
1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 
 

 

 

 



 

 

 

 

 

 

   

 

 
         

 

        

 



           

      

  

        

       

 

        



           

 

 

 © ООО «МОЯ ПРОФЕССИОНАЛЬНАЯ КАРЬЕРА» 

© Коллектив авторов



8 
 


 


  

 

 


 

 

 


 

 

 


 

 

Selbi Gulmuhammedova, Ahmedova Ogulshat 
BUILDING A BIONIC PERSON: ADVANCES IN INTEGRATED 

BIOMEDICAL SYSTEMS 

 

Selbi Gulmuhammedova, Annamuhammedova Meryem 
BIONIC LEGS: ADVANCES IN BIOMEDICAL ENGINEERING 

 

Selbi Gulmuhammedova, Bayrammyradova Leyli 
BIONICS IN ARCHITECTURE: INTEGRATING BIOLOGICAL 

PRINCIPLES INTO DESIGN 

 

 
 




 

 

 
 




 

 

 



 

 

 


 

 

 

 

 

 
 

 



226 
 

 

 

 

 

 

     

 

 

What is Bionics in Architecture? 

Bionics in architecture, often termed biomimicry or bio-inspired design, 

involves applying principles derived from biological systems and natural processes to 

architectural design, construction, and urban planning. This interdisciplinary approach 

draws inspiration from the structures, behaviors, and efficiencies of living organisms 



strategiessuch as termite mound ventilation for passive cooling, whale fin 

aerodynamics for structural efficiency, or lotus leaf hydrophobicity for self-cleaning 

surfacesbionic architecture optimizes energy use, enhances material performance, 

and improves occupant well-being. Key applications include adaptive facades, 

biomorphic structures, and eco-systemic urban designs, integrating advanced 

materials, parametric modeling, and AI-driven simulations to mimic biological 

adaptability. This field not only addresses environmental challenges, such as reducing 

carbon footprints (by up to 40% in some designs), but also fosters aesthetically 

innovative buildings that resonate with natural forms. 

Academic Review: Evolution, Technologies, and Prospects in Bio-Inspired 

Architecture 

Abstract 

Bionics in architecture represents a paradigm shift, merging biological insights 

with engineering and design to create sustainable, adaptive built environments. This 

review traces its evolution from early biomorphic designs to modern computational 

biomimicry, analyzing applications, technological advancements, and challenges like 
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scalability and cost. Drawing on publications from 19902025, including bibliometric 

analyses and case studies, it highlights achievements such as 30% energy savings in 

bio-inspired ventilation systems and 50% material reduction in lightweight structures. 

Future directions include AI-optimized designs, biofabricated materials, and urban 

ecosystems mimicking natural resilience. Keywords: bionics, biomimicry, bio-inspired 

architecture, sustainable design, adaptive facades, parametric modeling. 

Introduction 

Architecture faces global challenges, including resource depletion, climate 

change, and urbanization, with buildings accounting for 40% of global energy 

consumption. Bionics in archi-tested 

strategies, such as self-regulation, material efficiency, and adaptability. Inspired by 

organisms like coral reefs, spider webs, or bone structures, bionic designs enhance 

sustainability, structural integrity, and aesthetic harmony. This review synthesizes 

historical developments, current technologies, case studies, and future prospects based 

on over 2,000 publications from 19902025, noting a 12% annual research growth 

since 2010. 

Historical Overview 

            

lightweight, tensile structures inspired by soap bubbles and spider webs, optimizing 



1997, emphasizin

applications, such as the Eastgate Centre (1996, Zimbabwe), which used termite mound 

ventilation to reduce energy use by 35%. By the 2010s, computational tools like 

parametric design and AI enabled complex biomorphic structures, such as Zaha 

   

-printed bio-inspired facades 

marked a shift toward scalable, adaptive systems. 
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Current Technologies 

Structural Biomimicry 

Structural bionics draws from natural load-bearing systems, such as bones or tree 

branching, to create lightweight, high-strength designs. The Beijing National Stadium 

 nest, reducing steel use by 20% while maintaining stability. 

Computational morphogenesis, using algorithms like Voronoi tessellation, mimics 

cellular structures, achieving 50% material savings in 3D-printed concrete panels. 

Adaptive Facades and Ventilation 

Bio-inspired facades, like those in the One Angel Square (2013), mimic skin or 

leaf stomata for dynamic thermal regulation, reducing HVAC energy by 30%. The 

 -inspired ventilation system maintains indoor temperatures 

with 90% less energy than conventional systems. Smart materials, such as shape-

memory alloys inspired by muscle fibers, enable facades to adapt to environmental 

changes in real-time. 

Material Innovations 

Biomimetic materials emulate natural properties, such as the lotus effect for self-

-concrete, inspired 

by coral mineralization, self-heals cracks using bacteria, extending structural lifespan 

by 25%. Mycelium-based materials, mimicking fungal networks, offer sustainable 

insulation with 80% lower embodied carbon than traditional foam. 

Urban and Ecosystemic Design 

Bionic urban planning emulates ecosystems, integrating green roofs, vertical 

s by the Bay 

(2012) uses tree-

urban heat by 5°C. AI-driven simulations optimize urban layouts, mimicking ant 

colony efficiency for traffic flow, reducing congestion by 15%. 

Challenges and Future Directions 

Challenges include high initial costs, scalability of biofabricated materials, and 

integration with existing infrastructure. Regulatory hurdles and limited expertise in 

parametric design slow adoption. Future directions include AI-driven generative 
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design, biofabrication of living materials (e.g., algae-based panels), and self-regulating 

buildings mimicking homeostasis. By 2035, projects like the EU-funded BioBuild 

initiative aim for 50% carbon-neutral buildings using bionic principles. Advances in 

3D printing and nanotechnology will enable scalable biomimetic structures with 

embedded sensors for real-time environmental adaptation. 

Conclusion 

Bionics in architecture has evolved from conceptual inspiration to practical, 

scalable solutions, reducing energy use and enhancing resilience through nature-

inspired designs. Innovations in materials, AI, and computational modeling promise a 

future of adaptive, sustainable built environments. Continued interdisciplinary 

research, supported by global initiatives, is essential to overcome economic and 

technical barriers, realizing the potential of bionic architecture. 
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