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AHOTALIIA

Hixynina O. M. Metoau, moneni Ta iHpopMaliiiHa TEXHOJOTIS ONTHMI3alli
yIpaBIiHHS CKJIaJHUMH TUHAMIYHUMH CUCTeMaMu (Ha npukiani eneproonoky AEC).
— KBamidikamiitna HaykoBa mpails Ha IIpaBax PyKOIHCY.

Huceprariisi Ha 3100yTTSI HAYKOBOTO CTYIIEHS JJOKTOpa TEXHIYHUX HAyK 3a CIie-
mianpHicTIO 05.13.06 — indopmaniiini TexHoorii (12 — [ndopmartifini TeXHOJIOTIT). —
HamionanpHuii TeXHIYHMN YHIBEPCUTET «XapKiBCHKHM MOJNITEXHIYHUN 1HCTUTYT»
MiHicTepcTBa OCBITH 1 HAyKH Y Kpainu, Xapkis, 2019 p.

06 ’exm OocniodcenHs — MPOLIECH YIIPABIIHHS CKJIAJJHUMHU JUHAMIYHUMH CHC-
TEMaMH.

Ilpeomem Oocnioscenns — METOIM, MOJIel Ta 1H(popMaIliiiHa TEXHOJIOTIS OIl-
TUMI3aIliil yIpaBIiHHA CKIQAHUMU TUHAMIYHUMU CUCTEMaMH.

JlokTopchKa aucepTallis € 3aBepIIeHO0 HAyKOBO-IOCIIAHOK POOOTOL0, 1110 Mi-
CTUTh PO3B’A3aHHS BaXXJIMBOI HAYKOBO-TIPUKIIAIHOI MPOOJIEMU PO3POOKH METO/IIB,
Mozenield Ta 1HPOpPMaLIHHOI TEXHOJIOrIT ONTHUMI3allli YIpPaBIIHHS CKJIQJHUMHU JHHA-
MIYHUMHU CHUCTEMaMHU, AKi XapaKTePU3YIOThCSI BUCOKUM IMOPSIAKOM MOJIENEH 1 BEIu-
KO0 KUIBKICTIO TIapaMeTpiB Ta HENIHIMHOCTEH, Ha OCHOBI 00’€HaHHSA MPOrpaMHUX
OJIOKIB MOJIETIEll CUCTEM 1 METOJIIB ONTUMI3allii, KpUTEPIiB cUCTEM, MOAaHHs 1H(HOP-
Mallii mpo JUHAMIYHI MPOIIECH 1 MPOIIECH ONMTHUMI3allii, MOIYJIiB METOIB IHTETpyBaH-
HS Ta CTPYKTYp JIaHUX HA MPHUKJIAAl ONTUMI3Allll CUCTEM YNPaBIIIHHS E€HEProOIOKYy
AEC 3 peakropom BBEP-1000.

VY BcTymi 0OTpyHTOBAHO aKTyallbHICTh TEMH JUCEPTAIliiHOT poboTH, chopmy-
JHOBAHO METY Ta 3a/adi OCIHIKCHHS, BUKIAJICHO HAYKOBY HOBHM3HY 1 MPaKTUYHY
I[IHHICTh OTPUMAHUX PE3YyJIbTaTiB, OCOOMCTUI BHECOK 3700yBadya B PO3POOKY TeMHU
nucepTariitHoi pobotu. HaBeneno maHi 11010 BIPOBAKEHHS pe3yJIbTaTIB HUCepTa-
IMHUX TOCTIIKEHbB, 1X anmpoOalliro Ta myOosiKaliii.

[lepmmii po3ain MICTUTH aHaI3 MpoosieM 1HQOPMAIIHHUX TEXHOJOTIN ympaBs-
JHHS CKJIAJHUMU JUHAMIYHUMU CUCTEMaMU, OOTPYHTYBAHHS HAIPSIMKY JOCIIIKEHb.

[TpoBeneHo anamiz cy4acHUX 1H()OPMALIMHUX TEXHOJIOTIM yNpaBiIiHHS Ta OII-
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TUMI3aIlii 3 METOI0 iX BHKOPWUCTAHHS JJIsi ONTUMI3AIll MPOIECIB YIPaBIIHHS CKIIaI-
HUMHU JIMHaMIYHUMH CUCTeMaMu. SIK MpuUKIa] CKJIAJHOI JUHAMIYHOI CUCTEMHU pO3T-
nasayTOo eHeprodiok AEC 3 suepaum peakropom BBEP-1000. [IpoanarnizoBaHi meTo-
T MOJICJTFOBAHHS TMPOIIECIB B CKIAAHUX TUHAMIYHUX CHCTeMax Ta aHamizy iHdopMma-
MIHHUX YOPaBISIOUMX CUCTEM, IMTOKA3HUKHU SIKOCTI 1H(GOPMAIIHHO-YIPaBISIOYNX CHC-
TEM 1 MOXJIMBOCTI iX 3aCTOCYBaHHS JI0 MPOIIECIB yMPaBIiHHSA CKIAQAHUMU TUHAMIY-
HUMHM CHCTEMaMH, ICHYHOYl TIIXOAM Ta METOAM CHHTEe3y 1H(OpMaIliiHoO-
YIPABISIOYUX CUCTEM, PO3TISHYTI OOYMCIIOBAIbHI METOIM ONMTHUMI3AIlil Ta MOXKJIIHU-
BOCTI 1X BHUKOPUCTaHHSI [JIi ONTHUMI3allli MOKa3HUKIB SIKOCTI 1H(OpMaIliiHO-
YIPABJISIIOYMX CUCTEM.

Jpyruil po3aia npucBIYeHU po3poOLil eIeMEHTIB 1HPOPMaLIifHOI TEXHOJIOT1i
onTUMI3aIlli yrnpaBIiHHS CKJIATHUMH JUHAMIYHUMHA CUCTEMaMH.

Po3pobneHo HayKoBI Ta METOJOJIOTIYHI OCHOBH CTBOPEHHS Ta 3aCTOCYBaHHS
1H(OopMAaIIiITHOT TEXHOJIOTIT JJIsl YIPaBIIHHS CKJIAJHUMHU JUHAMIYHUMH CUCTEMaMH,
sKa BKJIIOYAE MIICTh OCHOBHUX (DYHKIIOHATBHUX €JIEMEHTIB — OJIOK MOJIENe CUCTEM,
MOJAYJIb METOJIB IHTErpyBaHHs, OJOK OOUMCIIEHHS KPUTEPIiB SIKOCTI CUCTEM, OJIOK
METOJIIB ONTHMI3aIlii, OJIOK mpeacTaBiaeHHs iHGopMaIlli Ta MOAYJb CTPYKTYp JaHHX 3
dbopMyBaHHSIM CTPYKTYp MAaHHMX 3aJa4 Ta MPOIIECIB ONTUMI3aIlli Ta (YHKI[IOHATHHY
MO/IeJIb MPOLECY ONTHUMI3alli YIPaBIiHHS CKJIAJHUMH IUHAMIYHUMH CUCTEMaMH, 11O
JT03BOJISIE 3alUCYBATU CTPYKTYPHU JAaHUX B (pailyl 3 MOXKIIUBICTIO MPOJIOBKEHHS TMPO-
1eCy ONTUMI3alli CKJIAAHOI JUHAMIYHOI CUCTEMU Ta MPEACTaBICHHS MOro pe3yibTa-
TIB B TEKCTOBIHM Ta rpadiuHiii popmax.

Y TperboMy pO31iJi y3araJlbHEHO TPUHITUIN MOJICTIOBAHHS JTUHAMIYHUX CHC-
TEeM Ta PO3p00JICHI KOHKPETHI MOJIEJ JUHAMIYHUX CUCTEM Il 1H(OpMaIiiHOl TeX-
HOJIOT1T omTuMmizallli ynpaBmiHHS Ha mpukiaai eneproonoky AEC 3 peakrtopom
BBEP-1000 cepii B-320.

3anpornoHoBaHi 3arajibHi MOJIEJl TMHAMIYHUX CUCTEM 3 BITHOCHUMHU 3MIHHUMU
CTaHy, Ha OCHOBI SKUX MOOYJOBaHI HEJIHIMHI MaTeMaTU4YHl MOJENl JUisi 00’ €KTIB
ynpasiiHHs eneproonoky AEC sik ckimanHux TuHaMiuHUX cucteM. Ha migcraBi Helt-

TPOHHOI KIHETHKH PEaKTOpa, MOCTYMOBOTO TEIUIOBUAUICHHS, TEIUIOBUX IPOIIECIB B
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nanuBi, 000JIOHKaX 1 TEIUIOHOCIT, 3MiHI KOHIIEHTpaliil KCEHOHY 1 00py po3po0iieHi
30cepe/KeHa Ta BEPTUKAJIBHO PO3MOIijeHa Mojieli sjuepHoro peakropa BBEP-1000
cepii B-320. 3a piBHAHHSIMHU TeIUIONEpeaadi, MaTepiaJbHOTO 1 TETIOBOTO OalaHCy
NapOyTBOPEHHSI, IUPKYJIsALii, TOJOBHOIO IMAPOBOTO KOJEKTOPY, MPHUBOAY KIlaraHa
napoBoi TYpOiHU 1 BUKOHABYOTO MEXaHI3My PETYII0I0UOT0 KMBUIBHOIO KiarnaHa mo-
OynoBana mojens maporenepatopa [1I'B-1000. 3a piBHSHHAMH THCKY B MOCTIHHHX
00’eMax mapoBoi TypOiHHU, sIKI BKJIIOYAIOTh BUTPATY IMapU, PIBHSAHHS 4acTOTH o0ep-
TaHHS POTOpa 3 BUKOPUCTAHHSIM 3MIHHOI MOTYKHOCTI TypOiHM MOOyI0BaHa MOJEINb
naposoi TypOian K-1000-60/1500-2.

UeTBepTuil po3Ain MPUCBAYEHUN y3arallbHEHHIO METOJIB aHaNi3y CKIIaJHUX
JUHAMIYHUAX CHUCTEM Ta aHauisy mpoieciB B peaktopi BBEP-1000 cepii B-320, mapo-
reneparopi I1I'B-1000, nmapogiii Typ6ini K-1000-60/1500-2 Ha OCHOBI HeNiHIHHUX
MaTeMaTHIHUX MOJIENICH X 00’ €KTIB YIPABIIHHS.

VY 1ockoHalieHO METOAU aHaji3y MaTeMaTUYHUX MOJEJCH NUHAMIYHUX CHUCTEM
3 BUKOPUCTAHHSM MaTPUYHUX METOJIB IHTEIPYyBaHHS CUCTEM NU(epeHIliaTbHUX PiB-
HSIHb — METOJly MaTPUYHOI €KCIIOHEHTHU Ta ii IHTEeTpally JJI IHTeTPYBAHHS JIHIHHUX
CUCTEM, CUCTEMHI METOJIU TIEPIIOTO, IPYroTo 1 TPETHOTO CTYIEHIB JJIsl IHTETPyBaHHS
HEeJTIHIWHUX CHCTEM, 10 3a0e3Meuye IMiIBUIIECHHS] TOYHOCTI Ta HaIHHOCTI TOOYA0BH
NepexiIHUX MPOLECIB B MOPIBHSAHHI 3 IHIIUMU MeToAaMH. BukoHaHO aHani3 nepexi-
JHUAX TIPOIIECIB B HEJHIMHUX 30CEPEIKEHOI Ta BEPTUKAIBHO PO3MOAIICHOT MOCIIAX
peaktopa BBEP-1000 cepii B-320, moaeni maporenepatopa [1I'B-1000 ta mapoBoi
typ6ian K-1000-60/1500-2. JIns BepTHKAIBHO PO3MOIIICHOI MOIEII peakTopa 004u-
CJICHO aKCIaJIbHUH OdCeT.

VY m’aromy po3auti po3po0iaeHo Mojieni IHQOpMaIiHUX YIPABISIOYUX CUCTEM
JUTSL CKIIQJTHUX JUHAMIYHUX 00’ €KTIB Ha MPUKJIaAl iHOOPMAIIHHUX yIPABISIOYNX CHU-
cTeM eHeprobioky 3 peakropom BBEP-1000.

VY3aranpHeH1 Mojeni 1HGOopMaIiiHO-YIPaBIsIOYUX CUCTEM I 1AeHTUdIKaLii
napameTpiB iHGOPMAIIIHHUX YIPABISIOYNX CUCTEM, a TAaKOX JJII ONTUMI3AIli mapa-
MeTpiB perynaropiB. IloOyaoBani mozneni iHQOpMaLIMHUX YMPABISAIOYUX CHUCTEM

eHepro6oky AEC — HEHTpPOHHOI MOTY>KHOCTI SIIEPHOTO PEAKTOpa, PiBHS BOAM B Ia-
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poreHepaTopli, 4acCTOTH OOEpTaHHS POTOpa MApPOBOi TypOIHH, YCHOTO E€HEProOJIOKY
JUTSL IITPUMKA HEHPOHHOI MOTY>KHOCTI PEaKTOpa Ta MiITPUMKHA TUCKY B TOJIOBHOMY
MIapOBOMY KOJICKTOPI Y BUTJISAMI CUCTEM AU(EpEeHITIaTbHUX PiBHIHB, M0 BKIIOYAIOThH
BEKTOpPH 3MIHHMX CTaHy, 3MIHHUX Ta TMOCTIHHMX IlapaMeTpiB, 30BHINIHIX iM, 110
BKJIFOUEHI JI0 OJIOKY MoJiesiel cucteM 1H(OopMaliitHOT TEXHOJIOT1].

[octuit po3ainn MPUCBSIYCHUN y3aradbHEHHIO Mojened i1H(opmalliiHo-
IIAHOT TEXHOJOTIT 151 iMeHTU(IKAIlT TapaMeTpiB AMHAMIYHUX CHCTEM Ha MPUKIAII
1H(popMarliiiHo-ynpasistouoi cuctemu naporeHeparopa I1I'B-1000 ta inpopmariii-
HO-YTPABJISIOUNX CUCTEM 1HIIMX €JIEMEHTIB JIpyroro KOHTypy eHeprooaoky AEC.

Po3po0snieH1 kputepii Ta METOOU 1IEHTU(IKALIT TUHAMIYHUX CUCTEM, CPOPMO-
BaHa BEKTOpHA IIJIb0Ba QYHKIIIA 1IeHTUDIKaIllT, po3po0ieHH MeTO | 1 O0UMCIICHHS
Ta 1715 11 ONTUMI3AIli peai3oBaHl METOAM 0€3yMOBHOI ONTHUMI3AIT CKaIsIpHUX (yH-
KLl 3 mepe3aBaHTaKEHHIM orepalli nopiBHsaHHA. [loOynoBaHi 3aranbHI MaTeMaTH-
yH1 Mozeni cucteMm ynpasiminHs 3 [1I perynaropamu s ineHTudikaiii mapameTpis
00’ekTiB ynpasiiHHs. Po3B’s3aHa 3a1aya 11eHTU(dIKaLli mapaMeTpiB MOJEN CUCTEMU
yrpaBiiHHS piBHEM Bojau B maporenepartopi [1I'B-1000 3a excnepuMeHTaIBHUME J1a-
HUMU. 32 pe3yJIibTaTaMHi HAJIaro/KyBaIbHUX BUIPOOYBaHb CHCTEM YIPaBIIHHS JAPY-
roro kKoHTypy eHeproonokie AEC 3 peakropamu BBEP-1000 npoBenena inentudi-
Kallisl mapaMeTpiB JJi JeaepaTropiB, KOHACHCATOPIB, TOJIOBHUX MapOBUX KOJIEKTOPIB,
KOJIEKTOPIB BJIACHUX MOTPeO, TypOOKUBWIBHUX HACOCIB, CEMapaTopiB Maporeperpi-
BayiB, MIAIrPiBayiB HU3bKOTO 1 BUCOKOTO THCKY. AHali3 CTYINEHs CTIHKOCTI Ta MEX
001acTi CTIMKOCTI JIJIs IIUX CUCTEM YIPABIIIHHS OOTPYHTOBYE iX CTIMKICTb.

CboMuii pO3AUT MPUCBSYEHHUN y3araJlbHEHHIO OOYMCIIEHHS KPUTEPIiB SKOCTI
1H(OpMaIIHHO-YTIPABISIOUNX CUCTEM — MPSIMUX IMOKA3HUKIB SKOCTI 1 MOKPAIIEHUX
IHTErpaJIbHUX OIIIHOK, ()OPMYBaHHI Ha X OCHOBI BEKTOPHHUX IITLOBUX (DYHKIIIN Ta
METOJIIB 1X ONTHUMI3aIlii, a TAKOXX MPUKJIaTaM BUKOPHUCTAHHS 1HPOPMAIIHHOI TEXHO-
JIOT1i onTUMI3aIlii YIpaBIiHHSA CKJIATHAMU JUHAMIYHAMU CHUCTEMaMH. .

Po3po6eni MeTou 00UUCIEHHS MPSIMUX TOKAa3HUKIB SIKOCTI IMHAMIYHUX CHC-

TEM Ta MOKPALICHUX 1HTETpaIbHUX KBaJpaTHUHUX OILIHOK, 3aJ1a4l ONTUMI3alli mapa-
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METpIB IWHAMIYHUX CHUCTEM 3BEJEHI A0 ONTHUMI3allil BEKTOPHUX IIbOBUX (YHKIIH,
10 BPaxOBYIOTh BUMOTH peajizallii CUCTeMH, 1i CTIMKOCTI, TOKpaIeHHs MOKa3HUKIB
AKoCTl. J[7s1 onTuMi3alii BEKTOPHUX LIIBOBUX (PYHKI[IM HaBelIeHI METOIU ONTHMi3a-
11i 3 OAHOBUMIPHHUM IOLIYKOM. 3 BUKOPUCTAHHAM 1HPOPMALIMHOI TEXHOJOT1i ONTH-
Mi3allii ynpaBaiHHS CKJIQJHUMU JUHAMIYHUMH CHCTEeMaMU Ha OCHOBI Mojenei 1H)o-
pMaliitHuX ympasisiounx cucteM sipepHoro peakropa BBEP-1000 cepii B-320, mna-
poreneparopa I1I'B-1000, maposoi Typ6inu K-1000-60/1500-2, cucteM apyroro KoH-
Typy eHeprobioky, Bcroro eHeproonoky AEC 3 peakropom BBEP-1000 B Hopmas-
HUX YMOBaxX EKCIUTyaTallii 3 YaCTKOBHM 3HMXKCHHSIM HaBaHTA)KEHHS BHKOHAHA OITH-
MI3allisl apaMeTpiB PEryIsaTOPiB 3a MPSIMUMHU IMOKA3HUKAMHU SIKOCTI.

HaBeneHe TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS OTPUMAHUX PE3YJIbTATIB BU-
KOpUCTaHHS 1HGOPMAIIIIHOI TEXHOJOTIi onTUMIi3allii yIpaBIiHHS CKIAJHUMH JIUHA-
MIYHUMHU CHUCTEMaMH MiATBEP/KYE, 1110 BOHA MAa€ CYTTEBI TEXHIYHI IepeBary, a ii Bu-
KOPUCTaHHS T03BOJISIE 3MCHIIUTH BUTPATH YAaCOBHX, alapaTHUX, MPOTPAMHHUX Ta
JIOJICBKUX PECYPCIB MPHU po3poOili Ta BAOCKOHAJIEHH] CKIAQAHUX JUHAMIYHUX CHUCTEM
3a paxyHOK MiIBUIIIEHHS PIBHS aBTOMAaTHU3aIli1 IIUX MPOILIECIB.

Kniouosi cnosa: iHpopmarliiiina TEXHOJIOTIs, CKJIagHa TUHAMIYHA CHCTEMa, 1H-
dbopmaliiifHO-yIpaBissioda CUCTEMa, MOJCITIOBAHHS, METOAM OINTHMI3arlii, 11eHTH]i-

Kallisi, KpuTepii sikocTi, eneprooiok AEC.
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ABSTRACT

Nikulina O. M. Methods, models and information technology for optimizing
the control of complex dynamic systems (exemplified by a nuclear power unit). —
Qualifying scientific work as a manuscript.

Thesis for scientific degree of Doctor of Technical Sciences in specialty
05.13.06 “Information Technologies” (12 — Information Technologies). — National
Technical University “Kharkiv Polytechnic Institute”, Ministry of education and
science of Ukraine, Kharkiv, 2019.

The object of research is the processes of control of complex dynamic systems.

The subject of research is the methods, models and information technology of
optimization of control of complex dynamic systems.

The doctoral dissertation is a completed research work which contains the so-
lution of an important scientific and applied problem of development of methods,
models and information technology of optimization of control of complex dynamic
systems characterized by high order of models and a large number of parameters and
nonlinearities on the basis of combining program blocks of systems models and op-
timization methods, system criteria, information on dynamic and optimization
processes, modules of integration methods and data structures as an example of opti-
mizing the control of NPPs with WWER-1000.

The introduction validates the relevance of the subject of the dissertation, for-
mulates the purpose and objectives of the research, outlines the scientific novelty and
practical value of the results obtained, the personal contribution of the applicant to
the development of the subject of the dissertation. The data of the implementation of
the results of the dissertation research, their validation and publications are provided.

The first section contains the analysis of the problems of information technolo-
gy control of complex dynamic systems, substantiation of the direction of research.

The research analyzes modern information technologies of control and optimi-
zation with the purpose of their use for optimization of processes of complex dynam-

ic systems control. As an example of a complex dynamic system the NPP unit with
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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 appli-
cation 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 infor-
mation and control systems.

The second section is devoted to the development of information technology
elements of optimization of control of complex dynamic 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 mod-
ule 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.

The third section summarizes the principles of dynamic systems modeling and
develops specific models of dynamic systems for information technology control op-
timization, using the example of a B-320 series WWER-1000 reactor.

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. Based on the neutron kinetics of
the reactor, gradual heat dissipation, thermal processes in the fuel, shells and coolant,
changes in xenon and boron concentrations, concentrated and vertically distributed
models of the WWER-1000 nuclear reactor of the B-320 series have been developed.
According to the equations of heat transfer, material and thermal balance of steam

generation, circulation, the main steam collector, the drive of steam turbine valve and
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the actuator of regulating feed valve, the model of PGV-1000 steam generator has
been built. The K-1000-60 / 1500-2 steam turbine model is built based on the pres-
sure equations in constant volumes of a steam turbine which include steam flow, the
rotor speed equation using the turbine variable power.

The fourth section is devoted to the generalization of methods of analysis of
complex dynamic systems and analysis of processes in WWER-1000 reactor of B-
320series, PGV-1000steam generator, K-1000-60 / 1500-2 steam turbine on the basis
of nonlinear mathematical models of these objects of control.

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 sys-
tems, which ensures the improvement of accuracy processes compared to other me-
thods. The analysis of transients in nonlinear concentrated and vertically distributed
models of the WWER-1000 reactor of the B-320 series, the model of the PGV-1000
steam generator and the K-1000-60 / 1500-2 steam turbine has been made. For the
vertically distributed reactor model, the axial offset is calculated.

In the fifth section models of information control systems for complex dynam-
ic objects are developed, for example, information control systems of a power unit
with WWER-1000 reactor.

Models of information control systems for identification of parameters of in-
formation 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 differen-
tial equations, variable and permanent parameters, external actions included in the
block of models of systems of information technology.

The sixth section is devoted to the generalization of models of information
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control systems for identification of their parameters and use of information technol-
ogy for identification of parameters of dynamic systems exemplified by information
control system of the PGV-1000 steam generator and information control systems of
other elements of the second circuit of the NPP unit.

Criteria and methods for the identification of dynamic systems have been de-
veloped, a vector target identification function has been formed, a method for its cal-
culation 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 Pl regulators to identify
the parameters of control objects have been generalized. The task of identifying the
parameters of the model of the water level control system in the PGV-1000 steam ge-
nerator according to the experimental data has been done. The thesis carries out the
identification of parameters for deaerators, condensers, main steam collectors, aux-
iliary collectors, turbo-feed pumps, separators of superheaters, low and high heaters
according to the results of adjustment tests of control systems of the second circuit of
NPP units with WWER-1000 reactors. The analysis of the degree of stability and the
boundaries of the area of stability for these control systems substantiates their stabili-
ty.

The seventh section is devoted to the generalization of the quality criteria for
information control systems, namely, direct quality indicators and improved integral
estimates, the formation of vector target functions and methods of their optimization
based on them, as well as examples of use of information technology to optimize the
control of complex dynamic systems.

Methods of calculation of direct quality indicators of dynamic systems and im-
proved integral quadratic estimations are developed, problems of optimization of pa-
rameters 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 pro-
vided to optimize vector target functions. Using information technology to optimize

the control of complex dynamic systems based on models of information control sys-
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tems of the WWER-1000 nuclear reactor of the B-320 series, 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 oper-
ating conditions with partial load reduction, the parameters of the regulators have
been optimized according to the direct quality indicators.

The above feasibility study of the obtained results of the use of information
technology optimization control of complex dynamic systems confirms that it has
significant technical advantages, and its use allows reducing the time, hardware,
software and human resources in the development and improvement of complex dy-
namic systems by increasing the level of automation of these processes.

Keywords: information technology, complex dynamic system, information and
control system, modeling, optimization methods, identification, quality indexes, nuc-

lear power unit.
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