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Conepxanue
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be3narunkoBoe ynpasjieHHe CHHXPOHHBIM IBUIaTe/IeM ¢ IOCTOAHHBIMM MATHUTAMH HA
OCHOBe NPAMOH KOMIIEHCALIMH B KOHTYpe TOKA

COJIOJKUH E. M.,CABEHKO J1.0.

CraTbs nocssiieHa pa3padoTKe METO/1a OLEHKH YIJIOBOI'O MOJI0XKEHUS POTOPAa CHHXPOHHOTO
JBUraTeNs C MOCTOSHHBIMU MarHuTaMu. PaccMOTpeHa BEKTOpHAsi CUCTEMA YIIPABIICHUS C
HACTPOWKOM KOHTYpa TOKa Ha jKeJIaeMyIo MepeJaTOYHyI0 (GYHKIHIO C IMHeapu3alei u
aKTUBHBIM eMnpupoBaHueM. OnucaH aganTUBHBINA HAOII0AATENb COCTOSHUS, aJallTUBHAS
MOJIeIb KOTOPOIO MOJIy4aeT CUTHAJIBI C BHYTPEHHHMX IIEPEMEHHBIX PETYJIATOpa TOKA BEKTOPHOU
CUCTEMBI YIIPaBJIEHUsI CHHXPOHHOI'O JBUTATENs C IOCTOSIHHBIMU MarHuTamu. Onucasa
cnennduka peanuzanuu 0e31aTYNKOBBIX CUCTEM yripaBiieHus. [IpuBeeHbI pe3yibTaThl
MMUTALMOHHOTO MOJCIINPOBAHHUSA.

Kntouegvie cnoea: CAHXpOHHBIN IBUTATENb C IOCTOSHHBIMU MarHUTaMH, aJallTUBHAs MOJEIb,

BEKTOpHAs CUCTEMa yIIpaBJICHUs, HAOII0aTeIb COCTOSIHHUS.

The paper is devoted to the development of an original method for estimating the permanent
magnet synchronous motor rotorangular position. The study considers a vector control system
with tuning of the current loop to the desired transfer function with linearization and active
damping. An adaptive state observer whose adaptive model receives signals from the internal
variables of the vector control system current regulator of permanent magnet synchronous motor
is described. The specifics of sensorless control systems realizationare described. The results of
system simulation are given.

Key words: permanent magnet synchronous motor, adaptive model, vector control system, state

observer.
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AnanTtanus HaGJII0JaTeJIsl CKOJIb3SIIEro pesKuMa K H3MeHSIOLUMCS YCJI0BUAM

IKCIIYaTAaHd CHHXPOHHOI'O ABUTaTEJd ¢ MOCTOAHHBIMUA MAarHUTAaMHU



HUKVYJIMH B.C., CTOPOXEB C.A., XIDKHAKOB 10.H., FOJKAKOB A.A.

[Ipemnosken anropuT™ ajanTanuy HaOIIOAATeNs CKOIB3AUIETO PEKUMA K N3MEHSIOIIMMCS
YCIIOBUSM DKCIUTyaTallu CHHXPOHHOTO JIBUTATeENs C MOCTOSIHHBIMU MarHutamu (CHIIM).
[TpoBeneHa KOMIIBIOTEpHAs anpodanys HabI0AATENs B COCTABE CUCTEMBI aBTOMAaTHYECKOTO
ynpasierus (CAY) CAIIM ¢ yaeToM W3MEHSIOMIEHCsS Harpy3Ky ¢ TOMOIIBIO TTaKeTa
npukiaaaaeix mporpaMm MATLAB Simulink. ITpuBenenst pe3ynabrarsl peanuzamuu CAY
CAIIM. Pe3ynbTaThl 5KCIEPUMEHTATIBHBIX UCCIIEAOBAHHM MOATBEPKAAIOT pabOTOCIIOCOOHOCTh
aIalITUBHOTO HAOIIOATENsl CKOJIB3AIIETO PeKUMa.

Kntrouegvie cnoea: CHAHXpOHHBIN JBUTATENb C IOCTOSHHBIMU MATHUTAMHU, aJallTUBHBIN
HaOJI01aTeNb CKOJB3AIIETO PEKUMa, U3MEHSIOIINECS YCIOBU dKcuTyaTanuu, MATLAB

Simulink.

An algorithm for adapting a sliding mode observer to the changing operating conditions of a
permanent magnet synchronous motor (SDPM) is proposed. The computer testing of the
observer as part of the automatic control system (ACS) of the SDPM, taking into account the
changing load, was carried out using the MATLAB Simulink application software package. The
results of the implementation of the ACS SDAM are presented. The results of experimental
studies confirm the operability of the adaptive observer of the sliding mode.

Key words: synchronous motor with permanent magnets, adaptive sliding mode observer,

changing operating conditions, MATLAB Simulink.
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YucieHHoe HCC/IEIOBAHUE TEMIIEPATYPHBIX MOJIel KadeJsiei 1M NOAKIIYEeHUs
3JIeKTPOJABHUraTeJieil, ynpaBJ/sieMbIX IPpeoOpa3oBaTeieM YacTOThl, IPH PA3JIMYHbIX
€rnocofax NpoKJIagKu

MWIIKWH J.A., LIEPBUHUH A.T'., TEPJIBIY A.E.

B HedrerazoBoii oTpaciu HalluId HIMPOKOE MPUMEHEHHE YaCTOTHO-PETYINPYyEMbIe
AJIEKTPOJIBUTATEIH C IIUPOTHO-UMITYJIIbCHOM MOIYJIALMEH, ISl TOAKITIOUEHHUS] KOTOPBIX
UCTIOJNIL3YIOTCS CIICIIHANIbHBIC SKPaHUPOBAHHBIE KabeH ¢ PacIIeIUICHHOMN KUIIOW 3a3E€MIICHUS.
Yucno takux kadenei B JIOTKEe OYpPOBBIX YCTAHOBOK AIIEIOHHOTO THIIA MOXKET JOCTUTATh
nBaanaty. [Ipu ninotHoi ykinaake kabeneil, HarpyKeHHbIX HOMUHAIBHBIM TOKOM, TEMIIEpaTypa
TOKOITPOBOISAIIMX >KMJI MOXKET CYIIECTBEHHO MPEBBIIIATH JOMYCTUMBIE 3HaueHus. [Ipemioxena

MaTeMaTH4YeCKasi MOZEIb ONpeeNICHHs TEMIIEpaTyPHOTO IMOJIsl TAKMX Kabeel mpu pa3InyHbIX



crioco0ax UX MPOKJIAJKU B YCIOBUSIX KOHBEKTUBHOI'O TEMJI000MEHA € OKpY KaroIiel BO31yILIHON
CpPENOM ¢ y4E€TOM TOKOBBIX Harpy30K. Y paBHEHMS TEIUIOBOM KOHBEKIUU BO3/1yXa paCCMOTPEHBI B
npubimxeHnu byccuHecka B IByxMepHO# noctaHoBke. [locTaBneHHas 3ajada pemeHa MeTo10M
KOHEUYHBIX 00bEMOB ¢ MOMOIIIbI0 TporpamMmmuoro komiiekca ANSY'S Fluent. [Iposenena
BepU(pUKaLKs MaTeMaTUYECKON MOJIENIM TyTeM CPaBHEHHsI Pe3yJIbTaTOB YUCICHHOTO U
HATYpPHOTO SKCIIEPUMEHTOB Il OIMHOYHOI'0 Ka0elIs, MPOJI0KEHHOTO B BO3AYIIHEN Cpefie IpU
HOMUHAJILHOM TOKe Harpy3ku. MccienoBaH sKCrepuMeHTaIbHBIN CIOCO0 MPOKJIaAKK Kabeneil B
TPH CJI05; TTOJY4E€HO, YTO ITPU TAKOM PACIIOI0XKEHUE TEMIIEPATYPa TOKONPOBOJALINX KHJI HE
npesbimaer 90° C. OnpeneneHsl nonpaBoyHble K0O3()OUIHMEHTH CHUKEHUS! TOKOBOW HAarpy3Ku
kabenel A1 paCCMOTPEHHBIX CITOCOOOB TIPOKIIAIKH.

Knrwoueswvie cnosa: cuiioBoii 5KpaHupOBAaHHBIN KaOelb ¢ pacIleruIeHHON )KUII0N 3a3eMIICHuS,
YaCTOTHO-PETYIUPYEMBIil 3JI€KTPOIBUTATENb, TEMIIEPATypHOE T10JIe, TOKOBAs Harpy3Ka Kabesei,

MAaTEMATUYCCKOC MOACIIMPOBAHUC, YUCIICHHBIC NCCIICIOBAHM.

In the oil and gas industry, frequency-controlled electric motors with pulse width modulation
have been widely used, for which special shielded cables with a split grounding conductor are
used. The number of such cables in the tray of tier-type drilling rigs can reach twenty. With
dense laying of cables loaded with rated current, the temperature of the conductive conductors
can significantly exceed the permissible values. A mathematical model is proposed for
determining the temperature field of such cables with various methods of laying them under
conditions of convective heat exchange with the surrounding air, taking into account current
loads. The equations of thermal convection of air are considered in the Boussinesq
approximation in a two-dimensional formulation. The problem was solved by the finite volume
method using the ANSY'S Fluent software package. The verification of the mathematical model
was carried out by comparing the results of numerical and field experiments for a single cable
laid in an air environment at rated load current. An experimental method of laying cables in three
layers was investigated; it was found that with this arrangement, the temperature of the
conductive cores does not exceed 90 ° C. Correction factors for reducing the current load of
cables for the considered laying methods have been determined.

Key words: power shielded cable with split grounding core, frequency-controlled electric motor,

temperature field, current load of cables, mathematical modeling, numerical studies.
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MoaepHu3anus JJUHEHHOI0 ABUTraTe sl ¢ KOPOTKUM XOA0M IITOKA

OITAPUH I .A.

[IpencraBieHsl pe3ysIbTaThl MOJACPHU3AIMU KOHCTPYKIIMHA KOPOTKOXOIOBOTO JINHEHHOTO
nsuraresns. [IpeayioxkeH paa KOHCTPYKTUBHBIX U3MEHEHU M, HAIICJICHHBIX HA YMEHBIIICHUE
rabapuTOB JBUTATENS, YIIPOLICHHE TEXHOJIOTUHN H3TOTOBIICHUS U BBIOOp Hambosee
pacnpoCTpaHEeHHOM CUCTEMBI ynpaBiieHus. [[puBeeHpl TaHHBIE, OATBEPKAAIOIINE COXPAHEHHE
HEOOXOAMMBIX TTAPaMETPOB U PACIIMPEHUE BO3MOXKHOCTEH MPAKTUYECKOTO MPUMEHECHUS
MOJIEPHU3UPOBAHHOTO ABUTaTENsl. Ha OCHOBE MOJy4EHHBIX pPE3YIbTATOB OMPEAEIEHBI
JAJbHEUIINE YT COBEPLIEHCTBOBAHUS KOHCTPYKIIMU JBUTATEIIA.

Knrouegvle cnosa nunuHIPUYECKUN JTMHEHHBIM BEHTWIbHBIA JBUTATENb, TMHEUHBIN ABUTATEIb C

KOPOTKHUM XOJIOM IITOKa, MEMOpaHHBIN HacoC, MPOEKTUPOBAHHUE.

The results of the modernization of the design of a short-stroke linear motor are presented. A
number of design changes are proposed aimed at reducing the size of the engine, simplifying
manufacturing technology and choosing the most common control system. The data confirming
the preservation of the necessary parameters and the expansion of the possibilities of practical
application of the upgraded engine are presented. Based on the results obtained, further ways to
improve the design of motor are determined.

Key words: cylindrical linear valve motor, linear motor with short stroke, diaphragm pump,

design.

Inekmpomexnuka, 2024, Nell, cmp. 26-32

Hcnosb3oBaHue HCKYCCTBEHHOM HEHPOHHOM CeTH B 3JIEKTPOMEXaHUYECKOH cucTeMe
PeryJMpoBaHHMsA CKOPOCTH ABHUraTe/Isi IOCTOSHHOIO TOKA

IIMUAT N.A., TAIEHKOB JI.A.

PaccmoTpen cuHTe3 HelpoperyasaTopa ¢ 00ydeHHeM HCKYCCTBEHHON HEHPOHHOW CETH Ha
MoJIes 00BEKTa YIPaBIEHHs ¢ TOJMEHOM MeTo/1a BRIYMCIICHUS (PYyHKIUU TOTephb. B kauecTse
00BEKTa yIpaBJIEHUs] pACCMOTPEHA IEKTPOMEXaHNYECKast CUCTEMA C JIBUTATENIEM ITIOCTOSHHOTO
Toka. Onpezenensl TunepnapaMeTpbl HEUPOHHOM CETH U KPUTEPUH YIPABJICHUS AJI1 CHHTE3a
peryJssiTopa yrioBoil CKOpOCTH ABUraress. J[Jid peanuzanun HEHPOPEryIsiTopa UCIOIb3YETCs
6ubnmoteka riryookoro odyuenus DeepLearning4j (DL4)) na si3pike Java. BeimonHeHo

o0y4yeHHre HEHPOHHOM CeTH U MPEACTaBICHBI PE3yIbTAThl MOJCIUPOBAHUS CUCTEMbI



peryaupoBaHus CKOPOCTH, MOATBEPKIAt0IINEe pab0TOCIOCOOHOCTh HEUPOPETYIIATOPA.
OOydeHHBIN Ha OTHOM 33aJaHHOM MMOCIIEI0BATEIBHOCTH, HEHPOPETYIATOP TECTUPOBAJICS U HA
JIPYTUX MOCIENOBATEIBHOCTAX; KA4eCTBO PETYIMPOBAHMS IIPU OTOM HE CHUXKAJIOCH. Jliis
IIPOBEPKU BO3MOKHOCTH IIPUMEHEHUS PETYISITOPA B PEAIBHBIX YCIOBUSAX HA H3MEPEHHOE
COCTOSIHME 00BEKTa YIPABICHHS HAKJIaAbIBAJICS CIy4alHbIM IIyM, IPU 3TOM PEryJaTop,
o0y4yeHHBII Ha Mojienu 0e3 IIyma, YCIIEIIHO CIIPABISETCS C PEryIMpOBaHUEM CKOPOCTH U Ha
3alIyMJICHHOM O0BEKTe yrpaBieHus. [IpeoKeH bl MoIX0 A MPEeJOCTaBIsAET pa3paboTUHKy
IIPAKTUYECKH HEOTPAaHUYEHHBIE BO3MOXKHOCTH T10 TOHKOW HACTPOMKE PETYIATOpa MO
TpebyeMoe Ka4ecTBO EPEXOIHBIX NPOLECCOB. B oTiIM4Me OT TpaAULIMOHHBIX PEryIsTOPOB,
HeHpoperynsaTop 061a1aeT TakKe NMPeIMKaTUBHBIMU CBOMCTBAMU U MIPEBEHTUBHO BHIIACT
yIIpaBJISAIoLIee BO3/ICHCTBIE, IPEIOTBPAIIAIOIIECE OSIBICHHE OIIHOKH.

Knrouegvie cnoea: >nekxTpoMexaHM4eCKas CUCTEMA, IBUTATEIIb IOCTOSTHHOTO TOKA,
UCKYCCTBEHHAsl HEHPOHHAs CeTh, HEUPOPETYIISTOP, MOJENb OOBEKTA YIIPABIEHU, (DYHKIIMS

MOTEPb.

The synthesis of a neuroregulator with training of an artificial neural network on a model of a
control object with substitution of the method of calculating the loss function is considered. An
electromechanical system with a DC motor is considered as an object of control.
Hyperparameters of the neural network and control criteria for the synthesis of the angular
velocity regulator of the engine are determined. The deep learning library DeepLearning4;]
(DL4j) in Java is used to implement the neuroregulator. The training of the neural network was
performed and the results of modeling the speed control system were presented, confirming the
operability of the neuroregulator. Trained on one set sequence, the neuroregulator was tested on
other sequences; the quality of regulation did not decrease. To test the possibility of using the
controller in real conditions, random noise was superimposed on the measured state of the
control object, while the controller, trained on a noise-free model, successfully copes with speed
control on a noisy control object. The proposed approach provides the developer with almost
unlimited possibilities for fine-tuning the regulator to the required quality of transients. Unlike
traditional regulators, the neuroregulator also has predicative properties and proactively issues a
control action that prevents the occurrence of an error.

Key words: electromechanical system, DC motor, artificial neural network, neuroregulator,

control object model, loss function.
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Omnpenenenne TOKOBBIX HATPY30K Ka0eJIbHbIX JIMHUI, TPOJIOKEHHBIX B 3eMJle U
nepeceKaArIUX BHEIIHHE HCTOYHUKH TeIlia, ¢ MOMOIIbI MATEMATHYECKOT0

MO/ EeJTMPOBAHUSA MPOLECCOB CTAIHOHAPHON TEIJIONPOBOJIHOCTH

IIEPBUHMH A.T'., CKPABUH A.A., HEAIOJWUHA E.I1., CYBBOTHH E.B.

Ha npomnyckHyio ciocOOHOCTh CHIIOBBIX KaOEIbHBIX JMHUN B TOPOJCKOM YepTe CYLIECTBEHHOE
BIIMSTHUE OKA3bIBAIOT PSAZIOM PACIIONIOKECHHBIE KaOelbHbIC TUHIH, KabeTbHbIe OJIOKH,
TEIUIOTPACCHI U MTPOYUE BHEIIHNE UCTOYHUKYU TETIOBOTO BO3JICHCTBUS, KOTOPHIE MOT'YT OBITh
MIPOJIOKEHBI KaK MapalieIbHO, TaK M MO YIJIOM K KabenpHou muaun. Hanbomnee a3 pexTnBHBIM
Y YHUBEPCAIBHBIM CIIOCOO0M OIpeIeJICHIsI HOMUHAIBHBIX TOKOBBIX HATPY30K B 3TOM CITy4ae
SIBJISIETCS. MATEMATUYECKOE MOJACIIUPOBAHUE C TTIOMOIIbIO COBPEMEHHBIX ITPOrPAMMHBIX
KOMILJIEKCOB. B cTaThe BBIMOJIHEHO UCCIIEI0OBAHNE CTAMOHAPHON TEIIIONPOBOAHOCTH CHIIOBOM
KaOelnbHOM JIMHUH, POJIOKEHHON B MAacCHUBE 3€MJIM C BHEIIIHUM HCTOYHUKOM TETLJIOBOTO
BO3/ICUCTBUS, KOTOPBIN PacIooKeH MEePHIeHIUKYISAPHO WU MapajuleIbHO KaOeIbHOMN TMHUH.
3anaya pemlangachk B TpeXMepHOU noctaHoBke. KaOenbHas JIMHUSA, IPOJIOKEHHAS B
TOPU30HTAIILHOM TJIOCKOCTH B OJTHOPOJHOM MAacCHBE 3€MJIM Ha TIyOuHe 1,2 M, COCTOUT U3 TpeX
OJTHOKUJILHBIX Kabenel Ha HanpspkeHue 10 kB ¢ u3ossiueit u3 CmmToro nojJusTUIeHa.
BHemHM UCTOYHUKOM TeIIa SBISETCA OAHOPOAHOE HUIUHApHUUeckoe Teno. [Ipu noctpoenun
FEOMETPUUECKOU MOJENIH CIION OBEPX TOKOMPOBOASIIEH sKUIIbI 3aMEHEHBI YKBUBAJICHTHBIM
cJi0eM, Y KOTOporo ko3¢ (pHUIMEHT TeIIONPOBOIHOCTH ONPEIENICH C YYETOM I'€OMETPHUH,

K03 (UIIMEHTOB TEIJIOMPOBOAHOCTH OCHOBHBIX 3JIEMEHTOB KOHCTPYKLIUH, a TAK)KE TEIUIOBBIX
noTepb B 3kpane. [locTaBneHHas 3aada pelieHa ¢ MoMOIIbI0 MPOrPpaMMHOTO KOMITJIEKca Ansys.
HccnenoBano BIMsIHUE BHEUTHETO HCTOYHUKA TEIUIOBOTO BO3ACHCTBUS Ha CHUKEHUE
HOMMHAJIbHOM TOKOBOM Harpy3Kky U yBeJIMUEHHE TEMIepaTypbl Kabess mpu 3aJaHHOM TOKE.
Knroueswvie cnoea: cunoBas KabelbHas JUHNS; HOMUHAIbHASI TOKOBAsl HArpy3Ka; BHEIIHUN

HNCTOYHHK TCILJIa; MATCMATUYCCKOC MOACIIUPOBAHUC.

The capacity of power cable lines in the urban area is significantly influenced by nearby cable
lines, cable blocks, heating mains and other external sources of thermal influence, which can be
laid both parallel and at an angle to the cable line. The most effective and universal way to
determine the rated current loads in this case is mathematical modeling using modern software
systems. The article studies the stationary thermal conductivity of a power cable line laid in an
earth massif with an external source of thermal influence, which is located perpendicular or
parallel to the cable line. The problem was solved in a three-dimensional setting. The cable line,

laid in a horizontal plane in a homogeneous mass of earth at a depth of 1.2 m, consists of three



single-core cables with a voltage of 10 kV with insulation made of cross-linked polyethylene.
The external heat source is a homogeneous cylindrical body. When constructing a geometric
model, the layers on top of the conductive core are replaced by an equivalent layer, in which the
thermal conductivity coefficient is determined taking into account the geometry, thermal
conductivity coefficients of the main structural elements, as well as thermal losses in the screen.
The task was solved using the Ansys software package. The influence of an external heat source
on the reduction of the rated current load and an increase in cable temperature at a given current
is investigated.

Key words: power cable line; rated current load; external heat source; mathematical modeling.
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MasioradapuTHbIi JUHEHHBIN ABUTaTe/ b ¢ THOKMM BTOPUYHBIM 3J1€MEHTOM

I[UIKOCHHMH A.IL., OITAPUH JI.A.

PaccMoTpeHbl BO3MOKHBIC BAPHAHTHI KOHCTPYKITUH JIMHEHHOTO JBUTATENS C THOKUM
BTOPUYHBIM AJIEMEHTOM. AHAIU3 KOHCTPYKIIMI OCYIIECTBISUICA MyTEM MOJIETUPOBaHUS B Ansys
Maxwell. [IpoBeneHo cpaBHEHHE pE3yIbTATOB MOJICIMPOBAHUS, BBISIBIICH Hanbosee
MEePCIEKTUBHBIM BAPUAHT KOHCTPYKLIUH.

Knrwoueswvie cnosa: mnnvHAPUYECKUN JIMHEHHBIN JBUraTeNb, MaJoradapuTHBIN THHEHHBIH

JIBUTATEJh, THOKUI BTOPUYHBIN 3JIEMEHT, MOJICIUPOBAHUE.

Possible design options for a linear motor with a flexible secondary element are considered. The
analysis of the structures was carried out by modeling in Ansys Maxwell. The simulation results
were compared, and the most promising design option was identified.

Key words: cylindrical linear motor, small linear motor, flexible secondary element, modeling.
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Onpeaesienne mapaMeTpoB 000pyaoBaHusi Here100bIBAKOIIEH CKBAKMHBI B yCJIOBHAX
UH(pOPMALMOHHOI HeoNpeAeTeHHOCTH

[NETPOYEHKOB A.b., CEMEHOB A.C., BAPTOBA E.C.

[IpencraBien MeTo onpeIeICHUS TapaMeTPOB 000py10BaHUs HEPTEA0OBIBAIOIIETO
MOPEINPUATHS B YCIOBUAX HHPOPMAIIMOHHON HEONPEIEIEHHOCTH Ha OCHOBE KJIaCTEPHOTO
aHaJM3a ¢ MpuMeHeHneM MeToja K-cpeaaunx. KiactepHslii aHanu3 BBIMOTHAETCS Ha 0ase

BBISIBJICHUSI BHYTPEHHUX CTPYKTYpP U 3aKOHOMEPHOCTEH 10 JaHHBIM YCTaHOBJICHHOTO



anexkTpoodopyaoBanus. Micxos U3 3Toro, moaduparoTcs Hanbosee BEpOTHBIC 3HAUCHUS
HEJIOCTAaTOYHBIX MapaMeTpoB o0opynoBaHus. Ha ocHOBE pe3ynbTaToOB KJIIACTEPHOTO aHAIH3a
c(hOpMHUPOBAH AJITOPUTM OTIPEICIICHHUS TAPAMETPOB AIEKTPO- U ANEKTPOMEXAHUIECKOTO
000pyI0BaHUS YCTAHOBOK AJIEKTPOIPHUBOTHOTO IIEHTPOOEKHOTO HAcOca ¢ yueToM (haKTOpOB,
KOTOPBIE BIUSIOT Ha KIIFOYEBOM MapaMeTp HEM3BECTHOTO 00opynoBanus. PazpaboTanHblii MeTo
MO3BOJIMT KOCBEHHO OLICHUThH SHEPTeTHUECKYIO 3(P(HEKTUBHOCTH B JIIOOOM peKMMe pabOThI
000py/IOBaHUs y4aCTKOB MEXaHU3UPOBAHHOU JOOBIYN HEPTH.

Knroueevie cnosa: nedrenoObIBaronias CKBaXnHa, YHepreTudeckas 3QPeKTUBHOCTh, METO]]

KJIACTEPHOTO aHAIN3a, MHPOPMAIIMOHHAS HEOTIPEICTICHHOCTb.

A method for determining the parameters of the equipment of an oil-producing enterprise in
conditions of information uncertainty based on cluster analysis using the K-means method is
presented. Cluster analysis is performed based on the identification of internal structures and
patterns based on the data of installed electrical equipment. Based on this, the most likely values
of insufficient equipment parameters are selected. Based on the results of the cluster analysis, an
algorithm has been formed for determining the parameters of the electro- and electromechanical
equipment of electric drive centrifugal pump installations, taking into account factors that affect
the key parameter of unknown equipment. The developed method will make it possible to
indirectly assess the energy efficiency in any mode of operation of equipment for mechanized oil
production sites.

Key words: oil well, energy efficiency, cluster analysis method, information uncertainty.
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K oneHnke y1apHoro Toka MOIHOI0 CHHXPOHHOI0 FeHEePaTopa Mo pe3yJabTaTaM ONbITa
BHE3AMHOI0 KOPOTKOI0 3aMbIKAHUA

CYJIAKOB A.N., 3UATIAMHOB U.P., DAJIAJIEEB /1.B.

CTeH10BbIC UCTIBITAHUS SIBIISFOTCS] BAXKHOM COCTABIIAIOIICH MPOMU3BOJICTBA CHHXPOHHBIX MAIIIHH.
B oreuecTBeHHBIX CTaHAAapTaX MPUEMOYHBIE U PUEMO-CIATOYHBIEC UCTIBITAHUS BKIIOYAIOT
BaXKHBIH OIBIT BHE3AITHOTO KOPOTKOTO 3aMbIKaHUs. OCHOBHBIM METO/IOM MOIYYEHUS
napamMeTpOB CHHXPOHHBIX MaIlliH B COOTBETCTBUU C OTEUECTBEHHBIMHU U 3apyOEKHBIMU
CTaHJapTaMH SIBJISIETCS TpadoaHaTUTHIECKUN METOI. B cTaThe mpeioskeH MEeTO ] OIICHK!

(a3HBIX yIapHBIX TOKOB IO pPe3yJibTaTaM OCUUIUIOrpa(upOBaHuUs MEPEXOTHBIX MPOLIECCOB B



ONBITaxX BHE3AITHOTO KOPOTKOr'O 3aMbIKaHUs. B COOTBETCTBHM C 3TUM METOIOM
PE3yABTHPYIOLINHA YAapHBII TOK OMPEIEIIEeTCS] BEKTOPHO-CUMBOIUYECKUM CIIOCOOOM C
UCIIOJIb30BaHUEM (Da3HBIX yJapHBIX TOKOB. BBINONIHEH CpaBHUTEIBHBIN aHAIN3 ITHX JIBYX
METO/IOB.

Knroueswvie cnoea: ciHXpoHHBIE TYpOOMAIIMHBI, IEPEXOIHBIN Mpoliece, YAapHBIH TOK,

BHC3AaITHOC KOPOTKOC 3aMbIKaHHC.

Bench tests are an important component of the production of synchronous machines. In domestic
standards, acceptance and acceptance tests include an important experience of sudden short
circuit. The main method of obtaining the parameters of synchronous machines in accordance
with domestic and foreign standards is the graphoanalytic method. The article proposes a method
for estimating phase shock currents based on the results of oscillography of transients in
experiments of sudden short circuit. According to this method, the resulting shock current is
determined in a vector-symbolic way using phase shock currents. A comparative analysis of
these two methods has been performed.

Key words: synchronous turbomachines, transient, shock current, sudden short circuit.
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AHaJan3 TeMneparypbl KadeJbHbIX JUHUI NIPU pacnpeaeJJeHHH JIeKTPOIHEPIrUU B
YCIO0BHSAX H3MEHEHHMS HATPY3KH

KYXAPYVYK U.b., TPYOAHOBA H.M.

B ycnoBusix mocTOSIHHOTO pocTa MOTPeOIeHUs ANEKTPOIHEPTUH, YINIOTHEHUS MTO/I36MHBIX
KaOeIbHBIX KOMMYHHUKAIUH, YBEJIHUEHUSI CTOUMOCTH KabeIbHOM MPOIYKIH PU
NPOCKTUPOBAHUY M IKCIUTyaTalluy KaOeIbHbIX JIMHUI XapaKTepPHO CTPEMJICHUE K YBEITHUCHHIO
3 PEKTUBHOCTH pacipeieieHus 3JIeKTposHeprun. OnpeaeneHre AIUTEIbHO T0IMYCTUMOTO TOKa
Ka0elnbHOM JIMHUK Ha OCHOBE aHaJN3a TeMIepaTyphl Kabessi ¢ y4eTOM HEpaBHOMEPHOI! 3arpy3Ku
BCEro 0JI0Ka MO3BOJISIET YBEIUYUTD MEPEIaBaAEMYI0 MOIIIHOCTb, COKPATUB HEOOXOIMMOCTD B
CTPOUTENIbCTBE HOBBIX JIMHUH. YBenudeHus 3pPeKTUBHOCTH KaOeNbHBIX JTMHUN IPU aBapUitHOM
pocTe MoTpedIeHHS ANEKTPOIHEPTUN TAKIKE MOKHO TIOCTUYD 3aMEHOM MOJTHOTO OTKIIOYEHUS
JIMHUN YaCTUYHBIM CHUYKEHUEM Harpy3Ku, OJHAKO JUJIS ONPEIEICHUS YIPABIISIFOIIUX
BO3/ICIICTBHII 11O PEryIUPOBAHUIO HATPY30YHOTO pexnMa TpedyeTcs: aHamu3 0OJIBIIOro
KOJINYECTBA BAPUAHTOB KOMOMHAIMN PabOYMX TOKOB U COOTBETCTBYIOIIUX UM TEMIIEPATYPHBIX

noseif. C 3Toil nenpio ObUT pazpaboTaH NPOrpPaMMHBIN KOMIUIEKC, TO3BOJISIIOIINI paCCUUTHIBATD



00JIBIIIOE KOJIMYECTBO BAPUAHTOB HArPY3KN KAOEIbHBIX JTMHUH U BBIOWPATH U3 HUX
onTuMalbHBINA. PazpaboTaHHas mporpaMma MOXeET UCTIOIb30BATHCS ISl KaOEIbHBIX OJIOKOB C
JTF0OBIM KOJIMYECTBOM JIMHHM, IPOrpaMMa He TpeOyeT OOJIBbIINX PECYPCHBIX U BPEMEHHBIX
3aTpart, 9TO BaKHO IPU MCIOJIB30BAaHUH €€ B PEKUME PEATFHOTO BPEMEHHU B 00CITY)KHBaHUH
CYIIECTBYIOIINX KaOEIbHBIX COOPYKeHNH. ONTHMAIBHBIN PEKUM BBEIOHPACTCS U3 YCIOBHS
coxpaHeHHs paboueil TemnepaTypbl H30JSIUK Kabemel B JOMyCTUMBIX MpeJiesiax U
MaKCHUMaJIbHO BO3MOXHOI'O 3HAUEHHs IepelaBaeMO 110 JIMHUSM MOIIIHOCTH.

Kniouegvie cnosa: xabenpHbIC THHNY, KaOETIbHBIH OJIOK, HEpaBHOMEpHAs 3arpy3Ka, TeMIeparypa

U30JISIMU KaOeJsl, IIUTETbHO JOMYCTUMBIN TOK, TPOTPaMMHBIN KOMILIEKC.

In conditions of constant growth in electricity consumption, compaction of underground cable
communications, and an increase in the cost of cable products, the desire to increase the
efficiency of electricity distribution is characteristic in the design and operation of cable lines.
Determining the long-term permissible current of a cable line based on an analysis of cable
temperature, taking into account the uneven loading of the entire unit, allows you to increase the
transmitted power, reducing the need for the construction of new lines. An increase in the
efficiency of cable lines with an emergency increase in electricity consumption can also be
achieved by replacing the complete shutdown of lines with a partial reduction in load, however,
to determine the control actions for regulating the load regime, an analysis of a large number of
combinations of operating currents and their corresponding temperature fields is required. For
this purpose, a software package has been developed that allows you to calculate a large number
of load options for cable lines and choose the optimal one. The developed program can be used
for cable blocks with any number of lines, the program does not require large resource and time
costs, which is important when using it in real time and maintaining existing cable structures.
The optimal mode is selected from the condition of maintaining the operating temperature of the
cable insulation within acceptable limits and the maximum possible value of the power
transmitted over the lines.

Key words: cable lines, cable block, uneven loading, cable insulation temperature, long-term

permissible current, software package.
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