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KuiBcbkuii HalioHATBHUM YHIBEPCUTET TEXHOJIOTIN Ta JU3AHY

Mema. Mooepnizayis nooymogozeo 6odonacpisaua. CmeopenHs 00CmMynHo2o ma
3pyuHO020 01151 Kopucmyeaya inmepgericy 01 Kepy8aHHsa NPUIaOOoM.

Memoouxa. Teopemuuni 00cnioxHCeHHs npoyecy CMEOPeHHs ma nepeoavi Kepyrouux
CUcHani8 npunady 3 GUKOPUCMAHHAM Mepedci [Hmepnem Ha npunyunax pobomu cucmem
OXOPOHHOI CUCHANI3AYi].

Pe3ynvmamu. Pospobnenuii cnocib 36’°s3Ky uepes mepedxcy Internet 3 uKOpuUCmanHHim
WEB iumepgeiicy. Cmeopenuii pobouuti cmeno 0as O0emoncmpayii pobomu npunady i
OUCMAHYIUHO20 Kepy8aHHs OAHUM Npuiadom. B pobomi noxazani ocHosHi nepesazu npu
3acmocy8anHi OUCMAHYIUHO20 KePY8aHHs NPULAOOM.

Haykosa noeusna. Po3pobneno memoo KepysawHs eneKkmpoHazpieaibHUM Npuiadom
Ha ochosi suxopucmanus WEB inmepgeiicy.

Ilpakmuuna 3nauumicme nonsiecac 8 momy, Wo NPULA0 MAE BUCOKY NOMYAHCHICMb i
oucmanyiune 1020 BUMKHEHHs Ma MOHIMOPUHZ CMAHYy Hece NPAKMUYHY eKOHOMII i
niosuweHHs be3nexu YiniCHOCmi MAuHa tl HCUMms KOpUCmysada.

Knwuogi cnosa: 6oiinep, oucmanyiiine xepysanusa, WEB cmopiuka, éooonacpieau,
Arduino, Ethernet SHIELD

EnexTpuyHi Hakonmu4yBajJdbHI BOAOHArpiBayi, Oible BigoMi sk Ooillepu, oTpuManu
HIMPOKE MOUIMPEHHS B MPOMUCIOBOCTI 1 moOyTi. Ha naHuii 4yac akTyaqbHUM € MUTaHHIMH
BJIOCKOHAJICHHs] TOOYTOBUX BOJIOHArpiBayiB, sKi B SIKOCTI JXKepena eHeprii Juisl HarpiBy BOAU
BUKOPDHCTOBYIOTh eNeKTpuuHy eHeprito [1]. Lli npumagm wmamTh MIHPOKY cdepy
3aCTOCYBaHHS, OCKUTBKH MOXKYTh OYTH BUKOPUCTaHI B MICIISIX, /1€ HEMOKIIUBE BUKOPUCTAHHS
TBEPJIOTO MaJIMBa, HE Mepe0avaloTh CKJIAJIHOCTI MOHTaXY 1 JAIOTh MOXKJIUBICTh OTPUMYBATH
HarpiTy piauHy ©Oe€3 ChadioBaHHS TMajuBa, MI0 He MoTpedye BUTpAT KOILITIB Ha
TpPaHCTIOPTYBaHHS 1 30epiranHs TBeporo nanusa. LI ocoONMMUBICTh €IEKTPUYHUX HATpiBadiB,
MOPIBHSIHO 3 TAJMBHUMH aHAJIOraMHu, pOOUTh iX BUKOPHCTAHHS 3HAYHO EKOHOMIYHIIIIUM.
[ToBiTpst B MicIi poOOTH TaKOX HE 3a0pYIHIOETHCS 3aB/SKH HATrPIBY €ICKTPUIHUM CTPYMOM,
a BIZICYTHICTb MpoIlecy TOpiHHS 3a0e3Meuye BUIUI CTYIIHb MOXKEXKHOI Oe3MEKH.

KoxHnii HakommuyBajdbHUN BOJOHArpiBad Ma€ 3axHCT Bijl MEPErpiBy 1 KOPOTKOTO
3aMUKaHHS Ta KJamnaH Ui CKUAAHHS HaJUIMIIKOBOTO THCKY, 10 3amolirae BuOyxy Oaky. Lli
0COOJIMBOCTI pOOIIATH MpUiIaa OS3MEYHUM Ta 3PYYHUM JIJIsi BUKOPUCTAHHS Y TTOOYTI.

Otxe, y TIOpIBHSIHHI 3 KOTJIaMH Ha TBEPAOMY IMaJIMBi, IPHU €KCIUTyaTaiii OoiiepiB Ta

IHIIIOTO €JIEKTPOTEPMIYHOTO YCTAaTKYBAaHHS 3MEHIIYETHCS MOXKEKOHEOE3MeKa, MOIMIIYIOThCS
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YMOBHU Tirl€eHM ¥ caHiTapii, 3HWKYEThCA 3a0pYyAHEHHS HABKOJIMIIHBOTO CEPEIOBHIIA.
YcTaTkyBaHHST BIJIPI3HAETHCS TMPOCTOTOIO TMPUCTPOIO, TEXHIYHOIO OOCIYrOBYBaHHS i
PEMOHTY, HEBEIMKUMU rabapuTamMu i MaJlOr0 METaJIOEMHICTIO, BUCYBAa€ HEBHCOKI BUMOTH JI0
OyaiBeNbHUX KOHCTPYKIIH. 3 MOTJsAy TPAaHUYHOI MOTYXHOCTI i po00Y0i TeMnepaTypu BOHO
e yHiBepcanpHuM. Kpim toro, KKJI enexkTporepMiyHOTO YCTAaTKyBaHHS B IOPIBHSHHI 13
MPUCTPOSIMU, 110 BUKOPUCTOBYIOTH 1HIII JpKepena TerioTH, Ooubi Bucokuii (70..90 %), y
TOM 4Yac SK OJCp)KaHHS CIIGKTPOCHEPTii 3 MajnuBa W IMEpPEeTBOPEHHS ii HA3aa Yy TEIUIOTY
BinOyBaeThcs 13 3aransauM KKJI 6mu3eko 30 %.

Ilocmanoska 3a60anns

Enextpuuni 6oinepu (puc. 1) it maporenepaTop 3aCTOCOBYIOTh y CHUCTEMaX rapsiaoro
BOJIONIOCTAYaHHS, OMAJICHHS W BEHTWIAIIl, Y TEXHOJOTIYHHMX TIPOIECcax TBApWHHUIITBA,

POCIMHHHUIITBA, Y PEMOHTHOMY BHPOOHUIITBI.

'S B

Puc. 1. IlpunuunoBa cxema Goiijiepa: 1 — iHIuKaTOp TEMIEPATypH; 2 — TEMNIOOOMIHHUK
(Boytormii TeH); 3 — TpyOKa 3a00py raps4oi Boau; 4 — pe3epByap TepMocTara; 5 —
TpyOKa BBOAY XOJIOAHOI BOJW B MPUCTPii; 6 — MarHieBUH aHOA; 7 — CTaNbHUMN
emalboBaHuM Oak; 8 — momiyperaHoBa Termjoizonsuis 42 mMm; 9 — kopmyc
BoJIoHarpiaya; 10 — oTBip pO3MIMPIOBAIBHOTO Oauka
Y nopiBHAHHI 3 NaJIMBHUMU YCTaHOBKaMH €JIGKTPUYHI BOJOHAarpiBadi i
MaporeHepaTopy J03BOJSIOTh 3HU3UTH OIWHUYHY MOTYXHICTb, MIJABUIIUTH KOEQIIIEHT
BUKOPUCTaHHA ¥ pIBEHb aBTOMAaTH3allil TEIUIOreHepaTopiB, OUIBLI TOYHO MiJTPUMYBATH
TEMIIepaTypy, 3HU3UTH BUTPATH HA 0OCITYTOBYBaHHS, 3MEHIIUTH JOBXUHY TEIUIOBUX MEPEK.
I[Ipu 1BOMy KOE(]ili€eHT KOPUCHOTO BHUKOPUCTAHHS TMEPBUHHUX EHEPropecypciB s

TBEPJOTAIMBHUX 1 IEKTPUYHUX YCTAHOBOK MPUOJIM3HO OJHAKOBHH 1 mopiBHIOE 0,23...0,30.

O06’exTOM JOCHIDKEHHS OOpaHi METOAM peami3aiii JUCTAHIIHHOTO 3B’S3KY 1
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KepyBaHHS B OXOPOHHIM Ta TMOXKEXKHIH CUTHaTi3aIii. 3 MPakKTHYHOTO JIOCBILY 3 PI3HHUMH
CUCTEMaMH Ta MPOTOKOJaMHU iX poOOTH, TOOTO crIOCOOAMHU CIIOJIYYEHHS MiJ0XOPOHHOTO
00’€KTy Ta MyJbTY IEHTPATI30BAHOTO HAIVISAIYy 32 HHUM OXOpPOHHOI CHUTHami3amii, OyB
BUOpaHMii crioci6d 3B’ 3Ky yepe3 Mepexy Internet 3 Bukopucranasim WEB inTepeiicy.

Jlaauii BUOIp 3yMOBJICHUH BIJICYTHICTIO B HEOOXITHOCTI MPUI0AHHS BUCOKOBAPTICHOTO
oOnaiHaHHA I 3B°SI3KY 3 NpriiagoM npu BukopuctanHi GSM ta GPRS curnanis. Bcei Burie
nepemiyeHi MeToAW TOoTpPeOyroTh s peaiizaiii 3HaYHUX TPOIIOBHX I1HBECTHINH, 1
CYIPOBO/IKYIOTECSI TTpoOJIeMaMu 3 1X BHKOPHCTaHHSM B PI3HUX yMOBax. MeTon KepyBaHHS
yepe3 WEB iHTepdeiic 3Ha4HO JeIIeBIINii, TPOCTIINI Y BUKOHAHHI 1 HE MOTpedye JOPOroro
MaHimynaropa Aias poOOTH 3 MPUCTPOeM, TeledOH UM IUIAHIIET MOXKE CIYTyBaTH 3aco000M
KepyBaHHs 0€3 BCTAaHOBJICHHSI JOaTKOBOTO MPOTPaMHOTo 3a0e3neyeHns [2-4].

Pe3ynomamu docnioxicens

MonepHi3zallis To0yTOBOr0 BOJOHArpiBaya IMOJSTae y BCTAHOBICHHI B EJIEKTPUYHY
cxeMmy Ooitnepa MikpokoHTposiepa Arduino, sikuii mpairoe 3 moayiaem Ethernet SHIELD.
[Tpuntun poOOTH 1 MakeT 3’ €JHAHHS CKIAJOBUX YAaCTUH 300pakeHuit Ha cxemi (puc. 2). [o
KOHTpOJIepa MPHUENTHAHO TPU JATYUMKU: BUMIPIOBAHHS TEMIIEpaTypH IMOBITPS B MPUMIIIECHHI,
BUMIPIOBaHHS TEMIIEPATypH BOIH, TATUYUK BOJIOTOCTI. J{0 cHCTeMH KepyBaHHS TaKOX BXOJSATh
JaTYUK TEMIEpaTypu MOBITPS 1 pene uid M €AHaHHS TPUIaay 1O EJIEKTPUYHOI Mepexi
JKUBJIEHHS Ta BOJIOTIPOBOJLY.

JlaTuuk BUMIpIOBaHHS TEMIEpaTypH IMOBITPsl B NMPUMIIIEHHI Hajlae 1HPOpPMAIo Mpo
TEMIIEpaTypy HaBKOJIUIIHBOTO CepefoBUINA. Y pa3i 30UTbIIEHHS TEMIIEpaTypu BUIIE
3alporpaMoBaHoOi pearye SK Ha MOXexXy B mnpuminieHHi. Bumukae TEH npunany i
MepeKprUBae KylbOBUH KpaH Ha TOJady BOJAW [0 MpUIaLy, YuM 3a0e3mneuye JOJaTKOBHUI
3aXUCT BiJl ypaXKEHHs €IEKTPUYHUM CTPYMOM 1 MOIIUPEHHS MOXKEXKI.

JlaTduK BUMIPIOBaHHS TEMIIEpaTypd BOAM TIPAIIOE TIO aITOPUTMY, AHAJIOTIYHOMY
JMaTYMKy BUMIPIOBAHHS TeMIeparypu mpumimeHHs. OOuBa JaTYMKH BUBOJSATH CBOI MOKa3u
Ha iHTepdelic KOpUCTyBaya, 110 Aa€ 3MOTY OLIIHUTH CTaH poOOTH IpUIIaLy.

JlaH1 110 BCIM CKJIAJJOBUM CXEMHU TOCTIMHO OMPAIbOBYIOTHCS Ha MIKPOKOHTPOJIEPI 1 1O
3anuTy BuBoATHCS HAa WEB iHTepdeiic ns kopuctyBava (puc. 3).

JlaTyuk BOJAM, 32 HAABHOCTI BOAM B KOPIYCI HpUJIaxy, aBTOMATUYHO BiJKIIIOYAE
KHUBJICHHS 1 TIEpEeKpUBa€ KyJIbKOBUU KpaH. SIKIIO MOKa3HUKU AATYMKIB HE BiANOBIAAIOTH
3alporpaMoOBaHUM, KOHTPOJEp HE [JacTb 3MOTY YBIMKHYTH TpuiiaJ [0 YCYHEHHS

HECITPaBHOCTI 200 710 THUX TIip, MOKH MMOKA3HUKH HE MPUUTYTh B HOPMY.
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Puc. 2. IlpuHunoBa cxemMa JMCTAHLIIHOIO0 KepyBaHHA 0oijiepoM

[lnara 3 nBOMa pene KepyeTecs KOHTPOJIEPOM, 1, B 3aJIeXKHOCTI BiJ] CUTYyallii, MOXe
BMHUKATH UM BUMUKATH TPUIIAI, IEPEKPUBATH KYJIbKOBHHA EIEKTPHYHUHN KpaH.

Bes indopmanis 3 xoHtponepa nepexoauts B Ethernet SHIELD, saxuit xonye ii Ha
3po3yMUIMH I MapuipyTusatopa (poyTepa) KOjA, 3 SKOro BOHAa MOXE MeperisiiaTHCh
kopuctyBaueM Ha WEB cTopiHIl, KOperyBaTHCh 1 NMOCHJIATHCh Ha KOHTPOJIEP CHUCTEMH.
TakuM 4MHOM peani3yeTbes TUCTAHLIMHUN J1aJIoT MIXK KOPUCTYBaueM 1 KOHTPOJIEPOM.

Jlanuii koHTposep 3anporpamMoBaHuil Ha ynpasiinHsa yepe3 WEB cropinky (puc. 3) i
Ma€ JeKiTbKa aBTOMAaTUYHHUX (YHKIIA A7 3a0e3MedeHHs OUTBIIOro 3aXWCTy Yy BUMAAKY
BUHUKHEHHS Herepen0auyBaHUX CUTYaIlil.

B wmikpokonTposmep Arduino 3aBaHTaXeHHH CKET4d 3 TPOrpamMor0 poOOTH pelie
BIJIHOCHO TIOKa3HMKIB OTpUMaHUX BiJ martuukiB. LI omepaiii BUKOHYIOTBHCS 1 6€3 ydacTi
KOpHUCTYBaya 15 3a0e31meueHHs OUIbII01 6e31eKku Ipy BUKOPUCTaHH] npuiany. Bei nanxi mpo
CTaH MpUJIAY BiJl MiKpokoHTposiepa nofatoTbes Ha Ethernet SHIELD sikuit nmepenae naHi Ha

WEB cepgep, e KOpuCTyBad MOKe TIEpETJIsiaTH 1 KepyBaTH MPUIIAIOM JUCTAHIIIHHO 3 OyIb
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SKOTO TajpKeTa, SIKMM Mae JOCTyl J0 Mepexi IHtepHer i1 3marHmii npamioBatu 3 WEB
CTOpPIHKaMH.
' [ AMCTAHUIAHE KEPYBAX X

& C | ® 192.168.0.17/%1

. : &
Cepencar gy Mogynere cepenos E Eerenwii Asgeenxo I

ANCTAHLUIMHE KEPYBAHHA

SOl

Temneparypa sogm: 19.34°C
Temneparypa nositpa: 19.34°C
Oatumk sonor: HOPMA

TEH:

Puc. 3. WEB inTepdeiic 1151 AMCTAHLIHOTO KepyBaHHS 0oiijiepoM

JlaHe TexHi4He pillleHHs J03BOJISIE HE BUTPAUaTH KOIITH HA anaparypy Uisd KepyBaHHS
OpUJIAZAOM 1 pOOUTH HOr0 BUKOPHUCTAHHS 3PYYHHUM, OCKUIBKM HE BUHUKAE MOTPEOH MOLIYKY
HEOOX1THOTO IPOrpaMHOro 3a0e3meueHHs .

CropiHka KepyBaHHs BUBOJUTH BCIO MOTPiOHY 1H(OpMaIlito Ha MOHITOp KOpPHCTYyBaua,
BCl (ailu cTOpiHKM 3HaxoJsaThcsi B Mepexi Internet. Ilporpamui omeparii, moB’si3aHi 3
MPUAHATTSAM PIIIEHHS BIIHOCHO 3MIHHHUX, 3HAXOATHCS B MIKPOKOHTPOJIEPI 1 podOTa CallTy HE
BIUIMBA€ Ha iX BUKOHaHHA. Arduino 103BoJisie peanizyBaTH OUIbINICTh MOTPeO, HEOOX1THUX
JUIs TUX YU IHIIUX YMOB pPOOOTH, WO POOHMTH CUCTEMYy 3IaTHOIO JO Oe3nepepBHOI
MoOJIepHi3allii 0OMeXeHOT JTuIe ToTpedaMu 3aMOBHHKA.

Bucnoeku

Po3pobiieno meTon kepyBaHHS €JIEKTPOOOHIEpPOM Ha OCHOBI 3B’SI3KY 4YE€pe3 MEPEKY
Internet 3 BukopucranusiM WEB inTepdeiicy. CTBopeHO poOouMii cTeH I, 1€ IEMOHCTPYETHCS
poboTa mpuiany i podorta AucTaHIiiifHOro KepyBaHHs. CucTeMa TUCTAHLIMHOTO KEpyBaHHS
MO’K€ BHUKOPHUCTOBYBATHUCh B Oy/b SIKOMY NpUJaji, AJs SIKOTO L€ HEOOXiqHO. Y BHUIAIKY 3
OoMJIepOM 1€ Ma€ BaXJIMBE NPAKTUYHE 3HAYEHHS, OCKUIBKHM MPHJIAJ € BHCOKONMOTYXXHHUM 1
TUCTAHIlIfHE HOro BUMKHEHHS Ta MOHITOPHUHT CTaHy HECe MPaKTUYHYy EKOHOMilo U

MiBUIICHHS 0€3MeKH KOPUCTYBaHHSI.
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Pazpabomxa cucmemul ynpasnenusn 0utmoeo2o 1ekmpoooiiiepa

Aeoeenko E. O. 3nomenko b. H., Kynuk T. H.

Kuesckuii nayuonanvHwlll yHusepcumem mexHoio2ul u Ou3aHa

Ilens. Mooepuuzayus 6vimogoco 6odonazpesamens. Cozoanue OOCMYNHO20 U
YOOOH020 NONL308AMENLCKO20 UHmMepelica OJisl Ynpasienus npubopoM.

Memoouxa. Teopemuueckue ucciedo8anus npoyecca 00pPA308aHUS 102APUPDPMO8
pabomsl npubopa no cemu unmepHem O6aA3UPOBANUCH, HA HAYYHO-MEXHUYECKOU Jumepamype u
cob6CcmeeHHOM Onvlme no pabome ¢ OAHHBLIM 3A0a4aAMU.

Pezynomameut. bvin us6pan cnoco6 cesazu uepesz cems Internet ¢ ucnonvsosanuem WEB
uumepgetica. Cozoan pabouuii cmeHO 014 OeMoOHcmpayuu pabomel npudopa u
OUCMAHYUOHHO20 Yynpaenenus um. B pabome nokasamel OCHOBHblE Npeumyuecmea npu
npUMeHeHUU OUCMAHYUOHHO20 YRPAasieHUs NPUOOPOM.

Hayunaa noeusna. Ilpeonooxena yuugepcanvhas cucmema OUCMAHYUOHHO2O
VApasieHus, Komopas modcem Oblmb UCNOAb308AHA 8 T000M npubope, 01 KOMopo2o Mo
Heobxooumo. Pazpaboman memoo ynpaenenus snexmpouazpesamenvHuiMu NpuooOpamu Ha
ocHoge ucnonvzosanus WEB unmepdgeiica.

Ilpakmuueckasa 3nauumocme 3aKn04aemcss 8 Mmom, 4mo npubop umeem O0TbULYIO
MOWHOCMb U  OUCMAHYUOHHOE €20 BbIKIIOYEHUEe U MOHUMOPUHZ COCMOSHUSL Hecem
NPAKMUYECKYI0 IKOHOMUIO U NObluleHUe 6e30NaCHOCMU Yel0CMHOCIU UMYWeCm8ad U HCUSHU
nonb306aMens.

Kniwueevie cnosa: oOotinep, oucmanyuonHoe ynpaeienue, WEB cmpanuya,
sodonazpesamensv, Arduino, Ethernet SHIELD

Development of a control system for household electric boilers

Avdienko E. O., Zlotenko B. M., Kulik T. I.

Kyiv National University of Technology & Design

Purpose. Modernization of domestic water heater. Creation of an accessible and user-
friendly interface for controlling the instrument.
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Methodology. Theoretical studies of the process of formation of logarithms of the
device on the Internet were based on scientific and technical literature and own experience in
dealing with these problems.

Findings. A way of communication the Internet was chosen using the WEB interface.
Created a working stand where the work of the device is shown and the operation of remote
control. The work shows the main advantages when using the remote control device.

Originality. The remote control system can be used in any device for which it is
necessary. A method for controlling electric heating appliances based on the use of the WEB
interface is developed.

Practical value that the device has a large capacity and remote shutdown and
monitoring the state bears practical savings and improving the security of the integrity of the
property and life of the user.

Keywords: boiler, remote control, WEB page, water heater, Arduino, Ethernet
SHIELD
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