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MiaBuweHHA eHeproedeKkTMBHOCTI 6arato3oHanbHUX VRF cuctem
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Busnaueno euepeosbdepicaroui 3axo0u niosuujenHs enepeoe@ekmugHocmi 8 obracmi KOHOUYIOBAHHA 34 OONOMO2OH0
Memooie MameMamuyHo20 MOOENI08AHHA CXeMHO-MEXHIYHUX pileHs i pedcumie pobomu 001a0HanHs cucmem KOHOU-
Yil08aHHs 2pomMaocbkux 00'ekmie npu euxopucmanni cyyacuux VRE cucmem. Pospobaena KomniekcHa mooens onmu-
Mizayii cucmem KOHOUYIIOBAHHS 2POMAOCLKUX 00'ckmie. L] modenv 6paxogye He milbKu HeCMAyiOHAPHE 306HIUHE |
GHYMPIUWHE MENN06e HABAHMAICEHHS 8 NPUMIWEHHL, ale MAKOXC I Pakmopu no MiHIMI3ayii 3MIHHOT YACMUHU HABEOEHUX
sumpam, nog'szanux 3 sumpamamu enepeii. [lpomecmogana yinbosa QyHKYis onmumizayii CnitbHOi CyMapHoi 6eruyuru
KanimanvbHux i eKcniyamayiuHux eumpam Ha Menioull 3axXucm npuMiujens | KiimMamuune eHepzo3bepiearoue oonao-
HAaHHS NPOMA2OM MePMIHY IX eKcnayamayii i3 3a0e3neyeHHAM HalMeHuwux npugeedenux eumpam. Moowciusocmi enep-
2030epediceHHs npo8edeHi Npu pO3PAXyHKY VHIBePCANbHOT YiNbo80oi PYHKYII ma npoepam MamemamuiHo20 MOOeI08AHHS
WO0O0 BUSHAYUEHHS MEPMIHI6 OKYNHOCMI ma eenuduH Yinboeoi yyHkyii 0nsa nopisHroganux eapianmie. Ilposedenutl no-
PpisHANbHULL aHANi3 Ha 0a3i po3pobnenoi mamemamuyunoi mooeni Daikin, Mitsubishi Electric, Fujitsu, Mitsubishi Heavy
ona 00'ekmis, AKI npayioms npomsazom 00008020 YUKTY 6 eKCMpeMalbHO-HeCmayionapHomy pescumi. /o makux
00'exmi6 2pomMadCcbKO20 NPUSHAYEHHSI MOJCHA GIOHeCMU Mmeampu, pecmopanu, 3a600CbKi i0anvHi, KoHpepeny-3aiu
mowo. I[lpu po3paxynxax 3a yicio MOOELII0 MOJNCHA OMPUMAMU MEPMIH OKYNHOCMI 0ONAOHAHHS 13 3ACMOCYB8AHHAM
EKOHOMIYHO-00YINbHOT MOBWUHU [30JI5Y 1.
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1. Betyn

B ymoBax mnpHCKOpeHHS HAYKOBO-TEXHIYHOTO TIIPO-
Tpecy 3aBIaHHS IMiJBUIICHHS CHEProe()eKTUBHOCTI CHCTEM
KOH/IUIIFOBAaHHS Ma€ BAXKJIMBE HAPOJIHOTOCIIONAPCHKE 3HA-
YEHHsI, OCKUIbKHU 1i pillleHHs, KPIM MiJABUIIEHHS e()eKTHB-
HOCTI KamiTaJlbHUX BKJaJcHb, 3abe3meuye ii eHeprozoepe-
YKEHHsI, EKOHOMIIO MaTepialliB, a TAKOX MOJIIIIEHHS YMOB
Tpatli JIo/ieH 1 HABKOJIHMIIHBOTO CEPEJOBUIIA.

Ormsin MeToniB eHepro30epekeHHs] B CUCTEMaX BEH-
TWIAMIT Ta KOHIWIIIFOBaHHS Yepe3 MacIITa0HICTh IPoOIeMu
CTaBUTh TEXHIKOCKOHOMIYHY 3aJady, PIIICHHS SKOi MOXeE
OyTH KOPHCHUM IpH NpoekTyBaHHi [1, 2, 3, 4].

[IpoekTyBaHHS CHCTEM KOHJIWIIIFOBAHHS MOBITPS II0-
TpeOye CHCTEMHOTO aHalli3y Ta CHHTE3Y i3 3aCTOCYBaHHSIM
METOJIiIB MaTEMaTHYHOTO MOETOBaHHA. [l mboro cuc-
TeMy KOHIUIIIOBaHHSA MOBITPS MiAPO3AUISIOTH HA ITiJICHC-
TeMH W OKpeMi eJNeMEHTH, AN SKHX IOTIM 3AiHCHIOIOTH
KIJIBKICHMH aHali3 Ha OCHOBI MaTeEMAaTHYHHUX MOJIENIEH ITif-
CHCTEM.

OnHUM 3 OCHOBHHX 3aBJIaHb ITi€l KOMIUIEKCHOI TPO-
OnmeMu € eHepro30epekeHHs. MH BHUPINIYEMO TPHEAUHY
mpobieMy — onTUMi3alilo (MiHIMI3alilo) EHEePTrOCIIOXKH-
BaHHS IPU )KOPCTKOMY JTOTPUMaHHI HOPMATHBHUX BUMOT [0
KOM(pOPTHOTO CEPEIOBHINA TPOXHUBAHHSA B JKATIOBHX,
IPOMAJICHKUX 1 MPOMHUCIIOBUX 00'€KTaX, HCYXHUIbHE JOTPH-
MaHHSI TEXHOJIOTIYHMX BUMOT Yy BHPOOHHYMX Iporecax i
MiHIMi3aIlif0 IIKiJTUBOTO BIUIMBY HA €KOJIOTIF0 HaBKOJIWIII-

HBOTO cepeoBHIIA. JJeKOMITO3HUIIiS K €TUHOT CHEPTeTUIHOT
CHCTEMH TPEACTABISIETHCS TPHOMa OCHOBHHMH CHEPTETH-
YHO B3a€EMOIIOB’I3aHUMH IijcucTeMamu [2, 3, 5, 6].

VY naniif cTaTTi, BAKOPHCTOBYIOYH OCHOBHI IMPHHIUIIH
MOJIC/IIOBAHHS, BH3HAYCHO €HEPros0epiraryi 3axoaud Imij-
BHUIICHHS €HEproe()eKTUBHOCTI B 00AaCTi KOHIMIIIFOBAHHS
3a JONOMOIOK METOJIB MAaTEMAaTHYHOTO MOJEIOBAHHS
CXEMHO-TEXHIYHHX PillleHb 1 PeXXUMIB poOOTH 00Na HAHHS
CHCTEM KOHJMLIIOBaHHS TPOMaJChbKHUX 00'€KTaX MPH BHUKO-
pucranHi cygacHux VRF cuctem.

2. OCHOBHI LiNbOBi HaNpPsiMM BOAOCKOHaneHHA 6a-
rato3oHanbHux VRF cucrtem KoHAOuUilOBaHHSA no-
BiTpA

B pob6oti [1] moka3ano mapamoKcu TpajuIliiiHOI Me-
ToAMKH po3paxyHky VRF cucteM KOHIUIiFOBaHHS MOBITPA 1
HEOIITBHICTb.

3 ypaxyBaHHSAM MiAXOIy 10 MOJICIIOBAHHS €HEeproe-
(heKTUBHUX CcHUCTEM [2] MM PpO3IIANAEMO NUIAXH ITiJIBH-
MIeHHs] €(PEKTUBHOCTI 0araTo30HaJbHUX CHUCTEM KOHIMIIi-
IOBaHHS.

OCHOBHUMH IUTLOBHMH HAIIPSIMaMHU BIIOCKOHAJICHHS
0araTo30HaJBHUX CHCTEM KOHIHIIIFOBAHHS OCTAHHIM 4acoM
€ TaKi:

— IiABUIICHHS KOM(MOPTY MiKpoKiIimMary 00'ekTa, TO4-
HICTh 1 HAmIAHICTH WOTO 3a0e3MedeHHs IMPH IMUIOPIYHOL
eKCIUTyaTartii;
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— MiBUIICHHS eHepPTroeEeKTUBHOCTI Oararo30HaIbHIX
CHUCTEM 3a PaxXyHOK 30UIbIICHHS KOedillieHTiB TpaHchop-
Marnii Termia;

— IIi/IBUIIICHHS TTOKA3HUKIB €Hepro30epexeHHs 3a pa-
XYHOK peKyrepamnii Ta aKkyMyJIAIii TeIuIoBoi eHeprii i moc-
TIfHOTO aBTOMATHYHOTO ONTHMAJIBHOTO YIPaBIiHHA pe-
JKMMaMH po0OTH, B 3aJI€KHOCTI Bil CE30HHUX IapameTpiB
30BHILIHBOTO TOBITPSI, COHAYHOI pajiawii i reoTepMaIbHUAX
JUKEpeJT TeIla, a TAKOXK BHYTPILIHIX HECTalliOHApHUX JDKe-
pen TeIIo MPUILTKBIB / TEINIOBTPAT 1 [Kepesa 3MiHH BOJIO-
TOCTi BHYTPIIIHBOTO MOBITPS;

—3HIKCHHS IIKIJUIMBOTO BIUIMBY HAa EKOJIOTiI0 Ha-
BKOJIMIIIHBOTO CEPEIOBHUINA;

—BJIOCKOHAJICHHS OCHOBHHMX arperatiB 0aratro3oHa-
JBHOT CHCTEMH KOHIWIIIOBAHHS MOBITPS: KOMIIpecopa, Be-
HTHISTOPA, peKyIepaTropa, TSII00OMiHHHUKA,

— aKyMYJISTOp TETJIOTH 3 BUKOPUCTAHHAM Tera (ha-
30BOT'0 MEPEXOJLY, CHCTEMH yIPABIIHHS;

—iHTerpailisi 0araTo30HAIBHUX CUCTEM C, COHSYHUMHU
KOJIEKTOpaMH, CHUCTEMOIO MPUIUIMBHO-BUTSDKHOI BEHTHJIS-
Iii;

—JIETKICTh 1HTErpauii 3 CUCTEMOI0 «PO3yMHOT0 OyH-
HKY» (BMS 3 nporokonamu BACnet abo LONwork, noptu
SC-LGW abo SC-BGW);

—IIepeBiPOYHI pO3PAXYHKHU 3 PO3POOKOI0 MOHTaKHOL
CXEMH 1 ITOBHOI crierudikaii;

—po3po0Ka BiAJaNeHOTO YIPABIIHHS 1 KOMITIOTEPHOL
CHCTEMH IEHTPAJIi30BaHOTO YIIPABIiHHS, Y3TOJUKEHOTO B
HEOOXiTHUX BHIIQJKaX 3 MPIOPUTETOM IHIUBIIYaNIbHOTO
YIpaBJIiHHS.

HeoOxigHO BiJ3HAYMTH, 10 €HEpro30epekeHHs Hai-
011111 €(hEKTHBHO, SIKIIIO BOHO ITPOBOIUTHCS HA BCIX CTaIisgX
JKMTTEBOTO LMKy 00'€KTa. BiJ BUOOPY Ha erari MpOeKTy-
BaHHS KJIIMATUYHOTO OOJIaJIHAHHS Ta BEJIMYMHU TEIJIOBOTO
OTIOPY OTOPOJDKEHb, ONPANIOBaHHS AOLIIBHOCTI BHKOpPHC-
TaHHs TIOHOBIIOBaHUX Jpkepen eHeprii (BJIE), o6'exTuBHOTO
1 BHCOKOKBaJIi()iKOBAHOTO EHEPrOayJIuTy 3a pPe3yIbTaTaMH
MEepIIoro POKY eKcIuTyaTamii 1 eHeproMeHe/DKMEHTY 0
MOMEHTY KaIliTalbHOT MOJIepHi3alii 00'ekta abo Horo mos-
HOI 3yNTUHKH TIepe]] yTuiizaiiero obnaananns [2, 3].

3 orsiny Ha BUIIEBHKIAIEHE, HAMH NPOTECTOBaHA
HACTYyIHa LiTbOBa (YHKIIS CIUIBHOT ONTHMI3amii Teruio-
BOT'0 3aXUCTY 00'eKkTa (TEMIOBOTO ONOPY OrOPOKEHb MPH-
MIILIEHHS ), B SIKOMY 3a0€31e4y€eThCs 3alaHui MIKPOKJIIMAT, 1
MPOJYKTUBHOCTI €HEepro30epiratodoro KiIiMaTHYHOTO 00-
JaJHaHHsS aKTMBHOI CHCTEMH 3a0e3le4eHHs [IbOT0 MIKpOK-
miMaty. 3 omisay Ha OCOOMMBOCTI onTHMI3amii cucTeM
KOH/IMLIIFOBaHHs NOBiTps [3, 7] mponoHoBaHa 1ijboBa (y-
ukiist (Ptf - target function) aist chineHOT onTUMI3aIii 10-
3BOJISIE BU3HAYATH 3 YpaxXyBaHHIM MOKJIMBOI 3MiHH BapTo-
CTi eJIEKTpOEHepTii Ta Koe(illieHTa AUCKOHTYBaHHS BaJIOTH
[7]

Prf = min{APSt + Pesob ’iAng-}

ey (1+d — R) , (1)
ne APSt — momaTkoBa BapTiCTh yTEIUIEHHS 30BHIIIHIX OTO-
POJUKEHb 3 METOI0 TOCHJIEHHS TEIUIOBOTO 3aXHUCTy MPHMi-
IICHB 13 3aJJaHIUM MIKpOKIIMaToM (Il MOXe OyTH OJHA 30-
BHIIIIHA CTiHA 200 BCi CTIHU — 30BHIIIHI CTIHH JJISI OKPEMO
PO3TaIIOoBaHOTO 00'€KTa);

Pesob — BurpaTu Ha MOKYNKY i YCTAaHOBKY B CHCTEMY
eHepro30epiraroyoro o0IaIHAHHS;
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i — HOMep pOKy IIicjIsg BBEJEHHS B €KCIUTyaTallil0 eHe-
prosbepirarodoro o0JIaHAHHS,

AQg — piuHa €KOHOMisl BapTOCTi CIIOKMBAHOI €JIeKT-
poeHeprii B pe3yiIbTaTi BAKOPHCTaHHS SHEPTro30epiratoyoro
o0yagHaHHSA 1 MOCHIICHHS TEIIO3aXHCTy 00'exTa (po3paxo-
BYETBCSI 33 CEPEIHBOMICSYHOIO TEMIIEPATYpOIO 30BHIII-
HBOTO CepeioBHIIA), KBT;

d — piunmii KoedilieHT AUCKOHTYBAHHS HAI[IOHATBHOT
BAIIOTH

R —
(xBt'ron).

pel — BapticTh kBT rogunu enexkrpoeneprii 3 I1J1B.

insoBa ¢ynkmis (1), mo BU3HAYAETHCS U 3aTaHUX
BapiaHTIB 3a JOMOMOTOI0 MPOTPaMH, BUKOHAHOI B O0dMC-
JmoBanbHOMY cepenoBumni Mathcad, mo3Boisie BHKOHATH
CHUTEHUHM ONITHMANTEHUH BUOip BapiaHTa TEIIOBOTO 3aXHUCTY
00'eKTa 1 KOMILIEKTY €Hepro3oepiratogoro ooyaJHaHHS.

3a pesynpTaTaMd JOJATKOBOTO MAaTEMaTHYHOIO MO-
JICIIIOBAHHS, 3 ypaxyBaHHSAM (pakTHYHHX BUTpaT eHeprii 3a
NepIIuii pik poOOTH, MOXKYTh OYTH IPUHHSATI PEKOMEH AT,
HaNpHKJag, 10 yCTaHOBII JIOJaTKOBOTO eHeprosbepirato-
4Oro 00JIaJJHaHHS, OCHJICHHS TEIUIOI30ILil OrOpOKEHb,
CKOPOYEHHS epioay MK YUCTKaMu (ijbTpa i T. 1.

TepMmin po3paxyHkoBoi ekcruryartamii 7 = 7 pokiB
HPONOHYETHCS VIS MOJANBIIOro obroBopeHHs. [lpuitHaTo
BBaKAaTH, IO TEPMIiH OKYITHOCTiI €Heproz0epirarouoro 00-
JMaTHAHHA, JOPIBHIOE TEPMiHY TapaHTii Ha Ie OOJagHaHHS
2-4 pokH, a TEpMiH OTPUMaHHA MPUOYTKY MICIA TEPMiHY
OKYITHOCTI, IO JOPiBHIOE IIOYaTKOBHM IHBECTHIIISIM B €HE-
pro30epiratoui 3axonu, 3 ypaxyBaHHsAM KoedillieHTa auc-
KOHTYBaHHS B Mexax 3-5 pokiB. BukopucToByBaTH TepMiH
Cny)kOM Ha OOJamHAHHS BEHTH/IAMIl Ta KOHAUINIFOBAHHS
15-20 pokis, HaBeneunuii B JIbH B.2.5-67: 2013, B ninpoBoi
¢dynkuii (1) HepanioHaIBHO.

Koe(illieHT pIYHOro 3pOCTaHHS BapTOCTI

3. OnTumisaudinHa mogensb CKI

[TpoekTyBaHHS CHCTEM KOHIMIIIOBaHHS ITOBITPS IMOT-
pedye CHCTEMHOTO aHali3y Ta CHHTE3y 3 3aCTOCYBaHHSIM
METOJIiB MaTeMaTH4HOTO MojeroBaHHs. i 1mporo cuc-
TeMy KOHIUIIIOBaHHS MOBITPS MiAPO3AUISIOTh HA ITiJCHC-
TEMH W OKpeMi eJIeMEHTH, Uil SIKUX IOTIM 3JiICHIOIOTH
KIIBKICHMH aHaji3 Ha OCHOBI MaTeMaTUYHUX MOJEJIEH Ii-
CHCTEM.

Jlekomro3uiisi SIK €IMHOT EHEePreTH4HOI CHCTEMH
MPEJICTABISIEThCS TPhOMA OCHOBHHMH EHEPreTHYHO B3ae€-
MOIIOB sI3aHUMH TiiicucteMami [2, 3, 5, 6].

OCHOBHUMH PIBHSHHSIMH MOJEINI € PIBHSHHS OallaHcy
noBiTps1, moBHOI Teruioty (Q), Bonoru (W) , rasis (M) i siBHOT
rerwioty (Qs1) B mpuminieni [4, 6]:

Gnl + GYl _G P+2Gm‘ - ZGYJ = O ! (2)
i=2 j=2

G, -hy—Guh, —G,h, +> G.h, - > G,h; +AQ+AQ =0
j=2

i=2

Gydy —Gpdy, —G,d, +>°Gd, =D G,d,; +AW + AW’ =0
i—2 =

n m .
G@—Gﬂ@—Gpﬁ‘*‘szﬁ—szj iy M, =0
Pn1 Py Py iz Pai G2 0 Py
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CpG it —CpGit,, —CpG,t, +

n m
+CpY .Gt —CpY_ Gyt +AQa+AQ =0

i—2 =2 ,
ne Gy, Gy, G, — BUTpaTH NOBITPs NPUILIMBHOTO, MOBITPS,
110 BUJAIIETBCS, Ta PELUPKYILALiHOrO MOBiTps KI/c; hy, h,
h, — eHTaNbIis MOBITPs NPUILIMBHOTO, MOBITPS, IO BHAA-
JA€TBCS, Ta PEIUPKYIALiiHOTO MOBiTps KJIK/KT; dy, dy, d,
BOJIOTOBMICT TIOBITpSl NMPHUILTHBHOTO, TOBITPS, IO BHIAIS-
€ThCS, Ta PELUPKYIsALiliHOrO MoBitps; ty, ty, t, — Temmepa-
Typa IOBITPSl MIPUILIUBHOTO, MOBITPS, L0 BUAAISETHCS, T
peuupKyniiiHoro nositps: X/p, X/py X/P,, — KOHLEHTpaILis
Ta TYCTHHA IOBITPS NPHUIUIMBHOTO, TOBITPS, 110 BUIAJIS-
€ThCA, Ta peHupKymsniiHoro moBitps; AG,, AQ,, AW,
AM,,, AQ — e 6armaHCH MicIIeBOi BEHTIIIALIII 110 MOBITPIO,
MOBHIH TEIJIOTi, BOJIO31, Ta3aM i sIBHIiH TEIJIOTI.

Ha mepimomy erami onTHMI3Y€eThCS CTPYKTypa i mpo-
JYKTUBHICTh CHCTEMa KOHIUIIIIOBAaHHS TOBITpPS, XapakTep i
HaBaHTAXKCHHS.

Ha npyromy erami 31iHCHIOETBCS ONTHMI3aIlis MiACH-
CTEM 3a pPI3HUMH TEXHOJOTIYHUMH 1 KOHCTPYKTHBHHMH
napamMeTpaMH.

Hapermri, Ha TpeTboMy eTarti 0a30Bi BapiaHTH CTPYK-
Typu ¥ NPOAYKTHBHOCTI CHCTEM KOHIHMIIIOBAaHHS MOBITPS
ONTHMI3YEThCS Pa30M 3 ONTHMAIbHUMHU BapiaHTaMH Tij-
cucreM. [Tpu boMy po3paxoBYIOThCS PiUHI BUTPATH XOJIOAY
CHCTEM KOHIUIIIFOBAHHS TOBITPS.

Hamu po3risHyTi Ieski TEXHOIOTIT 1 eleMeHTH, BIO-
CKOHAJICHHS SIKMX O€3I0CEepeqHbO MiABHINYE CHEproedek-
TUBHICTP 1 3HIKY€E CIIOKHUBAHHS CICKTPOCHEPTii B piuHOMY
LUKJII BUKOPUCTaHHSI 0araTO30HAIBHMX CHCTEM KOHMIIi-
toBaHHs. llikaBa poborta [2], BUKOHAHAa Ha OCHOBI eHepre-
TUYHUX OanaHciB Teruiogiznunux mnpouecis B VRF. OnHak
Ha cTafii y3ro/PKeHHs! KOHTPAKTY, KOJIU JIsl OOIPYHTYBaHHS
KOIIITOPUCY PoOIT Tpeba 3po0uTH momepenHiii BuOip, Mu
NnoOyAyBay Hally METOJIUKY €KCIIEpUMEHTaIbHOTO aHAIli3Y
IUIs BHOOPY Moeni 30BHImHBoro 010Ky VRF Ha mincrasi
TaOIUIb 3 BUKOPHUCTAaHHSIM (popmynu (2) i mpu oONiKy He-
CTaIioHapHOTO TEIIO00OMIHY B MPUMIIICHHSX [5].

Heo0OxigHO TakoX BiI3HAYUTH MOCTiHHY poOOTY Ipo-
BiTHUX CBITOBHX (ipM, SKi BHPOOISIIOTH OaraTo3oHAIBHI
CHCTeMH KOHJMIIIIOBAaHHS, HAJl CHCTEMaMH X yIpaBJIiHHS Ta
NpOrpaMHUAM 3a0e3NeueHHsIM, HaJ| TMOJIETIIEHHIM iX eKc-
IuTyaTaii Ta BAKOPUCTaHHIM TaliMepiB, 110 HACTPOIOIOTHCS
Ha TPHUBAIMH TEPMiH MO 3aNpOrpaMOBaHii aBTOMaTHUHIH
MIATPUMIIL 3MiHU TTapaMeTpiB MIKPOKIiMaTy B IIpoIeci J0-
00BOTO, THXKHEBOTO, a 1HOJI 1 OLIBII TPUBAJIOTO MEPIOTy.

4. Pe3synbTaTty AocnigXeHb

[TpoBeneHi po3paxyHKH IOKa3ajlyl IMO€JHAHHS 30BHI-
IIHIX OJIOKIB NpU KOH(}IrypyBaHHI MOIyJIiB OaraTro30Halb-
HHUX CHCTEM KOHJMIIIOBaHHS, 110 J03BOJISIE OTPUMATH CHC-
TEMH X0JI0]10- 1 TeronpoaykTuBHOCTI Bix 10 mo 180 kBt B
OHOMY MOAyIMi i mimiOparu onTuManbHy. PipMu mpomo-
HYIOTh BapiaHTH HaHOiJIbII KOMIIAKTHUX 1 HAWOUIBII eHep-
roe(eKTHBHUX MOJIYJiB. MOIYNbHUI TPUHIMI 3aTUIIAE
MOJKJIMBICTh TBOPYOI ONTUMI3aIlii 6araTo30HAJIFHIX CHCTEM
KOHJIMIIIOBAaHHS, IMOYMHAIOYM 3 €Tally NPOEKTYBaHHS, 3
ypaxyBaHHAM BCiX OCOOJMBOCTEH KOHKPETHOrO O0'eKTa.
JIJist 1bOro BUKOPUCTOBYIOTHCS IIPOrpaMH-KOH(pIrypaTopH,
SIKi O€31epepBHO BJIOCKOHAIIOIOTHCS.

Ax mpaBwio, VRF-cuctemMu KOHIMIIIFOBAaHHS 3aCTO-
COBYIOTHCSI B PUMIIIICHHSX, 7 KOE(illi€HT HEOTHOYACHOCTI
k < 1. To6T0 OCHOBHHMI MPUHITUIT (YHKIIOHYBAHHS MYJIb-
TU30HAJBHUX CHUCTEM IIEPEPO3IOAIT XOJOJO0AreHTy MiXK
CTHOXKMBaYaMH 3 HEOJHOUYACHUM HABaHTA)KEHHSAM MPUITYCKa€e
JOIITBHICTE TX BUKOPUCTAHHS TUTBKH TP 3HAYeHHX K < 1.
3a yMOBH OJHOYaCHOIO MaKCUMYMY TEIUIOBHX HaBaHTa-
JKCHB B IIPUMIIIEHHAX, ONTUMAJIBLHUM € 3aCTOCYBaHHS MEHIII
CKJIQJIHUX CHCTEM.

Tomy mnpu mnpoekryBanHi VRF-cuctem HeoOXinHO
BUOMpATH BHYTpIIIHI OJIOKM B MeXaxX OAHIE] cucTeMu 3
HEO/JIHOYACHUMH MaKCHMyMaMH HaBaHTa)XCHb, HAIPHKJIAJ
Opi€eHTYBaHHS MO pi3HUX (acamax OymiBmi. Takuil BHOIp
MIPHU3BOAMTE JI0 PIBHOMIPHOTO 3aBaHTa)KEHHS 30BHIIIHBOTO
OIIOKY TPOTATOM OOM i MEHIIIH po3paxyHKOBiil MOTYKHO-
CTi 30BHIIIHBOTO OJIOKY.

Koedinient HeomHowacHocTi K 3amexuTs B mepiry
4epry Bil TEIUIOBOTO PEXUMY OYIiBIIi, ale HE MOxe OyTH
MEHIIIC TIEBHUX BCJIMYMH, 3aICKHUX BiJl KOHCTPYKIIT
VRF-cucrem. ToMy 11t BU3HaYeHHS TOTY>KHOCTI 30BHIlI-
HBOTO OJIOKY HEOOXIJIHO 3HATH TPHU BEIWYHMHH: CYMy Mak-
CHUMaJIbHUX TEIJIONPHILIMBIB 00CIYrOBYBaHUX IPHUMIILEHD,
CyMy HOMIHaJBbHUX HOTY)XKHOCTEW BHYTPIIIHIX OJIOKIB, KO-
e(iIieHT HEOJHOYACHOCTI TETUIOTPUILTUBIB TPUMIIICHb.

OCOOIMBICTIO CHCTEM aBTOMAaTHYHOTO PETYIIOBAHHS
VRF-cuctem € miaTpuMka IeBHOTO TUCKY Ha BHXOI 1 BXOII
30BHIIHBOTO 070Ky (pucyHOK 1). BTpaTtn THCKY B cuctemi
TAaKOXk 3aNexath Bifl BUTpaTd (peony Gy, i rizpasnignoi
XapaKTEPHCTUKU MEPEXKi Kpyzp:

Pucynok 1 — I'padik 3MiHEHHSI TUCKY B HarHITaI04OMY
1 BCMOKTYIOUOMY (pEOHOTIPOBOI

Takum grHOM, TIpH 301TBIICHHI JOBXHHHU MaricTpajiei
BUIE 32 HOMiHAN 7,5 MeTpiB BiZOyBaeThCS 30iTbIICHHS
TiIpaBIiYHOI XapaKTEPUCTUKHA MEpEeXki i, BiANOBITHO, 3Me-
HILIEHHS! BUTPATH (DPEOHY B CUCTEMI.

[IponopuiiiHo 3MeHmIeHHI0 BUTpaTH ¢peony (16) Bi-
JOYBA€THCS 3MEHIIEHHS IMOTYKHOCTI 30BHIIIHBOTO OJIOKY
(pucyHok 1).

Hama meronuka posriisiHyTa Ha IPUKIIail CBITOBHX
migepiB B ceKTopi BHpoOHHMITBA oOmamHaHHsA: Daikin,
Mitsubishi Electric, Fujitsu, Mitsubishi Heavy, ne Bu3na-
YeHO HaWOUThIn edekTrBHE oOmamHanHsA. [Ipu mpomy pos-
paxoByBajiocs CIIO)KMBAHHS €HEprii i TepMiH OKYITHOCTI,
3ICKHICTh CHEPreTHYHOI ePeKTUBHOCTI poboTH Oarato-
30HAJIFHOI CHCTEMH BiJl CYMapHOTO 1HACKCY B i AKIFOYCHUX
BHYTPIITHIX OJOKaX, 3aJIEkKHICTh (AaKTHUIHOI XOJOIOTIPO-
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JIYKTUBHOCTI BiJl CyMapHOTO iHJEKCY (CymMapHOi HOMiHa-
JLHOT XOJIOJOTIPOTYKTUBHOCTI MiAKIIOYEHUX BHYTPIIIHIX
6710KiB), gg Ta iHmre (pucyHkH 2, 3).

Br/Br
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EER (gg) 42
EFRmax
— 38
36
34
32
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90 94 98 102 106 110 114 118 122 126 130 134 138 142 146 150

& %

Pucynok 2 — 3anexHictb eHepreTHyHol eheKTHBHOCTI po-
00oTu 0araTo30HaJIBHOI CHCTEMH BiJl CYMapHOTO 1HIEKCY
(cyMapHOi HOMIHAJIBHOT XOJIOAOIPOYKTHBHOCTI Y BiJICOT-
Kax) B IMIKIIIOYCHAX BHYTPIMIHIX OIoKax

KBT

90 94 98 102106110114 118122126 130134 138 142 146 150
e %

Pucynok 3 — 3anexHiCTh PaKTUIHOT XOJIOIOIPOTYKTHB-
HOCTI BiJI CyMapHOTO iHJEKCY (CyMapHOi HOMIHAIBHOI X0-
JIOAOTIPOAYKTHBHOCTI i JKJIFOYEHUX BHYTPILIHIX OJIOKIB)
99, %.

BucHoBOK

Po3po0iieHa KOMIUIEKCHA MaTeMaTudHa MOJEIb 3 BH-
KOPHCTaHHSIM OTpUMaHOI LIbOBOT QyHKIIT U IPUMILIIEHb
MICTUTh TPUHIIUTIOBO HOBUH MiJXix 10 BHOOPY ONTHMAITh-
HOTO KJIIMaTHYHOTO OOJaJHaHHS JUIsl MATPUMKA KoMdop-
THUX mapameTpiB. Lli 3axoam o0'emHye Te, mo s iX pea-
mi3armii, SK MpaBHWJIO, MOTPiOHI JOAATKOBI KaIliTalIOBKJIA-
neHHs. i1 MIBUAKOT OIIHKH TEPMIiHIB OKYITHOCTI aibTep-
HAaTUBHMX 1 JIONIOBHEHHS ICHYIOUMX BapiaHTIB eHepro3oepi-
raloyux 3axoJiB MOTpiOHA HAasBHICTH IPOrPaMHOro iH-
CTPYMEHTapilo HE TIJIbKHM 3 JPYXHIM iHTepdeiicoMm, ane i
iMITIEpaTUBHUMH OOMEXEHHSIMH MO BCiX IapaMeTpax Mik-
poKIiMaTy B JTaHOMY O0'€KTi BiANIOBiIHO A0 YMHHUX HOP-
MaTUBHHX JIOKYMEHTIB.

[Ipn nizbopi obnasHaHHS BPaxOBYETHCS BIUIMB YHMH-
HUKIB (MIHJIMBa TEMIIepaTypa XOJIOJ0areHTy, iHBepTOpHUI
NPUBiJ, peKylepalis) Ta napamerpiB oOjagHaHHS (KOMI-
pecop, BEHTWIATOP, TEIUIOOOMIHHUKH, (QLIBTPH.)

BpaxoByrouu 11i hakTopy poBeIeHUH eKcIpec-aHali3
JUIE BUOOPY MoJieli 30BHIIHBEOT0 010ka VRF Ha mimcrasi
Tabnub QipM-TIpeICTaBHUKIB Ta IPOBECHI PO3PaXyHKH.

48

Po3po0iiena oriHouHa METOMKA MOXKE OYTH BUKOPH-
CTaHa Juid CIIJIBHOTO BUOOpY arperaty HpUILIHB-
HO-BUTSDKHOI CUCTEMM KOHJIIUIIIIOBAHHS IOBITPS 3 pEKyIe-
pari€ro, IHBEpTOPHOTO KOHAUIIOHEpa 1 KOHCTPYKILii BiAHO-
BIZIHUX 30BHIIIHIX OrOpOPKEHb Ha PaHHIN cTalil MpoeKTy-
BaHHSI.

PesynpraTy MaTreMaTHYHOTO MOJIEIIOBAHHS JIO3BOJISI-
I0Th BH3HAUUTH eHeproe(eKTHBHe oOnajHaHHs 0arato3o-
HaJIbHUX CUCTEM KOHAMIIIOBaHHSM IIOBITPSI IPH paxyBaHHI
YHHHUKIB Ta MapaMmeTrpiB onTuMizamii. ['padiune 300pa-
JKCHHS 3aJIeKHOCTeH (aKTHMYHOI MOTYXHOCTI 1 XOJIOJOTI-
POJYKTHBHOCTI BiJ{ 30BHIIIHBOI TeMIiepaTypu (pUCYHOK 4)
BiJINIOBiZae TaOMUIsIMKU (QipMOBHX JHaHUX [3]. 3 HUX PHUCYH-
KiB TaKOX BHUJIHO, IO HPHU 30UIBIICHHI TEMIEpPaTypu Koe-
¢imient eneprernynoi edexruBHocti M3C 3MEHIIyETHCS.
OnHaK B Cy4acHHUX IHTENEKTyaJbHUX MNpOrpamax yIpas-
JIHHA YHuCiIaMHd OOOPOTIB KOMIIpecopa 1 TeMIepaTyporo
XOJIOJIOAreHTY CE30HHE 1 piUHE CIIOKUBAHHS EJIEKTPOCHEPTIi
Oyze 3HaYHO HWXKYE, HIXK B CHUCTEMax 0e3 Takoro peryJo-
BaHHS, TOMY CE30HHHMH KOE(]ILi€HT TeIIoeeKTUBHOCTI
takux M3C Habararto BuIIIE.
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Pucynok 4 — 3anexHicTh (HaKTUIHOT XOJIOAOBHUAATHOCTI
gx(tn), dbakTuuHiil cnoxuBaniit notyxuocti Pf(tn) i ix Big-
HomreHHs EER(tn), mo BusHavae edextuBHICTH podoTu 3C
Ha OXOJIOJDKEHHS, BiJl 30BHIIIHBOT TemmepaTypu tn.

IIpu BUKOpHCTaHHI MEHIIOTO THIIOHOMiHAJIa 30BHIII-
HpoTrO 070Ky AJYO72LALBH HeoOximHo Butpadaru 0Oi-
JIBIY TIOTYXHicTh — 7 KBT 3amicts 6,16 kBT npu BUKOpHC-
TaHHi 30BHIMHBOTO 050Ky AJYO9O0LALBH. To06TO 1€
30BHIIIHIA OJOK OULTBIIOr0 TUMOHOMiHANA TPU TaKid TeM-



Posgin 2. EHepreTuka Ta eHeprosbepexeHHs

neparypi Oyne mparroBaty 3 OimbmmuM €EK = 3,636, Hixk
AJYOT72LALBH, sixuii B ux ke yMoBax Oyjie BillTOBiAaTH
€EK=3,2.

31 cKa3aHOro SICHO, L0 MaKCHMaJlbHa TEIJIOBa MOTY-
XKHICTB / XonmogonpoayktuBHicTs b3C noBrHHa BifmoBigaTH
MaKCHMaJIbHUM TEILIONPUILINBaM abo TEIUIOBTpaTaM KOH-
IUITIOHepOM 00'eKTa, a pidyHa BUTpATa eIeKTpoeHeprii Oyme
3aJIe)KaTH BiJ JOCKOHAJIOCTI 001aAHaHHS, SIKE aBTOMaTHIHO
MATPIMY€E 3 HEOOXiTHOIO TOYHICTIO 3aJaHi CEe30HHI TeM-
repaTtypy MoBiTps B 00'€KTi, B 3aJIS)KHOCTI BiJ] 3MiHU 30B-
HIIIHIX YMOB 1 pE&XUMY TEIUIOBHIICHB i BOJIOTO BHILICHHS
BcepenuHi 00'ekta. Take BIOCKOHANICHHS (YHKIIOHATBHUX
nmapameTpiB M3C crifibHO 3 X TOCTIIfHAM BIOCKOHAICHHSIM
B YaCTHHI HaJaHHs OUIbII ITOBHOTO KOM(OPTY KOPHCTYBa-
YyaM, BKITIOYAIOYH ITyM i BiTHOCHY BOJIOTiCTh, 1 BIOCKOHA-
JICHHS €KOJIOTIYHO1 Oe3leKku iX poOOTH, € Cy4acHHUM TPCH-
JTIOM PO3BHUTKY KIIIMaTHIHO! TEXHIKH.

Konkpernuii Tepmin okynHocTi b3C 13 30BHIIIHIM
6110KOM (MOJys1IeM) OITBIIOTO THIIOHOMIHAIIA B IOPiBHSHHI 3
O07oKOM (MOIIyJieM) MEHIIOTO THIIOHOMiHalla 3a PaxyHOK
€KOHOMII eJIeKTpOeHepril MOKIMBO BU3HAYMTH 3a anpo0o-
BaHOK METOJMKOI PO3PaxyHKY TEIUIONPHIUIMBIB i TEIIO-
BTpaT 00'€KTa MPOTATOM DPIYHOTO LUKIY IJIsl CEepeIHbOMI-
CSYHUX 30BHIMIHIX TEMIEpaTyp.
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Increase in energy efficiency of multi-zone air conditioning systems, which
provide a microclimate of public buildings all year

N. Zhykharieva, E. Baboi, A. Basov

Odessa National Academy of Food Technologies, 112 Kanatnaia str., Odessa, 65039, Ukraine

Energy-saving measures to improve efficiency in the field of air conditioning are determined using methods of mathe-
matical modeling of circuit-technical solutions and modes of operation of air-conditioning equipment for public facilities
using modern multi-zonal systems. Model takes into account not only the non-stationary external and internal heat load
in the room but also the factors for minimizing the variable portion of the reduced costs associated with energy costs. The
goal function is to optimize the joint optimization of the total value of capital and operating costs for thermal protection of
premises and climate-friendly energy-saving equipment during the period of their operation with the provision of the least
adjusted costs. The energy saving capabilities were carried out in calculating the universal objective function and
mathematical modeling software by determining the payback period and the objective function values for the compared
options. Conducted a comparative analysis based on the developed mathematical model of Daikin, Mitsubishi Electric,
Fujitsu, Mitsubishi Heavy for objects operating during the daily cycle in the extreme-non-stationary mode. Such public
objects include theaters, restaurants, factory canteens, conference halls and the like. At calculations under this model it is
possible to receive a payback period of the equipment with application.

Keywords: energy efficiency, optimization, air conditioning, energy saving, objective function, modeling, heat exchange
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