O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0822U100593
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 07-02-2022

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. IIpucsokHIOK Jltogmuia OsekcanapiBHa

2. Prysiazhniuk Liudmyla Oleksandrivna
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi ceniaIbHOCTI: 152

Ha3Ba HayKoOBOi CIIENLiaJIbHOCTI: ABTOMaTH3allis Ta MpuUafo6yayBaHHs. MeTposioris Ta iHpopMmariitHo-

BUMIpIOBAaJIbHA TEXHIKA

T'anmy3sp / ranysi 3HaHB!

OcBiTHBO-HayKOBa IIporpama 3i creniaJbHOCTI: He 3acTocoByeTbcs
Jara 3axucrTy: 17-01-2022

CIIeI.liaJII:HiCTb 3a OCBITOIO: [Ipunagy HEPpYMUHYIOYOTO KOHTPOJIIO AJIs1 TEXHIYHOI Ta MEAUYHO] [IiarHOCTHKY;

Skictp, cTraHmapTusanis Ta ceprudikaris

Micue po60oTH 34,00yBayva: [lepkaBHe mianprueMcTso "IBaHo-OpaHKiBCbKMIT HAYKOBO-BUPOGHUYMIA LEEHTP

CTaHJapTHu3allii, MeTposorii Ta cepTudikanii'
Kopg, 3a €IPIIOY: 02568176

Micue3Haxoa>KeHHS: By/1. BopuuHenpka, 6y1, 127, m. Isano-Ppankischk, IBano-Ppankiscbka 06:1., 76007,
Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBriHHSA: MiHicTepcTBO €eKOHOMIKM YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi creniaai3oBaHOl BYEHOI pagu). 10 20.052.023

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBCHKUII HAl[iOHATBLHUI TEXHIYHMIT YHIBEPCUTET
Ha(TH i razy

Kog 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ. Kapniatceka, 6ya. 15, M. IBano-®pankiBerk, IBaHo-OpankiBerka 061., 76019, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [BaHO-DpaHKiBCHKMIl HALIOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3Haxoa>KeHHS: sy Kapnarceka, 6y, 15, M. IBano-®pankischbk, IBaHo-(Ppankiscbka 061., 76019, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

IloBHe HaliMEHYBaHHS IOPHUAUYHOI 0COOM: [lepskaBHe MiANPreEMCTBO "IBaHO-OPaHKIBCbKUI HAYKOBO-

BMPOOHMYMI LIEHTP CTaHAapTU3alii, MeTpoJiorii Ta ceprudikauii”
Kopg, 3a €IPIIOY: 02568176

Micue3HaxoaKeHHS: ByJI. BoBunHelpKa, 6yz. 127, M. IBaHo-OpaHkiBChK, IBaHO-PpaHKiBCcbKa 0041, 76007,
Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO eKOHOMIKM YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

V. BimoMocTi npo guceprariio

MoBga guceprariii:

Koau TemaTHyHHUX PyOpPHK: 59.37.35, 90.27.29

Tema gucepranii:

1. BoockoHasleHHsI METOiB Ta 3aC00iB BUMipIOBaHHS €HEPreTUYHUX XapaKTEePUCTUK IIPUPOJIHOTO razy

2. Improvement of methods and means of energy characteristics of natural gas measuring



Pedepar:

1. B po60Ti BUKOHAHUI aHaJIi3 CY4aCHOTO CTaHy HayKOBOT'O, HOPMATHUBHOTO i TEXHIYHOTO 3a0€3I1€4eHHS
BAMIpPIOBaHHS €HEPreTUYHUX XapaKTEPUCTUK IIPUPOJHOrO rady. 3a pe3ybTaTaMU aHajli3y BU3HAYEHO [TOKA3HUKY
KpallyX 3pa3KiB TEXHIKY 1010 BUMiPIOBaHUX 1apaMeTpiB, TOYHOCTI Ta €KCITyaTallilHUX XapaKTEPUCTHK,
BCTAHOBJIEHO LIJIIXU MO>KJIMBOTO PO3BUTKY 3aC00iB BUMIPIOBAaHHS €HEPreTUYHUX XapaKTEPUCTUK IPUPOIHOTO rasy,
BiJl, BUICOKOTOYHMX KaJIOPUMETPIB [0 3aCO0IB €KCIIPEC-KOHTPOJIIO TEIJIOTHU 3TOPSIHHS IPUPOIHOTO rasy 3a MicLieM
fioro crio>xxuBaHHs. Ha OCHOBI IPOBEJIEHOT0 aHasli3y OOrPYHTOBAHO LUISXU BJJOCKOHAJIEHHS METO/IiB i CTBODEHHS
HOBHX 33CO0iB JJIs1 BUMIPIOBaHHS TEIJIOTU 3TOPSIHHS MPUPOJHOro rady ta uncyua Boo66e. CpopmynboBaHO
po6JieMy, SIKi TOTPeOYIOTh BUPIIIE€HHS, i BUBHAYEHO HANPSIMKU JUCEePTALiIHUX JOCIiIKeHb. PO3po6yieHo
TEOPETUYHY OCHOBY CTBOPEHHS ra30BOro Kajopumerpa. [IpoaHanizoBaHO KiHETHKY peaKLiil TOPiHHS BYIJIEBOLHIB.
JocimKeHo MeTOAU Ta 3aCO0M KOHTPOJIIO SIKiCHUX NIOKa3HUKIB IIPOAYKTIB 3ropsiHHA. [IpoBejeHO TeOpeTUYHE
OOI'PYHTYBaHHSI [IapaMeTPiB Ta peXXUMYy pOOOTH Ta30BOro KajopumeTpa. [IpoBeieHO TeOpeTHUYHI JOCTiIKEeHHS
[IpOLIeCy BUMIipPIOBAHHSI TEIJIOTH 3rOPSIHHS [IPUPOLHOTO rasy B i3011epibosivHOMY KaslopyuMeTpi. JJocminkeHo
daxTopy, sIKi Halbiblle BIJIMBAIOTh HA TOUHICTh BUMIPIOBaHHS, Ta BU3HAUYEHO iX YMCJIOBE 3HAUEHHSI /171 TPOTOTHUITY
npunany. Haibinsln BIVIMBOBUM BU3HAYEHMM (PAKTOPOM € [1iala3oH 3MiHM TEMIIEPATypU B KaJIOPUMETPUYHIN
€MHOCTI. BudHaueHO 0OMe>KeHHS, sIKi He O3BOJISIOTh 30iIbIIyBaTH BEPXHIO TeMIIEPaTypy B eMHOCTi Buie 30°C.
3anpornoHOBaHO [Bi CTPYKTYPHI cxeMU iHpopMaliliHO-BUMipIOBaJIbHUX CUCTEM BU3HAUYEHHs ynciia Boboe.
OTpumaHO MaTeMaTUYHY MO/JI€JIb 3aJIE5KHOCTI IOXUOKY BU3HAUYEHHS TEIJIOTBOPHOI 3aTHOCTI BiJl Aiala3oHy 3MiHU
TeMIIepaTypU KaJIOpPUMETPUIHOI EMHOCTI i3011epiboJ1ivHOro KaJIoOpUMeTpa 3 aKTUBHUM KEPYBAHHSM TEMJI000MiHOM
KaJIOPUMETPUYHOI EMHOCTI. 3aNIPOMTOHOBAHO METO I, IMiIBUIIEHHSI TOYHOCT] KaJIOPUMETPA IIJISIXOM 30iJIbIIeHHS
Iiana3oHy 3MiHM TeMIIEpaTypH uepe3 BBEJEHHS B KOHCTPYKIIi0 3aC00iB epeO0x0JI0/I>KEHHS KaJIOPUMETPUYHOI
PiAVHY 10 3HAaYEHHS, HYDKYOTO Bif] TEMIIEPAaTypy HABKOJIMIIHLOIO cepenoBuila. CPopmMyIbOBaHO HELOJIKHY, SIKi
[EPEIIKOIKAIOTh BUKOPUCTAHHIO 13011ePibO0IiYHUX KaJIOPUMETPIB SIK NIPUJIa/iiB HABUIIOi TOYHOCTI IJ151 €KCIIpec-
KOHTPOJIIO €HePreTUYHUX XapaKTepUCTUK razy. Hail6ispIio0 nepemkoiolo 111 CTBOPEHHS TIOPTaTUBHUX
i3onepibosiyHMX KaJIOPMMETPIB € 3Ha4YHA TEIJIOBA iHEPLiHICTb, BHACJIIIOK SIKOi HACTYIIHE BUMipIOBaHHS MOXKHA
MIPOBOAUTH Julle Yepe3 20-24 roouHuU Bif, IONEPEeSHbOro. 3alIPOIIOHOBAHO TA NIPOAHAJi30BaHO BAa METOOV
YCYHEHHS LIbOTO HEJOJIKY. 711 CKOPOUEHHS 4acy MiX IOCJiJOBHUMU BUMIPIOBaHHSIMU 3aIIPOIIOHOBAHO BBECTU B
KOHCTPYKIIi10 3ac06M KEPYBaHHSI TEIJIONPOBiIHICTIO MK KaJIOPUMETPUYHOIO €MHICTIO Ta TEPMOCTATOBaHOIO
000JIOHKOIO, SIKi 320€3M1e€4YyI0Th HU3bKY TEIJIONPOBIIHICTh B IIPOLECi BUMIPIOBAaHHS Ta BUCOKY TEIJIONPOBITHICTS Mif,
4ac niArotoBku. Po3po61e€HO0 KOHCTPYKTUB KaJIOPUMETPA IPSIMOTO 3TOPSIHHS, KU 3a6e311euye MOXKIIUBICTh
CTBOPEHHS TEXHOJIOTIYHUX Y BUTOTOBJIEHHI IPUaiB. Po3p0o6eHo Ta BUTOTOBJIEHO MIKPOIIPOLIECOPHUI 610K
KEPyBaHHS TEPMOCTAaTOM Ha ejleMeHTax [lesibTbe Ta caM MOZYJb €J1eMeHTIB [lesbThe i BUNIPOOyBaHO iX y cKiIaai
IIPOTOTUITY KajlopumeTpa. [TpoaHanizoBaHO XiMiYHUI CKJIA]] TA HJISIXU KOHTPOJIIO IIPOAYKTIB 3rOPSIHHS i
3aMIPONIOHOBAaHA CUCTEMA PErYJIOBAHHS CTEXIOMETPUYHOTO CKIaly IaJIMBO-TIOBITPSHOIL CyMmillli 3 JaBayeM
3aJIMIIKOBOTO KMCHIO Ha OCHOBI ZrO2 Ta maBayeM BMicTy CO. JlomarkoBuit gasad sMmicty CO f03BoJIsge
KOHTPOJIIOBATH TIOBHOTY 3TOPSIHHS 1 OTPMMYBATH LjiHHI AaHi 0A0 PiBHA TOKCUYHOCTI IPOIOYKTIB 3TOPSIHHS B
OIITMMAaJIbHOMY PEXMMI FOPiHHS, IKNI BCTAHOBIIIOETHCSA 3a I0KA3aMU JaBaya 3aJIMIIKOBOTO KUCHIO.
[TpoaHanizoBaHo ¢i3uyHi edekTH, sKi 6e3rocepesHbO KOPEJIOIOTb 3 I'YCTUHOIO ra3y Ta 3allpOIIOHOBAHO IIPOBOJUTHU
BMMIipIOBAHHS I'YCTUHY 3 3aCTOCYBaHHSIM SBUILA PE30HAHCY [A30BOI0 CEPENOBUILA B 3AMKHEHOMY 00’eMi.
[IpakTU4YHOIO peasi3ali€lo IbOro SIBUIIA € 32CTOCYBaHHS Pe30HaTOpa ['e1bMroJibLia, MPUHLMAII SIKOTO MOJISITAE Y
BUHMKHEHHI PE30HAHCHUX KOJINBAHb a3y 3 4aCTOTOIO, 5IKa 3aJIEXKUTD BiJl FTEOMETPUYHUX [1aPaMETPIB 3alI0BHEHOI
ra3oM €MHOCTI, Ta 1Or0 I'yCTHMHHU. 3HAIAEHO 3aJIeXKHOCTI [I0Ka3HMKa afliabaTy MPUPOJHOrO rasy Bifl BMICTY OKpeMUX
110ro KOMIIOHEHTIB SIK OCHOBHOTO JIK€peJla METOIUYHOI TOXMOKYU. BUKOHAHO METPOJIOTiYHUI aHai3 PpO3pO0JIEHOro
aHasizaropa ta ryctuHomipa. CpopMyIb0BaHO aJirOPpUTM po6oTy iHpOopMaLiiHO-BUMIPIOBAJIbHOI CHCTEMU.
Po3po6seHo Ta BUTOTOBJIEHO iHPOPMaLiliHO-BUMIPIOBaJIbHY CUCTEMY BU3HAUEHHSI €HePreTUYHUX XapaKTepUCTUK
rasy Ha OCHOBi MiKpOKOHTpoJiepa Atmel, 06s1aJHaHy TEKCTOBUM JIUCILJIEEM J1JIS BilOOPaXKEHHS PE3yJIbTaTiB
BUMIipIOBaHHS. Bci OKpeMO po3po06JieHi e1eMEeHTH iHTEerpOBaHO B KOMIIEKCHUI NpUjIaZl — aHAJi3aTop

€HepreTUYHNX XapakKTepUCTUK rasy. Po3po6sieHO KOMILJIEKT TeXHIYHUX 3aC00iB IJ1s1 Bii6Opy Ta 306epiraHHs Ipoo



rasy, sIKui CKJIaJa€eThCs 3 LUJIiHAPa-03aTOPa 3 MHEBMAaTUYHUM IIPUBOJIOM, 6J10Ka KEPYBaHHS 3 aBTOHOMHUM
JKUBJICHHSIM Ta 6aJIOHIB CEPEIHbOT0 TUCKY 3 HACKPI3HUM MPOAYyBaHHSIM. PO3p0O6IEHO aJlrOPUTM ITPOBEIEHHS
BiI6OpY npo6u rasy 3 BAKOPUCTAHHSM 3alIPOIIOHOBAHOIO KOMIIJIEKTY T€XHIUHUX 3aCO6IB Ta aJITOPUTM PEryJIlOBaHHS
yucsa Bo6be.

2. 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. 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. 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. 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 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. 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
Helmbholtz 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. The dependences of the
natural gas adiabatic index on the content of its individual components as the main source of methodological error
are found. 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. All separately developed elements are integrated into a complex
device - an analyzer of energy characteristics of gas. A method of gas sampling using the proposed set of technical



means and a method of measuring the Wobbe number have been developed.
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