MIHICTEPCTBO OCBITU I HAYKU YKPATHI
JEPXKABHUH 3AKIIA ]
JIVTAHCbKUI HALIIOHAJIbHUI YHIBEPCUTET
IMEHI TAPACA IIEBYEHKA”

HaBuanbHO-HayKOBHI IHCTUTYT (D13MKH, MATEMATUKH Ta 1HPOPMaLITHUX
TEXHOJIOT1H

Kadenpa inpopmaiiiiHux TeXHOJIOT1H Ta CUCTEM

I'onrouBan IBan MukoJjaiioBu4

IMPOEKTYBAHHS TA PO3POBKA BEPCIi TABOPATOPHUI
JAUCTHUJISATOP HA BA3I ARDUINO
kBaJgiikaniiina podora
3100yBava BUIIOI OCBiTH mepiioro (0akajaBpcbKoro) piBHs
0oCBIiTHBOI Mporpamu «Komm’rorepHa iH:xxeHepis»

3a cnenianbHicTIO 123 Komn’oTrepHa iHxkeHepis

OcolOucTuii miaImc IBan 'OJIOLIBAH

HaykoBuii kepiBHUK Bonoaumup JOHUYEHKO,
CTapIlINN BUKJIaJ1a4
kadeapu iHGOpMAIIHHUX TEXHOIOT1H
Ta CUCTEM

3aBimyBau kadeapu Muxkona CEMEHOB,
KaHIUJAT EAaroTi9HuX HAYyK, TOIEHT
kadeapu iHGopMaIiiTHUX TEXHOJIOT 1!
Ta CUCTEM

[Tonrasa — 2023



MiHicTepcTBO OCBITH I HAYKH YKpaiHu
JepxkaBuuii 3akaaj «JIyrancbkuii HANiOHAJBLHUI YHIBepcUTeT
imeni Tapaca IlleBuenka»
®dakynabTeT (IHCTUTYT) HapuanbHO-HayKOBHI 1HCTUTYT (Pi3MKU, MAaTEMAaTHKU Ta
iH(hOpMALITHUX TEXHOJIOT1H

(moBHa Ha3Ba)

Kadenpa [HdopMaIiiHUX TEXHOJIOT1H Ta CUCTEM
(moBHa Ha3Ba)
OcBiTHBO- bakanasp
KBaTi(hiKAI[IHUIK PiBEHb (kon, Hassa)
Harmpsim miaroroBku 123 Komn’roTepHa iHKeHepis
(Kox, Ha3Ba)
3ATBEPIXVYIO
3aBigyBau kadeapu [TC
M.CemeHOB
(mizmc) (iniwiamm, npiseume)
“ o 2023 p.
3ABJAHHS
HA JUILIOMHUM ITPOEKT (POBOTY) CTYJAEHTY
T'onmonBan IBan MukosaiioBuu
(mpi3Buie, iM’s, 10 OATHKOBI )
1. Tema npoexTty (poOoTH) MPOEKTYBAHHSA TA PO3POBKA
BEPCII « JABOPATOPHU TUCTUJISATOP» HA BA3I ARDUINO
KepiBuuk kBamidikamniinoi podotu Jonuenko B.}O. crapmmii Bukiagau
kadenpu ITC
(TIpI3BHILLE, M4, 110 OATHKOBI, HAYKOBHI1 CTYIiHb, BUCHE 3BaHHA)
3aTBEp/IKEHA HAKa30M I10 YHIBEPCUTETY BiJI

2. CTpoK TOIaHHS CTYJEHTOM MPOEKTY (poOOTH)
3. Buxinni nani 10 po6oTH (MpoeKTy)

(BU3HAYAIOTHCSI KiIbKICHI a00 (Ta) SKICHI MOKA3HUKH, IKMM MIOBUHEH BiAMOBIaTH 00 €KT PO3POOKIH)

4. 3MiCT PO3paxyHKOBO-TIOSCHIOBATILHOT 3aMMUCKH (TIEPETiK MUTaHb, K1 MOTPIOHO
PO3pOOUTH)

(BU3HAYAIOTHCS HA3BU PO3/LIiB a00 (Ta )Iepesik MUTaHb, sIKi IOBHHHI yBiiiTi 10 Tekcty I13)

5. Ilepenik rpadiunoro wmatepiany (3 TOYHHUM 3a3HAUYCHHSIM OOOB’SI3KOBUX
KPECJICHbB)

6. Koncynbrantu po3aiiiB mpoeKTy/podboTu



ITigmuc, nata

[pi3Buie, iHiliaJIM Ta TOcaaa

Po3zain 3aBJIaHHs 3aBJaHHA
KOHCYJIbTaHTa .
BUJAB IIPUNHSIB
7. Jlata Bumadi 3aBAaHHS ,, ” 2023p.
KAJEHJIAPHUM IVIAH

Ne HazsBa eramniB aumioMHOTO Crpox [Tpumit

3/ MPOEKTY (poOOTH) BUKOHAHHS Ka

i eTamiB  IMPOEKTYy

(po6oTH )

1. | Bu6ip temu poGotH, BUBYCHHS HAYKOBOI JIITepaTypH, Jo 1 mucronaa
3aTBEP/PKEHHSI TEMU Ta KEPIBHUKA.

2. | Anaumi3 niTepaTypHUX JDKEPEI 32 TEMOIO POOOTH. Jpyruii THXIeHb
[TomanHs CTPYKTYpH TEOPETUIHOT YACTHHHA POOOTH Ta JaucTOmana
IJIaHY €KCIIEPUMEHTAIbHUX JOCIIIKEHb. (10 nucronana )

3. | PoboTa Ha TEOPETUYHOO YACTHHOIO.

[Tonanus TeopeTrnuHoi YacTUHH poboTH uia epmioro | o 15 rpyaas
YUTaHHS HAYKOBUM KEPiBHHKOM.

4.| YcyHeHHsI 3ayBaKeHb, YypaxXyBaHHsS pPEKOMEHJAllii
HayKOBOTO KEpiBHUKA. Jlo 28 ciuns
[TomanHs TEOPETUYHOI YACTHHH POOOTH Ha JIpyre
YUTAHHS.

5. | IIpoBeneHHs EKCIIEPUMEHTAIBHOT poOoTH. [lepmmit
[ToeTanHuii aHami3 Ta OOrOBOpEeHHs ii pe3yJbTaTiB. | THXKIEHb Oepe3Hs
[TepeBipka cTaHy BUKOHAHHS POOOTH.

6. | YpaxyBaHHs peKOMEHJAIlili HAayKOBOTO KEpiBHHUKA,

YCYHEHHSI HEJIOJIKIB, MIArOTOBKA BapiaHTa poOOTH 10 Jlo 31 Gepesms
Nepe3axmCTy.
Po3poOka mpe3enraiii.

7. | Ilomepenniit 3axuct podoTH Ha Kadeapi TpPaBEHb

8. | JloompaitoBaHHs pobotu 3 YPAXYBAHHAM | 5. 10 oen o
pPEeKOMEH Al HiC.JI}I nepeN3axucry. [Tonanus p960TH fepKaBHOT
HayKOBOMY ~KEPIBHMKOBI ~Ta pCLCH3CHTOBI Ha aTecTauii
MiATOTOBKY BIATYKY Ta pereHsii

9. | Iloganna Ha kadeapy ocTaTOUYHOTO BapiaHTa poOOTH, 3a 5 nHiB 10
MEPEIJIETEHOr0 Ta MiAMHCAHOTO aBTOPOM, HAYKOBUM JepKaBHOI
KEPIBHUKOM 1 PEIIEH3EHTOM. aTecrarii

Cryaent [.T'omonBan

KepiBHuk npoexrty (po6oTn)

i AmIc

B.

(iniwianu, npi3BuILe)

JloHUeHKO

miamnuc

(iniriany, npi3BuUILE)




AHOTAIIA

I'osousan I.M.

Tema: IIpoexTyBaHHSI Ta Ppo3podKa Bepcii «J1a00pATOPHUMA JUCTUISATOP» HA
0a3i Arduino

CrenianbHicth: 123 «Kowmm ' totepHa iHXeHEPis»

YcranoBa: JIHY imeni Tapaca llleBuenka, 2023 p.

BakanaBpcbka po6ora micTuth: 66 c., 14 puc., 19 mxepen, 1 nogarok.

O0’ekT H0CaiTKEeHHS pO3pOoOKa aBTOMATU30BaHUX CUCTEM Ha 0a3i Arduino.

IIpeamer aociigxeHHsl TPOEKTYBaHHS Ta po3poOKa Bepcii «iabopaTopHU
JTUCTUIATOP» Ha 6a3i Arduino

Meta gocJtiasKeHHs — 1€ TOCSTHEHHS! TOYHOTO KOHTPOJIIO TeMIepaTypH, HalliHe
YIOpaBIiHHS HATrPIBaHHAM Ta IHTYITMBHO 3pPO3YMIIMI KOPUCTYBalbKHUW iHTEpQeic s
MOHITOPHUHTY Ta yHPaBIIHHS MPOIIECOM JTUCTHIIALIT

Pe3yabTaTn podortu.

CucremMa BUKOPUCTOBYe MikpokoHTposiep Arduino Mega2560 B sKoCTi
LEHTPAJILHOTO MTPoLiecopa, IKui 3a0e3neuye 301p 1aHuX, 00pOOKY CUTHAIIIB Ta YIIPABIIiHHS
cucremoro. Pi3Hi mepudepiiini Moayini, Taki sk monayib Bluetooth HM-10, 3BykoBuii
n'ezoennemenT BMT-1203UX, OLED-aucnneit SSD1306, natunk temnepatypu DS18B20,
pene SSR-25 DA Tta matpuyHa knaBiatypa 4x4, IHTETpoBaHi1 B CUCTEMY JUIS ITiIBULIICHHS
il pyHKII1OHAILHOCTI.

TemnepaTypHuii 1aTUrK 3a0€31euy€ MOKa3HUKH TEMIIEPATYPHU B PEXKUMI peaTbHOTO
qacy, aKi BinoopaxarwTtbcs Ha OLED-mucmnei mist 3pyunoro Mmonitopunry. Kopucrysau
MOJKE€ B3AEMOJISTH 3 CHCTEMOIO 3a JOMOMOTOI0 MaTPUYHOI KiaBiaTypH 4x4 mis 3amycKy
NPOIIECY MUCTHIIALIT, BCTAHOBJICHHS IMapaMeTpiB Ta noctymy a0 GyHkuiid cuctemu. Pene
SSR-25 DA 3abe3nedye TOUHU KOHTPOJIb HATPIBY MPOTITOM YChOTO ITUKITY TACTHUIISIIII.

BuCHOBKH. AKTYyaJbHICTh MPOEKTY IMOJIATAE B WOTO 3aTHOCTI aBTOMATHU3YyBaTH
7abopaTopHi TpolecH, 3a0e3MevyloYd TOYHUH KOHTPOJIb TEeMIIepaTypu 1 TOUYHY
TUCTUJIALII0. BiH 3a10BOJIBHSIE 3pOCTalOUMil TIOMUT HA aBTOMAaTH3AIlil0 B Jab0paTopisx,
IiABUIYI04H €(EeKTUBHICTH 1 3a0e3meuyroun

cTablIpbHy SKICTh Tpoaykmii. IHTerpamis cuctemMu 3 Arduino TpOMOHYE THYYKY Ta
JOCTYNHY IUIaTGOpMy sl JOCHITHUKIB, HAyKOBIIB Ta €HTY31acTiB JJIs MPOBEICHHS
eKCIICpUMEHTIB,  BJOCKOHAJCHHS  TPOIEIyp Ta  OTPUMAHHA  BHUCOKOSIKICHHX
JMCTUIIBOBAHUX MPOAYKTIB.

KuarouoBi cioBa: mnaGopatopHuili guctuistop, Arduino, TOYHHA KOHTpPOJb
TeMIepaTypH, IHTYITHBHO 3pO3yMiuil iHTepdeiic KOpucTyBaya, MPOIEC AUCTUIIALII,
MikpokoHTposep Arduino Mega2560,



ABSTRACT

Holotsvan I.

Topic: Design and development of the "'laboratory distiller* version based on
Arduino

Specialty: 123 "Computer Engineering"

Institution: Luhansk Taras Shevchenko National University, 2023.

Bachelor's thesis contains: 66 p., 14 figures, 19 sources, 1 appendix.

The object of research is the development of automated systems based on Arduino.

The subject of research is the design and development of the "laboratory distiller"
version based on Arduino

The aim of the study is to achieve accurate temperature control, reliable heating
control and an intuitive user interface for monitoring and controlling the distillation process

Results.

The system uses an Arduino Mega2560 microcontroller as the central processor,
which provides data acquisition, signal processing, and system control. Various peripheral
modules such as Bluetooth module HM-10, sound piezo element BMT-1203UX, OLED
display SSD1306, temperature sensor DS18B20, relay SSR-25 DA and 4x4 matrix
keyboard are integrated into the system to enhance its functionality.

The temperature sensor provides real-time temperature readings that are displayed
on the OLED display for easy monitoring. The user can interact with the system via the
4x4 matrix keypad to start the distillation process, set parameters and access system
functions. The SSR-25 DA relay provides precise heating control throughout the entire
distillation cycle.

Conclusions. The relevance of the project lies in its ability to automate laboratory
processes, providing precise temperature control and accurate distillation. It meets the
growing demand for automation in laboratories, increasing efficiency

and ensuring consistent product quality. The system's integration with Arduino offers a
flexible and affordable platform for researchers, scientists, and enthusiasts to conduct
experiments, improve procedures, and produce high-quality distilled products.

Keywords:Keywords: laboratory distiller, Arduino, accurate temperature control,
reliable heating control, intuitive user interface, distillation process, Arduino Mega2560
microcontroller,
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BCTYII
1.1HajimeHyBaHHSI: CHUCTE€Ma KOHTPOJIIO JIAOOPOTOPHOIO JIUCTUSUITOPY Ha 0Oasi
Arduino.

1.2Iu¢p IIP: AJP-5
1.3MiacraBa 1o Bukonanus [1P: [lixcraBoro ayis BUKOHAHHS AaHOI PO3POOKU €

3aBJIaHHS HA TUTIJIOMHUI MPOEKT.
1.4Tepminu po3podKu:
1.4.1 Tlouatok 30 sxoBTHS 2022p.
1.4.2 3akinuenns 20 6epesns 2023p.
1.5 ®dinaHCcyeThCS 32 paXyHOK KOIITIB 3aMOBHHKA.

1. MPU3HAYEHHS NPOAYKIIIT
1.1. Ilpu3HayeHHsN:
Ll mpucTpiil npu3HAUYEHUN JUIs1 KOHTPOIIIO JJA0OPOTOPHOTO JUCTUIISITOPA.
2. TEXHHUYHI XAPAKTEPUCTUKU

OCHOBHUM KOMIIOHEHTOM ckiaay cxeMu € ruiara Arduino Mega2560. L
IjaTa MICTUTh MIKPOKOHTpOJEp, SIKUM BHUKOHYE OOpOOKY JaHUX, Kepye
B3aEMOJIIEIO 3 THIMTMMH KOMIIOHEHTAMH Ta 3a0e31edye yIpaBIiHHS JUCTUIISAIIIHHAM
npouecoM. Arduino Mega2560 mae BelHMKYy KITBKICTh IIUGPOBUX Ta aHATOTOBUX
BXO/IIB Ta BUXO/IiB, IO JO3BOJISIE MiIKJIFOYATH PI3HOMAaHITHI JATYNKHU Ta CIIEMECHTH
yIpaBJIiHHS.

JUIs  KOHTpOJIIO Ta PpEryjlioBaHHA TEMIIEpaTypu BUKOPUCTOBYETHCS
repMeTuyHui  gatuuk temmeparypu DS18B20, skuii 3a0e3nedye TOYHE
BUMipIOBAHHS TEMIIEPATYpH y AMCTHIAIIiHIH kamepi. Foro BUXix HigKIOYeHn#H
710 BXiAy aHayioroBoro mnina Ha Arduino Mega2560.

Jlo/1aTKOB1 €JIEMEHTH CKJIaly CXEMHU BKIIFOUAIOTh TOJIMHHUK PEATHHOTO Yacy
(RTC), saxuii 3abe3neuye TOUYHMM BITIK 4acy Ta aatu, pene SSR-25 DA s
KepyBaHHS HarpiBaibHUM eneMeHToM, pene SRD-5VDC-SL-C ans xepyBaHHs
ynpaBisirouumMu enementamu Hacocy Ta TEHa, konbopoBuit rpadiunuii ekpan as
BIJIOOpayKE€HHs TaHUX Ta IHTEPPENCY KOPUCTYBaya, TAKTOBY KHOIIKY JJisl KEPYBaHHS

NEeBHUMH (DYHKITIIMA CUCTEMH, 3BYKOBHH m'e30oememMeHT BMT-1203UX  mns

ApPK.

3MH.

ITC.4KI.0323.02-T3 3
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CHOBIIICHHS PO MEPEBUILICHHS MEX Temreparypu ta Moayis Bluetooth HM-10 mist
MO>KJIMBOCTI1 JUCTAHI[IMHOTO KEPYBaHHS Ta MOHITOPUHTY.
3. AJII'OPUTM POBOTHU INPUCTPOIO

Po3pob6rena cuctema oxoruroe B co0l KiIbKa eTamniB (yHKI[IOHyBaHHs. Ha
NEepIIOYyM eTalll CHCTeMa 1HILIANI3Y€eThCA Ta TOTYeThCs A0 poboTu. IIpoBoauTHCS
1HIIaMi3a1is Pi3HUX KOMIIOHEHTIB cucTeMu. ApayiHo Mega2560 HanamroByeThCsS
JUIs. BCTAHOBJIGHHSI 3B'S3Ky 3 KOMIIOHEHTaMHu. [OJMHHHMK peajbHOTO dYacy
HAJIAIITOBYETHCS Il BUMIpIOBaHHS dacy AuCTWiAii. Moayns Bluetooth HM-10
HIIAMI3Yy€eThes JuTst 6€3ApOTOBOTO 3B'A3Ky. 3ByKOBHil m'e30enmeMenT BMT-1203UX
HAJNAIITOBYETHCS ISl BIATBOPEHHSI 3BYKOBHX curHaiiB. KombopoBuii rpadiuynuit
€KpaH HaJallTOBYEThCA JUIsl BI3yaJbHOTO BHBEACHHS 1H(opmanii. JlaTumk
temriepatypu DS18B20 inimiamizyeTbcsi AJis BUMIpIOBaHHsS Temmeparypu. Perne
SSR-25 DA 1 SRD-5VDC-SL-C iHiuianizytoTbcs Al KepyBaHHS HarpiBaHHSAM Ta
IPUCTPOSIMUA  BIAMOBIAHO. TaKToBa KHOMKA IHIINATI3YETHCS TSI B3aEMOJIT 3
kopuctyBaueM. Ilicns 1boro BiIOYBa€ThCS OCHOBHHMM LMK POOOTH CHUCTEMHU.
CrouaTtky 34MTYy€ThbCSl 3HaUY€HHs Temneparypu 3 aaruuka DS18B20, sike mortim
BiJIOOpaKa€eTHCS HA KOIBOPOBOMY rpadiuyHoMy ekpani. [Tics 1iporo nepeBipseThes
CTaH TAaKTOBOI KHOIKH. SIKIIO KHOTIKA HATHCHYTA, BUKOHYIOTHCS HACTYITHI il

1. Bmukaetbces pene SSR-25 DA nnst modatky mporecy JUCTHIISIIIT

2. 3aIycKaeThCs TOAMHHUK PEaIbHOTO Yacy JUIs BIIJIIKY Yacy JUCTHIIALIII.

SIKIO KHOTMKAa HE HATUCHYTA, MPOJOBXKYETHCS BiIOOpaKCHHS 3HAYCHHS
TEMIEpaTypHu.

[lepeBipka yacy TUCTHIIALII: HA I[bOMY €Tarli MEePEeBIPSIETHCS, YU JOCITHYTO
3aJJaHOTO Yacy JUCTWIIALIL. SKIo Yac AUCTWIISILIT JOCSTHYTO, BHKOHYIOTHCS
HACTYITHI Aii: BUMHKaeThes pese SSR-25 DA it 3ynmuHKYA TpOLecy AUCTHIISAINT,
BIJITBOPIOETHCSA  3BYKOBUM curHain Ha 1m'ezoenementi BMT-1203UX  Ta
BiOOpa)kaeThCsl TMOBIJOMIICHHS MPO 3aBEpIIEHHS IUCTWIALII Ha TpadidHOMY
ekpaHi. SIKImo Yac AMCTWIALII HE JOCATHYTO, MPOJOBXKYETHCA BiIOOpaKEHHS

3HAYEHHS TEMIIEPATYPHU.

ADPK.

ITC.4KI1.0323.02-T3

3MH.

ApK. Ne dokym. Midnuc |dama




[Ticast uboro cucremMa NOBEPTAETHCS JI0 MOYATKY LIUKIY POOOTH Ta MOBTOPIOE
npouec 10 3ynuHku mnporpamu. Lle 3abesneuye OesnepepBHY poOOTYy cUCTEMHU
IPOTATOM TPUBAJIOCTI MPOLECY TUCTUIISALII.

[Ticns 3aBepiieHHS TpoIeCy AMCTIILIT a0o TpH 3YIUHII ITPOrpaMu,
BUKOHY€ETHCS TTOBHE 3aBEPILICHHS pOOOTH MPOTPaMH.

TEXHIKO-EKOHOMIYHI BUMOI' 1O KIHHEBOI'O ITPOAYKTY

Bapricts po6oT o po3po06iii ganoi [1P Bu3HauaeThCs 3riTHO TO0TOBOPY HA
po3po0Ky. BapTicTh 3anponoHOBaHMX aHAJIOTIB MOBUHHA 3a0€3MEUUTH
€KOHOMIYHY JOLIJIBHICTh 1X 3aCTOCYBaHHS.

4. BUMOI'N 1O MATEPIAJIIB TA KOMIVIEKTYIOUYHUX

4.1. Bumoru g0 €KoJIOT14HO1 OE3MEeYHOCTI IMiJ1 Yac eKCIuTyaTarlii.

He npen’ siBnstoThCs.
4.2. ChemiaibHi BUMOTH JI0 KIHIICBOTO MPOAYKTY.

He npen’ sBistroThCs.
4.3. Bwumoru n0 O6e3rexu A HaceJIeHHS i Yac eKCIuTyaTarlii mpoIyKIIii.

He nipen’ sBIISIFOThCSL.

5. ETAIIM BUKOHAHHHA ITP.
Etanu Buxonanus [P MoXyTh yTOUHIOBATH 3TiIHO KaJICHIAPHOTO TUIAHY

pO6iT I10 Y3TO’KCHHIO MIX 3aMOBHHKOM Ta BHUKOHAaBLICM

Ne Tepmin
Etanu BukoHnanHus po6oTu BUROHAHIBL [ i MaTepianu
Ta o0csr
pooIT
1 AHani3z  po3poOKHM  MPOrpaMHOrO YacTkoBuit
KOMIUJIEKCY Ta po3poOka mepuioi IIPOrPAMHHUMN
Bepcii. Amnami3z Bumor. Po3po0Oka komiuiekc Ha EOM
cTpykTypu. [lonepenne TectyBaHHs 3aMOBHHUKA, 10
BUKOHY€ BC1 OCHOBHI
byHkii Ta 3BiTHa
JIOKYMEHTaIlis 11.8.2
2 KopekryBanHs cTpyktypu. Po3pobOka I'oToBwmi
TONMOMDKHUX  (yHKIi. Po3poOka IIPOTrpaMHHI
OCTaTOYHOI  Bepcii  MPOrpamMHOro komiiekc Ha EOM
ApPK.
3mH. | Apk. Ne dokym. Mionuc |Hdama ITC 4KI 032302 T3 5




No Tepmin
Eranu BukoHanHs po6oTu BUROHAMHA | i Marepianu
Ta 00CsT
pooIT
KOMITJIEKCY Ta WOro ONpaIfoBaHHI. 3aMOBHHKA Ta 3BiTHA
TecTyBaHHs JIOKyMEHTaIlis 11.8.2
3 JloomnpairoBaHHSI OKPEMHX MOJIYJIIB Ta 3BITHI Marepiaiu
HAaBYaHHS KOpHCTyBauiB. Po3poOka 3T1JIHO MTYHKTY 8
3BITHMX MarepiajiB 3TigHO IM.8 I[bOTO
T3

6. NPUMAMAHHSI
7.1. HeoOxian1 BuMoru Jyist BupoBaakeHHs [1P Ta 3aBepiieHHs poOiT.
Orinka pe3yabTaTiB po3pOOKH 1 JOIUIBHICTH 11 IPOJOBKEHHS 3/IIHCHIOETHCS
3aMOBHHMKOM TI0 MPEACTABICHHIO HACTYTHUX MaTeplaiiB:
e BCTaHOBJICHUU NporpamMHuil kommuiekc Ha EOM 3aMoBHUKA;
e qepenik (aisIiB Ha pe3epBHOMY HOCI;
e crucauii onrc pobotu [1P ta onumc Bcix ¢aitni, ski HEOOX1AHI AJ1s1 poOOTH
[1P.
® [epeiK JOKYMEHTIB
o Texuiune 3aBaaHHA
o [IloscHroBanbHa 3anucKa
7.2. Ilepenik 3BITHUX JOKYMEHTIB, HEOOXIAHUX JUIsl NPUMHATTS €TaIiB pOOOTH:
® CTHCIUH OMHUC pPe3yJbTaTIB €Tally y BUTJIAI aHOTOBAHOTO 3BITY(11st 1Ta 2
eTamniB);
® YaCcTKOBUU mporpamMHuii komiuiekc Ha EOM 3aMoBHHMKA 3TigHO
KaJICHJAPHOTO TUIaHy POOiT;
® aKT NpUWMaHHS TPOAYKIIII.
3BITHI MaTepianu NoJarThes y BUrIIsial 3B1TiB Ha namnepi no I'OCT 7.32-91
7.3. 3aranpHuil mnepenik A0 MNpPUKAMaHHS 3BITHUX JOKYMEHTIB, MAaKeTiB,
EKCIIEpUMEHTAILHUX 3Pa3KiB.
Jlo mpuiiMaHHSA MOpea’sBISIOTHCA: aKT 3Jadi-IpUMaHHS OPOJYKIIi, aKT

BIpoBaKEeHHS [1P.
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7.4. TectyBanus [1P

p03pO6H$I€TBC$I BHKOHABICM Ta 3aTBCPKYETHCA 3aMOBHUKOM

7. MMOPAJOK BHECEHHA 3MIH 10 TEXHIYHOI'O 3ABJJAHHA, 1O

3ATBEP/’KEHO.

JlaHe TexHiuHE 3aBIaHH MOXKE yTOUHIOBATHUCS B Tipotieci po3pooku [1P mpu

y3roPKEHH1 CTOPiH 3 0(DOPMIICHHSM JIOTIOBHEHB 710 T3.

TectyBanHg BUKOHYETHCI n0 '"[IporpamMu Ta METOIUMKM TECTYBaHHA', sKa
2
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BCTYII

AKTyaJbHICTb po00TH

VY cdepi HayKOBUX AOCHIIKEHb Ta €KCIEPUMEHTIB MOTpeda B TOYHOMY 1
HaJiiiHOMY O0JaIHaHHI € TepIo4YeproBor0. OJHUM 3 TAKUX BAKIUBUX MPUITAJIIB €
71a00paTOPHUN TUCTUTISITOP, SIKUA BUKOPUCTOBYETHCS IS PO3IUICHHS Ta OUUILEHHS
PIIMH 32 JOMIOMOT 00 Mpolecy AMCTWIAIIL. Tpaauiiiiino 1adopaTopHi TUCTUIISTOPU
OyJu JOPOTHM 1 CKIAQAHUM OOJIaHAHHSIM, IO OOMEXYBAJIO IXHIO JOCTYIHICTD IS
BEJIMKUX JIOCIiAHUIIPKUX YCTaHOB.

OpHax 3 MOSBOIO anapaTHUX IIATPOPM 3 BIAKPUTUM BUX1THUM KOJOM, TAKUX
aK  Arduino, BigOyJacsi peBOJIIOIS B Tamy3l elekTpoHiku. Arduino,
MIKpPOKOHTpOJIepHa IulatropMa 3 BIAKPUTUM BHUXIJHUM KOJOM, IPOIOHYE
EKOHOMIYHO €()EeKTHMBHE Ta YHIBEpCAJIbHE PIIIEHHS JJIsi PO3POOKH Pi3HOMAHITHUX
IPOEKTIB, BKJIIOYaouu Jaboparopue obnagHanus. [Inatdpopma Arduino 3abe3neuye
THYYKY i JOCTYIIHY OCHOBY ISl HPOEKTYBaHHS i peaizalii CKIaJHUX cuUcTeM. i
BIJIKpUTUIN XapakTep, MHUPOKa MiITPUMKA CIUIBHOTH Ta BEIUKUI CIIEKTP CYMICHUX
MOJYJIIB POOJIATH ii 171IeaTbHUM BUOOPOM JIsl PO3POOKU MPOEKTY J1a00paTOPHOTO
quctunaTopy. IaTerpamis Arduino B mpolec AUCTHIIAIID Ja€ MOXKIHBICTH
JOCITITHUKaM, HAyKOBIISIM Ta €HTy31acTaM 3 JICTKICTIO MTPOBOJAUTH €KCIIEPUMEHTH,
BJIOCKOHAJIIOBATH TPOILIEAYPH Ta OTPUMYBATH BHUCOKOSIKICHI JUCTHJIHOBAHI
MPOTYyKTH.

Tak, BUKOPUCTOBYOYHM MOXJIMBOCTI Arduino, CTa€ MOYKJIMBUM iHTETPyBaTH B
JUCTUIISITOP TOYHUH KOHTPOJb TEMIIEpAaTypH, CHUCTEMHW MOHITOPUHTY Ta
aBTOMAaTU30BaHE YIpaBJiHHS mporiecoM. [loenHaHHS AOCTYMHOCTi, MPOCTOTH Ta
posmupeHux (QYHKIIA poOuTh JabopaTopHUi aucCTWISITOp Ha 06aszi  Arduino

npuBaOJMBUM BapiaHTOM SK JUISI HAaBUAJbHHUX 3aKJIaJiB, TaK 1 I HEBEIMKHX

Ja0bopaTopi.
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Meta po6oTn
JIOCSITHEHHSI TOYHOTO KOHTPOJIIO — TeMIIepaTypd, HaAidHE YIpaBIiHHSA
HArpiBaHHSM Ta IHTYiTUBHO 3pO3YMUIMHA KOPUCTYBallbKUi 1HTEepdenc s
MOHITOPHUHTY Ta YIIPaBJIIHHS MPOLIECOM JTUCTHIISIT
JlocATHEHHs TIOCTaBJICHOI METH Tepedayae MOCTYNOBE PO3B’SI3aHHS TaKUX
3aB/IaHb:
- BHCBITJICHHS OCHOBHHUX aTpHOYTIB Ta TUIIB Ja0OPATOPHUX AUCTUIISATOPIB;
- aHaJi3 ICHYIYMX aHAJIOTB;
- HagaHHA xapaktepucTuku Arduino Mega2560 sk 0CHOBH JUIsl PO3POOKH;
- OTJISI/T JOJJATKOBUX €JIEMEHTIB CHCTEMU;
- po3poOKa OJOK-CXeMH Ta MPUHITUIIOBA CXEMI IMiIKITIOYSHHS MOIYIIB.
O006’exTOM J0CTiIKEHHsI € PO3poOKa aBTOMATH30BAaHUX CHCTEM Ha 0asi
Arduino.
IIpeamerom [oCaiI:KeHHI € TIPOSKTYBaHHS Ta pPO3poOKa Bepcii
«J1a00paTOPHUM TUCTIIISITOP» Ha 6a3i Arduino.
IIpakTHyHe 3HAYEeHHS OTPUMAHMUX Pe3yJbTATIB
[IpakTyHe 3HaUEHHS PE3yJbTATIB MOJSTAE Y TOMY, pO3pO0JIeHa cucTeMa Ha
0a31 Arduino Hajmae 3py4Hy Ta TOYHY aBTOMATHU30BaHy CHCTEMY KOHTPOJIIO
TeMIiepaTypu Ta mporecy muctuismii. lle cnpusie migBumeHHI0 epeKTUBHOCTI
poboTu nabopatopiii, CKOPOUEHHIO JOJCHKOTO BIUIMBY Ta 3a0e3MeUeHHI0
OJIHAKOBOi fIKOCTI Mponaykty. Kpim Toro, Taki enemMeHTH sk 4x4 MarpuyHa
knaBiarypa Ta SSD1306 OLED nucruiero ciayryrOTh IHCTPYMEHTH JOCIIIKECHHS
PO3pOOKH 3pYYHOTO Ta IHTYITUBHOTO 3pO3yMLJIOro 1HTEpQeicy Ta B3aeMoAll 3
cuctemoro. Lle m03BosIse TOCTI THUKAM JIETKO HAIAIITOBYBATH TTapaMeTPpH MPOIIECy,
BUKOHYBAaTH BUMIPIOBAHHS Ta KOHTPOJIOBATH X1 JUCTHIIALIII.
Anpo0auis pe3yJbTaTiB 0aKaJaBpCbKOI po00TH
OCHOBHI MOJIOKEHHS 1 pe3ynbTaTu podoTH Oynu anpoOoBaHi Ha 0a3i Arduino.
Crpykrypa i 06csir podoTH
Pobora ckmagaeTbcsi 3 BCTyNy, TPhOX PO3AUIB, BHUCHOBKIB CIHCKY
BUKOPUCTAHUX JDKEpel, noAaTtkiB. OOcsar poOOTH CTaHOBUTH 66 CTOpiHOK, oOcsT

BUKOPHUCTAHOT JliTepaTypu — 19 mxepenn.
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[lepmmii po3mim MICTUTH OMUC OCOOJUBOCTEH CydacHHX JabOpaTOPHUX
JUCTUIISITOPIB, iX TUIOJOTIA Ta aHATI3 ICHYIOUMX aHAJIOT1B.

VY npyromy po3ziii MpoBOIUTHCS JOCHTIKEHHS MPOSKTHOT YaCTUHHU CUCTEMH,
XapaKTepUCTUKa OCHOBHUX Ta JI0JATKOBUX MOJIYIIB.

TpeTiit po3ai OXOIUTIOE OMHUC 3arajibHOro0 MPOoIeCYy pOOOTH CUCTEMH Ta
0COOJIMBOCTI IMAKIIOUSHHS Ta B3a€EMOI11 MOJIYJIiB MiXK CO00I0.

JlolaTKu BKJIIOYAIOTh MPOTPaMHI MOAYJIl CUCTEMHU.

ApK.
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PO31JI 1. AHAJIITUYHA YACTUHA

1.1. XapakTepucTuka 00'ekTa po3podKku

JlabopaTopHi AUCTUIATOPH — II€ HE3aMIHHI IHCTPYMEHTH [JIsi HAYKOBIIB 1
JOCITITHUKIB, SIK1 3aiMalOThCS OYHUIICHHSAM, PO3JAUICHHSIM 1 aHAII30M PEYOBHH.
BoHu npu3HauyeH1 1S MOJIETHIEHHS! PO3AUICHHS JIETKUX KOMIIOHEHTIB HAa OCHOBI iX
pi3HHII B Temmeparypax kumiHas. Lleil mpoiec q03BossiE BHAUIATA TOTPIOHI
CHOJIYKH, OUMIIATH JOMIIIKH Ta aHaJI3yBaTH CKJIaIHI cymimi [3].

[TpuHIMTIN AUCTHIIAIII:

Juctunsiiss — e MONyJsApHUNW METOJA PO3JAUICHHS B PI3HUX Tally3ax
IIPOMHUCIIOBOCTI, BKIKOYAIOYH XIMIUHY, (papMalieBTUUHY Ta HadToBY. BiH nossrae y
BUJIIJICHH] JIETKMX KOMITIOHEHTIB 13 CyMIIlli HA OCHOBI PIi3HHMIN IXHIX TeMIEpaTyp
kummiHHs. [[puHOMN AUCTUIIALIT TPYHTY€ETHCS HA TOMY, 1O MPU HArpiBaHHI CyMilll
KOMIIOHEHT 3 HaWHWXYOI0 TEMIIEPaTypOI0 KHITIHHS BUIIAPOBYETHCS MEPILIUM,
yTBOpPIOKOYH napoBy (a3zy. [ToTiM 1110 mapy KOHICHCYIOTh 1 30UparoTh, B PE3yIbTaTi
4Oro 3 CyMillll BUAUISIIOTh MOTPIOHY CrIONyKy [3].

KiTro4oBi IpUHITAIIH, IO JIEKATh B OCHOBI JUCTHIIALII, Taki [16]:

1. Touka KUTIIHHSA:

KoXxeH KOMIOHEHT cyMillll Ma€ TMEBHY TeMIlepaTypy KHIiHHS, TOOTO
TEMIIepaTypy, NpH SKiM BIH MEPEXOIUTh 3 PIAKOTO CTaHy B MapOIoaiOHMUIA.
TemmepaTypa KUMiHHS BU3HAYAETHCS TUCKOM IMapH, KU YHHUTH KOMIIOHEHT MPHU
naHii  temneparypl. KOMMNOHEHTH 3 HWXKYMMH TeMIepaTypamMH KHUIIHHS
BUIAPOBYIOTHCS JIETIIIE, HI’K KOMIOHEHTH 3 BUIIIUMU TeMIIEpaTypaMu KUITIHHS.

2. BunapoByBaHHS:

Komu cymim HarpiBa€Tbcs, KOMIOHEHT 3 HAWHMKYOK TEMIEPATypOIO
KUITIHHSA TIOYMHA€E BUmapoByBatucs. [lin yac HarpiBaHHS €HEPris, M0 HAMAETHCS

CyMillll, 30UIbIIy€ KIHETUYHY E€HEPril0 MOJIEKYJI, IO MPHU3BOJUTH O PO3PUBY
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MDKMOJIEKYJIIPHUX CHII 1 IEPEXOy 3 PiaKoi (pa3u B mapoBy.

3. Konpgencaris:

[Ticns BumapoByBaHHs mapoBa ¢asza, IO MICTUTH JETIOYMH KOMIIOHEHT,
IpPOXOAUTh 4epe3 KoHaeHcaTop. KoHmeHcatop 0OXoNomkKye mapy, 3MyLIyIOYW i
KOHJIEHCYBAaTUCSl 1 NEPEeTBOPIOBATHCS Ha3zad y piaky ¢aszy. IloTim wmroo piauny
30MparOTh 1 BIIOKPEMITIOIOTH BiJl HEJIETKUX KOMITOHEHTIB.

4. OpakiiiftHa TUCTUIISIIS:

VY Bumajgkax, KOJU TeMIEpaTypu KHUIIHHS KOMIIOHEHTIB CyMIIIl B1JHOCHO
ONU3bKi, MPOCTOI AUCTHIALIL MOXKe OYTH HEIOCTaTHhO Il €(EKTUBHOTO
po3aiieHHS. Y TaKMX BHIIaAKaxX I JOCSATHEHHS Kpamioro po3aiJICHHS
3aCTOCOBYIOTh  (DpakIiiHy JucTWiIAmiio. BoHa mepenbayae BHUKOPHCTaHHS
bpakiiiiHol KOJOHH, KA 3a0e3Meuye KilbKa KB BUIIAPOBYBaHHI-KOHIEHCAIIIT B
JUCTUNIALITHOMY anapaTi. DpakiliiiHa KOJIOHA MICTUTh MOBEPXHI a00 MaKyBalbHI
MaTepianu, ki 30UTbIIYIOTh TUIONIY TOBEpPXHI, JOCTYMHY /I KOHACHCAIlll, 110
MOJIETIIY€E PO3AUIEHHS KOMIIOHEHTIB 3 OJIM3bKUMH TEMIIEPATypaMH KUIIHHS.

5. 'paxient Temneparypu:

st 3abe3nedeHHs €GEKTUBHOTO PO3JAUICHHS B TMEpPEriHHOMY amapari
CTBOPIOETHCS TeMIlepaTypHuil rpaaieHT. CyMmill HarpiBa€Tbcsi BHH3Y, €
TeMIlepaTypa HaWBHINA, TO/A1 K KOHJICHCAIIIS BITOYBAETHCS Bropi, /e TEMIIepaTypa
HaliHmk4Ja. Lleit TemnepaTypHuii rpagieHT 3a0e3Ieuye nepeBakHe BUITAPOBYBAHHS
1 MOTAJIBIITY KOHJICHCAI[I}0 KOMITIOHEHTIB, BUXO/ISIUYM 3 iXHIX TEMIIEpATyp KUMIHHS.

6. BimHOCHA BOJIATHMIILHICTB:

BigHocHa neTo4icTh MiXk BOMa KOMIIOHEHTAMU B CyMiIlll BUBHAYAE JIETKICTh
iX pO3MUICHHS MIIIXOM JHCTHIIAINII. BiTHOCHA JETIOUICTh BHU3HAYAETHCS SIK
BIJIHOIICHHS THUCKIB TapiB JBOX KOMIIOHEHTIB TIpU TIEBHIM Temmeparypi.
KOMITOHEHTH 3 BUIIOIO BIJHOCHOIO JIETIOUICTIO JIETIIE PO3AUISAIOTHCS, OCKIIBKU iX
TUCKH TapiB 3HAYHO BIIPI3HAIOTHCS MPH TIEBHIN TeMIepaTypi.

7. TeopeTnyHi MJIACTUHU:

VY ¢dpakuiitHoi nuctunsALli ePeKTUBHICTh PO3AUIEHHS YaCTO BUMIPIOETHCS B

TEOPETUYHUX Tapiiakax. TeopeTuuHa Tapiika sBisi€ COOOI0 1/1eani30BaHy CTailo

3MH.
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BcepearHi (pakiiifHOi KOJIOHH, Jie BiAOyBa€ThCS BUNIAPOBYBAHHS 1 KOHJIEHCAITIS.
Yum Oiibllie TEOPETUUHHUX TAPLIOK, TUM OLIBIINI CTYHIHB PO3AUICHHS JOCITa€ThCA.
Ha KibKICTh TEOPETHYHHMX TapiJoK 1, BIAMOBIAHO, HAa €(QEKTHUBHICTH IPOIECY
JUCTUJIALIT BIUTMBAIOTH Pi3H1 (haKTOpH, TaKi K KOHCTPYKIlS (PpakIiifHOi KOJOHH 1
BUOIp MaTepialliB TAPLIOK.

Po3yMiHHS TpUHIUMIB JUCTWIISIIT HEOOXiAHE JUIsi ONTHUMI3AIil MPOIECY
pO3IIUJIEHHsI, BUOOpPY BIJMOBIAHOTO OOJaJHAHHS Ta JOCSATHEHHS Oa)KaHHX
pe3yabTaTiB 3 TOYKHA 30py YHMCTOTH 1 BUXOJY. PeTenbHO KOHTPOJIOIOYM TaKl
dbakTopu, SK TeMmmepaTypa, THCK 1 BIJHOCHA JIETIOYICTb, JOCIIJIHUKH MOXYTh
€()eKTUBHO PO3AUISTH 1 OUMINATH KOMIIOHEHTH B CyMIIlIax 3a JIOMOMOTOK METO/IIB
TUCTHIIALI.

Takum ynHOM, Ja0OPATOPHI IUCTUIISITOPU € BAXXKJIUBUMHU 1HCTPYMEHTAMH B
HAyKOBUX JIa0OPATOPisiX, O MOJETMYIOTh PO3AUICHHS 1 OYMLIEHHS PEYOBHH 32
JIOTIOMOTOI0 METOMIB JUCTWIAII. Pi3Hi Tumm maGopaTopHUX AUCTHIATOPIB
OpU3HAYEH] JJs PI3HUX EKCIEPUMEHTAIbHUX CIEHapiiB, BpPAXOBYIOYH TaKi

dakTopH, SIK CKIAIHICTh CyMili, 0a)kaHa YMCTOTa Ta €PEKTUBHICTh PO3ILICHHS.

)
1) 'ﬂ

i

ITC.4K1.0323.03-113

3MH.

ApK. Ne nokym. Nignuc | Aata

ApK.

16




Puc. 1.1. 30BHimHINi BUTTISA Ta KOMIOHEHTH Ja00OPATOPHOTO JUCTHIIATOPY

xepeno: [3].

[Ipoctuii mneperiHHUN amapar CKIAJA€TbCs 3 KPYIJIOJOHHOI  KOJIOH,
NIEPETIHHOI TOJIOBKH, KOHJIeHcaTopa 1 30ipHuka. [Ipocta neperonka eexTuBHa 115
CYMIIIIEH, 110 MICTSATh KOMIIOHEHTH 3 BEJIMKOIO PI3HUIICIO TEMIIEpaTyp KUIIHHS, aje
MOke OyTH HENpUAATHOW IS PO3JUJICHHS KOMIIOHEHTIB 3 OJIM3bKUMU
TeMIiepaTypaMu KumiHHs puc. 1.1).

Anapatu s QpakuiiiHOi AMCTHIIALIT BKJIIOYAIOTh B ce0€ KOJOHKY IS
(pakLiOHyBaHHS Ha JOAATOK JO KOMIIOHEHTIB, IPUCYTHIX B IPOCTIM yCTAHOBIII JJ1s1
aucTuiaii. dpakiiiiHa KoJoHa MICTHTh IOBEPXHI a00 MaKyBaJbHI MaTepiaiu, Kl
COpPUAIOTh YHUCICHHMM [UKIAM BUINAPOBYBaHHSI-KOHACHCAIlli, MIO JO3BOJISE
PO3IUTSITH KOMIIOHEHTH 3 ONu3bKMMU Temmeparypamu kuminHa. lleit tun
JUCTWIISITOpA MIABUIILY€E €(EKTUBHICTh PO3AUICHHS 1 11€albHO MIAXOAUTH s
CyMillel 3 OJU3bKUMU TEMIIEpaTypaMu KUITIHHS.

AnapaTu i1 BAKYyMHOT TUCTWIISIT PAIIOIOTh B YMOBaX 3HU>KEHOT'O TUCKY,
[0 3HI)KYE TEMIIEpaTypy KHUIIIHHS KOMIIOHEHTIB 1 JO3BOJISIE€ BIJOKPEMIIOBATU
TEPMOYYTJIMBI PEUOBUHU. 3aBISKUA 3HUKEHHIO TUCKY MPOIEC TUCTHIIALII MOXKHA
MIPOBOJIUTH MIPH OUTBIII HU3BKUX TEMIIEPATyPax, MiHIMI3YIOUH TEPMIUHY JI€TPaJAIII0
[TbOBUX CIONYK. BakyyMHa TUCTHIIALIS IIMPOKO 3aCTOCOBYETHCS /ISl OUHILICHHS
JICTKUX CTIONYK 1 BUIJICHHS! PEUOBUH 3 HU3bKOIO TEMIIEPaTypOIO KUTIHHS.

Amnapaty as MapoBOi JIUCTWIISIII CHEI[ialbHO PO3pOOIIeH] JIsl BUTYyUYEHHS
JETKUX CHOJYK 3 POCIMHHOI CHPOBMHHM a00 IHIIMX OpraHIYHUX pedyoBHH. BiH
nependayae BBEJEHHA IMapyd B CyMIII, IO CIPHUSE BUIAPOBYBAHHIO JIETKHUX
KoMITOHEeHTIB. [1oTIM mapy KOHJAEHCYIOTh 1 30upatoTh okpeMo. [lapoBa auctussiis
4aCTO BUKOPHUCTOBYETHCS Yy BUPOOHHUITBI e(IpHUX OJHA, OCKUIBKU JO3BOJISE
BUJIUTMTH apOMAaTHYHI CIIOYKH, HE MMiJIAF0YHU iX BIUIMBY BUCOKUX TEMIIEPATYD.

Huctunsarop Kyrenbpopa — 1€ chemiaiaizoBaHUN TUI AUCTUISATOPA, SKUN
Ipaloe B yMOBaxX BHMCOKOTO Bakyymy. BiH ckiagaeTrbcs 3 00epTOBOi CKIISHOT
TpyOKH, 110 HArpiBa€ThCS 30BHIMIHIM JpkepesnoM Teruia. OOepTaHHS 1 BaKyyMHE

CepelOBULIE MOJIETIYIOTh IUCTUWISALII0 YYTIMBUX [0 TEMIIEpaTypU PEYOBHUH.
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Huctwmsiss Kyrenbpopa 3a3Budail BUKOPUCTOBYETHCS B JTIOCHITHUIIBKUX YMOBAX,
Jie TOTPiIOEH TOYHUM KOHTPOJIb HAJl TEMIIEPATYPOIO 1 TUCKOM [1].

TakoX BUAUIAIOTH amapaTtv IS JUCTWIALIT HA CHIHIHTOBIM  CTPIivIll
BKJIIOYAIOTh B ce0€ CIIHIHTOBY CTpIUKy BcepeauHi (pakiiiiiHOi KOJOHHW s
NIJBULIEHHSI €(PEeKTUBHOCTI po3auieHHs. OOepTanbHa CTpPIYKA CTBOPIOE TOHKY
TUTIBKY Ha CTIHKaX KOJOHHM, 30UIBIIYIOUYH IIJIONLY MOBEPXHI JJIs BUMApOBYBAaHHS 1
KoHJeHcallli. llelt Tunm IUCTHIATOPIB OCOOJMBO KOPUCHUM JJIsi PO3AUICHHS
KOMITOHEHTIB 3 Ay)Ke OMU3bKUMHU TeMIIepaTypaMu KHUITIHHSI, 0 JO3BOJISE JOCSITTH
BHUCOKOT'O PIBHS YUCTOTH.

ArmapaTy I MOJICKYJISIPHOT JUCTHIISIIIIT BUKOPUCTOBYIOTHCS JIIS TUCTHIISALIIL
PEYOBHH 3 BHUCOKOIO MOJICKYJISIPHOIO Macoi ab0 TepMOUYTIMBUX CIONYK. BiH
MpaIflo€ B YMOBaX BUCOKOTO BaKyyMy 1 KOPOTKOTO Yacy rnepeOyBaHHs, MIHIMI3yIOUH
BIUTUB BHCOKHX TEMIIEpaTyp Ha 3pa3ok. MoOeKyJisspHa IJUCTHIISINS IIHPOKO
BUKOPUCTOBYETHCS B TAKUX Taiy3siX, K ¢apmarieBTUKa, € OUYUIIEHHS I[IHHUX
CIIOJIYK Ma€ BUPIIIAJIbHE 3HAYCHHS.

Takum duHOM, pi3HI TUOU Ja0OPATOPHUX JUCTHIATOPIB 3HAXOJATH
pI3HOMAaHITHE 3aCTOCYBaHHS B HAYKOBUX JOCHI/DKEHHSX 1 PIZHUX Tamy3sx
IPOMHUCIOBOCTI. BOHM BHKOPUCTOBYIOTBCS /JII OUMIIEHHS XIMIYHMX PEYOBUH,
PO3AUICHHSI CKIIQIHUX CYMIIIIeH, pereHepailii pO3YnHHNKIB, BUPOOHUIITBA epipHUX
OJIi{ Ta BUIIJICHHS TCPMOYYTIUBUX CIOJYK.

Otxe, n1abopaTopHi AUCTUISTOPU OXOIUTIOIOTH IIIJTUN PsiJi TUIIIB amaparis,
MPU3HAYEHUX JUISI 3a/I0BOJICHHS KOHKPETHUX TOTped y pO3IIJICHHI B HAyKOBHX
nociipkeHHsx. KoxeH THUIT Mae yHIKallbHI 0COOJIMBOCTI Ta MEepeBar, 1o J03BOJIsE
JOCITITHUKAaM BHOpaTH HAWOIIBII MiAXOMAIMIMA METOJ JUCTHIIALII IS CBOIX
3aBAaHb. Po3yMmirouM TPUHIUIK pOOOTH 1 3aCTOCYBaHHS pPI3HUX THIIB
7a00paTOPHUX  JUCTUJIATOPIB, JIOCTHIJHUKH  MOXYTh  ONTHUMI3yBaTH  CBOi
EKCIIEPUMEHTAIbHI TPOIECH, MOCATTH €()EKTUBHOTO PO3IAUICHHS 1 OTPUMATH

PCHOBUHHU BHCOKOI YUCTOTH JJIA ITOAAJIbIIOTO aHaJIiSY 1 3aCTOCYBAHHA.

1.2. 3araabHi BizoMocTi
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JucTtusiis € GpyHIaMeHTaIbHUM TIPOLIECOM B PI3HMX rajiy3siX, BKIIOYAIOUH
xiMit0, Ol0XiMitO0 1 (QapmaleBTUKY, A€ PO3JAUIEHHS 1 OYMILEHHS pIJIUH Mae
nepuopsiiHe 3HaueHHs. JIOCATHEHHS TOYHOTO KOHTPOJIO TeMIeparypu 1
aBTOMaTH3allisl MPOIECIB AUCTWIALINI MarOTh BUpIMIAJbHE 3HAYEHHS IS
3a0€3MeUYeHHs] TOYHOCTI Ta €(QEKTUBHOCTI MpOLECy po3AauieHHs. TpaauuiiHo
JUCTHUIISIITIS TTOKJIAJAETHCS HA PYyYHE YIIPABIIHHS 1 MOHITOPHHT, III0 MOXE 3aiiMaTu
Oarato yacy 1 OyTH Bpa3auBUM JI0 JIFOJCHKUX MOMUIIOK TIpotiecoM [16].

[TosiBa cuctem Ha 6a31 MIKPOKOHTPOJIEPIB 3p00OMIIa PEBOJIOIII0 B ClIoco0ax
MPOBEJICHHS MPOIECIB TUCTWIIAIIT B JabopaTopHux ymoax. Lli cucremu naroTh
MO>KJIMBICTh TOYHO BUMIPIOBATH 1 KOHTPOJIOBATH TEMIIEPATypPy, aBTOMATU3yBaTH
poIIeC JUCTWIISIIT Ta MPOTOHYIOTh PO3IIUPEHI MOMKIMBOCTI, TaKi SIK B3aEMOJIIS 3
KOpPHUCTYBaueM, 0e3IpOTOBHI 3B'SI30K 1 MOHITOPUHT y pealibHOMY 4Yaci. OaHiero 3
TaKMX CHCTEM MOXE CTaTHWIa00pAaTOPHUN AMCTHIATOP, SKUM I1HTErpye pi3HI
amapatHi Monayii 3 MikpokoHTposiepoM Arduino Mega2560 s 3a0e3medeHHs
TOYHOT'O KOHTPOJIIO TEMIIEPATypH Ta MOJIETHICHHS MPOLECIB TUCTUIIALIT [ 8].

MeTol0 1ILOTO TPOEKTY € po3po0Ka Ta BIPOBAIKEHHS JTaOOPATOPHOI
JTUCTUIIATOPHOT CUCTEMH, SIKa TBUIIYE TOYHICTh, €()eKTUBHICTh Ta aBBTOMATH3AIIIIO
npoueciB auctwiAnii. CucrteMa CKIAJA€eThC 3 JIEKUIBKOX amnapaTHUX MOJYIMIB,
3'emHAaHUX MiXK co000 MikpokoHTposiepom Arduino Mega2560, koxxeH 3 SKHX
BUKOHY€ MeBHY (DyHKIII0 B mpouect auctuwiamii. Li Moaysl BKIIOYAIOTh JaTYUK
temrepatypu DS18B20 nns  BumiproBanHs Temnepatypu, OLED-aucninei
SSD1306 nmist Bi3yanbHOrO BHUBOJY, 4-KOHTaKTHY KHOINKY 6X6 Il B3aeMOil 3
KopucTyBaueMm, MoayJsb Bluetooth HM-10 mist G6e3apoToBoro 3B'sI3Ky, 3BYKOBHUM
m'ezoenemenT BMT-1203UX st BinrBopeHHs 3ByKy Ta pene SRD-5VDC-SL-C
JUISl KEpYBaHHS IPUCTPOEM [ 14].

3aBasKU 1HTErparlii IUX KOMIOHEHTIB Ja0opaTopHa AUCTUISTOPHA CUCTEMA
3a0e3medye TOYHE BHUMIPIOBAHHS TEMIEPATypH, BiTOOpakeHHS 3HAYCHBb
TEMIIEpaTypyd B pEXUMI peajlbHOr0 4Yacy, 3alMyCK Mpolecy AUCTUIALIT 3a
JIOTIOMOTOI0 B3a€MOJIIi 3 KOpPUCTyBadeM, O€3pOTOBHM 3B'SI30K ISl BiJAJAJIEHOTO
MOHITOPUHTY Ta YINPaBIiHHSA, 3BYKOBUW 3BOPOTHUN 3B'S30K JUISI CHOBIIICHb

KOPHUCTYBaya 1 KOHTPOJIb HaJl MiAKIIOYEHUMH TpUCTposiMU. Llst cuctema npononye
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MiJBUIIEHY TOYHICTh, €(EKTHUBHICTh 1 3pYYHICTh y MOPIBHSIHHI 3 TPaJAUIITHUMU
METOJaMM AUCTHIIALII, M0 POOUTH ii LIHHUM IHCTPYMEHTOM B JIA0OpAaTOPHHUX
yMOBaXx.

Kpim Toro, nabopaTopHa AUCTHIATOPHA CUCTEMa MPOIIOHYE Psijl IepeBar Ta
IHHOBAILINHUX (YHKIIIH, SIKI TOKPAITYIOTh NPOIec AUCTUIIALIL. OHIEI0 3 KITIOUOBUX
nepeBar € TOUHU KOHTPOJIb TEMIIEPaTypH, IO JOCATAETHCS 3a TOTIOMOTO0 JaTYNKA
temriepatypu DS18B20. Lleit nqaTunk 3a0e3nedye TOUHI TEMIEPATYPHI MOKA3HUKHU,
10 JO3BOJISIE TOCTIAHUKAM IMIITPUMYBATH ONTHUMAaJIbHI YMOBH JIJIsl BUTIAPOBYBAHHS
1 KoHJleHcallli. PeTenbHO BIACTEXYIOUM 1 KOHTPOJIOIOYM TEMIIepaTypy, CUCTEMa
3a0e3neuye pO3AUICHHS JIETKUX KOMIIOHEHTIB IMPU HEOOXIIHMX TeMIeparypax,
IIIBUIYOYH YUCTOTY 1 BUX1JT TUCTHIATY [2].

[arerpamis OLED-mucrimess SSD1306 B naGopaTopHy AUCTHISTOPHY
cucteMy 3a0e3reuye Bi3yalli3allll0 3HauY€Hb TEMIEpPaTypu B PEKUMI PEaIbHOTO
yacy. L hyHKIsA 103BOJISIE JOCTITHUKAM BIJICTEKYBATH X1JI IPOIIECY TUCTHIIALII 3
OJTHOTO TOTJSAY, HaJalo4yu ILIHHY 1HQOpMaLil0 MpO TEeMMIEpaTypHI TEHAEHLIi 1
JIOTIOMAararouu B IPUAHSTTI pillieHb. BizyansHul 3BOPOTHHI 3B'S30K, 110 HAJTAETHCSA
OLED-nucnneem, mokpaiiye JOCBi KOpUCTyBaya 1 TIOJIETIIYE IBUJIKE
KOpPUT'YBaHHsI a00 BTpy4YaHHS B pa3i HEOOXITHOCTI.

B3aemomist 3 kKopucTtyBauem — Iie OJWH BAXKIWBHMA acmeKT j1abopaTopHOi
JUCTUIISITOPHOT CUCTEMHU. BKIIOYCHHS 4-KOHTAaKTHOI KHOIKH 6X6 J03BOJISE
JOCJTITHUKAM 3 JIETKICTIO 3alyCKaTH 1 KOHTPOJIOBAaTH MPOLEC IUCTUIALIL. 3a
JIOTIOMOTOI0  1HTEp(eiicy KOopucTyBaya, AOCTIAHUKA MOXYTh BIJPETyIIOBATH
TeMIlepaTypHi HapaMmeTpu abo OTpUMaTH JOCTYI A0 Pi3HUX (YHKIIN CHUCTEMHU.
3pyunnii iHTepdeiic miaBuilye e(PEeKTUBHICTh 1 3HIKYE HMOBIPHICTH MOMMIIOK,
OCKIJIBKH JOCIIIIHUKYA MAFOTh MPSMHUN KOHTPOJIb HAJI MPOIIECOM JTUCTHIIALIT [6].

MoxauBOCTI 6€3IpOTOBOTO 3B'sI3KY, MPONOHOBaHI MoaysieM Bluetooth HM-
10, HamaroTh JOMATKOBY 3PYUYHICTH 1 THYYKICTh JTAOOpPATOPHIA AUCTHIATOPHIN
cucteMi. JIOCIITHUKHA MOXKYTh BCTAHOBUTH 3'€THAHHS MK CUCTEMOIO 1 MOOLTbHUM
MPUCTPOEM 200 KOMITFOTEPOM, IO J103BOJISIE 3A1MCHIOBATH B1/IIaJICHU MOHITOPUHT
1 KoHTpousb. Ll (yHKIIIS TakoXX T03BOJSIE JOCIITHUKAM CTEXKHUTH 33 TPOIECOM

JUCTUJIALIT HA BIJICTaHI, 3a0e3meuyrodu CcBOOOay Oararto3agayHocTi abo
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OJTHOYACHOT'O MOHITOPUHTY JIEKUIBKOX eKcriepuMeHTiB. [lepenava manux B pexkumi
peanbHoro 4yacy uepe3 Bluetooth 3a0e3neuye omneparuBHe 1HQOpPMyBaHHSA
JOCITITHUKIB MPO Oyb-sAKl BIAXWIICHHS a00 KPUTHYHI MOJIi IiJ Yac MPOIecy
JACTHIIALIT [4].

3BYKOBUH 3BOPOTHUM 3B'S30K — 1€ JojAaTkoBa (yHKIis, BOyJoBaHa B
7a00paTOpHy JUCTHISATOPHY CHCTeMY. 3BYKOBHM m'e3oenemMeHT BMT-1203UX
CIly’)KUTh B SIKOCTI 3BYKOBOTO 1HIMKATOpa, TCHEPYIOYHM 3BYKOBI CHUTHaiIu abo
CHOBIIIEHHS M1J1 Yac MEeBHUX MOJ1M a00 IpY BUKOHAHHI 3aJJaHuX YMOB. LI QpyHKIis
JIOTIOMAarae JOCTIAHUKAM 3aJMIIATACA B Kypcl MOJiH, HaBITh SKIIO BOHU HE
3IIACHIOITh akTUBHUN MOHITOpUHT OLED-aucnuiest abo miakiItoueHux IpUCTPOiB.
3BYKOBI CUTHAJIM MOKYTh BKa3yBaTH Ha 3aBEPIICHHS UKy JUCTHIISAII1, aHOMaTbH1
KOJMBaHHS TemnepaTypu abo Oyap-iKi BH3HAYCHI KOPHUCTYBaueM IIOPOTOBI
3HAYEHHS, IIJIBUILYIOYM 3arajibHy Oe3leKy Ta €(peKTHBHICTh MPOLECY AUCTUIIALIT
[11].

KepyBanus npuctpoeM nosermye peine SRD-5VDC-SL-C, inTerpoBaHe B
7a00paTopHy IUCTWIATOpPHY cucremy. Lle pene 103Boiisie  OCHITHUKAM
MIJKITI0YaTH 1 KEepyBaTH 30BHINIHIMU TMPUCTPOSIMU, TaKUMHU SK HarpiBajbHI
€JIeMEHTH ab00 CHCTEMHM OXOJIOJKEHHSA, 3a0€3Meuyloud TOYHE PEeryJIrOBaHHS
TEeMIIepaTypHy i 4ac mporecy AUCTIISIMIl. DyHKIIOHATBHICTE pelie MOXke OyTh
HaJIAIITOBaHA BIJAMOBIAHO JO KOHKPETHUX EKCIEPUMEHTAILHUX BHUMOT, IO
JO3BOJISIE JIOCHIAHMKAM aJanTyBaTH CUCTEMY JO PIZHUX THUIIB JUCTUIISLIAHHUX
YCTaHOBOK [ 14].

JlabopaTropHa AMCTUIISTOPHA CHUCTEMaA SIBJISIE COOOI0 3HAYHE MOKPAIICHHS
MOPIBHSHO 3 TPAAHMIIIHHUMU PYYHUMH METOJAMHU JUCTHWIISIII. 3aBAsIKUA 1HTETparlii
TEXHOJIOT1I Ha OCHOBI MIKPOKOHTPOJIEPIB, CHUCTEMa CIPOIIYE€ Ta aBTOMATHU3YE
MPOIEC JUCTUIIALIT, 3MEHINYIOUN KUIbKICTh JIFOJICBKUX MOMMJIOK Ta IMiABUILYIOUYN
edeKTUBHICTh. TOYHHI KOHTPOJb TEMIIEpATypH, MOHITOPUHT B PEKUMI pPEaIbHOTO
yacy, B3a€EMOJIisl 3 KOPUCTyBayeM, O€3apOTOBUN 3B'S30K, 3BYKOBHI 3BOPOTHHIA
3B'S130K 1 PYHKIIT yIIpaBIiHHS PUCTPOEM - BCE 1€ PA30M CTBOPIOE HAIIMHY 1 3pyUHY

wiaTgopMy i 1a60paTOPHOT AUCTHIIALII].
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Otxe, moaiOHAa cUCTEMa MPOIMOHYE KOMIUIEKCHE PIMICHHS I TOYHHX,
e(peKTUBHUX 1 aBTOMATHU30BaHUX TMPOIECIB AUCTWIALII B HAYKOBO-JOCIITHUX
yMoBax. [HTerparmis pi3HHX amapaTHHUX MOAYJIB 3 MIKpokoHTposiepom Arduino
Mega2560 3abe3nedye TOUHE pEryJitOBaHHS TEMIIEpaTypy, MOHITOPUHI B PEXUMI
peaIbHOTrO 4acy, B3a€EMOJII0 3 KOPUCTyBaueM, O€3ApOTOBUM 3B'SI30K, 3BYKOBHUU
3BOPOTHIN 3B'I30K 1 KepyBaHHS TpHUCTpoeM. Llg cuctema peBOMIOIIOHIZYE
TpaauIlIiHI py4YHI METOAW AUCTWIIALII, HaJal4u JOCIHITHUKAM PO3UIUPEH]
MO>KJIMBOCTI, MiAIBUIIEHY TOYHICTH 1 3py4H1 QyHKIi. JlabopatopHa JUCTUISTOPHA
CUCTeMa CIYXUTh I[IHHUM 1HCTPYMEHTOM B JIabOpaTopisix, JO3BOJISIOUH
JOCJTITHUKAM JIOCATAaTU HaJIMHUX 1 BIATBOPIOBAHUX PE3YyJbTATIB AUCTHIISALIL ISt

PI3HHX 3aCTOCYBaHb B XiMii, 610XimMii Ta GapMareBTHIL.

1.3. AHaJi3 iCHyl0UNX aHAJIOTiB

JlabopaTopHa AMCTHIIALIS BITITPAa€ BAXKIUBY pOjib y 0ararbox HAyKOBUX
JUCUUIUIIHAX, BUMAaralO4d TOYHOIO Ta €(QEKTUBHOTO PO3JAUICHHS PIIKHX
KOMITOHEHTIB. J{JI1 MiABHINEHHS TOYHOCTI Ta HAAIHHOCTI MPOIECIB JUCTHIIALII
JOCITITHUKA aKTUBHO PO3POOJISIIOTH aBTOMATH30BaH1 J1TA00OPAaTOPHI JUCTUIISTOPH.
[leit aHami3 30cepeKeHUI HAa BHBYEHHI ICHYIOUMX IPOEKTIB, AKI HAMararThCs
IHTETpyBaTH TMEPEOBl TEXHOJIOTIi Ta 1HHOBAIIMHI METOO0JIOTIi /ISl TOKpaIeHHS
MPOIYKTUBHOCTI Ta (YHKIIOHATBHOCTI TAOOPATOPHUX AUCTHIIATOPIB.

byno mpoBeaeHo cucTeMaTWYHWUW — OTJIsii  HAYKOBOI  JIITEpaTypH,
JOCITTHUIILKUX POOIT Ta BIAMOBIIHUX OHJIAMH-PECYPCIB JIUIS BUSBIICHHS Ta aHAJI3Y
ICHYIOUMX MPOEKTIB Ja00opaTtopHUX AucTUisATOpiB. IIpoekTn Oynu BimiOpaHi Ha
OCHOBI TXHBO1 aKTyaTbHOCTI JIJIS TalTy31, HOBU3HH IT1IXO0/IIB Ta HASIBHOCTI JIETATbHOT
iHopMallii mpo amapaTHI KOMIIOHEHTH, MEXaHI3MHU YIpaBJIiHHS, 1HTepdeicH
KOPHUCTYBaya Ta OLIIHKU MPOyKTUBHOCTI.

Hanpuknan, mnpoekT aBTromath3oBaHoi cucrema auctwramii 3 TIHJI-

peryaoBaHHAM s apMaleBTUYHUX 3aCTOCYBaHb OYB CIIPSIMOBAaHUN Ha pO3pOOKY
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aBTOMAaTH30BaHO1 JJAOOPATOPHOI CUCTEMH JUCTUJIALIIT, CIICIIAIBHO PO3POOICHOT ISt
¢dapManieBTUYHUX  3aCTOCYBaHb.  3aBASKM  BHUKOPUCTAHHIO  MPOTOPIIHHO-
inTerpansHo-nioxigHoro (I1I[) anropuTmy KepyBaHHS, cCHUCTEMa Maja Ha METI
peryoBaTH TeMIIepaTypy MiJl 4ac Npouecy JUCTHIISIIT, TUM CaMUM MiABUILYIOYH
TOYHICTh Ta €(DEKTUBHICTh OUUIICHHS (papMalleBTUYHUX CIIOIYK [1].

OcCHOBHUMU 3aBAaHHSIMU MTPOCKTY OyJIM HACTYTHI

1. Po3pobutu aBTOMaTHM30BaHy JAa0OpATOPHY MAUCTUISITOPHY CHUCTEMY,
CrHeliajibHO po3po0JieHy /i (hapMalleBTUYHUX 3aCTOCYBaHb.

2. PeamizyBarm anroputm IIIJ[-perymroBaHHs JIsi peryJrOBaHHS Ta
NIATPUMaHHS TOYHUX TEMIIEPATypPHUX YMOB MiJl Yac IpoLeCy AUCTUIIALIL.

3. IlimBumeHHs TOYHOCTI Ta €(EKTHBHOCTI OUYHWIIEHHS (hapMareBTUYHHX
CIIOJTYK.

4. IligBUIIUTH 3arajbHUM KOHTPOJIb 1 MOXKJIMBOCTI MOHITOPUHTY CHUCTEMU
TUCTHIIALI.

[IpoekTyBaHHS CHUCTEMH BKJIIOYAIO BU3HAYCHHS HEOOXITHUX amapaTHUX
KOMITOHEHTIB, TaKUX SK JAaTYUKU TEMIIEpATypH, HArpiBajdbHI €JIEMEHTH Ta CXEMU
YIpPaBIIHHS, IS TOOY/I0BM aBTOMATH30BAaHO1 CUCTeMH AUCTWIIMII. PerenbHa yBara
Oyna npuaiieHa inTerpauii anroputmy [ /[-peryntoBanHs B apXiTEKTypy CUCTEMHU.

Anroputm PID-perymtoBanHs, TIMPOKO BHUKOPHUCTOBYBAaHWW MeEXaHI3M
YOPaBIIHHS 31 3BOPOTHUM 3B'SI3KOM, OYB 3amporpaMoOBaHui 1 IHTETPOBAHHUI B
cuctemMy. ANroput™m Oe€3MepepBHO KOHTPOJIOBAB TEMIIEPATypy 1 PEryJroBaB
HarpiBaJIbHI €JIEMEHTU ISl MIATPUMKHU ONTHMAIBHUX TEMIIEPATYpHUX YMOB JIJIs
MPOIIECY TUCTHIISINI.

Kpim Toro: aBTOMaTHM30BaHa CHUCTEMa MUCTUIIALII CKIIamanacs 3 IEKUTbKOX
KITFOUOBUX KOMITOHEHTIB:

1. Jlatuuku TemmepaTypu: BHUCOKOTOYHI JaTYUKH TeMIlepatypu Oyiu
IHTETPOBaHi B CHUCTEMY JIJII BUMIPIOBAaHHS Ta MOHITOPUHTY TEMIEPATYpPH B PI3HUX
Toukax mpouecy auctwiamii. i gaTunku 3abe3neuyBanv 3BOPOTHUM 3B'S30K B
peanbHOMY 4yaci 3 anroputMoM I[IIJ[-perymtoBaHHSI JUisi TOYHOTO pPEryJIOBaHHS

TEMIIEPaTypH.
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2. HarpiBanbHi €JleMEHTH: CHUCTEMa BKJIIOYANa EJIEKTPUYHI HarpiBalibHI
€JIEMEHTH, 110 BiANOBIIAOTh 3a HArpiBaHHS AUCTWIALIMHOIO amnapaty. AJrOpUTM
[TIJI-perymtoBaHHs peryJtOBaB MOTYXKHICTh, IO MOJAETHCSA HA 11 €JIEMEHTH, IS
HiATPUMaHHS HEOOX1AHOTO TEMIIEPATYPHOTO PEXUMY.

3. III-perynsitop — L€ cepue CUCTEMH, SIKUH OTPUMYBAB NOKA3HUKH
TEeMIIepaTypH BiJI JaTYMKIB 1 pO3paxOByBaB HEOOX1H1 HAJAIITYBaHHS HATPIBAIBHUX
eJeMeHTIB. BiH BUKOpPUCTOBYBaB MpONOpPILIAHE, IHTErpajibHe Ta MOXIJAHE
peryiaroBaHHs, MO0 MIHIMI3yBaTH BIAXWICHHS TEMIIEpaTypd Ta MIATPUMYBATU
CTaOUIbHICTD.

Kpim Toro, 6yB po3poOieHuil 3pyunuil inrepdeiic kopuctyBada Ajisg TOTO,
00 HAJATH JAOCTITHUKAM MOXJIMBOCTI KOHTPOJIIO Ta MOHITOpUHTY. L{e n103B0mmIO0
KOpPHUCTYBauaM BCTAHOBIIIOBaTH Oa)kaHi TeMIlepaTypHI MapameTpH, BiJICTEKYBaTH
3HA4YCHHs TEMIIEPATypH B peaIbHOMY Yaci Ta MEPerisiiaTi CTaH CUCTEMH.

[Ile omuH MpoOEKT BapTuil yBaru, 1e po3pooka 6€3pOTOBOTO MOHITOPHUHTY i
KOHTPOJII0 J1ab0opaTOpHUX TMPOIECIB AUCTHIALII, SKUHA OyB CHpPSMOBaHUNA Ha
YCYHEHHS IUX 00MEKEeHb IUIIXOM PO3POOKH CUCTEMH AUCTUIISLIT 3 MOKIMBOCTIMU
oe3aporoBoro 3B's3ky [10]. Llg cuctema mo3BonwmiIa JOCHTITHUKAM JTUCTAHIIIHO
KOHTPOJIIOBATH MPOLEC AUCTUIIALIL, MMIIBUILYIOYU 3pYUHICTh 1 THYYKICTh POOOTH.

OCHOBHMMH 3aBJaHHSAMHU MPOEKTY OyJIM HACTYIIHI:

1. Po3pobutu nabopaTopHy AUCTHISATOPHY CHCTEMY 3 MOXKIIHUBICTIO
0€3/IpOTOBOTO 3B'SI3KY.

2. BcraHOBITh HalIMHUH 0€31POTOBUI 3B'SI30K MiXK CHCTEMOIO JTUCTUJIALIT Ta
[EHTPAJIBLHOIO CTAHITIEI0 MOHITOPUHTY (KOMIT IOTEPOM).

3. VBIMKHITh AUCTAHIINHUN MOHITOPUHT KPUTUYHUX MMapaMETPIB, TAKUX SK
TeMIieparypa, TUCK 1 X1J1 TUCTHJIALII.

4. ChopolueHHs JIUCTAaHUIMHOIO KEpyBaHHS MPOLECOM  JUCTHIIALIL,
BKJIFOUAIOYH PEryJIIOBaHHS HAIAIITYBaHb 1 3aIyCK a00 3yMUHKY MPOIIECy.

Jlns1 3a6e3neueHHs 6e3nevyHoi Ta HaiiHOT epeadl JaHuX OyIu BUKOPUCTaH1
BIJIMOBIJHI O€3ApOTOBI MPOTOKOJIM Ta METOAM IwudpyBaHHA. Y Wi cxemi
MIKPOKOHTPOJIEP CIIYTYBaB LIEHTPAIHHUM MIPOIIECOPHUM OJIOKOM, MOJIETITYI0YH 301p

JTAHUX, AJITOPUTMU YIIPABIIiHHS Ta 0€3IpOTOBUH 3B'130K. B TOl yac sik 6e31poTOBI

ApK.

ITC.4K1.0323.03-113

3MH.

ApK. Ne nokym. Mignuc | Odarta

24




MOIyJIi 3a0€3MeUNIIN 3B'sI30K MIJK CHCTEMOIO IUCTHIIALI] Ta IEHTPAJIbHOIO CTAHIIIEIO
MOHITOpUHTY. [l Oe3nepeOiiHOro 3'eJHAHHS BUKOPUCTOBYBAJIMCSA MOLUIMPEH]
0e3aporosi npotokoan Wi-Fi.

Kpim Toro, mpuBojgamMu, TakMMH SK HarpiBajibHI €JIeMEHTH a00 KiamaHu,
MOXJIMBO OyJI0 KepyBaJld JUCTAHIIIHO yepe3 O0e3poToBe 3'eqHaHHA. JlOCIITHUKN
MOTJIM HAJIAIITOBYBATH Il MPUBOAM HJisi Momu(ikaIiii mporecy TUCTHIIAINT 3a
noTpeodu.

Takum 4MHOM, B paMKax LIbOT'0 MPOEKTY OYyJIO YCHIIIHO PO3pOOJIEHO CUCTEMY
JUCTWIISIIT 3 MOXKIIMBOCTSMU O€3JIpOTOBOTO 3B'SI3KY, IO JO3BOJISIE JTOCITITHUKAM
JUCTAHIIIHHO KOHTPOJTFOBATH TPOIIEC JUCTHIALIL Ta KepyBaTH HUM. BripoBaKeHHS
MIKpOKOHTpOJiepa Ta Oe3apoTOBUX MOIYTIB 3abe3meumsio OesnepediitHe
MIJKITIOYEHHS Ta Tepenady AaHUuX B PEXUMI pealbHOro 4acy Ha IEHTPaJIbHY
CTaHI[Il0 MOHITOpUHTY. Ll Oe3apoToBa cUCTEMa MOHITOPUHIY Ta YIPABIIHHS
3a0e3nedye 3py4yHICTh, THYYKICTh 1 MiJABUIIEHY €(PEKTUBHICTh J1a0OPATOPHUX
MPOIIECIB JUCTUJIALII, CIPUSIIOUN PO3MIUPEHHIO JTOCIIIHUIIBKUX MOXJIUBOCTEH 1
I1IBUIIICHHIO MMPOYKTUBHOCTI.

[Ile ouH MPOEKT BapTUi yBaru — 1ie pO3yMHa CUCTeMa AUCTUJIIALIL 3 aHAIII30M
JIAHUX Y PEXKUMI peajJhbHOro 4vacy, sika Majia Ha MET1 MiJIBUIIUTH €PEKTUBHICTD 1
YUCTOTY MPOIECY AMCTHIIAIII MUISIXOM IHTETpallii CydyacHWX IaTYHKIB, 30KpeMa
ra3zoBoi xpomarorpadii, B JabopaTopHy auctuisuiiny cucremy [12]. Lg cucrema
J03BOJTMJIa TIPOBOJUTH aHANI3 CKJIQAy AUCTWIATY B PEXUMI PEATbHOTO dacy,
HAJAl04YM [IHHY 1HGOpPMAII0 Mpo Mporec po3auieHHS. JOCTIAHUKA MOXYTh
KOHTPOJIIOBAaTH Ta OINTHMI3yBaTH TMPOIEC IUCTUJIAIII HAa OCHOBI pPE3yJIbTATIB
aHaJTi3y, M0 MPU3BOUTH JIO MMiABUIICHHS €()EKTUBHOCTI Ta YUCTOTH.

30ip maHuX 3IIMCHIOBAaBCA B PEXHUMI PEATbHOTO 4acy, (IKCYIHOUd CKiIaj
JUCTWIIATY MiAg 4Yac mpouecy aucTwisamii. OTpuMmani aaHi Oynaum oOpoOsieHi Ta
MpOaHaIi30BaHi 3 BHUKOPHCTAaHHSM BIANOBIIHUX aJrOPUTMIB 1 METOJIB JIJIs
OTpUMaHHS BIANMOBIAHOI 1H(MOpMaIii. JlOCHIIHUKA BUKOPUCTAIA PE3yJIbTaTH
aHami3zy Juisi ONTHUMI3alli mNapameTpiB Mpolecy AuCTWIALIl. bynu BHeceHi
KOPEKTHBH B TEMIIEPATYPY, TUCK, MBUAKICTh MOTOKY Ta 1HIII BIAMOBIIHI 3MIHHI JIJIs1

M1JBUIICHHS €(EKTUBHOCTI Ta YUCTOTH.
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Jlist aHamizy CKjagy AWCTHIATY B PEXUMI PEATbHOTO 4Yacy B CHCTEMY
JUCTWIISLIT OyB IHTErpOBaHUM Cy4acHMM AaT4yMK ra3oBoi xpomarorpadii. Llei
JAaTYMK HAJaBaB TOYHY 1 JETalbHY 1H(GOpPMAIlI0 PO KOMIIOHEHTH CyMimIl Ta ix
KOHIICHTPAIIIIO.

[lentpanizoBana cuctema 300py JaHUX MoJIeTHIMIA 301p JaHUX 3 JaT4HKa
ra3oBoi xpomarorpadii B pexkuMi peaqbHOTO 4Yacy. BoHa BKITtOuana BiJIOBIIHI
cxemMu (HOPMYBaHHS CHUTHAJIy Ta TMEPETBOPIOBAadYl JIaHMX I 3a0e3MeUeHHS
HaJIIAHOTO 300py JaHUX.

Bonnouac, 610k aHaizy Ta 00poOKH JaHUX 0OpOOJISB 1 aHAJI3yBaB OTPUMaH1
JlaH1, BAKOPUCTOBYIOUH Bi/IMOBI/IHI aJTOPUTMH 1 METOU. ByJio OTpUMaHO KIIOYOBY
iH(opMaIlito MPO CKIaA JUCTWIATY, TaKy SK 1ICHTH(IKAIS KOMIOHEHTIB,
KOHIIEHTpAIlisl Ta YUCTOTA.

OTxe, IK MO>KHA TOOAYNTH 3 MPUKIIA/IIB HABEJICHUX paHille, 0arato MpoeKTiB
y it cepi KOHIICHTPYETHCSA Ha IPOIeCi aBTOMAaTH3allii Ta HalaHH1 JOCIITHUKAM
MO>KJIMBOCTEN MpUMAaTH PIIIEHHS Ha OCHOBI IaHUX Y PEKHUMI PEalbHOrO 4Yacy Ta
JUCTaHIHy Moai0oHo HamoMy. Ili MpoekTH MaroTh MOTEHINAT I 3HAYHOIO
BIUTUBY Ha cdepy AUCTHIALIT 3aBASKKA TMOKPAIICHHIO KOHTPOJIIO MPOIeCy Ta

ONTHUMI3aIlli Ha OCHOBI IaHUX B JIAOOPATOPHUX YMOBAX.
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PO3A1JI 2. MIPOEKTHA YACTHHA

2.1. Ckiaa cxeMH NPOEKTY

Cknaa cxeMU MPOEKTY BKJIIOYAE€ KOMIIOHEHTH, SIKI BUKOPUCTOBYIOTHCS JJIS
peanizanii (GyHKIIIOHATBEHOCTI JTA0OPATOPHOTO AUCTHIATOPA. KOXKEH KOMIOHEHT
Ma€ CBOIO POJIb y CUCTEMI Ta B3a€MO/II€ 3 IHIIUMHU KOMIIOHEHTaMU J1J1s1 3a0e31eYeHHS
e(peKTUBHOCTI Ta HAJAIMHOCTI MPOIIECIB TUCTUIIALLII.

OCHOBHUM KOMIIOHEHTOM cKJaay cxemu € miata Arduino Mega2560. Lls
1J1aTa MiCTUTh MIKPOKOHTPOJIEP, SIKHIl BUKOHY€E 0OpOOKY TaHUX, KEPYE B3AEMOJIEIO
3 IHIIMMHA KOMIIOHEHTaMH Ta 3a0e3Medy€e YIpaBIiHHS AUCTHIAIIINHIM TIPOIIECOM.
Arduino Mega2560 mMae BenuKy KUIbKICTh HM(POBUX Ta aHAJIOrOBHX BXOIB Ta
BUXOJIB, III0 [O3BOJISIE MIAKIIOYATH PI3HOMAHITHI JaT4YUKU Ta EJIEMEHTHU
yIIpaBJIiHHSL.

JIns  KOHTpOJIIO Ta PEryJIOBaHHS TEMIIEpAaTypu BUKOPUCTOBYETHCS
repmMeTuyHuid gatuyuk temneparypu DS18B20, skwuit 3a0e3nedye TOuHE
BUMipIOBAHHS TEMIIEPATypH y AUCTHIIALIHHIH Kamepi. Moro Buxis miakmouenuit 10
BX1ly aHajoroBoro nina Ha Arduino Mega2560.

Jlo/1aTKOB1 €JIEMEHTH CKJIATy CXEMHU BKITIOYAIOTh TOJUHHUK PEATBHOTO Yacy
(RTC), saxuii 3abe3neuye TOYHMM BIUTIK 4acy Ta gatu, pene SSR-25 DA s
KepyBaHHS HarpiBaibHHM eneMeHToM, pene SRD-5VDC-SL-C ans xepyBaHHs
yIpaBisitouuMu enementaMu Hacocy Ta TEHa, konbopoBuit rpadgiunuii ekpan ass
BiIoOpakeHHs JaHUX Ta iIHTepdeicy KOpUCTyBaya, TAKTOBY KHOIIKY JJIsl KEpyBaHHS
NEeBHUMH (DYHKITIIMA CUCTEMH, 3BYKOBHM m'e3oememeHT BMT-1203UX  mns
CIIOBIIIICHHS ITPO MEPEBUIIICHHS MEX TeMIlepaTypu Ta Moayib Bluetooth HM-10 s

MO>KJIMBOCTI JUCTAHIIMHOTO KEPYBaHHS Ta MOHITOPUHTY.
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Cxiam cxemMu mTpoekTy 3a0e3medye TOBHOTY  (YHKIIOHAJIBHOCTI
7a00paTOPHOTO JUCTHIISITOPA, BKIFOYAIOYHM KOHTPOJIL TEMIIEpPATypH, KepyBaHHS
HarpiBaHHSM Ta YIPaBJIIHHSA HIIMMH €JIEeMEHTaMHU CUCTeMU. B3aeMosisi Mixk [TUMU
KOMIIOHEHTaMU 3a0e3neuye epeKTUBHY Ta HaAliHy poOOTy AUCTHIISATOpA Tij Yac

IIPOBE/ICHHS TAOOPATOPHUX E€KCIIEPUMEHTIB.

2.2. Xapakrepuctuka Arduino Mega2560

Arduino Mega2560 € MIKpOKOHTPOJEPHOIO IUIATOIO, sKa 3abe3medye
peaizariito (GyHKITIOHATBHOCTI 71a00paTOPHOTO JTUCTUIISATOpA. [ei
MIKPOKOHTPOJIEP Ma€ IMMPOKHHA CIEKTP MOKIUBOCTEH Ta XapaKTEPHCTHK, IO

pOoOIISATH HOTO BIAMIOBITHUM BUOOPOM IS 111€1 pO3POOKH.

moe @
INITALY p=

ARDUINO

ANALOG IN

- ANMS< W
I

Puc. 2.1. Arduino Mega2560
Jxepeno: [8].

Opniero 3 KIOUOBUX XapakTepucTuk Arduino Mega2560 € iioro motyKHuii
mikpokoHtposep ATMega2560 3 TakrtoBOor0 wyactotoro 16 MIn. ILle#
MIKPOKOHTPOJIEp Ma€ BEJIMKY KUIBKICTh BXOJIB Ta BHXOMIB, BKJIIOYalouu 54
uu(ppoBUX BXOAN/BUX0H (3 IKHX 15 MOxyTh OyTH Bukopuctani sk LLHIM-Buxoamn),
16 ananorosux BxoAiB Ta 4 UART-noptu ans 3a0e3neueHHss KOMyHiKalii 3 IHIIUMUA
MPUCTPOSIMHU.

Arduino Mega2560 Takoxx Mae BOy/10BaHy HaM'sTh, IO JO3BOJIsIE€ 30epiraTu

nporpamu Ta AaHl. Bona ckimamaerscs 3 256 kinoGaiT ¢raemr-mam'sti (B sIKid
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30epiraeTbes nmporpamue 3ade3neueHHs), 8 kimooaiT O3I1 piis 30epiraHHs 3MIHHAX
ta 4 xuo6aiiT EEPROM s 30epiranHst HOCTIMHUX JaHUX.

Arduino Mega2560 miaTpumMye pizHOMaHIiTHI iHTepdeiicu, Brmrodatoun 12C,
SPI ta CAN, mo 1o3BoJisie 3a0€3MEUYUTH 3B'SI30K 3 IHIIUMH MPUCTPOSIMH Ta
PO3MIMPUTH MOXKIUBOCTI cucteMu. Kpim Ttoro, nsg mnata mae USB-nopt ans
3'€eTHAHHS 3 KOMI'TOTEPOM, IO CIIPOIIYE MPOrpaMyBaHHs Ta BIJIAIKY.

Arduino Mega2560 niaTpuMy€e BUKOPUCTAHHS PI3HOMAHITHUX MPOTPAMHUX
010;oTek Ta cepeaoBuil po3poOku, 3okpemMa Arduino IDE, mo pobuts ioro
JOCTYIIHUM Ta 3pY4YHUM JJsi po3poOHuKiB. e crnpuse mBuakomy po3poOieHHIO
IpOrpaMHOro 3abe3neyeHHs A YIpaBIiHHSA AUCTUIALIMHIM IPOLECOM Xi.

3aranpHa xapakrepuctrka Arduino Mega2560 moka3ye MOro moTyxHICTh Ta
THYYKICTh y BHMKOHAaHHI 3aBJaHb, IOB'S3aHUX 3 YIOPABIIHHAM Ta KOHTPOJEM
PI3HOMAaHITHUX €JIEMEHTIB Ja0OpaTopHOTO AUCTWIsATOpa. Llel MiKpOKOHTpoJep €
HAJIHOI0 OCHOBOIO ISl peanizamii (yHKIIOHATHHOCTI MPOEKTy Ta 3abe3mnedye
BHUCOKY IIPOJYKTUBHICTh Ta TOUHICTb YIPABIIHHS JUCTHISILIITHUM IIPOLIECOM.

Arduino Mega2560 Takox Mae 3HaYHy KIJIBKICTh BXOJIB 1 BUXO/IIB, 1110 HAJA€
ITUPOKI MOXKJIMBOCTI JiJ1s 3a0€3I1eueHHs B3aeMO/IIi 3 PI3HOMaHITHUMH 30BHIIIHIMHU
IPUCTPOSIMU Ta ceHcopaMu. Lle 103Boiisge po3MPUTH (PYHKIIIOHATBHICTD CUCTEMU
Ta 3a0€3MeYnTH MOTPIOHI B3aEMO/IIT 3 HABKOJUIITHIM CEPEIOBUIIEM. Y ChOTO TIIaTa
mae 54 mudposux Bxoau/Buxoau (digital /O pins). 3 Hux 15 mMoxyTh OyTH
BukopuctaHi sk BuxigHi IIM-curnamm (PWM — Pulse Width Modulation), mo
JI03BOJISIE TEHEPYBATH aHAJIOTOB1 CUTHAJIN 3 IOTIOMOTO0 IITUPHUHHM IMITYJIbC1B. KokeH
upoBUil MH MOXE MPAIIOBaTH SK BXiJ a00 BUXiJ, 3aJIE)KHO BIJl HAJIAIITYBaHb
nporpamu [9].

VY mikpokonTposniepa Arduino Mega2560 Ttakox € 16 aHamoroBux BXOIB
(analog input pins). Ili miHM [J03BOJIAIOTH 3YUTYBAaTH AaHAJOTOBI 3HAYCHHS,
HaIpUKIIAa, 3 JATYMKIB aHAJOTrOBHX CHTHaJiB. KOXXKEH aHaIoOroBWi BXiJ MOXE
3UATYBaTH 3HA4YeHHs B Jiama3oHi Big 0 g0 5 BoabT. Takum umHOM, Arduino
Mega2560 mae nBa psaau 3arasibHoro npuszHadeHss (General Purpose Input/Output,

GPIO) miHiB, 110 JO3BOJISIIOTH MIAKIIOYATH 30BHINIHI mpucTpoi. Takoxk Ha 1uiati €
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po3'emu I2C Ta SPI, ski A03BOJSAIOTH MIAKIIOYATH JATYUKH, AWCIUICT Ta IHIII
IPUCTPOI, 1110 TIATPUMYIOTH 111 1HTepDeicH.

Arduino Mega2560 Takoxx mMATPpUMY€E KOMYHIKAINIO 3 PI3HUMHU MPUCTPOSIMU
3a jgomoMorotro pizHux iHTtepdeiiciB. Bin Mae 4 UART-moptu (Universal
Asynchronous Receiver/Transmitter), njo 103BOJIAIOTh IEPEIABATH Ta OTPUMYBATU
naHi 3a goromororo npotokosry UART. Kpim Toro, mnata miarpumye 3'eTHaHHS 32
nonomororo [12C (Inter-Integrated Circuit), SPI (Serial Peripheral Interface) Ta CAN
(Controller Area Network).

[Inata Takoxx wmae USB-moprt, skuii m03BOMSE MIAKIOYATH HOTO J0
KOMIT'FOTepa YM IHIIOTO MPUCTPOIO IS MporpaMyBaHHs Ta Bimmanku. USB-mopt
MOXKe OyTH BHKOPHCTaHUW SK BXI/BUXIT JUIS Iepenadi gqaHux Mix Arduino Ta
KOMIIT' FOTEPOM.

[11 OaratodyHkuioHasbHI Bxoau 1 Buxoau Arduino Mega2560 HamaroTh
PO3pOOHUKAM MIUPOKUN CHEKTP MOKIWBOCTEH JJIA MiJIKIIOUYCHHS, KEPYBaHHS Ta
3YNTYBaHHS JIaHUX BIJI PI3HUX MNPUCTPOiB Ta ceHcopiB. lle pobuth Arduino
Mega2560 mOTy>KHUM 1 THYYKHUM 1HCTPYMEHTOM JIJIsl pealtizallii pi3HUX MPOEKTIB,
BKJIFOYAIOYH JTAOOPATOPHUIA TUCTUIISTOP.

OTxe, 3aJ1€KHO B1J BUMOT TPOEKTY, MOXJIMBA CYyMICHICTb 3 PI3HUMH IJIaTaMU
PO3IMIMPEHHS IS PO3MIUPEHHST (YHKIIIOHATBHOCTI Ta 3a0e3reueHHs OiIbIIoi
THYYKOCTI CUCTEMHU.

Po3mipu Arduino Mega2560 cknanators 6mm3pko 101.52 MM (noBxkHMHA) X
53.3 MM (mMpuHa), MO pOOUTH HOro JAOCTATHHO KOMIIAKTHHUM IS IHTErpalii y
npoekT. Ha mati po3MimieHi po3'eMu, Kl JO3BOJISIIOTH MIJIKJIIOYATH J10JIaTKOBI
MPUCTPOI Ta TUIATH POIMIMPEHHS, IO PO3IIUPIOIOTH MOKIIMBOCTI CHCTEMH.

Arduino Mega2560 wmae 3aranbHOi CyMICHICTH 3 OaraTbMa IUIaTaMH
PO3IIMPEHHS, KI 0a3yl0ThCsl Ha CTaHAApTHUX 1HTEpPeiicax, Takux sk [2C, SPI Ta
UART. e o3nauvae, o miata Mo>ke OyTH JIETKO TTOETHAHA 3 THIITUMU TIPUCTPOSMU
Ta MOAYJSIMU, TAKUMHU SIK JATUYMKH, AUCIUICT, aKTyaTOpH Ta 1HII MPHUCTPOi, L0

PO3LIMUPIOIOTH (PYHKIIIOHAJIbHICTD MPOEKTY.
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2.3. XapaKkTepuCTHKA 10JATKOBHX €JIEMEHTIB CXeMH

['epmetnunuii natuuk temmnepatypu DS18B20 € eneKTpOHHUM IPUCTPOEM,
KU BUKOPUCTOBYETHCS JJI BUMIPIOBAHHS TEMIEpaTypu y J1abopaTopHOMY
nuctunatopi. Bin 3a0e3neuye TouHe Ta HajiliHE BUMIPIOBAHHS TEMIIEpATypH, IO

JI03BOJISIE KOHTPOJTFOBATH MIPOIIECH HArPIBAHHS Ta OXOJIOPKCHHS Y CUCTEMI.

DALLAS
DS1820

g
a

GND |
VDD |

Puc. 2.2. I'epmernynnii 1aTyuk temneparypu DS18B20
Jxepeno: [2].

XapakTEpUCTUKM  TEPMETUYHOTO  naruynka Ttemneparypu DS18B20
BKJIFOYAIOTh POOOYMIA Jiama3oH TeMIepaTtyp, sIKHd MoxKe OyTH, HAPHUKIAd, Bif -
55°C no +125°C, po3nisibHy 3/1aTHICTG, 110 BU3HAYAE MiHIMAJIBHUN BUMIPIOBaHHUI
KpPOK TeMIepaTypH, TOUHICTb BUMIPIOBaHHS, sika Moxke OyTu B Mexax +0.5°C, a
TaKOX 4ac BIATYKY, 1110 BKa3y€ Ha IIBUJAKICTb OHOBJIEHHS BUMIPIOBAHb.

Hatuuk DS18B20 BukopuctoBye nuudposuii inrepdeiic 1-Wire, 1o go3B0s1s1€

nepejaBaTy JlaHi TeMIepaTypu uepe3 OJuH eauHui mpoBia. lle cmporrye
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MIIKJIFOYSHHS Ta KoMyHiKalio 3 Arduino Mega2560. Bin Takox Mae BOygOBaHUM
YHIKQJIbHUN 1IeHTU(]IKATOp, LI0 TO3BOJSE OJHO3HAYHO 1AEHTHU(IKYBATH KOKEH
OKPEMHI TaTYUK Y CUCTEMI.

['epMeTryHa KOHCTPYKINiS JaTYMKa 3a0e3nedye WOro 3aXMcT BiJ BOJIOTH Ta
WY, 110 POOUTH HOT0 BIIMOBIIHUM JJIs BAKOPUCTAHHS Y BOJIOTOCTI Ta arpECUBHUX
ymoBax. KpiM Toro, matumk mae mam (Gi3UYHI PO3MIPH, IO JO3BOJSE JIETKO
BCTAaHOBJIFOBATH WOTO Y CUCTEMY.

Takum ynHOM, repMeTnyHuil gatuuk temneparypu DS18B20 € naaiitHum Ta
TOYHHUM TMPUCTPOEM, SIKMI JTO3BOJISIE BUMIPIOBATU TEMIIEPATypy Y JIabOpaTOpHOMY
JUCTUIISITOP1 3 BUCOKOIO TOYHICTIO Ta CTaOUIbHICTIO. Lle BaXKJIMBHI1 KOMIIOHEHT, 110
JIOTIOMara€ KOHTPOJIFOBATH TEMIIEpaTypHI YMOBU Ta 3abe3medyBaTH Oe3leKy Ta
€(heKTUBHICTb IIPOIIECY.

['omuaHuk peanbHoro uvacy (RTC) — me eneKTpoHHUN NPUCTPI, SKUN
BUKOPHUCTOBYETbCA JUIsI TOYHOTO BUMIPDIOBAaHHS Ta BIACTEXKEHHS Yacy Yy
JabopaTopHOMY TUCTWIATOPI. BiH 3a0e31euye MOKIMBICTh OTPUMAaHHS aKTyaJbHO1
iH(opMarii mpo yac Ta Jary, Mo € BAXJIMBUAM JUII CHHXPOHI3AIT MOiN, perysmii
TaliMepiB Ta KOHTPOJO CUCTEMHUX TIPOLIECIB.

Monyns TOIMHHHMKA pEaJbHOrO Yacy MOoOYy/IOBaHWW Ha OCHOBI MOJENl
DS3231, sxa cnernianpHO TpU3HaYeHa 71 poO0TH 3 Tuiatamu Arduino, BKITIOYAI0YU
Arduino MEGA.

Ileii eneMEHT BUKOPUCTOBYETHCS y JaOOpPATOPHOMY AUCTHIIATOP] ISt
TOYHOTO BUMIPIOBAHHS Ta BIJACTEKEHHS Yacy, IO J03BOJSE KOHTPOJIOBATU
CUHXPOHI3aIllI0 Ta BUKOHAHHS PI3HMUX MOAIN y cucTemi, 3a0e3rnedye MpaBUIIbHY
poOOTYy TalilMepiB Ta PETYIIOBAHHS CHCTEMHHX MPOIICCIB.

Pene SSR-25 DA Bimirpae BupimaibHy pojib y MPOEKTI J1ab0OpaToOpHOTro
JTUCTUIIATOPA, 3a0e3neuyroun epeKTUBHUMN 1 HANIMTHUN KOHTPOJIb HAJl HArpiBaJIbHUM
€JIEMEHTOM.

Pene SSR-25 DA — 1ue TBepHoTiabHE pene, MpU3HadeHEe sl KepyBaHHS
HaBaHTXKEHHSAMHU 3MIHHOTO CTpyMy. BOHO Mae Kijibka KIFOYOBHX XapaKTEPUCTHK,

K1 pOOJISITH HOTO MPUAATHUM JIJISL TPOEKTY JTa00PATOPHOTO JUCTHIIATOPA:
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Puc. 2.3. Pexe SSR-25 DA

xepeno: [5].

Pene SSR-25 DA 3naTHe npaitoBaTH B 11ana3oH1 HAIIPYTyd HaBaHTaXKEHHS 24-
380 B 3minHOrO CTpyMy, 110 pOOUTH MOr0 CyMICHUM 3 THUIIOBUMHU BHUMOTaMH [0
MOTY)XHOCTI HarpiBaJbHUX €JIEMEHTIB, $Ki BHUKOPHCTOBYIOTHCS B MpOIECcax
TUCTWISIIT. BOHO Mae HOMIHAJIBHMIA CTPyM HaBaHTaXEHHS 25 A, M0 J03BOJISE
fioMy e(eKTUBHO KE€pyBaTH 3HAYHUMH PiBHSIMHU MOTYKHOCTI.

Ha BigMmiHy BiJ TpaauIliiHUX eNEeKTpOMEXaHIuHuX pene, B pene SSR-25 DA
BUKOPUCTOBYETHCSI ~ HAMIBIPOBITHUKOBA  KOHCTPYKIISI 3  BUKOPHUCTAHHSIM
HaIBIPOBITHUKOBUX MPUCTPOIB, TAKUX SK TUPUCTOpPU abo cumicropu. Taka
KOHCTPYKIIisl yCyBa€ MOTpeOy B PyXOMHX YaCcTHHAX, 1110 MPU3BOJUTH 10 UIBUAIIOTO
yacy BIATYKY, NIJIBHMINCHOI HAAIWHOCTI Ta 3MEHIICHHS 3HOCY. BiacyTHIiCTh
MEXaHIYHMX KOHTAKTIB TaKOX 3HIKYE PU3UK BHUHWKHCHHS TyTH, IiJBHUILYIOYH

3arajibHy Oe3MeKy CUCTEMH.
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Kpim Toro, perne SSR-25 DA mae onTHYHO 1307150BaH1 BXOIM KEPYBaHHS, 1110
3a0e3reuye EJIeKTPUUYHY 130JII1I0 MIXK JIAHI[IOTOM KEpPyBaHHS Ta JIAHIIOTOM
HaBaHTaXeHHA. L[ 1307111 3amob6irae BITMBY MEPEMIKO]] 1 CTPUOKIB HANPYTH Ha
CUTHAJIM KEpyBaHHs, 3a0e3Meuyroud IMABUIIEHY CTaOUIBHICTh 1 3aXHCT BIJ
CJIEKTPUIHHX TEPEIIKO/I.

Takox BapTo 3a3Ha4YuTH, 110 pesne SSR-25 DA mae QyHKIIIIO IepeMUKaHHS 3
HYJTHOBUM INepeTHHOM. [le 03Hadae, 110 BOHO BMUKAE JTAHIIOT HAaBaHTaKEHHS, KON
3MiHHA Halpyra NEpeTHHAE HyJb, MIHIMI3YyIOUM MEpPEXiHl MPOLECH CTpyMy Ta
3MEHIIIYIOUM HABAHTAKEHHS Ha MIJIKIIOYEHI MpUCTpoi. [lepemukanHs 3 HyJIbOBUM
NEPEeTUHOM JIONIOMAarae 3MEHIIUTH €JeKTPUYHI IIYMHA 1 HiABUIIY€E 3arajibHy
edekTuBHICTS Tporiecy auctuisiii. Takum unHOM, pere SSR-25 DA po3pobieno
JUtst eEeKTUBHOTO BIJIBEJICHHS TEIlIa, 3a0€3Meuy0ur ONTUMAIbHY MPOAYKTUBHICTD
1 3ano0iraroun neperpiBaHHio. BOHO ocHalleHe paaiaTopamMu 1 BiANOBIIHUMH
3axX0/IaMH TEPMOPETYJIFOBAHHS Uil MIATPUMKK Oe3neuHoi poOouoi Temmeparypu
HaBiTh B YMOBaxX BUCOKHX HaBaHTa)KCHb.

Pene SSR-25 DA BukopucTtoBye BXigHu# iHTEpdEc KepyBaHHS, CYMICHUH 3
MikpokoHTpoJiepoMm  Arduino  Mega2560. lleit  iHTepdeiic  mo3Bosie
MIKPOKOHTpPOJIEpY BMHUKAaTh a00 BUMHUKATH pejie BIAMOBIIHO J0 BHUMOT MpPOLECY
JUCTUIIALIT Ta BBEACHUX KOPHUCTYBaueM JaHUX. Pere MOXHa KOHTPOJIIOBATH Yepe3
nu@poBUN BUXIA MIKPOKOHTpOJIEpA, IO CHPOIIYE I1HTErpalilo 1 yHopaBJIiHHSA
HarpiBaJibHUM €JIEMEHTOM B JTA0OPATOPHY AUCTUIISITOPHY CUCTEMY.

Takum ynHoM, pene SSR-25 DA mae BaxIIHBI XapaKTEPUCTUKH, SIKI POOIISATH
foro imeadbHUM KOMITOHEHTOM JUIS YIPAaBIiHHS HarpiBajlbHUM €JIEMEHTOM B
11aG0paTOPHOMY JIMCTUIATOpi. Moro HaBaHTaXyBaJbHA 3JATHICTh, TBEPIOTiNbHA
KOHCTPYKIIiSl, ONTHYHO 130JIbOBAaHE KEPYBaHHS, TMEPEMHUKAHHS 3 HYJIbOBUM
NEPETUHOM, MOXKJIMBOCTI PO3CIFOBaHHS TeIuia 1 cyMicHICTh 3 Arduino Mega

Pene SRD-5VDC-SL-C € enexTpoMexaHidHUM peEIie, SKE€ BUKOPUCTOBYETHCS
B JIaDOpAaTOPHOMY JUCTWIISITOPI JUIsl KEpyBaHHA PI3HUMHU  EIEKTPUUYHUMU
HaBaHTaKEHHAMU. BOHO mpalitoe Ha OCHOBI IPUHLIMITY €IEKTPOMArHiTHOI 1HAYKIIIT
Ta 3a0e3neuye KOMYTAIlll0 €JEKTPUYHUX CUTHAIIB Ta KEPYBAaHHS MpOIECaMU B

cCUCTEMI.
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Puc. 2.4. Peae SRD-5VDC-SL-C

Ixepeno: [14].

OcnoBHi xapakrtepuctuku pesne SRD-5VDC-SL-C BximodaroTs pobody
Hanpyry, aka ctaHoBuTh SVDC, 1m0 BU3HaYae HEOOXIAHY HANpyry Jjs akTUBAIlll
pene Ta Horo po6oTy. BoHO Takok Mae KOHTaKTH i KepyBaHHS, 3a3Bu4yail NO
(Normally Open — 3Buuaitno Bimkputuii) Ta NC (Normally Closed - 3Buuaiino
3aKpUTHUI), IO JO3BOJISIE BUKOPUCTOBYBATH pelie JJIsl PI3HUX TUIIB KEPYBaHHS Ta
KOMYTaIlii.

Pene SRD-5VDC-SL-C Mae mexaHiuHYy KOHCTPYKIIIO 3 KOHTAaKTaMH, IIIO
3a0e3neuyyoTh ~ HaAIMHYy  KOMYyTallil0  €JIeKTPUYHUX  CHUrHamiB.  BoHO
XapaKTEPU3y€EThCS] HU3bKUM PIBHEM IIYMYy Ta MiHIMajJbHUM KOHTAKTHHM OIOPOM,

110 3a0e3neuye epeKTUBHY Nepeadyy CUTHAIB 1 MiHIMI3Y€ BTpaTH.
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HonatkoBo, pene SRD-5VDC-SL-C mae BOyoBaHu# 110 JHUH pE3UCTOP IS
3aXHUCTy BiJl BUIMPOMIHIOBAHHS €IIEKTPUYHOTO IIyMYy Ta PEBEPCHOTO CTPyMYy, IO
J03BOJIsIE  3a0€3MeYUTH  CTabUIbHY pOOOTY pelie Ta 3amo0irTH  MOMXJITHBUM
MOIIKOJIKEHHSIM.

Ile pene 3a3BUYail BUKOPUCTOBYETHCS MJisi KOMYTallll HU3bKOBOJBTHUX
CUTHAJIIB 1 HABAHTAXKEHb, TAKUX SK JAMITH, MOTOPH, COJICHOIM Ta 1HII TIPHUCTPOI.
Bono 3abesneuye HajiliHe KEpyBaHHS Ta KOMYTAllll0 CUTHAJIB B CHUCTEMI, IO
JI03BOJII€  3a0€3MeuuTd TOTPIOHUN (QyHKIIOHAT Ta CTaOUIBHICTH pPoOOTH
71a060paTOPHOTO AUCTUIIATOPA.

OLED-pucmnesi  SSD1306 €  K/II0OYOBUM  KOMIIOHEHTOM  MPOEKTY
7a00paTOPHOTO JAWCTHIATOPA, SKUH CIyrye BI3yadbHUM 1HTepdencomM s
npeacTaBieHHs 1HGopmMallii kopuctyBadeBl. lleli po3ain mMae Ha MeTI HajgaTu
BceOIYHUI onuc Ta aHami3 xapakrepuctuk OLED-nucmnes SSD1306, BucBiTiInTH

HOTO TEXHIUHI XapaKTEPUCTHKHU Ta QYHKIIOHATHHI MOXKIMBOCTI B paMKax MPOCKTY.

T . W o

S VCC GND SCL SDA

Tl 3

Ud: 08

2014-10-01

Puc. 2.5. Expan SSD1306 OLED
xepeno: [13].
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OLED-nmucmnest SSD1306 mae kifbka BaKIMBHX XapaKTEPUCTHUK, SKi
CHPHSIFOTh HOTO MPHUIATHOCTI JIJIS TPOEKTY JTaOOPATOPHOTO JUCTHIISATOPA!

1. B OLED-aucmiei SSD1306 BUKOPUCTOBYETHCSI TEXHOJIOTISI OPraHIYHUX
ceitnmogioniB (OLED). OLED-aucnnei MarTh psii mepeBar Haja TpagullliHUMU
pinkokpuctamiuaumu  auciuiesimu  (PK-ngucmiesimu),  BKJIIOYAOUM — BUILIUM
Koe(DIiIiEHT KOHTPACTHOCTI, ITUPII KyTH OTJISTY, IBUAIIUN Yac BIATYKY 1 37aTHICTh
BIJITBOPIOBATU CHPABXKHI YOPHI KOJIbOPH 33 PaXyHOK 1HIUBIIyalIbHOTO OCBITJICHHS
KOXKHOT'O MIKCEJIs.

2. OLED-nmucmeit SSD1306 3a3Buuaii Mae po3auTbHY 3aaTHICTH 128x64
MIKCENiB, 10 3a0e3Meuye JOCTaTHIO TUIOILY €KpaHa JUIsl BiIOOpa)KeHHS BaXKIUBOI
iH(popMaIlli B 4ITKOMY Ta 3pydyHOMY JUisi yuTaHHSA ¢dopmarti. Di3UUHUA PO3MIp
JTUCIUIES] MOKE BIJIPI3HSTHCS, ajie 3a3BUYail BIH CTaHOBUTH 01n3bK0 0,96 mroiima 1mo
JiaroHai, IpOMOHYIYH KOMIIAKTHY, ajie JOCTaTHbO BUIUMY 00JIacTh JUCTLIES.

3. OLED-gucmneit SSD1306 — 11e MOHOXPOMHUN JHUCIUICH, KM 3a3BHYA
Mae Oull MiKcedl Ha YOpPHOMY TJii. XOo4a MOHOXPOMHHUM JTUCIUIEH HE HIATPUMYE
KOJIBOPOBI 300pakeHHs, BiH IyXe e()EeKTUBHO Ieperac OCHOBHY iHGOpMaIliio i
MIHIMI3y€ €HEepProCIOXKUBAHHSA, 1[0 POOUTH WOTO MPHUAATHUM JUIsl 3aCTOCYBaHb, JI€
MPOCTOTA 1 eHEProe(HEKTUBHICTh MAIOTh BUPIIIAIbHE 3HAUCHHS.

4. OLED-mucnneit SSD1306 BuxopucroBye mpoTtokon iHTepdericy [12C
(Inter-Integrated  Circuit), mo0 3a0e3meuye  Oe3mepeOiiiHMI  3B'SI30K 3
MikpokoHTpoJiepoM Arduino Mega2560. Inutepdeiic [12C nonermye nepegauy
JAHUX 1 KePYIOUUX CUTHAIIB Mk MIKPOKOHTPOJEPOM 1 JMCIUIEEM, CIPOIIYIOUU
mpoliec iHTerparii Ta 3a0e3meuyrdn eeKTUBHY Mepeaady JaHuX.

5. OLED-mgucmneit SSD1306 mintpumye psag mpudTiB 1 rpadidHux
MOXKJIMBOCTEM, 10 JA03BOJIsIE€ BigoOpaxaTu andaBiTHO-IM(POBI 3HAKU, CUMBOJIH 1
HaBITh 0a30By rpadiky. Ll yHIBepcaldbHICTH [03BOJISE€ YITKO 1 JIAKOHIYHO
BiOOpakaTh Ha JUCIUIE] TMOKa3aHHS TeMIepaTypu, iHPOpMAIio Mpo CTaH 1
MiJKa3Kd KOPHCTYyBaua, TMOKPALIYyIOYM JOCBIJ KOPUCTyBadya 1 MOJETIIYIOYU
B3a€MO/I1I0 3 JIAOOPATOPHOIO JUCTUIISTOPHOIO CUCTEMOIO.

[le#i eneMeHT TakOX BIJIOMHI CBOIM HU3BKUM €HEProCHOKMBaHHIM. Bin

CHOKMBA€ €HEPril0 TIUIbKU TOJI, KOJM MIACBIYYIOTBCS OKpEeMi IIKCell, 10
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3abe3neuye eHeproegekTuBHy poOoTy. Ll BaacTUBICTE OCOOJHMBO BaXKJIMBa B
J0aTKax 3 KUBJIEHHSIM B1J] 6atapei a00 eHEeproeMHUX MPUCTPOsIX, 3a0e3Meuyoun
TPUBAJIUKA Yac pOOOTH 1 3HUKYIOUH BUMOTH JI0 CHEPTOCIIOKUBAHHS.

TaktoBa kHomka 6x6 H9 € ogHuM 13 eleMEHTIB cxeMH J1abopaTOPHOIO
JTUCTUIIATOPA, AKUA BUKOPUCTOBYETHCS ISl BBEICHHSI KOPUCTYBAIbKUX KOMAaH] Ta
KepyBaHHS MpUCTpoeM. BoHa Mae 0coONHMBY KOHCTPYKINiIO, sika 3a0e3redye
MEXaHIYHE HAaTUCKAHHS 1 BIAMYCKAaHHS, BUKJIUKAIOUU 3MIHY €JIEKTPUUYHOTO CUTHATY

IIPU HATHCKAHHI.

Puc. 2.6. TakToBa kHonka 6x6 H9, 4-pin
Jxepeno: [6].
TakroBa kHomka 6x6 H9, 4-pin Mae HacTynH1 XapaKTepUCTUKHU:
1. Po3mip: 6x6 mm (10,2x10,2 Mm)
2. Bucora: 4,4 MM (nesiki Bapialfii MOKyTh MaTH JEIIIO 1HIII pO3MIpH)
3. KinbkicTs koHTaKTIB: 4 koHTaKkTH (Al, A2, B1, B2)
4. Cuna cpanbOByBaHHS: 3a3BHuail 6au3bko 15-30 rpamis
4. Kutresuit muki: Big 50 000 7o 100 000 cipariboByBaHb
5. HominaneHuii ctpyM: 3a3zsuuaid 50 MA abo HIKYE
6. PoOoua Temniepatypa: 3a3suuaii Bijg -20°C no 85°C
[{i TakTWIbHI TEpeMHUKayl MIMPOKO BUKOPUCTOBYIOTHCS B EJIEKTPOHHHUX

CXeMax 3aBJISKH iXHIHA JOCTYMHOCTI Ta MPUAATHOCTI IJIi MOHTaXy Ha JIPYKOBAaHUX
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iatax. Bonn 3a0e3mneuytoTh TaKTUILHUN 3BOPOTHUH 3B'I30K MPU HATUCKAHHI, 1110
POOUTH X NPUAATHUMU ISl TAKUX 3aCTOCYBaHb, IK KHOIIKU Ha AUCIUIET Iu(poBOro
rOJIMHHUKA.

[Ipu migkmroyeHHI 4-KOHTAaKTHOTO TaKTWJIBHOTO mepemMukada 6x6 H9 no
Arduino Mega Bu MOeTe BUKOPUCTOBYBATH OJIMH 3 54 U(PPOBUX BXO/11B/BUXO/IIB,
JOCTYITHUX Ha tuiati. [lepemukad MoOkHa MIIKIIOYATA O MIKPOKOHTpOJepa 3a
JIOTIOMOTOI0 MIPOCTOI CXEMHU.

3BykoBuil m'ezoenemeHT BMT-1203UX € mie oaHum 13 J0JaTKOBUX
CJIEMEHTIB CXeMH JIa0OpaTOPHOTO AMCTUIIATOPA, SIKUA BUKOPUCTOBYETHCS IS
BIITBOPECHHS 3BYKOBHMX CHTHAJIIB a00 CUTHAIIB CIOBilIeHHs. BiH Mae crerianbHy
KOHCTPYKIIif0, IO JI03BOJISIE TIEPETBOPIOBATH EICKTPUYHUNA CUTHAT Y 3BYKOBI

KOJINBaHHS.

Puc. 2.7. 3BykoBuii n'ezoesiemenT BMT-1203UX

xepeno: [11].

3BykoBuit m'ezoenemeHT BMT-1203UX mae HacTyIHI XapakTEPUCTHKU:

1. MonTax: TexHosorist HackpizHoro otBopy (THT)

2. Poboua Hampyra: 30 MA.

3. PoGoua Temniepatypa: Bia -20°C no 70°C.

4. Tiametp: 12 mm.

Takum uywmHOM, 3ByKoBUW Im'e30oeemMeHT BMT-1203UX € BaxiauBuMm
KOMITOHEHTOM CXE€MH J1a00paToOpHOro JUCTHISITOPA, SIKUIl JO3BOJISIE BIATBOPIOBATH
3BYKOBi CHTHanu ab0 CIOBilIeHHs. MIoro XapakTepHCTHKH, BKIIOYAIOUN aKyCTHUHY

Yy TJIUBICTh, p0O0OYY HAMpyTy, PE30HAHCHY YaCTOTY, Jl1alla30H YacTOT, MEXaHIUYHY
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KOHCTPYKIIII0O Ta €JNEeKTPUYHI TapaMeTpy, BU3HAYAIOTh HOTO (YHKIIOHATIBHI

MOKJIMBOCTI Ta 3aCTOCYBAHHS Y CUCTEMI.

W

-
= -on
sxmm Arduino .

Puc. 2.8. Arduino — BinnpaBka psinka 4yepe3 Bluetooth 3a tonmomororo HM-10
Jlxepeno: po3po0iieHo aBTopoM 3a [4].

Monyns Bluetooth HM-10 — mne moayne Bluetooth 4.0 3 migTpumkoro
texHoJorii Bluetooth Low Energy (BLE). Bin 6a3yeThcst Ha cUCTEMHI MIKpocXeMi
Texas Instruments CC2540 a6o CC2541 BLE System SoC (cuctema Ha KpucTadmi).
Monayne nepenae B aiama3oni 2,4 I'T'y ISM, sk tpagumiitauii Bluetooth. Sk 1 Bci
BLE-npuctpoi, HM-10 mae Habip nmocayr, 1 KO’KHa MOCayra Mae Hallp MOB'A3aHUX
3 HEIO XapaKTEePUCTHK:

1. HM-10 notpe0ye xxuBnenns Bia 2,5 B 10 3,3 B i cnoxkusae 1o 50 MA. Bin
crokuBae O6au3bko 9 MA B akTHBHOMY cTaHi 1 50-200 MKA B CIUITUOMY PEKHMI.
[MotyxHicTh pagiogactoT -23dbm, -6dbm, 0dbm, 6dbm

2. IMigxmouenns UART: HM-10 ynpaBnsieTsest 3a tonomoroto AT-komann,

10 HAJICKJIAIOThCS depe3 nociigoBHe 3'eqHanass UART
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3. CymicHicth: HM-10 - 1ie mume moayss Ha 6a3i Bluetooth 4.0, Tomy BiH He
Oyne migkiodatucs a0 moayiis Bluetooth 2/2.1, rakux ssk HC-05, HC-06 ta iHmux
moxyiiB Bluetooth.

Takum yunoM, Mmoayins HM-10 monymnsipauit 11 BuKopuctanus 3 Arduino
3aBSKM CTaHAapTHOMY nochigoBHOMY 3'enHaHHI0O UART, 110 poOuTh HOTro 10CUTH
MPOCTUM JIs MAKTIOYEHHS 10 Arduino

st po3poOKH MPOrpaMHOT0 YacTHHOI OyJio BuUKopucTaHo Fritzing — ue
HIlIaTUBAa 3 BIAKPUTUM BHUXIJHUM KOJIOM, CHOpsIMOBaHa Ha pO3poOKy Ta
MPOEKTYBaHHS €NEKTPOHHOro 00sagHanHs. Bin OyB po3pobiieHuii B YHIBEpPCUTETI
npukiaaaux Hayk IloTcmama 1 moOynoBaHUN 3 BHKOPHUCTAHHSIM BIJKPUTOTO
BHXigHOTO Koy Qt [17].

Fritzing Hamae kopucTyBadam I1HCTPYMEHT JUIsI PO3POOKH CXEM, CXEeM Ta
CTBOpPEHHSI MaKeTiB JPYKOBaHMX IuiaT maker.pro. Moro Mera — 3ampoOIOHYBaTH
MPOCTI THCTPYMEHTH JUIsl JOKYMEHTYBaHHS Ta OOMIHY MpoeKTaMu (i3HIHHUX
oOuucieHb, CTBOpEHHs MakeTiB jApykoBaHux IuiaT (PCB) Tta BukiamanHs
CJICKTPOHIKH/

Iatepdeiic kopuctyBaua Fritzing ckiiagaeTbcsi 3 JEKUIBKOX KOMITOHEHTIB,
BKrouatroun Project View, Palette Windows 1 Part Creator fritzing.org. Project View
JI03BOJISIE KOPUCTYBa4aM CTBOPIOBATH 1 peJlaryBaTH BIpTyaibHI €IEKTPOHHI CXEMU
y BUIJIAJl MaKeTHOI IJIaTH, cXeMU abo JpykoBaHOi miaTu. BikHa mnamitpu
BKJIIOYAIOTh 010J1I0TEeKy JeTanei, I1HCHEKTOp JeTaneil, ICTOpil0 BIAMIHM Ta
HaBirarop. Part Creator — 11e iHCTpyMeHT Jij1s1 Moaudikarii getaneit abo CTBOPEHHS
HOBUX JeTaneit ais Fritzing.

OcHoBHU# pobounii mponec Fritzing mependadae CTBOpEHHsI pearbHOI
CXEeMH, BIJTHOBIICHHS cxeMu y Fritzing, pegaryBaHHs cXxeMHu, 3MiHY BJIACTHBOCTEH
JeTa, IEPEMUKAHHS MK PEKUMaMHU TEPETIISTy MPOEKTY, MPOCKTYBAHHS MAKETy
JPYKOBAHOI IJIATH Ta IOKYMEHTYBaHHS MTPOCKTY.

Takum uwmHOM, Fritzing € MNOTYXHMM 1HCTPYMEHTOM JUJI MPOCYBaHHS
CJICKTPOHHOTO TMPOTOTHUITYBAaHHS 1 MOXKE€ BUKOPHCTOBYBATHICS 3 IUIaTaMH IS

IIBUKOTO MIPOTOTUITYBaHHS, TaKUMH K Arduino.

ApK.

ITC.4K1.0323.03-113

3MH.

ApK. Ne nokym. Nignuc | Aata

41




2.4. Bzaemonin kommnoHnenTiB cxemu BK

Bzaemonis xommoneHTiB cxemu BK (010k-cxeMu) € BaKIUBUM acleKTOM
MIPOEKTYBAaHHS Ta PO3POOKU eNEeKTPOHHUX cucTeM. KojkeH KOMIIOHEHT B CXeMi Mae
CBOi1 OCOOJIMBOCTI Ta XapaKTEPUCTUKH, SIK1 BILIUBAIOTH HA OT0 B3aEMOJIIIO 3 IHIIIUMU
KOMITOHEHTaMU. Hux4e HaBeACHO MOKJIAJHY XapaKTEPUCTHKY B3a€MOJIIi JESKHX
KITFOUOBUX KOMITOHEHTIB cxemu bK.

B3aeMonis mikpokouTposiepa Arduino Mega2560 3 iHIIMMU KOMIOHEHTaMU:

1. Arduino Mega2560 moke cHiBIpalioBaThH 3 PI3HUMH CEHCOpaMH Ta
MPUCTPOSMHU, HAMPUKIIA, JaTYMKAMU TEMIIEpaTypH, BOJIOTOCTI, pyxy Tomo. Lle
JIOCSITAETHCA 3a JIOMIOMOTOI0 BHKOpUCTaHHS BXOiB/BuXoiiB (GPIO) Ta 3aco6iB
KoMyHikaiii, Takux sik [2C, SPI a6o UART.

2. MikpokoHTpoiiep Moxe kepyBatu pene SSR-25 DA rta pene SRD-5VDC-
SL-C nnst ynpaBiiHHS €IEKTPUYHUMU HaBAaHTAKECHHSIMH, BUKOPUCTOBYIOYH CBOI
BUXOJIM Ta HU(POBI CUTHAIIH.

3 Arduino Mega2560 moke OoTpuMyBaTH AaHi BiJf TEPMETHYHOTO JAaTUYMKA
temriepatypu DS18B20, BukopuctoBytoun npotokoi 1-Wire, Ta 00pobiaTu 111 faHi
JUTS TIOIATTBIIIOTO BUKOPUCTAHHS.

B3aemMoist 1o1aTKOBUX €JIEMEHTIB CXEMU:

1. Moayns Bluetooth HM-10 mo3Bossie 0e3mpoBOJOBY KOMYHIKAIIIO 3
IHIIUMHU TPUCTPOSIMU, TAKUMHU AK CMapT(oHU abo KOMIT'IOTEPHU, 32 JOIMOMOIOIO
Bluetooth-3s's3ky. Lle mo3Boiisse mepemaBaTH JaHi MiXK CXEMOIO Ta 30BHIIIHIMHU
TIPUCTPOSMH.

2. l'oguHHUK peabHOTO Yacy 3a0e3nedyye TOUHUHN BIJUIIK 4acy 1 natu. Bin
MO>K€ BUKOPHUCTOBYBATHUCH ISl CHHXPOHI3AIl] MO B €JIEKTPOHHIN cUCTeMi a0o
JUTSI BEAICHHS JKypHATY TIOTii 3 TOYHUMU JaTaMH Ta YaCaMHU.

3. KompopoBuii rpadiuynuii ekpaH MOxke BimoOpaxkatu Tpadiky, TEKCT Ta
CUMBOJIM 3 BHCOKOIO SIKICTIO 300pakeHHs. BiH J03Bosisie  CTBOPIOBATH
IHTEpaKTUBHUN 1HTep(deiic s KOpUCTyBaya, IO CHOPOLIYE B3AEMOAIID 3

CJIICKTPOHHOIO CUCTCMOIO.
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4. TakToBa KHOIIKa 3a0e3ledye MOXKIMBICTh B3aEMOJII KOPHCTyBada 3
eJIEKTPOHHOIO CHCTEMOI0. BoHa BUKOPHCTOBY€ETHCS /I BUKOHAHHSI IEBHUX [i a00
aKTUBAIlll NEBHUX (YHKIIINA MTPU HATHCKAHHI.

Sk pesynbpTaT, B3aemojlid KOMIOHEHTIB cxemMu bBK BusHauaethcs ix
(yHKL10HATBHICTIO, €EKTPUYHUMH MapaMeTPaMU Ta MOKIMBOCTSIMUA KOMYHIKAIIli.
KoXeH KOMIIOHEHT BHOCUTh CBii BHECOK Yy (YHKI[IOHYBaHHS CHCTEMH,
JIOTIOBHIOIOYM Ta B3aEMOJIIOYHM 3 IHIIUMHA KOMIIOHCHTaMH JUIS JTOCSATHCHHS

OakaHOTO (DYHKIIIOHATY Ta pe3yJIbTary.
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PO311JI 3. PO3POBKA CXEMHA

3.1. IIpoekTyBaHHs cXeMH

Po3pobnena cucrema oxormioe B co01 Kibka erariB (yHKIioHyBaHHS. Ha
MEePIIOYM €Talll CUCTEeMa 1HIMIATI3YEThCA Ta TOTYEThCs 10 pobotu. IIpoBoauThcs
1HIL1ai3alis] pI3HUX KOMIIOHEHTIB cucTeMu. ApiyiHo Mega2560 HanamToBy€eThCs
JUIs BCTAQHOBJICGHHS 3B'A3Ky 3 KOMIIOHEHTaMU. [OJMHHUK pEaJbHOr0 dYacy
HAJAIITOBYETHCS JUIsl BUMIPIOBaHHA 4yacy aucTwisnii. Moayns Bluetooth HM-10
1HiIiami3y€eThCs st 6€3APOTOBOTO 3B'A3KY. 3BYKOBHI IM'e30enemeHT BMT-1203UX
HAJIAIITOBYETHCS JUIsl BIATBOPEHHS 3BYKOBHX curHaiiB. KombopoBuii rpadiunuii
€KpaH HaJallTOBYEThCS JUIsl BI3yaJbHOTO BHBEACHHS 1H(popmalii. JlaTuuk
temriepatypu DS18B20 iHimiami3yeThCcsi AJis BUMIPIOBaHHsS Temmeparypu. Perne
SSR-25 DA i1 SRD-5VDC-SL-C iHiuianizytoTbcs Al KepyBaHHS HarpiBaHHSAM Ta

OPUCTPOSIMUA BIAMOBIAHO. TaKTOBa KHONKA IHILIATNIZYEThCA IJIs B3aeEMOl 3

KOPHUCTYBA4eM.

IHigianizauia
cUucTemMmn

MponeekysaTh BinoBpaseHHA 3HaUSHHA

BigobpaKeHHn

BUMTYBAHHA SHAYEHHA
TemnepaTypu 3 gaTuuKa

DS18B20

HesianosigHe sHaueHHs

BiaTeOpHTH 38YKOBUA
cHrHan Ha n'ssoenemenTi
BMT-1203Ux

Puc. 3.1. biiok-cxema npoexkry

Jlxepeno: po3pobieHo aBTopom 3a [9].
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[Ticns mporo BiAOYBA€ThCS OCHOBHUM LMK PoOOTH cuctemu. CrodaTrky
3YUTYEThCSl 3HAUYEHHS Temmeparypu 3 gatunka DSI18B20, ske mnoTim
BiJIOOpaKa€eThCS HA KOIBOPOBOMY IpadidyHoMy ekpani. [Ticis 1iporo nepeBipseThes
CTaH TAKTOBOI KHOMKH. SIKII0 KHOIIKA HATUCHYTA, BUKOHYIOTbCSI HACTYIIHI JIii:

1. Bmukaetses pene SSR-25 DA nns nouatky npouecy JAUCTHIISILIT

2. 3amyCKa€eThCs TOJUHHUK PEaTbHOTO Yacy JJIA BIIIIKY 4acy JTUCTHIISIII.

SIKIO KHOMKa HE HATHCHYTa, TMPOJOBXKYETHCS BIIOOpaKEHHS 3HAYCHHS
TEeMIEpaTypHu.

[lepeBipka yacy MUCTHIISAIII: HA I[bOMY €Talll NEPEBIPAETHCS, YU TOCATHYTO
3aJJaHOTO Yacy JUCTWIALIL. SKIo Yac AUCTWIISIIT JOCSTHYTO, BUKOHYIOTHCS
HACTYITHI Aii: BUMHKaeTbed perne SSR-25 DA i 3ynmuHKHA TPOLECY TUCTHIISAINT,
BIJITBOPIOETHCSA  3BYKOBUM curHain Ha m'ezoenementi BMT-1203UX  ta
BIJIOOpaKa€eThCS MOBIIOMJIEHHS MPO 3aBEPIICHHS IUCTWIALIT Ha TpaiuHOMY
ekpaHi. SIKmo Yac AMCTWIALINI HE JOCATHYTO, TMPOJOBXKYETHCA BiIOOpaKCHHS
3HAYCHHSI TEMITEPATYPH.

[Ticnst uboro cucreMa NOBEPTAETHCA 0 IOYATKY LIUKITY pOOOTH Ta MOBTOPIOE
nmpoiiec 10 3ynuHKW mporpamu. lle 3abesneuye OesmepepBHY poOOTYy cHUCTEMHU
IPOTATOM TPUBAJIOCTI NPOLECY TUCTUIIALLII.

[Ticns 3aBepiieHHS Tpollecy AWCTHIALII a00 TpHU 3YMUHIN MPOTPaMH,

BHKOHYETBHCS ITOBHC 3aBCPIICHHA pO6OTI/I Imporpamu.

3.2. 30ipka eremMeHTiB KepyBaHHs 15 B3aemoaii 3 GUI

OLED-mucmneit SSD1306, BaxuBUi MOYJIb JA00PAaTOPHOTO JUCTUIISATOPA,
BUMAara€e peTejbHOI MPOIEAYPH MiAKITIOYCHHS NIl 3a0€3MeUeHHs WOTO HAJIEeKHO1
dbyukiionansHoCcTi. 11106 3a6e3neuntr HeoOXxigHe kuBieHHs i1 OLED-aucnnes
SSD1306, BuBig VCC (Hanpyra cOuIbHOTO KOJIEKTOPA) AUCIUIES CIIIJT MAKIIOUUTH
1o BuBoay 5B Arduino Mega2560. Ile 3'eqnanns rapantye, mo OLED-nucmuieit
OTpUMAE BIAMOBITHUNA PiBEHb HANPYTH i ePexTuBHOI poboTH. [[yXe BaXKJIMBO

MEPEKOHATHCS, 1[0 HAMPYTA KUBJICHHS 3HAXOIUTHCS B MEKax poOOYOro Jiara3ony,
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BKQ3aHOTO BHPOOHUKOM JUCIUIES, IM00 YHHKHYTH OYIb-SKHUX TOTEHIIHHUX
TIOTIIKO/IKEHb.

Bugsing GND (3a3emnennsi) OLED-mucmies SSD1306 cnin migkiouuTy 10
BuBoy GND Arduino Mega2560. Ile 3'eqnanHs Ciiyrye TOYKOI 3a3eMJICHHS ISt
OLED-gucmnes, 3abe3neuyroun cTabibHE €IEKTPUYHE 3'€THAHHS 1 MTPOXOIKCHHS
CTPYMy MDK JHUCIUICEM 1 MIKPOKOHTPOJEpOM. BCTaHOBIEHHS MPaBUIBLHOTO
3a3€MJICHHS € )KUTTEBO BOKIIMBUM JIJIS MIATPUMKH IITICHOCTI CUTHATY 1 MiHIMI3aIli

HOTGHHifIHI/IX CIICKTPUYIHUX IICPCUIKO.

USH in

NI 3avu

uTnpJy
IO O)

93

(2

Puc. 3.2. 'ogunHuk peaabHoro yacy DS3231
Hxepeno: [18].

Jlns BcTaHoBIeHHsS 3B's3Ky MDK Moxayinem DS3231 1 mmatoro Arduino
BUKOPHUCTOBYIOThCA BUBoM SDA (mocnimoBHa miHis ganux) 1 SCL (mocmigoBHa
niHis cunxpoHizarlii). Busig SDA miaxmtouaetbes 10 BuBoay A4 Arduino UNO ab6o
BuBoay SDA Arduino MEGA, a BuBing SCL minkmtouaetsbest 1o BuBogy AS Arduino
UNO a60o BuBogy SCL Arduino MEGA.
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[le#i Momynb Hamae MOXIJIMBICTh BCTAHOBUTH JIaTy Ta Yac 3a JIONIOMOTOIO
byukiii rtc.setDOW(), rte.setTime() Ta rtc.setDate() (JlomaTok A).

B uinomy, monens DS3231 mpomnonye 3pyuHuil cnoci®é B3aemojii IiaTu
Arduino 3 MotyieM roIMHHUKA peanbHOTo yacy DS3231, o 103Bosisie OTpUMyBaTH
1 BIgoOpakaTy TOYHY 1H(QOpMAaLIIO Npo AATy 1 Yac.

JlonaTkoB1 XapakTEPUCTHKXA TOAMHHUKA PEATbHOTO Yacy OXOIUTIOITh
HAsIBHICTh KaJICHAAPHOI (DYHKIIT AJI1 BUMIPIOBAHHS AaTH Ta AHS TUXKHS, HAsABHICTh
akyMyJsiTopa sl 30€peXeHHsS Yacy MpU BIJKIIOYEHHI OCHOBHOIO JIKepena
YKUBJICHHS.

Tak camo, 1106 BcTaHOBUTH 3'¢qHaHHS MK Arduino Mega2560 ta moayJiem
TOJIMHHUKA PEaJTbHOTO Yacy, CJiJl BAKOHATH HACTYITHI KPOKH:

1. Iligxmrouenns VCC: BuBin VCC Moayiis roAUHHUAKA PeaIbHOTO Yacy, 110
BI/IMOBIJAA€ 3a UBJICHHS, CJIA MAKIOUATH 10 BuBoay SV Arduino Mega2560.
Take WIOKITIOUEHHS TapaHTye, [0 MOMAYJb TOJWHHUKA OTpUMAE HEOOXiTHE
YKUBJICHHS 11 €(PEKTUBHOI POOOTH.

2. Iligxmouerns GND: BuBim GND Moayns roguHHHKa pealbHOTO dYacy,
SKUW CIyT'ye JJis 3a3eMJICHHS, MOBHHEH OyTH MiakimrodeHuid o BuBogy GND
Arduino Mega2560. Lle 3'eqHaHHsI BCTAHOBIIIOE CIUJIBHE 3a3€MJICHHSI MK MOJYJIEM
ronrHHUKAa 1 Arduino, 3a0e3medyroun HaJIeKHUU 3B'SI30K 1 CHHXPOHI3AII0 MIiX
IIUMU JBOMa KOMIIOHCHTAMH.

Bapro 3a3HaunTH, MmO MOJYyJbh TOAWHHUKA PEATBbHOTO0 dYacy MOXHaA
MIIKITFOYUTH 3a gonomororo 12C, ane moTpiOHI ToAaTKOBI MiAKIOYeHHA. Jlo HUX
BITHOCSITHCSI:

1. IMigkmouenns SDA: BuBig SDA (Serial Data) momynst romuHHHKA
peanbHOro Yacy ciia makiaroduT 10 BuBoxy SDA (Busig 20) Arduino Mega2560.
[1e 3'emHaHHS TIOJIETIIYE JBOHATIPABIICHY MTepeaqy JaHUX MK MOIYJIEM F'OIMHHUKA
ta Arduino uepe3 mportoko:n 12C.

2. Iigxmouennss SCL yepes BuBig 21 Arduino Mega2560. Ile 3'eqnanHs
JI03BOJISIE CUHXPOHI3YyBaTHU MepeAady AaHUX MK MOJyJieM roauHHuka 1 Arduino 3a

JIOIIOMOT'010 MPOTOKOITY 3B's13Ky 12C.

ApK.

ITC.4K1.0323.03-113

3MH.

ApK. Ne nokym. Nignuc | Aata

47




JloTpuMyIouuCh MUX 1HCTPYKIIN 3 MAKIIOYEHHS, MOAYJbh TOAMHHHUKA
peanbHOro 4yacy MOKHa €(EeKTMBHO IHTErpyBaTH B JaOOpaTOPHUN JUCTUIISATOP.
[Tinkmrouenns VCC 1 GND 3abe3neuyroTh mojady >KMBICHHS 1 3a3eMJICHHS, a
nonatkoBi migkmoueHHss SDA 1 SCL monermyroTs komyHikarito 12C, skmio 1e
HEOOX1THO.

Bluetooth-momynes HM-10, )KUTTE€BO BaXKIIMBUH KOMITIOHEHT JIAOOPATOPHOTO
JTUCTUIISITOPA, BUMAara€e peTeibHOI MPOLEAypH IMAKIIOYCHHS I 3a0e3MeucHHs
Horo HanexHoi (PYHKIIOHATBHOCTI. JIOTpUMYIOUMCH OINKMCAaHUX KpPOKIB, MOXHa
BCTAaHOBUTH HaJiiiHe 1 Oe3meuHe 3'eqHaHHsS MK Moxayiem Bluetooth 1
MiKpokoHTpoJiepoMm Arduino Mega2560.

[To-mepre, mo6 3abe3neuntu HEOOXiaHE kuBlieHHS Bluetooth-moxyns HM-
10, BuBig VCC monyns ciig 3'eqHatu 3 BuBojgoM 5V Arduino Mega2560. Take
3'€lHaHHSl TapaHTye, 1m0 MoAyJib Bluetooth oTpumae BiANMOBiAHY Hampyry s
edekTuBHOI poOOTH. BaskTMBO MepeKOHATHCS, III0 HATIPYTA KUBIICHHS 3HAXOAUTHCS
B M€Xax poO0Yoro /Aiana3zoHy, BKa3aHOr0 BUPOOHUKOM MOJTYJIS.

[To-apyre, BuBigx GND Bluetooth-momyns HM-10 ciig 3'eqHaTi 3 BUBOAOM
GND Arduino Mega2560. Lle 3'eqnanns ciayrye Toukoro 3a3emiieHns ais Bluetooth-
MOJYJIs, 3a0€3MeUyroUn CTa0lIbHE €NEeKTPUYHE 3'€AHAHHS 1 IPOXOIKEHHS CTPYMY
MIXK MOYJIEM 1 MIKPOKOHTpPOJIepoM. BCTaHOBIIGHHS TIPaBIIIBHOTO 3a3€MJICHHSI Ma€
BUpIIIAJIbHE 3HAYEHHS [UIS MTIATPUMKUA LUTICHOCTI CUTHaIYy 1 MiHIMI3aMil
MOTCHIIHHUX €NIEKTPUIHUX TTEPEITKO/I.

Kpim Toro, ciiji 3BepHYTH yBary Ha HaJeXHY 130JISII1I0 Ta 3aXUCT Bif Oy/b-
SIKUX MTOTEHI[IHHUX KOPOTKHX 3aMHKaHb a00 BUIAJIKOBUX ITOIITKOIKCHb.

Perenwsno 3'eqnaBmm BuBinm VCC Bluetooth-monynst HM-10 3 BuBogom 5V
Arduino Mega2560 1 BuBinm GND 3 BuBogom GND MikpokoHTpoJepa, MOXKIHUBO
CTBOPUTHU MPOCTY Ta MIIIHY OCHOBY JUIsl 0€3p0oTOBOTO 3B's13Ky Bluetooth-monysns 3
THIITUMU TIPUCTPOSIMU 1 BUKOHAHHSI HUIM CBO€ET POJIi B paMKaX MPOEKTY.

[Ile ogHMM BaKJIMBUM €TaIlOM € MIJITIOKYCHHS] MaTPUYHOI KJiaBiaTypa, 110

JI03BOJISIE KOPUCTYBAYEB1 B3AEMOJIISITUA 3 CUCTEMOIO 1 KOHTPOJIIOBATH Ti.
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Puc. 3.3. MaTpuuHa kjaaBiarypa 4x4
xepena: [7].

Knagiarypa 4x4 Mae MaTpudHy KOHGITypalliro, 0 CKIAIA€THCA 3 YOTHPHOX
PAIKIB 1 YOTUPHOX CTOBIIIIB, IO Ja€ B oMy 16 kHomok. Take po3rairyBaHHS
JI03BOJISIE KOMITAKTHO 1 €(DEKTUBHO BUKOPHUCTOBYBATH MPOCTIpP, 3a0€3Meuyoun npu
[[OMY JIOCTaTHIO KUIbKICTh BapiaHTIB BBEACHHS JJI B3a€MO/IIi 3 KOPHCTYBAUEM.

[{i kHOTIKM MpU3HAYCHI JI 3a0€3MeUYCHHS TAKTUILHOTO 3BOPOTHOTO 3B'SI3KY,
10 JT03BOJISIE KOPUCTYBayaM JIETKO BBOJMTH KOMAH/IH 1 IEPEMIIIIATUCS IO CUCTEMI.
Po3ramryBaHHsI KHOMOK € IHTYiTHBHO 3pO3YMITUM 1 3BHYHHUM, IO TOKpAIIlye
KOPHUCTYBAIIbKUI TOCBIJ 1 CKOPOUY€ Yac HaBYaHHS.

Koxna kHOMKa MaTpu4HOi KiaBiaTypu 4x4 OCHalieHa KOHTAaKTHUM
MEXaHI3MOM, K MPaBWJIO, B HAIIIOMY BHITaJIKy MEMOpaHHUM NepeMukadeM. Taka
KOHCTPYKIIISl TapaHTye€ HaJIMHYy Ta MIBUAKY aKTHUBAIII0 KHOIOK, 3a0e3Meuyrouu
MPUEMHI TAKTUIIBHI BITYYTTS Ta JOBTOBIUHICTh BUKOPUCTAHHS.

[TigkmrouMBIIM  KJABIaTYypy 1O MIKPOKOHTpOJIEpa, KOPUCTYBadl MOXKYTh
OTPUMATH JOCTYII 0 BXO/IIB KHOTIOK Ta IHTEPIPETYBATH iX, 1110 JTO3BOJISIE€ KEPyBaTH
CHUCTEMOIO Ta B3aEMOJIATH 3 Hero. [Ipu 1boMy KilaBiaTypa BUKOPHUCTOBYE METOIU

MYJIbTUIUIEKCYBAaHHS, II00 MiHIMI3yBaTH KUIBKICTh KOHTAaKTIB BBOJAY/BHBOJY,
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HEOOXITHUX N TigKIoueHHsa. JIns  BUSIBIEHHS  HAaTHCKaHb  KHOIOK
BUKOPUCTOBYETHCS KOMOIHAIllSl CKaHyBaHHsS PSAJAKIB 1 CTOBIIIIB, IO 3MEHIIYE
CKJIQJHICTh TIPOBOJIKU 1 TMOJIETHIyE €(PEKTUBHY IHTErpaliro 3 MiIKPOKOHTPOJIEPOM
Arduino Mega2560.

JInst BCTaHOBJIEHHS HEOOXIIHOIO 3'€JHAHHS BHKOPUCTOBYIOTHCS LU(POBI
KoHTakTh BBOny/BuBoxy (I/O) wmikpokoHTposiepa. CyMICHICTh KIaBiaTypu B
MOEAHAHHI 3 JIETKOJAOCTYIMHUMHU O010J1i0TeKaMu Ta MPUKIaJaMU KOAY CIIPOIIY€
MpOIIEC 1HTErpaillii Ta CKOPOUy€e 4yac po3poOKH.

Takum ynHOM, MaTpUyHa KJiaBiatypa 4x4 Ma€ BaXXJIMB1 XapaKTEPUCTUKHU, K1
poOnsATh 1i ieaJlbHUM NOPHUCTPOEM BBEICHHS MJIA YIPaBIiHHSA Ja0OpPATOPHOIO
JUCTUIATOPHOIO CHCTEMOIO. [T MaTpruHa KOH(Irypais, cTaHapTHe PO3TalTyBaHHs
KHOIIOK 1

3BykoBuil n'ezoenieMeHT BMT-1203UX € BaKIMBUM MOJIYyJIEM Y MPOEKTI, 1110
CIpHsi€ BIATBOPEHHIO 3BYKY B cuctemi. 11106 3abe3meuntu Horo HajaexxHy pooOoTy,
HEOOXITHO PETEJbHO BHUKOHATH IMpOLENypy MAKIIOYeHHs. JloTpuMyroYuch
OMHMCAHUX KPOKIB, MOKHA BCTAHOBUTHU HaJiiHE Ta €(PEKTUBHE 3'€THAHHSI MK
3BYKOBHUM IT'€30€JI€MEHTOM 1 MiKpokoHTposiepoMm Arduino Mega2560.

[To-nepuie, HEOOXIAHO MIJKIIOYATA TMO3UTHBHY KJIEMY 3BYKOBOTO
m'e30€JIeMeHTa /10 TIEBHOTO BUBOJAY Ha MikpokoHTpoJiepi Arduino Mega2560. B
JAHOMY TIPOGKTY JUIsl IBOTO TMPU3HAYCHWW BHBIA 2 MIKPOKOHTpOJEpA.
[TigkTrOYMBIIA TIO3UTUBHY KJIEMY 10 BHBOIY 2, 3BYKOBHH I'€30€JEMEHT MOXE
OTpUMYBaTH HEOOXIJHI EJEeKTPUYHI CUTHAIM BiJ MIKPOKOHTpojiepa Jyis
BiJITBOPCHHS 3BYKY. BaKJIMBO TIepeKOHATHUCS, 110 BUBIJ 2 MPU3HAYCHO K BUX1THUN
BUBIT y Koal abo HamamTyBaHHSX KoH(iryparii mporpamu Arduino, mo6
3a0€3MeUnTH HaJIeKHY Mepeady CUTHAIY.

[To-npyre, HeratMBHa KiieMa 3BYKOBOTO IT'€30€J€MEHTa MOBHHHA OyTH
3'eqnana 3 kKoHTakToM GND (3azemnennsi) Arduino Mega2560. Ile 3'egHanus
BCTAHOBJIIOE TOYKY 3a3€MJICHHS [Jii 3BYKOBOI'O I'€30€JIEMEHTA, 3a0e3neuyroyu
NOBHE 3aMUKaHHS JIAHLIOTa 1 NpaBWIbHE MPOTIKaHHA cTpyMmy. [liaxmtoumBLIN

HEraTuBHY KiieMy 110 KOHTakTy GND, MokHa 3MEHIIUTH Oy/b-SKHI MOTEHIIHHNN
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CJICKTPUYHUN ITyM a00 TMEpEenIKoAM, M0 MPHU3BEIe 0 MOKPAIICHHS SIKOCTI Ta
HAJIAHOCTI 3BYKY.

PerenbHO 3'€nHABIIM MO3UTHBHY KJIEMYy 3BYKOBOro I'ezoesnemeHta BMT-
1203UX 3 kontaktoM 2 Arduino Mega2560, a HeratuBHy — 3 kKoHTakToM GND
MIKPOKOHTpOJIEpa, MU CTBOPHJIM MILHY OCHOBY HJsi TOro, mo0 3BYKOBHUUI
'€30€JIeMEHT MPUWMaB €JIEKTPUYHI CUTHAJIM 1 BUJ1aBaB 3BYK.

o6 mipkmountu pene SRD-25 DA no Arduino Mega HeoOXxinHO
HOIIKIIYUTH 10 Arduino CUTHaJIbHI, 3a3€MJIIOIOYl Ta KUBJISYl BUBOJU peEJie.
CurHajgbHHI BUB1J CJI1JT M1 AKTIOYUTH 10 UG POBOTO BUBOAY Arduino 3 miaTPUMKOIO
[IIIM. BuBoau 3a3eMiieHHS Ta )KUBJIECHHS CIILT HiAKIr0unuTy 10 BUBoaAiB GND ta 5V
Ha Arduino BiAmoOBiIHO.

KpiMm Toro, miaxkiro4umMo NO3UTUBHY KJIEMY 30BHIIIHBOTO JKEepesia KUBICHHS
10 KOHTakTy NO (HOpMaJIbHO BIIKPUTHIA) pelie, 8 HEraTUBHY KJIEMY — O KOHTaKTy
COM (3aranpHuit) pene, MO0 MaTH MOXIIMBICTh KE€PYBATH pejie 3a JOMOMOTO0
30BHINIHBOTO JpKepesa. 3a Takoi KOHQirypaiii peje MoKe IIpalfoBaTd 3
MaKCHUMaJIbHOIO HampyToro 24B 1 ctpymom g0 10A.

[Ilo6 kepyBatu pene 3a aonomMororo Arduino, BUKOPUCTAEMO HACTYITHUUN
dbparmeHT kony (puc. 3.4).

const int relayPin = 2;
void setup() {
[ le(relayPin, OUTPUT);
¥
void loop() {
digit rite(relayPin, HIGH); // Turn the relay ON
iy (1@ee); // Wait for 1 second
talwrite(relayPin, LOW); // Turn the relay OFF
iy (1@ee); // Wait for 1 second

Puc. 3.4. ®parMeHT KOy KEPyBaHHS peJie
Jlxepeno: po3pobsieHo aBTopoM 3a [9].

[le#i xom Oyne BMHUKATH Ta BUMHUKATH peJie aBTOMAaTUYHO. 3a TOTpedu

3HaueHHsa delay() Tta Bukinuku ¢ynkuii digitalWrite() MokHa 3MIHIOBaTH B

3aJIEKHOCTI Bl BUMOT MaOyTHIX MOAM(IKAIIIiA.
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Hatunk Ttemneparypu DSI18B20, ocHOBHMII MoOayiab 1abOpaTOPHOTO
JUCTUIIATOPA, OTPeOy€e peTenbHOI MPOUEaypH MIAKIIOYEHHS s 3a0e3nedeHHs
TOYHOT'O BUMIPIOBAHHS TEMIIEPATYPH.

Hns mowarky, BuBig VCC (Hampyra CHUIBHOTO KOJIEKTOpa) JaT4yHKa
temriepatypu DS18B20 cnig 3'eanatu 3 BuBogom S5V Arduino Mega2560. Lle
3'eqHaHHs 3a0e3meuye HeoOXiHEe KUBJICHHS TaTYUKa TeMIIepaTypH, 0 TapaHTye
HOTO HaJle)KHY POOOTY.

Jam, BuBig GND (3emuist) narunka temnepatypu DS18B20 cnig migkimountu
10 BuBoy GND Arduino Mega2560. Lle 3'eqHaHHs BCTAHOBIIIOE TOUKY 3a3¢MJICHHS
JUISL TaT4dKa TeMIIepaTypH, CIPUSIIOYN CTAOUTBHOMY €JICKTPUYHOMY 3'€THAHHIO 1
3a0e3Meuyour IUIaBHUM TOTIK CTPYMYy MK JaTYMKOM 1 MIKPOKOHTPOJIEPOM.
Hanexxne 3a3eMieHHs JaTYMKa TEMIIEpATypH JIO3BOJISIE MIHIMI3yBaTH MOTCHIIIHHI
CIICKTPUYHI IIyMHA Ta TEPEIIKOIU, M0 CHPHITHME TOYHOMY BHMIPIOBAaHHIO
TeMIIepaTypH.

Hacrymaum 10 3’e¢qnanns € pene SRD-5VDC-SL-C, HeBin'emHuit
KOMITOHEHT JIa0OpaTOPHOTO JUCTWISITOpa. J[s mouaTky Kepyrodwil BUBiI pele
SRD-5VDC-SL-C cmia migkmountd g0 BuBogy 6 Arduino Mega2560. lle
3'€eIHAHHS J03BOJISIE MIKPOKOHTPOJIEPY HAJICUIIATH CUTHAIU KEPYBaHHSI HA pee s
YBIMKHEHHSI a00 BHMKHEHHS MIAKIIOYEHUX mpucTpoiB. Jly’ke BaKINUBO
MEPEKOHATHUCS, 10 BUBIJ 6 BU3HAYCHO SIK BUXIIHWA B KOZAI a00 HajallTyBaHHSIX
KoH(irypamii nporpamu Arduino, Mo A03BOJUTH MIKPOKOHTPOJIEPY €()EKTHUBHO
KepyBaTH perie.

OxpiM  koHTakTy kepyBaHHs, pene SRD-5VDC-SL-C  notpebye
MiIKITIOUEHHS JKWUBIICHHS Ta HABAHTAXKCHHS MJI KEPYBaHHS IAKITIOYCHUMHU
npucTposiMu. [TiAKITIOYEHHS KUBJICHHS 3a3BMYail BKIIIOYAE IMIAKIIOYCHHS BUBOIY
VCC (Hampyra cniibHOTO KOJEKTOpa) pejie 10 BIJMOBIAHOTO JIXKepesa KUBJICHHS,
K€ B JaHOMYy BUNaAKy ctaHoBuTh 5 B. BuBigm GND (3azemnenHs) pene ciin
nigkaroduTd 10 BuBoay GND Arduino Mega2560, mo6 BCTaHOBHTH 3arajibHe

3a3CMJICHHA.
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Knonky 6x6 cnig migkmountd 10 BuBoay 30 Arduino Mega2560. lle
3'€THAHHS J03BOJIIE MIKPOKOHTPOJIEPY OTPUMYBATH BXI1JIHI CUTHAJIM B1J KHOIKH,
BHU3HAYAIOYH, KOJIM BOHA HATUCHYTA.

Jani, iHmmii BUB1 6X6, 4-KOHTAKTHOT KHOTIKHY CJI1JT TJKJIFOYUTH 10 KOHTAKTY

GND (3emis1) Arduino Mega2560. Lle 3'eqHaHHs CIIyry€e TOUKOIO BIIUTIKY

3a3eMJICHHS JUIsl KHOIKH, 3a0e3ledyloud T[OBHE 3aMHKaHHSA JIAHLIOra 1
IPOMYyCKa4M CTpyM. [IpaBUIbHO 3a3¢MIMBIIN KHOIKY, MOHa JOCSITTH TOYHOTO
BUSBIICHHSI HATUCKAHHS KHOIIKMU.

Sk pe3ynabTaT, MU OTPUMAEMO MPUHLHUIIOBY CXEMY pPO3pOOJIEHOI CUCTEMU

YOPaBIIHHS JIA0OPATOPHUM AUCTUIATOPOM (puc 3.5).
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TakTOoBa KHKONKa

TepmiHan

Mopaynb 3B'A3KY

vcc
Positive

3BYKOBMA MoAynb

DS18B20

GND
SRD-5VDC-SL-C
GTD

Puc. 3.5. IIpunuunosa cxema

Jlxepeno: po3podieHo aBTopom 3a [9].

MIKPOKOHTpOJiepoM. [0 HBOro MIAKIIOYAIOTHCS PI3HI MOJYJ, HEOOXIJIHI JUJIst

Y wmiii npunnunosit cxemi Arduino Mega2560 ciayrye HeHTpaJibHUM

IIPOEKTY JJAOOPATOPHOIO JUCTHUIIATOPA.
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Hatuuk temnepatypu DS18B20 miakmrovaersest 7o Arduino Mega2560 st
BuMiptoBaHHs Temneparypu. Pere SRD-5VDC-SL-C nigkintoyaeThest 10 IPUCTPOIB
KepyBaHHs, TaKUX sK HarpiBajdbHl enemMeHTH. Kxomka 6x6, 4-KOHTaKTHa
MIJKJIIOYAEThCA 11 B3aeMmojii 3 kopuctyBadeM. Moayns Bluetooth HM-10
3a0e3mnedye 0Oe3apOoTOBUN 3B's30K. 3ByKoBui m'ezoenemenT BMT-1203UX
npu3HAaYeHUW Js BiATBOpeHHs 3ByKy. Hapemri, OLED-mgucmieir SSD1306
MIKJIF0YEHUH IS BI3yalbHOTO BUBECHHS 1HGOpMAITii.

[li 3'ennanns 103BOJsAIOTH  Arduino Mega2560 30upatu  gaHi 1po
TeMIIepaTypy, KepyBaTH MPUCTPOSMHU, B3AEMOIISITH 3 KOPUCTYBayaMHu, 3/11CHIOBATH
0e31pOoTOBUI 3B'SI30K, BIATBOPIOBATH 3BYK 1 BiAOOpakatu iHQoOpMalilo — BCl
BXJIMBI (DYHKIIIT IJ1s1 TPOEKTY JaOOPaTOPHOTO AUCTHIIATOPA.

OTxe, MpoeKT nabopaTOpHUN AUCTWIATOP BKIIOYAE KUIbKa MOJIYIIB,
3'€IHAHUX MDK COOOI0 3a JOMOMOrorw MikpokoHTpojepa Arduino Mega2560 nns
JOCSITHEHHsT OaxkaHoi (yHKIioHaNMbHOCTI. [IpoekT mependadae BUMIpIOBAHHS
TEMITepaTypHy, B3aEMOJIII0 3 KOPUCTyBadyeM, OE3JpOTOBHH 3B'SI30K, BiATBOPEHHS
3BYKY Ta Bi3yallbHE BUBEACHHS 1H(MOpMAIIii.

Hatuuk Ttemmepatypu DSI18B20 3abesneuye TO4YHI BUMIPIOBaHHS
TeMmriepaTypu, ki BimoOpaxkaroTbcsi Ha OLED-mucmnei SSD1306 s uinei
MOHITOPUHTY. 4-KOHTaKTHa KHOMKa 6X6 JO03BOJIIE KOPHCTyBadaM IHIIIFOBATH
nporiec auctuiAiii, aktuByroun pese SRD-5VDC-SL-C 1 3anmyckatoun 3BOpOTHUHN
BIJUTIK Yacy B peajbHOMY Yaci.

Kpim Toro, momyns Bluetooth HM-10 3aGe3neuye 0e3apOoTOBHil 3B'S30K,
HaJal0YM MOXJIMBICTH BIJJAJICHOTO MOHITOPUHTY Ta YIIPaBIiHHSA IIPOIIECOM
muctwsIii.  3BykoBui  m'ezoenmemMenT BMT-1203UX  BiaTBOproe  3BYK,
3a0e3Ieuyoun 3BYKOBUM 3BOPOTHUM 3B'130K a00 omosimeHHs. [loeqHanHsS 1mux
MO/IYJIIB MIJBUILYE 3pYUYHICTh 1 THYUYKICTb IPOEKTY.

JIoTpuMyIOYHCh HATAHUX CXEM MAKITIOYEHHS Ta KPOKIB iHIIami3allii, MpoeKT
MOke OyTH YCHIIIHO peali30BaHUM, MPOMOHYIOYM KOHTPOJIb TEMIEpaTypH,
B3a€EMOJIII0 3 KOPUCTYBaueM, OE3IpOTOBUH 3B'SI30K, 3BYKOBUM 3BOPOTHIH 3B'S30K Ta
Bi3yasibHe BimoOpaxeHHs iHpopMariii. [IpoekT Mae 3acTocyBaHHS B 1TaOOpAaTOPHUX

YMOBaXx, J03BOJISIFOUM MPOBOJUTU TOYHI Ta KOHTPOJIHOBAHI MPOIECH JTUCTUIIALII.
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3aranom, 11e#l IPOEKT € MPUKIIAIOM IHTErpalii pi3HUX arnapaTHUX MOIYJIB 3
MIKPOKOHTPOJIEPOM JJI1 CTBOPEHHSI KOMIUIEKCHOI Ta PYHKIIOHAJIbHOI cUcTeMU. BiH
JIEMOHCTPYE TIOTEHINlAl TPOEKTIB Ha OCHOBI Arduino B a0opatopHuUX Ta
EKCIIEPUMEHTAJIBHUX yMOBaX, MIAKPECIIOI0UN YHIBEPCAIbHICTh Ta MOXKJIMBOCTI

TaKHUX CUCTCM.
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BUCHOBKH

[TpoexT naboparopuuit quctTuisTop Ha 0asi wiarpopmu Arduino € 3HaAYHUM
JOCSITHEHHSM B o0JyiacTi jlabopaTopHUX TiporeciB auctuiarnii. Ile# mpoekt
CIpSIMOBaHUI Ha MPOEKTYBAaHHS Ta PO3pPOOKY YHIBEpCAIbHOI Ta 3pyYHOI CHCTEMH
JUTSI TUCTUIIALIT PIIUH Y KOHTPOJIbOBAHOMY JIa0OPAaTOPHOMY CEPEIOBHIIT.

CucremMa BUKOPUCTOBYE MIKpoKoHTpodep Arduino Mega2560 B siKocTi
LEHTPaJIBLHOIO Mpollecopa, KM 3abe3nedye 30ip AaHUX, OOpOOKY CUTHAIIB Ta
yIpaBiiHHs cucTeMoro. Pi3Hi mepudepiiini Moy, Taki ik Mmoayis Bluetooth HM-
10, 3BykoBuii m'ezoenemenT BMT-1203UX, OLED-aucnneit SSD1306, matuuk
temriepatypu DS18B20, peme SSR-25 DA Ta wmarpuuHa kiaBiatypa 4x4,
IHTETPOBaHI B CUCTEMY JJIsI MiABUIIEHHS 11 ()YHKIIIOHATIBLHOCTI.

[Ipn mpoMy cuUCTeMa MpaIO€ 3a NUKITIYHUM MPUHITUIIOM, Oe3MepepBHO
KOHTPOJIIOIOYH 1 peryiaoun mpouec auctwianii. TemmeparypHuil maTdmk
3a0e3nedye TMOKA3HUKH TEMIlepaTypd B PEXKUMI pPEATbHOrO 4acy, sKi
BimoOpaxatotbcst Ha OLED-mucrinei mis 3pyydoro mosiTopunry. KopuctyBau
MOXK€ B3a€EMOJISTH 3 CHCTEMOIO 3a JIOMOMOIOK) MATPHYHOI KiaBiatypu 4x4 s
3aIyCKy IpOLEeCy AUCTUIIALIL, BCTAHOBJIEHHS MapaMeTpiB Ta AOCTYyNy 10 (PyHKIIIH
cuctemu. Pene SSR-25 DA 3a6e3neuye TOUHU KOHTPOJIb HATPIBY MPOTATOM yCHOTO
IIUKITY JTHCTHIIAIIIT.

AKTyanpHICTh TPOEKTYy TIOJIATa€ B WOr0 37aTHOCTI aBTOMATH3yBaTH
JabopaTopHl TpollecH, 3a0e3MeuyroYr TOYHHM KOHTPOJIb TEMIEPAaTypu 1 TOYHY
TUCTHIIAII0. BiH 3al0BONbHSIE 3pOCTAlOYMil MOMUT Ha aBTOMATH3aIlil0 B
n1aboparopifx, MABUILYIOYH €(EeKTHBHICTh 1 3a0e3meuyroun CTaOUIbHY SIKICTh
npoaykiuii. [uTerpamist cuctemu 3 Arduino TPONOHYE THYYKY Ta JIOCTYIHY
mathopMy IS JIOCTITHUKIB, HAyKOBIIB Ta €HTY31acTIB I MPOBEACHHS
CKCIIEPUMEHTIB, BJOCKOHAJICHHS TMPOIEAYp Ta OTPUMaHHS BHCOKOSKICHUX

JUCTUIIBOBaHUX HpO,ZIYKTiB.
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KpiMm Toro, nociizkeHHs Cupusie pO3BUTKY TEXHOJIOT1H JUCTHIISILIT, HAJal0un
KOMITJIEKCHE DIIICHHS JJIs TPOIECiB TUCTWIAIIT B jabopaTopHux ymoBax. Bin
3abe3reuye TOYHUW KOHTPOJIb, HAJMIMHY poOOTYy Ta 3pydyHy B3aEMOJIIO 3
KOPHUCTYBa4eM, IO JI03BOJISIE TTOKPAIIUTH €KCIIEPUMEHTH, 30ip NaHUX Ta aHai3.
BuxopuctoBytoun MoxiauBocTi miatdopmu Arduino Ta pi3HI MOAYJi, MPOEKT
BIJIKPUBA€ HOB1 MOXJIMBOCTI JIJIsL TOCIIKEHb, €KCIIEPUMEHTIB Ta BUPOOHUIITBA B
rajtys3i TUCTUIISLII.

OTxe, MPOEKTYBaHHS Ta PO3pOOKa MPOEKTY JIaOOPAaTOPHUMN AUCTUIATOP Ha
O0CHOB1 Arduino € I[IHHUM BHECKOM Y chepy TUCTUIIALIT B TaOOPaTOPHUX YMOBAX.
Horo aBTOoMaTh3alis, TOUHMIl KOHTPOJb TEMIEPAaTypH, 3pydHHi iHTepdeiic Ta
YHIBEPCAJIBHICT, POOJIATH HOTO MPaKTUYHUM PIMIEHHIM I J1abOpaTOpHHUX
nporieciB qucTmALii. [[poekT mpokiagae nuisix 11s HOAbIIOTO PO3BUTKY METOIIB
JUCTWISINIT, HAgaloud JOCTIIHUKAM 1 jabopatopHuM (axiBIsiM ePEeKTUBHUH 1

HAJIHHUN THCTPYMEHT JUIsl MPOBEJCHHS €KCIIEPUMEHTIB 1 1OCH1/IKEHb.
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Jonarok A. Arduino

#include <OneWire.h>

#include <DallasTemperature.h>
#include <U8g2lib.h>

#include <toneAC.h>

// Pin Definitions

#define BUTTON_PIN 2
#define RELAY _PIN 3
#define BUZZER_PIN 4
#define DISPLAY_PIN 5

/I Constants

JTOJATKHU

#define DISTILLATION_TIME 600 // Distillation time in seconds (10 minutes)
U8G2_SSD1306_128X64 NONAME_F_HW_I2C display(U8G2_RO0); // Create

an instance of the display object

/I Global Variables

OneWire oneWire(7); // Temperature sensor pin

DallasTemperature temperatureSensor(&oneWire);

void setup() {
/I Initialize components

initializeRelay();
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initializeBuzzer();
initializeDisplay();
initializeButton();

initializeTemperatureSensor();

void loop() {
float temperature = readTemperature();

displayTemperature(temperature);

if (isButtonPressed()) {

startDistillationProcess();

}

if (isDistillationTimeReached()) {
stopDistillationProcess();
playSoundSignal();

displayMessage(*'Distillation complete™);

}

delay(1000); // Delay between iterations
¥

void initializeRelay() {
pinMode(RELAY _PIN, OUTPUT);
digital Write(RELAY_PIN, LOW);
}

void initializeBuzzer() {
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pinMode(BUZZER_PIN, OUTPUT);
ky

void initializeDisplay() {
pinMode(DISPLAY _PIN, OUTPUT);
}

void initializeButton() {
pinMode(BUTTON_PIN, INPUT_PULLUP);

}

void initializeTemperatureSensor() {

temperatureSensor.begin();

}

float readTemperature() {
temperatureSensor.requestTemperatures();

return temperatureSensor.getTempCByIndex(0);

}

void displayTemperature(float temperature) {
display.clearBuffer(); // Clear the display buffer
display.setFont(u8g2_font_8x13_tf); // Set the font for displaying text
display.setCursor(0, 15); // Set the cursor position

char buffer[16]; // Buffer for converting temperature to string

snprintf(buffer, sizeof(buffer), "%.2f°C", temperature); // Convert temperature to
string with two decimal places
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display.print(“Temperature:");
display.setCursor(0, 30);
display.print(buffer);

display.sendBuffer(); // Display the buffer contents on the screen
¥

bool isButtonPressed() {
return digitalRead(BUTTON_PIN) == LOW,;

}

void startDistillationProcess() {

digitalWrite(RELAY_PIN, HIGH);
}

bool isDistillationTimeReached() {
static unsigned long startTime = 0;
if (startTime ==0) {
startTime = millis(); // Store the start time
¥
unsigned long currentTime = millis();

unsigned long elapsedTime = currentTime - startTime;

return elapsedTime >= (DISTILLATION_TIME * 1000);
by

void stopDistillationProcess() {
digitalWrite(RELAY_PIN, LOW);
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void setup() {

// No setup code required for the buzzer

}

void loop() {
// Call the playSoundSignal function
playSoundSignal();

delay(2000); // Wait for 2 seconds before playing the sound again
b

void playSoundSignal() {
I/ Code to play sound signal on the buzzer
toneAC(BUZZER_PIN, 1000, 1000); // Play a 1000Hz tone for 1 second
by
void displayMessage(const char* message) {
display.clearBuffer(); // Clear the display buffer
display.setFont(u8g2_font_8x13_tf); // Set the font for displaying text
display.setCursor(0, 20); // Set the cursor position
display.print(message); // Display the provided message
display.sendBuffer(); // Display the buffer contents on the screen

void setup() {
/I Initialize the display
display.begin();
display.clearDisplay();
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display.setPowerSave(0); // Wake up the display

}

void loop() {

// Call the displayMessage function with your desired message

displayMessage(""Task completed");

delay(2000); // Wait for 2 seconds before displaying the message again

}
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