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1. EneproedeKkTuBHE aBTOMATUYHE KEPYBAaHHS yTUJIi3alli€l0 TeIjla IPOLYKTiB 3TOPSHHS ra30BUX KOTEJIEHb B YMOBAax

3aCTOCYBaHHS [IaPOKOMIIPECIHUX TEIJIOBUX HACOCIB

2. Energy-Efficient Automatic Control of the Heat Utilization from Gas Boiler Combustion Products in the
Conditions of SteamCompression Heat Pumps Application

Pedepar:

1. lucepraliiiio NpuCBAYEHO BUPIIEHHIO aKTyaJIbHOIO HAYKOBO-TEXHIYHOIO 3aBAAHHS MiIBUILIEHHS €HEPreTUYHOI
eeKTUBHOCTI IIPOLleCy yTUJIi3alii Tersia IPOoLyKTiB 3rOPSIHHS Ta30BUX KOTEJIEHb 32 PaxXyHOK YAOCKOHAJIEHHS
aJITOPUTMIB IOT0 CUCTEMHU aBTOMATUYHOIO KepyBaHH:. PO3po6ieHO Ta peasnizoBaHo (isudHy MOJEJIb IIPOLiECY
yTUIi3alii Ternsua NpoAyKTiB 3rOPsIHHS i3 BUKOPUCTAHHSIM TEIJIOBOTO HAcOCa. PO3MMPEHHI YMOBU MOJE/IOBAHHS Ta
aBTOMATHM3allii NpOBeEHHS €KCIIEPUMEHTIB, BKII0Yal0UM CTBOPEHHSI aBTOMATU30BaHOTO PO60OYOro Micls
nocainHuka. Ha ¢isnyHiil Mogesi NpoBeieHO OCHOBHUI KOMILIIEKC i3 64 TpUBaIUX €KCIIEPUMEHTIB Y
aBTOMAaTUYHOMY PEXKUMI, pe3yJIbTAaTH SIKUX CKJIQJIA OCHOBY [1J11 PO3POOJIEHHS MOJieJIell CTAaTUKU Ta AMHAMIKA
Iporecy sIK 06'eKTa KepyBaHHS. Y X0[i CrieliaJIbHUX LiIeCIIpSIMOBaHNX eKCIIepUMEHTIB Ha (isndHili Mmomerti

OOIPYHTOBAHO JIOLiNbHICTh BBEIEHHS HOBOI PerybOBaHOI 3MiHHOI — pO3pPaxyHKOBOTO (32 MaTEMaTUYHOIO MOJEJIIIIO)



3HQUYEHHSI MAaCOBOI BUTPATH XOJIOJOAr€HTy y BUMIAPHUKY, IO B MOLAJBLUIOMY IO3BOJIMJIO MiIBUMIUTY €(EKTUBHICTD
KEPYBAHHS BUTPATOIO XOJIONOATEHTY 4O BUIIAPHUKA Ta CIPOCTUTH TEXHIYHY peasizalilo CUCTeMU aBTOMAaTUYHOTO
KEPYBaHHS. YLOCKOHAJIEHO CTPYKTYPY KOHTYPY PEryJIl0BaHHS TEMIIEPATYyPU ME€PErPiBY IIapy X0OJI0L40AreHTy Ha
BUXOJi BUIIAPHMKA 171 3al100iraHHs B HbOMY aBTOKOJIMBaHb 32 PAXyHOK 3aCTOCYBaHHS MiKDOKPOKOBOTO PEKUMY
€JIEKTPOIIPMBOAY PETYJIIOBAJIbHOTO BEHTUIIS, IO NO3BOJIAJIO CIIPOCTUTHA KOHCTPYKLIO TEMJIOBOTO HACOCA,
BiZIMOBUBILKC Bifl 32CTOCYBaHHS KallijIIpHUX 260 iHIIKX 6ajlaHCyBaJIbHUX IIPUCTPOIB J1s1 KOPEK1ii BUTPaTHO]
XapaKTePUCTUKU BeHTUJIs. Ha 0CHOBI piBHSIHb MaTepiasbHOTO i eHepreTUYHOro 6ajiaHCiB Ipolecy yTuiisauii Tensna
MIPOAYKTiB 3TOPSIHHS i3 pPe3yJIbTaTiB eKCIIEPUMEHTIB Ha oro ¢i3uyHiil Mofiesi OTpUMaHO KOMITJIEKC MaTEMaTUYHUX
MOJIeJIEN, 10 ONUCYE HENiHINHI CTaTUYHi i AMHaMIYHI BIaCTUBOCTI KaHaJliB KEPYBaHHS, IEPEXPECHUX KaHAJIB Ta
KaHaJliB 30ypeHb IIPOLeCY yTUi3alii Tera IpoLyKTiB 3ropsHHS 3 TENIJIOBUM HACOCOM SIK 00’€KTOM KEPYBaHHS,
peasi3oBaHo imiTauiiiHy Bepcilo Ljiei Moaeli 00’eKTy KepyBaHHsL. [lifTBEpI)KEHO aZleKBaTHICTb MOZEJIEN, CTBOPEHO
MaTeMaTHU4Hy OCHOBY J1J151 PO3PO06JIEHHS aJITOPUTMIB KEPYBaHHSI MiBULIEHOI AMHAMIYHOI TOYHOCTI CUCTEMU
aBTOMAaTHUYHOTr'O KePyBaHHS i lepeBeleHO eKCIIEPUMEHTH 3 [TOPIiBHSJIBHOTO OCiI>KeHHs e(DeKTUBHOCT] BapiaHTiB
CHACTEMU aBTOMAaTUYHOIO KepyBaHHsI 3 (i3UYHOI MOJieJli B cCepefoBUlle iMiTalliiHOTO MOZIEII0OBAHHS, 32 PAaXyHOK
4YOro 3HM3UTU BUTPATH YacCy Ha TPOBEIEHHS LIMX €KCIIEPUMEHTIB Npr6n3HO B 50 pasiB Ta po3MUPUTH MOXKJIABOCTI
IocigKeHb. [IpoBeIeHO CMHTE3 Ta NOPiBHSJIBbHI JOCIIIPKEHHS BapiaHTiB CUCTEMU aBTOMATUYHOTO KEPYBaHHS
IIPOLIECOM YTUJIi3allii Tersa NpOoayKTiB 3ropsHHS 3 6230BUM aJIFOPUTMOM KE€PYBaHHS Ta ajlbTePHAaTUBHUMU
BapiaHTamMu aJrOpUTMIB, IO MiABUILYIOTh AMHAMIYHY TOYHICTh KEPOBAHUX 3MIHHUX, i3 OL[iHKOIO
eHeproeeKTUBHOCTI NIPOLECY, 3p06I€EHO BUCHOBOK ITPO aKTYyasbHiCTh BIOCKOHAJIEHHS] CUCTEMU aBTOMATUYHOTO
KEepyBaHHS y HalpsIMi MiIBULIIEHHS TYHAMiYHOI TOYHOCTI KEPOBaHUX 3MiHHUX SIK 3aC0O0Y MiABUILEHHS
eHeproe(eKTUBHOCTI NIpoLecy yTuilisallii Tersa NpoayKTiB 3rOPsIHHS i3 TEIJIOBUM HacCOCOM Ta 0OpPaHo, 3
TOCJIiIPKEHUX, Hall61/IbIll KOHKYPEHTO3aTHUI anroputM. OTpUMaHO iMiTalliilHy MOJIeJIb 30BHIIIHIX 30ypeHb
Ipolecy yTusisaLii Ternsia IpoayKTiB 3ropsiHHS Ha OCHOBI JaHUX MOHITOPYHIY PYHKLiI0BaHHSI aBTOHOMHOI ra30B0i
KOTeJIbHI 6araToroBepX0BOro KUTIOBOIO OyIUHKY i3 3aCTOCYBAHHSIM SIKOI IIPOBEJI€HO NIOPiBHSJIBHE MOJIEJII0BaHHS
6a30B0i Ta CUCTEMU aBTOMAaTUYHOTO KEPYBaHHSI i3 KACKaIHUM PETYJISITOPOM MeperpiBy NapiB XOJI0L0areHTy,
iHBapiaHTHa [10 3MiHU TeMIIepaTypy BOJAM Ha BXOJi B BUIIAPHUK Ta MiATBEPIPKEHO CYTTEBI IlepeBaru poboTu

PO3p006JIEHOI CUCTEMU aBTOMAaTUYHOTO KEPYBaHHSB YMOBax peajlbHUX 30ypeHb.

2. The new solution of the actual scientific and technical problem of increasing the energy efficiency of
combustion products heat recovery process of gas boilers by improving the algorithms of its automatic control
system is presented. A physical model of the combustion products heat recovery process, using a heat pump was
developed and implemented. The main set of 64 long experiments in the automatic mode was carried out on the
physical model, the results of which formed the basis for the development of the statics and dynamics models of
the process as a control object. In result of special experiments on the physical model, the expediency of
introducing a new adjustable variable - the calculated value of the refrigerant mass flow in the evaporator, which
further increase the efficiency of refrigerant flow control to the evaporator and simplify the technical
implementation of control system. The structure of the refrigerant vapor superheat temperature control circuit at
the evaporator outlet has been improved to prevent self-oscillations by applying a microstep mode in the control
valve. Based on the equations of material and energy balances of the combustion products heat recovery process
and the results of experiments on its physical model, a set of mathematical models describing nonlinear static and
dynamic properties of control channels, cross channels, and perturbation channels of the combustion products
heat recovery process with a heat pump as control object is obtained, and a simulation version is implemented.
The adequacy of models is confirmed, the mathematical basis for development of algorithms with increased
dynamic accuracy of control system is created. The concept of increasing the efficiency of controlled processes, in
the energy efficiency of the combustion products heat recovery process, based on the consideration of control
object as an integral object, integrating all identified and mathematically described channels of relationships
between its variables, by purposefully improving the control algorithms to increase dynamic accuracy based on the
application of the principles of cascade, invariance and autonomy. Synthesis and comparative researches of

control systems variants with basic control algorithm and alternative variants of algorithms increasing dynamic



accuracy of controlled variables with estimation of energy efficiency of process are carried out. A simulation model
of external perturbations of the combustion products heat recovery process a t a time interval equal to one year
was obtained, based on the monitoring data of the autonomous gas boiler house of a residential building.
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