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Pedepar:

1. Cemenixin B.C. YIocKoHasIeHHSI METOVK KaliOpyBaHb 32CO0iB BUMIPIOBAaHHS Ta BilTBOPEHHS €JIEKTPUYHOTO
onopy. — Kanidikanjifina HaykoBa Ipalls Ha [paBax pykomnucy. Jlucepratist Ha 3000yTTsI HAYKOBOTO CTYIIE€HS
IoKTopa (pinocodii 3a crenianpHicTIO 152 - MeTpoJioris Ta iHpopMalLiiiHO-BUMipIOBaJIbHA TE€XHIKA. — XapKiBCbKUI
HalliOHaJIbHUI YHIBEPCUTET pafiioesIeKTPOHiKNY, XapkKiB, 2024. [lucepraliiiHa po60Ta NIPpUCBSIYEHA YA0CKOHATIEHHIO
METOJUK KaJlibpyBaHb 3aC00iB BUMipIOBaHHS Ta BiITBOPEHHSI €JIEKTPUYHOTO OIIOPY LIJIIXOM PO3POOKU MIPOLeyp
OLiHIOBAaHHS HEBM3HAYEHOCTI BUMIPIOBAaHb HA OCHOBI METOJly €KCLIECIB Ta 3arajioM MiJABUIIEHHIO AKOCT] i
e(EeKTUBHOCTI Pe3yJbTaTiB KaJaibpyBaHHS 3aC00iB BUMIPIOBaHHS Ta BiITBOPEHHSI €JIEKTPUYHOTO OIOPY, IO €
BaXKJIMBUM HayKOBUM i MPaKTUYHUM 3aBHaHHAM. O0’eKT JOCIIKEHHS — IPOLieC KalibpyBaHHS 3aC00iB
BMMIipIOBAaHHSI Ta BiATBOPEHHSI €JIeKTPUYHOr0 onopy. [IpegmMeT focliIyKeHHsl — METOIM KaliOpyBaHHs 3aCc00iB
BMMIPIOBAaHHS Ta BiATBOPEHHSI €JIEKTPUYHOrO ONOpy. MeTolo AucepTaliiiHoi poboTHU € po3pobKa MpoLenyp
OLIiHIOBaHHSI HEBU3HAYE€HOCTi BUMipIOBaHb [1pY KaslibpyBaHHi 3aC00iB BUMIPIOBAaHHS Ta BiATBOPEHHS €JIEKTPUYHOTO

OIIOpYy Ha OCHOBI METOJy eKcCLieciB. Y BCTyIli OOIPYHTOBAHO aKTyaybHICTh TEMU JOCJIIPKEHHS, COOPMYJIbOBAHO



METYy, 3aBllaHHSI, 00'€KT, IPEJIMET, PO3KPUTO HAayKOBY HOBU3HY, IPAKTUYHY 3HAYYIIIiCTh OJlep>KaHUX Pe3ysbTarTiB,
BM3HAUYE€HO O0COOMCTHI BHECOK 3700yBava, HaBeIeHO JaHi CTOCOBHO anpoobalii Ta BIPOBaIKEHHS B IPAKTUKY
Pe3yJbTaTiB JOCiIKEHHS, IPEeACTaBJIeH] eTaly NOCiI)KeHHs], HaBeleHO KiJIbKiCTh MybJikaliil 3a TeMo0 poboTu. ¥
[epLIOMY PO37iJli IPOaHaNi30BaHO iCHYI0Yi MEeTOM KanibpyBaHHS 3aCc06iB BUMIPIOBaHHSI Ta BiITBOPEHHS
€JIEKTPUYHOTO OIOPY, PO3IJISIHYTO Kiacudikallilo nyux 3aco6iB BUMIPIOBaHHS Ta BiITBOPEHHS, HABEJIEHO OCHOBHI
eTarny KajniopyBaHHs, IPOAHai30BAaHO METOY OLiHIOBAaHHSI HEBU3HAUYEHOCTI BUMipIOBaHb, PO3IJISIHYTO 6a30BUI
anroputm GUM Ta 110oro HefoJIiKy, peaisanito metoay MoHTe-KapJio [y OLiHIOBaHHS HEBU3HAY€HOCTI
BUAMIPIOBaHb i 3aCTOCYBaHHS METOy €KCLIECIB [JIs1 OTPUMAHHS AOCTOBIPHUX OLiHOK HEBU3HAYEHOCTI BUMipIOBaHb
nig 9ac kani6pysanb 3BT. V npyromy pospisi mpencraBieHo po3pobiieHi poleypy OLiHIOBaHHSI HEBU3HAYEHOCT]
BMMIipIOBaHb IIPM KajlibpyBaHHi Mip eJ1eKTpryHOro onopy (nasni — MEO) po3po6JieHi Ha OCHOBI MeTOZY €KCLeCiB, a
came: IpoLeiypa OLiHIOBaHHS HEBU3HAYEHOCTI IPSIMUX BUMipIOBaHb 3Ha4yeHHa MEQ, 1m0 Kani6épyeTbes 3a
IOIIOMOTrOI0 €TaJIOHHOTO OMMETPY; IIPOLeAypa OLIHIOBAHHS HEBU3HAYEHOCTI IIpU 3BipeHHi 3Ha4yeHHss MEO, mo
KaJlibpyeTbcs 3i 3HaYeHHsAM eTasloHHOI MEO 3a gornomMoroio komnapaTopa; poLenypa OliHIOBaHHSI HEBU3HAY€HOCT]
HeMNpsMuX BUMipIoBaHb 3HaueHHs MEO 3a gonomororo noreHniomerpa. [s KOXXHOi IpoLeAypy CKIafeHo 010KeT
HEBU3HAYEHOCTI, IPOBEAEHO €KCIIEPUMEHTAJIbHE AOCiIPKEHHS] HEBU3HAYEHOCTI BUMiPIOBaHb, SIKA OLiHIOBAJIACh
npu Kani6pyBaHHa MEO Ha OCHOBI MeTOZy €KCLieCiB, IPOBEIeHO MTOPIBHIHHS OTPUMAHUX Pe3yJbTaTiB 3 OLliHKaMu1
PO3IMPEHOI HEBU3HAYEHOCTI, SIKi OTPUMYIOTh METOLOM MoHTe-Kapiio. Po3risHyTO Balialio METOAMK
KaniopysBanHst MEO. Y TpeTboMy pO3iJi IpeACTaBI€HO NPOLEeLyPH OLiHIOBAHHSI HEBU3HAYEHOCTI BUMiPIOBaHb IIPU
KaslibpyBaHHI OMMETPIB MOCTIITHOTO CTPyMy PO3PO0JIeHi Ha OCHOBI METOJly €KCLIECIB, a came: Tpolesypa
OlIiHIOBaHHS HEBU3HAYEHOCT] MIPSIMUX BUMIPIOBaHb OMMETPOM, 110 KalibpyeTbcst eTasioHHo0 MEO. PosrisHyTi
0COO6IMBOCTI KayliOpyBaHHs aHaJIOTOBUX OMMETPIB 3 HEJIiHIMHOIO IKaJo0, ifeHTudiKallis HerosiHoMianbHOI
Kai6pyBasIbHOI 3a71€KHOCTI 3 ypaxyBaHHSIM iHCTPYMEHTAJIbHUX HEBU3HAYEHOCTEN BUMIPIOBAJIbHUX NPUIALiB
€JIEKTPUYHOTO OIOPY, Bajiallisi METOIMK KaylibpyBaHb OMMETPiB IIOCTIITHOTO CTPyMy. Y YeTBEPTOMY PO3iJi
PO3IJISIHYTO BiITBOPEHHS OJMHUIb €JIEKTPUYHOIO OIOPY 32 JOIOMOroIo eTajoHa OMa Ha KBAHTOBOMY €(eKTi
Xousa, MaciTabyBaHHS OJUHULI €JIEKTPUYHOTO ONOPY Y JeP>KaBHOMY [IEPBUHHOMY €TaJIOHi YKpaiHuy, OLiHIOBaHHS
BinnosinHOCTI 3BT e1eKTpUYHOTO OMOPY METPOJIOTIYHMM BUMOTaMm 3a pe3yJbTaTaMM iX KaliOpyBaHHS.
3anpornoHOBaHO METOAMKY KOPeKLii MixkkasiopyBasbHUX iHTepBasiB 3BT eseKTpu4HOro onopy. Y BUCHOBKax
[I0Ka3aHo, 10 BUpillleHa BXKJIMBA HAYKOBO-TIPAKTUYHA 33/la4ya yIOCKOHaJIEHHSI METOAMK KalibpyBaHHS 3ac06iB
BHUMIpPIOBAaHHS Ta BiITBOPEHHS €JIEKTPUYHOIO ONOPY IIJIIXOM PO3POOKU MPOLENyp OLiHIOBaHHS HEBU3HAYEHOCTI
BMMipIOBaHb Ha OCHOBI METOZY €KCLeCiB, IiIBULIEHHS SIKOCTi i eeKTUBHOCTI BUKOHAHHS IIPOLIeCY KaibpyBaHHS
3ac006iB BUMIPIOBaHHS Ta BiJTBOPEHHS €JIEKTPUYHOTO ONOPY LIJISIXOM BPaxyBaHHS OCOOJIMBOCTE KaliOpyBaHHS LIUX
3BT.

2. Semenikhin V.S. Improving calibration procedures of instruments for electrical resistance measurement and
reproduction. - Qualifying scientific work on manuscript rights. Dissertation for obtaining the scientific degree of
Doctor of Philosophy in specialty 152 - Metrology and information-measuring technology. - Kharkiv National
University of Radio Electronics, Kharkiv, 2024. The dissertation is devoted to the improvement of calibration
procedures of instruments for electrical resistance measurement and reproduction by developing measurement
uncertainty evaluation procedures based on the kurtosis method and generally improving the quality and
efficiency of the results of calibrating insruments for measuring and reproducing electrical resistance, which is an
important scientific and practical task. The object of research is the process of calibrating instruments for
measuring and reproducing electrical resistance. The subject of research is procedures of calibrating instruments
for measuring and reproducing electrical resistance. The purpose of the dissertation is to develop procedures for
the measurement uncertainty evaluation at calibrating instruments for measuring and reproducing electrical
resistance based on the kurtosis method. The introduction substantiates the relevance of the research topic,
formulates the purpose, tasks, object, subject, reveals the scientific novelty, the practical significance of the results
obtained, identifies the personal contribution of the applicant, provides data on testing and implementation of the
research results into practice, presents the stages of the research, and lists the number of publications on the
topic work. The first section analyzes existing methods for calibrating instruments for measuring and reproducing



electrical resistance, considers the classification of these instruments for measuring and reproducing, provides the
main stages of calibration, analyzes methods for measurement uncertainty evaluation, considers the basic GUM
algorithm and its shortcomings, the implementation of the Monte Carlo method for measurement uncertainty
evaluation and application kurtosis method to obtain reliable estimates of measurement uncertainty in measuring
instruments (MI) calibrations. The second section presents developed procedures for measurement uncertainty
evaluation at calibrating electrical resistance measures (hereinafter referred to as ERM) on the basis of the kurtosis
method, namely: a procedure for uncertainty evaluation of direct measurements of the value of a ERM to be
calibrated using a reference ohmmeter; procedure for uncertainty uncertainty when comparing the value of a ERM
to be calibrated with the value of a reference ERM using a comparator; procedure for uncertainty evaluation of
indirect measurements of the value of a ERM using a potentiometer. For each procedure, an uncertainty budget
was compiled, an experimental study of measurement uncertainty at the calibration of ERM based on the kurtosis
method was carried out, and the results obtained were compared with estimates of expanded uncertainty obtained
by the Monte Carlo method. Validation of methods for calibrating ERM is considered. The third section presents
procedures for measurement uncertainty evaluation at calibrating DC ohmmeters developed on the basis of the
kurtosis method, namely: a procedure for uncertainty evaluation of direct measurements with an ohmmeter to be
calibrated by a ERM. The features of calibration of analog ohmmeters whis a nonlinear scale, identification of a
non-polynomial calibration dependence taking into account instrumental uncertainties of electrical resistance
measuring instruments, validation of calibration methods for DC ohmmeters are considered. The fourth section
discusses the reproduction of units of electrical resistance using the Ohm standard on the quantum Hall effect, the
scaling of the unit of electrical resistance in the state primary standard of Ukraine, and the assessment of the
compliance of electrical resistance MIs with metrological requirements based on the results of their calibration. A
method for correcting the calibration intervals of the electrical resistance MlIs is proposed.
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