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OOpameHHbI peaKTUBHBIA MATHUTOYJIEKTPUYECKUH IBUIaTeNb ¢
MArHUTONPOBOAAIIMMH 3y0OLIaMU BO BHEIIIHEM POTOpe

KA3AKOB 10.b., CM1PHOB /1.C., KUCEJIEB M.A.

Jy1st mpuBOJIa YCTPOMCTB ¢ BHEITHEH Bpallalonieics YacThIO 11eJ1ecO000pa3Ho MPUMEHEHNE
CUHXPOHHBIX PEAKTUBHBIX MAarHUTOSIEKTPHUSCKUX IIIEKTPOBUTATEIIEH 00palieHHON
KOHCTPYKIIMU C BHEIIHUM BPAIIAIOIIUMCSI POTOPOM M BHYTPEHHUM HETOJIBUKHBIM CTATOPOM.
B o0parieHHbIX JBUTATENSAX C CETMEHTHBIMU MarHUTaMH, HEMarHUTHBIMH OapbepaMu U
MarHUTONPOBOASIIMMU 3yOLlaMU MEXly MarHUTaMU BO BHELITHEM POTOPE MPHU HEOOIbIIOM
YUCJIE Tap MOJKCOB MOBBIIIAKOTCS MAKCUMAJIbHBIA BPAIIAKOIIUNA MOMEHT, YCTOMYUBOCTh
paboThI, UCTIOTB30BaHUE 00hEMA MAIITMHBI, TUHAMUYECKUE H SHEPTeTUIECKIE
XapaKTEPUCTUKH, TOUHOCTh MTO3ULIHOHUPOBAHUS U HAJE)KHOCTh KPETUICHHUSI MATHUTOB B
potope. BiusiHue 10NOJTHUTENBHOTO PEaKTHBHOIO MOMEHTA B 00paIlieHHbIX
MarHUTORJIEKTPUIECKUX JBUTATENISNX, BEI3BIBAEMOT0 HATMYHUEM MarHUTOMPOBOISIINX 3yOII0B
BO BHEILIHEM POTOPE, BO3PACTAET C YMEHBIIEHUEM YHUCIIa MOI0CcoB. [lepexoanbie
3JEKTPOMEXAHUYECKHUE MPOLECCHI B TAKUX JABUTATENSAX CIVIAKUBAKOTCS C YMEHBIIEHUEM YHCIIA
MOJIF0OCOB. MarHuTonpoBoasIKe 3yOIbl BO BHEIIHEM POTOPE ABUTaTEINsl MPUBOJAT K
JOTIOJTHUTEIBHBIM MTYJIbCALMSIM MOMEHTA B YCTAHOBUBILIEMCSI PEKUME U YBEIUUCHHOMY
3JEKTPOMarHuTHOMY 1yMy. C yMEHbIIEHHUEM YHCIIA MTOTIOCOB MYyJIbCAIIMM MOMEHTA
Bo3pacTatoT. C MOBBIIIEHHEM MarHUTHBIX CBOMCTB MarHUTOB, CHIDKEHHEM UX TpeOyemoin
TOJILIUHBI U COOTBETCTBYIOIIUM CHM>KEHHEM BBICOTHI MAarHUTOIIPOBOASIINX 3yOIIOB HX
BIIUSTHUE B OOPALIEHHBIX MATHUTOAJICKTPUYECKUX JIBUTATEINSAX YMeHbIaercs. [Ipumenenue
nemngepHoil 0OMOTKH ¢ pa3MEIICHHEM ee MEeXKTy 3yOIlaMu i MarHUTaMH BO BHEITHEM
pPOTOpE CIIIaXKUBAET MEPEXOIHBIE IIEKTPOMEXaHUYECKHE MTPOLIECCHI, YMEHBIIAET MYJIbCALUN
MOMEHTA, YBEJIMYUBAET MePUO]I KOeOaHu, MPUBOAUT K JOMOIHUTEIBHBIM 3JIEKTPUUECKUM
MIOTEPSIM.

Kniouesvie cnosa: CMHXpOHHAS PEaKTUBHAS DJIEKTPUYECKAsi MAIlTHA, OOpaIeHHAS
KOHCTPYKIIUS, BHEIIHUA POTOP C MOCTOSSHHBIMA MarHUTaMu U MarHUTOMPOBOASIIIMMHU

3yOIaMHu.



To drive devices with an external rotating part, it is advisable to use synchronous reactive
magnetoelectric electric motors of a reversed design with an external rotating rotor and an
internal fixed stator. In reversed motors with segment magnets, non-magnetic barriers and
magnetically conductive teeth between magnets in the external rotor, with a small number of
pole pairs, maximum torque, stability of operation, use of machine volume, dynamic and
energy characteristics, positioning accuracy and reliability of fastening magnets in the rotor
increase. The effect of the additional reactive torque in reversed magnetoelectric motors
caused by the presence of magnetically conductive teeth in the external rotor increases with a
decrease in the number of poles. Transient electromechanical processes in such engines are
smoothed out with a decrease in the number of poles. The magnetically conductive teeth in
the external rotor of the motor lead to additional steady-state torque pulsations and increased
electromagnetic noise. With a decrease in the number of poles, the moment pulsations
increase. With an increase in the magnetic properties of magnets, a decrease in their required
thickness and a corresponding decrease in the height of the magnetic conducting teeth, their
influence in reversed magnetoelectric motors decreases. The use of a damping winding with
its placement between the teeth and magnets in the external rotor smoothes out transient
electromechanical processes, reduces moment pulsations, increases the oscillation period, and
leads to additional electrical losses.

Key words: synchronous reactive electric machine, reversed configuration, external rotor with

permanent magnets and magnetically conductive teeth.

Onekmpomexnuka, 2025, Ne5, cmp. 11-17

Pa3pa6oTka 6ecKk0/171eKTOPHOI0 JIEKTPOABUIaTE/Isl C IMPOKUM IMATIA30HOM
peryJupoBaHus MeXaHHYeCKHX XapaKTePHUCTHK

XMPHOB A.A., KY/IPSIIOBA O.b.

Pazpabotana o01mas KOHUENIHA U CO3/JaH MaKeT HOBOT'O BaApHAHTA JIBUTATEINSI TOCTOSITHHOTO
TOKa ¢ 0OMOTKaMH Ha POTOpe U cTarope. [IBUraresib co4eTaeT NpeuMyInecTBa
OECKOJUICKTOPHBIX JIBUraTesIel C MOCTOSHHBIMA MarHUTaMH Ha POTOpe (OTCYTCTBHE
METOYHO-KOJUIEKTOPHOTO y3J1a) U KOJUICKTOPHBIX JIEKTPOIBUTATENCH HE3aBUCUMOTO

(mapasuieabHOT0) BO30YXKICHUS HA AJIEKTPOMArHuTax (IIMPOKHUHA U TIIaBHBIN IMana3oH



PEryIUpPOBaHMSI YACTOThI BPALIEHHS M KPYTSILIEr0O MOMEHTa Ha Baity). OCHOBHOE HOBIIIECTBO
3aKJIFOYAETCs B IPe0Opa30BaHUU TTOCTOSTHHOTO JIEKTPUIECKOTO TOKA B TIEPEMEHHBIH
gactoToii 98,4 k'l A7t GeCIPOBOTHOTO MUTAHUS OOMOTKHU POTOpA SJIEKTPOABUTATEIIS.
PaccMoTpens! mpuHIMNUAIbHAS U 3JIEKTpUYECcKas CXeMbl, pab04Hil MakeT BapuaHTa
JIBUTATENIS, PE3yNbTaThl UCIIBITAHUNA, MacCOrabapuUTHbIE XapaKTEPUCTUKH.

Kniouesvie cnosa: 6eCKOIIIEKTOPHBIN 3TIEKTPOIBUTATEIh, BEHTUIBHBIN JIEKTPOABUTATENb,

MCXAaHUYCCKHUEC XAPAKTCPUCTUKH, AUAITa30H PCryJINpPOBaAHUS.

A general concept has been developed and a layout of a new version of a DC motor with
windings on the rotor and stator has been created. The motor combines the advantages of
brushless motors with permanent magnets on the rotor (no brush-collector assembly) and
collector electric motors of independent (parallel) excitation on electromagnets (wide and
smooth range of speed control and torque on the shaft). The main innovation is the conversion
of direct electric current into alternating current with a frequency of 98.4 kHz for wireless
power supply of the rotor winding of the electric motor. The basic and electrical diagrams, the
working layout of the engine variant, test results, and weight and size characteristics are
considered.

Key words: brushless electric motor, valve electric motor, mechanical characteristics, control

range.
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Oco0eHHOCTH pacyeTa MATHUTHOM LeNH KOJJIEKTOPHBIX MUKPOABHUIaTe el
MOCTOSHHOI'0 TOKA C MOCTOAHHBIMH MATHUTAMH H I0JIBIM SIKOpeM

BCTOBCKUI C.A., TIAXOMOB A H., ®EJIUI K.C., AODAHACBEB C.H.

IIpu pacuere MarHUTHOM LIENU IEKTPUUECKOW MAILIUHBI 110 KJIACCUYECKOU METOJUKE HE
YUUTBIBAIOTCS] OCOOCHHOCTH KOHCTPYKIIMH, IPUBOISIINE K HEPABHOMEPHOMY PaCIpeICICHUIO
MarHuTHOIO OIS, YTO BJICYET 3@ OO0 HEKOPPEKTHOE OIIPECIICHHE CPETHETO 3HAUCHHUS
WHAYKIIMY MarHUTHOT'O TOJIS, & TPU KOHCTPYUPOBAHUH MAIIMHBI — K HACHIILIEHUIO MAarHUTHON
LIENH WIK HE0MCIIO0NIb30BaHMI0 MaTepuanoB. Ha 6a3e aHaimTH4ecKoro MeToJja 1 YUCIEHHOTO
MOZEJIIMPOBAHUS MATHUTOCTATUYECKUX IIPOLIECCOB METOJIOM KOHEUHBIX 3JIEMEHTOB YTOYHEHA
METOAMKA pacuyeTa MarHUTHOM LIENU MUKPOJBUTATEIIS IIOCTOSHHOIO TOKA C IIOCTOSIHHBIMU

MariuTaMi U IOJIBIM SIKOPEM. Ha naganpHOM »Tarme IMPOCKTUPOBAHUA 3TO ITIOMOXKET



IMPaBHUJIBHO ONIPEACTIUTh HHAYKIIUIO B MarHUTHOM Oernu U A0CTUYb JIYUIINX
OKCILTYaTallTUOHHBIX MOKa3aTejIe ABUraTes.
Knrouesuvie cnosa: KOJUICKTOPHBIC MUKPOJABUT'ATCIIN MOCTOAHHOI'O TOKA, MaroHuTHas 1CIIb,

MTOCTOSITHHBIC MarHUTHI, TTOJIBIA IKOpb, Ansys Maxwell, pacuer.

When calculating the magnetic circuit of an electric machine according to the classical
method, the design features leading to an uneven distribution of the magnetic field are not
taken into account, which leads to an incorrect determination of the average value of the
magnetic field induction, and when designing the machine, to saturation of the magnetic
circuit or underutilization of materials. Based on the analytical method and numerical
modeling of magnetostatic processes by the finite element method, a method for calculating
the magnetic circuit of a DC micromotor with permanent magnets and a hollow armature has
been refined. At the initial design stage, this will help to correctly determine the induction in
the magnetic circuit and achieve better engine performance.

Key words: collector DC micromotors, magnetic circuit, permanent magnets, hollow

armature, Ansys Maxwell, calculation.
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Cnoco0 nerekTupoBanusi (peppope3oHaAHCA B CUJIOBBIX TPAHC(POPMATOPAX U peaKTOpPax
KOCAPEB B.A.

ABapuiiHbIe PEKUMBI paOOTHI CETH, BOSHUKAIOIIUE MTPU KOPOTKUX 3aMBIKAHUSAX U BCIIECJCTBUE
HETPAaBUIIBHOM pabOThI YCTPOUCTB pesieifHON 3aIUThI U aBTOMATHUKU, MOT'YT OBITh IPUYHHOM
BO3HHUKHOBEHHUS U Pa3BUTHS (PepPOPE30HAHCHBIX MIPOLIECCOB, B TOM UHUCIIE, B CUIOBBIX
TpanchopmaTopax u peaktopax. [Ipu Bo3HUKHOBEHHH (peppope30HaHCca BUOpALIHS
MarHUTOIPOBO/IA TpaHC(POPMATOpa WIH PEAKTOPa M TAPMOHUYECKHE CKAKEHUS HATIPSHKEHUS
1 TOKa CETU YCUJIMBAIOTCS MTHOBEHHO I10 CPAaBHEHUIO C AJIMTENBHOCTBIO IIPOLIECCAa HArpeBa
ANEKTPOOOOPYIOBAHUS BBIILIE JOMYCTUMOI TeMIiepaTyphl. ['apMOHHYeCKUEe HCKaKEHUS
HAMNpPSHKEHUS U TOKa MOTYT OBbITh BbI3BaHbl HEJIMHEHHBIM XapaKTepOM Harpy3KH MOTpeOUTEs.
[ToaTomy parrioHaIbLHBIM CLIOCOOOM BBISIBIICHUS (DEPPOPE30HAHCHOTO MPOIIEcCca B CUIIOBBIX
TpaHc(hopMaTOpax U PeakTopax MpeJCTABISACTCA €ro IeTeKTUPOBAHNE Yepe3 U3MEHEHHE

YpPOBHSI BUOpAaLIM¥ MarHUTONPOBOA. B cTaThe pacCMOTPEHO yCTPOHCTBO /IS BHISIBJICHUS



(beppope30HaHCHOTO IMpoliecca B CHIIOBBIX TpaHC(OpMaTopax U peakTopax yepes3 u3MepeHue
YpOBHsI BUOpaluy MarHuTonpoBoza. IlpeanoxkeHa KOHCTPYKIUS yCTPOHCTBA IS
JIETEKTUPOBaHUS (heppOPE30HAHCHOTO MpoIlecca MPH OOIBINNX 3HAYCHUSX HAMPSKECHHOCTH
MarHMTHOTO TIOJISl ¥ TTOBBIIIEHHOM TeMiieparype. [IpuHsThIe TEXHUUEeCKHe pelieHus
MO3BOJISIIOT CHU3UThH LITyMbI M HABOJKU B MHGOPMAITMOHHOM KaHajle yCTPOMCTBa 3a cueT
SKpaHUPOBAHUS IMOJIC3HOT'O CUTHAJIA ITPU IMOMOIIN TOHKOILJICHOYHOH METaJJIM3alluu,
YMEHBIIUTh HarpeB 4yBCTBUTEIBHOIO 3JIEMEHTa yCTpoicTBa Tokamu Dyko, u
NepeMarHiYMBaHMsl IyTeM UCKIIIOUEHUSI MACCUBHBIX METAJUTMUECKUX COOPOUHBIX €IUHUIL U
MCIIOJIHEHUS] THEPLIMOHHON Macchl B BUJE MaKeTa CKICEHHBIX MKy cOOO0H JIMCTOB MeTaslia
C BBICOKUM YJICIIbHBIM 3JICKTPHUYCCKUM COIIPOTUBJIICHUCM, UCITIOJIb30OBAHU A
HBGSOI—)HGKTPI/I‘-IGCKOI\& IUIACTUHBI U MAarHUTHOM HJIaT(bOpMBI, BBIITOJIHCHHBIX U3 MAaTCPHAJIOB C
BBICOKOM Temmieparypoii Kropu.

Knrouegwle cnoea: cunossie Tpanc(hopMaTopsl, peakTopsl, peppope3oHaHc,
MbE303JIEKTPUYECKUI aKCeIepOMETpP, TOHKOIJICHOUYHAS] METAJLITU3ALIHS,

MAarouTOCTPUKIIMOHHBIC IIC(I)OpMaI_[I/II/I, HHCPIHOMUOHHAA Macca.

Emergency modes of network operation that occur during short circuits and due to improper
operation of relay protection and automation devices can be the cause of the occurrence and
development of ferroresonance processes, including in power transformers and reactors.
When a ferroresonance occurs, the vibration of the magnetic core of the transformer or reactor
and the harmonic distortions of the mains voltage and current increase instantly compared to
the duration of the heating process of electrical equipment above the permissible temperature.
Harmonic distortion of voltage and current can be caused by the non-linear nature of the
consumer's load. Therefore, a rational way to detect the ferroresonance process in power
transformers and reactors is to detect it by changing the vibration level of the magnetic circuit.
The article discusses a device for detecting the ferroresonance process in power transformers
and reactors by measuring the vibration level of a magnetic circuit. A design of a device for
detecting a ferroresonance process at high magnetic field strengths and elevated temperatures
is proposed. The adopted technical solutions make it possible to reduce noise and interference
in the information channel of the device by shielding the useful signal using thin-film
metallization, reduce the heating of the sensitive element of the device by Foucault currents,
and remagnetization by eliminating massive metal assembly units and performing an inertial
mass in the form of a package of metal sheets glued together with high electrical resistivity,

using a piezoelectric plate and a magnetic platform made of materials with a high Curie



temperature.
Key words: power transformers, reactors, ferroresonance, piezoelectric accelerometer, thin-

film metallization, magnetostrictive deformations, inertial mass.
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JKCNEePUMEHTAJIbHAS MPOBEPKA CHJIOBBIX MOJIYNPOBOJIHUKOBBIX IPUOOPOB HA
TEeNJIOBYI0 YCTOHYUBOCTh K CTATHYECKHM U JUHAMHYECKHM TOKOBBIM Neperpy3skam
XOPOJILCKHMH B.4., UICYIIOBA A.M. IOH/IUH K.M., IIIAPUITIOB M K.

PaccMoTpeHo 060CHOBaHNE CUCTEMBI JUATHOCTHKU TEXHUYECKOTO COCTOSHUSI CHIIOBBIX
MOJIYTIPOBOTHUKOBBIX MTPHUOOPOB, MOCTPOESHHOM HA MPUHLIMIIAX HEPA3PYIIAOIIET0 KOHTPOJIS.
JlaHa olieHKa COBPEMEHHOT'O COCTOSIHUS CPEJICTB 3alUTHI MOTYTIPOBOJHUKOBBIX U3ICTHH.
[TpuBeneHbI TEOPETUYECKUE TPEAOCHUIKH, COCTABIISIONINE OCHOBY pa3paboTKU MOI0O0HBIX
CUCTEM U Pe3yJIbTaThl IKCIIEPUMEHTATHHBIX HCCIEIOBAHNN Ha ONMBITHOM 00pas3ile yCTPOCTBa.
Knrouegwle cnoea: cunoBbie MOTYPOBOIHUKOBBIE PUOOPHI, CTATUYECKUE U TUHAMUYECKHE

TOKOBBIE MIEPETPY3KH, TEIJIOBask yCTOMYMBOCTb, IKCIIEPUMEHT.

The substantiation of a system for diagnosing the technical condition of power semiconductor
devices based on the principles of non-destructive testing is considered. An assessment of the
current state of protection of semiconductor products is given. The theoretical prerequisites
that form the basis for the development of such systems and the results of experimental
studies on a prototype device are presented.

Key words: power semiconductor devices, static and dynamic current overloads, thermal

stability, experiment.
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O npyMeHeHNH TEOPUN CHHXPOHHBIX MAIIIUH K AHAJM3Y 3JIEKTPOMATHUTHBIX U
JHEPreTHYEeCKUX MPOIeccOB B ABTOHOMHOM JIH3e/Ib-T€HEPATOPHOM arperare
I'EPMAH-T'AJIKMH C.T.

Bremonnen ananns SJICKTPOMArduTHBIX U SHEPTCTUUCCKUX ITPOUECCOB B CHHXPOHHOM



SIBHOITOJIFOCHOM T€HEpaTope € JIEKTPOMArHUTHBIM BO30YKICHHEM B COCTaBe aBTOHOMHOT'O
ANU3CIIb-ITCHCPATOPHOI'O arperara. B oTnmuue ot kiaccudyeckoun TCOpHUU CUHXPOHHBIX MAIllMH B
MaTeMaTHUECKOU MOZCIIN U TPH paACUCTC SJICKTPOMArHUTHBIX, SJICKTPOMCXAHUUCCKUX U
SHEepreTHYecKux xapakrepuctuk Cl'yuTeHbl B3aMMO3aBUCUMOCTh TOKa CHHXPOHHOTO
reHeparopa, ero yria Harpy3ku u DJ1C, ¢huzndeckue 3aBUCUMOCTH M OTPaHUYCHUS,
CBSI3aHHBIE C KOHCTPYKLIMEH reHepaTopa U CTYKTYpOU BCEro JIU3eNIb-TeHEPaTOPHOTO arperara.
Knrwouegvie cnosea: aBTOHOMHBIN JU3€Nb-T€HEPATOPHBINA arperat, CHHXpOHHBIN reHepaTop,

SJICKTPOMAarduTHBIC Y DQHEPIE€THYCCKUEC ITPOLECCHI, TECOPUA CUHXPOHHBIX MAIllH.

The analysis of electromagnetic and energy processes in a synchronous single-pole generator
with electromagnetic excitation as part of an autonomous diesel generator set is performed. In
contrast to the classical theory of synchronous machines, the mathematical model and
calculation of electromagnetic, electromechanical and energy characteristics take into account
the interdependence of the synchronous generator current, its load angle and EMF, physical
dependencies and limitations associated with the generator design and the structure of the
entire diesel generator set.

Key words: autonomous diesel generator set, synchronous generator, electromagnetic and

energy processes, theory of synchronous machines.
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MHOroaucKoBblii YJ1eKTPONPUBO/ 1Jis1 60PBLOBI ¢ T0JI0JIEA0M BO3TYIIHbIX JHHUI
SIHTUPOB N.®., KABMPOB A.M.

[IpemioskeHa KOHCTPYKIUS KOMOMHUPOBaHHOTO MHOTOAMCKOBOTO JIEKTPOIIPUBOIA IS
O0pBOBI ¢ TONONIEOM BO3AYIIHBIX JIMHUN. CocTaBieHa 0000IIeHHAs MaTeMaTHIeCKast
MOJIETIb, €€ AHAIUTUYIECKOE PEIICHUE, PACCMOTPEHBI €ro YacTHRIC cay4au. [Ipeanoxkennas
KOHCTPYKIIHSI MOXET HAHTH NIMPOKOE MPUMEHEHHUE HE TOJIBKO B SHEPTeTHKE, HO U B
MaIIMHOCTPOCHHUH, CTAHKOCTPOCHUH, AIEKTPOMAIIMHOCTPOCHHUHU U T.]I.

Kniouesvie cnosa: BO3ayIIHBIC JIMHUHU, TOIOJE], YCTPONUCTBA /ISl CKATBIBAHUS JIbIA,

MHOTOJMCKOBBIN JIEKTPOIIPUBO/IL.



The paper proposes an original design — a combined multi-disc electric drive to combat ice on
overhead lines. A generalized mathematical model with an analytical solution is compiled,
and special cases of the obtained solution are considered. The proposed design can be widely
used not only in the energy sector, but also in mechanical engineering, machine tool
construction, electrical engineering, etc.

Key words: overhead lines, ice, ice chipping devices, multi-disc electric drive.

Onexmpomexuuxa, 2025, Ne5, cmp. 44-48

MexaHnn4ecKkue CBOMCTBA HOBOT'0 M30/ISINHOHHOI0 MAaTEPHAJIA JIs1 BLICOKOBOJIbTHBIX
3JIEKTPUYECKUX MAIIUH

BOEB M.A., BACCY® JL.A.

B craThe paccMOTpeHBI AKCIIITyaTallMOHHbBIE CBOWCTBA HOBBIX M30JIALIMOHHBIX JIEHT TUIIA
JICKB, ucnomnb3yeMbIX B KaUe€CTBE AJIEKTPUUECKONW N30JISMH B BBICOKOBOJIBTHOM
ob0opynoBanuu. [IpuBeneHbl SKCIIEPUMEHTANIBHBIE PE3YIBTAThI MO0 U3YUECHHIO MEXaHUYECKUX
CBOMCTB yKa3aHHOTO MaTepHalia, MPeJACTABISIONIETO COO0H KOMITO3HUT, KOTOPBIA COACPIKUT
pa3IUYHbIC TUITBI HATIOJHUTENEH — CITIOIIHYIO OyMary U CTeKJIOTKaHb.

Knrouesvie cnosa: n30nA1MOHHBIN MaTepuall, MEXaHUYECKHE CBOWCTBA, CIIO/IsIHAs Oymara,

CTCKJIOTKAaHb.

The article considers the operational properties of new insulating tapes of the LSKV type used
as electrical insulation in high-voltage equipment. This article presents experimental results
on the study of the mechanical properties of the specified material, which is a composite that
contains various types of fillers — mica paper and glass cloth.

Key words: mechanical properties, insulating material, mica paper, glass cloth.

Onekmpomexuuka, 2025, Ne5, cmp. 49-55
O CHH:KeHMU TAPMOHMK HANPSIZKEHUI B YCTPOMCTBAX MHAYKIIMOHHOI0 HAarpeBa ¢
NUTAHUEM OT TPAH3UCTOPHOI0 MPeodPa30BaTeisi YaCTOThI

BYKAHUH B.A., UBAHOB A.H., BOJIOI'/JUH B.B., BOJIOI'/IJH Bn.B.



ITpu noakIr0YE€HUH K IPOMBIIUIEHHBIM CETSM 3JIEKTPOTEPMHUUECKOro 000py10BaHUS U
APYTUX HEJIWHEHHBIX UCTOYHUKOB C ITPeoOpa3oBaTesIMU HAPSKEHUS BO3MOKHO
BO3HUKHOBEHNE HU3KOYACTOTHBIX M BBICOKOUACTOTHBIX KOHAYKTUBHBIX ITOMEX. BbI3BaHHBIE
3TUM IPOOIEMBI IPUXOAUTCS peIlaTh B OCHOBHOM B 3aBOJICKUX YCIOBHSAX ITyTEM
MOHHMTOPHMHIA IIOMEX M UX MOJABICHUEM. DKCIIEPUMEHTAIIBHBIE HCCIICTOBAHUS
MHIYKIMOHHBIX HarpeBaTEIbHBIX YCTAHOBOK C reHepaTopaMu cepuu BI'T nokaszanu
HE00XO0AMMOCTh UCTIOJIb30BAHUS I HUX CPEACTB 3alIUThI OT MOMeX. B cTarbe mpoBeneHo
UCCJIEIOBAHNE NCKAKEHUS CUHYCOMIAIbHOCTH HAIPSKEHUS, TADMOHUK HAIIPSDKEHUS U
BBICOKOYACTOTHBIX KOHAYKTUBHBIX ITIOMEX B CETH NP MOAKIOYCHUNA HHIYKIIMOHHOU
YCTaHOBKH C TPAaH3UCTOPHBIM NpeodpazoBaresneM yacTtoTsl cepun BI'T 8-60/66, ocHalieHHOTO
naccuBHbIM LC ¢umibTpom. [lokazana 3¢)()eKTHBHOCTB €ro NCIOIB30BAHMUS TI0 CPABHEHHIO C
paHee BblITyCKaeMbIMH ycTaHOBKaMH. [lodydeHHbIe pe3ynbTaThl Aal0T BO3MOXKHOCTb Oojiee
rI1yOOKO U3y4UTh UMEIOIIHECS MPOOIEMbl U HAMETUTD JaJIbHEHIINE IyTH PEeLIeHUs
BO3HHUKAIOIIMX 3a7a4 IPHU MPOEKTUPOBAHUM UHIYKIIMOHHBIX YCTAHOBOK C
BBICOKOYACTOTHBIMU TPAH3UCTOPHBIMU I'€HEPATOPaMH.

Knrwuesvie cnoea: "HAYKIMOHHBIM HATPEB, TPAH3UCTOPHBINA F€HEPATOD,

SJICKTPOMAarduTHasi COBMECTUMOCTb, KOHAYKTHUBHBIC IIOMCXH, TAPMOHUKHU HaHpH}KCHHﬁ.

When connecting electrothermal equipment and other nonlinear sources with voltage
converters to industrial networks, low-frequency and high-frequency conductive interference
may occur. The problems caused by this have to be solved mainly in the factory by
monitoring interference and its pressure. Experimental studies of induction heating
installations with generators of the VGT series have shown the need to use anti-interference
equipment for them. The study of voltage sinusoidal distortion, voltage harmonics and high-
frequency conductive interference in the network was carried out when connecting an
induction installation with a transistor frequency converter of the VGT 8-60/66 series
equipped with a passive LC filter. The effectiveness of its use in comparison with previously
manufactured installations is shown. The results obtained make it possible to study the
existing problems in more depth and outline further ways to solve emerging problems in the
design of induction installations with high-frequency transistor generators.

Key words: induction heating, transistor generator, electromagnetic compatibility, conductive

interference, voltage harmonics.
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ANnapaTHO-MPOrpaMMHBIN KOMILJIEKC /JIsl Onpe/ieJIeHUsl TEPMOIIEKTPUIECKUX CBOWCTB
NPOMBINIEHHBIX METAINYECKHUX CILIABOB

I'OHYAPOB A.JIL., YYJIKOB HU.C., KO3BbIPEB X.M.

Cratbs mocBsIIeHA pa3pabOTKe YCTAHOBKH JUTsl HicciieoBanus TepMod]C MeTammnaecKkux
MaTepUajIOB U3 YKCIIA MPOMBIIIIEHHO BBITYCKAEMbIX CILIABOB Pa3IMYHOIO HA3HAYCHHSI.
VYcranoBKa MO3BOJISIET MPOBOAUTH U3MepeHus TepmoIIC nmpu nomoliu Tepmornap,
M3TOTOBJICHHBIX U3 HCCIEAYEMBIX CIJIABOB, CHHXPOHHO C U3MEpPEHUEM TeMIiepaTypbl. J{is
W3MEPEHHUS UCTIOIB30BAJICS MHTETPAIbHBIA METO/T C MTOCIEAYIONIEH MAaTEMAaTHYECKOM
00paboTkoii 11 Beruucienus kodpoumnuenta repmol/[C. OneHena norpemHocTb
MaTeMaTH4eckoi 00paboTku, 3HaueHus: ko3 durmenta Tepmo/IC npoBepeHs! MO JaHHBIM
JIPYTUX padoT, T/I€ UCTIOIB30BANICS TOYHBINA U PepeHIIMaTbHBIA METO H3MEPECHHUS.
[Tonyuensr TemneparypHsie kpubbie kodddunmenta TepmoIIC miis 73 mapok
MIPOMBIIIIJICHHBIX CIIJIABOB, CPEINU KOTOPBIX JIETUPOBAHHBIC CTAJIH, CIUIABBI HA OCHOBE HUKEIIS,
TUTaHA, a TAK)KE HEKOTOPHIE TYTOIUIABKUE METAILIB. AHAIIN3 MOJTYYCHHBIX JaHHBIX C
MTOMOIIIBIO METO/I0B MAITMHHOTO 00YYEHUS TTO3BOJIMII BBIIBUTH 0000IIEHHBIE 0COOEHHOCTH
n3menenus Tepmo/1C i ncciae1oBaHHBIX TPYIIT MaTEPUaIoB U KIACCU(PUIIMPOBATh UX IO
Buny KpuBbix TepMoI/[C. Pazpaborana n obydeHa Moieb )1 MPOTHO3UPOBAHUS 3HAUCHUS
kodddunmenta repmoI/[C 11 HOBBIX MaTepHaioB, OCHOBaHHAS HA PETPeCcCUu
AKCIIEPUMEHTAIBHBIX JaHHBIX. J[J11 yBeTUYECHUS TOYHOCTH IMPOTHO30B U3MEPEHHBIC 3HAUCHUS
HCIOJIb30BAJIMCh HE TOJIBKO B KaUeCTBE 00YYAIOIero OTKINKA MOJIEIH, HO U B KAUeCTBE
JIOTIOJTHUTEIBHBIX MPU3HAKOB HAPSIy C JAHHBIMU O XUMUYECKOM COCTaBE CILIaBa.
Knrwouegvle cnosa: IpoMbIlITIEHHBIE METAITMYECKUE CIIaBbl, TepM0I/C,
TepModIeKTpudecKuit apdekt, kodgdurment repmoI/C, mammHHOE 00yUeHHE,

WHTETPAIbHBIA METO/I.

The article is devoted to the development of an installation for the study of thermal EMF of
metal materials from among industrially produced alloys for various purposes. The
installation allows thermal EMF measurements to be carried out using thermocouples made of
the studied alloys in sync with temperature measurement. An integral method was used for the
measurement, followed by mathematical processing to calculate the thermal EMF coefficient.

The error of mathematical processing was estimated, the values of the thermal EMF



coefficient were verified according to other works where an accurate differential measurement
method was used. Temperature curves of the thermal EMF coefficient were obtained for 73
grades of industrial alloys, including alloy steels, nickel-based alloys, titanium, as well as
some refractory metals. The analysis of the obtained data using machine learning methods
made it possible to identify generalized features of changes in thermal EMF for the studied
groups of materials and classify them by the type of thermal EMF curves. A model has been
developed and trained to predict the value of the thermal EMF coefficient for new materials
based on regression of experimental data. To increase the accuracy of forecasts, the measured
values were used not only as a training response of the model, but also as additional features
along with data on the chemical composition of the alloy.

Key words: industrial metal alloys, thermal EMF, thermoelectric effect, thermal EMF

coefficient, machine learning, integral method.
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