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1.V 11ift HayKOBifl pOGOTi PO3TJISIHYTi TEOPETUYHI MOJIeli 1J1sl [100YI0BY BUCOKOBOJIbTHUX LIMPOKOCMYTOBUX
IiICUIIOBAYiB, [IPE/ICTaB/IEeH] pe3yabTaTu IPOEKTYBAHHS Ta PO3IJISIHYTI BaKJIMBI aCIIEKTH Ta IPO6IeMH ixX
peadnizauii. MeTonu aHamnisy Ta KOpekiiii MOX1OO0K Ta iX NpakTUYHEe 3aCTOCYBaHHS 1a€ 3MOTY 3a6€e3MeYynTy HEOOXinHi
XapaKTEPUCTUKUA TOYHOCTI TAKUX NPUCTPOIB, IO B CBOIO Y€Pry PO3LIMPIOE raay3b iX BAKOPUCTAHHS, 30KPEMA SIK
3ac006iB BUMIipIOBa/IbHOI TEXHIKU. BUCOKOBOJIBTHI BUMipIOBaJIbHI MiICUIIIOBAaYi MOXYTb 6YTH [AOJY4YEHi 10 CKIady
€TaJIOHIB 3MiHHOI HAallpyT# [J1s1 PO3IIMPEHHS IMHAMIYHOTO Ta YaCTOTHOTIO [1ialla3oHiB Ta 3a0€3[1€4€HHSs BUCOKO]
TOYHOCTI Ta HaJliMHOCTI BUMipoBaHb. ETasoHn 3MiHHOI HaNpyru NpU3HaveHi AJ14 Kajai6pyBaHHS Ta IepeBipKu

BAMIPIOBaJIbHUX NPUJALIB, IKi BAKOPHUCTOBYIOTECS B €JIEKTPOTEXHIlli, €IEKTPOECHEPTeTULli, HAYKOBUX IOCIIIKEHHSIX



Ta IHIIMX Tanyssx, Je NoTpibHe TouHe BUMipIOBaHHS Hanpyru. IlizcuioBadi BUCOKOI HANIPYTy 3 IIMPOKOIO CMYTOI0
4acToT BifirpaioTh He3aMiHHY PoJib Y GOPMYBaHHI BUCOKO CTabiibHOI HANIPYTU JJ1sl €TaJIOHIB HAlIPYTU Ha OCHOBI
TEPMOEJIEKTPUYHUX [1I€PETBOPIOBAYIB. BAPTO HAroJ0CUTH Ha BayKJIMBOCTI 3aCTOCYBaHHS BUCOKOBOJIbTHUX
LIXPOKOCMYTOBYX BUMIPIOBaJIbHUX IIiACUIIIOBAYiB Y METPOJIOTTYHMX KOMILJIEKCAX €TaJIOHIB 3MiHHOI Hanpyru. OJHUM
i3 TaKMX KOMILJIEKCIB € BilicbKOBUM eTasioH Hanpyru BBETY 08-07-01-09. Janui1 eTasoH BifTBOPIOE OLUHULIIO
3MmiHHOI Hanpyru go 1000B y mianasoHi yactot 7o 30MI 'L IIXOM TEPMOEIEKTPUYHOTIO KOMIIAPYBaHHS 3
BHMKOPHCTaHHSIM TEPMOEJIEKTPUYHUX [I€EPETBOPIOBAYIB HAIIPYTU. Y TAKOMY KOMILJIEKC] TOUHICTb BiITBOPEHHS
OJVHHIIb BUMIPIOBaHHS HallpyTy Mae€ NEPIIOPSAHE 3HAUE€HHS, OCKiJIbKY HaBiTh HE3HAYHI HETOUHOCTI MOXYTb
IIPU3BECTH 10 CYTTEBUX [TIOXMOOK BUMipIOBaHHS. BUKOpHCTaHHS MifCUIIIOBaYyiB BUCOKOI HAIIPYTy A€ 3MOTy
BHMKOPHCTOBYBaTH 6araToeJeMeHTHI TEPMOEJIEKTPUYHI [TepeTBOPIOBayi JJ1s1 JOCITHEHHS! 61/1b110i TOYHOCTI
BiITBOPEHHSI BEJIMYMHU HANPYTU. 3 OIVISIAY Ha BAXJIMBICTb Ta aKTYaJIbHICTh 3a3HAYEHUX BULIE CPEP 3aCTOCYBAHHS
IIMPOKOCMYTOBUX BUCOKOBOJIbTHUX BUMIipPIOBaJIbHUX IiZICUIIIOBAYiB, IIONIPY CKJIATHOIL, TIOB'sI3aHi 3 iX 106y10BOI0,
niepeBar, siki BOHY IIPOIIOHYIOTH 10/10 3a06e3le4eHHs] TOYHOCTi BUMipIoBaHb Ta €(PeKTUBHOCTI CUCTEMH,
HesanepeyuHi. BincyTHicTb roToBoi es1eMeHTHOI 6a31 uu BiANOBigHUX 3aC00iB 1151 3a0€311eYeHHsT HEOOXiTHUX
IapaMeTpiB BUXiZHOI HAIIPYyIy, TAaKKUX SIK IIBMKICTh HAPOCTAHHS, Jialla30H BUXiAHOI HAIIPyru Ta pob040i 4acToTH,
niaxin no nodynoBU BUCOKOBOJIBTHUX MIMPOKOCMYTOBUX IIiICUIIIOBAYiB IIOTPe6Ye 3aydeHHs JOAATKOBUX TEXHIUHNUX
pilieHs Ta 3aco6iB IpU NpoeKTyBaHHI. OJHUM i3 TaKUX pillleHb € BUKOPUCTAaHHS He3aJIe)KHMX KacKaliB
IiACUIIOBAYiB i3 HE3AIEKHUM KUBJICHHSIM, Ki (POPMyBaTUMYTh BUXiJHY HAIPYTy 32 IPUHLUIIOM IIOCJiJOBHOTO
BBIMKHEHHS1. Takuii MeTO/ A€ 3MOTy PO3IMPUTY BUXiIHUIA [iara3oH HaNpyru 6e3 NOripleHHs AUHAMIYHUX
XapaKTepUCTHUK. 3allpOIIOHOBAHI B HAYKOBIill pOOOTI METOAU [106Y0BY MiICUIIOBAYIB i3 BUKOPUCTAaHHSIM
HEe3aJIeXXHOT0 MapajesIbHOTO 3BOPOTHOTIO 3B513KY AAI0Th 3MOTY BUKOHATH KOPETYBaHHSI YaCTOTHOI XapaKTepUCTUKU
Ha KOXKHOMY 3 KaHaJliB OKpEMO Ta MOKPAIUTH 3arajlbHy CTabiIbHICTb i TOYHICTb BUXiHOI BEJIMYMHY 32 PaxyHOK
IOJaTKOBUX JIAHOK i3 TOMiIPHOIO BTPATO TOYHOCTI. 3aIIPONIOHOBAHA 10IATKOBA YaCTOTHA KOPEKILisl BUXiTHOTO
CUTHAaJy JJa€ 3MOTY BiJOKPEMUTU Ta KOMIIEHCYBATH IIOXUOKHY NIE€PIIOTo MOPSAKY MaJIOCTi, 1110 3arajloM Ja€ 3MOry
HiABUIMTY TOYHICTb BiTBOPEHHS BUXiHOI HAlIpyru. B 0CHOBY NOC/IIKyBaHUX MifCUIIIOBAYiB 0yJI0 IIOKJIAIE€HO
IOCSATHEHHS Haibi/IbIIOro 4aCcTOTHOTO Ta AMHAMIYHOIO Ziarna3oHy, HeOOXiIHOro AJ1s1 MEeTPOJIOTIYHOI aTecTallii BCix
3aC00iB BUMipIOBaJIbHOI TEXHIKY - BiJl BTOPUHHUX €TaJIOHIB [0 3aC06iB BUMipIOBAIbHOI TEXHIKU JJ1 BUMipIOBaHHS
IIapaMeTpiB eJIEKTPUYHUX CUTHAJIIB Y LIbOMY Jjialla30Hi 4acToT: ocuuiaorpadu, BOJIbTMETPHU, F€HEPAaTOPH TOILO. Y
LIUX MiJICUII0BaYaX BUPILIEHO NPO6JEeMY JOCSATHEHHS! MAaKCMMAabHO MO>KJIMBOI BUXiHOI HANIPyTy B 33aHOMY
Iiara3oHi 4acToT, SIKUK OU Bif[IOBiaB [iana3oHy 4acTOT i HAlIPyT'y €TAJIOHHUX TEPMOEJIEKTPUYHUX [1ePETBOPIOBAYIB
- EITHTE, ATIIT6, [THTE12. Tlix yac BUKOHaHHS po60TU 0yJI0 IPOBEAEHO KOMITIOTEPHE MOJEJIIOBAaHHS Ta aHaJi3
TEXHIYHUX PillleHb, 3aCTOCYBAaHHS SIKMX € OCHOBOIO 11711 TOOYIOBY IIMPOKOCMYTOBUX BUCOKOBOJIBTHUX
BUMIPIOBaJIbHUX MiICUI0OBaYiB. PO3IJIAHYTO IepeBary Ta HeJ0JiKM KOXKHOI i3 3alIpOIIOHOBAaHMX MOJEJIeN Ta
IleTaJIbHO BUCBITJIEHO MTPOOJIeMU Ta aclleKTU Mpu nobynosi. Ha 0CHOBI IpOBeeHOro aHalisy BUSBHAaYEHO
METPOJIOTiUHI XapaKTePUCTUKU Ta CKJIAJIEHO MOJE/b [I0XUOOK B aHAJIITUMHOMY BUIJISI. 3allpONIOHOBAHO TEXHIYHI
METOM JJ1s1 iX KOpEKLii Ta 30i/IbIIEHHS TOYHOCTI. EKCllepuMeHTasNbHi OCTiI’)KeHHS 3aCBiTYUIN, 1110 OTPUMaHi
noxu6xu 3a CK3 BimxuieHHsM y KizibKa pasiB i HaBiTh Ha MOPSLOK MEHII, HDK TOXUOKY, KOTPi nlependadeHi
TeXHIYHUM 3aBIaHHIM Ha eTasioH BBETY 08-07-01-09, sxuil npuiiHATO Ha 036POEHHS 3TifTHO 3 HaKa30M MiHicTpa
o6oponu N2529 Biz 18.10.2010 Ta BUKOPUCTOBY€ETHCS JoTenep. [IpakTHYHUM pe3ysIbTaTOM AUCEPTaLiiHOI POGOTH €
po3pobieni 6;10ku nigcunosayiB 1000B-100KTy ra 30B-30MI ', siki BIpoBamKeHO B CUCTEMY BUXITHOTO
BilICBKOBOTO €TaJIOHY y Me€XXaxX MOJepHi3allii Komrekcy erasona BBETY 08-07-01-09 3rigHo i3 3aMOBJIEHHSIM

MinicTepcTBa 060poHU 47151 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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