TexHiuHI Hayku ISSN 2307-5732

ABTOMATMHM3AIISA, TEJEKOMYHIKAIIIL TA PAJIOTEXHIKA

DOI 10.31891/2307-5732-2021-295-2-187-192
VK 681.5.03
M.B. BACUJIbEB, A.W. BPYHETK1H

«OpechKuil HalliOHATBHUH OJITEXHIYHUI YHIBEPCUTET

HAJAIITYBAHHSA HEUITKOI'O AJAIITUBHOI'O PEI'YJISITOPA
KOMITPECOPHOI YCTAHOBKHM JIJIS1 3PIKEHHS ITIPUPOJHOI'O TA3Y

BueueHi ocHOBHI 8/1acmugocmi 06’ekma a Makox Memoodu, SKUMU MOXCHA 3Haxodumu Ho8l napamempu 0As
pezyasimopa KOMNpecopHoi ycmaHo8ku 0411 3pidxiceHHs1 hpupodHozo 2asy. [locaidxceHi OCHOBHI si1acmugocmi camozo
adanmueHo20 pezyasimopa a Makoxc po3pobaeHutlli memod, 3a sIKUM 1 6y/10 8ukoHaHo po6omy. Takoxc 6y/a0 3pobaeHe
NOPIBHSIHHA 3 [HWUMU 8UOAMU A8MOMAMUYHUX CUCMeM Kepy8aHHsl SIKI MOJCYMb 3acmocogysamucb 8 daHOMy 06’ekmi.
BugueHa nocnidosHicmb 6ydy8aHHsl adanmueHoz20 pezy/ssimopa ma 1ozo 83aemodisi 3 06’'ekmom. [locaidxceHi suxioHi
pe3ysabmamu adanmugHozo pezyisimopa ma NOPIGHSIHHA iX 3 IHWUMU A8MOMAMUYHUMU cUCMeMaMU KepysaHHs. BusueHo
3a2a/bHI 8aacmusocmi ma npaguaa 6ydyeaHHs adanmueHoz0 pez2yasimopa, OCHOB8HI MOHKOCMIi npu po6omi 3 HUM.
PozenssHymo 6 nogHiii mipi Ho8I Mosxcausocmi 0415 pe2yA08aHHS KOMNPECOPHOI YCMAHOBKU 0151 3pi0i#ceHHS npupodHO20
2a3y ma eusedeHi OCHOBHI npasu/sa wjodo 3acmocy8aHHsi 0aHO20 adanmueHozo pezyasmopad. Takoxc 6ysn0 npogedeHo
docaidxceHHs ehekmusHOCMI 3acMOCY8aHHS A0anmMueHo20 pezy1amopd 045 daH020 06°ekmy ma 3pobsieHi 8UCHOBKU hO
pobomi pezysasimopa ma edekmusHocmi liozo pe3ysabmamis. B xodi nposedeHHs 0ocaidxiceHHs 6y/aa 8cmaHos/1eHda
nocaidosHicms 0itl 01 no6ydosu adanmueHozo pezyasimopa, lio2o HaAauwmyeaHHs ma 8UKOPUCMAHHS 0151 3HAX00XHCEHHS
Heo6xiOHUX napamempie pezyssamopa. Byso0 6cmaHos/1eHo wo 04151 HA1awWmy8aHHs Aa0anmueHo20 pezyAsimopa Nnompi6Ho
Mamu neeHi 3HaHHS 8 HA/NAWIMYBAHHI pe2y1amopie 015 IHWUX 06’ekmie ma Mamu MoxcAu8icmsb sukopucmosysamu 0aHi
3HAHHS 0151 8UBeJeHHS1 HEe0OXIOHUX napamempie adanmueHo20 pezyasamopa, sKi € 8 HAAAWmMy8aHHsX. 3po6/eHuUll aHai3
edpekmugHocmi 3acmocy8aHHs1 adanmugHo2o pezyaamopa 0/151 KOMNPecopHoi ycmaHo8Ku 0151 3pidxHceHHs npupodHO20 2asy.
BusigsieHO nhesHi MmomeHmu, sKi nompe6yromb 000Npaylo8aHHsT MA KOpe2y8aHHs 8 NJAHI HAAAWMYy8AaHHS NOWYKY
napamempis pezy/11mopa, A0anmueHUM pezy/IsiImopoM. 3pobaeHi 8UCHOBKU CMOCOBHO 8UKOPUCMAHHS 0aHOi MemoduKu Ha
daHuil MomeHmM.

Kawouoei cnroea: komnpecop, 3pidicenHs, npupodHill eas, adanmugHuil pezyasimop, efpekmugHicmb adanmugHo20
peayasmopa.
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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 requlation 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 possi bility 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.

Keywords: compressor, liquefaction, natural gas, adaptive regulator, efficiency of adaptive regulator.

IMocranoBka mpodjemu. Ha pasi mpoGiemaTrka IMocTae HACTyMHA: caM O0’€KT Majo BHBYAETHCA Y
HayKOBOMY KOJIi, a TaKOXX Maike HEMae JDKEpeNn y BIIKPUTOMY JOCTYII, SKi OM JOMOMOTJIH OIBII JETATEHOTO
PO3KPUTH OCHOBHI MOMEHTH B PEryJIOBaHHI YCTAaHOBKHU JUIS 3PiKEHHS NMPUPOJHBOTO Tra3y. Takok Mano BHBYEHA
TeMa 3aCTOCYBAaHHS PI3HHX aBTOMATHYHUX CHCTEM KEpYBaHHS YCTAHOBKH IUIS 3piIDKEHHS NPUPOAHOTo ra3y. Tema
BUKOPHUCTaHHSA AJallTHBHOTO PETYJIATOpa IS IAHOTO O0’€KTy B3araji SBISETBCA TEMOIO, SIKY HE OCOOIMBO
BUBYAIOTh 1 TOMY B JaHiid cTaTTi OyAe pO3IsSHYTO caMe BUKOPHCTAHHS aJallTUBHOIO PETYIATOpa ISl YCTAHOBKU
JUTSL 3p1JDKSHHSI IIPUPOTHOTO ra3y. AJDke TeMa X04 1 MaloAOCiPKeHa, ajle BCe TAKM BOHA Ma€ MpaBO Ha JKUTTS Ta
TMOOKMH aHaji3 AaHOTO pEryisiTopa, WOro BIUIMB HAa OCTATOYHE pETYNIOBaHHA O0’€KTy Ta e(eKTUBHICTh
PETYJIIOBaHHS ITPU 3aCTOCYBAHHI JAHOTO PETYJIISITOpA.

AHaNi3 ocTaHHIX docTimKeHb i myOmikamiii. Bupuatoun ocTaHHI myOmiKamii y BiZKPUTHX KEperax
iH(OopMaii, BUSIBUIIOCH II0 y BIIKPUTOMY JOCTYIII Hapasi Iyke Majio iH(opmallii oo 3acTOCYBaHHS alallTHBHOTO
peryisiTopa Uil YCTAHOBKHM ISl 3pI/UKEHHS TPHPOAHOro ra3y. TouHime Ttakoi iH(opmamii Maibke Hemae y
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BIJIKDUTHX JDKEpesaX, i TOMY JOBOJUTHCS OiNTbII MOTTMOICHO BUBYATH JAHY TEMATHKY, MAlOYM B HAsBHOCTI JIHIIE
HEBEJIMKY KUIBKICTH JIITEpaTypH, sika O 3MorJia B IOBHIA Mipi ITPOJEMOHCTPYBATH YIiTKy MOCITIIOBHICTH I IS
moOyJIOBH Ta 3aCTOCYBaHHsI a/IallTUBHOTO peryJisitopa. bynu BuBdeni myOmikarii HactynHux aBropis: [llamina B.A.,
lanepkin FO.B., Jleonenkos O.1O.

IMocranoBka 3aBaanHHs. JlocHiguTH e(QEKTHBHICTh BHUKOPUCTAHHS aJalTUBHOTO pEryjiaTopa Juis
YCTaHOBKH LTS 3PiHKEHHS IPHPOAHBOTO rasy.

Bukiag ocHoBHOro marepiany pociaimkenHsi Crouatky Tpeba 3ragatd, 10 camMe cOOOIO SBIISE
KOMITPECOpPHA YCTAHOBKA sl 3Pi/KEHHS MPUPOAHBOro rasy. Ha maHuit MOMEHT, pUpoaHUil ra3 € HAWYUCTIIINM i
OJTHUM 3 HaiiIeNIeBIMX OpraHiyHUX BUIIB namuBa. OCHOBHOI MPOOIEMOI0 MPHPOJHOTO Ta3y € TPAHCIOPTYBAHHS
Ha BEJIUKY BiJICTaHb. PilllcHHsIM ITi€l MPOOJIEMH € CKpAIICHHS ra3y 3a JOMMOMOTO0 KPUOTEHHHUX YCTAaHOBOK. Temep y
Hac 3’SIBIISIETHCS YiTKE PO3YMIHHS TOTO, HABIIIO B3araii MOTpiOeH MaHui 00’€KT i YOMY BaXKJIMBO MaKCHMAJIEHOTO
Horo mocmimuTh, amke 0e3 nboro Oyne HEMOMIIMBO CTBOPUTH €(EKTUBHY CHUCTEMY aBTOMATH3allii AJIs I[bOTO
00’ €KTy.

[le Tpeba KOPOTKO ONMUCATH KOMIIPECOPHY YCTaHOBKY IUIsl 3p1JUKEHHS NMPHPOJHBOTO ra3y. BimueHTposi
KOMIIPECOPH MPEACTAaBISIOTh CO00I0 OONamHaHHS, [0 BXOAWTH JO TPYMH KOMIPECOPIB JMHAMIYHOTO THUILY 3
panianbHOT KOHCTPYKIIi€t0. [ 0JI0BHOIO IepeBaror yCTaHOBOK JIAHOTO THITY € IX BUCOKA MPOJAYKTUBHICTS, SIKa B pa3u
MEPEBHUIIYE MOKA3HUKH KOMIIPECOPIB iHIMX BH[IIB. 3aBISKH [bOMY, BiJIIEHTPOBI KOMIIPECOPH, CTPYKTYpa SIKHUX
JIO3BOJISIE BUKOPHCTOBYBATH 1X MpPH IHTEHCHBHIM eKCIUTyarailii, ITHPOKO BUKOPUCTOBYIOTHCS B IMPOMHCIOBHX
Maciradax.

JleTaJbHO BHBYHMBINM, IO SBJISE COOOK KOMIPECOpP IS 3Pi/KEHHS MPUPOJHBOrO a3y Ta IOBHICTIO
PO3TIISIHYBIIM NPUHIMIT Aii, PO3IIITHEMO 1110 B3arali sBIIsie€ COO0I0 alanTHBHUI PETYIATOP.

[lpu ympaBmiHHI CKIQAHUMU 00'ekTamMu, MmO (YHKIIOHYIOTH B YMOBaX HECTaI[lOHAPHOCTI, IIMPOKE
3aCTOCYBAHHS 3HAWIIUTM aJlaTUBHI PEryJssiTopH, mo peanidytots Tunosi 11 a6o ITI/1-3akonu perymioBanus. Cign
3a3HAYMTH, 1110 JaHUH METOJ Tepeadauae BUBeIeHHs 00'ekTa B 00J1aCTh aBTOKOJIMBAaHb, 32 PaXyHOK nepexoay Ha [1-
3aKOH 1 TrpyOoro BapitoBaHHS koedilieHnta nocuieHHs Kp. OnHak, 3Ha4HWIA PsJ] TEXHOJNOTIYHUX IIPOLECIB 3a
YMOBaMH €KCIUTyaTallii He JOMYCKaloTh aBTOKOJHMBAJIBHOIO pEeKUMY. TakuM YWHOM, 3aBIAHHS 3HAXO/KECHH:
ONTUMAJIBHOTO METOAY aJanTallil 3aJHIIaeThcs BIAKPUTOW. Pa3oM 3 THM, OCTaHHIM YacoM IIMPOKY MOMYJISIPHICTh
3HAXO/ISATh HEYITKI MOJIETI 1 aITOPUTMH YIpaBliHHs. Bigomo, 1110 HeviTKe ynpaBlliHHS 3aCHOBaHE HA BUKOPUCTAHHI
HE CTUIBKM QHANITHYHUX a00 TEOPETHYHHMX MOJIeNIel, CKUIbKM Ha M[PAKTUYHOMY 3aCTOCYBaHHI 3HAaHb
KBaJipikoBaHUX (haxiBLiB, IPEACTABICHUX Yy (OpMi JTIHrBiICTHUHKUX 0a3 mpaBuil. HewiTke ynpasiiHHs e(eKTUBHO y
BUIAJIKAX HEJCTEPMIHOBAHOCTI MapaMeTpiB O0'€KTIB, KOJMM ICHY€ IEBHHW JOCBiJ| €KCIIEPTIB 3 YIpaBIiHHS 1
HaNAIITYBaHHs aBTOMaTH30BaHol cuctemMu perymoBanHs (ACP). Teopis HewiTkoi JIOTiKM J03BOJISIE
BHUKOPHCTOBYBATH 3HaHHsI (DaxiBI[iB-HAIAAYUKIB 3 METOIO ITOJIMIICHHS IPOIECIB YIIPABIiHHS 1 HAJIaHHS JIOIIOMOTH 3
HAJNAIITYBaHHS THIIOBUX PEryJsTOpiB. BUX0/suM 3 BUIllECKa3aHOTO, 3aBJaHHs CTBOpPEHHs MeToay aaanTarii [11]]-
peryJisiTopa, 1o peaizye J0CBi] HAIAIYHKIB, CTAE aKTyalIbHOMO[4].

Mertor craTTi € po3poOKa HEYiTKOI €KCHEepPTHOI CHUCTEMH, 10 BM3HAYa€ OonTUMalibHi Hactpoiiku ITI]]-
peryasitopa, aj1st Horo aganTarii 1o o0'ekta yrpaiiHHs, 1 11 anpoOartis B naketi Matlab (Simulink).

Ji3HaBUIMCH, O SBJISE COOOI0 aJANTHBHUI PEryssTop 1 IyIsl 4Oro BiH B3arayi motpiOeH, mepeiiaemMo 10
eTaliB, AKi JONOMOXYTh CTBOPUTH caMe aBTOMAaTH4YHY CHCTEMY KepyBaHHS 10 CKJIaay sKoi Oyne BKIIOYEHO SIK
YCTaHOBKY UISl 3piKEHHS IPUPOAHOTO ra3y, TaK i caM aJanTHBHUK peryisrop. Ha nepmomy etami My BU3HAYAMO
CTPYKTYpY aJalTHBHOI CHCTeMH peryiroBaHHs. JlaHa cTpykTypa 300paskeHa Ha PUCYHKY 1.
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Puc. 1. CTpyKTYpa aJanTHBHOI0 HEYiTKOr0 KepyBaHHs

e Ha pucynky: E — momwmika; Z — 3aBmanHs; Y — 3HadeHHS Ha Buxoai; N — 30ypenns; Kp, Tu, Kd —
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HanamryBanHs [1IJ]-perynsaropa;

Ha npyromy erami B mporpami Matlab (FLT) npoBoauThCst CTBOPEHHSI CHCTEMH HEYITKOTO BHBEIECHHS abo
ajnantepa. Lle 300paskeHO Ha PUCYHKY 2.

4. Fuzzy Logic Designer: experem! — O X
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Puc. 2. I'padiunmii inTepdeiic pexakropa FIS

Ha TperboMy etami mnpoBomuthesi (azudikamii BXimHMX 1 BHXITHMX JiHrBicTHYHUX 3MiHHUX (JIIT).
noxinHow). ['padiku QyHKIiNA

dasudikamii BXigHUX 3HaueHb (momuiku perymoBanHs (E), ii inTerpama i

HanexxHocTi BXinuux JII1 npencrasneni Ha pucyHkax 3, 4, 5.

Membership function plots
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input variable "oshibka®

Puc. 3. ®yukuis npunanexuocti JII «momuiaka»
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Membership function plots
I

mal sfed bol

input variable “integ”

Puc. 4. ®ynkuis npunaiexnocti JII «interpaa noMmuiakm»

Membership function plots
I I I

otr nul pol

input variable "proizvod”

Puc. 5. ®yuknis npuHajexuocti JII «noxigna moMuIkm»

UYersepruii eramn noisirae y crBopenHi 6a3u npasun Buny «SIKIO ... TO». Buxoasuu 3 pekoMeHaanii 3i

CHeMiaNi30BaHOol JIITepaTypH, IMPOBEICHUX eKCclepuMeHTiB B penmaktopi FLT, a Takoxk JOCBioy eKCHEpTiB-
HAJNAIYMKIB CHUCTEM aBTOMAaTH3allii, MpONoHywoThcs HacTynHi mnpaBuia: SIKIIO «momuika € HeratuBHa» |
«IHTeTpal IOMHJIKH € ManieHbkui» | «rmoxinna momuiiku € HeratuBHa» TO «Kp € Benukuii», «Tu € Benukuit», «Kd e

BEJIMKHIY, TaHa 0a3a MpaBrJI IIPHBEICHA HA PHCYHKY 0.

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 is otr) and {inteq is sred) and (proizvod is nul) then (Kp i bol)(Ti is sred)(Kd is sred) (1)
3. If (oshibka is otr) and (integ is bol) and (proizved ig nul) then (Kp is bol)(Tiis maljKd is sred) (1)

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

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

7. If (oshibka i otr) and {integ is bol) and (proizvod is nul) then (Kp is bol)(Ti is mal)(Kd iz sred) (1)

Puc. 6. ®parmenT 6a3u npaBu
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Tenep mepexoamMo 110 TEpEBIPKM aBTOMATHYHOI CHCTeMH KepyBaHHs. Cama cucremMa HaBeZieHa Ha
PHUCYHKY 7.
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Puc. 7. EkcnepuMenTa/ibHA cXeMa BUKOHaHa B nporpami Simulink

Ha Buxoni cuctema jajia HaM HACTYIHI 3HaYEHHsI HAJIAITYBaHb, SIKi 300pa)KeHi Ha pUCYHKY 8.

oshibka=0 integ =2 prolzvod = 1 Kp = 4.09 Ti=1.08 Kd = 3.23
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Puc. 8. Pe3yabraT po60TH a1aNITHBHOTO PEryJisiropa

Bixe oTprMaBIIM HOBI HaJaIITyBaHHS, MH MOXeMo mifactaBuTh ix B [IIJ[-perymsaTop Ta oTpummaTé HOBI
pe3yJIbTaTH PETyIIOBAHHS.

BucnoBku. B manomy matepiami Oylio OMMCAaHO HOBY aBTOMATHYHY CHCTEMY PETYJIIOBAHHS, B SKiil
OCHOBHY pOITb Tpa€ aJanTHBHUN HEUITKHU peryisitop. B mopisasHHI 3 inmmmu ACP, a came 3 ACP no 30ypeHHIo,
ACP mo BimxwieHHto, komOiHOBaHOI ACP, maHa 3amyMKa sSIBISETHCS HOBOKO UL TAKOTO 00 €KTY SIK KOMITpeCcOpHa
YCTaHOBKa UIS 3piKEHHS IIPHPOIHOTO Ta3y. AJDKe B JaHOMY BHUITaJIKy caMa aBTOMATHYHA CHCTeMa PEeTyJIFOBaHHS
po3paxoBye, ski napametpu s [11/1-perynstopa MoKHa 3aCTOCYBaTH, IIOOHW MOKPAIIUTH NPOLEC PETYIIOBAHHS.
TakuM dYHHOM, BHKOpPHCTaHHS HeUiTKMX amanTuBHUX IIIJ[-perymaropiB m03BONMMTH E€QEKTUBHO YIPABISTH
TEXHOJOTIYHUMH TIpoliecaMH 0e3 iX 3YNHHOK, a MOJajblIe BBEJICHHS HEHPOKOMM'IOTEpa MOXE IMPUBECTH 0
CaMOHABYEHOI aanTalii 3 BU3HaYCHHs ONTHUMAIBHIX ITapaMeTpiB 0e3 KOpuryBaHHS 0a3u MpaBuil.
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