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1. Inceprauiiina po60Ta IpUCBIY€HA BIOCKOHAJIEHHIO POTaLliHOrO METO/Y BUMIpIOBaHHS HAIIPY>XEHOCT]
€JIEKTPOCTAaTUYHOTO I0J151 Y BUMipIOBaJIbBHOMY Jiana3oHi 10 1 KB /M 3a paXyHOK IiiBUILIEHHS 10TO TOYHOCTI,
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(IBC) Hanpy>X€HOCTi €JIEKTPOCTAaTUYHOTO N0JIs. [lepmunii po3[ia NPUCBSIYEHO OIJISILy CTaHy IPOOJIEMH Ta



OOI'PYHTYBAHHIO HANPSIMKY JOCTiIKeHb JucepTaliiiHoi po6oTu. O6IPYHTOBAaHO BUMOTHU 0 allapaTHOTO
3abe3nevyeHHs 1151 BUMIpIOBaHHs HarnpyskeHocTi EIl 3 MifBUIeHOI0 TOYHICTIO Y HU3bKOMY BUMIpIOBaJIbBHOMY
IianazoHi fo 1 kB /M. O6rpyHTOBaHO BUOip POTALifHOrO METOY BUMipIOBaHHS HAIIPY>KEHOCT] €J1eKTPOCTaTUYHOTO
nosis. Ipyruit posfin guceprauiitHoi po60TH NPUCBIYEHO MAaTEMATUYHOMY Ta KOMITIOTEPHOMY MOJIEJIIOBAHHIO
ceHcopy esleKTpocTaTruyHoro ¢giokemetpy (EQ). PosrasuyTo 6yn0By Ta QisnyHMil TPUHLMI PO60TH ceHcopa ED,
OOIPYHTOBAaHO BUMOTH 10 OT0 MaTeMaTH4yHoi Mozesi. [IpoBefieHo aHasli3 TUIIOBOTO PiBHSIHHS [I€PETBOPEHHS
HaIpPYXEHOCTi eJIEKTPOCTAaTUYHOTO I10JIs1 B CTPYM, SIKUM OIUACYeThcsl poboTa ceHcopa EQD Ta Bu3HaYeHo 1oro
HEeJ0CKOHAJIOCTi. 3alIPOIIOHOBAHO Ta OOI'PYHTOBAHO BI,OCKOHAJIEHE PiBHSHHS [I€PETBOPEHHS], 3 BpAXyBAHHIM
0OMe>KkeHb Ta HeJJOCKOHAJIOCTEH, sIKi IPUCYTHI Y TUTIOBOMY PiBHSIHHI IlepeTBOPeHHSI. [Jisl IOPiBHSIHHS
BJOCKOHAJIEHOI MaTeMaTU4HOi Moeli ceHcopa ED 3 Tunosoto, 6ys10 MpoBeeHO KOMII'IOTEPHE MOJIE€/II0OBAaHHS
posnoginy EIT MDK 4yTJIMBUMU Ta €KpaHyIOUMMU IJIacTUHAMU ceHcopa ED i BCTaHOBJIEHO YMCesIbHI 3HAaUeHHS
IHIIyKOBAHOTO Ha CEHCOPHIN IIJIACTUHI 3apsAay Ta pO3pax0BaHO 3HAYEHHS IHIYKOBAHOTI'O CTPYMY. BCTaHOBIIEHO, 110
¢dopma curHaiy, oTpruMaHa 3a J0IIOMOTr0I0 BIOCKOHAJIEHOTO PiBHSIHHS [1IEPETBOPEHHS Kpallle BifllIoBiflae peaJbHOMY
CUTHaJly, IOPiBHSHO 3 TUIIOBMM. HacTynHa 4yacTuHA AOCIiIpKeHHs 6yJla HallpaBJieHa Ha BCTAHOBJIEHHS OIITUMAJIbHO]
KoHirypauii Ta 6ynosu ceHcopa ED: Bu3HaueHHS 3HaYeHHS ONTUMAJIbHOI BifICTaHi MiXX YyTJIMBUMU IJIACTUHAMMU Ta
€KPaHYI0UYO0I0 NJIAaCTUHOO; BU3HAYEHHS 3HAYEHHS PalliOHaIbHOI KiIbKOCTI CeKTOpiB. TpeTiil po3in nucepraniiHoi
POOOTH NPUCBSIYEHO PO3POOJIEHHIO BIIOCKOHAIEHOI iHpOpMaLiliHO-BUMIPIOBAJIbHOI CUCTEMU HANIPY>KEHOCTI
€JIEKTPOCTAaTUYHOTO I0JIs1. 3alIPOIIOHOBAHO Ta OOI'PYHTOBAHO y3arajabHEHYy CTPYKTypHY cxemy IBC Hanpy>keHOCTi
EIL. [Ins BHOCKOHAJIEHHS CX€MU NIEPETBOPEHHS CTPYMY B HAIIPYTY 3alIPOIIOHOBAHO TA OOI'PYHTOBAHO CXEMY
He3azeMJIeHOro nudepeHIiabHOro TpaHCiMIIeJaHCHOT O MificuIIioBaya 3 HyJIbOBUM NaiHHIM Hanpyru. [IposeneHo
KOMITIOTE€PHI MOJI€/IIOBaHHSI IIapaMeTpiB IIyMiB CXeM B YaCTOTHOMY Jliana3oHi Ta GakTUYHOro KoedillieHTa
MifCUJIEHH [I71 TATIOBOI Ta 3alIPONIOHOBAHOI cxXeM IudepeHLiaJbHUX TPAHCIMIIEJaHCHUX ITiCUTIOBAYIB.
3anpornoHOBaHO Ta OOIPYHTOBAHO METOJ0JIOTII0 PO3PaXyHKY iHCTPYMEHTAaIbHOI IOXMOKY BUMipIOBaHHS
aHasioroBoro kackany E® ta npoaHasnizoBaHO BIIMB TOXMOKM KBAaHTYBaHHS HA 3arajlbHUI pe3ysbTaT BUMIPIOBAaHHS
HanpyxeHocTi EIl. YeTBepTuii po3zin guceprauiiiHOi poO0TH NPUCBSYEHO €KCIIEPUMEHTAIBHOMY JOCIiIPKEHHIO
BI,OCKOHAJIEHOTO €JIEKTPOCTATUYHOTO (PIIIOKCUMETPY. 3alIPOIIOHOBAHO Ta OOIPYHTOBAHO AJITOPUTM L(PPOBOI
00pOOKY BUMipIOBaJIbHOI iH(popMallii OTpUMaHUX 3 CEHCOPY BIOoCKOHaneHoro EQ, y pesyspTaT KalibpoBaHOro
BMMipIOBaHHS HanpyskeHocTi EIL. [IpencTaBieHo CTPYKTypy aJIlOPUTMY Ta OOI'PYHTOBAHO MOrO OCHOBHI €Tarlu:
aJITOPUTM NepearcKpeTu3salii, [u@poBy QinbTpalilo, 06po6Ky pe3ysbTaTiB BUMIPIOBAaHHS, aMILITyJHOTO
aHasizaTopy po3Maxy CUrHaiy, 36epeskeHHs Ta nepenady iHpopmarii. Po3pobieHo meToguine, aaropuTMiuyHe Ta
IIporpamHe 3a6e3rnedyeHHs 1J1s1 IPOBeleHHs KaibpyBaHHs BIocKoHaseHoro EQ. 3anpornoHoBaHo Ta O6IPyHTOBAHO
aJITOPUTM KaJlibpyBaHHS aHAJIOTOBOTO KOHTYPY €JIEKTPOCTATUYHOTO (PJIIOKCUMETPY T2 CEHCOPY €JIEKTPOCTAaTUYHOTO
¢dmoxkcumeTtpy. CKOHCTPYHOBAHO €TaJIOHHUY CTeH], 1S TPOBeJieHHS KaliopyBaHHs ceHcopy. Po3pobieHo
METOJUKY MTPOBEJ€HHS eKCIIepUMEHTAIbHOTO NOCJIiIKEeHHS [I0X1OO0K BUMipIOBaHHS BL,OCKOHAIEHOTO

€JIEKTPOCTATUYHOTO Cl)JIIOKCI/IMepr. Hpe,U,CTaBJIeHO peEe3yibTaTu NPOBEAEHOTO EKCIIEPUMEHTY.

2. The dissertation is devoted to the improvement of the rotational method of measuring the strength of the
electrostatic field by reducing its measurement errors and the development of an improved information-
measuring system (IMS) of the strength of the electrostatic field with increased accuracy and in a low
measurement range from 0 to 1kV/m. The main part of the dissertation work consists of four chapters, which are
devoted to the study of ways to improve the rotational method of measuring the strength of the electrostatic field
and the development of an improved IMS. The first chapter is dedicated to the overview of the problem and
justification of the research direction of the dissertation work. The requirements for the hardware for measuring
the voltage of the EF with increased accuracy in the low measurement range from O to 1kV/m are substantiated.
The selection of the rotational method of measuring the strength of the electrostatic field is justified. The second
section of the dissertation is devoted to mathematical and computer modeling of the electrostatic field mill (EFM)
sensor. The structure and physical principle of the EFM sensor are considered, and the requirements for its
mathematical model are substantiated. An analysis of the common equation for the conversion of the electrostatic
field strength into current, which describes the operation of the EFM sensor, and its imperfections were



determined. An improved conversion equation is proposed and justified, which describes the operation of the EFM
sensor, taking into account the limitations and imperfections that are present in the typical conversion equation.
In order to compare the improved mathematical model of the EFM sensor with the typical one, a computer
simulation of the EF distribution between the sensitive plates and shielding plate of the EFM sensor was carried
out, and the numerical values of the charge induced on the sensor plate were determined and the value of the
induced current was calculated. It is established that the waveform obtained using the improved transformation
equation better corresponds to the real signal, compared to the typical one. The next part of the study was aimed
at establishing the optimal configuration and structure of the EFM sensor: determining the value of the optimal
distance between the sensitive plates and the shielded plate; determination of the value of the rational number of
sectors. The third chapter of the dissertation is devoted to the development of an improved information and
measuring system of the electrostatic field strength. A generalized structural scheme of the IMS of the EF strength
is proposed and substantiated. In order to improve the current-to-voltage conversion scheme, the scheme of an
ungrounded differential transimpedance amplifier with zero voltage drop is proposed and substantiated.
Computer simulations of circuit noise parameters in the frequency range and the actual amplification factor for
typical and proposed schemes of differential transimpedance amplifiers were carried out. The methodology for
calculating the instrumental error of measuring the analog EF cascade is proposed and substantiated, and the
influence of the quantization error on the overall result of measuring the strength of the EF is analyzed. The fourth
chapter of the dissertation is devoted to the experimental study of the improved electrostatic field mill. An
algorithm for digital processing of the measurement information obtained from the sensor of the improved EFM,
as a result of calibrated measurement of the strength of the EF, is proposed and substantiated. The structure of the
algorithm is presented and its main stages are substantiated: oversampling algorithm, digital filtering, processing
of measurement results, amplitude analyzer of the signal sweep, storage and transmission of information.
Methodical, algorithmic and software for calibrating the improved EFM has been developed. The calibration
algorithm of the analog circuit of the electrostatic field mill and the EFM sensor is proposed and substantiated. A
reference stand for sensor calibration has been designed. Methods of conducting an experimental study of
measurement errors of the improved electrostatic field mill have been developed. The results of the conducted
experiment are presented.
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