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O0 ycTOoiYMBOCTH JIBYXMACCOBBIX JJIeKTPOMEXaHNYECKHX CHCTEM ¢ MATHUTHBIMH
My¢pTamu

CAIICAJIEB A.B., XAPUTOHOB C.A., AUUTAEB A.A.

Ha ocHoBe npezcTaBiieHus: CUIOBOTO I€HCTBHS MarHUTHOTO TIOJISt MEXKTY MOTyMypTaMu Kak
0E3BIHEPIIMOHHON YIIPYTO# CBsI3U cPOpMUpPOBaHa CTPYKTYpHAs CXeMa JABYXMacCOBOM
anekTpoMexanndeckoit cucremsl (JIOMC) ¢ maruutHOM MydToi. J{s1 TuHeapru30BaHHOM
CUCTEMbI Ha OCHOBaHHUH (popMysbl MaiicoHa nosydeHa nepeaarodtas GQyHKINS MEXIY
3JIEKTPOMAarHUTHBIM MOMEHTOM, CO3/1aBa€MbIM JIBUTATENIEM, U BBIXOJHOM YIJIOBOM CKOPOCTBIO.
ITo kputepuro I'ypBuna paccMoTpeHa yCTOMUMBOCTD JJUHEMHOM 3JIEKTPOMEXAHUYECKOM
cucteMsl. [IpoBeeHHbIN aHANN3 TO3BOJISIET CAENIATh BHIBOJ, UTO JinHeapu3oBaHHas JIOMC c
MarHuTHOM My(dToii 6e3 BHEITHIX OOpaTHBIX CBS3EH BCeraa ycroiunBa. B cpene o0bekTHO-
BusyansHOro moaenuposanust MATLAB Simulink mpoananu3upoBaHbl mepexoHbIE MPOLECCHI
B HEJIMHEHUHOM U JINHEAPU30BAaHHOU CUCTEMAX.

Knrwoueswvie cnosa: nByxmaccoBast 3JIEKTpOMEXaHUYECKas CUCTEMa, MarHUTHAs MyTa,

MOCTOSIHHBIE MAarHUTHI, CTPYKTYPHAs CXeMa, NepegarouHas QyHKIUs, yCTONUNBOCTb.

Based on the representation of the force action of the magnetic field between the coupling halves
as an inertialess elastic coupling, a block diagram of a two-mass electromechanical system
(DEMS) with a magnetic coupling is formed. For a linearized system, based on Mason's formula,
a transfer function is obtained between the electromagnetic torque generated by the motor and
the output angular velocity. According to the Hurwitz criterion, the stability of a linear
electromechanical system is considered. The analysis allows us to conclude that a linearized
DEMS with a magnetic coupling without external feedbacks is always stable. Transients in
nonlinear and linearized systems are analyzed in the MATLAB Simulink object-visual modeling
environment.

Key words: two-mass electromechanical system, magnetic coupling, permanent magnets, block

diagram, transfer function, stability.
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MAarHuTo3/1eKTPUYeCKU BEHTUJIbLHBIN IBUIaTe/ b C MATHUTHON acHMMeTpueil poTopa
ADPAHACBEB A.A.

PaccMoTpeH BEHTHIIBHBIN IBUraTellb ¢ IOCTOSTHHBIMU MarHUTaMu, UMEIOIIMMH HEOIMHAKOBYIO
HaMarHWYEHHOCTh OTJIENbHBIX IIOJIIOCOB POTOpa. B TakoM aBUrarene MarHuTHas MHAYKLUS B
BO3YIIHOM 3a30p€ UMEET KPOME OCHOBHOW FapMOHMKHU U TAPMOHUKH HU3IIETO MOPSAAKA.
BeinosHeH aHanu3 MHAYKTUBHOCTEH B3aUMOMHAYKIUH poTopa ¢ (hazaMu OOMOTKH CTaTopa.
HccnenoBanbl paboyre CBOMCTBA BEHTUIHHOTO IBUTATENSI C MATHUTHON acCHMMETpHEN poTopa

Ha OCHOBE €ro MaTeMaTH4eCcKOil Mo/ienH B KoopanHaTax d,(q, y KOTOPOH TOK CTaTopa COACPKUT

TOJIKO MOTIEPEYHYIO COCTABISIONTYI0. B 3TOM ciiyuae BEeHTHIIbHBIN IBUTaTeNlb UMEET
MaKCUMaJIbHBIM 3JIEKTPOMarHUTHBIA MOMEHT IIPH 3aaHHOM ToKe. [Ioka3aHo, uro naxe nipu 5%-
HOM HCAOMAaromniMBaHWHU MArHUTOB OAHOTO IMOJIFOCA pOTOPA MOABIAIOTCA 3HAYUTCIIBHLIC
MyJIbCallu TOKA U JJICKTPOMArHUTHOI'O MOMCHTA JABUT'ATCJIA.

Knroueswie cnoea: MarnuTo3aeKTPUUECKUNA BEHTUIIbHBIN ABUTaTENb, MATHUTHAS aCUMMETPUS
pOTOpa, MOCTOSIHHBIE MAarHUTHI, MATEMaTHYeCKasi MOJIEJb, TyJIbCAI[UU TOKA U

3JIEKTPOMArHUTHOTO MOMEHTa, KO3((OUIIUEHT MOIIHOCTH.

A valve motor with permanent magnets having unequal magnetization of the individual poles of
the rotor is considered. In such an engine, magnetic induction in the air gap has, in addition to
the main harmonic and a lower-order harmonic. The analysis of the inductance of mutual
induction of the rotor with the phases of the stator winding is performed. The working properties
of a valve motor with magnetic asymmetry of the rotor are investigated on the basis of its
mathematical model in coordinates, in which the stator current contains only a transverse
component. In this case, the valve motor has a maximum electromagnetic torque at a given
current. It is shown that even with a 5% magnetization of the magnets of one pole of the rotor,
significant pulsations of the current and electromagnetic torque of the motor appear.

Key words: magnetoelectric valve motor, magnetic asymmetry of the rotor, permanent magnets,

mathematical model, current and electromagnetic moment pulsations, power factor.
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H3mepuTtenbHbIH KOMILIEKC /151 PETHCTPALMH NeTeJb rucTepe3nca GeppoMarHMTHHIX
MaTepuajIoB

[IBELOB JI.A., LIMIIIOB A.M.,TPOUINH I1.A., UBAHOB H.C.

PaccMmoTpeH nosyaBToMaTHYECKHI N3MEPUTENBHBIM KOMIUIEKC AJIS OJTY4€HUS MeTelb
rucrepesnca GeppoMarHuTHBIX MAaTEPUAIIOB MPH Pa3IMYHBIX YaCTOTAX IMepeMarHiYMBaHUS.
Kommuieke paspaboTan Ha 6a3e KJIaCCHUECKOro OCIMIUIOTpapUIECKOro METOAa U MO3BOJISET
CYIIECTBEHHO PACIIMPUTh BO3MOKHOCTH €ro NpuMeHeHus. [IpencraBiensl pe3ynbTaThl
9KCHEPUMEHTOB 110 MCCIIEIOBAHNIO MarHUTHBIX CBOWCTB 00pPa3LioB pa3IMyuHbIX MaTEpUAIIOB IPU
temrneparype +25°C u Temneparype KuneHus xkujakoro azora (—195,75°C). Ilernu rucrepesuca
CHUMAJIUCh IIpH yacToTax nepemarunyusanus B 50, 200, 400 u 800 I'u. [TonyueHHble
pe3yabTaThl JEMOHCTPUPYIOT CYILIECTBEHHYIO TEMIIEPATYPHYIO 3aBUCMOCTh MarHUTHBIX
napamMeTpoB 00pas3IoB OT TEMIIEPATYPHI U YACTOTHI.

Knrwoueswvie cnosa: heppoMarHuTHEIE MaTepHalIbl, HAMarHUYMBAHUE, TIETII THCTEPE3NcCa,

U3MEPUTEIIBHBIN KOMILIEKC.

A semi-automatic measuring complex for obtaining hysteresis loops of ferromagnetic materials
at various magnetization reversal frequencies is considered. The complex is developed on the
basis of the classical oscillographic method and allows you to significantly expand the
possibilities of its application. The results of experiments on the study of the magnetic properties
of samples of various materials at a temperature of +25°C and at the boiling point of liquid
nitrogen (—195,75°C) are presented. Hysteresis loops were removed at the magnetization reversal
frequencies of 50, 200, 400 and 800 Hz. The obtained results demonstrate a significant
temperature dependence of the magnetic parameters of the samples on temperature and
frequency.

Key words: ferromagnetic materials, magnetization, hysteresis loop, measuring complex.
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YrnpasiieHue cJeAsAIHMM IeKTPONPUBOAOM NPH HATHYUH 3230Pa B KHHEMATHYeCKOH

nmepexavye BBICOKOM CTeNeHH KeCTKOCTH

TAPAPBIKIH C.B., AIIOJIOHCKMUII B.B.



BrimonHeH ananu3 cnoco60B KOMITEHCAIMH 3a30pa B CIEIAIIMX CUCTEMAaX AJIEKTPOIPUBOAA,
peATH3YIONUX KOHTYPHO-TIO3UIIMOHHOE yIIPaBICHHE pab0YrMU OpraHaMH TeXHOJIOTHIECKIX
MaluH. BEIsSIBIEHbI KX OCHOBHBIE JOCTOMHCTBA U HEIOCTATKH B YIIPaBICHUU OJHOKAHAIbHBIMU
3EKTPONPUBOIAMH, SBIISIOIIMECS TPUYUHAMH HEIOCTATOUHOMN 3P PEKTUBHOCTH MTPH
HCIOJIb30BaHUU B CTAHKOCTPOEHUH, METAJI000paboTKe, MOTOYHOM 000PYIOBAaHUHM XUMHUYECKOH,
TEKCTWJIBHOU U JPYTUX OTpaciiaX MPOMBIIUIEHHOCTU. Ha OCHOBE KOPPEKTHOTO MPUMEHEHHUS
METO/1a TAPMOHUYECKOM TMHeapu3alii HeIMHEHHOCTe! (MeToJa ONUCHIBAIOIIEH (PYHKIINN)
BBITIOJIHEH JIETAJIbHBIN aHAJIN3 TUIIOBOM aCTaTUYECKOM CIEASIIENH CUCTEMBI SJIEKTPOIPUBOJA C
MOJAYMHEHHBIM PETYIMPOBAHUEM TOKA, CKOPOCTH U MOJIOKEHUS. BBISIBIEHBI MPUUYNHBI
BO3HUKHOBEHUS aBTOKOJICOAHUI U yX Y IIIICHHS KAa4eCTBa MEPEXO0IHBIX MPOIECCOB
AJIEKTPOIPUBO/IA IPU HATMYUU 3a30POB B €0 MEXaHWYECKOM YacT. B pe3ynbrare 4acTOTHOrO
aHaJIM3a TMHAMUKU HEJIMHEWHOM CHCTEMBI AIEKTPONpPUBOJA pa3paboTaHbl CHHEPTETHUECKH
JOTIONHSIOIINE APYT APyra CocoObl KOMIEHCAIIMH BIUSHUS 3a30pa IIyTeM KOPPEKTUPOBKH
CBOMCTB MHTETPUPYIOLIUX AJIEMEHTOB B IJITABHOM KOHTYPE YIPABJICHUS MOJIOKEHUEM TTPU
CKauyK0OOpa3HBIX N3MEHEHUIX KnHeMaTuku. OHU peanu3yrorcs npumeHeHnem [I1-perynsropa
MIOJIOKEHUS € MEPEKITIOYAEMOI MHTErPaIbHON YaCThIO U BBEJIEHUEM JTOTIOJHUTEIBbHOMN
CTAOMITM3UPYIONIECH 0OPATHOM CBSI3U MO Pa3HOCTH YTJIOBBIX MEPEMEIIEHUN AJICKTPOABUTATENS U
pabouero opraHa Ha BXOJ PEryisTopa Toka. I (HEeKTUBHOCTD PE3YJIbTaTOB TEOPETUUECKUX
MCCJIEI0BAHUI MOITBEPKAACTCS I€TATU3UPOBAHHBIM MAaTEMAaTUYECKUM MOJIETUPOBAHUEM
pa3paboTaHHBIX CHUCTEM YIIPaBJICHUS SIEKTPOIPUBOJAMH, a TAKKE HATYPHBIMU
SKCIIEPUMEHTAMH Ha MHOTO(YHKIIMOHAIBHOM IKCIEPUMEHTAIHLHOM CTEH/IE.

Knrouegwle cnosa: oqHOKaHATIBHBIN 3JIEKTPONPUBO/I, KECTKAs KHHEMAaTHKa, CUCTEMa
MOJAYMHEHHOTO PEryJIUPOBAHUS KOOPAMHAT, KOMIIEHCALIUSI BIUSIHUS 3a30pa, U3MEHEHUE CBOMCTB

UHTETPAaTOPOB, METO/I TAPMOHUYECKOTO OayiaHca.

The analysis of existing methods of backlash compensation in servo systems of an electric drive
with contour-positioning control of the loads of technological machines, was carried out. The
main advantages and disadvantages in the control of single-channel electric drives were revealed.
Those are the reasons for insufficient efficiency when used in machine-tool building,
metalworking, in-line equipment for the chemical, textile, and other industries. The detailed
analysis based on the correct application of the describing function of nonlinearities of a typical
astatic servo system of an electric drive with cascade control of current, speed and position was
carried out. The reasons for the occurrence of self-oscillations and deterioration in the quality of

transient processes of an electric drive in the presence of backlash in its mechanical part were



revealed. As a result of the frequency analysis of the dynamics of the nonlinear system of the
electric drive, the synergistically complementary methods of compensation for the influence of
the backlash by adjusting the properties of the integrating elements in the main loop of position
control in case of abrupt changes in kinematics were developed. They are implemented by using
a PI position controller with a switchable integral part and introducing additional stabilizing
feedback on the difference in angular displacements of the electric motor and the load to the
input of the current controller. The effectiveness of the results of theoretical studies is confirmed
by detailed mathematical modeling of the developed control systems for electric drives, and field
experiments on multifunctional experimental equipment.

Key words: single-channel electric drive, stiff kinematic, cascade control system, backlash
compensation, change the properties of the integrators, describing function method.
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IIporpaMMHBIi IPOAYKT A1 NOBbIMIEHUA 3(PPEKTUBHOCTH YIIPaBJICHUSA
3JIEKTPONPHBOAOM OYUCTHOI0 KOMOaiiHa

BABOKWH I'.U., LITTPEXEP JI.M., 3EJIEHKOB A.B.

[IpencraBneH mporpaMMHBINA TPOAYKT, IPEeIHASHAYCHHBIN JJIs1 MOBBIIICHUS 3P PEKTUBHOCTH U
aBTOMATHU3AIlMU YIPABICHYECKUX PEIICHUM MPU SKCIUTyaTal[id OYUCTHOTO YTOJIBHOTO
KoMbOaitHa. HazHaueHue npoykra — pacrno3zHaBanue (opM KpUBBIX, XapaKTEPU3YIOIINUX BU
BHEIIHETO BO3/IEHCTBUS Ha 3JIEKTPOMEXAaHNUECKYIO CUCTEMY B BUJIE CKauKa COMPOTUBIISIEMOCTH
YIJIsl pE3aHUIO, a TAKXKE MCCIIEA0BaHNE NTOKA3aTeNed JOCTOBEPHOCTH U MOTPEIIHOCTH aJIrOpUTMa
pacro3HaBaHus BUJ1a BXOJHOTO BO3ACHCTBUSA M0 JAHHBIM MHOT'OITAPAMETPUYECKOTO OTKINKA
3TOM cucTembl (Opocka TOKa aCHHXPOHHOT'O ABUTATEINs pe3aHusl U U3MEHEHUS] CKOPOCTH MO1auu
OUYMCTHOTO KoMOaitHa). THUMOBbIE perraeMble 3aaun — rpapuuecKkuii aHanu3 KPUBBIX OTKIIUKA
JUTSL SBPUCTHUYECKOTO aHAJIM3a U BEIOOPA UTHMHBI (parMeHTa, MO IJISKAIIer0 paclo3HABAaHUIO B
3aBUCHUMOCTH OT BaprabeIbHOCTH KPUBBIX IPU U3MEHEHUH YPOBHSI CKa4Ka COMPOTUBIISEMOCTH
VIJIsl PE3aHUIO; TeHEepalus 00yJaroIie BEIOOPKHU MiTH 0a3bl JaHHBIX MTA0JIOHOB KPUBBIX TPH
pa3nu4HbIX coueTanusx napamerpoB [IM-perynsitopa u ypoBHEH CTyNEHYAaTOr0 BO3IEUCTBUS —
CKayKa COMPOTUBIIIEMOCTH YTJISl PE3aHHIO; OJJHOKPATHOE pacrio3HaBaHue PparMeHTOB KPUBBIX C
MOMOIUIbIO IPOIrPAMMHOIO MOAYJISI; UCCIEA0BAHNE CTATUCTUYECKUX CBOMCTB IPOrHO3HBIX
MoJieJIel B pa3IMyYHbIX YCIOBUSX (PYHKIIMOHUPOBAHUS CUCTeMbI. [IporpaMMHbBIi TPOAYKT

ITO3BOJISIET UCCIICA0OBATH HOMGXOYCTOP'I‘IHBOCTB MOI[GJ'IGﬁ pacro3HaBaHUA U JOCTaATOYHOCTb



MHTEpBaIa HaOJIIOCHNUS [T TIOIYYEHHS JOCTOBEPHBIX IIPOTHO30B MO CKauKy
COIIPOTHUBIIAEMOCTH YISl pe3anuto. O01acTh MPUMEHEHUS — CUCTEMBI YIIPABICHHUS,
JTMarHOCTUPOBAHUS U 00pabOTKH MH(OPMAIMH IIEKTPOMEXaHUUECKUX 0OBEKTOB, OUMCTHBIC
MEXaHW3UPOBaHHBIE KOMIUICKCHI.

Kntouegvie cnosa: 3neKTpoOMEXaHNIECKasi CHCTEMa, OYMCTHON KOMOAIH. COMPOTUBIIEMOCTD YIJIs

pe3aHuto, mporpaMmHsIil npoaykr, [1M-perynsarop, HeHpOHHAs CETh.

A software product designed to improve the efficiency and automation of management decisions
during the operation of the shearer in real conditions is presented. Purpose — to recognize the
shapes of curves characterizing the type of external influence on the electromechanical system in
the form of a jump in the resistance of coal to cutting, as well as to study the reliability and error
indicators of the algorithm for recognizing the type of input action according to the
multiparameter response of this system (in the sections of the current inrush of the asynchronous
cutting motor and changes shearer feed speed). Typical tasks to be solved: graphical analysis of
response curves for heuristic analysis and selection of the length of the fragment to be
recognized depending on the variability of the curves when the level of the jump in the cutting
resistance of coal changes; generation of a training sample or a database of curve templates for
various combinations of Pl-controller parameters and levels of step action — a jump in coal
cutting resistance; single recognition of curve fragments using a software module; study of the
statistical properties of predictive models in various conditions of the system functioning. The
software product allows you to investigate the issues of noise immunity of recognition models
and the sufficiency of the observation interval to obtain reliable forecasts for the jump in coal
cutting resistance. Field of application: control systems, diagnostics and information processing
of electromechanical objects, cleaning mechanized complexes.

Key words: electromechanical system, shearer, coal cutting resistance, software product, Pl

controller, neural network.
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Omnpenenenne MOyl UMIEIAHCA UMUTATOPA COJTHEUHOM DaTapen 1Sl cCHCTEM
3J1eKTPOCHADKEHUS KOCMUYECKUX aNNapaToB

PEKYTOB O.I.



OnHO# 13 OCHOBHBIX XapaKTepUCTUK UMUTaTOopa comHeunor O6arapeu (MBC), onpenensrorieit
€ro COOTBETCTBUE PEATbHOI COJIHEUHOM OaTapee, sIBIAETCS BHYTPEHHHH UMIIEIaHC, KOTOPBIi
JIOJIKEH COOTHOCHUTBCSI C yYACTKaMU €0 BOJIbT-aMIIEPHOM XapaKTEPUCTUKHU CIIETYIOIIHUM
obpaszom. Korga MBC pabGoTaeT Ha ydacTKe TOKa, OH JIOJDKEH MPEJCTaBIATh COO0H MCTOYHHUK
TOKa, BHYTPEHHUI UMIIEAAHC KOTOPOTO JOJDKEH ObITh MHOI'O OOJIbIIIE UMIIEIaHCA HATPY3KH; Ha
yuactke HanpspkeHust UBC nomkeH npeacTaBisiTh COO0OH UCTOUHUK HANPSIKCHUS, Yeit
BHYTPEHHUH UMITEAHC JOJDKEH OBITh MHOTO MEHBIIIE UMIIeJaHCca Harpy3ku. M3mepenue Moays
UMIIeJaHCa UMUTATOpa M03BOJIET OLIEHUTh €r0 (PAKTUYECKOE COOTBETCTBUE ATUM TPEOOBAHUSIM.
M3MmepeHHBIE 3HaYCHUS MOIYJIS TOPA310 TOYHEE ONPEIEISIOT €r0 XapaAKTEPUCTUKH T10
CPaBHEHHMIO C PACUETHBIMHU, a TAK)KE [TO3BOJISIFOT OLIEHUTh CTENIEHb UX JOCTOBEPHOCTH U BBISIBUTH
PE30HaHCHBIE YaCTOThI, HA KOTOPBIX 3aBUcUMOCTH Moayiel NBC ot yacToThl H3MEHEHHUS
Harpy3KHd, COOTBETCTBYIOIINE y4aCTKaM TOKa M HAIIPSDKEHUS, CyHIECTBEHHO OTJIMYAOTCS OT
pacueTHbIX, 4TO 00YCIIOBICHO HATMYMEM PacIpeIeICHHbIX TApaMEeTPOB aKTUBHON U PEaKTUBHOMN
cocraBisolmMx BHyTpeHHero nmneaanca UbC. CtannapTHble METOOUKU pacyeTa, OCHOBAHHBIE
Ha MCIO0JIb30BaHUM I1APaMETPOB JIEMEHTOB CXEMBI, 3TOI'0 HE YUUTHIBAIOT. PeanbHas
3aBUCHUMOCTb MOJYJISl UMIIEIAHCA UMUTATOPA OT YaCTOTHI U3MEHEHMS HATPY3KH I103BOJIUT
CIIPOrHO3MPOBATh IMOBEJCHHUE KaKIOT0 2JIEMEHTA CUCTEMBI, PACIIOIarasi €ro aHaJIOTMYHBIMHU
napaMeTpami.

Knroueevie cnosa: cucreMa 3JIEKTPONUTAHNS KOCMUYECKOTO anapara, MMUTaTOp COJTHEUHOU
Oarapen, BHYTPEHHHI UMIIEIaHC SHEPronpeoOpasyolel annapaTypsl, pe30HaHC, Ha3eMHbIE

HCIIBITaAHUA.

One of the main characteristics of a solar battery simulator (SBS), which determines its
compliance with a real solar battery, is the internal impedance, which should correspond to the
sections of its volt-ampere characteristic as follows. When the SBS operates in a current section,
it must be a current source whose internal impedance must be much greater than the load
impedance; in a voltage section, the SBS must be a voltage source whose internal impedance
must be much less than the load impedance. Measuring the impedance module of the simulator
allows you to assess its actual compliance with these requirements. The measured values of the
module determine its characteristics much more accurately compared to the calculated ones, and
also allow us to assess the degree of their reliability and identify resonant frequencies at which
the dependences of the SBS modules on the frequency of load changes corresponding to current
and voltage sections differ significantly from the calculated ones, due to the presence of

distributed parameters of the active and reactive components of the SBS internal impedance.



Standard calculation methods based on the use of parameters of circuit elements do not take this
into account. The real dependence of the simulator's impedance module on the frequency of load
changes will make it possible to predict the behavior of each element of the system, having its
similar parameters.

Key words: spacecraft power supply system, solar battery simulator, internal impedance of

energy-converting equipment, resonance, ground tests.
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YcTpoiicTBO NUTAHNS U3MEPHUTENbHBIX JATYUKOB, PACHO0JI0KEHHBIX HA BO3AYIIHOM JMHUH
JJIeKTponepeaayu

CKPUITAUYEB M.O., KPOTKOB E.A., MAKAPOB 4.B.

[Tpu pa3menieHnn JaTYUNKOB U3MEPEHUS (PU3NUECKUX TTapaMeTpoB BO3AYyIIHBIX JuHUH (BJI)
AJIEKTPOIIEpEIaYH BBICOKOTO HAMPSKEHUSI HEMOCPEACTBEHHO Ha BBICOKOM MOTEHIIMATIE
npoBoaHuka BJI HeoOxonumo obecrieunts Oecriepedoiinoe muTanue naTuukoB. Kpatkuit 0630p
CTaTel, MOCBAIIEHHBIX YCTPONUCTBAM IMUTAHUS TATYNKOB U3MEPEHUS, YCTAHOBIICHHBIX HA
npoBoAgHuKe BJI, BBIABUI JOCTOMHCTBA U HEAOCTATKH TEXHUYECKUX PELICHUM. AHAIU3
COOTBETCTBYIOIINX TEXHUYECKUX PEIICHUH TTOKA3bIBAET, UTO CIIOCO0 0TOOpa MOIITHOCTH C
MOMOIIbIO TpaHc(hopMaTopa Toka OT mpoBoaHKKa BJI 3acmyxuBaeT nanpbHEUIIEro n3y4eHusl.
JIOCTOMHCTBO TaKOI0 coco0a — aBTOHOMHOCTh, HEAOCTATOK — HEOOXOIUMOCTh CTaOMIN3aIuN
HaIpsDKEHUS Ha Harpy3Ke B IIMPOKOM Juaria3oHe n3MeHeHus rneppudHoro toka BJI. IToatomy
aKTyaJbHOH 3a/aueit sBisieTcst pa3paboTKa yCTpOHCTBA MUTAaHUA JaTYMKa ¢ 0TOOPOM MOIIHOCTH
oT npoBoaHKKa BJI, ob6ecrneunBaroniero 1aT4uK N3MEepeHHs CTa0MIbHBIM BXOIHBIM
HaIpsKEHUEM BO BCEM JIMAIla30HE U3MEHEHUS TOKOB B MPOBOAHMKE. [Ipennoxkensl MpuHIMI U
cxema paboThl yCTpoWCcTBa MUTAHUS, Ha IPUMeEpPEe KOTOPOU BBITIOJHEHO (PU3UUYECKOE U
UMUTAIIMOHHOE MOJICIIMPOBaHNe. AHAIIN3 OCIIIIIJIONPaMM TOKa M HaIPsHKEHUS 1a00paToOpHOTO
MPOTOTHUIIA YCTPOWCTBA MUTAHUS MMOATBEP M BOSMOKHOCTh CTAOMIIM3AIIUN YPOBHS HAMIPSKCHUS
MUTAHUS JaTYUKOB U3MEPEHUS B HOPMAJIBHBIX M aBapUUHBIX AJeKTpuueckux pexxumax BJL. [Ipu
BKJIFOUCHHUH JTAOOPATOPHOTO MPOTOTHIIA YCTPOUCTBA MUTAHUS HA aBAPUIHBIN IIEPBUYHBIN TOK
KpHUBasi HAPSDKEHUST UMEET anepUOJUYECKUNA XapaKkTep cO BPEMEHEM YCTaHOBJICHUSI MEHEe
Nepuo/ia MPOMBIIIICHHOW YaCTOTHl M HE JOCTUTAET OMACHBIX 3HAYEHUH ISl SJIEKTPOHHOM YacTu
YCTPOMCTBA MUTAHUS. Y CTPOMCTBO MUTAHUS, TOCTPOEHHOE MO MPEAJIOKEHHOMY ITPUHIIHUITY,

ABJIACTCA 1OCTATOYHO YHUBCPCAJIBHBIM U MOXET ITPUMCEHATHCA I HaJEKHOTO MUTAHUS



JATYMKOB M3MEpPEHUsl, YCTAHOBJIEHHBIX Ha npoBogHuke BJIL.
Knrouesvie cnoea: Bo3ayIHas TUHUS DIIEKTPOINIEPEIAYN BBICOKOTO HAMPSHKEHUS, OTOOD

MOIITHOCTH, yCTpOﬁCTBO MUTaHUs, IaTYUK U3MCPCHUS.

When placing sensors for measuring the physical parameters of high-voltage overhead
transmission lines (overhead lines) directly on the high potential of the overhead line conductor,
it is necessary to ensure uninterrupted power supply to the sensors. A brief review of articles on
power supply devices for measurement sensors installed on the overhead line conductor revealed
the advantages and disadvantages of technical solutions. An analysis of the relevant technical
solutions shows that the method of power take-off using a current transformer from the overhead
line conductor deserves further study. The advantage of this method is autonomy, the
disadvantage is the need to stabilize the voltage on the load in a wide range of changes in the
primary current of the overhead line. Therefore, an urgent task is to develop a sensor power
supply device with power extraction from the overhead line conductor, providing the
measurement sensor with a stable input voltage over the entire range of currents in the
conductor. The principle and scheme of operation of the power supply device are proposed, on
the example of which physical and simulation modeling is performed. The analysis of the current
and voltage waveforms of the laboratory prototype of the power supply device confirmed the
possibility of stabilizing the voltage level of the measurement sensors in normal and emergency
electrical modes of the overhead line. When the laboratory prototype of the power supply device
Is switched on to the emergency primary current, the voltage curve has an aperiodic character
with a time of establishment less than the period of the industrial frequency and does not reach
dangerous values for the electronic part of the power supply device. The power supply device
built according to the proposed principle is quite versatile and can be used for reliable power
supply of measurement sensors installed on the overhead line conductor.

Key words: high voltage overhead power line, power take-off, power supply device,

measurement Sensor.
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IJKBHUBAJIEHT IJHEPIrOCUCTEMBI I1I002JIbHOT0 FHEPreTHYECKOro 00beIMHEeHUs IS Pac4éToB

JAMHAMMYECKOH YyCTOMYHBOCTH



KY3HEIIOB O.H., 3YBKOBA U.C., ABEPbSJHOB JI.A.

Pacuér anekTpoOMEXaHUUECKUX NIEPEXOIHBIX IIPOLECCOB U YCTOMYMBOCTH CJIOKHBIX
AIIEKTPOIHEPTETUUECKUX CUCTEM OOJBIION pa3MEePHOCTH, HECMOTPSI Ha CYIIIECTBEHHBIC
BBIYHCIINTENIbHBIE MOIIHOCTH COBPEMEHHBIX KOMITBIOTEPOB, SIBIISIETCS CIIOAKHOU B
BBIUMCIUTEILHOM OTHOILLIEHUH 33/1a4eil, pelieHrne KoTopoil TpedyeT GoJbIINX BPEMEHHBIX
3aTpar, a B psijie CIIyJaeB, JUIsl CHCTEMBI OOJIBIIION Pa3MEPHOCTH 3Ta 3a7a4a Hepa3pemuma. B
CTaThe MPEACTABICH MOJAXOM K pa3paboTKe SKBUBAJICHTA II100AILHOTO YHEPT€TUYECKOTO
00beIMHEeHUS 1711 pacuéTa JUHAMUYECKONW YCTOWYNBOCTH. JIMHAMUYECKUN SKBUBAJICHT
AJIEKTPOIHEPTETHICCKON CUCTEMBI OOJIBIIION Pa3MEPHOCTH, MOTYUEHHBIN C ITOMOIIBI0 METOa
SKBUBAJICHTUPOBAHUS T€HEPATOPOB KOT€PEHTHBIX IPYII U SKBUBAJICHTUPOBAHUS SJIEKTPUUECKOU
CETH MO3BOJISIET CYIIECTBEHHO COKPATUTh pa3Mep pelaeMoi 3ajauu U MOJYyYUTh PEIICHHUE C
MTOMOILBIO U3BECTHBIX IPOIPAMMHO-BBIYUCIUTENBHBIX KOMIUIEKCOB. CO3/1aHNE TMHAMUYECKOTO
SKBHUBAJIECHTA TJ100aTbHOIO YHEPreTHUECKOT0 00BbETUHEHUS ABIISETCS CIOKHOM 3aaaueit, s
pelIeHus KOTOPOil TPeOYIOTCS JAaHHBIE O BCEX BXOMASIIUX B SHEPrOOOhEeINHEHUE
AIIEKTPOIHEPTETUYECKUX CUCTEMAX, COOPATh KOTOPBIE TAK:KE TPYAHO pazpermmast 3aaaqa. s
KaueCTBEHHON OLIEHKH YCJIIOBUN yCTOMYMBOCTH 3HEPTOO0BEAMHEHUS MTapaMeTPhl JMHAMHUECKUX
SKBHUBAJIEHTOB YHEPTOCUCTEM MOT'YT OBbITh BHIYMCIIEHBI 110 0000IIEHHBIM MTOKA3aTeNIIM
HEPrOCUCTEM.

Knrouesnie cnosa: rnobanbHOE YHEPTETUUECKOE OObETUHEHNE, TUHAMUYECKHUI SKBHBAJICHT,
KOTE€pEHTHBIE IPYIIIBI TEHEPATOPOB, JIEKTPOMEXAHUYECKHE ITEPEXOIHBIE POLECCHI,

YCTOHYHMBOCTD AJIEKTPOIHEPTETUYECKUX CUCTEM.

The calculation of transients and stability of complex large-dimensional electric power systems,
despite the significant computing power of modern computers, is a computationally complex
task, the solution of which requires a lot of time, and in some cases, for a large-dimensional
system, this problem is unsolvable. The article presents an approach to developing an equivalent
of a global energy interconnection for transient stability calculating. The dynamic equivalent of a
large-dimensional electric power system obtained using the method of equivalence of generators
of coherent groups and equivalence of the electric network makes it possible to significantly
reduce the size of the problem being solved and obtain a solution using well-known software.
Creating a dynamic equivalent of a global energy interconnection is a complex task, the solution
of which requires data from all the electric power systems connected in the energy
interconnection, which is also a difficult task to collect. For a qualitative assessment of the
stability conditions of the energy interconnection, the parameters of the dynamic equivalents of



power systems can be calculated from the generalized indicators of power systems.
Key word: global energy association, dynamic equivalent, coherent groups of generators,
electromechanical transients, stability of electric power systems.
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K pacuery MexaHHYeCKHX CHJI U HajIaHCa MOITHOCTH B 3JIEKPOMEXaHHYECKOM
npeodpa3oBareie YHEPTUU

JKYJIOBSIH B.B., MAJIO3EMOB B.B.1IIYPOB H.1.

[pemnoskeH MeTo1 pacyeTa MEXaHHUECKUX (3JCKTPOMArHUTHBIX ) CHJI, BOSHUKAIOIINX B
AIIEKTPOMEXAHUYECKOM MTPeoOpa3oBaTeie YHEPTUU U ICHCTBYIOIINX HAa KOHTYPBI TOKOB B
MarHMUTHOM T10JIC WJIH TUTACTHHBI KOHEHCATOopa B diieKTpudeckoM moie. [IpeobpazoBanus
BBIMIOJTHEHBI HA OCHOBE MPHHITUITA BO3MOXKHBIX TIEPEMEIICHHIA C TPUBJICUYCHUEM arapara
YaCTHBIX MPOU3BOHBIX. Y CTAHOBJICHO, YTO MOIIHOCTb, IpeoOpa3yemMasi B MEXaHUYCCKYIO
MOIITHOCTh, YACTUYHO 3aTPAUYUBACTCS HA M3MCHECHUE SHEPTHH JIEKTPOMArHUTHOTO TIOJIS, a
Jpyras, onpeaenseMasl KOOHeprien, mpeodpa3yercss B MeXaHHYECKYI0 MOIITHOCTb. [1oyrydeHbI
BBIPAXKCHUS IS MEXaHUIECKUX (IJICKTPOMArHUTHBIX) CHJI HA OCHOBE OaiaHca MOIIIHOCTEH.
CpaBHEHUE TOTYUYCHHBIX PE3yJIbTATOB C U3BECTHBIMH JTAaHHBIMH MOATBEpKAaeT npuHimi 50/50,
03HAYaIOIINH, YTO TOJIBKO YaCTh MOIIHOCTH, CBSI3aHHAS C IBUKCHUEM KOHTYPOB, IIpeoOpazyeTcs
B MEXaHUYECKYIO, TOT/Ia KaK JAPYras UIeT Ha U3MEHEHUE YHEPTUH MATHUTHOTO TIOJIS.
Kniouesvie cnosa: 371eKTpOMEXaHUIECKOE TIPEOOPA30BaHIE YIHEPTHH, JICKTPOMArHUTHOE TOJIE,

0anaHc MOILTHOCTEH,MEXaHNYeCKasl CHJIa, SHEPTHsI, KOOHEPTUsl.

A method is proposed for calculating mechanical (electromagnetic) forces arising in an
electromechanical energy converter and acting on current circuits in a magnetic field or capacitor
plates in an electric field. The transformations are performed on the basis of the principle of
possible displacements with the involvement of the apparatus of partial derivatives. It is
established that the power converted into mechanical power is partially spent on changing the
energy of the electromagnetic field, and the other, determined by co-energy, is converted into
mechanical power. Expressions for mechanical (electromagnetic) forces based on the power
balance are obtained. The comparison of the obtained results with the known data confirms the
50/50 principle, which means that only part of the power associated with the movement of the

contours is converted into mechanical power, while the other goes to change the energy of the



magnetic field.
Key words: electromechanical energy conversion, electromagnetic field, power balance,

mechanical force, energy, co-energy.
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AHaJIM3 yCTONYMBOCTH KUAKOMETAJVINYECKOH CTPYH, HATPY’KEHHOI 0CeBbIM TOKOM
KHPEEB K.B.

PaccmoTpeH nporecc OTKII0YEHHs TOKA B CTPYWHBIX KOMMYTALIMOHHBIX annaparax. [omydeHsr
BBIPAKEHMSI, ONIPEACIIAIOIINE YCIOBUSA TEPMUYECKON U IIPOCTPAHCTBEHHON YCTOMYMBOCTH
KUJKOMETAJUIMYECKOU CTPYH, HarPY>KEHHON OCEBBIM TOKOM. Y CTAaHOBJIEHO, YTO OIIPEACIIAIOLICE
BJIMSIHUE TEIIJIOBBIX MJIU 2JIEKTPOMAarHUTHBIX ITPOLIECCOB HA YCTOMYMBOCTD
KUAKOMETAJUINYECKOM CTPYH 3aBUCHUT OT IJIOTHOCTH TOKa. C pOCTOM IUIOTHOCTHU TOKA BIIUSHUE
TEIUIOBBIX MTPOLIECCOB CTAHOBUTCS 00JIee 3aMETHBIM IO CPABHEHHIO C JIEKTPOMArHUTHBIM
nepexarvem. [IokazaHo, 4TO UCIIOJIB30BAHUE CTPYWHOI'O OTKIIFOUEHHUS ITIaBHBIX KOHTAKTOB
amrmapara 1ejecoo0pasHo MpH IIOTHOCTAX Toka 10 100-150 A/ Jns yBenuueHust
HOMMHAJIBHBIX IIapaMETPOB CTPYHHBIX KOMMYTAllMOHHBIX YCTPOUCTB MPEAIOKEHO
IIYHTUPOBAaHUE PAa3MbIKAIOIINUXCS TJIaBHBIX KOHTAKTOB KUAKOMETAJUIMUECKOMN CTpyeH, 4TO
MO3BOJIMT YMEHBIIUTH 00BEM HCIIOJIb3YEeMOT0 JKHUIKOMETAIITMYECKOTO paboyero Tena, a TakxKe
yCUIUTh 3G PEKT TOKOOIPaHUUYEHMSI B ITPOIIECCEe KOMMYTALIUU.

Kntroueevie cnoea: crtpyiiHble KOMMYTAallMOHHBIE AlIIAPaThl, )KUIKOMETAIIIMYECKHE KOHTAKTHI,

JJIEKTPUYECKas Jyra, yCTOUYUBOCTb.

The process of current disconnection in jet switching devices is considered. Expressions defining
the conditions of thermal and spatial stability of a liquid-metal jet loaded with an axial current
are obtained. It is established that the determining influence of thermal or electromagnetic
processes on the stability of a liquid metal jet depends on the current density. As the current
density increases, the influence of thermal processes becomes more noticeable compared to
electromagnetic compression. It is shown that the use of jet disconnection of the main contacts of
the device is advisable at current densities up to 100-150 A/mm2. To increase the nominal
parameters of jet switching devices, it is proposed to bypass the opening main contacts with a

liquid-metal jet, which will reduce the volume of the liquid-metal working fluid used, as well as



enhance the current-limiting effect in the process of mutation.

Key words: jet switching devices, liquid metal contacts, electric arc, stability.
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