pa3i BUHUKHEHHS
3aKucieHHs cepenoBuila Ha craaisx AP 5, TII 6, moBiTps MOXke 3aMIHUTH Ta30BY CyMIiIll
1151 6apOOTYyBaHHS 0 CTaOUII3AIll POIIECY.

JP 3 [linroToBka ra3oBuX BUKUIIB Jjisi 6apOOTyBaHHS

Ha nanomy erari Bi10yBa€eThCs 3a01p Ta30BUX BUKUIB, IO MPOUILLIN TOMEPETHIO
OUYHUCTKY 1 Aecylb(ypHu3alliito, 3riJHO BUMOT 1100 BUKUIIB Y HABKOJIHUIIIHE CEPEIOBHIIIC.

JIP 3.1 Oxo0n0mKeHHS ra30BHX BUKUIIB

OxounomxeHHs ra3oBuX BUKUIIB 10 30°C 31MCHIOETHCS IIUISIXOM X MPOIMTYyCKaHHS
yepe3 TernooOMiHHUK (puc. 5.6-1). TemmoHocieM CiykUTh BOAAa TEXHIUHA, SKa MICTSA
OXOJIO[DKCHHS MOXKE€ TOBTOPHO BHUKOPHCTOBYBATHCh Yy  TEIUIOOOMIHHHMKY IS

OXOJIOXKCHHA I'a30BUX BI/IKI/II[iB.
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[IpooBxkEeHHSA PUCYHKY S.5.

; . Boga po [1P4.1, 4.2

Boaa 3i ceepanosnin | - J1p| [TinroToBKa BOIN >
_ BianpauboBaHi ¢pinbTpu Ha
QinbTpy 3i CKNaay K OMMLLEHHA/YyTUANI3aL kO
T >
Mositpa 3 JIP2 [TigroToBKa MOBITPS

atmocdepm MNosiTpa oo 1P3.3

—’ N
K:

duacxn >0,4 MKM

JIP3 IlinroToBKa ra3oBoi
CyMII ISt
0apOOTyBaHHA

[a30Bi BUKM OM
nicna cnaniosanna | JIP3.1 OXO0JI0/I7KEHHS Ia30BHUX N
NanvBa ) TennoHociii: Boaa
: > BHUKIIIB TeXHIYHa Ha
TennoHocin: Boaa K-r OXONOKE HHA
TEeXHiYHa . >
| t=30°C
JAP3.2 O1IpTPYBaHHA ra30BUX BianpauboBaHi

®inbTpu 3i Crnagy dinbTpM Ha

oumLLEe HHA/yTUAIZaLO

BUKHIIB

K:
duacrxn >0.4 MKM

Nositpasin a2 | AP3.3 | 3MillyBaHHS ra30BUX Fasosa cymiuw

BUKIIIB 3 IIOBITPSIM Ao PS, TN6
K. Kx
C(CO2)=5%., C(SO2)<15 ppm.
C(NOy)<40 ppm

Jlo JTP4
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[IponoBX)EHHS pUCYHKY J.5.

Bix TP3.3
J1P4 [T1iaroToBKa MOKMBHOTO
cepenoBHUINA
KT: KX
J1P4.1 | [IpuroryBaHHA basose
o ©430BOI0 IIOKIIBHOI'O cepenosuue
Coni 3i cknagy K. K Jo [1p4.3
> T Dx CEpEJIOBUINA >
Boaa sia AIP1 KoHneHTparis KOMIIOHEHTIB
TIOJKUBHOT'O CepeI0BHINA
JIP42 | IIpuroryBaHHA pO34UNHY
Coni mikpoenemeHTiB MiKpOEJIeMEHTiB
3i cknaay Kr Kx Po3yuH
> Z _ _ MiKpoenemeHTIB
Boaa sig AP1 KoHIIeHTpalli KOMIIOHEHTIB PO3YHHY 10 P43
" | MIKpOelIeMeHTIB g

basosenoxuske | JIP4 3 | [1iArOTOBKA MOKNBHOTO |Noxuste
cepefoBMLLE Bif

apa1 1. | cepenopmma wit o 105, TN16.7 _
Po3uuH T> TAK MIKPOBOJOPOCTCH v
MiKpOenemeHTia | Posuyry MikpoeTeMeHTis: 1 oy B 1 ov?
BafiPd-2 | moxmsHOTO cepenosrma, pH = 6
[oMuWBHE
cepelOBULLE BI
,upi.i e JP5 HapomyBanusa 61omacu
— MIKPOBOJIOPOCTEIT IHoKynsT 40 TII6,7
g LS e
? C(xmitun)>8x10® kaitur/ca?, pH=6=1, | ammocdepu
Typa 2 coneiyl t=282°C, T=3 j06m >

Ilo TTI6
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Bia TIIS

MoxueHe
cepenosue TII6
gig AP43
IHokynaT Bia APS Kz.Kx.KM

VTHI13a11d ra30BHX
BHKH/IIB

YacTKoBO O4YMLLEHI
rasampao TN7

L

[asoBa cymiw Big |
NP3.3 abo TN7

.

8

T=10-15 mi6. pH>5. mBHIKi CTh MOJAA
ra3zoBoi cymimi 0.25 06./06.

L

KynbTypanbHe
cepenoeumwe oo TNs

{onuioHanbHo)

NMoxueHe
cepapcenesial TTI7 JIOOUHINEHHA Ta30BHX | Ouvuenirasu
Ap4.3 . . A0 atmochepu
- > BHKH/I1B '
|H0ﬂ.ﬂﬁf BE QE_5| K‘I -KX-KN Kynbwpanune
i . ; - cepeaoBm o Tns
HacTkoso owMweni [ T—10.15 1j6, pH>S. IBHIKICTh MOMAY o 00
rasmeig TN6 . .. / Hegoouuwei rasu fo TI6
»| rasosoi cymim 0.25 06./006. [onuionanano) >
KynbTypanoHe - -
cepepoenwes Tne,7| TII8 Buainenus 6iomacH
MIKPOBOJAOPOCTENH 3
KYIBTY PaIbHOIO
CcepeJoBHIIA
TTIS8.1 OcaKeHHA 61o0MacH
®yrat Ha pobpuea
K;
TII8.2 | ®inbTpyBaHHA GlOMacCH  {Biadirerposara Giomaca
Ha noganbly nepepobry.
®yraT Ha nobpusa g
I{t v

Pucynok 5.5. ®parmMeHT TEXHOJOTIYHOI CXEMH YTHII3allli Ta30BHX BHUKHUIIB

MIKPOBOJIOPOCTSIMH.
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2 2 4 .
TennoH ociif —M—’— _D_Q_M_D_ 3 MoBiTpA 3
, 1 aTMmocdepu
"a30Bi BUKMAM —-D—@- —’—Tel'IJ'IOHOCiPU‘l Ha
(nonepeaHbo ouneHi) 4 OXONOMKEHHS

OunLleHui 4
ras oo
aTMocdepu X
3te
KynbeTypa

MiKPOBOJOp OCTE ) 5 MoXvBHE 4
- g cepezoBuLLEe

4 --[asoBa cymi--
.
--MNosiTpa--

--lHOKYNAT--

4
il Anieiieieiiiele ittt ©{>

OuuieHuin i
ras ,u%
aTMocdepu *
Biomaca Ha
noganbLuy
nepepobky
MNoxueHe [NoxuUBHE
cepefoBuLle cepefoBuLLE
4
--biomaca-- 9
dyfat Ha
noGpuea

Pucynok 5.6. ®parmMeHT cxemMu yTuiizanii ra30BUX BUKHIIIB MIKPOBOAOPOCTSIMHU:
1 — TenaoOOMIHHUK IJIsI OXOJIOJKEHHS Ta30BUX BUKHUIIB, 2 — (QUIBTp, 3 — 3MillyBay
ra3oBUX BHUKHU[IB 3 MOBITpsM, 4 — Hacoc, 5 — QorobiopeakTop s HapOIyBaHHS
1HOKYJIATY, 6 —OCBITJIEHHA CBITIOAI0AaMH, 7, 8 — (hoToOI0peakTopu Jisi KyJIbTUBYBAHHS

MIKpOBOJOPOCTEH (MMIEPBUHHMIM 1 BTOPUHHUK), 9 — OCaPKeHHs 010MacH.
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JIP 3.2 ®inbTpyBaHHS ra30BUX BUKUIIB

OinpTpyBaHHs (puc. 5.6-2) AMMOBUX Ta3iB 3IHCHIOETHCA JUIS 3aroOiraHHs
MOTPAIISTHHSA B CEPEAOBUINE KYIbTHBYBAHHS TBEPAMX YACTOUOK CaxXKi, MUY, PO3MIPOM
outbie 0,4 MKM.

JIP 3.3 3minryBaHHs ra30BUX BUKHIIB 3 MOBITPSIM

Ha miif ctasii ra30Bi BUKHIN OIIIHIOIOTH 3a 1X CKJIAJIOM 1 3MIIIyIoTh (puc. 5.6-3) 3
MOBITPSAM Yy TMPOMOPIIAX, IO JO3BOJUTH JTOTPUMYBATHCh MAKCUMAJIbHUX TPaHUYHUX
3HaYeHb OKCHUJIB HITPOTEHY Ta Cyibpypy Yy ra3oBii CyMilli, siIKi MATPUMYIOTh YMOBHU
KyJIbTUBYBaHHS MiKPOBOJIOPOCTEH.

JIP 4 TlinroToBKa MOXUBHOTO CEPEIOBHIIA

[linroToBKa MOKUBHOTO CEPEAOBHUINA BKIIOYAE CTaii MPUTOTYyBaHHS 0a30BOTO
MOKUBHOTO CEPEJOBUINA, MPUTOTYBaHHS PO3YMHY MIKPOCJIEMEHTIB Ta MOAAJBIIOTO
3MIIIYBAaHHS [IMX PO3YHHIB.

JP 4.1 ITpurotyBaHHs 6a30BOr0 MOKUBHOI'O CEPEAOBHILA

bazoBe mokuBHE cepeloBHUIIE BKIIIOYAE POIYMHU BIAMOBITHUX COJIEH y 3aJaHUX
KOHIIEHTpAIlisIX BIAMOBIAHO 10 ckiaay MoaudikoBaHoro cepenonuiia Tamis: KNO;—35,0
r/mm®,  MgSO4-7H,.0—2,5 r/mm®, KH,PO,—1,25 1/am’, EDTA—0,037 r/nm°,
FeSO4- 7H,0—0,009 r/nm>. ToTOBE CepenoBHILE HANPaBIsAeThea Ha cramito [P 4.3.

JAP 4.2 ITpurotyBaHHs pO3UUHY MIKPOEIEMEHTIB

Po3unH MikpoeneMeHTIB rOTy€eThbCs BIIMOBIIHO 10 Takoro ckiany: H3BO;—2,86
r/mm?, MnCl-4H,0—1,81 r/mm®, ZnSO4 7H,0—0,22 r/am’, MnO3;—0,018 r/nm?,
NH,VO;3;—0,023 r/nm>. ToToBuil po3urH HanpapseTbes Ha cTaznito [P 4.3.

JIP 4.3 TliaroToBKa MOKMBHOT'O CEPEIOBUINA JIJIsT MIKPOBOIOPOCTEH

Po3unH MikpoeaeMeHTIB 10/1al0Th Y 0a30Be MOKUBHE CEPEIOBUIIE B KIITBKOCTI 1
cM’/IM®, MEpEMIlllyIOTh, TOTOBE IOKUBHE CEPENOBMINE YAaCTKOBO IEPEXOIMUTH IO
HACTYMHOI cTajli HapoliyBaHHsA Oiomacu MmikpoBoaopocteid /I[P 5, a ocHoBHaA vacThHA
HANPaBIIAEThCS  OE3MOCEPEHHO B TEXHOJNOTIYHMNA  TPOIEC  KyJIbTUBYBaHHS

MikpoBogopocTteit Ha cramii TIT 6, TII 7.
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JIP 5 HaporuryBanHst 6io0Macu MiKpOBOJIOpOCTEH

JIJist 3amyCKy TEXHOJIOTTYHOTO MPOIECY KYJIbTYpYy MIKPOBOAOPOCTEH BHOCSTH Y
dbotobiopeakTop (puc. 5.6-5), me BigOyBaeTbhcs HApPOITyBaHHS HEOOXITHOI KITBKOCTI
Oiomacu 3 OCBITIICHHsIM (puc. 5.6-6). J{ns aganTariii KJIITHH A0 YMOB I1JBUIIEHOTO BMICTY
OKCHUIB KapOOHy, Cyib(hypy Ta HITPOTCHY KyJbTypaJbHE CEpPEAOBHINE O0apOOTY€EThCA
CYMIIIIIIO Ta30BUX BUKUIIB y HEBEIUKIM KUIBKOCTI, JOTPUMYIOUUCH palllOHATBHUX
3HaueHb pH =6+1. B pa3i 3umwxkends pH menmie 5 — 6apooryerbest moBiTpsim Big JIP 2.

TII 6 Ytumi3zaris ra3oBux BUKA/IIB

VYTumizamisi ra30BUX BHUKH/IB BiJIOYBA€ThCS MUISXOM MPOIYCKAHHS iX Kpi3b
KyJbTypajbHe cepefioBuile B hoTodiopeakTopi (puc. 5.6-7) i HOTIMHAHHS X KOMIIOHEHTIB
MIKPOBOZOPOCTSIMH B ITPOLIECT KUTTEAISUIBHOCTI 3 y4acTi cBiTia (puc. 5.6-6). Jlam razosa
cyMmiln HampaBisieTbesi Ha ctamito TII 7 s moBHOI yTwim3anii Tra30BUX BHUKHIIB.
Hapomena 6Giomaca HampaBisieTbesi Ha craaito ¢uieTpamii TII 8, ne BinOyBaeThcs
BIJUTIJICHHS OloMacH B KyJbTypaJlbHOTO cepeAoBHIa. YacTHUHAa KyJbTypH
3aCTOCOBYETHCS K 1HOKYJAT. HamxomxkeHHss ra3oBOi cymimii  BiIOYBAa€eThbCs B
NEPIOIMYHOMY pEXUMI 2 TOAMHM Tojaya, 2 roguHu OapOoTyBaHHs moBiTpsaM. [lpu
MEPEBUIIICHH]I TTOPOTOBUX 3HAYEeHb KUCIOTHOCTI pH<5 BaXJIMBO MPU3YNUHUTH TMOAAUY
CYMIlIlll Ta30BUX BUKHUIIB 10 BITHOBJICHHS JIy’KHO-KHUCJIOTHOTO OanaHcCy, aje MpOJOBKUTH
O0apOoTyBaHHS KyJabTypH noBiTpsim 3 JIP 2. Jlns Oe3nepepBHOI Mmojayl ra30BUX BUKUIIB
BUKOPHUCTOBYETHCA 2 (hOTOOI0pEaKTOPi.

TII 7 JloounieHHs ra30BUX BUKHU/IIB

l"azoBi Bukuau 3 TII 6 mpoxoAsTh MpOIEC TOOUYHUIICHHS MIKPOBOIOPOCTIMHU 32
ydacTi cBitia (puc. 5.6-6) y dortobiopeaktopi (puc. 5.6-8). Ilpu HeedekTuBHOMY MpoIieci
yTUII3aIlli Ta30BUX BUKHUAIB HEOOXIAHO 30UIBIIMTH KOHIIEHTpallo OiomMacu B
dhoTobiopeakTopax, a00 3HU3UTH MIBUJIKICTh I10JIa4i Ta30BUX BUKHU/IIB.

TII 8 BuniuienHs 6ioMacu MIKpOBOJIOPOCTEH BiJl KYJbTYpaJIbHOTO CEPEIOBUIIIA
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Ha naniii craaii BigOyBaeThes ocapkeHHs (puc. 5.6-9) KIITUH MIKPOBOJIOPOCTEM,
iX BIJIUIGHHS B KYJbTYpaJlbHOTO CEpE/IOBUINA Ta HaMpaBJIE€HHS Ha TOJajbIle
BUKOPHCTAHHSI.

TII 8.1 Ocamxennsa 6iomacu

Cycnensis mikpoBogopocteii 3 TII 6 ta TII7 ocamkyeTbes y 30ipHHUKY IMiJT JTIEFO
yIBTPAa3BYKOBOTO ompomidHeHHs dyactotoro 50 klm. Otpumanuii dyrar MoxHa
BUKOPUCTOBYBATH sIK 100pHBo. bioMaca 3a BUKopuCTaHHS TPYOOIPOBO/IIB HAPABIISETHCS
Ha CTajii0 (PUIBTPYBaHHS MAJIS BIJOKPEMIICHHS BiJ KyJIbTYPaJIbHOTO CEPEOBHIIA

TII 8.2 ®inbTpyBaHHs OloMacu

[Ticnst ocamxenHst 6ioMacy BiA(QUIBTPOBYIOTH BiJl KYJIBTYPAJIbHOTO CEPEIOBHUIIA 1
HAMPAaBISAIOTh HA TIOJIANBIITY MIEPEPOOKY 3 METOI0 OTPUMAHHS 3 HEl KIHIIEBOTO MPOAYKTY —
CyIllIKa, OTpUMaHHs OlomayvBa, BHAUICHHS JIMIJIB Ta IHIIUX O10JOTIYHO aKTUBHHUX
pedyoBuH, Tomo. Bubip Meromy 1 oOjagHaHHS 3aleKUTh BiJl BUIY 1 NPU3HAYEHHS
KIHIIEBOTO NPOAYKTY. BindinbTpoBane KynbTypaabHE CEpEIOBUIIE BUKOPHUCTOBYETHCS B
SIKOCT1 JOOpHB.

Takum 4YMHOM B1OYyBa€ThCs YTUIII3aIisl TA30BUX BUKU/IB 1 0JTHOYACHO, OTPUMAHHS

KOPUCHOTO MPOAYKTY Y BUTJISIII 610Macu MiKpOBOJAOPOCTEH.

5.3 YcranoBka AJi9 yTuii3anii ra30BUX BUKH/IIB

[Ipoanani3yBaBiy OTpUMaHi B 111l pOOOTI AaHi, 3 METOIO BIPOBAKEHHS (I01aTOK
A) OloTexHoJOrli yTWii3alii Ta30BUX BUKHIIB MIKPOBOJOPOCTSIMHU, 3 TMOAAIBITUM
oTpuMaHHsIM OioMacH, Oyia po3polOsieHa AOCIiIHO-TIpomMucioBa yctaHoBka BOR-100
(puc. 5.7). YcranoBka € GoToOiopeakTopoM 3 poOOUYMM MOAYJIEM, IO BMIIIy€e B coOi
KoMmrpecop 1 OJOK KepyBaHHS, BOYJIOBaHMUM OCBITJICHHSM BCEPEAUHI €MHOCTI st
KyJbTUBYBAaHHS 1 TNOJauel0 Ta3iB 3a BHUKOpUCTaHHS Audy3opiB. Yac pobotu —

oesnepepBHuil. EnexTpoxuBieHHs 3a0e3neuyeTbcs BiJl MEpeki 3MIHHOTO CTpyMy
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Hanpyrow 100-240 B, gactoToro 50 = 1 I';, criokuBaHa MOBHA TMOTYXKHICTh HE OUIbIIE
75 B A, akTUBHA NOTY>XHICTh crio>kuBaHHs 60 BT.

KoHcTpykiiis ycTaHOBKH Tiependadae 3aHypeHHsI T1IpOi30JbOBAHOTO CBITIOBOTO
MOJIYJIIO 1 Ta30IMPOBO/IIB 3 JUdy30pamMu A0 CepeOBHINA KYJIbTUBYBAHHS, BHACTIAOK 4OTO
1 KOHCTPYKIIiSE oOpocTae O10MIIIBKOIO MIKPOBOJOPOCTEH 1 MOTpedye MepioaudHOTO
OUMINEHHS IS  3amo0iraHHs  TMEPEeNIKO)KAHHIO  PIBHOMIPHOTO  OCBITJICHHS
dborobiopeakTopa. ToMy pa3 Ha ABa TWKHI IepeadadeHO 3aMiHy CepeOBHUINA, MHUTTS

TOJIOBHOI €MHOCTI 1 OYMIIIEHHS BHYTPIITHBO1 KOHCTPYKIIIT BiJl O10TLTIBKH.

OuunlleHi rasm .
LY MaHenb KepyBaHHA i

y—l—‘ 610K KUBNEHHA
‘ A Hacoc

la308i BUKMAM

\ I~
OCBiTﬂEHHM “ BapboTyBaHHsA
6 ceiTnogiogamu andyzopamm

Pucynok 5.7. 3aranbHuii Buriasg (a) ta cxema (0) AOCHITHO-ITPOMHMCIOBOL

yctanoBku BOR-100.
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Veranoska BOR-100, emuicTio 100 v, 3a 1Bi Toguan poboTH 31aTHA 00pOOUTH
3 M® ra3oBux BHKHUIIB, HiArOTOBIEHHUX [0 MAapaMeTpiB, HaBeaeHUX B posaimi 5.1 (C(CO,)
=5%, MBUIKICTH IOTOKY Ta3iB 25 AM>/XB., mepioanuHicTs 2:2 rox.). 3a epekruBHocTi 80%
KiIBKiCTh YTHIII30BaHOIO 3a L€l yac ByIIEKMCIoro rasy ckimame 120 am®. Bara cyxoi
Oiomacw, sika OTJIMHYJIA TaKy KUTbKICTh BYTJICIIO CTaHOBUTHME 128,8 T, OCKUITBKH BiIOMO,
110 Ha HapouryBaHHs 1 kr 6iomacu cnioxkuBaeTbes 1,83 kr CO; [34].

JIns po3paxyHKy BapTOCTI YTWJII3allli ra30BUX BHKHU/IIB HA CTBOPEHIN yCTaHOBIII
IIPOBEJICHO PO3PaXyHOK €KOHOMIYHMX MOKa3HUKIB [96].

Pospaxynox kanvxynayii:

OcHoBHI (hoHIH:

[ToBHa MoYaTKOBa BapTICTh MATEPIAJIiB 1 BAKOHAHHS YCTAHOBKU CTAHOBUTH:

@ =10 000 rpH.

Tepmin excruryatamii — Texenn, = 5 POKIB.

AMopTH3aliliHI BiIpaxyBaHHs 3a PiK:

A=Y (%) _ 10(;00 — 2000 (FpH./piK)

(20)

O6opoTHi GoHAM:
1) CupoBuHa: pO3paxyHOK BapTOCTI COJICH JUIsl MPUTOTYBAHHSI TIOKUBHOTO

cepeloBUIIa HaBeIeHO B Ta0I. 5.1.

Tabnuus 5.1. Po3paxyHOK BapTOCTI CUPOBHUHH.

HailimeHyBaHHs ButpaTu, kr/pik [lina, rpH./KT Piq};;;igi?{c“’
KNO:s 12 170 2040
MgSO4-7H20 6 45 270
KH2PO4 3 200 600
EDTA 0,09 364 32,76
FeSO4-7H20 0,02 70 1,40
H:BO:s 0,007 150 1,05
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HaiimenyBaHHsI Butpartu, xr/pik [ina, rpH./KT Piqli?;igiii(cu,
MnCl:-4H-0 0,004 360 1,44
ZnS04-7H-0 0,0005 95 0,05

MnO:s 0,00004 80 0,01
NH.VO; 0,00006 1800 0,11
Bcebworo =2 946,81 rpH

2) Cycnensis mikpoBogopocteid — 80 rpH/pik.

3) Bopna-— 121,86 rpH./pik.

Bapricts 40,62 rpH./M>, HOTpeOU: NPUrOTYBAaHHS MOKUBHOTO CEPEIOBHUIIA —

2,4 M*/pik, npoMHBKa peakTopa ABivi Ha Micaups — 0,6 M>/pik, cymapHo — 3 M/pik.

4)  Enextpoenepris — 4 415,04 rpH./pik.
Bapricts 8,4 rpu./kW, notpedu — 60 W/h — 525,6 kW/pik, 3a ymoBu

Oe3nepepBHOI pOOOTH peakTopa.

5) Inmi HeBupoOHUYi Butpatu — 1000 rpH./pik.

Burtpatu Ha TexHiuHe 006cmyroByBaHHs Ta peMoHT — 1000 rpH.

O6opoTHi homm = 2 946,81 + 80,00 + 121,86 + 4 415,04 + 1 000,00 =8 563,71 rpH./pix.

Tabmuig 5.2. KanpKynsiiis 3a CTaTTSIMH.

Kanpkysnsiist piyHOi poOOTH yCTaHOBKHU
HazBa Cywma, rpH
[Ipsimi BUTpaTu:
AMopTH3atis 2 000,00
CupoBuHa 2 946,81
CycrnieHsist MIKpOBOJIOPOCTEH 80,00
Enexrtpoenepris 4 415,04
Bona 121,86
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Henpsimi BuTpatu:

[H1111 HEBUPOOHUY1 BUTpATH 1 000

Beworo: 10 563,71 rpu

Pospaxynox mexuixo-ekoHomiunux noKasHuKia.

O6opotnuit kamitan = Pospaxynku + OO6opotHi doumu = 0 + 8 563,71=

8 563,71 rpu/pik

KaHiTaJIOBKJIa,ZIeHHH:

- Beboro: KamitanoBknagenHss = OcHOBHI (oHau + OOopoTHIN
kamitan=10 000+ +8 563,71= 18 563,71 rpH.

- Ha  omuHun  npoxaykmi (1 M’  Ta30BMX  BUKHIIB):
Kanitanoskianenns/Y tumizanis = 18 563,71/6 570 = 2,83 rpH/og.

IToBHA cO0IBAPTICTH MPOJIVKINII:

- Beboro: CoOiBapticTh = AMoptu3auis + Oo6opotaumii kamitan =2 000 +
8 563,71=10 563,71rpH.
- Ha onunuio npoxaykiii: Co6iBapTicTs/YTumizamis= 10 563,71 /6 570
= 1,61 rpa/ox.
BinnocHuii npuOyTOK:
- Beboro: IIpubyrtok = Ilina — Co6iBapticts = 20 000 — 10 563,71= 9
436,29 rpH.

- 3a oguHuL nponykiii: [Ipubyrox/YTumizamis = 9 436,29 /6 570 =
1,44 rpH/og.
PenTabenbHICTD:

R = (IlpubyTok/CobiBapricts) - 100% = (9 436,29 /10 563,71) - 100% = 89,3%.

Ilepion moBepHEHHS KANITAIOBKIAACHb:

Thos = KamitamoBknanenus/I[Ipubytok = 18 563,71/9 436,29 = 1,97 pokwu.

DonnoBIIaAYa BUPOOHUUNX (DOHITIB:

®B = (Iina- Yumzaiis)/Od = (20 000-6 570)/10 000 = 13 140 rpH./TpH.
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DOHITOEMHICTE:

o€ = 1/OB = 1/13 140 = 0,00007 rpH./TpH.

KoedimieaT eKoHOMIYHOT €(hEKTUBHOCTI:

E = IIpubyrox/KamitanoBknaaenusa= 9 436,29 /18 563,71= 0,51 (rpH./TpH.)

Tabmuns 5.3. OcHOBHI TEXHIKO-€KOHOMIYHI MOKa3HUKHN ycTaHOBKHM BOR-100.

Nen/m| Tlokaznuku 3Ha4YEeHHS
1 Piyna yTumizaris ra30BUX BUKUIIB 6 570 m*
KamitanoskiaaeHas
2 - BCBOIO 18 563,71 rpH.
- Ha OJIMHHULIIO IPOIYKIIi 2,83 rpn/on.
[ToBHa cOOIBapTICTh MPOMYKIIIi:
3 - BCBOIO 10 563,71 rpH.
- Ha OJMHHUIIIO IPOIYKIIi 1,61 rpH.
BignocHuit mpubyTok
4 - 3apiK 9 436,29 rpH.
- 32 OJIMHUITIO MPOIYKIIIT 1,44 rpu./on.
5 PentabenpHICTh POAYKITIT 89,3 %
6 [lepion moBepHEHHS KaMiTAIOBKIIA/IEHb 1,97 poku
7 ®doHaoBIAa4Ya BUPOOHUYUX (HOH/IIB 13 140 rpH./rpH.
8 DOHI0EMHICTh 0,00007 rpH./TpH.
9 KoedirmienT ekoHOMIYHOT €(heKTUBHOCTI 0,51 rpa/rpu

Co01BapTicTh yTHIII3all1]l BYTJIEKUCIIOTO Ta3y 3 Fa30BUX BUKUJIIB 3aJICKUTH BiJl

e(peKTUBHOCTI MOTO yTHIII3allli Ha OJHIN YCTaHOBIII, 1110 BapitoeThes B Mexax 20-40%,

TaKUM YUHOM, 1100 JOCSATHYTH HaleKHOTO piBls edekTuBHOCTI y 80-100%, HeoOXiaHO

34CTOCYBATU OJJHOYACHO A0 5 YCTAaHOBOK.
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KinbkicTh MOTIMHYTOr0 BYTJIEKUCIOro razy 3 razoBux BukuiiB (5% CO,) 3a
edexrurocti 100% cxmamarume 328,50 m>/pik. Po3paxyHkoBa KiJbKiCTh yTBOPEHOI 3a
e mepioxg Oiomacu MikpoBomopocTed ckiage 352,63 kr cyxoi Macw/pik. 3a
CHOTOJIHIIIIHKOI PUHKOBOI BapTOCTI Xjopenu B ¢opmi mopomky Outs 1 300 rpa./kr, a6o
cycrniensii anst romiiai TBapuH — 80 rpH/N, OlomMaca Moxke OyTH XOpOIIUM JHKEpPEIOM
npuOyTKY, 32 YMOBH MPOBEACHHS aHANI3y Ha TOKCUYHICTh, a00 BHKOPUCTOBYBATHUCH Yy
OloeHepreTHIli.

PospaxynkoBa coOiBapTiCTh yTHWII3aIlii Ta30BUX BHKHUIIB 3 3aJaHUMHU
mapaMeTpaMu Ha oxHil ycranosui BOR-100 ckmamae 1,61 rpa/m>, npu mpogyKTUBHOCTI

pobotu ycranosku 18 M* rasis/no0y, cranosurume 10577,70 rpu/pik.

BucnoBkm 10 5 po3ainy.

3 BpaxyBaHHSIM OTPUMaHMUX JaHHUX OyJIO CTBOPEHO IpadiuHy MOJEINb, IO OMUCYE
IpOLEC KyJIbTUBYBAaHHS MIKPOBOAOPOCTEN 3 BUKOPUCTAHHSAM Ia30BUX BUKHJIB 3@ TaKUX
napameTpiB iX 1oJ1ayl: ONTHUMAaJIbHA KOHLEHTPAL[isl ByTJIEKHCIIOTO ra3y B Fa30BUX BUKUIAX
CTaHOBUTH 5%, pallioHaJIbHA MBUAKICTH 1M0J1a4l a3y cTaHOBUTH 0,25 00./00.-XB., a TAaKOXK
nepioanyHIcTh 2:2 roa. B mMoneni BpaxoBaHO 10 KUCJIOT, YTBOPEHUX 3 OKCHJIIB a30Ty 1
CIpKH, 110 HE CNPUYUHSIOTH NafiHHg pH Menmie 4 1, sk HACTIAOK, 3yNMUHKY MPUPOCTY:
TaKOI KOHIIGHTpalier s cyiabdatHoi kuciaoru € 0,1%, a mua azorHoi 0,19%, npu
mBuakocTi nmomaui 0,015 cM*/xB'aM® KyIbTypaJbHOTO CEPENOBUINA 3 IIOYATKOBOIO
KOHLIEHTpawicro 6iomMacu 85+5-10* kimitun/cm>.

3a eKcrnepUMEHTaJIbHUMHM JaHUMH 3alpPOIIOHOBAHO TEXHOJOTIYHY CXEeMy
yTUII3alli Ta30BUX BHUKHU/IIB MIKPOBOAOPOCTAMHU. P0o3po0iieHO AO0CTIAHO-NPOMUCIOBY
ycTaHoBky 06’emom 100 nm°, sxy Bnposamkeno Ha TOB «POCTOK-TTPUJIA JITO»
(aKT BOpOBaKEHHS 10AATOK A), COOIBApTICTh yTHIII3allli Fa30BUX BUKHIIB B SIK1M CKIagae

1,61 rpu 3a M°, npoayKTHBHICTE — 18 M* Ta3iB/n00y.
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BUCHOBKH

1. Bcranosneno, mo audy3op 3 aiameTpom oTBOpiB 0,12 MM B KiTbKOCTI 14 11T,
MPU3BOJUTH 10 HACUUEHHS KYJbTYpaJbHOTO cepefoBuIla pkeperaoM kapoony (COz) no
0,59 r/mm® 3a 5xB., i B mepmy no0y cmpuse Ha 40 % BHIIM MIBHAKOCTI POCTY
MIKpOBOJIOPOCTEN MOPIBHIHO 3 OapOoTyBaHHAM Oe3 mudys3opa. HaiiBuima mBUAKICTH
pPOCTYy KIITHH CHOCTEPIraeThCs 3a BU3HAYCHUX palllOHAJBHUX MapaMeTpiB Iojaadi
niokcuay kapbOony: konuentpauii CO, 5%, mBuakocti mojgadi razoBoi cymimn 0,25
00./00., Ta IepioAMIHOCTI 2:2 TO/I.

2. Bu3zHayeHO MakCUMallbHI TPAaHUYH1 KOHIIEHTpAIlil BMICTY B KYJIbTypaJbHOMY
cepenoui cyiabdatHoi (0,1%) ta azotHoi (0,19%) kucnoT npu mBuAKOCTI mogayvi 0,015
cM>/XB* M, SIKi BiIIIOBiAIOTh 3HAYEHHAM OKCHIIB cyubdypy 15 ppm Ta mirporeny 40
ppm B ra3oBiii CyMmili, 1 HE YMHSITh HETATUBHOI'O BIUIMBY Ha pO3BUTOK KynbTypu Chlorella
vulgaris 3a mO9aTKOBOT KOHLIEHTpaii 6iomacu 85+5-10% kimiTun/cm?.

3. Iloka3zano, mo e(eKTUBHICTb MOIVIMHAHHS BYIJIEKHCIIOTO Ta3y 3 TIa30BOi
cymimn (CO,=5+2 %) B MynbTHOIOpPEAKTOPHUX CHCTEMax B Iepuly o0y € BHILOIO,
MOPIBHSHO 3 ofHOOIOpeakTopHUMH, Ha 12%, 3 TEHIEHINE€ 10 CHagaHHs M€l Pi3HUIIL,
OpUYOMYy, IIBUIKICTh POCTY KITHH Ha 3 100y KyJIbTUBYBaHHS CTaHOBWJIA
0,028+0,003 rox! ms Beix cucTeM. PisHMIS CTYNEHIO yTHIIi3alii BYyIJIEKMCIIOTO Tasy 3
ra30BHX BUKH/IIB 3 aHAJOTIYHOIO KOHIIEHTparlieo Oyia moaioHa: 11% B nepiny 100y, ane
31 3pOCTAalOuOI0 TEHJICHIIIEI0, a IMIBUJKICTh POCTY Ha TPETIO 100y HE MEpeBHUIyBaja
0,026+0,002 rox™! ms Beix cucreMm.

4. BcranosneHo, mo 3a konneHtpaiii CO, B ra3oBux BHKuAax > 5% BaBidi
HIJBUIYETHCS CUHTE3 NiMiaAiB B kiituHax Chlorella vulgaris. 3poctae BMICT HaCHYEHUX
xUpHUX KuciaoT Ha 10%, ximpkicts modiHeHacuueHuXx KK 3Hmxkyerscs Ha 2-15%,
MOPIBHAHO 3 KOHTPOJIEM, MpPU LbOMY BJIBIUl 3HWXKYETbCA MIBHIKICTH POCTY 3a

BUKOPUCTAaHHSA OJHOOIOPEAKTOPHOI CUCTEMH Ta Ha TPETUHY y MYJbTHOI0pPEaKTOpPHIM
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cUCTEMI Ha JApyry A00y KyJbTHBYBaHHS 3 TEHIEHILIEI0 [0 MOJANBIIOIO MaiHHS
HIBUKOCTI POCTY.

5. BcranoBneno, mo edexktuBHicTh mnornuHaHHsa ~ Chlorella  vulgaris
BYIJICKUCIIOTO Ta3y 3 ra3oBux BHKUJIB TELl 0e3 pemupkymsimii micis monepeaHboi
necynb(ypusamii ctaHoBUTE 24 %, a 3a MepioAUYHOI Mojadi ra3iB 0e3 necynbdypusarlii,
epextuBHicTh nornuHanHs CO, — 10%, npu mpboMy BABIYI OUTbINA IMIBHIKICTH POCTY
KJIITUH Ha 9 100y KyJbTUBYBaHHs. [lokazaHo, 1110 32 BUKOPUCTAHHS Ta30BUX BUKH/IIB TI1CIIS
CHaJIIOBaHHs 610ra3y A7 KyJIbTHBYBAHHSA IaHOOAKTEPIA, 3 3aCTOCYBAaHHAM 0araropas3oBoi
peLupKyJISIii, ehEeKTUBHICTh MOTJIMHAHHS BYTJIEKHUCIIOTo raszy gocsrae 92 % 3a 20 mil.
[Ipu upomy, ipupict Arthrospira platensis nocsras 230 mMr/ qv>: 1€Hb B eKCIIOHEHIIATbHIN
da3i pocry.

6. Po3po0sieHO  TEXHOJOTIYHYy  CXeMy  yTWIi3alii ra3oBUX  BUKHJIIB
MmikpoBogopocTsimMu Chlorella vulgaris. Co06iBapTicTh yTHIII3allli Ta30BUX BUKHJIIB Ha
OJIHil IPOMHUCIIOBO-IOCIAHIM ycTanoBIi 06’ emMom 100 aM?, 3 mpoayKTuBHiCTIO podoTH 18

M rasis/mo0y, ckinagae 1,61 rpa/m°.
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OK-TTPHUJIA L JIT»
Toxosenko C.O.

BIIPOBAUKEHHS
yTHIi3aLil ra30BHX BUKHIIB MiKPOBOJOPOCTAMH
Ha BupoOHULTBI TOB «Pocrok Ipunan JITI»

YV nepiox 3 01.11.2024 poxy mo 25.12.2024 poxy Topapucteom «POCTOK-
IPUJIAJL JIT» Gynu mpoBesieHi JOCHiUKeHHs TeXHOOoril yTuii3alii ra3o0BHX BHKHIIB
MIiKpPOBOJIOPOCTSIMH 3 MOMAIBIINM BHKOPHCTaHHAM GloMacH B AKOCTI J0OpHB, CTBOPEHOI
HA OCHOBI AHcepTalliifHuX mociimKkeHs BaosuueHKo ANbLoHH AHIPITBHA.

lazoBi BUKMAM IicAs BHKOHAHHS TEXHOJIOTIUHMX opepauiif mimnmpuemcrsa i
npouecie mo 3abesneueHHIO OOIrpiBy MpuMilleHb, MicTHIM B co0i KOHLEHTpallil
BYIJIEKUCIIOTO Ta3y, 0 MOXKYTh YMHHTH 3ryOHY Ail0 Ha 370pOB’S Ta JKMTTEMIANBHICTS i
Tpale3IaTHICTh MepPCOHaNy, a TAKOX iHII TOKCHYHI AOMILIKM. 3 MeTOI0 3abe3neyeHHs
3J0pPOBOTO MIKpPOKIIMaTy Gy/i0 BIPOBAIPKEHO TEXHOJOTI0 IO OUMINEHHIO MHOBITPS i
30araueHHI0 Horo KHCHEM.

Jana Texsosoris mnepenbavae monepeaHIO (GUIBTpauilo ra3oBHX BHKHIIB Bil
YaCTOK IIMIIY, OXOJOJDKEHHs, 3MIIIyBaHHsA 3 TOBITPAM 1 mojady iX J0 cepeloBHINa
KyNBTHBYBaHHs MikpoBomopocteit Chlorella vulgaris xommpecopoM uepe3 TPYOKH 3
nudysopaMd IS [OKPALEHHs IX PO3YHHHOCTI 1 pO3MOAITY B  CepeloBHMILI
KyJbTHBYBaHHS, a TAK0K PIBHOMIpHE OCBITJIEHHS KTiTHH. TakuM YHHOM 3iHCHIOBANIOChH
iX mnepemimryBanus B ¢orobiopeakTopi, a OCBITIIeHHs BigOyBaJoch 3a paxXyHOK
CBITIOMIOMHMX ITaHeNel B cepemuHi peakropa y crekrpax Oimoro csimna. Iloxusne
cepeioBHILIE NOIMOBHIOBANIOCH MO Mipi HOro BHCHa)KEHHS, a Ha MOYaTKy HOBOIO IHKILY
KYJIbTHBYBAHHS- pa3 HA JBa THKHI - TOBHICTIO OHOBIOBanoch. Hapomena Giomaca
BimOupanack 3 peakropa 1 B IIOJaJbLIOMY BHKOPHCTOBYBAJIH B SKOCTI J0OpHBA.
Oxonomwxeni mgo Temneparypd 30°C  rasoBi BHKuaM  3pificHIoBamHM  06irpis
¢dotobiopeaxropa. ITopiis rasoBHX BHKHIIB, 1[0 HaAXOAHIA IO peakTopy, 3abupanack
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Ha BUXONi i Oyja IIOBTOPHO HAmpapieHa 10 cHcTeMH 3a0opy TrasiB i MOBTOPHOTO
NPOIYCKAHHS Yepe3 KyJIbTypalbHe cepeloBHILe /ULt OLIBII IOBHOT yTHIi3alil TOKCHIHHX
ckmagosux. UeprysaHHs Iojavi rasis i mosiTps BinOyBasoch KOXHI MBI TOMHMHH,
NPOBOIHIHCh KoHTposib pH cepemosuila, KoHIeHTpauil 6iomacy, konnenTpauii CO, Ha
BXOJli i BUXOJIi 3 CHCTEMH, TEMIIEPATYPH B KyJIbTHBAIliitHOMY BindineHHi.

PesynbTaTH  BNpPOBAa[KEHHs  TEXHONOTIl  yTHiizauil — ra3oBHX — BUKMIIB
MiKpOBOZIOPOCTSIMH MOJISATAIOTh B HACTYITHOMY:

1. PospoGieHa i BOpoBamkeHa TexHomoris 3abesnedye e(eKTHBHE MOTTHHAHHS
KOMITOHEHTIB Ta30BHX BHKHJIB MiKpOBOJOPOCTAMH, IIPOAYKTHBHICTh O4UIIEHHS ra3iB Bif
CO, micna peuwpkysuii craHoBuTs 95 £ 5 %. Kpim Toro BinOysaeThes 30aradeHHs
HaBKOJMIIHBEOTO CEPENOBHIIA KHUCHEM, IO BHIUISETHCS MIKPOBOJOPOCTAMH B NPOLEC
dorocunTesy, a oTKe 3abesnedyye 3MOPOBHH [Uli JIIOJUHU CKJIaJ MOBITpsA B Micui
BHKOPHCTAHHS 1 3MeHIIeHHs 3a0pyIHeHHs aTMochepH.

1. 3amponoHoBaHa TEXHONOTis yTHIi3auii ra30BHX BHKHIIB MiKpOBOJOPOCTSAMH
Z03BOJISE OTPUMATH OaraTy Ha KOPHCHI PEeUOBHHH OioMacy, sfiKa B TOAANBLIOMY MOXe
BUKOPUCTOBYBAaTHCh SIK JOOPUBO, KOPM [UIs TBAapHH, OTPUMAHHS GIONOTiYHO aKTUBHHX
peuoBHH, abo MiAgaBaTHCEL TOMATKOBIH 0OpOOI [ OTPHUMAHHA €HEProHOCIIB TakHX, K
GiomusensHe maaHBo, bioras Ta iH.

[NpoBiguuil imxenep

TOB «POCTOK ITPHUJTAJT JIT» Crapenrxuii C.A.

3as.kadenpu BBE
KITI im. Iropst Cikopcbkoro omy6 H.B.

Acmnipant xadenpu bBE
KITI im. Irops Cikopeskoro ' Brosuuenko A.A.

168



Omm NMpAT “KomnaHnia POCTOR”
TOBAPHUCTBO 3 OBMEKEHOIO BIJAMOBIJAJLHICTIO
‘POCTOK-NPUAAONTA

AL = i Apnpeca: 6.Baunasa Masena, 4, M.Kuie, 03124, YKPAIHA
o it B ! AT Tenedpor/taxc: (044) 408-03-31 , (044) 454-06-00, E-mail rostok@roslok-pribor.com
P/p Ne UA423808050000000026009124071 AT “PaiidpaizeH Bark ABAb" 8 M.Kuesi
Ne M®O 380805, Ko EAPNOY 21513258, INH 2151 32526581

i T e
i T i L S  E E T T,

BUNIPOGYBaHb MOCTiAHO-TPOMUCIIOBOT yCTAHOBKH
JUTS YTHITI3aI(ii ra30BUX BUKHIIB MIKPOBOLOPOCTIMA

Y mepion 3 TpasHs 2021 poky mo moruit 2022 poky Ha teputopii TOB
«POCTOK-TIPUJIAJT JIT/I» 3 METORO BIpOBaUKeHHs Oi0TeXHOJOriT yTH3alii ra3oBAX
BUKW/IIE MIKPOBOMOPOCTSAMH 3 MOIANBIINM OTPUMaHHSAM Giomacu i 3acrocyBaHHs 1i B
skocTi mo6pHB OyaH NpoBeleHi BUNPOOYBaHHSL IOCTTi THO-IIPOMHUCIIOBOL  YCTAHOBKH
BOR-100 (Bioreactor Oxygen Regenerator).

JocainHo-ipoMuciioBa  ycraHoBka BOR-100 € ¢doroGiopeakTopoM 3
BHKOPHCTAHHAM MiKpOBOZOPOCTEH, TpU3HAYEHA I MOTIAHAHHS BYTTEKUCIIOro rasy
(CO;) 3 HABKOJMIIHBOIO CEPEOBHINA, 3 HACTYIHHM 3BOPOTHIM BHJUIEHHSIM KHCHIO
LUTAXOM KyJTbTHBYBAHHs MIKpoBOZOpoCTelf B HamiB-aBTOMATHIHOMY GesnepepBHOMY
pexcHMi 3 BUKOPHCTAHHSM BOYIOBAHOIO KOHTpOJIEpa, AKHH (bopmye mporpamy poboTH
BUKOPHCTOBYIOUH I'OMHHUK PEabHOIO 4acy.

Po6ounii Moy BMilmye B cobi kommpecop i OJI0K KepyBaHHd, IIO HO3BOIAC
peryjioBaTH pPEeXHM OCBITJIEHHs 1 [OJady TIa30BUX BHKHJIB 3 HAaBKOJIMIIHBOIO
ceperoBMIma. B KyJbTHBALifHOMY BifineHHi po3TamoBaHui 670K OCBITJICHHA i3
CBITJIOMIOAHAMY MOLYJIAMH i OJIOK Ta3ompoBOiiB, Ha KiHLI SKHX pO3TaIIoBaH]
nudy30pH, 1O J03BOJMOTE e)eKTHRHO PO3CIIOBATH ra3oBi BUKHIW | HACHUYBATH HHMH
cepeoBHIle  KyNbTHBYBaHHA. Ilojaya rasiB  TakoX —JIO3BOJAE 31iHCHIOBATH
GapboTyBaHHs cepelloBHINA 1Jis YHWKHEHH: OCAJUKEHHS Giomacu mim wac poboTH
YCTAHOBKH Ta PIiBHOMIDHOTO MNOCTYMY N0 OCBITJIEHHS KJIITHH KyJIbTYPH, OCKUIBKH
edexTuBHuil mporec GOTOCHHTE3Y JIO3BONISE YTUIII3YBaTH Olnblr 06’eMH BYIJIEKHCIOIO
razy. BuMiproBaHHS [PO30pocTi pobOHOro  CcepenoBHILA BimOyBaeTbcs IMUTAXOM
nepeBeieHHs OIHOrO i3 CBITIOMIOMHHX MOIYJIB B PeXHM JETEKTOpa OCBITJICHOCTI, 3
OTHOYACHMM OCBITJIEHHSIM Horo Bcima immumu moxynmsmu. KaniOpyeaHHs CHCTEMH
BinOyBacTbCs MpPH BiACYTHOCTI CepefOBHINA B HEOCBITICHOMY npumimenni. CucreMa
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103BOJIsE BU3HAYATH PiBEHB 30BHIIIHBOrO OCBIT/IEHHS, UL I{BOTO OJIUH i3 CBITJIOIOIHHX
MOZIyJIiB IEPEBOIUTBCS B PEUM ACTEKTOPA OCBITIICHOCTI, 3 OMHOYACHAM BiIKITIOUCHHAM
BCIX {HIIKX MOZIYJIB.

OCBITeHHs CBITIOIOMHAMI MOIY/AMY 3MIACHIOETECA 33 PaxyHOK xomGiHail
CBITNOMIOMIB PI3HMX KONBODIB, nporopiiii AKHX (GOPMYKOTB CTIEKTD, HaOMKeHUH 10
TIponopuii CHeKTpy NPHPOAHBOTO OCBIT/ICHHS, 10 MAKCHMAIBHO Bi/UIOBINAE norpebam
KITITHH MIKpOBOIOpOCTEil y CBIT/IOBIH eneprii. IIpuctpiit BOR-100 nossoisie OIliHIOBATH
3MiHy KOHIEHTpAIii ByTJIeKHCNIoro rasy B npuMilleHHI Ta piBeHb aMign OloMacH
MiKkpoBo#OpOCTeil  IUIAXOM BH3HAUCHHA [1PO30POCT] MOKMBHOTO CEPELOBUILE, 11O
ApAMO  IIpOTOpLiiHa piBHIO IOMIMHYTOrO  BYIJICHIO. [Tpo3zopicTe  CepelOBHILA
BU3HAYAETHCS y BiICOTKAX BIIHOCHO BHYTPIIIHBOIO OCBITICHHS B CYXOMY i qucTOMy
KyJIbTUBaLliHHOMY Bimmini, wo npuitaaTo 3a 100%. lianasoH BUMIpIOBAHHS CKITaJIa€ Bil
1 mo 200% (100-200% 3a paxyHOK 30BHIMHIX Kepen cBiTna). [ KOHTPOIIO AKOCTI
MOBITPA yCTaHOBKA BOR-100 [03BOJsE BU3HAYATH xonuentpanito CO,, iHaMKaLid
[OKa3iB IKOCTi MOBITPS BiIOyBa€eThCs y BUIHOCHUX ONHHHIAX (cu), BepxHs Mexka BUMIpY
cranouth 1200 ppm CO,.

JInisA 3alyCKy YCTAHOBKH TOTYETBCH TOXHUBHE CEPC/IOBHLIC Tamist 1 BHOCHTBCS
kynbTypa Chlorella vulgaris. OHOBIEHHS CepeloBHILa BiIOyBa€ETECA pa3s Ha MicAllk, TIPH
L(bOMy HapolleHa GioMaca i BAKOPHCTaHe KyIbTypanbHe cepe/l0BHIIIE BHKOPHCTOBYETHCA
B sKocTi GionmobGpuBa JuIA 30araueHHs IPyHTIB i 36inpIIeHHS BpOKAHHOCTI MIOJOBUX
KyJbTyp. Y CTaHOBKA TTPOXOMHTH IIPOLEC OUHILICHH i mpodinakTHKH 1 nepe3arnycKacTbeA
38 BHKOPHCTAHHsI HOBOT MOpLi MOKUBHOTO CEpelOBHINA Ta IHOKYJATY 3 IONEepPelHBOro
3aIycKy y KUTBKOCTI 2 J1.

ENeKTpOXHBJIEHHs [TPOBOIHTLCS Bin Mepeski 3MIHHOro CTPyMy HampyTolo
100-240 V, wacrororo 50 £ 1 Hz, croxuBana 0BHA MOTYKHICTh He OlTbIIe 75 VA,
AKTHBHA TOTYXHicTH croxuBanus 60 W. TabapuTHi pO3MipH YCTAHOBKH
90 cmx42 cm*42 cM. Maca yCTaHOBKU HC TIEPEBULIYE 10 kr. O6’eM KyIbTHBALIHHOTO
BNy MOCHiXHO-IIPOMMCIIOBO] YCTAHOBKH CTAHOBUTE 100 n.

Pesynerati BHNpOOyBaHb JIOCTTiAHO-ITPOMHCIIOBOI  YCTAHOBKH UId yTuizauii
ra30BHUX BHKIIIB MIKPOBOJIOPOCTSIMH J03BOJAIIH 3POOHTH HACTYTIHI BUCHOBKH!

1. CnocrepexxenHs 3a pobOTOIO JIOCTIiTHO-TIPOMHCTIOBOT yCTAaHOBKH BOR-100, mo
BIJIOYANO, 30KPEMa, KOHTDOIb CKIamy BXITHHX i BuXigHMX mMapameTpiB Ta30BHX
BHKHIB, GiKCYBAHHS LIOJEHHOrO PiBHA sMiHM KOHIEHTpaL(ii 6iomMack MiKpOBOLOPOCTEH,
KOHTPONb CKIAMy KyJIbTYpPalbHOTO CepeloBHIN, sMiHM KHCJIOTHOCTI IOKa3alH
cTabinbpHy poOOTY YCTAHOBKH.

2. EdexrupHicTh yTHII3ALIl ByTIEKHCIOTO rasy, WO HAIXOIUB 10 YCTAQHOBKH Y CKIIajl
rA30BMX BHKMIIB 3 HABKOJIMIIHEOTO CepeloBHINA, carana 95 + 5 %, SIKINO KOHLEHTpaLlis
X He IMepeBUIIyBaa BEPXHIO MEXY BUMIpY JaHOI yCTaHOBKH.
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3. IlporpamyBaHHs HEOOXiIHHX napameTpis  poGOTH  AO3BOTIANO  [POBOJHTH
yTHIi3alilo Ta30BHX BUKMAIB 0e3 [ONATKOBOTO BTIPYHaHHA 3 Boky TmepcoHany B
GesnepepBHOMY PEKIMi, 00CTyrOByBaHHS YCTAHOBKH JOCHTE IPOCTE.

4. Pobora ycTaHOBKH Oyna 0e3BiIXOMHOK, OCKUIBKM —OTPUMAaHa Giomaca 1
Bi/panboBaHe KyTbTYpalibHE CepelloBUINE € LIHHMMH NPOIyKTaMH JUid ClIBCBKOTO
FOCTIONAPCTBA i OyJIM BUKOPHCTaHI 33 TAKUM IpU3HAYEHHSIM.
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TOB «POCTOK ITPHUJIA JITD» Crapenbkuii C.A.
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KIII iM. Iropst CikopchKoro BrosuueHko A.A.
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CHUCOK NMYBJIKALI 3/I0BYBAYA 3A TEMOIO JUCEPTALI{

Hayxkogi npaui, B ikux ommy0/1ikOBaHO OCHOBHI HAYKOBi pe3yJIbTaTH AUCePTALil

I yonixayii' y cneyianizosanux suoanuax Yxpainu,
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2.  Debowski, M., Zielinski, M., Vdovychenko, A., Kazimierowicz, J. (2024).
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combustion. Processes, 12(2), 396. ISSN: 2227-9717 DOI: 10.3390/pr12020396 (Scopus,
Web of Science, SClmago Journal Rank — Q2) (Ocobucmuii enecox 3000yeaua:
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