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Juceprailisi MpUCBSIYEHA BUPIIMIEHHIO aKTYaJlbHOTO HAYKOBO-IPUKIIAIHOTO
3aBJIaHHs y rajly31 BUMIPIOBaHHS 1 KOHTPOJIIO SIKICHUX XapaKTEPUCTUK MPUPOTHOTO
razy — yJIOCKOHAQJICHHS METOJIIB 1 TEXHIYHUX 3ac001B JJi1 BUMIPIOBaHHS TEIUIOTH
3ropsiHHS Ta uymciia BoOOe mpupomHOro rasy i3 3aCTOCYBaHHSIM PO3POOJICHOTO
npuiiaay — aHaiai3aTopa eHepreTUYHUX XapaKTePUCTHK rasy.

O0’eKT M0CTiIKEHHA: TIPOIIEC BUMIPIOBAHHS BHUIIO1 TEIUIOTH 3TOPSHHS Ta
yucia Bo66e mpupogHoro rasy.

IIpeamMer pocaigkeHHsi: METOIU Ta 3acOOM BUMIPIOBAHHS BUINOI TETUIOTH
3ropsiHHs Ta yrcia Bo606e npupoaHoro rasy.

B po0oTi BuKOHaHMI aHai3 Cy4yaCHOTO CTaHy HayKOBOTO, HOPMAaTHBHOIO 1
TEXHIYHOro  3a0e3Me4YeHHs  BUMIPIOBAHHS  €HEPreTUYHHUX  XapaKTEePUCTHUK
npupoaHoro raszy. [IpoananizoBaHo gakTopu, sSKi BIUIMBAIOTh Ha KIJIbKICHY OLIIHKY
CHEpreTUYHUX XapaKTepUCTHUK MpUpogHOro raszy. PosrmsgHyro mpsmi 1
OMOCEpPEKOBaHI METOJIM BU3HAYEHHSI CHEPIeTUYHUX XapPaKTEPUCTUK MPUPOJTHOTO
ragy 1 TexHI4HI 3aco0u ans peamizauii LOUX METOAIB B J1a00paTOpHUX,
IPOMUCIIOBUX Ta MOJbOBUX yMoBaX. OILIHEHO Cy4acHY BITUM3HSHY 1 3aKOPIAOHHY
HOpMAaTUBHY 0a3y 1010 BU3HAYEHHS CHEPTeTUYHHUX XapaKTEPUCTUK MPUPOIHOTO
rasy.

3a pe3ynbTaTamMu aHali3y BU3HAYEHO MOKA3HUKU KpalluX 3pa3KiB TEXHIKH
II0JI0 BUMIPIOBAHUX MapaMeTpiB, TOYHOCTI Ta €KCIUTyaTallliHUX XapaKTEPUCTUK,
BCTAHOBJICHO HIUISIXW MOKJIMBOTO PO3BUTKY 3aC001B BUMIPIOBAHHSI €HEPreTUYHHUX

XapaKTEPUCTUK MPUPOTHOTO Ta3y, BiJ BUCOKOTOYHHMX KaJOPUMETPIB 10 3ac00iB



eKCIPEC-KOHTPOIIO TEIUIOTH 3TOPSHHSA MPUPOJHOTO Ta3y 3a MiICLEeM HOro
CIIO>KMBAHHS.

[TokazaHo, MO BHACHIJOK OCOOJMBOCTEH Ta30TPAHCIOPTHOI CHUCTEMH
VYkpaiHu TemnoTra 3ropsHHA (€HepreTHYHa I[HHICTh Ta3zy) MOXE CYTTEBO
BIJIPI3HATUCS HABITH B MEXax OJTHOTO pailoHy objacti. BpaxoByroun HOBI BUMOTH
IIOJI0 BKa3yBaHHA KUIBKOCTI CIIOXKHTOTO Ta3y B OJMHHUISAX  EHEPTii,
IPOJAEMOHCTPOBAHO  BaXJIMBICTh  E€KCHPEC-KOHTPOJIIO  HOro  €HEepreTUYHHUX
XapaKTePUCTHK 3a MICIIEM HOTO CIOXXHBAaHHS 3 BUKOPHUCTAHHSM TOPTATHBHOTO
oOjasHaHHs A CHOXKMBayiB razy. IlpoananizoBaHo MeToqu, sKi 3a0€3MEUy0Th
BUMIPIOBAHHSA TEIUIOTH 3TOPSHHA 3 MaKCHMaJbHOIO TOYHICTIO Ta BHU3HAYEHO
NUISAXW JOCATHEHHS TaKMX XapaKTepucTHK. [IpoaHamizoBaHo MeTomu Ta 3acoow,
Kl BHUKOPUCTOBYIOTBCS JJISi KOHTPOJIO €HEPreTUYHHX XapaKTEPUCTUK B POOOTI
ra3ornocTadyajbHUX OpraHizamiii YKpaiHM Ta BHU3HAUEHO IUIAXH CTBOPECHHS
MOPTATUBHUX MPHUIIAIIB JJI €KCIIPEC-KOHTPOIIO XapaKTEPUCTHK Ta3y 3 BHCOKUMHU
METPOJIOTIYHUMH XaPaKTEPUCTUKAMH.

Ha ocHOBI mpoBeneHOro aHamily OOIPYHTOBAHO MUISXH BIOCKOHAJICHHS
METOJIIB 1 CTBOPEHHS HOBHUX 3acO0iB /Jii BHUMIPIOBAHHS TEIJIOTH 3TOPSHHS
npupoaHoro ra3y ta uucia Bo66e. ChopmynboBaHo mpobdsiemMu, siki MOTpeOYyHOTh
BUPIIICHHS, 1 BU3HAYEHO HANIPSIMKHU JUCEPTAILIMHUX JTOCTIKEHb.

Po3po6iieHo TeopeTHuHy OCHOBY CTBOPEHHSI Ta30BOTO KallOpUMETPA.
[IpoananizoBaHO KIHETUKY peakiliii TOpiHHS BYIJIEBOAHIB. JlOCIIPKEHO METOIM Ta
3ac00M KOHTPOJIIO SIKICHUX [IOKa3HHUKIB MPOIYyKTIB 3ropsHHs. [IpoBemeHo
TEOpEeTU4YHE OOIPYHTYBaHHS TMapaMeTpiB Ta PEXKUMy poOOTH Ta30BOro
KaJOpUMETPA.

Bukonano anami3 MeETOMIB BIATBOPEHHS KAJIOPUMETPUYHUX OJUHHUIID
BUMIPIOBaHHS 3a KOpAOHOM. OOIPYHTOBaHO HEOOXIJIHICTh BU3HAYCHHS YMCIIA
Bo06e Ta nmpoaHanizoBaHO iCHYOY1 3acO0M BU3HAYECHHS T'YCTHHU Ta3y. Po3pobiieHo
KOHIICTIIIIF0 CTBOPEHHS JIA0OPAaTOPHOTO Ta30BOTO TyCTHHOMIpa Ta Kamibparopa
00’emHOi BUTpatH rasy. [IpoananizoBaHo THUIOBI 3HaUeHHS ynciia Bo60e B pizHUX

KpaiHax Ta METOJH MOT0 MPSIMOTo Ta OMOCEPEAKOBAHOTO OOYUCIICHHS.



[IpoBeneHO TEOpETHUHI JOCHIIKEHHS MpPOLECy BUMIPIOBAHHS TEIUIOTU
3TOpPSIHHS TMPUPOAHOrO ra3zy B 130mepiboniuHoMy Kanopumerpi. JlocmimkeHo
dbakTopu, K1 HaHO1IbIIE BIUIMBAIOTh HA TOYHICTh BUMIPIOBAHHS, Ta BUZHAYEHO iX
YUCJIOBE 3HAYEHHS IS TPOTOTUIY mpuiaay. HaiOumenn BILTMBOBUM BU3HAYCHHUM
dbakTOopoM € Jlama3oH 3MIHM TEMIIEpaTypd B KaJOPUMETPUYHIA €MHOCTI.
BuznaueHo oOMexeHHSI, sIKI He JI03BOJISIFOTH 301JIbIIYBATH BEPXHIO TEMIIEPATYPY B
emHocti Buie 30°C. 3ampornoHOBaHO MABI CTPYKTYypHI cxeMmH i1H(popMaiiiHo-
BUMIPIOBAJILHUX CUCTEM BU3HA4YCHHS yucia Bo6oe.

OTpuMaHO MaTeMaTUYHy MOJEIb 3aJEeKHOCTI IMOXMOKM BHU3HAUEHHS
TEIUIOTBOPHOI 3JaTHOCTI BiJ Jiama3oHy 3MIHM TeMIepaTypH KaJOopUMETPUYHOI
€MHOCTI 1301epi00JIIYHOI0 KaJOpUMETpa 3 aKTUBHUM KEPYBAHHSIM TETIOOOMIHOM
KJIOPUMETPUYHOT €MHOCTI. 3ampoOINOHOBAaHO METOJ[ TMIABUIIEHHS TOYHOCTI
KaJIOpUMETpa IUIAXOM 3OUIBLICHHS [1alma3oHy 3MIHM TeMIlepaTypu uepes
BBEJICHHS B KOHCTPYKIIiIO 3aCO01B MEPEOXOIOKEHHS KATIOPUMETPUYHOT PIJTUHU 10
3HAYEHHSI, HUKYOTO BiJ] TEMIIEpAaTypH HABKOJIUIIHHOTO CEPEIOBHUIIIA.

CdopMynnbOBaHO  HEMOJIIKH, SIKI  MEPElIKOHKAIOTh  BUKOPHUCTAHHIO
130mepi00MIYHUX KaJOPUMETPIB SIK MPUJIaliB HAWBHUIIOI TOYHOCTI ISl €KCIIpec-
KOHTPOJII0O €HEPreTUYHUX XapaKTepUCTUK razy. HalOiibIIo mepemkonow ais
CTBOPEHHSI TOPTATUBHUX 130MEPIOONIYHUX KAJIOPUMETPIB € 3HAYHA TEIIOBa
1HEPLIMHICTh, BHACIIIOK SKOI HACTYIHE BUMIPIOBAHHS MOXHA MPOBOJIUTH JIUIIIE
yepe3 20-24 roauHu BiJ MONEPEIHbOr0. 3apOIOHOBAHO Ta MPOaHaIi30BaHO JBa
METOJIM YCYHEHHS IBOr0 HeAOoJiKy. JlJii CKOpOYEeHHS 4acy MK MOCTIAOBHUMU
BUMIPIOBAHHSAMHU 3alpOTIOHOBAHO BBECTH B KOHCTPYKIIIO 3aCO0M KepyBaHHS
TEIJIONPOBITHICTIO MIX KAJIOPUMETPUYHOK €MHICTIO Ta TEPMOCTATOBAHOIO
000JIOHKOIO, sIK1 320€31eYyI0Th HU3bKY TEIIONPOBIAHICTD B MPOLIEC BUMIPIOBAHHS
Ta BHUCOKY TEIIOMPOBIAHICTh TiJ 4Yac MiArotoBku. Ilepmmuit meTon mepemndadae
3MIHY TIOJIOKEHHSI KaJOPUMETPUYHOI €MHOCTI, MpU SKOMY B TOJOKEHHI
MIATOTOBKH 70 HACTYIMHOTO BUMIPIOBAHHS KaJOpUMETPUYHA piAMHA OMHUBAE
BMOHTOBaHUM eneMeHT [lenbThe, 1m0 3ade3neuye i oxonopKeHHs. Jpyruit MmeTona

nepeadayvae MpoMyCcKaHHS yepe3 KaJOpUMETPUUIHY €MHICTh TPYOKH, siKa B MpolLect



BUMIPIOBAHHS 3allOBHEHA TOBITPSM, a MiJ Yac MiJrOTOBKM IPOIMYCKAae CTPYMiHb
OXOJIOJKYIOUOi PIJIMHU BiJ] IHTETPOBAHOTO TEPMOCTaTa Ha eleMeHTax llenbThbe.
MonudikoBanuii Tpuiaaag HA3BaHO KAJIOPUMETPOM 3 AaKTUBHUM KEpyBaHHSIM
TeIooOMiHOM. Bu3HaueHO mepeBarn 1 HENOJIKH KOXKHOTO 3 3alpONOHOBAaHUX
METOJIB Ta oOpaHO  OUIbII  TEXHOJIOTIYHUH  METOA  YJAOCKOHAJICHHS
13011ep100TIYHOTO KaJIOpUMETpa.

Po3po0ieHO0  KOHCTPYKTHB KajJOpUMETpa MPSAMOIO 3TOPSHHS, SKAN
3a0e31euye MOXIIMBICTh CTBOPEHHS TEXHOJIOTIYHUX Yy BUTOTOBJICHH] TIPUIIA/IIB.

Po3po0neHo Ta BUTOTOBJIIEHO MIKPONPOLIECOPHUM OJOK KepyBaHHS
TepMocTaToM Ha enemeHTax llenpThe Ta cam Moayns enemeHTiB [lenbTbe 1
BUIIPOOYBAHO iX Yy CKJIaJli MPOTOTHUITY KAJTOPHUMETPA.

[IpoananizoBaHO XIMIYHUHN CKJIaJ Ta HUIAXH KOHTPOJIO MPOAYKTIB 3TOPSHHS
1 3ampoNOHOBaHA CHCTEMa pPETYJIIOBAaHHS CTEXIOMETPUYHOTO CKJIATy MaJIHBO-
MIOBITPSIHOT CyMillli 3 JJaBayeM 3aJIMIIKOBOTO KHCHIO Ha OCHOBI ZrO, Ta jpaBadeM
BMicty CO. JlomatkoBuii naBau BmicTy CO m03BOJISi€E KOHTPOJIOBATH TOBHOTY
3TOPSIHHS 1 OTPUMYBATH IIHHI JJaH1 11010 PiBHS TOKCUYHOCTI MPOYKTIB 3TOPSHHSI
B ONTHUMAJIbHOMY PEXHUMI TOpIHHS, KU BCTAHOBIIOETHCS 3a MOKa3aMH JaBayda
3aJIUIIKOBOTO KHUCHIO. BHCOKa TOKCHYHICTh TPOAYKTIB 3rOpPSHHS BUHUKAE TIPH
CYTTEBOMY BMICT1 BaKKUX BYTJICBOJIHIB Ta CIPKOBMICHHUX CITOJYK.

[IpoananizoBano ¢izuuHi edexTH, sKi Oe3MocepeHbO KOPEIITh 3
TYCTHHOIO Ta3y Ta 3alpolOHOBAaHO TMPOBOJUTH BUMIPIOBAHHS TYCTHHU 3
3aCTOCYBAaHHSIM SIBUII[A PE30HAHCY T'a30BOI0 CEPEOBUINA B 3aMKHEHOMY 00’ €Mi.
[lpakTuHOIO  peamizami€r0 I[MBOTO SBHINA € 3aCTOCYBAaHHS  PE30HATOpA
['enpMrosbIa, MPUHIMIT SKOTO TOJIATA€ Y BUHUKHEHHI PE30HAHCHUX KOJIMBAaHb
ra3y 3 4acTOTOIO, sIKa 3aJIEKUTh BiJl TEOMETPUUYHUX MapaMETPIB 3alIOBHEHOI Ta30M
€MHOCTI, Ta HOro TYCTHHH. Po3poOieHO CKaHyHOuUWid METOJ BH3HAYCHHS
PE30HAHCHOI YacTOTH 3 BHUKOPHCTAHHSM TE€HEpaTopa CHHYCOINAIbHOTO CHUTHAITY
CTaOUTPHOI AaMIUTITYIM 1 KEpOBaHOI YacTOTH (CBIM-reHepaTopa). 3HalIeHO
3aNexHICTh uucina BoObOe Bim pe3oHaHCHOI yacToTh pe3oHaropa ['embpMrombiia,

3allOBHEHOTO Ta30M, Ta TEIUIOTH 3rOpsSHHSA rasy. BUKOHAHO OLIHKY TOYHOCTI



METOJly BU3HAUCHHsSI TYCTHHH Ta3y Ta uucia Bo0O6e 3 BUKOpHCTaHHSIM pe30HATOpA
['enbMrospIia Ta 3aCTOCOBHOCTI HOTO 70 BUMIPIOBAHHS TYCTUHH MPUPOTHOTO Ta3y,
CKJIaJ SIKOTO BU3Ha4yaeThcss KoIEKCOM ra3oTpaHCHOPTHOI cHCTEMHU. 3HAWIEHO
3aJIe)KHOCTI TOKAa3HMKa aaiadaTH MPUPOTHOTO Ta3y BiA BMICTY OKpEMHUX MOro
KOMIIOHEHTIB SIK OCHOBHOTO JiKepeiia METOIUYHOI MOXUOKH.

[IpoananizoBaHO NIJISAXHW MIIBUINEHHS TOYHOCTI BUMIPIOBAHHS TeMIEpaTypu
KAJIOPUMETPUYHOT ~ PIAMHU, SK OCHOBHOTO  1H(OpPMAIIMHOTO  TapameTpa
KajmopumeTpa. Po3polieHnii MeTo MpsSMOro MEePETBOPEHHS CUTHANY HAMpYyTH 3
BUXOJy HOPMYIOYOTO TIJCUIIOBaYa B TEMIIEPATypy 3 BUKOPHUCTAHHSM 3HANICHOI
3aJIEKHOCTI TeMIEepaTypyu BiJ HANpyTy ISl 3aIIPOIIOHOBAHOI CXEeMH. 3aJIeKHICTh
3HalJIeHa [UIIXOM pO3B’SA3Ky TIOKAa3HWKOBOTO piBHSIHHS (QyHKIII omopy
TEpPMICTOpA BiJ TeMIIEpaTypH 3 BUKOPUCTAHHAM PIBHSHHS HANPYTH Ha TEPMICTOPI
Ta MepeaTOYHOro Koe(ilieHTa 1HCTPyMEHTAIBLHOTO MijcuitoBada. 1{e 1o3Bomuio
OTpUMYBaTH TOYHI pe3yibTaTh 0e€3 PO3AUICHHS HEIIHIMHOI 3aJeKHOCTI Ha
IHTEpBaJIM Ta IHTEPHOJIALIT 3HaYEHb B X MEXax.

BpaxoByloun HEBENHMKY KIIBKICTh Tra3y, sSKa BHTPAYa€TbCsd Ha IIHKI
BUMIPIOBAHHS, [JJIsS MJBUIICHHS TOYHOCTI BHUMIPIOBaHHS 00’eMy rasy
3aMpoNOHOBAaHO BUKOPHCTOBYBATH BpaxXyBaHHS YACTHH IMITYJIbCY.

Bukonano MeTpoJioriyHMN  aHali3  po3poOJICHOro  aHajizaTopa Ta
TYCTHHOMIpA.

ChopmynboBaHO  aJropuT™M  podoTH  1H(OpPMAaLIHO-BUMIPIOBAIILHOI
cuctemu. Po3pobieHo Ta BUTOTOBIIEHO 1H(GOPMAIIHHO-BUMIPIOBAIbHY CHUCTEMY
BU3HAYCHHS EHEPIeTHUYHUX XapaKTEPUCTHK Ta3y Ha OCHOBI MIKPOKOHTpOJEpa
Atmel, o0magHaHy TEKCTOBUM JIUCIUICEM [IJIs1 BIIOOpaXKEHHS PE3yJIbTaTiB
BUMipioBaHHA. Cuctema 3abe3nedye MOBHE KEPYBaHHS MPUIATIOM 3a JOMOMOIOIO
BHYTPIIITHBOTO MTPOTPAMHOTO 3a0€3MEYCHHSI.

Bci okpemo po3po0OiieHi e1eMEeHTH IHTETPOBAHO B KOMILJIEKCHUN TpWIaa —
aHaTI3aTOp EHEPTeTHYHUX XapaKTEPUCTHK rasy.

Po3po061eHo KOMIUIEKT TEXHIYHUX 3ac001B i BigOOpy Ta 30epiranHs mpod

ra3y, sSIKUi CKJIaJa€ThCs 3 LUJIIHAPA-I103aTopa 3 MHEBMATUYHUM MPUBOIOM, OJIOKa



KepyBaHHS 3 aBTOHOMHHUM JKHBJICHHAM Ta OalOHIB CEpeIHbOTO THUCKY 3
HACKPI3HUM MPOAYBaHHSM. BUTOTOBIIEHO MPOTOTUN MPOOOBIAOIPHMKA HA OCHOBI
Takoro OanoHa. Po3po0iieHO alropuT™M TMPOBEASHHsS BIIOOpPY MNpoOU raszy 3
BUKOPHUCTAHHAM 3allPOIIOHOBAHOTO KOMILJIEKTY TEXHIYHUX 3ac00IB Ta ajJrOpUTM
peryJroBaHHs yucia Bo66e.

KurouoBi cioBa: mpupoaHuid a3, TEIJIOTa 3TOPSHHS, SKICTh MPUPOIHOTO
ra3zy, €Hepris, SKICHI TOKa3HHWKH, 3aCO0M BUMIPIOBAIBHOI TEXHIKH, CHEPreTHYHA
IIHHICT, Ta3y, BHUMIPIOBaHHS BHUTpPAaTH Ta3y, MOJICJIOBAaHHS IIOTOKIB B
TpyOOIIPOBO/II, TEIJIOTBOPHA 3[ATHICTb, KOHTPOJb SKOCTI, HACOCHMU arperar,
JUCKPETHICTh BHUMIPIOBaHb, PIBEHb SKOCTI Ta3y, METPOJIOTiYHa MOJIENb,
CTaHJapTHa HEBU3HAYEHICTh, XapaKTEPUCTHKU MPHUPOJAHOTO Taszy, IMOXHUOKa

BU3HAYCHHS TCIIJIOTH 3TOPSAHHA.



ABSTRACT

Prysyazhnyuk L.O. Improvement of methods and means of energy
characteristics of natural gas measuring. - Qualification Scientific Paper with the
Manuscript Copyright. .

Thesis for the PhD Degree in Specialty 152 — Metrology and Information-
Measuring Technology. Ivano-Frankivsk National Technical University of Oil
and Gas, Ministry of Education and Science of Ukraine, Ivano-Frankivsk, 2021.

The thesis is devoted to solving of the actual scientific and applied task in
the branch of natural gas measurement and qualitative characteristics testing -
improvement of methods and technical means for calorific value and Wobbe
number of natural gas measurement.

Object of research: the process of measuring the higher heat of combustion
and the Wobbe number of natural gas.

Subject of research: methods and means of measuring higher heat of
combustion and Wobbe number of natural gas.

The analysis of the current state of scientific, normative and technical
support for measuring the energy characteristics of natural gas is performed in the
work. Factors influencing the quantitative assessment of energy characteristics of
natural gas are analyzed. Direct and indirect methods for determining the energy
characteristics of natural gas and technical means for the implementation of these
methods in laboratory, industrial and field conditions are considered. The modern
domestic and foreign regulatory framework for determining the energy
performance of natural gas is assessed. According to the results of the analysis, the
indicators of the best samples of equipment in terms of measured parameters,
accuracy and performance characteristics, ways of possible development of means
of measuring energy performance of natural gas, from high-precision calorimeters
to means of express control of natural gas combustion at the place of consumption.
It is shown that due to the peculiarities of the gas transportation system of Ukraine,
the heat of combustion (energy value) of natural gas can differ significantly even

within one district of the region. Given the new requirements for indicating the



amount of gas consumed in units of energy, the importance of rapid control of its
energy characteristics at the place of its consumption using portable equipment for
gas consumers has been demonstrated. Methods that provide measurement of heat
of combustion with maximum accuracy are analyzed and ways to achieve such
characteristics are identified. The methods and means used for control of energy
characteristics in the work of gas supply organizations of Ukraine are analyzed and
the ways of creation of portable devices for express control of gas characteristics
with high metrological characteristics are determined. On the basis of the
conducted analysis the ways of improvement of methods and creation of new
means for measurement of heat of combustion of natural gas are substantiated. The
problems that need to be solved are formulated and the directions of dissertation
research are determined. The theoretical basis of gas calorimeter creation is
developed. The kinetics of hydrocarbon combustion reactions are analyzed.
Methods and means of quality control of combustion products are investigated.
Theoretical substantiation of parameters and mode of operation of gas calorimeter
is carried out. The analysis of methods of reproduction of calorimetric units of
measurement abroad is carried out. The necessity of determining the Wobbe
number is substantiated and the existing means of determining the gas density are
analyzed. The concept of creating a laboratory gas densitometer and a calibrator of
volumetric gas flow has been developed. Typical values of the Wobbe number in
different countries and methods of its direct and indirect calculation are analyzed.
Theoretical studies of the process of measuring the heat of combustion of natural
gas in an isoperibolic calorimeter have been carried out. The factors that most
affect the accuracy of measurement are investigated, and their numerical value for
the prototype of the device is determined. The most influential determinant is the
range of temperature changes in the calorimetric tank. Restrictions are determined
that do not allow to increase the upper temperature in the tank above 30 ° C. Two
structural schemes of information-measuring systems for determining the Wobbe
number are proposed. A mathematical model of the dependence of the error of

determining the calorific value on the range of temperature change of the



calorimetric capacity of an isoperibolic calorimeter with active control of heat
exchange of the calorimetric tank is obtained. A method of increasing the accuracy
of the calorimeter by increasing the range of temperature change due to the
introduction into the design of means for supercooling the calorimetric liquid to a
value lower than the ambient temperature.

Disadvantages have been formulated that prevent the use of isoperibolic
calorimeters as devices of the highest accuracy for rapid control of the energy
characteristics of the gas. The biggest obstacle to the creation of portable
isoperibolic calorimeters is the significant thermal inertia, as a result of which the
next measurement can be performed only tens of hours from the previous one. Two
methods of eliminating this shortcoming have been proposed and analyzed. To
reduce the time between successive measurements, it is proposed to introduce into
the design means for controlling the thermal conductivity between the calorimetric
tank and the thermostated shell, which provide low thermal conductivity during the
measurement and high thermal conductivity during preparation. The first method
involves changing the position of the calorimetric tank, in which the position of
preparation for the next measurement, the calorimetric liquid washes the built-in
Peltier element, which provides its cooling. The second method involves passing
through a calorimetric tank, which in the measurement process is filled with air,
and during preparation passes a stream of coolant from the integrated thermostat
on the Peltier elements. The modified device is called a calorimeter with active
control of heat transfer. The advantages and disadvantages of each of the proposed
methods are determined and a more technological method of improving the
isoperibolic calorimeter is chosen. The design of a direct combustion calorimeter
has been developed, which provides the possibility of creating technological
devices in the manufacture. A microprocessor thermostat control unit on Peltier
elements and a module of Peltier elements were developed and tested and tested as
part of a calorimeter prototype. The chemical composition and ways of control of
combustion products are analyzed and the system of regulation of the

stoichiometric composition of the fuel-air mixture with the residual oxygen sensor



based on ZrO2 and the CO content sensor is proposed. The additional CO content
sensor allows to control the completeness of combustion and to obtain valuable
data on the level of toxicity of combustion products in the optimal combustion
mode, which is set according to the readings of the residual oxygen sensor. High
toxicity of combustion products occurs with a significant content of heavy
hydrocarbons and sulfur-containing compounds. The physical effects that directly
correlate with the density of the gas are analyzed and it is proposed to measure the
density using the phenomenon of resonance of the gaseous medium in a closed
volume. A practical implementation of this phenomenon is the use of the
Helmholtz resonator, the principle of which is the occurrence of resonant
oscillations of the gas with a frequency that depends on the geometric parameters
of the gas-filled container and its density. A scanning method for determining the
resonant frequency using a sinusoidal signal generator of stable amplitude and
controlled frequency (sweep generator) has been developed. The dependence of the
Wobbe number on the resonant frequency of the Helmholtz resonator filled with
gas and the heat of combustion of the gas was found. The accuracy of the method
of determining the density of gas and Wobbe number using the Helmholtz
resonator and its applicability to the measurement of the density of natural gas, the
composition of which is determined by the Code of the gas transmission system.
The dependences of the natural gas adiabatic index on the content of its individual
components as the main source of methodological error are found. A prototype of a
resonant gas density meter is made. Ways to increase the accuracy of measuring
the temperature of the calorimetric liquid as the main information parameter of the
calorimeter are analyzed. A method for direct conversion of a voltage signal from
the output of a normalizing amplifier into a temperature using the found
dependence of temperature on voltage for the proposed circuit is developed. The
dependence is found by solving the exponential equation of the thermistor
resistance function from the temperature using the equation of the voltage on the
thermistor and the transfer coefficient of the instrument amplifier. This allowed to

obtain accurate results without dividing the nonlinear dependence into intervals



and interpolating the values within them. Due to the small amount of gas
consumed per measurement cycle, it is proposed to use pulse fraction to increase
the accuracy of gas volume measurement. Metrological analysis of the developed
analyzer and densitometer was performed.

The algorithm of operation of the information-measuring system is
formulated. An information and measurement system for determining the energy
characteristics of gas based on the Atmel microcontroller, equipped with a text
display to display the measurement results, has been developed and manufactured.
The system provides complete control of the device by means of the internal
software.

All separately developed elements are integrated into a complex device - an
analyzer of energy characteristics of gas.

A set of technical means for gas sampling and storage has been developed,
which consists of a pneumatically driven dosing cylinder, a control unit with
autonomous power supply and medium-pressure cylinders with through purge. A
prototype of a sampler based on such a cylinder was made. A method of gas
sampling using the proposed set of technical means and a method of measuring the
Wobbe number have been developed.

Keywords: natural gas, heat of combustion, natural gas quality, energy,
quality indicators, measuring equipment, energy value of gas, gas flow
measurement, modeling of flows in the pipeline, calorific value, quality control,
pump unit, discreteness of measurements, gas quality level, metrological model,
standard uncertainty, characteristics of natural gas, error of determining the heat of

combustion.



