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Abstract: This article examines the scientific and technological contributions of Iuliia Gorbacheva to the development of safer and 

more environmentally responsible nail care systems. Her research integrates material science, photopolymerization physics, device 

engineering and dermatotoxicology into a unified framework that links coating composition, curing dynamics and user safety. The 

analysis focuses on three core domains. The first concerns chemical and material interactions between coating components and the 

keratin structure of the nail plate, including the role of biodegradable polymers in reducing toxic exposure and microplastic generation. 

The second explores the photophysical and kinetic principles governing gel polymerization, emphasizing how spectral alignment, heat 

release and diffusion limitations affect curing quality and long-term nail health. The third addresses intelligent UV and LED device 

engineering, highlighting sensor feedback, adaptive control and restricted irradiation as mechanisms that improve curing precision 

while minimizing unnecessary exposure. 
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1. INTRODUCTION 
Nail care has become a technological field where cosmetic 

goals intersect with chemistry, optics and device engineering. 

Materials are no longer simple decorative films. They interact 

with the nail plate for long periods, undergo complex 

polymerization and raise questions of chemical and 

environmental safety. Curing devices rely on specific 

wavelengths and energy control, which means their design 

directly influences both performance and user exposure [2]. 

Within this context, the research of Iuliia Gorbacheva stands 

out because it treats nail care systems with the same analytical 

depth that is usually applied to industrial polymers or 

dermatological materials. She studies coatings as chemical 

structures, photopolymerization as a photophysical process 

and curing lamps as engineered instruments that must operate 

in harmony with the chemistry of the gel. 

Her work appears in a sector that traditionally evolves slowly, 

partly because scientific attention is directed to larger 

industries. Nail products are often regulated in a descriptive 

way, without detailed consideration of polymer networks, 

conversion levels or curing dynamics. Gorbacheva brings 

laboratory logic into this space and builds a foundation for 

more predictable and safer technologies. 

The long-standing issues in the industry create the need for 

this research. Many conventional coatings rely on 

nitrocellulose, formaldehyde resins and phthalate plasticizers. 

These materials can introduce toxic exposure, damage the nail 

through dehydration and produce microplastics as they wear. 

UV and LED devices often apply fixed cycles instead of 

matching real polymerization behavior, which may lead to 

incomplete curing or unnecessary irradiation. By approaching 

these problems with scientific methods, her research redefines 

what “safe technology” means in nail care. 

Iuliia Gorbacheva’s work begins with the nail plate itself. She 

treats it as a biological structure with mechanical and 

biochemical responses, not just a surface that holds color. The 

nail is a dense keratin matrix with limited lipids and specific 

moisture levels. Its flexibility and resilience depend on the 

balance between these factors. Chemical systems that disrupt 

this balance can cause brittleness, delamination and irritation. 

Her analysis of traditional coatings highlights several 

concerns. Nitrocellulose creates a strong and glossy film but 

involves harmful residues in production and degradation. 

Formaldehyde resins increase hardness by forming crosslinks 

with keratin. These crosslinks stiffen the nail and create 

internal stress that may lead to micro-cracks. Phthalate 

plasticizers migrate into the nail due to their affinity for lipids, 

weakening the cohesion of keratin layers. Removal with 

solvents like acetone further dehydrates the plate, making it 

more fragile. 

In gel systems, acrylate and methacrylate monomers undergo 

radical polymerization. If curing is incomplete, unreacted 

monomers remain inside the coating and can migrate to the 

skin. This migration is one of the main triggers of contact 

dermatitis in nail technicians and clients. Iuliia Gorbacheva 

explains how these monomers disrupt hydrogen bonding 

inside keratin and why repeated exposure increases the risk. 

A key strength of her work is that she connects these chemical 

reactions with measurable biological effects. She draws on 

dermatotoxicology, polymer chemistry and occupational 

exposure data to build a coherent picture of how coating 

components influence nail structure. The result is a scientific 

basis for improving material safety. 

This leads her to biopolymer systems. Her research highlights 

cellulose derivatives, chitosan and plant-based polyesters as 

promising film formers. These materials are biodegradable, 

biocompatible and less aggressive toward keratin. Cellulose 

acetobutyrate, which plays a central role in her work, provides 

a balance between flexibility and strength. It forms a smooth 

film that adheres well while allowing controlled moisture 

exchange. When blended with chitosan, the film gains natural 

antimicrobial properties and better adhesion through ionic 

interactions. 

Her first patent builds on these findings. It presents a 

biodegradable coating that does not rely on nitrocellulose, 

phthalates or formaldehyde resins. Laboratory data included 
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in the patent show that the coating maintains mechanical 

durability while degrading much faster in environmental 

conditions [1]. This means lower microplastic formation and 

reduced exposure to persistent solvents. 

She also examines how biopolymers influence moisture 

dynamics and mechanical stress within the nail. Synthetic 

systems often create impermeable films that seal the plate, 

leading to long-term discoloration or weakening. Biopolymer 

films distribute stress more evenly and avoid extreme 

dehydration, making them safer for repeat application. 

The environmental benefit strengthens this direction. 

Biodegradable coatings break down naturally and emit fewer 

volatile organic compounds during application. By linking 

nail coatings with principles of circular materials and 

renewable sourcing, Gorbacheva broadens the discussion of 

safety beyond personal health and connects it with ecological 

responsibility. 

2. PHOTOPOLYMERIZATION 

PROCESSES AND TECHNOLOGICAL 

SAFETY 
Light curing became central to modern nail modeling because 

it allows coatings to form strong and stable polymer networks. 

But the process is not as simple as it looks in practice. 

Gorbacheva’s research shows that gel polymerization depends 

on physical and chemical factors that must be aligned with the 

lamp. When this alignment is poor, the coating may cure 

unevenly, produce excessive heat or release unreacted 

monomers. 

A core element of her work is the relationship between 

photoinitiators and emitted light. Each photoinitiator responds 

to certain wavelengths. If the lamp emits light at the wrong 

wavelength, the number of radicals generated drops, and the 

reaction slows. Iuliia Gorbacheva explains this in terms of 

basic spectroscopy. Light activates the initiator only when its 

energy matches the gap between molecular states. Early UV 

lamps had a broad spectrum, so activation was unpredictable. 

Modern LED sources are narrower and more precise, but this 

precision requires exact compatibility with the formulation. 

The intensity of light inside the coating changes with depth. 

Pigments, fillers and the gel itself absorb and scatter photons 

[6]. Gorbacheva refers to principles similar to the Beer–

Lambert law to explain why thick or highly pigmented layers 

often cure poorly at the bottom. Thin, controlled layers and 

carefully selected initiators improve uniformity, but only if 

the lamp output matches the absorption curve. 

Heat buildup is another key concern. Radical polymerization 

releases heat, and when the reaction proceeds too quickly, it 

creates heat spikes that users feel as burning. The problem is 

not only discomfort. Excessive thermal stress alters moisture 

levels inside the nail and creates internal tension in the 

coating. Gorbacheva’s work emphasizes that energy output 

must be controlled, and that gradual power increase is safer 

than immediate high intensity. 

The engineering ideas in her second patent directly respond to 

these issues. The device described in the patent uses optical 

sensors to detect changes in the gel surface. During 

polymerization, reflectance and transmittance shift in 

predictable ways. These shifts allow the lamp to estimate how 

far the reaction has progressed. When the polymer network is 

almost complete, the lamp can reduce intensity or stop the 

cycle. This prevents both overexposure and incomplete 

curing. 

Diffusion also plays a role in polymerization. As viscosity 

increases, radicals move more slowly. In regions with low 

light, polymerization may simply stop, leaving soft zones 

inside the coating. Gorbacheva analyzes how initiator 

structure, concentration and spectral efficiency affect this 

balance. Fast initiators produce quick curing but increase heat, 

while slower initiators can improve temperature control but 

make deep layers vulnerable. Her research frames this not as 

trial and error but as a process guided by measurable kinetics. 

Pigmented gels require special attention. Dark or opaque 

shades block light and reduce activation of the initiator. Iuliia 

Gorbacheva discusses how particle size, pigment load and 

refractive index influence light penetration. The idea is simple 

but important: the more light is absorbed by pigments, the less 

remains available for curing. Combining pigment physics with 

photoinitiator selection produces a more reliable system. 

She also links incomplete curing with dermatological 

outcomes. Unreacted monomers in undercured coatings 

increase the risk of contact allergies and irritation. By 

showing how the polymer network forms or fails to form, her 

research explains why proper curing is a matter of health, not 

only durability. 

Although modern LED lamps are more efficient than earlier 

UV systems, their narrow emission peaks make them sensitive 

to compatibility issues. A gel designed for 365 nm may cure 

poorly under a lamp that emits mainly 405 nm. Gorbacheva’s 

analysis frames lamp selection as a scientific choice rather 

than a procedural habit. 

She additionally considers ergonomic factors. Conventional 

lamps expose the entire hand even though only the nail plate 

needs light. This unnecessary exposure accumulates over 

time. Gorbacheva’s patent suggests restricting the irradiation 

zone and guiding the hand into a stable and correct position. 

This approach reduces exposure and improves consistency. 

3. INTELLIGENT DEVICE 

ENGINEERING AND SENSOR-BASED 

SAFETY 
The technological direction of Iuliia Gorbacheva’s work 

becomes most evident in her concept of intelligent curing 

devices. Traditional lamps operate on fixed timers. This 

simplicity has advantages, but it ignores differences in 

formulations, pigment levels, nail thickness, heat sensitivity 

and even the aging of LEDs [5]. Her research proposes a 

system where the device actively interprets the reaction and 

adapts energy output in real time. 

The idea is straightforward. If the material and the lamp 

communicate through sensor feedback, curing becomes a 

measured process rather than a blind exposure. Her patent 

implements optical sensors that monitor the way the gel 

reflects and transmits light as polymerization progresses. 

These optical changes correspond to the formation of the 

polymer network. When the reaction slows and signals 

stabilize, the lamp concludes that curing has reached 

completion. In practice this means shorter exposure when the 

gel cures quickly and more controlled exposure when 

conditions require it. 

This shift changes the role of the device. Instead of applying a 

predetermined amount of radiation, the lamp becomes a small 

analytical instrument. It supplies only the energy needed to 

cure the coating and avoids overexposure. This reduces 

thermal peaks, lowers the risk of incomplete polymerization 

http://www.ijsea.com/


International Journal of Science and Engineering Applications 

Volume 14-Issue 12, 62 – 65, 2025, ISSN:- 2319 - 7560 

DOI: 10.7753/IJSEA1412.1013 

 

www.ijsea.com  64 

 

and minimizes unnecessary UV doses for the surrounding 

skin. 

Her patent also describes adaptive algorithms that adjust 

wavelength and intensity. LED modules allow fine control of 

these parameters. When sensors detect slow reaction rates, the 

device can briefly increase intensity within safe limits. When 

temperature rises, it can reduce power. This dynamic 

regulation mirrors control systems used in industrial UV 

curing, laser processing and additive manufacturing. 

Gorbacheva’s argument is that nail curing, although a small-

scale process, shares the same physics and benefits from the 

same logic. 

Another element of Iuliia Gorbacheva’s engineering approach 

is targeted irradiation. Most curing lamps illuminate the entire 

dorsal side of the hand, even though only a small area requires 

exposure. Her patent proposes a system of physical shields 

and optical channels that shape the beam so it reaches only the 

nail plate. This reduces cumulative exposure and aligns with 

dermatological principles that encourage limiting ultraviolet 

light whenever possible. 

She also draws attention to hand positioning. If the fingers are 

not aligned correctly, parts of the coating receive less energy, 

which leads to uneven curing and poor mechanical strength. 

The patent includes ergonomic supports that stabilize the 

hand, similar to alignment mechanisms in medical imaging 

devices. This reduces user error and improves consistency. 

A further aspect is personalization. The device can analyze the 

reflectance of the skin and use this information to estimate 

sensitivity. While simplified compared with full 

dermatological classification, this approach acknowledges that 

users experience heat and light differently [7]. Adjusting 

curing profiles for different sensitivity levels makes the 

process safer and more comfortable. 

Her broader writing compares this approach to other fields 

where controlled energy delivery is essential. In 

semiconductor manufacturing, laser processing and industrial 

polymer curing, sensors and feedback loops maintain safety 

and uniformity. By bringing similar concepts into nail 

technology, she demonstrates that consumer devices can 

benefit from engineering logic usually reserved for 

professional equipment. 

Energy efficiency is another benefit. Traditional lamps 

operate at full intensity throughout the curing cycle. 

Intelligent lamps use only the energy required at each stage 

[4]. In salon environments with many devices running 

simultaneously, this leads to meaningful reductions in energy 

consumption and heat output. Lower thermal load also 

improves comfort for technicians who work close to curing 

equipment for long periods. 

Finally, Iuliia Gorbacheva discusses device reliability. LED 

modules degrade slowly over time, lenses accumulate micro-

contamination and internal temperatures may fluctuate. A 

device with sensors can detect these changes and compensate 

for them. It can also warn the user when the lamp no longer 

delivers adequate output. This transforms the device from 

passive hardware into a self-correcting system with built-in 

quality control. 

Altogether, her work presents curing devices as cyber-

physical systems that combine photonics, sensor technology, 

ergonomic design and adaptive control. This integration leads 

to safer and more predictable curing conditions, which 

directly affects user health and product durability. 

4. IMPLICATIONS FOR INDUSTRY 

STANDARDS, SAFETY FRAMEWORKS 

AND FUTURE DEVELOPMENT 
The combined findings of Iuliia Gorbacheva’s work suggest 

that nail technologies require a more structured and evidence-

based regulatory approach. Her research shows that coatings, 

gels and devices are not independent elements. They form a 

single technological system where chemistry, optics and 

mechanical behavior interact. 

This perspective challenges the way safety norms are 

currently formulated [3]. Most regulations list prohibited 

substances or set basic hygiene requirements, but they rarely 

address polymerization efficiency, residual monomer levels or 

spectral compatibility between gels and lamps. Gorbacheva’s 

research shows that two formulations with similar ingredient 

lists may behave very differently depending on how they 

interact with keratin, solvents, light energy and heat. 

This means regulatory frameworks should consider 

conversion rates, network uniformity and migration potential 

rather than only ingredient categories. 

The same applies to curing devices. Existing standards focus 

on electrical safety and general UV restrictions. They do not 

examine whether the lamp’s emission peak matches the 

absorption curve of modern photoinitiators. Yet spectral 

mismatch is one of the most common causes of incomplete 

curing. Introducing wavelength compatibility into certification 

procedures would improve both performance and safety. 

Gorbacheva’s work provides a scientific basis for such 

criteria. 

Sensor-based systems introduce additional opportunities. 

Fixed-timer lamps assume that all gels behave similarly, but 

Gorbacheva’s findings show that formulations, pigment loads 

and viscosities vary widely. Intelligent lamps create more 

controlled and repeatable curing conditions, reducing the risk 

of irritation and mechanical failure. Incorporating adaptive 

logic into industry expectations would align nail technology 

with established practices in other sectors where radiation or 

energy delivery must be controlled. 

Environmental considerations also gain weight in her work. 

Traditional coatings contribute to microplastic pollution and 

rely on volatile solvents. Biodegradable coatings based on 

cellulose derivatives and chitosan reduce this impact. Because 

they maintain mechanical performance, they present a viable 

alternative rather than a compromise. Regulators could 

encourage their adoption through environmental scoring 

systems or incentives for biodegradable formulations. 

Manufacturers could differentiate products based on 

measurable ecological characteristics rather than branding 

alone. 

Her findings also apply to workplace safety. Nail technicians 

experience repeated exposure to solvents, monomers and UV 

light. Gorbacheva’s work explains how each of these factors 

influences keratin structure and skin integrity. This scientific 

clarity can strengthen educational programs, helping 

technicians understand why controlled curing, careful material 

selection and reduced exposure matter. It also provides a 

framework for designing safer workflows in salons. 

5. CONCLUSION 
The methodological contributions in her educational materials 

promote a similar shift. She argues that technicians should 

learn not only practical application steps but also the physics 

of curing, the chemistry of coatings and the environmental 
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pathways of cosmetic waste. This approach elevates 

professional standards and encourages a culture of continuous 

learning. 

Gorbacheva also creates a bridge between academic research 

and consumer technology. Concepts such as diffusion 

limitations, spectral absorption and heat management rarely 

appear in beauty industry literature. Her work translates them 

into practical guidance that manufacturers can use to design 

safer products. This transfer of knowledge supports 

innovation grounded in measurable performance rather than 

marketing claims. 
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