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GAS FLOW MEASURING SYSTEM USING SIGNAL PROCESSING
ON THE BASIS OF ENTROPY ESTIMATIONS

Purpose. To increase the accuracy of gas flow measurement in tachometric transducers based on the improvement of struc-
tural, hardware and algorithmic support of information and measuring systems.

Methodology. The gas consumption value is determined by the parameters of information and measurement signals. Sensor
signals interacting with the environment are traditionally processed on the basis of amplitude and frequency methods. The research
methodology is based on the information theory, methods of statistical and spectral analysis, digital signal processing, the theory of
gas dynamics, based on mathematical modeling in a computational experiment, as well as the theory of errors and measurement
results uncertainty. The statistical characteristics of the measuring signals of the converter presented in the unitary basis are studied.

Findings. The conducted research resulted in development of an information-measuring system to control the sensitivity
threshold of the transducers of the primary volume and the volume of gas consumption based on the developed primary trans-
ducer, which allows providing relative standard uncertainty of cost determination within £0.5 %. A special processor has been
developed to calculate the entropy estimates of signal information.

Originality. For the first time, a method for the formation and processing of information-measuring signals, which is based on
the use of pressure pulsations due to the movement of the measuring element of the converter in the toroidal measuring cell, is
proposed. Implementation of the measuring element of a spherical converter, whose density is almost commensurable with the
density of the controlled medium is offered.

Practical value. The proposed method allows providing a lower sensitivity threshold compared to the industrial implementation

of tachometric type transducers.

Keywords: information measuring system, information entropy estimation, measuring signals, gas flow, primary converter

Introduction. At the present stage of development of com-
puter information-measuring systems, cost converters are the
primary link of measurement channels. The rapid develop-
ment of these devices leads to the need to improve the meth-
ods for processing the measurement signals. In the implemen-
tation of information measuring channels in computer verifi-
cation systems, certification and control parameters of the gas
volume conversion are most often used by primary converters
of tachometric type [1, 2].

Practical problems of accuracy of such converters are
caused by their design. In particular, the density of the mate-
rial of the measuring element is several orders of magnitude
greater than the density of the flow medium. As a result, the
inertness of the measuring element does not allow measure-
ments at low flow rates. In addition, the use of only the param-
eter of the amplitude of the measuring signal causes low resis-
tance to noise and distortion.

Literature review. Information and measurement systems
are widely used in drilling [3], production [4], storage and
transportation of hydrocarbons [5] and their accounting. The
significant effect is achieved by a combination of monitoring
[6], control and measurement [7].
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The widest application in industrial implementations of
information and measuring channels is observed for primary
transducers with a mechanical measuring element, which are
characterized by simplicity of design, reliability, maintainabil-
ity. Comparison (by sensitivity and accuracy) of the most
common tachometric volume transducers and volume flow of
gas, in particular rotary Novator G2.5, drum GSB-400, dia-
phragm MGM-UA G1.6, G2.5, turbine LIS-1 G2.5, rotame-
ter P-1, PE-1, are shown in Fig.I.

Thus, common disadvantages also include the significant
inertia of the sensor measure element. This is due to the use of
materials with a density, which is several orders of magnitude
higher than the gas flow density of the measured medium. In
fact, the movement of a measured element requires the cre-
ation of a corresponding effort, in particular for tachometric
type converters. As a result, due to the gas leaks, accuracy de-
creases in the field of low gas flow value.

Traditionally, transducers are additionally equipped with
specialized technical means for the formation of information-
measuring signals. The transducers’ operation, as part of the
information-measuring channels of accounting energy con-
sumption systems, is characterized by the signal distortions
presence. Such creation is conditioned by the unevenness of
the measured element movement. It is also necessary to take
into account the influence of communication interruptions
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Fig. 1. Comparison of different flow transducers types by sensi-
tivity and the value of the relative error:

1 — rotary and turbine; 2 — rotameters; 3 — chamber; 4 — pre-
dicted characteristics of the developed device

that arise with an increasing length of the data exchange chan-
nel [7, 8].

Unsolved aspects of the problem. Existing information and
measurement channels based on tachometric flow transducers
have design shortcomings. In particular, sensor elements made
of high-density materials are the cause of low sensitivity. When
processing measurement signals, one does not use probabilis-
tic characteristics, which are an additional informative com-
ponent and also reduces the impact of noise on the measure-
ment results.

The current state of implementation of information-mea-
suring channels and tachometric flow transducers, as a source
of information about the measuring parameter, shows possible
options for their improvement. In particular, the possibility of
creating a measuring element from materials having a density
close to the flux density of the measured medium should be
considered. This approach can improve sensitivity. Another
option is to involve the probabilistic characteristics of the
measurement signals, which may reduce the impact of noise
interference on the measurement results [9].

One of the promising options for solving these problems is
to improve existing and to find new constructive implementa-
tions of measured components for primary gas flow measure-
ment devices. In the long run, improvement of methods for
forming and digital processing of measuring signals will reduce
the information loss and measurement uncertainty. It is also
expected to reduce computing and hardware complexity of
digital signal processing tools.

Purpose. The aim of the study is to increase the accuracy
of gas flow measurement in tachometric transducers based on
the improvement of structural, hardware and algorithmic sup-
port of information and measuring systems. The article is de-
voted to the implementation of modern information technolo-
gies to improve the existing and develop new methods and
tools for digital signal processing.

One of the promising options for solving these problems
is to improve existing and develop new designs of measured
components for gas flow transducers as well as to use proba-
bilistic characteristics in the formation and digital processing
of measuring signals. This approach will reduce information
loss and, as a consequence, the uncertainty of measure-
ments. In addition, the computational and hardware com-
plexity of digital signal processing facilities is expected to be
reduced.

Methodology. The research methodology is based on the
information theory, methods of statistical and spectral analy-
sis, digital signal processing, the theory of gas dynamics, use
mathematical modeling in a computational experiment, as
well as the theory of errors and measurement results uncer-
tainty. A mathematical model of the dependence flow speed at
the measuring cell and parameters of the measuring element
which forms the measuring signals is obtained. The statistical

characteristics of the measuring signals of the converter pre-
sented in the unitary basis are studied.

Results. On the basis of the conducted research, the mea-
suring signal generate method and flow value measurement
based on digital sensor signal processing according to informa-
tion entropy estimations are offered. The method indicated
differs in the fact that the change in time intervals of the pas-
sage of the spherical label in the toroidal measurement cell is
used to determine the gas flow rate.

In the measuring signal formation, due to the gas pressure
fluctuations P(f), distortions n.(?) arise due to the measured
element’s movement and the influence of flow fluctuation and
the noise of data transmission channel #,(f) [12].

The structural scheme of the converter and the system for
processing its signals (Fig. 2) are developed by the authors.
The proposed method can reduce the uncertainty of gas flow
measurements within the range of the converter sensitivity
threshold.

The result obtained is due to the fact that the density of the
measured medium is practically the same as the density of the
measuring element.

That is, the measuring element can be considered as a sig-
nal shaper (marker). The characteristics of the movement of
such a marker will be proportional to the measured parameter
value.

On the basis of the gas dynamics theory [10], a mathemat-
ical model for the displacement of a measuring element in a
toroidal cell is proposed.

The model describes the dependence of the dynamic pres-
sure force on cell parameters and the measuring element’s pa-
rameters. The measuring element can be made both solid and
hollow. In addition, the model allows determining the thresh-
old of sensitivity of the signal shaper

o -d%3.
Qmin,:n~r02.1.€/:.W’

) 03 03

where r,, d are the signal forming radius and the measuring cell
diameter, respectively; p, p,, are the density of the medium
and the signal forming material, respectively; L, iS the rest
friction coefficient; p is dynamic viscosity; g = 9.81 m/s.

In the investigations on the signal shaper as a signal wave-
form generator, the numerical experiment found that, starting
with a wall thickness of 0.001 m or more, the gas velocity (flow
rate) practically does not change.

In fact, this allows you to determine the optimal thickness
parameter for a given marker radius.

Also, the dependence of the minimum flow speed on the
parameters of the measuring cell and the measuring element
(Fig. 3), in which the measuring signals are formed, is obtained.

The consumption Q,,; (applique axis) depends on r, (ab-
scissa axis) — the radius of the dimensional element (where
0.00195 m <r;<0.02 m) and (ordinate axis) — the radius of the
sphere carved inside the measuring element 0.0 m <7< 0.02 m.

According to the proposed scheme (Fig. 1), the input of
the flow is carried out at a tangent, output flow — on the inner
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Fig. 2. The block diagram of the gas consumption flow trans-
ducers:

1— PMC; 2 — a system of measuring signals digital processing
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Fig. 3. Dependence of the minimum gas consumption on the
converter shaper component parameters

average radius of the toroidal cell in the opposite direction.
This allows for the signal shaper movement by flow in a circle
and, as result, the formation of periodic pressure pulsations.
These pulsations P(7) are fixed by the sensor. However, there is
a problem of distortions. The pressure sensor signal is distorted
by the flow unevenness due to local flow vortices and fluctua-
tions caused by a measuring element n,(?).

In addition, the signal is influenced by the pulse character-
istic 4.(¢) of the data transmission channel [11]. And with an
increase in its length, additional industrial noise and switching
noise arise

s(1) = (1) - hy(t) + n(2),

where r(f) = f(P(f), h/?)) is the pressure sensor signal, which
reduces the efficiency of the signal allocation without prior
processing.

According to the experimental results of studies on the pri-
mary converter prototype, (carried out for a range of costs
from 0.078 to 1.014 m3/h), it was found that for O > 0.3 m’/h,
distortions practically do not affect the information-measur-
ing signals. At Q < 0.3 m’/h, obstacles are characterized by
greater spectral energy. This make measuring signals distor-
tion. For the sensitivity threshold range, the shape of the mea-
suring signal undergoes significant changes. As a result, redun-
dant signals are generated, which prevents the selection of in-
formative signal constituents based on hardware filters uses.
Hence the need arises to proceed to the analysis of the time
characteristics of the signal.

At the next stage of the research, the method for process-
ing measuring signals of tachometric primary converters was
improved. In particular, it was proposed to use statistical char-
acteristics estimates of measuring signal fragments z(.5) [11,
12].

For a 16-bit analog-to-digital converter, the PMC signals are
represented by a vector S = (s, 55, ..., 5,) € [-32 768; 32 767]",

that is, for z(S):[-32768;32767]" —> [0;16][;}, where [ﬁ} is
rounding to a smaller whole, we obtain w

Z2(8) =(Z(5),855--438,), Z (81,4158 01250+ 58130 )s
ROV TN 5 ) B
where Z is the function of statistical estimation calculation; s;
is an element of the signal S is a fragment vector; w is the size

of the signal fragment on which it is calculated Z.

Thus, a statistical estimate vector is placed on each frag-
ment of the measuring signal. The measuring signal realization
with appropriately calculated statistical characteristics, for ex-

ample, the informational entropy of Shannon Iflx, is present-

ed in Fig. 4, a. So, the basis of the method is the fact that the
value z(S) is used to select the signals informative components.
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Fig. 4. Fragments of a) measurement signal — 1, noise — 2;
b) the information entropy evaluation of multistate signal
realization: signal — 1, noise — 2

Moreover, according to these signals, the time intervals are
fixed, with the subsequent calculation of the measured param-
eter value.

The effectiveness of the use of various statistical estimates
(Fig. 5), in particular, was considered: mathematical expecta-
tion M., dispersion D,, STD, higher orders central moments,
entropy according to [12, 13]:

C. Shannon
H, =—an:p,- log p;;
i=1
B. Oliver
H, = limM;
nso  p

Y. Nikolaichuk

Fig. 5. Dependence w,,,, on the bit ADC R for different statistical
characteristics with sample size n = 185
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R. Hartley
H,=log,(N) H,=log,(N) ;

H, =log,+/2neD?,

as well as R (ADC) ratings on the adequacy of measuring sig-
nals selection informative components.

In the research, the ratio of the statistical estimation mini-
mum value of the signal amplitude fragment to the maximum
statistical estimation value of the distorted signal amplitudes is
analyzed (Fig. 4, b)

C. Kramp

Wim = ZSAmin/ZNAmax-

Using the Kramp entropy (Fig. 5) gives results that are
consistent with D, and STD; however, it has low efficiency due
to the additional calculation of the logarithm function.

When using Hartley’s measure, for the case of binary im-
plementations, the score becomes non-informative because
the number of states is unchanged.

Information measures H, and H) are characterized by a
considerable amount of computations, in particular for the au-
tocorrelation function R,. This situation is unacceptable for
computing platforms with limited resources.

So, H, according to Shannon formula, with using a com-
parator, has to ensure a sufficient probability of unambiguous
signal allocation.

Hardware implementation on FPGA. Modern technologies
for designing digital devices are based on the use of program-
mable logic integrated circuits. Use of direct interface circuits
for the conversion of a sensor’s signals value to digital informa-
tion provides a simple and low-cost solution that is valid for
virtually any programmable digital device [14, 15].

On the basis of the results obtained, the structure and cir-
cuitry of the specialized processor components were devel-
oped (Fig. 6).

The device processes the sensor information-measuring
signals represented by binary realizations [14].

Sensor analog signals are formed by the measure element
of the PMC. Such signals are fed to a comparator that gener-
ates the corresponding binary sequences. Then, these se-
quences are sent to the counter CntS through the logical ele-
ment And.

In parallel, signals from the generator of reference pulses,
which specify the frequency of digits, are fed to the same ele-
ment and the counter CntG. The CntG counter is also used to
block CntControl for sample control.

After completing the loop in the CntG calculation, you
will get a CntControl ready-to-date output signal. After the
signal is generated on the block HTable100 which calculates

H ., asignal is made to correct the CntG and CntS counters
and the cycle is repeated (Fig. 7).

The entropy calculating block of the signal sampling
HTable100, is realized on the basis of pre-calculated entropy
values by the measure of C. Shannon, multiplied by 10°.

This representation allows you to go to integer operations.
Simplification is expedient, since the set of possible values is

r _________________ 1|n0ulput
CalcH

: cntG ac  [0-19]
Referlence I HTable100 —
impulses —
generator I Liiil |

| ninput [0..7] |

| CntControl ena |

| q[0.7] :
input

: cnts :

L - ———————=— I

Fig. 6. Block diagram of a specialized processor for calculating
the information entropy estimation of PMC binary signals

8count

=}
=

QA entcontrol

e 17

ac e i, | R EED12186
a0 1s 8count —enn 55% T oT =
QE LDN : :
QF
oG —+

7 ra  ennl—1
QA - INFUT O

12 cLRN—T

@TMmoo P

QB " fnrnPuTa

H— 1=

. ac nPUT 2

x

QH
GN cout
DNUP B
SETN
CLRN
CLK
(UP/DN COUNTER

1o

ab - INPUT 3

QE ~IninpuTa

QF INPUTS

OTMMOO o>

[ele] - INPUT &

H QH ~ fninpuT?
GN COUT |— ¢
DNUP BA ]
SETN
CLRN
H — CLK
x0N0 2 UPIDN COUNTER

STETTIITTTTs

e o N P

S

‘41 cimp

L Uit Senable

Fig. 7. Functional diagram of a specialized processor based on
two 8-bit counters and components CntControl and
hTable 100

discrete and, for n =200 elements, is 100, which is explained by
the symmetry of the characteristic [16, 17].

The choice of the corresponding entropy value is carried
out in the presence of a logic zero signal on the CntControl
block ENA line.

The signal goes to CalcH — the permission to start the cal-
culation line of the formation block of the result HTable100.
The received number of individual states from CntS is applied
to the nInput {7..0} data bus of the HTable100 block.

The result is formed on the original 20-bit bus nOutput

{19..0}, which represents H, for the corresponding correla-
tion of the probabilities of occurrence of the null and one
states of the signal fragment. According to the results of func-
tional modeling, negative and positive absolute error values of
calculation do not go beyond 5 - 1077,

According to the results of experimental studies on the
developed PMC, an empirical dependence was obtained on
the basis of which the model was developed. The model de-
scribes the relationship between the mediated signal duration
parameter 1// (/ — momentum interval) and the gas con-
sumption value

0.0023 <1/1<0.1442; a,(1/1) +,(1/1)+<,

oa/n= ) ;
0.1442<1/1<0,2287; a,(1/1) +b,(1/1)+¢,
where
ay=-1.709; by=3.949; ¢;=0.069;
a,=-6.985, b, =7.469; c¢,=-0.329.

The conducted research on this model showed that the ob-
tained dependence is characterized by the relative error of the
transformation, which is five orders of magnitude smaller,
compared with the measurement errors of the existing model
converters. Consequently, the effect of model error on the sig-
nals processing result can be considered non-essential.

Appropriate algorithms and programs for gas consumption
calculation for the information-measuring system were devel-
oped.

Experimental studies on the developed system were carried
out on the basis of the etalon of the EIF “TEMPO” bell type
installation (medium — air, control volume 0.005 m?, pressure
113 mm.w.col., temperature stabilization 20 °C+ 0.5 %, limit of
permissible basic relative error installation +0.33 %).

The research results showed that the relative standard un-
certainty of the developed system does not exceed +0.5 %
(Fig. 8).

As aresult, improved accuracy at low gas consumption was
established. This advantage stipulated the expediency of using
the developed PMC gas flow in the measuring channel of sen-
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Fig. 8 Dependence of the relative standard uncertainty on
measurements on gas consumption
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Fig. 9. The verification installation block diagram; implemen-
tation as part of the TEMPO-3 installation

Fig. 10. Developed system implementation as part of TEMPO-3
installation (a), toroidal measuring cell (b)

sitivity threshold control as part of the “TEMPO-3” installa-
tion (Figs. 9, 10).

The threaded connections with self-locking from unscrew-
ing are used to maintain the tightness of the installations [18].

The developed software of the computer information and
measurement system for monitoring the threshold of sensitiv-
ity, allows us to quickly investigate domestic gas meters of
membrane and rotary types during the carrying out of certifi-
cation, calibration and calibration procedures.

Conclusions. As a result of the scientific research, the ac-
tual task of realization of the gas consumption information-
measuring system is solved on the basis of application of mod-
ern information technologies for the measuring signals pro-
cessing. This approach is aimed at reducing the standard rela-
tive measurement uncertainty and simplifying the hardware
complexity of digital processing tools.

Based on the analysis of existing primary gas converters
used in the information-measuring systems, a new method is
proposed for the formation and processing of information-
measuring signals according to entropy estimates. This meth-
od is based on using the pressure pulsations, which are
formed with the converter component moving in a toroidal
measuring cell.

The proposed solution allowed reducing the influence of
non-informative components of random signals. On the basis
of the above method, a mathematical model describing the
process of moving the signal shaper is developed. A study on
influence of the dynamic pressure on the flow movement when
measurement element is moving into a measuring cell was car-
ried out. As a research result, it was found that for expenses
Ouina = 0.00536 m?/h the average speed is v, = 0.12475 m/s.
According to the model, the proposed method provides a low-
er threshold of sensitivity compared with industrial converters
of tachometric type. In addition, a study on the measuring sig-
nals spectral and statistical characteristics of the gas consump-
tion primary measuring transducer was carried out.

According to the analysis results, a method for processing
signals is proposed. The indicated method is based on the es-
timation of the signals information entropy of binary realiza-
tions obtained from the comparator. The proposed method
provides the best probability of selecting the signal informative
components. Modified algorithms of information entropy es-
timation for working out of binary and multistate signals are
developed. Such algorithms serve as symmetric entropy char-
acteristics and do not require the use of a Taylor series expan-
sion procedure.

As a result, the number of operations is reduced by two
orders of magnitude, the absolute error of calculation (for bi-
nary signals) does not exceed £0.5 - 1072, (for multistate) —
+0.68 - 1072, A specialized processor for estimating the binary
signals information entropy has been developed. Such a pro-
cessor includes a counters block, a sample data control block
and a result formation block.

The developed device allows you to extend the functional-
ity and reduce the time expenditures when calculating the en-
tropy of signals. Absolute error of calculation does not exceed
+5- 1077, In addition, circuit design solutions for signal pro-
cessing systems for various sensor types based on the use of a
serial microcontroller have been developed. The information-
measuring system of sensitivity threshold control, functioning
in the structure of the bell type etalon verification device, is
developed.

The specified system provides a relative measurement
standard uncertainty of £0.5 % with a confidence probability
of 0.95. In addition, the software for processing signals of the
primary converter is developed.

The proposed solutions allowed expanding the functional
capabilities of the computer information and measuring sys-
tem, which is part of the etalon installation of volume unit
control and gas volume consumption.
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Indopmaniitno-BuMipIOBa/IbHA CHCTEMA
BUTPATH ra3y HA OCHOBi ONMpPAIIOBAHHSA
CHUTHAJIB 32 OIIHKAMH E€HTpomii
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Mera. [ligBUIUEHHSI TOYHOCTI BUMIipPIOBAHHSI BUTPATU
razy B TaXOMETPUYHUX MEePETBOPIOBaYaX Ha OCHOBI BIOCKO-
HaJIeHHSI CTPYKTYPHOTO, allapaTHOTO Ta aJITOPUTMIYHOTO 3a-
Oe3nevyeHHs iH(popMalliiiHO-BUMipIOBaJIbHUX CUCTEM.

Mertommka. BuzHaueHHS BeTMYMHU BUTPATU Ta30BUX CE-
penoBUI I'PYHTYEThCS Ha TapameTpax iHgopMaliiiHO-BUMi-
proBajbHUX curHamiB. CUTHaIM CeHCopa, 10 B3aEMOIIOTH i3
CEpeNOBUILIEM, TPAIUILIIMHO ONPallbOBYIOTh HA OCHOBI aMILTi-
TYIHUX i YaCTOTHUX MeToMiB. [1poBeneHHs nociimkeHb 6aszy-
€ThCsl Ha Teopii iHopMallii, MeToax CTaTUCTUYHOTO Ta CITeK-
TPaJILHOT'O aHai3y, IIU(POBOTO OIMPAIIOBAHHS CUTHAIIB, TEO-
pii ra3oBoi AMHAMIKK, 3aCHOBaHili HAa MaTeMaTUYHOMY MOJe-
JIIOBaHHI B 00YMCITIOBAILHOMY €KCIIEPUMEHTI, a TAKOX Ha T€O-
pii MOXMOOK i HEBU3HAYEHOCTI pe3yJIbTaTiB BUMiploBaHb. J1o-
CITIKYBaJIMCh CTATUCTUYHI XapaKTePUCTUKN BUMIpIOBATbHUX
CUTHAJIiB ITepeTBOPIOBayYa, MpeACTaBlieHi B YHiTApHOMY Oa3uci.

Pesyabratu. Pe3ynbraToM mNpoBeIeHUX NOCTIIXKEHb €
po3pobka iH(popMalLiliHO-BUMIPIOBAJIbHOI CUCTEMM  JUISI
KOHTPOJIIO TIOPOTY YYTJIMBOCTI IIEPETBOPIOBAYiB IIEPBUHHOTO
00’eMy Ta 00CSTY CITOXKMBAHHS ra3y Ha OCHOBI pO3p00JIEHOTO
TIEPBUHHOTO TIEPETBOpIOBAaYa, IO JO3BOJISIE 3a0e3MeYnTH
BiITHOCHY CTaHAApTHY HEBU3HAUYEHICTh BUSHAUYEHHS BUTPAT y
Mexax 0,5 %. Po3po6iieHO Crelnporecop i PO3paxyHKy
OLIIHOK eHTpoOIIii iH(hopMallii Tpo CUrHaJ.

Hayxkosa noBusna. [lossirae B ToMy, 10 BIepIlie 3ampo-
MOHOBaHO MeTod (hOpMYyBaHHs Ta OIpalloBaHHS iHbopMa-
LiAHO-BUMIipPIOBAJIbHUX CUTHAJIIB, IKUI 0a3yEThCS HA BUKO-
PUMCTaHHI TyJibcalliii TUCKY BHACIIIOK MepeMillleHHsI MipHO-
ro eJeMeHTY IMepeTBopioBaya B TOPOBUIIHIN MipHiii Kamepi.
3anpornoHoBaHa peaizallisi MipHOTo eJleMeHTY chepUuIHOTo
TepeTBOPIOBava, IyCTMHA SIKOTO TTPAaKTUYHO CITiBpO3MipHa 3
TYCTMHOIO KOHTPOJIbOBAHOTO CEPEIOBHUILIA.

IIpakTiyna 3HaymMicTb. [lonsrae B ToMy, 110 3aMpomno-
HOBaHUI METOM MO3BOJISIE 3a0€3MEUUTH HWKUMMA MOPIr YyT-
JIMBOCTI y MOPiBHSIHHI i3 MPOMUCIOBOIO peasi3allielo nepe-
TBOPIOBAUiB TAXOMETPUYHOIO TUITY.

KmouoBi cnoBa: ingopmauiiino-eumiprosanrsha cucmema,
OUIHKU [HGhopmayitinoi enmponii, 8UMIPIOBAAbHI CUeHAAU, GU-
mpama 2asy, NepeuHHUILL Nepemeopr8ay
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