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MATHEMATICAL MODEL FOR ASSESSING THE FUNCTIONAL STATE OF
HUMAN EYE PARAMETERS

Mathematical models of the human eye's condition should serve as adaptive tools for ana-
lyzing and predicting ophthalmological parameters, considering their interactions and in-
dividual patient characteristics. Such models are in high demand in ophthalmology be-
cause they improve the diagnosis, monitoring, and treatment of diseases, thereby enhanc-
ing patients' quality of life. The key aspects of the developed mathematical model of the
human eye's condition include its structure and functionality, based on a mathematical
function that integrates the eye's physiological parameters, with each parameter assigned
a weight coefficient that determines its contribution to the integral indicator of the eye's
condition. The model accounts for complex nonlinear interactions between parameters,
reflecting the intricacies of physiological processes. To optimize weight coefficients, the L-
BFGS-B method is employed, an iterative optimization technique that effectively minimizes
the loss function, ensuring high accuracy and adaptation of the model to individual patient
data. The advantages and applications of this model include accurate diagnosis by ena-
bling the early detection of diseases such as glaucoma, cataracts, and macular degenera-
tion; personalized treatment through a tailored approach that considers the unique param-
eter values of each patient; monitoring and prediction capabilities for analyzing disease
progression and facilitating treatment adjustments in early stages; and integration with
technologies, offering potential applications in virtual and augmented reality systems and
artificial intelligence frameworks for automating diagnostics. The developed model serves
as a universal tool for analyzing the eye's condition and creating new diagnostic and treat-
ment technologies. It considers the interrelations between parameters and their influence
on the physiological state of the eye, providing professionals with a powerful instrument
for advancing ophthalmological practice.

Keywords: human eye, mathematical model, integral indicator, nonlinearity, optimization,
adaptation, monitoring, prediction.

Buuyscanin B., Buuyscanin A., I'yzyn O., 3adoposcuuii O. Mamemamuuna mooens 0
OYIHKU (YYHKUIOHAIbHOZ0 CMAHY napamempie 1100cbKo20 oka. Mamemamuuni mooeni
CMauy IH00CbKO20 OKA NOBUHHI OYMU A0ANMUBHUMU IHCIMPYMEHMAMU 0I5 AHANIZY Ma NPO-
2HO3YBAHHA 0PMATLMONIOSIUHUX NAPAMEMPI8 3 YPAXY8AHHAM iX 83a€MO0il ma iHOugioya-
JAbHUX ocobausocmeti nayicuma. Taki modeni 3ampebysani 8 oQpmanvmonozii, OCKilbKU
BOHU NOKPAWYIOMb 0IAZHOCUKY, MOHIMOPUHE MaA JIKYEAHHS 3AX60PI06AHb, NIOGUWYIOUU
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@yHxyii, sika inmeepye Qizionoiuni napamempu okd, npuioMy KONCHOMY napamempy Ha-
daemuvcsa 6a208ull Koepiyicum, wo 8U3HAYAE 11020 BHECOK Y IHMe2PalbHUli HOKA3HUK CIAHY
oxa. Mooenb 8paxosye CKIAOHI HeNIHIlHI 83A€MOOTT Midic napamempamu, wo 8i0ousarms
monxowi ¢hizionoeiunux npoyecis. s onmumizayii 6acoeux xKoeghiyicHmie 3acmocosy-
embcsi memoo L-BFGS-B — imepamuenuti memoo onmumizayii, wo eghekmueno Minimizye
@yHryiro empam, wo 3abe3neyye UCOKY MOYHICMb Ma a0anmayio Mooeii 00 iHougioya-
AbHUX Oanux nayieuma. Ilepesazu ma 3acmocy8anus yiei Mooeni 8KIOUams mouty oia-
2HOCMUKY, WO 00360JIA€ GUABTAMU MAKI 3AX80PIOBANHS, AK 2NAYKOMA, Kamapakxma abo ma-
KYIApHA OezeHepayis HA PAHHIX CMAOIAX, NePCOHANI308aHe NiKY8AHHS 3A805SKU 6PAXY-
BAHHIO YHIKATbHUX 3HAYEHb NAPAMEMPIB KOJICHO20 NAYICHMA, MOHIMOPUH2 MA NPOSHO3Y-
BAHHA, WO 3a0e3neUyoms aHali3 NPOSPECYBAHHS 3AXE0PHOBAHD MA OONOMAZAIOMb KOpU2Y-
6amu IKY8AHHS HA PAHHIX CMAOIAX, THMe2payiio 3 MeXHON02IAMU, GKIIOUAIOYU MONCIUBO-
CMi 3ACMOCYBAHHSA Y CUCEMAX 8IPMYAIbHOT Ma OONOBHEHOI pedalbHOCI, A MAKOMNC Y pa-
MKAX WMy4Ho20 IHmenekmy 011 asmomamusayii diaenocmuku. Po3pobaena mooens € yHi-
8EPCANILHUM THCIMPYMEHMOM 01 AHANIZY CMAHY OKa ma po3poOKU HOBUX MeXHON02IU Jia-
SHOCMUKY Mma AiKy8aHHs. Bona epaxosye 83aemoss'a3xu napamempis ma ix énaus na pizi-
OJIO2IYHULL CMAH O0KA, HAOAYU ODMANbMON02AM NOMYAICHUU THCMPYMEHm 0 NOKpa-
WeHHs 0Ia2HOCMUKU, NPOSHO3Y8AHHS MA MOHIMOPUHZY OYHUX 3AX80PIOBAHb.

Knrouoei cnosa: 1100cvke 0Ko, MamemMamuina Mooeib, IHMe2paibHUull NOKA3HUK, HeaiHil-
Hicmb, onmumizayisn, adanmayis, MOHIMOPUH2, NPOSHO3YBAHHS.

Description of the problem. Mathematical models of the eye play a pivotal role in ophthalmol-
ogy, offering effective IT solutions for the early diagnosis, monitoring, and treatment of eye diseases
[1-3]. Key applications include:

e Early Diagnosis: Algorithms enable automated detection of diseases at early stages, facilitating
timely medical intervention;

e Condition Monitoring: Systems track the progression of chronic diseases and assess treatment
efficacy;

e Personalized Treatment: Adaptive models support therapy selection tailored to the unique char-
acteristics of each patient;

o Improved Procedural Accuracy: Models aid in planning surgical interventions, reducing risks
and enhancing outcomes;

e Scientific Research: Analysis of eye-related biological processes informs the development of
innovative treatments;

e Cost Reduction: Optimized diagnostic and treatment workflows minimize unnecessary proce-
dures, lowering overall expenses.

Models that incorporate parameters such as intraocular pressure, visual field index, and perfusion
pressure enable highly accurate risk prediction for glaucoma and other pathologies. The integration of
machine learning algorithms enhances the personalization and efficiency of diagnostics, providing ad-
vanced IT solutions to improve the quality of ophthalmic care.

Analysis of the latest research and publications. A review of the literature on mathematical
models for the human eye highlights several areas of application relevant to both ophthalmology and IT
specialists:

1. Vision Diagnosis and Correction: Models provide personalized treatment approaches and high
diagnostic precision, particularly for visual anomalies and accommodation analysis. Challenges include
the need for high-quality data and expert interpretation [4, 5];

2. Retinal Disease Prediction: Models predicting retinal pathologies enhance diagnosis and treat-
ment but require standardized datasets and solutions for interpretability challenges [6, 7];

3. Simulation of Visual Processes: Models of eye-brain interactions are utilized for diagnosing
vision impairments and advancing computer vision technologies. Limitations include computational de-
mands and difficulties in generalization [8, 9];

4. Vision Correction and Restoration: Laser vision correction models improve procedural safety,
though constraints arise from the complexity of biological processes and computational requirements
[10];



BICHUK NTPUA30BCBKOI'O JEP)KABHOI'O TEXHIYHOI'O YHIBEPCUTETY
2024p. Cepis: TexniuHi HayKkn Bumn. 49.T. 1
p-1SSN: 2225-6733; e-ISSN: 2519-271X

5. Age-Related Vision Changes: Models analyzing age-related changes support early diagnosis
and individualized treatment but depend on accurate data for diverse age groups and advanced biological
methods [10, 11];

6. VR/AR Technologies: Integration with VR/AR improves diagnostics and treatment but faces
high computational requirements and adaptation challenges [9];

7. Eye Movement Dynamics: These models are critical in medicine and VR/AR applications, with
increasing effectiveness supported by advances in machine learning and accuracy improvements [9];

8. Intraocular Pressure and Heat Transfer Models: Such models predict diseases and enable per-
sonalized treatments, though they require validation and better-quality input data [12-15];

The development of a universal mathematical eye model that incorporates a wide range of factors
remains a pressing task. These models hold potential for integrating diverse data to enhance the diagno-
sis, prediction, and treatment of ophthalmological diseases.

Purpose and task statement. The purpose of creating a mathematical model of the human eye
is to provide informational support for the diagnosis and prediction of eye conditions.

Achieving this goal requires the development of an adaptive tool that considers a wide range of
factors influencing the health and functionality of the eye. The development of a new mathematical
model for the eye involves solving a set of tasks related to accounting for numerous interrelated factors.
The model must be flexible, integrating structural and functional parameters, including nonlinear
changes, the influence of physiological and external factors, and the ability to adapt to individual char-
acteristics of a person. Ultimately, such a model will contribute to improving the diagnosis and treatment
of eye diseases and enhancing people's quality of life.

Summary of the main material. The developed mathematical model of the human eye is pre-
sented as an integral indicator of its condition (Seye), where the integral indicator Seye is calculated con-
sidering the nonlinearity of parameters and their interconnections, the weight of each parameter, and
changes influenced by the patient’s age, blood flow, and other factors. The Seye model describes the eye's
condition as a function of key parameters:

Seye = k1-1log(IOP + 1) + k2 - log(RQ + 1) + k3 - (BCVA — h)? + k4 - log(Tr + ) + (1)
+k5-e V1 + k6 - log(1 + Pperf) + k7 - log(1 + a/t1) + k8 - log(age + 1) + +k9 -
. eeadditional_factor,
where IOP - intraocular pressure (maintains eye tone and supports normal functioning), measured in
mmHg, normal range: 10-21 mmHg (possible variation: 5-60 mmHg);

RQ - volumetric intraocular blood flow (reflects the volume of intraocular circulation), normal
range: 3.2-3.5 %o (possible variation: 0.5-9.0%);

BCVA - best corrected visual acuity, normal: 1.0 (possible variation: 0-2.0);

Tr - tear production, measured in mm, normal range: 10-30 mm (possible variation: 1.0-40.0 mm);

VFI - visual field index, normal value: 100%;

Pperf - perfusion pressure (supports blood supply to the eye tissues), normal range: 55-80 mmHg
(possible variation: 20.0-100.0 mmHg);

altl - tone of intraocular vessels, normal range: 18-20% (possible variation: 12.0-35.0%), where
a is the autoregulation coefficient;

age - the person's age;

additional_factor - an additional factor (lifestyle, diseases, genetic traits, etc.);

k1 ... k9 - weighting coefficients.

Parameters such as IOP, RQ, BCVA, and VFI fluctuate within their normal ranges, yet their vari-
ations can significantly impact the overall state of the eye [16]. Tr, IOP, and Pperf are critical for main-
taining intraocular pressure and adequate blood supply. Age and additional factors can modify various
parameters, influencing their weight within the model. Each parameter in the model is interrelated
through equations:

1. IOP < Pperf: Pperf = Psystolic — IOP.

At high 0P, the perfusion pressure decreases, reducing the blood supply to the eye, thereby in-
creasing the risk of glaucoma;

2.10P < RQ : RQ x Pperf o« Psystolic — IOP.
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The effect of high 0P leads to unstable ocular blood flow, which results in ischemia and damage
to the optic nerve;

3. Pperf< RQ : RQ =k - Pperf™,
where n is an empirical parameter (usually n=1 or n<1).

When Pperf decreases (for example, due to high 10P or low blood pressure), blood flow de-
creases;

4. BCVA < VFI: BCVA < VFI.

Loss of visual field (VFI) leads to a decrease in visual acuity (BCVA);

5.Age & RQ, VFI: RQ = RQ, - e ¥age'®9¢; VFI, . = VFIy — kgge - age;

6. Tr < IOP: [0P.p;r = 10Pyeqs + k - (TT — TTyprm);

7. a/t] < Pperf, RQ: RQ = RQpqase * @/t1 (Ppers);

8. Additional factor «<» IOP, RQ: IOP = IOPy + k44 - Factor; RQ = RQ, - e~*-add Factor

The Seye model is a mathematical model with nonlinear dependencies that allows for the quantita-
tive assessment of the complex impact of various factors on the condition of the eye. The model flexibly
considers the characteristics of each parameter through their transformations and weighting factors.
Nonlinearities are introduced using exponential and polynomial functions, selected based on biological
logic or empirical data [17, 18], which allowed the model parameters to be represented as follows:

I0P,frectlog(I0OP + 1); RQeffect 10g(RQefrect +1); BCVAgsfece(BCVA — R)?; ()
Trefect = 10g(Tr +1); VFlgppee = €™VF!; Pperfoppece = log(Pperf +1);

z = log (;11 + 1); ageesrect = loglage +1);

tleffect
additional_factor,s e = eddditional=factor,

where h is the threshold value for BCVA (empirically chosen).

Nonlinear dependencies in the model (logarithmic, parabolic, and exponential) account for the
different effects of parameters on the state of the eye. Logarithmic dependencies (e.g., IOP, RQ, Tr,
Pperf, age) describe increasing influence with a decelerating rate. The parabolic dependence (BCVA)
shows an intensification of the effect up to a certain level, followed by its decrease. Exponential depend-
encies (VFI, additional_factor) reflect sharp changes in influence during fluctuations of parameters.
This approach, based on theoretical and practical data, allows for accounting complex interactions of
factors, making the model more accurate and realistic.

To implement the model, Python was used due to its convenient syntax, cross-platform compati-
bility, and the availability of powerful libraries (such as scipy.optimize and scikit-learn), which provide
numerical optimization and machine learning capabilities [19]. The eye state model depends on param-
eters (e.g., IOP, BCVA) and their weight coefficients k1, k2,...,k9, which significantly impact the final
value of Seye. Changes in parameters, such as I0P (by 5-10 mm Hg) or BCVA (from 1.0 to 0.1), can
significantly vary the result from normal to pathological states (e.g., glaucoma or complete blindness).

To optimize the coefficients k1,k2,...,k9, the L-BFGS-B method from the SciPy library was used
[19]. This iterative gradient-based method is suitable for problems with a large number of variables as
it utilizes an approximate Hessian matrix, speeding up the process and improving accuracy. The method
sets initial values, defines parameter bounds, and minimizes the objective function Seye, efficiently opti-
mizing the nonlinear dependencies of the model.

The optimization algorithm for k1, k2,...,k9 using the L-BFGS-B method includes:

e Objective: Minimize the objective function by calculating the optimal coefficients k1, k2,..., k9
to determine the state of the eye, considering nonlinear dependencies on parameters.

o Steps of the algorithm:

1. Initialization:

- Request parameter values for analyzing the eye's state (IOP, RQ, BCVA, Tr, VFI, Pperf, alpha,
age, additional_factor).

- Set initial values for coefficients k1, k2,...,k9 (e.g., ranging from 0.1 to 10.0).

- Input constraints on the ranges of k1, k2, ...,k9.

Each parameter k1, k2, ...,k9 is bounded within a specific range:

ai<ki<bi.

This ensures a physical interpretation of the parameters and prevents invalid values. The method

accounts for constraints through gradient projection. At each step, it checks whether the parameters k1,

9
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k2, ...,k9 exceed the boundaries [a;, b;]. If they do, the current value of k; is projected onto the permis-
sible range:
ki = projia, b (ki) — min (max (k;, a;), b;). 3)

A function is defined that calculates the eye condition indicator (Seye) based on the input parameter
values, including the coefficients.

2. Defining the objective function:

- Describe the eye condition function (calculate_Seye), which depends on parameters and the op-
timized coefficients k1,k2,...,k9. This function will account for nonlinear dependencies, such as: loga-
rithmic relationships for parameters 10OP, RQ, Tr, alpha, and Pperf; parabolic relationships for visual
acuity (BCVA); exponential relationships for VFI and additional_factor.

- Calculate the eye condition (Seye), considering all parameters.

- Define the objective function for minimization. The objective function will compute the error
or deviation from the ideal eye condition value based on the current values of the coefficients k1,k2,
....k9. The objective function for minimization, to compute the eye condition value based on the current
coefficients k1,k2,...,k9, takes the following form:

. 1
o . min= — N (Seyepred(kl,kz, ...,kg,ai) — Seyeopsi)? (4)
1,K2,..,K9g

where Seyepreq - the value calculated using the model, including nonlinear dependencies for all parame-
ters;

Seyeons - reference or observed data;

ai — model parameters.

3. Optimization using the L-BFGS-B method: Use scipy.optimize.minimize() with the L-BFGS-
B method to minimize the objective function; obtain the optimized values of coefficients k1,k2,...,k9 that
minimize the deviation of the eye condition from the target value.

4. Update: At each iteration step, the following are performed: updating parameters k1,k2,...,k9
using the Hessian approximation and projection.

5. Termination criterion: The algorithm terminates when the change in k1,k2,...,k9 or the gradient
becomes less than a given threshold.

6. Result: Calculation of the eye condition using k1,k2,...,k9.

7. Output of optimized coefficients and computed eye condition considering the coefficients.

8. Plotting graphs to visualize the relationship between the eye condition and various parameters.

Figure 1 shows the contour plot of the objective function for the coefficients k1 and k2 of the
model, with the other parameters held fixed. This visualization approach helps to analyze the depend-
ence of the error function, identify key trends, and understand the impact of the parameters on the result.
The two-dimensional representation simplifies finding extrema, adjusting initial values, and improving
the optimization process.

Objective Function Contour (k1 vs k2)

10
34.8

31.8

28.8

25.8

22.8

k2

19.8

16.8

13.8

10.8

k1

Fig. 1 — Contour plot of the objective function for the two coefficients k1 and k2
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The graph demonstrates the dependence of the loss function on the parameters k1 and k2, which
vary from 0 to 10. The color scale represents the function values: green shades correspond to the mini-
mum (closer to the optimum), while purple represents the maximum values. The contours denote lines
of equal error, helping to localize the minima and maxima. The function values range from 7.8 to 35,
with the lowest errors in the central region. The use of two parameters for visualization is explained by
the need to simplify the analysis in multidimensional problems. This approach allows an intuitive un-
derstanding of the dynamics of optimization and the influence of parameters on the function. For ana-
lyzing all nine parameters, more complex methods are required, such as projections or multidimensional
analysis. Examples in Figures 2 and 3 show the simulation results for the state of the eye (Seye) depending
on the parameters VF1 and RQ, taking their nonlinearity and the optimization of the model’s weight
coefficients into account.

Dependence of eye condition on VFI

10

Changing parameter: VFI
IOP=21.00

age=60.00
additional_factor=0.10

Eye condition (Seye)
o

T T T T u T
o 20 40 60 80 100
VFI , %

Fig. 2 — State of the eye (Seye) based on changes in VF1

Dependence of eye condition on RO

nging parameter: RQ

-
o
w
o

Above 5 % - critical level

Eye condition (Seye)

Below 1.5% - critical level

2 4 (=] a8
RO , %

Fig. 3 — State of the eye (Seye) based on changes in RQ

The analysis of the graph showing the change in the eye's state (See) based on changes in VF1
(Fig. 2) reveals an exponential decrease in Seye as the VFI value increases. VFI reflects the visual field
function, influenced by other factors. The relationship between See and VFI is nonlinear and exhibits an
asymptotic pattern. The exponential influence (VFI graph) highlights the high sensitivity of the eye's
state to a decline in its functionality, with particularly strong effects at lower values. This suggests that
during the early stages of VFI deterioration, the eye’s state is most sensitive to changes, and any decrease
in the visual field below 100% affects visual function and structural-functional damage to the optic
nerve. Therefore, maintaining VFI at 100% is crucial for stabilizing the eye's state. High VFI values
(close to 100%, representing near-complete preservation of functionality) have less impact on the eye's
condition. A decrease in VFI is likely linked to the overall deterioration of the ocular structures, resulting
in significant changes in Seye. The graph clearly shows a sharp decline in the eye's condition (Seye) When
VFI drops below 100%. A visual field loss of more than 50% (VFI < 50%) may be irreversible and
associated with the terminal stage of glaucoma. Some stabilization of Seye at around ~2 when VFI is

11
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100% suggests that maintaining this parameter helps preserve the structural-functional parameters of
the visual system and keeps the eye's state stable. This graph also indicates that even with normal intra-
ocular pressure, a decrease in VFI reveals all the traditional signs of disease, such as glaucomatous optic
nerve damage, which is reflected in the eye's state.

The analysis of the graph showing the change in the eye's state (Seye) based on changes in RQ (Fig.
3) demonstrates that Seye increases as RQ increases, indicating a negative correlation between the pa-
rameters. The increase in Seye is nearly linear across the entire range of RQ values (from 1% to 8%).
This could be related to a decrease in ocular circulation (RQ up to 3.2%), which may occur with age-
related changes in the eye, glaucoma, high myopia, or the manifestation of ischemic diseases affecting
the head and eyes. The linear growth suggests the presence of critical thresholds or saturation points
(below 1.5% and above 5%), making RQ an important parameter for improving the eye's state. The
absence of saturation indicates a constant impact of RQ on the eye's condition.

An increase in RQ directly improves the eye’s condition (Seye), and the effect is consistent across
the entire range of values. This highlights the importance of controlling or increasing the RQ parameter
to maintain eye health, especially when other parameters, like VFI, are stable within normal ranges.
Such a relationship can be used as an indicator for assessing the quality of therapy or vision correction.

The parameters VFI and RQ are key factors influencing Seye, €ach with different characteristics:

e VFI has the greatest impact on the eye's state in the early stages of deterioration, related to the
progression of diseases affecting the visual field.

¢ RQ reflects changes in the eye's state nonlinearly, highlighting the importance of intraocular
circulation in the condition and function of the eye.

Possible diagnoses:

e Glaucoma: Low VFI values, particularly when combined with elevated intraocular pressure
(10P), and a decrease in visual acuity (BCVA), are markers of disease progression.

o Age-related eye diseases (e.g., age-related macular degeneration, cataracts): Low RQ leads to
reduced perfusion pressure, diminishing blood, oxygen, and nutrient supply to the eye's structures, slow-
ing metabolic processes and promoting the accumulation of metabolic waste. High RQ may indicate
congestion within the eye (e.g., retinal vein occlusion, neovascular glaucoma, or intraocular inflamma-
tion), which can significantly affect overall vision health.

Recommendations:

Maintaining the most preserved visual field (VFI=100%) should be the primary goal of therapy,
especially for patients with glaucoma.

Continuous monitoring of RQ, especially in elderly patients diagnosed with intraocular diseases.
Improving intraocular volumetric blood circulation (through physiotherapeutic methods such as laser
stimulation, electrophoresis with vascular medications, and pharmacological therapy) helps improve the
eye's condition.

To maintain eye health, a comprehensive approach is required, taking into account the interaction
between various model parameters. It is crucial to analyze both the individual effects of each parameter
and their interrelationships. For example, high IOP leads to a decrease in Pperf, which negatively affects
intraocular blood circulation (RQ) and contributes to the development of ischemic diseases, ultimately
affecting vision. The interaction between VFI, I0P and RQ shows that vision field deterioration is
closely linked to both intraocular pressure and insufficient blood supply. The Pperf parameter helps
improve blood flow, which positively affects the general condition of the eye, but its influence is highly
dependent on RQ. Alpha (a/t1) has an indirect effect through a complex of factors, while age (Age) is
associated with a decrease in BCVA and VFI, making it an important parameter for assessing age-related
changes in visual acuity. Maintaining the VFI parameter at its maximum level helps stabilize the eye's
condition, while a decrease in VFI may indicate the development or progression of glaucoma. The Tr
parameter is closely related to BCVA: a reduction in tear production can cause dry eye syndrome and
significantly reduce visual acuity, which reflects the eye's condition.

To validate the program's functionality and the accuracy of calculations, module tests were per-
formed covering various scenarios of input data changes. This allowed for assessing the model's re-
sponse to different conditions. Particular attention was given to the model's sensitivity, including the
impact of parameters such as the shape of the eyeball or retinal light sensitivity. Sensitivity analysis
revealed vulnerabilities and helped improve the algorithm's robustness. The accuracy of calculations
was verified using both quantitative methods, comparing results with expected values, and qualitative

12
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methods, evaluating the match with theoretical expectations. To assess practical applicability, scenarios
close to real medical practice were tested. This approach ensured the model's predictive accuracy and
its practical value in medical and technological applications.
Example of modular testing
import unittest
# Modular tests for functions
class TestSeyeCalculation(unittest. TestCase):
# Test the function for nonlinear IOP dependency
def test_non_linear_iop(self):
self.assertAlmostEqual(non_linear_iop(10), np.exp(10 / 10), places=5)
self.assertAlmostEqual(non_linear_iop(0), np.exp(0 / 10), places=5)
# Test the function for nonlinear tear quality dependency
def test_non_linear_g(self):
self.assertAlmostEqual(non_linear_q(50, 60), np.log(50 + 1) * np.sqrt(60), places=5)

# Test Seye calculation with fixed values def test_calculate_seye with_fixed_values(self):
iop=20
g=50
v=90
tr=10
pvf=3
pperf =5
rvessels = 2
age =60
additional _factor = 2
expected_seye = (optimized_coefficients[0] * non_linear_iop(iop) +
optimized_coefficients[1] * non_linear_q(q, age) +
optimized_coefficients[2] * non_linear_v(v, age) +
optimized_coefficients[3] * non_linear_tr(tr, age) +
optimized_coefficients[4] * non_linear_pvf(pvf) +
optimized_coefficients[5] * non_linear_pperf(pperf) +
optimized_coefficients[6] * non_linear_rvessels(rvessels) +
optimized_coefficients[7] * non_linear_age(age) +
optimized_coefficients[8] * non_linear_additional_factor(additional_factor))
self.assertAlmostEqual(calculate_seye with_optimized_coeffs(iop, q, v, tr, pvf, pperf,
rvessels, age, additional_factor, optimized_coefficients), expected_seye, places=5)
if _name ==
unittest.main()
For model adequacy testing, it is compared with existing scientific and medical models. The new
model demonstrates compliance with standards and improves current approaches, particularly in the
aspects of parameter interactions and forecasting their impact on eye health.

~_main__"

Conclusions

The developed eye state model effectively considers key parameters and their complex nonlinear
interactions, making it a tool for diagnosis, forecasting, and personalized treatment. The model, which
has demonstrated adequate results in the context of ophthalmological practice, can be used for early
diagnosis, monitoring disease progression, and developing individual treatment strategies.

The eye state model serves several key functions: early diagnosis, monitoring and forecasting
diseases, as well as treatment personalization. It analyzes the main parameters of the human eye, iden-
tifying diseases at early stages and predicting their development. For example, high IOP with low RQ
may indicate a risk of glaucoma, and a reduction in VFI against the background of increased I0P signals
glaucoma progression. The model also considers interactions between parameters such as age, Pperf,
BCVA and RQ, which helps predict disease risks associated with ischemia, such as age-related macular
degeneration, ischemic optic neuropathy, atherosclerotic or diabetic retinopathy.
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Possible applications of the model include adaptive diagnostics considering individual patient

characteristics, improving the accuracy of disease forecasting, integration with artificial intelligence for
automated diagnostics and model adaptation. Additionally, the model could be integrated with virtual
and augmented reality, as well as with laser and pharmacological treatment methods to enhance therapy
effectiveness and patient quality of life.
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PO3POBKA TA JOCJIIKEHHS EPEKTUBHOCTI
THOOPMAIIMHOI CHCTEMHY HAPCHUHT'Y CAUTIB I3 BUKOPUCTAHHAM
®PEMMBOPKY SELENIDE

Cmammsi npucesuena 00CIiONCeHHIO Memodie agmomamusayii 300py Oanux iz eebcaiimie
3a 00NOMO2010 MeXHONO02I napcuHay. ¥ pobomi Onucano 0CHOBHI nepesazu NapcuHey no-
PIBHAHO 3 PYUHUM 300POM OAHUX, HABEOEHO KIACUPIKAYIIO ICHYIOUUX NAPCepIs, IX MOdCIU-
80CMi, 0OMedHCeHHs Ma 3aCMOCY8aHHA 8 pedlibHux npoekmax. Ilposedeno demanvHul ana-
T3 NONYIAPHUX KOMEPYItHUX ma 0Oe3KoumogHux napcepie, maxux ax Import.io,
Webhose.io, Dexi.io, Scraperhub, ParseHub, Visual Scraper, Spinn3r, 80legs, Scraper,
OutWit Hub, 3 memoro susnauenHs ix nepesaz ma HeOOiKi8 Y PI3HUX CYEHAPIAX BUKOPUC-
mannst. Ocobaugy yeaey npudineno nopisuanHio ¢peiumsopkis Selenium ma Selenide, wo
WUPOKO 3aCMOCOBYIOMbCA 01 agmomamu3ayii 63aemodii 3 6ebopayzepamu. 3pobneno 6u-
CHOBOK NPO OOYIIbHICIb BUKOPUCMANHA (hpetimeopKy Selenide 3a805Ku 11020 CRPOWEHOMY
CUHMAKCUCY, MONCTIUBOCIIAM POOOMU 3 OUHAMIYHUM KOHMEHMOM Ma NiOmpumyi inmeie-
KMYaivHo2o O4iKyeanHs. Y cmammi npedcmasieHo po3pooKy 61dacHo20 napcepa Ha 0asi
Selenide, opienmogarozo na nompebu manux i cepedHix nionpuemcma iz 0omesxcenum 01o-
Oorcemom. Cucmema no6y008ana Ha Cy4acHOMY MEXHOI02IYHOMY CINeKY, Wo eKayac Java
11, Python, PostgreSQL, Angular 12, Docker, Gradle, Kafka, Node.js. Jlemanvro onucano
apximekmypy npozpamu, 3a€MO0i0 Midc MOOYIAAMY, A MAKONC perayiiny mMooers bazu
oanux 05 30epicanus OMPUMAHUX OAHUX. 3aNPONOHO8AHUN NIOXI0 0036018€ HALAUINOBY-
eamu napcep 01 pobomu 3 pi3HUMU MURAMU CAUMI8, 3aDe3neyye GUCOKY UWBUOKICHb
300py ma 06pobKu THpOpMayii, a MaAKoIC SHYYKICMb Y HALAWMYBAHHT napamempis euoi-
pru. CmeopeHuil iIHCMpYyMeHm HAOAE MONCIUBICIb BUKOPUCIOBYBAMU MEXHON02I] KOH-
metiHepu3ayii 0151 CHPOWeHHs PO320pMAanHl ma niompumky dooamka. Peszynemamu po-
bomu modicyms Oymu UKOpUCMAHi 0711 peanizayii eqheKmueHUx iHPOPMAYIIHO-NOULYKO-
BUX cuCmeM Ma A8MOMAmu3ayii pymuHHUX npoyecie 300py OaHux, Wo ocoOIUBO AKMYa-
JILHO 07151 KOMRAHIU, SIKI NPazHyms ONMuMizyeamu ceoi biznec-npoyecu ma 3MeHuumu 6u-
mpamu.

Knrwuosi cnosa:. napcuwne, napcep, caiim, 6e6000amox, iHpOpMayitiHO-NOULYK08A CUc-
mema, oani, Selenium, Selenide.
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