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MogenuposaHue CeTU 3/1IEKTPOCHABKeHMUA NPOMbILL/IEHHOTO NPeANpPUATUA C UCMOJIb30BaHMEM
NOCTOAHHOIO TOKA

3SMWEBA K.A.

CoBpemeHHoe TexHoornyeckoe obopyaoBaHue, NPUBOAUMOE B ABUMKEHME aCUMHXPOHHbIMU
TPEXPasHbIMU EKTPOABUTATENAMM, C LLE/IbI0 YNPOLLEHNA KUHEMATUYECKOM CXEMbI, YyYLLEeHUs
3KCN/yaTaLMOHHbIX XapaKTEPUCTUK U PaCLUMPEHNA BO3MOKHOCTEN, Kak NpaBu/Io, CHabKaeTcs 6/10Kom
YaCTOTHO-PEryINPYEMOro NPUBOAA, KOTOPbIV NO3BOIAET NIABHO M B LULMPOKOM AManasoHe U3MEHATb
YacToTy BpalLeHus Bana ABUraTenn U MOMEHT Ha Basy. LLIMpoKoe pacnpocTpaHeHue 4YacToTHOro
ynpaBAeHua NPUBOAUT K 3aMETHOMY M3MEHEHMIO CTPYKTYPHOIO COCTaBa NoTpebuTenein sneKTpoaHeprum
W CTaBUT Nepes NpounsBoaMTENS MU, NOCTABLMKAMM U NOTPEOUTENAMM 3/TIEKTPOSIHEPTNUM HOBbIE
npobsembl. YacToTHbIN NpeobpasoBaTesnb, Kak NPaBUIO, CTPOUTCA MO ABYXCTyMNeH4YaTon cxeme. MNepBsasn
CTyneHb npeacraBaneT coboin npeobpasoBaTesib NEPEMEHHOIO HANPSAXKEHWUS B MOCTOAHHOE. 3aTem
NOCTOSAHHOE HanpsXeHue npeobpasyeTcs B nepemeHHoe (06bIYHO TpéxdasHoe) Tpebyemoli 4acToTbl U
amnauTyabl. MpeobpasosBaTenb NPOMbILLAEHHOFO TPEXDA3HOTO HaNPAMXKEHMA B MOCTOAHHOE
npeacTaBaser coboi HarpysKy NPUHUMNMANBHO MHOTO, HEJIMHEMHOTO XapaKTepa, NPUYEém napameTpbl
3TUX HEJIMHEMHOCTEN M3MEHSAOTCA BO BPeMEHMU. MNpu WMPOKOM NPUMEHEHUN YACTOTHbIX
npeobpasoBaTtenen Aasa NUTAHUA 3N1EKTPoABUraTesiel pa3IMYHOro obopyaoBaHMA BO3HUKAIOT
npob6aembl, CBA3aHHbIE C CUbHbIM UCKa*KEHMEM YaCTOTHOIO COCTaBa NUTAKOLLErO HaMnpsXeHUs. ITn
WCKaXKeHWA ropasao TpyaHee noanatoTcs KoOMNeHcaumm, Yem npuBblYHbIe Npo6ieMbl NOBbIWEHUA
KoadduumeHTa mowHocTH. MNeperpyska reHepupytoLero obopyaoBaHMA U IMHKIA 3neKTponepeaay
rapmMoHMKaMM BbICOKOM KPaTHOCTU HE MEHEE OMacHa, YemM Nneperpyska peakTUBHON MOLLHOCTbIO, a
MmeToabl 60pbObI C TAaKMMM SIBNEHUAMM ropasao bonee sHeprosaTpaTHbl. [peacTaBafeTca OYEBMOHbBIM,
YTO Ha JaHHOM 3Tane Pa3BUTUA SHEPTETUKM CTAHOBUTCS SKOHOMMYECKK Bosiee BbIFrOAHOM CTPYKTypa
BHYTPMULLEXOBOIO 3/IEKTPOCHAbKEHMA, COCTOALLAs U3 LLEeHTPAM30BaHHOIO MOLLHOTO npeobpasoBartens
NPOMbILINEHHOTO TPEXHA3HOro TOKA B MOCTOAHHbIN, BHYTPULLEXOBOW 3/1EKTPOCETUN MOCTOAHHOIO TOKa U
MHAMBMAOYAIbHBIX Npeobpa3oBaTesielt NoCTOAHHOIO TOKa B NepeMeHHbIN. B cTaTbe onncaH pparmeHT
DC-cucTembl 31eKTPOCHABKeHMA rpynnoBbIX NOTPebUTeNEe NPOMbIWIEHHOTO NPeAnpUaATHS,
cogeprkallen aBa npeobpasoBaTte/ibHO-pacnpeaenmnTenbHbix yctpoictaa (MPY) mowHocTbo no 3 KBT
KaXK4an c MHTeNNEeKTyanbHOW cucTemolt ynpasnenus. MNPY gonxkHo obecneymsatb npeobpasoBaHue
TpéxdasHoro nepemeHHoro Toka 380/220 B 50 'y, B noCTOAHHbIN 220/440 B ¢ BO3MOXHOCTbIO
napannenbHoi paboTbl MO WMHAM MNOCTOAHHOrO ToKa A0 10 nepapxmyeckm opraHM3oBaHHbIX YCTPOCTB
B peXXMmax BeayLlero, Be4oMOro 1 pexnme nponopumoHasbHOro pacnpeaeneHuns Harpysku.
KomnbloTepHoe moaennpoBaHMe NoATBepKAaeT paboTocnocobHOCTb 3KCNepuMeHTabHOro obpasua
¢dparmeHTa DC-ccTeMbl 31EKTPOCHAOKEeHMA.

Kntoueasble c108a: aneKTpocHabXeHue, MOCTOAHHbIM TOK, MOAenpoBaHMe.

Modern technological equipment, driven by three-phase asynchronous motors, with a view to
simplifying the kinematic scheme, improve performance and capacity, usually supplied with unit
variable frequency drive, which allows you to smoothly and in a wide range of adjusting the rotational
speed of the motor shaft and the shaft torque. Widespread frequency control leads to a noticeable
change in the structural composition of electricity consumers and confronts manufacturers, suppliers
and consumers new problems. The frequency converter is usually built on a two-stage scheme. The first
stage is an AC to DC. Then the DC voltage is converted into AC (usually three-phase) and amplitude of
the desired frequency. Industrial three-phase inverter DC load is fundamentally different, nonlinear
nature, with these nonlinear parameters change over time. With the wide use of frequency converters
for power supply of electric equipment of various problems related to the strong distortion of the
frequency of the supply voltage. These distortions are much more difficult to compensate than usual
problems of increasing the power factor. Overloading generating equipment and power lines harmonics
of high multiplicity is not less dangerous than overloading reactive power, and methods of dealing with
these phenomena are much more energy-intensive. It is evident that at this stage of development of
power becomes more economical structure intrashop power supply consisting of a centralized industrial
three-phase power converters DC, DC intrashop power and individual inverters DC to AC. This article
describes a fragment of DC-power supply system of industrial enterprise consumer group containing 2



converting-distribution unit (CDU) with a capacity of 3 kW each with an intelligent control system. CDU
must provide three-phase AC conversion 380/220 V 50 Hz to DC 220/440 V with parallel work on tires
DC to 10 devices hierarchically organized as a master, slave mode and proportional load balancing.
Computer simulation confirmed the experimental sample fragment DC-power systems.

Keywords: power supply, DC, modeling.
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MaTtemaTtnuyeckoe MmogenvMpoBaHue KAacCuYecKoid MalmnHbl ABOAHOIO NUTAHUA C MPOMENKYTOUYHbIM
POTOPOM M KOHA,EHCAaTOPHbIM CaMOBO36yKaeHnem1

OXEHOYBAEB A.3.P., BAPAXOEB P.1O., AXXEHAYBAEB 3.A.3.

MpefcTaBneHa HOBAA KOHCTPYKLMA reHepaTopa C MPOMEXKYTOUYHbIM POTOPOM Ha Hase Knaccuyeckom
MalUMHbI ABOMHOIO NMTaHUA. KOPOTKO3aMKHYTasa 0B6MOTKa NPOMEKYTOUYHOrO POTOPa PACcNooOXKeHa
MexKAay cTaTopom u $pasHbiM poTopom. OB6MOTKa cTaTopa, 06MOTKa Ppa3HOro poTopa U KOHAEHCATOPbI
CaMoBO3bYKAeHUA coeaNHEHBI MapannenbHo. MpeanoxkeHa MaTeMaTMyeckas Moge b reHepaTopa B
TpexdasHOM 3aTOPMOXKEHHOM cucTeMe KoopamHaT. PaspaboTaHa SimPowerSystem mogenb ¢ NOMOLLbHO
pacwmpeHnin SimPowerSystem m Simulink cuctembl Matlab. MpoBeaeH aHanM3 nepexogHbIX NPoOLECcCoB
npu Habpoce HarpysKkn, KOHAEHCATOPHOM CaMOBO3DYKAEHMM U KOPOTKOM 3aMblKaHMM. [TOKa3aHo, 4To
NpW HECMMMETPUYHOM Harpy3Ke NPOMEKYTOYHbI POTOP NOAAB/AET BbICLUME FAPMOHMKM B KPMBOI TOKA.
Knrouessle c08a: mallnHa ABOMHOMO NUTaHMA, FeHepaTop, KOHAEHCATOPHOE CaMOBO3bYKAEHME,
SimPowerSystems, MATLAB.

The new design of generator with intermediate rotor based on classic doubly fed machine is described.
Short-circuited winding of intermediate rotor is located between the stator and wound rotor. The stator
and wound rotor windings and self-excitation capacitors are connected in parallel. The mathematical
model of the generator in the three-phase slowdown coordinate system is performed. A
SimPowerSystem model was designed and built with the help of using SimPowerSystem and Simulink
System of Matlab. The analyses of transitional processes under throwing on the load, capacitor self-
excitation and short circuit were also carried out. It is shown that with an unbalanced load the
intermediate rotor suppresses the upper harmonics in a current curve.

Keywords: doubly fed machine, generator, capacitor self-excitation, SimPowerSystem, MATLAB.

AnekmpomexHuKa, 2015, Ne5
MpoeKTUpOBaHME 3/IEKTPUUECKUX annapaToB C UHAYKLUOHHbIMU IEBUTALUOHHBIMU 31IeMEHTAMMU
ABOYNNAEB A.P., KEPMUM3ALE I'.C., MAMEZOBA I.B., MNPUEBA H.M.

Pa3paboTaH 0606LLeHHbIA MeTOA NMPOEKTUPOBAHMA U CUCTEMATU3MPOBAHbI KOHCTPYKTUBHbIE CXEMbI U
ObYHKUMOHabHbIEe  3aBMCMMOCTM  OCHOBHbIX Pa3sHOBWMAHOCTEN  3/1eKTpUYeckMx annapatos (3A)
NEBUTALMOHHBIMK 31emeHTamu (/13). PaccmoTpeHbl MX OCHOBHblE TEXHUYECKMe MoKasaTenun. BeeseHbl
NOHATUA KO3PPULUMEHTOB MHAYKLMOHHON NEBUTALMM W KPATHOCTM CUA, HAMAEHbl UX OMNTUMabHblE
3Ha4veHwunA. yCTaHOBI'IeHO, YTO B MOMEHT noAaKat4vYeHnA 0bMOTKM 3036y>Kp,eva K UCTOYHUKY NMUTAHKUA NO
0O6MOTKe 1 NeBUTALMOHHOMY 3/1IEMEHTY MPOTEKAIOT TOKM, 3HAYUTE/IbHO MPEBbILIAOLWME HOMUHAMbHbIE
3HayeHuA. Mpy 3TOM pe3Ko BO3pacTakoT NOTEPU B JIEBUTALMOHHOM 3/1IEMEHTE, TOrAa KaK TenaooTaava
YBe/IMYMBAETCA HE3HAUMTE/IbHO U BCA BblAENAEMan B JIEBUTALMOHHOM 3/1IEMEHTE SHEpPrua UAeT Ha ero
HarpesaHwue. B pe3synbTaTe /13 MOXeT pacnnaBMTbLCA B CAMOM Hauvase ABWUMKEHUA, He ycrnesas fOoNTU Ao
YCTQHOBMBLUETOCA MOJMOXeHUA. [loNydeHO aHANUTUYECKOe BbIpaXkeHue ana  KoadouumeHTa
WHIOYKLUMOHHON NEBUTALMM KaK OYHKLMU PasmMepoB MarHMTONpoBoAa M KoapdULMEHTA KpaTHOCTM
cWNbl, GU3MKO-TEXHUYECKUX XapPaKTEPUCTMK MaTepuana NEeBUTALMOHHOTO 31eMeHTa W 3aJaHHOM
TemnepaTypbl Nneperpesa. CocTaB/eHa maTemaTMYecKas MOLE/Nb, OCHOBAHHAS Ha NapameTpax peKMMOoB
TOKa W YCWAWI, B KOTOPYI BK/OYEHbI YPABHEHWUS MArHUTHOM, 3/1EKTPUUYECKOMN, MEXaHUYECKON U
TEN/NIOBOW LEeneil MAarHUTHOM CUCTEMbI, OTKyAa onpegeneHbl 6e3pasmepHble BeMYMHbI U FNaBHble
pasmepbl MarHUTHol cuctembl. Ona /19 U3 meau U aNlOMUHUA ONPEeAeNeHbl YUCNEHHbIE 3HAYEHUS
6e3pas3mepHbIX BE/IMYMH, HA OCHOBE KOTOPbIX COCTAB/IEHbI CNPaBOYHble Tabauubl, HEO6X0aUMblE ONA



npoekTuposaHus A c /13. MNonyyeHHble aHaIMTUYECKME BblParKeHUA A1 [1aBHbIX Pa3MepoB yUYUTbIBAKOT
3aJaHHble 3HaYeHMA TemnepaTypbl Neperpesa 06MOTOK, BXOAHbIX U BbIXOAHbIX NapamMeTpoB U ycnoBue
BbIMO/IHEHMA OAHOPOAHOCTM MarHUTHOro nons B paboyem BoO3AyWHOM 3asope. OnpeaeneHsbl
ONTUMAa/IbHble 3HAYEHUA Pa3MepPoB MArHMTOMPOBOAA, MPU KOTOPbIX MEPUMETP NOMNEepPeYHOro ceyeHus
CpeAHero CTep)KHA MWUHMManeH. lpu 3TOM aKTUBHbIE COMPOTUBAEHUA OOMOTKM BO3OYKAEHMA U
NIEBUTALUMOHHOIO 3/IeMeHTa TakXe OyayT MWUHMMANAbHbIMWU, YTO MPUMBOAUT K MUHUMM3ALMU MNOTEPb
aKTUBHbIX MOLLHOCTEN.

Kntouessble ca108a: aneKTpUUYECcKMe annapaTbl C 1€BUTALMOHHBIMU 3/1IEMEHTAMM, PEKUMbI TOKA U YCUTUNA,
NPOEKTMPOBaHMeE, CTyNeHYaTas MarHMTHas cMcTemMa, MaTemaTnyeckasa Moae b, TEN/I0Bas CTOMKOCTb.

The generalized method of design is developed and constructive schemes and functional dependences
of the main versions ED with LE are systematized. Their main technical indicators are reviewed.
Concepts of coefficients of an induction levitation and frequency rate of forces are for this purpose
entered, their optimum values are found. It is established that at the time of connection of a winding of
excitement to the power supply on a winding and a levitation element the currents much exceeding
nominal rates start proceeding. Thus losses sharply increase in a levitation element whereas the
thermolysis increases slightly and all energy emitted in a levitation element goes for its heating.
Depending on the geometrical sizes of a levitation element temperature of the last can reach so big size
that the levitation element to melt in the start of motion, without managing to reach the established
situation. Analytical expression of coefficient of an induction levitation as function of the geometrical
sizes of a magnetic conductor and coefficient of frequency rate of force, physics and technology
characteristics of material of a levitation element and the set overheat temperature are received. The
mathematical model based on parameters of the modes of current and efforts is made. The
mathematical model included the equations of magnetic, electric, mechanical and thermal chains of
magnetic system. From mathematical model dimensionless sizes and the main sizes of magnetic system
are determined. For LE from copper and aluminum numerical values of dimensionless sizes on the basis
of which the help tables necessary for design of ED with LE are made are defined. The received
analytical expressions for the main sizes consider preset values of temperature of an overheat of
windings, input and output parameters and a condition of performance of uniformity of a magnetic field
in a working air gap. Optimum values of the sizes of a magnetic conductor at which the perimeter of
cross section of an average core gains the minimum value are defined. In this case active resistance of a
winding of excitement and a levitation element will also be minimum. It leads to minimization of losses
of active capacities.

Keywords: electric devices with levitation elements, modes of current and efforts, design, step magnetic
system, mathematical model, thermal firmness.
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UccnepoBaHune guHamukm BIY, ocHaLEHHbIX CUHXPOHHbIMU FeHepaTopamMmm € NOCTOAHHbIMMU
MarHuTamm

MYCTA®AEB P.U., TACAHOBA /1.T.

Mpun pe3knx NopbiBax BETPA Ha JIONACTM BETPOABUraTe 1A BETPOINEKTPUYECKOM YCTaHOBKK (BIY)
OEeNCTBYIOT 3HAUYMTENbHbIE CU/IbI, CO34aBas CKAaYKM BPaLLAoLWEero MOMeHTa Ha Basly YCTaHOBKM. MNpwu
paboTe BETPOINEKTPUUYECKON YCTAHOBKM Ha 3/IEKTPUYECKYIO CETb TaKOW PeXxnum Co3L4aeT yrposy
HapyLeHUs AMHAMMYECKOMN YCTOMYMBOCTM cUCTEMbI. [peanoxkeHa NpubanKeHHas K peanbHbiM
dNyKTOrpaMmam M3MeHeHMs CKOPOCTelM BETPa, CTPYKTYpPa MOAENN CKOPOCTU BETPA, KOTOpas No3BonseT
YCTAHaB/AMBATb PA3/IMYHbIE 3HAYEHWUSI CKOPOCTEM HAapacTaHWA U cnaa BETPOBOro NOTOKA,
MaKCcMMasibHOe 3HayeHMe NopbiBa BETPa, a TaK¥Ke 3HAYeHUss CKOPOCTel BeTpa 40 Hayana v nocne
nopbiBa BeTpa. MNpuBeaeHa cuctema ypaBHEHMN, COCTABAAIOLLAA MAaTEMATUYECKYIO MOAE b YaCTOTHO-
YNpaBAAeMOoro CUHXPOHHOIO reHepaTopa C NOCTOAHHbIMM MarHUTamMM, KOTOPbIN ABAAETCA
3/IeKTpoMexaHM4Yecknm npeobpasosatenem B BIY. MpoBeAeHHble Ha 3TUX MOAENAX UCC/IeA0BaHMA
onpeaennnun ycnoBusa, Npm KOTOPbIX CUCTEMA ANHAMUYECKU YCTONYMBA NPU PA3ANYHbBIX 3HAYEHUAX U
dopmax BO3MYLLAIOLLETO BO3AENCTBUA, MHEPLMOHHOM NOCTOAHHOM U 3/IEKTPOMArHUTHOM CBA3M
CTAaTOPHbIX U POTOPHbIX KOHTYPOB reHepaTopa. MccnegoBaHMA NO3BOANAM OLLEHUTb BAUAHME MAarHUTHOM



SHEePrum NOCTOAHHbIX MAarHUTOB CUHXPOHHOTO reHepaTopa BIY Ha AMHaMMYECKYO YCTOMYMBOCTD.
BbIABAEHO, YTO NpPW 6O/bLLUEM 3HAYEHWUU MAFHUTHOMN SHEPTMU NOCTOAHHbBIX MAarHUTOB Ha eAMHULY
06bema Npu HEM3MEHHbIX 3HAYEHMAX aKTUBHbIX MOLLHOCTEN reHepaTopOB YBEINYMBAETCA UX
OVNHAaMMYeCcKan YCTOMYMBOCTb. BbiABNEHO TaKKe, YTO Hanbonee npruemaembiM cnocobom NoBbILEHUA
OVNHAMMUYECKOM YCTOMUYMBOCTM CUHXPOHHbIX reHepaTopoB B3Y ¢ NOCTOAHHBIMW MarHUTaMu ABAAETCA
6bICTPOE CHUXKEHME YaCcTOTbl TOKA CTaTopa reHepaTopa BO BpeMs MopbiBa BETPA A0 OnpeseieHHOro
3HAYeHMA C Ja/IbHENLLMM ero BOCCTaHOBIEHMEM A0 UCXOAHOI0 3HAYEHMA NOC/Ie OKOHYaHMA NOpPbIBa
CKOPOCTU BeTpa.

Kntouyesoble cnosa: BeTpPO3NEKTPUUECKME YCTAHOBKM, CKOPOCTb BETPA, MaTeMaTuyeckas Mmoaeb,
ONHAMUYECKUI PEXMM, CUHXPOHHbIE FeHepPaTopPbl C MOCTOSAHHbIMM MarHMTammn, 06MoTKa BO3byKaeHUS,
anddepeHLnanbHble ypaBHEHUA.

Sudden gusts of wind exert significant forces on the blades of a wind turbine of wind power unit (WPU),
creating a torque leap on the shaft of the unit. When operating a wind power unit on the grid, such a
regime threatens to distort the dynamic stability of the system. Suggested close to real fluctogramm
change of wind speed, structure of the wind velocity model, which allows to set the difference speed
value rise and fall of the wind flow, the maximum value of a gust of wind, and the wind speed before
and after a gust of wind. Also system of equations constituting a mathematical model of a synchronous
generator with permanent magnets, which is an electromechanical transducer in wind turbines were
shown. Conducted research on these models define the conditions under which the system is
dynamically stable for different values and forms of the perturbing actions of inertial constant and
electromagnetic coupling of stator and rotor generator circuits. Study allowed us to estimate the
influence of the magnetic energy of permanent magnet synchronous generator of wind turbine on the
dynamic stability. Revealed that the larger value of the magnetic energy of permanent magnets per unit
volume at constant values of generators active power would is increase its dynamic stability. It was also
revealed that the most reasonable way to improve the dynamic stability of synchronous generator with
permanent magnet of wind turbine, is the rapid frequency decrease of the generator stator current
during a gust of wind to a certain value, with a further frequency increase to its original value after a
gust of wind speed.

Keywords: wind power plant, wind speed, mathematical model, dynamic regime, synchronous
generators with permanent magnets, field coil, differential equation.
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MocTpoeHue 3INeKTPonpuBoA0B NePeMEHHOTO TOKA C NOHUMKEHHbIM YPOBHEM LUYMOB

AHAHbLEB C.C., TO/TYGEB A.H., MAPTbIHOB B.A., KAPAYEB B.[., A/IEAHMKOB A.B.

CHU)KEeHMe YpOBHA LWYMOB M BMBpauMii COBPEMEHHOro 3/1eKTPONpPMBOAA SBASETCA OAHOW U3
BakKHEMLWMX 33434 Npu ero paspaboTke. MeToapl pelleHna AaHHOW 3a4a4M B pamMKax TPagUUMOHHbIX
TpexpasHbIX 3/1EKTPOMEXAHMYECKMX CMCTEM [OCTAaTOYHO XOPOLIO M3y4YeHbl, OAHAKO BO MHOIOM
ncyepnanu cebs. OgHUM U3 NEPCNEeKTUBHbLIX BapWaHTOB MOCTPOEHUA 3/1EKTPONPMBOAA NEpPemMeHHOro
TOKa, KaK aCMHXPOHHOrO, TaK M CMHXPOHHOIO, C Y/AYy4YlleHHbIMM BUMOPOLIYMOBBIMU XapaKTepUCTUKaMM
ABNAETCA €ero peanusauMa Ha OCHOBE WCMONHWUTENbHOrO ABWUraTens C yBe/lIMYEeHHbIM yuciom o¢as.
CHUMKEeHMe WYMOB M BMBPaLMA NyTEM NPUMEHEHMA MHOrodasHbIX MalunH (Mm>3), ¢ O4HOM CTOPOHbI,
06YCNOBNEHO YMEHbLIEHMEM TaHreHUMasbHbIX CU/, BbI3BaHHbIX My/bCALMAMM 31EKTPOMArHUTHOIO
MOMEHTa ABuratens. 3T0 CBA3AHO C TeM, YTO yBeaMYeHue ymcia ¢as CTaTOPHOM OBMOTKM Bbi3biBaeT
paspe’KeHne rapMoHMYECKOro CoCTaBa Mo/l B BO3A4YLUHOM 33a30p€e W YCTPAHEHUMN U3 HEro aCMHXPOHHbIX
rapMOHMK MPU OTHOCUTE/IbHOM BO3PACTaHUKM CUHXPOHHbIX. C APYrol CTOPOHbI, yBeAuYeHune yncna ¢as
CYLLECTBEHHO paclIMpsAeT BO3MOMKHOCTM CHUMKEHWUA YPOBHSA LUYMOB 33 CYET CHUMKEHWA paamasibHbIX
MarHWTHbIX CWJ, AOEUCTBYIOLWMX MEXKAY CTaTOPOM UM POTOPOM M Bbi3bIBAOWMX AMHAMUYECKME
aebopmaumm  cTaTopHOro  Kosbua. [peasioXKeHbl  METOAMKM  ONTMMM3ALMKM  BUOPOLUYMOBBIX
XapPaKTEPUCTUK aCUHXPOHHOTO U CUHXPOHHOTO 3/1IEKTPONPMBOAOB, @ TAK}KE PeannsytoLme Ux CTPYKTypbI
cuctem ynpasnieHus. lNpuBefeHbl pesynbTaTbl UCCAEA0BaHUMI MHOTOQGasHbIX 3/1eKTPOMEXaHUYECKUX
cUcTeM, AEeMOHCTpUpYoLWMe 3PPEKTUBHOCTb NPes/IoKEHHbIX PELLUEHUN.



Kntouesvie cnoea: MHOTrodasHbI 31eKTPONPUBOA NEPEMEHHOIO TOKa, aCUHXPOHHbIN M CUHXPOHHbI
ABUraTenn, BU6POLLIYMOBbIE XapaKTEePUCTUKN, TaHrEHLUMaNbHbIE U PaananbHble CU/bl, MarHUTHan
MHAOYKUMA, CNEKTPasbHbIN BEKTOP.

One of the most significant tasks in design process of a modern electrical drive is how to reduce its noise
and vibration. Methods solving this problem in the framework of traditional three-phase
electromechanical systems are well studied and have largely exhausted themselves. One of the
promising options to construct an AC electrical drive with improved vibronoise characteristics, both
asynchronous and synchronous, is to implement an executive drive with increased number of phases.
On the one hand, the reduction of noise and vibrations through the application of multiphase machines
(m>3) results from decrease in tangential forces caused by pulsation of the electromagnetic torque of
the engine. Increasing the number of phases of stator windings causes depression of harmonic content
of the field in the air gap directed to resolve asynchronous harmonics with a relative increase in
synchronous harmonics. On the other hand, increasing the number of phases greatly enhances noise
reduction capabilities by reducing the radial magnetic forces acting between stator and rotor and
causing the dynamic deformation of the stator ring. Certain optimization techniques to improve
vibronoise characteristics of asynchronous and synchronous electric drives are proposed and their
structure control systems are suggested to implement the described option. The results of studies of
multi-phase electromechanical systems demonstrating the effectiveness of the proposed solutions are
given.

Keywords: multiphase electric AC drive, synchronous and asynchronous motors, vibronoise
characteristics, tangential and radial forces, magnetic induction, spectral vector.
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Co3paHue yaapHOro KOHTypa Bo36y»Ka4eHuA MMNy/ibCHOro pe3soHaHCHoro npeobpasosartens
MOLLHOCTH

MEHAKEP K.B., LLBETAEBA A.C.

MpoaHanM3MpoBaHa BO3MOMXKHOCTb NOIy4YeHMA BbICOKOYACTOTHbIX MMMY/IbCOB TOKA HAHOCEKYHAHOM
O/IMTENbHOCTU U 3HAYUTENIbHOM aMNANTYAbl OT NePBUYHOTO MalOMOLLHOFO HU3KOBO/IbTHOIO UCTOYHMKA
3Heprmum, 061acTb NCNOIb30BAHMA KOTOPbIX BECbMA LUMPOKA: OT a/lbTEPHATUBHbIX UCTOYHUKOB SHEPTUMU
Masiol U cpeaHen MOLLHOCTM A0 BbICOKO3IDPEKTUBHbBIX MHAYKLMOHHbIX YCTAHOBOK M/A1aBKKU M 3aKa/IKK
META/I/I0B, BKAOYAs CUHTE3 HAHOCTPYKTYPUPOBAHHbIX MOKPbLITUIA. PaccmoTpeHa ¢yHKLMOHanbHas cxema
KNaCCMYECKOro YAapHOro KOHTYpa BO3OyKAeHMA, NPUHLMN paboTbl KOTOPOro OCHOBAH Ha NOYYeHUN
3HAYUTENIbHON MMMYbCHOM MOLLHOCTU Ha MHAYKTOPE 3a CYET €ro HACbILLEHMA A0 3HAYUTENbHbIX
3HAYeHMI TOKa 3a Masibl MPOMENKYTOK BPEMEHU C MMHMMANbHbIMW 3aTpaTamMu.

MpoaHannM3nMpoBaHbl NPUYUHbBI OFTPAHUYEHMA aMNIMTYAbl TOKA HA MHAYKTOPE B CXEeME YAaPHOro KOHTypa
BO3OYKAEHWUA U NPeasioKeHbl CNocobbl yCTpaHEHUS HELOCTAaTKOB Ha NPUMEPE CXEMbI C PpeasibHbIMM
3/IEKTPOHHbIMW KOMMOHEHTaMW. BbinoiHeH aHann3 paboTbl yAapHOro KOHTYpa BO3OYKAEHUS U
paccMOTpPEHbI BapMaHTbl TEXHMYECKOM peannsaumm yCTPOMCTBa C ONTMMAIbHbIMMU NapaMeTpamu.
Knroyessie cnos8a: yaapHbI KOHTYP BO3DYXKAEHMA, KOMMYTATOP, MHAYKTOP, HAKOMUTE/IbHAA EMKOCTb,
MCTOYHWK TOKa.

In this article possibility of receiving high-frequency impulses of current of nanosecond duration,
considerable amplitude from primary low-power low-voltage power source which area of use is very
wide is analysed: from alternative energy sources of low and average power before highly effective
induction installations of melting and training of metals, including synthesis of the nanostructured
coverings. Article is devoted to research of a function chart of a classical shock contour of excitement
which principle of work is based on obtaining considerable pulse power on the

inductor due to its saturation to considerable values of current for a small period with the minimum
expenses. In work the reasons of restriction of amplitude of current on the inductor in the scheme of a
shock contour of excitement are analysed and ways of elimination of these shortcomings on the
example of the scheme with real electronic components are offered. The mathematical analysis



of work of a shock contour of excitement is carried out and options of technical realization of the device
with optimum parameters are considered.
Keywords: shock contour of excitement, switchboard, inductor, accumulative capacity, current source.

InekmpomexHuKa, 2015, Ne5
OnpepeneHne NapameTpoB rpyHTa AA pacyeTa ero yaeibHOro 3/1IeKTPUYECKOro ConpoTuBaeHus

3AMLEBA H.M., UCABEKOBA B.B., KNELLE/Tb M.1.

CraTba nocBalleHa paspaboTke MeTOAMK, MO3BOMAIWMX YTOYHUTb MPOEKTHblE pPelleHus Mo
3a3eMAOWMUM ycTpoicTBam. Mpu NPoeKTUpPOBaHMM YCTPOWCTB 3a3eM/IeHMA UCMONb3yeTca yaenbHoe
3NeKTpMYecKoe CoMpoTMBEHME, KOTOPOEe 3aBUCUT OT B/Ia’KHOCTWU, TeMnepaTypbl M MAOTHOCTU TPYHTa.
[na onpeaeneHvs BAAXKHOCTU TPYHTa Ha rAybuHax ero 3aneraHusa npeactas/ieHbl ABe MOAenn: B
3aBMCUMOCTM OT BPEMEHMU rofa, Ha rybuHax 4o 1 m U B 3aBUCMMOCTM OT YPOBHA TPYHTOBbIX BOA, Ha
rnybuHax 6onblie 1 m. Mogenn paspaboTaHbl Ha OCHOBE MCNO/b30BaHMA HEUYETKON NIOTMKKU, AaHHbIX
MeTeoCTaHUMN U reonoropassegku. [Ana onpegeneHusa Temnepatypbl CI0EB rPyHTa B TeyeHue roaa u
pacyeTa yAenbHOro 3/1eKTPUYECKOro CoNnpoTUBAEHMA FPyHTa NpuBeaeHbl MeTOAMKa U COOTBETCTBYOLLME
3aBMcMMocT. MogennposaHue TemnepaTypbl BbIMOHANOCL Ha OCHOBE TEOpWUW TEMN0MpPOBOAHOCTU
dypbe N AaHHbIX MeTeoCTaHUMA. [ToKa3aHo, YTO 3T MeTOAbl U 3aBUCUMOCTU NO3BONAIOT HOoee TOYHO
paccuMTaTb COMPOTUBAEHUA 3a3eMINTENIeN Ha 3Tane MPoeKTUpoBaHus. MpeacTasieHbl NMoayYeHHble B
NnabopaTopHbIX YCAOBUAX 3aBMCMMOCTM Y/AE/bHOrO COMPOTUBAEGHWA [PYHTA OT €ro B/AKHOCTU U
MNIOTHOCTK, KOTOPble AAlT BO3MOMHOCTb  YTOYHWUTb AWHAMMUKY W3MEHEHMA COMPOTUB/IEHUSA
3a3eM/IAIOLWMNX YCTPOMCTB C MOMEHTA MX YCTaHOBKM [10 MOJIHOrO OCeAaHMNA rpyHTa.

Kntouesble €a108a: 3a3eMAAOLME YCTPOMCTBA, FPYHT, YAE/bHOE 3/1IEKTPUYECKOE CONPOTUBIEHNE FPYHTa,
TEMMepaTypa, BAa*KHOCTb, NJIOTHOCTb, HEYETKas JIOrMKa.

The article is devoted to the development of techniques that are allowing us to specify design decisions
on grounding devices. At design of the grounding devices specific electric resistance, is usually used,
which depends on humidity, temperature and density of the soil. For determination of humidity of soil
at depths of its bedding two models are presented: the first one — seasonally, is at depths of up to one
meter, the second one — depending on the level of ground waters, is at depths below one meter.
Models have been developed on the basis of use of fuzzy logic, for these meteorological stations and
geological explorations. The technique and dependences are given for soil layers temperature
determination, within a year and calculation of their specific electric resistance from t and v. Modeling
of temperature of t was carried out on the basis of the theory of heat conductivity of Fourier and
meteorological stations data. The article demonstrates that these methods and dependences allow us to
calculate more precisely the resistance of grounding conductors at a design stage. They are presented,
received in vitro, dependences c soil from its humidity and density which give the chance to specify
dynamics of resistance change of the grounding devices from the moment of their installation before
full land subsidence.

Keywords: s grounding devices, soil, specific electrical resistance of the soil, temperature, humidity,
density, fuzzy logic.

InekmpomexHuKa, 2015, Ne5
OnpeaeneHHOCTb AeACTBUTENIbHO U MHUMOA YacTeil KOMMJIEKCHbIX MaTPUL, S1EKTPUYECKO ceTh

Moa04u0B B.C., MOJ/104UOB M.B.

Ona pelweHnAa paga ONTMMU3AUMOHHBLIX 3INEKTPOIHEPreTUYeckMx 3agdady HeobxoAMMOo  3HaTb
onpeaeneHHOCTM MaTPUL, SNEKTPUYECKON CETU, BXOAALLMX B KBagpaTuuHble Gopmbl Lenesbix GyHKUMI 1
onpeaensAloWmMXx WX ceoicTea. [na oboCHOBaHMA oONpeaeneHHOCTM MaTpuLbl WCMOAb3YITCA ABa
KpUTEPMSA, OAMH M3 KOTOPbIX OCHOBAH Ha BbIYMCAEHUN COBCTBEHHbIX 3HAYEHMIN MaTPULLbl, APYron — Ha
BbIYMCAEHMM MOCNEA0BATENBHOCTU TNABHbIX MWUHOPOB AETEPMWHAHTA BELLECTBEHHON CMMMETPUYHOM
MaTpuubl. B cTaTbe NpeanokeHo TeopeTnyeckoe ob6OCHOBaHME ONpeaesieHHOCTU AeNCTBUTENbHON U
MHMMOW YacTei KOMMJEKCHbIX MaTpWL, 3/1EKTPUYECKOW CeTUM C WCMOJIb30BAHMEM [1aBHbIX MWUHOPOB



AEeTePMUHAHTOB MaTpul,. 15 NONOKUTENbHOW onpeaeneHHOCTM MaTpuLbl HEOBXOAMMO M A0CTaTOUYHO
BbINO/IHEHNE [AETEePMUHAHTHOrO KPUTEepUs MOJIOXKMTENbHOM onpeaeneHHoctM CunbBecTpa, AN
OTpULATENIbHON ONpeAeneHHOCTU — BbINOJIHEHWUE HEPABEHCTBA, PAJ, Y/IEHOB KOTOPOro, SBAAIOLLIMXCA
rNaBHbIMM MMUHOPAMM AeTEePMMHAHTA BELLEeCTBEHHOM MaTpuUUbl, MMEIT OTpULATe/IbHOEe 3Ha4yeHue.
[oKaszaTtenbcTBa [AaHbl A48 AEUCTBUTE/IbHOM M MHUMOM 4YaCTel KOMIMJIEKCHbIX MATPUL, Y3/10BbIX
COMpPOTMBAEHMI. B OCHOBY A0OKa3aTe/IbCTB NMO0OXKEH CNOCOb HaxoXKAeHMA NocAeA0BaTe/IbHOCTM I/1aBHbIX
MMHOPOB [AeTepMMHAHTA, B KOTOPOM MPWU  BbIYMCAEHMM MOCAEAYIOLWEro [/1aBHOrO MMUHOpPa
AeTepMMUHAHTa UCNOb3YEeTCA 3HaYeHWe npeablayLLero.

Krtouesbie cn06a: aNeKTpUYecKasa ceTb, AeWCTBUTE/IbHAsA 4acTb MaTPULbl, MHMMAs 4aCTb MaTpuULbl,
AeTepPMUHAHT, 0bpaTHana MaTpuLa, onpeaeéHHOCTb MaTpULL.

To solve some problems of optimization of electric power is necessary to know definite matrix mains
belonging to the quadratic forms of the objective functions and determine their properties. To justify
the definiteness of the matrix used two criteria. One criterion is based on the computation of
eigenvalues and the other on the calculation of the sequence of principal minors of the determinant of a
real symmetric matrix. The purpose of the article — a theoretical justification of the determination of the
real and imaginary parts of complex matrices mains using the principal minors of the matrix
determinant. For a positive definite matrix if and only if the determinant criterion for the positive
definiteness of Sylvester. For negative definite matrix if and only if the inequality, some members of
which are the principal minors of the determinant of a real matrix have a negative value. Proofs are
given for the real and imaginary parts of complex matrices centers of resistance. The basis of the
evidence put to a method for finding the sequence of principal minors of the determinant in which the
calculation of the following principal minor determinant of the value of the previous.

Keywords: electric network, the real part of matrix, the imaginary part of the matrix, determinant, the
inverse matrix, definition of the matrix.

AnekmpomexHuKa, 2015, Ne5
OueHKa BO3MOXKHOCTEN YayUdLUEeHUA 3KCNAyaTauMOHHbIX NOKa3aTtesieil Noe3fo0B MeTponoanTeHa
BECEJ/10B N.A., TY1YNOB B.A.

PaccmoTpeHa npobsnema NpMMEHEHMA  peKynepauuMuM B METPOMOJIMTEHE U MOBbIEHUA
3HeproapPeKTUBHOCTM BArOHOB METPOMO/UTEHA. AKTYa/NbHOCTb NpPobaembl 3HepProappeKTMBHOCTU B
METPOMONTEHE ONPEAENAETCA TEM, YTO METPOMNOJIMTEH caM Mo cebe ABNAETCA KPYNHbIM NoTpebutenem
SHeprun, CylWecTBEHHaAa 4acTb KOTOPOM WMCMOJIb3yeTcA Ha TAry 3anekTponoes3nos. [nAa peanvsauuu
NPeanoXeHUA NO  CHWKEHWIO  3HepronoTpebsieHUs  MeTPONnoSMTEHA  PAcCMOTPEH  MPOEKT,
pa3paboTaHHbI Ha Kadeppe «IneKTpuuecknin TpaHcnopT» ®rb0Y BMO «HUY «M3WU». MpuseneHa
oLeHKa 3GGEKTUBHOCTM MPUMEHEHUA PEKyNepaTUBHOrO TOPMOMKEHMUA NMpU MOJEpPHM3aLMM BaroHOB
82717/14 c 3amMeHON MPMBbLIYHOTO PEOCTaTHOrO KOHTPO/iNepa Ha ynpas/ieHne 6UNoNAPHbIMK
TPaH3MCTOPaMM C M30/IMPOBAHHbBIM 3aTBOPOM. lMpmBeaeH pacyeT OLEeHKU 3PPEKTUBHOCTU NPUMEHEHUA
peKkynepaumu ans paspabaTbiBaemoro cocTaBa.

Kntouyesble cno8a: MeTPONOAUTEH, peKynepauusa, OUNonapHble TPAH3UCTOPbl C W30/MPOBAHHbIM
3aTBOPOM, 3HepreTMyeckasn speKTUBHOCTb, MOAEPHMN3ALMA BAarOHOB METPOMOAUTEHA.

The paper considers the problems of the implementation of recuperation and energy efficiency in
underground trains. Actuality of energy efficiency for underground rail trains based on the fact that the
average part of the electricity used by the rail trains is used for electric traction. The text discusses a
project developed in National Research University «Moscow Power Engineering Institute» at the
Department of electrical transport. The paper presents the results in the proposal of using breaking
energy recuperation by using microprocessor control system for controlling the traction motor drive, as
well as replacing the usual rheostat controller for bipolar transistors with insulated gate in underground
trains 82717/14 type. As the simulation project provides an analytical calculation of the assess of
recovery effectiveness for the developed underground train, provides the assessesments of the positive
and negative aspects of this project.



Keywords: underground trains, breaking energy recovery, insulated gate bipolar transistors, energy
efficiently, underground trains upgrading.

InekmpomexHuKa, 2015, Ne5
MowyHble Npeobpa3oBaTesnin C pe30HaHCHOW KOMMYyTaLMel Ha CTOPOHE NOCTOAHHOrO TOKa

BOPOHWMH MN.A., BOPOHWH W.M.

MpefcTaBneHbl HOBblE CMOCOObLI peann3aunmn PesoHaHCHOM KOMMYTALLMK Ha CTOPOHE NOCTOAHHOTO TOKa
MOLLHbIX Npeobpa3oBaTenieit, KOTOpble NO3BONAIOT CYLLECTBEHHO COKPATUTb SHEPTUIO AMHAMUYECKMX
noTepb NPU MUHUMANIbHOM KOJIMYECTBE AOMONHUTENbHBIX 3N1EMEHTOB. ITU CNOCOObLI Peasin3oBaHbl Ha
6a3e KoHLLeNnuuMmn pesoHaHCHoro Katova (PK) nytem nHTerpaumm ero CTpyKTypbl BO BXOAHYHO Lienb
npeobpasosaTtens. B uHBepTOpax HanpaAXeHUA NPUMEHEHbI PE30HAHCHbIE K/OUYM MEPBOro U TPETbEro
TMNa, Nepekatoyaemble NPU HYIEBOM HaMpPAXEeHUN 1 KNKYKX BTOPOro TUNa, Nepekovaemble npu
HY/J1IeBOM TOKe. B MHBepTOpax TOKa NPUMEHEHbI Aya/ibHble BaPUaHTbl PE30HAHCHbIX KOYEN.
PaccmoTpeHbl 6a30Bble BapMaHTbl, B KOTOPbIX PE30HAHCHAsA Lenb MMeeT HeNOCPeACTBEHHYO CBA3b C
WCTOYHMKOM BXOAHOMO HAMpPSAXKEHUs UK TOKa, a TaKkKe CXeMbl NpeobpasosaTtesiei ¢ 4ONOAHUTENbHbBIM
KN04OM. BO BCcex BapmaHTax UCMO/Ib3yeTcsa akTUBHOE yNpaB/ieHWe Pe30HaHCHbIM NPOLECCOM, KOTOPbIN
CUHXPOHM3MpPOBaH ¢ LUMM ynpasneHnem KntoueBbiMM 31eMeHTaMK npeobpasosaTtens.

Kntoyesoble cnoea: pe3oHaHCHbIN KoY, Ppe30HAHCHbIN Apoccenib, PE30HAHCHBIN KOHAEHCATOP, MHBEPTOP
HanpA*eHnA, NHBEPTOP TOKa.

Here is the new implementation of the DC — side resonant switching power converters, which can
significantly reduce the loss of dynamic energy with a minimal amount of additional elements. These
methods are implemented on the basis of resonant switching concept by integrating its structure in the
input circuit of the inverter. In source voltage inverters was applied resonant switches of the first and
third type, switched at zero voltage, and resonant switches of the second type, switched at zero
current). In the source current inverters applied dual resonance switch options. Describes the basic
variants in which a resonant circuit has a direct connection with the input voltage or current source, as
well as the converter circuit with an additional switch. In all variants used active control resonant
process which is synchronized with the PWM control of switch elements of the converter.

Keywords: resonant switch, resonant inductor, resonant capacitor, voltage inverter, current inverter.

AnekmpomexHuKa, 2015, Ne5
CTpYKTypHO-NnapameTpUUYeCKUii CUHTE3 M ONTUMMU3ALUA PEryNIATOPOB Ce/IeKTUBHO-MHBAPUAHTHbIX

3N1IeKTPOMEXaHUYECKUX CUCTEM C FTAPMOHUYECKUM MOMEHTOM Harpysku
TAPAPBIKW/H C.B., KOMbI1OBA J1.T., TUXOMWUPOBA U.A.

MeTogamn MOAabHOIO YNpPaBAEHMSA BbIMOJHEH CTPYKTYPHO-NAPaMETPUUYECKUIA CUHTES U CAeNaHa
KOMIM/IEKCHasn OLLeHKa NoKasaTesielt KayecTsa pas JINYHbIX BAPUAHTOB acTaTUYECKMUX
3N1EKTPOMEXaHNYECKUX CUCTEM, NOCTPOEHHbIX Ha OCHOBE COYETaHUA NPUHLMNA BHYTPEHHEN Moaenu
rapMOHWYECKOTO BO3MYLLLEHNA (CENeKTUBHOM MHBAaPUAHTHOCTH) C APYTMMM NPUHLMNAMWU TEOPUN
yMpaB/ieHNsA — KAaCKaAHbIM PeryMpoBaHMem, MOAYMHEHHbIM PEryiMpoBaHMeM ¢ Noc/ie0BaTe/IbHOM
KOoppeKuuel, peryimpoBaHMem COCTOAHMSA, NOJMHOMMUAIbHbIM PErYIMPOBAaHUEM MO BbIXOAY,
pasaeneHvem TeMnoB ABuKeHus. MpeasoxKeHa MeToAMKA CPAaBHEHUS U CTPYKTYPHOWM ONTUMM3aLMUK
CUCTEM, CUHTE3MPOBAHHbIX COYETAaHMEM NEePEeYUCIEHHbIX METOLOB, N0 334aHHOMY KOMMJ/IEKCY OCHOBHbIX
M LLONOIHUTE/IbHBIX KpUTEPMEB KayecTBa: OTPaboTKa MOCTOAHHOW M rAPMOHMYECKOW COCTaBAAOLWEN
BO3MYLLEHWI MO MOMEHTY Harpy3sKu, AMana3oHy BO3MOXKHbIX BapnaLymii MOMEHTa MHEPLMM
MeXaHWYeCKOM YacTu, YPOBHIO My/bCaLLMii BbIXOAHOTO CUrHAA CKOPOCTU NPW HANOMXKEHUW NMOMEXM B
KaHane ero usmepeHus, MakCMMaibHOMY 3HAYEHMIO BPEMEHM 3aeP*KKMU CUTHAIOB B CUJIOBOM
npeobpasoBaTtene, NP1 KOTOPOM CUCTEMA COXPAHAET YCTOMYMBOCTb, @ TaKXKe CYMMapPHbI NOPAAOK
AMHAMMYECKNX 3BEHbEB PerynsTopos. MoKasaHo Kak nepepacnpenenstotcs akueHTbl Ha onpegeneHHble
KpUTEPMM KauecTBa, Hanbonee BaxKHble A9 NPOEKTUPOBLLMKA, MPM UCNOIb30BaHUM TOTO UAU UHOTO



COYEeTaHMA MPUHLMMNOB NOCTPOEHMA CUCTEM, YTO AAET BO3MOXKHOCTb 060CHOBaHHO BbIOpaTh Hanbonee
3pdeKTMBHOE CTPYKTYPHOE peLleHune.

Kntouesole c108a: aneKTpoMexaHUYECKan cMcTeMa, KOMMNEHCAUMA rAPMOHNYECKMX BO3MYLLLEHWN,
NPUHLMN BHYTPEHHEN MOAENN, CUHTE3 U CTPYKTYPHAsA ONTUMM3AUMA PEryaaTOPOB, CENEKTUBHAA
WHBapPMaHTHOCTb.

Structural-parametric synthesis of different types of astatic electromechanical systems, which are built
on the basis of combination of harmonic disturbance internal model principle (selective invariance) with
other principles of control theory, is implemented by the use of modal control methods. These
principles are cascade control, subordinate control with series correction, state control, polynomial
output control, motion rates separation. Complex assessment of quality factors of these systems is
implemented. Assessment factors are response quality of constant and harmonic components of load
torque disturbances, acceptable variations range of inertia moment of system mechanical part,
pulsations level of output speed signal when the noise is on its measuring channel, maximum value of
signals time delay in power converter when the system is stable and the total degree of regulator
dynamic blocks as well. Methods of comparison and structural optimization of such systems,
synthesized by the combination of listed methods, by using the assigned complex of the main and the
additional quality factors is offered. The obtained results enable to demonstrate the way the appointed
quality factors are underlined when designer uses the combination of different principles of the system
design. It allows to make the proper choice of the most efficient control structure.

Keywords: electromechanical system, harmonic disturbance compensation, internal model principle,
synthesis and structural optimization of control devices, selective invariance.



