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PED®EPAT

Jlunimomua poGoTta MicTuTh: 84 cropinku, 45 pucyHkiB, 17 Tabmuip, 19
JOKEpET TTepaTypH.

O06’exT AOCTIKEHHSI — MIKPOEJIEKTPOHHI CUCTEMH PETYIIOBAaHHS MIKPOKIIi-
MaTy roCroJIapChKUX MPUMIIICHb.

Meta po60TH — MOJIENIIOBaHHS Ta PO3POOKa aBTOMAaTHYHOTO PETYNIATOpa Te-
MITEpaTypH Ta BiTHOCHOI BOJIOTOCTI MOBITPS.

3anayi poOOTH — CTBOPUTH JITOPUTM Ta MPOrpamy poOOTU PEryisaTopa; po-
3pOOUTH CXeMY €IeKTPUYHY MPUHIUIIOBY Ta MEYaTHY IUIATy PEryasTopa TeMiepa-
TYpH Ta BIIHOCHOI BOJIOTOCTI.

MeTtoauka JOCTiKEHb — MOJACIIOBAHHS MPUCTPOIO 32 JOMOMOTOI0 Mporpa-
MHOTr0 3a0e3neueHHs Proteus.

KopoTtkuit BuKi1a pe3yibTariB JOCTIIPKEHb — Ha MiJICTaBl aHAJI3Y ICHYIOUUX
pEryisaTOpIB Ta 0COOIUBOCTEN MOOYIOBY MPUIIAAIB HA MIKPOKOHTpOJIEpax, 3Mo/ie-
JbOBAHUN TH CTBOPEHUI POOOUYMI MPOTOTUII PETYIATOPA TEMIIEPATYPH Ta BiIHOC-
HO1 BOJIOTOCTI TTOBITPSI.

Pesynbpratu BIpoBakeHb — pe3yibTaTh MOJCIIOBAHHS Ta PO3POOKH pery-
JSTOpa MOKYTh OyTH BUKOPHCTaHl1 y HaB4YaibHOMY Tpoiieci Ha kadeapi MEIC.

[IporHo3Hi mpomno3uilii — pe3yJabTaTd poOOTH MOXKYTh OyTH BUKOPHCTAaHI
JUTSL THATPUMKHA TEMIIEPATYPHOTO Ta BOJIOTICTHOTO PEXHUMY Y MeXaX CaHITapHHX
HOPM Yy BUPOOHUYUX, KUTIOBUX Ta MPUMIIICHHSIX CIEIIAIbHOTO MTPU3HAYEHHS.

MIKPOKOHTPOJIEP, JJATYMK, TEMIIEPATYPA, BIJJHOCHA
BOJIOT'ICTH TTOBITPS, PETYJIATOP

JuminoMHy poOOTy BUKOHAHO B [H)XKEHEpHOMY 1HCTUTYTI 3amopi3bKoro Ha-
I[IOHAJPHOTO YHIBEPCUTETY Ha Kadeapi MIKpOeTeKTPOHHUX 1H(OPMAIIHHUX CHC-
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Beryn

3HIKEHHS TPYJIOMICTKOCTI MPOLIECY MIATPUMKH KIIMAaTUYHUX YMOB B CIEIli-
aT30BaHUX TMPUMIMICHHSX € AYXe aKTyalbHOIO mpoodiemoro. 1le minmii KoMriekce
3ax0JlIB CIPSAMOBAaHUX HA aBTOMATH3AIliI0 PEryIIOBaHHS PI3HUX MapaMeTpiB MiK-
pPOKJIIMATy: TeMIIepaTypH, BITHOCHOT BOJIOTOCTI MOBITPS, OCBITJIEHOCTI, BOJIOTOCTI
TPYHTY.

KoxHoro poky HacesieHHs miaHeTu 3emiisi 3pocTtae. CKOpo 115 MO3HaYKa J10-
CSITHE BIAMITKH CEMH MUIBSAPAIB. I 3apa3, K HIKOJU TrOCTpo, MOCTae mpodsema 3
MOBHOIIHHUM XapuyyBaHHSIM TaKOi BEJIMKOI1 KUIBKOCTI JitoAeH. [lyxe dyacto mpupo-
Jla BHOCUTh HETaTUBHI KOPEKTUBH B MOTOJIHI YMOBH, KOTP1 3HUIIYIOTh Maixke 1mo-
JIOBUHY 300py, a00 il HaBiTh Oulbiie. I, Ha Kallb, HE B YCIX YaCTHHAX IUIAHETH €
MO>KJIMBICTh 30MpaTy BpOXKai 1o JiBa pa3u Ha pik. JJig BUpieHHS 1i€l mocTaBiie-
HOI 3aJja4l BUKOPUCTOBYIOTh TeIUIHIi. KOXKHOTro poky iX KUIbKICTh HEBIIMHHO 3pO-
CTa€, 1 3 HUMU 30UIBIIYETHCS i ACOPTUMEHT CUIbCHKOTOCIIOIAPCHKUX KYJIBTYP, KO-
Tp1 HOYMHAIOTH BUPOILYBATH B I[UX MPOMUCIOBHUX MPUMIIIICHHSX.

Ha nonomory npuxojsTh aBTOMaTH4YHI PEryJsTOpPU — MPUIAIU, Kl  MIIAT-
PUMYIOTh 3alaHUil (PEryJIbOBaHUM) piBEHb AKOICh BEIMYMHM O€3 Oe3mocepeHbol
y4acTi JIIOJAUHU. BUKOPUCTaHHS 1IMX MPUCTPOIB CHPHSIE €KOHOMIT €IeKTPOCHEPril
[UISIXOM ONTUMI3AIli pOOOTH CUCTEMU OMNaJeHHS, BEHTWIALI1, 30BHIITHBOTO OCBIT-
JICHHS1, TIOJIUBY, P13HUX MPUCTPOIB 1 MPUIIAJIIB, SIKI HEOOXITHO Y MOTPiOHMIA Yac 1 Ha
HEOOX1THUM TIepi0]] BMUKATH, 1 BAMUKATH.

Bonoricte noBiTps Ta Temmneparypa y >KUTIOBOMY NPHUMIIIEHHI Ma€ BEJU-
KUl BIUIMB HAa CAMOIIOYYTTS Ta CTaH 3[0pPOB’S MOTr0 MEMIKAHIB. 3 1€l MPUINHU
BXKJIMBO MIJITPUMYBATH ONTUMAJIBHUNA MIKPOKJIIMAT 3a JIOMOMOTOI0 BHUMIPIOBaHb
MOKa3HUKIB BOJIOTOCTI, TEMIIEpATypH, a TAKOK BUKOPUCTAHHS TaKUX MPHUIIAIIB, SK
o0irpiBadyi, 3B0JI0KYBavl 1 CHCTEMH BEHTHIISIIIT 1 KOHAUI[IOHYBaHHSI.

[linTpumMKa MIKpOKIIMaTy OCOOJMBO BaXKJIMBa B TEIUIMYHUX KOMILJIEKCAX,

TaK SK BUPOILYBaH1 POCIWHU YYTIUBI JI0 BOJIOTOCTI 1 TemmnepaTypu noBiTps. Hese-
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JUKEe BIAXWJICHHS IIMX MapaMeTpiB BiJl HOPMHU TSITHE 3a COOOIO0 pi3Ke 3HIKECHHS
BPOKaWHOCTI, a MPU CHJILHOMY BIIXHWJICHHI MOXKE€ BUKJIMKATH 1 3aru0eIb POCIUH.

Po3pobka aBTOMaTHYHOTO PETyJIATOpa BITHOCHOI BOJIOTOCTI Ta TEMIEPATypH
€ aKTyaJbHOIO 33/1a4€i0. YHIBEPCAIbHICTh J03BOJSTUME BHUKOPHUCTOBYBATH HOTO
K y CUIBCBKOTOCIIOAPCHKOMY CEKTOPI1, ISl 301IbIIEHHS MPOIYKTHUBHOCTI BUPOO-
HUIITBA, TaK 1 JUIS MIATPUMKH CaHITAPHUX HOPM MIKPOKIIMATy y BUPOOHUYHX Ta
KUTJIIOBUX MPUMIIICHHSAX.

[Iporpamu po3BUTKY IPOMUCIOBOCTI Mepe0avyaoTh BIPOBAIKEHHS] HOBITHIX
KOMIT FOTEPHUX TEXHOJIOTIM B yMpaBiIiHHI MPOMHUCIOBUMH OO’ €KTaMH, IO TaKOXK
CBIIYUTHh MPO AKTYaJbHICTh JIaHOI TEMH, aJP)K€ aBTOMATH3alllsl MIHIMI3yE PHU3UK
JIOACHKUX TOMUJIOK Ta IPU LIbOMY HOKPALIUTh caMi YMOBH IMpalll epcoHaTy Ta

N1JBUILIUTE KyJIbTYPY BUPOOHUITBA.



1. JocnimkeHHs CTPYKTYPHUX €JIEMEHTIB PEryJISTOPIB MIKpOKIIMATy

1.1 BrmuB nmapameTpiB MIKpOKJIIMATy Ha Mpale3aaTHICTh

[TapameTpu MIiKpOKIIIMaTy CHpaBJSAIOTh OE3MOCEpE/IHIi BILUTUB HA CaMOIIO-
qyTTs JIOJUHM Ta ii mpare3natHicte. HopManbauit mepedir ¢hi3i00riyHuX Mpolie-
CiB, a OTXe, 1 TapHE CaMOTIOYYTTS MOXJIMBE Y BHIAAKY, KOJU TEIUIO, SIKe BHUIILIIS-
€THCS OPTaHI3MOM JIIOJIMHU, MOCTIMHO BIABOAUTHCS B HABKOJIMIIHE CEPEIOBUIIIE.
SAKI0 X MIKpOKJIIMATUYHI YMOBH € HE33JIOBUILHUMU, Yy OpraHi3Mi JIFOJAUHH MTOYH-
HaIOTh B1JOYBATHCS P13HI MIPOLIECH, CIIPSIMOBAHI HAa PETYJIOBAHHS TEIJIOYTBOPEHHS
1 TETIOBIA1aul, )1 MATPUMAHHS CTallol Temmnepatypu Tina. [Ipu temneparypi mo-
BITpsl B Mexkax 15-25 °C TeroyTBOpeHHS OpraHi3aMy MaiKe He 3MIHIOEThCS (30Ha
Oaiinyxocti). Konmu TemmnepaTrypa 3HUKYETbCS, TEIUIOYTBOPEHHSI ITIJIBUILYETHCS,
TOJIOBHUM YHHOM, Yy 3B’S3KY 3 MIJBUIIEHHSM M'SI30BOi aKTUBHOCTI (3'SIBISETHCS
TPEMTIHHS) Ta HIACWICHHSIM OOMiHY pedoBUH. [Ipy miABUIIEHH] TeMIlepaTypu Mo-
BITPSI MAIOTh MICII€ 3BOPOTHI siBUIA. BCcTaHOBIEHO, 1110 MPU TeMMepaTypi MOBITPS
noHan 25 °C mpaie3aTHICTh JIIOJAWHY MMOYMHAE MajaTu. BrauB Temmnepatypu mo-

BITPSl HA CEPEIHIO MPOAYKTUBHICTD Mpalll HaBeJIeHU Ha pUCcyHKY 1.1 [1].
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Pucynox 1.1 — BruiuB TemniepaTypu OBITpsI Ha MPOAYKTHBHICTH TIparli

HopwmaiibHa BOJIOTICTh B IPUMIIIEHH] — 11€ BaXJIUBUI (aKTOp, SIKUKA JoTIoMa-

rac miATPUMYBATH MIIHE 310p0B’° s jdronei. Lleit mapamerp 3a1eXHUN Bl IOPHA PO-
y
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Ky. Konu Hactae omamtoBanbHUIT CE€30H, MOBITPS B KIMHATI HArpiBa€ThCs 1 CTA€ Cy-
xuM. | HaBmaku, K10 OyIIBIS MOTaHO MPOTPIBAETHCS ONANIOBAIIBHUMU TpUjIaia-
MU, CIIOCTEPIraeThCA MiABUIIEHA BOJIOTICTh. OCOOIMBO YYTIUBUMHU J0 BOJIOTOCTI €
METEO03aJICKHI JIFOAH, a TAKOX JIFOAH, SKi CTPaKIA0Th HA TIIEPTOHIYHY XBOPOOY,
OpoHX1aJIbHY aCTMY, 3aXBOPIOBaHHSIMU CEPIIEBO-CYJMHHOI cucTemMu. [Ipu BuCOKii
CYXOCTI MOBITPS HaBITh 3/IOPOBI1 JIIOJIU BITUYBAIOTh JUCKOMGMOPT, COHIMBICTD, CBE-
pOLX 1 po3ApaTyBaHHS IIKIPHUX MOKPHUBIB. YacTo cyxe MOBITPS MOXKE CIPOBOKY-
BaTU 3aXBOPIOBAHHS JUXaIbHOI cucTeMu, mounHatouu 3 ['P3 1 I'PBI, 1 3akinuyroun
HaBITh THEBMOHIEIO.
VY BUMNAAKY, KOJHM BOJOTICTh 3HAXOIUTHCS HUKYEC HOPMH, CIIM30Ba 00OJOHKA
HOCa TMOYMHAE TIEPECUXaTH, 10 3HAYHO 3HIDKYE IMYHITET OpraHi3My J0 BIPYCHUX
3aXBOpPIOBaHb. [loripuryerbes npolec IUXaHHs 1 3HXKYEThCS 30arayeHHs OpraHis-
My KHCHEM. TaKo»X BEJIIMKOIO 3arp030I0 MOKYTh OyTH Pi3HI ajepriyfHi peaxiii, BU-
KJIMKaHI I1JBUIIICHUM BMICTOM MIKPOCKOIIYHHUX YACTHHOK MUy B KimHarti. Ilin-
BUIIIEHA BOJIOTICTh MPU3BOAUTH JI0 MOSBU Ta MOLIUPEHHS IPUOKaA HAa CTIHAX, CIIOPU
SAKUX MOCTIa0I0I0Th OpraHi3M, MOTPAIUIAIOUH JI0 TUXATbHUX MUISIXIB.
Ha miampuemcTBax BOJIOTICTH MOBITPS 3/1aTHA BIUIMBAaTH Ha 30epeKeHHS

MPOYKITi 1 00JIaJHAHHS, & B CIJILCAKOMY TOCIIOIAPCTBI - HAa BPOXKAWHICTH 1 T.]I.

1.2 3aranpHa CTPYKTypa MPUCTPOIB KOHTPOJIIO 3a MapaMeTpamMu 00’ €KTIB

Perynsarop abo kepyrouuil NpUCTPii - MPUCTPIH, AKUI CTEXKUTH 32 3MIHOIO
JeSIKUX MapaMeTpiB 00'ekTa yrpasiiHHA (Oe3nocepeHbo, abo 3a JOMOMOTOI0 CIO-
CTepirayiB) 1 pearye Ha iX 3MiHYy T'€HEpPALI€0 YIPABISIIOYMX CUTHAJIB 32 MEBHUM
AJITOPUTMOM.

B ocHOBi Oyab-5KOi CHCTEMH aBTOMATHKH JICKUTH PsiJI OCHOBHUX €JIEMEHTIB,
a came:

- JIATYUKU - 1€ €JIEeMEHTH CHCTEM aBTOMAaTH3allli, sIKl CIYTYIOTh I OTpH-

MaHHA 1H(GOpMALlil PO peasbHUM CTaH PEryjaboBaHOrO 00'ekTa. 3 iX IOMOMOTOIO
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31ACHIOETHCS] 3BOPOTHUIM 3B'SI30K CUCTEMU PETYIIOBAaHHS 3 00'€KTOM MO KOKHOMY
napaMmeTpy (JaTYMKH TeMIIepaTypH, JaTYUKU THCKY, BOJIOTOCTI 1 T.1.). Bubip gat-
YUKIB aBTOMATUYHOTO YIPABIIIHHS 31HCHIOETHCA 32 YMOBAaMM €KCIUTyaTallii, Jaia-
na3oHy 1 HE0O0X1IHOT TOYHOCTI BUMIPIOBaHb;

- PETYIATOPH - 1€ OAWH 3 OCHOBHHUX €JIEMEHTIB CUCTEMH MTPOMHUCIOBOT aBTO-
MaTu3arlii, mo 3ade3rneyye ynpaBiliHHSI BUKOHABYMMHU MEXaHI3MaMH 3a MOKa3aH-
HSIMH Pi3HHUX JATYUKIB;

- BUKOHABY1 MEXaH13MHU aBTOMAaTH3allli SBJISIOTh COO0I0 BUKOHABYI MIPUCTPOL
(MexaHiuHi, eJIeKTPUIHI, T1apaBidHi)[2].

ABTOMaTHUYHA CHUCTEMa PETYJIIOBAHHS TEMIEpaTypu Ta BOJOTOCTI 0a3yeThCs

Ha Kepyrodomy npuiai (puc. 1.2)

k3

T
.

0

Pucynok 1.2 — CTpykTypHa cxema perysiasitopa TeMIepaTypy Ta BOJIOTOCTI

Ha xepyrounii npunajn (KOHTpoJIEp) 3 NaTYMKIB MPUXOSTh CUTHAJIM, B 3aj1e-
YKHOCTI BiJI BCTAHOBJIEHUX KOPUCTYBa4€M BEPXHBOI'O Ta HUKHBOT'O MOPOTiB Ta 00-
paHoOi JIOTIKH, BIIOYBA€THhCS CHPAIbOBYBAHHS pelie (BMUKAHHS/BUMHKAHHA) KiJI
HarpiBaya/oxoJioJKyBaya Ta 3BOJIOKyBada/ocyllyBada. TakuM YMHOM CHCTEMaA
aBTOMATUYHO, 0e3 0Oe3rnmocepeHbOi y4acTl JIOAUHHU, PEryjtoBaTUME 3aJaHUil pi-

BEHb TEMIIEPATypPH Ta BiIHOCHOI BOJIOTOCTI.
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1.3 Texuiuni crioco6u ralbBaHIYHOT PO3B’A3KU

["anpBaHiyHA PO3B'sI3Ka - Mepenadya eHeprii ado CUTHAIY MK eIeKTPUIHUMHU
KoJaMu 0€3 eJEKTPUYHOr0 KOHTAKTy M HUMH. ["aibBaHIYHI PO3B'SI3KM BUKOPHUC-
TOBYIOTBCS JJIS TIepeiadi CUTHAMIB, i1 O€3KOHTAKTHOTO YIPABIIHHSA 1 IS 3aXHC-
Ty 00JIaIHaHHS 1 JIOJIeH BiJl YPaKEHHSI €IEKTPUYHUM CTPyMOM [5].

["anbBaHiYHA PO3B'A3KA J03BOJISAE 3a0€3MEUNTH, 30KpEMa, HE3AIEKHICTh CHUT-
HAJIBHOTO KOJIa, OCKUIBKH (POPMYETHCS HE3aNECKHUN KOHTYP CTPYMY CUTHAJIBHOTO
KOJIa 1010 KOHTYPIB CTPYMIB 1HIIMX KUJI, HAIPUKIIAJl CUJIOBOIO KOJa, MPU MpoBe-
JIEHH1 BUMIPIOBaHb 1 B KOJIAX 3BOPOTHOTO 3B's3Ky. Take pillieHHs] KOPUCHE IS 3a-
Oe3MeYeHHs] €JIEKTPOMArHiTHOI CYMICHOCTI: MIJIBUILYETHCS MEPENIKOA03aXHUILEe-
HICTb 1 TOUYHICTh BUMIPIOBAHb.

be3ymMoBHO, raipBaHiuHa po3B's3ka 3abe3reuye 1 0e3neKy npu poooTi Jiroaei
3 €JIEKTPUYHUM 00JIaJTHAHHSIM.

J1ist 3a0e31eueHHs TallbBaHIYHOT PO3B'SI3KH MOXKYTh OyTH BUKOPUCTaH1 Pi3HI
TEXHIYH1 PIILICHHS:

- IHIyKTHUBHA (TpaHchopMaTopHa) rajibBaHIuHa PO3B'SA3Ka, SIKA 3aCTOCOBY-

€ThCS B TpaHCPopMaTopax 1 Ay 130Juii nudposux kit (puc. 1.3) [3];

Bxio N/ Buxio

Pucynox 1.3 — Tlpuknan iHaykTUBHOI (TpaHcoOpMaTOpHOi) raabBaHIYHOL

PO3B'A3KHM

- OIITUYHA PO3B'A3KA 32 JIOIIOMOTOI0 ONTpPOHA (omTomnapa) adbo onropene, 3a-
CTOCYBaHHSI SIKO1 € THIOBUM JjIsl 0ararbOoX Cy4acHUX IMIYJIBCHUX JKEPEN KUB-

nenns (puc. 1.4) [3];
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Bxio SZ > @) Buxio

Pucynok 1.4 — Ilpuknas onTHYHOT rajibBaHIYHO1T PO3B'SI3KH

- €MHICHA TaJbBaHIYHA PO3B’s3Ka, KOJIU CUTHAJ MOAAE€ThCS Yepe3 KOHIeHC Ca-
TOP;

- €JIEKTPOMEXAaHIYHA PO3B'A3Ka 32 JOTOMOI0I0, HAMPHUKIIAJ, €IEKTPOMEXaH1-
YHOTO pelie.

B nanuit yac myxe MIMpOKOro MOMIMPEHHS HAOYJU JIBa BaplaHTH rajbBaHiy-
HOI pO3B'SI3KM B CXeMaxX: TpaHC(HOPMATOPHUH 1 ONITOETEKTPOHHU.

[ToOGynoBa rajapbBaHIYHOI PO3B'SI3KM TpaHCHOPMATOPHOIO THUMY Mependayae
3aCTOCYBaHHS MarHiTHO-1HIYKIIMHOTO eleMeHTa (TpaHcdopmaTopa) 3 cepieuHH-
KOM a0o 0e3 cep/ieuHMKa, BUX1HA HANPYTa, 10 3HIMAETHCS 3 BTOPUHHOI OOMOTKH
SAKOTO MPOMOpIiiHa BXiJHIN Harpy3i npuctporo. OnHaK, mpH peatizaiii 1bOTro
croco0y, BaKJIMBO BpaxyBaTH HACTYITHI HOTO HEJIOJIKHU:

- Ha BUXIJHUH CHUTHAJ MOXXYTh BIUTMBATH MEPEIIKON, CTBOPIOBAHI  HeECy-
YUM CUTHAJIOM;

- YaCTOTHA MOJYJIAIIS PO3B'sI3KH 0OMEXKY€E 4acTOTy MPOITyCKaHHS;

- BEJIMKI TabapuTH.

P03BUTOK TEXHOJIOTIi HAMIBIPOBIIHUKOBUX MPUCTPOIB B OCTaHHI POKU PO3-
HIMPIOE MOMJIMBOCTI MOOYZOBU ONTOEIIEKTPOHHUX BY3JIIB PO3B'A3KH, 3aCHOBAHHUX
Ha OINTPOHAX.

[TpuHIMn poOGOTH ONMTPOHA MPOCTHIM: CBITIOMION BUIPOMIHIOE CBITJIO, SKE
cupuiiMaeTbes PoToTpaH3zucTopoM. Tak 3[1HCHIOETHCS rabBaHIYHA PO3B'SI3Ka K1,
OJIMH 3 SKUX MOB'SI3aHUM 3 CBITJIOMIOJIOM, a IHIIUHN - 3 (OTOTPAH3UCTOPOM.

Taxe pimeHHsT Mae psi MepeBar: MUPOKUH Aiama30H HAMpyT PO3B'S3KU, ax

10 500 BOJBT, IO BaXJIMBO AJI1 MOOYIOBU CHCTEM BBEJICHHS JaHUX, MOXKIIUBICTh
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po0OTH PO3B'A3KM 3 CHUTHAJIAMM YaCTOTOIO JIO JECATKIB Merarepil, Majii rabaputu
KOMITOHEHTIB.

SIKIII0 HE 3aCTOCOBYBATH TallbBaHIYHY PO3B'S3KY, TO MAKCUMAIBHUNA CTPYM,
10 MPOTIKAE MIX KOJaMH, OOMEXY€EThCS JIUIIE BITHOCHO HEBEIIMKUMU EICKTPUY-
HUMH OIOPAaMH, III0 MOKE MPUBECTH B Pe3yJbTaTi A0 MPOTIKaHHS CTPYMIB, 3/1aT-
HUX 3aBJIaTH IIKOAM K KOMIIOHEHTaM KOJIa, TakK 1 JIFOJSIM, sIKI TOPKAIOTHCS /10 He-
3axurieHoro obnamnanss. [Ipunan, skuii 3a0e3nedye po3B's3Ky, CHEIiadbHO 00-

MEXye Tiepeady eHeprii BiJ 0JTHOTo KoJia 110 iH1oro [3].

1.4 AnamiTUYHUIA OTJISA] IPUCTPOIB 3HATTS 1HGOpMAIIiT

JlaTuuk - 1e eJIeMEHT BHMIPIOBAIILHOTO, CUTHAIBHOTO, PETrYIIOIY0ro abo Kepyrdoro
HPUCTPOIO, 1110 TIEPETBOPIOE KOHTPOJIbOBAHY BEIUYHHY (TEMIEpPaTypy, TUCK, YaCTOTY, CHITY CBi-
TJa, eIeKTPUYHA HaNpyra, CTPyM 1 T.1.) B CUTHAJ, 3pyYHHI 1JI1 BUMIpIOBaHHS, niepeaayi, 30epi-
raHHs, 00poOKH, peecTparlii , a iHOJI 1 IS BIUTMBY Ha KEPOBaHi MPOIIECH.

JlaTuukw, Mo BUKOPUCTOBYIOTHCS JIOCUTH PI3HOMAaHITHI 1 MOXKYTh OyTH Kiacu(pikoBaHi 3a

pisHMMU o3Hakamu. 3@ MIPUHITAIIOM Jii JATYMKHA MOYKHA PO3TIIUTH Ha JIBa KJIACH: Te-
HEpaTOpHI 1 MapaMeTpuyHi (JaTIUKU-MOAYJIsATOpH). ['eHepaTopHi AaTUYMKHU 3.1iC-
HIOIOTh Oe3mocepeHe MEePETBOPCHHS BXIIHOI BEIMYMHUA B CICKTPUYHUN CUTHAIL.
[TapameTpuuHi JaTYUKK BXIJHY BEIHMYMHY MEPETBOPIOIOTH B 3MIHY OYyIb-SKOTO
enekTpuuHoro napametpa (R, L a6o C) natumka.

3a OpUHIUIIOM i1 JATYMKUA TAKOK MOKHA PO3IJIUTH HAa OMIYHI, pEOCTaTHI,
dboToenekTpruyHi (ONTUKO-ETIEKTPOHHI), IHIYKTUBHI, EMHICHI 1 T.]I.

Po3pI3HAI0TH TpH KJIacu JATYUKIB:

- QHAJIOTOBI ATYMKH, TOOTO JATYMKH, IO T€HEPYIOTh aHAJOTOBUN CHUTHAI,
IIPOTIOPIIIMHO 3MiHI BX1AHOT BETUYNHU;

- UU(POBI JATYUKH, SIKI T€HEPYIOTh MOCIIJOBHICTh IMITYJIbCIB 200 JBIMKOBE

CJIOBO;
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- OiHapH1 (IBIMKOB1) AATYUKH, SIKI T€HEPYIOTh CHUTHAJ TIJIbKU JIBOX PiBHIB:
"BTIOYeHO / BUMKHEHO" (iHakmie kaxxyan, 0 ado 1); HaOynu MHUPOKOTO MOITUPEH-

HS 3aBJIIKK CBOiM MpOCTOTI [4].

1.4.1 Jatuuku Temmeparypu

BinbIIicTe TEXHOJOTTYHUX MPOIECIB W€ 3apa3 MO NUIIXY aBTOMAaTH3allii.
Kpim Toro, ynpaBiiHHS YMCICHHUMU MEXaHI3MaMH 1 arperataMmu, a 4acTo 1 Maliu-
HaMHM TIPOCTO HEMUCIUME 0€3 TOYHMX BHUMIPIOBaHb PI3HUX (PI3UYHUX BEJIWYHH.
Tak sk qiama3oH BUMIPIOBaHb 1 IX YMOBU MOXYTh CHUJIBHO BIIPI3HATHCSA OJUH Bif
OJIHOT0, pO3pO0OJICH] Pi3HI MO TOYHOCTI, 3aBaJ0OCTIMKOCTI Ta MIBUAKOMAIl TUIU JAT-
4yuKiB (1 IEPBUHHUX MEPETBOPIOBaYiB). SIkoro 6 Tuily He OyB TeMIlepaTypHUN J1aT-
YHK, 3arajJbHUM I BCIX € MPHUHIMI NEPETBOPEHHA. A came: TeMIeparypa, sika
BUMIPIOETHCS, IEPETBOPUTHCS B €ICKTPUUHY BEIMUMHY (SK pa3 3a 1€ 1 BIAMOBIIA€
NEepBUHHUY MepeTBOproBay). Lle 00yMOBIeHO TUM, 110 €IEKTPUUHUI CUTHAII ITPOC-
TO Mepe/laBaTy Ha BEJIMKI BIJCTaHi (BUCOKA MIBUIKICTh IpUHOMY-TIEpeaadi), JETKO
1 IBUAKO OOpOOJISTH (BUCOKA TOUYHICTh BUMIPIOBAHb Ta IIBUIKOMIISN) .

1) TepMOpe3UCTUBHI TEPMOAATUMKH - 3ACHOBAHI HA MPHUHIIUII 3MIHU €JIEKT-
PUYHOTO OTOpPY (HAMBIPOBIAHUKA a00 MPOBIAHUKA) MPHU 3MiHI Temreparypu. bes-
MepeyHi MepeBaru TePMOJATUMKIB IBOTO THITY 1€ JIOBFOCTPOKOBA CTaO1IBHICTS,
BHCOKA YYTJIMBICTh, @ TAKOK MTPOCTOTA CTBOPEHHSI IHTEP(PENCHUX CXEM.

3aJie’KHO BiJl MaTepiaiiB BUKOPUCTOBYBAHUX JIJII BUPOOHUIITBA TEPMOPE3UC-
TUBHMX JATYHUKIB PO3PI3HAIOTH.

- PesuctuBni nerekropu temneparypu (PT). Lli matumku ckiagaroTbes 3
MeTaiy, Haidacrime matuHu. s BumiproBanb temneparyp nonaa 600 °C moxe
BUKOPUCTOBYBATHUCS TaK0X BoJb(ppaM. MiHycOM LMX JATYMKIB € BUCOKA BApPTICTh
1 HETHIWHICTh XapaKTEPUCTHK.

- KpemnieBi pe3uctuBHI natunku. [lepeBaru nux MaTyukiB - XOpoIa JHIN-
HICTh 1 BUCOKA JOBTOCTPOKOBA CTaOUIBHICTIO. TakoX Il JaTYUKU MOXYTh BOYJIO-

BYBAaTHUCS MPSMO B MIKPOCTPYKTYPH.
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2) Tepmictopu. Lli naT4MKy BUTOTOBIISIFOTHCS 3 METaI-OKCUIHUX CIONYK. lc-
TOTHUM HEJIOJIIKOM TEPMICTOPIB € HEOOXIJHICTh iX KaniOpyBaHHS 1 BEJHMKa HeENi-
HIMHICTh, a TAKOXX CTapiHHA, OJIHAK MPU MPOBEACHHI BCIX HEOOXITHUX HAIAIITY-
BaHb MOXYTh BUKOPUCTOBYBATHCS JJISI IPEIIU3IMHUX BUMIPIOBAHb.

3) HamiBopoBIJHUKOBI JTATYUKU PEECTPYIOTh 3MIHY XapaKTEPUCTUK P-N Tie-
pexojy MiJ BILIUBOM TeMIEpaTypu. SK TepMOIaTYUKU MOXKYTh OyTH BUKOPUCTaH1
Oyab-axi nioau abo OimosisipHi TpaH3ucTopu. [IpomopiiiiiHa 3aeXHICTh HANPYTH
Ha TpaH3UCTOpax BijJ aOCOOTHOI TemnepaTypu (B KenbBiHa) Ja€ MOXKIUBICTD pe-
alli3yBaTy JOCUTH TOYHHUM TaTUHK.

[lepeBaru Takux JaTYMKIB - MPOCTOTA 1 HU3bKA BAPTICTh, JIHIMHICTh Xapak-
TEPUCTHUK, MaJieHbKa Mmoxuoka. KpiMm Toro, 1i 1aTyuku MoxHa (GOPMYBATH MPSIMO
Ha KpeMHI€BOI miakiaani. Bee e poOUTh HamiBIPOBITHUKOBI HATUUKU IYyXKE 3a-
TpeOyBaHUMU.

4) TepMoenekTpHUUHI MEPETBOPIOBAYl - 1HAKIIE, TepMorapu. Bonu AitoTh 3a
MPUHIIATIOM TEPMOEIEKTPUYHOTO €EeKTy, TOOTO 3aBIIKUA TOMY, IO B OyAb-sIKOMY
3aMKHYTOMY KOHTYpi (3 JBOX PI3HOPIAHMX HAaIlIBIPOBIIHUKIB 200 MPOBITHUKIB)
BUHUKHE €JIEKTPUYHUI CTPYM, B pa3l AKIIO MICIS CMAiB BIAPIZHAIOTHCS MO TEMIIE-
patypi. Takum 4YMHOM, BUXOAUTH, 110 TEPMOTIAPH - 1€ BIAHOCHI JATYMKH 1 BUXIJIHA
Harmpyra OyJe 3ajexaTH BiJl PI3HHUIIl TeMIlepaTyp ABOX dacTuH. | maibxke He Oyze
3aJIeXaT BlJ aDCOTIOTHUX iX 3HAYEHb.

Jliama3oH BHUMIpIOBaHUX 3 iX JOMOMOTOI0 Temriiepatyp, Big — 200 go 2200
rpaayciB, 1 IpsIMO 3aJIEKUTh BiJi BUKOPMCTOBYBAaHMX B HUX MaTepiamiB. Hampu-
KJIaJl, TepMoIiapu 3 Hebmaropoauux metaiiB - 10 1100 °C. Tepmonapu 3 6aropo-
nHUX MeTaniB (tutatuHoBa rpyna) - Bix 1100 go 1600 rpamycis. Skimo HE0OXiAHO
3MIICHIOBATH BUMIPIOBAHHS OUIbII BUCOKHX TEMIIEpPaTyp, BUKOPUCTOBYIOThCS Ka-
POCTIiiK1 CIiyIaBU (OCHOBOIO CITYHUTh Bosbhpam). OMHUM 3 HEJOJIKIB TEPMOTIAPH €
JIOCHUTH BEJIMKA TTOXUOKA.

5) IlipomeTpu - OE3KOHTAKTHI AATUYMKH, SIKI PEECTPYIOTh BUIPOMIHIOBAHHS,
SKE€ TeHEPYEThCS HarpiTUMH Tiamu. OCHOBHOIO MEPEBAror0 MipoMeTpiB (Ha BiAMi-

HY BIJ MONEPEIHIX TEMIePaTypHUX AATYMKIB) € BIICYTHICTh HEOOX1IHOCTI MOMIi-
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IIaTH JAaT4YUK Oe3mocepelHb0 B KOHTPOJIbOBaHE cepeoBuine. B pesynbrari Takoro
3aHYpPEHHSI 4acTO BiAOYBAE€THhCSI CIOTBOPEHHS AOCIHIKYBAHOTO TEMIIEPATYPHOTO
MOJISL, HE KaXKy4M BXKE MPO 3HMKEHHSI CTaO1IBHOCTI XapaKTEPUCTHUK CaMoro AaTdu-
Ka.

Po3pi3HAIOTH TpU BUJIU MIPOMETPIB:

- ®ayopectenTHi. [Ipy BUMiproBaHHI TEMIIEpaTypH 3a JOMOMOTo0 (uryope-
CIICHTHUX JATYMKIB Ha MOBEPXHIO 00'€KTa, TEMIEpaTypy SKOTrO0 HEOOXiTHO BUMI-
pATH, HaHOCATH (ochopHl KOMITOHEHTH. [1oTiM 00'eKT miamaroTh 1ii yabTpadione-
TOBOTO IMIYJILCHOTO BUIIPOMIHIOBAHHS, B PE3y/bTaTi SKOIO BUHUKAE BUIIPOMIHIO-
BaHHs (PIIyOpECLIEHTHOIO 1Iapy, BIACTHUBOCTI SIKOT'O 3aJIe’KaTh BlJl TEMIIEPATYypH.
[{e BUNpoMiHIOBaHHS JIETEKTY€ETHCS 1 aHAII3YETHCA.

- [nTeppepomerpuuni. [aTEpPepoMeTpruyH1 TaTYUKHU TEMIIEPATYpPH 3aCHOBA-
Hl Ha MOPIBHSHHI BIACTHUBOCTEH JBOX MPOMEHIB - KOHTPOJIBHOTO 1 MPOMYIIEHOTO
yepe3 CepelloBUIIE, apaMETPH SIKOTO 3MIHIOIOTHCS B 3aJIEKHOCTI BiJl TEMIIEpaTy-
pu. UyTIMBUM €IEMEHTOM IIbOTO THUIY JaTYMKIB HaYacTille BUCTYIMAE TOHKHUN
KPEMHIEBUH 11ap, HA KOSDIIIEHT 3aJJOMJICHHS SIKOTO, a, BIATIOBIHO, 1 HA JTOBXUHY
NUIAXY TPOMEHIO, BIUTMBAE TEMIIEPATypa.

- JlaT4yuk® Ha OCHOBI PO3YMHIB, 110 3MIHIOIOTH KOJIP IIPH TEMIIEPATyPHOMY
BIUTMBI. Y IIbOMY THIIl JAaTYUKIB-TIIPOMETPIB 3aCTOCOBYETHCS XJIOPUJ KOOANIbBTY,
PO3YMH KOO Ma€ TEIUIOBHM 3B'SI30K 3 00'€KTOM, TEMIEpATypy SIKOIO0 HEOOX1JTHO
BuMipaTu. KoedilieHT MOTIMHAHHS BUMMOTO CIIEKTPY Y PO3UUHY XJIOpHUIY KoOa-
JBTY 3QJIEXKUTH BiJ Temneparypu. [Ipu 3MiHI TeMnepaTypu 3MIHIOETbCSI BEJIMYMHA
CBITJIa, SIK€ TTPOXOAUTH YEPE3 POZUHH.

6) AKyCTHYHI TEPMOJATYUKHU - BUKOPUCTOBYIOTHCS TIEPEBAKHO /IS BUMIPIO-
BaHHSI CEPENHIX 1 BUCOKHUX TeMIlepaTyp. AKYCTHUHHMIA JAaT4YUMK NMOOYyAOBaHW Ha
MPUHITUII TOTO, 1110 B 3aJIEKHOCTI BiJl 3MIHU TEMIIEpaTypH, 3MIHIOETHCS IMBUJIKICTh
NOIIMPEHHS 3BYKY B ra3ax. CKJlagaeTbcs 3 BUIIPOMIHIOBaYa 1 mpuitMaya aKycTud-
HUX XBUJIb (IPOCTOPOBO PO3HECEHUX). BUIIPOMIHIOBAY BUITYCKA€ CHUTHAJ, SAKUU

MPOXOJIUTh Yepe3 JOCIHIKyBaHE CEPENOBHUINE, B 3aJIEKHOCTI BiJ TEeMIIEpaTypu
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MIBUJKICTh CUTHATIY 3MIHIOETHCS 1 MpHUMay MICiAs OTPUMaHHS CUTHAJIy BH3HAYae
ITFO IITBUJIKICT.

Taki 1aTYMKU BUKOPUCTOBYIOTHCS JIJIsi BUSHAUYCHHS TeMIIEpaTyp, AKi HE MO-
YKHA BUMIPSATH KOHTAKTHUMH METOJaMU. TaKoX 3aCTOCOBYIOTHCS B MEIUITMHI JJIS
HeiHBa3iiiHuX (0e3 omepariiHOro MPOHUKHEHHS BCEPEIHUHY Tija XBOPOIro) BUMIi-
pIOBaHHSI TTMOMHHOI TeMIlepaTypH, HANpUKIal, B oHKojorii. Hemomikamu Takux
BHUMIPIOBAHb € T€, IO MPH JOTUKY BOHH MOXYTb BUKJIMKATH BIAMOBIIHI (Pi310yI0Ti-
YH1 peakIlii, 0 B CBOIO Yepry TATHE IO CIIOTBOPEHHSI BUMIPIOBAHOI TNIMOWHHO1
temriepatypu. KpiM Toro, MOKyTh BUHHKATH BIIOUTTS HA KOPJIOHI «IaTUYHK-TLIO»,
10 TAKOK 3/IaTHE BUKIMKATH MOXHOKH.

7) I'e30enekTpuyHi TEPMOAATUMKH. Y AaTUUKAX I[LOTO TUIY TOJOBHUM €Jie-
MEHTIB € KBapLOBHI II’€30pe30HATOP. K B1IOMO IT’€30MaTepiall 3MIHIOE CBOi pO3-
MIpH Tij] BIUIMBOM cTpyMmy (mipsimuii m'e3oedekt). Ha 1ieit m’e3omarepian nomepe-
MIHHO TI€pPENa€ThCs HAMPyTa PI3HOTO 3HAKA, B1J] 4YOTO BiH MOoYMHae KoiauBatucs. Lle
1 € 1’€30pe30HaTOp. 3'sICOBAHO, L0 YAaCTOTAa KOJIMBaHb I[bOTO PE30HATOPA 3AJIEKUTH
BiJl TEMIIEPATypH, 1€ SBUIIIE 1 MOKIAJEHO B OCHOBY IT'€30€JIEKTPUYHOTO JATUHKA
TeMneparypu [S].

JlaTunku TemMmepaTtypu MOXKYTh OyTH KIMHATHOTO 1 30BHIIIHBOTO (aTMocde-
pPHOT0) BUKOHAHHS; HAKJIAJIHUMU Ha TPyOONpoBiA (UIsi KOHTPOIIO TeMIepaTypu
MOBEpXH1 TpyOOINpoBOAY) a00 KaHATLHUMH (111 BAMIPIOBAHHS TEMIIEpaTypH MOBi-
Tpsl B MOBITPOBOI1). MOHTa)X HAKJIAIHUX JATUMKIB 3/IIMCHIOETHCS OE3MOCEPETHBO
Ha MOBEPXHI TPpyOH, 3a0€3Meuyroun SKOMOra Kpaliuil TernjaoBoi KOHTakT. KaHnanbHi
JTATYMKHA MOHTYIOTHCS TIEPICHAUKYJIIPHO HAMPSMKY ITOTOKY MOBITPS B TTOBITPOBO-
ai. JlaTunku KIMHaTHOrO BUKOHAHHS MOHTYIOTBCS Ha BUCOTI 1,5 M. Bix mimoru, B
HEUTpaJIbHOMY IIOJ0 JKEPEI Teria 1 Xoioay micui. MoHTax atMochepHUx Aat-
YUKIB 3/IIHCHIOETHCS TTOOJIN3Y OAHOTO 3 KyTiB Oy/iBii, HA 2/3 #lor0 BUCOTH, HA BIT-
psiHil cTopoHi. KiMHATHI JaTYMKU TeMIEepaTypH CIy>KaTh sl BUMIPIOBAHHS TEM-
nepaTypu moBiTps 6e3mocepeHb0 B mpuMilieHHsX. KoHTposiep mopiBHIOE TOTOY-

HE 3HaYeHHS 3 33J]aHUM 1 Ia€ KOMaH/1y Ha BUKOHABUUN MEXaHI13M [2].
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1.4.2 JIaT4uKH BOJIOTOCTI

[Ipunan, SKMM BUMIPIOIOTh PIBEHb BOJIOT'OCT1, HA3UBAETHCS TIrPOMETPOM abo
POCTO JATYUKOM BOJIOTOCTI.

3a IPUHIIMIIOM Jii, TIrPOMETPH JIISATHCSA HA: EMHICHI, PE3UCTUBHI, TEPMICTO-
PHI, ONITUYHI, €JIEKTPOHHI [6].

1) €mHICHI TiIrpOMETpH, B HAUIPOCTIIIIOMY BHIIAJKy, € KOHACHCATOpaMH 3
MOBITPSM B SIKOCTI JieJeKTpUKa B 3a30pi. BioMo, 110 y MOBITps Ai€IEKTpUUIHA
MIPOHUKHICTH OE3MOCEPETHBO TOB'sSI3aHa 3 BOJIOTICTIO, & 3MIHU BOJIOTOCTI JI€JIEKT-
pHUKa IPU3BOJSATH 1 10 3MIH B EMHOCTI OBITPSIHOTO KOHJIEHCATOPA.

binpmn ckimagHuii BapiaHT €MHICHOTO JaTYMKa BOJIOTOCTI - KOJH B TOBITPSI-
HOMY MPOMIDKKY MICTUTBCS AIEJIEKTPHK, 3 J1€JIEKTPUYHOI MPOHUKHICTIO, SIKa MO-
K€ CHJILHO 3MIHIOBATHCS ITi/I BINIMBOM Ha HHOT'O BOJIOTOCTI. JlaHwil miaxia poOuTh
AKICTh JaT4MKa Kpalle, HK MPOCTO 3 MOBITPSAM MK OOKJIaJMHKaMU KOHIEHCATO-
pa.

Hpyruii BapiaHT 100pe MiAXOIUTh JJIs MPOBEICHHS BUMIPIOBaHb 11010 BMiC-
Ty BOAM B TBEPJUX pedyoBUHAX. JlochiKyBaHUil 00'€KT pO3MILLYEThCS MK OOKIIa-
JUHKAMH TaKOT'O KOHJIEHCATOpa, HAPHUKJIaa 00'€eKTOM Moxe OyTH TablieTka, a cam
KOHJICHCATOP MPHUENHYETHCS O KOJMBAJIBHOTO KOHTYPY 1 0 €JIEKTPOHHOTO TeHe-
paTopy, TIpu IIbOMY BUMIPIOETHCS BIIACHA YACTOTa OTPUMAHOTO KOHTYPY, 1 O BU-
MIPSIHOT YaCTOTI «OOYMCIIOETHCS €MHICTh, OTPUMaHa IIPU BHECEHH1 JOCIIIKyBa-

HOTO 3pa3ka (puc. 1.5) [7].

| I'enepamop
| CUZHATY
|

KOHOEeHCcaAmop

Pucynox 1.5 — €mHicHU# TirpomMeTp
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be3yMoBHO, qaHuii MeTO Mae 1 1Kl HEJOMIKU, HAPUKIIAJ MPU BOJOTOCTI

3pa3ka Hwk4e 0,5% BiH OyJe HETOUHHUM, KpIM TOTO, BUMIPIOBAHHUM 3pa30K MOBU-

HeH OyTH OYMINEHUH BiJ] YaCTOK, IO MAOTh BUCOKY JICJICKTPUIHY MPOHUKHICTS,

JI0 TOTO XK Ba)XKJIMBa 1 hopMa 3pa3ka B IPOIIECi BUMIPIOBaHb, BOHA HE TIOBHHHA 3Mi-
HIOBATUCS B XOI1 JOCHIKEHHS.

TpeTiii THI €MHICHOTO JIaT4yMKa BOJIOTOCTI - 11€ €MHICHUH TOHKOILTIBKOBHI
rirpometp (puc. 1.6) [7]. Bin Bkitouae B cebe mMiAKIaAKy, Ha SKy HAaHECEHI JBa
rpebiHYacTuX enekTposa. [ pedbiHgacTi eIeKTpoau TPar0Th B JAaHOMY BUIAJAKY POJIb
OOKJIaJIOK. 3 METOI0 TEPMOKOMIICHCAIIT B JaTYMK JOJATKOBO BBOJSTH I W JIBa

TCPMOAATUHUKH.

Enexmpoou ITioxnaora

:]m\\&HHHﬂ-_:
I s 7

Adamuuru memnepamypu

Pucynok 1.6 — CTpykTypa TOHKOILTIBKOBOTO TiIrpOMeTpa

2) Pe3ucTUBHMI IaTUyMK BOJOTOCTI BKJIIOYA€E B ce0€ JBa €JIEKTPO/IH, K1 Ha-
HECEH1 Ha MIJKIAIKy, a MOBEPX Ha caMi €JEKTPOJM HAHECEHO IIap Marepiaiy,
KU BIAPIZHAETHCS TOCUTh MAJIMM OTIOPOM, MPOTE, CHIIBHO 3MIHHUM 3aJIEKHO BiJl

BoJjiorocti (puc. 1.7) [7].

Eaexkmpodou Orcuod a1ioMiHit0

Hioxknaora

Pucynok 1.7 — CTpykTypa pe3uCTUBHOTO TIrPOMETPa

BiamoBimHuM MatepiaJoM B TPHUCTPOi MOKE BUCTYMATH OKCHJ aFOMIHIIO.

Jlanuit okcu 100pe MOrIMHAE 13 30BHIIIHBOTO CEPEAOBUINA BOY, IPU LIbOMY TH-
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TOMHI OMip HOro MOMITHO 3MIHIOEThCS. B pe3ynbTaTi 3aranpHuil omip Kojia BUMi-
PIOBaHHS TaKOro JaTyrKa OyJe 3HAYHO 3aJIe)KaTH BiA BOJIOTOCTi. Tak, Mpo piBEHb
BOJIOTOCTI CYJISITh BUXOJISTYU 3 BEIMYMHH CTPYMY, IO TpoTikae. IlepeBaroro mat-
YHUKIB TAKOTO THITY € X HU3bKa BapTICTh.

3) TepMiCTOpHHUI TITPOMETP CKJIATAETHCA 3 MapU OJHAKOBUX TEPMICTOPIB.
TepMicTop - 1e HENHIWHUN €NEKTPOHHUN KOMITOHEHT, OMip SKOTO CHUJIBHO 3ajie-
XKUTh BiJ oro temmepatypu. ONHUH 3 BKIIOYEHUX B CXEMY TEPMICTOPIB PO3MIITY-
I0Th B TEPMETUYHIM KaMepl 3 CyXUM IOBITpSIM. A 1HIIUK - B Kamepi 3 OTBOPaMH,
yepe3 Kl B Hel HAIXOIUTh MOBITPS 3 XapaKTEPHOIO BOJIOTICTIO, SIKY MOTPIOHO BU-
MipsATU. TepMicTOpH 3'€IHYIOTh 32 MOCTOBOIO CXEMOIO, Ha OJIHY 3 JilaroHajieu Moc-

Ta MOJIAETHCS HANPYTAa, a 3 1HIIOI IlaroHa 34UTYI0Th nmokasu (puc. 1.8) [7].

'E0 £ 3 - Tepmicmopu

E

5 Usux

1

\

W
Iepmemiudna Kamepa

Pucynok 1.8 — TepMmicTopHHUii TirpoMeTp

VY pasi, KoJii Hampyra Ha BUXIAHUX KJIeMaxX JIOPIBHIOE HYIIO, TEMIIepaTypu
000X KOMITIOHEHTIB pIBHi, OT’KE€ OJJHAKOBA 1 BOJIOTICTh. Y pa3i, KOJU Ha BUXO/1 Oy-
Jie OTPUMAHO HE HYJIbOBA HAIpPYyTa, TO 1€ CBIAYUTH MPO HASBHICTH PI3HUIN PIBHIB
BOJIOTOCTI B Kamepax. Tak, 3a 3HaU€HHSIMU OTPUMAHUX MPU BHMIpax HaNpyr BU-
3HA4ar0Th BOJOTICTh. [Ipu 301IbIIEH I BOJIOTOCTI, 3 KOPITYCY TEpMICTOpa MOYHNHAE
BUIIAPOBYBATHUCS BOJIOTA, MPH IIbOMY TeMIIepaTypa KOPIyCY 3MEHIIYETbCS, 1 YUM
BHUILE BOJIOTICTh, TUM IHTEHCUBHIIIE BIJOYBA€THCSI BUMAPOBYBAHHS, 1 TUM CTPIM-

KiIlle OCTUTA€E TEPMICTOP.



21
4) OntrnuHui (KOHJACHCAIIMHMN) JaTYMK Bojorocti. Llel B maTyuKiB HaM-
OuTbII TOUHUN. B OCHOBI poOOTH ONTUYHOTO AATYMKA BOJIOTOCTI - SIBUIIE MOB'A3a-
HOT 3 MOHATTSM «TOYKA POCH». Y MOMEHT JOCATHEHHS TEMIIEPaTypOIO0 TOUKU POCH,
razomnoaiOHa i pimka ¢a3u - B yMOBH TEPMOJIUHAMIYHOI piBHOBAru. Tak, SKIIO B3sI-
TH CKJIO, 1 BCTAHOBUTH B T'a30M0/1I0HOMY CEpEOBHII, JI¢ TEMIIEpAaTypa B MOMEHT
JOCITIJIKEHHSI BUILE TOYKH POCH, a MOTIM MOYATH MPOIEC OXOJIOKEHHS aHOTO
CKJIa, TO IPU KOHKPETHOMY 3HaU€HHI TEMIEPaTypy Ha MOBEPXHI CKJIa TOYHE YTBO-
pIOBaTUCS BOJSIHUM KOHJIEHCAT, 1I€ BOJSTHA Mapa CTaHEe MEePEeXOJUTH B PiAKY (a3zy.
Jlana Temnepatypa i Oyzae sikpa3 Toukoro pocu. L{g TemmepaTypa HEpO3pUBHO IO-
B's3aHA 1 3aJIEKUTH B1Jl TAKUX MMAPAMETPIB K BOJIOTICTh 1 TUCK B HABKOJIUIIHBOMY
cepenoBuilll. B pe3ynbrari, Maloud MOXKJIMBICTh BUMIPIOBAaHHSI TUCKY 1 TeMmIepa-
TypU TOYKH POCH, BUWJIE JIETKO BU3HAUUTH 1 BOJIOTICTh. L{ell mpUHIIMII € OCHOBOIO
JUTst (PYHKITIOHYBaHHSI ONTUYHUX JIATYMKIB BOJOrocTi. Halmpocriiia cxema Takoro
JaTYMKA CKIIAJA€ThCS 3 CBITJIOJIONA, IO CBITUTHCS Ha JA3EPKaIbHY IMOBEPXHIO
(puc. 1.9) [7]. A3epkaino x BiI0MBA€E CBITIO, 3MIHIOIOYM MOTO HAIpsiM, 1 HaIpaB-
asitoun Ha QoroaeTekTop. B maHoMy BUNAAKY JA3€pKajio MOXKHA MiAIrpiBatu abo
OXOJIOJIKYBAaTH 3a JOTIOMOTOIO CIIEHIaJbHOTO MPHUCTPOIO PEryIIOBaHHS TeMIepa-
TypU BHCOKOi TOYHOCTI. YacTo TakKMM MPUCTPOEM BUCTYIAE TEPMOEICKTPUUHUN
Hacoc. Takox Ha J3epKajio BCTAHOBIIOIOTH AATUMK JJIsl BUMIPIOBAHHS TEMIIepaTy-
pu.

Cegimiodioo Domoeremenm

A
1 i

Tlpunao
PeyIr0eanHA
meMnepanypu

Adamyur memnepamypu

Pucynox 1.9 — Cxema poGOTH ONITUYHOTO (KOHACHCAIIITHOTO) TATYMKA BOJIO-

rOCT1
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[lepur HiXX mMOYaTH BUMIPIOBAHHS, TEMIIEPATypy [A3€pKajia BUCTaBISIOTH Ha
3HAYEHHSI, SIKE CB1IOMO BHILE TEMIEPATypy TOUKH pocH. Jlami 3a1iCHIOIOTh MOCTY-
MOBE OXOJIOJDKEHHS J3epKayia. Y MOMEHT, KOJIU TeMmIlepaTypa MOYHE MepeTUHATU
TOYKY POCH, Ha MMOBEPXHI A3epKajia MOYHYTh KOHICHCYBATHUCS Kparuli BOJIH, 1 CBIT-
JIOBUHM MPOMIHB BiJ /110]]a 3AJIOMUTHCA Yepe3 HUX, PO3CIEThCA, a 1€ MPU3BENE /10
3MEHIIIEHHSI CTPYMY B JIaHII031 oTofeTeKkTopa. Uepes 3BOpOTHUIA 3B'A30K (hoTO1E-
TEKTOP B3aEMOJIIE 3 PETYIISITOPOM TEMIIEPaTypH A3EpKaa.

AHamizytoun iHdopMaliiro, oTpuMaHy B (hopMi CUTHATIB Bij (poToaeTeKTOpa,
pEryJaTop TeMIlepaTypHu CTaHE yTpUMYyBaTH TeMIIepaTypy Ha MOBEpXHI J3epKaiia
TOYHO PIBHOIO TOYI[l POCH, a TEPMOJATYUK BIANOBIIHO MOKaxe Temneparypy. [lpu
BIJOMHX TUCKY 1 TEMIEpaTypl MO>KHa TOYHO BU3HAYUTH OCHOBHI TOKa3HUKU BOJIO-
TOCTI.

OnTUYHUN AATYUK BOJOIOCTI Ma€ HAMBHILY TOYHICTIO, HEOCSHKHOIO 1HIIU-
MU TUTIAMHU JATYMKIB, TUTIOC BIICYTHICTH TicTepe3ucy. Hemomik - HaliBuIa 1iHa 3
yCiX, TUTIOC BEJIMKE CHOKMBAHHS eJeKTpoeHeprii. JIo Toro >k HeoOXiJTHO CTEKUTU
3a TUM, 100 J3epKasio OyJ0 YUCTHM.

5) Enextponnuii rirpometp. IIpuHIMn po6oTH €1€KTPOHHOrO AaT4yrKa BOJIO-
rOCTI MOBITPSl 3aCHOBAHUN Ha 3MiHI KOHIICHTPAIIli €EKTPOIIITY, 110 TOKPUBAE CO-
0010 OyAb-SIKUW €JIEKTPOI30JIALINHNN MaTepiai. [CHyIOTh Taki mpHUJIagu 3 aBTOMa-
TUYHUM MIIITPIBOM 3 MPUB'SI3KOI0 A0 TOUYKK pocH. [lomynsipHi 1 mpocTi eNeKTpOHH1
rirpoMeTpu B OpMi JIBOX €JIEKTPOJIIB, K1 MPOCTO BCTPOMIISIIOTHCS B IPYHT, KOHT-
POJIFOIOYM HOTO BOJIOTICTh 3@ CTYNEHEM MPOBITHOCTI. Taki CEHCOpH JO3BOJSIOTH
JIETKO HaJlaIITyBAaTH aBTOMAaTUYHMIA TOJUB TPSAKU a00 KBITKM B TOPIIMKY, HA BU-

MaJI0K SKIIO MOJUBATH B pyuHy He 3py4Ho (puc. 1.10) [7].

Pucynok 1.10 — Enextponnuii rirpoMerp
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MeTtor0 poOOTH SBISETHCS PO3POOKAa MIKPOEIEKTPOHHOI cUCTEMHU (HOpMY-
BaHHS MIKPOKJIIMATY.

JIns 1OCSITHEHHST TTOCTaBJIEHOT METI HEOOX1JHO BUPIIIMTH HACTYITHI 3aBJaH-
HS:

- TOCIUTHA OCOOJMBOCTI peajizallii alropuTMiB JJIs1 YIIPaBIiHHS MIKPOKOH-
TPOJIEPOM;

- pO3pOOUTH CXEMY E€JICKTPUYHY MPUHITUIIOBY PETYJIATOpa TEeMIEpaTypH Ta
BIJTHOCHOT BOJIOTOCTI;

- CTBOPUTH QJITOPUTM Ta IIporpamy poOOTH MIKPOKOHTPOJIEPA;

- MPOBECTH aHaNi3 (PyHKIIOHYBaHHS pO3pO0JIEHOr0 MPUCTPOIO.
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2 Po3poOka MIKpOEJIEKTPOHHOT CUCTEMH (pOpMYBaHHS MIKPOKJIIMATY

rOCIIOAAPCHKUX TPUMIIICHb

2.1 AHaniz MOXKJIMBOCTI BUKOPUCTAHHS MIKpOKOHTposiepiB AVR

y cucteMi (popMyBaHHS MIKPOKIIIMATY

MikpOKOHTpOJIEpHa CUCTEMa BKIIIOUAE MIKPOKOHTPOJIEP, OJIOKHU mam'sTi Ams
30€peKEeHHs KOy ITporpaM 1 JaHUX, OPTH BBEJICHHSI-BUBEACHHS 1 OJIOKH 31 CIeli-
anbHUMH (QyHKIISIMU (TYUIbHUKY, Komnapatop, AL ta inmi). BukopuctoBy-
€THCS TSI KEPYBaHHS €JICKTPOHHUMH MPHUCTPOSMU 1 3TaTHHH BUKOHYBATH IPOCTI
3aBAaHHs. 3aCTOCYBAaHHSI MIKPOKOHTPOJIEPIB 3HAYHO 3HUKYE €HEProCIOXKUBaHHS,
PO3MipH 1 BapTICTh IPUCTPOIB, TOOYOBAaHUX HA 1X Oa3i.

MIKpOKOHTPOJIEPH MOXHA 3yCTPITH B 0ararbOx Cy4aCHUX MPUIIAJIax, TAKUX
SK TpajibHI MAaIINHY, TUIOCOCH, TeIehOHH Ta 1H., BOHU KEPYIOTh pOOOTOI0 ABUTY-
HIB 1 CUCTEM T'aJIbMyBaHHS Cy4aCHHX aBTOMOOLUIIB, 3 iX JOMOMOI'OK CTBOPIOIOTHCS
CUCTEMHU KOHTPOJIIO 1 cuctemu 300py iHopmMmarii. [lepeBakna OUIBIIICTD TPOITE-
COpIB, 1[0 BUMYCKAIOTHCS Y CBITI — MIKPOKOHTpOJepH [8].

Cepuem mikpokoHTposiepiB AVR € 8-0iToBe MikpompoiiecopHe sipo, noody-
noBaHe Ha mnpuHiuMnax RISC-apxitekTypu, 1ie HOT0 Ha3WBAaIOTh IEHTPAIbLHUM
npouecopauM npuctpoem (LIIIT). Apudmeruko-noriunuit npuctpiid (AJII) € oc-
HOBOIO 11bOr0 Osoky. AJIII migkimtoueHuid 10 pericTpiB 3araibHOr0 MPU3HAYEHHS
P3IT (General Purpose Registers - GPR). Icuye 32 perictpa 3arajibHOro MpU3Ha-
YEHHsI, BOHU MaroTh O0ailToBuil opmar, TOOTO KOKEH 3 HUX CKIAJAETHCS 3 BOCBMHU
01T. JIo HMX MOJKHA 3BEpPTATHCS IBOMa CIOcOO0amMu (SIK O PETICTPIB 1 K 70 mam's-
T1). Take pilICHHs MiIBUIYE TMPOIYKTUBHICTH MIKPOKOHTpoOJiEpa, Horo ehexTus-
HICTb POOOTH 1 € ocoOnuBicTIO AVR.

ApxiTektypa mikpokoHTposiepiB AVR cepii Mega HaBesieHa Ha pUCYHKY 2.1

[9].
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Pucynok 2.1 - Apxitekrypa mikpokoHTposepiB AVR cepii Mega

BiaMiHHICTS MIJK ONIEPATHUBHOIO MaM'ATTIO 1 PETICTPaMU MOJSATA€ B TOMY, L0
B OTEpaTUBHY MaM'siTh MOXKHA TIJTLKH 3aMMCYBATH JaH1 3 PETICTPIB, a 3 pericTpaMu
MOKHa poOuTH Oyab-sK1 onepaiii (apupMeTHyHi, JOT14Hi, O1TOBI).

VY wmikpokonTponepax AVR peanizoBana [apBapiacbka apxiTektypa, Iie
O3HAYae, M0 aapecH] MPOCTOPU MaM'sTi JaHUX 1 TaM'ATi IPorpam, a TaKOXK IIHHH
JIOCTyny 10 HuX posnauieHi. KoxHa 3 obinacteil mam'ati 1aHux (omepaTUBHA Ia-
M'aTb 1 EEPROM) Takox po3raiioBaHa B CBOEMY apeCHOMY IIPOCTOPI.

[Tam'aTh mporpam Mae 16-Tu OiTHY oprasizaiiio 1 mpu3HadyeHa s 30epi-
raHHs TOCIIJOBHOCTI KOMaH/, SIK1 BIANOBIAAIOTH 32 (PYHKIIOHYBaHHS MIKPOKOHT-

ponepa. Bci AVR matots Flash-nmam'site iporpam, sika Moxe OyTH Pi3HOTO PO3MIipy
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- Big 1 1o 256 Tucsy Gaiit. Bona moOymoBaHa Ha MPUHIIAIN €IEKTPUIHOT IEPETIPO-
IrPaMOBaHOI Mam’sTi, TOOTO JT03BOJIsiE OaraToOKpaTHE CTUPAHHS 1 3anuc iH(opmarrii.
[Iporpama 3anocutbest B Flash-nmam'sste AVR sik 32 1omomMororo 3BH4aifHOTO Ipo-
rpamartopa, Tak i 3a gomomoroto SPI-iHTepdeiicy.

I"apanToBane unciio NUKIiB nepe3anucy Flash-maM'sTi y MiKpoKOHTpoJIepiB
AVR npyroro nokosiHHsI CTAaHOBUTH He MeHIIe 10 THCSY UKITIB.

[Tam'siTe maHMX pO3IiJEHA HAa TPU YACTHHM: EHEPrOHE3aJekHAa MaM'sTh
(ECIIII3IT abo EEPROM), perictpoBa nam'atb, onepatuBHa nam'atsh (O3I1 - ome-
paTHBHHUI 3amaM'sITOBYIOUH pUCTpiit a60 RAM).

EEPROM - mam’aTh 1110 BUKOPUCTOBYETHCS AJIsI JOBTOTPUBAIOTO 30epiraH-
Hs 1HOpMaIlii, sKa MOXE 3MIHIOBAaTUCS B Ipoiieci (PyHKI[IOHYBaHHS MIKPOKOHT-
poJiepa 1 JOCTyIIHA MPOrpami MIKPOKOHTpoJiepa Oe3MoCcepelHbO B XOJ1 il BHKO-
HaHHs. [leit Bug mam’ati 3pydHuii asis 30epiraHHs pi3HUX KOHCTAHT, KIIFOUiB, TIPO-
MDKHHX JaHux, koedimienTi 1 T.1. EEPROM Moxe OyTu 3aBaHTa)keHa 330BHI SIK
3a JIONOMOT0I0 3BUYAHOTO Mporpamaropa, Tak 1 uepe3 SPI intepdeiic. Hucno nu-
KJIIB cTUpaHHs / 3anuc - He MeHmie 100 Tucsy.

PerictpoBa mam'site Bkitouae 32 perictpu 3araigbHoro npusHaueHHs (P3I1
a6o GPR) 1 cityk60Bi perictpu BBenenHs / BuBeAeHHs (PBB), B sskux po3rarmioBasi
pi3HI CcIy>KO00B1 pericTpH (PericTpy CTaHy, PETICTPU HAJAITYBaHHS pOOOTHU BUBO-
JIIB MIKPOKOHTpOJIEPA 1 T.I1.), & TAKOXK PETICTPU YIpPaBIiHHS nepudepiiHuMH Tpu-
CTPOSIMH, III0 BXOJSTH 10 CKJIay MiKpokoHTposiepa. [1o cyTi, ynpaBiiHHS MIiKpO-
KOHTPOJIEPOM MOJISITA€ B YIPABIIHHI [IIMU PETICTPaAMHU.

BuyTpimHs onepatuBHa ctatuuHa nam'ste Static RAM (SRAM) Bukopuc-
TOBYETHCS IS ONIEPATUBHOTO 30epiraHHs JaHuX i Mac GaiftoBuii popmar. Ii 06’ em
MO>Ke BapitoBaTucs y pizHux uumiB BiJ 64 bait no 4 Kb. Uucno nukiiB 3amnucy 1
3YUTYBAaHHS HE OOMEXeHa, ajie MPHU BIIKIIOYCHHI HANPYTH JKUBJIEHHS BCsA 1HPOP-
MalIlisi BTpaya€eThes.

[Tepudepis mikpokonTposiepiB AVR Bkimouae: noptu (Big 3 1o 48 Hezane-
JKHUX JIIHIN BBEICHHS 1 BUBEJCHHS), TAMMEPU-TIYMIBHUKN, CTOPOKOBHI Taitmep,

10-po3psanuit 8-kananbauit AL, miaTpUMKy 30BHINIHIX TIEpPEPUBAHb, aHAJIOTOBI
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xkomnaparopu, inrepdeiicu UART, JTAG 1 SPI, miupoTHO-IMITyIbCHI MOTYJIATOPU
1T.00.

KoxHna miHisg mopty mikpokoHTposiepa AVR Moxke OyTu 3anporpaMoBaHa Ha
BX11 a00 Ha BUXiJ 1 3a0e3meuye CTpyMOBY HaBaHTaKyBaJIbHY 3AaTHICTD 20 MA. 3a-
rajibHe CTpyMOBE HaBaHTa)XEHHSI Ha BCI JIiHII OJHOrO MOPTY HE MOBUHHE MEPEBU-
uryBat 80 MA (BC1 3HaY€HHS HABEJICHO JJIsl HAIIPYTH KUBJIEHHs 5 B).

Jlo ckmamy wmikpokoHTposiepiB AVR Takox Bxomsts Big 1 g0 4 Taiime-
PIB/MYMIIBHUKIB 3 PO3PSAIHICTIO 8 a00 16 01T, sIKi MOXKYTh MpAIFOBAaTH K Bl BHY-
TPIIIHBOTO JIXKEpesia TAKTOBOI YaCTOTH, TaK 1 BiJl 30BHIIIHIX MOiH.

BoHU BHKOPHUCTOBYIOTBCSI I TOYHOTO (DOPMYBaHHSI YaCOBUX IHTEPBAIB,
MOCJIIIOBHOCTEHN IMITYJIbCIB Ta iX MIJpaxyHKy Ha BUBOJAX MIKPOKOHTpoiiepa. Y
pexumi [IM (PWM) rtaiimep/miuynuiabHUK BUKOPHUCTOBYETHCS K IIMPOTHO-
IMITyJIbCHUH MOAYJSATOP, SIKUM T€HEpYy€e CUTHAM 3 33JaHO0 YacTOTOIO 1 MPOrabHi-
cTto. OCKIJIbKM OCHOBHE 3aCTOCYBAaHHSI MIKPOKOHTPOJIEPH 3HAXOJATh B CHUCTEMAX
peasbHOro 4acy, TaMepu / JIIYWJIbHUKY € OJTHUM 3 HAaWOLIbIl BaXKJIUBUX €JIEMEH-
TIB.

CropoxoBuit Taiimep (WatchDog Timer) npusHadeHuid 3amoOirT KaTacT-
pOo(IYHUX HACTIJKIB BiJ BUMAAKOBUX 3001B mporpamu. [Ipuniun pobotu cropo-
YKOBOTO TaliMepa IMOoJsrae y Horo peryiasipHOMY CKUAaHHI IMij 9ac poOOTH mporpa-
MU. SIKIIO mporpama Ipamroe HOPMalbHO, TO KOMaHAa CKHUAAHHS CTOPO’KOBOTO
TaliMepa MOBUHHA PETYJIIPHO BUKOHYBATUCS, 30€pIratouu Mpoiecop Bl CKUJAHHS.
K110 % MIKpONpPOUECOp_BUIAJKOBO BUUIIIOB 3a MeXa MporpaMu (HampuKIal, Bij
CWJIbHOI MEPENIKOIM Ha KOJIl )KMBJIEHHS) a00 3alMKIMBCA Ha SKIA-HEOyab TUISTHI
nporpaMu, KOMaHJla CKUAaHHS CTOPO’KOBOTO TaliMepa He Oy/Jie BUKOHYBATHUCS, 1€
IpU3Beie O MOBHOTO CKUIAHHS MPOLEcopa, 1HILIaII3alil BCIX PEricTpiB 1 MPUBEIE
CUCTEMY B poOOUiii CTaH.

Amnanoro-mudposuii nepersoproBau (ALIIl) caykuTh Ajis OTpUMaHHS YHUC-
JIOBOT'O 3HAYEHHS HAIIPYTH, OJIaHOTo Ha Horo Bxif. Lleit pe3ynbrar 30epiraeTbes B

perictpi ganux AIIIL.
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Bci mikpokonTposiepu AVR MaroTh GaratopiBHEBY CHCTEMY TEpEpUBaHb.
[lepepuBaHHsl BU3HAYA€THCS BHYTPIUIHBOIO a00 30BHINIHBOIO MOIIEI0 1 MPUITHHSE
HOPMAJIbHUW X1 MpOTpaMu JUisl BUKOHAHHS MPIOPUTETHOTO 3aBAaHHs. [[1s 11boro
PO3pOOIISETHCS OKpeMa Mporpama, sIKy Ha3UBarOTh MANPOTrPaMOI0 TIEpEPUBAHHSI.

[Ipy BUHUKHEHHI MOJIi, sIKa BUKJIMKAE TIEPEPUBAHHS, MIKPOKOHTpoJIep 30e-
pirae BMICT JIYWIbHHKA KOMaHJ, NEpepUBa€E BUKOHAHHS LIEHTPAJIbLHUM IPOLIECO-
POM MOTOYHOI IPOrpaMu 1 MEPEXOAUTH JO BUKOHAHHS MIAIPOrpaMu epepUBaHHSL.

[Ticnst BUKOHAHHS MiANPOTpaMu TMEpPEpPUBAHHS 3A1MCHIOETHCS BiTHOBJICHHS
MOTIEPEIHBO 30€PEKEHOTO JTIUUIbHUKA KOMAaH[ 1 TPOIECOp MOBEPTAETHCS A0 BH-
KOHAHHs [IepepBaHOl IPOrPaMMU.

AHaNoroBi KOMIIApaTOpPH TaKOX BXOJATh /0 CKJIaly MIKPOKOHTpPOJEPIB
AVR. Bonu nopiBHIOIOTh HANPyTH Ha JIBOX BUBOJAX MIKpOKOHTpoJjepa. Pe3ynbra-
TOM TIOPIBHSAHHS Oy/1€ JOT1YHE 3HAUEHHS, sIKE MOKE OyTH MPOUYUTAHE 3 IPOrpaMH.

st opranizamii iHdopMallitHoro kaHamry oOMiHY MiIKpOKOHTpoJiepa 3 1H-
muMu npuiagamu B AVR BUKOPUCTOBY€ETbCS YHIBEpCAIbHUN ACHHXPOHHHI a0o0
yHIBEpCalIbHUN CUHXPOHHO / acuHXxpoHHuM npuiiMaud (Universal Synchronous /
Asynchronous Receiver and Transmitter - UART a6o USART) - 3pyunwuii i poc-
TUW TIOCHIIOBHUM 1HTepdelic. BiH 31aTHMl mpaiioBaTH B AYIUJICKCHOMY PEXUMI
(omHOYACHA Tepeniaya 1 MPUioM JIaHUX ), @ TAKOXK MIATPUMYE TTPOTOKOJ CTAHIAPTY
RS-232, mo 3abe3nedye MOXKIMBICTH OpraHizaiii 3B'S3Ky 3 MEPCOHAIBHUM KOM-
'FIOTEPOM.

Takox B MikpokoHTposiepax AVR npucyTHii nocnigoBHuil nepudepiitHuii
TproxmpoBigauil iHTepdeiic SPI (Serial Peripheral Interface), npusnauenuit asns
oprasizaiiii 0OMiHy JaHUMH MK JBOMa MPUCTPOSIMHU. 3a JOMOMOTOIO I[bOTO 1HTE-
pdelicy 3pydyHO MNPOBOAUTH OOMIH JAHUMU MDK JEKUIBKOMa MIKPOKOHTpOJepa
AVR. Kpim Toro, yepes inrepderic SPI Mmoxe 3miiicHIOBaTHCS POTpaMyBaHHS Mi-
KPOKOHTpOJIEpa.

JiBoxmposinuuii mociigoBuuit iHTepdeiic TWI (Two-wire Serial Interface)
03BOJIsIE 00'€eqHATH pa3oM A0 128 PI3HUX MPHUCTPOIB 3 JOMOMOTOI JABOOIUHOT

IIWHU, 10 CKJIAJa€eThes 3 JiH1T TakToBoro curHainy (SCL) 1 minii nanux (SDA).
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[arepdeiic JTAG BUKOPUCTOBYETHCS AJI TECTYBaHHS N€YaTHUX TUIAT, BHYT-
PIIIHBOCXEMHOTO HaJIaro/KEHHS, TPOrpaMyBaHHsI MIKPOKOHTpPOJEpiB. Y Ci MIKpo-
KOHTposiepu cepii Mega 3 duien-mam'stTio eMHicTio 16 kbalT 1 Gliable MOXYTh
nporpamyBaTucs uepe3 inTepderic JTAG.

TakToBUl reHepatop reHepye IMITyIbCH JIJII CUHXPOHI3allii poOOTH BCIX BY-
3J1IB MIKpOKOHTpoJiepa. BHyTpimHiil TakToBUi reHepatop AVR Moxe 3amyckaTu-
Csl BIJ JEKUTBKOX JPKEpeN OMOPHOI YacTOTH (30BHIIIHIN TeHepaTop, 30BHIMIHIN
KBaplIOBUI pe30HaTOp, BHYTpIlIHE 4 30BHIIIHE RC-Kko050). MiHimManbHa 1omyc-
TUMa YacToTa HIYMM HE oOMekeHa (X 10 MOKPOKOBOIO pexuMy). MakcumanbHa
poOoua yacToTa BU3HAYAETHCS KOHKPETHUM THUIIOM MiKPOKOHTpOJIEpa 1 BKa3yeThes
Atmel B HiOro XapakTepUCTHKAX.

MikpokonTposepu AVR (QyHKIIOHYIOTh IIPU HANpyrax >KUBJICHHS Big 1,8
10 6,0 B. CTpyM crio)kuBaHHsI B aKTUBHOMY PEXHUMI1 3aJICKUTh Bijl BEJIMUYUHU Ha-
MPYTH KUBJICHHS 1 YaCTOTH, Ha AKiM MPAIfO€ MIKPOKOHTPOJIED, 1 CTAHOBUTH MEHIIIE

1 MA s 500 kI, 5 ...6 MA g1 5 MI'1 8 ...9 MA st wactotu 12 Ml [10].

2.1.2 TlopTu BBEJICHHSI-BUBEICHHS

[TopTu BBeIEHHS/BUBEACHHS - OCHOBHI NepudepiiiHi MOIYJI1, K1 3aBX/IH € B
OyIb-sIKOMY MIKpPOKOHTPOJIEPI.

Jlnst mporpamu opTH, SK 1 Oyb-AKa 1HIa nepudepis, MpeacTaBlIeH] PEricT-
pamu BBEJCHHSA-BUBEICHHS. 3 TOUKH 30py NporpamyBaHHs Ha C perictpu MOKHA
poO3ryIAlaTi K 3MiHHI, OTOJIOIIEHI B CTaHJAPTHOMY 3aroJIOBHOMY  (haii
(avr/i0.h). Koxxen OiT B perictpl ynpaBiliHHS OJHO3HAYHO BIJINOBIJIa€ OTHOMY (Pi-
3UYHOMY BUBOJAY KOHTpPOJIEPA.

OuyeBHIHO, 110 JaHI MOXKYTh HaIX0AUTH K 10 MK, Tak 1 3 HROrO /10 30BHI-
IIHIX OpUCTpoiB. TakuM YMHOM, OPTU MOXKYTh MpaltoBaTu abo Ha BXij, a0 Ha
Buxia. HampsiMok poOOTH KOKHOTO BUBOAY MOKE 3/1aBaTUCs He3aJlexkHO. s 1bo-

ro ciaykuth perictp DDRx, ne x — OykBa nopry.
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Opunnunuii 06iT B DDRX o3Hayae, 110 BiAMIOBIAHMI BUBIA HajJalITOBaHA Ha
BUXI1J, HYJIb - Ha BXij. JIJIg yrpaBiiHHS BUBOJAAMU, HAJIAIITOBAHUMH Ha BUXI1], BU-
kopuctoByeThes perictp PORTX. Ogununis 8 PORTX o3Havae, 1mo Ha BiAMOBIA-
HUW BUBIJ OyJie MOJaHO HANPYTY JKUBICHHS, B pasi 3amucy Tyad HYJS MiH Oyze
MIJKITIOYEHUN 10 3arajabHOTo MpoBoay. JJIsi YnTaHHS CTaHy BHBO/IIB, HAJIAIITOBA-
HUX Ha BXiJ, cIykuTh perictp PINX. AHajoriyHo, mpoyuTaHa OJWHUIISI O3HAYAE,
10 Ha BUBO/I1 330BHI MOJIaHO HAMPYTY JIOT1YHOT OJAMHULI, HYJIb - 10 HA HIKKY TO-
JIAaHO JIOTIYHUN HYJIb.
Ha pucynky 2.2 [11] 300paxkeHa 3a1€XHICTh MMOPOTOBOI HANPYTH MEpEeMU-

kanHs 3 "0" B "1" Bl Hanpyru xuBIeHHs MIKpoKoHTpoJiepa (MK).

Unop, B
2.5
2 _,_,.-—"'fﬁ
40°C =
% 25 - 85°C
1.5
-
1
2.5 3 3.5 4 4.5 5 5.5 Umue, B

Pucynky 2.2 - 3anexHicTh moporoBoi Hanpyru nepemukanns 3 "0" B "1" Big

HanpyTu xuBjaeHHI MK

3a rpadikom mipu Hanpy3i xuBiaeHHss MK 5 B neit nopir npu6musuo 1,9 B B
nianasoHi remrepatyp Bix —40 go +85 °C.

Sxmo cnoyatky Hanpyra Ha BuBoAl MK (i11Ba BepTHkanbHa 1IKaia rpadika)
BIJINOBI/Iajla PIBHIO JIOTIYHOTO HYJIS 1 Jie)Kana HUXK4Ye JiHii rpadika, TO IPH JOCST-
HEHHsI Halpyry Ha BUBOJII 1i€l iHiT rpadika - MK nmoynHae BBaxkaTH, 110 Ha HIXKII

NPUCYTHA JIOT14YHA oauHuL - 1",
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AJe € mie ¥ rapaHTOBaHE 3HaYEHHS HANPYyTU MpH nepeBuieHH1 skoro MK

Oyzae BBaXkaTH, 1110 Ha BUBOJI 3'ABHUJIACS HAIpyTa, sika BIAMOBIA€E JIOT1YHINA OJAUHU-
ui. Bono nopisutoe 60% Big Hanpyru skusiiennss MK — nst 5B ue 6yne 3B.

Ha pucynky 2.3 [11] 300paxkeHa 3ajeKHICTh MOPOrOBOI HANPYTH MEpeMu-

kaHHs 3 "1" B "0" Big Hanpyru xxuBieHHS MK.

Unop, B

.4|:|c: ‘____,_.—-——'—'_'HF#_H_.
ﬁ /@
= | \u¢

0.5

15 4 45 5 55 Usmme, B

=]
en
[

Pucynky 2.3 - 3anexHicTh MOpOroBoi Hanpyru nepemukanss 3 "1" B "0" Big

Harpyru xuBiaeHHs MK

3a rpadikoM npu Hanpysi xkusieHHs MK 5 B meii mopir mpu6nusuo 1.3-1.4
B B aianazoni Temnepatyp Big —40 qo +85 °C.

Sxmo cnouatky Hanpyra Ha BuBoAl MK (1iBa BepTukaibHa 1ikaia rpadika)
BIJINOBIJIaj]Ia PIBHIO JIOTIYHOI OJIMHULI 1 JieXana BUIIE JIHIi rpadika, TO IpH 3HHU-
YKEHH1 pIBHSI HaMpyTu Ha BUBOJI1 10 JiHii rpadika - MK nmounHae BBaXkatu, 1o Ha
HIXKI[l TPUCYTHSA JIOTTYHUHN HYIb - "'0".

AJie 3HOBY ICHY€ TapaHTOBAaHE 3HAY€HHs Hanpyru Huwxkue skoro MK Oyxe
BBAXXaTH, 1110 Ha BUBOJI 3'IBUJIACS Hampyra JoriyHoro Hynsa. Bono gopisaioe 20%

B1J1 Hanpyru >xuBieHHs MK - s 5 BonbT 1e 6yae 1 Boast [11].

2.2 Po3pobka mprCcTpOr0 KOHTPOJTIO 32 MapaMeTpaMu

CrpykTypHa cxemMa NpHUCTPOIO KOHTPOJIIO 33 MapaMeTpaMH HaBeJEeHa Ha PH-

CYHKY 2.4.
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Pucynky 2.4 - CTpykTypHa cxeMa MpUCTPOIO0 KOHTPOJIIO 3a TapaMeTpaMu

biiok BBeneHHs TaHMX, BUKOHAHO Yy BUTJIAI KiaBiaTypu. Lleit 650k pae 3mo-
Iy KOpUCTYBauy HaJjalllTyBaTH MPUJIAJ 3T1IHO CBOiX moTped. Bkazana iHdopmartis
nepenaeTbest y OJIOK yrnpaBiiHHA, (PYHKIIOHAIBHUM 3aBJAHHIM SKOTO € 00poOka
JAaHUX OTPUMAHMX 3 KJaBlaTypu, KepyBaHHS HaBaHTaKCHHSIM, IMOCTIHHUM MOHITO-
PUHTOM CUTHAJIB, K1 HAIXOAATh 3 OJIOKY JaTYMKIB, a TAKOXK TeHepaIlii HeoOX1THOT
1H(dopMarlii 1y BIANPABKU Ha OJIOK BUBOAY. BJIOK AaTuMkiB, peanizoBaHO 3a J10-
MOMOTOI0 JTATYMKA TEMIIEPaTypH Ta BITHOCHOI BOJIOT'OCTI, SIKWW MOCTIHHO BiJIIIPaB-
JIsie€ 1aHi Ha OJIOK ympaBiiHHS. B 3ai1eXHOCTI Bl HaJalITyBaHb MPUJIaly Ta MOKa3-
HUKIB JaTYMKIB, OJIOK YyIpaBIiHHS T€HEPYy€E CUTHAIM YNPABIIHHA, SIKI WIyTh Ha
OJIOK HaBaHTAXKEHHSI JIJIsl MIATPUMKU JaHUX MMapaMeTpiB MIKPOKIIMATY y 3aJaHuX
MEXKax, IUIIXOM YBIMKHEHHS a00 BUMKHEHHS KU1 HarpiBaua, OXoJIOJ[)KyBaua, 3BO-
JIO’)KyBaya Ta ocyllyBava moBiTps. biiok BUBOy peanizoBaHMid 32 JOIIOMOTOIO JH-

cruiesi, KU BijoOpakae ycro HeoOX1IHy 1H(pOopMAaIlito JIJIsi KOpUCTyBaya.
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2.2.1 bnok BBeneHHS JaHHUX Ta HaBiraiis mo iHrepdeincy

IIPOrpaMH PEryJsaTopa

brox BBeaenns iHdopmarlii peanizoBaHull y BUTIIAI KIaBlaTypH, sKa CKia-
JAETBCS ¢ 5 KHOMOK 1 300paxkeHa Ha pucyHKY 2.5. KojkHa KHOTMKa MPUETHYETHCS
JI0 BIJIMIOBIIHOTO BUBOJY MIKPOKOHTpoOJepa 1 Ma€e cBoe€ (yHKIIIOHAIbHE MpPHU3HA-
yeHHs. [linraryrounit pesuctop R1 omopom 10 kOM HeoOXiAHUN ISl YHUKHEHHS
BUITAJIKOBOT'O TIEPE3aBAHTAKEHHS MIKPOKOHTPOJIEpA y BUIMAJIKY 30BHIIIHIX MEeperl-
KOJI, OKPiM TOTO BiH BHUKJIIOUA€ MOYKJIUBICTh KOPOTKOTO 3aMHKAHHS MMPU HATHCHEH-
H1 kHomku “RESET”. Ilepemuuka JP1 HeoOXiHa /1s1 MOKIIMBOCTI Mepenporpamy-
BaHHsl KOHTpoOJIepa MpsIMO Ha IUIaTi, y bOMY BUINAJKY il HEOOXITHO 3HSITH, MICII
nepenporpaMmyBaHHsl, 1JIs BIAHOBJICHHS POOOTH NpHIIaLy, il HEOOXITHO BCTAaHOBH-

TH.

S1
"RESET" JP1

R1
S2
"MENU"

.
=3
||+||
— .
sS4
"DK“
.

S5

.

Pucynky 2.5 — CxeMa enekTpyudHa IpUHIIUIIOBA OJIOKY BBEICHHS

Knonka “RESET” no3Bossie nepe3aBaHTaXXUTH KOHTPOJIEP 1 MOYaTH BUKO-
HYBAaTH NMPOTrpamy CIOYaTKY.
3a nomomoror kiaBimm “MENU” BinOyBaeThCsi HaBiraiis mo MEHIO MpO-

rpaMu npuiany. AJIroputm poOOTH KHONIKU MPEACTABICHO HA PUCYHKY 2.6.
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Pucynox 2.6 — Anroputm po6otu kaorku « MENU»

[lepmmii Kk MepeBOAUTh KOpPUCTyBada y MyHKT «Temmeparypay, sSKHUi

MPEACTaBICHO HA PUCYHKY 2.7.
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Pucynok 2.7 — ITynkt meHto «Temneparypa»

VY 11poMy po3iJii MOKHA YBIMKHYTH 200 BUMKHYTHU KOHTPOJIb TEMIEpaTypu
(1), 3amatu HWXKHIN Ta BEpXHIN MOPOTH MIATPUMYBaHOI Temmeparypu (2,3), a Ta-
KO oOpaTH KoJIa KepyBaHHS: HarpiBad, 0X0JIOJKyBad a00 oouBa (4).

Hpyruit xiaik no kaomui “MENU” nepeBoauTh KOpucTyBaua y mMyHKT «Bo-

jorictby ( puc. 2.8).

Pucynok 2.8 — ITyHKT MeHIO «BOJoTicTh

AHaJoOr14yHO MyHKTY MeHIo «Temneparypa», TyT TaKOK BMUKA€TbCS a00 BU-

MUKA€THCS peryJiisiis Boiorocti (1), 3agaeTbes HUXKHIN Ta BEpXHIN MOPOTH MiAT-
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pUMaHO1 BITHOCHOI BOJIOTOCTI (2,3), Ta 00MparoThCsl KOJIa KEpYBaHHS: 3BOJIOKYBaY,
ocymryBad abo oouasa(4).

Tpere HatucHenns knasimu “MENU” nepeBoauTh KOpucTyBaya Ha TOJIOB-
HUI eKpaH, SKU Ma€e HACTYIMHUM BUTJISA, 300paXeHi Ha PUCYHKY 2.9.

Ha ronoBHoMy ekpaHi, mijy HOMepoMm 1 300paKeHU 1HIUKATOP TeMIlepaTy-
pH, T HOMEPOM 6 — THAMKATOP BOJIOTOCTI, MiJ HOMEpoM 11 — Bepcis mpueIHaHO-
ro naBaya (DHT11/22). Okpim iHIUKATOpPIB TEMIEpaTypH, BOJIOTOCTI Ta Bepcii aa-
Baya Ha eKpaHi BIOOPak)aeThCsl HIDKHIM Ta BEPXHINA MOPOTU MIATPUMYBAHOI TEM-
nepatypu (2, 4) Ta BigHOCHO1 BosorocTi (7, 9), motouyna remmnepatypa (3) Ta BoJo-
ricTs (8).

Taxox Ha eKkpaHi BKa3yeThCsl CTaH CUCTEMHU KOHTPOJIO Temriepatrypu (5) Ta
Bostiorocti (10). s TemMmepaTypu MOXIIMBI TPH CTaHH: HATPiB, HOpMa Ta 0XOJIO-

J2KCHH. I[J'ISI BOJIOTOCTI — 3BOJIOKCHH:I, HOpMa Ta OCYIICHHA.

2 3 4
1
5
8
6 9
10
7 11

Pucynok 2.9 — 'onoBHWMIA ekpaH Mic/Ig HaJTAIITyBaHHS

Take iHpopMaTHBHE BITOOPAKEHHS T03BOJISIE KOPUCTYBAUy 3aBXKIU O0aunTH,
110 Bi10YBA€THCS 3 CUCTEMOIO Ta OyTH BIEBHEHUM, 1110 CUCTEMA MPALIO€ MTPaBUIIb-

HO.
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Hasgiramis sx y meHto «Temmneparypa», Tak 1 y MeHi0 «Bosoricte» Bin0yBa-
€TbCcs HaTUCHEHHsM KiaBimn “OK”, anroputM poOOTH SKOi MPEACTaBICHO Ha pU-

cyHky 2.10.

R ESOUD DO Y TRPTparEa Tlepesirst a0 oymesen o eppcen

Pucynok 2.10 — I[TynkT menio «Bonorictb»
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Ilepmie HaTucHeHHA Ha KHONKK “OK” mepeBoAMTh KOpUCTYBaya O penary-

BaHHS HIDKHBOTO MOPOTY MIATPUMYBAHOI TEMIIEPATypPH/BOJIOTOCTI, Ipyre — 110 pe-

JaryBaHHS BEPXHbOIro mopory. [Ipu TpeTbOMy HATHCHEHHI MOXHa OOpaTH KOJIO

KepyBaHHs. UeTBepTe HATHUCHEHHS J1a€ MOKJIMBICTh KOPUCTYBady yBIMKHYTH abo
BUMKHYTH KOHTPOJIb BIIMIOBITHOTO TTapaMeTpy MIKpOKIiMaTy.

(1324

Kuagim “+” ta CIIY>XKaTh JUIS 3aBJIaHHS HEOOX1JHUX MapaMeTpiB HaJlalll-

TyBaHb. AJITOPUTM iX pOOOTH MPEACTABIECHO HA PUCYHKY 2.11.

Oaxyarm B o s
ey Iomm ' nt - mif
= H oy ME simocmo

Pucynok 2.11 — Ilynkt Mento «Boiorictb»

Taxkum YMHOM, KOPHUCTYBA4Y MOKC I'HYUKO HaJAIITyBaTHU CUCTEMY KOHTPOJIIO

ITi]T BJIACHI TIOTPEOH.
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2.2.2 Biiok naT4ukiB

Jlo perynstopa Moxke OyTH MIIKIIOYEHO JBa BUJA IUGPOBUX JIATUYMKIB
DHTI11 a6o DHT22. Ile matumku TemmepaTypu i BOJOTOCTI, SKi CKJIaJarOThCs 3
JIBOX OCHOBHMX YAaCTHH: €MHICHOTO JaTyMKa BOJIOTOCTI Ta TepmicTopa. Takox y
KOpIycl BCTAHOBJICHHUH YiM JJIsl IEPETBOPEHHS aHAJIOTOBOTO CUTHANY B IU(DPOBUH.
Bonu MaroTe BHCOKY HAaJIWHICTH 1 4yJOBY JOBTOTPMBAIY CTaOUIBHICTH POOOTH.
MOXJIMBICTh BUKOPUCTaHHS IIUX JIBOX JlaBadiB JIO3BOJIIE KOPUCTyBady oOpaTu
outem migxomsmmii. DHT11 mMeHm TouHMid 1 MOXE BHUMIPIOBATH TEMIIEPATypy y
Mexax Bij 0 1o 50 °C, a Bosoricts Bif 20% 1o 80%, a TakoX BUMIPIOE JIUIIE 10
iuX. Moxe OyTH BUKOPUCTAHHUM Y KUTIOBUX MPUMIIIIEHHS. SKIO X Mpuiiaj BU-
KOPUCTOBYBAaTUMETHCS Y CHEL1aII30BaHOMY IMPUMIILIEHHI, B YMOBax Ji¢ MOTpeody-
€ThCs OUIbIIIa TOYHICTh Ta MEK1 BUMIPIOBaHHS, MOXKe O0yTH Bukopuctanuit DHT22.
Bin BuMiproe temnepatypy B Mexax Big —40 go +125 °C, a Bosoricts — Big 0% 10
100%, a Tako’X Ma€ TOYHICTH JO COTHX.

[ToBHi TexHi4yHI Xapaktepuctukax DHT11:

- Hampyra *uBJieHHs Bij 3 10 5B;

- MaKCUMAaJIbHUN CIIOXUBAHUN CTPYyM — 2,5MA TIpH NepeTBOpeHH1 (IIpH 3a-
MINTI IAHUX);

- pO3paxoBaHUl HA BUMIPIOBAHHS PiBHS BOJIOrOCTi B Aiana3oHi Big 20% 1o
80%, mpu IbOMY TOYHICTh BUMIPIOBAHb 3HAXOJUTHLCS B Jiana3oHi 5%;

- BUMIpIoe Temmeparypy B aiana3zoHi Big O go 50 rpaayciB 3 TOYHICTIO
roc-minyc 2%;

- 4aCcTOTa BUMIiptoBaHHs He Oubiie 1 ['11 (oauH BUMIP B CEKYHY);

- po3Mip kopmycy: 15,5 mm X 12 MM X 5,5 Mm.

[ToBHi TexHI4yHI XapakTepuctukax DHT22:

- Hampyra *uBJieHHs Bij 3 1o 5B;

- MaKCUMaJIbHUM CHOKUBAaHUM CTpyM — 2,5MA mpu mepeTBOpeHH1 (Tpu 3a-
MINTI IAaHUX);

- pO3paxoBaHMl HA BUMIPIOBaHHS PiBHS BOJOroCTi B AianasoHi Big 0% 1o

100%, ipu IbOMY TOYHICTh BUMIPIOBaHb 3HAXOAUTHCS B Aiana3zoHi 2%...5%;
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- BUMIPIOE TeMIieparypy B aiana3zoHi Bix —40 qo +125 rpaayciB 3 TOUHICTIO
wroc-minyc 0,5 rpagycis 3a [lenbciem;

- yactoTta BuMipiB 110 0,5 ' (ouH BUMIp 3a 2 CEKYH/IN);

- po3mip kopmycy: 15,1 mm % 25 Mmm % 7,7 mm [12].

Otxe, DHT22 6ubin TOUHMM 1 Ma€e OUIBIIMHN Jl1arla30H BUMIPIOBAHUX 3HA-
yeHb. OOMJBa AaT4yMKa MAlOTh MO OJHOMY LHU(PPOBOMY BUXOJY. 3alHUTH O HUX
MO’KHA BIJIIPABJIATH HE YacTille HLK oAuH pa3 B cekyHay (mis DHTI11) a6o nBa
pasu (s DHT22).

JlaTyuku MaroTh OJHAKOBY PO3MIHOBKY Ta CXEeMy MIIKIIOYCHHS, sIKa HaBe-

JICHA HA PUCYHKY 2.12.

+ E mue

DHT11/22

3

R2

Ha sueig NoG MK *—E]—

Pucynok 2.12 — 3aranpHa cxema migkmroueHas DHT11/22

[lepumnii BUBIJ MIAKIIOYAETHCS O TUTIOCA JKEpesia KUBJICHHS (Bl 3 710
5.5B mocriitHoi Hanpyru). [pyruii BUKOPUCTOBYETHCS NJISl 3B’ SI3KY 3 MIKPOKOHT-
POJIEpOM, OCKUIIbKH II€ OJTHOMPOBIHA IIIMHA 3 BIAKPUTUM KOJEKTOPOM, HEOOXiTHA
000B's13K0Ba MATHKKA pe3ructopoM R2 Hominamom 5-10kOM 10 muroca >KMBJICHHS.
UeTBepTHil BUBIJ 3a3€MIISIETHCS, & TPETIH HE BUKOPUCTOBYETHCS.
dopMaT 00OMIHY JAaHMMH MIXK MIKPOKOHTPOJIEPOM Ta AaBayeM MOXe OyTH poO3[li-
JICHWM Ha TPU €TaIu:

- THIIIATI3AIs;

- mpeamoOya;

- ICpCaada IaHuX.
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[Ipouec 3unTyBaHHsS JAHUX MMOYUHAETHCS 3 IMIYJBbCY 1HIIAM3aI] KU o-
PMYETBCSI MIKPOKOHTpoJepoM (puc. 2.13). Bin moBuHeH BCTaHOBUTH Ha IIMHI HU-

3bKHH piBeHb Ha Yac He MeHIe 18 mc, mis inimiamizanii DHT-11/22.

> 18 mc

A
L

Pucynok 2.13 — Imnynsc inimanizami DHT11/22

MikpokoHTpoJiep micias popMyBaHHS IMITYJIbCY 1HIIaMi3allli TOBUHEH BiJI-
pasy MepeBeCTH MOPT y PEKUM 3UUTYBaHHA (PEKUM IpUHOMY JTaHuX). SIKIIO AaT-
YUK F'OTOBHI J10 Iepeiayl JaHUX, BiH BIAMOBICTh chopMyBaBIIM MpeamOyny. OnuH
nepiog MeaHapy TpuBamicTio ~ 160 Mkc. Immynbe iHimiamzaiii Ta mpeamOysa

DHT11/22 npencrasneni Ha pUcyHKy 2.14.

B

> 18 mc ~80 MKc | ~80 MKc

B
o

I )
A
A

~8 MKC _

]

~160 MKC

L ]
L

Pucynok 2.14 — Imnynbc inimiamizamii ta npeamoyna DHT11/22

MIiKpOKOHTpOJIEp OTPUMABIIY BIATOBIAb BIJ JATYMKA, MOKE TIOYATH MPOIIEC
3YNTYBaHHS JaHUX.
[lepenani naHi MICTSTH SK Iy, TaK 1 APOOOBY YaCTUHY IU(DPOBUX JaHUX

po TemnepaTrypy Ta BoJioricTh (Timeku DHT22). 3aranbpHuit o0csr nepeaaHoi 1H-
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dopmartii cranoBuTh 40 6iT: 1 1 2 GaliT MICTATH BIANOBIAHO IUTY 1 APOOOBY YacTH-

Hy 1HpOpMaIlii Mpo BOJOTICTh, 3 1 4 GallT MICTATH LTy 1 APOOOBY YacTUHY 1HDOP-

Mallii mpo TeMmrieparypy, 1 B 5 0alTi mepesaeTbcss KOHTPOJbHA XEII-Cyma, sKa

npeacTaBisie 3 cebe ocTaHHi 8 OIT BiJ JOJaBaHHS MOMIEPEAHIX 4 OaT.

[Ticns mepenaui makeTa JaHUX JATYMK MEPEXOAUTH B CIUITYUN PEXHUM, J10

HACTYIHOTO 3aIUTy 3 00Ky MIKpOKOHTpPOJIEpA.

dopmar nepenayi JaHUX MPEACTaBiIeHO y Ta0ui 2.1.

Tabmuis 2.1 - @opmar nepenaui nanux DHT

Bomnoricts (16 61T) Temmeparypa (16 6iT) Xerti-cyma (8 01T)
baiir 1 baiit 2 baiir 3 baiit 4 baiit 5
[ina JpobGoBa [ina HpobGoBa Xem-cyma
JacTUHA JacTHHA YacTUHA JacTHHA

JlaH1 KOIYIOTbCSI TPUBAJIICTIO BUCOKOTO PIBHS B KOKHOMY O1Ti, OIT Mmo4ynHa-

€THCSI CTPOOOM HU3BKOTO PIBHS TPUBATICTIO MpuOIM3HO 50...54 MKC, micis ctpoda

CJIIJIKY€ BUCOKHI PIBEHb, SIKILO TPUBAIICTH BUCOKOTO PIBHS Y Mekax 24 MKC, TO 1€

nepenaerbes «0» (puc. 2.15), sxmo y mexax 70 Mxc - mepemaerbest «1» (puc.

2.16).

Pucynox 2.15 — ®opmyBanns soriunoro nyns DHT11/22

”'ﬂ "

£ 24 Mrc

-

.
o
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I'FI rr

=24 MKC oo = 70 MKC

¥

L ]

Pucynok 2.16 — ®opmyBanns jgoriddoi oguuuii DHT11/22
[To 3akiHUEHHIO Mepeaayl NaHuX AATYUK Mepeaae OCTaHHIi cTpoO, BCTAaHOB-
JIFO€ HA IIMHI BUCOKH PIBEHB 1 IEPEXOIUTh B CIUITUHNA PEKUM.

Bun nepenadi noBHICTIO MPUBEACHO HA pUCYHKY 2.17.

_ npeavbyia dani

ey
= Lol |

Pucynox 2.17 — Etanm oOMiHy AaHUMH MK MIKpPOKOHTPOJEPOM Ta

DHT11/22

JlaTuuk MmiIKITI0YAEThCS 10 BXOMY KOHTpoJepa sIKWH Moke opMyBaTu me-
pepUBaHHS TIPH 3MiHI PiBHSA Ha BXOJl. [[1s BU3HAUYEHHS TPUBAJIOCTI IMITYIBCY MO-
’KHA BUKOPUCTOBYBATH TaliMep MIKPOKOHTpOJIEpa.

Po3pobnennii anroputM poOOTH CHCTEMH BECh Yac OTpUMYE iHGOpMaIIio 3
JaBaya 1y pasi HOpyILIEHHS 3B’sI3Ky (po3puBY Kabelnto 3B 53Ky ab0o BUXO/Ay JaBaya
13 JT1ajly) IEPEeBOIUTh CUCTEMY B aBapiiiHUM CcTaH (yCl KOJIa HAaBaHTAXEHHS PO3MHU-

KaroThcs1). ExkpaH aBapiifHOro cTaHy npeacTaBiIeHO Ha PUCYHKY 2.18.

Pucynok 2.18 — Expan aBapiiiHOro crany
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OxpiMm TOTO, PO3pOOIEHMIA aIrOpUTM, 300pakeHU Ha pUCYHKY 2.19, aBTO-
MaTHUYHO BHU3HAYAE BEPCIIO MIAKIIOYEHOTO JaTUMKa, HUISIXOM IepeBIpKU HAsIBHOCTI
JTpoOOBOi YacCHHM y MaKeTl JaHUX, sSKl Hamidmyu Bijg gatyuka. Ockiibkun DHTI11
BUMIPIOE TUIBKU LIy YaCHHY BOJIOTOCTI Ta TeMIIEpaTypH, BIAMOBIIHUN OailT na-

HUX He Hece 1HopMaIrii.

Ooxyonm ms : e

TA H

Bz m exqran nooepepssm
O B YTECTS JErss

Thermrersi prax—THT 11 T e THT 313

Pucynox 2.19 — AnropuT™ BIIKIIOUCHHS MIPU aBapiitHOMY CTaH1
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2.2.3 Biok ympaBiiHHS Ta aITOPUTM POOOTH PETyIATopa

[Ipoexkt cTBOpeHO Ha ©0a3i 06aratro(yHKIIOHAJIBHOTO MIKPOKOHTpOJEpa
ATmega8A, sikuif aBTOMaTUYHO BHU3HAYAE ITIKITIOYCHUI 0 TIPHIIATy JaTYHK 1 3a-
Oe3rnevye KepyBaHHS HaBaHTaXXEHHIM. ATmega8A - ManonoTykHuil 8-pa3psaHuit
KMOH wmikpokoHTposep. 3a paXyHOK BUKOHAHHS OUIBIIOCTI 1HCTPYKIIN 32 OJUH
MammmHHAN KT ATmega8A nocsarae mpoAyKTUBHOCTI 1 MIIH. omepailiif B CeKyH-
1y, 110 JTO3BOJISIE€ TPOCKTYBAIIbHUKAM CUCTEM ONTHMI3yBaTH CITIBBIIHOIICHHS €He-
PTOCIIOKMBAHHS 1 MBUAKOAII. PO3MilIeHHST BUBOJIIB MIKpPOKOHTpOJIEpa MPEICTAB-

JIEHO Ha pUCYHKY 2.20.

T
{RESET) PCa O] 25 [0 PCs (ADCS/SCL)
{RXD) POo O 2 27 O PC4 (ADC4/E0A)
(TXD) P01 O 5 o5 [ PCa (ADC3)
{INT0) PC2 O 4 25 [ Pz (ADCZ)
{INT1) PCa 5 24 [P (ADCH)
CKTo) POy O s 23 0 PCo (ADCO)
Voo O 22 [] AGND
@ND O s 21 [ AREF
(XTALUTOSC) PES @ 20 AVEC
(AT AL2TOSCE PET O] 10 18 [1PBS (SCK)
{T1) PDs O] 14 18 [ PB4 (MISC)
{AlNO) PDs O] 12 17 [PB3 (MOSIOC2)
{AIN1) PO7 O 13 16 A PBz (SE0CHE)
{ICF| PBo ] 14 15 APEA1 (OC14)

Pucynok 2.20 — Po3mimennst BuBoaiB ATmega8A

B 3amexHOCT] Bi 3aJJaHUX KOPUCTYBAdyeM [1alla30HIB MIITPUMYBAHOI TEM-
nepaTypu Ta BOJIOTOCTi, MIKPOKOHTPOJIEP Kepy€ YBIMKHEHHSM KoOJia HarpiBaua,
OXOJIOJIXKyBaua, 3BOJIOKYBaua Ta OCYITyBayda 3a ajJrOpUTMOM, IO MPEACTaBICHHMA

Ha pucyHky 2.21 [13].

t(h)
Oxonozaxysay (ocyLuyBau)
t(h),, : )
YBIMKHEHI
t(h)e Nenbta 1C
h t(h); HaBaHTaxeHHs BUMKHeHe KOJIa HAaBaHTaXeHHS
t(h)n BUMKHEHI
Harpisay (3Bos10XXyBau)
t(h), : )
YBIMKHEHI

Pucynok 2.21 — Alroput™m KepyBaHHSI KOJJAMA HABAHTA>KEHHS
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KopucryBau 3anae BepxHio (B) Ta HUWXKHIO (H) TPAHUITIO MIATPUMYBAHOI TEM-

nepatypu (t) Ta BigHOCHOI BojiorocTi (h), sikmo moTouHa BenmnyuHa (1) 3HAXOIUTh-

Cs HMKYC HMKHBOI'O ITIOPOIr'a — BMHUKAIOTHCA KOJIa HarpiBaf{a (3BOJIO)KYBa‘Ia), SKIIO

BHUILE — OXOJIO/KYBaua (ocyuryBaya). Koim motouyna BennyrnHa 3HaXOOUTHCS Y J0-

IMIYCTUMHX MCKAX — HABAHTAXXCHHS BHMKHCHC. OckinpKu JaBad Mae€ TOYHICTh a0

JCCATHUX, 6YJI8, BBCACHA BCIIMYHHA ACJIbTA, IJII YHCMOKIINBJIICHHA IIBUAKOI'O BMU-

KAHHSA/BUMUKAHHS K1J1 HABAHTAXKECHHS.

CxeM enekTpuyHa MPUHIMIIOBA 0JIOKA YIpaBJIiHHS 300pakeHa Ha PUCYHKY

2.22.

& + E xue

—* Ha oxonogxysad

—* Ha Harpisay

—* Ha susig N22 (CE) LCD 5110
—* Ha susig Ne3 (DC) LCD 5110

—* Ha susig Ne5 (CLK) LCD 5110
—*Ha eusig Ne1 (RST) LCD 5110
—*Ha eusig Ned (DIN) LCD 5110

——eHa eueig Ne2 DHT

—* Ha asonoxysay

—* Ha ocywysay

| |
L 4 L

Pucynok 2.22 — CxeM eneKkTpuyHa NPUHIIMIOBA OJ0Ka YIPaBIiHHSA
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XKusnenns xourponepa (IC1) aninmurbes Ha uugppoy yactuny (VCC, GND) i
ananoroBy (AVCC, AGND), 1 nigs ATmega8A mae nexatu B mexax SB. YV namo-
My Bumnaaky moxkHa o0'eqnatu VCC 3 AVCC 1 GND ¢ AGND.

s dinpTpamii BUCOKOYACTOTHUX MEPEIIKO ] BCTAHOBICHUM KOHJIEHCATOP
C3 emnictio 100 H® MiXK JIIHIEIO )KUBJICHHS. KOHTPOJIEPA 1 3eMJICIO.

Crl — 3oBHIHINA BucokoyacToTHUM KBapil Ha 8 M1, C1 ta C2 - koHjeHca-
Topu €MHICTIO 22 D, HEOOXITHI NI 3aBJaHHS YaCTOTH POOOTH MIKPOKOHTPOJIE-
pa.

[Tepemuuka JP2 HeoOXimHa 11T MOXKIMBOCTI TIEpeporpaMyBaHHs KOHTpoJIepa
IpsIMO HA IJIaTl, Y IbOMY BHMAJKY il HEOOX1IHO 3HATH, MICIS HEpEenporpaMyBaH-
Hs1, JJ19 BIJIHOBJICHHS POOOTH MpuUiady, ii HeOOXiTHO BCTAHOBUTH.

Curnan 3 kHonku “MENU” HaaxoauTh Ha 27 BUB1JI MIKPOKOHTpOJIEpa 1 IpHU3-
BOJUTH JI0 TIEPEMUKAHHS MYHKTIB MEHIO peryistopa (FOJIOBHUN €KpaH, MyHKT
“Temneparypa” uu “Bomnoricts”).

JInst MOXKIJIMBOCT1 3I1MCHEHHS Mepe3aBaHTaKEHHS KOHTpoJepa mependadeHa
kHornika RESET. Konu Ha BuBoai 1 npucyTHIN MO3UTUBHUM MOTEHIIANl, KOHTPOJIEP
Ipaitoe 3a 3aJaHoto nporpamoro. [ns 3aiiicnenns ckunanaa MK, BuBig 1 HeoO-
X17THO 3aMKHYTH Ha 3eMJIIO0, JJI IUX Iij1ei ciyxuth KkHonka RESET.

e 9

Curnanu 3 kHorok “+”°, “OK” ta HaaxoaaTh Ha 28, 11 ta 14 BUBOIM MIKpOKO-
HTpPOJIEpA BIAMOBIIHO 1 CAYTYIOTh JUJISl HaBIralii B MEHIO MPOTrpaMu Ta 3aBAaHHS
MOPOTiB CIIPallbOBYBaHHS PETYJISATOPA.

MIiKpOKOHTpOJIEp TeHEpY€e YNpaBIIA0Yl CUTHaIu Ha BuBoAax 16, 15, 19, 18 Ta 17
JUIs miepenadi iHgopMarlii y KOHTpojep AUCIUIes, JJIS MOJAIbIIOT0 BUBOIY YCI€l
HeoOx1HO1 1HpOpMaIlii Ha eKpaH.

B 3anexHOCTI BiJ HaJalITyBaHb MpOrpamMu Ta IMOKa3iB JaBaya MIKPOKOHTPOJIEP
KEepyl0 CUTHajiamMu Ha BuUBojax 24, 23, 12 ta 13, nns 3aMUKaHHS 4d pO3MUKAHHS
K1JI HABAaHTAKCHb.

Jlnst orpuManHd iHGOpMAllii TPO MOTOYHY TEMIIEpaTypy Ta BOJOTICTh 6 BUBI MiK-

POKOHTpOJIEpa MIPUETHYETHCS 10 1IH(GOpPMAIIHHOTO 2 BUBOIY JaBaya.
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[Tig gac po3poOku mpuaaay ocobiMBa yBara NpUALIAIAcs YHIBEPCATbHOCTI CXEMHU
1 MOXJIMBOCTI MOAAJBIIOTO BAOCKOHAJICHHS PETYJSTOpa, TOMY HEBUKOPUCTAHI BU-
BOJIM MIKpPOKOHTpoJiepa OyJii BUBEJIEH] /10 KOHeKTopa SV 1.
Konekrop SV2 cnyrye nns npuenHaHHs mporpaMaropa 10 CXemu, abu MoxHa 0y-
JIO MIBHUJIKO 1 3pyYHO OHOBHUTH IMPOIIUBKY MIKPOKOHTpoJiepa 6€3 HeoOX1THOCTI o-

ro ICMOHTAXy 31 CXEMU.

2.2.4 brnok BuBeJeHHs 1HPOpMAIIii

brok BuBeneHHs iHdopmallli peani3oBaHO 3a JIOMOMOTOI0 PIIKOKpUCTAIY-
Horo aucruiess Nokia LCD 5110, sxkuii cimyxuTth A1 BIHoOpaXeHHs yClel He0OX11-
HOT 1HOpMAIIil Ta 3pYYHOT0 KOPUCTYBAHHSI, Ta HAJAIITYBAHHS PETYJIATOpA.

Xapakrepuctuku Nokia LCD 5110:

- Harpyra >kuBJieHHs 2,7...3,3 B;

- CIIOKMBaHUU CTpyM 5 MA (3 BUMKHEHUM MiAcBiueHHsIM) Ta 20 MA (3 yBI-
MKHEHHUM ).

['onoBHu#t komnoneHT Moyt Nokia LCD 5110 - pigkokpucTaaigyHuil ex-
paH, KU 3B’A3y€TbCSI C MIKPOKOHTpoJiepoM 3a nomomoroio SPI iHTepdeiicy.
Nokia LCD 5110 moke mpaitoBaTH B HOTUPbOX PEKUMAX: HOPMaJIbHUM, IHBEPCIA
300paKeHHSI, IOPOXKHIN eKpaH 1 "BCl TOUKH BKIIOUEH1".

Konrtaktu nucmies Nokia LCD 5110 naBeneni Ha pucyHky 2.23.

-

Pucynok 2.23 — Buoau Nokia LCD 5110
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Hucnneit cknagaerbes 3 Mmatpuil PK-enementis, mikpocxemu PCD8544 nns
iXHBOTO YHPaBIIHHS, @ TAKOXK YOTUPHOX CBITIOA10/1B JIJIs MiICBIYyBaHHS €KpaHa.
Indopmariis mpo cTaH TOYOK AMUCIUIES 30€piraeThbCsl B ONMEPATUBHIM MaM'ATi
koHTposiepa PCD8544, ko>kHiii ToYIl BiANOBiae oauH OIT nmam'sti. Takox BOyI0-
BaHUI JIYMIBHUK aPECH, IKUI aBTOMATUYHO 30UIBLIYETHCS MPH 3aIUCY YeProBO-
ro Oaiita iHpopMaIlii B mam'sTh.
Jucmneit Mae po3auIbHy 34aTHICTh 84x48 mikceniB. [HpopMmarlliss BUBOAUTH-
Csl BEpTUKAIBHUMH OJOKaMU BUCOTOIO 8 MIKCEINiB, 3HAYCHHS SKUX BU3HAYAIOTHCS
3HAYCHHSMH OIT B BUBEACHOMY 0aiiTi. Mosoammii 61T KoIye BEPXHIH MIKCENb.

[Tpusznauenns suBoaiB Nokia LCD 5110 npeacraBneno y tadmuii 2.2 [14].

Tabmuusg 2.2 - [Tpuznauenns BuBoiB Nokia LCD 5110

VCC ’Kusnenns 3,3B
GND 3aranpHuil ApIT
SCE Y BIMKHEHHS, aKTUBHUN HU3BKUHN PIBEHb
Reset CkuaHHs, aKTUBHUN HU3BKHUK PIBEHb
D/C Jani / komanga: 0 - mani, 1 - komanma
SDIN Bxin intepdeiicy
SCLC TakTOBUI CUTHA
LED [TincBiuyBanHs. CTpyM He NOBUHEH NepeBulyBatu 20 MA.

[Tpu BrIIIOUEHHI MpUiady Ta MPU HASBHOCTI JlaBayda, HA TUCIUIET BiOOpaXKaETHCS

rojioBHa iH(popmaiiis. '00BHHI €KpaH MPEeACTaBICHO Ha PUCYHKY 2.24.

Pucynok 2.24 — T'onoBHU ekpaH
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Ha romnoBHomy ekpaHi, mig HoMepoM 1 300paxeHHil IHIUKaTOp TemIepaTy-

pu, i HOMEpOM 2 BiAOOpakaeThCsl MOTOYHA TeMIeEparypa, Mg HOMEpoM 3 —

OJIMHMIL BUMIprOBaHHS (rpaaycu Llenbcis), miag HoMepoM 4 — iIHAUKATOP BOJIOTOC-

Ti, T HOMEPOM 5 — MOTOYHA BiIHOCHA BOJIOTICTh, MiJ HOMEPOM 6 — OJIMHMIIS BU-
MIpIOBaHHs (BIJCOTKH), 1T HOMepoM 7 — Bepcis gaTunka (DHT11/22).

Cxema eJleKTpuyHa MPHUHIIMIIOBA OJ0Ka BUBEICHHS iH(OpMaIlii mpuBeneHa

Ha pUCYHKY 2.25.

Pucynoxk 2.25 — Cxema enekTpuyHa MPUHIUMIIOBA OJIOKa BUBEJACHHS 1H(OP-

mari

OckiJIbKHM HaIpyra >KUBIICHHS aucIUies ckianae 3.3 B, a perynstop mae xu-
BieHHs 5 B, BukopuctoByerbes miHiHMA cradimizatop LDI1117S33CTR, saxuit
Ma€ HaCTYIHI XapakTepucTuku [15]:

- BXiJiHa Harpyra ctabim3arii 4.75 B — 10 B;

- CTPYM >KUBIICHHS 5 MA;

- BUXi/Ha Hampyra 3,3 B;

- BuxigHuii ctpym 800 MA.

2.2.5 biok HaBaHTaXXEHHSA

brokx HaBaHTa)keHHS peayi30BaHUM 3a JOMOMOIOI0 €JIEKTPOMArHITHUX pesie
3 HEOOX1AHOIO OOB’SI3KOI0 1 MOKJIMKAHMM KOMYTYBAaTH OOIrpiBay, OXOJIOIKyBad,

3BOJIOXKYBAu Ta OCYIITyBad MOBITPs, TPU HEOOX1THOCTI.
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Cxema CJIICKTpUYHA IIPUHIMXIIOBA OJ10Ka HaBaHTAKEHHS MpCACTAaBJICHA Ha

pUCYHKY 2.26.

+ E #mme

»——

—— VD1 |:

T1
1
Ha MK & | —
iﬁg

Ha HasaHTameHHA

Pucynok 2.26 — Cxema eJeKkTpuyuHa MPUHIIMIOBA OJI0KAa HABAHTAKEHHS

Enement K1 — enextpomexaniune perae SRD-05VDC-SL-C 3 oaHiero nmepeMukaro-

4010 I'PYIIOIO KOHTAaKTIB Ta HaCTYITHUMHU XapaKTCPUCTUKAMU

- MaTepiaj KOHTAaKTIB: CIUIaB cpi0ia;
- ontip KoHTakTy: 100 MOwm;
- omip 13oJrsmii: 100 MOw;

- Hampyra UuBJICHHS: 5 B;

- HOMIHAJIbHUN po0ounii cTpyM KOTytiku 70 MA;

- MaKCMMaJbHa Hampyra Ha koHTakTax: 30 B moctiitHoi / 250 B 3miHHOi;

- MAaKCUMAaJIbHUN KOMYTOBaHUM CTpyM : 20 A;
- 3HOococTiiKicTh: 100000 1uKIIiB;
- yac BMUKaHHs/BuMuKaHHA: 10 Mc / Smc;

- remneparypa: —40 °C ... +80 °C;

- rabaputHi po3Mmipu: 15,5x12,3x14 mm (6e3 BUBOIB).

[Ipu po3puBi Kosa, TOOTO MPU MUTTEBIM 3MiHI 10 HYJISI CTPyMY 4epe3 KOTy-

HIKYy peJie, BUHUKA€e Hallpyra CaMOIHIyKIli, BETMYMHA SIKOT MOKke OyTH JOCUTH Be-

JIMKOIO Ta MOKC IIPUBCCTH OO0 IMOINKOJKCHHA €JIEMEHTIB CXEMH, JI1 YHUKHCHHIA
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i€l cutyarii BctaHOBIMIOEThCS fioa VD1 1N4148, uepes sikuii 1 TaCUTHCS HAIpyra
CaMOTHAYKIIII.

OcK1IbKM HOMIHAIBHUN pOOOYHI CTpyM KOTYIIKU pene ckiagae 70 MA io-
ro HE MOKHA HaIpsAMy MiIKIIOYATH 0 MIKPOKOHTPOJIEpa, aKe MaKCUMalbHUN
CTpyM, SIKMI 37aTeH BUAATH MOPT KOHTposepa ckianae 20 MA. BumnpaButu 110
npoOJieMy MOKJIMKaHUM OimoJisspHuid Tpan3uctop T1.

Jliist oOpaHHST TpaH3UCTOPA MPABMIIBHOTO HOMIHATY HEOOX1THO BUSHAYUTHCS
Horo pobouy Hanpyry Ta cTpyM. Pobouuii ctpyM OIMoJisipHOTO TpaH3ucTOpa 00Uu-

CITFOETHCSI 32 HACTYITHOIO (hOPMYJIOKO:

| =1 +10% (2.1)

KImax BIJIKp .pernie

ne | ., - pobounii ctpym GimonspHoro Tpamsucropa; | — CIIOXUBA-

BIZIKp .pene
HUHI CTPYM IPHU BIIKPUTTI pelie.
|, =70-10°A+(70-10°A-01) =77-10"A
Takoxx BU3HauaeMo poOouy Hampyry OIMOJIIPHOTO TpaH3UCTOpa 3a GopMy-

JOIO:

I =1 +U_+U, (2.2)

kys) BIZIKp . perne

fie U, - pobodva Hampyra OiloIsPHOTrO TPaH3HMCTOPa, U - Hampyra Bi-

BIIKD .pene
JIKPUTTS pesie; U_- Hampyra KOJIeKTop-emiTep OimonspHoro Tpansuctopa; U, -

NaJ{IHHS HAMIPYTH Ha J10/I1.

U,=5B+06B +1,5B =7,1B

Buxoasuu 3 po3paxyHkiB oOpanuii n-p-n tpanzucrop BC547, skuii 3a10B0-
JbHS€ BUMOTAaM O MaKCHUMaJIbHOIO CTPYMY KOJIEKTOpAa Ta MAaKCHMAJIbHO JIOIYC-
TUMIH Hampy31l KOJEKTOP-EMITep, Ta MA€E HACTYITHI XapaKTEPUCTUKHU:

- MaKCUMAaJbHO JomycTrMa Hanpyra kojiektop-emitep (Uy.) 45 B;

- MaKCUMAaJILHO JIOMyCTUMa Hampyra Kojiektop-6a3a (Uys) 50 B;

- MaKCUMaJIbHO JIonycTuMa Hanpyra emitep-6a3a (Ues) 6 B;

- MakcuManbHUN CTpyM KOJEKTOPa (Ii yaxe) 100 MA;

- MaKCHMaJibHa MOTYKHICTh, 110 po3citoeThes 0,625 BT;
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- Hampyra Hacu4eHHsl KoJekTop-emitep 600 MB;
- KoedirieHT nocuwieHHs 1o crpymy (hy) 110.
Busnaunmo ctpym 6a3u TpaH3UCTOpA:
I = 2.3)

thE

ne Iy - crpym 6asu Ginonsproro tpansucropa; li - ctpym komexropa 6ino-
JSIPHOTO TPAH3HUCTOPA; h,,. - KOCPIIIEHT MOCUICHHSA [0 CTPyMYy OIMOJIIPHOTO Tpa-
H3UCTOPA.

_77-10° A
110

I =0.7- 10° A

Buznaunmo HoMiHa pe3ucTopa y ko 6a3u R1:

Umc =Uie

R1= (2.4)

IB
ne R1 - omip pesucropa y xomni 6a3u; Uy - Hanpyra Ha BUBOJI MiKpOKOHT-
ponepa; U, - Hampyra KoJeKTopa-eMitep GimonspHoro tpausucropa; lg- crpym

0a3u OIMOJISIPHOTO TPAH3UCTOPA.

Rl1= w = 6285 Om
0,7-10° A
Jiist 3a6e3meyeHHst NoTpIOHOTO CTpyMy, ormip pe3uctopa R1 noBunen 0ytu
He Oubire 6285 Om, Tomy OyB 0OpaHuil CTaHAAPTHUI HOMIHAT MEHIIIOI BETMYMHU
5.6 kOm.
Ctpyw™ sikuii OyJie TPOTIKATH Yepe3 PEe3UCTOP:

Uw —U
s :% (2.5)
1

ne lg, - cTpyMm sikuii mpoxoautk depe3 pesucrop R1; U, - Hanpyra Ha BU-
BOJIl MIKpOKOHTpoOJiepa; U, - Hampyra KoJeKTopa-eMiTep OIiMoJIIpHOTO TpaH3HUC-

topa; R1- omip pesucropa y kol 6a3mu.

= M =0,78-10° A
5,6-10° Om

Ctpym KoJiekTopa:
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le =1gy "Dy (2.6)
ae I, - cTpym konekTopa O6inmosisipHOro TpaHsucropa; I, - cTpyM sikuit mpo-
XOJUTh yepe3 pe3uctop R1; h,, - KoedilieHT NOCUIIEHHS 110 CTPYMY OIMOISIPHOTO
TpaH3UCTOpA.
l, =0,78-10°A-110=858-10"A
Jl7iss YHUKHEHHSI BUITQJKOBUX CIPAIlbOBYBaHb TPAH3UCTOpPA Y HEAKTUBHOMY
pexuMi, oro 6asa maKIroYeHa 10 3eMii pesuctopom R2 Hominamom 10 kOwm.

CtpymMm, KU TPOXOJAUTHME YEPE3 PEZUCTOP:

U
IRZ :R—KZE (2-7)

ne Iz, - cTpym sikuii mpoxoauTs yepes3 pesuctop R2; U, - Hampyra KoJek-

TOpa-eMiTep OINOJIIPHOro TpaH3ucTopa; R2 - BenmnuuHa onopy pesucropa R2.

_06B

—~ — =60-10° A
"2 10* Om

Busnaunmo octatouHuii cTpym 0a3u Ta KOJIEKTOpA:
RS Y (2.8)

ne Iy - ctpym 0a3u OIMOISIPHOTO TPAH3UCTOPA; gy, - CTPYM KU IPOXOAUTH

yepe3 pe3uctop R1; Iz, - ctpym sxmii mpoxoauTs uepes pesuctop R2.
I, =078-10°A-60-10°A =0,72-10°A
I, =0,72-10°A-110 =79,2-10°A

OckinbKM y peryysiTopi nependaueHo 4 Takux OJIOKH, TO 3arajibHUU CTpyM

CHOXKUBAaHUM OJJOKOM HaBaHTa)XKCHHS CTAHOBUTD:
L =1-N (2.9)
ae l;, - 3aranbpHUN CTPYM CHOKMBAaHUN OJIOKOM HaBaHTaXXEHHS, |, - CTPyM

KOJIEKTOpa OlnossipHoro TpaH3uctopa; N - KUTbKICTh OJIOKIB HABAHTAXEHHS.

I, =79,2-10°A-4=316,8-10"°A
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2.3 Po3paxyHOK CITO>XKMBAHOT MOTY>KHOCTI

I[J'ISI BUTOTOBJICHHS OJIOKA >KUBJICHHS HGO6Xi,ZIHO 00YNCIINTH CIIOKHUBHY IIO-

TY>KHICTh IPUJIAAY.

Po3paxyHOK CHOXKHMBaHOI MOTY>KHOCTI KOKHOT'O €JIEMEHTa 1 peryisaropa B
[IJIOMY TpUBEAESHUN y TabmwmIi 2.3.

Benuunna ctpymy (Icr) criokuBaHa mpuUcCTpOEM:

Ly = L (2.10)
CT

=0,3859A

ICH

_ 1,9295Br
5

ne Ucr - BUXijHa Hampyra jpkepena skuBiieHHs SB; Pcy — MakcuManbsHa Be-

JIMYUHA CIIOXKUBAHOI MOTYHOCTI.

Tabnuusg 2.3 — Po3paxyHOK CIIOKMBAHOI MOTY>KHOCTI

Enement IMC P, Bt KinbKicTh
MIiKpOKOHTpOJIEP Atmega8A 1 1
Expan Nokia LCD 5110 0.1 1
Jatauk DHT11/22 0.0125 1
Cra6imnizarop 3B LD1117AG-33- 0.025 1

AA3
biok pene - 0.396 4 (1Ba aKTMBHUX )

Bceworo 1.9295 8

2.4 B1OK XUBJICHHSA

biiok >KuBNIEHHS NMpPU3HAYECHUN ISl 3a0€3MeUeHHs OKPEMHUX BY3JiB 1 OJIOKIB
npuiagy crabinizoBaHo Hampyrowo. CymMapHUil CTpyM CIOXHBAHHS po3poliie-

HOTro mpuiany He nepesuinye BennuuHu 400MA npu Harpysi SB. [{ns nobynosu
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cTabiy3aTopa 3aCTOCYEMO KJIIACHYHY CXEeMY OJIOKY KUBJICHHS 3 CXEMOIO BUIIPSIM-
JICHHST 3MIHHOTO.

brok-cxema 6510Ka XKUBJICHHS TPUBECHA HA PUCYHKY 2.27.

TpavcopmaTop - Bunpamnsad - QineTp w  Crtabinizatop

Pucynok 2.27 - biaok-cxemMa 010Ka )KUBJICHHS

briox JKWBIIEHHS CKJIamaeThes 3 TpaHcPopMaTopa, BHIIPSIMHOTO 1OAHOTO
MocTa, (DUIbTpa 1 cTadLII3aTOpa HATIPYTH.

TparcdopmaTop moBUHEH OYTH CHIIOBUM, PO3paXOBaHUM Ha MEPEKEBY dac-
toTy 50 I'i, 3 mepBUHHOIO 00MOTKOIO Ha 220 B 1 0/1HI€EI0 BTOPUHHOIO OOMOTKOIO
Ha 7 ... 10 B. HominanbHa noTyxHicTh Tpancopmaropa 4 ... 8 BT.

OckunbkH, Ha TpaHC(OPMATOPl BKa3ylOTh Aitode 3HaueHHs Hanpyru (Ujy), a Ha Bu-
X0/l Ticas GpuIbTpa, MO CyT1 MICHA JI0OJHOTO MOCTA 1 3TIaXKyI0U0T0 KOHACHCATO-
pa, Mu oTpumaemo amiutityaHe 3HadeHHs (U,), HeoOXiaHO 11 po3paxyBartu 3a ¢o-
PMYIIOI0:

U, =141-U,
(2.11)

ne U, - ammiityase sHauenss vanpyru; U — niroue 3HaYeHHS HAIPYTH.

ToOto sikiIo B 6JIOI KMBIIEHHS BTOPUHHA 0OMOTKa TpaHchopmaTopa BUAAE
7 ... 10 B, To Ha QinbTpi-KOHAEHCATOPI MU NPUOIM3HO oTpuMaemo 10 ... 14 B.
OckunbkH cTabuII3aTOp HANPYTH Tpaitoe 10 35 B Ha BXoni, Takuil piBEHb aMILIi-
TYJHOTO 3HAYEHHS € 3a/I0BUIBHUM.

CxeMa eleKTpUYHa TMPUHIIAIIOBA OJIOKY >KMBJICHHS HaBEICHA Ha PHCYHKY
2.28.

Bunpsimitsia peasizoBaHMiA 3a IOMOMOTOO JIOJHOTO MOCTa BUTOTOBJICHOTO 3
yotupbox Ai0aiB KJ[226A (VD1-4), koxeH 3 AKUX po3paxoBaHUil Ha 2A 1 mepeT-

BOPIOE 3MIHHY HANpyry Ha BXO/ll B IOCTIHHY HAa BUXO/II.
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OinbTp NpU3HAYEHUN AJI 3TIaKyBaHHS HAMpyTy Micis BUMpsmisgya. Bu-

KOPHUCTOBY€EThCS 3BUYANHMI enekTponitTuyauii KoHaeHcatop K50-35 emuicTio

4700 mx® (C1).

DA1
LM7805

Tr1 vD1-4 s1

e e L3 J B

Pucynok 2.28 - Cxema enekTpuyHa NPUHIMIIOBA OJIOKY >KUBJICHHS

Jlist moOynoBU KOMIEHCAIIHHOTO cTab1Ii3aTopa HAlPYyTrd BUKOPUCTOBYETh-
cs iHTerpanbHa cxema LM7805 (DAT). Bona siBiisie co6oro cTabinizaTop HanpyrH,
3a0€3MeUYeHH 3aXUCTOM Bl KOPOTKMX 3aMUKaHb y BUXIJHUX KOJIaX, TEIJIOBOI 3a-
XMCTOM 1 MOMJIMBICTIO PETYJIFOBaHHS BUX1IHOI CTa011130BaHO1 HATIPYTH.

Konnencatopu C2 i1 C3 emnictio 0.33 ta 0.1 Mx® BiAMOBIAHO, BKIIOUYEHI Y
BXIJIHE 1 BUXI1JIHE KOJIa PEryJsaTopa, HeOOX1IH1 JJIs 3TJIaJKyBaHHS ITyJIbCallli KUB-
JICHHSL.

OCHOBHI TEXHIYHI XapaKTEPUCTHUKH 1 mapaMeTpu cradumizaropa LM7805 na-

BeseH1 y Taomui 2.4 [16].

Tabnuusg 2.4 OCHOBHI TEXHIYHI XapaKTepucTUku cradutizatopa LM7805

HaitMenyBaHHS XapaKTEPUCTUKU Howminan
Bennuuna ctabinizyrodoi Hanpyru, B 5.0
MakcumanbHa BeJIMUMHA CTa01T13yI040ro CTpymMy He Ouibliue, A 1
MakcumanbHa BXiJIHa Harpyra He Ouibiie, B 35
Buxinuuii omip He O6u1biie, MOM 17

3arajbHa cXeMa €JIEKTpUYHA MPUHIUIIOBA PO3POOIEHOrO PETYIATOpa HaBe-
JI€HA Ha PUCYHKY 2.29.
[lepenik BUKOPUCTAHUX €JIEMEHTIB MPECTABIEHO Y AOJATKY A.

[TeuaTHa miara npeacrasieHa Ha pucyHky 2.30.
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il ey

Pucynok 2.29 — Cxema enekTpuyHa MPUHIUMIIOBA PETYIATOPA

JP1 JP2

DHT 1M/ 22
1
2 O
30
4

RES-
54-
55-

Pucynok 2.30 — [IeuaTHa muiara peryistopa
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[Tpunag BUroToBIEHO Ha (HOJIBFOBAHOMY TEKCTOJITI 3a TIOMIOMOTOI0 METOa

TPaBJICHHS y PO3YMHI XJIOPUCTOTO 3ani3a. Po3mip mnatu ckinagae 70x80 mMm.

Po3po0iieH0 Ta BUKOHAHO MOJICIIOBAaHHS aBTOMAaTHYHOTO PETyJIsATOpa TEM-
nepaTypy Ta BiTHOCHOI BOJIOTOCTI MOBITPS, SIKM MOXKE IPAIfOBATH 3 JBOMA JIaT-
yukaMu. CTBOpPEHUH anropuT™M poOOTH J03BOJISE, Y pa3l HEOOXiTHOCTI, 3aMIHUTH
JaTYMK O€3 BUMKHCHHS JKHUBIICHHS IMpUIaay. Perynsarop aBTOMAaTHYHO BHU3HAYae
MIKITIOYCHAN JATYHK 1 BITHOBJIIOE CBOIO POOOTY.

VYHiBepcaabHICTh PO3POOJICHOI CXEMHU JI03BOJIIE OHOBUTHU MPOTPAMHE 3a0e3-
MIEYEHHs peryysaropa Ha ruiati, 0e3 HeoOX1THOCTI AEMOHTaXy MIKPOKOHTpOJIEpa.
Binb1IicTh €1eMeHTIB IPUEAHYIOTHCS /10 MJIaTH 3a JOIMOMOI0K0 KOHEKTOPIB, IO J10-

3BOJISIE JIETKO 3aMIHUTH HEOOX1HUM y pa3i MOTpeOu.
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3 TexHiKO-€KOHOMIUHE OOTPYHTYBaHHS PO3POOKHU

aBTOMATUYHOTO PETYJIATOPA MIKPOKIIIMATY

3.1 ExoHOMIYHMI acieKT poOOTH

3 TOYKH 30pY €KOHOMIYHOi €(PEeKTUBHOCTI, BUKOPUCTAHHS aBTOMATHYHHX
PEryJATOpiB COPUATHME E€KOHOMIi eNeKTpOeHeprii HUIIXOM ONTHMi3allii poOoTu
CUCTEMU OMNAJICHHSI, BEHTUJISALI1, 3BOJIOKEHHSI, OCYIIEHHS, PI3HUX IPUCTPOIB 1 MPH-
JajiB, K1 HEOOX1THO Yy MOTPIOHMM Yac 1 Ha HeOOX1JHUH MepioJl BMUKATH, 1 BUMHU-
katu. [lo30aBUTH KOpUCTYBayiB BiJ BHKOHAHHS JOBrOi Ta PYTUHHOI pOOOTH,
IIOB’S3aHOI 3 MOHITOPUHIOM Ta PETrYJIIOBaHHAM TEMIIEpaTypH, Ta BITHOCHOI BOJIO-
TOCTI1 TIOBITPS.

BuxopucTtanHs aBTOMaTHYHOTO PETYJsATOpa TEMIEPAaTypu Ta BIAHOCHOI BO-
JIOTOCTI TOBITPSL y CUIBCHKOTOCIIOAAPCHKOMY CEKTOpI, MPU3BEAE 10 30UIbIIECHHS
IPOJYKTUBHOCTI BUPOOHUIITBA, a MIATPUMKA IIUX TapaMeTPIiB MIKPOKIIMATy B Me-
KaxX CaHITapHUX HOPM Y BUPOOHUYMX Ta KUTIOBUX MPUMIIICHHSIX, OyIe TO3UTHB-
HO BIUIMBATH Ha CaMOMOYYTTS JIOAEH Ta iX Mmpale3faTHiCTh, 10 HEMUHY4YEe Oyne

CHPHSITH PO3BUTKY €KOHOMIKH.

3.2 PiBHI peanizaiii peryasropa

Peanizariist 3aBmanb poOOTH MICTUTH amapaTHy Ta MPOTPAMHY YAaCTUHU aB-
TOMATUYHOT'O PETyJIATOpa TeMIIepaTypy Ta BIIHOCHOI Bosiorocti nosiTps. IIporpa-
Ma poOOTH MPUCTPOIO, SIKa CTBOPIOBajiacs Ha MOB1 nporpamyBanHs C, 1a€ MOXIH-
BICTh KOPUCTYBauy rHyYKO HaJIAIITYBaTH PETYJSATOP 3T1IHO CBOiX MOTped. A yHi-
BEPCAJIBHICTh PO3POOJICHOT CXEMH EJICKTPUYHOI MPUHIIMIIOBOI J103BOJISIE O€3 3aii-

BUX 3yCHJIb 3aMIHUTH OLIBIIICTHh €IEMEHTIB Ha IuiaTi 0e3 HeoOXiTHOCTI MalKH, y
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pa3i HeOOXITHOCTI, a TaKOXK J03BOJISIE OHOBJIIOBATH MPOTpamMHe 3a0e3reueHHs 0e3

JIEMOHTaXy MIKPOKOHTpOJIEpa.

3.3 O6rpyHTYBaHHS BUOOPY TEXHOJIOTIT BUTOTOBJIEHHS CXEMHU

Tonosnoriyauil aHaji3 MoOKaszye, 0 MPUCTPIM Moke OyTH peanizoBaHUU y
BUTJIAJII MaJIOTa0apUTHOTO MPUIALy 1 BUKOHAHUH 32 CY4aCHOIO MalIOBUTPATHOIO
TEXHOJIOTIE0 TIeYaTHUX IJIaT Ha (OJIBroBaHOMY TEKCTOJITI. L TexHo0TIsI Iepe-
Oavae, 1m0 BCl €IeMEHTH OyJIyTh HaBICHUMH, a HAIMJICHHSAM Ha MiAKIAI, a0o
TpaBJICHHSIM MTOBEPXHI CTBOPIOETHCS JIUIIIE CTPYMOTIPOBITHAM II1ap.

Jlns BUOOpY TEXHOJIOTTT BUTOTOBJICHHS CXEMH PETYJISATOpA MPOaHalli3yeEMO
lepapxii YOTUPHOX BapiaHTiB (Tabi. 3.1), BpaxoByIOUHM IIKAJTy BiAHOCHOI BaXKJIM-

BocTi (Tabxa. 3.2) [16].

Tabnuysa 3.1 - Mosxcnuei eapianmu mexHo102iil 6UPOOHUYMEA NPUCMPOIO

TexHosoris Kopotkuii omnmc

AKTHBHI Ta aCUBHI €JIEMEHTH CXEMH Ha-

TexHosoriss mnedaTHux | . . } .
BICHI, a CTPYMOINPOBIAHUH I1ap BUKOHAHO

miaT Ha (OJIbrOBaHOMY

TEKCTOJIITI

TpaBJEHHAM ()OITBIOBAHOIO TEKCTOMITY.

ToBCTOIITIBKOBUX Ti0-
PUIHUX  1HTErpaJIbHUX
CXeM

Bei eJIEMEHTU Ta MIKEJIEMEHTHI
3’€JTHAaHHS BUKOHAHI Yy BUIJISIAI TOBCTHX
KOMIIO3UTHHUX IUIIBOK.

TOHKOTUTIBKOBUX  Ti0-
PUIHUX  1HTErpaJIbHUX
cCXeM

Bci  ememMenTM Ta  MIXKEJIEMEHTHI
3’€THAaHHS BUKOHAHI y BUTJISAI TOHKHX
TUTIBOK MPOBIJIHUX Ta PE3UCTUBHUX MaTe-
piaiis.

TOHKOIIIBKOBUX  T10-
PUIHUX MIKPO30ipOK

AKTHUBHI Ta TaCUBHI €JIEMEHTH CXEMH Ha-
BICHI, a CTPYMOIIPOBIHUH I1ap BUKOHAHO
y BUTJIAJII TOHKUX TUTIBOK.
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Tabnuuysn 3.2 - lllkana eionocHoi eaxcausocmi

[HTeHCUBHICTD BUIHOCHOI Bi3HAYCHHS
BaYKJIMBOCTI
1 piBHA BaXKJIUBICTh
3 NOMIpHa TepeBara
S CUJIbHA MepeBara
7 3HAYyHa MepeBara
9 Ty’Ke CHUJIbHA TIepeBara
2,4,6,8 MIPOMIXKHI CY/[KEHHS

Bubip pooumo 3a xpumepismu, naseoenumu 6 maobauyi 3.3.

Bcmanosnioemo gionocny éazy KodcHo20 kpumepito Ha OCHOBI Mampuyi NONAPHUX

nopiensans 01 obpanux kpumepiis (maban. 3.3) [16].

VY Marpuil NpudHATI HACTYIHI TO3HAYEHHS: { — HOMEP KPUTEPII0; MPHU IM0-
piBHSHHI 6-0X kpuTepiiB (Tadn. 3.3)i =1, 2, 3, 4, 5, 6; X| - JOKQIbHHUI TPIOPUTET,

TOOTO BIJTHOCHA Bara 1-ro KpUTEpIiro B TII00ATTLHOMY KPUTEPIi:

Tabnuus 3.3 — [lomapHe MOpiBHSHHSA KPUTEPIiB

Kputepiii 1 2 3 4 5 6 |. Mo, X

1. IBuaxomist 1 13| 3 |17 |15 3 |0,664| 0,073
2. 3aBafoCTIHKICTE | 3 1 3 /3 | /7| 3 |1,042| 0,116
3. CnoxuBaHHSA /3 (13| 1 |15 17| 3 |0,460| 0,051
4. ITnomwa 7 3 5 1 | 15| 7 |2,297| 0,254
5. CyMiCHICTb 5 7 7 5 1 5 4,277 | 0,473
6. BapTicTh /3 15 |13 (1715 1 {0,293 | 0,033

> 9,033 | 1,00

Hani ananoziuno cknadaemo 6 mampuyb NONApHUX NOPIGHAHL ANLMEPHAMUE CMOCO-
BHO KOJICHO20 Kpumepito (mabn. 3.4 - 3.9). Ockinvku menep nopigHioomucs 4 mexnonoeii

no 0OHoMy Kpumepiro , moi =1, 2, 3, 4.
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i=1

Taonuysa 3.4 - Ilopienannua anbmepHamue cMoCoO6HO KpUmepilo «ueUOK0Oin»
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TexHomoris A B C D 4\/11[7 Xi
A 3 1/5 1 3 1,16 0,19

B 5 1 7 7 3,96 0,65

C 1/3 1/7 1 1/2 0,39 0,07

D 1/3 1/7 2 1 0,56 0,09

> 6,07 1,00

Taobnuysa 3.5 - Ilopienannua anemepHamue cmMocoéHo Kpumepilo «3a6a00CHIKIiCHLb)

TexnoJoris A B C D 4\/11[7 Xi
A 1 5 1/3 1,14 0,21

B 1/5 1 1/5 1/7 0,48 0,09

C 1 5 1 1/3 1,56 0,29

D 3 7 3 1 2,20 0,41

)y 5,37 1,00

Taobnuysa 3.6 - Ilopienannusa anemepuamue cmocosHO KpUmepilo «CROHCUBAHH)

Texnounoris A B C D 4 ﬁwi Xi
A 1 5 1/5 1/7 0,61 0,09

B 1/5 1 /7 1/9 0,24 0,04

C 5 7 1 1/3 1,85 0,29

D 7 9 3 1 3,71 0,58

2 6,41 1,00




Tabnuuya 3.7 - llopienanna aremepnamue

CmMOCOBHO Kpumepilo wnaouwia)
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TexHoor1s A B C D ﬁ Xi
A 1 5 3 5 0,99 0,21

B 1/5 1 1/3 1/2 0,24 0,05

C 1/3 3 1 3 2,03 0,43

D 1/5 2 1/3 1 1,47 0,31

> 4,73 1,00

Tabnuua 3.8 - llopienanna aremepnamue

CMOCOBHO KpUMEpilo «CYMICHICIb)

TexuoJoris A B C D ﬁ Xi
A 1 5 1/3 1/5 0,76 0,13

B 1/5 1 1/7 1/9 0,24 0,04

C 5 7 1 1/2 2,41 0,41

D 3 9 2 1 2,47 0,42

> 5,88 1,00

Taonuysa 3.9 - Ilopienannua anemepHamug cmMoco8HO KpPUMEPIlo «8apmicmyy

Texnomnoris A B C D e Xi
A 1 3 5 6 3,08 0,56

B 1/3 1 3 4 1,41 0,26

C 1/5 1/3 1 2 0,60 0,11

D 1/6 1/4 1/2 1 0,38 0,07

2 5,47 1,00
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['moGanpHUIl TPIOPUTET NS KOXKHOI albTePHATHBH OOYHCIIOETHCS SIK
cyMa A0OYTKIB KOXHOTO JIOKAJIBHOTO MPIOPUTETYy Ha HOro BaroBUM KOEQIlI€HT
(tabi.. 3.10) [16].

3 NOpIBHAHHSA TT00ANBHUX MPIOPUTETIB PI3HUX TEXHOJOTIH BUIHO, IO Hai-
OLTBIIMM € TIPIOPUTET y BapiaHTa peajizailii CXeMH peryisropa TeMmIiepaTypu Ta
BOJIOTOCTI TIOBITPS 3 BUKOPUCTAHHSAM TEXHOJIOT1] MEYaTHUX IJIaT Ha (OJIBrOBAHO-
MY TEKCTOJIITI.

Ta6mui 3.10 - 'mobanbHUN TPIOPUTET I KOXKHOI ajJbTepHATHBHU

[Ipiopureru Nol | No2 | No3 | Ned | No5 | Ne6 | I'mobGanbHuii
Bara 0,073(0,116 {0,051 {0,254 |0,473|0,033

0,071029 029|043 | 041 | 0,11 0,360

[TeuatHux mat Ha (o-
JILTOBAaHOMY TEKCTOJITI
ToscrommiBkoBux r110-| 0,65 | 0,09 | 0,04 | 0,05 | 0,04 | 0,26 0,100
PUIHUX  1HTErPaTbHUX
CXEeM

TouxommskoBux 110-| 0,19 | 0,21 | 0,09 | 0,21 | 0,13 | 0,56 0,176
PUAHUX  1HTErpajbHUX
CXeM

TouxommskoBux 110-| 0,09 | 0,41 | 0,58 | 0,31 | 0,42 | 0,07 0,364
PUIHUX MIKPO30IpOK

3a J0MOMOTOI0 METOY aHaJI3y lepapXiid MPOBEIEHE MOPIBHIHHSA YOTHUPbOX
TUIIIB TEXHOJIOTIN peai3allii CXeMHu peryisiTopa TeMiiepaTypu Ta BiIHOCHOI BO-
JIOTOCTI MOBITPA 3a HACTYITHUMM KpUTEpisiMu: 1) MIBUAKOMISA; 2) 3aBajoCTiid-
KICTh; 3) CIOXHMBaHa MOTYXKHICTh, 4) IUIOLIA, 3aiiMaHa Ha KpucTanli; 5) cyMi-
CHICTh; 6) BapTicTh. HailOuIbMi JOKAaTBbHUN MPIOPUTET y KPUTEPIS «CyMic-
HICTh» (Tabi. 3.3). 3a manumu Tabmuii 3.9 JIOKaNbHUN MPIOPUTET 32 KPUTEPIEM
«BApTICThY» € HAMBUINKM JJIsl TEXHOJIOTII IEYaTHUX TIaT Ha (POTBroBaHOMY TEKC-
toumiti. [IpoTe HAMOLTBIMIT TI00ATBPHUN TMPIOPUTET MAIOTh TEXHOJIOTIS TOHKOII-
JIBKOBHUX TOpUIHUX MIKpO30IpOK Ta MEYATHUX IIaT Ha (POJIBrOBAaHOMY TEKCTOMITI.
Came TexHOJIOTIsl MeYaTHUX TUIaT Ha (POIBrOBAaHOMY TEKCTOMNITI U Oyne BHUKOPHC-

TOBYBATUCA IJII BUTOTOBJICHHA CXEMH aBTOMATUYHOI'O PCTYJIATOPA.
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3.4 Po3paxyHOK BUTpaT Ha BUPOOHUIITBO CXEMH PETYJSTOpa TEMIIEpaTypH Ta Biji-

HOCHOT BOJIOTOCTI MOBITPS

Butpatu Ha Mmartepianu 1 HamiBpabpukaTy BKazaHi B Tadauisax 3.11, 3.12.
Butparu Ha maTepiaju i HaniBpadpukaTu ckiaaam 266,90 rpH.
Ta6muig 3.11 — Po3paxyHOK BapTOCTI MaTepialiB Ha BUPOOHHUIITBO aBTOMa-

TUYHOTO PETYJSATOpa TEMIEPATypH Ta BITHOCHOI BOJIOTOCTI MOBITPS

Ilina 3a
Marepian OI[I/IH.I/II_I}I K.iJ'IB— OTMHHUITIO, Ycroro Bu-
BUMIpPY KIiCTh IpH. TparT TpH.

Tpanzuctop BC547 IIT. 4 1 4

Pe3onatop 8 MI'x IIIT. 1 6 6

Hiom 1N4148 IIT. 4 0.5 2

Konnencatop 100 H® IIT. 1 1 1

Konpgencarop 22 n® IIT. 2 1 2
Pesucrop 5.6 kOm 0.125 Bt IIT. 4 0.2 0.8
Pesuctop 10 kOm 0.125 Bt IIT. 2 0.2 0.4
Pene SRD-05VDC-SL-C IIT. 4 18 72
[IITuproBe THI3IO IIT. 28 0.23 6.5
Knonka takToBa 12x12 IIT. 5 2.2 11
Cra6imizarop LD1117S33CTR IIT. 1 3.3 3.3
Hucnnent Nokia LCD 5110 IIT. 1 75 75
Mikpoxontponep ATmega8A IIIT. 1 35 35
Jatunk DHT11 IIT. 1 29 29
Bceworo 248

Tabnuusg 3.12 — Po3paxyHOK BapTOCTI HamiBpaOpHUKaTiB
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. Onvnung o ITina 3a Yceboro
Marepianu ' KinpkicTb
BUMIPY OJIMHUIIIO, TPH. BUTpAT IPH.
@DoJIbrOBaHUM TEK-
IIT. 8.00 8.00
cromit 70 % 80 MM 1
TpaBunpHUK yII. 1 4.90 4.90
Tpadaper IIT. 1 6 6
Ycporo 18.90
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4 OxopoHa mpalli Ta TEXHOT€HHa Oe3mneKa

4.1 XapakTepucTuKka MOTEHIIHHUX HEOE3MEYHUX Ta MIKIIJTUBUX BUPOOHUIUX

bakTopiB

[Ipu BUKOHAHHI TUIJIOMHOI pOOOTH KOMIT IOTEpHE MOJIEIIIOBAHHS Ta po3pa-
XYHOK €JIEKTPOHHOI CXEMH PEryJiaTopa TeMIEepaTypu Ta BIAHOCHOI BOJOTOCTI MO-
BITpsl mipoBoMics B npuminieHHi kadenpu MEIC, makeT sSKOi MpeACTaBIeHO Ha

pucyHky 4.1.

D)
2
2
8.5

59

1 - crin komMn'toTepHUM; 2 - CTUT ayIUTOPHUMA; 3 - CTL1 BUKJIanaya; 4 - aBTo-
MaT BIJKJIIOUCHHS CJICKTPUYHOTO KUBJICHHS; 5 - mada cuioBa; 6 - mada yHiBep-
cajbHa; 7 - BIKHO; 8 - JOIIIKa ayJUTOpHA; 9 - CBITUIBHUK 4-X pikkoBui; 10 - cTin
aJIMiHICTpaTOpa MEpexKi

Pucynok 4.1 — MakeT npuMillieHHs B SIKOMY IIPOBOJMIINCA POOOTH

Ilnoma npumimenns cknagae 50,15 Mm% 06’em 175,52 m%; noBxuHA HpuMi-

HIeHHA 8,5 M; MUpUHA MPUMIIICHHS 5,9 M; BUCOTa IPUMIIIEHHS 3,5 M; YHCJIO Bi-

KOH 1; uncno pobouunx micup 10; ocBITIEHHS: npupoaHe (uepe3 O14He BIKHO) 1 3a-
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rayiibHe mTy4dHe. [lapamerpu npuMileHHs 3a0BOJIbHIIOTh HOPMATUBHUM 3HAUYEH-
HSIM: UT0Ima 6M%, 06°eM 20M° Ha OHOTO IPALOIYOTO.

JlaGopatopis € IPUMIIICHHSIM JIETKOi KaTeropii (BUKOHYIOThCS JIeTK1 (Di3uuH1
po6oTH), TOMY MTOBUHHI TOTPUMYBATHUCS TaKi BUMOTH (TI€P10]l POKY — XOJIOIHUN):

- onTHMalbHa Temieparypa mositps 22 ... 24 °C (momyctuma 20 ... 24 °C);
- onTUMaJbHa BiHOCHA BOJIOTICTh 40 ... 60% (momyctuma He Oubie 75%);
- IBUAKICT pyXy MoBiTps He Oinbiue 0,1 m/c.

OmniHKa MKIUIMBUX 1 HeOe3neyHux (akTopiB Ta KapTa YMOB Mparli JJjis po-
004oro MicIis mpaliBHUKA JabopaTopii npeacTasieHi B Tadbmuii 4.1.

AHani3 mKIUIMBUX 1 HeOe3neuHux (PakTopiB JO3BOJISIE 3pOOUTH BUCHOBOK,
0 YMOBH IIpalli B JJaOOpaTopii XapaKTepu3ylOThCsl HASBHICTIO HEUIKIIJTUBUX BU-
pOOHHUYMX YMHHHUKIB, K1 HE MPU3BOASTH 10 3pOCTaHHS 3aXBOPIOBAHOCTI 3 BTPATOIO
Ipale3/1aTHOCTI Ta IPOSBOM MOYATKOBUX O3HAK IMpodeciiiHOT MaTonorii.

Ha ninsHI mpoBeneHHsI eKCIIepUMEHTY 3HAYHA YaCTHHA MOJICNIIOBAaHHS BU-
pobJisiiacst Ha nepcoHanbHOMYy Komm'toTepi IBM PC 1 MakeTHOMY CTeH/I1, OCHaIlle-
HOMY OJIOKaMU XKUBJICHHS, TPOTPAMOBAaHUMU MPUCTPOSIMU BXIJTHUX HiH, peecTpy-
I0YUM 1 BUMIPIOBAJbHUM YCTaTKyBaHHSIM. [leyaTHI TiaTé BUTOTOBIISUTUCS 32 TEX-
HOJIOTIE€I0 TPaBJICHHS (POJIbITOBAHOTO TEKCTOJITY Ha CIEHIaIbHOMY CTEHJII 3 BUTSI-
YKHOTO 11ad)0r0, pO3TAIIOBAHOMY B HAYKOBO-JOCIIIHIN JabopaTopii kadeapu.

TpuBana pobota nepej eKpaHOM MOHITOpa HABOJAUTH /10 PI3HUX (PYHKITIOHA-
JBHUX PO3JaJiiB OPTraHi3My, HABAHTAKEHHS Ha O4l. 3aXBOPIOBAHHS MOCTYIIOBO Ha-

KOIUYYIOThCS. B OCHOBHOMY CTpakIaroTh KUCTI, 3aI'sICTS, MJIeyl, IHIHA 00J1aCTh.

4.2 3axoau 3 MOJIIMILIEHHS YMOB TIpalli

[Ipu mpoBeneHHI MOJEIIOBAHHS CXEMH MPUJIaay, SKICTh €KCIIEPUMEHTY Oa-
raTo B YOMY 3QJICKUTh BiJl OCBITJICHHS, TOMY B JlabopaTopii Mae OyTu nependaueHe

MITY4YHE OCBITJICHHS [28].
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He3anoBinbHE OCBITJIIEHHS MOXKE CIOTBOPUTH 1H(OpMAaIIito, KPiM TOTO,
BUKJIMKA€ CTOMJICHHS OpTaHi3My B IiiioMy. HempaBuibHe OCBITIIEHHSI MOXKeE

3'IBUTHUCS IMPUYINHOIO TPABMATHU3MY.

3a5ie)KHO BiJ] KJIacy MPUMIIICHHS MO0 BHOyXOHEOe3Mmeri 1 BiJy YACTOTH cepe-
JIOBUIIIA BUPOOHUUYUX IPUMIIICHb, BU3HAYAETHCS CXEMa PO3TAIlyBaHHS CBITHIIb-
HUKIB, X MapKa 1 KOHCTPYKTUBHE BUKOHAHHS [28].

JIst OCBITJICHOCTI MpUMIIIeHHs 3 po3Mmipamu A = 8,5 M, B = 5,9 M Ta Bu-
ctoto H = 3,5 M BUKOPUCTOBYIOTBHCS 6 CBITWJIBHHMKIB 3 YOTHpPMa JIaMIIaMH PO3’Ka-
proBarHs. KoedimienTn Biga3epkaaeHHs CBITIOBOTO MOTOKY Bia CTeNi, CTIH 1 mij-
JIOTH BIANOBIAHO piBHI p,, =70%, p, =50%, p,,, =10%. 3aTiHOBaHHA POOOYMX

noT T1oJ1

Micub Hemae. Bucora cBiTuibHUKa h, =09m, BUcOTa poOOUYOi MOBEPXHI HAJ PiB-
HeM mianoru h, =0.8 M. HopmMatusHa BenM4KHa OCBITIEHOCTI POOOYMX MicClb 3 Bi-

Jeo-TepMiHajiaMu ckiagae E, =300..500 ik. B maHoMy npuUMillleHHI OCBITIIEHICTb

350 ... 500 nk.

[Tpu MOHTaX1 KOMIOHEHTIB Ha IJIaTy 1 (OpMyBaHHI TOTIOJOTIYHOTO PUCYH-
Ka CTPYMOIIPOBIIHOTO IIapy BUHUKAE IMOTEHIIITHA HeOe3reka HeOa)kaHoi M1l Ha
OpraHi3M pEYOBHH MaTepiaiiB, 110 YTBOPIOIOTHCSA B TEXHOJOTTYHOMY Tpoiieci. Bei
PEYOBHHU, IO 3a0pyAHIOIOTH MOBITPsI, HAAAIOTH IIKIIJIMBY JIif0, SKIIO BOHHU IOT-
paIuISIFOTh B OPTaHi3M B KiJIBKOCTSX, IO TIEPEBUIIYIOTH JIEIKY ITOPOTOBY BEIHYH-
Hy. Y BUPOOHUIITBI IJIaT 3aCTOCOBYIOTH ME€BHI PEYOBHHH, SIK1 IIKIAJIWBI JUIsl Opra-
Hi3My. Kiac He0e3neku MIKiJIMBUX PEYOBUH BCTAHOBIIIOETHCS 3aJIEKHO Bij Trpa-
HUYHO JOIYCTUMOI KOHIIEHTpallli peYOBHUH B MOBITP1 poOouoi 30HU. Lle Ta KoHIe-
HTpAIlis SKa MePEHOCUTHCS 0€3 BIIXWICHb BiJl HOPMAJIBLHOTO CTaHy B Iepediry po-
O0ouoro JHs npu moaeHHoMy auxanHi. 3rigHo CH 245-71 BCTaHOBIIOIOTH YOTUPH
KJIACH IIKIJUTMBUX PEUYOBHH: |- Klac — peYOBUHU HA/I3BUYANHO HeOe3meuHi; 2-u
KJIaC — PEYOBUHU BUCOKO HeOe3MeuH1; 3-i Kjac — peYOBUHH MOMIPHO HEOE3MeyHi;
4-i1 KJ1ac — peyoBUHU MaJio HeOe3rneuHi. [[isi TOKCUMYHUX PEYOBUH BUSIBISIETHCS B

rOCTPUX 1 XPOHIYHUX OTPYEHHSIX.
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[Ipn MOHTax1 €NEKTPOHHMX IJIAT 3aCTOCOBYIOTh alleTOH, €THJIOBUN CIUPT
JUTSL 3HEKHUPEHHS 1 OYMILEHHS B MUYy MIKPOCXEMH, a TaKOXK OJOBO 1 KaHi(oJIb
JUTsl IPUMAIOBAHHS HIXKOK HAIIBIPOBITHUKOBOTO Npuiiafy 1o miatu. Crnupt, are-
TOH BUKJIMKA€E CyXicTh mKipu. [Ipu cucteMaTnuHOMY BAMXaHHI MOXIIMBI 3aXBOPIO-
BaHHS CITKIBKM OKa. Takok MOXJIMB1 HEPBOBO - TICUX14HI 3aXBOPIOBAHHSI.

Kanidonp apaTiBnuBo i€ Ha CIM3UCTI OOOJOHKHM JUXAJbHUX HUIIXIB 1 HA
HIKIpY, 10 HABOJAUTH JI0 AEPMATHUTIB.

OcHOBHI 3ac00M TeXHIKM 0€3MeKH — repMeTH3allis arnapaTypH 1 yCTaTKyBaH-
HSl, HASIBHICTH NMPUIUIMBHUN BUTSDKHIN BEHTWIALIT B TPUMIIICHHI TPOBEACHHS PO-
01T 1 BUTsDKHA mada Ui BUTOTOBJIEHHS NMEYaTHUX IUIAT 1 MOHTaXy KOMIIOHEHTIB
nasiHHAM (puc. 4.2).

Butspkaa mada ocHamena BentuiisitopoM mogem CE 140L-125. Bentuns-
TOp Ma€ KPWJIbYATKU 13 3aJIOMJICHUMH BIIEpE JIOMATKaMU 1 IBUTYH 13 30BHIIIHIM
poropoM. Kopriyc BUrOTOBIIEHUH 3 JIMCTOBOI CTaji, 110 rajibBaHizyeTbes. i 3a-
XHUCTY JIBUTYHA BiJ MEPETpiBy BEHTWISITOP OCHAIICHUA BOYJOBAHMMH TEPMOKOH-

TaKTaMHU 3 PYYHHM IICPC3aITyCKOM.
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Pucynox 4.2 — BuTtsbxna mada a1 BATOTOBIICHHS ITEYaTHUX TUIAT
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4.3 BupobHuua caHiTapis

Y BUpOOHMYMX MPUMIIIEHHAX, B IKMX po0OOTa Ha BiJcO TepMiHaAIaX 1 Mepco-
HAJIBHUX KOMI'IOTEPAx € JOMOMIDKHOIO, TEMIIEpaTypa, BITHOCHA BOJOTICTH 1 MIBU-
KICTh PyXy IOBITPS HAa POOOYMX MICIISIX TOBUHHI BIAMOBIIATH IFOYUM CaHITApHUM
HOpMaM MIKPOKJIIMAaTy BUPOOHHYHUX MpHUMileHb [28].

Y BUpPOOHMYMX MPUMILIEHHSX, B IKUX poOOTa Ha BiJIeO TEpMiHATIaX 1 Mepco-
HAJIBPHUX KOMIT'IOTEpaxX € OCHOBHOIO, TOBHHHI 3a0€3MeYyBaTUCS ONTUMANIbHI Tapa-

METpU MIKPOKJIIMATY BIAMOBIAHO 10 Ta0iwui 4.2.

Tabmuug 4.2 - OnTuManbHI HOPMU MIKPOKJIIMATy JJis MPUMILIEHB 3 Bi€O-

TGpMiHaJIaMH 1 IICPCOHAJIBHUMHU KOMH'IOTepaMI/I

Tenmepatypa | Bigeocsa Bo- | [IergricTe
Tlepiog Kareropia ; . ) .
MOEITpA, TOTICTE pPVXY MOBITpA
PoRY pooit °C (He Dimeme)| MOBITPA Yo M'c
Xomogani Jlerka—1a 22-24 40-60 0.1
Tenmi Jlerxa —1a 23-25 40-60 0.1

Jlo xareropii 1a BiqHOCSATBCS POOOTH, SIKI BUKOHYIOTBCS CHISYH 1 1110 HE BH-
MararoTh (pi3MYHOI HANPYTH, MPHU SKUX BUTpaTa eHeprii cknanae g0 120 kkan/4. [o
Kareropii 16 BITHOCATHCS pOOOTH, sIKI BUKOHYIOTHCS CUISYH, CTOSIYM abo TOB's13a-
HI 3 X000 1 TaKl, IO CYHIPOBOKYIOTHCS ACSKOI (PI3UYHOIO HAIMPYTOl0, MpHU
SAKUX BUTpata eHeprii ckiaaae Big 120 go 150 kkan/roa.

VY npuMilieHHI TPOBEICHHS €KCIIEPUMEHTY MiIATPUMYEThCSI MIKPOKJIIMAT Bi-
JIMIOB1THUI HOpMaTHBaM, JIJIsl KaTeropii pooiT «Jlerka — 1ay

Epronomiune posramryBaHHs ~ poOOYOro  MicTa 3a  MEPCOHATBHUM
KOMII FOTEPOM OILIHIOETHCS BUMOTAMU:

- JI0 Bi3yaJIbHMX NapameTpiB 3aco0iB BiIOOpakeHHs 1H(popMallii 1HIMBiTya-
JHLHOTO KOPUCTYBaHHS,

- 1o emiciiiaux nmapametrpiB IIK - mapameTpiB BUNPOMiIHIOBaHb JUCIUIEIB,

CUCTEMHUX OJIOKIB, JDKEpeIl )KUBJICHHS, 30KpemMa O6e3aBapiiiHoro, 1 1H.
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Po6ota 3 nucrnessMu npu HEMpaBUIBHOMY BHOOP1 SICKPABOCTI 1 OCBITJIEHOC-

Tl €KpaHy, KOHTPACTHOCTI, KOJbOPiB 3HaKIB 1 (pOHY, 3a HASBHOCTI BiJOJIMCKIB Ha

€KpaHi, TPEMTIHHS 1 MUTTIHHS 300pa)KeHHS - TIPUBOJUTH JO 30POBOTO CTOMJICHHS,

TOJIOBHUX OOJIB, 0 3HAYHOTO (Di310JIOTIYHOTO 1 TICUXIYHOTO HAaBaHTAXKEHHS, /10
TIOTipIIIEHHS 30Dy .

BizyanpHi mapamMeTpu 1 CBITJIOBHM KJIIMaT BU3HAYaIOTh 30POBHH JHCKOM-

bopT, KMl MOXKE BUSBIATUCA MPU BUKOPUCTAHHI OyAb-sIKUX TUIIIB €KpaHIB JUCII-

JI€TB, - HA EJIEKTPOHHO-TIPOMEHEBUX TPYOKaxX, PIIKOKPUCTAIYHIX, Ta30PO3PATHUX,

eJIEKTPOJIFOMIHECLICHITISX MaHeN X a00 Ha THIIUX (PI3UYHUX TPUHLIUIIAX.

4.4 EnexktpobOe3neka

Jiist 3a0e3neueHHs 3aXUCTy BiJl MOPa3Ku €IEKTPUYHUM CTPYMOM Y BUKOPHC-
TOBYBaHHUX €JIEKTPOYCTaHOBKaX MOBUHHI 3aCTOCOBYBATHUCS TEXHIYHI CIIOCOOM 1 3a-
cOOU 3aXHUCTYy.

[IpumimeHHss 3a CTymeHEeM HEOEe3NEeKH YPaKCHHS oAU EIeKTPUUYHUM
ctpymoMm BianoBigHo 10 [IVE 1 JICTY 12.1.013-78 sBasieTbcst mpUMIlIEHHSIM 0€3
nigBuieHoi Heoesneku. [IpumineHHs cyxe, 100pe omaatoBaHe 3 CTPYMOHENPOBI-
JTHOIO MiJIororo, 3 Temieparyporo 18-24 °C, 3 Bosorictio 40-50%. 3 enexkrpoycTa-
TKYBaHb B HbOMY 3HaXOJSIThCA BIJICO TEPMiHAIBbHI IPUCTPOT Ta YIOOBI CTEHIH, SIK1
3HaxoAAThes mig Hanpyrow U =220 B, yacrotoro f= 50 I'w.

Bubip Toro a6o inmoro crnoco0y abo 3aco0y 3axucty (abo ix moenHaHb) B
KOHKPETHOMY €JIEKTPOIpHIal, 1 eEeKTUBHICTh MOTO BXKMBAHHS 3aJIe’KaTh BiJI Ii-
JIOTO pAJly YAHHHKIB, Y TOMY YHCI BIJI:

- HOMIHAJILHOT HATIPYTH;

- poay, GOpMH 1 YaCTOTH CTPYMY BUKOPHUCTOBYBAHOTO TIPUTIATY;

- criocoOy eJleKTporocTadyanHs (BiJl CTallioHapHOT MEpeXk1, BiJl aBTOHOMHOTO
JDKeperta JKUBJICHHS €JIEKTPOCHEPTIE0);

- BUIJISILy BUKOHAHHS (CTalllOHApH1, IEPECYBHI, IEPEHOCH]);

- YMOB 30BHINIHBOTO CEPETOBHUIIA;
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- CXEMH MOXJIMBOTO BKJIIOYEHHS JIIOJWHU B JIAHLIOT MPOTIKAHHS CTPyMY
(mpsimuii oHOA3HMMA, IPSAMUN TBOGA3HUIN TOTUK; BKIIOUEHHS I HAMPYTy KPO-
Ky);

- BUTJISIY poOIT (MOHTaX, HaJlaaKa, BUIIPOOYBaHHS) 1 1H.

OCHOBHUMU TEXHIYHHUMH 32C00AMHU 3aXHCTY €:

- 3aXHMCHE 3a3€MJICHHS;

- aBTOMAaTHYHE BIIKIIOYCHHS KUBJICHHS (3aHYyJICHH);

- IPUCTPOI 3aXUCHOTO BIJIKJIFOUECHHS;

- 1307111151 CTPYMOIIPOBITHUX YaCTHH.

[Tpunuun podotu I13B (puc. 4.3) nossrae B ToMy, 1110 BOHO OCTIIHO KOHT-
POJIIO€ BXIIHUM CUTHAJ 1 MOPIBHIOE HOTO 3 HANepes 3a/1laHOl0 BEIMYMHO0. K10
BXIJIHUM CUTHaJI MEPEBUIIYE BCTAHOBJICHE 3HAYEHHS, TO MPUCTPIH CHpPalbOBYE 1
BIJIKJIIOYA€E 3aXUIICHY €JIEKTPOYCTAaHOBKY BiJl Mepexi. SK BXiJHI CUTHAJIM TpH-
CTPOIB 3aXMCHOTO BIJKJIFOUEHHS BUKOPUCTOBYIOThH Pi3HI MapaMeTpH €JIEKTPUUHUX
MEpPEX, sIKI HECYTh B c001 1H(OpMAIIIO PO YMOBHU MOPA3KH JIFOJUHH €IEKTPUUHUM

CTPYMOM.

Pucynok 4.3 - IIpocTa cxema npuCTpOIO 3aXHCHOTO BIIKJIFOUCHHS

OCHOBHUMHU €JIeMEHTaMH OylIb-KOTO MPUCTPOIO 3aXHCHOIO  BIJIKIIIO-
YEeHHs € JaTYUK, IEPETBOPIOBAY 1 BUKOHABYUI OpraH.
OCHOBHMMH TapaMeTpamu, Mo SKUX miaoupaerbes e ado iHmi [13B e: Ho-

MIHaJIbHUN CTPYM HaBaHTaXEHHsI, TOOTO poOOYMil CTPYM €JIEKTPOYCTAHOBKH, KU
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IPOTIKa€e uepe3 HOPMaJIbHO 3aMKHYTI KOHTakTu [I3B B ueproBomy pexxumi; HOMi-
HaJbHA HANpyra; BCTAHOBJEHE 3HAYEHHS HANpPYTH; 4Yac CHpPalbOBYBaHHS MpH-

cTporo [28].

4.5 TloxexHa O0e3rneka. TexHoreHHa oesreka

BupoOHuTBO HamiBOpoBiTHUKOBUX Tpuianais, 3rigHo JIbH B.1.1-7-2002,
BIJIHOCHUThKCS JI0 KaTteropii b, ockinbku 116 BUPOOHUIITBO 3B's3aHE 13 3aCTOCYBaHHAIM
PEYOBHH CIUPTY 1 alleTOHY 3 TeMIeparypoto cnanaxy napu Big 28 mo 60°C ropro-
yux rasiB. J|Jisl 3HMKEHHS MOXKEKHOT HeOE3MeKH BUKOPUCTOBYIOTh OOMEXEHY Ki-
JBKICTh MaTepialliB sIKi 00€pPTalOThCA B MPOLIECt, 30epiratoThes, 3/JaTHI TOPITH.

XapakTepHUMHU MPUYMHAMHU BUHUKHEHHS TIOKEX B JlabopaTopii € Heobepe-
JKHE TIOBOJKCHHSI 3 BOTHEM, MOPYIIEHHS TEXHOJOTIYHUX MPOILIECIB, HEMPaBUIIbHI
CJIIEKTPOIIPOBOJIKM 1 yCTaTKyBaHHS, HEMPABUIbHE KOPHUCTYBAHHS EICKTPUIHHMHU
npwianamu 1 4. Jjis mabopaTopii BCTAaHOBIIEHA KaTeropis MOKeXHOT Hebe3neku B.

OcHoBHI1 Oy/iBeIbHI KOHCTPYKIIi OyA1BIl, B SIKIM 3HAXOAUTHCS AUISTHKA, BU-
KOHaHI 3 THX, 10 HE 3roparoTh 1 BAKKO 3ropaloTh MaTepialliB, 110 LETeIbHUX 1 BU-
MITYKaTypiooTh. OTKe, BOTHECTIMKICTh OY/iBI1 Mae 2 piBeHb. J[ns eBakyairii Jito-
Jel Ha BUNaAoK noxexi, 3riqao JIBH B.1.1-7-2002, B naGopatopii € 1Ba eBaKya-
IIHI BUXO/Y, PO3TAIIOBAHUX B MPOTHJICKHUX KIHISAX MPUMIIICHHS AUISTHKHA. [1T1-
puHa ABepei 1 cxo/iB piBHA 1,6 M, 1O BIAMNOBIA€ HOPMI.

BiacTtanp Bij HalOUIbII BUAAJIEHOTO pOOOYOro MICIs 10 HAWOIMKYOro BHU-
xony — 15 m. IlIBuaKicTs epecyBaHHs Jrofei pu eBakyairii — 16 m/min [28].

3riIHO MpaBWJIaMH BJIAIUITYBaHHS enekTpoycTaHoBok IIBE, Oynisis, B skii
3HAXOAUTHCS JUISTHKA 1O 3aX0jaX 3aXHCTy Bia OJMCKABOK, BIIIHOCUTHLCS JIO KaTe-
ropii 3 1 3aXUIIAEThCS BiJl MPSIMHUX YJAapiB OJIMCKABOK, 1 BiI 3aMETy BUCOKHX TOTE-
HIIIAJIIB Yyepe3 3eMIIt0, TOOTO MiJA3€MHI METalieBl KOMYHIKallli MPUETHYIOTHCS MIPU
BBEJICHHI B O0'€KT, L0 3aXMUIAE€THCA, JO 3a3€MIIIOBAyiB €JIEKTPOYCTATKYBaHHS.

OTxe, rp0303axKCT 3aCHOBAaHUI Ha CTEPKHEBUX TPOMOBIIBOAAX.
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Jlist monepeKeHHS TIOYKEeX Ha JUISHIN HEOOX1THO CTBOPUTH CTPOTHHU TIPO-
TUTIOKEXKHUHN pexuM. CTBOPIOEThCS 3arajibHO 00'eKTOBa 1 JabopaTopHa 1HCTPYK-
uig no I1b, mpoBoaAUTHCA MEPBUHHUIA MPOTUIOKEKHUN THCTPYKTAX HA POOOUOMY
MICIIl; CTBOPIOETHCS TJIAaH MPOTHUITOKEKHUX 3aXOIB 1 €BaKyallii Jroei Ha BUMa-
JIOK TOXKEXKI.
Sk BOrHeracHi peuOBMHU MO>KHA 3aCTOCOBYBATH BOJY, BYTJIEKUCIOTY, XIMi-
YHy 1 MOBITPSIHO-MeXaHIyHy miHy. [[ns raciHHs BOTHHMI ycepeauHi OymiBii Ha
MalJJaHYMKaxX CXOJIOBUX KIITOK, B KOPHAOPaX 1 OTBOPI BCTAHOBIIOIOThH MOMXKEKHI
KpaHH, sIK1 po3MilIeHi B madax, e 3HaXOAUThCS 1 PyKaB 3 MPOTUIIOKEKHUM CTBO-
JoM. [Iy1st TaciHHS MOXKEX eEKTPOYCTAHOBOK BUKOPHUCTOBYETHCS BYTIICKUCIHI BO-
rHeracHUK OVY-2, B KIJIbKOCTI IBOX BOTHETACHUKIB HA MPHUMIIIEHHS. [CHYIOTh 110-
KEeXKHA eJeKTPUYHA CUTHAJI3allis, sika 3a0e3euye NpsMHU 3B'SI30K MOXKEAKHOI 0XO-
POHH 3 OXOPOHHUM 00'ekTOM. Y naHiii OyAiBJIl 3aCTOCOBYIOTH 3BYKOBY CHCTEMY
curdainizaiii. [Ipu nmosiBi CUTHaTy CIOBIIIEHHS PO MOXKEXKY CIIBPOOITHUKH J1ab0-
patopii Ne 216 opranizoBaHo 0e€3 MaHIKA MOKUIAIOTh JJA0OPATOPIIO 1, 3aJI€KHO BiJl
MICLS Clajaxy, CJiaylTh a00 BIIIBO 4Yepe3 Ja0opaTOpHUN KOPMYC ISl BUXOAY Ha
Byuio Jlooponto6oBa, abo ynpaso ajist Buxoay Ha Bynuito 40 pokiB PaasHchKOi

VYkpainu (puc. 4.4).

eyn. 40 pokie PagaHckal YKpaiHu
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PucyHnok 4.4 — Ilnan eBakyauii npu moske:xi i3 ayauropii Ne 216
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4.6 Po3paxyHOK 3aXHCHOI0 3a3eMJI€HHSA

3a3eMJICHHIO TIUISTal0Th BUMIPIOBAJIbHI YCTAHOBKHM, HAINpyTa >KUBJICHHS
saxux 220 B. V sxocTi 3a3emiitoBada Bi3bMEMO CTaJIeBl BEPTHKAIBHI CTEPXKHI JOB-
xuHo0 | = 2.5 M, miamerpom d = 0.04 M, giamerp croaydnoi cmyru b = 0.04 M.
KoHTyp 3a3emiieHHs] pO3TalIOBaHO HA TOPU30HTAILHOMY MaliIaHUUKY OiJIsl KOPITY-
cy akajemii. ['pyHT — CyrIMHOK.

Jonyctumuii ormip 3azemiitorouoro npuctporo (R,) nopisaioe 4 Om [28]. Bu-
3HaYUMO MTUTOMUH €JIEKTPUYHUN OITip IPYHTY (CYTJIMHKY), p sKoro fnopiBHoe 100
Om-Mm [28].

Po3paxyemMo orip po3TikaHHS CTPYMY OJHOTO BEPTUKAIBHOTO CTEPIKHS:

R P Al 100 | 4-25

. L n _35.10
o4 " d  2.314.25 004 M (4.1)
[IpuitMmeMo 4HCIO 3a3eMITIOBAYIB:
R, 351
ne N1 g0 g
A @2

n

Bu3sHaunMO 10BXKHUHY TOPU30HTAIBHOI CMYTH (IIO KOHTYPY):
| =a-n (4.3)
1€ a — BIACTaHb MK BEPTUKAJILHUMU €JIEKTpOJIaMu (a = 2 M)
| =2-9=18 m (4.4)
Omnip ropu30HTAIBHOT CMYTHU:

p 4l _ 100 | 418
7-1, b 31418  0.04

R,. = 13.2 Om (4.5)

KoedimienT expanyBaHHs AJ11 BEPTUKAIBHOIO 3a3eMitoBayva [28]:

0.68+0.56
n, =———— =0.62 (4.6)
1 JIsI TOPU30HTAIIBHOT CMYTH
0.3+04
n=——% = 0.37 (4.7)

Onip rpynu BEpTUKAIbHUX 3a3€MJIIOBAYIB:
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R 35.1

R =—%2= =6.3
2p n. 776 9 ] 062 OMm (48)

Onip ropu30HTAIBHOI CMYTH 3 BpaXyBaHHAM €KpPaHYBAaHHS:

R, 132
L =—2="—"-=356
T 037 Om (4.9

Omip 3a3emilIoBaya B IJIOMY:

n _ R, R _ 63356 _
* R, +R, 63+356

3 Om (4.10)

Sk BUIIHO, Omip 3a3eMilioBaya NepeBullye HopMatuBHuil (4 OM), ToMy 301-
JBIIUMO KUTBKICTh 3a3€MJIIOBAYiB:
n=10
TOJI1 OMip 3a3eMJiItoBayva B IiIomMy ckiane R, = 4.6 Om, mio tex Ounbiie R,,.
Skmon=11, o R,=4.2>R,.
Skmon=12, o R,=3.99< R,.
Yucio 3a3eMiitoBaviB JOPIBHIOE 12, siKi po3MILIEH] MO KOHTYPY 30BHIIIHBOL

JIISIHKY, SIK TIOKa3aHO Ha PUCYHKY 4.5.

— ZOBHIIIHA AUTIHKA

T'pyHT - CYIJIHHOK

1 — 3azemutroBayi

2 — €JIEKTPOYCTATKyBAHHS 110 3a3EMJITFOETHCS

3 — CIoJy4Ha cMyra

Pucynox 4.5 — Po3MitieHHsT 3a3eMITIOIOUNX €JIEKTPOIB HA 30BHIMIHINA JIiJIs-

HIIl Ta CIIOJIYYHOI CMYTH J1a00paTopii MPOBEAEHHS EKCIIEPUMEHTY
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TakuMm 4WMHOM, JIIi BUKOHAHHS 3aXMCHOTO 3a3€MJIEHHS BUKOPUCTOBYETHCS
12 BepTukanbHuX cTepxkHIB niamerpoM 0.04 M, 3aBAOBXKKH 2.5 M, KOXKEH 3 SKUX
mae omip 31.5 Om. Omnip cnosyunoi cmyru 13.2 Om. Omip 3a3emitoBayiB B LIJIOMY

ckaazae 3.99 Owm, 1o 3abe3nedye Oe3rneuny podoTy Ha yCTaHOBKAx jJabopaTopii.

BUCHOBKH TA PEKOMEHJIALIII

Oco0suBe Miclie B aBTOMAaTu3allii NiATPUMKH KIIMaTUHYHUX NapaMmeTpiB Ha-
JICKUTH PETYISITOPAM TEMIIEpaTypH Ta BOJIOTOCTI, SIKi IIUPOKO BUKOPHUCTOBYIOTHCS
SK y )KUTIIOBUX TMPUMIIICHHSX, TaK 1 HA MAMPUEMCTBAX XapuoBOi, 1 JIETKOT TPOMHU-
CJIOBOCTI, CIILCHKOTO rocnojaapctBa. Po3poOieHa MojysibHa cUCTeMa KOHTPOJIIO
JI03BOJISIE MIATPUMYBATH 111 MApaMeTPU MIKPOKIIIMaTy y 3aJaHuX Mexax. Jlo npu-
Jaay MokHa miakmrouuTH 1Ba gatuuku (DHT11/22), siki MaroTe pi3HI J1ana3oHu
BUMIPIOBAaHUX BEJIMYWH, IBUAKO/AII0, a BIAMOBIIHO 1 MiHY. Lle 1ae MOXIUBICTh KO-
pucTyBady oOpaTu HEOOXIHUI 1 HE MeperIadyBaTu 3a HEMOTPIOHUH (PYHKITIOHAI.

[Tin yac po3pobku ocoOnauBa yBara MPUALIIIACS YHIBEPCAJIBHOCTI CXEMHU.

PeanizoBana MOXJIUBICTh OHOBJIEHHSI MPOTPAMHOTO 3a0€3MEUCHHS PEerysaTopa Ha
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iati, 6e3 HeoOX1AHOCTI JEMOHTaXy MIKPOKOHTpoOJiepa, a OUIbIIICTh €IEeMEHTIB
IPUETHYIOTHCS A0 IJIATH 3a JOMOMOTOI0 KOHEKTOPIB, 110 TO3BOJISE JIETKO 3aMiHH-
TH HEOOX1HUH y pa3i moTpeoOu.

VY mporieci po3poOku Oyiio BUBYEHO O€3/114 BITYM3HIHHX 1 3apyOIKHUX JIKe-
pen iHopmarrii mepexi [HTepHeT, TEXHIUHI XapaKTePUCTUKU HEOOX1THUX eJIeMEH-
TiB JIUIsl CTBOPEHHS PETYJISATOpa TEMIIEPATypH Ta BiIHOCHOI BOJIOTOCTI MOBITps. by-
J¥ CTBOPEHI aNrOpUTM pOOOTH Ta MpOorpaMHe 3a0e3MedeHHs peryisTopa Ha 0asi
MIKpOKOHTpOJIEpA.

Ha miacraBi npoBeneHux poOIT MOKHA 3pOOUTH HACTYTIHI BUCHOBKH:

1. Po3paxoBaHO Ta 3MOAENBOBAHO ABTOMATUYHUN PETYIATOP TEMIIEPATYPH
Ta BIJTHOCHOI BOJIOTOCT1 MOBITPSI.

2. Po3po0ieHi anroputm, cxema eJleKTpuyHa MPUHIUIIOBA Ta MeYaTHa IuiaTa
perynaropa.

3. CTBOpeHMIi TECTOBHI 3pa30K MpUIIALy.

4. Ilix yac po3poOku OyJia 3acTOCOBaHa cydyacHa e€JIeMEHTHa 0aza, 1o J0-

3BOJIMJIO MIHIMI3yBaTH CXEMHE PIIIEHHS Ta 3HU3UTH COOIBApTICTh MPUIIALTY.
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BucnoBku Ta pexoMeHaarii

1. Po3pobriena MoaynpHA CHCTEMa KOHTPOJIIO J03BOJISIE MIATPUMYBATH Tia-
pamMeTpu MIKpPOKJIIMaTy y 3aJaHux Mexax. Jlo mpuiamy MoKHA MiIKIIOUYATA JBa
natunku (DHT11/22), sixi MatoTh pi3Hi Ailama30HUM BUMIPIOBAHUX BEJIMYHH, HIBUI-
KOJI110, a BIJIMOBIAHO 1 IiHY. e 1a€ MOXKIMBICTh KOPUCTYBauy 00paTh HEOOX1THUM
1 HE TIepeTIavyBaTH 3a HEMOTPIOHUHN (DYHKITIOHAT.

2. PeanizoBaHa MOJIMBICTh OHOBIICHHSI NMPOTPAMHOTO 3a0€3TCUCHHS pPery-
JsATOpa Ha IUiaTi, 0e3 HEeOOXITHOCTI AEMOHTaXy MIKPOKOHTpOJepa, a OlIbIIICTh
CJIEMCHTIB TPHEIHYIOTHCA M0 TUIATH 3a JOIMOMOTOI0 KOHEKTOPIB, IO JIO3BOJISE
JIETKO 3aMIHUTH HEOOX1THUHN y pa3i MOTpeOH.

3. Po3po6reHi airoputM poOOTH Ta IporpaMHe 3a0€3IMEeUEHHs peryasaropa
Ha 0a31 MIKpOKOHTpOJIEpa, CXeMa eJIeKTPUYHA MPUHIIMIIOBA Ta TeYaTHa IjiaTa pe-
TYJISTOpA, K1 BIPI3HAIOTHCS BiJ] ICHYIOUMX aHAJIOTIB YHIBEPCAIBHICTIO.

4. Ilixg yac po3poOku OyJia 3acTOCOBaHa CydyacHa €JIeMEHTHa 0aza, 1o J0-

3BOJIMJIO MIHIMI3yBaTH CXEMHE PIIIEHHS Ta 3HU3UTH COOIBApPTICTh MPUIIALTY.

PekoMeHny€eThCS BUKOPUCTATH Pe3yJabTaTH POOOTH Uil MOJAJIBIIOI MOJIEp-

Hi3aIli1 TpuIaay 3 METOI pO3MUPEHHS QYHKIIIOHATEHUX MOXKIMBOCTEH.
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Homatox A
1los3. Hatimenysanus Kinox Lpum.
Ilo3nau.
Knonku
S1-S5 SMD 12x12-17.0
Pesucmopu
R1, R2, 10 kOm 250 mBm
R4, R6,
R8, R10
R3, R5, 5.6 kOm 250 mBm
R7,R9
Jlioou
VD1- VD4 1N4148
Jlamuuxu
DA3 DHT 11/22
Cmabinizamopu Hanpyau
DA2 LD1117S33CTR
Konoencamopu xepamiuni
Cl, C2 KI0O—176—-22n® £5%
C3 KI0—-176—- 100 u® £ 10%
Pezonamop
Crl HC —49S 8 MI'y
Jucnnet
HG1 Nokia LCD 5110
Tpansucmopu
Tl —-T4 BC547
Mixpoxonmponepu
DAl Atmega8
OEEIT 153 [1P
Nim Maca Macwmab
B;M [luom } o dokyw. [Tonuc { Hama CxeMma enlekmpuyHa npuHyunosa
03p0b.
KepisHuk peeynsamopa
KoHcynbm. Jluem | JSluemie
H. kormp.
Sameepdue




