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The paper deals with comprehensive research in the field of electrization of wet
steam flow in a turbine. The experience of the conducted studies on laboratory
stands and full-scale objects (CHP and TPP) in Ukraine and the USA is intro-
duced and generalized. It was shown that in the process of steam electrization,
the charge density in the flow can reach very high values (an order of magnitude
appears to be higher than in a thundercloud), and this phenomenon mainly has a
negative effect on the turbine operation. Statistical data on the charge formation
of the steam flow in the low-pressure cylinder of the turbine are presented. Re-
sults of the research to establish the main electrophysical factors of influence on
the surface strength of the blade, such as electric fields, charge density and their
polarity, are presented. The research results showed that such factors as the
presence of a positively charged steam flow, constant and variable electric

fields, which were most often recorded at operating turbines of CHPs and TPPs,

significantly (by two or more times) intensify erosion-corrosion processes on the
metal surfaces of the blades, thus reducing their working resource. Thermody-
namic processes are studied both under conditions of natural electrification of a
high-speed flow, which reduce the efficiency by about 0.3—0.35%, and under the
influence of artificially created electric charges, which make it possible to in-
crease the efficiency of the steam expansion process in the turbine by 2 or more
percent. Various options of local input of electrical energy for steam ionization
in the turbine are considered. At the same time, it is noted that for the practical
implementation of these approaches, further careful design improvements and
tests on model and full-scale installations are required. Water chemistry regimes
are also considered in the context of their influence on the flow charge formation
process, as well as on reliability and efficiency indicators of the turbine. Experi-
mentally at an 800 MW turbine plant in the USA, it was shown that a change in
the pH of the medium affects the intensity and polarity of the charge formation of
the steam flow. The paper introduces the physical features of this phenomenon
and notes the importance of these processes influence on the strength character-
istics of the blades. Information on new methods and technologies that could
lead to an increase in the operational efficiency and reliability of wet steam tur-
bines, such as methods for input and removal of electrical energy into the flow;
rational choice of water chemistry regimes, space charge neutralization, etc., is
provided. These comprehensive electrophysical studies, considered in conjunc-
tion with thermal processes, can be characterized as a new scientific direction in
the theory of steam turbines — thermal electrophysics.
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Introduction

Steam turbines are heat engines in which thermal energy of steam is converted into mechanical en-
ergy. High-temperature high-pressure steam, passing through the flow path of the turbine, expands while
maintaining near and supersonic speeds, contacting (being in touch) with the metal structures of the flow
path of the low-pressure cylinder (LPC). As a result, the flow of wet steam is electrified. This happens exclu-
sively due to the electrization of the drops contained in the stream flow. The collision of water drops during
movement with the working surface of the blade or the walls of the nozzle causes electrization of both the
drop itself and the metal surface. Drops of water can take an electric charge when separated from the surface
of metal or water as well as when a large drop is crushed while moving in a stream. The high charge density
in the flow path of the turbine’s LPC is accompanied by electrical discharges and ionization of the steam
flow, which can have a noticeable effect on the properties of steam, heat exchange processes and, given the
presence of an aggressive electrified working medium, can intensify erosion-corrosion degradation phenom-
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ena in metal structures. In fact, in this part of the turbine, the ongoing processes should be considered as
thermoelectrophysical, in which the effect of electrization cannot be ignored.

During the operation of wet steam turbine plants, part of their thermal energy, due to the electrization
of the wet steam flow, is converted into electrostatic energy of the flow path. The magnitude of these energy
losses is small, however, as the studies have shown, the effect of electrization on the performance of the turbine
unit is very tangible and is relevant and important from both practical and scientific points of view.

One of the main tasks of the research presented in this paper was to assess the level of electrization
of the steam flow at the operating turbines of TPPs and CHPs and to determine the post-factor effects of the
charged flow on the performance of the power plant.

Static indicators of electrization

Comprehensive studies carried out by the employees of [PMach NAS of Ukraine and Sonoma Re-
search Company (USA) at various TPPs and CHPs in Ukraine and the USA have shown that in the process
of electrization of steam, the charge density in the flow can reach very high values [1].

In 1992, the employees of [IPMach NAS of Ukraine during research on the steam turbine T-37/50-8,8
(TPP-2 "Eskhar") for the first time discovered the presence of charges in the steam flow of the turbine.

The measured charge den-
sity behind the last stage
of the turbine turned out to
be higher than in a thun-
dercloud by an order of
magnitude and amounted
to 10° C/m’ at an electric
field strength of up to
2x10” V/m. The fact of the
existence of an electro-
magnetic field in the tur-
bine branch pipe was also
established and its spectral

composition was meas- Fig. 1. Traversing the steam flow with electric probes:
ured. a — installation of special valves; b — movable probes

a

In 1997, in the USA, on a steam turbine of 800 MW at the Navajo TPP (Arizona), the steam flow
was traversed in the flow path of the turbine with movable electric probes (Fig. 1).

It was found that before the last stage, the charge density was 10°~10° C/m’, and after the last stage —
10* C/m’.

Wet steam zone Exhaus! 200e
q=103-108KI/m?; q=106-10-3KI/m?
Y=4-5% Y=810%

APe =150-200Pa

Fig. 2. Electric probe:
1 — receiver element (sphere); 2 — electrode; 3 — framework;
4 — insulator; 5 — puck; 6 — washer; 7 — rubber ring; 8 — puck;
9 — puck; 10 —bar; 11— cable; 12 — sleeve; 13 —rubber ring;

14 — washer; 15 — puck; 16 — puck; 17 — rubber ring Fig. 3. Change of steam flow parameters

in the LPC flow path:
Y — steam humidity; g, — the volumetric charge density;
AP, — counterpressure created by the space charge
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Similar studies using the developed tools in the form of electrical probes (Fig. 2) were also carried out
on other turbines for various purposes (cogeneration and condensing) and capacities (50; 100; 200; 300; 320;

400; 800 MW).

Summarizing the results of all stud-
ies in this area, it is possible to sum up that
the distribution of the charge density in the
flow path and in the condenser of wet steam
turbines (Fig. 3) is represented:

— at the beginning of the phase transi-
tion zone 1010 C/m’;

— before the last stage 10™-10° C/m’;

— after the last stage 10°-107 C/m’;

— in the condenser area 10°—10" C/m’.

The established fact of electrization
of a wet steam flow in a turbine predeter-
mined the need for research on the influence
of these phenomena on the reliability and ef-
ficiency of turbines.

Strength indicators

In this regard, the results obtained
experimentally for the first time on the estab-
lishment of a significant effect of an aggres-
sive electrified steam medium on the surface
strength of working blades are very important.

To carry out the above-mentioned
studies, a wet steam stand was created using
artificial ionization of steam (Fig. 4), as well
as a mechanoelectric stand for the effect of
electric fields on metal samples (Fig. 5). The
tests were carried out in different thermody-
namic and electrical regimes. These studies
are detailed in papers [2, 3].

It is shown that such factors as the
presence of a positively charged steam flow,
constant and alternating electric fields, which
were most often recorded during experimental
studies on operating turbines of TPPs, signifi-
cantly (by two or more times) intensify ero-
sion-corrosion processes on the metal surfaces
of the blades, thus reducing their working re-
source. In this case, the change in the surface
strength of the material during electrization of
the flow occurs mainly due to an increase (by
5-10 times) of the absorption of hydrogen
into the metal and a change in its surface en-
ergy under the influence of electric fields, due
to a change in the density of electrons.

The results of the studies on the effect
on the surface density of the blades, depend-
ing on the polarity of the flow, are shown in
Fig. 6.

v

L

Fig. 4. Conventional scheme of the basic elements
of a steam installation with steam ionization by corona discharge:
1 — high-voltage source; 2 — high-voltage input;
3 —ionization steam chamber; 4 — coronating electrode;
5 —nozzle; 6 — steel sample attachment module;
7 — sample processing chamber; 8 — water level sensors;
9 — steam superheater; 10 — boiler; 11 — capacitor

Fig. 5. Scheme of measuring the microhardness
of the sample surface in the electric field:
1 — indenter; 2 — sample; 3 — fiberglass; 4 — foil; 5 — insulator;
6 — object table of a microhardness meter; 7 — voltage source

] “
hx 10° m

=500 4

e(HV). %

Fig. 6. A summary graph of the relative change
in microhardness due to the depth of the surface
of samples processed in wet steam in the following modes:
1 —neutral wet steam; 2 — negatively charged wet steam;
3 — positively charged wet steam;
4 — quasi-neutral steam (electrization in the barrier discharge)
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Fig. 6 shows that the impact of a positively | .,
charged flow (as opposed to a negative one) reduces the
strength properties of the surface layer of the blade mate-
rial by 30-50%. Moreover, it is necessary to pay attention
to the fact that (as numerous field studies have shown) in
the zone of the last turbine stages, the polarity of the
steam, as a rule, has a positive sign, and therefore has the
greatest degradation rate.

During research at the "Eskhar" TPP [1] it was
found that alternating electromagnetic fields arise in a | -30% [
low-pressure cylinder in the wet steam electrization zone.
The influence of alternating electric fields with frequen- | «0% t
cies of 20, 200, 2500, 20000 Hz and a voltage of 10 V on
the surface microhardness ¢(HV) of a prismatic sample
made of 15Kh11MF steel was also studied. Microhard- depending on the frequency of an alternating
ness was determined at three different indenter loads: 10, clectric field with a voltage of 10 V:

20, and 100 gf. The results of measurements in the form 1 —(HV 0.01); 2 — (HV 0.02); 3 — g(HV 0.1)
of graphs are given in Fig. 7.

20Hz 200 Hz 2500 Hz 20000 H

0%
0 La(h |

(¥}

20% |

Fig. 7. Relative change in the microhardness
of the surface of a sample made of 15Kh11MF steel

The graphs show that variable electric fields in the range from 200 Hz to 20.000 Hz have a signifi-
cant effect on the plastic deformation of the surface layer of the 15Kh11MF blade steel. The greatest relative
decrease in microhardness is observed at an indenter load of 10 g (HV 0.01) up to 30% and at an indenter
load of 20 g (HV 0.02) up to 18%. The obtained results show that electromagnetic fields also have a negative
effect on the metal resistance.

A comprehensive analysis of the influence of the flow charges and its magnetic fields on the blades
surface strength showed that with a high charge density, the operational life of the blades can be reduced by
50 percent or more.

Efficiency indicator

When considering the degree of influence of natural electrization of the flow on the turbine efficiency, it
was taken into account that this phenomenon could be effective as a factor of additional formation of condensa-
tion nuclei in supercooled steam. However, this assumption was not confirmed when considering the real proc-
esses occurring in the turbine. This can be explained by the fact that in the initial phase transition zone when su-
percooling usually reaches a maximum level, the number of naturally forming charges, as it was experimentally
confirmed (Fig. 3), is insignificant, and they practically do not affect heat and mass transfer processes. In the
zone of the last stages, on the contrary, the level of hypothermia is already minimal, and the charge density is
maximum, which significantly reduces the possible effect of reducing hypothermia from electrization. Moreover,
an additional negative factor such as electrostatic forces of flow deceleration (AP,, Fig. 3) is imposed on this
process in this zone. Thus, taking into account all possible processes occurring during the flow of a charged
stream (electrostatic forces of deceleration of the flow in the exhaust part, an increase in the non-stationarity of
the flow due to the uneven distribution of charges and electric fields in the flow path, the electrostatic force of a
drop directed to the grounded sections of the flow path, etc.), it is possible to estimate the amount of heat energy
losses in the turbine LPC from the effect of electrization, which approximately are 0.3—0.35%.

The dynamics of the growth of natural charge formation in the flow path of the LPC, as previously
noted, occurs in the direction opposite to the required dynamics of the formation of additional condensation
centers, which contributes to a decrease in the level of steam supercooling. Therefore, the second line shown
in the paper is an artificial ionization of steam that was developed taking into account the accumulated ex-
perience and the vision of the disadvantages of natural electrization. The problem of rational control of the
processes of charge formation and ionization of steam for this case was formed and solved in the following
formulation - increasing the efficiency of the process of the steam flow expanding in a turbine should be car-
ried out by activating (or deactivating) it by local input (or output) into the working medium of electrical and
electromagnetic energy. Numerous stand and partially full-scale tests have shown the high efficiency of the
proposed method of artificial ionization of the steam flow. As the calculations and results of experimental
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tests have shown, the efficiency of wet steam turbines in this case can be increased by two or more percent
due to a decrease in the level of overcooling and non-stationary condensation, a decrease in film condensa-
tion and concentration of large dispersed moisture, etc.

In particular, the results of experimental studies on a thermodynamic steam stand (Fig. 8) are shown
below.

During the experiment to determine the
effect of ionization on the efficiency of the expan-
sion process, a corona electric discharge device
was used in compliance with the following main
characteristics of the nozzle and steam parameters:

— steam consumption through the nozzle
Go=0.00115 kg/s;

—the area of the outlet section of the
nozzle F=1.418x10" m’

— steam pressure in front of the nozzle
po=59 kPa;

— pressure in the zone of sudden expan-

Fig. 8. Schematic diagram of the experimental steam stand:

sion p;=5.99 kPa; 1 — steam boiler; 2 — steam intake chamber; 3 — nozzle;
—heat of steamization in the zone of 4 — exhaust pipe; 5 — main capacitor; 6 — heating elements

sudden expansion y=2415.3 kJ/kg; of the steam boiler; 7 — superheater; 8 — ionizer; 9 — replenishment
— the specific current of the corona dis- tank; 10 — feed water heater; 11 — condensate collector;

charge in the experiment is J=3.2x1 073 A/(kg/s). 12 — compressor; 13 — vacuum pump; 14 — supporting capacitor

Studies of the steam expansion process in an axisymmetric nozzle have shown that the nature of the pres-
sure changes significantly in the process of steam ionization. In this case, under the action of an electric discharge
device, charged particles are formed from neutral steam molecules. It intensifies the condensation process and the
pressure jump observed during natural expansion which is almost completely leveled during ionization. As a re-
sult, the losses in the nozzle associated with the jump of condensation and supercooling of the steam are reduced.

When the steam flow is ionized, the degree of steam dryness at the nozzle exit decreases from 0.991 to
0.9718, and the enthalpy decreases from 2601.5 to 2557.5 kJ/kg (Fig. 9). As a result, the amount of phase

transition heat used in the nozzle increases by 44 kl/kg, 2=59 kPa
which increases the efficiency of the expansion process | i,-2662.1 1ke " "~ .
from 0.52 to 0.933. The maximum moisture of neutral = G
steam at the outlet from the nozzle does not exceed 1.5% . P{=29.1 kPa
(at adiabatic one — 3.5%). In ionized steam, the moisture — T \5\?3::5 2 kPa ,
can reach 3.4%, which is very close to adiabatic, i.e. the . .lFIJ 260030k e =70 °C
process is approaching equilibrium. } _'j:‘{'_'jl"lg--"' \ .;‘f;. 9911 46

It should be noted that such a process and an I:u:l__:ﬁ ﬂﬂﬂﬂﬂ x=lr 51
increase in efficiency correspond only to this nozzle. | 3:.|q_x_/n;. L
Nevertheless, it can be argued that due to the more 4=09718
complete use of the heat of condensation during the
ionization of steam, the tendency in increasing effi- Fig. 9. Steam expansion process in the h,S-diagram
ciency should remain for any process of steam expan- (the index "e" denotes the process
sion, including those in real turbines. during the steam ionization)

Nevertheless, the question arises: is it possible to reduce the amount of supercooling due to artificial
ionization under natural conditions. As a confirmation of this possibility, a full-scale experiment was carried
out on the T-250/300-240 turbine in the area of the last stage. To control the ionization of the flow, a volume
charge neutralizer was used by applying a high voltage in the so-called active mode. The experiment showed
that the ionization of the steam flow behind the last stage reduces the supercooling process, which is fixed by
an increase in temperature by almost 1 °C.

In the process of study, various options for the local input of electrical energy for steam ionization in
the turbine were developed and proposed [4] (Figs. 10, 11).
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Fig. 10. Placement of discharge electrodes for ionization
of the steam flow in the turbine flow path:
1 — discharge electrodes; 2 — insulators; 3 — collector;
4 — zone of the condensation beginning;
5 — high-voltage source; 6 — steam flow

corona electrodes

Fig. 11. Placement of steam flow ionizers
in the turbine flow path
in front of the first stage of the LPC

Previous studies on "survivability" during the
transportation of ionized steam when using a barrier dis-
charge [5] showed the promising lineup (Fig. 12), but fur-
ther elaboration and detailing of this proposal is required.
In this case, the generation of steam charges is carried out
outside the flow path.

To reduce the negative impact of electrostatic flow
braking forces in the last stage zone, the local energy re-
moval is provided using charge neutralizers [6, 7], which
have been successfully tested at CHP and TPP (Fig. 13).

Structurally, the neutralizer can be made in the form
of two half-ring electrodes (Fig. 13.), installed, for example,
on support insulators on the outer wall of the exhaust diffuser.

The result of the neutralization of the flow after the
last stage due to such removal of electrical energy reduces
the back pressure AP,, reduces the flow pulsations arising
from electrostatic processes, thereby increasing the effi-
ciency and reliability of the turbine unit.

The level of efficiency of power units due to the
control of thermal processes by activating and deactivating
electric charges in the steam flow can be increased by 2 per-
cent or more.

The method of artificial ionization of the steam
flow proposed in the paper and its possible use for wet
steam turbines is scientifically justified. The method effec-
tiveness is confirmed by the results of numerous studies and
might be a good basis for its further practical refinement and
design improvement of promising steam turbines.

38

Caleular intel

Earner discharge
generator

Fig. 12. Scheme of the external supply
of ionized steam to the flow path

e

Fig. 13. General view of the turbine exhaust converter
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Water chemistry regimes and charge formation

The possibilities of controlling thermal processes in the turbine by correcting the water chemistry re-
gimes, more precisely the pH of the medium, is also explored and studied in the paper. Unfortunately, the
results of all specially conducted laboratory and field tests in this direction have shown that a change in the
pH of the medium has practically no effect on the intensification of the formation of process moisture in the
flow path, and hence on the steam expansion process in the turbine and its efficiency.

At the same time, during an experiment at an
800 MW turbine unit in the USA, the fact of the influ-
ence of the pH of the medium on the intensity and po- | 25 1
larity of the charge formation of the steam flow was | *
established (Fig. 14). 11

It can be seen that an increase in pH from 8.2 to : ] _ . .
8.8 causes a decrease in the probe current to zero, and ] . . "1 | pH
with a further increase in pH to 9.2, the probe current | s g} ¢ _:L_____,.-g_"""#’ 8is 4 ol
changes polarity to the opposite and increases sharply. | ., 5
Based on the results of the experiments, it can be con-
cluded that by changing the pH of the feed water, it is Fig. 14. Probe current dependence on the pH
possible to control the process of charge formation in the of the feed water (turbine 800 MW) [6]
wet steam flow of the turbine.

These processes, in our opinion, are not associated with process moisture, but are the result of film
condensation on the blade surface, i.e. factor that has a greater impact on reliability rather than on efficiency.
In this case, a change in the properties (amino content of the medium) leads to a change in the forces of the
surface tension of the water (film) condensate, which in turn contributes to both a change in the dispersion of
droplets breaking off the metal and the degree of their electrification and polarity, i.e. parameters that signifi-
cantly affect the surface strength of the blade.

Understanding of these processes opens up broad prospects for
the development of recommendations for reducing the erosion-corrosion
degradation of turbine structural elements. In particular, it is recom-
mended to choose the amine content of feed water in terms of the mini-
mum charge density in the flow (or with negative polarity), and to carry
out the corresponding control using an electric probe (Fig. 15).

The technical implementation of the system for suppressing
electrization by water chemistry regimes correction can be performed on
the basis of an automated system using a steam flow electrization sensor.
Studies have shown that such measures lead to a significant extension of
the service life of working blades.

The information obtained in the result of these comprehensive
studies on electrophysical phenomena in the turbine, including the effect Fig. 15. Results of measurements

I probe, mkA

of electrified steam on the surface strength of the blades was the back- of charges behind the last stage
ground for the development of new methods and technologies that in- of the turbine 800 MW (USA)
crease the operational efficiency and reliability of wet steam turbines. depending on pH

On this basis, in addition to the above-mentioned methods for the rational choice of water chemistry
and neutralization of the space charge, the following approaches were also developed: a method for diagnosing
erosive-dangerous coarse moisture using an electric probe [1, 5]; ways to reduce the erosion-corrosion degrada-
tion of the metal from the impact of an electrified medium by evaporation, in which the control of moisture re-
moval from the surface of the blades is carried out by an electric probe [8].

Conclusion

Taking into account the conducted studies on the selection of rational thermodynamic parameters at
which steam ionization is effective, this technology can be successfully implemented in geothermal installations
for turbines with the following steam parameters: inlet temperature 80—150 °C and pressure 180-200 kPa.
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Considered options for the possible practical implementation of ionization of the steam flow, of
course, require careful design work and tests on model and full-scale installations.

The given results of the study determine the general approach for solving the problem of reducing the
damaging effect of charged droplets on the surface of metal part. It is necessary to organize the neutralization of
the ion flow before contact with metal surfaces, or to create radical reduction of droplet moisture contacting the
surfaces of the flow part, which will increase the service life of the blades by approximately 2 times.

The research on electrophysical phenomena in wet steam turbines given in the paper is relevant and im-
portant information for specialists in the energy sector. These comprehensive studies, along with thermal proc-
esses, can be characterized as a new scientific direction in the theory of steam turbines — thermal electrophysics.
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KommnuiekcHi pocitigxeHns ejekTpodizsMaHUX MpoueciB y mapoBuX TypoiHax
'A. O. Tapeuin, > O. Weres

'TactuTyT MpoGiem MammHOGOY TyBanus iM. A. M. Ilizroproro HAH Ykpaiuu,
61046, Ykpaina, M. XapkiB, By [loxkapcbkoro, 2/10

2 Geobrinelab,
89502, USA, Nevada, Reno, Mill str., 4840, Unit 2

Y emammi posensioatomucsa komnnekcHi 00CHiONCeHHs 6 2any3i eneKmpu3ayii 601020Napo8o2o NOMOKY 6 myp-
oini. Ilpedcmasneno ananis, y3a2aibHeHo 00CBI0 NPOBEOEHUX DOCTIONCEHb HA 1AOOPAMOPHUX CIEHOAX i HAMYPHUX 00'-
exmax (TEL] i TEC) Ykpainu, CIIA. Iloxazano, wo 6 npoyeci eiekmpusayii napu witbHicmov 3aps0ie y nomoyi moice
docsieamu 0yoice BUCOKUX 3HAYEHDb (HA NOPAOOK BUWUX, HIJNC Y 2PO308ill XMapi), 008e0eHO, Wo ye Asue HecamueHo
enaugac Ha pobomy mypoinu. Hasedeno cmamucmuuni 0ani 3apso0ymeopeHHs napo8ozo NOMoKYy 8 YUNIHOPI HUZbKO20
mucky mypoinu. IIpedcmasneno pesyromamu 00CHiOHNCEHHS 31 BCIMAHOBNEHH MAKUX OCHOBHUX eIeKMPO@I3UUHUX YUH-
HUKIG 8NIUBY HA NOBEPXHEBY MIYHICMb JTONAMKU, K eAeKMPUUHI NOJISL, 2yCMUHA 3apsoie i ixus noaspuicms. Cnupaioducs
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Ha ye nioKkpecieHo, wo maxi Gaxmopu, 1K HASGHICMb NOZUMUBHO 3APA0INCEH020 NOMOKY NAPU, NOCMIUHUX | 3MIHHUX
eNeKMPUYHUX NOJI8, o Hauvacmiwe peccmpysanucs na oitouux mypoinax TEC i TEL], 3nauno (y 0ea i binviue pasis)
iHmeHcupiKyioms epo3ilHo-KOpo3iliHi npoyecu Ha Memaiesux NOGEPXHAX JONAMOK, ZHUNCYIOYU MUM CAMUM IXHIUl po-
bouul pecypc. Tepmoounamiuni npoyecu 8U84AIOMbCA AK 8 YMOBAX NPUPOOHOI enekmpu3sayii 8UCOKOUBUOKICHO20 NO-
MOKY, WO 3HUXCYIOMb NOKA3HUKYU epexmusnocmi npubausno ua 0,3-0,35%, max i nio yac eniugy wimyuHo cmeopeHux
eNeKMPUYHUX 3aps0i6, KT 0aromb 3M02y NI0GUWUMU ehexmusHicms npoyecy posuwupenns napu 6 mypoiui na 2 i 6inb-
we siocomxu. Posensadaromscs pizHi eapianmu JI0KAIbHO2O 66€0eHHs eleKMpUuHoi eHepeii 015 ioHizayii napu é mypoi-
Hi. Ilpu yvomy Hazonowryemvcs, wio 015 RPAKMUYHOL peanizayii yux nponosuyii y nooaibomy nompioHi pemeivbHe
KOHCMPYKMOPCbKe O00ONPAYIO8anH s i BUNPOOYSAHHs HA MOOETbHUX | HAMYPHUX YCMAaHo8Kax. [lOCiodNcyombes maxkoic
B00HO-XIMIUHI pedcumu y KOHMeKCmi iXHbo20 6NAUBY HA Npoyec 3aps00ymeopeHHs NOMOKY, NOKA3HUKU HAOIUHOCMI U
exoHomiuHocmi myp6inu. Excnepumenmanvio na mypooycmanosyi 800 MBm y CIIA 6yno noxazano, wo 3mina pH
cepeoosuwa BNIUBAE HA THMEHCUBHICMb | NOJAPHICMb 3apA00YMEOPEHHs NOMOKY napu. Y cmammi ysazy npuodiieHo
QizuyHUM 0COOAUBOCMAM YbO2O ABUWA | HASOTIOUWEHO HA 8AXCIUBOCTI Ul 8NIUBI YUX NPOYECi8 HA XaAPAKMePUCMuKY Mi-
ynocmi ronamox. Hagooumucs ingopmayin npo maxi Hosi Memoou i mexnonozii, wo 3abesneuyioms 30i1buer s eKc-
nayamayiinoi egpekmuenocmi tl HAditHOCMI 80J020NAPOBUX MYPOIH, K CROCOOU 88edeHHs | 8I08€0eH s eNeKMPUUHOT
enepeii 6 nomix;, payioHarbHull UOIp BOOHO-XIMIYHUX pedcumis;, Heumpanizayis 0b'emnozo 3apsady ma in. Komniexchi
enekmpoizuyHi 00CHIONCEHHA, WO PO32NAOAIOMBCA PAZOM I3 MENIOBUMU NPOYECAMU, MONCHA OXAPAKMEPU3Y8amu K
HOBUU HAYKOBULL HANPAM Yy Meopii naposux mypoin — menioerekmpo@isuxa.

Knrouosi cnosa: naposa mypoina, enekmpusayisi, Cmamucmurd, eQekmugHicmy, MIYHICb.
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