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1 KEPYBAHHSI MIKPOKJIIMATOM ITPOMUCJIOBUX TEIUIALb HA BA31 HEUITKOI JIOTTKA

I. C. JlakTionos, O. B. Bosna, M. O. Bepexxunii, B. A. Jledenen

JABH3 «/loHenbKUi HAITIOHABHUH TEXHIYHUN YHIBEPCUTET»

1. [u6ankosa, 2, M. [Tokposcbk, 85300, Ykpaina. E-mail: ivan.laktionov@donntu.edu.ua

[pexncraBneHo pe3yabTaTH JOCHTIIPKEHB 31 CTBOPEHHSI KOMITIOTEPHU30BAaHOT CHCTEMH KOMIIJIEKCHOTO MOHITOPHHTY i
KEepyBaHHS MIKPOKJIIMAaTOM IPOMHMCIIOBHX TEIUIMIb. 38Ul OTPUMAHHS Pe3yJIbTaTiB aBTOpaMH BHKOPUCTAHO E€KCIIepH-
MEHTaJIbHI METOAN JOCIIKEHHsI OaraTokaHalbHOI aBTOMAaTHYHOI iH(opManiiiHO-BUMipIOBaIbHOI CHCTEMH MOHITOPUH-
I'y PerjJaMeHTOBaHUX J0 BUMIPIOBAJILHOTO KOHTPOJIIO ITapaMeTpiB MIKPOKIIIMaTy, a TaK0X METOH IMITaIliifHOrO Mo/ie-
JIFOBaHHS CHCTEM KepyBaHHS Ha 0a3i HEYITKOI JIOTIKK. ABTOpaMH CIIPOEKTOBAHO Ta CKOHCTPYHOBAHO JIOCIiAHUH 3pa30K
aBTOMATH30BaHOI TEIUTUII, IKUH BIATIOBiae KPUTEPisIM T€OMETPHYHOI, TMHAMIYHOI Ta KIHEMaTHYHOI MOMIOHOCTI pea-
JBHUM IPOMHCIIOBUM TEIUTMYHAM KOMIUTeKcaM. CHHTE30BaHO arnapaTHO-TIporpaMHe 3a0e3NedeHHs] CHCTEMH MOHITOpH-
HTY ¥ KepyBaHHA MIKpPOKIIMAaTOM TEIUTHIb i3 BUKOPHUCTAHHSIM CY9aCHHX CEHCOPHHX, MIKPOIIPOIICCOPHUX Ta MPOTpaM-
HUX TexHousoriil. OmiHeHo SAKICHI ¥ KiIbKICHI MMOKa3HUKH PEayi30BaHUX INJCHCTEM HEUiTKOTO KepyBaHHsS OOIrpiBOM,
3BOJIOXKCHHSIM, IITYYHHUM JOCBIYyBaHHIM Ta BEHTWIALIEIO 30HH BUPOLIYBAaHHS, KPAIeIbHOTO MONUBY, MIAKOPMKH PO C-
JIMH BYTJICKHUCIIUM Ta30M Ta J03YBaHHs JOOPHB IO TIOJMBHOTO PO3YHHY.

KarouoBi ciioBa: HeuiTke KepyBaHHsI, TEIUIUIIS, MIKPOKJIIMAT, KOMIT'TOTEPH30BaHa CUCTEMA.
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U YIIPABJIEHUSI MUKPOKJIMMATOM ITPOMBIIIJVIEHHBIX TEIIJIMIL
HA BA3E HEYETKOM JIOTUKH
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[IpencraBneHbl pe3ynbTaThl HCCIECIOBAHUH IO CO3MaHUI0 KOMITBIOTCPU3UPOBAHHON CHCTEMBI KOMIUIEKCHOTO MOHH-
TOPUHTA W YIPABJICHUS MUKPOKIMMATOM MPOMBIIIICHHBIX TETUTHIL. J[J11 TOTydeHus pe3yabTaTOB aBTOPaMH HUCIOIB30-
BaHBl  OKCIICPHIMCHTAIbHBIE METONBI  WCCICNOBAHHS MHOTOKAHAJIbHOM  aBTOMAaTHUECKOW  HMH(POPMAIOHHO-
HU3MEPUTENBHON CHCTEMbl MOHUTOPHHTA PETJIAMEHTUPOBAHHBIX K U3MEPUTEILHOMY KOHTPOJIS apaMeTpOB MUKPOKIIHU-
Mara, a TakKe€ METOJbl MMUTAIMOHHOTO MOJETUPOBAHUSI CUCTEM YIpaBlieHUs Ha 0a3e HEUETKOW JIOTMKU. ABTOpamu
CIIPOEKTUPOBAH U CKOHCTPYHUPOBAH OMBITHBIA 00pa3el] aBTOMaTU3UPOBAHHOM TETUIUIIBI, OTBEYAIOIUN KPUTEPHSIM T'e0-
METPUYECKOTO, TUHAMUYECKOTO U KUHEMAaTHUECKOTO MOJ00MS PealbHbIM MPOMBIIUICHHBIM TEIUTMYHBIM KOMILIEKCAM.
CHHTE3UpOBAHO alMapaTHO-MPOTpaMMHOE 00ecliedeHre CHUCTEMbl MOHUTOPUHTA U YIPABICHUS MUKPOKIUMATOM TeEIl-
JIUI] C UCTIOJb30BAHUEM COBPEMEHHBIX CEHCOPHBIX, MUKPOIIPOIIECCOPHBIX M MPOTPAMMHBIX TeXHOJIOTUH. OIeHEeHbI Ka-
YeCTBEHHBIC M KOJIMYCCTBEHHBIC TIOKA3aTEeNIN PEATM30BAaHHBIX MOJCUCTEM HEYSTKOTO YIPABICHHUS 000TPEBOM, YBIaXK-
HEHHEM, UCKYCCTBEHHBIM JOCBEYHBAHUEM M BEHTHIIAIMEH 30HBI BHIPANIMBAHMS, KAIlEIHHOTO MOJHBA, IIOAKOPMKH pac-
TEHUH YIIIEKHUCIBIM ra30M U TO3UPOBAHUS YOOPEHUH B IOJUBHOM pacTBOp.

KiroueBble cj10Ba: HEYETKOE YIIPaBICHUE, TEIUINIIA, MUKPOKIINUMAT, KOMITLIOTEpU3APOBAHHAS CHCTEMA.

AKTVYAJIBHICTh POBOTHU. 3a TtenepimHix TeH- BHUX J0KyMeHTax [1, 2]. Tako BHXOISYH 3 aKTyallb-
JIEHIIIH PO3BUTKY KOMII'TOTEPU30BAHUX METOIIB i 3aCO- HOCTI TpOOJNIEMH aBTOMATH3aIlil CUTLCHKOTOCIOIAPCh-
0iB aBTOMAaTH3aIlil TEXHOJOTIYHMX MPOIIECiB mepen ¢a- KHX O0'€KTIB 1 MpoOIeciB y HAYKOBIH IiTepaTypi mpen-
XiBIIMH 3 TMPOCKTYBAHHS TEXHIYHHX CHCTEM IOCTA€E CTaBJICHUH IIUPOKUN CHEKTP JOCIHIIKEHb i3 PO3pOOKH
mpobiemMa BHOOpPY HAWOUTBII pamioHaJbHOTO CIOCOOY CHCTEM aBTOMATHYHOTO KEPYBaHHS TEXHOJIOTIYHUMH
BUPIIIEHHS MOCTaBJIeHOro 3aBaaHHA. Crpoba BUKOpHC- MpoIlecCaMy B YMOBAX TEIUTUIIh i3 BUKOPHCTAHHIM HEYi-
TaTH JIOTIKYy MEPLIOro MOPSIAKY 3aJJisi HpeICTaBICHHS tkOi soriku [3-8]. Tak, Hampukiam, y po6orax [3-5]
3HaHb y Takid cdepi SK aBTOMATH3AIS BITYU3HIHHUX MPEACTaBICHO PE3YJAbTATH PO3POOKH MO0 MOJCIIO-
TEIUTMYHUX BUPOOHHIITB € HE ONTHMAIBHUM ITiJIXOJIOM. BaHHS Ta ONTHMI3allii CHCTEM aBTOMAaTHYHOI'O KepyBaH-
Takum duHOM, TIpoOieMa PO3pOOKH KOMIT'IOTEPHU30Ba- H Ha 0a3i FUzzy-noriku y ramysi ciIbCbKOTO TOCHoAap-
HUX TEXHOJOTIH 13 BUKOPHUCTAaHHSIM CYYacCHHX METOIB cTBa. Y po6ori [6] mpoBeaeHO MOCHTIHKEHHS 3 MO0y I0-
Ta 3aco0iB aBTOMATHYHOTO KOHTPOJIIO W KepyBaHHS BU CHCTEMH KpaleJlbHOro IIOJNIMBY [UIS TEIIMYHUX
TEXHOJIOTIYHAMHU TIPOIIECAMH B YMOBAX TEILUIHIIb € aKTy- YMOB, sIKa BpaXxOBYy€ NOOOBY JHHAMIKy HECTAI[lOHAPHHUX
AJBHOIO JUTS BITYU3HSIHOTO arpapHOro CEKTopy. MIPOLECIB 3MIHM TeMIIEpaTypH HOBITPsI, BOJIOTOCTI IPYH-

OCHOBHOIO METOIO CTaTTi € OOTPYHTYBAaHHS CTPYK- Ty Ta IHTCHCUBHOCTI OCBITJICHHS 30HU BUPOIIyBaHHA. Y
TypH Ta IporpaMHa peatizallisi KOMITIOTEPHOT CHCTEMH HayKOBHX Ipaisix [7, 8] peanizoBaHO HEWIiTKI CHCTEMH
MOHITOPUHTY ¥ KEepyBaHHS OCHOBHUMH TEXHOJOTIYHH- BIJIaJICHOTO KEPYBaHHS IapaMeTpaMu MIKpOKIiMary
MH peKMMaMH BHPOIIYBaHHS KYJIBTYpP B YMOBaxX Mpo- TEIUTUIh 13 BUKOPHCTAHHIM CYYacHUX i1H(OKOMYyHika-
MHCJIOBUX TEIUIMIb Ha 0a3i MNakeTy pO3IIUPEHHS MiHHAX TEXHOJOTIH.

MATLAB & Simulink Fuzzy Logic Toolbox®. Ipore, icHyro4i Ha TEMEPIiNIHINA Yac CHCTEMH aBTO-

Ha renepimHiii 9ac icHye psll aKTyaJIbHHX BUMOT JIO MAaTUYHOTO KEPYBaHHS MiKpOKJIIMATOM TEILIHIb i3 BU-
TEXHOJIOTIYHUX PEKUMIB BUPOIILYBaHHS KYJIBTYP B YMO- KOPUCTaHHSM HEYITKOI JIOTiKH JIHIIE YaCTKOBO MOKPH-
Bax 3axWIINEHOTO TPYHTY, SIKi BiOOpakeHO y HOpMAaTH- BalOTh pernameHToBanuii [1, 2] mepemk  (isuko-
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XIMIYHUX TTapaMeTpiB (TeMIepaTypa IMoBiTpPs, BOJIOTICTh
IPYHTY, iIHTEHCHBHICTh OCBITIICHHS), IO TIPU3BOIUTH 10
HEIOCTAaTHHOI e()EeKTUBHOCTI BUKOPHUCTAHHS amapaTHO-
MIPOTPAMHUX 3acO0iB KepyBaHHS TEXHOJIOTIYHHMH pe-
’KuMamu BupomryBaHHA. OTke, 38151 YCYHEHHS JaHOTO
HE/IOJIIKY ICHYIOUHX CHCTEM BHHHKA€ HEOOXiTHICTH y
pO3po0Ili KOMITIOTEPHU30BAHOI MOJENTI 3 PO3MIUPCHUM
MepeslikoM KOHTPOJILOBAaHUX ITapaMeTPiB MIKPOKIIIMATy
Ta ONTUMI30BaHUMH 3B'I3KaMHU M)XK By3JIaMH CHCTEMH.
MATEPIAJIA 1 PE3YJIBTATU JOCIII’KEHE. B
SKOCTI 0a30BOi METONUKH PpO3POOKH CTPYKTYpPHO-
NTOPUTMIYHOI OpraHi3alii KOMITIOTEpH30BaHOI cUcTe-
MH MOHITOPHHTY W KepYBaHHSA MiKpOKJIIMAaTOM TETUTUIIb
00paHO CTPYKTYpHY METOAWKY alrOpUTMi3amii Ha TmiJic-

TaBi NMPUHIUITY JEKOMIIO3HUINT 3a7adi JOCTiIKEHHS Ha
mig3anadi [9], sk mokazaHo Ha puc. 1.

Ha mincraBi pe3ynmpTariB momepenHiX IOCHTIMKEHB
[10, 11] aBTOpaMu cTaTTi OOIPYHTOBAHO MEPEIiK KOHT-
PpOTBOBAaHUX MapaMeTPiB Ta CTBOPEHO TOCTITHUI 3pa3oK
ABTOMATH30BaHOI TETUTUIII, SKHI OCHAIIEHO CYKYITHICTIO
CEHCOPIB (PI3MKO-XIMIYHMX TapaMeTpiB MIKpOKIIMaTy
TEIUTUI[b, & TAKOXK Peali30BaHO MPOTPAMHY KOMIIOHCHTY
arperauii i nepBUHHOI HUPPOBOI 0OPOOKH pe3yNbTATIB
crniocrepexxeHb B nakeri Simulink Support Package for
Arduino Hardware®™. Tlepemik KOHTpPONBOBAHHX Mapa-
METpIB i3 3a3HAYCHHSAM BIAMOBITHAX CEHCOPIB HABEICHO
B Tabm. 1, 3aramnbHUil BHTIIAL EKCHEPUMEHTATBHOTO
3pa3ka aBTOMaTH30BaHOI TEIUTHII — Ha puC. 2 4,0.

Tabmums 1 — [Neperik KOHTPOJIFOBAHUX MTApPaMETPIB i3 3a3HAYCHHSIM BiIIOBITHIX CEHCOPIB

®i3uko-XiMi4HI MapameTpu PexomennoBani Monens ceHcopy, 10
MIKpOKJIIMATy TEIUIHIL Jliara30Hy BapilOBaHHS BHKOPHUCTOBYETHCS
;F;;anepaTypa MOBITPs B 30HI BUPOLIYBaHHS KYJIb- 18 26 °C BME280
Boutoricts noBiTps B 30Hi BUPOIYBaHHS KYJIbTYP 60 — 90 % BME280
Temmneparypa IpyHTY 17 -24 °C DS18b20
. Capacitive Soil Moisture
800
Bosoricts 1pyHTY 65— 80 % Sensor v. 1.2
Temneparypa po3unHy HiJI 9ac MOIUBY 22 -26°C DS18b20

EdexTrBHA OCBITICHICTH 30HH BHPOUTYBAaHHS KY-
JBTYP Y BUIMMOMY ONITHYHOMY Jialla30Hi 3 ypa-
XyBaHHIM JOOOBOI TUHAMIKH MPUPOTHOTO CBITIA

80 — 160 Br/m? GY-302 BH1750FVI

KonneHnTpariist Byriekucioro rasy B 30Hi
BUPOIIYBaHHS KYJIbTYp

500 — 2000 ppm MG-811

KucnoTHiCTs po34HHY TIPH TOJTHBI

6,0 — 8,0 ox. Analog pH Meter Kit module

EnexporpoBigHiCTs pO3YHHY TIPH TOIHBI

1,5 -2,5 MCm/cMm

Analog Electrical
Conductivity Sensor module

[IBAAKICTH PyXy IMOTOKIB MOBITPS B 30HI
BUPOIIYBaHHS KYJIBTYP

0,3-1,5m/c Rev. P Wind Sensor

OOrpyHTyBaHHS
nepesiky Bubip anapaTHux CHHTE3 CTPYKTYPH
KOHTPO. X T CHCTEMH JIOCTIIKYBAHOT CHCTEMH
napamerpis

Peanizanisi nporpamuoi

i TecTyBaHHS CHCTEMH Y AHaJi3 0TPUMAHHX
KOMIIOHEHTH CHCTEMH Fuzzy Logic Toolbox pesyabratis

Pucynox 1 — Etanu po3po0ku KOMIT'TOTEpHU30BaHOI CHCTEMHU KOMIIIEKCHOTO MOHITOPHHTY W KepyBaHHS
MIKPOKJIIMAaTOM ITPOMHUCIIOBHX TEIUTUIh

@) 3araibHUIA BUTIISL MAKETY TETUTHILI

6) 3aranbHUI BUTTIS CHCTEM aBTOMATHYIHOTO KEPYBaHHS

PI/ICYHOK 2 — doro CKCIICPUMCHTAJIbHOT'O 3pa3Ka aBTOMAaTHU30BaHO1 TCHJ'II/IIIi
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Ha mincraBi BukiaaeHoi Bumie inGopmariii BCTaHOB-
JIEHO, IO KEPYBaHHS MiKPOKIJIIMaTOM TETUIUII BUKOHY-
€THCSI HACTYITHUM YHHOM:

— peryioBaHHS PEXHUMIB OOIrpiBy TeTUIwmi 3iic-
HIOETHCS Ha IMIICTaBI BUMIPIOBAIBHOI iH(pOpMarii momIo
MMOTOYHOI TEeMIEpaTypH TOBITPS B 30HI BHPOIIYBaHHS
(Tair) Ta WIBHAKOCTI pyXy NOTOKIB OBITPS (Vair);

— KepYBaHHS 3BOJIOKEHHSIM TIIOBITPS 3/IHCHIOETHCS
Ha TiJCTaBl BUMiproBaibHOI iH(opMmanii Bif ceHcopiB
temrepatypu (T) ¥ Bomorocti (W,) moBiTpst B 30HI
BUPOIIYBaHHS KYJIBTYD;

— peryJIIOBaHHS PEXUMIB IPOBITPIOBAHHS TEIUIUII
3MIACHIOETHCS Ha MiACTaBi BUMIPIOBAIBHOI iH(pOpMamii
Bix ceHcopiB Temneparypu (Tyy) 1 Bomorocti (Wy;) mo-
BITPSI B 30HI BUPOIIYBaHHSA KYIBTYp, IIBHIKOCTI PyXy
moToKiB TOBITPs (V) Ta MOTOYHOI KOHIIEHTpaMii ByT-
nekucioro razy (COy);

— JO3yBaHHs BYTJIEKUCIIOTO Ta3y, U0 HAIXOIHUTh 10
30HM BHUPOILYBAaHHS KYJBTYp 31HCHIOETHCS HA IiICTaBi
BUMIpIOBaJIbHOT 1H(OpPMAIIi] BiJl CEHCOPIB TeMIepaTypH
(Tair) TOBITPS, MOTOYHOI KOHIIEHTPAIi BYTJICKHCIOTO
razy (CO,) Ta eeKTHBHOI OCBITJICHOCTI 30HH BUPOLILY-
Banns (LuxIntens);

— KepyBaHHS PeKMMaMH POOOTH Kepes MITYYHOTO
ITOCBIYyBaHHS 3IIHCHIOETHCS HA MIiACTaBI BUMipIOBANb-
HOi iH(popMamii BiJ CEHCOpPIB MOTOYHOI KOHICHTpAMii
Byriaekucioro rasy (CO;) Ta edeKTHBHOI OCBITICHOCTI
3oHM BupolyBanus (LuxIntens);

— JO3yBaHHs JOOPHUB IO IOJMBHOTO PO3YMHY 3.iiic-
HIOETBCSI Ha TIJCTaBi BHUMIpIOBAILHOI iH(pOpMali Bix

> JAA
h
b [0 '
Obogrev
Tair shum  Tair .
A
~ |
AR N
Vair shum  Varr L
Uvlazhneniye
Weair shum  Wair /m
i
Ventilyatsiya
C02 shum

Luxntens shuixintens Korm_CO2

Osveshcheniye

cencopis kuciornocti (PH) ta enexrponposiguocti (EI-
prov);

— KparenbHe 3pOIUCHHS IPYHTY 3HIHCHIOETBCS Ha
TicTaBi BUMIpIOBaJIbHOI iHpOpMAaIii Bil CEHCOPIB TEM-
nepatypH (Tsoi) # BomorocTi (W) TpyHTY.

VY 3anexxHOCTi Bifg (QyHKIIOHANEHOTO NPH3HAYCHHS
KO’KHA 13 BHIIIEHAaBEJCHUX IIJICUCTEM Mae€ JBa abo TpH
pexxuMu poboTH. /IBa peKMMHU MaroTh MiJICUCTEMHU JIO-
rika poOoTH, SIKMX NMOOyJOBaHA HAa HPUHIUII BMHKaH-
HSI/BUMHUKaHHS, a camMe: 3BOJIOXKEHHS HOBITPs, Kparneib-
HUH MOJIMB, TO3YBaHHS AOOPHB, IITyYHE JOCBIUYBaHHS,
MiIKOpMKa BYTJIEKHCINM ra3oM. Tpu pexumu («ILBun-
ko», «[loBinbHOY», «BUMKHYTH») MarOTh MiICHCTEMH,
SKi TOTPeOYIOTh IUIABHOTO PETYIIOBAHHS PEXHMIB PO-
0OTH: TIPOBITPIOBaHHS ¥ OOITPiB 30HM BHPOITYBAHHS.
Hanpukman, mizcucrema IpOBITPIOBaHHS 30HH BHUPO-
IIyBaHHS KePy€e BEHTHIATOPAMH Ta BIKHOM BEHTHIIALIT,
AKi, B CBOIO Yepry, MOXKYTb MPAILIOBATH B Pi3HUX PEXKHU-
Max IHTEHCHBHOCTI, a came: «BigkpuTu BikHO Ha 90° Ta
BBIMKHYTH BEHTHJISITOPH Ha TIOBHY MOTYXHICTbY», «Bin-
KPHUTH BIKHO Ha 45° Ta BBIMKHYTH BEHTWIATOPH Ha I10-
JIOBUHY TOTY>KHOCTi», «3aKpUTH BIKHO Ta BHUMKHYTH
BEHTUIISITOPU.

TakuMm 9MHOM, Ha MiACTaBi OOIPYHTYBAaHHS JIIHTBiC-
TUYHUX 3MIHHHX 1 3arajbHOTO aNTOPUTMY (YHKIIOHY-
BaHHI B cepemoBumi wmoxpemoBaHHas MATLAB &
Simulink Fuzzy Logic Toolbox® Gyno pospobiero
CTPYKTYpPHY MOJENb CHCTEMH KOMIUIEKCHOTO MOHITO-
pHHTY i KepyBaHHS MiKpOKJIIMaTOM HPOMHCIIOBUX TeTl-
JIUIb Ha 6a3i HEUITKOT JIOTiKH, Ky HaBEJICHO Ha pHUC. 3.

Scope Obg-v

Scope Urlazhye ,

A(X\ Scope H20

Korm_H20

Ph shum

Scape Ventya E-prov shum-prov

—— Scope CO2
IJ—>—|::I—’E\ Tsoil shum
D Scops Osr-ye

Wsoil shum

I /XX\ Scope Poli

Palv

Pucynok 3 — Simulink-mozens HediTKOro KepyBaHHS MiKPOKJIIMATOM TEILTULb

Sk mokazaHo Ha puc. 3 po3pobieHa cucTeMa Kepy-
BaHHS CKIAJA€ThcA 3 ceMH (PYHKIIOHAIBHHMX TiJCHC-
TeM. Ha BXig KOXHOI TmijcucTeMu HaaIxoauTh iHQopma-
IIis 3 TeHepaTopiB BUIAJKOBUX CHUTHANIB, SKi IMITYIOTH
pobOTy peanbHUX ceHCOpiB. 3aais TOro, Mmod MaKcuMa-
JIBHO HAaOJNHM3UTH OTPUMaHI pe3yabTaTH MOJCIIOBAHHS 13
BHUKOPHUCTAHHSAM TEOpii HEYITKOTO KEpPYBaHHS, O BHXi-
JIHUX CHUTHAIIB KOXXHOTO 3 JIATYUKIB JOAAHO IIYMOBY
CKJIaJIOBY, SIKa 33 aMILTITY/JOI0 piBHA JOIYCTHMIl MOXH-
Owi BiAmoBiHOTO ceHcopa. Jlai i curHaau HaaXosaTh
JIO BXOJIB BIJTIOBIIHUX ITiICHCTEM HEUITKOTO KepyBaH-
v (fis-momeni). Jyst KOXKHOT TiICHCTEMH 3a JOMOMO-
TOI0 MPOrpaMH HEUiTKOI JIOTIKH 3aJaH0 PsAJ YMOB Ta

NpaBUJI Pe3yJbTaTOM, SIKHX € YHIBepcajbHE KepyBaHHS
KOXKHOIO TiJICHCTeMOK. Pe3ynbraTh MOJENIOBaHHS Bi-
3yajTi30BaHO 3a JOMOMOTO0 ocuuiorpadis. 3amis Kiidb-
KICHOTO aHaji3y OTPUMaHHMX Pe3yIbTaTiB IMITAIiifHOTO
MO/ICTIFOBAHHSI Ha KOXHHUI ocuuiiorpad moJaHo CHUHX-
POHI30BaHI B Yaci CHTHAIH BiJl CCHCOPIB BIIIOBIIHUX
(hi3uKO-XiMIYHUX MapaMeTpiB MIKpOKIIIMATy Ta Pe3yJib-
TYIOUHMH CUTHAII 3 OJIOKY HEYITKOTO KepyBaHHSI.

[Mporpamuy peanizanito MmigcucTeMH 0OIrpiBy MOBi-
TpS 30HM BHPOLIYBaHHS KyJbTyp HaBEJCHO Ha
puc. 4 a, 6.
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FIS Editor: Tennmua Oborpes

- o X%
File Edit View
-\ Tenmiua OBorpes
Tair
(mamdan)
Obogrev.
vair
‘ S Nare: Tennuya Oforpee FisType. madani
And method = « || current Variable:
or methog . ™ [ Tair
Type input
Impiication = ™ (| P
Range o 100
Aggregation rax .
DERLZRCas centroid ~ ‘ Help Close ‘
Opening Rule Edtor ‘

a) Brox-cxema pedaxkmopy @yuxyiti niocucmemu obiepisy

Rule Editor: Tennnua O6orpes

File Edit View Options

1. If (Tair is min) and (Vair is min) then (Obogrev is B(plav)) (1)
2 1f (Tair i min) and (Var is norm) then (Obogrev & B(plav)) (1)
3. If (Tair is min) and (Vair is max) then (Obogrev is Afakt)) (1)

4. If (Tair is norm) and (Vair is min) then (Obogrev is Afakt)) (1)
5. If (Tair is norm) and (Vair is norm) then (Obogrev is Off) (1)

(6. If (Tair is norm) and (Vair is max) then (Obogrev is B(plav)) (1)
7.1 (Tair is max) and (Var s min) then (Obogrev i OFf) (1)

8. If (Tair is max) and (Vair is norm) then {Obogrev is Off) (1)
9.1f (Tair is max) and (Vair is max) then (Obogre is B(piav)) (1)

it
Tairie

Then
Obogrev is.

(2K

Biplav)

off

none

Varis
norm
max

none

norm
max
none

ot

{

ot

Weight

O not
Connection
o

@ and

]

‘ 15 Name: Termuga Oborpes.

m e

]

Close H

He |

6) Peoaxmop 6a3u npasun Heuimko2o KepyeanHs 0biepisom

Pucynok 4 — IIporpaMHa peaiizallist MiICHCTEMH HEYITKOTO KEPYBaHHS O0ITPiBOM TETUIHII

PearnizoBaHi nizcucTeMn KepyBaHHS MIKPOKIJIIMaTOM
TEIUTHIh CKJIATAIOTHCS 3 BIATOBIAHUX PENAaKTOPiB QyH-
KIi HaJIC)KHOCTI BXiHUX CHUTHAIIB Ta PE3yJIbTYIUOTO
CHTHAJTy KepyBaHH:], a TaKoX 0a3W IpaBWJI HEYiTKOTO
kepyBaHHA. s ¢asudikamii BXiZTHHX CHTHaIIB oOpa-
HO: TPUKYTHY (GOpMYy — IJIsl JOIYCTUMOTO Iiala3oHy
3MiHH TapaMeTpiB (OuB. TaOn. 1) Ta TpameuwieBUAHY —
IUTS Jiana3oHiB, 10 BUXOSITH 3a AOIMycTHMI Mexi. Da-
3u(ikallilo BUXiJJHOTO CUTHATY peasli3oBaHO (QYHKIISIMH
TpaneuieBUIHOT (OPMH, Y SKOCTI alrOpUTMY HEUYITKOTO
BUBEJICHHS] BAKOPUCTAHO anroputM MampaHi.

V 3a5eXHOCTI BiJl MUTTEBUX 3HAY€Hb BXIAHUX CHUI-

HaJIiB JaTYUKIB TEMIIEpaTypy W MIBUAKOCTI pyXy HOBIT-
psl B peakTopi MpaBHUi OOMPAETHCS BiNOBITHE PiBHSAH-
HS QYHKIIT KepyBaHHSA, K TIOKa3aHO B Ta0M. 2.

V pe3ynpTaTi po3pOOKH MiICUCTEMH OOITPiBY MOBIT-
Psl 30HM BHPOIILYBAaHHS OTPUMAHO PE3YJIbTATH MOJEIIO-
BaHHJ, SKi HAaBEJICHO Ha puC. 5.

Sk BUAHO 13 aHATI3y pe3yIbTaTiB MOJACTIOBAHHS, SKi
HaBEJICHO Ha pUC. 5, PO3pOOJICHUH HEUITKUI PEryysTop
NPUBOAMTH IIPOLIEC OOIrpiBy A0 PEKOMEHIOBAHOTO CTa-
HY, IUBIXOM KOO ajamnTaiii 10 TeMIepaTypu 30HH BU-
POIILYBaHHsI Ta MIBUAKOCTI PyXy HOTOKIB IOBITPSL.

1000

PucyHok 5 — PesynpTatu MOZeMIOBaHHS HEYiTKOTO KEPYBAaHHS IiICUCTEMOI0 00irpiBy (1 — BUXiAHUH cUTHAT
KepyBaHHS; 2 — BUXIJJHUI CUTHAJI CEHCOPY TeMIeparypH; 3 — BUXiJIHUII CUTHAJI CEHCOPY IIBUAKOCTI PyXy MOBITPSI)

[IporpamHy peamizamito IiJICUCTEMH 3BOJIOXKCHHS

TMOBITPSA 30HU BHUPOUIYBAHHA TCIUNIMYHUX KYJIBTYP
FIS Editor: Uvlazhneniye - [u] X
File Edit View

o Uvlazhneniye

(mamdan)
Uvlazhnenie

Wair
| FIS Name: Uviazhneniye FIS Type: mamdani
And method = - || current Variabie
Or method max ™ [[[-==
Impication = M |ksd

Range

Agaregation max -
oetuzzteston s [ | o]
System“Uviazhnenye™ 2 nputs, 1 output, and 9 ules |

a) Bnox-cxema pedaxmopy @ynkyiti niocucmemu 360104CeHHs

HaBeJIeHO Ha puc. 6 a, 6.

Rule Editor: Uvlazhneniye

File Edit View Options

1. (Tair is min) and (Wair is min) then (Uviazhnenie is ON) (1)

2 1f (Tair is norm) and (Wair is min) then (Uvlazhnenie is ON) (1)

3. I (Tair is max) and (Wair is min) then (Uvlazhnenie is ON) (1)

4. (Tair is min) and (Wair is norm) then (Uvlazhnenie is OFF) (1)
5. If (Tair is norm) and (Wair is norm) then (Uviazhnenie is OFF) (1)
6. 1f (Tair is max) and (Wair is norm) then (Uviazhnenie is ON) (1)
7.1 (Tair is min) and (Wair is max) then (Uvlazhnenie is OFF) (1)

& 1 (Tair is norm) and (Wair is max) then (Uviazhnen’e is OFF) (1)
9. 1f (Tair is max) and (Wair is max) then (Uviazhnenie is OFF) (1)

v

en
Uvlazhnenie s

on
O not O not O not

Connection weignt

Oor

@® and 1 Decterue | | Addruk | | Chanoeruke | =] =]
‘nsum Uvtazhneniye H vep | cose ”

6) Peoaxmop b6a3u npasun Heuimko2o KepyB8aHHs 36010ACEHHAM

Pucynox 6 — IIporpamHa peanizarist mijacuCTeMH KepyBaHHs 3BOJIOXKEHHSIM MOBITPsI 30HU BUPOLITYBaHHS TEIUIULI
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Tabmums 2 — Matpuns BiZnoBiTHOCTI 10 GYHKIINA HAMEKHOCTI TapaMeTPiB IMiACHCTEMH 00IrpiBy TEILTHII

T air
Vair
Huxue HopMu Hopma Buie Hopmu
Hwuxue Hopmu AKTUBHO BuxntoueHo BuxntoueHo
Hopma AKTHUBHO Buxntoueno Buxntoueno
Buie Hopmu [ToBitpHO Buxknroueno Buxknroueno

V 3a5ex)HOCTI Bil MUTTEBHUX BXIIHUX CHTHAIIB JaT-
YHMKIB BOJIOTOCTI W TeMIlepaTypu B PEAAKTOpPl MpaBUII

oOupaeThca BIATIOBiAHE PIBHAHHA (YHKLII KepyBaHHSI
MiICUCTEMOIO, SIK TTOKa3aHo B Ta0I. 3.

Tabnuns 3 — Matpuns BianoBitHOCTI 10 QyHKIII HAIEKHOCTI TapaMeTpiB IiJCHCTEMH 3BOJIOKEHHS MTOBITPS

Wair T air
Huxdae Hopmu Hopma Buie Hopmu
Hwuxue Hopmu BxiroueHo BxiroueHo BxiroueHo
Hopma Buxntoueno Buxntoueno Bxiroueno
Buie Hopmu Bukmtoueno Buxknroueno Buxknroueno

VY pesymbrari po3poOKH TMiICHCTEMH 3BOJIOKCHHS
HOBITPS 30HW BHPOLIYBAHHSI OTPUMAHO pE3yJIbTATH

MOACJIFOBAHHA, SIKI HaBCICHO Ha puC. 7.

10 i i i i
500 550 600 650 700

1 1 i i
800 850 300 950 1000

PucyHok 7 — Pe3yspTaTi MOCIIOBaHHS HEHiTKOTO KEpYBaHHS MIiICHCTEMOIO 3B0NIOKeHHS (1 — BUXiIHMIA CHTHAT
KepyBaHHS; 2 — BUXIJTHHI CUTHAJI CEHCOPY TeMITEpaTypH; 3 — BUXiTHHUIA CUTHAI BOJIOT'OCTI)

Sk BUAHO 13 aHAII3y pe3yNbTaTiB MOJCTIOBAHHS, SKi
HaBEJICHO Ha puc. 7, po3po0iieHa MiJIcuCcTeMa KepyBaH-
Hs 3BOJIOKEHHSIM TIOBITPSI 30HU BHPOIIYBaHHS TEIUIUII
MPUBOJMTH PIBEHb BOJIOTH JI0 PErIAMEHTOBAHOTO 3Ha-
YeHHsI, UBSIXOM HOTo ajganTamii 10 TemrepaTypu i Bo-
JIOTOCTi 30HU BHPOITYBaHHS.

B Fis Editor: Ventilyatsiya - [u] X
Fille Edit View
Tair
p—
Wair
[ X ™™
02
‘ IS Name. Ventiyatsya i Type. mamdani
And method = - || current Variable
o method max ™= Tair
i input
mplcation = m (| P
Range o100
Aggregation max -
(St R centroid ~ | Help ‘ Close ‘ |
‘ ‘System “Ventiyateiya” 4 nputs, 1 oufpt, and &1 rles |

a) Bnok-cxema pedaxmopy @ynkyiti niocucmemu geHmuiAyii

[IporpamHy peaiizamito MiACHCTEMH BEHTHIAIII 30-
HM BUPOIIYBaHHS KyJbTyp HaBeleHo Ha pwuc. 8 a, 6.
BuxigHuil curHan kepyBaHHS ILI€I0 MiJCUCTEMOIO 3alie-
KUTh BiJl HIOTOYHUX 3HA4Y€Hb TEMIIEpATypH H BOJOIOCTI
MOBITPSI, IIBUAKOCTI pyXy MOTOKIB ITOBITPS Ta KOHIIEHT-
partii ByriaeKucioro rasy.

B Rule Editor: Ventilyatsiya

File Edit View Options

4_If (Tair is min) and (Wair is min) and (COZ is min) and (Vair i min) then (Ventilyachia is OFF) (1

2. If (Tair is min} and (Wair is min) and (COZ2 is min) and (Vair is norm} then (Ventilyachia is OFF) (1)

3. If (Tair is min} and (Wair is min} and (COZ is min) and (Vair is max) then (Ventiyachia is OFF) (1)

4. If (Tair is min} and (Wair is min} and (COZ is norm} and (Vair is min) then (Ventilyachia is OFF) (1)

5. If (Tair is min} and (Wair is min} and (COZ is norm) and (Vair is norm} then (Ventilyachia is OFF) (1)

6. If (Tair is min} and (Wair is min) and (COZ2 is norm} and (Vair is max) then (Ventilyachia is OFF) (1)

7. If (Tair is min} and (Wair is min} and (COZ2 is max) and (Vair is min) then (Ventilyachia is B} (1)

5. If (Tair is min} and (Wair is min} and (CO2 is max) and (Vair is norm} then (Ventilyachia is OFF) (1}

9. If (Tair is min} and (Wair is min} and (CO2 is max) and (Vair is max) then (Ventilyachia is OFF) (1)

10. If (Tair is min) and (Wair is norm) and (CO2 is min) and (Vair is norm) then (Ventilyachia is OFF) (1)
1. If (Tair is min) and (Wair is norm) and (CO2 is min} and (Vair is max) then (Ventiyachia is OFF) (1}
12. If (Tair is min) and (Wair is nerm) and (CO2 is min} and (Vair is min} then (Ventilyachia is OFF) (1)
13. If (Tair is min) and (Wair is norm) and (CO2 is norm) and (Vair is min) then (Ventilyachia is OFF) (1)
14. If (Tair is min) and (Wair is norm) and (CO2 is norm) and (Vair is norm) then (Ventityachia is OFF) (1}
15. If (Tair is min) and (Wair is norm) and (CO2 is norm) and (Vair is max} then (Ventiyachia is OFF) (1)
16. If (Tair is min) and (Wair is norm) and (CO2 is max) and (Vair is min} then (Ventiyachia is B) (1)
17.If (Tair is min) and (Wair is norm) and (CO2 is max) and (Vair is norm} then (Ventiyachia is OFF) (1) %

6) Opacmenm pedaxmopa 6a3u NPAGUI HEHIMKO20 KepYBaHHS
GEHMUNAYIEIO

Pucynox 8 — IIporpamHa peaizarisi MiACHCTEMH KEPyBaHHs BEHTWISLIECIO 30HN BUPOIYBaHHS TESTUIHLI

VY pesynbrarti po3poOKH MifICMCTEMU BEHTHIIALIT 30-
HH BHPOILLYBaHHs OTPUMAHO PE3yIbTaTH MOJIEIIOBAHHS,

sIKi HaBeICHO Ha puc. 9.
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Pucynox 9 — Pe3ynbTaTi MOJeNIOBaHHS HEUITKOTO KEPYBAHHS IiICHCTEMO0 BeHTHIAIT (1 — BUXifgHuUil curHan
CEHCOPY WIBHUIKOCTI PyXy MOBITPsI; 2 — BUXIIHUI CUT'HAJI CEHCOPY TEMIIEpaTypu; 3 — BUXIAHUI CUT'HAJ KEpyBaHHS
MICHCTEMOIO BEHTHIIALT, 4 — BUXiTHUN CUTHAJ CEHCOPY BOJIOTOCTI, 5 — BUXiHUI CUTHAT ceHCcopy KoHueHTpalii CO;)

Sk BUAHO i3 aHAJI3y pe3yNbTaTiB MOACTIOBAHHS, SKi
HaBeJICHO Ha pHC. 9, po3poliieHa migcucTeMa KepyBaH-
Hl BEHTWDBILI€I0 30HU BHPOILYBAHHS TEIUIMLI alanTye
MIBUJKICT ITOJAa4i YHCTOTO MOBITPS 0 PEriaMeHTOBa-
HOTO 3HAa4YeHHA i3 ypaxyBaHHSIM IIOTOYHUX 3HAYCHb Te-
MIIEpaTypH W BOJOTOCTI MOBITPSA, UIBHIKOCTI PyXy IIO-
TOKIB MOBITPS Ta KOHIIEHTpalii ByrJIEKKCIOro rasy.

[IporpamMHy peaizaiito MiJCUCTEMH T03yBaHHS BY-

I Fis Editor: Korm_C02 - a X

File Edit View

;

Intans
Korm_C02

(mamgani)

Cco2korm

Tar

‘ FIS Name: Korm_c02 FIS Type: mamdani
And method = o || current variavie
or method e ™ = Intens
T t
implcation = ™ || == e
Range 1502201
Aggregation mex o
TR centroid v ‘ Help | Close | ‘

‘ Opening Rule: Editor ‘

a) Brox-cxema pedakmopy @ynxyii niocucmemu
003Y8aHHS BY2NEKUCTO20 2A3Y

[JICKUCIIOTO Ta3y JI0 30HW BUPOIIYBaHHS KYJIbTYp HaBe-
neHo Ha puc. 10 g, 6. Buxigauii curHanm KepyBaHHS ITi-
€10 MiICUCTEMOIO 3aJE€XKUTh BiJl MOTOYHUX 3HAYEHH Te-
MIIepaTypy MOBITPs, KOHIEHTpAL] BYIJIEKUCIOrO rasy
Ta OCBITJICHOCTI 30HU BUPOILIYBaHHS. Y Pe3ysbTaTi po3-
pOOKH MiJCUCTEMH M03yBaHHS BYIJICKHCIIOTO rasy Jo
30HU BHUPOIIYBAHHS OTPUMAHO PE3yJbTATH MOJCIIO-
BaHHSI, SIKi HaBeICHO Ha puc. 11.

1. I (Intens is max} and (CO2 is max) and (Tair is max) then (CO2korm is OFF} (1}

2. If (Intens is max) and (CO2 is max) and (Tair is norm) then (CO2korm is OFF) (1)

3. If (Intens is max) and (CO2 is max) and (Tair is min) then (COZkorm is OFF) (1)

4. If (Intens is max} and (CO2 is norm) and (Tair is max) then (COZkorm is OFF) (1)
5. If (Intens is max}) and (CO2 is norm) and (Tair is norm) then (CO2korm is OFF) (1)
6. If (Intens is max) and (CO2 is norm) and (Tair is min) then (COZkorm is OFF) (1}

7. If (Intens is max}) and (CO2 is min) and (Tair is max) then (COZ2korm is O} (1)

8. If (Intens is max} and (CO2 is min) and (Tair is norm) then (CO2korm is ON) (1)

9. I (Intens is max} and (CO2 is min} and (Tair is min} then (CO2korm is ON) (1}

10. If (Intens is norm) and (CO2 is max) and (Tair is max) then (COZkerm is OFF) (1)
11. If (Intens is norm) and (CO2 is max) and (Tair is norm) then (COZkorm is OFF) (1)
12. If (Intens is norm}) and (CO2 is max) and (Tair is min) then (CO2korm is OFF) (1)
13. If (Intens is norm) and (CO2 is norm) and (Tair is max) then (COZkorm is OFF) (1)
14. If (Intens is norm) and (CO2 is norm) and (Tair is norm) then (CO2korm is OFF) (1)
15. If (Intens is norm) and (CO2 is norm) and (Tair is min) then (CO2kerm is OFF) (1)
16. If (Intens is norm) and (CO2 is min) and (Tair is max) then (CO2korm is ON}) (1)
17. If (Intens is norm} and (CO2 is min} and (Tair is norm) then (CO2Zkormis ON) (1)
18. Iif (Intens is norm) and (CO2 is min) and (Tair is min) then (CO2korm is ON) (1)

19. I (Intens is min) and (CO2 is max) and (Tair is max) then (CO2korm is OFF) (1)
20. If (Intens is min) and (CO2 is max) and (Tair is norm} then (CO2korm is OFF) (1)
21, If (Intens is min) and (CO2 is max) and (Tair is min) then (CO2korm is OFF) (1)

22 If (Intens is min) and (CO2 is norm) and (Tair is max) then (CO2korm is ON} (1)
23. If (Intens is min) and (CO2 is norm) and (Tair is norm) then (CO2korm is OM) (1)
24_If (Intens is min) and (CO2 is norm) and (Tair is min) then (COZkorm is ON) (1)

25, If (Intens is min) and (CO2 is min) and (Tair is max) then (CO2kormis ON) (1)

26. If (Intens is min) and (CO2 is min) and (Tair is norm) then (CO2korm is ON) (1)

27 If (Intens is min} and (COZ2 is min} and (Tair is min} then (CO2korm is ON} (1)

6) @pazmenm pedaxmopa 6a3u RPABUL HEUIMKO20
Kepy8anHs 003YBANHS 8Y2NeKUCTIO20 2a3)

Pucynox 10 — IIporpamua peaizaiis miJCUCTEMHU KEPYBaHHS JI03YBaHHSIM BYIJIEKUCIIOTO ra3y

V 3a1€XHOCTI BiJ MUTTEBUX BXIJHUX CHUTHAIIB JaT-
YHMKIB TEMIIEpaTypu MOBITPs, KOHIEHTpalii ByIJieKuc-
JIOTO Ta3y Ta OCBITIICHOCT] 30HU BUPOIYBaHHS B pellak-

TOpi NpaBHJI OOUPAETHCS BIANOBIHE PIBHAHHA (QYHKIIT
KepyBaHHS, sSIK MTOKa3aHo B Ta0I. 4.

Tabnuus 4 — MaTpuiist BiTnoBiqHOCTI 10 (YHKIIN HAJIS)KHOCTI TapaMeTpiB migcucremu Jo3yBaHas CO,

Tair

Huxue HopMu Hopma Buiie Hopmu

Huxue HopMu Brxuroueno Brxuroueno BxirogueHo

Huxue nopmu | CO, Hopma Brxuroueno Bxuroueno BxirogueHo
Buie Hopmu Buxkiroueno Buxkiroueno | BukiroueHo

LuxIntens Huwxue Hopmu Bxiroueno Bxiroueno BxiroueHo
Hopma CO, Hopma Buximtoueno | Buxioueno | BukiroueHo
Buie Hopmu Buxkiroueno Buxkiroueno | Bukiroueno

Huxue HopMu Brxutoueno Brxutoueno Bxuroueno

Bume vopmu | CO, Hopma Buximtoueno | Buxitoueno | BukiroueHo
Buie Hopmu Buxkiroueno Buxkiroueno | Bukiroueno
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Pucynok 11 — Pe3ynbpTati MOCTIOBaHHS HEYITKOTO KepyBaHHs MmigcucTeMoro no3yBanHs CO, (1 — BuxinHuit
CUTHAJI CCHCOPY TEMIIepPaTypu; 2 — BUXIIHUI CUTHAJ CCHCOPY IHTCHCHBHOCTI OCBITJICHHS; 3 — BUXIIHUI CUTHAT
KepyBaHHSI MTiICHCTEMOIO 03yBaHHsI BYTJICKUCIIOTO Ta3y, 4 — BUXiMHUI CUrHAN ceHcopy KoHueHTpalii CO,)

SIk BUJHO 13 aHANI3Y pe3ysbTaTiB MOJCIIOBAHHS, SIKi
HaBemeHO Ha puc. 11, po3poOieHa mimcucrema Kepy-
BaHHS IOJAYCI0 BYIJIEKUCIIOrO rasy A0 30HH BHPOILY-
BaHHS KYJIBTYp aalTye MIBUAKICTh MOAa4i KOHLEHTPO-
BAHOTO JABOOKHCY BYTJICLIO Ha IIJICTAaBi BUMipIOBAIbEHO-
T'0 KOHTPOJIFO TEMIIepaTypH MOBITPs, KOHIIEHTpALlii ByT-
JIEKHCIIOTO Ta3y Ta PiBHSA OCBITICHHS TETUTHIII.

[Iporpamuy peasnizalito MiICUCTEMH ITYYHOTO A0C-
BiYyBaHHS 30HM BHPOIIYBaHHsS KyJbTYyp HaBEJECHO Ha

B Fis Editor: Osveshcheniye o X
File Edit View
- Osvesheheniye
Intens. s
T~ (mamdani)
>\ /\‘ Osvesh
coz
‘ IS Name: Osvesnenenys Fis Type: mamaani ‘
“And melhod == | current Varisble
Or method ] ™ I Intens
Inpiication =n m [ T
Range fs0220)
Aggrogatian o .
etuzaeton = 0 | = |
[ |

a) Brox-cxema pedaxmopy ynxyiil niocucmemu
WMYYHO20 00CBIYYBANHSL

puc. 12 a, 6. BuxigHuii curaan KepyBaHHS €0 MiACH-
CTEMOIO 3aJICKUTP BiJl MOTOYHUX 3HAYCHD KOHIICHTpPAMii
JIBOOKHCY BYTJCUIO Ta IHTCHCHBHOCTI OCBITICHHA. Y
pe3ynbTaTi PO3pOOKH MiICUCTEMH IITYYHOTO OCBIidY-
BaHHS 30HM BHPOIIYBAaHHA OTPUMAHO PE3YIBTaTH MO-
NIEITIOBaHHS, sIKi HaBeleHo Ha puc. 13. MaTpuirio Bigmo-
BiTHOCT] TPaBMJI HEYITKOTO KEepPyBaHH: JaHOKO IIiJICHC-
TeMolo 110 (QYHKIIH HaJIe)KHOCTI IapaMeTpiB MpeacTas-
JIeHO B Ta0I. 5.

B Fule Edor Osveshcheniye o x

File Edit View Ogtions

1.1 Gntens 15 ma) g (COZ i max) then (Osvesh s OFF) (1) ~
2.1
"

Then
Osvesh s

none

Clnet

]

T — 1M

e Addruie | Chamgerde |

E| =

Ccuse

ww |

0) @pacmenm pedaxmopa 6a3u NPasuL HeUimKo2o
KepYBAHHS WMYUHUM OOCBIYY8AHHAM

Pucynox 12 — [Iporpamna peasizaiisi miJCUCTEMH [ITYYHOTO JOCBIYyBaHHSI 30HU BUPOIYyBaHHS

Tabnuus 5 — Matpuus BiAnoBiHOCTI 10 QYHKIII# HAJIe)KHOCTI HapaMeTPiB MiJJCUCTEMH HITYYHOTO A0CBIYyBaHHS

CO,
LuxIntens
Huxue HopMu Hopma Bue Hopmu
Huxue Hopmu BxiroueHo BxiroueHo BxiroueHo
Hopma Buxmoueno | BuxioueHo | BxiroueHo
Buie Hopmu Bukmntoueno Bukntoueno | Buxiroueno
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Pucynok 13 — Pe3ynbratu MOJIE/IIOBAHHSI HEYITKOTO KEPyBaHHsI MiICHCTEMOIO ITYYHOTO J0CBIYyBaHHS
(1 — curnan ceHCOpy OCBITIICHHS; 2 — CUTHAN KePYBaHHS JAHOO MiCHCTEMOI0, 3 — CUTHAN ceHcopy KoHueHTpauil CO,)
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Sk BUZIHO 13 aHaMI3y pe3yabTaTiB MOJIETIOBAaHHS, SKi
HaBeJeHO Ha puc. 13, peasizoBaHa MOJAETh MiJICHCTEMHU
KEePYBaHHS PEXHMaMH IITYYHOI'O JOCBIYYBaHHS 30HH
BUPOIIYBaHHS KyJIbTYp aJalTye IHTCHCHBHICTH JDKEpe-
Jla OCBITJICHHS Ha Ti/ICTaBi BUMiproBanbHOI iH(popMartii
BiJl CEHCOPIB KOHIICHTpAILii BYTICKHUCIOTO Ta3y Ta PiBHA
OCBITJICHHS TEIUINLII.

Bl Fis editor: Korm_H20 - o x
File Edit View
-\ Korm_H20
Pn
(mamdani)
Udobr-eH20
Ekprov
‘ S Name: Korm_H20 s Type: mamdani ‘
‘And method = o || curent variawie
Name
Or method max v Pn
o = Al input
Range 012
Agoregation rox 5
System"Korm_K20": 2 nputs, 1 output, and 9 rules ‘

a) Brox-cxema pedaxkmopy @yuxyiu niocucmemu

003Y8aHHs 000PUB 00 NONUBHO20 POZUUHY

[IporpamMHy peaizamiro IMiICUCTEMH JIO3YBaHHS
JOOpHB 10 TOJIMBHOTO PO3YMHY HAaBEAEGHO Ha
puc. 14 a, 6. Buxigauii curaan KepyBaHHS €0 TiACH-
CTEMOIO 3aJIKUTD BiJl BUMIpSTHUX 3HAYE€Hb KHCIOTHOCTI
Ta EJIIEKTPOIPOBITHOCTI PO3UMHY, PE3yIbTATH MOJIEIIO-
BaHHJ, SKi HaBeAeHO Ha puc. 15, wmarpumo
BIAMOBITHOCTI NpaBHJI KEpyBaHHs — B Ta0I. 6.
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Pucynox 15 — Pe3ynbraTit MOIeTFOBaHHS HEYITKOTO KEPYBaHHS ITiICHCTEMOIO 103yBaHHs 100puB (1 — curaan Bix
CEHCOPY EIEKTPOIIPOBIIHOCTI; 2 — CHTHAJ KEPyBaHHS MiICHCTEMOIO TO3YBaHHS JOOPUB, 3 — CUTHAI Bix ceHCOpy pH)

SIk BUJHO 13 aHANI3Y pe3ysIbTaTiB MOJICIIOBAHHS, SIKi
HaABEJICHO Ha puc. 15, peanizoBaHa MOJENIb MiICHCTEMU
ONTHMAJILHOTO JI03yBaHHs JOOPUB aJanTye iHTEHCUB-
HICTh 1X BHECEHHS JO TOJIMBHOTO PO3YMHY Ha IIiJCTaBi
BUMIpIOBAJIbHOT iH(OpMAI] BiJl CEHCOPIB KHUCIOTHOCTI
Ta eJIeKTPONPOBITHOCTI.

[MincucreMy KepyBaHHS pEXHMaMH 3BOJIOXKCHHS
I'PYHTY peaji30BaHO Ha 0a3i TEXHOJOTrii KpamneibHOTo
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Tabmu 6 — Matpurist BiAMOBiTHOCTI A0 GYHKITIH HAJIEKHOCTI TTapaMeTpiB MiICUCTEMU T03YBaHHS
JIOOPHB 0 TMOJMBHOTO PO3UUHY

El-prov
pH
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Bue Hopmu Buxmoueno | Buxioueno | BuxiroueHo
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Pucynok 17 — Pe3yapTaTé MOACIIOBaHHS HEYITKOTO KEpyBaHHS KpaneJIbHUM IoauBoM (1 — cHrHan Bix ceHcopy
TEeMIIEpaTypH IPYHTY; 2 — CUTHAJ KEPYBaHHS KpaleIbHUM MOJIMBOM, 3 — CUTHAJ BiJl CEHCOPY BOJIOTOCTI IPYHTY)

Tabnuus 7 — Matpuus BiAnoBigqHOCTI 10 QYHKIIH HaJIEKHOCTI TapaMeTpiB MiJICUCTEMH KPaIeJIbHOTO TOJINBY

W. Tsoil
soil Huxue HopMu Hopma Buuie Hopmu
Huxue HopMu BxnroueHo BxiroueHo BxiroueHo
Hopma BuxmntoueHo BuxntoueHo BxiroueHo
Buie Hopmu Bukmntoueno Buxknroueno Buxknoueno

SIk BUJHO 13 aHANI3Y pe3ysIbTaTiB MOJICIIOBAHHS, SIKi
HaBEIEHO Ha puc. 17, peanizoBaHa MOJENIb MiICHCTEMU
KpareabHOro 3pOIICHHs aJanTy€e IHTCHCHBHICTh MOadvi
MIOJIMBHOTO PO3YHHY JIO KOPEHEBOI CHCTEMH BHPOIIyBa-
HUX KYJBTYD.

BHUCHOBKMU. V crarti BHpIIIEHO aKTyaJlbHY Hay-
KOBO-TIPDHKJIaJHY 33/1a4y OOIPYHTYBAaHHS CTPYKTypH Ta
MpOTpaMHOI peaji3aliss KOMIT'FOTEPHOI CHCTEMH MOHi-
TOPUHTY W KepyBaHHS OCHOBHHUMHM TEXHOJOTIYHUMHU
peKMMaMH BUPOLIYBaHHS KYJBTYp B YMOBax IPOMHC-
JIOBUX TEIUIHIb Ha 0a3i makeTy posumpeHHs MATLAB
& Simulink Fuzzy Logic Toolbox®. OcroBrEM Hayko-
BO-TIPUKJIQJIHUM JTOPOOKOM CTATTi €: aHaji3 1 JIoriuHe
y3araJbHEHHS  BIJOMHX  pe3yJbTaTiB  HAayKOBHX
JIOCTI/KeHb B 3asBJICHIN MpeaMeTHiN 00yacTi; oO0rpyH-
TyBaHHA Tepesiky  (i3MKO-XIMIYHMX  I1apaMeTpiB
MIKpOKJIIMaTy TEIUIMIb, IO MiJIAratoTh aBTOMAaTHYHO-
My KOHTpOJIIO; PO3pOOKa CTPYKTYPHO-aJIrOPUTMI4HOL
opraHizanii CHCTEMH aBTOMAaTHYHOTO KEpyBaHHS TeX-
HOJIOTIYHUMH PEXHMaMH BHpPOILYBaHHS; IPOTrpaMHa
peamizariisi peXkuMiB (YHKIIIOHYBaHHS CHCTEMH Kepy-
BaHHS MIKPOKIIIMATOM; SIKICHHH 1 KUIbKICHHE aHaui3
OTPUMAHUX PE3yIBTATIB PO3POOKH KOMI'TOTEPHU30BAHOT
CHCTEMH; OOTPYHTYBAaHHS NEPCHEKTHBHUX HAIPSMKiB
MOJANTBIINX JOCHI/KeHb. AHal3 OTPUMaHUX pe3yJsbTa-
TiB JOCIHIPKEHb 3alpONOHOBAHOI KOMII'TOTEpHU30BaHOI
CHCTEeMHM IIATBEPAMB MOKIMUBICTH ii 3acTOCYBaHHSA B
YMOBAaX BUPOIYBaHHS KYJIbTYp Ha 3aKPUTOMY I'DYHTI.
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COMPUTERIZED SYSTEM OF THE COMPLEX MONITORING AND CONTROL OF
THE INDUSTRIAL GRENHOUSES MICROCLIMATE ON THE FUZZY-LOGIC BASIS

I. Laktionov, O. Vovna, M. Berezhnyi, V. Lebediev

SHEE «Donetsk National Technical University»

Shybankova sq., 2, Pokrovsk, 85300, Ukraine. E-mail: ivan.laktionov@donntu.edu.ua

Purpose. The structure substantiation and program realization of the computer monitoring and control system on the
main technological regimes of crops growing under greenhouse conditions is the purpose of the article. The article pre-
sents results of experimental studies on improvement of the computer-oriented method of measurement information
processing on microclimate parameters. Methodology. The authors used experimental studying methods of the multi-
channel automatic information-measuring system of the regulated microclimate parameters to measurement monitoring,
as well as simulation methods of the control systems based on Fuzzy-logic for the corresponding results obtaining. Re-
sults. The authors have designed and constructed an experimental model of the automated greenhouse, which meets the
geometric, dynamic and kinematic similarity criteria to real industrial greenhouse complexes. The hardware and soft-
ware of the monitoring and control system of the greenhouses microclimate has been synthesized using modern sensor
and software technologies. The qualitative and quantitative parameters of fuzzy control implemented subsystems of
heating, humidification, ventilation and artificial lighting of the growing zone, drip irrigation, carbon dioxide plant nu-
trition and mineral fertilizers dosing have been estimated. Originality. The main scientific results of the article are
analysis and logical synthesis of existing results in the declared subject area, substantiation of the physical and chemical
parameters list, qualitative and quantitative results analysis of the computerized system development. The prospective
studies directions on the industrial greenhouses modernization using the development and implementation of the moni-
toring and climate control systems have been substantiated. Practical value. The main applied results are development
of the structural and algorithmic system organization and software implementation of the operation modes. The analysis
of the research results of proposed system confirmed the possibility of its use in real greenhouse conditions. References
11, tables 7, figures 17.

Key words: fuzzy control, greenhouse, microclimate, computerized system.
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