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The Quantum Genetic Algorithm (QGA) is based on the concepts and
principles of quantum computing, such as qubits and state superposition. Instead
of a binary, numerical, or symbolic representation, accepting the qubit
chromosome as a representative of the population, the QGA may represent a linear
superposition of decisions through its probabilistic representation. As genetic
operators, quantum is used to find the best solution. Fast convergence and good
global search capabilities characterize QGA's performance.

Scientists have worked hard to promote the idea of the quantum computer
since the early 1990s, because these computers were more powerful than classical
ones on a variety of specialized issues. But without a quantum algorithm that
solves practical problems, a quantum computer hardware may not be needed. It
can be considered as a computer without an operating system. Although new
quantum algorithms would have significant benefits that could solve
computational problems faster than classical algorithms, only a few quantum
algorithms are known to date. However, quantum computing has attracted
considerable attention because its superiority has been demonstrated by several
guantum algorithms, such as the Shore quantum factoring algorithm and Grover's
database search algorithm. Shore's algorithm finds prime factors of n-digit
numbers in polynomial time, while the most well-known classical factoring
algorithms require time O (2nl / 3log (n) 1/3). The search algorithm can find an
element in an unsorted list of n elements by O (\Vn) steps, while classical
algorithms require O (n) [1].

GQA is based on the concepts of qubits and superposition of states of
guantum mechanics. The smallest unit of information stored in a quantum
computer with two states is called a quantum bit or qubit. The qubit can be in state
"1", in state "0" or in any superposition of the two. The state of the qubit can be
represented as:

|¥) = al0) + B|1) 1)

Where o and B are complex numbers that determine the amplitudes of the
probabilities of the respective states. | a | 2 gives the probability that the qubit will
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be found in the state "0", and | B | 2 - the probability that the qubit will be found
in state "1". Normalization of the state to the guarantees of unity:

I{Il2 + iﬁlz =1 (2)

If there is a system of m-qubits, the system can represent 2™ states
simultaneously. However, when observing a quantum state, it collapses to a single
state.

The structure of GQA is illustrated in Figure 1. The simplest way to encode
chromosomes is to represent them in binary strings. The initial population should
start with random chromosomes evenly distributed throughout the search space.
The next step is the evaluation operation. Its role is to identify individuals. After
that, individuals will be sorted according to their labels. The selection operation
aims to select a certain number of people to ensure reproduction. Cross-operation
can be performed by exchanging some parts of selected individuals in random
positions, which leads to the creation of a new set of chromosomes, replacing the
old unit. Before repeating the process, it is recommended to perform a mutation
to correct stochastic errors, to avoid genetic drift and to ensure genetic diversity
in the population. It consists of a change in some random positions of individuals
with a low probability (usually from 1% to 0.1%).
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Fig. 1. GQA structure.

A gquantum genetic algorithm has been developed to solve the problem of
constructing the optimal path as an example of practical application. Genetic
algorithms in various development environments such as Matlab and PyCharm
are also presented for reliable testing. The proposed quantum genetic algorithms
have a divergent structure: qubit and cutrite representation of the algorithm. The
research of the subject area is carried out, the quantum genetic algorithm as a
symbiosis of the genetic algorithm and quantum mechanics is designed [2]. A
thorough analysis of software analogues and research in the field of quantum
genetic algorithms, methods of constructing algorithms and their features, testing
on a simulator using test functions, proved as a result of computational
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verification that the developed algorithms are effective and meet the requirements
of tasks, proven optimality of their practical application.
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BITPOBAI)KEHHS TEXHOJIOT'TH BIPTYAJIBHOI
PEAJIBHOCTI B OCBITHIM IMPOIIEC

CtpiMKHi1 pO3BUTOK TEXHOJIOT1H SICKPaBO BiIOMBCA HA OCBITHHOMY IIPOIIECI:
OCTaHHIM YacoM BIpTyajbHa Ta JOINOBHEHA peaJbHOCTI JOCUTH YacTo
BUKOPHUCTOBYIOTHCSI B HABYAJIbHUX 3akiasiax. OCTaHH1 AOCTIIKEHHS MOKa3yIOTh,
10 0OCAT PUHKY OCBITHBOT'O MpOrpaMHOTo 3abe3neueHHs B 2018 porti ckias 2,3
MJIpA. AoJapiB, g0 2025 poky meil mokaszHHWK 3pocTe BABIYl. Lle cBiguuTh mpo
aKTMBHE BIPOBAHKEHHS Ta BUKOPUCTAHHS MPOTPAMHOTO 3a0€3MEeUEHHS Y BCIX
chepax OcBITH. Y IUTSYMX cajiax, IIKOJIaX 1 YHIBEPCUTETaX MO BChOMY CBITY
IHHOBAIII{HI TEXHOJIOT1i BUKOPHUCTOBYIOTh ISl 3a0€3MCUYCHHS 1HTECPAKTUBHOTO
HaBYaHHS aiTeit [1].

B ocHOBI HaB4aHHS 13 3aCTOCYBaHHSM BIPTyaIbHOI PEATBHOCTI JICKaTh
IMEpPCUBHI TEXHOJIOTIi — BipTyaJbHE PO3IIMPEHHS PEaTbHOCTI, IO J03BOJISE
Kpalie CIpuiMaTh 1 pO3yMITH HABKOJUIIHIO NIMCHICTE. BOoHM B OyKBaJlbHOMY
CEHC1 3aHYPIOIOTH JIIOJIUHY B O0paHy cepemy.

MokHa BUIUIMTH KUTbKa MPUYHH TOMIMPEHHS TEXHOJIOTIH BIPTyaJIbHOI
peanbHOCTI (VR) Ha cdepy OCBITH: 3HIDKCHHS IIHM HAa TEXHIYHE OCHAIICHHS,
30UTBIICHHS KUTBKOCT1 BEJIMKUX KOMIIaHIM, 110 mpamioTh B chepi VR; cTpimke
3pOCTaHHS KUTBKOCTI mporpaMHoro 3abesmedenHs mix VR; 3poctanHs oOcsry
iHBectuniii B VR. TexHonorii BipTyalbHOI 1 JOMOBHEHOI PEaTbHOCTI JArOTh
VYHSIM Ta CTYJEHTaM MOXJIMBICTh TJIMOINE BUBYATH TPEIAMETH, aHAII3yBaTH
HACJIIKM CBITOBHX IIOJIIM TOIO, a TOJOBHE — BCE II¢ BimOyBaeThcs B
po3BaxanbHii Gopmi. AR 1 VR 103BoNsSII0TE HAOYTH JOCBIAY, 1O SKOTO B y4YHIB
3a3Bu4ail HeMae noctymy [2]. Jlo mepesar BipTyallbHOI Ta TOMTOBHEHOT peaabHOCT1
CiT BIIHECTH HAOYHICTh, 30CEPEKEHICTh, MaKCHUMAaJIbHE 3aJydeHHS JI0
MPOIIECY; PE3YAbTaTUBHICTD; 0€3MeUHICTh. TaKkoX HOBITHI TEXHOJIOT1i BIIITPaIOTh
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