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BiHHMIIbKHIT HAI[IOHATIBHUM TEXHIYHUN YHIBEPCUTET

Anomauin. Y cmammi posenadaemvcs 6nau8 KAHMOBUX OOUUCIEHb Ha Kibepbe3neky ma MOMCAUBOCHI
SUpiWeHHs:  npobreMu  8pazIugocmi - cyudacmux — memoolie  wugpysanna.  Iliokpecnioromvca  nepesacu
K8AHMOB0-CMIUKOL Kpunmozpaii 015 3axucmy yugposux cucmem.
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Abstract. The article considers the impact of quantum computing on cybersecurity and the possibilities to solve
the problem of vulnerability of current encryption methods. The advantages of quantum-resistant cryptography for
safeguarding digital systems are emphasized.
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Introduction

In recent years, there has been a substantial amount of research on quantum computers — machines
that exploit quantum mechanical phenomena to solve mathematical problems that are difficult or
intractable for conventional computers. If large-scale quantum computers are ever built, they will be able
to break many of the public-key cryptosystems currently in use. This would seriously compromise the
confidentiality and integrity of digital communications on the Internet and elsewhere [1].

This work aims to understand how the rise of quantum computing will reshape cybersecurity.
Quantum computers threaten to disrupt the cryptographic foundations of modern digital systems,
potentially exposing sensitive data and undermining trust in digital communications. As a result, the
development and adoption of quantum-resistant algorithms have become critical to ensuring long-term
security in a post-quantum era.

Statement of basic materials

Quantum computing is a concept based on the quantum theory of physics, which deals with nature at
the quantum level. A quantum is the minimum amount of a physical entity that can be considered for
computing. The idea behind quantum computing is to operate the computers on extremely short pulses of
light. This is practical, can speed up the operation of computers by 100,000 times. Therefore, a quantum
computer can exponentially process large amounts of data better than classical computers [2].

The most pressing concern in the intersection of quantum computing and cybersecurity is the potential
vulnerability of current encryption methods. Modern cryptographic systems, such as RSA
(Rivest-Shamir-Adleman) and ECC (Elliptic Curve Cryptography), rely on the computational complexity
of mathematical problems like integer factorization and discrete logarithms. These problems are
extremely difficult for classical computers to solve, forming the backbone of secure communications
today [3].

However, quantum computers, leveraging algorithms such as Shor's algorithm, can solve these
problems exponentially faster than classical systems. This capability threatens to render widely used
encryption methods obsolete, exposing sensitive data, compromising digital signatures, and undermining
the security of online transactions and communications. While large-scale, fault-tolerant quantum
computers do not yet exist, the rapid pace of quantum advancements makes this threat a foreseeable
reality.



Quantum-resistant cryptography, also known as post-quantum cryptography, is designed to protect
data from the advanced capabilities of quantum computers.

One of the most promising approaches in this field is lattice-based cryptography, which relies on the
complexity of mathematical problems related to multidimensional grids of points, known as lattices. The
security of lattice-based methods is built on the difficulty of solving problems like the Shortest Vector
Problem (SVP) and the Learning With Errors (LWE) problem. These problems are currently resistant to
both classical and quantum algorithms, making lattice-based cryptography a strong candidate for securing
data in the quantum era. Another key approach in quantum-resistant cryptography is hash-based
cryptography, which leverages the computational security of cryptographic hash functions. These
methods use hash functions to create digital signatures, ensuring data integrity and authenticity. A
well-known example is the Merkle Signature Scheme (MSS), which provides a secure way to sign data.
Both lattice-based and hash-based cryptography offer robust solutions to the challenges posed by
quantum computing, ensuring that encrypted information remains protected even as quantum technology
evolves [4].

As quantum computing continues to advance, the transition to quantum-resistant cryptographic
systems becomes increasingly urgent. While Ilattice-based and hash-based cryptography represent
significant progress, their widespread adoption requires further research, standardization, and integration
into existing infrastructures. Organizations and governments must collaborate to develop comprehensive
strategies for implementing these solutions, ensuring a seamless transition to post-quantum security.
Additionally, ongoing efforts to evaluate the performance, scalability, and practicality of these methods
will be critical to their success in real-world applications. By addressing these challenges proactively, the
global community can mitigate the risks posed by quantum computing and safeguard the future of digital
communication and data protection.

Conclusion

The study highlights the urgent need for post-quantum cryptography to address the threats posed by
quantum computing. Quantum computers can break modern cryptographic systems. This capability
undermines the security of digital communications, financial systems, and sensitive data, making the
development of quantum-resistant solutions a top priority.

The implementation of quantum-resistant methods is essential for safeguarding digital systems in the
quantum era. However, their successful adoption will require further research, standardization, and
collaboration to address challenges related to performance, scalability, and integration with existing
infrastructures. By proactively embracing these solutions, the global community can effectively counter
the threats posed by quantum computing and ensure the continued security of digital information. This
transition will not only protect current systems but also pave the way for a more secure and resilient
digital future.
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