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

Kadenpa inpopmamiitHux TeXHOJIOT1H Ta CHCTEM

Yunuenko Baaguciaas IlaBioBuu

HNPOEKTYBAHHSA CUCTEMU KOHTPOJIIO MIKPOKJIIMATY B
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kBasidikaniiina podora
3100yBava BUIIOI OCBiTH mepiioro (0akajaBpchbKoro) piBHs
ocBiTHBOI Mporpamu «KomMn’oTepHa iH:KeHepis»

3a cnenianbHicTIO 123 Komn’oTrepHa iHxkeHepist

OcolOucTuii miaImc Bnagucnas YHUYEHKO

HaykoBuii kepiBHHUK Bonogumup JIOHUYEHKO,
CTapIlIUK BUKJIaJa4
kadeapu iHGOpMAIIHHUX TEXHOIOTIN
Ta CUCTEM

3aBimyBau kadeapu Muxkona CEMEHOB,
KaHIUJAT TeAaroriuyHuX HayK, JTOIEHT
kadeapu iHGopMaIiiTHUX TEXHOJIOT1H
Ta CUCTEM
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MiHicTepcTBO OCBITH | HAYKHM YKpaiHU
Jep:xaBumii 3aknan «Jlyrancbknii HAIOHAJILHUN yHIBepCHTET
imeni Tapaca LlleBuenka»
®axynbrer (1HCTUTYT)  HaBuanbHO-HAYKOBHIl IHCTUTYT (DI3UKH, MAaTEMAaTUKH Ta
1H(OpMaIIHHUX TEXHOJIOTII

(oBHa Ha3Ba)

Kadenpa [HdopMaLIITHUX TEXHOJIOTIH Ta CUCTEM
(oBHa Ha3Ba)
OcCBITHIH CTyIIEHb bakanasp
(xonx, Ha3Ba)
Hampsim niaroroBku 123 Komn’roTepHa iHXeHepisl
(xonx, Ha3Ba)
3ATBEP/IXXVIO
3aBigyBau kadenpu  ITC
M.A. CemeHoB
(mmiamuc) (iniuianu, npispuuie)
“ o7 2022 p.
3ABJJAHHSA

HA JJUIIJIOMHU IPOEKT (POBOTY) CTYJEHTY
YuuueHky Buanucinasy IlaBinosuuy

(mpi3Buie, iM’s1, 110 GaTHKOBI )

1. Tema npoekrty (po6otr) IIpoEKTYBaHHS CHCTEMH KOHTPOJIIO

MIKPOKJIIMATy B OpaHkepei

KepiBHuk kBamidikamiitHoi poooTu Jongenko B.1O. crapumii Bukinagau

(mpi3Buiue, iM’s, 10 6aTPKOBI, HAYKOBHIi CTyIIiHb, BUCHE 3BAHHS)

3aTBEpP/KEHA HAKA30M 10 YHIBEPCUTETY BiJ

2. CTpOK MOJaHHS CTYyICHTOM MPOEKTY (POOOTH)

3. Buxigni nani 10 po6otu (IpoexTy) Po3pobneno makerny maty bKJIII,
sKa Ma€ BC1 HEOOX1JH1 KOMIIOHEHTH JyIs 3a0e3nedeHHs podotu [13, mo

pO3p00JIIETHCS.

(BU3HAYAIOTHCS KiTbKicHI a00 (Ta) AKiCHI MOKAa3HUKH, SKMM TTOBHHEH BiJNOBiNaTH 00 €KT po3poOKH)

4. 3MiCT pO3paxyHKOBO-TIOSICHIOBAJIbHOT 3aMMUCKU (TEpesIiK MUTaHb, K1 TOTPIOHO
po3pooutn) AHAJII3 CUCTEMU VITIPABJITHHL.

HOHATTS ITPO TEMIIEPATYPY TA BOJIOT'ICTb ITPMCTPOI JIJIS

BUMIPHOBAHHA TEMIIEPATYPU I BOJIOT'OCTIL.

PO3POBKA IMPUHIIUITIOBOI CXEMU ITPUCTPOIO.

(BU3HAYAIOTHCS HA3BU PO3JLIiB a60 (Ta )epeltik MUTaHb, sIKi IOBUHHI yBiiiTi 10 Tekcty I13)

5. Ilepenik rpadigHoro Marepiany (3 TOYHUM 3a3HAUCHHSIM 00OB’I3KOBHX KPECJICHD)




6. KoncynpranTu po3aiiiB IpoeKkTy/poboTu

) . ITignwuc, mata
) [pi3Bwuiie, iHiiaJA Ta ocaaa
Po3ain 3aBJIaHHS 3aBJIaHHS
KOHCYJIbTaHTa 9
BHAB HPUIHSB
7. Jlata Bumadi 3aBAaHHS ,, ” 2022 p.
KAJIEHJIAPHUU IIJIAH
No Ha3Ba etamiB AumioMHOTO Crpok BukoHanHs | [ TprmiTka
3/m poeKTy (PoOoTH) €TariB MPOCKTY
(poboTtH )

Bubip Temu poOGOTH, BHBUEHHS HAYKOBOI JITEpaTypH,
3aTBEP/UKCHHS TEMU Ta KepIBHUKA.

o 15 »oBTHs

AHaJi3 JiTepaTypHUX JKepell 3a TeMoro pobotu. Po3pobka
Ta ampobaiis METOAUKU JOCIiIHO-eKCIIePUMEHTAIbHOL
poboTwu.

[TogaHHs CTPYKTYpH TEOPETHMYHOI YAaCTUHM pPOOOTH Ta
IJIaHYy CKCIICPUMCHTAJIbHUX I[OC.]'Ii)I)KeHI).

HApyruii TH>K1eHb
aucTonana
(10 nucromana )

Po6oTa Haj TEOPETUYHOIO YACTHHOIO.
[TonanHs TEOPETHMYHOI YAaCTUHU POOOTH
YUTAHHS] HAYKOBUM KEPiBHUKOM.

JUISL TIEPILIOTO

o 15 rpynus

VcyHeHHS  3ayBaXkeHb,  ypaxXyBaHHS
HAYKOBOT'O KE€piBHHKA.
[TogaHHs TeOpeTHYHOI YaCTUHH POOOTH HA IPYyTe YNTAHHSL.

pEeKOMEH 1Al

Jlo 28 ciuns

[IpoBenennss exkcnepuMmeHtasibHOi poOoTu. IloeranHuii
aHajiz Ta oOroBopeHHs i1 pesynbTaTiB. [lepeBipka craHy
BUKOHAHHS pOOOTH.

[Tepmnii THXKIEHB
oepesHs

VpaxyBaHHS  pEeKOMEHJAIlili  HAyKOBOTO  KEepiBHHKa,
YCYHEHHS HEJONIKiB, MIATOTOBKa BapiaHTa poOOTH [0
HepeI3axucTy.

Po3pobka mpe3eHTartii.

Mo 31 Gepesns

[Tomepeaniii 3axucT poboTH Ha Kadeapi

KBITEHb

JloonpaitoBanHst poOOTH 3 ypaxyBaHHSIM pPEKOMEHalln
micnsg  mepenzaxucty. IlomaHHs poOOTH  HAayKOBOMY
KEpIBHUKOBI Ta PEIEH3E€HTOBI HAa MIATOTOBKY BIATYKY Ta
peneHsii

3a 10 guiB 10
Jep’KaBHOI arecTarii

[Toganns Ha Kadeapy OCTaTOYHOTO BapiaHTa poOOTH,
MNEepCIICTCHOI'O  Ta HiHHI/ICEIHOFO ABTOPOM, HAYKOBHM
KEPIBHUKOM 1 PEIICH3EHTOM.

3a 5 mHIB 10
JepKaBHOI aTecTarlii

Crynenr Brnagucnas YHUYEHKO
e (imiianm, npizBuiLe)
KepiBHuk npoekry (podoTn) Bosnogumup JOHYEHKO

TMIIHC

(iHiLiany, npi3BHIIe)



AHOTALIA

Yuuuenko B. I1.

Tema: IIpoekTyBaHHSI CHCTEMH KOHTPOJIIO MiKPOKJIIMATy B OpaH:Kepel.

Crenianbhnictb: 123 «Komm’ oTepHa iHKeHepis»

Ycranona: JIHY imeni Tapaca llleBuenka, 2023 p.

BakanaBpcbka podora mictuth: 73 c., 35 puc., 12 Tabm., 55 mxepen.

O06’exkTOM J0CTITKeHHsI € opamkepei sAK 00’€KT aBToMaTH3alii Ta
yIOCKOHAJIEHHS! CUCTEM aBTOMAaTHYHOTO KEpyBaHHSI.

IIpeamer nociigskeHHs1 — MaTEMaTUYHA MOJIENh MIKPOKJIIMATy 1 CHCTEMa
aBTOMATUYHOT'O KOHTPOJIIO MapaMeTpiB MIKPOKJIIMATy B OpaHKepei.

Mera poGoTm — po3poOKa aBTOMATU30BAHOI CHUCTEMU KOHTPOIIIO
MIKPOKJIIMaTOM OpaHkepei Ha OCHOB1 MAaTEMaTUYHOTO OCIIIKEHHS MIKPOKJIiMATY.

Pe3yabTatu pobotu. [IpoBeneHo aHaii3 ICHYHYOro BUTIISAY HPHUCTPOIO,
BUKOPHCTOBYBAHOTO JJIsi KOHTPOJIO BOJIOTOCTI 1 TeMIEpaTypu B opaHxepei Ha
ocHoBi matu Arduino Mega. Onrcano HeoOX1H1 yMOBH JIJIsI BUPOIIYBaHHS POCIUH
1 IpeicTaBleHa MaTeMaTUYHA MOJIEb OpaHXKepel MpU YIPaBIIiHHI TEMIIEPATYPOIO 1
BOJIOTICTIO TIOBITPSI, SIKa PO3pO0OJIeHA I 3aCTOCYBaHHS B OCBITHIX IIUISIX 3 METOIO
POJEMOHCTPYBATH (D13UUHI SBUILA, IO BIAOYBAIOTHCS B OpaH)Xepei 1 MpUHUHUIIN
yOpaBIiHAS MiKpokiiMaroM. OmucaHo eTanu po3poOKu Ta poOOTa €IEKTPOHHOTO
MPUCTPOIO aBTOMATHU30BAaHOI CHCTEMH YMPABIIHHS MIKPOKJIIMATOM OpaHXepei Ha
OCHOB1 MAaTEMaTHUYHOI'O JOCIIKEHHS MIKPOKJIIMATY.

BucnoBku. B pesynbrari po3pobku y gomatky Diptrace Oyna moOymoBana
cXeMma JIpyKOBaHOI IulaTh, Ha 0a3il sKoi OyJio CKOHCTpyWOBaHO TpHCTpiid. Bys

MPEACTABICHUN aJITOPUTM POOOTH MPUCTPOIO Y BUTIISIL OJOK-CXEMH.

Kurouosi ciiosa: MIKPOKOHTPOJIEP, TEMITIEPATYPA, DS18B20, AM2321,
ATMEGAL1G6.



ABSTRACT

Unychenko Vladyslav

Theme: Designing a microclimate control system in a greenhouse.

Speciality: 123 "Computer Engineering"

Institution: Luhansk Taras Shevchenko National University (LTSNU), 2023.

Diploma work contains: 73 pages, 35 Fig., 12 Table, 55 source.

A research object is greenhouses as an object of automation and
improvement of automatic control systems.

The subject of research is mathematical model of the microclimate and the
system of automatic control of microclimate parameters in the greenhouse.

An aim of work is development of an automated greenhouse microclimate
control system based on a mathematical study of the microclimate.

Job performances. The analysis of the existing appearance of the device used
for humidity and temperature control in a greenhouse based on the Arduino Mega
board has been carried out. The necessary conditions for growing plants are
described, and the mathematical model of the greenhouse is presented in the control
of temperature and humidity of air, which is designed for use for educational
purposes in order to demonstrate the physical phenomena occurring in the
greenhouse and the principles of microclimate management. The stages of
development and work of the electronic device of the automated microclimate
control system of the greenhouse on the basis of the microclimate math study are
described.

Conclusions. As a result of the development, the circuit board of the printed
circuit board was built in the Diptrace application, on the basis of which the device
was designed. The algorithm of the device's operation in the form of a block diagram

was presented.

Keywords. MICROCONTROLLER, TEMPERATURE, DS18B20, AM2321,
ATMEGAI6.
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BCTYII

1.1HaiiMeHyBaHHsI: CUCTEMHU KOHTPOJIIO MIKPOKJIIMATy B OpaHKepe.
1.2udgp MP: AIP-5
1.3MincraBa 1o Bukonanus I1P: I[lixcraBoro ays BUKOHAHHS AaHOI PO3POOKHU €

3aBJIaHHS Ha TUTIOMHUHN TIPOEKT.
1.4TepmiHu po3poOKMu:
1.4.1 Tlouatok 30 >xoBTHS 2022p.
1.4.2 3akinuenns 20 6epesns 2023p.
1.5 ®dinaHCcyeThCsI 32 paXyHOK KOIIITIB 3aMOBHUKA.

1. IMPU3HAYEHHS NPOAYKIII
1.1. Tlpu3HaveHHSH:
Ie# mpucTpiii mpu3HauYSHUM 111 KOHTPOJIIO MIKPOKJIIMATY B OpaHKepei.
2. TEXHHUYHI XAPAKTEPUCTUKHU

Bignik 4wacy mpoBoauThcs BeepeauHi MikpokoHTpodepa ATmegal6 3a
JIOTIOMOT'OI0 aCUHXpOHHOTO Taiimepa - T2. IIporpamuo chopmoBanuii Oy IuIBLHUK
M0/Ia€ CUTHAJ KOXHI Bl TOJMHU. BinoOpakeHHd yacy 1 1mojaya IHIIUX BI3yaJbHUX
CUTHAJIIB MPOBOJUTHCS 32 JOIMOMOTOIO CBITJIOAIONHOT MAaTpHIll 310paHOi 3 TPhOX
omokiB TC15-11. Kepyrouunii curaan gopMyeThCcsi B MIKPOKOHTPOJIEP] 1 MOAAETHCS
Ha OJIOK CBITJIOMIOTHUX MATPHIlh YEPE3 CUTHAIBHUHN MUICH(} 1 IBIITKOBO-AECATKOBUN
nemmdparop Ha mikpocxemi 74HCS95.

VY 3BHuUaliHOMY peXxuMI Ha eKpaHi BijoOpakaeTbcs yac B opMaTi roIMHHUK-
XBWJIMHHU. 3 IHTEPBAJIOM B OJHY XBWJIMHY B1IOYBa€ThCA 3aMyCK psiiKa, 10 OLKUTB.
Bisky4um psiaKOM B1100pa’kaeThCs IEHb THXKHS, 1aTa, PiK, TEMIEpaTypa, 1 BOJIOTICTh
B opamwxkepei. Ta, mo OLKUTH PAIOK HACTPOIOETHCS, TOOTO MOXKHA BKJIIOUUTH /
BUMKHYTH BiJloOpakeHHs1 Oyab-SKOro 3  eneMeHTiB. [Ipum  BHUKIIOYEHH]
BIJIOOpa)KEHHS BCIX €JIEMEHTIB psAJKa, 1110 O1KUTh, BOHA HE 3aITyCKAETHCA 30BCIM, 1
TOJIMHHUK MOCTIMHO B1JOOPa’KarOTh JIUIIIE Yac.

XapuyBaHHs Oy IMJIbHUKA MOXJIMBO PI3HUMH CIIOCOOAMU: OJIOK )KUBJICHHS HA
5B, Oarapei abo akymynsitopu, abo ioHicTpa. TakoX € MOXKJIUBICTh YCTAaHOBKHU

PE3CPBHOIO ZKCPCIIa KUBJICHHS, JISA HiI[TpI/IMKI/I HpaHCSI[aTHOCTi CUCTCMHU IIpHU

ApPK.

ITC.4KI.0323.02-T3

3MH.

ApK. Ne dokym. Mionuc |\Hdama

3




MPOTIaXKi KUBJICHHS BiJl OCHOBHOTO JIXKEpela.

JJ1st KOHTPOJIIO TeMIIEpaTypH 1 BOJOTOCTI B MPUMILIEHHI BUKOPUCTOBYIOTHCS
natunku AM2321. Moske mpaifroBaTd B JBOX pekuMax mepenadi ganux [12C 1 1-
Wire. ¥V HamoMmy BUTIAJKy BHKOPHCTOBYEThCS pexuM 1-wire. B maHomy pexumi
nepejavya JaHUX 31ACHIOETHCS MO 4Yep3l - CIMOYaTKy MIKPOKOHTPOJIEp HaJICHUIIa€e
3aMUT JATYMKy, a MOTIM JAaTYUK BIJANPABISIE BIAMOBiAb. Y pa3l BUKOPUCTAHHS
JEKUTbKOX JAaTUMKIB, TIepe/iaya JaHUX Ha MIKPOKOHTPOJIEP BUKOHYETHCS 10 Yep3i.

3aBaaKu HasIBHOCTI YHIKaJIbHOTO 64-01THOTO [IOCJI1IOBHOT'O
1IeHTUIKAIIAHOTO KOAY, pO3TallOBAaHOTO Yy BHyTpimHIA ROM-mam'ari 1
NpU3HAYEHOI A1 0araTOTOYKOBUX CHUCTEM, € MOXKIIMBICTh BHU3HAUYUTH 3 SKOTO
KOHKPETHO JaT4YHKa MPUXOIUTh iH(POpMaIlisl. 3HAIOUHM PO3TAITYBAaHHS JaTIYNKA, MU
MOXXEMO OUIBII TOYHO KOHTPOJIOBAaTH TEMIIEpaTypy B PI3HUX YacTHUHAX
MIJKOHTPOJIBHOTO 00'€KTa, 110 € BaXXJIMBOK CKJIAJOBOIO MPHU POOOTI 3 ACAKUMU
POCIIMHAMH.

Buxoasuu 3 manoi indopmarii, modyaoBaHa CTPYKTYpHO-(QYHKIIOHAJIbHA
cxema npucTporo (nuB. Puc. 1).

45 B

MiKpoKoHTpO.1ED Ksapnoenii
ATmegal6 pesonarop

JBiliKoBO -TecaITKOBHIL
Jemmpparop
T4HC595

BI0K cBiTA0Ki0HAX MATPEOL TC- JpaiiBep ;XHBJIEHHN CBITI0Mi0HEX
1511 maTpuns ULN2803

Puc. 1. Cuntes cTpyKTypHO-GYHKIIOHATBHOI CXEMHU MTPUCTPOIO

3. AJII'OPUTM POBOTHU INPUCTPOIO

ApK.

ITC.4K1.0323.02-T3 4

3mH.

ApK. Ne dokym. Midonuc |dama




[Ticnst BKITIOYEHHSI MPUCTPOIO BiMOYBAETHCS 3aIMyCK Tailmepa, SIKU KOXKHI
NIBCEKYHIM TNEpeBipsi€e, MIAKIIOUEHO a00 BIAKIOYEHO NPUCTPIA, a TaKoxXK
BUKOHYEThCS 30UIbILIEHHS JIIYUIIbHUKIB yacy. [1icis Hboro nopiBHIOETHCS MOTOYHUN
yac 3 yacoM OyAmiIbHHMKA. Y pa3l, SKIIO BOHO 30Ira€rbcsi, MOJNAETHCS 3BYKOBUMI
curdain. Jlami ciijg HaTUCHYTH OyIb-KY KHOMNKY. SIKIIO Yyac He 30I1ra€ThCcsl 3 4acoM
OyIuiIbHUKA, KOXKHI 2 TOJUHU BUKOHYETHCS TIEPEBIPKA TEMIIEPATypH 1 BOJIOTOCTI.
ko Oyna HATUCHYTA O/HA 3 KHOMOK (S1 abo S2), To aKTUBYEThCS MiAMpOrpaMa
HajallTyBaHHA mpuctporo. Ilicas oTpuMaHHS HaHMX 3 JAaT4YMKAa BUKOHYETHCS
BHCHOBOK JJaHHUX Ha CBITJIOJ1OHI MAaTPHIII.

TEXHIKO-EKOHOMIYHI BUMOI' 1O KIHIHEBOI'O ITPOAYKTY

Bapricts poOoT no po3po6ui ganoi [1P Bu3HauaeThcs 3rijIHO 10rOBOPY Ha
po3poOKy. BapTicTh 3anponoHOBaHUX aHAJIOTIB MOBUHHA 3a0€3IICUUTH
€KOHOMIYHY JOIIBHICTh 1X 3aCTOCYBaHHSI.

4. BUMOI'H 10 MATEPIAJIIB TA KOMILUIEKTYIOUUX

4.1. Bwumoru a0 eKOJ0TigyHOi 0€3MEYHOCTI i 9ac eKCIUTyaTallli.

He nipen’ sBIISIFOThCSL.
4.2. CrneniaJbHI BAMOTH JI0 KiHIIEBOTO MPOIYKTY.

He npen’ siBnstoThCs.
4.3. Bumoru g0 0e3neku AJi1 HaCEJICHHS 1] Yac €KCIuTyaTallii mpoIyKIlii.

He npen’ ssBnsroThCs.

5. ETAIIM BUKOHAHHHA I1P.
Etanu BukonanHs [P MOXXyTh yTOYHIOBAaTHM 3TiIHO KaJECHJIAPHOTO IUIaHY

pOOIT 0 Y3TOKEHHIO Mi’K 3aMOBHUKOM T4 BUKOHABIIEM

Ne Tepmin
Etanu BukoHanHg poOOTH BUROHARIGL | b MaTepianu
Ta 00CsT
poOit
1 AHamiz  po3poOKHM  TPOrpaMHOTrO YactkoBuit
KOMIUIEKCY Ta po3poOKa mepuioi porpamMHui
Bepcii. Amnam3 Bumor. Po3po0Oka koMmmuiekc Ha EOM
ctpykrypu. [lonepennHe rectyBaHHs 3aMOBHMKA, 1o
BUKOHY€E BC1 OCHOBHI
ApPK.
3mH. | Apk. Ne dokym. Mionuc |Hdama ITC 4KI 0323 ' 02- T3 5




No Tepmin
Etanu Bukonanus po6otu BUROHAHIBL [ b MaTepianu
Ta 00cAr
pooIT
¢byHkuii Ta 3BiTHa
JIOKyMEHTaIlis 11.8.2
2 KopektyBanHs cTpykTypu. Po3poOka ['oToBUM
nonoMiXkHUX  (pyHKIiH.  Po3poOka MIPOTrpaMHHIA
OCTaTO4YHOI  Bepcii  MPOTrpaMHOTO koMmIiekc Ha EOM
KOMILUIEKCY Ta HOro OMNpaItOBaHHS. 3aMOBHHKA Ta 3BITHA
TectyBaHHs JIOKyMEHTAIlis 1.8.2
3 JloomnpaitoBaHHsl OKpEMUX MOJYJIIB Ta 3BITHI MaTepianu
HaBYaHHS KOpHUCTyBauiB. Po3poOka 3T1IHO MMYHKTY 8
3BITHUX MarepiaiiB 3rigHO M.8 LBOro
T3
6. TMPUMMAHHS

7.1. HeoOxiaH1 BuMoru jyuis BripoBakeHHs [1P Ta 3aBepiiieHHs pooOiT.

O11iHKa pe3yabTaTiB pO3POOKH 1 JOUUIBHICTS ii MPOAOBKEHHS 3A1HCHIOETHCS

3aMOBHHMKOM TIO MPEACTABICHHIO HACTYITHUX MaTepiaiiB:

® BCTaHOBJEHUM nporpamMHuil komruiekc Ha EOM 3aMoBHUKA;
e 1epenik ¢ansIiB HAa Pe3epPBHOMY HOCI;
e crucauii onuc podotu [1P Ta omuc Beix daiini, sski HEOOX1IHI 11 pOOOTH
[1P.
® [eperiK JOKYMEHTIB
o TexHiuHe 3aBAaHHS

o llosgcHroBanpHA 3ammMcka

7.2. Tlepenik 3BITHUX JOKYMEHTIB, HEOOXIAHUX JUIsl MPUUHSTTS €TaIiB pOOOTH:

® CTHUCJIMM ONHUC Pe3yJIbTATIB €TaIly y BUIJISAI aHOTOBAHOTO 3BITY(1y1s 1Ta 2
€TarniB);

® YaCTKOBUU TmporpamMHuii komiuiekc Ha EOM 3aMOBHHMKA 3TiTHO
KaJICHIAPHOTO TUIaHY POOIT;

® aKT MpPUHUMaHHS IPOIYKIIIi.

3BITHI MaTepianu MoaThes y BUTIAAL 3BiTiB Ha nanepi o [OCT 7.32-91
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7.3. 3aranpHuil Tepedik 0 TNpPUAMaHHA 3BITHUX JIOKYMEHTIB, MAaKeTiB,
eKCIIEPUMEHTAIbHUX 3PA3KIB.

Jlo mpuiiMaHHsA MOpea’sBISIIOTBCA: aKT 3Jadi-IpUMaHHS OPOIYKLIi, aKT
BIpoBakeHHs [1P.
7.4. TecryBauns 1P

TectyBanHs BUKOHYeThcA a0 "lIporpamu Ta METOAMKH TECTyBaHHS'", siKa
PO3pO0IIAETHCS BUKOHABLEM Ta 3aTBEPKYETHCSI 3AMOBHUKOM

7. MMOPAJOK BHECEHHS 3MIH 10 TEXHIYHOI'O 3ABJIAHHA, 1O
SATBEP/’KEHO.
JlaHe TexHIYHE 3aBJaHHS MOXE yTOUHIOBATHCS B Iipoueci po3pooku [1P npu

y3rOJIKEHH1 CTOPIH 3 O(pOPMIIEHHSIM JOMOBHEHD 10 T3.
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BCTYII

3pocTaounii aHTPONOTEHHUI BIUIMB Ha MPHUPOJAHI O0'€KTH Ta 3MEHIICHHS
TUIONT MPUPOJHMX JaHAMAPTIB Aefam OUIbIIe akTyali3ye mpodieMy 30epekeHHs
Ta BIJHOBJCHHS OOTAaHIYHOTO PI3HOMAHITTS B YMOBax IITYYHHX EKOCHUCTEM.
OpamxepeliHl KOMIUIEKCH MOXYTh CTaTh €()EKTUBHUM IHCTPYMEHTOM JUIS
BUPIIIEHHS I1i€i MpoOJeMu, SKIIO OYyIyTh BUKOPHUCTOBYBATHUCS 3 YpaxXyBaHHIM
€KOJIOTIYHMX  AaCHeKTIB Ta 3a0e3nedyeHHsIM e()EKTUBHOTO KOHTPOJIO 3a
MIKPOKJIIMATOM.

Tax, B YKkpaiHi B OCTaHHI pOKH CIIOCTEPITa€ThCS MEBHA TEHICHIIIS 10 PO3BUTKY
opamwkepeHux KoMmiuiekciB. lle ToB'A3aHO 3 TIJABUILEHUM 1HTEPECOM 10
OpPTraHIYHOTO 3eMJIepOOCTBA Ta 3JJOPOBOrO CHOCOOY XKHUTTS, a TAaKOX 3 OaKaHHIM
30eperTy Ta BIIHOBUTH O10pPI3HOMAHITTS B YMOBaX MiCHKOT'O CEPE/IOBHIIIA.

3acTOCYBaHHSI Cy4YaCHHUX TEXHOJIOTIM, TakMX $K aBTOMATHU30BaHI CHUCTEMU
YOPaBIIHHS MIKPOKJIIMATOM, MOXE 3HAYHO TOJICTIIMUTH TPOLEC IOTISATy 3a
pociiiHaMHM Ta 3a0€3Ne4YUTH iX e()eKTUBHUN PO3BUTOK.

AKTYanbHICTD IIi€] TEMU HAOYBAETHCS Yepe3 3pOCTAr0Ue 3HAYCHHS TeTUTUIHUX
KOMIUJIEKCIB Yy CUIBCBKOMY TOCIIOJApCTBI, OCOOJMBO B YMOBaX MICHKUX
arnmomepaniil. OJIHaK, s YCHIIIHOTO BHPOILYBAaHHS POCIMH B OpaHKEpesx
noTpiOHI CTaii, KOHTPOJbOBAaHI YMOBH MIKPOKIIMaTy, M0 NMOTpedye eheKTUBHOI
CUCTEMHU YTPABIIIHHS MIKPOKIIMATOM.

Taki cuctemMu aBTOMATH30BAaHOTO KOHTPOJIO BXKE 3apa3 HIMPOKO
BUKOPHCTOBYIOTHCS B BEJIMKUX aHTapax 1 OBOYECXOBHUIIAX, TETUTUIIAX, PO3PaxOBaHi
Ha 30epiraHHs BeJIMYE3HUX 00CSTIB MPOTYKIIIi.

Ane opsiT 3 TAKUMHY BETUYE3HUMU CXOBHUIIIAMU, TAK CAMO 1CHYIOTh 1 CXOBHIIA
HEBEITMKUX PO3MIPIB, TaKl AK MiA3EMHI JIbOXU. Taki JhOXU MIMPOKO MOIIUPEH] Y
BJIACHUKIB MPUBAaTHUX OYJIMHKIB, y SKHX JbOX 3HAXOJIUThCA O€3MOCEpEIHBO B

OynuHKY a00 HEJaIeKO BiJ HHOTO.
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Buxonsun 3 BuIIecka3zaHOro, po3poOKa aBTOMATHU30BAaHOI CHCTEMU
KOHTPOJIIO TEMIIEpATypH 1 BOJOTOCTI BEJIbMU aKTyallbHA, aJ[Ke TETUIO130JISI11isI BXKE
o0y /10BaHOTO JIOXY YaCTO BUSBIISIETHCS yKE TPYIAOMICTKOIO 1 JOPOTOIO.

O06’exkTOM J0CTiTKEeHHSI € opamwkepei sAK 00 €KT aBToMaTu3allii Ta
yIOCKOHAJIEHHS! CUCTEM aBTOMAaTHYHOTO KEpyBaHHSI.

IIpeamer nociigskeHHs1 — MaTEMaTUYHA MOJIENh MIKPOKJIIMATy 1 CHCTEMa
aBTOMATHUYHOT'O KOHTPOJIIO MapaMeTpiB MIKPOKJIIMATy B OpaHKepei.

Mera po6oTm — po3poOKa aBTOMATH30BAaHOI CHUCTEMH KOHTPOIIIO
MIKPOKJIIMaTOM OpaHkepei Ha OCHOB1 MAaTEMaTUYHOTO JOCIIIKEHHS MIKPOKJIIMATY.

Metoan  [1OCHiIKeHHSI:  TEXHIKO-€KOHOMIYHUW 13  BUKOPHCTAHHSIM
KOMIT IOTEPHUX TEXHOJIOTIH, METOIU MOJCIIOBaHHA 1H(GOPMAIIHUX MPOIIECIB,
TEeXHIYHUM aHai3.

JIsi J1OCATHEHHSI MOCTABJIEHOI MeTH HEOOXIJHO BHPIIIUTH HACTYMHI
3aB/IaHHS:

1. po3rasiHyTH HEOOX1AHI YMOBH JUIsl BUPOLLYBaHHS POCIIUH;

2. PO3TJIAHYTH 1 MpoaHali3yBaTH CIOCOOM BUMIPIOBaHHS TEMIIEPATYpPH 1
BOJIOT'OCTI;

3. JIOCTiANTH MaTeMaTHYHY MOENb MIKpOKJIIMATy B OpaHXepel;

4. pO3MIISIHYTH 1 TpOaHaIi3yBaTh NWHAMIYHI XapaKTEPUCTUKH CUCTEMU
YIPABIIHHS MIKPOKJIIMATOM OpaHKeper;

5. pO3pOOUTH NPHUHIIUIIOBY CXEMY 1 CKOHCTPYIOBATH MPUCTPIii;

6. po3poOUTH POrPaMHHUI TOAATOK JIJIsi POOOTH MPUCTPOIO.

MeTtoau  IOCJiAKEHHSI: TEXHIKO-CKOHOMIYHHH 13  BHKOPUCTAHHSIM
KOMIT IOTEPHUX TEXHOJIOTIH, METOIU MOJCITIOBAaHHS 1H(GOPMAIIMHNX MPOIIECIB,
TEXHIYHHUM aHai3.

Iepmmii  po3ain  MICTUTH ONKMC  ICHYIOUOTO BHIVISIAY  HPHUCTPOIO,
BUKOPHCTOBYBAHOTO i1 KOHTPOJIIO BOJIOTOCTI 1 TEMIEpaTypu B OpaHkepei Ha
ocHoBi rutatu Arduino Mega. Oniucani He0OX11H1 YMOBH JijIsl BUPOIIYBaHHS POCIUH
1 IpecTaBleHa MaTeMaTUYHa MOJIENIb OpaHXKepel MpU yIIPaBIiHHI TEMIIEPATYPOIO 1

BOJIOTICTIO TIOBITPSI, sSIKa PO3pOOJICHA I 3aCTOCYBaHHS B OCBITHIX IIUISIX 3 METOIO
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POJIEMOHCTpYBaTH (hi3MUHI SBUINA, IO BiIOYBAIOTHCS B OpaHXepei 1 MpUHIUIN
YIPABIIHHS MIKPOKIIMATOM.

Y apyromy po3aiii nmpoaHaiizyBaBIlid CIOCOOU BUMIPIOBAHHS TEMIIEPATYPH
OyJl0 BHU3HAYEHO, IO PIAWHHI CKJIAHI TEPMOMETPH € HATIWHUMH 3 BHUCOKOIO
TOYHICTIO BUMipamMu. OJHaK 4Yepe3 BEIMKOIO /iana3oHy BHUMIPIOBaHHS
TEMIIepaTypy, JJs  PO3pOOTIOBAIBHOTO  MPUCTPOIO  OLIBII  JOIUIBHO
BUKOpUCTOBYBaTH aAaTtyuk DS18B20, B sAxoMy 3a J0NMOMOIOI0 J10JaTKOBHX
OOYHMCIIEHb MOKHa JOCSIITH TaKoi X TOYHOCTI, K 1 B PIAUHHUX CKJISHUX
TEPMOMETPAX.

Tperiit po3ain npucBsueHuil CTBOPEHHIO NpHUCTporo. Y noxaTtky Diptrace
Oyna moOynoBaHa cxeMa JIPYKOBaHOI IIaTH, Ha 06asi sSKoi OyJI0 CKOHCTPYHOBAHO
npuctpii. Tak camo B po3aull OMUCAaHA CEPEOBHUINE PO3POOKH, B SAKIH
PO3pOOISITOCS MPOTPAMHUIA TOAATOK [Tl IPUCTPOI0. ByB mpencTaBienuit anroputm

POOOTH MPUCTPOIO Y BHUTJISAII OJIOK-CXEMHU.
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PO3I1I1
AHAJII3 CUCTEMMU YIIPABJIIHHSA

1.1. HeoOXxinHi yMOBH /151 BUPOULYBAHHS POCJINH

OcHOBHI YMOBH, HEOOXIJIH1 JIJI1 POCTY 1 PO3BUTKY POCIHWH, - TEILJIO, CBITIIO,
NOBITPSI, BOJA, XapuyBaHHsA. Bci 1l (akTopu OJHAKOBO HEOOXI1JIHI 1 BUKOHYIOTh
nieBHi PyHKIIT B ®KUTTI pociuH [1,2].

KuTTeBuil LUK 3pOCTaHHS 1 PO3BUTKY IUIMTHCS Ha MEBHI eranu - (asu.
YMOBHU 30BHIIIHBOTO CEPEIOBUINA CUILHO BIUIMBAIOTH HA PICT 1 PO3BUTOK POCIHUH.
BcranoBneHo, 110 BIUIMBOM 3HKKEHOT TeMIEpaTypd Ha MpPOPOCTAIOTh HACIHHSA 1
IPOrpiBaHHSAM CYXHUX HACIHHS MOKHA IPUCKOPUTHU PO3BUTOK POCIHUH 1 30UTBLIUTH
ypoxaii. Ha mimcraBi I1bOro HayKol po3poOJieHi, a MPAKTUKOK MIUPOKO
BUKOPHUCTOBYIOTHCS CIIElialIbHI PEKOMEHJIallli MO MPOTrpiBaHHIO, MPOPOITYBaHHS,
3arapTOBYBAaHHS HACIHHS, TPUBAIICTD SKUX 1 TEMIEpATypa Pi3HI, a TAKOK 3AJIEKATh
BiJl KyJBTYP.

Teniao HEOOX1IHO pOCIMHAM B YCI MEPIOJIU iX POCTY 1 pO3BUTKY. Bumoru 1o
Teria y pi3HUX KyJIbTYp HEOJTHAKOBI 1 3aJieXaTh Bl MOXOHKEHHS, BUIY, 010JI0T1i,
¢da3u po3BUTKY Ta BIKY POCIIHHH.

Hacinzs TernontoOHUX KyJIbTYyp NPOPOCTatOTh Ipu TemmepaTypi Buuie 10°C.
Taki pocCIMHHM HE TEPEHOCATh 3aMOPO3KIB 1 TpUBAIOTO TMoXojonaHHs. [lpu
temriepatypi Hk4ue 10-12 © C iX picT 1 pO3BUTOK MPUITUHSAIOTHCS, BOHU CJIa0IIalOTh
1 MBUALIE YPaKalOThCS T'PUOHUMHU 1 OakTepianbHUMHU XBopoOamu. Ilpu OiabId
HU3BKIA TeMmmeparypli BOHM THHYTh. HailOunbmn crnpuariuBa Temmeparypa s
POCTY, PO3BUTKY 1 TUIOJJOHOLIEHHS TeII0M00HUX KynbTyp Buiie 20 ° C [3,4].

HacinHst X0J0MOCTIHKMX KyJIbTYpP MPOPOCTAIOTHh MPHU TEMIIEpATypl HUKYE
10°C. Temmnepatrypa 17-20°C HaiiOinbml cOpUSTIMBA Ui PO3BUTKY 1
IUIOJIOHOLIEHHSI pOCIMH 1€l rpynu. [lpu 3HM)KEHHI TeMmmepaTrypu 3pOCTaHHS
XOJIOJOCTIMKUX KYyJIbTYyp TPHUBAE, MPOTE, SKIIO CXOAM MiAAAIOTHCS TPUBATIOMY

BIUTUBY HU3bKUX Temrepatyp (2-0 © C), 6arato pociauH nepeayacHO BUKUIAIOTh

ITC.4K1.0323.03-13
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KBITKOHOCHHI OyTOH, HE YTBOPIOIOYH Hi TOBHOIIIHHOTO BPO’Kat0, Hi HACIHHS
[5,6].

OcHOBHE JIKEpeIio CBiTiIA - COHIE. TUTbKM Ha CBITJII POCIUHUA CTBOPIOIOTH 3
BOJM 1 BYIJIEKHCJIOTO Ta3y TOBITPS CKJIQJHI OpraHiuHi CHOJYKH. TpHUBamicTh
OCBITJICHHSI CWJIbHO BIUIMBAa€ Ha PICT 1 PO3BUTOK pOCIMH. Bumorm n0 ymoB
OCBITJICHHSI Y POCIIMH HE OJHAKOBI. JJis MBACHHUX POCIMH JOBXKHHA CBITIOBOTO
JIHS TOBUHHA OyTU MeHIe 12 roauH (1€ pOCIMHU KOPOTKOTO JHS); IJIs MIBHIYHUX
- Outbiie 12 rogus (11e pOCIWHU TOBTOTO JTHS).

BosoricTe He TUIBKH TPYHTY, aj€ 1 MOBITPS HEOOXiAHA POCIHHI MPOTITOM
BCHOTO Horo XUTTA. Ilepmr 3a Bce, Boga pa3oM 3 TEIUIOM MPOoOYIKy€e HACIHHS 10
*uTTs. Boma (3a 00csArom) € TOJI0BHOKO CKIIAJOBOIO YACTHHOIO pociivH. Bona Gepe
y4acTh y CTBOPEHHI OPraHIYHUX PEUOBUH 1 B PO3ZYMHEHOMY BUIJISIAI PO3HOCUTH X
1o pociuHi [7].

PociauHM 0COOIMBO BHMOIUIMBI O BOJIOTH, IO ITOSCHIOETHCA 3HAYHUM i
3MicToM y ¢pykTax (Big 65 mo 97%, 3ajie:KHO Bi KyJbTYpH), @ TAKOXK BEJIUKUI
BUIIAPOBYE MOBEPXHEIO JIUCTSA. 3MICT BOJIOTH B TKAHWHAX JIUCTA TIOBUHHO OYTHU HE
menmie 90-95%. Ilpu 3menmenHi i HaBiTh Ha 10% nucta B'stHYTH, poOoTa ix
nopyuyerncs [8,9].

3 MOBITPS POCTUHU OTPUMYIOTH HEOOXITHUU M BYTJICKHCIIHWNA Ta3, SKUHA €
€TMHUM JDKEPEJIOM BYTJICIIEBOTO Xap4uyBaHHI. BMIiCT ByTJIeKHCIIOTO Ta3y B MOBITPI
MmizepHO 1 ctaHOBUTH 0,03%. 30araueHHs TOBITPS BYIJIEKUCIUM Ta30oM MHlie B
OCHOBHOMY 3aBJIIKM BUJIJICHHIO HOTO 3 TPYHTY.

JUisi HOpMaJIBHOTO POCTY 1 PO3BUTKY POCIMH MOTPIOHI Pi3HI €JIEMEHTH
YKUBJICHHS.

PosrasiueMo npukiia BUPOIyBaHHS IIUTPYCOBUX POCIIKH.

Jlnst Toro, mo0 BUPOCTUTU LIUTPYCOBUM Cajl HEOOXITHO JOKJIACTH MEBHUX
3yCHJIb 1 3aMaCTUCS TePIIHHSM.

Jorasa 3a uMTPYCOBUMU

B3umMky ctaBuTH KOHTEMHEp 01151 BikHA HE PEKOMEHAYEThCS, aJlKe B1J] CKJIa
OyJie BUXOJUTH XOJIO, a Bl 6aTapei - skap, 11e HEraTUBHO MO3HAYUTHLCS Ha 3I0POB's

pociuHuU. J{J1s BUpOILyBaHHS HalKpalle MiAX0AUTh TEIJIe BOJIOre Micle, Kyau 0yie

3MH.
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HAJXOJUTH JOCTAaTHHO CBITJA. Y BECHSHI Ta JITHI NEPioJM HABIIAKHW POCIHHA
HE0OX11HO OJIMKYe /IO BiKHA, 1110 OPI€EHTOBAaHE Ha MIBACHHUMN 3axij] a0o0 MiBACHHUN
CX1/I.

TeMnepaTrypHud pexxumM

VY Temnuii ce30H onTUMajbHAa TeMIlepaTypa CTaHOBUTH 19-27 rpagycis, a
B3UMKY MOJKHA 3HM3HUTH ii 10 12-17 rpagycis.

OCKUIBKY ITUTPYCOBI HETaTUBHO CTABJIATHCS J0 TEMIIEPAaTypHUX KOJIHBaHb, B
OCIHHIH Mep10/1 Kpallle 3aBYaCHO 3aHECTH POCIMHY B TEIJIE MIPUMIILIEHHS [IEPE TUM,
K 3'SIBISATHCS Mepili 3aMopo3ku. Llutpycu poiom 3 TpoIikiB, TOMY PO BOJOTICTh
MoBITps 3a0yBaTW HE BapTO. SIKIIO MOBITPS HEIOCTAaTHHO 3BOJIOKEHUU, TO
npua0aiTe crenialbHUN 3BOJIOKYBaY.

OcsiTienicTb

Hutpycosuii cax Oyae MaTu noTpedy B TapHOMY OCBITJIEHHI, 3aXUIIaiiTe HOro
TITBKA BiJl TIPSIMUX COHSYHUX MPOMEHIB CIEKOTHOTO JiTa. BoceHm 1 B3UMKY
poC/IMHAM HE BHCTa4aTUME MPUPOJHOTO CBITIA, TOMY HEOOXIJHO 3a0e3IeunuTu
JI0JIATKOBO IITYYHE OCBITIIEHHS, 0€3 IIi€l MpOIeAypH BU HE 3MOXKETE BUPOCTUTU
rigHuN ypoxai, o0 Horo CBITJIOBUHN JIeHb JIOPIBHIOBAB 12 roauHaMm.

1.2. AHaJji3 cy4yacHUX 3aC00iB KOHTPOJIIO TeMIIepaTypH i BOJIOTOCTI

Ha manwmii yac opamxkepei MMPOKO CKPi3h PO3MOBCIOKEHI, 00 BPaxXOBYIOUYH
HETOCTIMHI TMOTOoJAHO-KJIIMAaTUYHI yYMOBHM 3 BEJIUKUMHU 1 PI3KUMHU TepenajgaMu
BOJIOTOCTI Ta TEMIEpaTypyd, TOMY BHPOIIYBAaHHSIM CLIbCHKOTOCIIOAAPCHKOT
MPOYKIIIi HA BIAKPUTUX IPYHTAX 3ailiMaTHCs npobdieMaTuyHo. st yHUKHEHHS [IHX
npo0eM 4acTO BUKOPHUCTOBYIOTH Pi3HI amapaTd 1100 MiATPUMYBATH KIIMaTHYHI
MOKA3HWKHU Ha 33JI0BITLHOMY PIBHI.

CyuacHi opanxkepei, Ik 00'€KTH yIpaBIiHHS, XapaKTePU3yIOTHCS HEXOPOIIIO0
JUHAMIKOIO Ta HEMOCTIMHICTIO MapaMmeTpiB, Kl BHUIUIMBAIOTH 31 0COOIMBOCTEN
TEXHOJIOT1 BUPOOHUIITBA. B TOIf yac K arpoTeXHIYHUM HOpMaM MOTPiOHA BUCOKA
TOYHICTh cTabimizalii Temreparypu (+/-1 rpagyc), a Takox 3MiHM ii 3aBUYacCHO B
3aJIeKHOCTI BiJl 3HAYE€HHS 1i OTOCMHTETUYHO OMPOMIHEHHS Ta NEPIOJIU PO3BUTKY

daopu. Ycim mum obctaBuHAM NMOTPIOHI BUCOKI BUMOTH 11010 (DYHKITIOHYBaHHS Ta
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TEXHIYHOTO BJOCKOHAJIEHHS OOJIaIHAHHA MPOTPAMHO-aNapaTHOro 3a0e3MeyYeHHs
[37].

Sxmo aBTOMAaTHM3yBaTH CHUCTEMY VYIPABIIHHS MIKPOKJIIMATOM B MiHI
opaHxepei e JO03BOJIMTh: 3€KOHOMUTH Big 15 mo 25% mnorpibHOro Terua,
NOKpalllUTh YMOBHM Tpami poOOYMX, NIABULIUTH 3arajbHy KyJbTypy Ha
BUPOOHMIITBI, 3a0€3MEUYUTHh UITKI PAMKHA PETYJIIOBAHHSA MIKPOKIIMaTUIHUMU
yMOBaMU MiHIOpaHXepei, TOUHO 3a0€e3MeUnTh MoJjauy KOPUCHUX PEYOBHH OBOYAM,
mo 3a0e3nednTh 30UIBIIEHHS iX BpOXKaWHOCTI. 3a0e3Meuyloud  BHUCOKY
MPOIYKTUBHICTh TEIUIMYHUX TOCHOJAPCTB MOTPIOHO MIATPUMYBATH UYHUMAJIO
napaMmeTpiB y MEBHUX Mexax abo Ha meBHOMY piBHI. /[0 rosoBHHX mapameTpiB
HaJeXKaTh: OOIrPiB IPYHTY, OOIrpiB MOBITPS B CEPEAMHI TEIUIHIN, KOHIIEHTpPAIisA
BMmicty CO2, HUPKYJALiS TOBITPS MO TEIUIMIN, OCBITJIIEHICTh, BOJIOTICTh Ta
BeHTWsAUIA [37]. Ha puHKy oOnajgHaHHS MOXKHA 3HAWTH IIMPOKUH BUOIp MPHUIIA/IIB
1 ipM sKi 3aliMaOTHCSI aBTOMATHU3AITIEIO IIHOTO MPOIIECY 1 KIIIMATHYHUX MMOKa3HUKIB
B OpaHXkepel.

Jo Hmx Hanexarh: kommaHis «ICP DAS», TOB «®ITO» , koMmanis
«OBEH», «EKF» 1 T.1.

3po0MMO KOPOTKY XapaKTepUCTUKY IUX OOJagHaHb 33yl 3a0e3MmeyeHHs
noTPiOHUX MapaMeTpiB B opamwxepei [37].

EKF — € omni€ro 3 mepegoBUX KOMIIaHIM B ramysi €JeKTpOTexHIkU. Bonu
POAAIOTh Y CEPETHROMY I[IHOBOMY CETMEHTI Ta 3aiiMAETIOCS BUITYCKOM ITHPOKOTO
aCOPTHMEHTY HM3bKOBOJILTHHX Ta BHCOKOSKICHMX MpoayKuii. Ixuiit mpuctpi mns

KOHTPOJIIO MIKPOKJIIMAaTOM 300paskeHHit Ha pUCYHKY 1.1.
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Puc.1.1. Burasg npucTporo ynpaBiaiHHS MIKPOKIIMATOM

[le#i mpuctpiii mpu3HAYCHHH, MO0 KOHTPOJIIOBATH OCHOBHI MapaMeTpu

TEIUIUIl, TpoyOoKca 4u opamxepei 1 T.M. 3 HOTro JOMOMOTOI KOHTPOIIOETHCS

TEeMIIepaTypa, OCBITICHHS, BeHTWJsLis Ta nonuB [37]. [lynasT anist ynpaBiiHHS

MIKPOKJIIMAaTOM MOKE TPAIIOBATH B aBTOMATHYHOMY PEXKHMI MATPUMYE 3ajaHi

BEHTWISIIAHI 1 TeMIlepaTypHi pPEeXUMHU: - BIH Kepye HarpiBauamu abo

BCHTUJISITOPAMH, - OCBITIIIOE Yy KUIBKOX pEKHMax; - 3aJa€ MpoTrpaMu s

MOJIMBAJIBHUX 1 TOBITPSTHUX HACOCIB.

["0710BH1 IEpeBaru BUKOPUCTOBYBAHHSI II1€] CUCTEMMU:

MPOCTOTA B YCTAHOBII],

- THYYKICTb ITI€i CUCTEMU;

- MPOCTOTa HAJAIITYBAaHHS 1 €KCILTyaTallii,

- MOXJIMBICTh BHUKOPHCTOBYBATH PE3EPBHE KUBICHHS 3aiUisl 30epiraHHs
HaJAIITyBaHHS CUCTEMH SIKIIO BIAKIIOYUTHCS €IEKTPOKUBICHHS;

- BOJIOT'O3aXUCT.

Moxxna mno6auuTd, IO MPUCTPIA YNpaBIiHHA Ma€ TIE€BHI TepeBaru:

MO>KJIMBICTB M1JI00pY 010Ky 32 HeoOx1qHuMHU HasamTyBaHHsAMHU [37]. Y EKF takox

€ 8-MM KaHaIbHMH TMyJNbT KEpyBaHHS MIKPOKIIMATOM TEIUIUI[I Ha OCHOBI

MmikpokoHTpoJepa DS 1820, fioro nmokazano Ha pucyHky 1.2.
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Puc. 1.2. Burnsag nynbra ynpaBiiHHS MIKPOKJIIMaTOM

JleBaiic Moxe 3MIHIOBaTH BOJIOTICTh 1 HOBITPS YU IPYHTY y MIHITEILIHII,

BMHUKATH 1 BUMHUKATH HacocC, Hal"piBaTI/I BOOY, ITOJIMBATH Ta BCHTUIIIOBATHU l'IOBiTpﬂ B

teruii. KepyBatn HaBaHTaXEHHSM peai3yeThCs 3a JIONMOMOTOI0 TaiMepa -

BBIMKHEHHSI HABAaHTA)KEHHSI B MOTPIOHOMY MPOMIXKKY Hacy, 1 TaKOX 31HCHIOBATH

KOHTPOJIb MIKPOKJIIMATy 4epe3

PEXKUM).

BCTAHOBJICHHSI TeMIiepaTtypu (TepMOCTaTHUMN

nBEIFE]

— ]
5g 5%

Puc. 1.3. biok-cxema B3aeMoii 3 TEIJIULIEIO

3MH.
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Ha pucynky 1.3 mokazaHo OJIOK-CXeMH pOOOTH TPUCTPOIO KEPYBAHHS

MIKPOKJIIMATOM TEILIUI1 Y 1IoMy. J[o OJI0KY € MiJIKJIFOUeHHI HACOC, 1110 Ka4a€e BOY

10 O6aky 3 pe3epByapa i moJauBy. Y 0aKky Boja TPIETHCA 0 MOTPIOHOT YMOBH 1 B

Mipy HEOOX1THOCTI BUKOPUCTOBYEThCSA JJ1sl TosiBaHHs. OOIrpiBaHHS peajti3oBaHe 3

JIOTIOMOTOI0  €JIEKTPUYHUX O00IrpiBayiB, M0 TaK CaMO MOXKHA MIJKJIIOYaTH s

3a0e3MeUeHHS TEMIIEPATyPHOTO PEXXKUMY IPYHTY 1 TIOBITpsI [37].

[[lo6 Oyno 3py4HO MIIKJIIOYEHHS JaBayiB BOJIOTOCTi, CHUJIOBUX BHUXO/IIB,

Temrepatypu, 1 Tak camo iHTepdeiicy RS 232 (COM - moprt IIK) y myneTi

aBTOMATUYHOTO KEpyBaHHsS OyiM mnependadyeHMMH KOHKPETHI KIEMOBI pO3'eMHU.

Hamnpyra naerbcs 31 crneniaabHOro po3'eMy Ha ajnanrtep 3 Hanpyroro 9 - 12 B [37].

Texniuna crienudikaliisi IPUCTPOIO YIPABIIHHS MIKPOKIIIMATOM:

1.
2.

KUIBKICTh TIPOLIECIB YIPABIIHHSA: &;

pPSKUMHU KEpyBaHHs 3a TaWMEpoM: BBIMKHCHHS HAaBaHTOKCHHS Y
3aJlaHOMY 1HTEpBaJli Yacy; KepyBaHHS HaBAHTAXKCHHSIM TIO JISAKUX JTHIX B
THOKHI, THSAM B MicsIl, 200 3a KIJIbKOMa MICSIISIMU;

pPEXKUMU KepyBaHHS 10 TeMIIepaTypl (PeKUM TepMOCTaTa): KepyBaHHS K
HarpiBaveM; KEpyBaHHS K 0XOJIO/KyBayeM;

yOynoBaHu# TaliMep 13 CBITJIIOM 1 3BYKOM (IT1JICBIYEHHS JUCILICIO): BXOIU
JUTSL T AKJTIOYEHHS OO JATYUKIB;

dpoBuil BXij 100 MiIKII0OYaTH JATYUKU: 32 JaTYMKIB MAKCUMYM;
aHaJIOroB1 BXOJU: 2.

CHEproHe3aJIe)KHUI TOAWHHUK, II0 MpaIoe B pealbHOMYy Haci (Ta
KaJleHJap 31 BpaXyBaHHSIM BUCOKOCHUX poKiB) 10 2100;

30epiraHHs BCiX HAJAIITOBYBaHb y CHEPTETUYHO HE3AJCKHINA Tam'sTi;
MOJIOBXKEHHA KOPEKTHOT pOOOTHM mMporpaMu SIKIMIO OyJIO THUMYacoBE
BIJIKJTFOYEHHSI B1J IHTEPHETY;

1HIIII BUXOJW: 8 ONTHYHO-130JIbOBAHMX 7-CTOPHHUX 2-aMIICPHHX KacKaJIiB
13 MOMUJIMBUM TIIKIIFOYEHHSM CHUJIOBUX 7-CTOPOB JIJIsi KEPYBaHHS O1IbII

MOTYKHIIIMMU HaBaHTaXeHHsSIMU (O11bIIe ABOX A); 1

10.Bimmanene kepyBaHHS TepMocTatoM 3a jonomoro. COM-nmoprta

KoMIT'toTepa 13 1ornoMororo koukpetHoro I13 [37].
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KinpkicTp HanmamryBaHb, LI0 KOHTPOJIOIOTh TOW MOJIYJb IO3BOJISIE
KOPHUCTOBYBATHCS HUM B MiHi Terummisgx. CBOTo poly HOTO MOKHA HA3UBATH OJTHUM
3 Halikpaumux. HeBenuka BapTICTh Ta NMpPOCTOTa Y BUKOPUCTaHHI € MO3UTUBHUM
witocom. Henmonikom € Te, 1o oro ckiagHo y mporpamyBatu. [IporpamyBanHs
MOJYJsl Ha MOBaxX SIK HU3bKOT'O TaK 1, BACOKOTO pIBH, aje MOTPiOHO BpaxyBaTH
CHHTAKCHUC IIeBHUX MOB [37].

Jlist kpamioi peanizaiiii mpoiecy aBTOMaTUYHOTO KepyBaHHs komraHis «ICP
DAS» nae npomno3uilito BUKOPUCTAHHS 1HTEJIEKTYyaJIbHOTO MOJYJsl BBOY/BUBOIY
WISE-7118 Z. Burmsig po3yMHOro MNPUCTPOIO aBTOMAaTH3allii MPUBEICHO Ha

pucyHky 1.4.

—_
-
=

Puc. 1.4. IloBHuit BurIIsiT po3yMHOT0 MOy BBoay/BuBoty WISE-71187

VY uporo moayins € 6 kaHaiiB mudpoBoro BUBoay Ta 10 aHaIOroBOTO BBOIY.
FO3ep Mae MOXKIIMBICTH 3MIHIOBAaTH KaHAJIW B PI3HOMY Jlialla30H1 HAMPYTHU 1 CTPyMY,
1 TaKk caMO pI3HI THMNHM TEPMIYHUX Map JJI1 BUMIPIOBAHHS CaMOT0 MIKPOKIIMATy
TEIUIUII1, HAMPUKJIIaJ, BOJIOTICTh a0o Temmepatypy [37].

3 momomoror IUGPOBUX BUXOJIB € MOXKIMBICTh YNPABIATH 00irpiBayuem,
JFOKOM-BEHTHIIALII€I0, TIOJTMBHUM TIPOIIECOM, OCBITIICHHSIM Ta CHCTEMOIO BUIIAPHOTO
oxono/ukyBaHHs. [HTenekryanpHuit nynst WISE-7118 Z Oyae mnocriifHO

KOHTPOJIFOBATH CTAHOBHMINE MIKPOKIIIMATY B TEIUIMII 1 B 3aJIEKHOCTI BiJ 3MiH Y
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napamMeTpax OCBITJICHOCTi, IPYHTY, MOBITPS BUKOPHUCTOBYBATH IEBHE KEpPYBaHHS
[37].

Oxpim Toro po3ymuuit Moy WISE BUKOpHCTOBY€E TPOTOKOI IS Tepeaayi
nanux Modbus TCP Slave. Illo mo3Bomnsie o0'emHyBaTH Ii CUCTEMH Y €IUHUUN
JUCIIETYEPCHKUI BY30JI, Ie¢ BUKOpUCTOBYroun cucteMy SCADA, kopuctyBad mae
MO>KJIMBICTh KEPYBaTH YCIM ITPOILIECOM Ta OTPUMYBATU IPABWIBHY 1H(HOPMAIIiIO TIPO
CTAHOBHMIIIE B KOXHIM Teruii Mikpokiimaty. Ha pucynky 1.5 mokaszaHo 6J10K-

cXeMy 3’€JHaHHS 1HTEJIEKTYaJIbHOI0 MPUCTPOIO 3 00N HAHHIM y Teruuil [37].

TENAMUI

-
e Ethernet, ModBus TCP

e Ethernet, Poe, ModBus TCP

y)

~
UEHTP YNPABNIHHA |

CEPBEP IROBO
+ SCADA TRACE MODE

RSM-408 RSM-408
TENAMUI
/ RSM-408 \
.
NS-205PSE NS- zosrss lszosrse

'.

=~

TENMUI

RN

AATHHK YNPABNIHHA  YNPABAIHHA  YNPABAIHHA YNPABNIHHA
BONOrICTL NONHBOM  OCBITENEHHAM BENTHAAUIEID NIAIPIBOM

WISE- 71182

TEMMUI

AATYHK
TEPMONAPA
\

»

Puc. 1.5. biok-cxema KepyBaHHs MIKPOKIIMATOM B TETUIALISAX
[TepeBaru y Bukopuctanni WISE: — 06 cTBopuTH KOH}ITrypaiiro KepyBaHHS

y moayii WISE BukopucroByetbest jorika IF-THEN- ELSE. KopuctyBau mae
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MOXJMBICTh KopuctyBatucs 36 npasuiamu [F-THEN-ELSE. YTBopuBmm npasuna
1 3aBaHTaXUBIIM iX Ha MOAYJb, BOHM MaloOTh BHUKOHYBATH NEBHI DIIICHHS 13
HACTaHHSM IE€BHOI yMOBU. YcCl MOTpiOHI [Mii HalAIITyBaHHS YTBOPIOIOTHCA Y
3Bu4aiitHomy Web-0Opay3epi 3a KiJibka XBUJIUH:
— miarpumye Modbus TCP s inTerpyBanns y cucremy SCADA;
— WISE-7118 Z BuxopucrtoBye Texnosorito POE >xuBneHHs, sika 3BUTbHSE
HOro BiJl HEOOXITHOTO MPOKIIAyBaHHS KaOCIbHUX JIHIN JJIsl OTPUMAaHHS
KUBJICHHS.
®dipma «PITO» nae Mpomo3uIil0 CUCTEM KEPYyBaHHS MIKPOKIIMATOM Yy
termix cepii FC. A 30kpemMa MOBHHMM BUIJISJ LBOTO MIKPOKIIMATHYHOTO

KoMII'FoTepa Bif Tiel pipmu 300paxkeHo Ha pucyHky 1.6 [37].

—
-
o~

222 9% .
aas®| -7
LA AN |
N oes
AR 4
LN

&

Puc. 1.6. [ToBHU# BUTIISIA MIKPOKJIIMATHYHOTO KOMIT IOTE€pa
Ile € onTUManbHUM pIIIEHHSAM [Js1 OyAb-SIKOrO THUIy TEIJIMUb PI3HUX 3a
po3Mipamu SIK CKJISTHUX, TaK 1 IUTIBKOBUX. J[J1s1 KepyBaHHS TOJJOBHUMU MMapaMeTpaMu
TeIUHIli, 1i OOJNIaJHYIOTh, TaK CKa3aTH, BHUKOHYIOUHMMH CHCTEMaMH: CHCTEMOIO
BEHTWISIIi, OOIrpiBaHHsS, OCBITJIEHOCTI, cucTemoro pgoaaBaHHs COz. Ctpore
BUKOHAHHS TOJIOBHHX MapaMeTpiB KJIIMaTy - 1€ 3alopyKa BHCOKOTO BpPOXAiO Ta
CTIKOCTI1 (DJIOPH 710 3aXBOPIOBaHb. AJie 4ac HE CTOITh Ha MICIIl, a TAKOX 1 TEXHOJIOT11

BUPOILYBaHHsS, TOMY Ha HMHIIIHIM J€Hb HaWKpalll arpoOHOMU Ta TEXHOJOIH
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OPUAUIAIOT BEITUKY KUIBKICTh YBaru [0 PO3IIMPEHOTO Ha0Opy IMOKa3HUKIB
MIKpPOKJIIMAaTy, 1[0 BKJIKOYaE y cebe BOJIOTICTh JIMCTa, TEeMIepaTypy JHUCTa,
PO3MOAUICHHS TEMIIEpaTypy y MOBITPl MO BEPTUKAIBLHOMY 3pi3y TEILUIUIh, 3MiHA
MIBUJKOCTI pyXy B moBiTpi. Kommaniero « DITO» € po3pobiieHi KiriMaT-KOMI'FOTEPH,
0 MIATPUMYIOTH HE JIMIIE TOJIOBHI MOKa3HUKH KIIMaTy, ajie ¥ MO3BOJISIOThH
3MIHIOBATH 3TaJIaHy PO3MIMPEHY KUTbKICTh MOKa3HUKIB [37].

ApXITeKTypa KJIIMaT-KOMIT'IOTepa IO3BOJISI€ TMOBHICTIO Y ABTOMAaTUYHOMY
pPSKHUMI YNPaBIATA THUMAMHA KOHTPOJIOIOYMX CHCTEM TEIUIUIb 3 CTPOTUM
JOTPUMAHHSM TIEBHOTO arpOHOMHOTO pexxumy. [liABUIIyIOUH 1IHK HA €HEePrOHOCIT
3MYLIYIOTh HE TIIbKM 3a0e3MedyBaTd MIATPUMAaHHS MIKpPOKIIMaTy, aje 1 AyMaTu
po €pEeKTUBHE BUKOPUCTAHHS PECypCiB, XOU TO BBIMKHEHHSI CUCTEMHU OMAJICHHS
abo ociTienHs, yu nojgaya CO; 4yu MOCTIMHE BIAKPUTTS/3aKpUTTA (pamyr. Y
3B'SI3Ky 3 UMM (PYHKI[IOHAT MOMJIMBOCTCH CHCTEM KEPYBaHHS II03BOJIIOTH
YTBOPIOBATH «CTPATETII0 KEPYBAHHSI, JIE aTPOHOM Ma€ MOKJIUBICTD BiJl 3aJI€KHOCTI
dbazu pocty pociMHM 1 /a00 EKOHOMIYHOi JOIUIHLHOCTI BHUOMpPATH MPIOPUTET
E€KOHOMI1 €HEePreTHYHUX BHUTPAT YU SK HAWOLIBIIOrO JOTPUMYBAHHS TEXHOJIOTIT
[37].

[TpyuHMn poOOTH MIKPOKIIMATHYHOTO KOMI'IOTEpa. Sapo cucremu e
MIPOMHUCIIOBUI KOHTPOJIEP KEPYBaHHS, po3pooOiennii cneriamictamu pipmu «DITO»
KOHKPETHO Il YCiX BHJIB TEIUIMIb. 3aBASKH Cy4acHIM eJeMeHTHiN 0a3l 3
SATIOHCHKUX 1 aMEPUKAHCHKUX KOMIUICKTYIOUUX, Y KOHTPOJIEPIB ICHYE BETMKHN
MOKa3HUK Oe3mepeOiiHoCTI Ta Xopomioi podoTu. OKpiM KOHTpoJiepa, CUCTEMA
KepyBaHHS KJIIMaTOM BKJIIOYae y ceOe IMiJICHCTEMY BCTAHOBJIICHUX BCEpEAMHI
TETUTUI] BUMIPIOBAIBHHX JaT4uKiB [37].

k110 € HeoOX1IHICTh CUCTEMAa aBTOMATHYHO IHTETPYBaTHUCS 3 KOTebHI. [{1s
TOTO ICHy€ KOHKPETHUI Moaynb, KoTpull uepe3 iHTepdeiic FIDUFACE 3aiiicHioe
nepenavy JaHuX 70 KOTENbHI 3aaiis KepyBaHHS BUpoOsieHHs Teruia, abo CO2 un
esnekTpoeneprii. Crioctepiratu 3a NporecoM KiiMaTy 1 TaK0K BHOCUTH TIOTIPABKH J10
3aBJaHb Yy 3py4Hiil popMi MOKHA 3a TIOITOMOTOI0 3BUYaiiHOro KoM totepa [37]. Tax
caMoO € J0CTymHa (DYHKIIiS BiJJaIEHOTO KEPYBaHHS CHUCTEMOIO UYEpE3 MEpPEeKy

IHTEPHET.
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OyHKIIIOHAIbHI MOYKJIMBOCTI:

— BUMIPIOBaHHS NapaMeTpiB KIIMaTy B IEKIIBKOX 30HAX;

— TIOBHUW aBTOMATHYHUNA KOHTPOJb CHCTEM OMAJIICHHS, BEHTUJIAIII]

3amtoptoBanHs, CO2, OCBSIUyBaHHS,

— CTBOPEHHSI ONITUMAJIbHO1 "'cTpaTerii ynpaBiiHHA'";

— 1iuTerparis B cuctemy ynpasiiaas koTenbHi (FIDUFACE);

— 3py4YHUi 1HTEpENC;

— (yHKIIISI EKOHOMII eHEPreTUYHUX PECYPCIB;

— BiamaseHuit MoHiTOpHHT 1 aHami3 3 [1K [38].

TakuM YWMHOM MpoaHaNi3yBaBIIM BCl BHILIE IE€pepaxoBaHl 3acoOu s
NiATPUMaHHS MIKPOKJIIMATy B OpaHkepei, MOKHAa 3a3HAa4uTH, IO BHUOIp Ha
CHOTOJTHIIIHIN JIEHb € JOCUTh PI3HOMaHITHUM 1 KOPUCTYyBa4y MOKE BIJIbHO BUOMpATH
napameTpH, sIKl HOBUHHI MOro 3a/10BOJIBHATH. Bl 3aco0M MaroTh y AyXe BEJIUKUI
notermian [38]. I[lympr ympasmiaas wikpoxmimatom kKommanii «EKF» Bapto
3aCTOCYBaTH Y HEBEIMKHX TEIUIUIb. XOYa IMyJbT MOYKE BUKOHYBATH TaKi Mii sK:
KOHTPOJIb  OCBITJICHOCTi, TIOJHMB, PETYJIOBAaHHA TEMIIEpaTypu Y TEIUIHI 1
3a0e3nevyeHHs] 1i BEHTHJIALIIO, ajle KIIbKICTh MapaMeTpiB MOXKHA CKazaTH €
CEpEeIHbOIO B MOPIBHAHHI 3 iloro aHanoramu [38].

[lle omue TBOpiHHS i€l ¢ipmu - e OJIOK KepyBaHHS MIKPOKJIIMATOM Ha
MmikpokoHTposepi DS1820. Cepen nepesar, sk 1 y nonepeaHuKa, MOXHa BIAHECTH
Maji po3Mipu, MPOCTOTa B EKCIUTyaTallii, peryJloBaHHS PI3HUMU MMapaMeTpamu B
3aJIE)KHOCTI Bl IMIAKIIOYEHUX AATYMKIB. KIIBKICTh MIAKIIOYEHUX JATYMUKIB CATac
32, 110 mpu MpaBUIILHOMY X MiA00PI MOMIIMBO TIOBHICTh aBTOMATH3yBaTH MPOIIEC
pETYIIOBaHHS MIKPOKJIiMaTy Ha OJHOMY Moymi. BiciM BHXOAIB J03BOJISIIOTH
MIJKITIOYUTA TIPUCTPOT JIsi YNPaBIiHHS OUIbII TMOTY>KHUMH HaBaHTaKCHHSIMHU.
MoxnuBICTh MIAKIIOYEHHS O KOMITIOTE€pa Ja€ 3MOTy KOpUCTyBady BiApasy, B
peaslbHOMY 4aci, BiJCIIIKOBYBATH BCi MapaMeTpy 1 IMIBUAKO pearyBaTH y pasi
He0oO0X11HOCTI. BJIOK MOKHA BUKOPUCTOBYBATH 1 JJIS1 MAJIUX, 1 U151 BEJTUKUX TEILIUIb
[38].

Haif0inpImr JMOCKOHAIMM y CBOEMY pOJIi, 3 HaIOi TOYKH 30py, €

iHTenekTyanbHuid Mmoaysib WISE- 7118Z. He 3Baxkaroun Ha HOro Maji po3mipH, BiH
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MOXE KOHTPOJIOBAaTH JOCTATHIO KIJIBKICTh IMapaMeTpiB, aje 3 JIOJATKOBUMU
MOXJIMBOCTSAMHU. A came: MOCTIMHMA KOHTPOJb 3a MIKPOKIIMATOM Yy TEIUIUI,
MO>KJIMBICTh BUKOpHUCTAaHHS pexumy nepeaadi Modbus TCP, o go3Bossie 30upatu
JlaH1 TIPO CTaH y TEIUIUII 1 BiIoOpakaTH 1€ Ha MOHITOP1 KopucTyBaya. Lle mocuthb
KOPHUCHO, KOJHM KOHTPOJIb BEIEThCSA 3a KUTbKOMA TEIUIMIIMH OJTHOYAcHO. Xoda
KUIBKICTh JATYUKIB, SKI MOXKHa ITiJI’€THATH JO KOHTpoJjiepa Tuibku 10, ame 3
BUKOPUCTAaHHAM KOMYTaTOpiB, Takux ik RSM-408 1 NS-205PSE MoxHa 3011b1IUTH
KUIBKICTh MOJYJIIB MiAKIIOYEHHS. J[aH1 MOJal0ThCs Ha cepBep 1 0OPOOIISIOTHCS Y
SCADA cucrewmi. IlependaueHo TakoX JIOT1YHE YIPaBIIHHS IMOJISIMH, IO JIOJA€
MIKpPOKOHTpPOJIEPY 0/1aTKOB1 nepeBaru [38].

OctanHiM cepell pO3MNISIHYTUX TPUKIAAIB OyB KIIMAaTUYHUN KOMII IOTEP
bipmu «OUTO». He 3Barkaroun Ha HOTO BEJIMKI PO3MIPH, BIH € Ty>K€ MOTYKHUM y
TJIaH1 TapaMeTpiB, sIKI KOHTPOJIIOIOTHCS. BiH 100pe NiAX0aUTh SK ISl BETUKUX TaK
1 JUISI MQJIMX TEIUIUIb, KOHTPOJIIOE OCHOBHI ITApaMeTPH, Ma€ J0IaTKOBI MOXKITUBOCTI
KOHTPOJIFO TEMITepaTypd JIUCTKA, BOJIOTOCTI JIUCTKA, KOHTPOJIIOE PO3IMOILI
TEMIIEPATYPH 110 TEIUIUII 1 T.J. KiliMaTHIHUN KOMIT FOTEp € €KOHOMIYHO BUT1THUM,
a MOro apxiTEeKTypa 3BOJIUTH J0 MIHIMyMY MPOILEHT BTPYUYAHHS JIOAUHU Y pOOOTY
cuctemH [38].

3 HaMIOi TOYKU 30pYy, 3aKOPJOHHI BUPOOHHWKH BHITYCKAIOTh Kparry i OUThII
HaJIiHYy MPOJYKIIIO, a TOMY, SIK HACIiJIOK, ii I[IHA 1 AKICh € BHILOI HIXK I1HIIHUX
BITYM3HSHUX BUPOOHUKIB. SIKIIO KOIITOPUC HE OOMEXYeTbCs, TO OUIbII
parioHaIbHUM OyJ/Ie 3aCTOCYBaHHA KIIMaTU4HOTO Komm'totepa pipmu «DUTO»,
abo mpucTporo Ha iHTenekTyanbHoMy Moy WISE-7118Z. 1i aBa npeacTaBHuKa
MpU3HAYCH] K IS BEMKHUX, TaK 1 JJIs CepeAHIX TEIUIUIlh, & TOMY B TIOBHIN Mipi
32/I0BOJIBHATH BC1 OCHOBHI BUMOTH JI0 aBTOMAaTH3aIlii MIKpOoKIiMaTy B Terumii [38].

B cBoro uepry mynbT ympaBiiHHS MikpokiaiMatoM komrmanii «EKF» 1 6ok
KEepyBaHHSI MIKpOKJIiMaTOM Ha MikpokoHTpoJiepi DS1820 kparme 3actocoByBaTu

JJIA MaJIMX TCIIIIUIIb 1 TCIUINIb CCPCAHBOTO pO3Mipy.
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1.3. AHani3 cucTeMu ynpapBJiHHS MiKPOKJIMATOM opaH:Kepei KoMIaHii
"Anb¢pa'" Ha niari Arduino Mega"'

[cHYIOTB pi3HI crTOcOOM 30€epiraHHs POCIMH 1 IUTPYCOBUX TUIOAIB: B 3aKPUTHX
a00 BIIKpUTHX KOHTEWHepax. Bulbip cmocoOy BupoIllyBaHHS Ta 30epiraHHs
3QJIeKUTh BIJl BUAY OpaHkepel abo Teivilb, CTaHy 3aKIafaloThCsl MapOCTKIB 1
HACIHHS, CTPOKIB peaizailii MpoIyKTy 1 BiJl OCHAIIIEHOCTI TOCTIOIAPCTB TEXHIYHUMU
3acobamu, ane B OyAb-sIKOMY BapiaHTi B yMOBaX IPOMHUCIOBOrO 1 MPUBATHOTO
30epiraHHs 3aCTOCOBYIOTHCS PETYIIO0Yl CUCTEMH MIKPOKJIIiMAaTy. ABTOMATHU30BaH1
CUCTeMH 3a0e3NeUyroTh BIJBEICHHS MPOAYKTIB OOMIHY PEUYOBHH, MPHUIYIICHHS
M1JBUILIEHOT aKTUBHOCTI IUXaHHS, TPOPOCTAHHS 1 THUTTSI, 3a1100ITaHHs POCIHUH B1J
3aMep3aHHs, a TAKOXK 30€peKEHHS I[IHHUX OPTaHIYHUX PEYOBUH, BKIIOYAIOUU BOY.

Jlns nmx miteit Oyna po3poOsieHa cucTeMa YIPaBIIiHHSA MIKpOKIIMAaTOM B
opanxepesx (quB. Puc. 1.7). Jlana crucrema € 4aCTUHOIO PEabHOTO MPUCaTUOHOTO
rocrnojgapcTBa. 3 ii JIOMOMOIOI IMPOLEC BUPOIIYBAHHS POCIUH CTaB YacTKOBO
aBTOMAaTHU30BaHUM, 110 HE BUMArae MmoCTiHHOT MPUCYTHOCTI JIFOIUHHU.

KoHkpeTHHIT eK3eMIIsip aHOi CHCTEMH BIAMPAIbOBYETHCS HA KapKacHO-
CKJISTHINA OpaH)kepei, TOBKUHOI0 6 METPiB, IIUPUHOIO 3 METPH, BUCOTOIO 2 MeTpH. B
opaHkepei € 0J1H1 ABEp1 1 2 KBAaTUPKH, MPOBEJICHI €JIEKTPUKa Ta BoJIOTiH. HarpiBanHs
BOIM BiOyBaeThbcs B eMHOCTI 00'eMoM 70 miTpiB. THCK B €MHOCTI CKiTaae OJIM3bKO
nBox arMocgep. B opanxepei Bupouryerbest 0au3bko 35 pocius [10] Cucrema mae

HACTYITHUW BUTJISA:

Puc. 1.7. Cxema cuctemu ynpaBiiHHS MIKpPOKJIIMAaTOM B OpaHxepei
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IlentpanbHe Miciie B cucteMi 3aiimae miata Arduino Mega (puc. 1.8):

TR
ITALY
e

o’ o %n

Nl iy

cuane

Arduino MEGA

wwu.arduino.cc

Puc. 1.8. Arduino Mega

Arduino € MOBHICTIO BIAKPUTOIO MIAT(OPMOIO, IO CKIAJAETHCS 3 IUIATH 1

cepenoBuIIa po3poOKH, B AKIH peaizoBaHa nepepobiieHa Bepcis MoBH Processing /

Wiring.

BuxopucroByBana anapatHa ratdopma moOyoBaHa Ha MIKPOKOHTPOJEPI

ATmegal280.

VY nauiii cucremi 3aisHi1 8 HuppOoBUX BXOIIB / BUXOAIB (BChOr0 Ha MIaThopmi

ix 54) 1 10 amanoroBux (Bcboro ix 16). [lnata oTpumye xapuyBaHHS BiJl

30BHIIIHBOTO IOKCPCIIa JKUBJICHH.

[1nara Mae HaCTYyMHI XapaKTePUCTUKU:

* poboua Hanpyra: 5SB;

* PEKOMEH/I0BaHa BX1JHa Hanpyra: 7-12 B;

* rpaHUYHA BXiJHA Hampyra: 6-20 B;

* 54 uudpoBUX MOPTIB BBEJICHHS / BUBOY;

* 16 aHAIIOrOBUX BXO/IIB;

* CTPYM CIIO’KWBAHHS Ha OJJHOMY BHBO/II: 10 40 MA;

* CTPYM ClOKUBaHHs BUBeNIeHH: 3.3B: 50 MA;

* mam'sate Flash Memory: 128 KB, 3 saxux 4KB BHKOpHUCTOBYIOTHCS

3arpy34ruKoM;

* O3V: 8 KB;
* He3anexxHa nam'sate: 4 KB;

* TakTOBa yacTtorta: 16 MI11;
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* po3mip: 75x54x15 mm;

e Bara: 45 r;

Jlo Arduino Mega miakitodeHi He0OXiIHI TaTYUKH 1 MOTYJII.

BxmtoueHHs / BUMUKaHHS TIOJIUBY 3aJICKUTH BIJl Py MapaMeTpiB:

* BOJIOTICTb IPYHTY;

sTEeMIIEpaTypa BOJIU;

*yac J00u.

VY naniit cuctemi 3aisiHo 4 maTyuka BoJorocti rpyHty (auB. Puc. 1.9 - 1.10).

Jlist BUMIpIOBaHHS BOJIOTOCTI TIPYHTY BHUKOPUCTOBYETHCS CaMOpPOOHMIA
JATYUK, 110 MPEJICTaBIsie cO0010 ABa IBsiXa 1 pe3uctop. [IpuHiun aii 3acHOBaHUM
HAa 3aJIS)KHOCTI €IEKTPUIHOTO OMOPY IPYHTY BiJ 11 BOJIOTOCTI.

[IBsixu, BBEeICH1 B IPYHT Ha JIeAKIN BiJACTaH1 OJWH BiJ OJTHOTO, BUCTYTAIOTh B
SKOCT1 IIYyIIB, MK SIKMMH IEpEBIPAEThCA Omip. 3a MiACYMKOBUM aHAJIOIOBOMY

CUTHAJTy MOKHA CYJIUTH TMPO CTYIiHb Bojorocti. Cxema JaT4ynKa MpeAcTaBiIeHa Ha
PUCYHKY:
+5VDC

ANALOG 0 e

R1

Puc. 1.9. JIaTuuk BOJIOTOCTI IPYHTY
JUiss BUMIPIOBaHHS TEMIIEpaTypd BOJIM BUKOPUCTOBYeTbcst LM335Z -

aHAJIOTOBHI TEPMOJATUNK TEPMOCTAOUTITPOH:

, !

Puc. 1.10. Ananorosuii TepmogatTuuk LM335Z

BukopucToByBaHMI TaTYMK MA€ TaKl XapaKTEPUCTHKU:
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 mamasoH: -40 ... + 100;

* ToyHICTE: 1 ° C;

* 3asexHicTh: 10MB / oC.

JIJist MAKITIOYEHHS 1aTYuKa /10 IUIATH MOTPiOeH pe3ucTop, onopom 2.2 kKOM.
Crapisiuu CTpyM 4epe3 JaT4ukK B Jiama3oHi Big 0.45 MA 1o 5 MA (pesuctopom R1),
OTPUMYEMO HANpyTy Ha JaTYMKY, sIKe B JecaTkax MB mpezactaBisie abCOMIOTHY
Temriepatypy B rpangycax KenbBiHa. Cxema MIAKIIOYEHHS NpeICTaBlieHa Ha

pucysky 1.11:

Rl
Zk

]

Puc. 1.11. Cxema nigkiIrodeHHs TepMOaTIuKa
Jns Toro, mo0 MONMB BKJIIOYABCS TIIBKM B TEMHHUHM dYac 100w,

BUKOPHUCTOBYIOThCS 2 Aatduku cBiTia Light Sensor-BH1750 (nuB.puc. 1.12):

Puc. 1.12. Jlatuuk cBitia Light Sensor-BH1750
JlaHuii 1aTYuK CIIYXKUTh JIJIi BUMIPIOBaHHS OCBITJICHOCTI B MeXax Bif 1 110
65535 mroke. BiH Mae HacTynH1 XapaKTEepPUCTUKU:
* Hampyra )XUBJICHHS: 3-5B;
 1o3BUI: 16 OIT;
* rabaputn: 19x14x3 mm;

» moxuoOka: + 20%.
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[TinkmroueHHs JaTyvka 341HCHIOETHCS HACTYITHMM YHMHOM, SIK IOKa3aHO Ha

pucysky 1.13:

e mSVGndVin 01 2 345

Puc. 1.13. [Tinkarouenns naruuka cBitia Light Sensor-BH1750

Konmu orpumaHi 3 JaTYWKIB MOKA3HUKH 33J0BOJBHSIOTH IEBHUM YMOBaM
(BOHH PpO3PIZHSIOTHCS JJII KOKHOTO BHUIY POCIHMH), BKIIOYAETHCA TONUB. [[ms
pEeTyJIIOBaHHS TIOJIMBY BHKOPHCTOBYETHCS E€JICKTPOMArHITHWHA Kiamad. BiH
MIJKJII0YAEThCA N0 IUIaTh 3a jaonoMoror perne (auB. Puc.1.14). A came
BUKOPHUCTOBYEThCS peieHui mMoayib s Arduino mpoektiB Relay Module 2
DFRO0017. Bin BukopuctoBye Bucokosikicie pesie Omron GSLA. Ctan Buxonay peine
BIJIOOpaka€eThCA 3a JIONMOMOIOr cBiTiomiona. lleit momyns ympaBiaseTbes 3a
JIOTIOMOTOI0 ITU(PPOBOTO TOPTY BBOAY-BHBOAY. Yac NEpPEMHKAaHHS KOHTAKTY
cTaHoBUTH 10 Mc. Sk 1 JaT4MKW AJi1 BUMIPIOBaHHS TEMIIEpaTypu 1 BOJOIOCTI
TPYHTY, pEleHHUN MOIYyJb MIAKIIOYAETHCS B KEPYIOUOi €JIEKTPOHII Yepe3 TpHu

JIPOTH:

:

G

N o

Sigio

Input SV GND

Puc. 1.14. Ilpu3HayeHHs] KOHTAKTIB pPO3'eMy PEIEHHOT0 MOIYJIS
Kpim nonuBy naHa cucreMa KOHTPOJIIIOE 1 TEMIIEpaTypy MOBITPS B TETUIHUIIL.
JUIss OJHOYACHOrO BHUMIPIOBAHHS TEMIEPATYpPU 1 BOJIOrOCTI MOBITPA

BukopucToByeTbes gatunk DHT11 Temperature Humidity Sensor (quB. Puc. 1.15).
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Puc. 1.15. DHT11 Temperature Humidity Sensor

Bin migkmtodaeTbes 10 KEPYOUOi €IEKTPOHIKH Yepe3 TPH APOTH: KUBIICHHS
(VCC), 3emuis (GND) 1 curHanbHHIA.

Ha nnati kpiM natyuka po3TallOBaHU MIKPOKOHTPOJIEP, B MaM'TI SKOTO
3anucaHi KamOpyBaIbHI MOMPaBKH I JaTYUKiB. CUTHAN 3 IPUCTPOIO MEPEIAETHCS
no muHi y uudposomy Burii. Lle 1o3Bosise nepenaBatu AaHi Ha BiacTanb 10 20
M.

Jlanuit 1aTuyuK Ma€ Taki XapaKTePUCTUKHU:

* HaIIpyra XUBJICHHS: 5 B;

* niamazoH temmnepatyp: 0-50 © C, moxubka £ 2 ° C;

* osioricth: 20-90%, moxunoka + 5%.

Jl5is peryntoBaHHS TEMIIEPATypH MOBITPS B TEIUIMIII BUKOPUCTOBYETHCS JBA
pPEXUMU: TACUBHE 1 aAKTHUBHE MPOBITPIOBaHHs. [lacBHE MPOBITPIOBAHHS € BITKPUTTS
/ 3aKpUTTS KBaTUPOK, & aKTUBHE - BKIIFOUCHHS / BUMUKAHHS BEHTUJISATOPA.

BinkpuTTs KBaTUpOK MPOBOJUTHCS 3a JOMOMOIOI0 JBOX (MO OJHOMY Ha

KBaTUpKYy) cepBonpuBoiiB Futaba T306 MG995 (aus. Puc. 1.16):

=

Puc. 1.16. CepBomnpusin Futaba T306 MG995
BukopucToByBaHUii CEpBOMPHBIL Ma€ HACTYITHI XapaKTEPUCTUKH:

* mBHUIKICTH podotn: 0.17 ¢ / 60 rpaxycis (4,8 B 6e3 HaBaHTa)KeHHS);
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* MOMeHT: 13 kr-cMm nipu 4,8 B;

* MOMEHT: 15 kr-cm nipu 6 B;

* poboua Hanpyra: 4,8 - 7.2 B;

* noBxuHa poTy: 300 mMm;

* po3mipu: 40mMm X 19mM x 43 MM;

e Bara: 55 m

[linkIt04eHHsT BEHTWJIATOpPA MPOBOJAMTHCS TaKUM K€ CHOCOOOM, fAK 1
MIJKJII0YEHHS KianaHa (depe3 pesieMHui MOAYJIb).

OTpumani 3 JaTYUKIB JIaHl 3aMHUCYIOThCS Ha KapTy mam'siti SD (nuB. Puc.
1.17). Hapami BoHU OOpOOJIAIOTHCS, aHATI3YIOThCA 1 Ha iX OCHOBI OyAYHOTHCS

rpadiku pi3HUX TOKa3aHb. J[JI 1HOTO BUKOPUCTOBYETHCS MOAydb SD-kapt

DFRobot:

Puc. 1.17. Moayns SD-kapt

[Tigkaro4eHHsT BEHTWISITOPA MPOBOAMTHCS TAaKUM K€ CIOcoOoOM, 5K i
M IKITIOYEHHS KJ1arana (4epe3 peleiHuid MOIyIIh).

Bin MicTuth po3'em a1 cTaHmapTHUX KapT nmam'sti SD, 110 103BosIsie 101aTH
HAKOMHMYyBa4 JUIS 3alHCy 1 3UMTYBaHHS JaHUX B OyIb-sSKui TpoekT. Bin mae
HACTYTTHI XapaKTePUCTUKH:

* po3'em mia crangaptaux SD kaprt 1 yepe3 nepexigauk MicroSD kapr;

* MICTUTH (PIKCATOP KapTH MaM'sITi;

* MATPUMYE YUTAHHS 1 3aITHC;

* MO’K€ BUKOPUCTOBYBATHUCS 3 IHIIMMHU MUKPOKOHTPOJIIIEPAMHU;

* Hampyra KUBJIEHHA: 5 B;

* po3mip: 36 x 30 X 5 MmM;

e Bara: 7 rp.
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VY naHiii cucTemi yrpaBiIiHHS BpaXOBaHI BUMOTH TEXHOJIOT1i BUPOIIyBaHHS Ta
NOJIUBY, JIOTIKa aJrOpPUTMIB B3a€MOIIOB'A3aHa 1 onTUMiI3oBaHa. DyHKIIIOHAT
MPOCTUN 1 HE BHUKJIMKAE TPYIHOIIIB MpU HOTO OCBOEHHI. [IpoTokon ympaBmiHHS
JIETKO 3aIlaM'siTOBYEThCS, HE CTBOPIOE TPYIHOIIIB MPH BHOOPI PEKHUMIB, YUTAHHI
1H(popMarlii Ta yrpaBJaiHHI CUCTEMOIO.

1.4. IToOynoBa MaTeMaTHYHOI MOJIeJIi MIKPOKJIIMATy OpaHkepei

BinoMo, 110 TUIOBI pillIeHHS MO YHOPaBIIHHIO peKUMaMH POOOTH 00'€KTIB
PI3HOI MPUPOIM 3aCHOBAaHI HA BUKOPHCTAHHI JOCHTh MPOCTUX MOJENeil 00'€KTIB,
napaMeTpu SKuX aOCTpakTHI 1 He BiJJ0OpaXkaroTh (hi3WYH1 3aKOHOMIPHOCTI IIPOIIECIB
[11].

[Ipu BUKOpUCTAaHHI MaTEMAaTUYHUX MOJIEJIEH TAKOTO TUITY BIAE€THCS YCIIIITHO
BUOpATH CTPYKTYPY 1 (3a3BUUall) 3aKOH yIIPABIIHHS, ajle HE BAA€THCSI OOIPYHTOBAHO
BU3HAYHUTH PEATICTUYHI OKA3HUKH SIKOCT1 YIIPABIIIHHS.

Kpim Toro, B 3B'SI3Ky 3 aOCTpPaKTHUM XapaKTEpOM IMapaMeTpiB CHPOIICHUX
MoOJlellel He BIAEThCS HAMITUTH NUISXH TONIMIIEHHS aBTOMAaTH30BaHOTO
TEXHOJIOTIYHOTO TPOIECYy HE TUIBKM 3a PaxyHOK HaJallITyBaHHs IapaMeTpiB
CUCTEMH YIIPaBIiHHA, @ ¥ 3a paxyHOK 3MIHHM XapaKTEPUCTUK camoro o0'ekra. Y
3B'SI3KY 3 IIMM MPEJCTaBISIOTh 1HTEPEC POOOTH, B SIKUX IS CHUHTE3y CHUCTEMH
YOpaBIMIHHS 1 I aHami3y ii SKOCTI 3 BHOOPOM HaINpsIMKIB BJIOCKOHAJICHHS
aBTOMAaTH30BaHOTO TEXHOJOTIYHOTO KOMIUIEKCY BUKOPUCTOBYIOTHCS Pi3HI MOJIEINI:
OUIbII TPOCTI 1 YyHIBEpCalbHI - I 3aJad CHHTE3y 1 OUIbII CKJIaJHI, IO
BiI0OpaXkatoTh (Pi3WyHI OCHOBM pobOTH o0O0'ekTa - Ui 3a7a4  aHamizy 1
BJIOCKOHAJICHHSI 00'€KTa CIIJIBHO 3 CUCTEMOIO yrpaBiiHH [12].

OnHi€ro 3 BAKIUBUX CTaJlid CTBOPEHHS CHCTEMH YIIPaBJIiHHS TEMIIEPATypPHO-
BOJIOTICHUM PEXUMOM OpaHKepei € po3podka Mojiesneid 00'ekTa, 110 BiIOUBAIOTH 1110
BIJIOYBAIOTHCS B Hill MPOLIECH 3 TO3ULINA BUPILICHHS 3aBAaHb JBOX KJIACIB CUHTE3Y
QITOPUTMIB, 3 OJTHOTO OOKY, 1 aHAI3y SKOCTI YNPaBIiHHA, 3 1HIIOrO OOKy. SKIIo
BUMOTI'OI0 JI0O MOJIeNiel JIJIsl IPYToro Kiacy 3aad € aJieKBaTHICTb, TO MPU pO3pooili
MoJieNIel U1l MEepIIOro KJacy 3ajJady MOBMHHI OyTH BpaxoBaHI HE TUIbKM BHUMOTH
aJICKBaTHOCTI, a W JOCATHYTHH pIBEHb HAYKOBOi MIIATPUMKHU 3a/ady CHHTE3Y

AJITOPUTMIB.
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BignosigHo 1o miei kmacudikaliii po3aiIMMo iICHYR0Y1l MOACTI MIKPOKJIiMAaTy
Ha Bl TpyIu:

* [IpuHIIMTIOB] MOJIETTi, OPIEHTOBAHI Ha PIIICHHS 3a/1a4 aHaJli3y BIACTUBOCTEH
o0'ekTa 1 SKOCTI CHCTEM YIIpaBJiHHA. Y MOJEIAX JaHOi rpynu (Qi3u4yHi SBUIIA
OMUCYIOThCST TU(EepeHIliaTbHUMHU PIBHIHHAMHU (3a3BUYail B MPOCTOpP1 CTaHIB).
[TapameTpu B MOJeNsIX 1Ii€1 TPy MalOTh (hi3MUHY THTEPIPETAITITO.

* Mogneni "dyopHOro smuka', OpiEHTOBAaHI Ha pILIEHHS 3a7ady CHUHTE3y
ANTOPUTMIB  KEpyBaHHSA. 3aJeXKHO Bil KOHKPETHOTO 3aBIaHHSI CHUHTE3Y
BUKOPHUCTOBYIOTBCS a00 CTaTH4HI MOJIeNl (perpecuBHi, MOJIHOMIAJIbHI, 3aCHOBaHI
Ha BUKOPUCTAaHHI HEMPOHHUX MEPEkK, HEUITKUX MHOXHH), a00 AMHAMIYHI MOl
(3a3Bu4aii - y hopmi udepeHIiaibHIX PiBHAHD, KOS(IIIEHTH SKUX BU3HAYAIOTHCS
3a eKCIIEPUMEHTAIbHUMHU JTAHUMHU METOJaMHU 1eHTU(iKallii; SBHUM 3B'SI30K IHX
napameTpiB 3 (I3UYHUMH 1 KOHCTPYKTUBHUMU NTapaMeTPAMH OpaHXepei BIACYTHS).
B sxocTti ocHOBU 111 po3p00KH MO/ieneit 000X KiaciB B 1aHii poOOTI BUKOPUCTaHA
MPUHIIUIIOBA MOJIENIb MIKPOKJIIMATY.

Mopaens B Oe3mepepBHOMY dYacy po3poOiicHa Ha OCHOBI HACTYITHHX
CIPOITYIOTh IPUITYIIEHb:

1) Mopenb IHTEpIpETYEe OPaHKEPEIO K 3aJaHUI 00CAT MOBITPS, 0OMEKEHHI
CTIHaMH, JaxoM 1 mifcTaBoro (3emiero). IIpoctopoBuii po3mojia 3MiHHHX, IO
OIHMCYIOTh MIKPOKJIIMAT, HE BPaxoBYeThes. J[aHEe MPUMYIIEHHS BUIIPABIOBYETHCS
IIPU MOCTIMHIM KOHBEKIIT MOBITPS 1 MPUMYCOBOI BEHTHJIALIII.

2) 3MiHa 0ioMacu POCIHH B MPOIIEC] IX PO3BUTKY PO3TISIAETHCS MHOIO SIK
30BHIIIHINA (pakTOp, HE MOB'SI3aHUN 3 MOKa3HUKaMU MikpokiiMmary. Lle npunymienss
BUTIPABJIOBYEThCSI THM, IO CHUCTEMa YIPABIIHHA MIATPUMYE TIOKA3HUKHU
MIKPOKJIIMATY 3T1IHO 3 BUMOTaMH JI0 TEXHOJIOT1i BUPOIIYBaHHS KyJIbTyp. biomaca
POCJIMH B POOOTI € TOCTIHHUM 3HAYCHHSIM.

3) 3MiHM apaMeTpiB MO B Yaci BiI0yBAIOTHCS HACTIILKH MOBIIBHO, 110
MIPU ONKUCI [IUKITY JUHAMIYHUX MPOIIECIB B CUCTEM1 YIIPaBJIiHHS X MOKHA BBaXKaTH
nocTiiHUMU. BiAMOBIIHO A0 IUX NPUMYIICHHIMU MOJENb MIKPOKIIIMATy OTpUMaHa

K JIETepMIHOBaHAa 1 30CEpe/HKeHa, BUXOJSYM 3 CITIIBBIJHOIIEHb MAacOBOTO 1
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TEIJIOBOTO OajlaHCy 3 HAOMMKEHUM ypaxXyBaHHSAM CTajlii 010J0TIYHOTO PO3BUTKY
pociuH (dpopma 00Ky - 3MiHA MapaMeTpiB Mojeli B yaci) [13,14].

Y wmonmenmi BUAUISIOTBCS JIBI  MIJICHCTEMHU: TOBITPS  OpaHxkepel i
HABKOJIOTPYHTOBUM Iap 3 pociauHamMu 1 rpyHToM. Ilpu omwmci migcucrem
BUKOPUCTOBYIOTBCA HACTyIHI 3MIHHI: TeMIlepaTypa HOBITPS B OpaHXKepel,
TEMIEpaTypa pPOCIMH OpaHxepei (TeMIeparypu HaBKOJOIPYHTOBOTO Iapy),
BOJIOTICTh (BiJHOCHA 200 abCcoJIt0THA) MOBITPs opamkepei [15].

PiBHsHHS MacoBOro 0anaHcy BOJM B OpaHXKepei Ma€e BUTIISL:

dX (1)
p-V-—

Pk E()+C _sat(t)-[E(t) + fog(1)]

= ,(L.1)

1€ p - WUIbHICTb MOBITPS OpaHxkepei, (Kr / M3);

V - 00'em moBiTpst opamwxepei, (M3);

X (t) - abcomroTHA BOJIOTIiCTh B Opamxepei, (KrBoJa / KTBO3IyX);

t - gac, (c);

F (t) - BuTpara BoAM B MOBITPSHOMY ITOTOI, SIKI MPOMIIIN Yepe3 BiKOHHI
uiMHM (Kreoja / c);

C_sat (t) - koedirieHT HACUYCHHS MTOBITPS;

E (t) - mBHaKicT, CyMapHOTO BHIIAPOBYBAHHS BOJU pOCIMHAMHK (KrBoja / ¢);

fog (t) - BuTpaTa Boau cucTeMoro TymMaHy (Kreoja / ).

CmiBBignomenss (1.1) mokasye, 1o 3MiHa KUJIBKOCTI BOJU Y BHYTPIIIHBOMY
MOBITP1 OpaHkepei 3aIeKUTh Bl HACTYITHUX CKJIaJI0BHX:

* KUIBKOCTI BOJIM, IIO0 HAJIXOJWUTh 13 30BHINIHIM TMOBITPSAM Yepe3 BIKOHHI
uriauau - F (1);

* KUTbKICTh BOJIH, 1110 BHITAPOBYETHCS POCIMHAMH B MPOIIECI CBOTO 3pOCTAHHS
- E(1);

* KUJTbKOCTI BOJIM PO3IMUITIOETHCS CUCTEMOIO TyMaHy - fog (t) [16].

PiBHSIHHA TemoBoro OajlaHCy €Heprii, 10 BIUIMBAE HA 3MIHY TeMIEpaTypu

BHYTPIIIHBOIO ITOBITPSI OPAHKEPET MAE BUTIIAL:
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p-V-Cy- @ = Os(t) — Oce(t) + Op(t) —
[

= C _sar(t)-(Qu(t) + 0r(1) = v + T (1) (1.7

i€ p - MUIBHICTH MOBITPs Opamxkepei, (Kr / M3);

V - 06'em moBITpst opamxepei, (M3);

Cv - termoemMHicTh moBiTps, [k / (xr - © C)];

T (t) - remneparypa noBiTps Bcepeauni opamxkepei, (¢ C);

t - gac, (¢);

Qs (t) - consraHa eHepris, MO NepeaacTbes MOBITPIO opamkepei, (BT);

Qcc (t) - enepris 0OMiHYy MpHU IPOBIAHOCTI 1 KOHBeKIIii, (BT);

Qp (t) - oOmiH eHepriero 3 pociuHamu, (BT);

C_sat (t) - koedimieHT HACUYCHHS TTOBITPS;

Qu (t) - BTpatm eHeprii 3a paxXyHOK CYMapHOTO BHIIAPOBYBaHHS BOJU
pociuHamu, (BT);

Qt (t) - BTpaTH eHeprii 3a paxyHOK pO3MUICHHS BOJIU CUCTEMOIO TyMaHy, (BT);

QV (t) - eneprist 0OMiHy MOBITPSIHOT BeHTHIIALIT, (BT);

W (t) - enepris cucremu o0irpisy, (BT).

CrniBeigHomenHs (1.2) mokasye, 1o 3MiHa TeMIlepaTypd BHYTPIITHHOTO
MOBITPS OpaHKepei 3aJIeKUTh B/l HACTYITHUX CKJIaI0BHX:

* COHSIYHOT CHEpTii, 0 HArpiBae BHYTPIITHE MOBITPs opamxkepei - Qs (1);

* TEeMIepaTypH MOBITPS HABKOJIMIIHBOTO CEPEIOBUINA, IO HAIXOJUTH B
OpaHKEPEIo Yepe3 CHCTEMY BEHTHIIAIIHHIX GpamMyr 1 mimuaud - QV (t);

* TEeMIIEPATypH MOBITPS HABKOJUIITHEOT'O CEPEIOBUIIA, 1110 BIUIMBAE HA OOMIH
CHEPTI€I0 Yepe3 CTIHU IUISIXOM MPOBITHOCTI 1 KOHBeKIIii - QCC (t);

* CyMapHOTO BHUIIAPOBYBaHHS BOJW POCIMHAMH, IO TPHU3BOJHUTH JO
OXOJIOJKEHHS MOBITps opamxkepei -Qu (t);

* eHeprii cuctemu o0irpiy - W (t);

* BTPAT CHEPTii BiJl pO3NUICHHS BOAM CUCTeMOO TyMaHy - Qt (t);

* TeII000MiHY 3 pociuHamu - Qp (t).

PiBHSIHHA TemoBOro OajlaHCy €Heprii, 0 BIUIMBA€E HA 3MIHY TEMIEPATypH

POCJIMH OpaHKepei, Ma€e BUTIISAL:
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g dIp(D)

ouiside

Cp = Qur(r)—Op(r)—0g(1)

. (1.3)

ne Soutside - mIo11a MOBEpXHi opaHkepei, (M2);

Cp - rermmoemHicTs pocnud, [[Ix / (° C - M2)];

Tp (t) - remneparypa pociun Bcepeauni opamxkepei, (° C);

t - gac, (¢);

Qur (t) - eHeprisi, 3aCBOIOETHCS POCITHHAMHU TTPOTATOM AHS, (BT);

Qp (t) - oOmin eHepriero 3 pociuHamu, (BT);

Qg (t) - BTparu eneprii yepe3 rpyHT, (BT).

CmiBBignomenss (1.3) mokazye (1.4), mo 3MiHa TeMmIepaTypu POCIUH
opaHXepei 3aIeKUTh Bl HACTYITHUX CKJIQI0BHX:

* eHeprii, 3acBoroBaHill pocimHamu - Qur (t); - BTpaT eHeprii yepe3 TPyHT -
Qg (1);

* TETUI00OMIHY MOBITps 3 pocimHamu - Qp (t).

Takum uymHOM, cuctema piBHSHBL (1.4), HaOMIKEHO OMHCY€E MIKPOKIIIMAT
OpaHXKepel, Ma€e BUTIISAL:

0T fi}(?)

= F(f)+ C_sat(t)- (E(f)+ fog(t))
dIl{)

{p-7/-Cv- =2 = Os(1)~ Qectt) + Qpit) ~C_sa(t)-(Qut) + Q1) ~ QD)+ 711

“’Ef) — Qur(t) - On() - Os()

Souside P

[ Frat

, (1.4)
Mopenb (1.4) € HabmmxeHor. He BpaxoByeTbcs MPOCTOPOBUI PO3MOAILT
TEeMITepaTypH 1 BOJIOTOCTI IO TUIOIII OpaHKepel; PO3MOALT ITUX 3MIHHUX IO BHCOTI
BPaXOBYEThCS TITLKH arperoBaHMX; BILUIUB TEMIIEPATyPHO-BOJIOTICHOTO PEKUMY Ha
MOKA3HUKHU PO3BUTKY POCIIMH 3BEJICHO JI0 AETEPMIHOBAHOI 3aJIEKHOCT1 KOS(IIIEHTIB
MOJIeNl Bija yacy. Alie, BUXOASYM 3 METH BUKOPUCTAHHS Moenmi (s aHami3y 1
CHUHTE3y aJITOPUTMIB KEpyBaHHS, a HE I BHOOPY TEXHOJOTIYHO JOLITBHUX
PEXXHUMIB 3MIHU TEMIIEPATYPH 1 BOJIOTOCTI), IPEACTaBICHA HAa PUCYHKY 1.18 Momens

npuiHsATHA [17].
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: TemmepaTypa pociHH B
CHcTema BiIKpHTTH ppamyr opattepei- TO(t)
Mopens :
C Girpisy W(t) . . Temmeparypa moBiTpA
HeTeNs ooy MIKPOKIIMATy oparepei- T(t)
opamxepel
Cucrema TyMany Fog(t) Bc;—;iiiz:pgz]a;g? B

Puc. 1.18. MaremaTtnyHa MOI€Nb TEMIIEPATYPHO-BOJIOTICHOTO PEKUMY
opanxepei

1.5. AmHaniz auUHAMIYHHX XapaKTePUCTHMK CHCTEeMH YIPaBJIiHHA
MIKPOKJIIMATOM OpaHKepel

JlocnimkeHHs MaTeMaTHYHUX MOJIeiel opamkepei sk 00'ekTa ynpaBiiHHS B
OCTaHHI IECATUIITTS ICTOTHO MPOCYHYJIHCS.

HaiiGinpm nmpocTi Mojeni, NpeACTaBIeH] y BUIJISIL allepUOIUYECKHUX JIAHOK
MepIIoro abo APyroro MOPSAIKY 3 3ami3HEHHSIM. Taki MOl € JOCUTh TPyOuMH 1
HaOJIMKEHE ONMUCYIOTh MOBEAIHKY 00'€KTa yIpaBiiHHS MPU PEryJIIOBaHHI OJHOTO
napamMeTpa, Harpukiaa remneparypu [ 18].

[cHyrOTH MOJENI OUIBII CKIATHOT CTPYKTYPH, HAMPUKIIA, IS YIPABIIHHS
JBOMa 1 Ouiplie mapameTpamu. HeszamepeyHoro mepeBaror TaKUX CIOCOO01B
3aBJIaHHS MaTEMaTUYHUX MOJICJICH € HAOYHICTh MOJICTIOBAHHS Ta MOXJIUBICTh
3aCTOCYBaHHSI KJIACHYHUX METOJIIB CHUHTE3y pETYJISATOPIB CUCTEM YMPaBIiHHS
napamMeTpaMH MIKpOKJIIMarTy.

Y cBow dYepry IHImMMH MmAXiA 70 3aBAaHHA MaTeMaTHYHUX Mojelei
opamxkepei 0a3yeThCsi Ha OMHUCI IM€l CKIATHOI JUHAMIYHOI CHCTEMH, I TakKi
napaMeTpu SIK TemIepaTypa 1 BOJOTICTh MOB'SI3aHI HENIHIMHUMHU 3aKOHaMU

TEPMOJIMHAMIKH, 32 JJOTIOMOTOI0 MOJIEN1 B IPOCTOPI CTaHIB TaKO1 (POPMHU:

x f (t,x,u,v), (1.5)
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ne f mo3Hauae HeMHINHY QYHKITIIO;

{ - gac;

X - 3MiHHI CTaHy, TaKi sIK TeMIeparypa MoBIiTPs B TEIUIUIIl, HOTO BOJIOTICTb,
KOHIIEHTpAIlisl JIOKCUIY BYTJICIIIO;

U - Kepyroul BIUIMBH, Takl K 0OIrpiB MoOBITps Kajnopudepamu ado 1HIIUMU
IPUCTPOSIMU, TIPUPOIHA a00 MPUMYCOBAa BEHTUJIAIIS, CUCTEMHU OCBITH TyMaHy, a
Tako cucteMu 30araucHus CO2;

V - 30BHINIHI BIUIMBH, HAPHUKJIAJA, TEMIIEpaTypa 1 BOJOTICTh 30BHIIIHBOTO
MIOBITPS, COHSYHA pajiallis, BITpOBE BIUIUB Ta 1H.

Mopenb B IpoCTOpi CTaHiB OUIBII TOYHO OMHUCYE MPOLIECH, IO B1I0YBaIOTHCS
B OpaHepei, BpaxOBYIOUHM B3a€MO3B'SI30K 3MIHHUX CTaHy, 30BHIIIHIX 30ypeHb 1
CUTHAJIIB YIIPaBJIiHHS, IPOTE B CBOIO YEPTY CYTTEBO YCKIIATHIOETHCS MOJICITIOBAHHS
BHACIJIJIOK HEIHIHHOCTI MOJIENI.

Ile mocmimkeHHS Ma€e Ha MET1 AOCTIHKEHHS MaTeMaTUYHOT MOJIEITi OpaHKepel
IpY YOPABIIHHI TEMIIEPATYpPOIO 1 BOJOTICTIO MOBITPS, IO 0Aa3yeThCsl HA 3aKOHAX
30epekeHHs eHeprii 1 Macu. A Takox po3pooOky Simulink-moeni 11 3acToCyBaHHS
B OCBITHIX IUISIX JIJIs1 IEMOHCTpAIIii (Pi3WIHUX SBUIIL, IO BiJJOYBAIOTHCS B OpaHKepel

1 IPUHLIMIIB YIPABIIHHS MIKPOKIIMATOM.
1 s(D Kr.oro
0CaVim [QH (t) + Sn(t)_}\Qm(t)] - (U— + p) [TBHyTp (t) -

Vin PCsVm
Tyom (8], (1.6)

dTBHyTp () _
dat

d—ﬂpszyzp(t) = ViBQm(t) + ViB [E (Sn(t): Peuyrp (t))] o U;_:) [(pBHYTP (t) -

P305: (D], (1.7)

E(S2(6), @puyrp(£)) = 0725 — By (8), (18)

ne Teuyp, Tsoss - TEMIepaTypa TOBITPS BCEpPEIMHI 1 330BHI OpaHkepel
BianosigHo (°C);

Qeiyrp, Psoss - BIJIHOCHA BOJIOTICTH IOBITPSI BCEPEIMHI 1 30BHI OpaHxkepel
BimoBiaHO (%);

Kr.orop - KOSOIIIIEHT TETIIONEpEadi MaTepiary oropoxi opamxkepei (Bt / K);
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V - noBHUI reoMeTpudHKi 00 €M opanxkepei (M°);

Vi, Vi - 00 eMu opaHxepei 1110 00irpiBatoThCs Ta 3BOJIOKYIOTHCS BIAMOBIIHO
(m3). 3a3Buuaii cknagaroTh He Ginbiie 60% -70% 3araabHOro 00CATy OpaHKepei;

p - minbHicTs noBitps (1,2 xr / M3);

Cs - mutoMa TeruoeMHicTh oBiTps (1,005 x/x - kr-1 - K-1);

Qu - MOTYKHICTH 00irpiBadiB MOBITPs opamxkepei (BT);

Qr - IPOAYKTUBHICTH CUCTEMHU TyMaHOYTBOPEHHs (rBoja / C);

Su (t) - OTTIMHEHE TEIUTUIICIO COHSUHE BHIPOMiHIoBaHHs (BT);

A - TUTOMA TEIUIOTa MapoyTBOpeHHS (2256 kJIk / KT);

vs(t) - mMOBITPOOOMIH, sKHiI 3a0e3medyBaBcs O CHCTEMOIO BEHTHIIALIT
opamxkepei (M3 / ¢);

E Su (t), BHYTD (t) - eBamoTpaHcmiparii pociauH, B GYHKIIT BiJ MOTJIMHAHHS
COHSTYHOTO BUIPOMIHIOBAHHS 1 BOJIOTOCTI MOBITPS B opaHxkepei (rBoja / ¢);

o, B — macimTabH1 KOe(IIIEHTH, IO MPUNMAIOTHCS 3a MOCTIMHI.

Jlnst criporieHHs MOl 3a3BHYail BBAXKAETHCS, IO BHUILICHI POCIMHAMH
BUIMAPOBYBAHHS OUIBIIIOK MIpOO 3ajIeXkKaTh BiJl COHIYHOI pajiallii Ta MEHIIOI0 BiJl
BOJIOTOCTI TIOBITPS, TOMY B PIBHSAHHI (3) HEXTYIOTh JJOMAHKOM B@pyyrp (1)

[TinctaBnsitoun (3) B (1), micast nepeTBOPEHb OTPUMAEMO

Aanyrp (D) _ [0 Gu(©) + Sy -X 0m(®)] - (ﬂ+ :l) | Tonyrp () =

dat pCsV;
T30BH (t)]’ (19)
d(\oBH T (t) (t)
d—ytp Qm(t) +a S (t) T [(PBHYTp(t) P308H (t)] (110)
AcC,
Qm ~ Vg . . . ..
Q, = Qmax, Qm = =2 ¥, = “max — HOPMANI30BAHHI YNPABJISAIOYI SMIHHI;
m B
A =AQmaxy = max, o = % — HOpMaJti30BaHi Koe(illieHTH;
Va L . . .
T, = “max - Uac, HEOOX1IHUN JJI NOBHOI 3aMIHM MTOBITPSI Y 3BOJIOKEHIN
B

YaCTHHI OpaHXepei.
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Matlab-Simulink € iHTerpoBaHnM cepeOBHUINEM Jis MOJCIIIOBAHHS, aHATI3Y

Ta CcUMYJSAUIl AuHAMIYHMX cucteM. Y Simulink Onoku rpynyroThes 3a iX

NpU3HAYCHHAM Ta QYHKI[IOHAIBHICTIO [6].

OcHoBHi rpynu 6;10kiB B Simulink:

e Sources (/>xepena) - 11e 0J0KHU, sIKI BXOAATh 10 CUCTEMH 1 MMOCTAYAIOTh
BX1JIHI CUTHAJIH.

e Sinks (ITpuitmadi) - 111 GJIOKH € BUXOJIaMU CUCTEMH 1 TPUITMAIOTh BUX1/THI
CUTHAJIH.

e Linear Algebra (JliniitHa anre0pa) - 11 6JIOKH 103BOJISIIOTH BUKOHYBATH
MaTpHUYHI Omepariii Ta po3B'si3yBaTi CUCTEMH JHIWHUX PIBHSHb.

e Nonlinear (HemniniiiHi) - 111 6JI0KH A03BOJISIOTH MOJICIIIOBATH HEIIHINHI
€JIEMEHTH, TaKl SIK TICTEPE3UCH1 €JIeMEHTH, CaTypallito Ta 1HIIi.

e Discrete ([{uckpeTHi) - 111 GJIOKU JO3BOJSIOTH MOJAEIIOBATH CUCTEMH 3
JTUCKPETHUM YacCOM.

e Continuous (HemnepepsHi) - 111 610K JO3BOJISIFOTH MOJIEITIOBATH CUCTEMHU
3 HETIEPEPBHUM YaCOM.

e Signal Attributes (XapakTepucTuku cUTHaITY) - 1 OJOKU TO3BOJISIOTH
BCTAHOBJIIOBATH TMapaMEeTPH CUTHATIB, TaKl sIK aMIUIITy/la, 4acToTa Ta
1HIIII.

e Modeling Constructs (KoncTpykuii MojentoBaHHsI) - 1I1i  OJOKHU
JTIO3BOJIIIOTH CTBOPIOBATH CKJIAJIHI MOJIEJIl Ta BUKOHYBATH P13HOMAaHITHI
omeparilii HaJ| 6JIOKaMHU.

e Math Operations (MarematuuHi omepaiiii) - 11 OJOKH JO3BOJSIOThH
BUKOHYBAaTH MaTeMaTHU4HI omiepallii HaJi CHTHaJIaMH.

e User-Defined Functions (KopuctyBaupbki ¢yHKIii) - 1mi OJ0KH
JO3BOJISIIOTh BUKOPHCTOBYBATH KOPUCTYBalLbKl (DYHKIIT AJ11 0OpOOKH
CUTHAJIIB.

Kpim 1iux ocHoBHUX rpy1, y Simulink € 6araTto iHmmx rpyn OJI0KiB, SKi

JO3BOJISIFOTH MOJIEJIFOBATH PI3HOMAHITHI CUCTEMU Ta OIepanii.
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Ha 6a3i cucremu piBusap (1.9) - (1.10) B manomy pocnimpkeHHi Oyra
po3po0bieHa OJI0YHO-IMITallliiHA Mozenb B cepenoBuill Simulink mporpamHoro

xomruiekcy Matlab, npencrasiena va pucysky 1.19 [19].

Puc. 1.19. Marematuuna Mojeib opamkepei B cepenouiii Matlab-Simulink

Ha cxemi BuineHi Tpu rpynu 00KiB. Jlo rpynu 1 BXOAsATh 0JI0KH BiAMOBITHO

KepyrouuM BIUMBaM. ['pyna 2 o0'efHye OJIOKH BIUIMBIB, IO OOYPIOIOTH. Y TPETIO

rpyny o0'eqHaHi OJIOKM KOHCTAaHT-IIApaMeTPiB KOHKPETHOI opamkepei. Pemra

OJIOKM SIK1 TPU3HAYUECHI JIJI1 BAKOHAHHS MaTeMaTUYHUX OMNepalliid Ta aJis Bizyanizamil
pe3yiabTaTiB MOJICIIIOBAHHS.

Y 1poMy npHKIagi 0yaa IpoMoenroBati opamkepes Ha 100 m? Bucotoro 2,5

M, 3 MapamMeTpamu, mpeacTaBieHuMU B Tabmwii 1. Bci mapamerpu HaBenmeHi 10

OJTHOTO KBAJpPaTHOTO MeTpa IuUIoml opaHxepei. BcranoBieHi B Oimokax

IHTErpyBaHHs MOYaTKOB1 3HAUYE€HHS BOJOrocTi 1 Temneparypu: 15 °C, 1 50%.

Tabmus 1.1
ITapameTpu moaeJii opan:kepei
HaiimenyBaHHsI 3HaveHHs
Cs -324,67 xB-B1/°C
Kin-oz0p 29,81BT1/°C
Ty 3 xB
A 460 Bt
o 0.0033 r/(m3xB-Br)
ApK.
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HaiimenyBaHHs

3HauyeHHA

v

13,3 r/(m%xB)

MonemntoBanusi mpoBoAmiocss B cepenoBumni Matlab / Simulink na 06asi

omnepartiinoi cuctemu Windows 10. [l iHTerpyBaHHS BUKOPUCTOBYBABCS METO]

Pynre-Kyrra 4-ro mnopsaky 3 ¢ikcoBaHMM KpOKOM 1 XBWUJIMHA, Jiana3oH

iHTerpyBanHs 1 no6a ado 1440 xBuIuMH.

[Ipu MopemoBaHHI BCl TapamMeTpd MaTeMaTHYHOI MOJENl OpaHxkepei

BBAXKAJUCS TOCTIMHUMHU, 30BHIIIHI OOYPEHHS MOJENIOBAIUCS MijcucTeMaMu (IUB.

Puc. 1.14), B siki BXOJSATHh B SIKOCTI OCHOBHHX T€HEPYIOUHMX JIAHOK: IMOCTiHA,

rapMoHiliHa 1 BHUIIQJKOBa CKJaJ0Bi. B maHoMy BUMaaKy, HpeacTaBiIeHUM OJIOK

3aBJaHHA TeMIEpaTypyu HABKOJIUIITHEOTO CEPEIOBUILIA Y BUTIISIII TAKOT 3a1€KHOCTI.

T@HemH (t) Tcp

Tsint) (t) 25 10sin(0,0044t) (t), (1.11)

ne Tcp = 25 oc cepenHs TeMmneparypa;

T =10 oC - ammiiTyga KoJIMBaHb TEMIEPATYPHU MNPOTATOM J100H;

o = 2n / 1440 yacToTa rapMOHIMHOI CKJIa0BOT;

0 (t) - BUMaaKoBa CkJiagoBa (01U 1IyMm).

T

{™

Band-Limited

White Noise

E. -
=]
Rate Transition Saln o
.1

P
o R Out

Constantt .

I
.

Sine Wave

Add1

Puc. 1.20. Mogenb 3aBnanHsi 00ypeHOT0 BIUIUBY

IToa10HMM YMHOM MOJEIIOBAIMCS KOJIMBAHHS BOJOI'OCTI, a TAKOK COHSIYHOTO

BUIIPOMIHIOBaHHS MPOTATOoM A00u. Pe3ynbrat MozentoBaHHSA NpPENCTaBIICHI Ha

pucynky 1.21.
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Puc. 1.21. Pe3ynbpTaTi MoAeIIOBaHHS TEMIIEPATYPH 1 BOJOTOCTI MOBITPsI BCEPEAUHI
opanxepei
1.5. BucHOBKH 10 po3ainy
[lepmmii  po3gin  MICTUTh ONKMC  ICHYIOUOTO  BUIJIALY  IPHUCTPOIO,
BUKOPHCTOBYBAHOTO JJIi KOHTPOJIIO BOJIOTOCTI 1 TeMIeEpaTypu B Opamxkepei Ha
ocHoBI T1atu Arduino Mega.

MaTtemaTuyHa MOJIEJb MIKPOKJIIMATy OpaHXkepei Moxe OyTH KOPUCHUM
THCTPYMEHTOM JJIS JOCIIKEHHSI Ta MPOTHO3YBAHHS PI3HUX ACMEKTIB (Ppi3MIHOTO
Cepe/IOBUIIA, TAKUX SIK TEMIIEpaTypa, BOJIOTICTh, OCBITIEHICTh Ta 1HIII.

OnHa 3 MOXJIMBHX MaTEMaTHUYHUX MOJENIed MIKpOKIIMATy OopaHkepei Moxe
Oytn 0a30BOI0 (PI3UYHOIO MOJEIUII0 TEIIOOOMIHY Ta BOJIOTOMEPEHOCY MIiX
poCITUHAMH, TOBITPSIM, IPYHTOM Ta IHIIMMH KOMIIOHEHTaMHU CHCTeMHU. Mojenb
MO’K€ BKJIIOYATH PI3HI MapaMeTpH, Taki SK TEIJIOBA €MHICTh, TEIJIOMPOBITHICTD,
TEIJIOBI MIOTOKH, BOJIOTOMPOBIIHICTh, BOJIOTOBMICT, BOJIOTOBI IIOTOKH Ta 1HIII.

Jns  moOymoBM — MaTeMaTHYHOI  MOJAETl  MOXXHAa  BHKOPHCTOBYBATH
eKCIIEpUMEHTAIbHI JIaHl 3 PI3HUX JATYHKIB, IO BHUMIPIOIOTH PI3HI MapameTpH
MIKpPOKJIIMATY, TaKl sIK TeMIIEpaTypa, BOJIOTICTh, OCBITJIEHICTh, piBeHb CO2 Ta iHIIII.
Jani MoxyTh OyTH 310paHi IPOTATrOM TPHUBAJIOrO IMepioay yacy, o0 BpaxyBaTu

pI3HI CE30HHI Ta JIEHHI 3MiHHU.
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[Ticns 310paHHs JaHUX MOYKHA BUKOPUCTATH PI3HI MaTeMaTU4dHl METOJU, TaKi

SK JIIHIIHA perpecis, HEMpPOHHI MepeXi, F'eHEeTUYHI AJIrOPUTMHU Ta I1HII, I

noOynoBu mojeni. Ilicis mporo Mojens Moke OyTH IepeBipeHa 3a JIOIMOMOIOI0
IHIINX €KCTIIEPUMEHTIB Ta JIaHUX.

OTpumaHa MareMaTHyHa MOJEIh MOXXEe OyTH BHUKOPHCTaHA IS

MIPOTHO3YBAHHS MIKPOKJIIMATy OpaHKepel Ta IJIaHyBaHHS ONTUMAJIBHUX YMOB IS

POCIMHHOTO pocTy. BoHa Takok MoOke OyTH BUKOpPHUCTaHA JJ1sl ONTUMI3allii CHCTEMHU

YIPABIIHHS MIKPOKJIIMATOM Ta JIJIsl 3MEHILIEHHS BUTPAT HA €HEPIII0 Ta PECYPCH.
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PO3A1JI 11
MOHMATTS PO TEMIIEPATYPY TA BOJIOT'ICTD
MPUCTPOI J1JI1 BAMIPIOBAHHS TEMIIEPATYPH 1 BOJIOTI'OCTI

2.1. IloHATTSA NpPo TeMIlepaTypy i Npo TeMnepaTypHi HIKAJIU

Temneparyporo Ha3MBalOTh BEJIWYMHY, L0 XapaKTEpU3ye TEIUIOBUW CTaH
Tina. 3riIHO KIHETHYHOI Teopli TeMIepaTypy BH3HA4YalOTh SK MIpy KIHETHYHOI
€Heprii MOCTyNalbHOTO PyXy MOJEKYI. 3BIICH TEMIIEPATYPOIO HA3UBAIOTh YMOBHY
CTaTUCTHUYHY BEJIWYUHY, MNPSMO MPOIMOPIINAHY CEepeaHbOI KIHETHYHOI EHEeprii
MOJIeKy Tina [22].

Yci mpomoHOBaHI TeMmmepaTypHi KM OyayBaiucs (3a PIAKICHUM
BUHATKOM) OJIHAKOBHM MUIAXOM: JBOM (IIIOHAMEHINIE) TOCTIHHUM TOYKaM
NPUCBOIOBANIMCSA TIEBHI 4YHCIOBI 3HaueHHA. [lepembauanocs, 1m0 BUIuMeE
TEPMOMETPUYHI BJIACTUBICTh BUKOPUCTOBYBAHOTO B TEPMOMETP1 pEYOBUHHU JIIHIIHO
MOB'SI3aHO 3 TEMIIEPaTypoIo t:

t=kE+D, (2.1)

ne k - koedilieHT nponopIiiHOCTI;

E - TepMoMeTprYHa BIIaCTUBICTH;

D - nmocriiina.

bepyun ans nBOX MOCTIMHHMX TOYOK MEBHI 3HAYEHHS TeMIepaTyp, MOXKHA
oOuucnutu noctiini k, D 1 Ha 1111 ocHOB1 moOyAyBaTH TemMneparypHy mkany. [Ipu
3MiHI TeMmnepaTtypu Koe@iumieHT k 3MIHIOEThCSA, TPUUOMY BiH PI3HUU AJIs PI3HUX
TEPMOMETPUYHI PEYOBUH. ToMy TepMOMETpH, NOOyAOBaHI Ha 0a3l pI3HUX
TEPMOMETPUYHI PEYOBHH 3 PIBHOMIPHOIO TPaayCHOI IIKaIOo, JaBad TIpU
TEeMIlepaTypax, IO BIAPIZHSAIOTHCS BiJ TeMIEpaTyp MOCTIHHUX TOYOK, Pi3HI
cBiqueHHs. OctanH1 0coOMUBO OYyJM MOMITHI MPU BUCOKUX (TEMIIEpATypH KUTIHHS
BOJIM) 1 Ay’K€ HU3bKUX TeMIIepaTypax.

TepMoanHaMiyHa 1IKajga TOTOXHA 31 IIKAJIO0 11€aIbHOTO rasy, mooya0BaHol

HAa 3aJIe)KHOCTI TUCKY 1]1€aJIbHOTO Ta3y Bijl TEMIIEpaTypH.

ITC.4KI.0323.03-I13
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3aK0HM 3MIHU THCKY BiJI TEMIIEPATYPH VISl peajbHUX Ta3iB BIAXUIISIOTHCS Bijl
17IeaJIbHUX, ajie TIONPABKU HAa BIIXWJICHHS PeaIbHUX ra3iB HEBEJIUKI 1 MOXKYTh OyTH
BCTAaHOBJICHI 3 BHCOKHMM CTyII€HEM TOYHOCTI. ToMmy, crmocTepirarouu 3a
PO3UIMPEHHSM PEeaIbHUX T'a3iB 1 BBOJSYHU MOMPABKU, MOXKHA OLIIHUTH TEMIIEPATYPy
10 TEPMOJAMHAMIYHOI IIKAJIO0.

Ha mouatky XX cromitTss mupoko 3actocoByBamucs mkamu llenbeis i
Peomiopa, a B HaykoBuX poOoTax - Takox 1mkanu KenbBina 1 BogHeBa. [lepepaxynku
3 OJHIEI LIKAJM Ha IHIIY CTBOPIOBAJIM BEJMKI TPYIHOIIl 1 IPUBOAWUIU IO PSAY
Heropo3yMiHb. Tomy B 1933 pori Oyno NpUHAHATO PIIICHHS NPO BBEACHHS
MixnapoaHoi TemneparypHoi mkanu (MTIL).

Hocein 3acrocyBanas MTII moka3zaB HEOOXIIHICT BHECEHHS JI0 HEl HU3KHU
YTOYHEHb 1 JOMOBHEHb, IIO0 MO MOXJIMBOCTI MaKCUMaJIbHO HAOIM3UTH ii J0
TepMoauHaMiuHOi mKanow. Tomy MTII Oyna mnepernisiHyTa 1 npuBeAcHA Y
BIJIMMOBIAHICTD 31 CTAHOM 3HaHb TOro dacy. ¥ 1960 porii Oyiio 3aTBEepIHKEHO HOBE
"IlonoxeHHs mpo MDKHApOAHIM MpPaKTU4YHIM TemrepaTypHid mkam 1948 poky.
Penakiis 1960 p".

2.2. IlpucTpoi 1j1si BUMipIOBAHHS TeMIIEPaTyp

TemnepaTypy BHUMIpPIOIOTH 32 JOMOMOTOI0 MPUCTPOIB, 1110 BUKOPUCTOBYIOTh
pi3HI TEPMOMETPUYHI BJIACTHBOCTI PiAWH, Ta3iB 1 TBEpAUX TUI. ICHYIOTH HECITKH
PI3HMX MPHUCTPOIB, IO BUKOPHCTOBYIOTHCS B TPOMHUCIOBOCTI, NMPU HAYKOBHX
JIOCHIJDKEHHSX, JUIST CHCIIAJIbHUX ITUICH.

VY tabnumi 2.1 HaBeneH1 HAMOUTBII MOMIMPEH] MPUCTPOT JJIT BUMIPIOBAHHS
TEMITepaTypy 1 MpaKTH4YHI MEXi iX 3acCTOCyBaHHsI. MU X PO3IJISTHEMO KiJIbKa

MPUCTPOIB 3 NaHoi Tabmui [23].

Ta0nug 2.1
IIpucrpoi BUMiplOBaHHS TeMIIePATyPH
. Me:xi TpMBaI0ro 3aCTOCYBAHHS,
TepmomerpuuHa HaiimenyBaHHs 0C°C
BJIACTHUBICTH MPUCTPOIO
puerp Huxus Bepxus
Temose PinuHHI CKIIsAHI
. ~190 600
PO3IIMPEHHS TEPMOMETPH
) MaHoMeTpHUYHI
3MiHa TUCKY P -160 60
TEPMOMETPH
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TepmomerpuyHa
BJIACTUBICTH

HaiimenyBaHH#A
NPUCTPOIO

Me:xi TpMBAJIOr0 3aCTOCYBaHHA,

0C°C

Huxasa

Bepxust

3MiHa
CICKTPUYUHOTO

oropy

Enextpuuni
TEPMOMETPU
O1opy.

—-200

500

HamiBnipoBigHUKOB
1 TepMOMETPH
OTopy

—90

180

TepmoenexkTpuuHi
edexTu

TepmoenexkTpuyHi
TEPMOMETPHU
(Tepmoniapm)
CTaHIapTU30BaHI.

1600

TepmoenexkTpuuHi
TEPMOMETPU

1300

2500

(Tepmoniapm)
cremiaiabHi
OnTtuyHi
ipOMETPH.
Pamiamiiiai
MIPOMETPH.
DOTOENEKTPUYHI
MIPOMETPH.
Konboposi
OipOMETpHU
PinunH1 CKISIHI TEpMOMETPHU

700 6000

20 3000

Temiose
BUIIPOMIHIOBaHHS

600 4000

1400 2800

TepMoMeTpH CKIISIHI P1IMHHI 32CTOCOBYIOTHCS JUIsl BUMIPIOBAHHS TEMIIEPATYP
B oOxacTi Bix -200 mo +750 © C. He3Baxkarouu Ha Te, MO0 KPIM CKIISTHUX PiTAHHUAX
TEPMOMETPIB € psAJ IHIIUX TPWIAAIB [ BHUMIPIOBaHHS TeMHeparyp, SsKi
BIIMOBIAAIOTh B  BEJIMKIA MIpl BHUMOTaM Cy4YacCHOI TEXHIKM KOHTPOJIO
TEXHOJIOTTYHHUX MPOIIECIB, BCE K CKIISHI TEPMOMETPH HAOYIIH BETMKOTO MOIIUPEHHS
K B J1a0OpaTOpHii, TaK 1 B MPOMUCIIOBIH MPaKTUIIl BHACIIOK MPOCTOTH 3BEPHEHHS,
JIOCUTHh BUCOKOIO TOYHOCTI BUMIPIOBAHHS 1 HU3HKOT BAPTOCTI.

[TpuHun aii CKISTHUX PIAUHHUX TEPMOMETPIB 3aCHOBAHUN Ha TEILIOBOMY
PO3IIMPEHHI TEPMOMETPUYHOI PIAMHM, YyKiIaaeHoi B TepMmomerpi. [lpu mpomy,
OYEBHJIHO, TIOKA3aHHS PIAMHHOTO TEPMOMETpa 3aJIeKaTh HE TUIBKW BiJ 3MiHH
o0CsTy TEPMOMETPUYHOI pPIJIUHM, ajie TaKoXK 1 BiJl 3MIHH OOCATY CKJISTHOTO

pe3epByapa, B SKOMY 3HAXOJUThCS ISl piiuHA. TakKUM YMHOM, CIOCTEPIra€ThCS
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(BuamMe) 3MiHA OOCATY PIAMHM MPUMEHIIUTH HAa PO3MIp, BIAMOBIIHO PIBHUMN
30UIBIIIEHHIO 00CATY pe3epByapa (1 4aCTKOBO Kariispa) [24].

JUiss 3aroBHEHHS PIAMHHUX TEPMOMETPIB 3aCTOCOBYIOTH PTYTh, TOJYOI,
CTUJIOBUH CIIUPT, Tac, METpoJIehHHu edip, MeHTaH 1 T.1.

3 pIIMHHUX TEPMOMETPIB PTYTHUI HAOyB HaAMOUIbIIOro momupeHHs. BoHu
MaloOTh Psi/i MepeBar, 3aBAsSKH CYTTEBUM IlepeBaraM pTyTi, 110 HE 3MOYYy€E CKIa,
NOPIBHSHO JIETKO BHUXOAWTH B XIMIYHO YKUCTOMY BHUIJIAlI 1 NPU HOPMAIbHOMY
aTMOC(EPHOMY THUCKY 3aJIMIIAETHCS PIAKOI0 B IIMPOKOMY IHTEpBAJl TEMIEPATYP
(Bim -38,87 mo + 356,58 ° C) [25] .

Tepmomerp TC -7A

Tepmomerp TC-7A € pinunHut ckiasauii Tepmometp (auB. Puc. 2.1).

Puc. 2.1. Tepmomerp TC-7A

Tepmomerp TC-7A mHUPOKO 3aCTOCOBYIOTH JJisi BUMIPIOBAHHS TEMIIEpaTypH
B CKJIAJICBKUX MPUMIIICHHAX, IapHUKaX, TEIUTUIIX, opamxkepesx. CaMm TepMOMeETp
ckiasiHuid piguHHui HE pryTHUHIT B ompaBi 3 modiMepiB 3 BKJIAJEHOIO HIKAJIbHOI
IUIACTUHOIO 3 mamnepy. TepMomeTp NOBHOro 3aHypeHHs. I[lpu BuMiproBaHHI
TEeMIlepaTypy TOBUHEH TOBHICTIO mepeOyBaTu B BUMIpIOBaHOi cepenoBuili. [lpu
neperpiB 6e3 pyHWHyBaHHS TEPMOMETP MOXE BUTPHUMATH TEMIIEpaTypy BHIIE
BEPXHBOI MeXi 3a 1mKkaoro He oumbmre 20 © C (tadma. 2.2) [26].

[Mpunmun aii TepMoMeTpa 3acHOBAHMM Ha TEIUIOBOMY 3MiHI 0O0CATY
TEPMOMETPUYHOT PIAMHU, B 3aJCKHOCTI BIJ TeMIEpaTypu BHUMIPIOBAHOTO
ceperoBuIla. TepMOMETp CKIAAaeThCs 3 KamUIIpHOI TPYOKH 3 pe3epByapom,

3alIOBHEHUM TEPMOMETPUYHOI piguHoro. KamijsipHa TpyOka 3axuilleHa CKIISTHOIO
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000JIOHKOI0, BCEpEeAMHY SKOi BKJIaJcHA IIKajla, IO CIYXXUTh IS BiITKY

BUMIPIOBAHOI TeMreparypu. TepMoMeTp 3aKpiIIeHHUI Ha MM1JICTaBI.

Tabmmns 2.2
MeTpoJiorivHi i TeXHIYHI XapaKTePUCTHKH
Mapka Jiana3zon Hina Jos:xkuna | Hiametrp, | Tepmom.
BHMIPIOBAHHS | ALICHHSI | TepMOMeTpa, MM piaumHa
TeMIIEPATYPH, | IIKAJIH, MM
°C °C
TC-7A -10...+60 1 170 11x7,7 TOJTYOJ
(ellipse)

2.3. IIpucTpoi A1 BUMipIOBaHHS BOJIOTOCTi

Bomoricte moBITpS - TMOKa3HWK BMICTY BOAM B (i3MYHMX Tinax abo
cepenoBuIax. Pi3H1 KyJIbTypu MO-Pi3HOMY CTaBISATHCS JO BOJIOTOCTI MOBITPS, 1
ONITUMYM B Pi3HI (a3u iX PO3BUTKY TaKOK HEOTHAKOBI.

OpHak mpu ONTHUMAJBHIA BOJOTOCTI MOBHHHI JTOTPUMYBATHCS ONTHUMAaJIbHI
TeMIiepaTypu. B 1HIIOMY BHUNAaAKy MOPYLIYETbCS HOPMAJIBbHHMA PICT 1 PO3BUTOK
POCIMH: TIPU HU3bKIA BOJOTOCTI 1 BHCOKIH TeMIlepaTypi MOBITPS MOCHITIOETHCS
polLec TpaHcHipamii 1 MOX€ BUHUKHYTH Je(QILHUT BOJOTOCTI, CTBOPIOIOTHCS
CIPHSITIVBI YMOBH ISl PO3BUTKY XBOPOO 1 MIKITHUKIB [27].

[Ipu migBUILIEHHI TEMIepaTypH Ha 5 © BITHOCHA BOJIOTICTh Majae 3 76 1o 54%.
[Tpu BHCOKI# BOJIOrOCTI Ta HU3bKiM TeMIepaTypi TpaHCHIpaLlis 3HUKY€EThCA, B JIUCTI
MOPYIIYETHCSA HOPMaJbHUM XiJ (PI310JOTIYHUX MPOLECIB 1 MPOIEC 3amuiIeHHS,
CTUMYJIIOETHCSI PO3BUTOK PI3HOI MIKpO(MIOpU, POCIUHU XBOPIIOTH 0171010 THUILIIO,
OOPOIIHUCTOIO POCOT0, OYPOIO TIIMHUCTICTIO 1 1H. Ha 0oropo;KyBaIbHIX TTOBEPXHSIX
(cxui, TUTIBIN Ta 1H.) YTBOPIOETHCS "Kpamenb" - MPOAYKT KOHACHCATY, fKa TaKOXK
CHpHsIE 3aXBOPIOBAHHIO POCIIMH 1 OTIPUIY€E OCBITIEHICTh IPUMIILICHHS.

Bonoricts rpyHTy. 3HayHMil BIUIMB Ha TPOIECH BOJOOOMIHY B POCIMHAX
Ha/1a€ BOJIOTICTh IPYHTY. Y Pi3Hi NEPiOH KUTTS POCIMH BOHA TaKOX HEOTHAKOBA.
Haii6inb11a notpeda pocinH y BoJ1031 B IEP101 IPOPOCTaHHS HACIHHSA 1 B pO3CaIHUN
nepion (10 90-95% HB), a Takox B (pa3y minog0yTBOPEHHS 1 MJI0I0HOIICHHS [28].

[Ipu BuCOKMX TemmepaTypax 1 OCBITJICHOCTI CIIOCTEpITraeThcs moTpeda
pOCIIMH B OUIBII BHMCOKIM BOJIOrOCTI IPYHTY. Tak, B CHEKOTHI MicCALl 3UMOBO-

BECHSIHOTO 000pOTY (3 KBITHS 1O JIMTICHh B ChOMUM CBITJIOBHI 30H1), T. E. ¥V Hac,
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BOJIOTICTh IPYHTY HEOOX1HO MiATPUMYBATH B MEXKax: J10 TUI0I0HOIICHHS - 75-80%,
B nepioa miogoHomeHHs - 80-85% . ¥V npoxosiogHuii mepioJ 0CiHHbO-3UMOBOTO
000pOTY BOJIOTICTh IPYHTY MOKHA 3HUKYBaTH 110 65% HB.

[Ipu Hectaul BOAWM B IPYHTI MOPYIIYEThCS HOPMAJIBHHH PICT 1 PO3BUTOK
POCIIMH, NPU HAJIUIIKY BOJIOTH B IPYHTI POCIIMHU CTPAXKJIAIOTh (1 HABITh TMHYTbH)
4yepe3 KUCHEBE TOJIOyBAaHHS KOPEHEBOI CUCTEMU; PO3BUBAETHCS KOPEHEBA THHIID.
ToMmy BOJIOTICTH TPYHTY IOBHHHA Y3TO/DKYBATHCS 3 YMOBaMH TeMIIEpaTypH,
OCBITJICHOCTI 1 TOTPE0OI0 POCIUH Ha IEBHOMY €Talll PO3BUTKY.

Sxuo paxinie npuiaau 1uisi BAMIPIOBAaHHS BOJIOTOCTI 3aCTOCOBYBAJU TITBKH
3 mpoeciiiHOI0 METOI0, HAMPUKJIIAJ, B HAYKOBUX JJa00OpaTOPIsiX, TO ChOTOJIHI OY/Ib-
sKa JIIOJIMHA, SIKa MKIY€EThCS PO MIKPOKIIIMAT, MOYKE BUKOPHCTOBYBATH TITPOMETP.
TexHiuHMIA Tporpec We e gaii, TPUCTPIid BIOCKOHATIOBATIOCS, 3'IBUITUCS MOJIETI,
3a JIONIOMOTOI0 SIKUX MOKHA BU3HA4YaTH BMICT BOJIOTHM B TBepaux Tuiax [29,30].

binbmr neranpHa Knacudikaiis mpeacTaBieHa B Tadauimi 2.3:

Tabmuis 2.3
BumiproBasbHi npujiaau BoJ10rocTi noBiTps
Ha3zBa Omnuc IIpu3HavyeHHs
BuxopuctoByeThCs 171 IEpEBIpKU
TaKuX MaTepiaiiB IK OCTOH, IIEMEHT,
J€peBUHA, KAPTOH, MaIip 1 T.1H.
Onun npunag Moxe 0yTu KoHTpob sikocTi
po3paxoBaHUil Ha poOOTY TIIBKK 3 |OyAIBEIbHUX MaTepiajiB
OJIHMM BHUJIOM Matepiaiy, Ha BUPOOHHUILITBI, TPU
BumiproBau HaIpUKJIaJl, TITBKU AEPEeBUHA, a00  |3aKymiBJi, 30epiraHHi,
BOJIOTOCTi TBEPAOr0IIOEIHYBATH B 001 BIIpa3y KijbKa |[IEPEBIPII AKICHUX
cepeoBHMINA  |MOXJIMBOCTEH. XapaKTEPUCTUK OCTOHHUX
3amip MOXe MPOBOAUTHUCS IIIXOM |KOHCTPYKIIH, TOTOBOI
BBEJICHHS CIICIIAIBHUX TOCTPUX MPOAYKITIi 3 IEpEBUHH,
30H/IIB B CTPYKTYypy 00'eKkTa abo rarepy TOIIO.
O€3KOHTAaKTHHUM CIIOCOO0M 0e3
MOPYIICHHS 30BHINTHEOTO BUTIISITY
BUPOOY.
Mae cencop, sikuit BumiproBanHs mapameTpiB
. 3HIMA€ MOKA3HUKH Ta TEMIIEPaTypH, [MIKPOKIIIMATY B KHUTJIOBHX,
Tepmorirpomerp |. . . .
i BostoricTh moBiTpsl. [Iparttoe, sk 1 [BUpOOHHUNX
nonepeaHi, 6ECKOHTAKTHUM MPUMIILICHHSX, odicax,
CIIOCOOOM. MICISIX YTPUMaHHS TBApHH,
ApPK.
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Ha3zBa Omnuc ITpusnaueHHs

TEIUIMIISIX, Ha CKIaaax 1
T.1H.

[lepeBipka yMOB
30epiraHHs KHHUT 1
MpeMETIB MUCTEIITBA B
My3esix, 01010TeKax,
KOHTPOJIb TPOIIECy
CYIIIHHS MPOAYKITIi Ha
BUPOOHUIITBI.

OcHalienui 30H10M a00 JaTYHKOM,

BumiproBau IO pearye Ha CKyIM4eHHS
BOJIOTOCTi MOBITPS [HAWAPIOHIMNUX BOJASHUX YACTUHOK B
HOBITPI.

Mo3ke 3acTOCOBYBAaTHCS B
pi3HHX chepax TisITBHOCTI:
MIpH TIePeBipIill YMOB
30epiraHHs nanepoBoi
MPOIYKIIii, MPOTOBOIBYNX
TOBapiB, 3€pHA, a TAKOX Y
mooyTi.

[Ipu3HaueHuit 1J1si BAMIPIOBAHHS
YHiBepcaJbHUH [BOJOTOCTI MOBITPSI, TBEPAUX

rirpomerp CEpEIOBHILL, a TAKOXK TEMIIEpaTypH 1
TOYKHU POCH.

Tepmorirpomerp HT-86 (mauB. Puc. 2.2) 3a0e3nedyye mMBUAKI 1 TOYHI
BHUMIPIOBAaHHS NTapaMETPIB HABKOJIMILHBOIO CEPEOBHINA, BKIFOYAOUH BOJOTICTH 1
TEMIEpaTypy MOBITPs, TEMIeEpaTypy TOUYKH POCH 1 TeMIepaTypy BOJIOIOro

TEPMOMETPA, Ma€ HACTYIIHI XapakTepucTuku (Tadi. 2.4) i ocobnuBocti [31].

I

Puc. 2.2. Tepmorirpomerp HT-86
Oco6mBocti Tepmorirpomerpu HT-86:
* MikpompoIecopHuil mpuia;
* Bucoka mBuaKoAis,, BACOKA TOYHICTB;
* OgHOYaCHO BUBOJUTHCS Ha €KpaH JIBa MapaMeTpa - BOJIOTICTh 1 TEMIEPaTypa;
* OyHKIII YTpUMaHHA AaHUX, YTPUMaHHS MaKCHUMAJIbHOTO 1 MiHIMAJIbHOTO

3HAYCHHS,
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* ABTOMaTHUYHE BUMUKAHHS, IT1ICBIYyBaHHS.
Taomung 2.4

TexHiYHI XapaKTepUCTUKH

Jliamazon: 0~100% BigHOCHOI BOJIOTOCTI
Tounicts: £3% RH (mpu 25°C, 20% ~80
% RH), +£3.5% RH (mpu iHmmx ymoBax)
Po3auisHa 3matHICTE: 0.01% RH

BumiproBaHHS BOJIOTOCTI

Hiamazon: -20°C ~ 100°C (-22°F~199°F)
Tounicts: £0.5 °C/0.9 °F (ipu 25°C)
+0.8 °C #£1.5 °F (B npyromy Jiana3oHi)
Paspemenue: 0.01 °C/0.01 °F

BumiproBanHs TeMiiepaTypu

TeMmneparypa TOUKH pocH -20°C ~ 100°C (-22 °F ~ 199 °F)
Temmeparypa BoJjiororo | (0~80°C /32-176 °F)
TEPMOMETPA
Biaryk 10 caJist BUMIPIOBaHHSI BOJIOTOCTI OBITPSI
KuBneHuns 9B barapeiika NEDA 1604, IEC 6F22

32 °F no 104 °F (0 °C no 40°C); <80%
YMOBU eKcIuTyaTaii RH
YMoBH 30epiraHHs 32°F no 104°F(0 °C no 40°C); <80% RH
["abaputu 175 mm*58 mm*35Mm
Bara 143 r

JlaT4uk Temnepatypu i Bosiorocti AM2321
B nmanuii gaTduk BKIIIOYaE B ceO€ JATYMK BOJIOTOCTI 1 JATUYUK TEMIIEPATypH
(muB. Puc. 2.3-2.4). [liama3zon pobounx Hampyr Big 2.6 10 5.5V. Po3mipu narunka

11.3x7.8 Bucora 4 mm. Kpok BuCHOBKIB 1.27MM.

“ ®
rl

wn
O
>

)
=
O

Puc. 2.3. Jlatrunk Bosmorocti AM2321
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ARH (%RH)
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Relative Humidity (%RH)
Puc. 2.4. BigHocHA BOJIOTICTh MAKCUMAaJIbHOT MOXMOKH AM2321

Yacrora muau 1o 100 K6 / c. Jliamazon BumiproBaHoi Temriepatypu Bif -40
10 +80. Moke mpaifroBaT B 1BOX pexuMax nepeaadi ganux [2C 1 1-Wire. [{ns Toro
mo 0 nepeMkHyTd B pexxkuMm [2C motpiOHO mopatu xapuyBaHHA 1 Ha muHI SCL
MiHiMyM Ha 500Mc BCTaHOBWMTH JIOTiuHy oauHHuI0. Jlus mepemukanns B 1-Wire
pexuM micis nojayvi skusiieHHs Ha muHI SCL MiHiMyM Ha 500MC BCTaHOBIIIOEMO
joriyaui HyIb. Afpeca naturka 0xB8 (10111000 r/ w) [32].

TeMrmeparypa 1 Bojorictb KoOMOIHOBaHOTO AaTunika AM2321.

[MuppoBuil naTyuk TEMIEPATYypH 1 BOJOTOCTI, XAPAKTEPUCTHKU SIKOTO
HaBeJeHI B TaOmwmii 2.5, sABiIsge coOor IMdpoBHil BiAKadiOpOBaHUN BUXITHUN
curHai. J[aTyuk CKIaJaeThCs 3 €MHICHOTO €JIEMEHTa BOJIOTOCTI 1 1HTErPOBaHOTO
npuiaaay Ui BUMIPIOBAHHS TEMIIEpPaTypd BHCOKOi TOYHOCTI, 3'€IHaHUN 3

MIKPOITPOIIECOPOM BHCOKOT MPOYKTUBHOCTI (Tab. 2.5).

Ta0mumg 2.5
AM2321 BigHOCHA BOJIOTiCTH
ITapameTp Cran Min| Twun Makc On.Bum
Po3nainbHa 34aTHICTD 0.1 %RH
ACOPTUMEHT 0 99.9 %RH
TouHICTH 25°C +3 %RH
CTaOUILHICTD +0.1 %RH
B3aemo3aMiHHICTB IToBHICTIO B3a€EMO3aMiHHI
Yac BiIryKy 1/e(63%) <5 S
[ToBiIBHICTE +0.3 %RH
Hpetid TumoB1 3HAYEHHS <0.5 %RH/pik

3B'A3KM 3 BUKOPUCTAaHHSAM IIIMHU, € JABAa PEXUMHU 3B'A3Ky CTaHAAPTHUHN
inTepdeiic onuiel muuu 12C. Yinprpa-manuii po3mip, HU3bKE €HEPrOCIOKUBAHHS,
nepeadi CUrHaIy Ha Bijictadi 10 20 MeTpiB, 1110 pOOUTH BC1 BUJIU JOJATKIB 1 HABITh

HaWBUOArIUBINI AOJAaTKU KpamuMm BuOOopoM. KopuctyBau Moxke 0Oe3mocepeHbo
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BUKOPUCTOBYBaTH 3B's130K 3 [2 C muHu 6e3 10AaTKOBOT MPOBOJKH, KA MPOCTA Y
BukopuctanHi [33]. J[Ba pexumy 3B'SI3KY BHKOPHUCTOBYIOTHCSI SIK BOJIOTICTb,
temriepatypa 3 CRC KOHTpOIBHOI CyMOIO TeMIIepaTypHO1 KOMIIEHCAIlii Ha BUXO/.

KopucryBauam He moTpiOHO 0OUYMCIIIOBATH BTOPUHHUM IU(PpOBHUI BUXiM, 1
HEMae HeOOX1THOCTI B TEMIIEpaTypHOI KOMIIEHCallli BOJIOrOCTI. J[Ba pekumMy 3B'SI3Ky
MOXXYTh BIUTBHO TEPEMUKATHUCS, KOPUCTYBad MOXE BIJIbHO BHOUpATH, MPOCTHH Y

BUKOPHUCTaHHI 200 IIUPOKUHN CIEKTP 3aCTOCYBAHHS.

Tabmui 2.6
Ta0dauus NpoAYKTHUBHOCTI
ITapametp Cran Min Tun Makc On.Bum
Po3ainpHa 31aTHICTE 0,1
TouHicTb 16 bit
CtaliIbHICTD +0,5
B3aeMo3amiHHICTD -40 80
Yac BIATYKY +0.2
[ToB1IBHICTE
Hpeiid =0,1 S

EnextpuuHi XxapakTepUCTHKU: BUCOKE CIIOKUBAHHS €HEPrii, HU3bKHI PIBEHb,
BX1JTHOI Ta BUX1JHOT HAIIPYTH, B 3aJICKHOCTI B1J] JUKepena sKuBJieHHs. Y Tabmuii 2.7
JIOKJIQTHO OMUCYIOThCS €JICKTpUUHI Xapaktepuctuku AM2321, a Ha pucyHky 2.5 -

MaKCHMaJIbHa MOXMOKa JaT4urKa TeMIEepaTypH.

Tabmuis 2.7
AM2321 DC XapakTepucTuku
ITapamerp CTaH MiH THI MaKC 0J10K
Harpyra 26 5 5.5 v
KUBJICHHS
CliosKHBaHa Crnstuuil pexxum, 10
MOTYXHICTh Mipa, 8 200 mA
Y B cpenapomy 200
Buxigna
Hanpyra cC 0 250 MV
HU3BKOTO
piBHS
Bucoka
BUXi/Ha R p<25kQ 90% 100% VDD
Harpyra
Bxiua 3HIKEHHS 0 30% VDD
Harmpyra
ApPK.
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ITapamertp CTaH MiH THII MAaKC 0J10K
HHU3bKOTO
piBHs
Bucoka
BX1/1HAa [Tigtiom 70% 100% VDD
Hampyra
VDD =5V VIN =
Rpub VSS 30 45 60 kQ
Buxinawnii Open 10 8 MA
CTpyM Tri-State (Off) 20 WA
[Tepion
BUOIpKHU 20 S
A
G 0. 4 - | ' /
() '_f i T T T T
k() -
20 0 20 44 6l 20
Temperature (°C)

Puc. 2.5. MakcumanbHa moxuOKa 1aTyuka TeMiepaTypu

Bxin mocninoBHoro takroBoro curtainy (SCL).

SCL BukopucToBYy€eThCS 1 epeaadi iHpopMmallii npo JiHii 3B's13Ky BUOOPY 1
cuaxpoHizaiii 12S (ta6:m.2.8). Konu &uBneHHS! yTpUMY€EThCS HA HU3bKOMY PiBHI, B
toi vac sik SCL 3anmumaerbest HU3bKUM HaBiTh 500 Mc, 11e 03Havae, 1110 KOPUCTyBad

BUOMpae OMH PEXXUM TIepeadi JaHuX 1o muHi (puc. 2.6), B iHmomy Bunajaky - 1C-

3B'A30K.

[Ticnst BUOOPY peKUMY KUBJICHHS, PEKUM 3B'I3KY 3 TaTYNKOM 3AJTHINAETHCS
HE3MIHHUM; SIKII0 BH XOYETE 3MIHUTH 3B'I30K, YBIMKHITh KUBJICHHS, HATUCHITH Ha

oreparilo BUOOpY, 100 BCTaHOBUTHU 3B'S30K, mnpu Bubopi I[C-3B's3ky MikK

Mmikpornpouecopom 1 AM2321, SCL st CMHXpOHHOT 3B'3KY .
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IIpu3HayeHHs KOHTAKTIB

TaOmua 2.8

Pin Name Description
1 VDD JIxepeno ctpymy (2,6 -5.5V)
2 SDA [TocnioBHI aHi1, TBOHAMNPABICHUN TTOPT
v3 GND 3emiis
[TocninoBHUIA BX11 CHHXpOHI3AIli MOPTY (OUH Oac
4 SCL
Ha 3eMJII0)

Puc. 2.6. AM2321 mmna [2C. Tunoa cxema 3aCTOCyBaHHs Ta THMYacOBa

Axmo notpiOHO

Jiarpama

OTpUMAaTH pe3yJIbTATH,

BUKOPUCTOBYIOUM  JIaTYHK,

HEOOX1JTHO JTOTPUMYBATHUCS XapaKTEPUCTUK 3a3HAYCHUX B TaOumine2.9 mans naHoro

JaTyHKa.
Tabmui 2.9
Xapaxkrepuctuku inrepgeiicy natuuka C
Standard C
Symbol Parameters mode Unit
min | Max
SCL clock frequency 100 kHz
Tw (SCLL) SCL Clock low time 4.7
T w (SCLH) SCL Clock high time 4.0 us
T su (SDA) SDA Settling time 250
T h (SDA) SDA Data hold time [1]
T r (SDA) o
Tr(SCL) SDA and SCL Rise time 1000 ns
ApPK.
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Standard C
Symbol Parameters mode Unit
min | Max
T f (SDA)
T (SCL) SDA and SCL Fall Time 300
Th(STA) Start condition hold time | 4.0
Tsu (STA) Repeated Start condition 4.7 HS
setup time '
Tsu(STO) Stop condition setup time| 4.0 us
Tw (STO:STA) Stop to Start condition 4.7 <
time (bus idle) ' H
Ch CapaC|t|vebISSad for each 400 PE

OO6nacTk JaHUX BKJIIOYAE B ceOe HEOOX1TH1 JaTYMKOM BiJJOMOCTI IIPO T€, SIKY
1H(popmarlito ado Aki Ali He0OX1JHO BUKOHATH.

s indopmariis Moxe SBIATH cOOO0I0 JaHi (Taki AK: TeMIiepaTypa, BOJIOTICTb,
1H(pOpMaIlis PO CEHCOPHOMY MPUCTPOi, JaHl JUIsl 3alucy KopucTyBauem 1 T. [1.),
AJlpeca mocuaHHs.

Hampuknaz, kox gyskirii 03 moBigomiisie XOCTy Yepe3 3HAaUCHHsI PericTpa, 1o
MOBEPTAIOThCA JATYUKOM JIaHl (BKJIIOYAIOYM TOYATKOBY aJpecy pericTpy, o
1JTSITa€ YUTAHHSA, 1 PETICTP JOBXKUHY 3UUTYBAHHS ) MICTSITh JOBXXKHHY JIaHUX 1 BMICT
PEECTPOBOTO peTicTpa JaHUX.

JlaT4rK BUKOPHCTOBYE BIACHUW KOMYHiKalliiHui nmporokon muau [C-Mod,
KU BUKOPUCTOBYETHCS TOJOBHOIO KOMaHIO0 3B's13Ky (ko ¢yHKIii 03), sika Moxe
3YUTYBATH HOTO PETicTp JaHUX, TAOIUI0 perictpa qaHux (tad:. 2.10).

VY pericTpi faHUX HaTunKa 30€piraroThCs 3HAYCHHS TeMITepaTypH 1 BOJIOTOCTI,
a TaKO’ BIJIMOBIIHA 1H(OPMAITis TPO CEHCOPHOMY MPUCTPOT Ta THIINX BiJIMOBITHUX
CUTHaJaXx.

Koxen perictp manux sBise co0oro onuH O0aiT (8 0IT) MBIMKOBUX JaHUX.
Konu nani 3untyrorsest 10 10 perictpiB gaTumka (OuIble JOBXUHU 3YUTYBaHHS)

JATYUK MMOBEPTAE BIAMOBITHUM KO TIOMUIIKH.
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PericTp nanux

Taomung 2.10

_Reglster_ Addres _Reglster_ Addres _Reglstelf Addres _Reglster_ Addres
informatio s mformatloS informatio S informati S
n n n on
Users
High register a
humidity | Ox00 |Model High] 0x08 high 0x10 |[Retention| 0x18
Users
Low register a
humidity | Ox01 |Model Low| 0x09 low Ox11 |Retention| 0x19
Users
High The version register 2
temperature| 0x02 | number | Ox0A high 0x12 | Retention| Ox1A
Users
Low Device ID register 2
temperature| 0x03 |(24-31) Bit| 0x0B low 0x13 | Retention| 0x1B
Device ID
Retention [0x04 |(24-31) Bit| OxOC |Retention |0x14 |Retention | Ox1C
Device ID
Retention |0x05 [(24-31) Bit| OxOD |Retention [0x15 |Retention | Ox1D
Device ID
Retention [0x06 |(24-31) Bit| OXOE |Retention |0x16 |Retention | OX1E
Status
Retention |0x07 Register | OxOF |Retention |0x17 |Retention | Ox1F

@opmat BUBEACHHS TEMIIEPATYPHU

Temneparypue m03Bit € 16-6itoBum (tadm. 2.11), crapmmii 6it (biTl5)

JOpiBHIOE 1 1 BKa3ye Ha HETaTUBHY TeMmmeparypy, skimo crapmwuii 0it (bitlS)

nopiBHIOe (, BKazye Ha MO3UTUBHY TeMIepaTypy; TemIlepaTypa Ha J0JaTOK 0

HalOUIbI 3HauuMoro Oity (Bitl4 ~ BiT0) Bka3dye Ha 3HAUEHHS psjKa JaT4MKa

TEeMIICpaTypH.
Tabmns 2.11
PericTp crany

Status

register| Bit7 Bit6 | Bits Bit4 Bit3 | Bit2 | Bitl Bit0

bits

Retentio|Retenti| Retenti Retentio| Retenti | Retenti | Retenti

Featuress n on on n on on on Retention

Perictp crany, bir7-bit0 61T, THMYacOBO 3aXUILIEHI.

3mH.
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2.4. BUCHOBKHM 10 PO3aiiay

[IpoananizyBaBuIM c10oCOOM BUMIPIOBAHHS TEMIIEPATypH BUAHO, IO PIIMHHI
CKJISTHI TEPMOMETPH € HaIIWHUMU 3 BUCOKOIO TOYHICTIO BuMipamu. OnHaK depes
BEJIMKUI J[1alla30H BUMIPIOBAHHS TEMIIEPATYPH, ISl pO3POOTIOBATILHOTO MPUCTPOIO
OUIBII JOUIIBHO BUKOpHCTOBYBaTH AaTduk DS18B20, B gxomy 3a JOMOMOIORO
JIOATKOBHUX O0YHCIICHb MOYKHA JOCSATTH TaKO1 K TOYHOCTI, 5K 1 B PITUHHUX CKIISTHHX
TEPMOMETpAX.

Tak camo iHTerpamis naruuka DS18S20 B mpuctpiii € jermoro, Hix
IHTerpallis pIAMHHNX CKISTHUX TEPMOMETPIB.

[IpoanasnizyBaBIIM iICHYIOUl JATYUKH BOJOTOCTI BUAHO, 110 TEPMOTITPOMETP
€ HAJIHHUM 3 BUCOKOIO TOYHICTIO, ayie aatyuk AM2321 nermie iHTErpyBaTH B

MIPUCTPIH.

ApPK.
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PO3J1JI 11
PO3POBKA MPUHIIMIIOBOI CXEMHU INPUCTPOIO

3.1. CimeiictBo AVR

®dipma Atmel 3irpana B e1eKTpOHHINM TPOMHUCIOBOCTI POJjb, B JICIKOMY PO/l
nopiBHSHHY 3 pouito Apple y BupoOuuiTBi [IK: Bona He mepeOyBae Ha mepuinx
pOJISAX, alie 3aBXKJIU BIIPI3HsUIACS MEPEJOBUMHU 1HHOBAIISIMU. 3apa3 Ha PUHKY 8-
po3psanaux MK Bona mae 01u3bpko 6%. @ipmy 3acHyBaB criodatky 1980-x JIxopmx
[lepneroc, BigoMuii TUM, 10 KepyBaB B Intel HanpsAMKOM He3alexHii mam'sTi: mpu
Horo Ge3mnocepeHii ydacTi Oyiau po3poO0sIeH] TepIi TUMIH eeKTPUYHO CTUPAHUX
kpuctanieB EEPROM. ¥V 80-t1 poku Atmel cipoOyBaiia 3aifHSITH MPOBIHE MiCLIE HA
[[OMY IIBUKO 3pOCTAIOYOMY PUHKY, 1 3AJIUIIAETHCS IO CUX TP OAHUM 3 TTPOBITHIX
BupoOHUKiB flash- i EEPROM-4iniB /uisi yCTaHOBKM B CXEMHU PI3HUX MPUCTPOIB
(manpukian, Hepinko MoxHa 3ycTpitu Flash BIOS Ha winax Atmel) [34 ].

B xiami 1980-x Atmel B umcm iHIIUX BHUSBWJIACS BTATHYTa B IMATCHTHI
pO30IpKH 3 EHEPrOHE3aICKHOIO MTaM'sITTIO, 1HIiI1HoBaH1 Intel, 3 Axux BuiIIa HABITH
3 JIEAKUM TMPUOYTKOM, ONMUHUBIIKCH BJIACHUKOM JIIIEH31l Ha BUPOOHUIITBO X51-
cymicaux MK, B sikoro 061acTi 1 mOHUHI € oHI€0 3 TpoBiAHUX. Y 1993 pomi Atmel
CTaJla 1HILIATOPOM MEPEBOPOTY B ramysi, novasmu BupooHUTBO MK AT89CS1 3
BOymoBanoto flash-mam'sTTio mporpam, 10 BUSBWIOCS 3HAYHO 3PYyUHIIIE
OJIHOpa3oBUX "mponaintoe’ kpucTtaiiB ado Y d-ctupanux, 1o BUMaraTh TPUBAIOT
"py4yHuil" mpoueIypyu OUYNILEHHS.

VY 1995 poii 1Ba HOpBE3bKUX cTyJeHTa 3 M Tponxeiima, Anb(d boren 1 Berapa
Bomneit, Bucynynmu igewo 8-pospsaHoro RISC-smpa, sky 3anpononyBaiu
kepiBHUIITBY Atmel. Sapo AVR Ha3BaHo 3a imeHamu po3poOHukiB (Alf - Vergard -
RISC). ¥ AVR-saapi TUINOBI 1HCTPYKIIl BUKOHYIOTHCS 332 OJUH TaKT, MPUYOMY B
3a0€3MeYCeHHs] 1OTO € EJNEMEHTApHUN KOHBEEP 3 OJHOYACHUM BUKOHAHHSIM
THCTPYKIIii 1 BUOIPKOIO HACTYIHOT (TOMY KOMAaH/IA PO3TATYKEHHS BUKOHYIOTHCS 32

ABa TAKTY - KOHBCEP BBaXae€, 10 YMOBA PO3TaAIYKCHHA HC BI/IKOHaETbCSI).
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[TepBicHe a1po cki1anasocst BChOro 3 32 TUCAY TPAH3UCTOPIB.

VY po6oTi Haj siApoM B3siia yyacTh 3ragyBana pipma IAR System, po3poOHuK
C-xkoMmuaTopiB. MoOXIUBO, TOMY TOJIOBHOIO 0coOiuBicTI0o AVR craB pimryuwnii
PO3pUB 3 XapaKTepPHUMH IS JOTEINEPINIHIX apXiTeKTyp 3 I1HCTPYKIIISIMH, IO
BUKOHYBAJIUCS Yepe3 CHEUIAbHUNA PEricTp-aKyMyJIATop. buibliicT KOMaH MOXe
0e3nocepeIHbO ONEePYBATH 3 PETICTPAMHU 3arajibHOTO IPU3HAUEHHS, HE TOTPEOyI0Un
B 3BepHeHH] 10 O3Y. Tomy cTpykTypa aceMOnepuux nporpam s AVR crana
MIJ03pUI0 HarajJyBaTH MpPOrpaMud Ha MOBI BHCOKOTO PIBHS, J€ ONepaTopu
MPaIOIOTh HE 3 OCEPEJKaMHM IMaM'siTi 1 pericTpaMu, a 3 aOCTPaKTHUMH 3MIHHUMU 1
KOHCTaHTaMd. Majio TOro, B psAl MOJOANIMX MOJENeH He MO)XHAa HaBiTh
Oe3nmocepeTHbO MPAIIOBATH 31 CTEKOM - JIJISl TMPOTpaMH BiH MPHU TaKiid KUIBKOCTI
pericTpiB-3MIHHUX BHUSBIISIETHCS MTPOCTO HEMOTPIOHUM, 1 BUKOPUCTOBYETHCS JIHIIIE
anapaTHO P BUKIUKY mignporpam [35].

3pobutn Kpok M0 mepexody Bin acemOiepa Ha C mpu Takiii apXiTeKTypi
3HAYHO TPOCTimIe: (GaKTUIHO 3AJUINAIOCS JHUIIE YIaKyBaTH Te, 10 3HAMEHUTHUH
nporpamicT JlekcTpa Ha3BaB "JOKIIMHOIO YMOBHUX 1 0€3yMOBHHX MEpexXoiiB", B
3BUYHI [IUKJIU 3 TIEPEIYMOBOIO / MICIIyMOBOIO 200 oneparopu Bubopy. Came 3 mux
npuuuH  apxitektypa AVR  BBaxkaeTbcs HaWOUIBII MPUCTOCOBAHOK [0
nporpamyBadHs Ha C. [Ipudomy pi3Hi criocoOu aapecaitii, 10 MalOTh TaKe BaXKJIHBE
3HaYEHHSA B apxiTeKTypi X51, TyT pO3KMIaHI MO 30BCIM pI3HUM KOMaHIaM, 1
IPOrpamicT B3arajii MOK€ HE BUBYATH BIMOBIIHUNA PO3ALT IHCTPYKIIII.

Kinbkicte komann B apxitektypi AVR nocuts Benuke, 120-130 mTyk, ane
npotupiuus 3 RISC-konueniriero Tyt HeMae - 30-40% KOMaH]1 € JIUIIIE ICEBIOHIMU,
BBEJICHI JIJIs1 3pyYHOCTI iporpamicta. [Ipuaomy iHCTPYKITIN TiJICHHS 1 MHOKEHHSI, B
noBHiM BigmoBigHOCTI 3 RISC-konmeniiiero, kaHoHiuHuii AVR He mepenbauae:
JUIIe Ti3Hime a8 Ouibll  "HmpocyHyTHUX" Mojened 3'BuUjlacsi MOXKJIUBICTh
amapaTHOrO MHOKCHHSI.

[HmuM  BenmukuM 1oTOcOM AVR  craB Brepiie BBEICHHH TOCIIIOBHUI
iHTep(elic 3aHeceHHs MporpamMu B MaM'aTh KpucTana, 3aBasku yomy MK crano

MOXKHA IPOrpaMyBaTH MPSIMO B TOTOBIM cXemi, 0e3 Oyab-fSKHX CHeliaJbHIX
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porpamaTopiB: 10CUTh mporpamHoro pimenHs Ha [1K, mo 3'ennyerncs gyepe3 LPT
31 CXEMOIO M'ATbMa MPOBOJIAMH.

UYepes noaibroro nmepearu apxitektypa AVR mBuako crana nomysspHOO.
[Ti3uHimre TakuM iHTEpdericoM Oyu 3MyIeH1 003aBeCTUC 1 1HIII BEIUKI CiIMEHCTBa
MK.

Jlo nenomnikiB AVR MoxkHa 4aCTKOBO BiJTHECTH T€, IO €ICKTPUIHO BUCHOBKH
nopTiB 3a piBHsIMHU curHaiiB € KMOII-cymicHUMU: 11e TIABUILY€E CTIHKICTH (ITOpIr
PO3PI3HEHHS HU3bKOTO-BUCOKOT'O PIBHSA JIEKUTh B paliOH1 CEpEMHU XapuyBaHHs, a
He OJrKYe 10 HyJIs, K Y X51), ane BUKIUKAE psij Mpo0JIeM CyMICHOCTI 3 pI3HUMU
cTaHgapTHUMHU iHTepdericamu. He myxke joriyHo 1 moOyaoBa ACSKUX KOMaH] B
o0racTi omepartiii 3 6itamu. Ase B misiomy apxitekrypa AVR, 6e3cyMHIBHO, O1TbIII
mporpecuBHa 1 SKOM B il Taly3l MOJM 3MIHIOBAJIUCS TaK CaMO IIBUJKO, K II€
B110yBaeThes B 00sacti [1K, To AVR Mana 6 yci nmaHcu Ha nepuricTs.

3.2. Apxitektypa ATmegal6

B po6Goti BukopucroByerbcsi ATmegal6é - BHUCOKONPOAYKTUBHMM 8-
po3psaauii AVR-MIKpOKOHTpoiep 3 HU3BKUM €HeprocrnoxuBaHHsM (puc. 3.1).
MikpokonTtponep Burotosienuit mo KMOII-texnomnortii, sika B noearanHi 3 RICS
apXITEKTypOIO J03BOJIIE JIOCATTA HAWKPAIOro CHIBBIJHOIICHHSI MOKAa3HUKIB
MIBUKO/II0 / €HEPTOCTIOKUBAHHS.

OcHogHi niepeBaru Atmegal6:

* MIKPOKOHTpOJIEp 3AaTHUI 00po0saTh 131 NMOTYKHY IHCTPYKIIitO, OLIBLIICTh
3 SIKUX BUKOHYIOTHCS 32 OJTMH MAllTMHHUMN ITUKJT;

* 32 8-po3psAHUX pEricTpa 3arajibHOro MPU3HAUYCHHS 1 PETICTPU YIIPaBIIHHS
BOYy10BaHOIO Tiepudepiero;

* IOBHICTIO CTaTU4YHA POOOTa;

* NPOAYKTUBHICTh 10 16 MIiJNIBHOHIB omepauniid B CEKyHAY NpPU TaKTOBIA
yactoti 16 MI'1g;

* BOy/10BaHE MHOKUTH MPUCTPiil BAKOHYE MHOXKEHHS 32 2 MAIIMHHUX [IUKITY;

* 16 K6ailT BHYyTpICHCTEMHOI'O IPOrpaMoOBaHOi (iel-rnam'sari;

* nam'sith Hanux (O3Y) - 1 Koaiir;
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» nam'stb ganux (EEPROM) - 512 Gaiit, po3paxoBana Ha 100000 1ukiiB
YUTaHHS / 3aIUCy;

* 32 mporpamMoBaHi JiHii BBeZieHHs / BUBOAY (puc. 3.2).
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Puc. 3.2. Po3ramyBanns BuxojiiB ATmegal6

3.3. IlpuHun pod0oTH eJIEKTPOHHOI0 MPHUCTPOIO

Bianmik yacy npoBOAMTBCS BCEpEOUHI MIKPOKOHTpOJIEpa 3a JOIMOMOIOKO
acMHXpOHHOTO Taiimepa - T2. [Iporpamuo copmoBanuit Oy IUIBLHUK MTOAAE€ CUTHA
KOXH1 JIBl roauHU. BimoOpaxeHHs yacy 1 mojaya I1HIIUX Bi3yaJdbHUX CUTHAIIIB
MIPOBOIUTHCS 32 JOTIOMOT OO CBITIIO110AHOT MaTpuili 310paHoi 3 Tprox 010kiB TC15-
11. Kepytounii curHain QopMyeTbcsi B MIKPOKOHTPOJIEPl 1 MOJAETHCS Ha OJIOK
CBITJIOAIOHUX MATpPUIlb YEpe3 CUTHAIbHUM Tuied 1 ABIMKOBO-ACCATKOBUMN
nemmdparop Ha mikpocxemi 74HCS595.

VY 3BHuaiiHOMY pexuMi Ha eKpaHi BijoOpaxkaeTbcs yac B GopMarti rOAMHHUK-
XBUJIMHU. 3 ITHTEPBAJIOM B OJHY XBWJIMHY BiI0YBa€ThCS 3aITyCK PsJIKa, MO ODKUTE.
Bixky4um psiaKoM Bi10OpaXKka€eThCs IEHb THXKHS, J1aTa, PiK, TEMIEpaTypa, 1 BOJIOTICTh
B opamwxkepei. Ta, mo OLKUTH PAIOK HACTPOIOETHCS, TOOTO MOXKHA BKJIIOUUTH /
BUMKHYTH BiloOpakeHHsT Oyap-SKOro 3  eleMeHTiB. [Ipum  BHKIIOYCHHI
BIJIOOpa)KEHHS BCIX €JIEMEHTIB psAIKa, 1110 O1’KUTh, BOHA HE 3aITyCKAETHCA 30BCIM, 1
TOJIMHHUK MOCTIMHO B1JJOOPa’KarOTh JIUIIIE Yac.

XapuyBaHHs Oy IMJIbHUKA MOXJIMBO PI3HUMHU CIIOCOOAMU: OJIOK KMBJICHHS HA
5B, Oarapei abo akymymisTopu, abo ioHIcTpa. TakoX € MOXJIUBICTh YCTaHOBKHU
PE3EPBHOIO JKEpeNa KUBJICHHS, A MIATPUMKH MPale3AaTHOCTI CUCTEMH MpU
MIPOTIaXKi KUBJICHHS BiJl OCHOBHOTO JIXKEpela.

JI71s1 KOHTPOJTIO TeMIEPaTypH 1 BOJIOTOCTI B MPUMIIIEHHI BUKOPUCTOBYIOThCS
nataukn AM2321. Moxe mpanroBaTti B JBOX pekuMmax mnepenadi ganux 12C 1 1-

Wire. ¥V HammomMy BUNAJKy BUKOPHUCTOBYETHCI peXkuM l-wire. B manomy pexumi

ApPK.

ITC.4K1.0323.03-T13

3MH.

ApK. Ne dokym. Midnuc |\dama

58




nepenayda JaHUX 3IMCHIOETHCS IO Yep3i - CMOYATKy MIKPOKOHTPOJIEp HaACHIIAe
3aUT JATYMKYy, @ MOTIM JAaTYMK BIANpPABIIsA€ BIAMNOBIAb. Y pa3l BUKOPUCTAHHS
JEKUTBKOX JAaTUMKIB, TIEpe/iaya JaHUX Ha MIKPOKOHTPOJIEP BUKOHYETHCS 10 Yep3i.

3aBasgKu HasIBHOCTI YHIKaJIbHOTO 64-01THOTO [IOCJIITIOBHOTO
imeHTu(diKamifHoro KoAy, poO3TaloBaHOro Yy BHyTpimHIA ROM-mam'sTi 1
npU3HAYeHOi M1 0araTOTOYKOBUX CHUCTEM, € MOXKIIUBICTh BU3HAYHUTH 3 SIKOTO
KOHKPETHO JaT4MKa MPUXOIUTh 1H(POpMallisl. 3HAIOYM PO3TAlllyBaHHS AaT4yMKa, MU
MOXEMO OUIBII TOYHO KOHTPOJIOBATH TEMIIEpaTypy B PI3HUX YacTHHAX
M1JKOHTPOJIBHOTO 00'€KTa, 10 € BAXKJIMBOIO CKIIAIOBOIO MPHU POOOTI 3 JMEIKUMU
POCIIMHAMH.

Buxonsun 3 manoi indopmarii, moOyaoBaHa CTPYKTYpPHO-(QYHKI[IOHAIbHA

cxema npuctporo (nus. Puc. 3.3).

45 B

MikpoKoHETpOJIep Ksapnoeai
ATmegal6 PEIOHATOD

JABiHKOBO -TeCATKOBHH
Jemugparop
T4HC595

Biok ceiTaogionERx MaTpanb TC- Jpaiigep RHEBICHHA CBITI0Ni0MHEX
1511 marTpane ULN2803

Puc. 3.3. Cunre3 cTpyKTypHO-()YHKIIOHATBHOT CXEMH MPUCTPOIO
[Ipu3HaueHHsA KHOMOK OyAMIbHUKA!
1. Knonka 1 - ymoBHa Ha3zBa "OK".

2. KHormka 2 - ymoBHa HaszBa "KPOK".
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YrpaBiiHHS OyJUIBHUKOM 37iHCHIOETHCS JBOMA KHONKAMH. IX KilbKicCTh
MOXKHa OyJio J0BecTH A0 SIIT, HE JOAAI0YHU >KOJHOTO KOMIIOHEHTA, KPIM CaMHUX
KHOIIOK, aJieé JUIsg 3pYyYHOCTI '"cKopucTtamucs" BChOro aBoma. KHONKH yMOBHO
HaszBani "OK" 1 "KPOK". Knonkoro "KPOK" sik mpaBuio Bii0OyBa€eTbcs mepexija 1o
HACTYMHOIr'0 MYHKTY MEHI0, a KHonkoro "OK" 3MiHa mapaMeTpiB MOTOYHOIO MEHIO.
CurHan cnpamioBaB OyAuiIbHHKA TaKoXX BHUMHKaeTbcs kHomkamum "OK" abo
"KPOK". HatuckanHs Oy/b-1K01 KHOIIKH IT1J1 4aC CUTHATY OyAWJIbHUKA BIJKIIIOYAE
HOTO.

"CepueM" OyaunpHHKa oOpanHa AtMegal6A, depe3 i AOCTYNMHOCTI 1
nemeBu3Hu. Cxema Oylia CIpollieHa, TOMY BCE II0 MOXHa, OyJ0 MOKJIaJeHO Ha
KOHTposiep. B pesynbrari Bmamocs OOIMTHCS BChOTO JIBOMa MIKPOCXEMaMHU,
KOHTPOJIEPOM 1 pericTpoM 3 moTykHUMU Buxogamu TPIC6B595. V pasi ne
noctynHocti TPIC6B595, itoro moxna 3aminntu Ha 74HCS595 + ULN2803. Biymik
4acy MPOBOJMUTHCS 3a JOTIOMOTOI0 aCHHXPOHHOTO TaiiMepa - T2. Xix roauH TpuBae
1 TP IIPOIIaX1 )KMBJIEHH. B 11ell yac Benmka 4yacThHa CXeMHU 3HECTPYMJIEHA, 1 TTbKH
KOHTPOJIEP OTPUMYE XapuyBaHHS Bij] OaTapeiku, akyMyJsTopa, ado Bij I0HICTOPH.
CtpyMm criokuBaHHs OyJIMJIbHUKA B YEProBOMY PEXKHUMI CTaHOBUTH 15 mka. Ilpu
XapyyBaHHI BiJ] 10HICTOpY Ha 1®, OyAWJIBHUK MPOMPALIOBAaB YOTUPHU J100U. L{poro
IIIJTKOM JTOCTaTHBO IS MIATPUMKH XOAY Mia 4ac mepeOoiB xapuyBaHHS. Ko
3actocyBaTu Oarapeiiky CR2032, 3apsjny NOBHHHO BHCTauuTH Ha 1,5 poky.
HasiBHICTB HanIpyru KOHTpoJIep puitmae yepe3 BUCHOBOK PB.3. Hanpyra »xuBneHHs
yepe3 numbHUK R2-R3 mopaethcss Ha BucHOBOK PB.3, 1 B HOpManbHOMY cTaHi
nopiBHIOE pubau3Ho 1,5 B. Skmio 30BHINIHA Hanpyra Braje Hux4e 4,1 BoibTa, TO
Hanpyra Ha BuBOAi PB.3 crame menme 1,23 BoibTa, mpuU IOMY 3TEHEpPYE
nepepuBaHHs BiJl KOMITApATOPa, 1 B 0OOpOOHUKY 1€l IepepuBaHHs BAMUKAIOTHCS BCI
"3aiiB1" By3/1M KOHTpOJIEpA, 1 caM KOHTPOJEpP W€ B PEKUM OYIKyBaHHsS. B mipomy
peXHMI TPOJOBXKYE TMpPAIIOBAaTH TIIbKHA BigIiuye dac taiimep T2. Ilpm mosBi
30BHIIIHBOTO JKUBJIEHHS, Hampyra Ha PB.3 3HoBy migHimMerbcs Bumie 1,23 B,
KOHTpoJiep "mobauuBin" 11e, mepeBesie BCl By3Jd B poOoUuil ctaH. SAKIio 3aMicTh

loHicTOpH, Oyzae BukopuctoByBatuca Oataperika CR2032, To ii moTpiOHO
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HIKITI0YUTH Yepe3 1o (nmepeBakno gion [llotki). AHona mioga migKIOYa€eThCs 10
+ Oartapeliku, a Katoj Ao katona VDI.

9 OynunbHUKIB po3nuieHl Ha 3 omHOpa3oBux 1 6 OararopazoBux. [lpum
BKJTFOUEHH1 Oy AMIIBHUKIB 1-3, BOHU CIIPaIlbOBYIOTh TUIBKU OAWH pa3. J{jis Toro mo0
BOHU CIIPAIIIOBAJIU 1€ Pa3, iX MOTPIOHO MOBTOPHO BKJIKOYATH BPYUHY.

A OymunbHukH 4-9 Garatopa3oBi, TOOTO BOHM OyAyTh CIIPallbOBYBATH IIOIHS,
y BcTaHoBieHHi yac. Kpim Toro mi OyAMJIBHUKM MO>KHA HalalllTyBaTh Ha poOOTy
TUIBKM B MEBHI JAHI TWwkHA. Lle 3pydHO, Hanmpukiaja, SKIIO HE XodeTe, o0
OyIUJILHUK ITEPEBIPUB TEMIIEPATypPy 1 BOJIOTICTh TIILKH y BUX1IHI. AOO, HAITPUKJIIA],
Bam noTpiObHO nepeBipsATH TeMIeparypy 1 BoJoricTh B OyaHi 1H1 B 7-00, a B ueTBep
o 8-00, OymuinpHUK He MoTpiobeH. Toi HanamToByeMo oiuH Oararopa3oBuit Ha 7-00
B TOHEIIIOK-cepeny 1 m'sTHuiro, a apyrui Ha 8-00 B yerBep. Kpim Toro Bci
OyIWIbHUKA MAarOTh HACTPOMKY TPHBAJIOCTI CHTHAly, 1 SKIIO MAajo CHUTHAIY
npoTAroM | XBUJIIMHU, TO MOXKHA 30UIBIINTH HOTO Ha Yac Bix 1 1o 15 xB.

Kopexkiis xoay npoBoauThest oauH pa3 Ha 100y, B 00-00. k1o roquHHUK
MOCIIIIATh, HAIIPUKIIAJ, Ha 5 cek Ha 100y, To B 00-00-00 gyac BcTaHOBUTHCS B 23-
59-55, gkimo )k rogruHHUK BiacTae Ha 5 cek, To B 00-00-00 yac BctaHoBuTHCA B 00-
00- 05. Kpok xopexkrii - 0,1 cexk. MakcumanpHa Kopekiis - 59,9 cex / mo0y. 3
CIIpaBHUM KBapIlOM OisbIlie HaBpsi uu 3HamoouTHCs. Kopekilis 3MiiCHIOEThCS 1 B
4eproBoMy peXHMI IPH KUBJICHHI Bij OaTapei.

3.4. Po3po0ka i BUTOTOBJICHHA IPYKOBAHOI IJIATH

Jist po3poOku pykoBaHoi iaTu Oysio BuOpaHo monatok DipTrace Bepcii
2.3.1.0. DipTrace - 1ie cucTeMa aBTOMAaTH30BaHOTO MTPOSKTYBAHHS JPYKOBAHUX ILJIAT
(PCB). VY nakeTt BKJIFOUEHO YOTUPHU IPOTPaMU:

* Schematic - po3poOka NPUHIIMIIOBUX CXEM;

* DipTrace - cTBOpeHHS I1aT, py4yHa 1 aBTOMaTUYHA TPaCyBaHHS;

» ComEdit - pegakTop KopITyciB;

* SchemEdit - pegakTop KOMIOHEHTIB.

[Iporpama Bosionie HaiOuIbiml 3pyunuM cepen CAIIP nns mpoexktyBaHHS
JPYKOBaHMX IUIAT TMpPU3HAYEHUM I KOpHUCTyBauda iHTepdeiicom. Bcs pobora

CYHPOBOJIKYEThHCS MIACBIYYBAHHSIM pPEaroBaHUX 1 3aJIeKHUX BiJ HUX €JIEMEHTIB,
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10 JTO3BOJISIIOTh HAOYHO OIIHIOBATH CUTYyailito. JIoriyHa cTpyKTypa MPUHIUAIIOBOT
cxemMH abo miuaTd QopMyeThCs BiApa3y MpH MOOYIOBI 1 3MIHA OJHOIO €JIeMeHTa
B1JIOMBA€ETHCS Ha CJIEMEHTAX, 3aJICKHUX BiJl HHOTO [37].

VY penakropax KOpHyciB 1 KOMIIOHEHTIB 3aCTOCOBaHa IOIapoBa CHCTEMa
MaJIOBAHHS, MOXJIMBE CTBOPEHHS KOMIIOHEHTIB 1 KOPIYCiB Ha OCHOBI TOTOBHX
mabnoHiB. JlOMyCKaeTbcsi CTBOPEHHS KOPITYCIB 3 TIEPEMIHHUMHU IapaMeTpamu
(KUTBKICTh HIDKOK, BIJICTAaHb MIDK HUMH ), SIK1 TIOTIM MO>KHa OyJie 3MIHIOBaTH MIPSIMO B
PCB.

CxeMoTexHIKa MATPUMY€E CTBOPEHHS 0araTojavMCTOBUX MPHUHIIMIIOBUX CXEM
(nuB. Puc. 3.4), nepexig 3 0qHOrO apKyllla Ha 1HIIWNA 31HCHIOETHCS 32 JOTIOMOTO10
3arajgbHUX IIIHH, SIK1 3'€ JTHAaH1 MDKCTOPIHKOBUX Tiepexoaamu. CTBOpeHa MPUHITUIIOBA
CXeMa MEePEeTBOPUTHCS B APYKOBAHY ILJIaTy BUOOPOM BIJIMOBITHOTO MYHKTY MEHIO
ab0 HaTUCKAaHHSIM KOMOIiHaIlll KJaBill B cxeMmoTexHiul. [lepeknanena nnara sBise

c00010 KOPIyCy KOMITIOHEHTIB 3 JIOTTYHUMH 3B'si3kamu 38,39].
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Puc 3.4. Schematic. [IpunnumnoBa cxema nmpucTporo
[Ipu pyuyHOMY TpacyBaHHI BHKOHYETHCS MIACBIYYBaHHS BCiX BHCHOBKIB
MEpeXi 1 aBTOMAaTHUYHE BUJAJICHHS BXKE PO3BEJACHUX 3B'S3KIB, MPU pelaryBaHHI
PO3BENIEHUX TPpac MOXKJIMBE MEPEMillIeHHs (PparMeHTIB MPOBITHUKIB 3 JOTPUMAHHSIM
kyTiB 90 1 45 rpagyciB abo BuIbHE, 3MiHA UIMPUHU, MEPEKIA]T 3 OJAHOTO MIApy B
HIMH 1 T.. ABTOTpacyBaHHsS 3IIMCHIOETBCA 3a JOTOMOIOK BOYIOBAaHOTO

CITKOBOTO ONTHMIi3aIiifHOro TpacyBayibHUKA - SimpleRouter.
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3.6.

3aKkiHYeHUN BapiaHT TpacCyBaHHS IUIATH MPEJCTaBICHUI HA PUCYHKaxX 3.5 1
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Puc. 3.6. PCBLayout. HimxHst cTopoHa miaTé po3po0J10BaIbHOTO

TIPHUCTPOIO

BucnoBok IMPUHIOUIIOBHUX CXCM 1 APYKOBAHHUX ILIAT HA IPUHTCP BUKOHYETHCA

B JIOBUILHOMY MacIiTall, ijisi APYKOBAaHOI IJIaTH BKa3yIOThCs 00'€KTH, MPUHITUTIOBO1

CXeMH - JTUCTU. MOXIIMBa MiJICTAHOBKA paMKH 1 mTaMmna (IITaMITiB), JUIsl PaMKH

MOJKC 3aJaBaTHUCA pOSMiTKa 30H. CTBOpCHHH IITAMITIB SﬂiﬁCHIOCTBCH IpsAsMO B

nporpami 4epes3 creliaibHUi peJakTop, SIKUM MPaItoe 3a MPUHIIMIIOM €JIEKTPOHHHUX

TaOJINILIb.
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Crnemianbaa Qyskiis ekcnopty oOBeneHHss B DXF mo3Boinse Bupobisatu
aTh MeTooM gpesepyBanHs (HeoOxiaHuil kouBeprep DXF B G-kon).

Ho cxmany DipTrace BkiIrOYEHO BENMKY KUIBKICTH O10JI0TEK KOPITYCIB 1
KoMIioHeHTiB. CtanaapTHi 010110Teku MicTaTh Oubiie 40 Trc. KoMIOHEHTIB pi3HUX
¢bipM-BHPOOHUKIB.

CtBOpeHe IpUCTPiN BUTIISAAE TAK, SK TOKA3aHO HA PUCYHKY 3.7

L
- e

Puc. 3.7. Ilinara po3po01r0BaIbHOTO TPUCTPOIO
3.5. Po3poOka nporpamHoro 3aée3ne4yeHHst
JIist HanucaHHS TporpaMu poOOTH MIKpOKOHTpoJiepa Oyina BHOpaHa MoOBa
nporpamyBaHHs C 1 cepenonuiie po3pooku MikroC PRO [40,41].
MikroC PRO for AVR - notyxHuii iHCTpyMeHT po3poOku nporpam uist AVR
MIKpOKOHTpoJiepiB. BiH ckoHcTpyiHoBaHMi, 00 3a0e3MeunTH MPOrpamicTy
HaWMEHII TPYJOMICTKI PIIIICHHS 10 CTBOPEHHIO JJOJATKIB JJISI BOY/I0BAaHUX CHUCTEM.

MikroC PRO 3abGesnedye ycmilmHe TMOEAHAHHS PO3BUHEHOI CepeoBUIIA
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nporpamyBadds (IDE), siamoBimnoro ANSI komminaropa, ImMpOKOTo HaOOpy

010J110TeK JI arnapaTHUX 3aco0iB, BCEOIYHOT TOKYMEHTAIlll Ta BEJIUKOT KUTBKOCTI,

TOTOBHX JIO BXKMBaHHS NMpUKiIamiB [42,43].

MikroC m03BoJIsSIE€ MIBUAKO PO3POOUTH 1 BOPOBAJAUTH CKJIAIHI IPOTPAMM:

TexcT mporpamMu BBOAMTHCS 3a JOMOMOTOI0 BOYIOBAaHOTO pPENaKkTopa
BHUXIJIHOTO KOJy (3a JOIOMOIOK B KOl 1 mapameTpaxX, KOHTEKCTHOI
I1JCBIYYBaHHSAM, aBTOKOppeElliei, KOJOBUMHU Ia0JIOHAMMU 1 T.11.);
Buxopucranns npopatotbes 010miorek  mikroC  1CTOTHO MiABUIILYE
IIBUJIKICTh pO3POOKH: 301p, 30epiraHHs, 1HIUKAIlis, IEPETBOPEHHS 1 0OMIH
nanumu. IliaTpumyrorbest MikpokoHTposiepu ¢ipmu Atmel cimeiicTBa
AVR [44,45];

[IpoBimank mno komy (Code Explorer) nmo3Bosisie  omepaTHBHO
KOHTPOJIIOBATH CTPYKTYPY IPOrpaMH, 3MiHHI 1 (DYHKIIIT IPOEKTY;

[Ticnst 06poOKH CTBOPIOIOTHCSI MTPOKOMEHTYBAB 1 unTabenbHUN (ailn Ha
acemMOnept 1 cranpaptHuii  HEX  ¢aitn, cymicauii 3 ycima
IporpaMmaTopamu;

BOynoBanuii BijaquuK JT03BOJISIE MIEPEBIPATH XiJl 1 JIOTIKY BHKOHAHHS
IpOrpamu;

ITicis komminsAmii HagaeThCs MOBHA CTaTHUCTHKA BUKOPHCTAHHS TIaM'ATI,
aceMOJIepHUH JTICTUHT, JEPEBO BUKIUKIB (PYHKITIH;

3a0e3ne4eHo JOCTATHIO KUIbKICTh MIPUKIAAIB, IKI MOYKHA PO3IIMPIOBATH 1
BUKOPUCTOBYBATHU SIK CKJIQJOBI YaCTUHU MPOEKTIB, 110 PO3POOIISIIOTHCS.
k1o noTpiOHO, MOYKHA KOTIIOBATH 1X B MMPOEKTH IIIJIKOM, ISl TOTO BOHH

1 BKJTFOUCHI JT0 CKJIaay KoMIisTopa [46].

B nanwmit wac mikroC PRO mns AVR Bkimowyae HacTymHi 0i0Ii0TEKH 1

TIPUKJIA/IN:
» ADC 0616m10TeEKa;
* CANSPI 610m10TeKa;

» Compact Flash 6i0mioTeka;

« EEPROM 06i16m10TeKa;

» @Oyren-maM'saTh 010J110TEKA;
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* I'padiunamii XKK-6i6m10TEKA;

* KnaBiatypa 6i06s10TeKa;

» PK-6i0moTeka;

* Manuectep kojaekc 010110TeKa;

* Multi Media Card 610i10T€eKa;

* OneWire 6101ioTEKA;

* Port Expander 6i61i0Texa;

* PS / 2 BiGaioreku;

* PWM 16 po3psana 610moTeKa;

* RS-485 61010TEKA;

* [Iporpamue 3a6e3neuenns [2C 6i6mioTeka;

* [Iporpamue 3a0e3neuennst SPI 6i0mioTexa;

» Software UART 010m10Teka;

 Sound Library;

» SPI 616m10TeKa;

 SPI Ethernet 6i0ioTeka;

* SPI I'padiunmit XKK-616moreka;

» SPI LCD 616m10Teka;

* SPI LCD8 610iioTeka;

* SPI T6963C I'padiunnmii XKK-610m10TEKA;

* T6963C I'padiunnmii )KK-610110TEKA;

* TWI 610mioTeka;

« UART 1 USB 6i0mioTeku;

3.6. Asiroputm pod0OTH IPUCTPOIO

[Ticnst BKITIOYEHHSI MPUCTPOIO BiIOYBAETHCS 3alyCK Taiimepa, SIKU KOXKHI
NIBCEKYHIM TEpeBipsi€e, MIAKIIOUYEHO a00 BIAKIOYEHO NPUCTPIA, a TaKoK
BUKOHY€THCS 301IbLIICHHS JTIYMIBHUKIB Yacy. [1icis boro nopiBHIOETHCSI HOTOYHUN
yac 3 yacoMm OyAmJIbHMKA. Y pasi, SKIIO BOHO 301raerbcs, MOJAETHCS 3BYKOBHIA
curdai. Jlami ciijg HaTUCHYTH OyIb-KY KHOMNKY. SIKIIO Yyac He 30IraeThCsl 3 4acoM
OyIuiIbHUKA, KOXKHI 2 TOJMHU BUKOHYETHCS MEPEBIPKA TEMIIEPATypH 1 BOJIOTOCTI.

ko O6yna HaTUCHYTa ojHA 3 KHOMOK (S1 abo S2), To akTUBYETHCS MifIporpama
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HaJamTyBaHHA mpuctporo. Ilicias oTpuMaHHS HaHMX 3 JaT4YMKa BUKOHYETHCS
BUCHOBOK JIJAHUX Ha CBITJIOJ10J{HI MAaTPHIIL.
brok-cxema anroputMmy poOOTH MPUCTPOIO MPUBE/ICHA HA PUCYHKY 3.8.
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Puc. 3.8. Anroputm pob0TH IPUCTPOIO
3.7. BUCHOBKH 10 pO3aiiy
VY nonatky Diptrace Oyia moOymoBaHa cxema APyKOBAaHOI TUTaTh, Ha 0a3i SKOi
OyJ10 CKOHCTPYHOBaHO NMpUCTpiil. Takoxk B po3/iii onKrcaHa cepeoBHILE PO3POOKH,
B SKill po3po0Jisiiocs TporpamMHe A0JaTOK st mpuctporo. IlpencraBieHuit

ITOPUTM POOOTH MPUCTPOIO Y BUTIISII OJIOK-CXEMHU.
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BUCHOBKU

VY kBamiikaiiitHiii po6oTi Oyj0 pO3TIASHYTO PO3POOKY CUCTEMU KOHTPOJIIO
TEMIIEPATypyd 1 BOJIOTOCTI TOBITPS HA OCHOBI MAaTeMaTHYHOTO JOCIIIKCHHS
MIKpOKJIiMAaTYy.

[lepmmii  po3Ain  MICTUTh ONKMC  ICHYIOUOTO  BUIUIALY IPHUCTPOIO,
BUKOPHCTOBYBAHOTO JJIi KOHTPOJIIO BOJIOTOCTI 1 TEMIEpaTypu B OpaHkepei Ha
ocHoBl atu Arduino Mega.

Tak camo B mepiomMy po3aiii onucaHl HEOOX1AHI YMOBH JIJIsl BUPOLYBaHHS
pPOCIIMH 1 TpeJICTaBlieHa MaTeMaTW4yHa MOJIeJb OpaHXepei Mpu yNpaBIiHHI
TEMIIEPATYpPOIO 1 BOJIOTICTIO TOBITPS, siIKa pO3po0OIIeHA JIJIsl 3aCTOCYBAaHHS B OCBITHIX
IIJISX 3 METOIO MPOJIEMOHCTPYBATH (PI3UUHI SBUIIA, 1110 BIIOYBAIOTHCS B OpaHKepel
1 IPUHIIUITH YIIPABIIIHHSI MIKPOKIIMATOM.

VY apyromy po3juii nmpoaHai3yBaBIld CIIOCOOM BUMIPIOBAHHS TEMIEPATypU
Oy70 BHW3HAYEHO, IO PIJMHHI CKJISIHI TEPMOMETPU € HAMAIMHUMH 3 BHCOKOIO
TOYHICTIO BUMipamMu. OJHaK 4Yepe3 BEJIMKOIo /iana3oHy BHUMIPIOBaHHS
TEMIIepaTypy, JJs  PO3pOOTIOBAIHHOTO  MPUCTPOIO  OLIBII  JOIUIBHO
BUKOpUCTOBYBaTH jAaTtdyuk DS18B20, B sAxoMy 3a J0MOMOIOI0 J10JIaTKOBHUX
OOYHMCIIEHb MOKHa JOCSIITH TaKoi 3K TOYHOCTI, SK 1 B PIAUHHUX CKISTHUX
TEPMOMETpAX.

Taxk camo iHTerpanis natunka DS18S20 B mpucTpiii € JETI00 HisK IHTerparis
PIAMHHUX CKJISHUX TepMoMeTpiB. [IpoaHanizyBaBIIM ICHYIOUl JaTYUKH BOJIOTOCTI
BHJTHO, 1110 TEPMOTITPOMETP € HATIMHUM 3 BUCOKOIO TOUHICTIO, ajie AaTunk AM2321
JIET1IE THTErPyBaTU B MPUCTPIi.

Tpetiit po3aiT MPUCBSIYCHUI CTBOPECHHIO MPUCTporo. Y momatky Diptrace
Oyrna moOyaoBaHa cxeMa JIPYKOBaHOI IIaTH, Ha 0a3i sSKoi OyJI0 CKOHCTPYHOBaHO
npuctpii. Tak camMmo B po3aull OMUCAaHA CEPEIOBHUINE PO3POOKH, B AKIN
PO3p0oOISIOCS MPOrpaMHe T0AATOK TSl MpUCTporo. byB mpencTaBieHuit anroputm

pOOOTH MPUCTPOIO Y BUTJISAII OJIOK-CXEMHU.
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JTOJATOK A

JlicTHHT IPOrpaMHOro KOAy

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

*hkk

KonTpomnep -
ATmegal 6A/16L/32A/321L (kameHp 0e3
OyKBBI MOXET He 3apaboratb OT 3X
BOJIbTOBOM OaTapenku)

Yacrora yumna - 8,000000 MHz

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

//mocTaBbTE SIMHUYKY HaIpOTHB
NPUMEHEHHOTO BaMU KOHTpPOJIIepa

#define ATMEGA16 1

#define ATMEGAS32 0

//*****************************l

//mocTaBbTE €IMHUYKY HaIpOTHB
IPHUMEHEHHBIX BaMH HHIUKATOPOB
#define OK 1 /I nast

matpuiisl ¢ "OK" (Ha BRIBOmax 5, 2,7, 1, 12,
8, 14, 9 kaToaBI TUOIOB)

#define OA 0 /] mna
matpuisl ¢ "OA" (Ha BeIBOjax 5, 2,7, 1, 12,
8, 14,9 aHOIBI TMOMOB)

#define SAMPLE 0 // Most
MakeTkKa......... Ha HEW BCce HE KaK y JIIoAeH
N) ...

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

//moctaBbTe HampotuB FONT  HOMEp
kenaemoro mpudra mudp (ot 0 10 6)
#define FONT 0 // BBIOMpaemM

wpudT wudp
//*****************************/
#if ATMEGAL6
#include <megal6.h>
# endif
#if ATMEGA32
#include <mega32.h>
# endif
#include <1wire.h>
#include <ds18b20_.h>
/I#include <delay.h>
#define BUT_OK  button==1

unsigned char sek=0, chislo=1,
mesec=1, god=11, den_nedeli, bud_temp,
stroka, meny=10, button, but_pause=0, z, z1,
bud, temp, templ, temp2, t, flg_korr=1,
speed=28, devices, i,

ekran [24], /l
DKpaHHBI Oydep
beg_info [99], Il

Berymaﬂ CTPOKa B OCHOBHOM PCIKNMEC

rom_code [2][9], 1l
MaCuB C aJapecaMu Hafmeme JaTYUKOB
DS18B20

budilnik_Install [9], Il
XpaHUM HacCTPOMKHU OyAMIIEHUKOB
budilnik_Interval[9]; 1

XpaHUM 3HAa4Y€HUE [UIUTEIBHOCTH CHUTHaja
OyIuiIbHUKA
unsigned int budilnik_time [9]; Il
XpaHUM BpeMsi cpabOTKH OyAMIBHIKOB
const unsigned char
budilnik_txt =
{11,29,14,18,21,38,23,18,20,42,255}, Il
TekcT "byaunbHuk"
korekt_txt 1=
{20,24,26,26,15,20,32,18,41,42,42,255%}, /I
tekceT "Koppekus"
nastroiki_txt 1=
{29,27,28,10,23,24,12,20,18,42,255}, I
TeKCT "Y cTaHOBKH"
den_txt [1={14,15,23,38,255},
// Texct "JleHp"
data_txt [1={14,10,28,10,255},
// Texcr "JlaTa"

god_txt []= {13,24,14,255},
// Texer "Tox"
nastr_stroki_txt (=

{23,10,27,28,26,24,19,20,10,42,255}, I
tekcT "Hactpoiiku"
den_nedeli_txt [7][12]=
{{25,24,23,15,14,15,21,38,23,18,20,255}

#define BUT_STEP button== , // TloHenenpbHUK //  Ha3BaHUS oHEU
#define POWER  power HeJIeH
#define ON 1
#define OFF 0 {12,28,24,26,23,18,20,255}, I
//****************************/ BTOpHI/IK //
bit mig, flg_min=0, bud_flg=0,
but_flg=0, zv_kn=0, zv_chs=1, but_on=0, {27,26,15,14,10,255}, // Cpena
line=0, power=1, ds1820 d, ds1820 vy, Il
temp5=0;
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{33,15,28,12,15,26,13,255}, /!
Yersepr /
{25,41,28,23,18,32,10,255}, 1l
[IaTtauna //
{27,29,11,11,24,28,10,255}, /!
Cy606oTta //

{12,24,27,20,26,15,27,15,23,38,15,255} }
, // Bockpecenbe //

den_nedeli_letter[7][2]= {{25,23},

// TIu /| cOKpaIllleHHbIC Ha3BaHUs THEH
HEJIeH
{12,28}, // BT //
{27,264}, /I Cp /!
{33,28}, /YT //
{25,28}, // It //
{27,11}, /1 Co //
{12,27} 4, // Bc //
name_mesec_txt [12][9]=
{{41,23,12,10,26,41,255}, // SluBaps
{30,15,12,26,10,21,41,255}, I
deppaiist
{22,10,26,28,10,255}, // Mapta
{10,25,26,15,21,41,255}, /I Anipens
{22,10,41,255}, // Mast
{18,40,23,41,255}, // VroHst
{18,40,21,41,255}, // Vronst
{10,12,13,29,27,28,10,255}, 1
ABrycra
{27,15,23,28,41,11,26,41,255},
//Cents0ps
{24,20,28,41,11,26,41,255}, //Oxtsa0ps
{23,24,41,11,26,41,255}, // HosiOpst
{14,15,20,10,11,26,41,255} }; I
Hexabps
flash const unsigned char simvol [][5]=
{

#1if FONT==0 // Wpudt undp NeO
{ Ox3E, 0x51, 0x49, 0x45, 0x3E }, // 0
{ 0x00, 0x42, 0x7F, 0x40, 0x00 }, // 1
{ 0x42, 0x61, 0x51, 0x49, 0x46 }, // 2
{ 0x21, 0x41, 0x45, 0x4B, 0x31 }, // 3
{ 0x18, 0x14, 0x12, Ox7F, 0x10 }, // 4
{ 0x27, 0x45, 0x45, 0x45,0x39 }, // 5
{ 0x3C, Ox4A, 0x49, 0x49,0x30 }, // 6
{ 0x01, 0x71, 0x09, 0x05, 0x03 }, // 7
{ 0x36, 0x49, 0x49, 0x49, 0x36 }, // 8
{ 0x06, 0x49, 0x49, 0x29, OX1E }, // 9
# endif

#if FONT==1 // Illpudt nudp Nel

{ OX7F, OX7F, 0x41, OX7F, OX7F },
{ 0x00, 0x00, 0x7F, 0x7F, 0x00 },
{ 0x61, 0x71, 0x59, Ox4F, 0x47 },
{ 0x41, 0x49, 0x49, Ox7F, OX7F },
{ Ox1F, Ox1F, 0x10, Ox7F, OX7F },
{ Ox4F, Ox4F, 0x49, 0x79, 0x79 },
{ OX7F, OxX7F, 0x49, 0x79, 0x79 },
{ 0x01, 0x71, 0x79, OXOF, 0x07 },
{ OX7F, OX7F, 0x49, OX7F, OX7F },
{ Ox5F, Ox5F, 0x51, Ox7F, OX7F },
# endif

#1if FONT==2 // WpudTt mudp Ne2
{ OX7F, OX7F, 0x41, OX7F, OX7F },
{ 0x00, 0x01, 0x7F, 0x7F, 0x00 },
{ 0x63, 0x73, 0x59, Ox4F, 0x47 },
{ 0x63, 0x63, 0x49, OX7F, OX77 },
{ Ox1F, Ox1F, 0x10, Ox7F, OX7F },
{ Ox6F, Ox6F, 0x49, 0x79, 0x79 },
{ OX7F, Ox7F, 0x49, 0x7B, 0x7B },
{ 0x03, 0x73, 0x79, OxOF, 0x07 },
{ 0x77, OX7F, 0x49, OX7F, 0X77 },
{ Ox6F, Ox6F, 0x49, OX7F, OX7F },
# endif

#1if FONT==3 // Wlpudt mmudp Ne3
{ OX7F, 0x41, 0x41, OX7F, OX7F },
{ 0x00, 0x00, 0x7F, 0x7F, 0x00 },
{ 0x61, 0x71, 0x59, Ox4F, 0x47 },
{ 0x41, 0x49, 0x49, OX7F, OX7F },
{ Ox1F, 0x10, 0x10, Ox7F, OX7F },
{ 0x4F, 0x49, 0x49, 0x79, 0x79 },
{ Ox7F, 0x49, 0x49, 0x79, 0x79 },
{ 0x01, 0x01, 0x01, OX7F, OX7F },
{ OX7F, 0x49, 0x49, 0x7F, OX7F },
{ Ox1F, Ox11, 0x11, Ox7F, OX7F },
# endif

#if FONT==4 /| lllpudTt undpp Ned
{ OX7F, 0x41, 0x41, OX7F, OX7F },
{ 0x00, 0x01, 0x7F, 0x7F, 0x00 },
{ 0x63, 0x71, 0x59, Ox4F, 0x47 },
{ 0x63, 0x41, 0x49, OX7F, OX7F },
{ Ox1F, 0x10, 0x10, Ox7F, OX7F },
{ Ox6F, 0x49, 0x49, 0x79, 0x79 },
{ Ox7F, 0x49, 0x49, 0x7B, 0x7B },
{ 0x03, 0x01, 0x01, OX7F, OX7F },
{ OX7F, 0x49, 0x49, 0x7F, OX7F },
{ Ox1F, Ox11, 0x11, Ox7F, OX7F },
# endif

#if FONT==5 // Wpudt mmudp Ne5
{ Ox3E, 0x7F, 0x41, Ox7F, Ox3E },
{ 0x00, 0x02, 0x7F, 0x7F, 0x00 },
{ 0x62, 0x73, 0x59, Ox4F, 0x46 },
{ 0x22, 0x63, 0x49, 0x7F, 0x36 },
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N

/I'b

/I'B

/I'E

/13

o)

{ 0x18, 0x14, 0x12, OX7F, OX7F },
{ Ox2F, Ox6F, 0x45, 0x7D, 0x39 },
{ Ox3E, 0x7F, 0x49, 0x7B, 0x32 },
{ 0x03, 0x73, 0x79, OxOF, 0x07 },
{ 0x36, Ox7F, 0x49, 0x7F, 0x36 },
{ Ox2E, 0x6F, 0x49, 0x7F, 0x3E },
# endif

#1if FONT==6 // WlpudTt mudp Ne6
{ Ox3E, 0x41, 0x41, Ox7F, Ox3E },
{ 0x00, 0x02, 0x7F, 0x7F, 0x00 },
{ 0x62, 0x71, 0x59, Ox4F, 0x46 },
{ 0x22, 0x41, 0x49, Ox7F, 0x36 },
{ 0x18, 0x14, 0x12, OX7F, OX7F },
{ Ox2F, 0x45, 0x45, 0x7D, 0x39 },
{ Ox3E, 0x49, 0x49, 0x7B, 0x32 },
{ 0x03, 0x71, 0x79, OXOF, 0x07 },
{ 0x36, 0x49, 0x49, Ox7F, 0x36 },
{ 0x26, 0x49, 0x49, Ox7F, Ox3E },
# endif

{ 0x7C, 0x12, 0x12, 0x7C, OXAA },
{ OX7E, 0x4A, 0x4A, 0x32, 0xAA },
{ OX7E, 0x4A, 0x4A, 0x34, 0xAA },
{ OX7E, 0x02, 0x02, OXAA, 0x00 }, //
{ 0x60, 0x3C, 0x22, 0x3E, 0x60 }, //
{ OX7E, Ox4A, O0x4A, 0xAA, 0x00 },
{ Ox4A, O0x4A, Ox7E, OXAA, 0x00 },
{ 0x66, 0x18, OX7E, 0x18, 0x66 }, //
{ 0X7E, 0x10, 0x08, OX7E, OxAA }, /I
{ 0x7C, 0x11, 0x09, 0x7C, OxAA },
{ OX7E, 0x18, 0x24, 0x42, 0xAA }, /I
{ 0x78, 0x04, 0x02, OXTE, OXAA }, /I
{ OX7E, 0x04, 0x08, 0x04, OX7E }, /I
{ OX7E, 0x08, 0x08, OX7E, 0XAA}, //
{ 0x3C, 0x42, 0x42, 0x3C, 0xAA },

{ Ox7E, 0x02, 0x02, OX7E, OXAA }, //

{ OX7E, 0x12, 0x12, Ox0C, OxAA },

' { 0x3C, 0x42, 0x42, 0x24, OXAA }, /I
¢ { 0x02, Ox7E, 0x02, 0XAA, 0x00 }, //
! { Ox4E, 0x50, 0x50, Ox3E, OxAA }, /I
Y { 0x0C, 0x12, Ox7E, 0x12, 0x0C }, //
? { 0x66, 0x18, 0x18, 0x66, OXAA }, //
: { OX7E, 0x40, 0x40, OX7E, 0XxCO }, //
8 { 0xOE, 0x10, 0x10, OX7E, OXAA }, /I
! { OX7E, 0x40, Ox7E, 0x40, OX7E }, /I
. { OX7E, 0x40, OX7E, 0x40, OXFE }, //
. { 0x02, OX7E, 0x48, 0x30, 0XxAA }, /I
b { OX7E, 0x48, 0x30, 0x00, OX7E }, //
. { OX7E, 0x48, 0x30, 0XAA, 0x00 }, //
’ { 0x24, 0x42, 0x4A, 0x3C, OxAA },
" { Ox7E, 0x08, 0x3C, 0x42, 0x3C }, //
© { 0x4C, 0x32, 0x12, OX7E, OXAA },
/I S

{ 0x00, 0x00, OXAA, OxAA, 0x00 },
// mpoben
{ 0x40, OXAA, OXAA, 0xAA, 0x00 }, //
TOYKA 43
{ OXAA, OxAA, 0XAA, OxAA, 0x00 }, /1
MaJjeHbKHH poden 44
{ 0x00, 0x00, 0x00, 0x00, 0x00 }, /I
"monmHBIA" Ipoben 45
{ 0x08, 0x08, 0x08, 0x08, 0x08 }, //
MUHYC 46
{ 0x08, 0x08, 0x3E, 0x08, 0x08 }, //
ILTIOC 47
{ 0x06, 0x09, 0x09, 0x06, OXAA }, //
3HaK rpagyca 48
{ Ox3E, 0x41, 0x41, 0x41, 0x22 }, /I

6ompmmas C 49
{ 0x04, 0x3F, 0x44, 0x20, OXAA }, /I
nponucHas t 50

{ 0x08, 0x08, 0x08, OXxAA, 0x00 }, //
MaJCHbKMI MUHYC 51
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2

dnei_v_mes[]=
{31,29,31,30,31,30,31,31,30,31,30,31};
// KonnuecTBa qHEN 10 MeCAIaM

unsigned int time=1392 , Interval ,
Interval_2, datal;

signed int temperature
[2]={200,300};

float temperature_temp;

eeprom signed int  korr_den=0; Il
3HAYEHUE KOPPEKIMH X012

eeprom unsigned char str=255;
/I xon¢urypanus Oerymen CTpoku
Il eeprom unsigned char

ds1820_d_eeprom, ds1820_y eeprom;
// Bospamiaer abCcoMroTHOE
3HAYCHHUEC YHuciia
signed int abs (signed int x)

{
if (x<0) x=(x*(-1));
return x;

¥

// BBIUUCIUTL [JE€Hb HENEIU II0
are
unsigned char Day_week (void)

{

unsigned char y, m, myday;

y = god;
M = MEeSEeC;

ifm>2){m-=2; }
else {m+=10;y--; }

myday = ((chislo +y + (y>>2) + ((31 *
m)/12)) % 7);

if (myday) return myday-1; else return

¥

6;

// KOppeKLUs
BPEMCHU
void correkt (void)

{
if(korr_den<0)
{TCNT2=255+((korr_den%?10)*25);
sek=59+((korr_den%600)/10); if (sek==60)
{sek=0;} time=1439;}

else {TCNT2=25*(korr_den%10);
sek=((korr_den%600)/10);}

/I_Inamuaeckas WHIUKAIHAS. BEIBOI
JAHHBIX W3 JKpaHHOro Oydepa Ha
CBETOJIMO/IHYIO MATPHUILy

interrupt [TIMO_OVF] void
timerO_ovf _isr(void)

{

#if OK || OA

stroka >>= 1; if (stroka==0)
stroka=0b10000000; // mepebuparo CTpOKH

if (stroka==0b00000001)
PORTB.7=1; else PORTB.7=0;

# endif

#if SAMPLE

stroka <<= 1; if (stroka==0)
stroka=0b00000001; // mepebuparo CTpOKH

if (stroka==0b10000000)
PORTB.7=1; else PORTB.7=0;

# endif

PORTB.6=1; /I

#if OK

PORTC.3 = (ekran [0] & stroka);
PORTC.0 = (ekran [1] & stroka);
PORTD.7 = (ekran [2] & stroka);
PORTC.5 = (ekran [3] & stroka);
PORTD.6 = (ekran [4] & stroka);
PORTC.4 = (ekran [5] & stroka);
PORTC.2 = (ekran [6] & stroka);
PORTC.1 = (ekran [7] & stroka);
PORTA.5 = (ekran [8] & stroka);
PORTD.5 = (ekran [9] & stroka);
PORTD.4 = (ekran [10] & stroka);
PORTA.3 = (ekran [11] & stroka);
PORTD.3 = (ekran [12] & stroka);
PORTA.4 = (ekran [13] & stroka);
PORTA.6 = (ekran [14] & stroka);
PORTA.7 = (ekran [15] & stroka);
PORTA.O = (ekran [16] & stroka);
PORTD.2 = (ekran [17] & stroka);
PORTD.1 = (ekran [18] & stroka);
PORTB.1 = (ekran [19] & stroka);
PORTD.0 = (ekran [20] & stroka);
PORTB.0 = (ekran [21] & stroka);
PORTA.1 = (ekran [22] & stroka);
PORTA.2 = (ekran [23] & stroka);
# endif

#if OA

PORTC.3 = (ekran [0] & stroka);
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PORTC.0 = (ekran [1] & stroka);

PORTC.2 = (ekran [13] & stroka); //

PORTD.7 = (ekran [2] & stroka); 13
PORTC.5 = (ekran [3] & stroka); PORTC.1 = (ekran [14] & stroka); //
PORTD.6 = (ekran [4] & stroka); 14
PORTC.4 = (ekran [5] & stroka); PORTC.0 = (ekran [15] & stroka); //
PORTC.2 = (ekran [6] & stroka); 15
PORTC.1 = (ekran [7] & stroka); PORTD.2 = (ekran [16] & stroka); //
PORTA.5 = (ekran [8] & stroka); 16
PORTD.5 = (ekran [9] & stroka); PORTD.7 = (ekran [17] & stroka); //
PORTD.4 = (ekran [10] & stroka); 17
PORTA.3 = (ekran [11] & stroka); PORTD.0 = (ekran [18] & stroka); //
PORTD.3 = (ekran [12] & stroka); 18
PORTA.4 = (ekran [13] & stroka); PORTD.6 = (ekran [19] & stroka); //
PORTA.6 = (ekran [14] & stroka); 19
PORTA.7 = (ekran [15] & stroka); PORTD.4 = (ekran [20] & stroka); //
PORTA.O = (ekran [16] & stroka); 20
PORTD.2 = (ekran [17] & stroka); PORTD.5 = (ekran [21] & stroka); //
PORTD.1 = (ekran [18] & stroka); 21
PORTB.1 = (ekran [19] & stroka); PORTD.3 = (ekran [22] & stroka); //
PORTD.0 = (ekran [20] & stroka); 22
PORTB.0 = (ekran [21] & stroka); PORTD.1 = (ekran [23] & stroka); //
PORTA.1 = (ekran [22] & stroka); 23
PORTA.2 = (ekran [23] & stroka); # endif
# endif
#if SAMPLE PORTB.6=0;
PORTB.1 = (ekran [0] & stroka); //
0
PORTB.0 = (ekran [1] & stroka); // but_pause++; if (but_pause==100)
1 { but_pause=0; but_on=1; } // ecnu
PORTA.3 = (ekran [2] & stroka); // C MOMEHTa MPONUIOT0 HaXaTHUS KHOIKHU
2 nporuto Oonbiie 0,3 cexk - pazpemaro
PORTA.1 = (ekran [3] & stroka); // OYepeTHOC YTEHUE KHOIIOK
3 if  ((but_pause==30)&&(but_flg))
PORTA.4 = (ekran [4] & stroka); // { but_flg=0; PORTB.5=0; TIMSK=0x41;}
4 // BBIKIIIOYAtO "MUCK" MPU HAXKaTHHM KHOTIKHU
PORTA.2 = (ekran [5] & stroka); //
5 Interval++; Interval_2++;
PORTA.O = (ekran [6] & stroka); // // OTCUMTHIBAEM HHTEpBal JUIS OEryIIux
6 CTPOK U NPOYUX HYKI
PORTA.5 = (ekran [7] & stroka); // }
7
PORTA.6 = (ekran [8] & stroka); // /! YreHre COCTOSIHHS KHOTIOK
8 unsigned char button_read (void)
PORTA.7 = (ekran [9] & stroka); // {
9 button=0;
PORTC.5 = (ekran [10] & stroka); //
10 if ((PINB.2==0) && (but_on))
PORTC.4 = (ekran [11] & stroka); // {
11 but_on=0; but_pause=0;
PORTC.3 = (ekran [12] & stroka); // #if OK|| OA
12 switch (stroka)
{
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case 0b10000000: button=2;
break;
case 0b00000001: button=1,
break;
}
# endif
#if SAMPLE
switch (stroka)
{
case 0b00010000: button=2;
break;
case 0b00001000: button=1,
break;
}
# endif
if (zv_kn) {but flg=1; TIMSK=0x51;}
// Ecnu He OTKIIOYEH - KOPOTKUI MHCK
JTUHAMUKa IpY HAXKATUW KHOTIKY .
if (bud_flg) {bud_flg=0; button=0;}  //
Brikirouaem (ecii ObLT BKJIFOYEH) CHUTHAJ
OyIWJIBHHUKA.9TO HYKHO YTOO MOXHO OBLIO
BBIKIIOUMTh CHUTHANl OYyIWJIbHHUKA TMPOCTO
Ha)kKaTHeM JTF000H KHOTIKH.

PORTA=0; DDRB=0b11110111; //
HIEPEBOXKY MOPTHI B COCTOSTHHE HaMEHBIIETO

noTpedIeHUs

PORTB=0; PORTC=0; PORTD=0;

}

else // eciii BHeIIHEe
[ATAHUS IOSBUIOCH

{

POWER =ON; // mepexoaum
Ha BHEIIHEE MUTaHue

MCUCR=0b00110000; Il

3allpeliaeM  YCBHILIATh  KOHTPOJUIEp IO
komanae SLEEP

PORTB=0x04; DDRB=0XES3; 1
BO3BpallaeM KOH(UTYypaluio TOPTOB B
pabouee cocTosiHUE

TCCRO0=0x03; // 3ammyckaem
T/CO
¥
¥
/! MUY
JTMHAMHKOM

bud_flg=0;
} interrupt [TIM1_COMPA] void
return button; timerl_compa_isr(void)
} {
static char dl_1=0,dl_2=0;
// [IpepwiBanme oT dl_2++; if (dl_2>=150) {dl_2=0; dl_1++;
KOMITapaTopa(3aXxoauM croza KoTJa if (dl_1>=5) dl_1=0; }
MpoMajaeT M KOI/Aa TMOSBISETCS BHEIIHEE if (but_flg) OCRIA=5; /l ecnu
HalpsKEHUE) "mamyM" 10 HaXKaTWIO KHOIKH, HJIHU
interrupt [ANA_COMP] void "exedacHo" TO CUTHAJ OJJHOTOHHBIN
ana_comp_isr(void) else OCRIA = dl 1+3; /I ecnm
{ 1f(ACSR&0x20) /] ecan "muamut" OyIWIbHUK, TO CHUTHAI
[IPONaI0 BHEIIHEE IUTAaHUS "My3bIKQJIbHBIN"
{ POWER = OFF; // mepexoaum PORTB "= (1 << 5);
Ha pe3epBHOE NMUTaHHUE OT OaTapeek }
#if ATMEGA16
MCUCR=0b01110000; I /l OTCYET
paspeliaeM YCHIIUIATh KOHTpOJUIEp IO BpEMEHHU
komanne SLEEP (s meral6)
# endif interrupt [TIM2_OVF] void
#if (ATMEGA32) timer2_ovf_isr(void)
MCUCR=0b10110000; I {
paspemiacM  YChIIJIATH ~ KOHTPOJJIEp  IIO mig++;
xomanzae SLEEP (st mera32) sek++; // IHKpeMUHHpYeM CEKyH[IbI
# endif if (sek==60)
TCCRO0=0x00; I {sek=0; time++;  flg_min=1; if
ocranaBimBaem T/CO (time==1440)
{
ApK.
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if(flg_korr) {correkt();
flg_korr=0; if(korr_den<0) goto m2;} // B
00-00, ecnu eme cerofHs HE MPOBOAMIACH
KOPPEKIUSA - POBECTH KOPPEKIIHIO.
time=0; chislo++; if (chislo >
dnei_v_mesc[mesec-1])
{chislo=1; mesec++; if (mesec==13)
{mesec=1; god++;
}
}
if ( (god%4) && (mesec==2)
&& (chislo==29) ) {mesec=3; chislo=1;}
// ecmn  HEBBICOKOCHBIH  TOH, TO
29.02>>>>>01.03
flg_korr=1;
m2:

k
k

/| 3arpy3ka B  OKpaHHBIH  Oydep
CHMBOJIOB + MuUraromas TOYKa B
oeHTpe

void ekran_cifri (unsigned int data)

{

unsigned char
X, X1,x2,x3,y,y1,y2,y3,temp;
static unsigned char  Shift_zn;

X = data/600;

x1 = (data%600)/60;

x2 = (data%60)/10;

x3 = data%10;

y = datal/600;

yl = (datal%600)/60;

y2 = (datal%60)/10;

y3 = datal%10;

if (data != datal) // ecnu cMeHHUIIACh
uHGOPMAIUS - 3aITyCKaeM CKPOJLTHHT

{if (Interval_2>50){Interval_2=0;

Shift_zn++; if(Shift_zn==8)

{Shift_zn=0;datal=data;} }
{for (temp=0; temp<5; temp++)

{if(x =y ) {ekran [temp ]= ( (simvol
[y I[temp]<<Shift_zn) + (simvol [x
][temp]>>(8-Shift_zn)) );} else { ekran
[temp ]=(simvol [x ][temp]); }

if(x1!'=y1l) {ekran [temp+ 6] = (
(simvol [yl][temp]<<Shift_zn) + (simvol
[x1][temp]>>(8-Shift_zn)) );} else {ekran
[temp+ 6]=(simvol [x1][temp]); }

if(x2'=y2) {ekran [temp+13] = (
(simvol [y2][temp]<<Shift_zn) + (simvol

[x2][temp]>>(8-Shift_zn)) );} else {ekran
[temp+13]=(simvol [x2][temp]); }
ekran [temp+19] = ( (simvol
[y3][temp]<<Shift_zn) + (simvol
[x3][temp]>>(8-Shift_zn)) );
}
}
}
else
{
for (temp=0; temp<5; temp++)
{
ekran [temp ]=(simvol [x ][temp]);
ekran [temp+ 6]=(simvol [x1][temp]);
ekran [temp+13]=(simvol [x2][temp]);
ekran [temp+19]=(simvol [x3][temp]);
}

Interval_2=0;

}
if (mig) {ekran [12]=0; ekran [11]=128;}
//  TepeMUTHBaHHE TOYEK B OCHOBHOM
pexume.
else  {ekran [12]=128; ekran [11]=0;}
Il
}//3arpy3ka B  OTpeleleHHOE MECTO
sKpaHa | cumBosa
void ekran_1 figure (unsigned char
x,unsigned char x1,)
{
unsigned char temp;
for (temp=0; temp<5; temp++)

if (simvol [x][temp]==0xAA) return;
ekran [temp+x1]=(simvol [x][temp])
+(128*mig*line);

}
}
/! Tacum BECH
9KpaH
void ochistka (void)
{

unsigned char temp;
for (temp=0; temp<24; temp++)
{ekran[temp]=0 ;}

/l__yctaHoBKu! 2 cumBoOIa

unsigned char ystanovki_2 (unsigned
char x,unsigned char x1,unsigned char x2)

{
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unsigned char temp;
while ( (button_read() '= 2) &&
POWER) // POWER
{
if (BUT_OK) {x++; if (x>x1) x=0;}
for (temp=0; temp<5; temp++)
{
ekran [temp+x2] =(simvol
[x/10][temp]) +(128*miQ);
ekran  [temp+x2+6]=(simvol
[x%10][temp]) +(128*mig);

}
ochistka(); return x;
}

// YCTaHOBKH

unsigned int ystanovki_23 59 (unsigned
int x)

{

ochistka();

ekran_1 figure((x%60)/10,13);
ekran_1 figure(x%10,19);

X = (x%60)+ (ystanovki_2 ((x/60),23,
0))*60;

ekran_1_figure(x/600,0);
ekran_1 figure((x/60)%10,6);

X = (x/60*60)+(ystanovki_2
((x%60),59,13));
return Xx;
}
/[ oerymas
CTpOKa

unsigned char beg_stroka (unsigned char

x[1.)
{

unsigned char temp;

for (temp=0; temp<23; temp++) {
ekran[temp]=ekran[temp+1]; }

if  ((z==5)||(simvol[x[z1]][z]==0xAA))
{ekran[23]=0; z=0; z1++; if (x[z1]==255)
{z1=0; return 255;} } else
{ekran[23]=simvol[x[z1]][z]; z++;}

I BEIBO/T HEMOJIBUYKHOTO
TEKCTa

void txt_ekran (unsigned char x[],)

{

unsigned char temp =0, templ=0,
temp2=0;

for(temp=0;temp<24;temp++)

{
if ((temp2==5) |
(simvol[x[templ]][temp2] == O0xAA))

{ekran[temp]=0; temp2=0; templ++;} else
{ekran[temp]=simvol[x[templ]][temp2];
temp2++;}
if (x[temp1]==255) return ;
//{temp=24;}
}
}

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

void main(void)

{

PORTA=0x00; DDRA=0xFF;
PORTB=0x04; DDRB=0XES3 :
PORTC=0x00; DDRC=0x3F;
PORTD=0x00; DDRD=0xFF;

TCCRO0=0x03; // Yactora TO
125,000 kHz (8000000/64)

TCCR1B=0x0C; // HactoTta T1
125,000 kHz (8000000/64)

OCR1A=20;

ASSR=0x08; // TakT OT HOT
TOSC1,2 c xBapuem Ha 32768

TCCR2=0x05; /] 32768/128=256

TIMSK=0x41; // Kondurypupyto
MPEepBIBAHMS OT TaMEPOB

ACSR=0x48; // Kommaparop.

SFIOR=0x00;

MCUCR|=0b00110000; //" BBHIOMpAKO
PEKUM MMOHMKEHHOTO YHEPTrONnoTpeOIeHus -
Power Sawe

#asm // HacTpauBaro
may 1 Wire

.equ__wl port=0x18 ;PORTB  // Ha
paboty ¢ moptoB B

.equ __ wl bit=4 // maH 5

#endasm

for
(temp=0;temp<9;temp++){budilnik_time
[temp] = budilnik_Install [temp] =
budilnik_Interval[temp]=  0;}  temp=0;
bud flg=0; // "BbIKIIOWaeM"  Bce
OyIMIBbHUKH

den_nedeli=Day_week (); Il
BrruncinsieMm neHn Henenu

ochistka(); // Ouuraem Bech
3KpaH
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devices=w1_search(OxfO,rom_code); //
Nimum natyvku, U 3auchbiBaeM MX ajpeca B
MacCHuB

ds1820_d=0; ds1820 y=1;

#asm("'sei")

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

****************************/l
while (1)

button read(); // Ompoc KHOTOK

switch (meny)

{
case 10: // OCHOBHOHM PEXUM
(HACBI)
ekran_cifri(time);
/l HN3MEpPCHHE
TeMIepaTypsl
if (sek%5==0) 1

KOKIYI0 CEKYHIY

//devices=w1_search(0xf0,rom_code);
//MIUM TaTYNKH, U 3aMACHIBAEM HX aJIpeca B
MacCuB

for (i=0;i<devices;i++)

{

temperature_temp=ds18b20_read_temp
(&rom_code[i][0]); Il
YyuTaro 1aT4uk TemnepaTtypsl DS18B20

if
(temperature_temp!=(-9999))
{temperature[i]=temperature_temp*10;
temperature[i]+=5;} // ecnu TemnepaTtypa u
BJIAKHOCTH MPpOYUTAIIUCH IpaBHJILHO,
3aHOCHM HX B "temperature” u "humidity"

ds18b20_convert_temp(&rom_code[i][0]);
// xoMaHAa Ha U3MEpEeHHE TeMIEpaTypsl |
BJIAXXKHOCTH

}

¥

if ((sek==temp) && (str !'= 0))
{ meny=11 ;z=0; z1=0; temp2=str; }  //
3amyckaeM OETyIIyI0 CTPOKY

if (BUT_STEP) {meny=20;
temp=30; ochistka();

bud_flg=0;datal=(((time-
(time/60*60))*60)+sek); }

if (BUT_OK) {meny=11 ;z=0;
z1=0; temp2=255;}

break;
case 11: // dopmupyemM Hu
BEIBOXY oer CTPOKY.
/ldevices=w1_search(0xf0,rom_code);
t=0; templ1=0;

den_nedeli=Day_week ();

beg_info[t++] = beg_info[t++]
= beg_info[t++] = 42; // 3 mpobena B
Hayane crpoku if (temp2 & 0x01)
// Ecnu "nenp Henenn" Hy>KHO BBIBOJHMTD

{

while
(den_nedeli_txt[den_nedeli][t-3] != 255)
beg_info[t]=den_nedeli_txt[den_nedeli][t++
311

} beg_info[t++] = 42; /| mpoben
}
if (temp2 & 0x02) Il

Eciu "naty" Hy»KHO BBIBOJUTH
{ if

(chislo>9) {beg_info[t++]=chislo/10;} I
Ecnu uncno 6onpire 9, BeiBoguM "necsatku”
qrcna

beg_info[t++]=chislo%10;
// BeiBogum "EnnHunsr" yncia

beg_info[t++]=42; Il
[TpobGen

templ=t;

while
(name_mesec_txt[mesec-1][(t-templ)] I!=
255) // BopBomuM mecsIq

{

beg_info[t]=name_mesec_txt[mesec-1][t++-
temp1l];
} beg_info[t++] = 42; I
npoben
}

if (temp2 & 0x04)
//' Ecmu "T'on" HY>KHO BBIBOJIUTH
{
beg_info[t++]=2;
// "Teicsun" Tona (2)
beg_info[t++]=0;
// "Cotau" roma (0)
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beg_info[t++]=(g0d%2100)/10;
/l " ecaTku" roma

beg_info[t++]=g0d%10;
// "Enumanner" roga

beg_info[t++]=13;
/"

beg_info[t++]=42;
beg info[t++]=42; // 2 mpobena

}

if (temp2 & 0x08) /I Ecmm

"TemnepaTypa B JoMe" HY>KHO BBIBOJIUTh

{

beg_info[t++]=42;
// mpoben

if
(temperature[ds1820_d]<0)
beg_info[t++]=51; else beg_info[t++]=47;
// ecnu TeMmIl MEHbIE HYJS - MHIIEM 3HaK
MHUHYC, €Clii OOJIbIlIe - 3HAaK ILTI0C

if
(abs(temperature[ds1820_d])>99)
{beg_info[t++]=(abs(temperature[ds1820_d]
)/100);}// Ecma  T1emn  >10, BBIBOJIIM
"necaTku" TeMneparypsl 1oma

beg_info[t++]=(abs(temperature[ds1820 d])
%100)/10; // BeiBOOUM
"eIMHULIBI TEMIIEpaTyphl”

beg_info[t++]=48;
// 3Hak rpagyca

beg_info[t++]=44;
// man npoben

if ((temp2 & 0x10) &&
(devices>1)) {beg_info[t++]=14;
beg_info[t++]=24; beg_info[t++]=22;
beg info[t++]=42;} // cnoso "AOM"

beg_info[t++]=42;

// mpoben
¥
if ( (temp2 & O0x10) &&
(devices>1)) // Ecmm
"Temneparypa B  opaHxepee"  HYKHO
BBIBOINTH
{
if

(temperature[ds1820 y]<0)
beg_info[t++]=51; else beg_info[t++]=47;
// ecnn TeMmIl MEHbIIE HYJS - MHIIEM 3HAaK
MUHYC

if
(abs(temperature[ds1820 y])>99){beg_info[

t++]=(abs(temperature[ds1820 y])/100);}//
Ecnu Mmonyns temnieparypsl >10, BbIBOAMM
"necaTku" TeMneparypsl 1omMa

beg_info[t++]=(abs(temperature[ds1820 y])
%100)/10; // BeiBoqum
"eMHULIBI TEMIIEpATyphl”

beg_info[t++]=48;
// 3Hak Tpamyca

beg_info[t++]=42;
// man npoben

beg_info[t++]=29;

beg_info[t++]=21,; Il
cioo "YIJI"

beg_info[t++]=42;
beg_info[t++]=42; Il
npooen

}

beg_info[t++]=time/600;
//  IecsSTKU 4acoB
beg_info[t++]=(time%600)/60;
// enVHULBI 4ACOB
beg_info[t++]=44; /l
pas3JeluTebHast TOUYKa
beg_info[t++]=(time%60)/10;
/" necsATKU MUHYT
beg_info[t++]=time%10;
/" enMHUIBI MUHYT
beg_info[t]=255; Il
MeTKa KoHIa "Oeryien cTpoku"

if  (Interval >=  speed)
{Interval=0; if (beg_stroka(beg_info)==255)
{temp=sek-1; if (temp==255) temp=59;
meny=10; ochistka(); datal=time;}}

if (BUT_STEP) {meny=20;
temp=30; ochistka();}

if (BUT_OK) {z=0; z1=3;
temp=0x0F; ochistka();}
break;
case 20:
//************CCKYHHBI**************
mig=1,

ekran_cifri(((time-
(time/60*60))*60)+sek);

if (BUT_STEP) {meny=temp; z=0;
z1=0; ochistka();}

if (BUT_OK) {if (sek>40) time++;
sek=0; TCNT2=0; temp=10;}

break;

case 30: //*****Y craHOBKa BpeMEHH
u HaTBI******************
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if (Interval>=speed)
{Interval=0; beg_stroka(nastroiki_txt);}
if (BUT_STEP) {meny=40;
z=0; z1=0; ochistka();}
if (BUT_OK)
{
time
=ystanovki_23 59(time);
ochistka();
ekran_1 figure(33,1);
ekran_1 figure(43,6);
chislo =ystanovki_2
(chislo,31, 13);
ekran_1 figure(22,1);
ekran_1 figure(43,7);
mesec
(mesec, 12, 13);
ekran_1 figure(13,1);
ekran_1 figure(43,5);
god =ystanovki_2 (god,

=ystanovki_2

99, 13);
button=0;meny=10;ochistka(); temp=0;
datal=time;
¥

break;

[[¥EFEXEY cTAaHOBKH
6yHHHBHI/IKOB********************

case 40: // Ha »skpaHe TeKCT -
"By nnpHuK"

if (Interval>=speed) {Interval=0;
beg_stroka(budilnik_txt);}
if (BUT_STEP) {meny=50;z=0;
z1=0;ochistka();}
if (BUT_OK) {ochistka(); bud=0;
temp=0; meny=41;}
break;
case 41: //
OyIuIIbHUKA
if (BUT_STEP) {meny=42;}
if (BUT_OK ) {bud++; if
(bud==9) bud=0; }
ekran_1 figure(11,1); line=1,;
ekran_1 figure(bud+1,7); line=0;
ekran_1 figure(((budilnik_Installfbud] &
0x80) ? (47):(46)),17);

BbIOMpaeM HOMeEp

break;
case 42: // BKJIFOYaEM WJINA
OTKJIFOYacM €ro.cciin OTKJIIIOYHNIIN -

MepEexXoUM B peKuUM "yachr"
if (BUT_STEP)
{

if (budilnik_Install[bud] &
/" ecnu TEKymUd OyAMIBHUK

{
budilnik_time[bud]=
ystanovki_23 59 (budilnik_time[bud]); //

0x80)

BKIIIOUCH

yCTaHABIIMBAEM BpeMs cpaboTku
OyIuiIbHUKA

if
(bud<3){budilnik_Install[bud] = OxFF; goto
ml;} // ecmm OynunbHuK Nel-3 TO
YCTaHOBKM "m0  JOHAM  Heaeau"  He
MpOU3BOAMM, U TEPEeXOoJAuM cpa3sy K

HACTPOMKE JUIMTEILHOCTH CHTHAIa 3TOrO
OyIuiIbHUKA

else {temp=0;
meny=43;} // ecnu
OymunpHUK Ne4-9 1O  mepexboauM K

HAcTpolke OyIwiIbHUKAa Ha CpabOTKy B
OIIpe/IeTICHHBIC THU

}
else {meny=10;} ochistka();
break; // ecnu TeKyIIUK Oy IHITBHUK
OTKJIFOYEH - IEPEXOJIUM B PEXKHUM "dachl"
}
if (BUT_OK )
{budilnik_Install[bud] *= 0x80;} /l
KaX/JI0e HaKaTHEe  BKIIOYACT/OTKIIOYAET
KOHKPETHBIN OyIMIIBHUK
(ycranaBnuBaet/cOpacbiBaeT B 1 6u17)
ekran_1 figure(11,1);
ekran_1 figure(bud+1,7); line=1;
ekran_1 figure(((budilnik_Installfbud] &
0x80) ? (47):(46)),17); line=0;
break;
case 43: // HacrpauBaem Oy qMIIBHUK
Ha CcpabOTKy B ONpEICICHHbIE ITHHU, U
JUTATENIEHOCTh €T0 CUTHAJIA.
ekran_1 figure
(den_nedeli_letter[temp][0],0);
ekran_1 figure
(den_nedeli letter[temp][1],6); // BBIBOXY
Ha3BaHUs JqHEW Hemenu. (Maccus "beg_info"
COJICP)KUT Ha3BaHUE JTHS HEJIEIHN)
ekran_1 figure
(((budilnik_Install[bud] & (1 << temp)) ?

47:46),17); //" BBIBOXKY 3HaK
"+" i "-"  0003HAYarOMMiI  BKJI./BBIKI.
OyAnIbHUKA.
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if (BUT_STEP) {temp++; ochistka();
/" "mepebuparo" OHA HeNemu Ui
OyImIIbHUKA
if  (temp==7){ ml:
meny=10; budilnik_Interval[bud] =
ystanovki 2(1,15,8); } // ecnm Bce JTHH
HEJEeNU YCTAaHOBJICHBI, 3aal0  BpeMs
3BYYaHUs CUTHAJIA.
}
if
(BUT_OK){(budilnik_Install[bud]) "= (1 <<
temp);} Il
BKJTIOY a0/ OTKIIFOYAI0 OyAMIBHHUK B
KOHKPETHBIHN JIeHb HEJICITH.
break;

[[¥FF*RERXHacTpoiika Oer CTPOKH.
Breibupaem kakyro uHpopmanmio Oynem
BBIBOJIMTH c TIOMOIIIBIO
6eRCTpOKH**********

case 50: // Ha »dKpaHE TEKCT -
"Koppekuus"

if (Interval>=speed)
{Interval=0; beg_stroka(nastr_stroki_txt);}

if (BUT_STEP) {meny=60; z=0;
z1=0; ochistka();}

if (BUT_OK) {meny=>51;
ochistka(); temp=0;}
break;
case 51:
if (BUT_STEP) {temp++;

ochistka();}
switch (temp)

case 0: if (BUT_OK){str
A= (1<<0);} ekran_1 figure (((str & 0x01)
?  47:46),19); txt_ekran(den_txt);
break;

case 1. if (BUT_OK){str
A= (1<<1);} ekran_1 figure (((str & 0x02)
?  47:46),19); txt_ekran(data_txt);
break;

case 2: if (BUT_OK){str
A= (1<<2);} ekran_1 figure (((str & 0x04)
?  47:46),19); txt_ekran(god_txt);
break;

case 3: if (BUT_OK){str
A= (1<<3);} ekran_1 figure (((str & 0x08)

? 47:46),19);
ekran_1 figure(48,4);
ekran_1 figure(29,10); break;

ekran_1 figure(50,0);

case 5: if
(BUT_OK){zv_chs++; } ekran_1_figure
(((zv_chs) ? 47:46),19);

ekran_1 figure(16,0); ekran_1_figure(12,4);
ekran_1 figure(43,8); ekran_1_figure(33,9);
ekran_1 figure(27,14); break;
case 6: if
(BUT_OK){zv_kn++; } ekran_1_figure
(((zv_kn) ? 47:46),19);
ekran_1 figure(16,0); ekran_1_figure(12,4);
ekran_1 figure(43,8); ekran_1 figure(20,9);
ekran_1 figure(23,14); break;
case 7:
temp=speed; break; } Dbreak;
case 52: // HacTpoiika CKOpPOCTH
Oeryuel CTpoKu
if (BUT_OK)
(temp>=60) {temp=9;}}
if (BUT_STEP) {speed=temp; if
(devices==2) meny=53; else meny=53;
ochistka();}
if (Interval>=temp) {Interval=0;
beg_stroka(beg_info);}

meny=52;

{temp+=3; if

break;

case 53: // MepeHa3HauYCHNE
natyukoB ds18m20 (ecau MOAKIIOYEHO 2
JaT4uKa)

if (BUT_OK) {temp5++;}

if (BUT_STEP) { meny=10; if
(temp5) {ds1820 d=1; ds1820 y=0;} else
{ds1820_d=0; ds1820 y=1;} ochistka(); }

ekran_1_figure (14,0);

ekran_1 figure
(((temperature[temp5]<0) ? 51:47),8);

ekran_1 figure
((abs(temperature[temp5])/100),13);

ekran_1 figure
(((abs(temperature[temp5])%100)/10),19);

break;

[[FFFFEEEXHacTpolika
XOHa*************

KOPPEKLMH

case 60: // Ha DSKpaHE TEKCT -
"Koppekuns"
if (Interval>=speed) {Interval=0;

? 47:46),19); ekran_1 figure(50,0); beg_stroka(korekt_txt);}
ekran_1 figure(48,4); if (BUT_STEP) {meny=10;
ekran_1 figure(14,10); break; ochistka();}
case 4: if (BUT_OK){str if (BUT_OK) {meny=61,
A= (1<<4);} ekran_1 figure (((str & 0x10) temp=0;ochistka();}
ApPK.
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break;

case 61: // VYcranoBka '"3Haka'"

KOppeKLuu

if (BUT_STEP) {meny=62;}

if (BUT_OK) {korr_den =
(korr_den * (-1));}

line=1;
ekran_1_figure(((korr_den<0)?46:47),0);

line=0;

ekran_1 figure((abs((korr_den))/100),6);
ekran_1 figure(((abs(korr_den)%100)/10),1
2); ekran_1 figure((abs(korr_den)%10),19);

break;

case 62: // YcraHoBKa CEKyH]
KOPPEKIUU

if (BUT_STEP) {meny=63;}

if (BUT_OK)

{korr_den=((korr_den<0)?(korr_den-
=10):(korr_den+=10));if(abs(korr_den)>599
){korr_den=korr_den%10;}}

ekran_1_figure(((korr_den<0)?46:47),0);
line=1;

ekran_1 figure((abs((korr_den))/100),6);

ekran_1 figure(((abs(korr_den)%100)/10),1

2);

line=0;
ekran_1 figure((abs(korr_den)%10),19);
break;
case 63: // VYcraHoBKa IeCATBIX

JI0JIEH CEKYH]I KOPPEKLIUU
if (BUT_STEP) {meny=10;}
if (BUT_OK) {if(korr_den<0){korr_den-
;if(korr_den%10==0)korr_den+=10;}else{k
orr_den++;if(korr_den%10==0)korr_den-

=10;}}

ekran_1 figure(((korr_den<0)?46:47),0);
ekran_1 figure((abs((korr_den))/100),6);
ekran_1 figure(((abs(korr_den)%2100)/10),1
2);
line=1;
ekran_1 figure((abs(korr_den)%10),19);
line=0;
break;
¥
/***Croma
MI/IHYTy* skskskok
if (flg_min)

{
flg_min=0;

3aX0INM KKIIyIO

/l BKJIIOYEHHUE OyIMIbHUKOB
for (bud_temp=0; bud_temp<9;
bud_temp++)
{
if (

(
time==Dbudilnik_time[bud_temp] )
/' ecnM HACTYNMHJIO BpeMsi cpadaThIBaHUS
OyIuiIbHUKA

&&  ( budilnik_Install[bud_temp] &
0x80) /I 1 5TOT Oy AMIIBHUK
BKJIFOYCH (JTOJDKEH cpabaThIiBaTh)

&& (budilnik_Install[bud_temp] & (1 <<
den nedeli) ) /' 1 nomken cpaboTtaTth
B TEKYUIUH J€Hb HEJIEIIH

)

bud_flg=1;
//' TO BKIIFOUUTH CUTHAJ

/l Bblkntrouenue

OyIMIBLHUKOB

if (
time==Dbudilnik_time[bud_temp] +
budilnik Interval[bud temp]) /l ecam
OynuiabHUK  "OT3BEHEN"  YCTaHOBJIEHHOE
Bpems(oT 1 10 15 MuH)

{

bud_flg=0;
//" TO BBIKIIIOYHUTH CUTHAI

if (bud_temp<3)
{budilnik_Install[bud_temp] =0;} /l

U eciau Oy uiabHUK "oHOpa3oBbIid” (Ne 1-3),
TO BBIKJIFOYAEM €r0 MOBTOPHYIO CpabOTKy

}
}
// €KE€4YaCHBIM CUTHAI
if ( (time%60==0)&&(time >

500)&&(zv_chs) ) { but_flg=1,;
TIMSK=0x51; but_pause=0; } // Iluck
kaxapiii gac (¢ 00-00 go 08-00 curuHanm He
cpabaThIBaeT)

¥

if (((bud_flg)&&(mig)) || (but_flg)) {
TIMSK=0x51;} // Bkiarouaem mpepbiBaHUE

mo coBmageanro "A" ¢ T1 (ITummm
JTUHAMUKOM. By TMIIbHUK)

else {PORTB.5=0; TIMSK=0x41;}

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

while (POWER == OFF ) /| ecnm
pabortaem OT OaTapeu, TO CHIUM 3/1eCh U HE
BBUJIA3UM - YCHITUISIEM KOHTPOJLIEP
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{
ACSR=0x80; /! BBIKJIFOYAIO

komnaparop U BHyTpeHHuid MOH Ha Bpems

cHa (711 SKOHOMUH PHEPTUU OaTapeiiku)
#asm("sleep")  // cum......
ACSR=0x4b; /! BKIIIOYAIO

Komnaparop, BHyTpeHHuii MOH.

/ *hkkkhkkikik
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