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[IpexcraBneno  aHami3  METOAMK
MOBIPKM TEIUIONIYMJIBHUKIB, IO 3acTo-
COBYIOThCSI B CHUCTEMax TEIUIONOCTaYaH-
Hs, B TOMY 4YHCJI JIs CKalaJeHUX Ta
€IVMHUX MPWIANiB. 3ampONOHOBAHO Me-
TOAWKY MOBIPKU JJIs TEIIONIYMIHLHUKIB
3 KOMIICHCAI[I€I0 3MIHHM IIBHAKOCTI YITb-
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[IpencraBnen aHanu3 METOAUK MOBEP-
KM TEIUIOCYETYNKOB, MPUMEHSAEMBIX B CHU-
CTeMax TeIUIOCHAOKEHHsI, B TOM YUCIIE IS
COCTaBHBIX M €IUHBIX 1pudopos. Ilpemio-
’KEHa METO/INKA TIOBEPKH /sl TEIUIOCYETIH-
KOB C KOMIIEHCAIe! U3MEHEHHUS CKOPOCTU
yABTPa3ByKa B 3aBUCUMOCTH OT TEMIIEpaTy-

An analysis of the methods for
verification thermal energy meters used in
heating systems, including for combined
and complete instruments, is presented. A
verification technique for thermal energy
meters with compensation for changes
in the ultrasound speed depending on the

TpPa3ByKy 3aJie)kKHO BiJ TeMmIepaTypu
TEIUIOHOCISI.

bibmn. 9, puc. 5

PBI TETIIOHOCUTEIIA.

temperature of the heat-conveying liquid
is proposed.

Kuro4oBi ciioBa: o011ik pecypciB, TOCTOBIpHICTh BUMIPIOBaHb, IOBipKa TEIIOMIYMIILHHKIB.

Ilocmanoeka npoonemu

3pocTaHHs BapTOCTi €HEPropecypciB TOCTPO CTABUTh
MUTaHHS PO iX palioHajJbHE BUKOPUCTAHHS. Y >KUTIOBO-
KOMYHaJIbHOMY TocriofiapcTBi Ykpainu crioxusaeTbes 44 %
SHEePreTHYHHUX PECYPCiB, IO CTaHOBUTH Onm3bKo 30 % 3a-
raJIbHOTO CIIOKMBAHHS NanBa B YKpaiHi [1].

Po3pobxka i BipoBayKeHHST eHepr30epiratounx 3axoiiB
y cdepi KUTIOBO-KOMYHAIILHOTO TOCIIOAAPCTBA BiKPUBAE
3HaYH1 MOKJIMBOCTI EKOHOMII pecypciB.

OfHUM 13 JII€BUX BaXKelliB CTUMYIIOBAHHS EKOHOMIii
pecypciB € oruiatra CroKMBa4aMu pecypciB, 30Kpema TerJio-
TH Ha OTIAJICHHS 1 Tapsiue BOJONOCTauaHHs, 38 PeajIbHO CIO-
XKHUTUI 00CST pecypcy, SKUH BU3HAYAETHCS 3a MOKa3aHHIMH
BHUMIpIOBaJIbHUX MPUITALIIB.

s po3paxyHKIB 3a CIOXHTY KUIBKICTh TEIJIOTH Ha
OMajieHHs 1 Trapsye BOJONOCTAaYaHHS 3aCTOCOBYIOTHCS
TEIUIONMIYMIbHUKH [2].

TernoniuniIbHUKN BiIAHOCSTHCS 10  3aKOHOJABYO pe-
I'YIbOBaHMX 3acO0iB BHMIpIOBaJbHOI TEXHIKH, OCKIIBKH
iX pe3yibTaTd BUMIPIOBaHb BHKOPHCTOBYIOTHCS TIPU PO3-
paxyHKax MDK CIIOKMBa4aMHU 1 MOCTauyalbHUKAMM TerJia
Ha ONaJIeHHs 1 rapsiue BomomocradaHHs [3]. Bumoru no
TEIUIONIYMIbHUKIB PErNIAMEHTYIOThCSI TEXHIYHHM peria-
MEHTOM [4], iK1l TapMOHI30BaHO 3 [5].

Jns  3a0e3nedyeHHss ~ JOCTOBIPHOCTI  MOKa3aHb
TEIUIONIYNIIbHUKIB, 32 SIKUMH HApaXOBY€ThCS OTIIaTa 3a CIo-
XKHUTUH pecypc, TeIUIONTYMIBHUKY MiJJIATal0Th NePioanYHIH
MOBIpII B MpoIeci eKCIITyararii 1 micist peMOHTY.

[opsmox mpoBeAeHHs MOBIPKU PErJIaMEHTOBAHO Y [6].

Kareropist TeruoniunnbHUKIB BKIIOYae B cebe Oara-
TO THUMIB 3ac00iB BHMIpIOBaHHS KiTBKOCTI TETIOTH, SKi
pi3HATBCS MK cO0OI0 3a MPUHLMIIOM BHUMIpIOBaHb, KOH-
CTPYKTUBHHUMH OCOONHUBOCTSAMH, (QYHKIIOHATHHUMH MOXK-
JUBOCTSIMUA. MeToauKa MO-BIpKH TEIUIONIYMIbHUKIB I10-
BUHHA BPaxOBYBATH BCi LI 0COOMMBOCTI [Uisl 3a0e3MeUeHHS
HEOOXiTHOT TOYHOCTH MOBIPKH.

Mema cmammi

Metoro mpoekTy Oynao omisg Ta po3poOKa METOAUK

MOBIPKH TEIUIONIYMIbHUKIB Pi3HUX THUIIB.
Buxknao ocnosnozo mamepiany

[lpuHOun  BUMIpIOBaHHS  KiNBKOCTI  TEIJIOTH B
TeN-JOJIYMIBHUKAX 3aCHOBAaHMH Ha MEpUIOMY 3aKOHI
TepMoAMHaMiKH. i TOTOKY TemsIoHOCid B TpyOOmpoBoai
PIBHSIHHS BUMIpIOBaHb TEIJIONIYMIBHUKA Ma€ BUIISA [7]:

O = [Py (hy, —hy)dt

l

(1)

Iie 4y — 00’ eMHa BUTpATa TEIIOHOCIS;

Pi(2) — TYCTHHA TEIJIOHOCIS B MOJaBaJIbHOMY (3BOPOTHOMY)
TPYOOIIPOBO/I;

h h, — mATOMA SHTAJIBIIIA TEIUIOHOCIS B MOAAaBAILHOMY Ta
3BOPOTHOMY TPYOOITPOBOJAX BiJIIOBIIHO;

¢t — Jac.
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BpaxoByroun Te, 110 TyCTHHA Ta MUTOMa CHTAIIBITIS
TEIUIOHOCIS € (QYHKIIISIMU TEeMITepaTypH, KiTbKICTh TEIIO-
TH, SKa BUAUIAETHCS B TEMOJOOMIHHOMY KOHTYpi, MOYKHA
BUMIPSATH ONOCEPEKOBAHUM METOIOM: MPSIMHUM METOJIOM
BUMIPATH TEMIIEpaTypy TEIUIOHOCIS B TOAaBAIbHOMY Ta
3BOPOTHOMY TPYOOIIPOBOJaX, 00’ EMHY BUTPATy TEIIOHOCIS
Y BIZTIOBITHOMY TpyOOTIPOBOII 1 pO3paxyBaTH KiTbKICTh Te-
miotu 3a Gopmyoro (1).

TermomunIbHUKA, SKI peaji3yloTh HaBEJCHE BHIIC
PIBHSIHHS, 3aJI©KHO BiJi KOHCTPYKTHBHOTO BHKOHAHHS
TIONIISIOTECS HA CKIIaNeH] Ta eauHi [8].

TerutoniuniIbHUK CKIAJICHUH — e TeIUIONIYMIbHUK,
IO CKIIQ/IAETHCS 3 TAKUX PO3’€IHYBAHUX YACTHH:

— 00YHCIII0BaY;

— Tapa NnepeTBOPIOBadiB TEMIIEPATYPH;

— TepeTBOPIOBAY BUTPATH.

3aranpHUNA BUIVIST CKIIAJICHOTO TEIDIONIYMIbHUKA Ha-
BEJICHO Ha PUCYHKY 1.

Jns KoKHOT CKJ1aJI0BOT YaCTUHM HOPMYETHCS MaKCH-
MaJIGHO JIOYCTHMa MOXHOKA, SIKa KOHTPOIIOETHCS SKCIie-
PUMEHTaILHO. MaKCUMaIbHO JIOMyCTHMA IMTOXHOKa BChOTO
TEIUTONIYMIIbHUKA BHU3HAYAETHCS SIK apuMETHIHA CcyMma
MaKCHMAJBHO JOMYCTUMHUX MOXHOOK CKITaJJOBUX YACTHH.
MakcuMalIbHO JIOIYCTAMI TMOXHOKH CKJIaJIOBUX YaCTHH
HOPMOBaHO B [8]:

—obuncmoBad £, =+(0.5+A0_, / A®),%;

— Tapa NepeTBOPIOBAYIB TEMIIEpaTypu

E =+(0.5+3-A0,,, / AO)

— TIEPETBOPIOBAY BUTPATH JIJIsl KJIAC1B TOYHOCTI:

Knac1: Ef = i(1+0.01~qp /! q), ane ne binvwe £ 5 %;
Knac 2 : Ef = i(2+0.02-qp ! q), ane ne dinvue £ 5 %;

Knac3: E
f

MakcumanbHO AonycruMma MOXUOKA TEIIOMYMILHIKA

=+(3+0.05- qp /! q), ane ne binvuie £5 %.
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Puc. 1. 3azanvnuii 6uznao ckiadenozo

MenoniuuIbHUKA

EZEc+Et+Ef'

ExkcriepuMeHTaIbHUN KOHTPOJIb IMOXHOOK CKIIATOBHX
YaCTHH TETUIONIYMIbHAKA 3MIHCHIOETHCS 13 3aCTOCYBaHHIM
BiJIIOBIIHUX €TAJIOHIB, HABEJICHNX HA PUCYHKY 2.

[llnpokoro BHPOBaPKCHHS TIpW oOONamaHaHHI 1H-
MUBIAyaTbHUX By3MiB  OONIKY CIIOKMBaHHS  TEIUIO-
TH Ha ONAJIEHHS TOMEINKaHb 3HAWIIIN TaK 3BaHi €IHHI
TeTIONI IMITbHUKH.

TermomyuIbHUK €IMHAA — 1€ TEIIOIYMIbHUK, SKHI
HE Ma€ po3’€IHyBAHUX YACTHH.

3aranpHAN BUIVIS €JMHOTO TETUIONIYMIbLHIKA HaBeIe-
HO Ha PUCYHKY 3.

OcoOIMBICTIO €IMHUX TEIUIOIIYMIHHUKIB € T€, 110 IS
HUX HOPMYETHCS 1 eKCTIEPUMEHTAIIFHO BU3HAYAETHCS TIOXHO-
Ka TIPW BUMIPIOBaHHI KUTBKOCTI TETUIOTH 03 pO3TiacHHS il
Ha TIOXUOKHW CKJIAQAOBHX YaCTHH. BinTBOpIOIOTHCS (PH3MIHI
BEJIMYWHM, [0 MOCTYMAalOTh HA BXOAW TEIUIONMIYMIbHHKA
— BHUTpaTa TEIUIOHOCIA Ta TeMIepaTypa TeIUIOHOCIS.
[Ipu mpomy Temmeparypa BOOW B TPOJUBHIN YCTaHOBII
BCTAHOBITIOETHCS TIEBHOTO 3HAYEHHS, a TEMIIEPaTypH B Tep-

Puc. 2. Emanonu ons nogipku oouuciosaua:

a) kaniopamop 011 oouucnoseaua; 6) Kaniopamop
07131 napu nepemeoprosauie memnepanypu;

8) npoUeNna yCMAHO08KA 011 NEPEemaoploeaia eumpamu
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MOCTAaTax BiJIMOBIIalOTh TEMIIEPATYpaM B ITOIaBATHLHOMY Ta
3BOPOTHOMY ITOTOKaX (JIMB. PUCYHOK 4).

ETtanonne 3HaueHHS KITHKOCTI TETIOTH PO3PAXOBYE€THCS
3 ypaxyBaHHSIM 3HA4YC€Hb TEMIIEpaTypH Ta 00’ €My BOAM, 1110
MTOJIAIOTHCS Ha BXOJIM TETIIONIYMIbHAKA.

OmHak Taka METOOWKAa TPUHHATHA HE I BCiX
TUITIIB TIEPETBOPIOBAYIB BUTpATH. Tak, yIBTPa3BYKOBI
MIePETBOPIOBAYi BUTPATH 3aCHOBAHI HAa METOi BUMIPIOBAHHS
MIBUIKOCTI 3BYKY B Boi. CITiZl 3a3HAYUTH, 110 TEMIIepaTypa
TEIJIOHOCIST 3MIHIOETBCS B TOCUTH IIHPOKOMY JTianasoHi, a
MIBUIKICTH 3BYKY B BOJII 3aJICXKHUTH Bijl TEMIIEpaTypH Ta TH-
cKky B moTori Bonu X [9]. Llst 3anexxHicTh IpeicTaBIcHa Ha
PUCYHKY 5.

Jns  3abe3medeHHss  HEOOXigHOT  TOYHOCTI B
TIePETBOPIOBAYI BUTPATH PEaTi30BAHO KOMITCHCAITI€I0 3MIHI
MIBUIKOCTI VABTPa3BYKY BIl TeMIIepaTypH TEIIOHOCIS
B TpPYyOOIIPOBOIiI, y SIKOMY BCTAHOBJICHO TIEPETBOPIO-
Bad. OCKIUTBKH TIPH MPOBEACHHI TOBIPKHA TeMIeparypa B
Kamoparopi, Mo BiATBOPIOE TEMIIEpaTypy TEIIOHOCIS B
TPyOOTIpOBII /i€ BCTAaHOBJIEHO TIEPETBOPIOBAY BHUTPATH,
BIIPI3HIETHCS BiJl TEMIIEpaTypu B MPO-JTHBHIN YCTaHOBII,
BUHUKAa€ METOAWYHA TIOMWJIKA BiJ 3aMiHM 3MiHHOL
MIBUIKOCTI YIIBTPA3BYKY MOCTIHHAM 3HAYCHHSIM.

Puc. 3. 3azanvnuit éucnao eounozo

Tennoniuunvnuxa

Puc. 4. Emanon 013 nogipku €0unoz2o

Men1oniuUIbHUKA
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Hdns  3a0e3medeHHs  JOCTOBIPHOCTI  PE3YJBTiB

MOBIPKH OyJI0 PO3pOOIEHO METOJ, BIIIOBIHO IO SIKOTO
MOBIpKa 3/IIHCHIOEThCS y JiBa etanu. Ha mepimomy erari
BHU3HAYAETHCS OXHOKA TETUTONTYHIbHUKA TIPY BUMiPIOBaHHI
BHUTPATH TETUIOHOCIS SIK PI3HUIISA ITOKA31iB TEIIONI IFIIbHIKA
1 CTAJIOHHOTO 3HAUEHHS BHUTPATH, BIITBOPEHOTO IPOJIHUB-
HOIO ycTaHOBKOIO. Ipy 11boMy mepeToBproBad Temrmepary-
pU TEIUIONIYMIIbHUKA IOMILIAIOTh B TEPMOCTAT 3 TEMIIe-
paryporo, 10 JOPIBHIOE TeMIIepaTypi BOIU B IMPOJIHBHIH
ycTaHoBIll. [l¥M caMUM BHUKJIIOUAETHCS METOAMYHA II0-
XuOKa BiJl HEBIAMOBITHOCTI TeMIepaTrypu B TEpMOCTaTi i
B MIPONIMBHUHN ycTaHOBII. Ha npyromy erarti BU3Hada€eThCS
MoxuOKa TEIIONIYMIPHIKA TPU BHUMIPIOBaHHI TeMmIepa-
Typu Ta PO3paxyHKy KimbkocTi Teruotu. [Ipm mpomy 3a
CTAJIOHHI 3HAYCHHS BIATBOPIOBAHUX BEJIUYMH MPUHAMAIOTh-
Csl TEMIIepaTypu B TEPMOCTATAX Ta MOKAa3!U TEIUIONIWIbHHKA
IIpY BUMIpIOBaHHI 00’ €My TEIIOHOCIS. 3arajbHa MOXHOKa
€JIMHOTO TEM-JIOJNIYMIIbHUKA BU3HAYAETHCS SK Cyma IIO-
XUOOK, OTPUMAHMX IIiJ] Yac TMEepIIOro Ta JAPYroro eTarliB
MOBIpKH.

TakuM 4YHMHOM TapaHTYe€ThCA JOCTOBIPHICTH pe-
3yJBTATIB MOBIPKU TETUIONIUMIbHAKA.

Bucnoexu

IToBipka TEIUIONIYWIBHUKIB IIiJ] Yac eKCIUTyaTarlil
Crpusie OTPUMAHHIO JOCTOBIPHUX PE3YJIbTATiB BUMIPIOBaHb
KUTBKOCTI TETIJIOTH, IO CIIOKUBAETHCS B JKUTIOBOMY (DOHII,
1 po3po0Li Ha MiJICTaBl LUUX Pe3yJbTATiB 3aXOAiB, HAIpaB-
JEHHX Ha paliOHaJIbHE BUKOPUCTaHHA EHEPreTUYHUX
pecypcis.

3anponoHoOBaHa METOAMKA TTOBIPKU TETLIONIYHITHHUKIB
3 KOMIICHCAII€I0 3MiHU MIBUAKOCTI YJIBTPa3BYKy BiJl TeMIIe-
parypu 3a0e31edye JOCTOBIPHICTh PE3yIbTaTiB MOBIPKH.

94

Tennogizuka ma mennoeHepaemuka, 2022, m. 44, Ne1



MOHITOPUHI TA OMTUMISAUIA TEMIO®ISNYHMX MPOLECIB

JIITEPATYPA:

1. Cmenanenxo 1. 1. IlpobGieMn Ta MEpCIEKTUBU PO-
3BUTKY CHEProe()eKTUBHOCTI B JKHTIOBOMY CEKTOPi MiCT
Vkpainu / EdextuBna exoHomika. — 2010. — Ne 11 [Enek-
TpOHHUI pecypc]. — Pexxum noctymy:

http://www.economy.nayka.com.ua/?op=1&z=394

2. Kysbmenxo FO., 3aiiyesa O., Icxaxosa O. b. O6mik
SHepropecypciB — OCHOBa €HEproomakeHHs. // Metpo-
norisg ta npunanu. 2008. Ne 4. C 67-68.

3. 3axon Ykpainu TIpo METpONOTii0 Ta METPOJIOTIUHY
IISUTBHICTD

4. Texuiunuti peenamenm 3aco0iB BUMIPIOBAIBHOL
TeXHIKH, 3aTBEp/KeHMI mocTtaHoBol Kabinety MiHicTpi
VYkpainu Bix 24.02.2016 Ne 163.

5. Directive 2014/32/EU of the European Parliament
and of the Council of 26 February 2014 on the harmonisation
of the laws of the Member States relating to the making
available on the market of measuring instruments

6. Ilopsioox npogedenHs TIOBIPKU 3aKOHOJABUO PETY-
JLOBaHUX 3aC00IB BHMIipIOBAIBHOI TEXHIKH,IIO TMepedyBa-
I0Th B €KCIUTyaTaii, i opopmieHHs ii pe3ynbTariB, 3aTBep-
JOKeHM moctaHoBoro KabOinery wiHicTpiB YKpaiHu Bif
08.02.2016 Ne 193

7. Kupunnun B.A. n np. TexHuueckasi TepMOTUHAMUKA:
VY4eOH. /TS TeMI0IHEPTeTHUECKUX CIiell. By30B / Kupniia
B.A., CerueB B.B., Uleitnmun A.E. - 4-e u3n., nepepad. -
M.: Dueproaromusaar, 1983. - 416 c.

8. ACTY EN 1434-1:2019 Temnoaiunnbuuku. Yactu-
Ha 1. 3arajapHi BUMOTH.

9. Anexcanopos A. A., Jlapxun []. K. DxcriepumeH-
TaJbHOE OMPECICHUE CKOPOCTH YIBTPa3ByKa B IIHPOKOM
JMara3oHe Temmeparyp u jaasieHuit // TemnosHepreTuxa.—
1976. — Ne2. — C. 75

Tennogizuka ma mernnoeHepaemuka, 2022, m. 44, Net

95



MOHITOPUHIT TA ONTUMISALIA TEMNO®ISNYHNX MPOLECIB

CONTROL OF METROLOGICAL
CHARACTERISTICS OF HEAT METERS
DURING OPERATION

Zaitseva O.0., Cherednychenko S.V.
Hryshchenko Ye.M., Iatsiuta O.I.

State Enterprise "All-Ukrainian State Research and
Production Center for Standardization, Metrology,
Certification and Consumer Rights Protection"
Metrologichna st., 4, Kyiv, Ukraine

https:doi.ore//10.31472/ttpe.1.2022.11

Purpose

The purpose of this article is to consider the features of
calibration of single heat meters during operation.

Results of operation

Heat meters belong to the field of legally regulated
metrology, as their measurement results are used in
calculations between consumers and suppliers of heat for
heating and hot water supply, so they are subject to periodic
verification during operation and after repair. The so-called
single heat meters have been widely used in the equipment
of individual heat metering units for space heating.
The peculiarity of single heat meters is that for them the
error in measuring the amount of heat is normalized and
experimentally determined without dividing it into the
errors of the components. The physical quantities supplied
to the heat meter inputs are reproduced temso the heat
carrier consumption and the heat carrier temperature. In
this case, the water temperature in the flow unit corresponds
to the ambient temperature, and the temperature in the
thermostats to the temperatures in the supply and return
flows. However, for heat meters based on ultrasonic
method of washing the coolant flow with compensation of
changes in the speed of ultrasound from the temperature
of the coolant, this calibration technique cannot be applied
due to a methodological error from replacing the variable
speed of ultrasound with a constant value. To ensure the
reliability of the verification results, a methodology was
developed, according to which the verification is carried
out in two stages. At the first stage, the error of the heat
meter is determined when measuring the flow rate as the
difference between the readings of the heat meter and the
reference value of the flow rate reproduced by the spill unit.
In this case, the temperature superheater of the heat meter
is placed in a thermostat with a temperature equal to the
temperature of the water in the pouring unit. This eliminates
the methodological error from the temperature mismatch in
the thermostat and in the pouring unit. In the second stage,
the error of the heat meter is determined when measuring the

temperature and calculating the amount of heat. In this case,
the reference values in the thermostats and the readings of
the heat cell when measuring the consumption of the heat
carrier are taken as the reference values of the reproducible
values. The total error of a single heat meter is defined as the
sum of the errors obtained during the first and second stages
of verification.

Conclusion Calibration of heat meters during operation
contributes to obtaining reliable results of measurements of
the amount of heat consumed in the housing stock, and the
development on the basis of these results of measures aimed
at the rational use of energy resources.
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