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Pedepar/aHoTanis:

1. Incepralis NpUCBsAY€HA BUPIIEHHIO HAYKOBO-TEXHIYHOI IIPOOIEMY PO3BUTKY TE€OPii Ta METOIIB aHAi3y
IVHAMIYHUX PEKUMIB €JIEKTPOMEXAHIYHUX CMCTEM Ha OCHOBI 3aCTOCYBaHHS YMCJIOBUX METOIB Ta aHai3y ixX
BILJIMBY Ha XapaKTePUCTUKU eJIeKTPOMEXaHIYHUX cUCTeM. Y poOOTi JOCiIKEeHO BIJIUB YMUCJIOBUX METOZIB
PO3B’3yBaHHs 3BMYaliHUX AudepeHIiialbHUX PiBHIHb HA MOBEJiHKY LIM(PPOBOi MOJeJli 3 KOPUTYBAaHHSIM METOZIB
LIJIIXOM BUOOPY BiAATIOBiTHOTO KPOKY iHTErpyBaHHs. Y LU(PPOBUX CUCTEMAX PEAJILHOTO Yacy, SIKUMU €
€JIEKTPOMEXaHiYHi CuCTeMHU, KPOK iHTErpyBaHHs € (iKCOBAaHUM i Harepe[, 3alaHUM, 10 TaKOK Ma€ MEeBHUI BILJIUB
Ha NOBeMiHKY cucteMu. Tomy, 3 IOTJIALY 33124 €JIEKTPOEHEPreTUKY Ta €JIEKTPOMEXaHIKY, aKTyaJIbHUM
3aJIMIIAETHCS BUBYEHHS BIUIMBY Pi3HUX MiTXOMIB Ta METOMIB HA CUCTEMY, SIKa MOJEJIIOEThCS Ta JOCIIIPKYETbCS, K
IIPOTOTHUII PeaJIbHAX CUCTEM J1J1 TOOYTOBOTO Y TPOMUCJIOBOTO 3aCTOCYBaHHS. Y po3fini 1 «AHani3 ctany

npo6seMy, IIOCTAaHOBKA 33/1a4i IOCIiI’)KeHb» BUKOHAHO aHaJIi3 JiTepaTypHUX JiKepeJl 32 TEMaTHKOI POOOTH.



Po3rysiHyTO TEOpETUYHI 3acajiy YMCIOBUX METO/IB, iX 3aCTOCYBaHHS Ta peasisanis. HaBeneHo OCHOBHI BilOMOCTI
IIPO BUKOPHCTAHHSI YMCJIOBUX METOJiB HA OCHOBI iCHYIOUMX JOCJIiIpKeHb Ta My6Jlikauiil. Y po3zini 2 «AHai3
YUCJIOBUX METO/IiB iHTErpyBaHHS SIK €JIEMEHTIB [U(PPOBUX CUCTEM» HaBeEHO METOLIM aHaJIi3y NOBEIiHKN YA CIOBUX
METO/IiB, MiAXOAU 10 iX BUBYEHHS Ta peasidauii. [Tin 4ac aHasni3y 4MCI0BUMX METOMIB, SIKi 6a3yI0ThCSl HA IPUHLIMII
iHTerpyBaHHS IIPOAHATi30BAHO iXHi TepeBary, HeJOJIKY Ta HiTX0! 10 BUKJIIOYEHHS, a0 HaBIIaKU [10JAJIbIIOTO
BUKOPUCTAHHS AJIs1 OCHimKeHb. [IpoBeneHi qocmimKkeHHs ix eeKTUBHOCTI, CTIMKOCTI Ta BifMOBIAHOCTI 3a1a4yam
€JIEKTPOMEXaHiKU. BUKOHAHO JOCJIJKEHHS IJ1s1 AUCKpeTU3alii [u(ppoBUX CUCTEM KePyBaHHS 33 JOIIOMOIOI0
YUCJIOBUX METOIB. 1151 IbOro, iX pO3IJISIHYTO K UU(POBi PiNbTpH, SKi € CKIaI0BOIO YaCTUHOIO LIU(PPOBOi CUCTEMU.
Anani3 Takux nudpoBux QiNbTPiB peasizoBaHoO 3a AOIOMOIOI0 Z-TIePETBOPEHb. Y MpOoLieci JoCTiIkeHb 610
3'5ICOBAHO, 110 KOXKEH YKUCJIOBUM METO[, (SIK LudpoBuil PpinbTp) NounHae Bif cede 101aBaTy BIJIMB HA PE3YJIbTYIOUY
u1@ppoBoi Mozei, TOOTO, Ha MOBEiHKY MOJIeJli HaKJIa4A€eThCs IOBEiHKA YMCIOBOTO METONY. B IKOCTi 0iHOTO
CI110co0y BUSIBIIEHHS L[bOTO SBUILA OOPAHO KJIACUYHUI METOJ, YaCTOTHUX XapaKTePUCTHUK, a TAKOXK 3aIIPOTIOHOBAHO
L7151 aHaJIi3y BUKOPUCTATH PO3MOiJ HYJIiB /MIOJIOCIB IUCKPETHOI CUCTEeMU Ha KOMILJIEKCHIN IomuHi. 3a
IOTIOMOTOI0 OCTaHHBOTO METOly OyJIO OTPUMAHO HAOUHUM pe3yJIbTaT HaK/IalaHHs IOBEIiHKU YMCIIOBUX METO/IB Ha
MoBeiHKy MogeJi. [TosiBa HOBUX NOaTKOBUX HYJIiB Ta MOJIOCIB AUCKPETHOI CUCTEMU MOPIiBHSIHO 3 HETIEPEPBHUM
IIPOTOTHUIIOM BiIUyTHO yCKJIAHHIOE Pe3yJbTyi04y L1(pPOBY MOLEsb CUCTEeMU. TakuM YNHOM, IPOBeeHi
IOCTiIKEHHS TI0Ka3aJu AOLJIbHICTh BUKOPUCTaHHS YMCJIOBUX METOIiB HU3BKUX MOPSIAKIB 3 METOI0 30€peskeHHSs
KiJIBKOCTI HyJIiB /NIOMIOCIB. Y po3ini 3 «MeTo, BiflOBiAHOCTI HYJIiB i IIOJIIOCIB SIK pallioHaJIbHUI METOJ, CUHTE3Y

11 PoBUX CUCTEM» TOCIIKEHO e(EeKTUBHICTh 3aCTOCYBAaHHS Z-TIEPETBOPEHHS, a CaMe — METOAY BioOpakeHHs
HYJIiB /TIOJIIOCIB, [l CTBOPEHHS MOZieJiell peajibHOro yacy. 31iliCHeHO peTpOCIeKTUBHUI aHasli3 3acaj, BAHUKHEHHS
METO/ly Ta OIIMCAHO OCHOBHI IPUHLIUIIM HOro peasisallii i 3acTocyBaHHs. BuBueHO e(peKTHUBHICTh peaisalii MeTony
BiJOOPa’KEHHS HYJIIB i IOJIIOCIB /11 aHAJIi3y €JIEKTPOMEXaHIYHUX cucTeM. Ha mpukiazi MogesoBaHHs TUHAMIYHUX
JIaHOK IIE€pIIOTo Ta JPYroro MopsiKiB HaBeleHo CIIOCi6 3aCTOCYBAaHHS METO[IB, IepeBaru Ta HIOAHCU TaKoro
3aCTOCYBaHHS. 3p006JIE€HO y3arajbHIOIUUI BUCHOBOK IIPO T€, 10 Z-TIepETBOPEHHS 1a€ 3MOT'Y OTPUMATHU IIPOCTi Ta
e(eKTUBHI peKypeHTHi (OPMyJIM MOJIE€/II0BAaHHS Ha OCHOBI METOMY BiloOpa>XE€HHSI IIOJIIOC /HYJIb. Y po37ini 4
«ExkcniepumenTanbHi gocimkeHHs. Bepudikalis pe3ysibTaTiB» onucaHo po3pobsieHi 3106yBavKol0 KOMITIOTEPHI
MogeJi eneKTpoTexHiYHUX cucteM. Ha iX ocHOBIi 6yJ10 IpoBeieHO eKCliepuMeHTabHI JOCiI)KeHHS Ta HaBeleHO
Pe3yJIbTaTU EKCIIEPUMEHTY 3 MIKPOKOHTPOJIEPOM. Y NIpoLieCci BUKOHAHHS [OCIiIPKEHb 32 TEMOIO AucepTallii 6ys0
3'SICOBAHO, 1[0 KOKEH YNCJIOBUM MeTO[ (SIK udpoBuil GpinbTp) HoOYMHAE BHOCUTH BIUJIMB HA PE3yJIbTYI04y LU(PPOBY
Mogeib. TakuMm YMHOM, 3pO6JIEHO BUCHOBOK, 1[0 Ha [TOBEiHKY MOZEJI HaK/IaaeThCs [10BEiHKA YMCIIOBOIO METOLY.
B sKOCTi 0HOTO 3i CI1I0CO6iB BUSIBIIEHHS 1IHOTO SIBUIIA OOPAHO KJIACUYHUI METO]] YaCTOTHUX XapaKTepPUCTHK, a
TaKOX 3alIPOIIOHOBAHO BUKOPHUCTATH PO3NOIij HYJIiB/MOJIOCIB JUCKPETHOI CUCTEMU Ha KOMILJIEKCHIV TIJIOMMHI 17151
IIpoBefeHHs aHasizy. Ha octaHHbOMY i 6yJ1I0 OTpYMaHO HAOYHUU pe3yJIbTaT HaKJIaJaHHSI [IOBEiHKY YHCIIOBUX
METO/IiB Ha MOBEAiIHKY MoJeJli. [IosiBa HOBUX LOJATKOBUX HYJIIB Ta MTOJIIOCIB JUCKPETHOI CUCTEMHU MTOPIBHSHO 3
HeIlepEPBHUM ITPOTOTUIIOM BiIUYTHO YCKJIAAHIOE PE3yJIbTyI04y LU(PPOBY MOAE/b cucTeMU. OTPUMaHI B IIpoLeci
BUKOHAHHS IOCJIiJI)K€Hb PE3YJIbTaTH NO3BOJIATD 3/1iICHIOBATU MOJEJIOBAHHS JOCTiI)KyBAaHUX €JI€KTPOMEXaHIUHUX

CHCTEM i3 BUIIOIO 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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