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Abstract

The object of the research is technogenically transformed aquatic ecosystem which helps to develop water
protection measures and ensure the ecological safety of technogenically conditioned ecosystems of rivers
passing through urban areas within aviation repair facilities. The conceptual model of aquatic ecosystem
consists of the Nyvka and Irpin rivers, both aquatic ecosystems belong to the Dnieper basin, and the
permanent trophic connection makes it possible to consider them as the conceptual majority of
interconnected constituents. The aim of the work: to study main features of the formation of technogenically
conditioned water ecosystems of small and medium rivers due to anthropogenic influence of the aviation
repair facilities. Methods: were used a biotesting method, a method of the complex water quality assessment,
a substrate biological transformation model based on the law of non-linear mathematical model of Mono
and Michaelis-Menten. The technogenic impact index for every pollutant was calculated. Results: it was
found the content of heavy metals, oil products, nitrogen, nitrite nitrogen, nitrate nitrogen in the surface
water of the Nyvka and Irpin rivers. Investigated samples of the Nyvka water were of V water quality class
and the Irpin water was of I V water quality class. The hydrochemical analyze of the Irpin river has shown
that limitation factors affecting the water quality, cause the disturbance of the self-remediation ability of the
water ecosystem. Was shown changes of contaminant concentration in the Irpin River current. Discussions:
obtained results of the modeling of the Irpin water self-remediation from contaminants are represented that
the constant for contamination agents such as nitrogen, nitrite nitrogen, nitrate nitrogen and Cu’" have
negative values. The predominating negative values indicate, that in the aquatic environment self-
remediation processes have not time to occur, as water is being very active contaminated from the mowings,
neighboring agricultural lands.

Keywords: conceptual model of aquatic ecosystem; Irpin river; technogenic impact index

1. Introduction

The surface waters quality control is a highest
priority task for the state to sustain the ecological
safety. It is connected with that the problems of the
rational waters use; in resent years; are not
consistent with the scale and depth of man-made
influences; in comparison with the scientific
principles of ecologically balanced development of
river water ecosystems.

The aviation transportation rapidly develops in
the world. Airport operations are an important factor
in our economy; for tourism; imports; exports and
business. However; these benefits must be weighed
against the impact air travel is having on the quality

of people’s life and on the local and global
environment. Despite the positive aspects resulting
from the intensive development of aviation; airports
and aviation facilities are large-scale polluters of all
the components of the environment [1].

Despite the positive aspects resulting from the
intensive development of

aviation; airports are large-scale polluters of the
environment.

In this regard; it is necessary to investigate the
aviation influence on environment; particularly;
water environment within certain aviation facilities
(aviation repair plants); and to improve the
environment components quality control near these
facilities [2].
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2. Analysis of literature and problem definition

According to accessible scientific and technical
literature data; aviation facilities affect ecological
situation of the water objects; soil; air [1; 3]. In certain
articles [3; 4] summarizes information on the analytical
methodologies available for the determination of
pollutants emitted during airport operations and provides
data on the toxicity of runoff containing compounds
used in de/anti-icing operations. In most cases aviation
facilities do not possess their own effluent treatment
plants; so all effluents carrying petroleum compounds;
surfactants; the de-icing agents used in winter; and other
organic and inorganic pollutants run off together with
rain water or snow melt into drainage ditches; where
they enter the soil; surface waters (rivers; lakes; ponds);
and ultimately ground waters [3].

The contamination of the natural waters; within
aviation facilities operation area; is the reason of
hazard; conditioned by the worsening of the
qualitative indices of the water objects and human
health as a result.

The ecological response of the water ecosystems
on technogenic impact; is the qualitative depletion of
the river waters and formation of technogenically
transformed water ecosystems (TTWE) of rivers
passing through urban areas within aviation repair.

For study such rivers we propose to use the
ecosystem approach and the river basin principle of
management. This approach became widespread
from all over the world [5] It provides complex
research on patterns of their development for the
long-term period.

The aim of the work: to study the formation of
technogenically conditioned water ecosystems of
small and medium rivers due to anthropogenic
influence of the aviation repair facilities

The object of the research is structural and
functional changes in the technogenically
conditioned aquatic ecosystem of rivers. This object
helps to develop water protection measures and
ensure the ecological safety of technogenically
transformed ecosystems of rivers passing through
urban areas within aviation repair facilities. The
subject of research is to improve the ecological state
of technogenically-modified aquatic ecosystems.

3. Materials and methods of research

We propose to study the TTWE with the help of the
complex conceptual model of rivers system; which
consists of small and medium rivers. This is
necessary to ensure the ecological safety of the river
ecosystem and to develop water protection

measures. Given system may be considered as an
example for investigation of the mechanisms of
impact of anthropogenic contaminants incoming
from small river on ecological condition of the
medium river.

In our case; the complex model of the system
used for the study of the technogenically determined
Irpin River and its right tributaries - the Nyvky
River; which are hydrographic structural elements of
the Dnipro basin. Thus; TTWE investigation objects
constitute the aquatic plot covering the area from
aviation repair plant on the Nyvka river; to the place
of the Nyvka river entrance into the Irpin river and
to mouth of it; i. e. to the Kyiv Reservoir; located
above drink water supply of the Kyiv. The length of
such complex conceptual system is about 55 km [6].

The main sources of the technogenic impact of
rivers ecosystem are: atmospheric precipitation;
agricultural wastewater; urban wastewater and surge
water from aviation plants.

Nyvka is the first component of the system. It
flows within Kyiv city near the aviation repair plant.
It’s runoff is regulated; the lacinity is about 2.2 %;
which is the greatest value for all the small rivers in
Kyiv. In this regard; the fishery ponds; which supply
the citizens with the fish; were built on the river [3;
6]. Therefore; the quality of the water of the Nyvka
river; should meet fishery water body standards.
That is why; for the incoming treated wastewaters;
more strict standards are applied; in comparison with
drink and domestic waters. The violation of these
norms and regulations may disturb the water quality;
biota condition and even human health as a result.

The Irpin River is the second component of the
system. The length of the river is 162 km; the
catchment area is 3340 km?. In the Irpin basin are
14 hydro-amelioration systems (192;73 hectares); 6
reservoirs and 265 ponds (48.4 million m). The total
length of the regulated riverbed is about 110 km.
The river flow is pumped into the Kiev reservoir by
the Irpin pump station.

One of the problems of our study was to define
the principles of the hazardous water contaminant
parameters assessment; concerning formation and
functioning of technogenically transformed water
ecosystem (TTWE); as well as to determine the
ways of its further development improvement under
operation as the fishery and recreation source [6; 7].

4. Research results

The Irpin water quality criteria for the water bodies
ecological condition assessment; should prevent the
use of such water for the fishery and recreation;
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because it is hazardous. The basic reasons; which
condition the surface water quality worsening; are
the organic and inorganic compounds; as well as the
substances with damage (toxic) effect on
hydroecosystems. These substances potentially may
initiate the preconditions of ecological hazard for
population. To avoid this phenomenon; ecological
condition of the Irpin river in the system
“technogenic impact-consequences” should be
investigated. The water guard measures to improve
the ecological condition of the Nyvka river; as the
basic source of the Irpin river technogenic
contamination; should be implemented as well.

The initial stage of research was to estimate the
probable pollutant hazard for aquatic flora and
fauna; biotesting method was applied. This method
is the most effective biological method of the
experimental assessment of the water toxicity. It is
based on indication of the test objects response [8].
During ecotoxicological investigation of the natural
waters of the Nyvka river within the aviation
engineering repair area; a series of experiments were
conducted; with the help of methods; widely applied
abroad and developed by Ukrainian (Daphnia
magna S. biotesting technique) and foreign scientists
(Allium cepa; Z.; Lactuca sativa Z. biotesting
techniques) [8; 9].

Series of samples of the surface water layer;
bottom water layer and bottom sediments; were
taken. Concerning hydrobiological indices; it is
noted that the sample toxicity tends to increase in
range: “surface water layer” — “bottom water layer”
— “bottom sediments” for all the testing species
Lactuca sativa Z; Allium cepa Z.; Daphnia magma
S. (table 1.).

Table 1
Biotesting of waters and bottom sediments
of the Nyvka river

Microorganism Surface | Bottom Bottom
water water | sediments
layer layer

Lactuca sativa Z. 55% 60% 82%

Allium cepa Z. 50% 55% 78%

Daphnia magma S. 65% 75% 80%

Thus; it can be concluded that hydrobionts are
affected if their environment is of IV class of the
water quality (dirty) according to the water
contamination index (WCI). To characterize the
condition of investigated Irpin river plot; the results
of the state monitoring of surface waters of Ukraine
in three hydrological section lines; were used: Irpin
town; Hostomel urban village; Kozarovychi village

[10]; as well as the results of the personal Irpin
waters monitoring (above Stoyanka village).

With the use of known indices; the river water
composition; the complex assessment of the natural
waters quality; was applied [11]. The given method
is based on determination of the water contamination
index (WCI); as the unique state normative criterion
of Ukraine concerning the water quality class
definition. Given standard proposes definition of the
water quality class according to the following
components of environment: salt composition
indices; trophic and saprobiological composition
indices; indices of specific toxic ingredients [11].

The assessment of the qualitive condition of the
surface waters according to the WCI technique;
makes it possible to classify the contamination level
according to the general ecological approaches
(without consideration of the functional changes); to
compare the quality of the water of different water
objects; and to indicate the tendencies of changes in
time.

By the method of the complex Irpin river water
quality assessment; following results were obtained:

- in the place of the Nyvka river entrance above
Stoyanka village; the water was of V quality class;
the water was dirty; the WCI was 4.3-5;

- in hydrological section line of the Irpin town;
the most waters (96 %) were of IV quality class;
water was contaminated; WCI varied in range of
2.22-2.52; only in 2013 and 2014 water was of III
quality class; water was moderately dirty;

- in hydrological section line of Hostomel urban
village the water was of 4 quality category; the water
was dirty; WCI varied in range of 2.33-2.92 in 90 %
IV quality class;

- in hydrological section line of Kozarovychi
village the water was of IV quality class; WCI was
2.4-2.67 during entire ten-year period.

Due to fact that the Nyvka river is the right-hand
side tributary of the Irpin river; it is the source of the
technogenic impacts for given river ecosystem.
According to our data; 90 % of investigated samples
of the Irpin water were of [V water quality class.

After analyzing the hydrochemical composition
of the Irpin river; it should be noted that limitation
factors affecting the water quality (oil products;
ammonium Nitrogen; ChOD; heavy metal ions);
cause the disturbance of the particular property of
the water ecosystem — self-remediation ability. This
disturbance is reflected on the water contamination
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level. Mentioned above data show that waters are
mostly of IV quality class; i. e. they are dirty.

The fact of anthropogenic transformation of
water ecosystems of the Nyvka and Irpin rivers is
confirmed by executed analysis; systematization and
statistical processing of the ten-year period (2007-
2016) ecological monitoring data. Obtained results
show that following changes occur in
hydroecosystems: disturbances of the matter and
energy balance; hydrobionts biodiversity exhaustion;
transformation of the biocoenoses associations
towards strengthening of B and a-saprobic species;
due to technogenic factors pressure increase.
Therefore; following examples are considered:
summary indices exceeding: ChOD (chemical
oxygen demand of hardly oxidation agents) in 1.5
times; ammonium Nitrogen in 3-7 times; significant
exceeding of the oil products and heavy metal ions
MAC in water samples from the Nyvka river.

The next step of research was the description of
the contaminating agents content in the aquatic
environment [12; 13]. To describe this process; the
substrate biological transformation model was
applied. In this model; the dilution processes origin
was not considered; according to the law of non-
linear mathematical model of Mono and Michaelis-
Menten [14]. In Michaelis’ and Menten’s papers the
fundamentals of the enzymatic kinetics were
presented. The patterns of the enzymatic kinetics
and various factors effecting life activity and growth
of the microorganisms; were deduced.

Given law is derived on the base of the chemical
kinetic reaction equation and describes the rate of
products formation according to the following
equation:

E + S—[ES]—E + P.

The formula of Michaelis-Menten looks like the

first order differential equation:

as _ v,-S

dt Kg+S§
where (dS/df) is the rate of the enzymatic reaction;
important index; which is the measure of the
enzymatic activity; S is the substrate concentration;
mg dm” (g m™); Vi, is the maximal speed of the
process; achieved at unlimited amount of the
substrate; mg (dm’ hour)'; K is the Michaelis-
Menten constant (the constant for contamination
agents); mg dm™ (g m™).

(M

To forecast the behavior of the aquatic
environment contamination; the calculative formula
was introduced; by solving equation (1) with initial
condition /=0; S=S°. $° is the substrate concentration
in initial monitoring plot; the section line of Irpin
town. The required dependence between S and ¢
looks like:

| S°
t=—(S"-S+K;In"—) (2)
V., S

The formula (2) includes two unknown
coefficients K;; V. To determine these ones; at least
two reliable values of the S concentration at different
t1; t time moments; are required. ChOD; oil
products; the simplest Nitrogen compounds; heavy
metal ions are supposed to be considered as the
substrate. When selection of the primary ecotoxicans
of anthropogenic origin; the hazard degree for
hydrobionts; structural and functional features of the
water body formation; were taken into account.

Consequently; to determine the required
coefficients; following formulas are used:

_ 6(8°-51)-n(5"-5,)
’ tzlnS1_tllnS2_(t2_l1)lnSO

t1S2_t2S1+SO(t2_t1) Olnio (4)
tzlnSl_tlhlS2_(t2_l‘1)1nS Si

The S concentration values; simultaneously
determined due to numerous surveillances; in four
different hydrological section lines of the Irpin river;
are preferred to be interpreted as the result of the
corresponding substrate degradation in the river
water at certain time moments — 0; ¢;; ,; ;. Water
temperature is a significant criterion in the carried
out calculations because it can affect hydrobionts
life activity; and as the result cause the change of the
environment-formation function of the water
ecosystems due to transformation of the physical and
chemical parameters of the water. Water temperature
of seasons; i. e. winter; spring; summer and autumn;
should be taken into account [15; 16]. If known the
river flow speed and distance between hydrological
section lines; time of the substrate exposition in
water during its motion from one hydrological
section line to another; should be considered.
Relatively; #=[,/U=22;2 hours; t,=l/U+t;=37;2
hours; t,=//U+t,=60;3 hours. Thus; in such a way;
the values for four seasons and eight types of
substrate; were obtained.

1
Vi =—(S0—Sl +
h
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Fig. 1. Change of the contaminants concentration in the river current. ¢ — ChOD; b — Qil products; ¢ — Cu*’;
d— Cr*". Footnote*: Sampling point S, is the hydrological section line of Irpin town; S; — Stoyanka village; S, —
hydrological section line of Hostomel urban village; S5 — hydrological section line of Kozarovychi village

The coefficients; required for calculation; were
determined according to the formulas (3); (4); due to
which every curve S(¢) passed through four basic
experimental points (So; 0); (S1; t1); (S 6); (S35 5).
The obtained data are represented in the table 2.

From the Michaelis-Menten equation (table 2) it
is concluded that at high S value for the substrate

and low Kj; the reaction speed is maximal; and at
low S the reaction speed is proportional to the
substrate concentration at each time moment. Due to
K<0 in the S interval from K to oo; dS/dt — Vi at S
— 0; as usual. However; at any final S values in
given cases; dS/dt > Vm; and if S — K; then dS/dt —
oo at all.
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Table 2
Results of the modelling of the Irpin water self-remediation from contaminants
Index ChOD; Oil | Phenols A.mmon1um Nitrite ) Nitrate | cu* Zn*"; Cr®:
name | mg O,dm’ products}, mg dm? N1tr0gen,3mg Nltrogen,3 Nltrogen,3 mg dm | mg dm* |mg dm’
2 mg dm’ N dm mg Ndm™ [ mg N dm’
Spring
vm 0;0128 2;7%10° | -0;0016 -0,0034 -0;0199 0;5741 0;0004 | 0,0003 | 0;0001
Ks -30;5605 -0,0013 | -0,0429 -0;,6068 -0;1941 -1;9449 | 0;0095 | 0,0097 | 0;0030
Summer
vm -0;1441 -0;0048 | -0;0015 -0,0025 -0;0018 -0;3114 | 0;,0006 | 0,0002 | 0;0001
Ks -34,0883 -0;8629 | -0;0305 -2;0232 -0;0601 -0;,9592 | 0;0109 | 0,0089 | 0;0029
Autumn
Vm -0;0163 2;5%10° | -0;0017 -0,0089 -0;0080 -0;7389 | 0;0002 | 0,0004 | 0;0001
Ks -35;6995 -0,0014 | -0;0286 -0;5755 -0;1279 -1;0764 | 0;0064 | 0;0116 | 0;0032
Winter
vm -0;0028 0,0002 -0;0010 -0,0089 -0;0074 0;4868 0;0003 | 0,0005 | 0,0001
Ks -27;9851 -0;0037 | -0,0347 -0,5755 -0;1340 -1;9822 | 0;0040 | 0,0130 | 0;0028

The next task of research is to determine the
number of residual pollutants in aquatic
environment; even after the material cumulation and
self-remediation [17]. To do it; we calculated the
technogenic impact index for pollutant with the use
of approximate values of coefficients of the river
water self-remediation from contamination agent.

C.
]techn.imp. = MALgcom ’ Kse]ffrem (5)
where  Ceont

is the contaminant concentration;
MAC,,, 1s the maximal allowable concentration of
contaminant; Kgrem 1S the coefficient of speed of
the river water remediation from certain
contamination agents. The obtained data are
represented in the table 3.

Table 3.
The technogenic impact index

Control Itechn.impA
hydr.ol. Spring Summer | Autumn | Winter
section
lines

So 0;373 0;427 0;4 0;33

Sy 04 0;507 0;453 0;36

S, 0;364 0;486 0;435 0;347

Ss 0:468 0,543 0;56 0;384

5. Discussions of results

Obtained results of the modelling of the Irpin water
self-remediation from contaminants are represented
that the constant for contamination agents such as
nitrogen; nitrite nitrogen; nitrate nitrogen and Cu®"
have negative values. The predominating negative
K, values indicate the non-traditional character of
the dependence of the process speed dS/dt on
concentration S; for the  microbiological
transformation  (destruction) of contaminating
compounds

The predominating negative values indicate; that
in the aquatic environment self-remediation
processes have not time to occur; as water is being
contaminated from the mowings; neighboring
agricultural lands; even after the Nyvka river
entrance.

By determining the concentration of residual
contaminants of anthropogenic origin; remaining
after destruction; we obtained clear picture about
ecological condition of the Irpin river. Dealing with
these pollutants is problematic for hydrobionts. This
confirmed by the technogenic impact index

(Mtechmaioog.)
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Many dissolved substances of anthropogenic
origin affect the structural and functional features of
the aquatic ecosystems development. That is why;
the necessity of the ecological indices assessment; as
well as necessity of assessment of their parameters
characterizing the functional features of the aquatic
ecosystems development of the small and middle
rivers ecosystems; appeared. Given techniques
obligatory should be harmonized with the
recommendations of the international organizations;
which engage in the problems of the water
ecosystems guard and restoration. Furthermore;
understanding of the process of transformation of
substances of anthropogenic origin in the aquatic
environment will allow the development and
implementation of the most effective water
treatment technologies and modern environmental
protection measures.

6. Conclusions

1. We investigated the technogenically-modified
aquatic ecosystems of small and medium-sized
rivers. The ecosystem approach and the river basin
principle of management used for study the
conceptual model of the system of rivers. The
research  found that the functioning of
technogenically-modified aquatic ecosystems is the
result of repair facilities activities.

2. The obtained results of the ecological
monitoring of the Irpin River and the Nyvka River
aquatic ecosystems during the ten-year period
(2008-2017) are analyzed; systematized and the data
bank for further research work is formed. The water
analysis shows that the Irpin's water quality
predominantly are IV quality class (polluted). The
Nyvka's class of water quality are V — water (dirty).
Biotesting has confirmed the toxicity of water — 50-
65% of fatal cases for microorganisms in the surface
water layer.

3. The basic principles of the contaminants
hazard characteristics assessment; are found. The
dynamics of their changes; affecting the self-
remediation processes in ecosystems and are the pre-
conditions of their transformation; are investigated.
The individual and summary subtances are: oil
products (concentration 0.5 — 2 MAC); NH,4
(concentration 1;5 — 2;5 MAC); NO, (concentration
1;5-2;7 MAC).

4. The non-linear mathematical model of Mono
and Michaelis-Menten; to describe the self-

remediation processes of the Irpin river water
ecosystem; were applied at first time. Negative
values of contamination agents such as: Cu®" (-
0;0040) — (-0;0109); oil products (-0;0013) — (-
0;8629); NH, (-0;5755) — (-2;0232) indicate the non-
traditional character of the dependence of the
process and hence the violation of the self-healing
processes.

5. The index of technogenic impact of pollutants
on water ecosystems; was proposed and calculated.
The highest value is noted in summer—autumn
period especially in control hydrological section
lines Kozarovychi S;= 0;543 — 0;56; the lowest
value is noted in winter period for section lines Irpin
S¢= 0;33. These values indicate the ability of the
hydroecosystem for self-regulation.
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JocaigkeHHs TeXHOTeHHO-3MiHEHHX BOJHHX €KOCHCTeM B 30Hi BIJIMBY aBialliANPHEMCTB
Hamionansawmii aBianiiiauii yHiBepcureT; np. Kocmonasra Komaposa; 1; 03680; Kuis; Ykpaina

E.mail: ‘madzhd@ji.ua'; yanakulynych45@gmail.com

Jlnst po3poOiieHHS BOJOOXOPOHHHUX 3aXOMIB Ta 3a0e3MeUeHHS E€KOJIOTIYHOI OC3MeKM TEXHOTCHHO 3YMOBJICHHX
TiIPOEKOCHUCTEM; M0 TPOTIKAIOTH B3IOBXK ypOaHI30BaHMX TEPHUTOPI 3 aBialmiANPHEMCTBAMH, 00’ €KTOM
JOCITIKEHHS Oysio 00paHO TEXHOTEHHO 3MiHEHY TifpoeKochcTeMy. KoHIenTyambHa MOIENTh CHCTEMH PIidoK
CKIIanaeTbest 3 pidok HuBkm Ta Iprinek; oOumBi piuku Hanexatb 10 OaceiiHy JIHinpa; a mocTiiHMi TpodivHmi
3BSI30K MK HHMH JO3BOJISIE PO3MVIAAATH iX SIK KOHIENTYyaJlbHY CYKYIHICTh B3a€MOIIOB'SI3aHHX CKJIAIOBUX Y
cucremi. OCHOBHA MeTa: BUBYEHHS OCOOJMBOCTEH (DOPMYBAHHS TEXHOTEHHO-3YMOBJICHHX BOJIHUX EKOCHUCTEM
HEBEJIMKHUX PIYOK BHACTIZOK aHTPOIIOTEHHOTO BIDIMBY PEMOHTHHX aBialmimnprueMcTB. Metoam: Oy 3aCTOCOBaHI
MeTo/H 0I0TeCTYBaHHS Ta KOMILIEKCHOI OLIIHKH KJacy SIKOCTi BOJIH; MOJENb 0ioJoriyHoi TpaHcdopMartii cyOcTpary
Ha OCHOBI 3aKOHY HeINiHIHOI MareMaTtndHoi Mozeni MoHo Ta Mixaenmica-MeHTeHa; TakoK OyJo pO3paxOBaHO
IHIEKC TEXHOTEHHOTO BIUIMBY KOKHOTO MOJIOTAaHTa HA SKICTh BOIW. Pe3ysbTaTH: BHSBICHO BMICT BAXKKHX
MeTaliB; HaTONPOIYKTIB; a30Ty aMOHIHHOTO; a30Ty HITPUTHOTO; a30Ty HITPATHOTO B TIOBEPXHEBHMX BOJAX PIiYOK
Hupka Ta Ipninb. [locnimkeHni mpoou Boau 3 p. HuBku BimHOCATBCS 710 V KJIacy SIKOCTi Boju; a Boau p. Ipmink 1o [V
KJIacy sKOcTi. byra mokazana 3MiHa KOHIIEHTpaIlii 3a0pyTHIOIOUMX PEIOBHH B ITOTOI piuky Ipmmias. [ixpoximMiaHmit
AHAJI3 PIYKK TOKa3aB; 10 OOMEXYBaIbHI (haKTOPH; SIKi BIUIMBAIOTH HA SIKICTH BOAW; CHPHYMHSIOTH ITOPYILIEHHS
CaMOBIZIHOBHOI ~ 3[aTHOCTI BOAHOI ekocucreMd. (OroBOpeHHs: OTpHMaHi pE3yJbTaTH MOZAEIIOBAHHS
CaMOBITHOBIICHHS BOJ . IpriHb CBiT4aTh 10 KOHCTAHTA 3a0pYTHIOIOYNX PEUOBHH; TAKHX SIK a30T aMOHIHHMIL; a30T
HiTpaTHUIT; a30T HitpuTHMiT Ta Cu’ *; Mae Bix’eMHe 3HaucHHS. [IepeBaKaHHS BiI'€MUX 3HAYCHHS CBIXYHTH IPO
HETPaIULiHHINA XapakTep 3a1e)KHOCTI MIBUAKOCTI MPOLIECy Bil KOHLIEHTPALlii; He BCTUTAIOTh BiOYBaTHCS TPOLIECH
CaMOOYHIIEHHST; TOMY IO 3a0pyAHIOBaYi IPOJOBAKYIOTb JOCUTH AaKTHBHO IOCTYTATH JI0 T1IPOEKOCUCTEMHU.

KirouoBi ciioBa: iHeKC TEXHOTEHHOTO BILIMBY; KOHIENITyalbHa MOJIETh TiIPOEKOCUCTEMH; piuka IpriHb
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HccnenoBanne TeXHOT€eHHO-N3MEHEHHBIX BOAHBIX IKOCHCTEM B 30HE BJIMSTHHS aBUANPEINPUITHI
HannonanpHBIN aBHaIMOHHBIA YHUBEpCHUTET; 1Ip. KocmonasTa Komapona; 1; 03680; Kues; Ykpanna
E-mail: madzhd@ji.ua'; yanakulynych45@gmail.com”

Jimt pa3paboTKH BOJOOXPAHHBIX MEPOTPUSATHH M OOECIICUSHHST SKOJOTHISCKOW Oe30MacHOCTH TEXHOTEHHO-
00YCJIOBJICHHBIX THIPOSKOCKCTEM; YTO MPOTEKALT BIOJb YPOAHU3UPOBAHHBIX TEPPUTOPHIA C aBUATIPEIPHATHIMHM;
00BEKTOM HCCIe0BaHMs ObLIa BEIOpaHA TEXHOTCHHO-TPaHC(HOPMUpOBaHHAs THIpoeKocucTeMa. KoHnenTyansHas
MOJIeNTb THIIPOIKOCUCTEMBI cOCTOMT W3 pek HuBka m Mpmenp; obe pekn otHocstcs k OacceiiHy J[Hempa; a
TIOCTOSTHHASI TPO(PUUECKas CBS3b MEXITy HUMH TI03BOJISIET PACCMATPHUBATh MX KaK KOHIIENTYAILHYHO COBOKYITHOCTh
B3alMOCBSI3aHHBIX COCTaBJSIONIMX B cucreMe. (OCHOBHAsl IeJb: W3y4YeHHE OCOOCHHOCTEH (HOPMHUPOBAHUS
TEXHOT€HHO-00YCIIOBJIEHHBIX BOJHBIX AKOCHCTEM HEOONBIINX PEK B pe3ysibTaTe aHTPOIOTEHHOTO BO3ICHCTBUS
PEMOHTHBIX aBHANpeAnpuATHiA. MeToabl: ObUTM TPUMEHEHB METOB! OMOTECTHPOBAHKS M KOMIUIEKCHOW OIEHKH
KJacca KadecTBa BOBI, MOJCIb OHMOJIOrMYeCKON TpaHchoOpMaluu CyOCTpaTa Ha OCHOBE 3aKOHA HENWHEHHOW
MareMaTh4eckoii Mozaenu Mono u Muxasiuca-MeHTeHa; Takke OBUI0 PAacCUMTaHO HMHACKC TEXHOTCHHOTO
BO3JCHUCTBUA KaXIOTO 3arpsi3HUTENST Ha KadeCTBO BOIBL Pe3yjbTaThl: OOHApYyXEHO CONIEp)KaHWE TSHKENBIX
METaJLIOB; He(hTENPOIYKTOB; a30Ta AMMOHHUIHOT0; a30Ta HUTPUTHOT'O; a30Ta HUTPATHOTO B TIOBEPXHOCTHBIX BOJIAX
pex Husku u Upnens. VccnemnoBansl ipoObl Boakl ¢ p. HuBkM oTHOCATCS K V Kilaccy KayecTtBa BOJIBI, a BOJKI P.
Wpnens k [V knaccy xavectBa. bpumm noka3aHpl W3MEHEHHS KOHIIEHTPAIINH 3arPS3HSIONINX BEIIECTB B TOTOKE PEKH
Wpriens. ['nnpoxummdeckuii aHam3 peku VprieHb TToKa3alt; 9To OrpaHuIUTeIbHbIE (JaKTOPHI; KOTOPHIEC BIMSIOT Ha
KauyeCTBO BOJBI, BBI3BIBAIOT HAPYIICHUS CAMOBOCCTAHOBUTEIBFHOM CIOCOOHOCTM BOJHOM — SKOCHCTEMEL.
OO0cy:kIeHne: ToTyYeHbl Pe3yIbTaThl MOJISTIMPOBAHMS CAMOBOCCTAHOBIICHHS BOJ p. prieHb CBUIETENBCTBYIOT O
TOM; YTO KOHCTaHTa 3arpsA3HSIONINX BEIIECTB; TAKUX KaK a30T aMMOHMIHBIN; a30T HUTPATHBIN; a30T HUTPUTHBIN U
Cu™; wmMeer oTpumaTenbHOE 3HadeHHe. IIpeoGiajaHie OTPULATENBHBIX 3HAUCHHE CBHICTEIHCTBYET O
HETPaULIMOHHOM XapaKTepe 3aBUCUMOCTH CKOPOCTH TMPOIECCa OT KOHLIEHTPAILMU; HE YCIIEBAIOT MPOUCXOIUTH
TIPOLIECCHI CAMOOUHMITICHHS; TAK KaK 3arps3HATEINH MPOAOIDKAIOT OYeHBb aKTUBHO TIOCTYTIATh Y THIIPOIKOCHCTEMY.

Kuro4eBsble c10Ba: MHIEKC TEXHOTEHHOTO BO3JIEMCTBHA; KOHLENTYyadbHast MOJIENb THAPOIKOCUCTEMBI; peKa
Hpnens
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