««УТВЕРЖДАЮ»



Декан биологического факультета МГУ

Академик                 М.П. Кирпичников
«___» ________________ 2020 г.

P R O G R A M
of the entrance examinations for the graduate studies program in 03.01.08-bioengineering
The program is designed for University graduates who pass the candidate's minimum in the specialty 03.01.08-bioengineering
This program is based on information from a number of branches of science that describe the functioning and prospects for the development of modern bioengineering. Corresponding to this program, lecture courses are given for students of 3-4 years of bachelor's degree. When preparing for the exam, you must also use the materials of special courses for master's students, read at the Department.

The recommended textbooks reflect mainly the issues in the program, but due to the rapid development of bioengineering, they require constant updating with new material. This should be taken into account when preparing for the exam.

Introduction
The subject of bioengineering, its place in natural science. The interrelation of physical, physico-chemical, biological and informational processes in living organisms.
The history of the development of bioengineering and its main aspects
Multi-and interdisciplinarity of modern bioengineering. Bioengineering as a scientific and technical discipline based on knowledge of various fields of fundamental and applied science – biological (genetics, biochemistry, Biophysics, Microbiology, Virology, cell biology, plant and animal physiology, neurobiology, histology, etc.), chemical (chemical technology, physical (biophysical) chemistry, inorganic chemistry, organic chemistry, Bioorganic chemistry, computer and combinatorial chemistry, etc.), medical (Transplantology, pathophysiology, pharmacology, Oncology, ophthalmology, cardiology, toxicology, endocrinology, surgery), technical (processes and devices, control and management systems, automated systems, modeling and optimization of processes, etc.).

The concept of bioengineering as the use of engineering techniques to obtain modified or new artificial biological objects in order to give them new properties. The main areas of application of modern bioengineering and its main aspects (biological, chemical, medical, technological).
1. Biological aspects of bioengineering
1.1. General biology, Microbiology, cell biology.
Definition of life and properties of the living. Levels of organization and levels of study of living matter: macromolecules, cells, organs, tissues, organisms, populations, species, biogeocenoses, biosphere. Systematics of living organisms. Biological diversity. Modern biological disciplines.

The cell as the basis of heredity and reproduction. Cell structure and function (differences between prokaryotic and eukaryotic cells). Structure of the bacterial cell wall. Structure of the nucleus and its role in heredity.

Chemical components and molecular organization of the living. Properties of water molecules. Small organic molecules of a living cell. Macromolecules – nucleic acids, proteins, polysaccharides, lipids, nucleoproteins, glycoproteins, lipoproteins, peptidoglycans, polyphosphates.

Metabolism (metabolism). The relationship between biosynthetic and energy processes. The concept of "biological oxidation". Anaerobic oxidation processes. Anaerobic respiration. Fermentation. Aerobic respiration. Biosynthetic processes in the cell. The relationship of cell components in the processes of anabolism and catabolism. The concept of the secretory cycle; mechanisms of absorption and release of products in the cell.

The main provisions of Darwin's evolutionary theory, its differences from Lamarck's theory. Forms of selection, types of speciation, the main ways of evolution.

Viruses are structures that occupy a borderline position between living and inanimate matter. Structure. Life cycle. Bacteriophages.

Prokaryotes (pre-nuclear organisms) and eukaryotes (true-nuclear); major differences.

Bacteria. Reproduction. Condition of existence. Major group. Principles of classification of bacteria: eubacteria, cyanobacteria, archebacteria.

Eukaryotic cell; main components, compartment in cells of higher organisms. Features of structural and functional organization of plant and animal cells.

Functional systems of plant organisms. Regulatory and adaptive mechanisms. Autotrophic nutrition. Photosynthesis, respiration. Excretion of nitrogenous substances, osmoregulation. Growth and development. Immunity.

Mendel's laws and their interpretation from the point of view of the chromosomal theory of heredity. Heredity and variability. Forms of variability. Selection, genetic basis of selection. The concept of genotype and phenotype. Recombination. The concept of population genetics and population variability. Selection methods. Selection of microorganisms. Production fermenter as an ecological niche.

Biological recognition. Intercellular adhesion. Intercellular connections (tight connections, slotted contacts). Informational intercellular interactions. Humoral, synaptic, interactions through the extracellular matrix and slotted contacts.

The reaction of cells to external influences. Structural and functional changes of cells and individual cellular components in the processes of reactivity and adaptation. Physiological and reparative regeneration at the cellular level: the essence and mechanisms.

Cell life cycle and types of cell division. Cell cycle. Definition of the concept; stages of the cell cycle for cells that have retained the ability to divide, and cells that have lost the ability to divide.

Mitotic cycle. Definition of concept. Phase of the cycle (interphase, mitosis). Biological significance of mitosis. Mechanism. The transformation of the structural components of cells at different stages of mitosis. The role of the cell center in mitotic cell division. Morphology of mitotic chromosomes.

Endomitosis. Definition of concept. The main forms of biological importance. The concept of cell ploidy. Polyploidy; mechanisms of formation of polyploid cells (single-core, multi-core), the functional significance of this phenomenon.

Meiosis. Its mechanism and biological significance. Morpho-functional characteristics of the processes of growth and differentiation, the period of active functioning, aging and cell death.

Individual development of organisms. Differentiation and specialization of cells. Organogenesis. Biogenetic law.

Aging; correlation of the role of genetic factors and living conditions. Physiology of dying.

Cell death. Degeneration, necrosis. Definition of the concept and its biological meaning.

Apoptosis (programmed cell death). Definition of the concept and its biological meaning.

Malignant neoplasms as a result of violations of molecular genetic and cellular regulatory mechanisms.
1.2. Molecular biology and cell genetics.
The concept of a gene in "classical" and molecular genetics, its evolution. Contribution of genetic engineering methodology to the development of molecular genetics. Applied value of genetic engineering for biotechnology.

Heredity and variability at different levels of living organization (molecular, cellular, organismal, and population). Molecular bases of heredity. Mutagenesis.

Molecular basis for the organization of the chromosome. Functions of DNA, histones, and RNA in cellular metabolism. Grip and crossing-over.

The nature of genetic material. Features of the structure of the genetic material of Pro - and eukaryotes. Transcription of DNA, its components. RNA polymerase and promoter. Translation, its stages, ribosome function. Genetic code and its properties. DNA replication and its genetic control. Recombination, its types and models. Mechanisms of DNA repair. The relationship between replication, recombination, and repair processes.

Mutation process. The role of biochemical mutants in the formation of the "one gene – one enzyme" theory. Classification of mutations. Spontaneous and induced mutagenesis. Classification of mutagens. Molecular mechanism of mutagenesis. Identification and selection of mutants. Suppression: intragenic, intergenic and phenotypic.

Extra-chromosomal genetic elements. Plasmids, their structure and classification. Sex factor F, its structure and life cycle. Bacteriophages, their structure and life cycle. Virulent and temperate bacteriophages. Migrating genetic elements: transposons and IS sequences, their role in genetic exchange.

Study of the structure and function of the gene.

Elements of genetic analysis. CIS-TRANS-complementation test. Genetic mapping. Physical analysis of the gene structure. Restriction analysis. Sequencing methods. Identification of the gene function.

Regulation of gene expression. The concept of operon and regulon. Control at the transcription initiation level. Promoter, operator, and regulatory proteins. Positive and negative control of gene expression. Control at the level of transcription termination. Polar effect and its suppression. Katabolicescie operons: the lactose operon model. Attenuator-controlled operons: a model of a tryptophan operon. Multivalent regulation of gene expression. Post-transcription control.

Mechanism of gene mutations, genetic control. Restriction and modification enzymes. Selection and cloning of genes. Vectors for molecular cloning. Principles of recombinant DNA design and introduction into recipient cells.

Fundamentals of genetic engineering. Creating cells with an artificial genome.
1.3. Histology and physiology
Tissue as a system of cells and their derivatives is one of the hierarchical levels of organization of the living. Cells as leading elements of tissue. Non-cellular structure — symplast and the extracellular matrix as derived cells. Determination and differentiation of cells in a series of consecutive divisions. Principles of tissue classification.

Tissue regenerative abilities — types of physiological regeneration in renewing, labile and stationary cell populations, reparative regeneration. Compensatory-adaptive and adaptive changes of tissues, their limits.

Stem cells and their properties. The role of stem cells in regenerating epithelial cells. The concept of blood stem cells (SCC) and colony-forming units (CFU).

Epithelial tissue. General characteristics, sources of development, classification. Integumentary epithelium. Principles of structural organization and functions. Basal membrane: structure, function, origin. Features of intercellular contacts in various types of epithelium.

Connective tissue. General characteristics, classification, histogenesis. Loose fibrous connective tissue. Cells of loose fibrous connective tissue, their origin, structure and functional characteristics. Relationship of blood and loose fibrous connective tissue.

Intercellular substance. General characteristics, structure, origin. The basic substance, its physical and chemical properties and value. Collagen and elastic fibers, their role, structure and chemical composition. Reticular fibers.

Dense fibrous connective tissue. Its varieties, structure and functions. Tendon as an organ.

Specialized connective tissues. Reticular tissue, structure, histophysiology and significance. Adipose tissue, its varieties, structure and significance. Pigment tissue, structural features and significance. Mucosal tissue, structure.

Cartilaginous tissue. General characteristic. Types of cartilage tissue (hyaline, elastic, fibrous). Cartilage cells, chondroblasts, chondrocytes (chondrocelect) and the extracellular matrix. Structure of articular cartilage.

Bone tissue. General characteristics and classification. Bone cells: osteocytes, osteoblasts, osteoclasts and intercellular substance of bone tissue. Histogenesis and bone tissue regeneration. Bone as an organ.

Muscle tissue. General characteristics, classification, histogenesis. Striated somatic (striated) muscle tissue, its development, structure, morphological and functional characteristics. The structure of the myofibril, it is the structural and functional unit (sarcomere). The mechanism of muscle contraction, its Mechanochemistry and energy. Types of muscle fibers and their innervation. Motor units and their types. Muscle as an organ. Working movements and methods of their registration. The work of the muscles to ensure posture and to implement movements.

Undefined (smooth) muscle tissue. Structure and features of smooth muscles. Source of development. Morphological and functional characteristics.

The main physiological constants of internal body fluids (blood, lymph, tissue fluid) and self-regulating mechanisms for maintaining these constants. Homeostasis. Homeokinesis. General principles underlying functional systems for maintaining homeostasis in the internal environment of the body.

Blood. The main components of blood as tissue are plasma and shaped elements. The amount and composition of human blood. Content in the blood of an adult. Blood formula. The composition of the plasma. The role of its individual components in ensuring the homeostatic function of blood. Shaped elements of blood: red blood cells, reticulocytes, white blood cells (neutrophils, eosinophils, basophils, monocytes, lymphocytes, platelets), their content, size, shape, structure, main functions. Function of blood. Hematopoiesis.

Function of blood. Modern concepts of systems and mechanisms of blood clotting and anticoagulation and their regulation. Protective. blood function and the concept of cellular and humoral immunity. Nervous and humoral regulation of blood functions. The concept of functional depot of blood. The role of the spleen, liver, bone marrow, gastrointestinal tract and mechanisms of blood formation, hematopoiesis and blood deposition. Blood viscosity and its determining factors.

The composition and value of lymph. Lymphoplasma and corpuscles. The connection with blood, the concept of recirculation of lymphocytes. Lymph formation. The lymphatic system and lymph circulation. Lymphopoiesis.

Teachings about blood circulation, the value of blood circulation for the body. The structure and differentiation of blood vessels. Pressure in various parts of the vascular bed. Methods for measuring blood pressure, blood flow, and circulating blood volume in the cardiovascular system. Microcirculation. Structure and function of the capillary bed. Mechanisms of vascular tone regulation. Hypertension and hypotension. Functional features of regional blood circulation.
Structure of the heart and its role in blood circulation. Pumping function of the heart. External work of the heart and its effectiveness, Starling's "law of the heart" and modern additions to it. Structure and physiology of the heart muscle. Modern ideas about the mechanism of Electromechanical coupling. Conducting system of the heart, membrane potential and action potential of the heart muscle, pacemaker potential. Electrocardiography. Nervous and humoral regulation of the heart.

The energy exchange of the body at rest (basal metabolism). Factors that affect it. Respiratory rate and its changes. Specific dynamic effect of food on metabolism. Physiological principles of compensation for energy and plastic costs (fundamentals of rational nutrition). Mechanisms of heat generation and heat transfer. Nervous and humoral mechanisms of maintaining relative constancy of temperature.

Isolation as one of the functions that ensure the constancy of the internal environment of the body. Kidneys, their structure, excretory and other functions. Nephron as a functional unit of the kidney. Features of renal blood circulation, modern ideas about the mechanisms of urination. Glomerular filtration. Tubular reabsorption and secretion. Modern concepts of neurohumoral mechanisms of regulation of excretory and homeostatic kidney function. Excretory function of the skin, liver, lungs, and gastrointestinal tract.

Humoral regulation of function. Biologically active substances that determine humoral regulation. Hormonal regulation. Sources of synthesis of hormones; Glands. Diffuse endocrine system. Chemical classification of hormones. Modern ideas about the mechanisms of interaction of hormones with target cells. Central and peripheral mechanisms of regulation of the functions of the endocrine glands. Features of endocrine regulation of physiological functions. Modern ideas about the unity of nervous and endocrine regulation, neurosecretion. Various organs of the endocrine system and their hormonal function.

Characteristics of excitable tissues and their laws of irritation. Dependence of the tissue response on the strength of the stimulus and the time parameters of its action on the tissue. Mechanism of occurrence of biopotentials. Modern ideas about the membrane theory of the origin of the resting potential and the action potential. The membrane pores and the permeability. Potassium-sodium pump. The role of calcium ions in generating the action potential.

Nervous tissue. General characteristics of the nervous tissue. Sources of development, embryonic histogenesis. Neuron as a structural and functional unit of the Central nervous system, structure, conduction of the nerve impulse, transport processes. Convergent, divergent, and ring neural circuits of the Central nervous system. Physiological death of neurons. The concept of regeneration of structural components of the nervous tissue. Neuroglia, General characteristics, sources of development, classification.

Nerve fiber. General characteristic. Classification. Features of formation, structure and function of myelin-free and myelin-free nerve fibers. Degeneration and regeneration of nerve fibers. Nerve endings, General characteristics, classification. Receptor (sensitive) nerve endings. Neuromuscular termination (motor plaque) in skeletal muscles and in smooth muscle tissue. Secretory (neuro-glandular) nerve endings.

Synapses. Classification. The structure of the synapse and the mechanism of synaptic transmission: presynaptic and postsynaptic parts, synaptic vesicles, synantic cleft. Mediators of the Central nervous system, phenomena of unilateral excitation, transformation of the excitation rhythm. Interneuronal electrical and chemical synapses, structure and mechanisms of excitation transmission. Structure and physiology of the neuromuscular synapse.

Anatomical features of the structure of the autonomic nervous system. Mediators and receptive substances of the pre-to postganglionic departments.

The physiological role of the autonomic nervous system in the regulation of body functions. Autonomic Central and peripheral reflexes.

Central braking (I. M. Sechenov). The main forms of Central braking. The functional significance of inhibitory processes. Inhibitory neural circuits. Modern ideas about the mechanisms of Central inhibition.

General principles the coordinating activities of the Central nervous system. The principle of reciprocity (N.E. Vedensky, CH. Sherrington), the principle of dominance (A. A. Ukhtomsky). Modern ideas about the integrative activity of the Central nervous system. Neurogenesis in the developing and Mature brain.

Reflex arcs as a morphological substrate of the structure of the nervous system, their sensitive, motor and associative links. Structure of reflex arcs of spinal reflexes. The role of sensory, intermediate, and motor neurons. General principles of coordination of nerve centers at the level of the spinal cord. Types of spinal reflexes.

Hypothalamus. Participation of the hypothalamus in the regulation of vegetative functions of the whole organism. The role of the hypothalamus in the formation of motivations and emotions. The limbic system and its participation in the formation of integral behavioral responses of the body and emotions.

Features of the structure of various parts of the cortex of the cerebral hemispheres. Projection associative, cortical zones, features of their structure and function. Types of convergence of afferent excitations on cortical neurons. Physiological features of the old and new cerebral cortex. The problem of dynamic localization of functions in the cerebral cortex. Pyramidal and extrapyramidal systems.

Sensory processes as a form of reflection of the objective reality of the world. Dialectical-materialistic concept of sensitivity, sensations and perception. Physiological idealism in assessing the activity of the senses. The concept of functional mobility of receptors. The concept of receptors and analyzers. General principles of functional organization of sensory systems. Conversion of signals in the receptors, the properties of the receptor potential, the impulse activity. Adaptation, afferent regulation. The concept of difference and absolute thresholds. Peripheral encoding. Directional sensitivity. Receptive field.

Sound analyzer, its structure and functions. Physical characteristics of audio signals. Biomechanics and physiology of the outer, middle and inner ear. Absolute auditory sensitivity. Adaptation. Spatial hearing.

Visual analyzer, its structure and functions. The eye and its auxiliary apparatus. Photoreception. Building an image on the retina. Accommodation of the eye. Concentric receptive fields. Higher departments of the visual system and receptive fields of the detector type, light sensitivity. Visual acuity, eye movements and their role in vision. Color vision and color perception theories. Binocular vision. Recognition of visual images.

Biomechanics. Musculoskeletal system. Motor centers of the brain and spinal cord; regulation of posture and movements. Sensory system of the musculoskeletal system, muscle and tendon Receptors. Self-regulation of muscle tone. Proprioceptive analyzer, its structure and functions. Cerebellar-spinal and cerebellar-cortical relationships.

Smell perception, reflex regulation of olfactory sensitivity. Olfactory adaptation. Perception of a mixture of odors. Classification of odors. The quality of smells and properties of molecules of odorous substances.

Taste analyzer, its structure and functions. Structure of taste receptors and Central departments of the taste system. The main characteristics of the taste system. Theory of taste reception. Taste and smell, modern ideas about the mechanisms of activity of taste buds.

Basics of tissue engineering. Creating artificial tissues and organs. Integration of animal and human tissues and organs with electronic and mechanical devices. Brain-computer interface.
2. Chemical aspects of bioengineering
2.1. Bioorganic chemistry, biochemistry
The main objects of research in Bioorganic chemistry. Research methods: chemical, physical, physico-chemical, biochemical. Computer chemistry. Synthesis and isolation of products, determination of the structure, study of the relationship between the chemical structure and the biological activity (biological function) of compounds.

Squirrels. Amino acids as Monomeric structural units of proteins and peptides. Stereochemistry. A Projection Of Fischer. Levels of protein structure. Primary structure: methods for determining the sequence of amino acids, sequencers. Secondary structure of proteins: alpha and beta structures. Tertiary and Quaternary (subunit) structures of proteins. The role of hydrogen, ionic, disulfide bonds, hydrophobic interactions. Denaturation (reversible, irreversible) of proteins. Concept of regulatory proteins.

Nucleic acid. DNA and RNA. Structural components. Link type. The spatial structure of the polymer chains. DNA double helix. Complementarity of the bases. Methods for determining the nucleotide sequence in nucleic acids. The restriction, of restrictase. Chemical-enzymatic synthesis of oligo-and polynucleotides.

Biosynthesis of nucleic acids. Enzymes of the biosynthesis. The concept of transcription, reverse transcriptase.

Carbohydrates. Monosaccharides. Structure and stereochemistry. Aldoses, ketoses. Acyclic and cyclic structures of monosaccharides. Pyranoses, furanoses, alpha-and beta-anomers. The concept of conformation. Pentose (ribose, arabinose, xylose), hexose (glucose, mannose, galactose). Deoxysaccharide (fucose, 2-deoxyribose), aminodeoxysaccharide, uronic acids, sialic acids. Monosaccharides as structural Monomeric units of oligo-and polysaccharides. Structural analysis of oligo-and polysaccharides. Functions of oligo-and polysaccharides. The concept of lectins. Cellulose, starch, glycogen. Carbohydrate-containing mixed biopolymers. Glycoproteins, peptidoglycans, and teichoic acids.

Lipid. Classification of lipids. Neutral lipids, phospholipids, sphingolipids. Structural components of lipids. Fatty acids. Higher alcohols, aldehydes. Polyols, glycerin, monosit. The stereochemistry of the lipid. Lipoproteins. The concept of the structure of biological membranes. Liposomes.

Low-molecular bioregulators-coenzymes and vitamins: NAD, NADP, FMN, FAD, thiamine pyrophosphate, lipoic acid, ATP, Biotin, ascorbic acid, folic acid, calcium Pantothenate, cobalamines. The cascade of arachidonic acid. Prostaglandins. Biogenic amines: acetylcholine, serotonin, etc.

Antibiotics as natural antimetabolites. Penicillins, cephalosporins, tetracyclines, aminoglycosides, antitumor antibiotics. Semi-synthetic antibiotics.

Enzymes and their biochemical role. Classification and nomenclature. Active centers of enzymes. Substrate specificity. Factors that provide enzymatic catalysis. The role of metals in the functioning of enzymes. Inhibitors: reversible (competitive, non-competitive), irreversible. Reversible and irreversible denaturation of enzymes. Methods of immobilization of enzymes on various carriers.

The main ways of assimilation of substrates: proteins, fats, carbohydrates, amino acids, hydrocarbons, alcohols, organic acids, and mineral components. Glycolysis and fermentation. Krebs cycle, regulation of the activity of enzyme systems in the cycle. Geksozofosfatov way of transformation of carbohydrates. Energy efficiency of the Krebs and glycolysis cycle. Electron transport chain, oxidative phosphorylation in the respiratory chain. Biosynthesis via acetyl-COA. NADH+ and NAD(f) Functions)H+ in the reactions of synthesis.

Protein biosynthesis, the role of nucleic acids. Ribosomal pathway of biosynthesis.

Principles of bioenergy. Ways and mechanisms of energy conversion in living systems. Formation of ATP and other macroergic compounds in cells. The role of ATP and the transmembrane difference of electrochemical potentials (TEP) in the transformation and storage of energy in the cell. Membrane bioenergetics: the ion pumps, primary and secondary generators of TEP. The concept of energy charge and energy efficiency of growth. The main types of coupling of catabolic and anabolic processes.

Aerobic respiration. Respiratory chain. The main types of electron acceptors. Types of fermentation. Substrate phosphorylation systems.

Biosynthetic processes in the cell. Biosynthesis of biopolymers: proteins, nucleic acids, and polysaccharides. The main stages of processes, their organization in EU - and prokaryotic cells. Biosynthesis of lipids, biogenesis of biomembranes. Biosynthesis of sugars, L-amino acids, nucleotides, and vitamins (coenzymes). Secondary metabolites. Nitrogen fixation.

Photosynthesis. The main types of processes that are donors of electrons. Chlorophyll-free photosynthesis. Photoreceptor.

Regulation of metabolism. Definition, levels of regulation. Regulation of DNA replication and protein biosynthesis. Regulation of transcription. Regulation of translation. Posttranslational modification. Regulation of enzyme activity by reversible covalent modification. Regulation of activity by non-covalent interaction with effectors. Regulation of cell division. Interaction of regulatory mechanisms in controlling the rate of cell growth.

Transport of substrates and products. Mechanisms of cellular permeability: physical diffusion, "facilitated" diffusion, primary and secondary active transport. Organization of transport systems. Ways to interface transport with the energy of metabolism. Regulation of transport processes. Secretion and excretion. Membrane regulation. Regulation at the genome level.
2.2. Biophysical chemistry.
Thermodynamic calculations of biochemical reactions.

Heat and free energy, influence of temperature, pH and nature of solvents. Basic concepts of thermodynamics of irreversible processes: the degree of completeness of the reaction, uncompensated heat and affinity. Conjugate reactions. Exchange of energy and entropy between the cell and the environment.

Kinetic bases of enzymatic processes.

Stationary kinetics of enzymatic reactions, the Michaelis-Menten equation. Influence of inhibitors and activators on the rate of enzymatic reactions. Temperature and pH - dependence of enzyme activity, inactivation of enzymes.

Kinetic bases of microbiological processes.

Kinetic description of the growth process of microorganisms. Exponential growth model. The Equation Of Mono-Jerusalem. Mathematical description of periodic, turbidostat and chemostat culture. Kinetic description of mixed cultures. Kinetics of microbial death. Kinetic description of product biosynthesis by microorganisms.

Membrane potential. Redox potentials in biological systems. Transfer of substance through membranes. Membrane equilibrium, the Donnan equation. Buffer mixtures and their biological role.

Adsorption and surface phenomena in biological systems. Basic principles of chromatography, its application.

Microbial populations as colloidal systems, stabilization and coagulation, sedimentation. High-molecular biological colloidal systems, properties of solutions of proteins and polysaccharides. Physical and chemical properties of gels, the role of gels in biological objects.

Basic laws of hydrodynamics, their application to explain the laws of blood flow in blood vessels. Poiseuille's Law. Laminar and turbulent flow of liquids.

3. Mathematical aspects of bioengineering
Classical information theory. Coding theory. Entropy as a measure of uncertainty of a stationary random process. The amount of information and how to measure it. Redundancy of signals. Data compression. Errors in data transmission and storage. Discrete communication channels with and without memory. Interference-proof coding. Shannon's theorem on the bandwidth of a communication channel.

Theory of dynamical systems. Synergetics (Nacken). Phenomena of self-organization. Criticism of thermodynamic interpretation of information (D. S. Chernavsky). Macro - and microinformation.

Types and properties of information. Concepts of" value "and" meaningfulness " of information. Reception and information generation. Signal as a process that carries information; discrete (digital) and continuous (analog) signals. The ratio of the concepts "data", "message", "information", "knowledge".

Mathematical logic. Algebra of logic. Logical expressions and logical operations. Sets and operations on them. Relationships and functions.

Theory of algorithms. Three classes of algorithmic models. Turing machine. The Algorithms Of Markov. Algorithmically unsolvable problems.

System analysis. The main properties of the system: diversity, complexity, connectivity, stability, manageability, integrity. Type of system. Problems of structural analysis of systems. The structural complexity of the system. Hierarchy as a way to overcome complexity. Axioms of system complexity, types of complexity (Autonomous, computational, dynamic, evolutionary). The concept of stability and adaptability of systems. Implementation of the principles of stability and adaptability in automatic and automated systems.

Elements of function theory and functional analysis. Concept of measure and Lebesgue integral. Metric and normalized spaces. Spaces of integrable functions. Sobolev space. Linear continuous functionals. The Hahn-Banach Theorem. Linear operator. Elements of spectral theory. Differential and integral operators.

Sign systems (semiotics). Syntax, semantics, and pragmatics of the sign.

Theory of pattern recognition (M. M. Bongard, I. M. Gelfand). Training.

Extremal problem. Convex analysis. Extreme problems in Euclidean spaces. Convex problems at a minimum. Mathematical programming, linear programming, convex programming. The tasks for the minimax. The foundations of the calculus of variations. Optimal control problem. Maximum principle. The principle of dynamic programming.

Probability theory. Mathematical statistics. Axiomatics of probability theory. Probability, conditional probability. Independence. Random variables and vectors. Elements of the correlation theory of random vectors. Elements of the theory of random processes. Point and interval estimation of distribution parameters. Elements of the theory of statistical hypothesis testing. Elements of multidimensional statistical analysis. Basic concepts of statistical decision theory. Fundamentals of information theory.

Decision making. General solution problem. Loss function. Bayesian and minimax approaches. Method of sequential decision-making.

Research of operations and tasks of artificial intelligence. Expertise and informal procedures. Design automation. Artificial intelligence. Pattern recognition.

Numerical method. Interpolation and approximation of functional dependencies. Numerical differentiation and integration. Numerical methods for finding the extremum. Computational methods of linear algebra. Numerical methods for solving systems of differential equations. Spline approximation, interpolation, and finite element method. Fourier, Laplace, Haar, and other transformations. Numerical methods of wavelet analysis.

Computational experiment. Principles of conducting a computational experiment. Model, algorithm, program.

Algorithmic language. Understanding high-level programming languages. Application package.

Basic principles of mathematical modeling. Elementary mathematical models in mechanics, hydrodynamics, and electrodynamics. Universality of mathematical models. Methods for constructing mathematical models based on fundamental laws of nature. Variational principles for building mathematical models

Methods of research of mathematical models. Stability. Checking the adequacy of mathematical models.

Mathematical models in scientific research. Mathematical models in statistical mechanics, Economics, and biology. Methods of mathematical modeling of measurement and computing systems. Simulation models; time-based and event-based modeling. Theoretical models of large systems (algebraic, set-theoretic, logical, network, graph, etc.). Textual models of knowledge and data representation. Examples of models of living systems.

Problems of reduction to an ideal device. Synthesis of the output signal of an ideal device. Checking the adequacy of the measurement model and the adequacy of the reduction results.

Models of dynamic systems. Singular point. Bifurcations. Dynamic chaos. Ergodicity and mixing. The concept of self-organization. Dissipative structure. Modes with aggravation.

The theory of decision-making (operations research); the concept and mechanisms of choice. The choice of optimum decisions; mathematical programming. Multicriteria problem. Game theory; mathematical models for searching for a rational strategy of behavior in conflict situations.

Intelligent (cognitive) systems. Knowledge representation; semantic networks, frames. Modeling of reasoning. Dialogue system. Expert system. Principles of information search. Neurobiological foundations of pattern recognition theory and neural network theory (neurocomputing). Modeling of thinking processes and human-machine communication.

Neuroinformatics. Fundamental aspects: study of information processes in the nervous system of organisms of different phylogenetic levels; integrative functions of the Central nervous system, etc. Technological aspects: computer methods for conducting and supporting biological and medical research, multimedia systems, etc.

Planning and main stages of biological research. Statistical methods for processing biomedical data. Computer software packages. Databases and banks of biological and medical data. Information support for research. Expert system. Medical diagnostics systems.

Fractal analysis in biomedical research.

Genomics: computer mapping of genes and genomes. Computer proteomics.

Using mathematical methods to optimize the standardization and quality control of medicines. Prediction of the biological activity of chemicals using mathematical methods.

Fundamentals of bioreactor modeling. Stages of modeling. Modeling parameters and their comparison. Modeling by the input specific energy, by the intensity of mass transfer of oxygen. Research and development of principles and algorithms for optimal computer design of biotechnological systems.
4. Technological aspects of bioengineering
4.1. Bioengineering methods.
The main bio-objects of bioengineering: microorganisms, cells, tissues and organs of plants, animals and humans.

Raw materials for biosynthesis and assessment of its biological value. The main sources of carbon, nitrogen, phosphorus, and trace elements. Research of new sources of raw materials (including issues of its pre-processing), development of new nutrient media, including biostimulators and other controls and optimization of biosynthesis processes. Methods for optimization of nutrient media.

Typical technological techniques and features of cultivation of microorganisms, cells and tissues of plants, animals and humans. Continuous cultivation processes. Chemostat theory.

Autoselected in chemostate. Semi-continuous (fed batch culture) and periodic cultivation processes. Kinetic description of periodic cultivation.

Specific rates of biomass growth, product biosynthesis, and substrate consumption. The concept of C-mole biomass. The effect of substrate costs on life support, on the value of the apparent economic coefficient.

Models of biosynthesis kinetics of metabolic products depending on the specific growth rate, culture age, and concentration of substrates and metabolites in the medium.

The principles of scaling of fermentation processes. Criteria for a large-scale transition.

Features of obtaining immobilized biological objects and their application in biotechnology. Diffusion restrictions when using immobilized enzymes and cells.

Methods for controlling specific parameters of the fermentation process.

Typical technological techniques of the stage of separation and purification of biosynthesis products.

Flotation of cells and protein products from the culture fluid. Extraction of biosynthesis products from microbial biomass with liquids and supercritical liquids. Centrifugal extraction of labile products from culture liquid.

Drying of labile biological products and live biological products.

Testing of biologically active substances according to standard schemes.

Issues of reliability and safe operating conditions, Bioprocess control, and environmental protection.

Modern approaches to creating resource-and energy-saving biotechnologies.

Methods of manufacturing preparations for light microscopy. The essence and methods of fixation of micro-objects. Methods of compaction (filling). Microtomy using sledge, rotary microtomes. Freezing method. Essence and methods of coloring micro-preparations and their conclusion in balsam, resin, gelatin. Types of micro-products — slices, smears, prints, films.

The technique of microscopy in light microscopes. Features of microscopy in ultraviolet rays, luminescent microscopy, phase contrast microscopy, interference microscopy.

Electron microscopy (transmission and scanning), methods for manufacturing micro-objects for electron microscopy. Atomic force microscopy, methods for manufacturing micro-objects for atomic force microscopy.

Special methods for studying micro-objects are histochemistry (including electronic histochemistry), radioautography, the use of monoclonal antibodies, and fractionation of cell contents using ultracentrifugation. Methods of research of living cells — tissue cultures outside and inside the body, cloning, formation of heterocarions and hybrids of cells, lifetime coloring.

Thermal analysis methods. Thermodynamic regularities. Methods based on temperature measurement and various other methods (DTA, TGA, and DSC).

Chemical separation, phase equilibrium, and extraction. Extraction of molecular compounds, metal ion complexes, and ion pairs.

Spectrometry in the ultraviolet and visible regions. Photo-colorimetric analysis. Fluorimetry. Fluorescence microscopy. Energy transitions in molecules. Advantages and limitations of these methods.

The nuclear elemental analysis. Flame emission spectrometry. Atomic absorption spectrometry.

Infrared and Raman spectrometry. Molecular vibrations, interaction of infrared radiation with molecules. Characteristics of IR spectra of medicinal products (IR spectra of standard samples and standard IR spectra), use in analysis.

Magnetic resonance spectroscopy. Physical basis. Nuclear magnetic resonance spectroscopy. Electron paramagnetic resonance spectroscopy.

Mass spectrometry. Physical and chemical bases. Prospects of application in pharmaceutical analysis.

Adsorption. Diffusion and ion exchange. Adsorption chromatography. Electrophoresis. Gel filtration. Ion exchange.

Heterogeneous equilibrium. Solvent extraction. Theory of chromatography. Distribution chromatography (column and paper). Gas-liquid chromatography and high-performance liquid chromatography, use in drug analysis and standardization. Thin-layer chromatography.

Electroencephalography and electroencephalogram analysis (EEG). Evoked potentials of the cerebral cortex, a microelectrode method for studying the activity of cortical neurons and subcortical formations.
4.2. Areas of application of modern bioengineering. 
Bioengineering for agricultural production (agricultural bioengineering). Construction of genetically engineered (transgenic) plants. Technologies of plant genetic engineering. Creating plants that are resistant to diseases and pests. Increasing the productivity of plants. The creation of plants with improved nutritional properties. Problems and prospects. Quality, safety and certification of genetically modified raw materials and food products based on them. Application of genetic engineering in animal husbandry (transgenic animals as "bioreactors" of biologically active substances).

Bioengineering for food and light industry. Microbiological production of enzyme preparations. Use of microbial enzymes for the food industry: production of food ethanol, wine materials, beer, baking yeast; production of enzyme preparations, production of preparations based on the processing of biological raw materials, production of sweeteners, production of preservatives. Use of enzymes for textile, leather technologies, in the production of washing powders.

Medical bioengineering (bioengineering for medicine). Using methods of immobilization of biological objects in medical biotechnologies and in the diagnosis of diseases. Fundamentals of modern immunobiotechnology. Hybridoma technology. The use of antibodies for purification of biological liquids. Types of vaccines and their design. Cultural and genetically engineered vaccines. Production of serums. Modern inoculations. Medicines based on living cultures of microorganisms (normal flora and probiotics). Immunosensors. Production of biosensors based on enzymes. In vitro diagnostic tools for clinical research. Production of probiotics. Production of enzymes for medical purposes. Technologies for the transformation of organic compounds by microbial cell enzymes.

Pharmaceutical bioengineering (bioengineering for the pharmaceutical industry). Design and production of genetically engineered insulin and interferons. Other genetically engineered drugs and preparations. Production of immunomodulators, immunostimulators and immunosuppressants; antibiotics; vitamins; Technologies for in vitro cultivation of plant cells and tissues for obtaining phytopreparations and therapeutic and prophylactic additives. Technologies of medicinal products based on polymer and inorganic micro-and nanoparticles, liposomes, dendrimers and other micro - and nanoconstructions. Targeted delivery of medicines for the diagnosis and treatment of diseases.

Tissue engineering. Basics of tissue engineering. Implantable medical devices. Creating artificial tissues and organs. Creating matrices for growing tissues and frames for creating artificial organs using organic and inorganic materials, including nanomaterials. The role of stem cells in tissue engineering. Interaction of living cells with electronic devices. Integration of animal and human tissues and organs with electronic and mechanical devices. Brain-computer interface.

Bioengineering of energy carriers for power engineering. Microbiological production of renewable energy sources: lower alcohols, acetone, methane, bioconversion of organic waste and plant raw materials. Microbiological production of hydrogen.
4.2. The foundations of technological design.
Forecasting and evaluating the technological feasibility of the product being developed. Technological support for product design. Organization of technological preparation for production of products and its specific features. The main tasks of technological preparation of production of products. Methods and means to speed up production preparation and improve its quality.

System approach as a methodological basis for technological design. The essence of the system approach. The concept of a technological system, its structure and components. Tasks of system analysis in the design of a technological system.

Methods of implementation in the design of the main properties of the technological system: load, integrability, flexibility, throughput, etc.

Database of technological design. Classification and grouping in technological design. Methodological, informational, software, and hardware support of the process of technological design.

The concept of manufacturability of the product design. Working out the manufacturability of the product design during design. Tasks of ensuring the manufacturability of the product design during production preparation.

Types of technological processes in the production of products. Typical technological processes (TP). Methodological bases of TP typing. Differentiation and concentration of TP operations. Methodological basis for selecting the degree of differentiation of operations and determining the sequence of their execution.

Characteristics of the tasks of technological equipment of the designed TP. Methodological basis for choosing the equipment of a TP. Solving problems of designing technological equipment, ensuring the design process.

Modern methods of technological design using elements of artificial intelligence. Knowledge bases of technological design, their composition in solving specific tasks.

Organization and sequence of design of technological systems in intelligent CAD.

Principles of building expert systems of technological design. CALs technologies.
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