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BBICOKOYACTOTHAS KOJIEBATEJIBHASA CHUHCTEMAJIA PACIBIJIE-
HUA KUIKOCTEN

B.H. Xmenés, A.B. lllanynos, B.A. Hectepon

[TpuBoauTcs perienue npodsieMbl 00ECTIeYeHHs BEICOKOTIPOU3BOIUTEIHHOTO, TOHKOIHC-
IEPCHOTO YIBTPA3BYKOBOI'O pacCIlbUICHHUA 34 CUYCT CO3aaHUA HOBOH KOHCTPYKIUS IIBE303JICKTPHU-
4eCKOi Kose0aTeIbHON CUCTEMBI YIbTPa3BYKOBOTO PAaCHBbUIMTEIN, MPEAHA3HAYEHHON 17151 pabo-
Thl Ha yacTorax 120...250 xl'. Co3gaHa u peayiM3oBaHa YyJIbTPa3BYKOBas KoJieOaTenbHas CH-
cTeMa, obecrieunBaromasi (OpMUPOBAHKUE BBICOKOIUCIIEPCHBIX adp030Jieii ¢ pa3MepamMu Karelib
10...17 MKM npu TpOU3BOAUTENBHOCTH pactbuieHus 54 mi/mMuH Ha 120 k't 1 14 ma/mMun Ha 250
k[ 11 mpu motpebisieMoii anekrpuaeckoit MourHocTH He 60see 10 Bt misa 120 xI['n u 3 Bt s 250
k[, CylecTBeHHOE YJIYUIICHHE ITapaMeTPOB PACIbUICHHS ObUIO JIOCTUTHYTO 3a CUET yBEJIHYe-
HUS TUIONIAIA paclbUIMTEIbHOM moBepxXHOCTH (2 cM2 mist 120 k' u 0,5 cm2 mns 250 x['m) u
obecrieueHus aMIuIATy Kosiebanuii 10 15 mxkm Ha yactore 120 k' u 10 mxm Ha 250 xI'11.

Knouesvie cnosa: ynbTpa3Byk, mpeoOpa3oBaTellb, paboumii HHCTPYMEHT, PacIbUICHUE,
JUCIICPIrupoOBaHuUc, Kose0aTeabHast CHCTEMA

HIGH-FREQUENCY VIBRATION SYSTEM FOR LIQUID ATOMIZATION

V.N. Khmelev, A.V. Shalunov, V.A. Nesterov

The article is devoted to the problem of providing highly productive and finely dispersed
ultrasonic atomization due to construction of an advanced piezoelectric vibrating system for the
ultrasonic atomizer intended to operate at the frequencies of 120...250 kHz. The result of the
study is the development and practical realization of the ultrasonic vibration system generating
highly dispersed aerosols with the size of the drops about 10...17 microns under atomization
productivity at 54 ml/min for 120 kHz and 14 ml/min for 250 kHz, and consumption capacity of
no more than 10 W for 120 kHz and 3 W for 250 kHz. An essential improvement of the
atomization parameters was achieved due to the increase of the area of the atomizing surface (2
cm2 for 120 kHz and 0.5 cm2 for 250 kHz),and by providing the vibration amplitudes up to 15
microns at the frequency of 120 kHz and 10 micron at 250 kHz.

Keywords: ultrasound, transducer, working tool, atomization, dispersion, vibrating
system

HU3KOTEMIIEPATYPHASA YIPOUHSIOIAA MOAU®UKALIUS OTBEP-
KIAEHHBIX TOJMMEPHBIX KOMIIO3UIIMOHHBIX MATEPUAJIOB B CBY
IJIEKTPOMAT'HUTHOM MOJIE

N.B. 3n0o6una

BrImonHeHBI SKCIIEpUMEHTAIBHBIE HCCIECIOBAHNS W3MEHEHHSI TIPOYHOCTHBIX XapaKTepH-
CTMK 00pa3loB U3 apMUPOBAHHOTO YIJIEPOJHOM TKAHBIO OTBEPXKIACHHOTO MOJUMEPHOIO KOMIIO-
3UIMOHHOTO MaTepHalia Mmocje KpaTkoBpeMeHHOoro Bo3aercTBrusi CBY anekTpoMarHuTHOTO TOJIS
yactoroi 2450 MI'1| ¢ MIOTHOCTBIO NMOTOKA dHEpruM B padoueil 30He 9-104- 20-104 mxBt1/cMm2.
YcTaHOBIIEHO, YTO HAWOOJbIEE YIPOYHEHHE 10 HANPSHKEHUIO MEXKCIOEBOTO CIBUTA, PABHOE
(40-48) %, nabmonaercst mpu Bo3aelcTBIM Ha 00pa3ibl CBY a1eKTpOMarHuTHOTO MOJIS C IUIOT-
HOCTBIO TIoToKa dHeprun 17-104 mxBt/cm2 B Tedenue 2 munyT. [Ipn 3TOM Temmeparypa Harpesa
obpasua cocrasisieT (28-30) OC. I1pu Oonbiem BpeMeHH 00pabOTKU U OOJBINEH TIIOTHOCTH IO-
TOKa SHEPTHH, MPUBOISIIINX K MOBBIIICHUIO Temreparypsl Boire 40 0C, KOHCTaTHPOBAaHO CHU-
KEHHE YIPOUHSIoLEro s dexra.

Knrouegvie cnosa: momuMepHble KOMITO3MIIMOHHBIE Marepuanisl, oTBepxiaeHue, CBY
AJIEKTPOMArHUTHOE TI0JI€, TUIOTHOCTh MOTOKA YHEPTUH, AUAIIEKTPUUYECKHIM HAarpeB, MEKCIOEBOU
C/IBHT, IPOYHOCTb, TEPMHUECKAS IECTPyKIIHSI



LOW-TEMPERATURE HARDENING MODIFICATION OF CURED POLYMER
COMPOSITE MATERIALS IN THE MICROWAVE ELECTROMAGNETIC FIELD

I.V. Zlobina

Experimental studies of the changes in strength characteristics of samples of carbon -
reinforced cured polymer composite materials after a short-term exposure to the microwave
electromagnetic field with the frequency of 2450 MHz and the energy flux density in the
working area of 20x104-9x104 mW/cm2 have been performed. It is found that the greatest
strengthening of the interlayer shear stress equal to 40-48 % is observed when the samples are
exposed to the microwave electromagnetic field with the energy flux density of 17x104 mW /
cm2 within 2 minutes. The sample heating temperature is 28-30° C. With substantial processing
time interval and high energy flux density, leading to an increase in the temperature by more
than 400° C, a decrease in the hardening effect is observed.

Keywords: polymer composite materials, curing, microwave electromagnetic field,
energy flux density, dielectric heating, interlayer shear, strength, thermal destruction

NCCJIEJOBAHUE _ 3ABUCHMOCTH IOOEKTUBHOCTHU
TEPMO2JIEKTPOXUMHNYECKOU AYEUKHU oT KOHIEHTPAIIUU
SJIEKTPOJIUTA

J.U. Aptroxos, H.B. Kucenes, H.B. I'opuikos, H.H. KosrineBa, 1.H. Bypmuctpos

DddexTuBHOCTE TIPe0Opa30BaHUsT HH3KOMOTEHIIUAIBHOTO TEIIa B TOJE3HYIO YHEPTHIO,
HallpuMep SJICKTPUUCCKYHO, 3HAYUTCIBHO 3aBUCHUT OT TAKOI'0 IIapaMeTpad, KaK KOHLICHTpAalWUun
anekTposiuTa. B pabore mccienoBanbl 3aBUCUMOCTH TTOKA3aTENIe BBIXOIHOM YACIBHONW MOIIIHO-
CTHU TepMOBHeKTpOXHMquCKOﬁ STUEUKU OT KOHOCHTPAIWN J3JICKTPOJIMTA. Pe3yJ'IBTaTLI IIOKa3bI-
BArOT, YTO KOHIUCHTPpAlIUOHHAA 3aBUCUMOCTb UMCCT CIIOKHBIN HEJIMHEWHBIN XapaKkTep.

Knrouesvie cnosa: TepMOdIeKTpoXUMUYecKas suelika, rekcanuanodeppar kaius, yrie-
ponHbIe HAaHOTPYOKH, d3d ekt 3ecdeka

A RESEARCH INTO DEPENDENCE OF THERMOELECTROCHEMICALS
EFFICIENCY ON ELECTROLYTE CONCENTRATION

D.l. Artyukhov, N.V. Kiselev, N.V. Gorshkov, N.N. Kovyneva, I.N. Burmistrov

The efficiency of low-potential heat conversion into useful energy, such as electrical
energy, significantly depends on the electrolyte concentration parameter. The dependence of the
output specific power of a thermoelectric cell on electrolyte concentration is investigated. The
results show that the concentration dependence has a sophisticated nonlinear character.

Keywords: a thermoelectrochemical cell, potassium hexacyanoferrate, carbon nanotubes,
the Seebeck effect

PABPABOTKA METO/JUKHW BBISABJIEHUA AUATHOCTHUYECKOI'O IIPHU-
3HAKA H3 CIHEKTPA TOKA TSAI'OBOI'O PT -51M SJIEKTPOIIPUBOJA SJIEK-
TPOITIOE3JIA IEPEMEHHOI'O TOKA CEPUU OP-9T

H.A. MenmukoB

[IpuBenens! pe3yabTaThl pa3pabOTKU METOJUKH BBISBJICHHS TUArHOCTUYECKOTO MPU3HAKA
U3 CIIEKTpa TOKA B LIEMHU SKOPsS TATOBOTrO 3jeKkTpoaBurarens tuna PT-51M ¢ noBbIlLIEHHBIM OT-
pabotaHHBIM pecypcoMm. [IpoGiieMbl OIEHKH HAAEKHOCTH TATOBBIX AJCKTPUYECKUX MAIIMH HA
JKEJIE3HOJJOPO’KHOM TPAHCIOPTE C TOBBIIMICHHBIM OTPabOTaHHBIM PECYpPCOM MpeJaraeTcs pe-
mIaTh C MOMOIIBIO BBISIBIICHUS TUArHOCTUUYECKOTO MPU3HAKA U3 CIIEKTPa TOKA B IEMU SKOPS TS-
TOBOTO 3JIEKTPOJBUTATEINS TOCTOSSHHOTO TOKA.

Knrouegvle cnosa: anexTponoesa MepeMEeHHOT0 TOKA, TATOBBIM JIEKTPOJIBUTATENb, CIIEK-
TpaJbHBIM aHAIIN3 TOKA SKOPSI SJEKTPOABUTATEIIS



A METHOD FOR IDENTIFYING A DIAGNOSTIC PROPERTY FROM A
SPECTRUM OF THE TRACTION RT-51M AC ELECTRIC MOTOR OF THE ER-9T
SERIES

I. A. Menshikov

The results relating the development of a method for detecting a diagnostic indicator from
the current spectrum in the anchor chain of the traction motor of the RT-51M type with an
increased expired service life are presented. It is proposed to solve the problems with estimating
reliability of traction electric machines for the railway transport with high rate of expired service
life by detecting the diagnostic characteristic from the spectrum of the current in the armature
circuit of the traction motor DC.

Keywords: AC electric train, traction motor, spectral analysis of the motor armature
current

MOJAEJNU OIUHAPHBIX CXEM NCOBITAHUM TSITOBBIX I[BI/IFATE.JIEFI
JIOKOMOTHBOB ITPU PA3JIMYHbIX TUITAX BO3BYKJIEHUS

E.B. Huxkoiaes

HOCTpOGHa cepuAa HEeJIMHEHHBIX MaTeMaTHYEeCKHUX MOI[GJ'IGI‘/'I QJICKTPOJHMHAMHUYCCKUX CXEM
HCHBITAaHUU ZIBI/IF&TCJIGﬁ MMOCTOAHHOI'O TOKa Ha IMOBBIICHHYIO YaCTOTY BpalllCHUA U IMPOYHOCTH
MEKBUTKOBOI HU30JIA0UN. HpeHYCMOTpeHO HCIIOJIb30BAHUC IIPUHATBIX B TCXHHUKE ITOCIICIOBA-
TCJIBHOT'O, MapajuICJIbHOTO U CMCUHIAHHOTO THUIIOB B036Y)KIIGHI/I$L Kamz[aﬂ MOZACIIb NPCACTABIIACT
coboit COBOKYITHOCTb ypaBHeHI/Iﬁ KI/IpXFO(i)a 151 SHGKTqueCKOﬁ Lenu, MCXaHNU4Y€CKOIro ypaBHEe-
HUS MOMCHTOB W COOTHOIICHUA AJII CKOPOCTHU M3MCHCHUA TCMIICPATYPhI 00MOTKH SAKOps UCIIbI-
TyeMOro JaBUIaTCJIA. HOJ’Iy‘IeHH CTallUOHApHBIC PCKUMBI U YCJIOBUA HUX ACHUMIITOTHYECKOH
YCTOMYMBOCTH, KOTOPBIE JAIOT IPAHUIBI YCTOMYHUBOCTH HA NMPSAMOW MJIM IUIOCKOCTH YIIPABIISIO-
X I11apaMcTpOB. HOKaSaHO, 4YTO CTAIMOHAPHBIC PCIKHUMBLI IIPU IIAPAJLICIIBHOM B036y)K,Z[eHI/II/I
MOTYT TE€PATh YCTOMUMBOCTh TOJIBKO B PE3YJIbTATE MEPErpeBa 0OMOTKHU SIKOpS, @ IIPU MOCIIE]0Ba-
TCJIbHOM U CMCIIAHHOM H Y€PE3 ICPEIrpeB, U IIYTEM ITOABIICHUSA aBTOKOJIEOaHU I

Kniouesvie cnosa. NCIBITAHUE TIATOBBIX IIBI/IFaTeJIeﬁ IIOCTOSHHOI'O TOKAQ, HEJIMHEUHEIE Ma-
TEMATUYCCKUEC MOACIIN SJICKTPOAUHAMHUYCCKUX CXCEM HUCHBITAHUN TSITOBBIX ,I[BHFaTeJIeﬁ, OJMHap-
HEIE CXEMBI UCIILITAHUI TATOBEIX I[BI/IFaTeJ'Ief/'I

MODELS OF SINGLE TEST PATTERNS FOR LOCOMOTIVE TRACTION
MOTORS UNDER VARIOUS MOTOR FIELD TYPES

E.V. Nikolaev

A series of nonlinear mathematical models of electrodynamic circuits to test DC motors
for increased speed and strength of interturn insulation has been designed. The models ensure
utilization of the accepted consecutive, parallel and mixed types of excitation. Each model is a
set of Kirchhoff equations for an electrical circuit, and mechanical equations of moments and
correlation for the temperature variation rate in the armature winding of the test motor. Steady-
state modes and conditions for their asymptotic stability have been obtained, which provide
stability boundaries over the straight line or plane of control parameters. It is shown that the
stationary modes with parallel excitation can lose stability only as a result of overheating of the
armature winding, whereas under the series or compound excitations, stability can be lost
through overheating or emerging self-oscillations.

Keywords: testing traction DC motors; mathematical model of Nonlinear electrodynamic
circuits testing of traction motors; a single pattern of testing traction motors

MNPOTA’KEHHBIE 3JIEKTPOITEPEJIAYU HA CEBEPO-BOCTOKE POCCHUHA

I''. daBeigoB, A.M. Xorwtanos, [1.d. Bacunses, B.I1. Koobumna

Hapasne ¢ mmpokomacmtabuoit uarerpanueii BUUO Ha ceBepo-BocToke Poccun cienyer
PacCMOTPETh TPAHCIOPT SJIEKTPUUYECKONW SHEPIUHM Ha JAJIbHHE PACCTOSHUSA NMPUMEHHUTEIBHO K



NICIIEHTPAJIM30BAHHON 30HE 3JMeKTpocHaOxkeHus. [IpemnoxkeHa mMarucTpaiabHas JUHUS B CEBEp-
HOM HaIlIpaBJICHUMH, O6CCH6‘II/IBaIOHla$I HECHTPAIU30BAHHBIM BJ'ICKTpOCHa6)KeHI/IeM HOBBIC IIPO-
MBIILIEHHBIE LIEHTPbI CEBEPHBIX U APKTUYECKUX TePpUTOpUil SIKyTHH U pa3paObOTaHbl HOBbIE Me-
TOABI MOCTPOCHUA HpOTH)K@HHOfI QJICKTpOINEpCaadn B 3aHMKCHHOM KJIACCC HAIIPSKCHUA HA OC-
HOBE CHJIBHOTOYHOHU OJICKTPOHUKHMU.

Knrouesvie cnosa: ApKTI/IKa, IMPOTAXKEHHBIC DJJICKTPOIIEPCaAaYr, CKOMIICHCHUPOBAHHBLIC
AIIEKTpONEepeaayy, TAPUCTOPHBIN CTaOMIN3aTOp MApaMeTPOB, PACIICIUICHHBINA TPOBO/]

LONG-DISTANCE POWER TRANSMISSION LINES IN THE NORTH-EAST OF
RUSSIA

G.l. Davydov, A.M. Khoiutanov, P.F. Vasilyev, V.P. Kobylin

Along with large-scale integration of renewable energy sources in the north-east of
Russia, it is necessary to consider transmission of electrical energy over long distances, as
applied to the decentralized power supply zone. A trunk line running to the north was proposed,
providing centralized power supply for new industrial centers in the northern and arctic
territories of Yakutia, and new methods for building extended power transmission lines of the
low voltage class based on high-current electronics were developed.

Keywords: Arctic, long-distance power transmission line, compensated power
transmission, thyristor parameter stabilizer, split wire

OB30P U AHAJIN3 KOHCTPYKTUBHBIX OCOBEHHOCTEM IMPOBOJ10OB
BO3YIIHbIX JIMHUM JEKTPOIIEPEJAYN C MNOBBILIEHHOM
CTOUKOCTBIO K I'OJIOJIEAHO-BETPOBBIM HAI'PY3KAM

H.IO. IlleBuenko, I'.I'. Yrapos, C.H. Kupuiosa, }0.B. Jlebenena

O6o006mena nHGoOpManKs O MPOBOAAX HOBOTO TOKOJICHWSI, IMOBBIMIAIONIUX HAICKHOCTH
pa6OTI>I BO3YIIHBIX JIMHUH QJICKTPOIICPpCaavun. CocraBiieHa KHaCCI/I(I)I/IKaL[I/I}I IIpOBOAOB IIO KOH-
CTPYKTHUBHBIM IIPpU3HAKaM U KJIaCCI/I(bI/IKaIII/IFI KOMIIAKTHBIX ITPOBOAOB OTCUCCTBCHHOI'O ITPOH3-
BOJACTBA. PaCCMOTpeHBI KOHCTPYKTUBHBIC 0COOEHHOCTH HHHOBAIIMOHHBIX THUIIOB IIPOBOIOB. Ort-
MEYEHBI UX MPEUMYLIECTBA IIPU IKCIUTyaTalMy BO3AYLIHOW JIMHUM IeKTponepenaudun. [Iposenen
aHaJIi3 IIpOBOAOB 110 MeXaHU4eCKOM IMPOYHOCTHU U HpOHYCKHOﬁ CIIOCOOHOCTH.

Knroueswvie cnosa. BO3AYIIHBIC JIMHUHW JJICKTPOIICPCIadr, KOMIIAKTHBIC W BBICOKOTCMIIC-
paTypHBIC TPOBOAA, I'OJIOJICTHON3ZMOPO3CBBIC OTIIOKCHUA

A REVIEW AND DESIGN FEATURES ANALYSIS OF OVERHEAD TRANS-
MISSION LINES WITH INCREASED STRENGTH AGAINST ICE AND WIND LOAD-
ING

N.Yu. Shevchenko, G.G. Ugarov, S.N. Kirillova, Yu.V. Lebedeva

The article summarizes the data relating the new generation of wires characterized for
increased strength when used in overhead power transmission lines. We provide a classification
of transmission lines by their design characteristics and a classification of compact wiring of
domestic production. The design features of innovative types of wires are considered. The focus
IS made on their advantages when used in operation of aerial power lines. The analysis of
transmission lines in terms of mechanical strength and transfer capacity is carried out.

Keywords: overhead transmission lines, compact and high-temperature wires, ice and
frost depositions

CUCTEMA IJIEKTPOIIUTAHUSA I'PYIIIbI IMAKETUPOBAHHBIX
MATHETPOHOB ITPOMBIIIJIEHHOI'O HASHAYEHUA

N.N. Aptioxos, A.W. 3emnios, C.A. Kypkun, A.W. bopucenko

[IpombllIeHHBIE ANIEKTPOTEXHOJIOTMYECKHUE YCTAaHOBKH, HUCMOb3ytomue 3Hepruo CBY
KoJieOaHuil, MOTYT IMETh B CBOEM COCTaBE HECKOJILKO MarHeTPOHHBIX T€HEPaTOpoB. B cucremax
¢ pacnpeneneHHbIM noABoaoM CBUY sHepruu 10CTaTOYHO 4acTO MPUMEHSIOT MAaKeTHPOBAHHbBIE



MarauCTpoOHBI. CO3IL3.HI/I€ CHUCTCMBbI JJICKTPOIIMTAHUA T'PYIIILI TAKUX MArHCTpOHOB ABJISACTCA HC-
TPUBHAJILHON 3a7a4yeil BBUIY OCOOCHHOCTEHW XapaKTEPUCTHK MaKETHPOBAHHBIX MarHETPOHOB,
TEXHOJIOTHYECKOT0 pa3dpoca UxX mapaMeTpoB U HEOOXOIMMOCTH MOJACTPOUKH MO OOIIUN PEKUM
pa6OTBI. B xauectBe AIBTCPHATUBLI MHAWBUAYAJIbHBIM HCTOYHUKAM IMUTAHHA 000CHOBBIBaeTCS
BO3MOXHOCTb IIOCTPOCHHUA CHUCTCMbI HCHTPAIHU30BAHHOI'O BJICKTPOIMUTAHWUA C HNPUMCHCHUCM
BOJIBT OI[O63B0‘IHBIX DJIEMECHTOB.

Knroueswie cnosa: Mar"a€TpoH, CUCTCMaA SJICKTPONHUTAHHUA, PCTYIIMPOBAHUC aHOAHOT'O TOKaA

A POWER SUPPLY SYSTEM OF PACKAGED INDUSTRIAL MAGNETRONS
GROUP

I.1. Artyukhov, A.l. Zemtsov, S.A. Kurkin, A.l. Borisenko

Industrial electrotechnical devices using microwave energy may consist of several
magnetron generators. Packaged magnetrons are often used in microwave energy distributed
supply systems. Creating a power supply system for such magnetron group is an exceptional task
due to the packaged magnetron features, technological variation of their parameters, and the need
to adapt to the general operation mode. A possibility of building the centralized power system
using booster elements is considered as an individual power source alternative.

Keywords: magnetron, power supply system, anode current control

EMKOCTHOE 3ASEMJIEHUE HEUTPAJIN CUJIOBBIX
TPAHC®OPMATOPOB JJisd 3AHIMTHBI OT BO3IIEFICTBHH BOSMYII[EHI/IFI
KOCMHUYECKOM MOI'OJIbI

B.B. Baxnuna, A.A. KyBmunos, A.H. Uepaenko

PaCCMOTpeHa THUIIOBAA CXEMa BbIAA4YU JJICKTPOSHCPIUH OT y,ZLaJIeHHOfI QJICKTPOCTAHIIUH
Ha IIMHBI MOIIHOM JJIEKTPUYECKOM CETH C E€MKOCTHBIM 3a3EMJICHUEM HEUTpalell CHUIIOBBIX
tpanchopmaTopoB. [TokazaHo, 4TO PeKUM HEHTpaiel MPHU eMKOCTHOM 3a3€MJICHUH OTIPEACIISICT-
Csl CTETIEHBIO0 HECHMMETPUU MeXTy(ha3HbIX HanpspkeHuid. PaspaboTana cxema 3aMenieHus HyJe-
BOM MMOCJICAOBATCIIbHOCTHU JJICKTPOIICPCAaYn C YUCTOM IapaMETPOB HyJIeBOﬁ II0CJIEA0BATCIIBHO-
CTHU O60py,I[OBaHI/I$I, B TOM 4YHUCJIC U €MKOCTHOI'O COIPOTHBJICHUA KOHACHCATOPHBLIX 6aTapeﬁ B
HEUTpaJsIX CUJIOBBIX TpaHchopmaTopoB. IIpenniokeH KOJWYECTBEHHBIH KPUTEPUM ISl BHIOOpA
napamMeTpoB KOHJIEHCATOPHBIX OaTapeil eMKOCTHOTO 3a3eMJICHHS HEUTpaseil CHUIIOBBIX TpaHC-
q)OpMaTOpOB I/ICI(J'IIO‘IaI-OH_II/Iﬁ BO3MOXHOCTb BO3HUKHOBCHUA PE30OHAHCHBIX SIBJICHUH.

Knrouegvie cnosa: cunoBoit TpanchopmaTop, TEOMHAYITMPOBAHHBIN TOK, KOHECHCATOpHAS
6aTape$[, €MKOCTHOC€ 3a3€MJICHUEC HeﬁTpaﬂH

CAPACITIVE NEUTRAL GROUNDING OF POWER TRANSFORMERS
AGAINST SPACE WEATHER DISTURBANCES

V.V. Vakhnina, A.A. Kuvshinov, A.N. Chernenko

A typical scheme of electricity supply from a remote power plant to the high energy
electric bus network with capacitive neutral grounding of power transformers is considered. It is
shown that the neutral mode with capacitive grounding is determined by the asymmetry rate of
voltage between the phases. A scheme has been developed for replacing the zero sequence of
power transmission with regard to parameters of the zero sequence of the equipment, including
capacitive resistance of capacitor banks in the neutral points of power transformers. A
guantitative criterion applied to select the parameters of capacitor banks for capacitive neutral
grounding of power transformers, which excludes the possibility of the resonance phenomena, is
proposed.

Keywords: power transformer, geomagnetically induced currents, capacitor bank,
capacitance neutral grounding



PA3ZPABOTKA HOBBIX TEXHOJIOT U MNOJIYUEHUS
BBICOKO®®EKTUBHBIX ITOJIEBBIX HCTOYHUKOB 3JJJEKTPOHOB HA
KPEMHUEBBIX KPUCTAJIJIAX

P.K. Sdapos, B.A. lllansirun

PazpaboTana TeXHOIOTHS MOITYYEHHUS MOJIEBBIX MHOTOOCTPUUHBIX UCTOYHHKOB AJIEKTPO-
HOB C MCHOJIb30BaHHEM aTOMHOI CTPYKTYPBI KpUCTAJIJIOB KPEMHUSA U SABJICHUA CaMOOpPraHu3annuu
HAaHOPA3MEPHBIX OCTPOBKOBBIX YIVIEPOIHBIX IOKPBITUM, OCAXIACHHBIX U3 MUKPOBOJIHOBOM ILjIa3-
MBI IIapOB 3TAaHOJIA. yCTaHOBJ'IeHO, YTO IINIOTHOCTH aBTOOMUCCHOHHBIX TOKOB B TAKMX HCTOYHMH-
KaXx 3JICKTPOHOB 0oJsiee yeM Ha MOPAIOK IMPEBOCXOJAAT INIOTHOCTHU TOKOB C SMUTTCPHLIX PCIICTOK
Ha I1aCTUHAX KPEMHHUS, ITIOJTYUYECHHBIX C MUCIIOJIB30BAHUEM TPAAUIIMOHHBIX BBICOKOPA3PECIIAOINX
JUTOTPAPUUECKUX MHUKPODJICKTPOHHBIX TEXHOJOrHi. IIpu BBICOKOJO3HOM OOJIYy4EHHH YTIIEpoO-
JIOM TIOJyYE€HHBIX MHOTOOCTPUHHBIX KPEMHHEBBIX KAaTOAHBIX CTPYKTYp OOHApYXEHO ITOBBIIIIE-
HHUE COJEepKaHUS aiMa301o100HbIX (a3 B 00iacT MUKPOBBICTYIOB. [loka3ano, 4To uMIuIanTa-
IUsl yriepoja B IUIACTMHBI KPEMHUS C MPEABAPUTEIBHO CTPYKTYPUPOBAHHON MOBEPXHOCTHIO
YBCIMYNBACT BCIMUUHY MaKCHUMAaJILHOM IIJIOTHOCTU aBTOAPMHCCHOHHOT'O TOKa 60.]166 YEeM Ha JABa
IopsaKa.

Knouesvie cnosa: mnazmeHHas MHKPO0O-paboTka, MOpP(OIOTUs, HAHOCTPYKTYPHPO-
BaHHUC ITIOBCPXHOCTHU, aBTOOMUCCHUA

ADVANCED TECHNOLOGIES FOR HIGHLY EFFICIENT FIELD RE-
SOURCES OF ELECTRONS IN SILICON CRYSTALS

R.K. Yafarov, B.Ya. Shanigin

A technology for the development of field multicusp electron sources using atomic
structure of silicon crystals, and the self-organization phenomenon of nanosize insular carbon
coatings precipitated from the microwave plasma of ethanol vapor is developed. It is established
that the density of self-emission currents in such sources of electrons significantly surpass the
density of currents from emitter lattices on the silicon plates received using traditional high-
resolution lithographic microelectronic technologies. Using carbon for high-dose radiation of the
received multicusp silicon cathode structures we determined an increase in diamond like phases
in the area of microelevations. It is shown that implantation of carbon in silicon plates with
previously structured surfaces increases the maximum density of self-emission currents by more
than two orders.

Keywords: plasma processing, morphology, nanosize, surface, self-emission

NUCCIEJOBAHUE BJIUAHUA IIJMIOTHOCTHU IIJIAHAPHO-TOPLHEBOI'O
CTPYKTYPUPOBAHUSA HA ABTOOMHUCCHUOHHBIE XAPAKTEPUCTHKH KA-
TOAHBIX MATPHUI]

P.K. fdapos, /1.B. Hedenon

[TpennoxeHa KOHCTPYKLIMS U pazpaboTaHa TEXHOJIOTHS TUIAHAPHOTO CTPYKTYPHUPOBAHUS
MIOBEPXHOCTU ABTOKATOAOB IIYTEM CO3JaHUS IJIaHAPHO-TOPLIEBBIX aBTOOMHUCCHOH-HBIX CTPYKTYP
Ha MACCUBHBIX (IMANEKTPUYECKUX) U aKTUBHBIX (KPEMHUEBBIX) MOI0KKaX. OJHOBPEMEHHO C
yIy4IIEHHEM aBTOIMHUCCHOHHBIX XapaKTePUCTUK pa3paboTaHHAs TEXHOJIOTHUs MO3BOJSIET HHTe-
IrpUPOBATh ABTOAMUCCHOHHBIE CTPYKTYPbl HA OCHOBE aJIMa30rpa()UTOBBIX MIIEHOYHBIX MOKPHITUN
¢ IpubOpaMu, U3rOTOBJICHHBIMU 10 TPAJAUIMOHHBIM MHUKPOAJIEKTPOHHBIM TexHoJorusM. [Toka-
3aHO, YTO JJI YJAy4IIeHHs] aBTOOMHCCUOHHBIX XapaKTEPUCTUK IUIaHAPHO-TOPLEBBIX TJIEHOYHBIX
CTPYKTYp HEOOXOAMMO yBENUYMBAThH 3(PPEKTUBHYIO JUIMHY SYMHUTHUPYIOILIETO JIE3BHS IyTEM YyBe-
JMYEHUS KOHUEHTPALUU «OKOH» Ha €IUHUILY IJIOIAAN U YMEHbIIEHUS UX pa3Mepa.

Knrouesvie cnoga: aBTOIEKTPOHHAs 3MUCCHUS, IUIAHAPHO-TOPLIEBBIE CTPYKTYpBI, HAHO-
YIIEPOAHBIN KOMIIO3UT, IJIa3MOXUMHU-UECKOE TPaBJICHHE

DENSITY IMPACT OF PLANAR-END STRUCTURING ON SELF-EMISSION
CHARACTERISTICS OF THE MATRIX CATHODE

R.K. Yafarov, D.V. Nefedov



A design and technology for planar structuring of surfaces to field radiating cathodes by
creating planar-end autoemission structures on passive (dielectric) and active (silicon) substrates
Is presented. Additionally to improvement of autoemission characteristics, the developed
technology allows for integrating the autoemission structures based on diamond-graphite film
coatings with devices manufactured according to traditional microelectronic technologies. It is
shown that in order to improve the field emission characteristics of planar-end film structures, it
IS necessary to increase the effective length of the emitting blade by increasing the concentration
of “windows” per unit area and reducing their size.

Keywords: field emission, planar-end structures, nanocarbon composite, plasma-chemical
etching

HNCCIEAOBAHUSA BJAUAHUSA SJJTEKTPOTEPMUYECKHUX ITPOLECCOB HA
CTPYKTYPY JIE3BUH ABTOSMHUCCHOHHBIX TAHTAJIOBBIX [IIAWB
KOMBHUHUPOBAHHBIX KATOIAOB ITPUBOPOB M-THUIIA

O.J. Tumenko, A.A. Tumenko, 1.B. benosa, A.4. 3opkun, E.H. 'opOyHoBa

HpOBeIleHI)I HCCIICAOBAaHMA BIIUAHHA SJICKTPOTCPMUYCCKUX IMPOLECCOB, TAKUX KaK, TPEC-
HUPOBKa KaTOJ0B B Mpubopax u padboTta mpubopa B HOMUHAIBHOM PEXHUME, HA CTPYKTYPY Je3-
BUM aBTOPMHCCHOHHBIX TAaHTAJIOBBIX Iail0. YCTaHOBIEHO, YTO BO3MOXKHOW MPUYMHOW HECTa-
OMIIbHOI PabOTHl U MaJIbIX CPOKOB CIIYXObl TpuOOpoB M-THNa HA OCHOBE KOMOWHHPOBAHHBIX
KaToa0B ABJJIACTCA TO, UTO B HA4YAJIC UX pa6OTI)I MPOUCXOAUT PACCIIOCHUEC KPOMOK Ha JIC3BUSA 1N~
pHHOﬁ 0,1—0,5 MKM, KOTOPOC CO34AaCT aBTOIJICKTPOHHYKO SMHUCCHUIO B HAYAJIC KaXKA0I'0 UMITYJIb-
ca.

Knroueguvle cnosa: xaron, aBTOAICKTPOHHAS IMHUCCHS, TAaHTAIOBBIE 1aitOb1, POM.

EFFECT OF ELECTRO-THERMAL PROCESSES ON THE BLADES STRUC-
TURE OF AUTOEMISSION TANTALUM WASHERS OF COMBINED CATHODES IN
M-TYPE DEVICES

O.D. Tishchenko, A.A. Tishchenko, 1.V. Belova, A.Ya. Zorkin,E.N. Gorbunova

The influence of electrothermal processes, such as dynamic tests, cathode training in
devices and operation of the device in the nominal mode, on the structure of the blades of
autoemission tantalum washers is studied. It is established that a possible reason for unstable
operation and small terms of service of devices based on the composite cathode is separation of
the edges on the blade width of 0.1-0.5 um, which creates autoelectronic emission at the starting
point of each pulse.

Keywords: cathode, field emission properties, tantalum washers, SEM

BJUAHUE MOTPEIIHOCTHU PEAJIM3ALIMU YPOBHEW HATNPS)KEHUS B
MHOI'OYPOBHEBBIX HWHBEPTOPAX HA HAPYHNIEHUE CHUMMETPUU
BBIXOJHOM CUCTEMbBI HANIPSI)KEHUIA

E.E. Mupropoackas, B.A. Komues, H.I1. Mutsmun, M.A. @ypcaes, E.Jl. Kapnayxos

IIpu paccmoTpeHun Tpex(da3HbIX MHOTOYPOBHEBBIX ABTOHOMHBIX HWHBEPTOPOB Hamps-
xeHust (MANH) HeoOXoauMO yuuThIBaTh BIMSHUE TOYHOCTH pealn3allii MapaMeTpoB KpUBOM
BBIXOJHOT'O HAINPSDKEHMsI HA TaKHe NMOKAa3aTeJIM KaueCTBA T€HEPUPYEMOMN 3JIEKTPOIHEPIUH, Kak
CTaOUIIBHOCTD BBIXOJHOIO HANPSHKEHUS U KO3(PPHUIIMEHTH HECUMMETPHUH 110 OOpaTHOMN U Hylle-
BOM mocnenoBatensHOCTH. [IpuBOAATCS pe3ynbTaThl aHanM3a yKa3aHHOM MpoOiIeMbl A Tpex-
(ha3HBIX UHBEPTOPOB, TOCTPOEHHBIX Ha Oa3ze ogHo(azHbix MAVH.

Kniouesvie cnoséa: MHOTOYpPOBHEBBIE HWHBEPTOPHI HANpsDKEHUE, CTAOMIU3AlMs Harps-
KEHHsI YPOBHSI, CIEKTp, IMOKa3aTed KauecTBa KPUBOM BBIXOJAHOIO HAIPSHKEHUS, YyBCTBUTEIb-
HOCTb

THE INFLUENCE OF VOLTAGE RATE ERRORS IN MULTILEVEL INVERT-
ERS ON THE SYMMETRY OF THE OUTPUT VOLTAGE SYSTEM



E.E. Mirgorodskaya, V.A. Kolchev, N.P. Mityashin, M.A. Fursaev, E.D. Karnaukhov

When considering three-phase multi-level autonomous voltage inverters (MAIV), a
particular focus is to be made on the influence of accuracy of the output voltage curve
parameters on such indicators of generated electricity quality as output voltage stability and
asymmetry coefficients in reverse and zero sequences. This paper presents the results of analysis
of the given problem for three-phase inverters built on the basis of single-phase MAIV
(hereinafter referred to as composite MAIV).

Keywords: multilevel voltage inverters, stabilization of voltage level, spectrum, quality
indicators of the output voltage curve, sensitivity

BJIUSSHUE YJIBTPA3BYKA HA IMTPOLECC YIIPOUHEHUSA OTBEPX/IEH-
HBIX YTJIEIINIACTUKOB B CBY QJIEKTPOMAT'HUTHOM ITOJIE

N.B. 3106uHa

BrimmonneHbl SKCHICPUMCHTAJILHBIC UCCICAOBAHNA U3MCHCHHA MPOYHOCTHBIX XapPaKTCPH-
CTHUK 06p8.3]_[0B M3 KBAa3HU3O0TPOIIHOI'O YIJICIIACTHKA IIOCIE KPaTKOBPEMCHHOI'O BOSI[GI\/'ICTBI/I}I
CBU snexTpoMarHUTHOTO OISt 9acToTor 2450 MI'11 ¢ mIOTHOCTRIO MTOTOKA PHEPTUU B paboueit
30He 20-104 - 17-104 MxBT/cM2, cOBMEIIEHHOTO C BO30YXI€HHEM B 00pa3lie MPOIOIbHBIX YIb-
TPa3BYKOBBIX KoJieOaHui yacToTol 22-23 kIl Mayioil aMIUIMTYZbl. Y CTaHOBJIEHO, YTO COBMeE-
IICHHOC BOSI[Gf/iCTBPIC BBICOKO- N CBEPXBBICOKOYACTOTHBLIX BOJIHOBLIX ITPOHICCCOB BLI3BIBACT I10-
BBIILIEHHUE MOAYJISl YIPYTOCTH MaTepuaia Ha 29 % 1o cpaBHEHUIO C KOHTPOJIbHBIMU 00pa3lamu,
IIPU 5TOM HaOJI0aeTCsl YBEIMYCHHE IAaHHOTO rmapameTtpa o cpaBHeHuto ¢ CBY o6paboTtkoii 6e3
ynbTpa3Byka Ha (8-13) %. Haubonbimii 3 GekT 3aKimoyactcs B CHIKCHHH AUCIICPCUN HAIpsi-
JKEHUI MEXCIIOEBOI0 CIBUTA U MOAYJIA YIpyroctu B 5-8 pa3 mo cpaBHenuto ¢ CBY o6paboTkoii
0e3 yIbTpa3ByKa.

Knrouesvie cnosa: IMOJIUMCPHBIC KOMIIOSMIMOHHBIC MAaTCpUalibl, OTBCPIKIACHHUC, CBY
SJICKTPOMAruHMTHOC I10JIC, INIOTHOCTH MOTOKA SHEPTIHHU, YIBTPA3BYK, BOJIHOBBIC IIPOLUCCCHI, MCKC-
JIOeBOH CABUTI, IIPOYHOCTH, MOAYJIb YIIPYI'OCTHU, AUCIICPCHUS I1apaMCTPOB

EFFECT OF ULTRASOUND ON HARDENING THE CURED CARBON FIBER-
REINFORCED PLASTIC IN THE MICROWAVE ELECTROMAGNETIC FIELD

I.V. Zlobina

Experimental studies of changes in the strength characteristics of samples from quasi-
isotropic carbon fiber after short - term exposure to microwave electromagnetic field with a
frequency of 2450 MHz with energy flux density in the working area of 20x104-17x104
mW/cm2, combined with excitation in the sample of longitudinal ultrasonic vibrations with a
frequency of 22-23 kHz of small amplitude. It is found that the combined effect of high-and
ultrahigh-frequency wave processes causes an increase in the elastic modulus of the material by
29 % compared to the control samples, while there is an increase in this parameter compared to
microwave treatment without ultrasound by (8-13) %. The greatest effect is to reduce the stress
dispersion of interlayer shear and modulus of elasticity by 5-8 times compared to microwave
treatment without ultrasound.

Keywords: polymer composite materials, curing, microwave electromagnetic field,
energy flux density, ultrasound, wave processes, interlayer shear, strength, modulus of elasticity,
dispersion of parameters

HUCCIEAOBAHUE 3JSJEKTPOTEXHOJOI'MYECKUX ITPOLHECCOB ®OP-
MUWPOBAHUS TIOKPBITUHM C TIPOTHO3UPYEMOM MOPUCTOCTHIO

O.A. Mapkenosa, A.B. JIscaukoBa

[IpencraBnensl pe3yabTaThl KOMIIEKCHBIX IKCIIEPUMEHTAIbHBIX UCCIEIOBAaHUN 3aBUCH-
MOCTH CTPYKTYPHO-MOP(OJIOTHUECKUX XAPAKTEPUCTHK U MMOPUCTOCTH TOKPBHITUNA OT TEXHOJIOTH-



YCCKUX PCIKUMOB IMJIA3SMCHHOTI'O HAIILUJICHUA. IloxazaHo BiIMSHUE TOKa AyTHU IUIa3MOTpPOHA Ha
dhopMHUpOBaHKE MAKPO- U MUKPOIIOP, & TAK)K€ HAHOKAHAJIOB B TIOPUCTOM ITOKPBITHH.

Knrouesvie cnosa: mima3zMeHHOE HaIbIJICHHUC, BHGKTpOTeXHOHOFquCKI/Iﬁ mnponecc, mnopu-
CTOC IIOKPBITHUEC

RESEARCH OF ELECTROTECHNOLOGICAL PROCESSES OF FORMING
COATINGS WITH PREDICTED PORISTITY

O.A. Markelova, A.V. Lyasnikova

The results of complex experimental studies of the dependence of the structural-
morphological characteristics and porosity of the coatings on the technological regimes of
plasma spraying are presented. The effect of the plasmatron arc current on the formation of
macro- and micropores, as well as nanochannels in a porous coating, is shown.

Keywords: plasma spraying, electrotechnological process, porous coating

ONITUMM3AIINAA TEOMETPUUYECKHX HAPAMETPOB MATHUTHOU
CUCTEMbI ®EPPOMOAYJALNUOHHBIX JATYUKOB HEOJHOPOIHBIX
MAT'HUTHBIX OJIEA

B.C. be3kopogaiinsiid, O.B. Tapacenko, B.B. SIkoBenko, }0.B. Kpecentok

[IpennoxxeH ¥ YUCICHHO PeaIi30BaH METO]T ONITHMH3AIUH JJTUHHBI CEPICIHIKOB (eppo-
30HAO0B IIPpHU U3MCPCHUHU MAIHUTHBIX MOJIeH HHAYIOUPOBAHHBIX HAMAIrHUYCHHbBIMU @eppOMaFHI/IT—
HBIMU TE€JaMH MPU Pa3IUYHOM PACCTOSHUU MEXIYy UCTOYHMKAMHU IoMeX U ¢eppo3oHoM. Me-
TOA OCHOBAH Ha IMMPHUMCHCHUU MO,I[I/I(i)I/ILII/IpOBaHHoﬁ TCOPEMBI K.M. IloauBanoBa o B3aMMHOCTH,
Ha OCHOBAHWHU KOTOPOW MPOU3BOAUTCS PacyET pa3HOCTH MAarHUTHOTO IOJISL B CepAeYHHKax dep-
pO30HAa, THAYIUPOBAHHOI'O HCTOYHUKOM.

Knrouesvie cnosa: dheppo30oH], cepAeUHUK, (HeppOMarHUTHOE I0JIe, MAaTHUTHAS CHCTEMA,
MarHuTHBIN noTCHIHAJ, TCOPEMaA O BBAMMHOCTH, OIITUMHU3 AU

MATHEMATICAL MODELING OF SOLITON PERTURBATIONS OF THE
CORE OF A CHARGED DISLOCATION IN n-TYPE SEMICONDUCTOR

V. S. Beskorovainy, O.V. Tarasenko, V.V. Yakovenko, Yu.V. Kreselyuk

A method for optimizing the length of cores of flux-probes in measuring magnetic fields
has been proposed and implemented numerically. The method is based on the use of the
modified K.M. Polivanov reciprocity theorem, on basis of which the calculation of the magnetic
field difference in the core of the fluxgate, the induced source.

Keywords: ferroprobe, core, ferromagnetic field, magnetic system, magnetic potential,
reciprocity theorem, optimization.






