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Abstract: this article analyzes the structure of the human eye as a complex
optical system, its primary elements (cornea, crystalline lens, and vitreous body),
and their refractive power. The mechanism of image formation on the retina, the
process of accommodation, and the primary optical defects of the eye (myopia,
hyperopia, and astigmatism) are examined. Furthermore, special attention is given
to the physical and biological foundations of correcting these defects in modern
ophthalmology.
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AHnomayua’ 8 0aHHOU cmamve AHAIUUPYemcs CMPYKMypa 4e108e4ecK020
2na3a KaK CAONCHOU ONmuyeckou cucmemsl, €20 OCHOBHblE 2]1EMEHMDbI (poeoeuua,
Xpycmaiuk, CMeKI08UOHOE meﬂo) U ux npejiomiiarowasd cuia. Paccmampueaiomc;l
MeEXAHU3M d)OpMLtpOGClHuﬂ u306pa:)fceﬁuﬂ Ha cemuyamke, npoyecc akkomoaauuu, a
maxoice OCHOBHble OnmuyeckKue HeOOCMmAamKu 2nasd (Muonuﬂ, cunepmemponusl,
acmuemamusm). Kpome moeo, ocoboe enumanue yoensemcs Guauueckum u
OuoNOcUYECKUM — OCHOBAM — KOppeKyuu smux  o0ehexmos 6  CO8pPeMeHHOU
ogpmanvmonozuu.

Knroueevie cnoea: onmuxa 2nasa, ()uonmpuﬂ, aKKOMOOCZL;u}Z, pocosuya,
xpycmaiuk, cemuamid, peqbpam;uﬂ, onmuvdeckKkas cucmemd.

INTRODUCTION

The human eye is considered one of the most sophisticated and complex
biological optical systems created by nature. The fact that approximately 80—90% of

information from the external environment is perceived through the visual organs
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underscores the vital significance of this system in human life. The optical function

of the eye is fundamentally based on the refraction and convergence of light rays to
form a precise image on the retina.

However, as a consequence of modern lifestyles, rapid technological
advancements, and escalating visual demands, vision system defects—specifically
refractive errors such as myopia and hyperopia—are becoming increasingly
prevalent. This trend necessitates an in-depth study of the physical properties of the
eye's optical components, including the cornea, crystalline lens, and vitreous body.
Consequently, the development of effective correction methods has become a matter
of profound urgency.

The primary objective of this article is to analyze the human eye as an
integrated optical system, examine the factors determining its refractive power, and
elucidate the mechanisms underlying major optical defects. Furthermore, the study
explores the physical and biological principles of the correction methods currently
employed in modern ophthalmology.

LITERATURE REVIEW, DISCUSSION, AND RESULTS

1. Optical Elements of the Eye and Their Refractive Power.
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Figure 1. Main optical components of the human eye and their
approximate refractive power.

The human eye is a complex biological lens system with a total refractive
power averaging 58-60 diopters (D) in a state of rest. This power ensures that light
rays are precisely focused on the retina. The primary refractive media of the system
include:
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Cornea: The outermost part of the eye with the greatest refractive power

(approximately 42-44 D). Its surface is smooth and transparent, performing the
primary focusing of incoming light rays.

Crystalline Lens: A biconvex elastic biological lens (approximately 18-20
D). Its unique feature is the ability to adjust the eye's optical power by changing its
thickness and radius of curvature through the ciliary muscles.

Vitreous Body and Aqueous Humor: These media ensure the unobstructed
transmission of light and maintain the spherical shape of the eye, guaranteeing optical
stability.

2. Accommodation — The Process of Dynamic Adaptation

2. Accommodation - The Process of Dynamic Adaptation
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Figure 2. Accommodation mechanism of the eye for distant and near vision.

Accommodation is the eye's ability to see objects clearly at various distances.
For instance, when a person focuses on near text, the ciliary muscles contract,
causing the lens ligaments to relax and the lens to become more convex. This process
increases the eye's overall refractive power and brings the image into sharp focus
exactly on the retina. The loss of lens elasticity with age (presbyopia) makes this
system less efficient.

3. Image Formation on the Retina

3. Image Formation on the Retina
y
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Figure 3. Formation of a real, inverted, and diminished image on the retina.

From a physical perspective, light rays passing through the eye's optical

system form a real, diminished, and inverted image on the retina. Photoreceptors

(rods and cones) on the retina convert light energy into electrical impulses. These
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Impulses are transmitted via the optic nerve to the visual cortex of the brain, where

the image is processed and perceived in its true orientation.

4. Optical Defects and Their Causes

4. Optical Defects and Their Causes
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Figure 4. Common refractive errors of the eye and their optical correction methods.

Refractive errors occur when the balance between the eye's refractive power
and its anatomical axial length is disrupted:

«  Myopia (Nearsightedness): When the eye axis is too long or the cornea
refracts light too strongly, the image forms in front of the retina rather than on it.

« Hyperopia (Farsightedness): Light rays focus behind the retina, which
Is a result of a short eye axis or weak optical power.

Astigmatism: Due to a non-spherical (irregular) surface of the cornea or
lens, light rays focus at multiple points rather than a single one, resulting in a blurred
image.

CONCLUSION

Research into the optical system of the human eye demonstrates that the
process of vision is not merely a simple refraction of light, but a complex integration
of biological accommodation and neurophysiological transformations. The cornea
and the crystalline lens serve as the primary refractive elements of the system, and
their mutual proportionality ensures the formation of a precise image on the retina.

Based on the analysis conducted, the following final conclusions were
reached:

1. The discrepancy between the optical power of the eye and the length of
its anatomical axis is the primary cause for the development of refractive errors such
as myopia and hyperopia.

2. The process of accommodation weakens as lens elasticity decreases

with age, which necessitates the selection of correction methods based on an

individual approach.

Buinyck scypnana No-49



Modern education and development | ,ro e

3. The transparent media of the eye (cornea, lens, and vitreous body) do

not only refract light but also create a stable optical environment that ensures image
quality.

In conclusion, an in-depth study of the physical properties of the eye's optical
elements serves as a fundamental foundation not only for eliminating vision defects
but also for the future development of Al-based bionic vision systems.
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