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AHAJIMTUYECKOE OITIPEAEJIEHUME COBCTBEHHBIX 3JIEKTPOAMHAMUWYECKUX
ITAPAMETPOB MEJ/JIEHHBIX BOJIH B IIPAMOYI'OJIBHOM BOJIHOBOJE C
JUDJIEKTPUYECKON IUIACTUHOM B E-INIOCKOCTU V BOKOBOH CTEHKU
BOJIHOBOJA

B.A. Konowmeiines, [{.A. bapunos, I1.B. Kospsikos, }0.A. Ky3pMuu

Ha ocHOBe aHaJINTHUYECKOrO PEIICHUs BHYTPEHHEH KpacBOW 3alayd dSJIEKTPOJUHAMMKH,
IIOJIyUEHHOI0 IPHU HCIOJIb30BaHUHU IPOJIOJIBHOM X-NOJApPU3ALUU 3JIEKTPOMArHUTHOTO IOJIA,
olpeieNieHbl COOCTBEHHbIE 3JEKTPOJUHAMUYECKHE MapaMeTphl MPsIMOYTOJbHOIO BOJHOBOJA C
JUDJIEKTPUYECKOM IutacTUHOW B E-muiockoctH. PaccMOTpeHBl pEXHMBI  pacIpOCTPaHEHUs
OBICTPBIX U MeJIeHHBIX BOJH. [loka3aHo, 4TO B uana3oHe paclpoCTpaHEHUs MEUIEHHBIX BOJIH
(Clvgy <1) mnHabmomaerca TpaHchoOpMalys 3IEKTPOMATHUTHOTO IO, IPH  KOTOPOM
3JIEKTPUUECKOE T0JIE B MEHEe IJIOTHOW cpefie (BO3AYIIHAs Cpea) CTATUBAECTCA K MOBEPXHOCTU
Oosee MIOTHOM Cpelbl (AMAIEKTPUUYECKas IJIACTHHA), YTO MPUBOAMUT K YBEIMUEHUIO SHEPrUu
BOJIHBI, PaclpOCTPaHSIOIIENHCS B IUIACTUHE, M MHTeHcudukanuu e€ HarpeBa. Ilpu stom mnpu
YMEHBIICHUN pabodeil UTMHBI BOJHBI AaHHBIA 3(dekt ycmnmBaetcs. [lpuBeneHsl pe3ynbTaThl
pacuera JJIMHBI BOJHBI Allep, HA KOTOPOI MPOUCXOAUT NEPEX0] ObICTPOM BOJIHBI B MEJJICHHYIO,
a TaKKe JUIMHBI BOJIHBI — ATpP, HA KO- TOPOH HauMHaeTcs TpaHchopMalus 3JIEKTPOMAarHUTHOTO
nosisi. [lokazaHo, 4TO ISl HEBBIPOKJIEHHBIX TUIIOB BOJIH — ATp = AIEp, a JJIsl BBIPOXKJIEHHBIX
TUIOB BOJH — ATp #Amnep. IlomydeHHble pe3ynbTaTbl MOTYT OBITh HCIIOJIB30BaHbl IS
MHTCHCU(UKAIIMA TpoIecca HarpeBa JIMCTOBBIX JHMIJIEKTpUYEcKuX MatepuasioB B CBY-
YCTPOMCTBAX KOHBEUEPHOT'O THUIIA.

KiroueBble cioBa: BHYTpEHHsISI KpaeBas 3ajaya >3JEKTPOJUHAMHUKH, BOJHOBOE YypaBHEHUE
['enpMmrosbia, d3JIEKTPOMarHUTHOE IOJ€, MNPUHUUI IOJIAPU3ALMOHHOW JIBOMCTBEHHOCTH,
IPUHLINI CYNIEPIO3ULIMU U OPTOTrOHANbHOCTH, E- 1 H-TUNBI BONH, NPsIMOYTOJIBHBINA BOJHOBOJ,
IpaHUYHbIE U HaYaJIbHbIE YCIIOBUS, OBICTPbIE U MEJUICHHbIE BOJIHBI, KDUTUYECKHUE JJIMHBI BOJIH,
OpOJOJbHAS  TOJSpHU3alMs  BJEKTPOMAarHUTHOIO  MOJI,  BEKTOPbl  HaNps>KEHHOCTU
AIIEKTPUYECKOTO U MArHUTHOTO TOJIS

ANALYTICAL METHODS FOR ELECTRODYNAMIC EIGENVALUE DETERMINATION
OF SLOW WAVES IN A RECTANGULAR WAVEGUIDE WITH A DIELECTRIC PLATE
IN THE E-PLANE OF THE LATERAL WAVEGUIDE WALL

V.A. Kolomeytsev, D.A. Barinov, P.V. Kovryakov, Yu.A. Kuzmin

Electrodynamic eigenvalues of a rectangular waveguide with a dielectric plate in the E-plane are
determined based on analytical solution to the interior boundary-value problem of
electrodynamics obtained using the longitudinal X-polarization of the elec-tromagnetic field. The
propagation modes of the fast and slow waves are considered. Transformation of the
electromagnetic field is observed in the range of slow wave propagation (c/v., <1), where under
condition of a lower density medium (air medium) the electric field is drawn up to the surface of
a denser medium (dielectric plate), which in-creases the wave energy propagating in the plate
and intensifies its heating. Moreover, the given effect enhances with decreasing the working
wavelength. The results of calculating the wavelength Amep where transition of a fast wave into a
slow one is observed, as well as the wavelength Atp, where transformation of the
electromagnetic field starts, are presented. It is shown that fornondegenerative modes Atp = A
nep, and for degenerative modes A p # Amep. The obtained results can be used to intensify the
heating of sheet dielectric materials in microwave conveyor-type devices.

Keywords: interior boundary value problem of electrodynamics, Helmholtz wave equation,
electromagnetic field, principle of polarization duality, principle of superposition and
orthogonality, E and H-types of waves, rectangular waveguide, boundary and initial conditions,



fast and slow waves, critical wave-lengths, longitudinal polarization electromagnetic field,
vectors of electric and magnetic field strength

MOJEJIMPOBAHUE CBY-HAI'PEBA JMS3JIEKTPMKOB C ITOINIOIAOIIMMU CBY-
OHEPTUIO HATIOJIHUTEJISIMU B KAMEPAX C BEFYUlEﬁ BOJIHOI

C.B. Tpuropnsiii, C.I'. Kanranosa, FO.A. KanpikoBa, B.FO. KoxeBuukoB, A.C. Cupak, B.O.
Onuna

HpOBeI[eHO MAaT€MaTU4YC€CKOC MOACIMPOBAHHUEC HaArpe€Ba AUIJICKTPHYCCKHUX MaTepuaioB C
nornomaromuvu  CBU-sHepruto HamonmHHUTENSIMH B Kamepax ¢ Oerymiedl BosHON Ha 0ase
IMPAMOYT'OJIBHOI'O BOJIHOBOJAa M Ha KBA3MKOAKCHAJIbBHOM BOJIHOBOZC. B xadecTBe HamomHHTENEH
paccMaTpuBaIMCh KapOuj KpemHHs, rpadur wu yriaepoaHoe BOJIOKHO. OmpenencHsl
KOHCTPYKTHUBHBIE mapaMeTpbl U MomHOcTh CBYU-ycTaHOBOK ¢ Kamepamu Oeryiieidl BOJIHBI JIJIst
HanOoJiee paBHOMEPHOTO HArpeBa JAMIIEKTPHUECKUX MATEPUANIOB IMIMHIPUYECKOH (OPMBI C
noryomaronmMu CBY-3Hepruto HanmoJHUTEISIMU.

KiroueBrie CJIOBaA. MaTeMaTH4YCCKOC MOACINPOBAHUC, AUDJICKTPHUKH, IIOTJIOIIAKOIINEC
Hanonuutenu, CBU-narpes, CBU-kamepsl ¢ Oeryiieit BoTHOM

SIMULATION OF MICROWAVE DIELECTRIC HEATING WITH MICROWAVE-ENERGY
ABSORBING FILLERS IN TRAVELLING WAVE CHAMBERS

S.V. Trigorly, S.G. Kalganova, Yu.A. Kadykova, V.Yu. Kozhevnikov, A.S. Sivak, V.O. Yudina
A mathematical modeling of heating dielectric materials with microwave energy-absorbing
fillers in travelling wave chambers based on a rectangular waveguide and a quasi-axial
waveguide has been performed. Silicon carbide, graphite, and carbon fiber were viewed as
fillers. The design parameters and capacity of microwave installations with traveling wave
chambers applied for a most uniform heating of dielectric materials of cylindrical shape with the
fillers absorbing microwave energy have been determined.

Keywords: mathematical modeling, dielectrics, absorbing fillers, microwave heating, a
microwave chamber with a traveling wave

VCCJIEJOBAHUE MWKPOCTPYKTYPBI U TBEPJOCTH BBICOKOITPOUHOM
CJIOMCTON CUCTEMBI «CTAJIb X12M® — Zr(O,C)-IIOKPLITUE», ®OPMHUPYEMOU
HA IITAMITIOBOM MHCTPYMEHTE

M.E. ®enoceeB, A.A. Domun

Cpok 3KcITyaTalluy U HaJIeXKHOCTh IITaMIIOBOTO MHCTPYMEHTA 3aBUCAT OT KOMILIEKCAa (PU3HKO-
MEXaHUYECKUX CBOMCTB, NOJIY4aeMbIX IIPU ONTHUMAJIbHO BBIOPAHHBIX TEXHOJIOTUYECKHX
pexuMax yhnpouHstomend o6pabotku. B ganHOW paboTe mpemsaraeTcsi HOBBIH  METOJ
AJIEKTPOUCKPOBOTO  JIETUPOBAHUS IMPKOHMEM pabounx IOBEPXHOCTEH MpeaBapUTEIbHO
3aKaJIEHHOTO HITaMIIOBOTO MHCTPYMEHTA € MTOCIIEIYOIIEN HHIYKIMOHHON XUMHKO-TEPMUYECKOU
00paboTKOIl B yriepoacojepxkaliei macre i NoiaydeHus TpeOyeMol TBepAOCTH U BBIPYOHOM
CIOCOOHOCTH. DKCHEPUMEHTAIBHO H3YYE€Hbl MUKPOCTPYKTYpa, MOP(QOJIOTHs MOBEPXHOCTH U
MEXaHUYECKUE XapaKTEPUCTHKH CIOUCTON cHUCTeMbI «cTaib X12M®-ocHOBa — ZI-IIOKPBITHEY,
MOJIy4EHHOM JIEKTPOHUCKPOBBIM JIETUPOBAHUEM IIPH MEXKAJIEKTPOIHOM HanpskeHuu 2,9-7,6 B n
pabouem Toke 3,0-4,4 A C MPONOIDKUTENBHOCTHIO Monudpukanuu He Oonee 3,5-4 MuH/cM2.
[Tocnenyromas XUMHKO-TepMHUUECKass 00pabOTKa TOKaMH BBICOKOW YaCTOTHI JAHHOW CIOMCTOMN
cuctemsl rpu pabodem Toke ot 200 1o 500 A (1/16 neiicTByromero 3Ha4€HUS TOKA HHIYKTOPA)
u Beiepkke ot 100 mo 300 ¢ cmocoOcTByeT (OPMHUPOBAHUIO H3HOCOCTOMKOTO
Mmetainokepamudeckoro Zr(O,C)-nokpeitus ¢ TBepAocThio 1224-1412 HV npu tonmuze cnos
15-60 mxmMm.

KiroueBple cnoBa: 3JIEKTPOMCKPOBOE JIETMPOBaHHUE, LMPKOHWI, WHCTPYMEHTAlIbHAsl CTalb,
CJIOMCTasi CUCTEMA, IIEeMEHTAlKs, TOKH BBICOKOH YacTOTHI, YIIepoacoAepkKalias nacra
INVESTIGATION OF THE MICROSTRUCTURE AND HARDNESS OF THE HIGH -
STRENGTH LAYERED SYSTEM «STEEL X12MoV - Zr(O,C)-COATING» FORMED ON A
DIE TOOL



M.E. Fedoseev, A.A. Fomin

The service life and reliability of a die tool depend on a set of physical and mechanical properties
obtained under optimum operating schedules of their strengthening treatment. This paper
presents a new method for zirconium electrospark alloying of the working surfaces of pre-
hardened die casting tools followed by an induction chemical-thermal treatment in the carbon-
containing paste required to obtain the necessary hardness and punching properties. Experiments
have been performed on the microstructure, morphological and mechanical characteristics of the
layered “steel X12MoV - Zr-coating” system obtained by electrospark doping under the
interelectrode voltage of 2.9-7.6 V and operating current of 3.0-4.4 A, and the processing time
no more than 3.5-04 min/cm2. Subsequent chemical-thermal treatment of the given layered
system with high-frequency currents at the operating current from 200 to 500 A (1/16 of the
inductor current value) and the expo-sure time from 100 to 300 s facilitates formation of a high-
strength cermet Zr(O,C)-coating with the hardness of 1224-1412 HV and layer thickness of 15-
60 pum.

Keywords: electric spark doping, zirconium, tool steel, layered system, carburization, high
frequency currents, carbon-containing paste

MHTEHCU®UKALINA JOBbIUUM U TEPEPABOTKU BBICOKOBS3KMX HE®TEN U
I[MPUPOAHBIX BUTYMOB CBY 2JIEKTPOTEPMUYECKMM METOJIOM

P.A. Capuynnun

HccnenoBan mporecc JOOBIYHM 3alie)Kd BBICOKOBSI3KOM HeTH m Omtyma ¢ momomipio CBY-
HarpeBaTeneﬁ IIPpU Haru€TaHun B HEC BOJbI UJIN CYXOr'0 IIapa. Pa3pa60TaHHa51 KOHCTPYKIHS C eé
TCOPCTUUCCKUMU BBIKJIIAJIKAMH U ITOJIOKCHUAMH MOXKCT 6I)ITI) HCIIOJIb30BaHa B TCIINIOOHCPICTUKE
u He(i)TeFaBOBOM pI(SA) (R OT H3BECTHBIX METOAOB H KOHCTpYKI_[I/Iﬁ npepiiaracéMasa MOZICIIb
OTIIMYAaCTCAd PAaBHOMCPHOCTBIO HArpcBa 3aJIC)KU IO BCEMY €€ 06”I>eMy, HHU3KYIO MaTcpuaio- U
KaItTuTaJIOEMKOCTbh. HpOBe,Z[eHO YUCJICHHOC MOJCIIMPOBAHUEC pa30rpeBa 1jiacra CBY H3JTyYCHHUECM
JUTSI OLICHKH 3P PEKTUBHOCTH JIEKTPOTEPMHUECKOTO BO3ICHCTBUS KaK METO/Ia HHTCHCHU(UKAIINN
He(bTe,[[O6I>I‘II/I Ipu BEPTUKAJIBHOM U T'OPU3OHTAIIBHOM croco0ax 6ypeHI/151 CKBaXuH. TOYHOCTH
pvaéTOB 110 npezmaraeMoﬁ MOACJIN 3aBUCAT OT TOYHOCTH MUCXOAHBIX JaHHBIX IIO
SJICKTPONIPOBOAHOCTHU U MariuTHOH MPOHUIACMOCTH 3aJICIKU. I[J'IH Harpesa 0o0JBIIOro 00BLEMaA
IiacTa MOXET OBbITh MCIOJb30BaHa MOMHTEpBaibHas AuddepeHumanus pacnonoxenus CBY
YCTAaHOBOK KakK ITpH BepTHKaJ'ILHofI, TaK ¥ HAKJIOHHOM cItoco0ax 6ypeHI/1>1 ckBakuH. Cam mnmponecc
JUTUTEIBHOCTU Pa30rpeBa Iiacta J0JKHa ObITh MHTEPBAJIBHOM MO0 BPEMEHH, C TTOCIIEIYIOIEH ero
penaKcauHeﬁ AJIg IIpEAOTBpAICHUS PO eCcCa CIICKaHuA CMCCHU U €€ KOKCOBaHUSI.

KnroueBrsie cnoBa: BbicokoBsizkas HedpTb, CBU-narpeBarenb, 3Hepro’(eKTUBHOCTb, TOKU
BBICOKOI 4aCTOTHI

INTENSIFICATION OF PRODUCTION AND REFINING HIGH-VISCOUS OILS AND
NATURAL BITUMENS BY THE MICROWAVE ELECTROTHERMAL TECHNOLOGY
R.A. Safiullin

The extraction technology of high-viscosity oil and bitumen deposits using microwave heaters
under water or dry steam injection has been investigated. The available design, including
theoretical calculations and provisions can be applied in heat power engineering and oil and gas
industry. The proposed model differs from the standard methods and designs in uniformity of
deposit heating throughout its volume, as well as low material and capital intensity. Numerical
modeling of reservoir heating by microwave radiation was per-formed to assess effectiveness of
the electro-thermal action as a method for intensifying oil production at vertical and horizontal
well drilling processes. The accuracy of calculations based on the proposed model depends on
the accuracy of initial data on electrical conductivity and magnetic permeability of the de-posit.
Selective differentiation in locating microwave units can be used for heating large volumes of
reservoirs, both at vertical and inclined methods of drilling wells. The heating duration process
should be estimated in time intervals, followed by its relaxing in order to prevent sintering and
coking the mixture processes.



Keywords: high-viscosity oil, microwave heater, energy effectiveness, high frequency currents

CBY DJIEKTPOTEXHOJIOI'MA: BOITPOCHI U TTEPCITIEKTHBBI

M.U. TyxBaryminH

Omnpenenensl ocHoBHBIE Bexu uctopun CBY snekrporexnonorun. OOOCHOBaHbBI MEPCIIEKTUBEI
OTOr'0 HAY4YHO-TCXHOJOTMYCCKOI'0 HAITpaBJICHHA. C(bOpMy.]'IPIpOBaHLI BOIIPOCKHI, CTOAIIUC IICPEa
coBpemeHHO CBY »1eKkTpoTexXHOJOTHEH, peleHne KOTOpbIX OyaeT crocoOCTBOBAaTH ee
passutuio. IlpuBenena crTpykTypHas cxema TuOpugHOM CBY  35IeKTpOTEXHOIOTHYECKOM
YCTaHOBKHU.

KiroueBbie clloBa: 2JIEKTPOTEXHOJIOTMYECKAsh YCTaHOBKa, pabodas kamepa, rubpumnas CBY
AIIEKTPOTEXHOJOTHUecKas ycranoBka, CBY reneparop, Heremmoas CBY moaudukanms

ISSUES AND PROSPECTS OF MICROWAVE ELECTRICAL TECHNOLOGY

M.I. Tukhvatullin

The article considers the milestones in the history of microwave electrical technology. The
prospects for the given scientific and technological directions have been substantiated. The
issues facing modern microwave electrical technology and solutions to its further development
have been formulated. A structural flow chart to a hybrid microwave electrical facility is
presented.

Keywords: electrical facility, working chamber, hybrid microwave electrical unit, microwave
generator, non-thermal microwave modification

METO/1 I[TPOI'HO3MPOBAHU A OJIEKTPOIIOTPEBJIEHU A BbITOBbIMU
SJIEKTPOIIPUEMHUKAMU B YCJIOBUSX PECITYBJIMKU TADKUKUCTAH

C.I1I. TaBapos, A.11. Cunopos

B pabore mpemnmaraeTcss MeETOA MPOTHO3HPOBAHHS — IJICKTPONOTPEONICHUS ¢ y4ETOM
YCTAHOBJICHHBIX KOS(i)(i)I/ILII/IeHTOB, COOTBCTCTBYIOIIIUX  YCJIOBHUAM MCECTa PACIHOJIOKCHUA
ropoAcKux snekrpornorpeoureneit PecnyOnuku Tamkukuctan. Ha ocHOBe mpemiokeHHOTO
METOda PCEKOMCHAOBAHBI CC30HHBIC Fpad)I/IKI/I 3HeKTp0HOTpe6J'IeHI/I§I UL KPYIIHBIX TOPOOOB,
HMCIOIIUEC OTIINYUTCIIbBHYIO 0COOEHHOCTEL II0 KIIMMaTOMCTCOPOJIOTMICCKUM  YCIIOBUAM HUX
PpacCIioJIOKCHU . PCKOMCHI[yeMLIe CC30HHBIC Fpa(bI/IKI/I 3J'IeKTp01'IOTpe6J'IeHI/I$I MO3BOJIAT PCIIHUTH
BOIPOC MO YMEHBIIECHUIO MOTEPh 3JEKTPOSHEPTrMU M BBIPABHUBAHUIO HArpy3ku 1o Qaszam
TOPOACKHUX JJICKTPUUICCKUX ceTel.

KiroueBsie cjioBa: OBITOBBIE JJIEKTPONPUEMHUKHY, ANEeKTponoTpedIeHue, METO[
MMPOTrHO3UPOBAHUA

A METHOD FOR PREDICTING ELECTRICITY CONSUMPTION BY HOUSEHOLD
APPLIANCES IN THE REPUBLIC OF TAJIKISTAN

S.Sh. Tavarov, A.l. Sidorov

The paper presents a method for predicting power consumption with account for the established
coefficients corresponding to locality conditions of urban power consumers in the Re-public of
Tajikistan. The proposed method can be applied for designing seasonal schedules of electricity
consumption in large cities, which have distinctive features in terms of the local climatic and
meteorological conditions. The recommended seasonal electricity consumption schedules allow
for solving the issues with reducing energy losses and equalizing urban electrical load profiles.
Keywords: household electrical appliances, power consumption, prediction method

[TPUMEHEHUE HWMHUTAILIMOHHOI'O MOJIEJMPOBAHUA 1A HUCCIIELOBAHUA
CUCTEMBI DJIEKTPOITUTAHMS CBY SJIEKTPOTEXHOJIOT MYECKOM YCTAHOBKU
N.N. Aptioxos, A.W. 3emuos, E.K. ITeuibckas, JI.E. [IpouseToB

Jlns uccnenoBaHusi CTaTUYECKUX M JUHAMHYECKHUX PEKUMOB B cucTeme snektponuranus CBY
AIIEKTPOTEXHOJOTMUECKOW YCTaHOBKHM pa3pa0oTaHa MMHTAIIMOHHAs Mojeib B cpeae Matlab c
nakeToM pacmupenus Simulink. MonaenupoBaHue MpoBEACHO I Cydas, KOTJIla HCTOYHUKOM
CBU-konebanuii aBisieTcs MakeTUPOBaHHBIA MarHeTpoH 2M164. B pe3ynbrate MoaeIMpOBaHUs



MOJIYYCHBI BHUPTYAJIbHBIC OCHUJUIOTPAMMEBL HaHpH)KeHI/Iﬁ U TOKOB. HOCTpOQHBI 3aBUCUMOCTH,
XapakTEepU3yIOlue  BIMSHUE  CETEBOrO  HANpsDKeHHWs Ha  pexuMm  paborsl  CBY
AIIEKTPOTEXHOJOTHUECKOW YCTaHOBKU. IIpenoKeHbl peKOMEHJAluu IO BHIOOPY 3JIEMEHTOB
CHUCTEMBI JJICKTPOIIUTAHUA.

KiroueBpie cnoBa: CBY-ycTraHOBKa, MarHeTpoH, CHUCTEMa 3JIEKTPONUTAHUS, MUMHUTALHOHHOE
MOACIIUPOBAHUEC

A SIMULATION TECHNIQUE IN THE STUDY OF THE POWER SUPPLY SYSTEM OF
ELECTROTECHNOLOGICAL MICROWAVE UNITS

I.1. Artyukhov, A.l. Zemtsov, E.K. Pylskaya, D.E. Protsvetov

A simulation model in Matlab with the Simulink extension package has been developed to study
the static and dynamic modes of the power supply system of a microwave electrotechnological
unit. The simulation was per-formed for the cases when the source of microwave oscillations is
the packaged 2M164 magnetron. Virtual oscillograms for voltages and currents have been
obtained as a result of the given simulation technique. Dependences characterizing the impact of
the mains voltage on operating conditions of the microwave electrotechnological unit have been
determined. Recommendations relating the choice of components to the power supply system are
given.

Keywords: microwave unit, magnetron, power supply system, simulation.

ABTOHOMHOE SJIEKTPOCHABXEHUWE JETCKOI'O CIIOPTUBHOI'O JIAT'EPA

J.A. Capanynos, B.B. Koanenko

HpOBeI[eH aHalIu3 IMPHUMCHCHUA PA3JIMYHBIX ABTOHOMHBIX MCTOYHHUKOB IMUTAHUA OJI1 ACTCKOI'O
cropTuBHOro Jareps. Ilpemioxen BapuaHT ruOpUIHON CUCTEMBI JIEKTPOCHAOKEHMUS.
KiroueBrle ciioBa: aBTOHOMHOE 3J'ICKTpOCHa6>KeHI/Ie, BO300HOBJISIEMBIE HCTOYHUKHA OHCPI'uu,
BETpOBasd 3JICKTPOCTAHIHA, COJTHCYHAA SJICKTPOCTAHIUA, JU3CTIbHAA SJICKTPOCTAaHLIUSA
SELF-CONTAINED ENERGY SUPPLY SYSTEM IN THE CHILDREN'S HEALTH CAMP
D.A. Sarapulov, V.V. Kovalenko

The article presents the analysis relating the use of various self-contained power sources in the
children's health camp. The proposed type deals with a hybrid power sup-ply system.

Keywords: self-contained power supply, renewable energy sources, wind power plant, solar
power plant, diesel power plant

COBEPILIEHCTBOBAHUE PEJIEMHON SAIIUTHI CUJIOBBIX TPAHCO®OPMATOPOB B
SJIEKTPOOHEPTETUKE

A.B. Jlesymikun, U1.A. MeHIIIMKOB

HpeI[CTaBJ'IeHBI PE3YIbTAaThl UCCIICAOBAHHUS B o0iacTu COBCPUICHCTBOBAHUC peneﬁHoﬁ 3alllUThI
CHJIOBBIX TpaHC(OPMATOPOB B 3JIEKTPOIHEpreTHKEe. TeXHUUYECKUN pe3yapTaT AOCTUTAETCS TEM,
4YTO PCHICHHUC 3aJjda4Yi aBTOMATU3AUU KOHTPOJIA TEXHUYCCKOTO COCTOSHUA 00OMOTOK CHJIOBBIX
TpaHchopMaTopoB yJ0OHO BBHITIOJHSITH C MOMOIIBIO MHKPOIPOIECCOPHBIX PEICHHBIX 3alUT U
YCTpOﬁCTB aBTOMATHKU. OTO IO3BOJIIET 06XOI[I/ITBC$I MaJIbIMHU BBI60pKaMI/I n o0eclieynuBaTh
BBICOKYIO HAACKHOCTD paClioO3HaBaHUA TCXHUYECKOI'0 COCTOAHUSA CUIIOBBIX TpaHC(bOpMaTOpOB.
KiroueBrle cioBa: peneﬁHaﬂ 3a1uTa, 3JICKTPO3HCPIreTUuKa, CUJIIOBBIC TpaHC(I)OpMaTOpLI
IMPROVING RELAY PROTECTION OF POWER TRANSFORMERS APPLIED IN THE
POWER GENERATING INDUSTRY

A.V. Levushkin, I.A. Menshchikov

The results of research into improving re-lay protection of power transformers applied in electric
power industry are presented. The technical improvements can be achieved by solving the
problems related with automation of condition monitoring of power transformer windings, which
can be more effective using microprocessor relay protection and automation devices. This can
provide a possibility to deal with a small sample inspection and en-sure high reliability in
identifying technical conditions of power transformers.

Keywords: relay protection, electric power industry, power transformers



NCITOJIB3OBAHHME HAKOITUTEJIEN OHEPTUMN B KOMBUHMPOBAHHBIX
OHEPTETUYECKMX VYCTAHOBKAX HA BO3OBHOBJISIEMBIX HWMCTOYHUKAX
OHEPT'MMN

K.A. bapnakosa, T.X. Alicuna, A.I'. ComnHoB

OI[HI/IM n3 DJJIEMEHTOB AaBTOHOMHBIX KOM6I/IHI/Ip0BaHHBIX OHEPIrCTHYECCKUX YCTAHOBOK Ha
BOSOGHOBJISICMBIX HCTOYHHUKAX OSHCPIrUur ABJIAKOTCA HAKONWUTCIW OSHCPIHUH. B I[aHHOfI pa60Te
paccMOTpE€Ha BO3MOKHOCTb HCIIOJIb30BaHUMA JINTHH-UOHHBIX AKKYMYJIATOPOB B KAaUC€CTBC TaKUX
HakonuTened. B crarbe  NpHUBENEH  CPAaBHUTENBHBIA  aHAIM3  JHEPrETUYECKUX U
OKCIUTYAaTallUOHHBIX XapaKTCPUCTHUK, CpPOKa CJ'Iy}K6BI CBHUHIIOBO-KHUCJIIOTHBIX H JINTUHA-UOHHBIX
AKKyMYJISITOPOB.

KirodeBrle ciioBa: aBTOHOMHEIE KOM6I/IHI/Ip0BaHHBIe OHEPICTUHYCCKHUEC YCTaHOBKH, HAKOIIUTEIIN
SHEPTrrUU, CBUHIIOBO-KHUCJIIOTHBIC U JINTUI-UOHHEBIE AKKYMYJISATOPBI

USING ENERGY STORAGE SYSTEMS IN COMBINED POWER PLANTS WITH
RENEWABLE ENERGY SOURCES

K.A. Bardakova, T.Kh. Aisina, A.G. Soshinov

One of the elements of autonomous combined power plants based on renewable energy sources
are energy storage systems. This paper considers a possibility to use lithium-ion accumulators
for the given power storage units. The article provides a comparative analysis of energy and
operational characteristics, as well as service life of the lead-acid and lithium-ion accumulators.
Keywords: autonomous combined power plants, energy accumulators, lead-acid and lithium-ion
accumulators

MATEMATUYECKOE MOJIEJIMPOBAHUE CBY HETEIIJIOBOM MOJIU®UKALINU
KOMIIO3MIIMOHHOI'O MATEPHUAIJIA B KAMEPE C EEFYH.[EVI BOJIHOI

IT.0. Tpyxun, C.I'. Kasiranosa

[Tpennoxena matemaruueckas Mmoaens st CBY HetemioBoit MogupuKkanuyu KOMIIO3UIIMOHHOTO
MmaTepHaia Ha 0a3ze kamepsl ¢ Oerymied BomHOW Ha yacToTax 433 u 915 MI'11 B nmporpaMMHoOi
cpene COMSOL Multiphysics.

KiroueBble clioBa: MaTeMaTH4YeCcKOe MOZICIIMPOBAHUC, CBY HeremnoBas MO)II/I(I)I/IKaI_II/ISI,
KOMITO3HUIIMOHHBIA MaTepHall, Kamepa ¢ Oerymiei BOJTHOU

MATHEMATICAL MODELING OF MICROWAVE NON-THERMAL MODIFICATION OF
A COMPOSITE MATERIAL IN A TRAVELING WAVE CHAMBER

P.O. Trukhin, S.G. Kalganova

A mathematical model is proposed for a microwave non-thermal modification of a composite
material based on a traveling wave camera at the frequencies 433 and 915 MHz in the COMSOL
Multiphysics software environment.

Keywords: mathematical modeling, microwave non-thermal modification, composite material,
traveling wave chamber

NCCIEJOBAHUE DO®DEKTUBHOCTU MOIAMDUKALIMM OXPAHAIIOJIHEHHBIX
SIOKCHUHBIX ITOJIMMEPOB B CBY JIEKTPOMAI'HUTHOM I1OJIE

10.A. KagpikoBa, A.C. MoctoBoii, 1.]I. Yaros

B pabote ycraHoBineHa I1enecoo0pa3HOCTh OOpPaOOTKM OXPAaHAMOIHEHHOTO 3IOKCHIHOTO
kommayHaa B CBY snekTpoMarHuTHOM 1oie. Y CTaHOBJIEHO, YTO TIPH 00pabOTKE CO CKOPOCTHIO
1,989 mM/MuH u momHocTh0 350 BT o cpaBHeHHIo ¢ HeoOpaboTtaHHbIM B CBU MaruuTHOM 1osne
MOJIMMEPOM  YBEIIMUUBAIOTCSI M3THOAIOIee HANpsHKEHHWE, MOMAYJIb YIPYroCTH Ha H3THOE,
IPOYHOCTh IPHU PACTSHKEHUH, MOYJIb YIPYTOCTH Ha PAcTsSKEHUH, YAapHas BA3KOCTh, CHUKAETCS
OTHOCHTEJIEHOE y/UTMHEHHE TIPH PACTSHKCHUH.

KnroueBble croBa: SmOKCHAHAas cMoila, MojauduKanus, oxpa, miactudukarop, CBY
AIIEKTPOMArHUTHOE TI0JIE, Ie(OPMAIIMOHHO-TIPOYHOCTHBIE CBOICTBA



INVESTIGATION INTO EFFECTIVE MODIFICATION OF OCHER/EPOXY POLYMERS
IN THE MICROWAVE ELECTROMAGNETIC FIELD

Yu.A. Kadykova, A.S. Mostovoy, 1.D. Chapov

The article considers effectiveness of processing ocher/epoxy compounds in the micro-wave
electromagnetic field. It has been found that processing at the speed of 1,989 m/min and the
power of 350 W, if compared to the polymers untreated in the microwave magnetic field, results
in an increase in the bending stress, transverse elasticity, tensile strength, tensile modulus, impact
resilience, whereas tensile elongation decreases.

Keywords: epoxy resin, modification, ochre, plasticizer, microwave electromagnetic field,
deformation and strength properties



