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MHOIOKPUTEPUAIJIBHASA ONTUMUIALNA YTUIIUSATOPA
TEMNOTbI C YYETOM KIIMMATHUYECKOIO ddAKTOPA

B. A. HukutiHa, A. b. CynuH, C. C. MypaBeiHukos, 1. O. imutpueB

Yuusepcuretr MTMO,
Poccus, 191002, r. Cankrt-lNetepbypr, yn. JlomoHocoBa, g. 9

MpumeHeHHe TennoBbiX HAaCOCOB B CMCTEMAX YTMAM3aUMM TEMNOTbl BbITSXKHOrO BO3fAyXa sIBNsieTCS
3¢p(peKTMBHOM 3Heprocbeperaiolleit TexHonormen. B cBsisn ¢ yBenuMyeHMemM KONMYECTBA XNajareHToB
C Pa3’nMYaIOMMMCA XaPAKTEePUCTMKaAMM BO3HMKAeT npobnema C NPUMHITMEM PELUEeHMS O MPUMEHe-
HUM KOHKPETHOro BelLEeCTBa C YYETOM KIIMMAaTMYECKMX OCOBEHHOCTEH KOHKPETHOro perMoHa. Metofpl
MHOrOKpMTEPHANbHON ONTMMM3aLMM, afaNTMPOBaHHbIE K PELUeHMIO AAHHOM 3afauM, MOryT ObITb MC-
NoJIb30BaHbl C YYETOM 3aflaHHbIX MPEANOUYTEHMM MO 3HEPreTMYECKOMY, IKOJNIOTMYECKOMY M 3KOHOMMYEe-
cKkoMy (pakTopaM. B pabote npumensietca metog TOPSIS Kak oaMH M3 NOABMAOB METORA MHOrOKpPM-
TepHvanbHOM onTMmMM3aumuM MADM, KOTOpLIM afanTMPOBaH ANs pellueHus NocTaBneHHOM 3afauM. CyTb
MeTofa 3aknoyaeTcs B noucke MapeTo-onTMManbHOro anbTepPHaTMBHOrO pelueHus, HaMbonee npm-
6MYKEeHHOro K «MpeanbHO NO3UTMBHOMY». MapameTpbl TeNNOHACOCHOM YCTAHOBKM PacCUYMTaHbl B MPO-
rpamme EES. MeTos MHOrokputepmanbHoi ontummsaummn TOPSIS peann3oBaH B BMie BbIYMCIIMTENBHOM
npoueaypbl B cpefe Excel. B kayecTBe anbTepHaTHMB pacCMOTpeHbl paboume Tena R410A, R407C, R290,
R134a u R1234yf. Knumatnyeckme 30HblI Poccuickon epepaumm npepcraBneHbl ropofamu CaHKT-
Metep6bypr, MeTpo3aBoack, Coun, Omck, KpacHogap 1 AHagbipb. Bbi6Op onTMManbHOM anbTepHaTUBbI
BbINOJIHEH C Y4eTOM NPEeAnoUYTeHMH, 3afaHHbIX BeCOBbIMM KO3 HLHeHTamH. Pe3ynbTaTbl MHOTOKpPM-
TepuanbHOM ONTMMM3aLMM NPMBEfEHbI B (PYHKLMM OT KNMMATMYECKOro (PpaKTopa rpaflyco-CyTKM OTOo-
NUTENBLHOrO NEePHMOAA, YTO NO3BOJMSET MX MCNONbL30BaTh A MOOOro HaceneHHoro nyHkra. Mo pesynb-
TaTaM ONTMMM3ALMM BbISIBIEHO, YTO NMPM PABHOM OL,eHKEe 3HAaYMMOCTM ANs WecTH ropoaoB Poccuickon
depgepaumn xnapgareHt R1234yf umeetr peituHr Bbilwe ocTanbHbix Ha 21 %—23 %. OntMMmM3aumns
Ha OCHOBaHMM 3HepreTM4ecKon 3PPEeKTMBHOCTM BbiSIBMNA CyLLECTBEHHbIe NMPEeMMYLLeCTBa Y XNlafareH-
108 R410A M R134a c pasvmueit B 2 %—11 %. [ns perMOHOB C XONOAHLIM KNMMaTOM 3KOHOMMUYHEN
ucnonb3oBaTh xnagareHT R1234yf, B To Bpems Kak 5isi PErTMOHOB C YMEPEHHbIM KIIMMAaTOM HaMNyu4LIMM
BapMaHTOM siBnsieTcs R134a.

KnioueBble CNOBa: MHOrOKpMTEpPHManbHas ONTMMM3aLMs, TENNOBOM HAaCOC, KNMMaTHYECKMH (haKTop, pa-

6ouee Teno, yrunusaumusa tennotsi, TOPSIS, FCOnM.

BBepeHnue

[MTporpamma OOH 1o 3amuTe OKpy>Kalollel CpeAbl
MOACUYMTAAQ, UTO 3AAHUS BBIAEASTIOT AO 30 % TOAOBBIX
BBEIOPOCOB MapHUKOBLIX ra3zoB (GHG) B MupoBoM mac-
mrabe u MOTPeOASIOT A0 40 % Bcell IepBUYHOU dHEP-
rur. CTPOUTEABHBIM CEKTOP SABAAETCA KPYIHEUIINM
oTpeduTeAeM IIepPBUYHOU OJHEPruy II0 CPaBHEHUIO
C APYTMMH KPYIHBIMH CEKTOpAaMH, TaKUMHU KaK IIpO-
MBIIIAEHHOCTh M TpaHcHnopT [1—3]. MHorue cTpaHbl
pacroAaraloT BO3MOJKHOCTBIO COKpallleHHsI BLIOPOCOB
TIApHUKOBLIX Ta30B U CHUJKEHUS NOTPeOAeHMs 2Hep-
run Ha 30 %. [To aTOM mpUYKMHE CTOUT pacCMaTpUBATH
B IIPUOPUTETE CTPOUTEABLHBIM CEKTOP B MECTHBIX, pe-
TMOHAABHBIX M TAOOAABHBIX CTpATerudgX CHUDKeHUS
BAUSIHHS Ha 3Koaoruio. [loBblllleHHe 3Heprosddex-
TUBHOCTU 3AAHUM SBASIETCS OAHOM U3 Hamboaee ONTH-
MaABHBIX Mep IO COKparleHnuto BeiGpocos CO,, oco-
OeHHO Yy4MTBIBasA (PAKTOpP HHU3KHX JHEPreTU4eCKUX
IIOKa3aTeAeld CTPOUTEABHBIX COOpyKeHuM |3, 4]. boas-
IIMHCTBO CYIIEeCTBYIOIUIUX 3AAHUU CAOKHO 3aMEHUTH
HOBBIMU B CHUAY Pa3AWYHBIX BHEIIHUX (PAKTOPOB, IIO-
9TOMY MOAepHHU3AllUsl CTaporo poHAA UMeeT OOABIION
HOTEHIIMAA AAS TOBBIIIEHUS 3HEpProd@eKTUBHOCTHU
n cokpamennss CO, [5—7]. Aas 3TMX Teaert cyie-
CTBYIOT MEPBI IO COKpPAIeHUIO ITOTPeOAeHUsT dHEPTUHN

U HHU3KOYTAEPOAHBIe TeXHOAOTrMH. K HHUM OTHOCHUT-
Csl CO3A@HHE 3AIIUTHl OT MH(MUABTpAIUN depe3 IIeAr
NIepeKpPLITUY, YAyUIleHUe H30ASIINU CTeH U 3aMeHa
OCTEKAEHUSA AN MUHUMU3AIUM I[IPUTOKA TemnAad. Ta-
KHe Mephl, KaK yAy4YllleHHe eCTeCTBEHHOW BEHTUAALNN
U AHEBHOI'O CBeTa, MOT'YT AOIIOAHUTEABHO CHU3UTH I10-
TpeOAeHMe 3Hepruu [6].

TenAOBBIE HACOCHI OAYUYAlOT BCE GOAbIIIee PacIpo-
CTpaHeHUe M IO3BOASIOT IIOBHIIIATL YHEPTeTHUECKYIO
3(pderTuBHOCTL cucTeM. Hamnpumep, npu BCTpauBa-
HUM TEIIAOBOTO HACOCA B CUCTEMY BEHTHUAAIIUM TEIIAOTA
BBITSIJKHOT'O BO3AyXa PEKYIIEPUPYETCS AAS IIOBTOPHO-
IO HCIIOAB30BaHMSI Ha HArpeB XOAOAHOT'O IIPUTOYHOTIO
BO3AyXa. B 5TOM cAydae BBITSJKHOW BO3AYX SBASIETCS
HU3KOIIOTEHITUAABHBIM MCTOYHUKOM, KOTOPBIM MO>KHO
HUCIOAB30BaTh Ha INPOTSKEHUM BCErO OTOIUTEABHOI'O
nepuopa. B opAHOM M3 HCCAEAOBAHUN CHUKEHUS 3HEP-
rozarpar [8] paccmaTpuBaruCh 12 3paHUM, B KOTOPBIX
OBIAW BBEAEHBI MepPOIIPUATUS 110 dHEeProcOepesKeHuo.
BeruncaeHuss mokazanu, 4TO Ad’Ke C HU3KUM KOahdu-
OUeHTOM 3(M(PEKTUBHOCTU HCIIOAB30BAHUE TEIAOYTH-
AM3AIUU COIOCTABUMO C IIPUMEHEHHEM AOIOAHUTEAB-
HOU TenrouzoAdnuu. C TOUKK 3peHus IHEepPreTHukH,
5KOHOMUKM M COLIMAABHBEIX AaCIeKTOB, IpHUMeHeHUe
B 3AQHMAX PA3AMYHOro Ha3HaUeHUs IPUTOUYHBIX CUCTEM
BEHTHUASIINU C BCTPAUBAeMbIMU YTUANU3ATOPAMU TEIIAO-
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BbIOOpA penieHun
Fig. 1. Subtypes of multi-criteria decision
making

ThI IPUBOAUT K cOKpaleHuto a0 60 % —80 % pacxopa
TENAOTEl Ha CUCTEMbl KOHAWIIMOHHWPOBAHUS, OTOIIAE-
HUS U BeHTHASIMU Bospayxa [9]. OTMmeuaeTcs ocobast
Ba’KHOCTH IPUMEHEHUS TaKUX CUCTEM B MaAO3TaKHBIX
3AQHUSAX, YIUTHIBAsI HECTAaOUABHYIO €CTeCTBEHHYIO HH-
durbTpanuio dyepes BBEITSDKKY [10, 11]. MoapepHu3anusa
CYIIeCTBYIOIIUX 3AQHUM IIPU IIOMOIIM 3Heprosddex-
THUBHBIX TEXHOAOTUMN SBASIETCSI Ba’>KHBIM 3JAEMEHTOM
9KOAOTMUECKOM CTpaTeruu. TaKoM IIOAXOA SBASIETCS
KOMIIAEKCHOU 3ajpauel, HaAeAEHHOM MHO>XeCTBOM B3a-
UMOCBSI3aHHBIX KPUTepHeB. Bompeku aToMy, peleHus
TIO-TIPEKHEMY YaCTO NMPUHUMAIOTCSI Ha OCHOBE OAHOTO
KpUTepusd, HallpuMep 3HeprosdeKTUuBHOCTU UAU CTO-
UMOCTHU. AAST pellleHUsT 3TOM ITPOOAEMBI, NCIIOAB3YIOTCS
METOABL IIPUHATHUS PElIeHUM 10 HECKOABKUM KPUTEpU-
sIM K BBIOOPY 2Heprod@MEeKTUBHBIX TEXHOAOTHUM AAS
MOAEPHHU3AINH CYIeCTBYIOINUX 3AaHUH.

YuéT KAUMaThYecKoro akTopa IpU pacdyére pas-
AWYHBIX UH>XEHEPHBIX CHUCTEM UIpaeT KAIOUEBYIO POAb
B oIleHKe uX 3(pdeKTuBHOCTH. OAHO 13 UCCAEAOBAHUN
[12] B obaacTu mpuUMeHEHUSI OLEHKU CPEAHETrOAOBOMU
3(DEKTUBHOCTHU IIPU NPOEKTUPOBAHUN CUCTEM KU3HE-
ofecrieueHUs IIOATBEPAUAO LLeA€COOOPA3HOCTh YUY€Ta
KAMMAaTUYEeCKUX ¥ DKOHOMUUYECKUX (PAKTOPOB TP BHI-
Oope mapaMeTpoB PabOThI CHUCTEM YTHUAU3ALUU TeIAd
Ha 6a3e TEeIAOHACOCHOTO OOOPYAOBAHMUS.

PaGouee Teno B TEIAOBOM HacoCe UrpaeT Ba*kKHYIO
POAB IIPU OLleHKe IMoKa3aTeAed 3(PE(eKTUBHOCTH, IIO-
3TOMY IOAXOA K €ro IopAOOpy AOAKEH OBITb MaKCH-
MaAbHO OOOCHOBaAHHBIM [13]. OpHako paszHOOOpasue
XAQAAQTreHTOB, IIPEACTAaBAEHHBIX Ha PBIHKE, U KOAUYe-
CTBO IIapaMeTPOB AASI CPaBHEHHUS YCAOJKHSIOT BBIOOD.
AASI KOPPEKTHOTO U OOOCHOBAHHOTO BEIOOpa OITH-
MaABHOTO PpelleHHsI B YCAOBUSIX KOHKYPHUPYIOIIUX
(aKTOPOB TPUMEHSIOTCS METOAB MHOTOKPHUTEPHUAAb-
HOM onTmMm3anuu [14, 15]. B npeacTaBAeHHOU paboTe
paccmatpuBaeTcst Metop TOPSIS (Technique for Order
Preference using Similarity to Ideal Solution — MeTo-
AUKa IMPEATIOUTeHUsT MOPsSAKA IO CXOACTBY C HAEAAB-
HBIM pelleHueM) — OAWH M3 YHMCAEHHBIX METOAOB IpU-
HATUA ONTHMMAABHBIX pellleHuM. MeTop IpuMeHAeTCA
B TedeHUe IIOCAEAHUX Tpex aecaruaetunn [16, 17],
U UMeeTCsl MHOXXeCTBO palboT MO ero IpUMeHeHUIO
[18 —20]. MuorokpuTrepuarbubiii MeTop TOPSIS saBAs-
€TCsI OAHUM U3 TPEX IMOABUAOB OITUMU3AIUH, KOTOPEIE
OTHOCSITCSI K MHOTOKPUTEPUAALHOMY BEIOOPY pellleHUs
MADM (Multiple Attribute Decision Making) (puc. 1).
MeTtopaet MADM MoryT pa3OuTh 3apauy IPUHATUA pe-
LIeHNM Ha HECKOABKO 3TallOB, CPAaBHUTH OTHOCHUTEAb-
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Puc. 2. Cxema NpuHSTHS
ONTUMAABHOIO pelIeHus!
Fig. 2. Optimal Decision-Making Scheme
Tab6auna 1. icxopHBIe AaHHbBIE
Table 1. Initial data
Kpurepnit C, C,
BecoBas oneHka w, W,
A X, X,
A X x
L Ll IS

HYIO Ba>XHOCTb KPUTEPHUEB M BHIOPAThH ONTHUMAABLHYIO
aAbTEepPHATHUBY C IIOMOINBIO CTPOTMX MaTeMaTHYeCKHX
MoAeAel. OTHU MEeTOABI MOTYT NPOSICHUTH B3aUMOCBSI-
31 MeXAY KPUTepHUsSMU U MUHHUMU3UPOBAThH CyOBHeK-
TUBHOCTL BBEIOOpa [21]. Ilpomecc NpUHATHS pelleHu!
C HUCIIOAB30BAaHMEM HECKOABKUX KPHUTEPHEB XapaKTe-
pusyeTrcs caepyrommuMu dasamu [22]:

1) npeHTHDUKAIIUA [EeAY;

2) pa3paboTKa KpUTepHUEB;

3) reHeparliys aAbTEpHATHUB, OIleHKa U BLIOOP;

4) peanmsanyss ¥ MOHUTOPHHT.

Ha puc. 2 npuBepeHa cxeMa NPUHSTHUS ONTHMaAb-
HOT'O pellleHusi ¢ puMeHeHueM MmetTopa MADM.

OnucaHue 3TanoB MeTOoAd MHOI‘OKpPITepHaALHOfI
OIITUMU3AIN

B AaHHOM HCCAEAOBAHUM PacCMaTPUBAETCS IIPHU-
MeHeHNe METOAA MHOTOKPUTEPUAABHOUW ONTHUMU3AIINU
AT OOOCHOBAHHOT'O BbIOOpa pabodero Teaa TEIIAOBOTO
Hacoca C y4eTOM KAMMaTH4yeckoro akTopa.

Ha nepBom sTane co3paéTcsi MaTpulla aAbTepPHATUB
(1), B KOTOPYIO BXOAAT BCE MCXOAHBIE AQHHBIE, KOTO-
pble 3amuckiBaioTcs B TaOA. 1. 3pech C — 3TO KpuTe-
pun, a A — aAbTepHATUBHBIE BapUAHTHL. [IpW mpuHs-
TUU pellleHus KPUTEPUU MOTYT OBITh:

— TeXHWYeCKUMU (HampuMmep, TpeOoBaHUs K EMKO-
CTH);

— IIPOCTPAHCTBEHHBIMHU (HAAEKHOCTL U YHHUBEP-
CaAbHOCTB);

— JKOHOMHUYECKUMU (KalUTaAbHBIE 3aTPATHI, DKC-
IIAyaTallMOHHBIE PACXOABl U PACXOABI Ha TeXHUYeCKOoe
00CAy>KUBaHUeE);

— DKOAOTMYECKMMHM (COKpalenue BeIOpocoB CO,
¥ NIOTEeHIIUaA dHeprocOepeskeHus);

— COIIMAABHBIMHU (3A0POBbE M 0€30IIaCHOCTD JKUAD-

110B).
Cl C2 Ck
A xy Xy Xk 1)
D=|A, x, Xy Xok
A x, X X

™
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Ha caepyromem srane 3HaueHHUsI (DaKTOPOB IIPUBO-
AT K HODMUPOBaHHOMY BuAy. HopMupoBaHHe MaTpH-
IIbI BBEIIIOAHSAETCA 110 (hopmyae (2).

X..
7 R CR—
r; = _— i=1,2..,.pui=12..,%k (2
i=1 X
TA€ I, — HOPMHPOBAHHOE 3HAYEHHE; X, — HCXOAHOe

3HAUEeHMe I1lapaMeTpa.

Aaree dopmMupyeTcs MaTpuiia C y4eTOM BECOBBIX
OIIEHOK 3HAUMMOCTH Ka’)kKAOro (PaKTopa B COOTBET-
CTBUU C DKCIEPTHOU OLIEHKOM.

v, T i=1,2...pu
rae V. = [v,]p-k — HOpMHpOBaHHas B3BellleHHAs Ma-
TPHIIA PeIIeHNI]; W, — BecoBas OIeHKa (pakTopa.
3pech ij_lw. =1.
j= ]

B cOOTBeTCTBUU C METOAOAOTUEN, NPEeAAOKEeHHOMU
TNapeto [23, 24], onmTUMaAbHOe peIlleHUe HaXOAUTCS
MaKCUMaAbHO OAM3KO K UAECAABHO NIO3UTHUBHOMY pellle-
HHUIO U MaKCHMAaAbHO YAQA€HHO OT MAEaAbHO HeraTHB-
HOTO pelIeHus.

Pacuyér aAucTaHIIUM OT MAaKCHMMAABHO IIO3UTHBHOIO
U MaKCUMaAbHO HETAaTUBHOTO pelleHUsl BBIIOAHAEeTCS
B COOTBETCTBUU C BBIpakeHusmu (4) u (5) coorsert-
CTBEHHO.

D* ={v;,v;,..v}}

v = [max(vij) iel or min(vil.), jedJ ] (4)
D™ ={v],v;,.v;}
v, = [min(vij), iel or max(vij), jedJ ], (5)

rae J 1 [ — HeraTUBHBIE U MO3UTUBHBIE XapaKTEPUCTU-
KU COOTBETCTBEHHO.

Takum o00pa3oM, AQHHBIM METOA ONTUMU3AIUU
CBOAUTCA K PAcyeTy eBKAMAOBOU MeTPUKHU, TO eCTb
K OIIPEAEAEHUIO AMCTAHIIMK OT IIO3UTHUBHO UAEAABHOI'O
petteruss DY ¥ AMCTaHIIUM OT HETAQTUBHO KMAEAABHOTO
pemrenus D™ AASl K&KAOU aABTEPHATUBEL A, B COOTBET-
CTBUU C BhIpakeHusimu (6) u (7):

d; = ijzl(vij —V]T)2 i=12..p- (7)

OnpepeneHre OTHOCUTEABHOU OAM3OCTH K UAEaAb-
HOMY PelLleHHIO I, BLIMOAHSETCSI B COOTBETCTBUM C BEI-
pakenuem (8):

i=12...p. 8)

d’ +d;

B urore ¢opmupyercsa peUTUHI AN aAbTEDHATUB
Ha OCHOBE OTHOCUTEABHOU OAM3OCTH K HUAEAAbHO IIO-
SUTHUBHOMY pPeIlIeHNIO, Ha OCHOBAHHUU KOTOPOI'O BBIOU-
paeTcsl ONTUMAAbHBIY BapHUaHT.

HpnMeHeHne MeTOAQ K IIOCTaBAEHHOM 3ajpaue

ANST IPOBEAEHUST OITUMU3AIUN OBIAM ITOAOOPAHBI 5
XAQAAQTEHTOB, KOTOPhLIE IIPUMEHSIOTCSI B COBPEMEHHBIX
TeIIAOBBIX Hacocax, a uMeHHO R410A, R407C, R290,
R134a u R1234yf. AAd X cpaBHeHHUsS OBIAU paccumuTa-
HBI ¥ TOAOOPAHEI 10 CIIPABOYHBIM AQHHBIM CAEAYIOIINe
TIOKa3aTeAr YTUAW3aTOPa TENAOTHI BBITSJKHOTO BO3AY-
xa Ha 6a3e TEImAOBOTO Hacoca:

COP — koadcunmenT npeodbpa3oBaHus;

N, — 9Kceprernuyeckui KITA TemAoBOro Hacoca;

CO, — cokpailleHre BLIOPOCOB YTAGKUCAOTO Ta3a;

GWP — noTreHIImaA TAOOAABHOTO IIOTEIASHUS;

FoprogecTs — KaaccC roplouyecTy;

[19 — yaenbHBIE 3aTpaTbl NEPBUYHOU JSHEPIUU
Ha ITPOM3BOACTBO TEIIAOTHI;

NPV — cpok oKymnaeMOCTH.

Pacuér mokasaTenell yTHMAM3aTOpa TENAOTHI (pHC.
3) npoBopuacs B nporpamme EES mo paspaboTanHoOMy
pacyéTHOMY aATOPHUTMY, @ pPe3yAbTaT KOMIIOHOBAACS
B mporpamme Excel, TAe moaBeprancsg AOIOAHUTEAB-
HBIM KOPPEKTUpOBKaM (puc. 4). Meropuka pacuera
U pe3yAbTaThl BepuUKaluU IPUBEAEHEL B [25, 26].

Ha ocHoBaHMU pacuéToB IlapaMeTpPOB YCTAHOBKU
U BBLIOPAHHBIX (DAKTOPOB COCTaBAEHA TabOAMIIA C UCXOA-
HBIMHU AQHHBIMHU (TaOA. 2), KOTOpas UCIOAb30BaHA KakK
MaTpulla pelleHud B COOTBETCTBUU C (1).

Pacripepenenne OIEHOK 3HAUYMMOCTH OBIAO IIPUHS-
TO Ha OCHOBAHMUHU TOTO, YTO UX CyMMa AAS Ka’KAOU aAb-
TepHATUBBI AOAJKHA OBITH paBHa 1. YUUTBHIBAAUCH CAe-

k 2 .
d =35 (v, -vi] i=12..p 6) §
=AY J AyIOI[ie BAPMAHTHl IIPEAIOYTEHUM: JHepreTuyecKas
s Komnpeccop M
T 1p /‘\\ 2p
N2
pp
€ ApoccenvHbii
s BEHTHUAb
N
o
o
g
>
1 ap 3p 2p
s L— ™ T — (m
4 J'L 3 O6enymusaemoe | | 2 JL 1
nomeujeHWe
BoiTAMKHOH BO3gYX MpuTouHbli Bo3AYX

Wcnapurens

Konpewucatop

Puc. 3. YnpouéHHas cxeMa CHCTeMbl BEHTUASIIUN CO BCTPOEHHBIM TEIIAOBBIM HaCOCOM
Fig. 3. Simplified diagram of a ventilation system with a built-in heat pump



C ] £ F [ H I i K L M
0,099 LEOTS 20,000 RS 2000
Ceensd, R Tarby, € Tairevap
06.10.22 1:00 1 0,1002 1741 20 62 22 4,759 4.4 dih 4,165
0602 N00 2 0,1001 17.44 20 59 4,741 4,741 A5 4,719
06,10.22 3100 ] 0,001 1746 20 57 4 4,702 4552 4,354
O 1022 200 4 [mRaErpE 1751 20 a2 4,608 40606 4458 4,322
OHAER 00 5 o 17.5 20 5.3 4,625 4,625 477 4,324
06L0LIZE00 6 ol 175 0 53 4625 4,625 A4T7 4304
046.10.22 7:00 7 a1 1749 20 R 4,61 4035 4420 4,307
Puc. 4. ®parmeHT TaOAMIBI AAHHBIX B mporpamme Excel
Fig. 4. Fragment of a data table in Excel
TabGauna 2. icxopAHbIe AaHHbIE AASI KAUMaTHyecKux ycaoBur CaHKT-IlerepOypra
Table 2. Initial data for the climatic conditions of Saint Petersburg
COP N CO, GWP Toprouectb §ic) NPV
R410A 5,86 0,28 83,87 2088,0 1,0 0,49 0,95
R407C 4,63 0,22 78,65 1774,0 1,0 0,63 1,0
R290 6,01 0,29 84,52 3.0 3.0 0,47 09
R134a 6,06 0,29 84,72 1430,0 1,0 0,47 0.8
R1234yf 6,02 0,29 84,54 4,0 2,0 0,47 0,95
TabAuna 3. OLeHKu 3HAYUMOCTH
Table 3. Weights
BapuanTe! npeanourenust | COP Mo CO, GWP T'oprouects i§ic] NPV
duepreririeckas 030 | 030 | o001 | o001 0,08 020 | 0,10
3 PeKTUBHOCTD
OKOAOTHST 0,07 0,05 0,30 0,30 0,08 0,10 0,10
OKOHOMUYHOCTh 0,15 0,13 0,13 0,05 0,05 0,20 0,30
PaBHOe mpeaniouTeHME 0,14 0,14 0,14 0,14 0,14 0,14 0,14
Tabauna 4. PamxupoBaHnue padounx tea AAst Kaumara CaHKT-IletepOGypra
Table 4. Ranking of working fluid for the climate of Saint Petersburg
BapuaHTBI IPEATIOUTEHUN R410A R407C R290 R134a R1234yf
DHepreTiiecKas 0,84 0,43 0,55 0,94 0,72
3¢ PeKTUBHOCTD
DOKOAOTHUST 0,18 0,22 0,83 0,36 0,91
OKOHOMUYHOCThH 0,50 0,32 0,63 0,70 0,67
PaBHOe mpeanouTeHmE 0,44 0,45 0,58 0,56 0,74

3(pPeKTUBHOCTD, SKOAOTUS, IKOHOMUYHOCTb U PaBHOE
npeanourenue (Tada. 3).

B pesyabTaTe IpUMEHEHUS METOAA MHOTOKPHUTEPH-
AABHOM ONITHMU3AlIMU IIOAYYEHBI AAHHBIE IIO DAH’KU-
POBAHUIO KOHKYPUPYIOIIMX PabOYUX TeA TEIAOBOTO
Hacoca. B TabA. 4 IpuUBeAeHBI Pe3yAbTaThl PAHKUPOBa-
HUS AT CAydas IPUMeHeHHUsI YCTaHOBKU B KAUMaTHde-
ckux ycroBusax CaHkr-IleTepOypra.

Anaaus pPe3yABTAaTOB

B cooTBeTcTBUM C OIMMCAHHOM BBIIIIE METOAUKOU
MHOTOKPHUTEPUAABHOM ONTHUMU3AIINY BBIIIOAHEHBI Pac-
YeThl AAS PAH)KUPOBaHUS pabouMxX TeA TeMAOBOTO
Hacoca C Y4eTOM KAMMATUYECKUX YCAOBHH TOPOAOB
Caukr-IleTepOypr, Ilerpo3aBoack, Coun, Omck, Kpac-

HOAAP U AHAABIPH, OTAUYAIOUIUXCSA ITPOAOAKUTEABHO-
CTBIO OTOIIUTEABHOTO IIeproApa. B KauecTBe moKasaTeAs
KAUMaTHUYeckoro ¢akropa BeiOpaH mapamerp ['COIT
(rpaAyco-CYyTKH OTOIHTEABHOTO Ilepropa) [27]. B co-
OTBETCTBUM C [28] 3TOT moOKasaTeAb AAS BBIOPAHHBIX
TOPOAOB MMeeT CAepyrolnve 3HaueHus: CaHKT-IleTep-
Ooypr — 4895,2; IlerposaBopck — 5873,4; Coun —
1432,2; Omck — 6501,6; KpacHopap — 2817,8; Ana-
ABIpb — 9830,7. TakuM 06pa3oM, BEIIIOAHEHHBIE pacue-
TBI CIIP@BEAAUBEL AAST BCETO AMalla30Ha KAUMATUIeCKHUX
ycaoBuit Poccurickont Depeparum.

[TpuMepsl pe3yAbTaTOB PaHKUPOBAHUSA pPAOOUUX
TeA TeNAOBOTO HAcoca AASI KAUMATUUYECKUX YCAOBHUU
Cankr-IleTepOypra u OMcKa IpUBeAeHBI Ha pUC. S U 6.

Mo pesyabTaTaM OITHMHU3AIIUU MOJKHO OIE€HUTD,
YTO CaMBIMU 3HepreTudecKd I3PEQEeKTUBHBIMU AB-
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Fig. 7. Ranking of working fluid as

a function of the HSDD with equal

assessment of significance

AsitOoTCs: xAapareHTel R134a m R410A. ITTo skoaorum
Aydlllie Pe3yAbTaThl ITOKaszaAu XaapareHTHl R1234yf
u R290. Han6oaree 5KOHOMUYHBIMU ABASIOTCS YCTAHOB-
k1 Ha R134a u R1234yf. [Ipu paBHOU OIlleHKe 3HAUYU-
MOCTH HAWBBICIIMU PeWUTHHT mnoAayuun R1234yf. [pu
pacuéTe CpepHEro 3HAYeHWs 10 BCeM HallPaBAEHUSIM
ONTMMM3AIUYA HAWBBLICIIMN PEUTHHI IOAYYAET XAQA-
arent R1234yf. Takum o0Opa3oM, OH SBASETCS OII-
TUMaAbHBIM AASl MCIOAB30BaHHA B ropopax CaHKT-
IMetepOypr n OMCK.

Ha puc. 7—9 pe3yAbTaTbl paHKUpPOBaHUSA pabo-
YUX TeA IpuBeAeHb! B 3aBucuMocTu oT 'COIT. Aannoe
NIpeACTaBA€HUE TI03BOASIET ONIPEAEAUTb PEUTUHT pabo-
4yero Teaa AAS AF0OOTO HaCEeAEHHOTO ITyHKTa Ha OCHOBA-
HUU AQHHBIX O eTr0 KAMMaTH4YeCKOM (haKTope.

PesyabTaThl pacyeToOB NOKa3bIBAIOT, YTO IIPU PaB-
HOM IIPEAIIOYTEeHMH 110 ITOKa3aTeAsIM HauBBICIINU pel-
TUHT IoAydaeT R1234yf Bo Bcex ropopax, KOTOpBIe
TOTIAAQIOT B TpeAcTaBAeHHBIN amana3zoH ['COIT (puc.
7). XaaparernTsl R1234yf, R290, R134a u R410A ume-
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IOT AMHEWHO BO3PACTAIOIIUY PEUTUHT IIPU YBEAUUYEHUN
I'COIT ot 1000 po 10000, TO ecTh UX 3(pPHEKTUBHOCTH
BO3pacTaeT IpH MOHMJKAIOIIUXCS TeMIepaTypax. Pas-
HHUIa cocTtaBasieT 2 %, 3 %, 5 % u 7 % COOTBETCTBEHHO.
Petttunr R407C, HanpoTUB, NMOHUKAETCSI Ha 6 %.

C mo3unui 2HepreTudeckou dP@PEeKTUBHOCTU
(puc. 8) xnaparenT R134a moaydyaeT HAUBBICHIUU pEM-
THHT BO BcéM Amamazone I'COIT ot 1000 ao 10000.
Hauxypmmii pedTUHT IIPU AQHHOM IIPHOPUTETEe II0Ka-
3piBaeT R407C, mpuueM B pacCMOTPEHHOM AHalia30He
T'COIT ero nokasaTeAu CHUXKarOTcd Ha 93 %.

C mo3uIUM 9KOHOMHYECKOTO IIPUOPUTETa AAS pe-
THOHOB C XOAOAHLIM KAMMATOM IIPEAIIOYTHUTEABHO HC-
IIOAB30BaTh XAapareHT R1234yf (puc. 9). Arsd ropopoB
co cpepnumu 3HaueHusmu ['COIT B pmanazone ot 4500
20 7000 HauAydIIMM BapHUaHTOM siBAseTcsa R134a.

3aKAl0uYeHHue

B npeacTtaBaeHHOU paboTe BBEIIIOAHEHA MHOTIOKPH-
TepUaAbHAsl ONTHUMM3AIUsA XAAAATE€HTOB AAS TEIIAOBO-

ro Hacoca B COCTaBe YCTAHOBKHU yTHUAU3AIIUM TEIAO-
TBl BBITSDKHOTO BO3AyXa C YIE€TOM KAMMATHIECKOTO
dakropa. [lo pesyapraTaM ONTHMMH3ALMU BBIIBAECHO,
YTO NIPHU PaBHOM OIleHKe 3HAUMMOCTU AASL HISATH TOPO-
p0B Poccuiickoit @epepanuy xaapareHT R1234yf nme-
€T PEeNUTHHT BHIIIe OCTaABHBEIX Ha 21 % —23 %. R410A
OOABIIIE TIOAXOAUT AAS TOPOAOB C XOAOAHBIM KAMMATOM.
Ecam cpaBHUBATH ero peTHHT C XAapareHToM R407C,
pasHutia cocraBasieT 3 % —7 %. OnTuMmsanus Ha OC-
HOBAHMU DHepreTU4eckKoy 3(P(eKTUBHOCTU BBISIBHUAA
CyllleCTBeHHBIE IIPEMMYIeCcTBa y XAapareHToB R410A
u R134a c pasnutiein B 2 % — 11 %. VIx pedTUHTH AOCTHU-
rator 0,91 u 0,94 coorBercTBeHHO. CaMBIM HEJKOHO-
MUYHBIM B MCIIOAB30BAaHWU SIBAsIeTCS XAaapareHT R407C
c peutunrom 0,27 anst ropopa Omcka. OnTumMusanms
II0 IIPEANOYTEHUIO 3KOHOMUYECKON 3(PEeKTUBHOCTU
BBISIBMAQ HAUBBICHIUN PEUTHHT AL XAapareHTa R134a
AASI BCEX TOPOAOB. AASI PETMOHOB C XOAOAHBIM KAMMa-
TOM 3TUX PETHOHOB dKOHOMHWYHEN UCIIOAB30BATh XAQA-
areHT R1234yf. Arg ropopos co cpepruM ['COIT ot 4500
A0 7000 HanAydIIMM BapHUaHTOM sABAseTcH R134a.
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Pe3yabTaThl MHOTOKPUTEPHAABHON OITHUMH3AIUH,
NpuBeAeHHbIe B (MYHKIIUM OT KAMMATHYeCKOTO (PaKTo-
pa I'COII, MoryT OBITb UCIIOAB30BAHBL AAST AFOOOTO Ha-
CEeAeHHOTO IIYHKTA.

[Tpu BHaAWuYMM KpuUTepuUeB U BECOBBIX KO3(dumu-
€HTOB MOJKHO OIeHUTH 3(PPEeKTUBHOCTH aAbTepPHATHUB.
Mudopmanus MoKeT OBITH AOCTYIIHA B BUAE KOAWUe-
CTBEHHBIX AU KaUeCTBEHHBIX AAHHBIX. HopMarmszarusa
KOAMYECTBEHHBIX AQHHBIX OOAerdaeT CpaBHEHUE KpU-
TepUeB C PAa3AUYHBIMM U3MEPEHUsIMU U paclipepene-
Huem. KauecTBeHHast mHpOpMaIUs AOAKHA OBITH IIpe-
obpa3oBaHa B YMCAOBBLIE 3HAUEHUS C UCIIOAB30BaHUEM
OIpeAeAeHHBIX (DYHKIIUM ITOA€3HOCTHU.

CnuCcoK UCTOYHUKOB

1. Pérez-Lombard L., Ortiz J., and Pout C. A review on buildings
energy consumption information // Energy and Buildings. 2008.
Vol. 40 (3). P. 394—398. DOI: 10.1016/j.enbuild.2007.03.007.

2. Butler D. Architects of a low-energy future // Nature. 2008.
Vol. 452 (3). P. 520—523. DOI: 10.1038/452520a.

3. Saidur R. Energy consumption, energy savings, and
emission analysis in Malaysian office buildings // Energy Policy.
2009. Vol. 37 (10). P. 4104—4113.

4. Spyropoulos G. N., Balaras C. A. Energy consumption and
the potential of energy savings in Hellenic office buildings used
as bank branches — a case study // Energy and Buildings. 2011.
Vol. 43 (4). P. 770—778. DOI: 10.1016/j.enbuild.2010.12.015.

5. Norris M., Shiels P. Regular national report on housing
developments in European countries — synthesis report. Dublin:
The Housing Unit, 2004.

6. Roberts S. Altering existing buildings in the UK //
Energy Policy. 2008. Vol. 36 (12). P. 4482—4486. DOI: 10.1016/j.
enpol.2008.09.023.

7. Energy Efficiency Directive (2012/27/EU). URL: http://
ec.europa.eu/energy/en/topics/energy-efficiency/energy-
efficiency-directive. (pata o6parenus: 12.04.2024).

8. Camapun O. A. OHepreTudeckuil 0OaraHC TIPA’KAQHCKUX
3AQHUM ¥ BO3MOJKHBIE HAllpaBAeHUs 3HeprocOepesxkenus // JKu-
AuIHOe cTpouteAbcTBo. 2012, Ne 8. C. 2—4. EDN: PEZFXR.

9. Kokopur O. fI. CoBpeMeHHBIE CHCTEMBI KOHAUIIHMOHUPO-
BaHMA. Mocksa: M3A-BO (DU3MKO-MaTeMaTUYECKOW AWTEPATypPHI.
2003. 272 c.

10. Haymos A. A., Cepos C. @., Byasa A. O. KsaprupHbie
YTUAM3ATOPEI TEIAOTEI BEITSDKHOTO Bo3ayxa // ABOK. 2012, Ne 1.
URL: abok.ru/for_spec/articles.php?nid =5155 (pata obpaiieHust:
28.11.2024).

11. Bpoapau M. M., lInakuu H. B. ManroaTa’kHbIe MHOTOKBap-
TUPHBIE JKUABIE 3AAHMSA KaK HOBas cpepa obuTaHus // OHepro-
cbepeskenne. 2020. Ne 5. C. 4—6. EDN: TPHXQT.

12. Muraveinikov S. S., Sulin A., Baranov I., Nikitin A. Average
annual efficiency evaluation in the design of life support sys-
tems // AIP Conference Proceedings. 2019. Vol. 2141 (1). 030019.
DOI: 10.1063/1.5122069.

13. Tsvetkov O. B., Laptev Yu., Nikitin A. [et al.]. Energy
and environment options of working fluid alternative for different
refrigeration configurations // IOP Conference Series: Materials
Science and Engineering. 2020. Vol. 826 (1). 012017. DOL
10.1088/1757-899X/826/1/012017.

14. Handayani T., Harvey A., Dalton R. [et al.]. Selection of
the Optimum Working Fluids in Organic Rankine Cycles Using
TOPSIS // Chemical Engineering Transaction. 2012. Vol. 29.
P. 139—144. DOI: 10.3303/CET1229024.

15. Deymi-Dashtebayaz M., Sulin A. B., Ryabova T., Sankina
Yu. Energy, exergoeconomic and environmental optimization of
a cascade refrigeration system using different low GWP refrige-
rants // Journal of Environmental Chemical Engineering. 2021.
Vol. 9. 106473. DOI: 10.1016/j.jece.2021.106473.

16. Hwang C. L., Yoon K. Methods for multiple attribute
decision making // Lecture Notes in Economics and

Mathematical Systems. 1981. P. 58 —191. DOI: 10.1007/978-3-642-
48318-9_3.

17. Hwang C. L., Lai Y. J., Liu T. Y. A new approach for
multiple objective decision making // Computers & Operations
Research. 1993. Vol. 20, Ne. 8. P. 889—899. DOI: 10.1016/0305-
0548(93)90109-V.

18. Yoon K. P., Hwang C. L. Multiple attribute decision
making: an introduction. Thousand Oaks, CA: Sage, 1995. 73 p.
ISBN 0-8039-5486-7.

19. Tzeng G. H., Huang J. J. Multiple attribute decision
making: methods and applications. CRC Press, 2011. 352 p. DOI:
10.1201/b11032.

20. Xu J., Tao Z. Rough multiple objective decision making.
CRC Press, 2011. 446 p. DOI: 10.1201/b11061.

21. Linkov I, Moberg E. Multi-criteria Decision Analysis:
Environmental Applications and Case Studies. CRC Press, 2012.
204 p. DOI: 10.1201/b11471.

22. Gore C., Murray K., Richardson B. Strategic Decision-
making. USA: Cassell Press, 1992. 242 p.

23. Nasouri M., Nabi R., Amiri M. [et al.]. Performance-
based Pareto optimization and multi-attribute decision making of
an actual indirect-expansion solar-assisted heat pump system //
Journal of Building Engineering. 2021. Vol. 42 (5). 103053. DOI:
10.1016/j.jobe.2021.103053.

24. Nagar D., Ramu P., Deb K. Visualization and analysis
of Pareto-optimal fronts using interpretable self-organizing map
(iSOM) // Swarm and Evolutionary Computation. 2023. Vol. 76
(4). 101202. DOI: 10.1016/j.swevo0.2022.101202.

25. Hukuruna B. A., Cyaun A. B., Mypaseinukos C. C.,
Hukutua A. A., Makaros K. DHeproMopeAupoBaHue U 9KCIEpU-
MeHTaAbHas BepudUKaIus Pe’KUMOB PabOTHEl TEIAOBOTO Hacoca
NpY YTUAM3ALUK TEIAOTHI BBEITSJKHOIO BO3pyxa. Hacte 1. Cxem-
HBIE PeIllleHNs U pacueTHas MOAEAb // BecTHUK MesKAyHapOAHOM
akapeMuu xonaopa. 2023. Ne 4 (89). C. 3—10. DOI: 10.17586/1606-
4313-2023-22-4-3-10. EDN: GMEVEFC.

26. Huxkuruna B. A., Cyaun A. b., Mypaseiaukos C. C., Hu-
xuTuH A. A., MakaToB K. DHeproMopeAUpoBaHue U 3KCIIepUMeH-
TarbHasg BepUUKAIUS PEeXKUMOB PaOOTHI TEIIAOBOTO Hacoca IpHu
YTHUAM3AIUN TENAOTEI BEITSDKHOTO BO3AyXa. HacTs 2. OHepreTuye-
CKHe, 9KOHOMUYEeCKHe U DKOAOTHYEeCKHe ToKasaTreAu // BecTHHK
Me>XAyHapOAHOM akapeMuu Xoaopa. 2024. Ne 1 (90). C. 43 —49.
DOI: 10.17586/1606-4313-2024-23-1-43-49. EDN: OJAWOM.

27. AuBuyak B. M. I'papyco-cyTKU OTOIUTEABHOTO IIepPHOAA
KaK MHCTPYMEHT CPaBHEHUsI YPOBHsI 3Heprod(deKTUBHOCTU 3Aa-
HUHM B Poccum u B Apyrux crpaHax // OHeprocGepesxenue. 2015.
Ne 6. C. 20—25.

28. Pacuer I'COIT onnaamia. URL: https://Isk-lskos.ru/gsop
(AaTa obpamnienus: 11.12.2024).

HUKUTHNHA BepoHuka AAeKCAaHAPOBHAQ, ACIIMPAHT,
aCcCHUCTEeHT 00pa3oBaTEeABHOIO IleHTpa «OHeproad-
(PeKTUBHBIE HWH)KEHEepHBbIe CHUCTEMBI» YHUBEPCUTETa
NUTMO, r. Caukrt-IleTepOypr.

SPIN-kop;: 2116-2812

AuthorID (PMHLI): 1278704

ORCID: 0009-0002-9721-797X

AuthorID (SCOPUS): 57257097600

Appec aas mepenucku: vanikitina@itmo.ru

CYAUH AxrekcaHAp bopucoBuy, AOKTOP TEXHUIECKUX
HayK, IIpodeccop 06pa3oBaTEABHOTO LIEHTPa « DQHEPro-
3 peKTUBHBIE UHKEHEPHbIE CUCTEMBI» YHUBEpPCUTETa
UTMO, r. Caukr-IleTepOypr.

SPIN-kop;: 5540-5765

AuthorID (PMHLI): 445299

ORCID: 0000-0002-4580-6070

AuthorID (SCOPUS): 6507491881

ResearcherID: W-4842-2017

Apapec anst mepernucku: absulin@itmo.ru



MYPABENHHNKOB Cepreit CepreeBud, KaHAMAQT TeX-
HUYeCKUX HayK, AOIeHT O00Opa3oBaTeABHOTO IleHTpa
«OHeproad@eKTUBHbIE WH>XEHEepHbIe CUCTEeMBI» YHU-
Bepcurera UTMO, r. CaukT-IleTepOypr.

SPIN-kop;: 5034-9521

AuthorID (PMHLI): 1185073

ORCID: 0000-0001-7295-5904

AuthorID (SCOPUS): 57210976736

Appec AAs Tiepenucku: ssmuraveinikov@itmo.ru
AMUTPUEB Aenuc OaeroBud, acnupaHT oOpas3oBa-
TEeABHOTO IeHTpa « DHeprod(PeKTUBHbIEe UH)KeHEepHbBIEe
cuctembl» YauBepcurera MTMO, r. CankTt-IleTepOypr.
Appec ans mepenucku: denisdmitriev2012@gmail.com

AAs HUTHpPOBaHUS

Hukutnna B. A., Cyaun A. B., Mypaseiinukos C. C., AMurpu-
eB A. O. MHOrokpurepruarbHasi ONTUMU3AIUS YTUAU3ATOpPA Te-
TIAOTBEL C Y4eTOM KAMMaTHYeckKoro akTopa // OMCKUN Hay4HBIM
BecTHUK. Cep. ABHAIIMOHHO-PaAKeTHOE U 3HepPTreTHYeCcKoe Malllu-
HocTpoeHwue. 2025. T. 9, Ne 1. C.46—55. DOI: 10.25206/2588-0373-
2025-9-1-46-55. EDN: JLCGRP.

CraTths nlocTynuaAa B pepakinuio 24.01.2025 r.
© B. A. Hukntusa, A. b. Cyauns,
C. C. Mypasgeitnukos, A. O. AMuTpues

™

S20C L 'ON 6 TOA ONIIIINIONI ¥IMOd ANV LINDOY-NOLLVIAY SIS "NILITING DIHILNIIOS ISWO

6202 LsN 6 WOL IVHIOdLOOHUMYIN 3ONOIhULIIdIHE U JOHIINVA-OHHOUMVUMEY BUJID MNMHLO3E UIGHhAVH UMIOWO




B. A. HUKMTUHA, A. b. CYJIMH, C. C. MYPABEMHMKOB, [i. O. AMUTPHEB. C. 46—55

V. A. NIKITINA, A. B. SULIN, S. S. MURAVEINIKOV, D. O. DMITRIEV. P. 46—55

UDC 697.978:004.02
DOI: 10.25206/2588-0373-2025-9-1-46-55
EDN: JLCGRP

MULTI-CRITERIA OPTIMIZATION OF HEAT RECOVERY UNIT
IN TERMS OF THE CLIMATIC FACTOR
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ITMO University, Russia, Saint Petersburg, Lomonosov Str., 9, 191002

The use of heat pumps in exhaust air heat recovery systems is an effective energy-saving technology.
Due to the increase in the number of refrigerants with different characteristics, a problem arises with
making a decision on the use of a specific substance, taking info account the climatic features of a
particular region. Multicriteria optimization methods adapted to solving this problem can be used taking
info account the specified preferences for energy, environmental and economic factors. The TOPSIS
method is used in this paper as one of the subtypes of the MADM mulficriteria optimization method,
which is adapted to solve the problem. The essence of the method is to find a Pareto-optimal alternative
solution that is closest to the «ideal positive». The parameters of the heat pump unit are calculated
in the EES program. The TOPSIS multicriteria optimization method is implemented as a computational
procedure in the Excel environment. The working fluids R410A, R407C, R290, R134a and R1234yf are
considered as alternatives. The climatic zones of the Russian Federation are represented by the cities
of Saint Petersburg, Petrozavodsk, Sochi, Omsk, Krasnodar and Anadyr. The optimal alternative is
selected taking info account the preferences specified by the weighting factors. The results of multi-
criteria optimization are presented as a function of the climatic factor of the HSDD, which allows them
to be used for any locality. According to the optimization results, it is revealed that with an equal
assessment of the significance for six cities of the Russian Federation, the refrigerant R1234yf has a rating
higher than the others by 21 %—23 %. Optimization based on energy efficiency revealed significant
advantages in refrigerants R410A and R134a with a difference of 2 %—11 %. For regions with a cold
climate, it is more economical to use refrigerant R1234yf, while for regions with a moderate climate,
the best option is R134a.

Keywords: mulficriterial optimization, heat pump, climatic factor, working fluid, heat recovery, TOPSIS,
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