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BCTYI

3pocTratounii aHTPOIIOTEHHUH BIUIMB Ha NPUPOAHI O0'€KTH Ta 3MEHIICHHS
TUIOII MPUPOAHMX JIaHAA(TIB Aeaani Oinblie akTyanizye npodieMy 30epexeHHs
Ta BIJHOBJIEHHs OOTaHIYHOTO PI3HOMAHITTS B YMOBaX MITyYHHX EKOCHCTEM.
OpamxepeliHl KOMIUIEKCH MOXYTh CTaTH C(EKTHBHHM IHCTPYMEHTOM JUIS
BUpIIIEHHS 1Liei mpolOnemu, SKIO OyIyTh BUKOPUCTOBYBATHCS 3 ypaXyBaHHIM
EKOJIOTIYHMX  aCHeKkTiB Ta 3a0e3nedeHHsAM eQEeKTHBHOTO KOHTPOJIO 3a
MIKPOKJIIMAaTOM.

Tak, B VYkpaiHi B OCTaHHI POKM CIOCTEpIraeTbcs MEBHA TEHJICHLIS 10
PO3BHUTKY OpaHXepeHHUX KOMIUIEKCIB. 1le MmoB's13aHo 3 MiJBUILEHUM 1HTEPECOM JI0
OpraHiqHOTO 3eMJIEPOOCTBA Ta 3IOPOBOTO CIOCOOY KUTTS, a TaKOXK 3 OarKaHHAM
30eperTu Ta BiIHOBUTH OI0PI3HOMAHITTSI B YMOBaX MiCHKOTO CEpEIOBHIIIA.

3acTocyBaHHSl Cy4acHMX TEXHOJOTIH, TaKMX SIK aBTOMAaru30BaHI CHUCTEMH
YOPaBIIHHSA MIKPOKJIIMaroM, MOXXE 3HAYHO MOJETIIMTH TPOIEeC AOTIIAY 32
pOCIMHAMU Ta 3a0e3MeUnTH iX e()eKTUBHUI PO3BUTOK.

AKTyanbHICTh 1i€l TeMH HaOyBa€eThCs Yepe3 3pocTarode 3HAYCHHS TeIUTMIHUX
KOMIUIEKCIB Y CLIBCBKOMY TOCIOJApCTBi, OCOOJMBO B yMOBax MIChKHX
amtomepanid. OnmHak, M1 YCIINIHOTO BHPOLIYBAaHHS POCIMH B OpaHXepesx
noTpiOHI cTalli, KOHTPOJILOBAaHI YMOBH MIKPOKJIIMATY, IO MOTpeOye epeKTHBHOT
CHCTEMHU YIPaBIiHHS MiKPOKIIIMaToM.

Taki cucTeMH aBTOMaTM30BaHOTO KOHTPONIO BKE 3apa3  MIMPOKO
BUKOPHCTOBYIOTHCSI B BEIMKHUX aHTapax i OBOUECXOBHUIIAX, TETUTUIISIX, PO3PaXxoBaHi
Ha 30epiraHHs BEIMYE3HUX OOCSTIB MPOIYKIIIi.

Ane mopsn 3 TakUMH BEIMYE3HUMM CXOBHINAMM, TaK CaMO ICHYIOTbH 1
CXOBHIIIA HEBEJMKUX PO3MIpIB, Taki SK MiA3€MHI JbOXH. Taki JIbOXH MIMPOKO
MOLIMPEHI y BIIACHHUKIB TPHBATHUX OYJAMHKIB, y SKUX JIbOX 3HAXOAUTHCS

Oe3mocepeIHRO B OYyAMHKY a00 HEAIECKO BiJ HHOTO.
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Buxonsun 3 BHIIECKa3aHOTo, po3poOka aBTOMATH30BaHOI CHCTEMH
KOHTPOJIIO TEMITEPaTypH i BOIOTOCTI BEJIBMH aKTyallbHa, aJXKe TEIUIOI30MISIIis BXKe
oOyJOBAHOTO JIbOXY YACTO BHUSIBISIETHCS IyXKe TPYAOMICTKOIO 1 JIOPOTOIO.

O0’exkTOoM fAOCTiIZKeHHSI € opamkepel sIK 00’€KT aBTOMarHW3amii Ta
VIOCKOHAJICHHS CHCTEM aBTOMAaTUYHOTO KEepyBaHHSI.

IpenMeT AocaiTKeHHsI — MaTeMaTHYHA MOJETb MIKPOKJIIMATy i cHCTeMa
ABTOMATHYHOIO KOHTPOJIIO MapaMeTpiB MIKPOKIIIMATY B OpaHKepel.

Mera poGorm — po3poOKka aBTOMAaTH30BaHOI CHCTEMH KOHTPOJIO
MIKDOKJIIMAaTOM  OpaHkepei Ha  OCHOBI ~ MaTeMaTHYHOTO  JIOCHIJUKEHHS
MiKpoKnimMaTy.

MeTtoaun  JIOCHIMKeHHS: TEXHIKO-€KOHOMIYHHH 13  BHUKOPHCTaHHSAM
KOMIT FOTEPHUX TEXHOJIOTIH, METOMU MOJENOBaHHs 1H(GOPMALIHHIX MPOIECIB,
TEXHIYHUU aHaTi3.

JAs 1oCSITHEHHSI TOCTABJIEHOI METH HEOOXiHO BHPIIIMTH HACTYIHI
3aBOaHHA:

1. po3mIsHyTH HEOOXiHI YMOBH JUIS BUPOLYBAaHHS POCIINH;

2. PO3DISIHYTH 1 MpoOaHaji3yBaTH CIIOCOOM BUMIPIOBAHHS TEMIIEPaTypH i
BOJIOTOCTI;

3. MOCHIAMTH MaTeMaTUYHy MOJIENb MIKPOKIIIMATy B OpaHKepei;

4. pO3DISAHYTH 1 TpOaHai3yBaTd AWHAMIYHI XapaKTEPHUCTUKU CHCTEMH
YIpaBIIiHHS MIKPOKIIIMATOM OpaHxepei;

5. po3poOWTH MPUHIUIIOBY CXEMY 1 CKOHCTPYIOBATH IPUCTPIii;

6. PO3pOOUTH MPOTrpaMHUIT OAATOK JJIsl POOOTH MPUCTPOIO.

Metoau  JOCHiTKeHHSI:  TEXHIKO-GKOHOMIYHHMH 13  BHKOPHCTaHHSIM
KOMIT'FOTEPHUX TEXHOJIOTIH, METOIM MOJENOBaHHS iH(GOPMAaLiHHUX IPOIECIB,
TeXHIYHUN aHaIi3.

Mepmmii po3mii  MICTUTH ONUC ICHYIOUOTO BHIISIAY IPUCTPOIO,
BUKOPUCTOBYBAHOTO [yl KOHTPOJIO BOJIOTOCTI 1 TeMIepaTypu B opamxkepei Ha
ocHoBi turatn Arduino Mega. OnmcaHi HeoOXimHI yMOBH Ui BHPOLILYBaHHS
pOCAMH 1 MpeJCTaBieHAa MaTeMaTH4HAa MOJECNb Opamkepel NpH YyHIpaBliHHI

TEMIIepaTypol0 1 BOJNOTICTIO TOBITPs, sSKa po3poOiieHa Ui 3acCTOCYBaHHS B
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OCBITHIX IUISX 3 METOI MPOJEMOHCTPYBAaTh (Di3MYHI SBUILA, IO BiI0yBaIOTHCS B
opaHkepei 1 MPUHIUIHY YTIPaBIiHHS MiKPOKITIMaTOM.

Y apyromy posainai npoaHaizyBaBIIi ClIOCOOM BUMIPIOBaHHS TEMIIEpaTypH
Oylo BHM3Hau€HO, IO PIAMHHI CKJISHI TEPMOMETPH € HaliiHMMH 3 BHCOKOIO
TouyHiCTIO BuUMipamu. OpHaK depe3 BETUKOTO [ialma3oHy BUMIPIOBAHHS
TEMIeparypu, JUIsl  PO3pPOOIOBAILHOTO  MPUCTPOIO  OUTBII  JOIIBHO
BUKOpucTOBYBarn jardnk DS18B20, B skoMy 3a JOMOMOTOI JIONATKOBUX
OoOUYUCIICHh MOXHA JIOCATTH TakKol X TOYHOCTi, SIK 1 B PIIUHHUX CKJISIHUX
TepMoMeTpax.

Tpetiii po3gin npucBsYeHUi CTBOPEHHIO MpucTporo. Y nomatky Diptrace
Oyna moOynoBaHa cxeMa JIPYKOBaHOI IUTaTH, Ha 0a3i skoi OyJ0 CKOHCTPYHOBaHO
npuctpii. Tak camo B po3aiIl oOmMcaHa CEPEeNOBHINE PO3POOKH, B sKii
po3polIIsIocs  TPOrpaMHUKA  TONATOK JAJsi MPHUCTPOr. byB mpejcTaBieHuit

AITOPUTM POOOTH MPUCTPOIO Y BUIVIAI OJIOK-CXEMH.
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PO3ILJI I
AHAJII3 CUCTEMHU YIPABJIIHHSA

1.1. Heo6xigni yMOBHM /151 BUPOLLYBAHHS POCJIMH

OcHOBHI yMOBH, HEOOXiIHI JJIS1 POCTY 1 PO3BUTKY POCIHH, - TEIUIO, CBITIIO,
MOBITPS, BOAA, XapuyBaHHA. Bci mi dakTopn onHAKOBO HEOOXiTHI i BUKOHYIOTH
nieBHi QyHKuii B )kuTTi pocnuH [1,2].

JKutTeBUil MK 3pOCTaHHS 1 PO3BUTKY JIIMTHCS Ha TMEBHI eTanu - ¢asm.
YMOBH 30BHIIIHBOTO CEPEIOBHILA CHIBHO BILIMBAIOTH HA PICT i PO3BUTOK POCIIHH.
BcTaHOBJIEHO, 1110 BILUIMBOM 3HM)KEHOT TEMIEpaTypu Ha MPOPOCTAIOTh HACIHHSA i
MPOTPIBAHHSAM CYXHX HACIHHS MOYKHA MPUCKOPUTH PO3BUTOK POCIHUH 1 30UIBIINTH
ypoxkail. Ha mifcraBi IIbOTO HAyKOK pPO3pOOJICHI, a TPAKTHKOI IIHPOKO
BUKOPHCTOBYIOTHCS CIIEIialibHI PEKOMEH/Iallii M0 MPOTPIBaHHIO, MPOPOIIYBAHHS,
3arapTOBYyBaHHS HaCiHHS, TPUBAJICTh SKUX 1 TEMIIEpaTypa pi3Hi, a TAKOXK 3aJIeKaTh
BiJl KYIBTYP.

Teruto HEoOXiHO POCIMHAM B YCi TIepioau iX pocTy i po3BUTKY. Bumoru no
TeIUIa y Pi3HUX KYJIBTYp HEOJHAKOBI 1 3aJI€XKaTh BiJl MOXO/KEHHS, BUAY, O101I0Tii,
(ha3u po3BUTKY Ta BIKY POCIUHH.

HaciHHs TemIoMoOHUX KYJABTYp MPOPOCTAIOTh NPH TEMIIEparypi BHILE
10°C. Taki pocivMHH HE MEPEHOCATH 3aMOPO3KIB 1 TpUBaAIOro noxojoxanus. [Ipu

o

temneparypi Hwkde 10-12 C ix picT 1 pO3BHUTOK TPHUIHMHSIOTHECS, BOHH
CabIIaoTh 1 MIBUJLIC YPAXKAKOTHCS TPUOHUMHU 1 OaKTepialbHUMH XBOPOOAMH.
[Mpn Oimpl HU3BKIA TeMIeparypi BOHM THHYTh. HalOimem crpusTivBa
TeMIeparypa JUIsl pOCTY, PO3BUTKY 1 IUIOJJOHOLICHHS TETUIOMIOOHUX KYIBTYp BHILE
20° C [3,4].

Hacinag X010moCTIKMX KYABTYyp NMPOPOCTAIOTh NMPU TEMIIEparypi HHXKUE
10°C. Temmneparypa 17-20°C HaiOlnbll CHPUSATIWBA JUIi  PO3BUTKY 1
TUTOJIOHOIIEHHsT pociuH Iiel rpynu. Ilpym 3HMKEHHI Temmeparypu 3pOCTaHHS

XOJIOAOCTIMKUX KyJBTYyp TpPHUBA€, MPOTE, SKIIO CXOAW MiATAIOTHCS TPUBAIOMY

BIUIMBY HU3BKUX Temrieparyp (2-0 © C), 6araTo pociauH nepeadacHO BUKHIAIOTh
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KBITKOHOCHUH OyTOH, HE YTBOPIOIOYH Hi MOBHOI[IHHOTO BPOXKal0, HI HACIHHS
[5,6].

OCHOBHE JKepesio CBiTIa - coHue. TilbKK Ha CBITIII POCIIMHU CTBOPIOIOTH 3
BOJM 1 BYDJIEKHCIOIO ra3y IIOBITps CKJIQJHI OpraHiuHi cnomyku. TpuBaiicth
OCBITICHHSI CHJIBPHO BIUIMBAE HA PICT 1 PO3BUTOK pociuH. Bumorm mo ymoB
OCBITJIEHHS y POCIIMH HE OAHAKOBi. [lJI MIBAEHHUX POCIMH JOBXHHA CBITJIOBOTO
JTHS TOBMHHA OyTH MeHIIe 12 roauH (11e pOCIMHA KOPOTKOTO JTHS); JJIS MIBHITHUX
- Ginpiie 12 roauH (Lie pOCIMHYU JIOBTOTO JIHS).

BosoricTe HE TIIBKU TPYHTY, aje i MOBITPsl HEOOXiZHA POCIUHI TPOTIroM
BCBHOTO iforo >xutTs. [lepmr 3a Bce, Boma pa3oM 3 TEIUIOM MPOOYIKye HACIHHS 10
xUTTs. Bona (3a 00cArom) € TOIOBHOIO CKJIaJIOBOIO YaCTUHOIO pocinH. BoHa Gepe
Y4acTh Yy CTBOPEHHI OPraHiYHUX PEYOBUH 1 B PO3UMHEHOMY BHIJISIII PO3HOCHTH 1X
o pociuHi [7].

Pocnuan 0CcOOJIMBO BUMOTIIMBI IO BOJIOTH, IO TIOSCHIOETHCS 3HAYHUM i
3MicToM y ¢pykTax (Big 65 1o 97%, 3aJIeKHO Bif KyIbTYpH), a TaKOXK BEIHKHUI
BUIIAPOBYE MMOBEPXHEIO JHCTS. 3MICT BOJIOTH B TKAHHHAX JIUCTA TIOBHHHO OyTH HE
meHe 90-95%. Ilpu 3meHmenHi i HaBiTh Ha 10% mucta B'IHYTH, poboTa iX
nopyuryerscs [8,9].

3 TOBITPS POCIMHUA OTPUMYIOTh HEOOXITHHI M BYIJIGKUCIIUHN ra3, SKUH €
€IMHUAM JDKEPETIOM BYIJICLIEBOTO XapuyBaHHs. BMiCT BYIJIEKHCIIOro rasy B MOBITpi
MmizepHo 1 ctanoBuTh 0,03%. 30aradueHHs MOBITPsS BYIVIGKUCIMM Ta3oM Hae B
OCHOBHOMY 3aBJISIKM BUJIIICHHIO HOTO 3 IPYHTY.

Jns HOPMAJBHOTO POCTY 1 PO3BUTKY POCIHMH TMOTPIOHI pi3HI €IeMEeHTH
XXUNBNEHHA.

Po3ristHeMO MpUKITaZ BUPOLIYBaHHS HUTPYCOBHX POCIHH.

Juis Toro, o0 BHPOCTUTU LUTPYCOBHUH caJ] HEOOXiTHO ITOKIACTU MEBHUX
3yCHITb 1 3aITACTHCS TEPIIHHSIM.

Jlornsig 3a HUTPYCOBHMH

B3uMKy cTaBHTH KOHTeHHep Oisl BIKHA HE PEKOMEHIYEThCS, aJIXKe BiJl CKIla
Oy/ie BUXOAUTH XOJIO, & B OaTapel - jkap, 1le HeTaTUBHO [TO3HAYUTHCS HA 3I0POB's

pocauHu. [y BUpoOIyBaHHs HalKpalle MiIXOIUTh TeIljie BoJIore MicIie, Kyau Oynie

ApK.
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HAQ/IXOJUTH JIOCTaTHBO CBiTJIa. Y BECHSHI Ta JITHI Mepiony HaBIAaKH POCIMHA
HeoOXiHO ONMKYe J0 BiKHA, IO OPIEHTOBAHE HA IIBICHHUH 3aXiJ a00 MiBICHHUN
cxig.

TeMneparypHHil pexxuM

VY Temnmii ce30H onTMMalbHAa TeMIIEpaTypa CTaHoBHTH 19-27 rpaaycis, a
B3MMKY MOXXHA 3HU3UTH ii 10 12-17 rpamycis.

OCKINTbKM IUTPYCOBI HEraTHBHO CTABJIATHCS J0 TEMIIEPATypPHUX KOJHUBAHB, B
OCIHHIW TepioJl Kpallle 3aBYacHO 3aHECTH POCIIMHY B TEIUIe NPUMIIIEHHS Tepen
TUM, SK 3'ABJIATHCS Ieplii 3aMOpo3Kd. LIMTpycu pojoM 3 TpoOmiKiB, TOMY MpoO
BOJIOTIiCTh MOBITPs 3a0yBaru He BapTo. SIKIIO MOBITPS HEOCTATHHO 3BOJIOKEHHUH,
TO MpudaiiTe crieniabHUA 3BOJIOXKYBau.

OcBiTNEHICTb

IlurpycoBuii caxg Oyne maru morpedy B rapHOMY OCBITJIEHHI, 3aXHIaiTe
HOTO TUTBKM BiJ MPSIMHUX COHSYHHUX ITPOMEHIB CIIEKOTHOTO JIiTa. BoceHu 1 B3UMKY
poCIMHAM He BUCTauaTHMME NPHPOIHOIO CBiTIA, TOMY HEOOXiJHO 3a0e3NeYuTH
JIONATKOBO IITYYHE OCBITIEHHS, 0e3 i€l Mpoueaypu BH HE 3MOXKETE BUPOCTHTH
TIIHUI ypoxkaii, o0 HOro CBITIOBUI IeHb JOPIBHIOBAB 12 rojnHaMm.

1.2. Anani3 cyyacHuX 3ac00iB KOHTPOJIIO TeMIepaTypH i BOJOrocTi

Ha nanmii yac opamkepei IUPOKO CKPi3b PO3MOBCIOMKEHI, 00 BpaxoByHOUH
HETOCTIMHI MOTOMHO-KIIMAaTHYHI YMOBH 3 BEJIMKHMMH 1 PI3KUMH IepernajgaMu
BOJOTOCTI Ta TEMIIEpaTypd, TOMY BHPOIIYBAHHSIM CLIBCHKOTOCIOAAPCHKOL
MPOAYKIii Ha BIJKPUTHX IPyHTax 3aiiMaTtvcs npobieMaTndHo. s yHUKHEHHs
X TpoOIeM 4YacTo BHUKOPHUCTOBYIOTH pi3HI amapartd Io0 MmigTpUMYyBaTu
KJIIMaTHYHI MMOKa3HUKH Ha 33/I0BUILHOMY PiBHI.

CyyacHi opamkepei, SK 00'€KTH YHpaBIiHHS, XapaKTepU3YIOThCS
HEXOPOILIOK JAMHAMIKOIO Ta HEMOCTIHHICTIO MapaMeTpiB, sKi BUIUIMBAIOTH 31
0CcOONMMBOCTEH TEXHOJIOTIH BUPOOHHUNTBA. B TOW Yac sSIK arpoTeXHIYHUM HOpMaM
noTpibHa BUCOKA TOYHICTH cTabii3amii Temmeparypu (+/-1 rpamyc), a Takox 3MiHH
i 3aB4acHO B 3aJEXKHOCTI BiJ 3Ha4eHHS ii ()OTOCHHTETHMYHO ONPOMIHEHHS Ta

nepiogy po3BUTKY (ropu. YciM 1M oOcTaBHHAM MOTPiOHI BHCOKI BUMOTH IIOAO

ApK.
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(GYHKI[IOHYBaHHS Ta TEXHIYHOIO BJOCKOHAJIECHHS OOJIaJHAHHS IPOrPaMHO-
amaparHoro 3abe3neueHHs [37].

SIkio aBTOMATHM3yBaTH CHCTEMY YIPABIIHHS MIKPOKJIIMATOM B MiHi
opamXxepei IIe JTO3BOJUTH: 3€KOHOMHTH Bim 15 m0 25% mnorpiOHOrO TeIa,
MOKpAIIUTh YMOBM Tpami pobodnX, MiABHIIMTH 3arajbHy KyIbTYypy Ha
BUPOOHHWITBI, 3a0€3MeUnTh YITKI pPaMKH PETYIIOBaHHS MIKPOKJIIMaTHYHUMHU
YMOBaMH MiHiOpaHXepel, TOYHO 3a0e3MeUnTh 10Jaqy KOPHCHUX PEYOBHH OBOYAM,
mo 3a0e3nednTh 30UIbIIEHHS iX BpoXKaWHOCTI. 3a0e3ledyroud  BHCOKY
NPOAYKTHBHICTh TEIUIMYHUX TOCIOAAPCTB MOTPIOHO MiATPUMYBATH YHUMAJIO
napameTpiB y MEBHUX MexkaxX a00 Ha meBHOMY piBHI. J[o TOMOBHUX MapaMeTpiB
HaJIe)kaTh: OOIrpiB I'PYyHTY, OOIrpiB MOBITPS B CEpPEeNUHI TETUIHMIN, KOHIEHTpPALis
Bmicty CO,, UHMPKYJLis NOBITPS IO TEIUIUI, OCBITICHICTb, BOJIOTICTH Ta
BeHTHJIsALIs [37]. Ha puHKy 00OnagHaHHs MOXKHA 3HAWTH IMPOKUI BUOIp mpriaiB
1 ¢ipm sKi 3alMalOTbCd aBTOMATH3ali€l0 I[LOTO TMPOLECY 1 KIIMaTHIHUX
MIOKa3HHKIB B OpaHkepei.

Jo nux wnHamexars: kommaHis «ICP DAS», TOB «®ITO» , kommaHis
«OBEH», «EKF» i T.1.

3poOUMO KOPOTKY XapaKTEpUCTHUKY IMX OONaJHaHb 3aJIs1 3a0e3IeucHHs
noTpiOHUX mapaMeTpiB B opanxepei [37].

EKF — € omHiero 3 mepenoBUX KOMITaHIA B Tayry3i eJIEKTPOTEXHIKH. BoHH
NPOAAIOTH Yy CEPEAHBOMY LIHOBOMY CETMEHTI Ta 3aiMa€TIOCS BUITYCKOM ITUPOKOTO
ACOPTUMEHTY HU3bKOBOIBTHHMX Ta BUCOKOSKICHMX MpPOAyKIiH. IXHiit mpuctpi mis

KOHTPOJTIO MIKpOKJIIMAaTOM 300paxkeHH Ha prCyHKY 1.1.
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Puc.1.1. BUmisig mpucTporo yIpasiHHSI MIKPOKJIIMATOM

Le#t mpucTpili NpU3HAYEHUH, MO0 KOHTPOJIIOBATH OCHOBHI IapameTpu
TEIUINIli, IrpoyOoOKca 4u opamxkepei i T.I. 3 HOro JOIMOMOTOI0 KOHTPOJIOETHCS
TeMmIeparypa, OCBITICHHs, BEHTHJsMis Ta nonuB [37]. Ilynsr juis ympaBmiHHS
MIKPOKJIIMaTOM MOJKE MpAIlOBaTH B aBTOMAarHYHOMY PEXHMi MIATPUMYE 3ajaHi
BEHTHJISIIIIMHI 1 TeMIlepaTypHi peXHMHU: - BIH Kepye HarpiBadamu abo
BEHTWJIATOPAMH; - OCBITNIIOE Yy KIJIBKOX pEXKHMax; - 3aga€ MpOrpaMu Juis
MOJIMBAIBHUX 1 TOBITPSIHUX HACOCIB.

TosioBHI MepeBard BUKOPUCTOBYBAHHS 11i€1 CHCTEMHU:

- TIPOCTOTA B yCTaHOBLI;

- THYYKICTb Li€] CUCTEMU;

- TPOCTOTa HAJAIITYBaHHSA 1 eKCIUTyaTalii;

- MOXJIMBICTh BUKOPHCTOBYBAaTH PE3EPBHE JKWUBJICHHS 3151 30epiraHHs

HaJIAIITYBaHHS CHCTEMH SKIIO BiIKITIOUYUTHCS €IEKTPOKUBIICHHS;

- BOJIOTO3aXHUCT.

Moxna mno0aduTH, IO TPHUCTPIH YHpaBIIHHS Ma€ TMEBHI IepeBaru:
MOXJIMBICTh Mi0Opy OJOKy 3a HeoOximHumu HanamryBanHsmu [37]. Y EKF
TaKOXK € 8-MH KaHAJBbHUH MyJbT KepyBaHHS MIKPOKIIMATOM TEIUIHIII Ha OCHOBI

MmikpokoHTpoiepa DS 1820, ioro nmokazaHo Ha pucyHKyY 1.2.
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Puc. 1.2. Bunisin mysbra ynpasiliHH MiKpOKIiMAaTOM
[leBaiic MO)ke 3MIHIOBaTH BOJIOTICTH 1 TOBITPS YW IPYHTY Y MiHITETUIHII,
BMHKaTH 1 BUMHKATH HAcOC, HArpiBaTH BOLY, IOJMBATH Ta BEHTUIIOBATH MOBITPS B
Teruii. KepyBaTh HaBaHTaXXECHHSM pEaNi3yeThcsi 3a JOMNOMOIOK TaiMmepa -
BBIMKHEHHSI HABAaHT)KCHHS B MOTPIOHOMY MPOMIXKY Yacy, 1 TaKOX 3/iHCHIOBATH

KOHTPOJIb MiKpOKJ’IiMaTy 4Ucpe3 BCTAHOBJICHHA TEMIICpAaTypH (TepMOCTaTHI/Iﬁ

peXHIM).
Puc. 1.3. biok-cxeMa B3aemMoii 3 TEIIULIEIO
ApK.
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Ha pucynky 1.3 mnoka3aHo OnoK-cxeMH pPOOOTH TPUCTPOIO KEpYyBaHHs
MIKpOKJIIMaToOM Teruuii y misiomy. Jo O1oKy € miakiroueHuid Hacoc, IO Kadae
BOAY 10 OaKy 3 pe3epByapa A NONMBY. Y 0aKy BoJa IpieThes 10 NOTPiOHOI yMOBH
i B Mipy HEOOXiTHOCTI BHKOPHCTOBYEThCS Ui TonuBaHHA. OOirpiBaHHA
peaizoBaHe 3 JIOTIOMOTOI0 ENEKTPUYHMX O0IrpiBadiB, IO TaK CaMO MOXHA
HiAKITIOYaTH U1 3a0e31eYeHHs TEeMIIepaTypPHOTO PeXXUMY IPYHTY 1 moBitps [37].

[[To6 Oymo 3pydYHO MiAKIIOYCHHS [aBadiB BOJIOTOCTI, CHJIOBUX BHUXOJIIB,
Temneparypu, i Tak camo intepdeiicy RS 232 (COM - nopr IIK) y mynsri
aBTOMaTHYHOTO KepyBaHHs OyiaM mepeadadeHnMH KOHKPETHI KIEMOBI PO3'€MH.
Hanpyra naetbes 31 crienianbHOTO po3'eMy Ha ajantep 3 Harpyrow 9 - 12 B [37].

TexniuHa crienudikais IPUCTPOIO YIPaBIiHH MIKPOKIIIMATOM:

1. KiJBKICTh NPOIIECIB YIPABIIHHS: 8;

2. peXUMH KepyBaHHS 3a TailMepoM: BBIMKHEHHS HABAHTAXCHHS Y
3aJaHOMY 1HTEpBaJl Yacy; KepyBaHHS HAaBAaHTKCHHSIM IO JISSKUX THSX B
THXKHI, JHIM B MicsIl, a00 3a KiJIbKOMa MICSIIMH;

3. pexuMH KepyBaHHS 10 TeMIIepaTypi (peXuM TepMocTaTa): KepyBaHHS K
HarpiBayeM; KepyBaHH: K OXOJIOIKYBaueM;

4. yOynoBaHMii TaiiMep 13 CBITIIOM i 3ByKOM (ITiICBIYEHHSI ANCIUICIO): BXOIU
JUIS TIAKIIOYEHHS IO TaTYHKIB,

5. nudpoBU BXiJT MO0 MiIKITIOYATH JATYUKU: 32 TaTINKIB MAKCHUMYM;

6. aHaJOroBi BXOIU: 2.

7. eHeproHe3aJeHHWH TOAMHHHUK, IO TIpalfoe B pealbHOMY 4daci (Ta
KaJleH1ap 31 BpaxyBaHHIM BHCOKOCHHX pOKiB) 1o 2100;

8. 30epiraHHs BCiX HaJIAIITOBYBaHb Yy EHEPreTUYHO HE3aJCKHIM mam'sti;
MOIOBXKEHHS KOPEKTHOI pPOOOTH Mporpamu sKOIO Oylno THMYacoBe
BiJIKJTFOUCHHS BiJl IHTEPHETY;

9. iHIII BUXOAW: 8 ONTHYHO-130JbOBAHMX 7-CTOPHUX 2-aMIEPHHUX KacKaliB
i3 MOXIIUBUM MiJJKTFOYEHHSIM CHJIOBUX 7-CTOPOB JJIsl KEPyBaHHS OiIbII
MOTYKHIIIMMH HaBaHTaXCHHSMHU (OibIne 180X A); 1

10.BigmaneHe kepyBaHHs TepMmocTatomM 3a gonomoro. COM-mnopra
KOMITFOTEpa 13 JoIoMororo koHkpetHoro 13 [37].

ApK.

ITC.4KI1.0323.03-I13 12

3MH. ApkK. Ne foKyM. Migpnuc [JaTta HA3BA JOKYMEHTY
HA3BA OJOKYMEHTY

Matches Quotes References 3 Ignoredtext A Replacement Comments


https://unicheck.com

File name: YHN4eHKO_NOSAACH — KONUA File ID: 1014780409

KinbkicTh HaJalITyBaHb, LI0 KOHTPOJIIOIOTH TOH MOIYIb IIO3BOJISE
KOPHUCTOBYBATHCS] HUM B MiHi Teruuigx. CBOro pomy HOro MoxHa Ha3MBaTH OJHIM
3 Halikpamux. HeBennka BapTiCTh Ta NPOCTOTa y BHKOPHCTAHHI € MMO3HTHBHUM
irocoM. HeponikoMm € Te, mo #oro ckiagHo y mporpamysard. [IporpamyBaHHs
MOAYJS Ha MOBax SK HHU3BKOTO TaK 1, BUCOKOTO PiBHS, aje MOTPIOHO BpaxyBaTH
CHUHTaKCHC MeBHUX MOB [37].

Jis kpamoi peamizanii nmporecy aBTOMaTHYHOT0 KepyBaHHs komnaHis «[CP
DAS» nae nporno3uilito BUKOPUCTAHHS IHTEJIEKTYaJIbHOTO MOJYJIsl BBOAY/BUBOAY

WISE-7118 Z. Bumisig po3yMHOTO TPHCTPOIO aBTOMaTH3alii NPHBEACHO Ha

pHUCYHKyY 1.4.

Puc. 1.4. [loBHuit BUmIsLK po3yMHOTO MOAyst BBOy/BuBOoy WISE-7118Z

Y uporo Mozyis € 6 kaHajiB qUQpoBoro BUBoay Ta 10 aHaIOroBOro BBOY.
1O3ep Mae MOXIIMBICTH 3MIHIOBAaTH KaHAIW B PI3HOMY Jlialla30Hi HANIPYTH 1 CTPyMY,
1 TaKk caMO PIi3HI TUIM TEPMIYHHUX Hap JUIsi BUMIPIOBAHHS CAMOTO MIKPOKJIIMATy
TETUININ, HAIIPUKJIIA, BOJIOTICTh a00 Temmepatypy [37].

3 mormoMoror MU(POBUX BHUXOAIB € MOXIHUBICTH YIPaBIATH 00irpiBadeM,
JIFOKOM-BEHTHJISILIIER0, TOMUBHAM  MPOIIECOM, OCBITJICHHSAM Ta CHCTEMOIO
BUIIAPHOTO OXOJIO/DKYBaHHS. [HTenexryansanit mynst WISE-7118 Z 6yne mocriitHO
KOHTPOJIIOBATH CTAaHOBHILE MIKPOKJIIMATy B TEIUIMI 1 B 3aJ€KHOCTI BiJl 3MiH Y
napaMeTpax OCBITICHOCTI, IPYHTY, TIOBITPSi BHKOPHCTOBYBATH IIEBHE KEpyBaHHS

[37].
ApkK.
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Oxpim Toro po3ymuuid Moyt WISE BHKOpUCTOBYE MPOTOKOI JUIsl Tiepeayi
nmauux Modbus TCP Slave. o mo3Bonsie o0'eqHyBaTH i CHCTEMH Y €IMHUI
JIUCTIETYEPCHKUIN By30, JIe BUKOpUCTOBYIoun cucreMy SCADA, kopuctyBad Mae
MOXJIMBICTh KEpyBaTH yCiM MpPOIIECOM Ta OTPUMYBaTH NpPaBWIBHY iH(pOpMaIio
IIPO CTAHOBHIIIE B KOXHIN Terunili Mikpokiimary. Ha pucynky 1.5 mokazaHo 610k-

cxeMy 3’€JHaHHS IHTEJIEKTYJIbHOTO IPHCTPOIO 3 00JIaIHaHHAM Y Teruinii [37].

Puc. 1.5. bnok-cxema kepyBaHHS MIKPOKIIIMAaTOM B TETITHIIAX
IMepeBarn y BuxopucranHi WISE: — mo0 crBoputn KoHQIryparito
kepyBanHs y ™omyni WISE BuxopucroByerscs morika IF-THEN- ELSE.
KopucryBau mae MoxnuBicTh kopuctryBarucs 36 mpasuinamu [F-THEN-ELSE.

YTBOPI/IBIHI/I npaBuiia 1 3aBaHTAXXUBIIM IX Ha MOAYJlb, BOHU MAarOTb BUKOHYBATHU
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NEBHI PILIEHHS 13 HACTAHHSIM MNEBHOI yMOBHU. Yci NOTpiOHI Jii HalallTyBaHHS
YTBOPIOIOTHCS Y 3BU4aiiHOMy Web-Opay3epi 3a Kilbka XBUJINH:
— miarpumye Modbus TCP mist interpyBanus y cuctemy SCADA;
— WISE-7118 Z Buxopucrosye Texnoiorito POE xuBneHHs, sika 3BUIbHAE
HOro BiJi HEOOX1THOTO MPOKIATyBaHHS KaOCIbHUX JIIHIH UI OTPUMAaHHS
KUBJICHHS.
Oipma «PITO» nae MPOMO3UIII0 CHUCTEM KEpyBaHHS MIKPOKIIMAaTOM Y
terumipsix cepii FC. A 30kpeMa MOBHHMM BHIVISII IBOTO MIKPOKIIMATHYHOTO

KOMIT FoTepa Bif Ti€i (hipmu 300paxkeHo Ha pucyHKy 1.6 [37].

Puc. 1.6. [ToBHUI BUIISAI MIKPOKIIMaTHYHOTO KOMIT 10Tepa

e € onTumanbHUM pIDICHHSAM M1 OyIb-SKOTO THIy TEIUIMIb PI3HUX 3a
po3MipaMu SIK CKIISIHMX, Tak 1 IUTIBKOBUX. JlJis KepyBaHHS TOJIOBHUMH
napaMeTpaMu TeIuuli, i 00JIagHyIOTh, TaK CKa3aTH, BUKOHYFOYUAMH CHCTEMaMHU:
CHUCTEMOI0 BEHTHJIALII, 0O0IrpiBaHHS, OCBITICHOCTI, cuctemoro nopaBaHHs CO,.
Crpore BUKOHaHHS TOJOBHHMX IIapaMeTpiB KIiMary - € 3alopyKa BHCOKOTO
BpPOXKAIO Ta CTIKKOCTI (IopH 10 3aXBOPIOBaHb. AJle 4ac HE CTOITh Ha MiClli, a
TaKOX 1 TEXHOJIOTI] BHPOLIYBaHHs, TOMY Ha HUHIIIHIN J€Hb HalKpallli arpoHOMH
Ta TEXHOJIOTH MPHUIUISIOTh BEIUKY KIJbKICTh yBard IO PO3LIMPEHOTO HAOOpy

MOKa3HMUKIB MIKpPOKJIIMATy, 1[0 BKJIOYaE y ceOe BOJIOTICTH JIMCTa, TEMIEeparypy
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JIUCTA, PO3IOUICHHS TEMIIEPATYPH Y MOBITPI M0 BEPTHKAJIBHOMY 3pi3y TEIUIHLIb,
3MiHa HIBUJIKOCTI pyXy B moBiTpi. Kommaniero «®ITO» e po3pobiieHi kiimar-
KOMI'IOTEPH, 10 MiATPUMYIOTh HE IIUINE TOJOBHI MOKAa3HUKH KIiMary, aje u
MO3BOJISIIOTH 3MIHIOBATH 3raJlaHy PO3LIMPEHY KiNbKICTh NOKa3HUKIB [37].

ApXiTeKTypa KIIMaT-KOMIT'IOTE€pa IIO3BOJISIE TOBHICTIO y aBTOMAaTHIHOMY
PEeXKHMMi YIPABIATH TUIAMH KOHTPOJIOIOYMX CHUCTEM TEIUIMIb 3 CTPOTUM
JOTPUMAaHHSAM IIEBHOTO arpOHOMHOTO pexumy. [TiBUIYIOUH 1iHU Ha €HEProHOCil
3MYIIYIOTh HE TUIbKM 3a0e3leuyBaTH MiJTPUMAaHHS MIKpPOKIIMaTy, ajie i AyMaTH
npo e(peKTUBHE BUKOPUCTAHHS PECYPCIB, X0 TO BBIMKHEHHS CHCTEMH ONAJICHHS
abo ocsitieHHs, un nogaya CO, 4yu mocTifiHe BIAKPUTT/3aKpuUTTS (Gpamyr. Y
3B'A3Ky 3 UMM (PYHKI[IOHAl MOXKJIMBOCTEH CHCTEM KEpPyBaHHS MO3BOJSIOTh
YTBOPIOBATH «CTPATETil0 KEPyBaHHS», JI€ arpoHOM Ma€ MOXIIUBICTD Bij
3aJIeKHOCTI a3y pocTy pOCIUHHU 1 /ab0 €KOHOMIYHOI JOLUIBHOCTI BHOMpaTH
NPIOPUTET €KOHOMIi €HEPreTHYHUX BHUTPAT UM SIK HAaHOLIBIIOTO DOTPHMYBaHHS
TexHoorii [37].

IIpuHiMn poOOTH MIKPOKITIMAaTHYHOTO KOMIT'IOTepa. Sapo cucremu 1e
MIPOMHUCIIOBHI KOHTpOJIEP KepyBaHHs, po3poliieHui creuiamictramu  GipMu
«®DITO» KOHKPETHO ISl YCiX BUIB TEIUUIb. 3aBSIKU CyJacHil eleMeHTHiH 0a3i 3
ATIOHCHKHUX 1 aMEPUKAHCHKUX KOMIUIEKTYIOUMX, Y KOHTpPOJIEpIB iCHY€ BEIHUKHUIM
MMOKa3HUK Oe3mnepeOiitHocTi Ta xopomroi podoTu. OKpiM KOHTpOJIEpa, CHUCTEMa
KEpyBaHHS KJIIMaroM BKJIIOYAae y ceOe MiJCHCTEeMy BCTAHOBICHHMX BCEPEIMHI
TEIUIMII BUMIPIOBAIBHUX HaT4YHKIB [37].

S0 € HeoOXiMHICTh CHCTeMa aBTOMATHYHO IHTErpyBaTHCs 3 KoTesbHi. s
TOTO iICHYy€ KOHKPETHUI Mojyinb, koTpuii uepe3 inrepdeiic FIDUFACE 3nilicHroe
nepeAady JaHUX A0 KOTeNbHI 331yl KepyBaHHS BHpoOneHHs Teruia, abo CO; un
enekrpoeHeprii. CriocTepiraTi 3a MpoLecoM KIIIMary i TaKo)K BHOCHTH TOTPABKU
IO 3aBIaHb y 3pY4HIA (HOopMi MOXKHA 32 JJOTIOMOTOIO 3BHYaifHOTO KoMIT foTepa [37].
Tak camo € AOCTynHa (QYHKI[S BiIaJICHOTO KEPYBaHHSI CUCTEMOIO 4epe3 MEepexy
IHTEpHET.

OyHKI[IOHATBHI MOXJIMBOCTI:

— BHMIPIOBaHHS apaMeTpiB KIIMAaTy B JICKIJIbKOX 30HaX;
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— IIOBHMM aBTOMAaTMYHHUH KOHTPOJb CHUCTEM ONAJIEHHA, BEHTHIIALIL

3amroptoBanHs, CO,, OCBSIUYBaHHS;

— CTBOpEHHS ONTHUMAJBHOI "cTparerii ynpapiuiHas";

— iHTerpauis B cucreMy ynpaniinHs kotenbHi (FIDUFACE);

— 3py4HHH iHTEpEiic;

— (QyHKIIisS eKOHOMIT €HEepreTUIHUX PECypCiB;

— BigmaneHwit MoHiTOpHHT i aHami3 3 I1K [38].

TakuM YHMHOM TIpOAaHANI3yBaBIIM BCI BHIE IepepaxoBaHi 3acobu Juis
MiATPUMAaHHS MIKPOKJIIMATY B OpamXepei, MOXHa 3a3Ha4uTH, 110 BHOIp Ha
CHOTOJIHIIIHIH JIEHb € JIOCUTh PI3HOMAHITHUM 1 KOPUCTYBa4 MOXeE BIJIbHO BUOHpATH
napaMeTpH, sKi MOBUHHI HOTO 3a10BOJbHATH. Bci 3ac00M MalOTh y JIy’Ke BENUKHUI
noreHmian [38]. [ynbr ympaeminHs Mikpokiimarom kommanii «EKF» Bapto
3aCTOCYBAaTH Yy HEBEJMKUX TEIUIMIh. XOUYa MYJBT MOXE BHKOHYBATH TakKi Hii sK:
KOHTPOJIb OCBITIIGHOCTi, TIOJNIMB, DETYJIIOBaHHS TEMIEpaTypu Yy TEIUIMI i
3a0e3rneueHHs] 11 BEHTHWIAII0, ajle KUIbKICTh IapaMeTpiB MO)XXHa CKazaTH €
CepeAHbBOI0 B MOPIBHIHHI 3 Horo aHanmoramu [38].

Ille omue TBOpiHHS wi€l QipMu - 1e OIOK KEpyBaHHS MIKPOKIIMAaTOM Ha
MikpokoHTponepi DS1820. Cepen nepesar, sk 1 y NmoIlepeHuKa, MOKHA BiTHECTH
MaJli pO3MipH, IPOCTOTa B €KCIUTyaTallii, peryJloBaHHs Pi3HUMH NapamMeTpaMu B
3aJI€)KHOCTI BIJ MIJKIIOYEHUX NaTdyKiB. KUIBKICTH IIJKIIOYEHUX JAaTYUKIB csrac
32, 1o npu npaBUILHOMY X MiAOOPI MOXKIIMBO MOBHICTH ABTOMATH3yBaTH MPOIIEC
pEryioBaHHA MIKpOKIIMaTy Ha OJHOMY Moxyni. BiciM BuXOAiB [03BOJAIOTH
MIAKIFOYATH TIPHCTPOi U1l YHPaBIiHHA OUIbII ITOTY)KHUMH HaBaHT)KCHHIMH.
Mo>JIUBICTh MIAKIIOYEHHS [0 KOMII'IOTepa Ja€ 3MOTy KOPHUCTyBady Bimpasy, B
peasbHOMY dYaci, BIICHIJKOBYBaTd BCi IapaMeTpy 1 MIBHIKO pearyBaTH y pasi
HeoOximHocTi. Biok MoXKHAa BHKOPHCTOBYBAaTH 1 Al ManuxX, 1 A BEITHUKUX
Termipb [38].

Haii0inpim gOCKOHANIMM Yy CBOEMY pOJi, 3 HAaIIOl TOYKH 30Dy, €
inTenexTyanbHuid Moxynb WISE- 7118Z. He 3Baxaroun Ha #oro Manii po3MipH, BiH
MOXKE€ KOHTPOJIIOBATH [JOCTaTHIO KUIBKICTh MapamerpiB, ajne 3 JI0JaTKOBUMHU
MOXJIMBOCTSIMHA. A came: TOCTIHHHA KOHTPOJIb 332 MIKPOKIIMaToM Y TEIUTHILL,
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MOXKIIMBICTh BUKOpHCTaHHs pexumy nepenadi Modbus TCP, mo no3sosie 30upatu
JIaHi PO CTaH y TEIUTHIN 1 BioOpakaTH Iie Ha MOHITOpi kKopuctysada. I{e mocuts
KOPHUCHO, KOJIM KOHTPOJIb BENETHCS 3a KUIPKOMa TEIUIMISIMHA OJHOYACHO. Xoya
KUIBKICTh JAaTYMKIiB, AKi MOXKHA I €IHATH O KOHTpoJyiepa Tineku 10, ame 3
BUKOPDHCTAaHHAM KOMyTaropiB, Takux sK RSM-408 1 NS-205PSE moxHa
30UIBIIMTH KUTBKICTh MOAYJIIB MiAKIIOueHHsS. JlaHl TomaloThcs Ha cepBep i
obpobmsrotecst 'y SCADA cuctemi. Ilepenbadeno Takox JIOTiYHE YIPaBIIiHHA
MOAISIMH, IO I0/IA€ MIKPOKOHTpOJIEPY JOAATKOBI mepesar [38].

OcraHHIM cepel PO3NISIHYTHX NPHUKIAAIB OyB KIIIMaru4HUN KOMIT IOTEp
¢bipmu «OUTO». He 3Baxkaroun Ha HOTo BEJIHKI pO3MIpH, BiH € JAyXKe MOTYKHUM Y
IUIaHI TapaMeTpiB, Ki KOHTPOIIOIOTECA. BiH 100pe MiaX0auTh SK IS BETUKUX TaK
1 s MaluxX TeIUIMIb, KOHTPOJIIOE OCHOBHI IapaMeTpd, Mae€ JI0JaTKOBI
MOKJIMBOCTI KOHTDOJIIO TEMIIEPaTypu JIMCTKA, BOJIOTOCTI JIMCTKA, KOHTPOJIIOE
PO3MOAIN TeMITepaTypu Mo TETUIUIl 1 T.A. KimiMaTuaHuil KOMII'F0Tep € eKOHOMIYHO
BUTIZHUM, a HOTO apXiTeKTypa 3BOJUTH JI0 MiHIMyMY IPOLICHT BTPYYaHHS JIIOJMHU
y poboty cucremu [38].

3 HamIol TOYKHU 30pY, 3aKOPJOHHI BUPOOHHKH BHITYCKAIOTh Kpally i OLIbII
HaJIHY TPOJYKIIil0, a TOMY, K HACIIJOK, ii I[iHA i SIKICh € BHIIO HDK IHIINX
BITYM3HSHUX BUPOOHHKIB. SIKIIO KOIITOPUC HE OOMEKYEThCS, TO OLIBII
pauioHambHUM Oyne 3acTOCyBaHHS KiliMaruuHoro komm’rorepa Qipmu «OUTO»,
200 npucTporo Ha iHTenekryanbHoMy momyni WISE-7118Z. Li nBa npencraBHuKa
MIpU3HAuEH] 5K JJISl BEJIMKHX, TakK 1 Uil CEpeHIX TEIUIHIb, & TOMY B IOBHIH Mipi
3aJJ0BOJIBHATH BCI OCHOBHI BUMOTH /O aBTOMATH3allil MIKpOKJIIMAary B TETIIMII
[38].

B cBoro wepry mynbT ynpasmiHHS MikpoxiiMaroM kommnaii «EKF» i 6mok
KepyBaHHsI MIKpOKJIiMaroM Ha MikpokoHtposiepi DS1820 kpaiie 3acrocoByBartu
JUTS MQJTUX TETUIMLB 1 TEIUTUIh CEPEAHBOTO PO3MIpY.

1.3. AHaJIi3 cucTeMH yNpaBJIiHHA MIKPOKJIIMAaTOM OpaH:Kepei KoMMaHii
"Auabda" Ha nuari Arduino Mega"

IcHytOoTh Ppi3HI crocoOu 30epiraHHs pPOCIWH 1 IMTPYCOBUX IUIOAIB: B

3aKpUTHX a00 BIAKPUTHX KOHTeWHepax. Bubip crmocoOy BHpOIIyBaHHS Ta
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30epiraHHs 3aJIeKUTh BiJl BUAY OpaHkepel abo TeIuuilb, CTaHy 3aKJIaJaloThCs
MapOCTKIB 1 HACIHHS, CTPOKIB peaizamnii NpoAyKTY i Bl OCHAIIEHOCTI TOCTIOapCTB
TEXHIYHUMHU 3aco0amu, aje B OyIb-KOMY BapiaHTi B yMOBaX MPOMHCIOBOTO 1
MIPUBATHOTO 30€piraHHsl 3aCTOCOBYIOTHCSl PETYNIOIYl CHCTEMH MIKPOKIIIMATy.
ABTOMAaTH30BaHI CHCTEMH 3a0€3MeuyI0Th Bi/IBEACHHS NPOAYKTIB OOMIHY PEYOBHH,
NPUAYLIICHHs MiIBUIIEHOI AaKTHBHOCTI IUXaHHS, NPOPOCTaHHA 1 THUTT,
3aro0iraHHs POCIMH BiJl 3aMep3aHHs, a TakoX 30epeXeHHS IIHHUX OpraHivHUX
PEYOBHH, BKIIFOYAl0UU BOLY.

Juis mux 1ineit Gynma po3poOiieHa cucTeMa yNpaBiliHHS MIKpOKIJIIMAaroM B
opamxkepesx (nuB. Puc. 1.7). /lana cucrema € 4aCTHHOIO PeaabHOTO MPUCAAUOHOTO
rocriorapcTea. 3 i JOMOMOTrOI0 TPOLEC BUPOILYBAHHS POCIHH CTaB YacTKOBO
ABTOMATH30BaHUM, III0 HE BUMAra€ MOCTiHHOT IPUCYTHOCTI JIFOJHHHU.

KoHkpeTHHI eK3eMIUISIp JaHOT CHCTEMH BIAMPAalbOBYEThCS HA KapKacHO-
CKIISIHIA Opamkepei, TOBKNHOI0 6 METPiB, IIMPUHOIO 3 METPH, BHCOTOIO 2 METPH.
B opamkepei € omHi aBepi i 2 KBaTHUpPKW, HPOBEACHI €JIEKTPUKA Ta BOIOTIH.
HarpiBanns Bomu BinOyBaeThes B eMHOCTI 00'emom 70 miTpiB. THCK B €MHOCTI
ckianae Oim3bKo nBoX arMocdep. B opamkepei BuporyeTbest 61au3bKo 35 pociuH

[10] Cucrema mae HacTYITHHIA BUIIISL;

Puc. 1.7. Cxema cucteMu ynpaBJiHHS MIKPOKJIIMAaTOM B OpaHkepel

HenTpansHe Micle B cucTeMi 3aiiMae miata Arduino Mega (puc. 1.8):
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Puc. 1.8. Arduino Mega

Arduino € MOBHICTIO BiIKPHUTOIO IIAT(GOPMOFO, IO CKIAIAETHCS 3 IUIATH 1
cepenoBHINa po3poOKH, B SKii peani3oBaHa mepepodieHa Bepcis MoBH Processing /
Wiring.

BuxopucroByBana amaparna 1uargopma moOygoBaHa Ha MiIKPOKOHTPOJIEpi
ATmegal280.

VY naniii cuctemi 3amisiHi 8 HUQpPOBHX BXOAIB / BHXOHNIB (BCHOTO Ha
wiatrdopmi ix 54) i 10 ananorosux (Bchoro ix 16). [Inara orpumye xapayBaHHS Bif
30BHIIIHBOTO JDKEpEIa XKUBJICHHS.

[lmara Mae HacTYITHI XapaKTePUCTHKU:

* poboua Hampyra: 5B;

* peKOMEHJIOBaHa BXifHa Hanpyra: 7-12 B;

* rpaHMYHA BXinHa Hanpyra: 6-20 B;

* 54 mudpoBUX MOPTIB BBEACHHS / BUBOIY;

* 16 aHAJIOrOBUX BXO/IB;

* CTPYM CIIOKMBAHHS Ha OJTHOMY BUBOJI: 10 40 MA;

* cTpyM cniokuBaHHs BuBeeHHS 3.3B: 50 MA;

o maMm'ste Flash Memory: 128 KB, 3 skux 4KB BHKOPHCTOBYIOTHCS
3arpys4ynKom;

+ O3V: 8 KB;

* He3ajekHa mam'sath: 4 KB;

e TakTOBa yactora: 16 MI'm;

* po3mip: 75x54x15 Mm;

e Bara: 451,
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Jo Arduino Mega ninkitoueHi HeOOXi/IHI TaTYUKH 1 MOAYJI.

BrtroueHHsI / BAMUKAHHS TIOJIUBY 3aJIE)KUTh BiJl sy IapaMeTpiB:

* BOJIOTICTB IPYHTY;,

sTEeMIIepaTypa BOJH;

*qac T00M.

VY nawiii cucremi 3anisHoO 4 gaTauka Bosorocti rpyHTy (amB. Puc. 1.9 - 1.10).

Jlis  BUMIPIOBAHHSI BOJIOTOCTI IPYHTY BHKOPHCTOBYETHCS CaMOPOOHHI
JIaT4HK, 10 TPEJCTABIsE COO0I0 NBa IBsiXa i pe3uctop. [IpuHim il 3acHOBaHMA
Ha 3aJIGKHOCTI EICKTPUIHOTO OMOPY IPYHTY BiJ{ 11 BOJIOTOCTI.

1Bsixu, BBeIeH] B IPYHT Ha JICSKIii BiJICTaHI OJMH Bijl OMHOTO, BUCTYIAIOTh B
SIKOCTI IMYIB, MK SIKHMH TEPEBIpS€ThCS OMip. 3a MiJCyMKOBHUM aHAJOTOBOMY
CUTHAITy MOXHA CYIUTH MPO CTYIIiHb Bojorocti. CxeMa JaTduka MpecTaBicHa Ha

PUCYHKY:

Puc. 1.9. JlaTunk BOJOTOCTI IPYHTY
JUis  BUMIpIOBAaHHS TeMIlEpaTypyd BOIM BHKOpPHCTOBYyeThcsi LM335Z -

AHAJIOTOBUI TEPMOJATINK TEPMOCTAOLTITPOH:

Puc. 1.10. Ananorosuii Tepmonaruuk LM335Z
BuxopucToByBaHUI NaTYNK Ma€ TaKi XapaKTCPUCTUKHU:
e miamasod: -40 ... + 100;

e TouHicTh: 1 ° C;
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* 3anexHicTh: 10MB / oC.

JIist AKITIOYeHHS TaT9rKa 10 TUTaTH MoTpideH pe3ucTop, onopom 2.2 kOm.
Crapisiun CTpyM 4Yepe3 AaTduK B niamasoHi Bix 0.45 MA 1o 5 MA (pesuctopom
R1), oTpumyeMo Hampyry Ha [aT4uKy, sSKe B JecsiTkax MB mpencrasise
abcodroTHY TeMmeparypy B rpaxycax KempBiHa. Cxema  IiAKIIOYCHHS

MpescTaBleHa Ha pUcyHky 1.11:

Puc. 1.11. Cxema miKJIIO4EHHs TEPMOAATINKA
Jns  Toro, mo0 TOJNWMB BKIIOYABCA TIIBKM B TEMHUH dYac J00H,

BUKOPHCTOBYIOThCS 2 naTunku cBitia Light Sensor-BH1750 (muB.puc. 1.12):

Puc. 1.12. Jlaruyuk cBitna Light Sensor-BH1750

JlaHnii nar4vk CITy>KUTh JUIS BUMIPIOBAaHHS OCBITJIGHOCTI B MeXax Bix 1 1o
65535 mokc. Bin Mae HacTyIHI XapaKTePUCTUKU:

* HarpyTa )XKMUBJIEHHS: 3-5B;

* 103Bin: 16 OiT;

* rabaputh: 19x14x3 mMm;

* moxuoka: + 20%.

[TinkaroueHHs JaTyuKa 3A1HCHIOETHCS HACTYIIHMM YHMHOM, K IIOKAa3aHO Ha

pucynky 1.13:
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Puc. 1.13. Tligkrouenns naryuka ceitia Light Sensor-BH1750

Konu oTpumani 3 JardyuKkiB MOKAa3HWKU 3aJI0OBOJIGHSIIOTH TIEBHUM YMOBaM
(BOHH PO3PI3HAIOTHCA JUIS KOKHOTO BHIY POCIWH), BKJIIOYAETHCA TMONUB. s
peryJioBaHHs TIIOJIMBY BUKOPHCTOBYETBCS EJEKTPOMArHiTHUN kianad. Bix
MIKTIOYAEThCS IO TUIATH 3a jgomomoroto pene (muB. Puc.1.14). A came
BUKOPHCTOBY€EThCS peneitnuii Momynb anst Arduino mpoextiB Relay Module 2
DFRO017. Bin BuxopucroBye BHcOKosiKicHe pene Omron GSLA. Cran BHXOIy
pele BiioOpaXkaeThes 3a IOMOMOrow cBitiomiona. el Momynp ynpaBiseTbes 3a
JIOTIOMOTOI0  IU(POBOTO TMOPTYy BBOAY-BHBOAY. Yac mMepeMHKAaHHS KOHTAKTy
ctaHoBUTh 10 Mc. SIK 1 JaTyWku JUIA BUMIPIOBAHHS TEMIIEPaTypH i BOJIOTOCTI

TPYHTY, peleiHuil MOIyNb HiJKIIOYA€TbCcAd B KEPYyIO4ol €JIEeKTPOHILi depe3 Tpu

LpOTH:

Puc. 1.14. TIpu3Ha4deHHs] KOHTAKTIB PO3'EMY PEIICHHOTO MOLYJIs
Kpim nonuBy faHa cucteMa KOHTPOITIOE 1 TEMITEPaTypy MOBITPS B TEILIHII.
Jlis  OHOYACHOTO BHIMIPIOBAHHS TEMIEpaTypd 1 BOJOTOCTI TOBITPS

BukopuctoByeTbes qaruuk DHT11 Temperature Humidity Sensor (qus. Puc. 1.15).
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Puc. 1.15. DHT11 Temperature Humidity Sensor

BiH migKimrouaeThes 10 Kepyrouol eIeKTPOHIKK Yepe3 TPU JPOTH: KUBICHHS
(VCQ), 3emnst (GND) i1 curaanpHui.

Ha mnumati kpiMm jgaTdvka po3TalioBaHWN MIKPOKOHTPOJIEP, B MaM'sTi SKOTO
3amucaHi KaniOpyBambHI TONpPaBKKA Juig jAardukiB. CHrHaT 3  MPHUCTPOIO
nepeAaeTbes 1o muHi y nupposomy Bunisai. Lle mo3Bonse nepenaaBaru naHi Ha
BijcTaHb 110 20 M.

JlaHuit 1aTYvK Ma€ Taki XapaKTePUCTUKU:

* Hampyra *KUBJIeHHS: 5 B;

* niana3oH temneparyp: 0-50 ° C, moxudka + 2 ° C;

e sostoricTh: 20-90%, moxunoka + 5%.

s perymoBaHHs TEMIEPATypH MOBITPS B TEIUIAL BUKOPUCTOBYETHCS JBA
PeXUMH: TIaCMBHE 1 aKTUBHE MpOBITpIOBaHHs. IlacMBHE MPOBITPIOBAHHS €
BIIKpUTTS / B3aKpHUTTS KBaTUPOK, a aKTUBHE - BKIIOYCHHS / BHUMHKaHHS
BEHTUNATOpPAa.

BigkpuTTs KBaTUPOK MPOBOJHUTHCS 32 JOMOMOIOK JBOX (IO OJHOMY Ha

KBaTHpKy) cepBorpuBoaiB Futaba T306 MG995 (nus. Puc. 1.16):

Puc. 1.16. Ceponpusin Futaba T306 MG995

BukopucToBYBaHUi1 CEpBONPUBIL Ma€ HACTYITHI XapaKTEPHUCTHUKH:
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* mBHKicTh podotu: 0.17 ¢ / 60 rpanycis (4,8 B 0e3 HaBaHTa)KeHHs);

* MoMeHT: 13 kr-cm 1ipu 4,8 B;

* MOMeHT: 15 kr-cm mipu 6 B;

* poboua Harpyra: 4,8 - 7.2 B;

* nopxunHa apoty: 300 mm;

* po3mipu: 40MM X 19MM x 43 Mm;

e Bara: 55 m

[TigkmoueHHsT BEHTWJIATOPA TMPOBOMUTBCS TaKUM JKE€ CIIOCOOOM, SIK 1
T TKTFOUEHHS KJTaraHa (depe3 peieiHui MOIYIIh).

OtpuMaHi 3 JaTYUKIB JlaHi 3alKCYIOThCs Ha KapTy mam'ati SD (nuB. Puc.
1.17). Hapani BoHM 0OpOONSIIOTHCS, aHANI3YIOTBCS 1 Ha iX OCHOBI OyHyIOThCS
rpadikd pi3HUX TMOKa3aHb. [l IbOr0 BHKOPUCTOBYETHCS MOAYIb SD-kapt

DFRobot:

Puc. 1.17. Monyns SD-kapt

[ligknro4eHHsT BEHTHJIATOPAa MPOBOJUTBCS TaKUM JKe CIOCOOOM, SIK i
MIKIIIOYEHHsI KianaHa (depe3 pesieiiHui MOJTYJIb).

Bin MicTuTB po3'eM 1151 cTaHIAPTHHUX KapT naM'sti SD, 1o no3Bonsie qogatu
HAKONMYYyBad JUIs 3alKCy 1 34MTYBaHHs JaHUX B Oyab-sikuil mpoekT. Bin mae
HACTYITHI XapaKTePUCTHKU:

* po3'eM Jutg craHmapTHUX SD kapt 1 uepe3 nepexigauk MicroSD xapr;

* MiCTUTH (hiKcaTop KapTH Mam'sTi;

* MATPUMY€E YUTAHHS 1 3aITHC;

* MO>K€ BUKOPUCTOBYBATHUCS 3 IHIIMMH MUKPOKOHTPOJUIEpaMu;

* HarpyTa XXKUBJICHHS: 5 B;

* po3mip: 36 x 30 x 5 Mm;

e Bara: 7 rp.
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VY naniif cucteMi ynpapiiHHS BPaxOBaHI BUMOTH TEXHOJIOTIi BUPOILYBaHHS
Ta TIOJIUBY, JIOTIKa aJTOPHUTMIB B3a€MOIOB'S3aHA 1 ONTHMIi3oBaHa. DyHKIIOHAT
MPOCTHH 1 HE BUKIMKA€E TPYIHOIIIB MpU HOro ocBoeHHi. [IpoTokon ynpaBiiHHS
JIETKO 3araM'siITOBY€EThCS, HE CTBOPIOE TPYIHOUIIB MPU BUOOPI PEKUMIB, YNTaHHI
iH(popMallii Ta yIIpaBIiHHI CHCTEMOIO.

1.4. IToOGynoBa MaTeMaTH4YHOI MOJIeJIi MiKPOKJIIMATy opaH:Kkepel

Binomo, 1o THMOBI pillIeHHS IO YHPABIIHHIO PEKUMaMU poOOTH 00'€KTIiB
pi3HOI IPUPOAN 3aCHOBaHI Ha BUKOPUCTAHHI JOCHTh MPOCTUX MOJENeil 00'eKTiB,
mapamMeTpu SKAX aOCTpakTHI 1 He BimoOpaxkaroTb (i3WYHI 3aKOHOMIPHOCTI
nporiecis [11].

[Ipu BUKOpHCTaHHI MaTeMAaTHYHUX MOJIENEH TAKOro THITY BIA€THCS YCIHIIIIHO
BUOpatu CTpPyKTypy 1 (3a3BHYaii) 3aKOH YIpPaBIiHHS, aje HE BIAETHCA
00IpyHTOBaHO BU3HAYUTH PEANTICTHYHI OKAa3HUKH SKOCTI YIPaBIIiHHS.

Kpim Tor0, B 3B'I3Ky 3 aOCTpPaKTHHUM XapaKTepoM MapameTpiB CIPOIICHUX
MozeNieil He BIAETbCS HAMITHTH LUIIXH IOJINIIEHHS aBTOMAaTH30BAaHOTO
TEXHOJIOTIYHOTO TIPOLECY HE TUIBKM 32 PaXyHOK HaJAIITYBAaHHS IapameTpiB
CHUCTEMU YIIPABIiHHA, a W 32 paXyHOK 3MiHM XapaKTEPHCTHK caMmoro ob'ekra. Y
3B'A3KY 3 IIMM TPEJCTaBISIOTh IHTEpeC POOOTH, B SKUX ISl CHHTE3y CHUCTEMHU
YOpaBIiHHS 1 JUid aHamizy ii SKocTi 3 BHOOPOM HANPSIMKIB BJIOCKOHAJCHHS
ABTOMATH30BAHOTO TEXHOJIIOTIYHOTO KOMIUICKCY BUKOPHUCTOBYIOTBCS Pi3HI MOJEII:
OlmbII TPOCTI 1 YHIBEpCanbHI - JUis 3a4ad CUHTE3y 1 OUIbII CKIAIHI, 10
BioOpaxkatoTh (i3W4YHI OCHOBHM poOOTH 0O0'eKkTa - I 3a7ad  aHamzy 1
BIOCKOHAJICHHS 00'€KTa CIIJIBHO 3 CHCTEMOIO yIpaBmiHHA [12].

OpHiel0 3  BaXIUBUX CTafii  CTBOPEHHA CHUCTEMH  YNPAaBIiHHA
TEMIIepaTypHO-BOJIOTICHAM PEXMMOM OpaHXepei € po3poOka Mozeneit 00'ekTa, 1o
BiJJOMBAIOTH 11O BiZI0YBAIOTHCS B Hill TIPOLIECH 3 TIO3HIIIN BUPILICHHS 3aBJaHb JBOX
KJIaciB CHHTE3Y aJITOPUTMIB, 3 OHOTO OOKY, 1 aHalli3y SIKOCTI YIIpaBJIiHHSA, 3 1HIIOTO
00Ky. SIKIIO0 BUMOTOIO 10 MOZENeH Ui Ipyroro Kiacy 3ajxad € aJeKBaTHICTh, TO
py po3poOIli MoJeseil AJsl Mmepuioro Kijacy 3ajad NOBHHHI OyTH BpaxoBaHi He
TIJIBKM BUMOTH aJIEKBAaTHOCTI, & i JIOCSATHYTHI PiBeHb HAYKOBOI MiATPUMKH 33124

CUHTE3Y aJTOPHUTMIB.
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BignosigHo no wiei knacudikaiii po3aiiMmMo icHyr4l Mozei MiKpoKJIiMary
Ha JIBi TPyTH:

* [lpunHuunoBi Mojeni, OpiEHTOBaHI Ha pilIEHHS 3ajJa4 aHali3y
BJIACTUBOCTEH 00'e€KTa 1 AKOCTI CHCTEM YIpaBIiHHA. Y MOJEIAX JaHOi Ipynu
¢Gi3nyHI SBUIA OMUCYIOThCA JH(EpeHUIATPHIUMHE pPIBHSHHAMH (3a3BHYaidl B
npoctopi craHiB). [lapametpm B Mogensx 1€l Tpymu MarmTh (i3HUHY
iHTepnpeTauito.

* Mogeni "4opHoro smuka", OpI€HTOBaHI Ha pIllIEHHS 3a1a4 CHHTE3Y
AITOPUTMIB  KEpyBaHHs. 3alle)KHO BiJ KOHKPETHOTO 3aBIAHHS CHHTE3Y
BUKOPHCTOBYIOTBCSI 200 CTaTU4HI Mojeni (perpecyBHi, MOMIHOMIaNbHI, 3aCHOBaHI
Ha BUKOPUCTAaHHI HEHPOHHUX MEpeX, HEUITKUX MHOXHUH), a00 AWHAMIuHI Mozei
(3a3Buuaii - y gpopmi audepeHIiianbHUX PiBHSIHb, KOS(]ILIEHTU SKUX BU3HAYAIOTHCS
3a eKCIICPUMEHTAIbHUMH JaHUMU METONAMH iMeHTH]IKAIil, SBHUH 3B'SI30K IUX
napameTpiB 3 Gi3MIHUMHE 1 KOHCTPYKTHUBHIUMH ITapaMeTpaMHy OpaHXepei BiICYTHS).
B sikocTi ocHOBHU 7151 po3po0OKHM Mofiesieit 000X KIIaciB B JIaHii poOOTi BUKOpHCTaHa
MIPUHIMIIOBA MOAETH MIKPOKJIIMATY.

Mopenp B Oe3nepepBHOMY 4Yacy po3poOiieHa Ha OCHOBI HACTYITHHX
CIPOIIYIOTh IPUYIICHb:

1) Mozens iHTepIIpeTye OpaHKepero sSIK 3aJaHuil 00CAT MOBITPs, OOMEKEHHI
CTiHAMH, JaxoM 1 mifcTaBoro (3emiiero). I[IpocTopoBuii po3momil 3MIHHHX, IO
OIMCYIOTh MIKPOKIIIMAaT, He BPaxoByeThcs. JlaHe MPHITYyLIEHHS BHIIPABIOBYETHCS
TIPY TIOCTIiHINA KOHBEKIIii MOBITPS 1 MPUMYCOBOT BEHTHIISIIII.

2) 3mina OioMacH pOCIMH B MPOIEC] iX PO3BUTKY PO3IVISAAETHCS MHOIO SIK
30BHIIIHIN (aKTOp, HE MOB'SI3aHMIA 3 TOKa3HUKaMH MiKpokiimary. [le mpumymeHHs
BUIPABIOBYETbCS THM, IO CUCTEMa YNPABIIHHA MIATPUMYE MOKa3HUKH
MIKPOKJIIMATy 3TiIHO 3 BUMOTaMH JI0 TEXHOJIOTIi BUPOIIYBaHHS KyJIbTyp. biomaca
POCIMH B pOOOTi € IOCTIHHUM 3HAYCHHSM.

3) 3miHM mapaMeTpiB MOZIETI B 4Yaci BiI0yBalOThCSl HACTLIBKH ITOBLIBHO, IO
IIPY OTIMCI IUKITy JMHAMIYHUX MPOIIECIB B CUCTEMI YIIPABIIHHA iX MOXKHA BBaXKATH
nocTiiHMMHU. BiAmoBigHO 70 MMX MOPUOYHICHHSIMH MOJEIb MIKPOKIIMATy

OTpUMaHa sK }IeTepMiHOBaHa i 30CCPCKEHA, BUXOAAYU 3 CHiBBiI[HOIHeHL
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MacoBOTO 1 TEIJIOBOTO OaslaHCy 3 HAOJIMIKEHUM ypaxyBaHHsM CTajlii 010JI0riYHOTO
po3BUTKY pociuH (popma obIiky - 3MiHa nmapameTpiB Mozeni B yaci) [13,14].

Y wMozeni BHIUIAIOTBCS (Bl MIJICHCTEMH: TIOBITpsS opamxkepel 1
HABKOJIOTPYHTOBUI MIap 3 pociuHamMu 1 IpyHToM. [lpu ommci migcuctem
BUKOPHCTOBYIOTBCS HACTYyIHI 3MiHHI: TeMIlepaTrypa TIOBITpS B Opamkepei,
TeMIlepaTypa POCIMH OpamHxepei (TemmepaTypd HaBKOJOIPYHTOBOTO IIapy),
BOJIOTICTH (BiTHOCHA a00 aOCOIIOTHA) MOBITPs opamxkepei [15].

PiBHsIHHSI MacoBOTO OanaHCcy BOAU B OpaHkepei Mae BUIISI:

(1.1)

I p - IIJBHICTh MOBITPs opamxepei, (kr / M3);

V - 00'eM noBiTpst opamkepei, (M3);

X (t) - abcomoTHA BOJIOTICTh B Opamxepel, (KrBojia / KTBO3MYX);

t - gac, (¢);

F (t) - BuTpata Boau B MOBITPSIHOMY MOTOIIl, SIKI IPOWIIUIN Yepe3 BIKOHHI
nrimHY (KTBOMA / C);

C_sat (t) - koeilieHT HACHYCHHS IOBITPS;

E (t) - WIBUAKICTh CyMapHOTO BUMIAPOBYBAHHS BOJM POCIMHAMH (KrBOaa / C);

fog (t) - BUTpaTa BOIM CUCTEMOIO TyMaHy (KrBoza / ).

CniBBinHommenHs (1.1) mokasye, 110 3MiHa KiJIbKOCTi BOAU y BHYTPILIHEOMY
MOBITP1 OpaHKepei 3aIeKUTH BiI HACTYITHUX CKIIaJJOBUX:

* KIJIBKOCTI BOJH, IO HAJAXOMUTH i3 30BHIIIHIM TOBITPSM Yepe3 BiKOHHI
nrimHA - F (t);

* KUIBKICTH BOJM, I0 BHIAPOBYETHCS POCIMHAMH B TMPOLECI CBOTO
3poctanHs - E (t);

* KUIBKOCTI BOJIM PO3MUIIIOETHCS CUCTEMOIO Tymany - fog (t) [16].

PiBHSIHHS TemutoBOrO OanlaHCy €Heprii, 10 BILIMBAE HA 3MiHY TeMIepaTypu

BHYTPIIITHHOTO MOBITPS OpaHXepei Mae BUTIIS:

. (1.2)
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JIe p - IUIBHICTH MOBITPs opamxepei, (kr / M3);

V - 00'em noBiTpst opamkepei, (M3);

Cv - teroemHicTh noitps, [[x / (xr - © C)];

T (t) - remneparypa noBitpst BcepeauHi opamxepei, (° C);

t - gac, (c);

Qs (t) - constuHa eHepris, o MepeIacThes MoBITPIo opamxepei, (Bt);

Qcc (t) - eneprist 0OMiHy IIpY MPOBIAHOCTI 1 KOHBEKII1, (BT);

Qp (t) - 0OMiH eHeprieto 3 pociuHamu, (BT);

C_sat (t) - koedilli€eHT HACHYCHHS TTOBITPS;

Qu (t) - BTpaTH eHeprii 3a paxyHOK CyMapHOIO BUIIAPOBYBAHHS BOAU
pocaunamu, (BT);

Qt (t) - BTparu eHeprii 3a paxyHOK PO3MWICHHS BOIH CHUCTEMOIO TyMaHY,
(BT);

Qv (t) - eHeprist 0OMiHy MOBITPSHOT BeHTHIIALIT, (BT);

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

CmieBigaomenHs (1.2) moka3ye, MO 3MiHA TEMIIEpaTypHd BHYTPINTHHOTO
MOBITPsI OpaHXepei 3aIeKHUTh BiJI HACTYITHUX CKJIaJOBUX:

* COHSTYHOI CHEPTii, [0 HarpiBae BHYTPIITHE MOBITPS opamxepei - Qs (t);

* TeMIlepaTypH IOBITPSl HABKOJIHUIIHBOTO CEPEHOBHINA, IO HAIXOIHUTH B
OpaHXKepero Yepe3 CUCTEMY BEHTHISIHIHHUX (pamyT i IiauHy - Qv (t);

* TEMIIepaTypH MOBITPSI HABKOJIMIITHHOTO CEPEIOBHIIA, 10 BILTMBAE HA OOMIH
€HEpTi€l0 Yepe3 CTIHM IIISIXOM MPOBITHOCTI 1 KOHBEKIIT - Qcc (t);

* CYMapHOTO BHIIAPOBYBaHHS BOOM POCIMHAMH, MIO MNPU3BOAUTH JO
OXOJIOIPKEHHS IOBITps opamkepei -Qu (t);

* eHeprii cuctemu 00irpisy - W (t);

* BTpAT €Heprii BiJ| pO3MUICHHS BOAU CUCTEMOIO TyMaHy - Qt (t);

* TerI000MiHY 3 pociuHamu - Qp (t).

PiBHSIHHSI TETJIOBOTO OajaHCy eHeprii, 110 BIUIMBAE HA 3MIHY TeMIepaTypH

POCIIHMH opamxepei, Mae BUIVI:

,(1.3)
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ne Soutside - mionia noBepxHi opamxkepei, (M2);

Cp - TeroemHicTh pociu, [Ix / (° C - M2)];

Tp (t) - Temmeparypa pociuH Beepeauti opamxkepei, (° C);

t - gac, (c);

Qur (t) - eHepris, 3aCBOIOETHCS POCIMHAMHE ITPOTAroM AHA, (BT);

Qp (t) - 0OMiH eHeprieto 3 pociuHamu, (BT);

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

CmiseigHomienHst (1.3) mokasye (1.4), mo 3MiHa TeMmeparypud POCIHH
OpaHXKepei 3aJIeKUTh BiJl HACTYITHHX CKJIaJJOBHX:

* eHeprii, 3acBoroBaHiil pociauHamu - Qur (t); - BTpar eHeprii uepes TPyHT -
Qg (V)

* TEII00OMIHY MOBITpPs 3 pociuHamu - Qp (t).

Takum umHOM, cuctema piBHSHB (1.4), HAONM)KEHO OMHMCYE MIKPOKIJiMar

OopaHXepel, Ma€ BUITIS!

, (1.4)

Mopens (1.4) € HabmmxeHoto. He BpaxoByeThCsl MPOCTOPOBHH PO3MOILT
TEMITEPaTypH i BOJIOTOCTI MO IUIONII OpaHXepel; pOo3MOALT IIMX 3MIHHHUX 110 BUCOTI
BPAXOBYETHCS TIJIbKH arperoBaHMX; BILIMB TEMIIEPATyPHO-BOJIOTICHOTO PEXKUMY Ha
MOKa3HUKH PO3BUTKY POCIMH 3BEICHO JO JACTCPMIHOBAHOI 3aJIeKHOCTI
Koe(illieHTIB MOJIeNI B Yacy. Alle, BUXOISYM 3 METH BUKOPUCTaHHS MOJeI (Juis
aHami3y 1 CHHTE3y aJrOpUTMIB KepyBaHHS, a HE Ul BHOOPY TEXHOJIOTIYHO
JIOLTBHUX PEXKUMIB 3MIHM TEMIIEpaTypH i BOIOTOCTI), MPEICTABICHA HA PUCYHKY

1.18 mognensb npuiinsatHa [17].
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Puc. 1.18. Maremarn4Ha MoJieNb TEMITEPATYPHO-BOJIOTICHOTO PEXKUMY
opaHxepei

1.5. Amnaniz JAnHAMIYHHX XapaKTePHCTHK CHCTeMHM YNPABJIiHHSA
MiKpOKJIiIMaTOM opaHiKkepei

JlocmikeHHsT MaTeMaTHIHUX MOJIeNieil opaHxkepel sik 00'€KTa YIpaBIiHHS B
OCTaHHI JECATWIITTS ICTOTHO TIPOCYHYJIHCSL.

Haii6inpin mpocTi Mozei, MpeICTaBIeH] Y BUIVISAL alepUOANYSCKIX JTaHOK
nepuroro abo APyroro MOpsIKY 3 3ami3HeHHsIM. Taki Mozeni € JOCUTh TPyOuMH i
HaOMMKeHe ONMUCYIOTh MOBEAIHKY 00'€KTa yNpaBIIiHHS TIPH PEryIIOBaHHI OIHOTO
napaMmeTpa, Hapukiag remnepatypu [ 18].

IcHyrOTE MOmENi OUTBIN CKIAMHOI CTPYKTYPH, HANIPHUKIAN, JJIs YIPaBIiHHSI
JBoMa 1 Oinmpiie mapamerpaMu. HesamepedHoOr0 NepeBaror TakKUX CIHOCOOIB
3aBIAHHS MAaTeMaTHYHHAX MOJeENied € HAOYHICTh MOJICTIOBAaHHS Ta MOXKJIHBICThH
3aCTOCYBaHHS KJIACUYHUX METOJIB CHHTE3y PEryJsTOpiB CHCTEM YIPaBIiHHS
napamMeTpaMu MiKpOKJIiMaTy.

Y cBOwW dUepry IHMMNA WiAXig A0 3aBOaHHS MaTeMaTHYHUX MOJemei
opamxepei 0a3yerbcss Ha omuci 1€l ckiaaHOi JTUHAMIYHOI CHCTEMH, 1€ TaKi
mapamMeTpu SIK TeMIeparypa 1 BOJIOTICTh TOB'sI3aHI HENIHIMHUMH 3aKOHAMH
TEPMOJMHAMIKH, 32 JOMOMOTOI0 MOJIEINI B TIPOCTOPI CTaHIB Takoi (hopMHu:

x f(t,x,u,v), (1.5)

ne f moznauae HeniHiiHy QyHKIIIO;
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t - gac;

X - 3MiHHI CTaHy, TaKi K TeMIepaTypa MOBITPsl B TEIUTHUIIi, HOTO BOJIOTICTb,
KOHIICHTPAIlisl JIOKCUJTY BYIJICIIIO;

U - Kepyrodi BIUIMBH, TaKi K 00IrpiB MOBITpsl Kanopudepamu ado iHITMMA
NPUCTPOSIMHU, MPUPOIHA a00 MPHUMYCOBa BEHTHIIALISA, CHCTEMU OCBITH TyMaHy, a
TakoX cuctemu 30arauenns CO2;

V - 30BHIIIHI BIUIMBH, HANPHUKJIJ, TEMIIEPATypa 1 BOIOTICTh 30BHIIIHHOTO
MOBITPsI, COHSYHA paJiallisi, BITPOBE BILTUB Ta iH.

Mogens B ipocTopi CTaHiB OLIbII TOYHO OMKCYE MPOILIECH, IO BiIOYBAIOTHCS
B Opamxepel, BpaxOBYyIOUM B3a€MO3B'SI30K 3MIHHUX CTaHy, 30BHILIHIX 30ypeHb i
CUTHAJIIB YIIPABIIiHHSA, IIPOTE B CBOIO YEPT'y CYTTEBO YCKIIAJHIOETHCS MOJIEIIOBAHHS
BHACJIOK HETIHIMHOCTI MOZAEI.

Ile mocmimkeHHS Mae€ Ha MeTi JOCHIIKEHHS MareMaTHYHOl Momeni
opamxepei IpH YIpaBIIiHHI TEMIIEPAaTypOIO 1 BOJOTICTIO MOBITPS, IO 0a3yeThCs HA
3aKOHaxX 30epe)XeHHs eHeprii i Macu. A Takox po3poOky Simulink-momemi s
3aCTOCYBaHHS B OCBITHIX MUISAX Ui JeMoHcTpadii (Gi3myHMX sBWII, IO

BiJJOYBaIOThCS B OpaHkepel i MPUHIIMIIIB YIIPABIiHHS MIKPOKIIMATOM.

ar,,.. |t) 1 ‘ vt k ‘ ‘
8Hymp p— _ _ 8 11.020p _
i —pQLMM[QH(tHSn[t] 1Q,(1)] (Vm +QQEMmJ[T”' ol )= Lol t]],
(1.6)
Wam®) _ 1 (11 L[5t BapmO)]- . [ )~ @]
dt v, oy o S Remp v, ¢ et el ]
(1.7)
. S, (t) ‘
E(S, () Qaump())= 7" =0t ], (1.8)

e Teuyrp, Tsosn - TEMIIEpaTypa MOBITPA BcepeAuHI 1 330BHI opamxepei
Bianosinuo (°C);

Ogpyrp._Qz0sn - BIJHOCHA BOJIOTICTH IMOBITPSl BCEpPEIMHI 1 30BHI Opamkepei
BianoBigHo (%);

Kr.orop - KOCOILIEHT TeIUTONEpenayi Marepiay oropoxi opamxkepei (BT / K);

V - HoBHUH reoMeTpHYHKI 06 €M oparkepei (M*);
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Vi, V, - 00 emu opamxepei 110 00irpiBaloThCsl Ta 3BOJIOXKYIOTHCSI BiATIOBIIHO
(M?). 3a3Buuaii ckinamarTh He Oinbiie 60% -70% 3araabHOTO 00CSTY OpaHKepet;

p - WIBHICTS HoBiTps (1,2 kT / M°);

C; - nuroma tertoeMHictb noBitps (1,005 x/Ix - xr-1 - K-1);

Q- IOTYXHICTB 00irpiBauiB moitpst opamxkepei (BT);

Q, - IPOJYKTUBHICTh CHCTEMH TYMaHOyTBOpEHH:I (TBofa / ¢);

Sy (t) - TOIMHEHE TETUINLICIO COHSIYHE BUITpOoMiHIOBaHHS (BT);

A - MATOMA TeIIoTa NMapoyTBopeHHs (2256 kJ[x / xr);

g(t) - moBiTpOOOMIH, sIKMH 3abe3medyBaBcs O CHCTEMOIO BEHTHIIALIT
opamxkepei (M* / ¢);

E S; (t), BHYTD (t) - eBanoTpaHcmipamnii pociuH, B GYHKIII BiJl MOITMHAHHS
COHSTYHOTO BUIIPOMIHIOBaHHS 1 BOJIOTOCTI MOBITPS B opamxkepei (reoma / ¢);

a, B — MacmTaOHI KOe(DIIi€HTH, IO MPUAMAIOTHCS 32 MOCTIHHI.

Jtst cripomeHHsT MOAET 3a3BHUYail BBAXAETHCSA, IO BUAUICHI POCIMHAMH
BUIIAPOBYBAHHS OUIBIIOI MIpOIO 3aJIeXKaTh BiJI COHSYHOI pajialii Ta MEHIIO Bij
BOJIOTOCTI TIOBITPSi, TOMY B PiBHSHHI (3) HEXTYIOTb JOMAHKOM  Oppyro (t) .

Mincrasnsiroun (3) B (1), micis mepeTBOpeHb OTPUMAEMO

dT,.. (t) 1 e s ~ vJt] k ‘
eHymp |~ max tl+S ‘t‘\—)\ t)|— LA T.0rop T t=T ¢
d = QRS AR ) [ G B [ T Tnlt)]
(1.9)
APn(t) 1~ bl , o
at | =y QlrOsd= [Pt = @0t ] (1.10)
ne,
=~ Qﬁ N Qm e . . .
= max o Q= e s D= — HOpPMaJI130BaHHI1 YIIPaBJIsAIOY1
Q. Qn v,
3MiHHi;
ax V_ Vm D— D . . P
A=AQ)" , V= Qm _MLA — HOpMaJTi30BaHi Koe(illieHTH;
Mﬁ : v . . . co
T,= .  -4ac, HeOOXiJHUH JUIS TOBHOI 3aMiHU ITOBITPS Yy 3BOJIOXKEHIH
Uy
YJaCTHHI Opamxkepel.
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Matlab-Simulink € iHTerpoBaHUM CepeOBUILEM Il MOJIEIIIOBAHHS, aHAJI3y

Ta cuMmyismii auHamivyHux cucteM. Y Simulink Omoxm rpymyroTecs 3a  iXx

MpU3HAYEHHSM Ta (YHKIIOHATBHICTIO [6].

OcHoBHi rpynu 6;10kiB B Simulink:

Sources ([Ixepena) - me OIOKH, SKi BXOIAATH 0 CUCTEMH 1 TOCTAYaI0ThH
BXIJHI CUTHAJIN.

Sinks (ITpuitmadi) - mi OIOKKM € BUXOAAMH CHCTEMHU 1 HpPHUUMAIOThH
BUXIJHI CUTHAIU.

Linear Algebra (JIiniitna anre0Opa) - 1i 0J0KH JO3BOJSIOTH BUKOHYBATH
MaTpHuyHi orepaiii Ta po3B'sa3yBaT CUCTEMH JTIHIWHUX PiBHSIHb.
Nonlinear (HeminiiiHi) - 11i OJIOKH TO3BOJIAIOTH MOJICITIOBATH HETiHIHHI
€JIEMEHTH, TaKi SIK TICTEPE3UCHI EIIEMEHTH, CaTypaIlilo Ta THIII.

Discrete ([JuckpeTti) - 1i OJIOKH H03BOJISIIOTh MOJIEIIOBATH CUCTEMH 3
JMCKPETHHM YacOM.

Continuous (HenepepBHi) - 1i ONOKM [IO3BOJISIFOTH MOJENIOBATH
CHCTEMH 3 HETIEPEPBHUM YacOM.

Signal Attributes (XapakTepuCTHKH CUTHaY) - Ili OJOKHU JI03BOJISIOTH
BCTAHOBJIFOBATH TAPAMETPH CUTHAJIB, Taki SK aMILIITylIa, 4acToTa Ta
iHLL.

Modeling Constructs (KoHcTpykiii MoIenrOBaHHS) - IIi  OJIOKU
JIO3BOJISIIOTH CTBOPIOBATU CKJIAJIHI MOJIeJi Ta BUKOHYBATH Pi3HOMAaHITHI
ormepariii HaJl OJTOKaMHU.

Math Operations (Martemarnuhi omepauii) - 1i OJIOKH IO3BOJISIOTH
BUKOHYBATH MaTeMaTH4Hi oneparlii HaJl CHTHaJIaMH.

User-Defined Functions (KopuctyBaupki ¢ynkmii) - mi  6mokm
JIO3BOJISIIOTh BHKOPUCTOBYBAaTH KOPHCTYBAIbKi (YHKIT 1isi 00poOKH

CUrHani..

Kpim ux ocHoBHuX rpyi, y Simulink € 6araro iHmmx rpym OJ0KiB, sIKi

JIO3BOJISTIOTH MOJIEITIOBATH PI3HOMAaHITHI CHCTEMH Ta OIepallii.

3MH. ApK.
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Ha 0a3i cucremu piBasHb (1.9) - (1.10) B manomy nocmimkenHi Oyna
po3pobnena OnovHoO-iMiTaniliHa Monenb B cepenosunli Simulink mporpamHoro

koMmIuiekcy Matlab, npencraBnena Ha pucynky 1.19 [19].

Puc. 1.19. Maremaruuna mozenb opamkepei B cepenosutii Matlab-Simulink

Ha cxemi Bumineni Tpu rpynu 0yiokiB. Jlo Tpynu 1 BXOISTh OJIOKH BiIIOBITHO

KepyrounM BruiuBaM. [pymna 2 00'enHye OJIOKU BIUIMBIB, 110 OOYpPIOIOTh. Y TPETIO

rpyny o0'emHaHi OJOKH KOHCTaHT-TIApaMETPiB KOHKPETHOI opamxepei. Pernra

OJOKM sIKi TpHU3HAYEHI [y BHUKOHAHHS MaTeMaTHYHHMX OIepaiiii Ta Juis
Bizyali3allii pe3yJbTaTiB MOJEIIOBAHHS.

VY 1poMy npukiani Oyiaa mpoMoaenoBaru opamkepes Ha 100 M? BrcoToro 2,5

M, 3 MapaMeTrpamu, HpejacTaBieHMMH B Tabmumi 1. Bei mapamerpu HaBepeHi 10

OZIHOTO KBaJ[paTHOTO MeTpa IUIolli opamwkepei. BceraHoBmeni B Onmokax

IHTerpyBaHHs IOYaTKOBI 3HAYCHHs BostorocTi i remneparypu: 15 °C, i 50%.

Tabmuns 1.1
IMapameTpu MozneJii opan:kepei
HanmeHyBaHHSA 3Ha4yeHHA
C, -324,67 xB-B1/°C
kLorop 29,81 Bt/°C
T, 3 xB
A 460 Bt
o 0.0033 r/(m*-xB-BT)
14 13,3 r/(M*-XB)

MopentoBanHst mpoBoamiocsi B cepenoBuini Matlab / Simulink na 6asi

omnepauiiHoi cucremu Windows 10. Jlns iHTErpyBaHHS BUKOPHCTOBYBABCS METO

ABK:
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Pynre-Kyrra 4-ro mnopsinky 3 ¢ikcoBaHMM KpokoM | XBuiMHa, Jiana3oH
inTerpyBanHs 1 n1o6a a6o 1440 xBHIUH.

Ilpu MopmenroBaHHI BCi TapamMeTpy MaTeMaTU4HOI MOJENi oOpaHxepel
BBaYKaJTMCS TTOCTIHHUMH, 30BHIIIHI 00ypeHHSI MOAETIOBAIUCS ITiIcCCTeMaMu (IUB.
Puc. 1.14), B AKi BXOASTHh B SKOCTI OCHOBHHX T'€HEpPYIOUHMX JIAHOK: ITOCTiHHa,
rapMOHifiHa 1 BHUNAAKOBa CKJIagoBi. B maHoMy BuUmajaky, HpencraBieHHH OJOK
3aBIIaHHS TEMIIEPATypH HABKOJIHMIIHBOTO CEPEIOBHUINA Y BUMNISII TaKOl 3aJISKHOCTI.

Tonewn(?) Tep  Tsin(f) (f) 25 10sin(0,0044¢7) (), (1.11)

ne Tcp =25 oc cepenHs TeMIeparypa;

T =10 oC - ammuiTya KOTUBaHb TEMIIEPATYPH MIPOTITOM JO0H;

® = 21 / 1440 gacTora rapMOHIHHOI CKJIaJI0BOT;

d (t) - BUnamKoBa ckiiagaoBa (OUTHIA 1rym).

Puc. 1.20. Monens 3aBnanHs 00ypeHOTo BILIHBY
TTomiOHMM YMHOM MOJIETIOBANIMCS KOJIMBAHHS BOJIIOTOCTI, 4 TAKOXK COHSIYHOTO

BHHpOMiH}OBaHHH OpoTATOM Z[O6I/I. PeByJ'H)TaTI/I MOACIIFOBAHHS HpeI[CTaBJ'IeHi Ha

pucyHsky 1.21.
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Puc. 1.21. Pe3ysnbratu MOne/OBaHHS TEMIIEPATYPH 1 BOJIOTOCTI MOBITPSI BCEPeAnHI
opaHxepei
1.5. BUCHOBKHM 10 po3aiay
[Mepmuii  po3inm  MICTHTh ONKC  ICHYIOYOTO BHIVISILY  MPHCTPOIO,
BUKOPUCTOBYBAHOTO Ul KOHTPOJIO BOJIOTOCTI 1 TEMIIEpaTypH B opamxkepei Ha
ocHoBi maru Arduino Mega.

MareMaTH4Ha MOJENH MIKPOKIIMATy Opamkepei Moke OyTH KOPHCHHM
IHCTPYMEHTOM ISl JIOCHIJPKEHHS Ta MPOTHO3YBaHHS PI3HUX acreKTiB (i3UYHOTO
CepEeNIOBUINA, TAKHUX SK TEMIIEpaTypa, BOJIOTICTh, OCBITIICHICTh Ta iHIIII.

OpnHa 3 MOXJIMBUX MaTeMaTHYHHX MoJeJel MIKpoKIiMaTy opaHxepei Moxe
Oytn 0a30BOIO (i3UYHOIO MOJEIUIIO TEIJIOOOMIHY Ta BOJIOTONEPEHOCY MiXK
pOCIIMHAMH, IOBITPSM, IPYHTOM Ta IHIIMMH KOMIOHEHTaMH CHUCTeMH. Mozeib
MOYKE BKJIFOYATH Pi3HI MMapaMeTpH, Taki sIK TEIUIOBA €MHICTh, TCIUIOMPOBIIHICTS,
TEIUIOBI MMOTOKH, BOJIOTOMPOBIAHICTH, BOJIOTOBMICT, BOJIOTOBI TIOTOKH Ta iHIIII.

JAns  noOymoBM  MareMaTWdHOi  MOAENI  MOXKHa  BHUKOPHCTOBYBAaTH
eKCIIEpUMEHTAJIbHI JJaHi 3 PI3HMX JaT4MKiB, IO BUMIPIOIOTH Pi3HI MapaMmeTpu
MIKpOKJIIMAaTy, Taki SIK TeMIIeparypa, BOJIOTICTh, OCBiTJIeHICTh, piBenb CO2 Ta
iami. Jlani MoxyTh OyTH 3i0paHi MPOTATOM TPHUBAJIOTO IEPIOAYy dYacy, 00
BpaxyBaTH pi3Hi CE30HHI Ta JICHHI 3MiHH.

[Ticns 310paHHst JaHWX MOXKHA BUKOPHCTATH Pi3HI MareMaTW4HI METOIH, TakKi
SK JIiHIAHA perpecis, HEHPOHHI Mepexi, TeHETHYHI alrOPUTMH Ta IHII, JJIs
noOynoBu mopeni. [licas nporo Monens Moxxke OyTH TepeBipeHa 3a JO0TIOMOTOI0
IHIIX EKCTICPUMEHTIB Ta JaHUX.

OTpuMaHa MaTeMaTHYHAa MoOAETb Moke OyTH BHUKOpPHCTaHa UL
MPOTHO3YBAaHHS MiKPOKJIIMary OpamXxepei Ta IUIaHyBaHHS ONTHMAIIBHUX YMOB JUIS
pOCiaMHHOTO pocTy. BoHa Takox Moke OyTH BHMKOpPHCTaHa JUIS ONTHMi3allii

CHUCTCEMHU praBJ’IiHHH MiKpOKJ'IiMaTOM Ta JId 3MCHIICHHS BUTpPAT Ha eHepri}o Ta

pecypcu.
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PO3A1JI 11
HOHSTTSA INPO TEMIIEPATYPY TA BOJIOTI'ICTD
MPUCTPOI 1151 BAMIPIOBAHHS TEMITEPATYPH I BOJIOT'OCTI

2.1. IToHATTS NPO TeMIepaTypy i NPo TeMnepaTypHi MIKAJIH

TemrepaTyporo Ha3WUBAIOTh BEIMYUHY, IO XapaKTepH3ye TEIUIOBUI CTaH
Tija. 3rigHO KiHETHMYHOI Teopil TemIeparypy BH3HAYalOTh SK Mipy KIHETHYHOL
€Hepril MOCTYMAIFHOTO PYXy MOJEKYIL. 3BiZICH TEMIEPAaTYPOIO HAa3HBAIOTh YMOBHY
CTaTUCTHYHY BEIUYWHY, MPSIMO IIPOIMOPIIHHY CepeaHbOl KIHETHYHOI eHepril
MOJIEKYJ Tija [22].

VYci  npomoHOBaHI TeMIeparypHi IIKand OyayBanucs (32 pIOKICHEM
BUHSTKOM) OJHAKOBMM IIUISXOM: JBOM (IIIOHAWMEHINE) IOCTIHHUM TOYKaM
MPUCBOIOBAJIMCSA TEBHI YMCIOBI 3Ha4deHHs. [lepembavanocs, M0 BHIAUME
TEPMOMETPUYHI BIACTHUBICTh BUKOPHCTOBYBAHOTO B TEPMOMETPI PEUOBUHH JIHIHHO
IOB'A3aHO 3 TEMIIEPATYPOIO t:

t=kE+D | (2.1

ne k - koedilieHT mpomopIiHHOCTI;

E - TepMOMeTpHYHa BIACTUBICTE;

D - nocriiina.

Bepyun anst nBOX MOCTIHHMX TOYOK IIEBHI 3HAYEHHsS TeMIlepaTyp, MOXHa
obuucnutu noctiiiHi k, D 1 Ha wili 0OCHOBI OOyAyBaTu TeMIiepaTypHy mkary. [Ipu
3MiHI TEMIEPaTypHu KOeQIlieHT K 3MIHIOETHCS, MPUYOMY BIH PI3HUEN ST PI3HUX
TepMOMETpUYHI peuoBUH. ToMmy TepMoMeTpH, IoOynoBaHi Ha 0a3i pi3HHX
TEPMOMETPHUYHI PEYOBHH 3 PIBHOMIPHOIO TpPaayCHOI MIKAJO0, MABAIX MpH
TeMIeparypax, L0 BIApI3HSAIOTECS BiJl TeMIEparyp IOCTIMHUX TOYOK, pi3HI
cBigueHHs. OcTanHi 0c001MBO OyIIM MOMITHI ITPH BHCOKHX (TeMIepaTypH KUITIHHS
BOZM) 1 Iy’Ke HU3BbKUX TeMIIepaTypax.

TepMmonuHaMivHa IIKajIa TOTOXHA 31 MIKAJIOO 1IealIbHOTO ra3y, Ho0yIoBaHO1

Ha 3aJIe)KHOCTI THCKY 1JIealIbHOTO ra3y BiJl TEMIIEpaTypH.
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3aKOoHM 3MiHU THCKY BiJl TEMIIEpaTypH JJisl pealbHUX ra3iB BiIXUISIOTHCS
BiJl iIcaIbHUX, aJi¢ MMOMNPABKK Ha BIIXWICHHS peajbHUX ra3iB HEBEIHKI i MOXYTh
OyTH BCTAQHOBJCHI 3 BHCOKHM CTymeHeM TodHOCTi. ToMmy, cmocTepiraimouu 3a
PO3IIMPEHHSM pealbHUX T'a3iB i BBOASYH MOMPABKH, MOKHA OIIIHUTU TEMIIEPATYPY
IO TEPMOAMHAMIYHOI MIKAJIOTO.

Ha mowarky XX cromiTrts mmmpoko 3acrtocoByBayvcs mkamu lLlenbcis i
Peomropa, a B HaykoBuX poOoTax - Takok Imkanmu KenbBiHa 1 BOTHEBa.
[NepepaxyHku 3 OJHI€T IIKaJIK HA IHIIY CTBOPIOBAJIM BEJIMKI TPYIHOIII 1 TPUBOIIITH
JI0 psity Henopo3yMiHb. Tomy B 1933 porii Oyiio IpuiHATO pillIeHHS PO BBEICHHS
MixnaponHoi TemnepatypHoi mkamu (MTII).

Hocein 3actocyBanas MTIII noka3aB HeoOXiqHICTh BHECEHHS 10 HEi HU3KH
YTOYHEHb 1 JONOBHEHb, IIO0 MO MOXKIMBOCTI MaKCUMalbHO HAOMU3UTH ii 10
TepMoauHamMiyHoi mmKanor. Tomy MTII Oyna mnepermisiHyTa i mHpuBeneHa y
BiJIMIOBIZIHICTh 31 CTAaHOM 3HaHb TOro Yacy. Y 1960 poii Oyno 3aTBEpHKEHO HOBE
"ITonoxeHHS MPO MDKHAPOAHINA MPAaKTUYHIA TemreparypHid mkami 1948 poky.
Pemakiris 1960 p".

2.2. IIpucTtpoi A1 BUMIPIOBaHHS TeMIlepaTyp

TemrepaTypy BHMIpPIOIOTH 33 JOIIOMOTIOI) MPHCTPOIB, 0 BUKOPUCTOBYIOTh
pi3HI TEpMOMETPHYHI BJIACTHBOCTI PiWH, ra3iB i TBEPAUX TUI. ICHYIOTh AECATKU
pI3HHX MPUCTPOIB, HIO BHUKOPUCTOBYIOTHCS B TMPOMHUCIOBOCTI, MPH HAYKOBUX
JIOCIIKEHHSIX, IS CIIEMIaIbHAX IiIEH.

VY Tabmumi 2.1 HaBeneHi HAKOLIBII MOMMPEH]I MPUCTPOI AJIsl BUMipIOBAaHHS
TEMIIEpaTypHu 1 TMPaKTUYHI MeXi 1X 3acTOCyBaHHA. MU X PO3IISIHEMO KiJIbKa
MPUCTPOIB 3 nanoi Tadmwmi [23].

Tabmums 2.1
IIpuctpoi BUMipIOBaHHS TeMIepaTypH

o Mesxki TpUBAJIOTO 32CTOCYBaHHS,
TepMmoMeTpuyHa HanMeHyBaHHA

! 0C'C
BJ1aCTUBICTb MPUCTPOIO
P P HuXxHsa BepxHsa
Tenmnose PinnHHI CKIIsIHI 190 600
po3WnpeHHA TEPMOMETPU
. ManoMeTpu4Hi
3MiHa THCKY P —-160 60
TEPMOMETPU
ApK.
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Me:ki TpUBaI0ro 3aCTOCYBAHHS,
0C’C
Hu>xH#A BepxHs

—200 500

TepMomeTpuyHa HalMeHyBaHHS
B/1IACTUBICTb MPUCTPOIO

. Enexrpuyni

SAIHD TEpPMOMETPHU OIODY.

CJIEKTPUYHOTO . : .
HaniBnpoBigHNKOBI

oropy -90 180
TEPMOMETPH OTIOPY
TepmoenekTpuiHi
TEpMOMETpHU
(Tepmonapm)

TepmoenexTpuuni ~ CTaHOAAPTU30BaHI.

eeKkTun TepMoeneKkTpryHi
TEPMOMETPHU
(Tepmonapm)
cremiaigbHi
OnTu4Hi
nipoMmeTpu.
Pamiamiigi

Temnose nipomeTpu.

BUINPOMIHIOBaHHS ~ DOTOCIEKTpUYHI
nipomeTpu.
Komoposi 1400 2800
mipoMeTpH

PiguHHI CKIIsTHI TEpMOMETpH

=50 1600

1300 2500

700 6000
20 3000

600 4000

TepMomeTpu CKJISIHI  piAMHHI  3aCTOCOBYIOThCS U BHMIpIOBAHHS
Temneparyp B obmacti Big -200 go +750 ° C. Hes3Baxkarouum Ha Te, IO KpiM
CKISIHMX PIAMHHUX TEPMOMETPIB € psii IHIINX MpHWiIadiB Ui BUMIPIOBAaHHS
TeMmIreparyp, SKi BIANOBIAIOTH B BENHKii Mipi BHMOraM Cy4acHOi TEXHIKH
KOHTPOJIIO TEXHOJIOTTYHUX MPOLIECIB, BCE K CKISHI TEPMOMETPH HAOYII BETUKOTO
MOLIMPEHHST SIK B J1a0OpaTopHii, Tak i B MPOMUCIOBIH MPAaKTHIII BHACHIIOK
MPOCTOTH 3BEPHEHHSI, IOCUTh BUCOKOIO TOYHOCTI BUMIPIOBAHHS 1 HU3bKOT BAPTOCTI.

IpuHiun aii CKISHUX PIAMHHUX TEPMOMETPIB 3aCHOBAHHI HA TEILIOBOMY
PO3IIMPEHHI TEPMOMETPUYHOI PIAMHK, yKIaaeHoi B TepMomeTpi. [Ipu 1bomy,
OYEBH/HO, MOKA3aHHS PIIMHHOTO TEPMOMETpa 3aJIeKATh HE TIMbKH BiI 3MIiHH
o0csiTy TEpMOMETPUYHOI PIITUHM, ajleé Takok 1 BiI 3MiHM OOCSTY CKIISTHOTO
pe3epByapa, B SIKOMY 3HAaXOAWTHCS I pianHa. TakuM YHHOM, CIIOCTEPIraeThes
(Bumume) 3MiHa 0OCATY pIOMHM NPUMEHIIMTH Ha PO3MIp, BIIMNOBITHO pPiBHUHN

301IBIIEHHIO 00CATY pe3epByapa (1 yacTkoBoO Kamisipa) [24].
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Jns 3aloBHEHHS PIAMHHHUX TEPMOMETPIB 3aCTOCOBYIOTH PTYTh, TOIYOI,
eTHJIOBUH CIIUPT, rac, NeTpoJeiHuii edip, IeHTaH i T.1.

3 piIMHHHX TEPMOMETPIB PTYTHHH HaOyB HaHOLIBLIOTO IMOMMpEeHHS. BoHU
MaloTh S]] TepeBar, 3aBASKH CYTTEBHM IlepeBaraM pTyTi, IO HE 3MOYYE CKJa,
MOPIBHSHO JIETKO BHUXOAWTH B XIMIYHO YHCTOMY BHUIVISIAL 1 MIPH HOPMAIBHOMY
aTMoc(hepHOMY THCKY 3aJIMINAETHCS PIAKOI0 B IIMPOKOMY iHTEpBali TeMIeparyp
(Big -38,87 no + 356,58 ° C) [25] .

Tepmometp TC -7TA

Tepmometp TC-7A € pinuHHUH CKISTHUNA TepMoMeTp (muB. Puc. 2.1).

Puc. 2.1. Tepmomerp TC-7A

TepmomeTp TC-7A mHPOKO 3aCTOCOBYIOTH JJIsi BUMipIOBaHHS TEMIIEpaTypy
B CKJIaJCHKUX MPUMILICHHX, IAPHUKAX, TEIUIHLAX, Opamkepesx. Cam TepMoMeTp
cxnaHui pinunHuit HE pTyTHME B ompaBi 3 HomiMepiB 3 BKJIAAEHOIO MIKAIbHOI
IUIACTUHOIO 3 marepy. TepMoMmeTp MNOBHOTO 3aHypeHHS. [lpu BUMIiprOBaHHI
TeMIIepaTypy MOBHUHEH IMOBHICTIO MepeOyBaTH B BUMIpIoBaHOi cepenosuili. [Ipu
neperpiB 0e3 pyHHYBaHHS TEPMOMETP MOXXE BHUTPHUMATH TEMIICPaTypy BHIIC
BEPXHBOT Mexi 3a mikanor He Ounbiie 20 ° C (Tabn. 2.2) [26].

[puHumn gaii TepMoMeTpa 3acCHOBaHWI Ha TEIUIOBOMY 3MiHI 00cCAry
TEPMOMETPUYHOT PIJAWHU, B 3alEKHOCTI BiJ TEMIEparypyd BUMIPIOBAHOTO
cepenoBuima. TepMOMeTp CKIQNA€ThCsl 3 KamULIPHOT TPYOKH 3 pe3epByapoM,
3a[OBHEHUM TEPMOMETPHYHOI pinuHor0. KaminspHa TpyOka 3axuIlieHa CKISTHOIO
00OJIOHKOIO, BCEpeIMHY SKOi BKJaJeHa IIKaja, [0 CIYXHTb IS BIIJIIKY
BHUMipIoBaHO{ Temreparypu. TepMoMeTp 3aKpiIuIeHIH Ha MiJCTaBi.

Tabnuns 2.2
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MertposorivyHi i TeXHiYHI XapaKTepHUCTHKH

Mapka Liana3oH LiHa DosxunHa [OiameTtp, Tepmom.
BUMIpIOBAHH AiNleHHS TepMOMeTpa, MM piavHa
o wKanu, MM
Temnepatypu, °C
°C
TC-7A -10...+60 1 170 11x7,7 TONyoOnN
(ellipse)

2.3. IIpucTtpoi A5 BUMipIOBaHHS BOJOIOCTI

Bosoricte TOBITpPST - TOKa3HUK BMICTY BOAM B (Ii3UUHUX Tijmax abo
cepenoBUINax. Pi3HI KyJIbTypH HO-pi3HOMY CTaBJISITHCS O BOJIOTOCTI MOBITPS, i
ONTUMYM B pi3Hi Pa3u iX PO3BUTKY TAKOK HEOTHAKOBI.

OpHak Mpu ONTHMaIBHIH BOJOTOCTI MOBHHHI JOTPUMYBATHCS ONTHMAIbHI
TeMmreparypu. B iHIIOMY BHUIaAKy MOPYHIYETbCS HOPMAJbHUH PICT 1 PO3BHTOK
POCIMH: TpY HHU3bKiil BOJOTOCTI 1 BHUCOKIH TeMIlepaTypi IMOBITPS TOCHIIIOETHCS
mpoliec TpaHcHipamii i MOXe BHHUKHYTH JAe(ILUT BOJOIOCTi, CTBOPIOIOTHCS
CHPUSTINBI YMOBH JUIS PO3BUTKY XBOPOO 1 MIKITHUKIB [27].

Ipu mifBUIEHHI TeMrepaTypu Ha S5 © BIIHOCHA BOJIOTICTH majaae 3 76 1o
54%. Ilpu BHCOKIH BOJIOTOCTI Ta HU3bKiM TeMIepaTypi TpaHCHipalis 3HUXKY€EThCS,
B JIMCTI TOPYIIyETHCS HOPMaNbHHHM Xix (Di3i0OTIYHUX IIpoIeciB 1 mporec
3allUJICHHSI, CTUMYIIOETBCS PO3BUTOK PI3HOI MIKpOQIOpH, POCIMHH XBOPIIOTh
Oimoro THWUIO, OOPOIIHUCTOIO pocoro, Oyporo msmucTicTIo 1 iH. Ha
OTOPO/KYBILHUX TOBEPXHAX (CKII, IUIBII Ta iH.) YTBOpIOEThCs "Kpamnenb'" -
NPOAYKT KOHJCHCATY, SKa TAaKOK CIPHsIE 3aXBOPIOBAHHIO POCIUH 1 TOTipIIye
OCBITJICHICTh MIPUMIIIICHHSI.

Bosoricts rpyHTy. 3HauHMH BIUIMB Ha MPOLIECH BOJAOOOMIHY B POCIHHAX
HaJla€ BOJIOTICTh IPYHTY. Y pi3HI IEPioIH KUTTS POCIMH BOHA TAaKOXK HEOTHAKOBA.
Haii6inpma noTtpeba pociuH y BOJO31 B Iepiof NPOPOCTaHHSA HACiHHA 1 B
poscaganii mepiox (mo 90-95% HB), a Takox B a3y IUIOMOYTBOPEHHS 1
TI0J0HOIIEeHHs [28].

IIpn BUCOKMX TeMmeparypaXx 1 OCBITIEHOCTI CIIOCTEpIraeTscsi Mmorpeda
pOCAMH B OUIbII BHCOKIH BOJIOTOCTI I'PyHTY. Tak, B CIEKOTHI MiCsIi 3UMOBO-

BECHSIHOTO 000pOTY (3 KBITHS 110 JIMIIEHh B ChOMUH cBiTIIOBHH 30Hi), T. E. ¥V Hac,
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BOJIOTICTh IPYHTY HEOOXIJIHO MiATPUMYBAaTH B MeXax: JIO0 IUIOJIOHONIEHHS - 75-
80%, B mepiog miogoHomeHHS - 80-85% . Y mpoxonomHWi mepiog OCiHHBO-
3UMOBOTO 000POTY BOJIOTICTh IPYHTY MOKHA 3HIDKYBaTH 10 65% HB.

[Tpn Hectaui BOmM B IPYHTI MOPYUIYETHCS HOPMAJIBHUH PICT 1 PO3BHTOK
POCHMH, IIPH HAJTUIIKY BOJIOTH B IPYHTI POCIMHM CTPa)KAAIOTh (1 HABITH THHYTH)
Yyepe3 KUCHEBE I'OJIOAYBaHHS KOPEHEBOI CHCTEMH; PO3BUBAETHCA KOPEHEBA THUIIb.
ToMy BOJOTICTH IPYHTY IIOBHHHA Y3TOJDKYBaTHCS 3 YMOBaMH TeMIEpaTypH,
OCBITIICHOCTI 1 MOTPEOOO POCIIMH HAa IEBHOMY €Talli pO3BHUTKY.

SKimo paHilie npuiaaay Ui BAMIPIOBAHHS BOJIOTOCTI 3aCTOCOBYBAIIH TiITBKU
3 mpo(eCiiiHOI0 METOI0, HAMPUKIIAJ, B HAyKOBUX J1A00PATOPISIX, TO ChOTOAHI Oy/Ib-
sIKa JIFOJIMHA, KA MIKITYEThCs PO MIKPOKIIIMAT, MOXXE BUKOPHCTOBYBATH TirpoOMET.
Texniunuil mporpec Wae IIe Aami, MPUCTPIH BIOCKOHATIOBAIOCS, 3'SBUIIKCS
MOJIeNTi, 32 JOMIOMOIOK0 SIKMX MOXKHA BH3HAYaTH BMICT BOJIOTH B TBEPIHX Tilax

[29,30]. Binbi retanpHa Knacudikaiis npeacrapieHa B Tabmui 2.3:

Tabmuns 2.3

BumipioBanbHi npuiagu BoJIOrocTi moBiTps

Ha3Ba Oonuc lMpn3HayYeHHS
BukopuCcTOBY€ThCS LTS TIEPEBIPKH
TaKHX MaTepialiiB K OCTOH, IIEMEHT,
JIEpEeBUHA, KapTOH, MAIIp 1 T.IH.
OnuH nputag Moxe OyTH KonTpos sikocTi
pO3paxoBaHMii Ha POOOTY TUNBKK 3  Oy/liBEIBHUX MarepiaiiB Ha
OJTHMM BHJIOM Marepiaiy, BHUPOOHUIITBI, IPU

BuMiptoBad  Hampukian, TUIbKH J€peBHHA, 200  3aKyIiBii, 30epiraHHi,
BOJIOTOCTi TBEPIOro IMOEIHYBATH B c001 BiJjpa3y KiJibka IepeBipLi AKICHUX

cepeoBULLA MOXIUBOCTEH. XapaKTePUCTHK OETOHHUX
3amMip MOKe MPOBOAUTHUCS NUIAXOM KOHCTPYKIIiH, TOTOBOT
BBEJ/ICHHSI CIIEI[IAIbHUX TOCTPUX MPOAYKIIIi 3 IePEBHHH,

30H/IIB B CTPYKTYpy 00'ekTa abo narnepy TOIIO.

0E3KOHTAKTHUM criocoboM 6e3

NOPYIIEHHS 30BHIIIHBOTO BUTIISTY

BUPOOY.

TepMorirpoMeTpMae ceHcop, KK BumMiproBaHHs mapaMeTpiB

3HIMAa€ MOKAa3HUKH Ta TEMIEPATYPH, MIKPOKIIMATY B )KHTJIOBHX,

1 BonoricTh moBitps. [Ipamtoe, sk i BUPOOHHYMX

MoTepe/IHil, OECKOHTAKTHIUM NPUMIIIEHHSIX, odicax,

cnocobom. MICISIX YTPUMaHHS TBapHuH,
TEIUIHIIAX, HA CKIAJax i

Matches Quotes References F Ignoredtext A Replacement Comments

Sources on this page: 2


https://unicheck.com

File name: YHN4eHKO_NOSAACH — KONUA File ID: 1014780409

Ha3Ba Oonuc _ Mpu3HavyeHHSA
T.IH.

[TepeBipka ymoB
30epiraHHst KHUT 1
MPEJMETiB MHUCTEITBA B
My3esx, Oi0mioTekax,
KOHTPOJIb TIpOIeCy
CYIIiHHA IPORYKLii HA
BUPOOHULTBI.

Moske 3acTOCOBYBaTucs B
pi3HUX cepax MisITBHOCTI:
MIpH TIEPEBIPIIi YMOB
30epiraHHs ManepoBoi
MPOIYKIIii, MPOAOBOIBINX
TOBapiB, 3€PHA, a TAKOXK Y
nobyTi.
Tepmorirpomerp HT-86 (muB. Puc. 2.2) 3abe3neuye mBUAKI 1 TOYHI

OcHamieHnit 30HI0M 200 TaTINKOM,
BuMiptoBay 1o pearye Ha CKyMYEHHS
BOJIOTOCTi MOBIiTPsI HAMPIOHIIINX BOISHUX YaCTHHOK B
MoBiTpi.

[Tpu3HaveHuit U1 BUMipIOBaHHS
YHiBEpCasIbHUI BOIOTOCTI TOBITPSI, TBEPAUX
rirpomeTp CEpPEeIOBHUILI, a TAKOXK TEMIIEpPATypH 1
TOYKH POCH.

BHMIpIOBaHHS NTapaMeTPiB HABKOJIHMITHHOTO CEPEOBHUIIIA, BKIIOYAIOUN BOJIOTICTH 1
TEeMIIeparypy TOBITps, TeMIEpaTypy TOYKH POCH 1 TeMIeparypy BOJOTOIO

TEPMOMETPa, Ma€ HACTYTIHI XapakTepucTuku (tadm. 2.4) i ocodmmsocri [31].

Puc. 2.2. Tepmorirpomerp HT-86
Oco6nuBocTi Tepmorirpomerpu HT-86:
* MikponpolecopHuii mpuia;
* Brucoxka mBuIKois, BUCOKA TOYHICTD;
» OHOYACHO BUBOAMTHCS HA €KpaH JIBa [lapaMeTpa - BOJIOTICTh 1 TeMIeparypa;
o ODyHKUIT yTpUMaHHA JaHUX, YTPUMAaHHS MaKCHMAIBHOTO 1 MIiHIMAJIBHOTO
3HaYeHHs;

¢ ABTOMaTHYHE BUMHKAHH, Hi}ICBi‘{yBaHHH.

Tabmums 2.4
TexHiuHi XapaKTepUCTHKH
ApK.
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BumMiproBaHHS BOJIOTOCTI

BumMiproBaHHs TeMneparypu

Temmneparypa TOUKH pocH

Temmneparypa
TepMomeTpa

Bigryx

JKusnenns

YMoBU ekcIuTyarartii

YMoBU 30epiraHHs

labaputu

Bara

BOJIOTOTrO

MHiamazon: 0~100% BiTHOCHOI BOJIOTOCTI

Tounicts: +3% RH (npu 25°C, 20% ~80
% RH), £3.5% RH (mipu inmmx ymoBax)

PosnineHa 3gatHicTh: 0.01% RH

Miamazon: -20°C ~ 100°C (-22°F~199°F)

Tounicte: £0.5 °C/0.9 °F (mpu 25°C)
+0.8 °C £1.5 °F (B apyromy niara3oHi)

Pazpemenne: 0.01 °C/0.01 °F

-20°C ~ 100°C (-22 °F ~ 199 °F)

(0~80°C /32-176 °F)

10 ¢yt BUMIpPIOBAHHS BOJIOTOCTI IMOBITPS

9B 06arapeiika NEDA 1604, IEC 6F22

32 °F 1o 104 °F (0 °C no 40°C); <80%
RH

32°F no 104°F(0 °C no 40°C); <80% RH

175 Mmm*58 MM*35MM

1431

Jaruuk Temneparypu i Bojorocti AM2321
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B nanmii naTumk BKIito4aEe B cede AaTUUK BOJIOTOCTI 1 AaTUMK TEMIIEpaTypu
(muB. Puc. 2.3-2.4). Jliana3zoH pobounx Hampyr Bix 2.6 xo 5.5V. Po3mipu natumka

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

Puc. 2.3. Jlarunk Bonorocti AM2321

Puc. 2.4. BigHocHa BosoricTs MakCUMalibHOI Toxnokn AM2321

Yacrora muuu g0 100 K6 / c. lianazon BuMiproBaHoi Temneparypu Bija -40
mo +80. Moske TpamroBaTi B IBOX pexuMax mepenadi maanx [12C i 1-Wire. J{ns
TOoro 110 0 nepeMkHyTH B pexxum [2C notpibHO nomaru xapuyBaHHs 1 Ha mmHI SCL
MiHiMyM Ha 500MC BCTaHOBWTH JIOTiYHY OMuHHUINO. [t mepemukanHs B 1-Wire
pexuM micis nofavi sxusieHHs Ha muHi SCL MiniMyM Ha 500MC BCTaHOBIIIOEMO
noriuHui Hynb. Anpeca narauka 0xB8 (10111000 r / w) [32].

Temmeparypa i Bosoricte KOMOIHOBaHOTO arunka AM2321.

[udposuid gaTIMK TEMIEPaTypH 1 BOJOTOCTi, XapaKTEPUCTHKH SKOTO
HaBeleHI B Tabmuri 2.5, sBise coOoro mudpoBUI BiAKamiOpOBaHWI BHUXiTHUN
curHail. JIaT4uMK CKIIQA€ThCs 3 EMHICHOTO €JIEMEHTa BOJIOTOCTI i IHTErpOBaHOTO
Npwiaay JAjs BHUMIPIOBAHHS TEMIIEpPaTypH BHCOKOI TOYHOCTI, 3'€IHAHWH 3
MIKPOIPOIIECOPOM BUCOKOT IPOJAYKTUBHOCTI (Tadm. 2.5).

Tabmurst 2.5

ApK.
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AM2321 BigHOCHA BOJIOTiCTL

MapameTp CtaH MiH Tun Makc Op.sum
PosainbHa 3naTHICTE 0.1 %RH
AcopTumMeHT 0 99.9 %RH
TOYHICTb 25°C +3 %RH
CTtabinbHicTb +0.1 %RH
Bzaemo3aMminHiCcTh IToBHicTIO B3a€MO3aMiHHI
Yac BiAryky 1/e(63%) <5 S
MoBINbHICTb +0.3 %RH
Hpetid TuroBi 3HaUYCHHS <0.5 %RH/pik

3B'I3KM 3 BUKOPUCTAHHSAM IIHMHU, € JBAa PEXHUMH 3B'S3KYy CTaHAAPTHHMA
inTepdeiic omniel muan 12C. Ynprpa-manuii po3mip, HU3bKE €HEProCIoKUBaHHS,
nepeadi curHany Ha Biacrtani qo 20 MeTpiB, 110 pOOMTH BCl BHIU JOJATKIB 1
HaBiTh HaWBHOAarMBimI qo#aTKUM KpampM BuOopoM. KopucryBau Moke
Oe3mocepeTHO BUKOPHUCTOBYBATH 3B's130K 3 12 C mmHM 6e3 10gaTKoBOi MPOBOIKH,
sKa mpocTta y BukopucrtanHi [33]. J[Ba pexxumy 3B'S3Ky BUKOPHCTOBYIOTHCS SIK
BoJIOTicTh, Temrieparypa 3 CRC KOHTpoJIbHOT CyMOIO TeMIepaTypHOi KOMITeHcanii
Ha BUXOZI.

KopuctyBauam He MOTpiOHO OOYHCIIOBAaTH BTOPUHHHUN IUGPOBUHA BHUXiA, i
HeMae HeOOXiHOCTI B TeMIepaTypHOI KoMmeHcamii Bonorocti. J[[Ba pexumy
3B'SI3Ky MOXYTh BUIBHO II€PEMUKATHCS, KOPHCTYyBad MOXKE€ BUIBHO BHOMpATH,

MPOCTHH Y BUKOPUCTAHHI 200 MIMPOKUHN CIIEKTpP 3aCTOCYBaHHSI.

Tabmuws 2.6
Ta0auus NpoIyKTUBHOCTI
MapameTp CtaH MiH Tun Makc On.sum
PosainbHa 30aTHICTE 0,1
TO4YHICTb 16 bit
CtabinbHicTb +0,5
B3aeEM0O3aMiHHICTb -40 80
Yac Biaryky +0.2
MoBiNbHICTb
Opend =0,1 S

EnexTpryHi XapaKTepUCTHKH: BUCOKE CIIOKUBAHHS €HEPrii, HU3bKUH PiBEHb,
BXi/IHO1 Ta BHXiJHOI HampyTH, B 3aJIeKHOCTI B JpKepena *KUBJeHHS. Y TaOmuii
2.7 MOKIIaJIHO ONMMCYIOTHCS ENeKTPUUHI XapakrepucTuku AM2321, a Ha pUCYHKY

2.5 - MakcuMaJIbHA TIOXMOKA JaTYHKa TEMIIEPaTypH.

ApK.
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Tabmnus 2.7
AM2321 DC XapakTepuCTHKH
MNapameTp CcTaH MiH T™™n MaKC 610K
Hanpyra
KUBJIEHHS 2.6 5 5.5 v
CInstauil pexum, 10
lino);’;';'ciab”a Mipa, 8 500 LA
Y B cpennbomy 200
BuxioHa
Hanpyra
HU3BKOFO CC 0 250 MV
piBHS
Bucoka
BMXigHa R p<25 kQ 90% 100% VDD
Hanpyra
BxioHa
Hanpyra o
HU3LKOIO 3HMXKEHHSA 0 30% VDD
piBHSA
Bucoka
BXigHa Nignom 70% 100% VDD
Hanpyra
VDD =5V VIN =
Rpub VSS 30 45 60 kQ
BuxioHunn Open 10 8 MA
CTpyM Tri-State (Off) 20 WA
Mepion
BUBiIpKMK 2.0 S

Puc. 2.5. MakcumainbsHa moxu0Ka JaTuuka TeMIeparypu

Bxin nocnigoBHoro TaktoBoro curnainy (SCL).
ApK.
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SCL BukopucToByeThcs [uis iepenadi iHpopmarii mpo JiHii 3B's13ky BUOOpY i
cunxponizauii 12S (Ta6:m.2.8). Koy xuBneHHs yTpUMY€EThCS HA HU3BKOMY PiBHi, B
toif yac sik SCL 3anuiaerbcs HU3bKUM HaBiTh S00 Mc, 11e 03HaUa€, 1110 KOPUCTYBay
BUOMpa€e OAMH PEXHM Tepeladl TaHuX 1Mo muHi (puc. 2.6), B iHIIOMY BHIAAKY -
IC-3B'A30K.

[Ticnst BUOOPY pexUMy KUBJIEHHS, PEKUM 3B'SI3KY 3 JaTUMKOM 3aJIUIIAETHCS
HE3MiHHUM; SIKIIIO BH XOYeTe 3MiHUTH 3B'S30K, YBIMKHITE )KUBIICHHS, HATUCHITH Ha
omepaiito BHOOpY, MO0 BCTAaHOBUTH 3B's30K, mpu BuOOpi [C-3B'I3Ky Mixk

MikponpouecopoM i AM2321, SCL niist CHHXpOHHOI 3B'S3KY.

Tabmung 2.8
IIpu3HavyeHHsI KOHTAKTIB
Pin Name Description
1 VDD Jxepeno ctpymy (2,6 -5.5V)
2 SDA [MocninoBHi naHi, IBOHAIIPABICHUHA TOPT
v3 GND 3emns
[MocnimoBHMIA BXi cHHXpOHI3aIil mopTy (oauH O6ac
4 SCL
Ha 3eMJIIO)

Puc. 2.6. AM2321 muna 12C. TunoBa cxema 3aCTOCYBaHHS Ta TUMYacoBa

diarpama

ApK.
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SIkmo ToTpiOHO OTpUMAaTu  pes3yibTaTH, BHUKOPHCTOBYIOYM —JATUHK,

HEOoOXiTHO JOTPUMYBATHCSl XapaKTEPUCTHK 3a3Ha4eHUX B Tabmine2.9 s maHoro

JaTyuKa.
Tabmurs 2.9
XapakrepucTuku intepgeiicy narunka C
Standard C
Symbol Parameters mode Unit
min Max
SCL clock frequency 100 kHz
T w (SCLL) SCL Clock low time 4.7
T w (SCLH) SCL Clock high time 4.0 Hs
T su(SDA) SDA Settling time 250
T h (SDA) SDA Data hold time [1
Tr (SDA) o
Tr(SCL) SDA and SCL Rise time 1000
T £ (SDA) ns
T £(SCL) SDA and SCL Fall Time 300
Th(STA) Start condition hold time 4.0
Tsu(STA) Repeated Start condition 47 us
setup time )
Tsu(STO) Stop condition setup time 4.0 us
Stop to Start condition
time (bus idle) 47 Hs
Ch Capamtlveblﬁz:d for each 400 PF

OO6nacTh JaHUX BKIIOYaE B cebe HeoOXiHI JaTYMKOM BiIOMOCTI PO Te, SKY
iH(opmairito abo sKi Ail HEOOX1HO BUKOHATH.

L5 indopMartist Moxke SBISATH COOOIO AaHi (Taki sSK: TeMIIepaTypa, BOJIOTICTb,
iH(OpMaIlisl PO CEHCOPHOMY IIPHUCTPOI, JaHi Uil 3amKcy KopuctyBadem i T. 1),
Afnpeca mocuIaHHS.

Hanpuknan, xon ¢ysknii 03 moBigoMise XocTy depe3 3Ha4EHHs pericrpa,
10 TIOBEPTAIOTHCS JATYMKOM JlaHi (BKIIIOUAIOUM MOYATKOBY aJPECy PETICTpy, IO
MiJISTa€ YUTAaHHS, 1 PETiCTp IOBXUHM 3YMTYBAaHHS) MICTATH JOBXHHY IaHHX 1

BMICT PEECTPOBOTO pEricTpa AaHux.

ApK.

ITC.4KI1.0323.03-I13 51

3MH. ApkK. Ne foKyM. Migpnuc [JaTta HA3BA JOKYMEHTY
HA3BA OJOKYMEHTY

Matches Quotes References F Ignoredtext A Replacement Comments

Sources on this page: 20


https://unicheck.com

File name: YHN4eHKO_NOSAACH — KONUA File ID: 1014780409

JlaturMk BUKOPHCTOBY€E BIIACHHH KOMYHiKamiiHui npotokon muau 1C-Mod,
SIKHI BUKOPUCTOBYETHLCS TOJIOBHOIO KOMaH/IO0 3B's13KY (kKox (hyHKii 03), sika Moxe
3YMTYBATH WOTO PETICTP JAaHUX, TAOIMIIO pericTpa Aanux (tadiu. 2.10).

Y perictpi naHuWX [ngaryuka 30epiraloTbCs 3HAYEHHS TeMIEpaTypH i
BOJIOTOCTI, a TAaKOX BIANOBiAHA iH()OpPMAIIS IPO CEHCOPHOMY MPHUCTPOi Ta 1HIINX
BIJIOBIIHUX CUTHAJIAX.

Koxen perictp manux siBise coboto onuH Oaiit (8 0iT) ABIMKOBUX AaHUX.
Konwu nani 3uutytorsest 1o 10 pericTpiB aatuuka (OLIbIIe JOBKUHN 3UUTYBaHHS)

JaT4YuK IIOBEpTaAE€ BiI[HOBiZ[HI/Iﬁ KO ITIOMMIJIKH.

Tabnuns 2.10
PericTp nannx

Register Register Register Register

. . Addres . . Addres . . Addres . . Addres
informatio . informatio s informatio s informati o
n n n on
Users
High register a
humidity = 0x00 Model High 0x08 high 0x10 Retention 0x18
Users
Low register a
humidity 0x01 Model Low 0x09 low 0x11 Retention 0x19
Users
High The version register 2
temperature 0x02  number  0x0A 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 0xOC Retention 0x14 Retention 0x1C
Device ID
Retention  0x05 (24-31) Bit  0x0D Retention 0x15 Retention 0x1D
Device ID
Retention 0x06 (24-31) Bit 0xOE Retention 0x16 Retention OxIE
Status

Retention 0x07 Register ~ 0xOF Retention 0x17 Retention OxI1F
®dopmar BUBEIEHHS TEMIIEPATypH

Temmeparypae no3Bin € 16-0itoBum (tadmn. 2.11), crapmmit 6it (Birl5)

JopiBHIOE 1 1 BKa3ye Ha HEraTHUBHY TeMIlepatypy, skimo crapmuii 6it (biTlS)
ApK.
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nopiHioe 0, BKa3ye Ha NO3UTHBHY TeMIlepaTypy; TeMIlepaTypa Ha JOAATOK 10

HaiiOutem 3Haunmoro Oity (Bitl4 ~ bit0) Bkazye Ha 3Ha4eHHs psjKa AaT4HKa

TemnepaTypw.
Tabmumst 2.11
PericTp cTany
Status
register Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0
bits

Retentio Retenti Retenti Retentio Retenti Retenti Retenti
Features n on on n on on on Retention
Perictp crany, bit7-biT0 6iT, THMYacoBO 3aXHIlIEHi.

2.4. BUCHOBKH 0 po3ainy

[TpoananizyBaBim cnocoOu BUMipIOBaHHS TEMIIEPATYPU BUIHO, IO PiTUHHI
CKJISIHI TEPMOMETPH € HaJiWHIUMH 3 BHCOKOIO TOYHICTIO BuMipamu. OIHaK uyepes
BEJIMKHW Jlialla30H BHUMIPIOBaHHS TEMIEpaTtypw, Uil PO3poOIIOBaILHOTO
MIPUCTPOIO OLIBII AOIUILHO BUKOpHCTOBYBaTH natdyuk DS18B20, B sikomy 3a
JIOIIOMOT'0X0 JONATKOBHX OOYMCIIEHH MOXHA IOCAITH TaKOl K TOYHOCTI, K 1 B
PIIMHHUX CKISIHUX TEPMOMETPAX.

Tak camo inTerpamis maruuka DS18S20 B mpucTpiii € Jeriiorw, Hix
IHTeTpalis pIAMHHUX CKIITHUX TEPMOMETIB.

[IpoananizyBaBIIM iCHYFOYI JaTYHKH BOJOTOCTI BUIHO, IO TEPMOTIrPOMETP
€ HaJiifHUM 3 BHUCOKOIO TOYHICTIO, ane naTdyuk AM2321 nerme iHTerpyBaru B

NPUCTPIN.
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PO3ILJI 11T
PO3POBKA ITPUHIIMIIOBOI CXEMH IPUCTPOIO

3.1. CimeiictBo AVR

®ipma Atmel 3irpana B eleKTPOHHIN MPOMHCIOBOCTI POJIb, B IEIKOMY PO/
NOPIBHSAHHY 3 poiutto Apple y BupoOHunTBi [1K: BoHa He mepeOyBae Ha mepHInUX
poIsX, aye 3aBKIM BiIpi3HsIacsd NepeloBUMM 1HHOBaliAMH. 3apa3 Ha PUHKY 8-
po3psaanx MK BoHa mMae 6mu3bpko 6%. @ipMy 3acHyBaB criodaTtky 1980-x I>kopmk
[epneroc, BimoMuii TUM, 10 KepyBaB B Intel HanpsiMKoM He3asexHii mam'sTi: npu
Horo 6e3mocepeHill yyacTi Oyau po3poOiIeHi TIEpIIi TUMTH eICKTPUYHO CTHPAHUX
kpucranie EEPROM. ¥V 80-1i poku Atmel cipoOyBana 3aifHATH MPOBiAHE Miciie
Ha I[bOMY IIBHIKO 3POCTAIOUOMY PHHKY, 1 3aJIMIIAETBCSA JO CHX Iip OJHUM 3
npoBigaux BUpoOHUKIB flash- i EEPROM-uiniB [yl yCTaHOBKH B CXEMH Pi3HHX
npucTpoiB (Hampukiaa, Hepigko MoxHa 3yctpitu Flash BIOS Ha wimax Atmel)
[341.

B kinmi 1980-x Atmel B umcii iHIIMX BUSBWIIACS BTATHYTa B TATEHTHI
po30ipKHM 3 EHEepProHEe3aJCKHOI MaM'sATTIO, iHimifoBani Intel, 3 sxkux BuiinUIa
HaBITh 3 JCSKHUM NPUOYTKOM, OMMHUBIIMCH BIACHUKOM JIIEH31] HA BUPOOHHIITBO
x51-cymicanx MK, B sikoro obnacTi i moHuHi € opHiero 3 npoBigaux. Y 1993 pomi
Atmel crana iHiiaTOpOM TEpPEBOPOTY B raiysi, nodaBii BupoOHuTBO MK
AT89C51 3 BOynmoBanoro flash-mam'ssTTro mporpam, Mo BHUSBHIOCS 3HAYHO
3py4Hillle OAHOPA30BUX "Mponantoe” KpuctaiB abo YD-cTupaHux, 1110 BUMArarTh
TpUBaJIol "pyyHU" IpoLenypH OUMILICHHS.

VY 1995 poui nBa HOpBe3bKMX cTyaeHTa 3 M Tponxeiima, Anbdp boreH i
Berapn Bomneii, Bucynymu inero 8-pospsaHoro RISC-smpa, sky 3anmpornoHyBaiu
kepiBHUITBY Atmel. SInpo AVR Ha3BaHO 3a iMmenamu po3poOHuKiB (Alf - Vergard -
RISC). ¥ AVR-sizipi THIOBI 1HCTPYKIIii BUKOHYIOTBCSI 32 OJUH TaKT, IPUYOMY B
3a0e3MeYeHHs] [OTO € EJIEMEHTAPHUII KOHBEEP 3 OIHOYACHUM BHUKOHAHHSM
IHCTPYKIIii 1 BUOIPKOIO HACTYIHOI (TOMY KOMaH/AH PO3TaTy)KeHHSI BUKOHYIOThCS 32

JIBa TaKTy - KOHBCEP BBaXa€, 10 YMOBA PO3rajly’>KCHHA HE BI/IKOHaCTI)CSI).
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ITepBicHe sipo cki1aanocs BCboro 3 32 TUCSY TPAH3UCTOPIB.

Y poGori Hax sapoM B3sla ydacTh 3ragyBaHa ¢ipma IAR System,
po3pobHuk C-koMmissATOpiB. MOXKIMBO, TOMY TOJOBHOIO ocobimBicTio AVR cras
piryduil po3puB 3 XapaKTEPHUMH IS TOTENEPINIHIX apXiTeKTyp 3 IHCTPYKIIsIMH,
10 BUKOHYBAJIUCS 4epe3 CIIeLialbHUIl pericTp-akyMynaTop. binplricTs KoMaH[
MOXe Oe3mocepeIHbO OIepyBaTH 3 PETiCTpaMH 3arajlbHOrO IMPU3HAYCHHS, HE
norpedytoun B 3BepHeHHI 10 O3Y. ToMy cTpykTypa aceMOIepHHX MpOrpam Jyis
AVR cranma mifgo3pinio HaraayBaTH NpOTpaMHd Ha MOBI BHCOKOTO DiBHS, [€
OIepaTopu MPAIOITh HE 3 OCepeIKaMK MaM'sTi 1 perictpamu, a 3 aOCTpaKTHUMHU
3MIHHMMHU 1 KOHCTaHTaMu. Mayio TOro, B psijii MOJIOAIIUX MOJIENIeii HE MOXKHA
HaBITh 0E3MOCEepPEJHLO TPAIFOBATH 31 CTEKOM - JJIS MPOrpamMH BiH MpH Takii
KUIBKOCTI ~ pericTpiB-3MIHHUX  BHUSIBISETbCS ~ NPOCTO  HEMOTPiOHMM, 1
BHKOPHCTOBY€ETHCSI JIMIIIE allapaTHO MPY BUKJIMKY mifgmporpam [35].

3pobutn Kpok a0 mepexony Bix acemOiiepa Ha C mpu Takiil apxiTektypi
3HAYHO IMPOCTIlIe: (PaKTUYHO 3AIUINANIOCS JIHIIC YIMAKyBaTH Te, IO 3HAMEHUTHN
nporpamict JleiikcTpa Ha3BaB "JTOKIIMHOI YMOBHUX 1 0€3yMOBHUX MepexomniB", B
3BUYHI ITUKJIH 3 TIEPEAYMOBOIO / MiCITYMOBOO a00 omepatopu BuOopy. Came 3 1ux
NpU4MH  apxitektypa AVR  BBaKae€ThCs HAWOUIBII — MPHCTOCOBAHOIO IO
nporpamyBanHss Ha C. Ilpudomy pi3Hi crocobu anpecarii, 0 MarOTh Take
Ba)XKJTUBE 3HAUEHHS B apXiTEKTypi X51, TYT po3KH/IaHi [0 30BCIM PI3HUM KOMaH[aM,
1 IporpamicT B3arajli MO>Ke€ He BUBYATH BiATIOBIIHUI PO3/LT IHCTPYKIL.

KinpkicTs KoManza B apxitektypi AVR nocuts Benuke, 120-130 mryk, ane
nportupiuds 3 RISC-xoHuenuiero Tyt Hemae - 30-40% koMaH[ € JIHIIe ICEBIOHIMH,
BBEZICH1 /711 3py4YHOCTI porpamicra. [IpudomMy iHCTpYKIii [IJIEHHS 1 MHOXEHHSI, B
noBHil BinnosigHOocTi 3 RISC-koHuemnmiero, kaHoHiunnii AVR He mnependadae:
JUIIe Mi3Hime Juig Okl "MpocyHyTHX" Mojenell 3'IBHiIacs MOMJIUBICTD
arapaTHOTO MHOYKEHHSI.

IHmmM  BemukuM TumocoM AVR  cTaB Bhepiie BBEICHHE TOCIiTOBHUHN
inTepdeiic 3aHecCeHHs MporpaMu B HaM'sTh KpHcTana, 3aBasaku YoMy MK crano

MO)XKHa TPOTpaMyBaTH MpPSIMO B TOTOBii cxemi, 0e3 Oyap-SKHX CHEIialbHIX
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MporpaMaropis: AOCUTb nporpamHoro pimienHs Ha [1K, mo 3'eqnyerscs uepes LPT
31 CXeMOIO M'AThMa MPOBOIAMH.

Yepes momidHOro mepeBaru apxirektypa AVR mBUAKO cTasa MOMyssIpHORO.
ITi3Hime takuM iHTepdeiicom Oynu 3MyIIeHi 003aBecTHCS 1 iHII BeIUKi ciMecTBa
MK.

Jo HenonikiB AVR MO)KHa 4acTKOBO BiJTHECTH Te, 1110 €IEKTPHYHO BUCHOBKH
nopTiB 3a piBHAMEU curHaiiB € KMOII-cymicHUMH: 1€ MiABHILYE CTIHKICTH (mopir
PO3pi3HEHHS HU3bKOTO-BHCOKOTO PIBHSI JISKHUThH B PaliOHI CEPEIMHH XapuyBaHH:, a
He OnKxue 10 HyJsl, K y X51), ane BUKIIMKAe psil Ipo0ieM CyMICHOCTI 3 pi3HUMH
crangapTHUMU iHTep(eiicamu. He myke jnoriuyHo i moOymoBa JESKMX KOMaHI B
oOnacTi onepaiii 3 6itamu. Aje B mijiomy apxirektypa AVR, 6e3cymHiBHO, OinbI
MPOTrpecHBHA 1 SKOM B I[iil Tajy3i MOIM 3MIHIOBAJIKCS TaK CaMO IIBUJKO, K IIe
BinOyBaeThes B o0nacri I1K, To AVR mana 0 yci aHcH Ha IepLIicTb.

3.2. Apxitektypa ATmegal6

B poboti BukopuctoByeTbcsi ATmegal6 - BHCOKONPOXYKTHBHUH 8-
po3psimHuii AVR-MIKpOKOHTpONEp 3 HU3BKHM €HEprocnoxusaHHAM (puc. 3.1).
MikpokoHTponep BurotoBieHuid o KMOII-texHoorii, sika B moeauanHi 3 RICS
apXiTEKTYypOI IO3BOJISIE JIOCATTH HAWKPALIOrO CIIBBiHOIICHHS MOKA3HHKIB
LIBHJIKO/III0 / eHEPrOCHOKUBAHHSL.

OcHogHi nepeBaru Atmegal 6:

* MIKpPOKOHTpOJep 3AarHuii 00poOsitu 131 mOTy)XHY 1HCTPYKIIitO,
OLIBIIICTD 3 SKUX BUKOHYIOTHCS 3@ OJMH MAIIMHHU [IHKIT;

* 32 8-po3psIHHX pericTpa 3aralbHOTrO MPU3HAYCHHS 1 PETiCTPU YIpaBIIiHHS
BOyIOBaHOIO Iepudepiero;

* TIOBHICTIO CTaTHYHA po0oTa;

* MPOAYKTHBHICTh MO 16 MINBHOHIB omepaliii B CEKyHAy NpU TaKTOBIH
yacToTi 16 MI'L;

* BOy/10BaHE MHOXXHUTH NPUCTPili BUKOHY€E MHOKEHHS 32 2 MalllMHHUX [TUKITY;

* 16 KO6alT BHYTpiCHCTEMHOTO ITPOrpaMoBaHoi (hiem-mam'sri;

* nam'sith ganux (O3Y) - 1 KoaiiT;
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* 32 nporpamoBaHi JIiHil BBeJieHHs / BUBOAY (pHcC. 3.2).

Puc. 3.1. brok-cxema ATmegal6
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Puc. 3.2. PozranryBanns BuxozniB ATmegal6

3.3. IIpuHOMO podOTH eJIEeKTPOHHOIO MPUCTPOIO

Bimnik uwacy mnpoBOIUTHCS BCEpeArHI MIKPOKOHTpOJIEpa 3a JOTOMOTOI0
aCMHXPOHHOTO TaiiMepa - T2. [Iporpamuo chopmoBanuii OYIUIEHUK TOAE CUTHA
KOXKHI ABI roguHu. BigoOpaxkeHHs wacy 1 mojaya iHINMX Bi3yaJlbHUX CHUTHAJIIB
MIPOBOANTHCST 332 IOMOMOTOI0 CBITIONIOAHOT Marpumi 3i0paHOoi 3 TphoX OIOKIB
TC15-11. Kepyrounii curnan GopMyeTbcsi B MIKPOKOHTPOJIEPI 1 MOJIAETHCS Ha OJIOK
CBITJIONIOMHUX MAaTpHIb Yepe3 CHTHAJIBHUHA Huleid 1 ABIMKOBO-IECATKOBHH
nemudparop Ha mikpocxemi 74HCS95.

Y 3BuvaifHOMy pexHMi Ha €KpaHi BigoOpaxaeTbcs dYac B Qopmari
TOJVHHHUK-XBWJIMHM. 3 1HTEpBaJOM B OAHY XBIIMHY BiIOYBa€ThCS 3aIlyCK PAAKA,
mo ObKUTh. bBiXydnM psakoM BigoOpakaeTbCsi JIeHb TIDKHS, Jara, pikK,
TeMmIeparypa, i BOJIOTICTh B opamxkepei. Ta, 110 ODLKUTH PSIOK HACTPOIOETHCS,
TOOTO MOXKHA BKJIIOYUTH / BUMKHYTHU BiioOpakeHHs Oy/b-sKOro 3 eeMeHTiB. I1pu
BUKJIIOYCHHI BIZOOpak€HHS BCIX €JNEMEHTIB psAOKa, MI0 ODKUTH, BOHA HE
3aITyCKaEThCS 30BCIM, 1 TOAMHHUK TIOCTIHHO BiOOPaXKalOTh JIUILIE Yac.

XapuyBaHHsI OyJHJIBHUKA MOXJIUBO PI3HUMH CIIOCOOAMH: ONOK >KUBIICHHS
Ha 5B, Oarapei abo akymynsatopu, abo ioHicTpa. Takoxk € MOXIJIHMBICTh yCTaHOBKU
PEe3epBHOTO JKepena >KUBJICHHS, Ul MiATPUMKH Mpare3faTHOCTI CUCTEMH IIpH
MPOTMAXi JKUBJICHHSI BiJl OCHOBHOTO JDKepera.

JIJIs1 KOHTPOJTIO TEMITEPATYPH 1 BOJIOTOCTI B IPUMIILIEHHI BUKOPHUCTOBYIOTHCS
nmarurkn AM2321. Moxe npaifoBati B JBOX pexxumax nepenadi qanux 12C i 1-

Wire. V Hamomy BUNaJIKy BHKOPHUCTOBYETHCS pexuM l-wire. B manomy pexumi
ApK.

I$E:H4§§ﬁ- EE%H% 38

3MH. ApK. Ne fOKYyM. Nipnuc faTta
HA3BA OOKYMEHTY

Matches Quotes References 3 Ignoredtext A Replacement Comments


https://unicheck.com

File name: YHN4eHKO_NOSAACH — KONUA File ID: 1014780409

nepesada JaHUX 3[IHCHIOETHCS TI0 4Yep3i - CHOYaTKy MIKPOKOHTPOJIEp HaJllCHIIAE
3alUT JaT4UKy, a TOTIM JaT4vK BiJIpaBisie BiANOBiAb. Y pa3zi BUKOPHCTaHHS
JICKTBKOX JIaTYMKIB, TIepe/iada JaHUX Ha MIKPOKOHTPOJIEP BUKOHYETHCS MO Yep3i.

3aBagaKu HasBHOCTI YHIKaJILHOTO 64-0iTHOTO [MOCJIIJOBHOTO
iZeHTH(IKAIHHOTO KOAY, pO3TallOBaHOrO Yy BHYTpimHIAE ROM-mam'sari i
NpU3HA4YeHO1 Ui 0araTOTOYKOBHUX CHCTEM, € MOXIIHMBICTH BH3HAYUTH 3 SKOTO
KOHKPETHO JaTYMKa MPUXOIUTh iHPOpMais. 3HAIOUN PO3TALIYBAHHS JATYHKA, MU
MO)XEMO OLIbIl TOYHO KOHTPOJIOBATH TEMIleparypy B PpI3HUX YacTHHAX
T IKOHTPOJIBHOTO 00'€KTa, IO € BaKITMBOKO CKIIAJO0BOIO TPU POOOTI 3 METKUMHU
pocanHamn.

Buxomsiun 3 maHoi iHdopmarii, moOymoBaHa CTPYKTypHO-(QYHKITIOHATBHA

cxeMma npuctporo (nuB. Puc. 3.3).

Puc. 3.3. CunTe3 cTpyKTYpHO-(DYHKIIIOHAIBHOI CXEMH MPUCTPOIO
[Ipu3Ha4eHHS KHONOK OyJHIbHUKA:
1. Knomka 1 - ymoBna HasBa "OK".

2. Knormka 2 - ymoBna Ha3zBa "KPOK".
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VYrpaBiiHHST OyAMJIBHUKOM 3JIIHCHIOETHCSI JBOMa KHOITKAMH. Ix kigbkicTs
MOkHa OyJsio JIoBecTH 110 8UIT, HE JONAIOYM XKOJHOTO KOMIIOHEHTa, KpiM CcaMHX
KHOIIOK, ajie JJIsi 3pydHOCTi "ckopucranucs" BChOro aBoma. KHOIKH yMOBHO
nazani "OK" i "KPOK". Knomnkoro "KPOK" six mpaBmiio BigOyBaeThcs nepexij 10
HAaCTYIHOTO MTyHKTY MEHI0, a KHomkoio "OK" 3MiHa mapaMeTpiB MOTOYHOTO MEHIO.
Curnan crpamtoBaB OyIMJIbHHKAa TakokK BHMHUKaeThes kHomkamu "OK" aGo
"KPOK". Haruckanus Oynib-sIK01 KHOTIKH ITiJ] 9ac CHUTHaITy OyIMIIbHUKA BiAKIIIOUAE
noro.

"Cepuem" OynmnpHHKa oOpana AtMegal6A, uepe3 1 mocTymHOCTI 1
ngemeBn3HE. Cxema Oyna cropolieHa, TOMY Bce L0 MO)KHA, OyJo MOKJIageHo Ha
KOHTpoJiep. B pe3ynmerari Brasiocss OOIMTHCA BCHOTO JBOMa MiKpPOCXEMaMH,
KOHTPOJIEPOM 1 perictpoM 3 motyxHuMH Buxomamu TPIC6B595. ¥V pasi He
nocrynHocti TPIC6BS59S, iioro moxna 3aminutd Ha 74HCS595 + ULN2803.
Binmik gacy mpoBoauThCS 3a JOMTOMOTOI0 aCHHXPOHHOTO TaiiMepa - T2. Xin ronuH
TpUBa€ 1 IpH MNPONaxi >KUBIEHHA. B mell uyac BenMka 4YacTHHA CXEMH
3HECTPYMJICHA, 1 TIIBKM KOHTPOJIEP OTPUMYE XapuyBaHHS Bin Oarapeiiku,
akyMmynaropa, abo Bij ioHictopu. CTpyM CHOXHBaHHs OyIWIbHUKA B YEPTOBOMY
pexxumi craHoBuTh 15 Mka. [Ipum xapuayBaHHi Bij ioHicTopH Ha 1D, OyauIBHHK
MPOTpaIfoBaB YOTHPHU 100u. [[pOro MijIKOM JOCTAaTHRO Ui MIATPUMKHU XOJIY ITiJT
yac repeboiB xapuyBaHHs. SIkmo 3actocyBarum Oarapeiiky (CR2032, 3apsay
MOBHHHO BHCTauuTH Ha 1,5 poky. HasBHICTh Hampyru KOHTpOJEp mpuiimMae uepes
BucHOBOK PB.3. Hampyra >xuBneHHs uepe3 ninbHuK R2-R3 momaerscs Ha
BUCHOBOK PB.3, i B HOpmanbHOMY cTaHi aopiBHIO€ mpuOmm3Ho 1,5 B. fAxmo
30BHIIIHS HaIpyra Bhajae Hwxk4de 4,1 Bombra, To Hampyra Ha BuBoai PB.3 crane
Menme 1,23 BoxibTa, MpHU BOMY 3T€HEpy€e INMEepeprBaHHS Bl KOMIaparopa, i B
00poOHUKY 11i€i MepeprBaHHs BUMUKAIOTHCS Bl "3aiiBi" By3/M KOHTpoOJepa, 1 cam
KOHTpOJIEp W€ B PEeXHUM OUiKyBaHHSA. B IIbOMYy peXHMi IPOIOBXKYE IMPAIIOBATH
TiJBKH Bijtiuye yac taiimep T2. [Ipy nosiBi 30BHILIHBOTO JKMBJICHHS, HAIIPyra Ha
PB.3 3H0BY mimHiMeThCs BUIe 1,23 B, koHTpONep "mobauuBmm" 11e, epeBee Bei

BY31M B poOoumii craH. SIKiio 3amicTe 1OHICTOpH, Oyle BHUKOPHCTOBYBATHCS
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Oarapeiika CR2032, To ii morpiOHO MigKIIOYUTH Yepe3 Hiox (TepeBa)KHO Aiox
[otki). AHOA fioza migKIIFOYaeThest 0 + OaTapeiiku, a karon 1o karona VDI1.

9 OymwibHUKIB po3mineHi Ha 3 omHOpa3zoBux 1 6 OararopazoBux. Ilpu
BKJIIOYEHHI OyIMIIBHUKIB 1-3, BOHM CHIPallbOBYIOTh TUIBKH OAUH pa3. [y Toro mob
BOHH CIPAIFOBAII [IE Pa3, iX MOTPIOHO OBTOPHO BKIIFOYATH BPYYHY.

A OymuneHukn 4-9 OaraTopa3zoBi, TOOTO BOHHM OyAyThb CIIPAalbOBYBAaTH
LIOJHS, y BCTaHOBJICHHH yac. KpiM Toro 1i OyIWIIbHHKHA MOXKHA HAJIAIITYBaTH HA
poOOTY TLNBKM B TMEBHI IHI TwxkHS. Lle 3pyduHO, Hampukia, SKII0 He Xo4eTe, 100
OyIMIBHHMK TIEpEeBIpHB TeMIeparypy 1 BOJIOTICTh TUIBKM y BHXiAHI. AboO,
Hanpukiaz, BaMm noTpiOHO NepeBipsATH TeMIlepaTypy 1 BOJIOTICTh B Oy/iHI qHI B 7-
00, a B uwerBep o 8-00, OymwibHUK He mOTpiOeH. Toxi HaJAITOBYEMO OAMH
OararopazoBuii Ha 7-00 B moOHemiIoOK-cepeny i M'ATHHINO, a apyruil Ha 8-00 B
yerBep. KpiM TOro Bei OyAMIIBHUKN MalOTh HACTPOMKY TPUBAJIOCTI CHUTHAIY, 1 SIKIIO
MaJIO CUTHAITy TTPOTSTOM | XBHJIMHH, TO MOKHA 30UTBIINTH Horo Ha 4yac Big 1 mo 15
XB.

Kopexkmis xomxy mpoBomuThest onuH pa3 Ha 100y, B 00-00. Skmo roquHEUK
MOCIIIIIAI0Th, HAPUKIIAA, Ha 5 cek Ha 100y, To B 00-00-00 uac BcTaHOBUTHCS B 23-
59-55, sKiio k roguHHUK BijgcTae Ha 5 cek, To B 00-00-00 uac BcraHoBuThes B 00-
00- 05. Kpoxk xopekuii - 0,1 cek. Makcumanbaa kopekiisi - 59,9 cex / no0y. 3
CIIPaBHHUM KBapIIOM OiTbIlIe HAaBPs 9 3HATO0OUTHCS. KOpekiis 3MiiCHIOETHCS 1 B
4eproBOMY peXHMIi TIPH KUBICHHI Bij Oarapei.

3.4. Po3po0ka i BUTOTOBJIEHHS APYKOBAHOI MJIAaTH

s po3pobku apykoBaHoi miatu Oymo BuOpano momarok DipTrace Bepcii
2.3.1.0. DipTrace - 1ie cucrteMa aBTOMAaTW30BAHOTO IPOEKTYBAaHHS JPYKOBaHHX
wiat (PCB). ¥V makeT BKIIOYEHO YOTHPH MPOTPAMHU:

* Schematic - po3po0ka MPUHIIUIIOBUX CXEM;

* DipTrace - cTBOpeHHs IUIat, py4Ha i aBTOMaTHYHA TPACYBaHHS;

» ComEdit - penakrop xopmycis;

* SchemEdit - pegakTop KOMIOHEHTIB.

Iporpama Bomopie HaiOubn 3pyunum cepen CAIIP ans mpoexkTyBaHHs
JIPYKOBaHMX TUIAT MPH3HAYCHUM JUIS KOpPHCTyBada iHTepdeiicom. Bes pobora

ApK.
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CYIIPOBOKY€EThCS MMiJICBIYYBaHHIM PEJaroBaHMUX i 3aJIE)KHUX BijJl HUX €JIEMEHTIB,
IO JIO3BOJISIIOTh HAOYHO OLIHIOBATH CHUTYyaIlito. JIoriuHa CTpyKTypa MPHHIMIOBOL
cxemu abo miatu GopMyeThes Bimpasy Hpu MOOYIOBi 1 3MiHA OAHOTO EJIEMEHTA
BiJIOMBAETHCS Ha €JICMCHTAX, 3AJICXKHUX BiJ HHOTO [37].

VYV pemakTopax KOpITyCiB i KOMIIOHEHTIB 3aCTOCOBaHa TIOMIapOBa CHCTEMa
MaJllOBaHHS, MOXKJIMBE CTBOPEHHS KOMIIOHEHTIB 1 KOPIIyCiB Ha OCHOBI TOTOBHUX
mraOnoHiB. JlOMyCKAa€eTbCsl CTBOPEHHS KOPIYCIB 3 HEPEMIHHUMH TapaMeTpaMu
(KUIBKICTh HIXOK, BI/ICTAHb MK HUMH), SIKi TIOTIM MOXHa OyJie 3MIHIOBATH MPSIMO B
PCB.

CxeMoOTexHika MATPUMY€E CTBOPEHHS 0AraTOJMCTOBUX MPHHIUIIOBUX CXEM
(muB. Puc. 3.4), mepexin 3 oHOTO apKyIlla Ha iHIIWH 31HCHIOETHCS 32 JOTIOMOTOI0
3araJlbHUX [IMH, SKI 3'€MHaHI MDKCTOpiHKOBHX nepexomamu. CTBopeHa
MPUHIMIIOBA CXeMa MEPETBOPUTHCS B JPYKOBAHY IUIATy BHOOPOM BiIMOBiTHOTO
MTyHKTY MEHIO 200 HaTUCKaHHAM KoMOiHamii kinaBim B cxemoTexHiri. [lepexnanena

TuIaTa sBJsie COO0I0 KOPITyCy KOMIIOHEHTIB 3 JIOTTYHUMHU 3B'si3kamu 38,39].

Puc 3.4. Schematic. IlpuHnnmnoBa cxema IpUCTPOIO
Ilpu pyuHOoMy TpacyBaHHI BHKOHYETHCS MiJICBIYyBaHHS BCIX BHCHOBKIB
Mepexi i aBTOMaTWyHe BUJIAJICHHS BXKE PO3BEACHMX 3B'I3KIB, NPH pelaryBaHHi
PO3BEACHUX Tpac MOXIHUBE MepEeMIillleHHsT (pParMeHTIB MPOBIJHHUKIB 3
JoTpuMaHHAM KyTiB 90 1 45 rpaayciB abo BinbHe, 3MiHa IIUPUHU, HEepexIan 3
OHOTO Mmapy B IHIMMHA 1 T.I. ABTOTpacyBaHHS 3HIHCHIOETHCS 32 JOTIOMOIOIO

BOYZIOBaHOTO CITKOBOTO ONTHMIi3allifHOTO TpacyBajbHUKa - SimpleRouter.
ApK.
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3akiHYeHUH BapiaHT TpacyBaHHS IUIATH MPEJCTABICHUH Ha pucyHkax 3.5 i

3.6.

Puc. 3.5. PCBLayout. Bepxus cTopoHa miatu po3po0ITFoBaIEHOTO

npucTpoto

Puc. 3.6. PCBLayout. HuxHs ctopoHa 1iatu po3po0IIoBaibHOTO TPUCTPOIO
BuCHOBOK NPUHIMITOBUX CXEM 1 JPYKOBaHUX IUIAT Ha MIPUHTEP BUKOHYETHCS

B JIOBUJIBHOMY Maciitadi, Ui JApPYKOBaHOI TIJIaTH BKa3ylOThCS 00'€KTH,

MIPUHIUIIOBOI CXEMH - JTUCTH. MOXITHBA ITi/ICTAHOBKA PaMKH 1 mITamIia (IITaMIIiB),

JUISL paMKH MOXe 3aJlaBaTucsi po3MiTka 30H. CTBOPEHHSI IITAMIIIB 31HCHIOETHCS

NpsSMO B MpOTpami 4epe3 CIeIiabHUN peAaKTop, SIKMH NpaIioe 3a MPUHIIUIIOM

€JIEKTPOHHHX TAOJHIIb.
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CrienianbHa ¢yHkuis ekcriopty oOBeneHns B DXF no3Bonsie BupoOnsiTu
u1aTH MeTooM ¢pesepyBanHs (HeoOxinuuii konBeprep DXF B G-kon).

Jo ckmany DipTrace BKIIOUEHO BENUKY KUIBKICTh OIONIOTEK KOPIYCIB i
komroHeHTiB. CraHmapTHi OiOmioreku MicTaTh Ounmbme 40 Tuc. KoMroHeHTiB
pizHuX (ipM-BUPOOHHKIB.

CTBOpeHe PUCTPIiil BUTIISIIAE TaK, SK [MOKa3aHO HA PUCYHKY 3.7

Puc. 3.7. [Inara po3po0i1r0BaIbHOTO TPUCTPOIO
3.5. Po3po0ka nporpamMHoro 3aée3ne4eHHsi
Jliss HamucaHHs porpaMu poOOTH MiKpOKOHTposiepa Oyina BHOpaHa MoBa
nporpamyBanns C i cepegosuine po3podkn MikroC PRO [40,41].
MikroC PRO for AVR - motyxxHHil iHCTPyMEHT PO3pOOKH Tporpam s
AVR wmikpokoHTposepiB. BiH ckoHCTpyHoBaHMI, I100 3a0€3MEeYUTH HpOrpamicTy
HaMEHII TPYAOMICTKI PillIEeHHS [0 CTBOPEHHIO JOJATKIB /Uil BOYJOBAHMX CHCTEM.

MikroC PRO 3abesmedye ycmiliHe TIO€JHAHHS PO3BHUHEHOI CepeloBHUINa

ApK.
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nporpamyBanHsi (IDE), BiamoBimnoro ANSI kommniuisitopa, HMIHMPOKOro Habopy
6ibmioTek ISt armapaTHUX 3aco0iB, BCEOIYHOI TOKYMEHTAIll Ta BEJIMKOI KiJTBKOCTI,
TOTOBUX JI0 BKHUBaHH: MpuKiaais [42,43].

MikroC m103BOJIsI€ TIIBUIKO PO3POOUTH 1 BIPOBAJNUTH CKIIATHI TPOTPAMH:

* Tekct mporpamMu BBOOHMTBHCS 32 JOIIOMOIOI BOYZOBAHOTO PEIAaKTOpa
BUXIJTHOTO KOAY (3a JIOTMOMOTOK B KOAI 1 MapameTpax, KOHTEKCTHOI
TiICBIYyBaHHIM, aBTOKOppELieH, KOTOBIMH IIA0JIOHAMH 1 T.I.);

* Buxopucranusi momatoteesi  0i0miotek  mikroC  iCTOTHO —MiJBHIYE
LIBUJIKICTh PO3pOOKM: 30ip, 30epiraHHs, IHAWKAIis, MEPEeTBOPEHHS i
o0MiH panumu. [linTpumyrotbcst MikpokoHTposiepu ¢ipmu  Atmel
cimeticta AVR [44,45];

* IlpoBimaumk mo komy (Code Explorer) no3Bomse orepaTuBHO
KOHTPOJIIOBaTH CTPYKTYPY IPOTpamMHu, 3MiHHI 1 GYHKIIT IPOEKTY;

» Ilicns 0OpoOKH CTBOPIOIOTHCS TPOKOMEHTYBaB 1 unTabenbHU (aill Ha
acemOmepi 1 crammaptauii  HEX  ¢aiin, cymicHuii 3  ycima
nporpamMmaTopamu;

* BOynmoBaHui BiIUTaJuuK J03BOJISIE TIEPEBIPATH XiJ 1 JIOTIKY BUKOHAHHS
nporpamu;

+ Ilicnst xoMmijsiiii HAaJa€ThCs MOBHA CTATHCTUKA BHUKOPUCTAHHS TaM'sITI,
aceMOJIEpHUI1 JIICTHHT, IepeBO BUKIMKIB (DYHKIIIH;

* 3ale3neueHo JOCTATHIO KUIbKICTh MPUKIAIIB, IKi MOYKHA PO3IIUPIOBATH 1
BHUKOPHUCTOBYBATH K CKJIaJOBI YaCTHHH TPOCKTIB, IO PO3POOIISIOTHCSL.
SIkmo noTpiOHO, MOXKHA KOMIIOBATH iX B MPOEKTH LIJIKOM, [UIS TOTO BOHH
1 BKJIFOUEHI JI0 CKIIaay KoMmisitopa [46].

B manwmit vac mikroC PRO gms AVR Brirogae HacTymHi 0i0ioTekH i

npmnKknagn:

* ADC 06ibmioTeka;

* CANSPI 6i6mioTeka;

* Compact Flash 6i0miorexka;

« EEPROM 6i6mioTeka;

o Oremr-mam'sTe 0i0Ii0TEKA,
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* I'pachiunnii XKK-6ibmioreka;

* KiraBiarypa 0i0mioTeka;

» PK-6i0mioTeKa;

* MaHdectep Kozmekc 0i0mioTeka;

* Multi Media Card 6i0ioTeka;

* OneWire 0i0mioTeKa;

* Port Expander 6i0mioTexka;

* PS /2 Bibmioreky;

* PWM 16 pospsiana 6ibmioTexa;

* RS-485 6i6moTeKa;

* [Iporpamue 3a6e3neuenns [2C 6i0nmiorexa;

* [Iporpamue 3a6e3nedenns SPI Gibmioreka;

 Software UART 6i0imioreka;

* Sound Library;

 SPI 6ibmioTeka;

* SPI Ethernet 6i0mioreka;

* SPI I'padiunmii XKK-6i6mioTeka;

« SPI LCD 06i0mioTeka;

» SPI LCDS 6i6mioTeka;

* SPI T6963C I'padiunmii XKK-6ibmioTeka;

* T6963C T'padiunnii JKK-6i0mioreka;

* TWI 6i0mioTeka;

* UART i USB 6i6mioTekw;

3.6. AuiropuT™ poGOTH IPUCTPOIO

[Ticns BKIFOYEHHS! NMPUCTPOIO BinOyBaeThes 3aIlyCK TalMepa, SIKMH KOXKHI
MIBCEKYHIM TMEpeBipsie, MIAKIIOUEHO abo BIAKIIOUEHO TMPHUCTPid, a TaKoK
BUKOHY€ThCSI 301JbIICHHS JHYWIBHUKIB dYacy. [licms IbOro IoOpiBHIOETHCS
MOTOYHUHN Yac 3 4acoM OyIMJIbHUKA. Y pasi, SKIIO BOHO 30IraeThCs, MOJAETHCS
3BYKOBHH cUTHAII. Jlami cimijy HaTHCHYTH OyIb-SIKy KHOIIKY. SIKIIO Jac He 30iraeTbes
3 yacoM OyquIIbHMKA, KOXHI 2 TOJMHUA BUKOHYETHCS MEPEBIpKa TeMIEpaTypH i

BojiorocTi. SIkmo Oyna HaTucHyTa ofgHa 3 KHOMOK (S1 abo S2), To akTHBYETHCS
prKK
IFE.4K.0323 §3-fit3 &6
: i

H

e ABE REASE AlAwE Aere
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HmiAnporpamMa HajamTyBaHHs HpUCTporo. Ilicnst oTpuMaHHS AaHUX 3 JaTdvKa
BHKOHYETHCSI BUCHOBOK JIAaHUX Ha CBITJIONIOIHI MaTPHIIi.

Bbiok-cxema anroputmy poOOTH MPUCTPOIO MPUBEICHA HA PUCYHKY 3.8.

Puc. 3.8. Anroput™m poOOTH IPUCTPOIO
3.7. BUCHOBKH 10 po3ainy
V nmonarky Diptrace Oyia moOymoBaHa cxeMa JApyKOBaHOI IIaTH, Ha 0a3i sKoi
Oyl0 CKOHCTPYHWOBaHO TPHUCTPiH. Takok B pO3AUIL  OMKMCaHA CepPeIOBHIIE
po3poOKH, B AKii po3po0IsUIOCs TMporpamMHE JIOAATOK JUISL  TPUCTPOIO.

[MpencraBnenuii aaropuT™ poOOTH MPUCTPOO Y BUIIISII OIOK-CXEMHU.
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BUCHOBKWN

V xBamigikariiHii po6oTi Oy7I0 PO3MITHYTO PO3POOKY CHCTEMH KOHTPOJIO
TEMIeparypy 1 BOJIOTOCTI IOBITPS HAa OCHOBI MaTEMaTUYHOTO JIOCIIKCHHS
MiKpOKJiMaTYy.

Ilepmmii  po3mim  MICTUTH ONKC  ICHYIOWOTO BUIISAAY IPUCTPOIO,
BUKOPUCTOBYBAHOIO Ul KOHTPONIO BOJOTOCTI 1 TeMIepaTypu B opamxkepei Ha
ocHoBI martu Arduino Mega.

Tak camo B mepioMy po3[isi onrcaHi HeoOXiIHI YMOBH JJIsl BUPOIILyBaHHS
pPOCIIMH 1 TpelncTaBieHa MaTeMaTH4YHa MOJENb OpamHXKepei Npu YIpaBJiHHI
TEMIIepaTypol0 1 BOJOTICTIO MOBITPs, sKa po3poOiieHa Ui 3aCTOCYBaHHs B
OCBITHIX IUISX 3 METOIO MPOJEMOHCTPYBaTh (Di3WyHi SBUILA, IO BiI0yBalOTHCS B
opamxepei 1 MPUHIUIK YIPABTIHHS MIKPOKJIIMATOM.

Y npyromy po3ziii nmpoaHaii3yBaBIIM CIIOCOOM BHMIPIOBaHHSI TEMIIEPATypH
Oyo BHM3HAU€HO, IO PIAWHHI CKISHI TEPMOMETPH € HaIiiHMUMH 3 BHCOKOIO
To4yHicTIO BUMipamu. OpHaK depe3 BEJIUKOTO Jialma3oHy BUMIPIOBAHHS
TEeMIEpaTypy, Ul  pO3pOOJIOBAJIFHOTO  IMPHUCTPOIO  OUTBIN  JOIUIBHO
BuKopucToByBard gatyuk DS18B20, B sgkoMy 3a JOMOMOIOI0 JOIATKOBUX
o0uKCIIeHh MOXKHA JIOCATTH Takoi K TOYHOCTI, SK 1 B PIAMHHUX CKISTHUX
TepMoMeTpax.

Tak camo inTerpaumisi nmarunka DS18S20 B mpucTpiii € lermoro Hix
IHTerpallisi pIIMHHUX CKISIHUX TepMomeTpiB. [IpoaHani3yBaBiiy iCHYIO4I JaTYHKH
BOJIOTOCTI BH/HO, IO TEPMOTIrPOMETP € HaAIHHUM 3 BHCOKOK TOYHICTIO, aie
narank AM2321 nermie iHTerpyBaTé B IPUCTPIH.

Tperili po3ain MpUCBSYEHUH CTBOpEHHIO mpucTporo. Y goxarky Diptrace
Oyima moOymoBaHa cxeMa JPyKOBaHOI IUIaTH, Ha 0asi sikoi OyJ0 CKOHCTpYHOBaHO
npuctpid. Tak camo B po3aIl ONKMCaHA CEPEJOBHUINE PO3POOKH, B sIKid
PO3poOIISIIOCS MPOrpaMHe JI0AATOK JUIs NPUCTPOro. ByB mpeacTaBiIeHui anropuT™

POOOTH MPHUCTPOIO Y BUIVISIII OJIOK-CXEMH.

ITC.4KI1.0323.03-I13

3MH  Apk. Ne fokyMm. Mignuc JaTta

Po3pob6. YHUYEeHKO niT. ApK. AKpyLliB
KepisHuk  Bdlivenko 68 1
Peuens. RIS6 10T BUCHOBKUN nHY

H. KowTp. Kageapa ITC, p.4KI

3aB. kagp. CemeHos M.A.
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Quotes

1 V-006'em noBiTps opaHxxepei, (M3); CV - TeNNOEMHICTbL NOBITPSA, [ / (Kr - ° C)]; T (t) - TeMnepaTypa NoBiTpsA BcepeauHi
opaHxepei, (° C); t - yac, (c); Qs (t) - COHAYHa eHepris, L0 NepepaeTbCcs NOBITPIoO opaHXxepei, (BT); Qcc (t) - eHepria oOMiHy
npu npoBigHocTi i KoHBeKLuii, (BT); Qp (t) - 06MiH eHeprietlo 3 pocnuHamu, (BT); C_sat (t) - koedilieHT Hacu4eHHA NoBiTPA; Qu
(t) - BTPaATHK eHeprii 3a paxyHOK CyMapHOro BUNapoByBaHHsA BOAU pocauHamu, (BT); Qt (t) - BTpaTh eHeprii 3a paxyHoOK
PO3NUJIEHHSA BOAM CUCTEMOIO TyMaHy, (BT); Qv (t) - eHepria o6MiHy noBiTpAHOI BeHTUAALII, (BT); W (t) - eHepris cuctemMun
obirpisy, (BT).

2 Cp-TennoeMHicTb pocnuH, [Ox / (° C-M2)]; Tp (t) - TeMnepaTypa poc/MH BcepeauHi opaHxepei, (° C); t - 4ac, (c); Qur (t) -
eHepris, 3aCBOIOETbCA POCJIMHAMM NPOTAroM gHs, (BT); Qp (t) - o6MiH eHeprieto 3 pocnuHamu, (BT); Qg (t) - BTpaTu eHeprii
yepes rpyHr, (BT).

3 2.11), crapwuit 6iT (BiT15) popiBHIOE 1 | BKa3y€e Ha HEraTUBHY TeMnepaTypy, AKLLO0 CTaplmi 6iT (BiT15) 3MH.
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