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Abstract

The paper presents the developed computer-aided design (CAD) system of thermal energy metering devices,
which includes flowmeters with standard primary devices. Theoretical bases for CAD developing are considered, in
particular, algorithms for determining the thermal energy amount that are developed by the authors, complete
mathematical model of differential pressure flowmeter, realized by taking into account the limitations of standards
DSTU GOST 8.586.1-5:2009, IAPWS methods for determining water and steam properties, a method for calculating
the isentropic exponent of steam, a method for estimating the uncertainty of measurement result of thermal energy
amount, developed by the authors, as well as new approaches to the computer-aided design of thermal energy
metering systems proposed by the authors. The main characteristics of subsystem for entering and validating the input
data are presented. The CAD dialog box for entering the characteristics of measuring instruments of pressure,
differential pressure, temperature, which are the components of thermal energy metering system, as well as the dialog
box for entering the characteristics of measuring pipe. The basics of the developed technique for estimating the
uncertainty of thermal energy amount that is implemented in CAD are presented. The structure of protocol of
designing a thermal energy metering system is considered.

Keywords: computer-aided design system; amount of thermal energy; uncertainty of measurement result;
differential pressure flowmeter.

1. Definition of the problem to be solved

Establishing an accurate metering of thermal energy is a necessary condition for its efficient and economical use.
Accurate metering of thermal energy amount is performed using modern systems based on microprocessor
controllers, which are able to implement complex algorithms for calculating the thermal energy amount using the
measured values of the heat carrier parameters. The process of designing and calculating such systems is difficult and
laborious, therefore, in order to improve its efficiency it is necessary to develop a computer-aided design (CAD)
system for automating the design process.

2. Analysis of publications and research

Computer-aided design systems are software packages for creating, editing and optimizing design and
technological documentation. Implementing the software packages for automating the design processes provides the
increase of calculations accuracy, quality of technological documentation as well as allows reducing the design process.

The analysis of the information technology market showed that ANSY'S, SolidWorks, FlowVision, Mathcad and
Maple are the common software packages for designing, modeling and engineering calculations, as well as
AutoCAD, KOMPAS and others are the current applications for graphic design [1]. Using these powerful software
packages makes it possible to solve a wide range of modeling and design problems. However, such software packages
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do not take into account a number of limitations imposed by current regulations on the design and operating
conditions of thermal energy metering systems. Therefore during their application a designer must personally control
a large number of such limitations.

CAD "Raskhod-RU", which was developed with the authors’ participation, is used for designing the variable
pressure flowmeters in Ukraine [2]. This CAD is provided with interactive facilities, so that each user step is analyzed
during the process of flowmeter calculating and designing. In case of error or any incorrect actions, CAD gives the
user the appropriate tips or recommendations. The interactivity of CAD also involves the recommendations for the
flowmeters design, the implementation of which will provide the ability to design a flowmeter according to the
requirements of DSTU GOST 8.586.1-5:2009 and, in addition, reduce the uncertainty of measurement result. The
recommendations proposed by the program should be implemented by appropriate correction of input data and their
subsequent entering. Thus, CAD allows us to automate the process of calculation and design of differential pressure
flowmeters and to perform all necessary checks of the conditions of application of differential pressure method
according to the requirements of DSTU GOST 8.586.1-5:2009.

Program "Arian 1SO-5167 Flow CAD software" of the company "Arian Control & Instrumentation™ is the other
program with characteristics similar to the CAD "Raskhod-RU" [3]. Arian Flow CAD software allows designing
differential pressure flow measurement system based on standard primary devices (such as orifice plates, nozzles and
Venturi tubes) according to the requirements of 1SO 5167.

However, these CAD systems are not intended for designing the thermal energy metering systems. So today
there are no specialized software packages for designing the thermal energy metering systems. Therefore, the
development of such CAD systems is a very important task.

3. The purpose of the study

The purpose of the study is to develop a computer-aided system for designing the thermal energy metering devices,
which include differential pressure flowmeters with standard primary devices for metering the heat carrier flowrate.

4. Presentation and discussion of the research results

For successful application of computer-aided design system of thermal energy metering devices, this CAD must
meet the following requirements:

o to identify automatically the best design solutions in all cases where optimization tasks can be formalized,;

o to check automatically the correctness of the input data, taking into account their dimensionality; to generate
interactive messages if it is necessary to correct the input data;

e to check automatically the compatibility of decisions made on different parts of the designed system and to
adjust incompatible decisions (if it is possible);

¢ to generate automatically intermediate results in the form familiar to the designer;

e to give to the designer the opportunity to adjust the decisions made by the software package, taking into
account the limitations imposed by the physical nature of the process and the requirements of regulatory
documents;

o to form interactively the expert recommendations for correcting failed decisions and improving technical or
metrological characteristics of the designed devices;

o to form the design results in the documents of a certain form by designer choice;
o to be suitable for improvement without its radical changing.

The authors have developed a computer-aided system for designing the thermal energy metering devices, in
which the differential pressure flowmeters with standard primary devices are used for metering the heat carrier
flowrate. The theoretical basis for CAD development are the equations for calculating the thermal energy amount and
algorithms for determining the thermal energy amount developed by the authors [4], a complete mathematical model
of differential pressure flowmeter [5], methods for determining the properties of water and steam [6], technique for
calculating isentropic exponent of steam developed by the authors [7], technique for evaluating the uncertainty of the
enthalpy of water and steam [8], technique for evaluating the uncertainty of measurement result of thermal energy
amount [9], new approaches to computer-aided design of thermal energy metering systems proposed by the authors.



Computer-Aided System for Designing the Thermal Energy Metering Devices 63

Thermal energy metering system should take into account the parameters of all available flows of heat carrier,
the number of which depends on the structure of the heat supply system. The generalized equation, which makes it
possible to calculate the thermal energy amount for different structures, has the form [4]:
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where gy, 0, are the mass flowrates of heat carrier in each supply and return pipelines respectively; g, is the mass
flowrate of heat carrier, used for feeding the system in each p-th feeding pipeline; hy;, hy; are the specific enthalpies of
the heat carrier in each supply and return pipelines; hg,, is the specific enthalpy of cold water used for feeding the
system; t, t, are the limits of time interval for calculating the thermal energy amount; a is the number of supply
pipelines; b is the number of return pipelines; m is the number of feeding pipelines.

We have considered eight thermal energy metering systems that are most common in the exploitation practice of
heat supply networks [4] and the equations of which can be obtained from (1). Particularly, for thermal energy
metering system with two flowmeters installed in the supply and return pipelines equation (1) has the form:
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The field "Variant of thermal energy metering system" in CAD provides choosing of the appropriate scheme of
thermal energy metering system and implementing the corresponding equation for calculating the thermal energy
amount. In particular, number 2 in this field corresponds to thermal energy metering system with two flowmeters in
supply and return pipelines (see Fig.1).

The CAD includes a subsystem for entering the input data, which automatically checks the correctness of the input
data taking into account the dimension selected by the user, generates interactive messages if it is necessary to correct the
input data. Particularly, Fig. 1 presents a dialog box for entering the parameters of heat carrier for thermal energy metering
system with two flowmeters. The dialog box provides the ability to choose the type of fluid (heat carrier), according to
which the appropriate methods for calculating its parameters (density, viscosity and enthalpy) are chosen. CAD realizes
calculation of parameters for two fluid types: water and steam. Density and enthalpy are calculated according to the
methods of IAPWS [6], isentropic exponent is calculated according to the technique developed by the authors [7].

G‘Eile Edit Calculate Protocol Figure Window Help - 8 X

Parameters and characteristics
of Parameters and characteristics of fluid

Fluid

Type of fluid |waber j

Parameters of fluid

Pressure absolute -| |0.83062 MPa -

Primary device

130
Pipe Temperature =C -
Pipe straight lengths and Fittings Variant of thermal energy metering system 2 -
Temperature of fluid in return pipe 70 "C
Instruments for measurement and
calculation Pressure of fluid in return pipe 0.5374 WPa
Enthalpy unit kdikg -
General data of
Ready NUM

Fig.1. Dialog box for entering the parameters of heat carrier for thermal energy metering system with two flowmeters.
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In order to implement the equation (1) and its variants, it is necessary to calculate the value of heat carrier
flowrate in supply, return and feeding pipelines, depending on the selected configuration of thermal energy metering
system. The developed CAD provides application of differential pressure flowmeters based on standard primary
devices at all pipelines. The calculation of the flowrate based on the measuring results of heat carrier parameters, as
well as the designing the flowmeters is realized on the basis of a complete model of differential pressure flowmeter,
which was developed in [5]. The complete flowmeter model consists of:

o system of equations for calculating the values of: volume and volume or mass flowrate of the fluid, reduced to
standard conditions; coefficients of flowrate equation; fluid parameters;

e system of equations for evaluating the uncertainty of: coefficients of flowrate equation; the result of
measurement of the fluid flowrate; the result of measurement of the fluid amount;

o system of application conditions and limitations of the flowmeter with the standard primary device:

Ap <0,25;
dp d
2 min;
Dpin < D < Dy @)

min =
Bmin < B < Bmax;
Re min < Re < Re 1y
where dpn is the minimum allowable diameter of the orifice plate opening at operating temperature; Duin, Dmax> Bmins
Brmax» Remin, Reémax are the minimum and the maximum values of the inner diameter of measuring pipeline at operating

temperature, the relative diameter of the orifice plate and the Reynolds number, respectively.

Requirements for designing the flowmeter with standard primary device, its application conditions, particularly,
the limit values of diameter of an orifice plate opening, of pipe diameter, of Reynolds number are defined for each
type of primary device in the relevant parts of standards DSTU GOST 8.586.1-5:2009. Therefore the conditions and
limitations of these standards were taken into account during implementing the mathematical model of differential
pressure flowmeter. So, the CAD system performs designing the flowmeter as well as calculating the fluid flowrate
for all pipelines of metering system in accordance with the requirements of standards DSTU GOST 8.586.1-5:20009.

If the heat carrier parameters or the characteristics of the flowmeter components do not meet the requirements of
DSTU GOST 8.586.1-5:2009, CAD generates a message or expert recommendations for eliminating the
unconformity. Fig.2. presents an example of CAD message about violating the requirements to the relative diameter
of the orifice plate (a) and a message with recommendations for eliminating the unconformity of the pipe straight
lengths upstream the orifice plate.

_— F . The combination of parameters of pipe configuration is
| | I .
{ | The PD diameter ratio (orifice plate with corner pressure " ! incorrect. It is recommended to:
' tappings) should be within 0.100 to 0.750 —  -the distance between the flow straightener and the orifice
= plate should be within 0.621 m to 4.373 m (with the
additional uncertainty in discharge coefficient of 0,5%])

a) b)
Fig.2. Dialog messages of CAD system of thermal energy metering devices:

a) notification about violating the condition Bmin<B<Bmax; b) €xpert recommendation on adjusting the characteristics of the
measuring pipeline.

The choice of flowmeter configuration is also realized in CAD, in particular, the configuration "with calculator
of fluid flowrate and amount" or "with measuring complex" can be selected. Depending on the selected configuration,
the CAD modifies the tabs to enter the characteristics of the measuring instruments of differential pressure, pressure,
temperature, and also implements an appropriate method for calculating the uncertainty of measured flowrate.
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A dialog box for entering the characteristics of measuring and calculating instruments is shown in Fig. 3,
particularly a tab of the characteristics of measuring instrument of pressure drop on the primary device for the
flowmeter configuration "with measuring complex”. The tab shows the parameters of metering complex with two
accuracy-normalized measurement ranges of differential pressure. Standardization of the error of metering complex
for several measurement ranges of differential pressure makes it possible to expand the measurement range of the
fluid flowrate. This tab also has a field for entering the measured value of differential pressure of return flow of heat
carrier in thermal energy metering system, which implements equation (2).

G‘Eile Edit Calculate Protocol Figure Window Help

Parameters and characteristics
of Parameters and characteristics of instruments for measurement and calculation of

Fluid Flowrate Differential pressure across PD lPressure ] Temperature ] Volume ]
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Relative error of 0.35 1] 0.5 Y
the meaguring complex
Pipe
Spedifications of the main DPT Enter

Pipe straight lengths and fittings

Instruments for measurement and
calculation

General data of

Differential pressure at primary device in return pipe | 8041.25 kaffm~2

MNUM

Fig.3. Dialog box for entering the characteristics of measuring and calculating instruments.

An important task to be solved when designing metering systems based on differential pressure flowmeters is to
design the configuration of measuring pipeline and pipe straight lengths between the fittings. The configuration and
geometric dimensions of measuring pipeline should be designed to provide forming the undisturbed symmetrical flow
upstream the primary device. In order to do this the requirements to measuring pipeline should be implemented
according to the relevant parts of standards DSTU GOST 8.586.1-5:2009. In particular, the requirements to
measuring pipeline with a primary device of the type "orifice plate" are defined in DSTU GOST 8.586.2:2009.

Automation of the design process of the measuring pipeline is performed on the basis of the following approaches:
o types of fittings and their location relative to the primary device are determined by the designer;

o the pipe straight lengths between the fittings are determined on the basis of tabular data of DSTU GOST
8.586.1-5:2009; the interpolation method is used to calculate the values between the "nodes" of the table;

e when choosing the values of the pipe straight lengths, the values of lengths according to option A (see table 4
of DSTU GOST 8.586.2:2009), which provide flow measurement without additional component of
uncertainty, have the highest priority.

While designing the measuring pipeline in accordance with the requirements of DSTU GOST 8.586.1-5:2009 it
is necessary to determine the design characteristics of the following elements and equipment of measuring pipeline:

o types and sizes of fittings, their location, pipe straight lengths between them;
o |ocation of flow straightener or flow conditioner devices;
e sizes and location of the thermometer;

o sizes of steps and differences between the diameters of sections of measuring pipelines, their location (if available).
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The window of the developed CAD system containing tabs for entering the characteristics of all elements and
equipment of measuring pipelines is shown in Fig.4.

G‘ File Edit Calculate Protocol Figure Window Help - 8 x
Parameters and characteristics
of Parameters and characteristics of pipe straight lengths and fittings
Fiuid Flow straightener or flow conditioner  Fittings | Thermometer pocket | Pipe steps upstream of PD
Fitting 1 upstream of PD [
Primary device dui single 90° bend j
Length of pipe between fitting 1 and PD 4 m
Pipe Length of fitting 1 0.6 m
Pipe skraight lengths and Fittings Fitting 2 upstream of PD |5 yalyve j
Length of pipe between fitting 1 and fitting 2 upstream of PD 18] o
Instruments for measurement and )
calculation Length of fitting 2 0.7 m
General data of Fitting 3 upstream of PD |tyyq 90 bends in the same plane: U-configuration (<=10D) -

3

Length of pipe between fitting 2 and fitting 3 upstream of PD 24
Flowmeter

Single fitting of two or more 90

bends upstream of fitting 3 absent j

Length of pipe between PD and fitting or dosest border of expander downstream of PD 36 o
Ready UM

Fig.4. Dialog box for entering the characteristics of measuring pipe.

A window with the main calculation results was implemented in CAD in order to acquaint the designer with the
main calculation results of parameters and characteristics of thermal energy metering system. A view of this window
during designing the thermal energy metering system that implements equation (2) is shown in Fig.5. The window
presents the parameters of heat carrier in supply and return pipelines, the main characteristics of the flowmeter placed
at the supply pipeline and the flowmeter placed at the return pipeline, as well as the amount of thermal energy in heat
supply systems.

The results of thermal energy amount metering are the subject of commercial relations between its supplier and
consumer. Accordingly, it is important to obtain not only the measured value of thermal energy amount, but also the
characteristic of the uncertainty (error) of this value. Therefore, it is also necessary to obtain the uncertainty of the
result of thermal energy metering according to the results of designing the thermal energy metering system.

The authors developed a technique for estimating the uncertainty of the measured value of the thermal energy
amount using the principles described in [10]. Particularly, for the thermal energy metering system based on
differential pressure flowmeters, which realizes equation (2), the technique is implemented in the following sequence:

1) to calculate the uncertainty of measurement result of heat carrier flowrate in supply u;]l and return Ug,

pipelines, respectively, according to the equations (10.35), (10.36) of DSTU GOST 8.586.5:2009;
2) to calculate the uncertainty of enthalpy of heat carrier, respectively, in the supply uy, and return u,
pipelines by the formula [8]

i =, + (ot P+ (oo, P @

where u,,, is the methodological uncertainty of dependence h=F(p, T), uy, = 0,15% [8]; Cyr is the relative influence

coefficient of the uncertainty of measured value of water (steam) temperature on enthalpy uncertainty; Cy, is the
relative influence coefficient of the uncertainty of measured value of water (steam) pressure on enthalpy uncertainty;

ur is the relative standard uncertainty of measured value of water (steam) temperature; u'p is the relative standard

uncertainty of measured value of water (steam) pressure.
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Gf File Edit Calculate Protocol Figure Window Help - 8 X
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Maximum flowrate of fiuid at given parameters of the fiud . J210 _________[th |
Minimum flowrate of fluid at given parameters of the fluid 16.276 th
Upper limit of differential pressure measurement at PD 6300 kaffm~2
Absolute pressure of the fluid 0.83062 MPa
Thermodynamic temperature of the fluid 403.15 K
Density of the fluid at operating conditions 935.12 kg/m~3
Dynanmic viscosity of the fluid at operating conditions 0.00021304 Pa*sec
Enthalpy of fluid in feeding pipe at operational conditions 546.767 kJ/kg
Pipe internal diameter at operating temperature of the fiuid 207.17 mm
Diameter ratio of primary device opening 0.44877 -
Reynolds number at maximum flowrate of fluid 1299662 -
Entrance speed coefficient 1.0209 -
Discharge coefficient at Reynolds number corresponding to the maximum flowrate 0.60231 -
Correction coefficient for taking into account the blunting of orifice plate inlet edge 1.004 -
Correction coefficient for taking into account the roughness of pipe internal surface 1 -
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Orifice plate opening diameter at operating temperature of the fluid 92.974 mm
Orifice plate opening diameter at temperature of 20°C 92.8 mm
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| [Maximum flowrate of fluid at given parameters of the fiuid [ 16219 [th |
Minimum flowrate of fluid at given parameters of the fluid 16.2712 th
Upper limit of differential pressure measurement at PD 6041.25 kafim~2
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Pipe internal diameter at operating temperature of the fluid 207.02 mm
Diameter ratio of primary device opening 0.448639 -
Reynolds number at maximum flowrate of fluid 686371 -
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Discharge coefficient at Reynolds number corresponding to the maximum flowrate 0.602671
Correction coefficient for taking into account the blunting of orifice plate inlet edge 1.003%9%6 -
Correction coefficient for taking into account the roughness of pipe internal surface 1 -
Pressure loss at PD at maximum flowrate of fluid 4714.3 kaffm~2
Orifice plate opening diameter at operating temperature of the fluid 92,8773 mm
Orifice plate opening diameter at temperature of 20°C 92.8 mm
Thermal energy flow in return pipe 171316907 kd/h
Amount of thermal energy in heat supply systems 147927834 kd/h
Ready NUM | 4

Fig.5. Window of calculation results of parameters and characteristics of thermal energy metering system.

The simplified dependences Cy,r = F1(T) and Cy, =F,(p, T), developed by the authors, have the form:

Cr =1.34716% —19.875462 +96.85850 —158.4162
Chp = 0.06p(-0.02656° +0.369562 —~1.71630 — 2.6647),06 = T /100,

where p, T are the absolute pressure and temperature of fluid (heat carrier).
3) to calculate the combined standard uncertainty of thermal energy amount by the equation

S 2 212 212 212 212
Uyy —\/uT +Ciug +Coug +Caug, +Cuys

67
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where u_ is the uncertainty of measured value of time interval during which the thermal energy amount is calculated:;

u;n,u;12 are the uncertainties of measurement results of heat carrier flowrate in supply and return pipelines,

respectively; uy;, Uy, are the uncertainties of measurement results of heat carrier enthalpy in supply and return
pipelines, respectively; C,, C,, Cs, C, are the influence coefficients of uncertainty components on the combined

standard uncertainty of thermal energy amount, which should be calculated by the formulas presented in [9].

4) the relative expanded uncertainty of measured value of thermal energy amount at the confidence level 95%

should be calculated by the formula [10]

Uy =2uy .

®)
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Based on the results of calculating and designing the thermal energy metering system CAD generates a protocol
in the form of an html-page, which displays information on the following sections:

e parameters and characteristics of the fluid;

e parameters and characteristics of the primary device;

o parameters and characteristics of the measuring pipe;

¢ parameters and characteristics of the pipe straight lengths and fittings;

e parameters and characteristics of measuring instruments of pressure drop on the primary device;

e parameters and characteristics of pressure measuring instruments;

e parameters and characteristics of temperature measuring instruments;

e complex parameters of flowmeters at the specified values of fluid parameters;

o relative uncertainty of measurement results of flowrate and amount at specified values of fluid parameters;
o relative uncertainty of measurement result of thermal energy amount.

The information presented in protocol of calculating and designing the thermal energy metering system is
sufficient to:

o check compliance with the requirements of current regulations of the existing thermal energy metering system;

o check the correctness of algorithms for calculating the thermal energy amount, implemented in microprocessor
controllers of metering systems;

o develop design documentation and produce the basic components of the designed thermal energy metering
system.

5. Conclusion

The developed computer-aided design system makes it possible to simplify the process of designing the thermal
energy metering devices. In addition, during the designing CAD controls the compliance of design solutions with the
requirements of regulations on thermal energy metering and on differential pressure flowmeters as well as provides
expert recommendation on the adjusting the relevant solutions. Thus, the developed CAD provides an opportunity to
design a modern thermal energy metering system, which meets the requirements of current regulations.

In addition, after appropriate certification the developed CAD can become the basis of metrological support of
thermal energy metering systems based on differential pressure flowmeters. CAD makes it possible to calculate the
thermal energy amount for the specified characteristics of measuring instruments and the flow parameters of heat
carrier and to use these values as reference while testing the existing metering systems.

Therefore, the application of the developed CAD will make it possible to improve the quality of designing the thermal
energy metering systems, to form their metrological support and to increase the accuracy of thermal energy metering.
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Cucrema aBTOMAaTH30BAaHOI0 NMPOEKTYBAaHHA 32C00iB BUMIPIOBAHHS
KUIBKOCTI TeNJI0BOI eHeprii

®enip Mariko, Oxcana bunp, JIeonin JlecoBoi, ['anuna Matiko

Hayionanvuuii ynisepcumem «Jlvgiecoka nonimexuixay, eyn. C. banoepu 12, m. Jlvgis, 79013, Yrpaina

AHoTAaNis

B cratTi nmpencraBieHo po3pobieHy cucteMy aBToMaTiu3oBaHoro npoekryBanHs (CAIIP) 3aco0iB BUMiproBaHHA
KUTBKOCTI TEIUIOBOT eHeprii, y CKJagi SKUX 3aCTOCOBYIOTh BHUTPAaTOMIpH 31 CTaHZAPTHUMH 3BY)XYBaJIbHUMH
MPUCTPOSIMU TOTOKY. PO3riissHyTo TeopeTuuHi 3acaau s po3podnenns CAIIP, 3okpema, po3poOiieHi aBTOpaMu
ITOPUTMHU BU3HAYCHHS KUTBKOCTI TEIUIOBOI €HEprii, MOBHA MaTeMaTHYHA MOJIE/Ib BUTPATOMIpa 3MIHHOTO Hepernamy
THUCKY, peamizoBaHa i3 BpaxyBaHHAM oOMexeHb craHmaptiB JCTY T'OCT 8.586.1-5:2009, meromm IAPWS
BU3HAUCHHS BJIACTUBOCTEH BOJM Ta BOISHOI apH, po3pobIieHi aBTOpaMU METOIMKa OOUYHCIICHHs IOKa3HUKa ajiabaTtu
BOJSHOT NapH, METOJAMKA OLIHIOBaHHS HEBH3HAYEHOCTI pe3yJbTaTy BUMIPIOBaHHS KiJIBKOCTI TEIUIOBOI EHeprii,
3aIPONOHOBaHI aBTOPaMH HOBI IIAXOJAW IIOJO aBTOMAaTH30BAaHOTO NMPOCKTYBAHHS CHCTEM BHMIPIOBaHHS KIIBKOCTI
TeruioBoi eHeprii. IIpeacTaBieHO OCHOBHI XapaKTEPUCTHKU IIACHCTEMH BBEACHHSA Ta IEPEBIPKH KOPEKTHOCTI
BXiJHHUX JaHuX. Po3risHyTOo peanizauito BikoH CAIIP mist BBeneHHs XapaKTEpPHUCTHK 3ac00iB BHMIpIOBaHb THCKY,
nepenajay THCKY, TEMIIEpaTypH, IO BXOJASATH JI0 CKJIaly CUCTEMH BUMIPIOBaHHS KUIBKOCTI TEIUIOBOI €HEprii, a Takoxk
BiKHA BBEJICHHS XapaKTEPUCTUK BHMIPIOBAaJIBHOTO TpyOompoBoxy BuTpatomipa. [IpencraBieHo 0CHOBU po3pobiieHol
aBTOpaMH METOIWKH OI[IHIOBAaHHS HEBHM3HAYCHOCTI KUTBKOCTI TEIUIOBOi eHeprii, mo peamizoBana B CAIIP.
Po3ristHyTO CTPYKTYpPY MPOTOKOIY ITPOSKTYBaHHS CUCTEMU BHUMIipIOBaHHS KiJILKOCTI TEIIOBOI €HEprii.

KarouoBi cjoBa: cuctemMa aBTOMAaTH30BAHOTO IIPOSKTYBaHHS; KUIBKICTb TEIUIOBOI €HEprii; HEeBH3HAYCHICTh
pe3yJsIbTaTy BUMIPIOBAHHS; BUTPATOMIip 3MiHHOTO Iepernaay THCKY.



