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Pedepar:

1. luceprariio NpUCBSYEHO BUPIMIEHHIO aKTyaJIbHOIO HAyKOBO-TEXHIYHOTO 3aBAAHHS MiIBUILIEHHS €HEPreTUYHOI
e(EeKTUBHOCTI IPOLECY YTUJIi3allii Tesa IPOAYyKTiB 3rOPSIHHS Ta30BUX KOTEJIEHD 32 PAXYHOK YAOCKOHAJIEHHS
aJITOPUTMIB IOTO CUCTEMU aBTOMATUYHOTO KepyBaHHS. Po3p0o6seHO Ta peasnizoBaHo QisuyHy MOZEb IPOLEeCy
yTUii3aLii Tensua NpoayKTiB 3TOPSIHHS i3 BUKOPUCTAaHHSIM TEIJIOBOrO HAacOCa. PO3MKPEHHI YMOBU MOJEJIIOBAHHS Ta
aBTOMaTu3allii TpoBeeHHs eKCIIEPUMEHTIB, BKJII0YalOUM CTBOPEHHSI aBTOMATU30BaHOI0 POOOYOro MicLis

mocnigHuka. Ha ¢isugHiil Mogesni npoBeeHO OCHOBHUI KOMILIIEKC i3 64 TpUBaIuX €KCIIEPUMEHTIB Y



ABTOMAaTUYHOMY PEXXUMIi, pE3yJIbTAaTH SIKUX CKJIAJIA OCHOBY [1JI1 PO3POOJIEHHS MOJIeJIe! CTAaTUKU Ta AMHAMIKA
Ipolecy sIK 00'eKTa KepyBaHHS. Y X0/ CrieliaJIbHUX LiiIecIIpsSIMOBaHUX eKCIIepUMEHTIB Ha (isndHil mogerti
OOI'PYHTOBAHO JIOLiNIbHICTh BBEIEHHSI HOBOI PEryJIbOBaHOI 3MiHHOI — pO3PaxyHKOBOTO (32 MaTEMaTUYHOIO MOJEJIIIIO)
3HQUYEHHSI MAaCOBOI BUTPATH XOJIOJOAreHTy y BUMIAPHUKY, IO B MOAAJBLUIOMY O3BOJIMJIO MiIBUMUTY €(PEKTUBHICTD
KEPYBaHHSI BUTPATOO XOJIOJOArEHTY 10 BUIIAPHMKA Ta CIIPOCTUTY TEXHIYHY peai3alilo CUCTEMUA aBTOMAaTUYHOTO
KEPYBaHHS. YLOCKOHAJIEHO CTPYKTYPY KOHTYPY PEryJII0BaHHS TEMIIEPATypU MEPErpiBy Napy X0JI040areHTy Ha
BUXOJi BUIIAPHMKA [1J1 3al100iraHHs B HbOMY aBTOKOJIMBaHb 32 PaXyHOK 3aCTOCYBaHHS MIKDOKPOKOBOT'O PEKUMY
€JIEKTPOIIPMBOLY PETYJIIOBAJIbHOTO BEHTUIIS, IO JO3BOJIAJIO CIIPOCTUTHA KOHCTPYKIiIO TEMJIOBOTO HACOCA,
BiZIMOBUBILKCH Bif] 32CTOCYBaHHS KaliIIPHUX 260 iHIIKX 6ajlaHCyBaJIbHUX IIPUCTPOIB IJ1s1 KOPEKIii BUTPaTHO]
XapaKTepUCTUKU BeHTUJIs. Ha OCHOBI piBHSIHb MaTepiasbHOTO i eHepreTUYHOro 6ajaHCiB poliecy yTuiisauii Tensna
IIPOJYKTIB 3rOPSIHHS i3 PE3yJIbTATiB €KCIIEPUMEHTIB Ha M0ro (PisnydHii MOZEJsIi OTPMMAHO KOMIIIEKC MaTeMaTUYHUAX
MoJesIeN, 110 ONKUCYE HENiHiMHI CTaTUYHI | AMHAaMIYHI BIaCTUBOCTI KaHaJliB KEPYBaHH, IEPEXPECHUX KaHAJIIB Ta
KaHaJliB 30ypeHb IIpOoLeCy yTUi3alii Teria IIpoLyKTiB 3rOpsSHHS 3 TEIIJIOBUM HACOCOM SIK 00’€KTOM KepYyBaHHS,
peasizoBaHo imiTawiiiHy Bepcilo 1iei Moaei 00’eKTy KepyBaHHsL. [lifTBEpI)KeHO aZleKBaTHICTb MOZEJIEN, CTBOPEHO
MaTeMaTU4Hy OCHOBY J1JI1s1 pO3PO06JIEHHS aITOPUTMIB KEPYyBaHHSI MiiBULIEHOI AUHAMIYHOI TOYHOCTI CUCTEMU
aBTOMAaTHUYHOTO KePyBaHH4 i IepeBeleHO eKCIIEPUMEHTH 3 [IOPIBHAJIBHOTO OCiIKeHHS e(DeKTUBHOCTI BapiaHTIiB
CHACTEMU aBTOMAaTUYHOIO KepyBaHHs 3 (i3UYHOI MOJieli B cepefoBUlle iMiTalliiHOrO MOZIEJII0OBAaHHS, 32 PaXyHOK
YOro 3HM3UTY BUTPATH Yacy Ha IPOBEIEHHS LIUX €KCIIEPUMEHTIB pr6n3HO B 50 pasiB Ta po3MNUPUTH MOXKJIABOCTI
nociigXKeHb. [IpoBeieHO CMHTE3 Ta NOPiBHAJIBbHI JOCIIIIPKEHHS BapiaHTIB CUCTEMU aBTOMATUYHOI'O KEPYBaHHS
IIPOLIECOM YTUJIi3allii Tersa NpOoayKTiB 3rOPsSHHS 3 6230BUM aJIFOPUTMOM KepPyBaHHS Ta ajlbTepHAaTUBHUMU
BapiaHTaMU aJrOpUTMIB, IO MiABUILYIOTh AMHAMIYHY TOYHICTb KEPOBAHUX 3MiHHUX, i3 OL[iHKOIO
€Heproe(eKTUBHOCTI NPOLEeCY, 3p06JIEHO BUCHOBOK IIPO aKTyaJIbHICTh BAOCKOHAIIEHHSI CUCTEMU aBTOMATUYHOTO
KepyBaHHS y HaIlpsIMi MiBULIEHHS TUHAMIYHOI TOYHOCTI KEPOBAaHUX 3MiHHUX SIK 32C0O0Y MiABUILEHHS
eHeproe(deKTHUBHOCTI NpoLecy yTulisallii Tersa NpoayKTiB 3rOPsIHHS i3 TEIJIOBUM HacCOCOM Ta 00paHo, 3
IOCJiIKEeHUX, HAal0iIbIll KOHKYPEHTO3aTHUN anropuTM. OTPUMAHO iMiTallilHy MOZEJIb 30BHIllHIX 30ypeHb
npolecy yTuisallii Ternsa npoayKTiB 3rOPsIHHS Ha OCHOBI JAHUX MOHITOPUHTY (PYHKIiIOBaHHSI aBTOHOMHOI ra30Boi
KOTeJIbHI 6araToroBepX0OBOT0 KUTIOBOIO OyIUHKY i3 3aCTOCYBAHHSIM SIKOI IIPOBEJI€HO TIOPiBHSIJIbHE MOJIeJII0BaHHS
6a30B0i Ta CUCTEMU aBTOMATUYHOT'O KEPYBaHHSI i3 KACKaIHUM PETYJISITOPOM IeperpiBy NapiB X0JI00areHTy,
iHBapiaHTHA 10 3MiHM TEMIIEPATyPU BOIM Ha BXO[li B BUIIAPHUK Ta MiATBEPAKEHO CYTTEBI IEPEBAru pob0TH

PO3pO06JIEHOI CCTeMU aBTOMAaTUYHOTO KEPYBaHHSB YMOBax peasibHUX 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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