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2. Principles of construction of measuring power amplifiers.

Pedepar:

1. O6’eKT HOCiI>)KEHHS: IPOLIECH BiATBOPEHHS NapaMeTpiB TprPpaszHOi MepexXi MPOMUCIIOBO] YaCTOTH Ta iX
HOPMOBAHUX 3Ha4Y€Hb Y PO3MKMPEHNUX Jialla30Hax 4YacTOTH, 3BMIHHUX CTPYMIB, HalIpyT Ta KyTiB 3CyBy (a3 3 33/1aHOI0
TOYHICTIO. MeToIU TOCiIKeHHS: METOU TEOPETUYHOI eJIEKTPOTEXHIKU Ta MAaTEMATUKU, MeTOIU (Pi3UYHOrO,
MaTeMaTU4YHOIO MOJEJIOBAHHS, MaTeMaTUYHUI anapat psafiB Teisopa ta Pyp’e, MAaTpUYHOr0o OOYUCIIEHHS i
YMCJIOBOT'O MOJIE/IIOBAHHS Ha €JIEKTPOHHUX 00YMC/IIOBAHUX MalNHaX. TeopeTUuyHi Ta IpakTUYHi Pe3yJIbTaTH i
HOBHU3HA: GOpMasi3oBaHO CKJIAZOBI TOXMUOKY BilTBOPEHHS aKTUBHOI i pEaKTUBHOI IIOTY>KHOCTE Ta HECUMETPii
TpudazHoi eJIeKTPUIHOI MepexKi, 06YMOBJIEHI HEJOCKOHAICTIO METPOJIOTIYHMX XapaKTE€PUCTUK BUMIPIOBAJIbHUX
nifgcumoBadiB noTyxHocTi (BIIIT), mo 1038010 cpopMyII0BaTU BUMOTH 10 TPAaHUYHUX PiBHIB OKPEMHUX
ckianoBux oxu6ok BIIIT i ;o3BomMIO ofepskaTy KoedilieHT NiABUILEHHS BUMOT 32 TOYHICTIO 110 3aC00iB

BiATBOpEHHSI IapaMeTpiB SIKOCTi TpH(DA3HUX €JIeKTPUYHNX MEPEK; BIOCKOHAJIEHO CII0CIO YCYHEHHS CIIOTBOPEHb



3MiHHOI HallpyTy BUXiJHOTO MifCUII0Bava Bifl HEeJIiHITHOTO HaBaHTa>KEHHS, 1110 JO3BOJINJIO 3MEHIINTHU KoedillieHTU
HECHHYCOIIaNIbHOCTI 3MIHHUX HaIIPyT, BUKJIMKAHUX HEJIHIMHUMEU KOJIaMu 32C00iB BUMIPIOBAHHS; 3alIpOIIOHOBAHO
HOBUI IPUHLUI IOGYZ0BU JyKepesl CTPyMiB i Hanpyr Ha ocHoBi LJAIT, siKi BiIpi3HSIOTCSI TUM, LIO 103BOJISIOThH
BiITBOPIOBATHU BEJIMKUI CTPYMY i BUCOKY HAIpyry UM(POBUM IiICUJIEHHSM 32 PaXyHOK [1I€PETBOPEHHSI BXiTHOTO
(pPOBOTrO CUTHAJY B BUXiIHUI CUTHAJI IPSIMUM CUHTE30M, L€ J1aj10 MOXJIMBICTD iX 3aCTOCYBaHHS B TOUHUX,
BHCOKOCTa0i/IbHUX i aBTOMAaTU30BaHUX 3aCc00aX METPOJIOriYHOro 3abe3e4eHHs NTPuIafiiB BUMipIOBaHHS IOTYKHOCTI
Ta napameTpiB KocTi esiekTpuyHoi eHeprii (EE); Bnepie cTtBopeHo MaTeMaTnyHy mogesb BIITT na 6asi
BHUCOKOBOJIbTHOTO LIATI (BLJAIT), 3a ZOIIOMOTOI0 SIKOi IOBEI€HO TiepeBary MpUHLMIIB Oro Io6yL0BU Ta
CIIPOEKTOBAHO MiJCUJIIOBAY 3 33JaHOI0 TOYHICTIO BiITBOPEHHS aMIUITyAy 3MiHHOTO CUTHANY i 3 O4iKyBaHMM pPiBHEM
HeJIiHITHMX CIIOTBOPEHD; PO3p006sIeHO KOMITI'tIoTepHY Mogiesb BIIIT Ha ocHoBi BIJAIL, 3a 10IIOMOrOI0 SIKOI IIPOBELIEHO
IOCIIiIKEHHS! METPOJIOTTYHMX XapakTepucTyK BIIAII, mo nmigTBepanan TOYHICTb BiATBOPEHHS aMILIITY] 3MiHHUX
CUTHAJIB Ta KoeillieHT iX HesiHIMHNUX CIOTBOPEHb, OTPMMAHUX 32 Pe3yJbTaTaMU MAaTEMAaTUYHOTO MOJIE/IIOBAHHSI.
[TpenmerT i cTymniHb BIpOBaJyKEHHS: 32CO0M BUMipIOBaIbHOI TEXHIKYM 3 BUKOPUCTAHHSM TEXHIYHUX PillleHb,
3aIPOINOHOBAHUX Y AMCEPTaLiliHill poOOTi, 3apoBafKeHi y cepiifiHe BUPOOHULTBO B CIiIJIbHOMY YKPaiHCbKO-
snmToBcbkoMy minnpuemctsi “EJIBIH” y Burnsigi reneparopa JHCT-3k, mxepena JTHCT-3, yctaHoBok YAII-3, VAII-
3M Ta BUKOPUCTOBYIOThCS B opraizanisx JIT «Ykpmerprectcranzapt» Ta HEK «Ykpenepro». EQekTuBHICTb
BIIPOBA/I’)KEHHS: OTPUMAHO 3HAYHUHN T€XHIKO-€KOHOMIYHUM e(deKT, 1110 3aK/II0YAEThCS B MiABUIIEHHI TOUHOCTI
061iKy EE. Cdepa BUKOPUCTaHHS: B €JIEKTPOEHEPreTHUlli, B METPOJIOTiYHOMY O6JIa[IHAHHI 17151 BiTBOPEHHS

HOPMOBAHUX 3Ha4€Hb MOTYXKHOCTI EE, ii MOKa3HUKIB IKOCTi Ta iHIMX Tajy3sx 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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