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The program of entrance examination to the master's program in the direction 22.04.01 "Materials science and technology of materials" was developed on the basis of the federal state educational standard of higher education in the direction of preparation 22.04.01 "Materials science and technology of materials" (master's level)
Guidelines for the program of entrance examination

The master's program is intended for graduates of Russian and foreign universities with bachelor's or specialist degrees, including those who have not previously studied in the direction of 22.03.01 "Materials Science and Technology", but at the same time they must independently master and demonstrate during the entrance examinations the minimum amount of knowledge on the basic sections according to the program below.

The main purpose of the entrance examination to the magistracy is checking the applicant's readiness to master the educational program:

- knowledge of the main types of modern structural and functional inorganic (metal and non-metallic) and organic (polymer and carbon) materials; composite and powder materials; superhard materials; intellectual and nanomaterials, films and coatings;

- possession of methods and tools for testing and diagnostics, research and quality control of materials, films and coatings, semi-finished products, blanks, parts and products, all types of research, control and testing equipment, analytical equipment, computer software for processing results and analyzing the data obtained, modeling the behavior of materials, evaluating and predicting their performance;

- understanding of technological processes of production, processing and modification of materials and coatings, parts and products; equipment, technological equipment and fixtures; control systems technological processes;

- ability to work with normative and technical documentation and certification systems for materials and products, technological processes for their production and processing; reporting documentation, records and protocols of the progress and results of experiments, documentation on safety and life safety.
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1. EXPLANATORY NOTE
Materials science and materials technology is a field of science and technology that includes a set of means, techniques, methods and methods of human activity aimed at creating modern materials with desired properties, their research and development of technological processes for their production based on the use of modern methods. and funds.

At the entrance exam, the applicant must demonstrate the core competencies formed as a result of mastering disciplines within the framework of the undergraduate program.

The following complex fundamental topics were chosen as entrance examinations: "Materials Science", "Crystallography and Crystal Lattice Defects", "Theory of Thermal, Chemical-Thermal and Strain-Heat Treatment", "Structural Metals and Alloys".

The form of the entrance test - written answers to the questions of the entrance test and an interview.
2.  MAIN CONTENT OF THE PROGRAM
Thematic sections considered during the entrance test
Section 1. Materials Science
Structure and properties of materials. Influence of the bond type on the structure and properties of crystals. Phase composition of alloys.

Defects in the crystalline structure. The structure of non-metallic materials.

Material properties. Material selection criteria. Mechanical properties of materials. Methods for their testing.

Formation of the structure of cast materials. crystallization processes. Gibbs law. The shape and structure of the steel ingot. Single crystals, Amorphous metals.

Effect of chemical composition on the equilibrium structure of alloys. State Diagrams of Alloys. Basic equilibrium state diagrams of binary alloys.

State diagram of iron-carbon alloys. Transformations in iron-cementite alloys. Influence of alloying elements on the equilibrium structure of steels.

Formation of the structure of deformed alloys. Properties of cold-worked metals. Return and recrystallization.

Heat treatment of alloys. Transformations in steels during heating and cooling. Martensitic transformation in steels. Annealing of steels: annealing of the 1st and 2nd kind.

Features of steel hardening. Types of hardening. Hardening without polymorphic transformation. Aging.

Chemical-thermal treatment of steels. Thermomechanical processing; VTMO and NTMO.

Structural strength of materials. General requirements for structural materials. Classification of structural materials.

Classification of structural steels. Carbon steels of ordinary quality and high quality.

Alloy steels. Influence of alloying elements on the properties of steels. Features of heat treatment of alloyed steels.

Stainless steel. Chemical corrosion of metals.

Heat-resistant and heat-resistant materials. Heat resistance and heat resistance. The main criteria for heat resistance and heat resistance.

Tool steels and alloys. Carbon tool steels. High speed steels. Die steels.

Alloys based on non-ferrous metals. Copper and its alloys. Aluminum and its alloys. Titanium and its alloys.

Composite materials. General characteristics. Dispersion-strengthened composite materials. fibrous materials. Composite materials on a non-metallic basis.

Non-metallic materials. Plastics. Adhesives. Rubber
Section 2. Crystallography and crystal lattice defects

Spatial lattice. Definition of direction symbols and atomic series. Determination of direction using polar coordinates. Stereographic projection method. Definition of the direction symbol in the crystal. Definition of plane symbols. Indexing directions in hexagonal and trigonal crystals. Plane indexing in hexagonal and trigonal crystals. Elements of symmetry of crystalline polyhedra. Symmetry classes, syngonies, categories of crystals. Coordinate systems for describing crystals.

Space symmetry groups of crystal structures. Correct point systems. Basis of the crystal structure. Determination of atomic radii. Determination of ionic and covalent radii. Influence of external factors on the crystal structure. Determination of atomic radii. Determination of ionic and covalent radii. Influence of external factors on the crystal structure. Characteristics of the densest packages. Rules for determining the densest packings. Pauling-Belov coordination polyhedra. Structural type of copper. Wolfram. magnesium. Diamond. White tin. NiAs type. CsCl type. CaF2 type. CuAl2 type. Epitaxial crystal structures. twin crystal structures.

Types of point defects. Thermodynamics of point defects. job migration. Migration of interstitial atoms. Migration of impurity atoms. Sources and sinks of point defects. Complexes of point defects. Behavior of vacancies upon quenching and annealing. The concentration of vacancies. Energy of formation of vacancies. Activation energy of vacancy migration.

Edge dislocation. Slip and creep of an edge dislocation. Screw dislocation. Glide of a screw dislocation. Mixed dislocations and their motion. prismatic dislocations. Burgers vector. Density of dislocations. Dislocation energy. Forces acting on a dislocation. Elastic interaction of dislocations. Full and partial dislocations. Energy criterion for dislocation reactions. Packing defects. Partial Shockley dislocations. Partial Frank dislocations. Vertex dislocations. standard tetrahedron. Movement of stretched dislocations. Crossing of single dislocations. Movement of dislocations with thresholds. Crossing of stretched dislocations. Cottrell atmospheres. Snook atmospheres. Suzuki atmospheres. Interaction of dislocations with vacancies and impurity atoms. Origin of dislocations. Propagation of dislocations during plastic deformation.

Disclinations in a continuous elastic medium. Disclinations in the crystal lattice. disclination energy. Dislocation model of wedge disclination

Types of grain boundaries. Low angle tilt and twist boundaries. Dislocation models of low-angle boundaries. Energy of low-angle boundaries. Special and arbitrary borders. lattice of coinciding nodes. Grain boundary dislocations and grain boundary slip.

Lattice friction and yield strength. Movement of dislocations with kinks. Braking of dislocations by atoms of impurities and alloying elements. Sliding through a forest of dislocations. Thresholds on screw dislocations. Sedentary dislocations. Planar pileup of dislocations. Bending of dislocations between dispersed particles. Local cross slip. Cutting by dislocations of dispersed particles.

Section 3. Theory of thermal, chemical-thermal and deformation-heat treatment

Heat treatment without phase transformations. Varieties of annealing of the 1st kind. Homogenization annealing.

Recrystallization and pre-recrystallization annealing. Classification of softening processes during heating. Static return. Rest. Polygonization. Static recrystallization. primary recrystallization. Collective recrystallization. secondary recrystallization. Influence of recrystallization processes on the properties of materials.

Classification of residual stresses, their occurrence and significance. Annealing to reduce residual stresses.

Heat treatment based on phase transformations in the solid state. General regularities of phase transformations in the solid state. Varieties of annealing of the 2nd kind. Thermodynamics and kinetics of phase transformations in the solid state. The role of the structure of interphase boundaries during phase transformations.
Heat treatment without polymorphic transformation. Hardening without polymorphic transformation. Continuous decay. intermittent decay. Spinodal decomposition of solid solutions. Structural changes during aging. Heterogenizing annealing.

Heat treatment with polymorphic transformation. Annealing of steels. Hardening with polymorphic transformation. General regularities of martensitic transformation. Beinitic transformation. Release of steels.

Thermomechanical processing without phase transformations. Influence of temperature on deformation mechanisms. Dynamic return. Dynamic recrystallization. Metadynamic recrystallization.

Thermomechanical treatment without polymorphic transformation. Effect of deformation on aging. VTMO, LTMO and PDTO of aluminum alloys.

Thermomechanical processing of materials with polymorphic transformation. Influence of the structure of deformed austenite on martensitic transformation. Martensite deformation. Thermomechanical treatment of steels undergoing bainite and pearlite transformations. Cementation. Nitriding. Nitrocarburizing.
Section 4. Structural metals and alloys

Special steels, alloying elements, impurities in steels. Systematics of elements in steels. Influence of alloying elements on the Fe-C diagram. Classification of steels and their marking.

Solid solution alloying of steels. Structure and properties of doped ferrite. Structure and properties of alloyed austenite. General patterns of influence of alloying elements on the structure and properties of steels.

Carbides, nitrides and intermetallides in steels. Types of non-metallic dispersed particles in steels. Monocarbides and mononitrides, carbonitrides. Carbides and nitrides of transition elements. Solubility of carbides and nitrides during heat treatment. Intermetallic phases in high-alloy steels.

Construction steel. Requirements for building steels. Low-alloy steels of the ferritic-pearlitic class. Low alloy high strength steels.

Engineering steels. Requirements for automotive steels. Cold rolled steels for cold forming. IF steel. Thermomechanical processing and properties. Improved alloy steels. Their structure and mechanical properties. Heat treatment. Doping principles. High strength temperable steels. Steels for carburizing and nitriding. requirements for them. Their structure and mechanical properties. Heat treatment. Doping principles. Bearing steels, structure and properties. Softening and final heat treatment. Spring steels. Structure and properties. Heat treatment and thermomechanical treatment of spring steels. Rail steel. their heat treatment. High strength steels. Martensitic aging steels. Structure and properties. Classification and principles of doping. strengthening phases. Thermal and thermomechanical treatment of maraging steels. PNP-steel. Wear-resistant austenitic steels. Metastable austenitic steels. Precipitation hardening steels. Their heat treatment, structure and properties.
Corrosion resistant steels and alloys. Electrochemical and chemical corrosion. Principles of alloying stainless and heat-resistant steels. Stabilized and non-stabilized stainless steels. Steels of austenitic, ferritic, martensitic, austenitic classes. Their heat treatment, structure and properties.

Heat-resistant and heat-resistant steels. Heat-resistant steels of ferritic and pearlitic classes. requirements for them. Heat treatment, structure and properties. Doping principles. Homogeneous austenitic steels, austenitic steels with carbide and intermetallic hardening. Their structure and properties. Heat treatment and operating temperature. Doping principles.

Tool steels. Carbon and low alloy tool steels. Heat treatment, structure and properties. Principles of alloying. High-speed steels. Red hardness of martensite. Principles of alloying high-speed steels. Their chemical and phase composition. Phase transformations and heat treatment of high-speed steels. Their structure and properties. Die steels. Die steels for cold forming. Their structure and properties. Heat treatment. Doping principles. Die steels for hot stamping. Structure and properties. Heat treatment. Doping principles.

Aluminum alloys. Their classification. Types of strengthening phases and dispersed particles in aluminum alloys. Technical aluminum (1ХХХ series), aluminum alloys 2ХХХ, ЗХХХ, 5ХХХ, 6ХХХ and 7ХХХ series. Aluminum alloys with lithium. Their chemical and phase composition, heat treatment, structure and properties. Doping principles.

Heat resistant alloys. Fundamentals of heat resistance. Principles of alloying solid solution of nickel alloys. Principles of doping on the D'-phase. Dispersion-strengthened heat-resistant alloys. Heat-resistant steels for single-crystal blades.
3. EXAMPLE LIST OF QUESTIONS FOR THE ENTRY TEST
1. Crystalline and amorphous bodies. Elements of crystallography, crystal lattice. Anisotropy of properties.

2. Influence of bond types on the structure and properties of crystals. Molecular, covalent, ionic and metallic crystals.

3. Phase composition in alloys. solid solutions.

4. Intermediate phases. Metal-non-metal systems (phases with ionic bond type; ionic-covalent bond type)

5. Intermediate phases. Metal-to-metal systems. Intermetallides. Electronic phases - Hume-Rothery phases. Laves phases. Sigma phase.

6. Defects in the crystal structure. point defects.

7. Defects in the crystal structure. Linear defects.

8. Defects in the crystal structure. Surface defects, low-angle and high-angle boundaries.

9. Material selection criteria. Mechanical properties of the material. Tensile tests, hardness tests.

10. Mechanical properties of the material. Tests under dynamic and variable loads.

11. Crystallization process. Gibbs law.

12. Mechanisms of formation of crystallization centers. Features of the crystallization process.

13. The structure of a steel ingot. The shape of the crystals.

14. Obtaining single crystals. Amorphous and nanocrystalline materials.

15. The concept of alloys and methods for their production. Crystallization of alloys.

16. The concept of a component, phase, system (consider iron-cementite DS as an example). Methods for constructing state diagrams. The main lines of the diagram.

17. The rules of the phases, the rule of the lever (segment or konoda).

18. Crystallization of an alloy based on a mechanical mixture. The structure of the eutectic.

19. State diagram for unlimited solubility in liquid and solid states. Solid solutions of substitution.

20. Ordered and disordered solid solutions. Kurnakov point.

21. Interstitial solid solutions.

22. State diagram with stratification in a solid solution.

23. State diagram with limited solubility in the solid state.

24. State diagram of alloys undergoing phase transformations in the solid state (variable solubility; concept of solvus).

25. Peritectic state diagram. Possibilities and Features of the Formation and Growth of the Peritectic Phase

26. Systems with congruently melting intermediate phases. A special case of this diagram: State diagram with the chemical combination of components.

27. State diagram with component polymorphism.

28. State diagram of components having eutectoid transformation.

29. State diagram of components having perectoid transformation.

30. The relationship of mechanical properties with the type of state diagram (according to Kurnakov). Examples of the practical use of this connection.

31. Mechanisms of plastic deformation.

32. Effect of plastic deformation on the structure and properties of metals.

33. Technical and theoretical strength. Methods for strengthening modern structural materials.

34. Metastable diagram. Fe - Fe3 C. Phase and structural changes in Fe - Fe3C alloys during cooling.

35. Stable diagram Fe-C. Factors contributing to graphitization.

36. Heat treatment of alloys. Types of heat treatment.

37. Heat treatment not associated with phase transformations.

38. Annealing to relieve internal stresses.

39. Influence of heating on the structure and properties of deformed metal. Recrystallization annealing.

40. Properties of cold-formed metals. Return and recrystallization.

41. Homogenization annealing.

42. Transformations in steels when heated to the austenitic state.

43. Transformation of austenite at various degrees of supercooling. Pearlite transformation (C-curves).

44. Martensitic transformation of austenite. Intermediate (bainitic) transformation.

45. Annealing of the second kind. Its varieties.

46.Hardening with polymorphic transformation. Types of hardening. Hardenability and hardenability of steel.

47. Vacation. Changes in the structure of martensitic-austenitic steel during tempering.

Influence of alloying elements on the process during tempering. Release brittleness.

48. Heat treatment of alloys with variable solubility of components in the solid state (quenching without polymorphic transformation, aging).

49. Chemical-thermal treatment of steel. General patterns. Cementation.

50. Chemical-thermal treatment of steel. General patterns. Nitriding.

51. Induction hardening.

52. Carbon steels of ordinary quality. Structure, properties, marking, application.

53. Carbon steels. Property structure, marking, application.

54. White and gray cast irons. Structure, properties, marking, application.
55. High-strength cast irons. Structure, properties, marking, application.

56. Structural cemented and tempered steels, spring steels.

57. Alloy steels. The principle of marking alloyed steels. Classification of alloyed steels.

58. Effect of alloying elements on the kinetics of phase transformations in steel. Features of heat treatment of alloy steel.

59. Structural alloyed steels.

60. Heat-resistant, heat-resistant and stainless steels.

61. Steel for cutting tools. hard alloys.

62. Aluminum alloys, deformable hardened and non-hardened by heat treatment. Cast aluminum alloys.

63. Copper alloys. Brass. Bronzes.

64. Titanium alloys.
4. RECOMMENDED READING

1. W.D. Callister, Jr. and D.G. Rethwisch. Materials Science and Engineering. An Introduction. 8th ed. John Wiley & Sons, Inc. 2010, 1000 с.

2. Transmission electron microscopy: a textbook for materials science / Dawid B. Williams and C. Barry Carter - New York: Plenum Press, 1996.

3. The basics of crystallography and diffraction / C. Hammond - Oxford University Press, 1997.

4. Humphreys, F.J.; Hatherly, M. Recrystallization and Related Annealing Phenomena; Pergamon Press: Oxford, UK, 1996; p. 363.
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11.  Marc Andre Meyers, Krishan Kumar Chawla Mechanical Behavior of Materials, Published in the United States of America by Cambridge University Press, New York, 2009
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5. JUDGING CRITERIA

The exam provides two questions, one of which is from the Block of general professional disciplines of the direction, the other is from the Block of special disciplines. The score for the answer is set on a 50-point system.
	Points
	Completeness of the answer

	35-50
	Minor omissions in the given answer, which do not greatly affect the correctness of the reasoning.

	23-34
	The presence of errors in the answer of the examiner, which the applicant can eliminate with small prompts from the examiners.

	10-22
	The examiner makes serious mistakes when answering the questions of the ticket, but gives the correct answers to the additional questions of the examiners.

	0-9
	Lack of answer to the ticket question and incorrect answers to the additional questions of the examiners


Applicants who receive from 0 to 10 points in the entrance examinations are eliminated from the competition for admission.
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