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1. YnockonasneHHs 3ac06iB Ta METOZiB METPOJIOTIYHOr0 3abe3eyeHHs IPelu3iHIX BUMIpIOBaHb CUJIU Ta HAIIPYTU

3MIHHOTO CTPyMY

2. Improvement of means and methods of metrological support of precision measurements of alternating current
and alternating voltage

Pedepar:

1. luceprarnist npuCBA4Y€Ha NOLIYKY IIJISIXiB CTBOPEHHS Ta YAOCKOHAJIEHHS AEP)KaBHUX €TaJIOHIB OJVHUIL CUJIM Ta
HaIpyryu 3MiHHOT'O CTPYMY, @ TaKOK METPOJIOTiYHOro 3a6e3e4eHHs IPeLU3iiiH1X 3ac00iB BUMipIOBaJIbHOI TEXHIKH,
KOTpi Jal0Th METPOJIOTIYHY NIPOCTEXYBaHICThb O 3a3HAYEHUX €TAJIOHIB. B po6OTi IpoBEeHO NOPiBHILHUM aHAai3
METO[IiB Ta 3aC006iB, KOTPi BUKOPUCTOBYIOTHCS IJIs1 METPOJIOTIYHOTrO 3a6e3nedeHHs MpeLn3iiiHuX BUMIPIOBaHb CUJIN
Ta HaIlpyTy 3MiHHOTO CTPYyMY B HalliOHAJIbBHUX METPOJIOTIYHMX iIHCTUTYTaxX JEpPrKas, 0 MAKOTh 3aCBig4eHi
KaJliOpyBaJIbHi I BUMIPIOBaJIbHI MOXJIMBOCTI. Pe3ysibTaTu aHanisy 103BOJININ CPOPMYBATH MifXif, 10 BUPILIEHHS
Ipo6JsieMU NPeLU3iiHMX BUMipIOBaHb CUJIY 3MIiHHOTO CTpyMy. O6paHO METO, TEPMOEIEKTPUYHOTO KOMIIAPyBaHHS

CepeJHbOKBAIPATUYHOIO 3HAYEHHS 3 €KBiBaJIEHTHOIO [TOCTIHOIO CUJIOI0 CTPYMY. PO3p0O6JIEHO OCHOBY 110OY10BU



BHCOKOTOYHOT'O €TaJIOHA, IIPOBEEHO NOCIIIKEHH METPOJIOTIYHUX XapaKTEPUCTUK CKJIAIOBUX, [IPOAHAI30BaHO
IpKepeJsia HEBM3HA4YE€HOCTI BUMiPIOBaHb IIPU MOr0 3aCTOCYBaHHi. 3 METOIO YIIOCKOHAJIEHHs JlepKaBHOTO €TaJoHa
OIMHML 3MiHHOI HAalIpyTry [IpoaHasi30BaHO HECTabiIbHICTh 3a 14 POKIB 32 iCHYIOUOI0 METOMKOIO. [I71s1 PO3LINPEHHS
Iliara3oHy CIIOCTEPEKEHHA Liei XapaKTEPUCTUKU YIOCKOHAJIEHO METOAMKY NOCIiIKEHHS. 3alpOIIOHOBAHO
3MEHIIMTYU HEBU3HAYEHICTh BUMipIOBaHb ITPU KaJlibpyBaHHi 3aC06iB BUMipIOBaHHS 3MiHHOI HANIPYTU MIISIXOM
BM3HAYEHHS TEMIIepaTypHOI 3aj1eXKHOCTi TepMmoKomIiapatopy Fluke 792A Ta noTpuMaHHS piBHMX YaCOBUX
iHTepBasIiB M’k BUMIPIOBaHHSM BXiJJHAX HaIpyT. [lj11 CTBOPEHHSI METOJUYHOTO 3a0€3eYeHHsI KaliOpyBaHHS
KOMIIapaTopiB 3MiHHOTO CTPYMY Ta Mip [TIOKA3HUKIB IKOCTI €JIEKTPOEHEPTii IPOaHasi3oBaHO eKCIIyaTaliliHi Ta
HOpMAaTuBHi OKyMeHTH. CHOPMOBAHO MiAXOM 10 BUPIIIEHHS IJbOTO IUTAHHA Yepe3 00y 10By BUMipPIOBAJIbHUX
CXeM, ONTUMI3allilo PiBHSAHD 3B'A3KY i aHaJIi3 JpKepeJs HEBU3HAYEHOCTI. 3 METOIO OLiHIOBAaHHS €KBiBaJIEHTHOCTI
IIpeLU3iiHMX BUMIPIOBaHb HAIIPYTY 3MiHHOTO CTPYMY B MeXaxX JOCJIiIP)KEHHs IPOBEIEHO MTOPiBHSIHHS PE3YJIbTaTiB
BUMIpIOBaHHS KyTa 3CyBY (a3 MK ABOMA Halpyramu 3a JOIOMOTIOI0 ABOX METO/IB (3 BUKOPHUCTAaHHSIM
IIpeLr3iiiHoro BOJIbTMETPY ab0 NpenusiiiHoro ¢pasomeTpy). [1Jisi BCTAHOBJIEHHSI METPOJIOTiYHOI IIPOCTEXKYBAHOCTI
Pe3yJbTaTiB BUMipIOBaHHS IIPY KaliOpyBaHHI TEPMONEPTBOPIOBAYiB HAIIPYTY, 10 OTPUMAaHi KaliopyBajlbHUMU

Jlaboparopisimu YKpainu, 1o MibKHapogHOI cuctemu oguHuup Cl npoBeeHo MbXkiabopaToOpHi OPiBHSIHHSL.

2. Thesis is devoted to the search for ways to create and improve state standards of units of alternating current
and voltage, as well as methodological support of precision measuring equipment, which provide metrological
traceability to the specified standards. A comparative analysis of the methods and means, used for metrological
support of precision measurements of alternating current and voltage in national metrological institutes of states
with verified calibration and measurement capabilities, was carried out in the work. The results of the analysis
allowed us to formulate an approach to solving the problem of precision measurements of the alternating current.
The method of thermoelectric comparing of the root-mean-square value with an equivalent direct current was
chosen. The basis for constructing high precision standard was developed, a study of the metrological
characteristics of the components was carried out, the sources of measurement uncertainty were analyzed. The
instability for 14 years was analyzed by the existing procedure in order to improve the State standard of alternating
voltage unit. A metrology procedure was improved to expand the observation range of this characteristic. It was
proposed to reduce the measurement uncertainty when calibrating the AC measuring instruments by determining
the temperature dependence of the Fluke 792A thermal comparator and observing equal time intervals between
measuring the input voltages. Operational and regulatory documents were analyzed to create methodological
support for the calibration of alternating current comparators and measures of power quality parameters. The
approaches were formed to solving these issues by constructing measuring circuits, optimizing functional
relationships and analyzing sources of uncertainty. In order to evaluate equivalence of precision alternating
voltage measurements, the study was conducted by comparing the measurement results of the phase angle
between two voltages by means of two methods (using precision voltmeter or precision phase meter). The inter-
laboratory comparison was conducted to establish the metrological traceability of the measurement results of
calibrating thermal voltage converter, obtained by the calibration laboratories of Ukraine, to the international
system of units SI.
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