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BCTYMN

AKTyaJIbHICTH Po60TH

VY cdepi HayKOBHX IOCHIIKEHb Ta EKCIIEPUMEHTIB MoTpeda B TOUHOMY i
HaJiiiHOMy 0o0JiafiHaHHi € nepIIodeproBoo. OJHUM 3 TAKUX BaXIUBHUX IIPUIANIB €
NabopaToOpHUH JUCTWIATOpP, SKUA BHKOPHCTOBYETbCS [UIA PO3AUICHHA Ta
OYMIIICHHSI PIJIMH 3a JIOTIOMOTOI0 Iporecy AucTiisii. Tpaauuiiino gaboparopHi
JUCTHISITOPH OyJM JOPOTHM 1 CKIaTHHM OOJaIHAHHAM, IO OOMEXYBalo IXHIO
JOCTYIHICTD JIS BEIMKUX JOCIIAHULBKUX YCTaHOB.

OnHak 3 MOSBOK amapaTHUX IUIATGOPM 3 BIIKPUTHM BHXIJHHM KOJIOM,
takux sk Arduino, BimOynacs peBoNOLis B rany3i elekTpoHiku. Arduino,
MIiKpPOKOHTpOJIepHa IiaTGopMa 3 BiJKPUTHM BHUXIJHHUM KOJIOM, MPOIOHYE
EKOHOMIYHO e()eKTHBHE Ta yHiBepCallbHE PIillIeHHS ISl pO3POOKH Pi3HOMaHITHUX
IPOEKTiB, BKIIOYaroun JabopatopHe oOnagHanHsa. Ilnardopma  Arduino
3a0e3neuye THyYKy 1 JOCTYIHY OCHOBY JJIsI MPOEKTYyBaHHS 1 peari3arii CKia HIX
cucteMm. [i BigkpuTHii XapakTep, IMPOKA MiATPUMKA CTIiTLHOTH Ta BETHKMI CIEKTp
CYMICHHX MOAYJTIB poONATH ii iJeaJbHUM BHOOPOM Ui PO3POOKH MPOEKTY
naboparopHoro auctwistopy. Inrerpamis Arduino B mpouec AUCTHISALIT Jae
MOXJIMBICTD JIOCTITHHKaM, HAayKOBISIM Ta €HTY3iacTaM 3 JICTKICTIO MPOBOIMTH
eKCIIEpUMEHTH, BJIOCKOHAIIIOBaTH NPOLENYypH Ta OTPUMYBard BHCOKOSKICHI
JUCTHIIbOBaHI TIPOITYKTH.

Tak, BUKOPUCTOBYIOYH MOXIIMBOCTI Arduino, CTa€ MOXIIMBUM IHTETPYBATH B
JUCTHJSITOP TOYHHA KOHTPOJIb TEMIEpPaTypH, CHCTEMH MOHITOPUHTY Ta
ABTOMATH30BaHE YNPABIiHHSA HpouecoM. [loeqHaHHS AOCTYMHOCTi, IPOCTOTH Ta
po3mpeHux  QYHKIiE ~ poOWUTH Ja0OpaTOpHMH  AMCTHISATOP Ha  0Oasi
Arduino TpuBaOIWBUM BapiaHTOM SK JUIS HAaBYAIBHWAX 3aKIQdiB, TaK 1 OIS

HEBEJIMKUX JIA00PATOPIid.
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Merta poGotu
JIOCSITHEHHsT ~ TOYHOTO ~ KOHTPOITIO TeMIepaTypH, HaJiiHe
ynpaBniHHSA
HarpiBaHHSAM Ta IHTYITHBHO 3pO3yMUIMH KOPHCTYBAallbKHi iHTepdeic ms
MOHITOPHHTY Ta YIPaBIiHHS MPOIECOM AUCTIIIALIT
JlocsirHeHHs OCTaBJIEHOI METH Iepedayae MOCTYIIOBE PO3B’SI3aHHS TaKHX
3aBOaHb:
- BHUCBITJICHHS OCHOBHHUX aTpUOYTIB Ta TUITIB Ja0OPATOPHUX TUCTUIIATOPIB;
- aHaJi3 iCHYIOYHX aHaJIOTiB;
- HajaHHs xapakTepuctuku Arduino Mega2560 sik OCHOBH JJist pO3pOOKH;
- OIS JIOIATKOBUX €JIEMEHTIB CHCTEMH;
- po3po0OKa OJIOK-CXEMH Ta MPUHIMIIOBA CXeMI I IKIIOUSHHS MOIYJIIB.
006’eKTOM TOCTITKEHHA € POo3poOKa aBTOMATH30BAHUX CHUCTEM Ha 0asi
Arduino.
IIpenmMeroM fOCHiIKeHHS € TPOEKTYBaHHA Ta po3poOka Bepcii
«raboparopHuil qucTIIIATOP» Ha 6231 Arduino.
IIpakTH4He 3HAYEHHSI OTPMMAHHUX Pe3yJIbTATIB
[MpakTH4HEe 3HAYECHHSI PE3yNIbTATIB MOJISITae y TOMY, pO3po0iieHa cucTeMa Ha
0a3i Arduino Hajgae 3pydHy Ta TOYHY aBTOMAaTHU30BaHY CHCTEMY KOHTPOIIIO
TeMIeparypu Ta mporecy AucTwidnii. Lle cropuse minBuieHHIO e()eKTHBHOCTI
poboTH J1abopaTopii, CKOPOYCHHIO JIOJCHKOTO BIUIMBY Ta 3a0€3MEUeHHIO
OJIHAKOBOI sIKOCTI mMpoAykTy. KpiM Toro, Taki ejgeMeHTH 5K 4x4 MaTpHyHa
kiaBiarypa Ta SSD1306 OLED aucmiero cnyryroTh iHCTPYMEHTH JOCIIDKEHHS
PO3pOOKHM 3pYyYHOrO Ta IHTYITHBHOIO 3pO3yMiNOro iHTepdeiicy Ta B3aemomii 3
cucremor. Lle 103BoIIsie JOCITITHUKAM JIETKO HaJalllITOBYBaTH ITapaMeTPH MpoLECY,
BUKOHYBATH BUMIPIOBAHHS Ta KOHTPOJIIOBATH X1/ AUCTHIISILII.
Arnpoodanis pe3yJbTaTiB 0akanaBpcbKoi podoTH
OCHOBHI TONOXEHHSI 1 pe3yabratd poboTH Oynm ampoOoBaHi Ha 06asi
Arduino.

CtpykTypa i 06csar po6oTu
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Pobora ckimamaeTbcss 3 BCTyIMy, TPHOX PO3AUIIB, BHUCHOBKIB CIHCKY

BUKOPUCTaHUX JUKepel, AofaTkiB. O0car poOOTH CTaHOBUTH 66 CTOPIHOK, 0OCsT
BUKOPHCTAHOI JliTeparypu — 19 mxepen.

[Mepmmii po3nin MICTHTH OMUC OCOOJIMBOCTEH CYYacHUX JIaOOpaTOpPHUX
JUCTUIIATOPIB, iX TUIOMOTIS Ta aHaJi3 ICHYIOUMX aHAJIOTIB.

Y ApyroMy po3AiTi NPOBOAUTHCS JOCHIKEHHA MPOEKTHOI YacTHHHU
CHCTEMH, XapaKTePUCTHKA OCHOBHUX Ta JOJATKOBHUX MOJIYJIIB.

Tpetili po3Ai OXOIUIIOE OIMUC 3aralibHOTO MPOLECY POOOTH CHUCTEMHU Ta
OCOOJIMBOCTI IMiIKJTFOYCHHS Ta B3a€MOJIi1 MOAYJIIB MiXK COOOFO.

JlonaTky BKIIIOYAIOTH MPOTPaMHI MOAYJIl CHCTEMH.
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PO3A1JT 1. AHAJIITUYHA YACTHHA

1.1. XapakTepucTnka 06'ekTa po3podKu

JlaGoparopHi AUCTHASATOPY — 1€ HE3aMiHHI IHCTPYMEHTH JJIsl HAyKOBIIB 1
JIOCTITHUKIB, SKI 3aliMarOTbCs OYMIIEHHSM, PO3IUICHHSAM 1 aHaNi30M PEYOBHH.
Bonu nmpusHaveHi ist MOJISTIICHHS PO3/IUICHHS JIETKUX KOMIIOHEHTIB Ha OCHOBI X
pi3HUII B TeMreparypax KumiHHs. Lleil mpouec n03Boiiss€ BUALIATH MOTPiOHI
CITOITYKH, OYUIIIATH JIOMIIIIKH Ta aHaJi3yBaTy CKIamHl cymimmi [3].

[TpuHIUIN TACTUIIALIT:

Juctwianis — 1e MONmyJsipHUM MEeTOR pPO3AITICHHS B PI3HHX Taly3sx
MIPOMHUCIIOBOCTI, BKJIIOYAIOUH XIMiuHY, (hapMalleBTHUHY Ta HadToBy. BiH momsrae y
BUUJICHHI JIETKMX KOMIIOHEHTIB i3 CyMIIlli Ha OCHOBI Pi3HUI IXHIX TeMIeparyp
KumiHHsL. [I[pUHIMN QUCTUIIALIT IPYHTYETHCS. HA TOMY, 1110 NIPU HArpiBaHHI CyMilii
KOMIIOHEHT 3 HAWHIKYOK TEMIICPATYypPOI0 KHUITIHHS BHIAPOBYEThCS MEPIINM,
yTBOPIOrOUH napoBy (azy. [1oTiM 1110 mapy KOHACHCYIOTh 1 30MparoTh, B pe3yabTari
4Oro 3 CyMillll BUAUISIOTH NOTPiOHY crionyky [3].

KirouoBi npuHIMITH, 1O JIE)KATh B OCHOBI qUCTMIIALIT, Taki [16]:

1. Touka KUIIIHHA:

KoxeH KOMITOHEHT cyMimi Mae TeBHy TeMIepaTypy KHIIHHS, TOOTO
TEeMIeparypy, NpH SKiil BiH MEPEeXOAUTh 3 PIJKOr0 CTaHy B MaponomiOHHM.
TemrepaTypa KUIiHHS BU3HAYAETHCSI THCKOM TIapH, KU YMHUTH KOMIOHEHT MPH
JaHiii  temneparypi. KOMIOHEHTH 3 HIDKYMMH TeMIepaTypamMH KHITiHHS
BUIIAPOBYIOTHCS JIETIIE, HiXK KOMIIOHEHTH 3 BUIIIMMH TeMIIePaTypaMy KHITiHHS.

2. BumapoByBaHHS:

Komu cyminn HarpiBa€ThCs, KOMIIOHCHT 3 HAWHIDKYOI TEMIIEPaTyporo
KUIIHHS TIOYMHAe BUNapoByBarucs. [1in yac HarpiBaHHS eHepris, M0 HAaTAa€ThCs
cyMmimn,  30UTbIlye  KIHETHYHY €HEpPril0 MOJIEKYNl, [0 TPHU3BOJUTH [0

po3punBY
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MDKMOJICKYJISIPHUX CHI 1 IEPeX0ay 3 pimkoi (a3u B mapoBy.

3. Konngencanis:

[Ticnst BumapoByBaHHs mapoBa (asza, IO MICTHTh JICTIOUHI KOMITOHEHT,
IPOXOOUTh 4Yepe3 KoHAeHcaTop. KoHaeHcaTop OXONOMKye Mapy, 3MYILIyIO4H ii
KOHJIGHCYBaTHCSl 1 TepeTBOpIoBaTucs Hazax y piaky ¢azy. [lotiMm mio piauny
30HPArOTh i BiIOKPEMITIOIOTH Bi/I HEIETKIX KOMIIOHCHTIB.

4. OpaxiiitHa AUCTHIIAILIS:

Y Bumagkax, KOJMd TeMIepaTypy KWIIHHS KOMITOHEHTIB CyMiIlli BiZHOCHO
OnM3bKi, TPOCTOI AUCTHISIIT MOXe OyTH HEIOCTaTHbO Ui e(EeKTUBHOTO
po3fineHHs. Y TakMx BHUMAAKaX JUIs JOCSITHEHHS KpAaIloro pO3AiIeHHS
3aCTOCOBYIOTH  (pakififiny nmuctwisnito. Bona mnepenbadae BHKOpPHCTaHHS
(pakLiiHOI KOJIOHH, siKa 3a0e3neuye KiJibKa HUKJIB BUIIapOBYBaHHI-KOHJICH AT B
JUCTUIALIRHOMY amapari. dpakmiiiHa KolIoHa MICTHTh TOBEPXHI a00 MaKyBasbHI
Marepiaid, sKi 30UTBIIYIOTH IUIONIY TOBEPXHi, IOCTYNHY Ul KOHJEHCAIil, 10
TIOJIETIIY€E PO3/IIJICHHS! KOMIIOHEHTIB 3 ONM3bKUMHU TEMIIEpaTypaMH KHITIHHSL.

5. I'panient Temmneparypu:

Jis 3a0e3neueHHs €QEKTHBHOTO pO3JUIEHHS B TIEPETiHHOMY amapari
CTBOPIOEThCSL TemmeparypHuit rpaaieHT. CyMilll HarpiBaeTbCcs BHU3Y, JI©
TeMIlepaTypa HalBUINA, TOAl K KOHACHCAIliS BiJI0yBaeThCS Bropi, e TeMIieparypa
HaitHmxkda. el TemneparypHuiil rpaieHT 3a0e3nedye nepeBaKHe BUMAPOBYBAHHSI
1 IO/1aJIbITy KOHCHCAIIIF0 KOMITOHEHTIB, BUXOASYH 3 XHIX TeMeparyp KUIiHHS.

6. BingHOCHA BOJIATUIIBHICTE:

BigHocHa mneTioUWicTh MK JBOMa KOMIIOHEHTAaMHM B CyMillli BU3HA4ae
JIETKICTh IX PO3MUICHHS IUISAXOM TUCTHIIALII. BiTHOCHA JIETIOUiCTh BH3HAYAETHCS
SK BIJHOIICHHS THCKIB TapiB JBOX KOMIIOHEHTIB NpU MEBHIi TeMmeparypi.
KoMITOHEHTH 3 BHUILOIK BiJHOCHOIO JICTFOUICTIO JIETIIE PO3MUISIOTHCS, OCKIIBKH 1X
TUCKH TapiB 3HAYHO BIJPI3HAIOTHCS MIPU TIEBHIN TeMIIEparypi.

7. TeopeTH4Hi IJIACTHHU:

VY dpakuiiiHoi gucTuisiii epeKTUBHICTh PO3/IIICHHS YaCTO BUMIPIOETHCS B

TEOPETUYHUX Tapiikax. TeopeTHyHa Tapiika sBIIsiE COOOI0 i/ealli3oBaHy CTaifo
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BcepearHi (pakLiifHOT KOJIOHH, A€ BiAOyBa€eThCsl BUITAPOBYBAaHHS 1 KOHJEHCAILiS.
UuM Oulbllle TEOPETHYHHUX TAPUIOK, THM OUIBIIMKA CTYMiHb PO3JIICHHS
JocsraeThes. Ha KiNbKiCTh TEOPETUYHHX TapiIOK 1, BIAMOBIIHO, HA €EKTUBHICTD
MpoLEeCY AUCTHIISALIT BIUIMBAIOTH Pi3HI (PaKTOpH, TaKi sIK KOHCTPYKIIiA (pakmiitHol
KOJIOHH 1 BUOIp MaTepialliB TapiJiok.

Po3ymiHHS TpHHIMIIB AMCTHIALIT HEoOXigHe Al ONTHMi3amii Mporecy
pO3IieHHs, BHOOPY BIANOBIAHOTO OONAaJHAHHS Ta JOCATHEHHS OaXaHuX
pe3yNIbTaTiB 3 TOYKH 30py UYUCTOTH 1 BHUXOLY. PeTeIbHO KOHTPOIIOIOYM TakKi
¢dakTopu, K TeMmIieparypa, TUCK i BIJIHOCHA JIETIOUICThb, JOCIHIAHUKA MOXKYTh
e(eKTHBHO PO3IUISATH 1 OYMIIATA KOMIIOHEHTH B CyMIlIax 3a JIOTIOMOT'OI0 METOJIB
ONCTUAALLIT.

TakuM 4rHOM, J1TAGOPATOPHI AUCTHIISTOPU € BaKJIMBUMH IHCTPYMEHTaMH B
HAayKOBHUX J1a0OpaTOpisixX, IO MOJETIIYIOTh PO3AUICHHS 1 OYMIICHHS PEYOBHH 32

JIOTIOMOTOK0 METOMIB MUCTWIALIi. Pi3HI THIM 1a0opaTopHUX JUCTHISITOPIB
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NpU3HAueHl sl PI3HUX EKCHEPUMEHTAIBHUX CLEHApiiB, BPaxOBYIOYM TaKi
(axTopH, K CKIaJHICTh CyMillli, OakaHa YicToTa Ta €()EKTHUBHICTh PO3/IICHHS.

Puc. 1.1. 30BHilIHI} BUIISA T2 KOMIIOHEHTH JIA00OPATOPHOTO AUCTHISITOPY

Hxepemno: [3].

IMpocTnii meperiHHU amapaT CKJIagaeThCsi 3 KPYIIOAOHHOI KOJIOH,
NepEeriHHOI TOJIOBKH, KOHJIeHcaTopa 1 30ipHuka. [IpocTa neperonka edexkruBHa Juis
CyMiIlIed, 0 MICTATh KOMIIOHEHTH 3 BEJIUKOIO PI3HUICIO TEMIIEpaTyp KUITiHHSI, aJie
MOXxe OyTH HENpHIATHOIW s PO3MAITICHHS KOMIIOHEHTIB 3 OJM3bKUMH
TeMIeparypaMu KuminHs puc. 1.1).

Amnaparu s pakiiiHol IUCTWISIIT BKIIOYAIOTh B ceOC KOJOHKY st
(pakLioOHyBaHHS Ha JOJATOK 10 KOMIIOHEHTIB, MPUCYTHIX B MPOCTiIH yCTaHOBII
JUTs ucThIALii. PpakmiifHa KoJIOHA MICTHTH MTOBEPXHI a00 maKyBallbHI Marepiaim,
AKi CHPHAIOTH YHUCICHHUM LUKJIAM BUIIAPOBYBaHHSI-KOHAEHCALl, 110 JO3BOJIIE
PO3IIISATH KOMIIOHEHTH 3 OJNM3BKHUMH Temmeparypamu Kuminesa. Lleit Tun
JUCTUIATOpA MiABUILYE €(DEKTUBHICTh PO3AUICHHS 1 1€aIbHO MiJXOJUTh JUIs
cyMmimei 3 OIU3bKIUMH TEMIIEpaTypaMu KHITIHHS.

Amnapaty 115l BAKyyMHOT TUCTHIISILIT PALIOIOTh B YMOBaX 3HHKEHOTO THCKY,
IO 3HIXKYE TEMIEpaTypy KHUITIHHS KOMITOHCHTIB 1 JI03BOJISIE BiIOKPEMIIIOBATH
TEPMOUYYTJIMBI PEUOBHUHH. 3aBASKH 3HIKEHHIO THUCKY MPOLEC NUCTHIIALIT MOXHA
IOPOBOAMTH IpU OLIBII HU3BKUX TEMIEparypax, MIHIMI3ylOud TepMiuHy
JIETpajamio UIbOBUX CIONYyK. BakyyMHa IUCTWIISALIS IIMPOKO 3aCTOCOBYETHCS
JUIS OYMILEHHS JIETKUX CIONYK i BUAIICHHS PEYOBHH 3 HU3BKOIO TEMIIEPATypOIO
KUMiHHSA.

Anapatu Ui napoBOi JUCTHIALIT CHEiaIbHO PO3POOJIeHI [ BUIY4YEHHS
JIETKUX CHOJYK 3 POCIMHHOI CHPOBHHHM a0O IHINIMX OpPraHiYHWX pedoBWH. BiH
nependayae BBEIEGHHS IApd B CyMill, [0 CHOpPUSE€ BHUIAPOBYBAHHIO JIETKHX
koMnoHeHTiB. [10oTiM mapy KOHAEHCYIOTh 1 30MpatoTh okpemo. [lapoBa qucTusis
4acTO BHKOPHUCTOBYETHCS y BUPOOHHUITBI e(ipHUX OJiif, OCKUIBKH O3BOJISE

BI/I}IiJ’II/ITI/I apOMaTH'—IHi CIIOJIYKH, HE Hi}llla}O'{I/I ix BIINIMBY BUCOKUX TEMIIEPATYP.
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Hucrunsarop Kyreiabpopa — e cremiaizoBaHUi TUI AUCTHISATOPA, SIKHIA
MpaIloE B YMOBaxX BHCOKOTO BakyyMmy. BiH ckilajaerbcss 3 00epTOBOI CKISTHOI
TpyOKH, 110 HArPIBAETHCS 30BHIMIHIM JpKepenioM Teruia. OOepTaHHs 1 BaKyyMHE
CepeZoBUINE TOJNETIIYIOTh AUCTHISIII0 YYTIUBUX A0 TEMIIEpaTypu pPEUYOBHH.
Juctumnsinis Kyrenspopa 3a3Buuaii BUKOPUCTOBYETHCS B JOCIITHHIBKIX YMOBAX,
Jie IOTpiOeH TOYHUH KOHTPOJIb HaJl TEMIIEpaTyporo 1 THCKOM [1].

Takok BUAUIAIOTH amapaTéd s JUCTHIAII] Ha CIIHIHTOBIH cTpidmi
BKIIOUAIOTh B ce0e CIHIHTOBY CTpI4Ky BcepeanHi (pakiiiHOi KOJOHW st
nigBumieHHsT edekTuBHOCTI posnineHHs. OOeprasbHa CTpiYKa CTBOPIOE TOHKY
IUTIBKY Ha CTIHKaX KOJIOHH, 30UIBIIYIOUM IUIOINLY MOBEPXHI JJIsl BUMAPOBYBAHHS i
koHzaeHcarii. Ilefi THm OUCTHUIATOPIB OCOONMBO KOPHCHHUI ISl PO3AUICHHS
KOMITOHEHTIB 3 Jy)ke OJHM3bKUMH TEMIIepaTypaMH KHIIIHHS, IO J03BOJISIE JOCATTH
BHCOKOTO PiBHS YHCTOTH.

Amnapaty Ui MOJIEKYJISIPHOT AUCTHIALIT BHKOPHCTOBYIOTBCS JUTS JUCTHIISLIT
PEUOBHH 3 BHCOKOIO MOJEKYIAPHOIO Macolo abo TepMOYYTIMBHUX CHONyK. BiH
MIPAIIOE B YMOBAX BHCOKOTO BaKyyMy 1 KOPOTKOTO Yacy IepeOyBaHHS, MiHIMI3yIOUH
BIUIUB BUCOKHX TEMIIepaTyp Ha 3pa3oK. MonekyaspHa AUCTUIALIS IMIHPOKO
BUKOPUCTOBYETBCS B TAKHUX Tally3siX, K (hapMaleBTHKA, J€¢ OUYUIICHHS LIHHUX
CIIOJIyK Ma€ BHUpIMIaJbHE 3HAUYCHHS.

TakuM uynMHOM, pi3HI TUNU JA00PATOPHUX AMCTHIISITOPIB 3HAXOIATH
pI3HOMaHITHE 3aCTOCYBaHHS B HAyKOBUX JOCHI/DKEHHSX 1 PI3HUX Tramys3sax
MPOMHUCIIOBOCTI. BOHM BHKOPHUCTOBYIOTHCS Ul OYMIICHHS XIMiYHHX PEUOBHUH,
PO3IiNICHHS CKIIaJHAX CyMIllel, pereHepaii po3YMHHUKIB, BUPOOHHUITBA eDipHIX
OJIi} Ta BUIIEHHS TEPMOYYTIUBUX CIIOIYK.

OTxe, 1ab0paTopHi AMCTHISTOPH OXOIUTIOIOTH LIJWH psAZ THUINB amaparis,
MPU3HAYEHHUX JUIs 32JI0BOJICHHS KOHKPETHHX IOTPe0 y PO3JiIeHHI B HAyKOBHX
nociipkeHHsX. KokeH Tin Mae yHiKanbHI 0COONMBOCTI Ta IepeBart, Mo 103BOJISIE
JIOCTIIHUKAM BHOpAaTH HAMOLIBII MIAXOMAIIMN METON IUCTWISILI JUIs CBOIX
3aBHaHb. PosyMmitoun mpuHIMIKM poOOTH 1 3acTOCYBaHHS pI3HHX THIIIB

na0opaToOpHUX  JUCTWISATOPIB, JOCIHIAHMKA  MOXYTh ONTHUMI3yBaTH  CBOI
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EKCIIEPUMEHTANIbHI TIPOLIECH, IOCATTH e(EKTUBHOTO PO3IIICHHS 1 OTPUMATH

PCUOBHUHHA BUCOKOI YUCTOTH JIJISI TOAIBIIOTO aHani3y i 3aCTOCYBAaHHA.

1.2. 3arajabHi BigomocTi

Juctumnsnis € pyHIaMeHTalIbHUM [IPOLIECOM B PI3HHUX Taly3sX, BKIIOYAIOUH
ximiro, OioxiMit0 1 (hapMameBTHKY, /A€ PO3AIJICHHS 1 OYMIIEHHS pITUH Mae
HeplIopsigHe 3HaueHHsA. JOCATHEHHS TOYHOTO KOHTPOJIIO TeMIepaTtypu i
aBTOMATH3allisl MPOIECiB AMCTIWIALII MAalTh BUpIIIANbHE 3HAYCHHS IS
3a0e3MEeUeHHs] TOYHOCTI Ta e(EeKTUBHOCTI Mpolecy po3nuieHHs. TpamuliiHo
JUCTHJISILISL TTOKJIAJA€ThCS HA PyYHE YIPABIIHHS I MOHITOPHHT, IO MOXKE 3aiMaTH
Oararo 4acy i OyTH Bpa3IMBHM JI0 JIOACHKHX MOMHJIOK mporecom [16].

[Tosira cucTem Ha 6a3i MIKPOKOHTPOJIEPIB 3p00MIa PEBOJIIONI0 B CIIOCO0aX
MPOBE/ICHHS NPOLEeCiB TUCTUIALIT B JlabopatopHux ymoBax. Lli cucremu maroTh
MOXXJIMBICTh TOYHO BHMIPIOBAaTH 1 KOHTPOJIOBAaTH TeMIIEpaTypy, aBTOMaTHU3yBaTH
MIpOIIeC AUCTHIIALII Ta MPOMOHYIOTh PO3LIMPEHI MOXKJIUBOCTI, Taki K B3a€MOMIS 3
KOpHCTyBaueM, 0e3ApOTOBUI 3B'I30K 1 MOHITOPHHT Yy peanbHoMy 4aci. OnHiero 3
TAaKHUX CHUCTEM MOXKE CTaTWIA00paTOPHUI IHMCTHIATOP, SKHH IHTErpye pi3HI
anmapatHi Moayni 3 MikpokoHTponiepoM Arduino Mega2560 mist 3abe3neyeHHs
TOYHOTO KOHTPOJIIO TEMIIEPATYPH Ta MOJIETIICHHS MPOIeCciB TUCTHIALIT [8].

Metor0 1BOTO TPOEKTY € po3poOKa Ta BIPOBAIPKEHHS J1labopaTopHOI
JUCTWIATOPHOI ~ CHUCTEMH, sKa IJBHILYE TOYHICTh, €(QEKTUBHICTh Ta
aBToMaTH3alilo mponeciB muctwiAlii. CHcTeMa CKIagaeTbesi 3 JEKUIBKOX
amapaTHUX MOJIYNiB, 3'€IHAHUX MK €000 MiKpoKoHTposiepoM Arduino
Mega2560, kokeH 3 SKHX BUKOHY€ NEBHY (QYHKII0 B mpoueci auctwrsmii. Lli
MOAYJl BKIIOYAIOTh Jartdumk Temreparypu DSI18B20 s BumiproBaHHS
temneparypu, OLED-mucreir SSD1306 mist BisyanbHOTO BHBOLY, 4-KOHTaKTHY
KHOMKY 6X6 Juiss B3aemoaii 3 kopucTyBadem, monyinb Bluetooth HM-10 mns
0e31poTOBOTO 3B'sI3KY, 3BYKOBHUI M'e30oemeMeHT BMT-1203UX mis BiATBOpPCHHS

3ByKy Ta pene SRD-5VDC-SL-C nns kepyBaHHS npucTtpoem [ 14].
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3aB/siKM iHTErpamii HUX KOMIIOHEHTIB J1a00paTopHa JUCTUIIATOPHA CHCTEMA

3abe3neyye TOYHE BHMIPIOBaHHS TEMIIEPATypH, BiIOOpakeHHs 3HA4YCHb
TEMIICpaTypyd B PEXHMI pEalbHOrO 4acy, 3alyCK Ipolecy AMCTWIALN 3a
JIOTIOMOTOI0 B3a€MOJIIT 3 KOpPHCTyBadeM, Oe3ApOTOBUH 3B'I30K JUIS BiJIalCHOTO
MOHITOPHHTY Ta YHPABIiHHS, 3BYKOBHH 3BOPOTHHMH 3B'SI30K Ui CHOBILICHB
KOPUCTYyBayda 1 KOHTPOJIb HaJ MiAKIIOUYEHUMH NPUCTPOosAMHU. LI cuctema nponoHye
MiABHUIIEHY TOYHICTH, €()EKTUBHICTH 1 3pYUHICTh y MOPIBHSIHHI 3 TPaguLiiHIMU
METOaMH JIMCTHJIALIT, 10 poOuTh 1 HIHHMUM IHCTPYMEHTOM B JIaOOpaTOPHHUX
yMOBaX.

Kpim Toro, naGopaTopHa AUCTWIATOPHA CHCTEMa MPOIIOHYE PsiJ MepeBar Ta
IHHOBalifHUX ~QYHKIIH, $gKI TOKpaumlyloTh npouec muctwiinii. OpHiero 3
KIIFOYOBHX IIepeBar € TOYHHUH KOHTPOJb TEMIEPaTypH, LI0 JOCATAETHCS 3a
norioMoroto  naruuka temmeparypu DS18B20. Lleir natumk 3abe3neuye TOYHI
TEMITEPATyPHi MOKA3HUKH, 10 JTO3BOJSE TOCIITHUKAM ITiITPUMYBATH ONITUMANBHI
YMOBU JUIsI BWIIAPOBYBaHHA 1 KoHAeHcalii. PerensHO BiacTexyroun i
KOHTPOJIIOIOUM ~ TeMIIEpaTypy, cuUcTeMa 3a0e3nedye  pO3AUICHHS  JITKHX
KOMIIOHEHTIB NpU HEOOXITHMX TeMIeparypax, MiJBUILYIOYH YHCTOTY 1 BHXIiA
JUCTUIATY [2].

Inrerpauis OLED-mucmmes SSD1306 B 11a0opaTopHy JUCTHISTOPHY
cucTeMy 3abe3reuye Bi3yalli3allifo 3HAYCHb TEMIICPATYpH B PEKUMI PEabHOTO
vacy. Ls GpyHKIis J03BOJISIE TOCTIIHUKAM BiJICTEXKYBATH XiJ] MPOLECY AUCTHIALIT 3
OJTHOTO TOMISAY, HAJalouM I[iHHY iH(OpMalilo Mpo TeMIeparypHi TeHAEHII i
JIOTIOMAaralodd B TNPUHHATTI pimeHb. BidyanbHuil 3BOpOTHHHM 3B'A30K, IO
Hanaetbeds OLED-aucnieeM, NOKpallye TOCBiA KOPUCTyBaya i MOJIETIIYe MIBUAKE
KOpPHUTYBaHHs a00 BTpY4aHHS B pa3i HEOOX1THOCTI.

Bzaemonist 3 kopuCTyBaueM — Ie OAWH BAaXJIMBHH acleKT JlabopaTopHOi
JUCTHISITOPHO! cUcTeMd. BKIOYeHHST 4-KOHTaKTHOT KHOIKH 6X6 J03BOJISIE
JIOCTIIHUKAM 3 JIETKICTIO 3alyCKaTH 1 KOHTPOJIOBATH TMpOLEC TUCTHIALIL. 3a
JIOTIOMOTOk0  iHTepdeiicy KopHcTyBava, JOCTITHHKA MOXYTh BiIPEryIrOBaTH

TEMIIepaTypHi MmapaMeTpu abo OTpUMATH JOCTYI A0 Pi3HUX (QYHKIIH CHCTEMH.
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3pyunuii inTepdeiic minBuilye eQeKTHBHICTh 1 3HWKYE HMOBIPHICTH MOMUIIOK,
OCKUIBKH JOCIITHUKH MarOTh IPSMUI KOHTPOJIb HAJ| IPOLIECOM JTUCTHIISLIT [6].

MoxuBOCTI 0€3pOTOBOTO 3B'SA3KY, MpOoMoHOBaHi MoayieMm Bluetooth HM-
10, HajmaroTh IOJATKOBY 3PYYHICTh 1 THYYKICTh J1A0OPAaTOPHIA TUCTHUIIATOPHIH
cucteMi. JlocaiTHUKN MOXKYTh BCTAHOBHUTH 3'€THAHHS MIXK CHCTEMOIO 1 MOOITBHIM
IPUCTPOEM 200 KOMIT'FOTEPOM, 110 JO3BOJISE 3A1HCHIOBATH BiJlaIeHUI MOHITOPUHT
1 koHTposb. Ll QYHKIIST TakoX TO3BOJISIE NOCITITHUKAM CTEKHUTH 33 IIPOIECOM
JUCTWIIALIT Ha BiAcraHi, 3abe3nedyroun cBoOOAy Oararo3amadHocTi abo
OJTHOYAaCHOTO MOHITOPHMHTY AEKUIBKOX eKkcriepuMeHTiB. [lepenada nanux B pexxumi
peanpHOrO uacy uepe3 Bluetooth 3aGe3meuye omepartuBHe iH(DOPMYBaHHS
JIOCITITHUKIB TPO Oymb-sAKi BIAXWICHHS a00 KPWUTWYHI TOMil MiJ 9ac MpoIecy
qucTraii [4].

3BYKOBUI 3BOPOTHHWI 3B'I30K — II€ JOJaTKoBa (QYHKIsA, BOyJOBaHa B
na00paTopHy AUCTHISTOPHY cHUCTeMy. 3BykoBuil m'e3oenmemenT BMT-1203UX
CIIy)KMThb B SKOCTI 3BYKOBOTO IHAMKaTopa, I'€HEpPyIOYM 3BYKOBI CHUTHaIH abo
CHOBILIECHHS ITiJ] Yac MEBHUX IO/ii ab0 pu BUKOHAHHI 3a1aHuX yMOB. Ll dyHKIis
JIOTIOMAra€e JOCHTiTHUKaM 3aJIMIIATHCS B Kypcl MOAiH, HaBiTh SKIIO BOHU HE
3MIHCHIOIOTH akTHBHUHN MOHITOpUHT OLED-mucies abo mifKItoueHUX IpUCTPOIB.
3BYKOBI CHTHAJIM MOXYTh BKa3yBaTd Ha 3aBEPLUCHHS IMKIY JUCTHILALIL,
aHOMaJIbHI KOJIMBaHHS TeMmeparypd abo Oynb-siki BHU3HA4YEHI KOPUCTyBadeM
MOPOTOBI 3HAYCHHS, MIJIBUIIYIOUU 3arajbHy Oe3leKy Ta e(EeKTHBHICTh MPOIECY
muacThnii [11].

KepyBauns npuctpoem nonerinye peiae SRD-SVDC-SL-C, interpoBane B
1a0OpaTopHy IUCTHIATOpHY cucTeMy. lle pene 103Bojise  AOCIiIHHKAM
MiAKIIOYaTH 1 KepyBaTW 30BHIMIHIMH TPUCTPOSMH, TAaKUMH SK HarpiBaJbHI
eJeMEeHTH a00 CHCTeMH OXOJIO[UKEHHS, 3a0e3ledyloud TOYHE pEeryIIIOBaHHSA
TEMITEPaTypH i Yac mporecy AUCTWIANil. OyHKIIIOHATBHICTh pelie MOoXe OyTH
HaJalTOBaHAa BiJMOBITHO OO KOHKPETHUX EKCIIEPUMEHTAIbHUX BHMOT, IO
JIO3BOJISIE JTOCTITHUKAM aJanTyBaTH CHCTEMY IO PI3HUX THIIB JAUCTHIISIIHHAX

yCTaHOBOK [14].
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JlaGopaTopHa IUCTHISTOPHA CHCTEMa SBISiE COOOI0 3HAYHE MOKPALICHHS
MOPIBHIHO 3 TPAIUIIHHUMU PYYHHUMH METOAAMH JUCTHIIAMII. 3aBISsIKM iHTETpamii
TEXHOJNOTd Ha OCHOBI MIKPOKOHTPOJIEPIB, CHCTEMa CIPOIIYE Ta aBTOMATH3YE
MpOLIEC TUCTUIIALIT, 3MEHIIYFOUH KUTBKICTh JFOACHKUX TIOMUJIOK Ta TiJBHIIYOUYH
e(eKTUBHICTh. TOYHUIT KOHTPOIIb TEMIIEPATYPH, MOHITOPHHT B PEXUMI pEabHOTO
qacy, B3a€MOJisd 3 KOpUCTyBaueM, O€3IpOTOBHH 3B'S30K, 3BYKOBUII 3BOPOTHHUM
3B'SI30K 1 (YHKIT YIpaBIiHHA NPHCTPOEM - BCE L€ Pa3oM CTBOPIOE HAAIHHY i
3py4HY IIaTGOpPMY JUIs Ta00OPATOPHOT TUCTHIISLLII.

Omxe, TOMIOHAa CHCTEMa IIPOTIOHYE KOMIUICKCHE PIIICHHS ISl TOYHUX,
e(eKTUBHUX 1 aBTOMATU30BAHUX TMPOIECIB JUCTWISALII B HAYKOBO-IOCHIJHHX
yMoBax. [HTerpamisi pi3HHUX amapaTHHUX MOIYNIB 3 MIKpOKOHTpoijepoM Arduino
Mega2560 3abe3nedye TOYHE PEryJIIOBAaHHS TEMIIEPATYPH, MOHITOPHHT B PEKUMI
peaJIbHOTO 4acy, B3a€EMOJII0 3 KOPHUCTyBaueM, Oe3JApOTOBUIl 3B'SI30K, 3BYKOBHH
3BOPOTHIH 3B'I30K 1 KepyBaHHS HpuUCTpoeM. Ll cuctemMa peBOIIOIIOHIZYE
TpaguILiiHI PY4YHI METOAM JAWUCTHJIALII, HAJalO4d JIOCTIHUKAM pO3MIMpPEHi
MOXJIUBOCTI, HIIBUIIEHY TOYHICTH 1 3py4Hi QyHKIiI. JlabopaTopHa qUCTWIATOPHA
cUCTEMa CIYXHTh I[IHHAM I1HCTPYMEHTOM B JIaDOpaTopisix, JO3BOJISIOUU
JIOCTITHUKAM JIOCSTaTh HaJiWHUX 1 BiATBOPIOBAHMX PE3YJBTAaTiB JUCTHIIALIT JIIs

PI3HUX 3aCTOCYBaHb B XiMii, Oioximii Ta apmareBTuIl.

1.3. AnaJji3 icHyrouux aHaJioris

JlaGoparopHa IOUCTWIIALIS BiAITpa€ BAXIJIMBY pONb y 0araTrbOX HayKOBHX
JUCHWIUTIHAX, BHMAaraim4d TOYHOTO Ta €(QEKTUBHOTO PO3JAUICHHS PIIKUX
KOMITOHEHTiB. J[)isl MiIBHINCHHS TOYHOCTI Ta HAMIMHOCTI TMPOIECIB JUCTHIIALIL
JIOCTITHUKY aKTHBHO PO3POOISIOTH aBTOMAaTH30BaHI J1abOpaTopHi AMCTHISTOPH.
Le#t anamiz 30cepe/KeHUII HAa BUBUCHHI ICHYIOYHMX IIPOEKTIB, SIKI HAMararoThCs
IHTETrpyBaTH TMEPEIOBl TEXHOJIOTIi Ta IHHOBAIIHI METOJOJOTIT IS MOKPAIeHHS

MPOMYKTUBHOCTI Ta ()YHKIIOHAIBHOCTI JIAOOPAaTOPHUX AUCTHIISITOPIB.
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Byno mpoBeneHo — cuUcTeMarMuHUEl  ODNIsA  HAYKOBOI  JIiTepaTypw,

JIOCITITHUIIBKUX POOIT Ta BiIMOBITHUX OHJIAHH-PECYPCIB I BUSBICHHS Ta aHAII3Y
ICHYIOUMX TPOCKTIB JIAOOPATOpHUX AMCTHIATOPIB. [Ipoektu Oynm BimiOpani Ha
OCHOBI IXHBOI AaKTyaJbHOCTI JUIi Taiy3i, HOBHU3HM MiJIXOAIB Ta HAasBHOCTI
getanpHOl  iH(GopMamii Tpo amapatHi KOMIIOHEHTH, MEXaHi3MH yIpaBlliHHS,
iHTepdeiicu KOpUCTyBada Ta OI[IHKH MPOILYyKTHBHOCTI.

Hampuxman, mpoekT aBroMaTH3oBaHOl cucTteMa juctwismii 3 TIIJI-
peryJroBaHHAM Ut (hapMaleBTUYHUX 3aCTOCYBaHb OyB CIIPSIMOBAaHUN Ha pO3POOKY
aBTOMAaTH30BaHOI JIA0OPATOPHOI CHUCTEMH AMCTHIIALII, CIeIiabHO po3polieHol
i (GapMaleBTHYHUX 3aCTOCYBaHb. 3aBISKH BHUKOPHUCTAHHIO IPOIOPLIHHO-
inTerpaibHo-mioxiznoro (ITI/I) anroputMmy KepyBaHHS, cHCTeMa Majla Ha MeTi
PEryJIIOBaTH TeMIIepaTypy Mij Yac mpornecy AUMCTUIALIT, THM CaMUM MiIBUIILYIOUH
TOYHICTh Ta €(PEKTHBHICTh OYMIIEHHS (hapMalleBTHYHHX CIIONyK [1].

OCHOBHMMH 3aBAaHHIMH NPOEKTY OyJIH HACTYIHI

1. Po3poOutn aBTOMAaTH30BaHy Ja0OpaTOpHY IUCTHIIATOPHY CHCTEMY,
cremiagbHO po3po0diieHy Wi (hapMalleBTHUHIX 3aCTOCYBaHb.

2. PeanizyBatru anroputm [IIJ[-perynioBaHHs [Uisi peryJiiOBaHHA Ta
MiATPUMAaHHS TOYHHX TEMIIEPATYPHUX YMOB ITijl 4ac MPOLECY AUCTHIIALLIT.

3. IligBUIIEHHS TOYHOCTI Ta €(EKTUBHOCTI OYMIICHHS (apMaleBTHUYHHX
CMONyK.

4. TligBUIMTH 3aralibHUH KOHTPOJb 1 MOXKJIMBOCTI MOHITOPUHTY CHCTEMH
ancTunauii.

[TpoekTyBaHHS CHUCTEMH BKJIIOYAIO BH3HA4YeHHsS HEOOXiTHUX amapaTHUX
KOMIIOHEHTIB, TaKUX fAK NaTYUKH TeMIICpaTypH, HarpiBajbHI €IEMEHTH Ta CXEMH
YIpaBIiHHSA, A5 TOOYIOBH aBTOMATH30BaHOI CHCTEMH OUCTHIISLII. PeTenbHa yBara
Oyna npuainena interpanii anropurmy [11J[-perynroBaHHs B apXiTEeKTypy CUCTEMH.

Anroputm  PID-perysiroBaHHS, IIHPOKO BUKOPHUCTOBYBAaHHMH MEXaHI3M
YIOpaBIiHHS 31 3BOPOTHUM 3B'I3KOM, OyB 3amporpaMOBaHHii 1 IHTErpOBaHHN B
cucreMy. AnroputM Oe3nepepBHO KOHTPOJIIOBAB TEMIIEpaTypy 1 pETYIIOBaB
HarpiBaJibHi €JIEMEHTH JUIA MIATPUMKHA ONTHMAIBHHX TEMIEPaTYpPHUX YMOB IS

MIPOIIECY TUCTUIISALII.
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Kpim Toro: aBTOMaru3oBaHa cucTeMa JUCTHIIALIT CKIajanacs 3 JEKUIbKOX

KJIFOYOBHX KOMIIOHEHTIB:

1. JlaTuuku TemmepaTypu: BHCOKOTOYHI JaTYMKH TeMIlepaTypu Oyiu
IHTETPOBaHI B CHCTEMY JJIsl BUMIPIOBaHHS Ta MOHITOPHUHTY TeMIepaTypu B Pi3HUX
Toukax mporecy auctwrii. Lli marunkn 3a0e3nedyBaiy 3BOPOTHHNA 3B'SI30K B
peanbHOMY uaci 3 anroputMoM IIIJI-perymioBaHHS [UIi TOYHOTO PEryIIOBaHHA
TemnepaTypu.

2. HarpiBanbHi eJeMEHTH: CHCTEMa BKJIOYAja EJIeKTPHYHI HarpiBajibHI
CJIEMEHTH, [0 BiJIOBINAIOTH 32 HArPIBaHHS MUCTHILILIAHOTO amapary. AITOPUTM
[I/I-perynroBaHHsT PEryNOBaB MOTYXHICTh, 110 MOAAETHCSI HA IIi CIEMEHTH, JUIS
MiTPUMAHHSI HEOOX1THOTO TEMITEPaTypHOTO PEKHIMY.

3. IIIAd-perymsaTtop — Il ceple CHCTEMH, SKAH OTPUMYBAB MOKA3HUKH
TEeMIepaTrypu BiJ JaT4MKiB 1 pO3paxoByBaB HEOOXiJHI HaJalITyBaHHS
HarpiBaJIbHUX €JEMEHTIB. BiH BHUKOPHCTOBYBaB MpOIOpIIiifHE, IHTETpajbHE Ta
MOXiTHE pETyJIIOBaHHS, I[00 MIHIMI3yBaTH BIIXWICHHS TEMIlEpaTypu Ta
MiATPUMYBATH CTAOIIBHICTS.

Kpim Toro, OyB po3pobnenuii 3pyuHuil iHTepdeiic KopucTyBaya Ajsi TOTO,
o0 HaJaTH JTOCIAHUKAM MOXKIIMBOCTI KOHTPOJIIO Ta MOHITOpHHTY. Lle no3Bonmino
KOPHCTYBauaM BCTAHOBIIIOBATH OaxkaHI TeMIepaTypHI MapameTpH, BiJICTEKYBaTH
3HAuUEHHS TEMIIEPAaTYPH B PEUTLHOMY Yaci Ta MEeperIsiiaTi CTaH CUCTEMHU.

[le omuH NpOEKT BapTHUil yBary, 1ie po3poOka O0e3pOTOBOr0 MOHITOPUHTY 1
KOHTPOJIIO JIaOOpaTOpHUX TMPOIECIB AUCTHIALII, SKUH OyB CHpsSMOBaHMA Ha
YCYHEHHS IIMX OOMEXeHb NUIIXOM pPO3POOKM CHCTEMH JTUCTHIALII 3
MOXIIUBOCTSIMH 0e31poToBoro 3B'sa3ky [10]. Ll cucrema no3Bonmia AOCHTITHUKAM
JTUCTAHIIMHO KOHTPOJIIOBATH MPOIEC MWUCTWIIAMIi, MiABUIIYIOYA 3py4HICTH 1
THY4KiCTh po0OOTH.

OCHOBHHMMH 3aBJJaHHSIMHU MPOCKTY OYyJIM HACTYITHI:

1. Po3pobutu nabopaTopHy MAUCTHISTOPHY CHCTEMY 3 MOXJIHMBICTIO
0e3pOTOBOTO 3B'SI3KY.

2. BeraHoBiTh HaJiiHUI 0€3pOTOBUH 3B'I30K MK CHCTEMOIO AUCTHIISIIT Ta

LEHTPAJILHOIO CTAHI[IEI0 MOHITOPHHTY (KOMIT IOTEPOM).
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3. VYBIMKHITh JTUCTAHIIIHUNA MOHITOPUHT KPUTHYHHUX MAPaAMETPIB, TAKUX SIK
TeMITepaTypa, TUCK 1 XiJ JUCTUIISIIII.

4. CropoweHHs JAWUCTAHUIHHOTO KepyBaHHS MPOLECOM  JUCTHIIALIL,
BKJIFOYAIOUH PETYIIOBAHHS HAAMTYBAHb 1 3aMycK ab0 3yMUHKY MPOIIECY.

Jmst  3abesrmeveHHss Oe3neyHoi Ta HAMIHHOI Tepenadi maHuUX Oy
BUKOPHCTaHI BIAMOBIAHI O€31POTOBI MPOTOKOIM Ta MeToAW MHppyBaHHs. Y Wikt
cXeMi  MIKpOKOHTpOJIEp CIYI'yBaB IICHTPAJIbHHM IPOIIECOPHUM  OJIOKOM,
MOJIETIIYIOYH 301p JJAaHWX, aJITOPUTMH YIPAaBIiHHS Ta 0€3pOTOBUil 3B's130K. B TOi
gac K Oe3IpOTOBI MOMAYJ 3a0€3MMEUMT 3B'SI30K MK CHCTEMOIO JUCTWIIAIIL Ta
LIEHTPAJILHOIO ~ CTaHIi€l0 MoHiTopuHry. [lns OesnepeOiliHoro 3'enHaHHS
BHUKOPHCTOBYBAJIMCS MOUIMPeHi 6e31poToBi npoTokonu Wi-Fi.

Kpim TOro, mpuBogaMu, TakMMHU SIK HArpiBaJibHI €lIEMEHTH a00 KIIaNaHwu,
MOXJIMBO OyJI0 KepyBaJM TUCTAHIIHO Yepe3 Oe3apoToBe 3'eaHanHs. JlocminHuku
MOIVIM HAaJaIITOBYBAaTH Ii MPHBOIM s Momm(ikamii mporecy AMCTHIALNT 3a
notpebun.

TakuM YHMHOM, B paMKaX IBOTO IPOEKTy OyJ0 YCHIIIHO pOo3poO0IeHO
CHCTEMY MAMUCTWIALII 3 MOXJIMBOCTSAMH O€3APOTOBOrO 3B'SI3KY, IO JO3BOJLIE
JOCITIIHAKAM JUCTAHIIIHHO KOHTPOJIIOBATH MPOLEC TUCTHIISALIT Ta KEPyBaTH HUM.
BrpoBajkeHHsT MIKpPOKOHTpoJiepa Ta O€3ApOTOBUX MOIYIIB  3a0€3MeUmIio
OesnepeOiiiHe MIAKIIOUEHHS Ta Tepelnady JaHuX B PEXHMi peajbHOTO 4Yacy Ha
LEHTpaJIbHY CTaHIil0 MOHITOpUHTY. L[ Oe3mpoToBa cHCTeMa MOHITOPHHTY Ta
yIOpaBIiHHA 3a0e3ledye 3pYy4HICTh, THYYKICTh 1 IiABUINEHY €(EKTUBHICTH
NabOpaTOPHUX MPOLECIB JUCTHIIALII, CIPHSAIOYH PO3IMIMPEHHIO JOCIIIHHLIBKUX
MOXITUBOCTEH 1 T1IBUIIEHHIO ITPOAYKTUBHOCTI.

[lle ogwH TPOEKT BapTWil yBarum — II€ PO3yMHA CHCTEMa IUCTWIIALIL 3
aHaN30M JIaHUX Yy PEeXKUMI peallbHOro Yacy, sKa Maja Ha MeTi ITiBUIIUTH
e(eKTHBHICT 1 YHCTOTYy MpOLECYy AMCTHIALII HUIIXOM IHTErpamii CydacHHX
JIaTYMKIB, 30KpeMa ra3oBoi xpomarorpadii, B 1a00paTopHy AUCTHISIIHHY CUCTEMY
[12]. Os cuctema mo3BONHIIA TPOBOAUTH aHAII3 CKIAAy IUCTHIATY B PEKUAMI
pealbHOrO Yacy, HaJal4M IiHHY I1HQOpMAII0 MpPO MPOIEC PO3LICHHS.

I[OCJ'[i}IHI/IKI/I MOXYTb KOHTPOJIFOBATH Ta 0HTI/IMi3yBaTI/I mpouec }II/ICTI/IJ'IHHi'l. Ha
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OCHOBI PE3yJbTaTiB aHai3y, M0 MPHU3BOAUTH JIO IiJBUINEHHS €(PEKTUBHOCTI Ta

YHCTOTH.

36ip maHUX 3IiMICHIOBaBCS B PEKHMI PEATBHOTO 4Yacy, (IKCYyHOUH CKIaja
JUCTWIIATY TiJ 4Yac mpouecy muctwrnii. Otpumani nani Oyau oOpoOneni Ta
MPOAHANI30BaHI 3 BHUKOPUCTAHHSAM BIiANOBITHUX AaiTOPUTMIB 1 METOMNIB IS
OTpUMaHHS BiINOBiAHOT 1HQoOpManii. [IOCHITHUKM BHKOPUCTAIN pe3yNbTaTH
aHaymizy Juid onTuMizamii mapameTpiB mpouecy aucTwisimii. bymm BHecewi
KOPEKTHBU B TEMIIEPaTypy, TUCK, MIBUIKICTh MOTOKY Ta IHIII BiAMOBIJHI 3MiHHI
JUTSL T TBUTIICHAS €(DeKTUBHOCTI Ta YHCTOTH.

[dns asamizy ckiagy AUCTWIATY B PEXKHUMI pealbHOro0 4acy B CHCTEMY
JUCTWIALIT OyB IHTErpOBaHWI CydacHMH Iardvk Ta3oBoi xpomatorpadii. Lleit
JIaTYMK HAJlaBaB TOYHY 1 JeTalbHy 1H(OpMAIlI0 MPO KOMIOHEHTH CyMilIl Ta X
KOHLeHTpauito.

IlenTpamnizoBana cuctema 300py JaHWX TOJIETHIIUIA 30ip MAHWX 3 JaTduKa
ra3oBoi xpomarorpadii B peKuMi peaslbHOro 4acy. BoHa BKirO4ana BiAIOBiAHI
cxemu (OPMYBaHHS CHTHAJIY Ta NEpeTBOPIOBAaYl MAaHWUX il 3a0e3medeHHs
Ha/IIHHOTO 300py NaHUX.

Bomnouac, Omok aHamizy Ta 0OpoOKkM maHWX OOpOONSAB 1 aHai3yBaB
OTpHMaHi JIaHi, BUKOPUCTOBYIOUH BiJIOBIHI JIFOPUTMHU 1 MeTou. Byiio oTpumano
KITFOYOBY 1H(OpPMAIIifo PO CKIIAJT TUCTHIIATY, TaKy K 1IeHTU(IKALS KOMIIOHCHTIB,
KOHIICHTPAIlisl Ta YHUCTOTA.

Omxe, K MOXHa MMOOAYUTH 3 TPHKIAIIB HaBEICHUX paHilie, 0araTo
MPOCKTIB y Wil cepi KOHIEHTPYEThCS HA MpPOIeCi aBTOMAaTH3allii Ta HaJaHHI
JOCHIHUKAM MOXIIMBOCTEHl IpHMarH pIIICHHS Ha OCHOBI JNaHUX y PEXUMI
peaslbHOTO Yacy Ta AWCTaHLIHHY moAioHo Hamomy. L{i mpoekTH MaroTh MoTeHIian
U 3HAYHOTO BIUIMBY Ha cdepy OUCTHIALII 3aBASKU IMOKPALICHHIO KOHTPOIIO

MpoIiecy Ta ONTHMi3allii Ha OCHOBI JaHHUX B JJa0OPaTOPHUX YMOBaX.
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PO311JI 2. TIPOEKTHA YACTUHA

2.1. Ckaag cxeMH MPOEKTY

CkJ1aJ CXeMH MPOEKTY BKIIHOYa€ KOMIIOHEHTH, SIKI BUKOPHCTOBYIOTBCS JIIS
peauizanii QyHKIIOHATBEHOCTI JabopatopHOro auctuistopa. KokeH KOMIOHEHT
Mae CBOIO pOJIb Y CHCTEMi Ta B3a€EMOJi€ 3 IHIIMMH KOMIIOHCHTAMH IS
3a0e3rneueHHs e(peKTUBHOCTI Ta HaJIHHOCTI MPOIECIB JUCTUIIALI.

OCHOBHUM KOMIIOHEHTOM CKiIamy cxemu € miata Arduino Mega2560. Ll
IUIaTa MICTHTh MiKPOKOHTPOJIEP, SIKUi BUKOHY€E 00pOOKY NaHUX, KEPYE B3aEMOIIEO
3 {HIIMMH KOMIIOHEHTaMH Ta 3a0e3nedye ynpaBliHHSI IUCTWIALINHAM IIPOLECOM.
Arduino Mega2560 mae BenmuKy KUTbKICTh HNH(POBUX Ta aHAJIOTOBHUX BXOIIB Ta
BUXOZIB, 0 JIO3BOJISIE TIJIKJIIOYATH PI3HOMAHITHI JaTYMKA Ta EJIIEMEHTH
ynpaBiHHA.

[ns  KOHTpONMIO Ta PEryjaioBaHHS TEMIEpaTypd BHKOPHCTOBYETHCS
repMeTHUHNA gatauk Temneparypu DS18B20, sxwii 3abe3medye To4uHE
BUMIpIOBAHHS TEMIIEPATyYPH y AMCTHISIINHIHA Kamepi. Yoro BHXix migKmodeHuii
10 BXity aHanoroBoro miHa Ha Arduino Mega2560.

JlonaTkoBi €IeMEeHTH CKJIaly CXeMH BKJIIOYAIOTh TOAWHHUK PEaJbHOTO 4acy
(RTC), sxmit 3abe3neuye TouyHMU BiWIIK 4yacy Ta gar, pene SSR-25 DA mns

KepyBaHHS HarpiBabHMM ejneMeHToM, peiae SRD-5VDC-SL-C nmist xepyBaHHS
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yhpasisitounmu eneMentamu Hacocy ta TEHa, konbopoBuii rpadiunuii ekpas s

BiJOOpakeHHS JaHWX Ta IHTepQelcy KOpHUCTyBaya, TAaKTOBY KHOIKY JUIS
KepyBaHHS MEBHUMH (DyHKLISIMH CUCTEMH, 3ByKOBHH M'e30enemMeHT BMT-1203UX
JUTSL CTIOBIILIEHHS TIPO MEPEBUIIEHHS MEX TeMIlepaTtypH Ta Moayib Bluetooth HM-

10 a1t MOXKITUBOCTI TUCTAHIITHOTO KEPyBaHHS Ta MOHITOPHHTY.

Ckmag cxeMH TPOEKTy 3a0e3rnedye TMOBHOTY  (pyHKIIOHAJIBHOCTI
1ab0paTOPHOTO JHUCTHIIATOPA, BKJIFOYAIOYM KOHTPOJIb TEMIIEPaTypH, KepyBaHHS
HarpiBaHHSM Ta YIPaBIiHHS IHITUMH €JIeMEHTaMU CUCTEMH. B3aeMoiisi MK HUMH
KOMITOHCHTaMH 3a0e3redye e(eKTUBHY Ta HAMIHHY pOOOTY MUCTHISATOpA I 4ac
NPOBE/ICHHS JIAOOPATOPHUX SKCIICPUMEHTIB.

2.2. XapakTtepuctuka Arduino Mega2560

Arduino Mega2560 € MiKpOKOHTPOJICPHOIO IUIATOI, sKa 3abe3medye
peautizaitito (DYHKI[IOHATBHOCTI 1ab0paToOpHOTO JCTUIIATOPA. Leit
MIKPOKOHTpOJIEp Ma€ IIMPOKUH CIEKTP MOXJIMBOCTEH Ta XapaKTepUCTUK, IO

pOOIATH WOTO BiAIIOBIIHIUM BHOOPOM IS ITi€T pO3POOKH.

Puc. 2.1. Arduino Mega2560
Jxepeno: [8].
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OpHiero 3 KIKOYOBUX XapakrepucTuk Arduino Mega2560 € iioro notyxHui
MikpokoHTponiep ATMega2560 3 TaktoBoto dwactotoro 16 MIn. Ilei
MIKPOKOHTPOJIEp MAa€ BEJIMKY KUIBKICTh BXOMIB Ta BUXOJIB, BKJIOYa0uu 54
IUQPPOBHUX BXOAN/BUXOH (3 sIKUX 15 MoxyTh OyTH Bukopucrasi sk [IIIM-Buxomu),
16 ananoroBux BxoxmiB Ta 4 UART-moptm anst 3abesnedeHHS KOMYHIKaIii 3
IHIIMMU IPUCTPOSMH.

Arduino Mega2560 takox Mae BOyoBaHy HaM'siTh, IIO JJ03BOJISIE 30epiraTu
nporpamMu Ta AaHi. BoHa ckmamaerbes 3 256 kinoOadT dQuiemn-nam'sati (B sKii
30epiraeThcs mporpaMHe 3ade3mnedeHus), 8§ kimooant O3I1 mist 30epiraHHs 3MiHHHX
ta 4 xinodaiit EEPROM nnst 30epiranHs MOCTIMHUX JaHUX.

Arduino Mega2560 niaTpumye pizHOMaHIiTHI iHTepdeiicu, Brimodatoun 12C,
SPI ta CAN, mo no3Boisie 3a0€3MEYUTH 3B'I30K 3 IHIIMMU MPUCTPOSIMH Ta
PO3MWHMPUTH MOXIHMBOCTI cuctemu. Kpim Ttoro, ns tuata mae USB-mopr s
3'€IHAHHS 3 KOMITFOTEPOM, IO CIIPOIIYE MPOrpaMyBaHHS Ta BiIJIalKy.

Arduino Mega2560 niaTpuMye BUKOPHCTaHHS Pi3HOMaHITHHX MPOTPaMHHUX
6ibmioTexk Ta cepemosuil po3poOkm, 30kpema Arduino IDE, mo poOute #oro
JIOCTYITHUM Ta 3py4YHHM JUIsi po3poOHHKiB. Lle cripuse mBHUAKOMY pO3pOOJICHHIO
MPOrPaMHOTO 3a0€3MeUeHHs TSl YIPaBIiHHS JUCTUISALIHHIM IPOLECOM Xi.

3aranpHa xapakrepuctuka Arduino Mega2560 noka3ye HOro moTyXHICTh Ta
THYYKiCTh Y BHKOHAHHI 3aBJaHb, MOB'A3aHUX 3 YIPABIIHHAM Ta KOHTPOJIEM
PI3HOMaHITHUX €IEeMEHTIB JlabopaTopHoro auctuistopa. Lleit MikpokoHTpoJep €
Ha/IIHHOI0 OCHOBOIO JUIsl peajizamii (yHKIIOHAJIBHOCTI MPOEKTy Ta 3abe3rnedye
BUCOKY IIPOIYKTUBHICTh T4 TOYHICTh YIIPABIIHHS JUCTHILLIHHAM IIPOIIECOM.

Arduino Mega2560 Takox Mae 3Ha4HYy KUIbKICTh BXOJIIB 1 BUXO/IB, 1[0 HA/IA€
IIMPOKI MOXKITUBOCTI TS 3a0€3MEUCHHS B3aEMOJIIT 3 PI3HOMaHITHUMH 30BHIITHIMH
MIPUCTPOSIMU Ta ceHcopamu. Lle no3Bosie po3uupuTy PyHKIIOHATBHICT CUCTEMH
Ta 3a0e3MeYnTH MOTPiOHI B3aEMOIiT 3 HABKOJIMIIHIM CEpPEeIOBHIIEM. YChOTO ILIaTa
Mae 54 mudposux Bxogu/Buxomu (digital I/O pins). 3 Hux 15 MoxyTh OyTH
BukopucTaHi sk BuxigHi [IIM-curnamn (PWM — Pulse Width Modulation), mo

JIO3BOJISIE TEHEPYBAaTH AaHAJIOTOBI CHUTHANM 3 JIOTIOMOTOK0 HIMPHHU IMITYINILCIB.
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KoxeH uudpoBuii IiH MOXE MNpPAIIOBATH SK BXiJ a00 BHXIiJ, 3aJIEKHO BiJ
HaJlalITyBaHb Nporpamu [9].

VY wmikpokoHTposiepa Arduino Mega2560 Takox € 16 aHaIOroBHX BXOIIB
(analog input pins). L[i miHKM [O3BONSIOTH 3YMTYBaTH AaHAJIOTOBI 3HAYEHHS,
HANPUKIIAJ, 3 JaTYUKIB aHAJIOTOBHX cHUTHaliB. KOXXCH aHaIOTOBHH BXiJ MOXE
3YMTYBAaTH 3HAa4eHHS B pianazoni Bix 0 mo 5 Bonbr. Takum umHOM, Arduino
Mega2560 mae nBa psiau 3araigpHoro npusHadeHss (General Purpose Input/Output,
GPIO) miHiB, 110 JO3BOJISIOTH MiAKIIOYATH 30BHILIHI TPUCTPOi. Takox Ha IUIaTi €
po3'emu [2C ta SPI, sKi AO3BOJSAIOTH MiIKITIOYATH JAaTYHAKH, AWCIDICT Ta IHIII
MPUCTPOT, 110 MIATPUMYIOTH 1ii iHTEepdencH.

Arduino Mega2560 Takoxx migTpUMy€ KOMYHIKAIIO 3 PI3HUMH IIPUCTPOSIMH
3a pomomororo pisHux iHTepdeiiciB. Bin mae 4 UART-moptu (Universal
Asynchronous Receiver/Transmitter), o 103BOJSIOTH IEpEIaBaTH Ta OTPUMYBATH
naHi 3a gonomoroto mpotokosry UART. Kpim Toro, rutara miarpumye 3'eqHaHHS 32
noriomoroto [2C (Inter-Integrated Circuit), SPI (Serial Peripheral Interface) ta
CAN (Controller Area Network).

[Mnara Takoxx ™mae USB-mopt, skuil 103BOJIsE MiAKIIOYATH HOro /0
KOMIT'OTepa YM iHIIOTO NPUCTPOKO JUIs NporpamyBaHHs Ta Bimmagku. USB-mopt
Moxe OyTH BUKOPUCTAaHWH SK BXLJ/BHXIN Il mepepadi qanux Mik Arduino ta
KOMM'IOTEPOM.

Ili 6ararodynkmionansui Bxomu 1 Buxomau Arduino Mega2560 HanmaroTh
PO3pOOHMKAM MIMPOKHHA CHEKTP MOXIIUBOCTEH JUIS IMiJKJIIOUCHHS, KEPYBaHHS Ta
3YATYBaHHS HAaHUX BiJ PI3HUX NPHCTPOiB Ta ceHcopiB. Lle pobuts Arduino
Mega2560 noTy»KHUM 1 THYYKHM THCTPYMEHTOM JUIs peajizalii pi3HUX MPOEKTIB,
BKJIFOYAIOUH JTA00OPATOPHUI TUCTHILSITOP.

OTxe, 3aJI€KHO BiJi BHMOT IPOEKTY, MOXIHUBA CYMICHICTh 3 pi3HHUMH
IUIaTaMH  PO3IIUPEHHS U1 PO3IIMPEHHS (PYHKIIOHATBHOCTI Ta 3a0e3NedYeHHs
OLIBIIOT THYYKOCTI CUCTEMH.

Po3mipn Arduino Mega2560 ckianatrors Omuspko 101.52 Mm (oBxuHa) X

53.3 MM (mMpuHa), 1O POOUTH WOTO JOCTATHHO KOMIIAKTHUM JUIs iHTErpamii y
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npoekT. Ha muiati po3miieHi po3'emMu, sIKi JO3BOJISIOTH MIAKIIOUATH JIOJATKOBI
MPUCTPOT Ta IUIATH PO3IIUPEHHS, 10 PO3IIHPIOIOTH MOKITHBOCTI CHCTEMH.

Arduino Mega2560 wmae 3aranbHOi CyMICHICTH 3 0Oararbma IUIATAMU
pO3IIMpeHHs, Ki 0a3yIOThCs HA CTAaHIAPTHHUX iHTepdeiicax, Takux sk [2C, SPI Ta
UART. Lle o3Hauae, mo miara Mo)ke OyTH JIETKO ITO€THAHA 3 IHITMMHU MPUCTPOSIMA
Ta MOAYISIMH, TaKMMHU SIK JaTYUKW, AUCIUIET, aKkTyaTOpH Ta IHINI NPUCTPOI, IO

PO3MIMPIOIOTH (PYyHKIIOHATIBHICTH MIPOEKTY.

2.3. XapaKkTepucTHKA I01aTKOBHUX €JIeMEHTIB cXeMH

l'epmernunuit natuuk temmneparypu DS18B20 € elekTpoHHUM MPUCTPOEM,
KA BHKOPHCTOBYETHCS JUIS BHMIPIOBaHHS TEMIIEpaTypu Y J1aboparopHOMY
muctunatopi. Bin 3a0e3neduye TouHe Ta HajiliHE BUMIPIOBAHHS TEMIIEPATYpPH, IO

J103BOJII€ KOHTPOJJIIOBATH TPOLIECHU HaniBaHHH Ta OXOJIOIKCHHSA Y CHCTEMI.

Puc. 2.2. 'epmeTuunuii natuuk Temneparypu DS18B20
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JIxepeno: [2].

XapakTepUCTUKH  TepMETHYHOro  jAardymka  Temneparypu  DS18B20
BKITIOUAIOTh pOOOYMIA Jiara3oH TeMmeparyp, sSIKuii Moxke OyTH, HANPHUKIAA, BifJ
-55°C no +125°C, po3ninbHy 31aTHICTh, IO BU3HAYAE MiHIMAJILHUN BUMIpIOBaHUI
KpPOK TeMIIepaTypH, TOYHICTh BUMIPIOBAaHHS, siKa Moxe Oytn B Mexax +0.5°C, a
TaKOX 4ac BiATYKY, 110 BKa3y€e Ha IIBUIKICTh OHOBJIEHHS BUMipIOBaHb.

Harank DS18B20 BukopuctoBye 1udposuii inrepdeiic 1-Wire, mio
JI03BOJIsIE€ TIepejaBaTi JaHi TeMIlepaTypH 4epe3 OJuH €JuHui nposin. Lle copormrye
i TKTIOUEHHS Ta KoMyHikarito 3 Arduino Mega2560. Bin Takox Mae BOymOBaHMIA
YHIKaJIbHUHA 1CHTU(IKATOpP, MO JO3BOJISIE OJHO3HAYHO 1MEHTH(IKYBATH KOXKEH
OKPEMHI JaTYNK y CUCTEMI.

I'epMeTnyHa KOHCTPYKIIiS JaTYMKa 3a0e3Medye HOro 3axXHCT Bifl BOJIOTH Ta
MWy, MO pOOUTH HOro BIANOBIAHUM [JIsi BHKOPHCTaHHS Yy BOJIOTOCTI Ta
arpecuBHHX yMoBax. Kpim Toro, matank mMae mani (izuuHi po3mipH, 10 T03BOIISIE
JIETKO BCTAHOBJIOBATH HOTO y CHCTEMY.

TakuM unHOM, repMeTHYHHN HaTdauK Temiiepatypu DS18B20 e naxifiauM ta
TOYHHUM IIPUCTPOEM, SIKMH J03BOJISE BUMIPIOBATH TEMIIEpaTypy y JabopaTopHOMY
JUCTHIIATOP] 3 BUCOKOIO TOYHICTIO Ta CTaOLIbHICTIO. {e BasKiIMBHI KOMITOHEHT, 1110
JIOTIOMAara€e KOHTPOIIIOBAaTH TEeMIIEpaTypHI YMOBU Ta 3a0e3ledyBaTH Oe3neky Ta
e(eKTHBHICTH MPOIIECY.

lonunnuk peanbroro uvacy (RTC) — me eneKTpOHHUWI NPUCTPIH, SKuUl
BUKOPHCTOBYETBCSI JUII TOYHOTO BUMIDIOBaHHS Ta BIJCTEXKEHHS dYacy y
nabopaToOpHOMY IHCTHIATOPI. BiH 3a0e3neuye MOXIHBICTE OTPUMAaHHS aKTyalbHOI
iH(dopMalii mpo Yac Ta Jary, [0 € BAXJIMBUM JJIsi CHHXPOHI3allii Moaid, perymsiii
TaiiMepiB Ta KOHTPOJIIO CHCTEMHHUX MTPOIIECIB.

Monynb TOOMHHUKA pealbHOro 4Yacy MoOyJOBaHHI Ha OCHOBI MOJEi
DS3231, sxa cnoemianbHO NpW3HAdeHa It podotm 3 1wiatamu  Arduino,
Bkirovatoun Arduino MEGA.

Lle#t enmeMEHT BUKOPHCTOBYETbCS Yy JaOOpaTOpPHOMY IUCTHIISATOPI JUIst

TOYHOI'O BI/IMipIOBaHHﬂ Ta BiZ[CTC)KCHHH qgacy, IO O03BOJII€ KOHTPOJJIKOBATH

Matches Quotes References 3 Ignoredtext A Replacement Comments


https://unicheck.com

File name: MosacHoBasibHa 3anucka_llonouBaH File ID: 1015200115

CHUHXPOHI3aIlif0 Ta BUKOHAHHS PI3HUX MOMIHM y cucTeMi, 3a0e3reuye MpaBHIbHY
poboTy TaliMepiB Ta PEryIIFOBAHHS CHCTEMHHUX MPOIECIB.

Pene SSR-25 DA Bigirpae BUpimajgbHy pOJb Y NPOEKTi JIaOOPaTOPHOIO
TUCTUIATOpa, 3a0e3rneuyroun eQeKTHMBHMH 1 HagiiHMH  KOHTpONb  Haj
HarpiBaJbHUM €JIEMEHTOM.

Pene SSR-25 DA — 1ie TBepAOTUIbHE pelie, MpH3HAUEHE IJIsi KepyBaHHS
HABaHTAXXCHHSIMHU 3MIHHOTO CTpyMy. BOHO Mae KillbKa KITFOYOBHX XapaKTCPHCTHK,

SIK1 pOOIISITH HOTO MPUIATHUM JIJISI TPOEKTY JTA0OPATOPHOTO TUCTUIISTOPA!

Puc. 2.3. Pene SSR-25 DA
Ixepeno: [5].

Pene SSR-25 DA 3parHe mpaifoBaté B Jiana3oHi HAIPYTrd HaBaHTaKEHHS
24-380 B 3MiHHOTO CTpPyMY, 1110 pOOUTH HOTO CYMICHHM 3 THIIOBUMH BUMOTaMH 10
MOTY)KHOCTI HarpiBaJJbHUX €JIEMEHTIB, $Ki BHKOPHUCTOBYIOTbCS B IpoIecax
quctunsiii. BoHO Mae HOMIHAJNIBHUI CTPYM HaBaHTaXEHHsS 25 A, 110 J03BOJISIE

oMy e(eKTHBHO KepyBaTH 3HAYHUMH PiBHIMHU HOTY>KHOCTI.

Matches Quotes References F Ignoredtext A Replacement Comments


https://unicheck.com

File name: MosacHoBasibHa 3anucka_llonouBaH File ID: 1015200115

Ha BigmiHy Bifi TpaauLiiHUX €IEKTPOMEXaHIYHUX pelie, B peie SSR-25 DA
BUKOPUCTOBYETBCS ~ HAIMIBIPOBIMHUKOBA  KOHCTPYKISS 3  BHKOPHUCTAHHSAM
HAIMIBIPOBITHUKOBUX TPHUCTPOIB, TaKUX SIK TUPUCTOpU abo cumictopu. Taka
KOHCTPYKIIisS yCYBa€ MOTPeOy B PYXOMHX YaCTHHAX, [0 MPH3BOIMUTH JI0 IIBUJIIOTO
Yacy BIATYKYy, IIBHINCHOI HAIIMHOCTI Ta 3MEHIICHHA 3HOCY. BimcyTHICTB
MEXaHIYHUX KOHTAKTiB TaKOXX 3HWXKYE PHU3UK BHHUKHEHHS OYTH, IiIBUIIYIOUH
3arajbHy 0e3MeKy CHCTEMH.

Kpim Toro, pene SSR-25 DA mae onTU4HO 130JIb0BaHI BXOJM KEPYBaHHS, 10
3a0e3redye eICKTPUYHY 130JIAIIF0 MIX JIAHITIOTOM KEpyBaHHS Ta JIAHIIOTOM
HaBaHTaxeHHs. LIs1 i3os1is 3an00irae BILIMBY HEPELIKOA 1 CTPUOKIB HANIPYTH Ha
CUTHAJIM KEpyBaHHs, 3a0e3Meuyroud IiJBHINCHY CTaOUIBHICTh 1 3aXHCT BiJ
CJICKTPUYHHX MEPELIKOI.

Takox BapTo 3a3Ha4nTH, O perne SSR-25 DA Mae QyHKIIIO TepeMUKaHHS 3
HYJTBOBUM NepeTHHOM. Lle 03Havae, 1110 BOHO BMHKA€E JTAHIFOT HABAHTAXKECHHSI, KON
3MiHHA Harpyra repeTuHae HyJb, MIHIMI3yIOYH IIEPEXiJHI MPOUECH CTPyMy Ta
3MEHIIYIOYM HaBAaHTA)KCHHS Ha MiAKIOYeHi npucTpoi. [lepeMukaHHs 3 HYJTOBUM
MEPETHHOM JIONIOMAara€ 3MEHIIUTH EJNEKTPUYHI IIyMH 1 MiJBHIIYE 3arajibHy
eexTHBHICTh mpornecy auctwrnii. Takum unHOM, pene SSR-25 DA po3pobieHo
Juis e(DeKTUBHOTO BIJIBEJICHHS TeIla, 3a0e3Meuyour ONTUMAIIbHY MPOITYKTHBHICTb
1 3amobiraroyn TeperpiBaHHIO. BOHO oOcHamieHe pazaiatopaMy i BiATIOBIIHUMH
3ax0/laMH TEPMOPETYJIIOBAHHS JUJIsl MiATPUMKH Oe3nedHoi poOodoi Temmeparypu
HaBiTh B yMOBaX BHCOKHX HABAHTAXKCHb.

Pene SSR-25 DA BukopuctoBye BXifHUi iHTEpdeiic KepyBaHHs, CyMiCHUH 3
MikpokoHTponiepoM  Arduino  Mega2560. Lleit  inTepdeiic  mo3Bomse
MIKPOKOHTpOJIEpY BMHUKAaTH a00 BUMHKATH peJie BiANIOBIIHO O BHUMOT HpOLECy
JUCTHIIALIT Ta BBEICHUX KOPHCTYBayeM JaHUX. Pele MOXKHa KOHTPOIOBATH 4epes3
nuQpoBUH BUXiJ MIKDOKOHTpOJIEpa, LIO CIPOIIYE IHTErpamio 1 yNpaBiIiHHS
HarpiBaJIbHUM €JIEMEHTOM B JIAOOPATOPHY AUCTUIIATOPHY CHCTEMY.

Takum unHOM, pene SSR-25 DA Mae BaIIMBI XapaKTEpPUCTHKH, SIKi pOOIATH
HOro ijeajbHUM KOMIIOHEHTOM JUIsl YIPaBIiHHS HarpiBaibHUM €IEMEHTOM B

naboparopHOMy AHMCTHIIATOPi. Moro HaBaHTaXyBaslbHa 3JaTHICTH, TBEPIOTiJIHHA
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KOHCTPYKLiA, ONTHYHO 130JbOBaHE KEpyBaHHS, NEPEMUKaHHS 3 HYJIbOBHM
MIEPETHHOM, MOXKJIMBOCTI PO3CiIOBaHHS Teruia i cyMicHicTh 3 Arduino Mega

Pene SRD-5VDC-SL-C € enekTpoMexaHiYHAM pelle, sIKe BUKOPUCTOBYETHCS
B J1a0OpaTOPHOMY JUCTWIISATOPI Ui KEpyBaHHS pI3HUMH eJIEeKTPUIHUMH
HaBaHTAXEHHSIMH. BOHO mpaifoe Ha OCHOBI IPUHITUITY €IEKTPOMArHITHOI IHAYKITT
Ta 3a0e3neuyye KOMYTAllil0 €JIeKTPUYHUX CHTHATIB Ta KEepPyBaHHS NPOLECAaMH B

cucTemi.

Puc. 2.4. Pesie SRD-5VDC-SL-C
Jxepeno: [14].
OcHoBHi xapaktepuctuku pene SRD-5VDC-SL-C BrmouaioTs pobouy
Harpyry, sika cTaHoBUTh SVDC, 1m0 Bu3Hauae HeOOXiAHY HANpyry AJs aKTHBaLlil
pene Ta #oro poboTy. BoHO Takok Mae KOHTaKkTH AJisl KepyBaHHS, 3a3Buuail NO

(Normally Open — 3Buuaitao Binkpurtuii) Ta NC (Normally Closed - 3BuuaitHo
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3aKPUTHI), IO J03BOJISIE BUKOPUCTOBYBATH peJie Uil PI3HUX THIIB KepyBaHHS Ta
KoMyTaLil.

Penre SRD-5VDC-SL-C mae MexaHiYHy KOHCTPYKIIIO 3 KOHTaKTaMH, IO
3a0e3neuyloTh ~ HaAidHy  KOMYTAallil0  eJeKTPHYHHX  CUTHamiB.  BoHO
XapaKTepU3yeThCS HU3BKUM PIBHEM HIYMY Ta MiHIMAJIbHUM KOHTAKTHHM OIIOPOM,
1o 3a0e3neuye eekTUBHY Nepeiady CUTHAIIIB i MiHIMI3y€e BTpaTH.

JHonatkoBo, pene SRD-5VDC-SL-C mae BOynoBaHuit Ai0QHUN PE3UCTOP JUIS
3aXHCTy BiJl BHIIPOMIHIOBAHHS €JIEKTPUYHOIO LIyMy Ta PEBEPCHOTO CTPYyMY, IO
Jo3BONsIE  3a0e3meynTr  CTabiibHY poOOTY peile Ta 3amodirTh  MOXJIMBUM
MOWKOOXEHHAM.

Ile pene 3a3BUYail BHKOPHCTOBYETHCS I KOMYTallii HHU3BKOBOJBTHHUX
CUTHAJIIB 1 HABAHTAXKEHb, TAKKX SIK JIAMITH, MOTOPH, COJICHOIX Ta IHII HPUCTPOI.
Bono 3abe3neuye HajiliHe KepyBaHHA Ta KOMYTAllil0 CUTHAIIB B CHCTEMI, IO
JO3BOJIsIE  3a0e3rmevnTH MOTpiOHMH (YHKIIOHaT Ta CTaOUIBHICTE pPOOOTH
71a00PaTOPHOTO AUCTUIIATODPA.

OLED-muctmeti SSD1306 €  KIIIOYOBUM ~ KOMIIOHEHTOM  IPOCKTY
a00paTopHOTO  AMCTHIISATOPA, SKHWA CIOYrye Bi3yalbHUM iHTepdeicom Juis
npencTaBieHHs iHpopmanii kopuctyBaueBi. Lleli posmin Mae Ha MeTi HajxaTH
BceOiuHMid onuc Ta aHaini3 xapakrepuctuk OLED-nucines SSD1306, BucBitnutu

HOTr0 TeXHIYHI XapaKTEPUCTHKH Ta (PyHKIIOHAIBEHI MOXJIMBOCTI B paMKaX MPOEKTY.
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Puc. 2.5. Expan SSD1306 OLED
Joxepeno: [13].

OLED-muctneit SSD1306 mae Kinbka BaXJIMBUX XapaKTEPUCTHK, SIKI
CHPHAIOTH HOTO MPUAATHOCTI AJIs IPOEKTY JIAOOPATOPHOTO JUCTHIIATOPA!

1. B OLED-gucrmuiei SSD1306 BUKOPHCTOBYETHCSI TEXHOJOTISI OpTaHIYHAX
ceimonionis (OLED). OLED-aucmnei MatoTh psif nepeBar Haj TpPaaULiHUMHU
pigkokpuctramivanmu  gaucmiesmMu  (PK-mucrutessMu),  BKITFOYAarOud — BUIIHNA
Koe(Iilli€EHT KOHTPACTHOCTI, IIUPIIN KyTH ONISAAY, IIBUAIIMK Yac BIATYKY 1
3MIATHICTh BiAITBOPIOBATH CIPAaBXXHI YOPHI KOJILOPH 32 PaxyHOK iHJHMBITyaJbHOTO
OCBITJICHHS KOYKHOTO ITiKCEJIs.

2. OLED-mucnne#t SSD1306 3a3Buuail Mae po3aiibHy 3[aTHICTH 128x64
MKCENiB, M0 3a0e3neuye JOCTATHIO TUIONLY SKpaHa Ui BioOpakeHHS BaXKIUBOI
iHdopMallii B 4YITKOMY Ta 3pydyHOMY JUIs uuTaHHA Qopmari. DizuuHuili po3mip
JTUCTUTES MOXKE BiAPI3HATHCS, alie 3a3BUYail BiH CTAaHOBUTH OJU3bK0 0,96 mroiiMa 1o

JliaroHai, IMPOTIOHYIOYM KOMITAKTHY, ajle JOCTaTHhO BUAUMY O0NIaCTh JAUCILIES.
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3. OLED-gucmneit SSD1306 — 11e MOHOXpOMHUI NWCIUICH, SIKUN 3a3BUYAN
Mae OuTi mikceni Ha YOPHOMY TIi. Xouya MOHOXPOMHHMU IUCIUIEH HE MiATPUMYE
KOJIbOPOBI 300pa)KeHHsI, BiH JyXe e(EKTHBHO Iepelac OCHOBHY iHQopMariio i
MiHIMI3y€ €HEeproCIOKUBaHHSI, 110 POOUTH HOTO MPUAATHUM JUISI 3aCTOCYBaHb, JIe
MIPOCTOTA 1 eHeproe)eKTUBHICTh MAIOTh BUPIMIAIbHE 3HAUYCHHS.

4. OLED-mucmneit SSD1306 BukopuctoBye mnportokon iHtepdeticy 12C
(Inter-Integrated ~ Circuit), mo 3abe3nmeuye Oe3nepeOifHMIA  3B'A30K 3
MikpokoHTponiepom Arduino Mega2560. Intepdeiic 12C monermye nepenady
JIAaHUX 1 KepYIOUHWX CHUTHAJIB MK MIKDOKOHTPOJIEPOM 1 JIUCIIJIEEM, CIIPOIIYIOYH
npoiiec iHTerpaii Ta 3ade3nedyoun e)eKTUBHY Mepeaady JTaHHX.

5. OLED-pucmmeii SSD1306 mintpumye psg mpudriB i rpadiyamx
MOXITUBOCTEI, 1110 I03BOJISIE BioOpakaru anaBiTHO-IM(GPOBI 3HAKH, CUMBOJIH 1
HaBiTh 0a3zoBy Tpadiky. llg yHIBepcalbHICTb [03BOJSIE YITKO 1 JIAKOHIYHO
BiloOpakaTH Ha JOWCIUIET TOKa3aHHS TeMIlepaTypH, iH(GOpMAIil0 PO CTaH i
MiAKa3KW KOPUCTyBaya, IIOKPAIIyIOYd JAOCBiJ KOpUCTyBaua 1 MOJETUIyIOUH
B33a€MOIIIO 3 JTA0OPATOPHOIO TUCTUISTOPHOIO CHCTEMOIO.

Ile#t eneMeHT TakoX BiZIOMUI CBOIM HU3BKUM EHEPrOCHOXWBaHHIM. BiH
CIIOXKUBAE EHEPril0 TIMBbKHA TOMi, KOJNM IMiJACBIYYIOTHCSA OKpeMi IiKcemi, o
3abe3neuye eHeproeekTuBHy poOoTy. Ll BIacTHBICTH OCOOJIMBO BaXIIMBA B
JIoflaTKax 3 KUBJICHHSIM BiJ O0aTapei ab0 €HEpProeMHUX HPUCTPOSIX, 3a0e3Nedyroun
TPUBAIIMIA 4ac poOOTH 1 3HIKYIOUH BUMOTH JI0 €HEPrOCTIOKMBAHHS.

TakToBa KHOmKa 6Xx6 H9 € omHHM i3 €IEMCHTIB CXEMH JIaOOpaTOPHOTO
JUCTHILITOPA, SKUH BUKOPUCTOBYETHCS U BBEICHHS KOPUCTYBAIlbKHX KOMaH] Ta
KepyBaHHA INpPUCTPoeM. BoHa Mae 0coOMMBY KOHCTPYKIiIo, sika 3a0e3medye
MeXaHiyHe HaTHCKaHHS 1 BiITyCKaHHs, BUKINKAIOUYN 3MIHY €JIEKTPUYHOTO CUTHAITY

MIPY HATUCKAHHI.
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Puc. 2.6. TakToBa kHonka 6x6 H9, 4-pin
Ixepeno: [6].
TaktoBa kHomKa 6x6 H9, 4-pin Mae HACTYITHI XapaKTePUCTUKU:
1. Po3mip: 6x6 mm (10,2x10,2 Mm)
. Bucora: 4,4 MM (nmesiki Bapialiii MOXyTbh MaTH JCIIO 1HIII PO3MIipH)

. KinbkicTe koHTaKTiB: 4 KOoHTaKTH (Al, A2, B1, B2)

2
3
4. Cuna cpanboByBaHHA: 3a3BHYaii Onu3pko 15-30 rpamis

4. Kurresuit muxon: Big 50 000 xo 100 000 cnipaiiboByBaHb

5. Hominaneauii ctpym: 3a3Budait 50 MA abo HuKUe

6. Poboua Temneparypa: 3a3zsuuaii Big -20°C o 85°C

i TakTUIBHI TEpeMHUKadi MIMPOKO BHKOPHCTOBYIOTBHCS B EJICKTPOHHHX
cXeMax 3aBJSIKH IXHI JOCTYMHOCTI Ta MPHUJIATHOCTI JUIi MOHTaXy Ha JAPYKOBaHUX
atax. BoHn 3a0e3nedyioTh TAKTWIIBHUI 3BOPOTHHUH 3B'SI30K IPW HATHUCKaHHI, 10
POOHUTH iX IPUIATHUMH ISl TAKUX 3aCTOCYBaHb, IK KHOIIKH Ha quCIUie] Hu¢poBOro
rOoonHHUKa.

Ipu miakmodeHHi 4-KOHTAKTHOTO TaKTHJIBHOTO Iepemukada 6x6 H9 mo
Arduino Mega Bu MOKeTe BUKOPHCTOBYBaTH OJMH 3 54 HU(PPOBUX BXOAIB/BHUXOIIB,
JIOCTYNTHUX Ha Tuiati. IlepeMnkad MOXHA MIAKIIOYATH A0 MIKPOKOHTpOJEpa 3a

JOIIOMOT'OIO HpOCTO.l. CXCMH.
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3BykoBuii m'ezoenemenr BMT-1203UX € mie ogHuM 13 JIOAaTKOBHX

€JIEMEHTIB CXEMH J1abOpaTOPHOrO AUCTHISATOPA, SIKUA BHKOPHUCTOBYETHCS IS
BiJITBOPEHHS 3BYKOBUX CHUTHANIB a00 CUTHAJIB CIOBIleHHS. BiH Mae crierianpHy
KOHCTPYKIIif0, IO JO03BOJSIE MEPETBOPIOBATH CICKTPUYHHUNA CHUTHAN Y 3BYKOBI

KOJINBaHHA.

Puc. 2.7. 3BykoBuii n'e3oesiemenT BMT-1203UX
Jxepemo: [11].

3BykoBuii m'e3oenemenT BMT-1203UX Mae HacTymHi XapaKTepUCTUKH:

1. MonTax: TexHosorist HackpizHoro orsopy (THT)

2. Po6oua Hampyra: 30 MA.

3. Pob6oua Temmeparypa: Big -20°C mgo 70°C.

4. Oiametp: 12 mMm.

Takum gwmHOM, 3BykKoBUH m'e3oenemeHT BMT-1203UX € BaxiIuBUM
KOMITOHEHTOM CXeMH J1abOpaTOPHOTo TUCTUIIATOPA, SIKMKA TO3BOJISE BiITBOPIOBATH
3BYKOBi CHIHAJIH 260 CIOBiIIeHHs. H0ro XapakTepiCcTHKH, BKITIOUAOUH aKyCTHUHY
YyTIUBICTh, POOOUY HAMPYTY, PE30HAHCHY YacTOTY, Jiala30H YacTOT, MEXaHIYHYy
KOHCTPYKIIIIO Ta €JEKTPUYHI IapaMeTpH, BHU3HA4YalOTh HOro (yHKIIOHAJIBbHI

MOXJTUBOCTI Ta 3aCTOCYBaHHS y CHCTEMI.
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Puc. 2.8. Arduino — Bignpaska psinka yepe3 Bluetooth 3a nonomororo HM-10
Jxepeno: po3pobieHO aBTOpOM 3a [4].

Monyne Bluetooth HM-10 — 1ie moayns Bluetooth 4.0 3 minTpumkoro
texHonorii Bluetooth Low Energy (BLE). Binm 06a3yerbcs Ha CHCTEMHIH
Mmikpocxemi Texas Instruments CC2540 a6o CC2541 BLE System SoC (cuctema
Ha KpucCTadi).

Monynb nepenae B gianaszoni 2,4 T'Tiy ISM, sk tpagumiiinuit Bluetooth. Sk 1 Bei
BLE-npuctpoi, HM-10 mae HaOip Hociyr, 1 KoXHa Iociayra Mae Ha0ip MOB'A3aHUX
3 HEI0 XapaKTEePUCTHUK:

1. HM-10 notpeOye xuBnenns Bix 2,5 B no 3,3 B i cnoxusae 1o 50 MA.
Bin cnoxuBae Omu3pko 9 MA B aktmBHOMY ctaHi 1 50-200 MKA B crostaoMy
pexumi. [Toryxuicts panioyacror -23dbm, -6dbm, 0dbm, 6dbm

2. Mipkmouenass UART: HM-10 ympasnsierbest 3a morromoroto AT-komans,
10 HAJICUJIAIOTHCS uepe3 nociigoBue 3'ennanns UART

3. CywmicHicte: HM-10 - ne nume moxyns Ha 6azi Bluetooth 4.0, Tomy BiH He
Oyne mimkiarouarucs 0 momyniB Bluetooth 2/2.1, takux sk HC-05, HC-06 Ta

iHmux mMoxayiis Bluetooth.
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Takum unHOM, Momynb HM-10 nonynspauii fiis BUKOpucTanHs 3 Arduino
3aBIKH CTaHAAPTHOMY mociigoBHOMY 3'eqHanHI0 UART, mo poOuTs ioro 10cuth
MPOCTHUM JIJISI MiAKII04YeHHS 10 Arduino

Jiss po3poOku mporpamMHOro 4actuHoi Oyno Bukopucrano Fritzing — me
iHII[laTHBa 3 BIAKPUTUM BHUXIJHHM KOJAOM, CIpSMOBaHa Ha pO3pOOKYy Ta
MIPOEKTYBaHHS €JIEKTPOHHOTO o0nanHaHHs. Bin OyB po3poOieHuit B YHiBepcHTETI
NpUKIQIHUX Hayk [lorcmama 1 moOymoBaHMH 3 BHKOPHCTAHHSM BiIKPUTOTO
BuXigHOTO KOIy Qt [17].

Fritzing Hamae kopHCTyBauaM IHCTPYMEHT ISl PO3POOKH CXEM, CXeM Ta
CTBOPEHHS MaKeTiB ApyKOBaHMX IUIaT maker.pro. Moro Mera — 3ampomoHyBartH
MPOCTI IHCTPYMEHTH JUIS JIOKYMEHTYBaHHS Ta OOMiHY IpoeKTaMH (i3HuHHX
obuncieHb, CTBOpeHHs MakeTiB napykoBanux Iar (PCB) Tta BuxiagaHes
€NeKTPOHIKN/

Iarepdeiic kopuctyBada Fritzing cKimama€eTbcst 3 NEKUTBKOX KOMIIOHEHTIB,
Bkiouatoun Project View, Palette Windows i Part Creator fritzing.org. Project
View 103BOJIsSIE KOPHCTYBadaM CTBOPIOBATH 1 pefaryBaTd BipTyasbHI €JIEKTPOHHI
CXeMH y BHUIIISII MakeTHOI IiaTu, cxeMu abo JIpyKoBaHOI ruiatu. BikHa namitpu
BKIIIOYalOTh 0i0mioTeky peraned, IHCIIEKTOp JdeTajed, icTopilo BiAMIHM Ta
Hagiratop. Part Creator — 1ie iHCTpyMeHT Juist Moaudikarii reraneit abo CTBOPEHHs
HOBUX jertajneit s Fritzing.

OcHoBHMit poboumii mporiec Fritzing mnepeabadae CTBOPEHHS peasibHOT
CXEeMH, BiJIHOBIICHHS cxemu y Fritzing, pemaryBaHHs CXeMH, 3MiHY BIaCTHBOCTEH
JeTalli, MePEeMHUKAaHH MIXK PeXHMaMH MEPerisiay MPOEKTY, IPOCKTYBaHHS MaKeTy
JPYKOBaHOI IJIATH Ta JOKYMEHTYBAaHHS IIPOEKTY.

Takum unHOM, Fritzing € TOTY)XHUM IHCTpYMEHTOM MJIsi TIPOCYBaHHS
€JIEKTPOHHOTO IPOTOTHUITYBAaHHA 1 MOXKE BHUKOPHUCTOBYBATHCS 3 IUIaTaMH I

MBUAKOT'O MPOTOTHUITYBAHHA, TAKUMU K Arduino.

2.4. Bzaemonist komnoneHntiB cxemu BK
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B3aemonis komnoneHntiB cxemu BK (O50K-CXeMH) € BaJIMBUM acCIIEKTOM
MPOCKTYBAHHS Ta PO3POOKHU ENEKTPOHHUX crcTeM. KOJKeH KOMITIOHEHT B CXeMi Ma€e
cBOi OCOOJIMBOCTI Ta XapaKTEPUCTHKH, SIKI BIUIMBAIOTh HAa WOrO B3aEMOJII0 3
IHITUMH KOMITOHeHTaMd. Hrbkde HaBeleHO JOKJIAJHY XapaKTePHCTHKY B3aeMOJii
NESIKUX KIIIOYOBHX KOMIIOHEHTIB cxeMu BK.

B3aemonist mikpokonTponepa Arduino Mega2560 3 iHIIMMU KOMITOHEHTaMU:

1. Arduino Mega2560 Moxe cHiBHpaIfoBaTé 3 pi3HUMH CEHCOpaMH Ta
NPUCTPOSIMU, HANpPUKIAJ, JaTYMKaMU TEMIIepaTypH, BOJOIOCTi, pyxy Tomo. Lle
JIOCSATAEThCS 32 JONOMOTOI0 BUKOpucTaHHS BxoziB/BuxoaiB (GPIO) Tta 3aco0iB
koMyHikailii, Takux sik [2C, SPI abo UART.

2. MikpokoHTpoiep Moxe kepyBaru pene SSR-25 DA Ta pene SRD-5VDC-
SL-C mis ynpaBiiHHS €NeKTPHYHUMH HaBaHTA)XCHHSIMH, BUKOPUCTOBYIOYH CBOT
BUXOAM Ta HU(POBI CUTHAIIH.

3 Arduino Mega2560 moxe OTpHMyBaTH JIaHi BiJ T€PMETHYHOTO JaTIHKa
temneparypu DS18B20, BukoprctoBytoun npotokoi 1-Wire, Ta oOpo0isTH 1 1aHi
JUTS TIOJAJIBIIIOTO BUKOPHCTAHHSL.

BzaeMozist 1OIaTKOBUX €JIEMEHTIB CXEMH:

1. Momyns Bluetooth HM-10 mo3Boiisie 0e3mpoBOIOBY KOMYHIKaIlito 3
IHIIMMHU TIPUCTPOSIMH, TAKUMH SIK cMapTGOoHH ab0 KOMMI'IOTEpPH, 3a JOMOMOTOI0
Bluetooth-3B's3ky. Ile mo3BoJisge mepemaBaTH JaHI MiX CXEMOK Ta 30BHIIIHIMHU
NPUCTPOSIMN.

2. I'oguHHMK pealbHOro yacy 3abesnedye TOYHUIl BiUIiK yacy i maTtu. Bin
MOK€ BHKOPHCTOBYBATHCH JJIsi CHHXPOHI3AI{ MOAid B eNeKTPOHHIN cucTeMi abo
UL BEACHHA )KypHATY MOAIH 3 TOUHUMHU JaTaMH Ta YacaMH.

3. KonbopoBuii rpadiunuii ekpaH Moxe BigoOpaxaru rpadiky, TEKCT Ta
CUMBOJIM 3 BHCOKOIO SIKICTIO 300paxkeHHS. BiH /103Boisie  CTBOPIOBaTH
IHTepakTUBHUN iHTep(eiic Uil KOpHUCTyBada, MIO CIPOILYE B3aEMOMII0 3
€JIEKTPOHHOIO CUCTEMOIO.

4. TaxrtoBa KHOIIKa 3a0e3Meuye MOXKIUBICTH B3aEMOJIl KOPHUCTyBada 3
CJIEKTPOHHOIO CHUCTEMOIO. BOHa BHKOPHCTOBY€THCS ISl BUKOHAHHS HEBHUX Mid

a00 akTuBallii MeBHUX QYHKIIH MPU HATHCKAHHI.
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Sk pesynbraT, B3aeMOJis KOMIIOHEHTIB cxemu bBK Bu3HauaeTbes ix
(YHKI[IOHANBHICTIO, EIEKTPHYHUMH TTapaMeTPaMH Ta MOXIIMBOCTSIMH KOMYHIKallii.
KoXeH KOMIIOHEHT BHOCHUTh CBili BHECOK Vy (YHKI[IOHYBaHHS CHUCTEMH,

JOIIOBHIOKOYM Ta B3a€MOI[iIO‘II/I 3 IHIOIMMH KOMIIOHEHTaMH I JOCATHCHHS

GakaHoOTO (DYHKIIIOHATY Ta PE3yabTaTy.
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PO3/11J1 3. PO3POBKA CXEMU

3.1. IIpoekTyBaHHS cXeMH

Po3pobiieHa cucrema oxorioe B coOi Kinibka eramniB (yHKIiOHyBaHHs. Ha
MIEPUIOYM €Talll cUCTeMa iHIIialli3yeThCsl Ta TOTy€eThCs 10 podoTH. [IpoBoguThcs
iHIIiami3amis pi3HUX KOMIIOHEHTIB cucTeMu. ApayiHo Mega2560 HanamToByeThCs
JUIT BCTAHOBJCHHS 3BSI3KY 3 KOMITIOHGHTaMd. [OJMHHHK pealbHOTO dYacy
HaNIAIITOBY€EThCS ISl BUMIPIOBaHHS 4Yacy mucTuismii. Moxyns Bluetooth HM-10
iHiIiaizyeThest Ayl 6e3pOTOBOTO 3B's13KY. 3ByKoBHH M'e30eneMeHT BMT-1203UX
HAJIAIITOBYETHCS TSI BIATBOPEHHSI 3BYKOBUX CHUrHamiB. KompopoBuii rpadiunmit
€KpaH HaJAllTOBYEThCS ISl BI3yalbHOTO BUBeAeHHA I1HQopmarii. Jlardmk
temneparypu DS18B20 inimiamizyeTbcsi Ui BUMIpIOBaHHS Temreparypu. Peie
SSR-25 DA i SRD-5VDC-SL-C inimiani3yroTscs Uil KepyBaHHS HATPIBAaHHSAM Ta
MPUCTPOSIMU  BiAIOBiHO. TakToBa KHOMKA 1HIMIANI3ye€ThCS JJIsI B3aEMOMil 3

KOPUCTYBAYeM.

Puc. 3.1. Biok-cxema npoekry

Jlxepeno: po3podiieHo aBTopoM 3a [9].
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[Micns 1poro BigOyBaeThbcss OCHOBHUM IMKI poOotu cuctemu. CrodaTky

3YATYETHCSI 3HA4YCHHS Temmeparypu 3 pgartuuka DS18B20, sxe moTiM
BiJIOOpaKa€eThCsl HA KOJIILOPOBOMY IpadivHoMy ekpaHi. [Tics 1boro nepeBipseThes
CTaH TaKTOBOI KHOIKH. SIKIIIO KHOIIKa HATHCHYTA, BUKOHYIOTHCS HACTYIIHI Jii:

1. Bmukaetscs pesre SSR-25 DA ni1st mogarKy nmporecy JUCTHIIALI

2. 3ammyckaeThCsl TOOMHHUK PEealbHOT0 Yacy Ul BiATIKY Yacy AUCTHIIALLII.

SIkmo KHOMKa HE HATHUCHYTA, MPOJOBXKYETHCS BiOOpa)KeHHS 3HAYCHHS
TeMnepaTypw.

[MepeBipka yacy IUCTHIISILII: HA ILOMY €Talli MEePEeBIPSETHCS, YA JTOCSITHYTO
33JJaHOTO Yacy JAUCTHSLIL. SIKIo Yac IUCTWISIIT JOCATHYTO, BHKOHYIOTHCS
HACTYITHI Jii: BUMUKAEThCs pene SSR-25 DA jyis 3ynmuHKA TPOIEeCy TUCTHIALIT,
BIATBOPIOETbCS 3BYKOBHH CHrHal1 Ha m'e3oenemeHTi BMT-1203UX  Ta
BiJOOpakaeThCsl TMOBIIOMJICHHSI TPO 3aBEpIICHHs IUCTWISANII Ha TpadiuHOMY
ekpaHi. SIKmo d9ac AWMCTHIALI] HE JOCATHYTO, IPOMOBXKYETHCS BIIOOpaKEHHS
3HAYEHHs TeMIepaTypH.

ITicnst bOTO CHCTEMA MOBEPTAETHCS IO MOYATKY IIUKITy POOOTH Ta MOBTOPIOE
npoiiec 0 3ynuHKH mporpamu. lle 3abesmedye OesnepepBHY poOOTY CHUCTEMH
MIPOTATOM TPUBAIOCTI MPOIECY JTUCTHIISLII.

[Micns 3aBepuieHHS NPOLECY AMCTHIANIT a00 MpH 3YMUHIN [POrPaMH,

BUKOHYETBHCA IMTOBHE 3aBCPUICHHA pO60TI/I nporpamMu.

3.2. 36ipka enemenTiB KepyBanus s B3aemonii 3 GUI

OLED-nucnneit SSD1306, BaxkiauBuii MOAY/Ib 1a00PATOPHOTO TUCTUIISATOPA,
BHUMAra€e peTeibHOI MPOLEAYPH MiJKITIOUCHHS A7l 3a0e3MMeueHHsT HOro HaJekKHOT
¢ysakuionansHOCTi. 11106 3a6e3meuntn HeoOXinHe sxuBieHHs st OLED-aucmnes
SSD1306, BuBig VCC (Hanpyra CIiIBHOTO KOJIEKTOPa) AUCIUIES CIIiJ| MiAKITIOYUTH
1o BuBogy 5B Arduino Mega2560. Lle 3'ennanns rapanrye, mo OLED-aucrureit
OTpHMAa€ BIAMOBIHUI piBeHb Hanpyru st eekTHBHOI poOoTu. JlyKe BaXKIMBO

NEPCKOHATUCA, IO HAIPpyTra JXUBJICHHA 3HAXOAUTBHCA B MCKAX pO6OLI01"O z[iarla30Hy,
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BKa3aHOTO BUPOOHHKOM [UCILIEs, MO0 YHUKHYTH OyIb-SIKMX MOTCHIIHHUX

MOLUKOOXXEHb.

Busin GND (3azemnennst) OLED-mucmness SSD1306 citif miakiIiouuTd 10
BuBony GND Arduino Mega2560. Lle 3'enHaHHS CIyrye TOYKOIO 3a3eMJICHHS AT
OLED-nucmnnes, 3a6e3nedytodn cTaOlIbHE €ICKTPHYHE 3'€AHAHHS 1 TPOXOKESHHS
CTpYMYy MDK JHUCIUIEM 1 MIKPOKOHTPOJIEpOM. BCTaHOBIEHHS MNPaBUIIBHOTO
3a3¢MIICHHS € JKHTTEBO BAXIIMBUM JJIS MIATPUMKH IUTICHOCTI CHUTHAITy i

MiHIMi3allii MOTEHIIIHHUX EIIEKTPUYHUX TEPEIIKO/.

Puc. 3.2. l'onuaHuK peaabHoro yacy DS3231
Jxepeno: [18].

Jns BcraHoBNEeHHS 3B'sA3Ky MK MomyneM DS3231 i mnaroro Arduino
BUKOPHCTOBYIOTBCSL BUBoAM SDA (mocmimoBHa niHis nanux) i SCL (mocnizoBHa
niHisg cuHXpoHizauii). Busix SDA miakmroyaetses 10 BuBogy A4 Arduino UNO
abo BuBoay SDA Arduino MEGA, a Busig SCL minknroyaetscst 10 BUBoLy AS
Arduino UNO a6o suBogy SCL Arduino MEGA.
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Le#t Momynb Halae MOXIIMBICTh BCTAHOBUTH JIaTy Ta 4Yac 3a JOMOMOIO)
¢byukiii rte.setDOW(), rtc.setTime() Ta rte.setDate() (JlomaTok A).

B wminomy, monmens DS3231 mpomonye 3py4HHii croci® B3aeMmomil IuiaTu
Arduino 3 wMoayiaeM TroaMHHHMKa peanbHOro vacy DS3231, mo no3Bonse
OTPHMYBATH 1 BioOpakaTu TOUHY iH(OpPMAILio PO Jary i Jac.

JlonaTkoBi XapaKTepUCTUKU TOAMHHHKA PEAJTbHOr0 4Yacy OXOILUTIOIThH
HAaSBHICTh KaJleHAAapHOI (DYHKINIT UIT BUMIPIOBAHHS JTATH TA JTHS THKHS, HASBHICTD
akyMynsaTopa Juis 30epekeHHsl 4acy IpH BIIKIIOYEHHI OCHOBHOTO JDKepela
XUBJTEHHA.

Tak camo, o0 BcTaHOBUTH 3'eAHaHHs MK Arduino Mega2560 Ta Mmoaynem
TOIMHHHKA PEAIbHOTO Yacy, CJIi/l BAKOHATH HACTYITHI KPOKH:

1. Higxmouennst VCC: BuBin VCC Momyist TOAMHHUKA PEaNbHOTO Yacy, 1m0
BIJINIOBiZIae 3a KMBJICHHS, CJIiJ MIAKIIOYATH 10 BUBOny SV Arduino Mega2560.
Take WiAKIIOUCHHA TapaHTye, O[O0 MOIYNb TOAWHHUKA OTPHMae HEOOXimHe
KHUBJICHHS 1151 €(DEeKTUBHOT pOOOTH.

2. Iigkmouenas GND: BuBim GND Momyns TOIWHHHKA peaabHOTO Yacy,
KM CIIyrye AJisl 3a3eMJICHHS, MOBMHEH OyTH MiIkiIrodeHuil 1o BuBogy GND
Arduino Mega2560. Lle 3'eqHaHHST BCTAHOBIIIOE CITUIBHE 3a3€MJICHHS MIXK MOJYJIEM
romuHHMKa 1 Arduino, 3a0e3rnedyrodd HaJeKHHHA 3B'SI30K 1 CHHXPOHI3AII0 MiX
LUMU JIBOMa KOMIIOHEHTAMH.

Bapro 3a3HaunTH, 110 MOAYJIb TOJMHHHMKA pPEabHOIO 4Yacy MOXKHA
T TKTFOUUTH 32 noroMororo 12C, anme moTpiOHI TOJATKOBI MigKITIOYeHHA. J[o HUX
BiAHOCATbLCS:

1. Tinkmouennss SDA: BuBim SDA (Serial Data) momyms roauHHUKA
peasibHOTO "Yacy ciif miakiarounty 1o Busony SDA (Busix 20) Arduino Mega2560.
e 3'enHanHs TOJETIIye JBOHANpABICHY Iepelady JAaHUX MK MOAYyJIeM
roguHHUKA Ta Arduino yepes mpotokoi 12C.

2. Iigxmrouennss SCL uepe3 BuBia 21 Arduino Mega2560. Lle 3'ennanus
JTO3BOJISIE CHHXPOHI3YBATH IepeIavy JaHUX MiX MOIYJIEM FoAWHHUKA i Arduino 3a

JIOTIOMOTOI0 TIPOTOKOMY 3B's13Ky 12C.
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JloTpuMyrouKch WX 1HCTPYKIIM 3 MiJKIIOYeHHS, MOAYJIb TOJUHHUKA
peaibHOrO Yacy MO)KHA e()EeKTHBHO IHTEIPYBAaTH B J1a00OPAaTOPHUN TUCTHIIATOP.
Migxmouenust VCC 1 GND 3a0e3nedyroTh mogady >KMBICHHS 1 3a3eMJICHHS, a
nonatkoBi miakmoueHHs SDA 1 SCL monermyrors komyHikanito 12C, skmo 1e
HeobXxiaHo.

Bluetooth-monyns HM-10, »HTTEBO BaXKIMBHI KOMIIOHEHT JIa0OPaTOPHOTO
JIUCTUJIATOPA, BUMAra€ PeTeNIbHOI MPOLEAYPH MiJAKIIOUEHHS Ui 3a0e3MmeYeHHs
Horo HayexxHoi (YHKIIOHATBHOCTI. J[OTpUMyIOYHCh OMHMCAaHUX KPOKIB, MOXKHA
BCTAaHOBUTH HajiHe 1 Oe3neyHe 3'eqHaHHs MDK MoxayiaeMm Bluetooth i
MikpokoHTposiepoM Arduino Mega2560.

[Mo-nepiue, mo06 3abe3neuntr HeoOXiaHe xuBiIeHHs Bluetooth-momynss HM-
10, BuBin VCC moaynst cuin 3'eqnaru 3 BuBogoM SV Arduino Mega2560. Taxe
3'elHaHHs TrapaHTye, mo Moxayilb Bluetooth orpumae BinmoBimHYy Hampyry ass
ehexTrBHOT po60TH. BaXIHBO MEPEKOHATHUCS, 1110 HATPYTA KUBJICHHS 3HAXOAUTHCS
B MeXax poO0Yoro JianasoHy, BKa3aHOTO BUPOOHUKOM MOITYJIS.

[Mo-mpyre, BuBim GND Bluetooth-monyns HM-10 crix 3'emnatu 3 BUBOIOM
GND Arduino Mega2560. Lle 3'eqHaHHs CIYry€ TOYKOIO 3a3eMIICHHS JUIS
Bluetooth-momyns, 3a0esmeuyroum  cTabilbHE — CNEKTPUYHE  3'€MHAHHSA 1
MPOXO/KCHHSI CTPyMy MDK MOIyIeM 1 MIKPOKOHTpOJepoM. BcraHoBieHHS
MPaBHJILHOTO 3a3eMJICHHS Ma€ BHPIIIAJbHE 3HAYCHHS JUISA IMiITPUMKH IIUTICHOCTI
CUTHAITYy 1 MiHIMi3a1ii NOTEHIIHHUX SNEKTPUUHUX TEPEIIKO/I,

Kpim Toro, ciifi 3BepHYTH yBary Ha HaJ€XHY 130JIALI0 Ta 3aXUCT BiJ Oynb-
SIKMX MOTEHI[IITHUX KOPOTKUX 3aMUKaHb 200 BUMIAIKOBUX MOIIKOIKCHb.

PerenbHo 3'enmnaBmu BuBix VCC Bluetooth-moaynst HM-10 3 BuBomom 5V
Arduino Mega2560 i BuBig GND 3 BuBomom GND MikpoKoHTpoJepa, MOKJIHBO
CTBOPHTH TPOCTY Ta MIlHY OCHOBY JUIsi 0€31poTOBOrO 3B's13Ky Bluetooth-momyms 3
IHIIIMMH IPUCTPOSIMU 1 BAKOHAHHSI HUM CBOET POJIi B paMKax MPOEKTY.

[le omHMM BaXXJIMBHM €TarioM € MIJUTFOKYEHHS MaTpUYHOI KiaBiarypa, 1o

JTO3BOJISIE€ KOPHCTYBAYCBi B3a€MOIISITH 3 CHCTEMOIO 1 KOHTPOJTFOBATH 1.
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Puc. 3.3. MaTrpuuHna kiaaBiarypa 4x4
Ixepena: [7].

Knasiarypa 4x4 mae MaTpuuHy KOH(QIrypailito, o CKIaJIAEThCS 3 YOTUPHOX
PAOKIB 1 YOTHPHOX CTOBIIIIB, IO Ja€ B oMy 16 kHOmok. Take po3TanryBaHHS
JIO3BOJISIE KOMITAKTHO 1 €()eKTUBHO BUKOPHUCTOBYBATH MPOCTIpP, 3a0€3MEUyI0UN MPH
LIOMY JOCTaTHIO KUIBKICTh BapiaHTiB BBEACHHS ISl B3aEMOIiT 3 KOPUCTYBauEM.

L1i KxHOTIKH MpU3HaYeH] 1 3a0e3MeueHHs] TAKTUIILHOTO 3BOPOTHOTO 3B'S3KY,
110 JI03BOJIsiE KOPUCTYBAaYaM JICTKO BBOAUTH KOMaHIH 1 MEPEMILaTHCA MO CHCTEMI.
Po3ramryBaHHS KHOMOK € IHTYiTHBHO 3pO3yMUINM 1 3BHYHHMM, IO TTOKPALIYyE
KOPHCTYBAaIIbKUI JTOCBIJ] 1 CKOPOYYE Yac HaBYAHHSI.

Koxna xHOmka wMmarpuyHOi KiaBiaTypn 4x4 oOcHameHa KOHTaKTHUM
MEXaHi3MOM, SIK IIPaBUIIO, B HALIOMY BUIIAJKy MeMOpaHHHMM IepeMukadeM. Taka
KOHCTPYKIIisI TapaHTye HaJiiiHy Ta HIBHJIKY aKTHBAaIlil0 KHOIOK, 3a0e3Medyloun
MPUEMHI TAKTHIIbHI BIJ4yTTS Ta JOBrOBIUHICTH BUKOPUCTAHHSI.

[MTigkmounBIIM - KJaBiaTypy A0 MiKpOKOHTpOJIEpa, KOPHCTYBaui MOXYTb
OTpUMATH JOCTYII IO BXOJIB KHOIIOK Ta IHTEPIPETYBATH iX, 10 JO3BOJISIE KEPYBATH
CHCTEMOIO Ta B3a€EMOJIATH 3 Helo. [Ipu 1boMy KilaBiaTypa BUKOPHCTOBYE METOIU

MYJNBTHIUIEKCYBAaHHS, 0100 MiHIMI3yBaTH KIJIbKICTh KOHTAaKTIB BBOAY/BHBO.LY,
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HEOOXIZHUX IS IAKIIOYeHHS. J[Js  BHSIBICGHHS  HATHCKAHb  KHOIIOK

BUKOPHCTOBY€ETHCSI KOMOiHAIis CKaHyBaHHsS PSIKIB 1 CTOBIILIB, IO 3MEHIIYE
CKJIa[IHICTh TIPOBOIKHU 1 TMOJIETIIy€e e(EKTHUBHY IHTETPALII0 3 MIKPOKOHTPOJIECPOM
Arduino Mega2560.

i BcTaHOBJIEHHS HEOOXITHOTO 3'€IHAHHS BHKOPHCTOBYIOTHCS HH(POBI
koHTakTH BBoOAy/BUBOAY (I/O) wmikpokoHTposiepa. CyMicHICTH KiaBiaTypu B
MOEAHAHH] 3 JIETKOJOCTYMHHMMH 0i0ioTeKaMu Ta TpPUKIaJaMH KOIYy CIIPOIIYE
Mpoliec iHTerparii Ta CKOpoUYye 4ac po3poOKH.

Takum unHOM, MaTpu4Ha KiIaBiaTypa 4x4 Mae BaXXJIMBI XapaKTePUCTUKH, SIKi
poOnsITh i ifeanbHUM MPUCTPOEM BBEICHHS il YIPAaBIiHHS J1a0OPATOPHOIO
JUCTHIIATOPHOIO ~ CHCTEMOIO. 1i  MarpuuHa  KoHQirypamis, CTaHAapTHe
pO3TalllyBaHHs KHOIIOK i

3BykoBwuii m'ezoenemenT BMT-1203UX € Ba)KIIMBUM MOJYJIEM Y IIPOEKTI, 110
cnpusie BIITBOPEHHIO 3ByKy B cucteMi. 11{o6 3abe3neunTn iforo HanexHy poOoTy,
HEOOXiZHO pEeTeNbHO BHMKOHAaTH MpOLEAypy HiAKIo4eHHA. JloTpuMylounch
ONMCaHMWX KPOKiB, MOXXHAa BCTAaHOBHTH HaJiiiHE Ta e(EeKTHBHE 3'€THAHHI MIX
3BYKOBHUM IT'€30€JI€MEHTOM 1 MiKpoKOHTposepoM Arduino Mega2560.

[Mo-mepre, HEOOXiAHO MIAKIIOYATH TO3UTUBHY KIEMY 3BYKOBOTO
m'e30eIeMeHTa JI0 MEBHOTO BUBOJY Ha MikpokoHTpoisepi Arduino Mega2560. B
JAHOMY TIPOGKTY [UIi [bOr0 TNPH3HAYCHHH BHBiJ 2 MIKPOKOHTpOJIEpa.
[TinKIFOYMBIIM TO3UTHBHY KIEMY IO BHBOLY 2, 3BYKOBHH IT'€30€JIEMEHT MOXE
OTPUMYBAaTH HEOOXiJHI ENEKTPUYHI CHUTHAIM Bl MIKPOKOHTpoJiepa JJist
BIATBOPEHHS 3BYKY. BaXkIMBO mepekoHaTucCs, Mo BUBIJ 2 MPU3HAYEHO SIK BUXiTHUAN
BUBIJ y KoIi abo HamamryBaHHSX KoH(irypauii mporpamu Arduino, mo0
3a0€3MeYNTH HAJISKHY Iepeaady CHIHAIY.

[To-mpyre, HeraTMBHa KJI€Ma 3BYKOBOTO II'€30€JIeMEHTa IIOBHHHA OyTH
3'eqHana 3 koHTakToM GND (3a3emuenHs) Arduino Mega2560. Ile 3'emnanHS
BCTAHOBJIIOE TOYKY 3a3eMJICHHS JUIA 3BYKOBOTO IT'€30€JIEMEHTa, 3a0e3NevylouH
MOBHE 3aMHUKAaHHS JIaHIIOra 1 TpaBWJIBHE MPOTIKAHHSA CTPyMy. I[liIKITFOYHBIIH

HEraTHBHY KiieMy 10 kKoHTakTy GND, MOo)XHa 3MEHIIUTH Oy/b-SIKUI MOTEHIIIHHIIHA
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SJIEKTPUYHHUN [IyM a00 HEpelKoAH, L0 NPH3BEAE A0 MOKPAIIEeHHS SKOCTI Ta
HaJIIHOCTI 3BYKY.

PerenpHO 3'eqHABIIM MO3WTHBHY KJIeMY 3BYKOBOTO IT'e3oeneMeHTa BMT-
1203UX 3 xoHTakToM 2 Arduino Mega2560, a HeratuBHy — 3 koHTakToM GND
MIKPOKOHTpOJIEpa, MH CTBOPWIM MIIHy OCHOBY [UIi TOTO, HI00 3BYKOBHH
I'e30eJIeMEHT IPUHMaB eIeKTPUYHI CUTHANH 1 BUIaBaB 3BYK.

o6 migkmrountn pene SRD-25 DA nmo Arduino Mega HeoOximHO
MAKIIOYNTH 0 Arduino CHrHaNbHI, 33a3eMIIIOFOYI Ta KHMBISYI BHBOAU pelie.
CurHalbHAH BUBIA CHifg miagkmodntH A0 mudpoBoro BuBoxy Arduino 3
niarpuMkoro 1IIM. BuBoau 3a3emiieHHsI Ta >KUBICHHS CIIiJ| MiAKIIOYATH 1O
BuBoaiB GND Ta 5V Ha Arduino BiImOBiTHO.

KpiM Toro, miIKIIOYUMO TIO3UTHBHY KJIEMYy 30BHIIIHBOTO JDKEpena
KUBJIEHHS 10 KOHTakTy NO (HOpMaJIbHO BIIKpUTHH) pelie, a HETaTUBHY KJIEMy —
1o xoHTakty COM (3aranpHuii) perne, mo0 MaTH MOXIIHMBICT KEpyBaTH peie 3a
JIOIIOMOTOI0 30BHIIIHBOTO JUKepena. 3a Takoi KoH(irypauii peae Moxe MpalioBaT
3 MakcHMaJIbHOIO Harpyroro 24B i ctpymom o 10A.

[ITo6 kepyBatu pene 3a jgornoMoroo Arduino, BUKOPHCTAEMO HACTYIHUI

(bparmenT oy (puc. 3.4).

Puc. 3.4. ®parmeHT KOAY KepyBaHHA peJie
Jlxepeno: po3podieHo aBTopoM 3a [9].
Lleit kox Oyme BMHKATH Ta BHUMHUKATH pejie aBTOMATHYHO. 3a MOTpeOH
3HaueHHs delay() Ta Bukimku ¢yHkoii digitalWrite() MoxHa 3MiHIOBaTH B

3aJIeXKHOCTI BiJ] BUMOT MaiOyTHIX MOIuUpiKarii.
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Haruuk Temnepatypu DS18B20, ocHOBHHMII MOIyNb J1a0OpPaTOPHOTO

JUCTHISITOPa, MOTpedye peTesibHOT MPOLEAypH MiAKIIOYCHHs i 3a0e3redeHHs
TOYHOTO BUMIPIOBAHHS TEMIIEPaTypPH.

Jus mouarky, BuBix VCC (Hampyra CHUIBHOTO KOJIGKTOpa) IaTduKa
temreparypu DS18B20 cmix 3'eqnata 3 BuBogoM 5V Arduino Mega2560. Lle
3'eHaHHS 3a0e3neuye HeoOXiHEe JKUBIICHHS JaTylKa TeMIepaTypu, 110 rapaHTye
HOTO HaNEeKHY POOOTY.

Hami, BuBinx GND (3emss1) parumka Ttemmeparypu DS18B20 cnin
nigkmoanti 10 BuBogy GND Arduino Mega2560. Lle 3'eqHaHHS BCTaHOBIIOE
TOYKY 3a3eMJICHHS M JaTdydKka TEMIIEparypH, CIPUAIOYM CTaOlIbHOMY
€JIEKTPUYHOMY 3'€THAHHIO 1 3a0€31euy 04y TUIaBHUH MOTIK CTPyMY MiX JaTYHKOM 1
MIKpOKOHTpoJepoM. HamnexHe 3a3eMIeHHS JaTydka TeMIepaTypu IO3BOJISE
MiHIMI3yBaTH IMOTEHLINHHI €NeKTPUYHI IIyMH Ta MEPelIKOIH, IO CHpUATHME
TOYHOMY BHMIpPIOBAaHHIO TEMIIEPATYPH.

Hactrymaum pno 3’emnanHs € pene SRD-5VDC-SL-C, Hein'emHuit
KOMITOHEHT J1abOpaToOpHOrO JHCTHiATOpa. s modyatky Kepyrouwid BHBiJ peie
SRD-5VDC-SL-C cnix miakmountn a0 BuBoxy 6 Arduino Mega2560. Ile
3'€IHAHHS JIO3BOJISIE MIKPOKOHTPOJICPY HaJCHIIaTH CHTHAJIHM KEPyBaHHS Ha pelie
JUIS YBIMKHEHHS a00 BHUMKHEHHS MIIKIIOYCHHUX MpHUCTPOIiB. [lyke BaxIHMBO
MEPEKOHATHCS, IO BHBIJ 6 BH3HAYCHO SIK BUXIMHUW B KOJi a00 HAIAIITYyBaHHIX
koHirypanii nporpamu Arduino, 0 J03BOJUTh MIKPOKOHTPOJIEPY €(PEKTHBHO
KepyBarH perie.

OxpiM  koHTakTy KepyBaHHs, pene SRD-5VDC-SL-C  motpebye
IiAKIIOYEHHS JKUBJICHHA Ta HABaHTaKCHHS MO KepyBaHHA MiAKIIOYCHUMHU
npucTposiMu. [liAKITFOYeHHS JKUBIICHHS 3a3BHYail BKIIFOYAE IiIKITIOYCHHS BUBOLY
VCC (Hanpyra CHiIbHOTO KOJIEKTOpa) pejie 10 BiIMOBITHOTO JPKEpesa )KUBJICHHS,
sSKe B JaHOMYy BUNanky craHoBuTh 5 B. Buim GND (3a3emiieHHS) pere citif
niakmountd 10 BuBoxy GND Arduino Mega2560, mo0 BCTaHOBUTH 3arajibHe

3a3eMJieHHA.
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Kuonky 6x6 cmig nigkmountu n0 BuBoay 30 Arduino Mega2560. Ile
3'eZJHaHHS J103BOJISIE MIKDOKOHTPOJIEPY OTPUMYBATH BXiJIHI CUTHANW BiJl KHOIIKH,
BU3HAYaI0YH, KOJIM BOHA HATUCHYTA.

Jami, iHmmi BuBim 6X6, 4-KOHTAaKTHOI KHOIKH CJiJ IIIKIIOYUTH 10

koHTakTy GND (3emist) Arduino Mega2560. Le 3'enHanHs CiIyTye TOUKOIO BiAJIIKY

3a3eMJICHHSI JUIS KHONKHW, 3a0e3leuyrodr I[IOBHE 3aMHKaHHS JIaHMora i
npomyckatoun ctpyM. IIpaBuibHO 3a3eMIMBIIN KHOIKY, MOJKHA JOCATTH TOYHOTO
BHSBIICHHS] HATUCKAHHS KHOTIKH.

S pe3ynmsTaT, MH OTPHMAEMO IMPUHIHUIIOBY CXEMY PO3pOOJIEHOI CHCTEMH

yHpaBIiHHS J1a00paToOpHUM AUCTHISITOpOM (puc 3.5).

Matches Quotes References F Ignoredtext A Replacement Comments


https://unicheck.com

File name: MosacHoBasibHa 3anucka_llonouBaH File ID: 1015200115

Puc. 3.5. [IppHnumnoBa cxema

Jxepeno: po3pobreHo aBTOpoM 3a [9].
VYV uil npuHnunoBii cxemi Arduino Mega2560 ciyrye LeHTpaJbHUM

MIKpOKOHTpoJepoM. /[0 HBOTO MiAKIFOYAIOTBCSA Pi3HI MOIyNi, HEOOXimHI Ay

IPOEKTY JIAOOPaTOPHOTO AUCTUIATOPA.
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Jaruuk Temneparypu DS18B20 nixkmtouaersest 1o Arduino Mega2560 mis
BuMmiptoBaHHs Temneparypu. Pene SRD-5VDC-SL-C  migkimodaerbes 10
MPUCTPOIB KEPYBaHHsI, TAKUX SIK HArpiBalibHI eneMeHTH. KHomka 6x6, 4-KOHTaKTHA
MiAKIIOYAEThCs Ul B3aeMofii 3 kopucryBaueM. Moxayns Bluetooth HM-10
3abe3neuye Oe3napoToBUil  3B's130K. 3BykoBuit m'e3oenement BMT-1203UX
npuU3HaueHud Juis BiaTBOpeHHs 3ByKy. Hapemri, OLED-gucruteit SSD1306
T TKITFOUEHUH TS Bi3yaaTbHOTO BUBEACHHS iH(OpMAITii.

Ili 3'emnanns pno3Bossitorh Arduino Mega2560 30uparu  jgaHi  1po
TEMITEPaTypy, KepyBaTH MPUCTPOSMH, B3AEMOJIISATH 3 KOPUCTYBayaMu, 311 HICHIOBATH
0e3npoToBHid 3B'SI30K, BIATBOPIOBAaTH 3BYK 1 BijloOpakaTh iH(oOpMaIiro — Bci
BaXJTUBI QyHKILIT JIs1 TPOEKTY J1a00pPaTOPHOTO AUCTHIISATOPA.

OTxe, NPOeKT NabopaTOpHUH JUCTHIIATOP BKIIOYAE€ KUIbKA MOIYIIIB,
3'eIHaHUX MK cO000I0 3a TOTIOMOro0 MikpokoHTposiepa Arduino Mega2560 as
JIOocsiTHeHHsT OaxkaHol (¢yHkmioHaneHOCTi. IIpoekT mnependadae BUMIPIOBaHHS
TEeMIIepaTypH, B3a€MOAII0 3 KOPUCTyBaueM, Oe3[pOTOBHH 3B'A30K, BIATBOPEHHS
3BYKY Ta Bi3yaJIbHEe BUBEACHHS iH(opMmarii.

Haruuk Ttemneparypu DS18B20 3a0esmedye TOYHI  BUMIPIOBAHHSA
Temneparypy, ki BimoOpaxkaiotbes Ha OLED-gmcrutei SSD1306 ms mineit
MOHITOPHUHTY. 4-KOHTaKTHa KHOMKAa 6X6 /03BOJISIE KOPUCTYyBayaM IHIIiIOBATH
mpoltec TUCTIIANIT, akTuByroun pesie SRD-5VDC-SL-C i 3amyckaroun 3BOpOTHHA
BIJUTIK 4acy B peajbHOMY 4Yaci.

Kpim Ttoro, momyns Bluetooth HM-10 3abe3meuye Oe3npoToBHil 3B'SI30K,
HaaF0Y¥ MOXKJIMBICTD BiJJJAJICHOTO MOHITOPHHTY Ta YIPABIiHHS IPOIECOM
muctwsanii.  3BykoBuil  m'ezoenemeHT BMT-1203UX  BiaTBOpIOE  3BYK,
3a0e3rmedyoun 3BYKOBUI 3BOPOTHHUH 3B's30K abo omosimeHHs. [loeqHanHS 1HIX
MOJIYJIIB IiJ{BUIILY€ 3PYUHICTH 1 THyYKICTh ITPOEKTY.

JloTpuMmyrodrch HaJaHUX CXEM IIAKIIOYCHHS Ta KPOKIB iHIIiami3anii,
MPOEKT MOXKE OyTH YCIIIIHO peali3oBaHUi, POTIOHYIOUH KOHTPOJIb TEMIIEPATYPH,
B3aEMOJIII0 3 KOPHCTYBaueM, O€3IPOTOBHIA 3B'S30K, 3BYKOBHI 3BOPOTHIH 3B'I30K Ta
BisyanbHe BimoOpaxenHs iHdopmaiii. [IpoekT Mae 3acTOCyBaHHS B J1a00OPATOPHUX

YMOBax, JO3BOJISAOYH IIPOBOAUTH TOYHI Ta KOHTpOJ'[I)OBaHi mnmpouecu I[I/ICTI/IJ'[HLIi.l..
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3aranom, 1eil MPOEKT € MPUKIIAIOM IHTErpallii pi3HUX arnapaTHUX MOMIYIIB 3

MIKPOKOHTPOJIEPOM JUIS CTBOPCHHS KOMIUIEKCHOI Ta (PYHKIIIOHAIBLHOI CHCTEMH.
Bin jgemoHcTpye HOTeHIIan MPOEKTiB HAa OCHOBI Arduino B nabopaTtopHux Ta
EKCIIepUMEHTATIbHUX YMOBAX, IMiJKPECIIOIYN YHIBEPCAIBHICTh T4 MOXKIJIHUBOCTI

TaKHX CUCTCM.
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BUCHOBKN

IpoekT naGopatopuuii AucTUIATOP HA 6a3i wiaTGopmu Arduino € 3HAUHUM
JMOCSITHEHHSAM B oOJacTi JaboparopHUX mporeciB mucTwiawii. [leli mpoekt
CHpPSIMOBAHUI Ha NMPOEKTYBaHHS Ta PO3POOKY yHIBEPCAIBHOI Ta 3pyYHOI CHCTEMH
IUIS TUCTUIIALIT PIIMH Y KOHTPOJIbOBaHOMY J1a00OpPaTOPHOMY CEpelOBHIII.

Cucrema BHKOpHCTOBYe MikpokoHTposep Arduino Mega2560 B sikocTi
LEHTPAJILHOTO TIpoliecopa, sKHii 3abe3neuye 30ip AaHuX, 0OpOOKY CHTHAIIB Ta
yHpaBiiHHS cucTeMoro. Pi3Hi nepudepiitai Moy, Taki sk Moayns Bluetooth HM-
10, 3BykoBuit m'ezoenemenT BMT-1203UX, OLED-mucrmieit SSD1306, marumk
temmeparypu DS18B20, peme SSR-25 DA Tta wmarpuuna kiaBiaTypa 4x4,
IHTETPOBAHI B CUCTEMY JUISl MIABUIICHHS 11 QYHKIIIOHATBHOCTI.

[Tpy upoMy cucTema Mpamoe 3a IHUKIIYHAM HPUHIMIIOM, Oe3lepepBHO
KOHTPOJIIOIOUM 1 Pperyiaroodn mporec aucTwamii. TemmeparypHuid —gaTtduk
3a0e3nedye IOKAa3HUKM TEMIepaTypd B PEXKHMI pPEaIbHOro 4acy, ki
BinoOpaxatorecst Ha OLED-mucrnei mist 3pydnoro Monitopunry. Kopucrysau
MOXKE B3a€EMOJIATH 3 CHCTEMOIO 3a JIONIOMOTOI0 MaTpHUYHOI KiaBiaTypu 4x4 s
3aIlyCKy Ipolecy AMCTHIIALII, BCTAHOBIICHHS ITapaMeTpiB Ta JTOCTYITy A0 (pyHKIIIH
cucremu. Pene SSR-25 DA 3a0e3neuye TOUHHMI KOHTPOJb HArpiBy HPOTITOM
YChOTO ITUKITY JUCTHIIAIIIL.

AKTyanbHICTb TPOEKTY IOJsra€ B HOro 3JIaTHOCTI aBTOMaTH3yBaTH
naboparopHi mporecH, 3a0e3neuyodud TOYHHH KOHTPOJb TEMIIEPaTypH 1 TOYHY
JUCTHIALI0. BiH 3a10BONBHSIE 3pOCTAIOMMII TONHT Ha AaBTOMATH3aLl0 B
naboparopisx, MIBUILYIOYH e(EKTHBHICTh 1 3a0e3Meuyloun CTallIbHY SIKICTh
npoxnykmii. IHTerpamiss cucremMum 3 Arduino TpPONMOHYE THYYKYy Ta JOCTYITHY
wiatopMy i JIOCHIJHUKIB, HAyKOBI[IB Ta €HTY3IacTiB Uil TPOBEJCHHS
CKCIICPUMEHTIB, BJOCKOHAJCHHS TNPOLEIYpP Ta OTPUMAHHS BHCOKOSKICHHX

JIUCTUIIBOBAHUX MPOIYKTIB.

Matches Quotes References 3 Ignoredtext A Replacement Comments


https://unicheck.com

File name: MosacHoBasibHa 3anucka_llonouBaH File ID: 1015200115

KpiM Toro, HmOCHI[UKCHHS CHpHUSE PO3BUTKY TEXHOJOTIA JUCTHIIALIT,
HA/IAl04YM KOMIUIEKCHE pIIIEHHS JUIs MPOLECiB JAUCTHISANIT B JIaOOpaTOpHUX
yMoBax. BiH 3a0e3neuye ToO4HUI KOHTPOJIb, HAJIIHHY POOOTY Ta 3py4HY B3aEMOIIII0
3 KOPHCTYBaueM, IO J03BOJISIE MOKPAIIUTH EKCIIEPHIMEHTH, 30ip JaHWX Ta aHAJI3.
BukopucToByroun MOXIHBOCTI TuiatopmMu Arduino Ta pi3HI MOJIYIMi, MPOEKT
BIIKPUBAE HOBI MOXJIMBOCTI JJIS JOCHIKEHb, EKCIICPUMEHTIB Ta BUPOOHUIITBA B
ranys3i JUCTHIIALIIL.

OTxe, IPOSKTYBaHHS Ta PO3poOKa MPOEKTY JTa0OPATOPHHUI TUCTHIISITOP Ha
ocHOBI Arduino € I[IHHUM BHECKOM y cdepy MUCTUJIALIT B 1a00paTOpHUX YMOBAX.
Moro aBToMaTH3allis, TOYHMI KOHTPOIb TEMIeEpaTypH, 3pydHuil iHTepdeiic Ta
YHIBEpCAIBHICTh POONIATH WOTO MNPAKTHYHMM PIMICHHSAM Ui J1Ta0OpaTOpHUX
npoueciB  auctwiAnil. IIpoekT mpokmamae HUIAX Ui MOAANBIIOTO PO3BUTKY
METONIB JAWCTWIIAWI{, HagarouyM JOCHiAHUKAM 1 JrabopaTtopHuM  (axiBIsIM
eeKTUBHUH 1 HaIidHUNA IHCTPYMEHT Ui TPOBEINCHHS EKCIEPHUMEHTIB 1

J0OCNig>KeHb.
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