ISSN 2617-7609; eISSN 2617-75952 AIIBIK JKYHenep 9BONIONUACHHBIH Mocenenepi xypHambL. Ne2 (27).2025 https://peos.kaznu.kz/index.php/peos

IRSTI 44.31.35: 90.03.19 https://doi.org/10.26577/JPEOS202527345
iy i)
A. Nurulina! ™, S. Bergaliyeva! ** ,

= 7

Finy iy
A. Akylbayeva' ** | D. Yerezhep* ™

nstitute of Energy and Mechanical Engineering, K.I. Satpayev
Kazakh National Research Technical University, Almaty, Kazakhstan
*Technology Commercialization Center, AlmaU, Almaty, Kazakhstan
*e-mail: darhan_13@physics.kz

EVOLUTION OF METHODS FOR ENSURING THE QUALITY
OF TECHNICAL ACCOUNTING OF THERMAL ENERGY
IN OPEN ENERGY SYSTEMS OF THE REPUBLIC OF KAZAKHSTAN

The article is devoted to the study of the evolution of heat meter verification methods as a key
element in the system of technical accounting of thermal energy, considered in the context of open
technical systems. A comparative analysis of the regulatory approaches to verification operating in the
Republic of Kazakhstan has been carried out, their distinctive features and impact on metrological reli-
ability and measurement accuracy have been identified. The necessity of adapting existing methods
to changing operating conditions and technology development is substantiated, including through the
introduction of artificial intelligence elements for processing and interpreting verification results. Ap-
proaches to the modernization of the verification system aimed at improving the efficiency of measuring
systems integrated into open power systems are proposed. The results obtained can be used both in veri-
fication laboratories and in the development of new regulatory documents, contributing to an increase in
accounting accuracy, energy efficiency and sustainability of open energy systems.

Keywords: heat meters, verification, methodology, regulatory document, verification laboratory,
measuring instruments.
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13HepreTHKa xeHe MatlumHa xacay HCTUTYTbl, K.M. CaTbaeB aTbiHAAFbI
Kasak, yATTbIK, TEXHWUKAABIK, 3epTTey YHuBepcuTeTi, AaMaTbl, KasakcraH
2TeXHOAOTUSIAAPABI KOMMEPLIMSIAQHABIPY opTaAbiFbl, AlmaU, Aamartsl, KasakcraH
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KasakctaH Pecny6AMKacbIHbIH, allbIK, SHEPreTUKAABIK, XXYHeAepiHAEri
XKbIAY SHEPrusaCblH TEXHUKAADbIK €CernKe aAy CarnacCblH KaMTaMacbi3 eTy
dAiICTepiHiH, 3BOAIOLIMSCDI

Makana alblK, TEXHUKAAbIK, >KyMeAep KOHTEKCTIHAE KapacCTblPbIAQTbiH >bIAY 3HEPruscbiH
TEXHWMKAABIK, eCENKe aAy XYMeCiHAEr i HEri3ri SAeMeHT peTiHAE XXbIAY ecenTeriluTepiH TEKCEPY BAICTEPIHIH,
3BOAIOLMSCHIH 3epTTeyre apHaaraH. KasakcTtaH PecnybanKacblHAQ KOAAAHbICTaFbl CaAbICTbIPbIN
TEeKCEPYAIH HOPMaTUBTIK TOCIAAEPIHE CaAbICTbIDMAAbl TaAAQdy >KYPri3iAAi, OAapAblH arpblKlia
epeKLIeAiKTeEPI MEH METPOAOTUSIABIK, CEHIMAIAITT MEH BALLIEY ADAAITIHE BCEPI aHbIKTaAAbl. KOAAAHbICTaFbI
dAICTEMEAEPAT TEXHOAOTUSIAAPABI MAaAAAAHY MEH AAMbITYAbIH ©3repeTiH >KarpanAapbiHa Geiimaey
KAXKETTIAITI, OHbIH IWIHAE TEKCepy HOTUMXKEAEPIH BHAEY XX8He TYCIHAIPY YLIiH >XaCcaHAbl MHTEAAEKT
IAEMEHTTEpIH eHri3y ecebiHeH Heri3AeAreH. ALLbIK SHEPrus KyneAepiHe GipiKTipiAreH eAlley >yrneAepi
>KYMbICbIHbIH TUIMAIAITIH apTTbipyFa GaFbiTTaAFaH TEKCEPY >KYMECIH KaHFbIPTY TOCIAAEPI YCbIHbIAADI.
AAbIHFQH HOTUXKEAEp TEeKCepy 3epTxaHaAapbiHAQ AQ, KaHa HOPMATUBTIK Ky>KaTTapAbl 83ipAey Ke3iHAe
A€ ManAAAaHbIAYbl MYMKiH, BYA eCerke aAy ABAAITH, SHEPrUSt TUIMAIAITIH XK8HE allblK, SHEPreTUKAAbIK,
>KYMEeAepAIH TYPaKTbIAbIFbIH apTTbIPYFa bIKMaA eTEeAl.

TyiiH ce3aep: XXbIAy ecenTerilTepi, Tekcepy, 8aicTeMe, HOPMaTMBTIK Ky>KaT, TEKCEPY 3epTXaHachl,
eAlley KypaAAapbl.

44 © 2025 Al-Farabi Kazakh National University


https://doi.org/10.26577/JPEOS202527345
https://orcid.org/0009-0000-2187-2068
https://orcid.org/0000-0002-7781-9765
https://orcid.org/0000-0002-3462-751X
https://orcid.org/0000-0002-2232-2911
mailto:darhan_13@physics.kz
mailto:darhan_13@physics.kz

A. Nurulina et al.

A. HypyauHa', C. bepraamesa’, A. AkbirbGaeBa', A. Epexxen?”

"MIHCTUTYT 3HEpreTMkKn 1 MalMHOCTpoeHus, Ka3axckuil HaLMOHaAbHbIA MCCAEAOBATEAbCKMIA
TexHuuecknii yHmsepcuteT nmenmn K.M. Catnaesa, AaMaTtbl, KazaxcraH
2LleHTp KoMMepLMaAm3aumm TexHororun, Almal, Aamatsbl, KasaxcraH
*e-mail: darhan_13@physics.kz
3BO/\I-0U,M$I MEeTOAOB obecrnevyeHUs1 KayeCcTBa TeXHMYECKOro Y‘-léTa TernAoOBOM HEeprum
B OTKPbITbIX JHEPreTu4eCKnx Cuctemax PECHYGI\MKM KasaxcTtaH

CraTbs NMoCB4ALlEHa MCCAEAOBAHNIO 3BOAIOLUMN METOAOB MNMOBEPKN TENAOCYETUMKOB KaK KAIOYEBO-
ro 3A€éMeHTa B CncremMe TeXHnM4eCKoro yqéTa TENAOBOM SHEepruu, paCCManMBaeMOVI B KOHTEKCTe OT-
KPbITbIX TEXHNYECKNX CNCTEM. ﬂpOBeAéH CpaBHVITe/\bell;l dHAAM3 HOPMATMBHbIX NMOAXOAOB K MNOBeEpPKe,
AeVICTByIOLLI,MX B Pecny6/\vn<e Ka3aXCTaH, BbISBAEHbI UX OTAUYMTEAbHbIE OCOOEHHOCTM M BAMSHME Ha
METPOAOIrMYeCKYIo HAAEXHOCTb M TOYHOCTb M3MepeHMﬂ. O6ocHoBaHa H606XOAMMOCTb aAanTaunm
CywecCTByiownxX METOAMK K M3MEHAIOLWLNMCA YCAOBUAM 3KCMAyaTaluMn 1 pa3BnUTUSA TeXHO/\OFMVI, B TOM
UMCAE 3a CYET BHEAPEHUA SAEMEHTOB MCKYCCTBEHHOIO MHTEAAEKTA AAA O6pa6OTKVI M MHTEepnpetaumnmn
PE3YyAbTAaTOB NMOBEPKU. HpeA/\O)KEHbI MOAXOAbI K MOAEPHU3aUNKM CUCTEeMbI NMOBEPKU, HAlNMpaBA€HHbIE Ha
nosblleHne Bqu)EKTVIBHOCTM pa6OTbl M3MEPUTEAbHbBIX CUCTEM, MHTETPNPOBAHHbLIX B OTKPbITbIE SHEpP-
FOCNCTEMBbI. HO/\yL{eHHble PE3YyAbTaTbl MOTYT OblTb MCMOAb30BaHbI KaK B NMOBEPOYHbIX /\a6opaT0pmlx,
Tak 1 nNpun pa3pa60TKe HOBbIX HOPMATMBHbIX AOKYMEHTOB, Cl'IOCO6CTBy51 MOBbILWLEHNIO TOYHOCTUN yLléTa,

3Hepr03(ﬁbq§eKTMBHOCTM " YCTOI;I‘-WIBOCTM OTKPbITbIX 3HEPreTn4yeCkmnx CUCTEM.
KAroueBble cAOBa: CUETUMKM TenAa, noBepka, MeToAMKa, HOpMaTVIBHblVI AOKYMEHT, NnoBepoYHas

AabopaTopusi, CPeACTBA M3MEPEHMIA.

Introduction

The modern development of Kazakhstan’s en-
ergy sector is accompanied by the active implemen-
tation of technologies for monitoring and account-
ing of energy resources. This necessity arises from
the growing demand to improve energy efficiency,
reduce operational costs, and maintain transparent
settlement processes between heat suppliers and
consumers. A central element in achieving this is the
heat meter, a device that enables precise monitoring
of thermal energy usage.

The main types of heat meters include the fol-
lowing: mechanical, electromagnetic, and ultrasonic
heat meters. Each type of heat meter has its own ad-
vantages and disadvantages, and the choice of a heat
meter depends on the specific operating conditions
(installation location) and heat metering require-
ments in each country. In Europe, ultrasonic heat
meters are used, for example, in the work of G Ficco
et al. The analysis of key metrological problems as-
sociated with clamping reference meters in the field
verification of ultrasonic heat meters is shown. The
authors further emphasize that, considering the al-
lowable error and measurement uncertainty, field
meters often struggle to fully meet metrological
standards [1]. In a research paper on the evaluation
of heat metering flowmeters, Choir et al. [2] inves-
tigated the metrological characteristics of all three
types of thermal flowmeters in the field, showing the
deviation of the mechanical and ultrasonic flowme-

ters in the range of £2.5%, and electromagnetic in
the range of 6.9%. If we are talking about the study
of systematic errors in heat accounting, Weissenb-
runner et al. employed computational fluid dynamics
(CFD) modeling [3] to investigate systematic devia-
tions in ultrasonic flow meters caused by uncertain
inlet profiles generated by upstream disturbances,
such as double elbows. Their results showed that
when the meter is installed less than 40 pipe diam-
eters downstream of a double bend, the systematic
measurement error can range from 1.5% to 4.5%.

A. G. Lupey et al. considers the problems of ac-
counting for heat energy from heat sources. The au-
thor claims that the statistical data obtained for the
results of average hourly flow measurements at the
entrance and exit of the heat supply system allow us
to conclude that the quality of calibration of these
flow meters cannot be considered satisfactory and
the actual discrepancy in the calibration character-
istics for this pair of flow meters is very noticeable.
As a method of solving the problem, the author sug-
gests entering measurement regulations in the state
register and submitting a resolution stating that the
production of flow meters should be preceded not
only by laboratory tests, but also by adequate long-
term commercial tests in closed heat supply systems
or at the inlet and outlet of a hot water furnace (boil-
er, plate heat exchanger) [4].

In the EU, the use of heat meters is regulated by
the Energy Efficiency Directive 2012/27/EU (EED)
[5], which highlights individual heat consumption
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measurement as an essential means of boosting ef-
ficiency and fostering energy conservation.

A precise and equitable determination of ther-
mal energy consumption in individual residential
buildings remains a highly relevant issue, as it en-
compasses a wide range of technical, metrological,
and consumer-related challenges [6], [7], [8]. In
this context, the use of heat meters within the EU
is governed by the Measuring Instruments Directive
(MID) [9], which mandates that legally used mea-
suring devices must satisfy essential metrological
criteria. This implies that both the measurement er-
ror and its associated uncertainty must stay within
the permissible limits defined for the corresponding
measurement category.

Individual ultrasonic heat meters are not com-
monly used in Kazakhstan; instead, electromagnetic
heat meters remain the dominant technology. To
maintain the uniformity and reliability of thermal
energy measurements, these meters—similar to other
instruments used for resource monitoring—must un-
dergo periodic verification. Heat meters are verified
using metrological instruments in accordance with
the approved verification procedures. In Kazakh-
stan, such verification is governed by the Law “On
Ensuring the Uniformity of Measurements” [10],
by Order No. 934 of the Minister of Investment and
Development of December 27, 2018, which sets the
rules, frequency, and certification format for verify-
ing measuring instruments [11], as well as by meth-
odological documents such as ST RK 2.447-2017
“Heat Meters. Methods and Means of Verification”
[12] and MI 2573-2000 “Heat Meters for Water
Heating Systems. Verification Procedure” [13]. Ad-
ditionally, the manufacturer’s verification methods
registered in the State Register are applied when the
heat meter type is approved. In most cases, verifica-
tion must be carried out by accredited laboratories,
and meter owners are required to monitor the timing
of verification. The verification of heat meters is im-
portant to ensure the accuracy of measurements and
compliance with standards.

In 2024, the Law “On Thermal Energy” was en-
acted in Kazakhstan, becoming an important mile-
stone in regulating and developing the national heat
energy sector. The law introduces extensive reforms
to address numerous longstanding issues in heat sup-
ply [14]. A major provision of the law concerns new
requirements for planning and implementing ther-
mal power projects—whether related to construction,
reconstruction, modernization, or the installation
and integration of equipment into centralized or lo-
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cal heat supply systems. According to the law, such
projects must comply with heat supply development
schemes and provide for the use of fuel appropriate
to the specific system and location. They also need
to include measures or technologies aimed at saving
energy, improving efficiency, and reducing thermal
energy losses during generation, transportation, and
consumption, including solutions based on energy-
efficient technologies, renewable energy sources,
and other modern energy systems.

However, despite the widespread use of heat
meters in the country, the issues of ensuring their
accuracy and reliability remain relevant. Verifica-
tion of heat meters is a mandatory process aimed
at confirming the compliance of metrological char-
acteristics with established standards and regulatory
requirements. A properly functioning verification
process is important for guaranteeing consistent
measurements, protecting consumers, and meeting
the legal standards defined in the legislation of the
Republic of Kazakhstan.

At present, heat meter verification in Kazakh-
stan is often carried out according to broad interna-
tional recommendations, which may fail to account
for the particular climatic, technical, and operational
features of the local environment. This requires the
development of an adapted and optimized meth-
odology that takes into account the specifics of the
country’s heating network, the structure of heat en-
ergy consumption and the available infrastructure of
verification laboratories.

The purpose of this study is to analyze the exist-
ing methods of heat meter verification, identify their
shortcomings in practice and possible solutions.

Materials and methods

In this paper, two regulatory documents on
the verification of heat meters will be considered.
The first regulatory document is ST RK 2.447-
2017 — “Heat Meters. Methods and Means of Veri-
fication”. It was chosen because it is the national
standard of the Republic of Kazakhstan for the
verification of heat meters. The second regulatory
document is MI 2573-2000 — “Heat Meters for Wa-
ter Heating Systems. Verification Procedure. Gen-
eral Provisions”. This regulatory document, like
the national standard, is widely used and applied in
verification laboratories for the verification of heat
meters.

The above verification methods are compared
according to important characteristics in the field
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of ensuring the uniformity of measurements. These
characteristics encompass:

- the organization or specialists responsible for
developing the verification methodology;

- the scope and area of its applicability;

- the circumstances and conditions under which
the methodology is used;

- the verification documents and techniques that
served as the basis for its development;

- the sequence of verification operations;

- the measuring equipment required for perform-
ing verification;

- the qualification criteria established for verifi-
cation personnel;

- types of verification of heat meters used in the
methodology;

- verification conditions;

- the verification interval;

- safety requirements;

- external inspection;

- testing;

- complete verification. Error detection;

- piecemeal verification. Error detection;

- estimation of heat meter uncertainty;

- registration of the verification results.

These characteristics were selected for compari-
son in compliance with ST RK 2.63-2018 — “Meth-
ods of Verification of Measuring Instruments. The
Procedure of Development, Approval and Applica-
tion” [15].

Results and discussion

In the Russian Federation, the verification of heat
meters is regulated by the Federal Law “On Ensur-
ing the Uniformity of Measurements”, PR 50.2.006-
94 “The State System for Ensuring the Uniformity
of Measurements. The Procedure for Verification of
Measuring Instruments” [16], and regulatory docu-
ments endorsed on the basis of tests carried out for
the approval of the measuring instrument type.

According to the decision of the State Standard
of the Russian Federation, the right to verify mea-
suring instruments may be granted to accredited
metrological services of legal entities. The activities
of these metrological services are carried out in ac-
cordance with the current legislation and regulatory
documents on ensuring the uniformity of measure-
ments of the State Standard of the Russian Federa-
tion. Verification activities carried out by accredited

metrological services of legal entities are controlled
by the State Metrological Service authorities at the
location of these legal entities. The frequency of
testing depends on the model of the device and is
determined by the manufacturer. It usually ranges
from 4 to 10 years. The exact date is indicated in
the passport of the device, a note is also made there
about the next verification, an additional act is drawn
up and a certificate of verification is issued.

The verification process may vary in other
countries. In the countries of the European Union,
there are strict rules governing the inspection and
certification of measuring instruments. It also uses a
general Directive designed to harmonize legislation
across the EU in relation to a range of measuring
devices, including heat meters [17].

In the USA, verification may be less formal-
ized, but it also requires verification of accuracy in
accordance with local standards. There is only the
A2LA accreditation organization, which conducts
laboratory accreditation and verifies all the proce-
dures used in the work, reflected in the Quality As-
surance manual — this is a well-considered and not
entirely public thing in which calibration methods
can be found.

In France, accreditation is very expensive, and
enterprises prefer not to have their own laborato-
ries, but to send all the instruments to be verified to
specialized metrological centers, or specialists spe-
cially commissioned from these centers are engaged
in verification.

In Kazakhstan, the regulatory framework for the
verification of heat energy meters is ST RK 2.447-
2017 and MI 2573-2000 including steps illustrated
in Figure 1.

A comparative analysis of the heat meter veri-
fication methods presented in Table 1 showed that
the main differences between these regulatory docu-
ments are in references to the relevant standards and
regulatory documents of each country. Since when
using MI 2573-2000, there are legal difficulties in
using reference normative legal documents that are
not legally binding across the territory of the Repub-
lic of Kazakhstan. It should be noted that the general
approaches to methods and means of checking heat
meters remain similar, reflecting international prac-
tice in the field of metrology. In turn, the verifica-
tion procedure described in ST RK 2.447-2017 was
developed on the basis of verification methods that
cover a limited number of types of heat meters.
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Preparation of the heat meter
(documentation check)

Entrance | —*

l

Have all the components of the heat

meter been included in the state

measurement system of the Republic

YES‘/

\N()

Compliance of the metrological NO FEJRTH ER i
characteristics of the heat meter with > VERIFIC A‘T‘|0N IS NOT
the verification equipment POSSIBLE
VES l
NO

External inspection (integrity of the
case and seals, legibility of markings,
absence of damage)

Issuing a notice of

YES

!

Y

unsuitability

NO

Connection of the heat meter and

Carrying out verification
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its components, preparation for  |— | (temperature sensors, flow meters,
verification caleulator)
YES - -
: £ 2 verificati Processing of results (calculation
ssuance of a verification |

acceptable deviations)

of relative error — compliance with

v

‘ ENTERING DATA INTO THE VERIFICATION

Figure 1 — Verification procedure of heat energy meters in the Republic of Kazakhstan

Table 1 — Comparative analysis of heat meter verification methods prescribed in ST RK 2.447-2017 and MI 2573-2000

Comparative characteristics

ST RK 2.447-2017 — Heat Meters. Verification
Methods and Tools

MI 2573-2000 — Heat Meters for Water
Heating Systems. Verification Procedure.
General Provisions

1. Who developed the
verification procedure?

“KazInMetr”, KTRM of the Ministry of
Investment and Development of the Republic
of Kazakhstan

D.I. Mendeleev VNIIM and VNIIMS of the
State Standard of Russia and TC 206
“Standards and verification schemes”

2. Scope of distribution

Heat meters

Heat meters

3. When it is applied

During the initial and periodic verification of
heat meters

During the initial and periodic verification of
heat meters

4. On the basis of which
verification techniques, the
methodology was developed

1) “KM-5 heat meters. Verification
procedure”;

2) “Heat meters QALCOMETHEATTI.
Verification procedure”;

3) “GSI. KST-22 heat meters. Verification
procedure [IVKA.407281.004 MP”;

“GSI. PRAMER heat meters-HEAT. The
method of verification of the
CCP.30.0000.000.00 MP”

5. Verification operations

 External inspection

* Testing

 Determination of the heat meter error
* Registration of verification results

* External inspection;

* testing;

* determination of the heat meter error
 comparison of the obtained error values with
the limits of the allowed error;

» registration of verification results.
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6. Measuring instruments for
verification

- reference heat meter;

- flow meter calibration unit, reproducible flow
range from 0.005 m3/h to 800 m3/h;

- resistance stores, the range of electrical
resistance values from 0.001 ohms to
111111.10 ohms;

- platinum exemplary resistance thermometer,
measuring range from 0 to 250 °C;

- liquid thermostats for creating temperatures
in the range from 0 to 200 °C.;

- multi-function calibrator, playback ranges:

1) DC power from 0 mA to 24 mA;

2) Pulse repetition rates from 5 Hz to 1000000
Hz;

3) the number of pulses in a packet from 1
pulse to 5x10 pulses;

4) time interval from 1000 microseconds to
6x10 microseconds;

- DC power supply, output voltage from 0 to
30 V, output current from 0 to 3 A;

- aspiration psychrometer, measuring range
from minus 25 °C to 50 °C;

- aneroid barometer, measuring range (610-
790) mmHg.

- mercury glass thermometer, measuring range
from 0 to 50 °C.

Working standards, auxiliary SI, auxiliary
equipment specified
in the ED or ND verification.

7. Qualification
requirements for verifiers

Certification as verifiers in accordance with ST
RK 2.45

The qualifications of the verifiers must comply
with the requirements of PR 50.2.012-94.

8. Types of verification of
heat meters

Comprehensive, piecemeal

Comprehensive, piecemeal

9. Verification conditions

Normal conditions according to GOST 8.395

Normal conditions according to GOST 8.395

10. The verification interval

It is established for each type of heat meters
when approving the type of measuring
instruments or their metrological certification.

According to the test results for type approval
purposes

11. Safety requirements

In accordance with the Order of the Minister of
Energy of the Republic of Kazakhstan “On
approval of Safety Regulations for the
operation of electrical installations of
consumers”, as well as those specified in the
ND and ED on SI

In accordance with the “Safety rules for the
operation of electrical installations of
consumers”, “Rules for the technical operation
of electrical installations of consumers”, as
well as those specified in the ND and ED on SI

12.External inspection

The completeness of the heat meters to the ED
requirements, the presence of seals, the
absence of defects that prevent the reading of
labels, markings and scale counting

The completeness of the heat meters to the ED
requirements, the presence of seals, the
absence of defects that prevent the reading of
labels, markings and scale counting

13.Testing

1) With complete verification, the functioning
of the heat meter;

2) in case of piecemeal operation, the
functioning of the components, as well as the
heat meter as a whole, and the response to
input signals in accordance with the ED

1) With complete verification, the functioning
of the heat meter;

2) in case of piecemeal operation — the
functioning of the components, as well as the
heat meter as a whole, responding to input
signals in accordance with the ND

14.Complete verification.
Error detection

By the method of direct comparison of a
verifiable heat meter with a reference
installation or with a reference heat meter.

The error of each measuring channel is
determined and compared with the margin of
error set for the channel being tested for the
type of heat meter being tested.

14.1 Determination of the
error in measuring the
amount of heat

1. For heat meters that include one flow
converter:

1) Atmin< At< 1,2Atmin;

2) 10°C< At 20°C;

3) (Atmax— 5 °C) < At< Atmax;

4) 0,9Gmax< G < Gmax;

5) Gnom< G < 1,1Gnom;

6) Gmin< G < 1,1Gmin.

2. For heat meters, one flow converter is

1. For heat meters that include one flow
converter:

1) Atmin< At< 1,2Atmin;

2) 10°C< At<20°C;

3) (Atmax— 5 °C) < At< Atmax;

4) 0,9Gmax< G < Gmax;

5) Grep< G < 1,1Gmep;

6) Gmin< G < 1,1Gmin.

2. For heat meters, one flow converter is
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located in the supply line and the other in the
return line.:

1) Atmin< At< 1,2Atmin; 0,9G1lmax < G1 <
Glmax; G2min < G2 < 1,1G2min;

2) 10°C< At 20°C; G121,5G2nom; G2nom <
G2 <1,1G2nom;

3) (Atmax— 5 °C) < At< Atmax;
G1=G2min+AGmin; G2min < G2 < 1,1G2min.
3. When a verifiable heat meter is directly
compared with a working standard, three
measurements are performed in each mode:

Q”Q Dl 100%

located in the supply line and the other in the
return line.:

1) Atmin< At< 1,2Atmin; 0,9GImax <G1 <
Glmax; G2min < G2 < 1,1G2min;

2) 10°C< At< 20°C; G121,5G2nep; G2nep <
G2 <1,1G2mep;

3) (Atmax— 5 °C) < At< Atmax;
G1=G2min+AGmin; G2min < G2 < 1,1G2min.
3. When a verifiable heat meter is directly
compared with a working standard, three
measurements are performed in each mode:

Q”Q L« 100%

14.2 Determination of the
heat meter error when
measuring heat flow

1. and 2. in accordance with paragraph 14.1
when the verifiable heat meter is directly

compared with the working standard, three
measurements are performed in each mode:

o= 2U=PU + 100%
Daij

1. and 2. in accordance with paragraph 14.1
when the verifiable heat meter is directly

compared with the working standard, three
measurements are performed in each mode:

Surernen
S -2 % 100%
b$aij

14.3 Error Determi-nation of
a Heat Meter During
Coolant Mass Measurement

1. and 2. in accordance with paragraph 14.1
3. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

SM- % x 100%

1. and 2. in accordance with paragraph 14.1
3. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

S UM 1009
Mbij

14.4 Determination of the
error of the heat meter when
measuring the temperature
of the coolant

1. in accordance with paragraph 14.1

2. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

Sr- T”T 19U % 100%

3. The relatlve error introduced by the heat
meter during temperature difference
measurement of the coolant in the supply and
return pipelines is calculated by performing
three measurements in each mode, using the

formula:

ATij—ATaij
Sar-2UZA0Y 5 100%
AT3ij

1. in accordance with paragraph 14.1

2. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

Sr- T”T T % 100%

3. The relatlve error introduced by the heat
meter during temperature difference
measurement of the coolant in the supply and
return pipelines is calculated by performing
three measurements in each mode, using the
formula:

ATij—AT>i
Sar=2LUE1Y o 100%
AT3ij

14.5 Determination of the
heat meter error during
time measurements

The error of the heat meter in measuring time
is determined if the metrological characteristics
are normalized for them, according to which
the error of the heat meters can be determined.

The determination of the error of the heat
meter when measuring time is carried out
according to the ND by checking specific types
of heat meters.

15.Piecemeal verification.
Error detection

During piecemeal verification, the error of
each component of the heat meter is
determined.

The error of the components of the heat meter
is determined if the metrological characteristics
are normalized for them, according to which
the error of the heat meter can be determined.

During piecemeal verification, the error of
each component of the heat meter is
determined.

The error of the components of the heat meter
is determined if the metrological characteristics
are normalized for them, according to which
the error of the heat meter can be determined.

15.1 Verification of flow
converters (meters)

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.

2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gm to Gmax should be at least five
minutes, and for expenses from Gnom to Gmax
at least twenty minutes.

3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.

2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gm to Gmax should be at least five
minutes, and for expenses from Gnom to Gmax
at least twenty minutes.

3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:
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Nmin > —
mm_snp

4. The relative error of the flow converter is
calculated:

- for the flow rate of the coolant dG according
to the formula:

8- x 100%

- for the volume of the coolant 6V:

oy Va’ X 100%,

Where Gj is the reference flow value in the jth
mode:

.V
GB]ZTXP

Nmin > —
mln_&[p

4. The relative error of the flow converter is
calculated:
- for the flow rate of the coolant 3G according

to the formula:
G] Ga]

0G = X 100%
- for the volume of the coolant 8V
- sy Va’ x 100%,

where Gj is the reference flow value in the jth
mode:

. Voj
GS_]ZTXP

15.1 Verification of flow
converters (meters)

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.
2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gnom to Gmax should be at least five
minutes, and for expenses from Gm to Gm at
least twenty minutes.
3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:

Nmin = 5p
4. The relative error of the flow converter is
calculated:
- for the flow rate of the coolant 6G according
to the formula:

86~ 2= % 100%
- for the volume of the coolant 5V:
v-2=Y1 % 100%,

where GJ is the reference flow value in the jth
mode:

.V
Gaj = e X p
5. When checking a pair of flow converters,
three measurements are performed in each
mode of paragraph 14.1.2. Then the

converters’ relative errors are calculated for the
measurement of the flow difference:

AGi—AGai
X 0,
e 100%

6. During verification of the measuring channel
(thermal calculator — HC) for volume (mass)
measurement, resistance standards simulating
the temperature sensors are applied. Their
resistance values are set to create simulated
coolant temperatures producing a temperature
difference between 10 °C and 20 °C. The
values of the coolant flow modes are selected
according to clause 14.1.

7. Verification of the measuring channel
intended for measuring volume (mass) is
performed according to the readings of the
digital HC display board or according to the
readings of the output coded signal (RS232

0AG =

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.
2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gnom to Gmax should be at least five
minutes, and for expenses from Gm to Gm at
least twenty minutes.
3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:

Nmin = 3p
4. The relative error of the flow converter is
calculated:
- for the flow rate of the coolant 6G according
to the formula:

856-2=%1 + 100%
Gaj

- for the volume of the coolant 6V:
Sv-2=Y21 % 100%,

where GJ is the reference flow value in the jth
mode:

vy

Gaj = - X p
5. When checking a pair of flow converters,
three measurements are performed in each
mode of paragraph 14.1.2. Then the relative

errors of the converters are calculated when
measuring the flow difference:

AGi—AGai
X 0,
e 100%

6. When checking the measuring channel
(thermal calculator — HC), designed for
measuring volume (mass), resistance stores are
connected to the HC, which simulate the
vehicle. The resistance values are selected so
that they simulate the temperature of the
coolant in the temperature difference range of
10 °C < At <20 °C. The values of the coolant
flow modes are selected according to clause
14.1.

7. Verification of the measuring channel
intended for measuring volume (mass) is
performed according to the readings of the
digital HC display board or according to the

dAG=
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interface) in line with the requirements of the
ED.

8. The relative error of the measuring channel
intended for measuring volume (mass) 6M and
SV is estimated by performing three
measurements in each flow mode:

v - V”V Y2 % 100%

Mi M i
MUZMY % 100%
Msij

M=

readings of the output coded signal (RS232
interface) in accordance with the requirements
of the ED.

8. The relative error of the measuring channel
intended for measuring volume (mass) 6M and
8V is estimated by performing three
measurements in each flow mode:

v- 2= 5 100%
Vaij

M ,w x 100%
Mb3ij

15.2 Verification of thermal
resistance converters

1. Vehicle verification in accordance with the
requirements

GOST 8.461.

2. When a pair of vehicles is selected (for
example, KTSPR-a set of platinum vehicles for
measuring temperature differences, KTPTR-a
set of platinum technical difference
thermometers), each vehicle is verified in
accordance with the requirements of GOST
8.461.

3. Verification of thermostable resistors, cold
water temperature simulators, is performed in
accordance with the requirements of this
standard.

4. When checking the measuring channel (HM-
HC) intended for temperature measurements,
the mode values are selected according to
clause 14.1.

5. The verification of the measuring channel
(HM-HC) is performed according to the
readings of the digital display board of the TV
or according to the readings of the output
coded signal (RS 232 interface) in accordance
with the requirements of the ED.

6. The relative error of the measuring channel
(HM-HC) 8T is estimated by performing three
measurements in each mode:

TL] Tsl] x 100%

1. Vehicle verification in accordance with the
requirements GOST 8.461-82.

2. When a pair of vehicles is selected (for
example, KTSPR-a set of platinum vehicles for
measuring temperature differences, KTPTR-a
set of platinum technical difference
thermometers), each vehicle is verified in
accordance with the requirements of GOST
8.461-82.

3. Verification of thermostable resistors, cold
water temperature simulators, is performed in
accordance with the requirements of this
standard.

4. When checking the measuring channel (HM-
HC) intended for temperature measurements,
the mode values are selected according to
clause 14.1.

5. The verification of the measuring channel
(HM-HC) is performed according to the
readings of the digital display board of the TV
or according to the readings of the output
coded signal (RS 232 interface) in accordance
with the requirements of the ED.

6. The relative error of the measuring channel
(HM-HC) 3T is estimated by performing three
measurements in each mode:

Sro Tl]T Taij x 100%

15.3 Determination of the
HC error when converting
the coolant pressure

At the spemﬁed points in the pressure
measurement range, three measurements are
performed and the relative error HC is
calculated when determining the coolant

pressure dpp:
PI.] Pau
Bp =

X 100%

At the specified points in the pressure
measurement range, three measurements are
performed and the relative error HC is
calculated when determining the pressure of
the coolant dpp:

Sup -t Pa” x 100%

15.4 Determination of the
HC error during conversion
and calculation of volume
(mass) the heat carrier

1. Re51stance stores are connected to the TV.
The modes for temperature must comply with
clause 14.1.2.

2. Three volume measurements are performed
for each mode, followed by an estimation of
the HC’s relative error in coolant volume
determination dgv:

§ "” Va” x 100%

3.In each mode three mass determinations are
performed and the relative error of the TV is
estimated when determining the mass dgm of
the coolant:

OBM = w X 100%,

where MEjj-i-e is the value of the simulated
mass in the jth mode, indicated in the ND or
calculated by the formula:

MEij = VEij X p,

1. Re51stance stores are connected to the TV.
The modes for temperature must comply with
clause 14.1.2.

2. For each mode, three volume determinations
are performed and the relative error of the HC
is estimated when determining the volume of
the coolant dpv:

Spv 2= "3”x100%

4.In each mode three mass determinations are
performed and the relative error of the TV is
estimated when determining the mass 6m of

the coolant:
Spmi- w x 100%,

where MEj-i-¢ is the value of the simulated
mass in the jth mode, indicated in the ND or
calculated by the formula:

MEj = VEij X p,
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where p is the density of the coolant.

p at the appropriate values of temperature and
pressure is determined according to the tables
of the GSSD 98-86. If the error of the verified
HC is commensurate with the error in
determining the density of the coolant
according to the above tables, then the
equations given in MI 2412 are used to
determine the density.

where p is the density of the coolant.

p at the appropriate values of temperature and
pressure is determined according to the tables
of the GSSD 98-86. If the error of the verified
HC is commensurate with the error in
determining the density of the coolant
according to the above tables, then the
equations given in MI 2412-97 [18] are used to
determine the density.

15.5 Determination of the
HC error during conversion
and calculation of the
amount of heat and heat
flow

1—
2_
3. The minimum value of the amount of heat
Qmin recorded during the measurement in the
set mode when checking the TV:
Qmin > 300 X§Qu.Mn.pa3p.
BQ
4. The relative error of the HC in determining
the amount of heat dpq is estimated by the
formula:
Qij—Q3ij
OBQ = W X 100%
5. The value of the amount of heat Q»,
calculated over the time interval t for a
verifiable heat meter consisting of a flow
converter and two thermal converters:
Q>=M X (h1 — h2),
where h; and h; are the coolant enthalpy
values in the supply and return pipelines
according to MI 2412-97.
6. The heat amount Q,, computed for the time
interval t for a heat meter comprising two flow
converters and two thermal converters, is
determined by:
Q=M1 X h1 — M2 X h2
7. If the composition of the verified heat meter
includes thermostable resistors — cold water
simulators (or set by the HC program), Q»:
Q> =Mix (hi —hx)- M2x (h2 — hx),
where hx is the enthalpy of cold water.
8.In each mode specified in clauses 14.1.1,
14.1.2, three heat flux determinations are
performed and the relative errors of the HC in
determining the heat flux e are estimated.:

Oij—Dij
380 -——2 x 100%
D3ij

1. Electrical signals are applied to the input of
the calculator, simulating the flow rate,
volume, temperature and pressure of the
coolant.
2. In each mode specified in clauses 14.1.1
and 14.1.2, three determinations of the amount
of heat are performed, and the errors of the HC
in determining the amount of heat are
estimated depending on the completeness of
the heat meter and the method of measuring the
amount of heat.
3. The minimum value of the amount of heat
Qmin recorded during the measurement in the
set mode during HC verification procedures:
300 x Qu.MJl.paSp.
MHWH =—
4. The relative error 6sq of the HC in
calculating the heat quantity is obtained from
the formula:
0ij-Qsij
SBQ = W X 100%
5. The value of the amount of heat QD,
calculated over the time interval t for a
verifiable heat meter consisting of a flow
converter and two thermal converters:
Q>=M X (h1 — h),
where hl, h2 are the enthalpy of the coolant in
the supply and return pipelines according to MI
2412-97
6. The value of the amount of heat Q»,
calculated over the time interval t for a
verifiable heat meter consisting of two flow
converters and two thermal converters:
Q>=Mi X h1 —Mz2 X h2
7. If the composition of the verified heat meter
includes thermostable resistors — cold water
simulators (or set by the HC program), Q»:
Qo =Mix (h1 — hx)- Max (h2 — hx),
where hx is the enthalpy of cold water.
8. In each mode specified in clauses 14.1.1,
14.1.2, three heat flux determinations are
performed and the relative errors of the HC in
determining the heat flux de are estimated.:

Qij—daij
8o -—— x 100%
bdaij

15.6 Determination of HC
error when measuring time

They are performed if metrological
characteristics are normalized for them,
according to which the error of heat calculators
can be determined.

They perform the ND according to the
verification of specific HC sets.

15.7 Estimation of heat
meter uncertainty

1. Carried out at the request of the applicants in
accordance with the Guidelines on the
expression of measurement uncertainty,
Mendeleev VNIIM, St. Petersburg, 1999 and
RMG 43.

2. The algorithm for calculating the uncertainty
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of measurements of the heat meter can be
issued in the form of a report on the
uncertainty of the measured value, the
recommended form of which is given in
appendix B.

Registration of verification
results

1. The measurement results obtained during
verification are recorded in the protocol, the
form (mandatory) of which is given in
Appendix A.

2. If the verification results are positive, a
verification certificate is issued in accordance
with the form given in ST RK 2.4 and an
impression of the verification stamp (label) is
applied to the measuring instrument in
accordance with [19].

3. Seals with an impression of the verification
stamp are placed in places that prevent access
to the adjustment elements, the sealing places
must comply with the requirements of the
technical documentation.

4. In case of negative verification results, the
heat meter is not allowed to be used and a
notice of unsuitability is issued in accordance
with the form given in ST RK 2.4.

1. The verification results are recorded in the
verification protocol.

2. If the heat meter is recognized as suitable for
use based on the verification results, then an
impression of the verification stamp is applied
to it and (or) the technical documentation and
(or) a "Certificate of verification" is issued (the
form of the “Certificate of Verification” is
given in PR 50.2,006-94).

3. Seals with an impression of the verification
stamp in accordance with the requirements of
PR 50.2.007-94 are placed in places that
prevent access to the adjustment elements. The
sealing sites must meet the requirements
technical documentation.

4. If the heat meter is found unsuitable for use
based on the verification results, the
impression of the verification stamp is
extinguished, the “Verification certificate” is
canceled, a “Notice of unsuitability” is issued
in accordance with PR 50.2.006-94 or an
appropriate entry is made in the technical
documentation.

5. In case of negative verification results of
heat meters, upon their release from
production, they are returned to the
manufacturer to eliminate defects with the
possibility of being presented for re-
verification.

After conducting a comparative analysis of the
existing methods of checking heat meters, the
following conclusions and recommendations can be
drawn.

1. The National standard of the Republic of
Kazakhstan takes into account all the features of
the legislation of the Republic of Kazakhstan.
While the MI conforms to the applicable legislation
of the Russian Federation. Despite this, MI is
allowed to be used, and is also actively used in
verification laboratories in the territory of the
Republic of Kazakhstan.

2. ST RK was developed on the basis of
various methods of checking heat meters — “KM-5

Heat Meters. Verification Procedure”; “Heat
Meters QALCOMETHEAT]I. Verification
Procedure”; “GSI. KST-22 Heat Meters.

Verification Procedure IVKA.407281.004 MP”;
“GSI. PRAMER Heat Meters-HEAT. The Method
of Verification of the CCP.30.0000.000.00 MP”,
which do not reflect the entire range of meters
manufactured in the Republic of Kazakhstan.
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Therefore, there is a need to develop a national
standard based on existing verification methods,
covering all types of heat meters.

3. Itis recommended to make changes and the
supplementary amendments to the relevant national
standard of the Republic of Kazakhstan due to the
fact that the standard was issued in 2017 and was
supposed to be revised in 2022, but there has been
no revision of the standard for three years, and we
also believe that there is no need to list measuring
instruments that are not used in verification
laboratories. However, there is a need to
supplement the measuring instruments necessary to
perform verification operations for heat meters
with various modifications.

The measuring instruments listed in the
national standard of the Republic of Kazakhstan for
the verification of heat meters are mainly used for
verification on non-automated installations,
manually, without the wuse of information
technology. In practice, in Kazakhstan, reference
heat meters are not used when checking the heat
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meter. Their role is performed by automated
installations with reference flow meters. The heat
meter is checked using pulse generators, or using
software built into the heat meter itself.
Psychrometers are not wused in calibration
laboratories on the territory of the Republic of
Kazakhstan to measure humidity and temperature,
mainly VIT-1 psychrometric hygrometers with a
range of readings (0-25)°C, with a scale division
price of + 0.2°C. The range of reproducible costs in
the wverification installation in the note to the
"Verification tools" table could be left to the user's
choice of methodology, since not every verification
laboratory needs such a measurement range, it all
depends on the scope of accreditation, as well as on
the demand for verification of heat meters with
different costs, mainly in the Republic of
Kazakhstan — this is DN 15 and DN 32. In this
case, it is sufficient to cover the measurement range
of 1:3 expenses (the ratio of the standard expenses
to the verified heat meter). Also in the note to the
“Verification tools” table there is the following
point — all verification tools must be verified and
have wvalid wverification certificates and/or
impressions of verification stamps. Since 2019, due
to changes in the legislation of the Republic of
Kazakhstan “On Ensuring the Uniformity of
Measurements”, this note can be interpreted as
follows. Since the verification tools are located and
used in the verification laboratory, all verification
tools must be calibrated and have valid calibration
certificates.

The MI does not limit the measuring
instruments used for verification. However,
according to ST RK 2.63-2018 — “Methods of
Verification of Measuring Instruments. The
Procedure for Development, Approval and
Application”, in Kazakhstan, when developing a
verification methodology, it is necessary to specify
the measuring instruments used for verification.

4. The requirements for the qualifications of
verifiers in the two regulatory documents are
different. According to the requirements of ST RK
2.45, candidates holding a higher technical degree
may be certified as verifiers even without prior
professional experience in ensuring measurement
uniformity. In contrast, individuals with non-
technical higher education or secondary technical
education must demonstrate at least two years of
relevant work experience. Meanwhile, PR50.2.012-
94 allows the attestation commission to admit,
without additional specialized training, graduates

of higher education institutions in metrology and
measurement engineering who already possess
practical experience in verification departments.

In Kazakhstan, when certifying verifiers, they
are guided by the national standard and rules for
certifying verifiers, therefore, the requirements
described in the MI are not suitable for the
Republic of Kazakhstan.

5. In the ST RK framework, verification
intervals are defined individually for each heat
meter type during its type approval or metrological
certification, while in the MI system they are
established from the test outcomes obtained for
type-approval assessment. But in Kazakhstan, there
are rules of the Committee for Technical
Regulation and Metrology on the establishment of
a single verification interval — Order No. 159-od
“On Approval of a Single Verification Interval for
Heat Meters” dated 05/12/2020, according to which
a single verification interval of 4 years is
established for heat meters.

Therefore, it is necessary to amend the national
standard ST RK 2.447 in accordance with the
KTRM Order dated 05/12/2020, because starting
from this date there is a single verification interval
for heat meters, since manufacturers set the
verification interval according to this order when
approving the type of measuring instruments.

6. In MI, compared with ST RK, they refer
more to the regulatory document for the
verification of the heat meter, in ST RK there are
clarifications or a reference to the operational
document of the thermal energy meter. This results
from the situation that, within the jurisdiction of
the Russian Federation, the manufacturer develops
its own regulatory document for each type of heat
meter. While across the national territory of the
Republic of Kazakhstan we can use both a national
standard or an interstate standard introduced in the
Republic of Kazakhstan for verification of any
measuring instrument, it is not necessary to
develop a verification methodology for a specific
type of product if all the necessary conditions for
verification of this type of product are met in the
selected ST RK or GOST.

7. At the point of determining the error in
measuring the amount of heat in the ST RK, Gnom
is used — the nominal flow rate of the coolant, in
MI — GP - the value of the transient flow rate of
the coolant.

8. The national standard does not specify the
year of issue of the reference normative documents
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throughout the text, therefore, when using this
methodology, we can use an updated version of the
reference  documents. However, there are
clarifications in MI, for example: to determine the
density of the coolant, the equations given in MI
2412-97 are used; verification of resistance thermal
converters in ST RK in accordance with GOST
8.461, MI — GOST 8.461-82.

9. When determining the error of the TV
during conversion and calculating the amount of
heat and heat flow in the MI, there are the
following verification points. At the calculator
input, electrical signals reproducing the coolant’s
flow rate, volume, temperature, and pressure
characteristics are introduced. For each mode

defined in clauses 14.1.1 and 14.1.2, three
successive  heat-quantity = measurements  are
performed, and the resulting TV errors are

determined with regard to both the meter’s
completeness and the selected method for
calculating heat quantity. There are no such
verification points in the ST RK.

When making changes and additions to the ST
RK, it is necessary to add this verification point,
since the heat meter is one of the components of
the heat meter, which must also undergo the
verification procedure, usually this happens using
signals simulating the flow rate, volume,
temperature and pressure of the coolant, as
specified in MI 2573.

10. The ST RK specifies an assessment of the
uncertainty of measurements, it is carried out at the
request of applicants in accordance with [20], [21],
there is a recommended form for calculating
uncertainty. There is no information in the MI
about the estimation of the uncertainty of the heat
meter measurements.

When  assessing  the  uncertainty  of
measurements in the ST RK, the following
regulatory documents can be supplemented: ST RK
2.317-2015 “The State System for Ensuring the
Uniformity of Measurements of the Republic of

Kazakhstan. Expression of Uncertainty and
Reliability of Mmeasurement Results” and
procedural documents on the expression of
measurement  uncertainty of the national

accreditation body.
Conclusion

As a result of the conducted research, a
comparative assessment of two methods of
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verification of heat meters was carried out: ST RK
2.447-2017 and MI 2573-2000. The analysis
showed that both methods are designed to maintain
measurement accuracy and reliability of thermal
energy in water heating systems. However, the
national standard ST RK 2.447-2017 takes into
account more relevant requirements  for
metrological characteristics and applies improved
verification methods in the Republic of
Kazakhstan. At the same time, MI 2573-2000
remains an important document, as it contains
time-tested approaches and measurement principles
in the CIS countries.

Despite the existence of the verification
methodology for heat meters described in ST RK
2.447-2017, there is a need to develop a new or
improved ST RK for heat meters, which would
cover all the recommendations listed in the analysis
of the methods. The technique will optimize the
verification process, reduce time and material
costs, and improve the accuracy and reproducibility
of measurements. The introduction of the improved
ST RK into the activities of domestic manufactu-
ring enterprises and accredited calibration
laboratories in Kazakhstan will substantially
improve the competitiveness of national instrument
engineering and contribute to more effective
monitoring of thermal energy consumption.

Thus, the technical thermal-energy metering
system in the Republic of Kazakhstan can be
considered as an open evolving system, subject to
both internal factors (changes in regulatory
requirements, modernization of metering devices)
and external (introduction of international
practices, transition to digital and intelligent
technologies). The development and
implementation of an improved verification
methodology for heat meters with elements of data
mining reflects the natural development of an open
system striving to improve accuracy, adaptability
and sustainability. This approach is in line with
current trends in integrating metrological processes
into broader cyber-physical and energy systems.
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