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VJIK 519.6

3BI)KHICTD PIIIEHB TAPETO OITUMI3ALII IHHOBAIIIMHOI'O
HPOEKTY BYAIBHUILTBA 3 TPYBYACTUMHU I'A30OBUMU
HAT'PIBAYAMMU Y BYAIBEJIbBHUX KOHCTPYKIIAX
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Anorauis. Mema. JIns po3poOKy iHHOBaLifHOTO MPOEKTY OyAIBHHUITBA 3 TpyOUAaCTUMM Ia30BUMHM HarpiBadyaMH y OyAiBeJIbHUX
KOHCTPYKILIAX HEOOXiJHO BUPIIINTH 3a1ady cuHTe3y. [Ipu pimeHHi 3amay cuHTe3y TpyOUacTHX ra3oBUX HarpiBadiB BUHHUKAIOTh TaKi
BUMOTH, IO Cylepedyarh onHa OfHid. Hepinko HEOOXiTHO OMHOYACHO pPO3IISAAaTH 3aJady ONTHMI3allii MpH HASBHOCTI JBOX
KpuTepiiB. [y TpyOUacTHX ra30BHX HarpiBadis, IO PO3TalIOBaHi y OyIiBEIbHUX KOHCTPYKILSAX OyZeMO pO3IIISIATH 3a1ady CHHTE3Y
3 HACTYNIHUMH KPHUTEPISIMHU: KOoe]illieHT KOpUCHOI Hii 1 MOBKMHA HarpiBada, BiJ SKOi 3ajexarh KamiTaipHi BUTpaTH. CTarTs
MIPUCBSYCHA BU3HAYCHHIO KOHCTPYKTHBHHUX IapaMeTpiB HarpiBada Ta IHapaMeTpiB HOro eKcIulyaralii A ONnTHMi3alii poOOTH.
Memoouka. 111 momyky pimeHb 3aaadi [lapeto omTumizamii iHHOBaIiifHOTO MPOeKTy OyAiBHHUITBA 3 TPYOUaCTUMH Ta30BUMH
HarpiBadaMu y OyHiBEeIbHUX KOHCTPYKISIX 3alpoNOHOBAaHO BHKOPHUCTOBYBAaTH OaraTOKpHUTEpialbHHK BinOip 13 3aydeHHSAM
ITOPUTMY €BOJIIOIIHHOTO MOLTYKY HaHOLIBII epeBakHUX piieHb. Pesyremamu. ChopmynpoBaHi yMOBH pimeHHs 3anadi [Tapeto
onTHMi3anii IHHOBaWiHHOTO NPOEKTy OyNiBHUNTBA 3 TPyOUacTHMH Ta30BHMH HarpiBadamMu y OyIiBEJIBHUX KOHCTPYKIIISX.
Po3pobneHnii anropuTM MOUIyKy pillleHs oNnTHMi3amii poOOTH TpyOdYacTHX ra30BHX HarpiBadiB y OyiBEIbHUX KOHCTPYKIISX.
Haykoea noeusna. Y cTaTTi HaBEeJGHHH alTOPUTM PILIEHHS ONTHMAIBHHUX IapaMeTpiB poOOTH TpyOUacTHX ra3oBHX HarpiBadiB y
OyZmiBeIbHUX KOHCTPYKIISX, SIKMH 3IIHCHIOETBCSA 3a JABOMA KPHUTEPisSMH, IO OJHOYACHO CylepedaTh OAWH OJHOMY. Pesympraté
JTAaHOTO PIIIEHHs TO3BOJIATH MONIMIIUTH AKICTh MMPOEKTHUX POOIT Ta poOoTy camux HarpiBadiB. JloBeneHa 301KHICTH pimeHsb [lapeto
onTuMizamii iHHOBAIIMHOTO NPOEKTy OYMIBHUITBA 3 TPyOYaCTHMH Ta30BHUMH HarpiBadamMu y OYIIBEIBbHUX KOHCTPYKILiSX.
Ilpakmuuna 3nayumicms. [ MPOEKTYBaHHS TPyOUYaCTHX Ta30BHX HarpiBadiB y OyniBeNbHHX KOHCTPYKIISX HEOOXiTHO 3HAWTH
ONTHMAaJIbHE CHIBBIJHOLICHHS MK KaIliTAIbHUMH Ta eKCIUTyaTallifHUMH BHTpaTaMH. [IpH MOIIYKYy ONTHMAaJbHUX PIllleHb JaHOI
CHCTEMH ONAJICHHSI HEOOXiJHO 3HAWTH He OJIMH KPUTEPii, TOMY 3alIPOIIOHOBAaHO BUKOPHUCTOBYBATH OaraTOKpUTepialbHUIA BiOip, M0
Jla€ 3MOTYy BHUKOPHMCTOBYBATH EBOJIOLIMHHUNA aJrOPUTM JUIs TIOLIYKYy pilleHb. Pe3ynbTraTn pilleHHs AaHol 3ajga4i 3a0esnevyarh
MO3UTHBHHH e(eKT JUIs BChOTO MPOEKTY OYAiBHUIITBA.

Knrouoei cnosa: TpyOUacTi Ta30oBi HarpiBadi; OyaAiBeNbHI KOHCTPYKIIi; OaraToKpuTepialbHAN BiOip; alrOPUTM €BOIIOLIHHOTO
HOIIYKY
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Aunotauus. Ifens. Jna pa3paboTKH MHHOBAIIMOHHOTO MPOEKTa CTPOUTENBCTBA C TPyOUAaTHIMM Ta30BBIMH HAarpeBaTeNIsIMH B
CTPOUTENBHBIX KOHCTPYKIMSX HEOOXOMMMO PEIINTh 3a1ady cuHTe3a. [Ipu pelieHun 3aiad CHHTe3a TPyOUaThIX ra30BbIX HarpeBaTeneit
BO3HHMKAIOT MPOTUBOpEYAlie Apyr Apyry TpeGoanus. Hepenko HeoOX0auMO OIHOBPEMEHHO pacCMaTpHBaTh 3aady ONTHMHU3AILMU
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NpH HaJWYUM ABYX KpuTepueB. [l TpyOdaThIX ra3oBBIX HarpeBaTesell, pacHoIOKCHHBIX B CTPOHMTENBHBIX KOHCTPYKIMAX Oynaem
paccMaTpHBaTh 33/auy CHHTE3a C CIESTYIOIIUMHU KPUTEPHAMU: KO3(Q(UIHEHT MOIe3HOro AeiCcTBUS U AJMHA HarpeBaTelsl, 0T KOTOPOH
3aBUCAT KallUTaJbHbIe 3aTpaThl. CTaThsl MOCBAIIEHA ONPEAEICHHIO KOHCTPYKTHMBHBIX IApaMeTpOB HarpeBaTeNss M MapaMeTpoB €ro
9KCIUTyaTallly JUIs ONTHMU3AIUH paboTel. Memoouka. J17s TIoncKa penreHunii 3aa4un [lapeto onTHMI3ai HHHOBAIIMOHHOTO MIPOEKTa
CTPOHTENBCTBA C TPYOYAaTHIMH Ta30BBIMH HarpeBaTelBIMA B  CTPOMTENBHBIX KOHCTPYKIMSAX IIPEIIOKEHO HCIIOIB30BaTh
MHOTOKPHTEPUATBHBIA OTOOpP C TPHBICUCHHEM airOPHTMa SBOJIONMOHHOTO IIOMCKA HanOoiee IPEANOYTHTENBHBIX PpEICHHUH.
Pesynemamer. ChopMyMpOBaHHEIE YCIOBHS peIIeHUs 3amadud [lapero ONTHMHU3AIMy WHHOBAIIOHHOTO IPOEKTa CTPOUTENHCTBA C
TpyO4YaTbIMH Ta30BBIMH HAarpeBaTelsIMA B CTPOUTENBHBIX KOHCTPYKLUSX. Pa3paOOTaHHBIA anropuT™M IMOHMCKa pPEIICHHH 3a1adu
ONTUMU3ALHUU PabOTHI TPyOUaTHIX Ta30BBIX HarpeBarelieil B CTPOMUTENBHBIX KOHCTpYKUMsX. Hayunaa noeusna. B cratbe mpuBeneH
AJITOPUTM PEIICHHsI ONTUMANIBHBIX NTaPAaMETPOB PabOTHI TPYOUaTHIX Ia30BBIX HAarpeBaTeliell B CTPOUTENBHBIX KOHCTPYKLHAX, KOTOPBIi
OCYILECTBIACTCS 10 ABYM KPUTEPHSAM, OTHOBPEMEHHO MPOTHBOPEUAT APYT APYTy. Pe3ynabTaThl JaHHOTO pelIeHusl MO3BOMAT YIyUIlIHTh
KauecTBO NMPOEKTHBIX paboT U paboTy caMuxX HarpeBatelsed. JlokasaHa CXOAMMOCTE pemeHui [lapeTo onTMu3aniy HHHOBAIMOHHOTO
MIPOEKTa CTPOUTENIBCTBA C TPYOUATHIMU Ta30BEIMH HarpeBaTesIMH B CTPOUTEIBHBIX KOHCTPYKIWSX. IIpakmuueckan 3nauumocms. s
MIPOEKTHPOBAHMS TPYOUaTHIX Ia30BBIX HAarpeBareseil B CTPOUTENBHBIX KOHCTPYKIMAX HEOOXOIMMO HAWTH ONTUMAIIBHOE COOTHOIICHHE
MEXly KaluTalbHBIMU U OKCIUIyaTallMOHHBIMM 3arTpaTamu. Ilpu mnoucke oNTHMAalbHBIX PEIICHUI JAHHON CHCTEMBI OTOIUICHUS
HEOOXOMMMO HAWTH HE OJAWH KPHUTEPHUH, IOJTOMY IpPEUIOKEHO HCIIOIb30BaTh MHOTOKPHTEPHAIBHEIH OTOOp, YTO IO3BOJISIET
HCTIONIb30BATh ABOJIIOIMOHHBIA aJrOpUTM Ul MOUCKA pelieHHd. Pe3ynbTaTsl pelneHus TaHHOH 3ajadd oOecredaT MOJIOKHUTEIbHBIN
3¢ deKT I BCEro MpoeKTa CTPOUTENHCTBA.

Kniouesvie cnosa: TpyOuaThle Ta30BbIe HArpeBaTeNd; CTPOUTEIbHBIE KOHCTPYKIMU; MHOTOKPHUTEPHAIBbHBIH OTOOp; alrOpHTM
9BOJIIOIIMOHHOTO TIOMCKa
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Abstract. Purpose. We have to solve the synthesis problem for development of an innovative project to build a gas tube heaters
in structures. At the decision of the tube gas heaters synthesis problems arise conflicting requirements. Often, we should
simultaneously consider the problem of optimization in the presence of two criteria, however in this work were used the Pareto
evolutionary algorithm. The Pareto Evolutionary Algorithm is a relatively recent technique for finding or approximating the Pareto-
optimal set for multiobjective optimization problems. The approximation of the Pareto-optimal set involves itself two (possibly
conflicting) objectives: the distance to the optimal front is to be minimized and the diversity of the generated solutions is to be
maximized (in terms of objective or parameter values). For tube gas heaters located in the building structures it is following criteria:
efficiency and length of the heater, from which capital costs are dependent. The article is devoted to the definition of design
parameters of the heater and its operating parameters to optimize performance. The purpose of this paper is to describe multi-criteria
selection for solving the problem of synthesis. Methodology. Was proposed to use multi-criteria selection involving an evolutionary
search algorithm the most preferred solutions. It was applied to solve the problem of Pareto optimization of the innovation project
construction with tube gas heaters in building structures. Findings. It was formulated conditions for solving the problem of Pareto
optimization of the innovation project construction with tube gas heaters in building constructions. It was developed algorithm
optimization problem working tube gas heaters in building structures. Originality. In the article there is an algorithm for solving the
optimal parameters of the tube gas heaters in the building construction, which is carried out according to two criteria, at the same
time contradict each other. It was proved the convergence solutions Pareto optimization of the innovation project construction with
tube gas heaters in building constructions. Practical value. Is necessary to find a balance between capital and operating costs for the
design of the tube gas heaters in structures. Must be found not one criterion for the best solution of the heating system, was proposed
to use multi-criteria selection that use an evolutionary algorithm to find solutions. Results of the solution of this problem will provide
a positive impact for the entire construction project.

Keywords: tube gas heaters; building structures; multi-objective selection; evolutionary search algorithm
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BBenenns

PosrnsmaeThess  pillleHHsA  3amadi  ONTHMi3arii
iHHOBAIiIfHOTO TIpOeKTy OyIiBHHNTBA 3 TPyOYacTUMH
ra30BUMH  HarpiBadamd, IO  pO3TAIllOBaHi y
OymiBembHUX KOHCTPYKHisX. MareMaTHdHa MOJENb
TakuxX HarpiBauiB BukiageHa y [6]. CdopmynsoBana
3aada aHami3y — PO3paxyHOK ITapaMeTpiB TEILIOBOTO
Ta TigPaBIIYHOTO PEKUMIB TPyOUaCTHX Ta30BHX
HarpiBadiB IpH BiJOMHUX KOHCTPYKTHBHHUX MapameTpax
i mapameTrpax eKCIUlyaTalii HarpiBaya, BKIIIOYA€E
HEOOXiHI TOYaTKOBI yMOBHM Ui Au(epeHLiHHUX
pPIBHSHB, IO BXOJIITh Yy MaTeMaTHYHy MOJIEIb
TpyOUYacToOro HarpiBava.

Mera

CTaTTs NpUCBSYCHA BUKIAJCHHIO 3aJadi CHHTE3Y
(omTEMi3amii) —  BH3HAYCHHIO  KOHCTPYKTHBHHX
mapaMeTpiB  HarpiBadya ~Ta  IapaMeTpiB  HOro
eKCIUTyaTallil, 1[0 MOYKE JATH MMO3UTHBHHHI e(eKT.

Metoauka

HocmimkyeTbess HOBe TexHiUHe pimeHHsa (puc.l)
TpyOuacTHii HarpiBaud 3 pO3MINICHHAM KaHATIB Yy
OymiBenbHIM  KOHCTpykmii. s iHHOBAIHHOTO
MPOEKTY OymIBHUITBA 3 TpPyOYaCTUMH Ta30BUMHU
HarpiBayamMy, [IO pO3TalIOBaHi y Oy/JiBedbHHX
KOHCTPYKIISAX HEOOXiZHO BUPIMNINTH 33Jady CHUHTE3Y
(IpUHHATTS pilieHh BUOOPY ONTUMAIILHUX ITapaMeTpiB
HpOé@BaHHi{).

— — —— — — — —

P

!
\a
8

{

Noeirpa F

a 7]

Puc. 1. Tpybuacmuii cazosuii nacpisay, posmiweHul
y nionosi: | Tube gas heater located in the floor:
a — naat; 6 — po3pis;
1 - cazoeuti nanvhuk; 2 - nampy6ox nodaui nosimpsi;
3 - nampy6ox nooaui 2azy, 4 - nouamkosa OinAHKa
JIHIHO020 Hazgpieaya 8 mennoizonayii; 5 - GUMsICHU
senmunsamop, 6 — exxcexmop; 7 - nampy6ox 6i0600y
2a30N08IMPAHOT cymiwti; 8 - Kananu 2a30n08impsHoi cymiuti;
9 — koncempykyis nionoeu; 10 - Gemonna nracmuna. |
a - plan; b — section;
1 - gas burner; 2 - pipe of air supply;

3 - pipe of gas supply; 4 - the initial plot line heater in
insulation; 5 - exhaust fan; 6 — ejector; 7 - drain pipe of gas
mixture; 8 - channels of gas mixture; 9 - floor construction;

10 - concrete plate.
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Cepex BHMOI TIpH pilleHHI 3aJady CHHTE3Y
TpyO4acTUX Ta30BMX HarpiBadiB TPAIUISIOTHCS TaKi
BHMOTH, IO cylepedaTh ofHa onxHiil. Toxmi HeoOXigHO
OTHOYACHO PO3B’s3YBaTH 3afady ONTHUMI3alii mpu
HasgBHOCTI ABOX KputepiiB [3, 7-9]. Taky 3amauy
OyzmeMo po3rismaTH daji aius TpyOdacTHX Ta30BHX
HarpiBadiB, IO po3TamioBaHI y  OyHiBETBHHX
KOHCTPYKIiAxX. [ Bu3HaUeHOCTI OyaemMo posrisgaTi
3aJa4yy CHHTE3Y 3 HACTYIHHMH  KpPHUTEPiIMU:
KOeQII[iEHT KOPUCHOI [ii i JOBXKHHA HarpiBava, BiJ
SIKOT 3aJIe’KaTh KaliTalbHi BUTPATH.
x={x1,x2,...,x”} -
CYKYIHICTh TapaMeTpiB TpPyOdacToro HarpiBada, sKi
BH3HAYAIOTh KOHCTPYKTHBHI 1 TEXHOJIOT1YHI TapaMeTpu
Ta SAKi 3a/J0BOJILHAIOTH  MaTeMaTW4Hill  Mozeni
HarpiBaua X €Y. Bygemo BBaxkaTH, IIO ICHYIOTbH

ITo3naunmo yepes

BHpa3H U1 IBOX KpuTepiiB E; = El(X), E,=E, (X)

[punyckaemMo, MmO IJisl KPUTEPIirO El(X) icHy€e
Ginapre BigHomeHnHs Bubopy Rg;, Tak mo 3amuc
xRSly O3HAaya€, M0 PIMICHHS X «Kpamle» HiK

pimenns Y mo kputepito E,, To6To0:

XRs,y < El(x) = El(y) 1)

Takox BBakaemo, mo i1 kputepito E, icuye

Ginapue BigHomeHus Bubopy Ry, , Tak mo:

XRs,y < E, (X)S E, (Y) 2

[MoGynyemo ckiajiHe BiJHOILICHHS:
XRs1,y < XRyYAXR, Y 3

Ha nmixcraBi BusHauensr (1) Ta (2) MOXHa
sakmounth, Wo Rg; i Ry, — BignHomenHs nectpororo
TOPSLIKY [5], TOOTO MaloTh BJIACTHUBOCTI
pedIeKTUBHOCTI, TPaH3UTUBHOCTI Ta
antucumerpudHocti. Tomi MoXHa 1oOKa3atu, IO
ckiajiHe BifgHOWeHHsS (3) Takox Oyje BiJHOLICHHSIM
HECTPOTOro MOPSIJIKY.

Bignomennst (3) TakoX BH3HAYMMO Ha MHOXHHI
¥, ane He BCSKi eleMeHTH (MOXJIIMBI PIllICHHS) MOXHA
CIIBCTaBHUTH 3a UM BiJHOLIEHHSM, TOMY LIO KpUTEpii
E, ta E, moxyrs cynepeuntn omun omHoMy. Tomy
HEMAa€ CeHCY MOIITYK HaHOLIBII MepeBaKHOTO PIIIEHHS
110 BiJHOIIEHHIO RSl2 Ha MHOXMHI ¥ 1 Takox Hemae
ceHCcy y QyHkii nepesaru [1] sik pyHKIil BUOOpY.

Posrimssmemo  dyskuito  BuOOpPY |y  BUIIAAI
omokyBanHs [1]:

S RSlZ(X): {X e X/Vy e X y§512X} (4)

Hns dyskuii Bubopy (4) OyznemMo BBaxkaTH, IO
MaloTh Miclle CYKYIHICTb BKJIQJEHHX OJHA B OIHY
(GyHKIiNA 6JIOKyBaHHS:

S, 2(X) = S, 2(X) ... S, (X)) (5)

175



CTPOUTEJbCTBO, MATEPHAJIOBEJEHUE, MAIITMHOCTPOEHMUE. BbIII. 92 -2016

BimHOoCcHO ¢yHKIIi OJIOKYBaHHS BBaXKA€EMO, IO YIS
yeix S, Rs12(X) 3 nocatinosHocTi (5) Mae Micue yMoBa:
VS, %2(X)  mesS (X)) > 0 (6)

Bynemo BBaxaTH, IO s MOIIYKY 3a JBOMA
kputepismu E, Tta E, 3acrocoByerscs amropurm
€BOJTIOIIITHOT O TOIYKY y BUTIIAAI [2, 4]:

Xx=S RS”(G(XJ'H )

k=1, 2,..., n
j=1,2,...,NB , (7)
ne: K — Kpok iTepamiiHOro mporecy MONIyKy;
j — HoMep rinku eBoioliiHOrO mpouecy; Nz —
KUTBKICTB TUIOK  pO3paxyHKY €BOITIOIIITHOTO
NTOPUTMY;; S RSlZ(X) — (QyHKIisS BHOOPY Y BUIIISAII
(4); G(X) — byuKIis reHepartii:
G(X)=XUG,(X) (8
Ie: GH(X) — MHOXXMHA HOBHX PIllICHb, IO

MOPOKEHI HEWITKMM BiTHOIIECHHSIM TeHepamii Rg 3
dynxuieio npunanexuocti fg_(Y,X)€2x Q — [0 ,1]

G,(X)= {y € T‘EIX € XYRs X g (X,Y)> O} 9)

BimHocHo (¢yHKWii TeHepamii OymeMo BBakaTH
Hacrynse. Slkmo X, — HoBe pimenHs X, € G, (X),
TO:

VI=12,..n Pk, eS¥X)[=5>0 (10)

ne: 0 — noxnuOKka BUKOHAHHS YMOBH.

BcraHoBieHI BUMOTH, IO 3a0€3MeUyIOTh 301KHICTD
eBooniifHOro momyky Ilapeto — onTUManbHHX
pillieHb y 3ajxadi CHUHTE3y Uil TPyOuacTUX ra30BUX

HarpiBauiB. Ilig 36ixmicTio mocmimoBHOCTI X, 10
. . R. . . .

MHOXXHHH TOCIIOBHOCTI S, $12(X) 3 iporignictio 1

BBa)KaeThCsl HacTynHe. Slkuii OM He OyB HOPSAKOBUI

HOMEP | TOCIiZOBHOCTI SJ-RS“(X), j=12,...,1,
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3HakneTbes Takui Homep K, mo mmsa yeix K> K3
Biporignictio 1 Oyzne BukoHano X, < S J-RS“ X).

Mae micue HacTymHa Teopema. SIKIIO CYKYMHICTh
BKJIaJeHnX (yHKUil OnokyBaHHs (5) Mae BIAaCTHBICTbH
(6), ynxkmis reneparii (8), (9) mae Bmactusicts (10), a
BigHomenust Rg; i Rg, — 30bkHicTh mocmizoBHOCTI

: . R
Xjk 10 MHOXHHM mocmigoBHocti S, (X)) 3

BiporigHicTiO 1.

PesyabTaTn

CdopmynsoBaHi yMoBH pimeHHS 3amadi [lapeto
onTUMi3aIli IHHOBAIlIHHOTO MPOEKTy OYMIBHHIITBA 3
TpyO4acTUMH Ta30BHMH HarpiBadyamMu y OyIiBEJNIBHHX
KOHCTpyKIisfx. Jlmg  pimenHs — maHoi  3amadi
3aIpOIIOHOBAHO BUKOPHCTOBYBATH
OaratokpuTepiaibHUH  BigOip i3 3aly4yeHHsIM
QITOPUTMY  EBOJIIOIIMHHOTO  IMOUIYKY  HaHOLIbII
MEPEBAXHHX PIlICHB.

HayxoBa HOBHM3HA i NpaKTHYHA
3HAYMMICTh

[pu  pimenni 3agaui  OaraTokpuTepianbHOL
onTUMi3alli iHHOBallifHOTO TPOEKTy OYHiBHHIITBA 3
TpyO4YacTUMHU Ta30BHMH HarpiBadaMu y OymiBEITBHHX
KOHCTPYKIISIX BHU3HAYEHO KOHCTPYKTHBHI IapaMeTpH
TpyO4YacTOro ra3oBOro HarpiBaya Ta mapaMmerpu Horo
eKcrutyartaifii. Pe3ynpraTé pilieHHs gaHOl 3amadi
3a0e3nedaTh MO3UTHBHUI €(EeKT AJsi BCbOrO MPOEKTY
OymiBHHIITBA.

BucnoBku

Busnauena 3amada OaraTOKpHUTEpiadbHOTO BiZOOpY
[Mapero — onTUManpHHUX pilleHb A8 TpyOYacToro
ra3oBOro HarpiBaya y OymiBelbHIH KOHCTPYKIIIi.
PesympTaTH 3ama4i JA03BOJIATH NPH HASBHOCTI JABOX
KPHUTEpiiB OTPUMATH ONTHMAIIBHI IApaMeTpu Ui
SKICHOrO TIPOEKTy JaHuX HarpiBauiB. JloBeneHa
301KHICTB pe3yJnbTatiB PO3paxyHKy 3ajaui
onTHMI3alii.
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