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2. Decentralized coordinated control of distributed cyber-physical systems with multi-zone thermal objects

Pedepar:

1. FOxumuyk M. C. IELEHTPAJII30BAHE KOOPIVHALIVMHE KEPYBAHHS PO3IMOJIJIEHVMU KIBEP-
QIBVYHNMU CUCTEMAMMU 3 BATATO30HAJIbHVMMU TEITJIOBVIMU OB'€KTAMU. - KBanigikaliliHa HayKoBa
po60Ta Ha MpaBax pyKonucy. Jlucepralis Ha 3000yTTS HAyKOBOTO CTYIEHS TOKTOpPa TEXHIYHUX HAYK 3i
crieniasnibHOCTi 05.13.07 — ABTOMaTH3alisl IpOLieCiB KepyBaHHS. — BIHHUIIbKMI HalliOHAJIbHUI T€XHIYHUI
yHiBepcureT. BinHuus, 2023. MeToo pob0TH € MifBUIleHHS CTPYKTYPHOI THYYKOCTI, HaJitHOCTi Ta €(DeKTUBHOCTI
KOOPAMHALTHOIO KEPYBaHHS PO3IOAiIEHMMH Kibep-(pi3nYHMMHU CHUCTEMaMU 3 6araTo30HaJIbHUMU TEIJIOBUMU
00'eKTaM! MIJIIXOM PO3pOOJIeHHS i BIPOBAIKEHHS HOBUX IIPUHLNIIIB, MOJIeJIel, METOIB Ta aJITOPUTMIB

IeLIeHTpali30BaHOI KOOpAUHallil. Briepie 3anrponOHOBAaHO: METOZ, NELEHTPaIi30BaHOi KOOPAMHALli KepyBaHHS



posmnogineHnmMu KibepdpisnyHUMU CUCTEMaMU 3 6araTo30HAJIbHUMU TEIJIOBUMU 06'€KTaMMU, SIKUH Biflpi3HIETHCS
3aCTOCYBaHHSIM NPUHLUILY GJIVDKHBOI [ii, onTUMIi3allii KepyBaHHSI 32 JIOKAJIbHO-TJI06aJIbHUM KpUTEpPieM i ponenypu
IIOCJIiIOBHOI KOOpAMHALLii, 110 3a6e31evye MOKJIMBICTh IUHAMIUYHOI 3MiHM CTPYKTYPH pO3NO0JiaeH0i Kibep-¢iznyHOi
CHACTEMHU i MOXKE BUKOPUCTOBYBATUCS [IPY K€PYBaHH] iHIIMMY TUIIAMU PO3INOLiNIEHNX AELEeHTPai30BaHUX CUCTEM,;
MOeJ1b 6araTO30HAJIBHOTO TEIMJIOBOTO 00'€KTA, SIKA BiJIPi3HSAETHCS BPAXyBAHHIM PO3MOBCIOIKEHHS KEPIBHUX
BIUJIMBIB BiJi TOYKH iX 3aCTOCYBaHHs y IIPOCTOPI i 4aci, 110 103B0JIsi€e BUBHAYUTHA MHOXUHY esieMeHTiB PKOC y
IIPOCTOPI i 4aci, 4j1s IKMX KePiBHUM BIUIMB € CYTTEBUM 3 YPaxyBaHHSIM 3a4aHOTO KPUTEPiIO 3HAYYIOCTi; MOZEIb
PK®C 3 6araTo30HaIbHUM TEIJIOBUM O0'€KTOM i peCypCHUM KE€PYBAaHHSIM CTaHOM Y (OPMi ABOXIIOTOKOBOTO rpada,
sIKa BifIpi3HSIETHCS BpaXyBaHHIM B3a€MHOTO BIJINBY KEPOBAHUX €JIEMEHTIB 6araTo30HaJIbHOIO TEIJIOBOro OO'€KTA i
BUTpAT peCypCy Ha BUPOOHULTBO, 10 JO3BOJISIE OLiHIOBATU CTiMKiCTh, PECYPCOEMHICTD Ta iHIIIi XapaKTE€PUCTUKU
CHCTEMU; NTIOKA3HUK PiBHA KOOPAMHAL, IK1I BU3HAYa€ CTaH KOOPAMHALLI HAa TPOMIXKKY Bif] XaoCy 110 3aJJaHOTO
ILeTEPMIHOBAHOTO CTaHy, SIKUH [O3BOJISIE OLiHIOBATH €(PEKTUBHICTb CUCTEMU KOOPAMHALLil. YIOCKOHAZIEHO KpUTEPil
koopauHauii PKOC 3 6araTo3oHaibHUMU TENJIOBUMU 06'€KTaMU, SIKUI PYHTYETHCS. HA MOJieJli 6araTo30HaJbHOTO
TEIJIOBOTO 00’eKTa i pO3NOoJiji CTaHiB €JIeMEeHTIB 06'€KTa y IPOCTOPI i yaci, 10 [103BoJIsS€ 3MiICHIOBATH ONTUMAJIbHY
KOOpJMHAIIl0; METOJ, IPOTHO3YBaHHS CTaHy PO3MNOJiNeHUX Kibep-(i3sMuyHUX CUCTEM 3 HEIIEPEPBHUMU 06'€KTaMH,
KU I'pyHTyeThCS HA Mogeli PKOC 3 6araTo3oHanlbHAM TENJIOBUM 00’€KTOM i PECYPCHUM KEPYBAHHSIM CTAHOM i
IIPOCTOPOBO-YACOBOMY CII€KTPi CTaHiB i 30ypeHb, IKUI [103BOJIsI€ ONTUMI3yBaTH KOOPAUHALLiI0 KEPYBAaHHS Ha
inTepBai kopenduii BrmBiB. OTprMaB NOJAJBIINI PO3BUTOK IPUHLMI GJIVDKHBOI il IpY AeleHTpasli3oBaHin
KOOpAMHALl KepyBaHHS PO3IOAiIEHUMU Kibep]isndHuMYU cucTeMamu 3 6araTo30HaIbHUMU TEIIJIOBUMH 00'€KTaMU,
SKWY IPYHTYETHCS HA MOJIEJIi PO3NOBCIOIKEHHS KEPiBHUX BILJIUBIB BiJl TOUYKHU iX 3aCTOCYBaHHS y IPOCTOPI i yaci, mo
I03BOJIsSIE OOMEXKATHA MHOXXMHY KEPOBAaHUX €JIEMEHTIB, SIKi IIi/IraoTh KoopauHalii. Po3po6eHi TeopeTruyHi
II0JIO>KE€HHS JO3BOJIUIIN CTBOPUTU METOAMKY KOMOGIHOBAHOI aKTUBHO-TIACUBHOI ifeHTH(IKalLii mapameTpiB
POBMO/IiIEHOTO TEXHOJIOTIYHOTrO 06'eKTa, MOOU(IKOBAaHUH aJITOPUTM KJIaCcTepu3allii 32 METOJOM HaNOIMKI0TO
CyCizia, XBUWIbOBUI aJITOPUTM KOOPIMHALlii po3NoieHUx Kibep-(pi3nyHUX CUCTEM 3 HEIIEPEPBHUMU 00'€KTaMU,
CHACTEMY iMiTallilHOrO MOJIEJIIOBaHHSI PO3MOAiIEHUX Kibep-(Qi3sUiUHUX CUCTEM 3 HEIIEPEPBHUMH 00'€KTaMU,
3axXMIEHy NaTEHTAMM Ha BUHAXIiJ, JeLeHTPasi30BaHy CUCTEMY KEPYBAHHS CUCTEMOIO OIaJIEHHA Y IIPUMIIIEHHI
“Movable Smart Heaters”. Ki1ouoBi cyioBa: posnofiseHa cuctema KepyBaHHs, IelleHTpajli3oBaHa KOOpIuHalLlif,
Kibep-@diznyHa cuctema, 6araTo30HaIbHUN TENJIOBUN 006'€KT, KOB3HA KOOPAMHALLisl, piBeHb KOOPAMHALil, TPUHITUII
OJIDKHBOI Aii.

2. Yukhymchuk M. S. DECENTRALIZED COORDINATED CONTROL OF DISTRIBUTED CYBER-PHYSICAL SYSTEMS
WITH MULTI-ZONE THERMAL OBJECTS. - Qualifying scientific work on manuscript rights. Dissertation for
obtaining the scientific degree of Doctor of Technical Sciences in the specialty 05.13.07 — Automation of control
processes. — Vinnytsia National Technical University. Vinnytsia, 2023. The aim of the work is to improve the
efficiency of coordination control of cyber-physical systems with multi-zonal distributed thermal objects by
developing and implementing new principles, models, methods and algorithms of decentralized coordination. It
was proposed for the first time: a method of decentralized coordination of control of distributed cyber-physical
systems (DCPS) with multi-zone thermal objects, which is distinguished by the application of the principle of
short-range action, optimization of control according to the local-global criterion and the procedure of the
sequential coordination procedure, which provides the possibility of dynamic changes in the structure of the
distributed cyber-physical system and can to be used when control other types of distributed decentralized
systems; a model of a multi-zonal thermal object, which is distinguished by taking into account the distribution of
governing influences from the point of their application in space and time, which allows to determine the set of
elements of the DCPS in space and time, for which the governing influence is significant, taking into account the
given criterion of significance; the DCPS model with a multi-zone thermal object and resource control of the state
in the form of a two-flow graph, which is distinguished by taking into account the mutual influence of the
controlled elements of the multi-zone thermal object and resource costs for production, which allows you to
evaluate the stability, resource intensity and other characteristics of the system; an indicator of the level of
coordination, which determines the state of coordination in the interval from chaos to a given deterministic state,



which allows evaluating the effectiveness of the coordination system. The criterion for coordination of the DCPS
with multi-zone thermal objects has been improved, which is based on the model of the multi-zone thermal object
and the distribution of states of the object's elements in space and time, which allows for optimal coordination; the
method of forecasting the state of distributed cyber-physical systems with continuous objects, which is based on
the DCPS model with a multi-zone thermal object and resource state control and the spatio-temporal spectrum of
states and disturbances, which allows for optimization of control coordination on the impact correlation interval.
The principle of short-term action during the decentralized coordination of control of distributed cyber-physical
systems with multi-zone thermal objects, which is based on the model of the distribution of control influences
from the point of their application in space and time, has received further development, which allows limiting the
set of controlled elements that are subject to coordination. The developed theoretical provisions made it possible
to create a method of combined active-passive identification of the parameters of a distributed technological
object, a modified clustering algorithm based on the nearest neighbor method, a wave algorithm for the
coordination of distributed cyber-physical systems with continuous objects, a system of simulation modeling of
distributed cyber-physical systems with continuous objects, protected by patents for the invention, a
decentralized system for controlling the indoor heating system "Movable Smart Heaters". Key words: distributed
control system, decentralized coordination, cyber-physical system, continuous production facility, sliding
coordination, level of coordination, principle of short-term action.
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