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Pospobneno xomn’tomepuzosanuii  cnocib6  6u3HaueHHs payioHAIbHOI  opieHmayii
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DETERMINATION OF THE RATIONAL ORIENTATION OF WINDOWS OF
ENERGY EFFICIENT BUILDINGS OF CAMPUS

The task of reducing the energy costs of campus buildings is relevant for improving their
energy efficiency. This is possible due to the optimization of geometric parameters of buildings,
including at the expense of rational azimuth orientation of windows in enclosing structures. The
orientation of translucent structures greatly affects the level of thermal balance of buildings. The
rational arrangement of window openings on the facades of buildings contributes to increasing
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the energy efficiency of buildings to 10 percent. The thermal balance of modern windows during
a heating period with a certain orientation may be smaller compared to opaque wall structures.
The designer needs to have a way to quickly determine the limits of the rational orientation of
translucent structures when they are located in the enclosing structures of buildings.

A computerized way of determining the rational orientation of window openings with the
location of translucent structures in the walls of the building is developed in terms of the
minimum thermal balance with the environment, in which the thermal balance of the windows is
less than the thermal balance of the walls. This method of determining the orientation can be used in
designing both energy-efficient and ordinary buildings, including those within campus areas.

The proposed mathematical apparatus and developed techniques for automated architectural
design of energy-efficient buildings are given in this article. This material is illustrated by concrete
practical examples. The territory of Ukraine is divided into two temperature zones characterized by
different air temperature during the year and the level of heat from solar radiation. For buildings
located in two temperature zones of Ukraine, namely for the cities of Kyiv and Odesa, graphic
models were constructed and the rational orientation of the windows was determined when they
were located in the enclosing constructions of buildings of a certain constructive solution.

This approach requires its further theoretical development and wide implementation in the
practice of architectural design.

Keywords: energy efficient buildings, rational orientation of windows, thermal balance of
a window.

IlocTanoBka nmpodJjemu

IIpu mpoexTyBaHHi OyaiBenb, PO3TAIIOBAHUX HAa TEPUTOPIl KaMITyciB, MOCTAE 3agaya
3MCHIIICHHS CHEPTreTUYHUX BUTPAT Ha OMAJCHHS 3 METOIO MiJBUIIEHHS X eHeproe(eKTUBHOCTI.
Ile MOXJIHMBO 3a paXyHOK ONTHUMi3allii FreOMETPUYHUX MapaMeTpiB OyiBenb, y TOMY YHCII 32
pPaxyHOK paIliOHaJbHOI a3WMMYTaJbHOI Opi€HTAIii BIKOH TpH I1X pO3TallyBaHHI B
OTOPOJDKYBIBHUX KOHCTPYKILisiX. Opi€HTallis CBITIONPO30PUX KOHCTPYKIINA 3HAYHOIO MIpOIO
BIUTMBA€E Ha PIBEHBb TEIUIOBOTO OaJIAHCY KOHCTPYKIN (piBEHb HAJAXOHKCHHS TEIUIa BiJl COHSIYHOI
paniamii Ta TEMJIOBTPATH Yepe3 OropoKyBalbHI KOHCTPYKLIi) 1 TermoBui OanmaHc OyniBii B
nimomy. ParioHanpHe po3TallyBaHHS BIKOHHUX MpOpi3iB Ha ¢acagax Oy/iBelb CHPHUSTHME
HiJBUILIECHHIO eHeproeeKTUBHOCTI OyamiBenb g0 10 BigcotkiB. bBymisenbHi HOpMu [1]
PEerJIaMEeHTYIOTh TOKa3HUK OMOpYy TeIUlonepeaadyl OTrOpo/DKYyBATBHUX KOHCTPYKIIN, ajie He
BPAaxOBYIOTh PIBE€Hb HAJIXOJPKEHHS COHAYHOI pajialii mpu pi3Hii opieHTaIii CBITIONPO30pOi
KOHCTPYKITi Ta BIUIMB i Ha TEIJIOBHH Oayanc. TemaoBui OalaHC CydaCHUX BIKOH IMPOTITOM
ONAJIOBAJIILHOTO TMEpioAy MNpH TEBHIM opieHTauii Moke OyTM MEHIIMM Yy TOpIBHSHHI 3
HEIMPO30pUMH KOHCTPYKIISIMU CTiH. [IpoeKTyBalbHMKOBI HEOOXITHO MaTH CIOCIO IIBHUIKOTO
BU3HAYEHHS MEX palliOHAIbHOI Opi€HTaLlli CBITIONPO30PUX KOHCTPYKIIHM MpH IX po3TalryBaHHI
B OTOPOJDKYBATBHUX KOHCTPYKIIISX OymiBeb.

AHaJTI3 0OCTaHHIX JOCTiTKeHb | myOaikanii

BupimeHHio nuTaHHS MiIBHUINCHHS €HEeProe(eKTUBHOCTI OYyiBeNb MPHUCBIYECHO POOOTH
[2-4], ane B HUX BU3HAYaNKMCA ONTHMAIbHI Mpomnopuii OyaiBenb 3 TOYKH 30py MiHiMi3amii
TEIJIOBTPAT Yepe3 OropoKyBalibHI KOHCTPYKINT 32 OJTHUM MapaMeTpoM Mponopiiid. Y poboTax
[5, 6] okpemo onrtumizyBanacst popma OyIiBII Ta OKPEMO MapamMeTpu YTEIUTIoBaya HEMPO30PHX
KOHCTPYKITIA OymiBIl 3 TOYKH 30py MIHIMQJIBHOTO TEIUIOBOTO OajaHCy OTropoKYBaJbHHX
KOHCTPYKIIA. Y  JochmifpkeHHi [/] po3risganacs OararomapaMeTpudHa — ONTHMI3allis
eHeproe(ekTUBHUX OymiBenb. Y mpami [8] onTumizyBasiacs ¢opma MITHAPUYHOT OYIiBII Ta
PO3MOALT yTeIunoBaya JJisi ONMaJioBAIBHOTO mepiofy. Y myo6mikarii [9] 3amponoHoBaHO cnocid
onTuMi3arii 0araTorpaHHoi (OpMU €HEProeKOHOMIYHOI OY/iBIII Ta PO3MOAUTY YTEIUTIOBaya IO
OTOPOJKYBAIBHUX KOHCTPYKIIISAX.
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Meta pocJainkeHHs

Jlnst miABMIEHHS eHeproe(eKTUBHOCTI OyniBedb 3alpONOHYBAaTH CIOCIO BHU3HAYECHHS
pamioHagbHOI  Opi€eHTAIli BIKOHHUX TMPOPI3iB  JUIsl  pO3TallyBaHHS B  HEMPO30pUX
OTOPO/DKYBIBHUX KOHCTPYKILIAX, NMPH SIKif TErIoBUH OanaHC BIKOH MEHIIMK 3a TEIUIOBHA
OaJlaHC CTiH MPOTATOM ONATIOBAILHOTO MEPIOY.

BuxiaaneHHs1 0CHOBHOI0 MaTepiay J0CTiIxKeHHS

Jlyisi BU3HAYCHHSI pallioHAIBHOI Opi€HTAIlli CBITIONMPO30PUX KOHCTPYKIH MOJETIOETHCS
TerioBuid  Oamanc A(Q (TEIUIOBTpaTH Ta TAIUIOHAIXOKCHHSI BiJ COHSYHOI pajiallii)
OTOPOJDKYBIBHUX KOHCTPYKIIIH 3 OTOUYYIOUMM CEpPEJOBHUINEM 3a OINATIOBAIRHUI TEpiOI.
OyHKIIS TEMIOBOro OajlaHCy HENpo30poi KOHCTPYKUIi rpaHi 3rigHo 3 [1, 7] po3paxoByeThcs
HACTYITHUM YHHOM

A(gcmi = |:RL:| : Scmi : tei _(txi _+_r|—Q¢Pl) : N()iﬁ y (1)

a3cmi

cmi

a (YHKIIS TEIUIOBOro OanaHCy CBITIONPO30pOi KOHCTPYKIii rpaHi BiamoBimgHo 10 [6, 9]
BU3HAYAETHCS SIK

1
AQsi = |:_ . Sei : Ddi _Qcpi 'Ki 'é/i 'goi'sgi’ (2)

Rsi
ne t,; — QakTtuuHa Temmeparypa 30BHIINIHBOTO TOBITPS; t,; — TemmepaTrypa BHYTPIIIHBOTO
noBiTps; i — anbbeno mosepxHi rpani OymiBni; Q. — €HEpreTMYHa OCBITIEHICTH MOBITPA

KOPOTKOXBHJILOBOIO PAMIALI€I0; Clsep; — KOCPILIEHT TEMIOOOMIHY MiXK 30BHIIIHBOIO TIOBEPXHEIO
OrOpOJIXKYBaJIbHOI KOHCTPYKIII Ta 30BHIIIHIM MOBITPAM; R, — OIp Temsonepeaadi HENpo30pux
OTOPO/KYBAIBHUX KOHCTPYKIiH; Nyis — KiIbKICTh 110 omamroBaibHOTO nepiony [1]; R — omip
TEIUTONEepeIadi CBITIIONPO30PUX OTrOPOLKYBaIbHUX KOHCTPYKIii [1]; Dgi — KimbKicTh rpaayco-
ni6 omamosansHoro nepiogy [1]; Sc,, — moma Hempo3opoi rpaHi  OropoJKyBalbHHUX
KOHCTpyKLil; K, — koe(ilieHT AIHCHMX YMOB XMapHOCTI, IO BIUIMBAIOTh HAa HAJIXOJKCHH:
consiuHoi pamiarii [1]; 4§ — koedilieHT, [0 BpaxoBye 3aTiHEHHS BIKOHHOTO MpOPI3y
HEMpOo30pHMH eneMeHTaMHu [1]; &, — koedilieHT BiZIHOCHOTO HAIXOMKEHHsS COHSYHOI pamiarii
JUTSL CBITJIOMPO30PHX KOHCTPYKILiH [1].

Po3pobrneno mporpamy SOLAR, sika Oymye Mopeni 3aleKHOCTI TEMJIOBOTO OamaHCy
AQmi=f(Ag) Ta AQ,=f(As) CBITIIONMPO30PHX 1 HEMPO30OPUX OTOPOKYBATBLHUX KOHCTPYKINH (3
pI3HUM OIOPOM TEIUIONEpenayi) BiJ a3uMyTaiabHOI opieHTanii KoHCTpyKiii As (puc.l). Axkmo
CYMICTHTH IIIaH OYIiBJi 3 LIEHTPOM MOJENi, TO MOKHA BU3HAYaTH PIBEHb TEIUIOBOrO OallaHCy
KO’KHOT OrOpOIKYBaJIbHOI KOHCTPYKIIT 3aJI€XKHO Bija opieHTarii (puc. 1, 2).

3 Mozeni BUIHO, IIO a3WMyTallbHA OpI€HTALlis OLNbII 3HAYHOIO MIpOI0 BIUIMBAa€E Ha
TEIJIOBUN OaJlaHC CBITJIONPO30PUX KOHCTPYKIIIH Yy TOPIBHSHHI 3 HEMPO30pUMHU. TernoBuid
OanaHc (TEIUIOBTPATH Ta TEIUIOHAIXOKEHHS BiJl COHSYHOI pajialii) BIKOH 3 OpI€HTALI€l0 Ha
HiBJIeHs Ta onopoM Terutonepenadi R,> 0,75 M2K°/BTt MEHIIINKM, HI)K TSIIOBUI OajaHC CTiH 3
HOpPMaTHBHUM oropowm [ 1].

ko TerioBmid 6ajgaHC CBITIOMPO30PUX OTOPOKYBATBHUX KOHCTPYKIIN HE TIEPEBUIILYE
TEIUIOBUN OayiaHC HEMmpo30puX KOHCTPYKIINA AQ4<AQ i, TONI IEPETHH MOEINICH BU3HAYAE 30HY
palioHaJabHOT Opi€HTAIli CBITIOMPO30PUX KOHCTPYKIIM B OTOPOKYBAJIBHUX KOHCTPYKIIISX
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OyniBenb (puc. 2). Po3p’s3aHHS HaBeNEHOI HIDKYE CHCTEMHU PIBHSHB JO3BOJSE aHATITUYHO
BU3HAYUTH JIOMYCTHUMI MEX1 Opi€HTaIli1 BIKOH

Tennoewuii 6anaHc BepTMKanbHUX OropofXyBanbHUX KOHCTPYKLi M.Kuis
(3a onantoBanbHui nepioa kBT roa/m?)

=——&—Tennosun 6anaHc 3 Bpax CP 1m2 cTihn R=2.8
=——s——Tennoswui 6anaHc 3 Bpax CP 1mM2 cTiHn R=3,3
=——t——Tennosui 6anaxc 3 spax CP 1m2 ctihn R=4
=——o—=Tennoswui 6anaHc 3 Bpax CP 1m2 cTiHn R=6

=——+——Tennosui 6anaxc 3 spax CP 1m2 cTin R=8

Tennosuit 6anaHxc 3 spax CP 1m2 cTitn R=10
=——0=—=Tennoswi 6anaHc 3 Bpax CP 1m2 BikHa R=1,6
=== =—=Tennoswi 6anaHc 3 Bpax CP 1m2 BikHa R=1,4
=—/—=Tennosuit 6anaxc 3 Bpax CP 1m2 BikHa R=1,2
=——>—TennosTtpaty 3 Bpax CP 1M2 BikHa R=1

m(m==Tennoswuit 6ananc 3 spax CP 1m2 BikHa R=0.8

=—==Tennoswi 6anaHc 3 Bpax CP 1m2 BikHa R=0.7

Tennoswit 6anaxc 3 Bpax CP 1mM2 BikHa R=0.6

m————m==TennoBui 6anaxc 3 Bpax CP 1m2 BikHa R=0.5

== Tennoswuii 6anaHc 0

Puc. 1. Monedai AQ.,i=f(As) Ta AQ,;=f(As) TermsioBoro 6ajiancy cBiTJIONPO30pHX i
HENMpPOo30pPHX OropoAKyBaJIbLHIX KOHCTPYKIiH 32 ONaJI0BAJILHUI NIepio 3a Pi3HOro onopy
TenJonepenayi.

TEMNOBUIM BAJTAHC 1m> OrOPOIKYBAJIbHUX KOHCTPYKL|IN
3a onanioBankHuil nepiod (kBT roa/m>)
ana 50 rpag. I'IOH.UJ. ( M.Knis)

A40Q5=1(As)

===Tennosuit
6anaHc 3 Bpax.
CP 1m2 cTiHn
R=2.8

270

== Tennosun
6anaHc 3 Bpax.
CP 1m2 BikHa
R=0.7

180
Puc. 2. BusHayeHHs pallioHaJbHOI opieHTAaIlii CBITJIONPO30pPUX KOHCTPYKIIH 3
BuKopucTaHHAM Mojaeneit AQ.,,;=f(As) Ta AQ,=f(As) TemoBoro 6aiancy cBirionpo3opux i
HEINPO30pPHUX OrOPOIKYBAJILHUX KOHCTPYKILIM.
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IHKEHEPHI HAYKH

TENNOBUA BANAHC 1M°OrOPOMKYBANIbHUX KOHCTPYKLIN

3a onanoBanbHuUii nepiof (KBT FO,EI,/MZ)
ans 50 rpag MNu.W. m.Knis

180

TEMNMOBUM BANAHC 1 m?> OFOPOIKYBAINbHUX KOHCTPYKLIA

3a onanoBankbHUi nepiod (kBT roa/m?)
ons 46 rpag Mu.WW. m.Opeca

180

==¢==TennosTpaTu 3
Bpax CP 1m2
cTiHn R=2.8

=3e=TennosTpatn 3
Bpax CP 1m2
BikHa R=0.7

_._0

==@==TennoBTpaTtu 3
Bpax CP 1m2
BikHa R=0.6

==dr=TennoBTpaTu 3
Bpax CP 1m2
BikHa R=0.5

==$==TennosTpaTu 3
Bpax CP 1m2
CTiHn R=2.2

=ie=TennosTpartu 3
Bpax CP 1m2
BikHa R=0.7

—e—0

=l==TennosTpartu 3
Bpax CP 1m2
BikHa R=0.6

==r=TennosTpatn 3
Bpax CP 1m2
BikHa R=0.5

Puc. 3. BusHayeHHs1 panioHAJbLHOI Opi€HTAIII CBITJIONPO30pPHX KOHCTPYKILii 3
BHKOPHUCTAHHSAM MoO/iejiell TeMI0BOro 0ajJJaHCy BepPTHKAJbLHUX OTOPOAKYBAJTbHUX
KOHCTPYKUI# 15 1BOX TeMIlepaTypHuXx 30H Ykpainu (Mict Kuea ta Onecn).
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AQa‘ = f(Ac):

3
AQem = f(A,). ( )

3anexxnocti  (1)—(3)  CTaHOBIATH  MaTeMAaTHYHY  OCHOBY  3alpOIIOHOBAHOTO
KOMIT FOTEPU30BAHOTO  CIOCOOY BHU3HAUEHHS PAIlOHABHOI  Opi€HTAIlli  CBITJIIONPO30PHUX
KOHCTPYKLINH y CTiHaxX eHeproe@ekTHBHHUX OyiBelb KaMIlyCiB 3 TOYKH 30py MiHIMaIbHOTO
TEIJIOBOTO OaJlaHCy 3 OTOUYIOUHM CEPEIOBHILEM, MPHU SKOMY TEIUIOBHM OajlaHC BIKOH MEHIIHA
3a TEIUIOBHIA OaJlaHC CTIHH.

Teputopis Ykpainu mojiieHa Ha 1Bl TeMIIEpaTypHI 30HH, 110 XapaKTEPU3YIOTHCS PI3HOIO
TEMIIEpaTypoIO MOBITPS MPOTATOM POKY Ta PIBHEM HaJIXOJPKEHHS TEIUIa BiJl COHSYHOI pajiarii.
BigmoBimHo nmo [1l] oropomkyBalibHI KOHCTPYKIli MarOTh pIi3HUHA HOPMATUBHHMA OIIIp
terutonepenayi. s OyaiBenb, po3TalllOBaHUX Y JBOX TEMIEpaTYpHUX 30HAX YKpaiHH, a came
st mict Kuesa ta Onecu moOymoBaHo rpadiddi MOEII Ta BUBHAYCHO pallioHATBHY OpiEHTAIlI0
BIKOH TMpH iX poO3TallyBaHHI B OrOpPOUKYBAIBHUX KOHCTPYKLISX OyJiBenb MEBHOTO
KOHCTPYKTUBHOTO BHpimeHHs. L{i mani mokasaHo Ha puc. 3.

TakuMm YMHOM, HaMHM ONUCAHO MAaTEMATUYHMW amapar i po3poOJsieHi NpuUHOMH IS
aBTOMATHU30BAaHOTO  apXITEKTYpPHOTO TMPOEKTYBaHHsA €HEProe()eKTUBHUX  OymiBenb, AKI
IPOUTIOCTPOBAHOT'O HA KOHKPETHUX MPAKTUYHUX MPHUKIATAX.

BucHoBknu

VY naniii cTarTi 3alpONOHOBAHO KOMI IOTEPH30BAaHUH CIOCIO BU3HAYEHHS PalliOHATIBHOT
Opi€eHTaIii BIKOHHHUX TPOPI3IB TMPH PO3TalTyBaHHI CBITJIOMPO30PUX KOHCTPYKIIA B
OTOPO/KYBIBHUX HEMPO30PHX KOHCTPYKISX eHeproedekTuBHUX OyaiBenb. ['0J0BHOIO METOIO
€ TIJBUINCHHS EHEProeeKTHBHOCTI 3 TOYKH 30py MIHIMQJIBHOTO TEIUIOBOTO OajaHCy 3
OTOUYYIOUUM CEpPEJOBUIIEM IPOTATOM ONAJIIOBAIBHOTO MeEpiony Npu 3a0yJOBI HA TEPHUTOPIi
kamnyciB. [Ipy 1boMy OmHMCaHO HaJSKHUN MaTEeMaTUYHUN amapar, BU3HAYCHO palllOHATbHY
opienTamiio BikoH 3 omopom Teruomepenaui R=0,75M°K%Br mis  GymiBens y aBOX
TEMIIEpaTypHUX 30HaX YKpaiHW, NpH SKid TEIUIOBHMU OajlaHC BIKOH MEHIIWH, HDK TETUIOBHMA
OamaHc crTiH 3 3amaHuM omopom Ttermonepenayi. Jns m. Kuea (I TemmeparypHa 30HA)
opieHTaIis cTaHoBUTH Bix 155 mo 205 rpaayci, mis M. Oxpecu (II remneparypHa 30Ha) — Bif
120 mo 240 rpamycis.

HanpaupoBanuii migxia 103BOJSIE HIISXOM MIBUAKOTO BHU3HAUEHHS MEX pPalliOHaIbHOI
Opi€HTaIlil CBITIONMPO30pUX KOHCTPYKLIA MpH iX po3TallyBaHHI B  OrOPOKYBAJIBHUX
KOHCTPYKIIIAX OymiBeNb pPAIiOHATIBHO PO3MIINIyBaTH BIKOHHI Tpopisu Ha (acamax OyIiBelb,
30KpeMa KaMIlyCiB, IO CHpUs€ MiABHILEHHIO iX eHeproedekTuBHOCTI. Bukiageni marepianu
noTpeOyIOTh CBOTO MOJANBIIOTO TEOPETHMYHOTO PO3BUTKY Ta IIMPOKOIO BIPOBAIKEHHS Y
NPaKTUKY apXiTEKTYPHOT'O MPOCKTYBAHHS.
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