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ABSTRACT 

The offered textbook is intended for those who studies and uses in 

work 3D modelling for the decision of computer industrial design. It is 

devoted to the mathematical tool of these systems. In a basis of the 

textbook it is taken works [1, 2]. 
Computers allow to create models of different objects. With their 

help it is possible to see object not existing yet, to receive its 

geometrical characteristics, to execute research of its physical properties 

by numerical experiments, to make necessary changes, to prepare 

manufacture and, to make object. This purpose is serve 

CAD/CAM/CAE systems. A basic element of such systems is the 

mathematical model of geometry of projected object. 
In work with systems 3D modelling uses different areas of 

knowledge. The theoretical basis of geometrical modelling is 

differential and analytical geometry, topology and sections of calculus 

mathematics. Geometrical modelling studies methods of plotting of 

lines, surfaces and solid, methods of performance above them different 

operations and methods of management of models. 
Section 1 is devoted to theoretical bases of geometrical 

modelling. 
In section 2, 3 the method of modelling of different curves and 

surfaces are described, beginning from elementary and finishing rational 

curves and surfaces on the basis of B-splines (NURBS by objects). 
In section 4, 5 principles of construction solid. For construction of 

bodies topological concepts are considered. 
Last section 6 is devoted computer graphics. 

The textbook is prepared according to the curriculum master's 

course "Automated industrial design" on a speciality "Technology of 

mechanical engineering", developed within the limits of Joint European 

Project Tempus "Computer Aided Industrial Design Training for 

Ukrainian Engineers" on department "Integrated technologies of 

mechanical engineering" M.F. Semka's name of National Technical 

University "Kharkiv Polytechnical Snstitute". 

Authors express sincere gratitude to N.F. Nakonechnii, 

E.K. Sevidova and O.V. Titarenko for remarks to the manuscript. 



 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

5 

TABLE OF CONTENTS  

 
FOREWORD  .......................................................................................  9 

SECTION 1. BASIC OF GEOMETRICAL 3D MODEL LING  ...  11 
1.1. The description of geometrical objects  ....................................  12 

1.2. Transformation of Cartesian rectangular coordinates  ..............  15 

1.3. Modification of vectors and points ...........................................  21 

1.4. Homogeneous coordinates  .......................................................  24 

1.5. Geometry of curves  ..................................................................  26 

1.6. Geometry of two-dimensional curves  ......................................  32 

1.7. Geometry of surfaces  ...............................................................  34 

1.8. Mathematical model of geometry of objects  ............................  35 

1.9. Systems of geometrical modelling  ...........................................  36 

Questions for the independent control  ............................................  41 

SECTION 2. MODELLING  OF CURVES  .....................................  43 
2.1. Mathematical model of curves  .................................................  43 

2.2. Analytical lines  ........................................................................  44 

2.3. Curves of the second order  .......................................................  51 

2.4. Splines  ......................................................................................  54 

2.5. Bezier splines  ...........................................................................  64 

2.6. B-splines  ..................................................................................  69 

2.7. NURBS curves  .........................................................................  73 

2.8. Lines which are based on lines  ................................................  75 

2.9. Complex curves  .......................................................................  79 

2.10. Two-dimensional curves  ........................................................  81 

2.11. Ways of curve construction  ....................................................  82 

Questions for the independent control  ............................................  84 

SECTION 3. MODELLING  OF SURFACES  ................................  86 
3.1. Types of the equations of surfaces  ...........................................  86 

3.2. Bilinear surface  ........................................................................  87 

3.3. Kuna patch ................................................................................  89 

3.4. Bicubic patch  ...........................................................................  91 

3.5. Bezie Surface  ...........................................................................  91 

3.6. B-spline surface  .......................................................................  93 

3.7. NURBS surface  ........................................................................  94 
3.8. Ways of surfaces construction  .................................................  95 

3.9. Crossing of surfaces  .................................................................  97 

Questions for the independent control  ............................................  98 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

6 

SECTION 4. TOPOLOGY OF SHELL   ..........................................  99 
4.1. Topological objects  ..................................................................  99 

4.2. Eulerian characteristic of shells  .............................................  102 

4.3. Connectivity of shells..............................................................  107 

4.4. Shells orientation ....................................................................  110 

4.5. Shells for modelling bodies  ....................................................  113 

4.6. Surfacing and solid modelling  ...............................................  118 

Questions for the independent control  ..........................................  119 

SECTION 5. 3D MODELL ING OF BODIES  ..............................  120 
5.1. Mathematical model of a solid  ...............................................  120 

5.2. The elementary bodies  ...........................................................  125 

5.3. The bodies received by movement of a flat contour  ..............  135 

5.4. Construction of a body on plane outline  ................................  141 

5.5. A body in the sheet form .........................................................  142 

5.6. Boolean operations  .................................................................  143 

5.7. Cutting of a body by a surface  ...............................................  159 

5.8. Construction of a symmetric body  .........................................  161 

5.9. Construction equidistant body shell  .......................................  164 

5.10. Construction of a thin-walled body  ......................................  167 

5.11. Rounding edges of a body  ....................................................  172 

5.12. Facets construction of body edges  .......................................  178 

5.13. Some features of bodies construction  ..................................  179 

5.14. Sequence of body modelling  ................................................  181 

Question for the independent control.  ...........................................  183 

SECTION 6. COMPUTER GRAPHICS  AT 3D MODELLING   184 
6.1. Visualization of geometrical objects  ......................................  184 

6.2. Parallel projections to a plane  ................................................  186 

6.3. The central projections to a plane  ..........................................  189 

6.4. Polygons of curves and surfaces  ............................................  193 

6.5. Lines of a sketch  ....................................................................  197 

6.6. Definition of a visible part of geometrical objects  .................  203 

6.7. Triangulation of surfaces and bodies  .....................................  207 

6.8. Light modelling  ......................................................................  212 

6.9. The description of light  ..........................................................  220 

6.10. Formation of realistic images  ...............................................  222 

Questions for the independent control  ..........................................  228 

THE LITERATURE LIST   .............................................................  230 

 



 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

7 

ɿʄɯʉʊ 

ɺʉʊʋʇ ................................................................................................... 9 

ʈʆɿɼɯʃ 1. ʆʉʅʆɺʀ ɻɽʆʄɽʊʈʀʏʅʆɻʆ  3D 

ʄʆɼɽʃʖɺɸʅʅʗ ................................................................... 11 
1.1. ʆʧʠʩ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ .................................................... 12 

1.2. ʇʝʨʝʪʚʦʨʝʥʥʷ ʜʝʢʘʨʪʦʚʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪ ............. 15 

1.3. ʄʦʜʠʬʽʢʘʮʽʾ ʚʝʢʪʦʨʽʚ ʽ ʪʦʯʦʢ .................................................. 21 

1.4. ʆʜʥʦʨʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ............................................................. 24 

1.5. ɻʝʦʤʝʪʨʽʷ ʢʨʠʚʠʭ ʣʽʥʽʡ ............................................................ 26 

1.6. ɻʝʦʤʝʪʨʽʷ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ ................................................... 32 

1.7. ɻʝʦʤʝʪʨʽʷ ʧʦʚʝʨʭʦʥʴ ................................................................ 34 

1.8. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʝʦʤʝʪʨʽʾ ʦʙ'ʻʢʪʽʚ ................................. 35 

1.9. ʉʠʩʪʝʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ................................... 36 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. ........................................... 41 

ʈʆɿɼɯʃ 2. ʄʆɼɽʃʖɺɸʅʅʗ ʂʈʀɺʀʍ ʃɯʅɯʁ ......................... 43 
2.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʨʠʚʠʭ ʣʽʥʽʡ ......................................... 43 

2.2. ɸʥʘʣʽʪʠʯʥʽ ʣʽʥʽʾ ........................................................................ 44 

2.3. ʂʨʠʚʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ............................................................. 51 

2.4. ʉʧʣʘʡʥʠ..................................................................................... 54 

2.5. ʂʨʠʚʽ ɹʝʟ'ʻ ................................................................................. 64 

2.6. B-ʩʧʣʘʡʥʠ ................................................................................. 69 

2.7. NURBS ʢʨʠʚʽ ............................................................................ 73 

2.8. ʃʽʥʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʣʽʥʽʷʭ .................................................. 75 

2.9. ʉʢʣʘʜʥʽ ʢʨʠʚʽ ............................................................................ 79 

2.10. ɼʚʦʤʽʨʥʽ ʢʨʠʚʽ ........................................................................ 81 

2.11. ʉʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ........................................................ 82 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. ........................................... 84 

ʈʆɿɼɯʃ 3. ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽʈʍʆʅʔ .............................. 86 
3.1. ʊʠʧʠ ʨʽʚʥʷʥʴ ʧʦʚʝʨʭʦʥʴ .......................................................... 86 

3.2. ɹʽʣʽʥʽʡʥʘ ʧʦʚʝʨʭʥʷ ................................................................... 87 

3.3. ʂʫʩʦʢ ʂʫʥʘ ................................................................................ 89 

3.4. ɹʽʢʫʙʽʯʥʠʡ ʰʤʘʪʦʢ ................................................................... 91 

3.5. ʇʦʚʝʨʭʥʷ ɹʝʟ'ʻ .......................................................................... 91 

3.6. B-ʩʧʣʘʡʥʦʚʘ ʧʦʚʝʨʭʥʷ ............................................................. 93 

3.7. ʇʦʚʝʨʭʥʷ NURBS ..................................................................... 94 

3.8. ʉʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ ................................................. 95 

3.9. ʇʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ........................................................... 97 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. ........................................... 98 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

8 

ʈʆɿɼɯʃ 4. ʊʆʇʆʃʆɻɯʗ ʆɹʆʃʆʅʆʂ ......................................... 99 
4.1. ʊʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ .................................................................. 99 

4.2. ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʦʢ ..................................... 102 

4.3. ɿʚ'ʷʟʥʽʩʪʴ ʦʙʦʣʦʥʦʢ ................................................................ 107 

4.4. ʆʨʽʻʥʪʦʚʥʽʩʪʴ ʦʙʦʣʦʥʦʢ ........................................................ 110 

4.5. ʆʙʦʣʦʥʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʽʣ ............................................ 113 

4.6. ʇʦʚʝʨʭʥʝʚʝ ʽ ʪʚʝʨʜʦʪʽʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ............................ 118 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. ......................................... 119 

ʈʆɿɼɯʃ 5. 3D ʄʆɼɽʃʖɺɸʅʅʗ ʊɯʃ ......................................... 120 
5.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ...................................... 120 

5.2. ʅʘʡʧʨʦʩʪʽʰʽ ʪʽʣʘ .................................................................... 125 

5.3. ʊʽʣʘ, ʦʪʨʠʤʘʥʽ ʨʫʭʦʤ ʧʣʦʩʢʦʛʦ ʢʦʥʪʫʨʘ .............................. 135 

5.4. ʇʦʙʫʜʦʚʘ ʪʽʣʘ ʧʦ ʧʣʦʩʢʠʤ ʧʝʨʝʨʽʟʘʤ ................................... 141 

5.5. ʊʽʣʦ ʫ ʬʦʨʤʽ ʣʠʩʪʘ ................................................................. 142 

5.6. ɹʫʣʝʚʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʪʽʣʘʤʠ .................................................... 143 

5.7. ʈʽʟʘʥʥʷ ʪʽʣʘ ʧʦʚʝʨʭʥʝʶ.......................................................... 159 

5.8. ʇʦʙʫʜʦʚʘ ʩʠʤʝʪʨʠʯʥʦʛʦ ʪʽʣʘ................................................. 161 

5.9. ʇʦʙʫʜʦʚʘ ʝʢʚʽʜʠʩʪʘʥʪʥʦʾ ʦʙʦʣʦʥʢʠ ʪʽʣʘ .............................. 164 

5.10. ʇʦʙʫʜʦʚʘ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʪʽʣʘ .............................................. 167 

5.11. ʉʢʨʫʛʣʝʥʥʷ ʨʝʙʝʨ ʪʽʣʘ ......................................................... 172 

5.12. ʇʦʙʫʜʦʚʘ ʬʘʩʦʢ ʨʝʙʝʨ ʪʽʣʘ .................................................. 178 

5.13. ɼʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʪʽʣ .......................................... 179 

5.14. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʪʽʣ ......................................... 181 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. ......................................... 183 

ʈʆɿɼɯʃ 6. ʂʆʄʇ'ʖʊɽʈʅɸ ɻʈɸʌɯʂɸ ʇʈʀ 3D 

ʄʆɼɽʃʖɺɸʅʅɯ ................................................................... 184 
6.1. ɺʽʟʫʘʣʽʟʘʮʽʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ...................................... 184 

6.2. ʇʘʨʘʣʝʣʴʥʽ ʧʨʦʝʢʮʽʾ ʥʘ ʧʣʦʱʠʥʫ .......................................... 186 

6.3. ʎʝʥʪʨʘʣʴʥʽ ʧʨʦʝʢʮʽʾ ʥʘ ʧʣʦʱʠʥʫ .......................................... 189 

6.4. ʇʦʣʽʛʦʥʠ ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ ................................................ 193 

6.5. ʃʽʥʽʾ ʥʘʨʠʩʫ............................................................................. 197 

6.6. ɺʠʟʥʘʯʝʥʥʷ ʚʠʜʠʤʦʾ ʯʘʩʪʠʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ......... 203 

6.7. ʊʨʽʘʥʛʫʣʷʮʽʷ ʧʦʚʝʨʭʦʥʴ ʽ ʪʽʣ ................................................. 207 

6.8. ʄʦʜʝʣʶʚʘʥʥʷ ʩʚʽʪʣʘ .............................................................. 212 

6.9. ʆʧʠʩ ʢʦʣʴʦʨʫ .......................................................................... 220 

6.10. ʌʦʨʤʫʚʘʥʥʷ ʨʝʘʣʽʩʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ................................ 222 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. ......................................... 228 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ ................................................................ 230 



 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

9 

ɺʉʊʋʇ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ  ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʪʠʭ, ʭʪʦ ʚʠʚʯʘʻ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʨʦʙʦʪʽ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ  

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʜʠʟʘʡʥʫ (ʧʨʦʝʢʪʫʚʘʥʥʷ). ɺʽʥ 

ʧʨʠʩʚʷʯʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʧʘʨʘʪʫ ʮʠʭ ʩʠʩʪʝʤ. ɺ ʦʩʥʦʚʫ 

ʧʦʢʣʘʜʝʥʽ ʨʦʙʦʪʠ [1, 2]. 

ʂʦʤʧ'ʶʪʝʨʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʯʠʩʝʣʴʥʽ ʤʦʜʝʣʽ ʨʽʟʥʠʭ 

ʦʙ'ʻʢʪʽʚ. ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʱʝ ʥʝ ʽʩʥʫʶʯʠʡ ʦʙ'ʻʢʪ, 

ʦʪʨʠʤʘʪʠ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʡʦʛʦ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʣʷʭʦʤ ʧʦʩʪʘʥʦʚʢʠ ʯʠʩʝʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʟʤʽʥʠ, ʧʽʜʛʦʪʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʽ, 

ʥʘʨʝʰʪʽ, ʚʠʛʦʪʦʚʠʪʠ ʦʙ'ʻʢʪ. ɯʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʩʴʦʛʦ ʮʴʦʛʦ ʩʣʫʞʘʪʴ 

CAD/CAM/CAE ʩʠʩʪʝʤʠ. ʉ ʝʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʛʝʦʤʝʪʨʽʾ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ. 

ʋ ʨʦʙʦʪʽ ʟ ʩʠʩʪʝʤʘʤʠ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʦʙʣʘʩʪʽ ʟʥʘʥʥʷ. ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʻ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʽ ʘʥʘʣʽʪʠʯʥʘ ʛʝʦʤʝʪʨʽʷ, ʪʦʧʦʣʦʛʽʷ ʽ ʨʦʟʜʽʣʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʚʯʘʻ 

ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʢʨʠʚʠʭ ʣʽʥʽʡ, ʧʦʚʝʨʭʦʥʴ ʽ ʪʚʝʨʜʠʭ ʪʽʣ, ʤʝʪʦʜʠ 

ʚʠʢʦʥʘʥʥʷ ʥʘʜ ʥʠʤʠ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ 

ʯʠʩʝʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʈʦʟʜʽʣ 1  ʧʨʠʩʚʷʯʝʥʦ ʪʝʦʨʝʪʠʯʥʠʤ ʦʩʥʦʚʘʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʋ ʨʦʟʜ. 2, 3 ʦʧʠʩʘʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʢʨʠʚʠʭ ʣʽʥʽʡ 

ʽ ʧʦʚʝʨʭʦʥʴ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʝʣʝʤʝʥʪʘʨʥʠʭ ʽ ʢʽʥʯʘʶʯʠ 

ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʢʨʠʚʠʤʠ ʽ ʧʦʚʝʨʭʥʷʤʠ ʥʘ ʦʩʥʦʚʽ ɺ-ʩʧʣʘʡʥʽʚ 

(NURBS ʦʙ'ʻʢʪʘʤʠ). 

ʋ ʨʦʟʜ. 4, 5 ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʚʝʨʜʠʭ ʪʽʣ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʪʽʣ ʟʘʣʫʯʘʶʪʴʩʷ ʪʦʧʦʣʦʛʽʯʥʽ ʧʦʥʷʪʪʷ. 

ʆʩʪʘʥʥʽʡ ʨʦʟʜʽʣ 6 ʧʨʠʩʚʷʯʝʥʦ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ  ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʟʥʘʥʥʷ ʟ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʋ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʥʘʚʝʜʝʥʦ ʨʦʙʦʪʠ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʠʭ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥ ̔ʚ ʜʘʥʦʤʫ . 

ʅʘʚʯʘʣʴʥʽʡ ʧʦʩʽʙʥʠʢ ʧʽʜʛʦʪʦʚʣʝʥʦ ʟʛʽʜʥʦ ʟ ʥʘʚʯʘʣʴʥʠʤ 

ʧʣʘʥʦʤ ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ ʢʫʨʩʫ "ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ 

ʜʠʟʘʡʥ" ʟʘ ʩʧʝʮʽʘʣʴʥʦʩʪ ʁ 8.05050201 "ʊʝʭʥʦʣʦʛʽʷ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, ʨʦʟʨʦʙʣʝʥʠʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʣʴʥʦʛʦ 
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ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʧʨʦʝʢʪʫ ʊɽʄʇʋʉ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. 

ɸʚʪʦʨʠ ʚʠʩʣʦʚʣʶʶʪʴ ʱʠʨʫ ʚʜʷʯʥʽʩʪʴ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ʢʘʬʝʜʨʠ 

"ɯʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ" ʽʤ. ʄ.ʌ. ʉʝʤʢʘ 

ʅʊʋ "ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ", ʘ ʦʩʦʙʣʠʚʦ 

ʅʘʢʦʥʝʯʥʦʤʫ ʄ.ʌ., ʉʝʚʽʜʦʚʽʡ ɽ.ʂ. ʽ ʊʽʪʘʨʝʥʢʦ ʆ.ɺ. ʟʘ ʩʣʫʰʥʽ 

ʟʘʫʚʘʞʝʥʥʷ ʜʦ ʨʫʢʦʧʠʩʫ. 
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ʈʆɿɼɯʃ 1. ʆʉʅʆɺʀ ɻɽʆʄɽʊʈʀʏʅʆɻʆ  

3D ʄʆɼɽʃʖɺɸʅʅʗ 

ʇʽʜʩʠʩʪʝʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ɻʄ) ʽ ʤʘʰʠʥʥʦʾ 

ʛʨʘʬʽʢʠ (ʄɻ) ʟʘʡʤʘʶʪʴ ʮʝʥʪʨʘʣʴʥʝ ʤʽʩʮʝ ʚ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ  

ʉɸʇʈ-ʂ (ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ). 

ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʚʠʨʦʙʽʚ ʚ ʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʴʩʷ ʚ 

ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʦʧʝʨʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʪ.  

ʝ. ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʦʨʤʫ ʜʝʪʘʣʝʡ, 

ʩʪʨʫʢʪʫʨʫ ʩʢʣʘʜʘʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʤʦʞʣʠʚʦ ʜʝʷʢʽ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ 

(ʤʘʩʫ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʢʦʣʴʦʨʠ ʧʦʚʝʨʭʥʽ ʽ ʪ. ʧ.). 

ʋ ʧʽʜʩʠʩʪʝʤʘʭ ɻʄ ʽ ʄɻ ʪʠʧʦʚʠʡ ʤʘʨʰʨʫʪ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʨʽʰʝʥʥʷ ʫ ʧʨʠʢʣʘʜʥʽʡ ʧʨʦʛʨʘʤʽ, 

ʡʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ (ʛʝʦʤʝʪʨʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ), ʧʽʜʛʦʪʦʚʢʫ ʧʨʦʝʢʪʥʦʛʦ ʨʽʰʝʥʥʷ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʾ, 

ʚʣʘʩʥʝ ʚʽʟʫʘʣʽʟʘʮʽʶ ʚ ʘʧʘʨʘʪʫʨʽ ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʢʦʨʝʢʪʫʚʘʥʥʷ ʨʽʰʝʥʥʷ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ. ɼʚʽ ʦʩʪʘʥʥʽ 

ʦʧʝʨʘʮʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʤʘʰʠʥʥʦʾ ʛʨʘʬʽʢʠ. 

ʂʦʣʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ɻʄ ʽ ʄɻ, ʤʘʶʪʴ ʥʘ 

ʫʚʘʟʽ, ʧʝʨʰ ʟʘ ʚʩʝ ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʦ ʩʘʤʝ 

ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘʟʠʚʘʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʘʰʠʥʥʦʾ ʛʨʘʬʽʢʠ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʤʘʪʝʤʘʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ (2D) ʽ 

ʪʨʠʚʠʤʽʨʥʦʛʦ (3D) ʤʦʜʝʣʶʚʘʥʥʷ. ʆʩʥʦʚʥʦʶ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

2D-ʛʨʘʬʠʢʠ  ̒ ʧʽʜʛʦʪʦʚʢʘ ʢʨʝʩʣʷʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʉɸʇʈ. ʋ ʨʦʟʚʠʥʝʥʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʉɸʇʈ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ 2D, ʪʘʢ ʽ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʩʠʥʪʝʟʫ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʚʝʨʩʪʘʪʽʚ 

ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʛʦʪʽʚʦʢ, ʛʝʥʝʨʘʮʽʾ ʩʽʪʢʠ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠ 

ʘʥʘʣʽʟʽ ʤʽʮʥʦʩʪʽ ʽ ʪ. ʧ. 

ɺ ʧʨʦʮʝʩʽ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʚʦʨʶʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ, 

ʪʦʙʪʦ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʨʦʙʽʚ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʢʘʨʢʘʩʥʽ (ʜʨʦʪʷʥʽ), ʧʦʚʝʨʭʥʝʚʽ ʽ 

ʦʙ'ʻʤʥʽ (ʪʚʝʨʜʦʪʽʣʴʥʽ). 

ʂʘʨʢʘʩʥʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʬʦʨʤʫ ʜʝʪʘʣʽ ʫ ʚʠʛʣʷʜʽ 

ʢʽʥʮʝʚʦʾ ʙʝʟʣʽʯʽ ʣʽʥʽʡ, ʦɦ ʣʝʞʘʪ ɹʥʘ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʽ. ɼʣʷ ʢʦʞʥʦʾ 

ʣʽʥʽʾ ʚʽʜʦʤʽ ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʽ ʚʢʘʟʘʥʘ ʾʭ ʽʥʮʠʜʝʥʪʥʽʩʪʴ 
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(ʫʤʦʚʘ ʧʨʠʥʘʣʝʞʥʦʩʪʽ) ʨʝʙʨʘʤ ʘʙʦ ʧʦʚʝʨʭʥʷʤ. ʆʧʝʨʫʚʘʪʠ 

ʢʘʨʢʘʩʥʦʶ ʤʦʜʝʣʣʶ ʥʘ ʧʦʜʘʣʴʰʠʭ ʦʧʝʨʘʮʽʷʭ ʤʘʨʰʨʫʪʽʚ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʟʨʫʯʥʦ, ʽ ʪʦʤʫ ʢʘʨʢʘʩʥʽ ʤʦʜʝʣʽ ʚ ʜʘʥʠʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʨʽʜʢʦ. 

ʇʦʚʝʨʭʥʝʚʘ ʤʦʜʝʣʴ ʚʽʜʦʙʨʘʞʘʻ ʬʦʨʤʫ ʜʝʪʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʚʜʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʾʾ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ 

ʩʫʢʫʧʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʛʨʘʥʽ, ʨʝʙʨʘ ʽ ʚʝʨʰʠʥʠ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʦʜʝʣʽ ʜʝʪʘʣʝʡ ʟ ʧʦʚʝʨʭʥʷʤʠ 

ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʪʘʢ ʟʚʘʥʠʤʠ ʩʢʣʘʜʥʠʤʠ (ʩʢʫʣʴʧʪʫʨʥʠʤʠ) 

ʧʦʚʝʨʭʥʷʤʠ. ɼʦ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʨʧʫʩʠ ʙʘʛʘʪʴʦʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʥʘʧʨʠʢʣʘʜ, ʩʫʜʝʥ, ʘʚʪʦʤʦʙʽʣʽʚ), ʜʝʪʘʣʽ, ʱʦ 

ʦʙʪʽʢʘʶʪʴ ʧʦʪʦʢʘʤʠ ʨʽʜʠʥʠ ʽ ʛʘʟʽʚ (ʣʦʧʘʪʢʠ ʪʫʨʙʽʥ, ʢʨʠʣʘ ʣʽʪʘʢʽʚ) ʽ 

ʽʥ. 

ʆʙ'ʻʤʥʽ ʤʦʜʝʣʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʥʠʭ ʚ ʷʚʥʽʡ ʬʦʨʤʽ 

ʤʽʩʪʷʪʴʩʷ ʜʘʥʽ ʦɦʜʦ ʧʨʠʥʘʣʝʞʥʦʩʪ̔ ʝʣʝʤʝʥʪʽʚ ʚʥʫʪʨʽʰʥʴʦʤʫ ʘʙʦ 

ʟʦʚʥʽʰʥʴʦʤʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʝʪʘʣʽ ʧʨʦʩʪʦʨʫ. 

ʈʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʽʣʘ ʽʟ ʟʘʤʢʥʫʪʠʤʠ ʦʙ'ʻʤʘʤʠ, 

ʱʦ ʻ ʪʘʢ ʟʚʘʥʠʤʠ ʙʘʛʘʪʦʦʙʨʘʟʘʤʠ (manifold). ɼʝʷʢʽ ʩʠʩʪʝʤʠ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʧʫʩʢʘʶʪʴ ʦʧʝʨʘʮʽʶ 

ʥʝʙʘʛʘʪʦʦʙʨʘʟʥʠʤʠ ʤʦʜʝʣʷʤʠ (nonmanifold), ʧʨʠʢʣʘʜʘʤʠ ʷʢʠʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʤʦʜʝʣʽ ʪʽʣ, ʱʦ ʜʦʪʠʢʘʪʁʴʩʷ ʦʜʠʥ ʦʜʥʦʛʦ ʚ ʦʜʥʽʡ ʪʦʯʮʽ 

ʘʙʦ ʫʧʦʜʦʚʞ ʧʨʷʤʦ.ʾ ʅʝʙʘʛʘʪʦʦʙʨʘʟʥʽ ʤʦʜʝʣʽ ʟʨʫʯʥʽ ʚ ʧʨʦʮʝʩʽ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʢʦʣʠ ʥʘ ʧʨʦʤʽʞʥʠʭ ʝʪʘʧʘʭ ʢʦʨʠʩʥʦ ʧʨʘʮʶʚʘʪʠ 

ʦʜʥʦʯʘʩʥʦ ʟ ʪʨʠʚʠʤʽʨʥʠʤʠ ʽ ʜʚʦʚʠʤʽʨʥʠʤʠ ʤʦʜʝʣʷʤʠ ʙʝʟ ʟʘʜʘʥʥʷ 

ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪ. ʧ. 

1.1. ʆʧʠʩ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ 

1.1.1. ɻʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ 

ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʽʾ ʦʙ'ʻʢʪʽʚ. ʎʽ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʽ ʜʣʷ  ʨʽʰʝʥʴ, 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ.  

ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʚʯʘʻ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʻ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʝʜʤʝʪʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ. ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʴ, ʛʝʦʤʝʪʨʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʪʠʯʥʽʡ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʛʝʦʤʝʪʨʽʾ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʤʘʪʝʤʘʪʠʮʽ, ʚʘʨʽʘʮʽʡʥʦʤʫ , ʪʦʧʦʣʦʛʽʾ ʽ ʨʦʟʨʦʙʣʷʻ 
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ʚʣʘʩʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɯʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʣʫʞʘʪʴ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ 

ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ, 

ʩʪʚʦʨʶʚʘʪʠ ʾʭ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʾʭ ʰʣʷʭʦʤ 

ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɿʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʜʝʣʴʦʚʘʥʽ ʦʙ'ʻʢʪʠ ʨʝʜʘʛʫʶʪʴʩʷ ʽ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ 

(ʧʦʙʫʜʦʚʘ ʾʭ ʛʨʘʬʽʯʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ). 

ɼʣʷ ʦʧʠʩʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʢʦʣʠʰʥʽʭ 

ʧʨʝʜʤʝʪʽʚ ʙʫʜʫʶʪʴ ʪʚʝʨʜʽ ʪʽʣʘ ʘʙʦ ʧʨʦʩʪʦ ʪʽʣʘ. ʊʽʣʘ ʫ ʩʚʦʶ 

ʯʝʨʛʫʦʧʠʩʫʶʪʴ , ʣʽʥʽʷʤʠ ʽ ʧʦʚʝʨʭʥʷʤʠ. ʋʩʽ ʚʦʥʠ ʤʘʶʪʴ ʧʝʚʥʽ 

ʟʘʛʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʤʫ ʥʠʤʠ ʤʦʞʥʘ ʦʧʝʨʫʚʘʪʠ ʷʢ ʦʙ'ʻʢʪʘʤʠ. ʊ, 

ʣʽʥʽʾ, ʧʦʚʝʨʭʥʽ ʽ ʪʽʣʘ ʥʘʟʠʚʘʪʠʤʝʤʦ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ ʩʣʫʞʘʪʴ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʝʦʤʝʪʨʽʾ ʨʝʘʣʴʥʠʭ ʘʙʦ ʫʷʚʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ɹʫʜʫʚʘʪʠʤʝʤʦ ʾʭ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʝʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, ʚʚʘʞʘʶʯʠ 

ʟʘ ʾʭ ʥʝʟʤʽʥʥʠʤʠ ʚ ʯʘʩʽ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ. ʋ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʙʘʟʠʩʥʽ ʚʝʢʪʦʨʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʜʦʚʞʠʥʫ ʽ ʧʦʩʪʽʡʥʠʡ ʥʘʧʨʷʤ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʧʨʦʩʪʦʨʫ. ʎʝ 

ʩʧʨʦʱʫʻ ʦʧʠʩ ʦʙ'ʻʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʙʘʟʠʩʥʽ ʚʝʢʪʦʨʠ ʧʨʠ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʢʦʥʩʪʘʥʪ. ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʦʞ 

ʦʧʠʩ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʫ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. 

1.1.2. ʇʦʟʥʘʯʝʥʥʷ 

ɼʣʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʢʘʣʷʨʥʽ ʚʝʣʠʯʠʥʠ, ʚʝʢʪʦʨʠ, ʘ ʪʘʢʦʞ ʪʝʥʟʦʨʠ. 

ʉʢʘʣʷʨʥʽ ʚʝʣʠʯʠʥʠ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʨʷʜʢʦʚʠʤʠ  ʣʘʪʠʥʩʴʢʦʛʦ ʘʙʦ 

ʛʨʝʮʴʢʦʛʦ ʘʣʬʘʚʽʪʫ. ɺʝʢʪʦʨʠ ʚ ʧʨʦʩʪʦʨʽ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʨʷʜʢʦʚʠʤʠ  

ʣʘʪʠʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ, ʚʠʜʽʣʝʥʠʤʠ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ. ɼʚʦʤʽʨʥʽ 

ʚʝʢʪʦʨʠ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʨʷʜʢʦʚʠʤʠ  ʣʘʪʠʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ, 

ʚʠʜʽʣʝʥʠʤʠ ʞʠʨʥʠʤ ʢʫʨʩʠʚʦʤ. ʊ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʧʨʦʧʠʩʥʠʤʠ 

ʣʘʪʠʥʩʴʢʠʤʠ . ʊʝʥʟʦʨʠ ʽ ʤʘʪʨʠʮʽ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʧʨʦʧʠʩʥʠʤʠ  

ʣʘʪʠʥʩʴʢʦʛʦ ʘʣʬʘʚʽʪʫ, ʚʠʜʽʣʝʥʠʤʠ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ. 

ʉʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʟ ʧʦʯʘʪʢʦʤ ʚ ʪʦʯʮʽ O ʽ ʙʘʟʠʩʥʠʤʠ 

ʚʝʢʪʦʨʘʤʠ e1, e2, e3 ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʯʝʨʝʟ Oe1, e2, e3. 

ɼʣʷ ʚʝʢʪʦʨʽʚ ʚ ʧʨʦʩʪʦʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʟʘʧʠʩʠ ʪʠʧʫ 
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[ ]
1

T

1 1 2 2 3 3 2 1 2 3

3

=

r

r r r r r r r

r

è ø
é ù

+ + = =
é ù
é ùê ú

r e e e ,               (1.1) 

ʜʝ r1, r2, r3 - ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ r . 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʟʨʫʯʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʟʥʘʯʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʽʚ ʟ ʽʥʜʝʢʩʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʤʝʨʫ. ɺ ʽʥʰʠʭ 

ʨʦʟʜʽʣʘʭ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʽʚ 

ʯʝʨʝʟ ʭ, ʫ, z. 

ɼʣʷ ʦʧʠʩʫ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʦʪʨʽʙʥ ̔ʚʝʢʪʦʨʠ, 

ʷʢ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ, ʪʘʢ ʽ ʫ ʜʚʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʥʘʧʨʠʢʣʘʜ, ʥʘ 

ʦʙʣʘʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʜʚʦʤʽʨʥʠʭ ʚʝʢʪʦʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʟʘʧʠʩ ʪʠʧʫ 

[ ]
T1

1 1 2 2 1 2
2

=
p

p p p p
p

è ø
+ = =é ù

ê ú
p e e ,                 (1.2) 

ʜʝ p1, p2 - ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ ʨ. 

ʆʧʝʨʘʮʽʶ ʩʢʘʣʷʨʥʦʛʦ  ʚʝʢʪʦʨʽʚ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʪʦʯʢʦʶ: 

ʥʘʧʨʠʢʣʘʜ 

a Ö b = a1b1 + a2b2 + a3b3.                               (1.3) 

ʉʠʤʚʦʣʦʤ ³ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʦʧʝʨʘʮʽʶ ʚʝʢʪʦʨʥʦʛʦ  ʚʝʢʪʦʨʽʚ: 

ʥʘʧʨʠʢʣʘʜ 

ʘ ³ b = (ʘ2b3 - a3b2)e1 + (a3b1 - a1b3)e2 + (a1b2 - a2b1)e3.   (1.4) 

ɿʘʧʠʩ ʜʚʦʭ ʚʝʢʪʦʨʽʚ ʧʦʨʷʜ ab ʦʟʥʘʯʘʪʠʤʝ ʦʧʝʨʘʮʽʶ ʜʠʘʜʥʦʛʦ  

ʚʝʢʪʦʨʽʚ ʘ ̔ b, ʥʘʧʨʠʢʣʘʜ 

1 1 1 2 1 3

2 1 2 2 2 3

3 1 3 2 3 3

a b a b a b

a b a b a b

a b a b a b

è ø
é ù
=
é ù
é ùê ú

ab .                              (1.5) 

1.1.3. ʊ 

ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦ ʨʦʟʧʦʯʠʥʘʪʠ ʚʠʚʯʘʪʠ ʟ 

ʧʨʦʩʪʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʧʦʩʪʫʧʦʚʠʤ ʧʝʨʝʭʦʜʦʤ ʜʦ ʩʢʣʘʜʥʽʰʠʤ. ʊʦʯʢʘ R 
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ʧʨʦʩʪʦʨʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩʫʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ u
1
, u

2
, u

3
 

ʜʝʷʢʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʋ ʜʝʢʘʨʪʦʚʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ 

r  = [r1 r2 r3]
T
. ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʚʠʟʥʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷ, ʱʦ 

ʧʝʨʝʚʦʜʠʪʴ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚ 

ʟʘʜʘʥʫ ʪʦʯʢʫ ʧʨʦʩʪʦʨʫ. ʂʦʤʧʦʥʝʥʪʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʪʦʯʢʠ 

ʜʦʨʽʚʥʶʶʪʴ ʾʾ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʩʪʦ ʚʝʢʪʦʨʫ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ. ʎʷ ʨʽʟʥʠʮʷ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʘʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʽ ʥʘ ʬʦʨʤʫʣʘʭ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʚ 

ʧʨʦʩʪʦʨʽ. 

1.2. ʇʝʨʝʪʚʦʨʝʥʥʷ ʜʝʢʘʨʪʦʚʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʢʦʦʨʜʠʥʘʪ 

1.2.1. ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ  ʫ ʧʨʦʩʪʦʨʽ 

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʟʤʽʥʷʪʴʩʷ ʜʝʢʘʨʪʦʚʽ ʧʨʷʤʦʢʫʪʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʪʦʯʢʠ ʚ ʧʨʦʩʪʦʨʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ 

ʽʥʰʦʾ. ʍʘʡ ʚ ʧʨʦʩʪʦʨʽ ʟʘʜʘʥʽ ʜʚʽ ʜʝʢʘʨʪʦʚʽ ʧʨʷʤʦʢʫʪʥʽ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ: Oe1e2e3 ʠ Qi1i2i3. ʍʘʡ ʧʦʣʦʞʝʥʥʷ ʜʝʷʢʦʾ ʪʦʯʢʠ R ʚ 

ʧʝʨʰʽʡ ʩʠʩʪʝʤʽ ʦʧʠʩʫʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ r1, r2, r3, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʻ 

ʚʝʢʪʦʨ r, ʘ ʚ ʜʨʫʛʽʡ ʩʠʩʪʝʤʽ ʧʦʣʦʞʝʥʥʷ ʮʽʻʾ ʞ ʪʦʯʢʠ ʦʧʠʩʫʻʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʘʤʠ x1, x2, x3, ̫ ʢʠʤ ʚʽʜʧʦʚʽʜʘʻ ʚʝʢʪʦʨ x (ʨʠʩ. 1.1). 

1e

2e

3e

1i

r
R

2i

3i

x

Q

O

 

ʈʠʩʫʥʦʢ 1.1 - ʉʭʝʤʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʫ ʧʨʦʩʪʦʨʽ. 

 
ʊʦʯʢʘ R ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʨʦʟʛʣʷʥʫʪʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ 

ʨʽʚʥʽʩʪʷʤʠ: 
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1 1 2 2 3 3

1 1 2 2 3 3

;

.

r r r

x x x

= + +

= + +

r e e e

x i i i
                               (1.6) 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ q ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʠʡ ʟ ʪʦʯʢʠ ʆ ʚ ʪʦʯʢʫ Q:  

1 1 2 2 3 3q q q= + +q e e e .                             (1.7) 

ʗʢʱʦ ʜʦ ʚʝʢʪʦʨʫ q ʜʦʜʘʪʠ ʚʝʢʪʦʨ ʭ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʚʝʢʪʦʨ r . 

ʉʢʣʘʜʘʥʥʷ ʚʝʢʪʦʨʽʚ ʚʠʢʦʥʘʻʤʦ ʚ ʧʝʨʰʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, 

ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚ ʥʽʡ ʜʘʥʘ ʪʦʯʢʘ ʦʧʠʩʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ r. ɼʣʷ ʮʴʦʛʦ 

ʨʦʟʢʣʘʜʝʤʦ ʦʨʪʠ i1, i2, i3 ʟʘ ʦʨʪʘʤʠ e1, e2, e3: 

1 11 1 12 2 13 3

2 21 1 22 2 23 3

3 31 1 32 2 33 3

,

,

,

a a a

a a a

a a a

= + +

= + +

= + +

i e e e

i e e e

i e e e

                        (1.8) 

ʜʝ aij, i, j  = 1, 2, 3 - ʢʦʤʧʦʥʝʥʪʠ ʦʨʪʽʚ i1, i2, i3 ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

Qi1i2i3. 

ʉʢʣʘʚʰʠ ʚʝʢʪʦʨʠ q ʪʘ ʭ, ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʽʩʪʴ 

r1e1 + r2e2 + r3e3 = (a11x1 + a21x2 +  a31x3 + q1)e1 + 

+ (a12x1 + a22x2 +  a32x3 + q2)e2 + (a13x1 + a23x2 +  a33x3 + q3)e3, 

ʟʚʽʜʢʠ ʩʣʽʜʫʶʪʴ ʬʦʨʤʫʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʟ ʩʠʩʪʝʤʠ Oe1e2e3 ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Qi1i2i3. 

1 11 1 21 2 31 3 1

2 12 1 22 2 32 3 2

3 13 1 23 2 33 3 3

,

,

.

r a x a x a x q

r a x a x a x q

r a x a x a x q

= + + +

= + + +

= + + +

                   (1.9) 

ʋ ʤʘʪʨʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ (1.9) ʤʘʻ  

r  = A
T
 Ö x + q,                            (1.10) 

ʜʝ A
T
  - ʪʨʘʥʩʧʦʥʦʚʘʥʘ ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ: 

11 12 13

21 22 23

31 32 33

.

a a a

a a a

a a a

è ø
é ù
=
é ù
é ùê ú

A                        (1.11) 

ʈʷʜʢʠ ʤʘʪʨʠʮʽ ɸ ʩʢʣʘʜʝʥʽ ʟ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʽʚ i1, i2, i3. 

ʇʦʤʥʦʞʠʚʰʠ ʢʦʞʥʝ ʟ ʨʽʚʥʷʥʴ (1.8) ʩʢʘʣʷʨʥʦ ʥʘ e1, e2, e3, 
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ʦʪʨʠʤʘʻʤʦ ʱʝ ʦʜʠʥ ʚʠʨʘʟ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʽ ɸ: 

11 1 1 12 1 2 13 1 3

21 2 1 22 2 2 23 2 3

31 3 1 32 3 2 33 3 3

, , ,

, , ,

, , .

a a a

a a a

a a a

= Ö = Ö = Ö

= Ö = Ö = Ö

= Ö = Ö = Ö

i e i e i e

i e i e i e

i e i e i e

       (1.12) 

ɿ (1.12) ʚʠʜʥʦ, ʱʦ ʙʘʟʠʩʥʽ ʚʝʢʪʦʨʠ e1, e2, e3 ʚ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʟ ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ i1, i2, i3 ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʪʽ ʞ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʫ (1.8): 

1 11 1 21 2 31 3

2 12 1 22 2 32 3

3 13 1 23 2 33 3

,

,

.

a a a

a a a

a a a

= + +

= + +

= + +

e i i i

e i i i

e i i i

                    (1.13) 

ɼʽʡʩʥʦ, ʷʢʱʦ ʢʦʞʥʫ ʟ̔ ʨʽʚʥʦʩʪʝʡ (1.13) ʧʦʤʥʦʞʠʪʠ ʩʢʘʣʷʨʥʦ 

ʥʘ i1, i2, i3, ʪʦ ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʽʩʪʴ (1.12). 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ o = o1i1 + o2i2 +  o3i3 ʚʝʢʪʦʨ, ʱʦ ʥʘʧʨʘʚʣʝʥʠʡ 

ʟ ʪʦʯʢʠ Q ʚ ʪʦʯʢʫ ʆ. 

ɺʠʢʦʥʘʚʰʠ ʩʢʣʘʜʘʥʥʷ ʚʝʢʪʦʨʽʚ o ʽ r  ʚ ʜʨʫʛʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ, ʦʪʨʠʤʘʻʤʦ ʚʝʢʪʦʨ ʭ. 

ʇʨʠʨʽʚʥʷʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʽʚ, ʦʪʨʠʤʘʻʤʦ 

ʬʦʨʤʫʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʘʥʦʾ ʪʦʯʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ 

ʩʠʩʪʝʤʠ Oe1e2e3 ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Qi1i2i3: 

1 11 1 12 2 13 3 1

2 21 1 22 2 23 3 2

3 31 1 32 2 33 3 3

,

,

.

x a r a r a r o

x a r a r a r o

x a r a r a r o

= + + +

= + + +

= + + +

                      (1.14) 

ʗʢʱʦ ʬʦʨʤʫʣʠ (1.14) ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʪʦʯʢʠ Q, ʤʠ ʦʪʨʠʤʘʻʤʦ 

ʬʦʨʤʫʣʠ, ʱʦ ʚʠʨʘʞʘʶʪʴ ʢʦʤʧʦʥʝʥʪʠ o1, ʦ2, ʦ3 ʚʝʢʪʦʨʫ ʦ ʯʝʨʝʟ 

ʢʦʤʧʦʥʝʥʪʠ q1, q2, q3 ʚʝʢʪʦʨʫ q: 

1 11 1 12 2 13 3

2 21 1 22 2 23 3

3 31 1 32 2 33 3

,

,

.

o a q a q a q

o a q a q a q

o a q a q a q

=- - -

=- - -

=- - -

                    (1.15) 

ʇʽʜʩʪʘʚʠʚʰʠ ʦʩʪʘʥʥʽ ʚ (1.14), ʦʪʨʠʤʘʻʤʦ: 
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( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

1 11 1 1 12 2 2 13 3 3

2 21 1 1 22 2 2 23 3 3

3 31 1 1 32 2 2 33 3 3

,

,

.

x a r q a r q a r q

x a r q a r q a r q

x a r q a r q a r q

= - + - + -

= - + - + -

= - + - + -

     (1.16) 

ʋ ʤʘʪʨʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ (1.14) ʤʘʶʪʴ 

ʚʠʛʣʷʜ: 

x = A Ö r  + o = A Ö (r  - q).                      (1.17) 

ʇʦʤʥʦʞʠʚʰʠ ʨʽʚʥʽʩʪʴ (1.17) ʟʣʽʚʘ ʥʘ ɸ
T
 ʽ ʜʦʜʘʚʰʠ ʚʝʢʪʦʨ q, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (1.10) ʤʠ ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ ʚʝʢʪʦʨ r. ɿʚʽʜʩʠ 

ʚʠʪʽʢʘʻ, ʱʦ 

T T -

1 0 0

0 1 0 ;  = 

0 0 1

è ø
é ù

Ö = ¹
é ù
é ùê ú

1
A A E A A .            (1.18) 

ʄʠ ʙʘʯʠʤʦ, ʱʦ ʪʨʘʥʩʧʦʥʦʚʘʥʘ ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʜʦʨʽʚʥʶʻ 

ʩʚʦʾʡ ʟʚʦʨʦʪʥʽʡ ʤʘʪʨʠʮʽ, ʪʦʙʪʦ ʤʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʻ ʦʨʪʦʛʦʥʘʣʴʥʦʶ. ɿʚʽʜʩʠ ʞ ʚʠʪʽʢʘʻ, ʱʦ ʚʠʟʥʘʯʥʠʢ 

ʤʘʪʨʠʮʽ ɸ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ: 

|ɸ
ʊ
| = |ɸ| = 1.                               (1.19) 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʽʚ ʫ ʧʨʦʩʪʦʨʽ. ʍʘʡ ʜʝʷʢʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʚʝʢʪʦʨ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oe1e2e3 ʦʧʠʩʫʻʪʴʩʷ 

ʚʠʨʘʟʦʤ r1e1 + r2e2 + r3e3, ʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Qi1i2i3 ʮʝʡ ʞʝ ʚʝʢʪʦʨ 

ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ x1i1 + x2i2 + x3i3. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (1.8) ʽ 

(1.13) ʦʪʨʠʤʘʻʤʦ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʽʚ ʦʧʠʩʫʶʪʴʩʷ 

ʬʦʨʤʫʣʘʤʠ (1.9)  ̔(1.14), ʚ ʷʢʠʭ ʢʦʤʧʦʥʝʥʪʠ q1, q2, q3 ʽ o1, o2, o3 ʩʣʽʜ 

ʧʦʢʣʘʩʪʠ ʨʽʚʥʠʤʠ ʥʫʣʶ. 

1.2.2. ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʚʦʤʽʨʥʠʭ  

ʅʝʭʘʡ ʥʘ ʧʣʦʱʠʥʽ ʟʘʜʘʥʦ ʜʚʽ ʜʝʢʘʨʪʦʚʽ ʧʨʷʤʦʢʫʪʥʽ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ: Oe1e2 ʽ Qi1i2. ʍʘʡ ʧʦʣʦʞʝʥʥʷ ʜʝʷʢʦʾ ʪʦʯʢʠ ʈ ʚ ʧʝʨʰʽʡ 

ʩʠʩʪʝʤʽ ʦʧʠʩʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ p = p1ʝ1 + p2ʝ2, ʘ ʚ ʜʨʫʛʽʡ ʩʠʩʪʝʤʽ 

ʧʦʣʦʞʝʥʥʷ ʮʽʻʾ ʞ ʪʦʯʢʠ ʦʧʠʩʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʫ = y1j 1 + y2j 2 

(ʨʠʩ. 1.2). 

ʈʦʟʢʣʘʜʝʤʦ ʚʝʢʪʦʨ q, ʥʘʧʨʘʚʣʝʥʠʡ ʟ ʪʦʯʢʠ ʆ ʚ ʪʦʯʢʫ Q, ʘ 
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ʪʘʢʦʞ ʦʨʪʳ j 1, j 2 ʧʦ ʦʨʪʘʤ ʝ1, ʝ2: 

1 1 2 2q q= +q e e ,                                (1.20) 

1 11 1 12 2

2 21 1 22 2

,

.

a a

a a

= +

= +

j e e

j e e
                              (1.21) 

j
2e

y

P

2j

Q 

O 
1e

p

1j

 

ʈʠʩʫʥʦʢ 1.2 - ʉʭʝʤʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʚʦʤʽʨʥʠʭ . 

 
ʉʢʣʘʚʰʠ ʚʝʢʪʦʨʠ q ʽ ʫ, ʦʪʨʠʤʘʻʤʦ: 

p1e1 + p2e2 = (a11y1 + a21y2 + q1)e1 + (a12y1 + a22y2 + q2)e2. 

ɿʚʽʜʩʠ ʩʣʽʜʫʶʪʴ ʬʦʨʤʫʣʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ: 

1 11 1 21 2 1

2 12 1 22 2 2

,

.

p a y a y q

p a y a y q

= + +

= + +
                         (1.22) 

ʄʘʪʨʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (1.22) ʟʙʽʛʘʻʪʴʩʷ ʟ (1.10): 

ʨ = ɸ
T
 Ö y + q. ʆʩʢʽʣʴʢʠ ʙʘʟʠʩʥʽ ʚʝʢʪʦʨʠ j 1 ʽ j 2 ʤʘʶʪʴ ʦʜʠʥʠʯʥʫ 

ʜʦʚʞʠʥʫ, ʨʽʚʥʦʩʪʷʤ (1.21) ʤʦʞʥʘ ʥʘʜʘʪʠ ʚʠʜ 

1 1 2

2 1 2

cos sin ,

sin cos ,

= j + j

=- j + j

j e e

j e e
                       (1.23) 

ʷʢʱʦ ʦʙʠʜʚʽ ʢʦʦʨʜʠʥʘʪʥʽ ʩʠʩʪʝʤʠ ʧʨʘʚʽ ʘʙʦ ʣʽʚʽ, ʽ 

1 1 2

2 1 2

cos sin ,

sin cos ,

= j + j

= j - j

j e e

j e e
                        (1.24) 

ʷʢʱʦ ʦʜʥʘ ʟ ʢʦʦʨʜʠʥʘʪʥʠʭ ʩʠʩʪʝʤ ʧʨʘʚʘ, ʘ ʽʥʰʘ - ʣʽʚʘ. ʂʫʪ j 
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ʤʽʞ ʚʝʢʪʦʨʘʤʠ ʝ1 ʽ j 1 ʚʽʜʣʽʯʫʻʪʴʩʷ ʚʽʜ ʝ1 ʫ ʙʽʢ ʚʝʢʪʦʨʫ ʝ2. ʍʘʡ ʦʙʠʜʚʽ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʻ ʧʨʘʚʠʤʠ (ʜʣʷ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʩʣʽʜ 

ʟʤʽʥʠʪʠ ʟʥʘʢ a21 ʽ ʘ22 ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ). ʄʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʩʠʩʪʝʤ 

ʢʦʦʨʜʠʥʘʪ, ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʢʫʪ, ʤʘʻ ʚʠʛʣʷʜ 

cos sin
.

sin cos

j jè ø
=é ù
- j jê ú

A                           (1.25) 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ (1.22) ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʩʠʩʪʝʤʠ ʟ 

ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʝ1 ʽ e2 ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʟ ʙʘʟʠʩʥʠʤʠ 

ʚʝʢʪʦʨʘʤʠ j l ʽ j 2 ʧʨʠʡʤʝ ʚʠʛʣʷʜ 

1 1 2 1

2 1 2 2

cos sin ,

sin cos .

p y y q

p y y q

= j- j+

= j+ j+
                    (1.26) 

ɺʠʨʽʰʠʚʰʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (1.26) ʚʽʜʥʦʩʥʦ ʫ1 ʽ ʫ2, 

ʦʪʨʠʤʘʻʤʦ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

( ) ( )

( ) ( )
1 1 1 2 2

2 1 1 2 2

cos sin ,

sin cos .

y p q p q

y p q p q

= - j+ - j

=- - j+ - j
          (1.27) 

ʗʢʱʦ ʚ (1.27) ʧʦʢʣʘʩʪʠ ʨ1 = 0, ʨ2 = 0, ʪʦ ʦʪʨʠʤʘʻʤʦ 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ O ʚ ʩʠʩʪʝʤʽ ʟ ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ j 1, j 2, 

ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʠ q1 ʽ q2: 

1 1 2

2 1 2

cos sin ,

sin cos .

o q q

o q q

=- j- j

= j- j
                      (1.28) 

ʋ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟ ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ j l, j 2 ʢʦʦʨʜʠʥʘʪʠ 

o1 ʽ o2 ʜʦʨʽʚʥʶʶʪʴ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʫ o, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟ ʪʦʯʢʠ Q 

ʚ ʪʦʯʢʫ O. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (1.28) ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʢʠ (1.27) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

1 11 1 12 2 1 1 2 1

2 21 1 22 2 2 1 2 2

cos sin ,

sin cos .

y a p a p o p p o

y a p a p o p p o

= + + = j+ j+

= + + =- j+ j+
      (1.29) 

ɺʠʨʘʟʠʤʦ ʟ (1.28) ʢʦʦʨʜʠʥʘʪʠ q1 ʽ q2 ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʠ o1 ʽ o2 

ʪʘ ʧʽʜʩʪʘʚʠʤʦ ʾʭ ʚ (1.26). ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ 
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( ) ( )

( ) ( )
1 1 1 2 2

2 1 1 2 2

cos sin ,

sin cos .

p y o y o

p y o y o

= - j- - j

= - j+ - j
               (1.30) 

ʄʘʪʨʠʯʥʽ ʟʘʧʠʩʠ ʧʝʨʝʪʚʦʨʝʥʴ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʚʽʜ ʦʜʥʽʻʾ ʜʝʢʘʨʪʦʚʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ ʽʥʰʦʾ ʫ 

ʜʚʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʙʽʛʘʶʪʴʩʷ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʜʚʦʤʽʨʥʠʭ ʚʝʢʪʦʨʽʚ. ʍʘʡ ʜʝʷʢʠʡ 

ʜʚʦʤʽʨʥʠʡ ʚʝʢʪʦʨ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oe1e2 ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ 

ʨ1e1 + p2e2, ʘ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Qj 1j 2 ʮʝʡ ʞʝ ʚʝʢʪʦʨ ʦʧʠʩʫʻʪʴʩʷ 

ʚʠʨʘʟʦʤ y1j 1 + y2j 2. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (1.23) ʦʪʨʠʤʘʻʤʦ, ʱʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʜʚʦʤʽʨʥʠʭ ʚʝʢʪʦʨʽʚ ʦʧʠʩʫʶʪʴʩʷ 

ʬʦʨʤʫʣʘʤʠ (1.26)  ̔ (1.27), ʚ ʷʢʠʭ ʢʦʤʧʦʥʝʥʪʠ q1, q2 ʩʣʽʜ ʧʦʢʣʘʩʪʠ 

ʨʽʚʥʠʤʠ ʥʫʣʶ. 

1.3. ʄʦʜʠʬʽʢʘʮʽʾ ʚʝʢʪʦʨʽʚ ʽ  

ʄʦʜʠʬʽʢʘʮʽʷʤʠ ʥʘʟʠʚʘʪʠʤʝʤʦ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʽ ʬʦʨʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ. ɹʘʛʘʪʦ ʣʽʥʽʡ, ʧʦʚʝʨʭʥʽ ʽ ʪʽʣʘ ʦʧʠʩʫʶʪʴʩʷ 

ʟʚ'ʷʟʘʥʠʤ (ʧʝʚʥʠʤ ʯʠʥʦʤ) ʥʘʙʦʨʦʤ , ʚʝʢʪʦʨʽʚ ʽ ʩʢʘʣʷʨʽʚ. ʇʨʠ ʟʤʽʥʽ 

ʧʦʣʦʞʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙ'ʻʢʪʫ ʫ ʧʨʦʩʪʦʨʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʚʽʜʧʦʚʽʜʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʽʚ  ʽ ʚʝʢʪʦʨʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʜʘʥʠʡ ʦʙ'ʻʢʪ. 

1.3.1. ɿ  ʚ ʧʨʦʩʪʦʨʽ 

ʇʨʦʩʪʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʪʦʯʢʠ ʻ ʾʾ ʟʩʫʚ ʚ ʧʨʦʩʪʦʨʽ ʥʘ ʚʝʢʪʦʨ 

ʟʩʫʚʫ t. ʇʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ ʥʘʟʠʚʘʪʠʤʝʤʦ 

ʧʦʯʘʪʢʦʚʠʤ, ʽ ʦʧʠʩʫʚʘʪʠʤʝʤʦ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ r 0. ʇʦʣʦʞʝʥʥʷ ʪʦʯʢʠ 

ʧʽʩʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʥʘʟʠʚʘʪʠʤʝʤʦ ʥʦʚʠʤ, ʽ ʦʧʠʩʫʚʘʪʠʤʝʤʦ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʦʤ r. ʇʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʧʽʩʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʦʧʠʩʫʚʘʪʠʤʝʪʴʩʷ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ, ʨʽʚʥʠʤ ʩʫʤʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʾʾ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ r0  ̔ʚʝʢʪʦʨʫ ʟʩʫʚʫ t: 

r  = r0 + t.                                   (1.31) 

ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʫ r ʜʦʨʽʚʥʶʶʪʴ ʩʫʤʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʽʚ r0 ʽ t. 
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1.3.1. ʇʦʚʦʨʦʪ  ʚ ʧʨʦʩʪʦʨʽ ʥʘʚʢʦʣʦ ʦʩʽ 

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʟʤʽʥʠʪʴʩʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʧʨʠ ʾʾ ʧʦʚʦʨʦʪʽ 

ʥʘʚʢʦʣʦ ʜʝʷʢʦʾ ʦʩʽ. ʍʘʡ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʦʧʠʩʫʻʪʴʩʷ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ r 0, ʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʢʦʶ Q ̔  ʦʨʪʦʤ 

v. ʍʘʡ q ʻ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ Q. ɺʠʢʦʥʘʻʤʦ ʧʦʚʦʨʦʪ ʪʦʯʢʠ 

ʥʘʚʢʦʣʦ ʦʩʽ ʥʘ ʢʫʪ a ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʷʢʱʦ ʧʦʛʣʷʜ 

ʥʘʧʨʘʚʠʪʠ ʥʘʟʫʩʪʨʽʯ ʚʝʢʪʦʨʫ v (ʨʠʩ. 1.3). 

ʇʦʙʫʜʫʻʤʦ ʚʝʢʪʦʨ ʨ = r0 - q. ʈʦʟʢʣʘʜʝʤʦ ʚʝʢʪʦʨ ʨ ʥʘ ʜʚʽ 

ʩʢʣʘʜʦʚʽ: 

( ) ( )

,

, ,

= +

= Ö = - Ö

p t n

t p v v n p p v v
                   (1.32) 

ʜʝ ʚʝʢʪʦʨ t ʧʘʨʘʣʝʣʴʥʠʡ ʚʝʢʪʦʨʫ v, ʘ ʚʝʢʪʦʨ n ʦʨʪʦʛʦʥʘʣʴʥʠʡ 

ʚʝʢʪʦʨʫ v. 

ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʚʝʢʪʦʨ t ʥʝ ʟʤʽʥʠʪʴʩʷ, ʘ ʚʝʢʪʦʨ n ʦʙʝʨʥʝʪʴʩʷ 

ʥʘ ʢʫʪ a ʫ ʙʽʢ ʚʝʢʪʦʨʫ 

b = v ³ n = v ³ (p - (p Ö v) v) = v ³ ʨ.             (1.33) 

 

 

ʈʠʩʫʥʦʢ 1.3 - ʇʦʚʦʨʦʪ ʥʘʚʢʦʣʦ ʦʩʽ 

ʆʩʢʽʣʴʢʠ ʚʝʢʪʦʨ v ʤʘʻ ʦʜʠʥʠʯʥʫ ʜʦʚʞʠʥʫ, ʪʦ ʚʝʢʪʦʨ b 

ʤʘʪʠʤʝ ʜʦʚʞʠʥʫ, ʨʽʚʥʫ ʜʦʚʞʠʥʽ ʚʝʢʪʦʨʫ n. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ 

ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʚʝʢʪʦʨʘʤ v ʽ n. ʇʽʩʣʷ ʧʦʚʦʨʦʪʫ ʥʘ ʢʫʪ a ʚʝʢʪʦʨ n 

ʩʪʘʥʝ ʨʽʚʥʠʤ ʚʝʢʪʦʨʫ n cos a + b sin a. ʆʪʞʝ, ʧʽʩʣʷ ʧʦʚʦʨʦʪʫ ʜʘʥʘ 
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ʪʦʯʢʘ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

r  = q + t + n cos a + b sin a = 

= q + (p Ö v) v + (p - (p Ö v) v) cos a + v ³ p sin a,      (1.34) 

ʜʝ ʨ = r0 - q. ʇʝʨʝʪʚʦʨʠʤʦ ʚʠʨʘʟ 

( ) ( )
1 1 1 1 2 2 1 3 3

2 1 1 2 2 2 2 3 3

3 1 1 3 2 2 3 3 3

v v p v v p v v p

v v p v v p v v p

v v p v v p v v p

+ +è ø
é ù

Ö = + + = Ö
é ù
é ù+ +ê ú

p v v vv p .      (1.35) 

ɿ  (1.35) ʚʠʨʘʟ (1.34) ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

( ) ( ) ( )0= + cos sinÖ + a - Ö + a ³ = + Ö -r q vv p E vv p v p q A r q . (1.36) 

ʄʘʪʨʠʮʷ ʧʦʚʦʨʦʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 

( )= 1 cos cos sin- a + a + a ³A vv E v p ,              (1.37) 

ʜʝ 

1 1 1 2 1 3 3 2

2 1 2 2 2 3 3 1

3 1 3 2 3 3 2 1

1 0 0 0

, 0 1 0 , 0

0 0 1 0

v v v v v v v v

v v v v v v v v

v v v v v v v v

-è ø è ø è ø
é ù é ù é ù
= = ³ = -
é ù é ù é ù
é ù é ù é ù-ê ú ê úê ú

vv E v p . 

(1.38) 

ʄʘʪʨʠʮʷ ɸ ̒ ʦʨʪʦʛʦʥʘʣʴʥʦʶ. ʇʨʠ ʪʨʘʥʩʧʦʥʫʚʘʥʥʽ ʤʘʪʨʠʮʽ ɸ 

ʟʤʽʥʠʪʴʩʷ ʪʽʣʴʢʠ ʟʥʘʢ ʧʝʨʝʜ ʦʩʪʘʥʥʴʦʶ ʩʢʣʘʜʦʚʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʚʦʨʦʪʫ ʪʦʯʢʠ ʥʘ ʢʫʪ -a. 

1.3.3. ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʝʢʮʽʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ 

ʚʽʜʩʪʘʥʽ ʜʦ ʪʦʯʢʠ r 0 ʱʦʜʦ ʜʝʷʢʦʾ ʽʥʰʦʾ ʪʦʯʢʠ Q, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʨʫʭʦʤʦ ʁʧʽʩʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʍʘʡ q ʻ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ Q. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʧʨʦʝʢʮʽʾ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ 

ʚʝʢʪʦʨʫ ʨ = r0 - q ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ, 

ʪʦʙʪʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʨʪʦʪʨʦʧʥʠʤ. ʍʘʡ ʧʨʦʝʢʮʽʷ 

ʚʝʢʪʦʨʫ ʨ ʥʘ ʦʨʪ e1 ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ m1 ʨʘʟʽʚ, 

ʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʫ ʨ ʥʘ ʦʨʪ e2 ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ m2 ʨʘʟʽʚ, ʧʨʦʝʢʮʽʷ 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

24 

ʚʝʢʪʦʨʫ ʨ ʥʘ ʦʨʪ ʝ3 ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ m3 ʨʘʟʽʚ. ʊʦʜʽ ʧʦʣʦʞʝʥʥʷ ʜʘʥʦʾ 

ʪʦʯʢʠ ʧʽʩʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʦʧʠʩʫʚʘʪʠʤʝʪʴʩʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

( )
1 1

2 2 0

3 3

0 0

0 0

0 0

m p

m p

m p

è ø è ø
é ù é ù

= + Ö = + Ö -
é ù é ù
é ù é ùê ú ê ú

r q q A r q ,         (1.39) 

ʜʝ ɸ - ʤʘʪʨʠʮʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

1.4. ʆʜʥʦʨʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʈʦʟʛʣʷʥʫʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʦʨʦʪʫ (1.36) ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(1.39) ʨʘʜʽʫʩ-ʚʝʢʪʦʨe  ʦʧʠʩʫʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʠʡ ʚʠʛʣʷʜ: 

( ) ( )0 0 0= + Ö - = Ö + - Ö = Ö +r q A r q A r q A q A r t ,      (1.40) 

ʜʝ t = q - ɸ Ö q ï ʧʝʨʝʪʚʦʨʝʥʠʡ ʚʝʢʪʦʨ ʟʩʫʚʫ. 

ɿʩʫʚ (1.31) ʪʦʯʢʠ ʦʧʠʩʫʻʪʴʩʷ ʮʽʻʶ ʞ ʬʦʨʤʫʣʦʶ ʟ ʦʜʠʥʠʯʥʦʶ 

ʤʘʪʨʠʮʝʶ ɸ ̔  ʚʝʢʪʦʨʦʤ t, ʨʽʚʥʠʤ ʚʝʢʪʦʨʫ ʟʩʫʚʫ. ɸʥʘʣʦʛʽʯʥʠʡ 

ʚʠʛʣʷʜ ʤʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ (1.10). ʇʝʨʝʪʚʦʨʝʥʥʷʤ 

ʢʦʦʨʜʠʥʘʪ ʽ ʤʦʜʠʬʽʢʘʮʽʷʤ ʪʦʯʢʠ ʤʦʞʥʘ ʥʘʜʘʪʠ ʻʜʠʥʠʡ ʧʨʦʩʪʠʡ 

ʚʠʛʣʷʜ 

R = At Ö R0.                                    (1.41) 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʚʝʢʪʦʨʽʚ ʽ ʤʘʪʨʠʮʴ 

ʥʘ ʦʜʠʥʠʮʶ. ɺʝʢʪʦʨ, ʜʦʧʦʚʥʝʥʠʡ ʱʝ ʦʜʥʽʻʶ ʢʦʤʧʦʥʝʥʪʦ,ʁ 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʠʤ ʚʝʢʪʦʨʦʤ. ʂʦʤʧʦʥʝʥʪʠ ʨʦʟʰʠʨʝʥʦʛʦ 

ʚʝʢʪʦʨʫ ʥʘʟʠʚʘʶʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ʇʨʝʜʩʪʘʚʠʤʦ ʢʦʞʝʥ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʚ ʨʦʟʰʠʨʝʥʦʤʫ ʚʠʛʣʷʜʽ 

[ ]

1

T2
1 2 3

3

1

1

r

r
R r r r

r

è ø
é ù
é ù= =
é ù
é ù
ê ú

.                         (1.42) 

ʄʘʪʨʠʮʷ At ʻ ʤʘʪʨʠʮʝʶ ɸ, ʦʢʘʡʤʦʚʘʥʦ  ʁ ʟʥʠʟʫ ʥʫʣʷʤʠ, ʘ 

ʩʧʨʘʚʘ - ʚʝʢʪʦʨʦʤ ʟʩʫʚʫ t ʫ ʨʦʟʰʠʨʝʥʦʤʫ ʚʠʛʣʷʜʽ 
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11 12 13 1

21 22 23 2

31 32 33 3

.

0 0 0 1

t

a a a t

a a a t

a a a t

è ø
é ù
é ù=
é ù
é ù
ê ú

A                         (1.43) 

ɯʥʜʝʢʩ ʤʘʪʨʠʮʽ At ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʘ ʻ ʨʦʟʰʠʨʝʥʦʶ ʽ 

ʚʢʣʶʯʘʻ ʚʝʢʪʦʨ ʟʩʫʚʫ t. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʴ (1.40) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʟʘʧʠʩ 

R = Q + A0 Ö (R0 - Q) = At Ö R0                        (1.44) 

ʚʚʘʞʘʶʯʠ, ʱʦ ʨʦʟʰʠʨʝʥʘ ʤʘʪʨʠʮʷ At ʚʢʣʶʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʦ ʤʘʪʨʠʮʽ ɸ ̔ ʟʩʫʚʫ ʟʘ ʚʝʢʪʦʨʦʤ t = q - ɸ Ö q. ʈʦʟʰʠʨʝʥʠʡ ʚʝʢʪʦʨ Q 

ʦʧʠʩʫʻ ʪʦʯʢʫ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʨʫʭʦʤʦʶ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ. 

ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʧʦʙʫʜʦʚʠ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ, ʨʘʟʦʤ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʣʷ ʪʦʯʦʢ ʥʝʦʙʭʽʜʥʠʡ 

ʜʦʜʘʪʢʦʚʠʡ ʧʘʨʘʤʝʪʨ - ʪʘʢ ʟʚʘʥʘ ʚʘʛʘ (ʟʥʘʯʫʱʽʩʪʴ) ʪʦʯʢʠ. ʎʝʡ 

ʧʘʨʘʤʝʪʨ ʪʦʯʢʠ ʚ ʦʙʯʠʩʣʝʥʥʷʭ ʧʝʨʝʪʚʦʨʶʪ̒ʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʢʦʦʨʜʠʥʘʪʠ, ʪʦʤʫ ʡʦʛʦ ʚʚʘʞʘʶʪʴ ʟʘ ʜʦʜʘʪʢʦʚʫ ʢʦʦʨʜʠʥʘʪʫ. ɿʘ 

ʥʘʷʚʥʦʩʪʽ ʫ ʪʦʯʢʠ ʜʦʜʘʪʢʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ w ʟʘʧʠʩ ʾʾ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ 

ʚ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʤʘʻ ʚʠʛʣʷʜ 

[ ]

1 1

T2 2

3 3

4

R wr

R wr w
R w w

R wr w

R w

è øè ø
é ùé ù

è øé ùé ù= = ¹ ¹é ùé ùé ùê ú
é ùé ù

ê úê ú

r
r .                (1.45) 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʦʙʯʠʩʣʝʥʥʷ 

ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪ Ri, i = 1, 2, 3, 4 ʙʝʟ 

ʚʠʜʽʣʝʥʥʷ ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. ɼʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ 

ʦʪʨʠʤʫʶʪʴ ʥʘ ʢʽʥʮʝʚʦʤʫ ʝʪʘʧʽ ʦʙʯʠʩʣʝʥʴ: 

1 1 4 2 2 4 3 3 4, ,r R R r R R r R R= = = .               (1.46) 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʚʠʷʚʣʷʻʪʴʩʷ ʢʦʨʠʩʥʠʤ ʽ 

ʪʘʤ, ʜʝ ʜʦʜʘʪʢʦʚʘ ʢʦʤʧʦʥʝʥʪʘ  ʚʽʜʩʫʪʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʾʾ 

ʚʚʘʞʘʶʪʴ ʨʽʚʥʽʡ ʦʜʠʥʠʮʽ. 
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1.5. ɻʝʦʤʝʪʨʽʷ ʢʨʠʚʠʭ ʣʽʥʽʡ 

ʂʨʠʚʦʶ ʣʽʥʽʻʶ ʘʙʦ ʧʨʦʩʪʦ ʢʨʠʚʦ  ʁ ʥʘʟʠʚʘʪʠʤʝʤʦ 

ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʦʧʠʩʫʶʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʽ ʦʜʥʦʟʥʘʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ r1(t), r2(t), r3(t) ʧʘʨʘʤʝʪʨʘ 

t, ʱʦ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʴ ʥʘ ʚʽʜʨʽʟʢʫ tmin ¢ t ¢ tmax. ʋ ʜʝʢʘʨʪʦʚʽʡ 

ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oe1e2e3 ʢʨʠʚʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

() ()
3

1

,i i min max

i

t r t t t t
=

= ¢ ¢är e .                  (1.47) 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʢʨʠʚʦʾ ʫ ʚʠʛʣʷʜʽ (1.47) ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤ. ɼʘʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʦʦʨʜʠʥʘʪʥʽ ʬʫʥʢʮʽʾ r i(t) 

ʤʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽ ʧʦʭʽʜʥʽ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʥʘʤ ʙʫʜʝ 

ʧʦʪʨʽʙʥʠʡ. ʊʦʯʢʫ ʢʨʠʚʦʾ r (t) ʥʘʟʠʚʘʶʪʴ ʟʚʠʯʘʡʥʦʶ, ʷʢʱʦ ʚ ʮʽʡ 

ʪʦʯʮʽ ʥʝ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʫʣʴ ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʫ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

ʟʘ ʧʘʨʘʤʝʪʨʦʤ r' = dr  / dt. ɯʥʘʢʰʝ ʪʦʯʢʘ ʢʨʠʚʦʾ ʥʘʟʠʚʘʻʪʴʩʷ 

ʦʩʦʙʣʠʚʦʶ. 

ʇʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʢʨʠʚʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʫ t, ʷʢʠʡ ʻ ʾʾ 

ʚʥʫʪʨʽʰʥʴʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. ʇʘʨʘʤʝʪʨ t ʩʚʦʾʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻ ʪʦʯʢʠ ʢʨʠʚʦʾ. ɸʣʝ ʦʩʢʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʦ ʚʽʥ 

ʥʽʯʠʤ ʥʝ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʨʠʚʦʶ, ʪʦ ʜʣʷ ʥʝʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʥʰʫ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʠʪʴ ʚʚʝʩʪʠ ʥʦʚʠʡ ʧʘʨʘʤʝʪʨ v, 

ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʘʨʘʤʝʪʨʦʤ t ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

t = t(v),   vmin ¢ v ¢ vmax,                        (1.48) 

ʜʝ tmin = t(vmin), tmax = t(vmax). 

ʇʨʠʧʫʩʢʘʪʠʤʝʤʦ ʧʨʠ ʮʴʦʤʫ, ʱʦ ʬʫʥʢʮʽʷ t(v) ʻ ʚʟʘʻʤʥʦ 

ʦʜʥʦʟʥʘʯʥʦʶ ʽ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʯʦʶ. ʂʦʣʠ ʧʘʨʘʤʝʪʨ v ʧʨʦʙʽʛʘʻ 

ʩʚʦʶ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʚʽʜ vmin ʜʦ vmax, ʧʘʨʘʤʝʪʨ t ʧʨʦʙʽʛʘʻ ʩʚʦʶ 

ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʚʽʜ tmin ʜʦ tmax. ʂʨʠʚʘ, ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ v, 

ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

r (v) = r [v(t)],   vmin ¢ v ¢ vmax,                   (1.49) 

ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʘ ʢʨʠʚʦʾ ʟʘʣʠʰʠʪʴʩʷ ʢʦʣʠʰʥʴʦʶ. ʗʢ 

ʧʘʨʘʤʝʪʨ t, ʪʘʢ ʽ ʧʘʨʘʤʝʪʨ v ʦʜʥʘʢʦʚʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʦʯʢʠ ʜʘʥʦʾ ʢʨʠʚʦʾ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʁ  ʚʣʘʩʪʠʚʽʩʪʴ ʢʨʠʚʠʭ ʜʣʷ 



 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

27 

ʫʟʛʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʦʚʞʠʥ ʢʨʠʚʠʭ. ʍʘʡ ʻ ʜʚʽ ʢʨʠʚʽ: ʧʝʨʰʘ 

a(t), tmin ¢ t ¢ tmax, ʜʨʫʛʘ ʩ(v), vmin ¢ v ¢ vmax, ʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʧʘʨʘʤʝʪʨʠʯʥʽ ʜʦʚʞʠʥʠ ʢʨʠʚʠʭ ʙʫʣʠ ʦʜʥʘʢʦʚʠʤʠ. ɿʤʽʥʠʤʦ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʜʨʫʛʦʾ ʢʨʠʚʦʾ ʪʘʢ, ʱʦʙ ʤʝʞʽ ʟʤʽʥʠ ʾʾ ʧʘʨʘʤʝʪʨʽʚ 

ʟʙʽʛʘʣʠʩʷ ʟ ʤʝʞʘʤʠ ʧʝʨʰʦʾ ʢʨʠʚʦʾ. ɼʣʷ ʮʴʦʛʦ ʜʣʷ ʦʧʠʩʫ ʜʨʫʛʦʾ 

ʢʨʠʚʦʾ ʚʚʝʜʝʤʦ ʧʘʨʘʤʝʪʨ t, ʟʚ'ʷʟʘʥʠʡ ʧʘʨʘʤʝʪʨʦʤ v ʟʘʣʝʞʥʽʩʪʶ 

() max min
min max

max min max min

t t t t
v t v v

t t t t

- -
= +

- -
.                (1.50) 

ɼʨʫʛʘ ʢʨʠʚʘ ʪʝʧʝʨ ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʩ = c(t) = ʩ[v(t)], 

tmin ¢ t ¢ tmax. ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʧʘʨʘʤʝʪʨʦʤ ʢʨʠʚʦʾ ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʜʦʚʞʠʥʘ ʾʾ ʜʫʛʠ, ʚʽʜʣʽʯʫʚʘʥʘ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʘʨʘʤʝʪʨ t, ʷʢ ʙʫʜʴ-ʷʢʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ, ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʠʡ ʟʨʫʯʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʧʦʩʦʙʦʤ. 

ʋ ʜʝʢʘʨʪʦʚʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʧʦʭʽʜʥʽ 

ʚʝʢʪʦʨʥʦʾ ʬʫʥʢʮʽʾ n-ʛʦ ʧʦʨʷʜʢʫ ʧʦ ʾʾ ʧʘʨʘʤʝʪʨʫ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

() ()3

1

nn
n i

in n
i

d r td

dt dt=

¹ =ä
r

r e .                      (1.51) 

ʇʦʭʽʜʥʘ r '(t)  ʢʨʠʚʦʾ r( t) ʻ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʜʦʪʠʯʥʽʡ 

ʜʦ ʢʨʠʚʦʾ ʚ ʪʦʯʮʽ, ʚʠʟʥʘʯʫʚʘʥʽʡ ʧʘʨʘʤʝʪʨʦʤ t. ɺʽʜʤʽʪʠʤʦ, ʱʦ 

ʧʦʭʽʜʥʘ ʟʘʚʞʜʠ ʥʘʧʨʘʚʣʝʥʘ ʫ ʙʽʢ ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʫ. ɿʥʘʶʯʠ 

ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʢʨʠʚʦʾ, ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʜʦʚʞʠʥʫ 

ʢʨʠʚʦʾ. ɼʦʚʞʠʥʘ ʢʨʠʚʦʾ ʜʦʨʽʚʥʶʻ ʤʝʞʽ, ʜʦ ʷʢʦʾ ʧʨʷʤʫʻ ʜʦʚʞʠʥʘ 

ʣʘʤʘʥʦ,ʾ ʚʧʠʩʘʥʦ ʾʚ ʢʨʠʚʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʞʠʥʘ ʢʨʠʚʦʾ ʜʦʨʽʚʥʶʻ 

ʽʥʪʝʛʨʘʣʫ 

max

min

' '

t

t

s dt= Öñr r .                              (1.52) 

1.5.1. ʅʘʪʫʨʘʣʴʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʢʨʠʚʦʾ 

ɼʦʚʞʠʥʘ ʚʝʢʪʦʨʫ ʧʦʭʽʜʥʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʢʨʠʚʦʾ. ɯʩʥʫʻ ʩʧʦʩʽʙ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ, ʟʘ ʷʢʠʤ 

ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʫ ʧʦʭʽʜʥʦʾ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ, ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʢʨʠʚʦʶ, 
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ʘ ʩʘʤʝ: ʟʘ ʧʘʨʘʤʝʪʨ ʙʝʨʝʪʴʩʷ ʜʦʚʞʠʥʘ ʜʫʛʠ ʢʨʠʚʦʾ, ʚʽʜʣʽʯʫʚʘʥʘ ʚʽʜ 

ʜʝʷʢʦʾ ʾʾ ʪʦʯʢʠ (ʥʘʧʨʠʢʣʘʜ, ʧʦʯʘʪʢʦʚʦʾ). ɼʽʡʩʥʦ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʚʞʠʥʘ ʭʦʨʜʠ ʧʨʷʤʫʻ ʜʦ ʜʦʚʞʠʥʠ ʜʫʛʠ Dt, ʘ ʜʦʚʞʠʥʘ ʚʝʢʪʦʨʫ r ' 

ʧʨʷʤʫʻ ʜʦ ʦʜʠʥʠʮʽ, ʢʦʣʠ t ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ. ɺʝʢʪʦʨʥʘ ʟʘʣʝʞʥʽʩʪʴ 

r  = r (s),                                          (1.53) 

ʜʝ s - ʜʦʚʞʠʥʘ ʜʫʛʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʢʨʠʚʦʾ ʟ ʥʘʪʫʨʘʣʴʥʦʶ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʻʶ. 

ʅʘʪʫʨʘʣʴʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʟʨʫʯʥʘ ʚ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʩʧʨʦʱʫʻ ʬʦʨʤʫʣʠ. ɿ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʚʦʥʘ ʥʝ ʟʘʚʞʜʠ ʟʨʫʯʥʘ,  ʚʠʤʘʛʘʻ ʟʥʘʥʥʷ ʜʦʚʞʠʥʠ ʜʫʛʠ. 

1.5.2. ʉʫʧʨʦʚʦʜʞʫʶʯʠʡ ʪʨʠʛʨʘʥʥʠʢ 

ʋ ʢʦʞʥʽʡ ʪʦʯʮʽ ʢʨʠʚʦʾ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʧʣʦʱʠʥʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ ʾʾ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦ.ʾ ʊʘʢʘ ʧʣʦʱʽʥʘʴ ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʦʨʤʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʢʨʠʚʦʾ. ʇʣʦʱʠʥʘ, ʚ ʷʢʽʡ ʣʝʞʘʪʴ ʽ ʧʝʨʰʘ 

ʧʦʭʽʜʥʘ ʢʨʠʚʦʾ ʽ ʾʾ ʜʨʫʛʘ ʧʦʭʽʜʥʘ, ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʪʠʯʥʦʶ ʧʣʦʱʠʥʦʶ. 

ʗʢʱʦ ʜʨʫʛʘ ʧʦʭʽʜʥʘ ʢʨʠʚʦʾ ʧʘʨʘʣʝʣʴʥʘ ʧʝʨʰʽʡ ʧʦʭʽʜʥʽʡ ʘʙʦ ʾʾ 

ʜʦʚʞʠʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʷʢ ʜʦʪʠʯʥʫ ʧʣʦɦʠʥʫ ʤʦʞʥʘ ʫʟʷʪʠ 

ʙʫʜʴ-ʷʢʫ ʧʣʦʱʠʥʫ, ʚ ʷʢʽʡ ʣʝʞʠʪʴ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʢʨʠʚʦʾ. ʊʦʯʢʘ 

ʢʨʠʚʦʾ, ʚ ʷʢʽʡ ʚʝʢʪʦʨʠ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʧʦʭʽʜʥʠʭ ʢʨʠʚʦʾ ʢʦʣʽʥʝʘʨʥʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʦʶ ʨʦʟʧʨʷʤʣʝʥʥʷ. ʊʦʯʢʠ ʨʦʟʧʨʷʤʣʝʥʥʷ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʢʨʠʚʦʾ. ʅʘʟʚʘ ʜʦʪʠʯʥʦʾ 

ʧʣʦɦ ʠʥʠ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚʦʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʜʘʥʫ ʪʦʯʢʫ 

ʢʨʠʚʦʾ ʟ ʥʘʡʚʠʱʠʤ ʧʦʨʷʜʢʦʤ ʪʦʨʢʘʥʥʷ, ʽ ʾʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʛʨʘʥʠʯʥʝ ʧʦʣʦʞʝʥʥʷ ʧʣʦʱʠʥʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʪʨʴʦʤʘ  

ʥʝʩʢʽʥʯʝʥʥʦ ʙʣʠʟʴʢʠʤʠ ʪʦʯʢʘʤʠ ʢʨʠʚʦʾ. ʇʣʦʱʠʥʘ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʦʨʤʘʣʴʥʽʡ ʽ ʜʦʪʠʯʥʽʡ ʧʣʦʱʠʥʘʤ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʧʨʷʤʣʷʶʯʦʶ ʧʣʦʱʠʥʦʶ (ʨʠʩ. 1.4). 

ʆʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʠʡ ʫʟʜʦʚʞ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

ʢʨʠʚʦʾ, ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʪʠʯʥʠʤ ʚʝʢʪʦʨʦʤ ʢʨʠʚʦʾ ʚ ʜʘʥʽʡ ʪʦʯʮʽ. 

ʆʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʠʡ ʫʟʜʦʚʞ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʥʦʨʤʘʣʴʥʦʾ 

ʽ ʜʦʪʠʯʥʦʾ ʧʣʦʱʠʥʠ ʽ ʥʘʧʨʘʚʣʝʥʠʡ ʫ ʙʽʢ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ (ʫ ʙʽʢ 

ʫʚʛ̔ʥʫʪʦʩʪʽ ʢʨʠʚʦʾ), ʥʘʟʠʚʘʻʪʴʩʷ ʛʦʣʦʚʥʦʶ ʥʦʨʤʘʣʣʶ ʢʨʠʚʦʾ ʚ ʜʘʥʽʡ 

ʪʦʯʮʽ. ʆʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ, ʱʦ ʥʘʧʨʘʚʣʝʥʠʡ ʫʟʜʦʚʞ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ 

ʥʦʨʤʘʣʴʥʦ ʾ ʚʠʧʨʷʤʣʷʶʯʦʾ ʧʣʦɦʠʥʠ ʽ ʩʪʚʦʨʶʶʯʠʡ ʟ ʜʦʪʠʯʥʠʤ ʽ 

ʥʦʨʤʘʣʴʥʠʤ ʚʝʢʪʦʨʘʤʠ ʧʨʘʚʫ ʪʨʽʡʢʫ ʚʝʢʪʦʨʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ 
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ʙ̔ʥʦʨʤʘʣʣʁ  ʢʨʠʚʦʾ ʚ ʜʘʥʽʡ ʪʦʯʮʽ. 

 

t

b

n

ʉʦʧʨʠʢʘʩʘʶʱʘʷʩʷ

ʧʣʦʩʢʦʩʪʴ

ʉʧʨʷʤʣʷʶʱʘʷ

ʧʣʦʩʢʦʩʪʴ

ʅʦʨʤʘʣʴʥʘʷ

ʧʣʦʩʢʦʩʪʴ

 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʢʦʞʥʦʶ ʪʦʯʢʦʶ ʢʨʠʚʦʾ ʟʚ'ʷʟʘʥʽ ʪʨʠ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥ ̔ʧʣʦɦʠʥʠ: ʥʦʨʤʘʣʴʥʘ, ʜʦʪʠʯʥʘ ʽ ʚʠʧʨʷʤʣʷʶʯʘ, ʘ 

ʪʘʢʦʞ ʪʨʠ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʚʝʢʪʦʨʠ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ: 

ʜʦʪʠʯʥʠʡ t, ʥʦʨʤʘʣʴ n ʽ ʙʥ̔ʦʨʤʘʣʴ b = t ³ n. 

ʉʫʢʫʧʥʽʩʪʴ ʪʨʴʦʭ ʚʢʘʟʘʥʠʭ ʧʣʦɦʠʥ ʽ ʪʨʴʦʭ ʚʝʢʪʦʨʽʚ t, n, b 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʧʨʦʚʦʜʞʫʶʯʠʤ ʪʨʠʛʨʘʥʥʠʢʦʤ ʢʨʠʚʦʾ. 

ʊʨʽʡʢʘ ʚʝʢʪʦʨʽʚ t, n, b ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʭʽʜʥʽ ʚʝʢʪʦʨʥʦʾ 

ʬʫʥʢʮʽʾ ʢʨʠʚʦʾ ʽ ʟʚ'ʷʟʘʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

b = t ³ n, t = n ³ b, n = b ³ t.                  (1.54) 

1.5.3. ʌʦʨʤʫʣʠ ʌʨʝʥʝ-ʉʝʨʨʝ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʤ ʚʽʜʦʤʦ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʟ ʥʘʪʫʨʘʣʴʥʦʶ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʻʶ (1.53). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

d

ds
=

r
t .                                     (1.55) 

ɿ ʪʦʛʦ, ʱʦ ʜʦʚʞʠʥʘ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ ʽ ʥʝ 

ʟʤʽʥʥʘ  ʢʨʠʚʦʾ, ʩʣʽʜʫʻ 

( ) 2

2
2 2 0

d d d
t t

ds ds ds

Ö
= Ö = Ö =

t t t r
,                 (1.56) 

ʪʦʙʪʦ ʚʝʢʪʦʨʠ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ʦʨʪʦʛʦʥʘʣʴʥʽ. ʆʪʞʝ, ʜʨʫʛʘ 

ʈʠʩʫʥʦʢ 1.4 ï 

ʉʫʧʨʦʚʦʜʞʫʶʯʠʡ 

ʪʨʠʛʨʘʥʥʠʢ ʢʨʠʚʦʾ 
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ʧʦʭʽʜʥʘ ʢʨʠʚʦʾ ʟ ʥʘʪʫʨʘʣʴʥʦʶ ʧʘʨʘʤʝʪʨʠʟʘʮʽʻʶ  ʧʦ ʛʦʣʦʚʥʽʡ 

ʥʦʨʤʘʣʽ: 

2

2

d d
k

ds ds
= =

t r
n .                           (1.57) 

ʂʦʝʬʽʮʽʻʥʪ k ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʚʠʟʥʦʶ ʢʨʠʚʦʾ ʣʽʥʽʾ. ʅʠʞʯʝ ʤʠ 

ʧʦʢʘʞʝʤʦ, ʱʦ ʟʚʦʨʦʪʥʘ ʜʦ ʥʝʶ ʚʝʣʠʯʠʥʘ ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʢʦʣʘ, 

ʜʦʪʠʯʥʦʛʦ ʟ ʢʨʠʚʦʶ ʚ ʜʘʥʽʡ ʪʦʯʮʽ. ɹʽʥʦʨʤʘʣʴ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ 

ʦʨʪʦʛʦʥʘʣʴʥʘ ʜʦʪʠʯʥʦʤʫ ʚʝʢʪʦʨʫ ʽ ʛʦʣʦʚʥʽʡ ʥʦʨʤʘʣʽ. ɿ ʮʴʦʛʦ 

ʚʠʭʦʜʠʪʴ, ʱʦ 

( )

( )

0,

2 0.

d d d d d
k

ds ds ds ds ds

d d

ds ds

Ö
= Ö + Ö = Ö + Ö = Ö =

Ö
= Ö =

b t b t b b
t b t b n t

b b b
b

    (1.58) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʢʪʦʨ db/ds ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʚʝʢʪʦʨʘʤ t ʽ b ʽ, 

ʦʪʞʝ, ʧʘʨʘʣʝʣʴʥʠʡ ʛʦʣʦʚʥʽʡ ʥʦʨʤʘʣʽ. ʎʝ ʧʨʠʡʥʷʪʦ ʟʘʧʠʩʫʚʘʪʠ ʫ 

ʚʠʛʣʷʜʽ 

d

ds
=-c

b
n .                                 (1.59) 

ʂʦʝʬʽʮʽʻʥʪ c ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʫʯʝʥʥʷʤ ʢʨʠʚʦʾ ʣʽʥʽʾ. ʈʽʚʥʽʩʪʴ 

(1.57) ʽ (1.59) ʚʠʟʥʘʯʘʶʪʴ ʧʦʭʽʜʥʽ ʦʨʪʚ̔ t ʽ b ʧʦ ʜʦʚʞʠʥʽ ʜʫʛʠ. 

ɿʥʘʡʜʝʤʦ ʧʦʭʽʜʥʫ ʥʦʨʤʘʣʽ ʧʦ ʜʦʚʞʠʥʽ ʜʫʛʠ 

( )

.

dd d d

ds ds ds ds

k k

³
= = ³ + ³ =

=-c ³ + ³ =c -

b tn b t
t b

n t b n b t

                  (1.60) 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʝʢʪʦʨʽʚ t, n ʽ b: 

, ,
d d d

k k
ds ds ds
= =c - =-c

t n b
n b t n ,               (1.61) 

ʚʽʜʦʤʽ ʷʢ ʬʦʨʤʫʣʠ ʌʨʝʥʝ-ʉʝʨʨʝ. ɺʦʥʠ ʚʠʨʘʞʘʶʪʴ ʧʦʭʽʜʥʽ 

ʚʝʢʪʦʨʽʚ ʩʫʧʨʦʚʦʜʞʫʶʯʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ʫ ʚʠʛʣʷʜʽ 

ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ ʩʘʤʝ ʮʠʤʠ ʚʝʢʪʦʨʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ (1.55) 
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ʈʠʩʫʥʦʢ 1.5 - ɺʝʢʪʦʨ 

ɼʘʨʙʫ 

ʽ ʬʦʨʤʫʣʠ ʌʨʝʥʝ-ʉʝʨʨʝ, ʚʠʨʘʟʠʤʦ ʚʝʢʪʦʨʠ t, n, b, ʢʨʠʚʠʟʥʫ k 

ʽ ʢʨʫʯʝʥʥʷ c ʢʨʠʚʦʾ ʯʝʨʝʟ ʧʦʭʽʜʥʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʢʨʠʚʦʾ ʧʦ ʾʾ 

ʜʦʚʞʠʥʽ ʜʫʛʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

2 2

2 2

2 2 3

2 2 2 3

1 1
, , ,

1
, .

d d d d

ds k ds kds ds

d d d d
k

dsds k ds ds

= = = ³

å õ
= c= ³ Öæ öæ ö

ç ÷

r r r r
t n b

r r r r
               (1.62) 

ɺʝʣʠʯʠʥʘ r = l / k ʥʘʟʠʚʘʻʪʴʩʷ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ ʢʨʠʚʦʾ. 

ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʢʨʠʚʦʾ ʾʾ ʢʨʠʚʠʟʥʘ k ʽ ʢʨʫʯʝʥʥʷ c ʻ ʬʫʥʢʮʽʷʤʠ 

ʧʘʨʘʤʝʪʨʫ t. 

 ʇʦʷʩʥʠʤʦ, ʯʦʤʫ ʢʦʝʬʽʮʽʻʥʪ c ʥʘʟʠʚʘʶʪʴ ʢʨʫʯʝʥʥʷʤ ʢʨʠʚʦʾ. 

ʇʦʙʫʜʫʻʤʦ ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ ʢʨʠʚʠʡ ʩʫʧʨʦʚʦʜʞʫʶʯʠʡ ʪʨʠʛʨʘʥʥʠʢ ʽ 

ʧʦʜʠʚʠʤʦʩʷ, ʷʢ ʚʽʥ ʧʦʚʦʜʠʪʠʤʝʪʴʩʷ ʧʨʠ ʨʫʩʽ ʫʧʦʜʦʚʞ ʢʨʠʚʦʾ. ɿ 

(1.61) ʦʪʨʠʤʘʻʤʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʘʤʝʪʨʫ ʥʘ ʥʝʚʝʣʠʢʫ 

ʚʝʣʠʯʠʥʫ Dt ʜʦʪʠʯʥʠʡ ʚʝʢʪʦʨ t ʦʙʝʨʥʝʪʴʩʷ ʫ ʙʽʢ ʛʦʣʦʚʥʦʾ ʥʦʨʤʘʣʽ n 

ʥʘ ʢʫʪ k, ʘ ʙʥ̔ʦʨʤʘʣʴ b ʦʙʝʨʥʝʪʴʩʷ ʫ ʙʽʢ, ʧʨʦʪʠʣʝʞʥʠʡ ʛʦʣʦʚʥʽʡ 

ʥʦʨʤʘʣʽ n, ʥʘ ʢʫʪ c (ʨʠʩ. 1.5). 

ʗʢʱʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʮʝʡ ʧʨʦʮʝʩ, 

çʩʠʜʷʯʠ ʥʘ ʢʽʥʯʠʢʫ ʚʝʢʪʦʨʫ tè, 

ʧʦʙʘʯʠʤʦ, ʱʦ ʛʦʣʦʚʥʘ ʥʦʨʤʘʣʴ n ʪʘ 

ʧʣʦʱʠʥʘ, ʱʦ ʜʦʪʠʢʘʻʪʴʩʷ, ʦʙʝʨʥʫʣʠʩʷ ʫ 

ʙʽʢ ʙʽʥʦʨʤʘʣʽ b ʥʘ ʢʫʪ c. ʊʝʧʝʨ 

ʧʨʝʜʩʪʘʚʠʤʦ, ʱʦ ʪʦʯʢʘ ʨʫʭʘʻʪʴʩʷ ʧʦ 

ʢʨʠʚʽʡ, ʧʨʦʭʦʜʷʯʽ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʾʾ 

ʜʫʛʠ ʭʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʶʯʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ 

ʥʘʚʢʦʣʦ ʜʦʪʠʯʥʦʛʦ ʚʝʢʪʦʨʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʢʨʫʯʝʥʥʶ ʢʨʠʚʦʾ c. 

ʗʢʱʦ ʢʨʫʯʝʥʥʷ c = 0, ʪʦ ʮʝ ʧʣʦʩʢʘ ʢʨʠʚʘ. ʉʧʨʘʚʝʜʣʠʚʝ ʽ ʟʚʦʨʦʪʥʻ 

ʪʚʝʨʜʞʝʥʥʷ. ʗʢʱʦ ʢʨʫʯʝʥʥʷ ʢʨʠʚʦʾ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʜʦʪʠʯʥʘ 

ʧʣʦʱʠʥʘ ʫ ʚʩʽʭ ʪʦʯʢʘʭ ʢʨʠʚʦʾ ʦʜʥʘ ʡ ʪʘ ʞ, ʫʩʽ ʙʽʥʦʨʤʘʣʽ ʧʘʨʘʣʝʣʴʥʽ, 

ʘ ʢʨʠʚʘ ʻ ʧʣʦʩʢʦʶ. 

ʇʦʚʥʠʡ ʚʝʢʪʦʨ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʶʯʦʛʦ ʪʨʠʛʨʘʥʥʠʢʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʰʣʷʭʫ ʧʦ ʢʨʠʚʽʡ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ɼʘʨʙʫ. ɺʽʥ ʨʽʚʥʠʡ 

t

b

 ɤ

n
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w = ʜʦ b + c t.                                (1.63) 

ɺʝʢʪʦʨ ɼʘʨʙʫ ʜʦʜʘʻ ʤʝʭʘʥʽʯʥʠʡ ʩʝʥʩ ʬʦʨʤʫʣʘʤ ʌʨʝʥʝ-ʉʝʨʨʝ 

(1.61), ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢʦʛʦ ʦʩʪʘʥʥʽ ʤʘʶʪʴ ʚʠʛʣʷʜ 

, ,
d d d

ds ds ds
= ³ = ³ = ³

t n b
ɤ t ɤ n ɤ b.              (1.64) 

1.5.4. ʅʘʪʫʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ 

ʂʨʠʚʠʟʥʘ k ʽ ʢʨʫʯʝʥʥʷ c ʧʦʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʦʨʤʫ 

ʢʨʠʚʦʾ, ʷʢʱʦ ʥʝ ʟʚʘʞʘʪʠ ʥʘ ʾʾ ʧʦʣʦʞʝʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʶ ʚ ʧʨʦʩʪʦʨʽ. 

ɺʦʥʠ ʪʘʢʦʞ ʻ ʧʝʚʥʠʤʠ ʬʫʥʢʮʽ̫ʤʠ ʜʦʚʞʠʥʠ ʜʫʛʠ ʷʢ ʧʘʨʘʤʝʪʨʫ 

k = k(s) > 0, c = (s).                           (1.65) 

ʆʩʢʽʣʴʢʠ ʜʦʚʞʠʥʘ ʜʫʛʠ, ʢʨʠʚʠʟʥʘ ʽ ʢʨʫʯʝʥʥʷ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʧʦʩʦʙʫ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʽ ʚʽʜ ʚʠʙʦʨʫ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʦʨʽ, ʪʦ ʽ 

ʬʫʥʢʮʽʾ k(s) ʽ c(s) ʪʘʢʦʞ ʚʽʜ ʮʴʦʛʦ ʚʠʙʦʨʫ ʥʝ ʟʘʣʝʞʘʪʴ. ʈʽʚʥʷʥʥʷ 

(1.65) ʥʘʟʠʚʘʶʪʴʩʷ ʥʘʪʫʨʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʢʨʠʚʦʾ. ʗʢʱʦ ʜʚʽ 

ʢʨʠʚʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʥʘʪʫʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʪʦ ʚʦʥʠ ʽʜʝʥʪʠʯʥʽ ʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦʣʦʞʝʥʥʷʤ ʽ ʦʨʽʻʥʪʘʮʽʻʶ ʫ ʧʨʦʩʪʦʨʽ. ʌʫʥʢʮʽʾ 

s(t), k(t) ʽ c(t) ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʶʪʴ ʢʨʠʚʫ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

ʧʦʣʦʞʝʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʾ ʫ ʧʨʦʩʪʦʨʽ. 

ʗʢ ʧʨʘʚʠʣʦ, ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʢʨʠʚʦʾ ʥʝ ʻ ʥʘʪʫʨʘʣʴʥʦʶ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʨʪʚ̔ t, n, b ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ k ʽ c ʜʣʷ ʜʦʚʽʣʴʥʦʾ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʥʘʚʝʜʝʥʦ ʚ [1]. 

1.6. ɻʝʦʤʝʪʨʽʷ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ 

ʆʢʨʽʤ ʧʨʦʩʪʦʨʦʚʠʭ ʣʽʥʽʡ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ  ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ ʥʘ . ɿʦʢʨʝʤʘ, ʜʚʦʤʽʨʥʠʤ ʧʨʦʩʪʦʨʦʤ 

ʩʣʫʞʠʪʠʤʝ ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʦʥʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʜʚʦʤʽʨʥʦʾ ʢʨʠʚʦʾ. ʍʘʡ ʥʘ ʧʣʦʱʠʥʽ 

ʚʠʟʥʘʯʝʥʘ ʜʝʢʘʨʪʦʚʘ ʧʨʷʤʦʢʫʪʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʟ ʧʦʯʘʪʢʦʤ ʚ 

ʪʦʯʮʽ ʆ ʽ ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ e1 ʽ e2. ʂʦʤʧʦʥʝʥʪʠ ʜʚʦʤʽʨʥʠʭ 

ʚʝʢʪʦʨʽʚ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʯʝʨʝʟ x  ̔ y. ɹʽʣʴʰʽʩʪʴ ʬʦʨʤʫʣ ʜʣʷ 

ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʬʦʨʤʫʣ ʜʣʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʨʠʚʠʭ, ʧʦʢʣʘʚʰʠ ʚ ʥʠʭ ʪʨʝʪʶ ʢʦʦʨʜʠʥʘʪʫ ʨʽʚʥʦʶ 

ʥʫʣʶ ʽ ʦʧʫʩʪʠʚʰʠ ʾʾ ʽ ʚʩʽ ʚʝʢʪʦʨʠ, ʱʦ ʻ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʧʣʦɦʠʥʽ 
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ʢʨʠʚʦʾ (ʫ ʾʭ ʯʠʩʣʽ ʽ ʙʽʥʦʨʤʘʣʴ). ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʜʚʦʤʽʨʥʦʾ ʢʨʠʚʦʾ 

r(t) = [x(t) y(t)]
T
 ʦʧʠʩʫʪʁʴ ʚʠʨʘʟʦʤ 

r(t) = x(t)e1 + y(t)e2.                           (1.66) 

ɼʣʷ ʜʚʦʤʽʨʥʦʾ ʢʨʠʚʦʾ r(s) ʬʦʨʤʫʣʠ ʌʨʝʥʝ-ʉʝʨʨʝ ʤʘʶʪʴ 

ʚʠʛʣʷʜ 

,
d d

k k
ds ds
= =-

t n
n t ,                          (1.67) 

ʜʝ t = dr/ds - ʜʦʪʠʯʥʠʡ ʚʝʢʪʦʨ ʢʨʠʚʦʾ; s - ʜʦʚʞʠʥʘ ʜʫʛʠ ʢʨʠʚʦʾ. 

ʂʨʠʚʠʟʥʘ ʜʚʦʤʽʨʥʦʾ ʢʨʠʚʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 

2

2

d
k

ds
=

r
.                                     (1.68) 

ʅʘʪʫʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʚʦʤʽʨʥʦʾ ʢʨʠʚʦʾ ʚʠʨʘʞʘʻ ʾʾ ʢʨʠʚʠʟʥʫ ʷʢ 

ʬʫʥʢʮʽʶ ʜʫʛʠ ʫʧʦʜʦʚʞ ʢʨʠʚʦ ʾʽ ʤʘʻ ʚʠʛʣʷʜ k = k(s). 

ɽʚʦʣʶʪʘ ʽ ʝʚʦʣʴʚʝʥʪʘ. ɼʣʷ ʢʦʞʥʦʾ ʟʚʠʯʘʡʥʦʾ ʪʦʯʢʠ ʢʨʠʚʦʾ 

ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʮʝʥʪʨ ʢʨʠʚʠʟʥʠ. ɻʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʮʝʥʪʨʽʚ 

ʢʨʠʚʠʟʥʠ ʚʩʽʭ ʪʦʯʦʢ ʜʘʥʦʾ ʢʨʠʚʦʾ ʥʘʟʠʚʘʶʪʴ ʝʚʦʣʶʪʦʶ ʮʽʻʾ ʢʨʠʚʦʾ. 

ɺʠʨʘʟ ʜʣʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʝʚʦʣʶʪʠ ʘ(t) ʦʪʨʠʤʘʻʤʦ, ʜʦʜʘʚʰʠ ʜʦ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʢʨʠʚʦʾ r(t) ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ, ʱʦ ʜʽʣʠʪʴʩʷ ʥʘ ʢʨʠʚʠʟʥʫ 

ʢʨʠʚʦʾ: 

() () ()
2

2 2

1 1 d
t t t

k k ds
= + = +

r
a r n r .               (1.69) 

ɽʚʦʣʶʪʘ ʚ ʢʦʞʥʽʡ ʩʚʦʾʡ  ʜʦʪʠʢʘʻʪʴʩʷ ʥʦʨʤʘʣʽ ʜʦ ʧʦʯʘʪʢʦʚʦʾ 

ʢʨʠʚʦʾ ʫ ʚʽʜʧʦʚʽʜʥʽʡ . ɽʚʦʣʶʪʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʢʨʠʚʫ, ʱʦ 

ʦʛʠʥʘʻ ʩʽʤʝʡʩʪʚʘ ʥʦʨʤʘʣʝʡ. 

ʇʦʯʘʪʢʦʚʘ ʢʨʠʚʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʚʦʻʾ ʝʚʦʣʶʪʠ ʻ 

ʝʚʦʣʴʚʝʥʪʦʶ (ʨʦʟʛʦʨʪʢʦʶ). ɼʣʷ ʢʨʠʚʦʾ ʘ(s) ʝʚʦʣʴʚʝʥʪʫ ʦʧʠʩʫʶʪʴ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

() ( ) ( )0 0

d
s s s s s

ds
= - - - -

a
r a = a t ,              (1.70) 

ʜʝ s - ʜʦʚʞʠʥʘ ʜʫʛʠ ʢʨʠʚʦʾ ʘ(s); s0 = const; t - ʜʦʪʠʯʥʘ ʜʦ ʢʨʠʚʦʾ. 

ɼʣʷ ʟʘʜʘʥʦʾ ʧʣʦʩʢʦʾ ʢʨʠʚʦʾ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʙʝʟʣʽʯ 
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ʝʚʦʣʴʚʝʥʪ, ʟʘʣʝʞʥʦ ʚʽʜ s0 (ʘʙʦ ʚʽʜ ʪʦʛʦ, ʚ ʷʢʽʡ ʪʦʯʮʽ ʢʨʠʚʦʾ 

ʧʨʠʡʥʷʪʠ ʜʦʚʞʠʥʫ ʜʫʛʠ, ʱʦ ʜʦʨʽʚʥʶ  ̒ʥʫʣʶ). ʅʘ ʨʠʩ. 1.6 ʧʦʢʘʟʘʥʦ 

ʢʨʠʚʫ ʘ(s) ʽ ʾʾ ʝʚʦʣʴʚʝʥʪʫ. 

 

t

1M

2M

0M

0C

1C

2C
ʕʚʦʣʴʚʝʥʪʘ

ʕʚʦʣʶʪʘ

 
 

ʈʠʩʫʥʦʢ 1.6 - ɽʚʦʣʶʪʘ ʽ ʝʚʦʣʴʚʝʥʪʘ. 

 

ɽʚʦʣʴʚʝʥʪʫ ʙʫʜʫʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ. ʇʨʠʡʤʝʤʦ, ʱʦ ʜʦʚʞʠʥʫ 

ʜʫʛʠ ʢʨʠʚʦʾ ʘ(s) ʚʽʜʣʽʯʫʶʪʴ ʚʽʜ ʪʦʯʢʠ ʉ0. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʢʠ ʄ 

ʝʚʦʣʴʚʝʥʪʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘ ̒ ʜʝʷʢʽʡ ʪʦʯʮʽ ʉi ʧʦʯʘʪʢʦʚʦʾ ʢʨʠʚʦʾ, 

ʧʦʙʫʜʫʻʤʦ ʚ ʪʦʯʮʽ ʉi ʜʦʪʠʯʥʫ ʽ ʚʽʜʢʣʘʜʝʤʦ ʥʘ ʥʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʥʘʢʫ ʚʽʜʨʽʟʦʢ, ɦ ʦ ʜʦʨʽʚʥʶ  ̒ʜʦʚʞʠʥʽ ʜʫʛʠ ʉiʉ0, ʫʟʷʪʦʾ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʟʥʘʢʦʤ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚ ʪʦʯʮʽ ʉi ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʚ ʪʦʯʮʽ ʉ0, ʽ ʫʟʷʪʦʶ ʟ ʧʦʟʠʪʠʚʥʠʤ ʟʥʘʢʦʤ ʫ ̔ʥʦhʤʫ 

ʚʠʧʘʜʢʫ. ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʝʚʦʣʴʚʝʥʪʘ ʻ ʨʦʟʛʦʨʪʢʦʶ ʧʦʯʘʪʢʦʚʦʾ 

ʢʨʠʚʦʾ. 

1.7. ɻʝʦʤʝʪʨʽʷ ʧʦʚʝʨʭʦʥʴ 

ʇʦʚʝʨʭʥʝʶ ʥʘʟʠʚʘʶʪʴ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ, ʢʦʦʨʜʠʥʘʪʠ 

ʷʢʠʭ ʦʧʠʩʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʽ ʦʜʥʦʟʥʘʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ r1(u, v), 

r2(u, v), r3(u, v) ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ u ʽ v, ʱʦ ʥʘʣʝʞʘʪʴ ʙʝʟʧʝʨʝʨʚʥʽʡ ʽ 

ʟʚ'ʷʟʥʽʡ ʜʚʦʤʽʨʥʽʡ ʦʙʣʘʩʪʽ W. 

ʋ ʜʝʢʘʨʪʦʚʽʡ ʧʨʷʤʦʢʫʪʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʆʝ1ʝ2ʝ3 

ʧʦʚʝʨʭʥʶ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

( ) ( )
3

1

, , , ,i i

i

u v r u v u v
=

= ÍWär e .                 (1.71) 
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ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ (1.71) ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʙʣʘʩʪʶ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʻ 

ʯʘʩʪʠʥʘ ʜʚʦʤʽʨʥʦʾ ʧʣʦʱʠʥʠ. ʋ ʧʨʦʩʪʦʤʫ ʚʠʧʘʜʢʫ ʦʙʣʘʩʪʶ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ ʻ ʧʨʷʤʦʢʫʪʥʠʢ, ʷʢʠʡ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʯʦʪʠʨʤʘ 

ʯʠʩʣʘʤʠ umin, umax, vmin, vmax. ʆʙʣʘʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʨʦʩʪʦʛʦ 

ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʪʁʴ ʥʝʨʽʚʥʦʩʪʷʤʠ: umin ¢ u ¢ umax, vmin ¢ v ¢ vmax. 

ʊʘʢʫ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ ʤʘʪʠ ʜʫʞʝ ʙʘʛʘʪʦ 

ʧʦʚʝʨʭʦʥʴ, ʘʣʝ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ ʥʝʦʙʭʽʜʥ ̔ʧʦʚʝʨʭʥʽ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ. ɼʚʘ ʧʘʨʘʤʝʪʨʠ u ʽ v 

ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʢʫ ʧʦʚʝʨʭʥʽ. ʗʢʱʦ ʮʽ ʧʘʨʘʤʝʪʨʠ ʩʘʤʽ ʻ ʬʫʥʢʮʽʷʤʠ 

ʜʚʦʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ u0 ʽ v0, u0 = u(u0, v0), v0 = v(u0, v0), ʪʦ 

ʧʦʚʝʨʭʥʶ ʦʧʠʩʫʶʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

r (u0, v0) = r [u(u0, v0), v(u0, v0)],   u0, v0  Í W0,            (1.72) 

ʷʢʠʡ ʟʘʣʝʞʠʪ ɹʚʽʜ ʧʘʨʘʤʝʪʨʽʚ u0, v0. 

ʅʦʚʽ ʧʘʨʘʤʝʪʨʠ u0, v0 ʤʘʶʪʴ ʩʚʦʶ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ W0. 

ʌʦʨʤʘ ʧʦʚʝʨʭʥʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʾʾ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ. 

ʇʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ ʻ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʥʫʪʨʽʰʥʴʦʾ ʜʚʦʤʽʨʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʜʣʷ ̫ʢʦ ʾ ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ ʜʝʢʘʨʪʦʚʫ 

ʧʨʷʤʦʢʫʪʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʣʦʱʠʥ̔ . 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʠʪʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ, ʢʨʠʚʠʟʥʘ ʣʽʥʽʡ 

ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʪʝʥʟʦʨʠ ʧʦʚʝʨʭʦʥʴ ʨʦʟʛʣʷʥʫʪʽ ʚ [1]. 

1.8. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʛʝʦʤʝʪʨʽʾ ʦʙ'ʻʢʪʽʚ 

ʄʦʜʝʣʶʚʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʘʙʦ ʫʷʚʥʦʛʦ ʦʙ'ʻʢʪʫ ʻ ʩʫʢʫʧʥʽʩʪʴ 

ʜʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, 

ʨʝʜʘʛʫʚʘʪʠ ʾʾ, ʟʤʽʥʶʚʘʪʠ ʾʾ ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʶ ʚ ʧʨʦʩʪʦʨʽ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʟ ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ. ɺʟʘʻʤʦʜʽʻʶ 

ʥʘʟʠʚʘʪʁʴ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʤʦʜʝʣʷʤʠ: ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʽʥʰʠʭ ʤʦʜʝʣʝʡ, 

ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʤʦʜʝʣʝʡ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʜʽʡ 

ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙ'ʻʢʪ. ɻʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʦʙ'ʻʢʪ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʘʙʦ 

ʦʙʯʠʩʣʶʚʘʪʠ. ɺʠʟʥʘʯʠʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʘʙʦ 

ʫʷʚʥʦʛʦ ʦʙ'ʻʢʪʫ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʜʘʥʠʭ ʽ ʬʫʥʢʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʢʪ ʽ ʟʤʽʥʶʚʘʪʠ ʡʦʛʦ 

ʤʦʜʝʣʴ ʥʝʦʙʭʽʜʥʠʤ ʯʠʥʦʤ. ʇʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ 
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ʽ ʬʫʥʢʮʽʡ ʥʘʟʠʚʘʶʪʴ ʢʣʘʩʦʤ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ ʤʘʶʪʴ ʩʚʦʾ ʜʘʥʽ ʽ ʩʚʦʾ ʬʫʥʢʮʽʾ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ  ʚ ʩʪʨʫʢʪʫʨʽ ʾʾ ʜʘʥʠʭ ʜʦʩʠʪʴ ʟʙʝʨʽʛʘʪʠ ʪʨʠ 

ʢʦʦʨʜʠʥʘʪʠ ʽ ʤʘʪʠ ʬʫʥʢʮʽʾ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʘʤʠ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʦʚʽʣʴʥʦʾ ʣʽʥʽʾ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʾʾ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ r (t) ʚʽʜ ʧʘʨʘʤʝʪʨʫ, ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʽ ʤʘʪʠ 

ʬʫʥʢʮʽʾ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʥʽ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʾʾ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʫ r(u, v) ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ, ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʽ ʤʘʪʠ 

ʬʫʥʢʮʽʾ ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ. 

ʊʽʣʦ ʦʧʠʩʫʶʪʴ ʩʫʢʫʧʥʽʩʪʶ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʡʦʛʦ, 

ʜʦʧʦʚʥʝʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʾʭ ʟʚ'ʷʟʢʠ ʦʜʥʘ ʟ ʦʜʥʦ .ʁ 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʩʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ 

ʨʚ̔ʥʦʧʨʘʚʥ.̔ ɼʣʷ ʥʠʭ ʽʩʥʫʻ ʨʷʜ  ʚʠʢʦʥʫʚʘʥʠʭ ʬʫʥʢʮʽʡ. ɺʩʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ ʤʘʶʪʴ ʙʫʪʠ ʧʨʠʜʘʪʥʠʤʠ ʜʦ ʤʦʜʠʬʽʢʘʮʽʡ , 

ʧʦʚʦʨʦʪʫ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʩʠʤʝʪʨʽʾ, ʪʦʤʫ ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʬʫʥʢʮʽʾ, ʚʽʜʧʦʚʽʜʥʽ ʮʠʤ ʜʽʷʤ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʨʦʙʦʪʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʤ 

ʦʙ'ʻʢʪʦʤ ʧʦʪʨʽʙʥʽ ʬʫʥʢʮʽʾ ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʫ (ʢʦʥʩʪʨʫʢʪʦʨʠ), 

ʚʠʜʘʣʝʥʥʷ ʦʙ'ʻʢʪʫ (ʜʝʩʪʨʫʢʪʦʨʠ), ʬʫʥʢʮʽʷ ʩʪʚʦʨʝʥʥʷ ʢʦʧʽʾ ʦʙ'ʻʢʪʫ, 

ʬʫʥʢʮʽʾ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʦʙ'ʻʢʪʫ, ʬʫʥʢʮʽʾ ʨʝʜʘʛʫʚʘʥʥʷ ʜʘʥʠʭ 

ʦʙ'ʻʢʪʫ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʤʘʻ ʙʫʪʠ ʜʦʧʦʚʥʝʥʘ ʬʫʥʢʮʽʷʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʦʙ'ʻʢʪʽʚ ʽ ʚʠʢʦʥʘʥʥʷ ʥʘʜ ʥʠʤʠ ʨʽʟʥʠʭ 

ʦʧʝʨʘʮʽʡ. 

ʇʦʜʘʣʴʰʠʡ ʚʠʢʣʘʜ ʙʫʜʝ ʧʨʠʩʚʷʯʝʥʦ ʢʦʥʢʨʝʪʥʠʤ ʤʦʜʝʣʷʤ ʽ 

ʤʝʪʦʜʘʤ ʾʭ ʧʦʙʫʜʦʚʠ. 

1.9. ʉʠʩʪʝʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʇʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʝʪʘʧʥʫ 

ʜʝʪʘʣʽʟʘʮʽʶ ʬʦʨʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʜʝʡ ʨʦʟʨʦʙʥʠʢʘ. ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ - ʮʝ ʦʜʠʥ ʽʟ ʟʘʩʦʙʽʚ, 

ʷʢʽ ʧʦʣʝʛʰʫʶʪʴ ʮʝʡ ʧʨʦʮʝʩ. 

ʊʠʧʦʚʽ ʧʨʦʛʨʘʤʠ CAD ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʨʦʟʨʦʙʢʠ ʢʨʝʩʣʝʥʴ ʜʦʧʦʤʘʛʘʶʪʴ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʦʚʽ ʨʝʘʣʽʟʫʚʘʪʠ ʩʚʦʾ ʽʜʝʾ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʉʠʩʪʝʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ 

ʬʦʨʤʘʤʠ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 
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ʉʠʩʪʝʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʧʦʜʦʣʘʪʠ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʟʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʫ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʎʽ ʩʠʩʪʝʤʠ ʩʪʚʦʨʶʶʪʴ 

ʩʝʨʝʜʦʚʠʱʝ, ʧʦʜʽʙʥʝ ʜʦ ʪʦʛʦ, ʚ ʷʢʦʤʫ ʩʪʚʦʨʶʶʪʴʩʷ ʽ ʟʤʽʥʶʶʪʴʩʷ 

ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʚ ʩʠʩʪʝʤʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʥʠʢ ʟʤʽʥʶʻ ʬʦʨʤʫ ʤʦʜʝʣʽ, ʜʦʜʘʻ ʽ ʚʠʜʘʣʷʻ ʾʾ 

ʯʘʩʪʠʥʠ, ʜʝʪʘʣʽʟʫʶʯʠ ʬʦʨʤʫ ʚʽʟʫʘʣʴʥʦʾ ʤʦʜʝʣʽ. ɺʽʟʫʘʣʴʥʘ ʤʦʜʝʣʴ 

ʤʦʞʝ ʚʠʛʣʷʜʪ̔ʠ ʪʦʯʥʦ ʪʘʢ, ʷʢ ʽ ʬʽʟʠʯʥʘ, ʘʣʝ ʚʦʥʘ ʻ ʥʝʤʘʪʝʨʽʘʣʴʥʦ .ʁ 

ʊʨʠʚʠʤʽʨʥʫ ʚʽʟʫʘʣʴʥʫ ʤʦʜʝʣʴ ʟʙʝʨʽʛʘʶʪʴ ʚ ʢʦʤʧ'ʶʪʝʨʽ ʨʘʟʦʤ ʟʽ 

ʩʚʦʾʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʧʠʩʦʤ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʫʩʫʚʘʪʁʴ ʛʦʣʦʚʥʠʡ 

ʥʝʜʦʣʽʢ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʪʦʪʠʧʫʚʘʥʥ̫  ʘʙʦ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʉʠʩʪʝʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʜʽʣʷʪʁʩɹ ̫ ʥʘ 

ʢʘʨʢʘʩʥʽ, ʧʦʚʝʨʭʥʝʚʽ, ʪʚʝʨʜʦʪʽʣʴʥʽ ʽ ʥʝʙʘʛʘʪʦʦʙʨʘʟʥʽ [2]. 

1.9.1. ʉʠʩʪʝʤʠ ʢʘʨʢʘʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʋ ʩʠʩʪʝʤʘʭ ʢʘʨʢʘʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (wireframe modeling 

systems) ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʷʪʁʴ ʫ ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʣʽʥʽʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʾ, ʽ ʾʭ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ. ʃʽʥʽʾ ʽ ʪʦʯʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪ ɹʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʝʢʨʘʥʽ, 

ʘ ʟʤʽʥʫ ʬʦʨʤʠ ʟʜʽʡʩʥʶʶʪʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʽ ʨʦʟʤʽʨʽʚ 

ʚʽʜʨʽʟʢʽʚ ʽ ʪʦʯʦʢ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʽʟʫʘʣʴʥʘ ʤʦʜʝʣʴ ʻ ʢʘʨʢʘʩʥʠʤ 

ʢʨʝʩʣʝʥʥʷʤ ʬʦʨʤʠ, ʘ ʚʽʜʧʦʚʽʜʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʧʠʩʦʤ ʻ ʥʘʙʽʨ 

ʨʽʚʥʷʥʴ ʢʨʠʚʠʭ, ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʽ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʟʚ'ʷʟʥʽʩʪʴ ʢʨʠʚʠʭ 

ʽ ʪʦʯʦʢ. ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʟʚ'ʷʟʥʽʩʪʴ ʦʧʠʩʫʶʪʴ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʪʦʯʦʢ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʢʨʠʚʠʭ, ʘ ʪʘʢʦʞ ʧʝʨʝʪʠʥ ʢʨʠʚʠʭ ʦʜʥʘ ʟ ʦʜʥʦ.ʁ ʉʠʩʪʝʤʠ 

ʢʘʨʢʘʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʧʦʧʫʣʷʨʥʽ ʫ ʪ̔ ʯʘʩʠ, ʢʦʣʠ 

ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʽʣʴʢʠ ʧʦʯʘʣʦ ʟʘʨʦʜʞʫʚʘʪʠʩʷ. ɰʭ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʧʦʷʩʥʶʚʘʣʠ ʪʠʤ, ʱʦ ʚ ʩʠʩʪʝʤʘʭ ʢʘʨʢʘʩʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʬʦʨʤ ʚʠʢʦʥʫʚʘʣʠ ʯʝʨʝʟ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʧʨʦʩʪʠʭ ʜʽʡ, ʪʘʢ ʱʦ ʢʦʨʠʩʪʫʚʘʯʘʤ ʙʫʣʦ ʜʦʩʠʪʴ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ 

ʬʦʨʤʠ ʩʘʤʦʩʪʽʡʥʦ. ʇʨʦʪʝ ʚʽʟʫʘʣʴʥʘ ʤʦʜʝʣʴ, ʷʢʫ ʩʢʣʘʜʘʪʁʴ ʣʠʝh 

ʦʜʥ̔ ʣʽʥʽʾ, ʤʦʞʝ ʙʫʪʠ ʥʝʦʜʥʦʟʥʘʯʥʦʶ. ɹʽʣʴʰ ʪʦʛʦ, ʚʽʜʧʦʚʽʜʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʥʝ ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʚʥʫʪʨʽʰʥʽ ʽ ʟʦʚʥʽʰʥʽ 

ʧʦʚʝʨʭʥʽ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ. ɹʝʟ ʮʠʭ ʚʽʜʦʤʦʩʪʝʡ ʥʝʤʦʞʣʠʚʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʤʘʩʫ ʦʙ'ʻʢʪʫ, ʚʠʟʥʘʯʠʪʠ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʦʙ'ʻʢʪʫ ʘʙʦ ʩʪʚʦʨʠʪʠ ʩʽʪʢʫ ʜʣʷ 
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ʩʢʽʥʯʝʥʦʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʦʙ'ʻʢʪ 

ʟʜʘʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʠʤ. ʆʩʢʽʣʴʢʠ ʮʽ ʦʧʝʨʘʮʽʾ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʠʩʪʝʤʠ ʢʘʨʢʘʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʫʣʠ ʧʦʩʪʫʧʦʚʦ ʚʠʪʩ̔ʥʝʥʽ ʩʠʩʪʝʤʘʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

1.9.2. ʉʠʩʪʝʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʋ ʩʠʩʪʝʤʘʭ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (surface modeling 

systems) ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʚʽʟʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʚʢʣʶʯʘʻ ʥʝ ʪʽʣʴʢʠ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʣʽʥʽʾ ʽ ʾʭ ʢʽʥʮʝʚʽ ʪʦʯʢʠ, ʷʢ ʚ 

ʢʘʨʢʘʩʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʘʣʝ ʽ ʜʘʥʽ ʧʨʦ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʨʦʙʦʪʽ ʟ 

ʤʦʜʝʣʣʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ, ʟʤʽʥʶʶʪʴʩʷ ʨʽʚʥʷʥʥʷ 

ʧʦʚʝʨʭʦʥʴ, ʨʽʚʥʷʥʥʷ ʢʨʠʚʠʭ ʽ ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ. ʗʢʱʦ 

ʧʦʚʝʨʭʥʽ ʥʝ ʟʘʙʘʨʚʣʝʥʽ ʽ ʥʝ ʟʘʪʫʰʦʚʘʥʽ, ʚʽʟʫʘʣʴʥʘ ʤʦʜʝʣʴ ʚ ʩʠʩʪʝʤʽ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʪʦʯʥʦ ʪʘʢ, ʷʢ ʽ ʚ 

ʩʠʩʪʝʤʽ ʢʘʨʢʘʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʚ'ʷʟʥʽʩʪʴ 

ʧʦʚʝʨʭʦʥʴ, ʪʦʙʪʦ ʧʨʦ ʪʝ, ʷʢ ʧʦʚʝʨʭʥʽ ʟ'ʻʜʥʘʥʽ ʦʜʥʘ ʟ ʦʜʥʦ  ʁʽ ʧʦ 

ʷʢʠʭ ʢʨʠʚʠʭ. 

ɯʥʢʦʣʠ ʮʽ ʚʽʜʦʤʦʩʪʽ  ̒ʜʫʞʝ ʢʦʨʠʩʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʘ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʬʨʝʟʠ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ 

ʤʦʞʝ ʚʠʩʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʝʨʝʚʽʨʢʠ, ʯʠ ʥʝ 

ʟʘʯʽʧʘʻ ʬʨʝʟʘ ʧʦʚʝʨʭʦʥɹ, ̫ ʢʽ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ. ʇʨʦʪʝ ʚ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʤʦʜʝʣʝʡ, ʱʦ ʩʪʚʦʨʶʚʘʣʠ ʚ ʩʠʩʪʝʤʘʭ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʟʚʠʯʘʡ ʚʢʣʶʯʘʣʠ  ʨʽʚʥʷʥʥʷ 

ʥʝʩʢʽʥʯʝʥʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʘʙʦ ʾʭ ʧʘʨʘʤʝʪʨʠ) ʙʝʟ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʟʚ'ʷʟʥʽʩʪʴ. 

ʇʨʠʢʣʘʜʘʤʠ ʘʪʨʠʙʫʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʝʨʭʥʶ, ʻ 

ʧʦʣʦʞʝʥʥʷ ʽ ʥʘʧʨʷʤ ʮʝʥʪʨʘʣʴʥʦ ʾʚʽʩʽ ʽ ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʫ. 

ɯʩʥʫʻ ʪʨʠ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚ ʩʠʩʪʝʤʘʭ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ: 

- ʽʥʪʝʨʧʦʣʷʮʽʷ ʚʭʽʜʥʠʭ ; 

- ʽʥʪʝʨʧʦʣʷʮʽʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʩʽʪʦʢ; 

- ʪʨʘʥʩʣʷʮʽʷ ʘʙʦ ʦʙʝʨʪʘʥʥʷ ʟʘʜʘʥʦʾ ʢʨʠʚʦʾ. 

ʉʧʦʩʦʙʠ ʚʚʝʜʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʦʪʝ ʙʘʟʦʚʠʡ 

ʤʝʪʦʜ ʚʚʝʜʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʟʘ 
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ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʢʨʠʚʠʭ ʽ . 

ʉʠʩʪʝʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʟʽ ʩʢʣʘʜʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʪʦʤʫ ʱʦ ʚʽʟʫʘʣʴʥʘ 

ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʩʪʝʪʠʯʥʽʩʪʴ ʧʨʦʝʢʪʫ, ʘ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʦʧʠʩ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʧʨʦʛʨʘʤʫ ʜʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʽ 

ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ. 

1.9.3. ʉʠʩʪʝʤʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʉʠʩʪʝʤʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (solid modeling 

systems) ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʩʢʣʘʜʝʥʽ ʽʟ 

ʟʘʤʢʥʫʪʦʛʦ ʦʙ'ʻʤʫ ʘʙʦ ʤʦʥʦʣʽʪʫ (solid). 

ʋ ʩʠʩʪʝʤʘʭ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʠʩʪʝʤ ʢʘʨʢʘʩʥʦʛʦ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʝ ʜʦʧʫʩʢʘʶʪʴ 

ʩʪʚʦʨʝʥʥʷ ʥʘʙʦʨʽʚ ʧʦʚʝʨʭʦʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʣʽʥʽʡ, ʷʢʱʦ ʚʦʥʠ 

ʥʝ ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʫʪʦʛʦ ʦʙ'ʻʤʫ. ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʦʙ'ʻʢʪʫ, 

ʩʪʚʦʨʝʥʦʛʦ ʚ ʩʠʩʪʝʤʽ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʽʩʪʠʪʴ 

ʚʽʜʦʤʦʩʪʽ, ʟʘ ʷʢʠʤʠ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʙʫʜʴ-

ʷʢʘ : ʫʩʝʨʝʜʠʥʽ ʦʙ'ʻʤʫ, ʟʦʚʥʽ ʘʙʦ ʥʘ ʡʦʛʦ ʤʝʞʽ. ɿʘ ʮʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʫʜʴ- ʢ̫ʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʤ ʪʽʣʘ, ʪʦʙʪʦ ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʜʦʜʘʪʢʠ, ʷʢʽ ʧʨʘʮʶʚʘʪʠʤʫʪʴ ʟ ʦʙ'ʻʢʪʦʤ ʥʘ ʨʽʚʥʽ 

ʦʙ'ʻʤʫ, ʘ ʥʝ ʥʘ ʨʽʚʥʽ ʧʦʚʝʨʭʥʽ. 

ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ ʜʦʜʘʪʦʢ, ʱʦ ʬʦʨʤʫʻ ʩʽʪʢʫ  

ʝʣʝʤʝʥʪʽʚ ʦʙ'ʻʤʥʦʛʦ ʪʠʧʫ ʟʘ ʪʚʝʨʜʦʪʽʣʴʥʦ  ʁ ʤʦʜʝʣʣ .ʁ ʄʦʞʥʘ 

ʥʘʧʠʩʘʪʠ ʧʨʦʛʨʘʤʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʩʽʭ ʪʨʘʻʢʪʦʨʽʡ ʬʨʝʟʠ ʜʣʷ 

ʚʝʨʩʪʘʪʫ ʟ ʏʇʋ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʽʟ ʟʘʛʦʪʽʚʢʠ. 

ʎʷ ʧʨʦʛʨʘʤʘ ʧʨʘʮʶʚʘʪʠʤʝ ʥʝ ʟ ʦʢʨʝʤʦʶ , ʘ ʟ ʦʙ'ʻʤʦʤ, ʱʦ 

ʚʠʢʣʶʯʠʪʴ ʧʦʪʨʝʙʫ ʫ ʚʚʝʜʝʥʥʽ ʜʘʥʠʭ ʜʣʷ ʢʦʞʥʦʾ . ɺʩʽ ʮʽ 

ʤʦʞʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥ ̔ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʤʦʜʝʣʴ 

ʩʪʚʦʨʶʶʪʴ ʫ ʚʠʛʣʷʜʽ ʟʘʤʢʥʫʪʦʛʦ ʦʙ'ʻʤʫ. ʇʨʦʪʝ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʫ 

ʚʠʛʣʷʜʽ ʟʘʤʢʥʫʪʦʛʦ ʦʙ'ʻʤʫ ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ 

ʜʘʥʠʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʽʣʴʢʽʩʪʶ ʜʘʥʠʭ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ. ʎʝ 

ʦʜʥʘ ʟ ʧʨʠʯʠʥ, ʟʘ ʷʢʠʤʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʝʙʘʛʘʪʦʦʙʨʘʟʥʠʭ ʦʙ'ʻʢʪʽʚ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʘʮʶʚʘʪʠ ʟ ʧʦʚʝʨʭʥʷʤʠ ʽ ʟʘʤʢʥʫʪʠʤʠ ʦʙ'ʻʤʘʤʠ ʦʜʥʦʯʘʩʥʦ. 

ʗʢʙʠ ʩʠʩʪʝʤʘ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʤʘʛʘʣʘ 

ʚʚʝʜʝʥʥʷ ʚʩʽʭ ʜʘʥʠʭ ʜʣʷ ʧʦʚʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ, ʚʦʥʘ ʙʫʣʘ ʙ  

ʩʢʣʘʜʥʦʶ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʚʦʥʠ ʚʽʜʤʦʚʠʣʠʩʷ ʙ ʚʽʜ ʥʝʾ. ʇʨʦʮʝʩ 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

40 

ʜʝʪʘʣʽʟʘʮʽʾ ʬʦʨʤʠ ʥʝ ʙʫʚ ʙʠ ʩʭʦʞʠʡ ʥʘ ʽʥʪʫʾʪʠʚʥʠʡ ʧʨʦʮʝʩ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʡʰʣʦ ʙ ʟʦʚʩʽʤ ʥʝ ʪʝ, ʥʘ ʱʦ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʪʚʦʨʮʽ ʩʠʩʪʝʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʤʫ 

ʨʦʟʨʦʙʥʠʢʠ ʩʠʩʪʝʤ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʘʛʥʫʪʴ ʥʘʜʘʪʠ 

ʧʨʦʩʪʽ ʽ ʧʨʠʨʦʜʥʽ ʬʫʥʢʮʽʾ, ʘʙʠ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʛʣʠ ʧʨʘʮʶʚʘʪʠ ʟ 

ʦʙ'ʻʤʥʠʤʠ ʬʦʨʤʘʤʠ ʘʥʘʣʦʛʽʯʥʦ ʨʦʙʦʪʽ ʟ ʬʽʟʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʥʝ 

ʚʜʘʶʯʠʩʴ ʜʦ ʜʝʪʘʣʝʡ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ. 

ʌʫʥʢʮʽʾ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʜʽʙʥʽ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʠʤʽʪʠʚʽʚ, 

ɹʫʣʝʚʠʭ ʦʧʝʨʘʮʽʡ, ʧʽʜʥʷʪʪʷ, ʧʦʙʫʜʦʚʠ ʬʽʛʫʨʠ ʦʙʝʨʪʘʥʥʷ, ʧʦʚʦʨʦʪʫ ʽ 

ʟʘʢʨʫʛʣʝʥʥʷ, ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʟʦʚʩʽʤ ʥʝʙʘʛʘʪʦ. ʇʨʦ ʚʩʽ 

ʜʝʪʘʣʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʩʠʩʪʝʤʠ ʧʽʢʣʫʶʪʴʩʷ ʩʘʤʽ. 

ʌʫʥʢʮʽʾ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʽʜʪʨʠʤʫʚʘʥʽ ʙʽʣʴʰʽʩʪʶ ʩʠʩʪʝʤ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʧ'ʷʪʴ 

ʦʩʥʦʚʥʠʭ ʛʨʫʧ. 

ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʭʦʜʷʪʴ ʬʫʥʢʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʠʭ ʬʦʨʤ ʥʘ ʦʩʥʦʚʽ ʦʙ'ʻʤʥʠʭ ʟʘʛʦʪʚ̔ʦʢ, ʥʘʷʚʥʠʭ ʚ 

ʧʨʦʛʨʘʤʽ, - ʪʘʢ ʟʚʘʥʽ ʬʫʥʢʮʽʾ ʩʪʚʦʨʝʥʥʷ ʧʨʠʤʽʪʠʚʽʚ (primitive 

creation functions). ɼʦ ʮʽʻʾ ʞ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʬʫʥʢʮʽʾ ʜʦʜʘʚʘʥʥʷ ʽ 

ʚʽʜʥʽʤʘʥʥʷ ʦʙ'ʻʤʫ - ʙʫʣʝʚʽ ʦʧʝʨʘʪʦʨʠ (Boolean operations). ʌʫʥʢʮʽʾ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʧʝʨʰʦʾ ʛʨʫʧʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʦʚʽ 

ʰʚʠʜʢʦ ʩʪʚʦʨʠʪʠ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ ʜʦ ʢʥ̔ʮʝʚʦʾ ʬʦʨʤʠ ʜʝʪʘʣʽ. 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴ ʬʫʥʢʮʽʾ ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʤʥʠʭ ʪʽʣ 

ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʽ. ʌʫʥʢʮʽʷ ʟʘʤʽʪʘʥʥʷ (sweeping) 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʦʙ'ʻʤʥʝ ʪʽʣʦ ʪʨʘʥʩʣʷʮʽʻʶ ʘʙʦ ʦʙʝʨʪʘʥʥʷʤ 

ʦʙʣʘʩʪʽ, ʷʢʘ ʟʘʜʘʥʘ ʥʘ ʧʣʦʱʠʥ̔. ʇʦʙʫʜʦʚʘ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ ʟ ʧʣʦʩʢʦʾ 

ʢʨʠʚʦʾ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʦʞ ʛʦʡʜʘʥʥʷʤ ʘʙʦ ʦʙʝʨʪʘʣʴʥʠʤ ʟʘʤʽʪʘʥʥʷʤ 

(swinging). ɿʘʜʘʶʯʠ ʟʘʤʢʥʫʪʫ ʧʣʦʩʢʫ ʦʙʣʘʩʪʴ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʚʢʘʟʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʘʙʦ ʚʚʦʜʠʪʠ ʜʘʥʽ ʧʨʦ ʨʦʟʤʽʨʠ, ʘ 

ʥʝ ʤʘʣʶʚʘʪʠ ʬʦʨʤʫ ʚʨʫʯʥʫ. ʊʫʪ ʧʽʜ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ 

ʨʦʟʫʤʽʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʨʠʩʫʥʢʫ 

(ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʩʪʴ ʚʽʜʨʽʟʢʽʚ, ʜʦʪʠʢ ʜʫʛʠ ʢʦʣʘ ʚʽʜʨʽʟʢʦʤ ʽ ʪ.  ʧ.). ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʩʘʤʦʩʪʽʡʥʦ ʧʦʙʫʜʫʻ ʪʦʯʥʫ ʬʦʨʤʫ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʦʙʤʝʞʝʥʥʷʤ. ɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʤʝʞʝʥʴ ʘʙʦ 

ʨʦʟʤʽʨʽʚ ʜʘʩʪʴ ʽʥʰʫ ʧʣʦʩʢʫ ʦʙʣʘʩʪʴ ʽ ʽʥʰʝ ʦʙ'ʻʤʥʝ ʪʽʣʦ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʥʘʟʠʚʘʶʪʴ ʧʘʨʘʤʝʪʨʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʘ 

ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʦʙ'ʻʢʪʠ. ʇʘʨʘʤʝʪʨʘʤʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʪʘʣ̔ (ʢʦʥʩʪʘʥʪʠ), ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʤʝʞʝʥʴ, ʘ 

ʪʘʢʦʞ ʨʦʟʤʽʨʠ. ʌʫʥʢʮʽʷ ʩʢ̔ʥ̔ʥʛʫ (skinning) ʩʪʚʦʨʶʻ ʦʙ'ʻʤʥʝ ʪʽʣʦ, 
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ʥʘʪʷʛʫʶʯʠ ʧʦʚʝʨʭʥʶ ʥʘ ʟʘʜʘʥʽ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ. ʌʫʥʢʮʽʾ ʮʽʻʾ 

ʛʨʫʧʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʦʚʽ ʧʦʯʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʬʦʨʤʠ, ʙʣʠʟʴʢʦʾ ʜʦ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʦʩʢʽʣʴʢʠ ʦʜʥʠʭ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨ̔ʟʽʚ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʠʩʫ 

ʢʽʥʮʝʚʦʛʦ ʦʙ'ʻʤʥʦʛʦ ʪʽʣʘ. 

ɼʦ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʚʭʦʜʷʪʴ ʬʫʥʢʮʽʾ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʽ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ ʟʤʽʥʠ ʽʩʥʫʶʯʦʾ ʬʦʨʤʠ. ʊʠʧʦʚʠʤʠ ʧʨʠʢʣʘʜʘʤʠ 

ʻ ʬʫʥʢʮʽʾ ʦʢʨʫʛʣʶʚʘʥʥʷ ʘʙʦ ʧʣʘʚʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ (rounding, 

blending) ʽ ʧʽʜʥʷʪʪʷ (lifting). 

ɼʦ ʯʝʪʚʝʨʪʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴ ʬʫʥʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʘʥʽʧʫʣʶʚʘʪʠ ʩʢʣʘʜʦʚʠʤʠ ʦʙ'ʻʤʥʠʭ ʪʽʣ, ʪʦʙʪʦ 

ʚʝʨʰʠʥʘʤʠ, ʨʝʙʨʘʤʠ ʪʘ ʛʨʘʥʷʤʠ. ʈʦʙʦʪʫ ʟ ʮʠʤʠ ʬʫʥʢʮʽʷʤʠ 

(ʘʥʘʣʦʛʽʯʥʠʤʠ ʬʫʥʢʮʽʷʤ ʩʠʩʪʝʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ) 

ʥʘʟʠʚʘʶʪʴ ʤʦʜʝʣʶʚʘʥʥʷʤ ʤʝʞ (boundary modeling). 

ɼʦ ʮʽʻʾ ʛʨʫʧʠ ʚʭʦʜʷʪʴ ʬʫʥʢʮʽʾ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢʠʭ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢ ʤʦʞʝ ʤʦʜʝʣʶʚʘʪʠ ʪʚʝʨʜʝ ʪʽʣʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʣʴʥʠʭ ʬʦʨʤ. ʅʘʧʨʠʢʣʘʜ, ʚʽʥ ʤʦʞʝ ʜʘʚʘʪʠ ʩʠʩʪʝʤʽ ʢʦʤʘʥʜʠ ʪʠʧʫ 

çʟʨʦʙʠʪʠ ʦʪʚʽʨ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʚ ʧʝʚʥʦʤʫ ʤʽʩʮʽè ʘʙʦ çʟʨʦʙʠʪʠ 

ʬʘʩʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʚ ʧʝʚʥʦʤʫ ʤʽʩʮʽè. ʈʦʙʦʪʫ ʟ ʪʘʢʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʥʘʟʠʚʘʪʁʴ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʤ (ʘʙʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ) ʤʦʜʝʣʶʚʘʥʥʷʤ (feature-based modeling). 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʬʫʥʢʮʽʷʤ ʧ'ʷʪʦʾ ʛʨʫʧʠ ʧʨʠʜʽʣʷʻʪʴ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ, 

ʦʩʢʽʣʴʢʠ ʤʦʜʝʣʴ, ʧʦʙʫʜʦʚʘʥʘ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ, ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ, ʙʝʟ ʷʢʦʾ ʥʝʤʦʞʣʠʚʝ ʘʚʪʦʤʘʪʠʯʥʝ 

ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ. 

ʄʦʜʝʣʴ, ʩʪʚʦʨʝʥʘ ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ, ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʝʣʝʤʝʥʪʘʨʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʝʨʰʠʥʠ, ʨʝʙʨʘ ʽ ʛʨʘʥʽ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʧʠʪʘʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʽ ʚ [2]. 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

1. ʈʦʟʢʨʠʡʪʝ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʛʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠè. 

2. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʝʢʘʨʪʦʚʠʭ ʧʨʷʤʦʢʫʪʥʠʭ 

ʢʦʦʨʜʠʥʘʪ? 

3. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʫ 

ʧʨʦʩʪʦʨʽ? 

4. ʇʨʝʜʩʪʘʚʪʝ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʜʚʦʤʽʨʥʠʭ ʪʦʯʦʢ. 
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5. ʗʢʽ ʻ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʤʦʜʠʬʽʢʘʮʽʾ ʚʝʢʪʦʨʽʚ ʽ ʪʦʯʦʢ? 

6. ʈʦʟʢʨʠʡʪʝ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʦʜʥʦʨʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠè. 

7. ʗʢʽ ʻ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʛʝʦʤʝʪʨʽʾ ʢʨʠʚʠʭ ʣʽʥʽʡ? 

8. ʗʢʠʡ ʻ ʛʝʦʤʝʪʨʠʯʥʠʡ ʟʤʽʩʪ ʥʘʪʫʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʢʨʠʚʠʭ? 

9. ʗʢʽ ʻ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʛʝʦʤʝʪʨʽʾ ʜʚʦʚʠʤʽʨʥʠʭ ʢʨʠʚʠʭ? 

10. ʗʢʽ ʻ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ? 

11. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʽʾ 

ʦʙ'ʻʢʪʽʚ? 

12. ʅʘʟʚʽʪʴ ʦʩʥʦʚʥʽ ʚʠʜʠ ʩʠʩʪʝʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

13. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʢʘʨʢʘʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ? 

14. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ? 

15. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʩʪʝʤ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ? 
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ʈʆɿɼɯʃ 2. ʄʆɼɽʃʖɺɸʅʅʗ ʂʈʀɺʀʍ ʃɯʅɯʁ 

ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ. 

ʃʽʥʽʷʤʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʦʢʨʝʤʽ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ. 

ʂʨʠʚʽ ʣʽʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥ ̫ʧʦʚʝʨʭʦʥʴ ʽ ʪʽʣ. ʃʽʥʽʾ 

ʦʧʠʩʫʶʪ ɹʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʣʷʨʥʠʭ ʚʝʣʠʯʠʥ, ʚʝʢʪʦʨʽʚ,  ʯʠ ʽʥʰʠʭ 

ʣʽʥʽʡ. ʃʽʥʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʩʪʦʨʦʚʠʤʠ ʽ ʜʚʦʤʽʨʥʠʤʠ. ʉʧʦʯʘʪʢʫ 

ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʦʨʦʚʽ ʣʽʥʽʾ, ʘ ʧʦʪʽʤ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʚʽʜʤʽʥʥʦʩʪʷʭ 

ʜʚʦʤʽʨʥʠʭ ʣʽʥʽʡ. 

2.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʨʠʚʠʭ ʣʽʥʽʡ 

ʍʘʡ ʚ ʧʨʦʩʪʦʨʽ ʟʘʜʘʥʘ ʜʝʷʢʘ ʛʣʦʙʘʣʴʥʘ ʜʝʢʘʨʪʦʚʘ ʧʨʷʤʦʢʫʪʥʘ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʟ ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ e1, e2, e3. ʆʧʠʩʫʚʘʪʠʤʝʤʦ 

ʧʨʦʩʪʦʨʦʚʫ ʣʽʥʽʶ ʚʝʢʪʦʨʥʦʶ ʬʫʥʢʮʽʻʶ 

() ()
3

1

i i

i

t r t
=

=är e                                (2.1) 

ʩʢʘʣʷʨʥʦʛʦ ʘʨʛʫʤʝʥʪʫ t, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ tmin ¢ t ¢ tmax. 

ʂʦʤʧʦʥʝʥʪʠ r1(t), r2(t), r3(t) ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʪʦʯʢʠ ʢʨʠʚʦʾ r( t) ʻ 

ʦʜʥʦʟʥʘʯʥʠʤʠ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʘʨʘʤʝʪʨʫ t. ʊʘʢʠʡ ʦʧʠʩ 

ʣʽʥʽʡ ʥʘʟʠʚʘʪʁʴ ʧʘʨʘʤʝʪʨʠʯʥʠʤ. ʆʙʣʘʩʪʶ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʢʨʠʚʦ ʾ

ʻ ʚʽʜʨʽʟʦʢ tmin ¢ t ¢ tmax. ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʂʨʠʚʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʤʢʥʫʪʠʤʠ ʘʙʦ ʨʦʟʽʤʢʥʝʥʠʤʠ. ɼʣʷ ʟʘʤʢʥʫʪʦʾ ʢʨʠʚʦʾ 

r [t Ñ (tmax - tmin)] = r (t). 

ɼʚʦʤʽʨʥʫ ʣʽʥʽʶ ʦʧʠʩʫʚʘʪʠʤʝʤʦ ʚʝʢʪʦʨʥʦʶ ʬʫʥʢʮʽʻʶ 

() () ()1 2 min max,t x t y t t t t= + ¢ ¢r i i .             (2.2) 

ɼʚʦʤʽʨʥʽ ʚʝʢʪʦʨʠ i1, i2 ʻ ʙʘʟʠʩʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʜʝʷʢʦʾ 

ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʚʦʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʋ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʜʚʦʤʽʨʥʽ ʣʽʥʽʾ ʘʥʘʣʦʛʽʯʥʽ ʧʨʦʩʪʦʨʦʚʠʤ ʣʽʥʽʷʤ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽʶ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʩʠʩʪʝʤʠ ʜʚʦʭ ʨʽʚʥʷʥʴ, ʷʢʠʤ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʫ ʪʦʯʦʢ ʣʽʥʽʾ. ʂʦʞʥʝ ʟ ʮʠʭ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʽʚʥʷʥʥʷʤ 

ʧʦʚʝʨʭʥʽ, ʪʦʜʽ ʩʠʩʪʝʤʘ ʮʠʭ ʨʽʚʥʷʥʴ ʙʫʜʝ ʣʽʥʽʻʶ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʦʥʴ. ʗʢʱʦ ʣʽʥʽʷ ʻ ʧʣʦʩʢʦʶ, ʪʦ ʦʜʥʠʤ ʟ ʨʽʚʥʷʥʴ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʨʽʚʥʷʥʥʷ ʧʣʦʱʠʥʠ, ʘ ʜʨʫʛʠʤ - ʨʽʚʥʷʥʥʷ, ʱʦ ʟʚ'ʷʟʫʻ 
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ʜʚʦʤʽʨʥʽ ʢʦʦʨʜʠʥʘʪʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʪʦʯʦʢ ʣʽʥʽʾ ʚ ʮʽʡ ʧʣʦʱʠʥʽ. 

ʗʢʱʦ ʨʽʚʥʷʥʥʷ ʧʣʦʱʠʥʠ ʦʧʫʩʪʠʪʠ, ʪʦ ʧʨʠʡʜʝʤʦ ʜʦ ʜʚʦʤʽʨʥʦʾ ʣʽʥʽʾ, 

ʷʢʫ ʦʧʠʩʫʶʪʴ ʦʜʥʠʤ ʨʽʚʥʷʥʥʷʤ. ʊʘʢʠʡ ʦʧʠʩ ʜʚʦʤʽʨʥʦʾ ʣʽʥʽʾ 

ʥʘʟʠʚʘʶʪʴ ʥʝʷʚʥʠʤ. ʆʧʠʩ ʣʽʥʽʡ ʨʽʚʥʷʥʥʷʤʠ ʱʦʜʦ ʾʾ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʦʧʠʩʫ ʥʝ ʟʘʚʞʜʠ ʦʜʥʦʟʥʘʯʥʠʡ. ɺʽʥ 

ʪʘʢʦʞ ʥʝ ʻ ʽʥʚʘʨʽʘʥʪʥʠʤ ʱʦʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʪʦʙʪʦ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚ ʽʥʰʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʟʤʽʥʶʶʪʴʩʷ ʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʢʨʠʚʫ ʣʽʥʽʶ ʨʽʚʥʷʥʥʷ. ʅʝʷʚʥʠʡ ʦʧʠʩ ʣʽʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʢʨʠʚʠʭ ʣʽʥʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʾʭ ʧʘʨʘʤʝʪʨʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʨʠʚʦʾ ʣʽʥʽʾ ʧʦʪʨʽʙʥʦ 

ʟʥʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʾʾ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ r( t) ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʽ ʦʙʣʘʩʪʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʫ t. 

ʂʦʞʥʦʤʫ ʪʠʧʫ ʢʨʠʚʦʾ ʚʽʜʧʦʚʽʜʘʻ ʩʚʽʡ ʥʘʙʽʨ ʜʘʥʠʭ ʽ ʩʚʽʡ 

ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʟʘ ʥʠʤ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ, ʘ ʪʘʢʦʞ ʩʚʦʷ ʦʙʣʘʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʢʨʠʚʦʶ. ɿʘ ʚʽʜʦʤʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ 

ʟʘʣʝʞʥʦʩʪʶ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʢʨʠʚʦʾ ʚʠʟʥʘʯʘʶʪʴ ʚʩʶ 

ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʢʨʠʚʦʾ. ɼʣʷ ʢʨʠʚʦʾ ʟʘʚʞʜʠ ʤʦʞʥʘ 

ʚʠʢʦʥʘʪʠ ʟʘʤʽʥʫ ʧʘʨʘʤʝʪʨʫ ʽ ʦʙʣʘʩʪʽ ʡʦʛʦ ʟʤʽʥʠ. 

ʈʦʙʦʪʫ ʟ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʢʨʠʚʦʾ ʧʨʦʚʦʜʷʪʴ ʪʘʢʠʤ 

ʯʠʥʦʤ. ɿʚʝʨʪʘʻʤʦʩʷ ʜʦ ʬʫʥʢʮʽʡ ʢʨʠʚʦʾ ʟ ʜʝʷʢʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʫ ʽ ʷʢ ʚʽʜʧʦʚʽʜʴ ʦʪʨʠʤʫʻʤʦ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʨʠʚʫ ʚ , ʱʦ ʚʽʜʧʦʚʽʜʥʘʻ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ ʧʘʨʘʤʝʪʨʫ. ʈʽʟʥʽ 

ʬʫʥʢʮʽʾ ʢʨʠʚʦʾ ʚʠʜʘʶʪʴ ʨʽʟʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɼʣʷ ʦʜʥʠʭ ʬʫʥʢʮʽʡ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʦʚʠʥʥʦ ʥʘʣʝʞʘʪʠ ʦʙʣʘʩʪʽ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, 

ʜʣʷ ʽʥʰʠʭ - ʤʦʞʝ ʚʠʭʦʜʠʪʠ ʟʘ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʬʫʥʢʮʽʷ 

ʜʦʧʫʩʢʘʻ ʚʠʭʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʟʘ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ, ʪʦ ʚʦʥʘ 

ʧʦʚʠʥʥʘ ʚʠʜʘʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ 

ʢʨʠʚʦʾ. 

2.2. ɸʥʘʣʽʪʠʯʥʽ ʣʽʥʽʾ 

ʈʦʟʛʣʷʥʝʤʦ ʣʽʥʽʾ, ʢʦʦʨʜʠʥʘʪʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʷʢʠʭ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʘʥʘʣʽʪʠʯʥʽ ʬʫʥʢʮʽʾ ʜʝʷʢʦʛʦ ʧʘʨʘʤʝʪʨʫ t. 

ʇʨʦʩʪʠʤʠ ʟ ʥʠʭ ʻ ʢʦʥʽʯʥʽ ʧʝʨʝʨʽʟʠ, ʩʧʽʨʘʣʽ ʽ ʜʝʷʢʽ ʽʥʰʽ ʣʽʥʽʾ, ʷʢʽ 

ʦʪʨʠʤʘʥ ̔ʷʢ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʤʝʭʘʥʽʟʤʽʚ. ɹʘʛʘʪʦ ʢʨʠʚʠʭ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʻ ʘʙʦ ʟʘʤʢʥʫʪʠʤʠ, ʘʙʦ 

ʥʝʦʙʤʝʞʝʥʠʤʠ. ɼʣʷ ʟʘʤʢʥʫʪʠʭ ʢʨʠʚʠʭ ʟʘ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 
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ʧʘʨʘʤʝʪʨʫ ʚʚʘʞʘʪʠʤʝʤʦ ʚʽʜʨʽʟʦʢ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʚʩ̔ʽ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ 

ʢʨʠʚʘ ʧʨʦʭʦʜʠʪʴ ʦʜʠʥ ʮʠʢʣ. ʅʝʦʙʤʝʞʝʥʽ ʢʨʠʚʽ ʤʠ ʚʽʜʩʽʢʘʪʠʤʝʤʦ, 

ʚʚʦʜʷʯʠ ʤʽʥʽʤʘʣʴʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. 

2.2.1. ʇʨʷʤʘ ʣʽʥʽʷ 

ʆʜʥʽʻʶ ʟ ʧʨʦʩʪʠʭ ʣʽʥʽʡ ʻ ʧʨʷʤʘ ʣʽʥʽʷ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ ʪʦʯʢʦʶ ʨ ̔ ʚʝʢʪʦʨʦʤ ʘ. ʈʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʧʨʷʤʦʾ ʣʽʥʽʾ 

ʚʠʟʥʘʯʠʤʦ ʟʘʣʝʞʥʽʩʪʶ 

r (t) = p + t a,   -¤ < t < ¤.                      (2.3) 

ɼʦʚʞʠʥʘ ʚʝʢʪʦʨʫ ʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ 

ʜʦʚʽʣʴʥʦʶ (ʘʣʝ ʚʽʜʤʽʥʥʦʶ ʚʽʜ ʥʫʣʷ). ʊʝʦʨʝʪʠʯʥʦ ʦʙʣʘʩʪʶ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʫ ʧʨʷʤʦ ʾʻ ʚʩʷ ʯʠʩʣʦʚʘ ʚʽʩʴ, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʟʨʫʯʥʦ ʚʚʝʩʪʠ 

ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʫ. ɺ ʦʩʪʘʥʥʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʠ ʦʪʨʠʤʘʻʤʦ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʣʽʥʽʾ. 

2.2.2. ɺʽʜʨʽʟʦʢ ʧʨʷʤʦʾ 

ɯʥʰʦʶ ʧʨʦʩʪʦʶ ʣʽʥʽʻʶ ʻ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ. ʁʦʛʦ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʯʝʨʝʟ ʧʦʯʘʪʢʦʚʫ p1 ʽ ʢʽʥʮʝʚʫ ʨ2 ʪʦʯʢʠ: 

r (t) = (1 - t) p1 + t p2,   0 ¢ t ¢ 1.                      (2.4) 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ v = (1 - t), ʪʦʜʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʚʽʜʨʽʟʢʫ 

ʦʧʠʩʫʚʘʪʠʤʫʪʴ ʬʦʨʤʫʣʦʶ 

() 1 2; 0 1, 0 1, 1t v t t v t v= + ¢ ¢ ¢ ¢ + =r p p .            (2.5) 

ɺʝʣʠʯʠʥʠ v ʽ t, ʥʘ ʷʢʠʭ ʧʦʤʥʦʞʫʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ p1 ʽ 

ʨ2, ʻ ʙʘʨʠʮʝʥʪʨʠʯʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʨʠʮʝʥʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ p1 ʽ ʨ2 ʬʦʨʤʫʣʘ ʚʽʜʨʽʟʢʫ ʥʘʙʫʚʘʻ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʚʠʛʣʷʜʫ. 

2.2.3. ʇʣʦʩʢʽ ʢʨʠʚʽ 

ʆʧʠʩʫ ʧʣʦʩʢʠʭ ʢʨʠʚʠʭ ʚ ʧʨʦʩʪʦʨʽ ʤʦʞʥʘ ʥʘʜʘʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ: 

() () ()x yt x t y t= + +r p i i ,                          (2.6) 
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ʜʝ ʨ - ʜʝʷʢʘ ʪʦʯʢʘ ʧʨʠʚ'ʷʟʢʠ ʭʘʨʘʢʪʝʨʥʦʾ ʪʦʯʢʠ ʢʨʠʚʦ;ʾ ix  ̔ iy - 

ʥʝʢʦʣʽʥʝʘʨʥʽ ʚʝʢʪʦʨʠ; x(t) ̔  ʫ(t) - ʩʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ. 

ɸʥʘʣʦʛʽʯʥʠʡ ʚʠʛʣʷʜ () () ()x yt x t y t= + +r p i i  ʤʘʻ ʦʧʠʩ ʮʠʭ 

ʢʨʠʚʠʭ ʫ ʜʚʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʈʽʟʥʠʮʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ 

ʜʚʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʣʽʥʽʾ ʦʧʠʩʫʶʪʴ ʪʦʯʢʘʤʠ ʽ ʚʝʢʪʦʨʘʤʠ, ʷʢʽ 

ʤʘʶʪʴ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ, ʘ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ï ʪʨʠ 

ʢʦʤʧʦʥʝʥʪʠ. ʊʦʯʢʘ ʨ ̔ ʚʝʢʪʦʨʠ ix  ̔ iy ʚʠʙʨʘʥʽ ʪʘʢ, ʱʦ ʩʢʘʣʷʨʥʽ 

ʬʫʥʢʮʽʾ x(t) ʽ ʫ(t) ʤʘʶʪʴ ʢʘʥʦʥʽʯʥʠʡ ʚʠʛʣʷʜ. ʂʘʥʦʥʽʯʥʠʡ ʚʠʛʣʷʜ 

ʧʨʠʡʤʝ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʟʚ'ʷʟʫʻ ʮʽ ʩʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ. 

ɺʝʢʪʦʨʠ ix  ̔iy ʨʘʟʦʤ ʟ ʚʝʢʪʦʨʦʤ iz = ix ³ iy ʻ ʙʘʟʠʩʦʤ ʤʽʩʮʝʚʦʾ 

ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʚ ʷʢʽʡ ʢʨʠʚʘ ʤʘʻ ʢʘʥʦʥʽʯʥʠʡ ʚʠʛʣʷʜ. 

ɰʭ ʟʘʚʞʜʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦ ʙʘʟʠʩʫ e1, 

e2, e3 ʛʣʦʙʘʣʴʥʦʾ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ: 

11 1 12 2 13 3

21 1 22 2 23 3

31 1 32 2 33 3

,

,

.

x

y

z

a a a

a a a

a a a

= + +

= + +

= + +

i e e e

i e e e

i e e e

                          (2.7) 

ʊʦʯʢʘ ʨ ̒  ʧʦʯʘʪʢʦʤ ʮʽʻʾ ʤʽʩʮʝʚʦʾ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ. ɺʦʥʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʨʦʟʢʣʘʜʘʥʥʷ ʧʦ ʙʘʟʠʩʫ e1, e2, e3 ʛʣʦʙʘʣʴʥʦʾ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ: 

1 1 2 2 3 3p p p= + +p e e e .                           (2.8) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʣʽʥʽʡ ʤʽʩʪʠʪʴ 

ʦʧʠʩ ʤʽʩʮʝʚʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʽ ʪʨʴʦʭ ʦʨʪ̔ʚ. 

ʇʨʠ ʟʤʽʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʦʨʽʻʥʪʘʮʽʾ ʪʘʢ ʩʘʤʦ ʦʧʠʩʘʥʦʾ ʧʣʦʩʢʦʾ ʢʨʠʚʦʾ 

ʟʤʽʥʶʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ ʪʦʯʢʠ ʨ ̔ ʚʝʢʪʦʨʽʚ ix  ̔iy, ʘ ʩʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ 

x(t) ʽ ʫ(t) ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʟʙʝʨʽʛʘʶʯʠ ʢʘʥʦʥʽʯʥʠʡ ʚʠʛʣʷʜ. 

2.2.4. ʂʦʣʦ 

ʂʦʣʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ, ʟʘʜʘʶʶʯʠ ʡʦʛʦ ʨʘʜʽʫʩ r, ʧʦʣʦʞʝʥʥʷ 

ʮʝʥʪʨʫ ʨ ̔ ʜʚʘ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʚʝʢʪʦʨʠ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ix, iy, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʧʣʦʱʠʥʠ ʢʦʣʘ: 

() cos sin , 0 2x yt r t r t t= + + ¢ ¢ pr p i i .               (2.9) 
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ʂʦʣʦ ʻ ʧʣʦʩʢʦ  ʁʢʨʠʚʦ .ʁ ʂʦʣʦʤ ʻ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ ʥʘ 

ʧʣʦɦʠʥʽ, ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʮʝʥʪʨʫ ʨ. ʁʦʛʦ ʥʝʷʚʥʠʡ ʦʧʠʩ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʦʨʜʠʥʘʪʥʠʭ ʬʫʥʢʮʽʡ x(t) = r cos t, y(t) = r sin t ʥʘ 

ʧʣʦɦʠʥʽ ʤʘʻ ʚʠʛʣʷʜ 

ʭ2 + ʫ2 = r2.                                      (2.10) 

2.2.5. ɽʣʽʧʩ 

ɽʣʽʧʩ ʫ ʚʠʢʣʘʜʝʥʽʡ ʢʦʥʮʝʧʮʽʾ (ʨʠʩ. 2.1) ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

() cos sin , 0 2x yt a t b t t= + + ¢ ¢ pr p i i ,            (2.11) 

ʜʝ ʘ ̔ b - ʧʽʚʚʽʩʴ ʝʣʽʧʩʫ. 

 

 p

yi

xi

 

ʈʠʩʫʥʦʢ 2.1 - ʕʣʣʠʧʩ 

ʉʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ x(t) = ʘ cos t, ʫ(t) = b sin t ʝʣʽʧʩʫ ʟʚ'ʷʟʘʥʽ 

ʨʽʚʥʷʥʥʷʤ 

2 2

1
x y

a b

å õ å õ
+ =æ ö æ ö

ç ÷ ç ÷
.                               (2.12) 

ɽʣʽʧʩʦʤ ʻ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ ʥʘ ʧʣʦʱʠʥʽ, ʜʣʷ ʷʢʠʭ 

ʩʫʤʘ ʚʽʜʩʪʘʥʝʡ ʜʦ ʜʚʦʭ ʬʽʢʩʦʚʘʥʠʭ ʪʦʯʦʢ f1 ʽ f2 ʮʽʻʾ ʧʣʦʱʠʥʽ ʟʚʘʥʠʭ 

ʬʦʢʫʩʘʤʠ, ʻ ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ, ʨʽʚʥʘ max (2ʘ, 2b). ʍʘʡ ʘ > b, ʪʦʜʽ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʬʦʢʫʩʽʚ ʨʽʚʥʽ 

2 2 2 2
1 2,x xa b a b= - - = + -f p i f p i .             (2.13) 

ʂʦʣʦ ʪʘ ʝʣʽʧʩ ʻ ʟʘʤʢʥʫʪʠʤʠ ʣʽʥʽʷʤʠ. 
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2.2.6. ɻʽʧʝʨʙʦʣʘ 

ɻʽʧʝʨʙʦʣʘ (ʨʠʩ. 2.2) ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

() min maxch sh ,x yt a t b t t t t= + + ¢ ¢r p i i .             (2.14) 

 

ʈʘʜʽʫʩ-ʚʝʢʪʦʨ (2.14) ʦʧʠʩʫʻ ʪʽʣʴʢʠ ʦʜʥʫ ʛʽʣʢʫ ʛʽʧʝʨʙʦʣʠ. 

ɼʨʫʛʘ ʛʽʣʢʘ ʛʽʧʝʨʙʦʣʠ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

() min maxch sh ,x yt a t b t t t t= - + ¢ ¢r p i i .              (2.15) 

ʉʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ x(t) = a ch t, y(t) = b sh t ʛʽʧʝʨʙʦʣʠ ʟʚ'ʷʟʘʥʽ 

ʨʽʚʥʷʥʥʷʤ 

2 2

1
x y

a b

å õ å õ
- =æ ö æ ö

ç ÷ ç ÷
.                                 (2.16) 

ɼʘʥʦʤʫ ʨʽʚʥʷʥʥʶ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʽ ʬʫʥʢʮʽʾ x(t) = Ña ch t, 

y(t) = Ñb sh t. 

ɻʽʧʝʨʙʦʣʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ ʥʘ ʧʣʦʱʠʥʽ, 

ʜʣʷ ʷʢʠʭ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʨʽʟʥʠʮʽ ʚʽʜʩʪʘʥʝʡ ʜʦ ʜʚʦʭ ʬʽʢʩʦʚʘʥʠʭ 

ʪʦʯʣʦʢ f1  ̔ f2 ʮʽʻʾ ʧʣʦʱʠʥʠ, ʱʦ ʥʘʟʠʚʘʶʪʴ ʬʦʢʫʩʘʤʠ, ʻ ʧʦʩʪʽʡʥʘ 

ʚʝʣʠʯʠʥʘ, ʨʽʚʥʘ 2ʘ. ʈʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʬʦʢʫʩʽʚ ʨʽʚʥ ̔

2 2
1

2 2
2

,

.

x

x

a b

a b

= - +

= + +

f p i

f p i

.                              (2.17) 

ɻ̔ ʣʢʘ ʛʽʧʝʨʙʦʣʠ, ʱʦ ʦʧʠʩʘʥʘ ʬʫʥʢʮʽʻʶ (2.14), ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 2.2. 

2.2.7. ʇʘʨʘʙʦʣʘ 

ʇʘʨʘʙʦʣʘ (ʨʠʩ. 2.3) ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʘʜʽʫʩ- ʚʝʢʪʦʨʦʤ 

() 2
min max

1
, .

2
x yt pt pt t t t= + ¢ ¢r p i i                    (2.18) 
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 p

yi

xi

 

ʈʠʩʫʥʦʢ 2.2 - ɻʽʣʢʘ ʛ̔ʧʝʨʙʦʣʠ                   ʈʠʩʫʥʦʢ 2.3 - ʇʘʨʘʙʦʣʘ 

 

ʉʢʘʣʷʨʥʽ ʬʫʥʢʮʽʾ x(t) = 
1

2
pt

2
, y(t) = pt ʧʘʨʘʙʦʣʠ ʟʚ'ʷʟʘʥʽ 

ʨʽʚʥʷʥʥʷʤ 

2px - y
2
 = 0.                               (2.19) 

ʇʘʨʘʙʦʣʘ ʧʨʝʜʩʪʘʚʣʷʻ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʪʦʯʦʢ ʥʘ ʧʣʦʱʠʥʽ, 

ʜʣʷ ʷʢʠʭ ʚʽʜʩʪʘʥʴ ʜʦ ʬʽʢʩʦʚʘʥʦʾ ʪʦʯʢʠ f ʮʽʻʾ ʧʣʦʱʠʥʠ, ʱʦ 

ʥʘʟʠʚʘʶʪʴ ʬʦʢʫʩʦʤ, ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʜʦ ʜʝʷʢʦʾ ʬʽʢʩʦʚʘʥʦʾ ʧʨʷʤʦ ʾ

d(w), ʱʦ ʥʘʟʠʚʘʶʪ ɹ ʜʠʨʝʢʪʨʠʩʦʶ. ʈʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʬʦʢʫʩʫ ʪʘ 

ʜʠʨʝʢʪʨʠʩʠ ʨʽʚʥʽ 

(),
2 2

x x x

p p
w w= + = - +f p i d p i i .          (2.20) 

ɺʝʣʠʯʠʥʫ f = ʨ/2 ʥʘʟʠʚʘʶʪʴ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ. 

2.2.8.  ɼʫʛʘ ʢʦʣʘ ʘʙʦ ʝʣʽʧʩʫ 

ɼʫʛʫ ʢʦʣʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ, ʟʘʜʘʚʰʠ ʡʦʛʦ ʨʘʜʽʫʩ r, ʧʦʣʦʞʝʥʥʷ 

ʮʝʥʪʨʫ ʨ, ʜʚʘ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʚʝʢʪʦʨʠ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ix, iy, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʽʩʮʝʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ 

a0, ʢʫʪ ʜʫʛʠ a ʪʘ ʥʘʧʨʷʤʦʢ ʨʫʭʫ s̔ gn: 
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() ( ) ( )0 0cos sign sin sign ,

0

x yt r t r t

t

= + a + + a +

¢ ¢a

r p i i
,     (2.21) 

ʜʝ s̔ gn = +1, ʷʢʱʦ ʪʦʯʢʫ ʧʝʨʝʤʽʱʫʚʘʪʠ ʧʦ ʜʫʟʽ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ 

ʩʪʨʽʣʢʠ ʧʨʠ ʧʦʛʣʷʜʽ ʥʘʟʫʩʪʨʽʯ ʚʝʢʪʦʨʫ iz = ix ³ iy, ʽ s̔ gn = -1, 

ʷʢʱʦ ʪʦʯʢʫ ʧʝʨʝʤʽʱʫʚʘʪʠ ʧʦ ʜʫʟʽ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ ʧʨʠ ʧʦʛʣʷʜʽ ʥʘʟʫʩʪʨʽʯ ʚʝʢʪʦʨʫ iz = ix ³ iy (ʫ 

ʜʚʦʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʧʦʛʣʷʜʽ ʥʘ ʧʣʦʱʠʥʫ). 

ɸʥʘʣʦʛʽʯʥʦʶ ʬʦʨʤʫʣʦʶ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʜʫʛʘ ʝʣʽʧʩʫ: 

() ( ) ( )0 0cos sign sin sign ,

0

x yt a t b t

t

= + a + + a +

¢ ¢a

r p i i
,   (2.22) 

ʜʝ ʘ  ̔b - ʧʽʚʦʩʽ ʝʣʽʧʩʫ. 

2.2.9. ʎʠʣʽʥʜʨʠʯʥʘ ʩʧʽʨʘʣʴ 

ʎʠʣʽʥʜʨʠʯʥʘ ʩʧʽʨʘʣʴ ʪʘʢʦʞ ʻ ʘʥʘʣʽʪʠʯʥʦ  ʁ ʢʨʠʚʦʶ, ʘʣʝ 

ʥʝʧʣʦʩʢʦʶ. ɰʾ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʧʦʣʦʞʝʥʥʷʤ ʧʦʯʘʪʢʫ ʚʽʩʽ ʩʧʽʨʘʣ̔ ʨ, 

ʪʨʴʦʤʘ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ ix, 

iy, iz, ʨʘʜʽʫʩʦʤ r, ʢʨʦʢʦʤ h ʽ ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʜʦʚʞʠʥʦʶ tmax: 

() maxcos sin , 0
2

x y z

t
t r t r t h t t= + + + ¢ ¢

p
r p i i i .    (2.23) 

ʎʠʣʽʥʜʨʠʯʥʫ ʩʧʽʨʘʣʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.4. ʃʽʚʫ ʩʧʽʨʘʣʴ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʰʣʷʭʦʤ ʧʨʠʩʚʦʻʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ h. 

 

 p

yi

xi

zi
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ʇʦʭʽʜʥʽ ʘʥʘʣʽʪʠʯʥʠʭ ʣʽʥʽʡ ʤʦʞʥʘ ʟʥʘʡʪʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʟʘ ʧʘʨʘʤʝʪʨʦʤ. ʈʦʟʛʣʷʥʫʪʽ ʣʽʥʽʾ ʤʦʞʥʘ 

ʟʘʜʘʚʘʪʠ ʪʨʦʭʠ ʽʥʰʠʤ ʩʧʦʩʦʙʦʤ. ʅʘʧʨʠʢʣʘʜ, ʨʘʜʽʫʩ ʤʦʞʥʘ 

ʟʘʤʽʥʠʪʠ ʜʦʚʞʠʥʦʶ ʚʝʢʪʦʨʫ (ʫʞʝ ʥʝ ʦʜʠʥʠʯʥʦʶ), ʘʣʝ ʚ ʧʝʚʥʠʭ 

ʚʠʧʘʜʢʘʭ ʟʨʫʯʥʽʰʝ ʤʘʪʠ ʜʘʥʽ ʧʨʦ ʥʘʧʨʷʤʦʢ ʽ ʜʦʚʞʠʥʫ ʦʢʨʝʤʦ. 

ʄʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʰʠʭ ʧʣʦʩʢʠʭ ʪʘ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʨʠʚʠʭ, ʢʦʦʨʜʠʥʘʪʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʷʢʠʭ ʦʧʠʩʫʶʪʴ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

2.3. ʂʨʠʚʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ɽʣʽʧʩ, ʧʘʨʘʙʦʣʫ ʪʘ ʛʽʧʝʨʙʦʣʫ ʥʘʟʠʚʘʶʪʴ ʢʦʥʽʯʥʠʤʠ 

ʧʝʨʝʨʽʟʘʤʠ, ʪʦʤʫ ʱʦ ʾʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʨʽʟʫ 

ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʽʟ ʧʣʦʱʠʥʦʶ, ʟʘ ʫʤʦʚʠ, ʱʦ ʧʣʦʱʠʥʘ ʥʝ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʝʨʰʠʥʫ ʢʦʥʫʩʫ. ʗʢʱʦ ʢʫʪ ʧʣʦʱʠʥʠ ʟ ʚʽʩʩʶ 

ʢʦʥʫʩʫ ʙʽʣʴʰʝ ʢʫʪʘ ʪʚʽʨʥʦʾ ʢʦʥʫʩʫ ʟ ʡʦʛʦ ʚʽʩʩʶ, ʪʦ ʦʜʝʨʞʠʤʦ ʝʣʽʧʩ. 

ʗʢʱʦ ʢʫʪ ʧʣʦʱʠʥʠ ʟ ʚʽʩʩʶ ʢʦʥʫʩʫ ʤʝʥʰʝ ʢʫʪʘ ʪʚʽʨʥʦʾ ʢʦʥʫʩʫ ʟ 

ʡʦʛʦ ʚʽʩʩʶ, ʪʦ ʦʜʝʨʞʠʤʦ ʛʽʧʝʨʙʦʣʫ. 

ʗʢʱʦ ʟʘʟʥʘʯʝʥʽ ʢʫʪʠ ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ, ʪʦ ʦʜʝʨʞʠʤʦ ʧʘʨʘʙʦʣʫ. 

ʂʦʥʽʯʥʽ ʧʝʨʝʨʽʟʠ ʻ ʢʨʠʚʠʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɺʠʱʝ ʤʠ ʨʦʟʛʣʷʥʫʣʠ 

ʧʘʨʘʤʝʪʨʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʥʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʤʽʥʽ ʜʘʥʠʤʠ, ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʟ 

ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʮʠʭ ʢʨʠʚʠʭ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʥʝʷʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚ 

ʧʘʨʘʤʝʪʨʠʯʥʝ  ̔ʥʘʟʘʜ. 

ɼʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʭ ʪʘ ʫ ʥʘ ʧʣʦʱʠʥʽ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʟʚ'ʷʟʘʥʽ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ 

c11ʭ
2
 + ʩ22y

2
 + 2c12ʭʫ + 2ʩ13ʭ + 2c23y + ʩ33 = 0,        (2.24) 

ʜʝ c11, c22, c33, c12, c13, c23 - ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʠʧ 

ʢʨʠʚʦʾ, ʾʾ ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʶ ʥʘ ʧʣʦʱʠʥʽ (ʭʦʯʘ ʙ ʦʜʠʥ ʟ 

ʢʦʝʬʽʮʽʻʥʪʽʚ c11, c22, c12 ʥʝ ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ). ʇʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʘʙʦ ʧʦʚʦʨʦʪʽ ʢʨʠʚʦ ʾʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʢʦʝʬʽʮʽʻʥʪʠ c11, 

c22, c33, c12, c13, c23 ʥʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʐʣʷʭʦʤ ʧʦʚʦʨʦʪʫ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʯʘʪʢʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʨʽʚʥʷʥʥʷ (2.24) ʤʦʞʥʘ 

ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʛʦ ʚʠʜʫ, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ 

ʢʘʥʦʥʽʯʥʠʤ. ɺʝʣʠʯʠʥʠ 
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11 12 13

1 11 22 2 11 22 12 12 3 12 22 23

13 23 33

, ,

c c c

I c c I c c c c I c c c

c c c

= + = - =         (2.25) 

ʻ ʽʥʚʘʨʽʘʥʪʘʤʠ ʣʽʥʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (2.24) ʚʽʜʥʦʩʥʦ 

ʧʝʨʝʪʚʦʨʝʥʴ ʜʝʢʘʨʪʦʚʦ ʾʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʊʠʧ ʣʽʥʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʽ ʾʾ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ 

ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷʤʠ ʽʥʚʘʨʽʘʥʪʽʚ I1, I2, I3. ʋ ʨʦʟʰʠʨʝʥʦʤʫ 

ʤʘʪʨʠʯʥʦʤʫ ʟʘʧʠʩʽ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (2.24) ʤʘʻ 

ʚʠʛʣʷʜ 

R
T
 Ö Cc Ö R = 0,                                (2.26) 

ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʰʠʨʝʥʠʡ ʚʝʢʪʦʨ R ʽ ʨʦʟʰʠʨʝʥʫ ʤʘʪʨʠʮ ʁ

Cc  

11 12 13

12 22 23

13 23 33

,

1

x c c c

y c c c

c c c

è øè ø
é ùé ù

= =
é ùé ù
é ùé ùê ú ê ú

cR C .                    (2.27) 

ʅʘʚʝʜʝʤʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʣʽʥʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʊʠʧ ʣʽʥʽʾ 

ʚʠʟʥʘʯʘʪʁ ɹʟʥʘʢʦʤ ʽʥʚʘʨʽʘʥʪʫ I2: 

¶ ʝʣʽʧʪʠʯʥʠʡ ʪʠʧ, ʷʢʱʦ I2 > 0; 

¶ ʧʘʨʘʙʦʣʽʯʥʠʡ ʪʠʧ, ʷʢʱʦ I2 = 0; 

¶ ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʪʠʧ, ʷʢʱʦ I2 < 0. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʣʽʥʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʝ ʚʠʨʦʜʞʫʚʘʣʠʩʷ ʫ 

ʧʨʷʤʽ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ I3  ̧0. ʗʢʱʦ ʣʽʥʽʷ ʤʘʻ ʝʣʽʧʪʠʯʥʠʡ ʪʠʧ ʽ 

(I3/I1) > 0, ʪʦ ʨʽʚʥʷʥʥʶ (2.24) ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʞʦʜʥʘ ʪʦʯʢʘ ʧʣʦʱʠʥʠ, 

ʘ ʨʽʚʥʷʥʥʷ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʷʥʥʷʤ ʫʷʚʥʦʛʦ ʝʣʽʧʩʫ. ɽʣʽʧʩ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠ I2 > 0, I3  ̧0 ʪʘ (I3/I1) > 0, ʛʽʧʝʨʙʦʣʘ - ʧʨʠ I2 < 0, I3  ̧0, ʧʘʨʘʙʦʣʘ - 

ʧʨʠ I2 = 0, I3  ̧0. 

ʂʦʞʥʘ ʢʨʠʚʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (2.24) ʫ ʜʝʷʢʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠʡʤʘʻ ʢʘʥʦʥʽʯʥʠʡ ʚʠʜ. ʎʶ ʩʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ 

ʛʦʣʦʚʥʦʶ ʮʝʥʪʨʘʣʴʥʦ ʁ (ʷʢʱʦ ʣʽʥʽʷ ʤʘʻ ʮʝʥʪʨ) ʩʠʩʪʝʤʦʶ 

ʢʦʦʨʜʠʥʘʪ. ʂʨʠʚʘ ʤʘʻ ʮʝʥʪʨ, ʷʢʱʦ I2  ̧0. ɼʚʦʤʽʨʥʽ ʢʦʦʨʜʠʥʘʪʠ x0, y0 

ʮʝʥʪʨʫ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʫ ʷʢʽʡ ʢʨʠʚʘ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠʡʤʝ 

ʢʘʥʦʥʽʯʥʠʡ ʚʠʜ, ʟʥʘʭʦʜʷʪʴ ʽʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 
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11 0 12 0 13

12 0 22 0 23

0,

0

c x c y c

c x c y c

+ + =

+ + =
                               (2.28) 

ʽ ʧʨʠʨ̔ʚʥʁʶʪʴ 

13 12 11 13
0 0

23 22 12 232 2

1 1
,

c c c c
x y

c c c cI I
=- =- .            (2.29) 

ʂʫʪ ʧʦʚʦʨʦʪʫ j ʛʦʣʦʚʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʚʽʜʥʦʩʥʦ 

ʧʦʯʘʪʢʦʚʦʾ ʟʘʜʦʚʦʣʴʥʷʻ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ 

( )

( )
11 12

12 22

cos sin 0,

cos sin 0,

c c

c c

-l j+ j=

j+ -l j=
                      (2.30) 

ʜʝ l - ʢʦʨʽʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʗʢʱʦ ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʽʟʥʽ, ʪʦ ʩʠʩʪʝʤʘ 

(2.28) ʤʘʻ ʦʜʥʝ ʥʝʟʘʣʝʞʥʝ ʨʽʚʥʷʥʥʷ. ɺʠʢʣʶʯʠʤʦ l ʟ ʨʽʚʥʷʥʴ (2.30) ʽ 

ʦʜʝʨʞʠʤʦ 

12 11 12 22tg ctgc c c cj+ = j+.                         (2.31) 

ʗʢʱʦ ʩ12  ̧0 ʘʙʦ ʩ11  ̧ʩ22, ʪʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʫʪ ʧʦʚʦʨʦʪʫ j 

ʛʦʣʦʚʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʁʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʥʽʩʪ ʁ

( ) 11 22

12

ctg 2
2

c c

c

-
j = .                                (2.32) 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʛʦʣʦʚʥʦʾ ʮʝʥʪʨʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 

ʨʽʚʥʷʥʥʷ ʢʨʠʚʦ ʾʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘʙʫʚʘʻ ʢʘʥʦʥʽʯʥʠʡ ʚʠʜ: 

2 2

1
x y

a b

å õ å õ
+ =æ ö æ ö

ç ÷ ç ÷
   ʜʣʷ ʝʣ̔ʧʩʫ,                   (2.33) 

2 2

1
x y

a b

å õ å õ
- =æ ö æ ö

ç ÷ ç ÷
   ʜʣʷ ʛʧ̔ʝʨʙʦʣʠ,              (2.34) 

2px - y
2
 = 0   ʜʣʷ ʧʘʨʘʙʦʣʠ.                   (2.35) 

ʅʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʙʫʜʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʘ ʾʭ ʢʦʦʨʜʠʥʘʪʥʠʤʠ 
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ʨʽʚʥʷʥʥʷʤʠ. ɼʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʨʽʚʥʷʥʴ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʢʘʥʦʥʽʯʥʝ ʨʽʚʥʷʥʥʷ f(x, ʫ) = 0, 

ʷʢʠʤ ʟʚ'ʷʟʘʥʽ ʢʦʦʨʜʠʥʘʪʥʽ ʬʫʥʢʮʽʾ x(t), y(t) ʢʨʠʚʦ.ʾ ʅʝʭʘʡ ʥʘ 

ʧʣʦʱʠʥʽ, ʫ ʷʢʽʡ ʣʝʞʠʪʴ ʢʨʠʚʘ, ʟʘʜʘʥʦ ʤʽʩʮʝʚʫ ʜʚʦʤʽʨʥʫ ʜʝʢʘʨʪʦʚʫ 

ʧʨʷʤʦʢʫʪʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʽ ʜʝʷʢʫ ʛʣʦʙʘʣʴʥʫ ʜʚʦʤʽʨʥʫ 

ʜʝʢʘʨʪʦʚʫ ʧʨʷʤʦʢʫʪʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʅʝʭʘʡ ʧʦʣʦʞʝʥʥʷ 

ʤʽʩʮʝʚʦʾ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʦʧʠʩʫʶʪʴ ʮʝʥʪʨʦʤ ʫ ʪʦʯʮʽ q 

ʽ ʦʨʪʘʤʠ j1  ̔j2, ʱʦ ʟʘʜʘʥ ̔ʚ ʛʣʦʙʘʣʴʥʽʡ ʜʚʦʤʽʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʚʠʨʘʟʘʤʠ 

1 1 2 2

1 1 2

2 1 2

,

cos sin ,

sin cos ,

q q= +

= j + j

= - j + j

q e e

j e e

j e e

                        (2.36) 

ʜʝ ʝ1, e2 - ʙʘʟʠʩ ʛʣʦʙʘʣʴʥʦʾ ʜʚʦʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʄʽʩʮʝʚʽ ʢʦʦʨʜʠʥʘʪʠ ʭ, ʫ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʛʣʦʙʘʣʴʥʠʤʠ ʜʚʦʤʽʨʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ p1, p2 ʨʽʚʥʷʥʥʷʤʠ: 

( ) ( )

( ) ( )
1 1 2 2

1 1 2 2

cos sin ,

sin cos .

x p q p q

y p q p q

= - j+ - j

=- - j+ - j
                 (2.37) 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʚʥʷʥʥʷ F(p1, ʨ2) = 0, ʱʦ ʟʚ'ʷʟʫʻ ʛʣʦʙʘʣʴʥʽ 

ʢʦʦʨʜʠʥʘʪʠ, ʚʘʨʪʦ ʧʽʜʩʪʘʚʣʷʪʠ ʫ ʨʽʚʥʷʥʥʷ f(x, ʫ) = 0 ʚʠʨʘʟ (2.37) ʜʣʷ 

ʢʘʥʦʥʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

2.4. ʉʧʣʘʡʥʠ 

ʇʽʜ ʩʧʣʘʡʥʦʤ (ʚʽʜ ʘʥʛʣ. spline - ʧʣʘʥʢʘ, ʨʝʡʢʘ) ʟʘʟʚʠʯʘʡ 

ʨʦʟʫʤʽʶʪʴ ʘʛʨʝʛʘʪʥʫ ʬʫʥʢʮʽʶ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʬʫʥʢʮʽʷʤʠ ʙʽʣʴʰ 

ʧʨʦʩʪʦʾ ʧʨʠʨʦʜʠ ʥʘ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʨʦʟʙʠʚʢʠ ʩʚʦʻʾ ʦʙʣʘʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ. 

ʌʫʥʢʮʽʾ, ʧʦʜʽʙʥʽ ʪʠʤ, ʱʦ ʟʘʨʘʟ ʥʘʟʠʚʘʶʪʴ ʩʧʣʘʡʥʘʤʠ, ʙʫʣʠ 

ʚʽʜʦʤʽ ʤʘʪʝʤʘʪʠʢʘʤ ʜʘʚʥʦ, ʧʦʯʠʥʘʶʯʠ ʷʢ ʤʽʥʽʤʫʤ ʟ ɽʡʣʝʨʘ, ʘʣʝ 

ʽʥʪʝʥʩʠʚʥʦ ʚʠʚʯʘʪʠ ʾʭ ʧʦʯʘʣʠ ʪʽʣʴʢʠ ʽʟ ʩʝʨʝʜʠʥʠ XX ʩʪʦʣʽʪʪʷ. ɺ 

1946 ʨʦʮʽ ɯʩʘʘʢ ʐʝʥʙʝʨʛ ʚʧʝʨʰʝ ʚʞʠʚ ʮʝʡ ʪʝʨʤʽʥ ʷʢ ʧʦʟʥʘʯʝʥʥʷ 

ʢʣʘʩʫ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʩʧʣʘʡʥʽʚ. ɼʦ 1960 ʨʦʢʫ ʩʧʣʘʡʥʠ ʙʫʣʠ 

ʧʝʨʝʚʘʞʥʦ ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʦʥʠ ʯʘʩʪʦ 

ʟ'ʷʚʣʷʣʠʩʷ ʷʢ ʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʽ ʚʘʨʽʘʮʽʡʥʠʭ ʟʘʜʘʯ, 

ʦʩʦʙʣʠʚʦ ʚ ʪʝʦʨʽʾ ʥʘʙʣʠʞʝʥʴ. ʇʽʩʣʷ 1960 ʨʦʢʫ ʟ ʨʦʟʚʠʪʢʦʤ 
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ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʩʧʣʘʡʥʽ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ ʽ ʤʦʜʝʣʶʚʘʥʥʽ. 

ʋ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʯʘʭ ʘʥʘʣʽʪʠʯʥʘ ʬʦʨʤʫʣʘ ʣʽʥʽʾ ʥʝ 

ʚʽʜʦʤʘ, ʘʣʝ ʧʦʪʨʽʙʥʦ, ʥʘʧʨʠʢʣʘʜ, ʱʦʙ ʢʨʠʚʘ ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ ʟʘʜʘʥʽ 

ʪʦʯʢʠ, ʤʘʣʘ ʧʝʚʥʠʡ ʩʪʫʧʽʥʴ ʛʣʘʜʢʦʩʪʽ ʘʙʦ ʚ ʧʝʚʥʠʭ ʪʦʯʢʘʭ ï ʟʘʜʘʥʽ 

ʧʦʭʽʜʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʪʘʢʽ ʢʨʠʚʽ. 

ɺʝʣʠʢʠʡ ʢʣʘʩ ʣʽʥʽʡ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʧʦ ʩʫʢʫʧʥʦʩʪʽ ʪʦʯʦʢ. 

ʊʘʢʽ ʣʽʥʽʾ ʥʘʟʠʚʘʶʪʴ ʪʦʯʝʯʥʦ-ʟʘʜʘʥʠʤʠ. ʎʝ ʣʘʤʘʥʘ ʣʽʥʽʷ ʽ ʨʽʟʥʽ 

ʩʧʣʘʡʥʠ. ʄʠ ʨʦʟʛʣʷʥʝʤʦ ʢʫʙʽʯʥʠʡ ʩʧʣʘʡʥ, ʩʧʣʘʡʥ ʫ ʬʦʨʤʽ 

ʃʘʛʨʘʥʞʘ, ʩʧʣʘʡʥ ʫ ʬʦʨʤʽ ʅʴʶʪʦʥʘ ʪʘ ʩʧʣʘʡʥʠ ɽʨʤʽʪʘ. 

ɿʘʚʜʘʯʫ ʩʪʘʚʣʷʪʴ ʪʘʢʠʤ ʯʠʥʦʤ: ʻ ʩʫʢʫʧʥʽʩʪʴ ʪʦʯʦʢ ʫ ʧʨʦʩʪʦʨʽ, 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʷʢʠʭ ʨʽʚʥʽ ʨi, ʜʝ i = 0, 1, 2, », n ï ʥʦʤʝʨʠ ʪʦʯʦʢ; 

ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʣʽʥʽʶ, ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʷʢʦʾ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 

ʧʘʨʘʤʝʪʨʫ ti, i = 0, 1, 2, », n ʜʦʨʽʚʥʶʚʘʚ ʙʠ ʨi. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ï 

ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʫ ʢʨʠʚʫ. 

ʊʦʯʢʠ ʨi, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʣʽʥʽʶ ʽ ʻ ʾʾ ʚʥʫʪʨʽʰʥʽʤʠ ʜʘʥʠʤʠ, 

ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʪʦʯʢʘʤʠ ʢʨʠʚʦʾ, ʪʦʯʢʠ ti ʥʘ 

ʯʠʩʣʦʚʽʡ ʚʽʩʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʚʫʟʣʘʤʠ, ʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ti ï 

ʚʫʟʣʦʚʠʤʠ. 

2.4.1. ʃʘʤʘʥʘ ʣʽʥʽʷ 

ʅʘʡʧʨʦʩʪʽʰʦʶ ʪʦʯʝʯʥʦ-ʟʘʜʘʥʦʶ ʣʽʥʽʻʶ ʻ ʣʘʤʘʥʘ ʣʽʥʽʷ. ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʨʽʟʢʽʚ, ʷʢʽ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʫʶʪʴ ʟʘʜʘʥʽ ʪʦʯʢʠ. 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚ ʢʦʞʥʽʡ ʥʘʩʪʫʧʥʽʡ ʪʦʯʮʽ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚ ʧʦʧʝʨʝʜʥʽʡ ʪʦʯʮʽ ti < ti+1. ʈʘʜʽʫʩ-

ʚʝʢʪʦʨ ʣʘʤʘʥʦʾ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʥʽʩʪʶ 

() ( ) 1 0 n

1

1 , ,i
i i

i i

t t
t w w w t t t

t t
+

+

-
= - + = ¢ ¢

-
r p p ,       (2.38) 

ʜʝ ti ¢ t ¢ ti+1. 

ʇʘʨʘʤʝʪʨ w ʥʘʟʠʚʘʶʪʴ ʤʽʩʮʝʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʥʘ ʜʽʣʷʥʮʽ 

ʢʨʠʚʦʾ ʤʽʞ ʪʦʯʢʘʤʠ ʨi ʽ ʨi+1. ʇʝʨʰʘ ʧʦʭʽʜʥʘ ʣʘʤʘʥʦʾ ʣʽʥʽʾ ʚ ʪʦʯʢʘʭ ʨi 

ʨʦʟʨʠʚʘʻʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʽ ʧʦ ʥʘʧʨʷʤʢʫ. ʇʘʨʘʤʝʪʨ ʣʘʤʘʥʦʾ ʣʽʥʽʾ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʦʜʥʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʋ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ t ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʫ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʧʘʨʘʤʝʪʨʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʜʝ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʪʦʯʮʽ ʨi ʜʦʨʽʚʥʶʻ ʥʦʤʝʨʫ 
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ʪʦʯʢʠ: ti = i. ʊʘʢʫ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʦʤʽʨʥʦʶ, ʘ 

ʧʘʨʘʤʝʪʨʠʯʥʘ ʜʦʚʞʠʥʘ ʣʘʤʘʥʦʾ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ 

ʪʦʯʦʢ ʤʽʥʫʩ ʦʜʠʥ. ʇʨʠʢʣʘʜ ʣʘʤʘʥʦʾ ʣʽʥʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.5. 

 

ʃʘʤʘʥʘ ʤʦʞʝ ʙʫʪʠ 

ʟʘʤʢʥʫʪʦʶ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʝʨʰʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʪʦʯʢʘ 

ʦʜʥʦʯʘʩʥʦ ʻ ʽ ʦʩʪʘʥʥʴʦʶ. 

ʇʘʨʘʤʝʪʨʠʯʥʘ ʜʦʚʞʠʥʘ 

ʟʘʤʢʥʫʪʦʾ ʣʘʤʘʥʦʾ ʣʽʥʽʾ ʜʦʨʽʚʥʶʻ 

ʯʠʩʣʫ ʪʦʯʦʢ, ʷʢʠʤʠ ʚʦʥʘ ʟʘʜʘʥʘ. 

ʃʘʤʘʥʘ ʤʘʻ ʨʷʜ ʢʦʨʠʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ: ʾʾ ʪʦʯʢʠ ʣʝʛʢʦ 

ʦʙʯʠʩʣʶʚʘʪʠ, ʣʝʛʢʦ ʨʝʜʘʛʫʚʘʪʠ (ʚʩʪʘʚʠʪʠ ʥʦʚʫ ʪʦʯʢʫ, ʚʠʜʘʣʠʪʠ ʘʙʦ 

ʟʨʫʰʠʪʠ ʽʩʥʫʶʯʫ), ʣʝʛʢʦ ʨʦʟʨʽʟʘʪʠ ʥʘ ʯʘʩʪʠʥʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʪʘʢʦʞ 

ʙʫʜʝ ʣʘʤʘʥʦʶ ʣʽʥʽʻʶ. 

2.4.2. ʉʧʣʘʡʥ ɽʨʤ̔ʪʘ 

ʋ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʯʘʭ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʧʣʘʚʥʫ 

ʢʨʠʚʫ ʣʽʥʽʶ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʜʘʥʽ ʪʦʯʢʠ. ɿ ʮ̔ ʻʶ ʤʝʪʦʶ 

ʙʫʜʫʶʪʴ ʩʧʣʘʡʥʠ. ʊʝʨʤʽʥ çʩʧʣʘʡʥè ʜʣʷ ʢʨʠʚʠʭ ʣʽʥʽʡ ʟʘʧʦʟʠʯʝʥʦ ʟ 

ʥʘʟʚʠ ʢʨʝʩʣʷʨʩʴʢʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ - ʧʨʫʞʥʴʦʾ ʛʥʫʯʢʦʾ ʣʽʥʽʡʢʠ, ʱʦ 

ʤʦʞʝ ʚʠʛʠʥʘʪʠʩʷ ʪʘʢ, ʱʦʙ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʟʘʜʘʥʽ ʪʦʯʢʠ. 

ʗʢʱʦ ʟʘʜʘʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ m +1 ʪʦʯʦʢ, ʯʝʨʝʟ ʷʢʽ ʧʦʚʠʥʥʘ 

ʧʨʦʡʪʠ ʢʨʠʚʘ, ʪʘ ʧʦʭʽʜʥʽ ʾʾ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʚ ʮʠʭ ʪʦʯʢʘʭ, ʪʦ ʟʘ ʮʠʤʠ 

ʜʘʥʠʤʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʩʧʣʘʡʥ ɽʨʤʽʪʘ, ʷʢʠʡ ʦʧʠʩʫʶʪʴ 

ʧʦʣʽʥʦʤʦʤ ʩʪʫʧʝʥʷ 2m + 1. ʄʠ ʨʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ 

ʩʧʣʘʡʥʫ ɽʨʤ̔ʪʘ ʜʣʷ m = 1. 

ʃʘʤʘʥʫ ʣʽʥʽʶ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʚ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʦ ʾʢʨʠʚʦ,ʾ 

ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʟ ʚʽʜʨʽʟʢʽʚ ʧʨʷʤʦʾ ʣʽʥʽʾ. ɿʘ ʘʥʘʣʦʛʽʻʶ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʩʢʣʘʜʝʥʫ ʢʫʙʽʯʥʫ ʢʨʠʚʫ ʟʽ ʩʧʣʘʡʥʚ̔ ɽʨʤʽʪʘ ʪʨʝʪʴʦʛʦ 

ʩʪʫʧʝʥ,̫ ʱʦ ʛʣʘʜʢʦ ʩʪʠʢʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʇʦʙʫʜʫʻʤʦ ʩʢʣʘʜʦʚʠʡ 

ʩʧʣʘʡʥ ɽʨʤ̔ʪʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʜʘʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʦʯʦʢ ʽ 

ʤʘʻ ʚ ʮʠʭ ʪʦʯʢʘʭ ʟʘʜʘʥʽ ʧʦʭʽʜʥʽ. ʅʝʭʘʡ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʮʠʭ ʪʦʯʦʢ 

ʨʽʚʥʽ ʨi, ʚʝʢʪʦʨʠ ʧʦʭʽʜʥʠʭ ʢʨʠʚʦ ʾʫ ʮʠʭ ʪʦʯʢʘʭ ʨʽʚʥʽ qi, ʘ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʚ ʮʠʭ ʪʦʯʢʘʭ ʨʽʚʥʽ ti (ti < ti+1), ʜʝ i = 0, 1, 2, », n - ʥʦʤʝʨʠ 

ʪʦʯʦʢ. ʅʘ ʜʽʣʷʥʮʽ ʤʽʞ ʪʦʯʢʘʤʠ ʨi ʽ ʨi+1 ʩʢʣʘʜʦʚʠʡ ʩʧʣʘʡʥ ɽʨʤ̔ʪʘ ʻ 

ʈʠʩʫʥʦʢ 2.5 - ʃʘʤʘʥʘ ʣʥ̫̔̔  
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ʧʦʣʽʥʦʤʦʤ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʤʽʩʮʝʚʦʛʦ ʧʘʨʘʤʝʪʨʫ w 

() 2 3
0 1 2 3

1

, i
i

i i

t t
w a w a w a w w

t t+

-
= + + + =

-
r a .          (2.39) 

ʄʽʩʮʝʚʠʡ ʧʘʨʘʤʝʪʨ w ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 1. ɺʝʢʪʦʨʠ ʘj, j = 0, 

1, 2, 3 ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʛʨʘʥʠʮʽ ʜʽʣʷʥʢʠ ʢʨʠʚʦ ʾ

() () () ()' '
1 10 , 1 , 0 , 1i i i i i i i i+ += = = =r p r p r q r q .        (2.40) 

ʇʽʩʣʷ ʨʽʰʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʽ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ ʚ 

(2.40), ʦʜʝʨʞʠʤʦ ʟʘʣʝʞʥʽʩʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʜʣʷ ʩʧʣʘʡʥʫ ɽʨʤ̔ʪʘ 

() ( )

( ) ( ) ( )
() () () ()

2 3

2 3 2 3 2 3
1 1

0 1 1 0 1 1

0

1

1 3 2

3 2 2

,

, ,

i

i i i

i i i i

i
n

i i

t w w

w w w w w w w

w w w w

t t
w t t t

t t

+ +

+ +

+

= - + +

+ - + - + + - + =

=a +a +b +b

-
= ¢ ¢

-

r p

p q q

p p q q
  (2.41) 

ʜʝ ti ¢ t ¢  ti+1. ɺ (2.41) ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʬʫʥʢʮʽʡ 

() ()

() ()

2 3 2 3
0 1

2 3 2 3
0 1

1 3 2 , 3 2 ,

2 , ,

w w w w w w

w w w w w w w

a = - + a = -

b = - + b =- +
                          (2.42) 

ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʚʥʷʥʥ̫ʤ: 

() () () ()

() () () ()

() () () ()

() () () ()

0 0 1 1

0 0 1 1

0 0 1 1

0 0 1 1

0 1, 1 0, 0 0, 1 1,

' 0 0, ' 1 0, ' 0 0, ' 1 0,

0 0, 1 0, 0 0, 1 0,

' 0 1, ' 1 0, ' 0 0, ' 1 1,

a = a = a = a =

a = a = a = a =

b = b = b = b =

b = b = b = b =

                    (2.43) 

ʜʝ ʰʪʨʠʭ ʦʟʥʘʯʘʻ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʧʦ w. ʗʢʱʦ ʪʦʯʢʠ ʨi 

ʨʦʟʪʘʰʦʚʘʥʽ ʨʽʚʥʦʤʽʨʥʦ, ʪʦ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʚ ʪʦʯʢʘʭ ʨi ʨʽʚʥʠʤʠ ʥʦʤʝʨʘʤ ʪʦʯʦʢ: ti = i. ʇʨʠ 

ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʦʯʦʢ ʨi ʧʘʨʘʤʝʪʨʠʯʥʫ ʚʽʜʩʪʘʥʴ 
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ti+1 - ti ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʧʨʦʧʦʨʮʽʡʥʦ  ʁ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʦʯʢʘʤʠ |ʨi+1 - ʨi|. ʉʢʣʘʜʦʚʠʡ ʩʧʣʘʡʥ ɽʨʤ̔ʪʘ 

ʤʦʞʝ ʙʫʪʠ ʟʘʤʢʥʫʪʠʤ. 

ɺʠʱʝ ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʜʣʷ ʢʨʠʚʦʾ ʟʘʜʘʥʽ ʧʦʭʽʜʥʽ ʚ 

ʪʦʯʢʘʭ. ʗʢʱʦ ʧʦʭʽʜʥʽ qi ʥʝʚʽʜʦʤʽ, ʪʦ ʾʭ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʧʦ ʦʜʥʽʡ 

ʟʽ ʩʭʝʤ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʾʭ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤʠ 

1 1

1 1

i i
i

i it t

+ -

+ -

-
=

-

p p
q .                                              (2.44) 

ʇʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʦʯʦʢ ʜʘʥʠʡ ʩʧʦʩʽʙ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ qi ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʥʝʙʘʞʘʥʠʭ ʧʝʪʝʣʴ. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʷʚʠ ʧʝʪʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʰʫ ʩʭʝʤʫ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ qi. ʅʘʧʨʠʢʣʘʜ, ʾʭ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤʠ 

1 1
1

1 1

i i i i
i i i

i i i i

s s
s s s s

- +
+

+ +

- -
= +

+ +

p p p p
q ,                                  (2.45) 

ʜʝ si = |ʨi - ʨi-1|, si+1 = |ʨi+1 - ʨi| - ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʪʦʯʢʘʤʠ. 

ɿʘ ʪʨʝʪʴʦʶ ʩʭʝʤʦ  ʁʤʽʥʷʶʪʴ ʤʽʩʮʷʤʠ ʚʥʝʩʢʠ ʚʽʜʩʪʘʥʝʡ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʪʦʯʢʘʤʠ: 

1 1
1

1 1

i i i i
i i i

i i i i

s s
s s s s

- +
+

+ +

- -
= +

+ +

p p p p
q .                                (2.46) 

ʅʘ ʨʠʩ. 2.6 ʥʘʚʝʜʝʥʦ ʣʘʤʘʥʫ ʣʽʥʽʶ ʪʘ ʩʢʣʘʜʦʚʠʡ ʩʧʣʘʡʥ 

ɽʨʤ̔ʪʘ, ʱʦ ʧʦʙʫʜʦʚʘʥʦ ʜʘʥʠʤ ʩʧʦʩʦʙʦʤ - ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʪʦʯʢʘʭ ʣʘʤʘʥʦʾ. 

ʇʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʦʯʦʢ ʜʘʥʠʡ ʩʧʦʩʽʙ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ qi, ʷʢ ʽ ʧʝʨʰʠʡ ʩʧʦʩʽʙ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʧʦʷʚʠ ʧʝʪʝʣʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥ ̔ʩʭʝʤʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʧʦʭʽʜʥʽ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʫ ʢʨʠʚʦʾ ʥʘ ʾʾ ʢʨʘʷʭ, ʷʢʱʦ ʚʦʥʘ ʥʝ ʟʘʤʢʥʫʪʘ. ʇʦʭʽʜʥʽ ʥʘ ʢʨʘʷʭ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ, ʚʠʭʦʜʷʯʠ ʽʟ ʮʽʣʝʡ, ʷʢʽ ʧʝʨʝʩʣʽʜʫʶʪʴ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʢʨʠʚʦʾ. ɿʥʘʡʜʝʤʦ ʧʦʭʽʜʥʽ ʚ ʢʨʘʡʥʽʭ ʪʦʯʢʘʭ ʩʢʣʘʜʦʚʦʾ ʢʨʠʚʦʾ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʚ ʮʠʭ ʪʦʯʢʘʭ ʪʨʝʪʽ ʧʦʭʽʜʥʽ ʨʘʜʽʫʩʘ-ʚʝʢʪʦʨʫ 
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ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʫʣʴ. ɼʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʠʤʦ ʟʘ (2.46) ʧʦʭʽʜʥʽ 

ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʣʷʥʦʢ ʽ ʧʽʜʩʪʘʚʠʤʦ ʚ ʥʠʭ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʠʤʦ 

( )

( )

0 1 0 1

1 1

2 ,

2 .n n n n- -

= - -

= - -

q p p q

q p p q
                                  (2.47) 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʧʦʭʽʜʥʽ ʚ ʢʨʘʡʥʽʭ 

ʪʦʯʢʘʭ ʩʢʣʘʜʦʚʦʾ ʢʨʠʚʦ ʾ ʟʘ 

ʽʥʰʠʭ ʫʤʦʚ. ʊʘʢʠʤʠ 

ʫʤʦʚʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: 

ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʜʨʫʛʠʭ 

ʧʦʭʽʜʥʠʭ ʥʘ ʢʽʥʮʷʭ ʢʨʠʚʦʾ; 

ʨʽʚʥʽʩʪʴ ʧʦʭʽʜʥʠʭ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʫ ʥʘ ʢʽʥʮʷʭ ʟʘʜʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ. ʉʢʣʘʜʦʚʠʡ 

ʩʧʣʘʡʥ ɽʨʤʽʪʘ ʜʘʻ 

ʧʨʠʡʥʷʪʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ ʟʘ ʚʝʣʠʢʽʡ ʱʽʣʴʥʦʩʪʽ ʪʦʯʦʢ. ɼʨʫʛʽ ʧʦʭʽʜʥʽ 

ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʢʘʭ ʩʢʣʘʜʝʥʦʛʦ ʩʧʣʘʡʥʫ ɽʨʤ̔ʪʘ ʥʝ 

ʟʙʝʨʽʛʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ. 

2.4.3. ʂʫʙʽʯʥʠʡ ʩʧʣʘʡʥ 

ʇʦʙʫʜʫʻʤʦ ʟʘ ʟʘʜʘʥʦʶ ʩʫʢʫʧʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʦʢ 

ʩʧʣʘʡʥ, ʷʢʠʡ ʙʠ ʤʘʚ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʧʝʨʰʽ ʪʘ ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʫ. ʅʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ 

ʪʦʯʢʘʤʠ ʙʫʜʝʤʦ ʦʧʠʩʫʚʘʪʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʢʨʠʚʦʾ ʢʫʙʽʯʥʠʤ 

ʧʦʣʽʥʦʤʦʤ ʪʠʧʫ (2.39). ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʽʥʰʠʭ ʧʦʭʽʜʥʠʭ ʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʢʘʭ r "(ti) = si. ɼʨʫʛʘ ʧʦʭʽʜʥʘ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ 

ʥʘ ʜʽʣʷʥʮʽ ti ¢ t ¢ ti+1 ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʧʘʨʘʤʝʪʨʫ t 

2
1

12
1 1

i i
i i

i i i i

t t t td

t t t tdt

+
+

+ +

- -
= +

- -

r
s s .                          (2.48) 

ʇʽʩʣʷ ʜʚʦʨʘʟʦʚʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʜʝʨʞʠʤʦ 

ʈʠʩʫʥʦʢ 2.6 - ʃʘʤʘʥʘ ʣʥ̫̔̔  ʪʘ 

ʩʢʣʘʜʦʚʠʡ ʩʧʣʘʡʥ ɽʨʤ̔ʪʘ 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

60 

()
( )

( )

( )

( )

3 3

1
1 1 2

1 16 6

i i
i i

i i i i

t t t t
t t

t t t t

+
+

+ +

- -
= + + +

- -
r s s c c .            (2.49) 

ʇʦʩʪʽʡʥʽ ʽʥʪʝʛʨʫʚʘʥʥʷ c1 ʽ c2 ʚʠʟʥʘʯʠʤʦ ʟ ʫʤʦʚ ʥʘ ʢʽʥʮʷʭ 

ʜʽʣʷʥʢʠ r (ti) = pi ʽ r (ti+1) = pi+1. ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʴ ʦʜʝʨʞʠʤʦ 
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(2.50) 

ɺʠʨʘʟ (2.50) ʦʧʠʩʫʻ ʢʫʙʽʯʥʠʡ ʧʦʣʽʥʦʤ ʥʘ ʚʽʜʨʽʟʢʫ ti ¢ t ¢ ti+1 ʽ 

ʤʘʻ ʜʚʽ ʥʝʚʽʜʦʤʽ ʚʝʣʠʯʠʥʠ si ʽ si+1. ɼʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʽʚʥʷʻʤʦ 

ʧʝʨʰʫ ʧʦʭʽʜʥʫ ʩʧʣʘʡʥʫ ʥʘ ʧʨʘʚʦʤʫ ʢʽʥʮʽ ʚʽʜʨʽʟʢʫ ti-1 ¢ t ¢ ti ʧʝʨʰʽʡ 

ʧʦʭʽʜʥʽʡ ʩʧʣʘʡʥʫ ʥʘ ʣʽʚʦʤʫ ʢʽʥʮʽ ʚʽʜʨʽʟʢʫ ti ¢ t ¢ ti+1. ʇʽʩʣʷ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ (2.50) ʪʘ ʧʽʜʩʪʘʥʦʚʢʠ t = ti ʦʜʝʨʞʠʤʦ 

( )( )1 1 1

1

2

6

i i i i i i

i i i

t td

dt t t t

+ + +

+

+ - -
=- +

-

s s p pr
.                 (2.51) 

ʇʨʠʨʽʚʥʷʚʰʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʚʠʨʘʟʽʚ, ʦʜʝʨʞʠʤʦ 

ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

( ) ( ) ( )1 1 1 1 1 1

1 1

1 1

2

6 6
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t t t t t t

t t t t

- - + - + +

+ -

+ -

- + - + - =

- -
= -

- -

s s s

p p p p .            (2.52) 

ʊʘʢʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʜʣʷ n - 1 ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʪʦʯʦʢ (ʫ ʚʠʧʘʜʢʫ ʥʝʟʘʤʢʥʫʪʦʛʦ ʩʧʣʘʡʥʫ). ɼʚʘ ʚʽʜʩʫʪʥʽʭ ʨʽʚʥʷʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʥʘ ʢʽʥʮʷʭ ʢʨʠʚʦʾ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʘʥʘʣʦʛʽʯʥʦ ʩʧʣʘʡʥʫ (ʣʽʥʽʡʮʽ-ʽʥʩʪʨʫʤʝʥʪʫ) ʚʚʘʞʘʪʠ ʢʽʥʮʽ ʢʨʠʚʦ ʾ

ʚʽʣʴʥʠʤʠ, ʪʦ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ s0 = sn = 0. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ s0 = s1, sn = sn-1, ʪʦʜʽ ʥʘ ʢʽʥʮʝʚʠʭ ʚʽʜʨʽʟʢʘʭ ʩʧʣʘʡʥ ʤʘʪʠʤʝ 

ʧʦʩʪʽʡʥʫ ʢʨʠʚʠʟʥʫ. ɼʦʜʘʪʢʦʚʽ ʫʤʦʚʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ ʘʙʦ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ. ʗʢʱʦ 



 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

61 

ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʟʘʤʢʥʫʪʫ ʢʨʠʚʫ, ʪʦ ʤʠ ʤʘʪʠʤʝʤʦ ʨʽʚʥʝ ʯʠʩʣʦ 

ʥʝʚʽʜʦʤʠʭ ʽ ʨʽʚʥʷʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʚʽʜʦʤʽ ʚʝʢʪʦʨʠ ʜʨʫʛʠʭ 

ʧʦʭʽʜʥʠʭ si ʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʢʘʭ ʟʥʘʡʜʝʤʦ ʽʟ ʩʠʩʪʝʤʠ 

ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʄʘʪʨʠʮʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʻ 

ʪʨɹʦʭʜ̔ʘʛʦʥʘʣʴʥʦ ,ʁ ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ. ʇʽʩʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʚʝʢʪʦʨʽʚ si ʩʧʣʘʡʥ ʦʧʠʩʫʚʘʪʠʤʝʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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      (2.53) 

ʜʝ
1

i

i i

t t
w

t t+

-
=

-
, ti ¢ t ¢ ti+1. 

ʆʪʨʠʤʘʥʫ ʢʨʠʚʫ ʥʘʟʠʚʘʶʪʴ ʢʫʙʽʯʥʠʤ ʩʧʣʘʡʥʦʤ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʩʢʣʘʜʦʚʦʛʦ ʩʧʣʘʡʥʫ ɽʨʤʽʪʘ ʜʣʷ ʢʫʙʽʯʥʦʛʦ ʩʧʣʘʡʥʫ ʟʤʽʥʘ 

ʧʦʣʦʞʝʥʥʷ ʦʜʥʽʻʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʨʘʭʫʚʘʥʥʷ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘ ʨʠʩ. 2.7 ʥʘʚʝʜʝʥʦ ʢʫʙʽʯʥʠʡ ʩʧʣʘʡʥ ʽ ʩʢʣʘʜʦʚʠʡ ʩʧʣʘʡʥ 

ɽʨʤ̔ʪʘ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʪʠʤʠ ʩʘʤʠʤʠ ʚʽʩʴʤʦʤʘ ʪʦʯʢʘʤʠ. 

 

 

1

2

 
 

 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʪʦʯʢʘʭ ʜʦʨʽʚʥʶʻ ʾʭ ʥʦʤʝʨʘʤ (ti = i), ʪʦ ʨʽʚʥʷʥʥʷ (2.52) ʩʧʨʦʩʪʠʪʴʩʷ 

ʪʘ ʧʨʠʡʤʝ ʚʠʜ: 

ʈʠʩʫʥʦʢ 2.7 - ʂʫʙ̔ʯʥʠʡ ʩʧʣʘʡʥ (1), ʩʧʣʘʡʥ ɽʨʤ̔ʪʘ (2) 
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si-1 + 4si + si+1 = 6(pi+1 - pi-1).                              (2.54) 

ʊʘʢʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʻ ʨʽʚʥʦʤʽʨʥʦʶ. ʂʫʙʽʯʥʽ ʩʧʣʘʡʥʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʟʘʚʜʘʯʘʭ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʈʽʚʥʦʤʽʨʥʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʩʧʣʘʡʥʫ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʜʘʥʽ ʪʦʯʢʠ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʚʠʛʠʥʽʚ ʢʨʠʚʦʾ, ʷʢʱʦ ʪʦʯʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦ. ɼʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ 

ʢʫʙʽʯʥʦʛʦ ʩʧʣʘʡʥʫ, ʧʨʦʧʦʨʮʽʡʥʫ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʪʦʯʢʘʤʠ. 

ʊʦʙʪʦ ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʨʘʟʫ 

1 1

1 1

i i i i

i i i it t t t
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º
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p p p p
.                                 (2.55) 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʢʫʙʽʯʥʠʤ ʩʧʣʘʡʥʦʤ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʩʧʣʘʡʥʠ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ, ʢʦʣʠ ʧʦʭʽʜʥʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ 

ʪʨʝʪʴʦʛʦ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ ʙʝʟʧʝʨʝʨʚʥʽ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʢʘʭ. ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʧʦʨʷʜʦʢ 

ʧʦʭʽʜʥʠʭ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ, ʜʣʷ ʷʢʠʭ ʤʦʞʥʘ ʟʙʝʨʝʛʪʠ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ, 

ʜʦʨʽʚʥʶʻ n ʧʨʠ n+1 ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʢʦʢ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, 

ʧʦʙʫʜʫʚʘʚʰʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʡ ʧʦʣʽʥʦʤ ʃʘʛʨʘʥʞʘ ʘʙʦ ʅʴʶʪʦʥʘ. 

ɯʥʪʝʨʧʦʣʷʮʽʡʥʽ ʬʦʨʤʫʣʠ ʃʘʛʨʘʥʞʘ ʪʘ ʅʴʶʪʦʥʘ ʜʘʶʪʴ ʪʦʡ ʩʘʤʠʡ 

ʧʦʣʽʥʦʤ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʡʦʛʦ ʦʙʯʠʩʣʝʥʥʷ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʰʫʢʘʶʪʴ ʚʝʢʪʦʨʥʠʡ ʙʘʛʘʪʦʯʣʝʥ ʩʪʫʧʝʥʷ n ʚʠʜʫ 

r (t) = a0 + a1 t + a2 t
2
 + + » + an t

n
,                      (2.56) 

ʢ̫ʠʡ ʧʨʠ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ti ʧʨʠʡʤʘʻ ʟʘʜʘʥʽ 

ʟʥʘʯʝʥʥʷ ʨi, i = 0, 1, 2, », n. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʽʚ ʘ, ʦʜʝʨʞʠʤʦ 

ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʚʠʟʥʘʯʥʠʢ ʷʢʦ ʾʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ, ʷʢʱʦ 

ʩʝʨʝʜ ʪʦʯʦʢ ʥʝʤʘʻ ʩʧʽʚʧʘʜʘʶʯʠʭ. ʉʬʦʨʤʫʣʴʦʚʘʥʝ ʟʘʚʜʘʥʥʷ ʤʘʻ 

ʻʜʠʥʝ ʨʽʰʝʥʥʷ. 

2.4.4. ʉʧʣʘʡʥ ʃʘʛʨʘʥʞʘ 

ɯʥʪʝʨʧʦʣʷʮʽʡʥʘ ʬʦʨʤʫʣʘ ʃʘʛʨʘʥʞʘ ʻ ʨʽʰʝʥʥʷʤ ʟʘʚʜʘʥʥʷ 

ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʧʦ ʟʘʜʘʥʠʤʠ ʪʦʯʢʘʤʠ ʫ ʚʠʛʣʷʜʽ 

() ()
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n

i i
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t L t
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=är p ,                                    (2.57) 
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ʜʝ ʬʫʥʢʮʽʾ Li(t) ʨʽʚʥʽ 1 ʧʨʠ t = ti ʽ ʨʽʚʥʽ 0 ʚ ʽʥʰʠʭ ʚʫʟʣʘʭ tj, j  ̧i. 

ʌʫʥʢʮʽʾ Li(t) ʙʫʜʝʤʦ ʰʫʢʘʪʠ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʯʣʝʥʽʚ ʩʪʫʧʝʥʷ 

n, ʘ ʩʘʤʝ: 

Li(t) = li (t - t0)(t - t1) ... (t - ti-1)(t - ti-1) ... (t - tn).          (2.58) 

ɿ ʫʤʦʚʠ Li(ti) = 1 ʟʥʘʭʦʜʠʤʦ 

( )( ) ( )( ) ( )0 1 1 1

1
i i i i i i i nt t t t t t t t t t- += - - - - -

l
          (2.59) 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʃʘʛʨʘʥʞʘ 

()

( )

( )

0,

0,

n

j

j j i

i n

i j

j j i

t t

L t

t t

= ¸

= ¸

-

=

-

Ô

Ô
.                                  (2.60) 

ʆʩʪʘʪʦʯʥʦ, ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʡ ʧʦʣʽʥʦʤ ʃʘʛʨʘʥʞʘ ʤʘʻ ʚʠʛʣʷʜ 

()

( )

( )

0,

0

0

0,

,

n

jn
j j i

i nn
i

i j

j j i

t t

t t t t

t t

= ¸

=

= ¸

-

= ¢ ¢

-

Ô
ä
Ô

r p .             (2.61) 

 

ʅʘ ʨʠʩ. 2.8 

ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʢʫʙʽʯʥʠʡ ʩʧʣʘʡʥ, 

ʩʢʣʘʜʦʚʠʡ ʩʧʣʘʡʥ 

ɽʨʤʽʪʘ ʽ ʩʧʣʘʡʥ 

ʃʘʛʨʘʥʞʘ, ʱʦ ʧʦʙʫʜʦï

ʚʘʥʽ ʧʦ ʪʠʤ ʩʘʤʠʤ 

ʚʽʩʴʤʦʤ ʪʦʯʢʘʤ. ʅʘ 

ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ 

ʢʨʠʚʽ ʧʦʚʦʜʷʪʴʩʷ ʧʦ-

ʨʽʟʥʦʤʫ. 

 

ʈʠʩʫʥʦʢ 2.8 - ʂʫʙʠʯʝʩʢʠʡ ʩʧʣʘʡʥ (1),  

ʩʧʣʘʡʥ ʕʨʤʠʪʘ (2) ʠ  

ʩʧʣʘʡʥ ʃʘʛʨʘʥʞʘ (3). 

 

1

2

3
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2.4.5. ʉʧʣʘʡʥ ʅʴʶʪʦʥʘ 

ɯʥʪʝʨʧʦʣʷʮʽʡʥʠʡ ʙʘʛʘʪʦʯʣʝʥ ʅʴʶʪʦʥʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʟʘʜʘʥʽ ʪʦʯʢʠ, ʟʥʘʭʦʜʷʪʴ ʫ ʬʦʨʤʽ 

() ( ) ( )( )

( )( ) ( )( )

0 1 0 2 0 1

0 1 2 1 .n n n

t t t t t t t

t t t t t t t t- -

= + - + - - +

+ - - - -

r a a a

a
              (2.62) 

ɺʝʢʪʦʨʠ ʘi ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʟ ʫʤʦʚʠ ʧʨʦʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʥʦʾ 

ʬʫʥʢʮʽʾ r (t) ʯʝʨʝʟ ʪʦʯʢʠ pi ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ ti, i = 0, 1, 2, », 

n: 

( )

( ) ( )( )

( ) ( )( )

( )( ) ( )( )

0 0

1 0 1 1 0

2 0 1 2 0 2 2 0 2 1

0 1 0 2 0 1

0 1 2 1

,

,

,

................................................................

.

n n n n

n n n n n n n

t t

t t t t t t

t t t t t t

t t t t t t t t- -

=

= + -

= + - + - -

= + - + - - +

+ - - - -

p a

p a a

p a a a

p a a a

a

    (2.63) 

ʄʘʪʨʠʮʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʻ ʪʨʠʢʫʪʥʦʶ, ʩʠʩʪʝʤʫ 

ʚʠʨʽʰʫʶʪʴ ʟʘ ʦʜʥʽʡ ʧʨʷʤʽʡ ʧʨʦʭʽʜ. ʇʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2.63) 

ʜʘʻ ʘ0. ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʝʡ ʨʝʟʫʣʴʪʘʪ ʫ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ, ʦʜʝʨʞʠʤʦ a1. 

ɯʟ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷʥʥʷ ʟʥʘʡʜʝʤʦ ʘ2 ʽ ʪʘʢ ʜʘʣʽ ʜʦ ʘn. ʇʦʤʽʪʠʤʦ, ʱʦ 

ʜʦʜʘʶʯʠ ʜʦʜʘʪʢʦʚʫ ʪʦʯʢʫ ʨn+1 ʤʠ ʟʙʽʣʴʰʫʻʤʦ ʩʠʩʪʝʤʫ (2.63) ʥʘ ʱʝ 

ʦʜʥʝ ʨʽʚʥʷʥʥʷ, ʘ ʚʩʽ ʽʥʰʽ ʨʽʚʥʷʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. ʎʝ ʻ 

ʧʝʨʝʚʘʛʦʶ ʬʦʨʤʫʣʠ ʅʴʶʪʦʥʘ ʧʦʨʽʚʥʷʥʦ ʟ ʬʦʨʤʫʣʦʶ ʃʘʛʨʘʥʞʘ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʢʨʠʚʠʭ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʪʦʯʦʢ. 

ʈʦʟʛʣʷʥʫʪʽ ʩʧʦʩʦʙʠ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʢʨʠʚʽ ʧʝʚʥʦʛʦ 

ʩʪʫʧʝʥʷ ʛʣʘʜʢʦʩʪʽ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʟʘʜʘʥʫ ʩʫʢʫʧʥʽʩʪʴ ʪʦʯʦʢ ʫ 

ʧʨʦʩʪʦʨʽ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʢʨʽʤ 

ʨʦʟʛʣʷʥʫʪʠʭ ʩʧʣʘʡʥʽʚ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʱʝ ʙʽʣʴʰ ʟʨʫʯʥʽ ʟ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʪʦʯʢʠ ʟʦʨʫ ʢʨʠʚʽ. 

2.5. ʂʨʠʚʽ ɹʝʟ'ʻ 

ɿʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʟʘʚʜʘʥʥʷ  ̔ ʤʦʞʣʠʚʦʩʪʽ ʟʨʫʯʥʦ 

ʤʘʥʽʧʫʣʶʚʘʪʠ ʬʦʨʤʦʶ, ʢʨʠʚʽ ɹʝʟ'ʻ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 
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ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʣʘʜʢʠʭ ʣʽʥʽʡ. ʆʩʢʽʣʴʢʠ 

ʢʨʠʚʫ ɹʝʟ'ʻ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻ ʦʧʫʢʣʘ ʦʙʦʣʦʥʢʘ ʟ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, 

ʦʩʪʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʽ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʦʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʬʦʨʤʦʶ ʣʽʥʽʾ. ʂʨʽʤ ʪʦʛʦ, ʘʬʽʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʨʠʚʦʾ 

(ʧʝʨʝʥʦʩ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʦʙʝʨʪʘʥʥʷ) ʪʘʢʦʞ ʣʝʛʢʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʜʦ ʦʧʦʨʥʠʭ ʪʦʯʦʢ. 

ʅʘʷʚʥʽʩʪʴ ʦʧʫʢʣʦʾ ʦʙʦʣʦʥʢʠ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʟʘʜʘʯʫ ʧʨʦ ʪʦʯʢʠ 

ʧʝʨʝʪʠʥʘʥʥʷ ʢʨʠʚʠʭ ɹʝʟ'ʻ: ʷʢʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʦʧʫʢʣʽ 

ʦʙʦʣʦʥʢʠ, ʪʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʡ ʩʘʤʽ ʢʨʠʚʽ. 

ʂʦʦʨʜʠʥʘʪʠ ʩʧʣʘʡʥʽʚ ʻ ʧʦʣʽʥʦʤʘʤʠ ʧʘʨʘʤʝʪʨʫ ʢʨʠʚʦʾ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʝʛʤʝʥʪʠ ʪʘʢʠʭ ʢʨʠʚʠʭ ʦʧʠʩʫʶʪʴ ʚʝʢʪʦʨʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʚʠʜʫ 

()
0

n
i

i

i

t t
=

=är a .                                     (2.64) 

ʉʫʪʴ ʚʝʢʪʦʨʽʚ ʘi, ʧʦʣʷʛʘʻ ʪʽʣʴʢʠ ʚ ʪʦʤʫ, ʱʦ ʾʭ ʢʦʤʧʦʥʝʥʪʠ ʻ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʦʣʽʥʦʤʽʚ ʜʣʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʚʝʢʪʦʨʫ. 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʚʝʢʪʦʨʠ ʘi, ʥʝ ʥʝʩʫʪʴ ʛʝʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʞʥʠʡ ʦʢʨʝʤʦ. ɸʣʝ ʷʢʱʦ ʧʝʨʝʛʨʫʧʫʚʘʪʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ (2.62), ʪʦ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʚʠʨʘʟ, ʫ ʷʢʦʤʫ ʚʝʢʪʦʨʥʽ ʚʝʣʠʯʠʥʠ ʤʘʶʪʴ ʧʝʚʥʠʡ 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʟʤʽʩʪ. ʎʝ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ 

ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʬʦʨʤʫʣʠ ʃʘʛʨʘʥʞʘ, ʜʝ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʢʨʠʚʦʾ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ 

() ()
0

n

i i

i

t L t
=

=är p ,                                (2.65) 

ʚʝʢʪʦʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨi ʙʫʣʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ 

ʪʦʯʦʢ ʢʨʠʚʦ,ʾ ʘ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʚʦʾ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʚ 

ʩʢʘʣʷʨʥʠʭ ʬʫʥʢʮʽʷʭ Li(t), ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʜʣʷ ʢʦʞʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʪʦʯʢʠ ʨi. 

ɼʝ ʂʘʩʪʝʣʴʦ ʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʴʦʛʦ ɹʝʟ'ʻ ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʘʥʘʣʦʛʽʯʥʠʡ (2.66) ʧ̔ ʜʭʽʜ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʠʭ. ʎʽ ʢʨʠʚʽ ʦʜʝʨʞʘʣʠ 

ʥʘʟʚʫ ʢʨʠʚʠʭ ɹʝʟ'ʻ. 

ʂʨʠʚʫ ɹʝʟ'ʻ ʦʧʠʩʫʪʁʴ ʬʦʨʤʫʣʦʶ 
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() ()
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ä är p p ,   (2.66) 

ʜʝ ʨi - ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʪʦʯʦʢ, ʘ n - ʯʠʩʣʦ ʮʠʭ ʪʦʯʦʢ ʤʽʥʫʩ ʦʜʠʥ.  

2.5.1. ʌʫʥʢʮʽʾ ɹʝʨʥʰʪʝʡʥʘ 

ʉʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʡ 

()
( )

( ) ( )
!

1 1
! !

n i n in i i i
i n

n
B t t t C t t

i n i

- -
= - = -

-
            (2.67) 

ʥʘʟʠʚʘʪʁʴ ʙʘʟʠʩʦʤ ɹʝʨʥʰʪʝʡʥʘ. ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʢʨʠʚʘ ɹʝʟ'ʻ  ̒

ʧʦʣʽʥʦʤʦʤ ɹʝʨʥʰʪʝʡʥʘ ʟ ʚʝʢʪʦʨʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 

ʉʧʦʯʘʪʢʫ ʜʝ ʂʘʩʪʝʣʴʦ  ̔ ɹʝʟ'ʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʢʨʝʤʽ 

ʚʠʧʘʜʢʠ ʢʨʠʚʦ ʾ (2.67) ʽ ʪʽʣʴʢʠ ʧʽʟʥʽʰʝ ʌʦʨʨʝʩʪ ʚʩʪʘʥʦʚʠʚ ʟʚ'ʷʟʦʢ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʨʠʚʦ ʾ ʟ ʧʦʣʽʥʦʤʘʤʠ ɹʝʨʥʰʪʝʡʥʘ. ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ 

ti (1 - t)
n-i

 ʫ (2.67) ʜʦʨʽʚʥʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪʘʤ 
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-
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ʅʴʶʪʦʥʘ:( )
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n i n i i
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i

a b C a b-
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+ =ä . ɯʟ ʮʴʦʛʦ ʚʠʪʽʢʘʻ, ʱʦ ʙʘʟʠʩ 

ɹʝʨʥʰʪʝʡʥʘ ʻ ʨʦʟʢʣʘʜʘʥʥʷʤ ʦʜʠʥʠʮʽ (ʩʫʤʘ ʚʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ 

ʙʫʜʴ-ʷʢʦʤʫ t ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ) 

() ( )
0

1 1 1
n

nn n
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i

B t t t
=

=è + - ø = =ê úä .                     (2.68) 

ʌʫʥʢʮʽʾ ɹʝʨʥʰʪʝʡʥʘ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʝʢʫʨʝʥʪʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ 

( )1 1
1 1n n n

i i iB t B t B- -
-= + - .                           (2.69) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝ ʨʝʢʫʨʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʚʩʽ ʬʫʥʢʮʽʾ ɹʝʨʥʰʪʝʡʥʘ. ʆʙʯʠʩʣʝʥʥʷ ʧʦʯʠʥʘʪʁʴ ʟ 

ʬʫʥʢʮʽʾ()0
0 1B t =. ɼʘʣʽ ʦʜʝʨʞʫʶʪ (ɹ)1

1B t t= , ()1
0 1B t t= -. ɺʩʽ 

ʬʫʥʢʮʽʾ, ʦʜʠʥ ʟ ʽʥʜʝʢʩʽʚ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʥʝʛʘʪʠʚʥʦʤʫ ʯʠʩʣʫ, 

ʚʚʘʞʘʶʪʴ ʨʽʚʥʠʤʠ ʥʫʣʶ. ʇʨʦʜʦʚʞʠʚʰʠ ʦʙʯʠʩʣʝʥʥʷ, ʦʜʝʨʞʫʶʪʴ ʚʩʽ 
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ʬʫʥʢʮʽʾ ɹʝʨʥʰʪʝʡʥʘ. 

2.5.2. ɸʣʛʦʨʠʪʤ ʜʝ ʂʘʩʪʝʣʴʦ 

ʇʽʜʩʪʘʚʠʤʦ ʨʝʢʫʨʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫ ʚʠʨʘʟ (2.66), 

ʚʠʜʽʣʠʚʰʠ ʢʨʘʡʥʽ ʪʦʯʢʠ ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ( )0 1
nnB t= - , n n

nB t= , 

ʥʘʧʨʠʢʽʥʮʽ ʧʨʠʡʜʝʤʦ ʜʦ ʨʽʚʥʷʥʴ 

() ()
0

0 0
0

0

, 0,1, ,i i i

j

B t i n
=

= = =är p p .                  (2.70) 

ʇʦʟʥʘʯʠʚʰʠ r (t) ʯʝʨʝʟ r0
(n)

(t), ʘ ʨi - ʯʝʨʝʟ r 0
(0)

, ʦʜʝʨʞʠʤʦ 

ʨʝʢʫʨʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʦʯʢʠ ʢʨʠʚʦ ʾɹʝʟ'ʻ 

() ( )( ) ( )1 1

11 ,
k k k

i i it t i k n
- -

+= - + + ¢r r r .               (2.71) 

ɸʣʛʦʨʠʪʤ, ʦʧʠʩʘʥʠʡ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.71), ʥʘʟʠʚʘʶʪʴ 

ʘʣʛʦʨʠʪʤʦʤ ʜʝ ʂʘʩʪʝʣʴʦ. ɸʣʛʦʨʠʪʤ ʜʝ ʂʘʩʪʝʣʴʦ ʜʦʟʚʦʣʷʻ 

ʦʙʯʠʩʣʠʪʠ ʙʫʜʴ-ʷʢʫ ʪʦʯʢʫ ʢʨʠʚʦʾ ɹʝʟ'ʻ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ 

ʪʦʯʢʘʭ ʙʝʟ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʬʫʥʢʮʽʾ ɹʝʨʥʰʪʝʡʥʘ. ɺʝʣʠʯʠʥʠ (1 - t) ʽ t, 

ʥʘ ʷʢʽ ʤʥʦʞʘʪʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ r i
( k-1)

 ʽ r i+1
( k-1)
, ʻ ʙʘʨʠʮʝʥʪʨʠʯʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ. ʂʨʠʚʫ ɹʝʟ'ʻ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʣʽʥʽʶ, ʪʦʯʢʠ ʷʢʦʾ 

ʚʠʟʥʘʯʘʶʪʴ ʨʝʢʫʨʝʥʪʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.71). 

2.5.3. ɺʣʘʩʪʠʚʦʩʪʽ ʢʨʠʚʠʭ ɹʝʟ'ʻ 

ɼʦʩʠʪʴ ʛʥʫʯʢʦʶ ʡ ʫ ʪʦʡ ʞʝ ʯʘʩ ʧʨʦʩʪʦʶ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʢʫʙʽʯʥʘ ʢʨʠʚʘ ɹʝʟ'ʻ, ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʷʢʦʾ ʦʧʠʩʫʶʪʴ 

ʟʘʣʝʞʥʽʩʪʶ 

r (t) = (1 - t)
3 
p0 + 3t(1 - t)

2 
p1 + 3t

2
(1 - t)

 
p2 + t

3 
p3

.
         (2.72) 

ʇʨʠʢʣʘʜʠ ʢʫʙʽʯʥʠʭ ʢʨʠʚʠʭ ɹʝʟ'ʻ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥ ̔ʣʘʤʘʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.9. 

ʂʦʝʬʽʮʽʻʥʪʠ ai ʮʽ̒ʾ ʞ ʢʨʠʚʦ ʾʫ ʬʦʨʤʽ ʧʦʣʽʥʦʤʘ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʝʨʰʠʥʘʤʠ pi ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

a0 = p0, a1 = 3(p1 - p0), a2 = 3(p2 - 2p1 + p0),  

a3 = p3 - 3p2 + 3p1 - p0.                            (2.73) 
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ʅʘ ʧʨʠʢʣʘʜʽ (ʨʠʩ. 2.9) ʢʫʙʽʯʥʦ ʾ ʢʨʠʚʦʾ ɹʝʟ'ʻ ʚʠʜʥʦ, ʱʦ ʾʾ 

ʤʦʜʠʬʽʢʘʮʽʷ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ pi ʙʽʣʴʰ ʥʘʛʣʷʜʥʘ, ʥʽʞ 

ʤʦʜʠʬʽʢʘʮʽʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʚʝʢʪʦʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘi, ʪʦʤʫ ʱʦ ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʘʞʢʦ ʚʛʘʜʘʪʠ ʨʝʟʫʣʴʪʘʪ. 

 

0p

1p

2p

3p

0p

1p 2p

3p

 
 

ʈʠʩʫʥʦʢ 2.9 ï ʂʨʠʚ̔ ɹʝʟ'ʻ 

ʆʩʢʽʣʴʢʠ ʢʨʠʚʘ ʥʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ ʚʝʨʰʠʥʠ ʩʚʦʻʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʣʘʤʘʥʦʾ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʟʘʜʘʪʠ ʾ ʾ ʪʦʯʥʝ 

ʧʦʣʦʞʝʥʥʷ. ʂʨʠʚʽ ʫ ʬʦʨʤʽ ɹʝʟ'ʻ ʟʨʫʯʥʽʰ ̔ʪʘʤ, ʜʝ ʚʘʞʣʠʚʘ ʬʦʨʤʘ 

ʣʽʥʽʡ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʜʠʟʘʡʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʪʠʧʫ 

ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ. ʏʠʤ ʙʽʣʴʰʝ ʪʦʯʦʢ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʦʙʫʜʦʚʽ 

ʢʨʠʚʦ,ʾ ʪʠʤ ʚʦʥʘ ʛʣʘʜʢʽʰʘ. ʅʘ ʨʠʩ. 2.10 ʥʘʚʝʜʝʥʦ ʢʨʠʚʫ ɹʝʟ'ʻ, 

ʧʦʙʫʜʦʚʘʥʫ ʧʦ 7 ʪʦʯʢʘʤ. 

 

0p

1p 2p

6p

3p
4p

5p

 
 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʘʜʘʥʽ ʪʦʯʢʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ ɹʝʟ'ʻ. ʂʨʠʚʘ ɹʝʟ'ʻ ʟʘʚʞʜʠ 

ʪʦʨʢʘʻʪʴʩʷ ʩʚʦ̒ʾ  ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʣʘʤʘʥʦʾ ʥʘ ʢʽʥʮʷʭ. ʗʢʱʦ ʤʠ 

ʙʘʞʘʻʤʦ, ʱʦʙ ʩʢʣʘʜʦʚʘ ʢʨʠʚʘ ʙʫʣʘ ʛʣʘʜʢʦ,ʁ ʥʝʦʙʭʽʜʥʦ ʩʪʝʞʠʪʠ ʟʘ 

ʪʠʤ, ʱʦʙ ʫ ʪʦʯʢʘʭ ʩʪʠʢʫʚʘʥʥʷ ʜʦʪʠʯʥʽ ʜʦ ʯʘʩʪʠʥ ʢʨʠʚʠʭ ʟʙʽʛʘʣʠʩʷ. 

ʈʠʩʫʥʦʢ 2.10 - ʂʨʠʚʘ ɹʝʟ'ʻ 

ʦhʩʪʦʛʦ ʩʪʫʧʝʥ̫ 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʪʦʯʢʘʭ ʟôʻʜʥʫʚʘʥʥʷ ʧʝʨʰʘ ʧʦʭʽʜʥʘ 

ʩʪʨʠʙʢʦʤ ʤʽʥʷʪʠʤʝ ʩʚʦʻ ʟʥʘʯʝʥʥʷ, ʘ ʚʩʽ ʚʠʱʽ ʧʦʭʽʜʥʽ ʟʘʟʥʘʚʘʪʠʤʫʪʴ 

ʨʦʟʨʠʚ. ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʧʝʨʰʦ ʾʧʦʭʽʜʥʦ ʾʩʢʣʘʜʦʚʦ ʾʢʨʠʚʦ ʾɹʝʟ'ʻ 

ʧʦʪʨʽʙʥʝ ʪʦʨʢʘʥʥʷ  ̔ ʨʽʚʥʽʩʪʴ ʜʦʚʞʠʥ ʢʨʘʡʥʽʭ ʜʽʣʷʥʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʣʘʤʘʥʠʭ ʫ ʤʽʩʮʽ ʩʪʠʢʫʚʘʥʥʷ. ʇʘʨʘʤʝʪʨʠʯʥʘ 

ʜʦʚʞʠʥʘ ʩʢʣʘʜʦʚʦ ʾ ʢʨʠʚʦ ʾ ɹʝʟ'ʻ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʜʦʚʞʠʥ ʯʘʩʪʠʥ, ʪʦʙʪʦ ʯʠʩʣʫ ʮʠʭ ʯʘʩʪʠʥ. ʗʢʱʦ ʚʝʨʰʠʥʠ ʢʨʠʚʦʾ 

ɹʝʟ'ʻ ʣʝʞʘʪʴ ʥʘ ʦʜʥʽʡ ʧʨʷʤʽʡ, ʢʨʠʚʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʽʜʨʽʟʦʢ 

ʧʨʷʤʦʾ. ɺʽʜʨʽʟʢʦʤ ʧʨʷʤʦʾ ʣʽʥʽʾ ʻ ʽ ʢʨʠʚʘ ɹʝʟ'ʻ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ. 

2.6. B-ʩʧʣʘʡʥʠ 

ʉʪʫʧʽʥʴ ʢʨʠʚʦ ʾ ɹʝʟ'ʻ ʚʠʟʥʘʯʘʪʁʴ ʢʽʣʴʢʽʩʪʶ ʟʘʜʘʥʠʭ ʪʦʯʦʢ, 

ʧʨʠʯʦʤʫ ʚʩʽ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ ʢʨʠʚʦʾ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʨʠʚʠʭ ɹʝʟ'ʻ ʩʪʚʦʨʶʶʪʴ ʧʝʚʥʽ ʥʝʟʨʫʯʥʦʩʪʽ. ʇʦ-ʧʝʨʰʝ, ʧʨʠ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʦʾ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʚʦ ʾ ɹʝʟ'ʻ 

ʥʝʤʠʥʫʯʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʝʟʣʽʯ ʟʘʜʘʥʠʭ ʪʦʯʦʢ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʢʨʠʚʘ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ. ʊʘʢʘ ʢʨʠʚʘ ʤʦʞʝ ʦʩʮʠʣʶʚʘʪʠ 

ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʫʚʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʤʧ'ʶʪʝʨ. ʏʦʤʫ ʙ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʩʧʨʦʙʫʚʘʪʠ ʧʨʝʜʩʪʘʚʠʪʠ ʪʫ 

ʞ ʚʠʭʽʜʥʫ ʢʨʠʚʫ ʙʝʟʣʽʯʯʶ ʢʨʠʚʠʭ ɹʝʟ'ʻ ʥʠʞʯʠʭ ʧʦʨʷʜʢʽʚ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʮʠʭ ʥʝʧʨʠʻʤʥʦʩʪʝʡ? ʇʨʦʙʣʝʤʘ ʫ ʪʦʤʫ, ʱʦ ʟ'ʻʜʥʘʥʥʷ 

ʢʨʠʚʠʭ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ ʧʦʪʨʽʙʥʠʭ 

ʧʦʨʷʜʢʽʚ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʧʨʦʮʝʜʫʨʦʶ. 

ʇʦ-ʜʨʫʛʝ, ʪʨʫʜʦʤʽʩʪʢʠʤ ʻ ʪʘʢʦʞ ʣʦʢʘʣʴʥʘ ʟʤʽʥʘ ʬʦʨʤʠ 

ʢʨʠʚʦ.ʾ ɿʜʘʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʧʝʨʝʤʽʩʪʠʪʠ ʟʘʜʘʥʽ ʪʦʯʢʠ ʧʦʙʣʠʟʫ 

ʟʤʽʥʶʚʘʥʦ ʾʜʽʣʷʥʢʠ ʢʨʠʚʦ,ʾ ʽ ʜʽʡʩʥʦ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ 

ʧʦʪʨʽʙʥʦʾ ʦʙʣʘʩʪʽ, ʘʣʝ ʨʘʟʦʤ ʟ ʥʝʶ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʩʷ ʢʨʠʚʘ. ʎʶ 

ʦʩʦʙʣʠʚʽʩʪʴ ʥʘʟʠʚʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʶ ʛʣʦʙʘʣʴʥʦʩʪ ̔ ʟʤʽʥ (global 

modification property). ɻʣʦʙʘʣʴʥʩ̔ʪʴ ʟʤʽʥ ʥʝʙʘʞʘʥʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʢʨʠʚʠʭ ʟʘʜʘʥʦʾ ʬʦʨʤʠ, ʦʩʢʽʣʴʢʠ ʢʨʠʚʽ ʟʘʚʞʜʠ ʩʪʚʦʨʶʶʪʴ ʘʙʦ 

ʧʨʦʝʢʪʫʶʪʴ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʛʨʫʙʦʾ ʬʦʨʤʠ 

ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ. ʋ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʞʘʥʘ ʥʘʷʚʥʽʩʪʴ ʧʨʦʪʠʣʝʞʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ - 

ʣʦʢʘʣʴʥʦʩʪʽ ʟʤʽʥ (local modification property). 

ʆʧʠʩʘʥʽ ʥʝʜʦʣʽʢʠ ʢʨʠʚʠʭ ɹʝʟ'ʻ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʙʦʨʦʤ ʬʫʥʢʮʽʡ 

ʩʧʦʣʫʯʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤ ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʥʦʚʠʡ ʥʘʙʽʨ 

ʬʫʥʢʮʽʡ ʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʤʘʁʪʴ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʦ-ʧʝʨʰʝ, ʫ 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

70 

ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʦʾ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ʥʝ ʧʦʚʠʥʥʦ ʚʭʦʜʠʪʠ ʯʠʩʣʦ 

ʪʦʯʦʢ n, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʫʥʢʮʽʾ()n
iB t . ʉʪʫʧʽʥʴ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ, 

ʘ ʦʪʞʝ ʽ ʩʪʫʧʽʥʴ ʢʨʠʚʦ,ʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʠʩʣʘ 

ʟʘʜʘʥʠʭ ʪʦʯʦʢ n. ʇʦ-ʜʨʫʛʝ, ʚʩʽ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʥʫʣʷ ʪʽʣʴʢʠ ʥʘ ʦʙʤʝʞʝʥʠʭ ʧʽʜʤʥʦʞʠʥʘʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʫ, ʧʨʠ ʯʦʤʫ ʜʣʷ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ ʪʘʢʘ ʧʽʜʤʥʦʞʠʥʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʫʥʽʢʘʣʴʥʦ .ʁ ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫ ʩʝʛʤʝʥʪʫ ʚʠʟʥʘʯʘʪʁɹ 

ʪʽʣʴʢʠ ʪʠʤʠ ʟʘʜʘʥʠʤʠ ʪʦʯʢʘʤʠ, ʷʢʽ ʚʨʘʭʦʚʘʥʽ ʬʫʥʢʮʽʷʤʠ 

ʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʥʝʥʫʣʴʦʚʽ ʟʥʘʯʝʥʥʷ ʥʘ ʜʘʥʦʤʫ ʩʝʛʤʝʥʪʽ. 

ʋ 1972 ʨ. ʂʦʢʩ ʽ ʜʝ ɹʫʨ [2] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʬʫʥʢʮʽʾ Ni,k(t), ʚʠʟʥʘʯʝʥʽ ʨʝʢʫʨʩʠʚʥʦ. ʂʨʠʚʫ, ʱʦ ʙʫʜʫʶʪʴ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʥʘʟʠʚʘʪʁʴ ɺ-ʩʧʣʘʡʥʦʤ (B-spline) ʽ ʟʘʧʠʩʫʶʪʴ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʜ̫ʽ: 

() (), -1 1

0

,
n

i i k k k

i

t N t t t t +
=

= ¢ ¢äp p ,                      (2.74) 
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,            (2.75) 

Ni,1(t) = 1  ʷʢʱʦ ti ¢ t ¢ ti+1; 0 - ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ.  (2.76) 

ɿʥʘʯʝʥʥʷ t, ʥʘʟʠʚʘʶʪʴ ʚʫʟʣʦʚʠʤʠ - ʚʦʥʠ ʦʙʤʝʞʫʶʪʴ ʚʽʜʨʽʟʢʠ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʫ, ʚʩʝʨʝʜʠʥʽ ʷʢʠʭ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ʤʘʶʪʴ 

ʥʝʥʫʣʴʦʚʽ ʟʥʘʯʝʥʥʷ. 

ʋ ʬʦʨʤʫʣʽ (2.74) ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 0/0 ʚʚʘʞʘʶʪʴ ʨʽʚʥʦ ʁʥʫʣʶ. 

ʗʢ ʩʣʽʜʫʻ ʟ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ n + 1 ʬʫʥʢʮʽʡ 

ʩʧʦʣʫʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ n + k + 1 ʚʫʟʣʦʚʠʭ ʟʥʘʯʝʥʴ ʚʽʜ t0 ʜʦ 

tn + k. ʈʽʟʥʽ ʤʝʪʦʜʠ ʟʘʚʜʘʥʥʷ ʚʫʟʣʦʚʠʭ ʟʥʘʯʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ 

ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʟʥʽ ʢʨʠʚʽ. ʅʠʞʯʝ 

ʨʦʟʛʣʷʥʝʤʦ, ʷʢ ʮʝ ʨʦʙʣʪ̫ʴ. ɿ ʬʦʨʤʫʣʠ (2.74) ʚʠʪʽʢʘʻ, ʱʦ 

ʦʜʥʦʯʘʩʥʠʡ ʟʩʫʚ ʫʩʽʭ ʚʫʟʣʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘ ʪʝ ʩʘʤʝ ʯʠʩʣʦ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʬʦʨʤʠ ʢʨʠʚʦ.ʾ ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ 

ʟʤʽʥʘ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʫ ʨʽʚʥʷʥʥʷ. 

ʇʝʨʝʚʽʨʠʤʦ, ʯʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ, ʟʘʜʘʥʽ 

ʨʽʚʥʷʥʥʷʤʠ (2.74), ʚʠʤʦʛʘʤ, ʚʠʢʣʘʜʝʥʠʤ ʥʘ ʧʦʯʘʪʢʫ ʧʽʜʨʦʟʜʽʣʫ. ɿ 
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ʨʽʚʥʷʥʥʷ (2.74) ʩʣʽʜʫʻ, ʱʦ ʩʪʫʧʽʥʴ (),i kN t  ʥʘ ʦʜʠʥʠʮʶ ʚʠʱʠʡ, ʥʽʞ 

ʚ (), 1i kN t-  ʽ ()1, 1i kN t+ - . ʆʪʞʝ, (),2iN t ʤʘʻ ʩʪʫʧʽʥʴ 1, ʦʩʢʽʣʴʢʠ 

(),1iN t  - ʢʦʥʩʪʘʥʪʘ, ʘ (),3iN t  ʟ ʪʽ̒ʾ ʞ ʧʨʠʯʠʥʠ ʤʘʻ ʩʪʫʧʽʥʴ 2. 

ʇʨʦʜʦʚʞʫʶʯʠ, ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʬʫʥʢʮʽʷ (),i kN t  ʤʘʻ 

ʩʪʫʧʽʥʴ k - 1. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʫʧʽʥʴ ɺ-ʩʧʣʘʡʥʫ ʚʠʟʥʘʯʘʶʪʴ ʥʝ 

ʯʠʩʣʦʤ ʟʘʜʘʥʠʭ ʪʦʯʦʢ, ʘ ʟʥʘʯʝʥʥʷʤ k, ʱʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʘ ʦʜʠʥʠʮʶ 

ʙʽʣʴʰʝ ʙʘʞʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʢʨʠʚʦ.ʾ ɿʥʘʯʝʥʥʷ k ʥʘʟʠʚʘʶʪʴ 

ʧʦʨʷʜʢʦʤ ɺ-ʩʧʣʘʡʥʫ (order of the B-spline curve). 

ʑʦʙ ʧʦʢʘʟʘʪʠ, ʱʦ ʙʫʜʴ-ʷʢʫ ʜʽʣʷʥʢʫ ɺ-ʩʧʣʘʡʥʫ ʚʠʟʥʘʯʘʶʪʴ 

ʣʠʰʝ ʢʽʥʮʝʚʠʤ ʯʠʩʣʦʤ ʟʘʜʘʥʠʭ ʪʦʯʦʢ, ʨʦʟʛʣʷʥʝʤʦ ʩʝʛʤʝʥʪ ʢʨʠʚʦʾ, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʟ ʚʽʜʨʽʟʢʫ [ti, ti+1]. ɺʧʣʠʚʘʪʠ 

ʥʘ ʮʝʡ ʩʝʛʤʝʥʪ ʙʫʜʫʪʴ ʪʽ ʟʘʜʘʥʽ ʪʦʯʢʠ, ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ʷʢʠʭ 

(ʧʦʨʷʜʢʫ k) ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʷ ʥʘ ʚʽʜʨʽʟʢʫ [ti, ti+1]. 

ʉʝʨʝʜ ʬʫʥʢʮʽʡ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚʽʜ ʥʫʣʷ ʚʽʜʤʽʥʥʘ 

ʪʽʣʴʢʠ(),1iN t . ʇʽʜʩʪʘʚʠʚʰʠ (),1iN t  ʚ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʬʦʨʤʫʣʠ (2.74), 

ʦʜʝʨʞʠʤʦ ʥʘ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʽʜʨʽʟʢʫ ʥʝʥʫʣʴʦʚʽ ʬʫʥʢʮʽʾ (),2iN t  

ʡ ()1,2iN t- . ʇʝʨʰʘ ʬʫʥʢʮʽʷ ʚʠʭʦʜʠʪʴ ʧʽʜʩʪʘʥʦʚʢʦʶ (),1iN t  ʚ 

ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ, ʘ ʜʨʫʛʘ ʬʫʥʢʮʽʷ - ʧʽʜʩʪʘʥʦʚʢʦʶ ʚ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ. 

ʇʦʪʽʤ ʟʘ ʥʝʥʫʣʴʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ (),2iN t  ʽ ()1,2iN t-  ʦʜʝʨʞʝʤʦ 

ʬʫʥʢʮʽʾ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʽ ʪ.ʧ., ʧʦʢʠ ʥʝ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʬʫʥʢʮʽʾ 

ʧʦʨʷʜʢʫ k. 

ɺʠʟʥʘʯʝʤʦ n + k + 1 ʚʫʟʣʦʚʠʭ ʟʥʘʯʝʥʴ ʚʽʜ t0 ʜʦ tn+k. ɺʫʟʣʠ 

ʙʫʚʘʶʪʴ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ: ʧʝʨʽʦʜʠʯʥʽ  ̔ ʥʝʧʝʨʽʦʜʠʯʥʽ. 

ʇʝʨʽʦʜʠʯʥʽ ʚʫʟʣʠ ʚʠʟʥʘʯʘʶʪʴ ʟ ʨʽʚʥʷʥʥʷ 

ti = i - k,   0 ¢ i ¢ n + k.                                    (2.77) 

ʅʝʧʝʨʽʦʜʠʯʥʽ ʚʫʟʣʠ ʟʘʜʘʶʪʴ ʬʦʨʤʫʣʦʶ 

0 0 ,

1 ,
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                                (2.78) 

ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʫʟʣʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʧʝʨʠhʡ  ̔ ʦʩʪʘʥʥʽʡ ʥʝʧʝʨʽʦʜʠʯʥʽ ʚʫʟʣʠ ʧʦʚʪʦʨʶʶʪʴʩʷ k ʨʘʟ. 
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ʇʦʚʪʦʨʝʥʥʷ ʚʫʟʣʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ɺ-ʩʧʣʘʡʥ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʧʝʨʰʫ  ̔ ʦʩʪʘʥʥʶ ʟʘʜʘʥʽ ʪʦʯʢʠ, ʧʦʜʽʙʥʦ ʢʨʠʚʽʡ ɹʝʟ'ʻ. ʋ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ɺ-ʩʧʣʘʡʥ ̔ ʧʝʨʰʘ ʡ ʦʩʪʘʥʥʷ ʪʦʯʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʬʦʨʤʫ ʢʨʠʚʦʾ ʪʘʢ ʩʘʤʦ, ʷʢ  ̔ ʚʩʽ ʽʥʰʽ ʪʦʯʢʠ, ʘ ʪʦʤʫ ʢʨʠʚʘ ʥʝ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʠʭ. ɿʘʛʘʣʦʤ, ʬʫʥʢʮʽʷ ʩʧʦʣʫʯʝʥʥʷ ʜʣʷ 

ʧʝʨʽʦʜʠʯʥʠʭ ʚʫʟʣʽʚ ʧʦʚʪʦʨʶʻʪʴʩʷ ʯʝʨʝʟ ʨʽʚʥʽ ʧʨʦʤʽʞʢʠ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʫ, ʪʦʤʫ ʚʫʟʣʠ ʡ ʥʘʟʠʚʘʶʪʴ ʧʝʨʽʦʜʠʯʥʠʤʠ. ʅʝʧʝʨʽʦʜʠʯʥʽ 

ʢʨʠʚʽ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʦʩʪʽ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʟʨʫʯʥʽʰʝ 

ʧʨʘʮʶʚʘʪʠ ʟ ʢʨʠʚʠʤʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʧʝʨʰʫ ʡ ʦʩʪʘʥʥʶ ʪʦʯʢʠ. 

ɺʠʨʘʟʠ (2.77) ʡ (2.78) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʚʫʟʣʘʤʠ ʟʘʚʞʜʠ ʦʜʥʘʢʦʚʘ ʽ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʊʘʢʽ ʚʫʟʣʠ ʥʘʟʠʚʘʶʪʴ 

ʦʜʥʦʨʽʜʥʠʤʠ (uniform knots), ʷʢ ʽ ɺ-ʩʧʣʘʡʥ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʥʠʭ. ʆʜʥʦʨʽʜʥʠʡ ɺ-ʩʧʣʘʡʥ ʤʦʞʝ ʙʫʪʠ ʷʢ ʧʝʨʽʦʜʠʯʥʠʤ, ʪʘʢ ʽ 

ʥʝʧʝʨʽʦʜʠʯʥʠʤ. ʇʨʠ ʟʤʽʥʽ ʬʦʨʤʠ ʢʨʠʚʦ ʾ ʢʦʥʩʪʨʫʢʪʦʨʠ ʯʘʩʪʦ 

ʜʦʜʘʶʪʴ ʽ ʚʠʜʘʣʷʶʪʴ ʚʫʟʣʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ɺ-ʩʧʣʘʡʥ ʩʪʘʻ 

ʥʝʦʜʥʦʨʽʜʥʠʤ. ʆʩʢʽʣʴʢʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ, ʥʝʦʜʥʦʨʽʜʥʽ ɺ-ʩʧʣʘʡʥʠ ʚʚʘʞʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʥʷʤ 

ʦʜʥʦʨʽʜʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʽʣʴʰʽʩʪʴ ʉɸʇʈ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʪʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽ  ̔ʥʝʧʝʨʽʦʜʠʯʥʽ ɺ-ʩʧʣʘʡʥʠ. 

2.6.1. ʆʙʯʠʩʣʝʥʥʷ ɺ-ʩʧʣʘʡʥʫ 

ʈʦʟʧʠʩʘʪʠ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ɺ-ʩʧʣʘʡʥʫ ʚ ʧʦʣʽʥʦʤʽʘʣʴʥʽʡ 

ʬʦʨʤʽ - ʟʘʜʘʯʘ ʥʝʧʨʦʩʪʘ. ʆʩʦʙʣʠʚʦ ʩʢʣʘʜʥʦʶ ʚʦʥʘ ʩʪʘʻ ʧʨʠ ʚʝʣʠʢʠʭ 

k. ʊʦʤʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʢʨʠʚʦʾ ʧʦʣʽʥʦʤʽʘʣʴʥʫ 

ʬʦʨʤʫ ʨʽʚʥʷʥʥʷ ɺ-ʩʧʣʘʡʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʜʢʦ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ 

ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʽʜʩʪʘʚʣʷʶʪʴ ʚ ʨʝʢʫʨʝʥʪʥʝ ʨʽʚʥʷʥʥʷ 

(2.74) ʽ ʧʦ ʥʠʭ ʦʙʯʠʩʣʶʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʮʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʫ. ʂʦʢʩ ʽ ʜʝ ɹʫʨ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʝʨʝʧʠʩʘʪʠ 

ʨʽʚʥʷʥʥʷ (2.74) ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʤʽʩʪʴ ʨʝʢʫʨʝʥʪʥʦʾ ʧʽʜʩʪʘʥʦʚʢʠ 

ʦʜʝʨʞʘʪʠ ʽʪʝʨʘʮʽʶ, ʧʦʜʽʙʥʦ ʪʦʤʫ ʷʢ ʮʝ ʨʦʙʣʷʪʴ ʚ ʘʣʛʦʨʠʪʤʽ ʜʝ 

ʂʘʩʪʠʣʴʦ. ɰʭ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʦʯʢʠ, ʱʦ ʟʘʜʘʶʪʴ ɺ-

ʩʧʣʘʡʥʠ, ʷʢʽ ʦʜʝʨʞʘʥʽ ʧʨʠ ʜʽʣʝʥʥʽ ʚʠʭʽʜʥʦʾ ʢʨʠʚʦʾ ʚ ʦʙʯʠʩʣʶʚʘʥʽʡ 

ʪʦʯʮʽ (ʜʠʚ. [1, 2]). 

2.6.2. ʆʙ'ʻʜʥʘʥʥʷ ɺ-ʩʧʣʘʡʥʚ̔ 

ɺ-ʩʧʣʘʡʥ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʘ ɺ-ʩʧʣʘʡʥʠ, ʘʣʝ ʽ 
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ʦʙ'ʻʜʥʘʪʠ ʟ ʽʥʰʠʤ ɺ-ʩʧʣʘʡʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ɺ-

ʩʧʣʘʡʥ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʥʘʡʪʠ ʪʦʯʢʠ, 

ʱʦ ʟʘʜʘʶʪʴ, ʽ ʚʫʟʣʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙ'ʻʜʥʘʥʦʾ ʢʨʠʚʦʾ. ɼʦʢʣʘʜʥʠʡ 

ʦʧʠʩ ʮʽʻʾ ʧʨʦʮʝʜʫʨʠ ʥʘʚʝʜʝʥ ʚ [1, 2]. 

2.7. NURBS ʢʨʠʚʽ 

2.7.1. ʅʝʦʜʥʦʨʽʜʥʠʡ ʨʘʮʽʦʥʘʣʴʥʠʡ ɺ-ʩʧʣʘʡʥ 

ʅʝʦʜʥʦʨʽʜʥʠʡ ʨʘʮʽʦʥʘʣʴʥʠʡ ɺ-ʩʧʣʘʡʥ ʘʙʦ ʩʢʦʨʦʯʝʥʦ NURBS 

(nonuniform rational B-spline curve) ʧʦʜʽʙʥʠʡ ʟʚʠʯʘʡʥʦʤʫ 

ʥʝʦʜʥʦʨʽʜʥʦʤʫ ɺ-ʩʧʣʘʡʥʫ, ʦʩʢʽʣʴʢʠ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʠʭ ʞʝ ʬʫʥʢʮʽʷʭ 

ʩʧʦʣʫʯʝʥʥʷ, ʷʢʽ ʦʜʝʨʞʘʥ ̔ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʚʫʟʣʽʚ. ʆʜʥʘʢ ʪʦʯʢʠ, 

ʱʦ ʟʘʜʘʶʪʴ ʨʘʮʽʦʥʘʣʴʥʠʡ ɺ-ʩʧʣʘʡʥ, ʚʢʘʟʫʶʪʴ ʫ ʬʦʨʤʽ, ʪʦʙʪʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʌʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʘʤʝ ʜʦ ʮʠʭ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʂʦʦʨʜʠʥʘʪʠ 

ʪʦʯʢʠ ʥʘ ʢʨʠʚʽʡ NURBS ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʥʘʭʦʜʷʪʴ ʟ 

ʬʦʨʤʫʣ: 
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ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʭ, ʫ ʠ z 

ʦʜʝʨʞʫʶʪʴ ʜʽʣʝʥʥʷʤ x h, y h ʽ z h ʥʘ h, ʪʦʤʫ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦ ʾ

NURBS ʫ ʚʝʢʪʦʨʥʦʤʫ ʚʠʛʣʜ̫ʽ ʟʘʧʠʩʫʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʪʫʪ 

ʨʦʟʜʽʣʠʣʠ ʨʽʚʥʷʥʥʷ (2.79), (2.80) ʽ (2.81) ʥʘ (2.82): 
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ʜʝ pi - ʚʝʢʪʦʨ (ʭi ʫi zi), ʱʦ ʧʦʻʜʥʫʻ ʢʦʦʨʜʠʥʘʪʠ i-  ʾ ʪʦʯʢʠ, ʷʢʫ 

ʟʘʜʘʶʪʴ, ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʷʢ ʽ ʜʣʷ ʥʝʨʘʮʽʦʥʘʣʴʥʠʭ ɺ-

ʩʧʣʘʡʥʚ̔. 

ʈʽʚʥʷʥʥʷ (2.83) ʚʽʜʦʙʨʘʞʘʻ ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʚʦ ʾ

NURBS. 

¶ ʇʦʜʽʙʥʦ ʥʝʨʘʮʽʦʥʘʣʴʥʦʤʫ ɺ-ʩʧʣʘʡʥʫ ʢʨʠʚʘ NURBS, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʽʚʥʷʥʥʷʤ (2.83), ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʝʨʰʫ 

 ̔ʦʩʪʘʥʥʶ ʪʦʯʢʠ, ʷʢʽ ʟʘʜʘʶʪʴ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʧʝʨʽʦʜʠʯʥʽ 

ʚʫʟʣʠ. ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʤʦʞʥʘ ʜʦʚʝʩʪʠ ʪʘʢʠʤ ʯʠʥʦʤ. ʏʠʩʝʣʴʥʠʢ 

ʬʦʨʤʫʣʠ (2.83) ʤʦʞʥʘ ʚʚʘʞʘʪʠ B-ʩʧʣʘʡʥʦʤ ʽʟ ʪʦʯʢʘʤʠ, ʷʢʽ ʟʘʜʘʶʪʴ, 

 hi pi. ɻʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʚʽʜʧʦʚʽʜʘʪʁɹ ʢʦʦʨʜʠʥʘʪʠ 

h0 p0 ʽ hn pn, ʦʩʢʽʣʴʢʠ ɺ-ʩʧʣʘʡʥ ʽʟ ʥʝʧʝʨʽʦʜʠʯʥʠʤʠ ʚʫʟʣʘʤʠ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʝʨʰʫ ʽ ʦʩʪʘʥʥʶ ʪʦʯʢʠ, ʷʢʽ ʟʘʜʘʶʪʴ. ɿʥʘʤʝʥʥʠʢ 

(2.83) ʪʘʢʦʞ ʚʚʘʞʘʁʪɹ ɺ-ʩʧʣʘʡʥʦʤ ʽʟ ʪʦʯʢʘʤʠ, ʷʢʽ ʟʘʜʘʶʪʴ, hi. 

ɻʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʫ ʜʣʷ ʮʴʦʛʦ ɺ-ʩʧʣʘʡʥʫ 

ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʢʦʦʨʜʠʥʘʪʠ h0 ʽ hn. ʆʪʞʝ, ʛʨʘʥʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʫ ʜʣʷ p(t) ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʢʦʦʨʜʠʥʘʪʠ p0 ʽ pn, 

ʪʦʙʪʦ ʛʨʘʥʠʯʥʽ ʪʦʯʢʠ, ʷʢʽ ʟʘʜʘʶʪʴ. 

¶ ɼʦʪʠʯʥʘ ʚ ʧʦʯʘʪʢʦʚʽʡ ʪʦʯʮʽ ʟʙʽʛʘʻʪʴʩʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʟ 

ʚʝʢʪʦʨʦʤ p1 - p0, ʘ ʜʦʪʠʯʥʘ ʫ ʢʽʥʮʝʚʽʡ ʪʦʯʮʽ - ʟ ʚʝʢʪʦʨʦʤ pn - pn-1. 

¶ ɿʥʘʤʝʥʥʠʢ (2.83) ʩʪʘʻ ʨʽʚʥʠʤ 1, ʢʦʣʠ ʚʩʽ hi-  ̔ʩʪʘʶʪʴ ʨʽʚʥʠʤʠ 

1, ʦʩʢʽʣʴʢʠ() 1
,0

1
n

i ki
N t

=
=ä . ʈʽʚʥʷʥʥʷ (2.83) ʧʨʠ ʮʴʦʤʫ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʽʚʥʷʥʥʷ ɺ-ʩʧʣʘʡʥʫ. ʊʦʤʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ 

ʨʽʚʥʷʥʥʷ NURBS ʤʦʞʝ ʦʧʠʩʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ NURBS-ʢʨʠʚʽ, ʘʣʝ ʡ 

ʟʚʠʯʘʡʥʽ ɺ-ʩʧʣʘʡʥʠ. ʂʨʠʚʘ ɹʝʟ'ʻ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ɺ-ʩʧʣʘʡʥʫ, 

ʪʦʤʫ ʨʽʚʥʷʥʥʷ NURBS ʤʦʞʝ ʪʘʢ ʩʘʤʦ ʦʧʠʩʫʚʘʪʠ ʢʨʠʚʽ ɹʝʟ'ʻ  ̔

ʨʘʮʽʦʥʘʣʴʥʽ ʢʨʠʚʽ ɹʝʟ'ʻ. 

ʈʽʚʥʷʥʥʷ NURBS-ʢʨʠʚʦʾ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʨʽʚʥʷʥʥʷʤ 

ɺ-ʩʧʣʘʡʥʫ. 

¶ ʌʦʨʤʘ ɺ-ʩʧʣʘʡʥʫ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʢʦʦʨʜʠʥʘʪ ʭ, y, z 

ʪʦʯʦʢ, ʷʢʽ ʟʘʜʘʶʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ, ʷʢʫ ʟʘʜʘʶʪ,ɹ ʻ 
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ʪʨʠ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪ̔. ʂʨʠʚʘ NURBS ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʯʝʪʚʝʨʪʫ 

ʢʦʦʨʜʠʥʘʪʫ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ - hi. ɿ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʘʮʶʚʘʪʠ ʽʟ ʢʨʠʚʦ ʁʥʘ ʙʽʣʴʰ ʪʦʥʢʦʤʫ ʨʽʚʥʽ. ɿʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ, ʷʢʫ ʟʘʜʘʶʪ,ɹ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

NURBS-ʢʨʠʚʘ ʧʨʠʪʷʛʘʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʮʽʻʾ ʪʦʯʢʠ. 

¶ ʈʽʚʥʷʥʥʷ NURBS ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʽʜʪʚʦʨʠʪʠ ʚʩʽ ʢʦʥʽʯʥʽ 

ʧʝʨʝʨʽʟʠ - ʢʦʣʦ, ʝʣʽʧʩ, ʧʘʨʘʙʦʣʫ ʽ ʛʽʧʝʨʙʦʣʫ. ɺ-ʩʧʣʘʡʥʠ, ʥʘʚʧʘʢʠ, 

ʜʦʧʫʩʢʘʶʪʴ ʣʠʰʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʢʦʥʽʯʥʠʭ ʧʝʨʝʨʽʟ̔ʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚ NURBS-ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʟ ʢʦʥʽʯʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ, 

ʢʨʠʚʠʤʠ ɹʝʟ'ʻ, ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʢʨʠʚʠʤʠ ɹʝʟ'ʻ ʪʘ ɺ-ʩʧʣʘʡʥʘʤʠ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʚʩʽʭ ʮʠʭ ʢʨʠʚʠʭ ʜʦ NURBS ʤʦʞʝ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ 

ʦʙʩʷʛ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʥʘʧʠʩʘʪʠ ʦʜʥʫ-ʻʜʠʥʫ 

ʧʨʦʛʨʘʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʢʠ ʧʝʨʝʪʠʥʘʥʥʷ ʢʨʠʚʠʭ NURBS ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ  ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʪʠʥʘʥʴ ʢʨʠʚʠʭ ʙʫʜʴ-ʷʢʠʭ 

ʪʠʧʽʚ, ʦʩʢʽʣʴʢʠ ʮʽ ʢʨʠʚʽ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ NURBS-ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

2.7.2. ʆʙʯʠʩʣʝʥʥʷ NURBS-ʢʨʠʚʦʾ 

ʂʦʦʨʜʠʥʘʪʠ ʭ, ʚ, z ʪʦʯʢʠ ʥʘ NURBS-ʢʨʠʚʦʾ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ 

ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʫ t0, ʟʥʘʭʦʜʷʪʴ ʧʦ ʬʦʨʤʫʣʽ: 

()
()

()

, 0

0
0
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0
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i i i k

i
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i i k
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h N t

=

=

=

ä

ä

p

p .                                (2.84) 

ɯ ʯʠʩʝʣʴʥʠʢ, ʽ ʟʥʘʤʝʥʥʠʢ ʫ ʚʠʨʘʟʽ (2.84) ʤʘʶʪʴ ʬʦʨʤʫ 

ʨʽʚʥʷʥʥʷ B-ʩʧʣʘʡʥʫ, ʪʦʤʫ ʾʭ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʘʣʛʦʨʠʪʤʦʤ, 

ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ɺ-ʩʧʣʘʡʥʫ. ɸʣʛʦʨʠʪʤ ʂʦʢʩʫ - ʜʝ ɹʫʨʘ 

ʥʘʚʝʜʝʥʦ ʚ [1, 2] ʪʘ ʽʥ. 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʯʠʩʝʣʴʥʠʢʘ ʷʢ ʪʦʯʢʠ, ʷʢʫ ʟʘʜʘʶʪʴ, ʚʘʨʪʦ 

ʙʨʘʪʠ ʪʦʯʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ hi pi, ʘ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʟʥʘʤʝʥʥʠʢʘ - 

ʪʦʯʢʠ hi. 

2.8. ʃʽʥʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʣʽʥʽʷʭ 

ɼʝʷʢʽ ʣʽʥʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ʽʥʰʠʭ ʣʽʥʽʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʘʨʘʤʝʪʨʠʯʥʦ ʟʨʽʟʘʥʫ, ʝʢʚʽʜʠʩʪʘʥʪʥʫ, ʧʦʩʠʣʘʣʴʥʫ ʪʘ 
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ʧʨʦʜʦʚʞʝʥʫ ʢʨʠʚʽ. ʂʨʠʚʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʙʫʜʫʶʪʴ ʥʦʚʫ ʢʨʠʚʫ, 

ʥʘʟʠʚʘʪʠʤʝʤʦ ʙʘʟʦʚʦʶ. ɹʘʟʦʚʫ ʢʨʠʚʫ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʚ ʩʪʨʫʢʪʫʨʽ 

ʜʘʥʠʭ ʨʦʟʛʣʷʥʫʪʠʭ ʥʠʞʯʝ ʢʨʠʚʠʭ. 

2.8.1. ɿʨʽʟʘʥʘ ʢʨʠʚʘ 

ʇʘʨʘʤʝʪʨʠʯʥʦ ʟʨʽʟʘʥʘ ʢʨʠʚʘ ʻ ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ 

ʢʨʠʚʦʾ. ɿʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ. ʅʝʭʘʡ ʧʘʨʘʤʝʪʨ ʙʘʟʦʚʦʾ ʢʨʠʚʦ ʾ t 

ʟʤʽʥʶʪʁʴ ʚ ʤʝʞʘʭ tmin ¢ t ¢ tmax. ɿʨʽʟʘʥʫ ʢʨʠʚʫ ʚʠʟʥʘʯʠʤʦ ʷʢ 

ʯʘʩʪʠʥʫ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ, ʱʦ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ tbegin ʽ ʢʽʥʯʘʻʪʴʩʷ ʧʨʠ 

tend, ʜʝ tmin ¢ tbegin ¢ tmax ʽ tmin ¢ tend ¢ tmax. 

ʅʘʧʨʷʤʦʢ ʟʨʽʟʘʥʦʾ ʢʨʠʚʦʾ ʤʦʞʝ ʟʙʽʛʘʪʠʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʙʘʟʦʚʦʾ 

ʢʨʠʚʦʾ ʘʙʦ ʙʫʪʠ ʡʦʤʫ ʧʨʦʪʠʣʝʞʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ tend < tbegin. 

ʗʢʱʦ ʢʨʠʚʘ ʟʘʤʢʥʫʪʘ, ʪʦ ʨʫʭ ʚʽʜ ʪʦʯʢʠ tbegin ʜʦ ʪʦʯʢʠ tend ʤʦʞʥʘ 

ʚʠʢʦʥʘʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʫ ʧʦʟʠʪʠʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ 

ʪʘ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʑʦʙ ʧʦʜʦʣʘʪʠ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʜʣʷ 

ʟʘʤʢʥʫʪʠʭ ʢʨʠʚʠʭ, ʫ ʜʘʥʽ ʟʨʽʟʘʥʦʾ ʢʨʠʚʦʾ ʚʚʦʜʷʪʴ ʧʘʨʘʤʝʪʨ sign, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʙʽʛ ʾʾ ʥʘʧʨʷʤʢʫ ʟ ʥʘʧʨʷʤʢʦʤ ʙʘʟʦʚʦ ʾʢʨʠʚʦ ʾʽ ʧʨʠʡʤʘ ̒

ʟʥʘʯʝʥʥʷ +1 ʘʙʦ -1. ʇʘʨʘʤʝʪʨʫ ʙʘʟʦʚʦʾ ʢʨʠʚʦ ʾ tbegin ʚʽʜʧʦʚʽʜʘʻ 

ʧʘʨʘʤʝʪʨ ʟʨʽʟʘʥʦ ʾʢʨʠʚʦ ʾ wmin = 0, ʧʘʨʘʤʝʪʨʫ ʙʘʟʦʚʦʾ ʢʨʠʚʦ ʾ tend ï 

ʧʘʨʘʤʝʪʨ ʟʨʽʟʘʥʦʾ ʢʨʠʚʦ ʾwmax = s, ʜʝ s = s(tbegin, tend) ï ʧʘʨʘʤʝʪʨʠʯʥʘ 

ʚʽʜʩʪʘʥʴ ʤʽʞ tend ʽ tbegin ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʤʢʥʫʪʦʩʪʽ ʢʨʠʚʦ.ʾ ʗʢʱʦ 

ʢʨʠʚʘ ʥʝ ʟʘʤʢʥʫʪʘ, ʪʦ s = |tend - tbegin|. ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʟʨʽʟʘʥʦʾ ʢʨʠʚʦʾ 

ʦʧʠʩʫʪʁʴ ʬʦʨʤʫʣʦʶ 

r (w) = r b(tbegin + w Ö sign),   0 ¢ w ¢ s(tbegin, tend),           (2.85) 

ʜʝ r b(t), tmin ¢ t ¢ tmax - ʙʘʟʦʚʘ ʢʨʠʚʘ; s(tbegin, tend) - ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʨʽʟʘʥʥʷ tbegin, tend ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ. 

2.8.2. ɽʢʚ̔ʜʠʩʪʘʥʪʥʘ ʢʨʠʚʘ 

ɽʢʚ̔ʜʠʩʪʘʥʪʥʫ ʣʽʥʽ ʁʦʧʠʩʫʪʁʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

r (t) = r b(t) + ʘ ³ tb(t),  tmin ¢ t ¢ tmax,                      (2.86) 

ʜʝ r b(t) - ʙʘʟʦʚʘ ʢʨʠʚʘ; ()
'

' '

b
b

b b

t =
Ö

r
t

r r
- ʦʜʠʥʠʯʥʠʡ ʜʦʪʠʯʥʠʡ 

ʚʝʢʪʦʨ ʜʦ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ ʚ ʜʘʥʽʡ ʪʦʯʮʽ; ʘ - ʟʘʜʘʥʠʡ ʚʝʢʪʦʨ.  
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ʆʙʣʘʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʝʢʚ̔ʜʠʩʪʘʥʪʥʦ ʾʢʨʠʚʦ ʾʟʙʽʛʘʻʪʴʩʷ ʟ 

ʦʙʣʘʩʪʶ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ. ɽʢʚʽʜʠʩʪʘʥʪʥʘ ʢʨʠʚʘ 

ʚʠʧʨʘʚʜʦʚʫʻ ʩʚʦʶ ʥʘʟʚʫ, ʷʢʱʦ r b(t) - ʧʣʦʩʢʘ ʢʨʠʚʘ, ʘ ʚʝʢʪʦʨ ʘ ʻ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʜʦ ʧʣʦʱʠʥʠ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ (2.86) ʻ ʚʝʢʪʦʨʦʤ, ʱʦ ʣʝʞʠʪʴ ʫ 

ʧʣʦʱʠʥʽ ʙʘʟʦʚʦʾ ʢʨʠʚʦ,ʾ ʦʨʪʦʛʦʥʘʣʥɹʠʡ ʜʦ ʥʝʾ ʽ ʤʘʻ ʜʦʚʞʠʥʫ 

ʚʝʢʪʦʨʫ ʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʠʤʦ ʢʨʠʚʫ, ʢʦʞʥʘ ʪʦʯʢʘ ʷʢʦʾ ʚʽʜʩʪʦʾʪʴ 

ʧʦ ʥʦʨʤʘʣʽ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʢʠ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ ʥʘ ʦʜʥʘʢʦʚʫ 

ʚʽʜʩʪʘʥʴ (ʨʠʩ. 2.11). 

 

a

()tr

()1b tr

 
ʈʠʩʫʥʦʢ 2.11 - ʕʢʚʠʜʠʩʪʘʥʪʥʘʷ ʢʨʠʚʘʷ 

2.8.3. ʇʦʩʠʣʘʣʴʥʘ ʢʨʠʚʘ 

ʇʦʩʠʣʘʣʴʥʘ ʢʨʠʚʘ ï ʮʝ ʣʽʥʽ,̫ ʢʦʞʥʘ ʪʦʯʢʘ ʷʢʦʾ ʦʪʨʠʤʘʥʘ 

ʰʣʷʭʦʤ ʜʝʷʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʢʠ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ. 

ʇʦʩʠʣʘʣʴʥʫ ʢʨʠʚʫ ʦʧʠʩʫʶʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

r (t) = M t Ö r b(t),  tmin ¢ t ¢ tmax,                          (2.87) 

ʜʝ r b(t) - ʙʘʟʦʚʘ ʢʨʠʚʘ; M t - ʨʦʟʰʠʨʝʥʘ ʤʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʙʘʟʦʚʦʾ ʢʨʠʚʦ ʾ[1]. ʆʙʣʘʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʧʦʩʠʣʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʙʣʘʩʪʶ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʙʘʟʦʚʦʾ ʢʨʠʚʦʾ. 

2.8.4. ʈʝʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʢʨʠʚʘ 

ɼʦ ʣʽʥʽʡ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ʣʽʥʽʡ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʢʨʠʚʫ 

ʟʽ ʟʤʽʥʝʥʦʶ ʦʙʣʘʩʪʶ ʧʘʨʘʤʝʪʨʫ. ʅʝʭʘʡ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʢʨʠʚʘ r b(t), 

tmin ¢ t ¢ tmax ʤʘʣʘ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ wmin ¢ w ¢ wmax. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʨʝʧʘʨʘʤʝʪʨʠʟʦʚʘʥʫ ʢʨʠʚʫ 

r (w)  r b[t(w)],  wmin ¢ w ¢ wmax,                       (2.88) 
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ʜʝ                     () max min
min min

max min max min

w w w w
t w t t

w w w w

- -
= +

- -
,             (2.89) 

ʷʢʘ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʻʪʴʩʷ ʟ ʢʨʠʚʦʶ ʛb(t), ʘʣʝ ʤʘʻ ʽʥʰʫ ʦʙʣʘʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ. ʃʽʥʽʶ ʟʽ ʟʤʽʥʝʥʦʶ ʜʦʚʞʠʥʦʶ ʧʘʨʘʤʝʪʨʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʦʙʣʘʩʪʝʡ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʜʚʦʭ 

ʢʨʠʚʠʭ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʢʨʠʚʦʾ ʧʝʨʝʪʠʥʘʥʥʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʨʝʙʝʨ 

ʪʣ̔. 

2.8.5. ʇʨʦʜʦʚʞʝʥʘ ʢʨʠʚʘ 

ɼʦʚʽʣʴʥʫ ʣʽʥʽʶ ʤʦʞʥʘ ʥʝ ʪʽʣʴʢʠ ʟʨʽʟʘʪʠ, ʘʣʝ ʡ ʧʨʦʜʦʚʞʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʠʤ ʯʠʥʦʤ. ɹʫʜʴ-ʷʢʘ ʢʨʠʚʘ ʤʦʞʝ ʙʫʪʠ ʧʨʦʜʦʚʞʝʥʘ (ʘʙʦ 

ʟʨʽʟʘʥʘ) ʥʘ ʟʘʜʘʥʫ ʧʘʨʘʤʝʪʨʠʯʥʫ ʚʽʜʩʪʘʥʴ. 

ʅʝʭʘʡ ʧʦʪʨʽʙʥʦ ʧʨʦʜʦʚʞʠʪʠ ʢʨʠʚʫ r b(t), tmin ¢ t ¢ tmax ʰʣʷʭʦʤ 

ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʦ a + tmin ¢ t ¢ tmax + b. 

ʇʨʠ ʘ < 0 ʽ b > 0 ʢʨʠʚʘ ʧʨʦʜʦʚʞʫʻ ʩʚʦʾ ʤʝʞʽ, ʧʨʠ ʘ > 0 ʽ b < 0 ʢʨʠʚʘ 

ʟʨʽʟʘʻʪʴʩʷ. ʗʢʱʦ ʢʨʠʚʘ ʻ ʟʘʤʢʥʫʪʦʶ, ʪʦ ʧʨʠ ʚʠʭʦʜʽ ʧʘʨʘʤʝʪʨʫ ʟʘ 

ʤʝʞʫ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʣʽʜ ʚʠʢʦʥʘʪʠ ʡʦʛʦ ʮʠʢʣʽʯʥʝ 

ʧʝʨʝʨʘʭʫʚʘʥʥʷ 
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                   (2.90) 

ʜʝ tD = tmax - tmin. 

ʗʢʱʦ ʞ ʢʨʠʚʘ ʥʝ ʻ ʟʘʤʢʥʫʪʦ,ʁ ʘ ʾʾ ʧʘʨʘʤʝʪʨ ʚʠʡʰʦʚ ʟʘ ʤʝʞʫ 

ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ, ʪʦ ʩʣʽʜ ʧʨʦʜʦʚʞʠʪʠ ʢʨʠʚʫ ʧʦ ʜʦʪʠʯʥʽʡ, ʷʢʫ 

ʚʦʥʘ ʤʘʣʘ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʢʽʥʮʽ, ʽ ʦʙʯʠʩʣʠʪʠ ʧʦ ʧʨʦʜʦʚʞʝʥʽʡ 

ʢʨʠʚʽʡ ʥʝʦʙʭʽʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʘʜʽʫʩ-ʚʝʢʪʦʨ 

ʧʨʦʜʦʚʞʝʥʦʾ ʢʨʠʚʦʾ ʦʙʯʠʩʣʠʤʦ ʟʘ ʬʦʨʤʫʣ ̔
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    (2.91) 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʬʦʨʤʫʣʠ (2.90)  ̔ (2.91), ʦʜʝʨʞʠʤʦ ʧʦʭʽʜʥʽ 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʧʨʦʜʦʚʞʝʥʦʾ ʢʨʠʚʦʾ. ɿʘ ʬʦʨʤʫʣʘʤʠ (2.90) ʘʙʦ (2.91) 

ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʤʢʥʫʪʽʡ ʘʙʦ ʥʝʟʘʤʢʥʫʪʽʡ ʢʨʠʚʦʾ ʧʨʠ ʚʠʭʦʜʽ ʾʾ ʧʘʨʘʤʝʪʨʫ ʟʘ 

ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ. 

ɿʘʛʘʣʴʥʝ ʧʨʘʚʠʣʦ. ɺʩʽ ʢʨʠʚʽ, ʫ ʜʘʥʠʭ ʷʢʠʭ ʣʝʞʠʪʴ ʽʥʰʘ 

ʢʨʠʚʘ, ʥʝ ʧʦʚʠʥʥʽ ʜʦʧʫʩʢʘʪʠ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʩʧʘʜʢʫʚʘʥʥʷ ʩʚʦʛʦ ʞ 

ʪʠʧʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʷʢʦʩʪʽ ʙʘʟʦʚʦʡ ʢʨʠʚʦʡ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦ 

ʟʨʽʟʘʥʦʾ ʢʨʠʚʦ ʾʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʽʥʰʘ ʧʘʨʘʤʝʪʨʠʯʥʦ 

ʟʨʽʟʘʥʘ ʢʨʠʚʘ, ʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʙʘʟʦʚʘ ʢʨʠʚʘ ʦʩʪʘʥʥʴʦʾ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʧʝʨʝʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʟʨʽʟʫ. ɸʥʘʣʦʛʽʯʥʽ ʧʨʘʚʠʣʘ 

ʧʦʚʠʥʥʽ ʜʽʷʪʠ ʡ ʜʣʷ ʽʥʰʠʭ ʙʘʟʦʚʘʥʠʭ ʢʨʠʚʠʭ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ 

ʧʦʙʫʜʫʚʘʪʠ ʝʢʚ̔ʜʠʩʪʘʥʪʥʫ ʣʽʥʽʶ ʥʘ ʙʘʟʽ ʽʥʰʦʾ ʝʢʚ̔ʜʠʩʪʘʥʪʥʦ ʾ

ʢʨʠʚʦ ʾ r '(t) = r b(t) + ʘ' ³ tb(t), ʪʦ ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʦ ʾ ʣʽʥʽ ʾ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʟʦʚʫ ʢʨʠʚʫ ʦʩʪʘʥʥʴʦʾ rb(t), ʘ ʚʝʢʪʦʨ 

ʝʢʚ̔ʜʠʩʪʘʥʪʠ ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʘ + ʘ'. ʗʢʱʦ ʧʦʪʨʽʙʥʦ 

ʧʦʙʫʜʫʚʘʪʠ ʧʦʩʠʣʘʣʴʥʫ ʢʨʠʚʫ ʥʘ ʙʘʟʽ ʽʥʰʦʾ ʧʦʩʠʣʘʣʴʥʦʾ ʢʨʠʚʦ ʾ

r '(t) = M t' Ö r b(t), ʪʦ ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾ ʣʽʥʽʾ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʘʟʦʚʫ ʢʨʠʚʫ ʦʩʪʘʥʥʴʦʾ, ʘ ʤʘʪʨʠʮʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʷʢ 

ʜʦʙʫʪʦʢ ʤʘʪʨʠʮʴ ʄt Ö ʄt'. 

2.9. ʉʢʣʘʜʥ̔  ʢʨʠʚʽ 

ɿ ʜʝʢʽʣʴʢʦʭ ʢʨʠʚʠʭ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʩʢʣʘʜʥʫ ʢʨʠʚʫ - 

ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʪʠʧ ʢʨʠʚʦ.ʾ ɺʦʥʠ ʭʘʨʘʢʪʝʨʥʽ ʪʠʤ, ʱʦ ʧʝʨʰʘ 

ʧʦʭʽʜʥʘ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʚ ʪʦʯʢʘʭ ʩʪʠʢʫʚʘʥʥʷ ʪʝʨʧʠʪʴ ʨʦʟʨʠʚ ʘʙʦ ʧʦ 

ʜʦʚʞʠʥʽ ʘʙʦ ʧʦ ʜʦʚʞʠʥʽ ʪʘ ʥʘʧʨʷʤʢʫ. ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʩʧʣʘʡʥʦʚʽ 

ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ ʬʦʨʤʫʚʘʣʠ ʟ ʢʨʠʚʠʭ ʦʜʥʦʛʦ ʪʠʧʫ, ʽ ʚ ʥʠʭ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʪʝʨʧʽʣʘ ʨʦʟʨʠʚ 

ʧʦ ʜʦʚʞʠʥʽ. ɸʣʝ ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ ʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʡ ʟ ʢʨʠʚʠʭ ʨʽʟʥʦʾ 
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ʧʨʠʨʦʜʠ. ʂʨʠʚʽ, ʱʦ ʫʪʚʦʨʷʪʴ ʩʢʣʘʜʦʚʫ ʢʨʠʚʫ, ʥʘʟʠʚʘʪʠʤʝʤʦ 

ʩʝʛʤʝʥʪʘʤʠ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʢʣʘʜʥʦʾ ʢʨʠʚʦ ʾʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʢʦʥʘʥʽ 

ʧʝʚʥʽ ʫʤʦʚʠ: ʧʦʯʘʪʦʢ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʩʝʛʤʝʥʪʫ ʧʦʚʠʥʝʥ 

ʟʙʽʛʘʪʠʩʷ ʟ ʢʽʥʮʝʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʝʛʤʝʥʪʫ. ʗʢʱʦ ʩʝʛʤʝʥʪʠ ʩʢʣʘʜʥʦʾ 

ʢʨʠʚʦ ʾʩʪʠʢʫʶʪʴʩʷ ʥʝ ʛʣʘʜʢʦ, ʪʦ ʩʢʣʘʜʥʘ ʢʨʠʚʘ ʙʫʜʝ ʤʘʪʠ ʟʣʘʤʠ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʤʽʩʮʷʭ ʩʪʠʢʫ ʩʝʛʤʝʥʪʽʚ ʧʦʭʽʜʥʽ ʩʢʣʘʜʥʦ ʾ

ʢʨʠʚʦ ʾʪʝʨʧʣʷʪʴ ʨʦʟʨʠʚ ʧʦ ʜʦʚʞʠʥʽ ʡ ʥʘʧʨʷʤʢʫ. ʇʨʠʢʣʘʜ ʩʢʣʘʜʥʦ ʾ

ʢʨʠʚʦ ʾʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.12. 

ɿʘʤʢʥʫʪʫ ʩʢʣʘʜʥʫ ʢʨʠʚʫ ʥʘʟʠʚʘʪʠʤʝʤʦ ʢʦʥʪʫʨʦʤ. ɼʣʷ 

ʢʦʥʪʫʨʫ ʧʦʯʘʪʦʢ ʧʝʨʰʦʛʦ ʩʝʛʤʝʥʪʫ ʧʦʚʠʥʝʥ ʟʙʽʛʘʪʠʩʷ ʟ ʢʽʥʮʝʤ 

ʦʩʪʘʥʥʴʦʛʦ ʩʝʛʤʝʥʪʫ. 

 

( )1 1wr

( )2 2wr

( )3 3r w

( )4 4wr

( )5 5wr

 
 

ʈʠʩʫʥʦʢ 2.12 - ʉʢʣʘʜʥʘ ʢʨʠʚʘ 

 

ʅʝʭʘʡ ʩʢʣʘʜʥʘ ʢʨʠʚʘ ʤʽʩʪʠʪʴ n ʩʝʛʤʝʥʪʽʚ 

r i(wi),   wi min  wi  wi max,   i = 1, 2, » , n.                  (2.92) 

ʇʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ t ʩʢʣʘʜʥʦ ʾʢʨʠʚʦ ʾʧʨʠʡʤʝʤʦ 

ʨʽʚʥʠʤ ʥʫʣʶ. ʇʘʨʘʤʝʪʨʠʯʥʫ ʜʦʚʞʠʥʫ ʩʢʣʘʜʥʦ ʾʢʨʠʚʦ ʾʧʨʠʡʤʝʤʦ 

ʨ̔ ʚʥʽʡ ʩʫʤʽ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʦʚʞʠʥ ʢʨʠʚʠʭ, ʱʦ ʾʾ ʩʢʣʘʜʘʶʪʴ 

( )min max max min

1

0,
n

i i

i

t t w w
=

= = -ä .                     (2.93) 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʩʢʣʘʜʦʚʦ ʾ ʢʨʠʚʦ ʾ ʩʧʦʯʘʪʢʫ 
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ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʪʦʡ ʩʝʛʤʝʥʪ, ʥʘ ʷʢʠʡ ʧʦʪʨʘʧʠʤʦ, ʨʫʭʘʶʯʠʩʴ 

ʧʦ ʧʘʨʘʤʝʪʨʫ. ʇʦʪʽʤ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ 

ʚʣʘʩʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʮʴʦʛʦ ʩʝʛʤʝʥʪʫ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʦʙʯʠʩʣʠʪʠ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʩʝʛʤʝʥʪʫ ʘʙʦ ʡʦʛʦ ʧʦʭʽʜʥʦʾ. ʅʝʭʘʡ ʜʣʷ 

ʧʘʨʘʤʝʪʨʫ t ʩʢʣʘʜʦʚʦ ʾʢʨʠʚʦʾ ʟʥʘʡʜʝʥʦ ʥʦʤʝʨ ʩʝʛʤʝʥʪʫ k, ʜʣʷ ʷʢʦʛʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

( ) ( )
1

max min max min

1 1

k k

i i i i

i i

w w t w w
-

= =

- ¢ ¢ -ä ä .                (2.94) 

ʊʦʜʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʩʢʣʘʜʦʚʦ ʾʢʨʠʚʦ ʾʚʠʟʥʘʯʘʪʁʴ ʨʽʚʥʷʥʥʷʤ 

() ( ) ( )
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min max min max

1

, 0
k

k k i i k k

i

t w t w w w t t
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è ø
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ê ú

är r r ,  (2.95) 

ʜʝ ʧʘʨʘʤʝʪʨ k-ʛʦ ʩʝʛʤʝʥʪʘ ʜʦʨʽʚʥʶʻ 

( )
1

min max min

1

k

k i i

i

w t w w
-

=

+ - -ä .                           (2.96) 

ʗʢ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʧʽʜʭʽʜ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ 

ʩʢʣʘʜʥʦ ʾʢʨʠʚʦ ʾʘʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʦʜʫ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ 

ʣʘʤʘʥʦʾ ʣʽʥʽʾ. 

ɿʘʛʘʣʴʥʝ ʧʨʘʚʠʣʦ. ʉʢʣʘʜʥʘ ʢʨʠʚʘ ʻ ʣʽʥʽʻʶ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʽʥʰʠʭ ʣʽʥʽʷʭ. ɺʦʥʘ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʚʠʤʦʟʽ ʧʨʦ 

ʥʝʧʨʠʧʫʩʪʠʤʽʩʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʩʧʘʜʢʫʚʘʥʥʷ ʩʚʦʛʦ ʞ ʪʠʧʫ. ɺ 

ʢ̫ʦʩʪʽ ʩʝʛʤʝʥʪʽʚ ʩʢʣʘʜʥʦ ʾʢʨʠʚʦ ʾʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʽ 

ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ, ʘʣʝ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʝ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʩʢʣʘʜʦʚʫ ʢʨʠʚʫ ʟ ʥʘʙʦʨʫ ʩʢʣʘʜʥʠʭ ʢʨʠʚʠʭ. ʗʢʱʦ ʩʢʣʘʜʥʫ ʢʨʠʚʫ 

ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʽʥʰʠʭ ʩʢʣʘʜʥʠʭ ʢʨʠʚʠʭ, ʪʦ ʦʩʪʘʥʥʽ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʢʨʠʚʠʭ, ʘ ʥʝ ʷʢ ʻʜʠʥʽ ʣʽʥʽʾ. 

ɿʘʜʘʯʘ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʦ ʾʢʨʠʚʦ ʾʟ ʥʘʙʦʨʫ ʩʢʣʘʜʥʠʭ ʢʨʠʚʠʭ ʩʣʽʜ 

ʚʠʨʽʰʫʚʘʪʠ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʚʦ ʾʩʢʣʘʜʥʠʤʠ ʩʝʛʤʝʥʪʘʤʠ. 

2.10. ɼʚʦʤʽʨʥʽ ʢʨʠʚʽ 

ɺʩʽ ʨʦʟʛʣʷʥʫʪʽ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʢʨʠʚʽ (ʟʘ ʚʠʥʷʪʢʦʤ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʧʽʨʘʣʽ), ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʷʢ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ, ʪʘʢ ʽ 

ʫ ʜʚʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʥʘ ʧʣʦʱʠʥʽ). ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʾʭ 
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ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʤʘʻ ʜʚʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʟʘʟʥʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦ 

ʜʚʦʤʽʨʥʠʤ ʤʘʪʨʠʮʷʤ. ɺʠʨʘʟʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ 

ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʨʘʟʘʤʠ 

ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʢʨʠʚʠʭ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ ʻʜʠʥʝ, 

ʱʦ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ, ʮʝ ʟʘʤʽʥʠʪʠ ʪʨʠʚʠʤʽʨʥʽ ʚʝʢʪʦʨʠ 

r (t) = [r1(t) r2(t) r3(t)]
T
 ʥʘ ʜʚʦʤʽʨʥʽ r (t) = [x(t) y(t)]

T
. 

ɼʚʦʤʽʨʥʽ ʢʨʠʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ: ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʧʣʦʩʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʢʨʠʚʠʭ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʠʭ ʥʘ ʧʦʚʝʨʭʥʷʭ, 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ (ʢʨʠʚʠʭ) ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʽ ʜʣʷ ʦʧʠʩʫ 

ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ. 

2.11. ʉʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ 

ɺʩʽ ʨʦʟʛʣʷʥʫʪʽ ʢʨʠʚʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ: 

ʧʨʦʩʪʦʨʦʚʽ ʢʨʠʚʽ ʪʘ ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ. ʊʘʢʠʡ ʨʦʟʧʦʜʽʣ ʙʘʟʫʶʪʴ ʥʘ 

ʪʦʤʫ, ʱʦ ʧʨʦʩʪʦʨʦʚʽ ʢʨʠʚʽ ʪʘ ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ (ʨʠʩ. 2.13) ʤʘʶʪʴ ʨʽʟʥʝ 

ʯʠʩʣʦ ʚʠʤʽʨʽʚ. 

 

ʉʢʣʘʜʦʚʘ ʢʨʠʚʘ

ʂʦʥ̔ʯʥ̔ ʟʨ̔ʟʠ

ʇʨ̫ʤʘ ʣ̔ʥ̫̔

ʂʦʣʦ ʪʘ ʡʦʛʦ ʜʫʛʘ

ɽʣ̔ʧʩ ʪʘ ʡʦʛʦ ʜʫʛʘ

ɺ̔ʜʨ̔ʟʦʢ ʧʘʨʘʙʦʣʠ

ɺ̔ʜʨ̔ʟʦʢ ʛ̔ʧʝʨʙʦʣʠ

ʃ̔ʥ̔ʾ ʥʘ ʙʘʟ̔ ʪʦʯʦʢ

ʃ̔ʥ̔ʾ ʥʘ ʙʘʟ̔ ʣ̔ʥ̔ʡ

ɿʨ̔ʟʘʥʘ ʢʨʠʚʘ

ɽʢʚ̔ʜʠʩʪʘʥʪʥʘ  ̔

ʧʨʦʜʦʚʞʝʥʘ ʢʨʠʚʘ

ʈʝʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ 

ʢʨʠʚʘ

ɺ̔ʜʨ̔ʟʦʢ ʧʨ̫ʤʦʾ

ʃʦʤʘʥʘ ʣ̔ʥ̫̔

ʉʧʣʘʡʥ ɽʨʤ̔ʪʘ

ʂʫʙ̔ʯʥʠʡ ʩʧʣʘʡʥ

ʂʨʠʚʘ ɹʝʟ'  ̒

NURBS ʢʨʠʚʘ

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʜʚʦʤʽʨʥʠʭ ʣʽʥʡ̔ 

ʅʘ ʙʘʟʽ ʙʫʜʴ-ʷʢʦʾ ʜʚʦʤʽʨʥʦʾ ʢʨʠʚʦʾ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ 

 

ʉʢʣʘʜʥʘ 

ʢʨʠʚʘ 
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ʧʨʦʩʪʦʨʦʚʘ ʢʨʠʚʘ. ʗʢʱʦ ʜʚʦʤʽʨʥʘ ʢʨʠʚʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʣʦʱʠʥʽ, ʪʦ 

ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʧʦʣʦʞʝʥʥʷ ʡ ʦʨʽʻʥʪʘʮʽʶ ʚ ʧʨʦʩʪʦʨʽ ʮʽʻʾ 

ʧʣʦʱʠʥʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʜʦʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʪʦʯʢʠ ʢʨʠʚʦʾ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʦʚʝʨʭʥʶ. 

 

 
 

ʈʠʩʫʥʦʢ 2.14 - ʉʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦʨʦʚʠʭ ʣ̔ʥ̔ʡ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ ʪʘ ʯʘʩʪʠʥʘ ʧʨʦʩʪʦʨʦʚʠʭ ʢʨʠʚʠʭ 

ʧʦʙʫʜʦʚʘʥʽ ʘʥʘʣʦʛʽʯʥʦ, ʪʽʣʴʢʠ ʧʝʨʰʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʜʚʦʤʽʨʥʠʭ ʦʙ'ʻʢʪʽʚ, ʘ ʜʨʫʛʽ ï ʪʨʠʚʠʤʽʨʥʠʭ. ʇʨʦʩʪʦʨʦʚʽ ʢʨʠʚʽ ʥʘ ʙʘʟʽ 

ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ ʟʘ ʬʦʨʤʦʶ ʤʦʞʫʪʴ ʟʙʽʛʘʪʠʩʷ ʟʽ ʩʚʦʾʤʠ 

ʪʨʠʚʠʤʽʨʥʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʘʣʝ ʤʘʶʪʴ ʚʽʜʤʽʥʥʫ ʚʽʜ ʦʩʪʘʥʥʽʭ 

ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ʽ ʯʘʩʪʠʥʫ ʚʠʢʦʥʫʚʘʥʠʭ ʬʫʥʢʮʽʡ. 

ʈʠʩ. 2.14 ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ʧʨʠ ʯʠʪʘʥʥʽ ʡʦʛʦ 

ʟʣʽʚʘ ʥʘʧʨʘʚʦ. ʉʧʦʯʘʪʢʫ ʢʨʠʚʽ ʣʽʥʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʚ 

ʤʽʩʮʝʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʽ ʩʢʘʣʷʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʙʦ ʟʘ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʪʦʯʢʘʤʠ. ɼʘʣʽ ʮʽ ʢʨʠʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʦʚʞʝʥʽ ʘʙʦ 

ʟʨʽʟʘʥʽ. ʅʘ ʙʘʟʽ ʜʝʢʽʣʴʢʦʭ ʢʨʠʚʠʭ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʥʘʡʙʽʣʴʰ 

ʟʘʛʘʣʴʥʫ ʣʽʥʽʶ - ʩʢʣʘʜʥʫ ʢʨʠʚʫ. 

ɺʩʽ ʢʨʠʚʽ ʤʘʶʪʴ ʨʽʟʥʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʘʣʝ ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠ ʪʽ ʞ ʩʘʤʽ ʬʫʥʢʮʽʾ. ʆʩʪʘʥʥʷ ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʚʥʦʟʥʘʯʥʽʩʪʴ ʚʩʽʭ ʢʨʠʚʠʭ ʣʽʥʽʡ. ɼʦ ʟʘʛʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʦʚʽʣʴʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʦʙ'ʻʢʪʫ ʜʣʷ ʢʨʠʚʠʭ ʣʽʥʽʡ ʚʘʨʪʦ ʜʦʜʘʪʠ ʬʫʥʢʮʽʾ 

ʦʙʯʠʩʣʝʥʥʷ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʢʨʠʚʦʾ, ʧʦʭʽʜʥʠʭ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʫ ʟʘ 

ʧʘʨʘʤʝʪʨʦʤ, ʜʦʪʠʯʥʦʛʦ ʚʝʢʪʦʨʫ, ʥʦʨʤʘʣʽ ʪʘ ʙʽʥʦʨʤʘʣʽ ʢʨʠʚʦʾ, 

ʬʫʥʢʮʽʾ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ 

ʢʨʠʚʦʾ (ʧʦʯʘʪʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʢʽʥʮʝʚʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʟʘʤʢʥʫʪʦʩʪʽ), 

ʬʫʥʢʮʽʾ ʤʦʜʠʬʽʢʘʮʽʾ ʬʦʨʤʠ ʢʨʠʚʦʾ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʨʠʚʦʾ ʥʝ 

ʦʙʤʝʞʫʻʪʴʩʷ ʧʝʨʝʨʘʭʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɺʦʥʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʘ ʬʫʥʢʮʽʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʢʨʠʚʦʾ ʟ ʽʥʰʠʤʠ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʽ ʚʠʢʦʥʘʥʥʷ ʟ ʥʝʶ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

1. ʅʘʟʚʽʪʴ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʢʨʠʚʠʭ 

ʣʽʥʽʡ. 

2. ʇʨʦʚʝʜʽʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʣʽʥʽʡ. 

3. ʅʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʣʽʥʽʾ ʽ ʜʘʡʪʝ ʦʧʠʩ ʾʾ ʧʘʨʘʤʝʪʨʽʚ. 

4. ʅʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʚʽʜʨʽʟʢʘ ʧʨʷʤʦʾ ʣʽʥʽʾ ʽ ʜʘʡʪʝ ʦʧʠʩ ʡʦʛʦ 

ʧʘʨʘʤʝʪʨʽʚ. 

5. ɼʘʡʪʝ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʧʣʦʩʢʠʭ ʢʨʠʚʠʭ. 

6. ʅʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʦʢʨʫʞʥʦʩʪʽ ʽ ʜʘʡʪʝ ʦʧʠʩ ʾʾ ʧʘʨʘʤʝʪʨʽʚ. 

7. ʅʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʝʣʽʧʩʘ ʽ ʜʘʡʪʝ ʦʧʠʩ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. 

8. ʅʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʛʽʧʝʨʙʦʣʠ ʽ ʜʘʡʪʝ ʦʧʠʩ ʾʾ ʧʘʨʘʤʝʪʨʽʚ. 
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9. ʅʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʧʘʨʘʙʦʣʠ ʽ ʜʘʡʪʝ ʦʧʠʩ ʾʾ ʧʘʨʘʤʝʪʨʽʚ. 

10. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʽ ʘʙʦ 

ʝʣʽʧʩʫ? 

11. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʧʽʨʘʣʽ? 

12. ʈʦʟʢʨʠʡʪʝ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʢʨʠʚʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫè. 

13. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʨʦʣʴ ʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʡʥʽʚ. 

14. ʇʦʨʽʚʥʷʡʪʝ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ B-ʩʧʣʘʡʥʽʚ ʽ ʢʨʠʚʠʭ ɹʝʟ'ʻ. 

15. ʇʦʨʽʚʥʷʡʪʝ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ NURBS ʢʨʠʚʠʭ ʽ B-

ʩʧʣʘʡʥʽʚ. 

16. ɺʢʘʞʽʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʣʽʥʽʡ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʣʽʥʽʷʭ. 

17. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʢʣʘʜʥʠʭ ʢʨʠʚʠʭ? 

18. ʅʘʚʝʜʽʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ. 
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ʈʆɿɼɯʃ 3. ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽʈʍʆʅʔ 

ʋ ʩʠʩʪʝʤʘʭ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷ ʢʨʠʚʠʭ (ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ) ʜʣʷ 

ʚʩʽʭ ʨʝʙʝʨ ʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʦʥʴ (ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʧʘʨʘʤʝʪʨʠ) ʜʣʷ 

ʚʩʽʭ ʛʨʘʥʝʡ. ʂʦʨʠʩʥʦ ʟʥʘʪʠ, ʷʢʠʤʠ ʙʫʚʘʶʪʴ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʦʥʴ ʽ 

ʷʢʽ ʧʘʨʘʤʝʪʨʠ ʾʭ ʚʠʟʥʘʯʘʶʪʴ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʝʚʠʭ ʦʧʝʨʘʮʽʡ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʢʨʠʚʠʭ. ʋ ʩʠʩʪʝʤʘʭ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʪʽʻʶ ʞ ʤʝʪʦʶ ʜʦʚʦʜʠʪʴʩʷ ʚʠʟʥʘʯʘʪʠ 

ʢʨʠʚʽ, ʧʦ ʷʢʠʭ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʦʚʝʨʭʥʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚ ʧʨʦʮʝʩʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʜʥʫ ʧʦʚʝʨʭʥʶ ʚʽʜʨʽʟʘʻ ʽʥʰʘ, ʪʦ ʮʝ ʚʠʤʘʛʘʻ 

ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʚʦʾ, ʧʦ ʷʢʽʡ ʚʦʥʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʊʘʢʘ ʟʘʜʘʯʘ 

ʧʦʪʨʝʙʫʻ ʦʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʥʘ ʧʦʚʝʨʭʥʷʭ, ʘ ʪʘʢʦʞ 

ʧʦʭʽʜʥʠʭ ʫ ʮʠʭ ʪʦʯʢʘʭ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʙʘʟʽ [2] ʢʦʨʦʪʢʦ 

ʨʦʟʛʣʷʥʫʪʽ ʨʽʟʥʽ ʪʠʧʠ ʨʽʚʥʷʥʴ ʧʦʚʝʨʭʦʥʴ ʽ ʤʝʪʦʜʠ ʨʦʙʦʪʠ ʟ ʥʠʤʠ: 

ʤʝʪʦʜʠ ʦʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʡ ʦʙʨʦʙʢʠ 

ʧʝʨʝʪʠʥʽʚ. ɺʩʽ ʮʽ ʧʠʪʘʥʥʷ ʨʦʟʛʣʷʥʫʪʽ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʚ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʧʦ 3D ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʛʝʦʤʝʪʨʽʾ [1, 3-5]. 

3.1. ʊʠʧʠ ʨʽʚʥʷʥʴ ʧʦʚʝʨʭʦʥʴ 

ʈʽʚʥʷʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʷʢ ʽ ʨʽʚʥʷʥʥʷ ʢʨʠʚʠʭ, ʧʦʜʽʣʷʪʁ ɹʥʘ ʜʚʘ 

ʦʩʥʦʚʥʠʭ ʪʠʧʠ. 

ɼʦ ʧʝʨʰʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʷʪʴ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ 

ʟʚ'ʷʟʫʶʪʴ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʭ, ʫ ʠ z ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʫ. ɼʦ 

ʜʨʫʛʦʛʦ ï ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʭ, ʫ 

ʪʘ z ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʜʥʫ ʟ ʦʜʥʦ  ʁʙʫʜʴ-ʷʢʦʶ ʬʫʥʢʮʽʻʶ. ʇʦʷʩʥʠʤʦ ʮʽ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʧʨʦʩʪʦʤʫ ʧʨʠʢʣʘʜʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʬʝʨʫ ʨʘʜʽʫʩʘ R ʟ ʮʝʥʪʨʦʤ ʥʘ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 

ʇʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʮʽʻʾ ʩʬʝʨʠ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

( ), cos cos sin cos sin ;

(0 2 , 2 2),

u v R u v R u v R v

u v

= + +

¢ ¢ p -p ¢ ¢p

P i j k
            (3.1) 

ʜʝ ʧʘʨʘʤʝʪʨ u ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʦʚʛʦʪʫ, ʘ v - ʰʠʨʦʪʫ. 

ʊʫ ʞ ʩʬʝʨʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʡ ʙʝʟ ʧʘʨʘʤʝʪʨʽʚ u ʽ v: 

x
2
 + y

2
 + z

2
 - R

2
 = 0                                  (3.2) 
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ʘʙʦ 

2 2 2z R x y=° - -.                                         (3.3) 

ʈʽʚʥʷʥʥʷ (3.2) ʥʘʟʠʚʘʪʁʴ ʥʝʷʚʥʠʤ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʤ, ʘ 

ʨʽʚʥʷʥʥʷ (3.3) ï ʷʚʥʠʤ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʤ. 

ʋ ʢʦʞʥʦʛʦ ʪʠʧʫ ʨʽʚʥʷʥʴ ʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʡ ʥʝʜʦʣʽʢʠ. ʄʠ 

ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ. ʇʘʨʘʤʝʪʨʠʯʥʝ 

ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʘʙʦ 

ʢʨʠʚʽʡ, ʷʢʽ ʚʽʜʩʪʦʷʪʴ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʥʘ ʥʝʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʽʥʪʝʨʘʢʪʠʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʫ ʪʘ ʨʦʙʦʪʫ ʟ ʥʠʤ. ʎʝ 

ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ, ʟ ̫ ʢʠʭ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʫ ʙʽʣʴʰʦʩʪʽ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

3.2. ɹʣ̔̔ʥ̔ʡʥʘ ʧʦʚʝʨʭʥʷ 

ɹ̔ʣ̔ʥ̔ʡʥʫ ʧʦʚʝʨʭʥ ʁ (bilinear surface) ʙʫʜʫʶʪʴ ʟʘ ʯʦʪʠʨʴʦʤʘ 

ʟʘʜʘʥʠʤʠ ʪʦʯʢʘʤʠ ʽ ʦʧʠʩʫʶʪʴ ʣʽʥʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

u ʽ v. ʎʽ ʪʦʯʢʠ ʦʧʠʥʷʶʪʴʩʷ ʚ ʢʫʪʘʭ ʧʦʙʫʜʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʄʠ 

ʧʦʟʥʘʯʠʤʦ ʾʭ ʣʽʪʝʨʘʤʠ ʈ0,0, ʈ1,0, P0,1, P1,1 (ʨʠʩ. 3.1). 

 

0,v P

1,vp 

v

u

u

( )1 v- ( )1 v-

0,0P

0,1P
1,1P

1,0P

( ),u vP ( )1 u-

v

  
ʈʠʩʫʥʦʢ 3.1 - ɹʽʣʽʥʽʡʥʘ ʧʦʚʝʨʭʥʷ ʪʘ ʾʾ ʦʧʽʨʥʽ ʪʦʯʢʠ 

 

ɺʠʚʝʩʪʠ ʨʽʚʥʷʥʥʷ ʙʣ̔̔ʥ̔ʡʥʦʾ ʧʦʚʝʨʭʥʽ - ʮʝ ʟʥʘʯʠʪʴ ʟʥʘʡʪʠ 

ʚʠʨʘʟ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ u ʽ 

v. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʮʷ ʪʦʯʢʘ ʜʽʣʠʪʴ ʚʽʜʨʽʟʦʢ [ʈ0v, ʈ1,v] ʫ ʚʽʜʥʦʰʝʥʥʽ 

u:(1 - u) (ʨʠʩ. 3.1). ʊʦʯʢʠ ʈ0,v ʽ ʈ1,v ʜʽʣʷʪʴ ʚʽʜʨʽʟʢʠ ʈ0,0ʈ0,1 ʽ ʈ1,0ʈ1,1 

ʚʽʜʧʦʚʽʜʥʦ ʫ ʚʽʜʥʦʰʝʥʥʽ v:(1 - v). ɺʠʟʥʘʯʝʥʘ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʪʦʯʢʘ 
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P(u,v) ʧʝʨʝʤʽʱʘʪʠʤʝʪʴʩʷ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ u ʽ v 

ʚʽʜ 0 ʜʦ 1. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʨʦʙʣʝʥʠʭ ʧʨʠʧʫʱʝʥʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 

ʈ0,v ʽ ʈ1,v ʟʘʧʠʰʫʶʪʴ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

( )0, 0,0 0,11vP v P vP= - + ;                                  (3.4) 

( )1, 1,0 1,11vP v P vP= - + .                                    (3.5) 

ʂʨʠʚ̔, ʧʦ ʷʢʠʭ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʦʚʝʨʭʥʽ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʟʨʫʯʥʽʰʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʯʠ ʦʜʥʫ ʽʟ ʮʠʭ ʧʦʚʝʨʭʦʥʴ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ, ʘ ʽʥʰʫ - ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʤ. ʊʦʤʫ ʚ 

ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡ ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ 

ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʭʦʯʘ ʽ ʥʝ ʷʢ ʦʩʥʦʚʥʠʡ ʪʠʧ ʨʽʚʥʷʥʴ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʢʨʠʚʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʚ ʧʨʦʮʝʜʫʨʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʚ 

ʥʝʧʘʨʘʤʝʪʨʠʯʥʫ ʡ ʥʘʚʧʘʢʠ. 

ɸʥʘʣʦʛʽʯʥʦ ʟʥʘʭʦʜʷʪʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ P(u,v): 

( )( )0, 1,, 1 v vu v u u= - +P P P .                              (3.6) 

ʇʽʜʩʪʘʥʦʚʢʘ ʨʽʚʥʷʥʴ (3.4) ʽ (3.5) ʚ (3.6) ʜʘ̒ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 

ʙ̔ʣ̔ʥ̔ʡʥʦʾ ʧʦʚʝʨʭʥʽ: 

( )( )( ) ( )

( )( )( )( )

0,0 0,1 1,0 1,1

0,0

1,0

0,1

1,1

, 1 1 1

1 1 1 1 ; 0 1, 0 1.

u v u v v u v v

u v u v u v uv u u

è ø è ø= - - + + - + =ê ú ê ú

è ø
é ù
é ù=è - - - - ø ¢ ¢ ¢ ¢ê úé ù
é ù
é ùê ú

P P P P P

P

P

P

P

 (3.7) 

ʄʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʟʘʜʘʥʽ ʪʦʯʢʠ ʜʽʡʩʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʢʫʪʘʭ ʙʣ̔̔ʥ̔ʡʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʤʙʽʥʘʮʽʾ 

ʥʫʣʽʚ ʽ ʦʜʠʥʠʮʴ ʫ ʨʽʚʥʷʥʥʷ (3.7). ʎʝ ʨʽʚʥʷʥʥʷ ʩʚʽʜʯʠʪʴ ʪʘʢʦʞ ʧʨʦ 

ʪʝ, ʱʦ ʙʽʣʽʥ̔ʡʥʘ ʧʦʚʝʨʭʥʷ ʻ ʩʧʦʣʫʯʝʥʥʷʤ ʢʫʪʦʚʠʭ ʪʦʯʦʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʩʧʦʣʫʯʝʥʥʷ (1 - u)(1 - v), u(l - v), (1 - u)v, uv. 

ʏʝʨʝʟ ʪʝ, ʱʦ ʮʽ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ʻ ʣ̔ʥ̔ʡʥʠʤʠ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʙʽʣʽʥʽʡʥʘ ʧʦʚʝʨʭʥʷ ʟʘʟʚʠʯʘʡ ʻ ʧʣʦʩʢʦʶ. 
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3.3. ʂʫʩʦʢ ʂʫʥʘ 

ʉʧʦʣʫʯʝʥʥʷ ʢʫʪʽʚ ʜʘʻ ʙʽʣʽʥʽʡʥʫ ʧʦʚʝʨʭʥʶ. ʉʧʦʣʫʯʝʥʥʷ 

ʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʜʘʻ ʧʦʚʝʨʭʥʶ, ʱʦ ʥʘʟʠʚʘʶʪʴ 

ʰʤʘʪʢʦʤ ʂʫʥʘ (Coon's patch). ʉʣʦʚʦ çʰʤʘʪʦʢè ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʦʧʠʩʫʚʘʥʘ ʧʦʚʝʨʭʥʷ ʻ ʩʝʛʤʝʥʪʦʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ 

ʧʘʨʘʤʝʪʨʽʚ 0 ¢ u ¢ 1, 0 ¢ v ¢1. ʂʦʤʙʽʥʫʚʘʥʥʷ ʰʤʘʪʢʽʚ ʜʦʟʚʦʣʷʻ 

ʫʪʚʦʨʠʪʠ ʧʦʚʝʨʭʥʶ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʫ. 

ʈʽʚʥʷʥʥʷ ʢʫʩʢʫ ʂʫʥʘ ʚʠʚʦʜʷʪʴ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ. ʇʨʠʧʫʩʪʠʤʦ, 

ʱʦ ʚʽʜʦʤʽ ʨʽʚʥʷʥʥʷ ʯʦʪʠʨʴʦʭ ʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ (ʨʠʩ. 3.2): P0(v), 

ʈ1(v), Q0(u) ʽ Q1(u). ʇʨʠʧʫʩʪʠʤʦ ʪʘʢʦʞ, ʱʦ ʥʘʧʨʷʤʦʢ ʢʨʠʚʠʭ Q0(u) ʽ 

Q1(u) ʟʙʽʛʘʻʪʴʩʷ (ʥʘ ʨʠʩ. 3.2 ʮʽ ʢʨʠʚʽ ʩʧʨʷʤʦʚʘʥʽ ʚʧʨʘʚʦ, ʱʦ 

ʧʦʟʥʘʯʝʥʦ ʩʪʨʽʣʢʦʶ). ʊʝ ʞ ʧʨʠʧʫʱʝʥʥʷ ʚʠʩʣʦʚʠʤʦ ʽ ʚʽʜʥʦʩʥʦ P0(v) 

ʽ ʈ1(v). 

 

()0 vP 

v

u

()1 uQ 

()1 v P

()0 uQ 

 

ʈʠʩʫʥʦʢ 3.2 - ɻʨʘʥʠʯʥ ̔ʢʨʠʚ,̔ ̫ ʢʽ ʚʠʟʥʘʯʘʶʪʴ ʢʫʩʦʢ ʂʫʥʘ 

ʗʢʱʦ ʛʨʘʥʠʯʥʽ ʢʨʠʚʽ ʥʝ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʮʠʤ ʚʠʤʦʛʘʤ, ʪʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʚʠʜʫ. 

ʅʘʧʨʷʤʦʢ ʽ ʽʥʪʝʨʚʘʣ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʽʥʚʝʨʩʽʻʶ ʘʙʦ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ. 

ʂʨʠʚʽ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪ ɹ ʦʧʠʩʘʥʠʤ ʚʠʤʦʛʘʤ, 

ʽʥʪʝʨʧʦʣʶʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɺʠʙʝʨʝʤʦ ʜʚʽ ʢʨʠʚʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʚʧʨʦʪʠ, ʥʘʧʨʠʢʣʘʜ P0(v) ʽ 

P1(v). ɯʥʪʝʨʧʦʣʷʮʽʶ ʮʠʭ ʢʨʠʚʠʭ ʫ ʥʘʧʨʷʤʢʫ u ʟʜʽʡʩʥʶʶʪʴ ʣʽʥʽʡʥʠʤ 

ʨʽʚʥʷʥʥʷʤ 

( )( ) () ()1 0 1, 1u v u v u v= - +P P P .                     (3.8) 
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ʇʦʚʝʨʭʥʷ, ʚʠʟʥʘʯʝʥʘ ʨʽʚʥʷʥʥʷʤ (3.8), ʦʙʤʝʞʫʚʘʪʠʤʝʪʴʩʷ 

ʢʨʠʚʦ  ʁʈ0(v) ʧʨʠ u = 0 ʪʘ ʢʨʠʚʦ  ʁʈ1(v) ʧʨʠ u = 1. ɼʚʽ ʽʥʰʽ ʤʝʞʽ 

ʙʫʜʫʪʴ ʚʽʜʨʽʟʢʘʤʠ ʧʨʷʤʠʭ, ʷʢʽ ʟ'ʻʜʥʫʶʪʴ ʢʫʪʦʚʽ ʪʦʯʢʠ. 

ʇʝʨʝʢʦʥʘʪʠʩʷ ʚ ʮʴʦʤʫ ʤʦʞʥʘ, ʷʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʚ ʨʽʚʥʷʥʥʷ (3.8) 

v = 0 ʘʙʦ v = 1. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʘ ʧʦʚʝʨʭʥʷ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ 

ʢʨʠʚʠʤʠ Q0(u) ʽ Q1(u). 

ɺʠʟʥʘʯʠʤʦ ʜʨʫʛʫ ʧʦʚʝʨʭʥʶ, ʽʥʪʝʨʧʦʣʶʶʯʠ Q0(u) ʽ Q1(u) ʟʘ 

ʥʘʧʨʷʤʢʦʤ v: 

( )( ) () ()2 0 1, 1u v v u v u= - +P Q Q .                    (3.9) 

ʗʢʱʦ ʧʽʜʩʪʘʚʠʪʠ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ u ʽ v ʫ ʨʽʚʥʷʥʥʷ (3.9), 

ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʥʦʚʫ ʧʦʚʝʨʭʥ ʁ ʦʙʤʝʞʫʚʘʪʠʤʫʪʴ ʢʨʠʚ ̔

Q0(u) ʽ Q0(v), ʘʣʝ ʥʝ P0(v) ʘʙʦ P1(v). ɺʠʟʥʘʯʠʤʦ ʱʝ ʦʜʥʫ ʧʦʚʝʨʭʥʶ 

P3(u, v), ʩʢʣʘʚʰʠ P1(u, v) ʽ P2(u, v), ʽ ʧʝʨʝʚʽʨʠʤʦ, ʯʠ ʥʝ ʙʫʜʝ ʚʦʥʘ 

ʦʙʤʝʞʘʥʘ ʥʝʦʙʭʽʜʥʠʤʠ ʢʨʠʚʠʤʠ. 

( )( ) () ()( ) () ()3 0 1 0 1, 1 1u v u v u v v u v u= - + + - +P P P Q Q .     (3.10) 

ʇʽʜʩʪʘʥʦʚʢʘ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ u ʽ v ʫ (3.10) ʜʘʻ: 

( ) ()( ) () ()3 0 0 10, 1 0 0v v v v= + - +P P Q Q ;               (3.11) 

( ) ()( ) () ()3 1 0 11, 1 1 1v v v v= + - +P P Q Q ;                 (3.12) 

( ) ()( ) () ()3 0 0 1,0 1 0 0u u u u= + - +P Q P P ;               (3.13) 

( ) ()( ) () ()3 1 0 1,1 1 1 1u u u u= + - +P Q P P .                 (3.14) 

ʗʢʱʦ P3(u,v) ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʜʦ ʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ, ʜʚʘ 

ʧʨʘʚʠʭ ʜʦʜʘʥʢʠ ʚ ʨʽʚʥʷʥʥʷʭ (3.11)-(3.14) ʧʦʚʠʥʥʽ ʜʦʨʽʚʥʶʚʘʪʠ 

ʥʫʣʶ. ʎʽ ʜʦʜʘʥʢʠ  ̒ ʽʥʪʝʨʧʦʣʷʮʽʻʁ  ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʚʽʜʧʦʚʽʜʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʜʦʜʘʥʢʠ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ, ʦʧʠʩʫʶʪʴ ʤʝʞʽ ʙ̔ʣ̔ ʥʽʡʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʪʞʝ, 

ʚʽʨʥʠʡ ʚʠʨʘʟ ʜʣʷ ʢʫʩʢʘ ʂʫʥʘ ʚʠʟʥʘʯʘʶʪʴ ʚʠʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʥʷ 

ʙ̔ʣ̔ʥ̔ʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ P3(u,v): 
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( )( ) () ()( ) () ()

( )( ) ( ) ( )

0 1 0 1

0,0 1,0 0,1 1,1

, 1 1

1 1 1 1 ;

0 1, 0 1.

u v u v u v v u v u

u v u v u v uv

u u

= - + + - + -

- - - - - - - -

¢ ¢ ¢ ¢

P P P Q Q

P P P P   (3.15) 

ɿʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʢʦʥʮʝʧʮʽʾ ʪʘ ʨʽʚʥʷʥʴ ʰʤʘʪʢʘ ʂʫʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʦʩʠʪʴ ʰʠʨʦʢʦ. ʆʜʥʘʢ ʚʽʥ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ 

ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʦʩʢʽʣʴʢʠ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʥʝ 

ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʣʠʰʝ ʦʜʥʠʤʠ ʾʾ ʤʝʞʘʤʠ. 

3.4. ɹʽʢʫʙ̔ʯʥʠʡ hʤʘʪʦʢ 

ɹʽʢʫʙʽʯʥʠʡ ʰʤʘʪʦʢ (bicubic patch) - ʮʝ ʧʦʚʝʨʭʥʷ, ʷʢʫ 

ʚʠʟʥʘʯʘʶʪʴ ʧʦʣ̔ʥʦʤʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ u ʽ v: 

( )
3 3

,

0 0

, ; 0 1, 0 1i j
i j

i j

u v u v u v
= =

= ¢ ¢ ¢ ¢ä äP a .          (3.16) 

ʈʽʚʥʷʥʥʷ (3.16) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʚ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 

( )

00 01 02 03

10 11 12 132 3
2

20 21 22 23

3
30 31 32 33

1

, 1

a a a a

va a a a
u v u u u

a a a a v

a a a a v

è øè ø
é ùé ù
é ùé ùè ø=

ê ú é ùé ù
é ùé ù
é ùê úê ú

P .    (3.17) 

ʋ ʨʽʚʥʷʥʥʷʭ (3.17) ʘij - ʘʣʛʝʙʨʘʾʯʥʽ ʚʝʢʪʦʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʭ, ʫ ʠ z. ɺʧʣʠʚ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ 

ʥʝ ʻ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ. ɿʘʤʽʥʫ ʘʣʛʝʙʨʘʾʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘ 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʛʣʷʥʫʪʦ ʚ [2]. 

3.5. ʇʦʚʝʨʭʥʷ ɹʝʟ'ʻ 

ʂʦʥʮʝʧʮʽʶ ʢʨʠʚʦʾ ɹʝʟ'ʻ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʙʘʛʘʪʦʢʫʪʥʠʢʦʤ, ʷʢʠʡ 

ʾʾ ʟʘʜʘʻ, ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʥʘ ʦʜʠʥ ʚʠʤʽʨ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʡʜʝ 

ʧʦʚʝʨʭʥʷ ɹʝʟ'ʻ, ʷʢʫ ʚʠʟʥʘʯʘʪʴ ʙʘʛʘʪʦʛʨʘʥʥʠʢʦʤ, ʱʦ ʾʾ ʟʘʜʘʻ. 

ʈʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ɹʝʟ'ʻ ʚʠʛʣʷʜʘʻ ʪʘʢʠʤ ʯʠʥʦʤ: 
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( ) () (), , ,

0 0

, ; 0 1, 0 1
n m

i j i n j m

i j

u v u v u v
= =

= ¢ ¢ ¢ ¢ä äP P B B ,    (3.18) 

ʜʝ Pi,j - ʨʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʪʦʯʦʢ, ʷʢʽ ʟʘʜʘʶʪʴ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʚʝʨʰʠʥʘʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ, ʷʢʠʡ ʾʭ ʟʘʜʘʻ (ʨʠʩ. 3.3), ʘ Bi,n ʽ Bj,m - 

ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ, ʟʚʠʯʘʡʥʽ ʜʣʷ ʢʨʠʚʠʭ ɹʝʟ'ʻ. 

 

u
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ʈʠʩʫʥʦʢ 3.3 - ʇʦʚʝʨʭʥʷ ɹʝʟ'ʻ ʟ ʙʘʛʘʪʦʛʨʘʥʥʠʢʦʤ, ʱʦ ʾʾ ʟʘʜʘʻ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʫʧʽʥʴ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘ u ʽ v ʚʠʟʥʘʯʘʪʁʴ 

ʢʽʣʴʢʽʩʪʶ ʪʦʯʦʢ, ʱʦ ʾʾ ʟʘʜʘʶʪʴ, ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʈʽʚʥʷʥʥʷ (3.18) ʤʦʞʥʘ ʨʦʟʢʨʠʪʠ, ʟʘʧʠʩʘʚʰʠ ʩʫʤʫ ʧʦ j ʫ 

ʷʚʥʦʤʫ ʚʠʜʽ: 

( ) () () (),0 0, , , ,

0

,
n

i m i m m m i n

i

u v v v u
=

è ø= + +ê úäP P B P B B .   (3.19) 

ʈʽʚʥʷʥʥʷ (3.19) ʽʣʶʩʪʨʫʻ, ʱʦ ʧʦʚʝʨʭʥ ̫ ɹʝʟ'ʻ ʫʪʚʦʨʝʥʘ 

ʩʧʦʣʫʯʝʥʥʷʤ n + 1 ʢʨʠʚʠʭ ɹʝʟ'ʻ, ʢʦʞʥʫ ʟ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʢʘʤʠ 

ʈi,1, ʈi,2, », ʈi,m, ʱʦ ʭʾ ʟʘʜʘʶʪʴ, ʷʢʽ ʤʽʞ ʩʦʙʦʶ ʩʧʦʣʫʯʝʥʽ ʬʫʥʢʮʠʷʤʠ 

Bi,n(u). ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʪʫ ʞ ʧʦʚʝʨʭʥʶ ɹʝʟ'ʻ ʫʪʚʦʨʶʶʪʴ ʧʨʠ 

ʩʧʦʣʫʯʝʥʥʽ m + 1 ʢʨʠʚʠʭ ɹʝʟôʻ, ʚʠʟʥʘʯʝʥʠʭ ʪʦʯʢʘʤʠ ʈ0,j, ʈ1,j, ʈ2,j,», 

ʈn,j, ʱʦ ʾʭ ʟʘʜʘʶʪʴ, ʽ ʬʫʥʢʮʽʷʤʠ Bj,m(v). ʆʪʞʝ, ʧʦʚʝʨʭʥ ʁ ɹʝʟôʻ 

ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ, ʷʢʱʦ ʪʦʯʢʠ ʢʨʠʚʦʾ ɹʝʟôʻ, ʱʦ ʾʾ ʟʘʜʘʶʪʴ, ʟʘʤʽʥʠʪʠ 

ʢʨʠʚʠʤʠ ɹʝʟôʻ. 
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ʉʪʫʧʽʥʴ ʧʦʚʝʨʭʥʽ ɹʝʟôʻ ʚʠʟʥʘʯʘʶʪʴ ʢʽʣʴʢʽʩʪʶ ʪʦʯʦʢ, ʱʦ ʾʾ 

ʟʘʜʘʶʪʴ. ʈʽʚʥʷʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʠʩʦʢʠʭ ʩʪʫʧʝʥʽʚ ʤʘʶʪʴ ʪ̔  ʞ 

ʥʝʜʦʣʽʢʠ, ʱʦ ʡ ʨʽʚʥʷʥʥʷ ʢʨʠʚʠʭ ʚʠʩʦʢʠʭ ʩʪʫʧʝʥʽʚ, ʪʦʤʫ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʚʝʨʭʦʥʴ ʟʘʚʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʚʝʨʭʥʽ ɹʝʟôʻ 

ʩʪʫʧʝʥʷ 3 ʟʘ u ʽ v, ʪʘʢ ʩʘʤʦ ʷʢ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʢʨʠʚʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʨʠʚʽ ɹʝʟôʻ ʩʪʫʧʝʥʷ 3. ʋ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʦ ʾʧʦʚʝʨʭʥ ̔ʜʦʚʦʜʠʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʜʝʢʽʣʴʢʘ 

ʧʦʚʝʨʭʦʥʴ ɹʝʟôʻ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʪʘ ʟ'ʻʜʥʫʚʘʪʠ ʾʭ ʤʽʞ ʩʦʙʦʶ. 

ʇʦʚʝʨʭʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟ'ʻʜʥʘʥ ̔ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʥʘ ʤʝʞ̔, ʧʦ ʷʢʽʡ ʟʜʽʡʩʥʶʪʁʴ ʟ'ʻʜʥʘʥʥʷ. ʎʝ 

ʜʦʩ̫ʛʘʁʪʴ ʥʘʢʣʘʜʝʥʥʷʤ ʦʙʤʝʞʝʥʴ ʥʘ ʪʦʯʢʠ, ʱʦ ʟʘʜʘʶʪʴ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʤʝʞʽ. ʆʙʤʝʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʪʦʤʫ, ʱʦ ʮʽ ʪʦʯʢʠ ʧʦʚʠʥʥʽ ʣʝʞʘʪʠ ʥʘ ʧʨʷʤʽʡ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʪʦʯʢʫ, ʷʢʘ ʾʾ ʟʘʜʘ ̒ʪʘ ʣʝʞʠʪʴ ʥʘ ʟʘʛʘʣʴʥʽʡ ʤʝʞʽ (ʨʠʩ. 3.4). ʗʢʱʦ ʮʷ 

ʚʠʤʦʛʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʚʠʷʚʣʷʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʁʫ 

ʚʩʽʭ ʪʦʯʢʘʭ ʤʝʞʽ. 

ɼʝʪʘʣʥɹʠʡ ʨʦʟʛʣʷʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ɹʝʟôʻ  ʥʘʚʝʜʝʥʦ ʚ 

[1, 2] ʪʘ ʽʥ. 

3.6. B-ʩʧʣʘʡʥʦʚʘ ʧʦʚʝʨʭʥʷ 

ʇʦʜʽʙʥʦ ʪʦʤʫ, ʷʢ ʚʽʜ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦ ʾɹʝʟôʻ ʤʠ ʧʝʨʝʡʰʣʠ ʜʦ 

ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ɹʝʟôʻ, ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʡ ʚʽʜ ʨʽʚʥʷʥʥʷ ɺ-ʩʧʣʘʡʥʫ 

ʜʦ ʨʽʚʥʷʥʥʷ B-ʩʧʣʘʡʥʦʚʦ ʾʧʦʚʝʨʭʥʽ: 

 

0,0 P

0,1P 

0,2 P

0,3 P

1,0P 

1,1P 

2,2 P

1,3P 

2,0 P

2,1P 

2,2P 

2,3P 

3,0 P

3,1 P

3,2P 

3,3P 

0,0 Q

0,3 Q

 1,0 Q

1,3Q 

2,0 Q

2,3 Q

3,0 Q

3,1 Q

3,2 Q

3,3 Q
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ʜʝ Pi,j - ʪʦʯʢʠ, ̫ʢʽ ʾʾ ʟʘʜʘʶʪʴ, ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʨʰʠʥʘʭ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ, ʱʦ ʾʾ ʟʘʜʘʻ, ʷʢ ʽ ʜʣʷ ʧʦʚʝʨʭʥʽ ɹʝʟôʻ, ʘ Ni,k(u) 

ʪʘ Nj,l(v) ï ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ B-ʩʧʣʘʡʥʚ̔. 

ʎʽ ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʚʫʟʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ s0, 

s1, ..., sn+k ʽ t0, t1, ..., tl+m ʚʽʜʧʦʚʽʜʥʦ. ɼʽʘʧʘʟʦʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ B-ʩʧʣʘʡʥʫ, ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʾ 

ʩʧʦʣʫʯʝʥʥʷ Ni,k(u) ʽ Nj,l(v) ʚʠʟʥʘʯʝʥʽ ʪʽʣʴʢʠ ʥʘ ʮʠʭ ʽʥʪʝʨʚʘʣʘʭ. ʎʝ 

ʚʽʨʥʦ ʷʢ ʜʣʷ ʧʝʨʽʦʜʠʯʥʠʭ ʚʫʟʣʽʚ, ʪʘʢ ʽ ʜʣʷ ʥʝʧʝʨʽʦʜʠʯʥʠʭ. 

ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʪʽʣʴʢʠ ʥʝʧʝʨʽʦʜʠʯʥʽ ʚʫʟʣʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʬʫʥʢʮʽʾ ʩʧʦʣʫʯʝʥʥʷ ɺ-ʩʧʣʘʡʥʫ ʟʙʽʛʘʪʠʤʫʪʴʩʷ ʟ ʬʫʥʢʮʽʷʤʠ 

ʩʧʦʣʫʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ɹʝʟôʻ, ʷʢʱʦ k = n + 1, 1 = m + 1. 

ʊʦʤʫ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʦʚʝʨʭʥʷ ɹʝʟôʻ ʻ ʣʠʰʝ 

ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ B-ʩʧʣʘʡʥʦʚʦ ʾʧʦʚʝʨʭʥʽ, ʘ ʨʽʚʥʷʥʥʷ (3.20) ʦʧʠʩʫʻ 

ʷʢ ʧʦʚʝʨʭʥʽ ɹʝʟôʻ, ʪʘʢ ʽ B-ʩʧʣʘʡʥʦʚ.̔ ʅʘʡʯʘʩʪʽʰʝ ʧʦʨʷʜʢʠ k ʽ l 

ʧʨʠʡʤʘʶʪʴʩʷ ʨʽʚʥʠʤʠ 4, ʦʩʢʽʣʴʢʠ ʩʪʫʧʝʥ ̔ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʧʦʚʝʨʭʥʽ, ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 3. 

B-ʩʧʣʘʡʥʦʚʘ ʧʦʚʝʨʭʥʷ ʟ ʥʝʧʝʨʽʦʜʠʯʥʠʤʠ ʚʫʟʣʘʤʠ ʤʘʻ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʧʦʜʽʙʥʽ ʜʦ ʧʦʚʝʨʭʥ ̔ɹʝʟôʻ (ʥʘʧʨʠʢʣʘʜ, ʯʦʪʠʨʠ ʢʫʪʠ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ, ʱʦ ʟʘʜʘ,̒ ʣʝʞʘʪʴ ʥʘ ʧʦʚʝʨʭʥʽ, ʘ ʛʨʘʥʠʯʥʽ ʢʨʠʚʽ  ̒B-

ʩʧʣʘʡʥʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʽʜʤʥʦʞʠʥʘʤʠ ʪʦʯʦʢ, ʱʦ 

ʾʭ ʟʘʜʘʶʪʴ). 

3.7. ʇʦʚʝʨʭʥʷ NURBS 

ʇʝʨʝʭʦʜʷʯʠ ʜʦ ʦʜʥʦʨʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ, ʷʢʽ ʟʘʜʘʶʪʴ, ʟ 

ʨʽʚʥʷʥʥʷ B-ʩʧʣʘʡʥʫ ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ NURBS-ʢʨʠʚʦʾ (NURBS ï 

ʥʝʦʜʥʦʨʽʜʥʠʡ ʨʘʮʽʦʥʘʣʴʥʠʡ ɺ-ʩʧʣʘʡʥ). ʊʘʢ ʩʘʤʦ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ 

NURBS ʫʪʚʦʨʶʶʪʴ ʟ B-ʩʧʣʘʡʥʦʚʦʾ ʧʦʚʝʨʭʥʽ: 
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,               (3.21) 

ʜʝ Pi,j - ʚʝʢʪʦʨʠ ʪʦʯʦʢ, ʷʢʽ ʟʘʜʘʶʪʴ, ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ x, y ʪʘ z, ʘ hi,j ï 

ʦʜʥʦʨʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ, ʷʢʽ ʟʘʜʘʶʪʴ. 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚʫʟʣʦʚʽ ʟʥʘʯʝʥʥʷ ʪʘ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʽʚ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʟʘʟʥʘʯʝʥʠʤʠ ʫ ʬʦʨʤʫʣʽ (3.20). 

ʈʽʚʥʷʥʥʷ (3.21) ʩʪʘʻ ʨʽʚʥʷʥʥʷʤ B-ʩʧʣʘʡʥʦʚʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ 

hi,j = 1. ʇʨʠ hi,j = 1 ʟʥʘʤʝʥʥʠʢ (3.21) ʪʦʪʦʞʥʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. 

ʆʪʞʝ, ʨʽʚʥʷʥʥʷ B-ʩʧʣʘʡʥʦʚʦ ʾ ʧʦʚʝʨʭʥʽ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ 

ʨʽʚʥʷʥʥʷ NURBS-ʧʦʚʝʨʭʥʽ. ʇʦʚʝʨʭʥʷ NURBS ʜʦ ʪʦʛʦ ʞ ʜʦʟʚʦʣʷʻ 

ʪʦʯʥʦ ʦʧʠʩʘʪʠ ʢʚʘʜʨʘʪʠʯʥʽ ʧʦʚʝʨʭʥʽ, ʪʘʢʽ ʷʢ ʮʠʣʽʥʜʨ, ʢʦʥʫʩ, ʩʬʝʨʘ, 

ʧʘʨʘʙʦʣʦʾʜ ʽ ʛʽʧʝʨʙʦʣʦʾʜ. ʎʽ ʧʦʚʝʨʭʥʽ ʥʘʟʠʚʘʶʪʴ ʢʚʘʜʨʘʪʠʯʥʠʤʠ, 

ʪʦʤʫ ʱʦ ʾʭ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʩʪʫʧʽʥʴ 2 ʟʘ u ʽ v. 

ʈʽʚʥʷʥʥʷ NURBS-ʧʦʚʝʨʭʥʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴ ʜʣʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʚʘʜʨʘʪʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʩʠʩʪʝʤʘʭ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

3.8. ʉʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ [1] ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 3.5, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʯʠʪʘʥʥʽ 

ʡʦʛʦ ʟʣʽʚʘ ʥʘʧʨʘʚʦ.  

ʇʝʨʚʽʩʥʦ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʘʙʦ ʟʘ ʤʽʩʮʝʚʦ  ʁ

ʩʠʩʪʝʤʦ  ʁʢʦʦʨʜʠʥʘʪ ʽ ʩʢʘʣʷʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘʙʦ ʟʘ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʪʦʯʢʘʤʠ, ʘʙʦ ʥʘ ʦʩʥʦʚʽ ʣʽʥʽʡ. ɼʘʣʽ ʮʽ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʦʜʦʚʞʝʥʽ ʘʙʦ ʟʨʽʟʘʥʽ, ʥʘ ʾʭ ʦʩʥʦʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ 

ʝʢʚ̔ʜʠʩʪʘʥʪʥ ̔ʧʦʚʝʨʭʥʽ. ɺʩʽ ʟʛʘʜʘʥʽ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʧʨʷʤʦʢʫʪʥʫ ʘʙʦ 

ʪʨʠʢʫʪʥʫ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ʅʘ ʙʘʟʽ ʧʦʚʝʨʭʦʥʴ ʽʟ 

ʧʨʷʤʦʢʫʪʥʦʶ ʘʙʦ ʪʨʠʢʫʪʥʦʶ ʦʙʣʘʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʦʙʤʝʞʝʥʽ ʢʦʥʪʫʨʘʤʠ ʧʦʚʝʨʭʥʽ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ. 
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3.9. ʇʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʈʦʟʛʣʷʥʝʤʦ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʚʠʭ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ. ʏʝʨʝʟ 

ʚʥʫʪʨʽʰʥʽ ʦʙʤʝʞʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʰʫʢʘʪʠʤʝʤʦ ʪʦʯʢʠ ʥʘ 

ʢʨʠʚʠʭ ʧʝʨʝʪʠʥʫ. ʂʨʠʚʽ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʝʚʠʭ ʦʧʝʨʘʮʽʡ. ʂʨʠʚʽ ʧʝʨʝʪʠʥʫ ʧʦʪʨʽʙʥʽ ʪʘʢʦʞ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʩʽʢʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʽʥʰʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʫ ʩʠʩʪʝʤʘʭ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʂʦʨʦʪʢʦ ʚʠʢʣʘʜʝʤʦ ʦʩʥʦʚʥʽ ʽʜʝʾ, ʱʦ 

ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʚʠʭ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʦʥʴ, ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. ʈʦʟʛʣʷʥʝʤʦ 

ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʾʭ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥ ̫ʧʦʚʝʨʭʦʥʴ. 

ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʚʠʭ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʘ ʢʣʘʩʠ. 

ʄʝʪʦʜʠ ʧʝʨʰʦʛʦ ʢʣʘʩʫ ʧʦʣʷʛʘʶʪʴ ʫ ʯʠʩʝʣʴʥʦʤʫ ʨʽʰʝʥʥʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

( ) ( ), , 0u v s t- =P Q ,                               (3.22) 

ʜʝ P(u,v) ʽ Q(s,t) - ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 

ʈʽʚʥʷʥʥʷ (3.22) ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʪʨʠ ʩʢʘʣʷʨʥʠʭ ʨʽʚʥʷʥʥʷ ʟ 

ʯʦʪʠʨʤʘ ʥʝʚʽʜʦʤʠʤʠ: u, v, s ʽ t. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʻ 

ʧʨʠʩʚʦʻʥʥʷ ʜʦʚʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʜʥʦʤʫ ʟ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʦʪʨʠʤʫʶʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʮʽ ʥʘ ʢʨʠʚʽʡ 

ʧʝʨʝʪʠʥʫ. ɿʤʽʥʘ ʦʙʨʘʥʦʛʦ ʜʦʚʽʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʘʻ ʚʩʽ ʽʥʰʽ ʪʦʯʢʠ 

ʢʨʠʚʦʾ ʧʝʨʝʪʠʥʫ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʡʦʛʦ ʟʙʽʞʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʥʘʙʣʠʞʝʥʴ ʥʝʚʽʜʦʤʠʭ ʫ ʨʽʚʥʷʥʥʽ (3.22). 

ɹʽʣʴʰ ʪʦʛʦ, ʚʽʥ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʚʩʽ ʢʨʠʚʽ ʧʝʨʝʪʠʥʫ. 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʧʨʠ ʚʝʣʠʢʠʭ ʽʥʪʝʨʚʘʣʘʭ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʫ, ʱʦ 

ʟʘʜʘʪʁʴ ʜʦʚʽʣʴʥʦ, ʜʝʷʢʽ ʢʨʠʚʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʪʨʘʯʝʥʽ ʧʦʚʥʽʩʪʶ, ʘ 

ʜʝʷʢʽ ï ʯʘʩʪʢʦʚʦ. 

ʄʝʪʦʜʠ ʟ ʜʨʫʛʦʾ ʢʘʪʝʛʦʨʽʾ ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʽʾ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ. ʂʦʞʥʫ ʧʦʚʝʨʭʥʶ ʜʽʣʷʪʴ ʧʦʩʣʽʜʦʚʥʦ ʥʘ ʙʝʟʣʽʯ ʯʘʩʪʠʥ 

ʜʦʪʠ, ʧʦʢʠ ʢʦʞʥʘ ʟ ʥʠʭ ʥʝ ʙʫʜʝ ʙʣʠʟʴʢʦ  ʁ ʜʦ ʧʣʦʩʢʦʛʦ 

ʯʦʪʠʨʠʢʫʪʥʠʢʘ. ʇʦʪʽʤ ʯʦʪʠʨʠʢʫʪʥʠʢʠ ʦʜʥʽʻʾ ʧʦʚʝʨʭʥʽ ʧʝʨʝʚʽʨʷʶʪʴ 

ʥʘ ʧʝʨʝʪʠʥʘʥʥʷ ʽʟ ʯʦʪʠʨʠʢʫʪʥʠʢʘʤʠ ʽʥʰʦʾ ʧʦʚʝʨʭʥʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʘʨʠ ʯʦʪʠʨʠʢʫʪʥʠʢʽʚ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʘ ʪʦʯʢʠ 

ʧʨʷʤʠʭ, ʧʦ ʷʢʠʭ ʚʦʥʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʜʘʶʪʴ ʛʘʨʥʝ ʧʦʯʘʪʢʦʚʝ 
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ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʨʽʚʥʷʥʥʷ (3.22). ʆʜʥʘʢ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʧʨʦʩʪʦ 

ʧʝʨʝʚʽʨʷʪʠ ʧʘʨʠ ʯʦʪʠʨʠʢʫʪʥʠʢʽʚ ʫ ʚʽʨʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘʢ, ʱʦʙ 

ʪʦʯʢʠ ʧʝʨʝʪʠʥʘʥʥʷ ʫʪʚʦʨʶʚʘʣʠ ʢʨʠʚʽ. ʄʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʽʾ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ ʦʙʯʠʩʣʝʥʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʘʤʠ ʧʝʨʰʦʛʦ ʢʣʘʩʫ, ʧʨʦʪʝ ʚʦʥʠ ʨʽʜʰʝ 

ʧʨʦʧʫʩʢʘʶʪʴ ʢʨʠʚʽ ʧʝʨʝʪʠʥʘʥʥʷ. 

ɹʽʣʴʰ ʜʦʢʣʘʜʥʦ ʟ ʮʠʤʠ ʧʠʪʘʥʥʷʤʠ ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʴʩʷ ʚ [1-

5]. 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

1. ɼʘʡʪʝ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʦʩʥʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ. 

2. ʗʢʽ ʻ ʦʩʥʦʚʥʽ ʪʠʧʠ ʨʽʚʥʷʥʴ ʧʦʚʝʨʭʦʥʴ? 

3. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʙʽʣʽʥʽʡʥʦʾ ʧʦʚʝʨʭʥʽ? 

4. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʢʫʩʢʘ ʂʫʥʘ? 

5. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʙʽʢʫʙʠʯʥʦʛʦ ʢʫʩʢʘ? 

6. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʥʽ ɹʝʟ'ʻ? 

7. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ B-ʩʧʣʘʡʥʦʚʦʾ ʧʦʚʝʨʭʥʽ? 

8. ʗʢʽ ʻ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʥʽ NURBS? 

9. ʅʘʚʝʜʽʪʴ ʢʣʘʩʠʬʽʢʘʮʽʶ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ. 

10. ʗʢʽ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʚʠʭ ʧʝʨʝʪʠʥʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ? 
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ʈʆɿɼɯʃ 4. ʊʆʇʆʃʆɻɯʗ ʆɹʆʃʆʅʆʂ 

4.1. ʊʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ 

ʄʦʜʝʣʶʚʘʥʥʷ ʦʪʦʯʫʶʯʠʭ ʥʘʩ ʧʨʝʜʤʝʪʽʚ ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʥʽʞ ʪʦʯʢʠ, ʢʨʠʚʽ  ̔ʧʦʚʝʨʭʥʽ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʽʣʴʢʠ ʦʜʥʽʻʾ ʧʦʚʝʨʭʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝʤʦʞʣʠʚʦ ʦʧʠʩʘʪʠ ʛʝʦʤʝʪʨʠʯʥʫ ʬʦʨʤʫ ʜʝʷʢʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʝʜʤʝʪʫ, ʘʣʝ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ 

ʧʦʚʝʨʭʦʥʴ, ʟʚ'ʷʟʘʚʰʠ ʾʭ ʧʝʚʥʠʤ ʯʠʥʦʤ. ʊʝ, ʷʢʠʤ ʯʠʥʦʤ ʧʦʚʝʨʭʥʽ 

ʙʫʜʫʪʴ ʟʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʥʦʚʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʚʞʝ ʨʦʟʛʣʷʥʫʪʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ. ʅʘʰʦʶ ʤʝʪʦʶ ʻ ʦʜʝʨʞʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʤʦʜʝʣʽ ʥʘʚʢʦʣʠʰʥʽʭ ʧʨʝʜʤʝʪʽʚ. ɺʩʽ ʮʽ ʧʨʝʜʤʝʪʠ ʟʘʡʤʘʶʪʴ ʜʝʷʢʫ 

ʯʘʩʪʠʥʫ ʧʨʦʩʪʦʨʫ, ʘʙʦ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, ʟʘʡʤʘʶʪʴ ʢʽʥʮʝʚʠʡ ʦʙʩʷʛ 

ʧʨʦʩʪʦʨʫ. ɼʣʷ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʦʧʠʩʘʪʠ ʩʫʢʫʧʥʽʩʪʴ 

ʧʦʚʝʨʭʦʥʴ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʧʨʝʜʤʝʪʘ ʚʽʜ 

ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʧʨʦʩʪʦʨʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʝʥ ʥʘʙʽʨ ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʧʦʙʫʜʦʚʘʥʠʭ ʽ ʟʨʽʟʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʟʘʻʤʥʠʡ 

ʟʚ'ʷʟʦʢ ʮʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʦʙʪʦ, ʷʢ ʦʜʥʘ ʧʦʚʝʨʭʥʷ ʧʝʨʝʭʦʜʠʪʴ ʚ ʽʥʰʫ. 

4.1.1. ʆʙʦʣʦʥʢʠ 

ʇʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʢʥʫʪʠʤʠ ʟʘ ʦʜʥʠʤ ʘʙʦ ʜʚʦʤʘ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʘʙʦ ʥʝʟʘʤʢʥʫʪʠʤʠ. ʅʝʟʘʤʢʥʫʪʽ 

ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʤʝʞʫ. ʄʝʞʝʁ  ʥʘʟʠʚʘʪʠʤʝʤʦ ʣʽʥʽʶ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʨʫʭʫ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʧʦ ʤʝʞʽ ʾʭ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ. ʃʽʥʽʶ 

ʥʘ ʟʘʤʢʥʫʪʽʡ ʧʦʚʝʨʭʥʽ, ʧʦ ʷʢʽʡ ʚʦʥʘ ʟʘʤʠʢʘʻʪʴʩʷ ʩʘʤʘ ʥʘ ʩʝʙʝ, 

ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʰʚʦʤ. ʇʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʩʪʠʢʫʚʘʪʠʩʷ ʦʜʥʘ ʟ ʦʜʥʦ  ʁ

ʧʦ ʤʝʞʘʭ. ʄʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʦ ʰʚʫ ʟʘʤʢʥʫʪʘ ʧʦʚʝʨʭʥʷ 

ʩʪʠʢʫʻʪʴʩʷ ʩʘʤʘ ʽʟ ʩʦʙʦʶ. ʉʫʢʫʧʥʽʩʪʴ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʩʪʠʢʫʶʪʴʩʷ ʧʦ 

ʤʝʞʘʭ, ʥʘʟʠʚʘʪʠʤʝʤʦ ʦʙʦʣʦʥʢʦʶ. ʆʙʦʣʦʥʢʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ 

ʦʜʥʽʻʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʦʚʝʨʭʦʥʴ. ʊʘʢʦʞ ʷʢ ʽ ʦʢʨʝʤʘ 

ʧʦʚʝʨʭʥʷ, ʦʙʦʣʦʥʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʤʢʥʫʪʦ ʁ ʡ ʥʝʟʘʤʢʥʫʪʦ.ʁ 

ɿʘʤʢʥʫʪʘ ʦʙʦʣʦʥʢʘ ʥʝ ʤʘʻ ʤʝʞ̔. ʅʝʟʘʤʢʥʫʪʘ ʦʙʦʣʦʥʢʘ ʤʘʻ ʦʜʥʫ ʘʙʦ 

ʢʽʣʴʢʘ ʤʝʞ. 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʨʦʟʛʣʷʥʫʪʽ ʛʝʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʽʣʴʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʜʦʚʞʠʥ ʪʘ ʢʫʪʽʚ). ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʩ ʙʫʜʫʪʴ 
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ʮʽʢʘʚʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʪʦʯʢʘʤʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʦʙʦʣʦʥʢʘ 

ʚʠʢʦʥʘʥʘ ʟ ʝʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʝ ʨʦʟʨʠʚʘʻʪʴʩʷ ʽ ʥʝ 

ʩʢʣʝʶʻʪʴʩʷ. ɼʦʩʣʽʜʞʫʡʤʦ ʚʣʘʩʪʠʚʦʩʪʽ ʮʽʻʾ ʦʙʦʣʦʥʢʠ, ʷʢʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʚʩʽʣʷʢʠʭ ʾʾ ʜʝʬʦʨʤʘʮʽʷʭ. ɼʝʬʦʨʤʘʮʽʻʶ 

ʥʘʟʠʚʘʪʠʤʝʤʦ ʟʤʽʥʫ ʬʦʨʤʠ ʦʙʦʣʦʥʢʠ ʰʣʷʭʦʤ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʩʪʠʩʢʫ, 

ʟʩʫʚʫ ʘʙʦ ʚʠʛʠʥʫ ʾʾ ʧʦʚʝʨʭʥʽ, ʢ̫ ̔ʥʝ ʧʨʠʟʚʦʜ̫ʪʴ ʜʦ ʨʦʟʨʠʚʽʚ ʽ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʩʢʣʝʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʦʙʦʣʦʥʢʠ. ʅʘʧʨʠʢʣʘʜ, 

ʝʣʘʩʪʠʯʥʘ ʦʙʦʣʦʥʢʘ ʫ ʚʠʛʣʷʜʽ ʢʫʙʫ ʤʦʞʝ ʙʫʪʠ ʜʝʬʦʨʤʦʚʘʥʘ ʚ 

ʩʬʝʨʫ, ʝʣʽʧʩʦʾʜ, ʘʙʦ ʦʙʦʣʦʥʢʫ ʫ ʚʠʛʣʷʜʽ ʪʝʪʨʘʝʜʨʫ, ʘʣʝ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʜʝʬʦʨʤʦʚʘʥʘ ʚ ʪʦʨʦʜʾʘʣʴʥʫ ʦʙʦʣʦʥʢʫ. ʉʬʝʨʘ, ʝʣʽʧʩʦʾʜ, 

ʦʙʦʣʦʥʢʘ ʫ ʚʠʛʣʷʜʽ ʪʝʪʨʘʝʜʨʫ ʘʙʦ ʢʫʙʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ 

ʦʜʠʥ ʚ ʜʨʫʛʠʡ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʨʚʥʠʭ ʽ ʟʚʦʨʦʪʥʭ̔ ʚʽʜʦʙʨʘʞʝʥʴ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʠ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʽ ʟʚʦʨʦʪʥʭ̔ ʚʽʜʦʙʨʘʞʝʥʥʷʭ ʦʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʽʥʰʠʡ, 

ʚʠʚʯʘ ̒ʥʘʫʢʘ ʪʦʧʦʣʦʛʽʷ. ɿ ʪʦʧʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʩʬʝʨʘ, ʝʣʽʧʩʦʾʜ, 

ʦʙʦʣʦʥʢʘ ʫ ʚʠʛʣʷʜʽ ʪʝʪʨʘʝʜʨʫ ʘʙʦ ʢʫʙʫ ʝʢʚʽʚʘʣʝʥʪʥʽ. ɺʣʘʩʪʠʚʦʩʪʽ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʪʦʯʦʢ ʜʝʷʢʦʾ ʦʙʦʣʦʥʢʠ, ʻ 

ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʫʷʚʥʫ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʪʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʧʦʚ'ʷʟʘʥʽ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʧʦʥʷʪʪʷʤʠ. 

ʊʦʧʦʣʦʛʽʷ ʚʠʚʯʘʻ ʟʘʛʘʣʴʥʠʡ ʚʠʧʘʜʦʢ ʦʙʦʣʦʥʦʢ, ʷʢʽ ʤʦʞʫʪʴ 

ʩʘʤʦʧʝʨʝʪʠʥʘʪʠʩʷ, ʤʘʪʠ ʘʙʦ ʥʝ ʤʘʪʠ ʤʝʞʽ, ʽʪʠ ʚ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ. 

ʊʦʧʦʣʦʛʽʷ ʦʧʝʨʫʻ ʩʚʦʾʤʠ ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʥʝʩʫʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭ 

ʚʟʘʻʤʥʠʡ ʟʚ'ʷʟʦʢ, ʽ ʚʩʪʘʥʦʚʣʶʻ ʤʽʞ ʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʇʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʚʢʦʣʠʰʥʽʭ ʥʘʩ ʦʙ'ʻʢʪʽʚ ʙʫʜʫʚʘʪʠʤʝʤʦ ʦʙʦʣʦʥʢʠ ʟ 

ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ. ɺʦʥʠ ʥʝʩʪʠʤʫʪʴ ʽ ʢʽʣʴʢʽʩʥʫ ʛʝʦʤʝʪʨʠʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʽ ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʂʽʣʴʢʽʩʥʘ ʛʝʦʤʝʪʨʠʯʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʦʙ'ʻʢʪʫ ʤʽʩʪʠʪʴʩʷ ʫ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʤʫ 

ʥʦʩʽʾ, ʷʢʠʤ ʤʦʞʝ ʙʫʪʠ ʪʦʯʢʘ, ʢʨʠʚʘ ʘʙʦ ʧʦʚʝʨʭʥʷ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ 

ʟʦʩʝʨʝʜʠʤʦ ʫʚʘʛʫ ʥʘ ʪʦʧʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ 

ʤʦʜʝʣʶʶʪʴ. 

4.1.2. ɺʝʨʰʠʥʠ, ʨʝʙʨʘ, ʮʠʢʣʠ, ʛʨʘʥʽ 

ʈʦʟʛʣʷʥʝʤʦ ʦʙʦʣʦʥʢʠ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʦʥʴ ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʝʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɼʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʟʚ'ʷʟʢʽʚ, ʷʢʽ 
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ʩʢʣʘʜʘʶʪʴ ʦʙʦʣʦʥʢʫ ʧʦʚʝʨʭʦʥʴ, ʜʦʧʦʚʥʠʤʦ ʧʦʚʝʨʭʥʽ ʽʥʬʦʨʤʘʮʽʻʶ 

ʧʨʦ ʮʽ ʟʚ'ʷʟʢʠ ʪʘ ʚʚʝʜʝʤʦ ʪʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ. ʊʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ 

ʥʝʩʪʠʤʫʪʴ ʦʜʥʦʯʘʩʥʦ ʤʝʪʨʠʯʥʫ  ̔ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʆʜʥʠʤ ʟ 

ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʻ ʦʙʦʣʦʥʢʘ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʦʙʦʣʦʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʪʘʢʽ 

ʪʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ, ʷʢ ʛʨʘʥʽ, ʨʝʙʨʘ, ʚʝʨʰʠʥʠ  ̔ʮʠʢʣʠ (ʨʠʩ. 4.1). ɺʩʽ 

ʪʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ ʤʘʶʪʴ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ. 

 

ʊʦʧʦʣʦʛʯ̔ʥ̔ ʦʙ' ʢ̒ʪʠ

ɺʝʨʰʠʥʘ ʎʠʢʣʈʝʙʨʦ ɻʨʘʥʴ ʆʙʦʣʦʥʢʘ

 
 

ʈʠʩʫʥʦʢ 4.1 - ʊʦʧʦʣʦʛʽʯʥʽ ʦʙôʻʢʪʠ 

ɻʨʘʥʥʶ ʥʘʟʠʚʘʪʠʤʝʤʦ ʪʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ, ʷʢʠʡ 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʽ. ʌʘʢʪʠʯʥʦ ʛʨʘʥʴ ʻ ʧʦʚʝʨʭʥʝʶ 

ʧʣʶʩ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʝ, ʷʢʘ ʩʪʦʨʦʥʘ ʧʦʚʝʨʭʥʽ ʻ ʟʦʚʥʽʰʥʴʦʶ 

ʩʪʦʨʦʥʦʶ ʛʨʘʥʽ, ʽ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʾʾ ʧʦʣʦʞʝʥʥʷ ʚ ʦʙʦʣʦʥʮʽ, ʪʦʙʪʦ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʾʾ ʩʫʩʽʜʽʚ. ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʫʩʽʜʥʽ ʛʨʘʥʽ 

ʦʬʦʨʤʣʶʁ ʪʴ ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʽʚ. 

ʎʠʢʣ - ʮʝ ʪʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ, ʱʦ ʦʧʠʩʫʻ ʦʜʥʫ ʽʟ ʤʝʞ ʛʨʘʥʽ, ʽ 

ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʜʝ ʽ ʷʢ ʜʦ ʜʘʥʦʾ ʛʨʘʥʽ ʧʨʠʤʠʢʘʶʪʴ 

ʩʫʩʽʜʥʽ ʛʨʘʥʽ. ʆʩʢʽʣʴʢʠ ʫʟʜʦʚʞ ʦʜʥʦʛʦ ʮʠʢʣʫ ʜʦ ʜʘʥʦʾ ʛʨʘʥʽ ʤʦʞʫʪʴ 

ʧʨʠʤʠʢʘʪʠ ʢʽʣʴʢʘ ʩʫʩʽʜʥʽʭ ʛʨʘʥʝʡ, ʪʦ ʮʠʢʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʜʽʣʷʥʦʢ. ʂʦʞʥʘ ʜʽʣʷʥʢʘ ʮʠʢʣʫ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʜʝʷʢʝ ʨʝʙʨʦ. 

ʈʝʙʨʦʤ ʥʘʟʠʚʘʪʠʤʝʤʦ ʪʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ, ʷʢʠʡ 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʣʽʥʽʾ ʩʪʠʢʫʚʘʥʥʷ ʩʫʩʽʜʥʽʭ ʛʨʘʥʝʡ ʘʙʦ ʥʘ 

ʦʩʥʦʚʽ ʤʝʞʦʚʦʾ ʣʽʥʽʾ ʦʙʦʣʦʥʢʠ. ɻʨʘʥʽ ʩʪʠʢʫʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦ ʨʝʙʨʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʘ ʛʨʘʥʴ ʟ ʫʩʽʭ ʙʦʢʽʚ ʦʪʦʯʝʥʘ ʨʝʙʨʘʤʠ. ɺʝʨʰʠʥʦʶ 

ʥʘʟʠʚʘʪʠʤʝʤʦ ʪʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʪʦʯʢʠ, ʫ ʷʢʽʡ ʩʪʠʢʫʶʪʴʩʷ ʨʝʙʨʘ. ɺʝʨʰʠʥʠ ʤʦʞʫʪʴ ʣʝʞʘʪʠ ʪʽʣʴʢʠ ʥʘ 

ʢʨʘʷʭ ʨʝʙʝʨ. ʂʦʞʥʝ ʨʝʙʨʦ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʢʽʥʯʘʻʪʴʩʷ ʫ ʚʝʨʰʠʥʽ. 

ʗʢʱʦ ʨʝʙʨʦ ʟʘʤʢʥʫʪʦ, ʪʦ ʚʦʥʦ ʧʦʯʠʥʘʻʪʴʩʷ ʽ ʢʽʥʯʘʻʪʴʩʷ ʚ 

ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʚʝʨʰʠʥʽ. ʎʠʢʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʝʙʝʨ, ʱʦ ʫʪʚʦʨʷʪʴ 

ʟʘʤʢʥʫʪʫ ʣʽʥʽʶ ʫʟʜʦʚʞ ʦʜʥʽʻʾ ʟ ʤʝʞ ʛʨʘʥʽ. ʎʠʢʣ ʟʘʚʞʜʠ ʟʘʤʢʥʫʪʠʡ ʽ 
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ʡʦʤʫ ʧʨʠʧʠʩʫʶʪʴ ʧʝʚʥʠʡ ʥʘʧʨʷʤʦʢ. ɻʨʘʥʴ ʤʦʞʝ ʤʽʩʪʠʪʠ ʢʽʣʴʢʘ 

ʮʠʢʣʽʚ, ʧʨʠʯʦʤʫ ʦʜʠʥ ʟ ʥʠʭ ʻ ʟʦʚʥʽʰʥʽʤ, ʘ ʽʥʰʽ ï ʚʥʫʪʨʽʰʥʽʤʠ, ʷʢʽ 

ʮʽʣʢʦʤ ʣʝʞʘʪ ɹ ʚʩʝʨʝʜʠʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʮʠʢʣʫ. ɿʘ ʧʦʟʠʪʠʚʥʠʡ 

ʥʘʧʨʷʤʦʢ ʮʠʢʣʫ ʧʨʠʡʤʘʻʪʴʩʷ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʫʟʜʦʚʞ ʮʠʢʣʫ, ʟʘ ʷʢʠʤ 

ʛʨʘʥʴ ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʣʽʚʦʨʫʯ, ʷʢʱʦ ʜʠʚʠʪʠʩʷ ʟ ʟʦʚʥʽʰʥʴʦʾ 

ʩʪʦʨʦʥʠ ʛʨʘʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʦʚʥʽʰʥʽʡ ʮʠʢʣ ʛʨʘʥʽ ʦʨʽʻʥʪʦʚʘʥʦ 

ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʘ ʚʥʫʪʨʽʰʥʽ ʮʠʢʣʠ ï ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ, ʷʢʱʦ ʜʠʚʠʪʠʩʷ ʟ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʛʨʘʥʽ. 

ʂʦʞʥʠʡ ʮʠʢʣ ʧʨʦʭʦʜʠʪʴ ʧʦ ʦʜʥʽʡ ʟ ʤʝʞ ʧʦʚʝʨʭʥʽ. ʅʘ ʨʠʩ. 4.2 

ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʛʨʘʥʽ ʟ ʾʾ ʮʠʢʣʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 4.2 - ʆʨ̔ʥ̒ʪʘʮʽ̫  ʟʦʚʥ̔h ʥɹ ʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʮʠʢʣʚ̔ ʛʨʘʥ ̔

ɻʨʘʥʽ, ʨʝʙʨʘ ʪʘ ʚʝʨʰʠʥʠ ʙʫʜʫʶʪʴ ʥʘ ʙʘʟʽ ʚʽʜʦʤʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ (ʪʦʯʦʢ, ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ) ʜʦʜʘʚʘʥʥʷʤ ʜʦ 

ʥʠʭ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʚʦʾʭ ʩʫʩʽʜʽʚ ʽ ʧʨʦ ʚʟʘʻʤʥʫ ʦʨʽʻʥʪʘʮʽʶ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʛʝʦʤʝʪʨʠʯʥʽ ʦʙ'ʻʢʪʠ ʥʘʙʫʚʘʶʪʴ ʥʦʚʫ ʷʢʽʩʪʴ, ʯʠʤ ʽ 

ʦʙʫʤʦʚʣʝʥʦ ʚʚʝʜʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ. 

4.2. ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʦʢ 

ʊʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʦʣʦʥʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ 

ʯʝʨʝʟ ʢʽʣʴʢʽʩʪʴ ʾʾ ʛʨʘʥʝʡ, ʨʝʙʝʨ, ʚʝʨʰʠʥ ʽ ʮʠʢʣʽʚ. ʅʝʭʘʡ ʦʙʦʣʦʥʢʘ 

ʤʽʩʪʠʪʴ F ʛʨʘʥʝʡ, ɽ ʨʝʙʝʨ, V ʚʝʨʰʠʥ ʽ L ʮʠʢʣʽʚ. ʏʠʩʣʦ ʚʝʨʰʠʥ, 

ʨʝʙʝʨ, ʛʨʘʥʝʡ ʽ ʮʠʢʣʽʚ ʦʙʦʣʦʥʢʠ ʟʚ'ʷʟʘʥʦ ʤʽʞ ʩʦʙʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

F - E + V +(F - L) = H,                                  (4.1) 

ʜʝ ʚʝʣʠʯʠʥʘ ʅ ï ʝʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ. 
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ʌʦʨʤʫʣʘ (4.1) ʥʦʩʠʪʴ ʽʤ'ʷ ʬʦʨʤʫʣʠ ɽʡʣʝʨʘ. ʗʢʱʦ ʢʦʞʥʘ 

ʛʨʘʥʴ ʦʙʦʣʦʥʢʠ ʤʘʻ ʦʜʠʥ ʮʠʢʣ, ʪʦ F - L = 0 ʽ ʜʦʜʘʥʦʢ ʫ ʜʫʞʢʘʭ ʚ 

ʣʽʚʽʡ ʯʘʩʪʠʥʽ (4.1) ʤʦʞʥʘ ʦʧʫʩʪʠʪʠ. ʊʫ ʩʘʤʫ ʦʙʦʣʦʥʢʫ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʟ ʨʽʟʥʦʛʦ ʥʘʙʦʨʫ ʛʨʘʥʝʡ. ʅʘʧʨʠʢʣʘʜ, ʩʬʝʨʠʯʥʫ 

ʦʙʦʣʦʥʢʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʽʟ ʜʚʦʭ ʧʽʚʩʬʝʨ ʘʙʦ ʟ ʜʝʢʽʣʴʢʦʭ 

ʩʬʝʨʠʯʥʠʭ ʩʝʛʤʝʥʪʽʚ ʧʦʜʽʙʥʦ ʬʫʪʙʦʣʴʥʦʤʫ ʤ'ʷʯʫ. ʗʢ ʙʫʜʝ ʚʠʜʥʦ 

ʜʘʣʽ, ʝʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʡ 

ʬʦʨʤʠ ʛʨʘʥʝʡ, ʱʦ ʾʾ ʩʢʣʘʜʘʶʪʴ, ʧʨʦʪʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʥʢʠ, ʷʢʽ ʚʠʚʯʘʻ ʪʦʧʦʣʦʛʽʷ. 

ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʝʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʙʦʣʦʥʢʠ ʧʨʠ ʟʤʽʥʽ ʩʢʣʘʜʦʚʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʟʤʽʥʶʚʘʪʠʤʝʤʦ ʩʢʣʘʜ ʛʨʘʥʝʡ, ʨʝʙʝʨ ʽ ʚʝʨʰʠʥ ʜʝʷʢʦʛʦ ʬʨʘʛʤʝʥʪʫ 

ʦʙʦʣʦʥʢʠ, ʥʝ ʟʤʽʥʶʶʯʠ ʩʢʣʘʜʫ ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʦʙʦʣʦʥʢʠ. 

ɿʘ ʙʘʞʘʥʥʷʤ ʦʙʦʣʦʥʢʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʽʣʴʢʠ ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.3 ʽ 4.4 ʬʨʘʛʤʝʥʪ. ʅʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪ 

ʦʙʦʣʦʥʢʠ, ʫ ʷʢʦʛʦ ʣʽʢʚʽʜʫʪʁʴ ʦʜʥʝ ʨʝʙʨʦ. ɿ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʧʨʠ 

ʣʽʢʚʽʜʘʮʽʾ ʦʜʥʦʛʦ ʨʝʙʨʘ ʯʠʩʣʦ ʛʨʘʥʝʡ, ʯʠʩʣʦ ʨʝʙʝʨ ʽ ʯʠʩʣʦ ʮʠʢʣʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ, ʘ ʝʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. 

 

ʈʠʩʫʥʦʢ 4.3 - ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ  

ʧʨʠ ʣʽʢʚʽʜʘʮʽʾ ʨʝʙʨʘ ʦʙʦʣʦʥʢʠ 

ʗʢʱʦ ʦʙ'ʻʜʥʘʪʠ ʜʚʘ ʨʝʙʨʘ, ʣʽʢʚʽʜʫʚʘʚʰʠ ʩʧʽʣʴʥʫ ʜʣʷ ʥʠʭ 

ʚʝʨʰʠʥʫ, ʪʦ ʯʠʩʣʦ ʨʝʙʝʨ ʽ ʚʝʨʰʠʥ ʦʙʦʣʦʥʢʠ ʟʤʝʥʰʠʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ. ʗʢʱʦ ʨʦʟʨʽʟʘʪʠ ʨʝʙʨʦ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ, ʚʩʪʘʚʠʚʰʠ 

ʚʝʨʰʠʥʫ, ʪʦ ʯʠʩʣʦ ʨʝʙʝʨ ʽ ʚʝʨʰʠʥ ʦʙʦʣʦʥʢʠ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ. ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʝ 

ʟʤʽʥʠʪʴʩʷ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʦʜʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʙʨʘ ʤʽʞ ʽʩʥʫʶʯʠʤʠ 

ʚʝʨʰʠʥʘʤʠ ʯʠʩʣʦ ʛʨʘʥʝʡ, ʯʠʩʣʦ ʮʠʢʣʽʚ ʽ ʯʠʩʣʦ ʨʝʙʝʨ ʟʙʽʣʴʰʠʪʴʩʷ 

ʥʘ ʦʜʠʥʠʮʶ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʙʨʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʜʚʦʭ ʥʦʚʠʭ 
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ʚʝʨʰʠʥ ʥʘ ʡʦʛʦ ʢʽʥʮʷʭ ʯʠʩʣʦ ʛʨʘʥʝʡ ʽ ʮʠʢʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ, ʯʠʩʣʦ ʨʝʙʝʨ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʪʨʠ ʯʝʨʝʟ ʨʦʟʧʦʜʽʣ ʜʚʦʭ 

ʽʩʥʫʶʯʠʭ ʨʝʙʝʨ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʡ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʨʝʙʨʘ, ʘ 

ʝʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 4.4. 

 

ʈʠʩʫʥʦʢ 4.4 - ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ  

ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʨʝʙʨʘ ʚ ʦʙʦʣʦʥʢʫ 

ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʦʜʥʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʙʨʘ, ʱʦ ʟ'ʻʜʥʫʻ ʽʩʥʫʶʯʫ ʚʝʨʰʠʥʫ ʪʘ 

ʥʦʚʫ ʚʝʨʰʠʥʫ, ʷʢʘ ʜʽʣʠʪʴ ʽʩʥʫʶʯʝ ʨʝʙʨʦ ʥʘ ʜʚʘ ʨʝʙʨʘ. 

ʋ ʥʘʚʝʜʝʥʠʭ ʧʨʠʢʣʘʜʘʭ ʚʩʽ ʛʨʘʥʽ ʥʝ ʟʤʽʥʶʚʘʣʠ ʯʠʩʣʦ ʮʠʢʣʽʚ, 

ʱʦ ʾʭ ʦʙʤʝʞʫʶʪ,ɹ ʘ ʚʩʽ ʥʦʚʽ ʛʨʘʥʽ ʤʘʣʠ ʦʜʠʥ ʮʠʢʣ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʛʨʘʥʴ ʤʦʞʝ ʤʘʪʠ ʚʠʨʽʟʠ ʚʩʝʨʝʜʠʥʽ. 

ɻʨʘʥʴ ʟ ʚʠʨʽʟʘʤʠ ʟ ʪʦʧʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʛʨʘʥʽ ʙʝʟ ʚʠʨʽʟʽʚ, ʪʦʤʫ ʱʦ ʧʝʨʰʫ ʥʝ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʜʨʫʛʫ 

ʰʣʷʭʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʏʠʩʣʦ ʚʠʨʽʟʽʚ ʫ ʛʨʘʥʽ ʪʘʢʦʞ ʚʽʜʽʛʨʘʻ ʽʩʪʦʪʥʫ 

ʨʦʣʴ. 

ʊʦʧʦʣʦʛʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʻ ʛʨʘʥʽ, ʷʢʽ ʰʣʷʭʦʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʦʜʥʘ ʚ ʽʥʰʫ. ɼʣʷ ʮʴʦʛʦ 

ʛʨʘʥʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʝ ʯʠʩʣʦ ʚʠʨʽʟʽʚ ʘʙʦ ʦʜʥʘʢʦʚʝ ʯʠʩʣʦ 

ʮʠʢʣʽʚ. 

ʅʘ ʨʠʩ. 4.5 ʧʦʢʘʟʘʥʦ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʾ ʛʨʘʥʽ ʚ ʦʙʦʣʦʥʢʫ 

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʟʘʤʢʥʫʪʦʛʦ ʨʝʙʨʘ, ʷʢʝ ʧʦʚʥʽʩʪʶ ʣʝʞʠʪʴ ʚʩʝʨʝʜʠʥʽ 

ʛʨʘʥʽ. 

ʏʠʩʣʦ ʛʨʘʥʝʡ, ʨʝʙʝʨ ʽ ʚʝʨʰʠʥ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ, ʘ ʯʠʩʣʦ ʮʠʢʣʽʚ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ ʜʚʘ (ʮʠʢʣ ʥʘ ʜʦʜʘʥʦʤʫ 

ʟʘʤʢʥʫʪʦʤʫ ʨʝʙʨʽ ʧʦʪʨʽʙʥʦ ʨʘʭʫʚʘʪʠ ʜʚʽʯʽ: ʦʜʠʥ ʨʘʟ ʚ ʦʜʥʽʡ ʛʨʘʥʽ, 

ʜʨʫʛʠʡ ʨʘʟ - ʚ ʽʥʰʽʡ ʛʨʘʥʽ). ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʧʨʠ 

ʮʴʦʤʫ ʪʘʢʦʞ ʥʝ ʟʤʽʥʠʪʴʩʷ. ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʥʝ 

ʟʤʽʥʠʪʴʩʷ, ʷʢʱʦ ʤʠ ʧʝʨʝʪʚʦʨʠʤʦ ʛʨʘʥʴ ʽʟ ʜʚʦʤʘ ʮʠʢʣʘʤʠ ʚ ʛʨʘʥʴ ʟ 

ʦʜʥʠʤ ʮʠʢʣʦʤ (ʨʠʩ. 4.6). 
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ʈʠʩʫʥʦʢ 4.5 - ɼʦʜʘʚʘʥʥʷ ʛʨʘʥʽ ʪʘ ʜʚʦʭ ʮʠʢʣʽʚ ʚ ʦʙʦʣʦʥʢʫ 

 

 

ʈʠʩ. 4.6 - ɼʦʜʘʚʘʥʥʷ ʨʝʙʨʘ ʽ ʣʽʢʚʽʜʘʮʽʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʮʠʢʣʫ ʛʨʘʥʽ 

ʇʦʢʘʞʝʤʦ ʮʝ. ʅʝʭʘʡ ʥʦʚʝ ʨʝʙʨʦ ʧʦʯʠʥʘʻʪʴʩʷ  ̔ʢʽʥʯʘʻʪʴʩʷ ʫ 

ʚʝʨʰʠʥʘʭ, ʷʢʽ ʚʞʝ ʽʩʥʫʶʪ,ɹ ʪʦʜʽ ʯʠʩʣʦ ʨʝʙʝʨ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ, ʯʠʩʣʦ ʮʠʢʣʽʚ ʟʤʝʥʰʠʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ, ʘ ʝʡʣʝʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʟʤʽʥʠʪʴʩʷ. 

ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʦʙʦʣʦʥʢʠ ʥʝ ʟʤʽʥʶʶʪʴ ʾʾ 

ʝʡʣʝʨʦʚʦ ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʝ ʽʣʶʩʪʨʫʻ ʪʝ, ʱʦ ʝʡʣʝʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʨʦʟʙʠʚʢʠ ʦʙʦʣʦʥʢʠ ʥʘ 

ʛʨʘʥʽ, ʘ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʧʨʠʨʦʜʠ ʦʙʦʣʦʥʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʦʜʠʥ ʧʨʠʢʣʘʜ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʱʦ ʝʡʣʝʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʧʦʣʦʛʽʾ ʦʙʦʣʦʥʢʠ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʧʦʩʦʙʫ ʨʦʟʢʨʦʶ ʾʾ ʥʘ ʛʨʘʥʽ. ɺʽʟʴʤʝʤʦ ʦʙʦʣʦʥʢʫ ʫ ʬʦʨʤʽ 

ʯʦʪʠʨʠʢʫʪʥʦʾ ʧʨʠʟʤʠ ʡ ʧʝʨʝʪʚʦʨʠʤʦ ʾʾ ʥʘ ʦʙʦʣʦʥʢʫ ʫ ʬʦʨʤʽ 

ʯʦʪʠʨʠʢʫʪʥʦʾ ʧʨʠʟʤʠ ʽʟ ʯʦʪʠʨʠʢʫʪʥʠʤ ʦʪʚʦʨʦʤ (ʨʠʩ. 4.7). 

 

 

ʈʠʩ. 4.7 - ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʦʢ ʨʽʟʥʘ 
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ʇʦʯʘʪʢʦʚʘ ʦʙʦʣʦʥʢʘ ʤʘʣʘ ʥʘʩʪʫʧʥʽ ʯʠʩʣʘ ʛʨʘʥʝʡ, ʮʠʢʣʽʚ, 

ʨʝʙʝʨ ʽ ʚʝʨʰʠʥ: F = 6, L = 6, ɽ = 12, V = 8, ʘ ʾʾ ʝʡʣʝʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʨʽʚʥʶʚʘʣʘ ʅ = 2. ʅʦʚʘ ʦʙʦʣʦʥʢʘ ʤʘʻ: ʛʨʘʥʝʡ 

F = 10, ʮʠʢʣʽʚ L = 12, ʨʝʙʝʨ ɽ = 24, ʚʝʨʰʠʥ V = 16, ʘ ʾʾ ʝʡʣʝʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʨʽʚʥʶʻ ʅ = 0. ʋ ʜʚʦʭ ʛʨʘʥʷʭ ʟʙʽʣʴʰʠʣʦʩʷ ʯʠʩʣʦ 

ʮʠʢʣʽʚ (ʙʫʣʦ ʧʦ ʦʜʥʦʤʫ ʮʠʢʣʫ, ʘ ʩʪʘʣʦ ʧʦ ʜʚʘ). 

ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʚʦʾ ʦʙʦʣʦʥʢʠ ʟʤʝʥʰʠʣʘʩʷ ʥʘ ʜʚʽ 

ʦʜʠʥʠʮʽ. ʇʦʚʪʦʨʠʤʦ ʧʝʨʝʭʽʜ ʚʽʜ ʪʽʻʾ ʞ ʧʨʠʟʤʘʪʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʜʦ 

ʧʨʠʟʤʘʪʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ ʚʠʨʽʟʦʤ, ʪʽʣʴʢʠ ʚʝʨʭʥʶ ʪʘ ʥʠʞʥʶ ʛʨʘʥʴ 

ʧʦʯʘʪʢʦʚʦʾ ʦʙʦʣʦʥʢʠ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʜʝʚ'ʷʪʠ 

ʛʨʘʥʝʡ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.8. 

 

 

ʈʠʩʫʥʦʢ 4.8 - ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʦʢ ʨʽʟʥʘ 

ʇʦʯʘʪʢʦʚʘ ʦʙʦʣʦʥʢʘ ʤʘʣʘ ʥʘʩʪʫʧʥʽ ʯʠʩʣʘ ʛʨʘʥʝʡ, ʮʠʢʣʽʚ, 

ʨʝʙʝʨ ʽ ʚʝʨʰʠʥ: F = 22, L = 22, ɽ = 52, V = 32, ʘ ʾʾ ʝʡʣʝʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʨʽʚʥʶʚʘʣʘ ʅ = 2. ʅʦʚʘ ʦʙʦʣʦʥʢʘ ʤʘʻ: ʛʨʘʥʝʡ 

F = 24, ʮʠʢʣʽʚ L = 24, ʨʝʙʝʨ ɽ = 56, ʚʝʨʰʠʥ V = 32, ʘ ʾʾ ʝʡʣʝʨʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʨʽʚʥʶʻ H = 0. ɺʩʽ ʛʨʘʥʽ ʫ ʧʦʯʘʪʢʦʚʽʡ ʽ ʥʦʚʽʡ 

ʦʙʦʣʦʥʢʘʭ ʤʘʶʪʴ ʧʦ ʦʜʥʦʤʫ ʮʠʢʣʫ. ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʚʦʾ 

ʦʙʦʣʦʥʢʠ, ʷʢ ʽ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʢʣʘʜʽ, ʟʤʝʥʰʠʣʘʩʷ ʥʘ ʜʚʽ 

ʦʜʠʥʠʮʽ. 

ʎʝ ʚʽʜʙʫʣʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʦʛʦ, ʱʦ ʤʠ ʦʜʝʨʞʘʣʠ ʦʙʦʣʦʥʢʫ, 

ʷʢʘ ʪʦʧʦʣʦʛʯ̔ʥʦ ʥʝʝʢʚʽʚʘʣʝʥʪʥʘ ʧʦʯʘʪʢʦʚʽʡ ʦʙʦʣʦʥʮʽ. ɼʽʡʩʥʦ, ʷʢʱʦ 

ʫʚ̫ʠʪʠ, ʱʦ ʦʙʠʜʚʽ ʦʙʦʣʦʥʢʠ, ʷʢʽ ʧʦʢʘʟʘʥ ̔ʥʘ ʨʠʩ. 4.7, ʚʠʢʦʥʘʥʽ ʟ 

ʣʝʛʢʦ ʜʝʬʦʨʤʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦ ʧʽʩʣʷ ʩʢʨʫʛʣʝʥʥʷ ʢʫʪ̔ʚ, ʟ 

ʧʝʨʰʦʾ ʦʙʦʣʦʥʢʠ ʦʜʝʨʞʠʤʦ ʩʬʝʨʫ, ʘ ʟ ʜʨʫʛʦ ʾï ʪʦʨ (ʨʠʩ. 4.9).   

ʅʽʷʢʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʥʝʤʦʞʣʠʚʦ ʟʽ ʩʬʝʨʠ ʦʜʝʨʞʘʪʠ ʪʦʨ - 

ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʫ ʪʦʧʦʣʦʛʽʶ. 

ɽʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʥʢʠ ʚʽʜʦʙʨʘʞʘʻ ʾʾ ʧʨʠʨʦʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʝʬʦʨʤʫʚʘʪʠ ʦʜʥʫ ʦʙʦʣʦʥʢʫ ʚ 

ʽʥʰʫ ʘʙʦ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, ʫʩʪʘʥʦʚʠʪʠ ʤʽʞ ʥʠʤʠ ʚʟʘʻʤʥʦ 
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ʦʜʥʦʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ. ɼʣʷ ʦʧʠʩʫ ʪʦʧʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʙʦʣʦʥʦʢ ʽ ʾʭ ʛʨʘʥʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʟʚ'ʷʟʥʦʩʪʽ. ʆʙʦʣʦʥʢʠ 

ʦʜʥʘʢʦʚʦʾ ʟʚ'ʷʟʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʬʦʨʤʦʚʘʥʽ ʦʜʥʘ ʚ ʽʥʰʫ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʨʽʚʥʝ ʯʠʩʣʦ ʤʝʞ ʽ ʦʜʥʘʢʦʚʫ ʦʨʽʻʥʪʦʚʥʽʩʪʴ. 

 

 

ʈʠʩʫʥʦʢ 4.9 - ʉʬʝʨʘ  ̔ʪʦʨ ʤʘʶʪʴ ʨʽʟʥʫ ʪʦʧʦʣʦʛʽ ʁ

4.3. ɿʚ'ʷʟʥʽʩʪʴ ʦʙʦʣʦʥʦʢ 

ʈʦʟʛʣʷʥʝʤʦ ʪʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʦʣʦʥʦʢ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʦʙʩʷʛʫ, ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʽ 

ʪ.ʧ.). ʅʝ ʟʚʝʨʪʘʪʠʤʝʤʦ ʫʚʘʛʠ ʥʘ ʨʝʙʨʘ ʽ ʚʝʨʰʠʥʠ, ʘ ʩʧʨʠʡʤʘʪʠʤʝʤʦ 

ʦʙʦʣʦʥʢʫ ʷʢ ʻʜʠʥʝ ʮʽʣʝ. ʋʚ̫ʠʤʦ, ʱʦ ʦʙʦʣʦʥʢʘ ʚʠʢʦʥʘʥʘ ʟ ʣʝʛʢʦ 

ʜʝʬʦʨʤʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʠʘʣʫ, ʷʢʠʡ ʥʝ ʨʦʟʨʠʚʘʻʪʴʩʷ ʽ ʥʝ ʩʢʣʝʶʻʪʴʩʷ. 

ʄʦʞʣʠʚʦ ʟʤʽʥʠʪʠ ʬʦʨʤʫ ʦʙʦʣʦʥʢʠ, ʘʣʝ ʜʦ ʧʝʚʥʠʭ ʤʝʞ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʦʙʦʣʦʥʢʘ ʤʘʻ ʬʦʨʤʫ ʢʫʣʽ, ʪʦ ʾʡ ʤʦʞʥʘ 

ʥʘʜʘʪʠ ʬʦʨʤʫ ʢʫʙʫ ʘʙʦ ʪʘʨʽʣʢʠ, ʘʣʝ ʥʝ ʤʦʞʥʘ ʥʘʜʘʪʠ ʬʦʨʤʫ ʪʦʨʫ 

ʘʙʦ ʛʣʝʯʠʢʘ ʟ ʨʫʯʢʦʶ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʢʫʣʷ, ʢʫʙ ʽ ʪʘʨʽʣʢʘ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʪʦʧʦʣʦʛʽʶ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʦʧʦʣʦʛʽʾ ʪʦʨʫ  ̔

ʛʣʝʯʠʢʘ ʟ ʨʫʯʢʦʶ. ʊʦʧʦʣʦʛʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʧʠʩʘʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʦʣʦʥʦʢ ʻ ʟʚ'ʷʟʥʽʩʪʴ. ʋ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ ʦʙʦʣʦʥʢʠ 

ʟ ʬʦʨʤʦʶ ʢʫʣʽ, ʢʫʙʘ ʘʙʦ ʪʘʨʽʣʢʠ, ʤʘʶʪʴ ʪʫ ʞ ʩʘʤʫ ʟʚ'ʷʟʥʽʩʪɹ, ʷʢʘ 

ʚʽʜʨ̔ʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚ'ʷʟʥʦʩʪʽ ʦʙʦʣʦʥʢʠ ʟ ʬʦʨʤʦʶ ʪʦʨʫ ʘʙʦ ʛʣʝʯʠʢʘ ʟ 

ʨʫʯʢʦʶ. ʆʩʢʽʣʴʢʠ ʪʦʧʦʣʦʛʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʙʝʟʧʝʨʝʨʚʥʠʡ ʟʚ'ʷʟʦʢ 

ʪʦʯʦʢ ʦʙ'ʻʢʪʽʚ, ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʘʨʪʦ 

ʚʠʚʯʠʪʠ ʧʦʚʝʜʢʫ ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʧʨʠ ʧʦʜʽʣʽ ʾʭ ʥʘ ʯʘʩʪʠʥʠ. 

ɿʚ'ʷʟʥʽʩʪʴ ï ʮʝ ʪʦʧʦʣʦʛʽʯʥʝ ʧʦʥʷʪʪʷ, ʷʢʝ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʮʽʣʽʩʥʽʩʪʴ ʜʝʷʢʦʛʦ ʦʙ'ʻʢʪʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʟʚ'ʷʟʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʠʪʠ ʜʝʷʢʠʡ ʪʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ ʥʘ ʦʢʨʝʤʽ 

ʯʘʩʪʠʥʠ. ʅʘʡʧʨʦʩʪʽʦh  ʁʻ ʥʝʟʘʤʢʥʫʪʘ ʦʙʦʣʦʥʢʘ ʟ ʦʜʥʽʻʶ ʤʝʞʝʶ 

(ʦʜʥʠʤ ʮʠʢʣʦʤ) ʪʦʧʦʣʦʛʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʘ ʢʦʣʫ. ʗʢʱʦ ʧʨʝʜʩʪʘʚʠʪʠ, 
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ʱʦ ʦʙʦʣʦʥʢʠ ʚʠʢʦʥʘʥʽ ʟ ʣʝʛʢʦ ʜʝʬʦʨʤʦʚʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦ 

ʥʘʡʧʨʦʩʪʽʰʦ ʁ ʻ ʦʙʦʣʦʥʢʘ, ʷʢʽʡ ʰʣʷʭʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ 

ʥʘʜʘʪʠ ʧʣʦʩʢʫ ʬʦʨʤʫ ʟ ʤʝʞʝʶ ʫ ʚʠʛʣʷʜʽ ʢʦʣʘ. ʇʨʷʤʦʢʫʪʥʘ, 

ʝʣʽʧʪʠʯʥʘ, ʙʫʜʴ-ʷʢʘ ʧʣʦʩʢʘ ʦʙʦʣʦʥʢʘ ʟ ʦʜʥʽʻʶ ʤʝʞʝʶ ʻ 

ʥʘʡʧʨʦʩʪʽʰʦʶ. ʈʦʟʛʣʷʥʝʤʦ ʧʠʪʘʥʥʷ: ʷʢʝ ʤʽʥʽʤʘʣʴʥʝ ʯʠʩʣʦ ʣʽʥʽʡ 

ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ, ʱʦʙ ʧʦ ʮʠʭ ʣʽʥʽʷʭ ʾʾ ʤʦʞʥʘ 

ʙʫʣʦ ʙ ʨʦʟʨʽʟʘʪʠ ʥʘ ʜʚʽ ʥʘʡʧʨʦʩʪʽʰʽ? ʅʘʡʧʨʦʩʪʽʰʘ ʦʙʦʣʦʥʢʘ 

ʜʽʣʠʪʴʩʷ ʥʘ ʜʚʽ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ ʙʫʜʴ-ʷʢʦʶ ʣʽʥʽʻʶ, ʧʨʦʚʝʜʝʥʦ ʁʚʽʜ 

ʦʜʥʽʻʾ ʪʦʯʢʠ ʤʝʞ̔ ʜʦ ʽʥʰʦʾ. ʅʘʡʧʨʦʩʪʽʰʽʡ ʦʙʦʣʦʥʮʽ ʧʨʠʧʠʩʫʪʁʴ 

ʟʚ'ʷʟʥʽʩʪʴ, ʷʢʘ ʜʦʨʽʚʥʶ  ̒ʦʜʠʥʠʮʽ. ɰʾ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʟʚ'ʷʟʥʦʁ . 

ʈʦʟʛʣʷʥʝʤʦ ʥʝʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ, ʱʦ ʤʘʶʪʴ ʢʽʥʮʝʚʝ ʯʠʩʣʦ 

ʮʠʢʣʽʚ (ʤʝʞ), ʷʢʽ ʰʣʷʭʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʙʝʟ ʩʢʣʝʶʚʘʥʥʷ ʽ 

ʥʘʢʣʘʜʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʣʦʩʢʠʤʠ. 

ʅʘ ʨʠʩ. 4.10 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʣʦʩʢʠʭ ʦʙʦʣʦʥʦʢ ʟ ʨʽʟʥʠʤ 

ʯʠʩʣʦʤ ʮʠʢʣʽʚ. ʗʢʱʦ ʧʣʦʩʢʘ ʦʙʦʣʦʥʢʘ ʤʘʻ L ʮʠʢʣʽʚ (ʦʜʠʥ 

ʟʦʚʥʽʰʥʽʡ ʽ L - 1 ʚʥʫʪʨʽʰʥʽʭ), ʪʦ ʥʘ ʥʽʡ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ L - 1 ʣʽʥʽʡ, 

ʦɦ ʥʝ ʨʦʟʨʽʞʫʪʴ ʦʙʦʣʦʥʢʫ ʥʘ ʜʚʽ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 

ʟʦʚʥʽʰʥʴʦʛʦ ʮʠʢʣʫ ʜʦ ʢʦʞʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʮʠʢʣʫ). ɹʫʜʴ-ʷʢʘ 

ʥʘʩʪʫʧʥʘ ʣʽʥʽʷ, ʷʢʘ ʧʦʯʠʥʘʻʪʴʩʷ  ̔ ʢʽʥʯʘʻʪʴʩʷ ʥʘ ʤʝʞ̔ ʦʙʦʣʦʥʢʠ, 

ʨʦʟʨ̔ʞʝ ʾʾ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. ʇʣʦʩʢʘ ʦʙʦʣʦʥʢʘ ʟ ʚʠʨʽʟʘʤʠ ʤʘʻ 

ʜʦʜʘʪʢʦʚʽ ʟʚ'ʷʟʢʠ, ʷʢʽ ʨʽʞʫʪ,ɹ ʘ ʦʙʦʣʦʥʢʘ ʥʝ ʚʪʨʘʯʘʻ ʩʚʦʶ ʮʽʣʽʩʥʽʩʪʴ. 

ʎʽʣʽʩʥʽʩʪʴ ʦʙʦʣʦʥʢʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʟ ʜʝʷʢʦʾ ʾʾ ʪʦʯʢʠ, 

ʨʫʭʘʶʯʠʩʴ ʧʦ ʾʾ ʧʦʚʝʨʭʥʽ, ʤʦʞʥʘ ʧʦʪʨʘʧʠʪʠ ʚ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʾʾ 

ʪʦʯʢʫ. ʇʣʦʩʢʽʡ ʦʙʦʣʦʥʮʽ ʟ L ʮʠʢʣʘʤʠ ʧʨʠʧʠʰʝʤʦ ʟʚ'ʷʟʥʽʩʪʴ ʨʽʚʥʫ L. 

 

 

ʈʠʩʫʥʦʢ 4.10 - ʇʣʦʩʢʽ ʦʙʦʣʦʥʢʠ ʨʽʟʥʦʾ ʟʚ'ʷʟʥʦʩʪʽ 

ɿʚ'ʷʟʥʽʩʪʴ ʦʙʦʣʦʥʢʠ ʚʠʟʥʘʯʠʤʦ ʤʽʥʽʤʘʣʴʥʠʤ ʯʠʩʣʦʤ ʣʽʥʽʡ, ʧʦ 

ʷʢʠʭ ʾʾ ʤʦʞʥʘ ʨʦʟʨʽʟʘʪʠ ʥʘ ʜʚʽ ʥʘʡʧʨʦʩʪʽʰʽ ʦʙʦʣʦʥʢʠ (ʥʘ ʜʚʽ ʦʢʨʝʤʽ 

ʯʘʩʪʠʥʠ). ʗʢʱʦ ʟʚ'ʷʟʥʽʩʪʴ ʦʙʦʣʦʥʢʠ ʜʦʨʽʚʥʶʻ h, ʪʦ h - 1 ʨʦʟʨʽʟʽʚ 

ʜʦʩʠʪʴ, ʱʦʙ ʥʠʤʠ ʨʦʟʢʨʦʾʪʠ ʦʙʦʣʦʥʢʫ, ʧʝʨʝʪʚʦʨʠʚʰʠ ʾʾ ʜʦ 

ʥʘʡʧʨʦʩʪʽʰʦʾ. ɿʚ'ʷʟʥʽʩʪʴ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ h. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ. ʅʘ ʦʙʦʣʦʥʮʽ ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ 
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ʤʦʞʥʘ ʚʽʣʴʥʦ ʙʫʜʫʚʘʪʠ ʢʨʠʚʽ ʣʽʥʽʾ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʦʞʥʘ ʨʽʟʘʪʠ 

ʦʙʦʣʦʥʢʫ ʧʦ ʢʨʠʚʠʭ ʥʘ ʥʽʡ. ʗʢʱʦ ʦʙʦʣʦʥʢʘ ʤʘʻ ʪʦʧʦʣʦʛʽʶ ʩʬʝʨʠ, 

ʪʦ ʧʦ ʙʫʜʴ-ʷʢʽʡ ʟʘʤʢʥʫʪʽʡ ʢʨʠʚʽʡ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʫ ʤʦʞʥʘ 

ʨʦʟʨʽʟʘʪʠ ʥʘ ʜʚʽ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ, ʷʢʽ ʻ ʦʜʥʦʟʚ'ʷʟʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ. 

ʗʢʱʦ ʦʙʦʣʦʥʢʘ ʤʘʻ ʪʦʧʦʣʦʛʽʶ ʪʦʨʫ, ʪʦ ʜʣʷ ʨʦʟʢʨʦʶ ʾʾ ʚ ʦʜʥʦʟʚ'ʷʟʥʫ 

ʛʨʘʥʴ, ʧʦʪʨʽʙʥʦ, ʷʢ ʤʽʥʽʤʫʤ, ʜʚʽ ʟʘʤʢʥʫʪʽ ʢʨʠʚʽ ʥʘ ʥʽʡ. ʉʧʦʩʽʙ 

ʨʦʟʢʨʦʶ ʪʦʨʦʜʾʘʣʴʥʦʾ ʦʙʦʣʦʥʢʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.11. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ ʚʠʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʠʤʦ, ʱʦ 

ʟʚ'ʷʟʥʽʩʪʴ ʩʬʝʨʠ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʘ ʟʚ'ʷʟʥʽʩʪʴ ʪʦʨʫ ï ʪʨʴʦʤ. 

ʅʘ ʟʘʤʢʥʫʪʽʡ ʦʙʦʣʦʥʮʽ ʟʚ'ʷʟʥʦʩʪʽ h ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ h - 1 

ʟʘʤʢʥʫʪʠʭ ʢʨʠʚʠʭ, ʷʢʽ ʥʝ ʧʦʨʫʰʫʶʪʴ ʾʾ ʮʽʣʽʩʥʦʩʪʽ (ʷʢʽ ʥʝ ʨʦʟʨʽʞʫʪʴ 

ʾʾ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ), ʘʣʝ ʥʝ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ h ʪʘʢʠʭ ʢʨʠʚʠʭ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʟʘʤʢʥʫʪʫ ʦʙʦʣʦʥʢʫ ʟʚ'ʷʟʥʦʩʪʽ h ʨʦʟʢʨʦʾʪʠ ʚ ʦʜʥʦʟʚ'ʷʟʥʫ 

ʦʙʦʣʦʥʢʫ, ʾʾ ʧʦʪʨʽʙʥʦ ʨʦʟʨʽʟʘʪʠ ʧʦ h - 1 ʟʘʤʢʥʫʪʠʭ ʣʽʥʽʷʭ. 

ʎ ̔ʣʽʥʽʾ ʥʝ ʨʦʟʨʽʞʫʪʴ ʦʙʦʣʦʥʢʫ ʥʘ ʜʚʽ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ, ʘʣʝ 

ʙʫʜʴ-ʷʢʘ ʩʫʢʫʧʥʽʩʪʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ h ʟʘʤʢʥʫʪʠʭ ʢʨʠʚʠʭ ʥʘ 

ʦʙʦʣʦʥʮʽ, ʦʙʦʚ'ʷʟʢʦʚʦ ʨʦʟʨʽʞʝ ʦʙʦʣʦʥʢʫ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. 

ʈʦʟʛʣʷʥʫʪʽ ʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ ʤʘʶʪʴ ʥʝʧʘʨʥʫ ʟʚ'ʷʟʥʽʩʪʴ. 

ɯʩʥʫʶʪʴ ʦʙʦʣʦʥʢʠ ʧʘʨʥʦʾ ʟʚ'ʷʟʥʦʩʪʽ. ʇʘʨʥʫ ʟʚ'ʷʟʥʽʩʪʴ ʤʦʞʫʪʴ ʤʘʪʠ 

ʥʝʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ. ʅʘʧʨʠʢʣʘʜ, ʮʠʣʽʥʜʨʠʯʥʘ ʦʙʦʣʦʥʢʘ ʢʽʥʮʝʚʦʾ 

ʜʦʚʞʠʥʠ ʤʘʻ ʟʚ'ʷʟʥʽʩʪʴ ʨʽʚʥʫ ʜʚʦʤ. ɼʽʡʩʥʦ, ʣʽʥʽʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʚʽʜ 

ʦʜʥʽʻʾ ʤʝʞ̔ ʜʦ ʽʥʰʦ,ʾ ʥʝ ʨʦʟʨʽʞʝ ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʫ ʥʘ ʦʢʨʝʤʽ 

ʯʘʩʪʠʥʠ, ʘ ʪʽʣʴʢʠ ʨʦʟʢʨʦʶʻ ʾʾ ʚ ʦʜʥʦʟʚ'ʷʟʥʫ ʦʙʦʣʦʥʢʫ (ʨʠʩ. 4.12). 

ɹʫʜʴ-ʷʢʘ ʽʥʰʘ ʣʽʥʽʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʚʽʜ ʦʜʥʽʻʾ ʤʝʞ̔ ʜʦ ʽʥʰʦ,ʾ ʨʦʟʨ̔ʞʝ 

ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʫ ʥʘ ʯʘʩʪʠʥʠ. 

 

 
  

ʈʠʩʫʥʦʢ 4.11 - ʈʦʟʢʨʽʡ 

ʪʦʨʦʾʜʘʣʴʥʦʾ ʦʙʦʣʦʥʢʠ 

ʈʠʩʫʥʦʢ 4.12 - ʈʦʟʢʨʽʡ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 
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ʅʘ ʨʠʩ. 4.13 ʧʦʢʘʟʘʥʦ ʥʝʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ, ʦʪʨʠʤʘʥʽ ʽʟ 

ʟʘʤʢʥʫʪʠʭ ʦʙʦʣʦʥʦʢ, ʷʢʱʦ ʚ ʥʠʭ ʟʨʦʙʠʪʠ ʦʪʚʨ̔. ʗʢʱʦ ʚ ʟʘʤʢʥʫʪʽʡ 

ʦʙʦʣʦʥʮʽ ʟʚ'ʷʟʥʦʩʪʽ h ʚʠʢʦʥʘʪʠ ʦʜʠʥ ʦʪʚʽʨ ʟ ʦʜʥʽʻʶ ʟʘʤʢʥʫʪʦʶ 

ʤʝʞʝʁ, ʪʦ ʟʚ'ʷʟʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʥʝʟʘʤʢʥʫʪʦʾ ʦʙʦʣʦʥʢʠ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʟʚ'ʷʟʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʟʘʤʢʥʫʪʦʾ ʦʙʦʣʦʥʢʠ. ʂʦʞʥʠʡ 

ʥʘʩʪʫʧʥʠʡ ʦʪʚʽʨ ʟ ʦʜʥʽʻʶ ʟʘʤʢʥʫʪʦʶ ʤʝʞʝʶ ʟʙʽʣʴʰʫʚʘʪʠʤʝ 

ʟʚ'ʷʟʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʦʙʦʣʦʥʢʠ ʥʘ ʦʜʠʥʠʮʶ. ɿʚ'ʷʟʥʽʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 4.13 ʥʝʟʘʤʢʥʫʪʠʭ ʦʙʦʣʦʥʦʢ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʨʽʚʥʶʻ 1, 4, 3, 6. ʉʠʩʪʝʤʫ ʨʦʟʨʽʟʽʚ ʥʘ ʮʠʭ ʦʙʦʣʦʥʢʘʭ ʙʫʜʫʪʁʴ 

ʘʥʘʣʦʛʽʯʥʦ ʩʠʩʪʝʤʽ ʨʦʟʨʽʟʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʟʘʤʢʥʫʪʽʡ ʦʙʦʣʦʥʮʽ, 

ʪʽʣʴʢʠ ʯʘʩʪʠʥʫ ʣʽʥʽʡ ʧʨʦʚʦʜʪ̫ʴ ʚʽʜ ʦʜʥʽʻʾ ʤʝʞʽ ʜʦ ʽʥʰʦʾ. 

 

 
ʈʠʩʫʥʦʢ 4.13 - ʅʝʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ 

ɿʚ'ʷʟʥʽʩʪʴ ʥʝ ʻ ʻʜʠʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʙʦʣʦʥʢʠ. ɼʚʽ 

ʦʙʦʣʦʥʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʟʚ'ʷʟʥʽʩʪʴ, ʘʣʝ ʙʫʪʠ ʪʦʧʦʣʦʛʠʯʥʦ 

ʨʽʟʥʠʤʠ. ʂʨʽʤ ʟʚ'ʷʟʥʦʩʪʽ ʦʙʦʣʦʥʢʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʨ̔ʥ̒ʪʦʚʥʽʩʪʶ. 

4.4. ʆʨʽʻʥʪʦʚʥʽʩʪʴ ʦʙʦʣʦʥʦʢ 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʟʘʤʢʥʫʪʠʭ ʦʙʦʣʦʥʦʢ ʦʜʥʫ ʟʽ ʩʪʦʨʽʥ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʷʢ ʚʥʫʪʨʽʰʥʶ, ʘ ʽʥʰʫ - ʷʢ ʟʦʚʥʽʰʥʶ. ɼʣʷ ʪʦʯʦʢ 

ʦʙʦʣʦʥʦʢ ʚʚʦʜʷʪʴ ʪʘʢʝ ʪʦʧʦʣʦʛʽʯʥʝ ʧʦʥʷʪʪʷ ʷʢ ʦʨʽʻʥʪʦʚʥʽʩʪʴ. 

ʇʨʝʜʩʪʘʚʠʤʦ, ʱʦ ʥʘʚʢʦʣʦ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʦʙʦʣʦʥʢʠ ʧʨʦʚʝʜʝʥʦ 

ʢʦʣʦ ʜʦʩʠʪʴ ʤʘʣʦʛʦ ʨʘʜʽʫʩʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʢʦʣʘ ʚʠʟʥʘʯʠʤʦ ʪʘʢʠʡ ʥʘʧʨʷʤʦʢ ʦʙʭʦʜʫ, ʟʘ ʷʢʠʤ 

ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʪʦʯʢʠ ʟʘʚʞʜʠ ʙʫʜʫʪʴ ʦʙʭʦʜʠʪʠʩʷ ʚ ʪʦʤʫ ʩʘʤʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʗʢʱʦ ʜʣʷ ʜʝʷʢʦʾ ʦʙʦʣʦʥʢʠ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʪʦ ʪʘʢʫ 

ʦʙʦʣʦʥʢʫ ʥʘʟʠʚʘʪʠʤʫʪʴ ʦʨʽʻʥʪʦʚʫʚʘʥʦʶ. ɯʩʥʫʶʪʴ ʦʙʦʣʦʥʢʠ, ʜʣʷ 

ʷʢʠʭ ʥʝ ʤʦʞʥʘ ʚʚʝʩʪʠ ʻʜʠʥʠʡ ʥʘʧʨʷʤʦʢ ʦʙʭʦʜʫ ʜʣʷ ʢʽʣ ʙʣʠʟʴʢʠʭ 
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ʪʦʯʦʢ. ʊʘʢʽ ʦʙʦʣʦʥʢʠ ʥʘʟʠʚʘʶʪʴ ʥʝʦʨʽʻʥʪʦʚʫʚʘʥʠʤʠ. 

4.4.1. ʃʠʩʪ ʄ ʙ̒̔ʫʩʘ 

ʇʨʠʢʣʘʜʦʤ ʥʝʦʨʽʻʥʪʦʚʫʚʘʥʦʾ ʦʙʦʣʦʥʢʠ ʻ ʣʠʩʪ ʄ ʙ̒̔ʫʩʘ, 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 4.14. ʃʠʩʪ ʄʻʙʽʫʩʘ ʦʜʝʨʞʫ ʪʁɹ, ʚʟʷʚʰʠ ʧʘʧʝʨʦʚʫ 

ʩʪʨʽʯʢʫ ʪʘ ʩʢʣʝʾʚʰʠ ʜʘʣʝʢʽ ʢʨʘʾ, ʧʦʚʝʨʥʫʚʰʠ ʧʦʧʝʨʝʜʥʴʦ ʾʭ ʦʜʠʥʛ 

ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʥʘ 180Á. ɼʦ ʩʢʣʝʶʚʘʥʥʷ ʢʨʘʾʚ ʩʪʨʽʯʢʠ ʾʾ ʩʪʦʨʦʥʠ 

ʤʦʞʥʘ ʧʦʬʘʨʙʫʚʘʪʠ ʫ ʜʚʘ ʨʽʟʥʽ ʢʦʣʴʦʨʠ. ʗʢʱʦ ʬʘʨʙʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʪʠ ʧʽʩʣʷ ʩʢʣʝʶʚʘʥʥʷ, ʪʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʤʠ ʟʘʬʘʨʙʫʤ̒ʦ 

ʦʜʥʠʤ ʢʦʣʴʦʨʦʤ ʦʙʠʜʚʽ ʙʦʢʠ. ʇʨʠ ʨʫʩʽ ʧʦ ʣʠʩʪʫ ʄ ʙ̒̔ʫʩʘ ʧʨʦʡʜʝʤʦ 

ʧʦ ʦʙʦʭ ʡʦʛʦ ʙʦʢʘʭ. 

ɼʣʷ ʪʦʯʦʢ ʣʠʩʪʘ ʄ̒ʙ̔ʫʩʘ ʥʝ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʨʽʻʥʪʘʮʽʶ. 

ɼʽʡʩʥʦ, ʟʘʜʘʚʰʠ ʜʣʷ ʤʘʣʦʛʦ ʢʦʣʘ ʦʨʽʻʥʪʘʮʽʶ ʜʝʷʢʦʾ ʪʦʯʢʠ  ̔

ʨʫʭʘʶʯʠʩʴ ʧʦ ʦʙʦʣʦʥʮʽ, ʧʦʪʨʘʧʠʤʦ ʫ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ, ʘʣʝ ʟ 

ʧʨʦʪʠʣʝʞʥʠʤ ʥʘʧʨʷʤʢʦʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʮʴʦʛʦ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʧʦʬʘʨʙʫʚʘʪʠ ʨʽʟʥʽ ʙʦʢʠ ʦʙʦʣʦʥʢʠ ʫ ʨʽʟʥʽ ʢʦʣʴʦʨʠ. ɺ ʦʙʦʣʦʥʮ ̔

ʚʩʴʦʛʦ ʦʜʠʥ ʙʽʢ. ʃʠʩʪ ʄ ʙ̒̔ʫʩʘ ʻ ʦʜʥʦʙʽʯʥʦʶ ʦʙʦʣʦʥʢʦʶ. ʗʢʱʦ 

ʦʙʦʣʦʥʢʘ ʻ ʦʜʥʦʙʽʯʥʦ,ʁ ʪʦ ʚʦʥʘ ʥʝʦʨʽʻʥʪʦʚʫʚʘʥʘ. ʉʧʨʘʚʝʜʣʠʚʠʤ  ̒

ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʷʢʱʦ ʦʙʦʣʦʥʢʘ ʻ ʜʚʦʙʽʯʥʦʶ, ʪʦ ʚʦʥʘ 

ʦʨʽʻʥʪʦʚʫʚʘʥʘ.  

ʆʙʦʣʦʥʢʘ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ ʥʝʦʨʽʻʥʪʦʚʫʚʘʥʘ, ʢʦʣʠ ʥʘ ʥʽʡ 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʘʢʫ ʟʘʤʢʥʫʪʫ ʢʨʠʚʫ s, ʱʦ ʧʨʠ ʨʫʩʽ ʜʦʩʠʪʴ 

ʤʘʣʦʛʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʢʦʣʘ ʫʟʜʦʚʞ ʮʽʻʾ ʢʨʠʚʦʾ ʚʦʥʦ ʧʨʠʡʜʝ ʫ 

ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ ʦʨʽʻʥʪʦʚʘʥʠʤ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʗʢʱʦ ʨʫʭʘʪʠʩʷ ʫʟʜʦʚʞ ʢʨʠʚʦ ʾ s ʥʘ ʦʜʥʦʙʽʯʥʽʡ ʦʙʦʣʦʥʮʽ ʧʦ 

ʦʜʥʫ ʩʪʦʨʦʥʫ ʚʽʜ ʮʽʻʾ ʢʨʠʚʦʾ, ʪʦ ʤʦʞʥʘ ʧʦʪʨʘʧʠʪʠ ʥʘ ʽʥʰʫ ʩʪʦʨʦʥʫ 

ʢʨʠʚʦʾ, ʭʦʯʘ ʧʽʜ ʯʘʩ ʨʫʭʫ ʢʨʠʚʘ ʥʝ ʧʝʨʝʪʠʥʘʣʘʩʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4.14 - ʃʠʩʪ ʄʻʙʽʫʩʘ - 

ʦʜʥʦʙʽʯʥʘ ʥʝʟʘʤʢʥʫʪʘ ʦʙʦʣʦʥʢʘ 

ʈʠʩʫʥʦʢ 4.15 - ʆʨʽʻʥʪʦʚʫʚʘʥʘ 

ʩʘʤʦʧʝʨʝʪʠʥʥʘ ʥʝʟʘʤʢʥʫʪʘ 
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ʦʙʦʣʦʥʢʘ 

ʃʠʩʪ ʄʻʙʽʫʩʘ ʻ ʥʝʟʘʤʢʥʫʪʦʶ ʦʙʦʣʦʥʢʦʶ. ɯʩʥʫʶʪʴ ʟʘʤʢʥʫʪʽ 

ʦʜʥʦʙʽʯʥʽ ʦʙʦʣʦʥʢʠ. ʆʜʥʦʙʽʯʥʘ ʦʙʦʣʦʥʢʘ ʥʝ ʤʦʞʝ ʨʦʟʙʠʪʠ ʧʨʦʩʪʽʨ 

ʥʘ ʚʥʫʪʨʽʰʥʶ ʡ ʟʦʚʥʽʰʥʶ ʯʘʩʪʠʥʠ, ʪʦʤʫ ʦʜʥʦʙʽʯʥʘ ʟʘʤʢʥʫʪʘ 

ʦʙʦʣʦʥʢʘ ʟʘʚʞʜʠ ʧʝʨʝʪʠʥʘʻ ʩʘʤʘ ʩʝʙʝ. ʆʜʥʘʢ ʥʝ ʚʩʷʢʘ 

ʩʘʤʦʧʝʨʝʪʠʥʥʘ ʦʙʦʣʦʥʢʘ ʻ ʦʜʥʦʙʽʯʥʦʶ. ʆʙʦʣʦʥʢʫ, ʷʢʘ 

ʩʘʤʦʧʝʨʝʪʠʥʘʻʪʴʩʷ, ʘʣʝ ʥʝ ʻ ʦʜʥʦʙʽʯʥʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.15. 

4.3.2. ʇʣʷʰʢʘ ʂʣʝʡʥʘ 

ʇʨʠʢʣʘʜʦʤ ʟʘʤʢʥʫʪʦʾ ʦʜʥʦʙʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʻ ʧʣʷʰʢʘ ʂʣʝʡʥʘ, 

ʷʢʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.16. ʇʣʷʰʢʘ ʂʣʝʡʥʘ ʤʘʻ ʦʜʥʫ ʟʘʤʢʥʫʪʫ ʣʽʥʽʶ 

ʩʘʤʦʧʝʨʝʪʠʥʘʥʥʷ. ɺʦʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʩʫʜʠʥʦʶ. ɿʚôʷʟʥʽʩʪʴ 

ʧʣʷʰʢʠ ʂʣʝʡʥʘ ʜʦʨʽʚʥʶʻ ʪʨʴʦʤ. ʉʠʩʪʝʤʘ ʣʽʥʽʡ, ʱʦ ʨʦʟʨʽʞʫʪʴ 

ʧʣʷʰʢʫ ʂʣʝʡʥʘ ʥʘ ʜʚ ̔ʦʜʥʦʟʚ'ʷʟʢʦʚʠʭ ʯʘʩʪʠʥʠ, ʘʥʘʣʦʛʽʯʥʘ ʩʠʩʪʝʤʽ 

ʣʽʥʽʡ ʪʦʨʫ. 

ʗʢʱʦ ʧʣʷʰʢʫ ʂʣʝʡʥʘ ʨʦʟʨʽʟʘʪʠ ʧʣʦʱʠʥʦʶ ʾʾ ʩʠʤʝʪʨʽʾ, ʪʦ 

ʦʜʝʨʞʠʤʦ ʜʚʽ ʥʝʟʘʤʢʥʫʪʽ ʩʘʤʦʧʝʨʝʪʠʥʥʽ ʦʙʦʣʦʥʢʠ, ʟ ʷʢʠʭ ʰʣʷʭʦʤ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʜʚʘ ʣʠʩʪʠ ʄʻʙʽʫʩʘ. 

 

 

ʈʠʩʫʥʦʢ 4.16 - ʇʣʷʰʢʘ ʂʣʝʡʥʘ - ʦʜʥʦʙʽʯʥʘ ʟʘʤʢʥʫʪʘ ʦʙʦʣʦʥʢʘ 

4.3.3. ɻʝʧʪʘʝʜʨ 

ʑʝ ʦʜʥʽʻʶ ʦʜʥʦʙʽʯʥʦʶ ʦʙʦʣʦʥʢʦʶ ʻ ʛʝʧʪʘʝʜʨ. ʁʦʛʦ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʟ ʦʢʪʘʝʜʨʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʜʘʣʠʤʦ ʯʦʪʠʨʠ ʛʨʘʥʽ ʟ ʚʦʩʴʤʠ: ʥʘ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʦʢʪʘʝʜʨʫ - ʣʽʚʫ ʧʝʨʝʜʥʶ ʽ ʧʨʘʚʫ ʟʘʜʥʶ, ʘ ʥʘ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ - ʧʨʘʚʫ ʧʝʨʝʜʥʶ ʽ ʣʽʚʫ ʟʘʜʥʶ ʛʨʘʥʽ, ʽ ʜʦʜʘʤʦ ʪʨʠ ʢʚʘʜʨʘʪʥʽ 
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ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʽ ʛʨʘʥʽ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʜʽʘʛʦʥʘʣʷʭ ʦʢʪʘʝʜʨʫ. 

ʆʙʦʣʦʥʢʘ ʛʝʧʪʘʝʜʨʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʝʤʠ ʛʨʘʥʝʡ. ʈʝʙʨʘ ʽ ʚʝʨʰʠʥʠ 

ʛʝʧʪʘʝʜʨʫ ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʝʙʨʘʤʠ ʽ ʚʝʨʰʠʥʘʤʠ ʦʢʪʘʝʜʨʫ (ʜʽʘʛʦʥʘʣʽ ʥʝ 

ʚʚʘʞʘʶʪʴʩʷ ʨʝʙʨʘʤʠ, ʘ ʻ ʣʽʥʽʷʤʠ ʩʘʤʦʧʝʨʝʪʠʥʘʥʥʷ ʦʙʦʣʦʥʢʠ). ʋ 

ʢʦʞʥʦʤʫ ʨʝʙʨʽ ʛʝʧʪʘʝʜʨʫ ʩʪʠʢʫʶʪʴʩʷ ʪʽʣʴʢʠ ʜʚʽ ʛʨʘʥʽ. ɻʝʧʪʘʝʜʨ ʻ 

ʟʘʤʢʥʫʪʦʶ ʦʜʥʦʙʽʯʥʦʶ ʦʙʦʣʦʥʢʦʶ ʧʘʨʥʦʾ ʟʚôʷʟʥʦʩʪʽ. ɺʽʥ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.17. 

ʗʢʱʦ ʧʦʯʘʪʠ ʨʫʭ ʧʦ 

ʧʦʚʝʨʭʥʽ ʛʝʧʪʘʝʜʨʫ ʽʟ ʪʦʯʢʠ A, 

ʪʦ, ʨʫʭʘʶʯʠʩʴ ʧʦ ʟʘʟʥʘʯʝʥʽʡ ʥʘ 

ʨʠʩ. 4.17 ʪʨʘʻʢʪʦʨʽʾ, ʧʦʪʨʘʧʠʤʦ 

ʚ ʪʦʯʢʫ ɺ, ʨʦʟʪʘʰʦʚʘʥʫ ʥʘ 

ʽʥʦhʤʫ ʙʦʮ̔ ʧʦʚʝʨʭʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʽʤ 

ʟʚôʷʟʥʦʩʪʽ, ʦʙʦʣʦʥʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩ ̫ ʱʝ ʡ 

ʦʨʽʻʥʪʦʚʥʽʩʪʶ. ʊʦʨ ʽ ʧʣʷʰʢʘ 

ʂʣʝʡʥʘ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 

ʟʚôʷʟʥʽʩʪʴ, ʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ, 

ʘʣʝ ʪʦʨ ʻ ʦʨʽʻʥʪʦʚʘʥʦʶ 

ʦʙʦʣʦʥʢʦʶ, ʘ ʧʣʷʰʢʘ ʂʣʝʡʥʘ - 

ʥʝʦʨʽʻʥʪʦʚʘʥʦʶ. 

ɺʽʜʦʤ ̔ ʱʝ ʜʝʢʽʣʴʢʘ 

ʥʝʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʣʦʥʢʠ. ɿʘʤʢʥʫʪʽ ʥʝʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʣʦʥʢʠ 

ʧʝʨʝʪʠʥʘʶʪʴ ʩʘʤʽ ʩʝʙʝ ʽ ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʪʘʣʝʡ. ʆʙʦʣʦʥʢʠ, ʟ ʷʢʠʤʠ ʥʘʡʯʘʩʪʽʰʝ ʤʘʶʪʴ ʩʧʨʘʚʫ 

ʚ ʨʝʘʣʴʥʦʩʪʽ, ʻ ʦʨʽʻʥʪʦʚʘʥʠʤʠ. ʇʨʦʪʝ, ʥʝʦʨʽʻʥʪʦʚʘʥʽ ʦʙʦʣʦʥʢʠ ʟ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʨʽʚʥʦʧʨʘʚʥʽ ʟ ʦʨʽʻʥʪʦʚʘʥʠʤʠ. 

4.5. ʆʙʦʣʦʥʢʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʽʣ 

ʈʦʟʛʣʷʥʝʤʦ ʚʟʘʻʤʥʦ ʦʜʥʦʟʥʘʯʥʝ  ̔ʙʝʟʧʝʨʝʨʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʦʜʥʽʻʾ ʦʙʦʣʦʥʢʠ ʥʘ ʽʥʰʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʩʫʩʽʜʥʽ ʪʦʯʢʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʩʫʩʽʜʥʽʤʠ. 

ʊʘʢʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʩʧʦʪʚʦʨʶʚʘʪʠ ʦʙʦʣʦʥʢʫ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʟʚ'ʷʟʘʥʽ ʯʘʩʪʠʥʠ ʟʘʣʠʰʘʪʴʩʷ ʟʚ'ʷʟʘʥʠʤʠ. ʆʜʥʠʤ ʟ ʚʠʜʽʚ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʻ ʜʝʬʦʨʤʘʮʽʷ. ʇʨʠ ʜʝʬʦʨʤʘʮʽʾ ʪʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ ʷʢ 

ʮʽʣʝ ʙʝʟʫʧʠʥʥʦ ʧʝʨʝʭʦʜʠʪʴ ʩʘʤ ʫ ʩʝʙʝ. 

ʈʠʩʫʥʦʢ 4.17 - ɻʝʧʪʘʝʜʨ 

(ʩʝʤʠʛʨʘʥʥʠʢ) - ʩʘʤʦʧʝʨʝʪʠʥʥʘ 

ʦʜʥʦʙʽʯʥʘ ʦʙʦʣʦʥʢʘ 
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ʈʫʭ ʦʙʦʣʦʥʢʠ ʚ ʧʨʦʩʪʦʨʽ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʜʝʬʦʨʤʘʮʽʾ, 

ʪʦʜʽ ʷʢ ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙʦʣʦʥʢʠ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʥʝ ʻ 

ʜʝʬʦʨʤʘʮʽʻʶ. ʇʨʠ ʜʟʝʨʢʘʣʴʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 

ʟʚʦʨʦʪʥʠʡ ʥʘʧʨʷʤʦʢ ʦʙʭʦʜʫ ʚʩʷʢʦʾ ʟʘʤʢʥʫʪʦʾ ʢʨʠʚʦʾ ʥʘ ʦʙʦʣʦʥʮʽ, ʘ 

ʜʝʬʦʨʤʘʮʽʷ ʟʙʝʨʽʛʘʻ ʥʘʧʨʷʤʦʢ ʦʙʭʦʜʫ ʥʝʟʤʽʥʥʠʤ. 

ɺʩʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʦʙʦʣʦʥʦʢ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟ 

ʪʦʧʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ɼʦ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʪʠʧʫ ʚʽʜʥʦʩʷʪʴ 

ʦʙʦʣʦʥʢʠ, ʷʢʽ ʪʦʧʦʣʦʛʽʯʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʝʨʝʨʚʥʦ  ̔ ʚʟʘʻʤʥʦ 

ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʦʙʨʘʞʝʥʽ ʦʜʥʘ ʥʘ ʽʥʰʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʠʢʦʥʘʥʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

1) ʦʙʦʣʦʥʢʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʫ ʟʚô̫ ʟʥ̔ʩʪʴ; 

2) ʦʙʦʣʦʥʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʨʽʻʥʪʦʚʘʥʠʤʠ, ʘʙʦ 

ʥʝʦʨʽʻʥʪʦʚʘʥʠʤʠ; 

3) ʦʙʦʣʦʥʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʤʢʥʫʪʠʤʠ, ʘʙʦ ʤʘʪʠ ʦʜʥʘʢʦʚʝ 

ʯʠʩʣʦ ʤʝʞ. 

ʎʽ ʪʨʠ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ  ̔ ʚʟʘʻʤʥʦ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʚʦʭ ʦʙʦʣʦʥʦʢ ʪʘʢʦʞ ʻ  ̔ʜʦʩʪʘʪʥʽʤʠ 

ʫʤʦʚʘʤʠ. 

ʇʨʠʨʦʜʥʦ, ʱʦ ʦʙʦʣʦʥʢʠ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʝ ʯʠʩʣʦ ʤʝʞ, ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʦʜʥʘ ʥʘ ʽʥʰʫ. 

ɿʚôʷʟʥʽʩʪʴ ʦʙʫʤʦʚʣʶʻ ʽʩʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʨʽʟʽʚ ʦʙʦʣʦʥʢʠ, 

ʱʦ ʧʨʠ ʪʦʧʦʣʦʛʽʯʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʠʩʪʝʤʫ ʨʦʟʨʽʟʽʚ 

ʪʘʢʦʾ ʞ ʩʪʨʫʢʪʫʨʠ ʥʘ ʽʥʰʽʡ ʦʙʦʣʦʥʮʽ. ʆʪʞʝ, ʦʙʦʣʦʥʢʠ ʨʽʟʥʦʾ 

ʟʚôʷʟʥʦʩʪʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʦʜʥʘ ʥʘ ʽʥʰʫ. 

ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʚʩʷʢʘ ʦʙʦʣʦʥʢʘ, ʷʢʫ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ 

ʥʘ ʦʨʽʻʥʪʦʚʘʥʫ ʦʙʦʣʦʥʢʫ, ʪʘʢʦʞ ʻ ʦʨʽʻʥʪʦʚʘʥʦ .ʁ ʎʝ ʚʠʟʥʘʯʘʻ ʪʨʝʪʶ 

ʫʤʦʚʫ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʦʙʦʣʦʥʦʢ ʜʦ ʦʜʥʦʛʦ ʪʠʧʫ. 

ʆʙʦʣʦʥʢʠ, ʱʦ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʟʚôʷʟʥʽʩʪʴ, ʦʨʠʥ̒ʪʦʚʘʥʽʩʪʴ ʽ 

ʯʠʩʣʦ ʤʝʞ, ʻ ʪʦʧʦʣʦʛʯ̔ʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. 

ʌʦʨʤʫʣʘ ɽʡʣʝʨʘ-ʇʫʘʥʢʘʨʝ. ɿʘʤʢʥʫʪʽ, ʦʨʽʻʥʪʦʚʘʥʽ 

ʦʙʦʣʦʥʢʠ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴ ʩʘʤʽ ʩʝʙʝ, ʤʘʶʪʴ ʥʝʧʘʨʥʫ ʟʚôʷʟʥʽʩʪʴ. 

ɼʣʷ ʪʘʢʠʭ ʦʙʦʣʦʥʦʢ ʝʡʣʝʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʅ ʧʦʚ'ʷʟʘʥʘ ʟ ʾʾ 

ʟʚôʷʟʥʽʩʪʶ h ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

H = 3 - h.                                             (4.2) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ, ʱʦ 

ʟʚ'ʷʟʫʻ ʯʠʩʣʦ ʛʨʘʥʝʡ F, ʯʠʩʣʦ ʮʠʢʣʽʚ L, ʯʠʩʣʦ ʨʝʙʝʨ E ʽ ʯʠʩʣʦ 

ʚʝʨʰʠʥ V ʦʙʦʣʦʥʢʠ ʟ ʾʾ ʟʚôʷʟʥʽʩʪʶ h: 
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F - E + V + (F - L) = 3 - h.                               (4.3) 

ɼʘʥʠʡ ʟʘʧʠʩ ʬʦʨʤʫʣʠ ɽʡʣʝʨʘ ʩʧʨʘʚʝʜʣʠʚʠʡ ʜʣʷ ʟʘʤʢʥʫʪʠʭ 

ʦʙʦʣʦʥʦʢ. 

ɿʚôʷʟʥʽʩʪʴ ʥʝ ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʦʶ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʤʢʥʫʪʦʾ 

ʦʙʦʣʦʥʢʠ. ɺʚʝʜʝʤʦ ʱʝ ʦʜʥʝ ʧʦʥʷʪʪʷ, ʷʢʠʤ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ 

ʟʚôʷʟʥʽʩʪʴ. ɿ ʪʦʨʫ ʰʣʷʭʦʤ ʡʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ 

ʦʙʦʣʦʥʢʫ, ʱʦ ʥʘʛʘʜʫʻ ʬʦʨʤʫ ʛʠʨʽ, ʷʢʫ ʥʘʟʠʚʘʪʠʤʝʤʦ ʩʬʝʨʦʶ ʟ 

ʨʫʯʢʦʶ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʴ-ʷʢʽʡ ʟʘʤʢʥʫʪʽʡ ʦʙʦʣʦʥʮʽ 

ʰʣʷʭʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʥʘʜʘʪʠ ʬʦʨʤʫ ʩʬʝʨʠ ʟ G ʨʫʯʢʘʤʠ. 

ʊʘʢ, ʷʢʱʦ ʚʟʷʪʠ ʪʦʚʩʪʫ ʧʣʠʪʫ, ʧʨʦʙʠʪʠ ʚ ʥʽʡ G ʦʪʚʦʨʽʚ ʽ ʩʢʨʫʛʣʠʪʠ 

ʚʩʽ ʨʝʙʨʘ, ʪʦ ʦʜʝʨʞʠʤʦ ʦʙ'ʻʢʪ, ʦʙʦʣʦʥʢʘ ʷʢʦʛʦ ʪʦʧʦʣʦʛʽʯʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʬʝʨʽ ʟ G ʨʫʯʢʘʤʠ. ʅʘ ʦʙʦʣʦʥʮʽ, ʪʦʧʦʣʦʛʽʯʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʬʝʨʽ ʟ G ʨʫʯʢʘʤʠ, ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ 2G ʟʘʤʢʥʫʪʽ 

ʢʨʠʚʽ, ʧʦ ʷʢʠʭ ʾʾ ʨʦʟʢʨʦʶʶʪʴ ʚ ʥʘʡʧʨʦʩʪʽʰʫ ʦʙʦʣʦʥʢʫ. ɹʫʜʴ-ʷʢʘ 

ʥʘʩʪʫʧʥʘ ʟʘʤʢʥʫʪʘ ʣʽʥʽʷ ʨʦʟʨʽʞʝ ʦʙʦʣʦʥʢʫ ʥʘ ʜʚʽ ʥʘʡʧʨʦʩʪʽʰʽ 

ʦʙʦʣʦʥʢʠ. 

ʉʬʝʨʘ ʟ G ʨʫʯʢʘʤʠ ʤʘʻ ʟʚôʷʟʥʽʩʪʴ h = 2G + 1. ʆʙʦʣʦʥʢʘ 

ʨʝʘʣʴʥʦʾ ʜʝʪʘʣʽ ʪʦʧʦʣʦʛʽʯʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʬʝʨʽ ʟ ʜʝʷʢʠʤ 

ʯʠʩʣʦʤ ʨʫʯʦʢ. ʅʘ ʨʠʩ. 4.18 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʬʝʨʘ ʽʟ ʯʦʪʠʨʤʘ 

ʨʫʯʢʘʤʠ. 

ɹʽʣʴʰ ʥʘʦʯʥʦ,ʁ ʥʽʞ 

ʟʚôʷʟʥʽʩʪʴ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʪʦʧʦʣʦʛʽʾ ʦʙʦʣʦʥʢʠ ʤʦʞʝ ʙʫʪʠ 

ʯʠʩʣʦ ʨʫʯʦʢ G ʩʬʝʨʠ, ʜʦ ʷʢʦʾ 

ʰʣʷʭʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ 

ʧʨʠʚʝʩʪʠ ʟʘʤʢʥʫʪʫ ʦʙʦʣʦʥʢʫ. 

ɺʽʟʴʤʝʤʦ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʩʬʝʨʘ ʟ 

G ʨʫʯʢʘʤʠ ʤʘʻ ʟʚôʷʟʥʽʩʪʴ 

h = G + 1, ʽ ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ, ʷʢʘ ʟʚ'ʷʟʫʻ ʯʠʩʣʦ ʛʨʘʥʝʡ F, ʨʝʙʝʨ ɽ, 

ʚʝʨʰʠʥ V ʽ ʮʠʢʣʽʚ L ʟ ʭʘʨʘʢʪʝʨʥʦʶ ʚʝʣʠʯʠʥʦʶ G,  

( ) ( )2 1 0.F E V F L G- + + - - - =                         (4.4) 

ɼʘʥʫ ʬʦʨʤʫʣʫ ʥʘʟʠʚʘʪʁʴ ʬʦʨʤʫʣʦʶ ɽʡʣʝʨʘ-ʇʫʘʥʢʘʨʝ. 

ɺʝʣʠʯʠʥʘ G (genus) ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʦʧʦʣʦʛʽʯʥʠʡ ʪʠʧ ʦʙʦʣʦʥʢʠ. 

ʌʦʨʤʫʣʘ ɽʡʣʝʨʘ-ʇʫʘʥʢʘʨʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʦʧʦʣʦʛʽʯʥʠʡ ʪʠʧ 

 

ʈʠʩʫʥʦʢ 4.18 - ʉʬʝʨʘ ʟ ʯʦʪʠʨʤʘ 

ʨʫʯʢʘʤʠ 
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ʦʙʦʣʦʥʢʠ, ʷʢʱʦ ʚʽʜʦʤʦ ʯʠʩʣʦ ʾʾ ʛʨʘʥʝʡ, ʨʝʙʝʨ, ʚʝʨʰʠʥ ʽ ʮʠʢʣʽʚ: 

1 .
2

E V L
G F

+ -
= - +                                   (4.5) 

ʈʝʘʣʴʥʽ ʦʙ'ʻʢʪʠ ʤʦʞʫʪʴ ʤʘʪʠ ʚʩʝʨʝʜʠʥʽ ʧʦʨʦʞʥʝʯʽ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʦʙ'ʻʢʪʠ ʦʧʠʩʫʶʪʴ ʜʝʢʽʣʴʢʦʤʘ ʦʙʦʣʦʥʢʘʤʠ. ʆʜʥʘ ʽʟ ʮʠʭ 

ʦʙʦʣʦʥʦʢ ʻ ʟʦʚʥʽʰʥʴʦʶ, ʽʥʰʽ ï ʣʝʞʘʪʴ ʚʩʝʨʝʜʠʥʽ ʾʾ. ʗʢʱʦ ʦʙ'ʻʢʪ, 

ʷʢʠʡ ʤʦʜʝʣʶʶʪʴ, ʤʘʻ ʪ ʧʦʨʦʞʥʝʯ, ʪʦ ʡʦʛʦ ʦʧʠʩʫʚʘʪʠʤʫʪʴ S = m + 1 

ʦʙʦʣʦʥʢʘʤʠ. ɿʘʞʘʜʘʻʤʦ, ʱʦʙ ʚʥʫʪʨʽʰʥʽ ʦʙʦʣʦʥʢʠ ʥʝ ʧʝʨʝʪʠʥʘʣʠ 

ʦʜʠʥʘ ʦʜʥʫ  ̔ ʟʦʚʥʽʰʥʶ ʦʙʦʣʦʥʢʫ. ɼʣʷ ʢʦʞʥʦʾ ʦʙʦʣʦʥʢʠ 

ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ (4.4), ʘ ʜʣʷ ʦʙ'ʻʢʪʫ ʟ S ʟʘʤʢʥʫʪʠʤʠ 

ʦʙʦʣʦʥʢʘʤʠ ʬʦʨʤʫʣʘ ɽʡʣʝʨʘ-ʇʫʘʥʢʘʨʝ (4.4) ʤʘʪʠʤʝ ʚʠʛʣʜ̫ 

( ) ( )2 0,F E V F L S G- + + - - - =                      (4.6) 

ʜʝ F - ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʛʨʘʥʝʡ ʤʦʜʝʣʽ, ɽ - ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʨʝʙʝʨ 

ʤʦʜʝʣʽ, V -ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʝʨʰʠʥ ʤʦʜʝʣʽ, L - ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʮʠʢʣʽʚ 

ʤʦʜʝʣʽ, S - ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʦʙʦʣʦʥʦʢ ʦʙ'ʻʢʪʫ, ʱʦ ʤʦʜʝʣʶʶʪʴ, G - 

ʪʦʧʦʣʦʛʽʯʥʠʡ ʪʠʧ ʦʙ'ʻʢʪʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʟʘʛʘʣʴʥʦʤʫ ʯʠʩʣʫ ʨʫʯʦʢ 

ʚʩʽʭ ʡʦʛʦ ʦʙʦʣʦʥʦʢ, ʱʦ ʡʦʛʦ ʦʧʠʩʫʶʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʦʧʦʣʦʛʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ  ̒ʜʚʘ 

ʦʙ'ʻʢʪʠ, ʫ ʷʢʠʭ ʨʽʚʥʝ ʯʠʩʣʦ ʦʙʦʣʦʥʦʢ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʟʦʚʥʽʰʥʽ ʡ 

ʚʥʫʪʨʽʰʥʽ ʦʙʦʣʦʥʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʪʦʧʦʣʦʛʽʯʥʠʡ ʪʠʧ. 

ʗʢʱʦ ʦʙʦʣʦʥʢʘ ʥʝ ʻ ʟʘʤʢʥʫʪʦ,ʁ ʪʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʾʾ 

ʪʦʧʦʣʦʛʽʯʥʠʡ ʪʠʧ G ʥʝ ʤʘʻ ʩʝʥʩʫ. ɼʣʷ ʥʝʟʘʤʢʥʫʪʦʾ ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʦʙʦʣʦʥʢʠ ʬʦʨʤʫʣʘ ɽʡʣʝʨʘ ʤʘʻ ʚʠʛʣʷʜ 

( ) 2.F E V F L h- + + - + =                             (4.7) 

ʆʜʥʦʨʽʜʥʽ ʦʙʦʣʦʥʢʠ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʧʽʜʭʦʜʷʪʴ 

ʟʘʤʢʥʫʪʽ ʜʚʦʙʽʯʥʽ ʦʙʦʣʦʥʢʠ, ʷʢʽ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴ ʩʘʤʽ ʩʝʙʝ. ɼʦ ʥʠʭ 

ʚʽʜʥʦʩʷʪʴ ʦʙʦʣʦʥʢʠ, ʪʦʧʦʣʦʛʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ ʩʬʝʨʽ ʟ G ʨʫʯʢʘʤʠ. 

ʉʘʤʝ ʪʘʢʽ ʟʘʤʢʥʫʪʽ ʦʙʦʣʦʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʜʣʷ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʦ ʚʝʨʰʠʥ, ʨʝʙʨ, ʮʠʢʣʽʚ ʽ ʛʨʘʥʝʡ 

ʚʠʩʫʥʝʤʦ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ. ɻʨʘʥʽ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʪʠʥʘʪʠ ʩʘʤʽ ʩʝʙʝ. 

ɻʨʘʥʽ ʩʪʠʢʫʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦ ʨʝʙʨʘʭ, ʧʨʠʯʦʤʫ ʚ ʢʦʞʥʦʤʫ ʨʝʙʨʽ 

ʩʪʠʢʫʶʪʴʩʷ ʪʽʣʴʢʠ ʜʚʽ ʛʨʘʥʽ. ʆʙʦʣʦʥʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.19, 

ʥʝʢʦʨʝʢʪʥʘ, ʦʩʢʽʣʴʢʠ ʚ ʨʝʙʨʽ ɸɺ ʩʪʠʢʫʶʪʴʩʷ ʯʦʪʠʨʠ ʛʨʘʥʽ. ʊʘʢʘ 

ʦʙʦʣʦʥʢʘ ʪʦʧʦʣʦʛʽʯʥʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʠʤ ʟʽ 
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ʩʧʦʩʦʙʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 4.20 ʽ 4.21. ʈʝʙʨʘ ʩʪʠʢʫʶʪʴʩʷ ʪʽʣʴʢʠ ʫ 

ʚʝʨʰʠʥʘʭ. 

ʋ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ ʤʦʞʝ ʩʪʠʢʫʚʘʪʠʩʷ ʙʫʜʴ-ʷʢʝ ʢʽʥʮʝʚʝ ʯʠʩʣʦ 

ʨʝʙʝʨ. ʂʦʞʥʫ ʚʝʨʰʠʥʫ ʤʦʞʥʘ ʦʙʽʡʪʠ ʧʦ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ, ʘʣʝ 

ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʥʫʪʠ ʚʩʽ ʨʝʙʨʘ, ʱʦ ʩʪʠʢʫʶʪʴʩʷ ʫ 

ʚʝʨʰʠʥʽ, ʽ ʦʙʽʡʪʠ ʚʩʽ ʛʨʘʥʽ, ʷʢʽ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʚʝʨʰʠʥʠ. ʊʘʢʽ 

ʚʝʨʰʠʥʠ ʥʘʟʠʚʘʪʠʤʝʤʦ ʧʨʦʩʪʠʤʠ. ʆʙʦʣʦʥʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.22, ʪʘʢʦʞ ʥʝʢʦʨʝʢʪʥʘ, ʦʩʢʽʣʴʢʠ ʚʝʨʰʠʥʫ ɸ ʤʦʞʥʘ ʦʙʽʡʪʠ ʧʦ 

ʧʦʚʝʨʭʥʷʭ ʛʨʘʥʝʡ, ʥʝ ʧʝʨʝʪʠʥʘʶʯʠ ʚʩʽʭ ʨʝʙʝʨ, ʷʢʽ ʩʪʠʢʫʶʪʴʩʷ ʚ ʥʽʡ. 

 

  
ʈʠʩʫʥʦʢ 4.19 - ʋ ʢʦʞʥʦʤʫ ʨʝʙʨʽ 

ʧʦʚʠʥʥʽ ʧʝʨʝʪʠʥʘʪʠʩʷ ʪʽʣʴʢʠ ʜʚʽ 

ʛʨʘʥʽ 

ʈʠʩʫʥʦʢ 4.20 - ʂʦʨʝʢʪʥʘ ʦʙʦʣʦʥʢʘ 

 

 
ʈʠʩʫʥʦʢ 4.21 - ʂʦʨʝʢʪʥʘ ʦʙʦʣʦʥʢʘ ʈʠʩʫʥʦʢ 4.22 - ʅʝʢʦʨʝʢʪʥʘ 

ʦʙʦʣʦʥʢʘ 

 

ʊʘʢʘ ʦʙʦʣʦʥʢʘ ʪʦʧʦʣʦʛʽʯʥʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʧʦʩʦʙʦʤ, ʥʘʚʝʜʝʥʠʤ ʥʘ ʨʠʩ. 4.23. 
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ʈʠʩʫʥʦʢ 4.23 - ʂʦʨʝʢʪʥʘ 

ʦʙʦʣʦʥʢʘ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʦʙʦʣʦʥʢʠ, 

ʚʝʨʰʠʥʠ ʷʢʠʭ ʻ ʧʨʦʩʪʠʤʠ, ʛʨʘʥʽ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʦ ʨʝʙʨʘʭ, ʧʨʠʯʦʤʫ 

ʚ ʢʦʞʥʦʤʫ ʨʝʙʨʽ ʩʪʠʢʫʶʪʴʩʷ ʪʽʣʴʢʠ 

ʜʚʽ ʛʨʘʥʽ. ʊʘʢʽ ʦʙʦʣʦʥʢʠ 

ʥʘʟʠʚʘʪʠʤʝʤʦ ʦʜʥʦʨʽʜʥʠʤʠ. ɺ 

ʦʜʥʦʨʽʜʥʠʭ ʦʙʦʣʦʥʦʢ ʚʩʽ 

ʪʦʧʦʣʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘ 

ʻʜʠʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. 

4.6. ʇʦʚʝʨʭʥʝʚʝ  ̔ʪʚʝʨʜʦʪʣ̔ʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʋ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʽʥʠ 

"ʧʦʚʝʨʭʥʝʚʝ ʤʦʜʝʣʶʚʘʥʥʷ" (ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ) ʽ 

"ʪʚʝʨʜʦʪʽʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ" (ʤʦʜʝʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ). ɺ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʜʝʷʢʘ ʦʙʦʣʦʥʢʘ (ʘʙʦ ʢʽʣʴʢʘ 

ʦʙʦʣʦʥʦʢ), ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʦʙ'ʻʢʪʫ, ʷʢʠʡ ʤʦʜʝʣʶʶʪʴ. ʇʨʦʮʝʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʮʝʩʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ. 

ʋ ʧʦʚʝʨʭʥʝʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʶʶʪʴ ʽ 

ʤʦʜʠʬʽʢʫʶʪʴ ʥʝʦʙʭʽʜʥʠʤ ʯʠʥʦʤ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʦʢʨʝʤʽ 

ʝʣʝʤʝʥʪʠ ʦʙ'ʻʢʪʫ, ʷʢʠʡ ʤʦʜʝʣʶʶʪʴ. ʎʽ ʧʦʚʝʨʭʥʽ ʦʙʨʽʟʘʶʪʴ ʧʦ ʣʽʥʽʷʭ 

ʧʝʨʝʪʠʥʘʥʥʷ, ʩʧʦʣʫʯʘʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ ʧʦʚʝʨʭʥʷʤʠ ʩʢʨʫʛʣʝʥʥʷ ʘʙʦ 

ʧʝʨʝʭʦʜʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʶʪʴ ʥʘʜ ʥʠʤʠ ʽʥʰʽ ʦʧʝʨʘʮʽʾ. ʇʦʪʽʤ ʟ 

ʦʪʨʠʤʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʩʢʣʘʜʘʶʪʴ (ʢʦʤʧʦʥʫʶʪʴ) ʦʙʦʣʦʥʢʫ. ʋ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʟʫʣʴʪʫʶʯʘ ʦʙʦʣʦʥʢʘ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʤʢʥʫʪʦʶ. ɺʦʥʘ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʣʠʰʝ ʯʘʩʪʠʥʫ 

(ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ) ʦʙ'ʻʢʪʫ, ʷʢʠʡ ʤʦʜʝʣʶʶʪʴ. ʇʦʚʝʨʭʥʝʚʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʦʩʝʨʝʜʠʪʠ ʟʫʩʠʣʣʷ ʥʘ ʩʢʣʘʜʥʠʭ ʬʦʨʤʘʭ 

ʦʙ'ʻʢʪʘ. ʁʦʛʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʫʟʦʚʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʬʶʟʝʣʷʞʽʚ ʣʽʪʘʢʽʚ. 

ʋ ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʽʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʧʨʘʮʶʶʪʴ 

ʟ ʦʙʦʣʦʥʢʘʤʠ ʪʽʣ, ʘ ʥʝ ʟ ʦʢʨʝʤʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʆʙʦʣʦʥʢʠ ʧʦʚʥʽʩʪʶ 

ʦʧʠʩʫʶʪʴ ʧʦʚʝʨʭʥʽ ʦʙ'ʻʢʪʽʚ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʾʭ ʚʥʫʪʨʽʰʥʽʡ 

ʦʙôʻʤ ʚʽʜ ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʧʨʦʩʪʦʨʫ. ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʦʙʦʣʦʥʢʠ ʪʽʣʘ 

ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙ'ʻʢʪʫ, ʷʢʠʡ 

ʤʦʜʝʣʶʶʪʴ. ʉʧʦʯʘʪʢʫ ʩʪʚʦʨʶʶʪʴ ʦʙʦʣʦʥʢʫ ʜʝʷʢʦʾ ʟʘʛʦʪʽʚʢʠ 
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ʧʨʦʩʪʦʾ ʬʦʨʤʠ. ɼʘʣʽ ʦʙʦʣʦʥʢʫ ʟʘʛʦʪʽʚʢʠ ʟʤʽʥʶʶʪʴ ʟʘʜʘʥʠʤ ʯʠʥʦʤ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʫʣʝʚʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʪʽʣʘʤʠ, ʦʧʝʨʘʮʽʶ 

ʧʦʙʫʜʦʚʠ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʪʽʣʘ ʽʟ ʟʘʛʦʪʽʚʢʠ, ʦʧʝʨʘʮʽʶ ʩʢʨʫʛʣʝʥʥ̫ 

ʨʝʙʝʨ, ʦʧʝʨʘʮʽʶ ʧʦʙʫʜʦʚʠ ʨʝʙʝʨ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʽʥʰʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʝʨʘʮʽʡ ʦʙʦʣʦʥʮʽ ʪʽʣʘ ʥʘʜʘʪʁ ɹʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫ. 

ɺʢʘʟʘʥʽ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʶʪʴ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ 

 ̔ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʻʶ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʚʠʢʦʥʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʜʽʾ, ʘʣʝ ʚ ʨʽʟʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʋ ʥʘʩʪʫʧʥʦʤʫ 

ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʚʩʽ ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

1. ɼʘʡʪʝ ʢʦʨʦʪʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ. 

2. ʋʢʘʞʽʪʴ ʪʦʧʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʦʣʦʥʦʢ. 

3. ʋʢʘʞʽʪʴ ʧʦʨʽʚʥʷʣʴʥʽ ʪʦʧʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʝʨʰʠʥ, 

ʨʝʙʝʨ, ʮʠʢʣʽʚ ʽ ʛʨʘʥʝʡ. 

4. ʈʦʟʢʨʠʡʪʝ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çɽʡʣʻʨʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʙʦʣʦʥʦʢè. 

5. ʈʦʟʢʨʠʡʪʝ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʟʚ'ʷʟʥʽʩʪʴ ʦʙʦʣʦʥʦʢè. 

6. ʈʦʟʢʨʠʡʪʝ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʦʨʠʻʥʪʦʚʘʥʽʩʪʴ ʦʙʦʣʦʥʦʢè. 

7. ʗʢʽ ʻ ʪʦʧʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʣʠʩʪʘ ʄʝʙʽʫʩʘ? 

8. ʗʢʽ ʻ ʪʦʧʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʣʷʰʢʠ ʂʣʝʡʥʘ? 

9. ʗʢʽ ʻ ʪʦʧʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʧʪʘʝʜʨʘ? 

10. ʗʢʽ ʻ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʚʠʙʦʨʫ ʦʙʦʣʦʥʦʢ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʽʣ? 

11. ʗʢ ʚʠʟʥʘʯʠʪʠ ʪʦʧʦʣʦʛʽʯʥʠʡ ʪʠʧ ʦʙʦʣʦʥʢʠ, ʷʢʱʦ ʚʽʜʦʤʝ 

ʯʠʩʣʦ ʾʾ ʛʨʘʥʝʡ, ʨʝʙʝʨ, ʚʝʨʰʠʥ ʽ ʮʠʢʣʽʚ? 

12. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 5. 3D ʄʆɼɽʃʖɺɸʅʅʗ ʊɯʃ 

5.1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 

ʊʦʯʢʠ, ʣʽʥʽʾ ʪʘ ʧʦʚʝʨʭʥʽ ʻ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʘʙʩʪʨʘʢʮʽʷʤʠ. ʋ 

ʥʠʭ ʭʦʯʘ ʙ ʦʜʠʥ ʨʦʟʤʽʨ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʥʫʣʶ. ʈʝʘʣʴʥʽ ʦʙ'ʻʢʪʠ 

ʤʘʶʪʴ ʚʩʽ ʨʦʟʤʽʨʠ ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʷ ʽ ʟʘʡʤʘʶʪʴ ʜʝʷʢʠʡ ʢʽʥʝʯʥʠʡ 

ʦʙôʻʤ ʫ ʧʨʦʩʪʦʨʽ. ɼʣʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʤʝʪʽʚ, ʷʢʽ 

ʟʘʡʤʘʶʪʴ ʢʽʥʝʯʥʠʡ ʦʙôʻʤ, ʫ ʤʘʪʝʤʘʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙ'ʻʢʪʠ, 

ʥʘʟʚʘʥʽ ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ ʘʙʦ ʧʨʦʩʪʦ ʪʽʣʘʤʠ. ʉʧʦʩʽʙ ʾʭ ʦʧʠʩʫ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʧʦʩʦʙʫ ʦʧʠʩʫ ʢʨʠʚʠʭ ʽ ʧʦʚʝʨʭʦʥʴ. ʇʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʽʣ ʙʫʜʫʶʪʴ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʟʘʡʤʘʥʫ 

ʥʠʤʠ ʯʘʩʪʠʥʫ ʧʨʦʩʪʦʨʫ ʚʽʜ ʽʥʰʦʾ ʯʘʩʪʠʥʠ ʧʨʦʩʪʦʨʫ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʠʩʫ ʪʣ̔. 

ɹʝʟʣʽʯ ʧʨʝʜʤʝʪʽʚ ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʣʴʢʠ 

ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʘʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʽʣ ʥʘʟʠʚʘʶʪʴ 

ʧʣʦʩʢʦʛʨʘʥʥʠʤ (Faceted representation ʘʙʦ Faceted). ʋ 

ʧʣʦʩʢʦʛʨʘʥʥʦʤʫ ʦʧʠʩʽ ʢʨʠʚʦʣʽʥʽʡʥʫ ʧʦʚʝʨʭʥ ʁ ʘʧʨʦʢʩʠʤʫʶʪʴ 

ʜʝʷʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʣʘʩʪʠʥ ʪʨʠʢʫʪʥʦʾ ʘʙʦ ʯʦʪʠʨʠʢʫʪʥʦʾ ʬʦʨʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʦʥʴ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ʥʘʜ ʪʽʣʘʤʠ. ʇʣʦʩʢʦʛʨʘʥʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʙʫʜʽʚʥʠʮʪʚʽ  ̔ʢʦʤʧ'ʶʪʝʨʥʽʡ ʛʨʘʬʽʮʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʪʦʥʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ɼʝʷʢʽ ʧʦʚʝʨʭʥʽ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤʠ ʚ ʢʦʦʨʜʠʥʘʪʥʽʡ 

ʬʦʨʤʽ (ʧʨʝʜʩʪʘʚʠʪʠ ʧʦʚʝʨʭʥʽ ʥʝʷʚʥʦ). ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʧʦʚʝʨʭʥʽ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʧʦʚʝʨʭʥ ʁ ʪʦʨʫ ʪʘ ʽʥʰʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʽʣ ʪʘʢʽ ʧʦʚʝʨʭʥʽ, ʧʨʠʭʦʜʷʪʴ ʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ 

ʪʚʝʨʜʦʪʽʣʴʥʦ ʾ ʛʝʦʤʝʪʨʽʾ (Constructive Solid Geometry ʘʙʦ CSG). 

ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʪʚʝʨʜʦʪʣ̔ʴʥʘ ʛʝʦʤʝʪʨʽʷ ʦʧʝʨʫʻ ʧʨʠʤʽʪʠʚʘʤʠ, ʜʦ 

ʷʢʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʥʦʩʷʪʴ ʧʨʷʤʦʢʫʪʥʫ ʧʨʠʟʤʫ, ʪʨʠʢʫʪʥʫ ʧʨʠʟʤʫ, 

ʩʬʝʨʫ, ʮʠʣʽʥʜʨ, ʢʦʥʫʩ ʽ ʪʦʨ. ʅʘʜ ʧʨʠʤʽʪʠʚʘʤʠ ʽ ʦʪʨʠʤʘʥʠʤʠ ʟ ʥʠʭ 

ʪʽʣʘʤʠ ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʽ ʦʧʝʨʘʮʽʾ (ʫ ʧʝʨʰʫ ʯʝʨʛʫ ɹʫʣʝʚ ̔ʦʧʝʨʘʮʽʾ). 

ʇʦʚʝʨʭʥʽ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʁʪʚʝʨʜʦʪʣ̔ʴʥʦ ʁʛʝʦʤʝʪʨʽʻʶ (ʩʬʝʨʠʯʥʘ, 

ʮʠʣʽʥʜʨʠʯʥʘ, ʢʦʥʽʯʥʘ, ʧʦʚʝʨʭʥʷ ʪʦʨʫ  ̔ʧʣʦʱʠʥʘ) ʜʽʣʷʪʴ ʧʨʦʩʪʽʨ ʥʘ 

ʜʚʽ ʯʘʩʪʠʥʠ ̔ ʜʣʷ ʥʠʭ ʤʦʞʥʘ ʚʢʘʟʘʪʠ, ʟ ʷʢʦʛʦ ʙʦʢʫ ʧʦʚʝʨʭʥʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʪʽʣʘ. ʅʝʷʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʪʠ ʣʽʥʽʾ ʾʭ ʧʝʨʝʪʠʥʫ ʚ ʘʥʘʣʽʪʠʯʥʽʡ 

ʬʦʨʤʽ. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʪʚʝʨʜʦʪʣ̔ʴʥʘ ʛʝʦʤʝʪʨʽʷ ʜʦʟʚʦʣʷʻ 
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ʤʦʜʝʣʶʚʘʪʠ ʙʽʣʴʰʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʨʦʙʽʚ. 

ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ʪʽʣ ʧʦʣʷʛʘʻ ʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʽʣʘ ʩʫʢʫʧʥʽʩʪʶ ʦʙʦʣʦʥʦʢ, ʷʢʽ ʦʙʤʝʞʫʶʪ ɹʡʦʛʦ ʦʙôʻʤ, 

ʘ ʛʨʘʥʽ ʽ ʨʝʙʨʘ ʷʢʠʭ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠʯʥʦ. ʂʦʞʥʫ ʦʙʦʣʦʥʢʫ ʙʫʜʫʶʪʴ 

ʟ ʥʘʙʦʨʫ ʧʦʚʝʨʭʦʥʴ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʱʦ ʩʪʠʢʫʪʁʩɹʷ ʤʽʞ ʩʦʙʦʶ ʪʘ 

ʤʽʩʪʷʪʴ ʧʦʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʚʦʾ ʤʝʞʽ  ̔ʟʚ'ʷʟʢʠ ʟ ʩʫʩʽʜʘʤʠ. ʊʘʢʠʡ 

ʦʧʠʩ ʪʽʣ ʥʘʟʠʚʘʪʁʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʞ (Bounded 

representation ʘʙʦ ɺ
 
-rep). ɺʦʥʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʥʘʜ 

ʪʽʣʘʤʠ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʻʜʠʥʠʡ ʩʧʦʩʽʙ 

ʾʭ çʚʥʫʪʨʽʰʥʴʦʛʦ ʫʧʦʨʷʜʢʫʚʘʥʥʷè. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʪʽʣ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʞ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʦʙ'ʻʢʪʠ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ  ̔

ʩʢʣʘʜʥʦʩʪʽ. 

ɺʩʽ ʟʘʟʥʘʯʝʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʧʠʩʫ ʪʽʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ ʪʘ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʟʚôʷʟʥʦʩʪʽ, 

ʦʨ̔ʥ̒ʪʦʚʥʦʩʪʽ  ̔ʟʘʤʢʥʫʪʦʩʪʽ. ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʽʣ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʞ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʪʘʢʽ ʪʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ, ʷʢ 

ʚʝʨʰʠʥʘ, ʨʝʙʨʦ, ʛʨʘʥʴ ʽ ʦʙʦʣʦʥʢʘ. ʆʙʦʣʦʥʢʠ ʪʽʣʘ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʦʜʥʦʨʽʜʥʠʤʠ, ʪʦʙʪʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʧʠʩʘʥʽ ʟʘ ʻʜʠʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. 

ʆʙʦʣʦʥʢʠ ʩʢʣʘʜʘʶʪʴ ʟ ʥʘʙʦʨʫ ʛʨʘʥʝʡ. ʂʦʞʥʘ ʛʨʘʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʜʝʷʢʽʡ ʧʦʚʝʨʭʥʽ. ɻʨʘʥʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʪʠʤ, ʱʦ ʢʨʽʤ 

ʧʦʚʝʨʭʥʽ ʚʦʥʘ ʚ ʩʪʨʫʢʪʫʨʽ ʩʚʦʾʭ ʜʘʥʠʭ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʚ'ʷʟʢʠ 

ʽʟ ʩʫʩʽʜʥʽʤʠ ʛʨʘʥʷʤʠ  ̔ ʧʨʦ ʦʨʽʻʥʪʘʮʽʶ ʩʪʦʩʦʚʥʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʙôʻʤʫ ʪʽʣʘ. ʊʘʤ, ʜʝ ʮʝ ʥʝ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ ʧʣʫʪʘʥʠʥʠ, ʛʨʘʥʽ 

ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʠʭ ʚʦʥʠ ʙʘʟʫʶʪʴʩʷ. 

ʗʢʱʦ ʚʟʷʪʠ ʙʫʜʴ-ʷʢʫ ʜʝʪʘʣʴ, ʪʦ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ 

ʧʦʚʝʨʭʥʽ, ʷʢʽ ʾʾ ʦʙʤʝʞʫʶʪʴ, ʜʽʣʷʪʴ ʧʨʦʩʪʽʨ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ: ʦʜʥʫ 

ʯʘʩʪʠʥʫ ʧʨʦʩʪʦʨʫ ʟʘʡʤʘʻ ʜʝʪʘʣʴ ʽ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫʩʝʨʝʜʠʥʽ 

ʦʙʦʣʦʥʦʢ (ʧʦʟʘ ʦʙʦʣʦʥʢʘʤʠ), ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ʧʨʦʩʪʦʨʫ ʣʝʞʠʪʴ ʧʦʟʘ 

(ʫʩʝʨʝʜʠʥʽ) ʜʝʪʘʣʽ. ʇʝʨʝʡʪʠ ʟ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʧʨʦʩʪʦʨʫ ʚ ʽʥʰʫ, ʥʝ 

ʧʝʨʝʪʠʥʘʶʯʠ ʦʙʤʝʞʫʶʯʽ ʦʙʦʣʦʥʢʠ, ʥʝ ʤʦʞʥʘ. 

ʆʙʤʝʞʫʶʯʽ ʦʙʦʣʦʥʢʠ ʥʽʙʠ ʽʟʦʣʶʶʪʴ ʦʜʥʫ ʯʘʩʪʠʥʫ ʧʨʦʩʪʦʨʫ 

ʚʽʜ ʽʥʰʦʾ. ʊʽʣʦ ʤʦʞʝ ʤʘʪʠ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʦʙʦʣʦʥʦʢ. ʗʢʱʦ ʪʽʣʦ ʤʘʻ 

ʧʦʨʦʞʥʝʯʽ, ʪʦ ʡʦʛʦ ʦʙôʻʤ ʦʙʤʝʞʝʥʠʡ ʜʝʢʽʣʴʢʦʤʘ ʦʙʦʣʦʥʢʘʤʠ. ʆʜʥʘ 

ʟ ʮʠʭ ʦʙʦʣʦʥʦʢ ʻ ʟʦʚʥʽʰʥʴʦ,ʁ ʘ ʽʥʰʽ ʦʙʦʣʦʥʢʠ - ʚʥʫʪʨʽʰʥʽʤʠ. 

ɺʥʫʪʨʽʰʥʽ ʦʙʦʣʦʥʢʠ ʦʙʤʝʞʫʶʪʴ ʧʦʨʦʞʥʝʯʽ ʽ ʧʦʚʥʽʩʪʶ ʣʝʞʘʪʴ 

ʫʩʝʨʝʜʠʥʽ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ. ʆʙʦʣʦʥʢʠ ʪʽʣʘ ʥʝ ʧʦʚʠʥʥʽ 

ʧʝʨʝʪʠʥʘʪʠ ʦʜʥʘ ʦʜʥʫ ʡ ʩʘʤʽ ʩʝʙʝ. ɼʣʷ ʦʧʠʩʫ ʪʽʣ ʥʘʡʙʽʣʴʰʝ 

ʧʽʜʭʦʜʷʪʴ ʜʚʦʙʽʯʥʽ (ʦʨʽʻʥʪʦʚʥʽ) ʦʙʦʣʦʥʢʠ. ʆʜʥʠʤ ʩʚʦʾʤ ʙʦʢʦʤ 
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ʢʦʞʥʘ ʦʙʦʣʦʥʢʘ ʟʚʝʨʥʝʥʘ ʫʩʝʨʝʜʠʥʫ ʪʽʣʘ, ʘ ʽʥʰʠʤ - ʥʘʟʦʚʥʽ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʚʽʜʨʽʟʥʷʪʠ ʙʽʢ ʦʙʦʣʦʥʢʠ, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘʟʦʚʥʽ ʪʽʣʘ, ʚʽʜ 

ʙʦʢʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʫʩʝʨʝʜʠʥʫ ʪʽʣʘ, ʢʦʞʥʽʡ ʪʦʯʮʽ ʦʙʦʣʦʥʢʠ 

ʧʨʠʧʠʩʫʶʪʴ ʥʦʨʤʘʣʴ, ʷʢʫ ʚʚʘʞʘʪʁʴ ʩʧʨʷʤʦʚʘʥʦ ʁ ʥʘʟʦʚʥʽ ʪʽʣʘ. 

ʅʦʨʤʘʣʴ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʪʽʣʘ ʩʧʨʷʤʦʚʘʥʘ ʧʦʟʘ ʧʨʦʩʪʦʨʫ, ʱʦ 

ʦʙʤʝʞʫʻʪʴʩʷ ʥʝʶ, ʘ ʥʦʨʤʘʣʴ ʚʥʫʪʨʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʪʽʣʘ 

ʩʧʨʷʤʦʚʘʥʘ ʫʩʝʨʝʜʠʥʫ ʧʨʦʩʪʦʨʫ, ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ ʥʝʶ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʥʫʪʨʽʰʥʽ ʦʙʦʣʦʥʢʠ ʪʽʣʘ ʷʢ ʙʠ ʚʠʚʝʨʥʫʪʽ ʥʘʚʠʚʦʨʽʪ. 

ɿ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʦʜʥʘ ʟʦʚʥʽʰʥʷ ʦʙʦʣʦʥʢʘ ʪʘ, 

ʤʦʞʣʠʚʦ, ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʜʝʢʽʣʴʢʦʤʘ ʚʥʫʪʨʽʰʥʽʤʠ ʦʙʦʣʦʥʢʘʤʠ 

ʦʧʠʩʫʶʪʴ ʪʽʣʦ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʪʽʣʘ ʜʦʩʠʪʴ ʟʤʦʜʝʣʶʚʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʦʙʦʣʦʥʦʢ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʡʦʛʦ 

ʦʙôʻʤ. ɸʣʝ ʜʣʷ ʨʝʜʘʛʫʚʘʥʥʷ ʪʽʣʘ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʩʧʦʩʦʙʠ ʡʦʛʦ ʧʦʙʫʜʦʚʠ, ʪʦʤʫ ʚ ʤʦʜʝʣʴ ʪʽʣʘ 

ʚʢʣʶʯʘʶʪʴ ʱʝ ʡ ʜʝʨʝʚʦ ʧʦʙʫʜʦʚʠ (ʘʙʦ ʧʨʦʪʦʢʦʣ ʧʦʙʫʜʦʚʠ) ʪʽʣʘ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʦʙʦʣʦʥʢʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʽʣʦ, ʻ 

ʟʘʤʢʥʫʪʠʤʠ, ʘʣʝ ʪʽʣʦ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʡ ʥʝʟʘʤʢʥʫʪʦʶ ʦʙʦʣʦʥʢʦʶ, 

ʷʢʱʦ ʾʾ ʢʨʘʾ ʩʪʷʛʥʫʪʽ ʚ ʪʦʯʢʫ. ɿʘʣʫʯʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʪʽʣ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʥʘʜ ʥʠʤʠ. 

ʊʦʧʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. 

ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʩʪʨʫʢʪʫʨʽ ʜʘʥʠʭ ʮʠʭ ʦʙ'ʻʢʪʽʚ. ʉʪʨʫʢʪʫʨʘ ʜʘʥʠʭ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʘʢʦ ,ʁ ʱʦʙ ʧʨʠ ʙʘʞʘʥʥʽ ʤʦʞʥʘ ʙʫʣʦ ʟʥʘʡʪʠ ʚʩʽʭ 

ʩʫʩʽʜʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʦʙ'ʻʢʪʫ. ɼʣʷ ʮʴʦʛʦ ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʥʝʩʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʟʘʻʤʥʠʡ ʟʚ'ʷʟʦʢ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ɹʫʜʫʚʘʪʠʤʝʤʦ ʦʙʦʣʦʥʢʠ ʪʽʣ ʟ ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʥʝʩʪʠʤʫʪʴ 

ʢʽʣʴʢʽʩʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʽ ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʆʙʦʣʦʥʢʘ ʪʽʣʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʛʨʘʥʝʡ. ɻʨʘʥʴ ʙʫʜʫʪʁʴ 

ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʦʾ ʛʨʘʥʽ. ʇʦʚʝʨʭʥʷ ʻ 

ʛʝʦʤʝʪʨʠʯʥʠʤ ʥʦʩʽʻʤ ʛʨʘʥʽ. ʆʜʠʥ ʙʽʢ ʛʨʘʥʽ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘʟʦʚʥʽ 

ʦʙʦʣʦʥʢʠ, ʽʥʰʠʡ ï ʫʩʝʨʝʜʠʥʫ. ɻʨʘʥʴ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʦʟʥʘʢʫ 

ʦʨʽʻʥʪʘʮʽʾ ʥʦʨʤʘʣʽ ʧʦʚʝʨʭʥʽ ʥʘʟʦʚʥʽ ʘʙʦ ʫʩʝʨʝʜʠʥʫ ʛʨʘʥʽ. ʅʝʭʘʡ 

ʦʟʥʘʢʘ ʧʨʠʡʤʘʻ ʧʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʱʦ ʥʦʨʤʘʣʴ ʧʦʚʝʨʭʥʽ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘʟʦʚʥʽ ʛʨʘʥʽ, ʽ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ - ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ. 

ɻʨʘʥʽ ʩʪʠʢʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʧʦ ʨʝʙʨʘʭ, ʱʦ ʣʝʞʠʪʴ ʥʘ ʣʽʥʽʷʭ 

ʧʝʨʝʪʠʥʘʥʥʷ ʛʨʘʥʝʡ. ʊʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ ʨʝʙʨʦ ʙʫʜʫʪʁʴ ʥʘ ʦʩʥʦʚʽ 

ʣʽʥʽʾ ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʩʪʠʢʫʶʪʴʩʷ ʚ ʨʝʙʨʽ ʛʨʘʥʝʡ. ʅʝʭʘʡ 

ʫ ʨʝʙʨʽ ʩʪʠʢʫʶʪʴʩʷ ʛʨʘʥʽ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʧʦʚʝʨʭʥʷʭ r (u, v) ʽ s(a, b). 
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ʃʽʥʽʶ ʧʝʨʝʪʠʥʘʥʥʷ ʛʨʘʥʝʡ ʦʧʠʩʫʶʪ ɹ ʜʚʦʤʘ ʧʦʚʝʨʭʥʷʤʠ ʽ ʜʚʦʤʘ 

ʜʚʦʤʽʨʥʠʤʠ ʣʽʥʽʷʤʠ - ʢʦʞʥʘ ʚ ʧʨʦʩʪʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʦʚʝʨʭʥʽ. ʅʘ ʛʨʘʥʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ r (u, v), ʜʚʦʤʽʨʥʫ ʣʽʥʽʶ 

ʧʦʟʥʘʯʠʤʦ ʚʝʢʪʦʨʥʦʶ ʬʫʥʢʮʽʻʶ luv(t) = [u(t) v(t)]
T
, ʘ ʥʘ ʛʨʘʥʽ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ s(a, b), ʜʚʦʤʽʨʥʫ ʣʽʥʽʶ ʧʦʟʥʘʯʠʤʦ ʚʝʢʪʦʨʥʦʶ 

ʬʫʥʢʮʽʻʶ lab(t) = [a(t) b(t)]
T
. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʽʥʽʶ ʧʝʨʝʪʠʥʘʥʥʷ 

ʛʨʘʥʝʡ, ʥʘ ʷʢʽʡ ʙʘʟʫʻʪʴʩʷ ʨʝʙʨʦ, ʟʘʧʠʩʫʚʘʪʠʤʝʤʦ ʫ ʚʠʛʣʷʜʽ  
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l l               (5.1) 

ʈʝʙʨʦ ʤʦʞʝ ʤʘʪʠ ʥʘʧʨʷʤʦʢ, ʷʢʠʡ ʩʧʽʚʧʘʜʘʻ ʟʽ ʩʚʦʻʶ ʣʽʥʽʻʶ 

ʘʙʦ ʡʦʤʫ ʧʨʦʪʠʣʝʞʥʠʡ. ɼʣʷ ʮʴʦʛʦ ʚ ʩʪʨʫʢʪʫʨʽ ʜʘʥʠʭ ʨʝʙʨʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚʽʜʧʦʚʽʜʥʘ ʦʟʥʘʢʘ. ʅʝʭʘʡ ʮʷ ʦʟʥʘʢʘ ʧʨʠʡʤʘʻ ʧʦʟʠʪʠʚʥʝ 

ʟʥʘʯʝʥʥʷ, ʷʢʱʦ ʨʝʙʨʦ ʩʧʨʷʤʦʚʘʥʝ ʧʦ ʢʨʠʚʽʡ, ʽ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ - 

ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

ʈʝʙʨʘ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʛʨʘʥʴ, ʚʭʦʜʷʪʴ ʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʦʾ ʛʨʘʥʽ 

ʫ ʚʠʛʣʷʜʽ ʮʠʢʣʽʚ. ʎʠʢʣ - ʮʝ ʪʦʧʦʣʦʛʽʯʥʠʡ ʦʙ'ʻʢʪ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʤʝʞʫ ʛʨʘʥʽ. ʎʠʢʣ ʟʘʚʞʜʠ ʟʘʤʢʥʫʪʠʡ ʽ ʤʘʻ ʧʝʚʥʠʡ ʥʘʧʨʷʤʦʢ. ɺʽʥ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʧʠʩʢʫ ʨʝʙʝʨ ʽ ʾʭ ʦʨʽʻʥʪʘʮʽʾ ʚ ʮʠʢʣʽ. ʆʨʽʻʥʪʘʮʽʶ 

ʨʝʙʨʘ ʚ ʮʠʢʣʽ ʛʨʘʥʽ ʦʧʠʩʫʚʘʪʠʤʝʤʦ ʦʟʥʘʢʦʶ, ʱʦ ʥʘʟʠʚʘʪʠʤʝʤʦ 

ʧʨʘʧʦʨʦʤ. ʅʝʭʘʡ ʨʝʙʨʫ, ʥʘʧʨʷʤʦʢ ʷʢʦʛʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ 

ʮʠʢʣʫ, ʧʨʠʧʠʩʫʶʪʴ ʧʦʟʠʪʠʚʥʠʡ ʧʨʘʧʦʨ, ʘ ʨʝʙʨʫ, ʥʘʧʨʷʤʦʢ ʷʢʦʛʦ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʮʠʢʣʫ, - ʥʝʛʘʪʠʚʥʠʡ ʧʨʘʧʦʨ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʮʠʢʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʧʠʩʢʫ ʨʝʙʝʨ ʫ ʧʦʨʷʜʢʫ ʾʭ ʧʨʦʭʦʜʞʝʥʥʷ ʪʘ 

ʩʧʠʩʢʫ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʧʨʘʧʦʨʽʚ. 

ɻʨʘʥʴ ʤʦʞʝ ʤʽʩʪʠʪʠ ʢʽʣʴʢʘ ʮʠʢʣʽʚ, ʧʨʠʯʦʤʫ ʦʜʠʥ ʟ ʥʠʭ ʻ 

ʟʦʚʥʽʰʥʽʤ, ʘ ʽʥʰʽ ï ʚʥʫʪʨʽʰʥʽʤʠ. ɺʥʫʪʨʽʰʥʽ ʮʠʢʣʠ ʧʦʚʠʥʥʽ 

ʧʦʚʥʽʩʪʶ ʣʝʞʘʪʠ ʫʩʝʨʝʜʠʥʽ ʟʦʚʥʽʰʥʴʦʛʦ. ʎʠʢʣ ʚʚʘʞʘʪʠʤʝʤʦ 

ʩʧʨʷʤʦʚʘʥʠʤ ʪʘʢ, ʱʦʙ ʧʨʠ ʨʫʩʽ ʫʟʜʦʚʞ ʡʦʛʦ ʛʨʘʥʴ ʟʘʚʞʜʠ 

ʧʝʨʝʙʫʚʘʣʘ ʙ ʣʽʚʦʨʫʯ, ʷʢʱʦ ʜʠʚʠʪʠʩʷ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʛʨʘʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʦʚʥʽʰʥʽʡ ʮʠʢʣ ʛʨʘʥʽ ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʨʦʪʠ 

ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ, ʘ ʚʥʫʪʨʽʰʥʽ ʮʠʢʣʠ ï ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ, ʷʢʱʦ ʜʠʚʠʪʠʩʷ ʥʘʟʫʩʪʨʽʯ ʥʦʨʤʘʣʽ ʛʨʘʥʽ. ʇʦ ʢʦʞʥʦʤʫ 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

124 

ʮʠʢʣʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʢʦʥʪʫʨ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʧʠʩʫʻ ʤʝʞʫ 

ʛʨʘʥʽ. ʅʘ ʨʠʩ. 5.1 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʢʣʘʜ ʧʣʦʩʢʦʾ ʛʨʘʥʽ ʽʟ ʚʢʘʟʽʚʢʦʶ 

ʥʘʧʨʷʤʢʫ ʾʾ ʮʠʢʣʽʚ. 

ʈʝʙʨʦ, ʱʦ ʨʦʟʜʽʣʷʻ ʜʚʽ ʛʨʘʥʽ, ʚʭʦʜʠʪʴ ʫ ʜʚʘ ʮʠʢʣʠ: ʚ ʦʜʥʦʤʫ 

ʮʠʢʣʽ ʥʘʧʨʷʤʦʢ ʨʝʙʨʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʮʠʢʣʫ, ʘ ʚ ʽʥʰʦʤʫ ï ʻ 

ʧʨʦʪʠʣʝʞʥʠʤ. ʈʝʙʨʦ ʚʭʦʜʠʪʴ ʫ ʮʠʢʣ ʛʨʘʥʽ ʣʽʚʦʨʫʯ ʚʽʜ ʥʴʦʛʦ ʟ 

ʧʦʟʠʪʠʚʥʠʤ ʧʨʘʧʦʨʦʤ, ʘ ʚ ʮʠʢʣ ʛʨʘʥʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʥʴʦʛʦ ï ʟ 

ʥʝʛʘʪʠʚʥʠʤ ʧʨʘʧʦʨʦʤ. 

ʈʝʙʨʦ ʧʦʯʠʥʘʻʪʴʩʷ  ̔ʢʽʥʯʘʻʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ. ʂʦʞʥʘ ʚʝʨʰʠʥʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʯʮʽ ʚ ʧʨʦʩʪʦʨʽ  ̔ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʙʨʘ, ʱʦ 

ʩʪʠʢʫʶʪʴʩʷ ʚ ʥʽʡ. 

ʋ ʢʦʞʥʽʡ ʚʝʨʰʠʥʽ ʤʦʞʫʪʴ ʩʪʠʢʫʚʘʪʠʩʷ ʢʽʣʴʢʘ ʨʝʙʝʨ. ʗʢʱʦ 

ʨʝʙʨʦ ʟʘʤʢʥʫʪʝ, ʪʦ ʚʦʥʦ ʧʦʯʠʥʘʻʪʴʩʷ ʡ ʢʽʥʯʘʻʪʴʩʷ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ 

ʚʝʨʰʠʥʽ. ʈʝʙʨʦ ʧʦʚʠʥʥʦ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʷʢʘ ʛʨʘʥʴ 

ʨʦʟʪʘʰʦʚʘʥʘ ʣʽʚʦʨʫʯ, ʘ ʷʢʘ - ʧʨʘʚʦʨʫʯ ʚʽʜ ʨʝʙʨʘ, ʷʢʱʦ ʜʠʚʠʪʠʩʷ ʽʟ 

ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʦʙʦʣʦʥʢʠ ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʝʙʨʘ, ʽ ʷʢʘ 

ʚʝʨʰʠʥʘ ʧʝʨʝʙʫʚʘʻ ʥʘ ʧʦʯʘʪʢʫ ʨʝʙʨʘ, ʽ ʷʢʘ - ʥʘʧʨʠʢʽʥʮʽ. ʅʘ ʨʠʩ. 5.2 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʙʨʦ, ʱʦ ʧʦʯʠʥʘʻʪʴʩʷ ʫ ʚʝʨʰʠʥʽ A ʽ ʢʽʥʯʘʻʪʴʩʷ ʫ 

ʚʝʨʰʠʥʽ ɺ. 
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ʈʠʩʫʥʦʢ 5.1 - ɻʨʘʥʴ ʪʘ ʾʾ ʩʪʨʫʢʪʫʨʘ 

ʜʘʥʠʭ: ʧʦʚʝʨʭʥʷ, ʾʾ ʦʨʽʻʥʪʘʮʽʷ ʪʘ 

ʩʧʠʩʦʢ ʮʠʢʣʽʚ 

ʈʠʩʫʥʦʢ 5.2 - ʈʝʙʨʦ ɸɺ ʪʘ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ 

ʆʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʤʽʩʪʠʪʴ 

ʜʚʦʥʘʧʨʘʚʣʝʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ. ʇʝʨʝʙʫʚʘʶʯʠ ʥʘ ʦʜʥʦʤʫ ʟ 

ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʤʦʞʥʘ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʡʪʠ ʚʩʶ ʦʙʦʣʦʥʢʫ, ʫ 

ʷʢʫ ʚʭʦʜʠʪʴ ʮʝʡ ʦʙ'ʻʢʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʪʽʣʘ ʤʽʩʪʠʪʴ ʢʽʣʴʢʽʩʥʫ 

ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʧʦʚʝʨʭʦʥʴ, ʣʽʥʽʡ ʽ ʪʦʯʦʢ ʾʭ 

ʩʪʠʢʫʚʘʥʥʷ, ʪʦʧʦʣʦʛʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʟʚ'ʷʟʢʽʚ ʪʦʯʦʢ 
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ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʤʽʞ ʩʦʙʦʶ ʪʘ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ ʩʧʦʩʦʙʠ 

ʧʦʙʫʜʦʚʠ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ ʧʦʙʫʜʦʚʠ. 

5.2. ʅʘʡʧʨʦʩʪʽʰʽ ʪʽʣʘ 

ʉʧʦʩʦʙʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʯʘʩʪʦ ʧʦʚʪʦʨʶʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʽʣ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʙʝʨʫʪʴ ʜʝʷʢʫ ʟʘʛʦʪʽʚʢʫ ʪʽʣʘ ʽ 

ʧʦʪʽʤ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʪʘ ʜʦʜʘʚʘʥʥʷ ʚ ʧʝʚʥʠʭ ʤʽʩʮʷʭ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙôʻʤʫ (ʤʘʪʝʨʽʘʣʫ) ʦʜʝʨʞʫʶʪʴ ʪʽʣʦ ʥʝʦʙʭʽʜʥʦʾ ʬʦʨʤʠ. ɺ ʷʢʦʩʪʽ 

ʟʘʛʦʪʽʚʢʠ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʪʽʣʘ ʥʘʡʧʨʦʩʪʽʰʦʾ ʬʦʨʤʠ: ʧʨʷʤʦʢʫʪʥʫ 

ʧʨʠʟʤʫ, ʮʠʣʽʥʜʨ, ʢʦʥʫʩ, ʢʫʣʶ, ʪʦʨ ʽ ʽʥʰʽ. ʅʘʡʧʨʦʩʪʽʰʽ ʪʽʣʘ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʽʻʾ ʦʙʦʣʦʥʢʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʟʘʛʘʣʴʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʧʦʙʫʜʦʚʫ ʦʙʦʣʦʥʢʠ ʜʝʷʢʠʭ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʪʽʣ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʪʽʣʘ ʧʦʪʨʽʙʥʘ ʤʽʩʮʝʚʘ ʜʝʢʘʨʪʦʚʘ 

ʧʨʷʤʦʢʫʪʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʧʦʯʘʪʢʫ ʷʢʦʾ 

ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʨ, ʘ ʙʘʟʠʩʥʽ ʦʨʪʠ ï ʯʝʨʝʟ ix, iy, iz. 

5.2.1. ʇʨʷʤʦʢʫʪʥʘ ʧʨʠʟʤʘ 

ʇʦʯʘʪʦʢ ʤʽʩʮʝʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʧʦʤʽʩʪʠʤʦ ʚ ʦʜʥʫ ʟ 

ʚʝʨʰʠʥ ʧʨʠʟʤʠ, ʘ ʾʾ ʦʨʪʠ ʥʘʧʨʘʚʠʤʦ ʧʦ ʨʝʙʨʘʭ, ʱʦ ʩʪʠʢʫʶʪʴʩʷ ʚ 

ʮʽʡ ʚʝʨʰʠʥʽ. ʅʝʭʘʡ ʫ ʥʘʧʨʷʤʢʫ ʦʨʪʫ ix ʪʽʣʦ ʤʘʻ ʜʦʚʞʠʥʫ, ʨʽʚʥʫ ʭ, ʫ 

ʥʘʧʨʷʤʢʫ ʦʨʪʫ iy - ʜʦʚʞʠʥʫ, ʨʽʚʥʫ ʫ, ʘ ʚ ʥʘʧʨʷʤʢʫ ʦʨʪʫ iz - ʜʦʚʞʠʥʫ, 

ʨʽʚʥʫ z. ʇʨʷʤʦʢʫʪʥʘ ʧʨʠʟʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʰʝʩʪʠ ʛʨʘʥʝʡ. 

ʂʦʞʥʘ ʛʨʘʥʴ ʻ ʯʘʩʪʠʥʦʶ ʧʣʦʱʠʥʠ, ʷʢʘ ʦʙʤʝʞʝʥʘ 

ʧʨʷʤʦʢʫʪʥʠʤ ʢʦʥʪʫʨʦʤ, ʟ ʦʟʥʘʢʦʶ ʦʨʽʻʥʪʘʮʽʾ ʥʦʨʤʘʣʽ ʧʣʦʱʠʥʠ 

ʥʘʟʦʚʥʽ ʪʽʣʘ  ̔ ʦʜʥʠʤ ʮʠʢʣʦʤ. ʂʦʥʪʫʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʽʜʨʽʟʢʽʚ 

ʧʨʷʤʠʭ. ʇʨʷʤʦʢʫʪʥʘ ʧʨʠʟʤʘ ʤʘʻ 12 ʨʝʙʝʨ. ʂʦʞʥʝ ʨʝʙʨʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʣʽʥʽʾ ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʩʫʩʽʜʥʽʭ ʛʨʘʥʝʡ ʽ ʦʟʥʘʢʠ 

ʟʙʽʛʫ ʥʘʧʨʷʤʢʫ ʨʝʙʨʘ ʟ ʥʘʧʨʷʤʢʦʤ ʣʽʥʽʾ ʧʝʨʝʪʠʥʘʥʥʷ. ʂʦʞʥʘ ʣʽʥʽʷ 

ʧʝʨʝʪʠʥʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʣʽʥʽʡ ʥʘ ʧʦʚʝʨʭʥʽ: ʦʜʥʘ ʥʘ 

ʧʦʚʝʨʭʥʽ ʦʜʥʽʻʾ ʛʨʘʥʽ, ʽʥʰʘ ï ʥʘ ʜʨʫʛʽʡ. ʆʙʠʜʚʽ ʣʽʥʽʾ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʛʝʦʤʝʪʨʠʯʥʫ ʡ ʧʘʨʘʤʝʪʨʠʯʥʫ ʜʦʚʞʠʥʫ ʽ ʧʦʚʥʽʩʪʶ 

ʩʧʽʚʧʘʜʘʶʪʴ ʫ ʧʨʦʩʪʦʨʽ. 

ʂʦʞʥʘ ʣʽʥʽʷ ʥʘ ʧʦʚʝʨʭʥʽ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ 

ʜʚʦʤʽʨʥʦʾ ʣʽʥʽʾ ʥʘ ʥʽʡ. ʇʨʷʤʦʢʫʪʥʫ ʧʨʠʟʤʘ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʮʠʢʣʽʚ 

ʛʨʘʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.3. 
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ɻʨʘʥʽ ʪʽʣʘ ʦʧʠʩʫʶʪʴ ʧʦʚʝʨʭʥʷʤʠ: 

r 1(u1, v1) = p + u1ix + v1iy, 0 Ò u1 Ò x, 0 Ò v1 Ò y, 

r2(u1, v1) = p + u2iy + v2iz, 0 Ò u2 Ò y, 0 Ò v2 Ò z, 

r3(u1, v1) = p + u3ix + v3iz, 0 Ò u3 Ò x, 0 Ò v3 Ò z, 

r4(u4, v4) = p + ziz + u4ix + v4iy, 0 Ò u4 Ò x, 0 Ò v4 Ò y,     

(5.2) 

r5(u4, v4) = p + xix + u5iy + v5iz, 0 Ò u5 Ò y, 0 Ò v5 Ò z, 

r6(u4, v4) = p + yiy + u6ix + v6iz, 0 Ò u6 Ò x, 0 Ò v6 Ò z. 

 

ʋ ʪʨʝʪʽʡ, ʯʝʪʚʝʨʪʽʡ ʪʘ ʧôʷʪʽʡ 

ʛʨʘʥʷʭ ʥʦʨʤʘʣʴ ʧʦʚʝʨʭʥʽ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘʟʦʚʥʽ ʪʽʣʘ, ʘ ʫ 

ʧʝʨʰ̔ʡ, ʜʨʫʛʡ̔ ʽ ʰʦʩʪʡ̔ - 

ʫʩʝʨʝʜʠʥʫ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ 

ʤʽʩʪʠʪʴʩʷ ʚ ʛʨʘʥʽ ʫ ʚʠʛʣʷʜʽ ʦʟʥʘʢʠ 

ʟʙʽʛʫ ʥʦʨʤʘʣʝʡ. 

ʅʘʚʝʜʝʤʦ ʦʧʠʩ ʦʜʥʦʛʦ ʟ 

ʨʝʙʝʨ. ʅʘʧʨʠʢʣʘʜ, ʨʝʙʨʦ ʤʽʞ 

ʧʝʨʰʦʶ ʪʘ ʜʨʫʛʦʶ ʛʨʘʥʷʤʠ 

ʦʧʠʩʫʪʁʴ ʣʽʥʽʻʶ ʧʝʨʝʪʠʥʘʥʥʷ ʮʠʭ 

ʛʨʘʥʝʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʜʚʘ ʜʚʦʤʽʨʥʽ ʚʽʜʨʽʟʢʠ: 

[ ] [ ]

[ ] [ ]

T T

1 1 1 1 1 1 1

T T

2 2 2 2 2 2 2

( ) ( ) ( ) 0 ( ) ( , ),

( ) ( ) ( ) 0 ( ) ( , ),

0 1,

uv uv

uv uv

t u t v t yt t u v

t u t v t yt t u v

t

= = Í

= = Í

¢ ¢

r

r

l , l

l , l                   (5.3) 

ʽ ʜʚ ̔ʧʦʚʝʨʭʥ.̔ ɺʠʨʘʟ luv1(t) Í r 1(u1, v1) ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜʨʽʟʦʢ luv1(t) 

ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ r 1(u1, v1), ʘ ʚʠʨʘʟ luv2(t) Í r 2(u2, v2) ï ʱʦ ʚʽʜʨʽʟʦʢ 

luv2(t) ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ r 2(u2, v2). ʅʝʭʘʡ ʥʘʧʨʷʤʦʢ ʨʝʙʨʘ ʟʙʽʛʘʻʪʴʩʷ 

ʟ ʥʘʧʨʷʤʢʦʤ ʢʨʠʚʦʾ (5.3), ʱʦ ʟʘʬʽʢʩʫʻʤʦ ʚ ʦʟʥʘʮʽ ʟʙʽʛʫ ʥʘʧʨʷʤʢʽʚ. 

ʆʟʥʘʢʫ ʟʙʽʛʫ ʥʘʧʨʷʤʢʫ ʨʝʙʨʘ ʟ ʥʘʧʨʷʤʢʦʤ ʮʠʢʣʫ ʛʨʘʥʽ ʥʘʟʠʚʘʁʪʴ 

ʧʨʘʧʦʨʦʤ. ʇʨʘʧʦʨ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʜʚʘ ʟʥʘʯʝʥʥʷ: ʧʦʟʠʪʠʚʥʝ  ̔

ʥʝʛʘʪʠʚʥʝ. ʈʝʙʨʦ ʚʭʦʜʠʪʴ ʫ ʮʠʢʣ ʧʝʨʰʦʾ ʛʨʘʥʽ ʟ ʧʦʟʠʪʠʚʥʠʤ 

ʧʨʘʧʦʨʦʤ, ʘ ʚ ʮʠʢʣ ʜʨʫʛʦʾ ʛʨʘʥʽ - ʟ ʥʝʛʘʪʠʚʥʠʤ ʧʨʘʧʦʨʦʤ. ʗʢʱʦ 

ʜʠʚʠʪʠʩʷ ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʝʙʨʘ ʟʦʚʥʽ ʪʽʣʘ, ʪʦ ʣʽʚʦʨʫʯ ʚʽʜ ʥʴʦʛʦ 

ʣʝʞʠʪʴ ʧʝʨʰʘ ʛʨʘʥʴ, ʘ ʧʨʘʚʦʨʫʯ ï ʜʨʫʛʘ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʥʝʡ ʪʽʣʘ ʜʦʩʠʪʴ ʟʥʘʪʠ ʤʽʩʮʝʚʫ ʩʠʩʪʝʤʫ 

 

ʈʠʩʫʥʦʢ 5.3 - ʆʨ̔ʻʥʪʘʮ̫̔ ʮʠʢʣʚ̔ 

ʛʨʘʥʝʡ ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʪ̔ʣʘ 
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ʢʦʦʨʜʠʥʘʪ ʨ, ix, iy, iz ʽ ʩʪʦʨʦʥʠ x, ʫ, z ʧʨʠʟʤʠ. 

5.2.2 ʎʠʣʽʥʜʨʠʯʥʝ ʪʽʣʦ 

ɯʥʰʦʶ ʟʘʛʦʪʽʚʢʦʶ ʤʦʞʝ ʙʫʪʠ ʮʠʣʽʥʜʨʠʯʥʝ ʪʽʣʦ (ʨʠʩ. 5.4). 

ʇʦʯʘʪʦʢ ʤʽʩʮʝʚʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʨ ʧʦʤʽʩʪʠʤʦ ʚ ʮʝʥʪʨ 

ʦʜʥʦʛʦ ʟ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʫ, ʘ ʦʨʪ iz 

ʥʘʧʨʘʚʠʤʦ ʫʟʜʦʚʞ ʡʦʛʦ ʦʩʽ. ʅʝʭʘʡ 

ʮʠʣʽʥʜʨ ʤʘʻ ʨʘʜʽʫʩ r ʽ ʜʦʚʞʠʥʫ h. 

ʎʠʣʽʥʜʨʠʯʥʝ ʪʽʣʦ ʤʘʻ ʪʨʠ 

ʛʨʘʥʽ. ʊʦʨʮʝʚʽ ʛʨʘʥʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ 

ʯʘʩʪʠʥ ʧʣʦʱʠʥʠ, ʱʦ ʦʙʤʝʞʝʥʽ 

ʢʦʣʘʤʠ ʥʘ ʥʠʭ, ʛʨʘʥʠʯʥʦʛʦ ʮʠʢʣʫ ʽ 

ʦʟʥʘʢʠ ʦʨʽʻʥʪʘʮʽʾ ʥʦʨʤʘʣʽ ʧʣʦʱʠʥʠ 

ʛʨʘʥʽ ʥʘʟʦʚʥʽ ʪʽʣʘ. ʎʠʢʣ ʢʦʞʥʦʾ 

ʪʦʨʮʝʚʦʾ ʛʨʘʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ 

ʟʘʤʢʥʫʪʦʛʦ ʨʝʙʨʘ. ɻʝʦʤʝʪʨʠʯʥʠʤ 

ʥʦʩʽʻʤ ʪʘʢʦʛʦ ʨʝʙʨʘ ʻ ʣʽʥʽʷ 

ʧʝʨʝʪʠʥʘʥʥʷ, ʷʢʫ ʩʢʣʘʜʘʶʪʴ ʜʚʽ ʢʨʠʚʽ ʥʘ ʧʦʚʝʨʭʥʽ. ʆʜʥʘ ʢʨʠʚʘ ʻ 

ʢʦʣʦʤ ʥʘ ʧʣʦʱʠʥʽ, ʘ ʜʨʫʛʘ - ʣʽʥʽʻʶ v = vmin ʘʙʦ v = vmax ʥʘ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʦʙʠʜʚʽ ʣʽʥʽʾ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʣʽʥʽʶ ʧʝʨʝʪʠʥʘʥʥʷ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʫ 

ʧʘʨʘʤʝʪʨʠʯʥʫ ʜʦʚʞʠʥʫ. 

ɹʽʯʥʘ ʛʨʘʥʴ ʪʽʣʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ 

r 1 = (u1, v1) = p + r cos u1ix  + r sin u1iy + hv1iz,                         . 

0 Ò u1 Ò 2ˊ,    0 Ò v1 Ò 1.                                (5.4) 

ʅʦʨʤʘʣʽ ʧʦʚʝʨʭʥʽ (5.4) ʽ ʾʾ ʛʨʘʥʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʥʘʧʨʷʤʢʦʤ. 

ʎ  ̫ ʛʨʘʥʴ ʤʘʻ ʦʜʠʥ ʮʠʢʣ. ʎʠʣʽʥʜʨʠʯʥʘ ʧʦʚʝʨʭʥʷ ʙʽʯʥʦʾ ʛʨʘʥʽ ʻ 

ʟʘʤʢʥʫʪʦʶ ʟʘ ʦʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ. 

ɻʨʘʥʽ ʦʩʥʦʚʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʣʦʱʠʥʘʭ, ʱʦ ʦʙʤʝʞʝʥʽ ʢʦʣʘʤʠ 

r 2 = (u2, v2) = p + u2ix + v2iy,                               (5.5) 

r 3 = (u3, v3) = p + u3ix + v2iy + hiz,                          (5.6) 

ʜʝ ʧʘʨʘʤʝʪʨʠ u2, v2 ʣʝʞʘʪʴ ʫʩʝʨʝʜʠʥʽ ʢʦʣʘ luv2(t) = [r cos t  r sin t]
T
, 

0 Ò t Ò 2ˊ, ʥʘ ʧʣʦʱʠʥʽ r 2(u2, v2), ʘ ʧʘʨʘʤʝʪʨʠ u3, v3 ʣʝʞʘʪʴ ʫʩʝʨʝʜʠʥʽ 

ʢʦʣʘ luv3(t) = [r cos t  r sin t]
T
, 0 Ò t Ò 2ˊ, ʥʘ ʧʣʦʱʠʥʽ r 2(u2, v2). 

 

ʈʠʩʫʥʦʢ 5.4 - ʆʨ̔ʥ̒ʪʘʮʽ̫  ʮʠʢʣʚ̔  

ʛʨʘʥʝʡ ʮʠʣʥ̔ʜʨʠʯʥʦʛʦ ʪʣ̔ʘ 
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ʅʦʨʤʘʣʽ ʧʦʚʝʨʭʥʽ (5.5) ʽ ʾʾ ʛʨʘʥʽ ʧʨʦʪʠʣʝʞʥʽ ʟʘ ʥʘʧʨʷʤʢʦʤ, ʘ 

ʥʦʨʤʘʣʽ ʧʦʚʝʨʭʥʽ (5.6) ʽ ʾʾ ʛʨʘʥʽ ʩʧʽʚʧʘʜʘʶʪʴ. 

ʈʝʙʨʦ, ʧʦʙʫʜʦʚʘʥʝ ʥʘ ʣʽʥʽʾ ʟʘʤʠʢʘʥʥʷ ʦʙʦʣʦʥʢʠ, ʻ ʰʚʦʤ. 

ʐʦʚ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʙʫʜʴ-ʷʢʝ ʽʥʰʝ ʨʝʙʨʦ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʣʽʥʽʾ 

ʧʝʨʝʪʠʥʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽ ʁ ʧʝʨʝʪʠʥʘʥʥʷ ʦʧʠʩʫʪʁʴ 

ʜʚʦʤʽʨʥʠʤʠ ʢʨʠʚʠʤʠ  

[ ] [ ]

[ ] [ ]

T T

01 1 1 01 1 1 1

T T

02 2 2 02 2 2 2

( ) ( ) ( ) 0 ( ) ( , ),

( ) ( ) ( ) 2 ( ) ( , ),

0 1,

uv uv

uv uv

t u t v t ht t u v

t u t v t yt t u v

t

= = Í

= = p Í

¢ ¢

r

r

l , l

l , l         (5.7) 

ʷʢʽ ʻ ʣʽʥʽʷʤʠ u = umin ʪʘ u = umax ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ. 

ʈʝʙʨʦ ʤʽʞ ʙʽʯʥʦʶ ʛʨʘʥʥʶ  ̔ʦʩʥʦʚʦʶ (5.5) ʦʧʠʩʫʪʁʴ ʣʽʥʽʻʶ 

ʧʝʨʝʪʠʥʘʥʥʷ ʮʠʭ ʛʨʘʥʝʡ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ 

(ʚʽʜʨʽʟʢʘ ʽ ʢʦʣʘ) 

[ ] [ ]

[ ] [ ]

T T

1 1 1 1 1 1 1

T T

2 2 2 2 2 2 2

( ) ( ) ( ) 0 ( ) ( , ),

( ) ( ) ( ) cos sin ( ) ( , ),

0 2 .

uv uv

uv uv

t u t v t t t u v

t u t v t r t r t t u v

t

= = Í

= = Í

¢ ¢ p

r

r

l , l

l , l     (5.8) 

ɺʽʜʨʽʟʦʢ luv1(t) ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ r 1(u1, v1), ʢʦʣʦ luv3(t) ʣʝʞʠʪʴ 

ʥʘ ʧʦʚʝʨʭʥʽ r 3(u3, v3). ʅʝʭʘʡ ʥʘʧʨʷʤʦʢ ʨʝʙʨʘ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʢʦʤ 

ʢʨʠʚʦʾ (5.8), ʱʦ ʚʽʜʟʥʘʯʠʤʦ ʚʽʜʧʦʚʽʜʥʦʶ ʦʟʥʘʢʦʶ ʟʙʽʛʫ ʥʘʧʨʷʤʢʽʚ. 

ʎʝ ʨʝʙʨʦ ʚʭʦʜʠʪʴ ʫ ʮʠʢʣ ʧʝʨʰʦʾ ʛʨʘʥʽ ʟ ʧʦʟʠʪʠʚʥʠʤ ʧʨʘʧʦʨʦʤ, ʘ ʚ 

ʮʠʢʣ ʜʨʫʛʦʾ ʛʨʘʥʽ - ʟ ʥʝʛʘʪʠʚʥʠʤ. ʗʢʱʦ ʜʠʚʠʪʠʩʷ ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ 

ʨʝʙʨʘ ʟʦʚʥʽ ʪʽʣʘ, ʪʦ ʣʽʚʦʨʫʯ ʚʽʜ ʨʝʙʨʘ ʣʝʞʠʪʴ ʧʝʨʰʘ ʛʨʘʥʴ, ʘ 

ʧʨʘʚʦʨʫʯ ï ʜʨʫʛʘ. 

ʈʝʙʨʦ ʤʽʞ ʙʽʯʥʦʶ ʛʨʘʥʥʶ  ̔ʦʩʥʦʚʦʶ (5.6) ʦʧʠʩʫʪʁʴ ʣʽʥʽʻʶ 

ʧʝʨʝʪʠʥʘʥʥʷ ʮʠʭ ʛʨʘʥʝʡ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ 

(ʚʽʜʨʽʟʢʘ ʽ ʢʦʣʘ) 

[ ] [ ]

[ ] [ ]

T T

1 1 1 1 1 1 1

T T
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0 2 .

uv uv
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t u t v t t h t u v
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= = Í
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r

r
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l , l     (5.9) 

ɺʽʜʨʽʟʦʢ luv1(t) ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ r 1(u1, v1), ʢʦʣʦ luv3(t) ʣʝʞʠʪʴ 
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ʥʘ ʧʦʚʝʨʭʥʽ r 3(u3, v3). ʅʝʭʘʡ ʥʘʧʨʷʤʦʢ ʨʝʙʨʘ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʢʦʤ 

ʢʨʠʚʦʾ (5.9), ʱʦ ʚʽʜʟʥʘʯʠʤʦ ʚʽʜʧʦʚʽʜʥʦʶ ʦʟʥʘʢʦʶ ʟʙʽʛʫ ʥʘʧʨʷʤʢʽʚ. 

ʎʝ ʨʝʙʨʦ ʚʭʦʜʠʪʴ ʫ ʮʠʢʣ ʧʝʨʰʦʾ ʛʨʘʥʽ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʧʨʘʧʦʨʦʤ, ʘ ʚ ʮʠʢʣ ʪʨʝʪʴʦʾ ʛʨʘʥʽ - ʟ ʧʦʟʠʪʠʚʥʠʤ. ʗʢʱʦ ʜʠʚʠʪʠʩʷ 

ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʝʙʨʘ ʟʦʚʥʽ ʪʽʣʘ, ʪʦ ʣʽʚʦʨʫʯ ʚʽʜ ʨʝʙʨʘ ʣʝʞʠʪʴ 

ʪʨʝʪʷ ʛʨʘʥʴ, ʘ ʧʨʘʚʦʨʫʯ ï ʧʝʨʰʘ. 

ʎʠʢʣʠ ʛʨʘʥʝʡ ʦʩʥʦʚʠ ʤʘʶʪʴ ʫʩʴʦʛʦ ʦʜʥʝ ʨʝʙʨʦ. ʎʠʢʣ ʙʽʯʥʦʾ 

ʛʨʘʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʧʠʩʢʫ ʨʝʙʝʨ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʘʧʦʨʘʤʠ: 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.8) - ʧʨʘʧʦʨ ʧʦʟʠʪʠʚʥʠʡ; 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.7) - ʧʨʘʧʦʨ ʧʦʟʠʪʠʚʥʠʡ; 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.9) - ʧʨʘʧʦʨ ʥʝʛʘʪʠʚʥʠʡ; 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.7) - ʧʨʘʧʦʨ ʥʝʛʘʪʠʚʥʠʡ. 

ʎʠʣʽʥʜʨʠʯʥʝ ʪʽʣʦ  ̔ ʦʨʽʻʥʪʘʮʽʷ ʮʠʢʣʽʚ ʡʦʛʦ ʛʨʘʥʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.4. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʥʝʡ ʪʽʣʘ ʜʦʩʠʪʴ ʟʥʘʪʠ ʤʽʩʮʝʚʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʨ, ix, iy, iz, ʨʘʜʽʫʩ r ʽ ʚʠʩʦʪʫ h ʮʠʣʽʥʜʨʫ. 

5.2.3 ʂʦʥʽʯʥʝ ʪʽʣʦ 

ʊʽʣʦ ʫ ʬʦʨʤʽ ʟʨʽʟʘʥʦʛʦ ʢʦʥʫʩʫ ʙʫʜʫʶʪʴ ʘʥʘʣʦʛʽʯʥʦ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʪʽʣʫ ʟ ʪʽʻʶ ʣʠʰ ʨʽʟʥʠʮʝʶ, ʱʦ ʚ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʙʯ̔ʥʦʾ ʛʨʘʥʽ ʟʘʤʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʽʯʥʫ 

ʧʦʚʝʨʭʥʶ 

r 1(u1, v1) = p + ( r+ hv1 tg g) (cos u1ix + sin u1ix) + hv1iz                   . 

0 Ò u1 Ò 2ˊ,     0 Ò v1 Ò 1.                              (5.10) 

ɻʨʘʥʽ ʦʩʥʦʚʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ, ʦʙʤʝʞʝʥʠʭ ʢʦʣʘʤʠ 

r 2(u2, v2) = p + u2ix + v2iy,                             (5.11) 

r 3(u3, v3) = p + u3ix + v3iy + hiz,                         (5.12) 

ʜʝ ʧʘʨʘʤʝʪʨʠ u2, v2 ʣʝʞʘʪʴ ʫʩʝʨʝʜʠʥʽ ʢʦʣʘ 

luv2(t) = [r cos t  r sin t]
T
,        0 Ò t Ò 2ˊ,               (5.13) 

ʘ ʧʘʨʘʤʝʪʨʠ u3, v3 ʣʝʞʘʪʴ ʫʩʝʨʝʜʠʥʽ ʢʦʣʘ 

luv2(t)= [(r + h tg g) cos t (r + h tg g) sin t]
T
,     0 Ò t Ò 2ˊ.     (5.14) 

ʈʝʙʨʦ, ʧʦʙʫʜʦʚʘʥʝ ʥʘ ʙʽʯʥʽʡ ʛʨʘʥʽ, ʙʫʜʝ ʰʚʦʤ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʢʦʥʽʯʥʝ ʪʽʣʦ ʤʘʻ ʪʨʠ ʛʨʘʥʽ. ʗʢʱʦ ʢʦʥʫʩ ʥʝ ʟʨʽʟʘʥʠʡ, ʪʦ 
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ʦʜʥʘ ʟ ʪʦʨʮʝʚʠʭ ʛʨʘʥʝʡ ʩʪʷʛʥʫʪʘ ʚ ʪʦʯʢʫ. ʉʪʷʛʥʫʪʫ ʚ ʪʦʯʢʫ ʛʨʘʥʴ 

ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʟ ʤʦʜʝʣʽ ʪʽʣʘ, ʪʦʜʽ ʦʙʦʣʦʥʢʘ ʪʽʣʘ ʟ ʪʦʧʦʣʦʛʽʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ ʙʫʜʝ ʥʝʟʘʤʢʥʫʪʦ,ʁ ʭʦʯʘ ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʚ ʥʽʡ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʥʝʡ ʪʽʣʘ ʜʦʩʠʪʴ ʟʥʘʪʠ ʤʽʩʮʝʚʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʨ, ix, iy, iz, ʨʘʜʽʫʩ r ʦʜʥ̔̒ ʾ ʟ ʦʩʥʦʚ ʢʦʥʫʩʫ, ʚʠʩʦʪʫ h ʽ ʢʫʪ 

ʢʦʥʫʩʥʦʩʪ ̔g. 

5.2.4 ʉʬʝʨʠʯʥʝ ʪʽʣʦ 

ʉʬʝʨʠʯʥʘ ʧʦʚʝʨʭʥʷ ʤʦʞʝ ʙʫʪʠ ʦʙʦʣʦʥʢʦʶ ʩʬʝʨʠʯʥʦʛʦ ʪʽʣʘ, 

ʘʣʝ ʮʷ ʦʙʦʣʦʥʢʘ ʥʝ ʻ ʟʘʤʢʥʫʪʦ,ʁ ʦʩʢʽʣʴʢʠ ʤʘʻ ʜʚʘ ʦʪʚʦʨʠ ʥʫʣʴʦʚʦʛʦ 

ʨʘʜʽʫʩʫ ʚ ʧʦʣʶʩʘʭ. ʇʦʯʘʪʦʢ ʤʽʩʮʝʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʨ ʜʣʷ 

ʩʬʝʨʠʯʥʦʛʦ ʪʽʣʘ ʧʦʤʽʩʪʠʤʦ ʚ ʮʝʥʪʨ ʩʬʝʨʠ. ʆʙʦʣʦʥʢʘ, ʦʧʠʩʫʚʘʥʘ 

ʩʬʝʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ 

r (u, v) = p + r cos v  cos u ix+ r cos v  cos u iy + r sin v iz,             

0 Ò u Ò 2ˊ,     ,
2 2

v
p p
¢ ¢                              (5.15) 

ʪʦʧʦʣʦʛʯ̔ʥʦ ʝʢʚʽʚʘʣʝʥʪʥʘ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ. ʈʝʙʨʘ ʚ ʧʦʣʶʩʘʭ 

ʩʪʷʛʥʫʪʽ ʚ ʪʦʯʢʫ, ʘʣʝ ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ ʥʘ ʩʬʝʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʚ 

ʧʦʣʶʩʘʭ ʤʘʶʪʴ ʥʝʥʫʣʴʦʚʫ ʜʦʚʞʠʥʫ. ʎʠʢʣ ʛʨʘʥʽ ʩʬʝʨʠʯʥʦʛʦ ʪʽʣʘ 

ʩʢʣʘʜʘʪʁʴ ʪʨʠ ʨʝʙʨʘ, ʦʜʥʝ ʟ ʷʢʠʭ ʻ ʰʚʦʤ 

[ ] [ ]

[ ] [ ]

T T

1 1

T T

2 2

( ) ( ) ( ) 0 ( ) ( , ),

( ) ( ) ( ) 2 ( ) ( , ),

,
2 2

uv uv

uv uv

t u t v t t t u v

t u t v t t t u v

t

= = Í

= = p Í

p p
- ¢ ¢

r

r

l , l

l , l              (5.16) 

ʘ ʜʚʘ ʽʥʰʠʭ ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʽʷʤʠ ʥʘ ʧʦʣʶʩʘʭ ʩʬʝʨʠ: 
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T
T
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l , l          (5.17) 
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ʃʽʥʽʾ ʧʝʨʝʪʠʥʫ ʚ ʧʦʣʶʩʘʭ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ 

ʣʽʥʽʡ ʥʘ ʩʬʝʨʽ. ʐʦʚ ʚʭʦʜʠʪʴ ʫ ʩʧʠʩʦʢ ʨʝʙʝʨ ʮʠʢʣʫ ʜʚʽʯʽ: ʦʜʠʥ ʨʘʟ ʽʟ 

ʧʦʟʠʪʠʚʥʠʤ ʧʨʘʧʦʨʦʤ, ʜʨʫʛʠʡ ʨʘʟ ï ʟ ʥʝʛʘʪʠʚʥʠʤ ʧʨʘʧʦʨʦʤ. 

ʉʬʝʨʠʯʥʝ ʪʽʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.5. 

ʉʬʝʨʠʯʥʝ ʪʽʣʦ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʽʟ ʜʚʦʭ ʧʽʚʩʬʝʨ, ʷʢ̔ 

ʦʧʠʩʫʶʪʴ ʚʝʢʪʦʨʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

2 2 2
1( , ) ,x y zu v x y r x y= + + + - -r p i i i                   (5.18) 

2 2 2
2( , ) ,x y zu v x y r x y= + + + - -r p i i i                   (5.19)  

( , )

2 (1 cos sin ) 2 (1 cos sin )
cos cos 1 ,

( , )

2 (1 cos sin ) 2 (1 cos sin )
sin sin ,

0 , 0 ,
2 2

x x u v

u v v v u u
r u v

y y u v

u v v v u u
r u v

u v

= =

- - - -å õ
= + - + +æ ö

p pç ÷

= =

- - - -å õ
= + - +æ ö

p pç ÷

p p
¢ ¢ ¢ ¢

 

r - ʨʘʜʽʫʩ ʩʬʝʨʠ, ʨ - ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʮʝʥʪʨʫ, ix, iy, iz - ʦʨʪʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʩʬʝʨʠ. ʇʦʚʝʨʭʥʷ (5.18) ʦʧʠʩʫʻ 

ʚʝʨʭʥʶ ʧʽʚʩʬʝʨʫ, ʘ ʧʦʚʝʨʭʥʷ (5.19) ï ʥʠʞʥʶ. 

 

                           
ʈʠʩʫʥʦʢ 5.5 - ʆʨ̔ʥ̒ʪʘʮʽ̫  ʮʠʢʣʫ 

ʛʨʘʥ ̔ʩʬʝʨʠʯʥʦʛʦ ʪʣ̔ʘ 

ʈʠʩʫʥʦʢ 5.6 - ʇʦʙʫʜʦʚʘ 

ʩʬʝʨʠʯʥʦʛʦ ʪʣ̔ʘ ʟʘ ʜʚʦʤʘ 

ʧ̔ ʚʩʬʝʨʘʤʠ 

ʅʦʨʤʘʣʽ ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽ ʾʾ ʛʨʘʥʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ 

ʥʘʧʨʷʤʢʦʤ, ʘ ʥʦʨʤʘʣʽ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽ ʾʾ ʛʨʘʥʽ ʧʨʦʪʠʣʝʞʥʽ ʟʘ 
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ʥʘʧʨʷʤʢʦʤ. ʆʙʦʣʦʥʢʘ ʩʬʝʨʠʯʥʦʛʦ ʪʽʣʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʧʽʚʩʬʝʨ, ʻ ʟʘʤʢʥʫʪʦʶ. ɰʾ ʧʽʚʩʬʝʨʠ ʩʪʠʢʫʶʪʴʩʷ ʧʦ ʯʦʪʠʨʴʦʭ ʨʝʙʨʘʭ: 
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ʇʦʚʝʨʭʥʽ (5.18)  ̔ (5.19) ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʬʝʨʠʯʥʦʛʦ ʪʽʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.7. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʥʝʡ ʪʽʣʘ ʜʦʩʠʪʴ ʟʥʘʪʠ ʤʽʩʮʝʚʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʨ, ix, iy, iz ʽ ʨʘʜʽʫʩ r ʩʬʝʨʠ. 
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5.2.5 ʊʦʨʦʾʜʘʣʴʥʝ ʪʽʣʦ 

ʇʦʯʘʪʦʢ ʤʽʩʮʝʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʨ ʜʣʷ ʪʦʨʦʾʜʘʣʴʥʦʛʦ 

ʪʽʣʘ ʧʦʤʽʩʪʠʤʦ ʚ ʡʦʛʦ ʮʝʥʪʨ, ʘ ʦʨʪ iz ʥʘʧʨʘʚʠʤʦ ʧʦ ʦʩʽ ʩʠʤʝʪʨʽʾ ʪʽʣʘ. 

ʅʝʭʘʡ ʙʽʣʴʰʠʡ ʨʘʜʽʫʩ ʪʦʨʫ ʜʦʨʽʚʥʶʻ R, ʘ ʤʘʣʠʡ ï r. ʊʦʨʦʜʾʘʣʴʥʝ 

ʪʽʣʦ ʤʘʻ ʦʜʥʫ ʛʨʘʥʴ, ʷʢʘ ʦʧʠʩʘʥʘ ʪʦʨʦʜʾʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ 

r (u, v) = ʨ + (R + r cos v) cos u ix + (R + r cos v) sin u iy + r sin viz,      . 

0 Ò u Ò 2ˊ,     -ˊ Ò v Ò ˊ,                                  (5.24) 

ʜʚʘ ʨʝʙʨʘ 
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l ,                         (5.26) 

ʽ ʦʜʥʫ ʚʝʨʰʠʥʫ ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʨʝʙʝʨ ʨ + (R - r)ix. ʅʦʨʤʘʣʴ 

ʧʦʚʝʨʭʥʽ  ̔ ʛʨʘʥʽ ʪʦʨʦʜʾʘʣʴʥʦʛʦ ʪʽʣʘ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʥʘʧʨʷʤʢʦʤ. 

ɻʨʘʥʴ ʪʽʣʘ ʤʘʻ ʦʜʠʥ ʮʠʢʣ. ʎʠʢʣ ʛʨʘʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʧʠʩʢʫ ʨʝʙʝʨ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʘʧʦʨʘʤʠ: 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.25) - ʧʨʘʧʦʨ ʧʦʟʠʪʠʚʥʠʡ; 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.26) - ʧʨʘʧʦʨ ʧʦʟʠʪʠʚʥʠʡ; 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.25)  - ʧʨʘʧʦʨ ʥʝʛʘʪʠʚʥʠʡ; 

ʨʝʙʨʦ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ (5.26) - ʧʨʘʧʦʨ ʥʝʛʘʪʠʚʥʠʡ. 
 

 

ʈʠʩʫʥʦʢ 5.7 - ʆʨ̔ʥ̒ʪʘʮʽ̫  ʮʠʢʣʫ ʛʨʘʥ ̔ʪʦʨʦʜʾʘʣʴʥʦʛʦ ʪʣ̔ʘ 
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ʊʦʨʦʾʜʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʛʨʘʥʽ ʻ ʟʘʤʢʥʫʪʦʶ ʟʘ ʦʙʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦʤʫ ʦʙʠʜʚʘ ʨʝʙʨʘ ʦʙʦʣʦʥʢʠ ʪʽʣʘ ʟʘʤʢʥʫʪʽ ʽ ʻ ʰʚʘʤʠ. 

ʊʦʨʦʜʾʘʣʴʥʝ ʪʽʣʦ, ʡʦʛʦ ʨʝʙʨʘ  ̔ʮʠʢʣ ʛʨʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.7. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʥʝʡ ʪʽʣʘ ʜʦʩʠʪʴ ʟʥʘʪʠ ʤʽʩʮʝʚʫ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʨ, ix, iy, iz, ʙʽʣʴʰʠʡ ʨʘʜʽʫʩ R ʽ ʤʝʥʰʠʡ ʨʘʜʽʫʩ r. 

5.2.6 ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʽʣ 

ʈʦʟʛʣʷʥʫʪʽ ʪʽʣʘ ʽʣʶʩʪʨʫʶʪʴ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʪʽʣ. ʎʽ ʪʽʣʘ ʥʘʟʠʚʘʶʪʴ ʪʚʝʨʜʦʪʽʣʴʥʠʤʠ ʧʨʠʤʽʪʠʚʘʤʠ. ɼʦ ʥʠʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʱʝ ʜʝʷʢʽ ʪʽʣʘ ʧʨʦʩʪʦʾ ʬʦʨʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʪʨʠʢʫʪʥʘ ʧʨʠʟʤʘ (ʢʣʠʥ). ɺʩʽ ʪʽʣʘ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʪʘʢʠʤ ʞʝ 

ʧʨʠʥʮʠʧʦʤ, ʱʦ  ̔ʪʚʝʨʜʦʪʣ̔ʴʥ̔ ʧʨʠʤʽʪʠʚʠ. 

ʄʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʠʪʘʥʥʷ: ʜʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʦ ʪʘʢ 

ʫʩʢʣʘʜʥʶʚʘʪʠ ʤʦʜʝʣʴ ʪʽʣʘ, ʟʦʢʨʝʤʘ, ʜʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʦ ʙʫʜʫʚʘʪʠ 

ʨʝʙʨʘ ʥʘ ʢʨʠʚʠʭ ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ? ɼʽʡʩʥʦ, ʪʽʣʘ ʤʦʞʥʘ ʙʫʣʦ 

ʙ ʦʧʠʩʘʪʠ ʥʘʙʦʨʦʤ ʧʦʚʝʨʭʦʥʴ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʽ ʛʨʘʥʽ, ʥʽ 

ʨʝʙʨʘ, ʥʽ ʚʝʨʰʠʥʠ. ʋ ʨʝʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʮʽ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʤʘʪʠ 

ʜʫʞʝ ʩʢʣʘʜʥʫ ʬʦʨʤʫ, ʷʢ ʫ ʩʝʥʩʽ ʢʨʠʚʠʟʥʠ, ʪʘʢ ʽ ʚ ʩʝʥʩ̔ ʤʝʞ, ʽ ʮʽ 

ʧʦʚʝʨʭʥʽ ʷʢʠʤʦʩʴ ʯʠʥʦʤ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ. ʆʜʥʠʤ ʟʽ ʟʨʫʯʥʠʭ 

ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʽʣʦ, ʻ ʩʧʦʩʽʙ 

ʦʜʥʦʯʘʩʥʦʾ ʧʦʙʫʜʦʚʠ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʝʨʘʮʽʡ ʥʘʜ ʪʽʣʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʙʝʨʫʪʴ ʦʜʥʝ ʟ ʧʨʦʩʪʠʭ ʪʽʣ ʽ ʜʘʣʽ ʚ 

ʧʝʚʥʠʭ ʤʽʩʮʷʭ ʜʦ ʥʴʦʛʦ ʜʦʜʘʪʁʴ ʘʙʦ ʚʽʜʥʽʤʘʶʪʴ ʦʙôʻʤ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʪʦʛʦ ʱʦʙ ʧʨʦʩʚʝʨʜʣʠʪʠ ʦʪʚʽʨ ʫ ʜʝʷʢʦʤʫ ʪʽʣʽ, ʚʠʢʦʥʫʶʪʴ ʙʫʣʝʚʫ 

ʦʧʝʨʘʮʽʶ ʚ̔ ʜʥʽʤʘʥʥʷ ʽʟ ʮʴʦʛʦ ʪʽʣʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʽʣʘ, ʱʦ ʛʨʘʻ ʨʦʣʴ 

ʩʚʝʨʜʣʘ. ɸʥʘʣʦʛʽʯʥʦ ʚʠʢʦʥʫʶʪʴ ʧʘʟʠ ʽ ʚʠʨʽʟʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʚʘʨʠʪʠ ʤʦʜʝʣʽ ʜʚʦʭ ʜʝʪʘʣʝʡ, ʚʠʢʦʥʫʶʪʴ ʙʫʣʝʚʫ ʦʧʝʨʘʮʽʶ 

ʦʙ'ʻʜʥʘʥʥʷ ʪʽʣ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʧʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʢʦʨʝʢʪʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʦʧʝʨʘʮʽʡ. ʅʝʭʘʡ ʧʦʪʨʽʙʥʦ ʚʽʜʨʽʟʘʪʠ ʚʽʜ 

ʦʜʥʦʛʦ ʟ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʥʘʡʧʨʦʩʪʽʰʠʭ ʪʽʣ ʜʝʷʢʫ ʯʘʩʪʠʥʫ ʪʘ ʥʝʭʘʡ 

ʨʽʟʘʥʥʷ ʟʜ̔ʡʩʥʶʶʪʴ ʧʣʦʱʠʥʦʶ. ʊʦʜʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʣʽʥʽʾ 

ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʽʣʘ ʽʟ ʮʽʻʶ ʧʣʦʱʠʥʦʶ ʪʘ ʧʦ ʮʠʭ ʣʽʥʽʷʭ 

ʦʙʨʽʟʘʪʠ ʧʦʚʝʨʭʥʽ ʪʽʣʘ  ̔ʩʘʤʫ ʧʣʦʱʠʥʫ. ʂʨʽʤ ʪʦʛʦ, ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ 

ʤʽʩʮʝ ʩʪʠʢʫʚʘʥʥʷ ʦʙʨʽʟʘʥʦʾ ʧʣʦʱʠʥʠ ʽʟ ʯʘʩʪʠʥʦʶ ʚʠʭʽʜʥʦʛʦ ʪʽʣʘ. 

ɼʣʷ ʧʣʦʱʠʥʠ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʾʾ ʙʽʢ ʙʫʜʝ ʜʠʚʠʪʠʩʷ 

ʥʘʟʦʚʥʽ ʪʽʣʘ, ʘ ʷʢʠʡ ï ʫʩʝʨʝʜʠʥʫ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʪʦʧʦʣʦʛʽʶ ʚʠʭʽʜʥʦʛʦ ʪʽʣʘ  ̔ ʙʫʜʫʚʘʪʠ ʡʦʛʦ ʟʘ 
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ʟʘʛʘʣʴʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʦʚʦʜʠʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ 

ʜʝʪʘʣʝʡ ʽ ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ. ʈʽʟʥʽ ʚʘʨʽʘʥʪʠ ʦʜʥʽʻʾ  ̔ʪ̔ ʻʾ ʞ ʜʝʪʘʣʽ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʚʠʭʽʜʥʦʛʦ 

ʚʘʨʽʘʥʪʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʰʣʷʭ ʽ ʩʧʦʩʦʙʠ ʾʾ ʧʦʙʫʜʦʚʠ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣ ɹʜʝʪʘʣʽ ʘʙʦ ʩʢʣʘʜʘʣʴʥʦʾ ʦʜʠʥʠʮʽ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʜʦʧʦʚʥʝʥʘ ʱʝ ʜʝʷʢʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʾʾ ʧʦʙʫʜʦʚʠ. 

5.3. ʊʽʣʘ, ʦʪʨʠʤʘʥʽ ʨʫʭʦʤ ʧʣʦʩʢʦʛʦ ʢʦʥʪʫʨʘ 

ɹʘʛʘʪʦ ʪʽʣ ʘʙʦ ʟʘʛʦʪʽʚʦʢ ʜʣʷ ʥʠʭ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʰʣʷʭʦʤ 

ʨʫʭʫ ʧʣʦʩʢʦʛʦ ʢʦʥʪʫʨʫ ʟʘ ʟʘʜʘʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ. ʅʝʭʘʡ ʪʨʘʻʢʪʦʨʽʶ 

ʨʫʭʫ ʦʧʠʩʫʶʪʴ ʢʨʠʚʦ  ʁ g(v), ʷʢʫ ʥʘʟʠʚʘʪʠʤʝʤʦ ʥʘʧʨʷʤʥʦʶ. 

ʇʣʦʩʢʠʡ ʢʦʥʪʫʨ ʥʘʟʠʚʘʪʠʤʝʤʦ ʫʪʚʦʨʶʶʯʦʶ ʢʨʠʚʦʶ. ʅʝʭʘʡ ʜʘʥʘ 

ʦʙʤʝʞʝʥʘ ʧʣʦʱʠʥʘ 

r (x, y) = p +xix + yiy,    x, y Í W,                         (5.27) 

ʜʝ W - ʦʙʣʘʩʪʴ ʥʘ ʧʣʦʱʠʥʽ ʧʘʨʘʤʝʪʨʽʚ, ʦʙʤʝʞʝʥʘ ʜʚʦʤʽʨʥʠʤ 

ʢʦʥʪʫʨʦʤ c(t) = [x(t) y(t)]
T
. 

ʂʦʥʪʫʨ c(t) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ ʩi(u) = 

[xi(t) yi(t)]
T
, ui min Ò u Ò ui max, i = 1, 2, ..., n, ʷʢʽ ʩʪʠʢʫʪʁʩɹʷ ʦʜʥʘ ʟ 

ʦʜʥʦʶ. 

ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʢʦʥʪʫʨʫ ʦʧʠʩʫʶʪ ɹʬʦʨʤʫʣʦʶ (2.12.7). ʂʦʞʥʫ 

ʢʨʠʚʫ ʢʦʥʪʫʨʫ ʚ ʧʨʦʩʪʦʨʽ ʦʧʠʩʫʶʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ 

ʩi(u) = p +xi(u)ix + yi(u)iy,    ui min Ò u Ò ui max.            (5.28)  

ʂʦʥʪʫʨ ʥʝ ʧʦʚʠʥʝʥ ʤʘʪʠ ʪʦʯʦʢ ʩʘʤʦʧʝʨʝʪʠʥʘʥʥʷ. ʗʢʱʦ 

ʥʘʧʨʷʤʥʘ ʢʨʠʚʘ g(v) ʨʫʭʫ ʢʦʥʪʫʨʫ ʥʝ ʟʘʤʢʥʫʪʘ, ʪʦ ʦʙʦʣʦʥʢʘ ʪʽʣʘ 

ʤʘʻ ʪʦʨʮʝʚʽ ʛʨʘʥʽ. 

ʊʦʨʮʝʚʽ ʛʨʘʥʽ ʪʽʣ ʨʫʭʫ  ̒ʧʣʦʱʠʥʘʤʠ, ̫ʢʽ ʦʙʤʝʞʝʥʽ ʟʘʜʘʥʠʤ 

ʢʦʥʪʫʨʦʤ. ɰʭ ʦʧʠʩʫʶʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ. ʗʢʱʦ ʥʘʧʨʷʤʥʘ ʢʨʠʚʘ 

ʨʫʭʫ ʢʦʥʪʫʨʫ ʟʘʤʢʥʫʪʘ, ʪʦ ʦʙʦʣʦʥʢʘ ʪʽʣʘ ʥʝ ʤʘʻ ʪʦʨʮʝʚʠʭ ʛʨʘʥʝʡ. 

ɹʽʯʥʽ ʛʨʘʥʽ ʦʙʦʣʦʥʢʠ ʪʽʣʘ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʨʫʭʫ. ʏʠʩʣʦ 

ʙʽʯʥʠʭ ʛʨʘʥʝʡ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʢʨʠʚʠʭ ʫ ʢʦʥʪʫʨʽ. ʂʦʞʥʘ ʙʽʯʥʘ 

ʧʦʚʝʨʭʥʷ ʚ ʷʢʦʩʪʽ ʫʪʚʦʨʶʶʯʦʾ ʤʘ ̒ʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʦʛ ʚʽʜʧʦʚʽʜʥʦʾ 

ʢʨʠʚʦʾ ʢʦʥʪʫʨʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ g(v) ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʪʣ̔. 
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5.3.1 ʊʽʣʦ ʚʠʜʘʚʣʶʚʘʥʥʷ 

ʗʢʱʦ ʥʘʧʨʷʤʥʦʶ ʨʫʭʫ ʢʦʥʪʫʨʫ ʩʣʫʞʠʪʴ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ 

g(v) = ʨ + vhd, 0 Ò v Ò 1, ʪʦ ʦʜʝʨʞʠʤʦ ʪʽʣʦ ʚʠʜʘʚʣʶʚʘʥʥʷ. ʆʜʥʫ ʟ 

ʡʦʛʦ ʪʦʨʮʝʚʠʭ ʛʨʘʥʝʡ ʦʧʠʩʫʚʘʪʠʤʫʪʴ ʦʙʤʝʞʝʥʦʶ ʧʣʦʱʠʥʦʶ (5.27). 

ɯʥʰʽ ʡʦʛʦ ʪʦʨʮʝʚʫ ʛʨʘʥʴ ʦʧʠʩʫʚʘʪʠʤʫʪʴ ʘʥʘʣʦʛʽʯʥʦʶ 

ʧʣʦʱʠʥʦʶ, ʪʽʣʴʢʠ ʟ ʧʦʯʘʪʢʦʤ ʫ ʪʦʯʮʽ ʨ' = p+hd. ɹʽʯʥʫ ʛʨʘʥʴ ʪʽʣʘ 

ʚʠʜʘʚʣʶʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʽʡ ʢʦʥʪʫʨʫ ʩi(u), ʦʧʠʩʫʶʪʴ 

ʧʦʚʝʨʭʥʷʤʠ 

r i(u, v) = p +xi(u)ix + yi(u)iy + vhd = ci(u) + vhd,                        . 

ui min Ò u Ò ui max,     0 Ò v Ò 1                                 (5.29) 

ʊʽʣʦ ʚʠʜʘʚʣʶʚʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʝ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.8. ɼʣʷ ʢʦʥʪʫʨʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʝʢʚʽʜʠʩʪʘʥʪʥʠʡ ʢʦʥʪʫʨ. ɿʘ ʟʘʜʘʥʠʤ ʢʦʥʪʫʨʦʤ ʪʘ ʝʢʚʽʜʠʩʪʘʥʪʥʠʤ ʜʦ 

ʥʴʦʛʦ ʢʦʥʪʫʨʦʤ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʽʣʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʫʭʠʣʦʤ. 

 

  

ʈʠʩʫʥʦʢ 5.8 - ʊ̔ʣʦ ʚʠʜʘʚʣʁʚʘʥʥ̫ ʈʠʩʫʥʦʢ 5.9 - ʊ̔ʣʦ 

ʚʠʜʘʚʣʚʁʘʥʥ̫  ʟ ʫʭʠʣʦʤ 

ʂʫʪ ʫʭʠʣʫ ʚʠʟʥʘʯʘʶʪʴ ʝʢʚʽʜʠʩʪʘʥʪʦʶ ʽ ʜʦʚʞʠʥʦʶ 

ʚʠʜʘʚʣʶʚʘʥʥʷ. ʊʽʣʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʫʭʠʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 5.9. ɺʠʜʘʚʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʚ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʧʣʦʱʠʥʠ (5.29). 

ɹʽʯʥʽ ʛʨʘʥʽ ʪʽʣʘ ʟ ʫʭʠʣʦʤ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʣʽʥʽʡʯʘʪʠʭ ʧʦʚʝʨʭʥʷʭ. 

ʊʦʥʢʦʩʪʽʥʥʝ ʪʽʣʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʝ ʧʦ 

ʟʘʤʢʥʫʪʽʡ ʘʙʦ ʥʝʟʘʤʢʥʫʪʽʡ ʩʢʣʘʜʝʥʽʡ ʧʣʦʩʢʽʡ ʢʨʠʚʽʡ. ɼʣʷ ʡʦʛʦ 

ʧʦʙʫʜʦʚʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʚʽʜʠʩʪʘʥʪʥʽ ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ. 

ʊʦʥʢʦʩʪʽʥʥʽ ʪʽʣʘ ʚʠʜʘʚʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.10 ʽ 5.11. 

ɿʘʤʢʥʫʪʘ ʩʢʣʘʜʦʚʘ ʢʨʠʚʘ ʪʘ ʥʝʟʘʤʢʥʫʪʘ ʩʢʣʘʜʦʚʘ ʢʨʠʚʘ, ʟʘ 

ʷʢʠʤʠ ʧʦʙʫʜʦʚʘʥʽ ʟʘʟʥʘʯʝʥʽ ʪʽʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.12. 
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ʈʠʩʫʥʦʢ 5.10 - ʊʦʥʢʦʩʪʥ̔ʥʝ ʪʣ̔ʦ 

ʚʠʜʘʚʣʚʁʘʥʥ̫ 

ʈʠʩʫʥʦʢ 5.11 - ʊʦʥʢʦʩʪʥ̔ʥʝ ʪʣ̔ʦ 

ʚʠʜʘʚʣʚʁʘʥʥ̫ 

 

ʘ  ʙ  

ʈʠʩʫʥʦʢ 5.12 - ɿʘʤʢʥʫʪʘ (ʘ) ʽ ʥʝʟʘʤʢʥʫʪʘ (ʙ) ʩʢʣʘʜʦʚʘ ʢʨʠʚʘ 

5.3.2 ʊʽʣʦ ʦʙʝʨʪʘʥʥʷ 

ʗʢʱʦ ʥʘʧʨʷʤʥʦ  ʁʢʨʠʚʦ  ʁʨʫʭʫ ʢʦʥʪʫʨʫ ʩʣʫʞʠʪʴ ʢʦʣʦ ʘʙʦ 

ʡʦʛʦ ʜʫʛʘ, ʪʦ ʦʜʝʨʞʠʤʦ ʪʽʣʦ ʦʙʝʨʪʘʥʥʷ. ʅʝʭʘʡ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ ʨ0, ʘ ʾʾ ʥʘʧʨʷʤʦʢ ʭʘʨʘʢʪʝʨʠʟʫʪʁʴ ʦʜʠʥʠʯʥʠʤ 

ʚʝʢʪʦʨʦʤ i. ʊʦʜʽ ʙʽʯʥʫ ʛʨʘʥʴ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʽʡ 

ci(u), ʦʧʠʩʫʚʘʪʠʤʫʪʴ ʧʦʚʝʨʭʥʝʶ 

r i(u, v) = ʨ0 + r 3i(u) + cos v r 1i(u) + sin v r 2i(u)                        . 

ui min Ò u Ò ui max,     0 Ò v Ò a                            (5.30) 

ʜʝ r 3i(u) = (ci(u) - ʨ0) i)i - ʩʢʣʘʜʦʚʘ ʚʝʢʪʦʨʫ ci(u) - ʨ0; ʧʘʨʘʣʝʣʴʥʘ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ; r 1i(u) = ci(u) - ʨ0 - r 3i(u) - ʩʢʣʘʜʦʚʘ ʚʝʢʪʦʨʫ ci(u) - ʨ0, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʽ ʦʙʝʨʪʘʥʥʷ; r 2i(u) = i ³ (ci(u) - ʨ0) ï ʚʝʢʪʦʨ, 

ʦʨʪʦʛʦʥʘʣʴʥʠʡ ʧʝʨʰʠʤ ʜʚʦʤ ʚʝʢʪʦʨʘʤ, ʜʦʚʞʠʥʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 
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ʜʦʚʞʠʥʽ ʚʝʢʪʦʨʫ r 1i(u). 

ʂʨʠʚʫ ci(u) ʦʧʠʩʫʪʁʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ (5.30). 

ɺʽʩʴ ʦʙʝʨʪʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʪʠʥʘʪʠ ʙʽʯʥʽ ʛʨʘʥʽ. 

ɺʠʟʥʘʯʠʤʦ ʧʦʟʠʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. ʅʝʭʘʡ ʤʠ 

ʧʝʨʝʙʫʚʘʻʤʦ ʟ ʪʦʛʦ ʙʦʢʫ ʧʣʦʱʠʥʠ ʢʦʥʪʫʨʫ, ʟʚʽʜʢʠ ʨʫʭ ʫʟʜʦʚʞ 

ʢʦʥʪʫʨʫ ʚ ʧʦʟʠʪʠʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʛʣʷʜʘʻ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ 

ʩʪʨʽʣʢʠ. ɿʘ ʧʦʟʠʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʨʠʡʤʝʤʦ 

ʥʘʧʨʷʤʦʢ, ʧʨʠ ʧʦʛʣʷʜʽ ʫʟʜʦʚʞ ʷʢʦʛʦ ʢʦʥʪʫʨ ʧʝʨʝʙʫʚʘʻ ʣʽʚʦʨʫʯ. 

ʗʢʱʦ ʢʫʪ ʦʙʝʨʪʘʥʥʷ a ʜʦʨʽʚʥʶʻ 2ˊ, ʪʝ ʦʙʦʣʦʥʢʘ ʪʽʣʘ ʤʘʻ 

ʪʦʧʦʣʦʛʽʶ ʪʦʨʫ, ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ - ʪʦʧʦʣʦʛʽʶ ʧʨʠʟʤʠ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙʦʣʦʥʢʘ ʥʝ ʤʘʻ ʪʦʨʮʝʚʠʭ ʛʨʘʥʝʡ. ʊʽʣʦ ʦʙʝʨʪʘʥʥʷ 

ʟ ʪʦʧʦʣʦʛʽʻʶ ʧʨʠʟʤʠ, ʧʦʙʫʜʦʚʘʥʝ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.13. ʊʽʣʦ ʦʙʝʨʪʘʥʥʷ ʟ ʪʦʧʦʣʦʛʽʻʶ ʪʦʨʫ, 

ʧʦʙʫʜʦʚʘʥʝ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.14. 

 

  

ʈʠʩʫʥʦʢ 5.13 - ʊ̔ʣʦ ʦʙʝʨʪʘʥʥʷ ʈʠʩʫʥʦʢ 5.14 - ʊ̔ʣʦ ʦʙʝʨʪʘʥʥʷ ʟ 

ʪʦʧʦʣʦʛʽʻʶ ʪʦʨʫ 

ʇʦ ʟʘʤʢʥʫʪʽʡ ʘʙʦ ʥʝʟʘʤʢʥʫʪʽʡ ʩʢʣʘʜʝʥʽʡ ʧʣʦʩʢʽʡ ʢʨʠʚʽʡ ʤʦʞʝ 

ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʝ ʪʦʥʢʦʩʪʽʥʥʝ ʪʽʣʦ ʦʙʝʨʪʘʥʥʷ. ɼʣʷ ʡʦʛʦ ʧʦʙʫʜʦʚʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʚ̔ʜʠʩʪʘʥʪʥ ̔ ʢʦʥʪʫʨʠ ʘʙʦ ʩʢʣʘʜʦʚʽ ʢʨʠʚʽ. 

ʊʦʥʢʦʩʪʽʥʥʽ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.15 ʽ 5.16. 
 

 
 

ʈʠʩʫʥʦʢ 5.15 - ʊʦʥʢʦʩʪʽʥʥʝ ʪʽʣʦ 

ʦʙʝʨʪʘʥʥʷ 

ʈʠʩʫʥʦʢ 5.16 - ʊʦʥʢʦʩʪʽʥʥʝ ʪʽʣʦ 

ʦʙʝʨʪʘʥʥʷ 
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ʇʦ ʥʝʟʘʤʢʥʫʪʽʡ ʩʢʣʘʜʝʥʽʡ ʧʣʦʩʢʽʡ ʢʨʠʚʽʡ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʙʫʜʦʚʘʥʽ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.17 ʽ 5.18. ɿ ʢʽʥʮʽʚ 

ʫʪʚʦʨʶʶʯʦʾ ʣʽʥʽʾ ʥʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʦʧʫʱʝʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʠ, ʧʦ 

ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʽ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʪʽʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʢʚʽʜʠʩʪʘʥʪʥʫ ʩʢʣʘʜʥʫ ʢʨʠʚʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʦʧʝʨʝʜʥʽʭ ʧʨʠʢʣʘʜʽʚ ʪʽʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.17 ʽ 5.18, 

ʜʦʪʠʢʘʶʪʴʩʷ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. ʊʘʢʽ ʪʽʣʘ ʥʘʟʠʚʘʪʠʤʝʤʦ ʩʬʝʨʦʾʜʘʤʠ. 

 

  

ʈʠʩʫʥʦʢ 5.17 - ʉʬʝʨʦʜʾ ʈʠʩʫʥʦʢ 5.18 - ʊʦʥʢʦʩʪʥ̔ʥʠʡ 

ʩʬʝʨʦʜʾ 

5.3.3 ʂʽʥʝʤʘʪʠʯʥʝ ʪʽʣʦ 

ʋ ʚʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤʠ ʥʘʧʨʷʤʥʦʾ ʢʨʠʚʦʾ (ʦʢʨʽʤ 

ʨʦʟʛʣʷʥʫʪʠʭ ʫ 5.3.1 ʽ 5.3.2) ʦʜʝʨʞʠʤʦ ʢʽʥʝʤʘʪʠʯʥʝ ʪʽʣʦ. ʇʨʠ ʨʫʩʽ 

ʧʣʦʩʢʦʛʦ ʢʦʥʪʫʨʫ ʫʟʜʦʚʞ ʥʘʧʨʷʤʥʦʾ ʢʨʠʚʦʾ ʦʨʽʻʥʪʘʮʽʷ ʢʦʥʪʫʨʫ 

ʱʦʜʦ ʥʘʧʨʷʤʥʦʾ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʘʙʦ ʟʘʣʠʰʘʪʠʩʷ ʥʝʟʤʽʥʥʦʶ. 

ʗʢʱʦ ʦʨʽʻʥʪʘʮʽʷ ʪʚʽʨʥʦʾ ʚ ʧʨʦʩʪʦʨʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦ ʢʦʥʪʫʨ 

ʚʠʢʦʥʫʻ ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʡ ʨʫʭ, ʟʘʣʠʰʘʶʯʠʩʴ ʧʘʨʘʣʝʣʴʥʠʤ ʩʚʦʻʤʫ 

ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʶ, ʽ ʤʠ ʦʜʝʨʞʠʤʦ ʪʽʣʦ ʟʩʫʚʫ. ɹʽʯʥʽ ʛʨʘʥʽ ʪʽʣʘ 

ʟʩʫʚʫ ʙʫʜʫʶʪʴ ʜʣʷ ʢʦʞʥʦʾ ʢʨʠʚʦʾ (5.28) ʽ ʦʧʠʩʫʶʪʴ ʧʦʚʝʨʭʥʝʶ: 

r i(u, v) = g(v) + (ci(u) - g(vmin) - h),                                . 

ui min Ò u Ò ui max,     vmin Ò v Ò vmax,                         (5.31) 

ʜʝ h - ʚʝʢʪʦʨ ʧʨʠʚ'ʷʟʢʠ ʫʪʚʦʨʶʶʯʦʾ ʜʦ ʥʘʧʨʷʤʥʦʾ. 

ɺʝʢʪʦʨ h ʟʤʽʱʫʻ ʢʨʠʚʫ ci(u) ʥʘ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ ʟ ʾʾ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʥʘʧʨʷʤʥʦʾ ʽ ʟʙʝʨʽʛʘʻ ʮʝʡ ʟʩʫʚ ʧʽʜ ʯʘʩ 

ʨʫʭʫ. ʗʢʱʦ h = 0, ʪʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ 

ʫʪʚʦʨʶʶʯʦʾ ʢʨʠʚʦʾ ʱʦʜʦ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʥʘʧʨʷʤʥʦʾ ʢʨʠʚʦʾ. ʊʽʣʦ 
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ʟʩʫʚʫ ʟʘʚʞʜʠ ʤʘʻ ʪʦʨʮʝʚʽ ʛʨʘʥʽ. 

ʗʢʱʦ ʦʨʽʻʥʪʘʮʽʷ ʢʦʥʪʫʨʫ ʚ ʧʨʦʩʪʦʨʽ ʧʨʠ ʨʫʩʽ ʟʤʽʥʶʻʪʴʩʷ, 

ʟʙʝʨʽʛʘʶʯʠ ʜʝʷʢʠʡ ʟʘʜʘʥʠʡ ʢʫʪ ʤʽʞ ʧʣʦʱʦʶ ʢʦʥʪʫʨʫ ʡ ʜʦʪʠʯʥʦʶ 

ʜʦ ʥʘʧʨʷʤʥʦʾ ʢʨʠʚʦʾ, ʪʦ ʤʠ ʦʜʝʨʞʠʤʦ ʪʽʣʦ ʟʘʤʽʪʘʥʥʷ. ɹʽʯʥʽ ʛʨʘʥʽ 

ʪʽʣʘ ʟʘʤʽʪʘʥʥʷ ʙʫʜʫʶʪʴ ʜʣʷ ʢʦʞʥʦʾ ʢʨʠʚʦʾ (5.28) ʽ ʦʧʠʩʫʶʪʴ 

ʧʦʚʝʨʭʥʝʶ: 

r i(u, v) = g(v) + M (v) Ŀ (ci(u) - g(vmin) - h),                            . 

ui min Ò u Ò ui max,     vmin Ò v Ò vmax,                          (5.32) 

ʜʝ M (v) - ʤʘʪʨʠʯʥʘ ʬʫʥʢʮʽʷ. 

ʗʢʱʦ ʥʘʧʨʷʤʥʘ ʢʨʠʚʘ ʟʘʤʢʥʫʪʘ, ʪʦ ʦʜʝʨʞʠʤʦ ʢʽʥʝʤʘʪʠʯʥʝ 

ʪʽʣʦ ʟ ʪʦʧʦʣʦʛʽʻʶ ʪʦʨʫ. ʗʢʱʦ ʥʘʧʨʷʤʥʘ ʢʨʠʚʘ ʥʝ ʟʘʤʢʥʫʪʘ, ʪʦ 

ʦʜʝʨʞʠʤʦ ʢʽʥʝʤʘʪʠʯʥʝ ʪʽʣʦ ʟ ʪʦʧʦʣʦʛʽʻʶ ʧʨʠʟʤʠ. ɹʽʯʥʽ ʛʨʘʥʽ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʪʽʣʘ (ʪʽʣʘ ʟʩʫʚʫ ʘʙʦ ʪʽʣʘ ʟʘʤʽʪʘʥʥʷ) ʥʝ ʧʦʚʠʥʥʽ 

ʧʝʨʝʪʠʥʘʪʠ ʩʘʤʽ ʩʝʙʝ. ʎʷ ʚʠʤʦʛʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘʧʨʷʤʥʘ 

ʢʨʠʚʘ ʪʽʣʘ ʟʩʫʚʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʤʢʥʫʪʦ.ʁ ʊʽʣʦ ʟʩʫʚʫ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 5.19, ʘ ʪ̔ ʣʦ ʟʘʤʽʪʘʥʥʷ ï ʥʘ ʨʠʩ. 5.20. 
 

  

ʈʠʩʫʥʦʢ 5.19 - ʊ̔ʣʦ ʟʩʫʚʫ ʈʠʩʫʥʦʢ 5.20 - ʊʽʣʦ ʟʘʤʪ̔ʘʥʥ̫ 

ʅʘ ʨʠʩ. 5.21 ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʪʦʥʢʦʩʪʽʥʥʝ ʢʽʥʝʤʘʪʠʯʥʝ ʪʽʣʦ, 

ʧʦʙʫʜʦʚʘʥʝ ʧʦ ʥʝʟʘʤʢʥʫʪʽʡ 

ʪʚʽʨʥʽʡ  ̔ʟʘʤʢʥʫʪʽʡ ʥʘʧʨʷʤʥʽʡ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʥʝʡ 

ʨʦʟʛʣʷʥʫʪʠʭ ʪʽʣ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ 

ʜʚʦʤʽʨʥʠʡ ʢʦʥʪʫʨ c(t), ʤʽʩʮʝʚʫ 

ʧʣʦʱʠʥʫ ʨ, ix, iy, ʥʘʧʨʷʤʥʫ ʢʨʠʚʫ 

g(u) ʽ ʽʥʰʽ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʈʠʩʫʥʦʢ 5.21 - ʊʦʥʢʦʩʪʽʥʥʝ ʪʽʣʦ 

ʟʘʤ̔ʪʘʥʥ̫ 
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(ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʜʣʷ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʪʽʣʘ, ʩʧʦʩʽʙ ʨʫʭʫ ʢʦʥʪʫʨʫ - 

ʧʣʦʩʢʦʧʘʨʘʣʝʣʴʥʠʡ ʘʙʦ ʦʨʪʦʛʦʥʘʣʴʥʠʡ). 

5.4. ʇʦʙʫʜʦʚʘ ʪʽʣʘ ʧʦ ʧʣʦʩʢʠʤ ʧʝʨʝʨʽʟʘʤ 

ɹʘʛʘʪʦ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʧʦ ʾʭ ʧʣʦʩʢʠʤ ʧʝʨʝʨʽʟʘʤ ʫ 

ʧʝʚʥʠʭ ʤʽʩʮʷʭ. ʅʝʭʘʡ ʻ ʢʽʣʴʢʘ ʧʣʦʩʢʠʭ ʢʦʥʪʫʨʽʚ ci(t), i = 1, 2, é, n, 

ʦʜʥʘʢʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ, ʩʢʣʘʜʝʥʠʭ ʟ ʦʜʥʘʢʦʚʦʛʦ ʯʠʩʣʘ ʢʨʠʚʠʭ. ʇʦʙʫʜʫʻʤʦ ʪʽʣʦ, 

ʧʝʨʝʨʽʟʠ ʷʢʦʛʦ ʦʙʤʝʞʝʥʽ ʜʘʥʥʠʤʠ ʢʦʥʪʫʨʘʤʠ. ʊʽʣʦ ʤʘʻ ʜʚʽ ʪʦʨʮʝʚʽ 

ʛʨʘʥʽ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʢʨʘʡʥʽʭ ʢʦʥʪʫʨʘʭ. ʊʦʨʮʝʚʽ ʛʨʘʥʽ ʪʽʣʘ  ̒

ʧʣʦʱʠʥʘʤʠ, ʷʢʽ ʦʙʤʝʞʝʥʽ ʦʜʥʠʤ ʽʟ ʢʨʘʡʥʽʭ ʢʦʥʪʫʨʽʚ. ɹʽʯʥʠʤʠ 

ʛʨʘʥʷʤʠ ʦʙʦʣʦʥʢʠ ʪʽʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʛʣʘʜʞʫʶʪʴ, ʘʙʦ 

ʧʨʦʩʪʦ ʧʦʚʝʨʭʥʽ. ɰʭ ʢʽʣʴʢʽʩʪʴ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʢʨʠʚʠʭ ʫ ʢʦʥʪʫʨʽ. 

ʋ ʢʦʞʥʽʡ ʙʽʯʥʽʡ ʛʨʘʥʽ ʻ ʦʜʥʘ ʢʨʠʚʘ ʟ ʢʦʞʥʦʛʦ ʢʦʥʪʫʨʫ. ʎʽ ʢʨʠʚʽ 

ʥʘʟʠʚʘʪʠʤʝʤʦ ʚ̔ ʜʧʦʚʽʜʥʠʤʠ. ʄʽʞ ʢʨʠʚʠʤʠ ʚ ʢʦʥʪʫʨʘʭ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ 

ʢʨʠʚʦʾ ʚ ʢʦʥʪʫʨʽ. ʊʽʣʦ, ʧʦʙʫʜʦʚʘʥʝ ʧʦ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.22. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʢʦʥʪʫʨʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʨʮʝʚʠʭ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʧʣʦʩʢʠʤʠ. ʊʽʣʦ, ʧʦʙʫʜʦʚʘʥʝ ʟʘ ʧʣʦʩʢʠʤʠ 

ʧʝʨʝʨʽʟʘʤʠ, ʤʦʞʝ ʙʫʪʠ ʟʘʤʢʥʫʪʠʤ ʽ ʤʘʪʠ ʪʦʧʦʣʦʛʽʶ ʪʦʨʫ. ʊʽʣʦ, 

ʧʦʙʫʜʦʚʘʥʝ ʧʦ ʧʝʨʝʨʽʟʘʭ, ʦʧʠʩʫʚʘʥʠʭ ʥʝʟʘʤʢʥʫʪʠʤʠ ʣʽʥʽʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.23. ʇʦ ʥʝʟʘʤʢʥʫʪʠʭ ʣʽʥʽʷʭ ʫ ʙʫʜʴ ʷʢʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʫʶʪʴ ʟʘʤʢʥʫʪʽ ʢʦʥʪʫʨʠ, ʫ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʝʢʚ̔ʜʠʩʪʘʥʪʥ ̔ʢʨʠʚʽ. 
 

 

 

ʈʠʩʫʥʦʢ 5.22 - ʊʽʣʦ, ʧʦʙʫʜʦʚʘʥʝ ʧʦ 

ʧʣʘʩʢʠʭ ʧʝʨʝʨʽʟʘʭ 

ʈʠʩʫʥʦʢ 5.23 - ʊʽʣʦ, ʧʦʙʫʜʦʚʘʥʝ ʧʦ 

ʧʣʘʩʢʠʭ ʧʝʨʝʨʽʟʘʭ 
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5.5. ʊʽʣʦ ʫ ʬʦʨʤʽ ʣʠʩʪʘ 

ʅʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʽ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʽʣʦ ʫ 

ʬʦʨʤʽ ʣʠʩʪʘ ʢʽʥʮʝʚʦʾ ʪʦʚʱʠʥʠ. ʅʝʭʘʡ ʟʘʜʘʥʦ ʧʦʚʝʨʭʥʶ b(u, v). 

ʆʙʨʘʚʰʠ ʪʦʚʱʠʥʫ ʣʠʩʪʘ h, ʧʦʙʫʜʫʻʤʦ ʝʢʚʽʜʠʩʪʘʥʪʥʫ ʜʦ ʥʝʾ 

ʧʦʚʝʨʭʥʶ 

r (u, v) = b(u, v) + hm(u, v),                            (5.33) 

ʜʝ m(u, v) - ʥʦʨʤʘʣʴ ʜʦ ʧʦʚʝʨʭʥʽ b(u, v). 

ʅʘ ʮʠʭ ʧʦʚʝʨʭʥʷʭ ʧʦʙʫʜʫʻʤʦ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʘʥʽ ʣʠʩʪʦʚʦʛʦ 

ʪʽʣʘ. ɯʥʰʽ (ʙʽʯʥʽ) ʛʨʘʥʽ ʧʦʙʫʜʫʻʤʦ ʥʘ ʣʽʥʽʡʯʘʪʠʭ ʧʦʚʝʨʭʥʷʭ, ʦʜʥʽʻʶ 

ʙʘʟʦʚʦʶ ʣʽʥʽʻʶ ʷʢʠʭ ʻ ʛʨʘʥʠʯʥʘ ʣʽʥʽʷ ʥʘ ʧʦʚʝʨʭʥʽ b(u, v), ʘ ʜʨʫʛʦʶ - 

ʚʽʜʧʦʚʽʜʥʘ ʾʡ ʣʽʥʽʷ ʥʘ ʧʦʚʝʨʭʥʽ r (u, v). ʗʢʱʦ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ b(u, v) ʤʘʻ ʧʨʷʤʦʢʫʪʥʫ ʬʦʨʤʫ, ʪʦ ʣʠʩʪʦʚʝ ʪʽʣʦ 

ʙʫʜʝ ʤʘʪʠ ʯʦʪʠʨʠ ʙʽʯʥʽ ʛʨʘʥʽ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʣʠʩʪʦʚʝ ʪʽʣʦ 

ʙʫʜʝ ʤʘʪʠ ʩʪʽʣʴʢʠ ʙʽʯʥʠʭ ʛʨʘʥʝʡ, ʩʢʽʣʴʢʠ ʣʽʥʽʡ ʻ ʫ ʜʚʦʤʽʨʥʠʭ 

ʢʦʥʪʫʨʘʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ 

b(u, v). ʅʘʧʨʷʤʦʢ ʥʦʨʤʘʣʝʡ ʦʩʥʦʚʥʠʭ ʛʨʘʥʝʡ ʻ ʧʨʦʪʠʣʝʞʥʠʤ ʦʜʠʥ 

ʜʦ ʦʜʥʦʛʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʢʘʭ. ʗʢʱʦ ʧʦʚʝʨʭʥʷ b(u, v) ʻ ʟʘʤʢʥʫʪʦʶ 

ʟʘ ʦʜʥʠʤ ʽʟ ʧʘʨʘʤʝʪʨʽʚ, ʪʦ ʣʠʩʪʦʚʝ ʪʽʣʦ ʤʘʪʠʤʝ ʬʦʨʤʫ ʪʨʫʙʠ ʽ 

ʪʦʧʦʣʦʛʽʶ ʪʦʨʫ. ʗʢʱʦ ʧʦʚʝʨʭʥʷ ʟʘʤʢʥʫʪʘ ʟʘ ʦʙʦʤʘ 

ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʪʦ ʦʜʝʨʞʠʤʦ ʪʽʣʦ ʟ ʧʦʨʦʞʥʝʯʝʶ 

ʫʩʝʨʝʜʠʥʽ. ʊʘʢʝ ʪʽʣʦ ʤʘʪʠʤʝ ʟʦʚʥʽʰʥʶ ʦʙʦʣʦʥʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʽ 

r (u, v) ʽ ʚʥʫʪʨʽʰʥʶ ʦʙʦʣʦʥʢʫ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʽ b(u, v). 

ɺʝʢʪʦʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʽʣʘ ʫ ʬʦʨʤʽ ʣʠʩʪʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʧʦ 

NURBS ʧʦʚʝʨʭʥʽ, ʦʙʤʝʞʝʥʦ ʾʢʦʥʪʫʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 5.24, 

ʘ ʡʦʛʦ ʪʦʥʦʚʝ ʟʦʙʨʘʞʝʥʥʷ - ʥʘ ʨʠʩ. 5.25. 

 

           
ʈʠʩ. 5.24 - ʊ̔ʣʦ ʫ ʬʦʨʤ̔ ʣʠʩʪʘ ʈʠʩ. 5.25 - ʊ̔ʣʦ ʫ ʬʦʨʤ̔ ʣʠʩʪʘ 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʽʣ ʫ ʬʦʨʤʽ ʣʠʩʪʘ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʜʝʪʘʣʽ 

ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʬʶʟʝʣʷʞʫ ʣʽʪʘʢʘ. ʋ ʩʪʨʫʢʪʫʨʽ ʜʘʥʥʠʭ ʪʽʣʘ 

ʜʦʩʠʪʴ ʤʘʪʠ ʙʘʟʦʚʫ ʧʦʚʝʨʭʥʶ b(u, v) ʽ ʪʦʚʱʠʥʫ ʪʽʣʘ h. ʊʽʣʦ, 

ʧʦʙʫʜʦʚʘʥʝ ʧʦ ʧʝʨʝʨʽʟʘʤ, ʽ ʪʽʣʦ ʫ ʬʦʨʤʽ ʣʠʩʪʘ, ʪʘʢ ʩʘʤʦ ʷʢ ʚʩʽ 

ʨʦʟʛʣʷʥʫʪʽ ʪʽʣʘ,  ̒ ʟʘʛʦʪʽʚʢʘʤʠ ʜʣʷ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ. ʇʦʜʘʣʴʰʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʧʦʚ'ʷʟʘʥʝ ʟ ʦʧʝʨʘʮʽʷʤʠ ʥʘʜ ʪʽʣʘʤʠ. 

5.6. ɹʫʣʝʚ ̔ʦʧʝʨʘʮʽʾ ʥʘʜ ʪʽʣʘʤʠ 

ʅʘʜ ʪʽʣʘʤʠ, ʷʢ ʽ ʥʘʜ ʽʥʰʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, 

ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ - ʩʫʢʫʧʥʽʩʪʴ ʜʽʡ ʥʘʜ ʦʜʥʠʤʠ ʘʙʦ 

ʜʝʢʽʣʴʢʦʤʘ ʧʦʯʘʪʢʦʚʠʤʠ ʪʽʣʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʥʦʚʦʛʦ ʪʽʣʘ. ʆʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʜʚʦʭ ʪʽʣ ʻ ʙʫʣʝʚ ̔

ʦʧʝʨʘʮʽʾ. 

ɹʫʣʝʚʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʥʘʟʠʚʘʶʪʴ ʦʧʝʨʘʮʽʾ ʦʙ'ʻʜʥʘʥʥʷ, 

ʧʝʨʝʪʠʥʘʥʥʷ  ̔ʚ̔ ʜʥʽʤʘʥʥʷ ʪʽʣ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ ʦʜʥʦʡʤʝʥʥʽ 

ʦʧʝʨʘʮʽʾ ʥʘʜ ʚʥʫʪʨʽʰʥʽʤʠ ʦʙôʻʤʘʤʠ ʪʽʣ (ʥʘʜ ʙʝʟʣʽʯʯ  ʁ ʪʦʯʦʢ 

ʧʨʦʩʪʦʨʫ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫʩʝʨʝʜʠʥʽ ʪʽʣ). ɹʫʣʝʚʫ ʦʧʝʨʘʮʽʶ 

ʦʙ'ʻʜʥʘʥʥʷ ʪʽʣ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʬʦʨʤʫʣʦʶ S = S1 Ç S2, ʜʝ S1 ʽ S2 - 

ʧʦʯʘʪʢʦʚʽ ʪʽʣʘ, S - ʨʝʟʫʣʴʪʫʶʯʝ ʪʽʣʦ. ɹʫʣʝʚʫ ʦʧʝʨʘʮʽʶ ʧʝʨʝʪʠʥʘʥʥʷ 

ʪʽʣ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʬʦʨʤʫʣʦʶ S = S1 Æ S2. ɹʫʣʝʚʫ ʦʧʝʨʘʮʽʶ 

ʚ̔ ʜʥʽʤʘʥʥʷ ʪʽʣ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʬʦʨʤʫʣʦʶ S = S1 - S2. ʋ ʧʦʨʷʜʢʫ 

ʧʨʦʭʦʜʞʝʥʥʷ ʪʽʣ-ʦʧʝʨʘʥʜʽʚ ʥʘʟʠʚʘʪʠʤʝʤʦ ʾʭ ʧʝʨʰʠʤ ʪʽʣʦʤ ʽ 

ʜʨʫʛʠʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʽʾ ʦʙ'ʻʜʥʘʥʥʷ ʜʚʦʭ ʪʽʣ ʻ ʪʽʣʦ, ʱʦ ʤʘʻ 

ʪʦʯʢʠ, ̫ʢʽ ʥʘʣʝʞʘʪʴ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʫ ʧʝʨʰʦʛʦ ʘʙʦ ʜʨʫʛʦʛʦ 

ʪʽʣʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʽʾ ʧʝʨʝʪʠʥʘʥʥʷ ʜʚʦʭ ʪʽʣ ʻ ʪʽʣʦ, ʱʦ ʤʘʻ 

ʪʦʯʢʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʫ, ʷʢ ʧʝʨʰʦʛʦ, ʪʘʢ ʽ 

ʜʨʫʛʦʛʦ ʪʽʣʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʦʧʝʨʘʮʽʾ ʚʽʜʥʽʤʘʥʥʷ ʜʚʦʭ ʪʽʣ ʻ ʪʽʣʦ, ʱʦ 

ʤʘʻ ʪʦʯʢʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʙôʻʤʫ ʪʽʣʴʢʠ ʧʝʨʰʦʛʦ ʪʽʣʘ. 

ʅʘ ʨʠʩ. 5.26 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʯʘʪʢʦʚʽ ʪʽʣʘ ʜʣʷ ʙʫʣʝʚʦ ʾʦʧʝʨʘʮʽʾ, 

                                

ʈʠʩʫʥʦʢ 5.26 - ɼʚʘ ʧʦʯʘʪʢʦʚʠʭ 

ʪ̔ʣʘ 

ʈʠʩʫʥʦʢ 5.27 ï ʆʙ'ʻʜʥʘʥʥʷ ʪ̔ʣ 
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ʥʘ ʨʠʩ. 5.27 ï ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ ʦʙ'ʻʜʥʘʥʥʷ ʪʽʣ, ʥʘ ʨʠʩ. 5.28 ï 

ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ ʧʝʨʝʪʠʥʘʥʥʷ, ʥʘ ʨʠʩ. 5.29 ʽ ʨʠʩ. 5.30 ï 

ʨʝʟʫʣʴʪʘʪʠ ʦʧʝʨʘʮʽʾ ʚʽʜʥʽʤʘʥʥʷ ʪʣ̔. 

 

   

ʈʠʩʫʥʦʢ 5.28 - 

ʇʝʨʝʪʠʥ ʪ̔ʣ 

ʈʠʩʫʥʦʢ 5.29 -  

ʈ̔ʟʥʠʮʷ ʪ̔ʣ 

ʈʠʩʫʥʦʢ 5.30 -  

ʈ̔ʟʥʠʮʷ ʪ̔ʣ 

ʆʧʝʨʘʮʽʶ ʚ̔ ʜʥʽʤʘʥʥʷ ʪʽʣ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʦʧʝʨʘʮʽʾ 

ʧʝʨʝʪʠʥʘʥʥʷ ʪʽʣ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʚʝʨʥʫʪʠ ʜʨʫʛʝ ʪʽʣʦ 

ʥʘʚʠʚʦʨʽʪ ʽ ʟʥʘʡʪʠ ʪʦʯʢʠ ʡʦʛʦ ʦʙôʻʤʫ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʥʘʣʝʞʘʪʴ ʜʦ 

ʦʙôʻʤʫ ʧʝʨʰʦʛʦ ʪʽʣʘ. ɺʠʚʝʨʥʫʪʝ ʥʘʚʠʚʦʨʽʪ ʪʽʣʦ S ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ 

S
½
. ʇʨʠ ʚʠʚʝʨʪʘʥʥʽ ʪʽʣʘ ʥʘʚʠʚʦʨʽʪ ʚʥʫʪʨʽʰʥʽ ʙʦʢʠ ʛʨʘʥʝʡ ʩʪʘʶʪʴ 

ʟʦʚʥʽʰʥʽʤʠ ʙʦʢʘʤʠ, ʘ ʟʦʚʥʽʰʥʽ ï ʚʥʫʪʨʽʰʥʽʤʠ. ʅʘʧʨʷʤʢʠ ʮʠʢʣʽʚ 

ʟʤʽʥʶʶʪʴʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʽ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʥʫʪʨʽʰʥʽʤ ʦʙôʻʤʦʤ 

ʪʽʣʘ ʩʪʘʻ ʪʘ ʯʘʩʪʠʥʘ ʧʨʦʩʪʦʨʫ, ʷʢʘ ʜʦ ʮʴʦʛʦ ʧʝʨʝʙʫʚʘʣʘ ʟʦʚʥʽ ʪʽʣʘ. 

ʄʘʪʝʤʘʪʠʯʥʦ ʦʧʝʨʘʮʽʶ ʚ̔ ʜʥʽʤʘʥʥʷ ʧʨʠʚʦʜ̫ʪʴ ʜʦ ʦʧʝʨʘʮʽʾ 

ʧʝʨʝʪʠʥʘʥʥʷ ʪʽʣ S = S1 - S2 = S1 Æ S2
½

. 

ʂʦʥʩʪʨʫʢʪʦʨ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʧʝʨʘʮʽʾ 

ʦʙ'ʻʜʥʘʥʥʷ ʽ ʚʽʜʥʽʤʘʥʥʷ (ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʦʥʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʧʦ-ʽʥʰʦʤʫ, ʥʘʧʨʠʢʣʘʜ, ʦʧʝʨʘʮʽʾ ʟʚʘʨʶʚʘʥʥʷ  ̔

ʩʚʝʨʜʣʽʥʥʷ), ʘ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʚʠʢʦʥʫʻ ʚʽʜʧʦʚʽʜʥʦ ʦʧʝʨʘʮʽʾ 

ʦʙ'ʻʜʥʘʥʥʷ  ̔ ʧʝʨʝʪʠʥʘʥʥʷ. ɺʩʽ ʙʫʣʝʚ ̔ ʦʧʝʨʘʮʽʾ ʤʘʶʪʴ ʙʘʛʘʪʦ 

ʩʧʽʣʴʥʦʛʦ ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʻʜʠʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

5.6.1 ʆʙ'ʻʜʥʘʥʥʷ ʪʽʣ 

ʈʦʟʛʣʷʥʝʤʦ ʙʫʣʝʚʫ ʦʧʝʨʘʮʽʶ ʦʙ'ʻʜʥʘʥʥʷ ʪʽʣ. ʂʦʨʦʪʢʦ ʩʫʪʴ 

ʦʧʝʨʘʮʽʾ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʣʽʥʽʾ 

ʧʝʨʝʪʠʥʫ ʛʨʘʥʝʡ ʪʽʣ, ʚʠʜʘʣʠʪʠ ʪʫ ʯʘʩʪʠʥʫ ʧʝʨʰʦʛʦ ʪʽʣʘ, ʱʦ 
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ʧʦʪʨʘʧʠʣʘ ʫʩʝʨʝʜʠʥʫ ʜʨʫʛʦʛʦ ʪʽʣʘ ʽ ʪʫ ʯʘʩʪʠʥʫ ʜʨʫʛʦʛʦ ʪʽʣʘ, ʱʦ 

ʧʦʪʨʘʧʠʣʘ ʫʩʝʨʝʜʠʥʫ ʧʝʨʰʦʛʦ ʪʽʣʘ, ʘ ʽʟ ʫʩʴʦʛʦ ʽʥʰʦʛʦ ʧʦʙʫʜʫʚʘʪʠ 

ʥʦʚʝ ʪʽʣʦ. ʆʧʝʨʘʮʽʶ ʫʤʦʚʥʦ ʨʦʟʽʙ'ʻʤʦ ʥʘ ʪʨʠ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʧʦʙʫʜʫʻʤʦ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʛʨʘʥʝʡ ʽ ʥʘ ʾʭ ʙʘʟʽ - ʥʦʚʽ 

ʨʝʙʨʘ. ʇʦʙʫʜʦʚʘʥʽ ʥʦʚʽ ʨʝʙʨʘ ʥʘʟʠʚʘʪʠʤʝʤʦ ʨʝʙʨʘʤʠ ʧʝʨʝʪʠʥʫ, ʘ 

ʨʝʙʨʘ ʪʽʣ ï ʩʪʘʨʠʤʠ ʨʝʙʨʘʤʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʠʤʦ ʪʦʯʢʠ 

ʧʝʨʝʪʠʥʫ ʥʦʚʠʭ ʨʝʙʝʨ ʟʽ ʩʪʘʨʠʤʠ ʽ ʫ ʮʠʭ ʪʦʯʢʘʭ ʨʦʟʨʽʞʝʤʦ ʩʪʘʨʽ 

ʨʝʙʨʘ ʥʘ ʢʽʣʴʢʘ ʨʝʙʝʨ. ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʦʧʝʨʘʮʽʾ ʧʝʨʝʰʠʢʫʻʤʦ 

ʮʠʢʣʠ ʛʨʘʥʝʡ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʦʜʘʤʦ ʜʦ ʛʨʘʥʝʡ 

ʪʽʣ, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʛʨʘʥʽ, ʪʦʧʦʣʦʛʽʯʥʦ ʟʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʝʪʘʧʠ ʧʦʙʫʜʦʚʠ ʪʽʣʘ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʦʧʝʨʘʮʽʾ ʦʙ'ʻʜʥʘʥʥʷ ʪʽʣ ʧʦʯʥʝʤʦ ʟ ʪʦʛʦ, ʱʦ 

ʧʦʙʫʜʫʻʤʦ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʢʦʞʥʦʾ ʛʨʘʥʽ ʧʝʨʰʦʛʦ ʪʽʣʘ ʟ ʢʦʞʥʦʶ 

ʛʨʘʥʥʶ ʜʨʫʛʦʛʦ, ʷʢʱʦ ʪʘʢʽ ʻ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʛʨʘʥʝʡ. ʅʝʭʘʡ ʛʨʘʥʽ ʧʝʨʰʦʛʦ ʪʽʣʘ ʦʧʠʩʫʶʪʴ 

ʧʦʚʝʨʭʥʷʤʠ 

r i(ui, vi), i =1, 2, é, m,                                   (5.34) 

ʘ ʛʨʘʥʽ ʜʨʫʛʦʛʦ ʪʽʣʘ ʦʧʠʩʫʶʪʴ ʧʦʚʝʨʭʥʷʤʠ 

sj(uj, vj), j =1, 2, é, n...                                  (5.35) 

ʅʘ ʙʘʟʽ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ ʛʨʘʥʝʡ ʧʝʨʰʦʛʦ  ̔ʜʨʫʛʦʛʦ ʪʽʣ 

[ ]
T

T

min max

( ) ( ) ( ) , ( ) ( , )

( ) ( ) ( ) , ( ) ( , )

,

uv i i uv i i i

ab j j ab j j j

t u t v t t u v

t a t b t t u v

t t t

= Í

è ø= Íê ú

¢ ¢

r

s

l l ,

l l ,               (5.36) 

ʧʦʙʫʜʫʻʤʦ ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ. ʇʨʠ ʮʴʦʤʫ ʨʝʙʨʘʤ ʧʝʨʝʪʠʥʫ ʜʘʤʦ 

ʥʘʧʨʷʤʦʢ ʚʝʢʪʦʨʥʦʛʦ ʜʦʙʫʪʢʫ ʥʦʨʤʘʣʽ ʛʨʘʥʽ ʧʝʨʰʦʛʦ ʪʽʣʘ ʟ 

ʥʦʨʤʘʣʣʶ ʛʨʘʥʽ ʜʨʫʛʦʛʦ ʪʽʣʘ: tedge = mr ³ ms. ʅʘʧʨʷʤʦʢ ʨʝʙʨʘ 

ʚʠʟʥʘʯʘʪʁʴ ʦʟʥʘʢʦʶ ʟʙʽʛʫ ʥʘʧʨʷʤʢʫ ʧʦʭʽʜʥʦʾ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʟ 

ʥʝʦʙʭʽʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʝʙʨʘ. ɿʘ ʧʦʟʠʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ ʥʦʨʤʘʣʽ 

ʛʨʘʥʽ ʧʨʠʡʤʝʤʦ ʥʘʧʨʷʤʦʢ ʥʘʟʦʚʥʽ ʪʽʣʘ. ʅʦʨʤʘʣʴ ʛʨʘʥʽ ʤʦʞʝ 

ʟʙʽʛʘʪʠʩʷ ʟ ʥʦʨʤʘʣʣʶ ʾʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʤʘʪʠ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʦʢ 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʟʥʘʢʠ ʾʭ ʟʙʽʛʫ. ʅʘ ʨʠʩ. 5.31 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʧʨʷʤʢʠ 

ʨʝʙʝʨ ʧʝʨʝʪʠʥʫ ʛʨʘʥʽ ʧʝʨʰʦʛʦ ʪʽʣʘ ʽʟ ʜʚʦʤʘ ʛʨʘʥʷʤʠ ʜʨʫʛʦʛʦ ʪʽʣʘ. 

ʈʝʙʨʘ ʧʝʨʝʪʠʥʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 
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ʚʦʥʠ ʧʦʚʥʽʩʪʶ ʣʝʞʘʣʠ ʫʩʝʨʝʜʠʥʽ ʮʠʢʣʽʚ ʛʨʘʥʝʡ ʧʦʯʘʪʢʦʚʠʭ ʪ̔ʣ. 

ʈʝʙʨʘ ʧʝʨʝʪʠʥʫ 

ʤʦʞʫʪʴ ʧʽʜʭʦʜʠʪʠ ʜʦ ʤʝʞ 

ʛʨʘʥʽ ʪʽʣʴʢʠ ʩʚʦʾʤʠ 

ʢʽʥʮʷʤʠ. ʋ ʪʦʯʢʘʭ ɸ, ɺ  ̔ʉ 

(ʨʠʩ. 5.31) ʩʪʘʨʽ ʨʝʙʨʘ 

ʛʨʘʥʝʡ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʨʦʟʙʠʪʽ ʢʦʞʥʝ ʥʘ ʜʚʘ 

ʨʝʙʨʘ, ʦʩʢʽʣʴʢʠ ʜʦ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʪʽʣʘ 

ʚʚʽʡʜʝ ʪʽʣʴʢʠ ʯʘʩʪʠʥʘ 

ʧʦʯʘʪʢʦʚʦʾ ʛʨʘʥʽ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʨʦʟʨ̔ʞʝʤʦ ʩʪʘʨʽ ʨʝʙʨʘ 

ʪʽʣʘ, ʜʦ ʷʢʠʭ ʧʽʜʭʦʜʷʪʴ 

ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ. ʈʽʟʘʥʥʷ ʩʪʘʨʦʛʦ ʨʝʙʨʘ ʟʜʽʡʩʥʶʶʪʴ ʰʣʷʭʦʤ 

ʨʦʟʩ̔ʯʝʥʥʷ ʢʨʠʚʦʾ, ʥʘ ʷʢʽʡ ʙʘʟʫʻʪʴʩʷ ʨʝʙʨʦ. ɿ ʦʜʥʽʻʾ ʢʨʠʚʦʾ 

ʦʜʝʨʞʠʤʦ ʜʚʽ, ̫ ʢʽ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟʘʤʽʥʷʶʪʴ ʧʦʯʘʪʢʦʚʫ ʢʨʠʚʫ ʨʝʙʨʘ. 

ʆʜʥʘ ʟ ʮʠʭ ʢʨʠʚʠʭ ʟʘʣʠʰʠʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʠʤ ʥʦʩʽʻʤ ʨʝʙʨʘ, 

ʱʦ ʨʦʟʨʽʟʫʶʪʴ, ʘ ʥʘ ʙʘʟʽ ʜʨʫʛʦʾ ʧʦʙʫʜʫʻʤʦ ʥʦʚʝ ʨʝʙʨʦ, ʷʢʝ 

ʦʜʝʨʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʨʝʙʨʘ ʚʩʶ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʗʢ 

ʙʫʣʦ ʩʢʘʟʘʥʦ, ʢʦʞʥʝ ʨʝʙʨʦ ʙʫʜʫʶʪʴ ʥʘ ʙʘʟʽ ʢʨʠʚʦʾ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʦʥʴ (5.1). ʂʨʠʚʫ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʫʪʚʦʨʶʶʪʴ ʜʚʽ 

ʧʦʚʝʨʭʥʽ  ̔ʜʚʽ ʚʽʜʧʦʚʽʜʥʽ ʤʾ ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ. ʈʦʟʩʽʯʝʥʥʶ ʧʽʜʣʷʛʘʶʪʴ 

ʩʘʤʝ ʜʚʦʤʽʨʥʽ ʢʨʠʚʽ ʥʘ ʜʚʦʭ ʨʽʟʥʠʭ ʧʦʚʝʨʭʥʷʭ. ʗʢ ʜʦ, ʪʘʢ ʽ ʧʽʩʣʷ 

ʨʦʟʩʽʯʝʥʥʷ ʮʽ ʢʨʠʚʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʽ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʦʯʦʢ ʧʨʠ ʚʩʽʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʫ. 

ʊʦʯʢʠ ʧʝʨʝʪʠʥʫ ʥʦʚʦʛʦ ʨʝʙʨʘ ʟʽ ʩʪʘʨʠʤ ʨʝʙʨʦʤ ʛʨʘʥʽ 

ʰʫʢʘʶʪʴ ʷʢ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ, ʟʘʜʘʥʠʭ ʥʘ ʩʧʽʣʴʥʽʡ 

ʜʣʷ ʥʠʭ ʧʣʦʱʠʥ ̔ʧʘʨʘʤʝʪʨʽʚ. ɺʽʜ ʢʦʞʥʦʛʦ ʨʝʙʨʘ ʫ ʬʦʨʤʫʣʫ ʜʣʷ 

ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ ʣʽʥʽʡ ʚʭʦʜʠʪʴ ʧʦ ʦʜʥʽʡ ʜʚʦʤʽʨʥʽʡ ʢʨʠʚʽʡ, ʷʢʽ 

ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ. ʇʘʨʘʤʝʪʨʠ ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ ʨʝʙʝʨ ʽ 

ʩʘʤʽ ʢʦʦʨʜʠʥʘʪʠ ʢʨʠʚʠʭ, ʷʢʽ ʻ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʚʝʨʭʥʽ, ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. 

ʗʢʱʦ ʨʝʙʨʦ, ʷʢʝ ʨʦʟʨʽʟʘʶʪʴ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʨʠʚʽʡ ʧʝʨʝʪʠʥʫ, 

ʱʦ ʟʘʜʘʥʘ ʦʢʨʝʤʠʤʠ ʪʦʯʢʘʤʠ (ʜʚʦʤʽʨʥʽ ʣʽʥʽʾ ʻ ʣʘʤʘʥʠʤʠ  ̔ʪʦʯʥʦ 

ʩʧʽʚʧʘʜʘʶʪʴ ʚ ʧʨʦʩʪʦʨʽ ʪʽʣʴʢʠ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʪʦʯʢʘʭ), ʪʦ ʧʝʨʰ 

ʥʽʞ ʨʦʟʨʽʟʘʪʠ ʪʘʢʫ ʢʨʠʚʫ, ʧʦʪʨʽʙʥʦ ʚ ʦʙʠʜʚʽ ʣʽʥʽʾ ʚʩʪʘʚʠʪʠ 
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ʜʦʜʘʪʢʦʚʽ ʪʦʯʢʠ, ̫ʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʪʨʴʦʭ 

ʧʦʚʝʨʭʦʥʴ - ʜʚʦʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʣʝʞʘʪʴ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʨʝʙʨʘ, ʷʢʝ 

ʨʦʟʨʽʟʘʶʪʴ, ʽ ʧʦʚʝʨʭʥʽ ʛʨʘʥʽ ʽʥʰʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʪʽʣʘ. ʅʘʧʨʠʢʣʘʜ, 

ʷʢʱʦ ʨʽʞʫʪʴ ʣʽʥʽ ʁ ʧʝʨʝʪʠʥʘʥʥʷ ʧʦʚʝʨʭʦʥʴ r i(ui, vi), r n(un, vn), 

ʧʦʚʝʨʭʥʝʶ sj(aj, bj), ʪʦ ʚ ʣʽʥʽʾ luv(q) = [ui(q) + vi(q)]
T
 ʽ 

luv(q) = [un(q) + vn(q)]
T
 ʧʦʪʨʽʙʥʦ ʚʩʪʘʚʠʪʠ ʜʦʜʘʪʢʦʚʽ ʜʚʦʤʽʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʪʦʯʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ 

r i(ui, vi), r n(un, vn), sj(aj, bj). ɿʘʜʘʯʘ ʧʝʨʝʪʠʥʫ ʪʨʴʦʭ ʧʦʚʝʨʭʦʥʴ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʰʝʩʪʠ ʩʢʘʣʷʨʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ 

ʰʝʩʪʠ ʧʘʨʘʤʝʪʨʽʚ ui, vi, un, vn, aj, bj. ʇʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʨʽʰʝʥʥʷ 

ʚʽʜʦʤʝ ʜʦʩʠʪʴ ʪʦʯʥʦ. 

ʆʩʢʽʣʴʢʠ ʢʦʞʥʝ ʨʝʙʨʦ ʧʦʯʘʪʢʦʚʠʭ ʪʽʣ ʚʭʦʜʠʪʴ ʫ ʮʠʢʣʠ ʜʚʦʭ 

ʩʫʤʽʞʥʠʭ ʛʨʘʥʝʡ, ʪʦ ʧʽʩʣʷ ʨʽʟʘʥʥʷ ʨʝʙʝʨ ʧʦʯʘʪʢʦʚʠʭ ʪʽʣ ʥʝʦʙʭʽʜʥʦ 

ʟʢʦʨʝʢʪʫʚʘʪʠ ʮ̔ ʮʠʢʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʨʽʟʘʥʠʭ ʨʝʙʝʨ. 

ʇʽʩʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʝʪʘʧʽʚ ʦʜʝʨʞʫʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʨʝʙʝʨ 

ʧʝʨʝʪʠʥʫ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʝʚʥʠʤ ʯʠʥʦʤ, ʷʢʽ ʩʪʠʢʫʶʪʴʩʷ ʦʜʠʥ ʟ 

ʦʜʥʠʤ ʽ ʟ ʨʝʙʨʘʤʠ ʧʦʯʘʪʢʦʚʠʭ ʪʽʣ ʪʽʣʴʢʠ ʫ ʚʝʨʰʠʥʘʭ. ɼʘʣʽ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʙʫʜʫʚʘʪʠ ʮʠʢʣʠ ʛʨʘʥʝʡ, ʷʢʽ ʧʝʨʝʪʥʫʣʠʩʷ. 

ʊʨʝʪʽʡ ʝʪʘʧ ʟʘʚʝʨʰʫʻ ʙʫʣʝʚʫ ʦʧʝʨʘʮʽʶ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʦʞʥʫ 

ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 5.31 ʛʨʘʥʝʡ ʨʦʟʨʽʟʘʪʠ ʥʘ ʯʘʩʪʠʥʠ, ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʙʫʜʫʚʘʪʠ ʾʾ ʮʠʢʣʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʠʭ ʟʤʽʥʠʪʠ ʢʦʥʪʫʨʠ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ ʛʨʘʥʽ. ʅʘ 

ʨʠʩ. 5.32 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʽ ʛʨʘʥʽ, ʷʢʽ ʧʝʨʝʪʥʫʣʠʩʷ, (ʪʦʥʢʠʤʠ ʣʽʥʽʷʤʠ 

ʟʽ ʩʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤʦʢ ʮʠʢʣʽʚ ʛʨʘʥʝʡ ʚʠʭʽʜʥʠʭ ʪʽʣ) ʽ ʨʝʙʨʦ 

ʧʝʨʝʪʠʥʘʥʥʷ. 

 

sm

rm

                

sm

rm

 

ʈʠʩʫʥʦʢ 5.32 - ʇʦʯʘʪʢʦʚʽ ʛʨʘʥ ̔ʪ̔ʣʘ ʈʠʩʫʥʦʢ 5.33 - ʆʙʨ̔ʟʘʥ̔ ʛʨʘʥ ̔

 



ʊʝʦʨiʷ 3D ʤʦʜʝʣʶʚʘʥʥʷ 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 

148 

ʅʘ ʨʠʩ. 5.33 ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʽ ʯʘʩʪʠʥʠ ʛʨʘʥʝʡ, ʷʢʽ ʫʚʽʡʜʫʪʴ ʜʦ 

ʦʙ'ʻʜʥʘʥʥʷ ʪʣ̔. ʉʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤʦʢ ʧʝʨʝʙʫʜʦʚʘʥʠʭ 

ʮʠʢʣʽʚ ʛʨʘʥʝʡ ʪʣ̔. ʂʦʞʥʠʡ ʮʠʢʣ ʻ ʩʧʠʩʢʦʤ ʨʝʙʝʨ ʫ ʧʦʨʷʜʢʫ ʾʭ 

ʧʨʦʭʦʜʞʝʥʥʷ  ̔ʩʧʠʩʢʦʤ ʧʨʘʧʦʨʽʚ ʦʨʽʻʥʪʘʮʽʾ ʮʠʭ ʨʝʙʝʨ ʫ ʮʠʢʣʽ. 

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʟʘ ʧʨʠʡʥʷʪʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʨʝʙʝʨ 

ʧʝʨʝʪʠʥʫ (tedge = mr ³ ms) ʫ ʮʠʢʣʠ ʛʨʘʥʝʡ ʧʝʨʰʦʛʦ ʪʽʣʘ ʚʦʥʠ 

ʫʚʽʡʜʫʪʴ ʽʟ ʥʝʛʘʪʠʚʥʠʤ ʧʨʘʧʦʨʦʤ, ʘ ʚ ʮʠʢʣʠ ʛʨʘʥʝʡ ʜʨʫʛʦʛʦ ʪʽʣʘ ï ʟ 

ʧʦʟʠʪʠʚʥʠʤ. ʉʪʘʨʽ ʨʝʙʨʘ ʧʦʯʘʪʢʦʚʠʭ ʪʽʣ, ʷʢʽ ʟʙʝʨʝʞʫʪʴʩʷ ʫ 

ʢʽʥʮʝʚʦʤʫ (ʨʝʟʫʣʴʪʫʶʯʦʤʫ) ʪʽʣʽ, ʫʚʽʡʜʫʪʴ ʫ ʧʝʨʝʙʫʜʦʚʘʥʽ ʮʠʢʣʠ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʩʚʦʾʭ ʧʨʘʧʦʨʽʚ. ʇʨʠ ʧʝʨʝʙʫʜʦʚʽ ʮʠʢʣʽʚ ʛʨʘʥʝʡ, ʷʢʽ 

ʧʝʨʝʪʥʫʣʠʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʫ ʽʟ ʜʚʦʭ ʛʨʘʥʝʡ, ʷʢʽ ʧʝʨʝʪʥʫʣʠʩʷ ʽ ʥʘʣʝʞʘʪʴ 

ʧʝʨʰʦʤʫ ʪʽʣʫ. ɹʝʨʝʤʦ ʙʫʜʴ-ʷʢʝ ʨʝʙʨʦ ʧʝʨʝʪʠʥʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʾ 

ʛʨʘʥʽ ʪʘ ʧʦʯʠʥʘʻʤʦ ʟ ʥʴʦʛʦ ʱʠʢʫʚʘʪʠ ʩʧʠʩʦʢ ʨʝʙʝʨ ʮʠʢʣʫ. ʈʝʙʨʦ 

ʧʝʨʝʪʠʥʫ ʧʦʚʠʥʥʦ ʫʚʽʡʪʠ ʜʦ ʮʠʢʣʫ ʛʨʘʥʽ ʧʝʨʰʦʛʦ ʪʽʣʘ ʟ ʥʝʛʘʪʠʚʥʠʤ 

ʧʨʘʧʦʨʦʤ, ʦʪʞʝ, ʮʠʢʣ ʤʘʪʠʤʝ ʥʘʧʨʷʤʦʢ, ʧʨʦʪʠʣʝʞʥʠʡ ʧʝʨʰʦʤʫ 

ʨʝʙʨʫ. ɼʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʮʠʢʣʫ ʩʝʨʝʜ ʨʝʙʝʨ ʧʝʨʝʪʠʥʫ  ̔ʩʝʨʝʜ ʩʪʘʨʠʭ 

ʨʝʙʝʨ ʛʨʘʥʽ ʰʫʢʘʻʤʦ ʚʩʽ ʨʝʙʨʘ, ʱʦ ʩʪʠʢʫʶʪʴʩʷ ʟ ʜʘʥʠʤ ʨʝʙʨʦʤ ʫ 

ʡʦʛʦ ʧʦʯʘʪʢʦʚʽʡ ʚʝʨʰʠʥʽ. ʉʝʨʝʜ ʟʥʘʡʜʝʥʠʭ ʨʝʙʝʨ ʚʠʙʝʨʝʤʦ ʪʝ, ʱʦ 

ʣʝʞʠʪʴ ʣʽʚʦʨʫʯ ʚʽʜ ʽʥʰʠʭ (ʟʘʛʦʨʪʘʻ ʚʣʽʚʦ ʥʘ ʙʽʣʴʰʠʡ ʢʫʪ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʟʥʘʡʜʝʥʠʤʠ ʨʝʙʨʘʤʠ, ʷʢʱʦ ʜʠʚʠʪʠʩʷ ʫʟʜʦʚʞ 

ʮʠʢʣʫ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʛʨʘʥʽ). ʆʙʨʘʥʝ ʨʝʙʨʦ ʩʪʘʚʠʤʦ ʜʦ ʩʧʠʩʢʫ 

ʮʠʢʣʫ. ʗʢʱʦ ʨʝʙʨʦ ʻ ʩʪʘʨʠʤ, ʪʦ ʚʦʥʦ ʟʙʝʨʽʛʘʪʠʤʝ ʩʚʽʡ ʧʨʘʧʦʨ ʫ 

ʮʠʢʣʽ. ʗʢʱʦ ʨʝʙʨʦ ʻ ʨʝʙʨʦʤ ʧʝʨʝʪʠʥʫ, ʪʦ ʚʦʥʦ ʦʪʨʠʤʘʻ ʥʝʛʘʪʠʚʥʠʡ 

ʧʨʘʧʦʨ. ʈʝʙʨʘ ʧʝʨʝʪʠʥʫ ʤʘʶʪʴ ʧʝʨʝʚʘʞʥʝ ʧʨʘʚʦ ʙʫʪʠ ʦʙʨʘʥʠʤʠ 

ʚʽʜʥʦʩʥʦ ʩʪʘʨʠʭ ʨʝʙʝʨ. ʊʦʙʪʦ, ʷʢʱʦ ʣʚ̔̔ ʝh ʽʥʰʠʭ ʚʠʷʚʠʣʠʩʷ ʜʚʘ 

ʩʧʽʚʧʘʜʘʶʯʠʭ ʨʝʙʨʘ, ʦʜʥʝ ʟ ʷʢʠʭ ʻ ʩʪʘʨʠʤ, ʘ ʽʥʰʝ - ʨʝʙʨʦʤ 

ʧʝʨʝʪʠʥʫ, ʪʦ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʮʠʢʣʫ ʦʙʠʨʘʁʪʴ ʨʝʙʨʦ ʧʝʨʝʪʠʥʫ. 

ʇʨʦʮʝʩ ʧʝʨʝʙʫʜʫʚʘʥʥʷ ʮʠʢʣʫ ʛʨʘʥʽ ʧʨʦʜʦʚʞʫʚʘʪʠʤʝʤʦ ʜʦʪʠ, 

ʧʦʢʠ ʮʠʢʣ ʥʝ ʟʘʤʢʥʝʪʴʩʷ. ʅʘ ʮʴʦʤʫ ʧʦʙʫʜʦʚʫ ʯʝʨʛʦʚʦʛʦ ʮʠʢʣʫ 

ʟʘʢʽʥʯʫʶʪʴ. ʗʢʱʦ ʫ ʨʦʟʛʣʷʥʫʪʽʡ ʛʨʘʥʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʮʠʢʣʫ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʝ ʚʩʽ ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ, ʪʦ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ, 

ʷʢʝ ʟʘʣʠʰʠʣʦʩʷ, ʧʦʯʠʥʘʻʤʦ ʙʫʜʫʚʘʪʠ ʱʝ ʦʜʠʥ ʮʠʢʣ ʛʨʘʥʽ. ʎʠʢʣʠ 

ʧʝʨʝʙʫʜʦʚʫʻʤʦ ʜʦʪʠ, ʧʦʢʠ ʥʝ ʚʠʢʦʨʠʩʪʘʻʤʦ ʚʩʽ ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʙʫʜʫʻʤʦ ʢʽʣʴʢʘ ʥʦʚʠʭ ʮʠʢʣʽʚ ʨʦʟʛʣʷʥʫʪʦʾ ʛʨʘʥʽ 

ʧʝʨʰʦʛʦ ʪʽʣʘ. 

ʇʦʰʫʢ ʨʝʙʝʨ, ʱʦ ʩʪʠʢʫʶʪʴʩʷ, ʽ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚ 

ʪʦʯʮʽ ʩʪʠʢʫ ʟʨʫʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʦ ʜʚʦʤʽʨʥʠʭ ʢʨʠʚʠʭ ʨʝʙʝʨ ʛʨʘʥʽ. 
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ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʥʘʚʽʪʴ ʽʟ ʪʘʢʠʤʠ ʨʝʙʨʘʤʠ, ʷʢʽ ʚ 

ʧʨʦʩʪʦʨʽ ʩʪʷʛʥʫʪʽ ʚ ʪʦʯʢʫ (ʥʘʧʨʠʢʣʘʜ, ʨʝʙʨʦ ʫ ʚʝʨʰʠʥʽ ʢʦʥʫʩʫ ʘʙʦ 

ʧʦʣʶʩʽ ʩʬʝʨʠ). ʅʘ ʨʠʩ. 5.34 ʧʦʢʘʟʘʥʦ, ʱʦ ʟ ʥʦʚʠʤ ʨʝʙʨʦʤ BA ʫ 

ʪʦʯʮʽ ɸ ʩʪʠʢʫʶʪʴʩʷ ʢʽʣʴʢʘ ʨʝʙʝʨ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʧʨʦʜʦʚʞʝʥʥʷ ʮʠʢʣʫ, ʧʦʯʘʪʦʛʦ ʟ ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ BA, ʚʘʨʪʦ ʚʠʙʨʘʪʠ 

ʨʝʙʨʦ ɸʉ. 

ɿʘʥʦʚʦ ʧʦʙʫʜʦʚʘʥʽ ʮʠʢʣʠ 

ʨʦʟʩʦʨʪʫʻʤʦ ʟʘ ʛʨʫʧʘʤʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʮʠʢʣʫ  ̔

ʚʥʫʪʨʽʰʥʽʭ ʮʠʢʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʥʴʦʛʦ. ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʛʨʘʥʽ ʤʦʞʫʪʴ 

ʟʘʣʠʰʠʪʠʩʷ ʥʝʜʦʪʦʨʢʘʥʠʤʠ ʦʜʠʥ ʘʙʦ 

ʜʝʢʽʣʴʢʘ ʩʪʘʨʠʭ ʮʠʢʣʽʚ. ʅʝʜʦʪʦʨʢʘʥʠʤʠ 

ʥʘʟʠʚʘʪʠʤʝʤʦ ʩʪʘʨʽ ʮʠʢʣʠ ʛʨʘʥʽ, ʞʦʜʥʝ 

ʨʝʙʨʦ ʷʢʠʭ ʥʝ ʫʚʽʡʰʣʦ ʚ ʧʝʨʝʙʫʜʦʚʘʥʽ 

ʮʠʢʣʠ. ʉʝʨʝʜ ʩʪʘʨʠʭ ʥʝʜʦʪʦʨʢʘʥʠʭ 

ʮʠʢʣʽʚ ʚʽʜʙʝʨʝʤʦ ʪʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʜʦʣʫʯʠʪʠ ʜʦ ʩʢʣʘʜʫ ʦʧʠʩʫ 

ʧʝʨʝʙʫʜʦʚʘʥʦʾ ʛʨʘʥʽ. ʅʠʤʠ ʻ ʩʪʘʨʽ 

ʚʥʫʪʨʽʰʥʽ ʮʠʢʣʠ ʛʨʘʥʽ, ʱʦ ʣʝʞʘʪʴ 

ʫʩʝʨʝʜʠʥʽ ʥʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʮʠʢʣʽʚ. ʑʝ 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʚʘʨʪʦ ʟʘʣʫʯʘʪʠ 

ʚ ʨʝʟʫʣʴʪʘʪ ʩʪʘʨʠʡ ʟʦʚʥʽʰʥʽʡ ʮʠʢʣ 

ʛʨʘʥʽ, ʷʢʱʦ ʚʽʥ ʟʘʣʠʰʠʚʩʷ ʥʝʜʦʪʦʨʢʘʥʠʤ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ, 

ʷʢʱʦ ʜʣʷ ʜʝʷʢʠʭ ʥʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ ʮʠʢʣʽʚ ʥʝ ʟʥʘʡʜʝʥʦ ʥʦʚʠʡ 

ʟʦʚʥʽʰʥʽʡ ʮʠʢʣ, ʽ ʚʦʥʠ ʣʝʞʘʪʴ ʫʩʝʨʝʜʠʥʽ ʩʪʘʨʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʮʠʢʣʫ. ʉʦʨʪʫʚʘʥʥʷ ʮʠʢʣʽʚ ʟʨʫʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʤʽʨʥʠʭ ʢʦʥʪʫʨʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʞʥʦʤʫ ʮʠʢʣʫ. 

ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʦʨʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʮʠʢʣʽʚ ʚʠʡʰʣʦ 

ʙʽʣʴʰʝ ʦʜʥʦʛʦ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟ ʧʦʯʘʪʢʦʚʦʾ ʛʨʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʧʝʨʘʮʽʾ ʫʪʚʦʨʠʣʦʩʷ ʜʝʢʽʣʴʢʘ ʛʨʘʥʝʡ. ʅʘ ʨʠʩ. 5.35ʘ - 5.38ʘ 

ʧʨʠʚʝʜʝʥʽ ʚʘʨʽʘʥʪʠ ʧʦʯʘʪʢʦʚʠʭ ʛʨʘʥʝʡ ʧʝʨʰʦʛʦ ʪʽʣʘ, ʥʘ ʨʠʩ. 5.35ʙ -

 5.38ʙ ï ʛʨʘʥʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʝʙʝʨ ʧʝʨʝʪʠʥʫ (ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ 

ʚʠʜʽʣʝʥʽ), ʘ ʥʘ ʨʠʩ. 5.35ʚ - 5.38ʚ ï ʛʨʘʥʽ, ʷʢʽ ʫʪʚʦʨʝʥʽ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ. 

ʅʘ ʨʠʩ. 5.35 ʧʦʢʘʟʘʥʦ, ʱʦ ʛʨʘʥʴ ʽʟ ʜʚʦʤʘ ʮʠʢʣʘʤʠ ʙʫʣʘ 

ʨʦʟʨʽʟʘʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʠʣʘʩʷ ʦʜʥʘ ʛʨʘʥʴ ʟ ʦʜʥʠʤ ʮʠʢʣʦʤ, 

ʘ ʥʘ ʨʠʩ. 5.36 ï ʽʟ ʛʨʘʥʽ ʟ ʜʚʦʤʘ ʮʠʢʣʘʤʠ ʫʪʚʦʨʠʣʠʩʷ ʜʚʽ ʛʨʘʥʽ. 

ʈʠʩʫʥʦʢ 5.34 

A B

C D
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ʈʠʩʫʥʦʢ 5.35 - ʇʦʯʘʪʢʦʚʘ ʛʨʘʥʴ (ʘ), ʛʨʘʥʴ ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʝʙʝʨ ʧʝʨʝʪʠʥʫ 

(ʙ), ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ (ʚ) 

 

ʈʠʩʫʥʦʢ 5.36 - ʇʦʯʘʪʢʦʚʘ ʛʨʘʥʴ (ʘ), ʛʨʘʥʴ ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʝʙʝʨ ʧʝʨʝʪʠʥʫ 

(ʙ), ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ (ʚ) 

 

ʈʠʩʫʥʦʢ 5.37 - ʇʦʯʘʪʢʦʚʘ ʛʨʘʥʴ (ʘ), ʛʨʘʥʴ ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʝʙʝʨ ʧʝʨʝʪʠʥʫ 

(ʙ), ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʽʾ (ʚ) 


