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1. B. TPHUI'OPEHKO, C. M. 'PHI'OPEHKO, /1. O. BOBK

JAOCIKEHHA KOHTPOJIBHO-BUMIPIOBAJIBHOI'O OBJIAJTHAHHA
3A 1O0IIOMOI'OI0O CUCTEMMU FUZZY-LOGIC

B pobotTi po3misHyTO BHpIMICHHS HAYKOBO-NIPAKTHMYHOI 3ahadi KOHTPOJIO TOYHOCTI BHMMIPIOBaHHS IapaMeTpiB TEXHOJOTIYHOIO IPOLECy
BUTOTOBJICHHS Kapamei JUIsl MiJABUIIEHHS ii SIKOCTI 3a IONOMOT0I0 CTBOPEHHSI €BPUCTUYHOIO aHAi3aTopy Ha 6a3i iHTep¢eiicy KopucTyBaya CHCTEMH
Fuzzy-Logic.

[poanaiizoBaHo (HakTopH, M0 BIUTHBAIOTH Ha TOYHICTH BUMIPIOBAHHS, JOBEICHO MOKIIMBICTh 3aCTOCYBaHHs amapaty Fuzzy-LogiC miis BU3HAYCHHS
TaKHX IapaMeTpiB TEXHOJOrIYHOro IpoLecy, sKi 3abe3MeyyroTh MaKCHMalbHY SKICTh NpoxyKiii. IIpoBeneHo KOMII'IOTEpHE MOJCIIOBAHHS, SIKE
IiATBEPANIIO, 10 CTBOPEHHS €BPUCTHYHOTO aHali3aTopy [UIs BU3HAYCHHS SKOCTI KapaMeli JOLINBHO Ta HEOOXIZHO s TOro, 100 He AOIYCTHTH
BUPOOHMITBO HEsKiCHOT mpoxaykiii. Ha mincraBi gaHux, OTpUMaHUX 3 pe3yJbTaTiB HaTYpPHHX BHUMIPIOBaHb MAapaMeTPiB TEXHOJOTIYHOTO MpOLECy
BUTOTOBJICHHS KapaMeJIbHOI0 CHPOIy IIPOBECHO PO3PAaXyHKH CTAHIAPTHOI HEBH3HAYEHOCTI pe3yJbTaTiB BUMIpPIOBaHb 10 TUIaM A Tta B, mo6 maru
MOXKJTUBICT CBOEYACHO MPOTHO3YBATH BiMOBY NAaTYMKIB Ha OCHOBI 3MiHH ()OpMH 3aKOHY DO3MOALTY pe3yJbTaTiB BHMIpPIOBaHb Ta HAa3HAYATH
MDKIIOBIPOYHI IHTEPBAIIM /IS JOCIIKYBaHOTO 00JIaAHAHHSL.

Kurouogi ci1oBa: BuMiproBay, moxubka, HediTka JIOTiKa, eBPHCTHYHHIT aHAJIi3aTOP, TOYHICTh, KOHTPOIIb.

U. B. TPUI'OPEHKO, C. H. 'PUT'OPEHKO, JI. A. BOBK

HNCCIHEJOBAHHUE KOHTPOJIbHO-USMEPUTEJIBHOI'O OBOPYIOBAHUA
IMPU ITIOMOIIHN CUCTEMBI FUZZY-LOGIC

B pabore paccMOTPEHO pELIEHHE HAayYHO-TIPAKTHYECKON 3a/aul KOHTPOJISI TOYHOCTH HM3MEPEHHs MapaMeTPOB TEXHOJIOTHMYECKOTO MPOIECCa
U3IrOTOBJICHUS KapaMen MJIs IMOBBIIICHUS €€ Ka4eCTBa C IIOMOMIBIO CO3JaHUs OBPHUCTHYECKOI'0O aHaJIM3aToOpa Ha 6a3e HHTde)eﬁCa CHCTEMBbI FUZZy'
Logic.

[poanamu3upoBanbl (HaKTOPHI, BAUAIOMIAE HA TOYHOCTh U3MEPEHUsI, 0Ka3aHa BO3MOKHOCTh MPHMEHEHHs anmapara Fuzzy-Logic must onpenenenus
TaKuX MapaME€TPOB TEXHOJIOTMYECKOTO IIpoIecca, KOTOPBIC OGCCHG‘IHBBIOT MaKCHMAJIbHOE Ka4d€CTBO IPOAYKIHUH. HpOBeI[CHO KOMITBIOTEPHOE
MO/ICIIMPOBAHKE, KOTOPOE IOATBEPAMIO, YTO CO3JaHHE IBPUCTHYCCKOTO aHAIM3aTOpa Ui ONPEAeCHUs KayecTBa KapaMeld Lelecoo0pasHo U
HEOOXOAUMO AJIs TOrO, YTOOBI HE JOMYCTHTh IPOU3BOACTBO HEKAYECTBEHHOW MpPOJMYKLUMHU. Ha OCHOBAaHMHM JaHHBIX, MOJYYEHHBIX 110 pe3yJbTaTaM
HaTypPHBIX H3MepeHHﬁ mapaMeTpoOB TEXHOJIOTHUYECKOI0 IIponecca H3IOTOBJICHUA KapaMEJIbHOI'O CHpOIla IIPOBEACHBI PACUCThI CTaHI[&pTHOf;I
HEOIIPEACIICHHOCTH PE3YyJIbTaTOB u3MepeHnﬁ o tamnam A u B, ‘{T06LI HUMETh BO3MOXXHOCTb CBOCBPEMEHHO IIPOTHO3UMPOBATH OTKAa3 NAaTYUKOB Ha
OCHOBE M3MEHEHMs (OpMBbI 3aKOHA PACIPEACNICHMS PE3YJIbTATOB HM3MEPEHMH M OIpPEACNATh MEXKIIOBEPOUHbIH HMHTEpBall Ul HCCIELYEeMOro
00opynoBaHuUs.

KarueBble ciioBa: HU3MEPUTEIIb, IIOTPEUIHOCTD, HEYCTKAA JIOTHUKA, 3BpHCTH'~ICCKI/Iﬁ aHaJM3aTop, TOYHOCTh, KOHTPOJIb.

I. V. HRIHORENKO, S. N. HRIHORENKO, L.O. VOVK

RESEARCH OF MONITORING AND MEASURING EQUIPMENT
USING THE FUZZY-LOGIC SYSTEM

The paper considers the solution of the scientific and practical problem of controlling the accuracy of measuring the parameters of the technological
process of making caramel to improve its quality by creating a heuristic analyzer based on the interface of the Fuzzy-Logic system.

The factors affecting the measurement accuracy are analyzed, the possibility of using the Fuzzy-logic apparatus to determine such process parameters
that ensure maximum product quality is proved. Computer simulation was carried out, which confirmed that the creation of a heuristic analyzer to
determine the quality of caramel is appropriate and necessary in order to prevent the production of low-quality products. Based on the data obtained
from the results of field measurements of the parameters of the technological process of making caramel syrup, the standard uncertainty of the
measurement results for types A and B was calculated in order to be able to timely predict sensor failures based on the change in the shape of the
distribution law of the measurement results and determine the calibration interval for the equipment under study.

Keywords: meter, error, fuzzy-logic, heuristic analyzer, accuracy, control.

Beryn. Ha  cywacHomy  erami  pO3BHTKY
MPOMHUCIIOBOCTI  MPOJAYKI[II0 BHCOKOI SIKOCTI MOXHA

HariBpaOprKaTiB BiAMOBIAHO [0 pEUENTYpHUX HOPM.
HaBiTh He3Ha4yHI CUCTEMATH4HI BIIXWJICHHsS B JO3yBaHHI

BUITYCTUTH TIUJIbKH TPH AOTPHMAHHI BCIX TEXHOJOTIYHHX
PSKMMIB BHPOOHHUIITBA Ta OINEPATUBHOMY BHUIIPABJICHHI
BCIX MOXIIMBHX BiIxmieHb. [lJIi Takoro onepaTnBHOIO
BUIIPABJICHHS MOXJIMBUX BiJXWJIEHb BiJ[ ONTHMAJIbLHOTO
TEXHOJIOTIYHOTO PEKUMY MOTPiOHA MOCTiHHA OnepaTHBHA
iHpopMallis Mpo XiJ TEXHOJOrIYHOro mporecy. Taky
iHpopMamio Jae ciryx0a TEXHOXIMIYHOTO KOHTPOJIIO Ha
OCHOBI MPOBEACHUX CHCTEMATHYHUX aHAJI3IB 1 MOKa3aHb
KOHTPOJIbHO-BUMIPIOBaJIBHUX NpHiaiB [1].

Bsarami texuonoriunuii kKoHTpois (TK) € ocHOBOMO

Juls  BCIX CTajiifi BHpPOOHWNTBA Y HPOMHCIOBOCTI:
NOYMHAIOTh HOTr0 BiJA HAAXOIKEHHS CHPOBHHHM Ta
3aKiHYyIOTh ~ BHXOAOM TOTOBOi  Ipomykuii.  SIKicTb

CHUPOBHHHM Ta MaTepiayiB KOHTPOJIOIOTh HE TUIBKA B
MOMEHT HAQJXO/DKCHHS, ajle 3 NEepiOANYHICTIO TpH
TpuBajioMy 30epiranHi Ha ckiragax. Bemuke 3HaueHHs TK
Ma€ 3a TOYHICTIO JO3YBaHHS OKPEMHX BUJIIB CUPOBHHH Ta

MOXXYTh 3Ha4YHO BIUIMHYTH Ha SIKICTh MPOIYKIii, 8 TaKOX
Ha CKOHOMIYHI TOKa3HHKH pOOOTH MiANPUEMCTBA B
niomy. CBoeuwacHuit TK mapamerpiB TeXHOJIOTIYHOTO
npouecy (TII) nHa kokHOMY erami BHPOOHHIITBA
JIO3BOJINTH TIABHIINTH SIKICTh TPORYKHii — Kapameli,
OCKUTBKM peTeibHe JOTPHUMaHHS PpEXKUMIB 0OpOOKH
CHPOBUHM Ta HamiBpaOprKaTiB MOXJIMBE JHIIE IIPH
BUKOPHCTAHHI BHUCOKOTOYHUX BUMIpIOBAJIBHUX
NepeTBOPIOBaYiB, M0 IMpAIOIOTh y KOMIUIEKCI 3
cydacHuMU obuuciroBanbuumu cucremamu (OC) [1, 2].
AHaji3 JgiTeparypHux Jxepesa iHdopmanii Ta
MOCTAHOBKA mpodjemu. I[IpeaMeToM HEUITKOI JIOTIKA
BBA)KAETHCSI JIOCII/PKCHHS CYPKEHb B YMOBaX HEWIiTKOCTI,
SIKI CXOXKI 3 CY/DKEHHSIMH B 3BUYaifHOMY CEHCI, a TAKOXK X
3aCcTOCYBaHHs B OOUMCIIOBaJbHUX cucTemax [3—6]. B
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JaHuil 4ac icHye Oe3Jid aJrOpUTMIB HEUITKOI JIOTIKH.
HaiiuacTime BHKOPHCTOBYIOTHCS Taki 3 HUX: aJTOPHUTMHU
Mamdani Tsukamoto Sugeno Larsen. B poGoti [7]
3MIACHEHUI BUOIp MOIEICH ISt TIHIBICTHYHUX 3MIHHHX B
HEYIiTKOMY JIOTIYHOMY BHCHOBKY Mamdani i moBeneHO
Horo mepeBara mepen IHIIMMH METOAAMH WpPU OIIHII
sxocti. Ilomampmmii siTepaTypHuil aHami3 TOKa3ye
HIIBUIIEHUH iHTEpeC N0 BUKOPUCTAHHS MAaTeMaTHYHOTO
arapaTty HEYiTKOi JIOTIKM B NPOMHCIIOBOCTI 1 COIiaJIbHO-
ekoHOMiuHIi cdepi. B poboti [8] mpencraBiena HOBa
METOJIOJIOTISl ieHTndiKanii cUcTeM JUIS MPOMHUCIOBUX
cucreM. E(dexkTHBHICTD  3aIpONOHOBAHOTO  IiIXOIY
JIEMOHCTPYETBhCSI Ha EKCIIEPUMEHTAILHUX Tpacax BiJ
KOMITpecopa B IIPOMHUCIIOBOT ra3oTypOiHHOI cucteMi. Tak B
pobori [9] mpencraBieHO pilreHHS 3amadi Kiaacudikariii
nedekTiB MeTaneBuX TpyO HadTO- 1 Ta3ompoBOIIB 3a
JTIOTIOMOTOI0  aJITOPUTMY HEUITKOTO JIOTIYHOTO BHCHOBKY
Mamdani i1 HewiTkoi 6a3u 3HaHB Sugeno. B poboti [10]
3aIlPOIIOHOBAHMI METOJ MIIBUILIEHHSI TOYHOCTI BUSIBICHHS
neeKTiB MeTaleBUX BHUpPOOIB, TOBEICHA MOXKIHBICTH
3aCTOCYBaHHSl amapary Teopii HEYiTKUX MHOXHH IS
BU3HAUCHHS TAaKHX MapaMeTpiB IepeTBOproBaya, sKi
HalaayTh MOXIHMBICTh MIHIMI3yBaTH TIOXHOKY IIpH
BHU3HaueHHI nedekty. B pobori [11] po3misHyTO pimeHHs
3a[a4i KOHTPOJIIO TOYHOCTI MapameTpiB TEXHOJIOTIYHOTO
MPOIIeCY BUTOTOBICHHS Ke(ipy 1 MiABUIIICHHS HOTO SKOCTI
3a JIOTIOMOTOI0 CTBOPEHHSI €BPUCTUYHOTO aHaiizaropa. B
po6oti [12] po3mIsHYTI MPHUKIAAA 3aCTOCYBAaHHS arapary
fuzzy-logic B cdepi Oi3Hecy, MemuuHOI IIarHOCTHKHU, B
PI3HHMX CHUCTEMaXx yNpaBiIiHHS.

VY namiii poOOTi CTaBUTBCA 3a METy PO3NIIHYTH
MPaKTHYHY peati3amifo BUKOPHUCTaHHA amapary Fuzzy-
Logic B mHTaHHSAX KOHTPONIO SKOCTI KapaMeIbHOTO
cupory LISIXOM MOJIEITIOBaHHS €BPUCTUYHOTO
aHamizaropa 3a jomomororo iHTepdeiicy Fuzzy Logic
Toolbox B mporpamuomy cepenosuiii MATLAB.

OcHoBHHIT TekcT. Y poboti [1] 3ampornoHOBaHO
CTPYKTYpPHY CXEMy BHUMIpIOBa4a OCHOBHHX I1apaMeTpiB

puc. 1 TpencTraBiIeHO CTPYKTYPHY CXEMY Takoi CHCTEMH
KoHTpomo. HaBenmeHa cucremMa Mae BICIM  KaHAIIB
BUMIpIOBaHHS: LICTh KaHaJIB BUMIpIOBaHHS
TeMIepaTypd, sKa i€ He TEepBUHHI BHUMIipPIOBAIbHI
neperBoproBaui (IIBIT) IIBII1, I1BI14 — IIBIIS; marumk
Bomorocti cupoBuHu IIBI12; matamk trcky mapy IIBII3.
SIx BUAHO 13 CTPYKTYpHOI CXEMH — JaTYMKH PO3TAIIOBaHi
Ha BIAMOBIAHMX IUISHKAX TEXHOJOTIYHOTO TIPOIECy, a
came: JaT4uKu KoHTpourto Temneparypu [1BII1, Bomorocri
cupoBunu [1BI12 ta natumk tucky napy I1BII3 HeoOXimHi
NpU  KOHTPOJI BHUTOTOBJIEHHS KapaMelbHOTO CHpOILY;
[1BI14 3xilicHIOE KOHTPOJIb TEMIIEPATYPH TIPH yBapIOBaHHI
cupory; IIBIIS — xoHTpomroe Temmeparypy mpu
OXOJIOJUKEHHI pigkoi kapamenbHoi Macu; [IBII6 —
KOHTPOJIIOE TEMIIEPATypy OXOJIOKEHHS NMPU BUTATYBaHHI
kapamenbHoi Macu; [IBII7 — xoHTpomntoe Temmeparypy y
cepenuHi QopmyBansHOi MammHK; [IBII8 — koHTpoOmOE

TEeMIEpaTypy  OXONOKCHHS Ha  OXOJIOMKYBaJbHHX
HPUCTPOSX.

Jo CTpyKTypHOiI CXeMH BXOHSTH Taki OJIOKH:
mikpokoHTposep (MK) HeoOximuuii s 0OpoOKH
BUMIpIOBaNIbHOT  iH(pOpMaIlii, KEepyBaHHA  JaHOIO
iHpopMmamiero, 3abe3nedeHHs OOMIHY JaHMMH MK
OKpEMHMH  YacTHUHaMH  CXeMH Ta  30BHIIIHIMH
MPUCTPOSIMH, BizoOpaxae iHopMario Ha
pPiIKOKpHCTANiYHOMY  IHAWMKaTopi Ta Tepemae  Jio

nepcoHanbHOro komm’rorepa (IIEOM) mo iHTepdeiicy;
reHeparop cuHXpoHi3yrounx iMmynsciB (I'CI) BupoOse

CHHXPOIMIYIIBCH, HEeOoOXi/THI JUTSE pobotu
MiKpoKOHTposepa; mynsr ympaeiiaas (1Y) Bukonye
MOYaTKOBE  HANAIITYBAaHHS  MIKPOKOHTpOJEpYy,  Ta

3abesmedye ioro ckunanss; intepdeiic (1O) mpuznadennit
Juisi OOMiHY JJaHUMH 13 30BHIIIHIMH MPUCTPOSIMHU, 30KpeMa
3 [IEOM; uudposuii BimrikoBuit npuctpiii (LBII)
HeoOXimHuit it 1mMdpoBoro BigoOpaxkeHHs iH(popMarllii
Ha ekpani; 0ok xusieHHs (BX) 3abe3neduye HeoOXinHy
Harpyry A poOooTH npuiay.

TEXHOJIOTTYHOTO nmpouecy BHUI'OTOBJICHHS KapaMeJ'[i. Ha
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Puc. 1 — CrpykTypHa cxemMa BUMipIoBaya apaMeTpiB TEXHOJIOTIYHOrO IPOLIECY BUTOTOBJICHHS KapaMeli
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Jis  mpuBeneHHs Tnpwiany |y poOouMii  craH
HEOoOXiJHO MIAKIIOYMTH HOro no jokepena eneprii. Jaui
BiZIOyBa€eThCA II0YaTKOBE HaCTPOIOBaHHS
MikpokoHTponepy. Ilicas Hactpoitkm MK ime BuOip
BHUMIPIOBAJIFHOTO KaHANy i OYiKyBaHHS TOTOBHOCTI JaHUX

3 TIBII, micnms YOro BHUKOHYETbCA 3YHUTYBAHHS
MiKPOKOHTPOJIEPOM iH(popMaii 3 TIePBUHHUX
BHUMIPIOBAIEHUX MePETBOPIOBAMIB. Iadopmarris
pesymprariB  BuMipy Hax xomuth B O3l [am

MIKPOKOHTpOJIEp 00poOise HamaaHy iH(pOpMaIliio Ta
nepenae pesynsrar Bumipy B [IEOM abo BimoOpaxkae Ha
nudpoBoMy BiIITIKOBOMY mpHCTpoi. Slkiio morpioHO
3poOuTH HOBWIT BuUMIp, BepraemMocs 10 BUOOpY
BUMIpIOBAJILHOTO KaHay. L[MKJI MOBTOPIOETHCS 3HOBY.
Sxmo HeoOXiHO TPHUNUHHUTH poOOTY TpHiamgy, TO
BUMHUKA€ETHCS KUBIICHHS.

Jns 1moOymoBH €BPHCTUYHOTO aHaji3aropa Oyze
BHUKOPHUCTAaHO iHTep(delic kopucTyBada cucteMu fuzzy-

4 Fuzzy Logic Designer: TipEspert
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logic, sxkuit € nomarkom mporpamm MatLab. Y HbOMY
0o0MpaeMO QJITOPUTM HEYITKOTO BHUBOAY MamuaaHi
(Mamdani), sk HaiOiNbII NpUIATHUHA UIS ITOCTaBIEHOT
3amaui y mopiBHsHHI 3 amroputMoM CyreHo (Michio
Sugeno). [yt moOyAoBH CHCTEMH 3 HEYITKOKO JIOTiKOIO
(TipExpert) oOupaemMo HaWOIMBIN KPUTHYHUAN  JUIS
OTPUMaHHS SKICHOI TPOAYKIIi eTam TeXHOJOTI9HOTO
IpoLecy BHTOTOBICHHS Kapamelli — BUIOTOBJICHHS
KapaMmeJpHOro cupormy. Ha mpoMmy erami HOBHHHO
KOHTPOJIIOBaTW TPH OCHOBHI IapaMeTpu, a came
TeMIIepaTypy, TUCK Ta BOJOricTh. OTXKE Y MO TOBHHHI
OyTH TpW BXOAM 1 OAWH BUXiA — SKICTh KapameJIbHOTO
cupory. Y SKOCTI IEpIIOro BXOXy OOMpaeMo mapamerp —
Temrieparypy (temperature). Y sSKoCTi Apyroro BXomy —
Tuck (pressure). TpeTiii BXig — BOJOTICTh PEYOBHUHU
(%RH). V¥ sxocTi BHXiTHOI BETMYMHH OOHUPAEMO SIKICThH
KapaMmebpHOTO cuporny — (quality) (puc.2).

temperature ~

TipExpert

{mamdani)

quality

FIS Type: mamdani

And method

Or method

implication

Aggregation

Defuzzification

Current Variable
i temperature
Type input

Range o1

centroid ~

Help Close ‘ ‘

Opening Membership Function Editor

Puc. 2 — BikHO 3aBIaHHsI BXiIHUX Ta BUXIAHUX MMapameTpiB

3amaemo (GyHKIIT HAJXEKHOCTI st 0OpaHol BXimHOL
3MiHHOi — Temmeparypu. Y IyHKTI Range BcTaHOBHMO
JiarmasoH y skoMy 3MiHeTbes GyHkiis (Bix 90 mo 95° C).
3agaemo Tun QyHkuii HanexxHocTi y rpadi Type: mis
TpbOX (YHKIIH HaIEKHOCTI, a caMe MiHiMalnbHOI (min),
cepeqHbol (average) Ta MakKCUMallbHOI (max) oOupaemo
po3nonin ['ayca

3amaemo (YHKIIIT HATEKHOCTI Ui 00paHOT BXiMHOT
3MIHHOT — THCKY. Y IyHKTI Range BcTaHOBMMO [iara3oH y
sIKOMy 3MiHIO€eThCs GyHKIiL (Bim 597 mo 600 klla).
3agaemo T QyHKOii HanmexxHocTi y rpadi Type: mis
TPhOX (YHKIIII HAIEKHOCTI, a caMe MiHIMambHOI (min),
cepenHboi (average) Ta MaKCHMAallbHOI (max) obupaemo
posnonin ["ayca.

3anaemMo (GyHKIIT HaIeXKHOCTI 111 00paHoi BXigHOT
3MIHHOT — BOJIOTICTH pEYOBHMHH. Y TyHKTI Range
BCTAHOBHMO JIalla30H y SKOMY 3MIHIOETbCSA (QYHKIIS (Bif
96 no 99 %RH). 3amaemo Tun ¢yHKIIT HaJEKHOCTI y
rpadgi Type: mnst Tppox (YHKLIH HaJEKHOCTI, a came
MiHIMaJIbHOT (min), cepenHboi (average) Ta
MaKCHUMaJIbHOI (max) ooupaeMo posmomin ['ayca.

3anaemMo ¢GyHKIIT HaJIEKHOCTI 171t 00paHoi BUXiTHOT
3MiHHOI — sIKicTh. Y myHKTI Range BcTaHOBHMO miama3oH

y sikoMy 3MiHIO€ThCs (yHKig (Bix 0 go 5). 3amaemo thn
(dyskmii HamexxHoCTi y Tpadi Type: mist Tpbox (QyHKIIIH
HaJIeXKHOCTI, a came norano (bad), 3amoBinbHO (average)
Ta rapHo (good) obupaemo posmoxin (trimf) — TpukyTHHI
3aKOH PO3IMOILTY.

3aaeMo npaBuIIa, 3a SKUMH OyJie JSITH MOJIETIb.

[paBuiia cKJIaat0ThCs 32 MOJEILTIO:

m, KO [xeA;| TA[yeB,] TO [zeC,]

m,: AKILIO [xeA,] TA[yeB,] TO [zeC,],

g : SIKIIO [x e Ay] TA[yeBs] TO [zeCy]
e X,Y,Z ... — IMCHHI BXITHUX (BUXIHUX) JIHIBICTHIHUX
A11A2’A3,Bl,BZ,BS,Cl,CZ,Ca -

CBOIMHM

3MIHHHX, JesKi

HEYiTKI MHOXWHH, OIMHCYBaHi GyHKIIIMI
HAJICKHOCTI.

SIKicTh XapakTepu3yeTbCsd TAKHMH IapaMeTpaMH sIK
TeMIepaTypa, TUCK Ta BOJIOTICTb.

Y BiKHI «mpaBWia» CKIaJAeMO TpaBHIia,
XapaKTepU3YIOTh SIKiCTb.

OCKUTBKH CHCTEMa Ma€ TPH BXOIH, TOMY MAaKCHUMYM

BUXIMHUX CTaHIB 3-3-3=27 pi3HHX BHUXIJIHUX KOMOIHAIIi.

SIK1
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JUis  OoTpUMaHHS  pe3yibTary  MOXKIIHUBO
KUTBKICTh TPABIII IO TBAHAIISTH.

Jlesiki 3 HUX:

1. Skmo temmeparypa «min», Ta THCK «miny», Ta
BOJIOTICTH «miny», TO AKICTh «bady.

2. Slkmio TeMmeparypa «miny», Ta THCK «min», a
BOJIOTICTh CHPOBHHH «averagey, TO SKICTh TaKoxK «bady.

CKOPOTUTH

4| Rule Editor: TipExpert

File Edit View Options

3. SIkmo Temmeparypa «min», Ta THCK «min», Ta
KHCJIOTHICTh «Max», TO SIKICTh Takoxk «bad» (puc. 3).

[loBepxHi  BiATYKYy TpH  TPhOX  MOXIIHMBHX
CHONYYEHHSIX IapaMeTpiB, IO BIUIMBAIOTh Ha SKICTb,
300pakeHi Ha puc. 4 (a, 0, B).

D g0 ) RN e fd RS =

12, If (temperature is max) and

. If (temperature is min} and (pressure iz min) and (%RH iz min) then (quality i= bad) (1) A
. If (temperature is min} and (pressure is min) and (%RH is average) then (guality is bad) (1)

. If (temperature is min} and (pressure iz min) and (%RH is max) then {guality is bad) (1)

. If (temperature is min} and (pressure iz average) and (%RH iz min) then (guality iz bad) (1)

. If (temperature is min) and (pressure is max} and (%%RH is min) then (quality is bad) (1}

. If (temperature is average) and (pressure is min) and (%&RH is min} then (guality is bad) (1)

. If (temperature is max) and (pressure is min} and (%RH is min) then {guality is bad) (1)

. If (temperature is average) and (pressure is average) and (%RH iz average) then (guality is good) (1)

. If (temperature is max) and (pressure is average) and (%RH is average) then (guality is average) (1)

10. If (temperature is max} and (pressure is average) and (%RH is max) then [guality is average) (1)

11. If (temperature is max) and (pressure is max) and (%RH is average) then (gualr

If and and Then

temperature is Pressure is %RH iz quality is
min -~ min -~ min -~ bad ~
average average average average
max max max good
none none none none

W W W L

|:| not |:| not |:| not |:| not
_ Connection Weight:

(Jor

(@) and 1 Delete rule Change rule ‘ 2z | o=
The rule is added Help ‘ P ‘

Puc. 3 — BikHOo penakTopa mpaBmi
Otxe, 3a Jjomnomoror rpadiyHoro iHTepdeiicy TEXHOJNOrIYHOrO Tpolecy y  cepeauHi  pobodoro

KOPHCTyBa4a BAAJOCS MOOYIyBaTh CHCTEMY 3 HEYITKOIO
JIOTIKOIO, sIKA HaJajla MOKJIMBICTh BCTAHOBHTH SIKMH came
BIUIMB Ha SKICTh KapaMeJIbHOTO CHpOIy OKa3yloTh
TeMIieparypa, THCK, Ta BOJIOTICTb pedoBHHH. 3 puc 4
BHJHO, IO SKICHO TOBEPXHI BINTYKiB IpH BHU3HAUCHHI
B3a€MHOTO BIDIMBY TEMIIEpaTypu y 00 €IHaHHI 3 THCKOM
Ta BOJIOTICTIO CIIBIIAAAIOTh. TakWil pe3yasraT TOBOPHUTH
npo X piBHO3HAYHHMH BIUIMB Ha SIKICTh KapameJIbHOTO
cuporny. BcraHoBieHO, 10 MIATPUMKA TapaMeTpiB

Jiarna3oHy Ja€ MOXJIMBICTh OTPUMATH HaWBUILY SKICTh
roroBoi mpoxaykmii. OnTuManeHa SKicTh Oyae Koiu
Temneparypa nopisaroe 92,5 °C, % RH — 97,5 %, Tnck —
599 xIla.

Byno mpoBeseHo o00poOKy pe3yabraTiB HpPSIMHUX

Oararopa3oBHX BUMIPIOBaHb 3 JaTYUKiB KOHTPOIIO
TeMIepaTypH, THCKY Iapy, BOJOTOCTI PEYOBHH Ta
MIATBEP)KEHO TINOTH3y PO HOPMAJIBHICTh  3aKOHY

PO3MONiTY pe3y/IbTaTiB BUMIPIOBaHb.
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Puc. 4 — [ToBepxHi BiATyKY: a — 3Ha4€Hb 3MIHHUX TEMIEPaTypH Ta TUCKY, O — 3MiHHHX TEMIIEPATYPH Ta BOJIOTOCTI PEYOBUHH,
B — 3Ha4Y€Hb 3MIHHUX THCKY Ta BOJIOTOCTi PEUOBUHU

Ha puc. 5 npeacraBineHo pe3ylbTaTd CIOCTEPEKEHD
3a 3MIHOIO TemIiepatypu (puc. 5a), 3a 3MIHOI THUCKY Mapy
(puc. 5B), Ta 3a 3MiHOIO BOJIOTOCTI PEYOBHH (PHC.5B).

CraHJapTHa HEBH3HAYCHICTh BUMIPIOBAHb THUIY A

BXifHOT BemuuHM X; PO3paxoByeThes 3a GopMymnoro

(1

ae I — KiJgbkicTh crocTepekeHb IMPOBEJEHHX IIpH

BUMipIoBaHHI Xj.

CraHzapTHa HEBM3HAYEHICTh BUMIPIOBaHb THUIy A
BXIJTHHX BEJIMYMH — TEMIIEPaTypH, TUCKY apy, BOJIOTOCTI
CHPOBUHHM PO3PaxoByeThCs 3a opmyioro (1)

A(t)=0114 °C.
u,(P,)=0366 «Ta.
u, (RH;)=0159 %.
Jist pesynbTaTiB  BUMIPIOBaHHS, HIO OMHCYHOTHCS

HOPMAJbHUM PO3IOIIIOM, CTAaHJAPTHA HEBU3HAYEHICThH
Tumy B omiHIOETHCS 32 HOPMYIIO0

Ug(x) =222

Temneparypa CHPOBUHHM BHMIDIOETBCS y Jliala3oHi
Bim 90° C mo 95° C, orxe craHmapTHa HEBH3HAYEHICTH
(tunt B) 3rigHO opmymi (2) mopiBHIOE

us(t) =22 _o0g33°C.

2
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Tuck napy 3MmiHIO€TBCs y AianasoHi Big 597 klla no
600 xIla, omxe cranmapTHa HeBU3HaueHicTh (Tum B)
3rizHo opmyui (2) KopiBHIOE

600 — 597
up(p)= 0T

6
BororicTe CHpPOBHHH 3MIHIOETBCSA Y Jiama3oHi Bix
96 % mo 99 %, oTxe cTaHmapTHA HEBU3HAUEHICTh (Turl B)
3rigHo Gopmydi (2) mopiBHIOE

=0,5 xIla.

99 - 96

ug(RH)= =05%.

Ha mixcraBi maHWX, OTpHUMaHUX 3 pE3yNIbTATiB
HATYpHUX BHUMIPIOBaHb IApaMETPiB TEXHOJIOTIYHOTO
NPOLIECYy BHTOTOBICHHS KapaMeIbHOTO CHPOIY BIANOCS
MIPOBECTH PO3PAaXyHKH CTAHIAPTHUX HEBH3HAYEHOCTE II0
Tunam A Ta B.
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Puc. 5 — CriocTepexeHHs 3a 3MIHOIO: a — TeMIIepaTypH, 6 — THCKY, B — BOJIOTICTIO PEYOBHH

BucHoBoK. 3anpornoHOBaHUil y JaHii poOOTI miaXij,
3aCHOBaHMI Ha HEUITKIM Jorimi, JO3BOJNAE BpaxyBaTH
rapameTpy, [0 BIUIMBAIOTH HA TEXHOJOTIYHMH Ipolec
JUIS BH3HAYCHHS ONTHMAJBHUX CIIIBBITHOIICHb MiX
HuMH. CTa€e MOXIUBUM BHPIIIUTH 3a7aqdy KOHTPOIIO
SIKOCTI TPOXyKIii came 3aBasku amapary fuzzy-logic.
Buxopucranas rtpadiunoro inTepdeiicy KopucTyBada
noOy/0BaHOI CHUCTEMH 3 HEYITKOI JIOTIKOK JI03BOJISIE
BCTAHOBUTH SIKHMH MarOTh OyTH BXIJHI MapaMeTpH Jyist
TOTO, MO0 3a0e3MEUYNTH BUCOKY SIKICTh HA BHXOII.

3anpornoHoBaHN EBPUCTUYHUI aHANi3aTOp BUKOHYE
pOJb TOpaJHUKa ISl iH)KEHepa-TeXHoJora i Moxe OyTH
BUKOPDUCTaHUH y  Oyap-skiii  cdepi  HapogHOTO
rOCIIO/IapCTBa.

Ha migcraBi naHumX, OTpPUMaHUX 3 peE3YNIbTaTiB
HATYpHUX BUMIPIOBaHb IapaMETPiB TEXHOJIOTIYHOTO
NpoLieCy BUTOTOBJICHHS KapaMeJIbHOTO CHPOILY Ta JaHHX,
o0 OTpPHMaHI 3a JONOMOTOI CHCTEMH 3 HEYITKOO
JIOTIKOK BJAJOCS HPOBECTH PO3PAaXyHKH CTAaHIApPTHHX
HEBU3HAYCHOCTE 1O TumaM A Ta B. OTpuMaHi 3HAUYCHHS
HEBH3HAYEHOCTI  LIIKOM  33/J0BOJBHAIOTH  yMOBaM
TEXHIYHOTO 3aBJaHHSI.
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