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1. MeTonu, mozesi Ta iHpopmaliiiiHa TEXHOJIOTiS ONTUMI3aLii yIIpaBIiHHS CKIQAHUMU AUHAMIYHUME CUCTeMaMu (Ha
npukiazi enepro6aoxy AEC)

2. Methods, models and information technology for optimization the control of complex dynamic systems
(exemplified by a nuclear power unit)

Pedepar:

1. Incepraliito pucBsi4eHO po3poOLi i1 OOIPYHTYBAaHHIO METO/IB, Moiesiel Ta iHdpopMalliliHOI TexHoJIorii
onTUMi3zallii ynpaBliHHS CKJIaIHUMU IUHAMIYHUMU CUCTEMAMU Ta iX NOCIiIKEHHs 1711 HA IPUKJIaZli €eHeprobyoKy
AEC. IIpoBeneHo aHani3 cydyacHUX iHQOpMaliiHUX TEXHOJIOTIN YIIPaBIiHHS CKIQAHUMU IUHAMIYHUMU CUCTEMaMU.
Po3po6sieH0 HAayKOBi Ta METOZ0JIOTYHI OCHOBU CTBOPEHHS Ta 3aCTOCYBaHHSI iH(pOpMaliitHOi TeXHOIOTii AJ1s
VIIPaBJIiHHS CKJIQIHUMU JUHAMIYHUMU CUCTEMaMU. 3aIIPOIIOHOBAHO 3arajlbHi MOJeJli AMHAMIYHUX CUCTEM 3
BiJHOCHMMU 3MiHHMMU CTaHY, Ha OCHOBI IKMX I0OYZ,0BaHO HeJIiHiliHi MaTeMaTHU4Hi MoZeJi 17151 00'€KTiB yIpaBJliHHS
eHepro6s10ky AEC sk CKIaiHUX IUHAMIYHUX CUCTEM. YIOCKOHAJIEHO METOIM aHajli3y MaTeMaTUYHUX MOJielen

CKJIAIHUX JUHAMIYHUX CUCTEM Ta BUKOHAHO aHAaJIi3 MPOLECiB B HEJIiHIMHUX MOJIEJSIX OCHOBHUX €JIEMEHTIB



eHepro6soky AEC. Y3araspHeHO Mozesli iHpopMaLiliHO-YIIPaBISIIOUMX CUCTEM 7151 ifeHTU(iKallil mapameTpiB
CHCTEM, a TAaKOX JJIsI ONITUMI3allii mapameTpiB peryssaTopis. Po3po6yeHo KpuTepii OLiHIOBaHHS SIKOCTI
MaTeMaTU4YHUX MOJieJiell CKIaIHUX AUHAMIYHUX CUCTEM Ta BUKOHAHO ineHTudikalio napaMmeTpiB Mozesneii 3a
€KCIIEPMMEHTAIbLHUMU NIPOLieCaMU B €JIeMeHTax eHepro6yoky AEC. Po3po6seHo iHpopMaliliHy TEXHOJIOTIIO
OITUMI3alii yIIpaBJIiHHS CKIAIJHUMU IUHAMIYHMMY CUCTEMAMU Ta [IPUBEAEHO NPUKIIAAY I BAKOPUCTAHHS [J1s1
onTumizatlii iHpopmaliiiHuX ynpasisitounx cucteMm eHepro6soky AEC. PesysnbTaTu fOCIIKEHb 03BOJISIIOTH
HiABUIMTY SIKiCTh IIPOEKTYBAHHS CUCTEM YIIPABJIiHHS CKJIQIHUMU JUHAMIYHUMMU 00'€KTaMU, MiIBULIUTY CTYIIiHb
HAyKOBOi OGI'PYHTOBAHOCTi TEXHIYHUX ITPOEKTIB 3 YI,OCKOHAJIEHHSI CUCTEM YIPaBJiHHS eHepro6siokiB AEC. Kio4oBi
cJioBa: indpopMallifiHa TeXHOJIOTIs, CKIaiHa JUHAMIiYHa cUCTeMa, iHPpopMaliliHO-yIIpaBsioya CUCTEMA,
MO[IeTIIOBaHHS, METO I, ONITUMi3alii, ineHTudikauis, Kputepiit sskocTi, eHepro6aoxk AEC.

2. The dissertation is devoted to the development and justification of methods, models and information technology
for optimizing control of complex dynamic systems and their study using the example of information and control
systems of a nuclear power unit. The research analyzes modern information technologies of control and
optimization with the purpose of their use for optimization of processes of complex dynamic systems control. As
an example of a complex dynamic system the NPP unit with the WWER-1000 nuclear reactor is considered. The
thesis analyzes methods of process modeling in complex dynamic systems and information control systems,
quality indicators of information and control systems and possibilities of their application to the processes of
control of complex dynamic systems, existing approaches and methods of synthesis of information control
systems, computational optimization methods and possibilities of their use for optimization of quality indicators of
information and control systems. The scientific and methodological foundations of creation and application of
information technology for control of complex dynamic systems are developed which includes six basic functional
elements, namely a block of systems models, a module of methods of integration, a block of calculation of criteria
of quality of systems, a block of methods of optimization, a block of presentation of information and a module of
data structures with the formation of data structures of tasks and processes of optimization and a functional
model of process of optimization of control of complex dynamic systems that allows filing data structures with the
ability to continue the process of optimizing the complex dynamic system and presenting the results in text and
graphical forms. General models of dynamic systems with relative state changes are proposed, on the basis of
which nonlinear mathematical models for the control units of NPP units as complex dynamic systems are
constructed. Methods of analysis of mathematical models of dynamic systems are improved with the use of matrix
methods of integration of systems of differential equations that is the method of the matrix exponent and its
integral for integration of linear systems, system methods of the first, second and third degrees for integration of
nonlinear systems, which ensures the improvement of accuracy processes compared to other methods. Models of
information control systems for identification of parameters of information control systems and for optimization
of parameters of regulators have been generalized. The thesis develops models of information control systems of
NPP unit, namely the models of Neutron power of nuclear reactor, the model of water level in steam generator, the
model of rotation speed of steam turbine rotor, the model of a whole power unit to maintain neural power of the
reactor and to maintain the pressure in the main steam collector in the form of differential equations, systems of
differential equations, variable and permanent parameters, external actions included in the block of models of
systems of information technology. Criteria and methods for the identification of dynamic systems have been
developed, a vector target identification function has been formed, a method for its calculation has been
developed, and methods for unconditional optimization of scalar functions with the restart of the comparison
operation have been implemented for its optimization. Mathematical models of control systems with PI regulators
to identify the parameters of control objects have been generalized. The analysis of the degree of stability and the
boundaries of the area of stability for these control systems substantiates their stability. Methods of calculation of
direct quality indicators of dynamic systems and improved integral quadratic estimations are developed, problems
of optimization of parameters of dynamic systems are reduced to optimization of vector target functions that take
into account the requirements of implementation of the system, its stability, improvement of quality indicators.
One-way search optimization methods are provided to optimize vector target functions. Using information



technology to optimize the control of complex dynamic systems based on models of information control systems
of the WWER-1000 nuclear reactor, the PGV-1000 steam generator, the K-1000-60/1500-2 steam turbine, the
systems of the second circuit of the power unit, the entire NPP unit with the WWER-1000 reactor under normal
operating conditions with partial load reduction, the parameters of the regulators have been optimized according
to the direct quality indicators. Keywords: information technology, complex dynamic system, information and
control system, modeling, optimization method, identification, quality index, nuclear power unit.
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