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необхідний для повного руйнування ґрунту 

.Висновки. Гідроструменева технологія приваблює своєю простотою реалізації, 

функціональністю, дешевизною та чудовими результатами роботи. У порівнянні з іншими методами 

вона є менш громіздкою, більш мобільною та продуктивнішою, що в свою чергу породжує попит та 

цікавість як покупця, так і інвестора. Виконано математичне моделювання руйнування ґрунту 

під дією гідроструменя під час процесу занурення паль. Показано силу нормальної дії 

струменя, визначено глибину проникнення струменя в ґрунт. Також було визначено 

втрати тиску струменя на тертя об бічні стінки лунки, визначино швидкість vc, при якій 

припиняється процес руйнування ґрунту. Наостанок показано алгоритм знаходження 

повного часу проникнення струменя в ґрунт на другій стадії руйнування. 
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The pharmaceutical industry is undergoing a profound transformation as it increasingly 

adopts and leverages the cutting-edge technologies associated with the fourth industrial 

revolution [1]. It focuses on developing and optimizing processes for drug manufacturing, which 

key areas are [2-6]: 

1. Continuous Manufacturing: 

• Shift from batch processing to continuous production 

• Real-time monitoring and control of product quality 

http://journal.mmi.kpi.ua/article/view/243661
http://journal.mmi.kpi.ua/article/view/243661
http://journal.mmi.kpi.ua/
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• Reduced production time and costs 

• Improved consistency and reduced variability 

• Integration of continuous flow reactors and crystallizers 

2. Process Analytical Technology: 

• Implementation of real-time quality monitoring tools 

• Spectroscopic (near-infrared spectroscopy, Raman, hyperspectral imaging), spectrometric 

(mass, acoustic resonance), focused beam reflectance measurement, X-ray fluorescence 

optical coherence tomography, and microwave resonance techniques, etc. for in-line analysis 

• Multivariate data analysis for process understanding 

• Feedback control systems for process optimization 

• Predictive modeling for quality assurance 

3. Quality by Design: 

• Systematic approach to drug development and manufacturing 

• Design of experiments for process optimization 

• Identification and control of critical quality attributes 

• Establishment of design space for robust processes 

• Risk-based approach to pharmaceutical quality management 

4. Single-Use Technologies: 

• Disposable bioreactors and fermentation systems 

• Single-use filtration and purification systems 

• Flexible manufacturing facilities with reduced contamination risk 

• Decreased cleaning and validation requirements 

• Improved process efficiency and reduced water consumption 

5. Nanotechnology in Drug Delivery: 

• Development of nanocarriers for targeted drug delivery 

• Enhanced bioavailability and controlled release of drugs 

• Nanoformulations for improved solubility and stability 

• Theranostic nanoparticles combining diagnosis and therapy 

• Nano-based systems for crossing biological barriers (e.g., blood-brain barrier) 

These innovations are transforming pharmaceutical engineering, leading to more 

efficient, flexible, and cost-effective drug development and manufacturing processes. They also 

contribute to improved product quality and patient safety. 

Among the innovations mentioned, some are more cost-effective, while still providing 

significant benefits, namely: 

1. Process Analytical Technology (PAT). PAT is one of the most cost-effective 

innovations because [3]: 

▪ It can be implemented gradually, allowing companies to spread costs over time. 

▪ Many PAT tools, like spectroscopic techniques, can be applied across multiple processes. 

▪ It reduces waste and improves product quality, leading to long-term cost savings. 

▪ It can often be integrated into existing manufacturing lines without complete overhauls. 

For instance, implementation of in-line Fourier-transformed infrared and Raman 

spectroscopy for real-time monitoring of 5-step continuous synthesis processes [7]; usage of 

near-infrared spectroscopy for active pharmaceutical ingredient (API) quantification during 

fluidized granulation [8]. 

2. Quality by Design (QbD). QbD is also relatively inexpensive to implement while being 

highly effective [4]: 

▪ It's primarily a methodological approach, requiring more intellectual investment than 

capital expenditure. 

▪ It can significantly reduce costs associated with failed batches and product recalls. 
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▪ QbD principles can be applied across all stages of drug development and manufacturing. 

▪ It often leads to more efficient processes, reducing overall production costs. 

For instance, implementation of QbD principles in continuous manufacturing of oral solid 

dosage forms, leading to more robust processes and consistent product quality [9]; development 

of a QbD approach for defining design space in monoclonal antibody production [10]; 

application of QbD principles to analytical method development, resulting in more robust and 

transferable analytical methods for enantiomeric drugs quality control [11]. 

3. Single-Use Technologies. These technologies can be very cost-effective, especially for 

smaller-scale operations [5]: 

▪ They reduce cleaning and sterilization costs. 

▪ They minimize cross-contamination risks, potentially saving costs related to 

contamination incidents. 

▪ They offer flexibility, allowing companies to quickly switch between products without 

major capital investments. 

For instance, development of specialized single-use bioreactors for cell, gene or viral 

therapy manufacturing, as well as sensors for critical process parameters in bioprocessing, 

enabling better process control in disposable systems improving flexibility and reducing 

contamination risks [12]; creation of an integrated single-use platform for downstream 

processing of monoclonal antibodies, from harvesting to final filtration [13]. 

Conclusions: These innovations demonstrate the pharmaceutical industry's ongoing 

efforts to improve manufacturing efficiency, product quality, and process flexibility through a 

combination of technological advances and methodological improvements that are shaping the 

future of pharmaceutical manufacturing: 

1.) Improved drug quality and safety: PAT and QbD innovations lead to more consistent, 

higher-quality medications, reduced risk of contamination and product defects, and increased 

patient safety and treatment efficacy.  

2.) Faster drug development and production: Continuous manufacturing and PAT speed 

up production processes, quicker response to disease outbreaks or drug shortages, and faster 

delivery of new treatments to patients. 

3.) Cost reduction: More efficient processes lower production costs, potential for more 

affordable medications, improve access to healthcare, and cost savings could be reinvested in 

research and development for new treatments. 

4.) Environmental benefits: Single-use technologies and continuous manufacturing often 

reduce water usage and waste, and more energy-efficient processes contribute to sustainability 

goals. 

5.) Personalized medicine advancements: Flexible manufacturing enables production of 

smaller, customized batches, supports development of targeted therapies and personalized 

treatments. 

6.) Global health implications: Improved manufacturing in developed countries could 

lead to technology transfer to developing nations, so have potential for better access to essential 

medicines worldwide. 

7.) Regulatory advancements: These innovations are driving updates in regulatory 

frameworks, and possible for more streamlined approval processes for new drugs and 

manufacturing methods. 

Overall, these innovations are pushing the pharmaceutical industry towards more 

efficient, flexible, and patient-centric approaches. They have the potential to improve global 

health outcomes by making better quality drugs more accessible and affordable. However, it's 

important to note that realizing these benefits fully will require ongoing collaboration between 

industry, regulators, and healthcare systems. 
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