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Biological methods for the assessment degree pollution
of water objects by hydrobionts faunistic structure

The article provides information about the effectiveness of biological methods of determining the degree of
saprobity of water bodies in species composition of aquatic organisms that inhabit aquatic ecosystems data.
The species composition of the reservoir depends on many natural factors: the magnitude of the soil particles,
the flow velocity of water, temperature, amount of dissolved oxygen. Fast flowing water contains more oxy-
gen than slow current or standing. That's why in rivers with strong currents, inhabit oxygen-demanding inver-
tebrates. The more pollution, the more changes its species composition. Result in characterization of the dif-
ferent biological methods of assessing water pollution. Also this article are consider of the advantages and
disadvantages of these methods. Noted that the method Pantla-Bukk modification Sladecek is a convenient
method when saprobiological analysis. Saprobiological analysis being the most important element in the con-
trol of pollution of surface waters and bottom sediments, allows you to: to assess the quality of surface waters
and bottom sediments as habitat the organisms inhabiting the ponds and watercourses; to determine the ag-
gregate effect of the combined effects of pollutants; set the direction and the change of water biocenoses in
terms of environmental pollution; to determine the ecological status of water bodies and ecological conse-
quences of contamination.

Keywords: biological methods of assessment of water pollution, bioindication, aquatic organisms, water
saprobity in terms of periphyton, water saprobity for a few major zoobenthos taxa, biotic index of Woodiwiss,
Goodnight-Watley index, modified oligochaetic index (E.A. Parele), Mayer index.

The quality of water in natural sources is determined by the presence in it of substances of inorganic
and organic origin, as well as microorganisms and characterize the various physical, chemical, bacteriologi-
cal and biological indicators. When assessing the quality of environmental water requirements can be very
different and depend on the purpose of the water.

Despite the importance of chemical, physical and other tests, providing basic information on the con-
centration of various pollutants and physical changes and biological assessment of environmental quality is a
priority for two reasons. First, only the biological assessment provides the possibility of the integral charac-
teristics of the quality of the environment, under a variety of influences. Second, this assessment characteriz-
es the health of the environment, its suitability for wildlife and humans. One of the important directions in
bioindicative studies is the study of aquatic invertebrates as feature status indicators of the aquatic environ-
ment.

Biological methods for their correct and skilled use are highly sensitive. There are many systems bio-
logical analysis of water and determination of their quality by hydrobiological indicators, the choice of
which depends on the conditions of work and objectives. It is clear that biological observations of any kind
always need to know what types and how many are part of the natural community. Conclusion on the state of
waters to the time of the observations can often be made by comparing the data obtained is free from con-
tamination in a water body and water bodies of the alleged contamination. In this case, for the conclusions
and reasons of those more features than the full species composition of aquatic organisms in both the com-
pared items.

Biological assessment methods are a description of the status of aquatic ecosystems on plant and animal
population reservoir. Learn about the different types of the population of the water — periphyton, benthos,
plankton, nekton etc.

Biological indicators to determine the presence or absence of water indicator organisms on the surface
(plankton) in the strata (neuston) of water or located at the bottom of the pond, the shores and on the surface
of underwater objects (benthos) that are sensitive to specific contaminants.

Biological measuring method of water pollution is part of the directions, which was called bioindication
and biotesting. Vindicate is the assessment of the natural condition of the environment by using present liv-
ing organisms. The bioassay — method of laboratory assessment of river water quality according to the reac-
tions of test organisms with a known and identifiable characteristics. Biological object (test body) in the bio-
assay is actually used as an analytical tool.
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Bioindication can be done at all levels of the organization of the living: biological macromolecules,
cells, tissues and organs, organisms, populations and communities [1, 2].

Criteria for selection of bio-indicators: quick response, reliability (error is less than 20%), simplicity
and ever-present in the nature of a living object. The bioassay based on the detection of the total toxicity to
the test organism from all components of pollution and, thus, allows you to quickly assess whether the ana-
lysed sample is contaminated or not [3—7].

Specialists of many countries for the monitoring of rivers using benthic macroinvertebrates, to assess
the impact of water quality by a number of anthropogenic contaminants.

Classification using benthic macroinvertebrates does not provide a complete picture of all environmen-
tal, artificial and natural contaminants that occur in flowing waters. There is also no uniform classification of
rivers, which are suitable for all geographical areas. However, for rivers that cross national borders, the need
for classification there.

The essence of the classification of the rivers of the International organization for standardization (ISO)
is to compare between the behavior of benthic macroinvertebrates in clean conditions and in the observed
environment. ISO recommended five classes of water quality (Table 1) [8].

Table 1
Biological classification of rivers
Quality Class.lﬁcatlon of benthic Feature
macroinvertebrates

High Natural behavior of benthic macroinvertebrates

Good Not affected the biological community

Mediocre Several injured biological community

Poor Moderately affected biological communities

Poor badly Damaged biological community — an extreme reaction to the

anthropogenic pollution

With this type of classification taking into account natural variability in biological associations.

Assessment of saprobity of the water in condition of periphyton. In Hydrobiology under saprobity un-
derstand the ability of organisms to live at high content of organic substances in the environment. Saprobity
is a function of the needs of the organism in organic food and sustainability arising from the decomposition
of organic compounds toxic substances: H,S, CO,, NH;, H+, organic acids.

The hydrobiological indicators of the quality of greatest use is made of so-called index of saprobity of
water bodies, which is calculated based on the individual characteristics of saprobity of species represented
in various aquatic communities (phytoplankton, periphyton) [9].

Polisaprobic area contains many persistent organic substances and products of their anaerobic decom-
position. Photosynthesis is not. Deficiency of O,, is performed on oxidation. In the water — hydrogen sul-
fide and methane. At the bottom of a lot of detritus, are recovery processes; iron in the form of FeS. Black
silt with the smell of hydrogen sulfide. Many saprophytic microflora, heterotrophic organisms: filamentous
and sulfur bacteria, bacterial zooglea; protozoa —cilliates, oligochaetes, algae Polutoma.

Alpha mesosaprobic — starts acrobic decomposition of organic matter, produces ammonia, CO,, little
02, hydrogen sulfide, methane — no. Iron in the form of nitrous and oxide. Are the redox processes. Gray
slime. Predominate bacterial zooglea, euglena, Chlamydomonas, larvae of chironomid.

Beta mesosaprobic — mineralization has occurred. The number of saprophytes. The O, content varies
depending on the time of day. Yellow slime, are oxidative processes. A lot of detritus, algae blooms (phyto-
plankton), diatoms and green algae, the hornwort. A lot of corneous, ciliates, worms, molluscs, the larvae of
hironomid. There are crustaceans, fish, but their number is small.

Oligosaprobic — pure water. Flowering does not happen, the content of O, and CO, does not fluctuate.
Detritus is small. Benthos is small. There is some seaweed of the genus Melozira, rotifers, Daphnia, larvae of
stoneflies, mayflies, clams, sturgeon, etc.

It is established that in fact a number of oligosaprobic — mesosaprobic — polysaprobic increase not only
the specific resistance to organic pollutants and their consequences, as the lack of oxygen, but their ability to
exist under different environmental conditions.

This provision significantly extends the use saprobiological analysis. Therefore, the term «saprobity»
recently used when talking about the General degree of pollution. To estimate the total pollution of surface
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water in modern situations, for example in case of toxic contamination or man-made salinity increase, the
use of only one saprobiological of analysis is no longer sufficient.

Zones of saprobity on the indicative organisms. R. Kolkwitz and M. Marsson were not only pioneers in
the creation of a system of indicative organisms for evaluating the degree of saprobity of waters, but also
gave lists of indicator species characteristic of each zone [10]. Further, throughout the twentieth century, ac-
cumulated a bibliography, expanding and clarifying the species table of the coefficients of saprobity.

G.I. Dolgov and Ya.Ya. Nikitinskii [11], summarizing the experience of domestic and foreign research-
ers have made some changes in the lists Kolkwitz—Marsson. These lists in abbreviated form lead V.I. Zhadin
and A.G. Rodina [12] conducted an audit of the system Kolkwitz—Marsson and published a catalogue of ex-
amples of types describing the environmental conditions in which these species occur.

In the available bibliography, the most visible is the fundamental work of V. Sladecek [13], containing
the most complete list, which includes about 2000 species and synthesized the results of studies of Sladecek
[14], N.V. Smirnov [15] and other researchers. Versions of lists of indicator species are given in collections
published in Unified methods for the research of the water quality [16], the pointer A.V. Makrushin [17], etc.
Additions and modification of the system of indicators of saprobity of waters offered in the works of
L.A. Kutikova [18], V.N. Nikulina [19], T.V. Khlebovich [20], N.P. Finogenova [21], A.G. Okhapkin and
G.V. Kuzmin [22], E.V. Pastukhova [23], LK. Toderash [24], E.V. Balushkina [25].

The results of the biological analysis presented in the form of lists of indicators, always, to a greater or
lesser number of contain types attributable to different zones of saprobity, which complicates a clear assess-
ment of water quality. Using bioindicators for the purposes of monitoring is not a modern concept. It was
noted by Pliny the Elder (AD 23-79) that «the value of living organisms as indicators of specific sets of en-
vironmental conditions» was seen in Germany 2000 years ago where grazing wild animals selected specific
pastures. Biomonitoring has been the subject of research and controversy ever since [26]. Today
biomonitoring systems commonly measure the presence of one or more types of plants and animals and
compare the resultant figures with a prescribed and tested index in order to assess the degree of pollution or
to track, and sometimes to predict, changes in the biotic integrity of a system [27]. To assess the water quali-
ty of reservoirs and streams affected by anthropogenic impact developed a variety of methods: chemical, bio-
logical, physical (organoleptic), bacteriological and radiation [28].

To assess the saprobity of water for the organisms of the periphyton most convenient, fast and reliable
method is Pantla and Bukka modification Sladecek. This method takes into account the relative frequency of
occurrence (abundance) of aquatic organisms h and their indicator significance s (Saprobity valence). For the
statistical significance of research results requires that the sample contained at least 12 indicator species with
total frequency of occurrence (abundance) h is equal to 30.

S = (X(sh))/(Xh). e)

The saprobity index indicates to the nearest 0.01. For xenosaprobic area, it is in the range of 0-0. 50 —
very clean; oligosaprobic — 0,51-1,50 — clean; beta mesosaprobic — 1,51-2,50 — moderately contaminat-
ed; alpha mesosaprobic — 2,51-3,50 — heavily contaminated; polysaprobic — 3,51-4,00 — very contami-
nated [29].

Methods of evaluation of water quality based on the application of certain major groups of zoobenthos:
the Method of large groups is widely used in the practice of hydrobiological monitoring due to the simplicity
of calculation, the absence of time-consuming taxonomic definitions. Theoretical basis and precondition for
the universality of the method is widespread used of taxa in the waterbodies of different types with different
levels of pollution. Such groups are oligochaetes and chironomid larvae.

In his research E.V. Balushkina proposed to evaluate the water pollution on the ratio of the number of
representatives of different subfamilies of chironomids using the index:

K=(a_r+0,5a_Ch)/a 0, 2)
where: a_ r, a_Ch and a_0 support values for the subfamilies Tanypodinae, Chironomae, Orthocladiinae.

Auxiliary values are calculated by the sum of the number N of each of the subfamilies expressed in per-
centage of the total number of chironomids and item 10, in other words, a=N+10. Empirically chosen the
number 10 limits the limits of the possible values, determining the optimum ratio of the gradation index, and
the degree of sensitivity.

The effect of relative numbers of individuals of the subfamily Chironominae is reduced by half on the
grounds that in the purest waters relative abundance Orthocladiinae + Diamesinae was close to 100% (ex-
cluding Jaroslavich forms), in the most dirty relative abundance Tanypodinae also was 100%. The tendency
of the same increase in the relative amount of Chironominae the extent of contamination is expressed to a
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lesser extent, and their indicator value in General lower, which is reflected in the reduction. The index values
K from 0,136 to 1.08 characterize of clean water; 1,08—6,5 — moderately polluted; 6,5-9,0 — contaminated;
9,0-11 — dirty.

Biotic index Woodiwiss. This method of assessment is suitable only for investigation of the rivers of the
temperate zones and is not suitable for lakes and ponds. The assessment of the rivers is 15-point scale.
The method uses an indicator called the biotic index Woodiwiss. It is determined by a special table.

To assess the status of water bodies by the method of Woodiwiss, you need to:

1) figure out which indicator (indicative) groups are present in the studied reservoir;

2) you then need to assess the overall diversity of benthic organisms. To determine the number of
groups of benthic organisms in the sample. When using the method of Woodiwiss for «group» is accepted
any kind of flatworms, molluscs, leeches, crustaceans, water mites, stoneflies, lacewing, beetles, any kind of
larvae of other insects. Determining the number of groups in the sample, find the corresponding column in
the Table 2;

3) at the intersection of row and column in a special table to find the index of Woodiwiss. Its value var-
ies from O to 15 and is measured in points. The condition of the reservoir is defined as follows: 0-2 points —
very strong pollution (5-7 grade), the water community is in a very depressed condition; 3—5 points —
a significant contamination (45 grade); 6—7 points — slight pollution of pond (grade 3 quality); 8—10 points
and above — a clean river (1-2 grade).

Table 2

The working scale for the determination of biological index

Biotic index according to the presence
Representative organisms Species diversity of thirds «groups»
0-1 2-5 6-10 11-15 16 <

The larva of stoneflies More than one type - 7 8 9 10
(Plecoptera) only one type - 6 7 8 9
The larvae of mayflies More than one type - 6 7 8 9
(Ephemeroptera) only one type - 5 6 7 8
Caddisworms (Trichoptera) More than one type - 5 6 7 8

only one type - 4 5 6 7
Gammarids (Gammarus) The above types do not exist 3 4 5 6 7
Water louse (Asellus m 2 3 4 5 6
aquaticus)
Tubificidae and (red) wiggler m 1 2 3 4 -
of Chironomidae
All of the above groups do Can be present some species are not 0 1 2 - -
not exist exacting to oxygen

According to the biotic index Woodiwiss, with increasing level of water pollution is a change of species
composition of benthic organisms. As a result, that is the withering away of the indicator group have reached
the limit of tolerance [19, 20, 22, 30].

Index Goodnight-Watley. This simple but effective method of bioindication is used only to determine
contamination of the reservoir organic matter. To determine the values oligochaetes index only good materi-
als dredging samples [30-32].

The value of the index and is equal to the ratio of the amount detected in the sample of Oligochaeta
(oligochaetes) to the total number of organisms (including the worms) in percent by the formula:

a=N_Oligochaeta/N_(of all organisms) *100%. 3)

The degree of water pollution with organic matter is given in the Table 3.

The classic version oligochaetes index (OI) was first proposed by Goodnight and Watley in 1961 the OI
is calculated as the ratio of Oligochaeta to the total number of organisms in the sample. This river is consid-
ered good, if Ol is less than 60%, questionable in OI in the range of 60-80%, the river is heavily polluted, if
Ol is greater than 80%. In terms of the generalized index is judged on the degree of eutrophication of the res-
ervoir.
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Table 3
Oligogenic index Goodnight—Watley

The index% Degree of pollution of water Quality classroom
Less than 30 No pollution 1-2

30-60 Slight Moderate 2-3

60-70 Significantly 34

70-80 heavily polluted 4-5
More than 80 Strong 5-6

E.A. Parele applied Ol for the small rivers of Latvia, Rangiroa it in accordance with the classification of
water quality S. M. Dracheva. Based on the values of the modified OI, called the coefficient D, Parele was
allocated to six groups in the studied watercourses: very clean and 0.01 to 0.16 (or 1-16%); clean — 0,17—
0,33 (17-33%); moderate — 0,34—0,50 (34-50%); contaminated — 0,51-0,67 (51-67%); dirty — 0,68-0,84
(68—84%); very dirty — 0,85—1 (over 85%).

For large rivers is well established in Parele is another method based on the ratio of the number of
Oligochaeta collection tubificids to the total number of all Oligochaeta:

D=t/O, 4)
where t — the number of Tubificidae; O — the number of Oligochaeta (Oligochaeta).

The D2 values for rivers of Latvia were selected: highly polluted water (0,8—1,0); contaminated (0,55—
0,79); slightly polluted (0,3—0,54); relatively clean (less than 0.3). In small fast flowing streams with diverse
benthic fauna is proposed to use the coefficient D1 is the ratio of Tubificidae and the entire benthos in the
sample. When D1=0,01-0,16 — very clean water; 0,17-0,33 — clean; 0,34—0,50 — lightly soiled; 0,51-0,67
— contaminated; 0,68-0,84 — dirty; 0,85—1,0 — very dirty.

Index Mayer. The most simple method of biological indication. This method is suitable for all types of
water bodies. It is more simple and has a great advantage — it is not necessary to identify invertebrates accu-
rate. The method is based on the fact that different groups of aquatic invertebrates are confined to water bod-
ies with some degree of contamination. The organisms — indicators relates to one of the three sections is
presented in Table 4.

Table 4
Index Mayer

The inhabitants of the

clear waters, X

Organisms average sensitivity, Y

Inhabitants of polluted water, Z

The larva of stoneflies (Plecoptera)

Gammarids (Gammarus)

larvae of chironomids

The larvae of mayflies Astacus astacus Hirudinea

(Ephemeroptera) The larvae of dragonflies water louse (Asellus aquaticus)
Caddisworms (Trichoptera) The larvae of Tipulidae Lymnaeidae

Larvae Sialidae Planorbidae The larvae of Simuliidae
Bivalvia Viviparidae Oligochaetes

It should be noted which are given in the table groups found in the samples. The number of groups of
the first partition must be multiplied by 3, the number of groups from the second section 2 and third section
from — 1.

The resulting figures stack up:

X*3+Y*2+Z*1=S %)

The value of the sum S (in points) assess the degree of contamination of water bodies: more than 22
points — the pond clean and has a grade 1 quality; 17-21 points — 2 quality class; 11-16 points — moder-
ate contamination, 3 class quality; less 11 — the reservoir is dirty, 4-7 class quality.

The simplicity and versatility of the method of Mayer gives the ability to quickly assess the status of the
investigated water body. The accuracy of the method is low. But if conduct studies of water quality regularly
for some time and compare the results to see which side changes the status of the water body.

The analysis of methods of bioindication, evaluation of surface water pollution the major advantages
and disadvantages Table 5.
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Table 5

Characterization methods of biological assessment of water pollution

cators

water

Name Benefits Disadvantages
Saprobity water on Set in the species composition | The adaptation of organisms to the existence under vari-
the periphyton indi- of indicator organisms living in | ous environmental conditions (eurybiontic)

Saprobity water for
individual groups of
zoobenthos

Widespread groups: chironomid
larvae (mosquitoes - chirono-
mids) and Oligochaeta
(oligochaetes)

It is characteristic of the aqueous medium for a period of
time and does not assess at the time of the study. To
obtain reliable data, usually, the sampler should be in the
river at least four weeks. When this point is conducted in
each of at least three repeated extractions.

Biotic Index
Woodiwiss

Considered part of the sequence
of disappearance of groups of
indicator organisms with in-
creasing pollution.

Not suitable for lakes and ponds. It is necessary to find
out which are indicator organisms in the study water-
course, depending on the sensitivity to contamination.
There is a change of species structure of benthic organ-
isms as the level of water contamination, hence, there is
a death of indicator group.

Suitable in the coastal zone, where benthic fauna is di-
verse

Index Goodnight-
Watley

It used to determine the reser-
voir pollution by organic sub-
stances

Used for the analysis of materials only bottom grab
samples. It should be understood that changes in the
sediments occur more slowly than changes in the water
quality of the aqueous medium

Modified
oligochaetic index
(E.A. Parele)

Based on Certain families of
oligochaetes to the total number
of oligochaetes.

It used only for the major rivers in the conditions of the
Russian Plain. Index Dluse for small rivers with fast
current and diverse flora. Index D2 for rivers and reser-
voirs with unfavorable oxygen regime and poor compo-
sition of oligochaetes.

Index Mayer

Suitable for all types of reser-
voirs. Used indicator organism,
sensitive to different water envi-
ronment conditions (the inhabit-
ants of the clean water, the or-
ganisms average sensitivity and
the inhabitants of polluted wa-
ter).

The accuracy is low.

All of these methods of bioindication are widely used for assessment of the anthropogenic impacts the
ecological communities of on the land and aquatic ecosystems. Under any adverse conditions the diversity of
species in the natural ecosystems is reduced, and the number of resistant species increases.

In addition, methods of bioindication methods have common disadvantages:

— the size of most organisms has a well-pronounced seasonality, and weather-dependent;

— for most methods require skilled specialists to identify species of living organisms. Along with
bioindication methods you need to use and the method of bioassay for the identification and evaluation of
factors (including toxic) environment on the organism, its separate function or system of organisms.

Currently, methods of bioindication and biotesting no commonly accepted system of biological analysis
and there are no requirements which must be met for this system [32].
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K.K. bnsnora, B.C. AGykeHoBa

I'uapoOonoHTTAPABIH (PAYHHCTHKAJIBIK KYPaMbl OOHBIHIIA CY HBICAHAAPABIH
JIaCTaHy JIeHreiH aHbIKTay YIIiH OMOJIOTUsUIBIK Oarasay dicrepi

Makanajga cyzia TYparhlH aF3aiaplblH TYPJiK Kypambl OOMBIHIIA CYy SKOXYHENIEepiHiH OpraHUKajbIK JacTaHy
JIOpeKeCiH aHbIKTayFa apHaFaH OHONOTISUIBIK Oarajay oiicTepi Typaibl MoliMerTep OepinreH.
Cy oObeKTUIepiHIH TYpIiK KypaMmbl KenTereH TaOuru Qakropiapra OalaHbBICTBL. MBICANBI, TOIBIPAK
OeJIIeKTepAiH IIaMachl Cy aFbICHIHBIH JKbUIIAMBUIBIFBI, TEMIICPATypachl, €piréH OTTEri CaHbIHA TOYEI.
Tes arpIMIarbl Cy KypamblHa KaparaH[a, Oasy aFbIMIarbl KOHE TYpFaH cyna orreri aspipak. COHIBIKTaH Te3
aFpIMJapa TAIFaMIIa3-0TTeK OMBIPTKACHI3AAp MeKeHAei . [HapoOHOHTTap/bIH TYPJIiK KypaMbl JACTaHYbI
KyLITipek MekeHzepae kebipek esrepeni. COHbIMEH KaTap aBTopiap op TYPJI Cy JIaCTaHy[bIH OHOOTHSUIBIK
Garanmay omictepin cunartaraH. Coj SmICTEpHiH apTHIKUIBLUIBIKTAPHI MEH KEeMILIUTIKTepi Typaybl AepeKTep
alWTbUFaH. ATal eTUIreH/eH, canpoOuoNorksuIbIK Tanay kesinne Cuanedex Typingeri ITantine-bykkrsin onici
BIHFaiIIBl G0JIbIN Tabbu1azpl. CanpoOHOJIOTHSUIBIK TalAay — YCTi CyJapblHBIH KoHE Cy TYOI wierinainepi
JIACTaHYABbIH €H MaHbI3IbI OakpUIay XKyieciHiy anemenTi. Ochl Tajnjay Cy alAbIHIAp MEH aFblH Cylapia ar3a
MEKEHJIEreH TIPLIUTK €Ty OpTachl pPeTiHIe ep YCTi CyJIapbIHBIH JKOHE TYNTIK LIOTiHAUICPIiH carnachlH
GarayalThIH TACLJII; JKUBIHTBIK SCEpi-apaiac dCepiHiH JacTayIlibl 3aTTap bl AHBIKTAUTBIH TCLJIi; TAOHFH OPTaHBIH
JIACTaHy JKaFIalbIH/a Cy OUOLICHO31ap/IbIH OAFBIT TIEH 63rePTYiH OpHATAThIH TACUI; Cy OOBEKTiNepiHiH JacTaHy
KE31HJIeri SKOJIOTUSUIBIK KaFaiibl MEH 9KOJIOTHSUIBIK CallJapJiapblH aHbIKTANHTBIH TOCLIi OOJIBII TaObUIAIbI.

Kinm ce30ep: cy mnactaHyblH OaFallaiThlH OWOJOTHSUIBIK SicTep, OWOMHAMKALMWS, TUAPOOHOHTTAD,
Hepu(GUTOH KOPCETKIITEepi apKblIbl aHBIKTAHTBIH Cy JacTaHybl, 3000€HTOCTBIH JEKe YJKEH TaKCOHIap
apKbUIbl QHBIKTAWTBIH Cy JIacTaHybl, ByamBucc OHOTHKANbIK uHAEKci, [ynHalWT-Yotneil uHIEKCI,
Osreprinren onuroxertik nugekci (3.A. [lapene), Maiiep unaekci.

K.K. bnsnora, B.C. AGykeHoBa

buoaornyeckue METOABbI OIICHKH CTECNNCHU 3aIrPA3HEHHOCTU BOAHBIX 00bEKTOB
mo (l)aYHI/ICTI/I‘{eCKOMy COCTaBy I‘HI[pOﬁl/IOHTOB

B crarbe npuBeneHs! cBeneHus 00 3(G(HEKTUBHOCTH METOANKH ONPEIENICHNUS CTEIIEHH CalpOOHOCTH BOIHBIX
00BEKTOB 10 BUIOBOMY COCTaBY TMAPOOMOHTOB, HACEIMIOIINX JAHHBIC BOJHBIE YKOCHCTEMBI. BumoBoii co-
CTaB BOJIOEMaA 3aBHCHT OT MHOTHX HPUPOIHBIX (DAKTOPOB: BEJIMYUHBI IPYHTOBBIX YaCTHII, CKOPOCTH TECUCHUS
BOJIBI, TEMIIEPATYPHI, KOJIMYECTBA PACTBOPEHHOTO KHciopoaa. OTMedeHo, 9To OBICTPOTEKyINast Boja Comep-
JKHUT OOJIBIIE KUCIOPOJa, YeM MEIICHHO TEKYIIas MM CTOsSYasi, BOT MOYEMYy B peKaxX C CHIIBHBIM TCUCHUEM
oburaroT TpeboBaTeNbHbIe K KHCIOpoay Oecrio3BoHOYHEE. UeM criibHee 3arps3HeHHe, TeM OOJIbIe H3MEHS-
ercst BuIoBoH cocrtaB. OXapaKkTepH30BaHbEI pa3IMYHbIE OMOJIOTMYECKHE METOIb! OLICHKU 3arpsi3HEHHS BOJ.
Beinenensl npenmyIiecTBa U HeJOCTaTKU AaHHBIX MeTo0B. [Tokazano, uro metox [lantne-bykka B Mmogudu-
kanuu Crnazedeka sBISETCS yOOOHBIM METOAOM INpH campobuonoruueckoM aHamuse. IlogdepkHyTo, 4To ca-
MpoOHOIOTNYeCcKUil aHanmu3, OyAydH BaXKHEHIIMM 3JIEMEHTOM CHCTEMBI KOHTPOJIS 3arpsi3HEHUS TOBEPXHOCT-
HBIX BOJ M JOHHBIX OTJIOXKEHHH, O3BOJIAET: OLEHUBATH KAUECTBO MOBEPXHOCTHBIX BOJI U IOHHBIX OTIO0XKEHUI
KaK cpe/ibl OOMTaHUS OPraHU3MOB, HACEJIAIOLIMX BOAOEMBI M BOJOTOKH; ONPENENIATh COBOKYMHbIA dddexr
KOMOMHHMPOBAHHOTO BO3/EHCTBUS 3aTrpA3HAIONINX BEIIECTB; YCTAHABIMBATh HANPABICHUS U U3MEHEHHS BOJ-
HBIX OMOILIEHO30B B YCIIOBHUSIX 3arpsA3HEHHs MPHPOAHOHN CpPEJIbl; ONMPEAENATh 3KOJOINIECKOE COCTOSHHE BOJI-
HBIX 00BEKTOB M 3KOJIOTMYECKHE MOCIEACTBUS UX 3arps3HEHUS.

Kniouesvie crosa: 6GMOIOTMUECKHE METOJbI OLEHKH 3arpsi3HEHHs BOJ, OMOMHIMKAIMSA, TUAPOOHOHTHI, ca-
MpOOGHOCTH BOJBI MO MOKa3aTesIM Mepu(HUTOHA, CapOOHOCTh BOABI MO OTAENIBHBIM KPYIHBIM TaKCOHAM 300-
OenToca, buotnueckuii nuaekc Bynusucca, unnexc ['ynHaiita-Yoties, MOAU(UIMPOBAHHBINA OJMTOXETHBII
unnexc (3.A. Ilapene), nuanexc Maiiepa.
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