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The relevance of research is to ensure and improve the reliability of turbine generators (TG) with a
hydrogen-water cooling system by monitoring the content of dissolved gases in the water of a
hydrogen-water cooling system with monoethanolamine (MEA) — C2H7NO and water vapor in the
cooling hydrogen of the turbine. In this work, the influence of ultrasonic vibrations on the
decomposition of a mixture of water and turbine oil, organic acids (acetic acid - C2H4O>, formic
acid - CH>O>, oxalic acid - C:H>O4) or monoethanolamine was determined. The distribution
coefficients values were definedd for the following dissolved gases H>, O>, N> CO, CH; C>H>,
C>H4, C>Hs, C3Hs, C3Hs, which are of degradation products of water mix components when
exposed to ultrasonic oscillation in the following system: «dissolved gas — mixture «water +
monoethanolaminey — extractant argon (Ar)». The obtained values of the Ki distribution coefficients
for dissolved gases in systems «dissolved gas — mixture «water + C:H;NO» — extractant argon
(Ar)» at a temperature of 293 K and a concentration of C2H;NO at the level of 1 g/dm’ are close to
similar values for dissolved gases in deionized water. The principle flow chart of multichannel gas
chromatograph for detecting dissolved gases in water and steam of water in hydrogen was
developed. Developed flow chart of 4-chennel gas chromatographer for defining dissolved gases in
water includes the one gas chromatographer with conductivity detector, methanator, flame
ionization detector, argon gas-bearing and supplementary gases of hydrogen and air.

Key words: cavitation, chromatography, gases, hydrogen, monoethanolamine, turbine generator,
water.

Received: 8 June 2021 Revised: 15 June 2021 Accepted: 25 July 2021

. electric-based deficiencies in rotor winding
1. Introduction ) )
and leads to corrosion of internal elements of

To producing electricity, the TBB —type turbine generator. While being operated, a
turbine generators are widely used at

Ukrainian NPPs.

turbine generator is affected by vibration in
wide frequency range that may lead to

The following cooling media are used:
water (H2O) for stator coil, hydrogen (H») for
rotor core and winding [1]. Application of H>
requires arrangement of special oil sealing of
turbine generator shaft.

Herewith, the steam of water from
moistened oil ingresses in volume of turbine
generator hydrogen that often results in

cavitation mode in the cooling water flow [1].
It may lead to high-rise short-term
temperature and pressure increasing in
cooling water [2]. Herewith, pressure can
reach 1000 MPa and the temperature
5000 K [3]. Cooling water often contains
(CoH7NO), which
characterizes the monoethanolamine water-

monoethanolamine
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chemistry [4]. In case of oxygen (O)
availability, C;H7NO may be subjected to
thermal and oxidative degradation [5].

Reference [1] defines that the
monitoring of Hz supply in cooling H20 in
TBB-type TG may be performed by gas
chromatographer method (GC method).
Herewith, the technical and metrological
requirements for the implementation of this
GC method are not established. This reference
also defines that the monitoring of steam
content in water and gases, Oz, N2 in cooling
H; in turbine generator may be carried out by
using the different measurement methods. It is
also defined in reference [1] that the
monitoring of hydrogen supply in cooling
water of TBB-type turbine generator can be
carried out by using gas chromatographer
method. This method was developed in 1968
and is thought to be outdated — measurement
duration may last 1.5 hours. This method
requires improvement according to up-to-date
measurement tools.

In reference [4], it is outlined, that the
man-made organic impurities (oil products)
might be available in cooling water.
Herewith, the possible products of their
degradation under the impact of vibration and
cavitation mode in the cooling water in case
of monoethanolamine availability are not
determined.

It was shown in [5] that the thermal and
oxidative destruction of C;H7NO in water
accumulates the following aggressive organic
acids, such as HCOOH, CH3;COOH,
HOCH2COOH, HOOCCOOH,
HOCHCH3;COOH, H;NCHCH3;COOH are
build up in water. The possibility of a
chemical reaction of these organic acids with
metal structural elements of the turbine
generator and pipelines under vibration and
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cavitation conditions in cooling water is not
shown in this work.

It was shown in [6] that, provided that
MEA is present in water, acetic and oxalic
acids are accumulated in it. The possibility of
chemical reaction of these organic acids with
metal elements of TG construction and
pipelines is not demonstrated in this work.

The purpose of the study is to ensure the
reliability of a turbine generator with a
hydrogen-water  cooling  system  with
monoethanolamine (C2H7NO) by monitoring
the content of gases such as Hz, Oz, N>, CO,
CH4, CyHa, CoHa, CoHs, CsHg, CsHg and of
water steam that contains in the cooling
hydrogen of the steam generator.

In order to achieve the purpose, the
following tasks have been performed:

— defining the ultrasonic oscillation
effect on degradation of water mixture with
petroleum turbine oil, organic acids, (acetic
acid formic acid and oxalic acid) or with
monoethanolamine;

— defining the values of distribution
coefficient for dissolved gases such as Ha, O,
N2, CO, CH4, C2Ha, CoHa, CoHs, C3He, C3Hs,
in the system: «dissolved gas — mixture
«water + monoethanolamine» — extractant
argon (Ar)»;

— development of principal flow chart of
multi-channel  gas  chromatograph  for
detecting dissolved gases and water steam.

2. Tools, materials and methods

The research has been performed by
using: fresh mineral turbine oil of Tp-30
brand; deionized water; monoethanolamine
aqueous solutions: Mixture Nel («water +
CoH402 + CH202 + CoH204»); Mixture Ne2
(«water + monoethanolamine»); Mixture Ne3
(«water + monoethanolamine + mineral
turbine oil of the Tp-30 brand»).
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Concentration of each components of
the mixtures (except turbine oil) — 1 g/dm’.
The concentration of turbine oil is 5 mg/dm?®.
Volumes of mixtures — 15 cm’. MixturesNe 1,
Ne 2, Ne 3 before using were saturated with air
at a temperature T = 293 K. In a separate
experiment, the mixture Ne 2 was saturated
with hydrogen at a temperature T = 293 K.
While  performing  measurements  the
following equipment were used: gas
chromatograph «Crystal 2000M» (Russia)
with gas dispensers, methanator (for the
conversion of CO and CO; into CHy), thermal
conductivity detector (TCD), and flame
detector (FID); gas
chromatographer «LHM-80» (Russia) with

ionization

gas dispensers and TCD detector.

Ultrasound generator «Rodnychok»
(Ukraine) (irradiation frequency 35 up to
125 kHz, power 20 Watts) for acoustic
irradiation of Mixtures Ne 1, Ne 2, Ne 3;
device (extractor) for accelerating equilibrium
(Russia) with a rotating drum for placing
syringes in volumes of 20 cm? or 50 cm?® with
analyzed samples. Mixtures Ne 1, Ne 2, Ne 3
and gaseous extractants for establishing phase
equilibrium in systems «Mixture — extraction
solvent»; extractant argon (Ar); graduated
gaseous mixtures of Hp, CHs, CoHg, CyHa,
CoHa, CO, CO», Oz, N2, C3Hg, C3Hg, in argon;
saturated distilled water. Argon is chosen as
an extractant taking into account its gas-
bearing properties in gas chromatograph.
Measurements have been performed at a
temperature of (293+0.5) K. Duration: gas
extraction of components from mixtures Ne 1,
Ne 2, Ne 3 — 10 minutes; Ultrasound effect on
the Mixture Ne 1, Ne 2, Ne 3 — to 2 hours at
temperature of T = 293 K. The gas
chromatograph registration of components
has been performed by using: TCD — for Ha,
02, N2, water steam; FID — for CHs4, C2Hs,
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C2Hs, C2Ha, CO, CO2, CsHs, C3Hs. Figure 1
demonstrates developed installation for
performing measurements.

Fig. 1. Installation for measurements:

1 — magnet; 2 — magnetic stirrer; 3 —
ultrasound generator; 4 — ultrasonic emitter,
5,10, 15, 21, 22 — pipelines; 6 — cover; 7, 9,
11, 13, 14 — cranes; 8 — air cylinder; 12 —
cylinder with hydrogen; 16 — hydraulic gate
valve; 17 — extractor, 18 — vessel with the
mixture; 19 — mixture selection assemble; 20
— syringe

To determining the dissolved gases
content in Mixtures Ne 1, Ne 2, Ne 3, the
following was used: static way of GC
measurement method by using gaseous
extracting solvent and corresponding variants
of equilibrium gas phase analysis methods in
systems «Mixture — dissolved gas — gaseous
extracty; method of absolute calibration in
determining of dissolved gases content in
gaseous extracts by using gaseous graduated
mixtures. In the GC determination of the
dissolved gas Cy concentration in water, the
calculation formulas used for two consecutive
gas isothermal extractions were used:

qz%{@+%} (1)

K v

2 eo

where Si — is GC peak area for the analyzed
dissolved gas after its first gas extraction;
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K. — graduated factor for FI detector or TCD
of gas chromatograph for the analyzed
dissolved gas; Ve, — sample volume of
analyzed water; V. — is the volume of gaseous
extractant; K, — is the distribution coefficient
for the analyzed dissolved gas in the system
«Mixture — dissolved gas — gaseous extracty.
The K, distribution coefficient 1is
determined by the following formula:
SV

K = 2
! SZ_SI Veo ()

where S;, S> — are the areas of GC peaks for
the analyzed dissolved gas after the first and
second successive gas extraction from the
Mixture Ne 1, Ne 2, Ne 3.

Each value of the dissolved gas
concentration was obtained as a result of five
(n = 5) parallel measurements with a
confidence level of p = 0.95.
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The  coefficient of  normalized
deviations depending on the number of degree
f = n - 1, for

n = 5 matters ¢ = 2.78. In determining the H>O

of  variance
content in gaseous Hz, the method of absolute

calibration with using the mixtures of water
steam in gaseous argon was used.

3. Results and discussions

3.1  Determination of ultrasonic
vibrations effect on the degradation of a
mixture of water and organic acids,
monoethanolamine, turbine oil.

Table 1 provides the results of
determining the ultrasonic vibrations effect on
the degradation of Mixtures Ne 1, No 2, No 3,
which are saturated with air.

Table 1. The results of determining the ultrasonic vibrations effect on the degradation of

deionized water mixtures with organic acids, monoethanolamine, and turbine oil

Mixture Dissolved gas concentration, Ci, % by volume
H> CO CO, CH4 CoH» CHy C2He
Nel 0.001 0.015 0.055 0.03 — — —
Ne2 0.001 0.025 0.07 0.04 - - -
Ne3 0.060 0.06 0.14 0.05 0.12 0.16 0.10

In the Table 1: C; — concentration of
dissolved i-th gas in the mixture, volumetric
part, after irradiation of Mixtures Ne 1,
Noe2, Ne3

The Table 1 shows that the degradation
of Mixture Nel or Mixture Ne 2, saturated
with air, under the ultrasonic vibrations leads
to the accumulation of dissolved gases such as
CHa4, CO, CO» in the mixture.

According to the Table 1 it follows that
the degradation of Mixture Ne 3 containing
mineral turbine oil Tp-30 brand, leads to the
accumulation dissolved gases Hy, CO, COa,,
CHa4, CoHj, C2Hs, CoHe in the mixture. This
allows us to conclude that the compound of
cooling water used in the equipment of the
power plant might be controlled by the
content of petroleum product in it after the oil
cooling «cooled oil - cooling water» type
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turbine generator. For that the sample of this
should be
treatment. The Table 2 provides the results of

the degradation of the Mixture Ne 2, which is

water subject to ultrasound pre-saturated with hydrogen.

determining the ultrasonic vibrations effect on

Table 2. The results of determining the ultrasonic vibrations effect on the degradation of deionized
water mixtures with monoethanolamine

Mixture Dissolved gas concentration, C;, % by volume
H» CO CO2 CHs | CH2 CoHy C>Hs
Ne2 before irradiation 1.82 0.0001 | 0.002 — - — —
Ne2 after irradiation 1.7 0.001 0.004 0.04 — - —

According to the Table 2: C; is a
concentration of dissolved i-th gas in the
mixture.

Table 2 shows the following results:
before irradiation of the Mixture Ne2 saturated
with hydrogen, the concentrations of CO and
CO2 have values from 0.0001 to 0.002 % by
volume; after irradiation of a Mixture Ne 2
saturated with hydrogen, its degradation
under the acoustic oscillations leads to the
accumulation CHs, CO, CO; in the mixture
and a decrease of hydrogen concentration.
Increasing of CO> in distilled (deionized)
water raise its conductivity, that has
undesirable effect for cooled electrical coil of
turbine generator. It requires purification of
makeup water to be brought (to be filled) in

cooling system of TBB-type generator stator
coil from monoethanolamine.

3.2 The results of determining the
values of the distribution coefficients for
dissolved gases in the «dissolved gas —
mixture «water + monoethanolamine» —
extractant argon (Ar)».

Table 3
determining the values of the distribution

shows the results of
coefficients of K; for dissolved gases Hz, O»,
Nz, CO, CHa4, CoHa, CoHa, CoHs, C3He, C3Hg
in water in the systems «dissolved gas —
mixture «water + CH7NO» — extractant
argon (Ar)» at temperature of 293 K and a
concentration of C;H7NO at the level of
1 g/dm?.

Table 3. The results of determining the values of the K; distribution coefficients for dissolved
gases in the systems «dissolved gas — mixture «water + monoethanolaminey» — extractant argon

(Ar)»

Gas H> @) N CO CH4 CH, | CHs | CoHe | CsHg | CsHg

K; 0.019 |0.033 | 0.017 | 0.0244 | 0.037 | 1.10 0.13 0.050 |0.22 0.038
The Table 3 shows that the obtained CoHs, CyHg, CsHs, C3Hs, in systems

values of the K; distribution coefficients for
dissolved gases Ha, O2, N2, CO, CH4, CoHo,

«dissolved gas — mixture «water + CoH7NO»
— extractant argon (Ar)» at a temperature of
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293 K and a concentration of C2H7NO at the
level of 1 g/dm? are close to similar values for
dissolved gases in deionized water [1]. This
allows using of GC methods to determine
these gases in a mixture of «water +
C2H7/NO». Thus, the increasing of the
dissolved gases content in the flow of the
mixture «water + C;H7NO» after the pump,
which ensures the circulation of this mixture
in the hydrogen-water cooling system with
MEA, may indicate the depressurization of
this pump or its pipes.
3.3 The
chromatograph structural flow chart for

multichannel gas

determination of dissolved gases in water and
steam of water in gaseous hydrogen.

Figure 2 shows a structural flow chart
of a 4-channel gas chromatograph for the
determination of dissolved Ha, CO, CO2, CHa,
CyH,, CoHa, CoHe in water and water steam in
gaseous hydrogen. If petroleum products are
available in the water, their presence can be
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CsHe, CsHg, CsHio, CsHg in H>O after
treatment of water by ultrasonic oscillations
according to the method described in
reference [2].

1 3 4

— T
o o[ g B

71,8 | 20

- w

A -

Fig. 2. Principle structural flow chart of 4-
channel gas  chromatograph  for the
determination of dissolved gases in water and
water steam in gaseous hydrogen: 1, 5, 7, 12
— gas dispenser taps with dosing loops; 2, 6,
8, 13 — chromatographic columns; 3, 9 —
heating block; 10 — methanator; 4 — thermal
conductivity detector (TCD);
11 — flame ionization detector (FID); Ar, H,

A — argon, hydrogen, air.

determined by the presence of dissolved gases

Table 4. The main characteristics of the 4-channel gas chromatograph measurements
elements

Characteristics of chromatograph measuring channels elements

Measuring channel Ne 1 to determine the water steam content in hydrogen. Elements:
chromatographic column pos. 2 — sorbent «Polysorb-1»; gas tap-dispenser pos. 1; tw—= 393 K, tom=
423 K; working chamber TCD pos. 4

Measuring channel Ne 2 to determine the H», O>, N> dissolved gases content in water. Elements:
chromatographic column pos. 6 — sorbent «NaX»; gas tap-dispenser pos. 5; tu= 333 K,
tomn = 373-423 K, comparative chamber TCD pos. 4.

Measuring channel Ne 3 to determine the CO, CH4, CO2, CoH4, CoHs, CoH2 dissolved gases
content in water. Elements: column chromatograph pos. 8 — sorbent «Porapak N 80/100»; gas tap-
dispenser pos. 7; tu= 313 K, t,= 598 K, two= 473 K, v = 12 K/min. =313 K to
tccor= 453 K, FID pos. 11, Ar gas — carrier line.

Measuring channel Ne 4 to determine the content of CH4, C3Hs, C3Hg, CsHio, C4Hs dissolved
gases in water. Elements: chromatographic column pos. 13 — sorbent «Al>O3,; gas tap-dispenser
pos. 12; tu= 313 K, t,= 598 K, two= 473 K, v = 12 K/min from t,= 313 K to twon= 453 K, FID
pos. 11, Hz line
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According to the table 4 table: tw, fomn,
twwo, tuw  bwkow tuen — temperatures of
chromatographic columns (¢ — initial, fxon
— final), TCD, FID, methanator, K; v — is the
heating rate of GC columns, K /min.

During the development of the
structural flow chart of 4-channel gas
chromatograph for the determination of
dissolved gases in water and water steam in
gaseous hydrogen, was defined the following:

1. The developed structural flow chart
includes: gas taps-dispensers with calibrated
dosing loops; GC columns; thermostats;
detectors — TCD and FID; gas supply lines
Ar, Hj, air. This technical solution allows
measuring the content of gases H», Nz, Oy,
CO, CHs4, CO2, CH4, CyHs, CHz, CsHe,
CsHsg, CsHs, C4Hio y H2O in water and water
steam taken from one sample of water or
gaseous hydrogen by the using of one 4-x
channel gas chromatograph.

2. The calculated value of the limits for
determining the humidity of gaseous
hydrogen has a value of 0.16 g/m®. Relative
error of the measurement result is no more
40% with a confidence level p = 0.95. The
estimated value of the detection limits of
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water steam is 1.6 -107 g. Calibration samples
of water steam in gaseous argon are
introduced into the chromatograph using a gas
tap-dispenser pos. 1.

3. To determining the content of CO,
CH4, CO,, C2H4, CoHg, CoH2 y H2O gases in
water, the equilibrium gas sample (or
calibration mixtures of gases) is introduced
into the chromatograph using a gas tap-
dispenser pos. 7.

4. To determining the content of CHa,
CsHs, CsHs, C4Hio, C4Hg gases in water,
equilibrium gas sample (or calibration
mixtures of gases) is introduced into the
chromatograph using a gas tap-dispenser pos.
12.

5. To determining the content of Ha, O2,
N2 gases in H2O, equilibrium gas sample (or
calibration mixtures of gases) is inserted into
the chromatograph using a gas tap-dispenser
pos. 5.

Table 5 provides the limits of allowable
relative error values of the detecting of
measuring gases concentrations (J;, % Rel)
and water steam, depending on the range of
their concentrations of C;.

Table 5. The value of the allowable relative error 6; and determining the concentrations of

measuring gases and water steam depending on their concentrations range

The range of measuring dissolved gases concentrations of Ci, % by volume, oi, %o
H», Oz, N2 in water; CHa4, C2Ha, CoHe, C3He, C:H» CO, CO2
water steam in CsHs, C4Hs, C4Hio
hydrogen
<5107 <107 <5-10* <5107 <50
(5-25)-107 (1-3)-107 (5-15)-10* (5-25)-1073 <50
(25-50)-10° (3-50)-107 (1,5-25)-107% | (25-100)-10° | <20
>5-102 >5-102 >5-102 >0,1 <10

The value of standard deviation of the
output signal (RSD, % Rel) for TCD, FID gas

chromatograph (height, area, retention time
for the measured dissolved gas) depending on
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the range of concentrations of the measured
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dissolved gas (Ci, %) given in Table 6.

Table 6. The value of the standard deviation of RSD

Ci, % by volume <0.002

0.002-0,01

0.01-0.1 0.1-1 1-10

RSD. % rel. > 10 10

2 2 1

Table 7 shows the experimentally
obtained values of the limits for the
determination of C,, (volumetric %) the

concentrations of dissolved gases in water to
performing measurements.

Table 7. Limits of dissolved gases concentrations values in water

Ne Dissolved gas Cho, % by volume | Ne Dissolved gas | Cuo, % by volume
1 H> 210 4 CO, CO» 5-10
CHa, C2He, C2Ha 1-10 5 02, N2 1.5-10
3 C:H: 5-107

To determine the limits of measuring of
the concentrations of water steam in gaseous
hydrogen  and calibration of  the
chromatograph, mixtures of water steam in
gaseous argon at concentrations of water
steam from 0.16 g/m> to 17 g/m> were used.
To determine the limits of measuring the
concentrations of gases Ho, CH4, CoHs, C2Ha,
CyHz, CO, COs, Oz, N2, C3Hs, C3Hg, CsHjo,
CsHs in  water and calibrate  of
chromatographic mixtures of these gases in
gaseous argon at concentrations for each of

the measured gases on the level of 0.5%.

4. Conclusion

1. The ultrasonic oscillations effect on
the degradation of a water mixture and
petroleum turbine oil, organic acids (acetic
acid formic acid and oxalic acid) or with
monoethanolamine was determined.
Degradation products are the following gases
H, CO, CO,, CHs, CoHy, CoHs, CoHe. It

enables to develop the GC monitoring

methods to increase the operation reliability
of TBB-type turbine generator.

2. The values of distribution coefficients
for dissolved gases such as H,, CO, CO,,
CH4, CoHa, C2H4, C2He, CsHs, CsHs, CsHio,
C4Hs in the mixture «dissolved gas — mixture
«water + CoH7NO» — extractant (Ar)» are
determined. @ The obtained values of
distribution coefficients for dissolved gases at
T = 293 K and C;H7NO concentration of
1 g/dm® are close to similar values for
dissolved gases in deionized water. It enables
to determine the content of these dissolved
gases in water by GC methods.

3. The principle structural flow chart of
a 4-channel gas chromatograph for
determination of Hy, CO, CO,, CH4, C2H>,
CoHs, CoHe, CsHg, CsHs, CsHg, CsHio and
water steam in gaseous hydrogen has been
developed. This made it possible to determine
these components using a single gas
chromatograph, which simplifies and reduces
the cost of measurements.
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5. These technical solutions enable to
ensure and increase the operation reliability of
the turbine generator with hydrogen cooling
by the monitoring of dissolved gases in the
water cooling of hydrogen-water cooling
system using ethanolamine and the
monitoring water steam in the cooling

hydrogen of TG of TBB-type.
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YAOCKOHAJIEHHA METOAIB KOHTPOJIIO I'A3IB Y BOAI
CUCTEMMU BOJHEBO-BOJIHOI'O OXOJIOIKEHHA
TYPBOI'EHEPATOPA EJEKTPOCTAHIII

C.B. 3aﬁuee’, A1O. T uxozwupoe’, B.B. Yuuenin', B.IT. Kuwunescoruii’

! lepxaBuuii yHiBepcuTeT «OmechKa MOMTEXHiKa », email: sdjavdet@ukr.net

Axmyanvuicms 00CHiOJHCEHHS NOs2AE V 3a0e3neyeHHi ma nioguweri HaditiHocmi excnayamayii
mypbozenepamopa 3 CUCEMOI B00HEeB0-800HO20 0X0100JiceHHs. Memoio OocnidxcenHs €
3abe3neueHnss HaOiHOCMI excniyamayii mypboeenepamopa 3 600HEBUM OXON0OHCEHHAM 3d
PAXYHOK KOHMPOJIO 8MICIY PO3YUHEHUX 2a3i8 ) 800i CUCMEMU 800HE80-800HO20 OXON00NCEHHS
i3 monoemanonaminoeum (C:H7NO)  600HO-XiMiuHUM — pedcumMomM ma napy 600u 8
0XO0N00ACYIOHOMY 8OOHI mypbocenepamopa. 3a80aHHAMU OOCHIONCEHHSl € BUHAYEHHS GNIUBY
VIbMPA38YKOBUX KOIUBAHL HA 0e2padayito Cymiuti 00u i3 mypOiHHOW O0UBOI0, OPeAHIYHUMU
kucromamu ( ouroBoro — C>H,0: mypawunorw — CH>0: wasnesoro — C:H204) abo i3
MOHOEMAHONIAMIHOM, BUSHAYEHHs 3HAYeHb Koe@iyienmis po3nodiny O po3uuneHux 2aszie Ho,
0>, N,, CO, CHy, C2H», C2H4, CoHs, C3Hs, C3Hs y cymiui «po3uuneHuil easz — cymiul «800a
+MoHnoemanonaminy — ekcmpazenm apeon (Ar)»; po3pooka npuHyuUno8oi CMpyKmMypHoi cxemu
0azamoxkananbHo20 2a308020 XPomMamozpady 0 GUHAYEHHSA y 800 POZYUHEHUX 2a31i8 ma napy
600u y 600Hi. [lpu euznayeHi niugy yibmpaz8ykosux KOIUBAHb HA 0e2paoayito cymiuli 600U i3
Haghmoeorw mypOIHHOW OAUBOI0, OP2AHIYHUMU KUCIOMamu abo i3 MOHOemAaHOIaAMIHOM,
npooykmamu oecpaoayii € easu H>, CO, CO, CHs CH, C>Hy C>Hs. Ilpu euznauenni
Koeghiyienmis po3nodiny K; 0na posuuneHux 2azie y cymiuti «po3uuHeHull ea3 — Cymiul «800da
+monoemanonaminy — excmpazenm Ary 3uauenus Ki npu xonyewmpayii moHoemauonaminy
1 2/oM 6rusvki OnA ananozivyHux 3naueHs y OUCMUNbOBAHill 600i. Po3pobrena npunyunosa
CMPYKMYPHA cXemMa 4-X KAHANbHO20 2a308020 Xpomamozpagdy Ons 6usHaueHHs y 600i
PO3UUHEHUX 2a3i8 ma napy 600U y 8600HI 00360JIAE GU3HAYAMU 6MICI PO3UUHEHUX 2a3i8 Y 600i ma
napy 600u y B600HI I3 3ANVYEHHAM OOHO020 24308020 Xpomamozpagy i3 O0emeKmopom 3da
MenionpoGiOHICMIo, Memanamopom, HNOAYM'AHO-IOHI3AYIUHUM OemeKMOPOM, 2A30M-HOCIEM
AP2OHOM MA OONOMINCHUMU 2A3AMU BOOHEM | NOGIMPSIM.

Knrwowuoei cnosa: rxasimayis, xpomamoepagis, easzu, 600eHb, MOHOEMAHOIAMIH, MYPOIHHUL
2eHepamop, 800d.
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