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0entoBaHHA i3 3dCMOCY8AHHAM eKcnepumeHmaanoi' ycmaHos8KuU,

wo 0ae 3mMoey ouiHoseamu 3amiHeHHA ¢acadie HABKOAUWHIMU
b6youHKkamu ma criopyoamu. [nas oyiHKU COHAYHO20 nomeHyiasy
HUMA0B020 KOMIAEKCY 8 M0oOesi po3paxo8yeEMbCA HA rnepuwomy
emani MakcumManbHUli COHAYHUL nomeHyian 0718 8U3HAYEHUX Cro-
pyo 3a ymosu 8iocymHocmi nepewkod, Ha Opy2omMy emari 8U3Ha-

12,345 yrpaiHCbKMIA AepKaBHUI
YHiBEpCUTET HayKM i TEXHONOTIN,

HHI «YKpaiHCbKUI1 AeprKaBHUI XiMiKO-
TEXHOJIOMYHWUIM yHiBEpPCUTETY,

M. [AHinpo, YKpaiHa

YAEMbCA NOMeHYian 3 ypaxysaHHAM CKAAOHOI 2zeomempii 6ydisens ma ix 830EMHO20 3amiHeHHS, | Ha mpe-
mboMy emarni 8paxo8yemMoCa 8auU8 xMmapHocmi Heba. OmpumaHi pe3ynemami eaxaAugi 0458 NOKPAU,EHHSA
8xe icHyro4oi cucmemu abo 004 subopy HaliehekmusBHiIWUX COHAYHUX mexHOoA0Rili (CoHAYHOI menaosoi ma

¢homoenekmpu4Hoi).

Knrouoei cnosa: coHa4HuUli nomeHyian, eHepaoepekmusHicmob, Mamemamu4yHe MoOesIt08aHHS, 2e/1i000H, HCU-

masosuli Komnnekxc.

Mepenik BUKOPUCTAHUX NO3HAYEHb Ta CKOPOUYEHb

| = NOTiK NOBHOIO COHAYHOrO BMNPOMIHIOBAHHA, LLLO NAaJA€ HA 40Bi/IbHY NOBEPXHIO

Qm — cepepHi NOTeHLia COHAYHOrO BUMPOMIHIOBAaHHA Ha A0BiZIbHY NOBEPXHIO 33 AEHb

BcTyn. Hapasi 6inbLictb HaceneHHs YKpaiHu 3ocepeskeHa B
MicTax, Ha AKi Npunagae nepesaxHa HiNbLLIICTb CNOXMBAHHSA
eHeprii. | NporHo3n rosopATb NPO Te, WO BiACOTOK Hace-
NIeHHA B micTax 3poctatume. CKknagHa reononituyHa cutya-
Lia B KpaiHi, 3actapini JIEM, HecTabinbHiCTb enekTponocTa-
YaHHA, BiAKNIOYEHHA CBiTha Ta MigBuWeHHA TapudiB Ha
€/1eKTPOEHEPrito — yCe Lie CNOHYKAE A0 BNPOBaAKEHHA B Mi-
CbKe cepeioBuLLLEe CUCTEM BUPOBHULITBA eHeprii, AKi BUKOpK-
CTOBYIOTb MiCLLEBI pecypcu, 3MEHLLYHOUN 3aNEXKHICTb Big BU-
KOMHOrO ManuBa i, AK HACNIgOK, 3MEHLWYTb BUKMAMU
MapHMKOBMX rasiB Ta 3anobiratoTb LWKIAAMBUM BUKMOAM Y
[oBKinnA. lepani vactiwe noyvanu 3’ ABAATUCA iIHOMBIAYANbHI
COHAYHI cucTeMu (COHAYHI KonekTopu abo doTtoenemeHTH)
HeBe/IMKOI NOTYXHOCTI, AKi po3TalloByOTb Ha dpacaaax byan-
HKy. YKpaiHa nepebyBae B reorpadiyHili 30Hi, AKa mae gocTa-
THil NoTeHLian A1 BUKOPWUCTAHHA eHeprii COHAYHOro BU-
NPOMIHIOBaHHA AK B MPOMMUCIOBUX, TaK i B NOBYTOBMX LiNAX.
CepeAHbOpiIYHA KiNbKICTb CyMapHOi COHAYHOI pagiaLii, Lo
notpannse Ha 1m? noBepxHi Ha TepuTopii YKpaiHu, —
1070 kBT-roa/m? Ha nisHoui Ta 1400 kBT-ron/m? i 6inblue Ha
nisaHi [1--3]. LUe Buuie HixX, Hanpuknag, y HimeuunHi-—
1000 KkB1-roa/m?, abo HagiTb y Monbuyi— 1080 KBT-roa/m?

[4]. OTke, noTeHLian COHAYHOI eHeprii B YKpaiHi € 4OCTaTHbO
BMCOKMM /191 LULMPOKOTO BMPOBALAMKEHHA AK TEMN0EHepreTn-
YHOTO, TaK i GOTOEHEpPreTMYHOro 0b1agHaHHA, TOXK B yMOBaXx
HaLLOro KNIMaTy COHAYHI CUCTEMM MOXKYTb NPaLLIOBaTH LN
PiK, a/ie 3 NepeMiHHOO eeKTMBHICTHO.

MainbyTHi Bumorn go byaisenb y EC nepeabavyaTumyThb AK
BUCOKMI piBeHb eHeproedeKTMBHOCTI, TaK i 3HAYHMI CTyNiHb
MiCUEBOro BMPOOHWMLTBA BiAHOB/OBAHOI eHeprii; ou4iKy-
€TbCA, LLO COHAYHI eHepreTUYHi cMcTemun Ha byaisnsax cra-
HYTb NoLMpeHiwmmMmm [5]. BUKopUCTaHHA COHAYHOT eHeprii B
MiCTax 4yepe3 yCTaHOBKY COHAYHWX KONEKTOPiB Ta naHesnewn
(boTOENEKTPUUHUX CcUCTEM) NIABULLYE €HepreTUyHy CTil-
KiCTb i NOTEHLiMHO 3MeHLWYE 3abpyAHEHHSA MicT. TaKOX Lij cu-
CTeMM 3 NOrNAAY apXiTEKTYpPU eCTETUYHO M GYHKLiOHaNbHO
iHTerpytoTbcs B ByaiBenbHi KOHCTPYKLUT dpacaais Ta aaxis 6y-
Aisenb [6—9]. BU3HaueHHA AOCTYNHOro A0 BUKOPUCTAHHA CO-
HAYHOrO NOTEHLiaNy B MICTaX A€ 3MONy TEOPETUYHO OLi-
HUTU 30aTHICTb MICT ab0 OKpPeMUX MICbKMX KOMMNIEKCIB A0
MOX/IMBOrO eHepreTMYHOro camo3sabesneyveHHs. na npak-
TUYHOrO BWM3HAYEHHA MNOTEHL,aNly COHAYHOTO BUMPOMIHIO-
BAHHA CyYaCHMX MICT 3aCTOCOBYHOTb METOAN MAaTEMATUYHOTO
mogentoBaHHa [10-12]. B ymoBax micbKoi 3abygosu
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BUMHWKae npobnema 3aTiHeHHA dacagis cycigHimmM 6yauH-
KaMW 4v iHWKMMK cnopyaamu. [Ins cydacHUX XKUTI0BUX KOM-
NNEKCIB XapaKTepHe CKAafHe reomeTpuyHe Po3TallyBaHHA
6yAMHKiB, AKi MatoTb 6araTo nosepxis. Tomy Ans BpaxyBaHHA
BMN/IMBY CKNAZAHOI reomeTpii MicbKoi 3abya08K po3pobastoTb
crneuianbHi CKNagHi Komn'toTepHi mogeni [6, 7, 10-13], aki
NMOHOB/IIOKOTHCA TA YAOCKOHANOKOTHCA.

B YKpaiHi BUKOpMCTaHHA COHAYHOI eHeprii 3pocTag, Xxou4a Ki-
NIbKICTb COHAYHMX YCTAHOBOK BCE LLLe HeBEJINKA, MOPIBHAHO
i3 cyciaHimuM KpaiHamu. 3HauHy YacTKy noTpeb B eHeprii AN
YKUTNOBOro BYAMHKY CTaHOBUTb ONANEHHA, TOMY BaXK/u-
BMM € aKTMBHE Ta MacnBHE BUKOPUCTAHHA COHAYHOT eHeprii.
Halbinblie coHAYHA pagiauis AOCTyYMHa B AiTHI micaui Ta
nvwe obmerkeHa KiNbKicTb — y3umRy. LWnax CoHuA Takox
3HAYHO 3MIHIOETbCA NPOTArOom poKy. Bucota CoHuAa Hag ro-
pU30OHTOM B MicTi [Hinpi BAITKY cTaHOBUTb 61M3bKO 65°,
ToAi fIK Y3UMKY BOHa — 621M3bKo 20°. HU3bKUI KyT NagiHHA
COHAYHMX MPOMEHIB O03HayaEe, Wo dacagHi yCTaHOBKU MoO-
XYTb 6YTM rapHUM BapiaHTOM, 0c06aMBO ANA eHeprii, Wo
BMKOPWCTOBYETLCA ANA OnasieHHA. Lle TakoK 03Hayag, wo
3aTiHEHHA BiA HaBKOAULWHIX 6yaiBenb moxe 6yTn npobne-
moto. CyyacHi micTa — Le CKlagHe MiCbKe cepegosuLLe, WO
XapaKTEPUIYETLCA BMCOKOK LUiNIbHICTIO 3abynoBu yepes
nocTynose 36inblUeHHA HACENeHHA, TOMY AWMHAMIYHMI Ta
CKNagHuii edekT 3aTiHEHHA NOBEPXOHb OyAiBENb TAKOXK €

a)

aKTyasnbHoW npobnemoto. LLLo6 ouiHMTM AOCTYN 40 COHAY-
HOro CBiT/Na ¥ 3anob6irTM 3aMeHLWeHHo oro A0CTYNHOCTI Ha
dacaam byaisenb, HeobXigHO NPOBECTM NonepeaHil aHani3

MeTta po6oTu. BU3HaunTK JOCTYNHUIA ANA BUKOPUCTAHHA
NnoTeHLUian COHAYHOI eHeprii ANA OKPEeMOro WTI0BOro
KOMMEKCY B yMOBaX MicTa [JHinpa, 3Barkatoum Ha po3nogin
COHAYHOI eHeprii NPoTAromMm pPOKYy, MICLEBi KAIMaTUYHI
YMOBW Ta 3aTiHEHHSA Bif HaBKOAULLHIX Byaisensb.

XapaKTepucTMKka MiCbKOro »KUTI0BOro KOMMJIEKCY MicTa
[Hinpa. Y poboTi AN OUiHKM NOTeHWiaNy COHAYHOT eHepril
BMGpanu TMNOBUIN XNTAOBUIN Macue COBOPHOro panoHy mi-
cTa [lHinpa, Wo cKkAagaetbea 3 n'atm byaisens. CynyTHU-
Kose $OTO Lboro Komnaekcy (puc. 1, a) 6yno oTpumaHo 3a
Jornomoroto  6e3KOWTOBHOrO KapTtorpadiyHoro cepsicy
KomMnaHii Google [14]. Cxema ByaAMHKIB LbOro KOMMJIEKCY 3
Opi€EHTALLiEl0 BiAHOCHO CTOPIH CBiTy NOKa3aHa Ha pwuc. 1, 6,
aBTabn. 1 HaBeAEHi FreOMETPUYHI XapaKTEPUCTUKM JNA LUX
6yauHkKiB. Kyt Hopmani KoxHoro ¢acagy BM3HauvaBscA Bia-
HOCHO MiBAEHHOrO0 HAMNPAMKY, Bi4COTOK BiNIbHOT MOBEPXHI
Ha ¢dacagax BM3HAYaAM 3 ypPaxyBaHHAM MJIOLWL BiKOH Ta
KOHCTPYKTUBHUX enemeHTiB byaisenb. Takoxk posrnaganu
BCTAHOB/IEHHA KONEKTOPIB Ha gaxax byaisenb nig KyTom
45° no ropM30OHTaNI 3 OPIEHTALLIED HA MiBAEHD.

N

\"™

6)

Puc. 1. Xumnosuli komnnekc y CobopHomy patioHi micma AHinpa: 1, 11, 111, IV, V ° Homepu 6yduHkis; 1, 2, 3, 4 — Homepu
¢hacadis; a —cynymHukoge gpomo; 6 — cxema 6yOuHKie

Ta6nuua 1. XapaKrepuctuka 6yAuHKIB }KMTI0BOro KOMNJIEKCY

ByauHOK dacag, Kyt Hopmani Big nisgHs, ° Bucota, m | lupuHa, m | YacTKka BinbHOI NnoBepxHi, %
1 30 46 50
| 2 -60 45 16 100
3 -150 46 50
4 120 16 100
1 30 46 50
. 2 -60 45 16 100
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ByauHOK dacag Kyt Hopmani Big, nisgHs, ° Bucorta, m LunpuHa, m | YacTka BinbHOI noBepxHi, %
3 -150 46 50
4 120 16 100
1 30 15 40
" 2 -60 30 66 50
3 -150 15 40
4 120 66 50
1 30 15 100
" 2 -60 30 46 50
3 -150 15 100
4 120 46 50
1 30 46 100
2 -60 16 50
v 3 -150 30 46 100
4 120 16 50

AK BUAHO Ha puc. 1, 6yaMHKM BUOPAHOIO KUTAOBOFO KOM-
NAEeKCy pOo3TallOBaHi TakK, L0 MOXYTb CTBOPIOBATM 3aTiHIO-
BaHHA Ha dacagm Bif HAaBKOMIULWWHIX ByaiBenb 3aneXHO Big,
po3sTawyBaHHA CoHUA Ha Hebocxuni i, BignosigHO, 3MeH-
LyBaTW AOCTYMHE COHAYHE BUMPOMIHIOBAHHA.

Docnig:keHHA 3aTiHiOBaHHA ¢acagis 6yaUHKIB XKuUTno-
BOro Komnnaekcy. [1na gocniarkeHHa 3aTiHioBaHHA dacaais
6yAMHKIB 3a71€KHO Bif, iX reEOMETPUYHOro Po3TallyBaHHA Ta

pyxy CoHus no Hebocxuay B L poboTi BUbpaHo meTog ¢i-
3MYHOTO MOLENOBAHHA 3 BMKOPUCTAHHAM reniogoHa —
NPUCTPOIO, LLO BiATBOPIOE COHAYHE OCBITNIEHHA Ha NoBep-
XHIO, Ha fAKili pO3TalloBYOTb Modeni byaisenb Ta cnopyAa.
byno nobypoBaHO HacTiNbHUI reniogoH 3 ¢ikcoBaHMM
J)Kepesiom CBiT/1a Ta PYXOMOK MIOCKOK MOBEPXHED, AKY
MOKHa 0bepTaTM gnsa 3MiHW OpieHTauii AocCniaXKyBaHOI
KOHCTPYKLT; MOro cxema NoKasaHa Ha puc. 2.

Puc. 2. Cxema eKcriepumeHmasbHOIi yCmaHOBKU 3 HACMIiAbHUM 2eniodoHom: 1 — Oxcepesno ceimnaa, 2 — Hepyxoma 0CHO8d
YCMaHOBKU, 3 — na0cKa poboyva nosepxHs, 4 — na0cKa ornopHa nosepxHs, 5 — sicb 0519 06epmaHHA 0rMopPHOI MosepxHi

Hepyxomy ocHOBY MpUCTPOlO 6YyN0 BUMIOTOBAEHO 3 NAUTU
Tuny ACMN ToBwmMHOW 20 MM, a oropHa Ta poboya NoBepxHi
manu po3mipu 500*600 mm i 6ynu BurotosneHis 10 mm da-
Hepu. Poboya nosepxHs 3’e€aHyBanacs 3 ONOPHOI NOBEPX-
Hel ABOMAa MeTaneBMMMU NETAAMM, WO AAN0 MOXKIUBICTb
3MiHIOBATK KyT Haxuny. HeobxigHuii KyT Haxuny poboyoi
noBepxHi ¢ikcyBann 3aBAAKM MeTasieBOMY MOBOPOTHOMY
dikcaTopy. ObepTaHHA PoHOUOT NOBEPXHI B rOPU3OHTa/b-
Hill NNOLWMHI 34iliCHIOBaNOCh HAaBKOO OCi, ika byna 3adik-
COBaHa B HepyXomii ocHoBi. Ha ropu3oHTanbHil Hepyxo-
Mii OcHOBi 6y/n0 HaHeceHO Kpyrosy LWKaAy rpagycis
noBopoTy poboyoi noBepxHi HaBKOO Oci. K Axepeno Bu-
NPOMIHIOBaHHA A1 MOAENIOBAaHHA COHAYHOrO CBiTAQ, WO
nagae Ha poboyy NoBepxHIO reslioaoHa, 3aCTOCOBYBAM CBi-
Tnosuii npoektop Tnny VIVIBRIGHT’S GP90, sikuit gae amory

MaTW MyYyoK OOCTaTHbO ACKPABOro CBIiT/a 3 Ma/MM KyTOM
PO3XOAKEHHS.

Ha pob6ouiit noBepxHi reniogoHa po3milllyBanv reomeTpu-
YHY MOAesNb KUTA0BOro Komnaekcy B macwTabi 1 :500.
MakeTn okpemux byaiBesib BUrOTOBNAAIM 3 IMCTOBOFO NiHO-
nnaacty i pikcyBanm ix Ha pobouii noBepxHi BignoBigHO A0
cxemu puc. 1y BubpaHomy macwrabi.

[Oocnigxysanu 3aTiHloBaHHA dacaais 6yaiBenb NOMicAYHO,
ANA 1boro Bnbpanu n'ATHaAALATUI AeHb KOXHOro micaua.
[na BM3HAYeHWX OHIB 32 JOMOMOrol MaTemMaTU4HOI Mo-
Aeni [10], 6yno po3paxoBaHO AN1A KOXKHOT FOAVHWN OHSA KyTU
Haxuny & Ta 7, WO BM3HAYaloTb KYT Haxuay poboyoi nosep-
XHi reniogoHa BigHOCHO 6a30B0OI MOBEPXHi Ta KYT MOBOPOTY
Ha gskepeno ceitna. Ha puc. 3 HaBeaeHi okpemi poTtorpadii
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pe3ynbTaTie $pisMYHOro moaentoBaHHA 3aTiHOBaHHA ¢aca-
AiB 6y AMHKIB [,OCNiIAKYBAHOIO XKUTNOBOIO KOMMNEKCY.

Puc. 3. Modenb 3amiH08aHHA BYOUHKI8 HUMA08020 KOM-
nnexkcy cmaHom Ha: a — 8:00 15 KeimHs;
6 —10:00 15 mpasHs

3a [ONOMOroK OTPMMaHMX pe3ynbTaTiB ¢isMyHOro moge-
Nt0BaHHA 6yN0 BU3HAYEHO MOFrOAMHHO YaCTKY OCBITNEHHA
ON5 KOXKHOro dpacasy A/1a KOXKHOro micaus. Y Takmin cnocib
6ynn OoTpMMaHi pe3ynbTaTu ANA KOXKHOro Micaua A Bu-
3HavyeHux dacagis byaisens.

AHanisyloum oTpMMaHi pesynbtaTv, MOXKINBO 3pOOUTU BU-
CHOBOK, W0 B33aEMO3ATIHEHHSA CYCiAHiIX OYAMHKIB XUTNO-
BOTO KOMIMJIEKCY MOXe BYTM 3HAYHMM, a OTXKe, Le MOoKe
BMJINBATU Ha KiNbKiCTb COHAYHOrO BUMPOMIHIOBAHHA ANA
KOXHOT oKpemoi byaisni. Tak, aHanisyoumn opieHTauio by-
Aaisenb Komnnekcy, 6aunmo, wo pacaau 3 Ta 4 BCix 6yANH-
KiB MPaKTUUYHO Becb Yac nepebyBatoTb Yy TiHi i IX COHAYHWI
noTeHuias HE3HAYHUI, TOMY MOXKEMO MOro He BPAxXOBY-
BaTM. BoagHo4ac ymOBM COHAYHOrO BUMPOMIHIOBAHHA Ha
dacagm 1 Ta 2 pi3Hi gna Bcix 6yAMHKIB, 3aneXKHO Big Yacy

4061 i micaua, Tomy Tpeba po3rnagaTM OKPEMOo KOXKeH Ta-
Kuii pacag,.

Docnig}KeHHA coOHAYHOro noteHuiany ¢acagis 6yauHKis
KUTNOBOTO KOMMJIEKCY. 32 4ONOMOTO0 MaTeMaTUYHOI MO-
aeni [10] po3paxoByEMO MOTOKU COHAYHOIO BUMPOMIHIO-
BaHHA /, WO NagatoTb Ha ¢acaam byaisenb *KUTNOBOrO KOM-
NnaeKcy, 3BaKatoum Ha OpieHTaL,ito BU3HaveHmMx dacaais Ana
YMOB 4nCTOro Heba i BigcyTHOCTI TiHen ana 25 KBiTHs, pe-
3yNbTaTv NpeacTasaeHi Ha puc. 4.

1000
800
— Dacap 1
o 600 = bacag 2
E ®acag 3

400 ®acap 4

— [lax
200

Yac, roguHmn

Puc. 4. 3miHa coHsaYHOT ippadiayii pacadis i daxy 6ydieni 1
0714 AcHO20 Heba npomsz2om 25 KeimHs

AHanNorvyHO, AN KOXMHOIO MicALA BU3HAYAEMO cepeaHin
noTeHLian COHAYHOrO BUNPOMIHIOBAaHHA NPOTATOM AHA ANA
dacagis i gaxy byaisni 1. OTpMmaHi 3HaYeHHs 3BOANMO B
Tabn. 2.

Ta6nuus 2. CepepHiii NoTeHLiaN COHAYHOro BUNPOMIHIOBaHHA 3a AeHb Qm Aana dacagis i aaxy byaisni 1 ana AacHoro

Heba, KBT-roa/m? aeHb

Micaub dacaag 1 dacap 2 dacag 3 dacag 4 Dax
bepeseHb 4,46 3,60 0,60 1,40 6,06
KsiteHb 4,15 3,95 1,10 219 6,74
TpaseHs 3,60 394 168 2,86 6,83
Yepserb 3,20 385 2.0 3,14 6,76
NuneHs 3,35 3,88 1,86 3,01 6,77
Cepnenb 3,90 3,93 1,32 244 6,76
BepeceHb 4,35 3,74 0,76 167 6,36
WoBTeHs 4,30 317 0,37 0,97 >33

BMKOpPKMCTOBYHOUM eKCnepuMeHTaNnbHi AaHi, OTPUMAHI 33 0-
nomoroto ¢isM4HOro MoLentoBaHHA B3aEMHOrO 3aTiHEHHSA
dacagis byaisenb, i3 3aCTOCyBaHHAM MaTEMATUYHOT MOAENi

PO3PaxoOBYEMO NOTOKM IHCONALLT NPOTArOM AHA B Pi3Hi nepi-
oAu poKy. Ha puc. 5 HaBegeHi NOToOKM iHconswii Ha dacapg, 2
6yaisni 1 gna acHoro Heba Ta 3 ypaxyBaHHAM 3aTiHEHHS.
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Puc. 5. 3miHa coHAYHOT ippadiayii npomszom OHA Ha pacad 2 6ydieni 1 6e3 3amiHeHHS i 3 ypaxy8aHHAM miHel: a — 15
K8imHsa; 6 — 15 yepeHsa; 8 —15 sepecHs

AIK BUAHO Ha HaBeAEeHWX PUCYHKaX, MOTOKWU A0CAiAXKYBa-
HOFO COHAYHOrO BMMNPOMIHIOBAHHA Ha dacaj, CyTTEBO 3Mi-
HIOIOTbCA NPOTATOM POKY (BEcHa, N1iTo, ociHb). Halibinbwe
3HAYEHHSA COHAYHOro BUNPOMIiHIOBaHHSA Ha dacag 2 npuna-
[a€ Ha BecHy (KBiTeHb), BoCcEHU (BepeceHb) BOHO TPOXMU
MeHLWe. BAiTKy (4epBeHb) COHAYHE BUNPOMIHIOBAHHA Ha 3a-
3HayeHU bacas 3MEHLUYETbCA, e MOXKHa MNOACHUTU TUM,
LLLO BAITKY CepeaHii KyT Haxmuay COHAYHUX MPOMEHIB [0 Be-
PTUKaNbHOI NoBepXHi ¢pacasy meHLe.

TaKoX 3a3HAYNMO, L0 B OKpeMmi nepioam gHA TiHi Big, cyci-
[OHiX 6YAMHKIB CYTTEBO 3MEHLLYIOTb AOCTYMHE COHAYHE BU-
NPoMmiHtOBaHHA Ha ¢acag. Hanpuknag, nicna 14-i roguHu
[OHA AOCTYNHE BUNPOMIiHIOBAHHSA Ha dacaz 2 nagae3 627 oo
63 BT/m? yepes 3aTiHEHHSA Big, iHWWX ByANHKIB.

AHanoriyHo BU3HAYaEMO COHAYHE BUNPOMIHIOBAHHA Ha da

caa 1, y po3paxyHKax BUKOPUCTOBYEMO YAaCTKMN OCBITNE€HOCTI
dacagis d, oTprMaHi 3 ¢isyHOro moaentoBaHHA 3aTiHEHHA
6yamHRy cycigHimmn cnopygamu. ®acaam 3 i 4 opieHTOBaHiI
Yy NPOCTOPI TaK, LLLO NepeBaKHO nepebyBatoTb B TiHi, TOMY iX
COHAYHMI NOTEHLiaN He Ma€E NPAKTUYHOIO 3HaYeHHsA. Y pe-
3yNbTaTi NOBHWUI NoTeHLian Bciel byaisni 1 po3paxosyemo,
niZACyMOBYHOUYM NoTeHuiann agox dacagis 1a gaxy. OTpu-
MaHi pe3ynbTaTh 3Ha4yeHb cepesiHbOro MOoTeHLiany CoOHAY-
HOro BMNPOMIHIOBaHHA 3a AeHb ana dacaais 1 i 2 Ta gaxy
6yaisni 1 nomica4HO 3B80AMMO B Tabn. 3. AAK BUAHO, COHAYHI
noteHuiann ¢acagy 6e3 ypaxyBaHHA TiHEN AKICHO BiAPi3HA-
I0TbCA Bifg, NOTEHLianiB 3 ypaxyBaHHAM TiHEW Bif, CyCiaHix
6yauHKiB. Halibinblue 3aTiHIOBaHHA ¢acagy cnocTepiraemo
ONA KBITHA | TPaBHA, KON COHAYHE BMMPOMIHIOBAHHA Ha
dacag 3MeHLWYEeTbCA Make BTpUYI.

Ta6nuus 3. CepeaHiii AeHHUIA NOTeHLiaN COHAYHOrO BUNPOMIHIOBaHHA ANA 6yAMHKY 1 6e3 3aTiHeHHsA i 3 3aTiHeHHAM

nomicauHo, KBT-rog/(m? aeHb)

dacag 1 dacapg 2
Micaub Aax
bes TiHeit 3 TiHAMMK bes TiHeit 3 TiHAMMK

bepeseHb 4,46 4,42 3,60 2,26 6,06
KBiTeHb 4,16 4,14 3,95 1,59 6,73
TpaBeHb 3,59 3,58 3,94 1,78 6,83
YepBeHb 3,20 3,23 3,85 2,73 6,76
JlInneHb 3,35 3,39 3,88 2,75 6,77
CepneHb 3,89 3,91 3,93 2,79 6,76
BepeceHb 4,35 4,33 3,74 2,36 6,36
KosTeHb 4,31 4,25 3,17 2,0 5,33

[Jani Bu3Hayaemo noTeHuian COHAYHOI eHeprii Ep ONA KOX-
HOi NoBepPXHi BYAMHKIB XUTNOBOIO KOMMNJIEKCY 3a MicALLb 3
dopmynoto:

Em =F-N -QM , KBT-rog

2
Ae F— aocTynHa naolia noBepxHi; m%;

N — KinbKicTb AHiB Ha MicALb;

Qv — noTeHUian COHAYHOro BUNPOMIHIOBaHHA, KBT-rog,.

MigcymoBytoum 3HaYeHHA NOTEHLiaNiB 3@ MiCALb, MOXK/INBO
BM3HAUYUTW COHAYHI MOTEHLiaNN KOXHOro 3 byauHKiB Ta
BCbOTO KMTNOBOTO KOMMJIEKCY 3a piK, Er (KBT-rog). OTpu-
MaHi AaHi 3804MMO B Tabn. 4. Ik BUAHO 3 NpeacTaB/leHUX
[AHWX, COHAYHI NOTEHLiaNN OKpeMux BYAMHKIB XKMUTNIOBOTO
KOMMNJIEKCY MaloTb AOCTAaTHbO Pi3Hi 3HaYeHHsA. Tak, byau-
HKM 1, 2, 3 33 piK MOXyTb OTpuUMyBaTM nNpubAM3HO
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O4HAKOBY €Heprito COHAYHOro BMMNPOMIHIOBAHHA, a byau-
HKM 4 Ta 5 OTPUMYIOTb COHAYHOI eHeprii Npnban3Ho Ha 20
Ta 40 % meHwe, 60 iHaKLWe po3TaLllOBaHi.

Ta6nuua 4. PiuHi cCOHAYHI NoTeHWianu 6yauUHKIB XKUTno-
BOro KomnnaeKcy

Ne 6yauHKy PiyHuni1 noteHuian Ep, MBT-rog,
1 2477,7
2 2698,9
3 2594,3
4 2113,0
5 1672,8

Docnia)KeHHA BNANMBY XMapPHOCTI Ha COHAYHUIA NoTeHuian
dacagis 6yaunHKiB XKUTAOBOro KommneKkcy. JoaaTKoBUM
daKTopOM, Lo MOXKe CYTTEBO BM/IMBATU Ha MOTEHLjian co-
HAYHOrO BUMPOMIHIOBAHHA, € HAABHICTb XMAPHOCTI. [aHi
Npo cTyniHb XMapHOCTi Heba (%) y micTi [Hinpi 3a 2023 pik
6panu 3 apxisy YKpaiHCbKOrO rigpoMeTeoponoriyHoro LeH-
Tpy [15, 16]. 3a AONOMOro0 MaTeMaTUUYHOI MoAenNi 3 BUKO-
PUCTAHHAM AaHWMX NPO CTYMiHb XMAPHOCTI 33 nepioa 3 KBi-
THA No *KoBTeHb 2023 poky Oyno BM3HAYEHO cepeaHin
COHAYHUI NoTeHLUian 3a Mmicaub ans dacaais byaisni 1. Pe-
3yNbTaTW PO3paxyHKiB npeactasneHi B Tabn. 5. Ha puc. 6
MOKa3aHO COHAYHWI NOTeHUian Ha AeHb ans dacaay 1 6y-
AVHRY 1 ana sBubpaHux micauis 2023 p.

Tabauua 5. PesynbTaTi po3paxyHKiB COHAYHOrO cepeaHbOro noTeHuiany 3a aeHb (KBT-rog/m?- aeHb) ans acHoro Heba i
3 ypaxyBaHHAM XMapHocTi ana ¢pacagis 6yaisni 1 pna BubpaHux micauis 2023 p.

Xmap- dacap,
HiCTb,
Micaub % 1 3 4
ficHo XmapHo flcHo XmapHo flcHo XmapHo flcHo XmapHo
BepeseHb 42,8 4,42 2,53 3,60 2,06 0,60 0,34 1,41 0,81
KBiTeHb 31,6 4,14 2,83 3,95 2,70 1,10 0,75 2,19 1,50
TpaseHb 39,2 3,58 2,18 3,94 2,40 1,69 1,03 2,85 1,73
YepseHb 34,2 3,23 2,12 3,85 2,53 2,00 1,32 3,14 2,07
Nlunedb 21,6 3,39 2,66 3,88 3,04 1,85 1,45 3,01 2,36
CepneHb 19,7 3,91 3,14 3,93 3,16 1,31 1,05 2,43 1,95
BepeceHb 28,3 4,33 3,10 3,74 2,68 0,76 0,54 1,66 1,19
¥OBTEHb 42,7 4,25 2,43 3,17 1,82 0,44 2,52 0,96 0,55
4,5
4 e
|
z 3,5 1]
-kq 3 1
N
% 2,5 ]
*E 27 odA
CHO
@ 1.5
x 1 H @ XmapHo
(e
0,5 ]
0 =
| | | | 4 ) A |
I I I I I I I I
(] ) [ Q ) () [ )
© = 0] [} [ c 0 =
Q o © o s [} [ o
& x &2 2 5 8§ & 2
fa] om

Puc. 6. [liaepama coHAYHO20 NomeHuyiany 3a 0eHb 014 gpacady 1 6youHKy 1 dna subpaHux micauie 2023 p.
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AHaNOriyHO PO3pPaxoBYEMO CepegHi NOTeHLiaIM COHAYHOIO
BMNPOMIHIOBaHHA 3 ypaxyBaHHAM XmapHocTi ana dacagis
6yAMHKiIB 2—5 Ta 3HaX04MMO NOTeHLann ana umx 6yanHKiB
y uinomy 3a pik (Tabn. 6).

Tabauua 6. PiyHi cCOHAYHI NoTeHuiann 6yaAUHKIB KUTNO-
BOro KOMMJIEKCY 3 ypaxyBaHHAM XMapHOCTi

PiuHnii noteHuian, MBT-rog,
N2 6yauHKy be3 ypaxyBaHHA 3 ypaxyBaHHAM
XMapHOCTi XMapHOCTI

1 2477,74 1982,19
2 2698,93 2159,14
3 2594,38 2075,50
4 2113,05 1690,44
5 1672,82 1338,26

AIK BUAHO 3 HaBeAEeHMX JaHUX, XMAPHICTb 3MEHLLYE COHAY-
HUI MOTEHLaN KOXXHOro BYAMHKY KUTI0BOrO KOMMJIEKCY
npn6aunsHo Ha 20 %. Cnig 3a3HaunTH, WO UA undpa He €
CTa/IOK0 i 3aN€XKMUTb Bifg, KNIMAaTUUYHMX YMOB, AKi MOXYTb CyT-
TEBO 3MIHIOBATUCA LLOPOKY. 3 NOrnaAy AOCTYMHOrO COHAY-
Horo noteHuiany 2023 pik 6ys cnpuatTansmum, 60 B nepiog, 3
6epesHA No KOBTEHb XMapPHicTb 6yna He3HaYHolo.

[Ona NpakTMYHOro BMKOPWUCTAHHA COHAYHOrO MOTeHLiany
6YAMHKM KUTNIOBOrO KOMMJIEKCY NOBUHHI Byt obnaaHaHi
COHAYHUMM KONEKTOPAMM abo COHAYHMMM naHenamu. Co-
HAYHI KOJIEKTOPW 3a/1EeXKHO Bif, TUNY MatoTb cepeaHilt Koe-
diuieHT KopucHoi aii 0, —0,8. Tomy Bci N’ATb By AMHKIB pa3om
MOKYTb OTPMMATU TENJIOBY eHeprito Npnban3Ho 9245,53 *
0,75 = 6934,15 MBT1*roga.

BUCHOBKU

JocnigeHo noTeHLian COHAYHOI eHeprii ANA KUTNOBOro
KoMnsieKkcy MmicTa [Hinpa npotArom poky. byna nobyao-
BaHa eKCnepuMeHTasibHa YCTaHOBKa (reniogoH) ana gocni-
[JYKeHHsA 3aTiHeHHA dacasiB OYANHKIB }KUTNOBOro KOMMne-
Kcy. 3a gonomoroto ¢isMYHOro MoLentoBaHHA BU3HAYEHO
YaCcTKy OCBITNIEHHA AnA KoXHOro gacagy 6yaMHKIB AnA OK-
pemux micauis. Takox 6yno ouiHEHO BN/WB B3aEMO3aATi-
HeHHA dacaais byAMHKIB XUTNOBOIO KOMMJIEKCY Ta po3pa-
XOBaHO MOTOKM COHAYHOIO BUNPOMIHIOBAHHA, LLLO NafatoTb
Ha pacagm Byaisenb *KUTAOBOrO KOMMIEKCY NPOTATOM AHSA
B Pi3Hi mepiogn poKy. 3a 4ONOMOro MaTeMaTUyHOi MOo-
Leni po3paxoBaHO cepefHi NOTEHLia/IM COHAYHOrO BMMPO-
MiHIOBAHHSA 33 AeHb A5 6YAMHKIB X KUTNOBOr0 KOMMEKCY 3
ypaxyBaHHAM 3aTiHeHHA Big, cyciaHix byaisenb Ta xmapHo-
CTi Heba. TaKoxXK OLiHEHO PiYHi COHAYHI NoTeHUianu 6yanH-
KiB. Pe3ynbTatv moaentoBaHHA NOKasyoTb, WO AOCAIAKY-
BaHWWA KUTNOBUMA KOMMJIEKC 3a pPiK MOMXe OTpuMaTu
npnbaunsHo 6934,15 MBT-rog eHeprii. Takuit aHani3 MoXKHa
BMKOPWUCTOBYBATU A/1A BM3HAYEHHA HaWMpUAaTHIWMX 30H
Ha byaisni ANA ONTMMaNbHOFO BUKOPWUCTAHHA COHAYHOrO
noTeHLUiasy B ymoBax MiCbKoi 3abya0Bu.
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Abstract. This paper presents a study of the solar energy poten-
tial for buildings of an urban complex in the city of Dnipro dur-
ing the year. For this purpose, an approach where mathemati-
cal simulation and physical models are combined to estimate
the shading of facades by surrounding buildings and structures.
To assess the solar potential of a residential complex, at first,
the model calculates the maximum solar potential for certain
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structures, provided there are no obstacles, in the second stage,

the potential is determined taking into account the complex geometry of buildings and their mutual shading,
and in the third stage, the effect of cloudiness of the sky is taken into account. The obtained results are
important for improving an existing system or for choosing the most efficient solar technologies (solar ther-

mal and photovoltaic).

Keywords: solar potential, energy efficiency, mathematical model, heliodon, residential complex.

List of symbols and abbreviations
| total solar radiation on the surface

Qm — average solar radiation on the surface during the day

Introduction. Today, the majority of Ukraine's population
is concentrated in cities. These urban centers consume the
vast majority of energy. And forecasts suggest that the per-
centage of the urban population will grow. The power sup-
ply situation across Ukraine is difficult; we have outdated
power lines, unstable power supply, power outages and in-
creased electricity tariffs. All these drive the adoption of ur-
ban energy production systems that use local resources, re-
ducing dependence on fossil fuels and, as a result, reducing
greenhouse gas emissions and preventing harmful emis-
sions into the environment. Individual small=capacity solar
systems (solar collectors or photovoltaic cells), which are
placed on the facades of houses, have become increasingly
widespread. Ukraine's geographical location provides suffi-
cient potential for using solar energy in both industrial and
domestic applications. The average annual total solar radi-
ation falling on 1 m? of surface in Ukraine ranges from
1,070 kWh/m? in the north to 1,400 kWh/m? and higher in
the south of Ukraine. [1-3]. For example, this is higher than
that of Germany — 1,000 kWh/m?, or even of Poland —
1,080 kWh/m? [4]. Therefore, the potential of solar energy
in Ukraine is high enough for the widespread implementa-
tion of both thermal and photovoltaic equipment. So, in our
climate, solar systems can operate all year round, but with
variable efficiency.

EU future building requirements mandate both high energy
efficiency and a significant degree of local renewable en-
ergy production, and building integration of solar energy
systems are expected to become more widespread [5]. The
use of solar energy in cities through the installation of solar
collectors and panels (photovoltaic systems) increases en-
ergy sustainability and potentially minimizes urban pollu-
tion. And from an architectural design point of view, these
systems can be aesthetically and functionally integrated
into building structures of facades and roofs [6-9]. Accu-
rately determining a city's solar potential allows to estimate
theoretically the level of energy self-sufficiency in urban ar-
eas. Mathematical modeling methods are used to practi-
cally determine the solar radiation potential of modern cit-
ies [10-12]. In urban development, the problem arises from
the shading of facades by neighboring buildings or other
structures. The complex geometric arrangement of multi-
story buildings is more characteristic for modern residential
complexes. Therefore, specialized complex computer mod-
els are developed to take into account the influence of the
complex urban geometry [6,7,10-13], these models are up-
dated and improved. In Ukraine, the use of solar energy is
increasing, although the number of solar installations is still
small compared to neighboring countries. Space and water
heating is a significant share of the energy needs for a
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residential building, so active and passive use of solar en-
ergy is important. The highest solar radiation is available
during the summer months and it is far less in winter. The
path of the sun through the sky also changes significantly
throughout the year. In the city of Dnipro the height of the
sun above the horizon in summer reaching about 65°, while
in winter it is about 20°. The low angle of incidence of the
sun's rays means the facade installations can be a good op-
tion, especially for energy used for heating. This also means
that shading from surrounding buildings can be a problem.
Modern cities are complex urban environments character-
ized by high building densities due to a gradual increase in
population, so the dynamic and complex shading of build-
ing surfaces is also an actual problem. A preliminary analy-
sis is necessary to estimate access to sunlight and prevent
facade over shadowing its.

The purpose of the work is to determine the available solar
energy potential for a separate residential complex in the

a)

city of Dnipro, taking into account the solar energy distribu-
tion throughout the year, local climatic conditions and
shading from surrounding buildings.

Characteristics of the urban residential complex of the city
of Dnipro. In this work a typical residential complex of five
buildings in the Sobornyi district of Dnipro was chosen to
assess the potential of solar energy. A satellite photo of this
complex (Fig. 1, a) was obtained using the free mapping
service of Google [14]. The scheme of the buildings of this
complex with orientation to the cardinal points is shown in
Fig. 1, b, and Table 1 outlines the geometric characteristics
of these buildings. The angle of each facade's normal rela-
tive to the south direction was determined taking into ac-
count the area of windows and structural elements of the
buildings. Solar collectors installation on the buildings roofs
at a 45 degree tilt with a south orientation was also studied.

7%
\ .\“

A \ " 4 > 4 -\x

v X s "

N\ Y,

Al

6)

Fig. 1. The urban complex in the Sobornyi district in the city of Dnipro:
L 1L, IV, V - buildings number, 1, 2, 3, 4 — facades number; a) satellite photo; b) buildings plan

Table 1. Characteristics of the buildings of the urban complex

Building Facade Angle of normal from south, Height, m Width, m Free surface area,
degrees %

1 30 46 50
2 -60 16 100

| 45
3 -150 46 50
4 120 16 100
1 30 46 50
2 -60 16 100

Il 45
3 -150 46 50
4 120 16 100
1 30 15 40
2 -60 66 50

Il 30
3 -150 15 40
4 120 66 50
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Building Facade Angle of normal from south, Height, m Width, m Free surface area,
degrees %

1 30 15 100
2 -60 46 50

v 30
3 -150 15 100
4 120 46 50
1 30 46 100
2 -60 16 50

\Y 30
3 -150 46 100
4 120 16 50

As shown in Fig. 1, the buildings of the selected residential
complex are located in such a way that they can create
shading on the surrounding buildings facades depending on
sun's position in the sky reducing available solar radiation.

The study of buildings facade shading for a residential
complex. To study the building facade shading depending

on their geometric location and sun's position in the sky,
we chose the method of physical modeling using a heliodon
- a device that simulate sunlight on the surface where mod-
els of buildings and structures are placed. A desktop helio-
don with a fixed light source and a movable flat surface that
can be rotated to change the orientation of the studied
structure was built, this scheme is shown in Fig. 2.

Fig. 2. Scheme of the experimental installation with a desktop heliodon*1 — light source, 2 — fixed base of the installation,
3 —flat working surface, 4 — flat support surface, 5 — rotation axis of the support surface

The stationary base of the device was made of a 20 mm thick
chipboard, and the supporting and working surfaces with di-
mensions of 500 x 600 mm were made of 10 mm plywood.
The working surface was connected to the supporting sur-
face with two metal hinges, which made it possible to change
the angle of inclination. The required inclination angle of the
working surface was fixed using a metal rotary clamp. The
working surface is rotated in the horizontal plane around an
axis fixed to the stationary base. A circular scale of rotation
degrees for the working surface around the axis was applied
to the installation base. Multimedia projector like the
VIVIBRIGHT GP90 was used as a radiation source for model-
ing sunlight falling on the working surface of heliodon, it al-
lows having a bright beam with small divergence.

A 1:500 scale geometric model of studied residential com-
plex was placed on the working surface of the heliodon. The
scale models of individual buildings were made of sheet
foam and fixed on the working surface according to the
scheme in Fig. 1.

The monthly shading facades of buildings was studied, for
this purpose the fifteenth day of each month was chosen.

The inclination angles £ and ¥ hourly for specified days
were calculated using a mathematical model [10], these
values determine the inclination angle of the heliodon
working surface relative to the base surface and the rota-
tion angle to the light source. Photo of Fig. 3 illustrates the
results of physical modeling of the building facades shading
for the studied residential complex.

Fig. 3. Model of buildings shading for the urban complex
as of: a) 8:00 on April 15; b) 10:00 on May 15
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Using the obtained results of physical modeling, the hourly
share of lighting for each facade per month was deter-
mined. Thus, the results for the specified building facades
were obtained per month.

Analyzing the obtained results, it is possible to conclude
that mutual shading of neighboring buildings of a residen-
tial complex can be significant, and therefore it can affect
the amount of solar radiation for each individual building.
Thus, analyzing the buildings orientation of the studied
complex, we see that facades 3 and 4 of all buildings are
almost always in the shade and their solar potential is insig-
nificant, so we can ignore it. At the same time, the condi-
tions of solar radiation on facades 1 and 2 are different for
all buildings, depending on the time of day and month, so
each such facade should be studied separately.

The study of solar potential of buildings facades in the res-
idential complex. Using the mathematical model [10], we
calculated solar irradiation / on buildings facades of the res-
idential complex, taking into account the orientation of the
specified facades for clear sky conditions and absence of
shadows for April 25, the results are presented in Fig. 4.

1000
800 1
= Facade 1
o 000 7 ——Facade 2
E
s Facade 3
T 400 1 Facade 4
— Roof
200 +
0

Time, hour

Fig. 4. The solar irradiation for facades and roof of building
1 for clear sky during April 25

Similarly, for each month we determine the average poten-
tial of solar irradiation during the day for the facades and
roof of building 1. The data obtained is represented in Ta-
ble 2.

Table 2. Average solar potential per day Qm for facades and roof of building 1 for clear sky, kWh-hour/m?-day

Month Facade 1 Facade 2 Facade 3 Facade 4 Roof
March 4,46 3,60 0,60 1,40 6,06
April 4,15 3,95 1,10 2,19 6,74
May 3,60 3,94 1,68 2,86 6,83
June 3,20 3,85 2,0 3,14 6,76
July 3,35 3,88 1,86 3,01 6,77
August 3,90 3,93 1,32 2,44 6,76
September 4,35 3,74 0,76 1,67 6,36
October 4,30 3,17 0,37 0,97 5,33

Using experimental data obtained through physical model-
ing of mutual shading between building facades, we calcu-
late solar irradiation during the day at different periods of

the year using a mathematical model. Fig. 5 shows solar ir-
radiation on facade 2 of building 1 for clear skies and taking
into account shading.

800 800 800
P — without shading

m: 600 /f'\ \\ o 600 /,-—- \ 600 /] N | —— with shading
= ] 1 /— I ——
= 2 k=
= 400 = 400 A S 400 \ [
" Sy - ANDE 1A

0 / 200 /" \.// 200 // T

0 P 0 /—r1 0 e L
Time, hour Time. hour Time, hour
a) 6) 8)

Fig. 5. The solar irradiation during the day on facade 2 of building 1 without shading and taking into account shadows: a)
April 15; b) June 15; c) September 15
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As can be seen from the figures above, solar irradiation on
the studied facade change significantly during the year
(spring, summer, autumn). The greatest value of solar radi-
ation on facade 2 falls on spring (April), in autumn (Septem-
ber) the radiation is less, but not significantly. In summer
(June) the solar irradiation on the specified facade is less,
this can be explained by the fact that in summer the aver-
age angle of inclination of the sun's rays to the vertical sur-
face of the facade is less.

It should also be noted that at certain times of the day,
shadows from neighboring buildings significantly reduce
the available solar radiation on the facade. For example, af-
ter 2 p.m., the available radiation on facade 2 drops from
627 to 63 W/m? due to shading from other buildings.

Similarly, we determine the solar radiation on facade 1, in the
calculations we use the share of facade lighting d, obtained
from physical modeling shading by neighboring buildings. Fa-
cades 3 and 4 are oriented in space so that they are in the
shade most of the time, so their solar potential has no practical
significance. As a result, we calculate the full potential for
building 1 by summing the potentials of the two facades and
the roof. The obtained results of the average solar potential
per day for the 1st, 2nd facades and the roof of building 1 are
summarized monthly in Table 3. As can be seen, the solar po-
tentials of a building facade not accounting for shadows are
qualitatively different from the potentials taking into account
for shadows from neighboring buildings. The greatest facade
shading is observed in April and May, when the solar radiation
on the facade decreases by almost 3 times.

Table 3. Average daily solar radiation potential for building 1 without shading and with shading per month,

kW-h/(m?day)
Facade 1 Facade 2
Month Roof
without shading | with shading without shading | with shading
March 4,46 4,42 3,60 226 6,06
April 4,16 4,14 3,95 1,59 6,73
May 3,59 3,58 3,94 1,78 6,83
June 3,20 3,23 3,85 2,73 6,76
July 3,35 3,39 3,88 2,75 6,77
August 3,89 3,91 3,93 2,79 6,76
September 4,35 4,33 3,74 2,36 6,36
October 4,31 4,25 3,17 2,0 533

The next step involes determining the potential of solar en-
ergy Em or each building surface of the residential complex
during the month using the formula:

EM :F‘N‘QM ,kW'h

where F—available surface area; m?;
N — number of days per month;
Qu - solar radiation, kW-h.

Summing up the potential values for the month, it is possi-
ble to determine the solar potentials of each of the build-
ings and the entire residential complex during the year, Ep
(kW-h). The obtained data are summarized in Table 4. As
can be seen from the presented data, the solar potentials
of individual buildings of the residential complex have quite
different values. Thus, buildings 1, 2, 3 can receive approx-
imately the same energy of solar radiation per year, and
buildings 4 and 5 receive approximately 20 and 40% less so-
lar energy, due to differences in orientation.

Table 4. Annual solar potentials of buildings in the urban
complex

Building number Annual potential Ep, MW-h
2477,7
2698,9
2594,3
2113,0

1672,8

vl | W N| -

The study of cloudiness effect on solar potential of the
buildings facades of a residential complex. An additional
factor that can significantly affect the potential of solar ra-
diation is the presence of cloudiness. Data on the cloudi-
ness degree of the sky (%) in the city of Dnipro for 2023
were taken from the archive of the Ukrainian Hydromete-
orological Center [15,16]. Using a mathematical model and
data of the cloudiness degree for the period from April to
October 2023, the average solar potential per month for
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the facades of building 1 was determined. The calculation
results are presented in Table 5. Fig. 6 shows the solar

potential per day for facade 1 of building 1 for the selected
months of 2023.

Table 5. The results of calculations of the average solar potential per day (kW-h/m?.day) for clear skies and taking into
account cloudiness for the facades of building 1 for selected months of 2023

Facade
Month cloudiness, | 2 3 4
%
Clear Cloudy Clear Cloudy Clear Cloudy Clear | Cloudy
March 42,8 4,42 2,53 3,60 2,06 0,60 0,34 1,41 0,81
April 31,6 4,14 2,83 3,95 2,70 1,10 0,75 2,19 1,50
May 39,2 3,58 2,18 3,94 2,40 1,69 1,03 2,85 1,73
June 34,2 3,23 2,12 3,85 2,53 2,00 1,32 3,14 2,07
July 21,6 3,39 2,66 3,88 3,04 1,85 1,45 3,01 2,36
August 19,7 3,91 3,14 3,93 3,16 1,31 1,05 2,43 1,95
September 28,3 4,33 3,10 3,74 2,68 0,76 0,54 1,66 1,19
October 42,7 4,25 2,43 3,17 1,82 0,44 2,52 0,96 0,55
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Fig. 6. Solar potential diagram per day for facade 1 of house 1 for selected months of 2023

Similarly, we calculate the average solar potentials taking
into account cloudiness for the facades of buildings 2 — 5
and the annual potentials for these buildings (Table 6).

Table 6. Annual solar potentials for buildings of urban
complex taking into account cloudiness

Annual potential, MW-h
Building number | ithout with cloudiness
cloudiness
1 2477,74 1982,19
2 2698,93 2159,14
3 2594,38 2075,50
4 2113,05 1690,44
5 1672,82 1338,26

As can be seen from the above data, cloudiness reduces the
solar potential of each house in the residential complex by
approximately 20%. It should be noted that this value is not
constant and depends on climatic conditions, which can
change significantly each year. From the point of view of
available solar potential, 2023 was favorable, because in
the period from March to October there was little cloudi-
ness.

For practical use of solar potential, the houses in the resi-
dential complex must be equipped with solar collectors or
solar panels. Solar collectors, depending on the type, have
an average efficiency coefficient of 0.7 - 0.8. Therefore, the
total thermal energy for all five buildings can receive ap-
proximately 9245.53 - 0.75 = 6934.15 MW:-h.
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CONCLUSIONS

The potential of solar energy for a residential complex in
the city of Dnipro was studied during the year. An experi-
mental device (heliodon) was built to study the shading of
the building facades of a residential complex. Using physi-
cal modeling, the share of facade lighting for studied build-
ings was determined for individual months. The mutual
shading between neighboring buildings of the residential
complex was also assessed and solar irradiation on the
building facades of the residential complex during the day
at different periods of the year were calculated. Using a
mathematical model, the average solar potentials per day
for the buildings of residential complex were calculated,
taking into account shading from neighboring buildings and
cloudiness of the sky. The annual solar potentials for the
buildings were also estimated. The modeling results show
that the studied residential complex can receive approxi-
mately 6934.15 MW:-h of energy per year. Such an analysis
can be used to determine the most suitable areas of the
building for optimal use of solar pot ential in urban devel-
opment conditions
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