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KOMII'IOTEPHA EHEPTOE®EKTUBHA CUCTEMA
KEPYBAHHS OITAJIEHHAM TA I'APAYUM
BOJAOINOCTAYAHHSAM BY AIBEJIb

Mema. Po3pobka i ananiz xomn romeproi OuCmanyitinoi cucmemu KepyeanHs ONALeHHAM Ma eapsayum
68000NOCMAYAHHAM NPUMILYEHD.

Memoouxa. Y pobomi suxopucmani Memoou NOPiGHANILHO2O AHANIZY, MOOENI08AHHS, CNOCMEPEICEHHS,
BUMIPIOBAHHS MA OOCAIONHCEHHS eIeKMPONPUBOOd.

Pesynomamu. Posenawyma cucmema niOKaOyeHHs Oounepa Midc OB0OKOHMYPHUM KOMIAOM ma
KOPUCTYBAUAMU 2aPAY020 6000NOCMAYAHHS, 4 MAKONC OUCIANYILIHA KOMN TOMEPHA CUCmeMa KepyeanHs Helo.
Cxemamuuno noxazana KOHCmpyKkyilo ma npunyun ii 0ii. Ilpedcmagneno npunyun Oii npocpamu Kepy8aHHs.
cuCmeMol0 Ha OCHOBI GuUKopucmants oamuuxie. Mikpoxonmpoaep Arduino ompumye ma obpobuoe ingopmayiio
3 0amuuKie, Ha OCHOBI AKOI ABMOMAMUYHO KePYE CUCMEMOI0 ONAIEeHH MA 2apa1i020 600onocmadanns. Taxoor
0bpobnena ingopmayis, 3a donomozoro nepedadi danux Ha WEB cepsep, naoxooume na inmepaxmueni npunaou
Kopucmyeaua, AKull Modce OUCMAHYIUHO nepesipamu CmaH cucmema ma 3d HeoOXiOHICmIO Kepyeamu Hero.
Jlucmanyilinuti MOHIMOpUHZ MA Kepy8aHHA BUCOKONOMYNCHUM OONAOHAHHAM € BAXHCIUBOIO CKIAO0B0I0 U020
excniyamayii, wo 3abesneuyc nioguwenns besnexu xopucmysanis. Ilpoeedeni pospaxynxu ma amaniz eumpam
Ha NpUpooHuti 2a3 ma eneKmpoeHepeiio 3 GUKOPUCTNAHHAM 3aNpPONOHOGAHOI cucmemu ma 6Oe3 Hei y
onanosanvbHull nepiod. Auaniz ompumaHux pe3yibmamis OaHuX HNOKA3d8, WO 3aNPONOHOB8AHA CUcmeMda
3abe3neyyec emepeoeheKmMusHICms CUCEeMU ONANeHHS Ma 2apAy020 6000NOCMAYAHHA, d MAKONC 00380JIA€
SMEHWUMY BUMPAMU NPUPOOHO20 2a3y Ma eNeKmpOoeHepaii.

Haykoea nosusna. Pozensinyma ma npoaHanizo8ana KOMn 1omepua OUCMAHYIUHA cucmema Kepy8aHHs
ONANIeHHAM ™A 2apsa4uUM B000HOCMAYAHHAM, AKA O0360JIAE 3MEHUUMU eHepeosumpamu ma 6apmicme il
00C1Y208Y8AHHSL.

Ilpakmuuna 3uauumicmv. Ompumani  pesynomamu  003601AI0OMb  GUKOPUCINOBYS8AMU  DLlbUU
eHepeoeexmugHy cucmemy OnaieHHs ma 2apsi020 6000N0CMayanis 0yoisens.

Knrouosi cnosa: mixkpoxonmponep, Arduino, boiinep, xomen, onanenms, 2apsue 6000NOCMAYAHHS,
cucmema Kepye8aHHs..

Beryn. Biracuuku npuMiiiieHb 6€3 HEHTPaIbHOTO OMajIeHHs], 3arajoM, CTUKAIOThCS 3 MUTAaHHAM
oprasizarlii CuCTeMH omnaJieHHs Ta rapsigoro Boponoctadanss (I'BIT). [1ist iboro BIacCHUKH MPUMIIIIEHB
JIOBOJII YaCTO BUKOPHCTOBYIOTh Ta30Bi KOTJIM ab0 Ta30Bi KOJOHKW. B Mmiil cTarTi Mu po3risHEMO
cucremy I'BII 3 nBokOHTYpHHM KOTJIOM. Taka cuctemMa BUXOAUTH BIAHOCHO JIEIIECBOIO 1 3aiiMae majo
micis[1-3]. Omnak, pob6ora I'BII 3 JBOKOHTYpHHM KOTJIOM (KOJIOHKOK) MAa€ CBOi HEHIONIKH.
[Tpotounuii terooOMiHHMK ['BII ABOKOHTYpHOrO KOTJa MOYMHAE TPITH BOJY B MOMEHT IOYaTKy
po30opy Boau. 11{o6 oTpumaT Boy HEOOXiAHOT TeMIIEpaTypH 3a MM MPOMIXKOK 4acy KOHCTPYKIIis
MIPOTOYHOTO BOJIOHArpiBayva rnepeadadae oOMEKEeHHs IMIBHAKOCTI MOTOKY Boju. TemmepaTypa BOAW Ha
BUXO/Il 3 MPOTOYHOTO HarpiBaya AyXe CHJIbHO 3aJIe)KUTh BiJ] BUTPaTH BOJU. 3arajioM BUKOPUCTAHHS
JIBOKOHTYpHOTO KoTia B cuctemi ['BC mpu3BoauTh 10 HEOOIPYHTOBAHOTO 3POCTAHHS CIIOKHBaHHSI
BOJM 1 00CATY CTOKIB KaHaTi3aIlii, 10 30UIBIIIEHHS BUTPAT €JIEKTPOCHEPTii Ta ra3y Ha HarpiB, a TaAKOX
710 HEIOCTaTHHOTO KOM(OPTY MPHU KOPUCTYBAHHI rapsyoI0 BOJIOIO B Oy IUHKY.
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OnuH 3 BapiaHTIB, SKWH MOXKE€ YAaCTKOBO MOMINIMUTH podoty Takoi ['BII Ta 3menmmTH ii
HEJIOJIIKK, a TaKOoX IOKpaIuTH KOM(OPTHI YMOBH KOPUCTYBaHHS BOJIOIO — BCTAaHOBHUTH MIX
JBOKOHTYPHUM KOTJIOM 1 CIIOKMBa4aMU rapsyoi BOAM €JIEKTPUUHUN HAKONMMYYBAJIbHUN BOJOHArpiBady
— Goiinep[4-6].

IMocTaHoBKa 3aBaaHHs. Enexrpuunuii Ooiisep, B JaHOMY BUIIAJIKY, BAKOPUCTOBYIOTH B SIKOCTI
OydepHOi EMHOCTI MK KOTJIOM 1 CIIOKMBadaMu raps4oi Bogau. 3 koHTypy I'BII qBokoHTypHOrO KOT/Ia
rapsiua BoJa, MepIl HiXK MOTPAIUTH CIIOKMBAYEBI, HAXOAUTh B €IEKTpUUHUI Ooiiiep. ['apsiua Boga B
BOJIOPO30ipHI KpaHU MOJAEThCS BxKe 3 Ooiiepa. TakuMm YMHOM, €NEKTPUYHHNA OOilyiep CIyKUThb IS
30epiraHHs 3amacy rapsiaoi BOJH, Harpitoi ra3oBuM KotioMm. Kpim Toro, TemmepaTrypa Boau B Ooiiepi
MIITPUMYETHCSI Ha 3aJaHOMY DiBHI 3a paxyHOK BKitoueHHs TEHa. Ane HemomKoM Takoi CHCTEMHU €
IIJIBUIIICHE CIIOKWUBAaHHS €JIEKTpOeHEeprii Ha migirpiB Boau. EjexkTpoeHepriss BHUTpayaeThCs IS
KOMITCHCAIll TeIJIOBUX BTpaT, JUIs 30epiraHHs Taps4yoi BOAW B OOiyiepi, a TakoX Ha HarpiB Tiel
YaCTUHH BOJM, SIKA HAJIXOAUTH 3 KOTJIa B OOMIEp XOJIOHOIO.

Mera paHoi poOoTH Tmonsirae B TOMY, MIO0 MiABMIIUTU SKICTb €HEProe(eKTUBHOCTI
BuiieHaBeeHo1 cuctemu [ BIT msixoM BUKOPUCTaHHS CUCTEMH TUCTAHIIITHOTO 3B’ SI3KY Ta KEpyBaHHS.
Cuctema xepyBanss yepe3 WEB intepdelic 3HauHO AemieBia, MpoCTilla y BUKOHAHHI 1 He moTpelye
nopororo obsagHaHHsA A podoTtu. KepyBanHs Moxke OyTH 3M1MCHEHO 3a JOMOMOTOI0 TenedoHy Y
MJIAHIIETY 0€3 HeOOX1THOCTI BCTAHOBIIOBATH JI0JJaTKOBE MTpOTrpaMHe 3a0e3NeYeHHS.

Pe3yabTaTn Ta ix o0roBopenHsi. YnockoHaneHHs cuctemu ['BIl momsrae y BukopucTaHHi
CHCTEMH KepyBaHHS Ha OCHOBI MikpokoHTposiepa Arduino, mo mpaitioe 3 moayiem Ethernet SHIELD
[7, 8]. 3arampHa cxema MiAKIIIOYEHHS 10 ABOKOHTYPHOTO KOTJa €IEKTPUYHOro OOiyiepa MoKa3zaHa Ha
puc. 1.

Cucrema kepyBanHs ['BII cmnpoekroBana TakuM uuHOM, 100 3 onxHOro OOKy — OyTu
aBTOMATHYHOIO 1 KEpyBaTH OCHOBHUMHM €JIeMEHTaMU 0e3 ydacTi JIOAMHHU, 3 1HIIOro OOKY KOpHCTyBau
3a nornomoru 3pydnoro WEB inTepdelicy Moke 34MTyBaTH JaHi Ta BMHKATH Ta BUMUKATH CUCTEMY
CaMOCTIHHO.

Po3zpaxyemo Ta mpoaHamizyeMO BHUTpaTH Ha TMPUPOAHMM Ta3 Ta EJIEKTPOCHEPTiio 3
BUKOPHUCTAHHSIM 3alpOINOHOBAaHOI CHUCTEMH Ta 0e3 Hei y omanroBaibHUIl mepioxa. s po3paxyHKy
OyneMo BHUKOPHUCTOBYBATH YyCEpEIHEHI 3HAYCHHS JUIA NMPUMIIIEHb, K1 3HaxXomsaThcsi B KueBl um
obnacTti. Bukopucraemo Gpopmyiy uist po3paxyHKy BUTpAT razy:

V =Q/(q =n/100) 1)

ne V — o0'eMHI BUTpaTH MPUPOTHOTO Ta3y Ha roAuHy, Q — BeIMYMHA TEIUIOBTPAT 1 MOTYKHOCTI
OTATIOBAJILHOT CUCTEMH, (] — HIKYa MUTOMAa KaJOPIMHICTh MPUPOJHOTO Ta3y, B cepeaHbomy 9,2
kBr*rog/m®, 5 — KoedillieHT KOPHCHOI il Ta30BOr0 KOTIIA 460 KOHBEKTOPA.

TermoBuTpatu Q po3paxoBYIOTHCS 32 HACTYITHOIO (HOPMYIIOI0:

Q =F(t, —t;)(1 + X B)n/Ry )
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ne t, — TemmepaTypa 30BHIIIHBOTO CEPEOBHUINa, t, — Temneparypa y npumilieHHi, F — miomra
MPUMIIIEHHS, N — KOE(]IIli€HT, IO BPAXOBYE IOJIOKEHHS CTIH MDK MPUMIMIEHHSAM Ta 30BHIIIHIM
CEpEeIOBHUIIEM, [/ — TETUIOBTPATH JOJATKOBI BiJl OCHOBHHX, Ry — omip Tertonepenayi.

Bizememo mpumimienss miomeo 80 M2, Jlst #oro 001irpiBy, BIAMOBITHO J0 PO3pPaxyHKIB, B
XonoxHuMil mepiox HeoOximHo 6,4 kBt. IlpmitMemo koren 3 KKJI 96%, Bimmosizao V — 0,67 m/r.
CroxunBaHHs a3y Ha 100y Oye cranosutn 21,84 m°,

EnexTtpoboitnep
o ’ ‘
J[BOKOHTYpHUH PosumpropansHuii
KOTeJ bax I'BI1
TEH
lap.  Xou. T
1
3BOpOTHUI
1 3an00LXHMI KITaraHu —>
( 1 ['BIT
ok
XonojiHe 2
BOJIONOCTa4YaHHs 3511B
—>
>

Puc. 1. Cxema migkiiroueHHs1 6oiijiepa 10 TBOKOHTYPHOI'0 Ta30BOr0 KOTJa

3 ypaxyBaHHSM BHUIIICHABEACHOTO, Ta 3HatOuH, 1m0 3 1 auctomana 2018 poky mo 30 xBiTHs 2019
poky [9] miHa Ha mpupomHMIl Ta3 ms HaceneHHs craHoBHMIa 8,54892 rpm/m® 3 TIJIB, oTpuMaeMo
BapTICTh CHOXKUBAHOTO rasy, NMPUMHABIIM KiAbKICTh Ai0 151 3a 5 MicsmiB, sika JUis pO3TISHYTOTO
BUMAJKYy CTaHOBUTH 28192,97 rpH,.

Crnupatounch Ha Meteoposoriuni mani [10] 3a BuileHaBeneHMI TMEPiOJ MOXKHA BH3HAYUTH
KIJIBKICTh 110 KOIM cepeanboa000Ba Temmeparypa Oyna sume 0 °C i 3a ZOIMOMOIoI0 3ampornoHOBaHOL
JTUCTAHIIMHOI CHCTEMHU KepyBaHHS 0OpaxyBaTH KUIBKICTh J10 HEOOXIMHUX IJIsg 00IrpiBY MpPUMIIICHHS,
sSKa CTaHOBHUTH 121, BIAMOBITHO 3arajbHa BapTICTh CIIOXWUBAHOTO Ta3y AopiBHIOE 22591,72 rpH.
3aranbHa eKOHOMIsI cTaHOBUTH 5601,25 rpH.

Pospaxyemo Butpatu Ha npupomHui ras it I'BII. [l 0poro BUKOPHUCTAEMO HACTYIHY
bopmymy:

Q = cmAt (3)
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1€ ¢ — TEIJIOEMHICTh BOAM, M — MacoBi BUTpPATH BOAM, At — pI3HHUI MK MOYATKOBOIO Ta
KIHIIEBOIO TEMIIEPATYPOIO.

BinmosigHo no dopmymnu, nis HarpiBy 80 mitTpiB Boau Ha 100y, Q Oyne nopiBHioBatu 4,6 KBT.
Jlami 3a popmyi1010 (1) 06’€M CIIOKHUBAHOTO IPHPOIHOTO Ta3y Ha 100y Oye cknagarh — 0,48 M,

Po3paxyemo crioxuBaHHS e€leKTpoeHeprii 1t O6ounepa. s 11boro BUKOPUCTAEMO CIPOIICHY
dhopmyny BU3HaUCHHS 4Yacy, /I HarpiBy BOJM y BOJIOHArpiBadi 3 MOCTIHHUM KOE(DIIIEHTOM:

T =0,00117 *V * (t, — t)/W 4)

ne T — gac HarpiBy Boau, V — 06’em Oaky Ooiinepa, t, — KiHLleBa TemmnepaTypa, t, — mosatkoBa
temrnepatrypa W — mOTy>KHICTh HarpiBayva.

[IpuiiMemo, 110 BUKOPUCTOBYEThCS Ooiyep o0’emom 80 miTpiB, moTyxkHictio 1,2 kBT, a
cepenHss 100OBa HOpMa CIIOKMBaHHS BoaW Ha 4 ocobu — 250 miTpiB. Y BUNAAKy, Koim Oomiep
migkmoyeno okpemo, t, = 60 °C, t, = 15 °C, toai yac marpiBy Bogu Oyne ckmagaru T = 3,51 ron.
BiamosigHo 3a no0y Butpatu OynyTth ckimamata 250/80*3,51*%1,2 = 13,61 kBr*roa, 3a mepiox
onmanenus 2055,11 kBr*roa. BiamosigHo no Ttapudy enexrpoeneprii 1,68 rpu 3a kBt*rog, mo B
cepenHboMy ckianae 3452,6 rpH.

SIKI0 BUKOPHUCTOBYBATH 3allPOIIOHOBAHY CHUCTEMY TOJI 3MIHIOE€ThCA 1,, 3 ypaXyBaHHSM TOTO,
[0 TeMIlEpaTypa BOIH, sSKa HaIXOIUTh y Goisep Oyxae Onusbka go 60 °C, BiamosigHo Goiinep Oyae
BMUKATHCS 3 MEHIIOI0 YacTOTOIO, aje MOCTiiHI BUTPATH rapsyoi BOJU BCE OJHO OyIyTh 3MEHILYBaTH
3HAYEHHs TI0YaTKOBOI TeMIlepaTyp. Buxoasuu 3 nporo, npuiiMeMo cepeane 3Hauenns t, — 38 °C, toxi
yac HarpiBy Boau Oynme ckimagatu 1T = 1,716 r. 3a moOy 6,435 xBr*rox, 3a Bech mepiom 971,685
kBt*roa. Bapricts woro Oyne ckmamatu 1632,43 rpH. Buxonsun 3 11bOro eKoHoMmist Oyae CkIagaTH
1820.17 rpu. 3aranbHi JaHi HaBeAEHI Ha aiarpami (puc. 2).

B wmikpokonTponep Arduino 3aBaHTa)k€HO NpOrpaMmy, sKa CHEliaJbHO CIIPOEKTOBaHA st
pobotu 3 naHowo cucremoro I['BII, a came 3 oOpaHuMH JaTYUKaMH Ta eIEKTPOMEXaHIYHUMHU
enemenTamu. [lepeBaroro BUKOPHCTaHHS MIKPOKOHTpOJIEpA CIIYTYE 1 T€, 10 BC1 AaHi PO CTaH MpUIaTy
Bix HhOTO TToAaroThes Ha Ethernet SHIELD sixuit mepenae nani nva WEB cepBep, 1e KopucTyBad MOXKe
MeperisiiaTi 1 KepyBaTU HPUIIAJOM JHUCTAaHUIRHO 3 OyIb SKOro MPUCTPOIO, SKUM Ma€ JIOCTYI J0
Mepexi [HTepHerT 1 3matHmii npaitoBaty 3 WEB cropinkamu.

Jlo MiKpOKOHTpoJsepa i’ €IHaHHI HACTYIHI JATYMKHA: TEMIIEpAaTypHu 30BHIIIHBOTO TOBITPS,
TEeMIIepaTypy IMOBITPsl B MPHUMIILIEHHI, BUMIPIOBAaHHS TEMIEPAaTypU BOAM, BOJIOTOCTI, & TAKOXK JATUHK
pyxy. Takox B cucTeMmy BXOIUTH pelie JJIs A €IHAHHS MPUIaAy 0 eIeKTPUIHOI MEepexki KUBICHHS
ta kepyBaHHsaM KEK.

[epmmii ciienapiii nepeabayvae, 10 HAa JAOBIMH MPOMDKOK Yacy HE IUIAHYEThCS MPOKUBAHHS
MEIIKAHIIIB, aje MPH I[bOMY MPUMIIIECHHS HEOOXiTHO OMNMAaIIOBaTH, 00 YHUKHYTH TOMIKOKEHb. JIJis
IIOT'0 MIKPOKOHTPOJIEP aHAII3Y€E aHi 3 TaTYUKIB TEMIIEpaTypH 30BHIITHLOTO MOBITPS Ta TEMIEPATYPH
MOBITPss B mpuMimieHHi. Ilicas mporo BiH BiANpaBiisi€ CUTHAT Ha KOTEJ, BMHKAa€ HOro Ta 3ajae
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HEOOXI1IHY TeMIlepaTypy omajieHHs. JlaTuuk TemrepaTypu 30BHINIHBOTO MOBITPS Hamae iHGOpMaIio
PO TEMIEPATypy 30BHINIHBOTO cepeoBUIIa. BiH Biampasise Ha MIKPOKOHTPOJIEP JaH1, MicIs aHalli3y
SKHX, CUCTEMa KEepyBaHHS 3MIHIOE TEMIIEpaTypy ONaJICHHS NPUMINICHHSA. B maHoMy BHMAAKy NpH
3HaYHUX 3MiHaX TEeMIEpaTypH HABKOJIMUIIHBOTO CEPEIOBHINA, MOJMIIMBE EKOHOMHE CIOKUBAHHS
pecypciB, I MATPUMAHHS MOCTIHHOT MIHIMAIBHO HEOOXITHOI TeMIeparypu mpumimieHHs. Jlarauk
BUMIPIOBaHHS TEMIIEpAaTypH TOBITPs B MPHUMILICHHI Hajxae iHpopMalio mpo Temmeparypy. Y pasi ii
30UIBIICHHS BHIIE 3alpOrpPaMOBAHOTO 3HAUEHHS CHCTEMa pearye, SK Ha TOXEXKY B NPUMIIIEHHI.
Bumukae cucremy HarpiBasibHOro npuiany i nepekpuBae KEK 1 Ha mogauy Boau 10 mpuiany, 4YuM
3a0e3mnevye J0IaTKOBHI 3aXUCT BiJl yPAXKEHHS €JIEKTPUIHUM CTPYMOM 1 TIOIIMPEHHS MOKEXKI.

Burparu, rpr Butpartu, rpH

30000 4000
25000 - 3500
3000

20000 - 2500
15000 - 2000
10000 - 1500
1000

5000 - 500
0 - 0

1 2 1 2
a) 6)

Puc. 2. Jliarpamu aHaJ1i3y rpoloBUX BUTPaT: A) AHaJII3 pe3yabTaTiB JaHUX 1Js KoTJa (1 — 6e3
3aMpoONOHOBAHOI CUCTEMH KePYBAHHA; 2 — 3 BUKOPUCTAHHAM cucteMu); b) Anani3 pe3yasTaTtiB JaHux
s 0oisiepy (1 — 6e3 3aNpoONMOHOBAHOI CHCTEMH KePYBAHHA; 2 — 3 BAKOPUCTAHHSAM CHCTEMHU)

Jpyruii crieHapiii mounWHae TpaIloBaTH, KOJW MPHUMIIICHHS HE NOTpelye OmajieHHs, ajie B
HBbOMY MEIIKAIOTh JIIOM 1 BiiOyBaeThes crioxkuBanHs ['BII. [lanuii pexkuM BMUKA€ETHCS, SIK 1 TIEPIITHIA
3a ponomoroto WEB inTepdeiicy, a TakoX Mae MOXJIHBICTh BMUKATHCS aBTOMAaTHYHO 3a PaxyHOK
natyrka pyxy. Ilporpama MiKpOKOHTpoJiepa HaJalllTOBaHA TaKWM YHHOM, MO0 TMPH BIACYTHOCTI
CUTHAJY 3 IaTYHMKIB PyXY MPOTATOM BKa3aHOTO MPOMIXKKY 4acy cucTema Oyjie BAMKHEHA aBTOMaTUYHO.
JlaTuuk BUMIPIOBAaHHS TEMIEpaTypyd BOAHM TPAILIOE [0 AITOPUTMY, AaHAJOTIYHOMY JaTYUKY
BUMIPIOBaHHSA TeMIleparypu npumimeHHs. OOuIBa JaTYMKM BHUBOJAATH CBOi NOKa3W Ha iHTepdeiic
KOpHCTYyBaya, 10 Ja€ 3MOTY OIIHHUTH CTaH poOOTH mpmiany. /laTuuk Boau, 3a HAsSBHOCTI BOAHM B
KOpITyCi TpHiaay, aBTOMAaTHYHO BiIKJIIOYA€ JKUBJICHHS 1 IEPEKpUBA€E KyIbKOBHU KpaH. SKIo
MMOKAa3HUKH JIaTYMKIB HE BIAMOBIAAIOTH 3alpOrpaMOBAaHMM, KOHTPOJEp HE JacTh 3MOTY YBIMKHYTH
MpUJIaI 10 YCYHEHHsI HeCIIPaBHOCTI a00 10 THX Mip, TOKH MOKa3HUKH HE TIPUIIYTH B HOPMY.
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Tperiii cuenapiii mependavyae OIHOYACHE KepyBaHHs OoisiepoM Ta KOTJIOM. Haitbimbmn
edekTuBHE BUKOpUCTaHHA gaHoi cuctemu ['BII mocsiraeThbest muine mpu yMOBI, SIKIIO B MPUMIIIEHHI
3HAXOJATHCA MEIIKAHI[I Ta HEOOXiJHE oOmajeHHs mnpuMimeHHs. KopucrtyBaud MoXe CamMOCTIHHO
BcTaHoBMoBaTH Temriepatypy I'BII 3a momomororo cmaptdoHa 4u 1uiaHmera. MiKpOKOHTpOJIEp Ha
OCHOBI aHaNi3y pe3ysbTaTiB, OTPUMAHUX 3 JATUYMKIB TeMIEepaTypHu BoAM y Ooiinepi, 32 HEOOXIJHICTIO
Oyne BiampaBnsaTH curHan Ha BikmodueHHs TEHa. B pesynerari 1mporo, koren Oyae MeHIe
nepe3anycKkaTucs, L0 CHOBUIBHUTH CKOpOuYeHHs pecypcy Horo pobotu. KKJI BomonarpiBaya
30UIBIIUTHCA 1 3MEHIINTHCS BUTparta rasy. ['apsua Bosa Oyze 3'aBnsieTbes 6e3 3aTpuMku. YacTuHa Boau
He OyJile MapHO WTH B KaHAJI3aIlilo.

BucnoBku. Po3risHyTa Ta mpoanainizoBaHa cuctema kepyBanHs [ BIl gBokoHTypHOTO KOTIIa Ta
Ooitllepa Ha OCHOBI BHMKOPHCTaHHS MIKpOKOHTpojepa Arduin0 3 JuCTaHIiHMM 3B’S3KOM Ta
KEpYBaHHSIM Yepe3 MeEpexXy IHTepHET. AHali3 OTPUMaHMX pPe3yJbTaTiB JaHUX MIATBEPAMB, IO
3allpONOHOBAaHA cHUcTeMa 3abe3neuye eHeproeeKTUBHICTh cucTeMu omaieHHs Ta ['BII, a Takox
no3Bossie 3ekoHOMUTH 5601,25 TpH. ans oruatu rasy ta 1820.17 TpH. AN OIUIATH €IEKTPOEHEPrii.
BinmoBigHO, 1m0 AWCTAHIIWHUN MOHITOPHHT Ta KEpyBaHHS BHCOKOIOTYKHUM OOJIATHAHHAM €
BXJIMBOIO CKJIQJIOBOIO0 MOTO EKCIUTyartallii, Mo Hece MPaKTUYHY EKOHOMII0 E€Heprii W IiIBUIICHHS
O€3IeKH KOPUCTYBAHHS.
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KOMIIBIOTEPHASI SHEPTO93®@®EKTUBHAA CUCTEMA YIIPABJIEHUA
OTOINVIEHUEM U TOPAYUM BOJOCHABKEHUEM 3JIAHUU
3JIOTEHKO b. H., CTAIHEHKO /. B.

Kueecxutl nayuonanbhwvlil ynueepcumenm mexHoaio2uti U Ou3ana

He.flb. Pa3pa6omi<a u aHaius KOManOWtepHOlZ ducmaHquHHOﬁ cucmembsl ynpaejieHus omonjieHuem u

20pAYUM BOOOCHADICEHUEM NOMEUICHU.
Memoouxa. B pabome ucnoiv3o8anvl

Memoobl

CpAaBHUmMENbHOCO aHAlUu3a, MOOQJZUpO@aHU}Z,

HAOII00EeHUSA, UBMEPEHUs] U UCCTIe008AHUS DTIeKMPONPUBOIA.

Pesynomamul. Paccmompena cucmema nookmouenusi Oouiepa mexncoy O08YXKOHMYPHbIM KOMIOM U
NONL30BAMENSMU 20PAYE20 B00OCHADIICEHUs, A MAKICe OUCIAHYUOHHAS KOMNLIOMEPHASL CUCTEMA YRPABTIeHUS
ero. Cxemamuyecku NOKA3AHO KOHCMPYKYUIO U npuHyun ee oeticmeus. llpeocmasnenvt npuHyun Oeucmeus
NpOSPAMMbL  YAPAGNEHUSI CUCMEMOU HA OCHO8e UCNOIb308aHUs Oamuukos. Muxpoxonmponnep Arduino
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nonyuaem u obpabamvieaem ungopmayuio ¢ OAMYUKOS, HA OCHO8E KOMOPOU ABMOMAMUYECKU YNpasisem
cucmemou OmMoOnaeHusi U eopsiue2o 8000cHabicenus. Taxoice obpabomannas uugopmayus, nocpeocmeom
nepedauu oannvix Ha WEB cepeep, nocmynaem na unmepaxmugnvle npubopsl no1b308ames, KOMopbvlil MOXCem
OUCTAHYUOHHO NPOBEPAMb COCMOAHUE CUCMeMA U NpU HeoOdXo0umMocmu ynpagiams er. JucmanyuonHbwiil
MOHUMOPUHZ U  YNpasieHue BblCOKOMOWHbIM 000pYOOBAHUEM AGIAEMCS  6AICHOU COCMABIAIOUel €20
IKCHIYamayuu, Komopwviti obecneuusaem nogviuienue Oe3onacHocmu noavzosanus. Ilpusedenvt pacuemuvt u
ananu3 3ampam Ha NpUPOOHbIIL 2a3 U INEKMPOIHEPSUIO € UCNONbIOBAHUEM NPEOTONCEHHOU cucmembl U be3 Hee 8
omonumenbHwill nepuod. AHAnU3 NOTYUEHHBIX Pe3VIbMAamos OAHHbIX NOKA3A], YMO NPeOdyiodCeHHAas cucmema
obecneuusaem 3HepeOIPPekmusHOCMb  cucmemvl OMONJEHUs U 20pAYe20 B000CHADICEHUs, a MAKdlce
nO0380Ji5em YMeHbUUMb pacxo0 NPUPOOHO20 2a3d U dNeKMPOIHEPUU.

Hayunasa noeusna. Paccmompena u npoananusupo8ana KOMNbIOMepPHAs OUCAHYUOHHAA cucmema
VAPABNeHUs. OMONIeHUEM U 2OPAUUM 8000CHADICEHUEM, KOMOPAsL NO36ONAEN YMEHbUUMb IHEP2O3AMPamsl U
CMOUMOCMb ee 0OCIYHCUBAHUS.

Ilpakmuueckan 3nauumocms. [lonyuennvle pesyibmamvl  NO3GONAIOM  UCNOAL308AMb  OoJlee
9HEP203PheKMuUsHyI0 cucmemy OMoONIeHUs U 2opsiue20 6000CHAOICEHUs 30AHUIL.

Knwouesvie cnoea: muxpoxonmponnep, Arduino, 6otinep, komen, omonieHue, opsyee 6000CHAIICEHUe,
cucmema ynpaeieHus.

COMPUTER ENERGY EFFICIENT SYSTEM OF BUILDINGS HEATING AND HOT
WATER SUPPLY
ZLOTENKO B., STATSENKO D.

Kyiv National University of Technologies and Design

Purpose. Development and analysis of a computer remote control system for heating and hot water
supply of premises.

Methodology. The methods of comparative analysis, modeling, observation, measurement and research
of the electric drive were used in the work.

Findings. A system for connecting a boiler between a dual-circuit cauldron and users for hot water
supply, as well as a remote computer control system for it, was considered. The design and principle of its action
were shown schematically. The principle of the system management program based on the use of sensors was
presented. The Arduino microcontroller receives and processes information from sensors, based on which it
automatically controls the heating system and hot water supply. In addition, the processed information, by
transmitting data to the WEB server, is transmitted to the user's interactive devices, which can remotely check
the status of the system and, if necessary, manage it. Remote monitoring and control of high-power equipment is
an important component of its operation, which ensures increased safety of use. Calculations and analysis of
costs for natural gas and electricity using the proposed system and without it during the heating period were
presented. An analysis of the data results showed that the proposed system provides energy efficiency of the
heating system and hot water supply, and allows reducing the consumption of natural gas and electricity.

Originality. The computer remote control system for heating and hot water supply, which allows to
reduce energy consumption and the cost of its maintenance, is considered and analyzed.

Practical value. The obtained results make it possible to use a more energy-efficient heating and hot
water supply system in buildings.

Keywords: microcontroller, Arduino, boiler, cauldron, heating, hot water, control system.
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