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PiBenr Boam B 6apabaHi mapoBOro KOTIIA € OJHUM 13 HAMBKIUBININX MapaMeTpiB, IO Xa-
pakTepu3ye HaaiifHIiCTh pOOOTH KoTioarperaTy. B maHmii 9ac Bce OUIBIIIOTO MOIIUPEHHS
HaOyBarOTh HEUITKi PEryJsITOpH, SKi peai3yloTh Ha MPaKTHIll HEJiTKi aJTOPUTMH YIpaB-
JIIHHS arperaTaMu, MeXaHi3MaMH, a TAKOX TEXHOJIOTIYHUMHU IpoliecaMi. 3aCTOCYBaHHS Te-
XHOJIOT1] HEYiTKOI JIOTiKH, OpiIEHTOBaHOI Ha OOPOOKY JIOTiKO-JIIHTBICTHYHUX MOJIENIEH I10-
JIaHHS 3HaHb, BIIKPUBAE IIUPOKI MEPCIEKTHBU JUIS CTBOPEHHS IHTENEKTYyaJbHUX CHCTEM
YIpaBIiHHS CKJIQAHUMH AMHAMIYHUMH 00'€KTaMH, 110 IIIOTh B YMOBaxX HEMOBHOI iHpopMa-
TUBHOCTI, IPOTHO3YBATH MOBEAIHKY CHCTEMH, (JOPMYBATH MHOXKUHY aJIbTEPHATHBHUX JIiH,
BUKOHYBaTH ()OPMAJIbHUN OIHC HEUITKUX MPABWJI NPUHHATTS pimeHb. OnepaTuBHA X 3Mi-
Ha HaJIAIIITOBAHUX MapaMeTpiB PETyJIATopa J03BOJISE SKICHO MEPEeHTH Ha OLIBII BUCOKHN
piBEHB yNpaBIiHHS TEXHOJIOTIYHUMH MIPOIIECaMH, SIKI CYTPOBOIKYIOTh TisSTIbHICTD JIIOIUHHU.
MerToro 11i€l poOOTH € MPOBENCHHS aHaI3y AKOCTI cTabimizamii piBHIO Boau B OapabaHi ma-
POBOTO KOTJIa 32 YMOBH BIIPOBAKECHHS HEUITKOTO PETYIATOPA, @ TAKOXK CHPOIICHHS CTPY-
KTYpH CHCTEMH PETYJIIOBaHHs. Y CTaTTi NPONOHYETHCS MOPIBHSAJIBHUI aHai3 MoJeNi Kia-
CHUYHOT3-IMITyJIbCHOT aBTOMATHYHOI cucteMu perymtoBanHs (ACP) pieus 3 [I-perymstopom
3 0THOKOHTYpHOIO ACP 3 HEHiTKHUM pETyJIsITOPOM, Y SIKMI BBEAECHO JI0AATKOBUI CUTHAI MO
LIBUKOCTI 3MIHM BiJIXWJICHHS peryibpoBaHoi BenuuuHu. Tpu-imnynscua ACP mae nenodi-
kn. OcHOBHUM HenoiikoM BkazaHoi ACP e Tol dakt, mo npu 3HUKHEHHI OyIb-IKOTO 3
TPbOX CHTHAIIB CHCTEMa MPUIMHSE POOOTY, a IPH HASBHOCTI PO30DKHOCTI B MOKA3aHHIX
BHUTPATOMIpIB 10 )KMBHJIBHIH BOJII Ta EPETPITOMY Hapy PEeryJATOp MOYWHAE MiATPUMYBATH
piBeHb BoM B OapabaHi, sSIKHH JOPIBHIOE CyMi 3aBIaHHS 1 BETUYHHHM, TPOTIOPIIIHHIHN IIiH po-
301KHOCTI (3'ABIIAETHCS CTATHYHA IIOMHUJIKA PETYITIOBAHHS).

KuiouoBi cjioBa: piBeHb >KMBHIIBHOI BOJIM,HEYITKHI PETyIATOp,NapoBUN KoTesd, Oapa-
0aH,peryibOBaHM TapaMeTP,aBTOMATU30BaHA CHCTEMA PEryIIOBAHHS.

ITocTanoBka npodiaemu

PiBenp B GapabaHi € ONHUM 3 HAHBaXKJIMBIIIUX PErylIbOBAaHUX IapaMeTpPiB MPAaBOTO
KOTJa, 10 SKOTO BHCTABISIOTHCS JKOPCTKI BUMOTH. Lle 00yMOBIEHO THM, IO 3HMXEHHS 200
IiIBUILEHHI piBHS BOAU B OapabaHi mapoBOro KOTJIAa CYTTEBO 3HMXKYE €(EKTUBHICTD HOTO po-
6otu ab0 MOXXe MPU3BECTH O BUXOMY 3 CTPOIO KoTioarperaty B Iiomy [1, ¢.225]. Ilpu
CTBOPEHHI CyYaCHHX CHUCTEM aBTOMATUYHOTO YIPABIIHHSA TEXHIYHUMHU O0'€KTaMH IIHPOKE
3aCTOCYBaHHS 3HAXOJTh HEYITKI PETysITOpu. Teopis HEUITKUX MHOXKHH JTO3BOJISIE 3a7aBaTH
QITOPUTMHU 3MIHEHHS HAaJAIITOBAHUX IapaMeTpiB KOPETYyBAJbHUX IPHUCTPOIB,BPAXOBYIOUU
BIIXWJICHHSI PETYJbOBAHOI BETWYMHU, a TAKOXK IIBUIAKOCTI 3MIHEHHS IIbOTO BIIXWJICHHS [2,
¢.295]. Tomy IOCUTH BaXJIMBUM € 3aBJIaHHS KOMIUIEKCHOTO JIOCIIPKEHHS HEUITKOTO PeryJis-
TOpA, i3 3aCTOCYBaHHSIM HOTO HA MPOMHUCIIOBHX KOTJIAX, IO I03BOJISIE BUSIBUTH OCHOBHI 3aKO-
HOMIPHOCTI Horo (pyHKITIOHYBaHHS IPY 3MiHI THX YH 1HIIMX HaJAIITyBaHb.

AHaJi3 OCTaHHIX JOCTiTAKeHb | myOaikanii

B po6oti A.A. KopocrenboBa [5], mpoBoauthkcst nopiBHaHHSA [1I-perynsaropa 3 HewiT-
KUM peryasTopoM. [TopiBHSAIBHUN aHATI3 SKOCTI PETYIOBAHHS MPOBOIUBCS MPHU 30ypEHHSX,
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10 HAYTh MO KaHalax 3aBJaHHs, PETyJIIOBAaHHS 1 MapaMeTPUYHOro 30ypeHHs. SIKICTh pery-
JIOBaHHS BH3HAYajacs 3a TAKUMH XapaKTEPHCTHKaMHU: AWHAMIYHA TIOMIJIKA, CTYIEHb TaciH-
HS, yac perymtoBaHHs. OTpuMaHi B poOOTI pe3yslbTaTH MOKa3ald, M0 CUCTEMa 3 HEYITKUM
peryisaTopoM rnepesepinye cucremy 3 [I-perymstopom 3a mBuakomicro. JlnHaMigyHa TTOMUIIKA
CHCTEMH 3 HEUITKUM PETyIATOPOM HE3HAYHO BIIPI3HAETHCS BiJl TUHAMIYHOI IIOMUIKHA CHUCTE-
mu 3 [l-perynsaropom. Jlocaimkenns, nposeaeni Kykonesum A.A. Ta [Tuotpockum J[.JI. [2]
MOKa3aliy, 110 HEeYiTKe PEryIioBaHHS MOXE 3aCTOCOBYBATHUCS Ui YIPABIIHHS CYIOBHM JI0-
MOMDKHUM KOTJIOArperaToM i Mae OUTBIITY IMIBUIKOIII0, TIOPIBHSIHO 3 peryitoBaHHsM 1o I11-
3aKOHY.

BukJiiaieHHs 0CHOBHOI0 MaTepiaiy

PeryntoBaHHsI JKUBJICHHSI TapOBOTO KOTJA € JY)K€ BaKJIMBHM, OCKITBKH BIIXWJICHHS
PiBHIO BOJM B OapabaHi MOXKE CTaTH MPUYMHOI BAXKKUX MEXaHIYHUX TOIIKOKEHb EKPAaHHHUX
Tpy0,a TakoX poTopa i JomaTok naposoi TypOinu. [3, ¢.163].

SIKICTh perysroBaHHS JKMBIJICHHS IapoOBOTO KOTJIAa BU3HAYAETHCS HE JIMIIE TOYHICTIO
HiATPUMKH PIBHS HA 33JJaHOMY 3HAY€HHI, ajie 1 PIBHOMIPHICTIO MOJayi )UBHUIBHOI BOH. [4,
c.15; 5, ¢c.221].

Jlnst mpoBeieHHs aHaulizy B3ATO 3-immycibHy ACP piBHS, sika € HAWOUIBII PO3MOBCIO-
JOKEHOIO Ha €HEPTreTUYHUX KOTJIAX CEPEIHbOI MOTYKHOCTI, SKUM € Oapabannuii koten E-50.
[Ipunnunosa cxema nanoi ACP naBenena Ha puc. 1.
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Puc. 1. [Ipunnunosa cxema 3-imnynbcHoi ACP piBHIO Boau B 6apabani: 1 — perymoroduit

KJIaraH XUBWJIBHOI BOJH; 2 — PETYJISTOp KUBJIECHHS; 3 — OapabaH; 4 — CUTHAJ 110 BUTpATI Na-
pa; 5 — cUrHaj 1Mo BUTPATi KUBUIBHOI BOJIH.

[Tpunnun po6otu 3-iIMIyabCHOI aBTOMATHYHOI CUCTEMH PETYIIOBAaHHS MOJISITae y Ha-
ctynHoMy. CUTHalM 32 BUTPATOIO MapH Ta XUBHIBHOI BOAU BBOJISTHCS B PETYISTOP 3 MPOTH-
JISKHUMU 3HAKaMu. Y CTaJIOMY PEXHUMI Ii CHTHAJIN JOPIBHIOIOTh OJIMH OJTHOMY, TTPOTHJICKHI
3a 3HaKOM 1, BIAMOBIHO, KOMIIEHCYIOTh OJMH ojxHoro. CUrHan 3a piBHeM Bojau B OapabaHi
KOMITEHCYEThCS CUTHaIOM 3aBaaHHs [3]. OcHoBHOMW nepeBaroro gaHoi ACP, sika o6ymoBuia
ii pO3MOBCIO/DKEHHS, € TOH (haKT, 10 MPH 3MiHI BUTPATH MApU PETYIAATOP AYKE MIBUAKO 3Mi-
HIOE BUTPATy UBWJIbHOI BOJM HE AOYIKYIOUMCH 3MiHU piBHSA. L mepeBara no3Bosisie HEUTpa-
Ji3yBaTH TaK 3BaHE SBUIIE «HAOYXaHHS» PIBHIO BOJIH.

Onnak Ha 3Ba)karoyM Ha BKazaHy mepeary, 3-imnyiabcHa ACP mae 1 Henpomiku. OcHo-
BHUM HenoJikoM BkazaHoi ACP € Toif (akr, 1110 npu 3HUKHEHHI OYAb-SKOTO 3 TPHOX CHTHAJIIB
CHUCTEeMa IPHUIHUHSAE POOOTY, a TIPU HASIBHOCTI PO3ODKHOCTI B TOKa3aHHSIX BUTPATOMIPIB IO
KUBHJIBHIN BOJII Ta TIEpErpiTOMY Mapy peryisarop MOYMHAE MiATPUMYBATH PiBeHb BOJH B Oa-
pabaHi, sIKHI JTOPIBHIOE CyMi 3aBJaHHS 1 BEIMYWHU, IPOMOPIIIHIN 1ili po301KHOCTI (3'SBIISI-
€TbCS CTATUYHA TOMUJIKA PETYIIOBAHHS).
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CxeMy HEUITKOro perynstopa po3podseHo Ha ocHOBI [2]. OqHak 32 OCHOBY B3SITO OJI-
HOKOHTYpHY ACP piBHs, IpUHITUTIOBA CXeMa SIKOT IIPEICTaBlIeHa Ha pUC. 2.

Puc. 2. [Ipunnunosa cxema onHokoHTypHOI ACP piBHs Boau y 6apabani: 1 — perymorduit
KJIaraH >KUBUJIbHOI BOJH; 2 — PETYJATOp KUBJIEHHS; 3 — Oapaban

B naBezeHiii cxeMi Ha BXiJ] perynsTopa piBHS 2 HaIXOAUTh JIUIIE CUTHA BiJl JaTYUKY
BUMIpIOBaHHs piBHS B Oapabani 3. [licis yoro perynsrop 371HCHIOE BIUIMB Ha PETYTIOIYHI
Kjamnad 1 1 3MiHIO€ BUTpaTy *HUBHIbHOI Bou [3]. OHAK B €HEPTeTHUHUX KOTIaX CepelHbOol
MOTYXKHOCTI, SIKI MalOTh HEBEJIMKHI 3amac KUBWIBHOI BOAM, BUKOpucTaHHs naHoi ACP € He-
MOYJIMBUM B HACHIZOK CTaTUYHOI MOXMOKH PETYITIOBaHHS 1 HEMOXIJIMBICTH 3a0e3NeyeHHs
CTaJIOr0 PEeryJIoBaHHS B HACIIJIOK SIBUINA «HAOYXaHHS» PIBHIO.

MonenoBaHHSl TepeXiTHUX MPOIECiB 3IHCHIOBAIOCS 3a JOMOMOTOI CEepeIOBHINA
MatLab, ¢ynkiito HeuiTkoro perymnsatopa Bukonye o0'ekt FIS Editor (Puc.3), sikuif B ocHOBI
3aBaHTa)XEHUX B HHOTO JIAHUX PETYJIITOPa PO3PAXOBYE KEPYIOUHUil BILTUB.

FIS Editors Levell 1 ‘ - [E=EE

File Edit View

Levell_1
Level ma -

(mamdani}

\
XX

di-Level

‘ FIS Name: Levell_1 FI5 Type: mamdani
|

And method o = Current Variable |
Or method e m ||k Levelma i
Implication min = ¥ee L |

Range [0:5) (|
Aggregation max =
Defuzzification centroid oy Help Cloze ‘ ‘

Renamed FIS to "Levell_1" ‘ (|

\'——= = = =

Puc. 3. Penakrop cucreMm HewiTkoro BuBoay FIS

OyHKITIT TPUHAIEKHOCTI OOpaHO JIBi: 1€ 3MiHA MOXHWOKH PETYJIIOBAHHS Ta IIBHIKICTh
3MiHM MMOXMOKH PEryitoBaHHA. TakuM YMHOM, KUIBKICTh 1 XapakTep (YHKIIH IpUHAIEKHOCTI
JUTSL pETyJIATOpa MPOMOPIIIHOTO JIAHKK TPUMUMAIOTh TaKWK BUTIISA, PUC. 4.
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Puc. 4. JIiHrBicTHYHI 3MiHHI HEUITKOTO PETryasSTOpa CHCTEMH aBTOMATUYHOI MIATPUMKHU PiBHS

Bo/M B O6apabani napoBoro kotia E-50.

[Tepenik eBPUCTHYHUX TMPABUI, SKi BCTAHOBIIOIOTH CITIBBIJHOIICHHS JIIHTBICTUYHHX
3MIHHUX, HaBEJIEHO Ha pHcC. 5.

2. If (Level mA iz low2) and (di-Level is Ctabunoha) then (To-RO is open2) (1)
3. If (Level mA iz low2} and (di-Level is HapocTaeT) then (To-RO is open2) (1)
4. If (Level mA is low1) and (dt-Level is YowesaeT) then (To-RO is opent) (1)
S_If (LevelmA is low1) and (dt-Level is CTabunena) then (To-RO is opent) (1)
5. If (Level mA iz low1} and (di-Level is HapocTaeT) then (To-RO is normRO) (1)
7. If (Level m& i= norm} and (dit-Level is ¥GweaeT) then (To-RO iz opent) (1)

10, If {Level,ma is high1} and (dt-Level is ¥iuisasT) then (To-RO is normRO} (1}
11, If (Level,m4 is high1} and {di-Level is CTafunena) then (To-RO is normRO) (1)
12, If (LevelmA is high1) and (dt-Level is HapocraeT) then (To-RO is close1) (1)
13. If (Level,ma iz high2) and (dt-Level iz HapocTaeT) then (To-RO is cloze2) (1}
14, If (Level,m& is high2) and (dt-Level is CTabunexa) then (To-RO is close1) (1)
15, If (Level,mA is high2} and (di-Level is ¥iuBaeT) then (To-RO is close1) (1)

B i
= i

Puc. 5. [lepenik npaBuit At IIHIBICTUYHUX 3MIHHUX
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[Ticns BU3HAUEHHS BCIX MapamMeTpiB HEUITKOTO PETYISATOPA, MPOMOJIEITIOEMO HOTO PO-
6oty y cepenoBuiii MatlLab, a Takox mopiBHSEMO HOro i3 3BUYaHUM 3-immyiabcHUM [11-
PEryasTopoMm.

1 01
T Fond

| o P I, SO A s S SR S S S

Puc. 6. Cxema mozaemoBanHs 0JHOKOHTYpoHOT ACP i3 3acTOCYBaHHSIM HEWITKOTO PETYJISATO-
pa (1) Ta 3-imnynscHoi ACP i3 3acTocyBanusm kinacuanoro II-perynstopa (2)

Heuitkuii noriyHuii peryasTop OyB BIPOBAHKEHUHN B ICHYIOUY CHCTEMY, 3aMiHUBIIN
knacuunui [1l-perynsatop, maBy MOXIIMBICTH CIPOCTUTH CXEMY JI0 OJHOKOHTYpHOI. ['padi-
KM TepeXiTHUX MPOIIeCiB 300pakeHH1 Ha puc. 8.

Puc. 7. IlepeximHi XapakTepuCTUKH sl KiacuaHoro 3-immyiascHoro Ill-perymsropa (1) ta
0oTHOKOHTYpHOT ACP 3 HEUITKUM perynsTopoM (2)
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[TopiBHiotOuM Ki1acuyHUi 1 HewiTkuid [ll-perynarop, MU MOXXEMO IMOMITUTH, IO B
OCTaHHBOTO, SKICTh PETYJIIOBAHHS € HIDKYOI0, a HiX y kKiacuuHoro 11 — perymnsaropa 3a paxy-
HOK OLJBIIOr0 BIIXWJICHHS PETyIbOBAHOI BEIIMYMHH, alleé 4ac PEryJIIOBaHHS € OJHAKOBHUM.
Crniz maM’ATaTu, 10 3 HEYITKUM PETYIISTOPOM ToKazaHa podorta 1-kouTypHoi ACP piBHS, sKa
Ma€ HIKYY SKICTh PEryJroBaHHS 3a 3-iMmynabcHy. OHaK, HE 3BaKalO4YM HA 11€ BiIXHMICHHS
PIBHSIHHS IEPEBUIIYIOTh JOMMYCTUMUX 3HaueHb(+ 1.25 MA).

BucnoBok

Heuitkuit perynsartop B ckimani ogHokoHTYpHOI ACP 3 momaTkoBuUM iMIyJIbcOM 3a
MIBUJIKICTIO 3MIHU PEryIbOBAHOI BEJIMYMHU MOKE BUKOPUCTOBYBATHUCS ISl PETYIIOBAHHS Pi-
BHIO BOJIM B OapabaHi mapoBoro kotia E-50. SIkicTh mepexigHuxX MpOIeciB € 3aJ0BiIHHOIO:
4yac perysaroBaHHS HE 30UTBIINBCS, BIAXUICHHS PIBHS HE BUXOJATH 3a JOMYCTHMI 3HAYCHHS.
3HauHo0 TepeBaror0 ACP 3 HEWITKUM pEeryasTOpOM € CHPOIICHHS CXEMHU PEeryJIiOBaHHS 0
OJTHOKOHTYpHOI. TakuM YHHOM, MOXHAa 3pOOMTH BHCHOBOK, IO HEYITKi JIOTIYHI CHCTEMU
YIPaBIIHHS MalOTh XOPOIIl MEPCTIEKTUBH ISl BIPOBAKEHHS X B aBTOMAaTH3aIlll TIPOMHUCIIO-
BUX KOTJIOArperaris.
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DEVELOPMENT OF A FUZZY CONTROLLER OF THE WATER LEVEL IN THE
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The water level in the drum of a steam boiler is one of the most important parameters cha-
racterizing the reliability of the boiler unit operation. Currently, fuzzy controllers are be-
coming more and more widespread, which implement in practice fuzzy algorithms for con-
trolling units, mechanisms, as well as technological processes. The use of fuzzy logic tech-
nology, focused on processing logical-linguistic models of knowledge representation, opens
up broad prospects for creating intelligent control systems for complex dynamic objects op-
erating in conditions of incomplete information content, predicting the behavior of the sys-
tem, generating many alternative actions, and performing a formal description of fuzzy de-
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cision-making rules. Operational change of the tuning parameters of the regulator makes it
possible to qualitatively move to a higher level of control over technological processes ac-
companying human activity. The purpose of this work is to analyze the quality of stabiliza-
tion of the water level in the drum of a steam boiler subject to the introduction of a fuzzy
regulator, as well as to simplify the structure of the control system. The article proposes a
comparative analysis of the model of a classic 3-pulse automatic control system (ACS) with
a Pl-controller with a single-loop ACS with a fuzzy controller, into which an additional
signal is introduced for the rate of change of the deviation of the controlled value. Three-
pulse ACS has disadvantages. The main disadvantage of this ACP is the fact that the disap-
pearance of any of the three signals, the system stops working, and in the presence of dis-
crepancies in the readings of flow meters for feed water and superheated steam, the regula-
tor begins to maintain the water level in the drum, which is equal to the sum of the task and
value, proportional to this discrepancy (there is a static adjustment error).

Keywords: feed water level, fuzzy regulator, steam boiler, drum, adjustable parameter, au-
tomated control system.
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