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AHOTAIIA

Ob6pyu 1. B. CuHTE3 €eNeKTPOMEXaHIYHUX CHUCTEM 3 HEHPOHHOIO MEPEXKEI0 Ta
bpukiitHuM HaBaHTaKeHHAM. — KBamidikaiiiiHa HayKoBa Ipallsd Ha MpaBax pPyKOMH-
cy.

Hucepraiiisi Ha 3100yTTS HAYKOBOTO CTYIEHS KaHAMJIaTa TEXHIYHUX HayK 3a
crerianpHicTIO 05.09.03 «EnexkTpoTexHiuHI KOMIUIEKCH Ta CUCTeMU» — HarioHas-
HUW TEXHIYHUM YHIBEPCUTET «XapKIBChKUU MoiTeXHIUHUHN 1HCTUTYT» MOH VYkpai-
HU, Xapkis, 2019.

JlucepTarlito NpucBAYEHO CHUHTE3y OJHOMACOBHUX Ta JBOMACOBHUX EJIEKTpOMeE-
XaHIYHUX CHUCTeM 3 HedpoHHoro Mepexero tumy nepcentpoH (PERCEPTRON) 1
(GPUKIIITHIM HaBaHTAXEHHSM, K€ Yy PEAJbHUX EJNEKTPOIPHBOJIAX HOCHTH HENIHIM-
HuM xapakTtep. Take HaBaHTaXKEHHSI B €JIEKTPOMEXAHIYHUX CHCTEMAaX MOXKE MPOsBIs-
TUCS Y BUTIISIAL (PPUKIIMHUX aBTOKOJMBaHb. DPUKIIIIHI aBTOKOJIUBAHHS — OCOOJIH-
BUU PEKUM pOOOTH €IEKTPOTIPUBOTY, III0 HETATUBHO MO3HAYAETHCA HA HOTO (PYHKITI-
oHyBaHHi. Lle#l pexxum Mo)ke BUHUKATH, 32 IEBHUX YMOB (OyKCyBaHHS, 103, TPOCKOB-
3yBaHHS), y PI3HUX €JIEKTPONMPUBOJAX MAIIUH 1 MEXaHI3MaM, HaIpPHUKIaa, OOTHUCKHI
IIPOKATHI CTaHM, MAXTHI ¥ MaricTpaJibHi1 JIOKOMOTHUBH, MO30BKHLO-(pe3epHi, 3y00-
dbpe3epHi, rOpU30HTAIBLHO-PO3TOUYBAJIbHI, ITI(PYyBaIbHI, TOKAPCHKI BEPCTATH, MEXa-
HI3MHU TiepeMilieHHs KpaHiB 1 iH. [Ipu npomy, Takuii pesxuM poOOTH €EeKTPOIPUBO-
JIB TIOTIPIIYE SIKICTh TEXHOJOTIYHOIO MPOIECY (TOYHICTh 1 YUCTOTY OOpOOIIOBAHOT
MOBEpPXHi JIeTaii), TOYHICTh MO3ULIOHYBAHHS, MPU3BOAATH 10 301JbIICHHS BTpaT B
€JIEKTPOIIPUBO/II, a, IHOAI, 10 TIOJIOMOK KIHEMAaTHYHUX JIAHOK.

IcHytoTh pi3HI cocoOu ycyHeHHsI (PPUKIIIHHUX aBTOKOJIMBAaHb B €JIEKTPOIPH-
BOJI, SIKI MAIOTh Ti a00 1HIII IepeBaru i HEMOMIKU. Y JMaHiid poOOTi, HA OCHOBI MTPOBE-
JE€HUX JOCIIKEHb, 3alPONIOHOBAHO HOBY METOJMKY YCYHEHHs (DPUKIIITHUX aBTOKO-
JVBaHb 1 MOJIMUIEHHS JWHAMIYHUX BJIACTHUBOCTEM €JIEKTPOMEXaHIYHUX CHCTEM 3a
JIOTIOMOTOI0 HEUPOPETYJSATOPIB, sKI MOOyMOBaHI Ha 0a3i OGaraTomapoBUX MPSMOCT-

PSMOBaHUX HEHPOHHUX MEPEX TUITY IEPCENTPOH.
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Jl7is 3acTOCYBaHHSI HEMPOHHUX MEPEX Y AKOCTI PEryJsITOPIB €IeKTPOMEXaH -
HUX CHCTEM iX HeoOXimHO HaBuath. [Ipoliec HaBuaHHS MOXKe OyTH peasi3oBaHO 3a
JIOTIOMOTOI0 Pi3HUX METO/IiB, HAPUKJIA/l, METO/IB 3BOPOTHOTO TOUIMPEHHS TTOMUIKH
a00 reHeTUYHOTro anropuT™my. /1 HaBYaHHS HEMPOHHUX MEpexX A poOOTH y CKIIa-
Il CUCTeM KepyBaHHS, paHilll 3a3HAUYEHUX THIIIB €JIEKTPONPUBO/IIB, 3aIPOIIOHOBAHO
BUKOPUCTOBYBATH METOJI TEHETUYHOTO alrOopuTMy. B 3B’s3Ky ¢ 1um, Oyna po3pol-
JeHa HOBa Mojau(ikallisi cepeTHbOKBAAPATUYHOTO KPUTEPII0 HABYAHHS HEHPOHHUX
Mepex. BinMiHHICTD 3amporoHoBaHoi Moaudikallii BiJl KJIACUYHOTO KPUTEPIs cepe/l-
HBOKBAPAaTUYHOTO BIAXUJICHHS MOJSTa€ B TOMY, IO B MiIHTErpalbHIi BUpa3 J0ITy-
qJaeTbesa (pakTop vacy, mpu 1bOMY, Take MOAU(DIKYBaHHS JTO3BOJIMIIO 3MEHIIUTH Yac
HaBYaHHS HEHPOHHOI MEPEKU Ta MONIMIIUTH AWHAMIYHI Ta CTaTUYHI MOKAa3HUKU PO-
OOTH OJHO- Ta TBOMACOBUX EIIEKTPOMEXAHIYHUX CHCTEM, SIKi B PO3IMKHYTOMY CTaH1
HECTilKi, a00 B IUX CUCTEMax BUHUKAIOTh aBTOKOJIMBAHHSI.

Metoanka cuHTE3y HEHpOMEPEKEBUX PETYISATOPIB €IEKTPOMEXaHIYHUX CHC-
TEeM Cro4YaTKy Oyia po3poOieHa i CUCTEM, JIIHEAPU30BAHUX Y TOYIll CTATUYHOI Pi-
BHOBaru. OOrpyHTOBAHO BHOIp CTPYKTYpPH 1 METOJY HaBYaHHS HEUPOHHOI MEpexi,
BUO1p 3BOPOTHHX 3B'SI3KIB aBTOMATH30BaHOT CUCTEMH YIPABIIHHSA, OTPUMaHI MaTeMa-
THUYHI MOJIEJI OJHOMACOBO] 1 ABYXMaCCOBOH €JIEKTPOMEXaHIYHUX CHUCTEM 3 Helpome-
PEXKEBUM PErylaTopoM B 0e3pOo3MipHHX y3arajabHeHHUX mapamerpax. [IpoBeneno
aHaJli3 BIUTMBY MapaMeTpiB 00'€KTa ympaBiIiHHSA HA JUHAMIYHI PEKUMU POOOTH CHH-
TE30BAaHUX OJHO- 1 JBOMAaCOBHX EJIEKTPOMEXaHIYHHX CHUCTEM 3 HEMPOHHOIO Mepe-
KEIO.

Jamni, y aucepraiiiiHiii poOoTi 0OrpyHTOBaHO BHOIp CTPYKTYpHU 1 METOIy Ha-
BYaHHS HEWpPOHHOI Mepexi, BUOIp 3BOPOTHUX 3B'SI3KIB aBTOMATH30BAHOI CHCTEMH
yIpaBJiHHS, OTPUMaHl MaTeMaTUYHI MOJIEIII OJHOMACOBOI 1 IByXMacCOBOM €JIeKTpo-
MEXaHIYHUX CHUCTEM 3 HEHPOMEpPEKEBUM PETyIATOPOM B 0€3pO3MIpHUX y3arajbHe-
HUX [apaMeTpax 3 ypaxyBaHHSIM HEJIHIMHOCTI MeXaHIYHOi XapaKTepHCTUKU HaBaH-
TaxkeHHs. [IpoBeneHo aHaii3 BIUIMBY MapaMmeTpiB 00'€KTa ympaBiIiHHSI Ha JUHAMIYHI
PEXUMHU POOOTH CHMHTE30BAaHMX OJHO- 1 ABOMACOBUX E€JIEKTPOMEXaHIYHHUX CUCTEM 3

HEHpOHHOIO Mepexero. Ciil 3ayBaKUTH, 10 €JIEKTPOMEXaHIuHI CUCTEMH 3 HEHpOH-
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HOIO MEpEeXkelo, sika Mo0y0BaHa 0e3 ypaxyBaHHS HEJTIHIHHOCTI MEXaHIYHOI XapaKTe-
PUCTUKHM HABaHTA)XCHHS, MOXKYThb HE MOTpeOyBaTH ii mepeHaBYaHHs, OCKIIbKH, PETy-
JTOpH, TOOYyI0BaHI Ha 0a3l HEHPOHHUX MEPEX, MAIOTh BIACTUBOCTI (HAIIPHUKJIIA,
3MIaTHICTh /10 HaBYaHHS , y3arajbHEHHs, YHIBEpPCAJIbHOI allpOKCUMAIllii), IKHX HE Ma-
101h KiacuyHi [1-, IT1- Ta [TII-perymnsTopu.

Po3pobnena Meroarka anmpoOoBaHa Ha MPUKJIAAaX CHUHTE3Y PIZHHUX E€JIEKTPO-
IPUBOJIB MOCTIMHOTO 1 3MIHHOTO CTPYMY KOHKPETHHMX MAIIMH 1 MEXaHi3MiB 3 HeJi-
HIHOIO XapaKTepUCTUKOIO HaBaHTaKeHHs. [Ipu 11bOMy BUKOPHCTOBYBAJIUCS pealibHi
JaHl MPHUBOJIIB, TAKUX SIK €JIEKTPONPUBOA MOJa4yl TOKAPHOTO BEPCTaTy 3 ABUTYHOM
MNOCTIHHOTO CTPyMY HE3aJIeKHOTO 30Y/DKeHHS, B SIKOMY BHUHHUKAIOTh 3pUBHI aBTOKO-
JIMBaHHS, €JIEKTPOIPUBO PYJHUKOBOrO enekTpoBo3y APII14 3 nBuryHom mociniioB-
HOTO 30Yy/KEHHS, MO3UIIOHYIOUUH eJIeKTPONpuBO cTputounoro mnepesony CII-6 3
JBUTYHOM TIOCJIIJIOBHOTO 30Yy/IPKEHHS, a TaKOX E€JIEKTPOIPHUBOJL 3 ACHHXPOHHUM JBU-
ryHoM. Kpim 1poro, Oyna po3poOiieHa HelipoMepexeBa CHUCTeMa KepyBaHHS JIHIN-
HUM JIBUTYHOM €JIEKTPOMAarHiTHOrO TUIY Ta MOOYyJOBaHO BIAMOBIIHUE J1abopaTop-
HUMN CTEH]I, Ha SIKOMY € MOXJIMBICTh MOPIBHATU pOOOTY KIIACUYHUX CUCTEM KEpYyBaH-
HS 3 HEHPOMEPEIKEBUMH.

Hagezeni B qucepraltiifHiii poO0TI IPUKJIAIU MMOB'I3aH1 3 BUKOHAHHAM OI0JIKE-
THUX TeM 3a mianamMu MOH Vkpainu 1 iHIIIaTUBHOT TEMATHUKH 3a 3allUTaMM ITiANpHU-
eMmcTB. [loka3zana e(eKTHBHICT BUKOPHUCTAHHS HEUPOHHUX MEPEX ISl HMIMPOKOTO
PI3HOMAHITTSI €JIEKTPONPHUBOAIB MAIIMH 1 MeXaHi3MiB. B poOoTi BupilieHa Ba)xJIMBa
HAYKOBO-TIPaKTHYHA 33Jla4a YCYHEHHs (PUKIIITHIX aBTOKOJIMBAHb MEPIIOTO 1 APYTO-
ro poAy 3a paxyHOK BHUKOPHUCTAaHHS HEMPOHHHMX MEpEeX Ta CTBOPEHOI METOIUKHU X
CUHTE3Y.

Knrouosi cnosa: enexTponpuBojl, eleKTpOMEXaHiuHa CHUCTeMa, HEHpOHHA Me-
pexa, akTuBaIliiiHa (QPyHKIIisl, TEHETUYHUM aJlTOPUTM, HEJlHiMHEe (puKIliiiHe HaBaH-
TaXKEHHSI.
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ANNOTATION

Obruch 1. V. Synthesis of electromechanical systems with a neural network and
frictional loading. — Qualification scientific manuscript copyright.

Thesis for the degree of candidate of technical sciences in the specialty
05.09.03 "Electrotechnical complexes and systems" — National Technical University
"Kharkov Polytechnic Institute", Ministry of Education and Science of Ukraine,
Kharkov, 2018.

The dissertation is devoted to the synthesis of one-mass and two-mass electro-
mechanical systems with perceptron type neural network (PERCEPTRON) and fric-
tional load, which 1n real electric drives 1s nonlinear. Such a load in electromechani-
cal systems can be manifested in the form of frictional self-oscillations. Frictional
self-oscillation is a special mode of operation of the electric drive, which negatively
affects its functioning. This mode may occur under certain conditions (pushing, push-
ing, slipping), in various electric drives of machines and mechanisms, for example,
compressive rolling mills, mine and main locomotives, longitudinal milling, milling
machines, horizontal boring, grinding, turning machines, mechanisms moving cranes,
etc. At the same time, such a mode of operation of electric drives impairs the quality
of the technological process (accuracy and purity of the processed surface of the
part), the accuracy of positioning, leads to an increase in losses in the electric drive,
and, sometimes, to breakdowns of kinematic links.

There are various ways to eliminate frictional self-oscillations in an electric
drive that have certain advantages or disadvantages. In the given work, on the basis
of the conducted researches, the new method of elimination of frictional self-
oscillations and improvement of dynamic properties of electromechanical systems
with the help of neuro-regulators, which are constructed on the basis of multilayer
straight-line neural networks of type perceptron is offered.

To use neural networks as regulators of electromechanical systems, they need
to be taught. The learning process can be implemented using various methods, such

as reverse error propagation techniques or a genetic algorithm. To train neural net-
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works for work in the control systems, earlier mentioned types of electric drives, it is
proposed to use the method of genetic algorithm. In this regard, a new modification
of the mean-square criterion for training neural networks was developed. The differ-
ence between the proposed modification and the classical criterion of the mean
square deviation is that the time factor is included in the subunit expression, while
this modification allowed to reduce the training time of the neural network and to im-
prove the dynamic and static performance of one- and two-mass electromechanical
systems that are unstable in the open state, or there are self-oscillations in these sys-
tems.

The method of synthesis of neural network regulators of electromechanical sys-
tems was originally developed for systems linearized at the point of static equilib-
rium. The choice of the structure and method of teaching the neural network, the
choice of feedback links of the automated control system, the mathematical models of
onemass and twomass electromechanical systems with a neural network controller in
dimensionless generalized parameters are obtained. The analysis of the influence of
the parameters of the control object on the dynamic modes of the synthesized single-
and double-mass electromechanical systems with the neural network is carried out.

Further, the choice of the structure and method of teaching the neural network,
the choice of feedback links of the automated control system, the mathematical mod-
els of one-mass and two-mass electromechanical systems with a neural network con-
troller in dimensionless generalized parameters taking into account the nonlinearity
of the mechanical load characteristics are obtained. The analysis of the influence of
the parameters of the control object on the dynamic modes of the synthesized single-
and double-mass electromechanical systems with the neural network is carried out. It
should be noted that electromechanical systems with a neural network, which are
constructed without regard to the nonlinearity of the mechanical characteristics of the
load, may not need to be re-taught because regulators built on the basis of neural
networks have properties (for example, the ability to study, generalization, universal

approximation), which do not have classical P-, PI- and PID-regulators.
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The developed method is tested on the examples of synthesis of various electric
drives of constant and alternating current of specific machines and mechanisms with
nonlinear load characteristics. It used real data of drives, such as the electric drive of
a lathe with a DC motor of independent excitation, in which there are breakdown os-
cillations, an electric drive of the mine electric locomotive ARP14 with a motor of
successive excitation, a positioning electric drive of the switching of the SP-6 with
the engine of successive excitation, and also the electric drive with an asynchronous
motor. In addition, a neural network control system for a linear motor of an electro-
magnetic type was developed and an appropriate laboratory bench was built on which
it is possible to compare the work of classical control systems with neural networks.

The examples presented in the dissertation are related to the implementation of
budget themes under the plans of the Ministry of Education and Science of Ukraine
and the initiative subjects on the requests of enterprises. The efficiency of using neu-
ral networks for a wide variety of electric drives of machines and mechanisms is
shown. The important scientific and practical task of elimination of frictional self-
oscillations of the first and second kind by the use of neural networks and the estab-
lished method of their synthesis was solved in this work.

Keywords: electric drive, electromechanical system, neural network, activation
function, genetic algorithm, nonlinear friction load.
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