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The purpose of this work is to analyze the adaptive system
of optimal control for the work of the apparatus of 11 saturation.
Determine qualitative and quantitative indicators of the effec-
tiveness of the adaptive system of optimal control during its
implementation through genetic algorithms. The work of the
structural model of the adaptive optimal control system is
created and investigated. The simulation studies using the
classical genetic algorithm have been performed. To ensure the
effective work of the classical genetic algorithm, the influence
of the size of the initial population on the number of iterations
required to find the optimal parameters was investigated. From
the experiments it becomes clear that there is an optimal size of
the initial population. And for the set task are about 30 units. As
well as the research of the modified genetic algorithm with the
addition of the classical genetic algorithm of the hybrid
function, namely, the particle swarm method (PSM). As can be
seen from the research carried out, the addition of PSM to the
genetic algorithm has allowed to significantly reduce the num-
ber of necessary iterations to achieve optimal parameters. This
allowed to significantly reduce machine time to find optimal
parameters. The investigated adaptive system of optimal control
showed a significantly lower integral quadratic criterion 7 = 683
in comparison with a functioning system in production, the
integral quadratic criterion / = 815. In addition, the introduction
of the hybrid function of the PSM has reduced the machine time
to find the optimal parameters: 7 = 2098 ms without the hybrid
function and 7" = 963 ms using the hybrid PSM function. The
simulation results confirmed that the developed adaptive system
of optimum control for the apparatus of the second saturation is
highly effective. The best integral quality criteria for the II
saturation apparatus were achieved when the classic genetic
algorithm was combined with the hybrid PSM function. Thus,
developed adaptive optimal control for the apparatus of the
second saturation is far ahead of existing solutions on quality
indicators.
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AOCNIAXXEHHA POBOTU TEHETUYHUX ANTTOPUTMIB
Y CUCTEMI ABTOMATU3OBAHOI'O YMPABJIHHA
AMAPATOM Il CATYPAUII

B.B. NMonynaH

B.M. Cigneubkun, KaHA.TEXH. HAYK

|.B. EnbnepiH, KAHO.TEXH. HAYK

HaujoHanbHuli yHisepcumem xap4o8ux mexHosnoeaill

Y cmammi npoaHanizogaHo adanmueHy cucmemy onmumasibHo20 KepysaHHs pobo-
moro anapama Il camypauii ma eu3Ha4yeHo [KICHI | KinbKICHI NOKa3HUKU eghekmueHoOCMi
hyHKUIOHys8aHHA adanmugHOI cucmemu ornmumarnbHO20 KepysaHHS npu if peanizauii 3a
O0rnoMo2010 eeHemMuUYHUX anzopummis. NpoeedeHo imimauiliHi 0CniOXXeHHSA 3 8UKO-
PUCMAaHHAM KJ1aCU4YHO20 2eHemuUYH020 anz2opummy, a makox O00cCrifxeHo molugi-
KoeaHull 2eHemMuYHUl aneopumm 3 dodasaHHAM y KNacudyHUll 2eHemuYHuUll an2opumm
2i6puUdHOT hyHKUIT, a came: memod poro Yacmok (MPY). Pesynbmamu moderntosaHHs
nidmeepounu, wio po3pobreHa adanmueHa cucmema onmumMasibHo20 KepyeaHHs ara-
pamowm Il camypauii € sucokoeghekmusHorw. Hallkpawii inmeapansHi Kpumepil akocmi
ons anapama Il camypauir 6ynu docsizHymi, Konu Knacu4yHull eeHemudrull aneopumm
6ye 06’cdHanull 3 2ibpudHoro hyHkuiero MPY,

Knrouosi cnoea: asmomamu3sauis, camypauis, 2eHemu4Hull anzopumm, onmumarib-
HE KepyesaHHS.

IocranoBka npo6aemun. OIHUM 3 OCHOBHHMX MPOLECIB OYHCTKH LIYKPOBOTO
cupony € mpouec carypamii. Llei mporec 3a0esneuye ountneHHs audy3iiHOro Coky 1
3HAYHOK MIPOK — SKICTh IYKpOBOro cupomy. Ilorounuii craH aBromaru3arii amna-
pati Il carypamii LyKpoBOro 3aBOAY XapaKTCPU3YETHCS BUKOPHUCTAHHAM CYYACHHUX
MIKPOTMPOLIECOPHUX CUCTEM KEPYBAHHS. Y TOM e yac A/ MIABHINCHHS ¢EKTHBHOCTI
TEXHOJOTTYHUX TMPOLECIB, BKIIOYAKOYHA MPOLIECH OYHIICHHS JUQY3IHHOIO COKY,
HEeoOX1AHO 3a0e3MeUyBATH JUHAMIYHY ONTUMI3ALI0 KOHTPOIbOBAHUX IAPAMETPIB, 1O
JACTh 3MOT'Y TIOKPAIIUTH SAKICTh MPOBEACHUX MPOLECIB.

Amapar II carypariii € HecTamioHApHUM 00 €KTOM 3 TOYKH 30PY KCPYBaHHI — 3
YacoM TEXHOJOTITYHI MapaMeTPH MOXKYTh 3MIHIOIOTHCS B ITUPOKOMY Alama3oHi 3aIekK-
HO BiJ 30YPCHb, 110 BIUTMBAKOTh HA pOOOTY amaparta.

ABTOMATHYHI PEryJIATOPH, SKI, 3a3BHYal, BUKOPHUCTOBYIOTBCS, HE MOXKYTh 3a0e3-
MEYUTH JOCTATHIO SIKICTh KEPYBAHHS 332 TAKUX YMOB. 34 OCTaHHI KiJbKa ACCATHIITH
Oy 3ampONOHOBAHI Pi3HI BIOCKOHANCHHS A1 MPOCKTYBAHHS CHUCTEM KEPYBAHHS
[1—3]. Ilpore BukopucTanHs reneruuHoro anroputMmy (I'A) B cucreMax KepyBaHHS
anaparamu Il caryparii ykpoBux 3aBo/iB HE OYJIO HAICKHUM YHHOM BHBUCHO. Tomy
BUHHKAE€ HEOOXITHICTD Y BJOCKOHAJCHHI ANTrOPHTMIB KEPYBAHHS Ta CTBOPCHHS
aJanTHBHOI CHCTEMH ONTHMAIIBHOTO KepyBaHHA [4; 5].

MeTta pociifskeHHs1: IPOAHANI3YBATH AJANTHBHY CHCTEMY ONTHMANBHOIO KEPY-
BaHHS pOOOTOIO CATypaToOpa, BUBHAUUTH SKICHI Ta KITBKICHI MOKA3ZHUKH ¢)CKTUBHOCTI
(YHKI[IOHYBaHHS aJANTHBHOI CUCTEMHU ONTHMAJIBHOTO KEPYBaHHS TpH ii peasmizarii 3a
JOMOMOTOK0 TCHETHYHUX AJITOPUTMIB, AOCTIAUTH POOOTY KIACHYHOTO T'€HETHYHOTO
aJIrOpPUTMY, & TAKOXK BIUTHB TOpuaHoi QYHKLII METOAY PO YacTOK Ha PE3YNIbTaTH
BHUKOHAHHS aJITOPUTMY.

Marepianu i meroaun. O6’exTom kepyBaHHs € amapar Il carypauii nykposoro
3aBONY, B SKOMY V Pe3yibTaTi B3aeMoaii ¢imeTpoBaHoro coky | carypamii 3 Byrie-
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Pesynpraru iMITaIiifHOrO MOJCIIOBAHHS HAaBEACHO B Tadmwui. MoaemoBaHHS

MPOBOAUIIOCK sK it KiaacuuHoro ['A| tak 1 ans ['A 3 noaaBanHsM riOpuaHOi QyHKINT
MPY.

Tabnuya. PesynbraTn Moje IOBAHHA

ITpofyKTUBHICTH CHCTEMH KepyBaHHS
I'i6puana yHKITIS I Yac aganrami T, ms
Bes apanrami A pantuBHa
— 815 683 2098
— 902 793 2162
— 856 698 2321
MPY 815 683 963
MPY 902 793 984
MPY 856 698 906

Sk Gaunmo 3 TAONHUIl, aAANTHBHA CUCTEMA ONTUMAIBHOTO KEPYBAHHS MAE 3HAYHO
HWKYHMH THTEIPATbHUH KBAIPATHIHHHA KPUTEPIHd NOPIBHAHO 3 (PYHKLIOHYIOUOKO CHCTE-
MO0 Ha BuUpoOHHUTBI. KpiM Toro, BeeaeHHs riOpuanoi ¢yekuii MPY gamo 3mory
CKOPOTHTH MAIIWHHHAN YaC HA MOIIYK ONTHMANBHUX NAapaMETpiB 3 BUKOPUCTAHHSIM
ridopuanoi gyaxmii MPY. Pesynpratn MoAenoBaHHA MIATBEPAMIH, IO PO3podicHa
a/lanTHBHA CHCTEMA ONTHMATBHOTO KEPYBAHHS arapaTom Il carypauii € BHCOKO-
edexTupHOrO. Hatikpami inTerpansHi kpurtepii sxocti pis anaparta Il carypanii 6ynu
JOCATHYTI, KOMH KJIACHYHHH T'CHETHYHHUU anroput™M OyB 00 €XHAHHUH 3 TIOPUAHOIO
¢dyukuiero MPY.

BucHoBku. PesyneTatn MOAETIOBAHHS MIATBEPANIN, IO PO3POOICHA aJANTHBHA
CHCTEMa ONTUMAIBHOrO KepyBaHHs amapatoMm Il cartypamii € BHCOKOe(EKTHBHOW.
Haiixpami inTerpansni kputepii sxocti pis anapata Il carypaunii Oymu mgocsrayTi,
KON KIACHYHHWN TCHETHYHHH anroput™ OyeB 00 e€aHaHWil 3 ribpuaHO0 (QyHKIIE
MPUY. Orxe, po3poOicHa aJanTHBHA CHCTEMA ONTHMAIBHOIO KEPYBAHHS POOOTOIO
amapata Il catypauii 3HaYHO BHIICpEIKA€ ICHYIOUI PILICHHS 32 SKICHUMH TOKA3HH-
kaMu. Och 4OMY HACTIHHO PEKOMEHAYETHCS MIPH MPOBEACHHI MOACPHI3ALIH 1CHYIOUNX
CHCTEM KEpYBaHHA Ha LYKPOBOMY BHPOOHHLTBI, a TAaKOXK IMPH CTBOPCHHI HOBUX
CHUCTEM pEaTi30ByBaTH CcHCTeMy KepyBauHs amapartom Il carypamii Ha Gasi mocii-
JUKVBAHOI aJanTHBHOI CHCTEMH ONTHMATIBHOTO KEPYBAHHI.

JIITEPATYPA

1. Schroder P., (2000), Intelligent observer and Control Design for Nonlinear Systems,
Springer-Verlag, Berlin.

2. Zinober A., Nonlinear and adaptive control, (2003), Springer-Velag, New York.

3. Enenepin I.B. Apromartm3anis BupoOHmumX npouecis: miapyunuk / 1.B. Expnepin,
O.M. Ilymena, B.M. Cignenskuii, C.M. IlIsea. — K. : Bumasuunrso Jlipa-K, 2015. — 378 ¢.

4. AHami3 HEBUMIPIOBAHHX NAPAMETPIB HA PiBHI PO3MOILICHOTO KEPYBAaHHS A1 aBTOMA-
TH30BAHOI CHCTEMH, 00 €KTiB 1 KOMIUICKCIB Xap4oBoi mpomucnoBocTi / B.M. Cimnernpkui,
I.B. Emnenepin, B.B. Ilonxyman // Haykoei mpami HamioHatbHOTO YHIBEPCHTETY XapUOBHX
TexHomorii. — 2016. Tom 22, Ne 3. — C. 7—15.

5. Korobiichuk 1., Ladanyuk A., Shumyhai D., Boyko R., Reshetiuk V., Kaminski M.
(2017) How to Increase Efficiency of Automatic Control of Complex Plants by Development
and Implementation of Coordination Control System, Proceedings International Conference on
Systems, Control and Information Technologies SCIT. — 2016. — Vol. 543. —P. 189—195.

144 XAPUOBA TTPOMUCIIOBICTD Ne 24, 2018



Control of Production Processes PROCESSES AND EQUIPMENT

6. CucTeMHMH aHATi3 CKIAQTHUX CHCTEM VIIPABIIHHA. HaBd. mociOHuk / A.Il. JlamaHrok,
S.B. Cumitrox, J1.O. Bracenko Ta in. — K. : HYXT, 2013. — 274 c.

7. Honynan B.B. CTpyKTypa aBTOMAaTH30BAHOI CHCTEMH PO3IIMPESHOTO KEPYBAHHS I
KOOpAWHAINI CYMUKHHX CTaHLIH mykposoro 3asoxy / B.B. Ilomyman, B.M. Cimnenpkmit //
Hayxogi npani HarioHamsHOTO YHIBEPCHTETY XapUOBHX TeXHONOTiH. — 2017. — T. 23, No 1. —
C. 16—24.

UCCNEAQOBAHUE PABOTbI FTEHETUYECKUNX
AINMTOPUTMOB B CUCTEME ABTOMATU3UPOBAHHOIO
YMNPABJIEHUA AMNMNAPATOM Il CATYPALIUA

B.B. NonynaH, B.M. Cugneukuin, N.B. 3nbnepuH
HauuonrarnbsHbill yHUsepcumem nuuiesbix mexHonoaul

B cmambe npoaHanusuposaHa adanmueHas cucmema onmumMaiibHo20 yrpaeneHus
pabomoli annapama |l camypayuu u onpedeneHbl Ka4ecmeeHHble U Konudecmee-
HHble noKasamenu 3ghghekmusHoCMU hyHKUUOHUpogaHusa adanmueHoll cucmembi
onmumarsnbHO20 yrnpaesieHus npu peanusayuu ¢ MOMOWbI0 2eHEeMUYECKUX arneo-
pummos. [lposedeHbl umumayuoHHble uccriedoeaHusi C UCIMOMb308aHUEM Kraccu-
4eCK020 2eHemu4ecKoe0 asieopumma, a makxe uccredosaHue moouhuyuposaHHo20
2eHemu4ecKo20 anzopumma ¢ 0obasneHuemMm 8 Kraccudeckull eeHemuyeckuli anao-
pumm 2ubpudHoll chyHKUUU, a UMeHHO: Memold pos dacmuy (MPY). Pesynsmamsi
modenuposaHusa nodmeepdunu, 4ymo paspabomarHa adanmueHas cucmema onmu-
marnbHO20 ynpassieHus annapamom Il camypayuu aenaemcs ebICOKO3heheKmusHoL.
Jlyquiue uHmeeparnbHble Kpumepuu kadecmea 0na annapama Il camypauuu 6biniu
docmuaHymbl, Koela Knaccudeckull eeHemudeckuli anzopumm Obin1 06beduHeH ¢
2ubpudHoli cpyHkuuel MPY. Takum obpa3om, pas3pabomarHasa adanmueHas cucme-
Ma onmumarnbH020 ynpaseneHus pabomoll annapama |l camypayuu 3Ha4YumesibHo
onepexaem Cyuiecmsyroujue peuieHus rno Ka4yeCcmeeHHbIM NMoKasamersisiv.
Knoyeeble cnoea: asmomamu3sayus, caxap, camypayus, 2eHemuydeckul anzo-
pumm, onMuMarnsHoe yripasieHue.
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