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HAJAIITYBAHHSA HEYITKOI'O AJAIITUBHOI'O
PET'YJISITOPA KOMIIPECOPHOI YCTAHOBKH
JJIA 3PIUVKEHHSA ITPUPOJJHOI'O I'A3Y

Buegueno ocnoeni enacmusocmi 06’ ekma, a makosc Memoou, 3a O0ONOMO2010 SAKUX MONCHA 3HAXOOUMU HOBI
napamempu 0isk pe2yisimopa KOMApecopHoi YyCmaHo8Ku 0isk 3pi0diceH st npupooHo2o 2azy. JJocaiodceno ocHo-
6HI BACMUBOCTT CAMO20 AOANMUBHO20 Pe2YIISIMOpa, A MAKOIC PO3POONIeHO Memo0, 3a AKUM i 61710 UKOHAHO
pobomy. Taxoowc 30iliCHEeHO NOPIGHAHHS 3 THUUMU 6UOAMU ABMOMAMUYHUX CUCEM KePYSAaHHS, SIKI MONCYIb
3aCcmMoco8y8amucy y ybomy 06 ’exkmi. Bugueno nocnioosnicme 6Oy0ysanHs adanmusHo20 pezyisamopa ma
11020 83aemo0it0 3 06 ckmom. Jlocniodxceno GUXiOHI pe3yrbmamu a0anmueHo20 pecyisamopa ma NOPieHAHO
iX 3 IHWUMU asmMOMaAMUYHUMU CUCTheMaMU KepyganHs. Busueno 3acanvhi éracmusocmi ma npasuia 6yoy-
BAHMS AOANMUBHO20 PE2YNAMOPA, OCHOBHI MOHKOWI nid uac pobomu 3 num. Pozensnymo Ho8I Modcaueocmi
0715 pe2yo8anHts KOMNPecopHoi YCmano8Kuy 0ist 3pi0dHCeH sl NPUPOOHO20 2a3y md UBEOEHO OCHOBHI NPasuid
U000 3aCMOCY8ANHHS Yb020 AOANMUBHO20 pe2ynamopd. Taxkoic 00CHIONCEHO epeKmUHICMb 3ACMOCY8AHHSL
aoanmueHo20 pe2yiamopa 01 Ybo2o 00 €Kma ma 3podaeHo BUCHOBKU w000 pobomu pe2yiamopa ma egex-
MUGHOCMI 11020 pe3yibmamie. Y npoyeci 00CAi0NCeHHSI 6CMAHO8IEHO NOCTI0068HICMb Oill /i1 noOY008U Adan-
MUBHO20 pe2yIsimopa, U020 HANAWMYSAHHSI Ma GUKOPUCIAHHS OISl NOWLYKY HeOoOXIOHUX napamempis peey-
asAmopa. Yemawnosneno, wo 018 HALAWMYBAHH A0ANMUBHO20 Pe2YIamopa NOmpioHo mamu neeHi 3HAHHS
WOo00 HANAWINYBAHHSL PE2YIAMOPIE OIS THUUX 00 €KMI8 ma Mamu MONCIUGICMb GUKOPUCIO8Y8amu ix 05
6UBCOEHHsL HEODXIOHUX Napamempie adanmueHo20 pe2yiamopa, xi € 6 Hanawmyeaunsx. Ilpoananizoeano
ehexmusHicms 3aCmMocy8ants a0anmueHo20 pe2yisimopa 0Jisk KOMRPeCcopHoi yCmanoeKy 05 3pI0AHCeHHs npu-
POOHO20 2a3y. Busigneno neeni momenmu w000 a0anmueHo2o pe2yisimopa, siki nompedyoms 000npayio6anHts
Ma KOpe2y8amnHs w000 HAIAWMYBAHHS NOWYKY naApamempis pecyiamopd. 3pobieHO GUCHOBKU CMOCOSHO

BUKOPUCIAHHS YIET MEMOOUKU CbOCOOHL.

Knrouosi cnosa: komnpecop, 3piodicents, npupooHull 2a3, a0anmueHull pe2yisimop, eqhekmueHicms adan-

MUBHO20 pe2yIamopa.

MocranoBka npodaemu. Huni mpoOiemMaTikoro
€ Te, mI0 caM 00’€KT MaJlo BUBYAETHCS Y HAYKOBOMY
KON, a TaKOXX Maike HeMae JDKEpEeN y BiAKPUTOMY
JTOCTYIII, SIKi OV TOTIOMOTIT! OUTBITT TETATHHO PO3KPUTH
OCHOBHI MOMEHTH B PETYJIOBaHHI yCTAaHOBKH JIJIst 3pi-
JOKEHHSI IPUPOAHOTO rasy. Takok Mano BUBUCHA TeMa
3aCTOCYBaHHSI Pi3HMX aBTOMAaTUYHUX CHCTEM Kepy-
BaHHS YCTAHOBKHU [UISl 3PiKEHHS IPUPOIHOTO Iasy.
Tema BUKOPHCTAHHS aJalTHBHOTO PETYISATOpa JIIs
IBOr0 00’€KTa € MaJlOBUBUCHOIO, TOMY B IIil CTaTTi
Oyze pO3IISIHYTO caMe BUKOPHCTAaHHS aJalTHBHOIO
perynsTopa Al YCTaHOBKM [UI 3pIIUKEHHS IIpHU-
POMHOTO Ta3y, aJKe Ma€ MPaBO HA YKUTTS IIIUOOKUIA
aHaJIi3 bOro PErynsTopa, HOro BIUIMB HA OCTATOYHE
perymoBaHHs 00’ €kTa Ta €PEeKTUBHICTb PEryIIOBaHHS
B TIPOLIEC] 3aCTOCYBaHHS LIOTO PETYIISATOPA.

AHami3 ocTaHHIX JOCTiXxKeHbL i mMyOJTiKaIriii.
BuBYeHHS OCTaHHIX MyOJiKaIili y BIIKPUTHUX JIKE-
penax iHdopmauii gajo 3MOrYy BH3HAUUTH, LIO Yy
BIIKPUTOMY JIOCTYII Hapasi Ayxe Majo iHdopMarii
LIOZI0 3aCTOCYBaHHA aJallTUBHOIO PETYIATOPa UL

YCTaHOBKH IJIs1 3piKEHHS TpupomHoro rasy. Tod-
Hile Takoi iHpopMalii Maibke HEMae y BIIKPHUTHX
JOKepeliaX, TOMY JOBOIUTHCS OUIBII MOTIUOICHO
BHBYATH II0 TEMY, MAlOYX B HAsSBHOCTI JIMIIE HEBe-
JIUKY KITBKICTB JITEPaTypH, sTka O 3MOryIa IPOIeMOH-
CTpYBaTd YITKYy MOCIIZOBHICTh Aii JUIs MOOYIOBH
Ta 3aCTOCYBaHHS aJanTHBHOTO peryisropa. bymu
BHBYCHI IMyOmiKamii Takux aBTopiB, sk B.A. [llamina,
10.b. I'anepkin, O.1O. JIeoHEHKOB.

IlocTanoBka 3apaaHHsi. MeTa cTaTTi — JIOCII-
IUTH e(EKTHBHICTh BHKOPUCTAHHS aJanTUBHOTO
peryasitopa [k YCTAaHOBKH JUIS 3PiKEHHS TPUPOJ-
HOTO Taszy.

Bukiaag ocHOBHOro marepiany AOCTiIKeHHS.
Criouatky Tpeba 3rafaTi, YuM came € KOMIpecopHa
yCTaHOBKa JUIA 3piKEHHs IpupogHoro rasy. Hapasi
MIPUPOTHUM Ta3 € HaWYHCTININM 1 OJHUM i3 Hakfe-
[IEBIIUX OPTraHIiYHUX BHUIB ManuBa. OCHOBHOIO MPO-
OneMor0 TIPUPOAHOTO Ta3y € TPAHCIOPTYBaHHA Ha
BEIMKY BiJICTaHb. PillleHHAM Ili€l mpoOieMu € ckpa-
IUIEHHS Ta3y 3a J0IOMOTOI0 KPIOT€HHHUX yCTAHOBOK.
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Tenep y Hac BUHHKA€E YiTKE PO3YMiHHS TOTO, HaBiILO
B3araii nmorpiOeH e 00’ €XT 1 YOMY BaXKJIIMBO MAaKCH-
MaJIbHOTO HOTO JOCHIIINTH, ajpke 0e3 1boro He Oyne
MOXKITUBHM CTBOPEHHS e(DeKTUBHOT CHCTEMU aBTOMa-
TH3aILii A [HOTO 00’ €KTA.

Ille Tpeba KOPOTKO OMUcaTH KOMITPECOPHY yCTa-
HOBKY AJIsl 3pi[UKEHHS TNPUPOAHOTO rasy. Biauen-
TPOBI KOMIIPECOPU CTaHOBJATH OONAJHAHHA, IO
BXOJUTH J0 TPYIH KOMIIPECOPIB AMHAMIYHOTO THITY
3 paziadbHOI0 KOHCTPYKITiE. [ 0I0BHOIO TIepeBaroro
YCTaHOBOK TaKOTO THITY € iX BUCOKA MTPOAYKTUBHICTb,
sSKa 3HAYHO TIEPEBHUIIYE ITOKAa3HUKUA KOMIIPECOPIB
IHIIMX BUJIB. 3 OIVISAY HA 1€, BiJIICHTPOBI KOMITpE-
COpH, CTPYKTYpa SIKUX JI03BOJISIE BAKOPUCTOBYBATH iX
3a yMOB IHTEHCHBHOI €KCILTyaTarlii, IIUPOKO BUKO-
PUCTOBYIOTHCS] B IIPOMHUCIIOBHX MacIITa0ax.

JleTanbHO BHBYHMBINM T€, YUM € KOMIIPECOp IS
3piIKEHHST NPUPOAHOTO Ta3zy, Ta IOBHICTIO PO3-
TISHYBIIY TPHUHIUN Ail, BA3HAYUMO, YUM B3aralli €
aJalTUBHUHI PETYISATOP.

Y nporieci yrpaBiiHHS CKJIaJHIMH 00’ EKTaMH, 10
(YHKITIOHYIOTh B YMOBaxX HECTaI[lOHAPHOCTI, IITHPO-
KOTO 3aCTOCYBaHHSI HaOyJaM aJalTHBHI PETyISATOpPH,
mo peanizytots tunosi I1l-3akonu abo I11J]-3akoHn
perymtoBanHs. CI1iji 3a3Ha4NTH, IO el METOJ epe-
Oavae BHUBeIEHHS 00’e¢kTa y cdepy aBTOKOJIMBAHb
3a paxyHOK mepexony Ha Il-3akoH 1 rpyboro Bapiro-
BaHHA Koedirienta mocuineHHs Kp. OmHak Hu3Ka
TEXHOIIOTIYHHX IPOIECiB 32 YMOBaMHU €KCIUTyararlii
HE JIOMYCKAaIOTh aBTOKOJIMBAIBHOTO PEXHUMY. Takum
YMHOM, 3aBJaHHS 3HAXOMKCHHS ONTUMAJIBHOTO
METO/y aJanTarllil 3aJHIIaeThCs BITKPUTUM. BomHO-
gac OCTaHHIM YacOM IMHPOKOI MOMYJISIPHOCTI HAOYITH
HEUIiTKI MOJeNi ¥ aJTOpUTMHU YIIpaBliHHSA. Bimomo,
IO HEYiTKE YIpPaBJIiHHS 3aCHOBaHE HE CTLIBKH Ha
BUKOPHUCTaHHI aHAITHYHUX a00 TEOPETUYHUX MOJIe-

JIeH, CKUTbKH Ha MPaKTHYHOMY 3aCTOCYBaHHI 3HaHb
KBaJi(ikoBaHUX (axiBIliB, MpeICTaBICHUX Yy (opmi
JMIHTBICTHYHUX 0a3 mpaBwmwil. HewiTke ympaBiiHHA €
e()eKTUBHUM Y BHITaJIKaX HEJAETEPMiHOBAHOCTI Mapa-
METpiB O0’€KTIB, KOJIHM iCHYE IEBHUH JOCBIJ €KC-
MEePTIiB 3 yNpaBiHHA 1 HANAIITyBaHHS aBTOMAaTH30-
BaHOi cuctemu perymtoBanHs (nam — ACP). Teopis
HEUITKOT JIOTIKH JT03BOJISIE BUKOPUCTOBYBATH 3HAHHSI
(haxiBIiB-HAJIATYHMKIB 13 METOIO TOJIMIICHHS TIPO-
LIeCiB YIpaBIiHHS 1 HAaJaHHS JTOTIOMOTH 3 HAJIAIITY-
BaHHSI THIOBHUX perynaTopiB. Buxoasuu 3 Bumecka-
3aHOTO, 3a3HAYMMO, 1110 3aBJaHHS CTBOPEHHS METOILY
ampantamii I1[J]-perynsropa, mo peamizye HOCBiJ
HaJaJ9uKiB, CTaE aKTyaapHUM [4].

MeTto10 cTaTTi € po3poOKa HEUITKOI eKCIepT-
HOI CHCTEeMH, IO BHU3HAYa€ ONTUMAJIbHI HACTPOHKH
[II-perynsropa, majis #oro ajmanTaiiii 10 00’€kTa
yIpaBiiHHA, a Takox ii anpoOarist B makeri Matlab
(Simulink).

Ji3HaBIINCH, UMM € aTaliTUBHUN PETYISTOP 1 JUIS
4oro BiH B3araji moTpiOeH, mepeimeMo IO eTarriB,
SK1 IOTIOMOXKYTh CTBOPDUTH CaMe€ aBTOMAaTW4HYy CHC-
TEeMy KepyBaHHs, 0 CKJany sIKoi Oyae BKIIIOUYEHO SIK
YCT@HOBKY JUIS 3piMKEHHS! MPUPOAHOTO Tazy, Tak i
caMm ajanTuBHUU perynsarop. Ha meprmomy etami mu
BU3HAYUMO CTPYKTYPY aJalTHUBHOI CUCTEMH PEryJIIO-
BaHHsL. Llst cTpykTypa 300pakeHa Ha PUCYHKY 1.

Ha npyromy erami B nporpami Matlab (FLT) cTBo-
PIOETBCSl CHCTEMa HEUiTKOTO BHMBEACHHsS abo afar-
Tepa. Lle 300paskeHO Ha PUCYHKY 2.

Ha tperbomy erami mpoBomsaTbes Qasudikarii
BXITHUX 1 BUXITHHUX JIIHTBICTHIHUX 3MIHHHX (Iami —
JIIT). ®a3zudikanii BXiAHUX 3HAYEHB (TIOMIJIKA PEry-
moBanHs (E), 11 inTerpama i moximHoi). I'padiku
¢ynkuiil HanexnocTi BxinHux JIIT npencrasieni Ha
pucyHkax 3, 4, 5.
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- CHCIIEME
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X

Puc. 1. CTpykTypa ajanTHBHOI0 HEYiTKOI0 KepyBaHHSI
He: E — nomunxa; Z — 3aedanns; Y — snauenus Ha euxodi;, N — 30ypennsa; Kp, Tu, Kd —

nanawmyeanns I1/{-pecynamopa;
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4. Fuzzy Logic Designer: experem] — a x
File Edit Wiew
- -
b -
oshibka 3 o Kp
; : ; experem1 : : :
[mamdani)
integ - ~ - Ti
- .
Kl
FIS Mame: gxperem? FIS Type: mamdani
And method — o Current Variable
Or method max | || Mame proizvod
T input
implication i S e
Range [-13]
Aggregation — o
Defuzzification centroid ~ Help Close
Renamed FIS to "experem1”
Puc. 2. I'padiunnii inTepdeiic penakropa FIS
Membership function plots
I I \ I I
ofr nul pol

input variable "cshibka’

Puc. 3. ®yukuis naaexnocti JIII «<nomuiakay

UeTBepTHii €Tan NONsTac y CTBOPEHHI 0a3u MpaBuil
Buny «AKIIO ..., TO». Cnuparouuck Ha pekoMeH 1a-
il 31 Cremiai30BaHoi JIiTepaTypH, MPOBENCHI EKCIie-
pumentu y FLT-penakropi, a Takox JOCBIJ €KCIIePTiB-
HAJIQTIMKIB CICTEM aBTOMATH3AIlii, POITOHYFOTHCSI TaKi
npasmia: SIKIO «moMuTka € HeraTHBHOIO» 1 «iHTErpas
TIOMIJIKH € MAaJICHHKUM» | «TOXiTHa TIOMHIJIKU € Hera-

tuBHOIO», TO «Kp € Bemmkum», «Tu € Bemmkumy», «Kd
€ BenrkuMy. 11s 0a3a npaBuI HaBeIeHa HA PUCYHKY 6.
Ternep mepexoauMo JI0 MEPEBIpKH aBTOMATUYHOT
cucteMu kepyBaHHsA. Cama cucTeMa TIpeIcTaBiIcHA
Ha PUCYHKY 7.
Ha Buxopi cucTeMa gana HaM TakKi 3HAUeHHS Halla-
LITYBaHb, K1 300pa’keHi Ha PUCYHKY 8.
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Membership function plots

mal smd bl

/

input variabbe “inleg”

Puc. 4. ®ynkuisa najaexnocti JIII «iHTerpaj noMuaKm»

Membership function plots

olr nd pal

input vasable “proizvod”

Puc. 5. ®yukuis nanaexnocti JII «noxizna mnoMuakm»

1. If (oshibka is otr) and (integ is mal) and (proizvod is ofr) then (Kp is bol)(Ti is bol)(Kd is bol) (1)

2. If (oshibka iz ofr) and (integ is sred) and (proizvod iz nul) then (Kp i bol)(Ti iz sred)(Kd is sred) (1)
3. If (oshibka is ofr) and (integ is bol) and (proizved i nul) then (Kp is bol)(Ti is mal)(Kd iz sred) (1)

4. If (oshibka iz nul) and (integ is sred) and (proizved is nul) then (Kp is sred)(Ti iz sred)(Kd is sred) (1)
5. If (oshibka is pol) and {integ is bol) and (proizved is pol) then (Kp is mal)(Tiis malj(Kd iz mal} (1)

§. If (oshibka iz pol) and (integ is mal) and (proizved is pol) then (Kp is mal)(Tiis bol)(Kd is mal) (1)

1. If (oshibka iz ofr) and (integ is bol) and (proizved is nul) then (Kp is bol)(Ti is mal)(Kd iz sred) (1)

Puc. 6. ®parmeHT 6231 npaBuI
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OTpuMaBIIM HOBiI HaJaIITyBaHHS, MOXEMO MiJ-
crautu ix y Ill/I-perymstop Ta OTpUMAaTH HOBi
pe3yNIbTaTH PETYIIOBAHHS.

BucnoBku. Y 1boMy MaTepialli OMHCAHO HOBY
ABTOMATHYHY CHUCTEMY PETYJIIOBaHHS, B SIKI OCHO-
BHY pOINb BIJirpac aganTUBHUN HEUITKUH DPEryIs-
top. [lopiBusHO 3 inmmmu ACP, a came 3 ACP 3i
30ypenns, ACP i3 Bigxuienns, komOiHoBaHoi ACP,
s 3alyMKa € HOBOIO JUIS TaKOTO 00’€KTa, K KOMII-
pecopHa YCTaHOBKAa Ui 3PIIPKEHHA IPUPOJHOIO

rasy, aJpke B TaKOMy pasi camMa aBTOMaTH4Ha CHC-
TeMa PEryJIOBaHHS PO3PaXOBYeE, SIKi MapaMeTpH LIS
MI-perynstopa MOXXHA 3aCTOCYBaTd, MO0 IMOKpa-
LIUTH MPOLEC PEryarOBaHHS. TakMM YMHOM, BHKO-
puctanHa HewiTkux anmantuBHEHX [IIJ[-perymsaropis
JI03BOJIUTH €(EKTHBHO YNPABISTH TEXHOJIOTIYHUMH
nporecaMu 0e3 iX 3yNMHOK, a MOAajblle BBEICHHS
HEUPOKOMII FOTepa MOXKE MMPUBECTU JO CAMOHABUEHOT
ajanTarii 3 BU3HAYCHHS ONTHMAJLHUX IapaMeTpiB
0¢3 KOpUTYBaHHS 0a3W MMPaBUIL.
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Puc. 7. ExciepumenTajibHA cXeMa BUKOHAHA B nporpami Simulink

oshibka=0 integ =2 proizvod = 1

Kp = 4.09

Ti=1.08
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Puc. 8. Pe3yabrar po0oTH aJanTHBHOIO PeryJasitopa
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Vasyliev M.V. ADJUSTMENT OF FUZZY ADAPTIVE REGULATOR OF COMPRESSOR UNIT
FOR LIQUEFACTION OF NATURAL GAS

The main properties of the object are studied, as well as the methods by which new parameters can be
found for the regulator of the compressor unit for liquefaction of natural gas. The main properties of the
adaptive regulator itself are studied, as well as the method by which the work was performed is developed.
A comparison was also made with other types of automatic control systems that can be used in this facility. The
sequence of construction of the adaptive controller and its interaction with the object is studied. The initial
results of the adaptive controller and their comparison with other automatic control systems are investigated.
The general properties and rules of construction of the adaptive regulator, the basic subtleties at work with it
are studied. New possibilities for regulation of the compressor installation for liquefaction of natural gas are
fully considered and the basic rules concerning application of this adaptive regulator are deduced. A study
of the effectiveness of the adaptive regulator for this object was conducted and conclusions were made on the
work of the regulator and the effectiveness of its results. A special sequence of work was also developed for
the construction of an adaptive controller and its application on site. In general, the basic rules for working
with such a regulator and its application in a natural gas liquefaction plant are derived. The behavior of the
plant is investigated and new settings for the regulation of the natural gas liquefaction plant are derived. The
main types of regulation of this object are applied and new rules for finding settings for the main regulator of
the compressor unit are derived. The work on comparison of already traditional types of regulation with the
adaptive regulator is made and conclusions on application of this or that type of regulation of compressor
installation comparing results of regulation are made. The possibility of real use of this regulator on a constant
basis in production is investigated, conclusions on the main work of the regulator and also shortcomings which
can arise at a choice of regulation with the adaptive regulator are made.

Key words: compressor, liquefaction, natural gas, adaptive regulator, efficiency of adaptive regulator.
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