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Onexmpomexuuxa, 2022, Nol, cmp.2-6
JKCNEePUMEHTAIbHAN OLEHKA BJINSHUS ()OPMBI HMIYJIHCOB YIAPHOI0 TOKA HA TEMJI0BOE
COCTOsIHUE TOJIYNPOBOIHMKOBOT0 Mpudopa
ATAHOB U.B., XOPOJIbCKMUI1 B.51., TABPUEJISH I11.K., )KIAHOB B.T".
BeinosiHeHa sKCriepuMeHTalIbHAS OIICHKA BIMSHUS (DOPMBI HMITYJICOB yJIapHOTO TOKa Ha
TEIIOBOE COCTOSIHHE TOJIYIIPOBOJIHUKOBOTO IprOopa. OnucaH TeXHOJIOTHUSCKUN TPOIIECC
W3MEHEHUS ITapaMeTpoB MPUOOpa MPHU BO3ACHCTBUN BO3MYyIamux Gaktopos. Ha ocHoBanumn
YpaBHEHHUS TEIUIOBOTO OajlaHCa MOTYYCHO aHATUTHICCKOE BBIPAKEHUE JIJISl OLICHKH
TEMIIepaTypbl KPUCTAIUIA TIOJTYIIPOBOIHIUKOBOTO prodopa. [IprBeneHbl 3KCIIepUMEHTAIbHBIC
3aBHCHMOCTH, XapaKTePU3YIOIIHNEe H3MCHEHHE ITapaMeTPOB MPUOOpa MPpH BO3ACHCTBHH
UMITYJICOB YJIQPHOTO TOKA pa3iundHoi Gopmbl. J[aHO comocTaBieHUe XapaKTEPUCTHK TPHOopa
IIPH UCTIOJIb30BAHUN UMITYJILCOB TOKA CUHYCOUIAIBLHOU (DOPMBI M IMITYJILCOB ITOCTOSTHHOTO
TOKa.
Knrouesvie cnosa: nonynpoBOTHUKOBBIE IPHUOOPHI, TEIIJIOBOE COCTOSIHKUE, YAAPHBINA TOK, (hopMa

HMITYJIbCa, SKCIICPUMCHT.

An experimental evaluation of the influence of the shape of shock current pulses on the
thermal state of a semiconductor device has been performed. The technological process of
changing the parameters of the device under the influence of disturbing factors is described.
Based on the heat balance equation, an analytical expression for estimating the crystal
temperature of a semiconductor device is obtained. Experimental dependences characterizing the
change in the parameters of the device under the influence of shock current pulses of various
shapes are given. A comparison of the characteristics of the device when using sinusoidal current
pulses and DC pulses is given.

Key words: semiconductor devices, thermal state, shock current, pulse shape, experiment.



Inexmpomexnuxa, 2022, Nol, cmp.6-9
O TOYHOCTH peryJHpPOBaHUs THCKPETHBIX 3HAYEHHIT TOKA U HANIPSI’KEHNs B YCTAHOBKAX
JJIs1 HCIIBITAHUSI CHJIOBBIX MOJIYNPOBOIHUKOBBIX NPHOOPOB
AHTOHOB C.H., OCbKHH C.B., AHUKYEB C.B., IPOIII B.A.
Ha ocHoBe 00111e#i Teopuu perympoBaHus TUCKPETHBIX BEJTMYUH PACCMOTPEHA METOIMKA
JOCTIDKEHUS] HeOOXOAMMOM TOYHOCTH IMapaMeTPOB HCIIBITATEILHBIX HMITYJILCOB IIPU IPOBEPKE
CHJIOBBIX TIOJTYIIPOBOTHUKOBBIX TPHOOPOB. OTMEUEHBI 0COOCHHOCTH TUCKPETHOTO
PETYIHPOBAHMUS 110 CPABHEHUIO C HEMIPEPBIBHBIMU CUCTeMaMu. PaccmoTpen
PEKUM HEHACBIIIICHHOTO TpaHchopmaropa. B pesyibraTe mporece perynpoBaHus TapaMeTpoB
HaNPSDKCHUS U TOKA MPEJICTABIICH B BHUJIE IMHEHHOW CUCTEMBI 0€3 ydeTa anepruoIuIecKOm
cocrapistonieii. TouHOCTh POPMUPOBAHUS CUCTEMBI UMITYJILCOB MPEII0KEHO OIEHUBATH
3HAYCHUEM YCTAaHOBHBIIICHCS OMIUOKH ¥ JIJISl €€ UCCIICIOBAHUS MCIIOIh30BaTh aImapar
oreparopHoro ucuucienus. [lomyueHo BeipakeHue uis pacyera omuOku. [IpeanoxeHbt
METOAMYECKHUE MOJIOKEHHS 10 0OOCHOBAHHMIO KOJMUYECTBA KAHAIOB PETyJIMPOBAHUS H
YCTaHOBJICHUIO JOMYCTUMOM MOTPENTHOCTH PEryJIUPOBAHUS UCTIBITATSIIEHBIX UMITYJIECOB.
Knrwoueswvie cnosa: cunoBble MOIyNPOBOAHUKOBBIC IPUOOPHI, HCIIBITATEIBHBIE YCTAHOBKH,

AUCKPETHBIC 3HAYCHHUA TOKA U HAIIPSAXKCHUA, TOUYHOCTE PCTYJIMPOBAHUA.

On the basis of the general theory of regulation of discrete quantities, a technique for
achieving the necessary accuracy of the parameters of test pulses when checking power
semiconductor devices is considered. The features of discrete regulation in comparison with
continuous systems are noted. The unsaturated transformer mode is considered. As a result, the
process of regulating voltage and current parameters is presented in the form of a linear system
without taking into account the aperiodic component. The accuracy of the pulse system
formation is proposed to be estimated by the value of the steady-state error and to use the
apparatus of operator calculus for its study. An expression for calculating the error is obtained.
Methodological provisions are proposed to substantiate the number of control channels and to
establish the permissible error in regulating test pulses.

Key words: power semiconductor devices, test installations, discrete values of current and

voltage, control accuracy.



Inexmpomexuuxa, 2022, Nol, cmp.10-13
OneHka IKCILTYATAUMOHHOI HAIEKHOCTH YJIEKTPOTEXHHYECKHUX H3/1eJIUI M0 COBOKYIHOCTH
nedeKTOB M 0TKA30B
XOPOJIbCKUMN B.4., UCYIIOBA A.M., LIAPUIIOB UK., IIEMSKVH B.H.
Cratbs OCBSIIEHA OLIEHKE IKCILTyaTallMOHHON HAJACKHOCTH AJICKTPOTEXHUYECKUX U3JICTTUH,
UCIIOJIb3YEMBIX B DJIEKTPUYECKHUX CEeTsIX. [Ipr 3TOM yUHUTHIBAIOTCS BO3HUKAIOIIUE B
00opynoBaHUU AePEKThI, TPEOYIOIINE OTIEPATUBHOTO YCTPAHEHUS, M OTKA3bl, PUBOISIINE K
OTKJIIOUEHUIO 3JIEKTPOCHAOKEeHHS ToTpeOuTenei. B kauecTBe mokasaress HaJIedKHOCTH
paccmatpuBaercs koddduiment roroBHoctu. ChopmympoBaHa ONTUMHU3ALMOHHAS 3a/a4a,
CBSI3aHHAS C YUYETOM KOJIMYECTBa BO3HUKAOIMNX JedekToB. [Iporecc mosBnenus nedexTon
¥ OTKA30B pacCMaTPUBACTCS B BUJIE HMITYJIbCHOTO TOTOKA. [loiTyueHsl aHanuTHIecKue
BBIpXCHUS IS pacdeTa Kod((GHUIMEHTa TOTOBHOCTH H OTPEICIICHHUS €TI0 ONTUMAaTBHOTO
3HadeHwus. [IpuBoauTCS MpUMeEp peleHus MoJ00HbBIX 3a1a4.
Knroueswvie cnoea: >1eKTpOTEXHUUECKOE U3/I€TUE, IKCILTyaTallMOHHAS HAJIS)KHOCTD,

K03 QHUIIUEHT TOTOBHOCTH, ONI TUMH3AIIHS.

The article is devoted to the evaluation of the operational reliability of electrical products
used in electrical networks. At the same time, defects arising in the equipment that require
prompt elimination and failures leading to a power outage of consumers are taken into account.
The availability coefficient is considered as an indicator of reliability. The process of defects and
failures is considered in the form of a pulse flow. The apparatus of probability theory
and mathematical statistics is used. Analytical expressions are obtained for calculating the
availability coefficient and determining its optimal value. An example of solving such problems
IS given.

Key words: electrical product, operational reliability, availability factor, optimization.

Onexmpomexnuka, 2022, Ne7, cmp.14-18
Pa3pa6oTka u ucciaer0oBanue ONbITHOTO 00Pa31a HCMIBITATEIbHOI YCTAHOBKY ISl OLIEHKH

Ka4yeCcTBa 3JICKTPOU3OJIALIMOHHBIX MAaTEPHUAJIOB



BOPOTHHMKOB N.H., MACTEITAHEHKO M.A., TABPUEJISIH 11.K.,, MUIITIYKOB C.B.
Jls onpenenienrs BIaXKHOCTH MaTepHAIOB MPEUIOKEH CIIOco0 UIeHTU(UKALNUN

[apaMeTpOB MHOT'O3JIEMEHTHBIX JIBYXITOJIFOCHUKOB, UCCIIEI0BAHMS KOTOPOIO BBIIIOJIHEHBI C
MOMOIIBI0 UMHTAITMOHHOTO MoaenupoBanus B cpeae SimInTech. [IpoBeneno cpaBHenue
npejiaraeMoro crnoco0a ¢ M3BECTHBIM pelieHrneM. HaTypHble nccineoBanus OMbITHOTO obpasia
UCIBITaTEIbHON YCTAHOBKHU MOJITBEPANIIN MPEUMYIIECTBA NMPEAJIaraeMoro crnocoda; pe3yibTaThl
M3MEPEHMI MMOKa3aIu 3HAYUTEIbHO MEHBIIYIO MPEACIbHY0 OTHOCUTEIBHYIO TOTPEIIHOCTb

110 CPaBHEHHIO C U3MEPEHUSMH MIPH TOMOIIX 00Pa3LOBBIX MPHOOPOB.

Knroueswvie cnoea: 3neKTpon30ISIIMOHHBIE MAaTEPUabl, UCIIBITATENIbHASL YCTAHOBKA,

MHOT'03JIEMECHTHBII JABYXIIOJHOCHHUK, HMUTAIMOHHOC MOJCIINPOBAHUE, ITOI'PCIIHOCTD.

To determine the moisture content of materials, a method is proposed for identifying the
parameters of multi-element bipolar devices, the studies of which were carried out using
simulation modeling in the SimInTech environment. The proposed method is compared with the
known solution. Full-scale studies of the prototype of the test installation confirmed the
advantages of the proposed method; the measurement results showed a significantly
lower marginal relative error compared to measurements using model instruments.

Key words: electrical insulation materials, test installation, multi-element bipolar, simulation

modeling, error.

Onexmpomexnuka, 2022, Ne7, cmp.19-22
CTaduamu3aTop HANPSIKEHUs MOCTOSIHHOTO TOKA C YJIy4YlIeHHbIMU NapaMeTpaMu
BOHIAPH C.H., BAXTHUHA E.A., BOPOTHUKOB U.H., BOCTPYXHH A.B.
Pa3Butue nupoBbIX TEXHOIOIMH, HAXOJAIINX IIMPOKOE MPUMEHEHUE B TPOMBILIIEHHOCTH U
CEITbCKOM XO3SICTBE, MPEIBSBIISCT MOBBIIICHHBIC TPEOOBAHUS K UICTOYHUKAM
CTaOMIIM3UPOBAHHOTO HAMPSHKESHUS TI0 TIEJIOMY PSAY TTapaMeTpoB, KaKIbIH U3 KOTOPBIX T10-
cBoeMy BaxkeH. O/IHaKoO JanbHeiIIee OBbIIEHHE pa3pellaroield cnocoOHOCTH aHaJIoro-
U(POBBIX U IIUPPO-aHATOTOBBIX ITpeoOpa3oBarTesei, a 3HaYMT, U Bcel 1udpoBoit 06paboTku
CUTHAJIOB, HEBO3MOXKHO 0€3 yyulleHHus K03 (GUIMEeHTOB cTabMIN3alMy HallPsKEHUS U TOKa 10

BXOJTHOMY HampsKEHUIO, a TaK)Ke TeMrepaTypHoro koddduirenrta HanpshxkeHus. B



CTaThe PACCMOTPEH CIOCO0 U CXEMHOE PELICHNE TIOCTPOCHHUS CTA0MIIN3aTOpa HAPSHKEHUS
IIOCTOSIHHOT'O TOKa, Ka4eCTBEHHbIE I10KA3aTeJI KOTOPOT0, B YACTHOCTH, KOAPPHUIIUEHT
CTaOMIIN3aLMU HAIIPSDKEHUS 110 BXOJTHOMY HaIPsHKEHUI0, KO3 GULIMEeHT cTabuan3anuy ToKa o
BXOJHOMY HaNpsDKEHUIO U TEMIEPATYPHBIN KOI(OUIMEHT HAMIPSHKEHUS, 3HAUUTEIBHO
[IPEBBILIAIOT TUIIOBBIE.

Knrwoueegwie cnosa: crabuiinzatop HalpspKEHUs, TEMIIEPATypHbIA KO3 PULINEHT HanpsyKeHUs,

ko3 puImeHT cTabunnsamnmu.

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 the voltage and current stabilization coefficients for the
input voltage, as well as the temperature voltage coefficient. The article considers a method and
a circuit solution for constructing a DC voltage stabilizer, the quality indicators of which, in
particular, the voltage stabilization coefficient for the input voltage, the current stabilization
coefficient for the input voltage and the temperature voltage coefficient, significantly exceed the
typical ones.

Key words: voltage stabilizer, temperature coefficient of voltage, coefficient of stabilization.

Onexmpomexnuka, 2022, Ne7, cmp.23-27

Meroanka pacyera MATHUTHOM CHCTEMbl 0CECMMMETPHYHOM HMIHMHAPUYECKOH MOe/IH
CHHXPOHHOI'0 F'eHepPaTopa ¢ ABYXKOHTYPHOH MarHMTHOM CHCTEMOM

HUKUTEHKO I'.B., ATAHOB U.B., KOHOIUIEB E.B., JILICAKOB A.A.

IIpencraBiena MeToOAMKa pacueTa MarHUTHBIX CUCTEM C YYETOM paszena Cpejl s INIOCKUX U
00BEMHBIX MOJIETIEH HA OCHOBE METO/la KOHEYHBIX pa3HOCTel. PazpaboTan MeToanvecKuii
armapar I pacueTa MAarHUTHOM CUCTEMBI Ha IPUMEpPE CHHXPOHHOI'O F€HEPATOpa C
JIBYXKOHTYPHOW MarHUTHOM cucreMmoi. [losrydensl pe3ynbTaThl pacuera BEKTOpa MarHUTHOM
WHAYKIIMH Ha TUTaHE CEKTOpa TeHepaTopa, MOCTPOCHHI TpaduKy U3MEHEHHUsT HOpMaTbHOU

COCTABJISIFONIEH BEKTOpAa MAarHUTHOW MHIYKIIMH 110 CEYSHUIO JUTSI TUIOCKOW U 00bEMHON MOJIENH



reHeparopa.

Knioueeswvie cnoga: 3neKTporeHepaTop, CHHXpOHHAs MalllMHA, METO/l KOHEUHBIX PA3HOCTEM.

The method of calculation of magnetic systems taking into account the separation of media
for flat and volumetric models based on the finite difference method is presented. A
methodological apparatus for calculating the magnetic system has been developed using the
example of a synchronous generator with a two-circuit magnetic system. The results of the
calculation of the magnetic induction vector on the generator sector plan are obtained, graphs of
the change in the normal component of the magnetic induction vector along the cross section for
a flat and volumetric generator model are constructed.

Key words: electric generator, synchronous machine, finite difference method.

Onexkmpomexnuxa, 2022, Nel, cmp.28-30

MeTonuka onpenejieHls ONTHUMATbHON JIUTEJTbHOCTH TEXHHYECKOT0 00CTy:KMBAHUS
IEKTPOTEXHUYECKHUX H3eTHil

UCYIIOBA A.M., MACTEIIAHEHKO M.A., XOPOJIbCKUM B.4., [IIAPUIIOB UK.,
HIEMSKHH B.H.

TexHUYeCcKoe 00CITy)KUBAHUE U PEMOHT IEKTPOTEXHUYECKUX U3/IEIIHN, CBI3aHHBIX C
MIPOM3BOJICTBOM, TIepeiadeii U pacipeeICHHeM MIEKTPOIHEPTUH, MOTYT IMIPUBOIUTH K
nepepbIBaM AIIEKTpOCHAOKeHHsI TOTpeduTeneil. B Takoit cuTyaru BaKHOE 3HAUCHUE
nproOpeTaeT MUHUMH3AIIHS ITUTEIbHOCTH 00CITy)KUBaHUS U peMOHTa. B HacTosIee BpeMs
MOKA3aTelb, XapaKTePU3YIOIINH UTHTETFHOCTh TEXHUYECKOTO OOCTYKHUBAHHSI, /ISl OOJTBIITMHCTBA
AIIEKTPOTEXHUUECKHUX U3ICITUN HE HOPMUPYETCS M 3aBUCHUT OT CJIOKHOCTH YCTPOMCTBA U €r0
CXEMHO-KOHCTPYKTHBHOTO pelieHus. B craThe npeiokeHa MareMarndeckast MOJIeIb,
CBSI3BIBAIONIAS YKAa3aHHBIN apaMeTp ¢ 3PPEKTUBHOCTHIO (DYHKITMOHUPOBAHUS
ANEKTPOTEXHUUYECKOTO U3JENUS U JPYTUMHU IKCIUTyaTallMOHHBIMU TIOKa3aTeIIsIMHU.
Knrouesvie cnosa: >neKTpOTEXHUYCCKHIE U3ICITHS, TEXHUISCKOE 00CTYKHMBAHHE, PEMOHT,

JIIUTCIIBbHOCTh, MaTeMaTH4YCCKass MOJCIIb.



Maintenance and repair of electrical products related to the production, transmission and
distribution of electricity can lead to interruptions in the power supply of consumers. In such a
situation, the minimization of the duration of maintenance and repair becomes important.
Currently, the indicator characterizing the duration of maintenance is not standardized for most
electrical products and depends on the complexity of the device and its circuit design. The article
proposes a mathematical model linking this parameter with the efficiency of the functioning of
an electrical product and other operational indicators.

Key words: electrical products, maintenance, repair, duration, mathematical model.

Dnexkmpomexnuxa, 2022, N7, cmp.31-40
TupucropHbie peryisiTopbl NepeMeHHOI0 HANIPSIAKEHHU 1JIs1 IOBBILICHUS Ka4ecTBa
3JIEKTPUYECKOM JHEePrum B pacnpeneanTebHbIx ceTsax 0,4 kB
PAIIIMTOB I1.A., ACTAIIEB M.T"., ITAH®WJIOB 1.1., POXKOB A.H., IIETPOB M.J.
PaccmoTpens! TpeOOBaHUS K THPHCTOPHBIM PETyJIATOPaM MEPEMEHHOTO HAMPSHKEHUS TIPU
o0ecrneyeHn HOPMUPOBAHHBIX ITOKA3aTesIel KauecTBa 3JEKTPUUECKOM SHEpIUH B
aNeKTpUYeCcKuX ceTsax. [IpencraBinena TeXHOIOrUs NOCTPOECHUS TUPUCTOPHBIX PETYJIATOPOB
NEPEMEHHOT0 HaNpsKEHHs, OCHOBAaHHAsl Ha IPUMEHEHUH BOJIBTO/100aBOYHOTO TpaHc(hopmaropa
C CEeKIIUOHMPOBAHHON OOMOTKOW U TUPUCTOPHOrO KOMMyTaTopa. [lokazaHnbl nmpeumyiecTsa
UCIIOJIb30BaHUs KOMMYTATOPOB HAa OCHOBE TUPUCTOPHBIX KIIFOYEH B COCTABE PETrYIIATOPOB
nepeMeHHoro HanpsbkeHus. [Ipeaoskena MeTouKa pacueTa napaMmeTpoB BOJIbTO100aBOYHOTO
TpaHcopmaropa st obecrieyeHus 3aJaHHOT0 11ara peryJupoBaHus BOJIBTO100aBOYHOTO
HaANpPsDKEHUS. M paBHOMEPHOTO pactipesieieHus ero ypoHei. ChopMynupoBaHbl KpUTEPUU U
IIPOBEJIEH AHAJIN3 PA3IIMYHBIX TOMOJIOTUN TUPUCTOPHBIX KOMMYTAaTOPOB B COCTaBE TUPUCTOPHBIX
PEryJIsSTOPOB IEPEMEHHOT0 HanpsKeHHst. PaccMoTpeHsl TpeOoBaHMs K aJIrOpUTMaM yIpaBJIeHUS
PEryysTOPOB MPU U3MEHEHUH PEXKUMOB padOThI ceTH. [IpenoxkeHbl UMUTAIIMOHHBIE MOAETH U
MIPUBENICHBI PE3yIbTAaThl MOAECIUPOBAHUS PEXKUMOB PA0OTHI THPUCTOPHBIX PETYIISATOPOB
B cocTaBe ceTu. [IpuBeneHsl pe3yapTaThl ONBITHO-IIPOMBIIITIEHHON dKCIUTyaTallul PEryIATOPOB
Ha 3JIEKTPOCETEBBIX 00BEKTaX, MOATBEPKAatoIne 3(p(PEKTUBHOCTD PEIOKEHHBIX
TEXHUYECKUX PEIICHUM.
Kniouegvie cnoga: xa4ecTBO AIEKTPUIECKON SJHEPIUHU, THPUCTOPHBIN PETYIISITOP
NIEPEMEHHOT0 HaNpPsKEHUS, THPUCTOPHBIN KOMMYTATOp, AJITOPUTMBI YIIPaBJIEHHUS], OIIBITHO-

IPOMBIIIJICHHBIH 0Opasell.



The requirements for thyristor regulators of alternating voltage when providing standardized
indicators of the quality of electrical energy in electrical networks are considered. The
technology of construction of thyristor regulators of alternating voltage is presented, based on
the use of a voltage-add transformer with a partitioned winding and a thyristor switch. The
advantages of using switches based on thyristor switches as part of AC voltage regulators are
shown. A method is proposed for calculating the parameters of a surge transformer to ensure a
given step of regulation of the surge voltage and a uniform distribution of its levels. The criteria
are formulated and the analysis of various topologies of thyristor switches as part of thyristor
regulators of alternating voltage is carried out. The requirements for the control algorithms of
regulators when changing the operating modes of the network are considered. Simulation models
are proposed and the results of modeling the operating modes of thyristor regulators in the
network are presented. The results of pilot operation of regulators at power grid facilities
are presented, confirming the effectiveness of the proposed technical solutions.

Key words: quality of electrical energy, thyristor AC voltage regulator, thyristor switch, control

algorithms, pilot industrial design.

Onexmpomexnuxa, 2022, Nel, cmp.41-45
AHaJIuTHYeCKHii pACY4éT MATHMTHOIO MOJISI CHHXPOHHOH MAIIMHBI ¢ HEPABHOMEPHBIM
BO3IYLIHBIM 3230pOM
ADPAHACBEB A.A.
[Tpennoxen cnocod KOHGOPMHOTO OTOOpAKEHUS HEPABHOMEPHOT'O BO3YIIHOTO 3a30pa
SIBHOTTIOJIFOCHON CHHXPOHHOM MalllHbI Ha KPYTOBOE KOJIbII0, OCHOBAHHBII Ha MPEICTaBICHUH
KOJIbIIA IEPEMECHHOMN IIMPUHBI B KOMIUIEKCHON TUIOCKOCTH Z B BUJIE COBOKYITHOCTH YYaCTKOB
JIBYX HEKOHIICHTPUYIHBIX OKPYKHOCTEH, COCETHUE U3 KOTOPBIX CIABUHYTHI APYT OTHOCHUTEIHLHO
Jpyra Ha TIOJIOCHOE JielieHne. MarHuTHOE 1oJie B KPYTOBOM KOJIbIIE KOMITJIEKCHOM MIIOCKOCTH t
MOJKET PaCCUUTHIBATHCS KaK PEIICHHE NEPBOM KPaeBOM 3a/1a4Ml ¢ U3BECTHBHIMU CKAISIPHBIMU
MarHUTHBIMH ITOTSHIMAIAMHU Ha TPAHUIIAX, KOTOPhIE, KaK N3BECTHO, MHBAPUAHTHEI TIPH
KOH(OPMHBIX TTPE0Opa30BaHUIX. MarHUTHBIC HHIYKIIUU B KOJIBIIC IEPEMEHHOMN IIIMPUHBI
TUIOCKOCTH Z HAaXOJISTCS MyTEM YMHOKEHUS HAalICHHBIX WHIYKIIMA B KPYTOBOM KOJIIbIIE

TUIOCKOCTH t Ha MOJTYJIb U3BECTHOM, U3 MIOCTaBICHHOM 3aa4uu, MPOU3BOAHON. Pacuér Obu1



anpoOUpoBaH MPUMEHUTENBHO K reomeTpun CasHo-IllymeHckoro ruaporeneparopa
cpeactamu nporpammsl MATHCAD.
Kniouegvie cnoéa: CMHXPOHHBIN T'€HEPATOP, MATHUTHOE 110J1€, HEPAaBHOMEPHBIN BO3yILIHbIN

3a30p, KOH(POPMHBIE 0TOOpaKEHUS, KpaeBasi 3ajaya.

The proposed method of conformal mapping uneven air gap salient pole synchronous
machine in a circular ring, based on the representation ring of variable width in the complex
plane as a set of two plots concentricly circles nearby of which are shifted relative to each other
on the pole division. The magnetic field in a circular ring of the complex plane t can be
calculated as a solution to the first boundary value problem with known scalar magnetic
potentials at the boundaries, which are known to be invariant under conformal transformations.
The magnetic inductions in a ring of variable plane z width are found by multiplying the
inductions found in a circular ring of the plane t by the modulus of the derivative known from
the problem lation was tested in relation to the geometry of the Sayano-Shushensky
hydrogenerator by means of the MATHCAD program.

Key words: synchronous generator, magnetic field, non-uniform air gap, conformal maps,

boundary value problem.

Onexkmpomexnuxa, 2022, Nel, cmp.46-57

MuHuaTopu3anus 3JJIeKTPUYECKUX MAILIMH BO3MOKHA

I'’AHJWJIAH C.B., TAHAWJIAH J.B.

PaccMOTpEeHO COBpEMEHHOE COCTOSIHUE HOBOI'O HAIIPaBIEHUs MUKPOCUCTEMON TEXHUKU -
MHUKPOCHUCTEMOH JIEKTPOMEXaHUKH, IPOAHAIIM3UPOBAH IIUPOKHUN CIIEKTP €ro MPAKTUYECKUX
INPUMEHEHUH U TIEPCIEKTUBHI aibHeero passutus. [1ogpodHo o0cyk1eHbl OCHOBHBIE
TE€XHOJOTMYECKHE MTyTH CO3JaHus PYHKIIMOHAIbHBIX 3JIEMEHTOB MUKPO- U
HAHORJIEKTPOMEXAaHMUECKUX MpeoOpa3oBaTeseil 3HepPrum: «CBEPXY BHU3» U «CHU3Y BBEPX)».
OxapakTepr30BaHbl 00JaCTH X MEPCHIEKTUBHOTO MPUMEHEHHS B TPAJUIIMOHHOMN U HOBOM
TeXHHKE (B UH()OPMALIMOHHBIX U KOMITBIOTEPHBIX TEXHOJIOTUSAX, MEIUIIMHE, a9POKOCMUYECKUX U
paKeTHO-apTUJUIEPUHCKUX cCHUCTEeMax U T.J.). PaccMOTpeHbI HEKOTOphIE Y3JI0BbIE

BOINPOCHI 0000IIEHHOT0 (PHU3MKO-MATEMAaTHUECKOT0 MOJICIMPOBAHUS TaKUX ITpeodpa3zoBaTesei.

HpezmoxceH O606HICHHBII‘;I moAxoa K UCCIICAOBAHUTIO UX NTUHAMUYCCKHUX U SHCPTCTUUCCKUX



XapaKTEPUCTHK KAK CIOKHBIX AUHAMUYECKUX CHCTEM C OMHAPHO-
CONPSAKCHHBIMU ITOACUCTECMAMMU.
Kniouesvie cnosa: >nekTpoMexaHn4ecKre Mpeodpa3oBaTeIn SHEPTuH, MUKPOMUHUATIOPHAS

OJICKTPOMEXAaHUKA, HAHOJJICKTPOMEXaHHKaA, 6I/IHapHO-COHpH)KeHHBIe CHCTCMBI.

The current state of a new direction of microsystem technology - microsystem
electromechanics is considered, a wide range of its practical applications and prospects for
further development are analyzed. Two main technological ways of creating functional elements
of micro- and nanoelectromechanical energy converters are discussed in detail: "top-down™ and
"bottom-up”. The areas of their prospective application in traditional and new technology
(in information and computer technologies, medicine, aerospace and rocket-artillery systems,
etc.) are characterized. Some key issues of generalized physical and mathematical modeling of
such converters are considered. A generalized approach to the study of their dynamic and energy
characteristics as complex dynamic systems with binary-conjugate subsystems is proposed.
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