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Abstract

The problems of low flow rate measurement (in particular, increasing the accuracy and expanding the
measurement range) are relevant both in modern technologies and in experimental studies. The error of a film
flowmeter depends on its design, the quality of calibration, as well as the properties of the gas under study and the
film-forming liquid. The paper considers the issues of optimizing the composition of the film-forming liquid of a film
flowmeter in order to improve the accuracy of measuring the gas microflow rates. The possibility of increasing the
lifetime of films by introducing a stabilizer, i.e. a high-molecular-weight impurity (polymer) polyacrylamide (PAM),
into the film forming liquid has been studied. The properties of films formed from various solutions have been
studied, the optimal composition of a film-forming agent have been obtained using PAM and it has been proposed to
use it in film flowmeters in order to improve the accuracy and reliability of measuring the gas microflow rates. The
paper also focuses on the mechanism of gas transfusion through the film and assesses its impact on the accuracy of
flow measurement, as well as provides recommendations for reducing (eliminating) the error due to the effect of
transfusion. The influence of a filmformer layer inside the measuring tube and the conditions of its existence have
been studied, and the properties of the inner surface of the measuring tube have been considered, in particular, the
matte finish of the inner surface of the tube.
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1. Introduction

A film flowmeter is mainly used to measure the gas small and micro flow rates [1]. This is primarily due to
the possibility of its seemingly simple design and calibration, which, with low requirements for measurement
quality, provides advantages over other measuring instruments. In its simplest version, such flowmeter consists
of a glass measuring tube (a measuring burette) connected through a tee with an elastic cylinder filled with a
soap solution [2], and a manual stopwatch. This design not only results in a rather narrow measurement
range (1 ... 100 I/h), inferior operational and metrological characteristics of the device, but also in many cases
makes it a mere flow indicator, and in some cases renders measurement impossible [2]. At the same time, the
potential capabilities of the film measurement method are quite high and allow creating the high-quality
flowmeters in the range of 10°...10 m%/h.

A measuring tube with a layer of the film-forming liquid on its inner surface and a moving film are the
defining elements of a film flowmeter, directly determining the accuracy, reliability and range of measurement.
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The measurement accuracy is significantly influenced by changes in the shape and geometric dimensions of the
film on the inner surface of the measuring tube, which depend mainly on the properties of the film-forming
liquid and those of the surface of the measuring tube, which must ensure wettability close to the boundary value.
The requirements for film-forming liquids include the ability to form strong and relatively thick films of
significant dimensions (for example, for measuring tubes with a diameter of up to 10 cm) with a lifetime in the
measuring tube of at least 15 minutes; good wetting properties; all components of the film former must have a
saturated vapour pressure by one or two orders of magnitude less than that of water; invariance of properties
over time; chemical inertness and nontoxicity; scarcely dissolve gases and have low gas diffusion coefficients;
non-hygroscopic properties; optical properties corresponding to the selected light source and film position lock;
create no foam; leave no marks on the inner surface of the measuring tube.

The film-forming liquid includes a surfactant and a solvent. Other substances are also added in small quantities
to improve the properties of a film-forming agent (enhancer, defoamer, etc.). It should be noted that the properties of
the film-forming liquid have a significant effect on the measurement range of the film flowmeter, as well as its
operational and metrological characteristics.

2. Analysis of the recent publications and research works on the problem

It can be seen from literary and patent sources that aqueous solutions of surfactants are mainly used as film-
forming liquids for film flowmeters [1]-[13]. The main disadvantages of such solutions are film instability, significant
gas permeability through the film and significant solubility of most gases with the formation of by-products, which
leads to an increase in the measurement error of the film flowmeter. The high-boiling liquids such as formamide,
ethylene glycol and glycerin are also used as a solvent for surfactants [14, 15], which allows increasing the
measurement accuracy by reducing the error component due to the evaporation of the solvent and its saturation with
the gas under study (at t = 22 °C, the saturated vapour pressure of water is P = 20 mm Hg, and for ethylene glycol
P = 0.2 mm Hg). In addition, these liquids are chemically inert and have a lower gas solubility, which also contributes
to an increased measurement accuracy.

The household detergents are usually used as surfactants. The disadvantages of these detergents include, first of
all, the ageing of the film-forming liquid [14], a significant thickness of the film former layer on the inner walls of the
measuring tube, insufficient lifetime of moving films, and alkaline properties. Such properties of household
detergents lead to a significant narrowing of the measurement range, as well as the additional measurement errors,
which in some cases can amount to up to 4 % [14]. Therefore, to enhance the surface activity of the solvent, it is
recommended to use the higher hydroxyethyl fatty alcohols (e.g., synthanol DS-10) or the non-ionic surfactant OP-7
(OP-10) [14], that do not have the above-mentioned disadvantages.

To increase the strength and the lifetime of films, it is promising to add high-molecular-weight compounds such
as polyacrylamide and polyvinyl alcohol, etc. to the surfactant solution [16]. The use of enhancers allows extending
the upper limit of flow measurements significantly.

It is proposed to use a film-forming liquid containing ethylene glycol and synthanol in a ratio of 4:1, by volume,
in the paper [14]. Ethylene glycol as a solvent is a dihydric aliphatic alcohol, an oily, colorless and odorless liquid
with a boiling point of 197.6 °C. Synthanol DS-10, which belongs to hydroxyethyl higher fatty alcohols, is used as a
surfactant. The mixture should be heated to a temperature of 50 ... 60 °C and mixed well to dissolve synthanol DS-10
in ethylene glycol.

3. Formulation of the goal of the paper

The influence of surface phenomena on the characteristics of a film flowmeter has not yet been sufficiently
covered and requires research for specific measurement conditions (the gas under study, materials used in the film
flowmeter, etc.). The goal of this paper is to study the influence of the properties of the film-forming liquid and
surface phenomena on the performance characteristics of a film flowmeter and the accuracy of gas flow
measurement. The authors' task was to study and analyse the filmformer layer inside the measuring tube and the
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conditions of its existence, gas diffusion through the film, and the properties of the inner surface of the measuring
tube (surface wettability, matte surface).

4. Studying the factors affecting the characteristics of the flow meter

The films formed from the solution proposed in the paper [14] are quite stable at low gas flow rates (up to 10 I/h)
and a small diameter of the measuring burette (up to 15 mm). However, with an increase in the gas flow rate, the
operation of the flowmeter is not reliable enough due to the loss of film stability. The studies conducted by the
authors showed that the maximum strength of the films is at a different concentration of synthanol in ethylene glycol.
Such studies were carried out using glass rings with a diameter of d = 50 mm. The ring was immersed in a vessel with
a film-forming solution, and a film was formed when the ring was lifted from the solution. The lifetime of the films
was measured. The number of measurements for each concentration was n = 18. The results of experimental studies
were processed according to the standard method. Fig.1 shows the dependence of the lifetime t of films on the
concentration r of synthanol in a solution with ethylene glycol as a solvent based on the results of experimental
measurements.
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Fig.1. Dependence of film lifetime T on synthanol concentration r in a film-forming solution.

It can be seen from Fig.1 that this dependence has an extremum in the duration of lifetime of the film from this
solution. The maximum lifetime of the film is observed at a concentration of synthanol in ethylene glycol r = 17 %.

In order to increase the stability of the films, a polymer, powdered polyacrylamide (PAM), was added to this
solution and its effect on the lifetime of the films in the film flowmeter was studied. Table 1 shows the measurement
results.

Table 1. Dependence of film lifetime T on PAM rpay cONcCentration
in ethylene glycol + synthanol solution (17 %).

'pam, %0 T, min pam, % T, min
0.05 140.9 0.125 52
0.075 175.6 0.15 37.2

0.1 190.0 - -
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As can be seen from Table 1, the maximum film lifetime is observed at a PAM concentration in the solution of
ream = 0.1 %. With an increase in the polymer concentration, the film lifetime decreases sharply.

Based on the results of the studies performed, it is recommended to use a film-forming solution in the film
flowmeter, the composition of which is as follows: ethylene glycol + synthanol (17 %) + PAM (0.1 %). Films formed
from such solution are suitable for use in a film flowmeter at a flow rate of up to 120 I/h (measuring burette diameter
d =50 mm). It is important that the curvature of the films formed from this solution is small.

When measuring the flow rate of different gases (not air), such as H,, CO,, CHy, with the open-air outlet of
the flowmeter measuring tube, the gas dose under the film can be changed due to the transfusion of gases through
the moving film [17], [18]. The reason for this process is the difference in the partial pressure of gases on both
sides of the film: the partial pressure of the air components above the film is higher than under the film, and the
partial pressure of the gas under study (pure or its components) above the film is lower. The effect of gas
transfusion through the film on the measurement accuracy has hardly been studied, so it was necessary to estimate
the magnitude of the measurement error caused by gas transfusion through the moving film and to develop
recommendations for its reduction.

The process of gas flow through a double-sided liquid film in the direction of lower partial pressure has three
stages: gas dissolution in the surface layer of the film on the side of higher partial pressure, diffusion through the
liquid layer of the film and release (desorption) of gas on the opposite side of the film. The diffusion movement of gas
in the liquid layer can be caused by different driving forces. Molecular diffusion occurs with different gas
concentrations in the liquid on opposite sides of the film. Besides, gas dissolved in the liquid can move together with
it. Such movement of gas is convective diffusion. However, the thickness of liquid films, as a rule, does not exceed
10 um, therefore, the effect of convective diffusion on gas movement is insignificant and Fick's law of diffusion
equation was used for the calculation.

According to Fick's first law, for a one-dimensional gas flow, its quantity (volume) dV transferred through the
cross-sectional area A in dt time is proportional to dC/dh gradient of gas concentration C over the film thickness h:

av _ _ d_C

where D is the molecular diffusion coefficient.

For steady-state diffusion condition, the equation can be written as:

dC_A_C
E_hl (2)

where AC is the difference in concentrations of the diffusing gas in the near-surface layers of the film.
According to Henry's law, the concentration of gas (pure or its components) in the near-surface layer of liquid in
equilibrium is equal to:

C = Pp, (3)

where B is the gas solubility coefficient; p is the partial pressure of gas near the surface of the film.

Thus, taking into account (2) and (3), the volume flow rate g of gas diffusing through a flat liquid film is
described by the equation:

v __ Ap
q_d‘r_ DA,Bh, (4)

where Ap is the difference in partial pressures of gas in the media separated by the film.
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Gases dissolve poorly in typical liquids at low pressure [19]. With some exceptions (e.g., hydrogen), the
solubility of any gas in typical solvents decreases with increasing temperature. The values of solubility B of some
common gases in water at 20 °C and atmospheric pressure are given in Table 2 [20].

Table 2. Solubility B of gases in water at 20 °C and atmospheric pressure.

Gas N, 0O, H, CO, CH,4 Ar He
B, (m° of gas)/(m® of water) | 0.016 | 0.03L | 00182 | 0.878 | 0.033L | 0.0336 | 0.0088

The diffusion coefficient D is a constant of proportionality between the flow rate of gas diffusing through a flat
liquid film and the driving force of diffusion (e.g., concentration gradient) [19].

The rate of gas diffusion flow can be determined experimentally by the rate of movement of a liquid film, which
is formed in a cylindrical tube and separates media filled with different gases (e.g., carbon dioxide and nitrogen or air)
at the same pressure [17]. During diffusion flow, due to different gas solubility and diffusion rates, a pressure
difference occurs and the film begins to move along the tube, which leads to gas pressure equalization. If the
solubility coefficient of one of the gases is much larger than 3; >> f,, the rate of film movement is determined mainly
by the diffusion rate of the most soluble gas.

Table 3 shows the values of diffusion coefficients of some common gases in water, determined by calculation using
the Hayduk-Laudi and Wilke-Chang correlations, as well as some D,y values obtained experimentally [19], [20].

Table 3. Diffusion coefficients D,y Of gases in water.

Daw, cm?/s
Gas | t,°C | Hayduk-Laudi | Wilke-Chang Experimental
Correlation Method values
18 1.61-10° 1.74-10°
N 20 1.71-10° 1.85-10°
2 25 1.96-10° 2.12-10° 1.9-10°
29,6 2.21-10° 2.38-10°
18 1.81-10° 1.96-10°
o 20 1.92-10° 2.08-10°
: 25 2210° 2.38-10° 2.5-10%,2.41-10°
29,6 2.48-10° 2.68-10°
18 2.56-10° 2.79-10°
H, 20 2.71-10° 2.95-10°
25 3.1-10° 3.38-10° 5.85:10° 4.8-10°
18 1.53-10° 1.66-10°
CO, 20 1.63-10° 1.75-10°
25 1.86-10° 2.01-10° 1.96-10°
18 1.44-10° 1.56-10°
CH, 20 1.53-10° 1.65-10° 1.49-10°
25 1.75-10° 1.89-10°
18 1.78-10° 1.93-10°
Ar 20 1.89-10° 2.04-10°
25 2.17-10° 2.35-10°
18 2.11-10° 2.29-10°
He 20 2.23-10° 2.43-10°
25 2.56-10° 2.78-10°

As can be seen from Table 3, the values of coefficients of gas diffusion in water determined using different
methods are close to each other, so they can be used to assess the effect of gas transfusion on the measurement
accuracy of a film flowmeter.

We will demonstrate the assessment of this error on the example of measuring the flow rate of hydrogen H, using a
film flowmeter. The partial pressure of the air components (nitrogen N, and oxygen O,) above the film are higher than
under the film, and the partial pressure of the light gas H, above the film is lower. Therefore, during the flow measurement,
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hydrogen H, diffuses upwards through the moving film in the measuring tube, and nitrogen N, and oxygen N, diffuse
downwards. The flow rate gy, of hydrogen diffusing in the measuring tube of the flowmeter can be determined by formula
(4). The flow rates gy, go, Of nitrogen and oxygen diffusing from the air can also be determined by formula (4).

Data for the calculation:

« film area: 4 = nd%/4 (d is the diameter of the measuring tube);

o film thickness: h = 10° m;

o diffusion coefficients of H,, N, and O, in water at 20 °C — Dypw, Dnow, Doaw (Table 3);

o solubility of H,, N, and O, in water at 20 °C — Bu2, Pn2, Poz (Table 2);

o molecular weight: My, = 2 g/mol; My, = 28 g/mol; My, = 32 g/mol;

e density: py, = 0.09 kg/m?; pro = 1.25 kg/m?; po, = 1.43 kg/m®;

o diffusion duration (flow measurement time): T = 300 s.

The volume V of gas diffusing through the film in the measuring tube of the film flowmeter during the flow
measurement time T:

V =Vy — (Vn2 + Vo2), 5)

where Vi, = guot is the volume of Hydrogen; Vi, = Oyt is the volume of Nitrogen; Vo, = (oot is the volume of Oxygen.

The error of gas flow measurement by the film method due to gas diffusion through the film:

Saiy = - 100%, 6

.t

where V.. is the calibrated volume of the measuring tube of the film flowmeter.

The results of assessing the influence of H, gas diffusion for different measuring tubes during the flow
measurement by the film method are given in Table 4.

Table 4. Assessing the influence of gas diffusion for different measuring tubes of the flowmeter.

H. CH, N> (03 He Ar

d, Vint, Vv, Agit, Vv, ity vV, Adgit, Vv, ity Vv, ity Vv, Sy
cm ml ml % ml % ml % ml % ml % ml %

0.5 2 0.009 0.48 0.01 0.51 -0.005 -0.227 0.016 0.79 -0.01 -0.47 0.018 0.92
0.7 5 0.016 0.32 0.02 0.35 -0.008 -0.15 0.03 0.54 -0.016 -0.32 0.03 0.63
0.8 10 0.02 0.24 0.03 0.26 -0.01 -0.116 0.04 0.41 -0.02 -0.24 0.05 0.47
1.1 25 0.05 0.19 0.05 0.21 -0.02 -0.09 0.08 0.33 -0.05 -0.19 0.09 0.38
14 50 0.07 0.14 0.08 0.15 -0.03 -0.066 0.12 0.23 -0.07 -0.14 0.13 0.27
1.8 100 0.12 0.12 0.13 0.13 -0.06 -0.057 0.20 0.20 -0.12 -0.12 0.23 0.23
25 200 0.23 0.115 0.25 0.12 -0.11 -0.055 0.39 0.19 -0.23 -0.113 0.45 0.22
2.7 250 0.27 0.11 0.29 0.116 -0.13 -0.05 0.45 0.18 -0.26 -0.106 0.52 0.21
3.6 500 0.48 0.09 0.52 0.104 -0.23 -0.046 0.81 0.16 -0.48 -0.095 0.94 0.19
4.4 1000 0.75 0.08 0.80 0.08 -0.36 -0.036 1.25 0.13 -0.73 -0.07 1.45 0.15
6.0 2000 1.38 0.07 149 0.07 -0.66 -0.03 2.32 0.12 -1.36 -0.068 2.69 0.13

Similarly, the flow measurement errors due to gas diffusion through a moving film were determined for pure
gases such as methane CH,, nitrogen N,, oxygen O,, helium He and argon Ar. The results of assessment of these
errors are given in Table 4.

As can be seen from Table 4, the flow measurement errors due to gas transfusion for small-volume measuring
tubes can reach 1 % (for example, for argon). Therefore, to ensure accurate measurements, the transfusion process
must be taken into account and measures must be taken to reduce the specified error. To reduce gas transfusion
through the film during the flow measurement, it is necessary to prevent the difference in partial pressure. The easiest
way to do this is to bend the outlet end of the flowmeter measuring tube downwards. To reduce the difference in
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partial pressures of gases, we also recommend passing the film through the flowmeter tube several times before
measuring the flow (especially for gases that differ significantly in composition from air).

The measurement accuracy is significantly affected by errors from changes in the shape and geometric
dimensions of the film on the inner surface of the measuring tube, determined mainly by the properties of the film-
forming liquid and the properties of the surface of the measuring tube, which should ensure wettability close to the
boundary value. For this purpose, we propose matting the inner surface of the measuring tube of the film flowmeter.

Glass matting can be performed chemically, which involves treating the glass surface with hydrofluoric acid
mixed with its salts (e.g. ammonium fluoride, sodium fluoride or potassium fluoride) [21]. Hydrofluoric acid itself
dissolves glass, but does not make it matte, so its salts should be necessarily mixed with it. Potassium fluoride salts
give the most delicate matte surface and ammonium fluoride gives the roughest surface. Etching can also be done
without hydrofluoric acid, using only its salts with an admixture of sulfuric or hydrochloric acid.

The studies of smooth and matte tubes with different film-forming liquids for the purpose of their comparison
were carried out experimentally using the device, the schematic diagram of which is shown in Fig.2 [21]. Such
studies consisted of measuring the electrical resistance R of the film-forming liquid layer formed on the inner surfaces
of the measuring tubes due to their complete wetting. The metal ring electrodes were glued into the upper and lower
ends of the tubes (smooth and matte). A solution of shampoo + water (1:10) (in volume) was used as a film-forming
liquid. The length of measuring tubes was | = 390 mm, and the diameter of measuring tubes was d = 20 mm, gas flow
rate was 10 I/h. The results of measuring the change in time t (from the beginning of the experiment) of the electrical
resistance R of the film-forming liquid layer inside the measuring tubes (smooth and matte) after the film passed
through the calibrated section of the tube are given in Table 5 and Table 6.

1 6 + 10
Y
2

12

Fig.2. Schematic diagram of the device for studying measuring tubes of a film flowmeter with different film-forming solutions:
1 - stand; 2 — measuring tube; 3, 4 — pipes for supplying gas and film-forming solution to the measuring tube inlet, respectively;
5, 6 — marks limiting the calibrated section of the measuring tube; 7 — elastic reservoir; 8 — film-forming solution;

9, 10 — electrical contacts built in at the level of marks 5 and 6; 11 — electrical resistance meter; 12 — chronometer.

The increase in the electrical resistance R of the film-forming liquid layer on the inner surface of the measuring
tube indicates a decrease in the thickness of this layer, i.e. its drying and flowing down. The matte finish of the inner
surface of the measuring tube ensures several times larger durability of the filmformer layer inside the tube, as well as
a longer period between measurements compared to a smooth tube, thereby improving the performance
characteristics of the flowmeter.
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Table 5. Results of the study of smooth tubes.

Resistance R in kQ between contacts 9 and 10
No. Time T, min (see Fig.2) for the measuring tube
No. 1 No. 2 No. 3
1 0 9275.7 7212.2
2 > - of the 1st film 990.0 802.5 856.7
3| Ses & 2nd film 1005.6 754.7 823.3
4| EEE8 % 3rd film 1038.4 8025 802.5
5|1 &8&% g 4th film 10733 7925 802.5
6 < < 5th film 1073.3 754.7 782.7
7 1 1110.7 845.3 763.8
8 10 1615.0 1537.6 1193.7
9 20 2156.7 2397.4 1656.7
10 30 2490.0 3085.2 2021.3
11 40 3085.2 3601.1 2397.4
12 50 3411.1 43233 2698.3
13 60 3601.1 4632.8 3085.2
14 70 4052.5 5406.7 34111
15 80 4323.3 5899.1 3601.1
16 90 4323.3 7212.2
17 98 4632.9

Table 6. Results of the study of matte tubes.

Resistance R in kQ between contacts 9 and 10
No. Time T, min (see Fig.2) for the measuring tube
No. 1 No. 2 No. 3 No. 1
1 0 7212.2 6490.0 5899.1 5899.1
2 o - of the 1st film 823.3 745.8 823.3 621.1
3 S e § 2nd film 8025 7731 8233 667.1
7 | 8 Egf 3rd film 74528 7925 8684 660.1
5 | &8&83% % 4th film 728.6 802.5 868.4 660.1
6 < < 5th film 728.6 823.3 868.4 646.6
7 1 845.3 868.4 696.5
8 10 960.1 1150.7 1091.7 1073.3
9 20 1150.7 1372.9 1264.5 1344.2
10 30 1344.2 1501.6 1403.0 1537.6
11 40 1467.3 1656.7 1537.6 1746.8
12 50 1537.6 1795.6 1615.0 1847.1
13 60 1656.7 1901.8 1746.7 2021.3
14 70 1746.8 2021.3 1795.6 2156.7
15 80 1795.6 2156.7 1847.1 2231.4
16 90 1901.7 2231.4 1901.8 2397.4
17 100 1959.7 2311.4 1959.7 2490.0
18 110 2021.3 2397.4 1959.7 2590.0
19 120 2156.7 2490.0 2021.3 2698.3
20 130 2231.4 2590.0 2086.7 2816.1
21 140 2311.4 2590.0 2156.7 2816.1
22 150 2397.4 2698.3 2231.4
23 160 2397.4 2698.3
24 170 2490.0 2816.1
25 180 2590.0 2944.5
26 190 2590.0 2944.5
27 200 2698.3 2944.5
28 210 2698.3 3085.2
29 220 2816.1 3085.2
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Another comparative study of smooth and matte tubes was conducted with another solution. The solution used as
a film-forming liquid was ethylene glycol + synthanol (17 %) + aqueous solution of salt. The length of measuring
tubes was | = 390 mm, and the diameter of measuring tubes was d = 20 mm. The results of measuring the electrical
resistance R of the film-forming liquid layer inside the measuring tubes (smooth and matte) are shown in Fig.3.

It is of interest to note that after three days the layer of the film-forming liquid inside the matte tube remained
and inside the smooth tube it completely dried out (R = o).

125
100 L
75 1

50

25 | o

0 5 10 T, min

Fig.3. Electrical resistance R of the film-forming liquid layer (ethylene glycol + 17 % synthanol + aqueous salt solution)
inside the measuring tubes vs. time 1: 1 — smooth; 2 — matte.

The conducted experimental studies of the smooth and matte tubes confirmed that the thickness of the
filmformer layer depends on the properties of the inner surface of the flowmeter measuring tube. The matte surface
improves its wettability, and therefore, ensures the stability and constancy of the shape and geometric dimensions of
the filmformer layer, which increases the accuracy and reliability of gas flow measurement by the film flowmeter, as
well as improves the operational characteristics of the device.

5. Conclusion

The choice of the composition of the film-forming liquid and the measuring tube has been justified for the
improvement of the metrological and technical characteristics of the film flowmeter. Furthermore, using a film
generator, a device for removing destroyed films, automatic film position locks and automatic flow calculation
taking into account the state of the gas, using temperature stabilization and smoothing of pressure pulses will
enable creating a high-precision device suitable for metrological support of industrial flowmeters and calibration of
gas meters. The total error of such film flowmeter depends on its design, the quality of calibration, and the
properties of the gas under study. With the implementation of the above measures, the measurement error of the
film flowmeter may not exceed 0.1 %.
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3axoau 3 MOKpAalIeHHS] METPOJIOTTYHMX i TEXHIYHHUX
XapPaKTePHUCTHUK ILUIIBKOBOI0 BUTPATOMipa rasis

Oxcana ITapuera, IBan Cractok, Irop [linait, Irop [lemkiB

Hayionanonuii ynisepcumem «Jlvgiscoxa nonimexuixay, eya. C. banoepu, 12, Jlveis, 79013, Yxpaina

AHoTAaNis

[MpoGnemMu BUMIpPIOBaHHS MalMX BHUTpAaT (30KpeMa IiJBHINEHHS TOYHOCTI Ta PO3LIMPEHHs Jliara3oHy
BUMIPIOBAHHS) € aKTyaJbHUMHM SIK B Cy4aCHHMX TEXHOJIOTISIX, TaK 1 B €KCHEPHUMEHTAILHHUX JIOCHipKeHHsAX. [Tloxnoka
IUIIBKOBOTO BHUTpaTOMipa 3aJIe)KUTh BiJ HOro BHWKOHAHHS, $KOCTI TpaaylOBaHHS, a TaKOX BJIACTUBOCTEH
JOCTIKYBAaHOTO Ta3y Ta IUTIBKOYTBOPIOIOYWOi piavHU. Y poOOTI pPO3MNISHYTO TNHTaHHA ONTHMI3allii CKIaxy
IUTIBKOYTBOPIOIOYOi PIAMHY IIIIBKOBOTO BUTPATOMipa 3 METOIO IMiJBUIIEHHS TOYHOCTI BHMIPIOBAaHHS MiKPOBHTpAT
raziB. JlocmijpkeHa MOXJIMBICTH 30UIBIICHHS TPUBAJIOCTI ICHYBaHHS IUTIBOK 3a JIOIOMOTOIO BBEAEHHA Y
IUIIBKOYTBOPIOIOYY piJUHY cTabiiizaropa — BHCOKOMOJICKYJISIPHOI AoMimkH (roiiMepa) mosiakpuiaminy (ITAA).
JlocmikeHO BIIAaCTHBOCTI IIJIIBOK, YTBOPEHHUX 3 PI3HUX PO3UMHIB, OAEP)KaHO ONTHMAIBHUH CKIIaJ IUTIBKOYTBOPIOBAaYa
3 BUKOpHUCTaHHAM [1AA i 3anponoHOBaHO BUKOPHCTOBYBATH HOTO Y IUIIBKOBHX BHTPATOMipax 3 METOIO IiJBHIICHHS
TOYHOCTI Ta HaJIHHOCTI BUMIpIOBaHHS MIKPOBHUTpAT rasiB. B po0OOTi Takox po3risiHyTO MeXaHi3M TpaHC]y3ii rasis
yepe3 IUIBKY Ta OLIHEHO MOTO BIUIMB Ha TOYHICTH BHMIPIOBaHHS BUTPATH, a TAKOX BKA3aHO PEKOMEHJAII IIOJ0
3MEHIICHHS (YCYHEHHS) HMOXHMOKM BHACHOK BIUIMBY TpaHc(y3ii. Jlochi/pkeHO BIIMB Iapy IUIIBKOYTBOPIOBada
BCEpENMHI MIpHOi TpyOKM Ta YMOBH HOro iCHyBaHHS, PO3IJITHYTO BJIACTHBOCTI BHYTPILIHBOI HMOBEPXHI MIpHOT
TpYOKH, 30KpeMa MaTyBaHHS BHYTPIIIHBOI IOBEPXHI TPYOKH.

Kiro4oBi c1oBa: m1iBKOBHIT BUTpaToMip; MipHa TpyOKa; BUMIpIOBaHHS BHTPATH Ta3y; MHJIBHHN BHTPAaTOMIp;
IUTIBKOYTBOPIOIOYA PiaMHA.
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