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2. Principles of construction of measuring power amplifiers.

Pedepar:

1. O6’eKT mocCmimKeHHs: IPOLECH BiITBOPEHHS NapaMeTpiB TpU@as3HOi MepeKi MPOMUCIIOBOI YaCTOTHU Ta iX
HOPMOBAHUX 3HaY€Hb Y PO3IIMPEHHUX Jlianla30Hax 4acTOTH, 3BMIHHUX CTPYMIB, HallpyT Ta KyTiB 3CyBYy (a3 3 33/1aHOI0
TOYHICTIO. MeTOIu NOCiIPKEHHS: METOY TEOPETUYHOI €JIEKTPOTEXHIKM Ta MAaTEMATHUKY, METOAU (Pi3UYHOTO,
MaTeMaTU4YHOTO MOZEJIOBAHHS, MaTeMaTUYHUI anapat psaznis Teinopa ta Oyp'e, MATpUYHOTO OOUMCIIEHHS i

4K CJIOBOTO MOJIEJIIOBAHHS Ha €JIEKTPOHHUX 004MCIIIOBAaHMX MallMHaX. TeopeTuyHi Ta MpaKTU4YHi pe3ysbTaTH i
HOBU3HA: (POPMasi3oBaHO CKJIAJOBi NOXMOKM BilTBOPEHHS aKTUBHOI i pEaKTUBHOI IOTY>KHOCTE Ta HECUMETPIi

TpUPa3HOi eJIeKTPUIHOI MePeXKi, 00YMOBJIEHI HEJOCKOHAICTIO METPOJIOTIUHUAX XapAKTE€PUCTUK BUMIPIOBAJIbHUX



nifCUII0BadiB NOTy>XHOCTI (BIIIT), mo 003B0MI0 cpOpMyII0OBATU BUMOTH 10 TPAaHUYHUX PiBHIB OKPEMUX
ck1amoBux 1oxu6ok BIIIT i mo3Bomio ofgepskatu KoedillieHT miIBUIEHHST BUMOT 32 TOYHICTIO /10 3aC00iB
BiITBOPEHHSI IapaMeTPiB SIKOCTi TpPM(A3HUX €IEKTPUYHUX MEPEK; BAOCKOHAJIEHO CIIOCIO YCYHEHHS CIIOTBOPEHD
3MiHHOI HaNpyry BUXiJHOTO MiCUJIIOBaYa Bill HEJIIHIHHOTO HABAHTAKEHHS, 10 JO3BOJIMJIO 3MEHIIUTHU KOe(illieHTH
HECHHYCOiIaJIbHOCTi 3MiHHMX HAIPYT, BUKJIMKAHUX HEJIiHIHUMY KOJIaMU 3aC00iB BUMIPIOBAaHHS; 3alIPOIIOHOBAHO
HOBUY IIPUHIUII IOOYZ0BU IyKepesl CTpyMiB i Hanpyr Ha ocHoBi LJAIT, siki BiIpi3HSIIOTHCS. TUM, L0 [103BOJISIOThH
BiITBOPIOBATH BEJIUKUI CTPYMY i BUCOKY HaIlpyry LM(POBUM IiICUJIEHHSM 32 PaxyHOK [1€PETBOPEHHSI BXiJHOTO
M(POBOTrO CUTHAJY B BUXiIHUI CATHAJI IPSIMUM CUHTE30M, L€ J1ajl0 MOXJIMBICTD iX 3aCTOCYBaHHS B TOUHUX,
BHCOKOCTa0i/IbHUX | aBTOMAaTU30BaHUX 32C06aX METPOJIOTiYHOrO 3abe3edeHHs MTPUIafiB BUMipIOBaHHS IIOTYKHOCTI
Ta napameTpiB sKocTi esekTpuyHoi eHeprii (EE); Bnepiue cTBopeHo MaTeMaTnyHy mogiesib BIITT Ha 6asi
BrCOKOBOJIbTHOTO LIATI (BLJAIT), 332 OIIOMOrOI0 SIKOI OBELIEHO IIepeBary NpUHLMIIB Oro NodygoBU Ta
CIIDOEKTOBAHO IiACUIIIOBAY 3 33aHOI0 TOYHICTIO BiITBOPEHHS aMIUIITyA1 3MiHHOTO CUTI'HAMY i 3 O4iKyBaHMM piBHEM
HeJIiHITHYX CIIOTBOPEHbB; po3p0bJieHO KOMIT'IoTepHY Mogiesb BIIIT Ha ocHoBi BIJAIL, 3a 10IIOMOrOI0 SIKOI [IPOBELIEHO
IOCIIiIKEHHSI METPOJIOTTYHMX XapakTepucTyk BIAII, mo nmigTBepanan TOYHICTb BifTBOPEHHS aMILIITY]] 3MiHHUX
CUTHaJIiB Ta KOeQillieHT iX HeJiHIMHNAX CIIOTBOPEHDb, OTPMMAHUX 3a PE3YyJIbTaTaAMU MAaTEMATUYHOIO MOJEIIOBAHHSL.
[Tpenmer i CTymiHb BIPOBaIKEHHS: 32CO0M BUMipIOBaJIbHOI TEXHIKYM 3 BUKOPUCTAHHSIM TEXHIYHUX PillleHb,
3aIPOINIOHOBAHUX Y AMCEPTaLiliiHill poOOTi, 3anpoBajykKeHi y cepiiiHe BUPOOHULTBO B CIiIJIbHOMY YKPaiHChKO-
autoBcbKoMy mHignpuemMctsi “EJIBIH” y Burnsgi reneparopa JHCT-3k, mxepena JHCT-3, yctaHoBok YATI-3, YAII-
3M Ta BUKOPUCTOBYIOTbCS B opraisanisx JI1 «Ykpmerprectcrangapr» Ta HEK «Ykpenepro». EGeKTuBHICTD
BITPOBA/I)KEHHS: OTPUMAHO 3HAYHUH T€XHIKO-€KOHOMIYHUM e(deKT, 1[0 3aKII0YAETHCS B MTiABUIIEHHI TOYHOCTI
0671iky EE. Cdbepa BUKOpUCTaHHS: B €JIEKTPOEHEPreTulli, B METPOJIONiYHOMY 00J1afiHAHHI /11l BiNTBOPEHHS

HOPMOBAHUX 3Ha4€Hb NOTYXHOCTI EE, ii NOKa3HMKIB IKOCTi Ta iHIIMX Tayy3sx IPOMUCIJIOBOCTI.

2. The object of research: processes of reproducing the parameters of a three-phase network of industrial
frequency and their normative values in extended frequency ranges, alternating currents, voltages and phase
angles with a given accuracy. The purpose of research: methods of theoretical electrical engineering and
mathematics, methods of physical, mathematical modeling, mathematical apparatus of the Taylor and Fourier
series, matrix calculus and numerical simulation on electronic computers. Methods of research: methods of
theoretical electrical engineering and mathematics, methods of physical, mathematical modeling, mathematical
apparatus of the Taylor and Fourier series, matrix calculus and numerical simulation on electronic computers.
Theoretical and practical results and innovations: the components of the error in reproducing active and reactive
powers and the asymmetry of a three-phase electric network are formalized, due to the imperfection of the
metrological characteristics of the measuring power amplifiers (MPA), which made it possible to formulate the
requirements for the limit levels of the individual components of the errors of the MPA and made it possible to
obtain an increase in the accuracy requirements for reproducing the quality parameters of three-phase electrical
networks; improved method for eliminating distortion of the alternating voltage of the output amplifier from non-
linear load, which allowed to reduce the coefficients of non-sinusoidality of alternating voltages caused by non-
linear circuits of measuring instruments; a new principle is proposed for constructing current and voltage sources
on the basis of DACs, which differ in that they allow reproducing high current and high voltage with digital
amplification by converting the input digital signal to the output signal by direct synthesis, which made it possible
to use them in accurate, highly stable and automated means metrological support for measuring power and quality
parameters of electric energy (EE); for the first time, a mathematical model of the MPA based on a high-voltage
DAC (HVDAC) was created, with the help of which the advantage of the principles of its construction was proved
and an amplifier was designed with a given accuracy of reproducing the amplitude of the alternating signal with
the expected level of nonlinear distortion; a computer model of the MPA based on the HVDAC was developed, with
the help of which a study of the metrological characteristics of the HVDAC was conducted, which confirmed the
accuracy of reproducing the amplitudes of the variable signals and the coefficient of their nonlinear distortions
obtained by mathematical modeling. A subject degree of introduction: measuring instruments using the technical



solutions proposed in the thesis are introduced into serial production in the joint Ukrainian-Lithuanian enterprise
"Elvin" in the form of a DNST-3k generator, a DNST-3 source, UAP-3, UAP-3M units and are used in organizations
SC "Ukrmetrteststandart" and NEC "Ukrenergo". Effectiveness of implantation: a significant technical and
economic effect has been obtained that consists in increasing the accuracy of reproducing the values of EE power
and its quality indicators, the efficiency of calibration of measuring instruments and metering EE. Sphere of use:
power industry, in metrological equipment for reproducing normalized values of EE power and its quality
indicators and other industries.
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