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corneal tissues. An overview and some models of prostheses are available in [1]. As studies
show, corneal material is multilayer, porous, water-saturated and transversely isotropic.

One of the ways to identify the mechanical properties of the cornea is to indent and build
a relationship between the strength and the depth of indenter penetration. Mathematically,
this problem is reduced to solving the inverse coefficient problem of the theory of elasticity.
The additional data model is reduced to solving the contact problem of consolidation. The
corneal material can be selected as the Bio model. In this paper, we consider such a contact
problem for plane and spherical punches.

An analytical solution is constructed in the work, which is compared with a numerical
solution obtained using the finite element method in the ANSYS and FlexPDE computer
packages. The relationship between the force and the penetration depth of the indenter on
the mechanical characteristics of the layers is investigated.
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NMEPCMNEKTUBbI NCMOJIb3OBAHNA KOPHEBbIX MUKPOMULIETOB B YNIPABJIEHMN
YCTOMYMNBOCTbIO PACTEHUMN

BbyxapuHa WU.J1., UchamoBa H.A., UcynoBa A.A., Jiam3uH B.U.
YAaMypTCKMii rocyaapCcTBEHHbI YHUBepcUTeT, . MhkeBck, Poccus
E-mail: buharin@udmlink.ru

B HayyHOM COO6LIECTBE MOBLICUNICS MHTEPEC K M3YYEHUIO POJIM KOHCOPTMBHBIX CBSI3EN
pacTeHWii C KOPHEBbIMU MUKpOMMLETaMWU. OnpeAeneHHble ycrnexu AOCTUrHYTbl B U3yYeHUH
ponn 3HAOMUKOPU3bl U €e CcaMoii pacrpoCTpaHeHHOW opMbl — apbyCcKynsipHON MUKOPU3bI,
KOTOpasi xapakTepHa Ansi 60NbWWHCTBA COBPEMEHHDBIX (DUMOreHETUYECKMX MPYNN PacTeHwid,
npeacTaBieHa BO BCeX GMOMax 3eMHOro wapa. Ho npakTuyeckoe WCnosb3oBaHWe AaHHOW
rpynnbl OrpaHUYEHO, YTO SIBASETCS CneacTsueM ux obnuratHow cumbuoTpocdum (Wilkinson,
2001; Ijdo et al., 2011). B cBsi3n € 3TUM 0CO6bIi UHTEPEC BbI3LIBAET M3YUYEHWUE PONU APYIrUX
rpynn  KOPHEBbIX MWKPOMULETOB 3HAOMUTOB M WX OTAENbHbIX MpeacTaBuTenen B
$OpMUPOBaHMM MEXaHU3MOB YCTOMUMBOCTU Y BbICLIMX pacTeHuid. ITa pasHopogHas rpynna
rpMboB MOXET OKa3blBaTb CUJIbHOE BO3AEWCTBME HA pacTUTeNbHble COObLLECTBA NOCPEACTBOM
obecneyeHns YCTOMYMBOCTU PacTEHUI K abUoTUUECKOMY M BUoTMYeckoMy cTpeccaM. OaHUMM
U3 nepcnekTBHbIX NpeacTaBuTenein senstotcs Cylindrocarpon magnusianum u Fusarium
equiseti. DTV BMAbl CNOCOBGHbI COXPaHSATb POCT KyNbTypasbHOrO MWULENUS B YCNOBUSX
BbICOKOIO cofiepaHusi HedpTenpoayKToB, Npy AEMCTBUN BbICOKOrO OCMOTUYECKOrO AaBNEHMS
B cybcTpaTe. DKCMNEPUMEHTbl C  PacTEHUSIMW, WHOKY/IMPOBaHHbLIMKW AaHHLIMU rpubamu,
nokKasanu Ux BO3MOXHOCTb BNMSATb Ha (M3MONOMMI0 PacTEHWIA, YTO OTKPbIBAET NEepCrieKTUBbI
UCMONb30BaHUS B KAyeCTBE areHTOB MOBBILEHUSI CONMEYCTOMYMBOCTM WM TEPMOCTOMKOCTU
pacteHuii (Sogonov_and Velikanov, 2004; Amaral et al., 2009; Bukharina and Islamova,
2016; Bukharina et al., 2019).

Llenblo Hawwmx WCCnefoBaHUN SIBNSIETCS M3y4YEHWE BIUSIHUSL UHOKYNSUMM KyNbTypamu
rpuba C. magnusianum v F. equiseti Ha OpMUPOBaHWE afanTUBHLIX PeakUMii pacTeHuii K
AENCTBUIO CTPeCcOoBbIX (PaKTOPOB — BbICOKMX KOHLEHTpauwmii conel, B TOM uucne conen
TSDKENbIX MeTannoBs, B cybcTpate W K AeNCTBUIO TeMnepaTypHoro crpecca. KynbTypbl rpu6os
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BblAeNeHbl M3 KOPHEBOW CUCTEeMbl PaCTeHWid, A/IMTENbHO MPOM3pPacTaloWmX B YC/IOBUSIX
yp6aHOMouB C BbICOKMM COAEPXXaHWEM COMel TshKeNblX MeTannoB. Mpubbl KyNbTUBMPYIOTCS Ha
nUTaTENbHOW Cpefe BHE KOPHEBOW CUCTEMbI pacTeHWit. WX BWMAOBas MPUHAANEXHOCTb
yCTaHoB/IEHa METOAAMW MUKPOCKOMNMPOBaHWS U MonekynspHoro aHanusa HK B nabopaTtopum
JIeiBHMLUKOrO WMHCTUTYTa OBOWHbIX M AEKOPaTUBHbIX KynbTyp (r. BepnuH). CxeMbl
3KCNEPUMEHTOB BK/IOYAIOT U3y4eHWe Npeaesnos BbIHOCAMBOCTM FPUB0B, 3aTeEM WHOYNSALMIO
TECTOBbIX PacTeHWi KynbTypamu rpuba, a Takke nonynsuusiMu rpubos, npeasapuTenbHO
a[anTUpOBaHHbIMU K  AEUCTBMIO 3KCTpeManbHOro (akTopa, WCCnefoBaHWE — BIWUSIHUS
WHOKYNISILMM Ha BbIHOC/IMBOCTb pacTeHWW. [N OUEHKM afanTUBHbIX peakuuii pacTeHuid
UCMONb3YIOTCA MOKa3aTeNn CcofepXaHus: (POTOCMHTETUYECKUX MUIMEHTOB; BELECTB C
@QHTUOKCMAAHTHON aKTUBHOCTLIO M (DepPMEHTOB, Y4aCTBYIOWMX B MX CMHTE3€; MasioHOBOro
Avanbgernaa. OueHVBaeTcsl CTeneHb pasBUTUS TPUGHOWM WMHEKUMM B KOPHEBOM cuCTeMe
PaCTEHWIA.

YCTaHOB/IEHO, YTO WMHOKYNSILMSI pacTeHWin KynbTypamu rpuboB He BcerAa NpUBOAUT K
(opMMpOBaHMIO afaNTUBHLIX peakuuii, B TO BpeMsl KakK MCMOMb30BaHWE B KauyecTse
VHOKYNISITA aZjanTUPOBaHHbIX MOMyNsuMiA rpuboB MMeeT BecbMa MOSIOXUTENbHBbIN 3ddekT,
0CO6EHHO MpW BO3AEMCTBUM BBLICOKMX KOHLEHTPaUMii XpoMa M CBMHLA, HEMPEPbIBHOMO
TeMmnepaTypHoro crpecca (TemnepaTypbl Bo3gyxa cBbiwe +37°C). 3TM  dakTbl
CBMAETENbCTBYIOT 0 Havbonee acddekTMBHOM napTtHepctBe Cylindrocarpon magnusianum w
Fusarium equiseti n pacTEHUI UMEHHO B CTPECCOBbIX [/ PaCTEHWUI YCIIOBUSIX.

PERSPECTIVES FOR THE USE OF ROOT MICROMYCETES IN PLANT RESISTANCE
MANAGEMENT

Bukharina I., Islamova N., Isupova A., Lyamzin V.
Federal State Budgetary Educational Institution of Higher Education "Udmurt State
University"
E-mail: buharin@udmlink.ru

The scientific community has increased interest in the study of the role of plants’
consortium relationships with root micromycetes. Certain successes have been achieved in
studying the role of endomycorrhiza and its most common form, arbuscular mycorrhiza, which
is characteristic of most modern phylogenetic groups of plants and is represented in all
biomes of the globe. However, the practical use of this group is limited, which is a
consequence of their obligate symbiotrophy (Wilkinson, 2001; Ijdo et al., 2011). In this
regard, the study of the role of other groups of fungal root endophytes and their individual
representatives in the formation of resistance mechanisms in higher plants is of particular
interest. This diverse group of fungi can have a profound effect on plant communities by
providing plant resistance to abiotic and biotic stresses. Some of the promising representatives
are Cylindrocarpon magnusianum and Fusarium equiseti. These species are able to maintain
the growth of cultural mycelium in conditions of high oil content, under the action of high
osmotic pressure in the substrate. Experiments with plants inoculated with these fungi have
shown their ability to influence plant physiology, which opens up prospects for their use as
agents for increasing salt tolerance and heat resistance of plants (Sogonov and Velikanov,
2004; Amaral et al., 2009; Bukharina and Islamova, 2016; Bukharina et al., 2019).

The aim of our research is to study the effect of inoculation with the fungus C.
magnusianum and F. equiseti cultures on the formation of adaptive plants’ reactions to the
action of stress factors - high concentrations of salts, including heavy metal salts, in the
substrate and to the action of temperature stress. Mushroom cultures were isolated from the
root system of plants growing for a long time in urban soils with a high content of heavy
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metal salts. Mushrooms are cultivated in a nutrient medium outside the root system of plants.
Their species identity was established by microscopy and molecular DNA analysis in the
laboratory of the Leibniz Institute of Vegetable and Ornamental Crops (Berlin). Experimental
schemes include studying the limits of fungal endurance, then inulation of test plants with
fungal cultures, as well as fungal populations previously adapted to the action of an extreme
factor, and studying the inoculation effect on plant hardiness. To assess the adaptive
responses of plants the following content indicators are used: photosynthetic pigments;
substances with antioxidant activity and enzymes involved in their synthesis; malonic
dialdehyde. The development degree of fungal infection in the root system of plants is
estimated.

It has been established that inoculation of plants with fungal cultures does not always
lead to the formation of adaptive responses, while the use of adapted populations of fungi as
inoculum has a very positive effect, especially when exposed to high concentrations of
chromium and lead, continuous temperature stress (air temperature above + 37 ° C). These
facts indicate the most effective partnership between Cylindrocarpon magnusianum and
Fusarium equiseti and plants precisely under stressful conditions for plants.

EVALUATION OF ANTHROPOGENIC IMPACT ON THE MARINE ENVIRONMENT OF
NATIONAL PARK BRIJUNI IN THE CROATIA

Siki¢ Z.%, Zupan 1.}, Sari¢ T.}, Busljeta 1., Dolenec M.?
University of Zadar, Department of Ecology, Agronomy and Aquaculture, Zadar,
Croatia,
’Department of Geology at the Faculty of Natural Sciences in Ljubljana, Slovenia
E-mail: zsikic@unizd.hr

Today, anthropogenic pressure is more and more pronounced, especially when we talk
about the coastal zone, where due to the large population and natural beauty of these areas
are intertwined many activities, the most important of which are fishing and aquaculture,
maritime transport, tourism, agriculture and industry. Excessive anthropogenic pressure
results in the appearance of toxic compounds in the environment, especially heavy metals,
and the main problem is their ability to accumulate in sediment, which results by entering of
these compounds into living organisms and their spread through the food chain due to
changes in sediment geochemistry.

The national park is considered the most important category of nature protection. Brijuni
National Park includes 14 islands with an area of 743.30 ha, while the total sea area covers
2651.70 ha and represents a very popular tourist area.

The sediment analysis was carried out at 5 sites in the National Park Brijuni in Croatia to
determine the differences between sites with different intensity of anthropogenic influence,
different degrees of protection and allowed activities in this area. Locations are divided by the
intensity of anthropogenic impacts and the possibility of pollution.

Geochemical and mineral characteristics of sediments were defined at these locations in
order to determine the differences between these sites based on the different strength of
anthropogenic impact on them.

The X-ray diffraction (XRD) analysis showed a homogenous mineral content that reflects
the geological structure of National Park Brijuni. By using the X-ray fluorescence analysis
(XRF) it was determined the concentrations of major, minor and potentially toxic elements
(PTE) on each site. The pollution level, the geo-accumulation index (Igso) and the enrichment
factor (EF) for each PTE for each location were also calculated.
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