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O0’eKTOM JOCHIDKEHHSI € TPOLEeCH ONTHUMI3allli BUTpaT PECYpCIB y CUCTEMI
onaneHHs PosymMHOro Oy IMHKY Ha OCHOB1 HEYITKOI JIOT1KH.

[IpeameToM MOCHIKEHHS € CHCTEMa ONTUMI3allii BUKOPHUCTAHHS OMAaJCHHS B
PosymHOMYy OyaMHKY Ha OCHOBI HEUITKOI JIOTIKH.

Meroro kBamigikaniiiHoi poOOTM MaricTpa € MIJBHUIIEHHA €(QEeKTUBHOCTI
GyHKIIOHYBaHHS CHCTEMH oOmajlieHHd y Po3ymMHOMY OyIMHKY NIISXOM ONTHMIi3allis
BUTPAT pecypciB y cuctemi omaieHHs Po3ymMHOro OyIWHKY Ha OCHOBI 3aiTydeHHs
HEYITKOT JIOT1KH.

J71st po3B’si3aHHS TIOCTABJICHUX 3314 BUKOPUCTOBYBAJIMCA METOJM MaTeMaTH4HI
Ta AHANTHUYHI METOIU JOCTIHKCHHS, KOMII IOTEPHE MOCITIOBAHHS, METOJIH OIIHKH
€(hEeKTUBHOCTI.

HaykoBa HOBHM3HA OTpUMaHUX PE3yJIbTaTiB:

— HalyJa moIaIbIIoro PO3BUTKY 0a30Ba MOJIEh CUCTEMH ONIAICHHS y Po3yMHOMY
OyInuHKY, sIKa BIIPI3HAETHCS BiJ BiIOMUX BpaxyBaHHSM KOMOiHAIlIi TTPOIIECIB TETIIOBOI
KOHBEKII1i, TEMJIOBOI MPOBIJHOCTI Ta TEIUIOBOT MacH y CUCTEMI OMaJICHHS, a TaKOXK iX
dbopmaizarlii, 0 JTI03BOJIMJIO BUOKPEMUTH NUISXU yJAOCKOHAJICHHS! CUCTEMHU OMaJICHHS
Ta BUKOHATH MOPIBHSAHHSA 13 ONITUMI30BaHOIO CUCTEMOIO HA OCHOB1 HEUITKO{ JIOTIKH.

— HalyJa MoAaJIbIIOTO PO3BUTKY CHCTEMa ONTUMI3Allli BUKOPUCTAHHS OINajJeHHs
B Po3zyMHOMY OYyJIHMHKY Ha OCHOBI HEYITKOi JIOTIKH, sIKa BIJIPI3HSAETHCS BiJ BIJIOMHX
opraHizamicro i (QyHKIIOHYBaHHS Yy (OpMiI MyJIbTHAreHTHOI CHUCTEMH, a TaKOXK

3aJIydeHHS HEYITKOi JIOTIKM Yy Tpoleci ONTHUMI3allii, IO JAO03BOJWIO IIiBHIIUTH



e(eKTUBHICTh CUCTEMU OmajieHHs y Po3yMHOMY OyIMHKY IIISXOM 3MEHIIICHHS BUTPAT
Ha TAJIMBO Ta 3MCHIIICHHSI KOJIMBaHb TEMIIEPATYPH B KIMHATAX.

[IpakTyHa 1HiHHICTH POOOTH y TOMY, IO 3alPOINOHOBaHA CHUCTEMa ONTHUMI3allii
OTAJICHHS Ha OCHOBI HEYITKOI JIOTIKM MO)Xe OyTH IHTETpoBaHA B ICHYIOYl CHUCTEMU
[nTepHery pewedl I MIABUIICHHS €(QEKTUBHOCTI BHUKOPHUCTAHHA ONAJCHHS Ta
3MEHIIICHHS BUTPAT Ha €HEePrOHOCII.

VY nepuiomy po3aiii IPOBEACHO OIS KOHIICTIT peati3allii CUCTEMHU OTaJieHHS Y
po3ymMHOMY OynuMHKY. BukoHaHo aHami3 BIiIOMHUX PpillleHb Ta 3aco0iB, IO
BUKOPHUCTOBYIOTHCSA JJISI ONTUMI3aIli] onajaeHHs. J{ocmiKeHo MeXaHi3M HEeqiTKOT JIOTIKH.

VY apyromy po3/iii 0yio 3alipornOHOBAaHO a0CTPAKTHY MOJIETb OMUCY JIJIsl CHCTEMHU
omnajieHHs1 y OYJIMHKY, 1110 JO3BOJIUIO (popMalli3yBaTh y3arajibHeHy 0a30BYy MOJEIb BCI€T
cucteMu omnalieHHd y PozymHOMy OyauHKy. Mojenb CUMYJIO€ TOBEHIHKY CHUCTEMHU
omaJiecHHs B OyJMHKY, BKJIFOYAlOUMd 00IrpiBay, KOHTPOJEP, IO BUKOPHUCTOBYE MPOCTY
IPOIOPIIIHY CTPATET1I0 YIPABIIHHS, 1 HOTUPHU KIMHATH 3 paJlaToOpaMu, sIK1 pearyroTh Ha
30BHIIIHIO TEMIEPATYPY.

VY TpeTboMy po3/IiIi BUBHAYEHO JIBA OCHOBHI KPUTEPIT 7151 ONTUMI3allli KepyBaHHS
onmajieHHAM y Po3ymHomMy Oyaunky. Y  pamMKax ONTHMI3aliifHOI  3amadyi
BUKOPHCTOBYBAIacs MaTeMaTHYHA MOJIEIIb, SIKa MOEHYE IIi 1Ba KPUTEPii, BpPaXOBYIOUH
BaroBi KOE(QIIIEHTH JI1 KOXKHOTO 3 HHUX. 3alpoOlOHOBAHO apXITEKTYpy CHUCTEMU
onTuMizarii onaieHas y PoymaoMy OyauHKy. Kimto4oBUMH 0COOTMBOCTSAMU CUCTEMH €
npotiec 11 PyHKI[IOHYBaHHS, IO OpraHi3oBaHui y ¢opMi MyJIbTHAT€HTHOI CUCTEMH, a
TaKO’X 3aJTy4€HHS HEUITKOI JIOTIKH y MPOIIeCi ONTUMI3aIlii.

VY yerBepTOMy pPO3iil OYJIO MPOBEJACHO OIIHKY €(PEKTUBHOCTI 3alPOIMOHOBAHOL
CUCTEMHU omnTuMizalii onajieHHs y Po3ymMHOMy OyJIMHKY Ha OCHOBI HEYITKOiI JIOTIKH.
[TpoBeneHO MoOIETIOBaHHS pOOOTH JIBOX CHCTEM ONAJICHHS: HAa OCHOBI 0230BOT MOJIeNi Ta

Ha OCHOBI 3aIIPOIIOHOBAHOT CUCTEMH HEUITKOTO JIOTTYHOT'O BUCHOBKY.
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CKOPOYEHHS TA YMOBHI IIO3HAKH

AHJIB — areHt He4ITKOro JIOT1YHOTO BUCHOBKY
I13 — nporpamue 3abe3neueHHs

MAC — myJbTHAareHTHa CUCTEMA

HJI — HeuiTka norika

OC - oneparriifHa cucTeMa

COII — cucrema onrumizarii oHaJeHHS

0T — Internet of Things



BCTYII

Texnomorii «po3yMHOTO JOMYy» BCE 4YacCTille BUKOPUCTOBYIOTHCS IS
aBTOMAaTH3alli pI3HUX aCHEKTIB MOOYTY, 1 OHA 3 OCHOBHUX MPOOJIEM, SIKY BUPIIIYIOTh Lii
CUCTEMHU — I ONTHUMI3alllsl eHeprocrnoxkuBaHHs. OmNalieHHs € OJHUM 3 HaNHOUIbIINUX
CIO’KMBAYIB €Heprii B OyJAMHKY, TOMy HOro e€(eKTUBHE YNpPaBIIiHHS BIAIIPa€e KIOUOBY
poJib y 3MEHIICHHI BUTpaT HAa EHEPropecypcd Ta MIABUIICHHI pPiBHI KOMQOPTY
MenikaHiiB. CuctemMa onTuMizallii BUKOPUCTaHHS omnajeHHs B Po3ymHOMY OyJIuHKY Ha
OCHOBI1 HEYITKOI JIOTIKH € BaXJIMBUM KPOKOM y HANpPSIMKY €HEPreTUYHOI €()eKTHBHOCTI
Ta KOM(DOPTY B CYHaCHUX KUTIOBHUX MPUMIIIICHHSX.

AKTyanbpHICTh 11€1 POOOTH MOJSTa€ B TOMY, IO ICHYIOUl CUCTEMHU OIAJICHHS B
Po3yMHHX OynMHKax 4acTo HE € MOBHICTIO ONTHMMI30BAaHUMH, OCOOJMBO B acHEKTax
YIPaBJIIHHS BUTPATAMH MAJIMBA Ta 3MEHIIICHHS YaCTOTH KOJIUBaHb Temmneparypu. bararo
CyYaCHHUX CHCTEM HE BpPaxOBYIOTh B IIOBHIM Mipl 3MiHHI YMOBH, Takl SIK 30BHIIIHS
TeMIlepaTypa, 9ac J00u, piBeHb BOJOTOCTI 200 IHIWBIAyaldbHI MOTPEOHN KOPUCTYBAUIB.
[le mpu3BOANTH 1O TOTO, IO CUCTEMA MpaIfoe Hee()eKTUBHO: BUTPATH MAMBa MOXKYTh
OyTH HagMIpHUMH, a TeMmIeparypa B KIMHATaX 4YacTO KOJIMBAETHCS, IO CTBOPIOE
muckoMdopT Uit MemikaHiiB. YacTi 3MIHM TeMIlepaTypyd MOXYTh TaKOXX HETATUBHO
BIUTMBATH Ha 370POB'sI JTIOJICH, a HAAMIpHI BUTPATH MaTHBa MPU3BOIITH O EKOHOMIYHUX
30MTKIB 1 IMABUIIEHOI0 HABAHTAXKCHHS Ha HABKOJIMIITHE cepeoBuIle. OnTumizariis mux
MIPOIIECIB Yepe3 BUKOPUCTAHHS HEUITKOI JIOTIKH JIO3BOJISE TOCIATTH OUIBIT CTA01IBHOT Ta
eHeproe(eKTUBHOI POOOTH CHCTEMHU OMaJeHHsS, M0 MAa€ BAXKJIMBE 3HAYCHHS s
i IBUIIIEHHS KOM(OPTY Ta 3HI>KCHHS BUTPAT.

Y npaniii poOOTi cucTeMa TPOTIOHYETHhCS CHCTEMa ONTHMi3allii BHKOPUCTAHHS
onajeHHss B Po3ymMHOMYy OyJIHMHKY Ha OCHOBI HEYITKOi JIOTiKH, SIKA BIIPI3HSAETHCS BIJ
BIJIOMUX OpTaHi3alli€ro ii QyHKIIOHYBaHHS y (OpMI MyJIbTHATC€HTHOI CUCTEMHU, a TAKOXK
3aJIy4eHHS HEUITKO1 JIOTIKH y MPOolieci ONTUMI3aIlii.

3acTocyBaHHS HEYITKOI JOTIKH JO3BOJISIE OUIBII TOYHO HAJIAIITYBAaTH CUCTEMY Ha
ONTUMAJIbHI PEXXUMHU POOOTH, 3HIDKYIOUHM HAJIMIPHI BUTPATU MalIMBa Ta MIATPUMYIOUU

CTaOUIbHUI TeMIlepaTypHUU pexuM y npuminieHHsx. Lle 3a0esneuye mnigBUILEHY



eHeproeeKTUBHICTh, 3MCHIICHHS KOJIMBaHb TEMIIEPATypH, IO € BaXKIUBUM IS
KOM(OPTHOTO TPOXKMUBAHHS, a TaKOX JO3BOJSE 3HW)KYBATH HETaTUBHUW BIUIMB Ha
HABKOJIMIITHE CEPEIOBUIIE 32 PaXyHOK €KOHOMIi eHepropecypcis.

MeTtoto poOOTH € MiIBUILEHHS €(PEKTUBHOCTI ()YHKLIOHYBAaHHS CUCTEMH ONAJICHHS
y PodymHOMY OyIMHKY HUISXOM ONTHMI3allisl BUTPAT PECYPCIB Y CHCTEMI OIajICHHS
Po3yMHOro 0y/IMHKY Ha OCHOBI 3a1y4€HHS HEYITKOI JOTIKH.

O0’ekTOM JOCTIDKEHHSI € TPOIeCH OINTHUMI3aIlli BUTpAT PECypCiB y CHUCTEMI
onaneHHs PosymMHOro Oy IMHKY Ha OCHOB1 HEUITKOI JIOT1KH.

[IpeameTOoM IOCHIIKEHHA € CHUCTEMa ONTUMI3allli BUKOPHUCTAaHHS ONAJEHHS B
PosymHOMYy OyauHKY Ha OCHOBI HEUITKOI JIOTIKH.

Metoau gocnikeHHs. Y poOoTi OyJ10 3aCTOCOBAHO HACTYIIHI TeOpii Ta 3aco0u:

— MaTeMaTH4YHI Ta aHAJITUYHI METOIH JTOCHIJDKEHHS,

— KOMIT IOTEPHE MOJICITFOBAHHS;

— METOJ OIIHKU €(heKTUBHOCTI.

HaykoBa HoBU3Ha poboTH:

- HalyIa moJanpIIoro po3BUTKY 0a30Ba MOJIETh CUCTEMH OmajieHHs y PosymMmHOMY
OyIuHKY, sIKa BIAPI3HAETHCA BiJl BIIOMUX BpaxyBaHHSIM KOMOiHAIlli TPOIIECIB TEIJIOBOT
KOHBEKIIii, TETUIOBOT MPOBITHOCTI Ta TEIUIOBOI MacH y CHCTEMi OMAJIEHHS, a TaKOXK iX
dbopmarizariii, M0 AO3BOJIMIO BUOKPEMUTH IUISIXU yIOCKOHAJICHHS CUCTEMHU OTAJICHHS
Ta BUKOHATHU MOPIBHSHHSA 13 ONITUMI30BaHOIO0 CUCTEMOIO HA OCHOB1 HEUITKOT JIOTIKH.

- HalyJia MOJajJbIIOr0 PO3BUTKY CUCTEMa ONTHMI3allli BUKOPUCTAHHS ONAJICHHS
B PosymMHOMY OYyJIHMHKY Ha OCHOBI HEYITKOi JIOTIKH, sIKa BIJPIZHSAETHCS BiJ BIJIOMHX
opraHizauiero ii  (QyHKUIOHYBaHHS y (GOpMI MYyJIbTHAr€HTHOI CHUCTEMH, a TaKOXK
3aJIydeHHS HEUYITKOI JIOTIKM Yy TMpOIecl OmTuUMI3allii, M0 JO3BOJIAIO ITiIBUIIATH
e(eKTUBHICTh CUCTEMU OmajieHHs1 y Po3yMHOMY OyJMHKY IIJISIXOM 3MEHIIIEHHS BUTpaT
Ha TAJIMBO Ta 3MCHIIICHHSI KOJIMBaHb TEMIIEPATYPH B KIMHATAX.

[IpakTryHa MIHHICTHE POOOTH Y TOMY, IO 3aMPOTIOHOBAHA CHUCTEMa ONTHUMI3allii
OMaJICcHHS Ha OCHOBI HEUITKOI JIOTIKM MOX€ OYyTH I1HTErpoBaHa B ICHYIOYl CHUCTEMH
InTepHery pewedl I MiABUIICHHS €(QEKTUBHOCTI BUKOPUCTAHHS ONAJIEHHS Ta

3MEHIIICHHS BUTPAT Ha EHEePTOHOCII.



Pekomenpamnii 3 BUKOpPUCTaHHS pe3yJbTaTiB poOoTH. OTpuMaHi pe3yJsbTaTu
poboTH MOXYTh OyTH BHKOPHCTAaHHI NMPU CTBOPEHHI IHTENIEKTYaJbHUX CHUCTEM, IO
HaIlJIEH]1 HA ONTHUMI3all1l0 BUKOPUCTAHHS €HEPropeCcypcCiB JIsl ONaIeHHS.

[TyOmikamii. 3a TemMor kBanmidikaiiiHoi poOOTH MaricTpa omyOJikoBaHa OJlHA
crarta y ¢axoBomy HaykoBomy Buaanui International Scientific Journal «Computer
Systems and Information Technologies.

CtpykTypa Ta 00’eM aurioMHOi poOoTu. JIuruioMHa poOoTa CKIIAJA€ThCSA 3
BCTYIly, YOTUPHOX PO3AUTIB, BUCHOBKY Ta JIOAaTKiB, i1 moBHUH 3MmicT 109 cTOpiHOK,
OCHOBHUH 3MICT BUKJIaJIEHO Ha 75 CTOpiHKaX, 2-X Jo/1aTKax Ha 18 cTopiHkax, MiCTUTh 24
pucynku, 1 tabmuimro, BiiItoyae /3  HaliMEHyBaHS BITYM3HSHOI Ta 3apyOiKHOI

JITEpaTypH.
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1 KOHIEIIIISA PEAJIBAIIIL CACTEMMU OITAJIEHHS Y PO3YMHOMY
BYJINHKY TA AHAJII3 BITIOMMUMX PIIIEHBb

1.1 Konuenuis peanizaiii cuicteMu onajieHHs: B PosyMHOMy OyAMHKY

Konmenisi «Po3ymHe onmaneHHs» — Iie CHCTEMa OIaJCHHs, MiJKIYeHA 0
iHTepHeTy yepe3 Wi-Fi, Ky MOKHa IUCTaHLIMHO KEPYBATH 3a JOTIOMOI0I0 cMapTdoHa,
iadmera ado [1K. 3pyuyHicTh TaKMX CHCTEM TOJISATAE B TOMY, 110 KEPYBaTH OTAIICHHIM
MO>KHA HaBITh TIepeOyBalOyuu 1M03a JOMOM.

OCHOBHMM KOMITOHEHTOM PO3YMHOTO OIaJICHHs € PO3yMHHIA TEPMOCTAT, TOJIOBHA
(GYHKIIIS TKOTO — PEryJIIOBaTH TEMIIEPATypPy Ta BMUKATH a00 BUMUKATH omasieHHs. OTHaK
CydYacHi1 CUCTEMH OIMAJICHHS MAlOTh OaraTo 10AaTKOBUX (PYHKIIIM:

— BUSIBJICHHS BIIKDUTHX BIKOH;

— BUMKHEHHS OITaJICHHs, SKIIO HIKOTO HEMAa€ BJIOMa,;

— BMUKAHHS OTAJICHHS, KOJIM MEIIKAHI[ TTOBEPTAIOTHCS JTOJIOMY.

JlonaTkoBO /10 PO3yMHUX TEPMOCTATIB ICHYIOTh W 1HIINI KOMIIOHEHTH, TakKi SIK
PO3yMHI pailaTOpHi KJanaHW, KOMIUIEKTH LEHTPAJIbHOIO KEPYBAaHHS Ta EJIEKTPHUYHI
pamiatopu (puc. 1.1). Jlesxki KOMIOHEHTH MOXYTh MpaIfOBaTH aBTOHOMHO, a IHIII

BUMAraroTh IMiAKIOUYEHHS 10 IIEHTPAJIbHOTO By3Jja (xaly).




B) r)
Pucynok 1.1 — OCHOBHI KOMIIOHEHTH PO3YMHOI'O OTaJICHHS:
a) pO3yMHI TEPMOCTATH;
0) po3yMHI pajilaTOpH1 KJIallaHu;
B) KOMIUIEKTHU LIEHTPAJILHOTO KEPYBaHHS;

T') eIEKTPUYHI pajilaToOpH

Cuctema «Po3ymHe omaneHHs» CKJIQJa€ThCsl 3 KUIBKOX OCHOBHUX KOMIIOHEHTIB,
K1 320€3MeUyl0Th 3py4YHE KEepyBaHHS TEMIIEpAaTypol0 B OCEJi, EKOHOMIIO €Heprii Ta
nigBUIIeHHsT KoMdopty. OAHUM 13 KIIOYOBUX €JIEMEHTIB € pO3yMHI KiMHaTHI
tepmocTaTh. Lli mpucTpoi 3’€IHYIOTh CUCTEMY OMAaJeHHs 3 IHTEPHETOM, IO J03BOJISE
BJIACHUKAM OYyJIMHKIB a00 KBapTHp KOHTPOJIIOBATH TEMIIEpaTypy B MPHUMIIICHHI 3a
JIOTIOMOT'0K0 ¢cMapT(OHIB, TUIAHILIETIB a00 KOMIT'IOTEPIB. Taki TepMOCTaTH MOAUIAIOTHCS
Ha aBTOHOMHI Ta IHTETPOBaH1 MOJIETII.

ABTOHOMHI TE€PMOCTATH 3aMIHIOIOTh 3BUYAHI KIMHATHI TEPMOCTATH 1 IIPAIIOIOTh
HE3aJIEKHO B1J 1HIIUX KOMIIOHEHTIB. BOoHU miKitouaroThest 0€3M0cepeIHbO 10 CUCTEMU
OMaJICHHS 1 MOXYTh (PYHKI[IOHYBaTH O€3 TOJaTKOBOTO OOJIaJHAHHS, HANpUKIaj, 0e3
po3ymHoro xaly. Lle poOuTh iX 3py4yHUMU JIJIs1 BUKOPUCTAHHS B MMPOCTUX cCHCTEMax a0o
JUTA TUX, XTO JIUIIE TIOYNHAE IEPEXOIUTH 10 PO3YMHHX PILLICHb.

[HTErpOBaHi TEpPMOCTaTH € OUTBIN CKIAJHUMH TMPUCTPOSIMHU, SIKi TPALMIOIOTH Y
MOEJHAHHI 3 IHIIUMM €JIEeMEHTaMH, TaKUMHU SK PO3YMHI pajiaTOpHI KJamaHu Ta

IEHTpaJIbHI Xa0u. [XHBOIO TTepeBaror € MOXKIUBICTh CTBOPEHHS 30HATLHOTO OMAJICHHS.
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Hanpukinan, 3 iX 701IOMOror0 MOKHA HAJIAIITYBaTH PI3HUM TEMIEPATypHUN PEXUM IS
KOHOT KIMHATH OKPEMO, BPaXOBYIOYH MOTPEOH MEIIKAHIIiB.

Po3ymH1 pagiaTopHi KjanaHu — e OJWH BaXXJITMBUM KOMIIOHEHT cuctemMu. BoHu
BCTAHOBIIIOIOTHCSI HA 3BUYAlHI pajiaTOpd Ta JO3BOJISIOTH TOYHO pETYJIIOBATH
TEMIIEpaTypy B KOKHOMY IpuMiiieHHi. [le 0co0iImMBO KOpUCHO TSl BETMKUX OYJIMHKIB,
JIe He BCi KIMHATH BUKOPUCTOBYIOTHCS OHOYACHO. 3aBASKHA PO3YMHUM KJlallaHaM MOJYKHA
3HU3UTH BUTPATHU HA OTIAJIICHHS, aBTOMAaTUYHO 3MEHITYIOYH TEMIIEPATypy B HE3aWHATUX
KiMHaTax. bBigpImicTe Mopened NMX KialaHIiB MPALIOTh 4Yepe3 MIIKIIYEHHS 0
LHEHTPAJIbHOIO Xaly, AKUU 3a0e3nedye KOOPAMHALIID MK PI3HUMHU IMPUCTPOSIMH Ta
HIKITFOYCHHS 10 MEPEXKI.

[HIIMM BaXTMBUM KOMIIOHCHTOM € KOMIUIGKTH IIEHTPAJIBHOTO KepyBaHHS
onaJiecHHAM. KOMIUIEKTH TIEHTPAJIbHOTO KEPYBaHHs OIAJEHHSAM 3a0e3MedyroTh
e(eKTUBHY IHTETpaIlif0 BCIX KOMIIOHEHTIB PO3yMHOi cucTteMu. Jlo iX CKIagy BXOASATh
xa0, po3yMH1 TEPMOCTATH Ta pa/IIaTOPHI KJIarnaHu. Xad € EHTPATbHUM €JIEMEHTOM, SIKUM
3’€IHy€ BCl KOMIIOHEHTH cucTeMH yepe3 Wi-Fi, 1o 103Boisi€ cTBOpIOBaTH 0arato3oHH1
cucremu onanenHs (puc. 1.2). KopuctyBau Moxke KepyBaTH TEeMIIEpaTypOK OKPEMO B
KOXHIM 30H1, HAJAIITOBYBATH 1HAUBIYaJIbHI I'padiky Ta ONTUMI3YBATH BUTPATH €HEPTii.
Bapro 3a3HaunTH, 1m0 KOMIOHEHTH TAaKOTO KOMILIEKTY 3a3BUYail CyMICHI TIJITBKH 3
00JIaTHAHHAM OJTHOTO OpEeH/y, TOMY Ba)XJIMBO PETEIHLHO OOMpATH CHUCTEMY IIij BJAacHI
noTpeou.

Po3yMHI enexkTpudHi pagiaTopu € Ie OJHUM CYYacCHHM PIMICHHSM JJIsI CUCTEM
onayneHHd. LI mpuctpoi ocHamieHi MOAyJeM A HIAKIIOYEHHS A0 IHTEpHETY, IO
J03BOJISIE BIACHUKY KEPYBAaTH pajliaTOpaMH 3a JOMOMOTOI0 cMapT(oHa, IIIaHIIeTa 91
KOMII F0Tepa. BoHU mparfroroTh aBTOHOMHO, HE3aJIe)KHO BiJI IHIIUX CUCTEM, 1 JJO3BOJISIOTh
PETYIIOBATH TEMIIEPATYPY OKPEMO I KOKHOI KIMHATH. Take pillieHHS € 3pyYHUM IS
THUX, XTO XO4Y€ MOJIEPHI3yBaTH CUCTEMY OIaJeHHs 0e3 HeOoOXITHOCTI BCTAHOBJICHHS

IOJATKOBOTO OOJIagHAHHS.
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HEATLINK FIRST ZONE
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RETURN

Pucynok 1.2 — V3aransHena cxema GyHkiionyBaHHs «Po3ymMHoOro onaneHHs»[15]

Cucrema «Po3ymMHOro omnajcHHS» (QYHKIIOHYE 3aBISKH  HiAKIOYCHHIO
OTIAIIOBATILHOTO OOJIaHAHHS 10 iHTepHETY. Lle mo3Bosie KOpUCTyBayaM AUCTAHIIIIHO
KepyBaTH TEMIIEPATypOI0 Ta HaJIAINTYBAaHHSMU Yepe3 MOOLIBHUN 3aCTOCYHOK a0o
KoM roTepHuid 1HTepdeiic. OCHOBHUMHM (QYHKIISIMA € MOXJIMBICTh BCTaHOBJICHHS
rpadika poOOTH, TUCTAHIIHHE YBIMKHCHHS Ta BHMKHCHHS ONAJCHHS, a TaKOX
aBTOMAaTHUYHA OITHMI3allil CHCTEMH Ha OCHOBI 3BMYOK MEIIKaHIIB. barato cucrem
HiATPUMYIOTh TOJIOCOBE YIIPaBIHHA yepe3 Takl miatrgopmu, ik Alexa un Google Home.

Po3ymHe omaneHHs CyMmicHE 3 PI3HMMH THUTIAaMU CHCTEM omayieHHs. Hampukmian,
PO3yMHI TEPMOCTATH MOXKYTh IPAIFOBATH 3 Ta30BUMH, HadToBUMH a00 LPG-koTiiamu,
3aMIHIOIOYHU TpaauLiiHI TepMocTaTh. COHAYHI TEIUIOBI MTaHEN1 Ta TEMJI0Bl HACOCH TAKOXK
MOXYTh OYTH 1HTErpOBaHI 3a JOIMOMOTOI CYMICHOTO TepMocrtara. HaBith cucremmu
HiITPIBY MJUIOTH, SIK €JIEKTPUYHI, TaK 1 BOJSIHI, MOXYTbh BUKOPHUCTOBYBATHUCS Pa3oM 13
PO3yMHUMH TEPMOCTATAMU ISl TOYHOTO PETYJIOBaHHS TEMIIEPATYyPH.

OyHKIIT pO3yMHOTO TEPMOCTAaTa BKIIOYAIOTh 0araro KOPUCHUX MOKJIMBOCTEH.
Hampukiaza, kopucTyBadi MOKYTh HAJIAIITOBYBATH OKPEMi 30HU OMAJICHHS IS PI3HUX
npuMimenb. Crucrema 37aTHa "BUNTHCS" Ha OCHOBI 3BHYOK MEIIKAHINB 1 aBTOMATHYHO
KOpPUTYBaTH Tpadiku OMAJICHHS I MaKCUMaJIbHOTrO KoMdopTy. IHTerpaiiisi 1aTyukiB

pyxy Ta GPS no3Bosnsie Bu3Hauatu, Koy OyAHHOK MOPOXKHIM, 1 3HIKYBAaTH TEMIIEPATYPY
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JUIsl ekoHoMi1 eHeprii. KpiMm Toro, Tepmoctar BpaxoBye MPOTHO3 IMOT0JIU, 10 JOIOMArae
YHUKHYTH HaJIMIPHOT'O HarpiBaHHS YM OXOJIOPKCHHS.

Bigomi pimeHHs pO3yMHUX CHCTEM OMNAaJEHHS TaKOX MPOIMOHYIOTh (DYHKIIT IS
KOHTPOJIIO rapsiuoi BoJIU B Oy IMHKAaX 13 OoiliepaMi, a 3aBJISIKU TaTYUKAM MOYKE BUSIBIIATH
BIJIKPUTI BiKHA, CHOBINIAIOYM TPO MOXKJIWBI BTpaTu Temuia. EHepreTnyHi 3BiTH, IO
TEHEPYIOThCSI CUCTEMOIO, JIONIOMAaraloTh aHalli3yBaTH CIIOXKUBAaHHS €HEeprii Ta
onTuMizyBaTtu BUTpatu. [[ns Oesnexku mepembayeHi cremialibHI PEKUMH, HAPUKIIA,
PeXUM BUIMYCTKH, SKHH MATPUMYE MiHIMAJIbHY TeMIlepaTypy B IPHUMIIICHHI,
3ano0irarouu 3aMep3aHHIO TPYO Y XOJIOJIHY TIOPY POKY.

TakuM 4YMHOM, KOMIIOHEHTH cUCTeMH PO3yMHOro omnajieHHs 3a0e3leuyloTh He
JMIIE 3PYYHICTh Yy BUKOPHCTAaHHI, a W CYTTEBY EKOHOMIiIO eHepropecypciB. Bonu
JI03BOJISIIOTH TOYHO HAJAMITYBAaTH KOM(OPTHI yMOBH B OCENi Ta aAaNnTyBaTH CHUCTEMY
OTaJICHHS JI0 CTIOCOOY >KUTTS i MEIIKaHIIIB.

Xoua po3yMHI CHCTEMHU OMAaJIeHHS MaloTh Oarato mepesar, BOHU He Mo30aBiieHi
NIEBHUX HEJOJIIKIB, SKi BAPTO BPaxOBYBATH Iepe]] BCTaHOBIEHHSIM. ONIMH 13 TOJOBHUX
BUKITUKIB — I1€ TIPOIEC YCTAHOBKU. 3aMiHUTH CTapuii TEPMOCTAT HA PO3YMHHI TOCHUTH
IPOCTO, SIKIIO 1€ TOOJUHOKUIN MPUCTPIi, 1 110 3a/1a4y MOK€ BUKOHATH HaBITh MaicTep-
amatop. OHaK, KOJIM WIAETHCS PO BCTAHOBJIIEHHSI CUCTEMU 3 JIEKUTBKOMA TEPMOCTATaAMHU
a00 paliaTOpHUMU KJIallaHAMH, CUTYaIlisl yCKIaIHIOEThCSA. Y 1IbOMY BUIAJIKY TOBEICTHCS
BpPaxoOBYBaTH HIOAHCHU €JIEKTPOIMPOBOIKH, IHTErPAIil0 B ICHYIOUY CUCTEMY OIAJICHHS Ta
HaBiTh BojonocTavyaHHs. Ile Mo)ke BUMaraTu 3airydeHHs (paxiBIiB, IO JI0Ja€ BUTpPAT 1
yacy.

Kpim TOT0, €eKTHBHICTH TAKUX CHUCTEM OaraTo B YOMY 3aJICKHUTh BiJl CIIOCOOY
KUTTS MEIIKAHIIB OyIuHKY. SKIO JH0au piako nepedyBaroTh BAOMA, CUCTEMa MOXKE
OyTH HE TaKOIO KOPUCHOIO, OCKUIbKM OUTBLIICTh (PYHKIIA OPIEHTOBAHI HA ONTUMI3ALIIO
poboTu mij 4Yac iXHbOI MPUCYTHOCTI. 3 1HIIOTO OOKY, SIKIIO MEIIKAHIl OYyJIWHKY
IIPOBOJISATH BAOMA OUIBIIIY YACTUHY Yacy, pO3yMHa CUCTEMa TEXK HE 3aBXKU BUIPABIOBYE

OUIKYBaHHS, OCKUIBKH TEMIIEpaTypa YacTO 3JIMILAETHCS MOCTINHOIO.
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IIle ogHUM CYTTE€BMM HEIOJIKOM € BHCOKI MOYaTKOBl BUTparTH. L[iHa Ha cami
PO3YMHI TEpPMOCTATH 3HAYHO NEPEBUIIY€ BAPTICTh 3BUYAWHUX, a SKIIO J0AATH BUTPATU
Ha JI0AATKOBI KOMIIOHEHTH, SIK-OT PaJlaTOpHI KJIallaHu 4¥ Xxad, TO 3arajbHa BapTICTh
MO>K€ CTaTH 3HAYHOW. buiablle TOro, HaJamTyBaHHS 0AaraTO30HHUX CHUCTEM Il OlIbIIe
301JIBIIIYE 111 BUTPATH.

be3neka TakoX € BaXJIMBUM aCIEKTOM, SIKMl HE MOKHa irHOpyBaTH. OCKUIbKU
pO3yMHa CHUCTEMa OMaJCHHS MiJKIIYAE€ThCS 0 1IHTEPHETY, BOHA CTa€ MOTCHIIHHOIO
TOYKOIO BPa3MBOCTI I XakepiB. HemocraTHiil piBeHb 3aXUCTy, HAIPUKJIIAJ, CIAOKUIMA
napojp ab0 BIJCYTHICTh HAJEXKHHX 3aXOAIB KiOepOe3leKu, MOXKE€ MPHU3BECTH [0
HECAHKI[IOHOBAHOTO JOCTYyIy 10 cucteMu. Lle cTBOproe pu3MKu He Juiie s podoTu
omajieHHs, a ¥ Jy1sl KOH(P1ACHIIIHHOCTI MEIIKAHIIIB.

OT1xe, X04a pO3yMHI CUCTEMHU OMNAJICHHS 3/1aTHI M1ABUITUTH KOMDOPT 1 32011 IUTH
CHEprito, iX yCTaHOBKAa BHUMAra€ pETENbHOrO IUIaHYBaHHS, 3HAYHUX IHBECTHINHN 1

3a0€e3MeUeHHs HAJIEKHOTO PIBHS OE3MEKH.

1.2 Anani3 BiJoMuX pillieHb

Y poboti [11] 3ampormoHOBAaHO METOJ aHai3y CHEPreTHYHOI CPEKTHBHOCTI
ICHYIOUOT0 €HEeproe()eKTUBHOTO OYJMHKY, 13 MOJAIBIIOK 1HTErpaIli€lo TiIpaBiIidyHOI
TEIJIOBOTO MOMUTY MOKAa3aJId, 110 JJIs BUCOKO130J1b0BAHOTO OYAMHKY BHYTPIIITHI TETUIOBI
HAJXOPKEHHS CYTTE€BO BIUIMBAIOTH Ha MOTpeOy B TeIuli, 3MeHuIyrouu ii Ha 16%. Bymno
PO3TIITHYTO JIBI CTpaTeTii KepyBaHHS OIMAJIEHHSM: Ha OCHOBI 30BHIIIHBOT TEMIIEPATYPH
Ta BHYTPIIIHBOI Temreparypu. HalikpamuM pillieHHsIM JIJIs KepYBaHHS 3a 30BHIITHBOIO
TEMIIEpaTypOIO BUSBUIIACS CTpaTeris 3 BAMUKaHHAM cucTeMu Ha Hid (21:00-05:00), mo
3a0€3Me4nsio BUCOKY KUIBKICTh KOM(OPTHUX TOJAMH 1 3MEHIICHHS BUTpAT MajvBa Ha
10%. 3aBasiku BUCOKIM TEIUIOBIM 1HEPIIil MiIJIOTOBOI CUCTEMH OTaJIeHHs Ta €(heKTUBHIN
TEIUI0130JAL11 OyAMHKY BAAJIOCS YHHKHYTH 3HAYHOI'O 3HM)KEHHSI TEMIIEpaTypH BHOYI.
[TopiBHSIHHS 3 KEpyBaHHAM 32 BHYTPIIIHHOIO TEMIIEPATypOlO IMOKA3aj0 BaKIUBICTh

TOYHOI'O HAJAIITYBaHHS KOHTPOJBHUX TEMIEPATYp AJs JOCSITHEHHS OallaHCy MIXK
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koMpopTom 1 edekruBHiCTIO. [lI4 TOMANBIIOr0 MABUINCHHS €()EKTUBHOCTI
3aMpONOHOBAHO KOMOIHYBaTH OOMJIBI CTpaTerii ympaBiiHHSA, BPaXOBYBaTH OPIEHTAIIIIO
OyIUHKY Ta COHSTYHE BHUIIPOMIHIOBAHHS, @ TAKOXX BCTAHOBJIIOBATH HIDKYY TEMIIEpaTypy
MiJ 4ac BIJCYTHOCTI MemKaHIIB. OYEeBUIHUM HENIOIIKOM TaKOTO PIIICHHS € py4yHe
KEpyBaHHS TaKOK CHCTEMOIO OITaJICHHS, 30Kpema BHOIp CTparerii onTumizarii
OTIaJICHHS.

VY po6orti [12] 3anmponoHOBaHO MaTeMaTHYHY MOJIEIb CHCTEMH LIEHTPaIi30BaHOIO
TEIJIONOCTAaYaHHs, sIKa ONTUMI3y€E TEXHIYHI Ta €eKOHOMIYHI acieKTH (QYHKI[IOHYBaHHS U
pPO3BUTKY cucCTeMH. [[nsi BupimieHHS TpoOjieM 13 HEMIHIAHICTIO MOJEIb JIHIMHOTO
nporpaMyBaHHs OyJi0 TOJIJIEHO HA TPU €Talu: TMOTOKOBHM, TEIUIOBUU 1 TUCKOBUH.
HeninHiiiHl 3an€XHOCTI PO3PaxOBYIOTHCA MDK IIUMHU €TanamH JIHIKAHOI onTumizauii. Y
poOOTI HABEACHO OCHOBHI MpPUITYIIEHHS Ta PIBHSAHHSA, SKI BUKOPHCTOBYIOTHCS IS
PO3paxyHKy ImapaMeTpiB TEIUIOBOT CUCTEMH, 30KpeMa ONTHUMAIBHOTO PiBHSI BAPOOHUIITBA
TeIia, MIBHUJAKOCTI TMOTOKY TEIUIOHOCIA B BYy3JaXx 1 peOpax Mepexi, BTpar TeIuia,
MOTYXKHOCTI Ta TEMIEpaTypu Ha KOXKHOMY peOpi, a TaKOX BHUTPAT Ha 3aKyMiBIIO i
nepenady Teruia. 3amporoHOBaHY MOJIENbh OyJlo MPOTECTOBAHO HA peaybHii CHCTEeMIi
LHEHTPAII30BaHOr0 TeIUIoNnocTayaHHs. Pe3ynbratu AOCHIIKEHHS MIATBEPAWIA 11
e(eKTUBHICT, 1 MNPUIATHICTH IS MIATPUMKA TPUAHSTTS pilieHb. EKOHOMiuHI
pe3yabTaTH MoJel 10 KamiOpyBaHHS BIAPI3HSIIMCS BiJl ICTOPUYHHUX JaHUX Ha 3,6%.
[Ticns xamiOpyBaHHS BCl BIIXWICHHS HE TepeBHUITyBaiu 1%, 110 MPOIEMOHCTPYBAIO
JIOCUTh BUCOKY TOUHICTh MOJICIII.

B inmii po6ori [13] 3anponoHOBaHO METOJIOJIOTIIO JIJIsi BU3HAYCHHS HAWMKpPAN[ol
CTparterii pO3MIUPEHHS MEPEX ICHTPATI30BAHOTO TEIUIONMOCTAYaHHS 3a 3aJaHUMHU
oOMeXeHHAMH. BUKOPHUCTOBYIOUM TIAX1J 3MIMIAHOTO IIJIOYMCENBHOTO JIIHIHHOTO
IporpamMyBaHHs, po3poOjieHa MOJAENb ONTHUMI3Zye MaHOYTHIO pOOOTY €HEpPreTUYHOro
IEHTPY, BUOMpaIOYN HallKpalie MmoeaHaHHs TEXHOJOTIN JUIsl TOCATHEHHS 3aJlaH0T METH
(HampuKJaga, MakcHUMi3allis €KOHOMIil BUTpaT abo0 MiHIMIi3allis BUKHJIIB IMAPHUKOBUX
ra3i). MeTom0510r1s TaKOXK BpaxOBY€ IMPOCTOPOBI aCIIEKTH PO3LIMPEHHS MEPEKI.

Mopens Oyna 3aCTOCOBaHA O PEANBHOrO KEiCy, A€ pe3yibTaTH MOKa3aiH, 110

3aJieKHO BIJ O0OpaHoi oNTUMI3alii HEOOXITHO NPIOPUTU3YBATH MEBHI CTpaTerii
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nigKIroYeHHs OyaiBenb. Takoxk Oyno qoBeneHo, Mo (iHAHCOBA KUTTE3ATHICTh CXEM
IIEHTPATi30BaHOTO TEIUIONOCTAYaHHS MOJXKE 3aJIeKaTH BiJg O0OpaHOro cCreHapiro
HIJKIIOYEHHS, 110 MIAKPECIIOE BaXKJIMBICTh CTPATEriYHOIO IUIAHYBAHHS IJIs1 TaKUX
Mepex. 3alpONOHOBAaHUM aBTOPaMU MiAX1/1 TOKa3aB JOCUTh BUCOKUN CTYMHIHb THYYKOCTI,
OCKIJTbKM, 3a CBIIUCHHSM aBTOpPIB, HOTO MOXKHa aJanTyBaTH JO IHIIUX CXEM
LEHTPAJII30BaHOT0 TEIUIONOCTayaHHs Ta MoAU(IKyBaTH HJis 1HTErpauii J0JaTKOBUX
aCTICKTIB 1 OOMEXKEHb.

Y poGoti [14] crarTi po3risgmaeThcs mpodjieMa IMOIIyKy HaWKpaIoi TOIOJIONiI,
BUOOpY JlaMeTpiB TpyO Ta mapaMerpiB poOOTH JUIsl PEATICTUYHUX MEpex
[IEHTPAII30BAaHOTO TEIUIONOCTadaHHs. [CHyro4l IHCTpYMEHTH TIPOEKTYBaHHS, K1
BUKOPUCTOBYIOTh HEJIIHIMHI MOJENI MOTOKY Ta TEIUIONEPEHOCY, OOMEKEHI MaluMHu
MepexxamMu 3 MakcuMyMm 20 TOTEHLIMHUMHU  CHOXXKHMBa4aMH. 3alpOIIOHOBAHO
aTbTEPHATUBHY CTPATEril0 YUCIOBOI ONTHUMI3AIli HA OCHOBI CHPSIKCHUX METOIIB, sKa
JTO3BOJISIE 3/I1MCHIOBATH HEJIHINHY ONTUMI3AIII0 TETIOBUX MEPEK BEIMKOTO MacIITaly.

{06 yHHKHYTH 3HAYHOTO 3POCTaHHS OOYMCITIOBAIBHHMX BUTPAT 13 30UTBIICHHSIM
pO3Mipy Mepexi, aBTopamMu OyJia 3aCTOCOBaHa CTPATETisl arperyBaHHS OOMEXEHb IS
crioxkuBauiB. Kpim Toro, s y3rojpkeHHs Oe3lepepBHOI cTpaTerii onTuMmizamii 3
JUCKPETHOIO TPUPOIO0I0 BUOOPY TOIMOJOTIT Ta po3MipiB TPyO, 3aIIPOIIOHOBAHO YUCIIOBY
CTpATETil0 TMPOJOBKEHHS, SKa IIOCTYIIOBO HaOJMMXae 3MiHHI TPOEKTYBAHHS [0
JUCKPETHUX BUOOPIB. Y Pe3ysbTaTi OJHOYACHO BU3HAYAIOTHCS OMTHMAIbHA TOTOJIOTIS
Mepexi Ta po3Mmipu TpyO. Takok NPOJEMOHCTPOBAHO MACIITA0OBAHICTh aJTOPUTMY Ha
NPUKJIaAl BUTaAaHOI MEPEXKI LIEHTPaIi30BAHOI0 TemionocTadyanns 3 160 cnoxuBayamu.
Sk moka3 KOHIIETINii, MEPEKy ONMTHUMI30BAHO I MiHIMI3allli IHBECTUIIIHHUX BHUTpPAT 1
BUTpAT Ha MepeKavyBaHHsI, 32a0€3Meuy0UuH TeIIONoCTaYaHHs y Mexkax 5% KoM(pOpTHOTO
niarna3oHy Temieparyp. [lounHarouu 3 pIBHOMIPHOTO pO3MOAiLTy TpyO aiameTpoM 15 cm
Mo BCIA Mepexi, 3ampONOHOBAHHWI aJIrOPUTM 3HAWIIOB KOH(DIrypario Mepexi, sKa
3MEHIIIWJIAa BUTPATH HA TPyOH Ha 23% 1 BUTpaTH Ha NiepekayyBaHHs y 14 pa3iB MEHII HIK
32 TOJIMHY Ha CTaHJAPTHOMY HOYTOyIl. BaXIuBICTh BKJIIOUEHHS HEIHIWHOI MOJei
TEIUJIONEPEHOCY MIATBEP/KYETbCSI 3MIHOIO BUTpATH CHOXUBa4diB Ha 72% uepe3

TeMIIepaTypH1 KOJUBaHHS.
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Y poboti [15] 3ampomoHOBaHO HOBUHM IHTENEKTYaJIbHHH KOHTPOJEP CHCTEMU
OTAJICHHS NJIsl KUTJIOBHX IMPUMINIEHB, KU Mae (yHKIIOHAT g poOOTH B yMOBax
«PO3YMHOI» €HeproMepexi. ¥ nmpornoHOBaHii poOOTI PO3MISAAETHCS OJUH 13 MOXKIUBUX
BapilaHTIB peai3alli akTUBHOTO KOHTpoJiepa. Takuil KOHTpOJIep MpaLoe, pearyoun Ha
KOMOIHAI[I}0 BHYTPIIIHIX HAJIAIITYBaHb 1 30BHINTHIX CUTHAJIB B1J] JJOKAJTBHUX KEPYIHOUHUX
00'ekTiB. ONTUMI3ALIIHOIO METOIO YIPAaBIIHHSA CHUCTEMaMU ONAJCHHS € MiHIMI3allis
BUTpAT Ha (PYHKI[IOHYBaHHS PO3YMHOI MIKpOMEPEXi, 3MEHIIICHHSI PO3MIpY ii OJMHHIIb,
3HIWKEHHS IMIIOPTY €Heprii 3 po3MOAUIBLHOT MEpeki Ta MaKCHUMi3allis HaJIIHHOCTI
MIKpOMEPEXI.

Y po6oti [19] 3anponoHOBaHO IHTETPOBaHY CTPATETiI0 KEPYBAHHS, IO 0a3y€ThCS
Ha IPOrHO3yBaHHI HABAHTAXKEHHS Ta KOPEKIIil BIANOBIIHO 0 BUMIPSHOI TEMIEpATypH
BCcepeAnH1 npuMinieHb. CrioyaTKy BU3HaYaIOThCS IEP10IA PETYIIIOBAHHS Ta 4YACOB1 BY3JIU
JUTst JpKepena Teruia 1 ctaHiiid. [1oTiM mporHo3yeThest TeMiepaTypa BoJIU Ha BUXOI TSt
JoKepena Teruia Ta cranuid. [IpornozoBana temmepatypa JUisl CTaHIId KOPUTYEThCS Ha
OCHOB1 BUMIPSTHOTO CEPEIHBOTO 3HAYCHHS TEMIIEPATypH B iXHINA 30HI OOITPiBY, TOMI K
3arajbHE CepelHE BUKOPHCTOBYETHCS ISl KOPEKIi TeMIlepaTypH JKepeia Tera.
[TonpoBe AOCHIIKEHHS HA PEaTbHOMY IMPOEKTI MOKA3allo, 110 3alpPOIIOHOBAHUA METO
JI03BOJIMB TOKPAIUTH TETUIOBUM KOM(OPT KOPUCTYBayiB, 3HUZUBIIN KOEQIIIEHT
HEPIBHOMIPHOCTI TeMiiepaTypu B npuminieHHsx 3 0,0310 xo 0,0196.

VY posrasHyTHX po0OOTax 3aMpOMOHOBAHO Pi3HI MIAXOAM 0 aHAJI3y, ONTUMI3aIli
Ta yOpaBIiHHSA CHCTEMaMd  OMNAJEHHS, BKJIIOYAIOYM  CTpaTerii  3MEHIICHHS
CHEepProCIOKUBAHHSA, MiJBUIICHHS TEIUIOBOTO KOMQOPTY Ta TOYHOCTI MPOTHO3YBaHHS
TEMJIOBUX HaBaHTaXeHb. llepeBaramMu 3ampoMOHOBAaHUX METOJMIB € TMOKPAIICHHS
eHEepProe(PeKTUBHOCTI, 3MEHIICHHS BUTpAT MaJMBa, MIABUIICHHS CTaOIBHOCTI
TIPaBIIYHUX MEPEXK, a TAKOX MOXKJIHMBICTh MacIITaOyBaHHS JJIsi BEIUKHX CHUCTEM
[EHTPAJII30BaHOTO TETUIONOCTAYaHHS.

Onnak, HEJ0JIIKaMHU € OOMEKEHICTh MOJIeiel y BpaxyBaHHI JUHAMIYHUX 3MiH Y
TEIJIOBOMY IOIHUTI, 3aJI€KHICTh B1Jl TOYHOIO HAJAIITYBAHHS KOHTPOJBHUX [1apaMeTpiB,
a TaKO’K CKJIaJIHICTh IHTETpallii pi3HUX CTpaTEriil yrpaBiHHI JJ1s 3a0e3eUeHHs OalaHcy

M1 KOM(DOPTOM 1 €(PEKTUBHICTIO.
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1.3 OOrpynTyBaHHs BUOOPY anapaTy HEYITKOI JIOTIKH

Amapar HEUYITKO1 JIOTIKM € KJIIOUYOBHM MIIXOJIOM 10 BUPIIIECHHS 3aBJllaHb, SIKI
OB’ 513aH1 13 HEBU3HAYEHICTIO Ta CKJIAJAHICTIO IPUNUHATTS PILLIE€HbD, 1110 € XapaKTEPHUM JJIS
Cy4YacHUX CHCTEM OITHMIi3allii, 30KkpeMa y po3yMHHX OyauHkax. HewiTka morika
0a3yeTbcsl Ha KOHUEIMII HeYITKUX MHOXUH, 3anpononoBaHiid Jlordi 3axe y 1965 pori.
Bona pno3Bosisie mpaiioBat 3 JaHUMHU, SKi HE MAlOTh TOYHOTO BU3HAYCHHS, Ta
BPaxOBYBATH JIIOJICbKE CIIPUMUHATTSA CKIIATHUX CUCTEM, Ji¢ opMasizyBaTH YiTKi IIpaBuia
JOBOJII CKJIAJTHO.

OcHOBHa TmepeBara HEYITKOi JIOTIKM IMOJIATaE B TOMY, IO BOHa JI03BOJISIE
MOJICJTFOBATH MPOIECH, SIKI Ba)KKO OIMHMCATH 4Yepe3 KJIaCHYHI MaTeMaTH4HI METOJIH,
BUKOPHUCTOBYIOUM JIIHTBICTUYHI 3MIHHI 3aMICTh YHCIOBUX 3HAa4€Hb. Y KOHTEKCTI
pO3yMHOr0o OYyIWHKY I1I€ O3Hayae, IO TeMIlepaTypa MOXKE OIHMCYBATHCS TaKUMHU
HOHATTSAMH, K TEIJIO», «XOJIOJHO» a00 «CIEKOTHOY», 3aMiCTh TOYHHMX YHUCEN. Takuii
HiAX1J 3HAYHO ONMKYMN A0 JIIOJACHKOTO MHUCJICHHS 1 JO3BOJIIE CTBOPIOBATHU THYYKI

CUCTCMU KCPYBAHH:.

60 F Temperature

Pucynox 1.3 — HeuiTkicTh ipu BU3HAUYEH] TEMIIEPATYpH

VY cucremax omajqeHHs, MOOYJOBAaHWX HAa OCHOBI HEUITKOi JIOTIKH, MOJKHA
BpaxoByBaTH Pi3HI (PakToOpH, K1 BILUIMBAIOTh HAa KOMQOpT KopucTyBadiB. Hampukian,
TeMIlepaTypa 30BHIIIHBOTO CEPEIOBUIA, HASBHICTH JIOAEH y IPUMIIIEHH], Yac 100M Ta

HaBITh OCOOMCTI yNoI00aHHS MEIIKAHI[IB MOXKYTh IHTETPYBATHUCS Y CUCTEMY SIK BX1THI
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nani. KoxkeH 3 qux napameTpiB MOKe OyTH BUPAKEHUN y BUTIISIA1 HEUITKMX MHOKHH, 1110
JI03BOJISIE CHCTEM1 OUTBIII TOYHO pearyBaTH HAa 3MIHM yMOB Ta HaJlaBaTH ONTUMAaJbHI
plLIEHHS AJiA MiATPUMaHHs KOM(QOPTHOI TeMIEpaTypH.

[lepeBaroro Takoro miJgxoJly € THy4KICTh Ta aAalTUBHICTh cucTeMd. Ha BiaMiHy
Bl TPaIUIIMHUX QJITOPUTMIB, SKI BHUKOPHCTOBYIOTH >KOPCTKO BH3HAYCHI ITpaBUIIA,
HEYITKa JIOTiKa JO03BOJISIE BPAaXOBYBaTH pI3HI cieHapii 0e3 moTpedu y 3HAUYHOMY
JoompaIfoBaddi Moneni. Hampuknaza, sKIo 3MIHIOIOTHCS 30BHINIHI YMOBH, Taki K
MOXOJIOJJAaHHS YM Pi3Ke MMiJIBUILIEHHS BOJOTOCT1, CHCTEMa MOK€ IIBUIKO a/IallTyBaTH CBOT
piteHHs 0e3 HeoOX1THOCTI BHECEHHSI 3MiH JI0 TPOTPAMHOT0 3a0€3MEYECHHS.

[Ile omHI€IO CYTTEBOIO TMEpPEBArold € TMPOCTOTAa IHTETpamii 3 IHIIUMHU
IHTEJNEKTYyaJIbHUMH TEXHOJIOTIIMU, TakuMH sk IHtepHer peuedr (IoT) abo mTyunwmii
iHTenekt (LUI). HewiTka norika Mo)ke BUKOPUCTOBYBaTH AaHl 3 natyukiB [oT s
OPUIHATTS pillieHb y peanbHOMY 4Yaci. Hampukiazn, naTdyukyd pyxy MOXKYTh BU3HAYaTH,
YH € XTOCh Y IPUMIILIEHH], & CHCTEMAa HEYITKOI JIOT1KH BUPIIIUTH, YU MOTPIOHO BKIIIOUATH
OTIaJICHHs Yy BIJMOBIIHIN 30HI.

VY mpomeci peanizaiii CHCTEMH HeEUITKa JIOTIKa CIPOIIYE B3AEMOMII0 MIX
KOpPHUCTyBaueM 1 TexHoJjorier. Hanpukmnan, KopucTyBad MOKE€ BCTAaHOBUTH OakaHUI
piBeHb KoM@opTy 0e3 HEeoOXiJHOCTI 3aJaBaTH KOHKPETHI TeMIIepaTypHi1 3HAYCHHS.
Cucrema cama BH3HAUUTh, SIKi TAPaMETPH CIIiJ] ONTUMI3yBaTH, MO0 JOCATTH 3aaHOTO
piBHS KOM(OPTY 3 MiHIMAILHUMHA BUTPAaTaMH €HEPTii.

Kpim Toro, 3acrtocyBaHHS HEYITKOi JIOTIKM J03BOJIAE€ 3a0e3MeunuTu e()EeKTUBHE
BUKOPHCTAHHS PECYpCiB Ta 3HW)KCHHS CHEPreTHUHUX BUTpaT. BoHa MOXe BpaxoByBaTH
MOTOYHY CHUTYAIlil0, TaKi K MPOTHO3 MOTOIU a00 3BUYKHM MEIIKAHI[IB, 1 ONTUMI3yBaTH
poOOTY omasieHHsl BiAMOBIAHO MO IMX yMOB. Hampukiaz, sIKIIO cucTeMa MPOTHO3YeE
COHSIYHMI IeHb, BOHA MOKE€ aBTOMaTUYHO 3MEHIIIMTH IHTEHCUBHICTH OOIrPIBY Y KIMHATaX
13 BEJIMKUMU BIKHAMU, BPaXOBYIOUM IPUPOIHE HATPIBAHHS BiJ COHIIA.

TakuM 4YWHOM, OOIPYHTYBaHHS BHUOOpPY HEYITKOI JIOTIKM SIK METOIOJIOTIT JIJIst
noOy/I0BM CHUCTEMH ONAJIEHHS y pO3yMHOMY OyAMHKY Oa3yerbcs Ha ii 31aTHOCTI
IpaloBaTl 3 HEBU3HAYEHICTIO, aJalTyBaTUCA [0 3MIHHUX YMOB, BpPaxOBYBaTH

1HAMBIyaJIbHI IOTPeOU KOPUCTYBaUiB Ta €PEKTUBHO YIIPaBIATH pecypcamu. Lle poouts
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il omHUM 13 HAWOUTBIT TMEPCHEKTHBHUX MIAXOAIB I peamisamii CKIagHUX CHCTEM

KEPYBAHHS y CY4aCHHUX PO3YMHHUX OyJTUHKaX.
1.4 3aranpHuil NiaxXia peanizanli pilieHb HEUITKOL JIOT1KU

HeuiTka norika npornoHye epeKTMBHUN MiIX1J 10 MOJEIIOBAaHHS 1 KepyBaHHS
CHUCTEeMaMHU, J¢ TPaauIliiHI MaTeMaTHIHI MOJCII BUSBISIOTHCS 3aHAATO CKIATHUMH a00
HeepektuBHuMu [43-60]. Peanizariis pillieHb Ha OCHOBI HEYITKOI JIOTIKH 0a3ye€ThCs Ha
KUIbKOX eTanax: ¢y3udikailis, popMyTtOBaHHS MpaBui, NoOy0Ba HEUITKOT Oa3u 3HAHb,
arperyBaHHsl pe3yNbTariB, Aedasudikaiis Ta TpUAHATTS ocTaToyHoro pimeHHs. Lli
eTanmy YTBOPIOIOTHh IOCTIAOBHUI TIPOIEC, KWW JO3BOJSE CHCTEMI IEPETBOPIOBATH

pealibHi J1aHl B IHTEJIEKTyallbH1 Kepytodl aii (puc. 1.4).

Knowledge Base

Data
Base Rule

T L

Crisp
Input )

......................................... 5 Crisp
¥ Output

:: Fuzzification Defuzzification [:D
Inference unit Inference unit

. 3 \
gessssssssslisssananaas

Fuzzy

Fuzzy

Decision-making Unit

Pucynok 1.4 — Ilponec ¢popMyBaHHSI HEUITKOTO JIOTTYHOT'O BUCHOBKY

Qdazupikaliist € MepUIUM €TaroM peaizallii pillieHb HEUITKOI JIOT1KH, B XO/1 SIKOT0
YiTKI BXiJHI JaHI TEPETBOPIOIOTHCS HA HEYITKI 3MiHHI. BoHa mO3BOJIsIE OMUCYyBaTH
(b1314HI BEJIMYMHHM, TaK1 sIK TEMIIEpaTypa, BOJIOTICTh YK Yac, Yepe3 JIIHTBICTHYHI TEPMiHH,
Hanpukiaa, "Husbka", "cepenns" um "Bucoka". KokeH Takui TEpMIH acOLIIOETHCA 3
HEYITKOIO MHOXKMHOIO, SIKa 33Ja€ThCsI (PYHKIII€I0 HAJICKHOCTI.

OyHKIIT HAICKHOCTI MOXKYTh MaTH pi3Hi popmu (puc. 1.5), Hanpuknan [61-67]:
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— TPUKYTHI (PYHKIIi HaJEXKHOCTI, Kl € IPOCTUMH 1 YaCTO BUKOPUCTOBYIOTHCS
3aBJISIKY JIETKOCTI OOYHCIICHB;

— Tpanerienoaioni GyHKIi, K1 J0aF0Th THYYKOCTI B OITKCI 3MIHHHX

— raycoBi (yHKIIi, SKI 3aCTOCOBYIOTBCS B 3ajadax, Ji€ BaXKJIUBO 30epertu

IUTABHUM TIEpeXiJl MK PIBHAMHU 3MIHHUX.

Membership functions

Pending Linear Generalize Bell
1.0 . .

0.6 B B

0.4 . .

0.0 1 1 1

-10 -5 _ .0 5 - 0_ .
Triangle irrapezmda?
1.0 . .

0.8 R R

0.6 B B

0.2 1 1

0.0 1 1 1
T
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10

Pucynok 1.5 — Buau QpyHKI1# MpruHANIEKHOCTI

®dazudikaliisi CTBOPIOE OCHOBY JUIsl OOPOOKH HEYITKUX JaHUX 1 Ja€ MOXKIUBICThH
CUCTEMI MpAaIfOBaTH 3 OMMMCOBUMH T€PMiHAMHU 3aMiCTh TOUHUX 3HAUCHb.

Ha eram ¢opMynioBaHHS HEWITKUX TIPABWJI BU3HAYAIOTHCS TMpaBWia, SKi
3B’SI3yI0Th BXIJHI 3MiHHI 3 BuUXimHuMH. [IpaBuna 3amarotecs y dopmi "gkmio-to",
HATPUKIIAI;

— SIKIIO Temreparypa "Hu3bKa" 1 IPUCYTHICTh Y KiMHATI "€", TO piBeHb OIaJCHHs
"BUCOKHUIA".

— SKIo Temmeparypa "cepedaHs" 1 BikHa "BITYMHEHI", TO PIBEHb OMAJCHHS

"HU3bKUN'".
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i mpaBuia IpyHTYIOTHCS HA EKCIIEPTHUX 3HAHHIX a00 MonepeHbOMY aHami31, 10
pOOUTH TX OCHOBOIO JIJISl IPUUHSTTS PIllIEHb Y CUCTEMI.

[ToGynoBa HewiTkoi 0a3u 3HaHb. HeuiTka 0a3za 3HaHb CKJIAJAETHCS 3 MHOXXUHU
npaBuwi 1 BIANOBIAHUX (yHKIIN HamexHocTi. BoHa € sapom cucteMu 1 J03BOJISIE
BpaxOBYBaTH MHOXHHHICTh B3a€MO3B’s3KIB MK 3MiHHMMH. Ll 06a3za mocTiifHO
BUKOPHUCTOBYETHCS MiJl YaC OOYKCIIEHb, KOJIM CHCTEMa BHU3HAYa€ BIAMOBIAHI peakilii Ha
3MiHY BXiJIHUX TTapaMeTPiB.

ArperyBaHHsa pe3ysbTariB. Ha OCHOBI 3aaHMX TpaBUJI BUKOHYETHCA OIlIHKA
BIIMOBIAHOCTI BXIJIHMX JaHUX J0 KOXHOro mnpasuia. Llell mpoiiec Ha3uBaeThCs
arperyBaHHsM 1 JI03BOJIsie 00’€IHYBaTH PE3yJIbTaTH 3aCTOCYBaHHS BCIX MPABHII JJIS
dbopMyBaHHS HEUITKOI BUX1THOI BEJTMYUHHU.

ArperyBaHHs 4YacTO BHUKOHYETHhCS 3a JIOMIOMOIOK) METOJIIB MaKCHUMI3allli 4u
00’e€THaHHSA, K1 JAlOTh 3MOTYy OTPHUMATH I1HTErpaJibHE 3HAYECHHS BHXIJHOI HEYITKOi
3MIHHOI.

Jledaszudikailis € KIIOUOBUM €TaroM, 10 MEPETBOPIOE HEUITKY BUXIAHY 3MIHHY Y
YiTKE 3HAYCHHS, SKE MOXKEe OYyTH BHKOPHCTaHE IS KepyBaHHS. Lle BaXIJIMBO, OCKIJIbKH
BUXIJJHUM CHUTHAJ CUCTEMHU MOBUHEH OYyTH OJHO3HAYHUM 1 3pO3YMUIUM JJisi (PI3UYHUX
NPUCTPOIB, HAPUKIIAJ, JUIsl KEPyBaHHSA 1HTEHCUBHICTIO POOOTH OMAJICHHS M 1HIITUMU
porecam.

Hnst nedazudikarii BUKOPUCTOBYIOTHCS Pi3HI METOIHU, CEPeN SKUX HaWOUIbII
MOIIUPEHI:

— metoa ueHTpy TsokiHHsA (Centroid Method), sikuit 06unciIOE cepeHbO3BaAXKEHE
3HaYeHHs (PYHKIIIT HaJexKHOCTI. Bin 3a0e3nedye TOYHICTD 1 CTaOUIBHICTb.

— MeToJ cepeaHboro makcumymy (Mean of Maximum), o0 BU3HAYa€e CepemHE
3HA4YCHHS IHTEpBay, /e (PYHKIliS HAJIEKHOCTI JIOCATAE MAKCUMYMY.

— metoa nepiroro Makcumymy (First of Maximum), skuii BUKOPUCTOBYE TepIiie
3HA4YCeHHSI, /1€ (PYHKIIIs HAJIC)KHOCTI MAaKCUMAJbHA.

O6panuii meton nedasudikaiili 3amexuTh BiJ crenudikud 3aaadi Ta BUMOT 10

IBUIKOCTI OOYHUCIIEHb.
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[TpuitHATTA pimieHHs. 3aKIIOYHUM €TaroM € BUKOPUCTaHHS JedazudikoBaHOTO
3HAYEHHS JUIsl TPUHHATTS KOHKPETHOro Kepyrodoro pimeHHs. Hanpuknaa, skio
CHUCTeMa BHM3HAuWja, IO TEMIIepaTypa B MPHUMIIICHHI 3aHAATO HU3bKa, BOHA MOXKE
noAaTH CUTHAM J10 00irpiBava s 301IbIICHHS TEIJIOBOT MOTY>KHOCTI.

VY mporeci peamizamii pilieHb HEUITKOI JIOTIKM KOXEH 3 IMX €TamiB Bigirpae
BAXJIMBY pOJb. BoHU 3a0€31euytoTh THYUYKICTh, aAaITUBHICTh Ta 3JaTHICTh MPALIOBATH
3 HEBU3HAUYCHICTIO, III0 POOUTH HEUITKY JIOTIKY €(DEKTUBHUM 1HCTPYMEHTOM JISI CUCTEM
onTUMI3aIlli y pO3yMHUX OYJIMHKaX.

OnHuM 13 NOMyJISIPHUX IHCTPYMEHTIB JIJIs1 PO3POOKU CUCTEM HEUYITKOTO JIOTTYHOTO
BucHOBKY € MATLAB, 30kpema, inctpymeHT Fuzzy Logic Toolbox.

Fuzzy Logic Toolbox y MATLAB € cneuiani3oBaHuM 1HCTPYMEHTOM,
pU3HAYEHUM JJIsi CTBOPEHHS, MOJICTIOBAHHS, aHAJI3y Ta TECTYBaHHS CHCTEM HEYITKOTO
JIOTIYHOT'O BUCHOBKY. L{e# IHCTpyMEHT J103BOJIsI€ KOPUCTYyBauaM pO3pOOJISTH MOJIE, SKi
MOXXYTh OIpPAlbOBYBAaTH HEUITKI (HETOYHI YM HEOJHO3HA4yH1) JaHl I OPUUHATTS
pillieHb, IO IMITYIOTH JIOTIKY JIFOJICBKOTO MHUCIIEHHS. BiH MIMPOKO BUKOPHCTOBYETHCS B
aBTOMAaTH3allli, ypaBJiHHI pollecaMH, POOOTOTEXHIIl, ONTUMI3AIli Ta IHIIUX chepax,
Jie HeoOX1HO BpaxOBYBaTH KiJIbKa MapaMeTpiB B yMOBaX HEBU3HAYEHOCTI.

V¥ Fuzzy Logic Toolbox mosxHa mpairoBaT 3 IBOMa OCHOBHUMH THTIAMHU HEUITKHX
cuctem: Mamaani ta CyreHo. MamaaHi BHKOPUCTOBYETBCS [UJISI CHCTEM, SIKi
nependavyaroTh IHTEPIPETAIliI0 Pe3yIbTATIB Y BUTIISA/I HEUITKHUX MHOXKHWH, TO1 Tk CyreHo
MIIXOAUTH JUTS 33/1a4, JIe BUX1J MOTPIOHO OTPUMATH Y BUTJISAAI KOHKPETHOTO YHCIIOBOTO
3HAa4YeHHs. [HCTPYMEHT J03BOJISIE CTBOPIOBATH HEYITKI MHOXXWHU 3 TPUKYTHHMH,

Tpamnerieno1i0HMMHU, TAyCIBCbKUMH Ta IHITUMU TUTIAaMU (DYHKITIH HAJIEKHOCTI.

1.5 TIlocranoBka 3aaauil

JIyist mo10N1IaHHs BKa3aHUX HEJIOJIKIB, BU3HAYEHUX Y BIJIOMUX PIIIEHHSX, MOKHA
BIIPOBAJUTH CUCTEMY HEUITKOro joriyHoro BUCHOBKY (Fuzzy Logic System). Takuit
X1 T03BOJIUB O BpaxoBYBaTH MHOXKUHHI (paKTOPH, 110 BIUIMBAIOTh HAa €(DEKTUBHICTh

CHUCTEMH, 3MEHIIYIOYM 3aJIeXKHICTh BiJi TOYHMX MareMmMaTUdHux Mojeined. HediTka
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CUCTEMa YNPAaBIIHHI MOX€ 3a0€3le4YUTH aJalTUBHE pEryJlOBaHHS NapaMmeTpiB
OTAJICHHS 3aJIe)KHO BiJ] YMOB, TAaKUX SK 3MIHU TEMIIEpAaTypH, PIBEHb TEIJIOBOI 1HEPIIil
OyIiBenb Ta MOBEIHKA CIOKMBAuiB, MIJABUIIYIOUM SIK KOMQOPT KOPUCTYBauiB, TakK 1
eHEProePEeKTUBHICTh CUCTEMHU.

Tomy ns BuUpImIEHHS 3a7a4l pO3pOOKM CHUCTEMH OITHMI3allli omajeHHs
Po3ymHOMY Oy IMHKY Ha OCHOB1 HEYITKOI JIOT1KM CJIiJ] BAKOHATH HACTYITHI KPOKHU:

1. mpoBecTH IOCHIDKEHHS MpOIECY KepyBaHHS onajleHHsSIM Yy PozymHOMy
OynuHKy. JlocmiauTu BioM1 pillieHHs Ta 3acoOM ONTHMI3alli onajeHHs y PosymHOMY
OyIUHKY;

2. po3poOuTH a0CTpaKTHY MOJIeTh (DYHKIIIOHYBAaHHS CUCTEMHU OTAJICHHS;

3. po3pobuTtu 0a30By MOJENIb CHUCTEMHM ONTUMI3alii omajneHHs y Po3ymHOMy
OyIUHKY;

4. BU3HAYUTH 3aJa4y ONTHUMI3allil KepyBaHHS OMAJCHHSM, a TAKOX KpuUTepii
ONTUMI3AIi Ta LIUILOBY (PYHKIIIIO;

5. po3poOUTH apxITEeKTypy CHCTeMU oONTHMi3alli omnaneHHsa y PosymHOMy
OyJIMHKY Ha OCHOBI1 HEUITKOI JIOT1KH, BUBHAYUTH OCHOBI MOJTYJIi;

6. peamizyBaTHm areHTa HEYITKOTO JIOTIYHOTO BHCHOBKY, BHOpatu Ta
OOTPYHTYBATH CTPYKTYPY CUCTEMH HEHITKOTO JIOTTYHOTO BUCHOBKY;

/. TPOBECTH EKCIIEPUMEHTAJbHI JOCHI/PKEHHS Ta TMOPIBHATH €(QEeKTUBHICTh
KEpPYBaHHS OMAJCHHSAM JBOX MOJeJei: 6a30BOi Ta MOJIEN, sIKa BUKOPUCTOBY€E HEUITKY
joriky. IlepeBipuTH, HACKUIBKK KOXKHA 13 IIMX Mojelel 3a0esneuye eheKTUBHICTD Ta

CTa0IBHICTh TEMIIEPATYPHOTO KOHTPOJIIO.
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2 BA3BOBA MOJEJb CUCTEMH OITHUMI3ZALII OIIAJIEHHS VY
PO3YMHOMY BYJIUHKY
2.1 KiroyoBi MexaHi3MU INiepenayl Teruia B CUCTeMl onalieHHd Po3yMHoro

OYJIMHKY: KOHBEKIIisl Ta TEIUIONPOBIIHICTh

KonBekiliss Ta TEmIOMpOBIAHICT, € JIBOMa OCHOBHUMH MEXaHI3MaMH Iepeaadi
Tera, SKi BIAITPAIOTh BAXJIMBY POJb y MOJIEIl CHUCTEMHU ONTUMI3AIlli OMAaJICHHS B
PosymHomy Oyaunky. L1 siBuIlla BU3HAYAIOTh, SIK TEILJIO MOUITUPIOETHCS Yy MPUMIIIIEHHSX,
1 BIUTUBAIOTh HA €HEProe(PEKTUBHICTh CUCTEMH OIAJICHHS.

TermonpoBiAHICTE — 1€ TMpOIEC Mepeaavl Teria 4epe3 TBEpiAl Marepiaiu, o
BUHUKAE 4Yepe3 PI3HULIO TeMIEpaTyp MK iX YacTMHaMH. Y KOHTEKCTi Po3ymHOro
OyIMHKY TEIUIONPOBIAHICT MOKE CIOCTEpIraTUCS, HANpHUKIad, y CTIHAX, BIKHaX a0o
miauo3i. SIKmo TeMrmeparypa BCepeIuHI NPUMIIICHHS 3HAYHO BIJPI3HIETHCS BiJ
30BHINIHKOI, TEIJIO Oyje mepeaaBaTucs depes Il Marepiaiu, 0 MOXKE MPU3BOAUTH 10
TETJIOBTPAT B3UMKY a00 MeperpiBy BIITKY. Y MOJEN CUCTEMH ONTUMI3AIll OMaICHHS
HEOOX1THO BpaxOBYBaTH IIed Mpollec, OCKUIbKHU BiJ BUOOpPY MaTepianiB OyJUHKY Ta iX
TEIUIO130JIALIIMHIX ~ BJIACTHUBOCTEM 3aJ€KHUTh KIUIBKICTh €HEprii, MOTpIOHOI IS
iATpUMaHHSI KOM(GOPTHOI TeMIlepaTypHu.

KonBekilisi, y cBOIO uepry, € mpolecoM mepeaadi Tersia 4yepe3 pyx MoBiTps abo
pimuH. Y cHCTeMI OITajieHHs IPUMIIICHHS KOHBEKI[iSI BUHUKAE, KOJIW TEILIE IOBITPS,
Harpite paaiaropamu ado HIIUMH JHKEpeTaMu TeTuia, T AHIMAETHCS BrOPY, a XOJIOIHIIIE
TIOBITPS OMyCKA€THCS BHU3, CTBOPIOIOYH MPUPOIHY IUPKYIsLito. [lei mporec BrumBae
Ha PO3IOALI TEMIIEPATYPH Y MPUMIIIEHHI: HATPUKJIIA, HASBHICTH TEIIJIOBUX 30H 13 OLTBIIT
BHUCOKOIO a00 HIKYOI TemmepaTyporo. Y wmozemn Po3ymMHoOro OyJIWHKY MTOTPiOHO
BpPaxoOBYBAaTH L€l (akTop ais 3a0e3MeyeHHs PIBHOMIPHOTO HAarpiBy Ta YHUKHEHHS
CHEPreTUYHUX BUTPAT HA TIEPETPIB OKPEMUX 30H.

BaxximBo BpaxyBat, 110 B3a€MO/Iisl MK TETUIOMPOBITHICTIO Ta KOHBEKITIEI0 MOXKE
3HaYHO BIUIMHYTH Ha €()EKTUBHICTh cucTeMu. Hampuximan, y OyauHKax i3 MOTaHOIO
TEII0130JIA1I1€10 TEIJIONPOBITHICTh MOXKE CIIPUATH BEJIMKUM BTpaTaM TEIUIa, 1110 BUMarae

Oluple eHeprii s o0irpiBy. Y TOM e 4yac HENOCTAaTHI KOHTPOJIb HaJ KOHBEKIIEIO
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MOK€ CIPUYMHUTH Hee(DEKTUBHUN PO3MOLI TEILIA, 3AJIUIIAI0YN ACSIKI AUISTHKU Oy IUHKY
XOJIOTHUMH.

¥V 6a30Biil MOzl ONANIEHHS 111 IPOLIECH MAIOTh BPaXOBYBATHCS ITPU MOJEIIFOBAHH1
B3a€MO/IIi MIXK €JIEMEHTaMH CUCTEMU (HAPUKIIAJl, HArpiBaJbHUMHU IPUJIaJJaMu, CTIHAMM,
MOBITPSM y TIPUMIIICHHI) 1 30BHIIIHIM cepeaoBuIilieM. Mojeiab Mae MpaBHIBHO
BIJIOOpaXkaTu, K TEIUIO IMEPEHOCUTHCS MDK JDKEpellaMH Terula, MPUMILIEHHAM Ta
30BHINIHIM CEPEJIOBUINEM Yepe3 TEIUIONPOBIIHICTh 1 KOHBEKINI0, 100 3a0e3MeunuTH
PEANICTUYHICTh CUMYJIAIII Ta aJeKBATHICTh pe3ysibTariB. OKpIM TOTro, MOJEIb MOXKE
BUKOPHCTOBYBaTH JaHi MPO 3O0BHIMIHIO TeMIepaTypy Ta MpPOrHO3 TOTOAu MAJis
nependadeHHs] TEIJIOBUX BTPAT Yepe3 TEeIUIOMPOBIAHICTh 1 PO3PaXyHKY ONTUMAIbHOTO
peKUMY OMaJieHHS. Yce 1€ CIpHusie 3MEHIICHHIO €HEepPrOCIOKUBAHHSA, ITiBUIICHHIO

KOM(OPTY MEIIKAHIIIB Ta TOCATHEHHIO OLIbII CTAJI0T0 BUKOPUCTAHHS €HEPTIi.

2.2 AGcTpakTHa MOJIETh (PYHKITIOHYBAaHHS CUCTEMHU

JIJist onucy CKIIaIHUX CHCTEM, TaKMX SIK CHCTEMa ONTHMI3allli ONajeHHs, 3py4HO
BUKOPUCTOBYBATH aOCTPAKTHY MOJEIIb, sIKa y3arajbHIO€ ii (YHKIIOHYBaHHS y BUIJISI1

KopTexxy. Ha HaiiBumiomy piBHI aOCTpakIii mpeacTaBUMO MoJieb y popmi:

AbstractModel = ({Inputs}, {FunctionalBlocks}, {Outputs}) (2.1)

ne Inputs — MHOXXHHA BXO/IIB,;

FunctionalBlocks — muoxuHa QyHKITIOHATHHUX OJIOKIB;

Outputs — MHOXWUHA BUXO/IIB.

[e#i miaxig J03BOJIE ONMUCATH OYyIb-SIKY CUCTEMY SIK B3a€MOJIII0 TPHOX OCHOBHUX
KOMITOHCHTIB: MHOXXMHHU BXOJiB, MHOXHWHHM ()YHKI[IOHAJIbHUX OJIOKIB 1 MHOXHUHU
BUX0/1B. BX1H1 a1 (Inputs) npencTaBisioTh yC1 30BHIIIHI CUTHAJIA YU TAPAMETPH, K1
BIUTMBAIOTh Ha po0OOTYy cucteMu. Bonu € mxepenom iHpopMmailii, Ha OCHOBI SIKOi CHCTEMa

BUKOHYE CBOT (DYHKIIIi.
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OynkiionanbHi 0510ku (FunctionalBlocks ) € KIIO4OBHMH e1eMEHTaMU MOJEITI,
IO BIJMOBIJAIOTh 32 OOpOOKY, MEPETBOPEHHS Ta aHaii3 BXigHuUX naHuX. Lli Omoxu
MOJIEJIIOIOTh BHYTPIIIHI TPOLIECH CUCTEMHU, 3a0€3MeUy0un 00UHUCIEHHS, Tepeaady JaHuX
MDK MIJICHCTEMaMHM Ta MNPUUHATTA pilleHb. BOHM MOXYTh BKIIIOYATH MaTE€MaTHUYHI
MOJENi, aaropuTMH, (i3WYHI XapaKTEPUCTUKH KOMIIOHEHTIB a00 HaBiTh MpOrpamHi
MOYJII.

Buxogun (Outputs) dopmyoTh pesyiabTaTd poboTH  cuctemu. BoHu
BiI0OpakaloTh, SIK CHCTE€Ma BIAMOBIJA€ HAa BXIJHI CUTHAIM MICIS iX O0OpoOKH uepes
¢yHKUIOHANBHI OJIokM. BuXiTHI mNapamMeTpu [03BOJSAIOTh OLIHUTH €(EKTUBHICTH
CUCTEMHU, 3a0€3MEYUTH 3BOPOTHHUI 3B’SI30K 200 BUKOHATH KOHTPOJIb 32 BUKOHAHHIM
MIOCTaBIICHUX 3a]1a4.

Takmii miaxig [0 MOMACIIOBaHHS CHCTEM 3a0esrnedye MOAYJBHICTh Ta
lepapXiuHiCTh. AOCTpaKTHUN pPiBEHb J03BOJISIE HE JIUIIE 3PO3yMITH 3arajbHy JIOTIKY
GyHKIIIOHYBaHHS, ajie i 3a0€3MeUnTH MOXJIMBICTD JeTali3allii KOKHOTO 3 KOMIIOHEHTIB
HA HIKYUX PIBHSAX MOJeNi. TakuM 4YMHOM, TIPU TEPEXO/Ii 10 HIDKYUX PiBHIB abcTpakinii
KOXEH 3 €JIEMEHTIB MO/JIE1 MOKe OyTH ONMUCAHMUM JIeTaJbHIIIE, BPAaXOBYIOUHN CriennudiKy

OKpEMUX IMPOIIECIB YU KOMIOHEHTIB CUCTEMHU.

2.3 bazoBa MOJieNIb CHCTEMH ONITUMI3ALlT onaJieHHs Y Po3yMHOMY Oy IHHKY

JIJIsi MoAeIIOBaHHS TPOIECY CHCTEMH ONTHMI3allii BUKOPHUCTAHHS ONAJICHHS B
Po3yMHOMYy OyIMHKY Ha OCHOBI HEUITKOi JIOTIKA CHOYaTKy BHKOHAEMO (popMaizallito
IPOIECY ONTHUMI3aIlil omajeHHs s Mojeii, mo npeactasiena y [10]. Mera takoro
MIIX0AY — BHUJAUIUTH KJIIOUOBI KOMIIOHEHTH MojeNi (BXOau, (DyHKIIIOHAIbHI OJIOKH,
BUXOJIH) 1 TPEACTABUTH iX y CTaHIAPTU30BaHIN (GOpMi, IO MOJETTIYE aHAI3, aIallTallifo,
MOPIBHSHHS Ta IUISAXU yIOCKOHAJICHHS CUCTEMHU.

Crpyktypy 06a30BOi MOJeNl CHUCTEMH ONTUMI3allli onajlieHHs y Po3zyMHOMY
OyIuHKY 1MojaHo Ha puc. 2.1. J[aHa CTpyKTypa € 1€papXi4HOIO 1 [TOKa3y€e 1HKAICYIISLII0
PI3HHX CKJIaIOBUX Mojeii. Po3risiHeMo netanbHilie camy 0a3oBy MOJieIb CHUCTEMHU

ontumizaii onajgeHHs y PosymMHOMy OyuHKY 1 1i CKJIa[0B1 A€TaJbHILIE.
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Mogens Gioky
KepyBaHHS

]y

| Moaenb TermoBoi

biok Bu3HaueHHs
MacoOBOI BUTPATH Ia3y

| biox Ki1anamy
1071241 rasy

_, | MHOXWHA €JIeMEHTIB

» | JlaBau Temneparypu

Mopenb HarpiBaua i
Mepexi OyTnHKY
Cucrema nupKyIsii .
—> T —>| Monens pagiatopy
Ta TEMI00OMIHHUKH
—>|  Monens xomia L, [Moznens jennoq6M1Hy
B y KIMHaTI
—» Hacoc
MHoOX1Ha TepManbHUX

Ead Mac (JIax, CTiHH,

BIKHO, MOMBITPS)

MHOXHHA €JIEMEHTIB
KOHBEKIIIT

TEIJIONPOBIIHOCTI

Pucynok 2.1 — CtpykTrypa 6a30B0i MOJIEI1 CUCTEMH ONTHUMI3allii ONaIeHHS Y

PozyMHOMY OyaHHKY

[logamo 06a3oBy Mojenb Bci€i cucTeMHd omnajgeHHs y Po3ymHoOMy OyIMHKY

MHeatingModel Y BATJIA L

MHeatingModel

(2.2)

= ({Texpr Tavg}r {MCOHU‘O]’ MHeaterf 1\/IHouseTermal Network» ABlOCkS}r {Tavg})



ne Texp — BCTaHOBIIEHA (OYIKYBaHA) TEMIICPATYpa Y IPUMILICHHI;
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Tayg — MOTOYHA cepeiiHsl TeMIieparypa y HPHUMIIIEHHI, sAKa BIOOpaKaeThCs 3

omoky House thermal network;
Mcontrol — MOZIETh CHCTEMH KOHTPOJTIO;

Myeater — MOJIETIb HATPIBAYA;

MyouseTermal Network — MOJIETTh TETUIOBOT Mepexi Oy AMHKY;

ABlocks — nonatkoBi 6J10kM 171 PYHKIIOHYBaHHS MOJIEI.

[IponioHOBaHa MOJIENb MPENCTABIISAE CUCTEMY ONaNieHHs] Po3ymMHOro OynuHKY Ta ii

ynpaBHiHHH. I[aHa MOACIIb MICTHUTH OJIOKH JJISI KOHTPOJIIO TCMIICPATYPH, OIIAJIIOBAJIBHOI'O

oOnagHaHHs (HarpiBaya), MOJEJIOBAaHHS TEIJIOBUX BTpAaT y OyAMHKY Ta 30BHILIHIX

dakTopis.

Bci mponecu (QyHKIIIOHYBaHHS Yy JaHId CHCTEMI OIMAJICHHS CHUMYJIIOETHCS SIK

KOMO1HAaIIg TEMJI0BOI KOHBEKIIIi, TEMJIOBOI MPOBIIHOCTI Ta TEIJIOBOI MacH. Y 3arajibHeHy

0a30By MOJIEJIb CUCTEMH OmajieHHs1 y PosymMHOMY OyIMHKY MOaHO Ha puc. 2.2.

23 P T _exp

T_expected mdot_fuel | mdot_fuel
(degC)

h 4

T_avg

boiler_outlet

Control

pump_inlet

Heater

flx)=0

]

Daily temperature
variation

L

T

House thermal network

Environment

Indoor average

(

Temperature
variation

Pucynok 2.2 — ba3zoBa mojenb cuctemMu onaneHHsa y Posymuomy OyauHKy
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BxigauMu gasuMu i1l CUCTEMH €:

- Te BCTaHOBJIEHAa (O4IKyBaHa) TemIilepaTypa y npuminieHHi. lle BuzHauae

Xp
Oa)xaHU PIBEHb TEMIIEpATypH, KU ccTeMa MOBUHHA MiATPUMYBATH.

— T,yg — MOTOYHA cepeiHs TeMIlepaTypa y NPHUMIIICHHI, sKa BIIOOpaKaeThes 3
omoky House thermal network.

[IpencraBieHa MOJENb CKIANAETHCS 13 HACTYMHHUX CKJIAJOBUX. MOJENI CHCTEMHU
kouTposrto (Control Subsystem), monmeni HarpiBaua (Heater), Moxeni Moaenb TEIIOBOI
mepexki oOyauaky House thermal network.

HonatkoBumu Omoka ABlocks nns  (dyHKIiOHYBaHHS Moneni € OJOK s
MoJIeTIOBaHHs J1000Boi 3MiHnM Temneparypu (Daily temperature variation), a takox
rpadiyHUN JAMCIUICH JUIS BiICTEXKEHHsI pe3ynbTary poboTm cuctemu (Temperature
variation).

Y naniit MozieIti KOHTPOJIEp MOpiBHIOE 0viKyBaHy TeMneparypy (Texp) 13 cepenHbOIO

NOTO4HOI0 TeMnepatyporo (T,yg). Ha 0CHOBI pisHHULI MiX HUMH (TIOMHUJIKK) KOHTPOJIEP

0o0uHnCIII0E 3HAUYEHHA MacoBOi BUTpatu nanusa (mdot_fuel) nns narpiBaya. Buxomom
naHoro 670Ky € mdot_fuel — macoBa BUTpaTa MmajmBa, ska MepeIa€ThCs 10 HarpiBaya.
HarpiBau mpuiimae macoBy ButTpaTy mnanuBa (mdot_fuel) sk BXiIHUI CUTHAII.
['enepye Temuio Juisi HarpiBy BOJM YM MOBITPS y CUCTEMi onaneHHs. Buxogamu 0y0ky
HarpiBaya € boiler_outlet — TenoBuii BuXij (TEmoTa, MO MO JAETHCS O CUCTEMH) Ta
pump_inlet — curnasi, o MoKa3ye MOTOYHUI CTaH HarpiBaya.
Hactymmaum Gitokom € House thermal network (terutoa mepexa Oymunky). e
MOJIeJTb TEIJIOBOI TUHAMIKM OYJMHKY, sIKa BPAXOBYE:
— BTpaTy TeIUIa Yepe3 CTiHM, BiKHA, /1aX,
— TeIIO, sIKe OTPUMYETHCS BiJl HarpiBaya;
— BIUIMB 30BHILIHIX YMOB (T€MIEpaTypy HaBKOJUIIHHOTO CEPEIOBUIIIA).
Bxomamu TeruioBoi Mepexi Oymunky € boiler_outlet — TemnoBa eHepris, IO
HaJIXOJIUTh Bijx HarpiBaua Ta Daily temperature variation ([Tatm]) — 1060Bi KonHMBaHHS

30BHIIIHBOI TeMIeparypu. Buxomom e snauenus T,y g — CEpelHs TeMIiepaTypa BeepeuHi

OYJIMHKY.



30

bnok Daily temperature variation moaemntoe 7000Bi 3MiHM 30BHIIIIHBOT TEMIIEPATYPH
(remnepatypu atmochepn). Bin momae 3Hau€HHS 10 TETUIOBOT MEPEKi Oy IMHKY.
braok Environment renepye 30BHIIIHIO TeMIepaTypy SK YacTHHY BIUIMBY
HABKOJMUIHBOTO cepenoBuuia. [logae curnan Ha Bxig 01oky House thermal network.
Temperature variation (rpadiunuii 1ucIuiei), BigoOpaxkae 3HaUYEHHS TeMIEpaTypu
BCepeANHI OyJIMHKY, a TAKOXK 3MIHY TeMIIepaTypH 30BHIIIHBOTO CEpeIOBUIIIA.
OnHuM 13 HEHTpaIbHUX €JIEMEHTIB JIaHOT MOJIENIl € TeIUIoBa Mepexa PozymHoOro
OYIUHKY.
[Tonamo monenb TemaoBOi Mepexi OYIUHKY MpyguseTermal Network Y BHUTJISLII

HACTYIHOT'O KOPTEXY:

MHouseTermal Network — ({Tatm» Tavg}» {MRooms: MRadiatorsr IAT; HC}' {Tavg}) (2-3)

ne T, — 30BHIITHS TEMIIEpaTypa, SKa BIUIMBAE HA TEIUIOBTPATH KOXKHOI KIMHATH Yepe3
CTIHM Ta BEHTHJIALIIIO,

Tavg — IOTOYHA CEPE/IHS TEMIIEPATYPA Y PUMIILEHH,

Mgooms — MOJEIb TEIIOBOT MepeXi KIMHAT Mgooms = {Mroom }iz1;

Mpadiators — Mozaenb jpkepen  onaieHHs  (pamiatopiB)  Mpadiators =
{MRoomRadiator}?:l :

[AT — On0K pO3paxyHKy CepeHbOI TEeMIEpaTypu y Oy IUHKY;

HC (Heat Control) — 6yi0k perystoBaHHs TOTOKY TeIjia MiX BXiJHUM MOTOKOM i
pajiaTopamu.

Mopens TErIoBOi Mepexi OynuMHKY momano Ha puc. 2.3. Cucrema oTpuMye Ha
BXOJ[l 30BHILIHIO TeMIePaTypy Ty, 1 cEpenHIO TEMIIEPATYPY KIMHAT T,yq.

VY npornoHoBaHii cucTeMi MOAENb OyJAMHKY CKIaJAa€ThCs 13 YOTUPHOX KIMHAT. Y
KOXH1M KIMHATI MPUCYTHIN pajiiaTop, SKUH € €IMHUM JHKEPEIOM TeTUIOBI a4l y KIMHATI.
KoxHa KiMHaTa OTpUMY€ BIUIUB 30BHIIIHBOT TEMIIEPATYPH, KA 3MIHIOETHCS 13 4acOM. Y
JaHIA CHCTEM1 30BHIIIHIO TEMIIEPATypy 3MOJEII0EMO BIANOBIAHO J0 HACTYIHOI'O

3aKOHY:
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2T

12-360't)+5

Toutsidze = 6 sin(
outside
(2.4)
Pamiatopu Mp,giators TEHEPYIOTH TEIUIO JUIsl KIMHAT Ha OCHOBI CHTHaIB
perymtoBanHs Temia HC, sSkuii BpaxoBye€ TEIJIOBTPATH Ta MOTPIOHY (BCTaHOBJIEHY)

temneparypy. Cepemnsi Temneparypa (orpumyeThess B Osonii IAT) BHU3HAYAETHCS SIK

KOHTPOJBHUN MapaMeTp, 10 T03BOJSE MIATPUMYBATH OakaHWil TEMJIOBUH OanaHC y

OPUMILICHHSX.
In
o
Radiator Radiator Radiator Radiator
Out
21 _ o -
T_atm J J 1 ¢
Room 4 Room 3 Room 2 Room 1

T4F—
COe——ram 3

T _avg L

Indoor average
temperature

Pucynok 2.3 — Moaens TemnoBoi Mepexi Oy IMHKY

Crpyktypy 65oky [AT nomano Ha puc. 2.4.

(i) T4

@D

y vr vy
*
I—|
am

o
=]

(3 )12 *
T1

Pucynok 2.4 — Ctpykrypa 0noky [AT
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OpHi€r0 13 OCHOBHMX CKJIAQJOBHX MOJENI CUCTEMH oONajleHHd y Po3ymHOMY
OynauHKy (Bupa3s 2.2) € MOJENb TEIIoBoi Mepexi KIMHAT Mgooms = {Mroom)ieq. Jdana
MOJIEJIb € MHOXXHHOIO 13 YOTHPHbOX €JIEMEHTIB, KOXEH 13 SIKMX OIHUCYE MPOLECH
MOJICTIIOBAaHHSI ~ TEIUIOOOMIHY MK BHYTPINIHIM TOBITPSIM  TPUMIMICHHS, HOTO
CTPYKTYPHUMH €JIeMEHTaMHU (J1aX, CTiHHM, BIKHA), 30BHIIIHIM CEPEIOBHUIIEM, a TaKOXK
moxepesnoMm Teruia (oOirpiBaueM). [IpencraBumMo Mopenb TEMIOBOI Mepexi KIMHATH

Mpoom V BUTIIAL HACTYITHOTO KOPTEXKY:

Mgroom = ({Tatm' H}, {TM, Conv, Cond, TS}, {Trpom}) (2.5)

ne T,¢m — 30BHIIIHS TeMIeparypa,
H — mxepenio temnia
TM — MHOXXHUHA TEPMAIIBHUX Mac;
Conv — MHOKWHA €JIEMEHTIB KOHBEKIIii (Convection);
Cond — MHOXHMHA €JIEMEHTIB Terutonposianocti (conduction);
Troom — TEMIIEpATypa y KIMHATI
TS — naBau Temneparypu;
VY moaenm Mg,,m MHOXKHHA TepMaIbHUX Mac TM onwucye (i3uuHi 00’€KTH, SIKi
30epiratoTh TEIUIO 1 MEPEIAI0Th HOTO K y MPUMIIIEHHS, TaK 1 Ha30BHI. JlaHa MHOXWHA

CKJIaga€ 4O0TUPH CICMCHTHU:

TM = {TMy;y, TMRoof: TMy i, TMyyingow} (2.6)

ne TMy;,- — TepmanbHa Maca J1jisl MOJICNIIOBaHHS BHYTPIIIHBOTO MOBITPS KIMHATH,
TMgoor — TEpMasbHa Maca 1Jis MOJICTIOBAHHSA Jaxy K 00’ €My, KU HAKONHMYYE
Ta Mepesae TErIo
TMyy 41 — TEpMasibHaA Maca JjIsl MOJICTIFOBAHHSI CTIHU SIK 00’ €My, SIKMI HaKOMU4ye

Ta 1repeaae TCIIo
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TMy/indow — TEpMallbHa Maca IS MOJCIIOBAHHSA BiKHA SK 00’ €My, SIKUN
HAKOIIMYY€ Ta IEpeIa€e TEII0

VY wiit MHOkUHI T My;,- IpeACTABIISIE TOBITPS B KIMHAT1, OCKUJIBKK BOHO MAa€ HU3bKY
TEIJIOEMHICTh, TOMY IIBHJIKO pearye Ha 3MiHy JKepeln Teria (00irpiBad, TEIUIOBTpaTH
uepe3 KOHCTPYKILi). TMp,, f TIPEACTABIISE 1aX, AKUH 3a3BUYAN MA€ 3HAYHY TEIUIOEMHICTD
1 BIUIMBA€E Ha TEIJIOBTPATH, OCOOJMBO Yepe3 KOHTAKT 13 30BHIIIHIM CEPEIOBHUIIEM.
TMyindow MOIEIIOE BIKHO K TEIJIOBY Macy, X0ua MOTro TeIUIOEMHICTh 3HAYHO HUKYA,
HIX y JIaXy 4Yd CTiH, IPOT€ BIKHA € OCHOBHUM J[KEPENIOM TEIUIOBTPAT uepe3 HU3bKUUI

KOE(IIIEHT TEIIOBOI 130JIA1111.

Room1
Troom1

AL B
Temperature sensor *’ :;
Roof-atmosphere
leakage
O—1T—p——=r . P ha—t
Heater Air-roof Half roof-air —— Roof Half roof-atmosphere Roof-atmosphere
convection conduction l ‘ 00 conduction convection
\ ) thermal mass
A B
* :% Temperature
Wall_atmosphere source atmosphere
leakage 1 \
Al-siB Ar=%18 ~ Ar=¥18 Al-siB 1 ¢ A
| e | =) =] | e | By d—
— Air-wall Half wall-air { - l Wall Half wall-atmosphere Wall-atmosphere
Air convection conduction thermal mass conduction convection
thermal mass
e e
Window-atmosphere Tatm
leakage
P— .
A'l ,:‘a & [ :._e = A‘ :.e A} :16
Air-window Half window-air — Wind Half window-atmosphere Window-atmosphere
convection conduction { o conduction convection

I thermal mass

Pucynox 2.5 — B Mojens TemioBoi Mmepexi KiMHaT

OCHOBHUMHU KOMIOHEHTaMH Mofem Mp,om € OJOKM TEmIoBOi Macu, OJOKHU
KOHBEKIIi Ta TeruionpoBigHocTi. [ToBiTps BcepeauHi MPUMIIIECHHS B3aEMOJIIE 3 J1aXOM,
CTIHAMHM Ta BIKHaMHU 4epe3 Teruionepenayy (KOHBEKIlS Ta TEIJIOMPOBIIHICTB), IO
MOJIEIIIOEThCS. OKpeMUMU Osiokamu. KoxeH CTpyKTypHUI eleMeHT (JaxX, CTIHH, BIKHA)
MPEICTABICHUN SK OKpeMma TeIjioBa Maca, 10 MOJCIIOE HAKOMWYEHHS Ta Tepenavy

TCILIA.
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Jlax, cTiHM Ta BiKHa MIAKIIOYEHI MO aTMocdepu depe3 OJIOKM TEeIIOBTpAT, sIKi
BPaxOBYIOTh SIK TEIUIOMPOBIAHICTh, TaK 1 KOHBEKIIIFO. JIJIsI TOYHIIIOrO MOICITIOBAHHS
TeruIonepeayl, TeMIONPOBIIHICTh MK MOBITPSM 1 CTPYKTYPHUMH €JIeMEHTaMu (AaxoM,
CTiHaMH, BikHaMH) po3aisieHa Ha nBi nojounau: Half roof-air conduction, Half wall-air
conduction ta Half window-air conduction. Bonu 3abe3neuyroTh MOCHTITIOBHICTh
nepejayi Terja MDK MOBITPSAM y KiMHATI, TEIUIOBOIO MAacoOI0 €JIEMEHTIB 1 30BHIIIHIM
CEepEeIOBUILIEM.

JlxepenoM Teria € ooirpiBad H, skuii iepejiae Terio MoBITPIo B KiMHaTI. [ToBiTps
y IPUMIIIEHH] TAKOX MOJENIOEThCS K TerioBa Maca (Air thermal mass), o BpaxoBye
WOro 3/1aTHICTh HAKONMUYYBAaTH Ta TNEpeaaBaTH TeIulo. Temrmeparypa 30BHIIIHBOTO
cepenoBumma T,;,;, MOACTIOETHCSA SIK JUKEPETIO TEMIIepaTypH, SKe IiIKII0UeHE [0
TEITIOBUX Mac depe3 O0J0Ku Tertonepenadi. 1{i 610k BpaXxoBYIOTh TEIUIOBTPATH Uepe3
Jax, CTIHU Ta BiKHA JI0 aTMOC(epH.

[IpeacraBnena Mozelb peai3ye B3a€MOJIIIO MOBITPS BCEPEAUHI MPUMIILIEHHS 13
JaXOM, CTIHAMH Ta BIKHaMH dYepe3 Tervionepenavy, Mo CKIANaloTh TPH TEIUIOBHX
JAHIIOTU. Y JaHii MOJIENI IIi JIAHITIOTH € TUTIOBUMH, 30KpeMa IS 1aXy TETUIOBHA JIAHIIOT
MOJICTIOETHCSI HACTYITHUM YHHOM:

1. [lepenada Temna BiJl KIMHATHOTO TIOBITPSI 10 BHYTPIIIHBOI MOBEepxHi Aaxy. Llew
etan moaenoerbes 6okomM Convection Air Roof (koHBekIis MK TOBITPSIM KIMHATH Ta
BHYTPIIIHBOIO TIOBEPXHEIO Jaxy). SIK pe3ysbTarT TEIIo MepeaacThbcsl BiJl KIMHATHOTO
MOBITPS 10 BHYTPIIIHbOI MTOBEPXHI Jaxy.

2. llepenaua Tema uepe3 mepiry mnojoBuHy Matepiany gaxy (Half Roof Air
Conduction). Ha mpomy ertami Temo TMOIIMPIOEThCS Yepe3 BHYTPILIHIO TOJIOBUHY
ToBIMHHM axy. Lle moaemoerbes 61okom  Half Roof Air Conduction (TerutonpoBiiHicTb
yepe3 MepIry MOJIOBUHY Naxy). SIK pe3yibTaT 4yacTHUHA TEIJIa JOXOIUThH JI0 CEpeIuHU
TOBIIMHU J1aXy.

3. Ilepemaua Ttemna uepe3 apyry mnojioBuHy Marepiany pnaxy (Half Roof
Atmosphere Conduction). Teruio MOMMPIOETHCS Yepe3 APYTy MOJOBUHY TOBIIHHH JaXy

710 30BHINIHKO1 MoBepxHi. [le MogemtoeTbest 6;1okom Half Roof Atmosphere Conduction
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(TemmonpoBiHICTh Yepe3 Jpyry IMOJOBHHY JAaxy). SIK pe3ysibTar TEIIo A0CArae
30BHIIIHBOI IOBEPXHI JIaxy.

4. Btpatu Temia 4yepe3 BUTOKU Mik jaxom 1 armocdeporo (Roof Atmosphere
Leakage). Ha mpoMy eTami BpaXxOBY€EThCS BUTIK TeIUIa Yepe3 MOMIIMBI IMITHHHA a0o
HerepMeTnuHicTh Aaxy. Lle moxemoeTses 61okoMm Roof Atmosphere Leakage (BTpatu
TEIUIa Yepe3 BUTOKH Jaxy B armocdepy). Sk pesynprar 1e mpu3BOAWUTH 10 BTpaTa
YaCTHHHM TEIIa 4Yepe3 HeTePMETUIHICTh Aaxy.

5. Ilepenaya Teria BiJ 30BHIIIHBOI MOBEpXHI Aaxy 10 atMocdepu (Convection
Roof Atmosphere). 3oBHiIIHSA MOBEPXHS Jaxy Mepelae TEIuio 10 aTtMochepu yepes
koHBekmiro. [le Mmoxemoersess O61okom Convection Roof Atmosphere (korBekiist Mix
naxoM 1 arMmocdeporo). B pesynbpTaTi uyacThHa Teria TEpPENaeThbCs y 30BHIIIHE
CepeoBUIIE Yepe3 KOHBEKIIIIO.

TakuM 4MHOM BapTO BIJ3HAYUTH, 110 KOKHUN JAHIIOT TEIUIOOOMIHY TOAUISETHCA
Ha JIBl YMOBHI 30HH ISl BpaxyBaHHS TEIUIOBUX MOTOKIB Y ABOX HaNpsIMKax 3 KIMHATH J10
30BHINIHHOTO CEPEIOBUINA Ta 13 30BHINIHBOTO CepenoBuIa M0 KiMHaTH. Lle mo3Boise
TOYHIIIIE MOJICJIFOBATH MpOIEC Tepeaadi Teria Ta 3a0e3lnedyBaTH JUHAMIYHY 3MiHY
TEIJIOBUX MOTOKIB 3aJIEKHO BiJl YMOB.

Ille onHIEIO BaXJIMBOIO CKJIAJOBOIO 3arajibHOi MOJICJII CHCTEMH ONTHMI3allii
OTMMaJieHHS € MOJeNb HarpiBada Mpye,ter. [IpeicTaBUMO MOJIENH HArpiBava y BHIJISIII

KOPTEXKY:

Mpyeater = ({mdot_fuel inlet}, {SS, Pump, Boiler, CC}, {outlet}) (2.7)

s Mozenb CKIIaIa€ThCS 3 HACTYITHUX OCHOBHUX KOMITOHEHTIB:
ne mdot_fuel — macoBa BuTpara manusa;
inlet — MOTIK PiAVHY, SKUH IPAMYE 10 KOTJIA JUIs HarpiBaHHS,
outlet — MOTIK piIMHU, IKUI MPAMYE BIJ KOTJIA MICIs HArpiBaHHS;
SS — Jlxepeno mBuAKoCTl (speed) — BHKOPHUCTOBYETHCS MJI KEPYyBaHHS
IIBUJIKICTIO IOTOKY PIAMHU Yepe3 HAcoC;

Pump — Hacoc (Pump) — BiANOBiAa€ 3a CTBOPEHHS [TOTOKY PIIAMHHU;
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Mpgoiter — MOZCIB KOTIIa (BOiler) — BUKOpUCTOBYETHCS JIJIsl HArPiBAaHHS PiIUHM,
CC — Cuctema IUPKYJIAIi 1 TETUIOOOMIHHUKHA — TIEPEHANPABIISIOTH 1 IEPEIAIOTh
TEIJI0 MI’K KOMIIOHEHTaMHU.

Monens HarpiBada mojaHo Ha puc. 2.6.

|
|
mdot_fuel - )
mdot_fuel Boiler  Outlet y
B
[> B3 . } = boiler_outlet
speed R f

pump_inlet

Pucynok 2.6 — Mojenb HarpiBaua

brok SS 3amae BxigHuUi mapameTp MIBUIKOCTI pOOOTH Hacoca.

Hacoc Pump 3abesneuye pyx piilMHHM 4epe3 cucTeMmy. Buxijg moToky Hacoca
BHU3HAYAETHCS MOTYXHICTIO 1 IBUAKICTIO 00epTaHHd. Hacoc ckiagaeTbes 3 AEKUIBKOX
KOMITOHEHTIB:

— Bxix S (Suction) — BXija Hacoca, KyJIM HAIXOAUTh PiAUHA.

— Buxig R (Return) — Buxia piguHu micis CTBOPEHHS MTOTOKY.

— Buxig C (Control) — Buxij, yepe3 Ikl CUTHAJ MIBUIKOCTI BIUIMBAE HA POOOTY
Hacoca.

Koten Mp,ijer BU3HAUa€ OCHOBHU KOMIIOHEHT, III0 BUKOHYE HATPiBaHHS P1IUHH.
Mae onuH BXif inlet, mo npeacTaBise piAMHY, 10 HAAXOAUTh y CUCTEMY, & TAKOXK BUXI1
outlet — wHarpiTa piliHa BUXOJUTH 13 KOTJA 1 K HAMPABISAETHCA 10 TEIJIOOOMIHHUKIB.
Koten oTpumye TemioeHEepriio 3 MaJbHOTO, fKe MoAaeThecs yepe3 moTik mdot_fuel.
HarpiBanHs piiMHA BUKOHYETHCS 10 HEOOX1HOT TeMIIepaTypH.

Cuctema CC ckiamaeTbes 13 OJOKY TEIUIOOOMIHHHMKY Ta OJIOKY ITUPKYJIALIII.
TemnmooOMIHHUK Teperae TEIIOBY EHEPril0 MK HarpitTol piAMHOI 1 poOoYnM

cepenoBuIleM. Y JaHii MiJICKCTEM] BXiJ A BHU3HaUa€ Harpita piayuHy, 110 HAAXOIUTh Y
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TEIUIOOOMIHHUK, TOAI K B BHU3Hauae BHUXiA MmicAs TEIIOOOMIHY, KOJM piauHa
nepenaeTbes gam B cucteMy. biaok H Bu3Hauae nmporec mupKyIsiist piiuHA MK KOTIIOM

1 TeriooOMinHUKaMu. Llelt 6710k Mozenoe 3MiHy MTOTOKY 1 TOBEPHEHHSI PIAUHU Ha3ajl y

CUCTEMY.
(0 —»>
mdot_fuel ‘
[ [
::. £ MF H2
: S " A1
T_fuel | 5D
) B HR [ ! Inlet
L~ | G exh >C2 | .
Humidity ratio &TS '
| Furnace . : -1 >
| i C —>
T_air L= HC2 Outlet
HC2 E-NTU Heat Exchanger

(TL)

Pucynox 2.7 — Mogens Ooitnepa

OcTaHHIM OCHOBHHK KOMITOHEHTOM 0a30BOi CUCTEMH OTIAJICHHS € MOJIEJIh CUCTEMU
KepyBaHHS Mgnirol, IO TPECTaBiICHA Y BULIIsAI 050Ky Control (puc. 2.1). lanuii 010K
peanizye MiJCHCTEMY KEpyBaHHS IPOIICCOM ONAJCHHS, SIKa BPaxOBYE TeMIIepaTypHi
napaMeTpu Ta MaCOBY BUTpATy NayimBa s MiHiMizallii Burpar (fuel cost). Jlany monens
KEepPyBaHHS MOXXHa BigHeCTH 0 mnpomnopuidHo-inTerpansHux (I1I) momeneit i3
JTUHaMI4HOI 00poOKor curHamiiB. [lomamo moxens cuctemu KepyBaHHS Mcontrol Y

BUTJISAI:

Mcontrol =

2.8
({Texp, Tavg}, {S,GVL, VOMFR, NGD, IB, SB}, {mdot_fuel, fuel cost}) (28)

1€ Teyp — BCTaHOBIIEHA (OYiIKyBaHa) TEMIIEPATYpa Y NPUMIILEHH.
Tavg — IOTOYHA CEpENHSA TEMIIEPATypa Y IPUMILICHHI;

S — cymatop, GV L — 6ok AMHAMIYHOT 3aTPUMKH KJanaHa mojiayi rasy,
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VOMFR — 6510k BU3HaYeHHSI MACOBOT BUTPATY Ta3y uepes3 KIIalaH,
NGD — 610k iHBepcii HIIIBHOCTI MPUPOTHOTO Ta3y,

IB — 65ok-iHTETpaTOop,

SB — scale blocks, 6;oxku MacmTaOyBaHHSI CUTHAITIB,

mdot_fuel — macoBa BuTpara nanusa, fuel cost — Burparu Ha majugo.

Monenb cucTeMu KepyBaHHS OMaIEHHSIM MOJaHO Ha puc. 2.8.

e ] RS L

1/Natural gas density

O—— = e "D
T_exp mdot_fuel

Gas valve lag  Valve open mass flow rate

Pucynox 2.8 — Mogenb cuctemu KepyBaHHS OMaJICHHSIM

Bxonamu nanoi mogmeni € TeypTa Tg,, (Temperature expected i Temperature
average). T,y 1l€ OUiKyBaHa TEMIIEPATypa, AKy CHCTEMA IIOBUHHA IIATPUMYBATH (3a/1aHa
KOPHCTyBaueM abo mporpamoro). Ty,,g — L€ CEPEIHS MOTOYHA TEMIIEpaTypa (HapuKia,
3unTaHa i3 ceHcopin). Li ABa cUrHamM HATXOASITH HA CyMATOP JIJIsi OOYMCIICHHS TOMUJIKA
(BiaxuJsieHHs BiJ Oa)kaHOI TeMIepaTypH).

Buxongamu nanoi mozeni € mdot_fuel — macoBa BuTpara nanuBa. /lane 3HaYCHHS
BUKOPHUCTOBYETHCS I aHaMi3y pobotu cuctemu Ta fuel cost — Butpatn Ha manuBo, sKi
PO3paxoBYIOTHCS SIK (DYHKIIISI BUTPATH MMAJIMBa Ta HOTO BapTOCTI.

biok cymartop (mo3Ha4aeThes Ha CXEMi SIK +) O0UHCITIOE PI3HHUIIIO MK 3HAYCHSIHMHU
Texp 1 Tayg. OTpriMaHe 3HA4YEHHS BH3HAYA€, HACKUIBKM (aKTHYHA TEMIIEpaTypa
BIJIpI3HSAETHCS BiJ OakaHoi. Ll momuiaka € OCHOBOIO ISl MOAANBIIOTO PETyTFOBAHHS

BUTPATH NPUPOJAHBOTO razy:

Error = Toxp — Tang (2.9)
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Hactynnum eranom € tuHaMiuHa 00po0Ka IbOT0 CUTHAITY Yepe3 MOJIEIb 3aTPUMKU
KJIalaHa 1mojiavi ra3y, ska BpaxOBY€ YaCOBI XapaKTEPUCTUKHA CUCTEMHU, IO OMMHUCYIOTHCS

nepeaaBaibHOI (QYHKITIEIO:

~ den(s) (2.10)

Jany ¢yHKIIIOHATBHICTE TpecTaBiisie 0ok GV L — Gas Valve Lag.

biox VOMFR — Valve Open Mass Flow Rate macmitabye curaan Bijj kiianasa, oo
BU3HAYUTH MAacoOBY BHTpaTy razy depe3 KiamaH. Y TMPOMOHOBaHIM MoJen 3HAYCHHS
koedirienTa s qanoro 6;10ky ckiagae 0.0015.

bnok iuBepcii minpHOCTI Tpupomnoro razy NGD (1/Natural Gas Density)
MPE/ICTABIIAE 1HBEPCIIO MITBHOCTI MTPUPOTHOTO Ta3y 1 I03BOJISIE BpaXyBaTH BIACTUBOCTI
ra3y (TyCTHHY), 1100 EPEBECTH MAacCOBY BUTPATY Y BIJINOBIJIHY TEIJIOBY €HEPTIIO.

JHonatkoBuii 6110k 1HTErpaTop (1/s) iHTErpy€e curHai, mo BiAMOBIIAE BUTPATI rasy,
JUTSI OOYMCIICHHS] HAKOMTMYEHOT KITBKOCTI BUKOPUCTAHOTO NayinBa (a00 eHeprii, mepenanoi
B CUCTEMY).

broku 3 koedimientamu SB MacmTaOyrOTh CUTHAJIA HAa OCHOBI XapaKTEPUCTHUK
cucteMu (Ha pUCYHKY mo3HaueHi sk -K-). [lepmnii koedillieHT BU3HAYAE€ CHEPTETUUHY
e(eKTUBHICTh a3y, TOJ1 K APYruil Koe(ilieHT BU3HAYAE BapPTICTh NAIUBa 32 OJUHULIO
eHeprii.

Takum YMHOM KOHTpOJIEp, peanizoBanuii y 6a3oBiii Bepcii [10], € mpomopuiiaum
KOHTPOJIEM, SKHA OIlHIOE (aKTUYHY TeMmmeparypy OyAWHKY IIOAO0 IIJILOBOI
TemriepaTypu, 3 noxubkorw 2 °C ta ricrepesucom 4 °C. YV gaHoMy BUNAAKY MOHSTTS
riCTepe3ucy BHU3Haya€e €(PeKT, KOJU CUCTEMAa Ma€ pI3HY pEakiilo Ha 3MIHH BXIJHOI
BEJIMYMHU B 3aJI€KHOCTI B/l TOTO, YM 3POCTAE UM 3MEHIIIYETHCS 115 BETUYHMHA.

Y KOHTEKCTI JaHOi TeIJIOBOi CHUCTEMH TICTEpEe3UC BUKOPUCTOBYETHCA IS
3armo0iraHHsl 4YacTUM BMHUKAaHHSAM/BUMHKAHHSAM TIPUCTPOiB, KOIH TeMIEparypa

KOJINBA€TBCA HABKOJIO IICBHOI'O IIOPOTY. HaHpI/IKJ'IaI[, Y CHCTCMAX OIAJICHHA 4YH
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OXOJIOJDKEHHSI TICTEpE3UC BU3HAYA€ PIZHHULIO MDK IOPOrOBHUMH 3HAYEHHSIMH JUIS
BMUKAHHS 1 BUMHUKaHHS MpUCTporo. Lle M03BoJisie YHUKHYTH MOCTIMHOTO BMUKAHHS 1
BUMHUKAHHS (SIKE MOXKeE OYTH IIKIJJIMBUM JJIs 004 HAHHS ) PU HE3HAYHUX KOJMBAHHSX
TemiiepaTypu. TakuM 4YMHOM y JaHii MoJel ricrepe3ruc BcraHoBiaeHui Ha piBH1 4°C. Le
O3Hauae, IO KOHTPOJEp BUIKPUE KIamaH I IAKIIOUCHHS 00irpiBaya, KoJu
TeMIiepaTypa OMyCTUTbcS Hmkue HiX Ha 2°C Bim 3aJaHoi, 1 3aKpHe€ KIamaH, KOJU
TeMIlepaTypa NepeBUIIUTH MUTbOBY Ha 2°C.

OO6irpiBau cucTeMU OTPUMY€E MAIMBO, SKE PEryIIOEThCS KIAallaHOM, 1 BoJa B
CUCTEMIi OTaJCHHS MOBEPTAETHCS TAKOIO K, aje TapsYilIol 3aBAsSKU e(eKTy KoTia.
Koten mpairioe nmpu mocTiMHUX YMOBaxX BOJIOTOCTI Ta MOBITps. BiH Moxke mepemnaBaTu
TEII0, 10 T€HEPYEThCS B MPOLEC] TOPIHHS, BOJ1 3aBASKU TEINIOOOMIHHUKY. ToMy Boja,
10 BUXOJMTH 3 00IrpiBaya, 3HAYHO rapAyillia 3a Ty, 10 B HbOT'O BXOJUTh.

TakuMm 4YMHOM ONKMCAHO MOJIEb ONTUMI3Alll] ONaJIeHHs, gKa OyJe MOPIBHIOBATUCH
13 TIPOMOHOBAHOK CHCTEMOIO oNTHMi3alli onajeHHs y PozymHomy OyauHky. Takuit
miaxia nependagaTume 30epeKeHHS OTHAKOBUX YMOB JIJIs 000X MOJIEIIEH, 110 I03BOJIUTH
KOPEKTHO OLIHUTH €(EeKTUBHICTh 3alpONOHOBAHOI CHUCTEMHU B TMOPIBHSAHHI 13
TpaauiiiiHoo. MojentoBanHss OyJe 3A1MCHIOBAaTHCS Ha OCHOBI TIET X MOJENl
iHpopMmariitnoro moaemoBanHs Oy B MATLAB, mo 3a0e3neunTh MOPiBHIHHS 32

OJJHAaKOBUMHU ITapaMCTPaMHU.

2.4 BucHoBKH

3anmponoHOBaHO a0CTPAKTHY MOJETh OMHUCY JJIsi CUCTEMHU OMaJeHHS y OYIWHKY,
sKa 3a0e3mnevye CTPYKTypOBaHUH miaxia g0 opMarizallii mporiecis, 110 JIeKaTh B OCHOBI
(yHKLIOHYBaHHS Cy4yacHUX cucTeM onaineHHs. lLle no3Bonuno ¢opmainizyBaTu
y3arajibHeHy 0a30By MoJienb BCi€i cucreMu omnayneHHs y PosymHomy OyauwHKy, sKa
CIIY>XKUTh Pe(EPEHTHOI OCHOBOIO JJISl OLIHKU €()eKTUBHOCTI aJbTePHATUBHUX IM1IXO1B
710 YIIPaBIIHHS TEIUIOBUMH PECypCaMH.

Onucana 0a3oBa MOJENb CHCTEMH OIAJICHHA CHUMYJIOE TOBEAIHKY CHUCTEMHU

onajieHHd B OyAMHKY, BKJIOYalOUM 00IrpiBay, KOHTPOJEP, U0 BUKOPHUCTOBYE MPOCTY
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IPOIOPLIIHY CTPATET1I0 YIPABIIHHS, 1 HOTUPH KIMHATH 3 paJlaTOpaMH, sIK1 pearyroTh Ha
30BHINIHIO TEMIIepaTtypy. Mojenb I1HTErpye KIIOUOBI TEIUIOBI MPOIECH, TaKi SK
KOHBEKIIi5, TEIJIONPOBIJIHICTh Ta TEIUIOBY Macy, SIKi BIUIMBAIOTh HA PO3IMOALI TEIUIa B
npumimieHHsax. Ocob0ivBa yBara MNPUAUISIETBCS KOHTPOIIO TEMIEPATYPH, SKUI
peaizoBaHO 3 TICTEPE3WCOM Ui 3a0e3leueHHS CTaOUIbHOI Ta e(PEeKTHBHOI pOOOTH
CUCTEMH OTIAJICHHSI.

KpiMm Toro, momens BpaxoBy€ BIUIMB 30BHIMIHIX (PaKTOpiB, TaKUX SK 3MIHU
30BHIIIHBOI TEMIEPaTypH, SKI € BAXKIUBUMH JUIsl OIIIHKM 3JaTHOCTI CHUCTEMU
HNIATPUMYBAaTH KOMQOPTHI YMOBH BcepeAuHl OyAMHKY IMpU MIHIMajJbHUX BHUTpATax
eHeprii. Onucana MOJENb € OCHOBOIO JIJIsl TIOPIBHSHHS 13 3alIPOIIOHOBAHOIO0 CHCTEMOIO
ontumizaiii onajiieHHd y Po3ymHOMy OyauHKy, 10 Oa3yeTbcs Ha HEYITKIM JIOTII.
Heuitka cuctema 3abe3neuye OUIbII THYYKE Ta aJaNTUBHE YHPABIIHHSA, SIKE BPaXOBYE
MHOXHWHHI (h)aKTOpH, TaKl K MPUCYTHICTH JIFOJEH y MPUMIIICHHI, PIBEHh BOJIOTOCTI Ta
30BHIIIHIO TEMIIEPATYPY.

Takuii miaxin nependadae 30epeKeHHST OJHAKOBUX YMOB IS 000X MOJIENEH, 1110
JI03BOJISIE KOPEKTHO OIIHUTH €(EeKTUBHICTh 3alpOIOHOBAHOI CHUCTEMH Ha OCHOBI
HEYITKOT JIOTIKM y TOPIBHSAHHI 3 0a30BOI0 MOJIEIUTIO onasieHHs.. [[poBeennii aHai3 Hajae
MOXKJIMBICTh 3pOOMTH BUCHOBKH PO JAOIUIBHICTh BUKOPUCTAHHS IHHOBAIIMHUX IT1IXO/IiB

Y CUCTCMAX OIIAJICHHA Ta iXHIM BIUIMB Ha 3HH)KEHHS CHCPTOCIIOKUBAHHA u Hi}]BI/IIIIGHHSI

KOM{QOopTY.
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3 CUCTEMA OINTUMI3ALII BUKOPUCTAHHS OIIAJIEHHS B
PO3YMHOMY BYJJUHKY HA OCHOBI HEYITKOI JIOI'IKHA

3.1 IlocraHoBKa 3a7a4i ONTHUMI3alLli KEpyBaHHS ONAJICHHIM

PosrasiayTa y monepeaHboMy po3aiii 6a3oBa MOENb KEpyBaHHS ONAJICHHSIM Y
Po3yMHOMYy OynMHKY BU3HA4a€ MPONOPLINHO-IHTErpajbHE KEPYBAHHS 13 JUHAMIYHOIO
00poOkoro curHaiiB. IIpoTe OYEBHJIHHMM HEIOJIKOM € JIOCHTh YacTe TIEpeMUKaHHS
pEXKUMIB POOOTH CUCTEMHU, 110 MOXKE MPU3BOJUTU J0 HAJAMIPHOTO CIOKUBAHHS €HEprii
Ta MIBUAILIOTO 3HOIIyBaHHS oOnamHaHHA. lle mosicHIOeThCS TUM, IO 0a30Ba MOJENb
OpIEHTOBAaHA Ha ONEpATHUBHE pearyBaHHS Ha 3MIHY TEMIIEpaTypH, NMPOTE HE BPaXOBYE
JIOBIOCTPOKOBY CTAaOUIBHICTh poOOTHM cucTeMu. SK Hachmigok, BoHa 3a0e3mnedye
HEJOCTaTHbO IUTABHUM pEXHUM KEpyBaHHS Ta MIABHIIEHY KUIBKICTh KOJWBaHb
TeMIlepaTypy HAaBKOJUIITHBOTO CEPEIOBHUIIA.

J171s BUpIIIEHHS X MPOOJIEM Y MOAATBIINX PO3LIaX MPOOHY€ETHCS BUKOPUCTATH
CUCTEMY 3 HEUITKUM JIOTTYHUM BUCHOBKOM. CpopmMyeMo 3a1auy onTUMI3allli KepyBaHHS
omaneHHsIM y Po3ymHOMY OyaHMHKY.

3amaya onTuUMI3alii KepyBaHHS OMNAJIEHHSAM MOKe OyTH MpeacTaBieHa yepe3
MaTeMaTU4YHy LUTLOBY (PYHKIIIO, SIKY HEOOXITHO MiHIMi3yBaTh. MeToro Ii€i 3amadi €
OJIHOYACHE 3MCHIIICHHsS BUTpPAT HAa TMAJMBO Ta 3MEHIICHHS KOJWBaHb TEMIIEpaTypu B
KiMHAaTax.

Hexait BXiIHOIO 3MIHHOIO /ISl CHCTEMH KEepyBaHHsA € TeMiiepatypa B PozymHOMYy
OyauHKY Thoyse (t), @ Takoxk 3amaHa Temneparypa Tgesired, STKa BU3HaYa€ KOMGPOPTHY
TeMIIepaTypy Jis OOpaHOTO MPHUMINICHHS. 3ajadya MoJisira€ B TOMY, 00 YIpaBiIsSTH
TETUIOBOIO TIOTYXKHICTIO Qpeq:(t), KA pErymoeThes Yepe3 KOTeN UM IHIN JiKepera
OTAJICHHS, JUTsl TOTO 1100 MiHIMI3yBaTH JBa KPUTEPIaIbHI MOKA3HUKH.

[lepmmim kpuTepieM € BapTiCTh ManuBa. BapTicTh manwBa 3aJIeKUTh Bl TOTO,
CKIJTbKM TaJiBa CIOXXHMBAETHCA AJS MIATPUMKH 3aJaHoi TemmepaTypu B Po3zymHOMy

Oymuuky. Lle MOXKHa BUPa3sUTH Y€pPE3 BUTPATY MAIMBA Tilryq; (L) 3@ NEBHUI IEPIOA Yacy

T. BapTiCTB IIaJJnBa BU3HAYACTHCA K iHTGFpaJ'I Bi,[[ BUTPATH IIAJIMBA HA OJUHHUIIO YacCy,
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MIOMHOKEHUH Ha BAapTICTh OMMHULI NanuBa Crye;. MaTeMaTHYHO 11€ MOXKHA 3aIlMCaTH

TaK:

T
Ceotar = .l;) mfuel(t) ) Cfueldt 3.1)

Le nepuumii Kputepii, SKMU MU MparHeMoO MIHIMI3YBaTH.

Jpyrum KputepieM € 3MEHIICHHS! YaCTOTH KOJIMBaHb TeMmreparypu B PozymHoMy
Oynuuky. KonuBaHHS TeMmnepaTypy BUHUKAIOTh Yepe3 YacTi BMUKAHHS T4 BUMHKAaHHS
KOTJIa, IO BeJIe /10 3HAYHUX MepenaaiB TeMreparypu B mpumimieHHi. [le MoxxHa onucatu
gyepe3 (QyHKIN0, 110 BUMIPIOE IMBHUAKICTH 3MIHM TEIJIOBOI MOTYXXHOCTI Qpeqe(t).
3riamkeHa 3MiHa MOTY>XKHOCTI € BaXXJIMBUM acHEKTOM JUisl 3a0e3MeueHHs] CTa0uIbHOI
TeMIlepaTypyd B mMpuMimieHHi. [ 1poro MoXHa BUKOPUCTOBYBATH METPUKY, SKa

IHTErpy€e MOX1AHY TEIIOBOI MOTYKHOCTI, TOOTO:

|dt

1 T theat(t)
L & (3.2)

Ssmoth = T

YuM MeHIIIe 1e 3HaYCHHS, TUM IIJIaBHIIIE TPAIIOE CUCTEMa, a 3HAYUTh, KOJTUBAHHSI
TeMITepaTypy MEHIIII.
Takum YMHOM 3aJ1aya ONTHMI3aIlii B IIUIOMY MOJIATae y MiHIMI3arii KoMOiHaIii IUX

JIBOX KpUTEPIiB:

min/ = wy * Ceorar + W2 * Ssmoth
(3.3)
7€ Wy 1 W, — I1e BaroBl KO€(IIli€HTH, K1 BU3HAYAIOTh MPIOPUTETHICTh KOKHOTO 3
KpuTepiiB. Barosi koedilieHTH MOXYTh OyTH HAJIAIITOBAHI 3aJIEKHO BiJl TOTO, HA YOMY
OlIbILIIE AKLIEHTYETHCS 3arajlbHU KpUTEPii onTuMI3alli (HalpuKIIaj, KO BaXJIUBIIIA
E€KOHOMIsSI TAJIBa, TO W, OyJie OLIbIITNM).
Y pamkax i€l 3amadi, cucremMa HeYITKoro JioriyHoro BHCHOBKY (FLS)

BUKOPUCTOBYETHCS JJII BU3HAYEHHS OINTHUMAJIBHOI TMOTYXXHOCTI OmMaleHHA Qpeqt(t)
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3ajiexxHo Bix moroudoro BimxwmiaeHHs temmepatypu AT = Thouse (t) — Thesired 1
HIBUAKOCTI 3MIHU TemmepaTypu. Buxoas4u 3 ux BXO/11B, HEYITKA CUCTEMa BU3HAYAE, YU
nOTPi10HO 30UTLIINTH 200 3MEHILUTH TEIJIOBY NOTYXHICTB JIJIs cTa0lIi3alii TeMnepaTypu
B PozyMHOMY OyauHKY.

Takum 9uHOM, 3a/1a4a € 3a7a4ero 0araToKpUTepiabHOI ONTUMI3AIl], e TOTPIOHO
OJIHOYACHO 3MEHIIUTH BUTPATH NaJMBa Ta CTaOUII3yBaTH TEMIIEpaTypy B MPHUMIIICHHI,
3aCTOCOBYIOYM CHCTEMY HEYITKOTO KEepyBaHHSA JUIsi OUTBII TUIABHOTO PETYJTIOBAHHS

TEIJI0BOI MOTY>KHOCTI.

3.2 Apxitekrypa Ta (QYHKIIOHYBaHHS CHCTEMH ONTHMI3allli BUKOPUCTAHHS

onajieHHd B Po3yMHOMY OyJIMHKY Ha OCHOB1 HEUITKOI JIOT1KH

3 MeTOow BHpIMICHHS 3a7a4yl MIATPUMKH ONTUMalbHOI  (KOM(OPTHOT)
TeMIIEpaTypu y Po3ymHOMYy OyAMHKY 3alpONOHOBAHO CHUCTEMY ONTUMI3aIlli
BUKOPHUCTaHHs omnaneHHs. KiaodoBUMH OCOOJUBOCTSIMU CHUCTEMU € Mporec il
(GyHKIIIOHYBaHHS, IO OpPraHi30BaHUM y (GopMi MYJIbTHUAr€HTHOI CHUCTEMH, a TaKOX
3aJly4€HHsI HEUYITKO] JIOT1KH Y MPOIEC] ONTUMI3ALlli.

VY npornoHoBaH1Mi CUCTEM1 areHTH MOJIJICH] Ha TPY MOAYJI, IO BiAPI3HAIOTHCS 32
GyHKIIOHYBaHHSIM. 30KpeMa BUAICHO TaKi MOAYJI1, IK MOIYJIb KOHTPOJIIO Ta B3a€MO/I11
13 KOPUCTYBa4YeM, MOJIYJIb BIJICTeKEHHSI (PiI3MYHUX MTapaMeTPiB Ta MOYJIb (OPMYBaHHS
pIIICHHS.

VY nauiil cucTeMi MPUMYCKAETHCA, 1[0 areHTH, sIKI HaJeXaTh J0 OJHIET TPYIIH,
MOXYTh OyTH CXOXXMMH a00 TpaIfoBaTH pa3oM JUIsl JOCSTHEHHS TPOMIKHOI I
CHUCTEMH. 3aBJISIKH IIAM MOJIYJISIM JIETIIIC BKIIFOYATH, BUAAIATH a00 3MiHIOBATH arcHTIB.
Posrnssaemo nmeranpHime CTPYKTYpy Ta mpoiiec (PyHKIIOHYBaHHS Ta KOMYHIKAIIl 1TUX
areHTIB.

[{eHTpaqbHUM KOMIIOHEHTOM BCI€1 CUCTEMU € MOJYJIb KOHTPOJIIO Ta B3aEMOJIT 13
KopucTyBadueM. (DyHKIIOHATBHO JaHUW MOMIYJb BIJMOBIJAIBLHUN 3a JBa TOJOBHUX
3aBJIaHHS: KOOPJMHAIIID POOOTH BCI€E CHUCTEMHM Ta KOMYHIKAIIO 13 KOPHCTYBadeM.

CTpyKTypHO MOJYJb KOHTPOJIO Ta B3a€EMOJIi 13 KOPUCTYBAayeM CKIAA€ThCA 13
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KOHTPOJIIOIOYOT0 areHTy, 6a3u JaHUX Ta KOMyHIKalliHOTO 1HTepdeiCy Uit B3aEMOJIT 13
KOpUCTyBaueM. B KOHTEKCTI MyJIbTHAr€HTHOT CUCTEMH KOHTPOJIIOIOUUI areHT € ar€HTOM,
KU KOHTPOJIIOE Ta KOOPJUHYE POOOTY peluTH areHTiB. BiH BianoBiiae 3a iHiiagi3aiio
IHIIMX areHTIB, KOHTPOJIIOE iXHIO JISJIBHICTD 1 IEPEBIPsi€ BUKOHAHHS 3aBJaHb.

Koen areHT Mae BU3HaueHy MOBEIHKY, KA BU3HAYAE, sIK BiH Oy/ie BUKOHYBaTH
CBO1 3aB/IaHHS y cUCTeMI. Y JlaHii CUCTEMI areHTU MOXYTh BUKOHYBATH BIacH1 QyHKIIIT
BIJIMOBIAHO JIO ACKUJIBKOX MIA0JIOHIB ITOBEIIHKH, 30KpeMa 0JTHOpa3oBe QyHKITIOHYBaHHS,
UKITYHEe (DYHKIIOHYBaHHS Ta (YHKIIOHYBAaHHS 13 TMEPIOJIMYHICTIO, a TaKOX IX
KOMO1HAaI].

Y mpomoHOBaHIA CHCTEMI KOHTPOJIOIOUMN areHT BOJIOJIE TaKUMHU THUITAMH
MMOBEIIHKU:

— oJiHOpa3oBe (DYHKI[IOHYBaHHS JUIsl 1HIIIAi3allli areHTiB Ha MO4YaTKy poOoTH
MYJIBTHAT€HTHOI CUCTEMH,

— (GYHKIIIOHYBaHHS 13 TIEPIOAUYHICTIO JJIs MEPEBIPKU aKTUBHOCTI PEILITH areHTIB.

— IMKJIIYHE (PYHKI[IOHYBaHHS JJii OTPUMAHHS MOB1IOMJIEHb BiJ] ar€HTIB MOJYJIS
HITYYHOTO 1HTEJEKTY.

CTpyKTYypHO MOAYJIb KOHTPOJIIO Ta B3a€MO/I11 13 KOPUCTYBAUEM TaKOXK CKIIAAA€ThCS
13 areHT KOMYHIKaIli 13 KOpucTyBaueM. [ '0Jl0BHa MeTa JJaHOTO MOJYJIsS 11€ OpraHizarlis
iHTepdeicy s nepenadi Ta IpuioMy TOBIJJOMIICHb BiJl KOPUCTyBaya.

[HIIMM MOyJIeM 3ampONOHOBAHOI CHUCTEMHU € MOJYJb BIJICTEXKEHHS (I3UUHHX
napameTpiB. BiH Mictuth areHTiB gaTuyukiB. KokeH MoAynp y il apxXiTeKTypi
MIIKJITFOYAETHCS 10 TIEBHOTO JaTYMKA Yepe3 BiAMOBIIHUM MPOTOKOJ. KUIBKICTh areHTiB
3aJIEKUTh B1Jl KUTBKOCTI MapaMeTpiB, K1 IIEHTpajJbHA CUCTEMA X04€ KOHTPOIIOBATH abo
BUMIPIOBATH. Y IIbOMY BUIIAJKY 3aIIPOIIOHOBAHA CHCTEMA BKIIFOYA€ YOTUPH Pi3HI areHTH:

— areHT BUMIPIOBAHHS 30BHIIIHBOI TEMIIEPATYPH: BKIIOYAE NaTYUK TEMIIEPATypH,
po3TamoBaHuil 3a MexamH OyAiBil, 1100 OTPUMYBaTH TEMIIEPaTypy 3OBHIIIHBOIO
Cepe/IoBUINA, a TAKOX CEPBIC OTpUMAHHSA JAaHUX 13 30BHINIHIX JpKepesl. B skocTi
30BHIIIHBOTO JpKepena Bukopuctano OpenWeatherMap. TakuM YWHOM — areHT

BUMIPIOBaHHS 30BHILIHBOI TEMIIEpaTypyu OTPUMYE JBa 3HAUYECHHSI — BUMIpSIHE JaBayeM
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TEMIIEpaTypy, a TaKOXX OTPUMAHE BiJ 30BHINIHBOIO JIKEpesa. 3BaXKEHE CEpEeIHE

CHUIBHOTO 3HAYEHHS TEMIIEPATYPU BU3HAUAETHCSA SK:

Tout = Wsen " Tsen + Wowm " Towm (34)

€ Ween, Tsen — KOSODILIEHT 1 TOBIpU AJiA JaBaya 1 BUMipsHa HuUM temmneparypa (0,7),
Wowmr Lowm — KoedillieHT moBipu miis 30BHImHBOro mkepena (0,3) 1 oTrpumaHa
TeMIeparypa.

— areHT BHUMIPIOBaHHS BHYTPIIIHBOI TeMIEpaTypu: CHUCTeMa BKIIOYAE TATUUK
TEeMIIepaTypyd BCEpeluHI OyaiBii, MO0 BU3HAYUTH, YU JOCATHYTO KOMQOPTHOT
TEeMIEepaTypHu.

— areHT BHMIPIOBaHHS 30BHIIIHLOT BOJIOTOCTI: 1€ areHT BpPaXOBYE JIUIIIC
30BHIIIHIO BOJIOTICTh, OCKUIBKH BHYTPIIIHA 3aJ€XKHTh BIJ IIJTLOBOI TeMIEpaTypH.
3HaueHHs 30BHIIIHBOT BOJIOTOCTI PO3PaXOBYETHCS AHAJIOTIYHO 3HAYEHHIO 30BHIIIHBOT
temneparypu (3.4);

— areHT BU3HAYCHHS KIUIBKOCTI JIFOJEH: areHT BHU3HAYa€, Yd € JIFOAU BCEpPEAUHI
Oy By, 00 YHUKHYTH HAJIJTUIIKOBOTO CIIOKUBAHHS €HEPTIi.

Po6ota Bule3ragaHux areHTIB 3[1HCHIOETHCS 3a CX0KHUM NpuHUuUnoM. KoxeH 13
HUX TMIIKIIOYCHWA J0 OKPEeMOro jaBaya, aje ixHia po0oTa opraHizoBaHa Maixke
OJTHAKOBO. J[aHMM areHTaMm MpUTaMaHHE IUKJIIYHE (PYHKI[IOHYBaHHS: BOHU OTPUMYIOTh
NOTOYHI JaHl 3 AaBaya (a00 ceHcopa 1 30BHILIHBOIO CEPEAOBMINA), aHATIZYIOTh iX 1
o0uparoTh HAMOUIBII ONTUMAJBHY Ait0. Y pa3i HEoOXiJHOCTI areHT MOXKE aJanTyBaTH
CBOIO MTOBE/IIHKY.

Kito4oBot0 0COOMMBICTIO BCIX areHTIB € HAasSBHICTh HEBEJIMKOI TUMYAacOBOI
nam’siTi, sika 30epirae ocTaHHi M BUMIpSIHUX 3Ha4Y€Hb, OTPUMAHUX BiJ JaBaya. [lapamerp
M e emmipuaauM. Y naHiid po6oTi Oyno obpane 3HaueHHs 30 ISl JAHOTO TMapaMeTpy.
TakuM 4YMHOM MaM’ITh y JaHUX areHTaX BHKOPUCTOBYETHCS I 3a0€3MEUYECHHS JIBOX
GyHKITIH:

— BU3HAYEHHS €KCTPEMAJIbHOCTI OTPMMAHOI0 3HAYEHHS BIAMOBIAHO A0 (popmyu:
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R0+ mean(n))? | TTLY,
m m

y> (3.5)

Jie Y TOTOYHE OTPUMAHE 3HAYCHHS BiJ] areHTY 13 MHOXKHHH BCiX 30€peKEHUX 3HAUCHD Y
TUMYacoBii mam’sTi Y; Y; — KokHe 3HaueHHs 13 Habopy Y; M — KUIbKICTh 3HAYEHHS Y
Habopi Y; mean(Y) — cepenne 3naueHHs Habopy Y; k — koeilieHT y3roHKEeHHS.

— MEpPEeKOHATHUCS, M0 TOTOYHE 3HAYCHHS BIAPI3HAETHCA Bil OyIb-SKOTO 3
HEIOJIAaBHO 30€peKCHUX 3HAUCHb Y TUMYACOBIH maM’sTi (ocTaHHIX 15 3HaUCHB).

VY BUMajKy SIKIIO MOTOYHE 3HAUYEHHSI BUSBIISIETHCS eKCTpeMalbHuM (ymoBa (1)),
BOHO AaBTOMATUYHO BIIXWIAETbCS, HE 3aMHUCYe€Tbca B 0a3y MaHUX CHCTEMH, HE
30epiraeTbcsi y TUMYACOBIM mam’sTI areHTra 1 He NEepelaeTbcs areHtry (popMyBaHHS
HEYITKOTO JIOTIYHOI'0 PIIICHHS, II0 3HAXOAUTHCS Y MOAYJI (OpMyBaHHS PillICHHS.

SK1110 3HaYCHHS HE € EKCTPEMAJIBHUM, TO/I1 3/IIMCHIOEThCS MepeBipka yMoBH (2). Y
pa3l ii BHUKOHAHHS BIANOBIAHMI areHT 30UIbIIy€ I1HTEpBaJd 4Yacy [0 HACTYIIHOTO
3UMTYBaHHS JIaHMX 13 JlaBady, BBaXKalO4M, IO ITOKa3HUKW € CTaOUTbHHUMHU 1 HE
noTpeOyIOTh YacTuX MepeBipok. Lle mpu3BOIUTH M0 3HIKEHHS aKTUBHOCTI areHTa Ta
3MEHIIIy€ CTOKHMBaHHS eHeprii. UuMm moBmie cTabUTBHICTh 3HAYCHBb 30€PIra€ThCs, TUM
OUTbIIUK (PIKCYETHCS 1IHTEPBAN Yacy M BUMIPIOBAHHAMH JaHUM areHTOM. Y TaKOMy
BUIAJIKY 3HAYEHHS 3AJIMIIAETHCS JIMILE Y TUMYACOBIN MaM’SIT1, 1 HE 3aIIUCY€ETHCS 10 0a3u
JaHuX (IO pO3TAIIOBYETHCS Yy MOAYJIl MOAYJIl KOHTPOJIO Ta B3aeMoali 13
KOPHUCTYBaueM), a TaKOX HE MEPEIaeThCsi areHTy (GOpMyBaHHS HEYITKOTO JIOTIYHOTO
piuieHHs (3HaXOUTHCS Y MOy (pOPMYBaHHS PILIEHHS).

Y mporunexHoMy BHUIAIKY, Tpu (ikcaiii 3MiHM BUMIPIOBAHUX JIaHHUX, arcHT
MOBEPTAETHCS /10 3BUYANHOIO PEXUMY poOOTH, BUKOHYE Tepeaauy 310paHoi iHdopmarii
are’Ty ¢GopMyBaHHS HEYITKOTO JIOTIYHOTO pillIeHHs 130epirae nani y 6a3i JaHux MOIyJIs
KOHTPOJIIO Ta B3a€EMO/IIT 13 KOPUCTYBAUYEM.

TakuM 4YMHOM aiarOpuTM (PYHKIIOHYBAHHS AareHTy BUMIPIOBaHHS 30BHIIIHBOI
TEMIEPATypU BUIJIAJIA€ HACTYITHUM YHHOM:

1. Inimianmizariis areHTa, BCTAHOBUTH MTapaMeTpPH:
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— Koe(DIIeHTH JOBIPU: W, =0.7 , Wym =0.3.

— mapamMeTtpu A naM'ati: m=30 (KUIbKICTh 30€peKEHUX 3HaYEHB ).

— TOpIr eKCTPEeMaIbHOCTI Jyisl mepeBipku (ymona (1)).

— KUIBKICTh OCTaHHIX 3HAYEHB JJIA MEePEBIPKH CTaOIIBLHOCTI: 15.

2. IligkiroueHHs 40 ceHcopa:

— HaJaITyBaTH 3B'130K 3 JOKAIBHUM CEHCOPOM TEMIIEPATYPH.

— "anmamtyBaTu API nns orpumanss nanux Big OpenWeatherMap.

3. OcHOBHUY IKKJ poOOTH areHTa (LMKJIIYHA TTOBEIIHKA):

— OTpUMAaTH MOTOYHY TEMIIEpaTypy 3 JOKAIbHOTO ceHcopa Tgep;

— otpumatu Temmepatypy 3 OpenWeatherMa p T,y

— po3paxyBaTH 3BakeHe cepeane 3a popmysoro 3.1 (ymona 1);

— po3paxyBatu cepeqHe 3HaUeHHS 30epekennux ganux: mean(Y);

— po3paxyBaTH eKCTpeMallbHe 3HaueHHs 3a (hopmyJioro 3.2;

— sakmo T, BIATIOBIIA€E YMOBI TIEPEBIPKM Ha EKCTpeMajbHE 3HAYEHHS, TO
BiJIXWJINTH 3HAYCHHS, HE 3alUCYBAaTH B TIaM'ATh, TPOITYCTUTHU BCl HACTYITHI €TAIH ITUKITY,

— TmepeBipka cTabLIbHOCTI 3Ha4YeHb (yMoOBa (2)), mopiBuATH T,y 3 OCTaHHIME 12
3HAUYCHHSMH B Mam'siTi. SKio 3Ha4eHHs cTaOuIbHE: 30UIBIIUTH 1HTEPBAJl 3YUTYBaHHS
JaHUX, HE 3amucyBaTH B 0a3y JMaHWX, HE IMepelaBaTH 3HAYEHHs arcHTy (opmyBaHHS
piteHHs. SIKmo 3HAYEHHA 3MIHIOETHCS: TOBEPHYTH IHTEpPBall 3YUTYBAaHHS O
CTaHJIaPTHOTO, TIEPEUTH 10 HACTYITHOTO KPOKY.

— 30epexkeHHs JaHuX: 104atu Ty, Y TAMYACOBY IaM’SITh (3 BpaxyBaHHSAM JIIMITY
m), 3amucatu T,,; y 0asy manmx, mepenatu T,,; areHTy (GOpMyBaHHS HEYITKOTO
JIOT1YHOTO PILIEHHS.

4. 3aBepreHHS pOOOTH:

— 3aBEPIIHATH UK POOOTH areHTa IMPH OTPUMaHHI BiATIOBITHOT KOMaH/IH,

— 30eperTu CTaH mam'siTi Ta mapaMmeTpy ISl MOJANBIIOTO 3aITyCKY.

Tperim wMoaylieM y TPONOHOBAaHIA CHCTEMI ONTUMI3allli BUKOPUCTAHHS
onaneHHs: B Po3yMHOMY OyIMHKY Ha OCHOBI HEUITKOI JIOTIKHM € MOAYJh (POpMyBaHHS

pimieHHs. JlaHWil MOIyJb BUKOHY€E IHTEJNEKTyaldbHl (yHKIII Bciei cucremu. Bin
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BUKOPHCTOBYBaTHUME iH(opmariro, 3i0paHy momepeaHiM MOAyJeM 1 NepeaaHy
KOHTPOJIFOIOYMM areHTOM, JIJIsl OIIHIOBaHHS BCIX 3MIHHHMX 1 BH3HAYCHHS HaWOLIbII
BIJIMOBIHOTO BUXIJHOTO CUTHATY MJis MOTOYHOI cUTyalii. Y CKJIaai JaHOTO MOIYJIS
BHU3HAYEHO JIBA TUIM areHTIB: areHTy (POPMyBAaHHS HEUITKOTO JIOTIYHOTO PIIIEHHS Ta
areHT CTaHy CUCTEMHU.

AreHT (OpMyBaHHS HEYITKOTO JIOTIYHOTO PILMIEHHSA € KJIIOYOBUM €JIEeMEHTOM
CHUCTEMHU KEpyBaHHS OMaJieHHsM. BiH BKJIIOYa€ HEYITKY CHUCTEMY YIPABIIHHSI, SKa
00po0ssie MaHi, OTpUMaH1 BiJi areHTIB MOYJIS BIJCTEXEHHs (I3UMYHUX HapameTpiB, 1
reHepye BIANOBIAHY Kepyoouy [il0, L0 MepeHaeTbcsi CHUCTeMI. Y MeKax areHra
BU3HAYAIOTHCS MpaBuia Ta GyHKIIT HAIEKHOCTI IS PI3HUX 3MIHHUX, 1100 3a0€3MeYnuTH
KOPEKTHE BUKOHAHHS KEPYIOUMX JAiil. ATEHT OTpUMY€E JaH1 BiJl CCHCOPHUX areHTIB IS
BUKOHAHHS CBO€T PyHKIIII. SIKIIO AKUUCH 13 CECHCOPHUX areHTIB MEpeCcTae HAICHIIATH JaH1
(Hanmpukian, 4epe3 CTaOUIBHICTh 3HA4YeHb a00 BHXIA 3 Jaay), HEUITKHNA areHT
BUKOpPUCTOBYE OCTaHHIA 3amMc, 30epexeHud y 0a3l maHux. Y Takid cuTyarii
HAJICWJIAE€THCS TIOBIIOMJICHHS HATJISAa4eBl JJIA MEPEBIPKH CTATyCy OJHOTO i3 arcHTiB
BUMIpIOBaHHS (pi3MUHUX MapameTpiB. MexaHi3M (QyHKIIIOHYBaHHS areHTy (popMyBaHHS
HEYITKOTO JIOTIYHOI'O pIIIeHHs mepeadaydae MepioIMYHy AaKTUBHICTh, LI0 BKIIOYAE
BIICYTHICTh TIOCTIMHOI TeHepalii BHXIJHUX CHUTHAJB JJi1 KEPYBaHHS CHCTEMOIO
omnaseHHs (Jiuiie 3a HoTpeoH).

ATEHT CTaHy CHCTEMH BINOBIA€ 32 BCTAHOBJIEHHS KEPYIOUOi Iii, BU3HAYCHOI
HEYITKHM areHTOM, 1 MOB1JIOMJICHHSI KOHTPOJIFOIOUOTO areHTa Ipo Te, 10 Jis BUKOHAHA B
¢13uuHiii cucreMi. [lonmpu mpocToTy (yHKIIOHYBaHHSA, HOro poJyib € HaJI3BUYAIHO
BRKJIMBOIO, aJKE BIH 3MIHIOE CTaH CHCTEMH. ATEHT MPAIIO€ ITUKIIYHO: BiH IOCTIHHO
MPOCITYXOBYE MOBIIOMJICHHSI BiI areHTy (pOpMYBaHHS HEYITKOTO JIOTTYHOTO PIILICHHS 1
BUKOHY€E CBOIO 33/1a4y KOXKHOT'O pa3y, KOJIM 116 HEOOX1THO.

CTpyKTypy cCUCTEMHU ONTUMI3allli BUKOPUCTAHHS onajieHHs B PozyMHOMY Oy TUHKY

Ha OCHOBI HEUITKO] JIOT1KM HaBeJIeHO Ha puc. 3.1.
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Pucynox 3.1 — CtpykTypa cucTeMu onTuMizaliii BAKOPUCTaHHS ornajeHHsl B PosyMHOMY

OyJIMHKY Ha OCHOB1 HEYITKOI JIOT1KH

3anponoHoBaHa apXITEKTypa 0a3yeThCsl Ha MOYJIbHIM CTPYKTYPI, 110 CKJIAJIA€THCS
13 IEKUTBKOX MOYJIIB, 1 KOKEH 13 HUX CIICIIaTi3yeThCsl HA BAKOHAHHI TIEBHOTO 3aBIaHHS
YW JIOCATHEHHI KOHKpeTHOI MeTH. OJHaK KIIOYOBUM AacTleKTOM € KOMYHIKAIs MIXK

MOAYJISIMU, sIKa T03BOJISIE M I[iJ'II/ITI/ICSI pe3yjbTaTaM BUKOHAHWX 3aBJaHb IJI CITIJIBHOTO
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po3B’si3aHHs 3arajbHOi mpoOsieMu. KomyHIKamis MIDK areHTaMd Ta MOAYJSIMH €
OCHOBHOIO MOBEIIHKOIO MYJIbTUAr€HTHOT CUCTEMH.

Komu cucrema 3amyckaeThCs, MEPIIUM TIOYMHAE TIPAMOBATH KOHTPOJIOKOUHIMA
areHt. llpu 3amycky poOOTHM BCi€l CHUCTEMH, KOHTPOJIIOIOYHMI areHT 3[1HCHIOE
1HIIIaTI3aIil0 areHTIB CUCTEMHU, IO apXITEKTYPHO 3HAXOIATHCS y MOJYJI BIJACTEKEHHS
¢b13uuHnx mapametpiB. Ilicas 3amycky IHIIMX areHTiB BOHM MOYMHAIOTH IMPalOBaTH
BIJIMOBIAHO JI0 BU3HAYCHOI JIi HUX IOBEMIHKH. B mporeci cBoro ¢GpyHKIIIOHYBaHHS
KOHTPOJTIOIOYHM areHT MepioIuyHO 3/1HCHIOE TIEPEBIPKY HAa aKTUBHICTh 1HIIIUX areHTIB Yy
cucteMl. SIKIo SKUICh areHT BUXOJUTH 3 Jiaay ad0 NpHUIHHIE pOOOTY, KOHTPOIIOOYUI
areHT MOBTOPHO 3/IIWCHIOE MOTO 3aIyCK.

AreHTH MOIynsl BIACTEKEHHS (PI3UYHUX MapaMeTpiB 3A1MCHIOIOTH (POpMyBaHHS
JAHUX BIANOBIAHO 10 (Gopmynu 3.4 1 OLIHIOWOTH 1l AaHl, 100 BU3HAYUTH, AKY 11O
BUKOHATH a00 4M MOTPiOHO 3MIHUTH BJIACHY MOBEIIHKY. Y BHUNAIKY SIKIIO HEOOX1THO
nepenaTd BUMIPSHI JaHl, BOHU BIANPABIAIOTHCSA /10 areHTy (OpMyBaHHS HEYITKOTO
JIOTIYHOTO PIIIEHHS.

AreHTy (opMyBaHHS HEUITKOT'O JIOTIYHOTO PIlIEHHS 3A1HMCHIOE OYIKYBaHHS Ha
MOBIJJOMJICHHS BIJl ar€HTIB y MOAYJI1 BIACTEXKEHHS (DI3MYHUX apaMeTpiB, 100 OTpUMATH
3HAYCHHS, K1 BU3HAYaTh MOJANbBIINY KOHTPOJBHY Ait0. SIKIIO Micis MEBHOTO Yacy He
OTPUMAHO BCIX HEOOXITHUX JaHUX, BUKOPUCTOBYIOTHCSI OCTaHH1 3HAUEHHS, 30€pEKeH1 B
0a3i JaHNX, a KOHTPOIIOIOYNN areHT OTPUMYE MOTIEPEHKEHHS PO MOXIIHBI TIPOOIEMH 3
NEBHUMHM ar€HTaMH CEHCOPIB. Y pa3i KOJIM BC1 3HAUYEHHS OTPUMAHO, BUKOHYETHCS MPOIEC
3aIyCKYy CHCTEMH HEYITKOI'O JIOTIYHOI'O BUCHOBKY, KA € OCHOBOIO areHTa (popMyBaHHS
HEYITKOTO JIOT19HOTO pimeHHs. [licns BU3HaAaYeHHS BUXITHUX JaHUX areHT (opMyBaHHS
HEYITKOTO JIOTIYHOTO PIIIEHHS HAJICWJIA€ TMOBIIOMIICHHS arcHTy CTaHy cucTteMH. llei
areHT 3aCTOCOBY€ BUXIJHI JIaH1 O CUCTEMH OMNajeHHS y OYJIMHKY, a TaKOX HaJCUJIa€e
MOBI1JJOMJICHHS KOHTPOJIIOIOYOMY arcHTy.

BukoHaHHS JaHOTO MpOIeCy HOCUTh HUKIIYHUN xapaktep. HallonTumanpHimmii
MIJX1J] — BUKOHYBAaTH HOTO, HANPUKJIAJ, KOXKHI JECTh XBWJIMH, 1100 NEPEBIPUTH, YU
3MIHWJIKCS YMOBH 30BHIIIHBOTO CEPEIOBUIIA 3 MOMEHTY OCTaHHBOT KOHTPOJIBHOI Aii, 1,

BIJIMOBIHO, OHOBUTH JIi1 yNpaBiiHHA. Takui miaxiJ MiHIMI3y€ OOUUCITIOBAJIbHI BUTPATU
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Ta BILUIMB Ha PeajibHy PO3MOJIUICHY MEPEXKY JaBaul, OCKUIbKY JlJaBayl HE MEPEeAa0Th J1aHi
nocTiitHo. [le TakoX 3HMKYy€ €HeproCcmOKMBAHHS, OCKUIBKH areHTH MOXYTh «CIIaTH
MPOTATOM IIHOTO MPOMIXKKY 4Yacy, 3MEHIIIYIOUH CIIOKUBAHHS €HEPTii K areHTaMH, TaK i
ceHcopaMHu. 3MEHILICHHS I1HTEpBAly MOXKJIUBE, alle MPU3BOJIUTH N0 30UIbIICHHS
CHEProCIOKMBAHHS CUCTEMH Ta JaBayiB. 30UIbIIEHHS 1IHTEPBAIy TAKOXK MOXKIIMBE, aje
1€ MO>K€ IPU3BECTH JI0 3MIHU BUMIPSHUX 3HaYEHb y MMPOMIXKKY, 110 BIUIMHE HA KOM(OPT
KOpHUCTyBauiB. ToMy onTUMansHUN 1HTEPBAJI 0OPAHO EMIIPUYHUM ILIIIXOM Ha piBHI 10
xBUIWH. [IOTIK MOBIAOMIICHB, IO TIEPEAAIOTHCS Y CUCTEM1 ONTHUMI3allll BUKOPUCTAHHS
onajieHHd B Po3yMHOMY OyJIMHKY Ha OCHOB1 HEUITKOI JIOT1KM MTOJAHO Ha puc. 3.2.
BiamoBimHO 10 3apoONOHOBAHOI apXITEKTypH CUCTEMH ONTHMI3aIlii OMaleHHs 1 ii

nporecy GyHKIIIOHYBaHHS OyJ0 OI[IHEHO 4YacoBI BHUTpaTH cuUCTeMHU Ty AK1

ys>

OO0YHCITIOIOTHCS HAaCTYIIHUM BHPA30M:

N
Tsys = Z(tcommunicate,j + tcollect,j) + tfuzzy + tsentToSS + tsentToCA (36)
i=1

ne N — KIIbKICTh areHTIB Y MOAYJ1 BIACTEKEHHS (PI3MYHUX MTapaMeTpiB;

Lt cottect ) yac BHUTpaueHWWd Ha (QOpMyBaHHA JaHUX areHTaMu y MOy

BiJICTEeXKEHHS (DI3UIHUX MTapaMeTpiB;

tcommunicate,j JaC BHUTPAYUYCHUU HaA KOMYHIKAIIKD MK dIr¢HTaMH Yy MOAYJIl

BiJICTeXKEHHS (DI3UYHUX MMapaMeTpiB;
tfuzzy — 9aC BUTPAUCHUH HA (POPMYBAHHS HEYITKOTO JIOTIYHOTO BUCHOBKY
tsentToss — Yac BUTpPAuCHUN Ha mepeAady JAaHUX JIO areHTy CTaHy CHUCTEMH BiJ
areHTa (opMyBaHHS HEYITKOTO JIOTTYHOTO PIllICHHS
tsentToca — YaC BUTPAYEHUU Ha mepenady MOBIIOMIICHHS O KOHTPOJIOIOYOTrO

areHTy areHry
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Pucynox 3.2 — I1oTik mOBiIOMJIEHB, 1110 TIEPEIAOTHCS Y CUCTEMI ONTUMI3aIlli BUKOPUCTAHHS ONajieHHs B Po3ymMmHOMY

OyJIMHKY Ha OCHOB1 HEYITKOI JIOT1KH
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3.3 Peamizamis cuctemu onTuMmizaiii BUKOPUCTaHHS OMajeHHS B Po3ymHOMY

OyJIMHKY Ha OCHOB1 HEYITKOI JIOT1KH

3 METOI0 OL[IHKH 3aIPONIOHOBAHMX PILIEHB OYJIO CIIPOEKTOBAHO IPOTOTUI CUCETMU
onTuMizallii onageHHs y PozyMHOMy OyJIMHKY Ha OCHOBI HEUITKOI JOTiKW. KirouoBum
MEXaHI3MOM Oprasizamii 3B’S3Ky Ta OOMIHY NOBIJOMJICHHSIMHM Yy I cHUCTeMi €
MYJIbTHATCHTHUH MpUHIHIL. 3 11i€ro MeToro Bukopuctano SPADE (Smart Python Agent
Development Environment), mo € miatdhopMo0 s CTBOPEHHS IHTCIEKTyalbHHUX
areHTIB, SIKI MOXYTb B3a€EMOISITH MK COO0K0 AaCHHXPOHHO. OCHOBHOIO METOIO0 CUCTEMH
€ MOHITOPHHT 1 aHadi3 KIIOYOBUX TMAapaMeTPiB y PO3YMHOMY OyAMHKY, TaKHX SIK
TeMIlepaTypa, BOJIOTICTh 1 KUIbKICTh Jitojel y npuminieHHi. Lli mapamerpu 30uparoThest
areHTamu, oOpOOJIAIOTHCS, 1 Ha OCHOBI HUX HMPUIMAIOTHCS PILIEHHS 3a JOINOMOTOIO
HEYITKOT JIOT1KH.

OckUIbKM peasibHI JlaBadl y I CUCTEMI1 BIICYTHI, X (PYHKUIi IMITYIOTbCS B
MATLAB. Hanpukinan, 3Ha4eHHS 30BHIIITHBOI TEMITEpATypPU MOICITIOIOTHCS 3MIHHIUMH Y
MATLAB, sxi auHaMi4YHO OHOBIIIOIOTHCS. 3OBHIIIHS TeMIIepaTypa 3MIHIOETHCS 3a
CHUHYCOIJJaJIbHUM 3aKOHOM 13 3aJJaHMMH TapaMeTpaMH aMIUITYyJd, 4acToTd, ¢a3u Ta
3MIIIEHHS.

J11iss MoieTFOBaHHs 30BHIITHROI TEMIIEpaTypu OYJI0 3aJJaHO TaKi MapameTpu:

— ammunrtyga: 6°C (BU3Ha4ae KOJUBAaHHS TEMIIEPAaTypH HABKOJIO CEPEIHBOIO
3HAYCHHS);

— yacrora: 21/ (12 x 3600) (Bixmosimae qo60BoMy UKy, e 12 x 3600 cexyH —
1€ MTOJIOBHHA JJ00H);

— (a3za: 0 (BU3HaYa€ MOYATKOBY TOUYKY KOJIMBAHb);

— 3cyB (bias): 5°C (cepenne 3HauEHHS TEMITEPATypH).

[Tox16HMM YUHOM MOJICITIOETHCS 30BHIIITHS BOJIOTICTh, ajie 3 10JJaTKOBUM (ha30BUM
3CYBOM /Ui BIJIOOpa)K€HHS pPEaIbHOI B3a€MO3AJIEKHOCTI MIDK TEMIIepaTyporo Ta
BOJIOTICTIO.

KinbkicTe mrofeil y NpUMIILIEHHI CUMYJIIOEThCS SIK BUIAJAKOBE YUCIO B MeEXax

MIEBHOTO J1ana30Hy, SIKE€ OHOBJIIOETHCS Yepe3 PErysipHI TPOMIKKH Yacy.
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Koxen areHT y Moy BiACTe)XeHHS (i3MUHUX MapaMmeTpiB BiAMoOBigae 3a 30ip
JAaHUX 13 CUMYJIbOBaHMX jJaBadviB. 3B 30K Mk Python i MATLAB 3naiiicHioeThes 3a
nonomororo MATLAB API. 1le no3Bossie areHTaM OTpUMYBATH 3HAYEHHS 3MIHHHUX 13
MATLAB y peanbHoMy uaci. Hanpuknan, areHT BHUMIPIOBaHHS 30BHILIHBOT
temrneparypu uepe3 API 3Bepraerbcss 1o MATLAB 1 orpuMmye moToyHe 3HAYEHHS
CUMYJILOBaHOI TemmepaTypu 3 pobouoi obnacti MATLAB. AnanoriuHo, areHTd st
BHYTPIIIHBOI TEMIEPATypH, BOJOTOCTI Ta KIIBKOCTI JIOJICH BUKOPUCTOBYIOTH Ti XK
MIIXOH JIJIs1 JOCTYIY JI0 CBOIX BIJMOBIIHUX 3MIHHHX.

OxpiM areHriB, Kl 30MpalOTh JaHi, Yy CHCTEMI € areHT, BIANOBIJAJbHUN 3a
HEYITKUN JOori4yHui BUCHOBOK. [leit areHT Takox peanizoBanuii y MATLAB, ockinbku
MATLAB mae noTyxH1 IHCTpyMEHTH AJii poOOTH 3 HEYITKOIO Jiorikoro. Lled areHT
OTpUMYE JaH1 B1J 1HIIKX areHTiB yepe3 Python i BukopucroBye MATLAB Engine API
JUTSl Tiepeiadl IUX TaHUX J0 MOJEIl HeUITKOTrO JIOTTYHOTO BUCHOBKY. Mojienb, CTBOpeHa
y MATLAB, npuiimae BX1JH1 AaH1 (30BHILIHIO TEMIIEPATYPy, BHYTPIILIHIO TEMIEPATYPY,
30BHIIIHIO BOJIOTICTh, @ TAKOXK KUTBKICTh JIFOJICH Y IPUMIIICHHI) 1 TOBEpTA€ Pe3yIbTaT y
BUTJISIZII BUX1THOTO 3HAYEHHS, SIKE BIJIMOBIAA€ 3HAYCHHS «YBIMKHYTH» a00 «BUMKHYTH)
JUKEPETIO OMajIeHHS.

3aBasiku MATLAB Engine API nnst Python, cucrema 3a0e3nedye 1BOCTOpOHHIN
oOmin nanumu. Python-arentu moxyTh nepenaBatu gaHi 7o MATLAB, BukonyBaTu
obuucnenns y cepenouiii MATLAB, a motiMm orpuMyBatu pe3yibTaTd Ha3aj s
noxaneinoi 00poOku. Hampukian, gKmo areHT OoTpuMye JaHi MpPO TeMIlepaTypy,
BOJIOTICTBH 1 KUIBKICTb JIFOJIEH, BIH MEPEJAE iX 10 MOJEII HEUITKOrO JIOTTYHOTO BUCHOBKY
y MATLAB. Mogens 06po06iise 111 1aHi, BA3HAYA€ MTOTOYHHUI CTaH CHCTEMU (HAIPHUKJIA],
Yyl TOTPIOHO BMMKATH HarpiB), 1 MOBepTa€e pe3ynbTar areHry. IloTiM areHT Moxe
BUKOPUCTAaTU LEW pe3yiabTaT Ajid 1HGOPMYBAHHS I1HIIMX YAaCTUH CHUCTEMH, 30KpeMa
areHTa CTaHy CUCTEMU.

Takum YMHOM, CHCTEMA MOEHYE MOJieoBaHHs Gi3uyHux mnporeciB y MATLAB
13 MmoxxnuBocTsAMU Python nnst peanizamii MynbTuareHTHOTO cepeaosuia. Lle mo3Bosnse
3a0€3MEeUUTH THYYKICTh, PEATICTUYHICTh 1 MacIITa0OBaHICTh CHUMYJIALII, HaBITh 3a

BIJICYTHOCTI peaibHUX (PI3UYHUX MPUCTPOIB.
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MatLab

Cumynsuia gisanyHmx Peanizauia npnnHaTTa
napamMmeTpis pilLEeHHSA

Mopayrnb BigCTEXEHHSA Cucrema HeuiTKoro
di3nyHNX NnapameTpis NOriYHOro BUCHOBKY

MATLAB
Engine API

SPADE (Smart Python
gent Development
Environment)

Peani3auis
MYJTbTUAreHTHOI CUCTEMMU

Pucynok 3.3 — Cxema B3aeMO/Iii CTPYKTYPHUX KOMIIOHEHTIB CUCTEMH ONTUMI3allii

onajieHHs1 y Po3yMHOMY Oy/IMHKY Ha OCHOBI HEUITKOT JIOT1KH

3.4 BucCHOBKH

TakuM 4YMHOM BHM3HAYEHO JIBA OCHOBHI KpHUTEpIli NIl ONTHUMI3alli KepyBaHHS
onajieHHsAM y Po3ymHomy Oyaunky. Y  pamMKax oONTHMI3aliifHOI  3aj1adyi
BUKOPHCTOBYBAJIacsd MaTeMaTUYHa MOJEIb, sIKa MOEAHYE 111 IBa KPUTEpii, BpaXOBYIOUU
BaroBi KoeQIII€EHTH IS KOXHOTO 3 HHUX. 3alpoIlOHOBAHO apXIiTEKTYpy CHUCTEMHU
onTumizaiii onajgeHHs y PozymHomy OyanHky. Kimro4yoBUMEU 0COOIMBOCTSIMU CUCTEMU €
npotiec 11 PyHKIIIOHYBaHHS, 1[0 OpraHizoBaHU y (HOpMi1 MYJIbTHAreHTHOI CUCTEMH, a
TaKOX 3aJyY€HHS HEYITKOI JIOTIKM y MPOIECi ONTUMi3alli. ¥ MpONoOHOBaHINA CUCTEMI
areHTH TOJICHI Ha TPHU MOJYJI, IO BIAPI3HAIOTHCS 32 (PYHKIIOHYBaHHSM. 30Kpema
BUJIIJICHO TakKi MOy, SIK MOJYJIb KOHTPOJIIO Ta B3a€MOJIIl 13 KOPUCTyBadeM, MOAYIb

BIJICTEXKEHHS (DI3UYHUX MapaMeTpPiB Ta MOLYJIb POPMYBaHHS PILLICHHS.
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4 OIIIHKA EOEKTUBHOCTI CUCTEMU ONTUMIBAIIL OITAJIEHHS
Y PO3YMHOMY BYJJUHKY HA OCHOBI HEUITKOI JIOT'IKH

4.1 Peanizailisi areHTa HEYITKOTO JIOTTYHOTO BUCHOBKY

Y nmnpomoHOBaHIM cHCTEMI oONTHMI3alii omajieHHd B Po3ymMHOMY OyauHKY
BUKOPUCTAHO MIiAXiJA, 3acHOBaHWM Ha HewiTkikd Jorimi. Ilpouec QyHKIIOHYBaHHS
MPOMOHOBAHOT CHUCTEMHU OpraHizoBaHo y (opmi MyJNIbTHAreHTHOI CHUCTEMHU, €
HEHTPAIbHUM KOMIIOHEHTOM € areHT HEYITKOTrO JIOT1YHOTO BHUCHOBKY. g cucrtema
B3a€MO/II€ 3 IHIIMMU areHTaMH, 5Kl BIATIOBIAAIOTh 32 YIPABIIHHS TEMIIEPATypOIO Ta 301p
JaHUX.

ATEHT HEYITKOI0 JIOTIYHOT'O0 BUCHOBKY pE€ajli30BaHO y MPOTPAMHOMY CEPEIOBHIIII
Matlab. B ocHOBi #oro (GyHKIIOHYBaHHS 3alliTHO CHCTEMY HEYITKOTO JIOTIYHOTO
BUCHOBKY Tuny CyreHo (puc. 4.1). Bukopuctanus Heditkoi cuctemu tuiy CyreHo s
onTumizauii onajgeHHs B Po3ymMHOMY OynMHKY OOIPYHTOBaHO ii OCOOJIMBOCTSIMH, SIKI
n00pe BIAMOBIIal0Th BUMOram 1€l 3a1adi. OCHOBHOIO nepeBaroro mozeini CyreHo € Te,
10 BOHA 3a0e3reuye YiTKuM (TOYHUM) BUXIJ, 110 AY>KE 3pYYHO JUJIS 3ajad, JIe PIlIeHHs
Mae OyTH TPEACTABICHO Yy BUIVISIAI KOHKPETHOrO 3HAYeHHS a0o [ii, HaNpuKIaj,
«YBIMKHYTH» a00 «BUMKHYTH» CUCTEMY OTIAJICHHS.

Y 3anpornoHoBaHIM cHUCTEMI BHUXIJ HEYITKOI JIOTIKM TPEACTABICHUNA Y
muckpetHomy Burisiai (ON/OFF). Ile BignmoBimae peambHMM TOoTpedam yHpaBIiHHS
OTMAIIOBAIBHUMHU TpUTAZaMH, $KI (QYHKIIOHYIOTh Y JBOX pEXKHUMax: AaKTUBHOMY
(yBiMKHYTO) a00 macuBHOMY (BUMKHYTO). HewiTka jorika CyreHo J03BOJIs€ IHTETpyBaTH
CKJIQJHI 3aJIeKHOCTI MK BXIJTHAMU 3MIHHHUMH, TaKHMH SK IIOTOYHA TeMIIEparypa,
OaxkaHa TemIepaTypa, TeMmreparypa 30BHIIIHBROTO CEpEeJOBHINA, BOJIOTICTh Ta 1HIII
napameTpu, Uil TEHEPYBAHHS YITKUX PILIEHb.

[Ile oxHi€r0 TEpeBaror € MPOCTOTA BIPOBAKEHHS HEUITKOI cucteMu CyreHo B
amapaTHe YM MPOTPaMHE CEPEIOBUINE 3aBISKH 11 MEHIIN 00YUCITIOBANIBHINA CKIIATHOCTI
MOPIBHSHO 3 IHITMMHU TUIIAMU HEYITKUX cUcTeM (Hanpukiaa, Mammaani). [le BaxiauBo ais
peanbHOro Yacy, e MBUIKICTh IPUUHSTTS PIILIEHHS] KpUTUYHO BIUIMBAE HA €(hEKTUBHICTD

CHCTCMHU.



58

AreHTH MOLYJIs
BIJICTeXKEHHS (DI3UYHUX IMapaMeTpiB

IToka3zHuku HABKOJIUIIHLOTO cepeaoBuia

30BHILIHS
BOJIOTICTB TIOBITPS

30BHILIHSA
TeMIeparypa

KinekicTs mronei
NpUMIIIeHI

Temneparypa y
MPUMIIIIEHI

ATEHT HEUYITKOTO
JIOTIYHOTO BUCHOBKY

Cucrema HEUITKOTO
JIOTTYHOTO BUCHOKY
Cyreno

!

VYBIMKHYTH/
BUMKHYTH

ATEHT cTaHy
CUCTEMHU

Pucynox 4.1 — AreHT HEYITKOTO JOT1YHOTO BUCHOBKY y CHUCTEMI ONTHUMI3AIlli OTaJICHHS

y Po3ymHOMYy OynuHKY

CTpyKTypa CHUCTEMH HEYITKOTO JIOTIYHOIO BHUCHOBKY HaBeleHO Ha puc. 4.2.
CucremMa KepyBaHHS ONAJICHHSIM B 3alPONOHOBAHIA CUCTEMI I'PYHTYETHCS Ha HEUITKIN
gorii tunmy CyreHo 1 BpaxoBy€ YOTHUPH BXIiJIHI 3MIHHI: PI3HUII0 TeMIIEpaTyp

(TemperatureDelta), 3oBHimH Bojoricte (Humidity), 30BHImHIO TemmepaTypy
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(TemperatureOut) Ta HasBHICTH JroAcH y npumimienHi (PeoplePresence). Koxxna 3 1ux

3MIHHUX TPEACTABJIICHA TPANEIieENoAI0HUMU (YHKIIIMH HaJEKHOCTI, 110 J03BOJISE

BpPaxOBYBATH iX BIIUB y HEUITKIH CUCTEMI 3 THYUYKICTIO Ta TOYHICTIO.

d.| Fuzzy Logic Designer: Untitled2 — O
File Edit View
| > >k
o
-~
Temperatureelta -
T~ - Untitled2
Humidity - flu)
e == (sugeno)
TempereatureQut o
-
5 5 b HeaterStatus

FIS Name: Untitled2 FIS Type: sugeno
And method prod o Current Wariable

Name
Or method probor e

T
Implication _ s

Range
Aggregation —=r
Defuzzification s v Help Cloze
Ready

Pucynok 4.2 — CTpyKTypa CUCTEMH HEUITKOIO JIOTTYHOTO BUCHOBKY

I'padixu dyHKII# nprUHaneKHOCTI 300pakeHo Ha puc. 4.3.

Ilepmia 3mimHa TemperatureDelta,

BU3HAYA€ PIZHUII0 MDK OYIKYBaHOIO

TEMIIepaTypol0 B NMpHUMIlICHH] Ta (GakTH4HO. BoHa Mae Tpu HewiTKi 3Ha4YeHHsS: Neg,

Zero Ta Pos, siKi BiJIMOB1IaIOTh 3HAYHOMY 3HIKEHHIO TeMIIepaTypH, ii HAOJIMKEHHIO J10

O4iKyBaHO1, a0 mepeButieHH 0. L[5 3MiHHA T03BOJIIE CUCTEMI BUSHAYUTH HEOOXITHICTh

YBiMKHeHHH Y BHMKHCHHS OIIAJICHHA 3aJICKHO Bi,II TOro, HaCKUIbKHU TCMIICPATypa

BIOXWJISETHCS Bl 0a’KaHOrO 3HAYEHHS.
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lot points:
Membership function plots s 181
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0)
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input variable "TempemeatureOut™
B)

Membership function plots
T T T
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plot |points: 181
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input variable "PeoplePresence”

r)

Pucynok 4.3 — @ynk1ii npuHanexHocTi: a) TemperatureDelta; 6) Humidity;

B) TemperatureOut; r) PeoplePresence



61

Hpyra 3miaaa Humidity, mpeacTaBiisie 30BHIIITHIO BOJIOTICTh 1 TAKOX MOIIISIETHCS
Ha Tpu Kareropii: Low, Medium, ta High, 1o onucyroTs HU3bKUH, cepeHii Ta BUCOKUI
pIBEHb BOJIOTOCTI BIJANOBIIHO. BOJOrICTh BIJIMBa€e Ha TEIUIOBUH KOMMOPT, TOMy il
BpaxyBaHHsS JO3BOJISIE CUCTEMI aJanTyBaTh IHTEHCUBHICTH OOIrpiBYy, 3a0e3Meuyrouu
KOM(OPTHI YMOBH JJIsI iepeOyBaHHS.

Tpers 3MminHa, TemperatureOut, BigoOpa)xkae 30BHILIHIO TeMIeparypy 1
kiacudikyerbes Ha 1Tk 3HaueHb: VeryCold, Cold, Mild, Hot ta VeryHot. 11i 3nauenns
JIO3BOJISIIOTH CUCTEM1 BpPAaxXOBYBaTHM CE30HHI YW TMOTOJHI 3MiHHM, II00 HaJallITyBaTH
poboty oOirpiBaua. Hanpuknaza, y ay’ke XOJIOJHUX YMOBaX CHUCTEMa MOXKE MiABUIIUTH
TeMIlepaTypy B MPUMIIIEHHI, TO/Il K Y KapKy morofdy ii pobora Oy1e MiHIMaJIBHOIO ab0
30BCIM MPUIHUHEHA.

YerBepra 3miHHa PeoplePresence, BpaxoBye KUIBKICTh JIIOACH y HPHUMIIICHHI.
Bona mopinserscst Ha wotupum kateropii: None, Few, Moderate, Ta Crowded, sxi
NPEACTABIIAIOTh BIACYTHICTh JIIOACH, HEBENHMKY KIJIbKICTb, IOMIPHY KUIBKICTh, a00
nepernoBHeHe npuMinieHHs. Jlanuii mapaMeTp HEOOXITHUHN I OMTUMI3aIii KepyBaHHS
omaneHHsIM y Po3ymHOMY OyAMHKY, KOJIM OMaJieHHS HE BMHKAETHCS, SKINO JIIOJEH Y
OPUMILIEHH] HE MaE.

BuxigHoro 3MiHHOIO cuctemu € HeaterStatus, sskuii mpuiiMae 3Ha4eHHST HA OCHOBI
CYKYITHOCTI TIpaBWJI HewiTkoi Joriku. IIi mpaBunma aHami3yrOTh BXIJHI 3MiHHI,
BU3HAYaI04YM, UM MOTPIOHO YBIMKHYTH 0OIrpiBay, 3MEHIIUTH HOT0 1HTEHCHUBHICTb, a0
MOBHICTIO BUMKHYTH. CHcTeMa 1HTerpye BCl BXiAH1 GaKkTopH, 3a0e3Meuyodn aJanTUBHE
Ta €Heproe(peKTUBHE KEpPyBaHHS OMAJICHHSIM y NPHUMIIICHHI, BPaXOBYIOUM HE TUIBKU
TETJIOBUI KOM(OPT, aje i eKOHOMIIO PECYPCiB.

TakuM YUHOM pPE3yJabTATOM POOOTH areHTa HEYiTKOrO JIOT1YHOTO BHCHOBKY €
3Ha4YeHHsI BUX1HOI 3MiHHO1 HeaterStatus. Jlane 3HaueHHs HaJICHUIIA€THCS 1HIIIOMY areHTy
— areHTy crany cucremu. [Htepdeiicue Bikno Matlab mis BuxigHoi 3minHoi HeatStatus

nojaHo Ha puc. 4.4,
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4.| Membership Function Editor: Untitled2 - O x
| File Edit View

- a plot points: 181
FIS Variables Membership function plots

XX

TemperatureDelta HeaterStatus

;

Humidity

TempereatureOut

output variable "HeaterStatus®

Pannl Py

f[LI] on

Current Variable Current Membership Function (click on MF to select)
Name HeaterStatus Name an

Type
Type output bl constant w

Params
Range 01

Display Range Help Close

Ready

Pucynok 4.4 — Iarepdeiicue Bikno Matlab mis BuxinHoi 3sminnoi HeatStatus

Anpo cucremu, 1Mo CkKiIagaeTbes 3 14 mpaBwil, BiAIrpae BUPIMIAIbHY pPOJb Y
MEXaH13M1 MPUUHSATTS PIllIEHb Y CUCTEMI ONTUMI3allli onajaeHHs B PosyMHOMY OyAUHKY.
L1i mpaBuia € 0ocCHOBOIO JyTsl GYHKIIIOHYBAHHS HEUITKOI JIOTIKH, sIKa BU3HAYAE, K 3MIHHA
HeaterStatus (cran o0irpiBaua) pearye Ha KOMOiHaIlii BXiIHUX napameTpiB. OCHOBHUMHU
BXITHUMU 3MIHHUMH CHCTEMH €. PI3HHUII MIX OYIKYBaHOK Ta (DaKTUIHOIO
temriepatypoto  (TemperatureDelta), 3oBHimHS Temneparypa (TemperatureOut),
BoJjioricth noBiTps (Humidity) Ta npucytHicTs nroaeit y npumiiienHi (PeoplePresence).

Koxne 3 mpaBun Gopmarizye 3ai1eKHICTh MK IIUMH BXITHAMHU TTapaMeTpaMH Ta
pe3yibTaTOM y BUIJISIAI YBIMKHEHHS a00 BHUMKHEHHs oOirpiBaya. Hampukiaz, sKiio
30BHIIIIHS TEMIIEPATypa € Ay>Ke HU3bKOIO, PI3HUII TEMIIepaTyp 3HAYHA, a B IPUMIIIICHH]
3HaXOJMUTHCS BEJIMKAa KUIBKICTh JIIOJICH, CHCTEMa MOKE YXBAJIUTHU PIIICHHS YBIMKHYTH
oOirpiBau ansa 3abe3nedeHHs kompopty. HaBmaku, SKIO 30BHILIHS TeMIlepaTypa €
NOMIPHOIO, @ B IPUMIIIEHH] BiJICYTHI JIFOJIM, CUCTEMa MO>XE€ BUMKHYTH 00IrpiBay Jist

E€KOHOMIi eHeprii.
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Halip npaBui, 1o BUKOPUCTOBYBAIWCH JUIsi CUCTEMH HEYITKOIO JIOTTYHOIO
BUCHOBKY:

IF “TemperatureDelta” IS “Neg” OR “TemperatureDelta” IS “Zero” THEN 0

IF “TemperatureDelta” IS “Pos” AND “PeoplePresence” IS “None” THEN 0

[F “TemperatureDelta” IS “Pos” AND “TemperatureOut” IS “VeryCold” THEN 1

IF “TemperatureDelta” IS “Pos” AND “TemperatureOut” IS “Cold” THEN 1

[F “TemperatureDelta” IS “Pos” AND ‘“PeoplePresence” IS “Few” AND
“TemperatureOut” IS “Mild” THEN 1

IF “TemperatureDelta” IS “Pos” AND “PeoplePresence” IS “Moderate” AND
“TemperatureOut” IS “Mild” THEN 1

IF “TemperatureDelta” IS “Pos” AND “PeoplePresence” IS “Crowded” AND
“TemperatureOut” IS “Mild” THEN 0

[F “TemperatureDelta” IS “Pos” AND “TemperatureOut” IS “Mild” AND
“Humidity” IS “High” THEN 1

I[F “TemperatureDelta” IS “Pos” AND “TemperatureOut” IS “Mild” AND
“Humidity” IS “Medium” THEN 1

IF “TemperatureDelta” IS “Pos” AND “TemperatureOut” IS “Mild” AND
“Humidity” IS “Low” THEN 1

[F “TemperatureDelta” IS “Pos” AND “TemperatureOut” IS “Hot” THEN 0

IF “TemperatureDelta” IS “Pos” AND “TemperatureOut” IS “VeryHot” THEN 0

[F “TemperatureDelta” IS “Pos” AND “PeoplePresence” IS “Moderate” AND
“Humidity” IS “Low” THEN 1

[F “TemperatureDelta” IS “Neg” AND “TemperatureOut” IS “VeryCold” THEN

Taki mpaBuia J03BOJSIOTH CUCTEMI AAaNTyBAaTHCS 1O 3MIH YMOB y peXUMI
peanpbHOr0 dYacy, 3a0e3neuyrodyd OajaHc MK KOMQOpPTOM  MENIKaHIIB Ta
eHeproePeKTUBHICTIO. 3aBISIKA HEUITKIH JIOTIIl CUCTEMa MOJKE MPaIfOBATH 3 HETOYHUMU
JAHUMHU Ta BPaxOBYBAaTH PI3HI CTYIEHI BIUIMBY KOYKHOTO BXIJHOIO MHapaMmeTpa, IO

pOOUTSH 11 TOCUTH THYYKOIO B KOHTEKCTI YNPABIIIHHS OMAJICHHSIM y PO3yMHOMY OyAHHKY.
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JInst meperyisiay CIHpailoBaHHS IpaBWI B HEUiTKiM cucremi y matlab Oymo
nocmimkeno BikHo Rule Viewer. ¥V 1ipomy BikHI MOXKHA CITOCTEpIiraTH BXiJHI 3HAUCHHS
JUIS KOKHOT 3MIHHO1, Kl BIJOOPaKarOThCsl HA IIKAJIaX 13 BUAUICHHSM aKTUBOBAHMX
CTYIEHIB MPUHAIEKHOCTI. TaKoX MPeACTaBIICHI BCl IPaBUJIa CUCTEMH, 1€ KOKEH PSAAOK
BIJIMOBIA€ OKPEMOMY IIPaBUITy, 1 MOXKHA MOOAYUTH, SIK BOHHM BIUIMBAIOTh HA BHXIJIHE
3HaueHHs. KpiMm Toro, BiKHO BijoOpaxae OOYMCIICHE 3HAYEHHS BUXITHOT 3MIHHOI
HeaterStatus, BpaxoByOYM BIUIMB aKTHBOBAHUX MpaBWI. BHIHO TakoX, SKI IpaBHIIa
OyJI1 aKTUBHUMH 1 3 SIKOIO0 CHJIOIO BOHH BIUIMHYJIM HA OCTAaTOYHUM pe3yJIbTarT.

Ha puc. 4.5 300paxeno intepdeiicai BikHa Rule Viewer y matlab, mo

JIEMOHCTPYIOThH CIIPAIIOBAaHHS TIPABUII HEUITKOI CHCTEMHU.

4. Rule Viewer: Untitled2 — O *
File Edit View Options
TemperatureDelta=7.5 Humidity =50 TempereatureQut =&.82PeoplePresence =25 HeatarStatus = 1
(N EENE I | [ [ ] | | I |
2 N[ I | [ [ ] | | I |
3 | I | [ [ ] L | I |
4| I | ENE | | I |
5 | I | [ A ] | | I I
6 | | | 1l ] L, | | |
7| | | [ ] SN | |
8 | I - [ ] INESN I |
e | I | 1] SN I |
10| N 1] | | I |
1] I | [ {1 ] | | I |
12| I | [ [ I | I |
-15 15 0 100 -5 50 0 10 [ 1
01 14
Input: [7.5:50:6.818:5) Plot points: 44 Move: left | right | down | up |
Opened system Untitled2, 12 rules Help | Close |
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4| Rule Viewer Untitled? — O 4

File Edit View Options

e

TemperatureDelta =7.5

X
=
3
=)
2
=
2!
3
=
3
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E
5

HeaterStatus =0

—
.,

LREEEREET

N
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%
:
2

(3¢ ]

th th 4= Lo

o AL ULt

IRNHANARAAR
O00PHCO0o00:
IHEAEEEE
S ——

a

9

10

11 |'I—

12 | |
15 5 o |

01 11

Input: | 7 5-50.21.97:5] Plot points: |44 Move:  jeft | right | dnwn| up |

Opened system Untitled2, 12 rules Help | Close |

6)
Pucynok 4.5 — Intepdeiicui Bikaa Rule Viewer y matlab, mo nemoncTpyroTh

CIIPAIFOBAHHSI MPABHJI HEYITKOT CUCTEMU

VY nomaHuMx pHCyHKax MOKHa BIAMITUTH, IO Y BHUIMAJKY, KOJM TeMIeparypa €
JIOCUTH MPOXOJIOAHOIO 1 30€piraeThbes Pi3HULA TEMIIEPATYp, CIIPAIbOBYIOTh IPaBUIa, 110
aKTUBYIOTH 00IrpiB (puc. 4.1 a), ToMl K NpU TEIUIl 30BHILIHINA TeMIepaTypl, HaBITh 3a
OPUCYTHOCTI JIOJEH y MNPUMIIIEHH], OOIrpiB HE BMHKAETHCS, 1 BHUXIJHA 3MIHHA
HeaterStatus nopisroe 0.

3HaueHHS TMapaMeTpiB BXIAHUX HEYITKUX 3MIHHMX MJII CHUCTEMU HEYITKOTO

JIOTIYHOTO BUCHOBKY NOJIaHO y Tabmuii 4.1.



HEYITKOTO JIOTIYHOTO BUCHOBKY
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Tabmuusa 4.1 — 3HaueHHs mapaMeTpiB BXIAHUX HEUITKUX 3MIHHUX Ui CUCTEMU

No Heuitka 3minHa KopoTtknii Heuitka Tepm 3Ha4YeHHS
3/1 OIKC MHO>XXHHA napameTpiB
1. | TemperatureDelta Pizuuns mix Neg [-15-7.5-1]
OYIKYBaHOIO Zero [-20 2]
TEMIIEPATyPOIO Pos [17.515]
1 TOTOYHOIO
2. | Humidity 30BHIIIHS Low [0 20 50]
BOJIOTICTE Medium [30 50 70]
HOBITPA Hight [50 75 100]
3. | TemperatureOut 30BHIIIHS veyCold [-50 -25.9 5]
Temreparypa cold [-6.715.09
15.49]
Mild 13.6 17 21.3]
Hot [19.8 23.7
26.6]
VeryHot [25.7 38.84
50]
4. | PeoplePresence [TpucyTHicTh None [001]
Tozet Few [123]
Moderare [246
Crowded [57 10]

3MIHHUMU TIO/IaHO Ha puc. 4.6.

[ToBepxHIi, 1O UIIOCTPYIOTH 3aJIEKHOCTI MIK BUXIJTHOIO 3MIHHOK Ta BXIAHUMU



4. Surface Viewer: Untitled2

File Edit Wiew Opticns
1
w1
3
B os
&z
i
T
1]
50
15
Tempereature Out 50 1 5 0 5
1 TemperatureDelta
* (input): Temperatur... ~ " (input): Tempereatu... Z (output): HeaterStatus ~
X grids: 15 ' grids: 15 Evaluate
Ref. Input: [Nah 50 NaN 5] Plot points: 44 Help | Close |
Ready
a)
O o

4| Surface Viewer: Untitled2

File Edit View Opticns

HeaterStatus
=)
™

15
PeoplePresence o -15 -10 -5 o
TemperatureDelta
X (input): Temperatur... ~ ! (nput): PeoplePres... Z (output): HeaterStatus
X grids: 15 W grids: 15 Evaluate
Ref. Input: [MaN 50 0 NaN] R 101 Help | Close |
Ready

0)
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4 Surface Viewer: Untitled2 — O >
File Edit Wiew Opticns
1 —
0.8 o
{7r ]
o |
% 06
@
n
D 04
=
0.2+
100
0 50
=15 =10 -5 0 10 18 idi
TemperatureDelta Hurnidity
X (input): Temperatur... -~ f (input}: Humidity « Z(outputy. HeaterStatus
e 15 Y grids: 15 Evaluate
Ref. Input: [MaN MaN 0 5] Plot points: 1M Help ‘ Claze |
Ready
B)

Pucynok 4.6 — [ToBepxHi, 110 UTIOCTPYIOTh 3aJIEKHOCTI MK BHX1THOIO 3MIHHOIO
HeaterStatus Ta Bxigaumu 3minauMu: a) TemperatureOut ra TemperatureDelta; 0)

PeoplePresence ta TemperatureDelta; 8) TemperatureDelta Ta Humidity

Ha nepmomy rpadiky 300paxeHna 3anexHictb HeaterStatus (ctan obirpiBaya) Bij
nBox mapametpiB: TemperatureDelta (pi3HHIT MK OYIKyBaHOIO Ta (PAKTUYHOIO
TemriepaTypoto) Ta TemperatureOut (30BHIITHROT TeMMepaTypH). [[opu3oHTanbHA BiCh X
NPEACTaBIIA€ 30BHIIIHIO TEMIEpaTypy, a Bicb Y — pI3HHMII0 TeMmmepatyp. ['padik
JEMOHCTPYIO, IO KOJIA PI3HUIIST TEMIIEPATyp BEIUKA Ta 30BHIIIHS TEMIIEpaTypa HU3bKA,
obirpiBau aktuBHO npairoe (HeaterStatus 0muspkuii 1o 1). 31 3pocTaHHSIM 30BHINTHBOT
TeMIiepaTypy ab0 3MEHIICHHSIM PI3HUII TeMIlepaTyp o0irpiBad MOYWHAE BUMUKATHCS, 1
HeaterStatus 3Menmyerbest 10 0. Lle meMoHCTpye JOTIYHUN TPUHIUIL TPU TETUIiN
30BHIIIHIA TOroAi abo Mailke JOCATHYTI ONTUMAJIbHOTO PIBHS BHYTPILIHIN

TeMIepaTypi 00irpiB crae HemoTpiOHUM. I3 Ipyroro rpadiky MokHa MOOAYUTH, 11O AKIIO

PI3HUIIA TeMIIepaTyp 3HAYHA, HaBITh 3@ BEJIUKOI KUIBKOCTI JIFOIeH 00irpiBad mpoI0BKYy€E
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IpaIlOBAaTH, aje€ HOro 1HTEHCUBHICTh 3MEHLIYETHCS Yy MOPIBHSAHHI 3 BUIAJKOM, KOJIHU
JIOJIEH y IpUMIIIIEHHI HeMae (He Mae HeOO0X1THOCTI 00irpiBaTH MOPOKHE MPUMIIIICHHS).

Tpetiii rpadix mnokaszye B3aemo3B’si30k Mix HeaterStatus, TemperatureDelta
(pi3aunero Temreparyp) Ta Humidity (30BHimHBOIO Bojorictio). Bich X — pizHuUIA
TEeMIIEpaTyp, BiCh Y — 30BHIIIHS BOJIOTICTh. I3 rpadika MokHa MOOAYUTH, 110 3MEHIIICHHS
BOJIOTOCTI BIUTMBA€E MEHII CYTTEBO, aje 32 HU3bKOi BOJIOTOCTI CUCTEMAa MOKE aKTHBHIIIIE

BMHKATH 00IrpiBad.

4.2 Ominka e(eKTUBHOCTI CHCTEMH OTAJICHHS 3a KPUTEPISIMHU ONTUMI3aIii

BianoBigHo 10 moctaBiieHOI MeTU pOOOTH, sKa IMoJisArajia B ONTUMI3allli BUTpAT
pecypciB 'y cuctemi omnajeHHs Po3ymHoro OyauHKy, OyJ0 3MOJAEIBOBAHO CHUCTEMY
yIOpaBJiHHS, IO BKJIMOYanda JBI Mojemi: 0a30By Ta Ha OCHOBI HEYITKOi JIOTIKH.
EdekTuBHICTE pOOOTH CHCTEMH OLIHIOBANACh 3a ABOMA KPUTEPISIMU ONTHUMI3aLlli.

[TopiBHIOBayMCst 1B Mojeni: 0a3oBa MOJETb PETYIIOBAHHS Ta MOJEb, SKa
BUKOPHUCTOBYE HEUITKY JIOTiIKy. MeTa mossrajia B TOMY, II0O0 BHU3HAYUTH, HACKUIBKU
KOXKHa 3 IIUX Mojeliei 3a0e3neuye e(PEeKTUBHICTh Ta CTAOUIBHICTH TEMIIEPATYPHOTO
KOHTpOJTO. J{J1s1 aHaI13y BUKOPHCTOBYBAJIM JIBa MOKA3HKUKH, K1 BIATIOBIIAIN 3a3/1aJ1€T1/Tb
BU3HAYCHUM KpuTepisMm. [lepmmii moKa3HHUK OIiHIOBAaB 3arajibHi BUTPATH (HAIPUKIIA/,
SHEprii 4 pecypciB) Ha MiATPUMAHHS 33JJaHOTO PIBHS TEMIIEPATypPH, a IPYTUH MOKA3HUK
aHaJTi3yBaB 4YacTOTy KOJIMBaHb TeMmiepaTypH (IUIABHICTh 3MiH TeMIepaTypH), sKa
CBIJTYUTH PO KOM(POPTHICTH YMOB.

JIns 1poro BUKOPUCTOBYBaliocsi mporpamuHe 3a0e3nedeHHs MATLAB, sxke
JIO3BOJISIE MOJICJIIOBATH CKJIQJHI CHUCTEMM Ta aHalli3yBaTu pe3ysabTaTdu. CUuMyIsIis
OXOIUTIOBAjJa YacoOBUM Tepioj TpuBalicTi0 50 roAuH, MiJl Yac SKOTO 31HCHIOBANIOCS
MOJIETIIOBaHHS 3MiH TEMIIEPATypH B YMOBax, HAOIUKEHUX JI0 peaTbHUX.

Ouinka BHUTpaT mnajiuBa 0a30BOI0 CHUCTEMOIO OINAJEHHS Ta MPOIMOHOBAHOIO
CHUCTEMOIO ONTHUMI3alii onaneHHs y Po3ymMmHOMy OynWHKY Ha OCHOBI HEYITKOi JIOTiKH

MoJIaHo Ha puc. 4.7.
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BapTicTe
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Pucynok 4.7 — Ouinka BUTpaT nanusa 0a30BOI0 CUCTEMOIO OINaJICHHS Ta
MIPOIIOHOBAHOIO CUCTEMOIO ONTHMI3allii onajgeHHs y PosymMHOMY OyIMHKY Ha OCHOBI

HEYITKOI JIOT1IKHA

Ha puc. 4.8 naBeneno rpadik 3MiHM TEMIIEpATYpH MPHU peatizallii 6a30Bo1 cucteMu
KEpYBaHHS OINAaJCHHSIM Ta TIPONOHOBAHOK CHCTEMOIO OINTHUMI3alii OMajJeHHS Y
PosymHOMY OyauHKY Ha OCHOBI HEUITKOI JIOTIKH.

Otpumanuit rpadik mokasye 3MiHy TEMIIEpaTypu BCEpeInHI OYJIMHKIB 3aJ€KHO
BiJl yacy. UepBoHa JiiHis, 1O BIAMOBIAae 0a30Biil MOAEINI, IEMOHCTPYE BEIIUKI Ta Pi3Ki
KOJIMBAHHS TEMIIEPaTyPH, K1 BUTIISAIAI0Th HEPETYIIPHUMU.

e cBiguuTh npo MeHI edeKTHUBHE peryiroBaHHs. HaToMmicTh cuHS JdiHisA, 1O
NpEACTaBIsA€ HEYITKY MOJeNib, BUIJISJA€ 3HAYHO cTalOuIbHIMIOKW. TemmnepaTypa
3MIHIOETBCS OUTBIN TJIABHO, 3 MEHIIMMH BIIXWICHHSIMH, IO TOBOPUTH MPO Kpaile

3TJ1J[KyBaHHSI KOJIMBaHb 1 OUIBII €PEeKTUBHY POOOTY IIi€T MO,
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3MiHa TeMnepaTypwn BcepeanHi by ANHKIB
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Pucynox 4.8 — I'padik 3minu TemmepaTypu Ipu peaiizaiiii 0a30Boi cHCTeMU KepyBaHHS
OITAJICHHSIM Ta MTPOIIOHOBAHOIO CUCTEMOIO ONTHMI3aIlii onajgeHHs y PosymHOMY

OyJIMHKY Ha OCHOB1 HEYITKOI JIOT1KH

BukoHaemo oOwiHKY €(EeKTUBHOCTI ONTUMI3alll KEpyBaHHS OMNAJECHHA Y
PosymHoMy Oymuuky. JlJis IbOTO BU3HAYKMMO BiJICOTKOBY 3MiHY JBOX MOKA3HHKIB, SIK1
BIJIMOBIJIAI0Th BU3HAYEHUM KpuTepisiM ontumizaiii (popmyna 3.1) — BapTicTh majauBa Ta
4acTOTa KOJMBaHb TeMIiepaTypu B PosymMHOMYy OyJIuHKY.

BincoTkoBy 3MiHy 3a mepmiuM KpuTepieM (BapTICTh MajvBa) BU3HAYUMO 32

HACTYITHOIO (POPMYJIOIO:

AC = Cbase - Cfuzzy . 100%

Cbase

(4.1)

ne Cpgse — CYKyIHA BapTICTh y 0a30Bid (HEONTUMI30BaHil) cUCTEMI, Cryyyzzy — CYKYIIHA
BapTICTh Yy CUCTEMI 3 HEUITKOIO JIOTIKOIO.
BincoTkoBy 3miHy 3a IpyruM KpuTepieM (IJIaBHICTh KEPYBaHHS) BU3HAYMMO HA

OCHOBI MIiJpaxyHKy KUIBKOCTI BMHKaHb KoTja. OOpaxyHOK KUIBKOCTI BMHKaHb
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MIPOBOJIUBCS K CEpeIHE 3HAYCHHS BMUKAHb Y TOAWUHY. TakMM YHHOM JJIsi KOXHOI 13
CUCTEM Ha KOXxHiH 13 50 roguH pobOTH cucTeMU OYJIO MOPAXOBAHO CEPEIHE 3HAUCHHS

BMUKaHb. LI 3HaYEHHA BUPAKEHI K Spuse TA Sryzzy,. TOMI BIICOTKOBE 3MIHY 3a JIPYIHM

KpuTepieM (IUIaBHICTh KEPYBaHHS) BU3HAYUMO HAa OCHOB1 HACTYIHO1 (hOPMYJIN:

AS = Sbase - Sfuzzy . 100% (4-2)

Sbase

Takum ynHOM BIAMOBITHO /10 TpadiKiB OIIHKK BUTpAT nanuBa (puc. 4.1) 6a30Boro
CUCTEMOIO OIaJICHHS Ta MPOMOHOBAHOIO CUCTEMOIO ONTUMI3AIli] onaneHHs y PosyMHOMY
OyAMHKY Ha OCHOB1 HewiTKoi joriku 3HaueHHa AC ckinagatume AC = (46 — 37)/46) *
100% = 19,57%,

Toni sk BIAMOBIAHO N0 rpadikiB 3MIHM TeMIEpaTypu IMpu peanizaiii 0a30BoOi
CUCTEMH KEpyBaHHS OMAJICHHAM Ta MPOMOHOBAHOIO CUCTEMOIO ONTUMI3allli ONajIeHHs y
PosymMHOMY OynuHKY Ha OCHOBI HEUITKOI JIOT1KM 3HaueHHsa AS ckinanatume AS = (17 —
6)/17) * 100% = 64,70%.

Bignosigno mo ¢popmynu 3.1 3HaYEHHS Wy 1 W5, IIIO € BaroBUMHU KoedirieHTaMH,
SIK1 BU3HAYAIOTh MPIOPUTETHICTh KOKHOTO 3 KpUTEPIiB BCcTaHOBIEHO Ha piBHI 0,7 Ta 0,3
BIJIMTOBITHO (MIPIOPUTET BIAIAE€THCSA 3MEHIIICHHIO BUTPAT MMAJIMBA).

Bignosigno g0 popmynu 3.1 o6unciumo 3HaYEHHS Jp 50 SK:

Jvase = W1 " Cpase + W2 * Spase

(4.3)
B pesynbrati orpuMaemMo 3HadeHHS Jpu5e = 0,7 ¥ 46 + 0,3 * 17 = 37,3.

AHAJIOTIYHUM YMHOM BU3HAYUMO 3HAYCHHA [ 177, -

]fuzzy =Wy Cfuzzy +w, 'Sfuzzy (4.4)
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B pesysbrati oTpuMaemMo 3HaY€HHA  Jfy ., = 0,7 * 37 + 0,3 6 = 27,7.

Bpemnti Bu3HaUMMO TIpUpPICT €PEKTUBHOCTI 32 HACTYITHOIO (DOPMYJIIOIO:

) 4,
_ ]base ]fuzzy . 100% ( 5)

Aj

]base

TakyuM 4YMHOM B pe3yiabTari OTpUMAHO 3HaueHHA 25.7%, mo CBITYUTH PO
y 5

JTOCSITHEHHS 3a71a4l ONTUMI3aIlli Y YBEPTh y TOPIBHSAHHI 13 0230BOI0 BEPCIEI0 CHCTEMH.

4.3 BucHOBKH

TakuMm yuHOM OYJI0 MPOBEAEHO OLIHKY €()PEKTUBHOCTI 3alPONIOHOBAHOI CUCTEMU
onTuMizallii onajieHHss y Po3ymMHOMy OyAMHKY Ha OCHOBI HEUITKOI JIOTiKM. Peamizariis
areHTa CHCTEMH HEYITKOro JIOT1YHOro OyJ0 BMKOHAHO 3a JOMOMOIOK MPOrpaMHOI0
cepenosuma Matlab. ITpoBeneHo MonenmoBaHHS POOOTH JIBOX CHCTEM OMNAJICHHS: Ha
OCHOBI 0a30BOi MOJIell Ta HA OCHOBI 3aIIPOITOHOBAHOI CHCTEMH HEUITKOTO JIOTIYHOTO
BUCHOBKY. JlJis aHalidy BUKOPUCTOBYBAJINWCH JIBA TOKA3HUKH, SKI BIJIMOBIAAIN
3a37aJIeTib BU3HAUYCHUM KpuTepisM. [lepmmii moka3HUK OIIHIOBAaB 3arajibHi BUTPATH
CHEProHOCIiB Ha MMATPUMAHHS 3aJIaHOTO PIBHSA TEMIEPaTypH, a APYTHil IMOKa3HUK
aHaJI3yBaB 4YacTOTy KOJIMBaHb TeMIepaTypu (IUIABHICTh 3MiH TeMIepaTypH), sKa
CBITYUTH TIPO KOM(POPTHICTH YMOB.

3rilHO 3 OTPUMAHUMHU PE3yJIbTaTaAMH, BHUKOPHCTAHHS HEUITKOi JIOTIKHM 3HAYHO
MOKpallye CTabUIbHICTh TeMMepaTypu B OYyIWHKY, IO € BAXIHUBUM I KOMQOPTY
MmerikaHiiB. bazoBa cuctema, sika He BpaxoBye€ 3MiHHI (DaKTOpu 3 TaKUM PIBHEM
THYYKOCTi, TPHU3BOJIUTH JI0 BEIMKHUX 1 PI3KUX KOJHMBAHL TEMIIEpaTypH, IO MOXKE
CTBOPIOBATH MHUCKOMQOPT Ta 30UIBIIYBAaTH CIIOXUBaHHS eHeprii. HatoMmicTe Momens 3
HEYITKOIO JIOT1KOI0 IEMOHCTPYE OUIBIII TJIaBHE Ta CTa0lIbHE PETYIIOBaHHS TEMIIEpaTypH,
10 JJ03BOJISIE 3HAYHO 3HU3UTH BUTPATH HA CHEPTOPECYPCH.

3riIHO 3 pO3paxyHKaMH, CyMa BIJICOTKOBHX 3MIH JIJIi 000X KPHUTEpIiB MOKa3ayia

3HAaYHE MOJINIIEeHHA. BUuTpatu nanuBa B MOJENi 3 HEYITKOIO JOTIKOK 3MEHIIMINCH Ha
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19,57%, 1m0 CBIQUHUTH PO CYTTEBY EKOHOMIIO €HepropecypciB. Takox BiaOynocs 3HayHe
3HUKEHHS YaCTOTU KOJUBaHb TemiepaTtypu — Ha 64,70%, 1110 MO3UTUBHO BILIMBA€E HA
KOM(DOPT npokuBaHHS B OyAMHKY. 3BaXKalO4yu Ha 11 MOKa3HUKHU, €PEKTUBHICTb POOOTH
CHUCTEMH 3 HEUITKOIO JIOTIKOIO BHUSIBUJIACS HA0AraTo BUIIOKO.

J1J1st KOMIUIEKCHOT OLIIHKY €(DEKTUBHOCTI OYJI0 OOUHCIICHO 3arajdbHUIN MOKA3HUK J,
KU BpaxoBye oOMJBa KpUTepii onTHMIi3alii 3 NEBHUMH BaroBUMHU KOE(QILIEHTAMHU.
Pesynbrat mokaszanm, mio 3arajibHa €(EKTUBHICTh CHUCTEMH 3 HEYITKOK JIOTIKOIO
niaBUINWiIach Ha 25,7%, 10 € 3HAYHUM JIOCATHEHHSIM Yy IIOPIBHSHHI 3 0a30BOIO
cucteMoro. Lle 1oBOANUTh, 110 BUKOPUCTAHHS HEYITKOI JIOTIKU JO3BOJISIE ONTHUMI3yBaTH
pobOTy cucTeMu OnajeHHs, 3HUKYIOUH BUTPATH TaJuBa Ta MiABUIIYIOYH KOM(POPTHICT
yMoOB y PosyMHOMY OyJIuHKY.

Otxe, 3ampolOHOBaHA CHCTEMa ONTHMI3allli HAa OCHOBI HEYITKOI JIOTIKH €
NEPCIEKTUBHUM Ta €(PEKTUBHUM M1JX00M JUIsl TOKPAIICHHS YIIPABIIHHS ONAJICHHSIM B
PozymHomy Oynuuky. BoHa He TUIbKHM JJO3BOJIsI€ 3HAYHO 3HU3UTH €HEPreTUYH1 BUTPATH,
a ¥ 3abesrneuye OUTBHII CTAOUTHHUN TEMIEPATYPHUN PEXKUM, MO0 € BAKIUBUM IS
3a0e3nedyeHHs1 KoM(GOPTHOTO CepeIoBUINA B TpUMILIEHHX. Pe3ynbratu poOOTH MOXKYTh
OyTH BUKOPHUCTaHI JIJis1 BAOCKOHAJIIEHHS ICHYIOUMX CHCTEM ONAJICHHS Ta BIPOBAHKEHHS

HOBUX TEXHOJIOT1H Jis1 eHeproe(eKTUBHOCTI B PO3YMHUX OYIMHKAX.
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BUCHOBKH

VY pesynbTaTi BUKOHAHOTO JAOCIIKEHHSI OYyJI0 pO3pO0JIEHO Ta 3MOJIEIbOBAHO
CUCTEMY OITHMI3alli BUKOPUCTAHHSA oONaleHHs B Po3ymMHOMYy OYyJIHMHKY Ha OCHOBI
HEYITKOI JIOTIKH. MeToro poOoTH OyJi0 BU3HAYUTH, HACKUIbKH €(QEeKTUBHHM €
BUKOPUCTAHHS HEYITKOI JIOTIKM B TMOPIBHSAHHI 3 0a30BOI0 MOJEIUIIO PEryJIIOBaHHS
omasieHHs. [[yst iboro Oys0 nmpoaHaii3oBaHO JIBa KPUTEPil0: BUTPATH MaIMBa Ta 4acTOTa
KOJIMBaHb TEMIIEPATYpH, 1110 JO3BOJISIOTH OILIIHUTH €(PEKTUBHICTh pOOOTH CUCTEMHU.

3riHO 3 OTPUMAHUMHU pPE3yJIbTATAMH, BUKOPHUCTAHHS HEYITKOI JIOTIKH 3HA4HO
MOKpallye CTabUIbHICTh TeMIepaTypu B OYIWHKY, IO € BAXKJIUBUM I KOMQOPTY
MenikaHiiB. ba3oBa cucrema, sika He BpaxoBy€ 3MiHHI (DAKTOpU 3 TaKUM pPIBHEM
THYYKOCTi, NMPHU3BOAWTH 10 BEIUKHUX 1 PI3KUX KOJMBAHb TEMIIEPATypH, IO MOXE
CTBOPIOBATH ITUCKOMMOPT Ta 301IbITyBaTH CIOKMBaHHS eHeprii. HaTomicTe Mojaens 3
HEYITKOIO JIOT1KOIO IEMOHCTPY€ OLIbII IUIaBHE Ta CTA0LIbHE PEryJIIOBaHHS TEMIIEpaTypH,
110 JI03BOJISIE 3HAUHO 3HU3UTH BUTPATH HA EHEPrOPECypCH.

VY nepriomy po3iuii MPOBEICHO OTJISAT KOHIICTIIS peasizallli CHCTEMH OTaJICHHS B
PozymHOMy OyauHKy. 3A1MCHEHO OIJIsA BIJOMHUX pIIIEHb JJs aBTOMAaTUYHOTO Ta
IHTEJEKTYyaIbHOTO KEpPyBaHHS OMAJIEHHAM. bylo BU3HAUYEHO HEMONIKU, Cepell SIKUX
OCHOBHUMH € OOMEXEHICTh MOJIeJell y BpaxyBaHHI JIUHAMIYHHUX 3MIH Y TEIIOBOMY
MOTINTI, 3aJICKHICTh BiJl TOYHOTO HAJAMITYBAaHHS KOHTPOJBHUX MapaMeTpiB, a TaKOXK
CKJIQJHICTh 1HTETpallli pi3HUX CTpaTeriil ympaBiiHHS s 3a0€3MeUeHHs OanmaHcy Mixk
KOM(}OPTOM 1 €(PEKTUBHICTIO.

VY npyromy po3zaini 0yJio 3arpormoHOBaHO a0CTPAKTHY MOJIENh OMUCY JTSl CHCTEMH
omnajyieHHs1 y OyJIMHKY, 1110 JO3BOJUIIO (popMalli3yBaTh y3arajibHeHy 0a30BYy MOJCIb BCI€]
cuctemu omnaneHHs y PozymHOMy OyamHKy. MoJenb CHUMYIIO€ TOBEIIHKY CHCTEMH
omaJieHHs B OyJMHKY, BKJIOYAlOUMd 00IrpiBad, KOHTPOJEP, 0 BUKOPUCTOBYE IMPOCTY
MIPOTIOPLIIMHY CTpATErio yIPaBIiHHA, 1 YOTUPH KIMHATH 3 pajliaTopaMu, sIKl pearyroTh Ha
30BHIIIHIO TeMIiepatypy. Mojenb BHKOPHUCTOBYE TEIJIOBI PO3PAaXyHKHM Ha OCHOBI
KOHBEKIli, TEIUIONPOBITHOCTI Ta TEMJIOBOI MacH, a TaKOX BKJIIOYAE KOHTPOJb

TEeMIIepaTypu 3 TICTEPEe3UCOM Jid €PEKTUBHOIO KepyBaHHS nogaudero Teria. OnucaHa
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MOJIEJIb € OCHOBOIO JJIsI IOPIBHSHHSA 13 MPOMOHOBAHOK CUCTEMOIO ONTUMI3AIli ONaIeHHs
y Po3zymHOMYy OyIMHKY Ha OCHOB1 HEYITKOi joriku. Takuii miaxim mepembadaTuMe
30epeKeHHsT OJJHAKOBUX yYMOB Jisi 000X MOJIENEH, IO J03BOJIUTh KOPEKTHO OI[IHUTH
€()EeKTUBHICTh 3alPOMIOHOBAHOI CUCTEMHM HA OCHOBI HEYITKOi JIOTIKM B IMOPIBHSHHI 13
0a30BOI0 MOJIEIUIIO OTIAJICHHS.

VY TpeTboMy po3/11i BUZBHAYEHO JIBa OCHOBHI KpUTEPIl 7151 ONTUMI3allii KepyBaHHS
omajieHHsAM y Po3ymHomy Oyaunky. Y  pamMKax ONTHMI3aliifHOI  3amadvi
BUKOPHUCTOBYBAIacs MaTeMaTH4YHa MOJIEIIb, SIKa MOEIHYE 111 1Ba KPUTEPii, BpaxOBYIOUH
BaroBi KOE(QIIEHTH JI1 KOXXHOTO 3 HHUX. 3alpolOHOBAHO apXITEKTYpPy CHUCTEMHU
ontuMmi3zaiii onaneHHs y Po3ymHomy OyanHKy. Kimro4oBUMEU 0COOTMBOCTSIMU CUCTEMU €
npouec i PyHKIIOHYBaHHS, 10 OpraHi3oBaHUi y (OopMi MYyJIbTHAr€HTHOI CUCTEMH, a
TAaKOX 3aJyYEHHS HEYITKOI JIOTIKM y MPOLECl onTuMizauii. ¥ IMpONOHOBaHIA CUCTEMI
areHTH TMOJUICHI Ha TPU MOJYJI, IO BIAPI3HAIOTHCSA 32 (QPYHKIIOHYBaHHSM. 30Kpema
BUJIIJIEHO Takl MOJYJi, IK MOAYJb KOHTPOJIIO Ta B3a€MOJII 13 KOPUCTYyBaueM, MOAYJIb
BiJICTEKEHHS (DI3UIHUX MapaMeTPiB Ta MOTYJIb POPMyBaHHS PIillICHHS.

VY yerBepTOMy pPO3iil OYJIO IPOBEJACHO OIIHKY €(PEKTUBHOCTI 3alPOINIOHOBAHOT
CUCTEMHU onTuMizalii onajieHHs y Po3ymMHOMy OyJIMHKY Ha OCHOBI HEYITKOi JIOTIKH.
[TpoBeneHo Mo IeNIFOBaHHS pOOOTH IBOX CHCTEM OIajJieHHS: Ha OCHOB1 0a30BO1 MOJIeli Ta
Ha OCHOBI 3alpOTIOHOBAHOI CHCTEMH HEYITKOTO JIOTIYHOTO BHUCHOBKY. s aHami3y
BUKOPUCTOBYBAJINCH J[Ba TIOKA3HWKH, SKI BIAMOBIAAINA 3a3/1ajieriib BU3HAYCHUM
kputepisiMm. [lepmuii MOKa3HUK OIIHIOBAB 3arajibHi BUTpPAaTH EHEPrOHOCIIB Ha
NIATPUMAaHHS 33JaHOT0 PIBHS TEMIIEpaTypu, a IPYTruil MOKa3HMK aHali3yBaB 4YacTOTY
KOJIMBaHb TeMmIeparypu (IUIaBHICTH 3MiH TEMIIEpaTypH), sKa CBUIYUTH PO
KOM(OpPTHICT, YMOB. bByno 3ampomoHOBaHO Ta  MPOBEAEHO KOMILJIEKCHY OIIHKY
edeKkTUBHOCTI J, AKUH BpaxoBYyBaB OO0MABA KPUTEPIl ONTHUMI3ALli 3 TEBHUMH BarOBUMHU
koedimienramu. Pe3ynbratu mokasaiu, o 3arajibHa €EeKTUBHICTh CUCTEMH 3 HEUITKOIO

JIOTIKOIO MiABUIIMIACK Ha 25,7%, y TOpIBHAHHI 13 6a30BOI0 CUCTEMOIO.
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Introduction

Smart home technologies are mereasingly being utilized to automate vanous aspects of housebold management,
with energy consumphion optmuzation bemg one of the primary challenges addressed by these systems. Heating 15 one
of the largest energy consumers m a home, making 1ts efficient management crucial for reducing energy costs and
enhancmg residents' comfort [1, 2].

The relevance of this work lies m the fact that existng heating systems in smart homes are often not fully
optimized, particularly m terms of fuel cost management and minimizing femperature fluctuations. As a result, these
systems may operate mefficiently: fuel consumption can be excessive, and room temperatures may frequently vary,
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causing discornfort for resident= Frequent temperature changes can also pegatmvely impact people’s health wille
excessive fuel consumption leads to econome losses.

The stuctare of thes arhcle 15 orgamzed as follows: first, the basic heating model 1o a Smart Home 1= researched
and formabzed Mext optimization enfena are proposed, along with a heatmg optmmization system for Smart Homes
based on furzy logie. Finally, a study 15 conducted to evaluate the efficiency of heating systems accordmg to the defined
critena, comparing the basic operational modsl with contrel systems based on fuz=y logie.

Eelated works

Vanous methods have been proposed to date, demonstrating significant potential for improwing heating systems.
(e notable advancement 15 the use of hydranlic heating systems combined with a mghittime shutdown stratezy. Due to
hugh thermal imertia and quality msulation, thus approach reduces fuel consumphon by 10% without sigmficant comfort
lozses [3]. Oiher approaches melude developing mathematical models for heat supply svstems to optmire energy
consumpton with minmmal deviations.

In [4]. 2 mathematical model of centralized heating =upply was developed. drided mto flow, thermal, and
presoure stages, enablmg efficient system parameter caleulafions and optinwzation with deviatons of only 1% affter
cahbration. The methodology in [3] proposes expandmg heating networks wsmg mixed-mteger programmuing, accounting
for spatial aspects and adapting to various bnlding connection scenanos. Simlarly, the work m [6] mireduces numerieal
optmmizaton for large-scale beating networks, emploving constraint apgregation for consumers and an approwimahion
strategy for diserete parameters. This approach reduced pipe costs by 23% and pumping costs by a factor of 14 within an
hour of computation.

Moreover, [7] mivoduced an mtellizent controller for 2 "smart" energy gnd that muwmimizes energy mmports,
ophmmzes costs, and enhances micrognd rehability. An integrated control strategy featming load forecastng and real-
fime temperature correction was also studied reducing the temperatre mbalance coefficient m rooms frem 00310 to
00196 [8].

The reviewed siudies propose vanous approaches for analyzing, optmiring, and managing heatng svstems,
meluding strategies for reducing energy consumption, exhancing thermal comfort, and mmproving the acouracy of heat
load forecasts. The advantages of these methods include improved energy efficiency, reduced fuel consumption, mncreased
hyrdranlic network stability, and scalabality for large centralized heating systems. However, Imitations include the models'
mabality to fully account for dyvmamic changes in heat demand, dependency on precise tumng of control parameters, and
the complexity of inteprating diverse management strategies to balance comfort and efficiency.

To firther enhance the efficiency of heating systems m Smart Homes, the use of fuzrzy logic 1s proposed, offening
resouree optmization within Smart Home heanng systems.

Abztract model of system functioning

To describe complex systems, such as a heating optinuzation system, 1t 15 convenent to use an abstract model
that generalizes 1ts funchionality m the form of a tuple. At the highest level of abstractiion, the model can be represented
as:

AbstractModel = ({Inputs}, [FunctionalBlocke}, {Outputs]) (1)

where Inputs — set of inputs; FunctionalBlocks — set of finchonal blocks; Outputs — set of outputs.

Thus approach allows any system to be descnibed as an mteraction of three main components: the set of wputs,
the set of fimctional blocks, and the set of outputs.

{Inputs) represent all external signals or parameters that influence the operation of the system. They serve as
the source of iInformation upon which the system performs its functions.

FunctionalBlocks are the kev element= of the model responsible for processing, transforming, and analvong
mput datz. These blocks model the internal processzes of the system, enabling computations, data transmission beteresen
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subsystems, and decision-making. They may include mathematical medels, algomthms, physical charactenstics of
components, or even soffware modules.

Qutputs get the results of the system's operation. They reflect how the system responds to input signals after
processing through fimetional blocks. Chutput parameters allow the evaluation of system performance, provide feedback,
or enzble momtorng of task execution.

Thus approach to system myodeling ensures modulanty and nerarchy. The abstract level not onky helps understand
the general logic of operation but also provides the ability to detail each component at lower levels of the model. Thus,
as the abstraction level decreases, each element of the model can be desenibed m move detail, considering the specifics of
mdridual processes or system components.

Bazic heating model in a Smart Home

To model the process of heating optinuzation system 1n a smart heme based on fuzzy logic, we will first formalize
the process for the model presented 1n [9]. The pwpose of this approach 1= to identify the key components of the model
{inputs, finctional blocks, outputs) and present them in a standardized form which facilitates analysis, adaptation
comparisen and ways to improve the system.

We wall present the basic model of the entive heating system in a Smart Home Myearingsoder in the form of:

Myearingsodel = ({TexpsTavg]'- {Meonerols Mieaters MiouseTermal xemmrﬁﬁ‘iﬂﬂh}JETm}J 2

where T — set (expected) room temperature; T,y — cwTent average room temperature; Meapyra — model of
control system; Myeaper — medel of heater; My cerermal Hetwork — model  of house thermal netwerk; ARlocks —
additional blocks for model operation.

The proposed model represents the heating system of a Smart Home and 1ts management. This mode] contains
blocks for temperature confrol, heaning equipment (heater), modeling of heat losses mn the house and external factors.

All processes of finctioning 1 thus heating system are simulated as a combimation of thermal convection, thermal
conductivity and thermal mass. A generalized basic model of the beating svsteny m a Smart Home 1= presented i Fig_ 1.

s el N
o 0

e P rahark

et alon

Fig 1. Ceneralized basic model of the heating system m a Smart Home

The presented model consists of the following components: mode] of contrel sy=tems (M., ,). model of heater
(Myeater) and the model of house thermal network (MygocaTermal Network -

Additronal blocks for the fimehioning of the model include a block for modelng daily temperature vanaton and
a graphical display for tracking the system's performance (Temperature vanation).
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In this medel, the controller compares the expected temperature (T} with the average cwrent temperature
(Tawg). Based on the difference between them (s1ror), the controller caleulates the value of the mass fiel consumption
(mdot_fuel) for the heater.

The heater accepts the mass fuel consumption (mdet_fuel) as an imput signal. Generates beat for heating water
or air m the heating system. The outputs of the heater block are boiler_outlet — thermal output (heat supphed to the
system) and pump_inlet — a agnal showing the current state of the heater.

Ume of the components of the basic heating system model 15 the model of house thermal netwerk. Thas 15 2 medel
of the thermal dynamies of the house, which takes mto zccount such aspects as heat loss through walls, windews, roof:
heat recerved from the heater, as well as the influence of external conditions (ambient temperature).

The mputs of the house thermal network are boiler_outlet — thermal enerzy supplied by the heater and Dhaily
temperature variation [Tatm] — daily fluctuations in the external temperature. The cutput 15 the value Ty, — the average
temperature mside the house.

Lat us present the model of the house thermal network My cerermal 8eswork 10 the form of the following tuple:

MitnuseTermal Network = {{Ta tmr Ta\'g]' {T"Iﬂnﬁ-rru' Mgagiators TAT, HC}, '[Ta'vg]') ":3)

where T,pr 15 the cutdoor temperature that affects the heat loss of each room through walls and ventilation, Ty,
15 the current average temperature in the room, M. 15 the model of the room heating network My, = (Mpo0m b
Mg amigears 15 the model of beating sources (radiators) Mpagiorors = FMpoomaadiatartie1. TAT is the block for caleulating

the average temmperature m the bouse, HC (Heat Control) 15 the block for regulating the heat flow between the mput flow
and radiators.

The model of the modsl of house thermal netwrork 15 shown m Fig. 2. The system recerves the cutdoor
temperature T, and the average room temperature Tovg at the mnput.
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Fig. 1. The model of the madel of honse thermal network

In the propozed system. the mode] of house thermzl netwerk consists of fowr rooms. Each room has 3 radiator,
which 1z the only source of heat tran=for in the room. Each room 15 affected by the external temperature, which changes
over time. In this system the external temperature 13 modeled according to the following law-:

2w
—12_360-1:)+5 (&)

Mpadiceor: Eenerate heat for rooms based on HC heat control signals, which take into account heat loss and the
desired (saf) temperature. The average temperature (pbtained i the JAT block) 15 defined as a control parameter that
allows mantaimng the desired heat balance m the rooms.

Toutsige =6~ Si'ﬂ(
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(e of the maim components of the heating system model in the Smart Home (equation 2) 15 the mode] of room
heat network My, e = {Mpoomitey (Fig 3). This model 15 a sat of four elements, each of which deseribes the processes
of modeling heat axchange betwean the mternal air of the room, 1t= structural elements (roof, walls, wmdows), the external
emvironment, and the heat sowrce (heater).

b 1 ]
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i Al-afk | | ArgER Ar=F1R L)
< 1 } | =) 1=, 1} :I_'
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Fig. 3. The model of room heat network

Lt us represent the model of the room heating network Mg, m the form of the following tuple:

Mesom = (ETatme HL{TM, Conv, Cond, TS} {Troom}) 5
where T,;, ts the cutdoor temperature. & 15 the heat source, TM 15 the thermal mass set, Conw 1s the comvection
set; Cond 15 the conduction set; T, 15 the room temperature, TS is the temperature sensor;

In the Mg om model, the thermal mass set TM desenbes the physical objects that store heat and transfer it both
indoors and cutdoors. This set consists of fowr elements.

TM = {TMyir TMeoopr TMyprain TMypindow (8)
where TM;, 1= the thermal mas=s for modeling the mdoor zir of the room. TMa,, 15 the thermal mass for
modeling the roof as a volume that accumulates and transfers heat, TMy,;; 15 the thermal mass for modelng the wall as
a vohume that accunmlates and transfers heat, [ TMyp 00 15 the thermal mass for modeling the window as a velume that
accumulates and transfers heat.

In thes set, TM,;, represents the air in the room. as it has a low heat capacity, therefore it responds quickly to
changes in heat sources (heater, heat loss throngh structures). TMp,.; represents the roof, which wsnally has a significant
heat capacity and affects heat loss, espemally due to contact with the external emironment TM,,,. . .. models the window
as a thermal mass, although 1ts heat capacity 15 much lower than that of the roof or walls, nevertheless windows are the
main source of heat loss due to their low thermal msulaton coefficient.

The main components of the Mg, ., model are thermal mass blocks, convection blocks and thermal conduction
blocks. The air nside the room interacts with the roof, walls and windows through heat transfer {convection and thermal
conduction), which 15 modeled by separate blocks. Each structural element (roof, walls, windows) 15 represented as a
separate thermal mass, which models the accumulation and transfer of beat. The roof, walls and windows are connected
to the atmosphere through heat loss blocks, whach take mto account both thermal conduction and convection. For a more
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acourate modeling of heat ransfer, the thermal conduction between the air and the stuctural elements (roof, walls,
windows) 15 drvided mio two halves: Half roof-arr conduction, Half wall-air conduction and Half wandow-air conduchon.
Thev provide a sequence of heat transfer betwreen the air 1n the room, the thermzl mass of the elements and the external
ervironnyent

The heat sowree 1= 3 heater B, whach transfers heat to the air in the rocm. The aw in the room 15 also modeled 2=
a thermal mass (Air thermal mass), which tzkes info account 1= ability to acowmulate and transfer heat. The external
temperature Ty 15 modeled as 2 temperahue sowree, which 15 connected to the thermal masses through heat transfer
blocks. These blocks take mnto account heat losses through the roof, walls and windows to the atmosphere.

The presented model implements the mterachon of the air mside the room with the roof, walls and windews
through heat transfer, which constitute three heat chams. In this model these chams are typical, in particular, for the roof,
the heat chain 15 medeled as follows:

1. Heat transfer from the room awr to the mner swrface of the roof. This stage 15 modeled by the Comvection Awr
Eoof block (convection between the room air and the inner surface of the roof). As a result, heat 1= transferred from the
room air to the inner swface of the roof.

2. Heat transfer through the first half of the roof material (Half FBoof Aw Conduction). At this stage, heat spreads
through the mmer half of the roof thickness. Ths 15 modelad by the Half Foof Aw Conduction block. As a result, some of
the heat reaches the middle of the roof thickness.

3. Heat transfer through the second half of the roof matenal (Half Foof Atmosphere Conduction). Heat spreads
through the second half of the roof thickness to the outer swrface. This 15 modeled by the Half Eoof Atmosphere
Conduction block. As a result, the heat reaches the outer swrface of the roof.

4. Heat lozs through leaks between the roof and the atmesphere (Foof Atmosphere Leakage). At thas stage, heat
leakage through posmble cracks or leaks mn the roof 15 taken mto account. This 15 modeled by the Roof Atmosphere
Leakage block. As a result, thes leads to a loss of some heat through leaks m the roof.

5. Heat transfer from the outer sunrface of the roof to the atmesphere (Comvection Roof Atmosphers}. The outer
smface of the roof transfers heat to the atmosphere through convection. This 15 modeled by the Convechon Roof
Atmosphere block. As a result, some of the heat 15 transfrred to the external environment through convection.

Thms, 1t 15 werth noting that each heat exchange corewt 1s divided mto two conditional zones to account for heat
flows in twro directions from the reom to the external environment and from the external environment to the room. This
allows for a more acowrate simmlation of the heat transfer process and provides for 2 dynamie change 1 heat flows
depending on the condiions.

Amnocther important component of the basic model of the heating optimization system 1= the heater model My .o
Lat's represent the heater model as a fuple:

Myezter = ({mdot_fuel inlet}, (55, Pump, Boiler, CC}, {outlet]) (N
where mdot_fuel iz the ma=s flow of fuel; mmlet 15 the flowr of hquid that poes to the bodler for beating; outlat 1=
the flow of hqud that zoes from the boller after heating; 5 15 the source of speed —used to control the flow rate of hgmd
through the pump; Pump 15 respensible for creating the flow of hgmid; Mg, 15 the boder medel — used to heat the
hgmd; CC 15 the cwenlation system and heat exchangers — redirect and transfer heat between components.

The Mg defines the main component that performs ligmd heating. It has one inlet input, representing the
lhquid entering the system, and an cutlet — the heated hiquid leaves the boller and 15 directed to the heat exchangers. The
bodler recerves thermal energy from the fusl supphed through the mdot_fuel stream. The hiqmd 15 heated to the requred
temperature.

The €C system consists of a heat exchanger block and a careulation block. A heat exchanger transfers heat energy
between a heated flmd and a working medimom. In thes subsystem, mput A defines the heated flnd entering the heat
exchanger, while B defines the output after heat exchange when the flud 15 transfarved firther into the system. Block H
defines the process of flmd coreulation between the boiler and the heat exchangers. This block models the change m flow
and the retwm of the flwd back to the systen.
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The last main component of the basic heating svstem 15 the My oo model of control system. Thi= block
mmplements the heatmy process confrol subsystem which takes mto account temperature parameters and mass fusl
consumpton fo momrmze costs {fuel cost). This control model can be atinbuted to proportional-integral (PT) models wath
dynamic signal processing. Let us present the M-, ¢ model of control system in the following form:

Meontral = ({ Texps Tavg | {5, GVL, VOMFR, NGD, I8, 5B}, {mdot fuel, fuel cost}) &)
where Tay, — set (expected) room temperature, T,y — current average room tempersture, § — adder, GVL - gas
supply valve dynamie delay block, VOMFR — gas mass flow rate determination block through the valve, NGD — natural
gas density mversion block, IB — infegrator block, SB — scale blocks, signal scalmp blocks, mdot_fusl — fusl mass flow
rate, fuel cost — fuel cost.
The model of heating control system for the base model 15 shown in Fig_ 4.

1iMatural gas density

—Q—{T— = o> D

Gag valve 189 Wale cpen mass fow rabe

T_avg
Fig. 4. Model of heating control system

The mputs of this model ave Ty, and Tpy, (Temperature expected and Temperature average). Toyp 15 the expected
temperature that the system should maimtain (set by the user or the program). Tay,; 15 the average current temperature (for
example, read from sensors). These two signals are fed to the adder to calculate the error (deviation from the desired
temperature).

The outputs of thi= model are mdot_fuel — mass fuel consumption. This value 15 used to analyze the svstem
operation and fuel cost — fuel costs, whech are calenlated as a fancthion of fuel consumphon and 1= cost.

The adder block {mdicated in the diagram as +) caleulates the difference between the values of Ty and Toyy.
The resuling value deternunes how much the actual temperature differs from the deswed one. This ervor 15 the basis for
further regulation of the natwral zas flow rate:

Error = Tpp — Tang (9

The next stage 1= the dynamue processing of this siznal through a gas supphy valve delay model which tzkes into
account the ime characterishes of the system deseribad by the transfer function:

wis) = ';‘:g;' (10)

Thes functonalhity 1= represented by the GVL — Gas Valve Lag block.

The VOMFR block scales the siznal from the valve to deternune the gas mass flow rate through the valve. In the
proposed model, the coefficient value for this bleck 15 0.0015.

The HGD (1 Maturzl Gas Density) block represents the imversion of the natwral gas density and allows vou to
take mto account the properties of the gas {density) to convert the mass flow mte into the comesponding thermal energy.

An additional mmtegrator block (1/s) integrates the signal comresponding to the zas flow rate to calculate the
acoumulated amount of fuel used (or energy transfemed to the system).

Blocks with §F coefficients scale signals based on system charactenistics (in the figure marked as -E-). The first
coefficient deternuines the energy efficiency of the gas, while the second coefficient deternumes the cost of fuel per umt
of energy.

Thus, the controller mmplemented in the basic version [%] 15 a2 proporhonal control that estimates the actual
temperature of the house relative to the target temperature, with an ervor of 2 *C and a bvsteresis of 4 C. In this case, the
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concept of hysteresis defines the effect when the systemn has a dufferent reaction to changes m the mput value depending on
whether thi= value increases or decreases. This means that the controller will open the valve to connect the heater when the
temperature drops below 2 °C from the set pomt, and close the valve when the temperatiure excesds the target by 2 “C.

Thus, the basic heating model m a Smart Home 1= deseribed, which will be compared with the proposed heating
optimizaton system m the Smart House. This approach will assume the preservation of the same conditions for both
maodels, which wall allow a comect assezsment of the effectiveness of the proposad system compared to the tradibional
one. The modeling will be camed out on the basis of the zame buwldmg informanon modelmy model m Matlab, whach
will provide a companson accordmg to the same parameters.

Defining the optimization problem for heating optimization

The basic heating control model m the Smart Home considered in the previous sechon defines propertional-
mtegral contrel with dynamue signal processing. However, an obvious drawback 15 the rather frequent switching of the
system operzting modes, which can lead to excessive energy consumption and faster wear of the equpment This 15
explamed by the fact that the basic model 15 focused on a2 quick response to temperature changes, but does not take mio
account the long-term stability of the system. As a result, it provides an msufficiently smooth control mode and an
mereased number of fluctuztions m the amblent temperature.

To solve these problems, 1 the following sectons it 15 proposed to use a svstem with furzy logic mference. Let
us formulate the problem of optimizng heating control m the Smart Home.

The problem of opfimezing heating control can be represented through a mathematical objective finction that
st be momimmzed [10]. The goal of thuis problem 15 to spmultanecusly reduce fuel costs and reduce temperature
fluctuations in rooms.

Let the mput variable for the control system be the temperature m the Smart HouseTy .. (). as well as the set
ternperature Tyecireg. Which determmines the comfortable temperature for the selsctad room. The tazk 15 to confrol the heat
output Qhen:(t), which 15 regulated through the boiler or other heatmg sources, m order to mmmuze two cotenon
ndicators.

The first criterion 1s the cost of fiel The cost of fuel depends on how mmch fuel 15 consumed to maintam the set
temnperature i the Smart House. This can be expressed m terms of fuel consumphon fhj.uﬂlitj for a certain ime pened
T. The cost of fuel 15 defined as the integral of fuel consumpton per wnit of tme, multiphed by the cost of a umt of fiuel
Cpypep- Mathematically, this can be wrtten as:

T
Crarat = J' tpue (E) - Crumdt (11}
o

Thes 15 the first criterion that we aim o oummmze.

The second cnitenen 1s to reduce the frequency of temperatre fluctuations in the Smart Home. Temperatuwre
fluctuations occur due to frequent switching on and off of the bouler, which leads to sigmificant temperature differences
in the room. This can be deseribed by a functon that measures the rate of change of the thermal power Gy, (2). The
smoothed power change i an mportant aspect to ensure a stable temperature in the room. For this, 2 metic that integrates
the dermvative of the thermal power can be used, Le.:

1T dQpea(t)
5 = L 12 e (12)

smoth =

The smaller this vale, the smoother the system works, and therefore, the smaller the temperature fluctuations.
Thus, the optimzation problem as a whole 15 to minmuze the combmation of these two criteria:
minj = wy - Crorar + Wz * Semotn (13)
where wy and w, are weighting factors that determmne the prionty of each of the criteria. Weaighting factors can
be adjusted depending on what the overall optinnzation cnfernon 1= more focused on (for example, if fuel economy 15
more important, then wy, will be larger).

91



In this problem, a furzy lopic mference system 15 used to determine the optimal heating power Qpaq:(T)
depending on the cwrent temperatire deviation AT = T, .. (£) — Ty, 30d the rate of temperature change. Based on
these inputs, the furry system deternunes whether it 15 necessary to Increase or decrease the heating power to stabilize
the temperature m the Smart House. Thus, the problem 1= a multi-objective optumization problem, where 1t 15 necessary
to somultmecusly reduce fael conmumption and stzbilize the tempersture in the room, using a furzy control svstem for
smoother regulztion of the heating power.

Architecture and functioning of the heating optimization system in a smart home bazed on fuzzy logic
and integration with cloud services

In order to solve the problem of mamtaimng the optmal temperature m a Smart Home, a heating optinmzahion
system 1s proposed. Its key feature 15 the modular structure and the imvolvement of fuzzy logic in the optimizahion process.

In the propesed system all blocks are divided into three modules that differ in thewr fimetioning. In particular,
such modules as the control apd uwser interaction module, the physical parameters trackmg module, and the decizion-
making module are hughhizhted.

The central component of the entire system 15 the user control and mterachion module, Functionally, this module
15 responsible for two main tasks: coordmating the operation of the enfire system and commumcating with the user.
Structurally, the control and user interaction module consists of a controlling block and a commumication interface for
interacting with the user. In the context of the proposed system, the controllms block 15 a block that controls and
coordinates the operation of the remaimng components. It is responzible for miiahrmg other blocks, confrolling their
activity, and checkimg the performance of tasks. In the proposed system, the control unt mitahzes other systenn units at
the beginning of operation, peniodically checks the activity of the remaiming units, and also histens to Incoming messages
from the units of the arifical intelhzence meodule.

Structurally, the user confrol and mteraction module also inchides a user commmumnication block. Thanks to
mtezration with cloud services, thus unit provides the possibility of extended fimctionality, allowing users to access the
system and mamnage 1t from any pomt of commection to the network. The mam purpose of this block 15 to crzamze an
mterface for ransmithng and recerning messages from the user via the cloud mfastructure.

Another module of the proposed system 15 a physical parameters tracking module. Thys module consists of the
following blocks: block of detection of people presence. outdoor temperature measuwrement block, indoor temperature
measuwrement block and cutdoor bumidity measurensent block. All these blocks have one goal, which 15 to determine the
physical parameters of the environment (external and internal).

The third module m the proposed svstem for optimuzing the use of heating in a Smart Home based on fuzzy logic
15 2 decision-making module. This module performs the intellizent funchons of the entive system It wall use the
mformation collected by the previous module and transmutted by the control unit to evaluate all varables and determine
the most appropriate output s1gnal for the current simation. Two types of blocks are defined m this module: a furzy logic
decision block and a system status block.

The fuzzy logic decision block 1= a key element of the heating control system. It includes a furzy control system
that processes data received from the physical parameter tracking module blocks and penerates the appropriate control
achon that 15 transmutted to the systens. Within the block, rules and memnber=hip fimetions for vanous vanablss are defined
to ensure the correct execution of confrol achons. The block recerves data from the sensor blocks to perform its funchion.
The mechani=m of operation of the fuzzy logic decision block mrolves penodic activity, whach includes the absence of
constant generation of cutput signals for controlling the heating system (only when necessarv).

The system status block 15 responsible for setting the contrel acheon defined by the fiuzey block and notifying the
control block that the action has been performed in the physical system Despite its somphierty of operation, its rale 15
extremely important, because 1t changes the state of the system Thas block operates cyelically: it constantly histens to
messages from the fuzzy logic decision block and performs its task each time 1t 15 needad

The structure of the heating optinazation system 1o a smart home based on fuzzy logic and mtegration with cloud
services 1s shown m Fig. 5.
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Fig. 5. The structure of the heating optimization system in a smart bome based on fuzzy lozic and integration with clond services

Implementation of proposed soluton

In crder to evaluate the proposed solufions, a prototype of a heating ophinmzation system in a Smart Home based
on fuzzy logic was designed. The JADE (Java Agent Development Framework) framework was uwsed to implement the
functioning of the designed system [11].

The mam goal of the systern 15 to momitor and analvze key parameters m a smart home such 3= temperature,
burmdity, and the number of people in the rocm. Theze parameters are collected by blocks that track phy=ical parameters,
processed, and decisions are made based on them wsmg furry loge.

Smee there are no real sensors in this system, their fimetions are sipmlated m matlab (and zethng from external
sources). For example, the values of the external femperature are modeled by vanables mn matlab and double check wath
OpenWeatherhap [12], whech are dynameally updated. The external temperature changes according to a simusoidal law
with given parameters of amphtude, frequency, phase and offset.

Implementation of the fuzzy logic inference hlock
The fuzzy logic inference block 15 implemented m the Matlab sofiware environment. Itz operation 1s based ona
fuzzy logic inference system of the Sugeno tvpe, which provides the formanon of a clear output (on/off). The proposed
system operates on four mput vanables: temperatwre difference (TemperatweDlelta), external bupmdity (Hunudity),
external temperatme (TemperatureChut) and the presence of people n the room (PeoplePresence). Each of these varables
15 represented by trapezoidal membership functions, whech allows takng into account their mfluence in a furzy system
with flexababity and accuracy. The graphs of the membership fimetions are shown i Fig_ 6.
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The core of the svstem consists of 21 mules that were empmically developed. These mules are the basis for the
finctonmg of fuzzy logc, which determanes how the vanable HeaterStatus (heater status) reacts to combinations of mput
parameters. Swrfaces dlustrating the dependencies between the output vanable and the mput vanables are shown m Fiz. 7.
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Fiz. 7. Surfaces illustrating the dependencies between the ontput variable Heater Statns and the input variables: 2) TemperatureOut
and TemperatureDelta; b) PeoplePresence and TemperatureDelta; ¢) TemperatureDelta and Humidity
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From the surfaces shown i Fiz. 7, if can be noted that when the temperature difference 15 large and the outside
temperature 15 low, the heater 15 actvely working (HeaterStatus 1= close to 1), As the outside temperature increazes or the
temperature difference decreases, the heater starts to twn off, and HeaterStatus decreases to (. This demonstrates a logeal
prnciple: when the outside weather 15 warm or the mside temperature 15 almost at the optimum level, heating becomes
unnecessary. It can also be seen that of the temperanue difference 15 large, even with a large number of people, the heater
conhnues to work, but its infensity 15 reduced compared to the case when there are no people in the reom (there 15 no need
to heat an empty room).

Evaluation of the efficiency of the heating svstem using optimization criteria

According to the goal of the work, which was to optmmuize resowrce consumphon m the heating system of the
Smart Home, a control svstem was modeled, which meluded fwo medels: basic and based on fuzzy logic. The efficiency
of the system was evaluated using two optimuzation criteria

Two models were compared: the basic confrol model and a model usmg furzy logic. The zoal was to deteromne
how much each of these models provides efficiency and stahility of temperatuwre control Two mdicators that met
predefined criteria were used for the apalvsis. The first indicator assessed the total costs (fuel cost) for mamntaining a given
temperature level, and the second indicator analvzed the frequency of temperatwre fluctuations (smoothness of
temperature changes), which indicates the comfort of condiions.

For thas, Matlab softwrare was used, whach allows vou to model complex systerns and anakyze the results. The
smmulation covered a tome period of 50 hours, durmz which temperature changes were smmlated mn condiions close to
real ones.

The estmaton of fuel consumpheon by the basic heating svstem and the proposed heating optomization system
in the Smart Home bazed on fuzzy logic 15 presented mn Fiz. 8.
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Fiz. 8. Estimation of foel comsumption by the basic heating system and the propased heating optimization system im the Smart Home
beased on fazzy logic

Fiz. 9 shows a graphs of temperatwre changes when implementing the basic heating confrol system and the
proposed beating optimization system in the Smart Home based on fuzzv logic. The resultimg graph shows the temperature
change inside the houses dependmz on tme. The red line, corresponding to the basic model, demonstrates large and sharp
temperature fluctuations that look opregular. Thus indicates less effective regulation. In contrast, the blue line. representing
the furzy model. looks much more stzble. The temperature changes more smoothly, with smaller deviations, whach
indicates better smoothing of fluctuations and more efficient operation of this modsl.
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Lat us caleulate the effactivensss of optmizing heating control in 2 Smart Home To do this, we will deternune
the percentaze change m two mdicators that mest the specified optimizafion criteria (equation 13) — the cost of finel and
the frequency of temperature fluctnations m the Smart Home The percentaze change for the first entenion (cost of fuel)
will be determined by the following formmla:

AC= c”‘"‘—c_cfi’r“— 100% (9
base
where Cpgep 15 the total cost m the base (non-optumized) system, Cppuppy 15 the tofal cost in the system with fozzy logie.

The percentage change according to the second criterion (smoothness of control) 15 determined based on the
caleulation of the number of boiler starts. The number of starts was caleulated as the average number of starts per hour.
Thus, for each of the systems, the average number of starts was caleulated for each of the 30 hows of system operation.
These values are expressed as Sp,., #nd Sy, Then the percentaze change according to the second critenon
(zmoothness of control) 15 deternumed based on the followmg formmala:

AS = M- 100%

base
Thus, according to the fusl consumption estimation graphs (fig. &) for the bamic heatimg system and the proposed
heating ophrmizaton system m the Smart Home bazed on fuzzy logic, the value of AC will be AC = (46 — 37)/46) =
10005 = 19,5704
Tom == sinmoslmEe o rpadicE IMIEE TEMIEPITYPE OPE Peamsamll 0asosol CECTEME KepVEIRES ONATEEED

(15)

Ta OpONCECEANON CHOTEMON COTEMIIAMI omaness=s v PosymmEosy O INEEY =a OCHOB1 HeTITEC] TOrEH s=avesms AS
crmazaTeve AS = (17 — &) /17) + 100% = 64,7004
According to equation 13, let us caleulate the value of Ji 4.,
Jhase = Wy " Cpage + W2 - Shace (16)
where the values wy and w, which are the weighting coefficients that determune the prnonty of each of the
critenta, are set at 0.7 and 0.3, respectrvely (pronty 15 given to reducmg fuel consumphon).
As aresult, we obtam the value of Jhp., = 0.7+ 46+ 0,3 % 17 = 37.3.
Similarly, we determine the value of Jry-ry -
Jrusay = Wi Cruzey +Ws - Sy an
A= a result, we will obtain the value Jruzzy = 07 #37 + 0,346 = 27.7.
Fmally, we determine the efficiency gaim using the followmg formula:

A= Jbase = Hpuzzy o0 (18)

Jhase
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Thus, the result was 25 7%, which mdicates that the optimezation task has been achieved by a quarter compared
to the basic version of the system.

Conclusions

A< aresult, heating optimization system in a smart home based on fuzzy logic and integration with cloud services
was developed and modeled. The aim of the work was to determine how effective the use of fuzzy logic 1s I companson
with the basic heating conitrol model For this pwpose, two criteria were analyzed: fuel consumpton and the frequency
of ternperature fluctuations, which allow assessing the efficiency of the system.

The mplementation of the faozry logic system block was performed usmg the Matlab software environment. The
operation of two beating systems was simmlated: bazed on the basic model and based on the proposed fuzzy logic mference
system. Two mdicators were used for the analv=is that met the predefined criteria. The first mdicator assessed the total
BNETEY consmphon to mamtain 3 given temperature level, and the second mdicator analyvzed the frequency of temperature
fluctuations (=moothness of temperature changes), which indicates the comfort of the condifions.

According to the resulits obtained the use of furzy logic sipmficanthy 1mproves the stabality of the temperature
ini the howse, which 13 mmpertant for the comfort of residents. The basic sy=tem which does not take mnfo account vanable
factors with such a level of flaxability, leads to large and sharp temperature fluctuations, which can create discomfort and
merease energy consumphon. In confrast, the model with fuzzy logie demonstrates smoother and more stable temperature
regulation, which allows vou to signaficantly reduce enerzy costs.

According to the caleulahons, the sum of the percentage changes for beth cntena showed a sigmficant
improvement Fuel consumption in the model wath fuzzy logic decreased by 19.57%, which mdicates sigmificant enerzy
savings. There was also a sigmficant decrease in the frequency of temperature fluctnations - by 64.70%, which has< a
positive effect on the comfort of iving in the house. Grven these mdicators, the efficiency of the system with furzy logie
turned out to be much kgher.

For a comprehensive assessment of efficiency, a general J-mdex was calmlated, which takes info account both
optimization criteria with certan weaighting factors. The results showed that the overall efficiency of the system with
fuzzy logic increased by 25. 7%, which 15 a mpnificant achievement compared fo the baselne system. Thes proves that the
use of fuzzy logic allows optimuzimg the operation of the heating system, reducing fuel consumption and increasing the
comfiort of conditons m the Smart Home.
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TOJATOK B
KOIIS MMPE3EHTAIIL 10 3AXHCTY KBAJI®IKALIIMHOI POBOTH

Irop JIuTBiHUYK

HaykoBuii KepiBHUK: K.T.H., ['pura B.M.

XMeTbHUILIBKHH, 2025

O0’€KTOM JOCJIIUKeHHSI € TIPOLECH ONTHMBBalii BUTPAT PECypciB y CHCTeMi

ornajeHHs Po3ymHOro OyMHKY Ha OCHOBI HEYITKOI JIOTIKH .

HpeIlMeTOM JOCJI’Ke HHSI € cuUcTeMa ommisam"i BUKOPDHUCTAHHA ONAJICHHA B

Po3zymHOMY OyiMHKY Ha OCHOBI HEYITKOI JIOTIKH .

MeToro kBamidgikaniiiHoi podoTH MaricTpa € TiIBUIICHHI €(EKTHBHOCTI
(YHKIIOHYBaHHA CHCTEMHM ONaJeHHI y Po3ymMHOMY OyIMHKY NUIIXOM OITHM3allist
BUTpaT pecypciB y cucTteMi onaneHHsi Po3ymMHoro OyIMHKY Ha OCHOBI 3ajlydeHHS

HEYITKOI JIOTIKH .
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HaykoBa HOBM3Ha

— HalyJia NoJaJbIIOro Po3BUTKY 0a30Ba MOJIENIb CUCTEMH ONANIeHH y Po3ymMHOMY OyIuHKY,
sKa BUIPBHAETHCS Bil BITOMHX BpaxyBaHHIM KOMOIHAIl TIPOIECIB TEIUIOBOI KOHBEKIII,
TEIUIOBOI MPOBITHOCTI Ta TEIUIOBOI MAacHy CUCTEMI OMAJICHHs, a TAKOX ix (opmanizalii, 1o
JI03BOJIWIO BHOKPEMHTH ULUIIXH YIOCKOHAJICHHS CHCTEMH OIAJeHHi Ta BHKOHATHU
TIOPIBHSAHHS 13 ONTHMI30BaHOI0 CHCTEMOIO HA OCHOBI HEUITKOI JIOTIKH .

— HalyJa NOoJAJbIIOr0 PO3BHTKY CHCTEMa ONTUMBALl BHKOPHCTAHHS ONAJICHHI B
PosymHOMYy OyaMHKY Ha OCHOBI HEYITKOI JIOTIKM, SIKa BIIPBHIETHCA BII BITOMHX
opraniBariero i (QyHKIIOHyBaHHA Yy (OpMi MYIBTHATEHTHOI CUCTEMH, a4 TAKOXK 3aITy4EHHS
HEUITKOI JIOTIKM Y TPOIeCi ONTHMIi3allii, IO JO3BONIUIO TIBUIUTH €()EKTUBHICTh CHCTEMH
onasieHHst y Po3ymHOMY OyIMHKY MUIIXOM 3MEHILCHHS BUTPAT HA MMAJMBO Ta 3MEHIICHHSI

KOIIMBAaHb TEMIIEPAaTypH B KIMHATAX.

AKTyanbHicTb gocnigkeHHA. lNoctaHoBKa 3agadi

o OmajieHHA € OAHUM 13 HaHWOUIBIIMX
CIIOJKMBAYiB eHeprii, i 1oro edexTuBHE
yOpaBJIiHHA  3HIDKYE BUTpPAaTH  Ha
€HepropecypcH Ta IiiBHUIINy € KOMGOPT .

o IIpoGjemMu cydacHHUX CHCTEM
O OIAJIEHHS :

- YacTKoBe BpaxyBaHHs 3MIHHUX yMOB
(30BHIIIHBOI ~TeMIlepaTypu, dYacy mo0wu,
BOJIOT'OCT1).

V3aranpHeHa cxeMa

(yHKITIOHYBaHHA CHCTEMH - Hanwmipui BuTpaTu IajuBa Ta 4acTi
onaJiICHHA TeMIepaTypHi KOJIMBaHHS.
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Jlane mocuniKeHHs B paMKax KBasTi (pikariitHoi poOOTH OpraHi30BaHO TaKUM
YUHOM:

1. IIpoBenmeno aHasti3 Ta ¢popmasizariio 6a30B0I MOEJTl OITaJIEHHS Y
PosymHOMY OyAUHKY.
2. BusHaueHo kpurepii onrumiszaiiii poOOTH CUCTEMU OIAJIEHHS.

3. Po3pobiieHo cucTeMy onrTumisartiii orajgeHHs /i Po3yMHOT 00y HHKY
Ha OCHOBI HEUITKOI1 JIOTIKHU

4. ITpoBeneHo iociakeHHs e(eKTUBHOCTI CUCTEMU OTAJIEHHS IIPU
6a30Bii MOziesTi Ta IIPU BUKOPUCTAHHI HEYITKOI JIOTIKH.

Ab6cTpaKkTHa Moaesib PYHKLiOHYBaHHA CUCTEMM

o Ilomamo a6cmpaxkmuy Mmodeav GYHKUIOHY8aHHA cucmemu K
B3a€EMOJIII0 TPHOX OCHOBHUX KOMIIOHEHTIB: MHOXKHWHH BXOZIB, MHOXKHUHH
dyHKITIOHATPHUX OJIOKIB 1 MHOKUHH BUXO/IIB.

o Bximni mani (Inputs) mpeacTaBsgOTh yCi 30BHIINHI CUTHAIHN YU MapaMeTpH, fAKI
BIUIMBAIOTh HA POOOTY CUCTEMH.

o ®yukiioHanpHi 6si0ku (FunctionalBlocks) € KIIOYOBUMHU eJleMEHTaMH MOJIEI,
IO BiATIOBiIAaIOTH 3a OOPOOKY, MEepeTBOPEHHS Ta aHat i3 BXigHuX aaHumx. Lli
OJIOKM MOJIETIOI0TH BHYTPIIITHI IIPOIECH CUCTEMH, 3abe3leuyrdu 00UHCIeHHA,
repefavy JaHUX MK ITZ[CUCTEMAMU Ta IPUHHSATTS PIllIeHb .

o Buxogu ( Outputs ) ¢opmyoTh pesyabratu pobOTH cucTeMd. BoHH
BimoOpaskaioTh, SIK CHCTEMa BiIIIOBifla€ Ha BXiJHI CUTHAJIM Iicas iX oOpoOKu
yepe3 QyHKIIOHAIbHI OJIOKH.

AbstractModel = ({Inputs}, {FunctionalBlocks}, {Outputs}) (2.1)
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ba3zoBa Mogenb cucTeMM onTUMisau il onasieHHA y Po3yMHOMY
6YyAMHKY

MHeatingModel = ({Texp' Tavg}! {MControl' Myeater» MHouseTermal Network: AB locks }: {Tavg})

e Texp — BCTAHOBIEHaA (0UiKyBaHa) TeMIIepaTypa y IPHMIleHHi;

Tav,

g — TOTOYHA CepelHs TeMIepaTypa y NpPHMIINeHHi, sKa BifoOpakaeTses 3

omoxy House thermal network;
Mcontrol — MOJ€IIb CHCTEMH KOHTPOJIIO;
Mpeater — MOJIETIH HarpiBaya;
MHouseTermal Network — MOZEIIBb TEILIOBOI Mepexki OyIHHKY;

ABlocks — monaTkoBi 010K 71 (YHKIIOHYBaHHS MOJEII.

basoBa Mogenb cucTteMu onTUMisauii onasieHHA y Po3yMHOMY

6y AUHKY
>

T_eapected waot_fuel mdot_fwel

(degC)

et T g Dady temperature

boker_outet —
Control
o iflii
House thermal network
Heater
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ba3zoBa Mogenb cucTeMM onTUMisau il onasieHHA y Po3yMHOMY
6YyAMHKY

Mogzenb Tenn0BOT MepeXKi byaANHKY

MHouseTermal Network = ({Tatm' Tﬂvg}' {MRaoms' MRadiators: IAT, HC}' {Tavg})

1e T, — 3OBHINIHA TeMIIepaTypa, sKa BIUTHBA€E Ha TEIIOBTPATH KOXKHOI KIMHATH Uepe3
CTiHH Ta BEHTHWIAILIO,

Tayg — IIOTOYHA CepelHs TeMIepaTypa y IpIMilleHHi,

Mpgooms — MOJIENH TETUIOBOI Mepexki KIMHAT Mgooms = {MRroom )izt

Mgadiators — MOIeNb JOKepel oOmalneHHA (pagiaTopiB)  Mgadiators =
{M RoomRadiatar}?zl 5

IAT — GI10K pO3paxyHKy cepeJHbOI TeMIlepaTypu y OyIIHKY;

HC (Heat Control) — 6710k perymoBaHHS IIOTOKY TeIUIa MK BXiJTHHM ITOTOKOM i

paziaTopamH.

basoBa Mogenb cucTteMu onTUMisauii onasieHHA y Po3yMHOMY
6y AUHKY

* ° ° @
=k =5 = =
" ——
TC_E’. v v | ! p!
Room 4 Room 3 Room 2 Room 1
S
INGOO Mverage

Moaenb TenoBoT MepeKi byanHKyY
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ba3zoBa Mogenb cucTeMM onTUMisau il onasieHHA y Po3yMHOMY
6y OUHKY

Abafr
Lan )
Foot-avmosphere
teakagn
o Aboft
J! '_l«ﬁ,_.
Halt oot Root.
Roof
@ thenmai mass o ok
Aloin
hind Twergnratun
Wal_atmasphere SOUTE Almosphere
leakage -
(] R gz @
Ar-wall Half wallar rij Wall Halt wall Wadl.
Alr convection condacion vl maks condueson oonvecson
thermal mass
Alage
L]
Window-atmosphers Taim
Hl ArTE)p ¥ ap A%1I
Alr-wincow Half wincow-ar — — Hat Wirdow-
Wincow
convecton conduction #E condaction convection

Mogenb TennoBoi MepeKi KiMmHaT

basoBa Mogenb cMcTeMM onTHMisaLii onaneHHA y Po3yMHOMY
Oy AUHKY

mebol_fusl 4
ot foet Boler Ot }—4 A
My et — g €D
" = N ‘;:.'.-.. Q“—T - Doller_oufiet
seed <V A
pumg_infet

Mopgenb HarpiBaya

)
1 R = 00018 1
T_exp oot _fusl

~ Gas vatvw lng  Valve open mass Bow rate

T g

Mogeib CUCTEMU KepPYBaHHSA OMaseHHAM
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MNocTaHoOBKa 3aja4i onTMMisalii KepyBaHHA onasieHHAM

3ajaya onTuMBBamii  KEepyBaHHS OMAJCHHIM MOXe OyTH TIpeACTaBlieHa uepe3
MaTeMaTHJHy IUTboBY (YHKINO, SKY HEOOXiTHO MiHIMBBYBaTH. MeToro 1€l 3amadi €
OIHOYACHE 3MEHIICHHS BHUTPAT HA MAJMBO Ta 3MCHILICHHS KOJIMBAHb TEMIIEPATYpH B
KIMHATaX.

min/ = wy * Crorar + W2 * Ssmoth
Iie wy 1 w, — 11e BaroBi koe(ilieHTH, SKi BH3HAYAIOTh IPIOPHTETHICTH KOKHOTO 3
KpUTepiiB.

C total — SMEHIICHHA BUTpAT IIaJINBa

Ssmoth 3MEHIIEHHS YaCTOTH KONHBAaHb

ofi
Dianyni napameTpu cepenosnwa Ta Aami 13 30BHIWHIX xepen @g Q‘

OF 2 ) A
A4 Y A
AreHr AreHT AreHt Arent
BU3HAMEHHA BAMIPIOBAHHA BUMIPK BUMIp Moayne sigcremxenns
KinbKoCTi J08HILLIHBOI BHYTPILHLOT 30BHIWHLOT | isuyHMX napamerpis .
niogen Temneparypy | | TeMnepatypu BonoroCTi ApxiTekTypa Ta
&Ll YHKUiOHYBaHHSA
Y CUCTEMM ONTMUMI3auii
HT
dopmysarn (@) | arewr BMKOPUCTAHHA
HeuiTkoro — cramy Mogynb hopMyBaHHA
i cucTemy i onaneHHAB Po3yMHOMY
A I i
o} o1 6y,u,|4HK.y Ha OCHOBI
| i HEYITKOI1 JIOMNKH
1 = —
Basa fannx K°"'F;°r:$'°“““ f—bl :::“;':EE%:‘:T;; Monyt::: m?:o b
vO

Kopuerysay
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i
# Al | Arent Arent Arent & Arext " AreHT A,lmn 2
oHTpONIoKoumMig | BHE A P " P " P OPMYyBaH any M I
arexT i KINBKOCTi i 30BHILIHLOT ]_euy‘rpuwnbol 0BHILLMBOT Heuirkoro mc;‘“" ::D“Y;;:;‘;z
| mogea i ypw ii TYPH BONOFOCTI i NOMYHOro pi
L VIL) i
I
e
oTpe omp Oy Opi
™ nep ™ Pn ™
Davax DA Nmwx ! Aarwx
Haacwnarmn
AAnAx [I Haacunasmn U "
[ pmeecoBll N e a0 ERL Haacunmmg
I* ' _nawex no BR
|
i
Arperayn
-I DX Baxorarmes
: NOrMKo
AACHOMY Bwima
|
| cucTaMK
| TIOBUICMI e HH |
ans
O N1 KOPACTy DM HODACTYRAHE
2

[ToTik MOBiOMJIEHD, ITI0 TIEPEAAIOTHCA Y CUCTEMI ONITUMI3aIlil BUKOPUCTAHHS
onaJieHHsA B Po3yMHOMYy OyZJMHKY Ha OCHOBI HEUITKOI JIOTIKH

Peanizauyia cuctemMn onTuMisauii BUKOpMCTAHHA OMnasieHHA B
Po3yMHOMY 6yAMHKY Ha OCHOBi HEYiTKOT JIOriKK

MatLab

Cumynsuis izniHmnx Peanizauia npuiHaTTA
napamertpis pilleHHsA

Mogynb BiACTEXEHHA Cucrema HeuyiTKoro
hisn4HUX Nnapamerpis 1OriYHOrO BUCHOBKY

MATLAB
Engine API

SPADE (Smart Python
gent Development
Environment)

Peanizauis
MynbTUareHTHO! CUCTeMU
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CucTtemMa HeuiTKoro J1oriYyHoro BUCHOBKY

{4 Fuzzy Logic Designer: Untitled2 &= a X il o - o
File Edit View ‘
A’A ~o
~ n "
~ s v b A
S .- Untitled2 ot g
=1 .. Il fly) - e s
wevd - e
-
T ut i &
[ ] e
PR
= = “ w_ e T R——"
i Ve
: Wombersh o furction plots Lo
| oo S oowst o Sl ]
o ’ ey Cokd b e - ventel il
n’ ¥ .
b : = s ¥ ~ = e o - =

Cn1cTema HeYiTKOro NoriYyHoro BUCHOBKY Ta PYHKLiT NpUHaNEXHOCTI

MNocTtaHoBKa 3apayi onTuMisaLii KepyBaHHA onaJsieHHAM

i

& Rude Yimwes Urotia2 - 0O X & Rude Viewsr: Urtitled! - o x
Fle Edt View Opticas Fis Ede  View Opoons

TA Huvidny <80 TompermatineOut = 8P eopieProsene « § 1 75 Muridy =20 voplef s Y
i AN | [ | [ | | ] L | 1 [ ] [ ] [ ] [ ] I ]
e _A11] [ ] L ] L ] L 1 2 1] [ | [ | [ ] L ]
3 I | | ] i | 3 [ | [ | L | L ]
4 [ § i ZaNmm i ] [ | s [ | 7 | [ ] [ |
y [ ™ AN - 5 [ I AT | 1 |
8 [ ol I 1A | [ i [ (I LAl [ |
' [ ] CO CEE AN |—=I' 1) LI':=={ L]
8 [ o) { A} { R | [ | " [ ] [ 1] [ A | [ 7]
: = G L [N C i O 3
» N ) I 1 | ] " =1 37 | 1 1
n[— 7N [ || Ll | L | 1 [ | [ | [ | "} |
= [ 1 & | ] L | w4 [ | [ ) [ ] L ]
a5 (T W ® 0 10 R me o o 2 0 w ]
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MNoBepxHi, Wo iNOCTPYIOTb 3a/1€KHOCTi MiXK BUXiAHOIO
3MiHHO HeaterStatus Ta BXigHUMM 3MiHHMMU

& Sarface Viewsr: Ursstiedd - o x

B Sutace Viewes Untied2 =0 x

Fle ES1 Yiew Optiors

< Sutace Viewer Urtitied2

Fle EJR View Options

oo

[t v v
=

OuiHKa e(peKTMBHOCTi CUCTEMM OMasIeHHSA 3a KPpUTEPisIMH

onTuMisauii

Orminka BUT paTnaanBa6a30Boi0 CUCT EMOIO
OTaJIeHHATa MIPOIOHOBAHOKCHUCT EMOIO
ontuMizariionanenasay Po3y MHOMYOY AUHKY
Ha OCHOBIHEUYITKOLIOTIKH "

Bagrien 9l

L_iiai]

S —
T ———— /

Isenea TaMIeDa Ty pw mcupedese Srinen s

TR

J

- h\lm‘lh,\l'pvﬂ/'l

Tescepsrie 1'C1
13

— Barme oo
— s -

) o T 1m o 0 00
ac tonamasl

I'pacdik 3miHu Temnepatypuipu peasnisamii
0aszoBoicucTeMuKepyBaHHAONIATI EHHAMT &
IIPOIIOHOBAHOIOCHUCT €MOI0 OIIT UMizarrii
omaneHHAy Po3yMHOMYOy AMHKYHA OCHOBI
HeYiTKOUIOTiKH]
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OuiHKa e(peKTMBHOCTI onTUMi3aUil KepyBaHHSA ONaNeHHA Y
Po3yMHOMY OyAMHKY

C — G
base fuzzy .100%
Choco

Ie Cpgse— CYKyIHA BapTIiCTh Y 6a30Biil (HEONTHMI30BaHii) CHCTeMI, Cpy 5,y — CYKYIHA

AC =

BapTICTh Y CHCTEMI 3 HEUITKOIO JIOTIKOIO.

S )
AS = base fuzzy . 100%

Sbase
I Spase — KUIPKICTH BMHKAHB y 0a30BIil (HEONTHMI30BaHii) CHCTeMI, Sfy,,, — KUIBKICTD

BMHKAHB y CHCTeMi 3 HEUiTKOO JOTIiKOI0.

OuiHKa epeKTMBHOCTI oNnTUMi3aUil KepyBaHHSA ONaNIeHHA Y
Po3yMHOMY OYyAMHKY

B pe3ynbTaTi OTpUMa€eMO 3HaUeHHA [ 45, = 0,7 *46 + 0,3 * 17 = 37,3,

Ta 3HAYCHHA [fyz7y 0 Juzzy = 0,7 *37 + 0,3 x6 = 27,7.

[Noka3auk e(eKTUBHOCTI y BicOTKax, Oylio OOYHCIEHO HA OCHOBI (popMyIH:

=
_ ]base ]fuzzy -100%

a]

] base

Takum 9YHMHOM B pe3yibTaTi OTPUMAaHO 3HaYeHHS 25.7%, 10 CBITYUTH NP0 TOCSATHEHHS 3a/1a4i
onTuUMi3arlii y YBepTh Y TIOPIBHSIHHI i3 0230BOI0 BEPCIEI0 CUCTEMU.



3aBinyBauy kadpenpu KIIC
JoKTOpy dinocodii, momeHTy
Ous3i [TABJIOBIA

*

JIntBiHdyKa Iropa MuxkonaiioBuga
1b 3100yBaYa BHIOI OCBITH

®IT, 2 xypcy, rpynu KI2m-23-3

3A5IBA

3 mnpaswiave gueHOro [Ilomoxenns «IIpo cHcTeMy 3abe3MedeHHS AaKAZEMIMHOL
06poYecHOCTi Y XMEIBHAIPKOMY HAIliOHATEHOMY yHiBepeureti» Big 01.07.2022, 3rigHo 3
SAKAM BUABIICHHS IUIATiaTy € MiICTaBOIO UL BiAMOBH B JIONMYCKY KBaidikauiiteoi pobotu 1o
3aXHCTYy Ta 3aCTOCYBAaHHS 3aXOMAIB MUCIHIUTIHAPHOI Ta akameMiuHol BigmoBimansHOCTI,
o3HaiioMIIeHHi (). [Ipo BHMKOPHCTAaHHS NPOrPaMHO-TEXHIYHWX 3acoGiB IS HEpEBipkH
kBanmikaniiaux pobit 3106yBauiB BHmOT OCBiTH HA IITariaT ONOBIIeHM(a) Ta HAaJAlD CBOIO
3rofly Ha 00poOKy Ta 36epexeHHs yHIBEpCUTETOM MO€E poGOTH B IHCTUTYIIHOMY pemo3uTapii
YHIBEPCHTETY.

Taxox Hapmaro yHiBepcuTeTy IHpaBo Ha mepenady Mo€i poboru amt oOpobku Ta
30epeeHHss B 6a3ax [aHWX NPOrPaMHO-TEXHIYHHX 3ac0o0iB (StrikePlagiarism Ta Anti-
Plagiarism) Ta BukopucTaHHS pPOGOTH M BHSBICHHS mariaty B iHmmX po6oTax, sKi
TNEpeBipSIIOTHCS IPOTPAMHO-TEXHITHUMH 3ac06aMH Ta KOPHCTYBadaMH, IO MAIOTh JOCTYI 0
IUX NPOTPaMHO-TEXHIYHHX 3ac00iB, BUKIIIOUHO B 0OMEXKEHHX I[UIIX JUIS BUSBICHHS iariary B
TEKCTax pooir.

PoGora ns mepeBipkH YHIBEpPCHTETOM HAMAcThCS B APYKOBaHOMY Ta EIEKTPOHHOMY
BapianTi. EnexTpoHHa Bepcis Moel po6oTH 36iracThes (imeHTHYHA) 3 IPYKOBAHOIO.

14 xBiTHSI 2025 poky /W



ITpoTokou ananisy 3BiTy moaiGHocTi excneprom

3aABIIALO, IO 51 O3HAHOMHBCA (-1ack) 3 IToBHUM 3BiTOM MOAIGHOCTI, sTKHit GyB 3re”epoBaHuil CHCTEMOI0
BYABIICHHA 1 3a1100iraHHs IIariaTy moao po6orTu:

AsTtop: Irop JINTBIHYVK

CniBaBTop:

Haspa: JINTBIHYYK Cucrema onTumisanii BAKOpHCTaHHS onafieHHs B PosymuOMY OyOMHKY Ha OCHOBI
HEYITKOT JIOTiKH

Excnepr:

Iixposain: Kadenpa koM’ totepHOi imkeHepii Ta iHpopMaliiiHAX cHcTeM
KoediuienT mogiorocti 1:5%

KoediuienT nopiouocti 2:1.6%

Mixkponpo6imm: 13

3amina Oyks: 0

InTepBanu: 0

bimi 3nakn: 1

Hara crBopenHs 3Bity: 2025-04-15 12:49:38.0

ITica ananisy 3BiTy mofiGHOCTI KOHCTATYIO HACTYIIHE:

3ano3uyenHs, BUSBJIEHI B po6oTi € 3aKoHHUMH i He € muIariaTom. PiBenb moniGuocTi He

MEePEBUINY€ AOMYCTUMOIL MexKi. TakuM YnHOM poGoTa He3alIeKHA | IPUHMAETbCs.

[ 3anosnuenns ne ¢ TUIariaToM, ajie nepeBHIIEeH0 rPaHNYHe 3HAYEHHS PiBHS Noi6HOCTeiH.
Taxum YnHOM pPoGOTa MOBEPTAETHLCA HA IOONPAIIOBAHHS.

[ Busieneno sanosuuenns i muariar 200 HaBMHUCHI TeKCTOBI clIOTBOpeHHs (Manimyasmil), AK
nepexdauyBani cnipodu yKpuTTS Miariaty, siki po6asTL po6oTy HeBiAMOBITHOI BHMOraM
3akonoaascTBa (Ct. 32, 3V Ilpo Bumy ocBity, myHKT 3.1, CT. 42, 3Y IIpo ocsiry) Ta BuMor

HA3SBO (Kpurepiii 5), a Takox kogexcy eruxy i nponenypam. Takum ynHOM poGoTa He
NpHAMAETBCS.

OO6rpynTyBaHHs:
2025-04-15 Houent Aunpiit Hivenopyx
Hama EKCIepT
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MIHICTEPCTI?O OCBITU I HAVKHU YKPATHU
) XMEJIbHUIIbKHHY HALIIOHAJILHWI YHIBEPCUTET

PELEH3I1 HA KBAJI®IKAIIMHY POBOTY MATICTPA

3n06yBau: _ Irop JIMTBIHYVYK

Tema: Cucrema OHTHMi?.aL[i'l' BHKOPHCTaHHA oniajieHHs B PO3yMHOMY OyIWHKY Ha OCHOBI

HEYITKOI JIOT1KH

CrrenianericTh: 123 «KoMir’oTepHa imxKeHepim»

OOGcsr xBanigikamiiinol po6oTu MaricTpa:
KinbKicTh MUCTIB KpeCIeHb _—  ; KIIBKICTB CTOPIiHOK 3armcku 75

1. KopoTku# 3mict poGoTd Ta mpuiHATHX pimeHs VY po6oTi 3ampOHOHOBAHO

CHUCTEMY ONTHMIi3allii BUKODPUCTAHHS OIAJICHHS B Po3yMHOMY OVIOMHKY Ha OCHOBI

HEYITKOI JIOTiKH

2. BHCHOBOK TpO BiNNOBIAHICTE POGOTH UIUTOMHOMY 3ABIAHHEO

KasaridikariitHa pobora MaricTpa BiOBiAE BUIAHOMY 3aBIAHHIO

3. XapakTepucTHKa BUKOHAHHS KOXKHOTO PO3JiNy, CTYIIHb BUKOPUCTaHHSA OCTaHHIX

AOCATHCHb HAyKH 1 TEXHiKM 1 IIepefHOBHX METOAiB poGoTH: Y NepmoMy po3mimi

[IPOBEJICEHO OIS KOHLEITIl pea.rliBaui'f CUCTEMH OINaJIEHHS V PO3YMHOMY OyamuHkKy. YV

APYTOMY PO3/ili 3alPONOHOBAHO a0CTPAaKTHY MOJENb OMMCY JUIS CHCTEMM OMATICHHS y

OynuHKY, IO J103BONMHMIO (OpMAaNi3yBaTH y3araibHeHy 0a30BYy MOJIeb BCi€l CHCTEMH

OITaJIeHHA V¥ P03YMHOMY 6VHHHKV. Y TPETHEOMY D03ﬂ,i.]1i 3alIpOTIOHOBAHO CHCTEMY

ontumizanii omanenHs y PosymHomy Gymmaky. BusHaueno KpuTepii onrumizamii. V

YETBEPTOMY PO3Jili MPOBEAEHO OUIHKY edeKTHBHOCTI 3alpONOHOBAHOI CHCTEMMU

ontuMizanii omameHHs vy Po3ymMHOMY GVIMHKY Ha OCHOBI HEYITKOI JIOTIKHA

4. ITo3UTUBHI CTOPOHH POGOTH: 3anpornoHoBaHa CHCTEMA ONTHMi3allii J03BONMIA

IABAMIUTH e(EKTUBHICTh CHCTEMU ONAJIEHHS Y Po3yMHOMY OVIMHKY HUISXOM 3MEHIIEHHS

BHTPAT Ha NNAJIMBO Ta 3MEHINEHHS KOJIMBAHb TEMIOEPATYPH B KIMHATAX.

5. HeraruBHi cToponu po6oTu: IpencraBiieHa cucreMa ONTHMI3Allii ONAJEHHS B

POSYMHOMY 6VIIHHKY nojiaHa v BHF.HH,[[i MOJielll, SKa JIEMOHCTPY€E OCHOBHI IPUHITKMITHA Ta




noriky 1 ¢ymkunionysauns. IIpore JOIIJTEHUM _KPOKOM OViIo 6 Takox IHTErpyBaTH

OPaKTUYHY peai3alilo Iiel CUCTEMH, IO JO3BOIMIO 6 NEPEBIPUTH 11 e(PEKTUBHICTE V

PE€aTbHUX YMOBAax.

6. Ouinka rpadiyHOro opopMIEHHS Ta MOSCHIOBATBHO! 3AHCKH poborm: —

7. Biaryk npo po6oty B miomy: B 3aransHOMY po60Ta BUKOHAHA HA JOCTaTHEOMY

piBHi.

8. Inmii 3ayBakenns:  —

9. Ouinka kBaniikaniitHoi po6otu Maricrpa:

PO3IISHYBIINM O3WTHBHI T4 HEraTHBH] CTOPOHM IpesicTaBleHol KBanidikamitiHoi pobotu

Maricrpa BBaXaro, o poOoTa 3aCIyroBye OIIIHKH «Hobpe» 4.5 (B)

Peuensenr (upisBuime, iM’s, 1o 6aTbKOBI rnocaga, wMiciae poboTu
b 3

/‘
“ 1TpaBHg ” 2025p. ’ﬂ"\-f\\



PIIIIEHHS EKCITEPTHOI KOMICII

KA®E/IPY KOMITIOTEPHOI IHDKEHEPI TA THOOPMALIAHNX CUCTEM
T1PO JIOITYCK KBAJI®IKALINHOI POBOTH 1O 3AXUCTY

[TinTBepmkyeMO O3HAMOMIIEHHS 3 pe3yJbTaToM 3BiTy MOAIOHOCTI moao poboTH,

reHEPOBAHOI'0 CHCTEMOIO BHSBJICHHS TEKCTOBUX 30iriB/iI€HTUYHOCTI/CXOXKOCTI:
HasBa: Cuctema ontumizauii BUKOpUCTaHHA onaneHHsa B PosymHomy OyanHKy Ha OCHOBE

HEWTKOI-AOFIKK
HFKO

ABTOp: ————/1MTBiHYyK Irop Mukosnaitosuy
CrernianpHiCTh; ———123 — Komn’ 10TepHa iHKeHepis
OcBITHS IpOrpaMa: _ OCBIiTHbO-HA/KOBA

HaykoBwuit kepiBHUK: ——pura B.M., K.T.H, lOUEHT

ITicns anamni3y 3BiTy moaiGHOCTI 3po6IE€HO TaKKuii BUCHOBOK:

BuchHosok

[To3Hauka mpo
BiIMOBIAHICTE

3ano3udeHHs, BHsABJEHI B poOOTi, € 3aKOHHMMH i He € IiariatoM. Pob6ota
npui’n.mp-n.rq 0-3aXUCTY.

BiamoBinae

BusiBieHi 3amo3u4eHHs He € IuiariatoM, po3MillieHi B po3finax, ki He ONMUCYIOTh
Oe3mocepeIHEO aBTOPChKE NOCIIIKEHHs, ajle KUIbKiCTh LIUTAT NMepeBHIye 00cHT,
BUIIPABJAHMI NTOCTABJIEHOIO METOI0 poboTH PoGoTa npuiitMaeTsCcs 00 3aXUCTY, ane
Mae OyTd BigkopuroBaHa. BimkopuroBaHuii BapiaHT Mae OyTH IOJaHMii Ha
kadenpy 3a 2 IHi IO 3aXUCTy, pa3oM i3 3aABOIO 1IOJO CaMOCTiHOCTI BUKOHAHHA
MICHhMOBOI pO6GOTH Ta iJEHTHYHOCTi JPYKOBaHOI Ta eJIeKTPOHHOI Bepcii po6oTH

BusiBieHi 3an03M4eHHs HE € IUIariaToM, aje 4acTKOBO PO3MillleHi B po3finax, ki
OIUCYIOTH O€3M0CepeiHbO aBTOPChKE JOCIIIKEHHS, a KiNbKiCTh UTAT NEPEBUILYE
o0csr, BUNIpaBIaHU# MOCTaBIEHOIO METOI0 poOOTH. B 3B’sA3Ky 3 LIMM MeTa po6oTH
Ta MOCTaBJIeHi 3aBOaHHA He Oynu mocsarHeHi. Pobora Moxe OyTH momymieHa Oo
3axucTy (HaCTYIHOTO pPOKy) Iicis Toro sik 6yze BigKopUroBaHa Ta JOIpaLbOBaHa i
YCILIHO Mpoiiie MOBTOPHY NepeBibKy Ha akaJeMidHUii IU1ariart.

Po6oTa MiCTUTh HABMUCHI TEKCTOBI CIIOTBOPEHHS, NepefdauyBaHi ClIpoOy YKpUTTS
3ano3udeHb abo iHmI mposABM akajeMiyHoro Iwiariaty. PobGota Mictuth

L (abpukauio-abo panscudikauiio ganux. Po0oTa He 10Ny CKAETEC A0-3aXHUCTY.

[linTBepmKeHHS:

3) Bci 3adikcoBaHi cHcTeMOIO O3HAakd Momudikawii
JIATUHCBKUX CHUMBOJIIB 31 YKpaiHOMOBHMMH CKODOYEHHSMH iHIOEKCiB B ¢opMmynax, LIO He €

3ano3u4eHHs, BUABJIEHI B poOOTi, € 3aKOHHUMH i He € IU1ariaToM, OCKiJIbKH:
1) yci 3ano3uueHHs pparMeHTapHi, 800 MalOTh HAJIE)XHUM YHHOM OQOPMIIEHHI MOCH/IaHHS;
2) okpeMi BuABJIEHI 30ird’ € 3araJbHOBXHMBaHMMH ¢pazamu abo BHpa3aMu, NpO LIO CBiOYUTH

MOCHJIAaHHS CHCTEMH Ha 30ir 3 JOKEepelaMH Ha OOWH (t)paI‘MeHT PEUYEHHH;

MonudikaLi€lo TeKCTy.

JOCITiKeHHS i CBiTUUTh Ha KOPUCTH kBatidikauiiHOT poOoTH.

TEKCTy BIiOHOCATbCS [O KOMOiHyBaHHS

4) 3HayHa YaCTHHA 3HAHIEHOTO IUIariaTy BiTHOCUTHCS IO CIIUCKY BUKOPHCTaHUX JKepe
CyMapHuii o6cAr BCiX 3aro3uyeHb, BUSHAYEHHH CHCTEMOIO BUABJIEHHS 30iriB/ i1€HTHYHOCTI/CX0XOCTI
StrikePlagiarism, cknamae 5% i agpecyerbcs no 37 mepumomkepena; Ta cucteMoro Anti-Plagiarism

cknagae 1%, w0, 3 ypaxyBaHHAM HaBeleHHX OOIPYHTyBaHb, BiNIOBifA€ XapakTepy HAyKOBOTO

KepiBHuK poboTH Bonomgumup 'PUTA
I"apant OII // . Oner CABEHKO
3aBinyBad4 kadenpu KIIC W / Onsra [IABJIOBA






