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ABSTRACT. Water pollution with oil and its components is common in oil-producing and industrialized
countries of the world. High molecular weight alkanes, constituting significant portion of oil, exist in
a solid state at room temperature and exhibit resistance to decomposition when released into the envi-
ronment. Bioremediation is the most promising technology for cleaning up hydrocarbon-contaminated
aquatic ecosystems because of its environmental safety and economic efficiency. This article presents
data on the potential for bioremediation of hydrocarbon-contaminated objects by the alkane-oxidiz-
ing bacterium Tsukamurella tyrosinosolvens PS2. Strain PS2 was isolated from petrochemical waste and
showed a significant increase to 10” CFU/ml when cultivated on a mineral medium with solid paraffin
as the sole source of carbon and energy. It was found that strain PS2 has high adhesion to liquid and
solid alkanes, compared to cells grown in a medium with sucrose. The degree of decomposition of solid
paraffin was evaluated using gas chromatography/mass spectrometry. The results indicated that strain
PS2 metabolizes alkanes with a chain length of C20-C31 in 7 days with varying efficiencies. The findings
of this study demonstrate the potential of the T. tyrosinosolvens PS2 strain for the bioremediation of sites
contaminated with complex mixtures of hydrocarbons.
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1. Introduction In the event of contamination of water bodies’

extensive surface areas with oil and hydrocarbons,
the most economically viable remediation method is
bioremediation (Li et al., 2020; Xu et al., 2022). This
technology is based on the ability of microorganisms
to transform and mineralize a wide range of organic
pollutants, which provides them with energy and car-
bon (Rojo, 2009). The extensive metabolic capabilities

Oil spills into aquatic environment resulting
from disruptions in the functioning of oil production,
transportation and refining facilities causes significant
environmental damage (Chen et al., 2017; Delegan et
al., 2019). All groups of living organisms are adversely
affected, including the flora and fauna of aquatic eco-

system. Additionally, changes in the microbial com-
munity are observed, leading to a disruption of its tro-
phic function and the disintegration of biogeochemical
cycles (Zaki et al., 2015).

Alkanes are a significant component of oil
(Alonso-Gutierrez et al., 2011). Low molecular weight
alkanes, which are liquid under standard state condi-
tions, can be subject to abiotic transformation and bio-
logical degradation by a wide range of microorganisms
(Rojo, 2009), whereas high molecular weight paraffins
pose a more serious problem. These compounds are
solid under standard state conditions, and can accumu-
late in aquatic organisms and lead to chronic pollution
(Sakthipriya et al., 2016).
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of microorganisms make it possible to create biological
products that are effective under the most challenging
conditions, including low temperatures, high osmotic
pressure, and contamination with heavy metals.

Tsukamurella tyrosinosolvens PS2 strain was iso-
lated from petrochemical waste (Romanova et al.,
2019) and demonstrated its ability to utilize medi-
um-chain alkanes (Romanova et al., 2022). The aim of
this study is to assess the potential of the isolated strain
for the utilization of solid alkanes in combination with
other biotechnologically valuable properties, such as
alterations in cell hydrophobicity.
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2. Materials and methods
2.1. Cultivation of the T. tyrosinosolvens
PS2 strain under different conditions

Strain PS2 was cultivated on liquid mineral salts
medium (MS) for 7 days (g/1: 1.0 - (NH,),SO,; 0.25
- MgSO,*7H,0; 3.0 — KH,PO,; 4.5 — Na,HPO,*12H,0
(Phale et al., 1995)) supplemented with the various
carbon sources: sucrose (10 g/1), hexadecane (4% vol.)
or solid paraffin (10 g/I). The initial inoculation of
strain cells was 10° CFU/ml. The number of cells in the
suspension was determined by serial dilutions on LB
medium (g/1: 10 - tryptone; 5 — yeast extract; 5 — NaCl;
20 - agar-agar).

2.2. Assessment of T. tyrosinosolvens PS2
strain cell adhesion to hydrocarbons

To determine the adhesion of bacteria to hydro-
carbons, the cells of the strain were centrifuged and
washed twice with MS medium. The next step involved
combining equal volumes of the cell suspension with
an OD=1 with hexadecane. Then this mixture was
shaken for 60 seconds and incubated to separate into
two phases for 30 minutes. Following the separation
process, the optical density of the hexadecane phase
was measured at a wavelength of A =400 nm using an
xMark spectrophotometer (Bio-Rad, USA) (Zhang and
Miller, 1994; Sotirova et al., 2009).

2.3. Evaluation of hydrocarbons
degradation by GC-MS

The biodegradation of solid paraffin by PS2
strain was analyzed using an Agilent Technologies
7890B GC System gas chromatograph (USA) com-
bined with a mass selective detector (GC-MS) after
extraction with hexane. For the analysis, an HP-5MS
capillary quartz column (length 30 m, diameter 0.25
mm, phase film thickness 0.25 um) with a chemically
grafted phase of 5%-diphenyl-95%-dimethylpolysilox-
ane was employed. The GC-MS conditions were as fol-
lows: chromatograph evaporator temperature — 280°C;
detector interface temperature — 280°C; carrier gas —
helium, constant flow mode — 1.0 ml/min. A mass cal-
ibration was conducted automatically in the Autotune
mode using perfluorotributylamine (99.8%, Agilent
Technologies) as a standard.

3. Results and discussion

The T. tyrosinosolvens strain PS2 demonstrated
significant growth when cultivated with various carbon
sources. The final cell concentration was 10® CFU/ml
in the medium with the addition of sucrose, 107 CFU/
ml in hexadecane, and 107 CFU/ml in solid paraffin.
The strain was able to utilize hexadecane, which was
reduced by 3.39 mg/ml in 8 days (Romanova et al.,
2022). Furthermore, when cultivated on a medium with
hexadecane, an increase in emulsifying activity and
a decrease in the surface tension of the culture liquid
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were observed, which indicates the ability of the strain
to produce biological surfactants (biosurfactants).

When the strain was cultivated on a liquid min-
eral medium with hexadecane or with solid paraffin,
cell adhesion to the hydrophobic substrate increased by
2.2-2.5 times compared to cells grown on a medium
with sucrose. The high adhesion of cells to a hydro-
phobic substrate and the ability to produce biosurfac-
tants enhance the efficiency of bioremediation of res-
ervoirs contaminated with floating hydrocarbons and
oils, since cells together with biosurfactants are con-
centrated in the contaminated zone (the surface film)
and are not distributed throughout the entire thickness
of water reservoir (Vaccari et al., 2017).

The results of gas chromatography indicated that
alkanes with chain lengths ranging from C25 to C28
constituted a significant proportion of the composition
of solid paraffin. However, when cultivated on a lig-
uid mineral medium with solid paraffin was found that
PS2 strain predominantly utilized alkanes with chain
lengths C20 (61 =4%), C21 (40 +4%), C22 (25=*5%)
and C23 (14+4%) in 7 days. At the same time, the
content of alkanes with a chain length of C24-C31 also
decreased significantly, but to a lesser extent (from
6% to 13%) (Fig.). Probably solid alkanes with a low
chain length are more actively metabolized due to their
greater bioavailability in an aqueous culture medium.
This is due to the fact that substances of this class are
known to become more hydrophobic with increasing
carbon chain length (Naether et al., 2013).

4. Conclusion

The T. tyrosinosolvens PS2 strain is able to metab-
olize a wide range of solid alkane mixture components,
adapting to a new substrate by increasing the degree of
lipophilicity of its surface, which facilitates for better
contact with the hydrocarbon molecule.

Thus, the strain under investigation can be
used in the remediation of contaminated aquatic eco-
systems without the necessity of utilizing specialized
floating sorbents or the introduction of additional
biosurfactants.
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aKTUHOOaKTepumn - —

Pomanosa B.A.*, Kynpusanosa O.B., I'puropresa T.B., Jlaiikos A.B.

Hrcmumym ¢pyHdamenmastbHoU meduyuHel u 6uostoeuu, Kazarckuti (ITpugostcckuti) ¢pedepasvbHslii yHUBepcumem, YJI.
Kpemtesckaa, 18, Kazamw, 420008, Poccus

AHHOTAIIUSL. 3arpsisHeHre BOgOeMOB He(ThIO U ee KOMIIOHEHTaMU paclpocTpaHeHo B HeTeqoObIBa-
IOIIMX U IPOMBIIIJIEHHO Pa3BUTHIX CTpaHax MUpa. BelcokoMoJieKyIApHble aIkaHbl HAXOAATCA B TBEPAOM
COCTOSIHUH NP KOMHATHOU TeMIlepaType, COCTaBJIAIOT 3HAUYNTEIbHYI0 YaCTh HeTH U NPOABJIAIOT YCTOM-
YMBOCTD K PasjIoXKeHHUI0 IIpY NoNajaHuy B OKpyXalllylo cpedy. buopemenuanus AsiasfeTcs HauboJiee
IIePCIeKTUBHOI TEXHOJIOTHEN OYKMCTKU BOAHBIX SKOCHUCTEM, 3arpsA3HEHHBIX YIJIeBOJOPOAAaMH, BCJIe[-
CTBHE CBOEN 5KOJIOTMYECKOM 6e30MacHOCTU 1 3KOHOMMYecKoU 3 deKTUBHOCTU. B JaHHOI cTaThe Npu-
BOAATCA AaHHbBIe 0 NOTeHIuaje OropeMeauanyy 3arpA3HEeHHBIX YIIeBOAOPOoAaMy OObeKTOB aJjiIKaH-O-
kucssonien 6akrtepuen Tsukamurella tyrosinosolvens PS2. Illtamm PS2 BoifiesieH U3 HePTEXUMUYECKUX
OTXOOB KaK JIECTPYKTOP aJIKAHOB U MOKa3aJl 3HAYUTEbHBINA pocT 0 107 KOE/Mi1 pu KyJIbTUBHPOBA-
HUU Ha MHHepaJIbHOU cpefie ¢ TBepAbM napa®uHOM B KauyecTBe eJUHCTBEHHOI0 UCTOYHMKA yrjaepoha
1 sHepruu. beio ycTaHOBIJIEHO, UYTO ITaMM PS2 rMeeT BHICOKYIO afAre3uio K XKUAKAM U TBEpAbIM aJiKa-
HaM, II0 CpaBHEHHUIO C KJIeTKaM¥, BeIpallleHHBIMU Ha cpefie ¢ caxapo30ii. OlleHeHa cTelleHb pa3jioXeHNs
TBepAoro napaduHa ¢ IOMOIIbI0 ra30BOM XpoMarorpadun/mMacc-cCieKTpoMeTpUun 1 00HapyXeHO, YTO
mramMM PS2 meTabonusupyeT ajkaHsl ¢ AiauHou nenu C20-C31 3a 7 cyTok ¢ pa3jiudHou 3PpdeKTHBHO-
cThI0. Pe3yibTaThl 3TOTO MCCIIEJOBAHUA PACIIUPSIOT chepy nmpuMeHeHus mramma T. tyrosinosolvens PS2
JJ1s buopeMeuanyi 00beKTOB, 3arpA3HEHHBIX CJIOXKHBIMU CMeCAMU YTIIeBOAOPOIOB.

Kiouegeie ciroga: 6mopeMeauanuis, ajikaH-OKUCIAKNIe OaKTepruy, akTUHOOAKTepHHY, aJKaHbl, ra30Bas
xpomartorpadus, TBepAbli napaduH

Jlia nutupoBaHusa: Pomanosa B.A., Kynpusanosa O.B., I'puropsesa T.B., Jlaiikos A.B. [ToTeHIiuan 6mopemMeguanuy 3arpsa3HeH-
HBIX YTJIEBOAOPOJAaMU BOJOEMOB IIPELCTABUTENIEM AJIKAH-OKUCIIAININX aKTHHOOaKTepuii // Limnology and Freshwater Biology.
2024. - Ne 4. - C. 1066-1071. DOI: 10.31951/2658-3518-2024-A-4-1066

1. Beeaenne CKOU TpaHchopMaluu U OHUOJIOrHYecKol Aerpajanuu

HMIMPOKUM CIeKTpoM MukpoopraHusmon (Rojo, 2009),
TO BBICOKOMOJIEKYJIApHBIe NapauHbI NpPeCTaBJIAIT
6osiee cepbe3Hyi0 npobisiemy. TBepable mpu cTaHAApPT-
HBIX YCJIOBUAX, [JaHHBle COeMHEHUsA MOTyT HaKalllu-
BaTbhCA B BOAHBIX OpPraHM3Max U NpUBOJUTH K XpOHUYe-
ckoMy 3arps3HenHuio (Sakthipriya et al., 2016).

B ycnoBusAx sarpsAsHeHus OOJIbIIMX IUIOMIAfei
[IOBEPXHOCTH BOJOEMOB He(TbI0 U YIJIeBOAOPOAAMU
HauboJiee 5KOHOMHYECKH OOOCHOBAHHBIM CIIOCOOGOM
OUYMCTKU sABJIAeTCcsA Onopemequanus (Li et al., 2020; Xu
et al., 2022). JTaHHas TeXHOJIOTUA OCHOBaHA Ha CIIO-
COOHOCTM MUKPOOPraHU3MOB TpaHCHOPMUPOBATh U
MHHepa/IM30BbIBaTh IIMPOKUI CHEKTP OpraHUYecKux
[IOJUUIIOTAHTOB, YAOBJIETBOPASA TakKuM o00Opa3oM CBOU
notpebHocTu B 3Hepruu u yriepoge (Rojo, 2009).
[Mupoxue MeTabosnyeckye BO3MOXHOCTU MHUKPOOP-

BriOpocsl HeTH B BOJOEMBI, NMPOUCXOJAIINE B
pe3yJibTaTe HapylleHUs GYHKINOHUPOBAHUA IIpef-
NpUATUN U UHOPACTPYKTYPHI IO JOObIYe, TPAHCIIOPTH-
POBKHU U IlepepaboTKU He(pTU, IPUBOIAT K CEPbe3HOMY
akosormdeckoMy yiepOy (Chen et al., 2017; Delegan
et al., 2019). Bpeq noJry4aroT Bce TPYIIIH XKUBBIX Opra-
HU3MOB, BKJII04asa ¢Jopy U ¢payHy BOJOEMOB, a TaKxKe
HabII0AanTcA N3MeHeHNsa B MUKpPOOHOM COO00IIecTBe,
MPUBOMAIIME K HapylleHuo ero Tpoduyeckoil QyHK-
IUU U JAe3uHTerpanuy OHOreoXHMHUYECKHUX LUKJIOB
(Zaki et al., 2015).

3HauuTeJbHON KOMIIOHEHTHOM YacTbio HedTHU
sapisoTes ankanbel (Alonso-Gutierrez et al., 2011). U
ecyii HU3KOMOJIeKYJIIpDHBIe aJIKaHbl, XUJKHEe B CTaH-
JapTHBIX YCJIOBUAX, MOTYT IoABeprarbcsai abuoTuye-
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raHu3MoB IO3BOJIAIOT CO3/aBaTh OuoINpenaparsl, Ael-
CTBEHHBIE B CaMbIX HeOJIarONPUATHBIX YCJIOBUAX — OT
HU3KUX TeMIIepaTyp 0 BEICOKOI'O OCMOTHUYECKOTO J1aB-
JIeHUs1 U CONYTCTBYIOIIEro 3arpsi3HeHUs TsKeJIBIMU
MeTaJLJIaMHU.

W3 HedTexMMmuecKux OTXOIOB HaMH BbIJleJIeH
mramm Tsukamurella tyrosinosolvens PS2 (Romanova et
al., 2019), 1 TPOJEMOHCTPUPOBAHA €r0 CIIOCOOHOCTH
K yTWIM3alUM aJKaHOB CO cpedHell MAJUHOM Ienu
(Romanova et al., 2022). Lesnpio HacToAmEeNR pabOTHI
ABJISJIACh OIleHKa MOTeHIMaJjia BhIJIeJIEHHOro IITaMMa
K YTWJIM3AI[MU TBEpPAbIX aJIKAaHOB B COBOKYIHOCTU C
MHBIMM OHOTEXHOJIOTMYECKH I[eHHBIMHM CBOHCTBaMM,
TaKUM KakK U3MeHeHUe TupodoOHOCTH KIIeTOK.

2. MaTepuanbl U MeTOADI
2.1. KyastuBMpoBanue wramma T.
tyrosinosolvens PS2 B pa3HbIX YCAOBHAX

MItamm PS2 BelpamuBasy Ha XUAKOM MUHe-
panpHOUl cpefe MS B TeueHue 7 cytok (r/m: 1.0 —
(NH,,SO,; 0.25 — MgSO,*7H,0; 3.0 — KH,PO,; 4.5 -
Na,HPO,*12H,0 (Phale et al., 1995)) ¢ no6asyeHuem
Pa3JIMYHBIX NCTOYHUKOB yrilepoda: caxaposa (10 r/i),
rekcajgekad (4% o006.) unu TBepAwlii mapaduH (10
r/n). HavanbHBI 3aceB KJIETOK ILITaMMa COCTaBJIAJ
10% KOE/mu1. KosmuecTBO KJIETOK B CYCHEH3UU OIpe-
JleJIAJI BBICEBOM CEpUUHBIX pa3BelleHUil Ha cpely LB
(r/n: 10 — TpunTOH; 5 — IPOXKEBOI HKCTPAKT; 5 — NaCl;
20 - arap-arap).

2.2. OueHKa aare3vm KAeTok wramma T.
tyrosinosolvens PS2 k yrneBoaopoaam

Jna onpenesneHus OakTepuasibHOM anare3uu K
yrjieBoJopoAaM, KJIeTKH MTamMMa HeTpudyrupoBaiu U
IIpoMBIBaJIM ABa pas3a cpefoil MS. Jlajee cMmemuBasiu
paBHBIe 00BbeMBI CyclieH3UH KJjieTok ¢ OD =1 c rekcape-
KaHOM, BCTPAXUBAJIM B TeueHHe 60 ceK, OCTaBJIAIN I
pasgenenus ¢as3 Ha 30 muH. Iloce pa3aeneHus usMe-
PAJI ONTHYECKYI0 IJIOTHOCTh rekcajeKaHOBOH (asbl
npu anvHe BOJIHBL A =400 HM C NOMOIIBIO CIEKTPO-
dotometpa xMark (Bio-Rad, CIIIA) (Zhang and Miller,
1994; Sotirova et al.,2009).

2.3. OnpeaeneHue yobiAnu YTA€BOAOPOAOB
MEeTOAOM rasoBom xpomarorpadum/macc-
CneKTpoMeTpUH

buoperpajauuio TBepaoro mnapaguHa ILITaM-
MoM PS2 ananusupoBasii € MOMOIIBI I'a30BOr0 Xpo-
maTtorpada «Agilent Technologies 7890B GC System»
(CHIA), coBMeLIEHHOIO C MacC-CeJIeKTHBHBIM JIeTeK-
topoM (I'X-MC) mocje 3KCTpakUUM rekcaHom. J[iis
aHa/JM3a WCIOJIb30Bajlach KanwuJulApHas Keaplesas
kosioHka HP-5MS (gnuna 30 M, fuameTtp 0.25 MM, TOJI-
mMHa 1ieHKy ¢asbl 0.25 MKM) ¢ XUMUYeCKU TPUBUTOM
daszoit 5%-nudenni-95%- AMMeTUIIIOINCUIIOKCAH.
YcnoBus nposefienns ['X-MC ObL1H CIIeAVIOMNUMU: TEM-
nepaTtypa ucnapuress xpomarorpada - 280°C; temme-
patypa uHtepdelica aerekropa - 280°C; ra3z-HOCUTEJIb
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— reJimi, peXuM MOCTOSHHOTO MmoToka — 1.0 MJ1/MUH.
Kanu6poBka mo Macce OCYIIECTBJIAIACH aBTOMAaTUye-
CKU B peXuMe «ABTOHACTPOMKa», UCIOJIb3yA nepdTop-
tpubytriamuH (99.8%, Agilent Technologies) B kaye-
CTBe CTaHJapTa.

3. Pe3yAabTathbl M 06Ccy)xpeHue

MItamm T. tyrosinosolvens PS2 mokasay 3Ha-
YUTEJbHBIN POCT NMPU KyJbTUBUPOBAHUN C Pa3HBIMU
HCTOYHMKaM yryepofa. Ha cpefie ¢ fobassieHreM caxa-
PO3bI KOHEYHas KOHI[EHTPALNA KJIETOK cocTaBiisiia 108
KOE/wmi, nns rekcagekana — 107 KOE/mi, mys TBep-
noro mapaduna — 107 KOE/mut1. [lltamMM criocoGeH yTH-
JIU3UpOBaTh rekcajiekaH, CHMXas KOHLIeHTpaluio Ha
3.39 mr/mi 3a 8 gueri (Romanova et al., 2022). Taxxe,
IpU KYJbTUBUPOBAaHUU Ha cpele C reKcaJieKaHOM
HabJTI0jalu yBeJInYeHNe 3MYJIbIUpYIolleil akTUBHOCTU
U CHIXKeHMe NMOBEPXHOCTHOT'O HaTsXeHUs KYJIbTypaJlb-
HOM XUJKOCTU, YTO CBUAETEJCTBYET O CIOCOOHOCTU
mITaMMa NpoAyIUPOBaTh OMOJIOrMYecKrie TOBEPXHOCT-
HO-aKTHBHBIE BeljecTBa (61oIIAB).

[Ipy KyJIbTUBHUPOBAHUM IITaMMa Ha XUAKOU
MUHEpaJIbHON cpefle KaK C TekcajekaHOM, TakK U C
TBepAbBIM IapaduHOM aAre3vs KJIETOK K ruapodoot-
HOMYy cyOcTpaTy yBenuuuBajach B 2.2-2.5 pas, IO
CpaBHEHMIO C KJIeTKaMM, BBIpallleHHBIMH Ha cpejlie C
caxapo3oil. Bricokas aaresus KJ1eToK K rujpopobHOMy
cybeTpaTy U ciocoOHOCTh K TpoAyKiuu 6uolIAB noBsI-
maeT 3¢p¢eKTUBHOCTh OrMopeMequaluy 3arpA3HeHHBIX
BCILIBIBAIOIUMU yTJIEBOAOPOAAMH M MacjaMu Bofoe-
MOB, MOCKOJIbKY KJIETKHA BMeCTe C CUHTe3MPOBaHHBIMU
610ITAB KOHIIEHTPUPYIOTCA B 3arpsA3HEHHON 30He -
MTOBEPXHOCTHO! ILJIEHKe, U He pacipefeIsioTcs o Bcel
toJie BogoeMa (Vaccari et al., 2017).

[To pe3ysabpTaTaM rasoBoii xpomarorpadpuu ObLIO
obHapyXXeHO, YTO ajIkaHbl ¢ AJIUHOHN nenu oT C25 Ao
C28 BHOCAT 3HAYUTEJIbHBIN BKJIaJ B COCTaB TBEPIOIO
napaduHa. OgHaKo, IpU KyJIbTUBUPOBAHUM Ha XXUAKON
MUHEpaJIbHON cpefle ¢ TBepAbIM MapaduHOM, HITaMM
PS2 yTunusupoBas npeuMyllecTBeHHO aJIkaHbl C AJIU-
HoM neru C20 (61 =4%), C21 (40 =4%), C22 (25 *5%)
u C23 (14+4%) 3a 7 cytok. [Ipu 3TOM colepxaHue
ankaHoB ¢ ayauHoi Ienn C24-C31 Takxke JOCTOBEPHO
CHIIXAJIOCh, HO B MeHbIell cteneHu (ot 6% mo 13%)
(Puc.). BeposiTHO, TBep/ible ajKaHbl C HU3KOU AJIMHOMN
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Puc. buoperpapmainusa TBepaoro napaduHa IITaMMOM

Tsukamurella tyrosinosolvens PS2 1o cpaBHEHHIO C KOHTPOJIEM.
*p < 0.05; **, p < 0.01
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[[eny aKTHUBHee MeTabOJIM3UPYIOTCA BCJIEICTBUE UX
6oJIblllell OMOAOCTYIIHOCTU B BOAHOM cpefle KyJIbTHUBU-
pOBaHUsA, MOCKOJIBKY U3BECTHO, UTO BeIl[eCTBA JAHHOTO
Kj1acca cTaHoBATcs 6osiee ruApodOOGHEIMU C yBeJye-
HUEeM JUTUHH yriieponHoi tenu (Naether et al., 2013).

4. 3aknioueHue

MtamMm T. tyrosinosolvens PS2 cnocoGeH MeTa-
60JIM3UPOBaTh MHPOKUN CIEKTP KOMIIOHEHTOB CMeCH
TBEpABIX aJIKaHOB, aJAanTUPYACh K HOBOMY cybcTparty
MyTeM YBeJMYeHHUsA CTelleHHd JUNOPUIBHOCTU CBOeH
IIOBEPXHOCTH AJIA JIy4lllero KOHTaKTa C yIrjaeBOAOpPO-
HOU MOJIEKYJIOM.

Takum o6pa3oM, ucciaeyeMblil mTaMM MOXeT
OBITh MCII0JIb30BAH B OYMCTKE 3arpsA3HEHHBIX BOJOEMOB
6e3 IMpyMMeHeHHU ClelyaJbHbIX BCIJIBIBAIOMIX cOpOeH-
TOB U 0e3 BHeCeHUsA JONOJHUTEJIbHBIX O01OITAB.

5. ®duHancupoBaHue

Pabota BBIIIOSIHEHA 3a cueT CpeACTB cyOcuauw,
BBIIeJIEHHON B paMKax IOCyJapCTBEHHOH IOJANepXKU
Kaszanckoro (IIpuBospkckoro) ¢enepajbHOrO YHH-
BEPCUTETA B LieJIAX IOBHIIEHUs €ro KOHKYPEHTOCIO-
COOHOCTH cpefy BeldylINX MHPOBBIX Hay4yHO-00paso-
BaTesbHbIX LeHTpoB (IIpuoputer-2030) U B pamkax
BoINoJIHeHUA npoekta No FZSM-2023-0013 rocymap-
cTBeHHOro 3aaHusa KoY.

KoHpAUKT UHTEpecoB

ABTOpHI 3asBJAIOT 06 OTCYTCTBHM KOHQJIMKTA
HMHTEPECOB.
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