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Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA BAOCKOHAJIEHHIO POTALiTHOTO METOly BUMipIOBAaHHS HANPYKEHOCTi
€JIEKTPOCTAaTUYHOTO I10J151 Y BUMipIOBaJIbHOMY Jiiana3oHi 10 1 KB /M 3a paXyHOK IiIBUILIEHHS 10T0 TOYHOCTI,
YyTJIMBOCTI Ta 30i7bIIE€HHS JUHAMIYHOTO Jjana3oHy. OCHOBHA YaCTMHA AMCEPTaLiliHOi po60TU CKIAA€EThC 3
YOTUPBOX PO3[iJIiB, SIKi IPUCBAYEH] SOCIIIKEHHIO NJISIXIB BLOCKOHAJIEHHS POTALIiITHOIO METOY BUMiPIOBAaHHS
HaIpPYKEHOCTi eJIeKTPOCTATUYHOTO I10JIs1 Ta po3pobLi BLOCKOHAIEHO]I iHpopmMaLiiiHO-BUMipIOBaIbHOI CUCTEMU
(IBC) Hanpy»XK€HOCTi eJIeKTPOCTaTUYHOTO 110J1s. [lepimnii po3fis NPUCBSIYEHO OISy CTaHy IPOGJIeMH Ta
OOI'PYHTYBaHHIO HANIPSIMKY JOCJIIKEHb AUCePTaLiliHOi po60oTU. OGIPYHTOBAHO BUMOTH 10 allapaTHOTO
3abe3neyeHHs /111 BUMIpIOBaHHS Hanpy>keHocTi EIl 3 MiIBUIIEHO0 TOYHICTIO Yy HU3bKOMY BUMipIOBaJIbHOMY

nianazoHi o 1 kB /M. O6rpyHTOBaHO BUOip pOTaLifHOrO METO/Y BUMipIOBaHHS HAIIPY>KEHOCT] €J1IeKTPOCTaTUYHOTO



noJis. Ipyruit po3fin guceprauiiHoi po60TH NPUCBIYEHO MAaTEMATUYHOMY T2 KOMITIOTEPHOMY MOJEJIIOBAHHIO
ceHcopy esieKkTpocTtaTuyHoro gprokcmeTpy (ED). PosrasiHyTo 6ynoBy Ta $isudHUM NprHLUI poboTH ceHcopa ED,
OOI'PYHTOBAHO BUMOTH 10 IOr0 MaTeMaTH4yHoi Mogesi. [TpoBefieHoO aHasli3 TUIIOBOTO PiBHSHHS [IEPETBOPEHHS
HAIPY>KEHOCTi €JIEKTPOCTATUYHOTO I10JIsI B CTPYM, SIKUM OIUCY€EThCS poboTa ceHcopa ED Ta BU3HaueHo ioro
HEJ0CKOHAJIOCTi. 3alIPOIIOHOBAHO Ta OOI'PYHTOBAHO BI,OCKOHAJIEHE PiBHSHHS [I€PETBOPEHHS], 3 BDAXYBAHHIM
00Me>KeHb Ta HeJJOCKOHAJIOCTEeH, sIKi IPUCYTHI Y TUTIOBOMY PiBHSIHHI IlepeTBOPEeHHSI. [Jis IOPiBHSIHHS
BIOCKOHAJIEHOI MaTeMaTU4HOi Moaeli ceHcopa ED 3 TunoBoto, 6ys10 MpoBeeHO KOMII'IOTEPHE MOJIE€/IIOBAHHS
posnoziny EIT MDK 4yTJIMBUMU Ta €KPaHYIOUMMU IJIaCTUHAMU ceHcopa ED i BCTaHOBJIEHO YMCesIbHI 3HAYeHHS
iHIlyKOBAaHOTO Ha CEHCOPHIN MJIACTUHI 3apsay Ta PO3Pax0OBaHO 3HAYEHHS iHIIyKOBAaHOTO CTPyMy. BCTaHOBIIEHO, 110
¢dopma curHaiy, oTpuMaHa 3a J0IIOMOTI0I0 BIOCKOHAJIEHOTO PiBHSIHHS [IEPETBOPEHHS Kpallle BiflIOBijlae peaJbHOMY
CUTHaJly, IOPiBHSHO 3 TUIIOBMM. HacTynHa 4yacTuHA AOCIiIpKeHHs 6yJla HallpaBJIe€Ha Ha BCTAaHOBJIEHHS OIITUMAJIbHO]
KoHirypauii Ta 6ynosu ceHcopa ED: Bu3HaueHHS 3HaYeHHS ONTUMAJIbHOI BiZICTaHi MiXX YyTJIMBUMU IIJIACTUHAMM Ta
€KPaHYI040I0 IJIACTUHOO; BU3HAYEHHS 3HAYEHHS PalliOHaIbHOI KiJILKOCTI CEKTOpIB. TpeTiil po3in aucepraniiHoi
POOOTH IPUCBSTYEHO PO3POOJIEHHIO BIIOCKOHAIEHOI iHpOpMaLiliHO-BUMIPIOBAIbHOI CUCTEMU HANIPY>KEHOCTI
€JIEKTPOCTATUYHOTO MO0JIs1. 3alIPOIIOHOBAHO Ta OOI'PYHTOBAHO y3arajabHEHYy CTPYKTypHY cxemy IBC Hanpy>keHOCTi
EIl. Il BHOCKOHAJIEHHSI CXEMU IIePETBOPEHHSI CTPYMY B HaIlpyTy 3alIPOIIOHOBAHO Ta OOIPYHTOBAHO CXEMY
He3azeMJIeHOro nudepeHIiabHOro TpaHCiMIIeJaHCHOT O MifiCUIIIoBaya 3 HyJIbOBUM NaliHHIM Hanpyru. [IposeneHo
KOMITIOTE€PHI MOJI€/IIOBaHHSI IIapaMeTpPiB yMiB CX€M B YaCTOTHOMY J1iana3oHi Ta (akTUYHOro KoedilieHTa
MifCUJIEHHS [I71 TATIOBOI Ta 3alIPOIIOHOBAHOI cXeM IndepeHLiaJbHUX TPAHCIMIIEJAHCHUX MTiICUIOBAYIB.
3anpornoHOBaHO Ta OOIPYHTOBAHO METOJ0JIOTiI0 PO3PaXyHKY iHCTPYMEHTaIbHOI IOXMOKY BUMipIOBaHHS
aHasioroBoro kackany E® Tta npoaHasni3oBaHO BIJIMB MOXMOKYM KBAaHTYBAaHHS HA 3arajbHUI Pe3yJbTaT BUMIPIOBAaHHS
HanpyxeHocTi EIl. YeTBepTuii po3zin guceprauilHOi poOOTH NPUCBSYEHO €KCIIEPUMEHTAJIbHOMY JOCIiIPKEHHIO
BIOCKOHAJIEHOTO €JIEKTPOCTATUYHOr0 (IIIOKCUMETPY. 3allpOIIOHOBAHO Ta OOIPYHTOBAHO aJIrOPUTM LH(POBOI
00pOOKY BUMipIOBaJIbHOI iH(popMallii OTpUMaHUX 3 CEHCOPY BOOCKOHaneHoro EQ, y pe3ysbTaT KanibpoBaHOro
BMMIipIOBaHHS HanpyskeHocTi EIL. [IpencTaBieHo CTPYKTypy aJIFOPUTMY Ta OOI'PYHTOBAHO MOrO OCHOBHI €Tarlu:
anropuTM nepeauckpeTusaii, uudposy ¢inbTpalio, 06pooKy pe3ysbTaTiB BUMIPIOBAHHS, AMILIITYAHOTO
aHasizaTopy po3Maxy CUrHaiy, 36epekeHHs Ta nepenady iHpopmariii. Po3pobsieHo meToguyHe, aaropuTMiyHe Ta
IIporpamHe 3a6e3rnedyeHHs 1J1s1 IPOBeleHHs KaibpyBaHHS BIOCKOHaneHoro EQ. 3anponoHoBaHo Ta O6IPYHTOBAHO
aJITOPUTM KaJlibpyBaHHS aHAJIOTOBOTO KOHTYPY €JIEKTPOCTATUYHOTO (PJIIOKCUMETPY Ta CEHCOPY €JIEKTPOCTAaTUYHOTO
dmoxcumeTtpy. CKOHCTPYHOBAHO €TAaJIOHHUY CTeH], 1S IPOBEJIeHHS KaliopyBaHHs ceHcopy. Po3pobyieHo
METOJIMKU IIPOBEJIEHHS €KCIIEPUMEHTAIbHOTO IOCIiI>)KEHHSI [IOXUOOK BUMIPIOBaHHS BJOCKOHAJIEHOTO

€JIEKTPOCTATUYHOTO Cl)J'[IOKCI/IMepr. Hpe,U,CTaBJIeHO pE3yIbTaTU IIPOBEAEHOI'O 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 0 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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