
JOURNALOF
MULTIDISCIPLINARY

SCIENCES AND INNOVATIONS
ISSN NUMBER: 2751-4390

IMPACT FACTOR: 9,08

https://ijmri.de/index.php/jmsi COMPANY: GERMAN INTERNATIONAL JOURNALS

19

METHODS OF LOCAL INVESTIGATION OF FUNCTIONS

Xolnazarova Dilorom O'ktamovna
Termez State University

Faculty of Physics and Mathematics
Mathematics Department

2nd year student
https://doi.org/10.5281/zenodo.20525175

Abstract. This article discusses the theoretical foundations of methods for the local
investigation of functions. Special attention is given to the role of derivatives, continuity,
extrema, monotonicity, concavity, and inflection points in the analysis of functions. The article
also explains the practical importance of local investigation methods in mathematical analysis
and their applications in science, engineering, economics, and technology. Furthermore, the
relationship between graphical interpretation and analytical investigation of functions is
described.

Keywords. Function, local investigation, derivative, continuity, extrema, local maximum,
local minimum, monotonicity, concavity, inflection point, mathematical analysis, differential
calculus, graph analysis, optimization, mathematical modeling.

Functions play an important role in mathematics and mathematical analysis. The study of
functions allows scientists and researchers to understand relationships between different
variables and quantities. One of the most important topics in mathematical analysis is the local
investigation of functions. Local investigation means studying the behavior of a function near a
certain point or within a limited interval. This process helps determine the main properties of a
function and makes it possible to analyze its behavior in detail. The local investigation of
functions is closely connected with derivatives and differential calculus. By using derivatives,
mathematicians can determine whether a function is increasing or decreasing and whether it has
maximum or minimum values. The concept of local investigation is widely used not only in
mathematics but also in physics, economics, engineering, computer science, and many other
fields.

A function is a mathematical relation that assigns each value of an independent variable
to exactly one value of a dependent variable. Functions can be represented in different forms
such as formulas, graphs, tables, and diagrams. Understanding the local properties of functions is
important for interpreting these representations correctly. The first step in the local investigation
of a function is determining its domain. The domain of a function is the set of all values for
which the function is defined. Some functions are defined for all real numbers, while others are
defined only for specific intervals. Determining the domain helps avoid undefined expressions
and provides important information about the function. After determining the domain,
mathematicians analyze the continuity of the function. A function is continuous if small changes
in the input produce small changes in the output. Continuity is an important property because
many methods of local investigation require the function to be continuous. The derivative is one
of the main tools used in local investigation. The derivative measures the rate of change of a
function. It shows how rapidly the function changes at a specific point. If the derivative is
positive, the function is increasing. If the derivative is negative, the function is decreasing.
Critical points are points where the derivative becomes zero or does not exist. These points are
very important because local maximum and local minimum values may occur there. By
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examining critical points, mathematicians can determine the behavior of the function around
these points.

A local maximum occurs when the value of a function at a certain point is greater than
the values at neighboring points. A local minimum occurs when the value of a function is smaller
than the values around it. Local extrema are important in optimization problems and practical
applications. The first derivative test is commonly used to determine local extrema. In this
method, the sign of the derivative is analyzed before and after a critical point. If the derivative
changes from positive to negative, the function has a local maximum. If the derivative changes
from negative to positive, the function has a local minimum. The second derivative is another
important concept in local investigation. The second derivative provides information about the
curvature of a function. If the second derivative is positive, the graph of the function is concave
upward. If the second derivative is negative, the graph is concave downward. Inflection points
are points where the concavity of a function changes. At these points, the second derivative is
usually equal to zero or undefined. Inflection points are important because they indicate
significant changes in the behavior of a function.

Monotonicity is another important property studied in local investigation. A function is
called increasing if larger input values produce larger output values. A function is called
decreasing if larger input values produce smaller output values. Monotonicity intervals are
determined by analyzing the sign of the derivative. Graphical analysis is closely related to local
investigation. By studying derivatives and critical points, mathematicians can sketch accurate
graphs of functions. Graphs help visualize the behavior of functions and make complex
relationships easier to understand. Functions may also have asymptotes. An asymptote is a line
that a graph approaches but never touches. Vertical asymptotes occur when the function becomes
infinitely large near a certain point. Horizontal asymptotes describe the behavior of a function as
the variable approaches infinity. Local investigation methods are very important in optimization
problems. In economics, businesses use these methods to maximize profits and minimize costs.
In engineering, optimization helps design efficient systems and structures. In physics, local
investigation is used to study motion and forces. For example, derivatives help determine
velocity and acceleration. The maximum and minimum values of physical quantities often have
practical significance. Computer science also uses local investigation methods. Machine learning
algorithms rely on optimization techniques that involve derivatives and critical points. Gradient
descent methods are based on analyzing the local behavior of functions. The concept of
differentiability is closely connected with local investigation. A function is differentiable if it has
a derivative at a certain point. Differentiability usually implies continuity, but continuity alone
does not guarantee differentiability. Piecewise functions may require special methods of local
investigation. These functions are defined by different formulas on different intervals.
Investigating their local behavior involves analyzing each interval separately.

Polynomial functions are among the easiest functions to investigate locally. Their
derivatives are straightforward to calculate, and their graphs are smooth and continuous.
Polynomial functions often serve as examples in mathematical analysis. Rational functions may
have discontinuities and asymptotes. Their local investigation requires careful analysis of
denominators and undefined points. Rational functions are commonly studied in calculus courses.
Exponential and logarithmic functions also have important local properties. Exponential
functions are always increasing or decreasing depending on the base. Logarithmic functions are
defined only for positive values and have unique growth patterns. Trigonometric functions
exhibit periodic behavior. Their local investigation involves studying maxima, minima, and
intervals of increase and decrease. Trigonometric functions are widely used in physics and
engineering.
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Local investigation methods are useful for constructing mathematical models. Scientists use
mathematical models to describe natural phenomena and predict future outcomes. Accurate
analysis of functions improves the reliability of these models. The development of calculus by
Isaac Newton and Gottfried Wilhelm Leibniz greatly influenced the study of functions. Their
work laid the foundation for differential calculus and local investigation techniques. Modern
technology has made local investigation easier. Mathematical software programs can calculate
derivatives, identify critical points, and generate graphs automatically. These tools save time and
improve accuracy. Despite technological advances, understanding theoretical concepts remains
essential. Students who understand the principles of local investigation can solve mathematical
problems more effectively and interpret results correctly.

The study of functions develops logical thinking and analytical skills. These skills are
useful not only in mathematics but also in everyday problem-solving and decision-making. The
local investigation of functions continues to be an important area of mathematics education. It
provides the foundation for advanced topics such as differential equations, optimization theory,
and mathematical modeling. Mathematics teachers often use graphical examples to explain local
investigation concepts. Visual demonstrations help students understand abstract ideas more
clearly. Applications of local investigation can be found in economics, biology, chemistry,
architecture, and finance. In each field, understanding changes and trends is essential for making
informed decisions. In conclusion, methods of local investigation of functions are fundamental
tools in mathematical analysis. They help determine important properties such as continuity,
monotonicity, extrema, and concavity. These methods are widely applied in science, technology,
and practical problem-solving. Understanding local investigation provides deeper insight into the
behavior of functions and strengthens mathematical knowledge.

The study of functions is one of the central topics in higher mathematics. Functions
describe relationships between variables and help explain many natural and scientific processes.
Local investigation methods provide detailed information about the behavior of a function near
specific points. These methods are essential in mathematical analysis and have broad
applications in many scientific disciplines. One important concept in local investigation is the
neighborhood of a point. A neighborhood refers to a small interval around a given point. By
studying the function inside this interval, mathematicians can understand how the function
behaves locally. This local behavior may differ significantly from the global behavior of the
function. Limits are closely connected with local investigation. The concept of a limit describes
the value a function approaches as the variable approaches a specific point. Limits are
fundamental for defining continuity and derivatives. Without limits, differential calculus would
not exist. Continuity is an important property in mathematical analysis. A continuous function
has no sudden jumps or breaks in its graph. Many physical processes are modeled using
continuous functions because natural changes often occur gradually. Local investigation methods
usually assume continuity within the studied interval. The derivative can also be interpreted
geometrically. Geometrically, the derivative represents the slope of the tangent line to the graph
of a function at a given point. A steep slope indicates rapid change, while a small slope indicates
slow change.

When the derivative equals zero, the tangent line becomes horizontal. Horizontal tangents
often indicate potential extrema. However, not every critical point corresponds to a maximum or
minimum value. Additional analysis is required to classify critical points correctly. The first
derivative test is one of the most common methods used to analyze critical points. This method
examines whether the derivative changes sign around a critical point. A change from positive to
negative indicates a local maximum, while a change from negative to positive indicates a local
minimum. The second derivative test provides another way to classify extrema. If the second
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derivative at a critical point is positive, the function has a local minimum there. If the second
derivative is negative, the function has a local maximum. If the second derivative equals zero,
the test may be inconclusive.

Concavity describes the shape of a graph. A graph that curves upward is called concave
upward, while a graph that curves downward is called concave downward. Concavity is
determined by the sign of the second derivative. Inflection points are special points where
concavity changes direction. At these points, the graph changes from concave upward to concave
downward or vice versa. Inflection points often indicate significant structural changes in the
graph. Functions may also exhibit symmetry. Even functions are symmetric with respect to the
y-axis, while odd functions are symmetric with respect to the origin. Symmetry simplifies local
investigation because only part of the graph needs to be analyzed.

Periodic functions repeat their values over regular intervals. Trigonometric functions such
as sine and cosine are examples of periodic functions. Their local investigation involves studying
repeated patterns of maxima and minima. Piecewise-defined functions may behave differently in
different intervals. Investigating such functions requires checking continuity and differentiability
at boundary points. These points often present unique challenges in analysis.
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