AHOTANIA
bypmaxa B.O. 1linBuilieHHs: eHEProePEKTUBHOCTI CyMIIEHOT0 OCBITIICHHS OY/Ii-
BEJIb 3 BpaxyBaHHSIM €HEPreTHYHOro OanaHcy npuminieHb. — KBamigikaiiiina HaykoBa

mparls Ha MpaBax PYKOIHCY.

JHucepTartist Ha 3100yTTsI HAYKOBOTO CTYIICHs JOKTOpa (itocodii 3a creriaabHic-
TI0 141 «EnexTpoeHepreTrka, e1eKTPOTEXHIKA Ta eleKTpomexaHika» (14 — Enektpuuna
1HxeHepis). — TepHoniIbChKHI HAIIOHAIBHUM TEXHIYHUN YHiBepcuTeT iMeHi [Bana [ly-

most, Teproninb, 2020.

Jlana po6oTa mpHCBsiY€HA MUTAHHIO IMiIBUIIECHHS €HEProeeKTUBHOCTI CyMiIe-
HOTO OCBITJIEHHS Oy/iBeJb, 32 PaXyHOK 30UIBIICHHS YaCTKU MPUPOJTHOTO CBIT/IA Ta BH-
KOPHUCTaHHSI CHCTEM KEpYBaHHS IITYYHUM OCBITIEHHSM.. Byno posrisHyTo Bapiant 3
OOKOBHM TIPUPOIHUM OCBITICHHSIM O(iCHUX MpUMIilleHb. Bu3HaueHo BIUIUB CBITIOTEX-
HIYHUX Ta TEIUIOTEXHIYHUX MapaMeTpiB CBITJIONPO30PUX 30BHIMIHIX OTOPOKYBATBHUX
KOHCTPYKIIIM HA CyMapHUN €HepreTUYHUN OaaHC MPUMIILICHHS.

HocnimxkeHHs moao0 eheKTUBHOCTI BUKOPUCTAHHS MTPUPOTHOTO OCBITIECHHS OYJI0
IIPOBEICHO Ha OCHOBI BUKOPUCTAHHS KOE(DILIIEHTY MPUPOJHOTO OCBITIEHHS, IKUH Xapa-
KT€PU3YETHCS B1ICOTKOBUM BIJHOIIEHHSM MPUPOIHOT OCBITJIICHOCTI Y OY/Ib-sIKiil TOYIN B
cepeuHl MPUMIIICHHS 0 OJHOYACHO BUMIPSHOI HA TOMY K PiBHI OCBITJICHOCT1 30BHI-
IIHBOI TOPU30HTAIBHOI IUIOUIMHU PIBHOMIPHO PO3CISSHUM CBITJIOM YChOI'O HEOOCXMILY.
B po6oTi po3risiHyTO BIUIMB T€OMETPUYHUX MapameTpiB MPUMIIIEHb Ta CBITIOMPO30-
pHUX 30BHILIHIX OrOPOKYBaJIbHUX KOHCTPYKI[IH Ha BEIMYMHY KOe]illleHTa IPUPOAHOTO
OCBITJIEHHSI B PO3PaxyHKOBIM ToUlll Ha poOouiil moBepxHi. Lle BaxiIMBO, TOMy LI0 MpU
BUKOPHUCTaHHI CBITJIOBOTO KoedimieHTy Ta koedimienty WWR (window-to-wall ratio),
IpU CTAJOMYy iX 3HAYEHHI, BEJIMYMHA KOe(]il[leHTa MPUPOIHOIO OCBITICHHS BIIPi3HS-
€ThCS B JieKUIbKa pa3. e moB’s3ano 3 Tum, o miomia C30K He BimoBigae ol 3a-
CKJICHHS, Yepe3 SIKe JIEHHE CBITJIO MPOXOJIUTh B MpuMilieHHs. [1noma npuminieHHs He
BIJIMTOBIJIa€ TUTOMII poOOYOT TOBEPXHI, Ha SIKili HEOOXITHO 3a0€3MEYUTH HOPMOBAHE OCBIT-
JICHHS, a pO3MipY MPUMIIIEHHS 1 poO040i MoBepxHI B3arani He BpaxoBytoThesi B CK Ta B

WWR. ToMy icHYIOTh 00’€KTHBHI TPYIHOILIl 3 yHI(IKALI€I0 pe3ybTaTiB JOCIHIKEHb



e(peKTUBHOCTI OOKOBOTO MPUPOAHOTO OCBITICHHS, SIKIi OOYMOBJICHI BIZTABOM PO3MipiB
MPUMIILICHHS HAa 3Ha4YCHHS KoedillieHTa MPUPOIHOTO OCBITJICHHS B PO3PaXyHKOBIM TOY-
11 Ha poOOU1ii MOBEPXHI.

B pesynbTari aHamizy 3ajieKHOCTEH BENIWYMHH KOEQIIl€eHTa TMPUPOIHOTO OCBIT-
JICHHS B1JI pO3MipiB MPUMIIIEHb Ta IUIOLII CBITJIONPO30pPOT 30BHIMIHBOI OTOPOIKYBAIBLHOT
KOHCTPYKIIIi 3aIpOIIOHOBAHO BUKOPHUCTOBYBATH 3BEACHUN 1HICKC 3aCKICHHS MPUMIIICH-
Hs. BiH BpaxoBye He TUTBKH IJIOILY 3aCKJICHHS CBITJIOMPO30POi 30BHINIHBOT OTOPOJIKY-
BaJIbHOT KOHCTPYKIIii, ajie i po3MipHu Ta IUIolry pobouoi moBepxHi. [le 1ae MOXKIUBICTD
BUKOPHCTOBYBAaTH PE3yJbTAaTU AOCHIIKEHb €(PEKTUBHOCTI MPUPOJHOIO OCBITIIEHHS 0€3
MIPUB’SI3KU JI0 KOHKPETHUX PO3MIpIB IpUMIIICHHS. B pe3ynbrari anpokcumariii 1aHoi 3a-
JISKHOCTI OTPUMAHO PIBHSHHS, SKE OTIMCYE B3a€MO3B’ 130K MiXK TAHUMHU BEJTUIMHAMMU.

JIns BU3HAUCHHS TLIOIII CBITJIONPO30PO1 30BHINTHBOI OTOPOIKYBAIbHOI KOHCTPY-
KIIi1, TIpU K1 3a0e3nedyeThcsi HeoOXigHe 3HAaYCHHS KOe(DIIEHTY TMPUPOIHOI OCBITIIE-
HOCT1 B PO3PAaXyHKOBIM TOYI, PO3POOJIEHO alITrOPUTM, SIKUHA BPAaxOBY€E SIK LIMPHHY HE-
IPO30POT YACTUHU CBITIONPO30POi 30BHINIHBOT OrOPOKYBaIbHOT KOHCTPYKIIii, TakK 1 11
IPOIOPIIIi.

[IpoBeneHo aHai3 3aJIEKHOCTI TPUBAJIOCTI 3a0e3MeUeHHs] HOPMOBAHOI OCBITIIE-
HOCTI JICHHUM CBITJIOM MPUMIIICHb (ABTOHOMHICTh MPUPOJHOTO OCBITICHHS) BiJl BEJIH-
YUHU KOoe(]illeHTa TPUPOHOTO OCBITIICHHS. BU3HAaU€HO MUTOMY aBTOHOMHICThH MPHUPO-
JHOTO OCBiT/IeHHs odicHux mpumintens (rox/(pikm’)) mwis M. TepHomins. JloBexeHo,
10 HE3aJIEKHO BiJl pO3MIpIB MPUMIIIEHb, MAKCUMAaJIbHA TUTOMA aBTOHOMHICTb MPUPO/]I-
HOT'0 OCBITJIEHHA (111 HOpMoBaHOi ocBiTiaeHOocTI 300 1K), mpu OOKOBOMY IPHUPOAHOMY
OCBITJICHHI JOCSTAEThCA MPH KoedIli€EHTI NMPUPOTHOTO OCBITIICHHS B Mexax Bim 1,7%
1m0 1,9%, makcumym nipu 1,8%. Ilpu HOpMOBaHiit ocBiTiaeHoCcTI 500 IK MakcMMallbHA
MUTOMa aBTOHOMHICTh MPUPOJHOTO OCBITIIEHHS Ma€ MicIle MpU Benu4uHi Bix 2,6% 10
3,0%, makcumym — ipu 2,8%.

B po0o0TI pOo3riasiHyTO NUTaHHS BIUIMBY Opl€HTALli, TEPMIYHOIO OMOpY Ta Koedi-
I[IEHT BIJIHOCHOT'O NMTPOHUKHEHHS COHSYHOI pajiallii CBITIONMPO30p0i 30BHIIMIHBOI OTOPO-
JUKYBaJIBHOI KOHCTPYKIIII HA CyMapHi BTpaTu TeIUia B ONAIIOBAJIbHUMN MEpioa Ta WOro

HAJXOKEHHS B OXOJIOKYBaJIbHUI niepio. Lle 00yMoBII€HO THUM, 1110 HA TaHUW 4Yac Bl-



JCYTHI peKOMEHJAIll 100 3HAYEHHS MMapaMeTpiB CBITIONPO30PUX 30BHILIHIX OrOPO-
JUKYBQJIBHUX KOHCTPYKI[IM, MPU SIKUX BUHUKAE 3MEHILIECHHS CyMapHOrO CIIO>KMBAHHS
€JIEKTpOEHEPTii pu 3a0e31eyeHH1 KOMPOPTHUX MapaMeTpiB MOBITPsA B npumilieHHi. Ha
JTAaHUHW 4ac OCHOBHUM IMapaMeTpoOM, 3a SKUM OOMPAIOTh CBITJIOMPO30p1 30BHIIIHI OTOPO-
JOKYBaJIbHI € TepMiuHUE omip. OCKUIBKU, TEPMIYHUN OMIp PI3HUX YACTHUH CBITJIONPO30-
pHUX 30BHIIIHIX OTOPOKYBAJbHUX KOHCTPYKLIA Ma€ pi3Hy BEIUYMHY BHHHKIA HEOO-
XIHICTh B PO3POOII aHANITUYHUX BUPA3iB Uil OTPUMaHHS BIZHOCHUX Ta aOCOMIOTHUX
IUIOL 3aCKJIEHHS, MPOQUII0 Ta 3aMiHEHHS CBITJIONPO30PUX 30BHIIIHIX OrOPOKYBaJlb-
HUX KOHCTPYKIM MNpsAMOKYTHOi KoH(irypamii. B pe3ynpTari nocnmigkeHb OTpHUMaHi
aHaJITUYHI BUPA3U JUIsl BU3HAUYCHHS a0COTIOTHUX 1 BIIHOCHHUX IO 3aCKJICHHS CBITJIO-
IPO30PUX 30BHIIIHIX OrOPOJKYBaJbHUX KOHCTPYKUIA HalMoOIMpeHIMX KOHQIrypa-
i, [le gano MOXKIMBICTH OTPUMATH 3aJIEKHOCTI BUTPAT €IEKTPOCHEPTii Ha OMajIeHHS
Ta OXOJIOKEHHSI 0(ICHOTO MPUMIIIEHHS, BiJl KOe(IIlI€EHTY BIJIHOCHOTO MPOHUKHEHHS
COHSIYHOI pajiauii 1 TEPMIYHOrO ONOPY MPHU 3MIHI OplEHTALli CBITJIONPO30pPOI 30BHIIII-
HBOT OTOPOJIKYBaJIbHOI KOHCTPYKINI ayigs M. TepHominb. OTpuMaHi pe3yibTaTH Aaliu
MO>KJIUBICTh BU3HAUUTHU TEIUIOTEXHIYHI Ta cBiTioTexHIYHI nmapameTpu C30K, npu sikux
npupoaHe OOKOBE OCBITJIICHHS NMPU3BOJIUTH J0 3MEHILICHHS CyMapHOrO CIOXHBAaHHS elie-
KTpOEHEeprii /y1st 3a0e3nedeHHs] KOM(POPTHUX IMapaMeTpiB MOBITPS B IPUMIIIICHHI.

Bupasu 15 BU3HaueHHS aBTOHOMHOCTI MIPUPOJIHOTO OCBITJICHHS, BTpAT TeIljia Ta
HAJXO/DKCHHS COHSIYHOI pajiarlii 4epe3 CBITIONPO30PY 30BHIIIHIO OTOPOHKYBAIbHY
KOHCTPYKIIi}0 B OMAaJIOBaJIbHUI Mepiofl, Ta HAJIUIIKOBE HAJAXOKEHHS TeIjia B 0XOJIO-
JUKYBaJIBHHMM 1iepioa Juist M. TepHOmuIb MoeaHaHo. B pe3ynbrari OTpuMaHoO BHpa3H SIKI
JO3BOJISIIOTH BUBHAYUTH MMApaMETPH, MPU SIKUX BCTAHOBJICHHS CBITJIONPO30pPOi 30BHIIII-
HBO1 OTOPOIKYBAJIBHOT KOHCTPYKIIIi T03BOJISIE 3MEHIIIUTH CYMapHE CTIIOKMBAHHS €IEeKT-
poeHeprii npuminieHHsIM. TakoX IpeACcTaBIeHO HEPIBHOCTI JIJIT BU3HAYCHHS CBITIIOTE-
XHIYHUX Ta TEIJIOTEXHIYHUX MapaMeTpiB CBITIOMPO30PUX 30BHINIHIX OTOPOIKYBAIb-
HUX KOHCTPYKIIIM, MPH AKX 3MEHIIYEThCS CyMapHE CIOXKMBAaHHS €JIEKTPOCHEPTii B
npuMIitIeHH1 a1 M. TepHOMias IpH pi3HiH IX M0l Ta Opi€HTAIII].

Kpim Toro Oynu mpoBelieHl JOCIIIKEHHS MO0 €KOHOMIYHOI Ta €HepreTU4HOI

e(pEeKTUBHOCTI BUKOPHUCTAHHSI CUCTEM KEPYBAHHS IITYYHUM OCBITJIICHHSM CXOJIIB, Map-



IiB Ta MOBEPXOBUX KOPHUIOPiB. BU3HAYEHO €KOHOMIUHY Ta €HEPreTUUHY €(PEKTUBHICTh
BUKOPHUCTAHHS CUCTEM KEpPyBaHHS IITYYHUM OCBITJICHHSIM 3a JOIIOMOI'OI0 aCTPOHOMIY-
HOTO peJie Ta JaTYUKIB PyXY 3 PI3HUMHM TUIIAMH JKEPEJT CBITIIA JJIsS CXO/1B (MaaHuu-
KiB Ta MapiiiB) 0araTomoBepXOBUX KHUTJIOBUX OyaWHKIB. J[Jis mboro OyJi0 MPOBEICHO
aHaJ13 TOMICSYHOI IHTEHCUBHOCTI PyXy MEIIKAHIIIB 9-TH MOBEPXOBHUX XKUTJIOBUX OYIH-
HKIB Yepe3 JIBEPHI MPOPI3U BXIJHUX JIBepel OyIUHKY. BCTaHOBIIEHO, 1110 HE3AJIEKHO B1J
eHeproeeKTUBHOCTI JKEPEIT CBITIa BUKOPUCTAHHS aCTPOHOMIYHOTO pelie IPU3BOIUTH
710 3HWKEHHSA CIIOKMBAaHHS €JIEKTPOCHEPrii Ha mTy4yHe ocBITIAeHHs Ha 49,31-50,58%. B
TOU 4Yac, K BUKOPUCTAHHS JAaTUYUKIB PyXy MPU3BOAUTH 10 OUIBII CyTTEBOTO 3MEHIIICHHS
CHOKMBAHHS €JICKTPOEHEpPrii, a came: MpH BHUKOPUCTAHHI JaMIl pO3KApPEHHS — Ha
97,92%, ranoreHHux jami — Ha 97,73%, KOMIAKTHUX JIOMIHECIIEHTHUX JaMIl — Ha
95,27%, cBiTnomiogHux Jiami — Ha 93,98%. Ynepiie orpuMaHni JaHi IHTEHCUBHOCTI py-
Xy MENIKaHIIB 9-TH MOBEPXOBUX KUTJIOBUX OYIUHKIB uepe3 ABEPHUMN MPOPi3 MEPIIOTO
noBepxy s M. TepHONLIb.

3 TOYKH 30py €KOHOMIYHOI €(PEeKTUBHOCTI pe3yJIbTaTH BUSBUIUCS JEHIO 1HIIL. Y
3B 43Ky 3 HEOOXIJHICTIO B BCTAHOBJICHHI J€B’SITH JATUMKIB PyXy, EKOHOMIUYHUN €PeKT
BiJl X BUKOpPUCTaHHS 3HAYHO MEHIMH. Tak, Mpu BCTAHOBJIEHHI aCTPOHOMIYHOTO pelie,
BapTiCTh BOJMIOAIHHS 3a 10 pOKiB 3MEHIIYeThCS: 3 Jlamnamu pozxapeHHs — Ha 50,04%,
rajjoreHHUMU J1amMnaMu — Ha 50,05%, KOMIIaKTHUMH JTIOMIHECIICHTHUMH JIaMIIaMH — Ha
46,38%, cBitnomaionaumu Jammnamu — 43,98%, Tofll SIK MPU BUKOPUCTAHHS JATYUKIB PYXY
— 3 JIJaMIaMu po3xapeHHs — Ha 86,70%, rasiorenHumu namnamu — Ha 84,40%, KOMITaKT-
HUMU JTIOMIHCCIICHTHUMH JaMiiaMu — Ha 46,62%, cBiTiaogiogaumu dammnamu — 15,70%.

HaykoBa HOBH3HA Ofiep>KaHUX PE3YJIbTATIB MOJISITA€ B HAYKOBOMY OOIPYHTYBaHHI
Ta BUPIIIEHHI BaXJIMBOI HAYKOBOI 3a/aul MiJABUIIEHHS aJE€KBAaTHOCTI OLIIHKK €HEproe-
(eKTUBHOCTI OOKOBOT'O MPHUPOJHOTO OCBITJICHHS Ha OCHOBI OJHOYACHOTO BpaxyBaHHS
MHOXHHHU (DAKTOPIB, SKI CYTTEBO BILIMBAIOTh HAa WOTO SIKICHI Ta KUIbKICHI IMapaMeTpH B
npoueci ekcruryatauii. [Ipu 1iboMy oiep»aHo Takl HAyKOB1 Pe3yJIbTATH:

1. OTpuMaHO aHATITAYHI BUpa3W JJIs BU3HAYCHHS BIJIHOCHHMX Ta aOCOJTIOTHHX
3HAY€Hb IUIOII 3aCKJICHHS, TPOQUII0 Ta 3aMIHEHHS CBITJIONPO30pOI 30BHINIHLOT OTOPO-

JDKYBaJIbHOI KOHCTPYKIIT MPSIMOKYTHOI opMu 3 OyAb-SIKOIO Hamepen 3aJaHoro i1 Bij-



HOCHOIO NIMPHHOIO, IO Ja€ MOKJIWBICTh BU3HAYWTH ONTHMAJIbHI, 3 TOYKH 30py 3a-
CKJICHHS, iX PO3MIPH.

2. Yuepiie oTpUMaHO MaTeMaTUYHHUN BUpa3 AJIs 3BEJCHOTO iHAEKCY 3aCKICHHS
MPUMIIIICHHS, [0 J1a€ MOXKJIMBICTh BH3HAYATH IUIOMNIY CBITIONPO30POi 30BHIIIHLOT Or0-
POJIKYBaJIbHOT KOHCTPYKIII, IpH sIKii 3a0e3neuyerbcs HopMoBane 3HaueHHs KI1O, 6e3
IPUB’SI3KU J10 MIEBHUX PO3MIPIB NpuMilleHHs. /[aHuii BUpa3 BpaxoBye ILIOILY 3aCKJICH-
HsI CBITJIONIPO30POi 30BHIIIHKOI OTOPOKYBAIBHOI KOHCTPYKIIii, IJIOITY poO0YO0i MOBEp-
XH1 Ta MMUOUHY 1 LIMPUHY NpUMILIEHHS. PO3p00iieHo anroputM po3paxyHKy IUIONII CBI-
TJIOMPO30pPOi 30BHINIHBOI OTOPOKYBAIBHOI KOHCTPYKIIT JUIsl 3a0€31€4YEeHHS] HOPMOBa-
HOTO 3HAYCHHsI KOE(]IIIEHTY MPUPOTHOTO OCBITICHHS B HE3aTIHCHUX MPUMIIICHHSIX J0-
BUIBHUX pO3MIpiB. JlaHuii anroput™ J03BOJIsI€ BU3HAYATHU ILIONLY OJHOCEKIIIHHOT CBIT-
JIOTIPO30POi 30BHINIHBOI OTOPOIKYBATBHOI KOHCTPYKIIii, MPHU SKii 3a0e3MeuyeThCsi HO-
pPMOBaHe 3HaYeHHS KOedIilIEHTY MPUPOIHOI OCBITICHOCTI B PO3PaXyHKOBIM TOYII 1, Bi-
JIOBiTHO, HA BCii poOOUiil MOBEpXHi.

3. Po3pobiieno MeToauKy Juisi BU3HAUEHHS ITUIONII CBITIOMPO30POi 30BHIMIHBOT
OTOPOJIKYBAJIBHOT KOHCTPYKIIIi, MPHU SIKiM 3a0e3mevuyeThcsi HeoOX11Ha BeIMunHa Koedi-
I[IEHTY MPUPOJTHOTO OCBITICHHS.

4. JloBeeHo, 110 TPH PI3HUX PO3MIpax MPUMIIICHHS XapaKTep 3MIHU KOC(IIIEHTY
IPHUPOJIHOTO OCBITJIEHHS BIIHOCHO MPOMNOPLIH CBITIONPO30POi 30BHIIIHBOI OrOPOIKYBa-
JIbHOI KOHCTPYKII HE € CHHXPOHHUM. SIK BUJHO 3 OTPUMAaHUX PE3yJIbTATIB, HA OJHUX 1
TUX € MPOMDKKAX MPOIMOPLIM MPH OJHUX PO3Mipax MPUMIIICHHS BEIMUMHA KOe]illieH-
Ty IPUPOJHOTO OCBITJICHHS 3pOCTAE, a MPH IHIINX — CIIAJAE.

5. BcranonieHo, 1o HaiOuLIbIna ePEeKTUBHICTh BUKOPUCTAHHS PUPOTHOTO CBIT-
Ja JUisl OCBITJIEHHS MPUMIILIEHb, TP HOPMOBaHii ocBiTiaeHocTi 300 K XapakTepHa AJis
3Ha4YeHb KOCS(DIIIEHTY MPHUPOJHOrO OCBITICHHS B Mexax Bin 1,7% mo 1,9%. Jlns 3Ha-
yeHHs 1,8% — BOHa MakcMMaibHa NMPU HOPMOBaHIN ocBiTiIeHOCTI B 500 TK MakcUMalib-
Ha e(EeKTUBHICTb BUKOPUCTAHHS CBITIONMPO30pOi 30BHINIHBOI OrOPOIKYBAIBbHOI KOHC-
TPYKIIi CIIOCTEPIraeThCsi MPU BETUYMHI KOSPIIIEHTY TIPUPOTHOTO OCBITICHHS Bix 2,6%

10 3,0% 3 ekctpemyMoM nipu 2,8%.



6. OTpuMaHO BUpa3u A1 BU3HAYEHHS aBTOHOMHOCTI MPUPOJIHOI OCBITJIEHOCTI,
JUIs. HOPMOBAHO1 BeNTMYMHU OCBiTIIeHOCT1 B 300 JIK, ISl MPUMIIIIEHb PI3HUX PO3MIPIB 3
PI3HOIO TLJIOIICHO CBITJIONPO30POi 30BHIIIHBOT OTOPOJIKYBaIbHOI KOHCTPYKIII.

7. BcraHOBIIEHO, 1110 BUKOPUCTAHHSA HA CXOJax Ta MOBEPXOBHUX KOPHIOpax Aat-
YUKIB PYXy MPHU3BOJUTH J0 CYTTEBOIO 3MEHILIEHHS CIOKMBAHHS €JIEKTPOEHEPTii: Mpu
BUKOPHUCTaHHI JIaMIT po3:xapeHHs — Ha 97,92%, ranorennux namn — Ha 97,73% komnak-
THHUX JIOMIHECIICHTHHX JiaMIl— Ha 95,27%, cBitnomioguux namMn — 93,98%. B Toii yac,
SK B 3aJIEKHOCTI BiJI €eHEproe(peKTUBHOCTI JIKEPEN CBITIa BUKOPUCTAHHS aCTPOHOMIY-
HOTO peJie MPU3BOANTH A0 3HM)KCHHS CHOKMBAaHHS €NEKTPOCHEPTii Ha MITy4YHE OCBIT-
nenHs Ha 49,41-50,58%.

[IpakTiuHe 3HA4YEHHsS OJCpPX)AHUX PE3YyJbTaTIB: TPYHTYIOUHCh HAa pe3yJibTaTax
EKCIIEPUMEHTAJIbHUX JIOCHIPKeHb, TEOPETUYHUX Yy3arajlbHeHb Ta PO3POOOK, BUPIIICHI
npo0emMu, sIKi MalOTh BaXKJIMBE MPUKIIAIHE 3HAUCHHS

1. OrpuManuii BUpa3 A03BOJISIE PO3PAXOBYBATH MIHIMAJIbHY IUIONILY 3aCKJIEHHS
CBITJIOMPO30POi 30BHINIHKOI OTOPOKYBATBHOI KOHCTPYKIIIT JIJIs1 3a0€31eUeHHsT HOPMO-
BAHOT'0 3HAYEHHS KOE(PIIIEHTY MPUPOJHOI OCBITICHOCTI 3 CTAaHAAPTHUM BIIXUJICHHSIM
0,894, ciparounch BUKIIIOYHO Ha po3Mipu nmpuMiileHHs. Lle ckimanae nepexymMoBu st
BUKOPHUCTaHHS OTPUMAHHUX PE3yJIbTaTIB MPHU po3poOIili OyaiBEeIbHUX HOPMATUBHUX JO-
KYMEHTIB.

2. OTpuMaHO BUpa3M ISl BU3HAYEHHSI aBTOHOMHOCTI MPUPOJHOTO OCBITJICHHS,
JUIs HOPMOBAHOT BEJIMYMHU OCBITIAEHOCTI B 300 K, /UIsl MPUMILLEHb PI3HUX PO3MIPIB 3
PI3HOIO IUIOLIEIO CBITIOMPO30POi 30BHINIHBOI OrOPOAKYBaJIbHOI KOHCTPYKLii. JlaH1 BU-
pa3u JO3BOJISIIOTH BHU3HAYATH TPHUBAIICTh 3a0€3ME€UEHHsST HOPMOBAHOI OCBITJIICHOCTI B
odicHux nmpuminieHHsX. Lle nae MOXIMBICT po3paxyBaTh €HEProePEeKTUBHICTh BUKO-
pUCTaHHSI OOKOBOTO MPUPOTHOTO OCBITICHHS.

3. OTpuMaHO aHANITHUYHI BUPA3U I BU3HAUEHHS MapaMeTpiB CBITIIONPO30pOi
30BHINIHBOI OTOPOKYBAIBHOI KOHCTPYKIIi, IPU KX BUHUKAE TIO3UTUBHUI BILTUB Ha
CHEPTeTUYHUHN OaTaHC TIPUMIIIESHHS.

4. EKCIEpUMEHTAIbHO JTOCIIIXKEHO IHTEHCUBHICTh PyXy MELIKAHIIB 9-TH MOBEepXo-

BUX OyAMHKIB Yepe3 ABEPHUU MPOPI3 MEPLIOro MOBEpPXY I TPU-TOAMHHUX MPOMIKKIB



gacy 3 7:00 mo 22:00 1 9-tu roguHHOro iHTepBany 3 22:00 o 07:00 mpoTsArom poky.
OTtpumaHi AaHi T03BOJSIOTH BU3HAYATH €HEPreTUUHY Ta €eKOHOMIUHY €(PeKTHUBHICTh BHUKO-
PHUCTaHHS CHCTEMH KePYBaHHS IITYYHUM OCBITJICHHSM 32 JIOTIOMOTOIO TATYHKIB PYXY.
KitodoBi croBa: koedillieHT MPUPOTHOTO OCBITICHHS, CYMIIIEHE OCBITJICHHS,
MPUPOJIHE OCBITJICHHSI, OCBITJICHHS O(ICHUX MPUMIIIEHb, aBTOHOMHICTh IPUPOIHOTO
OCBITJICHHSI, TMTOMa aBTOHOMHICTh MPUPOJAHOTO OCBITJICHHS, CUCTEMa KEPYBaHHS IITY-
YHUM OCBITJICHHSIM, CBITJIOTPO30pa 30BHIIIHS OTOPOIKYBaJIbHA KOHCTPYKITiS, 3aCKIICH-
Hsl, TEIUIOHAXO/KEHHS, BTPATH TEIUIa, IHTEHCUBHICTh PyXy MEUIKaHIIIB, 3BEJICHUN 1H-

JIEKC 3aCKJICHHS IPUMILICHHS.



SUMMARY
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The thesis deals with the economy of electric energy, which is spent on room
lighting, because of increasing interests of daylight. Design decisions should be based
on the cost-effectiveness of introducing light into the room. Light guide systems are
useful for introducing light into rooms located deep in the building. The use of a clere-
story and mansard translucent structures of external wall envelope (TSEWE) is possible
only on the top floors of building, and side walls TSEWE can be installed in all rooms,
located above the ground. From the above it follows that the building facades TSEWE
is practically expedient, since they are durable, not labor-consuming to maintain and
universal in terms of limitations on the place of their installation. As a result of the re-
search, there has been obtained an analytical expression for determination of the abso-
lute and relative glazed area of TSEWE of any configuration. Since the thermal re-
sistance of TSEWE different parts has a different value, it became impossible to devel-
op analytical expressions for obtaining the relative and absolute areas of glazing, profile
and foam filling of the TSEWE of a rectangular configuration.

The next parameter characterizing the energy efficiency of the daylight use is DF,
that indicating the ratio of the illumination at the selected point in comparison with
lighting from the outside.

The effect of geometrical parameters of rooms and window openings on the value
of the daylight factor (DF) in the reference point (RP) on the work surface (WS) is con-
sidered in the article. This is important, as while using a window to floor ratio (WFR)
and a window to wall ratio (WWR), there is a significant error. Therefore, there are ob-

jective difficulties with the unification of the results of studies on the effectiveness of



natural sidelight, which are due to the influence of the size of the room on the DF value
in the RP on the WS. The use of the above-mentioned coefficients to evaluate the effi-
ciency of lateral natural light results in the fact that, at constant value of the coefficient,
the value of the DF may differ several times. This is because the area of the window
opening does not correspond to the area of glazing through which daylight passes into
the room. The area of the room does not correspond to the area of the work surface on
which it is necessary to provide prescribed by regulations illumination level, and the
dimensions of both the room and the work surface are not taken into account in the LF
or in the WWR at all.

As a result of the analysis of the DF value dependences on the rooms size and the
TSEWE area, it is proposed to use a composite room glazing index (CRGI). It takes into
account not only the glazing area of the TSEWE but also the dimensions and area of the
work surface. This makes it possible to use the results of studies on the effectiveness of
daylighting without binding them to the dimensions of a room. As a result of the ap-
proximation of this dependence, an equation describing the relationship between these
quantities has been developed. An algorithm that takes into account both the width of
the opaque portion of the TSEWE and its proportion has been developed to determine
the area of the TSEWE at which the required DF value in the reference point is provided.

The rational use of daylight can significantly reduce the cost of electricity for arti-
ficial lighting. The purpose of this research was to investigate the parameters of translu-
cent structures of building envelope, and the value of daylight factor, for which maxi-
mum efficiency of daylight usage is achieved in office rooms. The study analyzes the
dependence of the office rooms daylight autonomy on the DF value for four European
cities. The specific daylight autonomy (h/(year-m2)) of office rooms was found. It was
proved, that regardless of the rooms size, the maximum specific daylight autonomy (at
illumination of 300 Ix, that is prescribed by regulations), with lateral daylight, occurs
when the DF is in the range of 1.7% to 1.9%. Maxima — at 1.8%. At illumination of 500
Ix, the maximum specific daylight autonomy will occur at a daylight factor range of

2.6% to 3.0%. Maxima —at 2.8%.



A study of the parameters affecting the efficiency of lateral daylight was made,
especially against the background of the total use of modern energy-efficient windows,
has not lost its relevance.

Issues addressed of the influence of orientation, thermal resistance, and the coef-
ficient of relative penetration of solar radiation (CRPSR) of the translucent structures of
exterior wall envelope (TSEWE) on total heat loss during the heating period and its in-
flow in the cooling period was studied. The aim of this study directed to determine the
effect of both thermal resistance and CRPSR on the electricity consumption to compen-
sate for heat losses and heat revenues through the TSEWE. As a result of research re-
ceived the dependence of electricity consumption on the heating and cooling of the of-
fice space, from the CRPSR, the thermal resistance for different orientation of the
TSEWE for the city of Ternopil. The obtained results made it possible to determine the
conditions under which energy savings will be achieved, taking into account the reduc-
tion in its consumption for artificial lighting.

Based on the obtained results of determination of the daylight autonomy of and
existing expressions for determining heat loss and gain of the solar radiation through the
TSEWE in the heating period, and excess heat supply in the cooling period for Ternopil,
obtained expressions allowed one to determine the parameters for which the installation
of the TSEWE allows to reduce the rooms total energy consumption.

As a result of the above calculations, inequalities are obtained for determining the
conditions for the positive effect of the TSEWE properties on the rooms total energy
balance for Ternopol, for TSEWE of various orientations.

The next stage of the work was the study of the economic and energy efficiency
of the artificial lighting control systems, with the help of astronomical relays and mo-
tion sensors, by various types of light sources for the for stairwells (stair landings and
staircases) of multistory residential buildings. The analysis of the residents’ monthly
movement intensity of the 9-story residential buildings through the buildings entrance,
doorways, and apartment doors was carried out. The economic and energy efficiency of
use the artificial lighting control systems with an astronomical relays and motion sen-

sors with different types of light sources was determined. Regardless of the light



sources’ type, the astronomical relay’s use leads to reduction in the electricity consump-
tion of artificial lighting in 43.31% — 50.52%. Moreover, the motion sensors’ use on
stairwells leads to a significant reduction in electrical energy consumption: in a case of
halogen lamps — by 97.73%, compact fluorescent lamps — by 95.27%, light-emitting
diodes lamps — by 93.98%. For the first time, the data of 9-story residential buildings
inhabitants’ traffic intensity through the first-floor doorway for the Ternopil city,
Ukraine has been carried out.

From the economic efficiency point of view, the situation is somewhat different.
For the considered need for the establishment of nine motion sensors, the economic ef-
fect of their use is significantly reduced. So, when the astronomical relay is installed,
the cost of ownership decreases for 10 years: from IL — by 50.04%, HL — by 50.05%,
CFL — by 46.38% and LED — by 43.98%, whereas when using motion sensors with IL —
by 86.70%, HL — by 84.40%, CFL — by 46.62% and LED — by 15.70%.

The scientific novelty of the study lies in the scientific substantiation and solution
of an important scientific and technical problem of increasing the adequacy of energy
efficiency assessment of lateral daylight based on an overnight account of many factors
that significantly affect its qualitative and quantitative parameters during operation. The
following scientific results were obtained:

1. It is obtained the analytical expressions for determining the relative and abso-
lute values of the TSEWE glazing profile and foam filling area, of a rectangular shape
TSEWE with any predetermined TSEWE coordination index, which makes it possible
to determine the optimal, from the maximum glazing area point of view, their sizes.

2. The expression for the consolidated index of the glazing of a room is obtained,
which makes it possible to determine the area of the TSEWE at which the prescribed by
regulations value of the DF is provided without being tied to certain dimensions of the
room. This expression takes into account the area of glazing the TSEWE, the WS area,
as well as the depth and width of the room. An algorithm for calculating the window sill
area has been developed to provide a prescribed by regulations DF value in non-

shadowed rooms of arbitrary dimensions. This algorithm allows determining the area of



a single-section TSEWE at which the prescribed by regulations value of the DF in the
RP and, consequently, throughout the WS will be ensured

3. A technique for determining the TSEWE area at which the required DF value
is provided has been developed.

4. It has been proven that for different sizes of rooms, the nature of the DF change
relative to proportions is not synchronous. As can be seen from the obtained results, on
the same intervals of proportions and with the same sizes of rooms, the DF increases,
whereas in other cases it decreases.

5. As a result of the research, it was found that the highest efficiency of daylight
usage in office rooms lighting, with prescribed by regulations illumination of 300 Ix,
will have a DF values range of 1.7% to 1.9%. For a value of 1.8% — it is maxima. At a
illumination of 500 Ix, maximum efficiency of TSBE usage is observed, with DF values
of 2.6% to 3.0% and maxima at 2.8%.

6. The expression is obtained for determining the daylight autonomy, for a pre-
scribed by regulations illumination value of 300 Ix, for rooms of various sizes with dif-
ferent TSEWE areas.

7. It was found, that using of motion sensors on stairwells leads to a significant
reduction in electricity consumption: when using IL — in 97.95, HL — in 97.73%, CFL —
in 95.27%, LED — in 93.98%, while regardless of the type of the LS, using the astro-
nomical relay leads to a reduction in the electricity consumption of artificial lighting in
49.31% - 50.58%.

The practical significance of the results: based on the results of experimental re-
search, theoretical generalizations and developments, decide whether there are problems
that have important applied value:

1. Obtained results help calculate the minimum glazing area of the TSEWE to
provide a prescribed by regulations DF value with a standard deviation of 0.894, based
solely on the dimensions of the room. This is a prerequisite for using the obtained re-
sults in the development of buildings normative documents.

2. Expressions are obtained for determining the daylight autonomy, for 300 Ix il-

lumination value, for rooms of various sizes with different TSEWE areas. These expres-



sions make it possible to determine the duration of the provision of prescribed by regu-
lations illumination in office rooms. It makes possible to calculate the energy efficiency
of side daylighting using.

3. It was obtained the analytical expressions of determination of the parameters of
the TSEWE, at which the positive effect on the energy balance of the room is blamed.

4. It has been conducted the experimentally determined the residents’ movement
intensity through the doorway of the 9-story buildings first floor for three-hour time in-
tervals from 7:00 to 22:00 and a 9-hour interval from 22:00 to 07:00 during the year.
The obtained data make it possible to determine the energy and economic efficiency of
using the artificial lighting control system with motion sensors.

Key words: daylight factor, combined lighting, daylighting, office rooms lighting,
daylight autonomy, specific daylight autonomy, lighting control system, translucent
structures of exterior wall envelope, glazing, heat revenues, heat losses, intensity of res-

idents’ motion, composite room glazing index.
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