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Purpose. The purpose of the work is to improve the main indicator of the economic
efficiency of the production of bakery products - the saving of electricity for heating
inside the baking chamber. Design / Method / Approach. Achieving the goal in
the work is carried out by eliminating the possibility of supplying excess heat from
heaters by modernizing the automated baking temperature control system. A math-
ematical model of the automated control system for the temperature mode of bak-
ing in a tunnel-type bakery oven was developed using the methods of designing
intelligent control systems. The technological process is controlled using a fuzzy
controller. Findings. Control of the parameters of the internal environment in the
cameras was achieved by automated control of actuators. Conducting the techno-
logical process from start to finish without operator intervention provides the pos-
sibility of remote change of baking modes without stopping the process. Control
algorithms for the technological process of baking bakery products have been de-
veloped, which exclude incorrect operations. Theoretical Implications. According
to the results of theoretical research on the mathematical model of the fuzzy control
system of the technological process of the production of bakery products, surfaces
of the fuzzy control of the technological process of baking by capacity and humidity
were obtained. Practical Implications. The proposed automated system for con-
trolling the temperature mode of baking bakery products, the operation of the
heater and humidifier is adjusted by a fuzzy controller. Originality / Value. The
simulation results show that the use of fuzzy controllers in automatic control sys-
tems allows controlling temperature and humidity at the stages of bread baking.
Research Limitations / Future Research. The fuzzy controller proposed in the
article can control the power of the heater in three positions, the humidity level in
three levels, and the baking stage in 3 stages. Paper Type. Practitioner Paper.
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HaiickiiagHimoro 1 BiAMOBINaIBHOIO ONEPAIIi€r0 IPUTOTYBAHHS XJ1i0a € BHUIIi-
yka. Bumiuka — 1me mporec mporpiBy TICTOBHX 3ar0TOBOK, IO MPHUBOTHUTH IO iX
MEPETBOPCHHS 31 CTaHy TiCTa B cTaH xJi0a. [y Bumiyky xJ1ida i XJ1iOHUX BUPOOiB
3a3BUYail 3aCTOCOBYIOTHCS I1€Yi, B IKUX TEIUIO, IO BHUIIKAE 3 TiCTa XJIi0, epeaa-
€THCS] TEPMIYHUM BUIIPOMIHIOBaHHSM 1 KOHBEKII€IO NPU TEMIIEpaTypi TEIIOBi-
nmarounx nmosepxoHs 300—400°C i cepenosuma nexkaproi kamepu 200-250°C. Haii-
ONTUMAJIFHIIIIAM BapiaHTOM aBTOMATH3AIlil IPOLIECy BHITIYKH € aBTOMaTHIHE pe-
TYJIIOBaHHS BOJIOTOCTI B 30HI IAPOBOTO 3BOJIO’KEHHSI I€Yi, TEMIIEpaTyp BHITIKaHHSI.
OpnHak CTBOPEHHS Takoi CHCTEMH PETyIIOBAHHA € CKIAQJHHM 4Yepe3 HeOCKOHa-
JICTh MPWIAJB BUMIPIOBAHHS BOJIOTOCTI 1 TEMIIEpaTypH BUITIKaHHS.

HeTouHoCTi MiATPUMKH TEMIIEpPaTYpHOTO PEXKHUMY Ta BOJIOTOCTI BCEPEHHI
Tevi 4acTo MPU3BOSTH JI0 3HIKEHHS SKOCTI BUPOOIB 1 1O IEpEeBUTPATH EIEKTPO-
e”eprii. Taki BiIXWJICHHS BiJ IMapaMeTpiB TEXHOJOTIYHOTO TPOLECY BEAYTh IO
MIBUILEHHS COOIBaPTOCTI FOTOBOT XJ11000YyIOYHOT MPOAYKLil, TOMY BUPIIICHHS
JaHOTO 3aBIaHHS € aKTYaJbHOI HAyKOBO-TEXHIYHOO 33/1a4€HO0.

B 1aHOMY NPOEKTI CIIPOEKTOBAHO CXEMY aBTOMAaTHYHOTO PEry/IIOBaHHS TPU-
BAJIOCTI BHITIYKH 3 KOPEKITIEIO 32 TEMIIEPaTypoOrO B APYTii 30HI MeKapHOi KaMepH,
Jie BiOyBa€eThCs BUIIUKA M'SKYLIKH. 3aCTOCYBaHHS TaKol CXEMH aBTOMaTh3allii
TOBMHHO TPHBECTH JI0 MOKPAIICHHS SKOCTi MPOIYKILii, 10 BUIKAETHCS, 1 3MEH-
HICHHS OpaKy.

O0'exTOM IOCHIKEHHS € TEXHOJOTIYHHUHA MPOIEeC BUINIYKA XI1000YITOTHIX
BUPOOIB B KOHBEKILIHHIH TIe4i 3 eNEKTPUYHHUM MiAIrPiBOM.

[penmer mocmimkeHHS. 3HIKEHHS €HEPrOEMHOCTI poOOTH XITiOOomeKapHOL
mevi LUISIXOM aBTOMaTH3allil Ipolecy KepyBaHHs 3 BAKOPHCTAHHSIM MaTeMaTH4-
HUX METOJB, aJITOPUTMIB, iHPOPMAIIITHOTO Ta MPOrPaMHOTO 3a0e3NCUCHHSI.

Llini Ta 3aBgaHHA

im0 TOCTIIKEHHST € MOJIMIIEHHSS OCHOBHUX ITOKA3HHUKIB €KOHOMIYHOT
e(heKTHBHOCTI BUPOOHUIITBA — EKOHOMISI €NIEKTPOCHEPTIi Ha MiirpiB BcepenuHi
KaMepH 32 PaxyHOK BUKIIOUEHHS MOXKJIMBOCTI Mi/IBEIEHHS 3aiBOI KIJIBKOCTI Te-
ria Big TEHIB nursxom MofepHi3allii aBTOMaTH30BaHOT CHCTEMH YIIPaBIIiHHS Te-
MIIEpPaTyPHUM PEXKHUMOM BUITIKAHHSL.

s BumikaHHA X1i0a Ta XIOHUX BUPOOIB 3a3BHYAil 3aCTOCOBYIOThCS TIeUi, B
SKHAX TEIUIO TICTY-XJi0y HepeaaeTbcsi TEePMOBHUIIPOMIHIOBAHHIM Ta KOHBEKIIIEIO
IpH TeMIieparypi Termoignatounx nosepxonb 300—400°C Ta cepenoBuina rneka-
pHoi kamepu 200-250°C. HaifonTuManpHIIINM BapiaHTOM aBTOMAaTH3allii Mpo-
lecy BHIIUKM € aBTOMAaTH4YHE PEryJIrOBaHHS BOJOTOCTI B 30HI NMapO3BOJIOKEHHS
Tedi, TeMIeparyp KipKu Ta M'IKyIIy IPOIYKIIii.

OCHOBHHUM 3aBJIaHHSIM [TPOEKTOBAHOT aBTOMaTH30BaHOT CUCTEMH YIPaBIIiHHS
TYHEJBHOI XJTi00TIeKapChKoi Tedi €:

— PerynroBaHHs TeMIlepaTypH y KOKHIM Kamepi BHIIUKH 3 BUKOPHCTaHHSIM
TEHis.

— PerymoBanHsl TeMneparypy rapsiioro HOBITPS, siKa BiZIOMpaeThCst 3 medi
IUISTXOM 3MiHU YaCTOTH OOEpTaHHS eIEKTPOIBUTYHA.
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AdocnipkeHHA CUCTeMMn KepyBaHHA Npouecom
BMnikaHHA xniba

BurmikanHs 60pOIIHIHUX BUPOOIB Yy MeYax € KOMIDICKCHUM IPOIecOM 3Had-
HOTO CTyHEHs ckiiagHocTi. s #oro BUBYEHHSI JOLUIBHO PO3MIISIATH BUITIKAHHS
BUPOOIB y Iedi K CYKyITHICTh KiIBKOX TEIUIOBHX IIPOLECiB. 3HAYHUN BHECOK y
PO3BUTOK 3HaHBb I0JI0 IPOLECIB, 10 BiOYBaIOTHCS B TICTi-X101, 3p00OIEHO BUe-
aumu [Ipunena H. (Ilpunena & Tomans, 2023), Bomrox M. /1. (Bomrox & Mem-
k0B, 2020). Cepen npaiip y aHINIOMOBHOMY CETMEHTI HayKOBOI JIiTepaTypy MOXKHA
Big3HauuTH aBTOopiB Kambourova, V. (Zheleva & Kambourova, 2005), Mistry, H
(Mistry et al., 2006), Altamirano-Fortoul, R. (Altamirano-Fortoul, 2012).

[HoMM npouiecom, sSiKMit Hapasi TaKoX JI0CTaTHHO BUBYECHUM, € TEIIIOMACO0-
OMiH MK TICTOM-XJTIOOM 1 cepeZoBHIIEM NEeKapHOi KaMepH Iedi. Y XOIli YHACIICH-
HUX JOCJTIPKeHb OyB OTPUMaHHUil MacuB JaHHMX IIOJO BIUIMBY Ta ONTHUMAaJbHUX
3Ha4YeHb TEMIICPaTypH, BOJOTOCTI, BITHOCHOI IIBHIKOCTI CEpeNOBHIIA MTEKAPHOI
KaMEepH Ta TEIJIOBOTO MOTOKY, 1[0 CIIPHHMAEThCS BIAKPUTOIO Ta KOHTAKTHOIO T10-
BEpXHSIMH BUPOOIB YIIPOJOBK MPOLECY BHITIKAHHS IPH Pi3HUX PEKUMAX TEII00-
OMiHy (pajaiauiiiHnii, KOHBEKTUBHUMN, MIKDOXBHJIBOBHI Ta IX KOMOIHAILT).

ABTOMAaTH30BaHE PETYIIOBAHHS PEXXUMY BHITIKAHHS XJ11000yI09HIX BUPOOiB
y XJIIOONEKapChKHX TMeyax Oy/b-SKMX KOHCTPYKIH 341HCHIOETHCS BiAMOBIIHOO
3MIHOKO TeMIIepaTypH Ta TPUBAJIOCTI BUIIKaHH:. B TaHOMY BHIIaIKy OIHIEH0 3 OC-
HOBHHUX OOCTaBHH, 1110 BIUIMBAIOTh HA TUHAMIKY TEIUIOBUX IPOIIECIB Yy Meui, € po-
3CiIOBaHHS TEIUIA 3CEPEIMHH Ievi Ha30BHI yepes 11 cTiHu. BukopuctanHs TO4HOTO
MaTeMaTH4HOTO ONHKCY JIAHOTO MPOLECY 3 ypaxyBaHHIM Au(epeHIialbHUX PiB-
HSIHb TEIUIONIPOBITHOCTI € CKJIAJHUM Y PCalbHUX CHCTEMaX aBTOMATHIHOTO YIi-
paBiiHHS Temnepatrypoio. Tomy B poOOTI Il «iZeajJbHOT0» BHIAJKY IUIOCKOT
TPHILIApOBOi CTiHM 3aIPONIOHOBAHO YHCEJbHY MATeMaTUYHY MOJENb JAUHAMIKH
3MIHHM TEMIIEpPaTypH.

Ha nepuioMy etami Jj1s CTBOPEHHS 1 JOCIIDKCHHS CHCTEMH KepyBaHHS HPO-
[[ECOM BHUIIIKaHHS XJIi0y HEOOXiMHO OTPHUMATH JIiHIIHI MaTeMaTHYHI MOJIEII MPO-
recy. XIiOoneKapehKy MY MPEICTaBICHO SK OaratornapaMeTpUIHAN OTHOEMHIC-
HUI 00°€KT, SIKUI XapaKTepU3y€eThCs PSIIOM TEXHOJIOTTYHUX 1 TEIUIOTEXHIYHHUX Be-
nguH. BuaineHo 1Bi eMHOCTI: TiepIia — EMHICTh TOTIKH, IpyTa — EMHICTh KaMEpH
BuMikaHHs nevi. [IpoBeaeHO aHaTITHUHKIA PO3PaXyHOK CTATHYHUX 1 AMHAMIYHUX
XapaKTEePUCTHK JUII €MHOCTI TONKHU. B ycraneHoMy pexumi poboTa TOIKH ONHU-
CYETBHCSI HACTYITHUM PIBHSIHHSM TEIJIOBOTO OajlaHCy:

QT - Qc = 0, (1)
Je Q, — MOTY>KHICTh TEIUIOBOTO MOTOKY, 1[0 HAJXOAMTH JI0 TOIKH, KBT; Q. — mo-

TYXHICTh TEIIOBOTO TOTOKY, III0 BUXOIUTH 3 TOIKHU, KBT.
B cBoto uepry:

Qr =0Qx + Qc]) + 0, + Qpeuﬂ )

ne @, — MOTYXHICTh TEILIOBOTO IMOTOKY, 1[0 HAIXOAUTH JIO TOIKH 32 PaXyHOK Xi-
MIYHOI TEIUIOTH HaiauBa, KBT; Qq, — MOTY>KHICTb TEIJIOBOTO MOTOKY, IO HATXOTUTh
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JIO TOTIKM 33 PaxXyHOK (i3W9IHOI TETUIOTH NayimBa, KBT; Q, — MOTYXHICTh TEII0-
BOT'O MOTOKY, 10 HAJXOJUTh JI0 TOTIKH 3 TIOBITPAM, KBT; Qpey — MOTYXKHICTB TeTI-
JIOBOTO MOTOKY, [0 HAJAXOIUTh JI0 TONKH 3 PEHUPKYISAILIHHIMY razamu, KBT.

BXigHUMHU BeTHMYHMHAMH JJIs1 PIBHSHHS TONKY €: BUTpara nanusa G, Mo no-
JA€THCS [0 TOTKH; BUTPATa rasiB PEUUPKYIALIT Gpey, 10 HAIXOIATH IO TOIKH, i
TEMIIEPaTypa ra3iB pemUpKyIsii 6y, BuxiqHow BenuunHo0, TOGTO peryIor-
9HM NapaMEeTPOM JaHOi TJITHKH, € TEMIICPaTypa IMMOBHX TasiB 6.

PiBHSHHS TUHAMIKH JUIS TOTIKM MOYKHA OTPHMATH, AKIIO NPHIAHATH 110 yBArH,
1110 3MiHa TeMIlepaTypH JUMOBHX rasiB B Hil 3a yac dt z[opu;moe Ppi3HHLI MK
KIJBKICTIO TEIUIOTH B OAMHHILIX 4acy, IO MiJBOIUTHCS, 1 KUIBKICTIO TEIUIOTH B
OJIMHUIISAX Yacy, IO BiBOAUTHCS:

d(A@a)

T + A@ = KllAG KlZAGpeLl + K13A9peu, (3)

e Kiq, Ky, K13 — Koe(bmleHTH nepenavi Tonku; T; — MoCTiliHa 4acy TOIKH.

Kepyrouoro Benm4uHO0 NpuiiHATa 6, — TeMIepaTypa AMMOBHX Ta3iB Ha BU-
xoni 3 Torku, °C, a BenmauHamu 30ypeHs — BuTpara napu Gy, KI/Tog; CTYIIiHb Cy-
XocTi napu X,; NOTYXKHICTh i Gy, KI/TOa; CepeaHs TeMIleparypa cepeaoBHIIa
neKxapHoi kamepu 0, °C Ta mapuiansHUil THCK Tapy B KaMepi Bumikanus Py, kI1a.

CrpomryeMo Ta mpuiMaeMo TMPHITYIICHHS: TEIUIOBIAOIp 1 TEIUIOBiAma4Ya Me-
Tay KOHBEEpPY NPHUOIN3HO PIBHI Ta B3a€EMHO KOMIICHCYIOTBCS; BTpaTu TeIuia B
OTOYYIOYE CepeOBHILIE HE3HAYHI; TEMIepaTypa LIEHTPa TICTOBHX 3arOTOBOK B Me-
JKaX KaMEpH BHUITIKAHHS HE 3MIHIOETHCS, a PO3MOILT TEMIIepaTyp Bill LIEHTpa 10
HOBepXHi Oyae JTiHIHUM. 3 ypaXyBaHHAM NPUHHATHX MO3HAYCHB Ta IPHITYIICHb
PIBHSIHHSI TETUIOBOTO OanaHCy KaMepy BUIIKaHHS Medi B yCTAICHOMY PEXKHUMi Ma€e
BUIVISL:

QH+QI‘_QC_QT=0' (4)
ne Q, — MPHTIK Teria 3 HACHYCHOI Maporo; (. — MPUTIK TEIUIa Bill IIOBEPXOHB,
110 IPit0Th; Q. — TEIIO0, 10 BiIHOCUTHLCS BEHTIIAIITHOKO CyMIIIIIIO B BUTSHKHUN
KaHaJT; (). — TETIo, M0 BiTHOCUTHCS TICTOBUMH 3arOTOBKAMH.

[MigcTaBisiFodn BiTOMi 3aJI€KHOCTI JUIS CKIIQJOBUX PIBHSIHHS TEIIOBOTO Oa-
JIaHCY, JIiHeapu3yloun Horo ta poOisvM BiANOBIIHI NMEPETBOPEHHS, OTPUMYEMO
PIBHSHHS JHHAMIKH:

Gey S = 2 Q. 5)
ne Q; — NoMaHK! yHiBEPCAILHOTO PIiBHAHHSA OaaHCy TEIUIOTH B CTATHIL; Gy, =
Vey * Pc = Cc — TETIOEMHICTE 06 °€KTa K CyMa TETMIOEMHOCTI TAPOTIOBITPSHOTO Ce-
penoBHIIa i MeTaly B Mekax kamepu Bumikanas, k/x/K; G, — maca meraiy, mo
cripmsic TEMIO0OMiHy, KT; p, — TyCTHHA cepenoBuma, kr/m>; C,, C,, — IUTOMA Te-
TUIOEMHICTH BIATIOBITHO cepenoBuIIa Ta MeTaiy, kJ[x/krK.

3 ypaxyBaHHSIM BEJIUKOI BOJIIOTOCTI MAPOIOBITPSIHOTO CEpEeIOBHIA B KaMepi
BUIIIKaHHA I1€4i 32 YMOBH PO3pPaxyHKy ii TEINIOEMHOCTI MOXHA JOIMYCTHTH, IO
TYCTHHA CEPEIOBHINA JOPIBHIOE TYCTHHI ITapH, a IIUTOMA TCIUIOEMHICTE Cepelo-
BUIIA — TUTOMIH TeIJI0EMHOCTI apu (p, = py, C. = C):
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a(a6c)

T.
2 at

+ Agﬂ = Kz]_AGn + KzzAxZ - K23AGx + K24A0Ll - KZSAP‘I’U (6)

ne Koq, Koz, Koz, Kou, Ky5 — KOGOILEHTH Iepeaui kKaMepy BUNKaHHS nedi; Ty —
NOCTil{Ha Yacy KaMepH BHUIIKaHHS I1edi.

[NapameTpruHa cxema KaMepH BHUITIKaHHS I1€4i, K 00°€KTa peryIoBaHHs Te-
mneparypu 0, °C, npencrasnena Ha pucyHKky 1.

Gp Transfer Fend
n 0.02
141841

x2 Transfer Fond
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Pucynox 1 — CTpykTypHa cxeMa MojieJli TeMIIEPATYPHHUX PeKUMIB podoTH
xjaidonexapcebkoi neui (I:xepesio: CTBopeHo aBTOpaMu)

CTBOpEHHSA HeUiTKOro KoOHTporsiepa Aansa perynioBaHHSA
TeMnepaTtypHMX peXxumiB i BoJsioronepeHeceHHs

MeTot0 10CTiDKEHHS B €KCTIEPUMEHTANIBHIHM YaCTHHI € CTBOPEHHSI HEYITKOTO
KOHTpOJIepa JUIsl BU3HAYCHHS Yacy BUIIKAHHS XJ1i0a 3 BAKOPHCTAHHAM BXiJJHUX Ta
BUXITHUX mapaMeTpiB. KoHTpoep 3a0e3neunTs: BHOIp HEOOXITHOTO peKuMYy, Ha-
rpiBaHHs KaMepH 10 MOTpiOHOI TeMmneparypu, ONTHMallbHy BOJIOTICTb, BUTpATy
BOIM Ta CIIEKTPOCHEPTii, BIAMOBIMHY CTairo s BHIiKaHHA. [locTiiiHO KOHTpO-
JIFOIOYH MPOILIEC BUITIYKH, IHTEJIEKTyaIbHa CHCTEMA 33 MOTPEOH BUACHO HAIAE€ HE-
00XiHI KOPEKTHBU. AHANI3YIOUH TOCIIIKCHHS BUCHUX Y HayKOBOMY HAIPSIMKY
YIpaBJiHHS BUIIYKOIO XJ1i0a, OyB 00OpaHuUil MeTO/1, 3aCHOBaHUII Ha HEYiTKil J10-
rimi.

Heuitke moznentoBanHs B cepenopuili MATLAB BUKOHYETBCS 32 TOTIOMOT OO
nakety posmuperas Fuzzy Logic Toolbox.

Ha ocHOBI nipoBezieHOTO aHalli3y 3aCTOCOBAHO aJITOPUTM MamiaHi SIK OCHO-
BHUI METOJ HEYiTKOTO BUCHOBKY JJIs1 TOOYIOBH ONTUMAIBHOT MOJIEII 1HTEIEKTY-
aJBHOTO ynpasiiHHs. J{i1s cTBOpeHHs HeviTKol Mozesi MaMaaHi HeoOXiHO OTpH-
MarH pe3yJbTaTd 3 TPhOX BXIJIHUX JIAaHHUX Ta JIBOX JIaHUX PEryJIIOBaHHs TeMIiepa-
Typu. HeoOxizHo: 3a1ati mapaMeTpy HEWiTKOT MOAENI pPEeTYNIOBaHHS TeMIlepa-
TypH B KaMepi; copMyBaTH OCHOBY NPABIJI; TIOCTABUTH Ta MOOYLyBaTH QyHKIIiIO
NPUHAJIEKHOCTI; BUBECTH pilleHHs. [HTepdeic anropuTMy 1moka3aHo pUCYHKY 2.
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Pucynok 2 — Intepeiic aaropurMy He4iTKOro ynpasJiiHHs
(dxepeso: CTBOpeHO aBTOPaMH)

Jlnst ynipaBIiiHHS BUITIYKOIO B TIIYHIN Kamepi Oyiio BU3HaUeHO 3 BXiJHI HEYITKi
3MiHH:

— Temmeparypa kamepu. Po30UTTs 3MIHHOT 311iCHEHO Ha 3 JIHTBICTUYHI Te-
pMu piBHOMIpHO B ianasoni Bix 0 1o 260°C: T; — Hu3bKa Temneparypa, T, — ce-
penHs TemMreparypa, T; — BUCOKa TEMIIEpaTypa 3 OIMCOM T'ayCOBCHKIMH (PyHKIIi-
SIMH TIPUHAIIESKHOCTI.

— Bosoricts kamepu. Po30uTTst 3MiHHOT 311iCHEHO Ha 3 JIHIBICTHYHI TEpPMH
piBHOMIipHO B niana3zoni Bin 0 no 100%: V; — Hu3bKa Bonoricts, V, — cepeans
BOJIOTICTb, V3 — BUCOKA BOJIOTICTH 3 OTIMCOM I'ayCOBCHKMMH (DyHKIIISIMH ITpHHAJIE-
JKHOCTI.

— Cranii BumikauHs x;1i0a (3BOJIOKEHHs, 00CMakKyBaHHsI, BUMiKaHHs). Po3-
OuTTS 3MIHHOT 3/ificHeHO Ha 3 JiHrBicTH4HI TepMu: S; — 1 craxis; S, — 2 crajis;
S5 — 3 cragist 3 onricoM (QYHKIIIH TPUHATICKHOCTI THITY CIHIJTITOH.

Habip BUXiTHUX JIHTBICTUYHUX 3MIHHAX BH3HAYEHO JBOMA C€JICMCHTAMH:

— PerynroBaHHA cIIO)XMBaHOI TOTY>KHOCTI HArPiBAJIBHOTO €JIEMEHTA IEKapHOi
nieyi. Po30UTTsI 3MIHHOT 311iiCHEHO Ha 3 JIHIBICTHYHI TEpPMHU PIBHOMIPHO B Jiara-
30Hi Bif 1,8 10 8 kBT: P; — HU3bKA NOTYXKHICTh, P, — cepeHs NOTYKHICTb, P; —
BHCOKA HOTY)KHICTh 3 OIIFICOM TPUKYTHUMHU (DYyHKIIISIMHA IPUHAJICKHOCTI.

— BBIMKHEHHS Ta BUMHKaHHS NapoBOTO 3BOJIOXKYyBaua. Po30OWTTS 3MiHHOI
3IifiCHEeHO Ha 3 JTIHTBICTHYHI TEPMH PIBHOMIPHO B JAiana3oHi Bix 24 mo 28%: MV,
— HU3bKa BoJoricth, MV, — cepeqHs BOJIOTICTb,

Ha ocHOBI SIKiCHUX XapaKTepHUCTHK BCTAHOBIICHO 0a3y MPpaBHII, 0 OMHICYIOThH
poboty o6'exra ynpasminHs (OY), «AKIIO..., TOAL..»: HepeadadaeTbcss BUKOPHC-
ToByBaTH iH(opmariro nmpo OV, HOro MOTOYHUHN CTaH 32 YMOBH MpPaBHIA, i3 BU-
CHOBKY BHBOJHMTHCS KEPYIOUMI CUrHalI, 10 npuBoanTsh OV y GakaHuii cTaH.

Anroput™M (YHKIIIOHYBaHHS HEUYITKOTO PETYISATOpA MPEACTABICHHH y BU-
DIl [IPpaBW, Ha OCHOBI SKMX Yy TIPOrPaMHOMY KOMIUIEKCI PEryIro€Thes
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TEXHOJIOTIYHUH TapaMeTp CUCTEMH YNpaBiiHHs. {1 KOPEKTHOTO (YyHKIIOHY-
BaHHS HEYITKOTO PETyJIsATOpa, 3aCHOBAHOTO Ha TAaHUX YMOBaX 3MiHU TeMIIEpaTypH
Ta BOJIOTOCTI B Kamepi, OyJ10 ckiazeHo 0a3y npaBwil, Ha MiZCTaBl IKUX PEryoBa-
TUMETBCS TEXHOJIOTIYHAHN Tpo1iec (IUB. PICYHOK 3).

1. If (Temneparypa is T1) and (Cragia is 1) and (Bonoricte is V1) then (Momyskricte is P1)(3sonokysay is MV3)
2. If (Temnepartypa is T2) and (Cragia is S2) and (Bonoricte is V2) then (MomysHicte is P2)(3ronoxyeau is MV1)
3. If (Temnepartypa is T3) and (Ctagia is S3) and (Bonoricte is V3) then (MonyxxicTe is P1)(3sonoxysay is MV1)
4. If (Temnepatypa is T1) and (Cragia is S1) and (Bonoricte is V2) then (MotyxHicte is P3)(3ronoxyeau is MV3)
5_ If (Temnepartypa is T2) and (Cragia is $2) and (Bonoricte is V3) then (Monpkxicts is P3)(3sonoxyeav is MV2)
6. If (Temneparypa is T3) and (Cragia is 53) and (Bonoricte is V1) then (MotysHicTe is P2)(3sonoxyeau is MV3)
7. If (Temneparypa is T1) and (Cragia is $1) and (Bonoricte is V3) then (Monpkuicts is P3)(3sonoxysay is MW1)

_ If (Temnepatypa is T2) and (Craain is 52) and (Bonoricte is V1) then (MomyxHicte is P2)(3sonokysay is MV3)

[
([
(
([
(
[
: (
9. If (Temnepatypa is T3) and (Craaia is S3) and (Bonoricte is V2) then (MoysnicTe is P1)(3sonoxysay is MVT) (
}
}
}
}
}
}
}
}
}

10. If (Temnepartypa is T1) and (Cragin is S2) and (Bonoricte is V1) then (MoTyekHicTs is P3)(3sonoxyead is MV1) (1)
1. If (Temneparypa is T1) and (Crapis is S2) and (Bonoricts is V2) then (Momyekkicts is P3)(3eonoxyeay is MV1) (1)
12. If (Temneparypa is T1) and {Cragis is 52) and (Bonoricts is V3) then {MomyknicTs is P2)(3sonoxysad is MV2) (1)
13. If (Temneparypa is T1) and (Ctagis is 53) and (Bonoricts is V1) then (Momykkicts is P3)(3eonoxyeay is MV3) (1)
14_ If (Temnepartypa is T1) and {Cragis is 53) and (Bonoricts is V2) then {MomysknicTs is P3)(3sonoxysad is MV2) (1)
15. If (Temneparypa is T1) and (Ctagis is $3) and (Bonoricts is V3) then (Momykkicts is P3)(3eonoxyeay is MV3) (1)
16. If (Temneparypa is T2) and (Cragis is S1) and (Bonoricts is V1) then (Momyekkicts is P1)(3eonoxyeay is MV1) (1)
17. If (Temneparypa is T2) and (Ctapis is 51) and (Bonoricts is V2) then (Momykkicts is P1)(3eonoxyeay is MV3) (1)
18. If (Temneparypa is T2) and (Cragis is S1) and (Bonoricts is V3) then (Momyekkicts is P2)(3eonoxyeay is MV1) (1)
19. If (Temneparypa is T2) and {Cragis is 53) and (Bonoricts is V1) then {MomysknicTs is P2){3sonoxysad is MV3) (1)
20. If (Temnepatypa is T2) and (Cranis is 53) and (Bonoricts is V2) then (MoyekuicTs is P2){3sonowysay is MV2) (1)
21 If (Temneparypa is T2) and {Crapgia is 83) and (Bonoricts is V3) then (MonypsHicts is P2){3eonoxyeay is MV3) (1)
If and and Then and
Temnepatypa is Crapin is BonoricTe is MoTy#HICTL is 3sonoxyeau is

Pucynok 3 — IIpaBujia ¢pyHKUiOHYBAHHS CHCTEeMH HEYiTKOTO BHCHOBKY
(Ixepeso: CTBOpeHO aBTOPaMH)

PesynbTatmn

[ToBepxHi KepyBaHHS TEXHOJOTTYHUM IMPOLECOM 3a MOTYXKHICTIO Ta BOJIOTI-
CTIO B KaMepi eyl HaBeICHO Ha pUCYHKax 4 Ta 5.

3rigHo 3 pucyHKamMu 4 Ta 5, aHaJi3 II0Ka3as, 10 OTPUMaHa CHCTEMa yIpaB-
JIHHS 371aTHA MPAIIOBaTH IIIKOM 33/I0BUIbHO. TakoXk, BUKOPUCTOBYIOYH IMYyHKT
MeHro "lleperisin mpaBui'', MOXKHA TIEPEBIPUTH AAEKBATHICTH 3T€HEPOBAHOT MO-
Jei.

MoTyxHicTe

Temnepatypa

Crapis

PucyHnok 4 — IloBepXHsI HEHiTKOr0 KepyBaHHSI TEXHOJIOTTYHHM MPOLECOM BHITIKAHHS
3a nory:kHicTio ([[’kepesio: CTBOpeHo aBTOpaMM)
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3BONONYBAY

Temnepatypa 3

Pucynok 5 — IloBepXHsI HEYiTKOr0 KepyBaHHS TEXHOJIOTIYHUM NPOLECOM BHIIKAHHS
3a BoJioricTio (I:xepesno: CTBOpeHO aBTOpaMu)

BuCHOBKM

ITpu mopepHizawii cucTeMy ynpaBiliHHS XJIIOONEKaPCHKOIO Y40 MOCTaB-
JIeHI 1 BUpIIIEHI HACTYTIHI 3aBJaHHS: KOHTPOJb MapaMeTpiB BHYTPIIITHBOTO cepe-
JOBHILA B KaMepax IUIIXOM aBTOMATH30BAHOTO YIIPABIiHHSI BUKOHABYNMH MeXa-
Hi3MaMHu; TIPOBEICHHS TEXHOJIOTIYHOTO MPOIIECy Bij MOYATKy 0 KiHIlA Oe3 BTpY-
YaHHS OllepaTopa, MpH LBOMY 3a0e3MeuyeThCS MOXKIUBICTh TUCTAHIIHHOT 3MiHH
PESKMMIB BUIIYKH 0€3 3yIMHKH IIPOLECY; YIPaBIiHHS TEXHOJIOTIYHIM IPOLECOM
nevi JJIsl peryJaroBaHHs TEMIIEPaTypHUX PEXXUMIB 1 BOJIOTOIIEPEHECEHHS 3 BUKO-
PHCTaHHSIM HEYITKOTO PEryisiTopy; po3po0Ka aJropuTMy YIpaBliHHS TEXHOJOTI-
YHUM MPOLIECOM BUMIUKH XJ1000y104HOT IPOAYKIIIT, SIKI BUKIIIOUYAIOTh HEKOPEKTHI
omnepauii. BipoBa/keHHS aBTOMaTH30BaHOT CHCTEMH YIIPABIIIHHS TEXHOJIOT T YHUM
NPOLECOM JJ03BOJISIE MiIBUIINTH €(EKTHBHICTh NPOLECY 32 PaXyHOK CKOPOYCHHS
eTarry po3irpiBy medi Ta SKICTh TOTOBOI XJI1000YIIOYHOT MPOAYKINT MUITXOM TOY-
HOTO IOTPUMAaHHS TEXHOJOTYHMX ITapaMeTpiB.
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