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1. YoockoHaeHHs! BUCOKOBOJIbTHUX MIMPOKOCMYTOBUX KacKaJJHUX BUMIPIOBAIbHUX MiZICUIIIOBAYiB 1J1s1 IPUCTPOIB
BiTBOPEHHS OJVHULII HAIIPYTY 3MiHHOTO CTPYMY Paiio4aCTOTHOIO Aiana3ony

2. Improvement of High-Voltage Broadband Cascaded Measurement Amplifiers for AC Voltage Standards in the
Radio Frequency Range

Pedepar:

1. Y 1ift HayKOBill pOOOTi PO3TJISIHYTi TEOPETUYHI MOJIei 1J1 106YI0BA BUCOKOBOJIbTHUX LIMPOKOCMYTOBUAX
igcuioBayiB, IPeACTaBIIeHi pe3yIbTaTh IPOEKTYBAHHS Ta PO3IJISIHYTI BAKJIMBI aClIeKTH Ta MPoOIeMH ix
peasnizauii. MeTonu aHasisy Ta KOpekuii IOXUOOK Ta iX MpakTUYHE 3aCTOCYBAaHHS JJa€ 3MOTy 3a0e31eYyrTy HeoOXinHi
XapaKTEPUCTUKUA TOYHOCTI TAaKUX IIPUCTPOIB, 1110 B CBOIO YE€Pry PO3LIMPIOE raay3b iX BAKOPUCTAHHS, 30KpeEMa SIK

3ac006iB BUMiPIOBaJIbHOI TEXHIKU. BUCOKOBOJIbTHI BUMIPIOBaJIbHI MiICUIIOBaYi MOXYTb OYTH JOJY4Y€EHi 10 CKIamy



€TaJIOHIB 3MiHHOI HaNpyTH [J151 PO3MUPEHHS IUHAMIYHOTO Ta YaCTOTHOTO Jliala3oHiB Ta 3a0€3Me4YeHHs] BUCOKO]
TOYHOCTI Ta HaJiliHOCTi BUMipioBaHb. ETajloHY 3MiHHOI HAIIpyry IPU3HAYeHi AJ1sI KaliOpyBaHHS Ta [lepeBipku
BUAMIPIOBAJIbHUX NIPUJIALIB, IKi BAKOPHUCTOBYIOTECS B €JIEKTPOTEXHIlli, €JIEKTPOECHEPTeTULLi, HAYKOBUX TOCIIIKEHHSIX
Ta IHIIMX ranayssx, Je NOoTpiOHe TOuYHe BUMiploBaHHS Hanpyru. [lincumoBadi BUCOKOI HANIPyTry 3 MIMPOKOK CMYTOIO
4aCTOT BiflirpaloTh He3aMiHHY poJib Y POPMYBaHHI BUCOKO CTa0i/IbHOI HANIPyTH 1151 €TaJIOHIB HAIIPyTy Ha OCHOBI
TEPMOEJIEKTPUYHUX [1I€PETBOPIOBAUiB. BAPTO Haros0CMTH Ha BaKJIMBOCTI 3aCTOCYBaHHS BUCOKOBOJIBTHUX
IIXPOKOCMYTOBYX BUMIPIOBAJILHUX IIiICUIIIOBAYiB Y METPOJIOTTYHUX KOMILJIEKCAX €TaJIOHIB 3MiHHOI Hanpyru. OIHUM
i3 TaKMX KOMILJIEKCIB € BilicbkOBUM eTasioH Hanpyru BBETY 08-07-01-09. JaHui1 eTasoH BifTBOPIOE OLVHULIIO
3MmiHHOI Hanpyru go 1000B y miana3oni yactot 7o 30MI 'L, IsSIXOM TEPMOENEKTPUYHOTIO KOMIIAPYBaHHS 3
BUKOPUCTAaHHSIM TEPMOEJIEKTPUYHMX [TI€PETBOPIOBAYIB HANIPYTU. Y TAKOMY KOMIIJIEKCI TOYHICTb BilTBOPEHHS
OJVHMLb BUMIPIOBaHHS HAIIPYTY Ma€ MepUIOPsIHE 3HAUE€HHSI, OCKIJIbKMA HaBiTh HE3HAYHI HETOYHOCTI MOXYTb
IIPU3BECTH JI0 CYTTEBUX MOXUOOK BUMIPIOBAHHS. BUKOpUCTaHHS MiJCUIIIOBAaYiB BUCOKOI HAIIPYTH 1a€ 3MOTY
BHMKOPHCTOBYBaTH O6araToeJleMeHTHI TepMOeJIEeKTPUYHI [TlepeTBOpIoBayi JJj1sl JOCSITHEHHS! 61/1b110i TOYHOCTI
BiITBOPEHHSI BEJIMUMHU HANPYTU. 3 OIVISAY Ha BXJIMBICTb Ta aKTYaJIbHICTbh 3a3HaY€HUX BULE CPEP 3aCTOCYBAHHS
IIMPOKOCMYTOBUX BUCOKOBOJIbTHUX BUMipPIOBaJIbHUX MiZICUIIIOBAYiB, IIONIPY CKJIATHOIL, TIOB'sI3aHi 3 iX 106YyI0BOIO,
nepeBar, siki BOHY IIPOIIOHYIOTh 1010 3a6e3Ie4YeHHs] TOYHOCTI BUMipIOBaHb Ta €(PeKTUBHOCTI CUCTEMH,
HesanepeyuHi. BincyTHicTb roToBoi es1eMeHTHOI 6a3u 4y BiANOBigHUX 3aC00iB 1151 3a0e311eUeHHs] HEOOXiTHUX
IapaMeTpiB BUXiZHOI HaNIPyry, TaKKUX SIK IIBMJKICTh HAPOCTAHHS, Jialla30H BUXiAHOI HAaNIpyru Ta po6040i 4acToTH,
niaxin go nobynoBU BUCOKOBOJIBTHUX MMPOKOCMYTOBUX IIiICMITIOBAYIB IIOTPEOYeE 3ay4eHHs JOAATKOBUX TEXHIUHNIX
pileHs Ta 3aco6iB IpU NpoeKTyBaHHI. OJHUM i3 TaKUX pillleHb € BUKOPUCTAHHS He3aJIe)KHUX KacKa/liB
IiCUIIOBAYIB i3 HE3AIEKHUM KUBJIEHHSIM, Ki (POPMYBaTUMYTh BUXiJHY HaIPyry 32 MIPUHLUIIOM IIOCJiJOBHOTO
BBIMKHEHHS1. Takuii MeTO/ Ja€ 3MOTy PO3IMMPUTY BUXiIHUI [iala3oH HANpyru 6e3 NOriplieHHs AUHAMIYHUX
XapaKTepUCTHUK. 3allpOIIOHOBAHI B HAYKOBill POGOTi MeTOAU [106YIOBY MiICUIIOBAYIB i3 BUKOPHUCTAaHHSIM
HEe3aJIeXXHOT0 MapajesibHOTO 3BOPOTHOrO 3B513KY 1aI0Th 3MOTY BUKOHATH KOPETyBaHHS YaCTOTHOI XapaKTepUCTUKU
Ha KO>KHOMY 3 KaHaJliB OKPEMO Ta MOKPAIIXATHU 3arajbHy CTabilbHICTb i TOUHICTb BUXiZHOI BEJIMYMHY 32 PaXyHOK
JOJATKOBUX JIAHOK 13 IIOMIPHOIO BTPATOI TOYHOCTI. 3aIIPOIIOHOBAHA [OAATKOBA YaCTOTHA KOPEKLisl BUXiITHOTO
CHTHAJy JJa€ 3MOTY BilOKPEMUTU Ta KOMIIEHCYBATH IOXUOKY ME€PIIOTo MOPSIKY MaJIOCTi, 1110 3arajloM Ja€ 3MOry
NiABUILYTY TOYHICTb BiTBOPEHHS BUXiJHOI HAlIlpyru. B 0CHOBY JOC/iIKyBaHUX MifCUIIIOBAYiB 0YyJI0 IIOKJIaIEHO
IOCATHEHHS HaibibIIOro YaCTOTHOTO Ta AUHAMIYHOrO Jiana3oHy, HeOOXiIHOro AJ1s1 METPOJIOTIYHOI aTecTallii BCix
3aC00iB BUMiPIOBaJIbHOI TEXHIKY - Bifl BTOPUHHUX €TaJIOHIB [0 3aCO6iB BUMipPIOBAIbHOI TEXHIKU 711 BUMipIOBaHHS
IapaMeTpiB eJIeKTPUYHUX CUTHAJIIB Y LIbOMY Jjialla30Hi 4acToT: ocuuiorpadu, BOJIbTMETPH, FeHepaToOpU TOLLO. Y
LMX IiICU/II0BAYax BUPIIEHO IPOGJIEMY AOCSITHEHHSI MAaKCUMaIbHO MOXJIMBOI BUXiTHOI HAlIPYTU B 33JaHOMY
IiarasoHi YacToT, IKUi1 61 BiNIOBiaB Aiana3oHy YacTOT i HAIIPYTU €TAJIOHHUX TEPMOEJIEKTPUYHUX [1€PEeTBOPIOBAYIB
- EITHTE, ATIIT6, [THTE12. Tlix yac BUKOHaHHS po60TU 6YyJI0 IPOBEAEHO KOMITIOTEPHE MOJEJIIOBaHHS Ta aHaJi3
TEXHIYHUX PillleHb, 3aCTOCYBAaHHS SIKMX € OCHOBOIO 1171 TOOYJ0BY IIMPOKOCMYTOBUX BUCOKOBOJIBTHUX
BUMIPIOBaJIbHUX MiICUII0BaYiB. PO3IJIAHYTO IepeBary Ta HeJ0JiKM KOXKHOI i3 3alIpOIIOHOBaHMX MOJEJIEN Ta
IleTaJIbHO BUCBITJIEHO MTPO6JIeMU Ta aCIeKTH Mpu obynoBi. Ha 0CHOBI IpOBeeHOro aHali3y BUSBHAYEHO
METPOJIOTiUHI XapaKTePUCTUKU Ta CKJIAJIEHO MO/IEJIb [I0XUOOK B aHAJIITUMHOMY BUIJISI. 3allpONIOHOBAHO TEXHIYHI
METOAM J1J1s1 iX KOpeK1ii Ta 36i/IbIIeHHS TOYHOCTI. EKCriepuMeHTaNbHi AOCTiI’)KeHHS 3aCBiTYUIH, 1110 OTPUMaHi
noxu6ku 3a CK3 Biix1IeHHSIM y KijlbKa pasiB i HaBiTh HAa NOPSIOK MEHIII, HiXX MOXUOKHU, KOTPi nepeadayeHi
TEeXHIYHUM 3aBIaHHIM Ha eTasioH BBETY 08-07-01-09, sxuil npuiiHATO Ha 036POEHHS 3TifTHO 3 HAKa30M MiHicTpa
oboponu N2529 Bif, 18.10.2010 Ta BUKOPUCTOBYETHCS AoTenep. [IpakKTUYHUM Pe3y/IbTaTOM AUCEPTaLiliHOI poOOTU €
po3pobieni 610ku nincunosayiB 1000B-100KTy ra 30B-30MI 1, siki BIpOBamKEHO B CUCTEMY BUXITHOTO
BilICbKOBOT'O €TAJIOHY y M€Xax MOZepHizalii Komiuiekcy erasnona BBETY 08-07-01-09 3rinHo i3 3aMOBJIEeHHSIM
MinicTepcTBa 060poHU 7151 METPOJIOTiYHOrO LIEHTPY BilicbKoBUX eTasioHiB (MLIBE).

2. In this scientific work, theoretical models for the construction of high-voltage wide bandwidth amplifiers are
considered, design results are presented, and important aspects and problems of their implementation are
considered. The methods of error analysis and correction and their practical application make it possible to ensure



the necessary accuracy characteristics of such devices, which in turn expands the scope of their use, including as
measuring equipment. High-voltage measuring amplifiers can be included in the composition of alternating
voltage standards to ensure high accuracy and reliability of measurements. AC voltage standards are intended for
calibration and verification of measuring devices used in electrical engineering, power generation, scientific
research and other industries where accurate voltage measurement is required. High-voltage amplifiers with a
wide frequency band play an indispensable role in increasing the accuracy and operating frequency range of
voltage standards based on thermoelectric converters. Providing accurate signal amplification over a wide
frequency range, these amplifiers form the highly accurate voltage gains required for calibration, testing and
research. It is worth emphasizing the importance of using high-voltage broadband measuring amplifiers in
metrological complexes of alternating voltage standards. One of these complexes is the military voltage standard
BBETY 08-07-01-09. This standard reproduces a unit of alternating voltage up to 1000 V in the frequency range up
to 30 MHz by thermoelectric comparison using thermoelectric voltage converters. In such a complex, the
accuracy of reproduction of voltage measurement units is of primary importance, since even minor inaccuracies
can lead to significant measurement errors. The use of high-voltage amplifiers allows the use of multi-element
thermoelectric converters to achieve greater accuracy in reproducing the voltage value. Given the importance and
relevance of the above-mentioned areas of application of wide bandwidth high-voltage measurement amplifiers,
despite the complexity associated with their construction, the advantages they offer in terms of ensuring
measurement accuracy and system efficiency are undeniable. The lack of a ready-made elemental base or
appropriate means to ensure the necessary parameters of the output voltage, such as the rate of increase, the
range of the output voltage and the operating frequency, the approach to the construction of high-voltage wide
bandwidth amplifiers requires the involvement of additional technical solutions and means in the design. The
methods of building amplifiers using independent parallel feedback proposed in the scientific work allow you to
adjust the frequency response on each of the channels separately and improve the overall stability and accuracy of
the output value due to additional links with a moderate loss of accuracy. The additional error correction of the
output signal proposed by the author allows to separate and compensate the errors of the first order of smallness
caused by the use of independent separate links, which in general allows to increase the accuracy of the output
voltage. The basis of the researched amplifiers was the achievement of the largest frequency and dynamic range
necessary for metrological certification of all measuring equipment, starting with secondary standards and ending
with measuring equipment for measuring the parameters of electrical signals in this frequency range -
oscilloscopes, voltmeters, generators, etc. These amplifiers solve the problem of achieving the maximum possible
output voltage in a given frequency range that would correspond to the frequency and voltage range of reference
thermoelectric converters - EPNTE, DTPT6, PNTEI2. In the course of the work, computer modeling and analysis of
technical solutions were carried out, the application of which is the basis for the construction of broadband high-
voltage measuring amplifiers. The advantages and disadvantages of each of the proposed models are considered,
and the problems and aspects during construction are covered in detail. On the basis of the conducted analysis,
metrological characteristics were determined and an error model was compiled in an analytical form. Technical
methods for their correction and increase in accuracy are proposed. The practical result of the dissertation work
is the developed blocks of amplifiers 1000V-100KHz and 30V-30MHz, which are implemented in the complex of
secondary standards as part of the modernization of the standard complex BBETY 08-07-01-09 according to the
order of the Ministry of Defense for the Metrological Center of Military Standards
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IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHe HEKOMEPIIiiiHE TiAnprueMcTBo "Jlep>KaBHUiA

yHiBepcuTeT "KniBCbKUM aBialliiHNM iHCTUTYT"

Kopg 3a €IPIIOY: 45853942

Micue3Haxoa KeHHS: npocr. I'yzapa Jlio6omupa, 1, Kuig, 03058, Vkpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIL

PeuenseHtu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. llleByenko KocTtauTtuH JleoHimoBrY

2. Konstiantyn L. Shevchenko

KBasigikanis: n. 1. 1., nor,, 05.11.08

InenTudikarop ORCHID ID: 0000-0002-7222-9352

JoparkoBa iHpopmauist: ;https:/ /www.scopus.com/authid /detail.uri?authorIld=8379858700

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HaujoHnanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIiTeXHiYHMIA iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH:. YHiBEpPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Baxxenos Biktop ['puroposuy

2. Viktor H. Bazhenov

KBasigikanis: . t. u., gou., 05.11.05
Inentudikarop ORCHID ID: 0000-0002-8858-4412

JoparkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peECTpallil0o HayKOBOi

OisIIBHOCTI

€pemeHko Bosogumup CraHiciaBoBUY

€pemeHko Bosogumup CraHiciaBoBUY

Hosranb Aprem BonogumupoBuy

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



