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UCCJEJOBAHME TMPOILIECCA MATHUTOTHIPOJIMHAMUYECKOW
CEIAPALIMU  PACILUIABA  AJIOMUHMSI B KAHAJIAX
MHAYKIMOHHOT'O YCTPOMCTBA KAHAJLHOT'O THITA

9.P. Buntep, M.B. IlepByxun

Pabota NOCBSAIIICHA YUCJIEHHOMY MOJEIUPOBAHUIO npoiiecca
MarHutorugpoguHamuyeckon  (MI'J[)  cemapaumm  pacruiaBa — aJFOMUHUSA
B MHIYKIMOHHOM YCTPOMCTBE KaHajibHOro Tuma. llpencraBineHbl pe3ynbTaThl
pacueta 5()(PEKTUBHOCTH OYUCTKH YACTHIl HEMETAUIMYECKUX BKIIOYCHHIA
nocpeactsoM MI'Jl cenapanuu. OnpenesneHo BIUSHUAE SIEKTPOMArHUTHON CHIIBI U
TUAPOAMHAMUYECKUX T€YEHUN Ha MPOLIECC MUTPAIIMU YACTHUIl B JKUJIKOM METAJLIE.
[Toka3zaHo, 4yTo yacTuilbl pazMepoMm Oosee 20 MKM HMEIOT SIBHYIO TEHJICHIIUIO
K akkyMyssinuu Ha cteHkax MIJl kanama MI'J] cenmaparopa. IIpoBenen pacuer
pacrpeeneHrds] KOHIIEHTpalMyd 4acTUll B MOTOKE paciliaBa allOMUHHUSI C YYETOM
SIBJICHUSI KOATYJISIIMU, 0OYCIOBIICHHON Pa3IUYHBIMU MEXaHU3MaMU. Y CTaHOBJICHO,
YTO SIBJICHHE KOaryJisiiuyd CYIIECTBEHHO BiMseT Ha mnpouecc MI'J[ cenmapauun
YaCTUIl HEMETAJUIMYECKUX BKIIOYEHUM pazmepoM 2-20 MKM, a TOBBICUTH
WHTEHCUBHOCTbH KOATyJISIIIUKA BO3MOXKHO MyTeM M3MEHEHUs KOH(Urypaiuu KaHaia
Y TIPUJIOKEHHOTO 3JIEKTPOMArHUTHOTO TOJIS.

KnroueBble cnoBa: MarmuTHas ruapoamHamuka, MIJ[ cenapanwms,
DJIEKTPOMAarHUTHOE II0JIe, DJIEKTPOMArHUTHAas cemnapanus, AaJllOMUHHEBBIC
CILJIaBbI, DJIEKTPOMArHUTHBIE CUJIbI

STUDY OF MAGNETOHYDRODYNAMIC
SEPARATION PROCESSES OF ALUMINUM MELT
IN THE CHANNEL-TYPE INDUCTION UNIT

E.R. Vinter, M.V. Pervukhin

The research focuses on numerical calculation of the process of
magnetohydrodynamic (MHD) separation of aluminum melt in the channel-type
induction device. The study presents the calculated efficiency of non-metallic
inclusions removal through MHD separation. The investigation examines the
impact of electromagnetic forces and hydrodynamic flows on the migration of
particles in liquid metal. The findings demonstrate a pronounced tendency for
particles larger than 20 um to accumulate on the walls of the MHD channel within
the separator. Distribution of particle concentration within the aluminum melt flow
is calculated, considering the phenomenon of coagulation caused by various
mechanisms. The study demonstrates that coagulation has a substantial impact on
the process of MHD separation for the particles ranging from 2 to 20 um in size.
Furthermore, modifying the configuration of the channel and adjusting the applied
electromagnetic field can increase the intensity of coagulation.



Keywords: magnetohydrodynamics, MHD separation, electromagnetic field,
electromagnetic separation, aluminum alloys, electromagnetic forces

CBY TEXHOJOI'MYECKASA YCTAHOBKA ITOBBIIIIEHUA
ITPOYHOCTHU n IJTACTHYHOCTHU YIIVNIOTHUTEJBHbIX
QJIEMEHTOB MAT'MCTPAJIBHBIX TPYBOITPOBO/1OB

A.B. Ckynuncknii, U1.JI. CagoBckoB, O.A. Ilapmuxkos, M.B. ABpamos, U.B.
3700una, H.B. bexkpenes

BrpInosiHEHbl UCCAEAOBAHUS U MAKETHO-3KCIIEPUMEHTAIbHBIE PaOOTHI IO
U3y4eHUIO0 BIMSHUS Bo3aeiicTBuss CBY 3nekTpoMarHUTHOrO moJisi Ha (PU3HKO-
MEXAHUYECKHE CBOWCTBA YIUIOTHUTENBHBIX JJIEMEHTOB U3 PE3WHBI 2-U TPYIIIBI
MarucTpaJibHbIX ra30npoBoa0B. [loka3aHo, 4TO IPU UCIOIB30BAHUU MIJIOTHOCTH
moroka oHeprun  (18-20)x10%°  wMxBr/cM® ®  BpemeHH  BO3jeiicTBHS,
ONPEAEISIEMOr0 THAMETPOM IONEPEYHOTO CEYEHMS YIUIOTHUTEIBHOIO KOJIbLA
npHu yCcJiIoBHHM HarpeBa usnenus jgo temneparypsl (60-70) °C, obGecrieunBaercs
3HAYMMOE YBEJIWYEHHUE MTPOYHOCTU MPH Pa3pblBE, OTHOCUTEIBHOIO YIJIUHEHHUS,
ANACTUYHOCTH, a TAK)K€ CHUXKEHHUE OCTaTOYHON JedopManuu Kak HOBBIX
U3JIeNIUd, TaK U U3JIeTUi [TOCJe perJaMeHTUPOBAaHHON HapabOTKHU.

Pa3zpaGoTaH, M3roTOBIEH W TiEpelaH B OIBITHYIO SKCIUIyaTallMiO OIBITHO-
npombiiuieHHbI oOpazerr CBY  TexHomorndeckod YCTaHOBKHM JJisi 00pabOTKU
ymiotHeHuit auamerpom ot 40 mo 1400 MM ¢ mporpamMMupOBaHHEM LHUKIOB M
PEKUMOB TpPH TOMOIIM MOJKI0YaeMoro HoytOyka. Ha ocHoBe pe3ynbTaToB
OTBITHOM IKCIUTyaTallii YCTAaHOBKH pa3pabOTaHbl HOBbIE AJITOPUTMbI JMHAMUYECKON
00paboTKH, O00ECIEeYNBAIOIINE CHUKEHUE HEPAaBHOMEPHOCTH HarpeBa W3/ENUMH B
CBY »snekrpomarautHom mosie ¢ (25-30)°C go (5-7)°C, dro mO3BOJSET
CYLIECTBEHHO MOBBICUTh UX KAUE€CTBEHHBIE MMOKA3aATEIH.

KimroueBbie cioBa: CBY TexHOJOrnueckas yCTaHOBKA, YIPaBJIEHUE,
TEXHOJIOTUYECKUE  PEXKUMBI,  YIUIOTHUTEIBHBIE  3JIEMEHTBl  T'a30MNPOBOJOB,
MIPOYHOCTD U 3JIACTUYHOCTD

MICROWAVE  TECHNOLOGICAL UNIT FOR INCREASING
TOUGHNESS AND ELASTICITY OF SEALING STRUCTURES IN LONG-
DISTANCE PIPELINES

A.V. Skupinsky, I. D. Sadovskov, O.A. Parshikov, M.B. ABpamos, |. V.
Zlobina, N. V. Bekrenev

The research deals with prototyping and experimental work relating the
microwave electromagnetic field effects on physical and mechanical properties
of the gas lines sealing structures fabricated from the 2™ group rubber. It is
shown that the use of the energy flux density at (18-20)x10'mkW/cm?® and



exposure time determined by the cross-sectional diameter of the sealing ring,
provided the product is heated to the temperature of (60-70) °C, a significant
increase in tensile strength, elongation, elasticity, as well as a reduction in
residual deformation of both new products and products provided after regulated
operating life, is ensured. A prototype of the microwave technological unit for
processing seals with the diameter from 40 to 1400 mm provided with cycles
and modes programming system based on the plug-in laptop has been
developed, manufactured and brought into pilot operation. Based on the results
of the pilot operation of the unit, new dynamic processing algorithms have been
developed to ensure a reduction in uneven heating of products in the microwave
electromagnetic field from (25-30) °C to (5-7) °C, which can significantly
improve their quality indicators.

Keywords: microwave technological installation, control, technological
modes, sealing elements of gas pipelines, toughness and elasticity

YUCJIIEHHOE MOJIEJIMPOBAHUE MW DKCIEPUMEHTAJIBHOE
NCCIEAOBAHUE IMPOIECCA BBICOKOTEMITIEPATYPHOM
WHJIYKIIMOHHON OBPABOTKHA TUTAHOBBIX IMAPOBBIX
KOMIIOHEHTOB

A1O. lenxyHnoB, A.A. ®oMuH

B pabGote npescraBieHbl pe3ynbTaThl YUCIEHHOTO MOACTUPOBAHUS MpOIiecca
HarpeBa THUTAHOBOW IIAPOBOM KOHCTPYKLHMH METOJIOM BBICOKOTEMIIEPATYPHOU
UHAYKIMOHHON 00pabotku (BTHUO), a Takke 3KCHEpUMEHTAIbHOE HUCCIICOBAHUE
VOPOUHSIIONIEH  00pabOTKM  OOpa3loB CO  CXOKMMH  MaccorabapuTHBIMU
XapaKTEepPUCTUKAMH ISl TOJIOBKH AHIONPOTE3a. JIJaHHBIMU MOJIETMPOBAHUS SIBIISUIMCH
2D rpaduueckue 3aBUCUMOCTH 1O  pACOpEleNeHUI0  IUIOTHOCTH  TOKa,
TEIUIOBBIJICNIEHUS] M TEMIIEPATyphl MO CEYEHHIO paccMaTpuBaeMbIX uznenuid. Tok
MHAYKTOpA U3MeEHsuICA B auana3oHe 3,0-3,5 KA, 4TO COOTBETCTBOBAIO TEMIEPATYPE
oOpabotkn  moBepxHocTH  okonmo  1120-1250° C.  CormacHo  pe3yibTraram
WCCIIEZIOBAaHUS TBEPJIOCTh YNPOYHEHHBIX 00pasnoB aocturana 47,5-50 HRC, npu
ATOM TJIyOMHa u3HOca (Cepruyeckoil BhIEMKH) MOIU(DUIIMPOBAHHOTO THUTAHA HUXKE
Ha 27 % otHOcuTenbHO KobasToxpomoBoro Co-Cr cruiara (¢ TBepaoctoio 46 HRC).
[IpennokeHbl TEXHOJOTMYECKHE PEKOMEHAAMd 1o (OPMUPOBAHUIO TBEPABIX
M3HOCOCTOMKHUX CJIOEB HAa TUTAHOBBIX IIAPOBBIX KOMIIOHEHTaX 3HAOIMPOTE30B 3a CUET
npuMenenust meroga BTUO.

KiroueBble  cioBa:  TUTaH, BBICOKOTEMIIEpATypHass  HMHAYKI[MOHHAs
00paboTKa, TOK HWHAYKTOpa, YHCIEHHOE MOJEIUPOBAHUE, METOJ KOHEUHBIX
AJIIEMEHTOB, TBEPIOCTh, U3HOCOCTOUKOCTD, IHAONPOTES

NUMERICAL SIMULATION AND EXPERIMENTAL STUDIES OF



INDUCTION HEAT TREATMENT OF TITANIUM BALL COMPONENTS
A.Yu. Shchelkunov, A.A. Fomin

The paper presents the results of numerical simulation of the heating process
for titanium balls based on the induction heat treating method (IHT), as well as
experimental studies related to the strengthening treatment of samples with similar
weight and size characteristics for the endoprosthesis head. The modeling data
included 2D graphical dependences relating the current density distribution, heat
release and temperature over the cross section of the considered products. The
inductor current varied in the range of 3.0-3.5 kA, which corresponded to the
surface treatment temperature around 1120-1250 °C. According to results of the
study, the hardness of the strengthened samples reached 47.5-50 HRC, whereas the
wearing depth (spherical recess) of the modified titanium was 27 % lower than that
of the cobalt-chromium Co-Cr alloy (with the hardness of 46 HRC). The proposed
technological recommendations deals with formation of hard wear-resistant layers
over titanium ball components of endoprostheses through the use of the IHT
method.

Keywords: titanium, induction heat treatment, inductor current, numerical
simulation, finite element method, hardness, wear resistance, endoprosthesis

BJIUAHUE KOOOOUIIMEHTA APMHUPOBAHUA U HAINOJIHUTEJIA
IHOJUMEPHBIX KOMIIO3UITMOHHbIX MATEPUAJIOB HA YPOBEHD
INOI'VIOMIEHHON MOINHOCTH CBY DJJIEKTPOMAI'HUTHOI'O
IMOJIA

N.B. 3100nna, H.B. bekpenes, /I.B. Konaparos

OnpeneneHo  BiusiHME KOG QUIMEHTa  apMHUPOBAHUS  MOJMMEPHBIX
KOMIIO3MIIMOHHBIX MaTEpUalOB TKAaHSAMH HAa OCHOBE YIJIEPOJHBIX, CTEKISIHHBIX U
apaMUJIHBIX BOJIOKOH Ha YpPOBEHb TMOrJolEeHHOW uMu wmomHocth CBY
AIIEKTPOMArHuTHOro moJjst. lloaydeHbl 3aBUCHMMOCTH, TMO3BOJIAIOIIME PACCUUTAThH
BEJIMYMHY M JOJIO TOTJIOUIEHHONM MOIIHOCTY NMpU BO3JACHCTBUM HAa MaTepUallbl C
pa3IMYHBIM COOTHOILIEHUEM AMAIEKTPUUYECKUX XapaKTEPUCTHK. YCTAHOBIEHO, YTO
npu yBenuueHuu koddduumenta apmuposanusi ¢ 0,2 1o 0,8 moriomeHHast MOIIHOCTb
BO3pacTaeT JyIsl CTEKJIOIUIacThKa 2,5 pasa, yriemiactuka— 2,8 paza. s
OpraHOIJIACTHKA YBETUYEHUE MaJI0 3HAYUMO U cocTaBisieT 5 %0.

[Ipennoxkena mMeToauka WHKEHEPHOTO pacueta pexkumoB CBY o6paboTku
u3nenuii 3 otBepkaeHHbIX [IKM, mo3Bosstomas ¢ ydetom koddduimenrta
apMUPOBaHUs YCTAHOBUTH BPEMsI BO3JCHWCTBHS M IUIOTHOCTH ITOTOKA 3HEPTHU IO
KPUTEPUIO JOCTHKEHHSI TEMIIEPATyphbl HarpeBa 10 3HAYEHUM, COOTBETCTBYIOIIUX
BPEMEHHOMY MEPEXOAY CBS3YIOLIETO B BBICOKOIACTUYHOE COCTOSIHUE.

KnroueBpie  ciioBa:  moJMMEpHbIE  KOMIO3MIMOHHBIE — MaTepualbl,
koddumment apmupoBanus, CBU smekTpoMarHUTHOE TOJE, AUAIEKTPUUICCKUC



XApaKTCPUCTUKHU, IUJIOTHOCTH IIOTOKAa OSHCPIUH, IIOIJIOIMCHHAA W OTPAKCHHAA
MOIIHOCTb, TEMIICpATypa, aAJITOPUTM pacuCTa palliOHAJIbHBEIX PEKUMOB

EFFECT OF REINFORCEMENT RATIO AND FILLERS FOR POLYMER
COMPOSITES ON THE RATE OF MICROWAVE POWER ABSORBTION

1.V. Zlobina, N.V. Bekrenev, D.V. Kondratov

Effect of reinforcements on the polymer composite materials reinforced with
fabrics based on carbon, glass and aramid fibers on the level of microwave power
absorbtion is determined. The obtained dependences allow for calculating the
magnitude and proportion of absorbed power when exposed to materials with
different ratios of dielectric characteristics. It was found that with an increase in
the reinforcement ratio from 0.2 to 0.8, the absorbed power increases 2.5 times for
fiberglass, and 2.8 times for carbon fiber. For organoplastics, the increase is
insignificant and amounts to 5%. The authors propose a technique for engineering
calculation of microwave treatment modes applied to hardened polymer composite
products, which allows, taking into account the reinforcement ratio, to set the
exposure time and energy flux density according to the criterion of reaching the
heating temperature up to the values corresponding to the temporary transition of
the binder into a rubberlike state.

Keywords: polymer composite materials, reinforcement ratio, microwave
electromagnetic field, dielectric characteristics, energy flux density, absorbed and
reflected power, temperature, algorithm for calculating rational modes

IHOPTATUBHAA ABTOMATHUYECKASA CHUCTEMA YIIPABJIEHUSA
HPOLHECCOM OXJIAXKAEHUA MATHETPOHHOI'O TEHEPATOPA

A.A.Huxkudopos, B.b. baiioypun, S.A. IlaxomoB, B.B. Memanos, B.B.
Komapos, B.M. /lopomenko

B macrosimieit pabote mpesioxkeHa MmopTaTUBHAsS aBTOMAaTHYECKash CHCTeMa
YIOPABJICHHUS TIPOLIECCOM KHUIAKOCTHOTO OXJIKIIEHUS MAarHeTPOHHOTO TeHepaTopa
MOIITHOCTBIO /10 3 KBT, IpUMEHSIOMErocss B YCTPOMCTBAX CTEPHIIM3AIUU C TIEIIBIO
oOecrieueHus: CTaOMILHON pabOThl MAarHETPOHA M TOBBIIICHUS KadecTBa Mporiecca
CTEpUIIN3AINY OMOMETUITMHCKIX HHCTPYMEHTOB.

KntoueBbie cnoBa: xkuakoctHoe — oxnaxaeHue, CBY-crepunmzanus,
MarHeTpoH, aBTOMaTUYECKOE YIpPaBJICHUE, TEMIIEpaTypHask XapaKTepUCTUKa

PORTABLE AUTOMATIC CONTROL SYSTEM FOR COOLING THE
MAGNETRON GENERATOR

A.ANikiforov, V.B. Bayburin, Ya.A. Pakhomov, V.V. Meshchanov, V.V.
Komarov, V.M. Doroshenko



In the given research the authors present a portable automatic control system
for the process of liquid cooling of the magnetron generator with the power up to 3
KW, which is applied in sterilization devices to ensure steady operation of the
magnetron and improve the sterilization quality of biomedical tools.

Keywords: liquid cooling, microwave sterilization, magnetron, automatic
control, control system, control center

HMOHHO-JIYUYEBOE ®OPMUPOBAHUE CEP}EBPOCOZ[EP)KAL[[EFI
IMMOBEPXHOCTU TUTAHA TMOBBINIEHHOM TBEPJIOCTU WU
YCTAJOCTHOM ITPOYHOCTHU

N.B. llepunckas, B.B. llepunckuii, U.B. Poauonos, JI.LE. Kyn

[IpeacTaBneHsl pe3yiabTaThl HUCCICMOBAaHHS Tporecca (HOPMHUPOBAHUS
cepebpocoaeprkalieii moBepXxHocTH THTaHOBBIX (BT1-0) s1eMeHTOB MeaUIIMHCKON
TEXHUKU METOJIOM HMOHHO-ITY4eBOTO JerupoBaHus. [IpoBeaeHO KOMIbIOTEPHOE
MO/ICJIMPOBAHHE MPOoIecca, UCTOb3ys mporpamMmHublil maker TRIM/SRIM ¢ tienbro
OTIpEJICICHUs] OKPECTHOCTEHM J03bl U SHEPIHMH HMOHOB cepedpa, HEOOXOIUMBIX U
JIOCTaTOYHBIX B OJKcrepuMeHTe. McciaenoBaHo BiusiHue OONyYeHUs HOHAMU
cepeOpa Ha MUKPOTBEPIOCTh U YCTAJIOCTHYIO MPOYHOCTH MOBEPXHOCTH TUTAHA.

KiroueBbie cJlIOBa: HMOHBI cepe6pa, THUTAH, HMOHHO-JIY4YCBOC JICTUPOBAHHUC,
MHUKPOTBEPAOCTD, YCTAJIIOCTHAA ITPOYHOCTh, KOMIIBIOTCPHOC MOJACIUPOBAHHUC

ION IMPLANTATION OF SILVER NANOPARTICLES ON TITANIUM
SURFACE OF INCREASED HARDNESS AND FATIGUE STRENGTH

I.V. Perinskaya, V.V. Perinsky, 1.V. Rodionov, L.E. Kuts

The article presents the results of research into creation of silver-containing
titanium surfaces (VT1-0) of the medical tools using the ion-beam alloying
technique. A computer simulation of the process was carried out using the
TRIM/SRIM software package to determine the distribution of the dose and energy
of silver ions necessary and sufficient for the experiment. Effects of silver ion
irradiation on microhardness and fatigue life of the titanium surface was studied.

Keywords: silver ions, titanium, ion-beam alloying, microhardness, fatigue
life, computer modeling

[IU®POBOM EMKOCTHBIM YPOBHEMEP JUDJEKTPUUYECKHX
"KUJIKOCTEN C KOMIIEHCAIIMEN HECTABUJIBHOCTHU YPOBHSI

A.H. Inaun, C.B. Makapruusiu, C.C. 7Kadun



[IpuBeneH cpaBHUTENbHBIN aHAJIN3 OCHOBHBIX METO/IOB M3MEpPEHUs! YPOBHSA
KUIKOCTe B pesepByapax. llpennoxkeHa CTpyKTypHas cxema IU(pPOBOToO
eMKOCTHOTO  YpOBHEMepa C  KOMIIEHcalueld  HecTaOWIbHOCTH  YPOBHS,
MO3BOJISIIOIIETO  MPOBOJAUTh HW3MEPEHUS HE3aBUCUMO OT JAUAJIEKTPHUECKON
POHHUIIAEMOCTH JKUJKOCTU. DTO KE YCTPOMCTBO MOXKET OBITH MCIIOJIB30BAHO IS
KOHTPOJIS ~ HANOJHEHHUS  €MKOCTeH  AMPJICKTPUYECKUMH  KUAKOCTSAMHU.
Hcnonb3oBanue B paboTe ypoBHEMepa JJIEKTPUYECKUX METOIOB IO3BOJISIET
CPaBHUTEIBHO MPOCTO MOJYYHUTh PE3YJbTAaT U3MEPEHUS YPOBHS B YJOOHOM JJIst
00paboTKu 1MGPOBOM BUIEC M MPOU3BOAUTH TUCTAHIIMOHHBIN KOHTPOJIb YPOBHS
KHUJKOCTEH B pe3epByapax, 4T0 OCOOCHHO aKTyalbHO B BEPTUKAIBHBIX CTATUYHBIX
WIN TIEPEBMKHBIX TPAHCIIOPTHBIX CHUCTEMAaX XPAaHEHHUS WM MEPEBO3KU CBETJIBIX
HE(PTENPOAYKTOB.

KiroueBble cimoBa: MeETOABl M3MEPEHUS  YPOBHA, IWIMHAPUYECKUU
€MKOCTHBI  TpeoOpa3zoBaTenb, LU(POBBIE  ypOBHEMEPHI,  KOMIIEHCALIUsA
HECTaOUJIbHOCTU YPOBHS

DIGITAL CAPACITIVE LEVEL METER FOR DIELECTRIC
LIQUIDS WITH LEVEL INSTABILITY COMPENSATION

AN. Shilin, S.V. Makartichyan, S.S. Zhabin

A comparative analysis of the main level measuring methods for the liquids
in tanks is given. A block diagram of a digital capacitive level meter with level
instability compensation is proposed, which allows measurements to be made
independently of the liquid dielectric constant. The same device can be used to
control the containers filling with dielectric liquids. The use of the electric methods
makes it relatively easy to obtain the level measurement result, suitable for
processing digital data and producing the liquids level remote control in tanks,
which is especially important in vertical static or mobile transport storage or
transportation of light oil products.

Keywords: level measurement methods, cylindrical capacitive converter,
digital level meters, level instability compensation

HABJIOJATEJIb JUHAMUWYECKOI'O YPOBHSI KHUJIKOCTH
B HE®TSIHOU CKBAKUHE

A.B. Crapuxos, 1.A. Kocopaykos, K.M. Uybapos

B cratbe paccmaTpuBaeTcsi BO3MOXKHOCTh TEXHUUYECKOM peau3aiuu
HaOII0aTeNs JUHAMUYECKOTO YPOBHS JKHAKOCTH B HE(MTSIHOM CKBAXKHUHE 10
CUTHajaM JaTYMKOB TOKAa CTaHIIMU yIpaBJEHUS MOrPY>KHbIM HacocoM. [lokazaHo,
YTO HEMOCPEJACTBEHHOE W3MEPEHHE JIUHAMUYECKOTO YPOBHS SXOJIOTOM WIIU
KOCBEHHOE C MOMOIIBI0 TEPMOMAHOMETPUUYECKON CUCTEMBI TPeOyeT MpPUMEHEHUS
noporocrosmiero obopynoBanus. [IpeayiokeHo MCTOIB30BaTh BBIYUCIUTEIHHBIC



BO3MOYKHOCTH KOHTpOJUIEpa CTAHLMM YIOPABJICHUS pacyeTa JIHHAMHYECKOrO
ypoBHs. Haiinena aHanuTHueckass 3aBUCUMOCTh TOKa HA BBIXOJIE CTAHIIMU
yOpPaBJICHHUS OT BEJIMYMHBI JUHAMUYECKOro ypoBHA. lloctpoeH rpaduk sToi
3aBUCUMOCTH, KOTOPBIA HArJISIIHO TOKa3aJl BO3MOXKHOCTh — HCIOJIb30BaTh
U3MEpPEHUsT TOKa [UJIsl ONpeNeieHUs JAUHAMUYECKOTO YPOBHS KHUIKOCTH B
CkBakuHe.  HalimeHo  aHalIWTHYeCKO€  BBIPAKEHHUE  JUISl  BBIYMCIICHUS
JUHAMUYECKOTO YPOBHS JKMJIKOCTH 110 CHUTHAJIaM JlaTYMKa TOKa CTaHLUU
yIOpaBICHUS U TapaMeTpaM JJIEKTPOTEXHUYECKOTO0 KOMIUIEKCa JOOBIBAIOIICH
CKBaXMHBI. [Ipom3BeneH aHaau3 NOrpelHOCTH HaOMromaTenss JIUHAMHYECKOrO
YPOBHSI, HCTIOIb3YIOIIUI AJI1 BBIYUCIEHUS OJYYEHHYIO 3aBUCUMOCTb.

KiroueBbie cnmoBa: HabmogaTenb, AUHAMHYECKUHA YpPOBEHb KHUAKOCTH,
He(TSHAS CKBa)KUHA, TOTPY>KHOM 3JIEKTPOBUTATENb, CTAHIUS YIIPABICHHUS

OBSERVER OF THE DYNAMIC LIQUID LEVEL IN THE OIL WELL
A.V. Starikov, |.A. Kosorlukov, K.M. Chubarov

The article considers the possibility for technical implementation of the
observer of the dynamic liquid level in an oil well based on the signals of current
sensors at the submersible pump control station. It is shown that direct
measurements of the dynamic level using the echo sounder or indirect
measurements using the thermo-manometric system requires the use of expensive
equipment. It is proposed to use computational capabilities of the controller at the
control station for calculating the dynamic level. Analytical dependence of the
current at the output of the control station on the value of the dynamic level is
found. A graph of the given dependence was built, which clearly showed the
possibility of using current measurements to determine the dynamic level of the
liquid in the well. An analytical expression is found for calculating the dynamic
level of the liquid from the signals of the current sensor at the control station and
parameters of the electrical complex in the production well. Inaccuracy analysis of
the observer of the dynamic level was made, using the obtained dependence for
calculation purposes.

Keywords: observer, dynamic liquid level, oil well, submersible motor,
control station

PA3PABOTKA MOJIEJIN HEYETKOM JIOI'HKH
O METOAY POIXEPCA MJIA JOCTOBEPHOI'O OIIPEJAEJIEHUSA
JAE®EKTOB B CHJIOBBIX MACJISAHBIX TPAHC®OPMATOPAX

B.B. Baxuuna, E.B. Mapkos

[Ipy BBISBIEHUU W JUATHOCTUPOBAHUM CJIOXKHBIX CIIYYaeB pPa3BUBAIOIIMXCS
Nne(eKTOB CHIIOBBIX TpaHC(HOPMATOpPOB C MOTPAHUYHBIMU 3HAYECHUSIMH Ta30BBIX
COOTHOIICHUH 11eJeCO00pa3HO HMCIOIB30BAHME HEUETKOM Joruku. [ns pazpabotku



MOJIEST! HEYETKOW JIOTMKH ObUT PAacCMOTPEH M HCMOJb30BaH HauOoJee MIUPOKO
UCMOJIb3yEeMbI METOJ] IMarHOCTUKU pa3BUBArOIIMXCs JedekToB — MeTon Pomxepca.
Pa3pabotana Mojenb HEYEeTKOW JIOTHKU C TOMOIIBI0 MHCTpyMeHTa Fuzzy logic Ha
06aze MATLAB, cnocoOHas omnpeneisTh IOTPaHWYHbIE CIIy4al C Ta30BBIM
OTHOILIEHWEM Ha TpaHUIIE WJIM OKOJO TPaHUIBI MEXAYy JMHTBUCTUYECKUMU
3HAYEHUsIMM, 4YTO TMO03BOJsieT HeueTrkod cucteme BbiBoga (FIS)  rubko
WHTEPIPETUPOBATh MPUHAJICKHOCTh K THUM MpaBWiaM U Kiaccu(uUuupoBaTh 3TH
CIIy4Jau IO JIByM pa3HbIM THIIaM HEHCIPAaBHOCTEH C MHAWBUAYATLHON BEPOSTHOCTHIO
BO3HHUKHOBEHUs. [10Ka3aHbl pe3ysbTaThl UCCIeI0BaHUs 00pa3lioB Macia MATHAIATH
CUJIOBBIX TpaHc(hopMaTopoB MoOIIHOCTBIO 16-25 MBA Hanpsbkenuem 110 xB.
OmnpeneneHo TMPOIEHTHOE COOTHOIICHWE BBISBICHHBIX Je()EKTOB HA OCHOBE
pa3paboTaHHOW MOJIETIN HEYETKOM JIOTUKH.
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uzzy LOGIC APPROACH IN DESIGNING A DGA MODEL
BY THE ROGER’S RATIO METHOD TO DETERMINE
THE POWER OIL TRANSFORMER FAULTS

V.V. Vakhnina, E.V. Markov

It is effective to use fuzzy logic to identify and diagnose complex cases
related with evolving faults in power transformers with boundary values of gas
ratios. To design a fuzzy logic model, the authors applied the Roger’s method,
which is most widely used in diagnosing progessing faults. A fuzzy logic model
was developed using the Fuzzy logic tool based on MATLAB, which can be used
to determine the borderline cases relating the gas ratio at the border or around the
border between linguistic values, which allows the fuzzy inference system (FIS) to
flexibly interpret conformity to these rules and classify these cases as two different
types of faults with individual probability of occurrence. The results of the study of
oil samples of fifteen power transformers with the capacity of 16-25 MVA and the
voltage of 110 kV are shown. Percentage of the detected defects was determined
on the basis of the developed fuzzy logic model.
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