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MEASURING, FORECASTING AND MONITORING SUSTAINABILITY
OF BIOCHEMICAL WASTEWATER TREATMENT IN WAR PERIOD

The present paper provides the assessing scale of sustainability of the biochemical wastewater treatment
facilities complexes in case of technogenic, natural or war catastrofes. To predict accidents in wastewater
treatment facilities and contamination spread it is proposed to apply the knowledge base for the evaluation
of the results of the accisent influence or damage and the possible water basin and ecosystem pollution. The
determined indicators of the facilities state allows to make a grounded decision making about the biochemical
process optimizing because of their possible disturbances and low quality of treated wastewater because
of natural or man-made accidents. Reliable monitoring of such indicators under changing environmental
conditions includes the detection of Euclidean distance increment between pairs of real observable states,
determination of the probability of the transition from state to state and dynamics and evaluation its possibility
and impact on the system functioning. The proposed approach allows to include not observed states in the
estimated uncertainty. Analysis and interpretation of data about hypothetic results of landslide as the result of
war or terrorist act should be also included into the monitoring system about the engineering objects, as they
initiate damages, microcracs, decrease in quality of the biochemical treatment etc., wich can be not observed in
time. It is developed the containment s evaluation procedure with the scale definition of status of the monolithic
constructions of the facilities, that may be checked by their reaction on the external vibrations. Particular
attention in case of the accident should be paid to the state of the active sludge, its ability to biotransformation
of the pollutants of wastewater, the conducive conditions in bioreactors etc.

Key words: biochemical wastewater treatment, sustainability, uncertainty.

Introduction. To successfully solve the problems
of minimizing pollution of the water basin, it is
necessary to identify, first of all, indicators that signal
the fact of pollution or the possible consequences of
natural or man-made accidents or disasters, especially
in war period. Such indicators include both the excess
of permissible concentrations of pollutants, and the
appearance (disappearance, decrease) in water of
substances that are neutral in terms of changes in
water quality, but contribute (prevent) the metabolism
of pollutants, convert them into neutral compounds
or into a state that facilitates cleaning processes.

This should also include such indicators as the rate
of change of observed indicators, as well as natural
and technogenic factors influencing the processes of
migration and metabolism of pollution.

To do this, it is necessary to create a database
of facts that includes all the observed phenomena
associated with the pollution of the water basin
and, on its basis, to build heuristic models for the
migration and metabolism of pollution characteristic
of the selected water basin or ecosystem.

Particular attention should be paid to the problems
of a military nature, earthquakes, tornadoes and other
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impacts both on the pathways of pollution distribution
and on the qualitative composition of pollutants,
taking into account both tectonics (for example, in
points) that can unambiguously affect as the facilities
with active sludge, biogas tank etc., so and the
structure soils and cause visible consequences, and
such that it can manifest itself after several cycles.

Measuring, forecasting and monitoring
sustainability of the water basin under conditions
of uncertainty. The natural water system is a classic
model of the system which functions under conditions
of uncertainty, because its states are determined, as a
rule, not in real time, as the external disturbing factor;
there is a dense but ambiguous connection between
external factors (temperature of environment,
atmospheric pressure, precipitation intensity, when
the processes of purification are held, etc., and also
with a considerable time lag between events and
changes in the system state). The environmental
monitoring of such system should provide:

* observation of the states and degrees of
possibilities of these states;

* definition of states that are impossible in
accordance with additional information (for example,
the wastewater indicators may not be better or the
same as indicators of natural waters);

» prediction of states those are not observed, but
in principally possible, for those the given non-zero
step of possibility fM(c) is less than the minimum
degree of possibility fM(a) function, which is
calculated for observed states [1-3].

Possibility of states’prediction that are not observed
supposes the availability of external information or
an informational connection between the event, the
phenomenon and the system state. Such a connection
really exists [4], but it is not monosemantic and allows
only evaluating possible system state at quality level
with a significant (up to several dozen percent) error.
For exampe,

M(e) = 0.5 min M (a), (1)
or ‘
D,[fM(c), fM(w)] = (3 [/M(c) - fM()]’}'"” < 0.5 min fM (o) 2)

where p — parameter of distance function D,
(for Euclidean metric p=2) [1].

If the results base (obtained on the basis of multi-
year studies of treatment facilities) is compiled and
includes executions (the limits within which the
characteristics of the basin water can be observed,
with corresponding indicators of the probability of
observation); a set of states that have an opportunity
of zero-measure observations (the limits for which
observed variable never overreaches); calculated
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possible states (which are not really observed) and
the corresponding opportunity degrees of their
realization and the probable consequences of this
realization, then it is possible to create conditions
for management processes on the heuristic basis. All
these need the reliable control of information, which
is impossible without system reliability engineering
and its predicting with reliability monitoring scheme
under changing environmental conditions [5—10].

The detection of Euclidean distance increment
between pairs of real observable states is proposed.
These states are situated side by side under the same
time interval. The probability and opportunity of the
transition from state to state and dynamics (outward
and interior) should be also defined. At last the
detection of states feasible in principle (which are not
locked on-line but may have an influence on system
and its performance in global sense) and evaluation
its possibility and impact are proposed. At the first
step it is necessary to define situation on base of the
data which are at the disposal (data of observation the
current process on some observation interval). Further
on different levels of specification there are identified
the best hypothesises relatively realization of some
generic system states, the conceive about how these
hypothesises influence on real features of concerned
variables. These conceives are composed on base
of suitable experimental behaviour and specific
functions. At last specified generalized restriction is
supplemented or replaced by restrictions which are
renewed by the best hypothesizes. With every of
these ones it is the some degree of confidence is tied
together. When using only the information contained
in the data, this approach allows to include in the
estimated uncertainty (generalized constraint) certain
characteristics that cannot be determined by the real
data that is observed, i.e. it is possible to predict or
recover with a certain degree of certainty the states
of variables not included in the forecast or recovery
at the time of observation. To conclude, taking into
account the "bottlenecks" in introducing the latest
technologies of management of drainage systems
helps to avoid their creation during the development
of new systems, as well as in case of modernization
of existing ones [12—13].

If we presents the degree of confidence increasing
MB of hypothesis & on base of output e supervision
in the form of

MBI[h,e] = {P(hle)-P(h)}/(1-P(h) , 3)
where P(h|e) — conditional probability £ under known
e, and P(h) — expert evaluation of probability for the
specified time interval, than degree of confidence
increasing MD relatively 2 may be presented as
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MDlIh, e] = {P(h)-P(hle)/P(h),
and the factor uncertainty CF may be presented as
CF[h, ¢] = MB[h, ¢]-MD{h, ] . (5)

The values MB, MD and CF, obtained for the
every specific event are placed in base also. The
base may be used for formation of system control
heuristics for operation under uncertainty conditions.
These heuristics make it possible to improve the
quality of water basin management under conditions
of uncertainty and action under factors which are
poor evaluated.

Decision about control action should be made
on the base of selection (by Monte-Carlo approach)
some contamination strates (bounds of existence,
which in linguistic form may be presented as “Great
value” (G), “Medium value” (M), “Low value” (L)
and ”Natural value” (N) when no control actions are
required) with accounting the possibility of probability
its realization. The spectrum of virtual contaminants
thus obtained allows for appropriate regulatory action
to be taken to minimize these contaminants.

The system’s model of the water basin status
management should be based on the cumulative
data, the knowledge base, set of rules of production,
logical deduction gear and conclusion building gear
by means of uncertain and incomplete input data. In
other words such model would be an Expert System
(ES). Cumulative data or Data base (DB) as a rule is
formed as the some quintets: context — parameter —
value — attendant factors — comments. The context
may be presented as the point with fixed spatial
coordinates and attendant data (number of point, the
date of measurement, the measurement procedure);
parameter — defines the general activity of specimen
and radionuclides’ spectrum; value — defines o— p-
and y-activity of each spectrum component (absolute
or comparative); attendant factors define the routine
monitoring results or the results caused by force-
majeure (earthquake, flood, man-caused and so on);
comments define the presence and nature of changes
in comparison with the previous measurements, other
peculiarities.

Knowledge base (KB) should save the behaviour’s
alternative models of all system components and the
system as a whole under the various conditions of
functioning, various external factors and conditions,
various forms and processes of effluents transference.

The rules of production (RP) or heuristics are
formed per next sample:

IF (precondition), THEN (action) [index of distinctness ID]. (6)

As the preconditions the quintets conjunctions
and action which includes the quintet’s parameters

4

value definition may be used. For the action’s quintet
ID computation there are used the rule’s ID together
with the ID of those quintets that are related to rule
in question.

The rules may be used on the base of relative
precondition for action quintet’s parameters values
awarding (the direct sequence of deduction guided
by data) or proceed from action’s quintet for
ascertainment those precondition quintets which
should be defined (inverse sequence of deduction
guided by the goal).

The main goal is the accumulation of possible
preconditions and possible actions. Index of
distinctness may be computed by ID precondition, ID
rule and output quintet’s ID.

ID precondition is determined by the least of the
ID statements which are compose the precondition.

Obtained values are multiplied by rule’s ID (for
the part which meets for action) and then the resulting
index (RI) is arrived. If the quintet is not shaped for
this moment, RI may play the role of quintet’s ID. If
the last exists with the output index (OI) the values of
ID are found by next procedure:

ID =OI +RI(1-0I), RI,OI>0

ID =-(IRI\(1-|OI|)), RILOI<0 @)

|OF+|RI|
p = |-min{|Of || RI| "RL OI< 0.

In case of an accident in water basin with pollution
spread dynamics let’s consider several heuristics:

IF ([the water basin pollution WBP spot dynamics
is within the 20 limits (SPOTSTAB)] AND [natural
and/or man-made accidents during the previous
measurements’cyclesareabsent(NMMA=0)]), THEN
[monitoring procedure is routine (MONROUT)].

IF [SPOTSTAB] AND [NMMA=1], THEN
[together with MONROUT the causal monitoring
MONCAUS for the points which are laid on the
direction from accident epicenter (AEC) should be
provided, i.e. MONROUT + MONCAUS AEC].

IF [SPOTSTAB] AND [it is a tendency to increase
of average monotonous displacement of WBP spot in
the same direction within 26 limits (TMD2c), THEN
[MONROUT + MONCAUS MD] (MONCAUS
MD - extra causal monitoring in monotonous RAW
spot displacement’s direction).

IF [SPOTSTAB] AND [NMMA=0] AND
[NONSTABSPOTNOCR], THEN [check the RAW
expansionmodelconformity CHECKEXPMODCONF]
(NONSTABSPOTNOCR — RAW spot dynamics is not
critical).

Checking the model may be realized by definition
of its sensitivity to parameters’ deviations and
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adjustment of certain parameters for the purpose of
accordance the predicted on the time of extrapolation
and real measured at that time values of WBP. After
this adjustment the WBP spot dynamics modeling
is realized along the all period of functioning of
depository. There is also another permissible step
(if there are several models of WBP spot dynamics):
implementation of concurrent modeling by several
models and using the model which has the minimal
metrics of predicted distribution of WBP spot relative
to the real distribution.

IF ([SPOTNSTABn-1] AND [SPOTNSTABn]
AND [NMMA=0] AND [NONSTABSPOTNOCR]
AND [the vectors of WBP spot shifts are situated in
differentquadrants—VECTSPOTSHIFTDIFQUAD]),
THEN [CHECKEXPMODCONF]. The
[SPOTNSTABn-1] and [SPOTNSTABnN] correspond
to the WBP spot dynamics detection in (n-1)-th and
n-th measurement cycles.

IF ([SPOTNSTABn-1] AND [SPOTNSTABn]
AND [NONSTABSPOTNOCR] AND [NMMA=0]
AND [the vectors of WBP spot shifts are situated in the
same quadrant — VECTSPOTSHIFTSAMQUADYJ),
THEN [CHECKEXPMODCONF] AND [check
the density of separate blocks or containment as a
whole — CHECKCONTDENS].

IF ((NONSTABSPOTCRIT] AND [NMMA=1]
AND  [VECTSPOTSHIFTDIFQUAD], THEN
([it is necessary to change MONROUT at the
critical procedures of monitoring MONCRITIC]
AND [use the WBP expansion critical models
WBPEXPCRITMOD]. MONCRITIC  assumes
the changing of range, changing of parameters’
measuring frequency in the all points around WBP
spot with the selective measurements in the points
in which the parameters have the largest values.
WBPEXPCRITMOD - the models concerned with
formation of the channels along which the WBP
expansion is realized more strongly.

IF (INONSTABSPOTCRIT] AND [NMMA=1]
AND [VECTSPOTSHIFTSAMQUAD], THAN
[MONCRITIC] AND [WBPEXPCRITMOD] AND
[man-made protective barrier establishing across
the WBP spot movement path PROTBAR if the
movement is directed to the settlements, the water
supply points and so on].

Reliable assessment of the state of wastewater
biochemical treatment facilities. One of the
main problem of WBP dynamics is the seismic
resistance which is realized by design monitoring
(with the aid of direct and mediate methods) for the
exposure and elimination the danger of wastewater
treatment facilities destruction, the great landslides
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data collection, knowledge level increasing about
deviations in the main direction of subterranean waters
redistribution, drawing up the seismic dangerous
maps connected with the treatment facilities influence
zone. Mentioned monitoring in routine process
periodically analyzes the facilities conditions but
in the cases of natural or man-made, war accidents
which may influent on the facilities conditions the
code of causal monitoring is activated.

For the easing of mentioned types of monitoring
procedures there are recommended the accelerometers
setting in separate assemblies of facilities structure
for the recording of vibrations caused by possible
landslide sources. Similar action promotes the
analysis and interpretation of appeared situation.
Seismic landslides and landslips, which challenge the
soil vibration, generate the destructive waves in the
reservoirs and rivers, dangerous for the installations
and soil structure. On the maps characterized the
prospective surface movements (for example, natural
frequency and intensity of earthquakes) facilities
in-situ it is necessary to insert the instructions related
to possible damages, local geological structure,
probability of steady landslides, landslips and
soil rarefactions inside of every seismic zone and
immediately in zone of wastewater treatment facilities
location.

Analysis and interpretation of information about
hypothetic results of each landslide or earthquake are
very difficult because of lack the precise and single
meaning data. Therefore these facts should be taken
into account in process of decision making. After the
significant burst or earthquake the installations may
be damaged but as a rule the results of these injuries
are difficultly observed — there may be microcracks,
changes in internal facilities bearing structures and so
on. The results may be observed later, for example
by increasing of BWP components concentration in
subsoil waters in wells drilling around of facilities.
Index of BWP components leakage may be
represented as “summary area of microcracks — to
summary area of facilities” relation (or “summary
area of microcracks — to area of facilities bottom”
relation). As a facilities damage scale it may be used
the next categories of status:

A — Damages are absent or immaterial;

B — The slight or medium damages;

C — The significant damages;

D — Entire damage of facilities when its functioning
is not possible.

The monolithic constructions of the facilities
theoretically may be checked by their reaction on
the external vibrations. Their natural frequency and
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Table 1
WBP Facilities
Class limits condition Overall performance of technical condition
(max) evaluation
0 <20 Good Damages are absent. The all processes are flow under license
1 <2c Satisfactory | Damages are absent or immaterial
) =92 Non satisfactory Apprpximately uniform expapsion qf WBP spot evidence of overall'
marginal damage of compaction which may be compensated by drainage
Monotonous growth of WBP spot along the direction on the accident’s
epicentre evidence of essential damage of facilities. It is necessary to build
3 .y Breakdown the'artiﬁcial barrier between facilities and important zones near them
which are on the way of WBP spot movement. If the WBP spot movement
stopping is impossible it should be considered the question of these zones
evacuation or alternation of their activity

external source vibration’s absorption factor may be
used for evaluation. As the several authors claims
[11]: the more damages — the less (droningly) natural
frequency but external source vibration’s absorption
factor from the beginning arises and then — decreases.
Hence the alternations in constructions’ inflexibility
and especially vibrations may be used as indexes of
structural damages. Such investigations should be
carry out after each earthquake which is fixed in-situ of
facilities. It is necessary also to fulfill some analytical
inspection which supposes the careful study of initial
constructive calculations, designed specifications, and
implementation of extra structural analysis combined
with field observations and test data.

The first step in containment’s evaluation
procedure (CEP) consists of status scale definition
(for example — four):

“0” — the absence of whatever problem (during
the several previous years there were no natural or
man-made accidents which may influence on soil,
subsoil waters and facilities’ installations structures;
the monitoring results witness that level of WBP
components pollution in the points being periodically
controlled is not characterized by monotonous
changes and registered deviations out of natural
background in limits of doubled error of measuring
methods or measuring instruments.

“1” — presence of negligible problems (during the
previous routine monitoring cycle it was a certain
accident epicenter of which was remote from facilities
but in controlled zone the some small shocks were
observed; during the previous and current routine
monitoring cycles the monotonous changes of WBP
components pollution distribution were not revealed
but the marginal coming out of 2¢ limits in one or
several controlled points were observed).

“2” — presence of increased filtration of WBP
components (during the previous and current routine
monitoring cycles and causal parameter measurement

in points which are positioned along over direction
to the meaningful accident epicenter — although this
epicenter is substantial remote from the facilities
influence zone — the monotonous movement of WBP
components spot is found out and it oversteps the
limits 26 in every direction).

“3” —presence of essentially damaging of facilities
(during the previous and especially current routine
monitoring cycles and causal parameter measurements
the important parameter changes (>> 20)
are found out first of all in the points joined along the
considerable accident’t epicenter direction and this
epicenter is relatively close to facilities.

The wastewater treatment facilities containment status
scale definition may be presented as in the Table 1.

The containment status scale evaluation has some
uncertainty and that fact may have influence upon
the decision-making procedure. If the wastewater
facilities containment status is represented in digital
form as a belonging function ud then for the above-
mentioned stated cases the next table may be arranged
(Table 2). Here [0] — absolute non true, [0,1-0,3] —
the poor level of truth, [0,4-0,5] — essentially level of
truth, [0,6—-0,7] — the high level of verity, [0,8-0,9] —
almost the verity, [1,0] — well-defined truth.

Table 2
Class M:‘“b".r Ship | g—0|d=1|d=2|d=3
unction
«“” Iy 09 | 08 | 04 | 01
“p” g 0.8 | 09 | 06 | 02
w“y» U 02 | 09 | 09 | 08
“3» 0 0 | 05 | 08 | 09

The belonging to status which corresponds to
classes “0”, “17, “2” or “3” is derived from equation

p = max {u0, ul, u2, u3}. (®)

The real facilities status may be found out by
taking into account the accumulated effect of seismic
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stresses (landslides, fractures, shocks) influence. For
that it is necessary to:

— Determine the frequency and strength of shocks
in-situ of facilities over the all observations period and on
the base of these data formulate the forecast in advance.

— Simulate the influence of accumulated landslides,
fractures and shocks on the facilities constructions
from point of view the probability of structure changes
in facilities walls and bottom which may stipulate the
formation of microcracks net, summary area of which
promote the WBP components departure (migration).

— Determine the threshold pollution exceeding of
which guarantees the more than 50% probability of
microcracks net rise.

After listed steps it is necessary to equip the stations
for the facilities status monitoring by accelerometers
connected with automated monitoring system (AMS).
The accelerometers data should be accumulated in
the next format: [date, shocks amount, integrated
value of shocks strain, the maximal acceleration in
succession, series duration].

It is necessary to bring in heuristics the data listed
in the format and at the same time transmit them to the
Facts Base, where possible — with the comments (if
it is connected with subsequent WBP spot dynamics
detection, which is correlate with the fact).

At the same time the heuristics 1-8, presented
above, may be formulated as following:

1-a. IF ([SPOTSTAB] AND [NMMA=0] AND
[TLS=0]), THEN [MONROUT] (here TLS=0 means
that tectonic landslides [TLS] are absent or ATLS <
THR1 where ATLS — the accumulated TLS, THR1 —
threshold for the case when the maximal shock value
is within limits of average minimal shock during the
all time of observations).

2-a. IF ([SPOTSTAB] AND [NMMA=1] AND
[TLS=1], THEN ((MONROUT + MONCAUS AEC])
(here TLS=1 means that tectonic landslides occurres
but their values are small, although exceed the TRH1).

3-a. IF ([SPOTSTAB] AND [TMD2c] AND
[TLS=2]), THEN ((MONROUT] AND [MONCAUS
MD]) (here TLS=2 means that tectonic landslides
are noticeable and accumulated landslides ALS are
within limits THR1 <ALS < 0,2 THR).

4-a. IF ([SPOTSTAB] AND [NMMA=0] AND
[NONSTABSPOTNOCR] AND [TLS=2]), THEN
[CHECKEXPMODCONFT].

5-a.TF ([SPOTNSTABn-1]AND [SPOTNSTABn]
AND [NMMA=0] AND [NONSTABSPOTNOCR]
AND [VECTSPOTSHIFTDIFQUAD] AND
[TLS=2]), THEN [CHECKEXPMODCONF].

6-a. IF ([SPOTNSTABn-1]AND [SPOTNSTABn]
AND [NMMA=0] AND [NONSTABSPOTNOCR]
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AND [VECTSPOTSHIFTSAMQUAD] AND
[TLS=3]), THEN [CHECKCONTDENS]. (here
TLS=3 means that tectonic landslides are noticeable
and accumulated landslides ALS are within limits 0,2
THR <ALS <0,4 THR).
7-a.IF([NONSTABSPOTCRIT]JAND[NMMA=1]
AND[TLS=3]AND[VECTSPOTSHIFTDIFQUAD],

THEN [MONCRITIC].
8-a. IF (INONSTABSPOTCRIT]
AND [NMMA=1] AND [TLS=4] AND

[VECTSPOTSHIFTSAMQUAD], THEN
(IMONCRITIC] AND [RAWEXPCRITMOD] AND
[PROTBAR]. (here TLS=4 — tectonic landslides
within ALS limits 0,4THR < ALS <0,7 THR).

In case of breach of the treatment process, each
operating rule for choosing the method of regulating
the wastewater biochemical treatment [14-15] can be
presented in the form of the heuristics as follows:

IF [{(VWS_A) AND (WPC_A) AND (ASC A)
AND (ASI_A)},

OR {(VWS_S) AND (WPC B) AND (ASC_B)
AND (ASI_B)}], THEN {NIT B},

IF {( VWS_A) AND (WPC_A) AND (ASC_B)
AND (ASI_A)}, THEN { NIT A},

IF {( VWS_B) AND (WPC_A) AND (ASC_A)
AND (ASI_B)}, THEN { NIT B},

where VWS — velocity of the wastewater stream,
WPC — pollutants concentration in wastewater,
ASC - active sludge concentration, ASI — active
sludge index (reflects its properties), NIT — necessity
for intensification of treatment process, and A, G, S, —
relevant estimates (average, big and small) [14-15].

In addition to the procedures given above after
reconstruction of the damaged biotechnological
wastewater treatment facilities for the successfull
functioning of the bioreactor it should be paid attention to:

1. The content of wastewater:

— it should be acceptable for the microorganisms
activity: pH, temperature, loading by COD, toxic
elements availability etc.

The results of the standard analisyses made may be
unsufficiant, because wastewater may content heavy
metals, oils, acids, Caprolactam, Formaldehyde,
HMD etc.

2. The properties of
immobilizing material:

— the influence of the material on treated water
and microorganisms: it may be extraction of toxic
elements (HMD, acids etc.) into water;

— exclusion of fibres getting into water from
immobilizing material; providing the strenth of the
filter for exclusion of getting into water the materals
of filter.

the active sludge
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3. The type of microorganisms: will it be clean
culture (or 2-3 cultures), or active sludge, which may
be adopted to such type of water. Work with clean
culture is always more difficult, because some, even
little changes in wastewater can kill all the culture, but
active sludge is able to adopt to the new conditions.

4. Possibility of the immobilizing material
regeneration: the culture should growth and it should
be the regime for the optimal young, not old cells of
microorganisms. Some pollutants, such as heavy metals
etc., will be aglomerated at the elements of the biofilter,
so there should be a system for cleaning filters.

For the aim of environmental safety ensuring
utilisation of the worked out immobilizing material
and old cells of microorganisms. The desinfection of
treated water from microorganisms is also required.

Conclusions. The organization of monitoring
these and other indicators (permanent or selective,
including those organized on the basis of risk models)
helps to monitor the dynamics of the state of the
water basin and provide a forecast of its possible state
at a given point in time. And this optimizes both the
quality of water and the processes of its biochemical
treatment.
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€Epemees 1.C., Inuko A.O., Peme3s H.C., Kuceabon B.b., Minaesa 10.10., Omennncska H.B.
BUMIPIOBAHHS, IPOTHO3YBAHHSI TA MOHITOPUHI CTIHKOCTI
BIOXIMIYHOTI'O OYUIIEHHSA CTIYHUX BOJI Y BOEHHUM ITEPIO/]I

Y 0ocnioscenni npedcmasnena wikana oyinky cmitikocmi KOMIAEKCI8 OIOXIMIMHUX OYUCHUX CNOpYO Y pasi

MEXHOLEHHUX, NPUPOOHUX Ab0 80€HHUX Kamacmpod). [lna npoeHo3yeanus asapili HA OYUCHUX CHOPYOax ma
NOWUPeHHs 3a0pYOHEHHS NPONOHYEMbCA 3ACMOCO8Y8amuU 6A3y 3HAHb 3 MEMOI0 OYIHKU Pe3yTbmamis 6naugy abo
HAciOKi8 asapii ma 8paxy8ants MONICIUB020 3a0PYOHEHHS. B0OH020 baceliny ma exocucmemu. Bemarnogneni
iHOUKamopu cmawy 06 ’€kmie 003801810Mb NPUUHAMYU 0OIPYHIMOBAHE PIULeHHS NPO ONMUMIZAYII0 OIOXIMIYHUX
npoyecie uepes ix MONCIUBI NOPYUEHH MA HUZLKY AKICMb OUUWEHUX CIMIYHUX 600 GHACTIOOK NPUPOOHUX
abo mexnoeeHnux asapiu. JJocmogipHull MOHIMOPUHS MAKUX NOKA3HUKIG 34 3MIHHUX YMOE HABKONUUHLOO
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Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

cepedosuwa BKII0UAE BUABTICHHS NPUPOCITY e8KAI00801 6i0CMaHi Midic napamu pearbHO CnOCMEPeXHCy8aHux
CMAHie, GUHAYEHHS UMOBIPHOCII nepexody 8i0 cmany 00 Camy ma OUHAMIKU, Ma OYIHKY 1020 UMOGIpHOCMI
ma 6nausy Ha QYHKYIOHYBAHHS cucmeMuy. 3anponoHo8anull nioxio 0036015€ GKAIOUUMU HECNOCMEPENCYBAH
cmanu 8 oyiHeHy HesusHaueHicmv. AHani3 ma inmepnpemayis. OAHUX NPO 2INOMEMUYHI HACTIOKU 3CV8i8
BHACNIOOK GIIHU YU TMEPOPUCTHUYHOSO AKTHY MAKOJC MAaromy Oymu GKIoueHi 00 cucmemu MOHIMOPUHEY
iHOKICeHepHUX 00 €Kmi6, OCKINbKY MAKi 3CY8U THIYTIOMb NOUWKOONCEHHS, MIKDOMPIWUHU, SHUNCEHHS AKOCI
OIOXIMIUHO2O OUUWEeHHA THOWO, AKI MOJCYMb He cnocmepicamucy 84acHo. Po3pobreno memoouxy oyinku
3aXUCHOI 0OONOHKU 3 MACUWMAOHUM SUSHAUEHHAM CMAHY MOHOMIMHUX KOHCMPYKYIL 00 €Kmis, wjo MONCHA
nepesipumu 3a ix peaxyicto Ha 306HiWHI0 8iopayito. Ocobnusy ysazy npu aeapii HeoOXioHo 36epHYMU HA CMAH
AKMUBHO20 MY, 11020 30amHicmb 00 biompanchopmayii' 3a0pyOHIOIYUX PEYOSUH CIIYHUX 600, CNPUAMIUBE
YMO8U 8 biopeakmopax mouyo.
Kniouosi cnoea: 6ioximiune ouuyenns cmiuHux 600, CMIUKICMb, HeBU3HAYEHICMb.
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