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Pedepar:

1. Inceprais IpucBS4YeHa BUPIIEHHIO HAYKOBO-TEXHIYHOI IPO6IEMIU PO3BUTKY TEOPIii Ta METOLIB aHaMi3y
IAHAMIYHUX PEKUMIB €JIEKTPOMEXAHIYHUX CUCTEM Ha OCHOBI 3aCTOCYBaHHS YMCJIOBUX METOJB Ta aHAi3y ixX
BIIJIMBY HA XapaKTE€PUCTUKU €JIEKTPOMEXAHIYHUX CUCTEM. Y POOOTi JOCIIKEHO BIJIUB YUCJIOBUX METOZIB
PO3B’s13yBaHHS 3BUYAliHUX OU(epeHIialbHIX PiBHSHb HAa MOBEAIHKY IU(POBOi MOl 3 KOPUTYBAaHHSIM METOIIB
IJISIXOM BUOOPY BifTIOBiHOTO KPOKY iHTerpyBaHHs. Y [U(POBUX CUCTEMAX PEAJIbHOTO 4acy, SKUMU €
€JIEKTPOMEXaHi{uHi CUCTeMHU, KPOK iHTerpyBaHHS € (PiKCOBaHUM i Harepes, 3aJaHUM, 110 TaKOXX Ma€ II€BHUM BILJINB

Ha HOBC,I[iHKy CHUCTEMMU. TOMy, 3 oAy 3ana4d €JIEKTPOECHEPTETUKU Ta e]IeKTpOMeX&HiKI/I, dKTyaJIbHUM



3aJIMIIAE€THCS BUBYEHHS BIJIMBY Pi3HUX MiIXOZiB Ta METOMIB HA CUCTEMY, SIKQ MOJIEJIOETHCS Ta NOCIIIKYETLCS, SIK
IIPOTOTHII PeaIbHUX CUCTEM J1JIs1 TOOYTOBOrO YU IIPOMHUCJIOBOTO 3aCTOCYBaHHS. ¥ po3nifi 1 «AHami3 cTany
npo6sieMy, IOCTAaHOBKA 33/1a4i OCTIiI’)KeHb» BUKOHAHO aHaJIi3 JiTepaTypHUX JI)KepeJl 32 TEMAaTHUKOI0 POOOTH.
Po3riisiHyTO TEOpETHYHI 3acany YMCIOBUX METOIB, iX 3aCTOCYBAaHHS Ta peasisalid. HaBeleHo OCHOBHI BiOMOCTI
IIPO BUKOPUCTAHHSI YMCJIOBUX METOJIB Ha OCHOBI iCHYIOUMX JOCIiTKEeHb Ta My6Jtikanii. Y po3zini 2 «AHai3
YUCJIOBUX METO/IiB iHTErpyBaHHs SIK €JIeMEHTIB [UPPOBUX CUCTEM» HaBeeHO METOIM aHaJli3y OBeJiHKY YU CIOBUX
METO/IiB, MiAX0AU 10 iX BUBYEHHS Ta peasidauii. [Tin yac aHani3y 4MCI0BUX METO/IB, sIKi 6a3yI0ThCsl HA IPUHLIMIII
iHTerpyBaHHs IpOaHali30BaHO iXHi epeBary, HelOiKY Ta MiAXO4Y 10 BUKJIIOYEHHs], 200 HAaBMAKU MOJAIbLUIOr0
BUKOPUCTAHHS IJ1s1 AOCHTimKeHb. [IpoBeneHi qocmimKkeHHs ix eeKTUBHOCTI, CTIMKOCTI Ta BigMmOBiGHOCTI 3a1a4yam
€JIEKTPOMEXaHiK1. BUKOHAHO JOCJiJKEHHS JJ1s1 AUCKpeTU3alii 1udpoBUx cCUCTEM KepyBaHHS 3a JOIIOMOIOI0
YUMCJIOBUX METOMIB. JIjIs1 IbOro, iX pO3IJISIHYTO K UU(POBi PiNbTpH, SKi € CKIaI0BOIO YaCTUHOIO LU(PPOBOi CUCTEMU.
AHarni3 Takux uudpoBux QinbTPIiB peasizoBaHo 3a JOIOMOrOI0 Z-TIEPETBOPEHB. Y NMPOLECi JoCliIKeHb 610
3'SICOBaHO, 110 KOXKEH YKCJIOBUM MeTo[ (sIK LudpoBuil PpinbTp) NounHae Bif cede 1onaBaTy BIJIMB HA PE3YJIbTYIOUY
1M@ppoBoi Mozei, TOOTO, Ha MMOBEAIHKY MOJIeJli HaKJIaJa€eThCs IOBEiHKA YMCIOBOTO METONY. B IKOCTi 0iHOTO
criocofy BUSIBIIEHHS L[bOTO SBUILA OOPAHO KJIACUYHUN METOJ, YaCTOTHUX XapaKTePUCTHUK, a TAKOXK 3aIIPOTIOHOBAHO
L7151 aHAJIi3y BUKOPUCTATHU PO3MOIiJ HYJIiB /TIOJIOCIB IUCKPETHOI CUCTEeMU Ha KOMILJIEKCHIN IIomuHi. 3a
IOTIOMOTOI0 OCTaHHBOTO METOy OyJIO OTPMMAaHO HAaOUHUM pe3yJIbTaT HaKjIalaHHs I0BEIiHKYU YMCIJIOBUX METO/IB Ha
NoBeJiHKY Mogei. [TosiBa HOBUX NOJATKOBUX HYJIB Ta MOJIIOCIB JUCKPETHOI CUCTEMHU NTOPIBHSIHO 3 HEIIEPEPBHUM
IIPOTOTHUIIOM BiIYyTHO yCKJIQGHIOE Pe3yJbTyi04y U1(pPOBY MOZE/b CUCTEMU. TakuM YNHOM, IPOBeIeHi
IOCJIiIKEHHS TIOKA3aJIu AOLIbHICTh BUKOPUCTAHHS YMCJIOBUX METOJIiB HU3BKUX TIOPSIAKIB 3 METOI0 30€pesKeHHS
KiJIBKOCTI HyJliB /1I0/110CiB. Y po3pini 3 «MeTog, BiilOBiGHOCTI HYJIIB i IIOJIIOCIB 5IK pallioHaJIbHUI METOJ, CUHTE3Y
U(PPOBUX CUCTEMY» JOCIIIKEHO €(PEKTUBHICTb 3aCTOCYBaHHS Z-TIEPETBOPEHHS, 8 CAME — METOAY BilOOPaXeHHS
HYJIiB /TIOJIIOCIB, [l CTBOPEHHS MOZeJiell peajIbHOTo yacy. 31iliCHeHO peTpOCIeKTUBHUI aHali3 3acaj, BAHUKHEHHS
METO[ly Ta OIIMCAHO OCHOBHI IIPUHLUIIU HOro peasisallii i 3acTocyBaHHs. BuBueHO e(peKTHUBHICTh peaisalii MeTony
BiJOOpa>KEHHS HYJIIB i IOJIIOCIB 114 aHaJIi3y €JIeKTPOMEXaHIYHUX cucTeM. Ha mpukiazi MogesoBaHHS TUHAMIYHUX
JIaHOK IIE€pIIOTO Ta IPYroro MOpsIKiB HaBeIeHO CIIOCiO 3aCTOCYBAaHHS METO[IiB, IepeBaru Ta HIOAHCU TaKoro
3aCTOCYBaHHSI. 3p006JIeHO y3arajbHIOIUUI BUCHOBOK IIPO T€, 10 Z-TIepeTBOPEHHS 1a€ 3MOT'Y OTPUMATHU IIPOCTi Ta
eeKTUBHI peKypeHTHi (OpMYJIM MOJIE/II0BaHHS Ha OCHOBI METOMY BilOOpa>KEeHHSI II0JIIOC /HYJIb. Y po37ii 4
«ExkcniepumenTasnbHi gocimpkeHHs. Bepudikallist pe3ysibTaTiB» onucaHo po3pobJieHi 3106yBavKol0 KOMITIOTEPHI
MogeJii eneKTpoTexHiuHux cucteM. Ha ix 0cHOBI 6y710 TpoBeieHO eKCIIepUMeHTasIbHI LOCIiI)KeHHSI Ta HaBeIeHO
Pe3yJbTaTU €KCIIEPUMEHTY 3 MIKPOKOHTPOJIEpOM. Y MpolLieci BUKOHAHHS NOCIiIP)KeHb 32 TEMOIO AucepTallii 6yso
3'SICOBAHO, 110 KOXKEH YKCJIOBUM METOJ, (SIK LU(PPOBUI PiNbTp) NOUYMHAE BHOCUTH BILJIMB Ha PE3YyJIbTYI04Y LU(PPOBY
Mogeib. TakuM YMHOM, 3pO6JIEHO BUCHOBOK, 1[0 Ha MTOBEJiHKY MOZEJI HaK/IaaeThCs [T0BeiHKA YMCIIOBOIO METOLY.
B sKOCTi 0HOTO 3i CIIOCO6IB BUSIBIIEHHS 1IOTO SIBUIIA OOPAHO KJIACUYHUI METO]] YaCTOTHUX XapaKTePUCTHK, a
TaKOXX 3aIIPOIIOHOBAHO BUKOPHUCTATH PO3IMOiJ HYJIiB/MOJIOCIB JUCKPETHOI CUCTEMU Ha KOMILJIEKCHIN TIJIOMMHI 17151
IIpoBeeHHs aHaiizy. Ha octaHHbOMY i 6yJI0 OTPYMAaHO HAOUHUE Pe3yJIbTaT HaKJIaJaHHS TIOBEiHKY YUCIOBUX
METO/iB Ha NMOBeLiHKY Mogei. [TosgBa HOBUX JOAATKOBUX HYJIIB Ta MOJIIOCIB TUCKPETHOI CUCTEMU MOPIiBHSHO 3
HelepepBHUM ITPOTOTUIIOM BiIUYTHO YCKJIAAHIOE Pe3yJbTyiouy LUPPOBY Moaesb cucTeMy. OTpUMaHI B IIpoleci
BMKOHAHHS IOCJIiI)KEHb PE3YJIbTaTU O3BOJISITh 3ilICHIOBATA MOJEIOBAHHS JOCIIiIKyBaHUX €JIEKTPOMEXaHIYHUX

CHCTEM i3 BUIIOI TOYHICTIO.

2. The dissertation is devoted to the solution of the scientific and technical problem of the theory and methods
development to analyze dynamic modes of electromechanical systems based on the application of numerical
methods and analysis of their influence on the characteristics of electromechanical systems. The PhD thesis is
devoted to the investigaton of the influence of numerical methods of ordinary differential equations solving based
on the behavior of a digital model with its adjustment by choosing the appropriate integration step. In real-time
digital systems, such as electromechanical systems, the integration step is fixed and predetermined that also has
some influence on the behavior of the system. Therefore, from the point of view of the tasks of electric power
engineering and electromechanics, it remains expedient to conduct a research of the influence of various



approaches and methods on the system, which is modeled and studied as a prototype of real systems for domestic
or industrial use. In the Chapter 1 "Analysis of the state of the problem, formulation of the research problem" the
analysis of literary sources connected with the topic of the work is conducted. The theoretical base of numerical
methods, their application and implementation are considered. The basic information about the numerical
methods usage based on existing research and publications has been analyzed. Chapter 2, "Analysis of Numerical
Methods of Integration as Elements of Digital Systems," presents methods intended for analyzing the behavior of
numerical methods, and implementation. In the analysis of numerical methods based on the principle of
integration, their advantages, disadvantages, and approaches for their further usage are presented. Their
efficiency, stability, and relevance to electromechanics problems are investigated. The explicit Adams formulas are
analyzed for the discretization of digital control systems using numerical methods. For this purpose, they are
considered as digital filters that are an integral part of a digital system. The analysis of such digital filters was
implemented using z-transforms. During the research conducting, it was found that each numerical method (as a
digital filter) causes its own influence on the resulting digital model, that is, the behavior of the model is
superimposed on the behavior of the numerical method. The classical method of frequency response was chosen
as one way to detect this phenomenon. It was also proposed to use the distribution of zeros/poles of a discrete
system on the complex plane for analysis. In fact, the last one was used to obtain an evident result of the
superposition of the behavior of numerical methods on the behavior of the model. The emergence of new
additional zeros and poles of the discrete system compared to the continuous prototype significantly complicates
the resulting digital model of the system. Thus, the studies have shown that it is advisable to use low-order
numerical methods to keep the number of zeros/poles. Chapter 3, "The Method of Zeroes and Poles Matching as a
Rational Method for Digital Systems Synthesizing," investigates the effectiveness of the z-transform using, namely,
the method of zeroes/poles mapping, to create real-time models. The historical foundations of the method and its
basic principles of implementation and application are analyzed. The effectiveness of the implementation of the
zero-pole mapping method for the analysis of electromechanical systems is studied. In the Chapter, on the
example of modeling dynamic links of the first and second orders, the analysis of the methods applying,
advantages and nuances of such application are presented. The Z-transform allows obtaining simple and efficient
recurrent modeling formulas based on the pole /zero mapping method. In Chapter 4, "Experimental Research.
Verification of Results" describes the computer models of electrical systems on the basis of which the
experimental studies were conducted and the results of the experiment with a microcontroller are presented.
During the research, it was found out that each numerical method (as a digital filter) adds its own influence on the
resulting digital model. So, the behavior of the model is supeposed with the behavior of the numerical method. The
classical method of frequency response was chosen as one way to detect this phenomenon, and we also proposed
to use the distribution of zeros /poles of a discrete system on the complex plane for analysis. In fact, the last
method was used as the basis for the visual result of imposing the behavior of numerical methods on the behavior
of the model. The appearing of new additional zeros and poles of the discrete system compared to the continuous
prototype significantly complicates the resulting digital model of the system. The results obtained in the process of
the research will allow us to model the experimental electromechanical systems with higher accuracy
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