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PacwmpeHnne MeranonncoB NpMBOAUT K PasfenieHnio NoBCeAHEBHOM
rOpoACKON AeATENbHOCTU U 6IM3NexKaLYMX IKOCUCTEM, YTO MPUBOAUT
K (hparmeHTauumn cpefbl 06UTAHNA U CHUKEHUIO AOCTYMHOCTU
3eneHbix 30H. lpeanaraerTca HOBbI NOAXOA K NPOEKTUPOBAHUIO
3aaHUIN «[blwalas apxuTeKTypa». oKasaHo, Kak ropoAckue
Kpbiwy, acagbl U fepeBAHHbIE KOHCTPYKLMUU MOTYT 6bITb CUHXPOHU-
3UPOBaHbI C CE30HHLIMU PUTMAMU U MECTHbIM Knumatom. Ucnonb3ya
KOHLeNLMU IKOJIOTNYECKOM NCUXONOrUMN, KYNbTYPHON CUMBONIUKM,
61MOMUMUMKPUM, MCCnepoBaTeNM Pa3pabaTbiBalOT INEMEHTbI, KOTOpbie
(hYHKUMOHANBHO COEAUHAT 3AaHUA C NPUPOAHBIMU CUCTEMAMU.

KnioueBble cnoBa: Ablwayye 30aHNA; MHTErpauna ypoaHUCTUKN

c npupopoit; hacaapl, 0OTBeYaloUMe TPeGOBAHNAM KNMMaTa;
af;anNTMBHbIE CUCTEMbI HAPYXKHOI 060N104KHN; GUOUNBHBIE XapaKTe-
pUCTUKK; GModUNbHBIA AU3aIH. /

The ongoing expansion of metropolitan areas leads to a separation
between daily urban activities and the nearby ecosystems, which
fragments habitats and lowers the availability of green areas. Based on
such challenges, Breathing Architecture proposes a new and cohesive
approach to building design which would lead to buildings that actively
breathe and would enable the flow of air, light, and energy through
porous boundaries instead of rigid shells. The study investigates how
urban roofs, facades, and joinery can be synchronized with seasonal
rhythms and the local climate. Using concepts from environmental psy-
chology, cultural symbolism, biomimicry, and the research formulates
adjustable shading fins, daylight chimneys, adaptive cladding, and
other processable design solutions which would functionally reconnect
buildings with natural systems.

Keywords: breathing buildings; nature-integrated urbanism; cli-
mate-responsive facades; adaptive envelope systems; biophilic perfor-
mance; biophilic design.

[blwawan apxutekTypa: MHTErpauua npupoabl ¥ ropoaos
/ Breathing architecture: Integrating nature and cities
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I. BeegeHue

1.1. OnpepeneHue AbllaLLei apxMTeKTypbl

[blwawas apxuTekTypa — 370 NOAXOA K NPOEKTUPOBAHMIO,
KOTOPbI MMUTUPYET ecTeCTBEHHbIE MPOLECCHl — AblXaHue,
KpoBOOOpalLeHNe 1 NOCTENEHHYI0 afanTaLmio C Lenblo co3-
JaHWA 34aHNi, KOTOpble pearupyloT Ha NOroay W AeATeNb-
HOCTb Nonb3oBaTeneil. BMecTo repMeTUyHbIX NOMELLEHN

B HEM WCMOJIb3YIOTCA MOABUXHbIE NAHENM, BEHTUNALMOHHbIE
OTBEPCTUA M NOAKNIOYEHHbIE fATYNUKN ANS aBTOMATUYECKON
peryMpoBKN OCBELLEHHOCTH, BNAXHOCTU U KayecTBa BO3-
Zyxa. 3T KOMNOHEHTb PaboTaloT BMECTE, CO3/aBas KOHTYP
06paTHOI CBA3M, KOTOPbI NOBbILAET KOM(OPT NPU MEHb-
WeM NOoTpebneHNM 3HeprUM U MaTepuanos 1 obecneym-
BAeT NAaBHbIi Nepexof Mex Ay BHYTPEHHUM U HAPYXHbIM
NPOCTPAHCTBAMM C HU3KUM 3HepronoTpebneHuem. [piwauwas
apxuTeKkTypa hYyHKLMOHWUPYET KaK XunBas 060104Ka B coye-
TaHWK C COOTBETCTBYIOWNMU TEXHONOTUAMU U NpaBUNAMK,
no3BoNAs 30aHNAM B3aUMOAEACTBOBATL C OKPYXKatolLen
cpefoi, a He oTaeNaTbCA oT Hee [1].

1.2. BaXXHOCTb MHTErpayMu Nnpupoabl U ropoaCcKon
KU3HU

Ha 6narononyyne MecTHbIX XUTENeN U IKOCUCTEM OKa3bl-
BAET BIMsIHME PACTYLLEE OTAENEHME NI0Aei OT NPUPOSHBIX
NPOLLECCOB, BbI3BAHHOE UCKYCCTBEHHbIMU MOKPLITUAMU

B FYCTOHACENEHHbIX TOPOAAX. 3eNIeHbIe CTEHbI, NOPUCTbIE
MeM6paHbl 1 afanTuBHble hacafHble NaHenu ABASITCA Npu-
mepamu atMocdepHbix MHTephencoB, KOTOpble BO3BpaLLalOT
BOCMPUATHE BCEX AaCMEKTOB NPUPOLbI —0CA3aHUSA, 3ByKa

¥ 3anaxa — B NOBCEAHEBHYIO XN3Hb. 3TW 3/1EMEHTbI CNOCO6-
CTBYIOT MH(OPMUPOBAHHOCTU 06 OKpYIKalOLLEl IKoCUCTEME
W CMATYAIOT OCTpble Yrbl 6eTOHHOM 3acTpoiku. [enas aTo,
3[aHUA NOALEPKMUBAIOT TOPOA U €ro XKuUTesei, 4To cnocob-
CTBYET OXpaHe 340POBbsA ropoxaH. [laHHble Mepbl UMeloT
pellatollee 3Ha4eHe 4 YCTOYMBOro U 3f,0poBoro o6pasa
XXM3HW B YCNIOBUAX NepeHaceneHus roponos [3, 5].

B cTaTbhe Mbl NPOBOAMM Pa3Nuyme MeXAy «eCTeCTBEHHbI-
MU» U KUCKYCCTBEHHbLIMUY 3IEMEHTAMU FOPOACKON Cpesbl.
«EcTecTBEHHbIE» OTHOCATCA K 3KOCUCTEMAM, KOTOpbIE OCTa-
I0TCS MUHUMANbHO U3MEHEHHbIMU YenoBekoM (peku, 3a6ono-
YeHHble 3eMJIM W OCTaBlLIMeCS neca), TOrAa Kak «MCKYCCTBEH-
HbIE€» OTHOCATCSA K CO3AaHHbLIM YENOBEKOM UM UHTEHCUBHO

yNpaBisieMbiM 3e1eHbIM cucTeMam (napku, 6oTaHuyeckue
capbl n GnaroycTpoeHHble bynbBapbl). XoTA TO M fpyroe
CNOCOBCTBYET 3KOJOrMYECKOMY 30POBbIO U 06LECTBEHHOMY
6naromnonyyuio, BaXXHO NPU3HATb aKTUBHYIO POJib YeSoBEKa

B NoffiepxaHuu nocnegHero [18].

Ha cxeme (puc. 1) nokasaH npoToTun Ablwalyeit apxu-
TEKTYpbl C BEpPTUKaNbHbIMK cnosmu. CpefHue cnou cogep-
AT rMbKWe Xusble NOMELEHUN C MOABUKHBIMU IKPAHAMU
W BEPTUKANbHBIMMU WAXTaMM 415 BO3LYLWHOMO NOTOKA,
BEPXHUE CEKLMM PerynnpytoT NPUTOK BETPA U CONHEYHOIA
3Hepruu, a Ha HUXKHEM YPOBHE PACMONOXKEHbI 3eIeHble 30HbI
06LWeCcTBEHHOr0 NONb30BAHUSA, KOTOPbIE 3aWMLAIOT XKUTENe
U oxnaxpatT Bo3ayx. CTpenku unnocTpupyioT, Kak 3gaHue
B3auMofelCTBYeT C NOrofoM, Cliefys eCTECTBEHHbIM TeUEHH-
AM. ®usnyeckas MoLeNb, B OCHOBE KOTOPOI IEXUT Kcunema
AepeBbeB, UMeeT U30THYTYI0 POPMY C OTBEPCTUAMU B BUAE
COT, KOTOpPbIE NPONYCKAIOT CBET, BO3AYX W [OXAb. YTOObI
€03AaTb CUCTEMY, B KOTOPO# NPUPOAHAA U UCKYCCTBEHHASA
Cpefbl B3aUMOJENCTBYIOT B PEXMUME PeanbHOro BpeMeHH,
GETOHHOE OCHOBAHWE UHTErPUPYETCA C IKONOTUYECKUMY
0COBEHHOCTAMU U coefuHsAET balwHIo ¢ ynuuei [12].

Ha puc. 2 nokasaH pernoHanbHbIil NOAX0A, COYeTaloWMii
NPUHLMMbI TOPOACKOTO NNAHUPOBAHUA U 3konoruu. KoH-
LeHTPUYECKME 30HbI, KOTOPbIE COOTBETCTBYIOT MPUPOAHBIM
topmam penbeda 1 BOLOTOKaM, 0603HaYalOT Neca, ropof-
CKMe palioHbl U 3eN1eHble HacaXaeHUs. B3auMocBA3b Mexay
3KONOTMYECKUMN KOPUAOPAMMN U 3aCTPOEHHBIMU TEPPUTOPH-
AIMU NOKa3aHa Ha M30MeTpUYeckux u3obpaxeHusx. CTpenku
npeobpasyloT IKONOrMyecKmne NPOLECCh B NIaHUPOBaHUE,
UMUTUPYS ABUXKEHUE OPraHU3MOB, BO34yXa W BOfbl. ITOT
METOZ, PacluMpseT KOHUENLMIO AbllaLeil apXUTEKTYpPbl OT OT-
AeNbHbIX 30aHNii 4O LeNbiX PerMoHOB, 06beAUHAN NECHble
MacCUBbI, CTOYHbIE MPYAbI U 3eIeHble NIOWAAMN B eAUHYI0
cUCTEMY, LEMOHCTPUPYIOLLYI0 BUOPErMoHaNbHbIA AU3aitH.

1.3. Llenb uccnepoBarenbckoil paboTbl

B naHHoil cTaTbe UCCNeAYIOTCA CNOCO6bI, C MOMOLbIO
KOTOPbIX AblWALLAA apXUTEKTYPaA CBA3bIBAET FOPOJiCKME
MHTEpbepbl M NPUPOAHbIE IKOCMCTEMbI. B Heil oueHunBaeT-
csl, cNoco6CTBYET 1M aTMOCHEPHBIN AU3aNH COLMANbHOM
CMA0YEHHOCTH, MAEHTUYHOCTU MECTa, IMOLMOHANbHOIA
CBA3M W 3KONOTMYeckuM nokasatensm [2]. ccnepoBanue



I. Introduction

1.1. Definition of Breathing Architecture

Breathing architecture is a design approach that imitates natu-
ral processes like respiration, circulation, and gradual adaptation, in
order to create buildings that react to weather and user activity. It
uses movable skins, vents, and connected sensors to automatically
adjust light, moisture, and air quality in place of sealed spaces.
These components work together to create a feedback loop that
improves comfort while using less energy and materials by enabling
mild, low-energy transitions between indoor and outdoor spaces.
Breathing architecture functions as a living skin when paired
with the right technologies and regulations, allowing buildings to
engage with their surroundings rather than separate from them
[1, p. 221-239].

1.2. Importance of Integrating Nature and Urban Life

The well-being of local ecosystems and inhabitants is impacted
by the increasing separation of humans from natural processes
caused by man-made surfaces in densely populated cities. Green
walls, porous membranes, and adaptive skin panels are examples
of atmospheric interfaces that restore touch, sound, and smell -
all aspects of nature - to everyday life. These elements promote

npeanaraeTt OCHOBY A1 aAanTUBHOW, MyNbTUCEHCOPHON

1 3KONOTUYECKU MHTErpupOBaAHHOW apXUTEKTYPbl, KOTOPas
Aenaet ropoaa bonee 300poBbIMU, 6OEE TYMAHHBIMU U IKO-
Nlornyeckumu, obveguHss dunocodcekue, hyHKLMOHANbHbIE
U 3MNUPUYECKUe TOYKM 3peHus [7, 9].

II. UcTopuyeckas nepcnexkTuBa

2.1. IBONIOUUA APXUTEKTYPbI U ee B3aMMOCBA3b
C npupopgoi
ApxuTeKTypa nepBoHayaNbHO HEMOCPEACTBEHHO pearnpo-
Bafia Ha NpPUPOAY, U PaHHUE XMXKWHBI, UNULLA U CBATUAMLLA
$hopMMpoOBaNMCh NOJ BAUAHUEM UMEIOLLUXCA PECYPCOB,
MeCTHOrO0 KnumaTa u camoit 3emnu [14]. bnaropaps ucnone-
30BaHMIO TOCTbIX CTEH AN MOMNIOWEHMUA TENa, CKBO3HAKOB
BJS OXNAXAEHUA U CE30HHOI OpPUEHTALMK Ha CONHLE U Be-
Tep, 3TV JOMa He HYXJANUCh HU B KAKOW BHELIHEN IHEPTUu.
HKunuwa ncnonb3oBanuch AN B3aMMOAERCTBMA C NPUPOA-
HbIMU POPMAMM U AN NOYUTAHUSA 3€MJIU, O YEM CBUAETENb-
CTBYIOT KOPTbI, FUMHOOUTHEIE My36/10 U JOMa HA JepeBbaAX
[12]. QoxpaeBble KaHanbl, BO3BpALLAlOLLME BOAY B 3EMIIO,
1 KpbllwK B hOpMe NUCTLEB ABNAIOTCA NPUMEpaMm 3TOi
cesa3n. CooblyecTBa paHHero MOLEpHa U CpefHEBEKOBbSA
COYeTaNu 3AaHUA C y3KUMU annesamu, KOMOUHUPYS KaMeH-
HYI0 KNAAKY C pacTUTENbHOCTbIO — DPYKTOBLIMU LLEPEBbAMY,
apOYHbIMU AOPOKKAMM U HErnyGOKMMU KaHasamm [7]. 3T
NPOEKTbl BKAKOYANMN 30aHNUA, KOTOPble NPUPACcTanu K 3emne,
a He BO3BbIWANCH HAf HEll, U KOTOPbIE CKOpee NogyepKu-
BanW, YeMm 3acnoHanu noysy [13]. [blwalasn apxutekTypa,
OCHOBAHHasA Ha TPAZULMOHHbBIX IKONOTUYECKUX CTPATErnUsaX,
npegfnaraeT UHHOBALMOHHbIE PAMKH, KOTOPble 00bEANHSA-
10T KYNbTYPHYIO CUMBOJIMKY U COBPEMEHHbIE TEXHONOMUU
AJA CO3AaHNsA afanTMpyeMmoii ropofcKoii cpegpl.

Ha puc. 3 nokasaHbl MUMETUYECKASA, NPUKNAAHASA
W opraHuyeckas apxuTekTypbl (kaTeropuu 6uodubHo
apxuTeKTypbl). lloKka3aHbl ABHbIE U CKPbITbIE OTCBIIKW K NpH-
poje Kak B COBPEMEHHbIX, TaK U B UCTOPUYECKUX 3AaHUAX.
Ons pocTuxeHns acteTnyeckoro ahdeKkta MUMETUYECKUI
AM3aliH UMUTUPYET NpupogHble hopMmbl. JuBble cucre-
Mbl — TPOMUYECKME Cabl U 3eNieHble CTEHbl — BHeApPAIOTCA
B 06bIYHbIE CTPOUTENbHbIE PABOTHI C NOMOLLbIO NPUKIAZHOTO
Aun3aiHa. [ToCTOAHHBIN yYeT MeCTHON 3KONOrMKU 1 MaTepu-
anoB ABNAETCA OCHOBOW OpraHUYecKoro Au3aitHa. Baatele

awareness of the surrounding ecosystems and soften the sharp
edges of concrete. By doing this, buildings support the city and its
citizens by actively participating in urban health. These interven-
tions are crucial for sustainable, healthy living in crowded urban
environments [3], [5, p. 200-214].

In this article, we distinguish between “natural” and “artificial”
elements of the urban environment. “Natural” refers to ecosystems
that remain minimally modified by humans, such as rivers, wetlands,
and remnant forests, whereas “artificial” refers to human-created
or heavily managed green systems such as parks, botanical gardens,
and landscaped boulevards. Although both contribute to ecological
health and public wellbeing, it is important to acknowledge the
active human role in sustaining the latter [18].

A breathing architecture prototype with vertical layers is de-
picted in the diagram (Figure 1). The middle layers contain flexible
living spaces with movable screens and vertical shafts for airflow,
the top sections control wind and solar gain, and the ground-level
belts offer green public spaces that protect residents and cool the
air. Arrows illustrate how the building interacts with the weather
by following natural currents. Inspired by the xylem of trees, the
physical model has a twisting spine with honeycombed apertures

B LieJIOM, 3TW CTpaTeruu npeanonaralot Oyayluee, B KOTOPOM
apXMTEKTYpa LeNeHanpaBieHHO U TECHO COTPYAHUYAET
C NPMPOLHBIMU CUCTEMAMMU.

2.2. UHpycTpranusauusa n pasBuTue ycToinyuBoin
apXMTeKTypbl
HopManbHblit 6anaHc apxuTeKTypbl bl HapyLWeH npo-
MbllWJEHHOW peBonioumeii [6]. Topona, koTopbie GbICTPO
pocnu, 3acTpansanuch Gabpukamm, enesHbIM1 OPoOramu
u Tpyb6amu, oTAaBas NpUOPUTET MexaHWyeckoi addekTnB-
HOCTM 1 MacCoBOMY NPOU3BOACTBY, @ HE MECTHbIM pecypcam
W AM3aiHY, YYUTLIBAIOLEMY KNUMaTUYecKue ycnoBus [11].
B To Bpems Kak 3eneHble HacaXAeHUs ncyesanu, a CTporoe
30HMPOBAHNE 3aMefIAN0 BOCCTAHOBNEHWE TOPOAOB, 3AaHMA
CTanu BO3AYXOHENPOHNLLAEMbIMU U 06ECNeYMBANY OXANK-
L€HWe UCKONaeMbiM TOMIMBOM, @ HE €CTECTBEHHOMN BEHTH-
nAUMeil, 4To CHMXaNo yctonunsocts ropofos [15]. K koHuy
XX BeKa apxUTeKTOpPbl BbINK BbIHYXAEHbI NEPECMOTPETL CBOM
CTpaTerMu NpoeKTUPOBAHMA U3-3a IKONOTUYECKNX (aKTo-
POB, 3HEPreTUYeCKUX KPU3NUCOB U Npobiem ¢ knumaTom [8].
[lpeBHME XMKUHBI U MECTHBIE XUAULLA OblIN CMPOEKTUPO-
BaHbl TaKMM 06Pa3oM, YTOObI NOT/OLATH CONHEYHOE TENJO,
yNaBNUBaTh AYHOBEHUSA BETPa U OPUEHTUPOBATLCA HA CE30H-
Hble U3MeHeHUs. TeM He MeHee OHW MoNaranuch 1 Ha BHewW-
HUE UCTOYHWKM IHEPrumn: oYaru u neuu ans oborpesa v npu-
rOTOBNEHUA MULM. ITO NO3BONAET U36EXKATb NPeyBeuYeHUs
WX NONHOW 3HEpPreTMyecKoi aBTOHOMUM U Boee TOYHO
BMWCATb UX B UCTOPUYECKUI KOHTUHYYM B3aUMOOTHOLIEHMWIA
apxuTeKTypbl ¢ npupogoi [17].

< Puc. 1. BeptukanbHas
cucTema ablwawen
apxutekTypsbl / Figure 1.
Breathing Architecture
Vertical System
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> Puc. 2. 3konoruyeckoe
30HWpOBaHuWe U CTpaTerus
MHTErpupoBaHHON
3e/1eHo MHMPACTPYKTYpbI
ANA TEPPUTOPUANBHBIX
ablwawmx cuctem / Figure
2. Ecological zoning

and integrated green
infrastructure strategy
for territorial breathing
systems

that filter light, air, and rain. In order to create a system where the
natural and built environments interact in real time, a concrete
base integrates ecological features and connects the tower to the
street [12, p. 1-18].

Figure 2 illustrates a regional approach that combines urban
planning and ecological principles. Concentric zones, which line
up with natural landforms and watercourses, denote forests, urban
areas, and green buffers. The relationship between ecological corri-
dors and built areas is depicted in isometric views. Arrows translate
ecological processes into planning by simulating the movement
of organisms, air, and water. The method extends the breathing
architecture concept from individual buildings to entire regions by
integrating forest patches, retention ponds, and green plazas into a
seamless system, exemplifying bioregional design.

1.3. Purpose of the Research Paper

This study investigates the ways in which breathing architecture
connects urban interiors and natural ecosystems. It assesses if
atmospheric design enhances social cohesion, place identity, emo-
tional connection, and environmental performance [2, p.71-76].
The study offers a framework for adaptive, multisensory, and eco-
logically integrated architecture that makes cities healthier, more

IHeproathdheKTMBHOCTb, GanaHc 3KocucTeM U 6UOMUMU-
KpUs CTaiM OCHOBHbIMU TEMAMU K3ENIEHO aPXUTEKTYPbIY»
[10]. 3eneHble kpbilwu, hacagbl, YyBCTBUTENbHbIE K AHEB-
HOMY CBETY, U NAaCCUBHbIE CONTHEYHbIE NAHENN — NPUMEpbI
MHHOBALMIA, KOTOPbIE NEPEHECNU aKLEHT C LeKOPATUBHBIX
3/1EMEHTOB Ha NOAJAIOLWMECS KOMYECTBEHHOW OLEHKE
3KoNornyeckue nokasarenu [4]. Yto6el KOHTpOAMPOBaTL
BEHTUNALMIO, COXPAHATb TEMO U CHUXKATbL BEIGPOCH yrie-
KWCNOTo rasa, 30aHua Hayanu hyHKLUOHMPOBATL KaK nosy-
UBble cuCTEMbI. B Haww gHu 6narogaps vHTENNEKTYaNbHbIM
JaTYMKaAM U KITMMATUYECKOW aHaNUTUKe B peXuMe peab-
HOTO BPEMEHM CTAHOBSATCA BO3MOXHbLIMU rMOKUE, AblwalLne
KOHCTPYKLMM, KOTOPbIe aflanTUPYIOTCA K M3MEHSAOWMUMCA
YCNOBUAM 33 CYET U3MEHEHUS BAXHOCTH, BO3AYLIHOTO
MOTOKa U 3aTeHeHuUs. MHOrne cTpaTeruu, KOTopble cerog-

Hf YacTO NPEenofHOCATCA KaKk COBPeMeHHble MHHOBAL MK

B 06/1aCTW yCTONYMBOrO Pa3BUTUS — 3e/IeHbIE KPbILWK,
hacapnbl, YyBCTBUTENIbHbIE K COJIHEYHBIM JIy4aM, U YCTPOMCTBA
ANs 3aTeHEHUs — HA CaMOM fiefie UMEIoT ryboKue uctopuye-
CKue KopHU. TeppacHble cagbl, PaCTUTENbHOCTb Ha KPblllax

u dacafibl B cTUNE MaWpabus Ha NPOTAXKEHUM BEKOB Oblu
HEOTbEM/IEMOW YaCTbio APXUTEKTYPHbLIX TPajULUiA B peruo-
Hax C BbICOKON MHconAumeii. Mx HblHelWwHee BO3pOXaeHMe
cfleyeT NOHUMATb KaK afanTUBHOE NOBTOPHOE UCMO/b30Ba-
HMe NpOoBEePEHHbIX BpEMEHEM METO/I0B, a He KaK paanKanb-
Hble MHHOBauum [17].

compassionate, and environmentally conscious by fusing philo-
sophical, functional, and experiential viewpoints [7], [9, p. 34-49].

II. Historical Perspective

2.1. Evolution of architecture and its relationship with
nature

Architecture originally responded directly to nature, with early
huts, dwellings, and shrines shaped by available resources, local
climate, and the land itself [14, p. 30-34]. Due to their use of
thick walls for heat absorption, breezes for cooling, and seasonal
orientation toward the sun and wind, these houses didn’t need any
outside energy. Shelters used to reflect natural forms and honor
the land, as evidenced by yurts, adobe pueblos, and tree-centered
settlements [12, p. 1-18]. Rain channels that return water to the
earth and roofs shaped like leaves are examples of this connection.
Early modern and medieval communities blended buildings with
narrow alleys by combining stonework with vegetation, such as
fruit trees, arched walkways, and shallow ditches [7]. These designs
included buildings that belonged to the ground rather than rising
above it, and that enhanced rather than overshadowed the soil
[13]. This paper argues that breathing architecture, while rooted
in traditional ecological strategies, offers innovative frameworks

III. MpuUHUUNBI AbIWALLEA APXUTEKTYPDI

3.1. lpuBHeceHUe NPpMPOAbI B apXUTEKTYPY
ApxuTeKkTOpbl MCNONL3YIOT GMODUbHbINA AN3aITH, YTOOI
NpuBHECTU NpUPOAyY B ropofa. B 3panusax n nanpwadrax
NCNONb3YIOTCA NepepaboTaHHble MaTepuarbl, pacTeHus,
BOAHblE 0OBEKTbI U NPUPOAHbLIE TEKCTYPbI. KaMeHHbIE CTEHBI,
Cafbl Ha Kpbllle 1 BHYTPEHHME JBOPUKM Yy4LWAIOT BHEWHWA
BWA, PETYNIUPYIOT TEMNEPATYpy U CO3Aal0T Gonee YITHYI0
06cTaHoBKY. OHU TaKXe OYMLAKT BO3[YX, CHUXKAKT CTpecc
¥ NMOBBILWAIOT KOHLEHTPaLMio BHUMaHUA. COBpeMeHHbI i
AW3aliH paccMaTpuUBaeT XUBbIE CUCTEMBI KaK YacTb 3AaHMS,
a He NPOCTO Kak yKpalleHue.

I heKTMBHOCTb BO3AYIIHOIO NOTOKA:

ACH = (Q. 3600)/ V -1

lne:

Q = cKOpPOCTb BO3AYILIHOTO NOTOKA Yepe3 hacagHble
oteepcTusa (M3/c)

V = BHYTPeHHUit 06beM nomelyeHns (M3)

IT0 NoMOraeT KONNYECTBEHHO OLLEHUTb, HACKONBKO
«AbllWaLUM» ABAAETCA Pacaj C TOYKN 3peHus 06HOBAEHUA
BO3/yxa.

3¢ peKTUBHOCTb NOPUCTOCTHU HA FPaHMLIe pa3pena
noMeLLeHUI 1 yanLbI:
T]P = Ao/At -2
lme:
np = 3chheKTUBHOCTb NOPUCTOCTH
A, = OTKpbITas NiowWazaka ans BO3AyXo- U cBeTooOMEHa
A= obwas nnowanp dacana

NccnepoBaHus NoKasbiBaloT, YTO €CTECTBEHHOE OCBelLLe-
HUE M CBEXMI BO3AYX YNYYLIAIOT HACTPOEHUE, KOHLEHTpa-
LMo BHUMAHUA 1 00Luee caMoyyBCTBUE. B cOBpeMeHHbIX
3AaHUAX eCTECTBEHHAsA BEHTUAALMA U CONHEYHbIN CBET UMe-
10T NPUOPUTET Nepes MexaHuyeckumu cuctemamu. MaHcapa-
Hble OKHa, OTKUAHbIE CTBOPKMU, NETKME NMOJKYU U Pa3ABUXKHbIE
NaHenu — BOT HEKOTOPbIE 0COOEHHOCTH, KOTOPbIE MOMOraloT
NPOHMKATL CBEXEMY BO3AYXY, CONTHEYHOMY CBETY U 6pU3y,
CHWXas Npu 3TOM 3HepronoTpebieHne U NoAAePKUBas
komtopt obutateneit. CBA3b C NPUPOAON TaKKe yayywa-
eT camouyBCTBUE. ECTecTBEHHbIE apoMaThl, BULbI 3e1EHMU,
TeKyleil BOAbI M TaKue MaTepuarbl, Kak KameHb UK Aepeso,



that integrate cultural symbolism and modern technology to create
adaptable urban environments.

Figure 3 displays mimetic, applied, and organic (categories of
biophilic architecture). It draws attention to both overt and covert
allusions to nature in both contemporary and historic structures.
For aesthetic effect, mimetic design mimics natural forms. Living
systems, such as rain gardens and green walls, are incorporated into
regular building operations through applied design. An ongoing
conversation with the local ecology and materials is the foundation
of organic design. When taken as a whole, these strategies suggest
a future in which architecture collaborates purposefully and closely
with natural systems.

2.2. Industrialization and the Rise of Sustainable Architecture

The normal balance of architecture was upset by the Indus-
trial Revolution [6, p. 126-132]. Towns that grew quickly added
factories, railroads, and chimneys, prioritizing mechanical efficiency
and mass production over local resources and climate-responsive
design [11, p. 240-250]. While green spaces vanished and strict
zoning slowed urban recovery, buildings became airtight and relied
on fossil fuel cooling rather than natural ventilation, decreasing the
resilience of cities [15]. By the end of the 20th century, architects

were forced to reconsider their design strategies due to ecological
warnings, energy crises, and climate concerns [8, p. 245-255].

While early huts and vernacular dwellings were designed to
absorb heat, capture breezes, and orient themselves to seasonal sun
and wind, they nevertheless relied on external energy sources such
as fire, hearths, and stoves for heating and cooking. This recog-
nition avoids overstating their complete energy autonomy and
situates them more accurately within the historical continuum of
architecture’s relationship to nature [17].

Energy efficiency, ecosystem balance, and biomimicry became
the focus of green architecture [10]. Green roofs, daylight-respon-
sive facades, and passive-solar shells are examples of innovations
that moved the emphasis from ornamentation to quantifiable envi-
ronmental performance [4, p. 116-130]. In order to control venti-
lation, buffer heat, and lower carbon footprints, buildings started to
operate as semi-living systems. These days, responsive, breathing
structures that adapt to changing conditions by modifying mois-
ture, airflow, and shading are made possible by smart sensors and
real-time climate analytics. Many strategies often presented today
as “new” sustainable innovations—such as green roofs, sun-re-
sponsive facades, and climatic shading devices—actually have

> Biophilic architecture< v 1
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€034al0T NPOCTPAHCTBO, KOTOPOE BOCCTAHABNBAET CUAIbI,
cnocobcTByeT 06LeHuIo U yMeHbLuaeT Gecnokolictso. Te-
paneBTUYECKUe NaHAWAdTLl, KOTOPble paHblue MOXHO 6biN0
HalTK TONbKO B 6ONbHULAX, TeNepb UCMONb3YIOTCA B NapKax,
Ha yNULAX U B BECTUOIONAX, AEMOHCTPUPYS, UTO Ge3MATENX-
HYI0 NPUPOAHYIO CPEAY MOXHO HalTH faxe B NepeHacesneH-
HbIX rOpOAaXx.

IV. AHanun3 KOHKpeTHbIX NpUMepoB

4.1. «BepTukanbHbiit nec» B Munane, Utanua

BblcOTHas Xunas apxuTeKTypa 1 3eJ1eHble HaCaXAeH!s
COYETATCA B MUNAHCKOM KOMNNeKce «BepTukanbHelit necy
(Bosco Vertical). bonee 900 gepeBbeB B HaTypanbHylo BENU-
YMHY U THICAYN KYCTAPHUKOB PAcnofoXeHbl B iBYX BallHsAX,

06pasys ropofCcKoil cag Ha BO3BbIWEHHOCTU. PacTutens-
HOCTb CHUXAET NOTPe6HOCTL B OTOMNEHUN U OXNAXKAEHUH,
y/lyyluas KauyecTBo BO3AyXa, NOroWas yraeKucblii ras, CHu-
as yNIUYHbIA Wym 1 obecneynsas nsonsauuio. Kpome Toro,
3efeHble hacafbl CO3LAIOT MUHUATIOPHbLIA MUKPOKNUMAT,
KOTOpbIit yMeHbLlaeT 3¢ heKT ropoACcKoro TenI0BOro 0CTpo-
Ba U 0becneynBaeT NPoxnagy Ans Xutenei. IToT NPoeKT
6pOCaeT BbI30B TPAAULMOHHON MOLENN BbICOTHbIX 3AaHMI
U3 CTEKNa U CTanu, AEMOHCTPUPYSA, YTO NIOTHAsA rOpofCcKas
3aCTpOiKa MOXET COCYLYECTBOBATb C OOWMPHLIMU 3eN€HbIMU
HacaXaeHUAMU.

Ha pucyHkax 4—6 nokasaHo, KaK yKpalleHHble pacTUTeb-
HOCTblo hbacabl M NAPKK Ha BO3BbILEHHOCTAX ABAAIOTCSA
npuMepoM fblliallen apXUTEKTYpPbl, COYETAIOLWEN IKONOTU-

< Puc. 3. CrpykTypa
61OUNBHOI apXUTEKTYPBI:
TUNONOTUM, UCTOUHUKN
BAOXHOBEHUA U NOTEHUnan
COTPYAHMYECTBA B 061aCTU
6uonoruun / Figure 3.
Framework of Biophilic
Architecture: typologies,
inspirations, and bio-
collaborative potential
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v Puc. 4. «<BepTukanbHbiit
NeC»: MHTerpaums
pacTUTeNbHOCTH B
rOpPOACKOE BbICOTHOE XUNbe
/ Figure 4. Vertical Forest:
integrating vegetation into
high-rise urban living

deep historical precedents. Terraced gardens, roof vegetation, and
mashrabiya-type facades have been integral to architectural tra-
ditions in regions with high insolation for centuries. Their current
revival should be understood as the adaptive reuse of time-tested
methods rather than radical innovations [17].

IIL. Principles of Breathing Architecture

3.1 Bringing Nature inside Architecture

Architects are using biophilic design to bring nature into cities.
Buildings and landscapes incorporate recycled materials, plants,
water features, and natural textures. Stone walls, roof gardens, and
courtyards enhance views, control temperature, and create cozier
environments. These features also clean the air, reduce stress, and
boost focus. Modern design treats living systems as part of the
building, not just decoration.

Airflow Efficiency:

ACH = (Q.3600)/V -1
Where:

Q = airflow rate through facade openings (m*/s)
V =interior room volume (m?)

yeckue yHKLMN C TOPOACKOI KNU3HbIO, yNyYLLIasa KayecTBo
BO3/lyXa W TennoBoi KoM(opT. Ha puc. 4 nokasaHbl 3eneHble
HaCAX[eHUs, PAacNOoNOXKeHHble HAa 6GaKOHAX U KOHCONbHbIX
OrpaXaeHusx. YCTaHOBKM ynaBAnBatoT Yriepoa U TBepable
4acTULbl, CMAMYAIOT CONHEYHOE TEMJIO U CNOCOBCTBYIOT KOH-
BEKTUBHOMY OXNIaXKAEHUIO, CHMUXKAA 3aBUCUMOCTb OT MEXAHU-
yecKkux cuctem. PacTutenbHblin CNOW TakKe NOALEPXKUBAET
61opa3Hoobpasue ropoaos, obecneynsas cpefy o6uUTaHUs
AN NTUL U HACEKOMbIX, AEMOHCTPUPYS, KaK 34aHNUA MOTYT
BbICTYNATb B KAYE€CTBE aKTUBHbIX 3KOJIOTUYECKUX Cy6'beKTOB,
OAHOBPEMEHHO MOBbILWAA KOM(OPT 1 Gnarononyyue Noaei.

4.2. «Capbl y 3anuBa», CuHranyp

Komnnekc «Capbl y 3anuBax» (Gardens by the Bay), pac-
MONOXEHHbI B LieHTpanbHoM yact CuHranypa, agnser-

CA NPUMEPOM WHTErpauumn NaHAWagTHON apxXUTEKTYPbI

W MHXeHepuu. B fononHeHne K 3HaMeHUTBIM cyneppe-
peBbAM, KOTOPbIE CIYXKAT B KAYECTBE COTHEYHbIX OalleH,
BEPTUKA/bHbIX Cafi0B U LOXAENPUEMHUKOB, B HEM €CTb [iBE
OpaHXepeu ¢ KnMMaT-KoHTponeM. B opaHxepesx npepcras-
NeHbl 3KCMOHATbI C PAaCTEHUAMU TPOMNYECKUX, YMEPEHHBIX

This helps quantify how “breathing” a facade is in terms of air
renewal

Indoor-Outdoor Interface Porosity Efficiency:

nP=A,/ A -2

Where:

np = porosity efficiency

A, = open area for air/light exchange

A, = total facade area

Studies indicate that natural light and fresh air enhance mood,
concentration, and overall health. Natural ventilation and sunlight
are given precedence over mechanical systems in modern buildings.
Skylights, tilting windows, light shelves, and sliding panels are some
features that help bring in fresh air, sunlight, and breezes while
lowering energy consumption and maintaining occupant comfort.
Having a connection to nature also improves wellbeing. Natural
scents, views of greenery, flowing water, and materials like stone
or wood create spaces that are restorative, promote belonging, and
lessen anxiety. Therapeutic landscapes, which were formerly only
found in hospitals, are now utilized in parks, streets, and lobbies,

W MONAPHBIX 30H. [loceTUTeNN MOTYT Y3HaTb 06 OMbIIUTENSAX,
KpYroBOpOTe YrNepoAa v yNaBnuBaHWU BOLbI PacTEHUAMM

C NOMOLLbIO MHTEPAKTUBHbIX TPEKEPOB, 3BYKOBbIX NaHALAd-
TOB 1 laTYMKOB. lapk ABNAETCA OAHOBPEMEHHO 3CTETUYHbBIM
¥ 3HeproatdeKkTUBHLIM 6Narofaps CBETOAUOAHBIM pelleT-
KaM, KOTOpbIE MUTAKOTCA OT COMTHEYHBIX NaHeNei Ha Kpbllue,
MWUKPOBETPSAHbIX TYPOUH U aKKYMYNATOPHbIX BaTapeit. ITn
peLeTKn TaKkKe COOTBETCTBYIOT LIUPKAAHLIM PUTMAM pac-
TEHUN. 34eCh Mbl BUAUM NOATBEPXKAEHUE TOTO, 4TO 3a60Ta
06 OKpyxalolen Cpefie U ropoAcKas Xu3Hb MOFYT cocylie-
CTBOBATb. XOTA KOHKpeTHble npuMepsl — «Capbl y 3anuBay

B CuHranype, «BeptukansHbiit nec» B MunaHe — unnioctpu-
PYIOT YCNELHYI0 IKONOTUYECKYI0 MHTErpaLmio, UX W1poKoe
NnpuMMeHeHWe orpaHuyeHo. B pernoHax c cypoBbiM KIMMaToOM
13-3a CUJIbHBIX XONI0A0B UIW [IUTENbHOI 3aCyLWAUBOCTH
pacTeHWs BNafjaloT B CMAYKY UAM BAHYT 3HAYUTENbHYIO YacTb
rofia, 4To CHUXaeT 3Koaornyeckue nokasartenu. bonee Toro,
BbICOKOTEXHOIOTMYHbIE PELleHUs, TaKne Kak cyneppepesbs,
CONPAKEHbI CO 3HAYUTENbHBIMU 3aTpaTaMm, KOTOpbIe BO3-
MOXHbI B NEpPBYI0 ouepedb B 6oratbix CTpaHax, 4To 3aTpys-
HAET UX WMPOKOe TUpaxuposaHue [19].

Ha puc. 5 nokasaHo, 4to cyneppepeBbs 06beAUHAIOT
TEXHONOTUN U GMOMUMUKPUIO: BOTHYTbIE BEPXYLIKM OTBOAAT
AOX[EBYIO BOAY B XpaHWANLLA, NOBEPXHOCTW YyNaBnuBaT
yacTuubl, @ GOTOINEKTPUYECKME IUCTbA COBMPAIOT 3HEprUto.
MoceTuTenn MoryT no6anxe pacCMOTPETb BEPTUKasbHbIE
capbl, NPONAACL NO NOABECHOMY MOCTY. 3AaHNA KOHTPONM-
pYIOT MUKPOKAKUMAT, yNyylwatT 6uopasHoobpasne ropogos
1 BEMOHCTPUPYIOT, KaK UHXEHEepHbIe 1 3KoNoruyeckme
3afayu MOryT COCyLecTBOBaTb B FOPOACKON Cpefe.

Ha puc. 6 nokasaHa cTapas NMHWUA HaA3eMHOI Xene3Hoil
AOpory, KoTopas 6bina Npeobpa3oBaHa B JMHHbIA 0XUB-
NIeHHbI ropofCcKOM napk Xai-JlaitH. 3geck coyeTaroTca Co-
BPEMEeHHbIe FOpoickne GOoPMbI C IKONOTUYECKUM U3aNHOM
6naropaps MCNoONb30BaHUIO MECTHBIX PACTEHUN, U3BUIUCTBIX
LOPOXKeK U yLo6HbIX MecT ana BcTpey. CoxpaHeHne HeKoTo-
pbIX OPUTMHANbHBIX XKENEe3HOJOPOXKHbIX NyTel 06beANHSAET
3eNeHylo MH(PACTPYKTYPY C KyNbTypHbIM Hacnepuem. Mapk
NpefoCTaBAseT ropoxaHaM AOCTYN K 3e/leHbIM Hacaxpe-
HUAM, CHUXAET Xapy 1 yBenuuusaet 6uopasHoobpasue. OH
CNYXUT NPUMEPOM TOro, Kak 3abpoleHHas UHbpacTpyKTypa



demonstrating that serene, natural environments can be found even
in crowded cities.

IV. Case Studies

4.1. The Bosco Verticale in Milan, Italy.

High-rise residential architecture and greenery are combined
in Milan’s Bosco Vertical (Vertical Forest). Over 900 full-sized trees
and thousands of shrubs are housed in two towers, forming an ele-
vated urban garden. The vegetation lowers the need for heating and
cooling by improving air quality, absorbing carbon, reducing street
noise, and providing insulation. Additionally, green facades produce
tiny microclimates that reduce the urban heat island effect and
keep inhabitant’s cooler. This project challenges the conventional
glass-and-steel high-rise model by demonstrating that dense urban
living can coexist with ample green spaces.

Figures 4-6 demonstrate how vegetation-integrated facades
and elevated parks exemplify breathing architecture, blending
ecological functions with urban living while enhancing air quality
and thermal comfort. Figure 4 shows greenery integrated across
balconies and cantilevered edges. Plants capture carbon and
particulates, moderate solar heat, and promote convective cooling,

MOXeT ObiTb NPeobpa3oBaHa B NPUrOAHLIE AN XU3HMU ro-
poackue naHawadThl, yCTOMYMBLIE K U3MEHEHUIO KMMATa.
Ha puc. 7 nokasaHa ponib MHHOBALWIi B MaTepuanax,
nokasblBalolas, Kak aganTUBHas 00WKBKa W pearupyiolne
NOBEPXHOCTW MOTYT CAYKUTb BO3AYXONPOHULLAEMBIMU CIO-
AMU MEXAY NMPUPOAHON N UCKYCCTBEHHOI cpepoii. Ha pu-
CYHKe NOKa3aHo cO3AaHue 3KONOTNYECKU YNCTbIX KAMEHHbIX
610K0B, Ha3blBAaeMbIX 3KOONOKAMM, KOTOPbIE U3rOTaBAMUBa-
I0TCA U3 NepepaboTaHHbIX MAaTePUanoB, a He U3 CBEXEro
KamHs, fOObITOro B Kapbepe. MepBblit BapuaHT no3sonser
n36exaTb NONafaHus OTXOAO0B Ha CBAJKMU 3a CYET UCMONbL30-
BaHWs ApobNeHoro 6eToHa, 0CTalWerocs 0T CHOCa CTapbIxX
KOHCTPYKUMiA. BTOpoi BapuaHT no3sonser nepepabarbiBath
OTXOZbl CTEK/A W MOBbIWAET NPOYHOCTb 3a CYET fLoOaBaeHUs
ppobneHoro ctekna. Camas nocnefHas Bepcus no3sonser
CHWU3UTb YPOBEHb 3arPA3HAIOILUX BEWECTB, SHEpPronoTpe-
GneHuMs 1 BLIOPOCOB YrNepoaa 3a CYET COYETAHUA CTEKNA,
MWUHepanbHbIX 3anoNHNUTeNel U HoToKaTaNUTUYECKUX MaTe-
puanoB. 3T BapuaHTbl NOKa3bIBAKOT, HACKONbKO NOJIE3HbBIMM
Y 3KOJIOTUYHBIMU MOTYT BbITb CTPOUTENbHbIE MAaTEpPUABI.
Puc. 8 unnioctpupyet cnuaHue HapogHoi MyapoCTH
C NapamMeTpuyecKuM AnU3aitHoM, NOATBEPIKAAN TE3NUC O TOM,
YTO [blWALLANA aPXUTEKTYPA OAHOBPEMEHHO YXOAUT KOPHAMU
B TPAZULMM U ONUPAETCA HA COBPEMEHHbIE TEXHONOTUN.
BonHoo6pa3Has Kpbllwa 34aHns noaaepxkusaercs 6amoy-
KOBbIMU KOJIOHHAMU, YCTaHOBIEHHbBIMU C UCMOJIb30BAHUEM
KOMMbIOTEPHbIX MOAENEN AN ONTUMU3ALUMU MPOYHOCTU.
[lnarpammbl UANKOCTPUPYIOT ONTUMANILHOE PACcNooXeHUE
CTHIKOB 1 6aMOYKOBLIX BOJIOKOH ANsi obecneyeHmns KoH-
CTPYKTUBHBIX XapaKTepUCTUK. B 3TOM npoekTe yuuThIBalOTCA
MECTHBbI KNMMAT U KyNbTypa, a COBPEMEHHbIE NapamMeTpu-
Yeckue MeTOfbI COYETAIOTCA C TPAAMULLMOHHBIM MAacTepCTBOM
M3roTOBNEHMS.

V. Mpeumyuyecrsa AblwalLein apxXUuTeKTypbl

B ropopckux paitoHax fbllwalime 3AaHUA NOBbIWAKT 3HEp-
ro3deKTUBHOCTb U KAYECTBO BO3AYyXa. ITU KOHCTPYKLMM
GUNbTPYIOT Nblb, MOFNOWAIOT YTAEKUCAbIA ra3 U BbIAENAI0T
KWNCNOpOJ, 3a CYET UCNOb30BAHNA 3eNeHbIX HACAKAEHUNA,
NOPUCTbIX NOBEPXHOCTEN M NaccuBHOM BeHTURALMK. Kpome
TOro, eCTECTBEHHbII NOTOK BO3/JyXa CHUXAET ypOBeHb nie-
CeHM 1 3arpasHAILWMX BellecTB B noMeleHnax. bnarogaps

reducing reliance on mechanical systems. The vegetative layer also
supports urban biodiversity by providing habitats for birds and
insects, demonstrating how buildings can act as active ecological
agents while enhancing human comfort and well-being.

4.2. Gardens by the Bay, Singapore.

Around the city level, Gardens by the Bay situated in Singa-
pore’s downtown core serves as an example of the integration of
landscape architecture and engineering. It has two climate-con-
trolled conservatories in addition to the famous Super-trees, which
serve as solar towers, vertical gardens, and rain collectors. Tropical,
temperate, and polar plant exhibits are available for visitors to view
in greenhouse zones. Visitors can learn about pollinators, carbon
cycling, and plant water capture through interactive trackers,
soundscapes, and sensors. The park is both aesthetically pleasing
and energy-efficient thanks to LED arrays that are powered by roof-
top solar panels, micro wind turbines, and battery storage. These
arrays also follow the circadian rhythms of the plants. The Gardens
demonstrate that environmental stewardship and urban living can
coexist. While case studies such as Gardens by the Bay in Singapore
or Bosco Verticale in Milan illustrate successful ecological integra-
tion, their broader applicability is limited. In regions with harsh

v Puc. 5. Powa
cynepaepeBbeB: COYeTaHNe
TEXHONOTUIA U 3KONOrnu

B «Capax y 3anusa» /
Figure 5. Super tree grove:
fusion of technology and
ecology at Gardens by the
Bay

v Puc. 6. Xan-Jlann:
npeo6pasoBaHue ropoAcKoi
MHDPACTPYKTYpbI B

3eneHoe o6LecTBeHHoe
npocTpaHcteo / Figure 6.
The High Line: transforming
urban infrastructure into
green public space
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A Puc. 7. 3kobnoku:
3BOJIIOLMS IKONOTUYECKH
YNUCTBIX CTPOUTENBHBIX
Marepuanos c
UCnosib3oBaHueM
nepepaboTaHHbIX
KomnoHeHToB / Figure 7.
Eco-Blocks: evolution of
sustainable construction
materials using recycled
components

> Puc. 8. MapameTpuyeckuit
Bam6yKOBbIi1 NaBUAbOH:
TpapuLuMoHHas dopma
coyeTaercs ¢ LMAPoBLIM
usrotosnexuem / Figure

8. Parametric Bamboo
Pavilion: vernacular form
meets digital fabrication

climates severe cold or prolonged aridity plants hibernate or wither
for significant portions of the year, restricting ecological perfor-
mance. Moreover, highly technological solutions such as Supertrees
involve substantial costs that are feasible primarily in wealthy
nations, making widespread replication difficult [19].

Figure 5 shows the super trees integrate technology and bio-
mimicry: concave tops channel rainwater to storage, surfaces catch
particles, and photovoltaic leaves harvest energy. Visitors can get
a close-up look at the vertical gardens via an aerial walkway. The
buildings control microclimates, improve urban biodiversity, and
show how engineering and ecological objectives can coexist in
urban environments.

Figure 6 illustrates an old elevated rail line was converted into a
lengthy, lively urban park by the High Line. It blends contemporary
urban form with ecological design through the use of native plants,
meandering pathways, and adaptable gathering areas. The preser-
vation of some of the original rail tracks combines green infrastruc-
ture with cultural heritage. The park gives city dwellers access to
green space, lowers heat, and increases biodiversity. It serves as an

example of how abandoned infrastructure can be transformed into
livable, climate-resilient urban landscapes.

Figure 7 highlights the role of material innovation, showing how
adaptive skins and responsive surfaces can function as breathable
layers between natural and built environments. It demonstrates the
creation of eco-friendly masonry units called Eco-Blocks, which are
constructed from recycled materials rather than fresh stone that
has been quarried. The first version helps keep waste out of landfills
by using crushed concrete from demolition. The second recycles
glass waste and increases strength by adding crushed glass. The
most recent version reduces pollutants, energy consumption, and
embodied carbon by combining glass, mineral aggregates, and pho-
tocatalytic materials. These variations show how building materials
can be useful and sustainable.

Figure 8 illustrates the fusion of vernacular wisdom with para-
metric design, reinforcing the thesis that breathing architecture
is both rooted in tradition and empowered by modern technology.
Its wavy roof is supported by bamboo columns placed precisely
using computer models to optimize strength. Diagrams illustrate
the optimal arrangement of joints and bamboo grain for structural

3TOMY BO3/lyX CTAaHOBMTCA NPOX/IafHEeE W Yulle, Yto 6na-
FONPUATHO CKa3biBAETCA Ha 06LWEM COCTOAHUM 3[,0POBbA,
KOHLLEHTPaLU1 BHUMAHMA U CaMOYYBCTBUM XuTeneii.

Linpokune aTpuymebl, KOPUAOPbI C NEPEKPECTHO| BEHTU-
NAUMEeN, TeN0BbIe NOTOKW U MHTENNEKTYaNbHOe 3aTeHeHue
ABNATCA NPUMePaMU NAaCCUBHBIX KOHCTPYKTUBHBIX 0COGEH-
HOCTE, KOTOpPbIE OAHOBPEMEHHO €CTECTBEHHbIM 06pa3oM
perynupyloT TemnepaTypy B MOMELLEHUN U yMEHbLIAIOT
noTpe6HOCTb B CUCTEMAX OTOMEHUSA U oxNaxaeHUs. Kom-
nocTupyemble 6UONOAUMEPLI, MPUFOAHbIN A1 BTOPUYHOIA
nepepaboTKW aNtoMUHWIA U [peBECUHA MECTHOTO NPOU3BOA-
CTBa ABNAIOTCA NPUMEPAMU MATEPUANOB C HU3KMM YAAPHbIM
BO3[e/CTBMEM, KOTOPbIE elle 6oMblle COKPaLLAIOT BEIGPOCH!
NapHUKOBBIX ra30B M NoTpebieHne aHepruu. B coBokynHo-
CTW 3TN XapaKTEPUCTUKM fienaloT Ablallue 3naHus 6onee
3KONOTMYHLIMU U NONE3HLIMU AN 340POBbLA XUTENEA.

Puc. 9 noguepkusaet afantaLuio K CTUAIO XU3HW, NOKa-
3bIBas, KaK AbllWAlas apxXUTEKTYpa He TOJIbKO Npeobpasyet
tu3nyeckmne CTpyKTYpbl, HO 1 POPMUPYeET NOBCEAHEBHbINA
ropoAcKoi onbIT. HarnaaHble pyKOBOACTBA, KOTOPbIM IErKO
C/lef0BaTh, CNOCOOCTBYIOT UHAMBUAYANbHBIM U KONEKTUB-
HbIM AE€NCTBUAM N0 CHUKEHUIO BO3LENCTBUA Ha OKpYKalo-
Lyto cpepy.

Ha rpacguke 1 nokasaHa anarpamma, CpaBHMUBaloLWas
yeTbipe NpoeKTa Abllalyel apXUTEKTypbl MO TPEM NOKa3a-
TeNAM: 3KOHOMUSA IHEPrum, ynydleHne KayecTsa Bo3ayxa
1 YAOBNETBOPEHHOCTb NoNb30BaTeneit. BnusHue ycnew-
Horo 6uodunbHOro fU3aiiHa AeMoHCTpUpyHoT «[poToTun
3Ko610Ka» 1 «Cafbl y 3aN11BaY, KOTOPbIE UMEIOT HanayyLne
nokasaTesn No 3HEPronoTpe6NEHUIO U KaYecTBY BO3ayXa.
«BepTuKanbHbIit nec» feMOHCTpUpYeT BaXHOCTb AU3aiHa,
OPWUEHTUPOBAHHOIO Ha Niofel, PN HECKONbKO MeHblue
3KOHOMUM 3Heprum, Ho 6osee BLICOKOM YPOBHE YA0BNET-
BOPEHHOCTM nonb3oBaTenen. HecmoTps Ha To, 4To Xan-
JlaiiH noTpebseT BecbMa Manoe KONMYECTBO IHEPrUH, OHA
No-npexHeMy NoBbILWAET eXXeAHEeBHYI0 YA0BNETBOPEHHOCTD
nonb3oBartenen U Ka4ecTso BO3AyXa.

Ha rpaduke 2 npepcraBneHa NMHenHas fuarpamma,
oTpaxatowasn 3¢ heKTUBHOCTb 3gaHus ¢ 2019 no 2023 rog,
AEMOHCTPUPYIOLAs YCTONYMBOE CHUXKEHWE 3HepronoTpebe-
HUs 6narogaps NacCUBHbIM BEHTUNALMOHHBIM OTBEPCTUAM,
paboTalowWwmum C MeEXaHUYECKUMU CUCTEMAMK MO TpebGoBaHMIo.



performance. This design respects the local climate and culture
while fusing contemporary parametric techniques with traditional
craftsmanship.

V. Benefits of Breathing Architecture

In urban areas, breathing buildings enhance energy efficiency
and air quality. These structures filter dust, absorb carbon dioxide,
and release oxygen by incorporating greenery, porous surfaces, and
passive ventilation. Additionally, natural airflow lowers mold and
indoor pollutants. This produces cooler, cleaner air, which benefits
residents’ general health, concentration, and well-being.

Wide atria, cross-ventilated hallways, thermal masses, and
intelligent shading are examples of passive design features that si-
multaneously naturally control interior temperatures and lessen the
need for heating and cooling systems. Compostable biopolymers,
recyclable aluminum, and locally grown timber are examples of
low-impact materials that further reduce greenhouse gas emissions
and energy use. When taken as a whole, these characteristics make
breathing buildings more environmentally friendly and healthier for
residents.

MapannenbHo NOBLICUNOCH KAYECTBO BO3AyXa B MOMELEHUH,
YeMy CNOCOBCTBOBANM YIyUILEHHbI BO3AYLIHbINA NOTOK,
AHEBHOE OCBeLYeHMe, a TaKxe Bonbluee KOTMYECTBO LiBETOY-
HbIX TOPLIKOB U XXMBbIX CTEH.

B Tabnuue 1 v npunaraembix rpadukax npeacTaBaeHsl U3-
MepuMble pe3ynbTaThl, TaK1e KaKk 3KOHOMUSA IHEPTUuu, yayy-
LeHune KayecTsa BO3yxa 1 NoBbILEHWNE Y0BIETBOPEHHOCTH
nonb3oBaTesei, KOTopble NOATBEPKAAIOT IPHEKTUBHOCTL
AblWALLEN aPXMTEKTYPbl B LOCTUXEHWUM MONOKUTENbHBIX
3KONOrMYECKMX 1 COLMaNbHBIX PE3YIbTaToOB.

B Tabnunue 1 cpaBHWUBAOTCA NATb 3aMETHBIX 3KOAPXUTEK-
TYPHBIX NPOEKTOB, NOJYEPKNBAIOLLMNX CBA3b MEX[Y O3efe-
HeHneM, 3Hepro3thPeKTUBHOCTbIO U YAOBAETBOPEHHOCTHIO
XUNbLOB. «BepTukanbHelit nec» obecneunsaet 80% 061u-
CTBEHHOCTM, OLiEHKY nosb3oBaTenei Ha 9,2 6anna, ynyuwe-
HWe KayecTBa BO3ayxa Ha 60% M cokpalleHue noTpebneHus
3Heprum Ha 35%. [noTHoe BepTMKaNbHOE 03e/eHeHNe
B npoekTax «Cagbl y 3anuBax» u «MpotoTnn 3kob6n0Ka» faet
Hauayylwmue pe3ynbTaTbl C TOYKM 3peHUA KoMpopTa K IKO-
Homuu 3Hepruu. C peiTuHrom yaosnetsopeHHoctu 9,8, 95%
067MCTBEHHOCTU U 45%-it 3KOHOMMUEN 3HEprum «lpoToTun
3K06N0Ka» MAMpyeT B rpynne. B uenom 3tu pesynbTathl
MOKa3blBalOT, YTO B MIOTHbIX FOPOACKMX paitoHax npopy-
MaHHbI apXUTEKTYPHbIA AU3aIH W NOBbIWEHHAA NNOTHOCTb
HacaXAeHUN ynyywwaloT 6NaroCoCToOAHUE KUTeNEei N yMeHb-
WaloT BO3AENCTBME HA OKPYXAIOLLYIO Cpeay.

VI. 3apauu u 6ypylmue HanpasneHus

Tpa,U,VILl,I/IOHHbIM MeToAaM CTPOUTENbCTBA, KOTOPbIE 4aCTO
OCHOBaHbl Ha UCMOJIb30BAHUW FPOMO3LKUX OLHOPOAHbIX
MaTepuanos U OrpaHU4eHHOM CbI/IHaHCVIpOBaHVII/I, npoTueo-
NoCTaBAAETCA Ablwauwas apxutektypa. Ctpoutensam, 06yyeH-
HbIM TPAAMULIMOHHBEIM METOf,AM, HEOOXOAMMO CMEHUTD aKLLEHT
C HEM3MEHHOW MacChl Ha IerKne OrpaxparLine KOHCTPYK-
LMK, yunThIBalOWME KNumMaTUuyeckue ycnosus. OGHOBNEHHbIE
CTaHAapThbl 3KONOrMYECKON cepTUdMKaLMM, COBMECTHbIE
CeMUHapbl U NY6NYHbIE AEMOHCTPALMOHHbIE MPOEKTHI NOKa-
3bIBaIOT OYEBUAHbIE MPEUMYILECTBA: NOBbIWEHHbI KOMDOPT,
CHUWXEHME MeXaHUYeCKMX HArpy3oK 1 UCnonb3oBaHue 6onee
NPOYHbIX MaTepuanoB. PUKCUPYA 3T LOCTUKEHUS, UHLY-
CTpUA MOXKET B KOHEYHOM UTOre UCNoab30BaTh Ablllalliee

Figure 9 emphasizes lifestyle adaptation, showing how breathing
architecture not only transforms physical structures but also
reshapes everyday urban experiences. Easy-to-follow visual guides
promote individual and collective actions for a reduced environ-
mental impact.

Graph 1 shows scatter plot comparing four breathing-archi-
tecture projects on three outcomes: energy savings, improved air
quality, and user satisfaction is displayed in Figure 1. The impact of
successful biophilic design is demonstrated by the Eco Block Pro-
totype and Gardens by the Bay, which have the best energy and air
quality results. The Bosco Verticale demonstrates the importance of
people-focused design with slightly lower energy savings but higher
user satisfaction. Although the High Line uses the least amount of
energy, it still enhances daily user satisfaction and air quality.

Graph 2 presents the line chart tracks the building’s performance
from 2019 to 2023, showing a steady decline in energy consump-
tion thanks to passive vents working with on-demand mechanical
systems. Indoor air quality improved in parallel, supported by better
airflow, daylighting, and more planters and living walls.
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Tab6n. 1. AHanus
APXUTEKTYPHbIX MPOEKTOB
/ Table 1. Analysis of the
architecture projects

Table 1 and the accompanying graphs provide measurable out-
comes such as energy savings, improved air quality, and enhanced
user satisfaction that validate the effectiveness of breathing archi-
tecture in achieving ecological and social benefits.

Table 1 compares five notable eco-architectural projects, high-
lighting the link between greenery, energy efficiency, and occupant
satisfaction. Bosco Verticale exhibits 80% leaf coverage, a 9.2 user
rating, a 60% improvement in air quality, and a 35% reduction in
energy use. Dense vertical planting in projects like Gardens by the
Bay and the Eco Block Prototype yields the best results in terms
of comfort and energy savings. With a 9.8 satisfaction rating,

95% foliage coverage, and a 45% energy reduction, the Eco Block
Prototype leads the group. Overall, these results demonstrate that
in dense urban areas, smart architectural design and increased
plant density improve resident well-being and lessen environmental
impact.

VI. Challenges and Future Directions

Conventional building methods, which frequently depend on
bulky, homogenous materials and limited funding, are challenged
by breathing architecture. Traditional method-trained builders

NPOEKTUPOBAHME B KAa4eCTBe 3TallOHa JOOPOCOBECTHOIA
JanbHOBUAHO apXUTEKTYpSI.

B nepeHaceneHHbIx ropofiax MofepHU3aLMsA ABAAETCS
noJie3HbIM CPEACTBOM Peann3aLum «Ablalmux» NpUHLUNOB.
MopgecHble 3eneHble CTEHbI, yOupalownecs WTopsl 1 ner-
Kue 6UOKPBILIN MOTYT OXNIAXAATE MUKPOKAUMAT, CHUKAT
YPOBEHb LWYMa W yy4llaTb Ka4ecTBO BO3AYXa, He Tpebys
MacWTabHON PEKOHCTPYKLMM. [laxe B ryCTOHACENeHHbIX
pailoHax cTapble 3faHUA MOTYT NOCTENEHHO Yy4laTh
3KOJIOTWI0 33 CYET UCMOJIb30BAHUSA FOTOBbIX BEHTUNPYEMBIX
060/104eK, MOAYNBHBIX KOPMYCOB U NO3TAMHbIX NACCUBHBIX
CUCTEM, YTO NPUBOANT K 0340POBNEHUI0 FOPOACKON CPEefbl.

Bnaroaaps cneunanbHoit BEHTUAALMY, BBIGOPY MaTepua-
N0B U 0COGEHHOCTAM pa3melleHuUs obuTaTenei «ablwalasns
apxuTeKTypa aganTupyeTca K MeCTHOMy Knumaty. CnoxHble
NoAXOAbl — NaHenu ¢ Ga3oBbIM NEePEKIYEHNEM, NACCUBHbIE
TYPOUHBI U AATYNKN UHTEPHETA Belyeil — ONTUMU3UPYIOT
3HeproadeKTUBHOCTb B COBPEMEHHbIX Fropofax. Toraa
Kak 6onee TPaAMLMOHHbIE NOAXOAbI — AePEBAHHbIE pelleTya-
Tble CTEeHbI U 3eMJIsHbIE BO3JYX0BObl — CHUKAIOT Harpy3Kky
Ha MexaHu4yeckue cucteMmbl. IHeproaddekTUBHYIO, apanTy-
PYIOLLYIOCA K KTMMATY W COLMANbHO MOJIE3HYI0 apXUTEKTYp-
HYI0 Cpedy MOXHO CO3AaTb B FOPOJICKMX PaloHax no Bcemy
MUPY C MOMOLLbIO Mep 3KOHOMUYECKOW MONUTUKM, KOMNEH-
caluil BLIOPOCOB YrNEKMCIOro ra3a v rpaHToB Ha B3aUMHOe
obyyeHue.

Project Name Energy Air Quality | User Green
Reduction Improvement (%) Satisfaction Score | Coverage
(%) (10) (%)
Bosco Verticale 35 60 9.2 80%
Gardens by the Bay 40 70 9.5 90%
The High Line 25 50 8.7 75%
Eco Block 45 75 9.8 95%
Prototype
Bio Living Pavilion 38 68 9.0 85%

need to change their emphasis from permanent mass to climate-re-
sponsive, lightweight envelopes. Updated green-certification stan-
dards, cooperative workshops, and public demonstration projects
all demonstrate observable advantages, such as increased comfort,
reduced mechanical loads, and more durable materials. By chron-
icling these achievements, the industry may eventually embrace
breathing design as a benchmark for conscientious, forward-think-
ing architecture.

In crowded cities, retrofits provide a useful means of implement-
ing breathing principles. Without requiring extensive reconstruc-
tion, suspended green walls, retractable shades, and lightweight
bio-roofs can cool microclimates, lower noise levels, and enhance
air quality. Even in densely populated skylines, older buildings can
progressively implement ecological upgrades through the use of
prefabricated ventilated skins, modular pods, and phased passive
systems, resulting in healthier urban environments.

By using specific ventilation, material selections, and occupant
patterns, breathing architecture adjusts to local climates. While
more sophisticated approaches — phase-change panels, passive
turbines, and Internet of Things sensors — optimize energy efficien-
cy in contemporary cities, more conventional approaches such as

VII. 3aknio4yeHue

B uccnenoBaHuu paccMaTpuBaeTcs Abllallas apXUTeKTy-
pa — METoA0N0rns afanTMBHOrO NPOEKTUPOBAHUS, KOTO-
pas no3BonseT CTPYKTYpaM U cooblLecTBaM JUHAMUYHO
NpuMcnocabnuBaTbCs K U3MEHEHUAM KNUMATA U JeaTeNb-
HOCTW YenoBeka. Takas apxuTeKTypa NoBbiwaeT KoMdopT
XUTenei, yiyylaeT X HaCTPOEHUE, OHOBPEMEHHO CHUKas
notpe6ieHne 3Heprum 3a cHeT UCMONb30BAHUA KUBOIA
PacTUTENbHOCTM, MHOTOCNOHbIX GUALTPOB ANA NOLAEPHKA-
HUS MUKPOKAMMATA U MATKOM BEHTUAALMM. YTOObI CO3aaTh
nosie3Hylo CUCTEMY NokasaTenell, Kotopas npeBpaTuT
YCTONYUBOCTb FOPOSLOB B NOBCEAHEBHYIO NPAKTUKY, YCTOM-
YMBOCTb OLLEHMBAETCA C MCMNOJIb30BAHMEM NOKa3aTenein
3HepronoTpebieHus, KayecTsa BO3AyXa B NOMELEHUAX

u 6narononyyus nonb3osareneit. Kpome Toro, B uccneno-
BaHMW NpefiaraloTcs peKoOMeHLaLMK No NPOeKTUPOBAHUIO
C y4eTOM KNMMaTUYECKNUX YCIOBUI AN Pa3NIUYHbIX PETMOHOB
M OMUCHIBAIOTCSA CTPATErMu MOAEPHM3ALNY CYLLECTBYIOLUX
BbICOTHbIX 3aHUN.

ApxuTeKTOpaMm, rpagoCcTpoOMTeNSAM U 3aKOHOAATENAM
HEoOX0[MMO 0TKa3aTbCsA OT HONbLIMX, PECYPCOEMKUX
Mofieneit 3naHuii B nonb3y 6onee Nerkux, OpUEeHTUpPoBaH-
HbIX HA XWU3Hb CTPATErMi, €CAIN OHU XOTAT B NOJIHOW Mepe
peanu3oBaTh NOTEHUMAN AblWALLENA apXUTEKTYPbI. YTOObI
BHECTU 3T U3MEHEHUsA U CAeNaTh NPOeKT, OPUEHTUPOBAH-
HbI/l Ha BbIOPOCHI YrNepofa, HopMoii, HeobxofMMo 06HO-
BUTb CTPOUTENbHbIE HOPMbI U MPaBMAa, CO3A4aTb CTUMYJIbI
L1 TPOBefEeHMUSA YCTOMYMBLIX UCMILITAHWI U UHTErpUPOBATD
3TV UJEN B apxMTEKTypHOe obpa3oBaHue. YTobbl rapaHTu-
pOBaTh, YTO 3eNIeHble HacaXaeHUs 0TBEeYaloT NOTPebHOCTAM
o6uiecTBa 1 OKpyKatoLlen cpefbl, NOAUTUKA AOKHA ObITh
TaKXXe HanpaBJieHa Ha NoajepKaHue MHULMATUB, KOTOpbIE
COYETaloT IKONOrUYEeCKMe NPenMyLLeCcTBa C COLMANbHOM
cnpaBeanuBocTbio. Kaxpas cteHa, KapHu3 1 non n3me-
HAlOTCA Bnaroaaps AblWalyei apxMTekType, Npespawasch
B a4anTWUBHbIN CIOWA, KOTOPbI aKTMBHO NOBbIWAeT 3 dek-
TUBHOCTb UCMONB30BAHUA pecypcoB, komdopT 1 Hesonac-
HOCTb. OCHOBHbIM BKNafOM 3TOF0 UCCNE0BaHNA ABNAETCSA
pa3paboTKa CTPYKTYpb! AblWALLe/ apXUTEKTYPbI, KOTOpas
06beanHAEeT GMOMUMUKPUIO, 3AANTUBHYIO 0600YKY
W CTpaTernu MOAepHMU3aLmMu B eAuHbIA Komnnekc. OfHako
ee W1PoKoMacWTabHoe NPUMEHEHWE OrpaHUYEHO KTuMa-



timber lattice walls and rammed-earth ducts lessen the strain on
mechanical systems. Energy-efficient, climate-adaptive, and social-
ly beneficial built environments can be promoted in urban districts
across the globe with the help of policies, carbon-offset incentives,
and peer-learning grants.

VII. Conclusion

The study explores breathing architecture, a responsive design
methodology that enables structures and communities to dynam-
ically adjust to alterations in the climate and human activity is
examined. These designs enhance occupant comfort, mood, and
focus while lowering energy consumption through the use of living
vegetation, stacked microclimate filters, and gentle cross-drafts. In
order to create a useful scorecard that translates urban resilience
into everyday practice, sustainability is evaluated using energy
performance, indoor air quality, and user well-being. Additionally,
the research offers climate-sensitive design guidelines for different
regions and describes retrofit strategies for existing high-rises.

Architects, urban planners, and legislators need to give up large,
resource-intensive building models in favor of lighter, life-centered
approaches if they are to fully realize the potential of breathing ar-

TUYECKUMU YCIIOBUAMM U BLICOKOM CTOMMOCTbIO NEPELOBLIX
TEXHONIOTUYECKUX CUCTEM, 0COBEHHO B YCIIOBUAX HEXBATKM
pecypcos. Mo3tomy Gyayuime uccnefoBaHNs GOMKHbI ObiTb
HanpasfieHbl Ha afanTaLuio NPUHLUNOB Abllalleil apxXUTeK-
TYpbl K CypOBOMY KIMMATy 1 3KOJOrMYECKUM 3aTpaTaM, uTo-
Gbl 06ecneynTb JOCTYNHOCTL AfANTUBHOMO 3KOOrMYECKOro
NPOEKTUPOBAHUA B Pa3fNYHbIX FOPOLCKUX YCIIOBUSAX.
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