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"ABToMaTu3anisi ycranosku Aerostar I1B2 B sadopartopii Hanionanbnoro
yHiBepcutery iMeni FOpiss Konapartioka "

Po6ota mictuth 59 cTOpiHOK, S5 UTIOCTpaIlliii, ,13 BUKOpUCTAaHUX THKEPE.

[IpenmeroM pocnipkeHHsT KBajiikaimiiiHoi poOOTH € pekymepaiiii Ha
ycranoBka Aerostar . OOG'eKTOM [OCTIIXKEHHS € pO3pOOJIEHHS CHUCTEMH
ABTOMATUYHOTO YIIPaBIIHHS YCTAHOBKH .

Po3pobnena cucremMa aBTOMAaTUYHOTO YHOPABIIHHSA peEKymepalii MoBIiTps
JIO3BOJISIE HE TUIBKM 3a0e3Me4YuTH TOTPiOHI MapamMeTpu, a TaKoX SKICHO
MIJBUIINTH HAIIMHICTh (YHKIIOHYBaHHA $K OKPEMHX €JIEMEHTIB CHCTEMHU
yIpaBIIHHS, TaK 1 OJTHOTO €JIEMEHTA B IILIIOMY.

BukopucTtanHs B cXeMi yHpaBlliHHS MPOCTUX Ta HAAIMHUX KOMIIOHEHTIB MH
JIOCSITHEMO 3MEHIIICHHIO 3ara30BaHOCTI B MPUMIMIEHHSX, 110 30UTBIIUTE JIOJCHKY
KOPHUCHY JIIIO

PoGota Mae mpakTW4yHy LIHHICTH 1 i pe3yJbTaTd Micas OUIbLI AETaNbHOI

JOpOOKH MOXKYTh OyTH PO3IJISIHYTI JUIsl BAKOPUCTAHHS y JaHi ayJuTopii .



ABSTRACT
bachelor's qualification work
"Automation of the Aerostar PV2 installation in the laboratory of the Yuriy
Kondratyuk National University"

The work contains 59 pages, 5 illustrations, 13 used sources.

The subject of the study of the qualification work is recuperation on the
Aerostar installation. The object of the research is the development of the system
of automatic control of the installation.

The developed system of automatic control of air recovery allows not only to
provide the required parameters, but also to qualitatively increase the reliability of
the functioning of both individual elements of the control system and one element
as a whole.

By using simple and reliable components in the control scheme, we will achieve
a reduction in gas emissions in the premises, which will increase the human
beneficial effect.

The work has practical value and its results after more detailed refinement can

be considered for use in this audience.
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BCTYII

Pexymnepaitist € omHUM 13 KJIIOYOBHUX MPOILIECIB, 1[0 BUKOPUCTOBYETHCS IS
NiJBUILIEHHSI €(EKTUBHOCTI BHUKOPHUCTAHHS TEMJIOBOI €HEPrii B PI3HMX Tramy3six
IIPOMHUCIIOBOCTI Ta ecHepreTuku. llelt mpormec 0a3yeTbcs Ha BIJIHOBICHHI 1
BUKOPUCTAHHI TeIUla, SIKE paHille BUTpayanocs 0e3MoBOPOTHO ad0 BIABOAMIOCS B
atMoc(epy. Pekymepaiiisi 103BoJis€E €KOHOMWUTH 3HA4HI OOCSITH TajiuBa Ta
3MEHIIy€ BUKHUIN IIKIJJIUBUX PEUYOBUH, 10 POOUTH HOTO HAI3BUYANHO BAXKITMBUM
y Cy4aCHUX YMOBax IiIBUIIEHUX €HEPreTUYHUX MOTpeO Ta BUMOT JIO €KOJOTTYHO
YUCTOr0 BUPOOHUIITBA.

Ha crhoromnimHiii aeHbr NUTaHHA 30€pEKEHHS €HEpPrii Ta MOKpalleHHs
eHeproe()eKTUBHOCTI CTalOTh BCE OUIbII AKTyalbHUMH, OCOOJIMBO y 3B'A3KY 3
MIJBUIIEHHSM BapTOCTI EHEPrOpecypCiB Ta 3pOCTaHHSAM OOCSTIB BUKHJIIB
MAapHUKOBUX Ta3iB. BukopucTaHHs pekymnepaiii J03BOJIss€ 3HAYHO 3MEHIIUTH
criokuBaHHS manuBa Ta BUKuAM COz Ta IHIMX INIKIJUTMBUX PEYOBHH, IO CTa€
BXKJIMBUM €KOJIOTTYHUM aCIEKTOM CyYaCHHMX TEXHOJIOTIYHUX ITPOIIECIB.

Meroto maHOi TUIIIOMHOI POOOTH € aHaji3 Ta CHCTeMaTh3aiis iHpopMalii
Ipo pEKyIepalio sSK METOJ MiABUIIEHHS eHepProepeKTUBHOCTI, BU3HAUYCHHS
OCHOBHHX I€peBar Ta HEAOJIKIB I[OTO MPOLIECY, a TAaKOK BUBUEHHS MPAKTHYHUX
aCreKTiB MOro BOPOBAKEHHS B pI3HMX ramyssx. Cepen 3aBaHb JOCTIIKEHHS
MO>KHA BUILIATH

-aHaJi3 Cy4acHOTO CTaHy Ta TEHJEHIIIM PO3BUTKY peKyIepalii B CBITI Ta B
VYkpaiHi;

-BU3HAYEHHSI OCHOBHHMX THIIB Ta MNPUHIUIIB POOOTH peKynepauiiHoro
oOJaHaHHS

-aHaJI3 IUTIOCIB Ta MIHYCIB BUKOPUCTaHHS peKylepauli y MNOpIBHSIHHI 3
THITUMU METOaMH 30€peKEHHS EHEePT1i;

-BUBYCHHS  TPAaKTUYHUX  aCIeKTiB  BIPOBADKCHHS  pekymnepamii B

IIPOMHUCIIOBICTh T4 EHEPTETHUKY.



PoGoTa mMae HaykoBy HOBH3HY Ta BHECE BaXJIMBHH BHECOK Y PO3BUTOK
Teopii Ta TPAKTUKU BUKOPUCTaHHS peKymepaiii B yMOBax Cy4YacHOl
npoMucioBocTi. OTpumaHi pe3yibTaTH MOXYTh OyTH KOPUCHHUMH IS
OIIOPUEMCTB ~ Ta  Opradizamiif, sKi  TParHyTh  MIJBUIIUTH  CBOIO
KOHKYPEHTOCTIPOMOJKHICTh Ta 3MEHIITMTH HETaTUBHHUM BIUIMB Ha TOBKIJLIA.

Ha croroanimHiii neHs nuTaHHS 30€peKeHHS EHeprii Ta TOKpAaIleHHS
eHeproe(eKTUBHOCTI CTalOTh BCE OUIBII aKTyalbHUMH, OCOOJIMBO y 3B'A3KY 3
MiJBUIICHHSIM BapTOCTI EHEPropecypciB Ta 3pOCTaHHSIM OOCATIB BUKHUIB
MapHUKOBUX Ta3iB. BukopucraHHs pekyreparlii J03BOJISIE 3HAYHO 3MEHIIUTH
criokuBaHHs nanuBa Ta BUkuau COZ2 Ta 1HIIMX MIKIUIMBUX PEYOBHUH, IO CTa€
BYKJTMBUM €KOJIOTIYHUM aCMEKTOM CyYaCHHUX TEXHOJIOTIYHUX MPOIIECIB.

VYkpaina, sk 1 Oararo IHIIMX KpaiH, CTHUKAETbCA 13 MPOOIEMOIO
eHeproe)eKTUBHOCTI Ta €HEpPro3ajekKHOCTI. Pekymepallis Moxke CTaThd OJHUM 13
e(eKTUBHUX IHCTPYMEHTIB [IJIi 3MEHILIECHHS CIOKWUBAaHHS €HEPTii Ta 3HIKECHHS
BUKHIB, 110 BIAMOBIJAE CTPATEriUHUM LUISAM YKPAiHChKOI EHEepPreTHUYHOl
MOJIITUKH.

Kpim TOro, po3BUTOK Ta BNPOBAIKEHHS €HEProe(eKTHUBHUX TEXHOJIOTIH,
30KpeMa  peKymepari, CHOpus€  MABUIIEHHI0O  KOHKYPEHTOCIPOMOYKHOCTI
MiAMPUEMCTB Ta 3a0€3MEUEHHI0 CTAJIOTO E€KOHOMIYHOTO 3pOCTaHHS KpaiHu B
IJIOMY.

TakuMm 4MHOM, JOCHIKEHHS TTpoOIeMH peKyIiepallli TerioBoi eHeprii Mae
BAXJIMBE 3HAYEHHS SIK JJIsI HAYKOBO-TEXHIYHOI CIUIBHOTHU, TaK 1 JJIsl MPAKTHYHOTO
BIIPOBAKEHHS €HEProe()eKTUBHUX PIlIEHb B PI3HUX Taly35X €KOHOMIKH.

Icropiss pekymepamnii moBiTps csrae kopiHHA y XIX CTOMTTI, KOJU
BUHAX1HUK BinbsaMm Xennu CTBOPUB Mepill  TEMIOOOMIHHI MPUCTPOi ISt
BUKOPUCTAHHS Y CUCTEMax BEHTUJIALIT Ta KOHAUIIIOHYBaHHS MoOBIiTps. Y 1849 poi
BIH OMyOJIIKyBaB CBOIO pOOOTY MPO TEIIOOOMIHHHUK, SIKUH BUKOPUCTOBYBABCS IS

HarpiBy a00 OXOJIOXKEHHSI MOBITPS, 10 TTOCTYIIAJIO Y OYIIBIIO.



[IpoTsiroM HacCTYyNmHHUX JECATWJITH TEXHOJIOTIS peKylepauii MOBITPs
nocTiiiHo po3BuBanaca. Y 1930-x pokax Oynu BUHAWIEHI Mepiil poTapHi
TEMJI000MIHHUKH, SIK1 T03BOJSUIM €()EKTHUBHO MEpeaaBaTH TEIJIO MK BUXIIHUM Ta
BUX1JTHUM MOTOKaMH MOBITPs. L{i TEXHOIOTIT CTaNM MHUPOKO BUKOPUCTOBYBATHUCS Y
CUCTEMaX BEHTWJISLIT Ta KOHAUIIOHYBaHHS MPUMIILIEHb.

Y 1970-80-x pokax 3 TOSBOIO TpoOJeMH 3 EHEepPro30epPeKEHHSIM Ta
3pOCTaHHSIM yBaru JI0 €KOJOTli, peKymepalis TMOBITps crajga O0coOJIMBO
akTyanbHOt0. CydacHI TEXHOJOTIi TO3BOJSIOTH JIOCSTTH BUCOKOT €()EeKTUBHOCTI
peKyrmepariii Teruia, 3MEHIIYIOUM CIIOKMBAHHS €HEPTii Ta BHUKUAM IIIKIJTMBUX
pedyoBUH y atmocdepy.

CporosiHi peKymepatopu BUKOPHUCTOBYIOTHh Pi3HI THUIH TEIIOOOMIHHHKIB,
Takl SK IUIACTUHYACTi, pOTapHI abo0 TeII00OMiHHI OJIOKM 3 KepaMidyHUM
MOKPHUTTAM, 151 €(EeKTUBHOTO MEpeAaBaHHs Tella MK MOBITPSIHUMH MOTOKAMHU.
Ile [1o3BoOJii€ MIABUIIMTH  EHEPrOe(PEKTUBHICTb CHUCTEM BEHTWIALII  Ta

KOHJIMLIIOHYBaHHS Ta CTBOPUTU KOM(OPTHI Ta 3A0POB1 YMOBH Y IPUMIIICHHSIX.
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1 AHagiTHYHA YAaCTHHA

1.1  AnaniTmyHuii orjisii BUAIB TeMJI000MiHHMKIB Ta MPUHIMI iX Ppo0OTH

Y pekyneparii TOBITPS MOXYTh BHKOPHCTOBYBAaTHCS PI3HI THUIHU
TEIJI0O0OOMIHHUKIB, a00 "HaumHKU', Uil €(PEKTUBHOTO TepeaBaHHs Teria
BIJIITPAIbOBAHOTO MOBITPS CBIKOMY MOBITPIO. OCh €K1 3 HAMMOMIMPEHIIINX TUITIB

"Ha4YMHKHU'" y peKyneparopax.

Pucynok 1- Po6ora [1nacrunuactoro TemnooOMiHHIKa

[Inmactunuari termmooOMinHMKU. lleli TN TermIooOMIHHMKA CKIAZa€ThCs 3
IUIOCKUX TUIACTHH, SKI 3a0e3MeuyloTh BENHKY TMOBEPXHIO KOHTAaKTy MIXK
BIJIMPAIIbOBAHUM Ta CBIKMM MOBITPsAM. TIOBITpsIHI MOTOKU MPOXOJATH MO PI3HUX
CTOpPOHAxX IUIACTHH, Ji¢ BiAOyBaeThcs TeriooOMiH. [lmactuHuacTi pekymneparopu
BUKOPUCTOBYIOTbCA i1 €(PEKTUBHOTO OOMIHY TeIjla MDK JBOMa pPI3HUMHU
MIOTOKaMU TMOBITPs a00 piauHU. BOHM MOXYyTh MaTu pI3HI KOHCTPYKLIi, B
3aJIeKHOCTI B moTped 3actocyBaHHsA. OCHOBHI (popmMHU 1 BUIM TIACTHHYACTHUX
peKymnepaTopiB BKIOYAIOTh.

[InacTuHYacTi TEMJIOOOMIHHUKM 3 TEPEXPECHHUM IOTOKOM. Y  IHX

peKymnepaTopax MOTOKH MOBITPsl a00 PIIMHU PYXaAKOThCS NEPHEHIUKYISIPHO OJIMH
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0 OJHOTO, IO J03BOJsA€ €()EKTUBHO OOMIHIOBAaTH Temio. Ll KOHCTpyKIis
3a0e3neuye BUCOKY TEIuIonepeaady npu KOMIIAKTHUX po3Mipax.

[InacTuHYacTl TEMIOOOMIHHUKM 3 MapajiebHUM NOTOKOM. [ToTOKHM piauHu
abo TOBITPS PYXalThCs MapalieIbHO OJUH JO OJHOTO, IO TaKOX JO3BOJISIE
edeKTUBHO OOMIHIOBaTH Terjio. BoHM MOXyTh OyTHM MEHII KOMIIAKTHUMH, aje
3a3BUYail MEHI €PEKTUBHUMHU, HI’K PEKyIIepaTOpH 3 IEPEXPECHUM MOTOKOM.

[InacTuHyacTi pekyrnepaTopu 3 3ITHYTHUMU KaHadamu. Y LA KOHCTPYKIIIT
KOKHA TIACTHMHA MAa€ 3ITHYTI Kpai, M0 CTBOPIOE KaHAIW ISl PyXy MOBITpsi abo
pinuau. lle mo3BoJiste 30UIBPIIMTH TIOBEPXHIO TEIUIOOOMIHY 1 MMiBUIIUATH
e(heKTUBHICTh peKynepaTopa.

VY KOHCTpyKIIii KaHAIU MOXKYTh 3MIHIOBaTH CBOIO (hopmy abo mmpuHYy, 110
JT03BOJISIE PETYJIFOBATH OOCAT TEIUIOOOMIHY B 3aJI€KHOCTI BiJl YMOB.

[InacTuHYacTi peKymepaTopu 3 JOAATKOBHUMH IutacTUHamMH. [0 OCHOBHUX
IJIACTHH JIOJAIOThCS JTOJAATKOBI TUIACTUHH, IO 301IbIITY€E TTOBEPXHIO TEINIOOOMIHY 1
niBUINY€ ePEKTUBHICTh peKynepaTopa.

Koxken tum wmae cBOi TmepeBarm Ta HEIONIKH, 1 BHOIp KOHKPETHOL
KOHCTPYKITii 3aJIC)KUTh BiJl KOHKPETHUX BUMOT 3aCTOCYBaHHSI.

OTxe, pO3TIsSTHEMO OCHOBHI BU/IM TUIACTUHYACTUX PEKYNIEPATOPIB pa3oM 3 iX
nepeBaraMu 1 HeJloJIiKaMu

[TnacTuHYaCTi TETIIOOOMIHHHUKY 3 TIEPEXPECHUM ITIOTOKOM

[Iepesaru:

-Bucoka eeKTUBHICTh TEIJIOOOMIHY.

-KommnaxTHi po3mipu.

-MoO>XIUBICTh BUKOPUCTAHHS B IIMPOKOMY JT1alla30H1 TeMIIepaTyp 1 TUCKIB.

Henomiku:

-Bucoxka BapTicTh.

-Ilotpeba B perynsspHoMy 0OCIyTrOBYBaHHI Ta YUIICHHI.

[TnacTuHYaCTi TEMTOOOMIHHUKY 3 MApaIeIbHUM ITOTOKOM

[lepesaru:
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-IIpocToTa KOHCTPYKIIi.
-MO>XTUBICTh BUKOPUCTAHHS B CUCTEMAX 3 BEJIUKUMH 00'eMaMu piiuHU 200
MOBITPSL.
Henomixu:
-Hu3bima epekTUBHICTH TEMI00OMIHY MOPIBHSHO 3 MEPEXPECHUM ITOTOKOM.
-BinbImi po3mipu MOPIBHSHO 3 TIEPEXPECHUM MOTOKOM.
[InacTuHYacTi pekyrnepaTopu 3 3IrHyTUMHU KaHAJIaMU
[IepeBaru:
-3011b1lIeHa TOBEPXHS TEIIOOOMIHY.
-Bucoxka tersonepenaya npu BeIukux o0'eMax.
Henomixu:
-CKJ1aJIHICTh KOHCTPYKIIIi Ta BUTOTOBJICHHS.
-IligBuIIEH] BTPaTH TUCKY.
[TnacTuHYacTi pekyrnepaTopu 31 3MIHHUMH KaHAJTIaMH
[TepeBaru:
-MoxuBICTh perynoBaTH €(EeKTHUBHICTh TEIIOOOMIHY B 3aJI€KHOCTI BiJ
YMOB.
-ExonoMis eHeprii.
Henomiku:
-CKJ1aIHICTh KOHCTPYKIIIT T2 BUTOTOBIICHHS.
-Buia BapTicTs.
[TnacTuHYacTi pekynepaTopy 3 10JaTKOBUMU TUIACTUHAMMU
[TepeBaru:
-IlinBuIieHa epeKTUBHICTH TEIIIOOOMIHY.
-3MEHILIEHHS PO3MIPIB YCTAaHOBKHU.
Henomiku:
-ITotpeba B 00CayroByBaHH1 Ta YUIIEHHI.

-30UTbIIIEH] BTPATH TUCKY.
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KoxeHn Tum pekyneparopa Mae CBOI YHIKaJIbHI XapaKTEPUCTUKH, 1 BUOIP

BapiaHTy MOBUHEH 0a3yBaTHCs Ha KOHKPETHHUX MOTpeOdax 1 yMOBaxX €KCILTyaTallii.

30BHIWHE N\ [lpunnubHe
nobimps ~o\ nobimps
ﬂOb'mpﬂ, IR SRARRR! '\‘\ (R B

ke Budansgembea
e 7/ BumsixHe

noBimps

Pucynox 2- Poropuuii TermmooOMiHHUK

PotopHi Tem1000MIHHUKHY CKJIaJIal0ThCS 3 poTopa abo KoJjieca, sike 00epTaeThCs
13 BHCOKOIO

MDK JIBOMa TOTOKaMH TOBITpA. PoTtop MicTUTh Marepiai
TEIJIOEMHICTIO, HANpPUKJIAJ, KepaMiuHl IJIACTUHH, SIKI JO3BOJSIIOTH €()EKTUBHO

nepenaBaT TeIIo BiPAIlbOBAHOTO MOBITPS CBIKOMY .
TpyOuacTi TEerIO0OOMIHHUKM CKJIa[Al0ThCsl 3 BHYTPIIIHIX TPYOOK, yepes3 siKi
yepe3 SKi

MPOKIAAEThC  BIANpaAlbOBaHE TOBITPSA, 1 30BHIMIHIX TPYOOK,
MPOKJIATAETHCS CBIXKE MOBITPS. TeIIo mepeaacThes Yepe3 CTIHKU TPYOOK.

KoMOiHoBaH1 TemI000MIHHUKH MOXYTh BHUKOPUCTOBYBaTH KOMOIHAIIIIO

PI3HUX THIIB TEIUIOOOMIHHUKIB, TaKUX SIK IUIACTHHYATI TEMJIOOOMIHHUKH s
1L ONTUMAaJIBHOTO

1 TpyOuacTi Ans 1HIIOTO,

OJIHOTO TIOTOKY TOBITPS
TEIJI000MIHY .

i Tunu "HaYUHKUA" MOXKYTh OYTH BUKOPUCTAHI B PI3HUX KOH(ITYypaIisix as
JOCSITHEHHST  0aaHOro  piBHA  TEIMIOOOMIHY Ta €HEproeeKTUBHOCTI B

peKyImepaIiiHux cucTeMax.
Ocpb niepeBaru Ta HeJIOJIIKK PI3HUX BUJIB PEKYIIEPATOPIB
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TennooOMiHHI (IPOTOYHI) PEKyNEpaTopu

[lepeBaru:

-Bucoxka epeKTUBHICTh TEMJIOOOMIHY.

-MOXIUBICTh BUKOPUCTAHHSA IS BEHTWIAIIMHUX CUCTEM OyJb-aKoi
HOTYKHOCTI.

-Hu3zbka BapTiCTh B IOPIBHSAHHI 3 IHIIUMU TUTIAMU PEKYTIEPATOPIB.

Henomiku:

-[loTpeOyroTh pEeryaspHOTO TEXHIYHOTO OOCITYTrOBYBaHHS Ta OYHWIICHHS
TEMI000MIHHUKA.

-MOXIUBICTh MEPEXOIUIEHHSI 3alaxiB, SKII0O HE BHUKOPUCTOBYETHCS
¢inbTpaliis HOBITPSL.

Pexyneparopu 31 3MillIaHUM TTOTOKOM

[TepeBaru:

-IlinBunieHa e(eKTUBHICTh TEIIOOOMIHY 4epe3 3MIIIyBaHHS TMOTOKIB
HOBITPSL.

-3MEHIIIEHHS PU3UKY MEPEXOIJICHHS 3aIaxiB.

Henomiku:

-Buima BapTicTh MOPIBHSIHO 3 MPOTOYHUMHU PEKYTIEPATOPAMHU.

-IliaBuIIeHN piBeHb IIYMY Yepe3 3MIITyBaHHS MOBITPSIHUX MOTOKIB.

[TnacTuHyaTi pekyneparopu

[Iepesaru:

-Benuka 1uroma TemiooOMiny Y HEBEJIIMKOMY 00'eMi.

-Bucoxka temnooOminHa e(heKTHBHICTb.

-MO>KIUBICTB JIETKOI pPerysitoBaHHS €(EKTUBHOCTI NMIJISXOM 3MIHH KUIBKOCTI
TJTACTHH.

Henomiku:

-BumararoTh peryisipHOTo OUHIIEHHS Ta 00CTyTOBYBaHHS.

-Buia BapTicTh MOPIBHSIHO 3 IHIIUMH THUTIAMH.

TpyOuacTi pekyneparopu
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[TepeBaru:

-JIOBroBIUHICTH Ta HAAIAHICTb.

-MoOX1BICTh BUKOPUCTAHHS Y BUCOKOTEMIIEPATyPHUX yMOBAX.

Henomixu:

-O0MesxeHa e(heKTUBHICTh TEMI000MIHY Yepe3 0OMeXeHY IUIOILY MOBEpXHI
TEMI000MIHY.

-IligBumieHnii  puU3MK  3aMep3aHHS  TEIIOOOMIHHMKAa TIPU  HU3BKHUX
TEMIEpaTypax.

ABTOMAaTHYHI pEKynepaTopu

[lepearu:

-ABTOMAaTHYHE PEryIIOBaHHS poOOTH 7Sl 3a0€3MeUeHHsT ONTUMAaIbHUX YMOB
KOMGOpTY Ta eHeproeeKTUBHOCTI.

-MoO>KIUBICTh €KOHOMII €HEPT1i Yepe3 ONTUMI3ALII0 POOOTH.

Henomixu:

-Buma BapTicTh yepe3 HasgBHICTh JOJATKOBHUX €JIEKTPOHHUX KOMITOHEHTIB.

-Ilotpeba y perymsspHOMy TEXHIYHOMY OOCIYTrOBYBaHHI Ta MOXIIMBICTH
BUHUKHEHHS MOJIOMOK B €JIEKTPOHHUX KOMIIOHEHTAX.

PortopHi pekymniepaTopu - 1€ THI peKyInepaTopiB, SKI BUKOPUCTOBYIOTHCS IS
e(eKTUBHOTO TEIIOOOMIHY MIX TMOTOKaMH TOBITpsi. OCHOBHUM €JIE€MEHTOM
POTOPHUX PEKYIIEpPaTOpiB € POTOp abo KOJIECOo, sIKE€ 00EpTAETHCA 1 MICTUTH B COO1
Marepiajl 13 BHCOKOK TEIUIOEMHICTIO, HaINpUKIaJ, KepamiuHi a0o mojiiMepHi
IJIACTUHMU.

[TepeBaru:

-Bucoka epexTuBHICTh TEIIIOOOMIHY 3aBSKHM BEIUKIN TUIOINI KOHTAKTY M1k
MMOTOKaMU MOBITPAL.

-MoxnuBICTh pereHeparii Tera, M0 J103BOJIsIE BUKOPUCTOBYBATU TEILIO,
AK€ BTPAYAEThCS MPU BUJAJIEHHI BUTPATHOTO TMOBITPS, AJISI HAarpiBy CBIXKOTO

MOBITPSL.
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-MoOXIHBICTh 3aCTOCYBaHHSI B CHCTEMax 3 BUCOKMMHU Temreparypamu ado
YMOBAX 3 BUCOKOIO BOJIOTICTIO.

Henomiku:

-Illorpeba y perynspHoMy oOCIyroByBaHHI Ta OYHMIIEHHI pPOTOpa s
niaATpUMaHHs €()EeKTUBHOCTI.

-Buia BapTicTh MOPIBHSIHO 3 IHIIUMH TUIIAMH PEKYTIEPaTOPIB.

-Ilorpeba y A0JaTKOBOMY TMpPOCTOPl JJisi BCTAHOBJIEHHS POTOPHOTO
peKymneparopa uepes Horo po3mipH.

Bopasamii pekymneparop - e TEpMiH, SIKHH MO>kKe OyTH 3aCTOCOBaHHM 0
PI3HUX CHCTEM, MpPOTE, SIK BIH BUKOPUCTOBYETHCS B KOHTEKCTI BEHTHJISIII Ta
TEMI000MIHY, I1€ MOXE BKa3yBaTH HA BUKOPHUCTAHHS BOJISHOTO ab0 TIIKOJIHLHOTO
PO3UMHY SIK TEIUIOHOCIS Y TEIUIOOOMIHHOMY mporieci. Taki cucTeMu 3a3BHYaid
BUKOPUCTOBYIOTbCA JUISl TEIJIOOOMIHY BEHTWISIIHHOTO MOBITPSA, A€ TEIUIO
NEPENAETbCSl 3 BUTSHKHOTO TIOTOKY JO CBDKOIO TIOBITPS, $IKE IIOCTYIa€ B
OPUMILICHHS.

[lepeBaru BOAHUX pEKyINepaTopiB MOXKYTh BKIIFOUATH:

-Bucoka temnooominHa e(heKTUBHICTh 3aBIISIKU BUCOKIN TETNIOEMHOCTI BOJU
YU TITIKOJTIO.

-MO>XIUBICTh BUKOPUCTAHHS JIJIi KOHTPOJIIO BOJIOTOCTI MOBITPSI, OCKUIbKU
BOJIOTICTb MOXe€ OyTH TaKOX MepeJaHa BiJ BUTSDKHOTO MOTOKY O CBIKOTO
MOBITPSI.

-MO>XIUBICTh BUKOPUCTAHHS Y CHUCTEMax 3 HU3bKUMHU TEeMIEparypamu, e
BOJ1a 200 TIIIKOJIb MOXYTb 3aJUIIATUCA Y PIAKOMY CTaHi.

Henomniku MOXyTh BKITIOUATH

-IlixBuIIeHy CKJIQIHICTh CHUCTEMH 4Y€pe3 HAasBHICTh TEIIOOOMIHHHMKA Ta
CUCTEMU ITUPKYJISIIIT TEIUIOHOCISI.

-Ilotpeby B perynspHoMy OOCITyrOoBYBaHHI Ta KOHTPOJII PIBHS Ta SIKOCTI

TEMJIOHOCIA.
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-Bumii  BuTpatu eHeprii Ha LMPKYJISALI0 TEIJIOHOCIS MOPIBHSAHO 3
HOBITPSIHUMHU PEKyIIepaTopamH.
3aranom, BOJHI pEeKyNepaTopu MOXKYTh OyTH €()EKTHBHUMH y BITHOBJIEHHI

TCILIa Ta BOJIOTH, aJIC BUMAIralOTb JOAATKOBHX CHUCTCM Ta OGCJ’IerBYBaHHSI.

Pucynok 3- Kom6inoBanuit TennooOMiHHUK

KoMOiHOBaH1  TEmIOOOMIHHUKM  TMOENHYIOTH y  cOOl  pi3HI  TUIHU
TEMJI000OMIHHUKIB (HANpUKIA[, IUIACTUHYATI 1 TpyOuacTi) s JOCATHEHHS
OTNTUMAIBHOTO TETJI000MiHY. BoHM MaloTh CBOI mepeBaru 1 HeIOMKU

[TepeBaru KOMOIHOBaHUX TETIOOOMIHHHKIB:

-Bucoka eeKTUBHICTh TEIJI000MIHY

-Komb6inHariss pi3HHX THITB TETUIOOOMIHHUKIB JO3BOJISIE JTOCATTH BHUCOKOI
e(heKTUBHOCTI TEIIOOOMIHY.

-MO>XIUBICTh HAJIAIITYBaHHS PI3HUX KOMIIOHEHTIB TEIUIOOOMIHHMKA JJIs
JOCSITHEHHS ONTUMAJIbHUX MapaMeTpiB TEIJIO0OMIHY .

-3MEHILIEHHS BTpaT €Heprii 3aBAsKU €()EKTUBHOMY TEIUIOOOMIHY, IO
JI03BOJISIE 3HU3UTH BUTPATH Ha OMAJICHHS a00 KOHIUIIOHYBaHHS TTOBITPSI.

Henomixu:

-CkJ1aHiCTh KOHCTPYKITI.
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-BapTicTs.

-IloTenmiitHi mpo6ieMu 3 00CITyrOBYBaHHSIM.

HesBaxkaroun Ha 11e, KOMOIHOBaH1 TEIUIOOOMIHHHMKU 3aJIUIIAIOTHCS JIyXKe
eheKTUBHUMHU PINICHHSIMHU JJI1 CHUCTeM peKymepaii Teria, OCOOIHBO Yy
BUMOTJIMBUX YMOBax eHeproedekTuBHoOCTI [2].

VYceranoBka EcoStar 500 EC X BUKOPUCTOBYE  IIAaCTMHYATHIA
Tern1000MiHHUK. Llel Tun TermmooOMIHHMKA BBAXAEThCS AYyKE E€PEKTUBHUM Y
pekyneparii Temiaa, OCKUIbKM BiH 3a0e3leuye BEIMKY MOBEPXHIO KOHTAKTy s
TEII00OMIHY MK BUXIJIHUM Ta BXIJIHUM MOBITpSHUM moTokamu. Lle no3Bosisie
e(pEeKTUBHO NEpEeaBaTH TEIJIO Bl OJHOIO MOTOKY J0 1HILIOTO, 3MEHILYIOUYH BTPAaTH
eHeprii [3].

VYcraHoBka Moxke OyTH JOCUTh aBTOMAaTHM30BaHOIO, OCOOJIMBO SKIIO BOHA
BUKOPHUCTOBYETHCS y KOMOIHALIIT 3 KOHTPOJIbHO-YIIpaBIiHChKOI0 cucteMoro (KYC).
KYC no3Bosnsie aBTOMaTH4YHO KepyBaTH NapameTpamMu poOOTH YCTaHOBKH, TAKUMHU
K IIBUIKICTb BEHTWJISTOpPA, TEMIIEpaTypa MOBITPS, PIBEHb BOJOTOCTI Ta 1HIII
napameTpu, 3a0e3neuyoun ONTUMAJIbHUIA PIBEHb KoMdopTy Ta

eHeproeeKTUBHOCTI.

1.2 Oc06.1iBOCTi BAKOPUCTAHHSI TA MiIKJIIOYEHHA T1ATUYUKIB

logo naT4yukiB, sIKI MOXKYTh BUKOPUCTOBYBATHUCS B YCTAHOBII, 11€ MOXYTb
OyTH, HAITPUKJIA/;

-JlaTyuku Temmeparypu Uil BUMIPIOBAHHS TEMIEpAaTypu BHXITHOTO Ta
BX1JIHOTO TIOBITpS.

-JlaTynKK BOJIOTOCTI AJI1 BUMIPIOBAHHS P1BHS BOJIOTOCTI MOBITPSL.

JlaTuvikd THUCKY JUIi KOHTPOJIO pOOOTH BEHTHISTOPIB Ta CHUCTEMU
U PKYJISALIT TOBITPSL.

-JlaTunky rasiB abo AUMY JJIS BUSBIICHHS MOXMIJIMBUX IPOOJIEM 3 Ta30BUMH

a00 IHIIMMU BUKUIAMU.
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I[i nmaruyukum ™MoxyTh Oytu migkiarodueHi 10 KYC abo KOHTpOJIbHO-
YIPaBISIOYOTO MPUCTPOIO, HIO0 J03BOJISIE ABTOMATUYHO pearyBaTH Ha 3MIHU Y
CepeOBUIIl Ta ONTUMI3YBaTH POOOTY YCTAaHOBKHU JJisl 3a0e3meueHHst KoM(popTy Ta
Oe3nexu.

Jns  HanamTyBaHHs TporpamHoro 3aoesnedeHHss KYC  (koHTpoJibHO-
yOPaBJISIOY0i CUCTEMHU) y BEHTWIAMIWHII. 3a3BU4Yail, mporpamHe 3a0e3leyueHHs
MOCTAYa€ThCA PA30M 3 YCTAaHOBKOIO HA JUCKY a00 JTOCTYITHE Ui 3aBaHTAKEHHS 3
BeO-caliTy BHpoOHMKA. BcTaHOBITH mporpamy Ha KOMI'IOTep, SKUWH Oyze
BUKOPUCTOBYBATHCS [JIsi KEPYBaHHS yCTaHOBKOW. IliIKmio4iTh KOMM'IOTEP [0
yCTaHOBKU 3a jomnomoror kademto Ethernet abo 3agomomMororo 6e€31pOTOBOTO
3'€eTHAHHS, SIKIIO 1€ MIATPUMYEThCA. 3amyCTiTh MporpaMHe 3a0e3leueHHs Ha
komm'torepi. [licis 3amycky Bu mo6adnTe TOJI0BHE BIKHO MPOTPaMH 3 MOKIIUBICTIO
BUOOpPY MapameTpiB ymnpariiHHA. BcTaHOBITH HEOOX1HI TapaMeTpu yHpaBIIiHHSA,
TakKl SIK PeKUMU POOOTH, TeMIEpaTypHl YMOBH, IMIBUAKICTh BEHTHJISITOPA Ta 1HII
napameTpH, Ki MOXXYyTb OyTH JIOCTYMHI 3TIHO 3 MOJIMBOCTSIMU YCTaHOBKHU Ta
nporpamHoro 3a0e3nedenHs. [licis HamamTyBaHHsS 30€pexiTh MapameTpH, 00
BOHH 3aCTOCOBYBAJIMCS M1l YaC pOOOTH YCTAHOBKHU.

[lepexonatuch, 1O nporpamMHe 3a0e3MeUeHHs Mpalloe KOPEKTHO Ta
yCTaHOBKa pearye Ha 3MiHU mapameTpiB. Lle 3aranbHi KpOKU ISl HaJAIITyBaHHS
nporpamuoro 3abe3neuenns KYC nns ycranosku EcoStar 500 EC X

JI1st miaKIroueHHs 3HaA00UThCS MaTH IOCTYM /10 YIPAaBIiHHS. 3a3BUYail s
IbOIO BUKOPUCTOBYIOTHCS TMPOrpaMHi 3aco0u, sKi JO3BOJISIIOTH KepyBaTH
napaMeTpamMu Ta HaIAIITYBaHHSIMH YCTaHOBKHU. [HTepdelic s KepyBaHHS MOXKeE
OyTu JOCTYyIHMH uepe3 JOKallbHy Mepexy abo Oe3mocepeiHbO Yepes3 CrelianbHUil
eKkpaH a0o0 MyJIbT YNPaBIIiHHSA, SKIIO TAKUN € B yCTAHOBIII.

JIs MiAKITIOYEHHS 0 YCTAHOBKH dYepe3 JOKAIbHY MEpPEXy 3HaT0OHMThCS
3Hatu [P-anpecy abo iM'd XocTa yCTaHOBKH, a TaKOX MOXJIMBO JIOTIH Ta MapoJib
st poctymy. Ilicns mporo 3mMoXky BUKOPHUCTOBYBATH MPOTpPaMHE 3a0e3MeueHHs

JUIsl KEPYBaHHS YCTAaHOBKOIO, 3MIHIOBATH MapaMeTPH Ta BIJICTEKYBATH i1 poOOTy.
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Sxmo mnporpamHe 3a0e3NEUYeHHS YCTAaHOBKM HE NIATPUMYE TOAATKOBI
JATYUKH, MOKY PO3IIISIHYTH JCKiIbKa MOKIMBHX PIIICHB IS 1X IMiAKII0YCHHS. [4]

MoKy BCTaHOBHTH 30BHIIIHIA KOHTpoJiep, Takui sik Arduino abo Raspberry
Pi, skuii miATpUMY€E MiIKIFOYSHHS JaTYUKIB pi3HUX TUMiB. [ToTiM mporpamyBatu
el KOHTpoJep Jyisi 30MpaHHsl JaHUX Bl JATYMKIB Ta Mepeaadl ix 10 yCTaHOBKHU
yepe3 JoCTynHul iHTepdeiic, Hanpukiaz, yepes mepexy ado nopt USB.

CnopoOyBatu MoaudikyBaTu mporpamMHe 3a0€3MedYeHHs] YCTaHOBKH IS
MIATPUMKH HOBHX AaTyukiB. Lle Moxe OyTu CKIaaHMM 3aBAAHHAM 1 BUMaratume
PETENBHOTO aHaJi3y KOOy Ta MOXKIIMBOI MIATPUMKH BiJ] BUPOOHHUKA.

Bukopucratu npoMiKHHE TPUCTPiH, SKUM MOKe OOpoOIATH JaHi Bif
JATYMKIB Ta TIEpPEeIaBaTH iX JO YCTAHOBKM Uepe3 NOCTymHHU iHTepderic. e
MPUCTPIN MOXKE OYTH cEpBEPOM ab0 XMapHUM CEPBICOM.

ITepen BuOOpOM OyIb-IKOTO PIIIEHHS BAXKJIUBO IMEPEKOHATHUCS, IO BOHO
BIJITIOBIJIa€ MOIM TOTpedaM Ta MOKIIMBOCTSIM, a TaKOXk BPaxOBY€ BCl OE3MEKOBI
aCIEeKTH Ta BUMOTH JI0 POOOTH yCTaHOBKH. [5]

YkpaiHa Mae cTpaTeriuyHi LIl IM0J0 3MEHIICHHS CHEPTO3aJIeKHOCTI Ta
NIBUIIEHHS ~ E€HEeproe(eKTUBHOCTI  CBO€I  E€KOHOMIKM.  BnpoBajkeHHs
peKyIepariiHuX TEXHOJIOT MOXE CTaTh OJHHUM 13 KIIOUOBHUX HAMpSMIiB
peamizauii 1MX 1Uied. 3axoaM 3 eHepro30epe’KeHHS Ta BUKOPUCTAHHSA
BITHOBIIIOBAaHUX JDKEpENl €Heprii € MpIOpUTETHUMH 3aBAAHHAMU YKPaiHCHKOI
EHEePreTUYHOI MOMITUKHA. B 1IbOMY KOHTEKCTI JOCHI/DKEHHS peKyIepallii TernioBoi
€HEPrii € akTyaJIbHUM Ta BRXKJIUBUM.

Ha w™iXHapogHOMy piBHI CHOCTEpPIra€ThCsl 3pPOCTAIOYUN  IHTEpEC 0
pekyrepaitii sk eeKTUBHOTO 1HCTPYMEHTY 30epekeHHs eHeprii. baraTo kpaiH Bxke
YCHIIIHO BIPOBAIKYIOTh PEKyNEpaliiiHl TEXHOJIOTII B PI3HUX Taly3sX, IO
CBITYUTH TIPO BEIUKUM TMOTEHIIAT IbOTO Tpollecy. BUBYEHHS MIXKHAPOIHOTO
JOCBily JO3BOJUTH BpaxyBaTH HaWKpalli TPaKTHKA Ta 3acTOCYBaTH iX
yKpaiHChbKIN mpakTuill. Pekymepariis TemioBoi €Heprii MOXe CHpUSTA HE JIMIIEe

30€pEKEHHIO PECYPCIB Ta 3MEHIIIEHHIO BUKHU/IIB, ajie i CTBOPEHHIO HOBUX pOOOYMX
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MICIIb Ta  CTUMYJIOBAHHIO  IHHOBAIIIHOTO  PO3BUTKY.  BrpoBamkxeHHs
eHeproeeKTUBHUX TEXHOJOTIH MOXe 3a0€3MEeUNUTH CTaie eKOHOMIUYHE 3pOCTaHHs
Ta MIABUUIUTH KOHKYPEHTOCHPOMOXHICTh YKpAaiHCHKHUX MIANPUEMCTB  Ha
CBITOBOMY PHHKY.[6]

[TepeBaru :

-EcoStar 500EC X BHUKOpPUCTOBY€E MEpeNOBI TEXHOJNOTIl 1Jig ehEeKTHBHOTO
BITHOBJICHHSI TEIUIOBOI €Heprii, 3a0e3neuyrour 3HAaYHl €KOHOMIi Ha OMajeHHl Ta
KOHJIUIIIOHYBaHH1 TTOBITPSI.

-3MeHIIeHHs] BUTpAT. Ll ycTaHOBKa J0O3BOJIsI€ 3HAUYHO 3MEHILIUTH BUTPATH
Ha ONAJIEHHS Ta KOHAMLIOHYBAHHS, 10 J03BOJISE 36KOHOMUTHU KOIITH BIaCHUKaM
OyliBEIb.

-Ilokpamennst sikocti MOBITpsi. Pexymepariiiini  yCTaHOBKH ITiJIBUIIYIOTh
AKICTb MOBITPS B IPUMILIEHH], PUIBTPYIOYX HOTO BIJ IIKIIJIUBUX PEYOBHH 1 MUY .

Exonoriunicte. Buxopucranus EcoStar 500EC X momomarae 3meHIIUTH
Bukuan CO2 Ta IHIIMX MIKIAJIUBUX PEYOBUH, CIPHUAIOYN TOKPALICHHIO
€KOJIOT1YHOI CUTYyaIlii.

-Jlerkicte y BHKOpHCTaHHI. Ll ycTaHOBKa Mae mpocTe YNpaBiiHHSA Ta HE
noTpely€e CKIIaIHUX TEXHIYHUX 3HAHb JUIS €KCIUTyaTallii.

Henonixu

-Bucoka Bapticts. [louaTkoBa BapTicTh ycTtanoBku EcoStar SO0EC X moxe
OyTH BUCOKOIO, LII0O MOXKE CTaTH MEPEIIKOIO0 JUIS IEIKUX OFOKETIB.

-Ilotpeba B perymsapuoMy oOcayroByBaHHI. PekymnepariiiiHi ycTaHOBKHU
NOTPeOyIOTh PETYISIPHOTO TEXHIYHOTO OOCITYrOBYBaHHS Ta 3aMiHU (IIBTPIB, IO
MO>K€ 30UTBIIUTH BUTPATH HA IX yTPUMAHHS.

-Ilorpeba B AOCTaTHbOMY JOCTYIl JO 30BHIIIHBOTO MOBITpsA. g
eekTuBHOI pPOOOTH YCTAaHOBKM TMOTPIOGH JOCTATHIM JOCTYIl JIO CBIXKOTO
30BHIIIHBOTO TOBITPS,, IO MOK€ OyTH MNpoOIEeMaTUYHUM [UIsl ACSKUX THIIB

OymiBeb.
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-Ilotpeba y noxaTkoBoMy mpocTopi. BcraHOBIEHHSI pekynepaiiiHoi
YCTAaHOBKHM MO’K€ BHUMaraTl JOJIaTKOBOTO MPOCTOPY y OyIiBIi A PO3MIILIEHHS
oOagHaHHS.

-O0MexxkeHa e(eKTHBHICTh B €KCTPEMAIBHUX YMOBax.Y HyKe XOJOJHI abo
Iy>Ke rapsdi JH1, epeKTUBHICTh PEKyMepallii Termia Moke OyTH 0OMEKEHOIO.

Ile 3arampHMi OIJIsAJ] IUTIOCIB 1 MIHYCIB yCTaHOBOK pekymepaiii EcoStar
S00EC X, sixuii MOe BapitoBaTUCA 3a1€XKHO Bl KOHKPETHUX YMOB BUKOPHUCTAHHS

Ta HaJIAIITYBaHb 00JIaHaHHSA. [7]

1.3 [IpyHUMNY MPOEKTYBAHHSI CHCTEMH aBTOMAaTH3aIil

Po3poOnenns anroputMy aBToMaru3ailii, skuii O BpaxoByBaB yCl BUMOTH
Ta 0COOJIMBOCTI YCTAaHOBKH, a TAKOK BU3HAYEHHSI HEOOX1THOTO 00Ia HAHHS.

MoHTaXX JTaTYMKIB 3ara30BaHOCTI Ta 1HIIOTO OOJagHAaHHS, HEOOX1IHOTO IS
aBTOMATHU3allli YyCTaHOBKHU.

[linkirodeHHsT BCIX KOMIIOHEHTIB JI0 YCTAHOBKM Ta TMPOrpaMmyBaHHS
CHUCTEMH aBTOMATH3AIlIi.

[IpoBeneHHst TecTiB sl TEPEeBIpKA pPOOOTH CHUCTEMH Ta BHECCHHS
HEOOX1THUX KOPUTYBaHb ISl ONTUMATBHOT €()eKTUBHOCTI.

[TinroToBKa MOKyMEHTAIlll 31 CXeMaMH Ta IHCTPYKIIISIMHU MO0 €KCIUTyaTarlii
CUCTEMHU, a TAKOK HABUAHHSI MEPCOHAY il BUKOPUCTAHHIO.

[Ticnst  ycmimHOTO  BIPOBAKEHHS CHUCTEMH HEOOXIJHO 3a0e3MedyuTH
MOCTIMHY MIATPUMKY Ta OOCITYroBYBaHHS i 3a0e3meueHHs ii HaaiiHOI Ta
edexktuBHOI poboTu. lleil mpoiiec BUMarae JeTaabHOTO IUIaHYBaHHS, TEXHIYHOT
eKCIEepTU3U Ta CHIBIOpall 31 CherialicTaMyd 3 aBTOMaTH3allli Ta EHEPTreTHKHU.
HeoOximHO TakoX JOTPUMYBATUCS BCIX BHMOT TEXHIYHOI Oe€3leku Ta
HOPMATHUBHUX BUMOT IIPU BUKOHAHH1 pOOIT.

[Tepmmii eranm peamizaiii MPOEKTy - aHali3 CHUCTEMHU Ta BUMOT - €

KPUTUYHUM JJIs YCHIIIHOI aBTOMaTH3alli pekynepailiiiHoi ycraHoBku EcoStar
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S500EC X Ta BcTaHOBJIEHHS JaTYMKIB 3ara3oBaHocTi. Hik4de HaBeneHO 3araabHUM
I1aH aHali3y

PerenbHe BHUBYEHHS TEXHIYHMX XapaKTEPUCTUK Ta MPUHLHUIIB POOOTH
YCTaHOBKH.

BuznauenHst motped Ta O4iKyBaHb KOPHCTYBaudlB CTOCOBHO aBTOMAaTH3allli
Ta 0e3MeKH eKCIuTyaTallii.

AHai3 TEXHIYHMX BHUMOI JIO CHCTEMHM aBTOMAaTH3aIli Ta JaT4YHKIB,
BKJIFOUAIOYU CYMICHICTB 3 ICHYIOUUM OOJIaIHaHHSIM.

BusnaueHnHs moTeHUIHHUX 3arpo3 Oesmerl Ta e()eKTHUBHOCTI, MOB'A3aHUX 3
aBTOMATH3ALII€10 Ta BCTAHOBJICHHSM JAaTYUKIB.

BcranoBnenHss BHUMOT 1O CHCTEeMH aBTOMaTH3allii Ta JaTYMKiB, 100
3a0e3neunTy 0e3reKky KOpUCTyBayiB Ta yCTAHOBKH.

BuzHaueHHs1 KIIOYOBHX MOKA3HUKIB €(PEKTUBHOCTI JUIsl OLIHKU YCHIIIHOCTI
IIPOEKTY.

BcranoBiieHHsT BUMOI /10 IHTErpaiii HOBOi CHCTEMH 3 ICHYIOUHM
obsagHaHHSAM Ta THOPACTPYKTYPOIO.

O1uiHKa OYIKyBaHUX BUTPAT Ta 4yacy, HEOOX1AHOTO ISl BUKOHAHHS MTPOEKTY.

BuznaueHHs1 OCHOBHUX 3aIliKaBJICHUX CTOPIH MPOEKTY Ta X OYiKyBaHb.

Le#t anami3 nOMOMOKE BU3HAUUTH KIFOYOBI BUMOTH Ta 3aBJaHHS MPOECKTY,
0 € HeOOXIIHMMHU Ui YCHIIIHOI peani3zaiii aBromMaTH3allii Ta BCTaHOBJICHHS
JATYUKIB 3arazoBaHocTi Ha ycraHoBill EcoStar SO0EC X.

Jpyruii eranm MpOEKTy - TNPOEKTyBaHHS CHUCTEMH aBTOMaTHu3amii -
nependavae po3poOKy KOHIIEHINT Ta TEXHIYHOro miaHy peanizamii. Och OCHOBHI
KPOKH 1IbOTO eTaIry

-Bubip crparerii aBromaruzaiiii Ta po3po0Oka 3arajgbHOI KOHIENIii poOoTH
CUCTEMU.

-Bubip natyukiB 3ara3oBaHOCTI Ta 1HIIOrO OOJagHAHHS BIIMOBIIHO O

BUMOT Ta MOxJiuBocTei cucremu EcoStar 500EC X.
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-Po3po0iieHHs cxeM MiKIIOYEeHHsS JAaTYMKIB Ta CUCTEMHU aBTOMAaTH3allll 110
YCTaHOBKH.

-Po3po0iienHs anropuTMy aBTOMaTH3allli, SIKKUil OM BpaxOBYyBaB Pi3HI YMOBH
eKCIUTyaTallli Ta moTpedu KOpUCTyBaviB.

-Bubip HeoOXiZHOTO MpOrpaMHOroO 3a0e3nedyeHHs I yIpaBIIiHHS
CHUCTEMOIO Ta 00pOOKHM JJAaHUX BiJI IATYHKIB.

-Po3pobnenns iHTepdeiicy ansg 3pydyHOro YNpaBIiHHA Ta MOHITOPUHTY
CHUCTEMHU.

-Po3poOka TexHIYHOT MOKyMEHTaIlli, BKIIFOYAI0YM CXeMH, crermdikamii Ta
IJIaHU peaizarii.

-IIpoBeneHHs TeCTiB ISl IEPEBIPKU MPAIE3IaTHOCTI CUCTEMU Ta BHECCHHSI
KOPHUTYBaHb JIJIs1 ONTUMAJIbHOT POOOTH.

-IlinroToBKa JOKYyMEHTAIlli 31 CXEMaMH, IHCTPYKUIAMH Ta TEXHIYHUMU
XapaKTEPUCTUKAMU JUISI MOJANBIIOT €KCILTyaTailii Ta 00CIyroByBaHHS.

1.4 Buau ta indgopmanis 1aTYMKiB

Ile#i eranm € BaXJIMUBUM JUISi CTBOPEHHS JCTAIBHOTO IUIAHY peaizallii
NPOEKTy Ta 3a0e3MleueHHs YCIIIIHOTO BIPOBA/KEHHS aBTOMAaTH3allli Ta
BCTAHOBJICHHS JJATYHKIB HA yCTAHOBIII.

Jlesiki 3 BITOMUX BUPOOHUKIB.

Honeywell BupoGisie mmpoxuii criektp garunkiB CO2 ajist MpOMHCIOBOTO Ta
KOMEpIIHHOTO BUKOPUCTaHHS, BKJIIOYAIOYM MOJIENl 3 PI3HUMH Jiana3oHaMH
BUMIPIOBaHb Ta MOJIMBICTIO IIIKIFOYEHHS JI0 CUCTEM aBTOMAaTH3allii.

Siemens mpomnonye pisHoMaHiTHI gatdukd CO. 3 BHCOKOI TOYHICTIO
BUMIpPIOBaHb Ta IIBUJKUM YacOM peEakilii, Kl MAXOIATh Ui BUKOPUCTAHHS B
MIPOMHUCIIOBUX YCTaHOBKAX.

Aeroqual BupoOsie kommakTHi Ta TouHi gatanku CO2 , sAKi MOXKYTh OyTH
BUKOPUCTaHI JUIsI MOHITOPUHTY SIK B MPOMHUCIOBHX, TaK 1 KOMEpPIIHHUX

yCTaHOBKaXx.



25

Senseair Bimomuii cBOiMH BHCOKOsIKicHUMH natdukamu COz mist pi3HHX
3aCTOCYBaHb, BKJIIOUAIOUU POMUCIIOB] YCTaHOBKHU.

Vaisala mpononye natankn CO2 BUCOKOi TOYHOCTI JUTsi BUMIPIOBAaHHS PiBHIB
CO2 B npoMHCIIOBUX YCTaHOBKAaX.

JIns miaKITIOYeHHS TOAATKOBUX JATYMKIB 70 MOei yctaHoBku EcoStar 500
EC X notpiOHO BpaxyBaTH KUJIbKa BAXKJIUBUX BUMOT

JlaTuvKyM TOBMHHI TpaioBaTh 3 Hanpyrow >xuBieHHs 230 BT, ska €
CTAHIAPTHOIO JIs MO€ET YCTAHOBKH.

[ToBuHHI MaTH cyMicHU# iHTep(denc M MiIKIIOYeHHS 10 YCTaHOBKU. J{is
MO€T YCTAaHOBKHM MOXYTb MIJIXOAUTH JaTYUKA 3 AHAIOTOBUM abo0 HU(GpPOBUM
BUBOJIOM, SIKI MOYKHA T AKITIOYUTH JI0 BX1THUX a00 BUXITHUX MOPTIB yCTAHOBKH.

Jiama3oH, sKUi BiAMoBigae motpedaM MO€1 ycTaHOBKU. Hampukiian, sSKIIo
MEHI OTPIOHO BUMIPIOBATH TEMIIEPATYPY, [1alla30H BUMIPIOBaHb MOK€e OyTH BIJ -
10°C no +50°C.

JlaTuvky TOBMHHI OyTHM CyMICHI 3 MpPOTpPaMHUM 3a0€3MEUEHHSIM Ta
anmapatrypor0 MO€i YCTaHOBKH. BaxJIMBO TEpeBIpUTH, YU MIATPUMYE MPOTpamMHe
3a0e3neYeHHs YCTaHOBKH MIIKIIOUCHHS JOIaTKOBUX JaTUUKIB.

Po3mipu, siki AO3BOJISIIOTH iX BCTAHOBUTH B MOTPIOHOMY MICIl YCTaHOBKH
0e3 MeperKoI.

[ToBuHHI OyTH CTIHKMMHU 10 BIUIMBY BOJIOTOCTi, TEMIEPATypHUX 3MiH Ta
1HIIKUX 30BHINIHIX ()aKTOPIB, III0 MOXYTh BIUIMBATH Ha iXHIO POOOTY.

[lepen miAKIIOYEHHSM JOAATKOBUX JATYMKIB JO MO€i YCTAaHOBKH, S
MEPEeKOHYIOCA, 10 BOHM BIANOBIZAIOTH yCIM IIUM BuMoram. JlokimaaHy
iH(}opMaIlil0 MOXXKHAa 3HAUTH B TEXHIYHIA JOKYMEHTAIlll MO€i yCTaHOBKH abo
KOHCYJIbTYBaTHCS 3 (PaxiBLSIMU 3 0OCITYyTOBYBaHHS.

Juckperni nparuyuku CO; BHBOASTH CHUTHAI y BHIVIAAI JBOX CTaHIB
YBIMKHEHO a00 BHMMKHEHO, III0 JI03BOJIslEe iM TiepefaBatu iHGOpMaI0 Mpo

HasBHICTh a00 BiACyTHICTh neBHOTO piBHSA CO2 B nmpumimienHi. Lle# Tun natyukis
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Mae KiUTbKa TiepeBar, 0COOMMBO ISl BUKOPUCTAHHS 3 IIaT(GOpMaMH, TAKUMH SK
Arduino

JIucKkpeTHI JaTYMKHA MarTh MPOCTHH TPOTOKOJ BHBEACHHS CHTHATY, IO
J03BOJISIE JIETKO 1 MIBUAKO MiAKIO4YaTH iX g0 Arduino 0e3 ckjiaagHuX ormeparii 3
aHAJIOTOBUM a00 HU(PPOBUM CUTHAIIOM.

Curnan BUMarae MeHIIe maM'sti 1j1st 30epiranHst Ta 00OpoOKHU B MOPIBHSHHI 3
AQHAJIOTOBUM CHUTHAJIOM, II0 POOUTH X 1JI€aIbHUMU JJIsI TIPOEKTIB 3 OOMEKEHOIO
KinbKicTIO maM'siTi, sk Arduino.

Uepe3 mpoCTOTy BHBOJY CHUTHATY, JIETIIE NMPOTpaMyBaTH IS 3M1ACHEHHS
NEBHUX M1 y BUMNAAKY MepeBUIIEHHSI MoporoBoro 3HadeHHs CO. , Takux sk
BKJIFOUCHHS BEHTWIAIT a00 B1I0OpayKEHHS MOTIEPEKYBATLHOTO ITOB1TOMJICHHS.

J11s1 30epekeHHs eHeprii, OCKUIbKU JTaTYUK MOKE OYTH Y CILITUOMY PEXKUMI,
MOKY HE BUSIBUTH MEPEBUIIICHHS TOporoBoro piBas CO;

OTxe, BUKOPUCTAHHSI JATYUKIB Yy TO€aHAHHI 3 Arduino Moke CIpOCTHTU
pPO3pOOKY TIPOEKTIB KOHTPOJIO SIKOCTI TMOBITpSI Ta 3a0e3neuuTu ePeKTUBHE
BUKOPUCTAHHS PECYPCIB MIATHOPMH.

Jst Toro mo6 Arduino BiANpaBiisiB CUTHAN HA BKIIFOYEHHS MMYCKY YCTaHOBKHU
pekyrmepartii, 3HagoOUThCs MAKIIOUUTH Arduino 10 KOHTPOJIBHOTO MPUCTPOIO
yIIpaBJIiHHS peKyTepaliclo (Hampukias, Koutposepa joriku nporpamu, PLC). Ock
3arajTbHUMN MIIX1A 10 [HOTO M KITFOYCHHS

PLC (mporpamMoBaHi KOHTPOJIEPH JIOTIKH) - 1€ CIeliali30BaHl KOMIT'FOTEpPHI
IPUCTPOI, IKI BUKOPUCTOBYIOTHCS JUIsl aBTOMATHU3allli MPOIIECIB Y MPOMUCIOBOCTI
Ta 1HIIMX Tamy3sX. BOHM BUKOPHCTOBYIOTBHCS IJIsi KE€pPyBaHHS PI3HOMaHITHUMHU
OPUCTPOSIMA Ta CHUCTEMaMH, TaKUMHU SK pI3HI TUIOU MEXaHI3MIB, HAaCOCH,
BEHTWJISITOPHU, KOHBEEPHU, CUCTEMH OCBITJICHHS Ta 1HIII.

PLC mae Bxoau 1 BUXOJH, SIKI JJO3BOJISIIOTH HOMY B3a€MOJIIATH 3 30BHINIHIM
obnannanasM. Buxing PLC - e intepdeiic, 3a nonomororo sxoro PLC B3aemogie 3

MIKITIOYEHUMH TIPUCTposiMU. Buxin moxke OyTH BUKOPUCTAHUUN ISl KEpYyBaHHS
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HaIpyTolo, CTpyMOM a00 CUTHAJIaMH, 110 BIUIMBAIOTh HAa pOOOTY MIAKIOYEHOTO
oOJagHaHHSI.

Buxin PLC moxe OyTu nporpamMOBaHWil JJii BUKOHAaHHS NEBHUX il B
3QJIEKHOCTI BiJl yMOB a00 CHUTHAIIB, 110 HAAXOAThH BiJl BX0oaiB. Hampukian, Moxe
BKJIIOUATU a00 BUMHUKATH MPUCTPiH BIAMOBIAHO JI0 TPOTrpamMu, IO 3alporpaMoBaHa

B HBOMY.

1.5 BucHOBKH 32 pPO3/1iJIOM Ta MOCTAHOBKA 3aB/JaHb KBaJdi(ikaniiiHOL
podoTu
VY TeoperuyHid YacTUHI pPO3AUTY OYyJI0O PO3TJISHYTO OCHOBHI aCIEKTH
aBromatu3amii ycranoBku EcoStar 500 EC X 3 wMeroro migBuIIeHHS i
edexkTuBHOCTI Ta Oe3neku. [IpoBemeHuil aHami3 MokasaB, 10 BIPOBAKEHHS
ABTOMATU30BAHOI CUCTEMU YNPABIIIHHS HA OCHOBI Fa30BUX JTATYMKIB MOKE 3HAYHO
MOJIIMIIIATY eKCIUTyaTaIliiH1 XapaKTePUCTUKH YCTaHOBKH.

ABTOMaTH3AIlis IPOIECIB YIIPABIIHHS JO3BOJISIE 3HAUHO 3MEHIITUTH
CHUCTEMH aBTOMATUYHOT'O BBIMKHECHHS/BUMKHEHHSI yCTAHOBKH Ha OCHOBI P1BHSI
3ara30BaHOCTI 3a0e3meuye eKOHOMIYHE BUKOPUCTAHHS €IEKTPOCHEPT1i.

Cucrema aBToMartu3allii NiBUILy€ O€3MeKy eKCIuTyaTallli yCTaHOBKH.
JlaTurky 3ara30BaHOCTI 3a0€3MeUyI0Th CBO€YACHE BKIFOUCHHS CHCTEMU
BEHTWISIT y pa3l MiABUIIIEHHS PI1BHS Ta3y B MPUMIILIECHHI, 1110 3HUKY€E PUZHKH,
MOB'sA13aH1 3 MOXKJINBUMHU BUTOKAMU rasy.

ABTOMAaTH30BaHa CHCTEMA JIO3BOJISIE TIPOBOAUTH IMOCTIMHUIA MOHITOPUHT
CTaHy YCTaHOBKH Ta CBO€YACHO J[1arHOCTYBAaTH MOXJIUBI HecpaBHOCTI. Lle
3a0e3mneuye onepaTuBHE pearyBaHHs Ha BIIXWICHHS Y poOOTI CUCTEMHU Ta
MOTIEPEKY€E€ MOXKIIMBI aBapiitH1 CUTYyaIlii.

ABTOMaTH30BaHa CHCTEMa YIIPABIIHHS CIIPUSE TT1IBUIIICHHIO

eHeproeeKTUBHOCTI YCTAaHOBKH. 3aB/SKH ONITUMI3AIlli pOOOTH BEHTHIIAIIIMHOT
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CUCTEMU 3MEHILYIOThCS 3arajibHi BUTPATH HA €JIEKTPOECHEPTI0, 110 MO3UTUBHO

BIJIUBAE HA 3arajbHy €KOHOMIUYHY €(DEKTUBHICTh BUKOPHUCTAHHS YCTAaHOBKHU.
ITocraHoBKa 3aBaaHb ISl TEOPETUUHOT YaCTUHH KBaTi(piKaIIHHOT poOOTH

[TpoBecTH OrJIsii CydacHUX TEXHOJOTIH aBTOMAaTH3allii, sIKl BAKOPUCTOBYIOTHCS
B CHCTEeMaXxX BEHTUJIALT Ta KOHIUIIIOHYBaHHS MOBITPs. BUBUUTH OCHOBHI
IPUHIMITY pOOOTH aBTOMATHU30BAaHUX CUCTEM, X TIepeBaru Ta HEJAOJIKH.

PosrnissHyTH pi3HI TUIM JAaTYMKIB 3ara30BaHOCTI Ta KOHTPOJIEPIB, SIKI MOXKYTb
OyTu BUKOpHCTaHI 1jis aBTomatu3aiii ycranoBku EcoStar 500 EC X. Buznauntu
HaWOUIBII TIIXOMASII KOMIIOHEHTH 3 ypaxyBaHHSM TEXHIUHHMX XapaKTEPUCTHUK
YCTAaHOBKH Ta YMOB €KCIUTyaTartii.

CTBOpUTH aITOPUTMU YIPABIIHHS CUCTEMOIO BEHTHJISIIIT HA OCHOBI TIOKa3HUKIB
JIATYMKIB 3ara30BaHOCTI. BU3HAUUTH YMOBH, 3a SIKUX CUCTEMa MOBUHHA BMHUKATHUCS
a00 BUMMKATHCA, & TAKOX Mepe0aunTH CleHapli poOOTH y BUIAJKY ITiIBUILEHOT
3ara30BaHOCTI.

[TpoBecT Mo TIOBaHHS pOOOTH aBTOMATHU30BaHOI CHCTEMHU 3 BUKOPHUCTAHHSIM
CHEIiai30BaHOTO MporpamMHoro 3ade3nedeHHs. OmiHuTH e(hEeKTUBHICTD
3aMpONOHOBAHMUX PIIIEHb Ta iX BIUIMB HAa EHEPTOCHOKUBAHHS Ta 0e3MeKy poboTu
YCTaHOBKH.

3A1HCHUTH pO3paxyHKU €KOHOMIYHOT AOLUIBHOCTI BIIPOBAKEHHS
ABTOMATU30BaHOI CHUCTeMHU. BU3HAYNTH MOTEHIIIHI BUTPATH Ta EKOHOMIIO BiJl
3MEHIIIEHHS €HEPTOCIIOKMBAHHS, @ TAKOXK OI[IHUTH TEPMiH OKYITHOCT1 1HBECTHIIIN Y
aBTOMATHU3ALIIO.

[li 3aBgaHHs J03BOJIATH IKMOIIE 3pO3YMITH TMPUHLIMIIM  aBTOMAaTH3aIlil
BEHTWISLIMHUX  CHUCTEM Ta  OOIPYHTYBaTH  JOUUIBHICTb  BIPOBAHKCHHS

aBTOMATU30BAHOI CUCTEMHU ynpaBiiHHs a5t yctaHoBku EcoStar 500 EC X.
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2 PO3PAXYKOBA YACTHUHA

2.1 Po3paxyHKoOBi HABaHTAa:KeHHsI peKylepaTopa

Po3paxyHkoBi HaBaHTaXEHHS Ha OMAJICHHS Ta OXOJOKECHHS BU3HAYAIOTHCS
noTpeOOo0 B TEII1 Ta XOJIO1 A1 MATPUMKHA KOMGPOPTHUX YMOB y tipumitierHi. 1i
HaBaHTKEHHS BPAXOBYIOTh TEIUIOBTPATH Ta TEIUIOHAIXOMKCHHS UYepe3 CTiHH,
BIKHA, J1ax, a TaKOX Bia Jrofed Ta oOmamHaHHs. JIJIsi KOXKHOTO OKPEMOTO
npuMilieHHs 1 Jias  OyAiBIi B HUIOMY MOTPIOHO po3paxyBaTd  MIKOBI
HAaBaHTKEHHS, K1 BPaxoBYIOTh BCl Il ¢akTopu. Po3paxyHKOBI HaBaHTaKEHHSI
J0TIOMAaraloTh ~BU3HAUUTH HEOOXITHY TMOTYXKHICTH CHCTEM OMNAJCHHA Ta
OXOJIOJKCHHS ISl 3a0e3medeHHs KoM(OpPTHUX YMOB y OyaiBii. Dopmyna s
BU3HAYCHHS HABAHTAXXCHHS Ha OMAJCHHA a00 OXOJOMKEHHS MPUMIIIEHHS MOXeE
OyTH BUpa)xeHa SIK

Q=UxAXAT
(2.1)

Ha oTMaJIeHHs a00 0xoJomKeHHs (KBT),

U- xoedinient teronepenadi (Br/m?-K),

A - mioia noBepxHi, 4epe3 Ky BiI0yBaeThbcs Teronepenaya (M?),

AT - pi3HHUIIA MiX 30BHIIIHBOIO Ta BHYTPIIIHBOIO Temmepatypoio (°C)[8].

Jlsist po3paxyHKy TEIUIOBOTO HaBaHTa)KEHHs Balloro pekymneparopa EcoStar 500
EC X 3a nonmomororo hopmynu Q=Ux*xAXAT, HeoOXiaH1 HACTYITHI BUX1JIH1 JIaHI:

U (xoedimieHT Teronepeaadi)

[le#t  moka3HMK  XapakTepu3ye  TeIJIolepenadyy  4yepe3  MaTrepiayu
TE1000MIHHMKA. BizpMeMo  TUMNOBHMII  KOe(IIEHT Uil  IJIACTUHYACTHX
TEMJI000MIHHUKIB, SKUW MOKe CTaHOBHUTH Bif 2 10 4 B1/(M*-K). [{ns po3paxyHKiB
BUKOpPUCTAEMO cepesiHe 3HaueHHs- 3 B1/(m*K).

A (Tutoma moBepxHi TEINIO0OOMIHHUKA)
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JInst TOYHOTO pO3paxyHKy HEOOXI1JHAa IUIONIa MOBEPXHI TEMIOOOMIHHMKA. SKIIO
TOYHOI 1H(opMallli HEMae, MOKHA BUKOPHUCTATU TUIOBE 3HaueHHs. Hampukiap,
IJI0111a MOBEPXHI Moke OyTr mpubauzHo 10 M? 1t Bamoi MoAeli.
AT (pi3Huts Temmeparyp)
Lle pi3HMI TeMmIiepaTyp MDK MPUIUIMBHUM 1 BUTSDKHUM MOBITpsAM. BizbMmemo
TUTIOBY PI3HUII0 TEeMIepaTyp Uil 3MMOBOTO TEpioy, KOJW PI3HUIST MOXKE
cranoBuTH 20°C (manpuknan, 0°C 30BH1 Ta 20°C BcepeinHI MPUMILIEHHS).
Busnauenns napameTpis:
U = 3 Br/(m*-K)
A=10wm?
AT =20°C
[lincTaHOBKa 3HAYEHB.
Q=3 x10 x20
Q=600
OTxe, TEJIOBE HaBAaHTAXKEHHS peKylepaTopa cTaHOBUTH mpubanzno 600 Bt 3a
IIUX YMOB.
Takoxk, mJs OIIHKK HEPIBHOMIPHOCTI PO3MOJUTY TEIUIOBUX HABAaHTAXKEHBb I10
NPUMIIIEHHSM MO>KHAa BHKOPUCTOBYBAaTH (GOpMyIy ISl PO3paxyHKy TpaIi€HTy

TCIIJIOBOT'O HABAHTAXKCHHA

Dq=qilqep. (2.2)
e
D - TpallieHT TEMIOBOTO HABAaHTAXKCHHSI,
qi- BITHOCHE TEIJIOBE HABAHTAXKEHHS OKPEMOTO ITPUMIIIICHHS,
Qcp - CEPEHE BITHOCHE TEIUIOBE HABAHTAXKCHHSI 11O BCiM TuToIi Oy aiBi. [9]
s Toro, mo6 po3paxyBaTH TpaJi€eHT TeuioBoro HaBaHTaxeHHs (D) mms moei

CHCTEMU peKyImeparlii, BAKOpHCTOBYIO (opmyiy(2.2)

[Tapamerpu ycTaHOBKU:
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[IpoaykrusHicTh 500 Ky0.M/TOT
KK/ pexyneparopa 80%

[ToTyxHicts nuryHa 2x0,17 kBt
[ToTy>xHicTh nepenHarpiBanus 1,2 kBt

BusHavaro TerioBe HaBaHTAXKCHHS IS OKpeMux 30H (qi). s 1poro MeHi
NOTpiOHO 3HATH TEIUIOBI BTpaTH ab0 TEIUIONPUTOKA B KOXKHOMY OKPEMOMY
OPUMILICHHI.

Busnauato cepenHe TemioBe HaBaHTAXXEHHS JUIsI BC1€1 cUCTEMU

qep=2.q:/N
(2.3)
Jie N — KUIbKICTh 30H 200 MPUMIIICHb.

[lpumyctriMo, y MeHe € TpU TMPUMINICHHA 3 TaKUMH TETUIOBUMHU

HaBaHTAKEHHSIMH.
-IIpumimenns 1: g1=500 Bt
-ITpumimenns 2: g2=700 Br

-ITpumimenns 3: g3=800 Br

CepenHe TEIioBe HaBaHTaKEHHS op=(ql+q2+q3)/3=(500+700+800)/3=667BT
['panieHT TEIIOBOTO HABAHTAXKEHHS 7151 KOKHOTO MPUMIIICHHS
[Mpumimenns 1: Dgl=q1/q,=500/667~0.75
[Mpumimenns 2: Dg2=q2/q,=700/667~1.05
[Mpumimenns 3: Dg3=q3/q,»=800/667~1.20

Ile momomarae OIIIHWTH, HACKUIBKM KOXKHE TPHUMIMICHHS BIIXWISIETHCS BiJ
CEepPEeAHBOIO 3HAYCHHS HABAaHTAKCHHS 1 Ji¢ MOXYTh OyTH HEOOXIJHI JI0JaTKOBI

3aX0/iu JUIsl 3a0€3MeUeHHs PIBHOMIPHOTO PO3MOAUTY TEIa.

2.2 3oHajIbHE peryJioBaHHS
30HabHE peryiroBaHHs Nepeadayae MOXKINBICTh KEpyBaTH TEMIIEpaTypHUM

PEXKUMOM OKPEMHX 30H a00 MPUMINIEHb HE3aJEeKHO BIJl 1HIIMX 30H. i1 1bOTO
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MOXXHA BHUKOPHUCTOBYBaTH (GOpPMYyJIH [JIs PO3PaxXyHKy TMOTYKHOCTI CHCTEMHU
OTaJICHHs a00 OXOJIO/PKEHHS JIJIs1 KOXKHOT 30HH.
OnHUM 13 TIAXO/IIB IO 30HAJTBHOTO PETYIIOBaHHS € BUKOPUCTAHHS (HOPMYITU
JUTSl BU3HAYCHHS MTOTPEOU y TETIl YU XOJIO! I KOXKHOT 30HU
Q30H3=‘430Ha>< ll?}OBH>< A’1-'30H21 (2 .4)
ne
Qs0ma - TOTPEOA Yy TEIUI1 UM XOJIO1 JIJ1s1 30HU (KBT),
Asona - TUIONIA 30HU (M?),
Usopn - KOeQILIEHT Teruionepeaadl yepe3 30BHIIIHI CTIHM Ta MOKPIBIIO
(Bt/M?-K),
ATsoua - PI3HHUIT MDK BHYTPIIIHBOIO Ta 30BHINIHBOIO TEMIEPATypoIO IS
3onm (°C)[10].
BusHauaro mionty moBepxHi 30HH (Asona)
Hanpuxknan, sSkimo mioia 30BHINTHIX CTIH MPUMIIIeHHS ckiaaae 50 M2,
Busnauaro koedinienT reronepenadi (Usosn)
[Ipunycrtrmo, mo KoedilieHT Teronepenayl Aas CTIH TPUMIIIEHHS] CTAHOBUTD
0.3 Br/m*K.
Busnauaro pizuuito temneparyp (AT soua)
SIK110 30BHILIHS TeMIiepaTypa B3UMKy ckianae -5°C, a BayTpimns — 20°C, toai
AT 300=20—(—5)=25°C.
[Ipunyctumo, y MeHe € NpUMIIIEHHS 3 TAKUMHU [TapaMeTpamu:
Azona=50 m?
Usosu=0.3 Br/m?-K
AT30Ha=25°C
Qs0na=AsomaX Usopn ¥ AT 30ma= 50 %0.3 x25 =375 Br
3aBISKM I1IbOMY pO3PAaXyHKY, s MOXY BHU3HAQUUTH HEOOXIJIHY TMOTYXHICTh
OTIAJICHHS 111 KO’KHOTO OKPEMOTO MPUMIIIEHHS, 0 J03BOJISE OUTbI e()EKTUBHO
HaJalTyBaTH CUCTEMY peKymeparlii Ta 3a0e3nedyutd KoMGOpTHI YMOBHU Yy BCIid

Oy ItiBJIL.
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Jns 3a0e3nedyeHHsT  30HANBHOTO  PEryJIIOBaHHA  MOXHA  TaKOX
BUKOPHUCTOBYBAaTH CHCTEMY 3MIHHOI TIOTY)XHOCTI, $SKa MOXXE aBTOMATHYHO
peryJIIoBaTH TOTYKHICTh OMATIOBAIIBHOTO a00 OXOJIOKYBaJIbHOTO OO0JIaTHAHHS
JIJIS1 KOSKHO1 30HH.

Jlnst po3paxyHKy HaBaHTaKCHHS MOTPIOHO BpaxyBaTH ACKLTbKa (PaKTOPIB,
BKJIIOUAIOYH PO3MIP MPUMIILIEHHS, HOTO 1301511110, BUTPATH TEIUIOTU HA OMAJICHHS 1
BUPOOHNYI MOTPEOH, a TAKOXK MOTpeOu B rapsdiil Bol. Tako BaXKJIMBO BpaxyBaTH
MIKOB1 HABAHTAXXEHHSI, SIK1 MOKYTh BUHHKATH B 3aJI€XKHOCTI BiJl 30BHILIHIX YMOB Ta
BHYTPIIIIHIX TOTPEO KOPUCTYBAYIB.

Jist po3paxyHKy MOKHA CKOPUCTATHUCS 3aralbHONPHUHHATUMHA METOIUKAMHU,
takumu sk Mmetonuka ASHRAE (AmepukaHchka cIijika 1HKEHEpiB M0 OMajeHHIO,
OXOJIOJPKCHHIO Ta KOHJWIIIOHYBAHHIO MOBITPS), sIKa BPAXOBY€E pi3HI (PaKTOpH, IO
BIUIMBAIOTh HA HAaBaHTWKEHHs. TakoX BaXXJIMBO BpaxyBaTH MOKIUBOCTI
YCTAHOBKH Ta 11 €PEeKTUBHICTh IJis 3a0€3MeUYeHHs MOTPIOHOTO PiBHA KOMGBOPTY Ta
eHeproe)eKTUBHOCTI.

Metoanka ASHRAE (American Society of Heating, Refrigerating and Air-
Conditioning Engineers) BukopucToBye (HOpMYJIH IS PO3PAXYHKY TEILUIOBTPAT i

TeTJIOHAIXO/PKeHb B IPUMIIIEHHSIX 3T11HO 31 ctangaptom ASHRAE 90.1

2.3 Bumoru 10 cucTeMH aBTOMATH3AIIT

Bumorn mo cucremu aBTOomMaTH3alilii MOXKHA PO3TIAAATH 3 PI3HUX TOUYOK
30py, TakuX SK (DYHKI[IOHAIBHICTb, HAJAIHHICTh, CHEPTOC(PEKTUBHICTh Ta OC3IeKa.
Ocp neski 3 HuxX OyHKIIOHAIBHICTh CUCTEMHU aBTOMaTH3alli ycraHoBKH EcoStar
500 EC X noBuHHA BKIJIFOYATH HACTYITHI MOKIJIUBOCTI.

Cucrema TmOBMHHa  3a0e3leyyBaTH  aBTOMATHMYHMM  KOHTPOJIb  Ta
pEeryJIloBaHHS TeMIepaTypu BIANOBIAHO [0 3aJaHUX TMapaMeTpiB Ta 3MIH

30BHIIIHIX yMOB. CuHcTeMa TOBHHHA MaTH MOMIIMBICT aBTOMATHYHOTO
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BUMKHEHHSI YCTAQHOBKM Yy BHIAJKYy BHSIBICHHS HECIPaBHOCTEH, MEPEBUIICHHS
JOMyCTUMHUX TeMIileparyp a0o 1HmMX napamerpiB Oesneku. Cucrema NOBUHHA
3a0e3MeuyBaTi MOHITOPUHT PI3HUX MapaMeTpiB poOOTH YCTAHOBKH (TeMIlepaTypa,
TUCK, BUTpaTa Tra3y TOIIO) 1 HaJaBaTH [IarHOCTUYHY 1H(OpMAIlO IS
oneparopa.Cucrema MOBUHHA JI03BOJISATH 3MIHIOBAaTH PEKUMHU POOOTH YCTaHOBKHU
BIATIOBIIHO 10 TMOTpeOM (HAmpuKIam, 3MiHA peXuMy 3 0O0IrpiBy Ha
oxoJiopkeHHs).CucTemMa TOBHHHA MaTH MOXKJIMBICTh aBTOMATUYHOTO BKJITIOYCHHS
YCTaHOBKH TP BUSIBICHHI IEBHOTO PIiBHS Ta3iB y NPUMILICHHI IS 3a0e3meueHHs
6e3nexu kopucTyBauiB. Crucrema MoBUHHA 30€piraTi HaJaIITyBaHHS Ta MPOrpaMu
poOOTH YCTaHOBKM Jis NOJAIBIIOT0 BUKOpPUCTaHHA. CHCTeMa NOBMHHAa MaTH
3pydHHi iHTepdenc sl B3aEMOJIi 3 OMEpaTopoM, IO JIO3BOJISE JIETKO
BCTAHOBJIIOBATH [AapaMeTpH, TEPEBIPATH CTaH CUCTEMU Ta OTPUMYBATH
MoBiIOMJIEHHST Tpo moAii. CucTteMa MOBHMHHA MaTU MOXMJIMBICTH BigoOpa)kaTu
iHpopMaLlil0 PO CTaH YCTAHOBKM Ta HAJaBaTH CUTHAJIM3ALII0 y BHUIAIKY
BUHUKHEHHS MTpo0sem abo aBapiid.

i ¢yHKIIOHATBHI MOMIJIMBOCTI JOMOMOXKYTh 3a0€3MeYUTH €PEKTUBHY Ta

oesneuny poboty ycrtanoBku EcoStar 500 EC X.

2.4 Hapiiinicth Ta eHeproedextuBHicth CAK

Haniiinictb cuctemMu aBTOMaTu3allli YCTaHOBKM € KPUTUYHOKO s
OesrnepeOiitHOT Ta Oe3reyHoi poOoTu mpuctporo. s 3abe3nmedeHHs BHCOKOT
HAJIAHOCTI, CJiJ] BpaXxOBYBaTH HACTYITHI aCTIEKTH. Ba)KIMBI KOMIIOHEHTH CHCTEMH
(HampuKIaa, KOHTPOJEPH, NATYMKH, KIAlMaHW) MOXKYTh OyTH ayOnboBaH1 JUis
3a0€e31eueHHsl MPOJIOBKEHHS pOOOTH Y BUIMAJAKY BIIMOBHU OJHOTO 3 HUX. Pe3epBHi
OJIOKM OKUBIICHHS TaKOXX MOXYTh OYTH BUKOPUCTaHI i 3a0e3MeueHHs
HerepepBHOro kuBjieHHs.CucremMa aBTOMaru3allii MOBUHHA MaTh BOYJIOBaHi
3acO0M TECTyBaHHsS Ta [IIarHOCTUKHU [IJI1 BUSBICHHS ITOTSHIIMHUX TIpoOIeM

IHCTPYMEHTIB Ta KOMIIOHEHTIB NIEpe]l iX BUSBICHHSAM Y PEaIbHUX YMOBAaX pOOOTH.
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BukopucranHs KOMIIOHEHTIB, SIKI BiJIOMI CBO€I0 BHCOKOIO HAJIAHICTIO Ta
JIOBTOBIYHICTIO, MOKE JOTOMOITH YHUKHYTH BIJIMOB Ta 3HU3UTH WMOBIPHICTH
Hernepea0ayeHnXx 3yUHOK.

[IpoBeneHHsT peryaspHOTO OOCIYTrOBYBaHHS Ta TEXHIYHOTO OOCIIyBaHHS
CUCTEMHU MOXKE MONEPEAUTH BUHUKHEHHS Npo0JieM Ta 3a0e3NeUYUTH 1i HOpMaJbHY
poborTy.

BpaxyBanHs BUMOT 710 O€3Ie€KH MijJ 4ac po3poOKU Ta eKCIuTyaTallii CUCTEMU
MO>K€ TOTIOMOTTH 3all00IrTH aBapisiM Ta HETAaTUBHUM HACI1JKaM JJi1 KOPUCTYBayiB
Ta HAaBKOJIMIITHBOTO cepenoBuia. CucremMa MOBMHHA MAaTH BOYJIOBaHI aJITOPUTMU
JUIsl pearyBaHHS Ha BIIMOBH Ta aBapiiiHI CUTYyaIlli, o0 MiHIMI3yBaTH iX HACIIAKU
Ta MBUAKO BITHOBUTH POOOTY yCTAHOBKH.

3arajibHa HAJIAHICTL CHUCTEMHM aBTOMaru3ailli OyJe 3ajiekaTd  Bif
MPAaBUJIBHOTO MPOEKTYBaHHSA, BUOOPY KOMIIOHEHTIB Ta peaji3aimii 3axoiiB

3a0e3mneueHHs HaJ1HOCTI.

2.5 MOHITOPUHT Ta AiarHOCTHKA CTAHY YCTAHOBKH

MOHITOpPUHT Ta J1arHOCTMKA CTaHy YCTAHOBKHM € BKJIMBOIO CKJIAJIOBOIO
cucteMu aBToMaruzaiii. [li mpoiecu A03BONISIOTH BYACHO BHUSBIISITH MOTEHIIIMHI
npoOJeMu, YHUKATH aBapiiHUX CUTYyarliil Ta 3abe3nedyBatu OesnepediiiHy poOoTy
oOyianHaHHsA. JlesKi KI04YOB1 acleKTH MOHITOPHHTY Ta J1arHOCTUKH YCTaHOBKH
BKJIIOYAIOTh

BceranoBneHHss [aT4YMKiB TEMIEpaTypu, THUCKY, BOJOTOCTI Ta I1HIIMX
napameTpiB JI03BOJISIE B pealbHOMY Yaci BICHIJIKOBYBaTH poOOTY yCTaHOBKU Ta
BUABIIITH Oy/ab-sKI aHOMauii. BUKoOpUCTaHHS cHelmiajibHOI cucTeMu ais 300py,
aHai3y Ta Bi3yamizailii JaHUX 3 JIaTYMKIB JO3BOJISIE ONEPATUBHO pearyBaTu Ha
3MiHU Yy poOOTI ycTaHOBKM. HanmamtryBanHsi CHCTEMHU Ha aBTOMAaTUYHE B1JCHUIAHHS

CHOBIIIEHB Ta aJIapMIB y pa3l BUSBJICHHS HEMOJIaJ0K a00 BIIXUIIEHB BiJl HOPMH.
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BukopucranHas aHaTITUKHA JaHUX TSI TPOTHO3YBAaHHS MOKJIMBHX BIIMOB Ta
3amo0iraHHss iM  IDISXOM  3alUIaHOBAHOTO  OOCIYrOBYBaHHS Ta PEMOHTY.
MOXJIHUBICTh OTPUMAHHS JOCTYIY JIO CHUCTEMH MOHITOPUHIY Ta J1arHOCTHKHU
BIJIIAJICHO JIO3BOJISIE OTIEPATUBHO pearyBaTH Ha IMOJIi HaBITh I103a POOOYUM
MiciieM. 3a0e3MeUeHHs] MOKJIMBOCTI 1HTErpaiii 3 CHUCTeMaMH YIPAaBIIHHS Ta
IHIMUMU ~ JTOJaTKaMu I8 OUTbIn  €(EKTHMBHOTO KOHTPOJIIO Ta YIPaBIIHHS
YCTaHOBKOI. MOHITOPUHT Ta [IarHOCTHKa CTaHy YCTAHOBKH JOMOMAararTh
MNiATPUMYBaTH BHUCOKY e(eKTHUBHICTh Ta Oe3mepebiiiHy poboTy cucremu,
3MEHIIYIOTh HMOBIPHICTb BHHUKHEHHS aBapiii Ta 30UIBLIYIOTH 3arajibHy
HaAJWHICTH 00JIaTHAHHS.

EneproeekTuBHICTh € BaKJIMBUM acCIEKTOM aBTOMAaTH3allii YCTaHOBKH,
OCKIJIBKHM JI03BOJISIE 3HMKYBAaTH CIIOKMBAHHSI €IEKTPOCHEprii Ta 3abe3nedyBaTH
ONTUMAIPHE  BUKOPHUCTAHHS  PECYypCIB. Jlng  [MOCATHEHHS ~ BHCOKOI
eHeproe(eKTUBHOCTI MOKHA BpaxyBaTH HACTYITHI aCIIeKTH

Bukopucranss cucteM aBTOMaTH3allil JjIsl ONTUMI3allii poOOTH YCTaHOBKH 3
ypaxyBaHHSAM IMOTOYHUX YMOB 1 BAMOT CUCTEMU OTAJICHHS Ta OXOJIOKEHHSI.

BceranoBneHHst eHeproeekTUBHOrO 00JIaJHAHHSA, TaKOro $K Hacocu 31
3MIHHOIO MIBHJKICTIO, €HEProe(peKTUBHI IBUTYHH TOIIO, IO J03BOJSE 3HU3UTH
CIO>KMBAHHS €JEKTPOCHEPT 1.

[lepenbauenns Ta onTUMI3allis PEeKUMIB pOOOTH YCTAaHOBKH B 3aJE€KHOCTI
Bl pi3HUX (aKTOpiB, TaKMX SK IOroja, BHYTPIIIHS TeMreparypa TOIIO, s
3a0e3MeUeHHs ONTUMAIbHOTO CIIOKUBAHHS €HEPTii.

Bukopucranas cucTeM MOHITOPHMHTY Ta aHali3y MaHUX I BUSBICHHS
MOJIUBOCTEH 3HWKEHHSI CIIOKMBAHHS €HEPrii Ta BIPOBAHKCHHS 3aXOMIB 3
eHeproe)eKTUBHOCTI.

[nTerpariiss cucreMyd aBTOMAaTW3allii 3 CHCTEMaMH YIPaBIIHHSA EHEPTIEI0
JI03BOJISIE ABTOMAaTUYHO KEPYBaTH CIIOKMBAHHSM €IICKTPOSHEPTii B ONTUMATbHUAN

crocio.
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3a0e3nedyeHHs]  BUCOKOI  €HEProe(EeKTUBHOCTI  YCTAHOBKM  JO3BOJISIE
3MEHIUUTH BHUTPATH Ha EJIEKTPOEHEPTil0 Ta CHpPUSE CTAJOMy eKCIUTyaTarii

oOnagHaHHs

2.6 AciekTH OI[iIHKH eKOHOMiYHOI e)eKTHBHOCTI YCTAHOBKH

ExonomiuHicTh aBTOMaru3aiii ycranoBku EcoStar 500 EC X Bkirouae B
cebe He JuIle BUTpPATH Ha BIPOBAHKEHHS CHUCTEMHM aBTOMaTH3allli, aje 1
MOTEHII1HI €KOHOMIT, SIKI MOXKYTbh OYTH JOCSATHYTI 3aBASKH ii BUKOpUCTaHHIO. [{iis
OLIIHKM €KOHOMIYHOI JOLLILHOCTI MOKHA BpaxXyBaTH HACTYIIHI aCHEKTH

Bxirouatorh B cebe BapTicTh NMpUA0aHHS Ta BCTAHOBICHHS OO0JIaJIHAHHS,
MPOTPAMHOTO 3a0e3MeUYeHHs, HEOOX1THOTO ISl aBTOMATH3allii, a TAaKOX BUTPATH
Ha pO3pOOKY Ta BIPOBAKEHHS CUCTEMHU.

OXOmIIITh BHUTPAaTH Ha OOCIYrOBYBaHHS Ta MIATPUMKY CHUCTEMU
aBTOMAaTHU3allli, BKIIOYAIOYH 3apIuiaTy MEepCOHay, sSIKMM BIAMOBIAAE 3a i poOoTy,
BUTPATH Ha €JIEKTPOEHEPTIIO Ta 1HIII BUTPATH.

[ToTeHmiiiHi eKOHOMIT, SIK1 MOKHA JIOCSTTH 3aBJISKA BUKOPHUCTAHHIO CUCTEMHU
aBroMaru3aiii. lle MoXyTh OyTH €KOHOMIi Ha €HEproClOXKHWBaHHI, 3MCHIICHHS
BUTpaAT Ha OOCITyroByBaHHsS OOJaJHAHHS, 3HIDKCHHS BUTpAT HA BIIIKOTYyBaHHS
IIKOJIM B1J aBapiit TOIIIO.

Yac, 3a sKkui BHUTpAaTH HaA BIPOBA/KEHHS CHUCTEMHU aBTOMAaTH3allll
MOBEPTAIOTHCS 3aBJIAKU JOCSATHYTUM EKOHOMisiM. TakoX Moxe OyTH Ba)JIMBUM
PO3paxXyHOK YHCTOTO JUCKOHTOBaHOro noxoay (NPV) 1 BHyTpimHBOI HOpMU
npuoyTKy (IRR) st oriHky eeKTUBHOCTI 1HBECTHUIIIH.

BaxxnuBo  BpaxyBaTh  pHU3MKHM, TIOB'S3aHI 3  BIPOBAKCHHSIM  Ta
EKCIUTyaTaIll€l0 CUCTeMHM aBTOMAaTu3allli, Taki SK MOJIMBICTh BUHUKHECHHS
HECIIPABHOCTEH, 3MIHM B 3aKOHOJABCTBI TOIIO, 1 OIIIHUTHU 1X BIUIMB Ha €KOHOMIYHI1

ITOKa3HUKH.



38

BaxxnuBo TakoXX TMOPIBHATH BUTPATU Ta €(PEKTUBHICTh BIPOBAIKEHHS
CUCTEMHU aBTOMAaTH3allli 3 aJbTePHATUBHUMHU CIIOCOOAMU JOCATHEHHS METH,
HaIMpUKIa, 31 30UTbIICHHSIM KUIBKOCTI MEPCOHATY.

Kpim npsMux eKOHOMIYHHMX BUTOJI, BaXJIMBO BpaxyBaTH TaKOX CTpaTeriyHi
nepeBarn, SKi  MOXKE TPUHECTH BIPOBAPKCHHS CHCTEMH aBTOMAaTH3aIlil,
HANPUKJIad, TMIABHUINCHHS KOHKYPEHTOCIIPOMOXKHOCTI, TIOKpPAIIEHHS  SIKOCTI
00CIIyroByBaHHS TOIIIO.

3aranpHUN aHATI3 I[HUX AaCMeKTIB JO3BOJUTH 3pOOUTH BHCHOBOK IIPO

€KOHOMIYHY JIOIUTBbHICTh BOIPOBAIPKEHHS CUCTEMH aBTOMATH3allli yCTAHOBKH

2.7 TloBiTpsiHMii 0OMiH BiJTHOCHO KiJIbKOCTI JIroei

Po3paxyHok moBiTpooOMiHY B IMIPUMIIIEHHI 32 KUIBKICTIO JIFOACH MOXe OyTH
MPOBEJACHUI HA OCHOBI pPEKOMEHAAIli HOPMAaTUBHHUX JOKYMEHTIB, Kl
BCTAHOBJIIOIOTh MIHIMAJIBHY KUIBKICTh CBIXXKOTO MOBITPS, SIKA MIOBUHHA T10/1aBATHUCS
B MPUMIIIIEHHS Ha KOXKHY JIOAUHY. s IIbOTO MOKHA CKOPUCTATUCS HACTYTHUMHU
KpOKaMH;

-Busnaure KinbKICTh JIOJEH, sIKI mepeOyBaioTh B mpumimieHHi. Lle moxe
OyTH KUIBKICTH OC10, sIKI MpaIiooTh abo nepeOyBaloTh B MPUMIIIEHHI TPOTITOM
TIEBHOTO Yacy.

-BukopucroByiite HOpMaTHUBHI TOKyMEHTH a0 CTaHIApTH, SKi BU3HAYAIOThH
HEOOX1IHY KUIbKICTh CBIXKOTO TIOBITPS Ha JItoauHy. Hanpukian, 3rigHo 3 HOpMaMu
ASHRAE (cranmapt 62.1-2019), pekomeH10BaHa KIJIbKICTh CBIKOTO TOBITPS IS
odicHux mpuMimieHs ckianae 8,5 n/cex (18 CFM) Ha oco0y.

[ToMHOXT€E KUTBKICTD JIFOACH B IPUMIIIIEHH] HA HOPMATUB KIJIBKOCTI CBIXKOTO
noBiTps Ha moauHy. Hanpuxnan, sxuo B odicHomy mpuminieHHi nepedysae 10
0¢i0, TO 3araJibHUI 00CAT CBIXKOTO MOBITPs ckinagaTume 85 ni/cek (180 CFM).

JIns cucteM BEHTWIALII MOXE 3HAJO0O0UTUCS TEPEeBECTH OOCIT CBIKOTO
HOBITPsL Y BUTpaTy MHOBITPsA. sl 1[bOTO BUKOPHUCTOBYHMTE pO3paxyHOK MUTOMOI

BUTpATH NOBITPsI (J1/c€K Ha M?) JUIsl BAIIOi CHCTEMU BEHTHJIALII.
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[lepeBenuMo BUTpaTy TMOBITPS Ha JIOAWHY y BUTpPATy TMOBITPS Ha BcCe
npuminieHHs. Hanpukian, gxmo miomnia npumitieHHs ckianae 100 M2, 1 mutoma
BUTpaTa MoBiTps 1,5 JI/cexk Ha M?, TO 3arajibHa BUTpATa MOBITPS HA MPUMIMICHHS
cknagarume 150 n/cexk.

TakuM 4YKMHOM, pO3paxyHOK MOBITPOOOMIHY 3a KUIBKICTIO JIFOJEH MOJsrae y
BU3HAYEHHI HEOOX1JHOT KUIBKOCTI CBIDKOTO TMOBITPS Ha KOXKHY JIIOAUHY 1
NepeBeICHH1 1[bOr0 00CATY y 3arajibHy BUTPATy MOBITPS HA MPUMIIICHHS.

Jlnst  po3paxyHKy oOcAry MOBITPS, HEOOXITHOTO JUIsi  BEHTHJIAIIT
MPUMIILIEHHS, MOKHA CKOPUCTATHUCA HACTYMHOIO (DOPMYJIIOIO

Q=N*Qper
(2.5)

Ie

Q - 3aranbHUI 00cCAT TOBITPS (J1/CEK),

N - KUIBKICTB JIFOJIeH B MPUMIIICHHI,

Qper - MUTOMA BUTpATa MOBITPS HA JTIOAUHY (J1/CE€K Ha 0CO0Y).

Hanpuknan, skmo y npuminieHHi nepedysae 10 ocid, a muroMa BUTparta
MOBITPS HA JIFOAUHY CKJamae 8,5 j/c, To

Q=10x8,5=85 n/c

Taxox, Ay nepeBeeHHs: 00CATY MOBITPSI Y BUTPATy MOKHA CKOPUCTATHCS
dbopmyoro

vV — Q\iagitnl}
- (2.6)
ne

V- Butpara nositps (M*/ron),

Q - 3aranpHHI 00CAT MOBITPS (J1/C),

Av - miorna npuMitieHHs (M?).

Hanpuknan, sikmio moma npuminieHHs craHoBuTh 100 Mm%, a 3aranbHUM

o0csr NOBITPS CKJIaae 85 Ji/cex, To

V=85%3600/100=3060 m*/Tox
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i dopmynn IONOMOXYTb BH3HAUMTH HEOOXIJHUI O0OCIT MOBITPS A
BEHTHJISAIIT MPUMIIIICHHS Ha OCHOBI KIJIBKOCTI JIFOJIEH, SIKI B HBOMY I1epeOyBatOTh.
[11]

2.8 BusHaYeHHA ONTHMAJBHOI KIJILKOCTI JaTYNKIB

Jlist po3paxyHKy KUIbKOCT1 AATYMKIB 3ara30BaHOCTI y OY[IBI1 3 CHCTEMOIO
pekyImeparii Teria noTpibOHo BpaxyBaTH Kuibka (hakTopiB

Po3mip Ta 06'em OyaiBii

Busnaure 3aranpHHil 00'eM mpuMilieHb, SKUNW Oyae oOCIyroByBaTHCS
CUCTEMOIO pEeKyTepallii.

Po3paxyio KUIBKICTh 30H a00 OKpPEeMHUX MPHUMIIIEHb, AN SKUX MOTPIOHO
BCTAHOBUTH JATUUKHU.

TexHI4YHI XapaKTepUCTUKU CUCTEMHU PEKyIIEpallii.

BpaxoByto Tunm cucremu pekynepaiii (MOBITPS-MOBITPS, MOBITPsI-BOJA
TOIIO) 1 Ti HOTYXHICTb.

Busnauaro o61acTh MOKPUTTS KOXKHOI CHCTEMH peKyreparii 1 motpedy B
JOJAaTKOBOMY KOHTPOJI1 SIKOCT1 TOBITPSI.

JloTpumytoch MicUeBUX OyiBEIbHHMX CTaHAApPTIB Ta PEKOMEHAALIN 1010
KUIBKOCTI Ta PO3TallyBaHHs IaTYMKIB 3ara30BaHOCTI.

Po3sramryBanHs 1aT4mKiB .

Po3micTuB nartyumkd 3ara3oBaHOCTI B 30HAaX, J€ ICHYE MOKJIUBICTD
HAKOIMUYEHHSI IIKIJJIMBUX ra3iB. 3a0e3leuyruM pIBHOMIPHE MOKPUTTA BCIX 30H 3
ypaxyBaHHSM OCOOJMBOCTEH MPHUMIIICHD Ta MMOTEHITIHHUX JKEPE 3a0pyTHCHHSL.

PexoMeHTy€eTbCsl BCTAHOBIIIOBATH JIATYUKH B KOXKHIN 30H1 200 MPUMIIICHH1
JUTsl Haile()eKTUBHIIIOTO KOHTPOJTIO.

MOKJIHUBICT, BCTAHOBJIEHHS JOJATKOBHUX JATYMKIB B 30HAX 3 IIJIBUILEHUM
PU3BUKOM 3ara3oBaHOCTi. MOXKJIUBICTh MIJKIIOYEHHS JaTYUKIB JI0 CHUCTEMH
KepyBaHHS PEKylepalielo Ta IHTErpamilo 3 IHIIUMH CHCTEMaMH Oe3MeKH Ta

KOHTPOITIO.
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BpaxoByrouu 1 acnekTH, 3MOXYy MPaBUJIBHO pO3paxyBaTh KUIBKICTh Ta
pO3TalllyBaHHSl JaTYMKIB 3ara3oBaHOCTI Ui €()EKTUBHOTO KOHTPOJIO SIKOCTI
MOBITPs y OyAiBII1 3 CUCTEMOIO PEKyTNepallii Teria

JI1st po3paxyHKy KUIBKOCT1 JAaTYHKIB 3ara30BaHOCTI y OY/iBI 3 CUCTEMOIO
pekymeparli Teria noTpiOHO CMOYaTKy BU3HAUMTU 3arajbHUM 00'€M MPUMIIICHbD,
AK1 OyAyTh OOCIIYTOBYBaTHUCS IIEI0 CUCTEMOIO.

Bumipsatu 10BXHHY, IIMPUHY Ta BUCOTY KOXHOTO MoBepxy Oyaiii. [lotim
MOMHOKUTH 111 3HAUEHHS, 11100 OTPUMATH 3arajbHy IUIOULY KOXKHOTO TIOBEPXY.

OO6uuncaut 00'€éM KOXKHOTO TPUMILIECHHS, TOMHOXHBILIK HOTrO IJIONLYy Ha
BUCOTY cTenl. JIJIsi KOKHOTO MOBEPXY MiACYMYI0 00'éMHU BCIX MPUMIIIICHb.

B 3amexHocti Bim po3Mmipy Ta KoH@irypamii OyaiBmi, a TaKOX BIJ
peKOMEHAId 110JI0 KUIBKOCTI JIaTYMKIB Ha KOXXHOMY TIIOBEpCi, BH3HAYUB
ONTUMAIIbHY KUIBKICTh JAaTYMKIB 3arazoBaHocTi. Hampukman, s mpocTopux
IPUMIIICHb MOKE 3HAI0OUTHUCS OUIbIIE JATYUKIB, HIXK /171 MEHIIUX.

Po3micTuTH JaTYMKKM TaKUM YWUHOM, 11100 BOHM OylM pO3NOAUICHI
PIBHOMIpHO MO BCiii mwiomnii OymiBii 1 3a0e3meuyBaiyd HaAIMHUM KOHTPOJIb 3a
SIKICTEO TIOBITPSL.

Ili Kpoku MOMOMOXKYTh TIPABWJIBHO BU3HAYHUTH KUIBKICTh JTaTYUKIB
3ara3oBaHOCTI JJi €(hEeKTUBHOTO KOHTPOJIIO SKOCTI MOBITPS y OyIBIII 3 CUCTEMOIO
pekymepartii Teria. J[Jist po3paxyHKy KiTbKOCTI JaTYMKIB 3ara30BaHOCTI y OY/IiBIi

JUISl CUCTEMU peKyIiepallii Ternia MO>KHa CKOPUCTATUCS HACTYITHO (hOPMYJII0I0

IInoma oyaism x KoedimeHT x KoedimeHT Oe3nexn
Il1oma, mo oQCaVTOBYEThCE OTHHM JaTTHKOM

KITBKICTE TAaTUHKIB =
(2.7)

[Tmoma OymiBmi - 3arajgpHa IDI0IA OYIIBII, sIKa OOCIYTOBYETHCS CHCTEMOIO
BEHTHJIALIT (M?).

Koedirmient - koedirieHT, sskuii BpaxoBye crnenudiky OyiBii, TUIHU ra3iB Ta
iX KOHIIEHTpallll, TUIl CUCTEeMHU pekymneparlii Temia Tomo. KoedimieHt Oe3neku -
J0JTaTKOBUH KOe(IIIEHT Oe3MeKu Il ypaxyBaHHS HEBU3HAYEHOCTI BUMIPIOBaHb Ta

oesneku. [lnoma, mo 06CIyroByeThCA OJTHUM AATYUKOM - MPUOIM3HA TII0IIA, JJIs
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SIKO1 IATUMK 3ara3oBaHOCTI € gocTtaTHIM. g ¢opmyna € 3araibHOI0 KOHIEMIIIETO, 1
KOHKpPETHI 3HAa4YeHHS KOEQILI€HTIB Ta MapaMeTpiB MOBUHHI OyTH BHU3HAYEHI
3aJICKHO BiJ] KOHKPETHOI CHTyarlii Ta BHUMOT. BaXJIWBO TakoXX JOTPUMYBATHUCS
MICIIEBUX HOPMATHUBHUX BUMOT Ta CTaH/IAPTIB 3 O€3MEKHU.
Hanpuknan, sikiio 3aranbauii 00'em Oyaimi ckinagae 5000 KkyOIiYHUX METpIB,
a OJMH JaTuyuk Moxke mokpuBatu 00'em 1000 KkyOiYHUX METpPiB, TO KIJIBKICTh
JaTYUKIB Oyjie
KinpkicTs natunkiz=5000/1000=5 mr
OTtxe, nis 1i€i OyiBIi MOTPIOHO BCTAHOBUTH S JATUYHKIB 3aTa30BAHOCTI.
UyTIHMBOCTI TaTYMKa Tazy.
Po3paxyHOK 4yTAMBOCTI JaT4MKa rasy Moke OyTH MPOBEACHHM 3a JIOMOMOTOI0
bopmyu
S=(Craz—Cped)xVras
(2.8)

ne:
S - 00'em peuoBunu (y M%),
Cra3 - KoHIleHTpallis ra3y (y poisix ado y %),
Cped - mouaTkoBa KOHIIEHTpaIlisg rasy (y 10Jsx abo y %),
Vra3 - 00'em razy (y m?).
Jlns Harmoro npukiany BizbMemo Craz=0.1, Cped=0.02 1 Vraz=150 m*
5=(0.1-0.02)x150
5=0.08%150
S=12 »*
Orxe, 00'eM PE4OBMHM CTAaHOBUTH 12 M3
[le#t po3paxyHOK JomoMarae BU3HAUMTH, HACKUJIBKU J100pe JaT4yuK pearye Ha
3MIHU KOHIEHTpalli ra3y y BUMIpIOBaHOMY cepeoBulll. UyTnuBICTh 1aTyuKa razy
BKa3y€e Ha MHOT0 3/IaTHICTb pearyBaT Ha HAaBKOJMIIHI YMOBHU 1 BUMIPIOBATH

KOHIEHTPAIIIO ra3y 3 BUCOKOIO TOUHICTIO.
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2.9 Po3paxyHOKOBI JaHi YCTAHOBKHU
[ToryxHicTh pexyneparlii Temia (Q) Moxke OyTH po3paxoBaHa 3a JI0MOMOI0I0
dbopmynu
Q=m-c-(TBx—TBuX)
(2.9)

ae .
Q - OTY>XHICTb peKyIepaiii Teria, Bt (Bar),
M - MacOBUH TMOTIK MOBITPS, KI/C,
C - TerIoeMHICTh NOBITPsA, K/[x/(kr:°C) (KIJI0KOYI Ha KIJIOTpaM Ha rpamyc
Henbcis),
TBx - TemnepaTypa BUX1HOTO NOBITps, °C,
TBux - Temneparypa BUXigHOTO noBiTps, °C.
Hexait y Hac € HacTymH1 JaHi:
m = 1000 kr/roa (MacoBuU# MOTIK MOBITPS),
¢ = 1.005 k/I>x/kr-°C (TemI0eMHICTh TOBITPS),
TBx= 25 °C (TeMrieparypa BXiJHOIO MOBITpPS),
TBux = 20 °C (Temmeparypa BUX1THOTO TTOBITPS).
[TincraBumo 111 JaH1 B GopMyTy
(Q=1000 -1.005 -(25—20)
Q=5025 xJIx/rox
OTxe, TemaoBa MOTYKHICTh YCTAHOBKHU JJIsl BAIIOTO MPUKIAAY CTaHOBUTH 5025
kJx/To.
MacoBuii oTik MOBITPs (M) MOKe OyTHU PO3paxOBaHUN K
m=V-p
(2.10)

e
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V' - 00'eMHMI1 TOTIK MOBITPsI, M*/TO,

p - TyCTUHA MOBITps, Kr/M3[12].

Hano, mo o06'emuuit notik noBitps V cranosuts 1000 M*/ros, a rycTrHa moBiTps
p-1.2 xr/m3. TlincTaBUBIIM 111 3HAYEHHS Yy (OPMYITY, OTPUMAEMO:

m=1000 -1.2 = 1200 xr/rox.

OTxe, MacoBHi MOTIK MOBITPs /Ui ycTaHOBKH ckiagae 1200 kr/rof

OOcsar  moBiTpsi, SKUA Moke OyTu oOpoOJeHui, 3aJeKUTh  BiJ
MPOJYKTUBHOCTI CUCTEMH BEHTWIALIT Ta pexXuMy i poOOTH.

[IponyktuBHicTh cucteMu BeHTWIALIT (Q) - 1€ KIIBKICTh MOBITPS, SKY
cUcTeMa MOXKe€ OOpOOMTH TpOTAroM OfHiel roguHu. BoHa BH3HauaeThCs 3a
dbopmyoro

Q=V-n-3600
(2.11)

ne
Q - MPOAYKTUBHICTH CUCTEMHU BEHTUJIALIL, M?/TO,
V - 00'eM TIpUMIIIEHHS, M°,
N - KPaTHICTb MOBITPOOOMIHY 32 TOJIUHY.
Hexaii y Hac € Taki gaHi
V' =2 m/c (mBUAKICTH pyXy poOOYOTO CEPEIOBHUIIA),
n =4 m? (1Io1a nepepizy moToKy).
Q=2 m/c-4 m*-3600=28800 m*/rox.
Otxe, 00'eMHMI TIOTIK poOOYOro CepeIOBUINA ISl BAIIOTO MPHUKJIATy CTaHOBHUTH

28800 m3/Ton.

2.10 Po3paxyHoK KiJIbKOCTi ra3dy, sika Moke HAKONMYUTUCH B
NMpUMIillleHHi
Jlist po3paxyHKy KUIBKOCTI rasy, sfika MOXKE€ HAaKOMUYMUTUCSA B MPHUMIIICHHI,

BUKOPHUCTOBYETHCA popmyJia jyisi 00'eMy raszy B 3akputomy npoctopi. Lis popmyna
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0a3yeThCsl Ha BIIOMOCTSIX MPO 00'€M MPHUMIIIEHHS, KOHIIEHTPALIIO ra3y Ta IHIIUX
napameTpax. OCHOBHA M€Ta IIbOTO PO3PaxXyHKY IMOJISITae B TOMY, 100 3a0€3MeUnTH
Oe3neKy MPUMINICHHS 1 BU3HAYUTHU MOKJIUBICTh BUHUKHEHHS HEOE3IMEKH s
JI0JICH B pa3i BUKHIY Ta3y.
@opMmyna Uisi po3paxyHKy 00'eMy Tra3y B 3aKpUTOMY MNPOCTOpPi BHUINISAAE
HACTYTTHUM YHHOM
V=A-h
(2.12)
ne
V - 06'em 3akpuTOro mpocropy (M?),
A - oA miyIory MpuMImmeHHs (M?),
h - BUCOTa MPUMIIIIEHHS (M).
Jlns mpukiaay, sSIKIO MIoa MPUMIIICHHS
A=50wm2
h=3wm,
TO 00'eM V mpuminienHs Oyzae
=50 m?x3 m=150 m?
OTtxe, 00'eM mpuMitieHHs ckiagae 150 m3.
JlonatkoBo, i PO3pPaxyHKY KUIBKOCTI Tra3y MOXKHA BHKOPHUCTOBYBATH
KOHIICHTpAIlil0 ra3y B npumimieHHi (y %) Ta BpaxoByBartu, 1o 1% ra3y B MOBITpi
BianoBigae 10 000 ppm. Takum ymHOM, 00'eM razy Q (y M) MOKHa po3paxyBaTH

3a (hopMyI010

V.C
@ = Tho (2.13)

ne
Q - o6'em razy (M),
V- 06'em 3akpurtoro npocropy (m?),

C - xoHUEeHTpallis ra3y B npuMitieHHi (%).
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Sxmo 06'em mpumimenns V= 150 m? 1 konmenTpartis razy C = 0.02 (a6o 2%), To
KUTBKICTB Ta3y Q Oyne:
Q=(150x%0.02)/3~0,03m*
OTtxe, 3a 11eit yac Hakormmuuthes 0,03 M? razy B nmpumineHH1
[{i po3paxyHKH MOXKYTb JIOMOMOTTH BH3HAYUTH, HACKUIBKH IIBUIKO MOXE
HAKOTIUYUTHUCS Ta3 B MPUMIIICHHI 1 K BYaCHO pearyBaTH Ha TaKy CUTYAIIO JUIS
3a0e3neueHHs 0e3MeKr BCIX MPUCYTHIX.

Jlist po3paxyHKy 4acy, 3a SIKMM KOHIIEHTpAllisl Ta3y JOCATHE KPUTHYHOTO
pPIBHS B MPUMIIIECHHI, MOXHa CKOpPUCTATUCS (OPMYJIOI, IO BpPaxoBye 00'eM
IPUMIIICHHS, BUTPATy ra3y Ta MOYaTKOBY KOHIEHTpalito razy. Lleil po3paxyHok
J0TIOMarae BU3HAYUTH, CKUIBKM 4Yacy MO>KHA MaTH Ha BXKUTTS 3aXOJiB y pasi
HEraTUBHOI CUTYyaIlii.

®opMyna A po3paxyHKy yacy t (y XBHWJIMHAX), 32 AKUW KOHLEHTpAIls razy
JOCSITHE KPUTUYHOTO PiBHS, MA€ BUTIIA

4 — l-"-(('a-_ Ch)
Q (2.14)

ne
t- yac (XBUWJIMHH),
I - 00'eM 3akputoro npocropy (m?),
Ck - xputnuHa KoHIIeHTparis razy (%),
C0 - mouaTkoBa KoHIeHTpaIlis rasy (%),
Q - BuTpara rasy (M*/xB).
JJ1s HaImoro MpUKIIay:
V=150 m?
C0v=0.02
Cxp=0.1
Q=3 m*
Quoa=Qlt

Criouatky 3HaUIEMO (Q1ox
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Qrox=3 M3/t

Tenep miacTaBUMO 3Ha4eHHS Y (popmydy 1 po3paxyemo t:

t=(150%(0.1-0.02))/(3/t)

t=(150%0.08)/(3/t)

3t=12/3

t=4 xB

OT1xe, 3a 4 XBUJIMHYU KOHLEHTpALlid ra3zy JI0CSITHEe KPUTHUHOTO PIBHS.

Leit po3paxyHOK TO3BOJISIE OLIHUTH, K LIBUJKO ra3 MOXE HAKOMUYUTHUCS B
MPUMIIIEHH] 10 KPUTUIHOTO PIiBHSI, 0 € BAXKIUBOIO 1HGOPMAIIIEIO [JIsT pO3POOKHU
IJIaHy 3aX0/iB y pa3l aBapiiiHOI CUTYyaIlii.

2.11 Po3paxyHOK BUTPATH NMOBITPS 1JIs1 pO3BeJeHHA ra3y /10 0e31e4YHOro

piBHS

Jlns po3paxyHKy BUTpaTH IOBITPs, HEOOXIAHOI JUIsl PO3BEAECHHS Ta3y [0
O€3MEeYHOro piBHS, CIOYaTKy BH3HAYMMO O00'eM Ta3y, SKAA MH XOYEMO
po3BenenHa. Hexait Vgas - 1me o00'eM razy y MNOpUMIIIEHH], SKAA XO4YE€MO
PO3BEICHHS.

Hami, Bpaxyemo, 1o isi edEKTUBHOTO pO3BEIAEHHS Tra3zy HEoOXiaHO
3aMIHIOBATH TOBITPS y NPUMIIIEHHI TakKUM YMHOM, 00 KOHLEHTpalis rasy
3MeHImmiIacs 10 0esmedHoro piBHsA. Hexail Ciui- MOYaTKOBAa KOHIIGHTpAIlis Tasy,
Céesn - O€3MEUHMI PIBEHb KOHIEHTpALIi ra3y y moBiTpi, QTOB - BUTpaTa MOBITPA,
HeoOX1qHa UIA 1HOTO.

Toi Mu MOKEMO BUKOPUCTATH HACTYIIHY (POPMYITY

Quios=VrasX (Ciningiiina—Coesncuna) (2.15)
ne:
QnoB - KUTBKICTh ra3y uisd 1oJaBaHHs (y M?),
Vra3 - 00'em npumitieHHs (y M?),
CiHiiifHa - MoYaTKoOBa KOHIIEHTpaIlis ra3y (y 10ysx abo y %),
COe3nevHa - 6e3reyHa KoHIeHTpallis razy (y A0Jsx abo y %).

JI71s1 HAIoTo MPUKIIATy Bi3bMEMO
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V's=150 m?
Cininiiina=0.02
Coesneuna=0.1
Qnos=150%(0.1-0.02)
QHOB:12 m>
OTxe, 1U1st TOCATHEHHs 0€3MeYHOI KOHIIEHTpallii ra3y noTpioHo gonatu 12 m?® razy
710 TIPUMIIIICHHS.
2.12 Po3paxyHOK eHeprocnoKuBaHHA CHCTEMH.

JInst po3paxyHKy €HEpProcCroXKMBaHHS CHCTEMH aBTOMAaTH3allil MOTPiOHO
BpaxyBaTH CIOXHBaHy MOTYXHICTh KOXHOTO KOMITIOHEHTa CHCTEMH, a TaKOX
TPUBATICTh iX poOOTH. OCHOBHI KOMIIOHEHTH, SIKI MOKHa BpaxyBaTH B IIbOMY
PO3paxyHKy, 1€ KOHTPOJIEPU, CEHCOPH, aKTyaTOPH, KOMyHIKAIiiHI MOIYJ1 Ta 1HIII
IIPUCTPOI.

Jlns moyaTKy, MOTp1OHO 3HATH CHOKMBAHY MOTYKHICTh KOKHOTO MPHUCTPOIO
B cucteMi. Hampuknaz, sikimo KoHTpoJsiep criokuBae 5 Brt, a cencop - 1 Br, a
cucreMa mpaioe 24 ToauHU Ha 100y, TO 3arajibHe CHOXKUBAHHSI €HEpTii 3a 700y
Oyne

E=(PxonTponep+PceHcop)xt (2.16)
ne

E - 3aranbHe crio>kuBaHHs €HEprii 3a 100Y;

PxoHTposep - crokuBaHa MOTYXKHICTb KOHTPOJIEpa;

Pcencop- crokrBaHa MOTYKHICTh CEHCOPA,;

t - TpuBaicTh pOOOTH CUCTEMH 3a 100y .

[TincraBumo gani: Prxoutponep=5 Pcencop=1 BT, i t=24 ronunu
E=(5 +1)x24 rogunau
E=6 x24 ronuaun
E=144 Br'ron

OTxe, 3arajibHE CIIOKUBAaHHS €HepTii 3a 100y cknamae 144 Br-rox
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3 MMM JaHUMH MOXHA OINIHUTH BIUIMB CHCTEMH aBTOMAaTH3allii Ha
eHeproe(eKTUBHICTh YCTAaHOBKM 1 BHM3HAYUTH, YM TNOTPIOHI 3axomu 3 1l
OINTHMI3alli.

2.13 BurpaTn Ha KOMIIOHEHTH

Jlns po3paxyHKy BUTpaT Ha KOMIIOHEHTH JUISi CHCTEMH aBTOMAaTH3aIil 3
BUKopucTaHHsM jgatunka CO2 Ta Arduino, crnoyatrky moTpiOHO CKJIACTH CITHCOK
BCIX HEOOXIAHMX KOMITOHEHTiB, TakuxX sik Arduino, maruuk CO2 , emeKkTpoHHI
KOMIIOHEHTH, JIpPOTU Ta iHme obOnagHaHHA. [loTiM OIIHITH BapTICTh KOKHOTO
KOMITOHEHTA Ta 3arajbHy BapTICTh BCiei cuctemu. Hanpuknan

Arduino Uno - $10

Haruuk CO, - MH-Z19 - $20

Enexrpomaruitauii peie - $3

JIpoTH, pe3uCTOPH, CBITJIOMIONM Ta iHIII €IeKTPOHHI KoMmoHeHTH - $10

Biiok sxusnenns - $5

3arayibHa BapTICTh KOMITOHEHTIB ckianae $48. BpaxysaBmm, mo 1e jiuiie
HAWUTIPOCTIIMN TPUKITAJ, 1 BAPTICTh MOKE 3MIHIOBATUCS 3aJICKHO B1JI KOHKPETHUX
KOMIIOHEHTIB Ta MOCTaYyaJbHUKIB, a TAKOX BAPTOCT1 JIOCTABKHU Ta MOJIATKIB.

Jlnst po3paxyHKy BUTpAaT Ha €HEPTrOCMOKUBAHHS CHCTEMH aBTOMAaTH3aIlil 3
BukopuctanHsMm natuuka CO> Ta Arduino, moTpiOHO BpaxyBaTH CIOXKHUBaHY
MOTYKHICTh KO’KHOTO KOMIIOHEHTA Ta TPUBAJICTH iX POOOTH.

Arduino Uno mMae co>kuBaHy MOTYKHICTh NMpUOInM3HO 50 MA nipu Hampy3i 5
B, mo nopisutoe 0,25 Br.

Hatank CO2 MH-Z19 cnoxuae 6mu3pko 150 MA mpu Hampysi 5 B, mo
nopisHtoe 0,75 Br.

EnexTpoMarHiTHe pene MOKe MaTH CHOKMBaHY NOTYXHICTh B 100 MA 10
400 MA, 3a1eXHO BIJ TUITY Ta MO/, 110 gopiBHIoE Big 0,5 Bt 10 2 BT.

[HIII  €MeKTPOHHI KOMIIOHEHTH MOXKYTh MATH JIOJATKOBY CIIO)KHWBaHY

MOTY>KHICTb, SIKa TIOBUHHA OyTH BpaxOBaHa.
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Jlami, moTpiOHO BH3HAYUTH TPUBAIICTH POOOTH KOKHOIO KOMIIOHEHTA
IPOTSITOM JIHS Ta 3arajbHy KUIBKICTh JHIB BUKOpPUCTaHHS cuctemu. Hampukian,
akmo Arduino, gatauk CO> Ta iHIII KOMITOHEHTH TPAIIOIOTh 10 8§ TOWH HA JIEHb 1
BUKOPUCTOBYIOTbCST TipoTsiroM 30 AHIB, TO MOXEMO pO3paxyBaTd 3arajibHy
CIIOKUBAHY €HEPrio B KU1oBaT-ToauHax (KBTr)

Enepris (kBt)=(Ilotyxnicth komnonenta (kBt)xYac podotu (ron))xKinbki
ctb AHiBEHepris (kBt)=(IloTyxHicTs komnoHeHTa (kBt)xYac podotu (roa))xKinb
KICTh JHIB (2.17)

[Ticns 1BOTO MOXKHA pPO3paxyBaTH BHUTPATH HA EHEPrOCIOKWBAHHS,
BUKOPHUCTOBYIOUH BAPTICTh EIEKTPOCHEPTIi 3a KIJIOBAT-TOJIMHY B HAILIOMY PETiOHI.

Po3paxyemo BuTpaT Ha EHEPrOCIOKMBAaHHS CHCTEMH aBTOMAaTH3aIlii 3
natunkoMm CO2 ta Arduino.

Arduino Uno BukopuctoBye npudauszHo 0,25 Br.

Hatunk CO2 MH-Z19 BuxkopucroBye npudnuzto 0,75 BT.

EnextpomMarHitHe perne BUKOpUCTOBYE npudiauzHo 0,5 Br.

3arajgpHa MOTYXHICTh CUCTEMU

[Toryxuicts=0,25 B1+0,75 B1+0,5 B1=1,5

[TpumycTumo, 110 cucreMa npaioe 8 roAuH Ha JeHb poTsirom 30 aHIB.

Enepris, cioxuTa CHCTEMOIO 32 11 uac

Enepris=1,5 Brx8 ron/nennx30 quis=360 BT

S0 BapTICTh €IEKTPOCHEpPrii CcKiagae, cKaximo, 2,64 rpH 3a kBT, TO
BUTpaTH Ha €HEPTOCIOKUBAHHS MOYKHA PO3paxyBaTU

Burpatn=0,36 kB1*2,64 rpa/kB1=0,9504 rpn

TakuMm YWHOM, BUTpaTH Ha €HeprocnoxuBaHHs 3a 30 NHIB CTaHOBISTh
npu6au3zHo 0,95 rpH.

2.14 E¢dekTUBHICTH BUKOPUCTAHHS pecypciB

ABTOMAaTHYHE YTPaBIiHHA J103BOJIsIE e(heKTUBHO BUKOpUcTOBYyBatn CO2 B

IPUMIIICHH], IO MOXE TOKpamuTh piBeHb KoHmeHTpamii CO; B moBiTpi i

3a0e3neuynT KoM(GOPTHI YMOBH JJIs ITPOKUBAHHS 200 pOOOTH.
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Eneproz0epexeHHs

Cucrema aBTOMAaTH3allli MOXE ONTHUMI3yBaTH pPOOOTY OONaJHAHHS IS
3MCHIIICHHSI CTIO’KUBAHHS CHEPTi.

ABTOMAaTUYHE YIPaBIIHHS [03BOJISIE MIATPUMYBATH CTaOUIbHI YMOBH B
MPUMIILIEHH], 1110 3a0e3neuye koM(opT Ta Oe3neKy AJisi KOPUCTYBayiB.

Cucrema Mosxe HajiaBatu nani mpo piBeHb CO2 B MpUMIIIEHH], 1110 T03BOJISIE
OTIEPATUBHO pearyBaTu Ha Oy/ib-AKi 3MIHH.

ABTOMaTH3aIlisl 3MEHUIye€ HEOOXITHICTh MOCTIHHOTO KOHTPOIIO Ta
BTpy4aHHs B npoiiec ynpapiiHHsa COz , 110 eKOHOMHUTb Yac Ta 3yCHILJIS Omeparopa.

Jlnst po3paxyHKy CHOXXMBAaHHS YCTAHOBKM TOTPIOHO 3HATH TPUBAIICTD
poOOTH yCTaHOBKHM 3a MEBHHM Tmepioag dYacy. BizbMeMo mpumymieHHs, 1o
yCTaHOBKa Ipalltoe 8 ToJMH Ha JIeHb npoTiaroM 30 JHIB.

[HoTyxnicth nBuryHis 2 * 0,17 kBt = 0,34 kBt

[ToTy>xHicTh nepennarpiBands 1,2 kBt

3aranbHa noTykHicTh 0,34 kBT + 1,2 kBT = 1,54 xB1

Tenep MoxkeMo po3paxyBaTH CIIOKUBAHHS 32 MICSIIb

CnosxxuBanHs 3a J1eHb=1,54 kB8 roqun=12,32xBT
CroxuBanug 3a Micsab=12,32 kBt x30 quis=369,6 kBt

OTxe, 3a Micillb YCTaHOBKA CHOXXMBaTUMe MpuOIM3HO 369,6kBT
enekTpoeHeprii[13].

2.15 BuB4eHHsI CUTHAJTy KHOIIKH

CurHan, moO NONAEThCA HA KHOIMKY 3allyCKy YCTaHOBKH, 3a3BHYail €
CJIEKTPUYHUM CHUTHAJIOM TOCTIHHOTO CTpyMy (Hampukian, 12 a6o 24 BonbTH),
SAKUW aKTUBYE 3amyck ab0 ymnpaBlliHHS YCTaHOBKOIO. [Ipy HaTHUCKaHHI Ha KHOIKY
(bopMy€eThCsSl 3aMHKaHHS KOHTAKTIB, M0 CHOPUYUHSIE MMOJA4Yy I[bOTO CHUTHAIY Ha
BHYTPIIIHI ~ KOHTPOJIBHO-KEPYIOUMH  TPUCTPid  ycTaHOBKH. KOHTpoJIbHO-
KepYHOUHil pucTpiit 0OpoOJIsie 1ei CUrHaJl Ta 1HIMII0E€ HEOOX1aH1 i1, HAPUKIIA],

3armycK ab0 3yMUHKY yCTaHOBKH.



52

BaxnuBo, mo06 curHam, 1o MOJAEThCS HA KHOIMKY 3allyCKy, BIJAMOBIAAaB
napameTpaMm iHTepQeiicy KepyBaHHsS YCTaHOBKOIO (Hampyra, CTpyM TOIIO), 1100
YHUKHYTH MOKJTUBHX TOIIKO/KEHb 200 HETPaBUILHOT pOOOTH.

Jlnst Toro 1mo6 aBTOMATHU30BaHE YMPABIIHHS HE 3aBaKaJlO IITATHIA poOOTi
npuiIaga i BKIIOYAIO HOTO TUTHKK Yy BUTAAKAX, KOJW MPUIAJ BUMKHEHUH, MOXKE
3HaIOOMTHUCS Tak 3BaHui "OimossipHUt" perne. Lle perne Mae nBa CTaHM BHMKHEHO
(BIIKJIFOYEHO) 1 YBIMKHEHO (IT1KITIOUEHO).

[Ilo6 BxIIOYATH TmpWiIaA, KOJIM BIH BUMKHEHUH, MOXE MIAKIIOYUTH
aBTOMATHU30BaHE YMNPAaBIIHHSA A0 KOHTAKTIB "BUMKHeHOro" pene. Komu mpuman
OyJle BAMKHEHUH, YTIPaBJIIHHS MOX€E MOJaTH CUTHAJ Ha IIe pene, 00 YBIMKHYTH
Horo. Skmo npunaa yxe yBIMKHEHO, YIIPaBIiHHSA MOK€ ITHOPYBATH 1[I0 JifO.

Konu BuOupaemo pene s aBTOMATH30BAHOTO  YMPABIIHHA,  CIIJ
BpPaxOBYBATH JICKIJIbKa KJIFOUOBHUX ACIIEKTIB

Jlns BUnagKy miiXoAuTh OIMOJIApHE pelie, sSIke Ma€ JBa CTAHW - BUMKHEHO 1
YBIMKHEHO.

[loBuHEeH mepeKkoHaTHuCs, M0 pee 3[JaTHE BUTPUMATU EJIEKTPUYHE
HABaHTAXCHHS BaIlOTO TIPHJIATY.

OGepatu perne, sKe BIAMOBIJA€ CTaHIAPTAM EICKTPUYHOI OE3MEeKu Ta
BIJIIIOB1JIa€ BUMOTAM CUCTEMHU.

Jlnst ynipaBiiHHS pejie  BUKOPUCTOBYBaTH Hampyry abo crpym. Hampukian,
BUKOPUCTOBYBAaTU MIKpOKOHTposiep Arduino st KepyBaHHsSI pelie, SIkeé BBIMKHE
IpUIIaa, KOJIU MOTPIOHO.

Jlesiki penie MaroTh (DyHKITIIO 3aXHUCTY BiJ] IEPEBAHTAKEHHS, 110 MOXKE OyTH
KOPUCHUM TS 3aXUCTy TPWIATy BiJ HAJIMIPHOTO HAaBAaHTAXEHHSI.

3BepTaro yBary 1o crernudikaiiiii Ta pekoMeHalii BUpoOHuKa MNpuiaay Ta
pere st PaBUIBHOTO BUOOPY Ta MITKITIOYEHHS.

Jnst 3a0e3neuenHs Oe3nepebiiiHOT poOOTH Tpwiaga i aBTOMATHU30BaHOTO
yIpaBIIHHS CITiJ] BpaXOByBaTH BUMOTH €JIEKTpOoOe3neku Ta crenudikaiiii camoro

npwiany. Bukopucranus "GinmosspHoro" pene 103Bojisi€e €PEKTUBHO KepyBaTH
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BKIIIOUEHHSIM Ta BHUKIIOUEHHSM TpWiaga 3 BHUKOPUCTAHHSM  CHTHAIY
aBTOMATHU30BAHOTO YIPABIIHHSL.

BaxxnmBo TakoX BpaxyBaTd, IO MiJ Yac MPOEKTYBaHHS TaKOi CHCTEMHU
HEOOXITHO TepeAdauuTd 3aXOJM  3aXUCTy B  KOPOTKOTO  3aMHUKaHHS,
NEPEBUIICHHS CTPyMy, MEPErpiBy Ta I1HIIMX MOXKJIMBHUX HEOE3MeK, SIKI MOXYTh
BUHUKHYTH M1]1 4ac poboTu cuctemMu. OKpiM TOTO, CIIiJ 3BEPHYTH yBary Ha BHOIp
NPaBWJIBHOTO JDKEpena J>KUBJICHHsS JJis aBTOMATH30BAaHOTO YIPABIiHHA, 100
YHUKHYTH MOJKJIMBUX MPOOJIEM 3 €IEKTPOKHUBICHHSM Ta MEPEPUBAHHAM POOOTH
CHUCTEMHU.

Jl1st po3paxyHKy OiMoJsipHOro pesie MOTpIOHO BpaxyBaTh MOTo mapameTpH,
TakKi sIK OMIp KOTYIIKH, HANPyTa >KUBJICHHS, a TAKOXK CTPYM Ta Hampyra KOMyTailii.
Omip xorymku (Rcoil) Moxke Oyt BKazaHUN B TEXHIYHUX XapaKTEPUCTUKAX pelie,
HaMpUKIaja, s Npukiiany BizeMy ormip 400 Om.

binonspue pene - 1€ €IEKTPOMEXAHIYHUM MPUCTPIH, SIKUH MOXKe
NEPEeKIII0YaTH eJIeKTPUIHI CUTHATM 3 OJHOTO CTaHy B iHIIWI. BoHO Mae 1Ba cTanu
pobOTH  BUMKHEHO (BIAKIIOYEHO) 1 YBIMKHEHO (migkitoueHo). [lpuHumm mii
OINOJIAPHOTO peJie TMOJISITa€ y BUKOPHUCTAHHI EJIEKTPOMArHITHOI KOTYIUKH JUIS
NepPEeMUKAHHS KOHTAKTIB.

Komnu Ha KOTYyIIKY MOAA€ThCS ENEKTPUYHUN CTPYM, BOHA CTBOPIOE MarHiTHE
noJie, sIke MPUBOJUTH IO MEPEMHUKAHHS KOHTAKTIB pesie 3 OJHOTO MOJOKEHHS B
iHme. lle mo3Boisie BUKOPUCTOBYBAaTHM peie s KepyBaHHS €JIEKTPUYHUMU
HAaBAaHTAXKEHHSMHU 3 HHU3bKUM CTpyMOM ab0 Hampyrorw 3a JOIMOMOIOI0
€JIEKTPUYHOTO CUTHATY.

EdexTuBHiCTE OINMONSIPHOTO peiie y CXeMi 3aleKHUTh BiJl JIEKUIBKOX
(akTOpiB, TAaKUX SK HOr0 TOYHICTh NMEPEMUKAHHS, BUTpaTa €Heprii mpu poOoTi,
HAJIWHICTh 1 TPUBATICTh CIYyKOW. BIMmonsipHi pesie BUKOPUCTOBYIOTHCS B PI3HUX
cdepax, BKIIOYAIOUU POMUCIOBICTh, aBTOMOOLIbHY TPOMUCIIOBICTh, €JIEKTPOHIKY

Ta 1HII Taly31, e MOTPIOHO KepyBaTH €IEKTPUUHUMH HABAHTAKEHHSIMU.
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Jns  po3paxyHKy TOTYXHOCTI, $IKy CIOJKHMBAa€ KOTyIIKa pele,

BUKOPUCTOBYETHCS (hopMyIia

R (2.18)
ne P - motyxHicTh (Bar),

V - Hanpyra >KUBJICHHS (BOJIBTH),

R - omip KoTymku (om).

Skmo mnpukMaro, 10 Hampyra >XHUBJIEHHS pere CTaHOBUTH 5 BoubT, TO
MOXKY pO3paxyBaTu

P=5*2/400=25/400=0.0625 Bt

OTxe, MOTYXHICTh KOTYIIKH pelne ckiaaae omusbko 0.0625 Br.

Jls BUpiteHHs 11i€1 3a7a4i MOTP1OHO BUKOPUCTATH OIMOJISIpHE pelie 3 ABOMa
HE3aJICKHUMHM KOHTAKTaMH  OJIMH Ui BBIMKHEHHSI TIPUCTPOIO, KOJH BiH
BUMKHEHHWH, IHIIIUH - ]IS BAMKHEHHS, KOJIW BIH BKJIIOUCHHH.

[Tigxmrouenns nepiroro koaTakTy (NC - Normally Closed).

Konu npuctpiéi BumkHeHuit, koHTakT NC Oyne 3aMKHyTHI (yBIMKHEHUH),
IO JO3BOJHUTH EICKTPUYHOMY CTPyMy TIPOXOIUTH 4dYepe3 pele 1 BMHUKATH
OPUCTPIN.

[Miaxmrouenns apyroro koutakty (NO - Normally Open).

Konu mpuctpiit Briatouenuii, KOHTakT NO Oyje BIAKPUTUN (BUMKHEHUN),
10 MEPElIKOPKAE ENEKTPUUHOMY CTPyMy IPOXOJUTH Yepe3 pene 1 BUMHUKAE
MPHUCTPIH.

TakuM 9MHOM, KOJTM MPHUCTPi BUMKHEHUN 1 aBTOMATHU30BaHE YIMPaBIIHHS
nojae cUrHai Ha pene, koHTakT NC Oyje 3aMKHYTHH, BMUKaTH npuctpiil. Konu
MPUCTPIN BXKE YBIMKHEHHUM, 1 MPUKWMAETHCA CUTHAJI HAa BMHUKaHHS, KOHTakT NO
OyJie BIIKpUTHUIA, 1 peJie IrHOpyBaTUME 1€l CUTHAIL.

[Ilo6 aBTOMAaTH30BaHE yIpaBIiHHS HE 3aBa)Kajo IITAaTHIA poOOTI MPUCTPOIO
1 BMUKaJIO WOTO TUIBKK y BUMAJKaX, KOJU BIH BUMKHEHUN, MOTPIOHO MPaBHIBHO

MJKJTIOYUTH O1MOJIsIpHE pere.
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2.16 Iinkawyenns CAK

Arduino a0o 1HITHUNA MIKPOKOHTPOJIEP

binosspue pene (3 kontakramu NO 1 NC)

Hatunk 3arazoBanocti (CO2 , CH4 a0o iHmmin)

Jlioau Juist 3aXUCTY pelie BiJ 3BOPOTHUX HAMNPYT

JlpoTH [j1s miAKITIOYCHHS

NO (Normally Open) — xoHTakT, KWW 3aIHIIAETHCS PO3IMKHYTHM, KOJIH
pere He aKTUBOBAHO.

NC (Normally Closed) — koHTakT, SIKWil 3aJUIIA€THCA 3aMKHYTHM, KOJIH
pere He aKTUBOBAHO.

COM (Common) — 3arajbHH KOHTAKT, KWK NepeMHuKaeTbes Mixk NO Ta
NC.

Arduino

[TigkarodiTh ouH 13 MUGPOBUX BUXOIB Arduino 10 BXOy pere depes 101
JUIs1 3aXUCTY (HampuKiia, 1o miHa D3).

[Tinxmrouy 3emito Arduino o 3emui pene.

COM (Common) Iligkmro4iTh 3arajbHUN KOHTAaKT pejie J0 OJHOrO 3
TIOJIFOCIB JIDKEpelia >KUBJICHHS TpucTpoto. lle Touka, yepe3 Ky >KUBJICHHS Oy/e
1o/1aBaTHCs Ha MPUCTPIH.

NC (Normally Closed). Iligxirody 1eli KOHTaKT JO IHIIOTO IIOJIFOCA
YKUBJICHHSI BaIlIOr0 MPUCTPOIO. Y 3BUYAHHOMY CTaHi (KOJM pelie He aKTHBOBAHO)
el KoHTakT 3’eqHanui 13 COM, TOMy KUBJICHHS I0JIA€THCSI HA TIPUCTPIi.

NO (Normally Open) lle# KOHTaKT 3aIMIIAETHCS BITKPUTHM, KOJIA PEIie HE
aktuBoBaHo. Konu pene akTuByeTbes, el KOHTakT 3 e€quyerbes 13 COM 1, y
BUIIAJKy NOTPeOH, MOXe OyTH MIAKIIOYEHHI 10 1HIIOTO HEOOX1AHOTO €lIeMEHTa
cxeMu (HampuKIIaa, 10 3eMJIl TSl 3a0e3neueHHs 3aMUKaHHS).

Kusnennst npuctporo [liAKIIOYITE OJUH TONIOC KUBJICHHS O KOHTAKTY

NC pene, a inmmit nomtoc xupnenHs — 10 COM pere.
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Konu npucrpiéi BuMmkHeHuid, koHTakT NC pene 3amkHytuil i3 COM, 1
YKUBJICHHS MMOJA€THCS HA PUCTPIil.

Konu mpuctpiii yBIMKHEHO, pene IepeMUKAaeTbcs, 1 KOHTakKT NO
3’equyeThest 13 COM, ane 1€ He BIUIMBAE HA JKUBJICHHS MPUCTPOIO, SKUM BXKE
YBIMKHEHUH.

BubpaB BuBinm Arduino, skmit  OyJe BHKOPUCTaHWM JUIS BiANpPaBICHHS
CUTHAJly Ha BKJIIOYEHHS MycKy. BukopuctoByto 1mu@posi BuBoAu (Hampukian, D2
a6o D3).

BuOpanwuii BuBin Arduino 10 BX1HOTO BHBOJY Ha KOHTPOJIBHOMY MPHUCTPOI
(PLC abo ixmomy npucTpoi ynpasiiHHs). Bukopucrapmu mposia abo pene ams
3a0€3MeUEHHs eJIEKTPUYHOTO 3B'SI3KY.

[Iporpamue 3abe3nedenns Arduino

// TIiHY T AKITFOYEHHS

const int CO2SensorPin = AQ; // ITiH mas aHATOrOBOTO CHTHAIY 3 JaTYHMKa
CO:

const int relayPin =3;  // Ilin ans kepyBaHHA perne

const int threshold = 400; // ITopir konuenTpariii CO2 1151 BKJIOUEHHS pelie

(HayamTyiTe BIAMOBIIHO JI0 BAIIOTO JaTYMKA)

void setup() {
pinMode(CO.SensorPin, INPUT); // HanamrtyBaHHs MiHA IS JaT4vKa
CO2 sk BX1IHOTO
pinMode(relayPin, OUTPUT); // HanamTyBaHHS TiHA IJI peie SK
BUX1JTHOTO
digitalWrite(relayPin, LOW); // BumkHyTH peiie Ha mo4atky
Serial.begin(9600); // Tmimiamizamiss cepiiHOrO 3B'S3KY JJIs
B1JUUTAr0 KEHHS

}
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void loop() {
int CO.Level = analogRead(CO,SensorPin); // 3uuryBanns pieas CO:2 3

aHAJIOTOBOT'0 BXOY

Serial.print("CO; Level: "),

Serial.printin(COzLevel); // Busenenns pisus CO2 B cepiitHUI MOHITOP

// Axio piBerb CO2 mepeBUIIy€ TIOPIT, BMUKAEMO pPelie
iIf (COLevel > threshold) {
digital Write(relayPin, HIGH); // Bkintouaemo pene
delay(5000); // 3aTpuMKa IJis CTAOUTHPHOTO BKIIFOUYCHHS
YCTaHOBKH (MOHa HaJaIlITyBaTH)
}else {
digital Write(relayPin, LOW); // Bumukaemo pene, sikimo piBeHb CO:

HWKYE TTOPOTy

}

delay(1000); // 3atpumka Mi>k 3UMTyBaHHAMHU (HATAIITYHTE 32 TOTPEOOT0)

}

[lepeBipuB MpaBUIIbHICTH POOOTH POTPaMU Ta IMiIKITIOYEHHS.

XapakTepucTuka 3Ha4eHHHA
Bupobuuk Aerostar
Kpaina BupoOHuK Yxkpaina

Tun pekyneparopa [InacTnHYacTHit
Po3mimenns pekyneparopa BuyTpimne
[TpoayKTUBHICTB 500 xy©6. m/ron
Hanpyra 230 B
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XapakTepucTuka 3HavyeHHs

YacroTra TOKa 50T

Bara 92 kr

Tun yctaHOBKU [IpuTouHO-BUTSIKHA
[ToryxHicTh nBUTYHA, KBT 2x0,17

[Toty>xHicTh nepeaniairpisy, kBt 1,2

KK/ pexyneparopa 80%

["aGapuTtHi po3mipu

- [Ilupuna 782 MM

- JloBxkuHa 1070 Mmm

PucyHok 2.1-XapakTepucTuKu yCTaHOBKU

JOBHIWKE
noBitpR  guramme
nogitpR

sianpauboBane
nositpa

npunnueHe

npunnuese hosivps

slanpauscsave I
nositpa

noeiTpa

— BUTRNHE

30BMIWNHE noslrpa

nesitpa
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Pucynok 2.2- Burisj ycTaHOBKH

2.17 BUCHOBOK

Y apyrii 4YacTuHi JUIUIOMHOI poOOTH Oylno JeTalbHO PO3IJISHYTO
aBTOMATU30BaHy CHCTEMY peKymepaiii Teriaa i S>KATIOBOTO OYyJIWHKY.
OCHOBHOIO METOIO IIl€l YAaCTUHM OYJIO JOCTIAUTH TEXHIYHI aCHeKTH CUCTEMH,
30KpeMa KOMIOHEHTH, (DYHKITIOHAJIbHICTh, MOHTAX Ta NMPOTpaMHEe 3a0e3MeUYeHHs, a
TaKO OLIIHUTU €KOHOMIUHICTh Ta €()EKTUBHICTh BIPOBAKEHHS TAKOT CUCTEMHU.

Ha ocHOBI mpoBeaeHoro anamizy OyJ0O BCTaHOBJICHO, IO BHKOPHUCTAHHS
KOHTposiepa Arduino y Tmoe€qHaHHI 3 JaTYMKaMHU 3ara3oBaHOCTI 3abesneuye
BUCOKHI piBEHb aBTOMAaTH3allii Ta Oe3nmekw cucTeMH pekynepamii tera. lle
103BoJIse€ €(EeKTUBHO KOHTPOJIOBATH PiBEHb a3y B MPHUMIIIEHHI Ta aBTOMAaTUYHO
BKJIFOYATH PEKyIepaTop MPH MEPEBUILEHHI MMOPOTOBOTO 3HAYEHHS, 3a0e3Meuyodn
TaKMM YHMHOM KOMQOPT 1 0e3neKy A MEIIKaHIIIB Oy JUHKY .

Po3pobnena cxema migkiItOueHHs Ta mporpamHe 3adesneueHHs st Arduino
JO3BOJISIFOTh  JIETKO IHTErpyBaTH CHUCTEMY Yy BXKE ICHYIOUY IHPPACTPYKTYpY

KUTJIOBOTO OynuMHKY. BukopuctanHs OIMONSpHOTO perne 3ade3mnedye HaaiiHe
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BKIIFOUEHHSI ~ pEKyNepaliiiHoi  yCTaHOBKM TNpHU  BHUSBIEHHI  HEOE3NMEeYHUX
KOHIICHTpAIli} ra3iB, 30epiraroyu ii npaie3gaTHICTh 10 PyYHOTO IIepe3aycKy.

Takox Oyno pO3IISHYTO MUTAHHS €KOHOMIYHOCTI BIPOBAKEHHS CUCTEMH.
BukopucranHs MOCTyNmHMX Ta HAHAIMHUX KOMIIOHEHTIB, Takux sk Arduino i
JATYUKU 3ara3oBaHOCTi, JO3BOJISE€ 3HAYHO 3HU3UTU KamiTajdbHI BUTpPATU Ha
CTBOpEHHs cuctemu. KpiM Toro, parioHajibHE TUTAaHYBaHHS €JEKTPOTPOBOIKU Ta
BCTAHOBJICHHS  CHEPrOC(CKTUBHMX  MPWIAAIB  COPUAIOTH  3MCHIICHHIO
eKCIUTyaTallliHUX BUTPAT, 10 € BAYKIUBUM aCIIEKTOM y KOHTEKCTI 3pOCTAI0UMX I1H
Ha €HEeproHOCIi.

BucHoBku, oTpumaHi y Jpyrid dYacTuHi poOOTH, CBiYaTh MIpPO Te, IO
BIIPOBAKCHHS aBTOMATH30BaHOI CHCTEMH peKyIieparlii Teria Ha ocHoBi Arduino e
eheKTUBHMM Ta €KOHOMIYHO JIOUIJbHUM  DPIMICHHSAM JUIS  II1JBUINCHHS
eHeproeeKTUBHOCTI ayauTopii. Taka cuctema He aulie 3ade3neyye KoM(OpTHI
YMOBH, ajie ¥ CIpUsie 3MEHIICHHIO CIIOKUBAHHS €HEPrii Ta BUTPAT HA OMNaJeHHS,

10 € BAKJIMBUM KPOKOM Ha IIUISAXY JI0 CTAJIOTO PO3BUTKY Ta €KOJIOTTYHOI OE3MEKH.
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BucHoBok

Jana jumiomHa poOoTa MPUCBAYEHA po3poOLl Ta BIPOBAKEHHIO
aBTOMATHU30BaHO1 CUCTEMH peKyIiepaii Teria. Meroto podotu OyJio AOCHIIKEHHS
Ta CTBOPEHHS €(PEKTUBHOI CHCTEMH, 5K JO3BOJIUTH ONTHUMI3yBaTH BUKOPHCTAHHS
Teljla Ta MIJABUIIUTH PiBEHb €HeproedeKTUBHOCTI OYIWHKY, BUKOPHUCTOBYIOUHU
CydacH1 TeXHOJIOT1i aBToMaTHu3allli Ha 6a31 koHTposepa Arduino.

OcHOBHI pe3yJibTaTH poOOTH MOKHA MMIJICYMYBaTH HACTYTHUM YHMHOM .

VY nepmiii yactuHi poOoTH OyJO TMPOBEACHO ACTATBHUN aHaii3 MmoTped
KHUTIOBOTO OYIMHKY B CHUCTEMI peKyrepallli Teria, a TaKoK BU3HAYEHO OCHOBHI
BUMOTM JO Takoi cucreMu. byno BHUSBIEHO, 110 BIPOBAIKEHHS CHCTEMHU
peKymepalii Tersia 03BOJUTh 3HAYHO 3HU3UTH BUTpPATH HA OMNaJeHHA Ta
M1IBUIIUTH KOM(OPTHI yMOBH MTPOKUBAHHSI.

Y npyrid yactuHi poboTtu Oyino po3poOJEHO TEXHIUHI PIIICHHS JUIs
aBTOMaTH3allli CUCTEMM peKyrepalii Teria. bylo BH3HAY€HO ONTHUMAaNIbHI
KOMITOHEHTH CUCTEMU, 30KpeMa KOHTposiep Arduino, 1aTYUKA 3ara30BaHOCTI, pejie
Ta 1HII HEOOXiJH1 eneMeHTU. Po3po0iieHO cxeMy MiAKIIOUEHHS Ta MporpamHe

3a0e3MeUeHHs 1151 KepyBaHHS CUCTEMOIO.
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B xoai pobotu OyJio MPOBENEHO EKOHOMIUHMI aHalli3 BIPOBAKEHHS
aBTOMATU30BaHOI CHCTEMM peKyrepaiii Tersa. BukopucranHs AOCTymHUX Ta
HaJ[IMHUX KOMIIOHEHTIB J03BOJISIE 3HAYHO 3HU3UTHU KalliTaJIbHI BUTPATH, & TaKOXK
3MEHIIUTH €KCIUTyaTaIlliHl BUTPATH 3aBJISKH MIBUIIICHHIO €HEProe(EeKTUBHOCTI.

Bbyna pospobiieHa 1 mnpoTecToBaHa cuCTeMa aBTOMaru3alii Ha 0asi
KoHTpoJsiepa Arduino, sika yCHIIIHO BUKOHY€E BCl QYHKIIT, ependadeHi y IpOeKTI.
Cucrema aBTOMATHMYHO KOHTPOJIOE pPIBEHb 3ara3oBaHOCTI B MPHUMILIEHHI Ta
BKJIFOYA€E PEKyIepaTop MPH MEPEBUINECHHI MOPOTOBOTO 3HAYCHHS, 3a0e3Medyrodun
0e3nexky Ta KoM(OpPT MEMIKAHI[IB OyUHKY.

B minomy, pesynbTat poOOTH CBiqUaTh MOpO TE, IO BIPOBAIKECHHS
ABTOMATU30BaHOI CHCTEMHU pEKyTepailii Teria Ha 0a3i Cy4acHHX TEXHOJOTIH €
eeKTUBHUM Ta EKOHOMIYHO JOUUIBHUM pimieHHsM. Taka cucrtema He JuIIe
3a0e3neuye ONTUMAIbHI YMOBHM JJisl NepeOyBaHHS, ajle ¥ CHpuse 3MEHUIEHHIO
€HEPrOCIOKUBAHHS Ta BUTPAT Ha OMAJICHHS, 10 € BaXKJIUBUM KPOKOM Ha HUISIXY

JI0 CTAJIOTO PO3BUTKY Ta €KOJIOT1YHOT O€3MEKH.
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1 Analytical part

1.4 Analytical review of types of heat exchangers and the principle of

their operation

Air recovery can use different types of heat exchangers, or "fillers", to
efficiently transfer the heat from the exhaust air to the fresh air. Here are some of

the most common types of "stuffing" in recuperators.

Figure 1.1 - Operation of the Plate Heat Exchanger

Plate heat exchangers.This type of heat exchanger consists of flat plates that
provide a large contact surface between the exhaust and fresh air. Air flows pass on
different sides of the plates, where heat exchange takes place. Plate recuperators
are used for efficient heat exchange between two different streams of air or liquid.
They can have different designs, depending on the needs of the application. The
main forms and types of plate recuperators include.

Cross-flow plate heat exchangers.In these recuperators, air or liquid streams
move perpendicularly to each other, which allows efficient heat exchange. This

design provides high heat transfer with compact dimensions.


https://www.onlinedoctranslator.com/en/?utm_source=onlinedoctranslator&utm_medium=docx&utm_campaign=attribution
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Plate heat exchangers with parallel flow.Flows of liquid or air move parallel
to each other, which also allows efficient heat exchange. They can be less compact,
but are usually less efficient than cross-flow recuperators.

Plate recuperators with bent channels.In this design, each plate has bent
edges that create channels for air or fluid to move. This allows you to increase the
heat exchange surface and increase the efficiency of the recuperator.

In the design, the channels can change their shape or width, which allows
you to adjust the amount of heat exchange depending on the conditions.

Plate recuperators with additional plates.Additional plates are added to the
main plates, which increases the heat exchange surface and increases the efficiency
of the recuperator.

Each type has its advantages and disadvantages, and the choice of a
particular design depends on the specific application requirements.

So, let's consider the main types of plate recuperators along with their
advantages and disadvantages

Cross-flow plate heat exchangers

Advantages:

- High efficiency of heat exchange.

-Compact dimensions.

- Possibility of use in a wide range of temperatures and pressures.

Disadvantages:

- High cost.

-Need for regular maintenance and cleaning.

Plate heat exchangers with parallel flow

Advantages:

-Simplicity of design.

- Possibility of use in systems with large volumes of liquid or air.

Disadvantages:

-Lower heat transfer efficiency compared to cross flow.
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-Larger dimensions compared to cross flow.

Plate recuperators with bent channels

Advantages:

-Increased heat exchange surface.

-High heat transfer at large volumes.

Disadvantages:

-Difficulty of construction and manufacturing.

-Increased pressure losses.

Plate recuperators with variable channels

Advantages:

- Possibility to adjust the efficiency of heat exchange depending on the
conditions.

-Energy saving.

Disadvantages:

-Difficulty of construction and manufacturing.

-Higher cost.

Plate recuperators with additional plates

Advantages:

-Increased efficiency of heat exchange.

-Reducing the size of the installation.

Disadvantages:

-Need for maintenance and cleaning.

-Increased pressure losses.

Each type of recuperator has its own unique characteristics, and the choice

of option should be based on specific needs and operating conditions.
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Rotary heat exchangers consist of a rotor or wheel that rotates between two

to the fresh air.

Tubular heat exchangersconsist of internal tubes through which exhaust air

through the walls of the tubes.

Combined heat exchangers can use a combination of different types of heat

for another, for optimal heat transfer.

air flows. The rotor contains a material with a high heat capacity, for example,

ceramic plates, which allow the heat of the exhaust air to be efficiently transferred

Is passed, and external tubes through which fresh air is passed. Heat is transferred

exchangers, such as plate heat exchangers for one airflow and tube heat exchangers

These types of "stuffing” can be used in various configurations to achieve

the desired level of heat transfer and energy efficiency in recovery systems.

Here are the advantages and disadvantages of different types of recuperators

Heat exchange (flow) recuperators

Advantages:

- High efficiency of heat exchange.

- Possibility of use for ventilation systems of any capacity.
- Low cost compared to other types of recuperators.

Disadvantages:
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-Require regular maintenance and cleaning of the heat exchanger.

-Possibility of intercepting odors if air filtration is not used.

Recuperators with a mixed flow

Advantages:

-Increased efficiency of heat exchange due to mixing of air flows.

-Reducing the risk of odor interception.

Disadvantages:

-Higher cost compared to flow recuperators.

-Increased noise level due to air flow mixing.

Plate recuperators

Advantages:

-Large area of heat exchange in a small volume.

-High heat exchange efficiency.

- Possibility of easy efficiency adjustment by changing the number of plates.

Disadvantages:

-Require regular cleaning and maintenance.

-Higher cost compared to other types.

Tubular recuperators

Advantages:

-Durability and reliability.

- Possibility of use in high temperature conditions.

Disadvantages:

-Limited heat exchange efficiency due to limited heat exchange surface area.

-Increased risk of freezing of the heat exchanger at low temperatures.

Automatic recuperators

Advantages:

- Automatic regulation of work to ensure optimal conditions of comfort and
energy efficiency.

-Possibility of saving energy due to work optimization.
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Disadvantages:

-Higher cost due to the presence of additional electronic components.

- The need for regular maintenance and the possibility of breakdowns in
electronic components.

Rotary recuperators are a type of recuperators used for efficient heat
exchange between air streams. The main element of rotary recuperators is a rotor
or a wheel that rotates and contains a material with a high heat capacity, for
example, ceramic or polymer plates.

Advantages:

- High efficiency of heat exchange due to the large area of contact between
the air flows.

- The possibility of heat regeneration, which allows you to use the heat that
Is lost during the removal of exhaust air for heating fresh air.

- Possibility of application in systems with high temperatures or conditions
with high humidity.

Disadvantages:

- The need for regular maintenance and cleaning of the rotor to maintain
efficiency.

-Higher cost compared to other types of recuperators.

-The need for additional space to install the rotary recuperator due to its size.

Water recuperator is a term that can be applied to a variety of systems,
however, as used in the context of ventilation and heat transfer, it can refer to the
use of an aqueous or glycol solution as a heat carrier in the heat transfer process.
Such systems are usually used for ventilation air heat exchange, where heat is
transferred from the exhaust stream to the fresh air entering the room.

Advantages of water recuperators may include:

-High heat exchange efficiency due to the high heat capacity of water or

glycol.
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-Possibility of use for air humidity control, as humidity can also be

transferred from the exhaust stream to the fresh air.
- Can be used in low temperature systems where water or glycol can remain

in a liquid state.

Disadvantages may include:
- The increased complexity of the system due to the presence of a heat

exchanger and a coolant circulation system.
- The need for regular maintenance and control of the level and quality of

the coolant.
-Higher energy consumption for heat carrier circulation compared to air

recuperators.
In general, water recuperators can be effective in recovering heat and

moisture, but require additional systems and maintenance.

Figure 1.3- Combined heat exchanger

Combined heat exchangers combine different types of heat exchangers (for

example, plate and tube) to achieve optimal heat exchange. They have their

advantages and disadvantages
Advantages of combined heat exchangers:



73

- High efficiency of heat exchange

-The combination of different types of heat exchangers allows to achieve
high efficiency of heat exchange.

-The ability to adjust various components of the heat exchanger to achieve
optimal heat exchange parameters.

- Reduction of energy losses due to efficient heat exchange, which allows to
reduce costs for heating or air conditioning.

Disadvantages:

- The complexity of the design.

-Cost.

-Potential maintenance issues.

Despite this, combined heat exchangers remain very effective solutions for
heat recovery systems, especially in demanding conditions of energy efficiency
[2].

The EcoStar 500 EC X unit uses a plate heat exchanger. This type of heat
exchanger is considered very effective in heat recovery because it provides a large
contact surface for heat exchange between the outlet and inlet air streams. This
allows efficient transfer of heat from one stream to another, reducing energy losses
[3].

The installation can be quite automated, especially when used in
combination with a control and management system (CMS). KUS allows you to
automatically control the parameters of the installation, such as fan speed, air
temperature, humidity level and other parameters, ensuring an optimal level of

comfort and energy efficiency.

1.5 Features of using and connecting sensors

Regarding the sensors that can be used in the installation, they can be, for

example:
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-Temperature sensors for measuring the temperature of the outgoing and
incoming air.

-Humidity sensors for measuring air humidity level.

Pressure sensors for monitoring the operation of fans and the air circulation
system.

-Gas or smoke detectors to detect possible problems with gas or other
emissions.

These sensors can be connected to a KUS or a monitoring and control
device, which allows you to automatically respond to changes in the environment
and optimize the operation of the installation to ensure comfort and safety.

To configure the software of the control system (control and control system)
in the ventilation system. Usually, the software comes with an installation disk or
Is available for download from the manufacturer's website. Install the program on
the computer that will be used to manage the installation. Connect your computer
to the setup using an Ethernet cable or wireless connection if supported. Run the
software on your computer. After starting, you will see the main window of the
program with the possibility of choosing control parameters. Set the necessary
control parameters, such as operating modes, temperature conditions, fan speed
and other parameters that may be available according to the capabilities of the
installation and software. After setting, save the settings so that they are applied
during the installation.

Make sure that the software works correctly and that the installation
responds to parameter changes. These are the general steps for setting up the ECU
software for the EcoStar 500 EC X installation.

To connect, you will need to have control access. Usually, software tools are
used for this, which allow you to manage the parameters and settings of the
installation. The control interface can be accessed through a local network or
directly through a special screen or control panel, if such is present in the

installation.
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To connect to the installation via a local network, you will need to know the
IP address or hostname of the installation, as well as possibly the login and
password for access. After that, |1 will be able to use the software to manage the
installation, change parameters and monitor its operation.

If the installation software does not support additional sensors, | can
consider several possible solutions for connecting them[4].

| can install an external controller, such as Arduino or Raspberry Pi, which
supports the connection of various types of sensors. Then program this controller
to collect data from the sensors and transfer them to the installation via an
available interface, for example via a network or a USB port.

Try to modify the installation software to support the new sensors. This can
be a difficult task and will require careful code analysis and possible support from
the manufacturer,

Use an intermediate device that can process data from the sensors and
transfer them to the installation through an available interface. This device can be a
server or a cloud service.

Before choosing any solution, it is important to make sure that it meets my
needs and capabilities, and also takes into account all safety aspects and
requirements for the operation of the installation[5].

Ukraine has strategic goals to reduce energy dependence and increase the
energy efficiency of its economy. The implementation of recuperation technologies
can become one of the key directions for the realization of these goals. Energy
conservation measures and the use of renewable energy sources are priority tasks
of Ukrainian energy policy. In this context, the study of thermal energy recovery is
relevant and important.

At the international level, there is a growing interest in recuperation as an
effective tool for energy conservation. Many countries are already successfully
implementing recovery technologies in various industries, which indicates the

great potential of this process. The study of international experience will allow to
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take into account the best practices and apply them to Ukrainian practice. Thermal
energy recovery can contribute not only to the conservation of resources and the
reduction of emissions, but also to the creation of new jobs and the stimulation of
innovative development. The introduction of energy-efficient technologies can
ensure sustainable economic growth and increase the competitiveness of Ukrainian
enterprises on the world market[6].

Advantages :

-EcoStar 500EC X uses advanced technologies to efficiently recover thermal
energy, providing significant savings on heating and air conditioning.

-Cost reduction.This installation allows you to significantly reduce heating
and air conditioning costs, which allows you to save money for building owners.

-lImproving air quality.Recovery units improve indoor air quality by filtering
it from harmful substances and dust.

Environmental friendliness.The use of EcoStar 500EC X helps to reduce
emissions of CO2 and other harmful substances, contributing to the improvement
of the ecological situation.

-Ease of use.This installation has simple management and does not require
complex technical knowledge for operation.

Disadvantages

- High cost. The initial cost of installing the EcoStar 500EC X can be high,
which can be a barrier for some budgets.

-The need for regular maintenance.Recovery plants require regular
maintenance and replacement of filters, which can increase their maintenance
costs.

-The need for sufficient access to outside air.The installation requires
sufficient access to fresh outside air for efficient operation, which can be
problematic for some types of buildings.

- Need for additional space.Installing a recovery unit may require additional

space in the building to accommodate the equipment.
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-Limited effectiveness in extreme conditions.On very cold or very hot days,
the efficiency of heat recovery may be limited.

This is a general overview of the pros and cons of the EcoStar 500EC X
recovery units, which may vary depending on specific usage conditions and

equipment settings [7].

1.6 Principles of automation system design

Development of an automation algorithm that would take into account all the
requirements and features of the installation, as well as the determination of the
necessary equipment.

Installation of gasification sensors and other equipment necessary for the
automation of the installation.

Connecting all components to the installation and programming of the
automation system.

Conducting tests to verify system performance and making necessary
adjustments for optimal performance.

Preparation of documentation with schemes and instructions for operating
the system, as well as training of personnel in its use.

Once the system is successfully implemented, ongoing support and
maintenance must be provided to ensure its reliable and efficient operation. This
process requires detailed planning, technical expertise and collaboration with
automation and energy specialists. It is also necessary to comply with all technical
safety requirements and regulatory requirements when performing work.

The first stage of project implementation - system and requirements analysis

- is critical for the successful automation of the EcoStar 500EC X recuperation
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plant and the installation of gasification sensors. Below is a general outline of the
analysis

A thorough study of the technical characteristics and principles of operation
of the installation.

Determining the needs and expectations of users regarding automation and
operational safety.

Analysis of technical requirements for the automation system and sensors,
including compatibility with existing equipment.

Identification of potential security and performance threats associated with
automation and sensor deployment.

Setting requirements for the automation system and sensors to ensure user
and installation safety.

Determination of key performance indicators to assess the success of the
project.

Establishing requirements for the integration of the new system with existing
equipment and infrastructure.

Estimation of expected costs and time required for project implementation.

Identification of the main stakeholders of the project and their expectations.

This analysis will help identify the key project requirements and tasks
necessary to successfully implement the automation and installation of gasification
sensors on the EcoStar 500EC X installation.

The second stage of the project - the design of the automation system -
involves the development of a concept and a technical implementation plan. Here
are the main steps of this stage

-Selection of the automation strategy and development of the general
concept of system operation.

-Selection of carbonation sensors and other equipment according to the

requirements and capabilities of the EcoStar 500EC X system.
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-Development of schemes for connecting sensors and the automation system
to the installation.

-Development of an automation algorithm that would take into account
different operating conditions and user needs.

-Selection of the necessary software for system management and sensor data
processing.

-Development of an interface for convenient system management and
monitoring.

- Development of technical documentation, including schemes,
specifications and implementation plans.

-Conducting tests to verify system performance and making adjustments for
optimal performance.

-Preparation of documentation with diagrams, instructions and technical

characteristics for further operation and maintenance.

1.7 Types and information of sensors

This stage is important for creating a detailed project implementation plan
and ensuring the successful implementation of automation and installation of
sensors on the plant.

Some of the famous manufacturers.

Honeywell manufactures a wide range of CO2 sensors for industrial and
commercial use, including models with different measurement ranges and the
ability to connect to automation systems.

Siemens offers a variety of CO2 sensors with high measurement accuracy
and fast response time, suitable for use in industrial installations.

Aeroqual manufactures compact and accurate CO2 sensors that can be used

for monitoring in both industrial and commercial installations.
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Senseair is known for its high quality CO2 sensors for various applications
including industrial installations.

Vaisala offers high precision CO2 sensors for measuring CO2 levels in
industrial installations.

In order to connect additional sensors to my EcoStar 500 EC X installation,
there are several important requirements to consider

The sensors should work with a 230W supply voltage, which is standard for
my installation.

Must have a compatible interface to connect to the installation. For my
installation, sensors with analog or digital output can be suitable, which can be
connected to the input or output ports of the installation.

A range that meets the needs of my installation. For example, if | need to
measure temperature, the measurement range can be from -10°C to +50°C.

The sensors must be compatible with the software and hardware of my
installation. It is important to check whether the installation software supports the
connection of additional sensors.

Dimensions that allow them to be installed in the desired place of
installation without obstacles.

Must be resistant to moisture, temperature changes and other external factors
that may affect their work.

Before connecting additional sensors to my installation, | make sure they
meet all these requirements. Detailed information can be found in the technical
documentation of my installation or consult with service specialists.

Discrete CO2 sensors output a signal in the form of two states of on or off,
which allows them to transmit information about the presence or absence of a
certain level of CO2 in the room. This type of sensor has several advantages,

especially for use with platforms such as Arduino.
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Discrete sensors have a simple signal output protocol, which allows you to
easily and quickly connect them to the Arduino without complex operations with
an analog or digital signal.

The signal requires less memory to store and process compared to an analog
signal, making them ideal for memory-constrained projects like the Arduino.

Because of the simplicity of the signal output, it is easier to program to take
certain actions when the CO2 threshold value is exceeded, such as turning on
ventilation or displaying a warning message.

To conserve energy, as the sensor can be in sleep mode until it detects that
the CO2 threshold has been exceeded.

Therefore, using sensors in conjunction with Arduino can simplify the
development of air quality control projects and ensure efficient use of the
platform's resources.

In order for the Arduino to send a signal to start the recuperation installation,
you will need to connect the Arduino to the recuperation control device (for
example, a program logic controller, PLC). Here is a general approach to this
connection

PLCs (programmable logic controllers) are specialized computer devices
used to automate processes in industry and other industries. They are used to
control various devices and systems, such as various types of mechanisms, pumps,
fans, conveyors, lighting systems and others.

A PLC has inputs and outputs that allow it to interact with external
equipment. PLC output is the interface through which the PLC interacts with
connected devices. The output can be used to control voltage, current or signals
affecting the operation of connected equipment.

The output of the PLC can be programmed to perform certain actions
depending on the conditions or signals coming from the inputs. For example, can

turn the device on or off according to the program programmed into it.
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2.5  Conclusions by section and setting the tasks of the

qualification work

In the theoretical part of the chapter, the main aspects of automation of the
EcoStar 500 EC X installation were considered in order to increase its efficiency
and safety. The conducted analysis showed that the implementation of an
automated control system based on gas sensors can significantly improve the
operational characteristics of the installation.

Automation of control processes allows to significantly reduce the energy
consumption of the installation due to optimization of its operation.
Implementation of the system of automatic on/off of the installation based on the
level of gassing ensures economical use of electricity.

The automation system increases the safety of operation of the installation.
Gas sensors ensure timely activation of the ventilation system in the event of an
increase in the gas level in the room, which reduces the risks associated with
possible gas leaks.

The automated system allows you to constantly monitor the state of the
installation and diagnose possible malfunctions in a timely manner. This ensures
prompt response to deviations in system operation and warns of possible
emergency situations.

The automated control system helps increase the energy efficiency of the
installation. Thanks to the optimization of the operation of the ventilation system,
the total costs of electricity are reduced, which positively affects the overall
economic efficiency of the use of the installation.

Setting tasks for the theoretical part of the qualification work.

Conduct an overview of modern automation technologies used in ventilation
and air conditioning systems. To study the basic principles of automated systems,

their advantages and disadvantages.
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Consider the different types of gasification sensors and controllers that can
be used to automate the EcoStar 500 EC X installation. Determine the most
suitable components, taking into account the technical characteristics of the
installation and operating conditions.

Create algorithms for controlling the ventilation system based on the
indicators of gasification sensors. Determine the conditions under which the
system should be turned on or off, as well as predict work scenarios in case of
increased gassing.

Simulate the operation of the automated system using specialized software.
Evaluate the effectiveness of the proposed solutions and their impact on energy
consumption and safety of the installation.

Calculate the economic feasibility of implementing an automated system.
Determine the potential costs and savings from reducing energy consumption, as
well as estimate the payback period for automation investments.

These tasks will allow a deeper understanding of the principles of
automation of ventilation systems and justify the feasibility of implementing an

automated control system for the EcoStar 500 EC X installation.
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