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OHIHKA HOTEHHIAJTY EHEPTOE®@EKTUBHOCTI
OI'OPOIKYBAJIbBHUX KOHCTPYKIIH 3A JOIIOMOI'OIO
METOIIB MCDA

Binnnubkuii HanioHaJdLHMI TeXHiYHNI yHiBepcuTeT

Anomauin

bazamoxpumepianeny uucenvny OyiHKy nomenyiany enepeoehekmugHocmi 020po0AHCY8ANHUX KOHCMPYKYIll
npoeedeHo 080Ma NORYIAPHUMU Memodamu — memooom ananizy iepapxiii (AHP) sax cy6’ekmusnum memodom
OYIHIOBANHA MA MEMOOOM Cipo2o penayitinozo ananizy (GRA) sk 06 ’exmusnum memooom. Q6uosa memoou 003604510Mb
VROPAOKYBAMU ANbMEPHAMUBU MA MONCYIb OYMU 3ACMOCO8AHT AK THCIMPYMeHMU NIOMPUMKU NPULUHAMMSA PileHb )
npoyeci NPUtiHAMmMA piieHs npu 8UOOPI HAUKPAWol arbmepHaAmuey 3 MouKy 30py bazamokpumepianvroi oyinku. [nsa
Oinvbuwt 00 €KMUBHO20 aHANIZY, NPULUHAMO 00 Y8azu pisHi Qi3uuHi ma @Qi3uko-mexauiyni napamempu CMmMIiHOBUX
020pP00ICYBANILHUX —~ KOHCMPYKYIU — mMa  3aNPONOHOBAHO  KOHYeNyis  Y3a2aibHeHO020  NOKA3HUKA — NOMEHYIany
enepzoeghexmusnocmi 006010HKU. B axocmi kpumepiig 0111 docnioxcenus Oyau obpami uac meniosoi inepyii, BHympiuins
nUMoMa Meni0EMHICIb, @ MAKoIHC Oe3pPO3MIPHULL NOKA3HUK menno6oi inepyii D, 3aeanvnuti mepmiunuii onip cmin Rtot,
maca cminu ma eapmicmes Mamepianie ii wapis.

Ilpogedeni docniddcenns noxkazanu, wo HAUKPAWUM MUNOM 020POONCYEANbHOI KOHCMPYKYII CMIHU 3 MOYKU 30Dy
V3a2abHeH020 THOeKCY NOMEHYIANYy eHep2oeeKmusHoCmi € cmina 3 apbonimy ma cmina apbonim + conoma, maudxce
6MPUY MEHWUL NOMenYian noKa3ana cmina iz 3emaeoumy. Cminu 3 camany(2nunobum), 4ypKooemony ma coioM ' sHux
nauenetl Maiomb NPAKMUYHO OOHAKOBE 3HAYEHHS YV3A2ANbHEHO20 NOKAZHUKA NOMEHYIany eHepeoehexmugHocnii.
Xapaxmepuum 6 amanizi pesynomamis € me, wo memoo AHP nokasae Oinbuw neoonopioni pesynomamu, nise GRA.
Moosciueoro npuyunor yboeo € piznuys 8 mexuikax oyinrsanns - AHP nosuyionyemovca ax cyd’exmusnuii memoo i3
napHumu mampuyamu nopienanns, mooi ax GRA esasxcaecmovcs 06 ekmuHum Memooom nopiGHAHHSL.

KawouoBi cioBa: meron anamisy iepapxiii (AHP), cipuii pemsimiiinumii anamiza (GRA), TOPSIS, mertoan
6ararokpurepianpHoro ananizy (MCDA), omiHKa OTeHIiany eHeproeeKTHBHOCTI, GaraTtoaposi CTiHOBI KOHCTPYKIIIi.

Abstract

The multi-criteria numerical assessment of envelope’s energy efficiency potential was performed by two popular
methods — Analytic Hierarchy Process (AHP) as the subjective weighting method and Grey Relation Analysis (GRA) as
the objective weighting method. Both of methods allow to arrange the alternatives and could be applied as decision
support tools in decision making (DM) process of choosing the best alternative in terms of multi-criteria assessment. For
more objective analysis, by taking into account the variety of physical and physical-mechanical parameters of the wall
assembly material, the concept of generalized index of the envelope energy efficiency potential is proposed. As the
important criteria for the research were chosen thermal inertia time, internal areal heat capacity, as well dimensionless
index of thermal inertia D, the total thermal resistance of the walls Ry, mass of the wall assembly and costs of its
materials.

Conducted research has shown that the best envelope type in terms of generalized index of energy efficiency potential
has the hempcrete wall and hemcrete+straw wall, almost three times smaller has the wall of the earthbags. The walls
from adobe, cordwood and strawbale panels have practically the equal value of generalized index of energy efficiency
potential. It could be observed that AHP method shown more inhomogeneous results, than GRA. The possible reason for
that is the difference in evaluation attitude in techniques - AHP is considered as the subjective method with pairwise
comparison matrixes, while GRA is objective method of comparison.

Keywords: AHP, GRA, TOPSIS, MCDA methods, energy efficiency potential, assessment. wall assemblies.



Beryn

I'mobanbHa TEHIEHINIST €HEPro30epeKEHHS, 3 OJHOTO OOKY, Ta KOHIICIIIS CTAJIOrO PO3BHUTKY, 3 1HIIIOTO,
nenani Oinpllle CTHUMYJIIOE BUKOPHCTaHHsS OaraToKpuTepialbHUX MeToAiB aHamizy pimens (MCDA) mpu
NPUIHATTI pitneHb. Sk 3a3Hagae Wang et al., [1] “metonn MCDA cTatoTh Bee OUITBII TOMYJISIPHUMM ... 4epe3
0araToBUMIPHICTH ILIEH CTAJIOTO PO3BUTKY Ta CKIIAIHICTH COLIAThHO-€KOHOMIYHUX Ta 010(pi3NIHAX cucTeM” .
Takox y 1IbOMy KOHTEKCTI BUKOPHCTAHHS OyIiBENbHUX MarepialiB MPU3BOANUTH IO IMiIBUIIEHOI BCeOIdHOI
BiJNOBiAaTIbHOCTI Mepe/i HACTYITHUMH MOKOMiHHAME. Bubip oropo/kyBaqsHIX KOHCTPYKIIi €IEMEHTIB CTe
/ TIOKPUTTS BHUMAara€e OJHOYACHOTO aHaNi3y HU3KHM BIUIMBOBHX (akTtopiB [1-6]. Cmim 3a3Ha4uTH, IO
PI3HOMAaHITHICTh PI3HOPO3MIPHUX KPHUTEPIiB, AKi CIi MOPIBHIOBATH, i MO € “TPaBUIBLHUM’ KPHUTEPIEM Yy
npoleci NpUHHATTS pillleHb, O CHOTO/IHI 3NUIIAETHCS BEIMKOIO MPooaemMoro. ONTHManbHUN THI MaTepiany
CTiH, iX TOBIIMHY Ta TUIY I CY4acHOTO OYAIBHUIITBA, SIKUH € BOJHOYAC €HEProe)eKTUBHUM, JICIICBUM Ta
CKOJIOTIYHUM, BCE IIE 3aUIIAETHCS HEBHPIMICHOI MPo0IeMO0 Ta BUKIMKOM [8]. AHanoriuyny IymKy Mmae
Stazi F. [2] "... imeHTudikanis HaWKpalMx pilICHb 3aTUIIAETHCS BIIKPUTOI mpobiemoro”. B Te3ax B
OCHOBHOMY PO3TJISIHYTO TemI0(hi3U4HI MapaMeTpH OropoKYBIBHUX KOHCTPYKIiH - IPU CTallioHapHOMY Ta
HECTALIOHAPHOMY PEXKHMMI: 3aranbHui Tepmivnmii omip Rtot (M2K/BT), wac temnoBoi inepuii (roaun) 3a [17],
BHYTpIIIHs NOBEpXHEBa TemtoeMHicTh (k/x/M?K) 3a 1SO 13786: 2017 [3], 6e3p03MipHHii MOKa3HUK TEMIOBOL
inepmii D 3a JIBH V. 2.6-31 Ta neski iHImmi.

Pe3yabTaTu AocaigxeHHs

Jia TipoBeIeHHsT YUCENFHOTO JOCHIDKeHHS Ta aHalli3y aBTopaMu OyJo 3amponoHOBaHO Oe3po3MipHUit
y3araJbHCHHI 1HJIEKC MOTEHIlIaTy eHeproe(eKTUBHOCTI, SKHI 03BOJIIE KOMIUIEKCHO OIIIHUTH Pi3HOBUMIipHIi
3HAYEHHS XapaKTEePHUCTHK, 10 BXOIATH J0 HOro ckiaxy. Y AaHiii poOOTI BUKOPUCTOBYIOTHCS TEIUIO(i3nyHi,
eKOHOMIYHI Ta (i3nyHi mapamerpu. TakuMm 4WHOM, TpHPiBHEBA i€papxidHa Mojenb, 3riqHo 3 AHP (Saaty,
2009), Oyma mnoOymoBaHa JuIs BH3HAuUeHHS OE3pO3MIPHOTO Y3araJlbHGHOTO 1HJCKCY IOTCHIIATY
eHeproeeKTUBHOCTI OTOPOIKYBaIIbHOT KOHCTPYKIIT (puc. 1).
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Puc. 1. lepapxiuna MoJesb y3araJbHEHOTO iHJEKCY MOTEHIialy eHeproe()eKTUBHOCTI OrOPOIXKYBaIbHOT KOHCTPYKIIIT

[lopiBHSIHHS OTPUMAaHUX 3HA4YCHb Y3araJlbHEHOTO TOKa3HUKA MOTEHIIany eHeproeeKTUBHOCTI CTiH,
npoBe/ieHuit 3a Jeoma Metogamu MCDA, HaBeneHo Ha puc. 2.
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Puc. 2. Y3aranpHeHUH iHIEKC TOTEHIaly eHeproe(eKTHBHOCTI OTOpOPKYBalIbHOT KOHCTPYKIi 3a MeTomamu AHP Ta GRA

3 puc. 2 MO)KHa 3pOOHUTH BUCHOBOK, 110 MeTo AHP moka3zas Ounbin HeomHOpiaHI pe3ynbraTh, Hixk GRA.
MOXIIMBOIO TMPHYMHOI LBOTO € Pi3HMISM B CaMUX MeToiax ouiHioBanHi - AHP posrnsgaerscst sk
cy0’extuBHUN MeTox, Toal sIK GRA € 00’ €KTMBHUM METOAOM MOPiBHSIHHS.

BucnoBku

1. 3acTocyBanHst MeToAiB OaratokputepianbHoro anamizy (MCDA) € mmpoko MomyasipHUM Y Cy4acHUX
JIOCHIDKEHHSIX, IO CTOCYIOTBCSI HE JI0 KiHIIS BU3HAYCHUX AaHUX Yy Taly3i OLIHKK eHeproeeKTHBHOCTI.

2. AHP-meron OWIHKHM y3arajJbHEHOTO iHJEKCY MOTEHIaTy €HEeproe()eKTUBHOCTI OTOPOKYBaJIBHOT
KOHCTPYKIii MOKa3aB OiIbl HEOAHOPiAHI pe3ynbTaTh, Hixk GRA. MoXIHBOIO IPUUMHOIO ILOTO MOXKE OyTH
PI3HUILIA Y CTaBJICHHI 70 OIIHKH Yy KOHKpeTHUX MeTofax - y AHP me moxke OyTu ymepemkeHa cy0'eKTuBHA
OLIIHKA, sIKa MaJjla Miclie B MATPUIIX IIONAPHOTO IMOPiBHIHHA.

3. 3rizHo 3 aHaNi30M pe3yibTaTiB, 00MABI OaraToKpuTepiasbHi METOAM HOPIBHAHHS MIPOAEMOHCTPYBAJIH
HalKpalli ABa THIX allbTEPHATUB CTiH — apOoIIiT (TUI «A») Ta apOomiT + conoma (turt «G»).
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