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Annotation. The paper explores effective methods for optimizing web resources to enhance digital accessibility. The emphasis
is on optimizing images, deferring loading, caching, and minimizing scripts to enhance performance and user experience.
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The search for methods to optimize web page loading speeds is an important area of research in both academic
circles and practical applications. Leading scientific institutions and organizations, such as W3C, as well as corporations,
including Google, Microsoft, and Meta, are actively working to improve standards, technologies, and tools to ensure
fast loading of web content.
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One of the key stages in researching modern methods for optimizing web page loading speeds is experimentally
confirming their effectiveness.

Reduce the number of third-party scripts. Using third-party libraries often leads to web page overload due to their
large size and functionality, which may be excessive.

Removing third-party scripts significantly impacted the FCP and overall page performance, as it reduced the
number of resources that needed to be loaded and executed during page rendering. This allowed users to see the main
content faster, which had a positive impact on the website experience.

Reducing dependence on large libraries such as Moment.js and Lodash freed up browser resources for other
tasks, improving performance. In addition, removing redundant JavaScript code reduces the likelihood of potential
conflicts between scripts, which can also contribute to page stability.

The effectiveness of removing third-party scripts depends on the type and volume of JavaScript code used on a
particular website. For example, if scripts perform tasks that are critical to the functioning of the page, their removal
may require replacement with lighter alternatives or custom implementations of the functionality. At the same time,
if these scripts are redundant and do not carry significant functional value, their removal provides a significant
performance boost.

Optimization through the removal of third-party scripts not only improves the technical performance of a web
page but also contributes to an improved overall user experience.

Image optimization. Visual content is an important element of modern web pages, but unoptimized images
significantly affect loading speed. Using the WebP format and reducing image sizes will significantly reduce their
weight without losing quality.

Image optimization had the greatest effect on reducing the size of transmitted data, which significantly affected
the rendering speed and overall performance of the web page. The transition to modern formats such as WebP, as well
as reducing image sizes without losing quality, significantly reduced the load on the network and browser. As a result,
users gained faster access to content.

Reducing the size of the data improved the loading times of key page elements, such as FCP and LCP, positively
impacting user interaction with the website. With fewer resources to load, the browser was able to complete the
rendering process faster, providing a smooth and enjoyable user experience.

The effectiveness of image optimization largely depends on the initial conditions of the images. For instance, if the
images have already been reduced in size or are saved in an efficient format, the benefits of further optimization may
be minimal. However, for websites that have not previously implemented advanced compression and optimization
techniques, the improvements can be substantial.

In addition to increasing speed, image optimization also reduces data transfer costs, which is an important factor
for users with limited internet plans. This makes the website not only technically more efficient but also more accessible
to a wider audience. Thus, image optimization is a critical step in the process of improving web resources, affecting
both the technical aspects of the page and business results, such as improving user retention and reducing bounce rates.

Use of lazy loading for content. The next step in optimization, to reduce the number of resources loaded
simultaneously, will be to implement a mechanism for delayed loading of images and other elements using the built-in
loading=«lazy» attribute.

Lazy loading effectively reduces the number of active downloads, reducing the load on the server and network,
which in turn speeds up the visibility of content for users. This approach allows you to download only those resources
that are currently needed, such as images or videos that are in the visible area of the screen. The rest of the resources
are loaded gradually as the page is scrolled, making the loading process much more efficient.

Lazy loading significantly reduces FCP and LCP times. By prioritizing the rendering of essential content, the
browser avoids wasting resources on loading elements that are not immediately visible to the user. This approach
enhances the user experience, particularly on mobile devices and slow internet connections, where speed is crucial.

Lazy loading also minimizes data transfer. However, it is crucial to use lazy loading judiciously. Incorrect
implementation or application to critical page elements, such as banners or main content, can lead to a negative user
experience. Therefore, the key aspect is to strike a balance between loading efficiency and ensuring adequate service
quality.
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Lazy loading is an effective tool for optimizing performance, improving technical indicators, and enhancing user
experience. Implementing this technology is a must for modern web resources that strive to keep up with the times and
ensure maximum efficiency.

Asynchronous script loading. Using the async and defer attributes for external scripts will prevent the main page
loading thread from being blocked.

Asynchronous script loading minimizes resource blocking, allowing the browser to perform other tasks, such as
page rendering, instead of waiting for JavaScript to load and execute. By using the async and defer attributes, scripts
can be loaded independently of the main page loading thread, which improves performance, especially for sites with
a large number of scripts.

However, the effect of asynchronous loading becomes less noticeable after previous optimization steps, such as
removing third-party scripts or combining and minifying resources. This is because most critical tasks have already
been optimized, and asynchronous loading plays more of a final stage in improving performance. Nevertheless, for
complex websites with a large amount of JavaScript code or interactive elements, this approach remains important.

Incorrect implementation of asynchronous loading can lead to the malfunctioning of individual functions or an
incorrect script execution sequence. Therefore, when implementing this technique, it is necessary to thoroughly test the
website on all major browsers and devices.

Asynchronous loading is an effective and modern method of optimizing website performance, especially given
the increasing complexity of web applications.

Use of CDN. Using a CDN to load external resources on a webpage offers several significant benefits that enhance
website performance, availability, and security.

The use of a CDN provides fast and reliable access to fonts and other static resources, minimizing delays that may
occur when downloading them from the main server. The distributed network of servers located in different regions of
the world allows users to access content from the nearest node, which significantly reduces response times and delays,
especially for visitors from remote geographical locations.

In this situation, even though the use of CDN did not significantly improve technical indicators such as FCP or
LCP, its implementation contributes to the overall reliability of resource loading. This is especially relevant for large
websites with a global audience, where interruptions in access to fonts or other resources can significantly impair the
user experience.

A CDN decreases the load on the primary server, which can be critical during peak loads or DDoS attacks. Using
CDN also often provides automatic data compression, caching optimization, and HTTP/2 support, which further
improves website performance.

The effectiveness of using a CDN depends on the type and volume of resources being served. In this example,
the effect was limited because most of the optimization focused on images, scripts, and other elements, while fonts
contributed relatively little to the total data volume.

The implementation of CDN is an important component of modern website architecture, as it provides scalability
and stability in the long term. Although the effect may be less noticeable in the short term, its benefits become apparent
when traffic increases or the site’s audience expands.

Combining and minifying resources. The next step to reduce the number of HTTP requests is to use the technique of
combining CSS files and minifying them.

Minification and resource consolidation greatly decreased the data transferred between the server and the
browser, positively impacting page loading speed. Minimizing the size of CSS files by eliminating unnecessary spaces,
comments, and characters speed up resource loading time and enhances performance.

This optimization had a significant impact on the FCP and LCP metrics, reducing the time it takes for content to
appear on the user’s screen. The Speed Index also improved significantly, indicating faster loading of visible content.

It is worth noting that minification and resource combining are particularly effective for websites with a large
number of external scripts and styles. However, for maximum effectiveness, potential risks should be considered, such
as caching issues when a modified file requires an update from users, or debugging difficulties in the event of errors in
the minified code. To this end, it is recommended to use modern tools such as Webpack or Gulp, which allow you to
automate the optimization process and avoid common mistakes.
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Minification and resource combining are powerful tools for improving website performance. They not only speed
up page loading, but also help reduce traffic costs and improve user experience, which is especially important for
high-traffic websites or those with a global audience. Such optimization is an integral step in creating fast, stable, and
competitive web resources.

Caching. Implementing caching at both the server and browser levels ensures the reuse of already downloaded
resources. This reduces server load and page loading times for regular users.

Caching provided the greatest performance gain by minimizing the number of requests to the server and reusing
already downloaded resources.

This has significantly reduced the amount of data transferred, making page loading faster and more efficient,
especially for repeat visitors to the site. In this case, caching has allowed us to achieve a minimum data transfer size
of only 13 KB, and the number of requests has been reduced to 9, which significantly outperforms the results of other
optimizations.

One of the key advantages of caching is the ability to reduce server load, which is especially important for high-
traffic websites or during peak periods. Local storage of resources on the client side allows the browser to process
requests faster, since the resources are already available in the cache and do not need to be reloaded. This also has a
positive effect on saving Internet traffic for users.

Caching significantly improves website performance metrics such as FCP and LCP by reducing the time it takes
for visible content to appear. In this case, FCP and LCP achieved their best values — 0.7 seconds and 0.9 seconds,
respectively, and the overall performance score rose to 98, demonstrating an exceptional level of optimization.

Caching effectiveness relies on proper configuration. You must set appropriate caching headers such as Cache-
Control, Expires, and ETag to specify which resources should be stored and for how long. Incorrect configuration can
lead to problems with content updates or the use of outdated file versions. In addition, dynamic content may require
partial caching or the use of a CDN to cache resources in different regions.

Caching is one of the most effective methods for optimizing website performance, providing both technical and
business benefits. It enhances loading speed, decreases server load, improves user experience, and boosts conversions.

Figure 1 shows how effectively each optimization method reduces traffic and improves web page loading
performance.
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Fig. 1. The volume of data transmitted and the number of requests made
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Optimization has contributed to a significant reduction in rendering time and fast content loading, which is
especially important for users with low network bandwidth or mobile devices.

An important component of optimization was the introduction of caching mechanisms, which allow already
downloaded resources to be reused. This significantly reduces the load on the server, optimizes network bandwidth
utilization, and improves website speed during repeat visits.

References: 1. Brynza N. Optimisation of web page loading speed // CyuyacHi iHdbopMaUiliHi cMCTEMM Ta TEXHOM0-
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Annotation. In this thesis, the author aims to identify social and economic components of provision of development of a
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Anomauia. B yux mesax agmop npaze UCSIMAUMI COLIANDHY MA eKOHOMIUHY KOMNOHeHMY 3a0e3neder s possumxy
cucmemu 0xXopoHu 300p06’s. JAS KOKHOI 3 Uux KOMNOHeHM 6USHAYEHO KOHKpPemHi acnekmu, nicAs 1020 0emarbHo ONUCAHO
ixnii smicm.
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General statement of the problem and its connection with important scientific or practical tasks. Health is one
of the basic needs of both an individual and society as a whole. If this need is not satisfied, other needs lose their
importance. After all, it is difficult to imagine that a person suffering from constant pain, or even a common cold would
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