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Beryn

AKTyaJIbHICTb TeMH. 3apa3, B 4Yac HAyKOBO-TEXHIYHOTO TMporpecy, Oararo
KOMIMaH1i Majioro Gi3HECy Ta YacTHHA CEPEJIHBOTO B IMOTOHI 3a MPUOYTKOM 3a0yBarOTh
Ipo TPUMIMIEHHS, B SKUX MPAIOIOTh iXHI poOiTHUKKA. He AOTpuMyrouuch MEBHUX
TEMIEPATyPHUX HOPM, YU HE CIIIJIKYIOUH 32 PIBHEM BYIJIEKHCIIOTO ra3y B MpUMIIIEHHI,
3JI0pOB’s IPALIBHUKIB 3HAXOAUTHCA B 30HI PU3UKY, & TAKOXK 3HUKYETHCS €(DEKTUBHICTD
npaii. AKTYaJdbHICTh TEMH BH3HAUAETHCS BAXKIMBICTIO MOHITOPUHTY 1 30€pexKeHHs
3JI0pPOB’ 4 MpaliBHUKIB. JJOCTIAMBIIM HOPMHU MIKPOKIIIMATY MPUMIILIEHB, PEATbHUM Oy/1e
PO3pOOJIEHHSI CUCTEMH, sIKa HE JIMILIE JO03BOJUTh CTBOPUTHU KOMGMOPTHI YMOBH JJIst
MpaliBHUKIB, TOJIMIIUTH IXHIO IPaIe3JaTHICTh, a 1 30€perTu 310poB 4.

006’ext pociaimxennsi. [Ipoliec MOHITOPUHTY Ta KEpyBaHHS MapaMeTpaMu
MIKPOKJIIMATY Y BUPOOHUYMX MPUMIIICHHSX.

Ipeamer pocaimkenns. YucenbH1 NOKa3HUKU ApaMETPIB MIKPOKIIIMATY .

Meta pocaigxkennsi. Metoro poboTr € po3poOIeHHS Ta JOCHIIKEHHS METO/IIB
MOHITOPUHIY Ta KEpYBaHHS IMapaMeTpaMu MIKPOKJIIMATy Y BUPOOHUYUX MPHUMIIICHHSX.

3agadi J0CHIKEeHHA:

1.  HocmikeHHs CTaHAApTIB MapaMeTpiB MIKpoKIiMaTy YKpainu ta kpain €C.

2.  AHaii3 BIUIMBY 3MiHH ITapaMeTpiB MIKpOKJIIMaTy Ha CTaH JFOAWHU.

3.  JlochimkeHHsT TeXHIYHMX 3aco0iB Jyisi 3a0€3MEUYEeHHS] MOHITOPUHTY TMapaMeTpiB
MIKPOKJIIMATY.

4. Po3poOneHHSI CHCTEMU MOHITOPHUHTY MapaMeTpiB MIKPOKJIIMATy Y BHPOOHHUUX
MPUMIIIICHHSX.

5. Amnani3 3MiHM TapaMeTpiB MIKPOKIIMATy Y BUPOOHUYUX MPUMILIEHHSX.

6. Po3poOneHHss Mojem CHUCTEMH KepyBaHHS MapaMeTpaMyd MIKPOKIIMATy Yy
BUPOOHUYHUX MPUMIIICHHSX.

7. JloCHDKEHHST MOXJIMBOCTEH IMIIIEMEHTAIlli PO3po0JeHOT MOACHl CHUCTEMU

KEepyBaHHS MapaMeTpamMiu MIKpOKJIIMaTy Y BUPOOHUUNX TPUMIIICHHSX.
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Po3zain 1. AnaJgii3 cranaapriB napaMeTpiB MikpokJiMary Ykpainu ta kpain €C ra

BILIMBY 3MiHU MapaMeTPiB HA JIIOAUHY

1.1. CranaapTu napameTpiB MikpokjaiMaTty Ykpainu ta kpain €C

3rigHo 3 crarrero[1] MikpokmiMar (Bix Mikpo- i KIiMar) — KIiMAT MPHU3EMHOTO
mapy IOBITps,, 0OYMOBJICHUN MIKPOMACIITAaOHUMHU BiJIMIHHOCTSMH 3€MHOi IOBEpPXHI
yCepenrHiI MiCIeBOro Kiimary. Hampukmam, B MicIieBOMYy KiIiMaTi JIICOBOTO MacHBY
PO3PI3HAIOTH MIKPOKJIIMAT JIICOBUX ITOJISH, y3J11Ch TOIIO; B MICIIEBOMY KJIIMaTi MicTa —
MIKpPOKJIIMAT IJIOIII, TPOBYJIKIB, CKBEPIB, ABOPIB 1 1H. DiToKIIMaT — aTtMocdepHi yMOBU
B CEPEIOBHIIII MTOITMPEHHS POCIIMH: B TPABOCTOI, B KPOHAX JCPEB TOIIIO.

B naniii marictepcbkiii po6oTi Mu OyeMo po3risgaTH MiKpokiaimMaT B odici. Jms
MOYaTKy MNOTPIOHO 3HAWTU CTAaHAAPTHM Ha SKI MU OyJeMO ONUpaTHCS ISl OLIHKHA
MIKpOKJIIMAaTa B LbOMY MpuMinieHHI. B Ykpaini Hopmu perymtoroTbes [lep:xkaBHUMU
Canitapanmu Hopmamu — JICH 3.3.6.042-99 npuiinatumu 01.12.1999 poky|[2]. Hapasi
el cTaHAapT JOCl III0OYUM Ta € aKTyalbHUM

Bignosigno no JICH € Tepminm s BUOpaB Ti sKi OyIyTh 3aCTOCOBYBAaTHUCH Aaii B
TEKCTI-

eBupoOHuYe NpUMIIIEHHS - 3aMKHYTUH TPOCTIp B CIHEHIAJIbHO MPHU3HAYECHUX
OyIuMHKaxX Ta CIOpylax, B SKUX IMOCTIHHO (MO 3MiHax) ab0 MepioguvHO (TPOTATOM
YaCTHUHHU pOO0OYOTro JIHS) 3AIMCHIOETHCSA TPYI0BA AISUTHHICTD JIFOICH.

e[locriiiHe poOoye MicIle - MiCIle, Ha SIKOMY Mpaliolyuil 3HaxoauTbest monaa 50%
pobodoro uacy abo Oumpmie 2-x roawH Oe3mepepBHO. Skmo mpu mpoMmy poboTa
3MIIUCHIOETHCS B PI3HUX MyHKTAaX poO0YOi 30HU, TO BCS 1151 30HA BBAXKAETHCS MOCTIHHUM
poOOUYHM MiCIIEM.

e Mikpoki1iMaT BUPOOHUYMX MPUMIILLIEHD - YMOBU BHYTPIIIHBOTO CEPEAOBHILA ITUX
MPUMIIICHB, 10 BIUIMBAIOTh HA TEIUIOBUN OOMIH MPAIIOIOYUX 3 OTOYCHHSM IUISIXOM
KOHBEKIIi1, KOHAYKIlli, TEIJIOBOTO BUIIPOMIHIOBAHHS Ta BUIAPOBYBaHHS BoJiord. i

YMOBH BU3HAYalOThCS MOEAHAHHSAM TEMIIEpaTypH, BITHOCHOI BOJIOTOCTI Ta IIBUIKOCTI
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pyXy MOBITpSl, TEMIIEpaTypud OTOUYIOUUX JIIOJAWHY TIOBEPXOHb Ta I1HTEHCHUBHICTIO
TeI10BOro (1HGppPaYepBOHOT0) ONPOMIHECHHS.

eKarteropiss poOIT - po3MeXyBaHHS POOIT 3a BaXKKICTIO Ha OCHOBI 3arajlbHUX
CHEprOBUTPAT OPraHi3My.

MikpokaiMaTUiHI YMOBH Ha pOOOYOMY MICIli, Y BUPOOHUYHUX MPUMIIICHHIX —
HaWBaXJIMBIIIUN CaHITAPHO-TITIEHIYHUN (PAKTOP, BIJ AKOTO 3aJIEKUTH CTaH 30POB’S Ta
npare3aTHICTh JIOAUHU.

MikpokIiMaTU4HI YMOBH MOJIUIAIOTh Ha ONTHMAJIbHI Ta JOIMYCTUMI.

OnTuManabH1 YMOBH — LI€ IOE€JHAHHS TApaMEeTPIB MIKPOKJIIMATY, SIK1 TPU TPUBATIOMY
Ta CHUCTEMaTUYHOMY BIUIMBI Ha JIOAMHY 3a0e3MeuyroTh 30epiraHHs HOPMAaJIbHOTO
TEIJIOBOTO CTAaHy OpraHizMy, 0€3 aKTHBi3alili MEXaHi3MIB TepMoperysimii. Boxu
3a0€e3MeuyI0Th BIJUYTTS TEIIOBOTO KOM(POPTY Ta CTBOPIOIOTH [IEPEAYMOBH AJIs1 BACOKOTO

PIBHSI Mpale31aTHOCTI.

Tabmuusg 1.1 OnTumanbHi BEIMYUHU TEMIIEPATYPH, BITHOCHOI BOJIOTOCTI Ta IMIBUAKOCTI

pyXy HOBITps B poO0OY1id 30HI BUPOOHUUYUX TPUMIILIECHb

[Tepiog Kareropis po6it Temneparypa Binnocna [BuKICTD
pOKy noBitps, °C BOJIOTICTh, % pyxy,m/c

XoJIogHUH Jlerka la 22-24 60-40 0,1
nepioj poKy Jlerka 10 21-23 60-40 0,1
CepenHboi 19-21 60-40 0,2

BaxkkocTi [la
Cepenuboi 17-19 60-40 0,2

BaxkkocTi 116
Baxka II1 16-18 60-40 0,3
Termmui Jlerka la 23-25 60-40 0,1
nepioj] pOKy Jlerka 10 22-24 60-40 0,2
CepenHboi 21-23 60-40 0,3

BaxkkocTi [la
Cepenuboi 20-22 60-40 0,3

BaxxkocTi 116
Baxka II1 18-20 60-40 0,4
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JonycTuMi MIKpOKJIIMATH4YHI YMOBHU — TOE€IHAHHS TTapaMETPIB MIKPOKIIMATYy, SKi

pU TPUBAJIOMY Ta CHCTEMAaTHYHOMY BIUIMBI Ha JIOJUHY MOXYTh BUKIUKATH 3MiHH

TEIJIOBOTO CTaHy OpraHi3My, IO IIBUAKO MHHAIOTh 1 HOPMATI3yIOThCSI Ta

CYHPOBOJIKYIOTHCSl HAMPYKEHHAM MEXaHI3MIB TEPMOPETYJISIT B Mexkax (hi31010T19HOT

ananrarii. [Ipu nboMy He BUHHMKA€E yIIKOKEHb a00 MOPYIIEHb CTaHy 370POB’s, OJHAK

MOYTh CIIOCTEPIraTucs AUCKOM(OPTHI TETUIOBIAUYTTS, MOTIPIICHHS CaMOMOYYTTS Ta
3HIDKEHHS TIparie31aTHocTi [3]

Tabmus 1.2 JonmycTrmi MIKpOKIIMAaTH4HI YMOBH

[epiox poky Temmeparypa, °C BimnocHa IBuakicTs
BOJIOTICTH (%) | pyxy(M/cek.)
Kareropist poGiT Bepxus mexa Hixas mexa
Ha poOouux | Ha pobOoUMX
Ha Ha Ha Ha MicIx — | micuax -
IOCTIMHUX | MOCTIMHMX | ITOCTIHHHUX HENOCTIHHNX NOCTIHHUX 1 | MOCTiHHKMX i
poGounx | poboumx | poGoumMx poGounx HEMoCTIfHMX | HenoCTifHuX
MicLx MicLx MicLgx MicCIx
Xomomuuii | Jlerka la 25 26 21 18 75 He Ounpmie
nepion 01
poKy
Jlerka I6 24 25 20 17 75 He Oinbiie
0,2
Cepenapoi 23 24 17 15 75 He Oinpiie
Baxkkocri Ila 0,3
Cepennboi 21 23 15 13 75 He Oinpme
BakkocTi 116 04
Baxxka II1 19 20 13 12 75 He OGinbme
0,5
Terumit Jlerka Ia 28 30 22 20 55-pu 28 °C | 0,2-0,1
nepion
Jlerka I6 28 30 21 19 60-mpu 27 °C | 0,3-0,1
POKy
Cepennboi 27 29 18 17 65—mpu 26 °C | 0,4-0,2
Baxkkocri Ila
Cepeauboi 27 29 15 15 70-pu 25 °C | 0,5-0,2
Baxkkocrti 110
Baxxka 111 26 28 15 13 75-pu25 °C 0,6-0,5




MikpoKIIMaTU4HI YMOBH BUPOOHUYHMX MPUMIIICHb XapaKTEPU3YIOThCS

TaKUMHU [TOKa3HUKAMMU:

eTEeMIIepaTypa MoBITpS,

®BIJTHOCHA BOJIOTICTh MOBITPS,

®IIIBUJIKICTH PyXYy HOBITpA,

®iHTEHCUBHICTb TETIOBOTO (1H()pPauepBOHOT0) ONMPOMIHEHHS,

eTEeMIIepaTypa MOBEPXHi.

BumiproBanHs mapaMeTpiB MIKpOKIIMaTy MPOBOAATHCA HA POOOYMX MICISIX 1 B
pobouiil 30HI Ha MOYaATKy, B CEpeluHl Ta B KiHII poOoyoi 3Minu. [Ipu KoIMBaHHSIX
MIKpOKTIMATHYHUX YMOB, TIOB'SI3aHUX 3 TEXHOJOTIYHMM TPOIECOM Ta IHIIUMH
NpUYUHAMH, BUMIPIOBAHHS TMPOBOIATHCA 3 ypaxyBaHHSIM HAMOUIBIIMX 1 HAaWMEHIINX
BEJIMYMH TEPMIYHUX HAaBaHTaXXEHb NIPOTATOM POOOUOI 3MIHU

3a3BuYail BUMIPIOBAHHS MapaMETPiB MIKPOKIIMATy MPOBOAMTHCS CHEIiaIbHUMHU
IpUiaaMHu TaKUMU SIK — AcCHipaliiiHUi ICUXPOMETP 13 PTYTHUMH TEPMOMETPaMU AJIs
BUMIPIOBAHHS TEMIIEpATypu MOBITPs, Tirporpad ajs 3aMiprOBaHHS BOJIOTOCTI MOBITPS,
eJIEKTPOTEPMOMETPH, TEepMOMapu [l BUMIPIOBAHHA TEMIIEpaTypHd I[OBEPXOHb,
AKTUHOMETpPHU, TEPMOCTOBOIIl [JIi BUMIPIOBAHHS IHTEHCHBHOCTI 1H(GPaYepBOHOTO

BUIIPOMIHIOBaHHS.

i

o

v
|

B"S" S e e

napHuii TEpMOMETP

TepMorpad  neyxiyHuiA rirpomeTp

Puc.1 [lpunagu nis BUMiproBaHHS apaMeTpiB MIKPOKIIMATY
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IcHYI0TH BUMOTH 10 BUMIPIOBAJIBLHUX TpHIaaiB Ta01.1.3

Tabmunsg 1.3 Bumorn 1o npuiajiB ki BAMIPIOIOTh TapaMeTpU MIKpOKIIMATy

BumiproBani Hiama3on Jonyctuma PexomMeHioBaH1 npuiiaau
BEJTUYMHU BUMIpPIOBaHb noxuOka
1.Temnepatypa |-30 mo +5 +-0,1 AcrmipatiitHuii mcuxomMeTp 13
noBiTps, °C PTYTHUMU TE€PMOMETPAMHU
2. BimHocHa 15 no 100 +-5,0 Ti > cami Ta 3anucyroui
BOJIOTICTh rirporpagu

noBiTps, %o

3. Temneparypa | -30 no 100 +-1,0 EnexTporepmMomeTpu, TEpMONIApH 1
noBepxHi, °C T. 1H

4. I1IBUaKICTE 0,1-0,5 mo +-0,1 AHEMOMETpH poTaliitHoi Ail

pPYyXy TOBITpPA, 0,6 -5,0 +-0,2

M/CEK.

5. 10,0- +-10% AKTHHOMETPH, TEPMOCTOBOII],
IaTencusnicts | 20000,0 00JIOMETpH, paliOMETPH 31
1H(payepBOHOTO CHEKTPAIbHOIO Yy TIUBICTIO B
OTIPOMIHEHHS miamna3oni 0,30 — 20,0 Mxkm

1.2. JocaigaeHHs BIUTUBY 3MiHU MapaMeTPiB MiKpPOKJIIMAaTy Ha JIIOAUHY

Hocmimkyroun [4] 3a onTUManbHUX MIKPOKIIMATHYHUX YMOB B OpraHi3Mi
MpaliBHUKA, 3aBISKH TEPMOPETYJIAIIi, MATPUMYETHCS TOCTIMHA TeMIlepaTypa Tija
(36,6°C). KinbkicTh Temia, 10 YTBOPIOETHCA B OpraHi3Mi, 3ajeXUTh BiJl (I3UYHOTO
HABAHTAKCHHS TpAIliBHUKA, a PIBEHb TEIJIOBIAAAadl — BiJ MIKPOKIIMATUYHHX YMOB
BUPOOHMUOTO  cepefoBHINA. Bigmadya Temia 3AIMCHIOETBCS 32 JOTIOMOTORO
BUIIPOMIHIOBaHHS Ta BHUIIAPOBYBAHHS BOJIOTM 3 TMOBEpXHI MIKipu. YuM HUKYa
TEeMIepaTypa MOBITPs 1 OlIbIIa MIBUAKICTH HOTO PyXy, TUM OLIbLIE TErJia BIAJAETHCS

opraHizMoM. [Ipu BucCOKil TeMrepaTypi MOBITPS 3HAUYHA YaCTHMHA TEIJia BTPAYAETHCS
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BUMApOBYBaHHAM. PazoM 3 moToM opradi3Mm BTpadae BOJy, BITaMiHU, MIHEpaJIbHI COJI.
TakuM YWMHOM, BHACIHIJIOK 3HEBOJHIOBAHHSA, MOPYUIYETbCA OOMIH pedoBUH. Tomy
MPAaLiBHUKYU «TapsSYux»» [EXiB MOBUHHI 3a0€3MeUyBaTHCh Ta30BAHOIO M1ICOJIEHOIO BOJOI0.
Bosoricte MoOBITpsl ICTOTHO BIUIMBA€ Ha CaMOIOYYTTS Ta Mpare3faTHicTb. Yepes
BHUCOKY BOJIOTICTh 3MEHIIYEThCS BiAjada Teria 3a JONOMOTOI0 BHUIAPOBYBAHHS.
3HIKEHHS BOJIOTOCTI MOKpAIIye mpoliec TernoBigaadi. OHak, 1 HaATO HU3bKa BOJIOTICTh
BUKJIMKA€ BUCUXAHHS CIIM30BUX OOOJOHOK JuXalbHMX NUIAXIB. Jljisi 3abe3nedeHHs
JIOMYCTUMHX MapaMeTpiB MIKPOKIIMATy Ha BUPOOHHIITBI BIPOBAIKY€ETHCS MEXaH13a1lis
BaKKHUX poOIT, 000B’SI3KOBA HASIBHICTh NMPUILITUBHO-BUTSXKHOT BEHTWIALIT 3 MEXaHIYHUM
CIIOHYKaHHSM, a TaKOXX JI0JJaTKOBO, KOHIWIIIFOBaHHS MOBITps. Y BiamosigHocTi g0 JJCH
3.3.6.042-99 «CaniTapHi HOpMHU MIKpPOKJIIMAaTy BUPOOHUYNX MPUMIIIEHBY, (hi310JI0TIIHO
OoNTHUMajbHA BiJHOCHA BOJIOTICTh CTaHOBUTH 40-60%, nomycTuMe 3HAUCHHS HE OLIbIIe

75%.

Tabmuus 1.4 Knacudikaiis 3a piBueM konuentpaiiii CO; y moBiTpi

OyniBii/mpumimienss BianosiaHo JAbH B.2.5-67:2013 “OnaneHHs, BEHTWIALIA,

KOHJIUITIOHYBaHHS .
YMOBU MIKPOKJTIMATY PiBenp kounentpamii CO; y mpuMilieHHI TOHAJ
PIBEHb Y 30BHIIIHBOMY MOBITP1, PPM
Tumnosuii aiama3ox Tumnose 3HaUeHHS
ITigBuiueni ontumaneal | <400 350
OnTuManbHi 400-600 500
Homyctumi 600-1000 800
OOMexeHO IOy CTUMI >1000 1200

CO, — Byriekucnuii ra3 abo JI0KCHJ BYTJICII0 — I1e Oe30apBHUM ra3, SK1il He Mae
3araxy Impy MajuX KOHIICHTparisaX. BiH BUIIISETHCS JIFOIbMH, TBAPUHAMH Ta POCITHMHAMH,
HaIPUKJIaJ, OpTaHi3M JIFOJUHA 3IaTHUH BUIITUTH OJU3BKO | KI' BYTJICKMCJIOTO Ta3y Ha
no0y. PexomennoBanuii ckiaa moBitps y mpumimieHHi: 20% kwucHio, 79% azoty, 1%

1HIIMX rasis. Y neit 1%, 1o 3aMuimmBcs, BXOASITh PI3HOMaHITHI CIIOJYKH, OJTHA 3 SIKUX —
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CO,, Byriaekuciuii ras. Horo xinekicTs Bin 3aramsroi macu — 0,035-0,04%, a6o 350-
400 ppm (3a €BpONEHCHKOIO CUCTEMOIO TTO3HAYCHD ).
B Vxpaini nep:xaBni OyaiBeabHI HOpMH BU3HAUAIOTh A0MycTHMI KoHIeHTpatii CO;
B MTOBITPi 3 ypaxXyBaHHSIM BMICTY JBOOKHCY BYIJICIIO B IMIOBITP1 30BHI OY/I1BEIIb.
[MIpu waamipuomy piBHi CO, Moke BiAOyTHCS TOTIPIIEHHS CTaHy 3J0POB’s
mpariBHAKa (BIMIYTTS 3ayXHd, MPUIIBUANICHHS IYJIbCY,30UIBIIICHHS CTOMIIFOBAHOCTI,
npoOJieMH 3 KOHIIEHTPAII€l0 YBaru, MaJiHHSA MPOJYKTHUBHOCTI Ipalli, HENPUTOMHICTD,

HYJI0Ta, TOJIOBHI 00JI1, CHHIPOM XPOHIYHOT BTOMH)

Tabmug 1.5 BupakeHicTh CHMIITOMIB 3aJI€KHO Bij KOoHIIeHTpalii piBHa CO;

PiBers CO2 (ppm) Bnnus Ha monuny
300-400 ppm OnrtumanbHe 3HAYCHHS
400-600 ppm Hopwma niist po6otu B odici 6e3 3HUKEHHS MPOAYKTHUBHOCTI

npail. Ha opranizm HisIK HE BIUTMBAE

1o 600 ppm Hopma j1st ciabHi, JUTSAYOTO cajiKa 1 KON

600-1000 ppm [Tagae MpOAYKTUBHICTH Tpalli, CKJIAJHIIIE KOHIEHTPYBATH

yBary i cnpuiiMartu iHpopmaiiiro. 3’ BIs€TbCA TOJOBHUHN O11b

1000-1500 ppm JlronuHa cTae MIIABOIO, TIAJa€ KOHIIGHTpAIllsl yBarw,
CKJIQJHIIIEe MPUHAMATH PIlICHHS, 30UIBIIYEThCS KIJIBKICTh
NOMWIOK B po00Ti. BuHMKae pHU3UK PO3BUTKY XPOHIYHOL

BTOMMH

Bix 1500 CuitbHUY roOBHUM 0111b. 3HUKAE OaXkaHHS ITPAIIOBATH Yepe3

BTOMY.

Takox mpoanamizyBaBmu [5] Koau temnepaTypa HaBKOJUIIHBOTO CEpEIOBHUIIA
3HM)KEHA, AKTUBYETHCA XIMIYHA TEPMOPEryJsilisi — 3pOCTa€ KUIbKICTh TeIa, SIKe
BUpOOJIsie opraHizM. OTHOYACHO 3BYXKYIOThCS IIKIpHI CyAuHU. Uepes 11e 3MEHIIYEThCS

BiJIJ1aya Teria y HAaBKOJIMIIHE CEPEIOBUIIIC.
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Komu Temmneparypa HaBKOJMIITHBOTO CEPEIOBUINA IiABUIICHA, 3MEHIIYETHCS
TEIIOB1/IJladya BHACIIIOK KOHBEKIIT, KOHIYKIIII, pajiallii 1 3pocTae TEIjIoBiaaadya yepes
BUITAPOBYBaHHS (TOTOBHUIUICHHS) BOJIOTH 3 TTIOBEPXHI TiJa.
3a migBuiieHoi Temnepatypu noBitps Bia 16 10 30 °C 1 pob0TH cepeHBOro CTyIeHS
TSDKKOCTI B OJITHEHOI JIFOJMHM YacTKa TEIUIOBIAJadl Yepe3 KOHBEKIIO 1 paaiaiiio
3HIKYEThCS 3 73 10 8%. TemnoBiamaya yepe3 BUMIAPOBYBAHHS BOJIOTH 3pOCTaE 3 27 10
92%. Binnmaua Teria 3 MOBEpXHi Tija yepe3 KOHBEKIIIO 1 pajialliio IPUIHHIETHCS, KOJIU

TeMIlepaTypa HaBKOJIMIIHBOTO CEpeloBUIA CTaHOBUTH 33 °C.

1.3. BucHoBok 10 po3aiay 1

[IpoananizyBaBIIM HOPMHU  MIKPOKJIIMAary Yy BHUPOOHMYMX MPUMIMICHHSIX
BIJIIOBIJTHO /10 HOPMAaTUBHUX JOKYMEHTIB YKpainu Ta kpain €C BapTo BIA3HAYUTH, 11O

iUt ctaHgapT B YkpaiHi € JICH 3.3.6.042-99. 3rigHO HBOTO € 3a3HAYCHI
ONTUMAJIbHI Ta JOMYCTUM1 HOPMH MOKA3HHUKIB TEMIEPATypH, BOJOTOCTI Ta IIBUAKOCTI
pyxXy MOBITpS Ha poboyomy wmicui. [Ipy mopyiieHHI ONTUMAaIbHOTO MIKPOKIIMATY,
3MIHIOETBCS TIPAIE3/IaTHICTh POOITHUKIB, UMM XOJIOJHINIC, THM OLIbIIE JFOJUHA
BUTpAYae EHEPTii Ha 3IrpiBaHHsA, Ta OlIbIIe pOOUTh MOMUIIOK ITPU HA0OPY TEKCTY. Takoxk
aHaNI3yl0uu CTaHAApTH, € LIE OJWH MapaMeTp MIKPOKIIMATY 3a SKMM BapTO CIIIJIKYBaTH
— piBenb CO, mipu #oro 3HaueHHsx Bix 300 1o 600 ppm sroarHa HE 6AYUTH PI3HUIT, PU
3HaueHHAX Bix 600 go 1500 1 Bumie, MOCTYNOBO MOX€E MaJaTH MPOAYKTUBHICTh Ipalli,
JIOJMHA MOXE CTaTh MIISBOIO, 30UIBIIYETHCS KUIBKICTh TOMMIJIOK, MPU BHUCOKHUX
MOKa3HUKaX MOKe BUHUKHYTH TonoBHHM Outb. Cranmaptu CO; B Ykpaini ta €C, €
onHakoBumu. 1Ilo6 HOpMani3yBaTh MIKpOKJIIMAT MOKHAa BUKOPUCTOBYBATH OMNAJICHHS,

KOHJIUITIFOBaHHS MTOBITPsI, 800 BEHTHIISAIIIIO.
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Po3ain 2. JlociizkeHHS TEXHIYHOTO 3a0e3MeYeHHsl CHCTeM KOHTPOJII0

MIKpOKJIIMaTy

2.1. Anajni3 icHyl0UMX CHCTeM KOHTPOJII0 NapaMeTpiB MiKpokJIiMaTy

J51s moyaTKy BapTO MPOBECTH aHAaJIi3 ICHYIOUUX CUCTEM KepyBaHHS Ta MOHITOPUHTY
napameTpiB MIKpOKJIiMaTy B npuMilieHHAX. Cepel ICHYI0UUX pIllieHb € K npodeciitHi
tak 1 Tak 3BaHi DIY (anrm. DIY Takox D. I. Y. Bix anrn. Do It Yourself — «3pobu 11e
cam»). Po3rasineMo KinbKa IPUKIIAAIB CUCTEM, SIKI MOXKIIMBO PO3POOUTH CaMOCTIHHO ab0
KynuTy B Mepexi Internet.

OpHuM 13 OPOEKTIB, sIKI BapTo po3nisiHyTH € DIY MOHITOp SKOCTI MOBITpS—
BumiptoBay PM2,5, CO,, VOC, o30Hy, TemriepaTypud Ta BOJOrocTi Ha IuiaTdopmi

Arduino [7].

Pucynox 2.1 — Cucrema MOHITOPUHTY SIKOCT1 TIOBITPS

S noscHIO, SIK KOXKEH 13 TapaMeTpiB SIKOCTI MOBITPS BIUIMBAE HA HAC 1 K MPALIOIOTh

JaTYUKU. ['OJIOBHUM KOMITOHEHTOM LIbOTO NMpoekTy € muiata Arduino Pro Mini, sika B
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noeaHaHHI 3 2,8-II0MMOBHM CEHCOpPHUM pauciieeM Nextion 3a0e3nedye TIigHuN
1HTepdeic KopucTyBaya.

B npoexti BuxopuctoByeThcs gatuuk PM 2.5-PMS5003 sxuit 300paxeHo Ha

PUCYHKY 2.2

Pucynok 2.2 — Jlataux PM 2,5 PMS5003

Woro 6yno BukoprcTano s BuMipioarns PM 2,5 (a6o Particulate Matter 2,5 —
TBEpJli YACTUHKU Y TOBITpi aiameTpoMm mnpubam3Ho 2,5 mikpona) Lli vactku €
HAWIIKIITUBIIIO (PopMOTr0 3a0pyTHEHHS TIOBITPS, TaK SIK MOXYTh IPOHUKATH TJIMOOKO
B JIET€H1, KPOBOTIK, MO30K , BUKJIMKAIOUHW 0araTto mpooJeM 31 310poB’sIM JTr0auHU. JlaTank
PM 2,5 mpaiitoe 3a NpUHITUIIOM JIa3€pHOTO pO3CitoBaHHA. BiH Mae BEHTUISATOP, SAKUN
CTBOPIOE KOHTPOJIbOBAHHWM TMOTIK, MO0 YaCTUHKH HaBKOJMIIHBOTO CEPEIOBHUIIA
NpOXOAUIN 4Yepe3 c(]okycoBaHUN JlazepHUM TPOMiHb. YaCTUHKM BUKJIMKAIOTh
PO3CIIOBaHHS CBITJIA, SIKE BUSBIAETHCA (DOTOMIONOM , a MOTIM MEPETBOPIOETHCS Ha
KOHIICHTPAIli}0 TBEPAUX YaCTUHOK 32 JIOMOMOTOI0 MOT0 MiKpompoliecopa. ABTOp BHUSIBUB,
[0 pe3yJIbTaTH IbOTO JaT4yuhKa JOCUTh HaJiiHI, 1 pa3zoM 13 PM2.5 BiH TakoXX MoOxe

BHUaaBaTu 3Ha4eHHsI PM1 ta PM10.
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Ham BukopuctoByetbes Jlatuuk CO-MH-Z19 nns BumiproBanas CO; ab6o

BYTJICKUCIIOTO ra3y (300pakeHuii Ha pUCYHKY 2.3)

Pucynok 2.3 — latuuk MH-Z19B nns BumiproBanns CO,

OCKUTBKY JTFOAM i1 Yac JUXaHHS BUAULIIOTH BYTJICKUCIHN a3, koHmneHTpaiis CO;
B MPUMIIIEHHI MOXe€ JIETKO cTaTu Ayke Bucokorw. ['a3 CO; He Tinbku HeOe3neuHuil y
BUCOKHMX KOHIIEHTpAIIISIX, aJi€ TaKOX MOXE BHUKIUKATU COHJIMBICTH, BTOMY, 3HU3UTH
P1BEHb HAILIOT IPOIYKTUBHOCTI, TOLIO.

JlaTuyMK ~ BUKOPUCTOBYE  HEAUCIEPCIHHUN  1HGpaYepBOHUNA  TPUHIUN IS
BuMipioBanHa CO; y noBiTpi. J[>kepeno iHppauepBOHOTO BUIIPOMIHIOBAHHS HAMpPaBIIse
CBITJIO 4Yepe3 TpyOKy, HAITOBHEHY IMOBITPSAM, SIKE MU BUMIPIOEMO. 3 I1HIIOTO OOKY BIJ
JoKepenia iHQpauyepBOHOTO BUIIPOMIHIOBAHHS € onTHUHUN QuibTp 1 [U-geTexrop, skuit
BUMIPIOE KUTbKICTh [Y-CBiTIIa, IKE MPOXOIUTH KPi3b HHOTO.

Monekynu razy CO,, mpucyTHI B MOBITPI, IKE MU BUMIPIOEMO, TTOTJIMHAIOTH TIEBHY
cmyry [Y-mpomeniB, mpomyckarouu XBuial neBHOi noBxkuHH. OtTxe, piBeHb CO;
PO3pPaxOBYETHCA BIAMOBIIHO JO PI3HUII MK KUIBKICTIO BUIPOMIHIOBAHOTO CBITJIA Ta
KutbKicTIO [Y-CBiTHa, OTpUMAHOTO ACTEKTOPOM. Pe3ymbTate IIbOTO JaTyMKa TaKOXK
JIOCUTbH TOYHI.

Takox B mpoekti BukopuctoByerhes Jarunku VOC (VOC 1e nerki opraxidsi

cnonyku) Ta o300y MP503 ta MQ131 300paxkeni Ha pucyHKy 2.4.



17

Pucynoxk 2.4 — Jlaruuk MQ131 - Monynb TecTyBanHs BUsiBIIeHHs ra3y (1) Ta natyuk

3a0pyaHeHHs moBiTpst ZP07 - MP503-10 VOC Moayib TecTyBaHHS IKOCTI TTOBITPS (2)

[lpuHun iXx B TOMy, IO 4Yepe3 MeTajeBy IMIJKIAIKy MPOXOIUTh TEBHUMN
€JIEKTPUYHUIA CTPYM, 1 OIIP K1 3MIHIOIOTHCS BIIMOBITHO A0 KIJIBKOCTI IPUCYTHHOTO Ta3y.
Hatuuk MQ131 € o030H, sgKuUi Yy 3BHYAHOMY JOMOTOCIOJAPCTBI MOJXKE
YTBOPIOBATUCH TAKUMH MTPOTyKTaMH, SIK OUMIIyBayl MOBITPS, BIAIAPOBaYl Jis1 00IUYYs,
OaKTEepULIMJIHI JIAMIIHU, IO BUAUISIOTH YITPadioeTOBE CBITIO.
Jatunk MP503 Mae Kibka OCHOBHHX Tra3iB sIKi MOXKE yJIaBIIOBAaTH — 1€ aJKOTOJIb,
UM, 1300yTaH, MeTaHaJ Ta 1HIII.
It Toro, 1100 310paTi cxemy mOTpiOHO TaKl KOMITJIEKTYIOU1-
Komrmnekryroui moTpiOHi 15t 300py MPOEKTY:
e PMS5003 JJatunk PM
e MH-Z19 CO, natuuk
e JlaTunk o3ony MQ-131
e Jlaruuk VOC MP503
e DHT22 JlaTunk TemnepaTypH Ta UIyMy
e Jlucmueii Nextion 2,8
e DS3231RTC
e Arduino Pro Mini
e [aiiku M3
e Po3’em Mini USB
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o IlItudrori po3’emu mns Arduino
e 2-TIO3MITIHHUHN TIEpeMHUKaY
e Konpaencaropu:0.1 Mmx® kepamiunuii 1 10 MKD eneKTpOTITHIHUAN
e Tpansucrop — 2N3904
e [lepemukau

Hatuuk PM2.5 nepenae curnan nqo Arduino yepes mocnioBHuit intepdeiic. Bin
mpartoe pu Hanpy3si 5 B, ane snoriunuii piBeHb npuiiomy RX mpairtoe npu Harpysi 3,3
B, Tomy nns Hporo notpiben autbHUK Hanpyru. atuuk CO; 1 qucruieir Nextion Takox
BUKOPHUCTOBYIOTH MOCIII0BHUM 3B’s130K. [t 3untyBanHs gatuukiB VOC Ta 030HY MU
BUKOPUCTOBYEMO aHAJIOTOBI BXOAW Arduino, ToAl sIK JaTYUMK TEMIIEPATypH Ta BOJIOTOCTI
DHT?22 BukopucTOBY€E AJIs L€l METU HU(PPOBUN KOHTAKT.

JIBa TpaH3UCTOpU BUKOPUCTOBYIOTHCS JUJIsl aKTHBAIlll HArpiBayiB JaT4WKiB. Mu
TaK0X BUKOPHUCTOBYEMO MOJYJIb TOJIMHHUKA PEATbHOTO Yacy JUIS BiICTEKEHHS Yacy Mif
yac 30epiraHHsi 3HA4eHb JIATYMKIB, 1 BIH BUKOPUCTOBYE 3B’ 130K 12C . Becw mpuctpiit
XUBHUThCA S5 B yepes pos'em Mini USB.

Jliist 3aBaHTaKEHHSI KOAy B miatyArduino Mu migkiIrodauMo ii 10 KOMIT roTepa uepes
USB intepdeiic. 3ayBaxre, mo mas gatauka VOC MU 34dTyeEMO Jniie HeoOpoOIeH1
JIaHi 3 [IbOTO JaT4YMKa, a HEe 3HAUCHHS YaCTOK Ha MUIbMOH a00 YacTUH Ha MIIbAp/. JIuiie
agasiorosi 3Ha4yeHHs B11 0 1o 1024. biabmt BUCOKI 3HaUE€HHS 03Ha4aroTh HassBHICTE JIOC.

[Ilo crocyeThcs JaTYMKa O30HY, OO OTPUMATH TOYHIII PE3yiabTaTH, MU TTOBUHHI
MpaBWIbHO BcTaHOBUTH 3HaueHHs setTimeToRead() 1 setRO() BiAMOBIIHO 10 MpUKIaTY
kanmiopyBanHs 010mioreku. Onuak qoBimmii yac setTimeToRead o3nauae, o mporpama
Oyne 3a010KoBaHa mija yac BUOIPKH, a Bce 1HIIE Oyie 3aMOPOKEHO.

Jpyrum mpoexktoM Oyae Oulblll mpocTimie pimeHHs - 3 Ha3Boro Monitop CO;
[7] .ABTOpa TypOyBana HeJOCTaTHS BEHTWIALIS B IOMi, TOMY BiH BUPIILIUB 310paty 1eit
npoekT. ["onoBHOIO KoMmIutekTytounmu TyT € tiata Arduino UNO Tta gatunk MQ-135
KWW MOXKE BUMIPIOBATH SAKICTh TOBITps. s Toro, mob 3i0patu cxemy, MOTpiOHO

BUKOPHUCTATH TaKi KOMIUICKTYIOU1 SIK HaBeJIeHO B Tabmuill 2.1
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Tabmuusg 2.1. Kommekryroui 1151 36ipku — Monitop CO;

Arduino UNO 1 wr

bykseno-mmdposuit LCD aucmneit, 16x2 | 1 mr.

Quad orepariinHui miacwaosay | 1 .
3araJlbHOr0 TpU3HAYEHHS Big  [€Xas

Instruments

JlaT4uK TeMIepaTypy 3 TEPMOPEZUCTOPOM | 2 HIT

BMA-320

Poz’em mist SD xapt VMA — 304 1 mr
Pesuctop 10 kOm I mr
Pesuctop 1 kOm l T
Pesucrop 221 Om I T

Mu nipoBenu aHami3 BXXe ICHYIOUHMX CHCTEM KOHTPOJIIO MapaMeTpiB MIKPOKIIMATY
Hanpukian [7] ae aBTop 3i0paB matumk CO, Ta KOHTPOJIIO TEMIIEpATypd Ha OCHOBI

MikpokoHTpoJiepa Arduino ta matunka MQ-135.

Pucynox 2.5 — ®oTo nmpoekTy aBTOpa 3 JaTYMKOM Byriaekucioro razy tTa LCD expaHoM.



20

ABTOp 3a3HauyuB, mo AaTunk MQ-135 mocuTe dyTnHMBHH, SKIIO B KiMHATy 3
YCTaHOBKOIO 3aXOMTh JIFOJIMHA TO TTOKA3HUKH 3HAYHO 3MIHATHCS.

Takoxx Oyn0 TpoaHANI30BaHO pPi3HI MPOEKTH IO KOHTPOJIIO TeMIepaTypu B

NPUMIIIICHHI TaKUX 5K 11e 3po0uB aBTOp TYT [8].

63.00 41,00

[TENH Humidit g J

Pucynox 2.6 — IIpo€ekT o KOHTPOITIO TeMIepaTypu

Asrop BukopuctaB miaty Arduino UNO, natumk temmeparypu DHT11 LCD

,Z[I/ICHJIeﬁ Ta I[OI[aTKOBi KOMIIOHCHTH, TaKl SIK KHOIIKU , PE3UCTOP Ta IIPOBOAU.

fritzing

Puc.1.7 Cxema npoekTy KOHTPOJIIO TeMIepaTypu Ha ocHOBI gaTtunka DHT11
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2.2. AHaAJIi3 iCHYlOYHX BUMIPIOBAJBLHHUX 32C00iB CHCTEM KOHTPOJIIO TapaMeTpiB

MIiKPOKJIIMaTy

st Toro, mo0 mpoaHami3yBaTH B)KE ICHYIOUl CHCTEMH KOHTPOJIIO IMapaMeTpiB
MIKpOKJIIMATy, 5 CIpoOyBaB 3HAWTH iX B BIIOMHUX IHTEPHET Mara3uHax HaNpUKIAJ SK

[10] 300paxenuii Ha puCcyHKY 2.8.

Pucynox 2.8 — TepmorirpomeTp 3 natunkom BumiptoBanus CO2SBTR PTH-9c

Sk 3a3HaUY€HO Ha CaiTi, TEPMOTIrPOMETP MOXHA BUKOPHUCTOBYBATH B OYIUHKY,
odici Ta IHIKMX NPUMIilIeHHAX. Moke BUMIpIOBATH PIBEHb BYTJIEKUCIIOTO r'a3y, BOJOTOCTI
MOBITPS Ta TeMIlepaTypu. Bu3HaueHHsS BMICTY BYTJIEKHCIIOTO rasy 3A1HCHIOETHCA 3a
JIOTIOMOTO10  1H(PAaYepPBOHOTO HEAUCIEPCIHHOTO METONy, Ha OCHOBI SIKOTO IMpAIlO€
JaTUHK.

[Tepesaru CO,; PTH-9¢ B ToMy, 1110 BiH

e Buwmiproe piBeHb ByTJieKucaoro razy B mexax 400-5000 ppm

e [loka3ye remneparypy: 10 ~40 °C (£ 1 °C)
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[Tokazye Bomoricts: 20%-80% (£ 5% BiTHOCHOI BOJIOTOCTI)
[Tpuarun BusHauenHs piBHA CO; 3acHoBanuit Ha TexHomorii NDIR,
BUMIPIOBaHHS B1J10yBa€ThCS 3a JIOIIOMOT' OO HEJIUCTIEPCIHOTO
1H(pavYepBOHOTO JATUYNKA;
€ MOPTAaTUBHUM TPUIIATIOM;
[Tpamtoe Ha miTieBiit 6aTtapei 2400 MAT, IO 3aps/KAETHCA 3a JIOIIOMOTOIO
Micro-USB ka6eiro, 1o BXOAWTH J10 KOMIUTIEKTY. Yac 3apsipkanHs 4-6 roJIH.
Bucota 98 mm, mupuna 90, rmuouna 40mm, Bara 300 1.

[Mina 2 250 rpH

Takox € 1oCUTh NOpOruit mpucTpilt, , a came 13 972rpH, s BumiproBanHs COo,

BOJIOTOCTI Ta TEMIIEpATypH B IPUMIIIeHHI[2.3], Tak0K KOMITaKTHUH, a came — 66*120*33

ta Bary 103 rpamMmu, 110 € 11e OUIBII JIETITUM YUM MEPIINi npucTpiit.300pakeHuil Ha

pucyHky 2.9.

Pucynox 2.9 — BumiproBau piBast CO; TFA «AIRCO2NTROL 5000

Ha nucnnei BimoOpaxatotbest motouHi piBHI CO», a Takox rpadik 3 nmonepeaHiMu

3HAUYEHHSIMHA Ta BIANOBIJHUMH MAaKCUMAJIbHUMHA Ta MIHIMAJIbHUMUA 3HAYCHHIMMU.

TumyacoBa 11KaJia ricTorpaMu Moke OyTH 3MiHEHa Ha OJIHY XBWJIMHY, TOAUHY, A€Hb a00
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TWKJEHb. SIK BapiaHT, OCTaHHI BUMIPSIHI 3HAUYEHHS TEMIIEpaTypHu Ta BOJIOTOCTI TaKOX
MOXYTh OYTH YITKO BiJJoOpakeHi Ha rpadiky.

KonbopoBuii gucmiieit cBiTiaodopa 103BOJIsIE MIBUAKO IHTEPIPETYBATH 3HAYCHHS
CO; ta 3MiHIOE KOJIIp 13 3€JICHOTO Ha JKOBTUM Ta Ha YEPBOHHUU 3aJICKHO BIJ SKOCTI
MOBITPS Ta HAJAIITYBaHHS TPAHUYHUX 3HAYCHB. SIKIIO BKa3aHE MAaKCUMAaJIbHE 3HAUCHHS
MIEPEBUITICHO, MOKE OyTH HAJaHO JOJATKOBHA MOMEPEHKYBATBHIN CUTHAIL, SIKITIO PiBHI
koHreHTparlii CO, HaATO BUCOKI.

O6mmpHa GyHKIST peecTparii 103BoJisie 30epiratu Oinbine 1 minbiioHa HAOOpIB
nanux (CO2 / BosoricTs / Temmeparypa 3 AaTtol 1 yacom) Ha kapti Micro-SD, mio
nonaerbes y BurisiAi ¢aiiny CSV. IHTepBan craHnapTHOrO BUMIPIOBaHHS CTAaHOBUTH
I'ATh CeKyHJ. 30epexeHl JaHi MO)XHa JIErKO Ta MIBUAKO OLIIHUTH 3a JOMOMOIOIO
Microsoft Excel. )Kusnennst AirControl 5000 3maiiicHroeTses uepe3 USB-kaGens, 110
TIOJTAETHCSL.

XapaKTEpUCTUKHU:

e Jliama3zoH BHUMIpIOBaHHS KOHIIEHTpalii Byriekucioro razy 0...5000 ppm
(KUTbKICTh YaCTUH Ha M1JIBHOH)

e Poszninbha 3paTHicTs 1 ppm (0-1000), 5 ppm (1000-2000), 10 ppm (>2000)

e [HTEpBaJ MOHOBJICHHS 5 CEKYH[

e Yac Biaryky < 30 cekyHq

e Cnoci6 BumiproBanas Non-Dispersive-Infrared Technology (NDIR)

e Jliamazon BumiptoBanHs Temneparypu 0...+50°C

e Posnginbaa 3matHIicTh 0,1 °C

e Jliama3oH BUMIpPIOBaHHs BOJOrocTi 5...95%

e PosninbHa 31aTHICTE 1%

e Po6Goua Temmneparypa 0...+50°C

e Temmepatypa 30epiranns -20...+60°C

e [‘onumuauk KBaprosuii

e Marepian - [Inmactux

o Kouip Oinuit
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e VYcranoBka [linBimenuit abo OKpemMo CTOITh
e JKusnenns Micro-USB
e Poswmipu (L) 120 x (B) 33 x (H) 66 mm
e BaralO3r
OyHKIIii:
o Jlns moniTopunry konuentpauii CO; y OyaumHKax, e MPHUCYTHI IO,
HaIpUKIIaI, MKOJIU, 0hICH, TPOMAJCHKI 00'€KTH
o [unukaris pias CO; y Burisi citiaodpopa
e 2-xa"anpHuM gaTunk NDIR 3 HU3bKHUM Jperiom
e BinoOpaxxeHHs yacy, TeMIepaTypH Ta BOJIOTOCTI Yy TPUMIIIEHH1
e ['padik icropuuHUX 3HaYEHb (XBWJINHA, TOJIMHA, I1€Hb, THKJIEHB)
e Makc.-MiH.-(QyHKIIIS
e (Cursan TpUBOTH, 1110 HANAIITOBYETHCS
o OyHKIg Jorrepa 30epirae monaa 1 MunbiioH 3anuciB y BUrisial daitiny CSV
Ha KapTi micro SD (y KOMIUIEeKT1)
e JKusnenns uepe3 kadenab micro-USB (BXOauTh 10 KOMILIEKTY)
Kommiekrarist:
o COz-MoHiTOp
e Kapta micro SD
e KaGenp micro-USB
e AC apantep
e [HCTpyKIIis 3 eKkcruTyaTartii
e Bupoouuk: TFA Dostmann GmbH & Co. KG, Himeuunna
[Ticns momryky B)K€ TOTOBUX TMPUCTPOIB HA IHTEPHET PUHKY B YKpaiHi, MOXY
CKa3aTH, 1110 MHOIO He OYJ10 3HalIEHO BEJIMKOI0 PI3HOMAHITTS IIUX MPUCTPOIB, € JEKUIbKA
MapoK Ta Pi3HI MOJiedl 3 MiHIMAJIbHUMH 3MiHaMH B HHX, CEPEJ HUX € JIOCUTh HEIOTraHi
BaplaHTH SK1 MOYKHA BCTAaHOBUTHU Hampukiaa B odici Takuii sk CO,SBTR PTH-9c, 11e He
JOpOTui IpUCTpiHt , a came 2250 rpH, QYHKIIOHATIOM CXOXKUU HA JOPOXKYi aHAJIOTH. AJe

MU BUPIIINJIM 310paTu CBid, TaK K TOJIOBHOIO HOTO MEPEBAror0 € MOAYJIbHICTh, 3aBISKU
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IIbOMY MOXHa 3MIHIOBaTH K (yHKI[IOHAT KOHCTPYKIIIi, TaK 1 I[[iHy TOTOBOTO BapiaHTYy.
Jlns movaTKy mOTpiOHO OIIHUTH XapaKTEPUCTUKHU MOJYIIB SKI MU BHOpaX JIsl I[bOTO

IPOEKTY.

2.2.1. Moayab naTyuka sikocti nmoBiTpa MQ-135

MQ-135 srigao 3 [12] B OCHOBHOMY BUKOPHUCTOBYETHCS ISl BH3HAYCHHS
KOHIICHTpAIIii BYTJICKHUCIIOTO Ta3y, ajJKorojito, 0CH30.1y, OKCUIIB a30Ty, aMiaKy Ta IHIIHUX
raziB y mnoBitpi. Ha mati monyns nepenOadeHUil Kommaparop JUisi BU3HAYCHHS
MOPOrOBOr0 3HAYEHHS KOHUEHTpalil MKUIMBUX pedoBUH. [lopir chpanboByBaHHS
3a7a€Thes oTeHmomerpom[13].

XapaKTEpUCTUKHU:

e Buxiguuii curnan TTL piBHs

e AmnanoroBuil Buxij aaruuka 0 - 5B. UuMm BuIllle KOHIIEHTpaIlisl ra3iB TUM BHUILE
HaIpyra Ha BUXO/I1

e Hampyra xuBnenns moayJisi: SB nmocrtiitHOro crpymy

e Posmipu: 32mm X22mMMm X27Mm

e Tun marumka: MQ-135

e Ilina iporo MoyJisi BapiroeThes Bix 65rpH(Prom) mo 229 rpH Ha caiiTi evo.net.

Hatuuk HaBeneHuit Ha pucynky 2.10.

Pucynok 2.10 — Mopaynb natuuka sikocti moBiTps MQ-135
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Le#t paTamk migkarodaeTbes a0 [lnati Arduino 3rigHo po3MiHOBKHU 3a3HAYECHOI HA

tabmui 2.2.

Tabmuns 2.2. ITigkimrouends natunka 10 Arduino

MQ-135 | Arduino
VCC 5V
AOUT | A0
GND GND

3pa3ok nporpamMu HanucaHoi s gatarnka MQ 135

const int gasSensor =0;

void setup(){

Serial.begin(9600);// Bcranoitoe Ha MOCIi0BHOMY MOPTi 3Ha4eHHs 9600

¥
void loop(){

float voltage;

voltage = getVVoltage(gasSensor);
Serial.printin(voltage);
delay(1000);

b
float getVoltage(int pin){

return (analogRead(pin) * 0.004882814);

}

[lepen TuM, sIK MOYATH BUKOPUCTOBYBATH JATUMK, HOTO MOTPIOHO MIAKIIOYUTH JI0

HaIpyru 1 monepeaHbo nporpitd mnpotrsarom 12-24 rogun. Ilicns uporo mnoTpiOHO

BUKOHATH HACTYITHI MPOIEAYPH B cepenoBuiill 3 Temmneparypor B 20 rpamyciB C/35%

TEeMIIepaTypy MOBITPsI Ta MPOYUTATH 3HAYEHHS CTPOKH ZEr0. AJie 1Ji MOYaTKy NOTPIOHO

HaIMucaTH JCKUIbKa PAIKIB KOy, 100 JAaTYMK MPaIlOBaB.

#include "MQ135.h"
const int ANALOGPIN=0;
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MQ135 gasSensor = MQ135(ANALOGPIN);

void setup(){

Serial.begin(9600);// BcranoBitoe Ha mociiioBHOMY MOpTi 3Ha4eHHS 9600

¥

void loop(){

float rzero = gasSensor.getRZero();

Serial.printin(rzero);

delay(1000);

[Ticnst TOro SIK MM BU3HAYWJIM 3HAYEHHS! CTPOKH IZ€r0 MOTpiOHO MOro 3amucaTd B
daiin 3 HazBoro MQ135.h, y aBropa Buitnuio 3HaueHnuss RZERO 76.63.

#include "MQ135.h"

const int ANALOGPIN=0;

MQ135 gasSensor = MQ135(ANALOGPIN);

void setup(){

Serial.begin(9600);

by

void loop(){

float ppm = gasSensor.getPPM();

Serial.printin(ppm);

delay(1000);}

[Ticnst OO HAMMCABINM JaHUM KOJ MOHA B)K€ MOYMHATH BUMIPIOBATH SIKICTh
MOBITPSL.

e EkcrnepuMeHTH MOKa3yloTh, 110 MQ-135 Moke BUSBIISITH BUILE3ra/laHl ra3u, aje
HE PO3PI3HATH iX. SKIIO BM X0UeTe NEPEBIPUTH BMICT IIEBHOTO Ta3y B MOBITP1, MOXKJIUBO,
BaM 3HAJIOOMTHCS 3HAWTH 1HIIN KpaIll JaTIHKH.

e MQ-135 BUKOPUCTOBY€ HarpiBaJibHUid MOAYJb JUJISl TOMEPEIHBLOTO HarpiBaHHS
JaTyuka, TOMYy TiepeAdadaeThcsi, MmO OJIOK >KUBJICHHS 3 OUIBIIOI TMOTYXHICTIO HE

PO3PAIUBCS WIBUJIKO.
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2.2.2. Jatunk CO2 MH-Z19B

Haii 0yB BuOpanuii Hamu gatunk CO, MH-Z19B, srigno 3 [14], MH-Z19B —
yHIBEpCaTbHUI HEBEIMKUN ATYMK, SIKAW JT03BOJISIE BUKOPUCTOBYBATH HEAMCIICPCiitHE
iH(ppauepBone BuripoMinoBaHHs (NDIR) nns BusiBIeHHs BYTJIEKHCIIOTO ra3y B MOBITPI 3
xopoioro BUOiIpkoBicTIO. Lleil maTtunk mpocTuil y BUKOPUCTaHHI Ta Ma€ BOYIOBaHHIA
JaT4YNK TEeMIIepaTypH, SKUH MOKe 3MIMCHIOBAaTH TeMIIepaTypHy KomreHcarliro. [lei
natunk wMae mnocuinoBHuil iHTepdeiic UART (amrn. universal asynchronous
receiver/transmitter — yHiBepcaabHHII aCHHXPOHHUH TpuiiMay/TiepenaBad) i BUXOIU
IIPOTHO-IMITYJTbCHOI MOy sIii. FIoro MOXHa IMMPOKO BHKOPHCTOBYBATH B CHCTEMAX
HVAC (OnaneHHs, BEHTHIALIS Ta KOHIUIIIOBaHHS NoBiTps, ckop. OBK, a6o HVAC Bix
anrn. Heating, Ventilation, & Air Conditioning), MOHITOPUHTY $IKOCTI TOBITPS B

XOJIOAWJIBHUX MPUMIIIEHHSX, JaTYUK 300pa’KeHU Ha pUCYHKY 2.11.

Pucynok 2.11. Jatunk CO, MH-Z19B
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3acTOCyBaHHS:

¢ [loOyToBi Ta mpomucioBl BuMiproBadi koHueHTpaii CO;
Oco0nMBOCTI:

e Bucoka 4yTiauBICTh 1 pO3/aiIbHA 3/IaTHICTh

e Husbke crioKMBaHHS

Buxigni inrepdeiicu: UART 1 ILIIM

TeMreparypHa KoOMIeHcallis 1 4y10Ba JiHIAHICTh
e Xopora cTabiIbHICTh

e JloBruii TepMiH CIIy>KOU

XapaKkTepUCTUKHU:

e Monuenb nartunka: MH-Z19B

e BuwmiproBanuii raz: CO;

e PoGoua nampyra: Big 3.6 10 5.5 B

e Hampyra noriynux piBHiB: 3,3

e CepenHiii crioXUBaHUM cTpyM: <18 MA

e PiBensb noriyaux curnamiis: 3.3 B

e BumiproBanmii mianazon: Big 0 1o 0.5%

e Buxigui curnamm: UART, PWM

e Uac po3irpiBy: 3 XBWIMHU

e Yac sumiproBanss: T90 <60 s

e PoGoua Temmneparypa: Bix 0 1o 50°

e Po6oua Bonoricts: Bix 0 1o 95% RH

e Po3mipu: 33 mm X 20 MM X 9 MM

e Bara: 21 rpam

e ["apaHTOBaHa HalpalOBaHHS Ha BIIMOBY:> 5 pOKIB

[ina Bixg 700 qo 1250 rpu[15].

Jlnst Toro mo0 BUMIPSITH TeMIepaTypy, BOJOTICTh 1 KOHIEHTPAIIO0 BYTJIEKUCIOTO
ra3y, Mu migkiarounMo aatauk remmneparypu DHT 1 gatauk MHZ-19B no Arduino Uno 1

BigoOpa3umo nokaszanus Ha moxysi OLED-nucnnes SSD1306 i2c.
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[Ticast miaKIrOYeHHs MOAYIiB A0 Arduino , moTpiOHO BcTaHOBHTH Oi0mioTeKy MH-
Z19.]lanmi BXe MOXHA TOYMHATH 3aBaHTAXyBaTH Mporpamy i poOOTH JaT4HKa.
[MporpamyBanus MH-Z19B Arduino:
Il CO,
#include <Arduino.h>
#include <MHZ19.h>
#include <SoftwareSerial.h>
/l Temp
#include <DFRobot_ DHT20.h>
Il Display
#include <Adafruit. GFX.h>
#include <Adafruit_SSD1306.h >
#include <Wire.h>
/I CO,
#define RX PIN 3 // Rx kontakr MHZ19 Tx npueananuii 1o D2
#define TX PIN 2 // Tx kontakt MHZ19 Rx npuennanuit no D3
#define BAUDRATE 9600 / / Ilpuctpiii o MH-Z19 TlocninoBHa MIBUIKICTD
nepeaadi (He il 3MIHIOBATH)
MHZ19 myMHZ19;// Kouctpyktop aist 610;110Tekn
SoftwareSerial mySerial(RX PIN, TX PIN); // (be3 mnpukianay) CTBOpPUTH
npucTpiit ans nociaigoBaoro MH-Z19
// TemmiepaTypa
DFRobot DHT20 dht20;
/' qucnnein
#define SCREEN WIDTH 128 // lllupuna aucmies OLED, y mikcemnsix
#define SCREEN HEIGHT 64 // Bucota nucmnes OLED, y nmikcensix
/I Nexnaparst st gucties SSD1306, migkmtouenoro go I12C (SDA, SCL
KOHTAKTH)
#define OLED_RESET -1 // Ckunytu PIN-koza # (a00 -1, AKIIO CHiIbHUA KOHTAKT

Arduino 1y1s CKugaHHS)
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Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire,
OLED_RESET);

void setup()
{
Serial.begin(9600);// 3amyck CO;
mySerial.begin(BAUDRATE);// (be3 mpukiamy) npucTpiii sl MOCHIOBHOTO
3armycky MH-Z19
myMHZ19.begin(mySerial); / *Ilocunanus Serial(Stream) HeoOXiHO TiepenaTu
B 01010TEKyY begin().
myMHZ19.autoCalibration(); // YBiMkHyTH aBTOMatnuHe kaniOpyBanHs (OFF
autoCalibration(false))
/[ Start Temp
while (dht20.begin()) {
Serial.println("ITommuka iHimiam3aiii gaTunka');
3atpumka (1000);
b

// 3anmyck Bi10OpaxeHHs

display.begin(SSD1306 _SWITCHCAPVCC, 0x3C);
3arpuMka (2000);
display.clearDisplay();
display.setTextColor(WHITE);}
void loop()
{
//Otpumatu CO;
int COy;
CO,; = myMHZ19.get CO; ();// 3anut CO; (sik mpomisie)
display.clearDisplay();
display.setTextSize(2);
display.setTextColor(WHITE);



32
display.setCursor(0, 0);
display.print(dht20.getTemperature());
display.print(\n");
display.print(dht20.getHumidity());
display.print("%");
display.print(\n");
display.print(CO,);
display.print(" ppm");
display.display();
3atpumka (2000);}
[Ticnst 3aBaHTaXXEHHS KOAY KOHIIGHTpAIllsl BYTJIEKUCIIOTO rasy Ta TemIepaTrypa

OynyTh BimoOpaxkatucs Ha OLED.

2.2.3. Jatunk CO2 (Arduino-cymicuuii) Bit DFRobot

[le mepmmii natunk CO; Ha puHKy Arduino. Buxigna nampyra mMomyss mamae 3i
30upeHHs M koHIeHTpamii CO,. [loTenimiomerp Ha TmJaTi NpU3HAYEHUW IS
BCTaHOBJIEHHs1 Topory Hampyru. [lokm konmentpamiss CO; € IOCTaTHbO BHCOKOIO
(Hampyra HUXK4a 3a IOPOroBe 3HaYeHHsI ), Oy e BunyiieHo 1udposuii curnan (ON/OFF).

Bin mae cencopumii Mmoxyne MG-811, skuii nyxxke uytnuBuii 70 CO;z 1 MeHI
yyTiuBUi 0 ankoroito Ta CO, HU3bKOI BOJOTOCTI Ta 3aJIEKHOCTI BiJ TeMIEpaTypH.
OcHarieHuil CBITJIOAIOIHOIO 1HAMKAIIEI0 IS BiIOOpaKEHHS TPAHUYHOTO 3HAYCHHS
KOHIIEHTpaIlii Byriekucioro razy. Analog CO, Gas Sensor — enexkTpoxiMiuHUNA AaTYdK ,
TOMYy HOro oOOB'S3KOBO HEOOXIJHO BiakamiOpyBaTu mnepel (aKTUUHUM BHMIPOM.
[Tpamroroun JaTYUK rPi€THCA, 1€ HOPMATIBHO.

e bopToBuil KOHTYp omajieHHs 3a0e3neuye HalKpally TeMIieparypy s poOoTH
naTyvka. BHyTpimiHe migBUIIEHHS Hanpyrd g0 6 B nns Halikpaimoi poOoTH
JaTYMKA HarpiBy.

e [leit natuuk mMae BOyAOBaHY CXeMy KOHAMIIIOBAHHS ISl TIOCUJICHHS BUX1IHOTO

curnany[16].



33

JlaTumk 300pakeHnid Ha PUCYHKY 2.12.

Pucynok 2.12. latauk SKU:SEN0159

XapakTepUCTUKU [IHOTO aTYMKa 3a3HAYCH] HIDKYE-
e Po0Ooua Hampyra: 4,5 ~ 5,5 B nocTiiiHOro cTpymy
e BussieHHs razy: Byriekuciuii ra3 (CO»)
e Cepenniii cTpyM: <85 MA
e Buxiguuii curHan: UART/PWM/anamoroBuii Buxia (ocTaHHI JBa HE
pO3po0JIIeHI)
e Jlianazon BumiproBanHs: 0 ~ 50000ppm
e TounicTk: £ (50 ppm + 5% noka3zanHs)
e Yac nonepeaHbOro HarpiBy: 3 XB
e Yac Biaryky: T90 <30 ¢
e Po6oua Temneparypa: 0 ~ 50 °C
e Po6oua BosoricTh: 0 ~ 95% RH (6e3 konaeHcariii)
e Tepwmin ciyx0u: >5 pokiB

e Poswmip mmatu: 21 * 27,11 mm /0,83 * 1,06 mroitma
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e Bara:42r
e Bucoxkoskicauit po3'em DFRobot Gravity
e BOynoBaHa cxema HarpiBada JaTdyuka
o KoMIuiekTyeTbes 3py4HUM Kabenem st T IKITI0UeHHS
e [lina kone6muthes Big 1687 mo 1766 rpu
OCOBJIMBOCTI
e Bucoka uyTnuBicTh Brcoka po3aiipHa 34aTHICTD
e Husbke eHeprocrnoXuBaHHA
e BiaMmiHHA CTIHKICTD
e TemmepaTypHa KOMIICHCAIIS
e BiaMIHHUN THIMHUNA BUXI1]
e Bucokuil MUK XUTTI
e 3axucT BiJl BOJSHOI Mapu
e Hisixoro orpyeHHs
o [loTpiOHe mxepeno >kuBieHHS S5 B, HaBITh SKII0O BU BUKOPHUCTOBYETE
MikpokoHTposiep 3,3 B, nanpukian Genuino 101/ Raspberry Pi Toro.
KanibpyBanHs Moayssi IpOXOAUTh ACSKUM 4yac MiJ Yac 1bOro CJiiji 3a0e3MeunTu
CTaOlIbHE JKMUBJICHHS I[bOTO MOAYJS, MiJ 4ac poOOTH AaTyuK OyJe HarpiBaTHCS.
[ToTpiOHO, PO3MICTUTH 1IeH MOJYJIb Y MicCIll 3 uucTUM ToBITpsiM. [licns GesmepepBHOT
poOOTH MPOTATOM MNPUOIHU3HO 48 TOAMH MOXHA BHUMIPATH BHXIJIHY Hampyry LbOTO
mMoaysi. [ToTiM moTpiOHO 3MIHUTH BU3HAYEHHS B KOJ1, PO3AUIMBIIK 3HAUYCHHS HANIPYTH
(omunuus: B) Ha 8,5.
#define ZERO_POINT_VOLTAGE (voltage/8.5)
Hampuknan, Hampyra, sKy BU BHUMIPSJIM Ha MOAYJi, cTaHOBUTH 2,4 B, Tomi
2,4/8,5=0,282. Tomy 3aMiHsI€EMO BU3HAYEHHS, SIK TOKA3aHO HUKYE:
#define ZERO_POINT_VOLTAGE (0.282)
[Ticns moamdikairii 3aBaHTaKTE 3pa30K KOy Ha CBOIO Tuiaty Arduino.
JlaBaiiTe po3riasiHeMO 3amporOHOBAHUM PO3POOHUKOM JAaHOTO MOIYJS KO, SKUU

MO’KHA MOJIIJIUTH Ha TIEBHI CTPYKTYpPH1 YaCTUHHU.
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ABTOD 3a3Hauae, Mo el PparMeHT BUXITHOTO KOy Ma€ BUKOPUCTOBYBATHUCS JIUIIIE
K JIGMOHCTpaIlis, OUIBIN CKJIaJHEe KamiOpyBaHHS HEOOXiJHE Ui MPOMHUCIOBOIO
3aCTOCYBaHHSI.

VY nepuiiid 4acTHHI KOJY HaBOJSITHCS MaKpPOCH, MOB's13aH1 3 0018 THAHHSM.
#define MG_PIN (A0) //Bu3Haute, KWl aHAJIOTOBUH BXIJIHWU KaHaJd BU 30MpaeTecs
BUKOPHCTOBYBATH
#define BOOL_PIN (2)
#define DC_GAIN (8.5) //Bu3HaueHHs IOCUJICHHS IIOCTIHOTO CTPYyMY ITiJICHITIOBaYa
[rAFEREEREMakpocH, OB’ sI3aH1 3 MPOTPAMHUM 3a0€3TEUCHHSIM * * H etttk et/
#define READ_SAMPLE_INTERVAL (50) //Bu3Haure, CKiIbKH 3pa3KiB BH 30HUpaeTecs
B3SITH M1J] 4aC HOPMAJIbHOT pOOOTH
#define READ_SAMPLE_TIMES (5) //Bu3HauTe yacoBuii iHTepBai (y MUTICEKYH/ax)
MIK KOXXHUMU 3pa3KaMu B
//HOpManbHa poboTa
/*************MaKPOCH, HOB’H3aHi 3 HporpaMOIO************************ **/
//II1 nBa 3HA4YEHHS BIAPI3HSIOTHCS BIJ JaTYMKa 10 JATYMKA. KOPHUCTYBad IMOBHUHEH
BU3HAYWTH II¢ 3HAUCHHSI.
#define ZERO_POINT_VOLTAGE (0,220) //Bu3HaueHHs BUX1THOTO CHUTHAITy AaTYHKA
y BoJIbTax, Koy KoHieHtparilis CO; cranoButh 400 PPM
#define REACTION_VOLTGAE (0,030) //Bu3HaueHHsI aaiHHSA HAIPYTH JaTYUKa MPH

nepemimieHHi garavka 3 mositps B 1000ppm CO;

/****************************OCHOBHi MaKpOCH**************************/

float CO2Curve[3] =
{2,602,ZERO_POINT_VOLTAGE,(REACTION_VOLTGAE/(2,602-3))};

/3 kpuBOT OepyThCS JBI TOUKH

/[3 MK TBOMaA TOYKaMH YTBOPIOETHCS JIiHIs, SIKa €

//'mpuONMM3HO eKBiBaJICHTHA' BUXIIHIN KPHUBIH

l/bopmat nanux (X,y,slope); point: (Ig400, 0.324)

/lnaxwun = ( reaction voltage ) / (log400 —log1000)

void setup()



{
Serial.begin(9600); //HanamryBanus UART, mBuakicts nepeaadi = 9600 6it/c

pinMode(BOOL_PIN, INPUT); //BcTranoBUTH ITiH JUTSI BBEICHHS
digitalWrite(BOOL_PIN, HIGH); // yBiMKHYTH HMiATATYBajIbHI pE3HCTOPU
Serial.print("MG-811 Demistration\n");

by
void loop()

{

int percentage;

float volts;

volts = MGRead(MG_PIN);
Serial.print( "SEN0159:" );
Serial.print(volts);
Serial.print("V");
Percentage = MGGetPercentage(volts,CO,Curve);
Serial.print("CO.:");

If (percentage ==-1) {
Serial.print( "<400");

}else {

Serial.print(percentage);

¥

Serial.print( "ppm");
Serial.print("\n");

if (digitalRead(BOOL_PIN) ){

Serial.print( "=====BOOL is HIGH======"),
}else {

Serial.print( "=====BOOL ¢ LOW======"));,
}

Serial.print("\n");
delay (500);

36
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}

/************************* M G Read kkkhkkhkkhhkkhkkhkhhkkhkhkhkhhkkihkkihkkihkhhkhihkihkihkihix

Bxia: mg_pin - aHaoroBui KaHa
Buxia: suxigx SEN-000007
[Mpumitku: us Qyukuis yutae Buxig SEN-000007

*********************************************************************/

float MGRead(int mg_pin)

{

inti;

float v=0;

for (i=0;i<READ_SAMPLE_TIMES;i++) {
v += analogRead(mg_pin);

delay (READ_SAMPLE_INTERVAL);

}

v = (VVREAD_SAMPLE_TIMES) *5/1024 ;
return v,

}

*hkhkkhkkhkkhkkhkkkhkhkkhkkikkkhkkikkikikiikk *hkkhkkhkkkkhkkhkhkkhkkhkhkkhkihkkiihkikikikikikikk
/ MQGetPercentage

Bxin: BonbTH - Buxig SEN-000007 BuMiproeTbest y BOIbTaxX

pCUrve - moKakuuK Ha KPUBY I1JIbOBOTO Ta3y

Buxia: ppm uias0Boro razy

[IpumiTkH: 3a JOMOMOTOI0 HAXWUIy Ta TOYKH MpsiMoi. X (JorapudMiuyHe 3HAYCHHS
npomisie) psaka Moke OyTH OTpuMaHo, skiio HagaHo Y(Buxim MG-811). Sk me a
jgorapudMiuyHa KOOpJMHATa, CTymiHb 10 BHKOPHUCTOBYETHCS ISl TMEPETBOPEHHS
pe3ynbTaTy B HenmorapuMidHUN 3HAYCHHS.

*********************************************************************/

int MGGetPercentage(float volts, float *pcurve)

{
if (volts/DC_GAIN )>=ZERO_POINT_VOLTAGE) {

return -1;
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}else {
return pow(10, ((volts/DC_GAIN)-pcurve[1])/pcurve[2]+pcurve[0]);

2.2.4. laTumnk BoJiorocti Ta tTeMneparypu DHT22 ta DHT11

3rigao 3 [17] matumkun DHT22 ta DHT11 nyxe momynspHi cepen JTrOOUTEINIB
CJICKTPOHIKH, OCKUIBKM BOHU JdyXK€ JeIIeBl, ajle Bce MIe 3a0e3NeuyloTh 4YyJI0BY
OPOAYKTUBHICTb. OCh OCHOBHI XapaKTEpUCTHUKU Ta BIIMIHHOCTI MDK IIMMH JBOMA
JaTYNKAMMU:

DHT22 € 0pOKXUOI0 BEPCi€lo, sIka, OYEBUIHO, MA€ KPallli XapaKTepHCTUKH. Moro
Jllana3oH BUMIPIOBaHHA TeMIIepaTypu cTaHoBUTH Bij -40 no +125 rpagycis 3a Llensciem
3 TouHicTIO +-0,5 rpamyca, ol sk aianazon temrepatyp DHT11 cranoButs Binx 0 1o 50
rpanycis 3a LlenbcieM 3 TounicTio +-2 rpagycu. Kpim Toro, naruuk DHT22 mae kpamuii
niarna3oH BuMiproBaHHsl Bojorocti Big 0 1o 100% 3 TouHicTio 2-5%, TOI SK Jiana3oH
Bosiorocti DHT11 cranoButs Bix 20 1o 80% 3 TounicTio 5%. JlaTunku 300paxeHi Ha

pucyHsky 2.13

DHT11 DHT22

Pucynok 2.13 — DHT11 3niBa, DHT22 cnipasa

Takox NOPIBHSIHHS XapaKTEPUCTUK MapaMeTpiB HaBeIeHO B Tabnui 2.3
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Ta6muis 2.3. [MopiBHsiHHA xapakTepucTuk gqatuukiB DHT11 ta DHT22

DHT11

JlaTunk

DHT?22

02-50C/+-2C

TemnepaTtypHuii nianazox

-40-125C/+-0,5 C

20-80%/+-5

Jlianma3oH BOJIOTOCTI

0-100%/+-2-5%

1Hz (oxHe YMTaHHS KOXKHY

CEKYH]Y)

YacTtoTa BUMIpIOBaHHS

0,5 Hz (omne uyuTaHHS

KOXKHI1 JIBI CEKYH/TN)

15.5mm x12MM X5.5Mm

Po3zmip

15.2mm X 25mm X 7.7mm

3-5B

PoGoua Hamnpyra

3-5B

2,5mA

MakcumanbHU CTpyM Mij

yac BUMIPIOBaHHS

2,5mA

€ nBi cnenudikarii, ge DHT11 kpamuii 3a DHT22. Ile wactora nuckperusarii,

aka i1 DHT11 cranoButs 1 I'ip abo ofHEe 34MTyBaHHS IIOCEKYHIHU, TOAl SK 4acTOTa

nuckpetusamii DHT22 cranoButs 0,5 I't a6o ogHe 3uMTyBaHHS KOXKHI JIB1 CEKYH]IH, a

takoxk DHT11 mMae menmuii po3mip kopiycy. Poboua Harpyra 000X TaTUYMKIB CTAHOBUTh

Bl 3 0 5 BOJIBT, & MaKCUMAJIbHUN CTPYM, 110 BUKOPUCTOBYETHCS TIPH BUMIPIOBaHHI,

CTaHOBUTH 2,5 MA.

Mopyini ckiafaroThesl 3 HaT4MKa BOJIOTOCTI, Ta natunka Temmepatypu NTC (abo

TEpPMICTOpa) Ta MIKPOCXEMHU Ha 3aJIHI CTOPOHI JaTYMKA — PUCYHOK 2.14.

Humidity Sensing

Component

Thermistor

NTC Temeperature Sensor

Pucynox 2.14 — bynoBa moay:s (3711Ba JaTYUK BOJIOTOCTI, CIIpaBa JaTIUK

TeMIIepaTypu)
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JIist BUMIPIOBaHHSI BOJIOTOCTI BOHM BHUKOPHUCTOBYIOTH KOMIIOHEHT JIaTyUKa
BOJIOTOCTI, SIKUM Ma€ JIBa €JIEKTPOIHN 3 BOJOTOCTIMKOIO MIAKIAIKOK MK HUMU. Tomy 31
3MIHOO BOJIOTOCTI 3MIHIOETHCSI TIPOBITHICTD IMIIKJIAIKH a00 3MIHIOETHCS OTIP MK [IUMHU
enexkTpoaamu. Llsg 3MiHA OMOpPy BHUMIPIOETHCS Ta OOPOOJSETHCS MIKPOCXEMOIO, IO
poOUTh T TOTOBOIO 0 3UYUTYBAaHHS MIKPOKOHTPOJEPOM. 3 1HIIOTO OOKy, st
BUMIPIOBAHHS TEMIIEPATYPH Il JATYMKH BUKOPUCTOBYIOTH nartduk Temmepatypu NTC
abo0 TepMicTop.

TepmicTop — 11e PakTHUHO 3MIHHUN PE3UCTOP, KU 3MIHIOE CBiil OMip 31 3MiHOIO
temriepaTypu. Lli AaT4MKU BUTOTOBISIOTHCS NUISXOM CIIKAHHS HaIliBIPOBITHUKOBUX
MaTepiaiiB, TaKUX sIK Kepamika abo moimepu, o0 3a0e3neuuT OUTbII 3MIHU OMOpPY
JUIIe 3 HEBEeJMKUMHU 3MiHamu Temneparypu. Tepmin «NTC» o3Hauae «HeraTUBHUUN
TeMIepaTypHU KoedillieHT», M0 O3HAyae, M0 OMip 3MEHIIYEThCS 31 301IbIICHHSIM

temnepatypu (Pucynok 2.15.).

Preasure

Resistance

Temperature

Pucynok 2.15 — [Ipunuun aii gatuuka

Hatuukun DHTxx matore yotupu KoHTakTH, VCC, GND, KOHTaKkT NaHMX 1 HE
MIJKJITIOYEHUA KOHTAKT, SIKUM HE BUKOPUCTOBYEThCA. [liATAryrouuit pe3uctop Big 5 A0
10 kO™ noTpiGeH [1s MATPUMKH BUCOKOTO PIBHS JIiHIT Miepeiadl JaHuX 1 3a0e3meueHHs

3B’SI3KYy MDK JartdyukoM 1 mmaroro Arduino. € neski Bepcli HMX MaTYMKIB, SIKi
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MOCTAYalOThCS 3 TUIATAMH PO3PUBY 3 BOYIOBAHUM MHIATATYIOUMM PE3UCTOPOM 1 MaIOTh
auue 3 KOHTaKTH.

Hatuukn DHTXX wmaioTe BiacHMd  OJHONPOBIAHUM  MPOTOKON,  SIKUN
BUKOPHUCTOBYETHCS IS Tepeaadl JaHuX. [ 1poro npoTokory noTpiOeH TOUHUM Yac, a
YacoBi JiarpaMu Il OTPUMAaHHS TaHUX BiJl TATYMKIB MOKHA 3HANTH B TAOJHIISIX TAHUX
natynkiB. OTHAK HaM HE TOTPIOHO 0COOIMBO TypOyBaTHUCS PO 111 YACOBI JIlarpamMu, TOMY
o Mu 6ysieMo BuKopuctoByBatu 010mi0Teky DHT, sika moa6ae mpo Bce.

Crnouatky HaM moTpiOHO BcraHoBUTH 0107ioreky DHT, sky moxHa 3HailTH Ha
odimiitHomy BeO-caiiTi Arduino, MOTIM BHU3HAYUTH HOMEpP KOHTAKTy, JO SKOTO
MIJKIIOYEHO Halll JaTduK, 1 ctBoputu 00’ekt DHT. V po3gini HanmamTyBaHHS Ham
NOTPIOHO 1HILIIOBATU MOCTIAOBHHUI 3B’SI30K, OCKUIBKM MH OyJ€MO BHUKOPUCTOBYBATHU
MIOCJIIJIOBHUMA MOHITOP IS IPYKY pe3yibTariB. BukopuctoBytoun dynkiio read22(), mu
OyZIeMo 4YMTaTH JaHl 3 JaTYMKa Ta MOMICTUTH 3HAYEHHS TEMIIEpaTypu Ta BOJIOTOCTI y
3miHHI t 1 h. Skmo Bu BukopuctoByere natunk DHTI11, Bam 3HamoOuThes (yHKIISA
read11(). Hanpukinii MU po3ApyKyeMO 3HAY€HHS TEMIIEpaTypd Ta BOJOTOCTI Ha
CEpITHOMY MOHITOPI.

[Io6 movatn BUKOPUCTOBYBATH MOYJIb, MOTPIOHO HAMKMCATH KO Ta 3aBAHTAXKUTHU
Ha HHOTO —

#include <dht.h>

#define dataPin 8 // Busnauae HOMEp KOHTAKTy [0 SKOTO IMiIKI0YA€THCS JaTUNK

dht DHT; // CtBoproe 06’ekT 3 HazBoro DHT

void setup() {

Serial.begin(9600);
by
void loop() {
int readData = DHT.read22(dataPin); // 3untye nani 3 naTunka
float t = DHT.temperature; // Otpumye 3HaYCHHS ITPO TEMIIEPATYPY
float h = DHT.humidity; // OtpuMye 3Ha4eHHS PO BOJIOTICThH
Il Ipykye pe3yibTaTH Ha MOHITOP

Serial.print("Temperature = ");
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Serial.print(t);
Serial.print(" *C ");
Serial.print("Humidity =");
Serial.print(h);
Serial.printin(" % ");
delay(2000); // Delays 2 secods, as the DHT22 sampling rate is 0.5Hz
by
[Ticns Toro, SIK MU 3aBaHTAXMMO 1€ Koj Ha Tuiaty Arduino, pe3yiabTaTu
TeMIepaTypd Ta BOJIOTOCTI BIJ JaTydka MOKHa OyJe Mo0aYuTH Ha MOHITOPI

MOCJTIJOBHOTO TIOPTY.

2.3. BUCHOBOK 10 po3iity 2

[IpoBiBIIM aHa/I3 HASBHUX pIIIEHb MO aHANI3y MIKPOKIIMATY B IHTEPHETI, MU
Bu3Hauwii , mo € DIY BapianTu, Ta Bke roToBl cepiiiHl mnpuctpoi. binbmicte
caMOpOOHHUX BapiaHTiB 0a3yeTbcs Ha muiaTi Arduino, ix mepeBara B TOMY, IO MOXHa
J0/1aBaTH Tl AATYMKH, K1 HEOOXiJHI B T uM Apyriil curyauii. Takox Taki NpoeKTH
OyIyTh JEIIeBIIE HIXK TOTOBI MPUCTPOI MPEACTABICHI B ITHTEPHET Mara3uHax, IliHa 3a
rotoBuil Bapiant Oynae Big 2000 go 13000 rpu. IlepeBara roToBoro Bapianta B MOro
KOMITaKTHOCTI, Ta B TOMY, JJII HOr0 YCTAaHOBKM Ta BUKOPUCTaHHS HE MOTPIOHI HABUYKHU
B mporpamyBanHi. JlJig 111€i mMarictepchbkoi poOOTH MU BUPIIIWIA 3pOOUTH BIACHUUN
MPOEKT JJIA aHali3y MIKPOKIIMATY, apTyMEHTYIOUM L€ THM, CEpiiiHI MPUCTPOi TOCUTh
JIOpOTi, Ta JJII CaMOPOOHOTO MPUCTPOIO MOKHA BUKOPUCTATH Ti JATUYUKH, K1 OUIBII

MIXOISTHh CAME HAM.
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Po3aia 3. Po3po06Jiennst koHpirypamii cucreMu MOHITOPUHTY Ta KePYBaHHS

napaMeTpaMu MiKpPOKJIIiMATy B PUMilllEeHHSIX

Ha nepuux eranax po3po0ieHHs CUCTEMU HaMu OyJI0 peaii3oBaHO MEPILY BEPCIIO
KOH(ITYypaIlii CUCTEeMH JJIsl TPOBEICHHS JOCIIKEHb 10 3MiH1 ITapaMeTpiB MIKPOKIIIMATY,
Ky Oyno mpexacraBieHo Ha VIII BceeykpaiHChkili HayKOBO-TIPaKTHUHIN KOH(EpeHIIis
«EneKTpoHHI Ta MEXaTPOHHI CHCTEMH: Teopis, iHHOBaiii, npaktuka» [18]. ITomambimi
JOCTIIKEHHS MTOKA3aIy Pl HEAOMIKIB JaHOT KOHPIrypaiii 1 0yJi0 MpUHHATO piIeHHS 11
MoAu(IKyBaTH.

[Tpouec 1oOynoBM CHUCTEMH MOHITOPMHIY Ta KEpyBaHHS IapamMeTpaMu
MIKPOKJIIMATy OyJ0 BHPIIIEHO PO3IAUIMTH Ha PO3POOKY KIIBKOX IMIJICUCTEM, a Came
HiCUCTEMY BHUMIPIOBaHHS TEMIIEpaTypyd Ta BOJIOTOCTI CEpeloBUIIA, IIJICUCTEMA
1HUKAIli, MiACUCTEMa BUMIPIOBaHHS PIBHS J10KCUY BYTJIEIIO, MIJCUCTEMA KEPYBaHHS
BUKOHABYUMH TPHUCTPOSAMH. Takwil pO3MOALT TO3BOJIUTH peali3yBaTd IUCKPETHY

CUCTEMY, 1 KOJKHA TTiJICUcTEMa Moke Oyt MoudikoBaHa abo 3aMiHEeHa.

3.1. IlincucreMa MOHITOPUHTY TeMIIEPATYPHU Ta BOJOT0CTi HABKOJIUIITHBOTO

cepeaoBHIIA

VY mporieci MpoBeICHHS aHAII3y ICHYIOUMX TEXHIYHUX 3aC001B HaMH 0YyJIO BUIICHO
KUJIbKa BUMIPIOBAJIBHUX TMPHUCTPOIB BUMIPIOBAaHHS TEMIEpaTypd Ta BOJIOTOCTI,
npeacraBieHuM B posauii 2.2.4. 11 npuctpoi Oynu oOpaHi 3 ypaxyBaHHSIM KPHUTEPIiB
JIOCTYITHOCTI Ha YKpaiHChKOMY pPHWHKY BHMIPIOBAIbHUX MPUCTPOIB, TOYHOCTI Ta
€KOHOMIYHOI IOUIILHOCTI. BUMiproBaabH1 NPUCTPOI, sIKI OyJ10 00paHO JJIs1 MOKIMBOCTI
immiemenTarii — DHT22 ta DHT11.

[TepeBaramu DHT11 € nusbka uina (30 — 50 rpH.), Ta MeHIIA, Yy MOPIBHSAHHI 3
moaynem DHT22, mepioauunicte orpumanHs aanux (1 3uMryBaHHS mpoTsrom 1
cexyHnan). Llina DHT22 nepeBuniye uiny moxyns DHT11 npu6nusno B 3 pasu, a yacrora
OTPUMaHHs JaHUX B JIBa pa3u MeHUIa (1 3YMTyBaHHS NPOTATOM 2 CEKyH]), BIIIIOBIAHO

0 TexHIyHOi JokyMeHTamii. HaromicTe moxuOka BHMIPIOBaHb TeMIEpaTypu
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BUMIpIOBajgbHOr0 mpucTporo DHT22 mnpubiam3zno B 4 pasw MeHIIa 3a TOXUOKY
BumiptoBanb DHT11, ta moxubka BumiptoBanb DHT22 Bonorocti npu6in3Ho B 2 pa3u
menmia 3a DHT11. 3 ypaxyBanHsMm gaHux ¢akTiB HaMu Oys0o 0OpaHO BUKOPHCTaHHS
moaynst DHT22. Jleranbauii nopiBHSUIBHUM aHaNI3 TeXHIYHUX XapakTepuctuk DHT11 ta
DHT22, a Takosx MpUHITUT A1l JAHUX TPUCTPOIB OMUCAHO B po3aiii 2.2.4.

[Tigxr0YeHHs MiICUCTEMHU BUMIPIOBAHHS TEMIIEpaTypH 300pakeHo Ha pUCYHKY 3.1.

Pucynok 3.1 — IimocTpartis KoHdIrypaiiii miaKJIIYeHHs eIEMEHTIB M1ICUCTEMU

BUMIPIOBaHHS TEMIIEPATypHU Ta BOJIOIOCTI HABKOJIUIIHBOTO CEPEIOBUIIA

3rigHo 3 [17] npu miakIoYeHH] AaTyrKa 0yJ10 BAKOPUCTAHO HIATATYIOUYHH PE3HCTOP

3 onopoM 4.7 kOM. 3arajnbHe MiAKIIOUEHHS JaTYMKa /0 IUIATH KepyBaHHS HACTyIHE
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(BUBOAM HYMEPYIOThCS 3JliBa Ha MPABO, AKIIO JUBUTHCh HA MOJIYJb 3 (PPOHTAIBHOI
CTOpPOHHU):

- 1 KOHTaKT MIIKIIOYCHUN 10 KUBJICHHS, Ha TUIaTi KEPyBaHHS — SV

- 2 KOHTaKT MIIKIIOYCHUN MATATYIOUHi pe3uctop 4.7 kOM, 110 MiIKITIOYEHUN 10
BHUBOJIy JKUBJICHHS S5V, a TakoXX MAKIIOYCHUH 10 2-To NMU(pOBOTO BUBOIY Ha ILIaTi
KepyBaHHS (IIPOBITHHK 3 IIOMApaHYEBOIO 130JIAIIIE€I0 HA PUCYHKY 3.1);

- 3 KOHTaKT He MIIKJIIOYCHUN, HE BUKOPUCTOBYETHCS,

- 4 KOHTaKT MIIKIIOYCHUN IO MIHYCOBOTO KOHTAKTY JDKepelia )KUBJICHHS, Ha TUIATI
kepyBanHsa — GND.

[Ipu po3poOiii mporpaMHOro 3abe3neueHHs OyJo 3[1HCHEHO TeCTYBaHHS KUIBKOX
010110TEK, SIK1 JO3BOJISIFOCH 3a0€3MEUUTH KOPEKTHY POOOTY BUMIPIOBAIILHOTO MPUCTPOIO.
Byio 3nilicHeHO mepeBipky mporpam, HaBeaeHux B [17, 19], oOuasi 0i0IiOTEKH JarOTh
3MOry 3A1MCHIOBaTH BUMIPIOBaHHS NapaMeTpiB TEMIEpPATypu Ta BOJOIOCTI TOMY HaMu
OyJ10 BUKOPHCTAHO MPOTrPaMHHIA KO HABEICHUH B HAYKOBO-TIOMYJIsIpHii cTarTi [17].

PesynbraTom pobOTH MIJICUCTEMU € BIIOOPAKEHHS IaHUX 32 JOIIOMOT0I0 MOHITOPY

MOCJIJOBHOTO MOPTY, AKa MPOJEMOHCTpOBaHAa HA PUCYHKY 3.2.

Serial Monitor x

Temperature Z23.00 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity
Temperature 22.90 Humidity

%
5
5
5
5
5
5
5
5
5
5

Temperature 22.90 Humidity

Pucynok 3.2 — Ilepenaya BUMIpSIHUX TaHUX 33 JOTIOMOT'OI0 BUMIPIOBAJIBHOTO

MPUCTPOIO YEPE3 TPOTOKOI MOCHITOBHOTO MOPTY
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3.2. llincucrema inaukaiii napaMeTpiB HABKOJMIIHbLOIO cepeI0BHUINA

Ha mepmux etanax mpoeKTyBaHHS BapTO MPOaHANI3yBaTH T1 PECYPCH, AKI MOXKYTh
3HaJO0OUTHUCH TIPH pealtizallii pi3HUX MiJACUCTEM. Tak SK OJIHIEO 13 TJCUCTEM, SIKa MOXKE
BUKOPHCTOBYBAaTH 3HAYHI PECYpCH 3 TOYKM 30py MIAKIIOUEHHS 1 BUKOPHCTAHHSA
1u(pOBUX BUBOJIB IUIATH KEPYBaHHS € MiJcHCTeMa iHauKarlii. Po3risHemo BapiaHTh
peaizalii JaHoi MiJICUCTEMHU.

[lepuum etanom € Bubip opMary Ta TEXHIYHUX 3aC001B MIJCUCTEMH 1HIUKALIL. Y
PI3HUX CHUCTEMax MOHITOPHHTY MOXYTh BHUKOPHCTOBYBATHCH Pi3HI TEXHIYHI 3acoOu,
cepell IKUX:

- CBITJIOJIOAHI CUCTEMHU 1HJUKAIlli: BUKOPUCTOBYIOTHCSI B CHCTEMax, /¢ HEMae
HEOOX1THOCTI BiJoOpakaTH 3HaYEHHS MapaMeTpiB, M0 BUMIPIOIOTHCS, a00 BioOpaxaTu
3HAYEHHA NapaMeTpiB 3a JOIMOMOIOK0 YMOBHOI'O OJILTY Ha PiBHI a00 CTaHU, IO 3aJ1€XKAaTh
B1Jl 3HAYEHb BEJIMYMHM, 1110 BUMIPIOETHCS.

- 3BYKOBI CHCTEMHU IHAMKAIIli: BUKOPHUCTOBYIOTHCS B CHCTEMaXx, Jie HEOOXIJIHO
MOBITOMJIATH TIPO 3MiHY CTaHy 3a JOTIOMOTOI0 3BYKOBOTO CHUTHAITY, IO MOKE O3HAYaTH
HASIBHICTh aBapiHUX PEKUMIB poOOTH a00 pexKUMiB, Ha SIK1 OTIEPATOP CUCTEMU MIOBUHEH
3pearyBaTH.

- Cucremu 3 Bi3yalizalli€lo JaHUX: MOAIOHI CUCTEMH JIO3BOJISIIOTH BijoOpa)kaTu
JaHl y YKCIOBOMY BUIJISlY, YaCOBHX XapaKTEpUCTUK aboO HaBITh Bi0OpakaTu
TEXHOJIOTIYHUWA TMpOLIEC Yy BUIJISIAI I1HTEpaKTHUBHOI Mojeni. TexHiuHl 3acobu, w0
BUKOPUCTOBYIOTBCS y TMOAIOHMX CHCTeMax Bi3yaumizallli 3a3BUYail KOIITYIOTh 3HAYHO
JIOpO’KYe, aHIXK Y CBITIOAI0THUAX Ta 3BYKOBUX CHUCTEMaX 1HIUKAIIil.

AHaJi3yroud HasBHI (opMaTtv MIACUCTEM I1HIMKAIlI 3 TEPCHEKTUBU peaizalli
CUCTEMHU MOHITOPUHTY Ta KepyBaHHs MapamMeTpamMH MIKpOKJIiMaTy, HaMHu OyJIo oOpaHO
ONUH 3 HaWOUIbII JACIICBUX PIAKOKpPUCTATIYHUX auciuieiB, a came: LCD 1602
cuMBOJIbHUI nuctiedt 16x2. [lepeBaroro aHOro MPHUCTPOIO MOJIATAE B TOMY, IO BiH
JI03BOJISIE BUBOJUTH 1HGOpMAIIio Yy ¢popMaTi CUMBOJIBLHUX TOBIJJOMIICHb Ha 2 PsIKaXx,
KOXEH 3 IKMX MO>K€ BUBOJUTU 10 16 CUMBOJIIB, a TAKOXK 111HA, [0 KOJMBAETHCS B MEKaX

100 — 120 rp=.



Januii nucruieit 300pakeHuil Ha pUCYHKY 3.3.

Pucynoxk 3.3 — LCD 1602 cuMBOJIbHUN JUCTIIEH

Cxema HiI[KJ'IIOLICHHH AaHOI'0 JUCILICIO HABCACHA HA PUCYHKY 34,

R3
. 10kQ
1 2
o o
R4 |
2200
m > =
H © g
——IRESET DIIT:] E— = ep-
—{RESET2 D1/TX — o+
—— AREF D2 — pe7
— ioref D3 PWM - DB6
D4 —1 &5
] AD DS PWM —0es
—m D6 PWM oo ——
Arduino N L
—_—A2 Uno D7 f—— e
— s (Rev3) o — . screen
T 081 LCD
] 14/5DA D9 PWM e —0e0
e AS/SCL D10 PWM/SS - E
D11 PWM/MOSI _._l —]rw
D12/MISO o I3
D13/SCK e 0
— VDD
—nic —]vss

GND

Pucynok 3.4 — CxeMa miaKIt0ueHHS
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[Ipobiiema peasizaliii JaHOTO MIAKIIOYEHHS IOJSATAaE y TOMY, 110 BOHO BHUMarae
BUKOPHUCTAaHHA 6 IU(PPOBUX BUBOIIB IJIATH KEPYBAHHS 1 1€ € HE3aI0BITHbHIMH YMOBaMH
JUTS TIOAAJTBINIOT peastizaii HINUX MiICUCTEeM, X04a 1 JOCUTh EKOHOMIYHUM, 3BaXKAI0UH,
o okpim norenuiomerpa R3 Ha 10 kOM 1 cTpyMOOOMEKYBAIBHOIO PE3UCTOpPA JaHa
KOH(ITypallisi He BUMarae 1HIIUX eJIeMeHTIB. BpaxoByroun HeoOX1IHICTh BUKOPUCTAHHS
BHUMIPIOBAJILHUX MPUCTPOIB TEMIIEPATyPH, BOJIOTOCTI Ta PiBHA M10KCHUIY BYTJEIIO OyJo
BUPIIICHO MIHIMIZyBaTH KUIBKICTh HUGPOBUX BUBOJIB JJIA Bizyamizamii gaHux. Jms
IILOTO ICHY€ MOKJIMBICTD MIAKITIOUEHHS TUCIUICIO JI0 TUTATH KePyBaHHS 3 BUKOPUCTAHHIM
12C monyne posmmpenHs BuBojiB Arduino s miakiatoueHHs LCD mucres va PCF

8574T (mina cknagae 50-60 rpH.), aKuit 300pakeHUu Ha PUCYHKY 3.5.

Pucynok 3.5 — 12C moayns po3mupenHs BuBoAiB Arduino s nigkiarodeHas LCD

nucruiess Ha PCF 8574T

Jlaauii MOy b PO3IIMPEHHSI JO3BOJISIE BUKOPUCTOBYBATH BCHOTO JIMIIIE 1BA BUBOIN
SDA ta SCL (okpim BuBofiB skuBieHHs VCC 1 GND) nist 3a0e3neuenns nepeaadi JaHuX
BIJl MIKPOKOHTpoOJiepa [0 IUIaTH KepyBaHHA. JleTanbHuUW ONMUC MIAKIIOYEHHS Ta
NPUHITUITY POOOTH JUCIUICI0 B KOMOIHAIEI 3 IUIATOK PO3IIMPEHHS HABEACHO B
HayKOBO-TTOMyJIspHiit cratti [20].

3aranphe miakatodeHHss LCD gucruiero 13 BUKOPUCTaHHSAM IUIATH PO3IIMPEHHS 3

mikpocxemoro PCF 8574T 306pakeno Ha pucyHky 3.6.
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Pucynoxk 3.6 — Iligkmrouenns miatu kepyBanus Arduino po migkmoderas LCD

JUCIUIES 3 BUKOPUCTAHHSM IIIaTH 3 Mikpocxemoro PCF 8574T

[Iporpamuuii koJ1, onucanuii B po3aiii 2.2.4, sikuii 0yJio B3sITO 32 OCHOBY 1 IKHi1 OYB
BUKOPHUCTAHUN AJIsl peaiizallii miJcCuCTeMH BUMIPIOBAHHS TEMIIEpAaTypu Ta BOJIOTOCTI,
OyB Moaub1KOBaHUM MPY JOAaBaHHI MiACUCTEMH 1HIUKAIIII.

Jlnst 3a0e3neueHHs B3aeMO/IT 3 IUCIIJIEEM B IPOTPAMHOMY KOJI1 OyJI0 BUKOPUCTAHO
oi6motexu Wire.h Ta LiquidCrystal_I2C.h. Jlns kepyBaHHS AUCIUICEM B IPOTPAMHOMY
KOJIl HEOOX1/THO OTOJIOCUTH TJIOOAbHUM 00’ €KT KJacy MIISXOM J0JIaBaHHS HACTYITHOTO
xoxy LiquidCrystal_I2C lcd(0x27,16,2); ne LiquidCrystal_I12C — im’s xiacy, lcd — im’s
00’exty, 0x27 — ue 12C agpeca mpuctporo, 16 — KUIBKICTh CUMBOJIB, SIKI MOXKIJIUBO
3aMMCcaTh B OJHOMY PSAKY, 2 — KUIbKICTh PSAJKIB AUCILIES.

Jo ¢hyHKIii Setup HeoOX1THO TaKOXK JIOAATH BUKIIMKH KIJIBKOX MeTO/iB 00’ ekTa lcd,
a came lcd.init(); lcd.clear(); Icd.backlight(); koxen 3 sikux BukoHye HacTymHI QyHKIIi
BIJIMOBIIHO: iHiIiami3aris Icd, ounieHHs quciuies, yBIMKHEHHS HiACBITKA JUCILICS.

Jlo dynkii loop Oyso 1ogaHo HACTYHUN MPOTPAMHUN KOJI:

Icd.setCursor(0,0);

lcd.print(*Temp. : ");

Icd.print(t);

lcd.print(" C");

Icd.setCursor(0,1);
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lcd.print("Humi. : ");

Icd.print(h);

lcd.print(" % "),

[leit kox mpU3HAYCHHWI JJI1 BUBEACHHS JaHUX OTpUMaHHMX Bia Moxynass DHT22 i
3anmucanux y 3MiHHI U (Temmeparypa) Tta h (Bomoricte). Metox setCursor mo3Bodsie
BCTAHOBHUTH MiCII€ Ha JUCIUIET 3 sIKOTO OyJe BiAOyBaTUCh BUBEACHHS AaHux. [lepiuit
napameTp, sikuid opiBHIoe (0 BU3Hauae HOMEpP CTOBHI (Bchoro ix 16, aje Hymepailist
nounHaeThes 3 0), a Apyruit mapamerp, sSIKuid Tex AopiBHIOE () — BU3HAaUa€e HOMEp psiaKa
(mymeparlig Tex nounHaetbes 3 0). Takum YMHOM BUBENIEHHS TaHUX B1I0OyBaTUMETHCA 3
JIBOTO BEPXHBOTO KyTKa aucivies. Metox print GesmocepeHbO0 BHUKOHYE (DYHKIIIFO
BUBeACHHS AaHuX. OKpIM IThOTO MICIsA 3aTPUMKH B 2 CEKyHAM, SKa HEoOXigHa st
kopekTHoi podotr DHT22, O6yio noxano Bukivk metoaa clear(), ams ounneH s qucriest
BiJT TOTIEPETHIX 3HAYECHb.

Pesynprar peamizarii miacMCcTEMH IHAWKAINI pa3oM i3 POOOTOIO IMiICHCTEMHU
BUMIPIOBAHHS TEMIIEPATYPH Ta BOJIOT'OCTI 30BHIITHHOTO CEPEIOBHIIA MPOJAEMOHCTPOBAHA

Ha pUCYHKY 3.7.

Pucynok 3.7 — [igxmouenns miatu kepyanns Arduino no minkmrouents LCD

JUCIUIES 3 BUKOPUCTAHHSM IIIaTH 3 Mikpocxemoro PCF 8574T
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3.3. lincucrema BUMiprOBaHHS PiBHS AI0KCHY BYTIJIEI0

[TpoGiemMaTuka CTBOPEHHS JAHOI MiJICHCTEMH MOJIATAE Y CKJIATHOCTI OTPUMAHHS
00’€KTUBHHUX JaHUX BiJ BUMIPIOBAJIBHUX IMPUCTPOIB. AHANII3yIOUH ICHYIOUl TEXHIYHI
pillleHHs, HaBe/eHl B po3autax 2.2.1 — 2.2.3, BapTO 3a3HAYNUTH, 1110 BEJIUKE 3HAYCHHS y
00’€KTHUBHOCTI JTaHUX 3aJCKUTh BiJ Mpolecy KamiOpyBaHHS IUX BUMIPIOBaIbHHUX
npucTpoiB. [IpoTsroMm mpoBeneHHs IOCHIIKEHHS OyJIO MPUHHATO PIMIEHHS MPOBECTH
eKCIIEPUMEHTH 3 PI3HUMHU BUMIPIOBATLHUMHU MIPUCTPOSIMH.

[Tepmmm qaTarKoMm, IKUil 0yJI0 BAKOPUCTAHO B IM1JICUCTEMI BUMIPIOBAHHS T1OKCHTY
Byriemo MQ-135, skuit onucanuii B po3aim 2.2.1. Chigyroun peKoMeHallisM, sKi
3a3HauCHI B HAYKOBO-TIOMYJISAPHIKA cTarTi [12], mo ommcye mMpHHIMIKA pOOOTH JaHOTO
BUMIPIOBAJILHOTO MPUCTPOIO, OYJI0 MPOBEAEHO MpOIEC KalllOpyBaHHs mapameTpa IZero,
BUKOPHCTOBYIOUYH 3aIIPOIIOHOBAHUI MPOrpaMHUA KOJ. 3MIHHM 3HAUYEHHS [TapaMeTpy Zero

HAaBEJICHO pa PUCYHKY 3.8.

« value 1 Interpolate -

124,0

123,5

123,0

122,5

122,0

121,5

VAR

120,5

120,0

3935

New Line 9600 baud

e el e e s e el e e s o

B Ok M R B R D R R MK

Pucynok 3.8 — BuMipsiHi 3HaueHHs apameTpy Zero
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[Ipn po3poOii JaHOi MIJICUCTEMH y CHUCTEMY OYJIO J10JaHO TaKTOBY KHOIIKY,
CUTHAJIBHUA KOHTAKT $KOi MIJKIIOYCHO 10 TPEThOro IMGPOBOTO BUBOAY IUIATH
KEepyBaHHS.

Takoxx Oyyo 3a1icHEHO Moaudikalio ICHYHYOro KOAY MpOrpaMu CHUCTEMH.
Po3risineMo 3MiHU, sIKi OyJIH BHECEHI.

Bbyno peopranizoBaHO i MpUBEIECHO A0 OAHOTO (hopMaTy BU3HAYCHHS KOHTAKTIB
IJIaTH KepyBaHHA, sIKI OyJW MIAKIIOYEHI 10 30BHINIHIX MPUCTPOIB. [ BU3HAUYCHHS
KOH(]iryparii miaKirodeHHss OyJ0 BUKOPUCTAHO ITUPEKTUBY mperporecopa #define,
TaKUM YUHOM OyJIO TPHUBJIACHEHO YMCIIOBI 3Ha4y€Hb, IO BIAMOBIAAIOTE HOMEpaM
U(PPOBUX Ta aHAJIOTOBUX BUBOJIIB, IO KJIFOYOBHX CJIiB (ITOCKIIaHb) Takux sk M135_pin,
dht_pin Ta button_pin. KomminsaTop 3aMiHIO€ 3Ha4C€HHS ITOCUJIaHb HA YHCJIOB1 3HAYCHHS
OpPOTATOM  KOMITUISAIII, 1[0 JO3BOJISIE 3MEHIIUTH  KIUIBKICTh  MaM ATi, IO
BUKOPUCTOBYETHCSI MPOrpamMol0, y MOPIBHSHHI 13 BU3HAYEHHSM IUX 3HAa4YeHb 3a
JIOTIOMOTOF0 3MIHHUX YU KOHCTAHT.

s dpyukmionyBanus moayinss MQ-135 Gyno Bukopuctano 6i6mioreky MQ135.h,
BUKOPUCTAaHHA SIKOT 3ragyBajioch B po3aini 2.2.1. 3Baxkarounm Ha XapakTep 3MIHU
napameTpy (puc. 3.8) 6yno oOpaHo cepeHe 3HaUeHHS 122.42, a TaKOXK 11€ 3HAYCHHS 0YJI0
3aHeceHo J0 ¢aitmy Oiomiorekm MQ135.h. V ocHOBHOMY KOIi TporpamMu TaKOX
HeoOximHO Oyno cTtBopuTH 00’ekT kimacy MQ135. Inimiamizariss 06’ekTa Kiacy
3MIACHIOETBCS 3a jgomomoror komy MQ135 gasSensor = MQL135(mgl35 pin);
aHANI3YIOUM SKHM BapTO 3a3HAUMTH, IO METOJ KOHCTPYKTOpa MOTpeOye 3HA4YeHHS
HOMEpA aHaJOrOBOTO BUBOAY, Yy HAIIOMY BHIIAJIKy 33JaHOTO y (opmaTi KOHCTaHTH
mQ135_pin. Baprto 3a3HauunTH, 1110 MOIYyJb Ma€ 4 BUBOH, ouH 3 sikux (DOUT) He Oyio
BUKOPUCTAHO TIPU CTBOPEHHI JaHoi cucrteMu, a aHaimoroBuid koHTakT (AOUT) Oyio
nigkioueHo 10 BuBoay AO Ha maTi KepyBaHHS.

Jlnst 30epexkeHHsT JaHUX BEJTUYHMH, 0 BUMIPIOBAJIKMCH B MPOLEC] PYyHKIIOHYBAHHS
cucTeMu OyJiM BU3HAYCHHI 3MiHHI N, t, JUI1 BUMIpIOBAaHHS TEMIICPATypH Ta BOJOIOCTI, a
TaKOX 3MiHHA PPM, Ui BUMIPIOBaHHS KOHIIGHTpAIll JIOKCHUY BYTJIEII0, TAKOXK BiJloMa
AK MUIBHOHHA d4acTKa. Bcl BuimesasHaueHi 3MiHHI MaroTh Tun npagux float, o

BUKOPHUCTOBYETHCS JUI 30€pEKEHHS JPOOOBUX 3HAUECHb.
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JlonaTkoBOIO TI100aTFHOO 3MIHHOIO, siKa OyI1a 10aHa 10 KOAY OCHOBHOI POTPAMH,
€ 3minHa Mode tumy manux INt (uiai umcna). [Ipu3HadeHHs Mie€l 3MIHHOI MOJsrae y
3a0e3neyeHH] BiTOOpaKeHHs PI3HOTO POy AAHUX B 3AJIEKHOCTI BiJ pEKUMY B IKOMY B
JaHUM MOMEHT Mpalroe cucrema. Ha manomy erami Oyno peami3oBaHO JBa PEKUMH
pobotu: mepimii 3abe3neuye BiAoOpaKeHHs JaHUX TEMIEpaTypy Ta BOJOTOCTI, APYyTUN
— BiZOOpaXeHHsT KOHIICHTpaIlii y MiTbHOHHMX YacTkax (ppm). Jlorika 3MiHH peXUMIB
HaCTyIHA. SKIo BiOyBaeThCs HATUCKAHHS Ha KHOTIKY HA CUTHAJIHLHOMY BHUBOJII KHOIIKH
3’ IBIISIETHCS] HAMNPyTa, 10 MPHOIM3HO JAOPIBHIOE 3HaUEHHIO 5 BONbT. [lpu 3unTyBaHHI
3HAYCHHS HANpyTH 3a qornomororo koManau digitalRead(button_pin); 3nauenus nanpyru,
1o BiamnoBigae 5B Oyjae mpencTaBiaeHo y BUTIISAL JJOTTYHOI OAMHUIIL. | B MOMEHT, KOJIK
snaueHHs digitalRead(button_pin) pieae 1 BimOyBaeThbes 3MiHA pexxumy. JlaHa Jiorika
peai3oBaHa HaCTYMHOIO YaCTUHOIO KOMY:
if (digitalRead(button_pin) == 1) {
mode++;
if (mode >1) {
mode = 0;
by
by

AHani3yloun HaBeJEHUI KOJ BapTO 3a3HAUWTH, 110 B HHOMY BHUKOPHUCTOBYETHCS
ornepaTop po3raiykeHHs if 3 yMOBOIO, 1110 BKa3zaHa BUIIE. SIKIIO yMOBa ClipaBe/JIuBa —
BHUKOHAETHCS TIJI0 KOHCTPYKIIi1, 3armucane y GpirypHux ay’KKax, a came komanaa mode++,
siKa 301TBIIMTE 3HaUeHHS pexxumy (mode) Ha 1. Jlami ciigye e ogHa KOHCTpyKiis If, sika
3a0e3mneuye OOMEX)eHHsS KUTbKOCTI pekumiB. Tak skmo mode = 1 i BimOyBaeThCs
HATHCKAaHHS Ha KHOIIKY 3MiHHa MOde Oyze MOpiBHIOBATH 2, ajie IS I[bOTO PSKUMY B
mporpaMu  HEMae I1HCTPYKIIW 1, BIAMOBIIHO, TporpamMa Ma€ TOBEPHYTUCH [0
nornepeaHbporo pexxumy poooru (mode = 0). /I mbOro i BAKOPUCTOBYETHCS HACTyITHA
nepesipka if (mode > 1). ¥V Bunanky xosm mode Oye nopiBHIOBaTH 2 JaHa yMOBa Oye
CrpaBe/JIMBa 1 BHKOHAETHCS TEMEp BXKE TUIO APYroi KOHCTpyKIi if, ske mpucBoiTh

3MiHHIE Mode 3HauenHs 0. TakuM YMHOM 3a0€3MeUyEThCS TEPEMUKAHHIM MK JBOMA
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pexxuMamMu poOOTH (JlaHa KOHCTPYKIISI TaKOX MOXe OyTH ajanToBaHa 0 OlIbIIOT
KUTBKOCTI PEKUMIB), JIOT1Ka pOOOTH KOKHOTO OMMCaHA Jaji.

s BimoOpaskeHHsI pI3HUX JaHUX Ha JIucIuiei Oyja BUKOpPUCTaHA KOHCTPYKIILS
posranys;keHHs Switch-case:
switch (mode) {
case 0:
Icd.setCursor(0, 0);
lcd.print("Temp. : ");
Icd.print(t);
lcd.print(" C");
Icd.setCursor(0, 1);
lcd.print("Humi. : ");
Icd.print(h);
lcd.print(" % ");
break;
case 1:
Icd.setCursor(0, 0);
lcd.print("MQ-135");
Icd.setCursor(0, 1);
lcd.print("CO2: ");
Icd.print(ppm);
Icd.print(" ppm™);
break;
by
HaBenenuit Koa I03BOJISIE TOPIBHATH 3Ha4YeHHs 3MiHHOI Mode i3 0 abo 1, i, B
3JISKHOCTI BiJl 3HAYEHHS OOpaTy OJMH 13 JBOX aJTOPUTMIB. Y BUIAJKY KOJIM 3MiHHA
mode nopiBHIOE ( BHKOHYBAaTUMETHCSI MEPIIU aJTOPUTM BiOOpaKeHHS JaHUX,
OIKCaHUH y TONepeIHbOMY PO3/I1i, 1HAKILIE Ha JUCIUIE] OyayTh BiIOOpakaTHUCh JaH1 PO
TUIl JaTyvKa, SKUH Ha JAHUW MOMEHT BHKOPHUCTOBYETHCS, KOHIEHTPALIID JIOKCUIY

BYTJICITIO 1 OJUHUII BUMIPIOBAHHSI.
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Pesynpratn peamizanii gaHoi migcucremMu 3 gatdyukoM MQ-135 HaBeneHo Ha

pucyHky 3.9.

Y814-Buy4),

| &

Pucynok 3.9 — IIpoToTun cucteMu MOHITOPUHTY TEMIIEPATYPH, BOJIOTOCTI Ta PIBHS

TIOKCUy BYTJICIIO 3 BUKOpUCTaHHAM MoyniB DHT22 ta MQ-135

3.4. IlincucreMa KepyBaHHSI BUKOHABYUMH MPHUCTPOSIMH

OCHOBHMUM BHMKOHABUUM MPUCTPOEM Il 3MIHU PIBHS JIOKCHUIY BYTJICHIO B
MIPUMIILICHH] € €JICKTPOJABUTYH, SIK YACTHHA CUCTEMH BEHTHJIAIIT. Y TaHOMY JOCTIHKEHH1
Oy70 pO3IISHYTO MOXJIMBICTh 3aCTOCYBaHHS JBUTYHIB TIOCTIHHOTO CTpyMy Ta
OE3KOJICKTOPHHUX JBHUTYHIB, a TaKOX KiJbKa CXeM KEpyBaHHs JaHUMHU THIIAMU
CJICKTPOJBUTYHIB. BapTo 3a3HaumTH, 110 HEMAE €IWMHOTO MPABHJIBHOTO PIMIECHHS IS
BUOOPY JBUTYHA Ta CXE€MM KEepyBaHHS, aJ’Ke BUOIp 3aJIe)KUTh BiJI TUITY MPUMIIIECHHS,

Horo 00’eMy, €KOHOMIYHUX PECYpPCIB, a TaKOX XapaKTepy 3MIHH PIBHIO T1OKCUIY
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BYIJICITIO B MPUMIIICHHI. TOMYy B TaHOMY JIOCJIKEHHI MIPOIIOHYETHCS KUJIbKA CXeM, SIKi,
Ha JTyMKY aBTOpa, MOKYTh OyTH BUKOPUCTaHI B CUCTEMI BEHTHJIALIII.

PosrnsiHeMo BUKOpPUCTaHHS ABUTYHIB MOCTIHHOTO CTPyMy B SKOCTI BUKOHABYOTO
OpraHy MiJICHCTEMHU BEHTHJIALII, 3arajbHi BimoMocTi npo kepyBanHsi JIIC nHaBeneHiB
crarti [21], me mTpOMOHYyeThCs KilbKa BapiaHTIB KEpPyBaHHS, OJHUM 3 SIKUX €
BUKOPHCTAHHS TPAH3UCTOPHOI CXeMHU KepYBaHHsI, a 1HIINIA — npaiiBepy apuryHa L298N.

Bianosinno 10 [21] MU MOXkeMO KepyBaTH MIBUJIKICTIO IBUTYHA MTOCTIHHOTO CTPYMY,
MIPOCTO KEPYIOUYHU BX1JHOIO HAMPYTOIO IBUTYHA, 1 HAUMOUIMPEHIIINM CIIOCOOOM LIBOTO €
BUKOPHUCTAHHS CUTHANY MIUPOTHO-iMITYyJIbcHOT MoyJisnii (IIIIM). IITIM, a6o mupoTHO-
IMITyJIbCHA MOAYJISALIS — L€ TEXHIKA, KA J03BOJISIE HAM PETYJIIOBaTH CEPEIHE 3HAUCHHS
HANpPyTH, 10 HAIXOIUTh Ha EICKTPOHHHUM MPUCTPIH, IBUIKO BMUKAIOYH Ta BUMUKAIOUU
xuBJeHHs. CepeHsl Hallpyra 3aJ1eKuTh BiJ poO04oro MUKy ado yacy, IpoTIroM siKoro
CUTHAJI OyB YBIMKHEHUM, MMOPIBHSHO 3 4aCOM, MIPOTSITOM SKOTO CUTHal OyYB BUMKHEHUM
3a OJIMH Teplo yacy. TakuM 4MHOM, 3aJI€KHO B1Jl pO3MIPY IBUTYHA, MH MOXEMO MIPOCTO
niakmrounTd Buxig Arduino IIIIM po 6a3m TpaH3uctopa abo 3aTBopa MOJBOBOTO
tpansucropa (MOSFET) i koHTpOJIOBATH IIBH/IKICTh ABUTYHA, Kepyroun BuxooM LITTM.
[IIM-curnan HU3BKOT TOTYKHOCTI Arduino BMHKae Ta BUMUKA€E 3aTBOP HA MOJILOBOTO
TPAH3UCTOpPA, YEPE3 SKUM KEPYEThCA MOTYKHUKA JBUTyH. (CxeMa BHKOPUCTAHHSA

MOJIBOBOTO TpaH3ucTOpa M kKepyBauHs mBuakicTio J[IIC naBenena Ha pucysky 3.9.

MOSFET

D Power Supply

PWM Signal

Pucynok 3.9 — Cxema kepyBanHs mBuAKICTIO HI1C 13 BUKOpUCTaHHSIM MOJILOBOTO

TPaH3UCTOpA
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3 i”moro 0oKy, MO0 KepyBaTU HANPSIMKOM OOEpTaHHS, HaM MPOCTO MOTPIOHO
3MIHUTH HalPsIMOK CTPYMY, III0 MIPOTIKA€ Yepe3 ABUTYH, 1 HAUTIOMUPEHIIINM CITIOCOOOM
3pobutn 1e € BuKopucTaHHsS H-momioHoro mocty. Cxema H-momiOHOTO MOCTY, IO
HaBeJleHa Ha PUCYHKY 3.10, MICTUTh YOTUPH TIEPEMHUKAIOUl €IEMEHTH, TPAH3UCTOPH 200
MOSFET, 3 nBuryHoMm y 1ieHTpi, sikuii yTBoproe H-moni6ny koHpirypaiito. AKTUBYIOUH
JIBa TICBHHUX TEepEeMHUKada OJJHOYACHO, MU MOKEMO 3MIHUTH HAIPSIMOK MOTOKY CTPYMY,
TaKUM YUHOM 3MIHIOIOUH HAMPSIMOK 00epTaHHs ABUryHA. OTiKe, AKII0 MU 00’ €THAEMO 111
nea meromu, IIIM 1 H-micT, Mu 3MOXeMO MaTh TMOBHUU KOHTPOJIh HAJ JABUTYHOM
MOCTIfHOTO cTpyMy. IcHye Garato npaiBepiB ABUTYHIB MOCTIHHOTO CTPyMY, SIKI MalOTh

i pynkii, 1 L298N € ogHuM 13 HUX.

H - Bridge

Active [ ]

[ ] Active
\ Transistor/ MOSFET
L ]
| N

Pucynok 3.10 — Cxema H-noaiOnoro mocty

Hpaiisep L298N - 1ie apaiiBep nBuryHa 3 nmoaBiitHuM H-momiOHUM MOCTOM, SIKHA
JI03BOJISIE OJTHOYACHO KEePyBaTH MIBUAKICTIO Ta HAMPSMKOM JIBOX JBHUTYHIB IMOCTIHHOTO
cTpyMy. Monysib MOXe KepyBaTH JIBUTYHaMHU TIOCTIHHOTO CTPyMY 3 HampyTolo Bia 5 10

35 B 3 mikoBUM cTpyMoM 110 2 A 300paskeHuit Ha pucyHky 3.11.
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Pucynok 3.11 — Jlpaiiep nuryna L298N

Mopyns Mae ABiI TBHHTOBI KJIEMHI KOJOJKH JJIS ABUTYHIB A 1 B, a Takox iHIIY
TBUHTOBY KJIEMHY KOJIOAKY ISl KOHTaKTy 3a3emiieHHs, VCC mJia ABUTYHA Ta KOHTaKTy
5 B, skuii Moxe OyTu BxoaoMm abo BuxojoM. [[ns 3abesneueHHS OUIBII MOTYXKHOI
BEHTWISAIIT MOXHA BHUKOPHUCTOBYBATH KiJbKa JBUTYHIB MOCTIMHOTO CTPYMY, MPUKIaA

TaKOTO IMiIKJIFOYEHHSI TOKa3aHo Ha pUCyHKY 3.12.

Jumper for the 5V Regulator
Motor VCC 5V - 35V

Ground

+5V IV Our

5V Regulstor

Pucynox 3.12 — [Ipukiaa miakIr0ueHHS ABOX ABUTYHIB 0 ApalBepa

HpaiiBep aBuryHa [.298 Takox MokHa MiAKIH0YUTH 10 Arduino, 1mo0 BUnpoOyBaTu
Horo HaM MOTPIOHO TaKi CKIIAIOBI:
« npaiiBep L298N;

* IBUT'YH MOCTIMHOTO CTPYMY 3 BUCOKHUM KPYTHHUM MOMEHTOM 12B;
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* 1aTa kepyBaHas Arduino;

* MaKETHA TUIaTa Ta MepexiJiHi JPOTH.

Po3rnsHeMo SKMM YMHOM MOXKHA MOAU(DIKYBATH ICHYIOUMH KOJ AJIi TOTO MO0
3a0e3neunT poooTy ABUTYHA MPU MEPEBUILICHHI TOMYCTUMOTO 3HAYEHHS KOHIICHTpaIlii
TIOKCHUIY BYTJICIIO B MOBITPI.

[Tepmr 3a Bce HEOOXigHO aoAaTH KOHiryparito miakiarodeHHas. s msoro OyB
BUKOPUCTAHUN aHAJOTTYHUI METOJ, K 1 y MONepeaHbOMY PO3/iJi, BUKOPUCTOBYIOUH
nupextuBy mpernporecopa #define. Takum unHOM nOMa€EMO TpH KOHCTaHTH IN1, IN2 Ta
enA, 10 JAOpIBHIOIOTH HOMEpaM IU(POBUX BHUBOAIB MIKPOKOHTpOJIEpa JO SKUX
MIIKJTF0YEH] 111 KOHTakTH Moayis L298. BaxknuBo 3a3HauuTH, 1110 BUBIJI €NA Mae OyTH
H1IKIIFOYEHUM 0 UG POBOro BUBOY 3 MAPKYBaHHAM «~» a00 xx PWM (ILIIM), Bin Oyne
3aJlaBaTH IUPHUHY IMITYJIBCIB KEPYBAHHS 1, BIATIOBIIHO, IMBUAKICTh 00€pTaHHS JIBUTYHA.

VY yHKIiT Setup HEOOXiTHO 3a/1aTH PEKUMHU pOOOTH BCiX TPhOX BUBOIB INl, in2 Ta
enA 3a momomororo komanau pPinMode(), Ta 3a3HaUUTH TIEPUIMM aApPTYMEHTOM HOMEpP
U(pPOBOro BUBOLY (B HAIIOMY pa3i mocwuiaHHs: IN1, iN2, enA), a IpyruM apryMeHTOM
BkazaTu pexxum OUTPUT. Takoxx OaxxaHO 3a/1aT HU3BKI PiBHI CUTHAIIIB Ha BCIX TPHOX
BHBOJAX 3a JOMOMOI'OI0 HaCTYIHOTO KOAY:

digitalWrite(inl, LOW);
digitalWrite(in2, LOW);,
analogWrite(enA, 0);

HacTynHuUM KpOKOM € BCTAHOBJICHHSI YMOBH BKJIFOUEHHS JBUTYHA(1B) JJIsl aKTHBALi
CUCTEMHU BEHTWJIAIi, a TaKOX BUMKHEHHS JBUTYHIB Yy pa3l, KOJH PIBEHb TIOKCUTY
BYTJICIIO 3HAXOJUTHCS Ha JOIMyCTUMOMY piBHI. Peanizalisi JaHOTO aqropuTMy MOXE i
Mae BiOyBaTUCh HE 3aJIEKHO BiJl PEXKUMY pOOOTH, SIKMM BIJTOBIIAE 3a B1IOOpaKEHHS
JIaHUX, TOMY Lieil QyHKIIIOHA Oy/Ie 3anucaHmii 3a Me)XaMu KOHCTPYKIIT SWitch-case, 1o
OMHCaHa y TMOMNEePEeIHHOMY PO3ILII.

VY nanomy gociipkeHH1 0yJi0 3alpOoroHOBAaHO BUKOPUCTOBYBATH 3aKOHY KEpyBaHHS
3a KpUBOIO ricTrepe3ucy. Takoxk el MeToj] BUMara€e BBEACHHS KUIBKOX JOJIATKOBUX
sminaux (turn_on_value Ta turn_off value), a i#ioro peamizamis 3a JA0MOMOIOIO

NporpaMHOIo Koy MaTumMe HaCTyrIHI/II\/'I BUTJIAL.
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if (popm > turn_on_value) {
digitalWrite(inl, HIGH);
digitalWrite(in2, LOW);,
analogWrite(enA, 255);
by
if (ppm < turn_off value) {
digitalWrite(inl, LOW);
digitalWrite(in2, LOW);,
analogWrite(enA, 0);
by
Y nmanomy AociipKeHHI Oyiio oOpaHO BHUKOpHCTaHHS 3MiHHUX turn_on_value ta
turn_off _value 3 minouncensuuM THIOM maHux (iNt), 3HAYEHHS SKHUX 3a0AIOTHCS MPHU
iXHI1M 1HII1aM13a111i 1 BCTAHOBJIOKOTHCS BIJMOBIIHO IO BUMOT, OMMUCAHUX B po3Aiii 1.
Jlorika, mo 3a0e3neuye BHCXIJHY YAaCTHUHY XApaKTEPUCTUKH KPUBOI TiCTEPE3UCY,
ONKCaHa y TEpIIiid KOHCTPYKIli po3ray>kKeHHs. SIKIo BUMIpsSiHE 3HAYEHHS J1OKCUIY
BYIJICHIO OijbIlle 33 JOMyCTHME, IO 3alucaHe y 3MiHHIA turn_on_value Ha ogHOMYy 3
udpoBux BUBoIB (iNl a6o iN3) BCTaHOBIIOETHCS BUCOKHUI PIBEHb CUTHAITY, a Ha IHIIIOMY
— HM3bKHUH, 110 y CBOI 4epry 3abe3neuye MOXIMBICTh MPOTIKAHHS CTPYyMYy uepes
CJICKTPOJBUTYH y OJTHOMY HaINpsMKY. PiIBeHb HAIIpyTy Ha ABUTYHI, IO TIPOMOPIIIHHKM 710
IIBUIKOCTI OOEpTaHHS EJEKTPOJIBUTYHA, BCTAHOBIIOEThCS NuIsXxoM moxadl M-
curHaiy Ha mudposuil BuBin enA. Lleil ¢yHkuioHan 3a0e3neuyeThesi 3a JOMOMOTOIO
xomanau analogWrite(), sika, B CBOI dYepry, mpuiimMae jaBa mapamerpu. Ilepiim
napamMeTpoM BKa3yeTbcs Homep mudpoBoro BUBOAY (ENA), a ApyruM mHapameTpom
CepelHIi pIBeHb HANPYTH, SIKWW 33/1a€ThCsl y BIAHOCHIN BeanunHi B Mexax Big 0 1o 255
(me 0 — OB, a 255 — 5B). ¥V Bumaaxy, sIKI0 HEOOXITHO 3MIHUTH HAmNpsIM OOEpTaHHS
neuryHa B komanzax digitalWrite() mis BuBoniB inl ta in2 3MiHIOIOTBCS PiBHI HATPYTH 3
HIGH na LOW 1 naBnaku.
BiamoBimHo 10 3amaHOi JIOTIKM YBIMKHEHUW CTaH poOoTu ABUTYHa Oyje
3aJIMIIATUCH 10 MOMEHTY MOKH 3HAYeHHSI PPM HE 3MEHIIUTHCS HUXKYE PIBHS, 1110 3a]jaHE

B 3MiHHIK turn_off value. ¥V nieit MomeHT 3HaueHHs Hanpyry Ha BuBojax Inl, in2 Ta enA
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Oyayth BcTaHoBieHI Ha piBHI OB. Takum uyumHOM Apyra koHCTpykifis if 3a0e3meuye
HU3XIJIHY YaCTUHY KPUBOI TiCTEPE3UCY.

BapTto 3a3HauuTH, IO OKpIM 3aKOHY KEpyBaHHS MOXE BHKOPHUCTOBYBATHUCH 1
JIHIMHUN 3aKOH 3aJlaHHS IIBUJKOCTI OOEpTaHHS €JEeKTPOJBUIYHA BIJ 3MIHH
KOHIIEHTpaIlli JIOKCHIy BYyIJelo, abo > KOMOIHAIls IMX JBOX 3aKOHIB, aje
IMITJIEMEHTAITIS TaHOT MOJIeTTi TOTpeOy€e MOAATBIINX JTOCTIKCHb.

Takox y Mexax JaHOTro JOCTIIKEHHS 0YJI0 pO3TIISIHYTO MOKJIMBICTh BUKOPUCTaHHS
oesmiTkoBux (BLDC) abo * BeHTHJIBHHX IBUTYHIB [22]. [lnst mpukiamy po3riistHEMO
nBuryH 13 peruarom KV = 1000, mo o3Haydae, Mo mpu Mojavi Ha JIBUTYH HAMpPyTH y
po3Mipi 7.4 BOJIbTA, JBUTYH MOXKE JOCSATTH MaKCUMAJIbHUX OOEpTIB Ha XBWJIMHY
3HaueHHa 7.4 * 1000, mo nopiBHioe 7400 oGeprtiB Ha xBuwiMHY. [lomiOHuiA ABUTYH

300pakeHuit Ha pUcyHky 3.13.

Pucynok 3.13 — be3miTkoBuii 1BUTYH

be3mniiTkoBi ABUTYHH TOTPEOYIOTH 30BHINIHE JDKEPENO EIeKTpOeHeprii, 1
HAWIMOIIMPEHIIINM CITIOCOOOM iX JKUBJICHHS € BUKOPUCTAHHS JIiTiH-momiMepaux (LiP0)
akyMyssiTopiB. Uuncio «Sy» 6aTapei Bkazye Ha KUTBKICTh €IEMEHTIB OaTapei, KOJKHA 3 SIKUX
mae Harpyry 3.7 B. Jlnsa npukiany BisbMemo akymydsitop 3S LiPo, sxuit Mmae 3 enemenTa,

110 3a0e3neuye Hanpyry *kupjieHHs 11.1 B.
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s xepyBaHHs MOAIOHMMH JBUTYHAMH BHKOPHUCTOBYIOTH JIpaiiBepu abo X
perynsitopu mBuakocti odepranHs ESC. 3 omnoro 6oky ESC mae Tpu apotu, ski
KepyIoTh TphoMa (pazaMu ABUTYHA, a 3 iHIIOTO 00Ky BiH Mae nBa apotu, VCC 1 GND,

JUJIS1 "KUBJICHHSI 300pa)KEHUX Ha pUCYHKY 3.14.

Pucynox 3.14 — Jlpaiisep ESC

Jlns iMIIeMeHTarii bOoro THIMY €JISKTPOABUTYHA JIO MIJACHCTEMH KEpyBaHHS
BUKOHABYMMH MIPUCTPOSIMU 3a0e3neuyBaT reHepaito curiai HIM yvactororo 50 ', 1
3QJIEKHO B HIMPUHHM IMITYJIbCy a00 TPHUBAJIOCTI BHUCOKOTO CTaHy, SKa TOBUHHA
BapiroBatHcs Bia 1 mimicekynau ao 2 mimcekyna, ESC Oyne kepyBaTu JBUTYHOM Bij
MIHIMQJIBHHUX JI0 MaKCUMalbHUX 00epTiB. st Toro, mob nmporectyBatu O€3IIITKOBUI
JBUTYH, MOTPi1OHO 310paT cxemy, MOAIOHY 10 HaBeAeHOi Ha pucyHky 3.15, 3 Habopom
IIPUCTPOIB:

e besmnriTkoBHii 1BUTYH

e ESC30A

e Li-Po Garapes

e [lnara kepyBanus Arduino

e MakeTHa miata Ta IepexiaHi APOTU

e [Iligcucrema BUMIPIOBAHHSI TIOKCHY BYTJICIIIO
e Ilincucrema iHaMKAaIlii (OMIIIOHATBHO)
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e [ligcucrema BUMIpIOBaHHS TEMIIEPATYPHU Ta BOJIOTOCTI (OMIIIOHAIBHO)

sl - £5C 304 |

MO Comrat St
+ Bauny

Pucynoxk 3.15 — Ilpukian miakioueHHs: 6€3MITKOBOTO ABUTYHA /10 TUIATH KEPYBaHHS

Arduino

Bapto 3azHauutH, 10 cxema, HaBeleHa Ha pUCYHKY 3.15 He BiamoBigae
KOH(irypaiii 3almporoHOBAaHOI CHUCTEMH 1 BHKOPUCTOBYETHCS JUIS  LIFOCTpaIi
nigkroueHHs BLDC-nBuryHa, a Takox B34Ta 3 HAyKOBO-TIOMYJISIPHOT cTatTTi [22], mpoTe
JlaHa UTFOCTpAIlist JO3BOJISIE 3pO3YMITH KOH(ITYpaIlito MiIKIFOUECHHS.

st kepyBanusi BLDC-aBurynowm 13 apaiiBepom ESC 3pydHO BUKOPHUCTOBYBATH TY
X 010T10TEKY, sIKa BUKOPUCTOBYETHCS JIJISl KEPYBaHHS CEPBOJABUTYHOM, a came Servo.h.
HeobximHo cTBopuTH 00’ €KT Kilacy SEIVo, mopyd 13 CTBOPEHHSM 1HIIUX 00’ ekTiB. Ha3Ba
00’€KTy Ma€ BiJIMOBIAaTH OTO MPU3HAYEHHIO, TOMY Ha3BiMo ioro ESC, BinnoBiaHO KO,
SAKUM 3a0e3meuye nany Aito:

Servo ESC;

Takox curnanbHuit KoHTakT ESC HeoOxinno npueanatu no [IIM-BuBoay Ha mati
KepyBaHHS, a TAKOX BKa3aTH Ha HHOTO MOCHJIAHHS 3a JOMOMOIO0 psaky koay #define
esc_pin 6.

Y ¢ynkmii Setup Takok HEOOXITHO BHKJIMKATH MeTojn attach, mo morpelye
000B’SI3KOBO OJIHOTO TIApaMeTpy — HOMepa IU(pPOBOTO BUBOAY Ha TIaTI KEPyBaHHS, J10

SKOTO MIJKIIOYEHUN CUTHAIBHUI KOHTAKT JIpaiiBepy, Ta JIBa OMIIOHAJIBHUX MapaMeTpH,
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a camMe — MiHIMaJIbHa Ta MakcuMmajabHa TpuBaiicTh [IIIM-iMnynbCcy B MiKpOCEeKyHaX.
Takum YMHOM BUKJIMK MeToy attach maTume BurIISI:

ESC.attach(9,1000,2000)

MonudikyeMo 4acTUHY KOJYy 3 MOMEPEIHbOTO MPUKIALY ISl TOro 100 Terep
MIKpPOKOHTpOJIep 3a0e3ledyBaB KepyBaHHS TI0 3aKOHY TICTEpE3UCHOI KpHBOi 3
BukopuctanusaMm BLDC-nBuryna ta ESC apaiiepa:

if (ppm > turn_on_value) {

ESC.write(180);

by

if (ppm < turn_off_value) {
ESC.write(0);

by

VY nanomy Bunanky 3HadeHHs 0 1 180 BiAMOB11at0Th MiHIMAJIbHIN Ta MaKCUMaIbHIN
tpuBanocti [IIIM-curnany i OynyTe BcraHOBIIOBaTH MiHiMaibHy (0) Ta MakcuManbHy
IIBUJIKICTh OOCpPTaHHS JBUTYHA.

Onnak B ctatTi [22] € kinbka pedeid, BapTo Bin3HauuTH. i yac moyaTky momayi
JKUBJICHHSI JIBUTYHA 3HAYCHHS CHUTHATy Ma€ OyTH TakMM caMUM a00 MEHIIMM 3a
MiHIMajbHe 3HaueHHs B 1 mimicekyHny. Lle HazuBaeThcst BctanoBienHssM ESC apaiiBepa
Ha 3BEJICHHS, 1 IBUTYH BUJA€ 3BYKOBUM CUTHAJ MIATBEPKEHHS, 11100 MU 3HAJIHU, 110 BiH
MPaBUJILHO TIOCTABJICHWM HA 3BEJCHHS. Y BUMNAAKY, SKIIO MU MAEMO OUIBII BUCOKE
3HAQYEHHS MiJ Yac >KUBJICHHS, 1110 O3HAYaeE, [0 MU MAaEMO JpoceibHy 3aciinky, ESC ne
3aIyCTUTh JIBUTYH, JIOKH MH HE 3HH3UMO IpOCEeiIb J0 MPABWIBHOTO MiHIMAJIbHOTO
3HaueHHs. [le gy»xe 3pydHo 3 TOukH 30py O0e3MeKu, TOMY 1110 IBUTYH HE 3aBEACTHCS, SKIIO
MU T1IHSUTH JKUBJICHHS MPU MOadi.

Takox motpioHO BimkamiopyBatu ESC. Koxken ESC mae cBoi BiacHi BepxHI Ta
HWKHI TOYKH, 1 BOHM MOXYTh €10 Biapi3HATHCS. Hanpukiaa, HallHUKYa TOUKa MOXKE
CTaHOBUTH 1,2 MimiceKkyHaH, a HalBUIa — 1,9 MimicekyHIu. Y TaKoMy BUIAAKYy Halia
JpocelIbHA 3aciiHKa HIYoro He podutrme B miepii 20%, TOKu He JOCITHE HaWHMKYOTO

3Ha4YeHHs 1,2 MUTICEKYH/IH.
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3.5. BucHoBok 10 po3aiay 3

Hamu O6yno BuOpaHO BHKOpPUCTaHHS cCaMOpPOOHOT CHCTEMHU aHali3y Ta KepyBaHHs
napaMeTpaMM MIKpPOKJIiMaTty, B 1ii OCHOBI Oyja 3akjiajeHa cucTeMa ska Oyla
npencraniena Ha VI Beeykpaincbkiil HaykoBo-nipakTuuHii koH(pepeHiii « Enektponni
Ta MEXaTPOHHI CHCTEMU: TEOpis, IHHOBAIlli, MpakTuKa. JlJi1 BUMipIOBaHHS TeMIepaTypu
Ta BOJIOTOCTI MU 00panu Mmoaysib DHT 22, BuGip OyB 0OTTpyHTOBaHMM THM, 1110 MOXHOKa
IpU BUMIPIOBaHHIX Temmepatypu B 4 pasu menma Hik y DHT11, tak 1 moxubka mpu
BUMIPIOBAHHI BOJIOTOCTI MEHINA B 2pasu. g MiAKIIOYEHHS MOMIYJS BUKOPUCTAIU
OIATATY04YHi pe3uctop 3 onopoM 4,7 kOwm. I1pu po3poOrii nporpamMHoro 3abe3ne4eHHs
MU BUOpanmu kox 3 crarti [17]. Jmst Bi3yamizarii gaHuX My BUOpaIM BUKOPHCTaHHS
nucries LCD 1602, tak sik Xxo4a 1 CBITJIOIOAH] Ta 3ByKOB1 CUCTEMH € JICIICBIITMMU, ajie
3UUTYBaTH JaHHI 3 Juciuiess Oyne iHdopmatuBHime. [I[o0 3MEHIIUTH KUIBKICTh
BUKOPUCTAHUX JIUCIUICEM BUBOIIB Ha Tutati Arduino, OyIio BUPIIIEHO BUKOPUCTATH TUIATY
posumupennss PCF 8574T. Ilporpamuuii koj 3a3HaueHuit B posauni 2.2.4 OyB
BUKOPUCTAHUN Ta MOAU(DIKOBAHUH JJIs TI0AaBaHHS MiJCUCTEM 1HAMKaIii. J{s Toro, mo0
MaTy 3MOTY BUMIPIOBATH PIBEHb JIOKCUIY ByTJIEIO Oyio mogaHo moayias MQ-135, ta
JI0JTaHO TAKTOBY KHOMKY 3a/JIs1 TIEPEKIIIOUEHHS MMapaMeTpiB Ha JAUCILIET 3 TeMIIepaTypH
Ta BOJIOTOCTI HAa BMICT JIOKCHAY BYIJICII0 B MOBITpl. JlJjist TOro mo6 Oyia MOXKJIUBICTh
3MIHM MapaMeTpiB BYIJICHIO B TMPUMIIIECHI € EJIEKTPOABUTYH SIK YaCTUHA CHUCTEMU
BeHTWIsALII. J[7s 1bOro MoOKHAa BHOpATH JBUTYH MOCTIHHOTO CTpyMmy, abo X
0€3KOJICKTOPHHM, ajie HeMa€e €IMHOTO MPABWJIHHOTO PIIICHHS JJi BUOOpY JBUTYHA Ta
CXeMH KEepyBaHHS HHUM, TaK SK BUOIp 3aJIeKUTh BiJ PO3MIPY MPUMIMICHHS B SIKOMY
cuctemMa OyjJe BHUKOPHUCTOBYBAaTHCh, XapakKTepy 3MIHM TIOKCHUIY BYIJIELIO, a0 Xk
eKOHOMIYHUM pecypcaMm. /[lias Hamoro mnpoekty OyJo 3ampolnOHOBAHO JIBUTYH
MOCTIHHOTO CTpyMy, 3 aApaiiBepom aBuryHa L298N, 3 uum gpaiiBepoM MU MOXKEMO
kepyBatu ABuryHoMm uepe3 LIIM. Takox mo0 kepyBaTh HampsiIMKOM OO€pTaHHS Ham
noTpiOHO Bukopuctatu H-moaioHmMit Mict. Sk BapiaHT A1 OUIBII MOTY>KHOT BEHTHIISIIIT

MOXHa MpueIHATH 10 apaiiBepa npuryHa L298N kinbka 1BUTyHIB.
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3arajbHi BUCHOBKH

Y xonl nocmixeHHs: O0yJ0 BUKOHAHO PAJl 3a7a4, PE3yJIbTaTh SKUX BUOKPEMHUMO Y
BUIJISAA1 BUCHOBKIB:

1. Byno npoBeieHO aHaNi3 CTaHIAPTIB TapaMeTPiB MIKPOKIIIMATy Y KpaiHu Ta Kpai
€C ta BrummBYy 3MiHU TapaMmeTpiB Ha moauny (Pozmin 1).

2. Bu3HaueHo onTUMalIbHI MapaMeTpy MiKPOKJIIMATY JJIsI BAPOOHUYHX MPUMIIICHB,
a TaKOXX 3HAYCHHs IMapaMeTpiB, SAKi MOXYTh BKa3yBaTH Ha HeOE3MeYHI YMOBU MAJis
3nopoB’st moaunan (Po3main 1).

3. JocnikeHO CUCTEMHU Ta TEXHIYHI 3aCO0H, 1[0 BUKOPUCTOBYIOTHCS B CHCTEMAaxX
MOHITOPUHIY Ta KEpyBaHH MapaMeTpiB MikpokiiMary (Po3ain 2).

4. BuzHaueHO MPUCTPOi I peami3ailii CHUCTeMH MOHITOPUHTY Ta KepyBaHHS
napameTpaMH MIKpOKIIIMATY Ta 3[IMCHEHO JTOCIII)KEHHS MPUHIUIIB pOoOOTH MPUCTPOIB
KEepyBaHHs, BUMIPIOBaHHS Ta BUKOHABUYMX NPUCTPoi (Po3min 2).

5. Po3pob6iieHo nijcucteMy BUMIpIOBaHHS TEMIIEpATypH Ta BOJIOTOCTI CEPEIOBHUIIIA,
MiJICUCTeMa THIUKAIlli, TCUCcCTeMa BUMIPIOBAHHS PiBHS IIOKCUY BYTJICIIO, M1CUCTEMA
KepyBaHHS BUKOHaBYMMU npuctposimu (Po3zmin 3).

6. Po3po0iieHo Ta peati3oBaHO y BHTJISAI MMPOTPAMHOTO KOy aJlTOPUTMHU CHCTEMH
MOHITOPUHIY Ta KEpyBaHHS NapamMeTpaMH MIKpOKJIIMaTy, 0 3a0e3NeuyloTh poOoTy

po3pobiienoi cucremu (Pozmin 3).
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JlonaTku

Homatok A. Section 3. development of the configuration of the indoor microclimate

monitoring and management system

At the first stages of system development, we implemented the first version of the
system configuration for conducting research on changes in microclimate parameters,
which was presented at the VIII All-Ukrainian scientific and practical conference
"Electronic and Mechatronic Systems: Theory, Innovation, Practice” [18]. Further
research revealed a number of disadvantages of this configuration and it was decided to
modify it. It was decided to divide the process of building a system for monitoring and
controlling microclimate parameters into the development of several subsystems, namely,
the Subsystem for measuring ambient temperature and humidity, the display subsystem,
the Subsystem for measuring the level of carbon dioxide, and the control subsystem for
actuators. This distribution will allow you to implement a discrete system, and each

subsystem can be modified or replaced.

3.1. Subsystem for monitoring ambient temperature and humidity

In the process of analyzing the existing technical means, we identified several
measuring devices for measuring temperature and humidity, presented in Section 2.2.4.
these devices were selected taking into account the criteria of availability of measuring
devices on the Ukrainian market, accuracy and economic feasibility. The measuring
devices that were selected for implementation are DHT22 and DHT11. The advantages
of DHT11 are a low price (30 — 50 UAH), and a lower frequency of data acquisition
compared to the DHT22 module (1 read within 1 second). The price of DHT22 exceeds
the price of the DHT11 module by about 3 times, and the frequency of data acquisition is
half as low (1 read Within 2 seconds), according to the technical documentation. But the
temperature measurement error of the DHT22 measuring device is approximately 4 times

less than the measurement error of DHT11, and the measurement error of DHT22
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humidity is approximately 2 times less than that of DHT11. taking into account these
facts, we chose to use the DHT22 module. A detailed comparative analysis of the
technical characteristics of DHT11 and DHT?22, as well as the principle of operation of
these devices, is described in Section 2.2.4. The connection of the temperature

measurement subsystem is shown in figure 3.1.

Figure 3.1-illustration of the connection configuration of elements of the ambient

temperature and humidity measurement subsystem

According to [17], a pull-up resistor with a resistance of 4.7 Kohm was used when
connecting the sensor. The general connection of the sensor to the Control Board is as
follows (the pins are numbered from left to right when viewed from the front of the

module):
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- 1 pinis connected to the power supply, on the Control Board-5V;

- 2 pin is connected to a 4.7 Kohm pull-up resistor connected to the 5V power
output, and also connected to the 2nd digital output on the Control Board (Orange
insulated conductor in figure 3.1);

- 3 pin is not connected, not used;

- Pin 4 is connected to the negative pin of the power supply, on the Control Board
— GND.

During software development, several libraries were tested to ensure the correct
operation of the measuring device. We checked the programs given in [17, 19], both
libraries allow us to measure temperature and humidity parameters, so we used the
program code given in the Popular Science article [17].

The result of the subsystem is Data Display using the serial port monitor, which is

shown in Figure 3.2.
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Figure 3.2-transmission of measured data using a measuring device via the serial port

protocol
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3.2. Subsystem for displaying environmental parameters

At the first stages of design, it is necessary to analyze the resources that may be
needed in the implementation of various subsystems. Since one of the subsystems that
can use significant resources in terms of connecting and using the digital pins of the
Control Board is the display subsystem. Let's consider the implementation options for
this subsystem. The first step is to select the format and technical means of the display
subsystem. Different monitoring systems may use different technical tools, including:

- - LED display systems: used in systems where there is no need to display the
values of the measured parameters, or display the values of parameters by conditional
division into levels or states that depend on the values of the measured value.

- - Sound indication systems: used in systems where it is necessary to report a state
change by means of an audible signal, which may indicate the presence of emergency
operating modes or modes to which the system operator must respond.

- Data visualization systems: such systems allow you to display data in numerical
form, time characteristics, or even display the technological process as an interactive
model. The technical tools used in such visualization systems are usually significantly
more expensive than in LED and sound display systems. Analyzing the available formats
of display subsystems from the perspective of implementing a system for monitoring and
controlling microclimate parameters, we chose one of the cheapest liquid crystal displays,
namely: LCD 1602 16x2 character display. The advantage of this device is that it allows
you to display information in the format of symbolic messages on 2 lines, each of which
can display up to 16 characters, as well as the price, which ranges from 100 — 120 UAH.

This display is shown in Figure 3.3.
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Figure 3.3 — LCD 1602 character display

The connection diagram for this display is shown in Figure 3.4.
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Figure 3.4-connection diagram

The problem with implementing this connection is that it requires the use of 6 digital

pins of the Control Board and this is unsatisfactory conditions for further implementation
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of other subsystems, although it is quite economical, given that in addition to the 10kohm
potentiometer R3 and the current-limiting resistor, this configuration does not require
other elements. Given the need to use temperature, humidity, and carbon dioxide
measurement devices, it was decided to minimize the number of digital outputs for data
visualization. To do this, it is possible to connect the display to the control board using
the 12C Arduino pin expansion module for connecting the LCD display to the PCF 8574T
(the price is 50-60 UAH), which is shown in Figue 3.5

Figure 3.5-12C Arduino pin expansion module for connecting an LCD display to a PCF
8574T

This expansion module allows you to use only two SDA and SCL pins (except for
the VCC and GND power pins) to transfer data from the microcontroller to the control
board. A detailed description of the connection and operation of the display in
combination with an expansion card is given in the Popular Science article [20].

The general connection of an LCD display using an expansion card with a PCF
8574T chip is shown in Figure 3.6.
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Figure 3.6 - connecting an Arduino control board to an LCD display using a board
with a PCF 8574t chip

The program code written in Section 2.2.4, which was taken as a basis and which
was used to implement the temperature and humidity measurement subsystem, was
modified with the addition of the display subsystem.

Wire libraries were used to interact with the display in the program code.h and
LiquidCrystal 12C.h. To control the display in the program code, you must declare a
global class object by adding the following code LiquidCrystal 12C lcd (0x27,16,2);
where LiquidCrystal _12C is the class name, lcd is the object name, 0x27 is the 12C address
of the device, 16 is the number of characters that can be written in one line, 2 is the number
of lines of the display.

You must also add calls to several methods of the Icd object to the setup function,
namely Icd.init(); lcd.clear(); lcd.backlight (); each of which performs the following
functions, respectively: initializing the lcd, cleaning the display, turning on the display
backlight.

The following program code has been added to the loop function:lcd.setCursor(0,0);

lcd.print("Temp. : ");

Icd.print(t);

lcd.print(" C");

Icd.setCursor(0,1);
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lcd.print("Humi. : ");

Icd.print(h);

lcd.print(" % "),

This code is used to output data received from the DHT22 module and written to the
variables t (temperature) and H (humidity). The setCursor method allows you to set the
location on the display from which data will be output. The first parameter, which is equal
to 0, defines the column number (there are 16 of them in total, but numbering starts with
0), and the second parameter, which is also equal to 0, defines the row number (numbering
also starts with 0). This way, data will be displayed from the upper-left corner of the
display. The print method directly performs the function of data output. In addition, after
a delay of 2 seconds, which is necessary for the correct operation of DHT22, a call to the
clear () method was added to clear the display of previous values.

The result of implementing the display subsystem together with the operation of the

ambient temperature and humidity measurement subsystem is shown in Figure 3.7.

Figure 3.7 - connecting an Arduino control board to an LCD display using a board with
a PCF 8574t chip
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3.3. Subsystem for measuring the level of carbon dioxide

The problem of creating this subsystem is the complexity of obtaining objective data
from measuring devices. Analyzing the existing technical solutions given in sections 2.2.1
—2.2.3, it is worth noting that a great importance in the objectivity of data depends on the
calibration process of these measuring devices. During the study, it was decided to
conduct experiments with various measuring devices.

The first sensor that was used in the carbon dioxide measurement subsystem MQ-
135, which is described in Section 2.2.1. following the recommendations specified in the
popular scientific article [12], describing the principles of operation of this measuring
device, the rzero parameter calibration process was carried out using the proposed

program code. Changes in the zero parameter value are shown in Figure 3.8.
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Figure 3.8-measured values of the rzero parameter

When developing this subsystem, a clock button was added to the system, the signal

contact of which is connected to the third digital output of the Control Board.
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The existing system program code was also modified. Let's look at the changes that
were made.

It was reorganized and brought to a single format for determining the contacts of the
control board that were connected to external devices. To determine the connection
configuration, the preprocessor directive #define was used, so numeric values
corresponding to the numbers of digital and analog pins were assigned to keywords (links)
suchas mq135_pin, dht_pin, and button_pin. The compiler replaces reference values with
numeric values during compilation, which reduces the amount of memory used by the
program compared to defining these values using variables or constants.

For the operation of the MQ-135 module, the mg135.h library was used, the use of
which was mentioned in Section 2.2.1. due to the nature of the parameter change (fig.
3.8) the average value of 122.42 was selected, and this value was also entered in the
mq135.h library file. In the main code of the program, it was also necessary to create an
object of the class MQ135. Initialization of the class object is performed using the code
MQ135 gasSensor = MQ135(mq135_pin); analyzing which it is worth noting that the
constructor method requires the value of the analog output number, in our case given in
the format of the constant mq135_pin. It is worth noting that the module has 4 pins, one
of which (DOUT) was not used when creating this system, and the analog pin (aout) was
connected to pin A0 on the control board.

To preserve these values measured during the operation of the system, the variables
h, t, for measuring temperature and humidity, and the variable ppm, for measuring the
concentration of carbon dioxide, also known as the millionth, were defined. All of the
above variables have the float data type, which is used to store fractional values.

An additional global variable that has been added to the main program code is the
mode variable of the INT (integers) data type. The purpose of this variable is to provide
a display of various types of data, depending on the mode in which the system is currently
operating. At this stage, two operating modes were implemented: the first one displays
temperature and humidity data, and the second one displays concentration in millionths
(ppm). The logic for changing modes is as follows. If the button is pressed, a voltage

appears on the signal output of the button, which is approximately equal to the value of 5
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volts. When reading The Voltage value using the digitalRead(button_pin) command; the
voltage value corresponding to 5V will be represented as a logical unit. And at the
moment when the digitalRead(button_pin) value is equal to 1, a mode change occurs. this
logic is implemented by the following part of the code:

if (digitalRead(button_pin) == 1) {
mode++;
if (mode >1) {
mode = 0;
¥
¥

Analyzing the above code, it is worth noting that it uses the if Branch operator with
the condition specified above. If the condition is valid, the construct body written in curly
brackets is executed, namely the mode++ command, which increases the mode value by
1. this is followed by another if construct, which provides a limit on the number of modes.
So if mode = 1 and the button is pressed, the mode variable will be equal to 2, but the
program does not have instructions for this mode and, accordingly, the program must
return to the previous operating mode (mode = 0). To do this, use the following If check
(mode > 1). If mode is equal to 2, this condition will be valid and the body of the second
if construction will now be fulfilled, which will assign the mode variable the value 0.
Thus, it is provided by switching between two operating modes (this design can also be
adapted to a larger number of modes), the log switch-case:

switch (mode) {

case O:
Icd.setCursor(0, 0);
lcd.print("Temp. : ");
Icd.print(t);
lcd.print(" C");
Icd.setCursor(0, 1);
lcd.print("Humi. : ");
Icd.print(h);
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lcd.print(" % ");
break;
case 1:
Icd.setCursor(0, 0);
lcd.print("MQ-135");
Icd.setCursor(0, 1);
lcd.print("CO2: ");
Icd.print(ppm);
Icd.print(" ppm™);
break;
by
This code allows you to compare the value of the mode variable with 0 or 1, and,
depending on the value, choose one of two algorithms. If the mode variable is 0, The First
Data Display algorithm described in the previous section will be executed, otherwise the
display will display data about the type of sensor currently in use, the concentration of
carbon dioxide, and the unit of measurement.
The results of implementing this subsystem with the MQ-135 sensor are shown in
Figure 3.9.MQ-135 are shown in Figure 3.9.
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Figure 3.9-prototype of a temperature, humidity, and carbon dioxide monitoring system
using DHT22 and MQ-135 modules

3.4. control subsystem for actuators

The main actuator for changing the level of carbon dioxide in a room is an electric
motor, as part of the ventilation system. In this study, the possibility of using DC motors
and brushless motors was considered, as well as several control schemes for these types
of electric motors. It is worth noting that there is no single correct solution for choosing
an engine and control scheme, because the choice depends on the type of room, its volume,
economic resources, as well as the nature of changes in the level of carbon dioxide in the
room. Therefore, this study suggests several schemes that, according to the author, can be
used in the ventilation system.

Consider the use of DC motors as the executive body of the ventilation subsystem,

general information about the control of DPS is given in the Article [21], which offers
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several control options, one of which is the use of a transistor control circuit, and the other
is the driver of the L298N motor.

According to [21], we can control the speed of a DC motor by simply controlling
the input voltage of the motor, and the most common way to do this is to use a Pulse
Width Modulation (PWM) signal. PWM, or Pulse Width Modulation, is a method that
allows us to adjust the average voltage applied to an electronic device by quickly turning
the power on and off. The average voltage depends on the duty cycle or time during which
the signal was turned on, compared to the time during which the signal was turned off in
a single time period. So, depending on the size of the motor, we can simply connect the
Arduino PWM output to the base of a transistor or gate field effect transistor (MOSFET)
and control the motor speed by controlling the PWM output. The Arduino low-power
PWM signal turns on and off the gate on the field-effect transistor through which the
powerful motor is controlled. A diagram of using a field-effect transistor to control the

DPS speed is shown in Figure 3.9.
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Figure 3.9-DPS speed control circuit using a field-effect transistor

On the other hand, to control the direction of rotation, we just need to change the
direction of current flowing through the motor, and the most common way to do this is to
use an H-shaped bridge. The H-shaped bridge circuit shown in Figure 3.10 contains four
switching elements, transistors or MOSFETS, with a motor in the center that forms an H-

shaped configuration. By activating two specific switches at the same time, we can change
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the direction of current flow, thereby changing the direction of rotation of the motor. So
if we combine these two methods, PWM and H-bridge, we can have full control over the
DC motor. There are many DC motor drivers that have these features, and the L298N is

one of them.
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Figure 3.10-diagram of an H-shaped bridge

The L298N driver is a dual H-bridge motor driver that allows you to simultaneously
control the speed and direction of two DC motors. The module can control DC motors

with a voltage of 5 to 35 V with a peak current of up to 2 A is shown in Figure 3.11.



85

!’ﬁ Bow 12
A {ECAATY 4GS

vov . How

Figure 3.11-L298N engine driver

The module has two screw terminal blocks for Motors A and B, as well as another
screw terminal block for the ground contact, VCC for the motor, and a 5V contact that
can be input or output. Several DC motors can be used to provide more powerful

ventilation. an example of such a connection is shown in Figure 3.12.
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Figure 3.12-example of connecting two motors to the driver

The L298 motor driver can also be connected to an Arduino, to test it, we need the
following components::

« 298N driver;

* 12V high torque DC motor;

« Arduino control board:;
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* breadboard and adapter wires.

Let's look at how you can modify the existing code in order to ensure engine
operation when the permissible concentration of carbon dioxide in the air is exceeded.

First of all, you need to add the connection configuration. To do this, we used a
similar method as in the previous section, using the #define preprocessor directive. Thus,
we add three constants inl, in2 and enA, which are equal to the numbers of the digital
pins of the microcontroller to which these pins of the L298 module are connected. it is
important to note that the enA PIN must be connected to the digital pin marked "~" or
PWM (PWM), it will set the width of the control pulses and, accordingly, the speed of
rotation of the motor.

In the setup function, you need to set the operating modes of all three pins inl, in2,
and enA using the pinMode () command, and specify the digital output number with the
first argument (in our case, reference: inl, in2, enA), and specify the OUTPUT mode with
the second argument. It is also advisable to set low signal levels on all three pins using
the following code:

digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
analogWrite(enA, 0);

The next step is to set the engine start-up condition(sd) to activate the ventilation
system, as well as the occurrence of engines when the carbon dioxide level is at an
acceptable level. The implementation of this algorithm can and should occur regardless
of the mode of operation that is responsible for displaying data, so this functionality will
be written outside the switch-case design described in the previous section.

In this study, it was proposed to use the hysteresis curve control law. This method
also requires entering several additional variables (turn_on_value and turn_off_value),
and its implementation using program code will look like this:

if (ppm > turn_on_value) {

digitalWrite(inl, HIGH);
digitalWrite(in2, LOW);
analogWrite(enA, 255);
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b
if (ppm < turn_off value) {
digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
analogWrite(enA, 0);
by

In this study, we chose to use the turn_on_value and turn_off value variables with
an integer data type (int), the values of which are set during their initialization and set in
accordance with the requirements described in Section 1.

The logic that provides the ascending part of the hysteresis curve characteristic is
described in the first branch design. If the measured value of carbon dioxide is greater
than the permissible value recorded in the turn_on_value variable, a high signal level is
set on one of the digital pins (inl or in3), and a low signal level is set on the other, which
in turn allows current to flow through the electric motor in one direction. The motor
voltage level, which is proportional to the motor speed, is set by applying a PWM signal
to the ENA digital pin. This functionality is provided using the analogWrite () Command,
which, in turn, accepts two parameters. The first parameter indicates the digital output
number (enA), and the second parameter indicates the average voltage level, which is set
in a relative value in the range from 0 to 255 (where 0 is OV, and 255 is 5v). If you need
to change the direction of rotation of the motor in the digitalWrite() commands for pins
inl and in2, the voltage levels change from HIGH to LOW and vice versa.

According to the specified logic, The enabled state of the engine will remain until
the ppm value decreases below the level set in the turn_off value variable. At this point,
the voltage values at pins inl, in2, and enA will be set to OV. thus, the second if construct
provides the descending part of the hysteresis curve.

It is worth noting that in addition to the control law, a linear law of setting the speed
of rotation of an electric motor from changes in the concentration of carbon dioxide, or a
combination of these two laws, can also be used, but the implementation of this model

requires further research.
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Also, in the framework of this study, the possibility of using brushless (BLDC) or

Valve Motors was considered [22]. For example, consider a motor rated KV = 1000,
which means that when a voltage of 7.4 volts is applied to the motor, the motor can reach
a maximum RPM of 7.4 * 1000, which is 7400 rpm. A similar engine is shown in Figure
3.13.

Figure 3.13-brushless motor

Brushless motors require an external source of electricity, and the most common
way to power them is to use lithium polymer (LiPo) batteries. The number " s " of the
battery indicates the number of battery cells, each of which has a voltage of 3.7 V. For
example, take the 3s LiPo battery, which has 3 cells that provide a supply voltage of 11.1
V.

To control such motors, drivers or ESC speed controllers are used. On the one hand,
the ESC has three wires that control the three phases of the motor, and on the other hand,

it has two wires, VCC and GND, for power, shown in Figure 3.14.
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Figure 3.14 — ESC Driver

Jlwhen implementing this type of electric motor in the actuator control subsystem,

it generates a PWM signal with a frequency of 50 Hz, and depending on the pulse width

or duration of the high state, which should vary from 1 millisecond to 2 milliseconds, the

ESC will control the motor from minimum to maximum revolutions. To test a brushless

motor, you need to assemble a circuit similar to the one shown in Figure 3.15 with a set

of devices:

Brushless motorESC 30A

Li-Po battery

Arduino control board

Breadboard and adapter wires

Carbon dioxide measurement subsystem

Display subsystem (optional)

Temperature and humidity measurement subsystem (optional)
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Figure 3.15-example of connecting a brushless motor to an Arduino control board

It is worth noting that the diagram shown in Figure 3.15 does not correspond to the
configuration of the proposed system and is used to illustrate the connection of the BLDC
motor, and is also taken from a popular science Article [22], but this illustration allows
you to understand the connection configuration.

To control a BLDC motor with an ESC driver, it is convenient to use the same library
that is used to control the servo motor, namely Servo.h. You must create an object of the
Servo class next to the creation of other objects. The name of the object must correspond
to its purpose, so let's call it ESC, respectively, the code that provides this action:

Servo ESC,;

Also, the ESC signal pin must be connected to the PWM pin on the control board,
as well as specify a link to it using a line of code. #define esc_pin 6.

In the setup function, you also need to call the attach method, which requires one
parameter — the number of the digital output on the Control Board to which the driver
signal contact is connected, and two optional parameters, namely, the minimum and
maximum duration of the PWM pulse in microseconds. Thus, calling the attach method
will look like:

ESC.attach(9,1000,2000)
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We modify part of the code from the previous example so that the microcontroller
now provides control according to the law of the hysteresis curve using the BLDC motor
and ESC driver:

if (ppm > turn_on_value) {

ESC.write(180);

by

if (ppm < turn_off_value) {
ESC.write(0);

¥

In this case, the values 0 and 180 correspond to the minimum and maximum duration
of the PWM signal and will set the minimum (0) and maximum motor speed.

However, there are a few things worth noting in the Article [22]. At the start of motor
power supply, the signal value must be the same or less than the minimum value of 1
millisecond. This is called setting the ESC driver to the cocking, and the engine Beeps a
confirmation signal to let us know that it is correctly set to the cocking. In the event that
we have a higher power value, which means that we have a throttle, the ESC will not start
the engine until we lower the throttle to the correct minimum value. This is very
convenient from the point of view of safety, because the engine will not start if we have
raised the power when feeding.

You also need to calibrate the ESC. Each ESC has its own upper and lower points,
and they may differ slightly. For example, the lowest point may be 1.2 milliseconds, and
the highest point may be 1.9 milliseconds. In this case, our throttle will do nothing in the

first 20% until it reaches its lowest value of 1.2 milliseconds.

3.5. Conclusion to Section 3

We chose the use of a self-made system of analysis and control of microclimate
parameters, it was based on the system that was presented at the VIII All-Ukrainian
scientific and practical conference "Electronic and Mechatronic Systems: Theory,

innovation, practice. To measure temperature and humidity, we chose the DHT 22
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module, the choice was justified by the fact that the error in temperature measurements is
4 times less than that of DHT11, and the error in humidity measurement is 2 times less.
To connect the module, a pull-up resistor with a resistance of 4.7 Kohm was used. When
developing the software, we selected the code from the Article [17]. For data visualization,
we chose to use the LCD 1602 display, because although led and sound systems are
cheaper, it will be more informative to read data from the display. To reduce the number
of pins used by the display on the Arduino board, it was decided to use the PCF 8574t
expansion board. The program code specified in Section 2.2.4 has been used and modified
to add display subsystems. In order to be able to measure the level of carbon dioxide, the
MQ-135 module was added, and a clock button was added to switch the parameters on
the display from temperature and humidity to the content of carbon dioxide in the air. In
order to be able to change the carbon parameters in the room, there is an electric motor
as part of the ventilation system. To do this, you can choose a DC motor, or a brushless
one, but there is no single correct solution for choosing a motor and its control scheme,
since the choice depends on the size of the room in which the system will be used, the
nature of changes in carbon dioxide, or economic resources. For our project, a DC motor
with an L298N motor driver was proposed, with this driver we can control the motor via
PWM. Also, to control the direction of rotation, we need to use an H-shaped bridge.
Alternatively, for more powerful ventilation, you can connect multiple motors to the

L298N engine driver.
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Jonarok b. Ilporpamunii KoJ cMCTEeMH MOHITOPHHIY Ta KEPYBaHHS IapaMeTpamMu

MIKpOKJIIMaTy

#include <Wire.h>

#include <LiquidCrystal_12C.h>
#include <dht.h>

#include <MQ135.h>

#define button_pin 3
#define mg135_pin AQ
#define dht_pin 2

#tdefine enA 9
#tdefine inl 8
#define in2 7

const int turn_on_value = 400;

const int turn_off value = 360;

MQ135 gasSensor = MQ135(mg135_pin);
dht DHT;

float t;
float h;
float ppm;

int mode = 0;

LiquidCrystal_I12C lcd(0x27, 16, 2),



void setup() {
Serial.begin(9600);

pinMode(button_pin, INPUT);

pinMode(enA, OUTPUT);
pinMode(inl, OUTPUT);
pinMode(in2, OUTPUT);,

digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
analogWrite(enA, 0);

Icd.init();
Icd.clear();
Icd.backlight();

void loop() {

ppm = gasSensor.getPPM();
Serial.printin(ppm);

int readData = DHT.read22(dht_pin); // Reads the data from the sensor
t = DHT.temperature; Il Gets the values of the temperature
h = DHT.humidity; Il Gets the values of the humidity

if (digitalRead(button_pin) == 1) {
mode++;
if (mode >1) {



mode = 0;
}
delay(500);

}

switch (mode) {

case 0:
Icd.setCursor(0, 0);
lcd.print("Temp. : ");
lcd.print(t);
led.print(" C™);
Icd.setCursor(0, 1);
lcd.print("Humi. : ");
Icd.print(h);
lcd.print(" % ");
Serial.print("Temp. : ');
Serial.print(t);
Serial.printin(" C");
Serial.print("Humi. : ');
Serial.print(h);
Serial.printin(" % ");
break;

case 1:
Icd.setCursor(0, 0);
Icd.print("MQ-135");
Icd.setCursor(0, 1);
lcd.print("CO2: ");
lcd.print(ppm);
lcd.print(" ppm");
break;
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if (ppm > turn_on_value) {
digitalWrite(in1, HIGH);
digitalWrite(in2, LOW);
analogWrite(enA, 255);

by

if (ppm < turn_off_value) {
digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
analogWrite(enA, 0);

by

delay(2000); // Delays 2 secods, as the DHT22 sampling rate is 0.5Hz
Icd.clear();
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Honatok B. IIpe3enTaunisa kBajiikauiiinoi podooru

HanionanbHuii yniBepcuret «Iloarasceka moJairexnika imeHi FOpis Konaparoka»

National University “Yuri Kondratyuk Poltava Polytechnic”

KocnakoB AHTOH

Cucrema MOHITOPHHIY TAa KEPYBaHHA NMapaMeTpamMu
MIKpPOKJIiMATy B NPUMilIECHHAX HA 0CHOBI cTanaapriB €C

HaykoBuit kepiBHUK:
Bopsik B.P.
KaHIUJAT TeXHITHUX HAyK

TTonrasa 2022

Dopmaniz08ana NOCMAHOBKA 340ay 00CII0IHCeHHA

*  Merta: Po3po0ieHHsTa JOCIDKSHHS METOIiB MOHITOPHHTYTa KepPYBaHHAIApaMeTPaMIMIKpOKIIMATYy
BUPOOHUYMXIIPUMIIICHHAX

e 3angaui gocaigKeHHs

1. JlocnimpkeHHs CTAHJAaPTIB MapaMeTpiBMikpokiiMaty Ykpainu ta €C

2. AHani3 BIUIUBY 3M iHHM ITapaM eTpiBMiIKpOK/IiMaTyHa CTaH JIOAUHH.

3. JocnimKeHHA TeXHIYHUX 3aC001B s 3a0e3MeYeHHsM O HITOpMHTYIIapaM eTPIBMIKpOKITIM ATy

4. JlocmimKeHHA TEXHIYHOTO 320 e31eU eHHSCHCTEM KOHTPOJII0 MIKpOKITIMAaTy

5. IlincucTeMa MOHITOPUHTYTEMIIEPATy PUTa BOJIOTOCTI HABKOJIMITHHOTOCEP €10 BUIIIA

6. ITincucteMa iHMKAILii TapaM eTpiBHABKOJIMITHHOTOCEP €10 BUIIIA

7. IlincucteMa BUM ipFOBaHHSP IBHS TIOKCHY BY ITICIIEO.

8.IlincucTemMa KepyBaHHIBUKOHABIHM HIIPHUCTPOSIMH

*  O0'exT I0CTiAKEHHS TIPOIEC MOHITOPHHTYTa KepyBaHHIIIapaMeTpaMUMIKpPOKIIMAaTyy BUPOOHHINX
IPUMIIIEHHSX .

* Tlpeamer pocaigkenHs YncesbHi MOKa3HUKUIIAPAM ETPIBMIKPOKITIMATY
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Hocnioxncenna cmanoapmie napamempis mikpokaimamy Yxkpainu ma €C

Mepioa poky KaTeropis poGit TemnepaTtypa BiaHocHa Ll Buakicts
noBiTpA, °C Bonoricts, % pyxy,Mc
0,1

XonogHumn Nerka 1a 22-24 60-40

nepiop poky Jlerka 16 21-23 60-40 0,1
CepepHbol 19-21 60-40 0,2

BaxxocTilla
CepeaHboi 17-19 60-40 0,2

BaxxocTi 116
Baska Il 16-18 60-40 0,3
Tennui nepiop Nerka 1a 23-25 60-40 0,1
POKYy Jlerka 16 22-24 60-40 0,2
CepepgHboi 21-23 60-40 0,3

BaxxocTi lla
CepepfHboi 20-22 60-40 0,3

BaxxocTi 116
Baxka Il 18-20 60-40 0,4

Tabauys 1. Onmumanvui eruduny memnepamypu, 8i0HOCHOL 801020CMi MA UEUOKOMMI PYXY
nosimpsi 6 po60Uitl 30Hi 6UPOOHUYUX NPUMILYEHDb

Mocniorcenns ennugy CO, na iroouny

Pigew CO2 (ppm

300-400 OnTumanbHe3Ha4YeHHs

400-600 ppm Hopma gnsi po6oTtn B odpici 6e3 3HMXKEHHSI NpOAYKTMBHOCTI npaui Ha
OpraHi3aMHisikHe BrnBae

[1o 600 ppm Hopmagns cnanbHi,auta4oro cagkai WKonm

600-1000 ppm Mapae npoAykTMBHICTL npaui, cknagHiwe KOHUeHTpyBaTu ysary i
cnpuimMaTuiHopmauito 3’ SBNSETLCSAroNoBHUA Ginb

1000-1500 ppm JlioguHa ctae MnsiBoto, Najae KoOHLEeHTpaLlisiyBaru, cknagHille npuimMaTtm
pilleHHs, 36inbLUyeTbCA KinbKiCTb MOMUIOK B po6oTi BuHUKae puaunk

PO3BUTKYXPOHiIYHOTBTOMM

Bin 1500 CunbHUIronoBHUN6inb. 3HMKae baxaHHANpaLoBaTUYepe3BTOMY.

Tabauys 2. Bupasicenicmv cumnmomis 3anedicuo 8io konyeumpayii pieus CO2



Mocnioxcenns mexniynux 3aco0ie 01s 3a0e3neyeHns MOHIMoOPUNHZY napamempie

MIKpOKJIiMamy

Pucynox 1. BumiproBaa piBas CO2 TFA

Pucynox 2. DIY MoHITOp SIKOCTI HOBITPST —

«AIRCO2NTROL 50005 BUMIipIOBay
Heoonixu: Heoonixu:
* Bucoxa yina *  Ckaaouicmv peanizayii
*  He mooicna nioknouumueuKoHaeyi *  Heobxionicms xaniopysanus 0amuuxie
npucmpoi Ilepesacu:
Ilepesacu: .

Moorcnusicmo inmezpayii 306HIUHIX

*  Komnaxmuicmo BUKOHABYUUX NPUCHPOIB

Tounicmv eumiproganms

Bumiprosanoni, sukonasui ma Kepyrowi npucmpoi cucmem MOHImopuHzy ma Kepyeanus

napamempamu MiKp oKimamy

OOUD.-.- o r?’:‘,‘-;’.«
ARDUINO f e “:..f
@
DHT11 DHT22
Pucynoxk 3. Ilnata kepyBanust Arduino Pucynox 4. Moy BUMIPIOBaHHs TeMIICpaTypH Ta
Uno

BOJIOTOCTI

Pucynok 5. BuMipioBasbHI IPHCTPOT piBHSA JOKCHAY BYTICIIO
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Iliocucmema MoHimopunzy memnepamypu ma _601020CHi HAGKOJIUWHbO20 CepedosuLd

Serial Monitor X

Temperature = Humidaity =
Temperature = Humidity =

Temperature Humidity =

Temperature = Humidity =

Temperature = Humidity =
Temperature = Humidity =
Temperature = Humidity =
Temperature = Humidity =
Temperature = = Humidity =

Temperature = Humidity =

R R P R P R R R R R o

Temperature Humidity

Pucynox 7. [lepenada BUMIpSHUX JaHHX 32
JIOTIOMOTOI0 BUMIPIOBILHOTO TIPUCTPOIO
gepes3 IPOTOKOJ IOCTIJOBHOTO MOPTY

Pucynoxk 6. Iroctparnis koHG iryparii migkmodeHas
€JIEMEHTIB MiICHCTEMH BUMIPIOBAHHS TEMIIEPATypH Ta
BOJIOTOCTI HABKOJIMIITHBOTO CEPeI0BHINA 7

Iiocucmema inouxkauii napamempie HAGKOJIUUIHBO20 CePedosula
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Pucynok 8. CxeMa iIKIIOUeHHS AUCIIICIO Pucynoxk 9. Imoctparis kongiryparii
10 Arduino Uno nigxmoverHs qucieio 1o Arduino Uno



ITiocucmema eumiproeanns pieHs OlOKCUOy ey2ieuio

Pucynoxk 10. ImocTtpanis cucteMu 3 TIKIIOUYSHAM JATIMKOM PiBHS JIOKCHIY BYIICIIO

Hiocucmema KEéPY6AHHABUKOHAGHUMU NPUCHID OAMU

Pucynoxk 11. Kongirypariis miaKIIOYeHHs MIICUCTEMH KepyBaHHS BUKOHABUUMH HPHUCTPOSAMH
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Bucnoexu

Byno mpoBeneHO aHANi3 CTaHIAPTIB MapaMeTpiB MIKpokIiMaTy YkpaiHu Ta kpain €C Ta BIIUBY
3MiHM TlapameTpiB Ha momuHy (Posmit 1).

Bm3HaueHO onTHMaNbHI MapaMeTpH MIKpPOKIIMATy Ui BHPOOHMYMX IPHUMIMIEHb, a TaKOX
3HaYCHHS TapaMeTpiB, sKi MOXYTb BKa3yBaTH Ha HeOE3NMEYHI yMOBH IUII 3IO0POB’S JIOIMHH
(Pozmin 1).

JlocnimKkeHo CUCTeMHU Ta TeXHIYHI 3aco0u, 110 BUKOPUCTOBYIOTHCS B CHCTEMAaX MOHITOPUHTY Ta
KepyBaHHS napameTpiB Mikpoxiimary (Posmir 2).

Bm3Haueno mpucTpoi I peanizamii CHCTEMH MOHITOPHHTY Ta KEpPyBaHHS INapaMeTpaMu
MIKpOKIIMaTy Ta 3[iiiCHEHO JOCHUDKEHHS MNPUHLUMIIB pOOOTH NPHUCIPOiB KepyBaHHS,
BHMIPIOBAaHHS Ta BUKOHABUMX MpUCTpoi (Po3min 2).

Po3pobiieHo mincucTeMy BHUMIPIOBaHHS TeMIIEpaTypH Ta BOJOTOCTI CEpEIOBHINA, MiACHCTEMa
IHOMKalii, migcucTeMa BHUMIPIOBaHHA PIBHS [OKCHAY BYDIENIO, MiACKCTEMa KepyBaHHS
BUKOHAaBUYMMU npuctposimu (Poszmin 3).

Po3po6neHo Ta peaizoBaHO y BUNLII MPOTPAMHOTO KOJAY aITOPUTMH CHCTEMHU MOHITOPHHTY
Ta KepyBaHHS IapaMeTpaMu MIKpOKIiMarty, mo 3a0e3nedyoTs poboTy po3pobieHoi cucteMu

(Pozmin 3).
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