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Abstract: This article provides an in-depth analysis of exact differential
equations and the integrating factor method. It explores the theoretical foundations,
practical applications, and recent advancements in this field of mathematics. The
study emphasizes the importance of these concepts in solving various mathematical
and real-world problems, particularly in physics and engineering.
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TO’LIQ DIFFERENTSIAL TENGLAMALAR. INTEGRATSIYA
KOEFFITSIENTI

Annotatsiya: Ushbu maqolada aniq differensial tenglamalar va integral
koeffitsientlar usulining chuqur tahlili keltirilgan. Unda matematikaning ushbu
sohasidagi nazariy asoslar, amaliy qo'llanmalar va so'nggi yutuqglar ko'rib chiqiladi.
Tadqiqot ushbu tushunchalarning turli matematik va real muammolarni, aynigsa
fizika va muhandislikdagi ahamiyatini ta'kidlaydi.

Kalit so'zlar: aniq differentsial tenglamalar, integral koeffitsient, oddiy
differentsial tenglamalar, matematik modellashtirish, muhandislik dasturlari.

TOYHBIE TUPDPEPEHIIUAJIBHBIE YPABHEHMUA.
UHTEIPUPYIOIIUHN KODDOUIIUEHT

AHHOTanusi: B 3Toil cTaThe MpeACTaBIECH YIUIYOJICHHBIA AaHAINW3 TOYHBIX
mudpepeHIranbHbIX YPaBHEHUI U METOJla MHTErpupyromux kosdduirentos. B
HEW pPaccMaTpuBarOTCS TEOPETUYECKUE OCHOBBI, MPAKTUYECKUE NPUIIOKEHUS U
MMOCJIENHUE JOCTWI)KEHUS B DJOTOM o0O0JlacTU MareMaTukd. B  uccienoBaHuu
IIOAYEPKUBAECTCS BAXHOCTb OTUX KOHUENLIMW JUIsI PELIeHUs  Pa3Iu4HbIX
MaTeMaTHYECKUX U PEalIbHBIX 33]1a4, 0COOCHHO B (DU3HKE U MHKEHEPUU.

KuroueBbie cJI0Ba: Tounsie muddepeHnranbHbIe yYpaBHEHHS,
UHTETpUPYIONINi Ko3hOUIHEHT, 0OBIKHOBEHHBIE U] PepeHITNaIbHbIE ypaBHEHUS,
MaTeMaTU4YeCKOe MOJICTTMPOBAHUE, MH)KCHEPHBIE TPUITOKECHHUS.
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INTRODUCTION

Differential equations are fundamental to many areas of mathematics, physics,
and engineering. Among these, exact differential equations hold a special place due
to their unique properties and solvability. An exact differential equation is a type of
first-order ordinary differential equation that can be directly integrated to obtain a
solution [1]. However, not all differential equations are exact, which leads to the
concept of integrating factors — a method to transform non-exact equations into exact
ones. The study of exact differential equations and integrating factors has a rich
history dating back to the 18th century, with contributions from mathematicians such
as Leonhard Euler and Joseph-Louis Lagrange [2]. Today, these concepts continue
to be crucial in various fields, from theoretical mathematics to practical engineering
applications.

METHODS AND LITERATURE REVIEW

This study employs a systematic literature review methodology to gather and
analyze information on exact differential equations and integrating factors. We
consulted a range of academic sources, including textbooks, peer-reviewed journal
articles, and conference proceedings. The search focused on both classical texts that
laid the foundation for these concepts and recent publications that showcase modern
applications and advancements.

Key texts in our review include the seminal work by Ince [2] on ordinary
differential equations, which provides a historical perspective and fundamental
theorems. For a more modern treatment, we relied on Boyce and DiPrima's [1]
comprehensive textbook on differential equations. Recent research articles, such as
those by Polyanin and Zaitsev [3] and Ozis and Akin [4], were instrumental in
understanding current trends and applications.

To ensure a diverse perspective, we included sources from Uzbek, Russian, and
international literature. The work of Uzbek mathematician Salohiddinov [5]
provided insights into the application of these concepts in the context of Central
Asian mathematical traditions. Russian contributions, such as the comprehensive
review by Zaitsev and Polyanin [6], offered a unique approach to the subject.
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RESULTS

Our literature review revealed several key findings regarding exact differential
equations and integrating factors:

Theoretical Foundations: Exact differential equations are characterized by the
existence of a potential function, from which the solution can be directly obtained
[1]. The condition for exactness is given by the equality of mixed partial derivatives:

0M/dy = 0N/ox

where M(x,y) and N(x,y) are the coefficients of dx and dy respectively in the
differential equation:

M(x,y)dx + N(x,y)dy = 0

Integrating Factors: When a differential equation is not exact, an integrating
factor p(x,y) can sometimes be found to make it exact [2]. The integrating factor
multiplies the entire equation:

n(x,y) [M(x,y)dx + N(x,y)dy] = 0

The challenge lies in determining the appropriate integrating factor, which
often requires intuition and experience.

Methods of Solution: Several methods for solving exact differential equations
and finding integrating factors were identified:

« Direct integration for exact equations
« Separation of variables for specific types of integrating factors
« Systematic methods for finding integrating factors, such as those dependent
on x or y alone [3]
ANALYSIS AND DISCUSSION

The analysis of the gathered information reveals several important aspects of
exact differential equations and integrating factors:

Theoretical Significance: Exact differential equations represent a bridge
between differential and integral calculus. They embody the fundamental theorem
of calculus in two dimensions, highlighting the deep connections within
mathematics. The concept of exactness also relates to the idea of conservative vector
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fields in physics, illustrating the interdisciplinary nature of these mathematical tools

[1].

Practical Importance: The ability to recognize and solve exact differential
equations is crucial in many practical applications. In engineering, for instance,
exact equations often arise in the analysis of fluid flow and heat transfer problems.
The integrating factor method extends this utility to a broader class of equations,
making it an essential tool in the engineer's mathematical toolkit [6].

Computational Aspects: The advent of powerful computer algebra systems has
transformed the landscape of differential equation solving. While these tools can
quickly determine if an equation is exact and find integrating factors, there's a risk
of over-reliance on technology. Balancing computational methods with analytical
understanding remains a key challenge in both education and research [3].

One of the key strengths of exact differential equations lies in their direct
solvability. This property makes them particularly valuable in modeling physical
systems where conservation laws play a crucial role. The integrating factor method,
by extending this solvability to a wider class of equations, significantly enhances the
toolset available to mathematicians and engineers [7].

The interdisciplinary nature of these concepts is particularly noteworthy. From
physics to economics, the ability to recognize and solve exact differential equations
provides insights into the underlying structure of various phenomena. This broad
applicability underscores the importance of maintaining a strong foundation in these
mathematical techniques across diverse fields of study [8].

CONCLUSIONS

Exact differential equations and integrating factors remain fundamental
concepts in mathematics with wide-ranging applications. This review has
highlighted their theoretical foundations, practical importance, and ongoing areas of
research. As mathematics continues to evolve, the study of exact differential
equations and integrating factors is likely to remain a fertile ground for both
theoretical insights and practical applications. Future research in this area promises
to yield valuable contributions to our understanding of complex systems and our
ability to model and solve real-world problems.
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