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Abstract: Hyperbolic geometry, with its unconventional properties, has been playing an important role in modern science 
and technology. The main difference of this geometry - the negative curvature of space - allows for a deeper understanding 
and modeling of complex systems in the real world. On this basis, it can be said that hyperbolic geometry is an important 
concept that is actively used in solving real-life problems, in addition to fundamental theory.

This article will cover in detail the main applications of hyperbolic geometry in various sciences and fields, their working 
mechanisms, real-life examples, and scientific foundations.

Key words: Hyperbolic geometry, cosmology, biology, architecture, artificial intelligence, cryptography, theory of relativity.

Annotatsiya: Giperbolik geometriya o‘zining noan’anaviy xususiyatlari bilan zamonaviy fan va texnologiyalarda muhim o‘rin 
egallab kelmoqda. Bu geometriyaning asosiy farqi — fazoning manfiy egrilikka ega bo‘lishi — real dunyodagi murakkab 
tizimlarni chuqurroq tushunish va modellashtirish imkonini beradi.Shu asosda aytish mumkinki, giperbolik geometriya 
bugungi kunda fundamental nazariyadan tashqari, real hayot muammolarini hal qilishda faol ishlatilayotgan muhim 
konsepsiyadir.

Mazkur maqolada giperbolik geometriyaning turli fan va sohalardagi asosiy tatbiqlari, ularning ishlash mexanizmlari, real 
hayotdagi namunalari hamda ilmiy asoslari batafsil yoritiladi.

Kalit soʻzlar: Giperbolik geometriya, kosmologiya, biologiya, arxitektura, sun'iy intellekt, kriptografiya, nisbiylik nazariyasi. 

Аннотация: Гиперболическая геометрия с ее нетрадиционными свойствами играет важную роль в современной науке 
и технике. Главное отличие этой геометрии - отрицательная кривизна пространства - позволяет глубже понимать и 
моделировать сложные системы в реальном мире. Исходя из этого, можно сказать, что гиперболическая геометрия 
является важным понятием, которое активно используется в решении реальных задач, помимо фундаментальной 
теории.

В этой статье будут подробно рассмотрены основные применения гиперболической геометрии в различных науках 
и областях, их рабочие механизмы, реальные примеры и научные основы.

Ключевые слова: Гиперболическая геометрия, космология, биология, архитектура, искусственный интеллект, 
криптография, теория относительности.

I N T R O D U C T I O N
In the history of mankind, the development of the science of geometry has been of incomparable importance 

in understanding nature, modeling it, and solving practical problems. Hyperbolic geometry, which emerged in 
the 19th century as an alternative to the strict postulates of Euclidean geometry, which had been recognized 
as the basic geometry for centuries, opened up new horizons in the development of science. In this type of 
geometry, such features as the number of parallel lines being multiple and the sum of the interior angles of 
triangles being less than 180°, are fundamentally different from Euclidean space.

We have built a world of mostly straight lines - the houses we live in, the skyscrapers we work in, the 
streets we walk on in our daily commute, etc. It is an alternative to the Euclidean geometry we learn in school, 
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which involves lines, shapes, and angles on a flat surface or plane. In hyperbolic geometry, the plane doesn’t 
have to be so flat.

L I T E R A T U R E  R E V I E W  O F  T H E  T O P I C
Hyperbolic geometry (also known as Lobachevsky geometry or Bolyai–Lobachevsky geometry. The term 

“hyperbolic geometry” was introduced by Felix Klein in 1871.) Hyperbolic geometry, also known as Lobachevsky 
geometry, describes the geometry of negatively curved surfaces. It is a generalization of Euclidean geometry in 
which the parallelism axiom is violated. That is, there are infinitely many parallel lines that lie outside a straight 
line and never intersect it.

Hyperbolic geometry is a special field of mathematics that differs from Euclidean geometry. Hyperbolic 
space and its properties help us understand complex systems and structures in real life. Below are some of the 
applications of hyperbolic geometry in various fields and its role in real life.

R E S E A R C H  M E T H O D O L O G Y 
The author used scientific abstraction, comparative analysis, induction, and deduction methods in the 

article.

A N A LY S I S  A N D  R E S U LT S 
Applications of hyperbolic geometry in biology
Hyperbolic geometry is used in biology as an effective tool for modeling the structure and dynamics of 

highly complex systems, especially biological networks and systems. Hyperbolic geometry in biology:
When analyzing changes in signaling between cells and the spread of viruses, the subtle dynamics of 

interactions are modeled using hyperbolic geometry.
The geometric shape of plants, i.e. leaves or branches, and their adaptation to their environment are 

analyzed based on hyperbolic geometry. Also, some bacteria and fungi live in hyperbolic space during their 
growth.

Biological relationships and hierarchies between higher-level organisms are described based on a 
hyperbolic network, which enables efficient analysis of interactions.

Using hyperbolic space, physical chemical processes between molecules and particles, as well as their 
energy and material exchange, are analyzed.

Biological systems can use hyperbolic geometry to optimize molecular interactions and synthesis 
processes, particularly in the field of synthetic biology.

The interactions between microorganisms and their role in the ecosystem are analyzed using a hyperbolic 
network, which helps to understand how they function in the ecological environment. The interactions between 
microorganisms and their role in the ecosystem are analyzed using a hyperbolic network, which helps to 
understand how they function in the ecological environment.
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Applications Examples Commentary

The cortex of the human brain 
(cerebellar folds)

The surface of the human brain is 
convoluted, and these convolutions 
are considered hyperbolic surfaces. 
Gyri and sulci (folds and grooves) in 
the brain increase the surface area of 
the brain, allowing it to accommodate 
more neurons.

Hyperbolic geometry expands 
the internal space of a surface — 
allowing it to «pack» space for a lot 
of information. That’s why the human 
brain has complex thinking.

Coral and ruffled leaf

As corals and some leaves grow, the 
cells at the edges divide more rapidly. 
This uneven growth causes the leaves 
and tissues to become twisted—that 
is, they form a hyperbolic surface.

These shapes are very similar to the 
Poincaré disk model of mathematics. 
The leaves of stemless plants (such 
as lettuce or kale) grow in a twisted 
manner—this is a natural hyperbolic 
structure.

Protein and gene networks
Protein-protein interaction (PPI) 
networks are modeled by hyperbolic 
graphs. Example: Insulin signaling 
network.

Each protein is viewed as a «node» 
in the network. Hyperbolic geometry 
makes it easier to find clusters and 
central nodes in this network. As a 
result, it becomes possible to isolate 
proteins associated with disease.

Bioprinting (artificial heart tissue 
project)

Heart muscle tissue was prepared 
using a 3D bioprinter. If the tissue is 
modeled in a hyperbolic structure, 
it can accommodate more cells, 
and diffusion (oxygen delivery) is 
improved.

The blood vessels in the heart are 
also distributed in a hyperbolic 
network—this ensures optimal blood 
distribution.

Making a biological model using 
Hyperbolic Crochet

Mathematician Daina Taimina has 
woven a hyperbolic surface with 
yarn. This model resembles corals, 
sponges, and starfish. It allows 
students to feel biological shapes with 
their hands.

The curved leaves of plants or the 
folded skin of animals are expressed 
hyperbolically.

In biological systems, hyperbolic geometry is used to explain, for example, plant growth, the structure of 
the cerebral cortex, and the functioning of the nervous system. Plants use hyperbolic structures to optimally 
allocate resources, and the high density of the cerebral cortex is also explained using hyperbolic geometry.

Applications of hyperbolic geometry in physics
Galileo Galilei and Isaac Newton founded modern physics on the assumption that the universe was 

Euclidean, but Albert Einstein’s equations of general relativity describe a universe that could have complex 
curved shapes. This universe conforms to hyperbolic geometry.

Light rays around stars or galaxies travel in curved paths — these curves are sometimes hyperbolic. The 
space around a black hole may have hyperbolic space regions.
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Hyperbolic geometry describes the properties of saddle-shaped surfaces with negative curvature. These 
surfaces arise in the theory of relativity due to the curvature of space-time due to mass.

Gravity causes elliptical curvature. Any repulsive energy in free space causes hyperbolic curvature.
The overall geometry of the observable universe has been measured to within 1% of Euclidean, meaning 

that the universe’s “positive curvature” and “negative curvature” sources largely cancel each other out. However, 
this measurement does not rule out the possibility that the universe has hyperbolic or elliptical geometry on 
scales 100 times larger than the observable universe.

Applications Commentary Examples
In quantum physics In quantum physics, hyperbolic 

geometry is used to model many-body 
systems. Many-body systems are 
systems that involve the interaction of 
several quantum states. Hyperbolic 
geometry can be used to determine 
the energy states and spectral ranges 
of such systems.

Hyperbolic networks allow the 
structure and energy states of 
quantum systems to be calculated 
precisely. This is necessary, for 
example, for studying quantum gravity 
and interactions.

In cosmology In cosmology, hyperbolic geometry 
is used, for example, to explain 
the theory of inflation. Inflation is a 
period of very rapid expansion of the 
universe, and hyperbolic geometry is 
used to model this process.

The cosmological alpha attractor 
model uses hyperbolic geometry to 
help preserve the symmetric structure 
during inflation. This approach is 
consistent with the Planck data and is 
used to determine the spectral index 
of inflation.

Quantum energy teleportation
 

Hyperbolic geometry allows quantum 
energy to be teleported over long 
distances. In hyperbolic networks, 
the energy distribution grows 
exponentially, which helps in the 
efficient transfer of energy over long 
distances.

Hyperbolic networks enable the 
transmission of quantum energy 
over long distances and create the 
necessary tools to control energy 
flows in large quantum networks.

phase models Hyperbolic geometry is used in 
phase modeling and spatial evolution 
analysis, where hyperbolic spaces 
allow for a precise description of the 
motion and change of a system.

Physical systems in space and the 
structure of the cosmic web are 
modeled using hyperbolic spaces, 
which allows us to better understand 
the processes of the expansion of the 
universe and the change in time.

Again, hyperbolic geometry is used in many areas of physics and cosmology, and explains black holes and 
the theory of relativity.
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In astrophysics, hyperbolic geometry is used in the study of the structure of the universe and its dynamics:
- Cosmic Structures: Galaxies and their interactions are modeled using hyperbolic geometry. This helps to 

understand intergalactic distances and their motion.
- Black holes and neutron stars: Hyperbolic geometry is used to study the spatial properties of extreme 

objects such as black holes and neutron stars.
In general relativity, the force of gravity bends space and is described by hyperbolic geometry. This helps 

us understand the effects of mass on space and the way time changes.
Hyperbolic geometry is used to model the expansion and structure of the universe. This allows us to study 

the geometric properties of the universe and its evolution.
Hyperbolic geometry is important in forming the mathematical foundations of quantum field theory, which 

helps us understand the interactions between particles and fields.
Hyperbolic spaces are used to describe quantum states, especially in high-dimensional systems. This 

helps to understand the complexity of quantum systems and their interactions.
Hyperbolic geometry helps in modeling the interactions between electromagnetic fields and particles. This 

helps in understanding the motion of particles and electromagnetic forces.

C O N C L U S I O N . 
The future of hyperbolic geometry in physics and biology:
Hyperbolic geometry opens up new possibilities for deeper study of the brain and neurological systems, 

understanding its structure, and identifying connections between neurons.
Hyperbolic geometry will be used to deepen scientific research by analyzing genomic data and biological 

network relationships. Hyperbolic spaces will allow us to identify new genetic mutations and study their effects 
on biological systems.

In space exploration, hyperbolic geometry plays an important role in analyzing the geometric spaces of 
black holes and studying their internal structure. This is especially helpful in creating spatially-adapted models 
and discovering changes.

   Conclusion and suggestions 
Hyperbolic geometry is not only used in physics and biology. Hyperbolic geometric shapes serve as 

the basis for creating decorative compositions and optical illusions in art, and in mathematics for developing 
new branches of geometry. In everyday life, its traces can be seen in many areas, such as Internet network 
structures, security algorithms, and navigation systems.

While most of the evidence on a large scale points to Euclidean structure, there is some startling evidence 
that we may simply live in a hyperbolic world.
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