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1. MeTonu cuHTesy Ta ineHTUdiKaLii eKBiBaJeHTHUX MaTeMaTUYHUX MOJesiell 6araToBUMIpHUX IUHAMIYHUX OO'€KTIB

2. Methods of synthesis and identification of equivalent mathematical models of multidimensional dynamic objects

Pedepar:

1. Po6oTa nmpucesueHa CTBOPEHHIO METOiB CUHTE3Y Ta ifeHTUdikalii eKBiBaJIEHTHUX MaTeMaTUYHUX MOJeleN
MiHIMaJIbHOTO MOPSZKY 17151 6araTOBUMipHUX NUHAMiYHUX 00'€KTiB. JloBeieHo, o MiHiManbHO-($a30Bi
OaraToBUMIipHI AMHAMI4Hi 06'€KTH, 110 MAIOTh BiJl€MHIi 3BOPOTHI 3B'I13K1, MOKHA €KBiBaJIEeHTHO OIIMCYBaTH, He
BUXOJSIYM 32 Kjlac MiHiManbHO-(a30oBuUX, ¢ epeHLialbHIMU PIBHIHHIMU 3 TOPSIKOM, 110 JOPiBHIOE CyMi
MOPSZIKY CTaplloi MOXiAHOI y MpaBiii yacTuHi Ta yucia Tpu. s MiHiManbHO-(a30BUX JiHIMHUX 6araTOBUMipHUX
IVHaMiYHUX 00'€KTIB, 10 MTPALIOIOTh Y PESKMMI IIPSIMOI Ilepefadi CUTHaly, BIieplie po3po6IeHO METO, CUHTEe3Y Ta
inenTu@ikauii mpoueciB y HUX MOJ€/IIMU MiHIMaJILHOTIO IOPSIAKY B KJIaci MiHiMasibHO-(a30BUX, €KBiBAJIEHTHUMU 32
4acTOTOIO 3pi3y. sl 3aMKHYTUX MiHIMasIbHO-(a30BUX JIiHINHAX 6araTOBUMIPHMX AUHAMIYHUX 00’€KTiB BIeple
PO3pO6JIEHO METOJ, CUHTE3Y Ta ifeHTrikalii polueciB y HUX MaTeMaTUYHUMU MOJEJISIMU MiHIMaIbHOTO NOPSIAKY B

KJ1aci MiHiMasbHO-(a30BUX, €KBiBJIECHTHUMU 332 KpDUTUYHOIO YACTOTOI0. 3aIIPOTIOHOBAHO METOJ, CUHTE3y Ta



inenTudikalii eKBiBaJIEHTHUX MaTeMAaTUIHUX MOJiesIeN MiHIManbHO-(a30BUX IUHAMIYHUX CUCTEM BUCOKOTO
NIOPAIKY B KJIaci HeMiHiMasibHO-(Pa30BUX 3 [IOPSAKOM, HE BUIIMM APYroro. JIoBeeHO, [0 ONTAMAJIbHOO
MaTeMaTUYHOIO MOJEJUIIO CTalliOHAPHOTO YaCOBOTO PSALY, AIKUU € MOJEJUIIO IIPOLIECY B CTOXAaCTUYHOMY
IVICKPETHOMY IMHAMIYHOMY O0'€KTi, € MOJI€JIb aBTOPETPECii-KOB3HOIO CEPEHbOrO, 10 MA€ TPETIH MOPSIOK i IO
aBTOPETPECINHIN CKIAOBI, i 10 KOB3HOMY CEPEIHbOMY. Y3araJlbHEHO METOJ, CUHTE3Y MAaTEMAaTUYHUX MOJENEN
HEJIHIMHUX IUHAMIYHUX CUCTEM 3 HEJIIHINHUMU XapaKTepUCTUKAMU Ta MOJEJISIMU iHEPLIIIHOI YaCTUHY NTEPIIOTO
MOPAIKY Ha 3a71a4i €KBiBaJIEHTYBaHHS HEJIHINHNAX IMHAMIYHMX CUCTEM 3 IPYTUM MOPSIAKOM iHEPLIHOI YaCTUHM.
[IpakTrYHa LiHHICTb OTPMMAHUX B AMCEPTALil pE3yJIbTATIB [10JIAra€ y TOMY, 1[0 BOHU JONOBHIOIOTh TEOPII0 CUHTE3Y
Ta inenTudikauii MaTeMaTUIHUX Mofesiell 6araTOBUMipHUX JUHAMIYHUX 00'€KTiB yMOBaMHU ix €KBiBaJl€eHTYBaHHSI

MaTeéMaTUYHUMU MO EJISIMU MiHiMa]IbHO—ILOHyCTI/IMOFO IIOpAIKY.

2. Thesis researches the creation of methods for synthesis and identification of mathematical models of minimum
order for decreasing time when used in tasks of analysis and optimisation of processes in multidimensional
dynamic objects. For the first time the research proves that the process in minimum phase dynamic objects with
negative feedback which are described by the linear differential equation of the high orders, may be equivalently
described within the scope of minimum phase ones by the differential equations of minimum order, which equals
the sum of maximum order of the derivative in the right part and a three num. For the minimum phase linear
multidimensional dynamic objects, that operate in the mode of the real time signal transmission and which do not
have the derivatives in the right part of the differential mathematical model, there had been for the first time
developed the method for identification of the processes by the mathematical models not higher than that of the
third order, equivalent as for the cutoff frequency. The algorithm of the method is based on the system of the
equations, one part of which shall be synthesised with the consideration of the boundary conditions, set by the
minimum frequency and cutoff frequency, and the other part shall be synthesised using the standard procedure of
the least squares method with the use of Bode magnitude plots. The suggested method of synthesis and
identification of the equivalent models had been transformed into the multidimensional continuous linear
minimum phase dynamic objects, described by the differential equations with the derivatives in the right part. For
the closed minimum phase linear multidimensional dynamic objects, the mathematical models of the open loop of
which do not have the derivatives in the right part of the differential mathematical model, there had been for the
first time developed the method of synthesis and identification of processes by the mathematical models not
higher than those of the third order, but equivalent as for the critical frequency. The suggested method of
synthesis and identification of the equivalent models is transformed into the closed multidimensional continuous
linear minimum phase dynamic objects, the open loops of which are described by the differential equations with
the derivatives in the right part. There had been suggested the method of synthesis and identification of the
equivalent mathematical models of minimum phase dynamic systems of the high order with the algorithm, plunged
into the frequency domain, in the class of non-minimum phase, that is, in the kind of differential models not higher
than those of the second order with an argument, which is late by a certain time during the signal transmission
from the input to the output of the system. It had been proved that the optimal mathematical model of the
stationary time series, which is the model of the process on the statistically distributed discrete dynamic object is
the model of autoregression-moving average of the third order on the autoregressive component as well as on the
component of the moving average. Entering information on the object’s spectrum critical frequency as well as
direction and redirection of the moving average trend on the model were the conditions, chosen as the optimal
criteria to prove this argument. There had been generalised the synthesis method of mathematical models of
nonlinear dynamic systems with nonlinear characteristics in the form of polynomials and the models of inertial
part in the form of magnitude and phase responses, which is based on the algorithm of converting multiple
Volterra integral equations, set in the time domain, into the single integral equations, for the solution of which
there used the magnitude and phase responses of the inertial part of these systems, on the tasks of reduction of
nonlinear dynamic systems with random order of their nonlinear characteristics and the second order of the
transfer functions of their inertia components. On the example of nonlinear dynamic systems with the third order
of nonlinear characteristics and the second order of the inertia part of these systems there had been specified the



algorithm of parametric identification of their equivalent models. Practical value of the results obtained is that,
first of all, they complement to the theory of synthesis and identification of the mathematical models of dynamic
systems with the conditions of using the equivalent mathematical models with the minimum allowed order instead
of mathematical models of multidimensional dynamic objects, that is, objects of the high orders in the tasks of
their analysis and optimisation, they also complement this theory with the methods for identification of the
equivalent models, for which there had been created specific realisation algorithms and calculation correlations
for the evaluation of the adequacy
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