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Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA BUPIMIEHHIO aKTyaJIbHOTO 3aBJIaHHS B rajlys3i aBTomarusaliii — po3pobieHHs
aBTOMAaTM30BaHOI aJalITUBHOI CUCTEMU BUMIPIOBaHHS KiJIbKOCTI IIJIMHHOTO €HEeProHOCis, sIKa 3a0e3reydye BUCOKY
TOYHICTh BUMIPIOBaHH4 i3 BpaXyBaHHAM BIUIMBY TEXHOJIOTIYHMX YMOB, 3MiHM CTaTUYHUX Ta OVHAMIYHUX
XapaKTEePUCTHK KOMIIOHEHTIB CUCTEMU. Y MEPLIOMY PO3[iJi AUCepTallii BUKOHAHO aHaJjli3 CTaHy PO3BUTKY
aBTOMATM30BAaHUX CUCTEM BUMipIOBaHHSI KiJIbKOCTi IVIMHHOTO €HeProHocist. BukoHaHo aHari3 knacudikarii MeTomis
Ta CUCTEM BUMIipIOBaHHS BUTPATU IIJIMHHUX CEPENOBUIL,. BUiseHo Ta IpoaHali30BaHO XapaKTEPUCTUK CUCTEM Ha
OCHOBi BUTPATOMIpiB 3MiHHOTO Nepenaay TUCKY Ta Ha OCHOBI JIiunJIbHUKIB. C(POPMOBAHO 3aBaHHSI 1111 BUKOHAHHS
IVMCEePTaLifHOTrO AOCIIIKEeHHs. Y Opyromy po3zisi «Po3pobaeHHs 3a1e>KHOCTe! [T0XNOKY POTOPHUX JIYNIIbHUKIB
rasy BiJj BUTpaTU Ta 06'eMy ra3y» BUKOHAHO OIPALIOBaHHS MACUBIiB €KCIIEPUMEHTAJIbHUX JaHUX, OTPUMaHUX 32
pe3yJibTaTaMyu METPOJIOTiYHOI epeBipKu pOTOPHUX JIIYMIbHUKIB TUNopo3mipis PI'-40, PI'-100, PI'-250, PI'-400, PT'-
600 Ta po3po6eHO perpecitiHi 3aJ1esKHOCT] MOXUOKHU CEPeHbOCTATUCTUIHOTO JIUNIIbHUKA Bif] BiTHOCHOTO

0051ikOBaHOTO 06’eMy rasy. BctaHOBJI€HO, 10 Y IUX JIiYMJIbHUKIB IPUCYTHS Bi'eMHa 32 3HAKOM HEBUJIyY€HA



CHUCTEeMaTH4HA NIOXUOKA, sIKa Mae MOCTiIHY Ta IPOrPecyoydy CKIal0Bi, TOOTO OCHOBHA MOXUOKA JIiYMJIbHUKA
3MIHIOETBCS ITPOTSTOM HOTO eKcIuyaTalii. Po3po6yieHo aHasiTUYHI 3a/1e5KHOCTI TIOXUOKM POTOPHOTO JIUNJIbHUAKA
rasy Bif] BIIHOCHOTO 3Ha4€HHS BUTPATH ra3y [JIs BiAIIOBIIHMX TUIIOPO3MIPIB JIiYMIbHUKIB. OTPMMAaHi 3a71€KHOCTI
JAIOTh MOKJIMBICTb OOYMCIIUTYA HEBUJIYYEHY CUCTEMATUYHY CKJIALO0BY [1I0XMOKM BUMIPIOBAaHHS BUTPATH rasy 3a
PO6GOYMX YMOB /1711 BUMIPIOBAaHOTO 3HAYEHHS BUTPATHU. Y TPETbOMY PO3isi «PO3p06IeHHS 3a/1€5KHOCTEN [TOXNOKU
TypOiHHUX JIIYMJIbHUKIB ra3y Bi BUTPATy ra3y» Ha OCHOBI OIpallOBaHHS pe3yJIbTaTiB METPOJIOTIUHOI I1epeBipKu
TYPOIHHMX JIIYMJIbHUKIB ra3y po3po06JIEHO aHAJIITUYHI 3aJIEKHOCTI TIOXMOKM TypOiHHOTO JIiYMJIbHMKA Ta3y Bif
BiZIHOCHOTO 3HaY€HHSI BUTPATH ra3y /sl TUIOpo3MipiB siunbHuKIB JII'-K-80, g JIT'-K-100, JII'-K-150.
Anpokcumaliiio ycepeJHeHUX 3Ha4eHb [IOXUOKY JIYNIIbHYKIB 00paHUMU (PYHKLISIMU BUKOHAHO 32 METOLIOM
HaliMeHIIuX KBaapaTiB. OTpuMaHi 3aJ1€3KHOCTi € OCHOBOIO 17151 PO3PO6JIEHHSI aJITOPUTMIB aBTOMAaTU30BaHUX CUCTEM
BMMIipIOBAaHHS BUTPATHU Ta 00'eMy NIPUPOLHOTO ra3y AJis1 KOpUTYBaHHS Pe3yJIbTaTiB BUMiPIOBAaHHS 00’eMy rasy 3a
pPO6OYMX YMOB. Y 4e€TBEPTOMY PO37isi «/J0CiIKeHHS Ta 3MEHIIEHHS TTOXUOOK BUMIPIOBAaHHS TEMIIEPATYPU B
aBTOMAaTH30BaHUX CUCTEMax OOJIiKy [IJIMHHUX CEPEeNOBUIL» PO3PO6IEHO MaTEMAaTUYHY MOJIeJb TENJI00OMIHHIX
IIPOLECIB ¥ IOBrOMY Ia30IIPOBO/I Ta JIiYMIBLHMKOBI rady. MaTeMaTu4Ha MOJEJb TEIJIoNepeaadi Bif, ra3y no moBiTps
BpaxOBy€ MPUCTIHHMI IOTPAaHMYHUI JIaMiHApHUI Wap y TPyOOIPOBO|, @ TAKOXK IMHAMIKY IIOTOKY ra3y Ta 3MiHU
NapaMeTpiB rady y JidnuibHUKY. JJOCTiI)KEHO 3MiHy TeMIIepaTypy IPUPOLHOTO ra3y B3[LOBX ra30MPOBOLAY a TAKOX Y
POTOPHOMY JIUMJIPHUKY a3y I/l 4ac CTallioHapHOTO Ta HECTallioHAPHOTO (iMITyJIbCHOTO) PEXXUMY IIPOTiKaHHSI rasy.
BcTaHOBIIEHO, IO OJIHi€I0 3 TPUYMH BUHMKHEHHS IMHAMIYHOI [1I0X1OKY BUMIPIOBaHHS TEMIIEPATypU rasy migdac
iMIyJIbCHOTO PEKMMY BiIOOPY rasy € iHepLiiHiCTh TEPMOIIEPETBOPIOBAYA. 3aIIPONIOHOBAHO BBECTU MOCIIiOBHO B
KaHaJl BUMipIOBaHHS TeMIIepaTypu KOPEeKTYBaJIbHY JlaHKy. Po3po6iieHo nepenaBanbHy (PYHKLIIO Ta PiBHSIHHS
KOPEKTYBaJIbHOI JIAaHKY [1J11 3MEHIIEHHSI BIIJIMBY iHEpLii TepMonepeTBOpIOBaya Ha BUMipIOBaHEe 3HAU€HHS BUTPATU
Ta 00’'eMy ragy. Y waromy po3zini «Po3po6eHHs afanTUBHOI CUCTEMY BUMipPIOBaHHS KiJIbKOCTi IIJIMHHOTO
cepenoBuIa» cpopMOBAHO METOMOJIOTII0 PO3POGIIEHHS aNANITUBHOI CUCTEMU BUMiPIOBaHHS BUTPATH Ta KiJTbKOCTI
IIJIMHHOTO €HeproHocisl. MeToosioris rnepenbdaydae 3aCTOCYBaHHS OTPUMAHUX 3aJ1€XKHOCTEH OCHOBHOI ITOXUOKHU
JIiYMJIBHYKA BiJl BUTPATU Ta 00JIIKOBAaHOTO 00'eMy ra3sy /11 po3p00JIeHHS ITOPUTMIB afanTallii BUMipIOBaJIbHO]
CHCTEMHU Ta MiHiMi3awii HEBUTyYEHNX CUCTEMAaTUYHUX CKJIAOBUX IOXUOKY BUMipIOBaHHS 06'eMy rasy. Po3pobieHo
aJITOPUTMU afanTalii cucTeMu BUMIPIOBaHHS: aJIFTOPUTM KOPEKTYBaHHSI BUMIPIOBAHOTO 3HA4eHHs 00'eMy rasy Ha
OCHOBi p0o3p006JIeHUX aHANITUYHUX 3aJI€KHOCTEN IIOXMOKU JIIUMIJIBHUKA Bifl BATPATU ra3y; aJllOPUTM KOHTPOJIIO
IIPOrpecyovoi CKIaI0BOi NOXMOKM 3a iHTerpajbHUM 3HaYEHHSIM 00'eMy Ta (OPMYBAHHS [4iarHOCTUYHOTO
[IOBiIOMJIEHHSI IPO HEOOXiTHICTh 1033a4€eproBoi MOBipKY JIUNJIPHUKA; aJITOPUTM KOPEKTYBaHHS BUMipIOBAaHOTO
3HA4YEHHS TEMIIEPATYPH 3a JOIIOMOIOI0 BBEIEHOI KOPEKTYBAJIbHOI JIAHKY [1J151 3SMEHIIEHHS BILIMBY iHepLii
TEPMOIIEPETBOPIOBAaYa Ha BUMIipIOBaHE 3HAY€HHS 00'eMy rasy. PesysibTaTu JycepTaliifHoi po60TH, 30KpeEMa,
PO3pO6JIEHI AITOPUTMHU aJaNTalii CUCTeMU BUMiPIOBaHHSI BIIPOBAIKEHO B IPOTpaMHe 3a6e3Ie4eHHS 0041 CIII0BAviB
BUTPATH Ta KiJIbKOCTi IPUPOJHOTO ra3dy B HAyKOBO-IIPOEKTHOMY BUPOOHUYOMY MinnpuemcTsi “Texnpusnaz’, a Takox
BIIPOBA’KEHO Y HaBYJIbHUM NIpOLeC IJ1s1 CTYAEHTIB clielianbHOCTi 174 «ABTOMaTH3allis, KOMIT'IOTEPHO-iHTErpOBaHi

TEXHOJIOTii Ta pOOOTOTEXHIKa».

2. The thesis is devoted to solving a current problem in the field of automation - the development of an automated
adaptive system for measuring the amount of a fluid energy carrier, which provides high measurement accuracy,
taking into account the impact of technological conditions, changes in static and dynamic characteristics of
system components. In the first chapter of the thesis, an analysis of the state of development of automated
systems for measuring the amount of fluid energy carrier is carried out. An analysis of the classification of methods
and systems for measuring the flow rate of fluids is performed. The characteristics of systems based on differential
pressure flowmeters and meters are identified and analyzed. The tasks for the thesis research are formulated. In
the second chapter, “Development of the dependences of the error of rotary gas meters on the flow rate and
volume of gas” the experimental data arrays obtained from the results of metrological verification of rotary meters
of standard types RG-40, RG-100, RG-250, RG-400, RG-600 were processed and the regression dependences of
the error of the average meter on the relative measured gas volume were developed. It was established that these
meters have a negative sign of unexcluded systematic error, which has a constant and progressive component, i.e.,



the main error of the meter changes during its operation. Analytical dependencies of the rotary gas meter error on
the relative value of the gas flow rate for the corresponding meter sizes have been developed. The obtained
dependences make it possible to calculate the unexcluded systematic error of measuring the gas flow rate under
operating conditions for the measured flow rate. In the third chapter, “Development of dependences of the error
of turbine gas meters on the gas flow rate” based on processing the results of metrological verification of turbine
gas meters, analytical dependences of the error of the turbine gas meter on the relative value of the gas flow rate
for meter types LG-K-80, LG-K-100, LG-K-150 have been developed. The approximation of the averaged errors of
the meters by the selected functions was performed using the least squares method. The obtained dependencies
are the basis for the development of algorithms for automated systems for measuring the flow rate and volume of
natural gas to adjust the results of gas volume measurement under operating conditions. In the fourth chapter,
“Study and reduction of temperature measurement errors in automated metering systems for fluids”, a
mathematical model of heat exchange processes in a long gas pipeline and gas meter is developed. The
mathematical model of heat transfer from gas to air considers the wall boundary laminar layer in the pipeline, as
well as the dynamics of gas flow and changes in gas parameters in the meter. The change in natural gas
temperature along the gas pipeline and the rotary gas meter during stationary and non-stationary (pulse) gas flow
regimes is studied. It was established that one of the reasons for the dynamic error in gas temperature
measurement during the pulsed gas sampling regime is the inertia of the thermal transducer. A correction link in
series in the temperature measurement channel is proposed. The transfer function and equation for the correction
link is developed to reduce the impact of the inertia of the thermal transducer on the measured value of the
natural gas flow rate and volume. In the fifth chapter, “Development of an adaptive system for measuring the
amount of fluid”, a methodology for developing an adaptive system for measuring the flow rate and amount of a
fluid energy carrier is proposed. The methodology involves using the obtained dependences of the basic error of
the meter on the flow rate and the measured gas volume to develop algorithms for adapting the measuring system
and minimizing the unexcluded systematic components of the measuring error of the gas volume. Algorithms for
adapting the measuring system have been developed: an algorithm for correcting the measured value of the gas
volume based on the developed analytical dependences of the meter error on the gas flow rate; an algorithm for
controlling the progressive component of the error by the integral value of the volume and generating a diagnostic
message about the need for an unscheduled meter verification; an algorithm for correcting the measured
temperature using the introduced correction link to reduce the influence of the inertia of the thermal trancducer
on the measured gas flow rate and volume. The results of the thesis, particularly, the developed algorithms for
adapting the measurement system have been implemented in the software of calculators for the flow rate and
amount of natural gas in the research and design production enterprise “Tekhprylad”, and also introduced into the
educational process for students of specialty 174 “Automation, computer-integrated technologies and robotics”.
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