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I. COURSE CONTENT
The purpose of teaching the course is that Radiobiology is a fundamental discipline within the field of general biology that studies the physical and physicochemical processes occurring in biological systems and underlying their functioning. The subject of radiobiology examines the thermodynamics of biological processes, the structure and function of biopolymers, cellular radiobiology, electrophysiology, bioenergetics, radiobiology of photobiological processes, mechanisms of adaptation, energy metabolism, regulation of ion homeostasis, intracellular signaling processes, and photomorphogenesis at the level of systems and compact ecological models.
The objective of the course is to study the living cell at the molecular level and to develop students’ ability to logically analyze and solve general biological problems based on macromolecular and cellular principles. Based on this logical approach, the course aims to explain to students that biology is an integrated science and that radiobiological processes occur in a similar manner across different living organisms, demonstrating the physicochemical nature of this field.

II. MAIN THEORETICAL PART (LECTURE CLASSES)
The course includes the following topics:
1. Subject, objectives, and history of the development of radiobiology
Radiobiology is a scientific discipline that studies the effects of ionizing radiation on living organisms, cells, and genetic material. The field emerged at the beginning of the 20th century following the discovery of X-rays and radioactivity. Radiation is widely applied in medicine, space science, biology, and ecology.
2. Types of ionizing radiation and their effects on living organisms
Ionizing radiation includes alpha, beta, gamma, X-rays, and neutrons. These types of radiation produce ions in biological tissues, disrupt molecular structure and function, and thereby cause physiological and genetic damage.
3. Effects of radiation on cells and tissues
Radiation affects the cell membrane, mitochondria, and DNA. These processes may lead to cell death, apoptosis, disruption of mitosis, or mutations. Actively dividing cells are particularly sensitive to radiation.
4. Damaging effects of ionizing radiation on DNA
Radiation can cause breaks in DNA strands, nucleotide alterations, and recombination errors. These effects may result in genetic mutations, disruption of cellular functions, and the development of cancer.
5. Radiation sickness: stages, symptoms, and treatment methods
Exposure to high doses of radiation can cause acute or chronic radiation sickness. Acute symptoms include nausea, bleeding, and immune deficiency. Treatment methods include decontamination, symptomatic therapy, blood transfusion, and immunotherapy.
6. Radiation-induced mutagenesis: genetic changes and their consequences
Radiation-induced changes in DNA can be inherited by subsequent generations. This may lead to congenital defects, cancer, and disorders of cell growth. Radiation-induced mutagenesis is important for scientific research and for establishing radiation safety standards.
7. Radiation carcinogenesis: mechanisms of cancer development
Radiation carcinogenesis refers to the processes by which ionizing radiation induces malignant transformation of cells, leading to the development and progression of cancer.
Ionizing radiation damages DNA by activating oncogenes or inactivating tumor suppressor genes. This leads to the loss of control over cell growth and ultimately results in the development of cancer.
8. Effects of radiation on the reproductive system and hereditary consequences
Radiation exposure can induce mutations in germ cells. In both females and males, this may result in infertility, pregnancy complications, an increased risk of miscarriage, and the occurrence of hereditary diseases in subsequent generations.
9. Radiosensitivity of living tissues
The sensitivity of tissues to radiation (radiosensitivity) depends on their rate of cell division and metabolic activity. For example, cells of the bone marrow, lymph nodes, placenta, and gastrointestinal tract are highly radiosensitive.
10. Dose units and their application in medicine
Units used to measure radiation include Gray (Gy), which represents the absorbed dose; Sievert (Sv), which assesses the biological effect of radiation; and Becquerel (Bq), which indicates the level of radioactivity. Proper dose regulation is of great importance in medical diagnostics and therapy.
11. Radiation safety and protective measures
The main principles of radiation safety include minimizing exposure time, increasing distance from the radiation source, and using protective shielding. Medical personnel must use special protective clothing, dosimeters, and undergo regular monitoring.
12. Radiotherapy: methods and clinical applications
Radiotherapy is the use of ionizing radiation to destroy cancer cells. It includes methods such as brachytherapy, external beam radiotherapy (teletherapy), and proton therapy. Common side effects include fatigue, hair loss, and skin inflammation.
13. Effects of radiation on ecological systems
Radioactive substances contaminate soil, water, and air. They enter the human body through plants and animals via the food chain. Radiation pollution causes genetic changes within ecosystems.
14. Radioactive contamination and its impact on human health
Radioactive substances in the environment can accumulate in the human body, leading to chronic radiation exposure. This may result in cancer, blood disorders, infertility, and hereditary diseases.
15. Use of ionizing radiation in medical diagnostics (e.g., X-ray, CT)
X-ray imaging, computed tomography (CT), and radioisotope examinations play an important role in medical diagnosis. However, excessive use poses health risks; therefore, optimal dose management is essential in diagnostic procedures.
III. GUIDELINES AND RECOMMENDATIONS FOR PRACTICAL CLASSES
Recommended topics for practical and laboratory classes, as well as guidelines for conducting laboratory exercises:
1. Study and classification of sources of ionizing radiation
Familiarization with radioactive isotopes and alpha, beta, and gamma radiation sources.
2. Measurement of radiation levels using a Geiger–Müller counter
Practical detection and analysis of radiation.
3. Working with X-rays and studying radiation safety measures
Operating procedures for diagnostic equipment and methods of protection.
4. Measurement of radiation dose: physical and biological methods
Practical work with Gray, Sievert, and other radiation units.
5. Laboratory hygiene when working with radioactive substances
Safety regulations and decontamination methods.
6. Observation of the effects of ionizing radiation on plant cells
Analysis of differences in irradiated seeds and plant growth.
7. Microscopic study of changes in cell mitosis under radiation exposure
Preparation and observation of cytological specimens.
8. Detection of radiation-induced mutations (e.g., experiments with Drosophila)
Observation of mutational changes in simple model organisms.
9. Study of radiation effects on the cell membrane (permeability test)
Determination of electrolyte leakage and cellular damage.
10. Models of DNA structure and radiation-induced damage
Visualization of DNA fragmentation and strand breaks (using gel electrophoresis).
11. Study of changes in animal tissues under radiation exposure
Working with histological sections.
12. Observation of radiation sickness symptoms in model animals (theoretical experiment)
Laboratory analysis and assessment of clinical signs based on model experiments.
13. Evaluation of the effectiveness of radiation protection equipment
Testing of shields, gloves, and special protective clothing.
14. Determination of radiosensitivity: experiments with different cell types
Comparison of cells from aquatic organisms, plants, or animals.
15. Detection of radioactivity in biological objects (bioaccumulation experiment)
Assessment of radioactive isotope accumulation in organisms (e.g., using aquatic plants).

IV. INDEPENDENT LEARNING AND INDEPENDENT STUDY
Independent learning assignments
1. Main types of radiation
Ionizing and non-ionizing radiation types (alpha, beta, gamma, and X-rays) and their differences.
2. Radiation and biological processes
The effects of radiation on biological processes in organisms, particularly at the cellular and molecular levels.
3. Effects of ionizing radiation at the cellular level
How ionizing particles affect the cell membrane, nucleus, and mitochondria.
4. Radiation and DNA
Mechanisms of DNA damage caused by ionizing radiation, including mutations, recombination, and other genetic changes.
5. Effects of radiation on the cell cycle
How radiation delays or arrests the cell cycle, including mitosis and interphase stages.
6. Radiation and cell death
Mechanisms by which radiation leads to cell death, including apoptosis and necrosis.
7. Radiation and carcinogenesis
How radiation induces cancer cells and its relationship with oncological processes.
8. Stochastic and deterministic effects
Stochastic (random) and deterministic (threshold-based) effects associated with radiation exposure.
9. Methods of radiation risk assessment
Major methods and approaches used to assess radiation-related risks.
10. Effects of radiation on genetic inheritance
The impact of radiation on genetic material and the transmission of mutations to subsequent generations.
11. Radiation and the immune system
How radiation alters immune system function, increasing susceptibility to infections and diseases.
12. Radiation and cellular recovery
Cellular recovery processes following radiation exposure, including DNA repair mechanisms.
13. Effects of radiation on cellular aging
The influence of radiation on cellular aging, including the shortening or prolongation of cell lifespan.
14. Radiation and ecosystems
The effects of radiation on ecosystems, plants, and animals.
15. Radiation and the hormonal system
Effects of radiation on the endocrine system, including hormone production and regulation.
16. Risks to radiation workers
Safety measures, dose limits, and monitoring for professionals working with radiation.
17. Radiation and the reproductive system
Effects of radiation on male and female reproductive systems, pregnancy, and fertility.
18. Radiation and plants
Plant responses to radiation exposure, including changes in photosynthesis and growth processes.
19. Fundamentals of radiotherapy
Radiation-based treatment methods for oncological diseases and their effectiveness.
20. Radiation dose–response relationship
The relationship between radiation dose and biological response, including principles of dose increase and reduction.
21. Radiation and the effects on nutrients
The impact of radiation on nutrients, vitamins, and minerals in the organism.
22. Radiation and development
Effects of radiation on embryonic and childhood development, including organ formation.
23. Radiation and the neurological system
Effects of radiation on the nervous system and brain function.
24. Radiation and the cardiovascular (myocardial) system
Effects of radiation on the heart and vascular system, particularly cardiovascular diseases.
25. Radiation and toxicology
Toxic effects of radiation, including chemical reactions and damage in various organs.
26. Radiation and metabolism
Effects of radiation on metabolic processes, including energy production and substance exchange.
27. Radiation and psychological effects
The impact of radiation on psychological state, including stress and anxiety.
28. Radiation and scenarios
Radiation effects under various scenarios, such as natural disasters or human-related activities.
29. Radiation and high-dose effects
Severe biological consequences and damage resulting from high-dose radiation exposure.
30. Radiation-related diseases
Diseases caused by radiation exposure, including cataracts, liver and bone inflammation, cancer, and other conditions.
Guidelines for Independent Learning and Assignments
While completing independent learning assignments for the course, students are required to perform the following tasks and fulfill the following responsibilities:
a) Actively work with textbooks and study materials to gain an in-depth understanding of the topics covered;
b) Prepare in advance for lectures, practical and seminar classes, as well as for assessment activities (tests and exams), using time efficiently;
c) Submit each independent learning assignment within the specified deadlines;
d) Understand and adhere to the rule that assignments submitted after the deadline will not be accepted;
e) Be aware of and comply with the requirement to avoid plagiarism in completing independent learning assignments.
Independent learning assignments are recommended to be completed based on the principle of alternative forms, including:
1. Preparing an analytical presentation on a specific topic;
2. Conducting a comprehensive analysis of a given problem, providing definitions and conclusions;
3. Studying a given topic in depth and performing advanced analysis;
4. Conducting experimental and laboratory work;
5. Developing problem-solving skills through projects, including tests, discussion questions, and practical tasks related to real-world issues;
6. Preparing scientific articles, theses, or lectures.
Independent learning assignments are assessed during laboratory classes and are taken into account for interim evaluations.
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	V. Learning Outcomes / Professional Competencies
Upon successful completion of the discipline Radiobiology at the bachelor’s level, the student will demonstrate an understanding of the biological effects of radiation on living organisms. The student will be able to assess basic radiation risks, understand methods of radiation protection and safety, and apply fundamental radiobiological knowledge in medical, environmental, and research-related contexts.

	4.
	[bookmark: _GoBack]VI. Teaching Technologies and Methods
· Lectures;
· Interactive case studies;
· Seminars (logical reasoning, rapid question-and-answer sessions);
· Group work;
· Preparing and delivering presentations;
· Individual projects;
· Team projects with collaborative work and defense.
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	VII. STUDY AND EXAMINATION REQUIREMENTS
Credits allocated for the course are awarded to students only upon achieving positive results in the assessment types for each semester.
Assessment Types: 
Student knowledge is evaluated through interim (IN) and final (FN) assessments. Grades are assigned according to the following scale: 5 – “Excellent”,  4 – “Good”, 3 – “Satisfactory”, 2 – “Unsatisfactory”.
Grading Criteria:
ECTS A (5): The student makes independent conclusions and decisions, thinks creatively, reasons independently, applies acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and gains a clear understanding of the subject (or topic).
ECTS B (4): The student reasons independently, applies acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and gains a clear understanding of the subject (or topic).
ECTS C (3): When the student is able to apply acquired knowledge in practice, understands the essence of the subject (or topic), knows it, can express and explain it, and has a clear understanding of the subject (or topic).
ECTS D (2): The student has not mastered the curriculum, does not understand the essence of the subject (or topic), and does not have a clear understanding of the subject (or topic).
Interim Assessment: Conducted once per semester in written form.
Students are regularly evaluated during practical (seminar, laboratory) sessions throughout the semester. Performance in these sessions, as well as the timely and complete completion of independent study tasks and participation in class activities, is taken into account for the interim assessment.
Grades from practical sessions and independent study assignments are averaged with the interim assessment grade and recorded officially.
A student who receives an unsatisfactory grade or misses the interim assessment without valid reason may retake it only once before the final assessment.
Final Assessment: Conducted in written form at the end of the semester according to the approved schedule.
When forming variants for the final assessment, it is required to strictly follow the requirements specified in the provided sample. That is, each variant must contain 5 questions: 2 questions (40%) based on classroom (in-class) sessions and 3 questions (60%) based on independent study sessions.
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	Primary literature:
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2. Qosimov M.M. Fundamentals of Theoretical Radiobiology. Textbook. Tashkent, 2016, 120 pages.
3. Bazarbayev M.I. Radiobiology. Textbook. Tashkent: Fan va texnologiya, 2018, 212 pages.
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