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EBOJIIOUINHUN AJITOPUTM JIEKCUKOTPA®IYHOI ONTUMI3AILIIT
JNJISI TPYBYACTHUX TA3OBUX HAI'PIBAUIB

Cmamms npuceésuena nputiHammio piuieHs 3a MHOJICUHHUMYU KPUMepIiamMu 011 3a0ai napamempuiHoi Onmumizayii
mpybuacmux 2azosux nazpisauis. Y uiil po3ensioaemucs 3a0a4a nOWYKy ONMUMaibHo20 PilienHs 3a HaAA8HOCTI OeKilb-
KOX NOCNiO06HUX Kpumepiie ma oomedcensb y euensaoi Hepignocmi. 3adaua 36edeHa 00 NOuLyKy OIHAPHO20 BIOHOUIEHHS
8UOOPY V sAKe 8BIUULIU BUMOSU NOCTIO08HO20 8UOOPY MA BUKOHAHHS 0OMediceHb Yy 8uensioi Hepienocmi. [lo maxoi ¢popmu
3600UnUCA MAKI 3a0a4i napamempudHoi OnmuMizayii mpyouacmux ea308ux Haepieayis: onmumMizayis Hazpieavis 3 npu-
POOHUM PYXOM MENJIOHOCIsA, ONMUMI3AYIs napamempis Hazpisayd 3 eKpaHOM NOBEPXHI Hazpisaua, onmumizayis napame-
mpie Haspieaya npu po3mauty6aHHi 1o2o y 600SIHOMY NPOCMOPI 3 GIIbHOIO NOGEPXHEI0. AlbmepHamuead 3a0ayi 3 1eKCu-
KO2pagiuHoio onmumizayicio — ye nocaioo6He piuleH s OeKiIbKOX 3a0ay HeNIHIH020 NPOSPAMYEAHHS, NPUYOMY NOULYK
OyOe 38YICY8amMuUMemsbCsl, MOICIUBO, TUULe 8 OCIAHHbOMY SUNAOK)Y NOCIIO08HOCI piutenb. 36e0eHHs 3a0adi OnmuMmi-
3ayii 00 nexkcukozpapiunozo 6i060py 003601510Mb 3HAXOOUMU PIUEHHA Y EOUHOMY npoyeci. 3acmocosano imepayiuHuil
aneopumm 3 OeKiIbKOMA 2IIKamMu esomoyii piulens, y AKOMY (YHKYII eeHepy8aHHs ma 8i000py pilleHb peanizyromocs
noci008HO. 30iXHCHICMb eBONIOYINIHO20 NOULYKY 00 DIleHHs, AKe € ONMUMATbHUM U000 OIHAPHO20 BIOHOUIEHHSA 8UOODY,
odoxazana y nonepeonix pobomax agmopie 3a ymMosu 0OMpUMAanHs 00CMAMHbO 3A2AlTbHUX YMO8 01 OIHAPHO20 8I0HO-
wenns eubopy. Haseoeno piwienns mecmosoi 3a0aui 3 NOCIIO08HUMU KpUMEPIAMU MA 0OMENCEHHAM Y 8uens0i HepigHO-
cmi. Ls 3a0aua npedcmasgnena y 060x ghopmax, sAx 3a0aua HeniHiliHO20 NPOSPAMYBAHHA MA AK 3a0a4d CIMOXACMUYHO20
NPOCPaAmMy8anHs NPU HAAGHOCMI BUNAOKOBO20 6NAUBY HA OOUH 3 Kpumepiie npu tioeo obuucnenti. Ilokazana docmam-
HbO Xopowia 30idCHICMb pe3yibmamis piluenHs mecmogux 3a0ay i 00CMamubo WEUOKe 3HAXOONCEHHA ONMUMATLHO2O
piwenns. Po3podnenuii nioxio aneopummiunoeo 3abe3neyeHHs Modxce OYmu i 8 noOAIbUIOMY 8UKOPUCMAHULL OJis napame-
MpU4HOT onmuMizayii mpyouamux 2a308ux Hazpisauis y agMoHOMHUX CUCEMAX MeNTONOCMAYAHHA.

Knrouosi cnosa: mamemamuuna mooens, e8OMOYIUHUI NOULYK, DIHAPHI 8I0HOWeHHs 6UOOpPY, mpyouacmi 2a3osi
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EVOLUTIONARY ALGORITHM OF LEXICOGRAPHIC OPTIMIZATION
FOR TUBE GAS HEATERS

This article is devoted to multi-criteria decision-making for parametric optimization problems involving tubular
gas heaters. It addresses the problem of finding an optimal solution given several sequential criteria and constraints
in the form of inequalities. The problem is reduced to finding a binary selection relation that incorporates the require-
ments of sequential selection and the satisfaction of constraints in the form of inequalities. The following parametric opti-
mization problems for tubular gas heaters were reduced to this form. optimization of heaters with natural convection of
the heat transfer fluid, optimization of heater parameters with a screen on the heater surface, and optimization of heater
parameters when the heater is located in a water space with a free surface. An alternative to the problem with lexicographic
optimization is the sequential solution of several nonlinear programming problems, whereby the search may narrow down
only in the final step of the solution sequence. Reducing the optimization problem to lexicographic selection allows solu-
tions to be found in a single process. An iterative algorithm with multiple solution evolution branches is applied, in which
the solution generation and selection functions are implemented sequentially. The convergence of the evolutionary search
to a solution that is optimal with respect to a binary selection relation has been proven in the authors’ previous works,
provided that sufficiently general conditions for the binary selection relation are satisfied. A solution to a test problem
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with sequential criteria and an inequality constraint is presented. This problem is presented in two forms: as a nonlinear
programming problem and as a stochastic programming problem with a random effect on one of the criteria during its
calculation. The results of the test problems show sufficiently good convergence, and the optimal solution is found fairly
quickly. The developed algorithmic approach can be used in the future for the parametric optimization of tubular gas
heaters in autonomous heat supply systems.

Keywords: mathematical model, evolutionary search, binary choice relations, tubular gas heaters.

ITocTanoBka nmpoodeMu
Jnist onaneHHs: BUPOOHUYMX MPUMILIEHb BUKOPUCTOBYIOTH 1H(padepBOHi TpyOUacTi razosi 00i-
rpiBaui. Taki HarpiBaui Oy1yIOThCS 1HIMBIIyaJIbHO, SIK PE3YyJIbTaT IPOESKTYBAHHS Ta ONTUMI3aLii po-
€KTHHX pimeHb. [Ipu ontumizalii TpyOuacTUx ra30BUX HarpiBadiB IOCTavae 3aj1a4a BUOOPY mapame-
TpPIB HarpiBaya Ta po3paxyHKy pe:KuMy poOOTH HarpiBaya, sKi BiIOBIaI0Th HU311 BUMOT. Haii0inbim
MEePCIEKTUBHUM I1IX0JI0OM J0 ONTHUMI3allil TpyOuacTUX ra30BHX HarpiBauiB € 3aCTOCYBaHHSI MOCII-
JOBHOT (JIekcuKorpadiaHoi) onTuMi3aIlii Ha OCHOBI MHOXXHHHUX KPUTEPIIB.

AHaJIi3 0CTaHHIX J0CTi/zKeHb i myOrikanii

OO0irpiB MPOMUCIIOBHX 1 CLITBCHKOTOCTIONAPCHKUX MIAMPUEMCTB 3IMCHIOETHCS 3 3aCTOCYBAaHHSIM
iH(ppauepBoHOTO 00IrpiBY [1; 2]. B YKpaini po3pobieHo 1ty cepito TeXHIYHUX PillleHb I1I0JJ0 BUKO-
pUCTaHHs TpyO4YacTHX Ta30BUX HarpiBadiB [3]. AJie Ik CTaBUTH Ta BUPIIITYBATH 3aa4y 3HAXOKEHHS
ONTUMAIBHUX PIICHh MPU MPOCKTYBaHHI TPyOUACTHX Ta30BUX HArpiBadiB IS Pi3HUX IUIEH, SKi
npezacTasieHi y [3] — Taki 3a/1a4i paHille He CTaBWJIACh 1 HE BUPIIIYBaJIach, 110 MPEACTABISIE 3MICT
JaHoi cTarTl. Y po0oTax mpeCcTaBIeHO PIICHHS 3a7a4 ONTUMI3allii TPU HAIBHOCTI IEKIIBKOX BUMOT
(kpuTepiiB) A0 onTUMaIbHOTO pimeHHs [4; 5]. YV crarti [6] HaBeneHe pillleHHsS ONTUMI3aIli TPyO-
YaToro ra30BOr0 HarpiBaya 3a JEKUIbKOMa KPUTEPIAMHU. Y3arajibHEHHS I[bOTO MiJX01y MOXe OyTu
3I1MCHEHO MpH JIeKCUKOrpadiuHiid onTUMizalii 3a JAEKUIbKOMA IMOCIIIOBHUMHU KPHUTEPISIMHU, YOMY
1 IpUCBAYEHA 11T CTATTS.

Merta nocaixzkeHHS
Meta pochikeHHS: OTpUMaTH alropUTMiuHe 3abe3neueHHs Ui MPUNWHATTS ONTHUMAalbHUX
pIIIeHb MPU KOHCTPYIOBAHHS Ta MPOEKTYBAHHS CUCTEM TEIUIOMOCTAYaHHs 3 TPyOUaCTUMU Ta30BHMH
HarpiBayamu.
[{ie poGoTH: PO3poOuTH aIrOpUTM €BOTFOIIIHOTO TIONIYKY 3 O1HAPHHUM BiJHOIICHHSIM BUOOPY
HaO1IbII MTPUBAOIMBUX (ONTUMAIBHUX ) PIIEHB I TPYOUaCTHUX Ta30BUX HArpiBadiB MPU HAsIBHOCTI
JEKUTBKOX MOCTIJOBHUX BUMOT 1 0OMEKEHb Y BUIVISIZII HEPIBHOCTI.

Bukiaa ocHOBHOr0 MatepiaJy J0CTiIKeHHS

OxpecanMo 3arajibHi NPUHIUIN €BOJIIOLINHOIO IMOIIYKY pIlIeHb 332 TPbOMa IOCIIJOBHUMHU
Kpurepismu F; — min, £, = min, F; = min 3 ypaxyBanasm oomexenns 1, <0.

[[{o6 moOymyBaTH 3arajibHE BIAHOLIEHHS BiIOOPY Rgg IS 3HAXOKEHHS HaWONTUMAJIBHIIIOTO
pillleHHs B Miif 3a7a4i, CoYaTKy MoOyay€eMo JOMOMIKHE BiJHOIICHHS BiAOOpPY IS 3HAXOIKECHHS
0e3yMOBHOTO PIIlIEHHS 3a TPhOMa ITOCIIIOBHUMU KpHUTepisMu F|, F,, F;, a TOTIM miepei1eMo 110 BijI-
HOIIICHHS R g, BPaXOBYIOYH YMOBY HepiBHOCTI F|) < 0.

BinHomenHs Big0Opy 1Sl TPHOX MOCIHITOBHUX KPUTEPIIB € JEKCUKOTpa(iuHUM BiJHOIIEHHSM 1,
y HalllOMYy BUNAJKY, Ma€ BUIVISA (PILLIEHHS X € KpaIUM 3a PILIEHHS ))

xRy = F(x) < () VIE(x) = B () A Fy(x) <F(y)]v
VIE®) = FEO)A B () =B AF(x) < E)]

Toni 3aranpHe BiAHOLICHHS BHOOPY 3 ypaXyBaHHSM OOMEXEHHSI HEPIBHOCTI MOXKHA 3allUCaTH
y BUIIISAI
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xRysy =[Fy (1) SOAFy (1) > 01V [Fy (x) > 0 A Fy () > O A Fy (x) < Fy (9)]v
VIE,(x) SOAF () S01A{F () < EDVIF () = F() A F(x) < BV
VIF(x) = F() AR (x) = K0 A B ) < KOS

CrtBopeHuil 3araibHUN Koe(ilieHT BimOOpY MO3BOJISE 3IIMCHIOBATH MPSIMHUI €BONIOIIHHHMIA
nomyk pimenHs. OgHaK MMpHU BUPIIMIEHH] 3a/1a4 13 NOCTIIOBHUMH KPUTEPIsIMH 1ICHY€E OJJHa OCOOIH-
BICTh: MOCIIOBHI KpuTepii F, F,, F;, 10 00YHCIIIOIOTHCA 32 (OpMYyJIaMH, TPUIUMAIOTh JIMCHI 3Ha-
yeHHs. L[e Moxke puU3BECTH 10 CUTYyaIllili, KU BUOIp HA OCHOBI MEBHOTO KpHUTEPito 3aiiMae Oararo
Yacy, BUMararouu Jiefaii OiIbInoi TOYHOCTI IpY MiHIMi3awii 1iboro Kpurepito. Lle Moxe mpussecTu
JI0 CUTYyaIlii, KOJIM BUOIp Ha OCHOBI TIEBHOTO KPUTEPIIO 3aiiMae Oararo 4yacy, BAMararouu jaeaaii 0iib-
101 TOYHOCTI B MiHIMi3allil IbOro kputepiro. Taka ruboka MiHiMi3allisg Moxe OyTH HEMmOTPiOHOIO.
VY 1boMy BHIAAKY JOIUIBHO MEpEHTH BiA AIMCHUX 3HAUEHb LITHOBOI (DYHKIIT A0 TUCKPETHUX 3HA-
yeHb 1iel pyHkuii. 11 1boro MoxHa neperTH BiJ HEEPEPBHUX 3HAYEHb KpUTepiiB F, F,, F;3 10 iX
JMCKPETHUX 3HaY€eHb, HAITPHUKJIAM, TAKUM YUHHOM

F =int(F, /g, +0.5), i=1,2,3.

3arajabHUM aJITOPUTM E€BOJIOLIMHOTO MOUIYKY 3 OIHAPHUM BiJHOIICHHSM BHUOOpPY HaBEICHHM
y [6] Ta y monepeaHix poOoTax aBTOPIB 3a MOCUIAHHIMHU Y [6].

301KHICTh €BOJIFOLIHHOTO MOIIYKY 0 ONTUMAJIBHUX pilleHb 3 OlHAPHUMH BiTHOIICHHSMHU
BHOOPY IMOKa3aHa y poOOTax aBTOPIB 3a MOCHWJIAHHIM y [6], ane mpecTaBiisie IHTEpeC BUPIIMICHHS
TECTOBOI 3a/1aui 3 MOCTIIOBHUMHU KPUTEPIIMU 1 0OMEKEHHSIM Y BUTJISAI HEPIBHOCTI, sIKA HABOAUTHCS
HIDKYE.

Po3B’s3yBaHHs TECTOBOT 3a1aui.

HeoOxinHo 3HaiiTH pilieHHS X = {x!, x
F(x) > max, F5(x) >0, ne:

F=int((x' [{Ja+x") +x2/J1+x°) —0.769800345897)-10° +0.5) — max,
Fy =1 +nm[(x")? - cos(18x") + (x*)* — cos (18x*)] — min,

Fi=x'+x*+x*-22>0,

2 X}, Take, mo F,(x) — min i TakoX 3aJ0BOIbHSE

Jle n — BUMaIkoBa BETMYMHA, 110 Ma€ HOPMAJIbHUN PO3MOALT 3 HYJbOBUM MAaTEeMaTHYHUM OYi-
KyBaHHSIM 1 CTAaHAAPTHUM BiIXUJICHHSIM o, 10.25.
The binary choice relation was used in the form:

xRy =[F,(x) 20 A F,(y) <OV [F,(x) <OA Fy(y) <0 A By (x) 2 Fy(1)]v
VIE(0)20AF,(0) 20AF(x)> EOWIVIE@) 20 F() 20 F(x) = E(G) AF(x) < F ().

[Tapamerpu momryky: Ny =10, Ng= 1, N, = 3. [louarkoBa Touka: (0, 0, 0), mo4aTkoBi 3HaYEHHS G;:
(0,5; 0,5; 0,5). Pe3ynbraru €BOIOLIMHOTO MONTYKY HaBeIeHO B TaOmwili 1.

301>KHICTH €BOJIIOIIHHOTO TOMIYKY MPOLTIOCTPOBaHO B Tabmuii 1. [yt mopiBHSIHHS B TaOMMII 2
HaBEJICHO pe3yNIbTaTH PO3B’sI3aHHA Ti€l caMoi 3a/Javi IMpH HYIHOBOMY 3HadueHHI mapamerpa. Lli
pe3yibTaT €BOIIOLIMHOTO MOIIYKY HaBECHO HMKYE Y BUIVISAL 3HAUSHb napameTpa g 30-ro ite-
paiifHOrO KpOKY.

Sk 6aunmo, pe3yNnbTaTH €BONIOIIIHOTO MOIIYKY PO3B’SI3KY 3a7adi CTOXaCTUYHOTO MpOorpamy-
BaHHA 1pH G, = 0,25 (Tabmuus 1) 3HAYHOIO MIPOKO 30iraloThCs 3 pE3yJabTaTaMK PO3B’A3aHHs 3a/1a4i
HEJIIHIAHOTO MPOrpamyBaHHs Ipu G, = 0 (Tabnuis 2).
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Tabmums 1
Pe3yabrarn JgekcukorpagiuHoro nomyky 3a 3 KpurepissMu
Ta BUNAKOBOIO 3MiHHOI0 G, = 0,25
Homepa 3HaYeHHs apryMeHTIiB 3HaveHHs PyHKIi
iTepaniit X; X X3 F, F, F3
1 —0.2526009 | 0.4511666 1.681275 —9.02e+008 2.597209 0.120159
ik 1.2.3 1.521962 —0.058708 —0.19862 —4.54e+008 3.886699 0.735375
T 0.5251896 0.8502004 1.067471 —1.53e+008 1.476321 0
3 2.146785 1.238187 4.34732 —1.54e+007 23.86207 0
Fimcn 1.2.3 2.43539 1.065039 1.201811 —2.84¢+007 7.321394 0
T 2.339237 1.489584 0.740308 —7237713 5.604852 0
1.999874 2.000486 0.01528725 19 3.108871 0
FimciISI 23 1.999723 2.000417 0.353618 19 3.261188 0
7 1.999774 2.000534 0.00041510 19 3.124864 0
1.999709 2.000532 0.00196646 19 3.093412 0
rimjﬂ 73 1.999811 2.000559 | —0.00291025 19 3.080349 0
7 1.999553 2.000534 | —0.00077448 19 3.061659 0
Tabmurs 2
Pe3yabTarn JekcukorpagivHoro nomyky 3a 3 KpurepissMu
Ta BUNAIKOBOIO 3MiHHOI0 G, = ()
Homep 3HaYeHHS apryMeHTIB 3HavyeHHs PyHKUIIH
iTepanii X, X; X3 F, F, F;
2.000796 2.000296 0.00040491 19 3.116947 0
l"imcilol 53 2.000959 2.000174 0.00031640 19 3.114673 0
T 2.000988 2.000267 0.00073505 19 3.11434 0
BucHoBku

Po3po0eHo anropuT™ €BONIIOLIKHOTO MOLIYKY 3 OiHAPHUM BiIHOLIEHHSIM BHOOpY HAHOLIbIN
npuBaOIMBUX (ONTHMAJIBHUX) PIMICHh 3 JEKUIBKOMA TIOCIIJOBHUMH BUMOTaMU (KPUTEPISIMH) Ta
0OMEKEHHSIM y BUIVISIZII HEPIBHOCTI SIKMI MOYKHA 3aCTOCOBYBATH JJIsl TPYOUaCTUX ra30BUX HArpiBayiB.

Pesynbratu po3paxyHKIiB TECTOBOI 3ajlaui HalIHO MOKa3ald, IO PO3POOJIEHUN aNropuT™M
3abe3neuye 100py 301KHICTB MOMIYKY 10 ONTHMAJIBHOTO PIlICHHS SK IPY BUPIMICHHI TECTOBOI 3a/1a4i
SIK 'y BUIJISI/I 32/1a491 CTOXaCTHYHOTO MPOrpaMyBaHHs TaK W MPH BUPIIIECHH] 3a/1a41 HETIHIHHOTO TIPO-
rpaMyBaHHS 3 OCIIIOBHUMHU KPUTEPISIMH.
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