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Safonov A. |. Phyto-qualimetry of toxic pressure and the degree foecotopes transformation in Donetsk
region. — The work deals with informativeness of phytoindicat under different environment transformations.
Implementation of the principles of phytomonitoringust be differentiated depending on the specifipacts on
ecotopes: chemical pollution (toxic effects), meubal disturbance of the surface layer of soil (d#dzHope
degradation) and co-transformation (complete exg)surThe following phytoindicational criteria areroposed:
informative species to determine types of envirom@leregimes, features of plants to establish Ideahnogenic
pressure and universal phytoindicators to be usethflustrial ecotopes of Donbass. Phyto-qualimetiyased on the
use of index scales and indices, obtained as & odsgeobotanic or structural (anatomic) analyseglant facilities.

The strategy of immediate phytoindicational reseamnsists of the following: 1) defining for the d® objects
(test-species) characteristics that are charaetbrizy the highest indicational variability; 2) syt the structural
elements of plants in the dynamics, as well asrt@neent of their connection with other structuessl indices of
metallic pressure.

We have found that for toxicological monitoringstinformative to use indicational indices of pkiBerteroa
incana, Echium vulgare, Reseda lutea (appearance of the structure of plants, the lifenjo Capsella bursa-pastoris,
R. lutea (transformation in the root tip terminald}. lutea, Agrostis stolonifera (teratological manifestations in the
flower), B. incana, C. bursa-pastoris (general generative transformation subpopulatidmgjetermine the mechanical
transformation — presence of plant specissifflex patens, Atriplex patula, B. incana, C. bursa-pastoris, Diplotaxis
muralis, E. vulgare, Tragopogon major), and for integrated pollution — indices of unis@rphytoindicatorsA. patula,
B. incana, C. bursa-pastoris, Cichorium intybus, Dactylis glomerata, D. muralis, E. vulgare, Plantago major, R. lutea,
T. major, Tripleurospermum inodorum) for industrial ecotopes of Donbass.
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Introduction

Today one of applied tasks of the environment nooimg is a necessity to use special indices
for the quality of the environment assessment [£07 29]. Such an assessment becomes possible
only with the use of complex data that must be adery presented in both parametric and
nonparametric expressions [2, 5, 8, 14, 17, 2228B,

If we define the norm of environmental quality, iews of scholars and practitioners often
differ [3, 7, 9, 15, 20, 26, 27].Theoretical ecoldg often limited to models that are not connected
with any real objects. And practical results negdher forecast that can be realizes by modeling
stable processes. In such circumstances, the envinotal task is to always be able to determine
whether the state of the ecosystem complies withsthndard (ecotope, biogeocenosis, landscape-
territorial complex, geosystems). In dealing witltls problems the standard is defined as a state,
which would allow the system to preserve naturatdmic and productive communication, as well
as flows of matter, energy and information [1, 6, 11, 29]. Due to these characteristics, the
system under the influence of external factors ta@is its properties or the resistant ability talhe
itself (self-support, self-development, self-clesy)i In such circumstances, scientists face a very
serious problem. This problem is either not popeéat or is not mentioned at all. This problem is
generated due to multidirectional anthropogenic a@otp on ecosystems. Natural systems are
experiencing a tremendous amount of impacts of nuacévities, which we conventionally divide
into two groups: mechanical transformation of tldscape and change of biogeochemical
functional parameters of the studied ecosystem.

Thus, part of research is either dedicated to toic pressure [2, 4, 6, 7, 12, 13, 16, 18, 19,
21, 28] or mechanical disturbances (transformatibenvironmental modes) [1, 2, 10, 11] in the
structure of the system. Correlation between th&sevectors of pressure is not shown.
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The purpose of our work is to study long-term datahe dynamics of geochemical indicators
and the degree of transformation of natural langissaand to establish the dependence of these
vectors of pressure using the approach and prexigf phytoindication in environmental
monitoring for industrial ecotopes of Donetsk regio

Materials and methods

All the studied ecotopes of Donetsk region we dididnto three categories: chemically
polluted, mechanically transformed and complex peeencing both types of effects on the
ecosystem. For each category of the impact of aptgenic factors we installed on a 10-point
scale. Plant response to the impact of such fagteralso assessed on a 10-point scale. In case of
using plants both indicational indices and indicgttants were considered. In the first case we
mean the signs of the structure of plants, in #@sd — presence of these plants on the studied
ecotopes. All observations were designed so aaki® account of plant reproductive strategies in
industrial ecotopes.

To conduct the botanical part of the research veel tise following species of plantchillea

collina J. Becker ex RchbAchillea nobilis L., Agrostis stolonifera L., Ailanthus altissima (Mill.)
Swingle, Amaranthus albus L., Amaranthus retroflexus L., Ambrosia artemisiifolia L.,
Anthoxanthum odoratum L., Arrhenaterum elatius (L.) J. et C. Presl.Artemisia absinthium L.,
Artemisia vulgaris L., Atriplex hortensis L., Atriplex micrantha C.A. Mey., Atriplex patens (Litv.)
lljin, Atriplex patula L., Berteroa incana (L.) DC., Brassica campestris L., Bromopsis inermis
(Leyss.) Holub,Bromus arvensis L., Calamagrostis epigeios (L.) Roth, Capsella bursa-pastoris
(L.) Medik., Capsella orientalis Klokov, Centaurea diffusa Lam., Chelidonium majus L.,
Chenopodium album L., Cichorium intybus L., Cirsium arvense (L.) Scop, Coniza Canadensis (L.)
Crong, Convolvulus arvensis L., Cyclachaena xanthiifolia (Nutt.) Fresen.Cynoglossum officinale
L., Dactylis glomerata L., Daucus carota L., Deschampsia caespitosa (L.) Beauv, Digitalis
purpurea L., Digitaria sanguinalis (L.) Scop.,Diplotaxis muralis (L.) DC., Diplotaxis tenuifolia
(L.) DC., Echium vulgare L., Elytrigia repens (L.) Nevski), Erucastrum armoracioides (Czern. ex
Turcz.), Eupatorium cannabinum L., Euphorbia seguieriana Neck., Fallopia convolvulus (L.)
A. Love, Galinsoga parviflora Cav., Galium mollugo L., Gnaphalium uliginosum L., Grindelia
squarrosa (Purch) Dunal Hyoscyamus niger L., Kochia laniflora (S. G. Gmel.) Borh Lactuca
tatarica (L.) C. A. Mey.,Mdlilotus albus Medik., Mdlilotus officinalis (L.) Pall., Oberna behen (L.)
Ikonn., Otites media (Litv.) Klokov, Papaver rhoeas L., Persicaria maculata (Rafin.) A. &
D. Léve,Plantago lanceolata L., Plantago major L., Polygonum aviculare L., Polygonum patulum
M. Bieb., Reseda lutea L., Rumex crispus L., Salsola australis R. Br., Senecio vulgaris L., Snapis
alba L., Snapis arvensis L., Ssymbrium polymorphum (Murray) Roth, Sonchus arvensis L.,
Senactis annua Nees, Swvida alba Opiz, Thlaspi arvense L., Tragopogon major Jacq,
Tripleurospermum inodorum (L.) Sch. Bip.,Xanthium albinum (Widd.) H. Scholz.

To conduct the technical part of the research westigated content of heavy metals in soils,
the degree of transformation of the soil horizoo)ation of surface soil under direct contact with
the root system of plants.

The definition of stability of natural ecosystenssdlosely connected with phytoindication
indices. We considered indices of weed plants stracas informative criteria of ecosystems
resistance towards anthropogenic pressure. Tharotsavas conducted in the Donetsk region
(Ukraine). The materials were being collected fr2@@0 till 2013. The test sites were laid in node
localization of the monitoring network. To obtatatsonary data we chose points where the level of
industrial pollution is the highest in the regionints that were the most affected by human
influence (landscape transformation, agricultuss)uand control points — the sites corresponding to
the background environmental monitoring — areasatdiral reserve fund of Ukraine.

Basic monitoring points corresponded to the follogvindustrial facilities: OJSC «llyich Iron
and Steel Works of Mariupol, OJSC «Iron and Steefrk& of Mariupol Azovstal'», Starobeshevo
TEPS OJSC «Donbassenergo», Kurakhovo TEPS OJSdde8khgo», Vuglegirsk TEPS OJSC
«The State energy generating company «Centrene@isC «The Zasiadko coal mine», Zooevka

53



I SSN 2077-3366 IIpooaemu exonozii ma oxoponu npupoou mexmozennozo peziony, 2013, N 1 (13)

TEPS-2 «Skhidenergo», Slovyansk TEPS OJSC «Donagge>, OJSC «lron and Steel Works of
Makiyivka», OJSC «Iron and Steel Works of YenakiyeyOJSC «Coke and Chemical Works of
Avdiyivka, OJSC «Makrokhim», OJSC Coalmine «Pivdetonbasska Ne 1», 0OJSC
«Donetskstal», OJSC Iron and Steel Works of Domet€kKISC «Coke and Chemical Works of
Yasynuvata, OJSC «Coke and Chemical Works of Yeeaki, OJSC «Coke and Chemical Works
of Makiyivka, CJSC «Makyivkoks», OJSC «Donetskkaks»

We have studied the local monitoring points of spoaous transformation of the surface
layer of soil. This occurs as a result of industaad domestic activities, laying or repair of
underground utilities, road construction and agroiccactivities in cities.

Methodological approaches to the structural anslg§iplants are described in our previous
publications [24, 25].

Results and discussion

As the location of separate units (sources of Inatfaral and man-caused involving of heavy
metals in biogeochemical cycles) allowed us to eomtionally differentiate the specificity of
metallic pressure on the environment, the areasdofstrial centres of the Donetsk oblast proved to
be perspective for laying a homogeneous monitoriegof a big enough territory to obtain the
informative conclusionsThe territory we chose conforms to detailed phytaational analysis due
to relative homogeneity of edaphic and climaticrabteristics, and as a result in geobotanical as
well as in orographic relation. It's important thié levels of heavy metal contamination (as the
most dangerous and active components of toxicahbgsttuation of the analysed zone) were
sufficient to conduct not only natural experiment hlso to model further artificial situations in
laboratory environment and visualize the resultplane.

A working hypothesis was an assumption that thergxof «structural variability» (mostly
anatomic) of plants with wide ecological amplitigtews with the increase of geochemical contrast
of the environment and (or) the level of man-caugwéssure (equivalent tancreased
concentrations of toxic elements) on natural emritents. Experimental results of the research
were directed to discovering a pattern of allocgti@vailability or frequency of separate
characteristics or indices with phytoindicationahcunt in structural aspect. Meanings of these
indices were checked in terms of correlation tocsws of heavy metal contamination of the
environment. The choice of the centres of immediatalisation of monitoring net as well as
species of plants (principally herbaceous and wilolving, equally often found in all without
exception ecotopes of the investigated zone) wasdpurely experimentally. It was successful to
have discovered such areas and phyto-objects.

The general scheme of the tasks succession istisel®f the research territorp choice of
prospective phytoindicators> analysis of migration flows and localization ofalg metals—
defining local standards of discrete charactegst€ plants or their separate indices range
building indicators' ecological plasticity scales elaboration and application of the method of
cartographic and schematic visualization of thedifigs on plane— search for correlation
connections in the system «factor-index»correlation groups of joint and attendant charésties
ascertainment— possible forecast of further state of botanicadl atological indices of the
territory... approbation, using and improving the hoels of structural phytoindication. The criteria
of self-descriptiveness of structural phytoindioati method: coefficients of correlation and
determination values; availability of groups anddil coincidence of characteristics of plants’
structural alterations correlation with componesft®lementary metalogeny in the system of their
inner connections; data of cartographic and schemeualization; synchronous correspondence
blocks of plants' structural characteristics to tgeadient of toxic pressure on soils in
anthropogenically transformed environment. Cenairthese criteria will be further changed
according to the specificity of the experiment.

The results of creating the base of plots in theddsk region are presented in Table 1.
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Table 1
The base of plots in the Donetsk regiortrial plots for the experiment
(1-2 km zone from the company)
Chemical Mechanical Integrated
Number of : i
Company hame o . pollution transformation pressure
monitoring points .
level, 10-point scale
OJSC «llyich Iron and Steel | 3 (2000-2012) + 95 6.4 15.9
Works of Mariupol 2 (2008, 2013) ' ' '
0JSC «lIron and Steel Works 2 (2000-2012) + 93 5 9 145
of Mariupol Azovstal'» 1 (2008, 2009) ) ) '
Starobeshevo TEPS OJSC | 3 (2000-2012) +
«Donbassenergo» 1 (2008) 52 >4 10.6
Kurakhovo TEPS OJSC 3 (2000-2012) +
«Skhidenergo» 1 (2008, 2013) 6.8 4.1 10.9
Vuglegirsk TEPS OJSC «The 3 (2000-2012) +
State energy generating 1 (2008, 2009) 7.1 6.3 13.4
company «Centrenergo»
0OJSC «The Zasiadko coal | 2 (2000-2012) +
mine» 1 (2008, 2013) 6.7 3.5 10.2
Zooevka TEPS-2 2 (2000-2012) +
«Skhidenergo» 1 (2008, 2013) 4.1 6.4 105
Slovyansk TEPS OJSC 1 (2000-2012) + 59 20 79
«Donbassenergo» 1 (2008, 2009) ' ' '
0JSC «lIron and Steel Works 2 (2000-2011) +
of Makiyivka» 1 (2008, 2013) 8.7 4.6 13.3
0JSC «lIron and Steel Works 3 (2000-2012) +
of Yenakiyevo 2 (2008) 9.0 6.8 158
0OJSC «Coke and Chemical | 3 (2000-2012) +
Works of Avdiyivka 1 (2008) 8.0 75 15.5
0JSC «Makrokhim» 3 (2000-2012) H
1 (2008) 7.6 3.1 10.7
0OJSC Coalmine 3 (2000-2012) + 59 3.9 91
«Pivdennodonbasské 1» 2 (2008) ' ' '
0JSC «Donetskstal» 2 (2000-2012) +
1 (2008, 2009) 6.3 6.7 13.0
OJSC Iron and Steel Works of3 (2000-2012) +
Donetsk» 2 (2008, 2013) 7.0 5.0 12.0
0OJSC «Coke and Chemical | 3 (2000-2012) + 6.4 71 135
Works of Yasynuvata 1 (2008, 2010) ' ' '
0OJSC «Coke and Chemical | 3 (2000-2012) + 95 96 19.1
Works of Yenakiyevo 2 (2008, 2013) ' ' '
0JSC «Coke and Chemical | 2 (2000-2012) +
Works of Makiyivka 1(2013) 9.2 4.9 14.1
CJSC «Makyivkoks» 3 (2000-2012) H
1 (2008, 2013) 8.5 7.7 16.2
0JSC «Donetskkoks» 2 (2000-2012) +
1 (2008, 2013) 8.4 3.0 11.4

On the results of collection of 2000-2013 we esthbd correlation between presence of
toxic active elements in the environment and ptasponses to pollution (Table 2) and the degree

of transformation of soil horizons (Table 3).
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Table 2
Informativeness of indicator species of plants toetermine the concentrations of heavy metals
Block of phytoindicationa . Metal (soil content| Correlation
experiment Species of plants in active form) | coefficient
appearance of the structur8erteroa incana, Echiumvulgare, Pb 0.78
of plants, the life form Reseda |utea, Brassica campestris, Cd 0.94
Capsella orientalis, Diplotaxis muralis, '
D. tenuifolia, Tripleurospermum Cr 0.90
inodorum
transformation in the root| Capsella bursa-pastoris, R. [utea, Zn 0.91
tip terminals E. vulgare, Calamagrostis epigeios, Hg 0.90
Daucus carota, Elytrigia repens
variability in shoot B. incana, C. bursa-pastoris, R. lutea, Hg 0.94
formation, inflorescence | E. vulgare, Atriplex patula, Cichorium Cd 0.74
formation intybus, Melilotus albus, M. officinalis, Ni 0.88
Tragopogon major, T. inodorum '
conformational variability | B. incana, Euphorbia seguieriana, Co 0.90
of the internal tissues of | R lutea, Eupatorium cannabinum, Cu 0.84
the leaf Chenopodium album, Kochia laniflora,
A. artemisiifolia, Atriplex hortensis, Pb 0.69
A. micrantha, A. patens, Hyoscyamus Cr 0.68
niger, Plantago lanceolata, P. major,
Ssymbrium polymor phum, Senactis
annua
teratological E. vulgare, Convolvulus arvensis, Mn 0.95
manifestations in the Oberna behen, R. lutea, Agrostis
flower stolonifera, C. intybus, Cirsium Hg 0.93
arvense, Grindelia squarrosa, T. major
variability in the male Dactylis glomerata, B. incana, Ni 0.97
generative sphere — Digitalis purpurea, Polygonum Z 0.90
defective pollen aviculare, Bromopsis inermis, Bromus n :
arvensis, Centaurea diffusa, Persicaria
maculata, Salsola australis, Senecio
vulgaris, T. inodorum
genetic heterogeneity of | Ambrosia artemisiifolia, Achillea Cr 0.84
seeds nobilis, Ailanthus altissima, Cd 0.55
Amaranthus albus, A. retroflexus
morphological B. incana, C. bursa-pastoris, Mn 0.94
heterogeneity of fruit Amaranthus retroflexus, Artemisia
absinthium., Anthoxanthum odoratum , Pb 0.90
Cynoglossum officinale, Diplotaxis Cu 0.84
tenuifolia, Artemisia vulgaris, Achillea
collina, Arrhenaterum elatius, Galinsoga
parviflora, Gnaphalium uliginosum,
Lactuca tatarica, Papaver rhoeas,
Rumex crispus, Snapis alba, Sonchus
arvensis, Thlaspi arvense, T. major,
T. inodorum, Xanthium albinum
general generative B. incana, Kochia laniflora, C. bursa- Cd 0.88
transformation pastoris, Cyclachaena xanthiifolia,
subpopulations E. vulgare, Deschampsia caespitosa, Zn 0.87
Galium mollugo, R. lutea, Digitaria Cu 0.71
sanguinalis
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Table 3
Informativeness of indicator species of plants to@termine the extent of transformation of
ecotopes
The degree of .
transformation (for Species of plants Correlation
. coefficient
root-zone soil layer)

12 Bromopsisin ermis, Calamagrostis epigei os 0.95
Bromus arvensis, Chelidonium majus 0.80

3.4 Achillea collina, Artemisia vulgaris, Dactylis glomerata, 0.95
Eupatorium cannabinum, Otites media, Rumex crispus '
Artemisia absinthium, Hyoscyamus niger, Persicaria 0.90

5-6 maculata, Svida alba '
Achillea nobilis, Cirsium arvense 0.80
Agrostis stolonifera, Chenopodium album, Cynoglossum
officinale, Daucus carota, Elytrigia repens, Erucastrum

7 L ) 0.80
armoracioides, Papaver rhoeas, Salsola australis,
Tripleurospermum inodorum
Anthoxanthum odoratum, Arrhenaterum elatius, Convolvulus
arvensis, Deschampsia caespitosa, Diplotaxis tenuifolia,
Elytrigia repens, Euphorbia seguieriana, Fallopia
convolvulus, Galium mollugo, Kochia laniflora, Lactuca 0.85
8 tatarica, Melilotus officinalis, Polygonum patulum, Reseda

lutea, Senecio vulgaris, Snapis arvensis, Senactis annua,
Thlaspi arvense, Tragopogon major

Cyclachaena xanthiifolia, Digitalis purpurea, Galinsoga
parviflora, Plantago lanceolata, Polygonum aviculare, 0.75
Tripleurospermum inodor um, Xanthium albinum

Amaranthus albus, Atriplex micrantha, Brassica campestris,
Capsella bursa-pastoris, Capsella orientalis, Cichorium
intybus, Cyclachaena xanthiifolia, Diplotaxis muralis,

Echiumvulgare, Elytrigia repens, Mdlilotus albus, Oberna 0.95
behen, Plantago major, Snapis alba, Ssymbrium

9 polymor phum, Sonchus arvensis
Ailanthus altissma, Berteroa incana, Digitaria sanguinalis, 0.80

Polygonum aviculare, Reseda lutea

Atriplex hortensis, Coniza canadensis, Gnaphalium
uliginosum, Grindelia squarrosa, Thlaspi arvense, 0.70
Tragopogon major, Tripleurospermum inodorum

Atriplex patens, Atriplex patula, Berteroa incana, Capsella
bursa-pastoris, Diplotaxis muralis, Echium vulgare, 0.90
10 Tragopogon major

Amaranthus retroflexus, Ambrosia artemisiifolia, Centaurea
diffusa, Polygonum aviculare, Reseda lutea

0.75

Thus, we have found that for toxicological monimgriit is informative to use indicational
indices of plantsHerteroa incana, Echium vulgare, Reseda lutea, Brassica campestris, Capsella
orientalis, Diplotaxis muralis, D. tenuifolia, Tripleurospermum inodorum (appearance of the
structure of plants, the life formCapsella bursa-pastoris, R. lutea, E.vulgare, Calamagrostis
epigeios, Daucus carota, Elytrigia repens (transformation in the root tip terminald}. incana,
C. bursa-pastoris, R. lutea, E.wvulgare, Atriplex patula, Cichorium intybus, Melilotus albus,
M. officinalis, Tragopogon major, T. inodorum (variability in shoot formation, inflorescence
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formation) E. vulgare, Convolvulus arvensis, Oberna behen, R. lutea, Agrostis stolonifera,
C. intybus, Cirsium arvense, Grindelia squarrosa, T. major (teratological manifestations in the
flower), Ambrosia artemisiifolia, Achillea nobilis, Ailanthus altissma, Amaranthus albus,
A. Retroflexus (genetic heterogeneity of seedB) incana, Kochia laniflora., C. bursa-pastoris,
Cyclachaena xanthiifolia, E. vulgare, Deschampsia caespitosa, Galium mollugo, R. lutea, Digitaria
sanguinalis (general generative transformation subpopulatiots)determine the mechanical
transformation — presence of plant speciBsomopsis in ermis, Calamagrostis epigeios (1),
Achillea collina, Artemisia vulgaris, Dactylis glomerata, Eupatorium cannabinum, Otites media,
Rumex crispus (3—4), Anthoxanthum odoratum, Arrhenaterum elatius, Convolvulus arvensis,
Deschampsia caespitosa, Diplotaxis tenuifolia, Elytrigia repens, Euphorbia seguieriana, Fallopia
convolvulus, Galium mollugo, Kochia laniflora, Lactuca tatarica, Melilotus officinalis, Polygonum
patulum, Reseda lutea, Senecio wulgaris, Snapis arvensis, Senactis annua, Thlaspi arvense,
Tragopogon major (8), Amaranthus albus, Atriplex micrantha, Brassica campestris, Capsella
bursa-pastoris, Capsella orientalis, Cichorium intybus, Cyclachaena xanthiifolia, Diplotaxis
muralis, Echium vulgare, Elytrigia repens, Médlilotus albus, Oberna behen, Plantago major, Snapis
alba, Ssymbrium polymorphum, Sonchus arvensis (9), Atriplex patens, Atriplex patula, Berteroa
incana, Capsella bursa-pastoris, Diplotaxis muralis, Echium vulgare, Tragopogon major (10), and
for integrated pollution — indices of universal pigdicators Atriplex patula, Berteroa incana,
Capsella bursa-pastoris, Cichorium intybus, Dactylis glomerata, Diplotaxis muralis, Echium
vulgare, Plantago major, Reseda lutea, Tragopogon major, Tripleurospermum inodorum) for
industrial ecotopes of Donbass.
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Cagponos A. H. ®UTOKBAIMMETPUS TOKCHMYECKOl HAIPY3KH M CTeleHH TpaHcopMamuu HKOTONOB B
JoHenkoii ob6jgactu. — B paboTe paccMOTpeHBI BOMPOCH MHPOPMATHBHOCTH METOJa (DUTOWHIUKAIMUA B YCIOBHSIX
pasznuyHON  TpaHcpopmamuu  cpeapl.  OCYIIECTBICHHWE  MPHUHIUIOB  (PUTOMOHUTOPWHTA  JIOJDKHO  OBITBH
nu(GepeHIIMPOBAHHBIM B 3aBUCUMOCTH OT CHEHU(UKHA BO3ICHCTBUH HAa OKOTONBI. XHMHUYECKOC 3arps3HCHHE
(Toxcuueckue 3((heKTh), MEXaHHYECKOE HApyNIEHHEe MOBEPXHOCTHOTO Ciiosi mouB (merpamanust spadoromna) u
coBMecTHast Tpanchopmanus (KOMIUIEKTHOe Bo3jeiictBue). I[IpemiokeHpl  (DUTOMHIMKAIMOHHBIE KPUTEPHU:
WH(POPMATUBHBIC BHIBI JUIA ONPEACICHHUS SKOJOTHYCCKUX pPEXKHMOB, TPU3HAKA PACTCHHUHA JUIsl YCTAaHOBJICHUS
JIOKAJbHBIX TEXHOTCHHBIX HATPY30K U YHHUBEPCAJIbHBIC (DUTOMHIUKATOPHI JJIS KCIOJNB30BAaHHS B IMPOMBIIUICHHBIX
skoronax JlouOacca. DUTOKBATUMETPHUSI OCHOBaHA HAa WCIOJIb30BAHUM WHIMKALMOHHBIX IIKAJI W HHJ/EKCOB,
MOJNyYEHHBIX B pE3yJbTaTe TE0OOTAaHWYECKOTO WM CTPYKTYPHOTO (aHATOMHYECKOTO) aHaIW30B pACTHTEIBHBIX
0OBEKTOB.

Knroueswvie cnosa. dputokBamuMeTpusi, PUTOMOHUTOPUHT, GUTOMHANKAIIMOHHBIN KpuTepuid, Jlondacc.

Caghonos A. 1. diToxkBajiMeTpis TOKCHYHOI0 HABAHTA’KEHHSA Ta CTyHeHI0 TpaHcdopMmanii exkoromiB y
JoHenbkiii obaacti. — Y po0OoTi po3risHyTO NMUTaHHS iHQOPMATHBHOCTI MeTroay (iToiHAMKAIi B yMOBax pi3HOI
TpaHcdopMarllii cepenoBuIna. 3MiHCHEHHs] TPUHIUIIB (iTOMOHITOPUHTY MOBUHHO OyTH AMQepeHIliHoOBaHUM 3aJIe)KHO
Bi crenudiky BIIMBIB HA €KOTONH: XiMidHe 3a0pyaHeHHs (TOKCHYHI e(peKTH), MeXaHiuHe MOPYIIEHHS OBEPXHEBOIO
mapy 1pynTiB (merpazamis enmadoromy) i cymicHa TpaHcdopmaiis (KOMIUIEKCHHH BIUIMB). 3alpOIOHOBAHO
¢ditoiHnuKamiiHl KpuTepii: iHGOPMATHBHI BHAW JII BH3HAYCHHS CKOJIOTIYHUX PEXHMIB, O3HAKH POCIHH IS
BCTAHOBJICHHS JIOKAIBHUX TEXHOTEHHUX HAaBaHTaXeHb Ta YHiBepCcalbHI (DITOIHAMKATOPU MJIsi BUKOPHCTAHHSA Y
MpoMUCIOBUX ekoTonax JlonOacy. DitokBaniMeTpis 6a3yeThCs HA BUKOPUCTAHHI 1HIUKAIIMHAX IIKAJ Ta IHICKCIB, SKI
OTPUMAHO B PE3yNbTATi Fe000TaHIYHOrO a00 CTPYKTYPHOro (aHATOMIYHOTO) aHAITI3iB POCAMHHUX 00’ €KTIB.

Kniouosi crosa: diroxsanimerpis, GpitoMmoHiTOpUHT, BiTOIHIUKANIHHUN KpuTepid, JJoHOac.

Hapivimna mo pemakmii 7.10.2013 [puiiasra no apyky 24.10.2013
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