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HecumMeTpuuHbie peskMMbl B MHOT0()a3HBIX IBUTATEISIX M MPUBOAAX

TOMACOB B.C., VCOJIBLIEB A.A., MOPABEIL[ M., [IIEITAHKOBCKUM I1.,
CTIUEJIELIKUI P.

MeTo1I0M CHMMETPHYHBIX COCTABJISIONINX UCCIICIOBAHO BIMSHUEC ACHMMETPHH ITATAHUS W/WITH
JBUTATENS] Ha pacpe/esieHne Harpy3Ku (a3 U MyJIbCalliu JIEKTPOMAarHUTHOT'O MOMEHTA B
MHOTo(a3zHOM mpuBoe. [Ipu 3ToM MoKa3aHo, YTO HATHYNE ACHMMETPUU BBI3BIBACT
OTOOpaXCHHE BCEX TAPMOHHMK IMUTAOIIETO HAIPSHKEHUS Ha BCE IMJIOCKOCTH CHMMETPUYHBIX
COCTaBJISIONIUX W UCKITIOYAeT BOZMOXXHOCTh HE3aBUCHMOTO YIIPaBJICHUs TapMOHUKaMu. Ha
JUHAMHUYECKON MOJIeH MATU()A3HOT0 aCHHXPOHHOTO KOPOTKO3aMKHYTOTO JIBUTATENsl TOKa3aHoO,
YTO JaKe He3HAYUTeNbHas (a30Basi WM aMIUTUTYIHAST ACHMMETPHUS BBI3BIBAET ACUMMETPHIO
Harpy3ku (a3 v MyJbCalliy JIEKTPOMarHUTHOTO MOMEHTA, YPOBCHb KOTOPBIX HCKITIOUAET
BO3MOXKHOCTb JITTUTEIILHOM paOOThI IBUTATENS B TAKOM PEKHUME U TpeOyeT MPUMEHEHHS CUCTEM
yIpaBlIeHUs, 00ECIIEYNBAIONINX CUMMETPUPOBAHUE HATPY3KH COXPAHHBIX (has3.

Knroueswie cnosa: muorodasusie IBUTATETN, MHOTO(MA3HBIE MPUBOIBI, ACUMMETPHS TUTAHUS,

aCUMMETpHUs ABUTATENs, MyJIbCAllUd MOMEHTA, paclipe/ieJieHle Harpy3Kku ¢as.

The effect of power supply and/or motor asymmetry on phase load distribution and
electromagnetic torque ripple in a multiphase drive is studied using the method of symmetrical
components. It is shown that the presence of asymmetry causes the mapping of all harmonics of
the supply voltage on all planes of the symmetrical components and excludes the possibility of
independent control of harmonics. The dynamic model of a five-phase asynchronous squirrel-
cage motor shows that even a small phase or amplitude asymmetry causes asymmetry of the
phase load and ripple of the electromagnetic moment, the value of which excludes the possibility
of long-term operation of the motor in this mode and requires the use of control systems that

ensure the symmetry of the intact phases load.

Key words: multiphase motors, multiphase drives, power supply asymmetry, motor asymmetry,

torque ripple, phase load distribution.
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YcioBue 6ajlaHCca JHEPTHH U pacyeT IKBHBAJICHTHOI0 Ko3¢puunenTa 3anojJHeHus B

Tpex(a3HOM HHBEPTOpe HANPSKEHHUS ¢ MATKOH KOMMYyTanuei



BOPOHHMH 1.I1., BOPOHHMH II.A., PO3AHOB IO.K.

PaccmoTtpena pabota Tpex¢azHoro HHBEPTOpa HAPSHKEHHS U COCTABIISAIONIMX €ro OJIOKOB B
pexxuMme MArkoi kommyTanun. [lokasano, yTo sHeprus, norpedisiemMas Harpy3Koi, 3aBUCHUT He
TOJIBKO OT JUIMTEIBHOCTU OTKPBITOIO COCTOSIHUSL OCHOBHBIX KJIFOYEH MHBEPTOPA, HO U OT
JUINTEJIBHOCTU pabOThI €r0 BCIIOMOTATENbHBIX TPAH3UCTOPOB, A TAKXKE OT KOJIUYECTBA
3aracaeMoil SHepruM B pe30HaHCHOH 1enu. OnpeaeneHsl yCIoBus Oananca MexIy
noTpedIsIeMoi OT UCTOYHUKA U MOTpedIsieMoit Harpy3Koi sHepruu. Ilokazano, 4ro no
pe3yabTaTaM pacdyeTa OCHOBHBIX COCTABIISIOUIMX OanaHca SHEPIrUM MOKHO B aHAJIUTHYECKOU
(bopme onpenenuTb YKBUBAIIEHTHBIN K03((duineHT 3anoaHeHns. C y4eToM SKBUBaJIEHTHOTO
K023 uILIMeHTa 3aM0THEHUS B CHHXPOHHOM CHCTEME KOOPAWHAT IMOCTPOEHA HEeNPephIBHAS
MaTeMaTHuYecKasi MOAEb Tpex(ha3HOro NHBEPTOPA HANIPSDKEHUS C MATKOW KOMMYTaLuei,
MPEJCTABICHHAS TAKKE B BUJE YKBUBAICHTHOM AJIEKTpUUYECKOi nienu. Pacuer 3Toil nenu
IIOKa3bIBAET, YTO OaaHC HEPruM, NOTPEeOISIEMOM OT NCTOYHHMKA TUTAHUS U ITOCTYNAIOLIEH B
HarpysKy, ClipaBeAJIMB HE TOJIbKO JJIs1 MHBEPTOPA HAIPSKEHNUS B 1IEJIOM, HO U JIJIsl €70 OCHOBHBIX
y3JI0B. YpaBHEHUSI MAaTEMaTHUECKOW MOJIENIN TIO3BOJIIOT pa3padaThiBaTh CUCTEMBI yIIPABICHUS
MHBEPTOPOM C KOHTYPOM PETyJIUPOBAHUSA 110 TOKY, & TAKKE MHOTOKOHTYPHBIE CUCTEMBI
IIOYMHEHHOIO PETYJIMPOBaHUs. Penenns ypaBHEHUI MaTeMaTUIE€CKON MOJIENH Ha TOCTOSTHHOM
TOKE U B YaCTOTHON OOJIACTH OMPEACISIOT TUHAMUKY U YCTOWYMBOCTH MPOLIECCa YIPaBICHUS.
Knrwoueswvie cnosa: vHBEpTOp HANPSDKEHUS, OallaHC SHEPTUH, KOI(D(UITMEHT 3anI0THEHUS, MTKast

KOMMYTallls, PE30HAHCHBIN KOHTYP.

The paper considers the main stages of operation of a three-phase voltage source inverter and its
constituent parts in the soft switching mode. It has been shown that the power transmitted to the
load depends not only on the duration of the open state of the main switches of the inverter, but
also on the duration of the operation of its auxiliary transistors, as well as on the amount of
stored energy in the resonant circuit. The conditions for the fulfillment of the balance between
the power consumed from the source and the power transmitted to the load have been
determined. The article shows that according to the results of calculating the components of the
power balance at individual intervals of operation, it is possible to determine the equivalent duty
ratio for the power switches of the inverter in analytical form. Taking into account the equivalent
duty ratio in the synchronous coordinate system, a continuous mathematical model of a three-
phase voltage inverter with soft switching has been built and also presented in the form of an
equivalent electrical circuit. The calculation of the equivalent electrical circuit shows that the
balance of power consumed from the power source and the power supplied to the load is true not



only for the voltage inverter as a whole, but also for its main nodes. The equations of the
mathematical model make it possible to develop inverter control systems with a current control
loop, as well as multi-loop systems of subordinate control. The solutions of the equations of the
mathematical model at direct current and in frequency range determine the dynamics and
stability of the control process.

Key words: voltage source inverter, power balance, duty ratio, soft switching, resonant tank.
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MopaeupoBaHue TeNJOBBIX MPOLECCOB B MHOTOKPHCTAJIBHBIX MUKPOCXeMaxX BUAA
«KOpIIyC-Ha-KOpIyce»

BEJISIEB M.A., [TYTPOJIAMHEH B.B., CEPEJIOB I1.H., JJYHBKOB II.B.

[TpencraBieHsl pe3yabTaThl MOJASIUPOBAHUS pACIPEIEICHNS TEMIIEPATYPhl B MUKPOCXEME BH1a
«KOpITyCc-Ha-Kopmyce». Mukpocxema OyAeT UCTIONb30BATHCS B KAUECTBE YIPABIISAIOLIETO
KOHTPOJUIEpA paclpeesieHHON cCUCTEMBI cOOpa U MHOTOIIapaMEeTPUIECKOTO aHaIn3a
uH(popmannu. Kopryc MUKpOCXeMbI COCTOUT U3 ABYX BEPTUKAILHO COSAMHEHHBIX MOJIOXKEK C
KpUCTAJIJIaMH MTaMATH U Tporieccopa. Ha ocHOBe aHaln3a KOHCTPYKIIMM MUKPOCXEMBI ITOKa3aHbI
0COOEHHOCTH TEIUIOBOTO peXxkUMa e€ paboThl, KOTOPBIN 00YCIOBIMBAETCS MECTOM Pa3MEIICHUS U
CIoco0OM MOHTa)ka OCHOBHOT'O HCTOUHHUKA TETUIOBBICNICHUS — Ipolieccopa. i onpeaeneHus
TEMIEPaTyp KPUCTAIJIOB MPU paboTe B CTAIIMIOHAPHOM peXuMe OblIa CO3/1aHa TpeXMepHast
YHCIIEHHAs! MOJIENb, COCTOSAIIAs U3 KOPITyCa MUKPOCXEMBI, I€YaTHON IUIaThl CUCTEMBI U
BEpxHero panuatopa. IIpeanoxeHsl BapuaHThl YIPOIIECHHSI MOJIEIH 33 CUET UCIIOIB30BaHUS

3 PEKTUBHBIX 3HAYCHUH KOA((HUIIMEHTOB TEIUIONPOBOIHOCTH. BBISBICHBI KITIOUEBbIE
napaMeTpbl MOJIEH, KOTOPbIE CUIbHEE BCETO BIUSAIOT HA TEMIIEpATypy KPUCTAILJIOB — YPOBHH
3aI0JIHEHUS MEH B IE€YaTHOU IIaTe€ CUCTEMbI M B HIKHEH MOJI0KKE MUKPOCXEMBI, a TAK)Ke
KOJIMYECTBO MEPEXOHBIX OTBEPCTUH B 00JIACTH MOHTaXa mpoiieccopa. VccienoBansl
3aBHCUMOCTH TEMIIEPATYp KPUCTAIUIOB OT 3TUX MAPaMETPOB B CTAIIMOHAPHOM PEXHUME TPU
CYMMAapHOM TeIUIoBbIIeNIeHNH 7,8 BT. HaliieHbl onTUMaibHbIE 3HAYEHUS TapaMETPOB,
MO3BOJIAIONINE 3HAYUTENLHO CHU3UTh TEMIIEpaTypy KpucTauioB. [loayueHHbIe pe3yabTaThl
MOTYT OBITh TIOJIE3HBI IPU pa3pabOTKe MHOTOKPUCTAIBHBIX MUKPOCXEM C BEPTHKAILHON
UHTErpalye KpuCTajlIoB.

Knroueswvie cnoea: unTerpanbHas MUKpOCXeMa, MOJACITUPOBAHNE TEIIOBBIX MPOIECCOB,

MHOTOKPHUCTaJIBHOE KOPITYCHPOBAaHKE, KOPITYC-Ha-KOpITyce.



The results of modeling the temperature distribution in a "case-on-case" chip are presented. The
chip will be used as a control controller of a distributed system for collecting and
multiparametric analysis of information. The chip body consists of two vertically connected
substrates with memory and processor crystals. Based on the analysis of the chip design, the
features of the thermal mode of its operation are shown, which is determined by the location and
installation method of the main heat source-the processor. To determine the temperature of the
crystals when working in stationary mode, a three-dimensional numerical model was created,
consisting of the chip body, the printed circuit board of the system and the upper radiator.
Options for simplifying the model by using the effective values of the thermal conductivity
coefficients are proposed. The key parameters of the model that most strongly affect the
temperature of the crystals are identified — the levels of copper filling in the printed circuit board
of the system and in the lower substrate of the chip, as well as the number of transition holes in
the mounting area of the processor. The dependences of the crystal temperatures on these
parameters in the stationary mode with a total heat output of 7.8 W are studied. The optimal
values of the parameters that allow to significantly reduce the temperature of the crystals are
found. The results obtained can be useful in the development of multi-chip chips with vertical
integration of crystals.

Key words: integrated circuit, simulation of thermal processes, multi-chip enclosure, case-on-

case.
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MuxkponpoueccopHasi TOKOBasi 3allIUTA HA OCHOBE YeThIPeXMePHOI0 NMpeACTaBJIeHHs
PeKMMHBIX IApaMeTPOB

KHNCEJIEB I.H., EPIIIOB 10.A.

[Ipennoxxen anropuTM U3MEpUTETHLHOTO OpraHa TOKOBOM 3aIIUThI, OCHOBAHHOTO Ha
YeThIPEXMEPHOM IPEJICTaBICHIUH CUTHAJA IS CIIy4aeB, KOTJla CUTHAJ Ha BXOJIE MOKET OBITh
IPE/ICTaBICH CYMMOI KOMIUICKCHBIX aMILUTUTY/I C KOMIUICKCHBIMU YacToTamu. I1o cpaBHeHHIO ¢
CYIIECTBYIOIIMMH UTEPALIMOHHBIMH AIITOPUTMAMH TIPEUIaraeMbli AITOPUTM UMeeT Oojee
MIMPOKYIO 00JIACTH MPUMEHEHUS U MOXKET OBITh MCIIONB30BaH I aHAIN3a PE3yJIbTaTOB paObOTHI
YIPOLICHHBIX AETEPMUHUPOBAHHBIX MaTeMaTHUECKUX U pu3nueckux moneneit D3C.
Knrouegvie cnosa: sneprocucrema, nudposas peneitHas 3aunTa, KOPOTKUE 3aMBIKaHHS,

HN3MCPUTCIIBHBIC OPraHbl 3alIMTHI, UTCPAIMOHHBIC aJITOPHUTMBEIL.



The algorithm of the current protection measuring device based on the four-dimensional
representation of the signal is proposed for cases when the input signal can be represented by the
sum of complex amplitudes with complex frequencies. In comparison with the existing iterative
algorithms, the proposed algorithm has a wider scope of application and can be used to analyze
the results of simplified deterministic mathematical and physical models of power systems.

Key words: power system, digital relay protection, short circuits, measuring protection devices,
iterative algorithms.
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HccaenoBanue Bo3Mymawiux (pakTopos, 1eiiCTBYIOIIMX HA CHCTEMY JIEKTPOCHAOKEeHUSA
NpeanpusTHS MPH IKCIIyaTaluH

ATAHOB I.B., XOPOJIbCKUH B.41., TABPUEJISH I1.K., IIEMSKWH B H.

B cTratbe B TEOpETHKO-BEPOATHOCTHOM (hOpPME paccMaTpUBAIOTCS 1Ba OCHOBHBIX (pakTopa,
JNEHCTBYIONIMX HAa CUCTEMY AJIEKTPOCHAOKEHUS NPEANPUITUS — U3SMEHEHHE HAarpy3KU
noTpeOuTeNeH U TOMEXH, TOCTYIAOIINE U3 BHEITHEH CETH AJIEKTpocHa0keHus. M3MeHeHne
HaIPsDKEHUS MTUTAOIIEH CeTH pacCMaTPUBAETCs KaK Cily4anHbId npouecc. [IpuBoaurcs
AQHAJTUTHYECKUI armapaT JUIsl OIMCaHusl U3MEHEeHUH HanpsbkeHus. Ha ocHOBe Teopuu BHIOPOCOB
MoJTy4eHbl (POPMYJIBI AJIs CPETHETrO YKciia BRIOPOCOB M CPEAHETO BpEMEHU MPeObIBaHUS
HaIPsDKEHUS 3a MPeJeIaMi YCTaHOBJIEHHBIX JOMYCKOB. J[aH mpuMep pacuera Takux
nokasaresnel. YKa3aHbl HEIOCTaTKH JI€TEPMUHUPOBAHHOIO IIOJX0/1a IIPU OLEHKE CyMMAapHOTO
AIIEKTPONOTPEOICHUS peanpusTrs. JlaHa olleHKa XapaKkTepHbIX PEKUMOB (DYHKITHOHUPOBAHUS
CEeNbCKOXO035MCTBEHHOTO NpeanpusaTus. IIpuBenen aroputm pacuera CyMMapHOTO
ANEKTPONOTPeOIeHHS MPU UCTIOIB30BAHUU BEPOSTHOCTHOTO MOJX0/1a K OL[EHKE MOILIHOCTH
OTJENBbHBIX MOTpeOUTEINEH.

Knrwoueswie cnosa:. cucreMa 31eKTPOCHA0KEHUS, CyMMapHOE 3JIEKTPOIOTpedIeHHE, KaueCTBO

HaNpsDKEHUs, TOMEXH, Harpy3Ka, CIIy4aiiHbIi mpoliecc, BBIOPOCHI HAMIPSKEHHUSL.

In the article, two main factors acting on the power supply system of an enterprise are considered
in a probability-theoretic form — interference coming from the external power supply network
and changes in the load of consumers. The supply voltage is considered as a random process. An
analytical apparatus for describing voltage changes is provided. Using the theory of outliers,
formulas for the average number of outliers and the average residence time of the voltage outside



the established tolerances are obtained. There is an example of calculating such indicators. The
disadvantages of the deterministic approach in assessing the total power consumption of the
enterprise are indicated. The characteristic modes of functioning of an agricultural enterprise are
evaluated. An algorithm for calculating the total power consumption using a probabilistic
approach to estimating the power of individual consumers is presented.

Key words: power supply system, total power consumption, voltage quality, interference, load,

random process, voltage outliers.
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Magnomymsinmii cTaduan3aTop HANIPSIZKEHNsI MOCTOSTHHOTO TOKA Ha §a3e HCTOYHUKA
ONOPHOI0 HANPSKEHUS] IMPOKOI0 NPUMeHEeHHS

BOHJZIAPH C.H., BAXTUHA E.A., MUIIIYKOB C.B., KOHCTAHTHUHOBA E.E.
PazBuTHe IHUPPOBBIX TEXHOIOTUN, HAXOASIIUX TUPOKOE MPUMEHEHUE B MPOMBIIINIEHHOCTH U
CEJIbCKOM XO3SIICTBE, MPEABSBISET MOBHIIICHHBIE TPEOOBAHUS K MICTOUHUKAM
CTaOUITM3MPOBAHHOTO HANPSHKEHUS 110 LEIOMY PSAY HapaMeTpoB, KaXKAbIH U3 KOTOPBIX TO-
cBoeMy BaxkeH. OTHAKO JajbHEHIIIee MOBBIIMICHUE pa3peliaroneil CmoCOOHOCTH aHAIoTro-
U(POBBIX U IIUPPO-aHATOTOBBIX MTpeodpa3oBarTeei, a 3SHaYHT, U Bcel 1 poBoit 00paboTKu
CUTHAJIOB, HEBO3MOXKHO 0€3 Yy4IlIeHUsI TAKUX KAYeCTBEHHBIX MMOKa3aTeei HCTOYHUKOB
CTAOMJIM3UPOBAHHOTO HANPSDKEHUS KaK KO3 (GUIIMEHT CTaOWIN3alluy U YPOBEHb myma. B
CTaThe PACCMOTPEH CIIOCOO M CXEMHOE pellleHre TOCTPOCHUS MATIOITYMSIIET0 HICTOYHHUKA
CTaOUITU3MPOBAHHOTO HAMPSDKEHUS TTOCTOSIHHOTO TOKA Ha 0a3e MCTOYHHUKA OMIOPHOTO
HANPSDKEHUS MIMPOKOTo npuMeHeHus. [IpenoxkenHoe pemeHrne o0ecredrnBaeT NOHKEHUE
YPOBHS BBIXO/HOTO IIIyMa CTa0MIM3aTOpa HAMPSKEHUSI 10 YPOBHS, HE3HAYUTEIbHO
IPEBBIIIAIOIIETO YPOBEHb COOCTBEHHBIX IIYMOB JTYYIINX 00pa30B HCTOYHUKOB OMOPHOTO
HATPSDKEHUS, TIPY OJTHOBPEMEHHOM IMOBBIIICHUN YCTONYUBOCTH CHCTEMbI aBTOMATHYECKOTO
perynupoBaHus (CTAOMIBHOCTH BBIXOHOTO HAMPSKEHUSI KOMIIEHCAIIMOHHOTO CTa0MIIN3aTopa).
Knroueswie cnoea: crabunmnzaTop HanpsHKEHUs, ICTOYHUK OIOPHOTO HAIPSHKEHUS, IITyMOBast

COCTABJISIIONIAS, YPOBEHB IIyMa, KOAGHOUIIMEHT CTaOUITHU3AIIHH.

The development of digital technologies, which are widely used in industry and agriculture,
places increased demands on sources of stabilized voltage for a number of parameters, each of

which is important in its own way. However, a further increase in the resolution of analog-to-



digital and digital-to-analog converters, and hence the entire digital signal processing, is
impossible without improving such quality indicators of stabilized voltage sources as the
stabilization coefficient and noise level. The article describes a method and a circuit solution for
constructing a low-noise source of stabilized DC voltage based on a widely used reference
voltage source. The proposed solution reduces the output noise level of the voltage stabilizer to a
level slightly higher than the natural noise level of the best samples of reference voltage sources,
while increasing the stability of the automatic control system (the stability of the output voltage
of the compensation stabilizer).

Key words: voltage regulator, reference voltage source, noise component, noise level,

stabilization factor.
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O peaau3anuu J10NOJHUTENbHBIX (PYHKIHMH YCTAHOBOK /1JI5l HCIIBITAHUSI CHJIOBBIX
MOJIyNPOBOIHUKOBBIX MPHOOPOB HMMYJIbCHBIM TOKOM

AHUKVYEB C.B., KOCTIOKOBA E.1., HUKUTEHKO I'.B., [ITAPUIIOB U.K.

[TpennoxeHo TeopeTnueckoe 000CHOBaHNE KOHCTPYKTUBHBIX PEIIEHUH psa TOMOJTHUTENbHBIX
(GYHKIUI YCTAaHOBKY JIJIsl UCTIBITAHUIN CHIJIOBBIX TOTYIPOBOAHUKOBBIX MPUOOPOB: MPOBEPKHU
3JIEKTPOMArHUTHON COBMECTHMOCTH 3JIEMEHTOB YCTaHOBKH, IPOX0XKICHHS YIAPHOTO TOKA Yepes3
npudop, odecredeHus: 6€30MacCHOCTH MPOBEICHUS UCTIBITAaHNH. J[aHa olleHKa MeXaHu3Ma
BO3HHUKHOBEHHUS KOHAYKTUBHBIX IOMEX B UCIBITATEIbHOM KOMIUIEKCE U MUHUMU3ALIUN
NEPUOANYECKON COCTABIIAIOLIEH HANPSHKEHUSI METO/IOM MAKETHOW MOAYJIALUNA. OTMEUEHBI
BO3MOJKHBIE OTPHIIATETILHBIE CTOPOHBI TECTOBOTO KOHTPOJISI CHIIOBBIX TIOTYIIPOBOTHUKOBBIX
npuOopoB. [Ipu oreHke 0€30MacCHOCTH UCTIBITAHUHN YUTEHBI TaKWE BayKHBIE (DaKTOPHI, KaK
UMIYJIBCHBIA XapaKTep YIapHOTO TOKA U HAPSDKEHUS U Mallasi uX MPOJOJKUTENbHOCTD. J1iis
OTpaHHYEHUS KOJIMYECTBA MEPUOJIOB CHHYCOUIATHHOTO HAMIPSIKEHUST PEKOMEHTyeTCsl
UCIOJIb30BaTh METO] TAKETHOW MOIYJISIIUU.

Knroueswie cnoea: cunoBbie MOYIPOBOIHUKOBBIE MPUOOPHL, UCIIBITATENIbHAS YCTAHOBKA,

JIOTIOJTHUTEIbHBIE (PYHKITUU, TTOMEXO3aMUIIEHHOCTD, YAAPHBIA TOK, 0€30MaCHOCTh UCIIBITAHHM.

A theoretical justification of the design solutions for a number of additional functions of the
installation for testing power semiconductor devices is proposed: checking the electromagnetic

compatibility of the installation elements, passing shock current through the device, and ensuring



the safety of testing. The evaluation of the mechanism of the occurrence of conductive
interference in the test complex and the minimization of the periodic component of the voltage
by the method of packet modulation is given. Possible negative aspects of the test control of
power semiconductor devices are noted. When evaluating the safety of tests, such important
factors as the pulsed nature of the shock current and voltage and their short duration are taken
into account. To limit the number of periods of sinusoidal voltage, it is recommended to use the
packet modulation method.

Key words: power semiconductor devices, test facility, additional functions, noise immunity,

shock current, test safety.
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O nes1ecooOpPa3HOCTH MCIIOJIb30BAHUS CUIOBOI0 TpaHchopMaTopa TPAAMMOHHOM
KOHCTPYKUMH JJIsl MOJIy4eHHs] YIAPHOI0 TOKA 00JIbIION BeJINYHHBI

E®AHOB A.B., ATAHOB U.B., XOPOJILCKHI B.41., SIPOIII B.A.

BrimonHeHa oreHka BO3MOKHOCTH MCTIOJIb30BaHMSI OOBIYHOTO CHIIOBOTO TpaHchopMaTopa Asis
MOJTyYEHUs UCTIBITATENIbHBIX UMITYJIBCOB YAPHOTO TOKA OOJBIION BETMUMHBI, HEOOXOIUMBIX
IIPH MPOBEPKE CHUIIOBBIX MOYIIPOBOIHUKOBEIX MPprOOpoB. ChopmupoBaHa dIEKTpHUECKast 1Eb,
MPUBEJIECH aHATUTUYECKUH amnmapaT OLIEHKU EPEXOAHBIX ITPOLIECCOB B Tako nenu. Caenan
BBIBOJI O BOBMOKHOCTHU CHIKEHHUS MOTPEOIIIeMOil MOIIIHOCTH TpaHchopMaTopa TpaauilMOHHOM
KOHCTPYKIUU B IBa pa3a MpH UCIOJIb30BAHUHU €r0 JJIsl OTyYeHUS! UMITYJIbCHBIX TOKOB OO0JIbIIOMN
BEJIMYMHBI. YKa3aHO HANPaBJICHUE TaJbHEUIINX UCCIIEIOBAHUM, CBSI3aHHOE C MPUMEHEHUEM
CWJIOBBIX TPaHC()OPMATOPOB CHEIMATEHON KOHCTPYKIIHH.

Knroueswie cnoea: vicnibiTanue MoxynpoOBOAHUKOBBIX MPUOOPOB, CUIIOBOI TpaHChOopMaTop,

UMITYJIBC TOKA, IEPEXOIHOI MmpoIiecc.

The possibility of using a conventional power transformer to obtain high-magnitude shock
current test pulses required for testing power semiconductor devices is evaluated. An electrical
circuit is formed, and an analytical apparatus for evaluating transients in such a circuit is
presented. It is concluded that it is possible to reduce the power consumption of a transformer of
traditional design by two times when using it to obtain pulse currents of large magnitude. The

direction of further research related to the use of power transformers of special design is



indicated.

Key words: testing of semiconductor devices, power transformer, current pulse, transient process.
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Cnoco0 ynpaBJ/ieHUs1 YCTPOCTBOM KOMIIEHCAIIUN PEAKTHUBHON MOIIIHOCTH B Pe:KNMe
peajJibHOr0 BpeMeHHU MPH HeCTAIIMOHAPHBIX HeJIMHEHBIX HATPY3KaX

BOPOTHHUKOB U.H., MACTEITAHEHKO M.A., TABPUEJISH I1.K., ITYHUHA A.A.

B crarbe paccMOTpeH crmocob ympaBiaeHUsT yCTPOHCTBOM KOMITEHCAIIMN PEaKTHBHON MOIIHOCTH
B PEXXHMME PEATbHOT'O0 BPEMEHHU MPU HECTAIMOHAPHBIX HETMHEHHBIX HArpy3KaxX C BHIYUCICHUEM
MIPOTHO3UPYEMOTO 3HAYEHHUSI aKTUBHOM MOILHOCTH Ha MPECTOSANINX nepuoaax. [IpuBeaeHs
OTJIMYUTEIbHBIE XapaKTEPUCTUKH MPEAJIaraeMoro crnocoda yrnpapiaeHHs] KOMIIEHCATOPOM OT
M3BECTHBIX PEUICHUM.

Knrouegwle cnosa: ycTpoiicTBO KOMIIEHCAIIUN PEAKTUBHON MOIIIHOCTH, HECTAIMOHAPHAS

HEJIMHENHAs Harpy3Ka, peKUM pealbHOI0 BPEMEHH, COCTABIIAIOIINE MTHOBEHHOW MOILIHOCTH.

The article describes a method for controlling the reactive power compensation device in real
time under non-stationary nonlinear loads with the calculation of the predicted value of the
active power for the upcoming periods. The distinctive characteristics of the proposed method of
controlling the compensator from the known solutions are given.

Key words: reactive power compensation device, non-stationary nonlinear load, real-time mode,

instantaneous power components.
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O B03MO:kHOCTH (GOPMHUPOBAHUS HMITYJILCA YAAPHOTO TOKA JJIs HCIIBITAHUIT CHJIOBBIX
MOJYNPOBOTHHKOBBIX PHOOPOB C HCMOJIb30BAHHEM YIEKTPUUECKO CeTH NMepeMEeHHOr0
TOKA

IIEMSIKMH B.H., MACTEITAHEHKO M.A., XOPOJIbCKUM B.41., EPAHOB A.B.,
BOPOTHHMKOB U.H.

IToxaszaHa BO3MOKHOCTb MCIIOJIL30BAHUS CETH MNEPEMEHHOT'O TOKa AJIA IMMOJTYYCHUSA



ANEKTPUUECKUX UMITYJIBCOB TOKA OOJIBIIION BETMYUHBI, IPUMEHIEMBIX TIPU HCITBITAHUSIX
CHUJIOBBIX MOJIYITPOBOAHHUKOBBIX HpI/IGOpOB. OTMeueHbl HCAOCTAaTKU IIPUMCHACMBIX B HACTOALICC
BpEMsI HCTIBITATENILHBIX YCTAHOBOK Ha 0a3e KOHAEHCATOPOB. [IpeasioxkeHO KOHCTPYKTUBHOE
peleHe CeKIIMOHNPOBAHMS BTOPUYHON 0OMOTKH TpaHCc(hopMaTopa MyTeM paclIeTICHHs ee
MHOTOITPOBOJIOYHOTO MCIIOJIHEHHSI HA OTACTHHBIC ITyUKH.

Knroueswie cnoea: cuoBoii MoxynpoBOTHUKOBBIN MPUOOp, CUIIOBOK TpaHChHOpMATOp,

HCIIbITAHUSA, UMITYJIBC TOKA.

The possibility of using an alternating current network to obtain high-magnitude electrical

current pulses used in testing power semi-conductor devices is shown. The disadvantages of the
current capacitor-based test facilities are noted. A design solution for partitioning the secondary
winding of a transformer by splitting its multi-wire execution into separate bundles is proposed.

Key words: power semiconductor device, power transformer, tests, current pulse.

Onexmpomexuuxa, 2021, Ne7, cmp. 59-62

MartemaTH4eckoe ONMMCAHNE MEPEXOAHBIX MPOLECCOB B Ipeodpa3oBaTesisix U
CcTA0MIM3aTOPAX HANIPSIKEHUS CHCTEM aBTOHOMHOI0 3JIEKTPOCHA0KeHU S

XOPOJIbCKUH B.51., EOAHOB A.B., AHTOHOB C.H., [IPUBAJIOB E.E.

[TpuBeneHo MaTemMaTHYeCKOE ONMCaHUE IEPEXOAHBIX MPOLIECCOB B IPe0oOpa3oBaTelIix U
CTa0MIIM3aTOpaxX HAMPSKEHUSI CHCTEM aBTOHOMHOTO 3JIEKTPOCHA0KEHUS TP KOMMYTALIUU
Harpy3Ku U U3MEHEHUH IUTAIOLIEro HalpshKeHus. PaccMaTpuBaroTCss HEpETrylMpyeMble U
peryaupyemble BHIIPSIMUTEINH, a TaKXKe CTa0MIIN3aTOphl HanpshkeHus. Mcnone3yercs anmnapar
TEOPHUH JTMHENUHBIX (DYHKIUI; BEIIPAMUTENN UACHTU(DUIUPOBAHBI KOJIEOATEIbHBIM 3BEHOM.
[IpuBeneHs HEOOXOIUMBI arnmapar AJs pacyeTa HyJeBOI0 U YCPEAHEHHOTO 3HAYCHUN
nepexoaHo (PyHKINH, a TAKXKE €€ TIepBOM MTPOU3BOIHOM Il HEPETYIUPYEMOTO BBITPSIMUTEIIS.
[TpuBenens! popMyIibl Ui ONPENENeHUsT MaKCUMaIbHOTO BBIOpOCa HANPSKEHUS U BpEMEHU
IIEPEXOIHOTO nporecca. MoaeInpoBaHue peryJInpyeMOro BBIIPSMUTEINS BBIITOJHEHO C y4ETOM
HaJIU4¥s [IPONOPLMOHAIBLHOIO PETYIIATOPA, KOTOPBII MO3BOJISET CYLIECTBEHHO YMEHBIIUTD
CTaTUYECKYI0 HECTAOUIBHOCTH BBIXOAHOTO HanpspkeHus. CTabuan3aTop JIMHEHHOTO THIIA
paccMaTpUBaeTCs KaK peryJupyeMblii 00beKT, ONUCBIBaeMbli U (hepeHIuaIbHBIM YpaBHEHUEM
nepBoro nopsaka. [lomyuens! Gopmynsl s aHaIU3a JUHAMUYECKUX PEXKUMOB TaKUX

YCTPOMCTB.



Knroueswie cnoea: npeodpazoBaTelib, BHINIPSIMUTEb, CTAOMIN3ATOP HAMIPSKEHUS,

KoJsiebaTenbHOe 3BeHO, MU depeHInaIbHOE YpaBHEHUE, TepexoaHast (QyHKIIHSL.

The mathematical description of transients in converters and voltage stabilizers of autonomous
power supply systems during load switching and supply voltage changes is given. Unregulated
and regulated rectifiers, as well as voltage regulators, are considered. The apparatus of the theory
of linear functions is used; the rectifiers are identified by the oscillatory link. The necessary
apparatus for calculating the zero and average values of the transition function, as well as its first
derivative for an unregulated rectifier, is given. The formulas for determining the maximum
voltage release and the time of the transient process are given. The simulation of the regulated
rectifier is performed taking into account the presence of a proportional regulator, which allows
to significantly reduce the static instability of the output voltage. A linear stabilizer is considered
as a modifiable object described by a first-order differential equation. Formulas for the analysis
of the dynamic modes of such devices are obtained.

Key words: converter, rectifier, voltage stabilizer, oscillating link, differential equation, transition

function.
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Metoa u nporpaMMHO-annapaTHble KOMILIEKCHI JIOKAIIMOHHOT0 MOHUTOPUHI A
roJ10J1e1000pa30BaHus U MOBPeEKAEHUA HA MPOBOAAX BO31YIIHbIX JIUHUI
JJIeKTponepeRadYn

MUHVYJUINH P.I'., KACUMOB B.A., JIVKIH 3.1.

OnuchIBatOTCSt METOJI JIOKAIIMOHHOM JMarHOCTUKH TOJI0JICI000pa30BaHMs U MOBPEK/ICHUN Ha
IPOBOJIaX JEWUCTBYIOLIMX BO3LYIIHBIX JUHUHN nekTponepenaun (JISIT) nanpspkennem 35-330 kB u
COOTBETCTBYIOILIME MTPOrPAMMHO-AITAPATHBIE KOMILIEKCHL. AHATU3UPYIOTCS PE3YJIbTAThI
TEOPETUUECKHUX U IKCTIEPUMEHTAIBHBIX UCCIIEI0OBaHUI OCOOEHHOCTENH MHOTOKaHAIIBHOTO
JIOKaIroHHOT0 30HIupoBanus JIDI], BemonHeHHBIX B Tedenue 25 net (1995-2020 rr.) Ha mectu
nozcranmsax Poccuu ¢ peructpanmeii 6onee 3 MitH peduiekrorpamm. OOCYKIaI0TCs peaM30BaHHbIC
CIIOCOOBI BBIJIENICHHS JIOKAIIMOHHBIX CUTHAIOB Ha (DOHE CUTHAJIOB TEXHOJIOTHYECKOM CBSI3HU C
obecrieyeHNneM UX AIEKTPOMArHUTHON COBMECTUMOCTH. PaccMaTprBaroTCs METOAMKY KOHTPOJIS
TOJIIMHBI CTEHKHU TOJI0JIETHBIX OTJIOKEHUI U KOHTPOJIS UX TUIABKH 10 U3MEPEHUSIM YPOBHEH

3aTyXaHHW U 3al1a3AbIBaHrs OTPAKCHHBIX CUTHAJIOB. HpI/IBO,ZUITCSI SKCIICPUMCHTAJIbHO IMPOBCPCHHBIC



MMUTALMOHHBIE MOJIEJT! U3MEHEHHS TapaMeTPOB OTPAYKEHHBIX UMITYJIHCOB IPH TOSBICHUN
HOBPEXICHUH (KOPOTKUX 3aMBIKaHHIA, OOPHIBOB) 1 T'OJIOJIENHBIX OTIOXKEHHUH Ha poBojax JIDIL.
OOcy>k1aroTcst BapUalyy MapaMeTpoOB OTPAKEHHBIX CHTHAJIOB, 3apETUCTPUPOBAHHBIX HA TIPOTSHKEHUN
10 ner (2009-2019 1T.) Ha HenpepbBHO KOHTpOpYyeMbIX JIDIT. OnuchiBaroTCS TEXHUIECKUE
rapaMeTpbl U MPUHIMIIBI pa0OThl PEaT30BaHHBIX JTOKAIIMOHHBIX KOMILJIEKCOB M CTIOCOOBI
BU3YyaJIN3aLUH PE3yIbTaToOB U3MepeHHi. OTMEUaeTCsl, YTO UCCIIEN0BAHMS U allllapaTypHbIe
Pa3pabOTKH HE UMEIOT MUPOBBIX AHAIIOTOB U YTO MOCIIETHAE BAPUAHTHI KOMIUIEKCOB IIPE/ICTABIICHBI B
MPOMBIIIJIEHHOM UCTIOTHEHUH U TIOATOTOBJICHBI K THUPAKUPOBAHUIO C BBIXOJIOM Ha PhIHKU Poccun u
3apyOeKbsl.

Knrwouesvie cnosa: BO3AyIIHbIE TUHUN SJIEKTPONEpEIadun, TOBPEKACHHUS, TOJI0JIET000pa3oBaHHe,

MOHUTOPHHT, JIOKALIMOHHBIN METOJ, IIPOrPaMMHO-ANIAPATHBIA KOMILIEKC.

The developed method for location-based monitoring of icing and damage on the wires of
operating overhead power transmission lines (OPL) with a voltage of 35-330 kV and the
corresponding hardware and software systems are described. The results of theoretical and
experimental studies of the features of multi-channel location-based sounding of power
transmission lines, performed for 25 years (1995-2020) at 6 substations in Russia with the
registration of 3 min reflectograms, are considered. The methods of isolating location signals
against the background of technological communication signals with ensuring their
electromagnetic compatibility are discussed. Techniques for monitoring the wall thickness of ice
deposits and controlling their smelting by measuring the attenuation and delay of the reflected
signals are considered. Simulation models of changes in the parameters of the reflected signals
are given upon the occurrence of short circuits, breaks and ice deposits on the wires of power
lines. The daily-annual variations in the parameters of the reflected signals recorded over 10
years (2009-2019) on continuously controlled power lines are discussed. The principles of
operation of location systems and methods for visualizing measurement results are described. It
is noted that research and hardware developments have no world analogues and that the latest
versions of the complexes are presented in industrial design and prepared for replication with
access to the markets of Russia and abroad.

Key words: overhead power lines, breakage, icing, monitoring, location method, hardware-

software complex.
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