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JOCIIIZKEHHA EOEKTUBHOCTI BUKOPUCTAHHA
MPUPOJOOPIEHTOBAHUX TEXHOJIOTTH 1] YAC
MNPOBEJEHHSI EHEPTOMO/JEPHI3AIIIl BY AIBEJIb

'XapkiBchkuii HaNiOHATBHUI YHIBEPCUTET MichKOTo rocrogapcTsa imeni O. M. Bekerosa;
’BiHHUIBKA HAIOHATBHAM TeXHITHUI YHIBEPCUTET

Po3sznsiHymo mexHornoaii 3abe3rneqyeHHs KOMGbOPMHUX YMO8 Y NPUMILLEHHSIX Mid Yac criekomHoi no2odu ma
3MEHLWEHHST HE2amueHOo20 8ru8y «xeusib mera» Ha 300poe’si HaceneHHsl. BcmaHosneHo, wo Halibinbwe
p03r1o8crodxeHi mexHoroeii 3abe3rnedyeHHs1 KOMGOPMHUX yMo8 rnompebyroms 3acmocy8aHHs1 Cy4acHo20 8u-
COKOMEeXHOI02i4H020 0b1adHaHHs, 3HaYHUX MamepianbHux pecypcig 0ns npudbaHHs i MOHmMaxy obnadHaHHS,
3abesneyeHHs1 io2o ekcrinyamaujii. 3anpornoHoeaHo 05t 3MEHWEHHS] HaOX00XeHHs1 HalnnuwKo8oao menna y
criekomHy o2ody 3acmocyeamu eepmukalibHe 03e/1IeHEHHS 3 1iaHornodibHUX POCIUH, SiKi 8 mennul Ce30H
POKy 30amHi 8Kpumu CMIiHU WifbHUM WapoM fucms ma 3axucmumu ix eid ennusy coHsiyHoi padiayji. MNeped-
bavyaembcsa 0300671€HHSI 308HIWHIX 020p00XYy8anbHUX KOHCMPYKUil 6ydigernb, siki 30pieHmMosaHi Ha niedeHb,
cxi0 ma 3axid. O6’ekmom docnidxeHb subpaHo bydierno 3 YepPBOHOI KepaMiyHOI Uearu, po3mauwosaHy Ha me-
pumopii M. Xapkie, YyacmuHa cmiH SIKOI WinbHO 8Kpumo nucmonadHoto niaHoto Kamncic (Campsis). Ekcrnepu-
MeHmarnbHi 00ciOXXeHHs1 npoeedeHo y beaxmapHi criekomHi OHi 8 nepiod nuneHb-cepreHs 2023 poky. BusHava-
flacb memriepamypa 308HIWHbLOI M08epXHi CMIH Pi3HOI opieHmauii, i3 3acmocysaHHSIM 8epmuKaibHO20
03er1eHeHHs i bes.

Po3pobrieHo anzopumm po3paxyHKy 3MEHWEHHS Hadxo00xeHb HalnuwKoeo2o mensna y npuMileHHs npo-
msieoM criekomHoi no2odu 3a8dsiIKu 3acmoCy8aHHI 8epmuKanibHO20 03e/1IeHEeHHS. [nsi eu3HaqyeHHs memrie-
pamypu 308HiUIHb020 6OKY CMIHU 3aCmoCc0o8aHO PiBHSIHHSI 36epexxeHHs1 eHepeii y gpopmi mernnosoeo banaHcy 8
ymosax KeasicmaujioHapHozo rpouecy. [opieHSHHS pe3ynbmamie ekcriepumeHmarbHUX O0CiOXeHb i po3pa-
XyHKi8 nidmeepdye MOXIIUICMb 8UKOPUCMAaHHSI Ub020 asieopummy pospaxyHKy. 1idmeepdxeHo eghekmus-
Hicmb 3acmocyeaHHsI 8epmuKasibHo20 03€JIeHEeHHSI Ha npuknadi eubpaHozo ob'ekma docnidxeHb. Hadxo-
OxeHHs1 Hadnuwkoeo2o mernna 00 KiMHamu 6yOuHKy dYepe3 cmiHy, nnouweo 15 M?, sika 30pieHmogaHa Ha
niedeHb, Npomsi2oM «xe8uni menna» mpugasnicmio 7 0i6 3a KniMamuyYHUMU ymoeaMu M. XapKie cKopomusocsi
Ha 19,7 kBm-200, abo y 2,5 pasu.

KnroyoBi cnoBa: BepTuKkanbHe 03eNleHeHHSs, BATPATU eHeprii, iIHCoNsLis, KniMaTU4Hi YMOBW, OXONOOXEHHS
MOBITPSI, «XBUIA Tennay.

Beryn

I'mobaxnpHi 3MiHHM KITIMaTy, HacaMIepe]] i IBUIIEeHHS TII00aTbHOI TeMIIepaTypHt Ha 3eMHiH Kyl CTaHO-
BIISITH TMIOTEHIIIHY 3aTrpO3y JIIOJICTBY.

HaiiBa>knuBiIMM YMHHUKOM 3MiH KIIIMaTy € CIIaJIOBaHHS OPraHivHOTO MajuBa Ha 00’€KTax eHepre-
THKH, HAaCJT/IKAMH 4OT0 € YTBOPCHHSI Ta BUKHIH NapHUKOBUX TasiB [1], [2].

CyugacHi 3MiHH KJIIMAaTy CYNPOBOKYIOTHCS 3pPOCTAHHIM TIOBTOPIOBAHOCTI Ta IHTCHCHBHOCTI TakK 3Ba-
HHX «XBHJIb TCIUIa». B Mail0yTHhOMY HEraTHUBHI HACHIIKH 3MiHM KJIiMaTy OyayTh mocuimoBatuch [3], [4].

Hns 3abe3neyeHHs: KOMPOPTHUX YMOB Ta 3MEHIICHHS HETaTUBHOTO BIUIMBY «XBHJIb TEIUIa» Ha 3J10-
POB’Sl HACEIIEHHSI MaCOBO BUKOPHCTOBYIOTHCS CUCTEMHU OXOJIOJKCHHS TMOBITPS Yy MPHUMIIEHHSX. B cBoto
4gepry, Ili CHCTEMH BUTPAdYalOTh Oarato €Heprii, 0 MPU3BOIUTE 0 30UTBIIICHHS 0OCATIB ii BUpOOHHUIITBA
i, BIATIOBIZHO, 10 30UIBIICHHS BUKUIB TAPHUKOBHUX Ta3iB.

[TuTaHHSIM KOHTPOIIIO Ta PETYIIIOBAHHS MapaMeTpiB MIKPOKIIIMATY Yy Pi3HUX TUMAX MPHUMIIIEHb Ta CKOPO-
YEHHIO BUTpAT €Heprii Ha 3abe3rmevueHHs KOM(MOPTHUX YMOB OCTaHHIM YacOM TPUAUISETHCS OaraTo yBary.

© 10. JI. KoBanenko, A. I1. [Tonus’ssnuyk, B. €. bekeros, 2024
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BuxnaaenHsi 0CHOBHOT0 MaTepiajy

ABTOpamHu [5] IPOITOHY€ETHCS 3aCTOCOBYBATH IHTEICKTyaIbHI CHCTEMH YIIPABJIiHHSA, K1 OIIHIOIOTH T1a-
pameTpH MIKpOKJIIMaTy B MPUMILICHH] i aBTOMaTHYHO BHOUPAIOTH PEXXUM POOOTH BIJIIOBIIHUX MIPHCTPO-
iB, sKi 3a0e3MeuyoTh KOM(MOPTHI MapaMeTpy MIKPOKITIMaTy 3 €(EeKTUBHIUM BHKOPHCTaHHSIM €HEPropecy-
pciB anst 1poro. EdexT ckopodeHHs BUTpAaT eHEprii IUIAaHYyIOTh OTPUMATH IUISIXOM aBTOMATHYHOTO
BU3HAYCHHSI, Ta 3a0€3MeUEeHHS ONTUMAIIbHUX 3HAYCHBb TEMIIEPaTypH, BOJIOTOCTI, IIBUIKOCTI PyXy TOBITPSL.

B po0ori [6] HaBeZeHO pe3yabTaTH PO3POOKH CHCTEMH KOHAMIIIIOBAHHS MOBITPS 3 )KUBICHHIM Bif CO-
Hsr9HOI eHeprii. Lle mae MOXIMBICTh 3a0€3MeUnTH pOOOTY CHCTEM OXOJIOKEHHS TOBITPS Y MPHUMIIIICHHI,
BHKOPHCTOBYIOYH CHEPTII0 BiTHOBIIOBAHUX JDKEPEIL.

V HuU3Mi poOIT JOCTIIHKEHO 1 PO3pOOICHO TEXHOJIOTII MiABUINCHHS ¢(EKTUBHOCTI POOOTH TEIIOBHX
HacociB [7]—I[9]. Haii6inbina ekoHOMIs TETIOBOI €HEpPTii JOCIATaeThesl 32 KOMITIEKCHOTO miaxoay [10].

VY Garatbox KpaiHax BXe BIPOJOBXK 3HAYHOT'O 4acCy CIPSIMOBYIOTHCS 3yCHJUIS Ha MPOBEACHHS TEPMO-
MOJIepHi3aIlil, METOIO SIKOT € 3HAYHE CKOPOUCHHSI CIIOXKKMBAHHS eHepril B OyaiBmsax [11]—[14].

Peasizaris 3a3HaueHUX pe3yJIbTaTIB AOCHIKSHb MMOTPEOY€E 3aCTOCYBAaHHS Cy4aCHOT'O BHCOKOTEXHOJIO-
riYHOrO OONIafiHAaHHs, 3HAYHUX MaTepialbHUX pecypciB Ui NpUAOaHHS i MOHTaXy oOJagHaHHS, 3a0e3-
MIEYCHHS HOTO eKCILTyaTarfii.

3 orismy Ha 1ie, BUHHKA€E moTpeda B JOJATKOBOMY IMOIIYKY 1 po3poOiii TeXHOJOTiH, ki 6 3a0e3medy-
BaJI CKOPOYEHHS BUTPAT €Heprii 1 He moTpeOyBalii 3HAYHHUX KalliTaJOBKIACHb.

3maBHa y 6araThoX KpaiHaxX 3aCTOCOBYBAJIM BEPTHUKAIBHE O3€JICHECHHS CTiH OYIMHKIB. AJle Yy CydacHO-
MYy CBITI IIi TEXHOJIOTI] IMOKW HE 3HAWIIUIM MAacOBOTO 3acToCyBaHHs. ExcriepTu B bepiini omiHIOOTH HiMO-
BIpHICTh BITPOBA/KEHHS O3€JICHEHHs (hacaay B HUHINIHIX ymoBax y 2 % [15]. Kinbka eKcriepuMeHTIB Mpo-
BEJICHO BIITKY Ha TpboX (hacamax OyxmiBenms y meHTpi bepmina. TemmepaTypa moBepxXHi 30BHINIHIX i
BHYTpIIIHIX CTiH OyAiBni 3au3mnacs Ha 15,5 K i 1,7 K BianoBinHo. AHami3 pu3uKy MoKa3ye, o BXKe Cepe/i-
HE 3HIDKEHHS Tqir Y mpuMitnenHi Ha 0,8 K Moske 3MEHIINTH KiJIbKICTh CMEpTeil, OB’ A3aHuX 31 criekoro [16].

PesynbpTatu nocmimpkens [17] mokaszand MOXKIIMBICTh IMOM’ SIKIICHHS TEMJIOBOTO BIUIMBY Ha MIlIOXOIB
oinst dacany.

3a pesynpTaTaMH MOJCTIOBaHHS CKOPOYEHHsS BUTpAT SHEPTii Ha OXOJIOKEHHS MPUMIlIEHb MiJ Yac
CIIEKOTHOT TIOroiv B yMoBax Kiimaty M. bapcenona (Icnanist) BUsiBIIeHO, 1110 3eJieHi (acaau MOXYThb CKO-
POTHTH CIIOKHBAHHS €IEKTPOCHEPTIi sl 0XO0JI0/pKeHHs mpubimn3Ho Ha 28 % [18].

BaxTMBUM € TaKoXK Te, M0 3aBJISKA BEPTUKAIBHOMY O3CJICHEHHIO MOXHA ITPUXOBATH HEJONIKH 1 TiJI-
KPECIIUTH apXiTeKTypHi ocobmuBocTi criopyn [19].

[Toxa3HMKaMH YCITIITHOTO 3pOCTaHHS JIiaH! € 3UMOCTIHKICTh, MTOCYXOCTIHKICTh, CTIHKICT IO ITKiTHU-
KiB Ta XBOPOO, a TAKOX 3JaTHICTH 10 PO3MHOKCHHSI.

Bussneno, mo Haticriiikimmmu € Celastrus scandens L., Lonicera periclymenum L., L. brownii (Reg.)
Carr., L. japonica Thunb., Menispermum canadense L., Schisandra chinensis (Turcz.) Baill., Wisteria
sinensis (Sims) Sweet [20].

Lle no3BoJIsIE 3pOOUTH BUCHOBOK MPO HASBHICTH PECYPCY CKOPOUCHHS BUTPAT €HEPrii Ha OXOJNOMXKEH-
HSI IPUMILIEHB TT1JT 9aC «XBWJII TEPJIay HUISTXOM BIIPOBA/KEHHS BEPTHKAIBFHOTO 03EICHEHHS.

Memoro pobomu € ouiHeHHs e(heKTUBHOCTI MPUPOTOOPIEHTOBAHUX TEXHOJIOTIH, SIKi JO3BOJAIOTH CKO-
POTUTH BUTPATH €HEPTii HA OXOJIOKECHHS MOBITPS Y MPUMIIEHHSX MiJl 4ac CIIEKOTHOI MMOT0I1, 0€3 BUKO-
PHUCTaHHS BUCOKOBAPTICHOTO O0JaJHAHHS, 3 MIHIMAJIBHUMHU SKCIUTyaTalliiHUMHU BUTpaTaMH, 0e3 MpoBe-
JIEHHS POOIT 3 yTEIUICHHS CTIHU.

3 oSy Ha 1€, 3a60aHHAMU 00CIOMHCeHb BU3HAYCHO:

— PO3POOUTH ANTOPUTM PO3PAXyHKY CKOPOUCHHS HAJIXOJPKCHHS HAJTUINKOBOTO TEIia y MPUMINICHHS
i1 9ac CIEKOTHOT MOTOM B Pe3yJbTaTi 3aCTOCYBaHHS BEPTHKAIBLHOTO O3€JICHCHHS, 3 YPaxXyBaHHIM KIIi-
MATHYHUAX YMOB Ta TEIUIO3aXUCHHUX BIACTUBOCTEH 30BHIIIHIX OTOPOKYBAJIbHUX KOHCTPYKITii;

— MPOBECTH SKCIIEPUMEHTAIbHY MEPEBIPKY PO3PAXYHKOBHUX METO/IIB;

— BHKOHATH OI[IHKY €()eKTHBHOCTI 3aCTOCYBaHHS BEPTHKAILHOTO O3CJCHEHHS 3 ypaxXyBaHHIM KiliMa-
TUYHUX YMOB YKpaiHU MiJ] Yac «XBHJIb TEILIa».

HpOBeZ]e]-[HH CKCIIEPUMEHTAJTBHUX ZIOCJ'[iZI?KeHI)

00’ ekmom 0ocnioxcens BUOPaHO OYIIBIIO 3 YEPBOHOI KepaMi4HOI LIETIIH, PO3TAIlIOBaHy Ha TEPHUTOPIi
M. XapKiB, YaCTUHY CTiH AKOi MIUTFHO BKPUTO JHcTomnaaHoo Jianoto Kamrmcic (Campsis).

Inoma gocnimkyBaHoi yacTirHM cTinu F = 15 M2 CTiHy 30pi€HTOBaHO Ha ITiBJICHE.

CriHa BHTOTOBJICHA 3 KEPAMIYHOI IETIH, OAHOPITHOI, O3 TEeINIONMPOBITHUX BKIIIOYCHD, TOPOKHUICTOT,
rycturoro 1 400 kr/M°. TOBIIMHA IErJISHOT YaCTHHU CTiHK 0,38 m. KoedilieHT TEIIONpOBIAHOCTI IETIH
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A= 0,47 Br/(m'K). KoedinieHT mornmmHaHHS COHAYHOI pajialii, opieHToBHO, p = 0,7.

BHYTPIIIHS CTOPOHA CTiHM OITYKATypeHa LEMEHTHO-IIIIAHUM PO3YMHOM rycTiHOI0 1 800 Kr/m® To-
BuHOO 0,02 M. KoedinienT TemnonpoinnocTi mapy mrykarypku A = 0,58 Bt/(m°K).

Jlia BimBeACHHS HAUTUIIKOBOTO Terlia 3 OyMiBIi 3aCTOCOBAHO BIKOHHHMN KOHAHWIIIOHEpP. 3a pe3yJbTa-
TOM OTJISIYy PHHKY 0a30BHX MOJEJICH BIKOHHMX KOHIWIIIOHEPIB, SKi 3aCTOCOBYIOTHCS MPOTITOM OCTaH-
HBOTO JIeCATUPIYYs, KOeDIl[iEHT e(peKTUBHOCTI CIIOKMBAHHS CHEPrii opieHTOBHO cTaHoBUTH 3,0 [21].

TemmepaTypy 30BHILIHBOT MOBepXHi cTiHM BuMipsin mipomerpoM FLUS IR-820. [Ins BumiproBaHHsS
IIBUIKOCTI BITPY 1 TEMIIEpaTypH 30BHINTHBOTO MOBITPS 1 MOBITPsl y OYIUHKY 3aCTOCOBYBaJIN aHEMOMETP
naboparopunii HT-81. ExcniepuMeHTaNbHI TOCITIIKEHHS IIPOBOAMIIKCS Y Oe3XMapHi CIIEKOTHI JHi B mepi-
oJ1 TuneHb-cepreHs 2023 poky.

3a pe3ynpTaTaMu JOCHTIHKEHb MOJKHA 3pOOUTH TaKi BUCHOBKH:

— 3aCTOCYBaHHsI BEPTHKAJIbHOIO 03€JICHEHHS B KJIIMaTHYHUX YMOBAax MicTa XapKiB JJO3BOJISIE CYTTEBO
3HU3UTH TEMIIEPaTypy 30BHINIHBOT MOBEPXHI CTIHU OYJWHKY Ta CKOPOTUTH IMOTIK HA/JIMIIKOBOTO TEIia
BiJl HArpiTOi 30BHINIHKOI MOBEPXHI CTIHU B TIPUMIIIICHHSI.

— PI3HUI TEeMIIepaTypH 30BHIITHLOT MOBEPXHI CTiHH, KA Ma€ BEPTHKAIbHE O3€JICHEHHS, 1 CTiHH, 110
roro He Mae, nocsrae 15 °C.

3acTocyBaHHS BEPTHUKAJIBHOTO O3EJICHEHHS JIa€ MOKIIMBICTh CKOPOTUTH CIIO)KUBAHHS €HEpTii TexHid-
HUMU CHCTEMaMH OXOJIO/KEHHsI MOBITPsI Y HhOMY a00 3a0e3rnedye KOM(OPTHIlI yMOBU NepeOyBaHHS Y
MPUMIILICHHI.

Po3poOka ajaropurmy po3paxyHKy 3MeHIIEHHA HAAXO/:KeHb HA/UTMIIKOBOI0 TeJia y MpUMillleHHsI
MPOTSITOM CNIEKOTHOI MOTOAH B Pe3yJIbTATi 3aCTOCYBAHHA BEPTHKAJIHHOI0 03€J1eHEHHA

B nepioJ1 cieKOTHOT MOT0IM LUIIXOM TeIUIoNepeaadi yepes CTiHKy B OyJMHOK HaAXOJUTh MOTIK TerJa
0c1, BT/M?, 3yMOBJIeHHIi Temonepeiaueto depes CTiHKY Bifl TEIIOro 30BHIMIHLOr0 60Ky cTiu tr2, °C 10
TIPOXOJIOAHINIOTO TOBITPS BCEpEIUHI MPUMITIICHHS La1, °C.

30BHIIIHIHA OiK CTIHH OTPUMYE TEIUIO 32 PaXyYHOK KOHBEKTUBHOTO TEIUIOOOMIHY 3 TEIUIUM 30BHIIIHIM
TNOBITPAM U2, BT/M%. JI0 TOTO X, MPOTATOM JHS HA 30BHIlITHIO CTOPOHY CTiHKM HAIXOAMTh TOTIiK Temna
BT/M?, 3yMOBIICHH iHCOTALI€0.

st 3a0e3nedeHHss KOMPOPTHOI TeMIepaTypy MOBITPsl B OYAUHKY ta1, °C MPOTITOM CIIEKOTHOI MOT0-
I, Yy HbOMY TIPaIlfo€ CHCTEMa 0XOJIOPKEHHS TIOBITPS, SIKa BiIBOAUTH HAAJIHUIIKOBE TEILJIO.

V¥ pasi 3acTOoCyBaHHS IIIILHOTO BEPTHKAILHOTO O3CIICHEHHS, YKPUTTS YCi€l IUIONI CTIHM CYIITBHUM
mapoM Jcronaanoi aan Kamrcic (Campsis), HAIXOMKEHHS TeIIa BiJ COHSAYHOI pajialrlii Ha CTIHKY
MIPUITMHUTHCS, BIAMOBITHO CKOPOTUTHLCS HAIXOPKEHHS TEIlJIa B MPUMIIIICHHS 1 BATPATH €HEPrii Ha poOoTy
CUCTEMH OXOJIOJ[KCHHSI.

Y XonomHuii Ce30H POKY JIUCTS Ha POCIWHAX BEPTUKAILHOTO O3CJICHEHHS BIJICYTHE 1 HIYOTO HE OyIe
MEPEIIKOKAE HAJXOKSHHIO TeIlIa BiJl IHCOJISAIIT y Oy AMHOK.

[ BU3HAUCHHS TEMIIEPaTypH 30BHIIIHBOTO OOKY CTIHKH CKOPHUCTYEMOCH PIBHAHHSM 30€peKeHHS
eHeprii y ¢opMi TerIoBoro 6ajgaHcy yMOBaxX KBa3iCTalioHapHOTO MPOIECY.

Qi +0c2 + g =0 1)
IoTik TerTa Ha 30BHILTHIO HOBEPXHIO CTiHKH (|, BT/M?, 3yMOBIIeHHi! iHCONAIi€I0
!
Gi=1"p, 2)

ne p — KoedillieHT MOTHHAHHSA COHSAYHOI pajiaiii MarepiasoM cTiHky; |, Br/M? — moTiK Terma Bix
iHCOMALT, KWW 3aJIeKUTh Bil IHTEHCHBHOCTI paniamii /, BEpTHUKAIBLHOTO O 1 TOPU3OHTAIBLHOTO [} KyTa
MaJiHAS COHSIYHOI pajiallii Ha CTiHKY.

‘= - — 3)
(1 te? (@) +etg? (p)
[NoTik Temya TEMIOBiAAAYEIO BiJl HATPITOT 30BHIIIHBOI MOBEPXHI CTIHKHM Y 30BHIIIHIN MPOCTIp
t., -t
c2 a2 (4)

qC2 = ]7/(1,2 !

e o2, Br/M*K — koedillieHT TemIoBinmaui Bia CTiHKM [0 30BHIlIHBOTO MOBITPS; t; — Temmeparypa
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30BHIITHBOI TOBEPXHI CTIHKH; tay — TeMmepaTypa 30BHIIIHBOTO MOBITPSI.
[ToTik Teruia Bix HarpiTOi 30BHINIHBOT TOBEPXHI CTIHKH Y BHYTPIITHIN TIPOCTIp

t.,—t
Q1 = n Crz} il 1 J (5)
Z 1 + =
T\Ai) oy

ne o1, Br/M*K — koedillieHT TeroBiaaayi Bif CTIHKM 10 MOBITPS BCEPEIMHI NPUMIIEHHS; | — KiJlb-
KICTP IIapiB OrOPOKYBaJIbHOT KOHCTPYKIIT; N; , M — TOBIIMHA I-T'0 IIapy OrOPOIKYBAIBHOT KOHCTPYK-
111, BiIMOBIHO, ETJIH 1 MITYKaTyPKH; A;, BT/M-K — KoehiIlieHT TemIonpoBigHOCTi i-To Imapy oropomKy-
BaJIbHOI KOHCTPYKIii; N — KiJIBKICTh IIapiB OTOpOHKYBATBHOT KOHCTPYKIIIi.

3acToCOBaHO PO3PAaXyHKOBI 3HAYEHHS KOE(IIi€HTIB TEIUIOBIAAa4Yl BHYTPIIIHBOI 0.1 Ta 30BHIIIHBOI Ol
MOBEPXOHb OrOPOIXKYBANTBHUX KOHCTPYKIIIH BiAMOBIIHO JI0 TOKYMEHTIB [22]—[24].

3HavYeHHS KOCQIIi€HTIB TEIIOBIAMAYi BiJl CTIHKH IO 30BHINTHLOTO Ta BHYTPINTHLOTO TOBITPS BU3HA-
YaJucs 3riIHO 3 YAHHUMH HOpMaTHBaMH Oy NiBeNbHOT KIIMaTOJOT 1.

[MincraBnsemo (2)—(5) B (1) i oTpumyemo

g = tc2 _ta2 + tc2 _tal . (6)
1 nfh) 1
— z 1 +
o2 1 }\‘i o

Kopucryrouncs (6), BU3HAYMMO TEMIIEPATYPY 30BHIITHHOTO OOKY CTIHKH

. n( h t
i"'taz z 1 +i +L1
o= A2 1\Ai) o) a 0
- 1 o) 1 '
7_{_2 _ 4+

ap T\Aj) oy

KopucTyounch 3HaUYCHHSAM TEMIIEPAaTypH 30BHINIHBOTO OOKY CTiHKH, MOYKHA BH3HAYUTH HAIUTUIIKO-
BUH TOTIK TeIuia y OyJIMHOK B yMOBax 1HCOJIALT, 3a hopmyJioro (5).

AHaJi3 0TpMMAaHUX pe3yJabTaTiB

@ ercmpanenei 20! e propamineic2 ¢ Buxopucrosyroun (2), (3) i (7), a Takoxk apxiBHi
JaHl KIIMaTHIHUX CIIOCTEPEKEHBb y PETioHI MO0
/.‘T.:(L\N BUCOTH COHI[ HaJ TOPU30HTOM 1 IHTEHCHUBHOCTI
= MOTOKY pafiawii, BA3HAYEHO TeMIepaTypy 30BHill-
HBOI TTOBEPXHI CTIHU JUI TOTOJHUX YMOB, SIKi CIO-
CTepiranucsi MiJl 4ac TPOBEICHHS EKCIIepHMEHTa-
2 JBHUX  JAochikeHb. [lopiBHSHHS  pe3yibTaTiB
EKCIEpUMEHTAILHUX JIOCHIPKeHb 1 PO3PaxyHKIB
MOoKa3aHo Ha puc. 1.

® & o " " 30BHIIIHSA TOBEPXHS CTiHH, 30pI€HTOBAHOI Ha
e o MiBAEHB MiJ BIUIMBOM IHCOJSLII Mae TeMIeparypy
Puc. 1. Temneparypa 30BHILIHBOI HOBEPXHI CTIHU Oinpmy, Hixk 50 °C mpoTAroM 3 TOAWH Y BHIAIKY,
@ n2c moi2 KOJIU TeMIlepaTypa 30BHILIHBOIO IIOBITPsl NEPEBU-

mrye BigmiTky + 30 °C mpoTsirom 5 roguH.

PizHums Temmneparypu 30BHIIIHBOT TMOBEPXHIi
CTIHKH 3a pe3yibTaTaMH PO3PaxXyHKIiB i €KCIIepH-
MEHTJILHUX JOCHiKeHb He niepeBultye 4°C.

KonuBanHs Mix pe3ylnbTaTaMH PO3PaxXyHKIB i
CKCIIEPUMEHTAIIbHUX JOCIIIKEHb MOKHA MOSICHUTH
MMOPUBYACTUM XapaKTEPOM BITpPY, MIBUAKICTH SKOTO
25 _ : . i _ BIUIMBA€ Ha 3Ha4eHHs KoedilieHTa TemnsoBignayi

N - N b " 30BHIWHBOrO GOKy CTIHKH i, BiANIOBIAHO, HA TEMIIe-
paTypy 30BHIITHBOI IOBEPXHi CTIHKH.

Ha puc. 2 mokazaHo 1060By 3MiHy TeMIepaTrypu

=1

/
¢
/

TéMneparypa, oC

2, 2, %
n
@0

ac aobe

Puc. 2. TemnepaTypa 30BHIIIHBOTO TOBITPS 1 JUISIHKY CTiHH,
3aXHUILEHOT Bifl iHCOJISLIT BEPTHUKAILHIM O3€JICHSHHSIM
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30BHIITHBOTO TOBITPS 1 MUISTHKHM CTiHU, 3aXUIIEHOT B/l iHCOMAIIT BEPTUKATBLHIM O3€ICHEHHSM.

Sk BUTUMBAE 3 pUC. 2, y TIEPIIiHA IMOJIOBHHI JHS TeMIEpaTypa CTiHKH, BPUTOI BEPTUKAIBHUM O3€IIe-
HEHHsAM, MeHIe Ha 1—2 °C Hix Temmeparypa 30BHIIIHBOTO MOBITPs. Y Apyriii MOJOBUHI JHS HAaBIAKH,
TeMIepaTypa CTIHKH, BPUTOI BEPTHUKAILHUM O3€JIeHEHHAM, TepeBulnye Ha 1—2 °C teMrieparypy 30BHi-
ITHBOTO TOBITPSL.

Ile MO’KHA MOSCHUTH TEBHOIO TEIUIOBOKO IHEPIIIEIO HETISHOT CTiHU. TakoX, 1€ 1a€ MOXKJIUBICTh Yy TO-
JAJTBIINX JTOCII/DKEHHIX BBAXKATH, 110 CEPEIHBOJ000BA TEMIIEpaTypa 30BHINIHBOI MOBEPXHI CTIHH, sIKa
BKpHTa MIAPOM BEPTHUKAIBHOTO O3EIICHEHHS, JOPIBHIOE CEPEIHBOJ000BIH TeMmepaTypi 30BHIIIHBOTO
MOBITPA.

Pesynprati po3paxyHKy MOTOKY TeIia yepe3 MiBJCHHY CTIHKY OYJMHKY B YMOBaX iHCOJIIIIi, Ta B
YMOBaXx 3aCTOCYBaHHS BEPTHKAILHOTO O3€JICHEHHS, HaBeJIeHO Ha puc. 3.

- HCONAWA - BEepTUKANbHE DISNeHEHHA

30

20

notik Tenna 8 Byawkok, Brim2

10 12 14 16 18

yac nobu, roguH
Puc. 3. Ilorik Temia qepes CTiHKy B 6y}1PIHOK Hi[{ BIIJIMBOM iHCOJ‘IHI_Ii'l', Ta B YMOBaXx 3aCTOCYBaHHS BEPTUKAJILHOTO O3CJICHCHHA

3a pe3yabpTaTaMy OLIHKHA €()EeKTUBHOCTI 3aCTOCYBaHHS BEPTUKAIBHOTO O3EJCHEHHS MiBICHHOI CTIHH
OYIMHKY BCTaHOBJICHO:

— 3aCTOCYBaHHS BEPTHKAIBHOTO O3€JIEHEHHS JO3BOJISE CKOPOTHTH HAIXOKEHHS HAJUJTUIIKOBOTO TeTl-
na 0 6yIMHKY Yepe3 MiBJeHHy CTiHy, TIomero 15 M% mpoTsarom 106u y Ge3xMapHuii IeHb B HepioJ JIH-
IIeHb-CEPIICHB 3a KIIMAaTHIYHIMH YMOBaMH M. XapKiB ckopouyeTbes Hal,9 kBt oz, abo y 4,2 pasu.

— 100O0Bi BUTpaTH CHEPTil Ha BiABEACHHS HAIIUIITIKOBOTO TEIUIA, 33 BUKOPHUCTAHHS MTOIMHUPEHNUX CHCTEM
OXOJIOMKEHHS TIOBITPSl Y pUMIllleHH], ckopoTiiucs Ha 0,63 kBt rox.

BucHoBxku

P03p00sIeHO aTOPUTM OIIHIOBAHHS CKOPOYCHHS HAJXOPKEHHS HAUTUINKOBOIO TEIUIA Y OYIBIO MiJ
Yac JITHHOI CIIEKOTHOT MOTOJH IUITXOM 3aCTOCYBaHHS BEPTHKAJIBHOTO O3€leHeHHs. BpaxoBaHo kiimMaru-
YHI YMOBH TEPUTOPIi po3MilleHHs OYAiBIIi, IUISTXOM 3aCTOCYBaHHS apXiBHUX JAaHHX KJIIMAaTHYHHX CIOC-
TEpekKeHb y PErioHi 100 BHCOTH COHIIS HaJ TOPU30HTOM, IHTEHCHBHOCTI ITOTOKY pajiaiii Ta TeMrepa-
TypH 30BHIITHBOTO TIOBITPS, a TaKOX TEIIOTEXHIYHI BIACTHUBOCTI 30BHINIHIX OTOPOIKYBaTbHUX
KOHCTPYKIIiH.

Bubpano 00’€kT mochiKeHb — 11 CTiHAa KiIMHATH OyZiBIi TUIOmEeo 15 M2, siKa 30pi€EHTOBaHA Ha TIiB-
JIeHb, 11 TEIUTOTEXHIYHI BJACTHBOCTI Ta KIIIMATHYHI YMOBH TEPUTOPIi PO3TAITyBaHHS.

Jst 06’ekTa MOCHIDKEHb OIIHEHO €(EeKTHUBHICTh BHKOPHUCTAHHS BEPTHUKAIHLHOTO O3CJIICHCHHS IOJO0
CKOPOYCHHS HAJIXOPKEHHS Y MPUMIIIICHHS HAJIMIIIKOBOTO TEILIa, B PE3yJIbTaTi YOro BCTAHOBJICHO:

— HaJXOJKEHHs HaUTHIIKOBOTO Tea 10 OYyAMHKY 4epe3 MiBAeHHy CTiHy, Tiomero 15 M% mpotsrom
no0n y 6e3XxMapHHUH ACHD B TIEPi0] JTUTICHb-CEPIICHD 3a KIIIMAaTHIHUMH YMOBaMH M. XapKiB CKOPOUIY€EThCS
Ha 1,9 kBT'rox, abo y 4,2 pasu;

— N00OB1 BUTPATH CHEPTii Ha BiJIBEICHHS HAJIHUINIKOBOTO TEILIa, Y pa3i 3aCTOCYBaHHS MOUIUPEHUX CH-
CTEM OXOJIOKCHHS TTOBITPS Y IPUMITIeHHI, ckopoTruncs Ha 0,63 kBt -Tos.
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Study of the Efficiency of Using Nature-Oriented Technologies
in the Process of Energy Modernization of the Buildings
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The article considers technologies for ensuring comfortable indoor conditions during hot weather and reducing the nega-
tive impact of heat waves on human health. It is established that the most common technologies for ensuring comfortable
conditions require the use of modern high-tech equipment, significant material resources for the purchase and installation of
equipment, and ensuring its operation.

It is proposed to use vertical landscaping with vine-like plants to reduce the intake of excess heat in hot weather, which
in the warm season can cover the walls with a dense layer of foliage and protect them from solar radiation.

The exterior envelope of the buildings, which are oriented to the south, east, and west, is to be decorated. The object of
research is a red ceramic brick building located in Kharkiv, part of the walls of which are densely covered with the deciduous
vine Campsis.

Experimental studies of the temperature of the outer surface of walls of different orientations, with and without vertical
landscaping, were conducted on cloudless hot days in July-August 2023.

The algorithm has been developed for calculating the reduction of excess heat in a room during hot weather as a result
of the use of vertical landscaping.

To determine the temperature of the outer side of the wall, the equation of energy conservation in the form of a heat bal-
ance under the conditions of a quasi-stationary process was applied.

Comparison of the results of experimental studies and calculations confirms the possibility of using this calculation algo-
rithm. The effectiveness of the use of vertical greening is confirmed on the example of the selected research object.

Excessive heat entering a room in a house through a 15 m? wall facing south during a 7-day "heat wave" under the cli-
matic conditions of Kharkiv decreased by 19.7 kWh, or 2.5 times.

Keywords: vertical gardening, energy consumption, insolation, climatic conditions, air cooling, "heat wave".
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