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“Muhandislikda sun’iy intellekt va raqamli innovatsion texnologiyalar:
zamonaviy yechimlar va istigbollar” Xalgaro ilmiy-amaliy anjuman tezislar
to‘plami. 2026-yil 21-may.

Ushbu to‘plamda — “Muhandislikda sun’iy intellekt va raqamli innovatsion
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anjuman ishtirokchilarining tezislari keltirilgan. Anjuman kun tartibiga kiritilgan
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kiberxavfsizlik va ma'lumotlarni himoya qilish, ta’limda axborot va innovatsion
texnologiyalarning qo‘llanilishi, biznes jarayonlar va raqamli iqtisodiyotga
axborot texnologiyalarining o‘rni kabi sho‘balardan tashkil topgan. To‘plam
sohasi mutaxassislari, ilmiy tadqiqotchilar, professor-o‘gituvchilar, doktorantlar,
magistrlar va talabalar uchun mo‘ljallangan.

Magqolalarda keltirilgan ma‘lumotlarning haqqoniyligi uchun mualliflar
mas‘uldir.
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METHODS AND SOLUTIONS FOR GENERALIZING AMPLITUDE
AMPLIFICATION IN QUANTUM ALGORITHMS

Sh.A.Toirov, T.E.Xudoyqulov
Tashkent Institute of Management and Economics

Annotatsiya. Ushbu maqolada kvant algoritmlarida amplituda
kuchaytirishni  an’anaviy = Grover  algoritmi  doirasidan  tashqarida
umumlashtirishning ilg'or wusullari ko‘rib chiqiladi. Tadgiqot natijalari
umumlashtirilgan amplituda kuchaytirish kengroq kvant qidiruv va
optimallashtirish muammolarida samaradorlikni oshirishini ko‘rsatadi. Kvant
shovqini, masshtablilik va cheklangan kvant resurslari kabi muhim muammolar
innovatsion sxema dizayni hamda moslashuvchan kuchaytirish strategiyalari
orqali hal etiladi. Taklif etilgan yondashuvlar yirik kvant tizimlariga
moslashuvchan va barqgaror integratsiyani ta’'minlaydi. Ushbu ish murakkab
ilmiy va sanoat muammolariga umumlashtirilgan kvant usullarini qo‘llash uchun
asos yaratadi.

Kalit so‘zlar: kvant hisoblash, amplituda kuchaytirish, Grover algoritmi,
optimallashtirish, kvant shovqini, gibrid algoritmlar

AHHOTauMsa. B 1aHHOW cTaTbhe pacCMaTPUBAKOTCSA NPOJBUHYTbIE METObI

060611IeHUs] YCUJIEHUSI aMIUIMTY/Ibl B KBAaHTOBBIX aJrOPUTMAax 3a IpejesaMH
TPAJUIIMOHHONW MoJiesii aJroputTMm ['poBepa. PesysbTaThl HCCIe0BaHUSA
NOKa3bIBAlOT, UYTO O0OOOLEHHOE yCUJIeHWe  aMIUIMTyZbl  MOBbIIIAET
3¢pdeKTUBHOCTL [Jig 6o0Jiee MIMUPOKOro KJjacca 3ajJlad KBAaHTOBOTO IMOHMCKa U
ontuMusanuu. KitouyeBble mNpo6JseMbl, TaKHe KaK KBAHTOBBIA IIyM,
MaclITabupyeMOCTb M OrpaHUYeHHble KBAHTOBbIE PECYpPChl, PELIAKTCS C
MIOMOIIbI0 HHHOBAI[MOHHOT'0 MTPOEKTUPOBAHUS KBAHTOBBIX CXEM U aJJalITUBHBIX
cTpaTeruil ycuienus. [lpejyioxkeHHble MeTOAbl 00€CHEeYHBAIT THUOKYI0 H
YCTOWYUBYI0 WHTErpalydi B KpPyHMHOMAacIITabHble KBAHTOBble MPUJIOMKEHUS.
JlaHHass paboTa 3akJaJbiIBaeT OCHOBY JJs1 TpUMeHeHHUs 00606LIEHHBIX
KBAaHTOBBIX METO/IOB B CJIOXKHBIX HAYYHBIX U ITPOMBIIILJIEHHbIX 3a/ia4ax.

Knio4yeBble Cc/0Ba: KBAaHTOBble BBIYHCJIEHUS, YCHJIE€HHE aAMILIUTYAbI,
anropuT™ ['poBepa, onTUMHU3aIYsA, KBAHTOBBIH IIyM, THOPUAHbBIE AJITOPUTMBI
Abstract. This paper explores advanced methods for generalizing

amplitude amplification in quantum algorithms beyond the traditional Grover's
Algorithm framework. The study demonstrates how generalized amplitude
amplification improves efficiency across a broader class of quantum search and
optimization problems. Key challenges such as quantum noise, scalability, and
limited quantum resources are addressed through innovative circuit design and
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adaptive amplification strategies. The proposed methods enable robust and
flexible integration into large-scale quantum applications. This work establishes
a foundation for applying generalized quantum techniques to complex scientific
and industrial problems.

Keywords: quantum computing, amplitude gain, Grover's algorithm,
optimization, quantum noise, hybrid algorithms

1. Introduction

Quantum computing has emerged as a powerful paradigm capable of
solving certain computational problems more efficiently than classical
approaches. One of the most prominent techniques is amplitude amplification,
originally introduced in Grover’s search algorithm. While effective, its standard
formulation is limited to specific problem structures.

Recent research focuses on extending amplitude amplification to more
general frameworks, allowing its application in diverse domains such as
optimization, machine learning, and cryptography. This paper investigates
methods to generalize amplitude amplification and proposes practical solutions
for real-world quantum systems.

2. Background and Related Work

Amplitude amplification is a fundamental concept in quantum computing
that increases the probability of measuring desired states. In the standard
model, it provides a quadratic speedup for unstructured search problems.

Previous studies have explored:

« Variants of amplitude amplification

« Quantum walks as alternative search mechanisms

« Hybrid quantum-classical optimization approaches

However, limitations remain in terms of scalability and robustness under
noisy quantum environments.

3. Methodology
3.1 Generalized Amplitude Amplification Model

We extend the classical amplitude amplification framework by introducing
parameterized operators and adaptive iteration strategies. Unlike the fixed
iteration count in standard models, the proposed approach dynamically adjusts
amplification steps based on intermediate measurements.

3.2 Adaptive Oracle Construction

A flexible oracle design is proposed to support a wider range of problem
definitions. This allows encoding complex constraints into quantum circuits
efficiently.

3.3 Noise-Resilient Circuit Design

To address quantum noise, we incorporate:

« Error mitigation techniques

o Circuit depth optimization

« Redundant encoding strategies
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3.4 Hybrid Optimization Framework

The method integrates classical optimization loops with quantum
amplitude amplification, improving convergence and stability in NISQ devices.
4. Results and Analysis

Simulation results show that the generalized amplitude amplification
approach:

o Achieves improved success probability compared to standard methods

« Reduces required iterations in complex search spaces

« Demonstrates robustness under moderate noise conditions

Performance evaluation indicates that hybrid approaches outperform
purely quantum implementations in current hardware environments.
5. Discussion

The findings highlight the importance of flexibility in quantum algorithm
design. By generalizing amplitude amplification, it becomes applicable to a wider
class of problems beyond unstructured search.

Challenges remain in:

« Hardware limitations

« Error correction scalability

« Efficient oracle construction

Future work should focus on experimental validation using real quantum
processors.
6. Applications

The proposed methods can be applied in:

« Optimization problems (logistics, scheduling)

o Cryptanalysis

e Quantum machine learning

o Large-scale data search systems

These applications demonstrate the potential of generalized amplitude
amplification in both scientific and industrial domains.
7. Conclusion

This study presents methods and solutions for generalizing amplitude
amplification in quantum algorithms. By extending beyond traditional
frameworks, the proposed approach improves efficiency, adaptability, and
robustness. The results provide a strong foundation for future research and

practical implementations of advanced quantum algorithms.
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