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ɳʇʋɮʄɹʅʆɹɳʅ 

ɸʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʶˊ˃ʱ ˍˇˎˌ ˁˁΦ ɿʽˁˇ˂ʰˀʵʹ ʃʰ˄ʰʴʽ˗ˍʹ ˁʰʽ ɳ˅ʰˊ˔ʱˁˇ 

ɱʶ˗ˊʴʽˇΣ ʴʽʰ ˍʹ˄ ʶ˃ˉʽˋˍˇˋˏ˄ʹ ˉˇˎ ˃ˇˎ ʷʵʶʽ˅ʰ˄ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍʹ˄ ˉˇ˂ˏˍʽ˃ʹ ʲˇʺʻʶʽʰ 

ˁʰʽ ˁʰʻˇʵʺʴʹˋʺ ˍˇˎˌ ˋˍʹ˄ ʶˉʾ˂ˎˋʹ ʵʽʱ˒ˇˊ˖˄ ʻʶ˃ʱˍ˖˄Φ 

ɹɻ ʽʰʾ̱ ʶˊʰ ˇ˒ʶʾ˂˖ όˁʰʽ ʶˉʽʻˎ˃˗ύ ʴʽʰ ˃ʾʰ ʰˁˈ˃ʰ ˒ˇˊʱ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇ˄ ˁΦ 

ɿʽˁˇ˂ʰˀɻ ʹ ˇ ˇˉˇʾˇˌ ˉʰˊˈˍʽ ʵʶ˄ ʶʾ ˔ʶ ˋˏ˃ʲʰˋʹ ˃ʶ ˍˇ ɮΦɳΦɹΦ ʃʶʽˊʰʽʱ ʆΦʆΦ  όʶ˄̠ ̍ˍʰ˄ 

˅ʶˁʾ˄ ʹˋʶ ˍʹ ˄ʶˊʴʰˋʾʰ ʰˎˍʺ ʵʾɻ ʰˋˁʶ ˋˍˇ ʾʵˊˎ˃ʰύ ˃ˇˎ ˉʰˊʶʾ˔ʶ ʰ˒ʶʽʵ˗ˌ ˍˇ ˔ˊˈ˄̌ ̱̌ ˎ 

ˁʰʽ ˍʽˌ ˉ̌ ˂ˏˍʽ˃ʶˌ ˋˎ˃ʲˇˎ˂ʷˌ ˁʰʽ ˁʰʻˇʵʺʴʹˋʺ ˍˇˎ ˋʶ ˈˉˇʽˇ ʻʷ˃ʰ ˉˊˇ̫ˁ ˎˉˍʶΦ ɶ 

ʲˇ̋ʻʶʽʱ ˍˇˎ ˋˍʹ˄ ʶˊʴʰˋʾʰ ʰˎˍʺ ʶʾ˄ʰʽ ˈ˔ʽ ˃ˈ˄ˇ ˉˇ˂ˏˍʽ˃ʹ ʰ˂˂ʱ ˁˊʾˋʽ˃ʹ ˁʰʽ ʻʰ ʺʻʶ˂ʰ 

˄ʰ ˍˇ˄ʾˋ˖ ˈˍʽ ˔˖ˊʾˌ ˍʹ˄ ʰˍʷˊ˃ˇ˄ʹ ʰˊ˖ʴʺ ˍˇˎ ʵʶ˄ ʻʰ ʺˍˇ ʵˎ˄ʰˍʺΦ 

ɮʽˋʻʱ˄ˇ˃ʰʽ ʶˉʾˋʹˌ ˍʹ˄ ʰ˄ʱʴˁʹ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʶˊ˃ʱ ˍˇˎˌ ʴˇ˄ʶʾˌ ˃ˇˎΣ 

ʅˇ˒ˇˁ˂ʺ ˁʰʽ ʃʰ˄ʰʴʽ˗ˍʰΣ ˍʰ ʰʵʷˊ˒ʽʰ ˃ˇˎΣ ɼ˗ˋˍʰ ˁʰʽ ɾʰˊʾ˄ˇΣ ʰ˂˂ʱ ˁʰʽ ˍˇ 

ˋˏ˄ˍˊˇ˒ˈ ˃ˇˎ ɳˎʻˏ˃ʹ, ʴʽʰ ˈ˂ʰ ˈˋʰ ˃ˇˎ ʷ˔ˇˎ˄ ˉˊˇˋ˒ʷˊʶʽ ˋˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ 

˒ˇʽˍʹˍʽˁ˗˄ ˃ˇˎ ˔ˊˈ˄˖˄ ˁʰʽ ʴʽʰ ˍʹ˄ ʰ˃ʷˊʽˋˍʹ ˎˉˇˋˍʺˊʽ˅ʺ ˍˇˎˌ ˋʶ ˁʱʻʶ ˃ˇˎ ʶˉʽ˂ˇʴʺΦ 
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ʃɳʄɹɽɶʌɶ 

ʅˁˇˉˈˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ ζˍˊʽʴ˖˄ʽˋ˃ˇˏη 

ˍʹˌ ˋ˒ʰʽˊʽˁʺˌ ʶˉʽ˒ʰ˄ʶʾʰˌΣ ˃ʽʰˌ ʵʽʰʵʽˁʰˋʾʰˌ ʹ ˇˉˇʾʰ ˉˊˇʰˉʰʽˍʶʾˍʰʽ ˁʰˍʱ ˍʹ 

ˋ˔ʶʵʾʰˋʹ ʶ˄ˈˌ ʴʶ˖ʵʰʽˍʽˁˇˏ ʻˈ˂ˇˎΦ ʂˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ 

ʰˉʰˊʰʾˍʹˍ˖˄ ʵˇ˃ʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ όʰˁ˃˗˄-ˊʱʲʵ˖˄Σ ˁˇˊˎ˒˗˄-ˁˈ˃ʲ˖˄ύΣ ˖ˌ ˉˊˇˌ ˍˇ 

ˉ˂ʺʻˇˌ ˁʰʽ ˖ˌ ˉˊˇˌ ˍʰ ˂ˇʽˉʱ ˍˇˎˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ʶ˄ˈˌ 

ʴʶ˖ʵʰʽˍʽˁˇˏ ʻˈ˂ˇˎΦ 

ɶ ʶ˄ʰˋ˔ˈ˂ʹˋʺ ˃ˇˎ ˃ʶ ˍˇˎˌ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌ ˅ʶˁʾ˄ʹˋʶ ʰˉˈ ˍʹ˄ 

ˉʶˊʽʷˊʴʶʽʱ ˃ˇˎ ʴʽʰ ˍʹ ʴʶ˖˃ʶˍˊʽˁʺ ʵˇ˃ʺ ˁʰʽ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ʰˎˍ˗˄ ˍ˖˄ ʶ˄ˍˎˉ˖ˋʽʰˁ˗˄ 

ˁʰˍʰˋˁʶˎ˗˄Φ ʅˎ˄ʷʲʹ ˇ ʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ʶʽˋʹʴʹˍʷˌΣ ˇ ˁΦ ʃʰ˄ʰʴʽ˗ˍʹˌ ɿʽˁˇ˂ʰˀʵʹˌΣ ˄ʰ 

ʷ˔ʶʽ ʰˋ˔ˇ˂ʹʻʶʾ ˋˍˇ ˉʰˊʶ˂ʻˈ˄ ˃ʶ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍ˖˄ ʴʶ˖ʵʰʽˍʽˁ˗˄ ʻˈ˂˖˄Σ ˋʶ 

ʶˉʰʴʴʶ˂˃ʰˍʽˁˈ ʶˉʾˉʶʵˇΦ ɴ˔ʶʽ ˃ʱ˂ʽˋˍʰ ʰ˄ʰˉˍˏ˅ʶʽ ˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ ˂ˇʴʽˋ˃ʽˁˇˏ ¢L[9{ ˁʰʽ 

5ha9{Φ ɼʰʽ ˇʽ ʵˏˇ ʶ˒ʰˊ˃ˇʴʷˌ ʶʾ˄ʰʽ ʴˊʰ˃˃ʷ˄ʶˌ ˋˍʹ ʴ˂˗ˋˋʰ ±ƛǎǳŀƭ [L{tΣ ʴʽʰ ˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎ !ǳǘƻ/!5Σ ˁʰʽ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ˉʰˊʱʴˇˎ˄ ʶʾ˄ʰʽ ˉ˂ʺˊ˖ˌ 

ʶˉʶ˅ʶˊʴʱˋʽ˃ʰ ˁʰʽ ʰ˅ʽˇˉˇʽʺˋʽ˃ʰΦ 

ɶ ʶ˒ʰˊ˃ˇʴʺ ¢L[9{Σ ˃ʶˍʰ˅ˏ ʱ˂˂˖˄Σ ˁʰˍʰˋˁʶˎʱʸʶʽ ˈ˂ʶˌ ˍʽˌ ˁʰ˄ˇ˄ʽˁʷˌ ˁʰʽ 

ʹ˃ʽˁʰ˄ˇ˄ʽˁʷˌ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΣ ˍʽˌ ʵˎʿˁʷˌ ˍˇˎˌΣ ˁʰʻ˗ˌ 

ˁʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍ˖˄ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄ ˉˇ˂ˏʶʵˊʰΣ ʶ˒ˈˋˇ˄ ʸʹˍʹʻʶʾΦ ɶ ʶ˒ʰˊ˃ˇʴʺ 

5ha9{ ˁʰˍʰˋˁʶˎʱʸʶʽ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌ ʶˉʽʻˎ˃ʹˍʺˌ ˋˎ˔˄ˈˍʹˍʰˌ όŦǊŜǉǳŜƴŎȅύΣ ˃ʶ 

ʰ˒ʶˍʹˊʾʰ ˍˎ˔ˇˏˋʰ ˁʰ˄ˇ˄ʽˁʺ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʺ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ 

ˋ˒ʰʾˊʰˌΦ ɼʰˍʰˋˁʶˎʱʸʶʽ ʶˉʾˋʹˌΣ ʶ˒ˈˋˇ˄ ʸʹˍʹʻʶʾΣ ˍˇ˄ ʵˎʿˁˈ ʻˈ˂ˇ ˍˇˎ ʰˊ˔ʽˁˇˏΣ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʾʵʽʰˌ ʺ ʵʽʰ˒ˇˊʶˍʽˁʺˌ όʰ˂˂ʱ ˇ˃ˈˁʶ˄ˍˊʹˌ ˍʹˌ ʰˊ˔ʽˁʺˌύ ˋ˒ʰʾˊʰˌΣ ˗ˋˍʶ 

˄ʰ ˉˊˇˁˏˉˍʶʽ ʻˈ˂ˇˌ ʵʽˉ˂ˇˏ ˁʶ˂ˏ˒ˇˎˌΦ ʁʽ ʵˏˇ ʶ˒ʰˊ˃ˇʴʷˌ ˋˎ˄ʶˊʴʱʸˇ˄ˍʰʽΣ ˃ʶ ˍʹ˄ 

ʷ˄˄ˇʽʰ ˈˍʽ ˇʽ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˉˇˎ ˉʰˊʱʴʶʽ ʹ ¢L[9{ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˁʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ʰ˒ʶˍʹˊʾʰ ʰˉˈ ˍʹ˄ 5ha9{. 

ʁ ˁΦ ɿʽˁˇ˂ʰˀʵʹˌ ʷʻʶˋʶ ˋˍʹ ʵʽʱʻʶˋʺ ˃ˇˎ ˍʽˌ ʵˏˇ ʰˎˍʷˌ ʶ˒ʰˊ˃ˇʴʷˌΣ ˇʽ ˇˉˇʾʶˌ 

ʰ˅ʽˇˉˇʽʺʻʹˁʰ˄ ʶˎˊˏˍʰˍʰ ˋˍʹ˄ ʷˊʶˎ˄ʰ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ʴʶ˖ʵʰʽˍʽˁ˗˄ 

ʻˈ˂˖˄Σ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˉʰˊˇˏˋʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ʰˉˈ ˍʹ˄ ʻʷˋʹ ʰˎˍʺ ʻʰ ʺʻʶ˂ʰ ˄ʰ ˍˇ˄ 

ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʶˊ˃ʱΦ 

ɶ ʶˊʴʰˋʾʰ ʰˎˍʺ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʾʰ ʶʽˋʰʴ˖ʴʺΣ h ˉˈ р ˁʶ˒ʱ˂ʰʽʰ ˁʰʽ ʰˉˈ ʷ˄ʰ 

ˉʰˊʱˊˍʹ˃ʰ.  ʅˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʷ˄˄ˇʽʰ ʴʶ˖ʵʰʽˍʽˁˈˌ ʻˈ˂ˇˌ ˁʰʽ ʹ 

ʴʶ˖˃ʶˍˊʽˁʺ ˍʹˌ ˉʶˊʽʴˊʰ˒ʺΦ ʅˍˇ м ̌ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇˊʽˋ˃ʷ˄ʶˌ 

ˎ˒ʽˋˍʱ˃ʶ˄ʶˌ ˁʰˍʰˋˁʶˎʷˌΦ ʅˍˇ 2  ̌ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˍˎˉˇ˂ˇʴʾʰ ˍ˖˄ 

ʴʶ˖ʵʰʽˍʽˁ˗˄ ʻˈ˂˖˄Φ ʅˍˇ 3  ̌ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄̱ʰʽ ˍʶ˔˄ʽˁʷˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ 

ʴʶ˖ʵʰʽˍʽˁ˗˄ ʻˈ˂˖˄Φ ʅˍˇ п ̌ ˁʶ˒ʱ˂ʰʽˇ ʵʾ˄ˇ˄ˍʰʽ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˋ˔ʶʵʽʰˋ˃ˇˏ 

ʴʶ˖ʵʰʽˍʽˁ˗˄ ʻˈ˂˖˄Σ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES. ʅˍˇ р ̌ ˁʶ˒ʱ˂ʰʽˇ 

ˉʰˊˇˎˋʽʱʸˇ˄̱ʰʽ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ. ʆʷ˂ˇˌΣ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 
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Abstract 

The purpose of this work is to research the techniques of ζtriangulationη of 

the spherical surface, in the design of a geodesic dome this process is prerequisited. 

In addition the calculation of the necessary components (edges- rods, vertices- 

nodes) in number and in their other characteristics, that are needed for a geodesic 

dome to be constructed.  

The impressive structures called geodesic domes, got my curiosity up due to 

their geometric structure and properties that define them and that is how my 

occupation with this project started. One of the rapporteurs, Mr. Panagiotis 

Nikolaidis, has dealt in the past with the geometry of the geodesic domes 

professionally. He has even developed the software applications TILES and DOMES. 

Both applications are written in Visual LISP language for the AutoCAD environment, 

and the objects that they produce are fully editable and utilizable. 

The application TILES constructs all regular and semi-regular tessellations on 

the surface of the sphere, their duals and, if requested, the corresponding 

polyhedra. The application DOMES constructs geodesic domes of desired frequency, 

starting with any regular or semi-regular tessellation on the surface of the sphere. It 

also constructs, on request, the dual dome of the original, on the surface of the exact 

same or another (but concentric to the initial) sphere, such as a double-shell dome 

will be produced. These two applications work with each other, which means that 

DOMES can recognize and make use of the produced tessellations of TILES, as a 

starting point. 

Mr. Nikolaidis gave me these two applications, which were widely utilized in 

the investigation of the geometric properties of geodesic domes as part of this work, 

and from this position I would like to warmly thank him. 

   This work consists of an introduction, of five chapters and of an appendix. 

The introduction presents the geodesic dome and its geometric description. The first 

chapter presents some existing structures. The second one presents the typology of 

geodesic domes. In the third chapter are presented the design techniques of the 

geodesic domes. In the fourth chapter are given examples about the design of the 

geodesic domes, by using the application DOMES. In the fifth chapter are presented 

the conclusions. Finally the appendix presents all spherical regular and semi-regular 

tessellations and the corresponding  polyhedra. 
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ɳɹʅɮɱʍɱɶ 

 ʇˉʱˊ˔ˇˎ˄ ˁʰʽ ʱ˂˂ʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ˇʽ ˇˉˇʾʶˌ ˉʰˊʱʴˇˎ˄ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌΣ 

ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇ ˉˊˈʴˊʰ˃˃ʰ winDOME 

(http://ir.lib.uth.gr/bitstream/handle/11615/13298/P0013298.pdf?sequence=1&isAl

lowed=y).  

ʁ ˂ˈʴˇˌ ʴʽʰ ˍˇ˄ ˇˉˇʾˇ ʶˉʷ˂ʶ˅ʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋ˖ ˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ ˂ˇʴʽˋ˃ʽˁˇˏ 

TILES ˁʰʽ DOMES ʶʾ˄ʰʽ ʴʽʰˍʾ ʺˍʰ˄ ʰˊˁʶˍʱ ʵˏˋˁˇ˂ʹ ʹ ʶˏˊʶˋʹ ʱ˂˂˖˄ ʶ˒ʰˊ˃ˇʴ˗˄ 

ʰ˂˂ʱ ˁʰʽ ʴʽʰˍʾ ˇʽ ʶ˒ʰˊ˃ˇʴʷˌ ʰˎˍʷˌ ʵʶ˄ ʵʽʰˍʾʻʶ˄ ˍʰʽ ʵ˖ˊʶʱ˄Φ ɳ˄˗ ˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ 

TILES ˁʰʽ DOMESΣ ʰ˒ʶ˄ˈˌ ˃ˇˎ ˍʽˌ ʵʽʷʻʶˋʶ ˇ ˁΦ ɿʽˁˇ˂ʰˀʵʹˌ ʵ˖ˊʶʱ˄, ˇˏˍ˖ˌ ˗ˋˍʶ ˄ʰ 

ˎ˂ˇˉˇʽʺˋ˖ ˍʹ˄ ˉˍˎ˔ʽʰˁʺ ˃ˇˎ ʶˊʴʰˋʾʰ, ʰ˒ʶˍʷˊˇˎ ˎˉʺˊ˅ʶ ˃ʽʰ ζʁ ˁˉʰʾʵʶˎˋʹη ˋˍʹ 

˔ˊʺˋʹ ˍˇˎˌ ʹ ˇˉˇʾʰ ʰˉʶʵʶʾ˔ʻʹ ˉˇ˂ˏˍʽ˃ʹΦ 

 ɱʶ˖ʵʰʽˍʽˁˈˌ ʻˈ˂ˇˌ ʶʾ˄ʰʽ ʷ˄ʰ ˔˖ˊˇʵʽˁˍˏ˖˃ʰΣ ˍˇ ˇˉˇʾˇ ʲʰˋʾʸʶˍʰʽ ˋʶ ʷ˄ʰ 

ʵʾˁˍˎˇ ˃ʶʴʾˋˍ˖˄ ˁˏˁ˂˖˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˃ʽʰˌ ˋ˒ʰʾˊʰˌ ʺ ʶ˄ˈˌ ˍ˃ʺ˃ʰˍˇˌ ˍʹˌ 

ˋ˒ʰʽˊʽˁʺˌ ʶˉʽ˒ʰ˄ʶʾʰˌΦ ʁʽ ˃ʷʴʽˋˍˇʽ ˁˏˁ˂ˇʽ όʴʶ˖ʵʰʽˍʽˁʷˌ ʴˊʰ˃˃ʷˌύ ˍʹˌ ˋ˒ʰʾˊʰˌ 

ʵʽʰˋˍʰˎˊ˗˄ˇ˄ˍʰʽ ʴʽʰ ˄ʰ ˋ˔ʹ˃ʰˍʾˋˇˎ˄ ʷ˄ʰ ˋˏ˃ˉ˂ʶʴ˃ʰ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄Σ ˍʰ 

ˇˉˇʾʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ʻʰ ˃ˉˇˊˇˏˋʰ˃ʶ ˄ʰ ʽˋ˔ˎˊʽˋˍˇˏ˃ʶ ˈˍʽ ˋˎ˄ʻʷˍˇˎ˄ ˍʹ ˋ˒ʰʽˊʽˁʺ 

ʶˉʽ˒ʱ˄ʶʽʰΦ ʅˍʽˌ ˁˇˊˎ˒ʷˌ ʰˎˍˇˏ ˍˇˎ ˋˎ˃ˉ˂ʷʴ˃ʰˍˇˌ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄ 

ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˁˈ˃ʲˇʽ ʵʽʰ˒ˈˊ˖˄ ˍˏˉ˖˄Σ ˇʽ ˇˉˇʾˇʽ ˋˎ˄ʵʷˇˎ˄ ˃ʶˍʰ˂˂ʽˁʷˌ ˊʱʲʵˇˎˌΦ 

ʁʽ ˊʱʲʵˇʽ ˎ˂ˇˉˇʽˇˏ˄ ˍʽˌ ˔ˇˊʵʷˌ ˍ˖˄ ˍˈ˅˖˄ ˃ʶʴʾˋˍ˖˄ ˁˏˁ˂˖˄ ˉˇˎ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʹ˄ 

ʰ˄ˍʾˋˍˇʽ˔ʹ ˁˇˊˎ˒ʺ ˁʰʽ ˋˎ˄ʵʷˇˎ˄ ʶˁʱˋˍʹ ˁˇˊˎ˒ʺ ˃ʶ ˍʽˌ ʴʶʽˍˇ˄ʽˁʷˌ ˍʹˌΦ ɾʶ ʰˎˍˈ ˍˇ˄ 

ˍˊˈˉˇ ˋˎ˄ˍʾʻʶˍʰʽ ˇ ʻˈ˂ˇˌΦ            

 ʁʽ ˊʱʲʵˇʽ ʰˎˍ˗˄ ˍ˖˄ ˔˖ˊˇʵʽˁˍˎ˖˃ʱˍ˖˄ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˋˎ˄ʵʷˇ˄ˍʰʽ ʰˊʻˊ˖ˍʱ 

ˋˍˇˎˌ ˁˈ˃ʲˇˎˌΣ ˗ˋˍʶ ˄ʰ ˃ʶˍʰ˒ʷˊˇˎ˄ ˍʰ ˒ˇˊˍʾʰ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˃ʷˋ˖ ʰ˅ˇ˄ʽˁ˗˄ 

ʵˎ˄ʱ˃ʶ˖˄Σ ʶ˄˗ ˍʰ ̱́ʾʴ˖˄ʰ ʶˉʽʵˊˇˏ˄ ʻʶˍʽˁʱ ˉʱ˄˖ ˋˍˇ˄ ʻˈ˂ˇ ʵʾ˄ˇ˄ˍʱˌ ˍˇˎ ʰˁʰ˃˕ʾʰΦ 

ʁʽ ˁʰˍʰˋˁʶˎʷˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʰ˄ʻʶˁˍʽˁʷˌΦ ʂˋˇ ˉʽˇ ˉˎˁ˄ˈ ʶʾ˄ʰʽ ˍˇ  

ˋˏ˃ˉ˂ʶʴ˃ʰ ˍ˖˄ ˍˊʽʴ˗˄˖˄Σ ˍˈˋˇ ˉʶˊʽˋˋˈˍʶˊˇ ˇ ʻˈ˂ˇˌ ˉˊˇˋʶʴʴʾʸʶʽ ˍʹ ˃ˇˊ˒ʺ ˍʹˌ ˋ˒ʰʾˊʰˌ 

όɳʽˁˈ˄ʰ мύΦ 

 

http://ir.lib.uth.gr/bitstream/handle/11615/13298/P0013298.pdf?sequence=1&isAllowed=y
http://ir.lib.uth.gr/bitstream/handle/11615/13298/P0013298.pdf?sequence=1&isAllowed=y
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ɳʽˁˈ˄ʰ 1 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʁ ˒ʰˊ˃ˇʴʺ ̩DOMES) 
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ɼʶ˒ʱ˂ʰʽˇ мˇΥ ʇʃAʄʋʁɿʆɳʅ ɸʁɽʁɹ 

ɸʰ ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˃ʶ ˋˎ˄ˍˇ˃ʾʰ ˃ʶˊʽˁˇˏˌ ˎˉʱˊ˔ˇ˄ˍʶˌ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌΦ 

1. ʁ ʴʶ˖ʵʰʽˍʽˁˈˌ ʻˈ˂ˇˌ ˍˇˎ Buckminster Fuller (1895-мфуоύΦ ɳʾ˄ʰʽ ʰˉˈ ˍˇˎˌ ˉʽˇ 

ʵʽʱˋʹ˃ˇˎˌ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌ ˁʰʽ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʴʽʰ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ˍˇ 

ˉʶˊʾˉˍʶˊˇ ˍ˖˄ ɶʃɮ ˋˍʹ ʵʽʶʻ˄ʺ ʷˁʻʶˋʹ ˍˇˎ Montreal ˍˇ мфст όɳʽˁˈ˄ʶˌ н-3). 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʻˈ˂ˇ ˍˊʽ˗˄ ˍʶˍʱˊˍ˖˄ ˃ʽʰˌ ˋ˒ʰʾˊʰˌ ʵʽʰ˃ʷˍˊˇˎ тс ˃ʷˍˊ˖˄ 

(https:// en.wikipedia.org/wiki/Montreal_Biosph%C3%A8reύΦ ɳʾ˄ʰʽ ʻˈ˂ˇˌ ʵʽˉ˂ˇˏ 

ˁʶ˂ˏ˒ˇˎˌΣ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇˌ ʰˉˈ ˔ʰ˂ˏʲʵʽ˄ʶˌ ˊʱʲʵˇˎˌΦ ʆˇ ʶ˅˖ˍʶˊʽˁˈ ˍˇˎ ˁʷ˂ˎ˒ˇˌ 

ˋˎ˄ˍʾʻʶˍʰʽ ʰˉˈ ˍˊʾʴ˖˄ʰ ˁʰʽ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ʰˉˈ ʶ˅ʱʴ˖˄ʰΦ ʅˍʽˌ нл ɾʰˀˇˎ мфтс ˁʰʽ 

ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʶˉʽˋˁʶˎ˗˄Σ ˇ ʻˈ˂ˇˌ ʰˎˍˈˌ ˍˎ˂ʾ˔ʻʹˁʶ ˋˍʽˌ ˒˂ˈʴʶˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ 

˄ʰ ˁʰʶʾ ˍˇ ˉ˂ʰˋˍʽˁˈ ˍˇˎ ˉʶˊʾʲ˂ʹ˃ʰ όɳʽˁˈ˄ʰ пύΦ ʈˋˍʶˊʰ ʰˉˈ ˍˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈΣ ʹ 

ˉʶˊʽˇ˔ʺ ˉʰˊʷ˃ʶʽ˄ʶ ˁ˂ʶʽˋˍʺ ˃ʷ˔ˊʽ ˍˇ мффлΦ ɮˉˈ ˍˇ мффр ʷ˖ˌ ˁʰʽ ˋʺ˃ʶˊʰΣ ʹ 

ˁʰˍʰˋˁʶˎʺ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ˃ˇˎˋʶʾˇΦ 

 ɲʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˈˍʽ ˇ ʻˈ˂ˇˌ ˇˎˋʽʰˋˍʽˁʱ ʵʶ˄ ˎˉʷˋˍʹ ˋˇʲʰˊʷˌ ʸʹ˃ʽʷˌ ʰˉˈ ˍʹ˄ 

ˉˎˊˁʰʴʽʱΣ ʶˉˇ˃ʷ˄˖ˌ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˉˇˏ˃ʶ ˈˍʽ ˇʽ ʴʶ˖ʵʰʽˍʽˁˇʾ ʻˈ˂ˇʽ ʷ˔ˇˎ˄ 

˃ʶʴʰ˂ˏˍʶˊʹ ʰ˄ˍʾˋˍʰˋʹ ˋˍʹ ˒˖ˍʽʱ ʰˉΩ ˈΣˍʽ ʱ˂˂ʶˌ ˁʰˍʰˋˁʶˎʷˌΦ 

 

ɳʽˁˈ˄ʰ 2 (http://photocamel.com/forum/architecture -cityscapes/101501-geodesic-dome-us-

pavillion.html) 

https://en.wikipedia.org/wiki/Montreal_Biosph%C3%A8re
http://photocamel.com/forum/architecture-cityscapes/101501-geodesic-dome-us-pavillion.html
http://photocamel.com/forum/architecture-cityscapes/101501-geodesic-dome-us-pavillion.html
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ɳʽˁˈ˄ʰ 3 (http://photocamel.com/forum/architecture -cityscapes/101501-geodesic-dome-us-

pavillion.html) 

  

http://photocamel.com/forum/architecture-cityscapes/101501-geodesic-dome-us-pavillion.html
http://photocamel.com/forum/architecture-cityscapes/101501-geodesic-dome-us-pavillion.html
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ɳʽˁˈ˄ʰ 4 (http://hearthisyoucreators.blogspot.gr/2012/10/geometric-structures-at-montreal-expo-

67.html) 

 

2. ɸʶˊ˃ˇˁʺˉʽˇ Climatron ˋˍˇ Missouri Botanical GardensΣ ˋˍʽˌ ɶʃɮΣ ˉˇˎ 

ˋ˔ʶʵʽʱˋˍʹˁʶ ʰˉˈ ˍˇˎˌ ʰˊ˔ʽˍʷˁˍˇ˄ʶˌ ˍʹˌ St. Louis, Murphy ˁʰʽ Mackey. H ˁʰˍʰˋˁʶˎʺ 

ˍˇˎ ˇ˂ˇˁ˂ʹˊ˗ʻʹˁʶ ˍˇ мфсл όhttp:// www.missouribotanicalgarden.org/gardens-

gardening/our-garden/gardens-conservatories/conservatories/climatron.aspx) 

όɳʽˁˈ˄ʰ рύΦ ʊʰʾ˄ʶˍʰʽ ˈˍʽ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʻˈ˂ˇ ˍˊʽˉ˂ˇˏ ˁʶ˂ˏ˒ˇˎˌΣ ˇ ˇˉˇʾˇˌ ʶʾ˄ʰʽ 

ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇˌ ʰˉˈ ʰ˂ˇˎ˃ʾ˄ʽˇΦ ɶ ˁʰˍʰˋˁʶˎʺ ʰˎˍʺ ʶʾ˄ʰʽ ʵʽʰ˃ʷˍˊˇˎ ро ˃ʷˍˊ˖˄ 

ˁʰʽ ˏ˕ˇˎˌ нм ˃ʷˍˊ˖˄Φ ʆˇ ʻʶˊ˃ˇˁʺˉʽˇ ˉʰˊʷ˃ʶʽ˄ʶ ˁ˂ʶʽˋˍˈ ʴʽʰ ʶˉʽˋˁʶˎʷˌ ʰˉˈ ˍˇ мфуу 

ʷ˖ˌ ˍˇ мффлΦ 

http://hearthisyoucreators.blogspot.gr/2012/10/geometric-structures-at-montreal-expo-67.html
http://hearthisyoucreators.blogspot.gr/2012/10/geometric-structures-at-montreal-expo-67.html
http://www.missouribotanicalgarden.org/gardens-gardening/our-garden/gardens-conservatories/conservatories/climatron.aspx
http://www.missouribotanicalgarden.org/gardens-gardening/our-garden/gardens-conservatories/conservatories/climatron.aspx
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ɳʽˁˈ˄ʰ 5 (https://www.flickr.com/photos/mbgarchives/4464331181/) 

 

 

 

 

 

 

 

 

https://www.flickr.com/photos/mbgarchives/4464331181/
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3.  ʁʽ ʴʶ˖ʵʰʽˍʽˁˇʾ ʻˈ˂ˇʽ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ʰˉˈ ˃ʶˍʰ˂˂ʽˁʷˌ ˊʱʲʵˇˎˌΦ 

ʇˉʱˊ˔ˇˎ˄ ˈ˃˖ˌ ˁʰʽ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʻˈ˂˖˄ ʰˉˈ ˇˉ˂ʽˋ˃ʷ˄ˇ ˋˁˎˊˈʵʶ˃ʰΦ ɴ˄ʰˌ ʰˉˈ 

ˍˇˎˌ ˉˊ˗ˍˇˎˌ ʶʾ˄ʰʽ ˇ ʵʽʱˋʹ˃ˇˌ ʻˈ˂ˇˌ ˉˇˎ ˁˍʾˋʻʹˁʶ ˍˇ мфмм-мфмо ˁʰʽ ˇ˄ˇ˃ʱʸʶˍʰʽ  

ɮʾʻˇˎˋʰ ˍʹˌ ɳˁʰˍˇ˄ˍʰʶˍʾʰˌ όɳʽˁˈ˄ʰ сύΦ ɰˊʾˋˁʶˍʰʽ ˋˍˇ ²ǊƻŎƭŀǿ ˍʹˌ ʃˇ˂˖˄ʾʰˌΣ 

ˋ˔ʶʵʽʱˋˍʹˁʶ ʰˉˈ ˍˇ˄ Max .ŜǊƎΣ ˁʰʽ ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʰˉˈ ˇˉ˂ʽˋ˃ʷ˄ˇ ˋˁˎˊˈʵʶ˃ʰΦ 

ɼʰ˂ˏˉˍʶʽ ˃ʽʰ ˉʶˊʽˇ˔ʺ ср ˃ʷˍˊ˖˄ ˋʶ ʵʽʱ˃ʶˍˊˇ ˁʰʽ ʰˉˈ ˍˇ нллс ʰ˄ʺˁʶʽ ˋˍʰ ˃˄ʹ˃ʶʾʰ 

ˍʹˌ ʵʽʶʻ˄ˇˏˌ ˉˇ˂ʽˍʽˋˍʽˁʺˌ ˁ˂ʹˊˇ˄ˇ˃ʽʱˌ ˍʹˌ UNESCO. 

 

 

ɳʽˁˈ˄ʰ 6 (http://unescopireas.gr/2010/05/20/mnimeia-politistikis-klironomias-diethnos/) 

 

http://unescopireas.gr/2010/05/20/mnimeia-politistikis-klironomias-diethnos/
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4. ʇˉʱˊ˔ˇˎ˄ ˁʰʽ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʻˈ˂˖˄ ˃ʶ ʲʰˋʽˁˈ ˎ˂ʽˁˈ ˍˇ ˅ˏ˂ˇ. ʆˇ ˋˉʾˍʽ ʰˎˍˈ ˍˇˎ 

Kevin Shea όɳʽˁˈ˄ʰ тύΣ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇ ʰˉˈ ˅ˏ˂ˇΣ ʲˊʾˋˁʶˍʰʽ ˋˍˇ [ƻƴƎ LǎƭŀƴŘ ˍʹˌ 

ɿʷʰˌ ʇˈˊˁʹˌ όhttp:// inhabitat.com/nyc/ long-island-green-dome-is-the-worlds-

largest-wooden-residential-dome/ )Φ ɳʾ˄ʰʽ ˏ˕ˇˎˌ моΣтл ˃ʷˍˊ˖˄ ˁʰʽ ˎˉˇˍʾʻʶˍʰʽ ˉ˖ˌ 

ʶʾ˄ʰʽ ˇ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʴʶ˖ʵʰʽˍʽˁˈˌ ʻˈ˂ˇˌ ˍˇˎ ˁˈˋ˃ˇˎ ˃ʶ ˔ˊʺˋʹ ˁʰˍˇʽˁʾʰˌΦ ɮ˅ʾʸʶʽ ˄ʰ 

ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˂ʶʽˍˇˎˊʴʶʾ ˃ʶ ʹ˂ʽʰˁʺΣ ʴʶ˖ʻʶˊ˃ʽˁʺ ˁʰʽ ʰʽˇ˂ʽˁʺ ʶ˄ʷˊʴʶʽʰΦ 

 

 

ɳʽˁˈ˄ʰ 7 (http:// inhabitat.com/ nyc/ long-island-green-dome-is-the-worlds-largest-wooden-

residential-dome/ ) 

5. ʅˍʽˌ ɳʽˁˈ˄ʶˌ у-ф ʲ˂ʷˉˇˎ˃ʶ ˁʰˍˇʽˁʾʰΣ ʹ ˇˉˇʾʰ ˉʶˊʽˁ˂ʶʾʶˍʰʽ ʰˉˈ ʴʶ˖ʵʰʽˍʽˁˈ ʻˈ˂ˇΣ 

ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇ ʰˉˈ ʰ˂ˇˎ˃ʾ˄ʽˇ ˁʰʽ ʴˎʰ˂ʾ όhttp://inhabitat.com/gorgeous-solar-

geodesic-eco-dome-crowns-cob-house-in-the-arctic-circle/ύΦ ɰˊʾˋˁʶˍʰʽ ˋˍˇ ˄ʹˋʾ 

{ŀƴŘƘƻǊƴǄȅŀ ˍʹˌ ʲˈˊʶʽʰˌ ɿˇˊʲʹʴʾʰˌ ˁʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ˇ˂ˇˁ˂ʹˊ˗ʻʹˁʶ ˃ˈ˂ʽˌ 

˃ʷˋʰ ˋʶ о ʶʲʵˇ˃ʱʵʶˌΣ ˍˇ˄ ɮˏʴˇˎˋˍˇ ˍˇˎ нлмнΣ ʰˉˈ ˍʹ˄ ʶˍʰʽˊʶʾʰ Solardome 

IndustriesΦ ʁ ʻˈ˂ˇˌΣ ʶˁˍˈˌ ʰˉˈ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʱ ˍˇˎ ˄ʰ ʰ˄ˍʷ˔ʶʽ ˋˍʹ ˔ʽˇ˄ˈˉˍ˖ˋʹΣ ˋˍʽˌ 

ʰˁˊʰʾʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˍʹˌ ɮˊˁˍʽˁʺˌ ˁʰʽ ˋˍˇˎˌ ʰ˄ʷ˃ˇˎˌΣ ʶʾ˄ʰʽ ˁʰʽ ˒ʽ˂ʽˁˈˌ  ˉˊˇˌ ˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄Σ ʴʽʰˍʾ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʽʰ ˍʶ˔˄ˇ˂ˇʴʾʰ ʹ˂ʽʰˁ˗˄ ˉʱ˄ʶ˂ ˁʰʽ ʰ˄ʰˁˎˁ˂˗ˋʽ˃˖˄ 

ʵˇ˃ʽˁ˗˄ ˎ˂ʽˁ˗˄Φ 

http://inhabitat.com/nyc/long-island-green-dome-is-the-worlds-largest-wooden-residential-dome/
http://inhabitat.com/nyc/long-island-green-dome-is-the-worlds-largest-wooden-residential-dome/
http://inhabitat.com/nyc/long-island-green-dome-is-the-worlds-largest-wooden-residential-dome/
http://inhabitat.com/nyc/long-island-green-dome-is-the-worlds-largest-wooden-residential-dome/
http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-circle/
http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-circle/
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ɳʽˁˈ˄ʰ 8 (http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-

circle/) 

 

ɳʽˁˈ˄ʰ 9 (http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-

circle/) 

 

 

http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-circle/
http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-circle/
http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-circle/
http://inhabitat.com/gorgeous-solar-geodesic-eco-dome-crowns-cob-house-in-the-arctic-circle/
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6. ɱʶ˖ʵʰʽˍʽˁˈˌ ʻˈ˂ˇˌ ˋˍʹ˄ ˉ˂ʰˍʶʾʰ ɲʹ˃ˇˁˊʰˍʾʰˌ ˋˍˇ ʃʶˊʽˋˍʷˊʽ 

(http://www.ametro.gr/page/default.asp?la=1&id=38&pl=4953&pk=169&ap=261), 

ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇˌ ʰˉˈ ˃ʶˍʰ˂˂ʽˁʷˌ ˊʱʲʵˇˎˌ ˁʰʽ ʴˎʰ˂ʾ όɳʽˁˈ˄ʶˌ мл-ммύΦ ʁ ʻˈ˂ˇˌ ʶʾ˄ʰʽ 

ʶ˂ʱ˔ʽˋˍʰ ˃ʽˁˊˈˍʶˊˇˌ ʰˉˈ ʹ˃ʽˋ˒ʰʾˊʽˇ ˁʰʽ ˋˍʹ ʲʱˋʹ ˍˇˎ ʷ˔ʶʽ ʵʽʱ˃ʶˍˊˇ мп ˃ʷˍˊ˖˄Φ ɶ 

ˁʰˍʰˋˁʶˎʺ ˇ˂ˇˁ˂ʹˊ˗ʻʹˁʶ ˍˇ нлмл ˁʰʽ ˋˁˇˉˈˌ ˍʹˌΣ ʶˁˍˈˌ ˍˇˎ ʰʽˋʻʹˍʽˁˇˏ ˍʹˌ 

ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ʶʾ˄ʰʽ ˄ʰ ˒˖ˍʾʸʶʽ ˍˇ ˋˍʰʻ˃ˈ ˃ʶˍˊˈ ˍˇˎ ʃʶˊʽˋˍʶˊʾˇˎΦ ɳʾ˄ʰʽ 

ʶ˄ˍˎˉ˖ˋʽʰˁʺ ʹ ʻʷʰ ˍˇˎ ʻˈ˂ˇˎ ʰˉˈ ˍˇ˄ ˁʶ˄ˍˊʽˁˈ ˔˗ˊˇ ˍˇˎ ˋˍʰʻ˃ˇˏ όɳʽˁˈ˄ʶˌ мн-13). 

 

 

ɳʽˁˈ˄ʰ 10 (˒˖ˍˇʴˊʰ˒ʾʰ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 

http://www.ametro.gr/page/default.asp?la=1&id=38&pl=4953&pk=169&ap=261
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ɳʽˁˈ˄ʰ 11 (ʊ˖ˍˇʴˊʰ˒ʾʰ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 

 

ɳʽˁˈ˄ʰ 12 (ʊ˖ˍˇʴˊʰ˒ʾʰ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 
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ɳʽˁˈ˄ʰ 13 (ʊ˖ˍ̌ʴˊʰ˒ʾʰ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 
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7. ʁ bŜǿ hǊƭŜŀƴǎ {ǳǇŜǊŘƻƳŜ ʶʾ˄ʰʽ ˇ ˃ʶʴʰ˂ˏˍʶˊˇˌ ˉʰʴˁˇˋ˃ʾ˖ˌ ʻˈ˂ˇˌ ˃ʶ ˃ʽʰ 

ʵʽʱ˃ʶˍˊˇ нмо ˃ʷˍˊ˖˄ όɳʽˁˈ˄ʶˌ мп-15ύΦ ɰˊʾˋˁʶˍʰʽ ˋˍʹ˄ ɿʷʰ ʁˊ˂ʶʱ˄ʹ ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ 

ʃˇ˂ʽˍʶʽ˗˄ ˁʰʽ ʷ˔ʶʽ ˋ˔ʶʵʽʰˋˍʶʾ ʰˉˈ ˍˇ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁˈ ʴˊʰ˒ʶʾˇ Curtis and DavisΣ ˍˇ 

1967 (https:// en.wikipedia.org/wiki/Superdome). ʅˁˇˉˈˌ ˍˇˎ ʻˈ˂ˇˎ ʺˍʰ˄ ˄ʰ 

˒ʽ˂ˇ˅ʶ˄ʶʾ ʵʽʱ˒ˇˊʶˌ ʶˁʵʹ˂˗ˋʶʽˌΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʰʻ˂ʹˍʽˁʷˌΦ ʆˇ нллр ʺˊʻʶ 

ʰ˄ˍʽ˃ʷˍ˖ˉˇˌ ˃ʶ ˍˇ˄ ˍˎ˒˗˄ʰ KatrinaΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˎˉˇˋˍʶʾ ʲ˂ʱʲʶˌΣ ˔˖ˊʾˌ 

˖ˋˍˈˋˇ ˄ʰ ˁʰˍʰˊˊʶˏˋʶʽΦ ʁʽ ʶˉʽˋˁʶˎʷˌ ˍˇˎ ʶʾ˔ʰ˄ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˃ʷˋʰ ˋʶ ʷ˄ʰ ˔ˊˈ˄ˇΦ 

  

 

ɳʽˁˈ˄ʰ 14 (http://wwno.org/post/new -orleans-superdome-symbol-citys-spirit) 

 

ɳʽˁˈ˄ʰ 15 (http://www.destination360.com/north -america/us/louisiana/new-orleans/superdome) 

https://en.wikipedia.org/wiki/Superdome
http://wwno.org/post/new-orleans-superdome-symbol-citys-spirit
http://www.destination360.com/north-america/us/louisiana/new-orleans/superdome
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ɼʶ˒ʱ˂ʰʽˇ нˇΥ ʆʇʃʁɽʁɱɹɮ ʆʍɿ ɸʁɽʍɿ 

 ɾʶ ʲʱˋʹ ʵʽʰ˒ˇˊʶˍʽˁʱ ˁˊʽˍʺˊʽʰΣ ˇʽ ʴʶ˖ʵʰʽˍʽˁˇʾ ʻˈ˂ˇʽ ˃ˉˇˊʶʾ ˄ʰ 

ˍʰ˅ʽ˄ˇ˃ʹʻˇˏ˄ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˊˈˉˇˎˌΦ 

1. ʅˎ˄ʺʻ˖ˌ ˇʽ ˊʱʲʵˇʽ ˉˇˎ ˋˎ˄ʻʷˍˇˎ˄ ʷ˄ʰ ʴʶ˖ʵʰʽˍʽˁˈ ʻˈ˂ˇ ʵʽʰˍʱˋˋˇ˄ˍʰʽ ˁʰˍʱ 

˃ʺˁˇˌ ʴʶ˖ʵʰʽˍʽˁ˗˄ ʴˊʰ˃˃˗˄Σ ʵʹ˂ʰʵʺ ʵʽʰʵˊˇ˃˗˄ ˃ʶʴʾˋˍ˖˄ ˁˏˁ˂˖˄Φ ɮ˂˂ʱ ʷ˔ˇˎ˄ 

ˁʰˍʰˋˁʶˎʰˋˍʶʾ ˃ʽˁˊˇʾ ʴʶ˖ʵʰʽˍʽˁˇʾ ʻˈ˂ˇʽΣ ˉˇ˂˂ʷˌ ʰˉˈ ˍʽˌ ˊʱʲʵˇˎˌ ˍ˖˄ ˇˉˇʾ˖˄ 

ʰˁˇ˂ˇˎʻˇˏ˄ ʵʽʰʵˊˇ˃ʷˌ ˉʰˊʰ˂˂ʺ˂˖˄ ˁˏˁ˂˖˄Φ ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍˇˏ 

ˍˇˎ ˍˏˉˇˎ ʶʾ˄ʰʽ ˇ ʻˈ˂ˇˌ ˍˇˎ ˋˍʰʻ˃ˇˏ ˍˇˎ ɾʶˍˊˈ ˋˍˇ ʃʶˊʽˋˍʷˊʽ όɳʽˁˈ˄ʶˌ мл-13). 

ɽˈʴ˖ ˍˇˎ ˃ʽˁˊˇˏ ˍˇˎˌ ˃ʶʴʷʻˇˎˌΣ ˇʽ ʻˈ˂ˇʽ ʰˎˍˇʾ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˃ˇ˄ˇˏ ˁʶ˂ˏ˒ˇˎˌΦ 

2. ɾˇ˄ˇˏ ˁʶ˂ˏ˒ˇˎˌ ʶʾ˄ʰʽ ˋˎ˔˄ʱ ˁʰʽ ˇˊʽˋ˃ʷ˄ˇʽ ˃ʷˋˇˎ ʺ ˃ʶʴʱ˂ˇˎ ˃ʶʴʷʻˇˎˌ ʻˈ˂ˇʽΦ 

ʃˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˇˊʽˋ˃ʷ˄ˇ ζˍˊʽʴ˖˄ʽˋ˃ˈη ˍʹˌ ˋ˒ʰʽˊʽˁʺˌ ʶˉʽ˒ʰ˄ʶʾʰˌΣ ˃ʶ ˔ˊʺˋʹ 

ˍʶ˔˄ʽˁ˗˄ ˇʽ ˇˉˇʾʶˌ ʻʰ ˋˎʸʹˍʹʻˇˏ˄ ˉʰˊʰˁʱˍ˖Φ ʁʽ ˃ʶʴʱ˂ˇʽ ʴʶ˖ʵʰʽˍʽˁˇʾ ʻˈ˂ˇʽ ʶʾ˄ʰʽ 

ˋˎ˄ʺʻ˖ˌ ʵʽˉ˂ˇˏ ʺ ˁʰʽ ˉˇ˂˂ʰˉ˂ˇˏ ˁʶ˂ˏ˒ˇˎˌΦ ʁ ʴʶ˖ʵʰʽˍʽˁˈˌ ʻˈ˂ˇˌ ˍˇˎ Buckminster 

CǳƭƭŜǊ ˋˍˇ aƻƴǘǊŜŀƭ όɳʽˁˈ˄ʶˌ мс-мтύ ʶʾ˄ʰʽ ʵʽˉ˂ˇˏ ˁʶ˂ˏ˒ˇˎˌΣ ʶ˄˗ ʶˁʶʾ˄ˇˌ ˍˇˎ 

ʻʶˊ˃ˇˁʹˉʾˇˎ Climatron ̀ ˍˇ Missouri όɳʽˁˈ˄ʰ р) ʁ ʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ˇˏ ˁʶ˂ˏ˒ˇˎˌΦ 

 

 

ɳʽˁˈ˄ʰ 16 (http://photocamel.com/forum/architecture -cityscapes/101501-geodesic-dome-us-

pavillion.html) 

 

 

http://photocamel.com/forum/architecture-cityscapes/101501-geodesic-dome-us-pavillion.html
http://photocamel.com/forum/architecture-cityscapes/101501-geodesic-dome-us-pavillion.html
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ɳʽˁˈ˄ʰ 17 (http://photocamel.com/forum/architecture -cityscapes/101501-geodesic-dome-us-

pavillion.html) 

3. ʁʽ ʴʶ˖ʵʰʽˍʽˁˇʾ ʻˈ˂ˇʽ ˋˍʶʴʱʸˇˎ˄ ˔˗ˊˇˎˌ ʰ˄ʻˊ˖ˉʾ˄˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄Σ ʶˉˇ˃ʷ˄˖ˌ 

ʵʶ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˉ˂ʺˊʶʽˌ ʰʽ˖ˊˇˏ˃ʶ˄ʶˌ ˋ˒ʰʾˊʶˌΦ ɾʶ ˁˊʽˍʺˊʽˇ ˍˇ ˉˇˋˇˋˍˈ ˍʹˌ 

ˋ˒ʰʽˊʽˁʺˌ ʶˉʽ˒ʰ˄ʶʾʰˌ ˉˇˎ ʰ˅ʽˇˉˇʽˇˏ˄Σ ˍʰ˅ʽ˄ˇ˃ˇˏ˄ˍʰʽ ˋʶ ʻˈ˂ˇˎˌ ʶ˄ˈˌ ˍʶˍʱˊˍˇˎ 

όɳʽˁˈ˄ʰ рύ ˁʰʽ ˍˊʽ˗˄ ˍʶˍʱˊˍ˖˄ όɳʽˁˈ˄ʶˌ н-3). 

4. ɾʽʰ ʱ˂˂ʹ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˉˊˇˁˏˉˍʶʽ ˃ʶ ˁˊʽˍʺˊʽˇ ˍʹ˄ ζˉ˂ʰˁˈˋˍˊ˖ˋʹη ʰ˒ʶˍʹˊʾʰˌΦ ɶ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ ʰˎˍʺ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍˇ ʰ˄ ˅ʶˁʽ˄ʱ˃ʶ ʰˉˈ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ɼʰ˄ˇ˄ʽˁˈ ɳʽˁˇˋʱʶʵˊˇΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ʹ ˋˎ˄ʺʻʹˌ ˉʶˊʾˉˍ˖ˋʹΣ ʺ ʰˉˈ 

ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˁʱˉˇʽˇ ʱ˂˂ˇ ˁʰ˄ˇ˄ʽˁˈ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁˈ 

ˉˇ˂ˏʶʵˊˇΦ ʅˍʰ ʶˉˈ˃ʶ˄ʰ ʻʰ ʵ˗ˋˇˎ˃ʶ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˁʰʽ ˍʹˌ ˋˎ˄ʺʻˇˎˌ ʰ˂˂ʱ ˁʰʽ 

ʱ˂˂˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄Φ 
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ɼʶ˒ʱ˂ʰʽˇ оˇΥ ʅʋɳɲɹɮʅɾʁʅ ɱɳʍɲɮɹʆɹɼʁʇ ɸʁɽʁʇ 

ʅ˒ʰʽˊʽˁʷˌ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˁʰʽ ˉˇ˂ˏʶʵˊʰ 

 ʁʽ ʴʶ˖ʵʰʽˍʽˁˇʾ ʻˈ˂ˇʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ʶ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ 

ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΦ ʁ ˈˊˇˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹ (tessellation) 

ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍˇ ʵʽʰ˃ʶˊʽˋ˃ˈ ˃ʽʰˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˔˖ˊʾ˖˄Σ ˍʰ ˇˉˇʾʰ 

ˁʰ˂ˏˉˍˇˎ˄ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ʰˎˍʺ ˔˖ˊʾˌ ˁʶ˄ʱΦ ʆʰ ˔˖ˊʾʰ ʰˎˍʱ, ˍʰ ˇˉˇʾʰ ˋˎ˄ʻʷˍˇˎ˄ ˍʹ˄ 

ˉ˂ʰˁˈˋˍˊ˖ˋʹΣ ʻʰ ˍʰ ˇ˄ˇ˃ʱʸˇˎ˃ʶ ̄˂ ʰˁʾʵʽʰ (tilesύ ʺ ʷʵˊʶˌ όfacesύ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ 

όɳʽˁˈ˄ʰ муύΦ 

 

ɳʽˁˈ˄ʰ 18 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ TILES) 

 ɸh  ʰˋ˔ˇ˂ʹʻˇˏ˃ʶ ˃ʶ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΣ ˍ˖˄ 

ˇˉˇʾ˖˄ ˍʰ ˉ˂ʰˁʾʵʽʰ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʱ ˁʰʽ ˁˎˊˍʱ ˋ˒ʰʽˊʽˁʱ ˉˇ˂ˏʴ˖˄ʰΦ ɾʰˌ ʶ˄ʵʽʰ˒ʷˊʶʽ 

ʽʵʽʰʾˍʶˊʰ ʷ˄ʰ̩ ˍˏˉˇ ̩ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΣ ˇʽ ˇˉˇʾʶˌ 

ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˁʰʽ ʵʽʰʻʷˍˇˎ˄ ˍʹ˄ ʶ˅ʺˌ ʽʵʽˈˍʹˍʰΥ 

ɱʽʰ ˁʱʻʶ ʵˏˇ ˍˎ˔ˈ˄ˍʰ ˉ˂ʰˁʾʵʽʰ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ʽˋ˔ˏʶʽ ˃ˈ˄ˇ ˃ʾʰ ʰˉˈ ˍʽˌ 

ˉʰˊʰˁʱˍ˖ ˍˊʶʽˌ ˋ˔ʷˋʶʽˌΥ 

 ɮ) ʆʰ ˉ˂ʰˁʾʵʽʰ ʷ˔ˇˎ˄ ˁˇʽ˄ʺ ˁˇˊˎ˒ʺΦ 

 ɰ) ʆʰ ˉ˂ʰˁʾʵʽʰ ʷ˔ˇˎ˄ ˁˇʽ˄ʺ ˉ˂ʶˎˊʱ. 

 ɱύ ʆʰ ˉ˂ʰˁʾʵʽʰ ʵʶ˄ ʷ˔ˇˎ˄ ˁˇʽ˄ˈ ˋʹ˃ʶʾˇΦ 
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 ɱʽʰ ˍʽˌ ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˍˇˎ ʶʾʵˇˎˌ ˉˇˎ ˃ʰˌ ʶ˄ʵʽʰ˒ʷˊʶʽ 

ʽˋ˔ˏˇˎ˄ ˁʰʽ ˇʽ ʶ˅ʺˌ ʽʵʽˈˍʹˍʶˌΦ ɳˉʶʽʵʺ ˍʰ ˉ˂ʰˁʾʵʽʱ ˍˇˎˌ ʶʾ˄ʰʽ ˁˎˊˍʱΣ ˁʱʻʶ ˁˇˊˎ˒ʺ 

ˉ˂ʰˁʽʵʾˇˎ ʶʾ˄ʰʽ ˁʰʽ ˁˇˊˎ˒ʺ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʵˏˇ ʰˁˈ˃ʰ ˉ˂ʰˁʽʵʾ˖˄Φ ʆʽˌ ˁˇˊˎ˒ʷˌ ˍ˖˄ 

ˉ˂ʰˁʽʵʾ˖˄ ʻʰ ˍʽˌ ʻʶ˖ˊˇˏ˃ʶ ˁʰʽ ˁˇˊˎ˒ʷˌ (verticesύ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɳˉʾˋʹˌΣ ˁʱʻʶ 

ˉ˂ʶˎˊʱ ˉ˂ʰˁʽʵʾˇˎ ʶʾ˄ʰʽ ˁˇʽ˄ʺ ˉ˂ʶˎˊʱ ʰˎˍˇˏ ˍˇˎ ˉ˂ʰˁʽʵʾˇˎ ˁʰʽ ʶ˄ˈˌ ˁʰʽ ˃ˈ˄ˇ 

ʴʶʽˍˇ˄ʽˁˇˏ ˍˇˎΦ ʆʽˌ ˉ˂ʶˎˊʷˌ ˍ˖˄ ˉ˂ʰˁʽʵʾ˖˄ ʻʰ ˍʽˌ ˇ˄ˇ˃ʱʸˇˎ˃ʶ ˁʰʽ ʰˁ˃ʷˌ (edgesύ ˍʹˌ 

ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ς ̄ ˊˈˁʶʽˍʰʽ ʴʽʰ ˍˈ˅ʰ ˃ʶʴʾˋˍ˖˄ ˁˏˁ˂˖˄ ˍʹˌ ˋ˒ʰʾˊʰˌΦ 

 

 ɸʶ˖ˊˇˏ˃ʶ ˃ʾʰ ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ 

ˋ˒ʰʾˊʰˌΣ ʰˉˇˍʶ˂ˇˏ˃ʶ˄ʹ ʰˉˈ ˁʰ˄ˇ˄ʽˁʱ ˋ˒ʰʽˊʽˁʱ ˉˇ˂ˏʴ˖˄ʰΦ ɳˉʶʽʵʺ ˇʽ ˁˇˊˎ˒ʷˌ 

ˁʱʻʶ ˋ˒ʰʽˊʽˁˇˏ ˁʰ˄ˇ˄ʽˁˇˏ ˉˇ˂ˎʴ˗˄ˇˎ ʶʾ˄ʰʽ ˋˎ˄ʶˉʾˉʶʵʶˌΣ ʰˉˇˍʶ˂ˇˏ˄ ˁˇˊˎ˒ʷˌ ʶ˄ˈˌ 

ʶˉʾˉʶʵˇˎ ˁʰ˄ˇ˄ʽˁˇˏ ˉˇ˂ˎʴ˗˄ˇˎΦ ʆʰ ʶˉʾˉʶʵʰ ʰˎˍʱ ˉˇ˂ˏʴ˖˄ʰ ʶʾ˄ʰʽ ˇʽ ʷʵˊʶˌ ʶ˄ˈˌ 

ˉˇ˂ˎʷʵˊˇˎ ʶʴʴʶʴˊʰ˃˃ʷ˄ˇˎ ˋˍʹ ˋ˒ʰʾˊʰΦ ʁʽ ˁˇˊˎ˒ʷˌ ˍˇˎ ˉˇ˂ˎʷʵˊˇˎ ˋˎ˃ˉʾˉˍˇˎ˄ ˃ʶ 

ˍʽˌ ˁˇˊˎ˒ʷˌ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ʶ˄˗ ˇʽ ʰˁ˃ʷˌ ˍˇˎ ʶʾ˄ʰʽ ˇʽ ˔ˇˊʵʷˌ ˍ˖˄ ʰˁ˃˗˄ ˍʹˌ 

ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ 

 

 ʅˎ˃ˉʶˊʰʾ˄ˇˎ˃ʶ ˈˍʽ ʴʽʰ ˁʱʻʶ ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΣ ʰˉˇˍʶ˂ˇˏ˃ʶ˄ʹ ʰˉˈ ˁʰ˄ˇ˄ʽˁʱ ˋ˒ʰʽˊʽˁʱ ˉˇ˂ˏʴ˖˄ʰΣ ˎˉʱˊ˔ʶʽ 

ˁʰʽ ʷ˄ʰ ʰ˄ˍʾˋˍˇʽ˔ˈ ˍʹˌ ˉˇ˂ˏʶʵˊˇΣ ˍˇˎ ˇˉˇʾˇˎ ˇʽ ʷʵˊʶˌ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʱ όʶˉʾˉʶʵʰύ 

ˉˇ˂ˏʴ˖˄ʰΦ ɮˉˈ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˃ʶˍʰʲʰʾ˄ˇˎ˃ʶ ˋˍˇ ˉˇ˂ˏʶʵˊˇ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ 

ˉʶˊʽʴˊʱ˕ʰ˃ʶ ˉʰˊʰˉʱ˄˖Φ ɮ˄ˍʽˋˍˊˈ˒˖ˌΣ ʰ˄ ʵˇʻʶʾ ˍˇ ˉˇ˂ˏʶʵˊˇΣ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ 

ˁʰˍʰˋˁʶˎʱˋˇˎ˃ʶ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˖ˌ ʶ˅ʺˌΥ ɸʶ˖ˊˇˏ˃ʶ ˍʹ˄ ˉʶˊʽʴʶʴˊʰ˃˃ʷ˄ʹ ˋˍˇ 

ˉˇ˂ˏʶʵˊˇ ˋ˒ʰʾˊʰ ʺ ˇˉˇʽʰʵʺˉˇˍʶ ˇ˃ˈˁʶ˄ˍˊʺ ˍʹˌΦ ɮˉˈ ˍˇ ˁʷ˄ˍˊˇ ˍʹˌ ˋ˒ʰʾˊʰˌ 

ˉˊˇʲʱ˂˂ˇˎ˃ʶ ˍʽˌ ʷʵˊʶˌ ˍˇˎ ˉˇ˂ˎʷʵˊˇˎ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʱ ˍʹˌ όʰˁˍʽ˄ʽˁʺ ˉˊˇʲˇ˂ʺύΦ 

ɼʱʻʶ ʷʵˊʰ ˍˇˎ ˉˇ˂ˎʷʵˊˇˎ ˉˊˇʲʱ˂˂ʶˍʰʽ ˋʶ ʷ˄ʰ ˁʰ˄ˇ˄ʽˁˈ ˋ˒ʰʽˊʽˁˈ ˉˇ˂ˏʴ˖˄ˇΦ ʆˇ 

ˋˏ˄ˇ˂ˇ ˍ˖˄ ˉˇ˂ˎʴ˗˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˋˎ˄ʻʷˍʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍˇˏ ˉˇ˂ˎʷʵˊˇˎ 

ˉ˂ʰˁˈˋˍˊ˖ˋʹΦ 

  

ʅˍʰ ʶˉˈ˃ʶ˄ʰΣ ʻʰ ˉʶˊʽˇˊʽˋˍˇˏ˃ʶ ˋʶ ʷ˄ʰ ˎˉˇˋˏ˄ˇ˂ˇ ˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄Σ ˁˎˊˍ˗˄ 

ˁʰʽ ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄Υ ˋˍʽˌ ˁʰ˄ˇ˄ʽˁʷˌ ˁʰʽ ʹ˃ʽˁʰ˄ˇ˄ʽˁʷˌ ˋ˒ʰʽˊʽˁʷˌ 

ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˁʰʽ ˋˍʰ ʰ˄ˍʾˋˍˇʽ˔ʱ ˍˇˎˌ ˁʰ˄ˇ˄ʽˁʱ ˁʰʽ ʹ˃ʽˁʰ˄ˇ˄ʽˁʱ ˉˇ˂ˏʶʵˊʰΦ 

ɼʰ˄ˇ˄ʽˁʱ ʶʾ˄ʰʽ ˍʰ ˉˇ˂ˏʶʵˊʰ ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ ʷʵˊʶˌ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʱ ˉˇ˂ˏʴ˖˄ʰ ˍˇˎ 

ʰˎˍˇˏ ˍˏˉˇˎΣ ʶ˄˗ ˇʽ ˋˍʶˊʶʷˌ ʴ˖˄ʾʶˌ ˋˍʽˌ ˁˇˊˎ˒ʷˌ ˍˇˎˌ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʷˌ ˁʰʽ ʾˋʶˌΦ ʁʽ 

ʰ˄ˍʾˋˍˇʽ˔ʷˌ ˍˇˎˌ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˁʰ˄ˇ˄ʽˁʷˌΦ  
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ɶ˃ʽˁʰ˄ˇ˄ʽˁʱ ʶʾ˄ʰʽ ˍʰ ˉˇ˂ˏʶʵˊʰ ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ ʷʵˊʶˌ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʱ 

ˉˇ˂ˏʴ˖˄ʰΣ ˈ˔ʽ ˍˇˎ ʾʵʽˇˎ ˍˏˉˇˎΣ ʶ˄˗ ˇʽ ˋˍʶˊʶʷˌ ʴ˖˄ʾʶˌ ˋˍʽˌ ˁˇˊˎ˒ʷˌ ˍˇˎˌ ʶʾ˄ʰʽ 

ʾˋʶˌ 1Φ ʁʽ ʰ˄ˍʾˋˍˇʽ˔ʷˌ ˍˇˎˌ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ʶˉʾˋʹˌ ʹ˃ʽˁʰ˄ˇ˄ʽˁʷˌΦ 

 ɳʾ˄ʰʽ ʴ˄˖ˋˍˈΣ ˈˍʽ ˍʰ ˁˎˊˍʱ ˁʰ˄ˇ˄ʽˁʱ ˉˇ˂ˏʶʵˊʰ ʶʾ˄ʰʽ ˉʷ˄ˍʶΣ ʴ˄˖ˋˍʱ ʰˉˈ ˍʹ˄ 

ʰˊ˔ʰʽˈˍʹˍʰΣ ˉˇˎ ˋˍʽˌ ˃ʷˊʶˌ ˃ʰˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˁʰʽ ˖ˌ ˉ˂ʰˍ˖˄ʽˁʱΦ ʇˉʱˊ˔ˇˎ˄ ʶˉʾˋʹˌ 

мо ʹ˃ʽˁʰ˄ˇ˄ʽˁʱΣ ˉˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˁʰʽ ˖ˌ ʰˊ˔ʽ˃ʺʵʶʽʰ ˁʰʻ˗ˌ ʰ˄ʰˁʰ˂ˏ˒ʻʹˁʰ˄ ʰˉˈ 

ˍˇ˄ ɮˊ˔ʽ˃ʺʵʹ ό287-212 ̄ ΦʋΦύΦ ɮʽ˗˄ʶˌ ˃ʶˍʱ ˍˇ˄ ɮˊ˔ʽ˃ʺʵʹ ˇ Kepler (1571-1630) 

ˉˊˈˋʻʶˋʶ ˋˍʹ˄ ˇ˃ʱʵʰ ˁʰʽ ˍʽˌ ʰˉʶʽˊˇ˃ʶ˂ʶʾˌ ˇʽˁˇʴʷ˄ʶʽʶˌ ˍ˖˄ ˉˊʽˋ˃ʱˍ˖˄ ˁʰʽ 

ʰ˄ˍʽˉˊʽˋ˃ʱˍ˖˄ όʃʾ˄ʰˁʰˌ мύΦ ɴ˔ʶʽ ʰˉˇʵʶʽ˔ʻʶʾ ˈˍʽ ˉʷˊʰ˄ ʰˎˍ˗˄ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ʱ˂˂ʰ 

ˁˎˊˍʱ ˁʰ˄ˇ˄ʽˁʱ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʱ ˉˇ˂ˏʶʵˊʰΦ                                                                    

 ʍˌ ˋˎ˄ʷˉʶʽʰ ʰˎˍˇˏ ˍˇˎ ʴʶʴˇ˄ˈˍˇˌ ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ʵʽˉ˂ˇˏ ʴʶ˖˃ʶˍˊʽˁˇˏ 

˃ʹ˔ʰ˄ʽˋ˃ˇˏ ˉʰˊʰʴ˖ʴʺˌ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄ ʰˉˈ ˁˎˊˍʱ ˁʰ˄ˇ˄ʽˁʱ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʱ 

ˉˇ˂ˏʶʵˊʰ ˁʰʽ ʰ˄ˍʽˋˍˊˈ˒˖ˌΣ ʲʴʰʾ˄ʶʽ ˍˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˈˍʽ ˇʽ ˃ˈ˄ʶˌ ʶ˒ʽˁˍʷˌ ˁˎˊˍʷˌ 

ˁʰ˄ˇ˄ʽˁʷˌ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʷˌ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌ ʶʾ˄ʰʽ ʶʾˁˇˋʽΥ 

ʁʽ ˉʷ˄ˍʶ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʷˌ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˉʷ˄ˍʶ ˉ˂ʰˍ˖˄ʽˁʱ ˉˇ˂ˎʷʵˊʰΣ ˇʽ 

ʵʶˁʰˍˊʶʾˌ ʹ˃ʽˁʰ˄ˇ˄ʽˁʷˌ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ʵʶˁʰˍˊʾʰ ʰˊ˔ʽ˃ʺʵʶʽʰ ˉˇ˂ˎʷʵˊʰΣ ˁʰʽ 

ʰˁˇ˂ˇˎʻˇˏ˄ ˇʽ ʵˏˇ ˇ˃ʱʵʶˌ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ʹ˃ʽˁʰ˄ˇ˄ʽˁʱ 

ˉˊʾˋ˃ʰˍʰ ˁʰʽ ʰ˄ˍʽ-ˉˊʾˋ˃ʰˍʰΦ 

 

                                                           
1 ɱʽʰ ˄ʰ ˔ʰˊʰˁˍʹˊʽˋʻʶʾ ʷ˄ʰ ˉˇ˂ˏʶʵˊˇ ʹ˃ʽˁʰ˄ˇ˄ʽˁˈΣ ʰˉʰʽˍʶʾˍʰʽ ˄ʰ ʽˋ˔ˏʶʽ ˁʰʽ ʷ˄ʰ ˍˊʾˍˇ ˁˊʽˍʺˊʽˇΣ ˍˇ 
ˇˉˇʾˇ ˋˎ˔˄ʱ ˉʰˊʰ˂ʶʾˉʶˍʰʽ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΥ ɿʰ ˎˉʱˊ˔ʶʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌΣ ˇ ˇˉˇʾˇˌ ˄ʰ ˃ʶˍʰ-
ˋ˔ʹ˃ʰˍʾʸʶʽ ˍˎ˔ˇˏˋʰ ˁˇˊˎ˒ʺ ˍˇˎ ˉˇ˂ˎʷʵˊˇˎ ˋʶ ˍˎ˔ˇˏˋʰ ʱ˂˂ʹΣ ʶ˄˗ ˍˇ ˉˇ˂ˏʶʵˊˇ ˄ʰ ˉʰˊʰ˃ʷ˄ʶʽ 
ʰ˄ʰ˂˂ˇʾ˖ˍˇ ˖ˌ ˈ˂ˇΦ ɶ ʽʵʽˈˍʹˍʰ ʰˎˍʺ ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ˃ʶˍʰʻʶˍˈˍʹˍʰ ˁˇˊˎ˒˗˄ (vertex transitivity). ʆʹ˄ 
ʽˋ˔ˏ ˍˇˎ ˍˊʾˍˇˎ ˁˊʽˍʹˊʾˇˎ ʶˉʷʲʰ˂ʶ ʹ ʰ˄ʰˁʱ˂ˎ˕ʹ ˍˇˎ ˂ʶʴˈ˃ʶ˄ˇˎ ˋˍʶˊʶˇˏ ˍˇˎ MillerΣ ˍˇ ˇˉˇʾˇΣ ʶ˄˗ ˖ˌ 
ˉˊˇˌ ˍʽˌ ʵˏˇ ˉˊ˗ˍʶˌ ʽʵʽˈˍʹˍʶˌ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍˇ ʄˇ˃ʲˇ-ˁˎʲˇˁˍʱʶʵˊˇ όʃʾ˄ʰˁʰˌ мύΣ ʵʶ˄ ʽˁʰ˄ˇˉˇʽʶʾ ˍʹ˄ 
ˍˊʾˍʹ όCromwell 1997, pp. 89-91, Martin 1982, pp. 208-нлфύΦ ʆʰ ˉˇ˂ˏʶʵˊʰ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ 
˃ʶˍʰʻʶˍˈˍʹˍʰ ˁˇˊˎ˒˗˄ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ ˇ˃ʰ˂ʱ (uniform). 
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ζʆˊʽʴ˖˄ʽˋ˃ˈˌη ˋ˒ʰʽˊʽˁˇˏ ˉˇ˂ˎʴ˗˄ˇˎ 

 ɲʽʰˉʽˋˍ˗ˋʰ˃ʶ ˈˍʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁˎˊˍ˗˄ ˁʰ˄ˇ˄ʽˁ˗˄ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁ˗˄ 

ˉˇ˂ˎʷʵˊ˖˄ ˁʰʽ ˍ˖˄ ˁˎˊˍ˗˄ ˁʰ˄ˇ˄ʽˁ˗˄ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁ˗˄ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌ ˎˉʱˊ˔ʶʽ ˃ʾʰ ˋʰ˒ʺˌ ˋ˔ʷˋʹΣ ˗ˋˍʶ ʰ˄ ʵˇʻʶʾ ʹ ˉ˂ʰˁˈˋˍˊ˖ˋʹ 

˄ʰ ˇˊʾʸʶˍʰʽ ˍˇ ˉˇ˂ˏʶʵˊˇ ˁʰʽ ʰ˄ˍʽˋˍˊˈ˒˖ˌΦ ɾʶ ʵʶʵˇ˃ʷ˄ʹ ʰˎˍʺ ˍʹ ˋ˔ʷˋʹ ˁʰʽ ʰˉˈ 

ʴʶ˖˃ʶˍˊʽˁʺ ʱˉˇ˕ʹΣ ʻʰ ʶˉʽ˔ʶʽˊʺˋˇˎ˃ʶ ˃ʽʰ ˉˊˇˋʷʴʴʽˋʹ ˋˍˇˎˌ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌ. 

ʍˌ ʰ˒ʶˍʹˊʾʰ ʴʽʰ ˍˇ ʴʶ˖˃ʶˍˊʽˁˈ ˇˊʽˋ˃ˈ ʶ˄ˈˌ ʴʶ˖ʵʰʽˍʽˁˇˏ ʻˈ˂ˇˎ ˃ˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˇˉˇʽʰʵʺˉˇˍʶ ˋ˒ʰʽˊʽˁʺΣ ˁˎˊˍʺΣ ˁʰ˄ˇ˄ʽˁʺ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʺ 

ˉ˂ʰˁˈˋˍˊ˖ˋʹΣ ʰ˂˂ʱ ˋˎ˄ʺʻ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˁʶʾ˄ʹ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ɼʰ˄ˇ˄ʽˁˈ 

ɳʽˁˇˋʱʶʵˊˇ (ɳʽˁˈ˄ʰ мф).  

 

ɳʽˁˈ˄ʰ 19 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊʴˇʴʺˌ TILES) 

 ɮˎˍˈ ʴʾ˄ʶˍʰʽ ʵʽˈˍʽ ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ˉˎˁ˄ˈˍʶˊˇ ʰˉˈ ˍˇˎˌ ˍˊʶʽˌ ˉ˂ʶˎˊʱ-˃-ʁ

ˉ˂ʶˎˊʱ ʵʽʰ˃ʶˊʽˋ˃ˇˏˌ ˍʹˌ ˋ˒ʰʽˊʽˁʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˃ʶ ʵʽʱˍʰ˅ʹ ʽˋˈˉ˂ʶˎˊ˖˄ 

ˍˊʽʴ˖˄ʽˁ˗˄ ˉ˂ʰˁʽʵʾ˖˄ όˇʽ ʱ˂˂ˇʽ н ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍˇ ɼʰ˄ˇ˄ʽˁˈ ʆʶˍˊʱʶʵˊˇ ˁʰʽ ˋˍˇ 

ɼʰ˄ˇ˄ʽˁˈ ʁˁˍʱʶʵˊˇΣ ˃ʶ п ˁʰʽ у ʽˋˈˉ˂ʶˎˊʰ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰ ʰ˄ˍʽˋˍˇʾ˔˖ˌύΦ ɮ˂˂ʱ ʴʽʰ 

ˋ˔ʶˍʽˁʱ ˃ʶʴʱ˂ˇˎˌ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌ ˇ ʵʽʰ˃ʶˊʽˋ˃ˈˌ ʰˎˍˈˌ ʵʶ˄ ʶʾ˄ʰʽ ʰˊˁʶˍʱ 

ˉˎˁ˄ˈˌΣ ˇˉˈˍʶ ˉˊʷˉʶʽ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ʷ˄ʰˌ ˉˊˈˋʻʶˍˇˌ ˍˊʽʴ˖˄ʽˋ˃ˈˌ ʴʽʰ ˁʱʻʶ ʷ˄ʰ 

ʰˉˈ ˍʰ ʶʾˁˇˋʽ ˍˊʽʴ˖˄ʽˁʱ ˉ˂ʰˁʾʵʽʰ ʰ˒ʶˍʹˊʾʰˌΦ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍˇˏ ˍˇˎ ˉˊˈˋʻʶˍˇˎ 

ˍˊʽʴ˖˄ʽˋ˃ˇˏ ʵʶ˄ ʶʾ˄ʰʽ ˉˊˇ˒ʰ˄˗ˌ ˃ʽʰ ˁʰ˄ˇ˄ʽˁʺ ˉ˂ʰˁˈˋˍˊ˖ˋʹΣ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˉˈ ˍʹ˄ 

ˍʶ˔˄ʽˁʺ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾΣ ʰ˄ ˁʰʽ ˇˊʽˋ˃ʷ˄ʰ ˉ˂ʰˁʾʵʽʰ ʵʶ˄ ʰˉˇˁ˂ʶʾʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ 

ʽˋˈˉ˂ʶˎˊʰ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΦ ɱʽʰ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ˍʹ ʵʽʰ˒ˇˊʱ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌ ˁʰʽ ˋˍˇ ʶˉʾˉʶʵˇΣ ʻʰ ʵʽʰ˃ʶˊʾˋˇˎ˃ʶ ʷ˄ʰ ʶˉʾˉʶʵˇ ʽˋˈˉ˂ʶˎˊˇ 

ˍˊʾʴ˖˄ˇ ˋʶ ˃ʽˁˊˈˍʶˊʰ ʽˋˈˉ˂ʶˎˊʰ ˍˊʾʴ˖˄ʰΦ ɴ˄ʰˌ ˍˊˈˉˇˌ ˄ʰ ˍˇ ʶˉʽˍˏ˔ˇˎ˃ʶ ʶʾ˄ʰʽ ˇ 

ʶ˅ʺˌΥ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˊʶʽˌ ˇ˃ʱʵʶˌ ˍʶ˃˄ˇˎˋ˗˄Φ ɼʱʻʶ ˃ʽʰ ʰˉˈ ʰˎˍʷˌ ʵʽʰʽˊʶʾ ʷ˄ʰ 

ʸʶˏʴˇˌ ˉ˂ʶˎˊ˗˄ ˍˇˎ ˍˊʽʴ˗˄ˇˎ ˋʶ n ʾˋʰ ˃ʷˊʹΦ ʁʽ ˍʷ˃˄ˇˎˋʶˌ ˃ʽʰˌ ˇ˃ʱʵʰˌ ʶʾ˄ʰʽ 
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ˉʰˊʱ˂˂ʹ˂ʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ˉˊˇˌ ˍʹ˄ ˍˊʾˍʹ ˉ˂ʶˎˊʱΦ ɲʽʰˉʽˋˍ˗˄ˇˎ˃ʶ ˈˍʽΣ ʰ˄ ˃ʽʰ 

ˍʷ˃˄ˇˎˋʰ ˉˇˎ ʰ˄ʺˁʶʽ ˋʶ ˃ʽʰ ˇ˃ʱʵʰ ˋˎ˄ʰ˄ˍʱ ˍʷ˃˄ˇˎˋʰ ʱ˂˂ʹˌ ˇ˃ʱʵʰˌΣ ʰˉˈ ˍˇ 

ˋʹ˃ʶʾˇ ˍˇ˃ʺˌ ʵʽʷˊ˔ʶˍʰʽ ˁʰʽ ˍʷ˃˄ˇˎˋʰ ˍʹˌ ˍˊʾˍʹˌ ˇ˃ʱʵʰˌΦ ʃˊˇˁˏˉˍʶʽ ʷ˄ʰˌ 

ʵʽʰ˃ʶˊʽˋ˃ˈˌ ˍˇˎ ʰˊ˔ʽˁˇˏ ˍˊʽʴ˗˄ˇˎ ˋʶ ʽˋˈˉ˂ʶˎˊʰ ˁʰʽ ʾˋʰ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˍˊʾʴ˖˄ʰΣ 

ˉ˂ʺʻˇˎˌ ʷˋˍ˖ N (ɳʽˁˈ˄ʰ нл).  

 

ɳʽˁˈ˄ʰ 20 (ʅ˔ʶʵʾʰˋʹ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 

 ʃˊˇ˒ʰ˄˗ˌ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˍˊʽʴ˗˄˖˄ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ ʵʽʰ˃ʶˊʽˋ˃ˈ ʶʾ˄ʰʽ 

мҌоҌрҌΧ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʰˊʽʻ˃ʹˍʽˁʺ ˉˊˈˇʵˇ ˃ʶ ˉˊ˗ˍˇ ˈˊˇ ˍˇ м ˁʰʽ ˂ˈʴˇ н όˋˍʹ˄ 

ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˇ ˂ˈʴˇˌ ˃ʽʰˌ ʰˊʽʻ˃ʹˍʽˁʺˌ ˉˊˇˈʵˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˁʰʽ ˖ˌ ʵʽʰ˒ˇˊʱ). 

ɳˉˇ˃ʷ˄˖ˌΣ ˍˇ ˉ˂ʺʻˇˌ Ɂ ʽˋˇˏˍʰʽ ˃ʶ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ n ˉˊ˗ˍ˖˄ ˈˊ˖˄ ˍʹˌ 

ʰˊʽʻ˃ʹˍʽˁʺˌ ˉˊˇˈʵˇˎΣ ˈˉˇˎ n ʁ ʾ˄ʰʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˋˍʰ ˇˉˇʾʰ ʵʽʰʽˊʶʾˍʰʽ ʹ 

ˁʱʻʶ ˉ˂ʶˎˊʱ ˍˇˎ ˍˊʽʴ˗˄ˇˎΦ 

ɾʶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˍˏˉˇˎ ˍˇˎ ʰʻˊˇʾˋ˃ʰˍˇˌ ˍ˖˄ n ˉˊ˗ˍ˖˄ ˈˊ˖˄ ʰˊʽʻ˃ʹˍʽˁʺˌ 

ˉˊˇˈʵˇˎ όɿˍʸʽ˗ˊʰˌ мфтрΣ ˋʶ˂Φ мулύΣ ʷ˔ˇˎ˃ʶ 2: 

 

2
2

1

2
[2 ( 1) ] (2 2 2)

2 2 2

n n n
N a n n nw= + - = + - = =

 

ʅˍˇ ʽˋˈˉ˂ʶˎˊˇ ˍˊʾʴ˖˄ˇ ˍʹˌ ɳʽˁˈ˄ʰˌ нл ʷ˔ˇˎ˃ʶ ʶˉʽ˂ʷ˅ʶʽ n=5Σ ʶˉˇ˃ʷ˄˖ˌ ˉʰˊʱʴʶˍʰʽ 

ʷ˄ʰˌ ʵʽʰ˃ʶˊʽˋ˃ˈˌ ˋʶ 25 25=  ʽˋˈˉ˂ʶˎˊʰ ˍˊʾʴ˖˄ʰΦ ɶ ˉʰˊʰˉʱ˄˖ ˍʶ˔˄ʽˁʺ ʁ ˒ʰˊ˃ˈʸʶˍʰʽ 

ʰˁ ˈ˃ʹ ˁʰʽ ʰ˄ ˍˇ ˍˊʾʴ˖˄ˇ ʰ˒ʶˍʹˊʾʰˌ ʵʶ˄ ʶʾ˄ʰʽ ʽˋˈˉ˂ʶˎˊˇΣ ʰ˂˂ʱ ˍʰ 2n  ˍˊʾʴ˖˄ʰ ˉˇˎ 

                                                           
2 ɱʽʰ ʷ˄ʰ˄ ʱ˂˂ˇ ˍˊˈˉˇ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ ˉ˂ʺʻˇˎˌ NΣ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ ˋˏʴˁˊʽˋʹ ʶ˃ʲʰʵ˗˄Σ ʲ˂ʷˉʶ 

ɰʶ˄ʷˊʹˌ нлммΣ ˋʶ˂Φ 512. 
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ˉˊˇˁˏˉˍˇˎ˄ ʵʶ˄ ʶʾ˄ʰʽ ʽˋˈˉ˂ʶˎˊʰΦ ʃʰˊʰ˃ʷ˄ˇˎ˄ ˈ˃˖ˌ ʾˋʰ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ˈ˃ˇʽʰ ˖ ̩

ˉˊˇˌ ˍˇ ʰˊ˔ʽˁˈΦ 

 ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʻʰ ʶˉʽ˔ʶʽˊʺˋˇˎ˃ʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍʹ˄ ʾʵʽʰ ˍʶ˔˄ʽˁʺ ˃ʶ 

ʷ˄ʰ ʽˋˈˉ˂ʶˎˊˇ ˋ˒ʰʽˊʽˁˈ ˍˊʾʴ˖˄ˇΣ ʷˋˍ˖ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˍʹˌ ʷʵˊʰˌ ˍˇˎ ɼʰ˄ˇ˄ʽˁˇˏ 

ɳʽˁˇˋʰʷʵˊˇˎΦ ʁ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋˇˎ˃ʶ ˁʱˍʽ ˍʷˍˇʽˇ ʶʾ˄ʰʽ ˇ ʶ˅ʺˌΥ 

ɲʽʰʽˊˇˏ˃ʶ ˍʽˌ ˉ˂ʶˎˊʷˌ ˋʶ n ʾˋʰ ˃ʷˊʹ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˋˎ˄ʵʷˇˎ˃ʶ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

ˋʹ˃ʶʾʰ ˃ʶ ζˁʰˍʱ˂˂ʹ˂ʶˌη ˍʷ˃˄ˇˎˋʶˌΦ ʆˇ nΣ ˋˍʹ˄ ˇˊˇ˂ˇʴʾʰ ˍ˖˄ ʴʶ˖ʵʰʽˍʽˁ˗˄ ʻˈ˂˖˄Σ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ˋˎ˔˄ˈˍʹˍʰ (frequencyύΦ ɳˉʶʽʵʺ ˇ ˋˎ˄ˍˇ˃ˈˍʶˊˇˌ ʵˊˈ˃ˇˌ ˃ʶˍʰ˅ˏ ʵˏˇ 

ˋʹ˃ʶʾ˖˄ ˍʹˌ ˋ˒ʰʽˊʽˁʺˌ ʶˉʽ˒ʰ˄ʶʾʰˌ ʶʾ˄ʰʽ ˍˇ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ ˍʰ ˍˈ˅ʰ ˃ʶʴʾˋˍˇˎ ˁˏˁ˂ˇˎ 

ˍʹˌ ˋ˒ʰʾˊʰˌ ˉˇˎ ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˍʰ ˋʹ˃ʶʾʰ ʰˎˍʱΣ ˇʽ ˁʰˍʱ˂˂ʹ˂ʶˌ ˍʷ˃˄ˇˎˋʶˌ ʶʾ˄ʰʽ 

ˍˈ˅ʰ ˃ʶʴʾˋˍ˖˄ ˁˏˁ˂˖˄Φ ʁ ˃ʷʴʽˋˍˇˌ ˁˏˁ˂ˇˌ ʶʾ˄ʰʽ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˍʹˌ ʶˎʻʶʾʰˌ ˋˍʹ 

ˋ˒ʰʽˊʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ˈˍʽΣ ʴʽʰ ˁʱʻʶ ʵˏˇ ˃ʹ ʰ˄ˍʽʵʽʰ˃ʶˍˊʽˁʱ ˋʹ˃ʶʾʰ 

ˋˍʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΣ ˎˉʱˊ˔ʶʽ ʷ˄ʰˌ ˁʰʽ ˃ˈ˄ˇ ˃ʷʴʽˋˍˇˌ ˁˏˁ˂ˇˌ ˉˇˎ ʵʽʷˊ˔ʶˍʰʽ 

ʰˉˈ ʰˎˍʱΦ 

 ʃʰˊʰˍʹˊˇˏ˃ʶ ˈ˃˖ˌ ˈˍʽ ˇʽ ˍʷ˃˄ˇˎˋʶˌ ʵʶ˄ ʵʽʷˊ˔ˇ˄ˍʰʽ ʰ˄ʱ ˍˊʶʽˌ ʰˉˈ ˍˇ ʾʵʽˇ 

ˋʹ˃ʶʾˇ όɳʽˁˈ˄ʰ нмύ ˁʰʽ ʰˎˍˈ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊʱ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌ ˁʰʽ ˋˍˇ ʶˉʾˉʶʵˇΦ ɱʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ʰˎˍˇˏ ˍˇˎ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˇʽ ˉʰˊʰˁʱˍ˖ ˂ˏˋʶʽˌΦ 

 

ɳʽˁˈ˄ʰ 21 (ʅ˔ʶʵʾʰˋʹ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 

 

1  ́ɽˏˋʹ όˉˊʲ˂Φ Coxeter 1971, pp. 98-101) 

 ɮˊ˔ʾʸˇˎ˃ʶ ˃ʶ ˍ ̌ʵʽʰ˃ʶˊʽˋ˃ˈ ˍˇˎ ʶˉʾˉʶʵˇˎ ˍˊʽʴ˗˄ˇˎΣ ʷʵˊʰ ˍˇˎ ɼʰ˄ˇ˄ʽˁˇˏ 

ɳʽˁˇˋʰʷʵˊˇˎΣ ˋʶ 2n  ʽˋˈˉ˂ʶˎˊʰ ˍˊʾʴ˖˄ʰΦ ɴˉʶʽˍʰ ˉˊˇʲʱ˂˂ˇˎ˃ʶ ʰˁˍʽ˄ʽˁʱ ˍˇ˄ 

ˉʰˊʰˉʱ˄˖ ʵʽʰ˃ʶˊʽˋ˃ˈ ˋˍˇ ˋ˒ʰʽˊʽˁˈ ˍˊʾʴ˖˄ˇΦ ʁʽ 3( 1)n-  ˍʷ˃˄ˇˎˋʶˌ ˉˊˇʲʱ˂˂ˇ˄ˍʰʽ 

ˋʶ ˍˈ˅ʰ ˃ʶʴʾˋˍ˖˄ ˁˏˁ˂˖˄Σ ˍʰ ˇˉˇʾʰ ˍʷ˃˄ˇ˄ˍʰʽ ˃ʶ ˍˇ˄ ˉˊˇˋʵˇˁ˗˃ʶ˄ˇ ˍˊˈˉˇΣ ʰ˂˂ʱ ˇʽ 

ˉ˂ʶˎˊʷˌ ˍˇˎ ˋ˒ʰʽˊʽˁˇˏ ˍˊʽʴ˗˄ˇˎ ʵʶ˄ ʵʽʰʽˊˇˏ˄ˍʰʽ ˋʶ ʾˋʰ ˃ʷˊʹ όɳʽˁˈ˄ʰ ннύΦ ɮˁˈ˃ʹΣ ʹ 



 

ɍɥɻʍʚɻ ɡʀʋɿʖʍʋʌʋʞʇʋʑȟ ɚȢɥ:42661] 
ʅʶ˂ʾʵʰ 30 

ʰˉˈˁ˂ʽˋʹ ˍˇˎ ˃ʺˁˇˎˌ ˍ˖˄ ˉ˂ʶˎˊ˗˄ ˍ˖˄ ˍˊʽʴ˗˄˖˄ ˍˇˎ ʵʽʰ˃ʶˊʽˋ˃ˇˏ ʶʾ˄ʰʽ 

˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍˇ ˃ʷˋˇ ˃ʺˁˇˌ  ˁ ʰʽ h ˎ˅ʱ˄ʶˍʰʽ ̍ ˋˇ ʰˎ˅ʱ˄ʶʽ ʹ ˋˎ˔˄ˈˍʹˍʰ n. 

 

ɳʽˁˈ˄ʰ 22 (ʅ˔ʶʵʾʰˋʹ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 

 ʁ H.S.M. CoxeterΣ ˋˍˇ ʱˊʻˊˇ ˍˇˎ Virus Macromolecules and Geodesic 

Domes, pp. 98-ффΣ ˉʶˊʽʴˊʱ˒ʶʽ ʷ˄ʰ˄ ˎˉˇʻʶˍʽˁˈ ˍˊˈˉˇ ʶˊʴʰˋʾʰˌ ʶˁ ˃ʷˊˇˎˌ ˍˇˎ B. 

FullerΦ ɱˊʱ˒ʶʽ ˈˍʽ ˇ Fuller ʵʽʰ˃ʶˊʾʸʶʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ʽˋˈˉ˂ʶˎˊˇ ˍˊʾʴ˖˄ˇ ˋʶ ˃ʽˁˊʱ 

ʽˋˈˉ˂ʶˎˊʰ ˍˊʾʴ˖˄ʰ ˁʰʽ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ʰˎˍˈ ˍˇ ˃ˇˍʾʲˇ ˋʶ ˁʱʻʶ ʷʵˊʰ ʶ˄ˈˌ 

ɼʰ˄ˇ˄ʽˁˇˏ ɳʽˁˇˋʰʷʵˊˇˎΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶˍʰ˒ʷˊʶʽ ˍˇ ʶˉʰ˄ʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ˇ ˃ˇˍʾʲˇ ˃ʶ 

ʰˁˍʽ˄ʽˁʺ ˉˊˇʲˇ˂ʺ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˉʶˊʽʴʶʴˊʰ˃˃ʷ˄ʹˌ ˋ˒ʰʾˊʰˌ 3. 

 ɮ˂˂ʱ ˋʹ˃ʶʽ˗˄ʶʽ όp. млсύΣ ˈˍʽ ˁʰˍʱ ʵʺ˂˖ˋʹ ˍˇˎ Fuller όʹ ˇˉˇʾʰ ˉˊˇ˒ʰ˄˗ˌ 

ʽˋ˔ˏʶʽύΣ ʵʶ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʰˁˍʽ˄ʽˁʺ ˉˊˇʲˇ˂ʺ ˍˊʽʴ˖˄ʽˁ˗˄ ʶʵˊ˗˄ ʵʽʰ˃ʶˊʽˋ˃ʷ˄˖˄ ˋʶ 

ʾˋʰ ʽˋˈˉ˂ʶˎˊʰ ˍˊʾʴ˖˄ʰΣ ʰ˂˂ʱ ʴʽʰ ʷ˄ʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈ ˇ ˇˉˇʾˇˌ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ 

ʽˋˈˍʹˍʰ ˍ˖˄ ˍ˃ʹ˃ʱˍ˖˄Σ ˋˍʰ ˇˉˇʾʰ ʵʽʰʽˊˇˏ˄ˍʰʽ ˇʽ ˉ˂ʶˎˊʷˌ ˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄ 

ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ɼʰ˄ˇ˄ʽˁˈ ɳʽˁˇˋʱʶʵˊˇΦ 

 ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˃ʶ ʰˎˍʺ ˍʹ˄ ˍʶ˔˄ʽˁʺ ʵʽʰ˃ʶˊʽˋ˃ˇˏΣ ʵʹ˂ʰʵʺ ʹ 

˃ʶʴʱ˂ʹ ʰˉˈˁ˂ʽˋʹ ˍˇˎ ˃ʺˁˇˎˌ ˍ˖˄ ˉ˂ʶˎˊ˗˄ ˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄ ˉˇˎ 

ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇ ˃ʷˋˇ ˃ʺˁˇˌΣ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ʰˉˈ ˋˍʰˍʽˁʺ ˁʰʽ ʰˉˈ ʰʽˋʻʹˍʽˁʺ 

ˋˁˇˉʽʱΦ ʁ ˍˊˈˉˇˌ ʴʽʰ ˄ʰ ʰ˃ʲ˂ˎ˄ʻʶʾ ʰˎˍˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶʾ˄ʰʽ ˄ʰ ʶˉʽ˃ʶʾ˄ˇˎ˃ʶ ˋˍʹ 

ʵʽʰʾˊʶˋʹ ˍ˖˄ ˉ˂ʶˎˊ˗˄ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄ ˋʶ ʾˋʰ ˃ʷˊʹ ˁʰʽ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʷ˄ʰ ʶʾʵˇˌ ζʵʽˈˊʻ˖ˋʹˌηΣ ˁʰˍʱ˂˂ʹ˂ʹˌ ʵʹ˂ʰʵʺ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹˌ ˃ʶ 

ˋʹ˃ʶʾʰ ˍ˖˄ ˃ʽˁˊ˗˄ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˋˎ˄ʱ˄ˍʹˋʹˌ ˍ˖˄ ˍʶ˃˄ˇˎˋ˗˄Φ 

                                                           
3 ʁ B. Fuller ʷ˔ʶʽ ʰˋ˔ˇ˂ʹʻʶʾ ˁʰʽ ˃ʶ ˍʹ ˔ʰˊˍˇʴˊʰ˒ʾʰΣ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˃ʽʰ ʰ˄ˍʾˋˍˊˇ˒ʹ ˍʶ˔˄ʽˁʺΥ ʃˊˇʲʱ˂˂ʶʽ 

ʰˁˍʽ˄ʽˁʱ ˍˇ ˇ˃ˇʾ˖˃ʰ ˍʹˌ ˎʵˊˇʴʶʾˇˎ ˋˍʽˌ ʷʵˊʶˌ ʶ˄ˈˌ ʶʴʴʶʴˊʰ˃˃ʷ˄ˇˎ ɼʰ˄ˇ˄ʽˁˇˏ ɳʽˁˇˋʰʷʵˊˇˎΣ ˋˍʹ 
ˋˎ˄ʷ˔ʶʽʰ ˁˈʲʶʽ ˍˇ ɳʽˁˇˋʱʶʵˊˇ ˁʰˍʱ ˃ʺˁˇˌ ʶ˄ˈˌ ˁʰˍʰ˂˂ʺ˂ˇˎ ˋˎ˄ˈ˂ˇˎ ʰˁ˃˗˄ ˁʰʽ ʰ˄ʰˉˍˏˋˋʶʽ ˍʹ˄ 
ʶˉʽ˒ʱ˄ʶʽʱ ˍˇˎ ˋˍˇ ʶˉʾˉʶʵˇ όGardner 1975, pp. 123-124, Coxeter 1971, pp. 98-99) 
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 ɫʀʇʚɿɻ 31 

 

2  ́ɽˏˋʹ όWenninger 1999, p. 92)  

 ʁ M.J. Wenninger, ʶˉʾ ˍʹˌ ʷʵˊʰˌ ˍˇˎ ɼʰ˄ˇ˄ʽˁˇˏ ɳʽˁˇˋʰʷʵˊˇˎ, 

˃ʶˍʰˋ˔ʹ˃ʰˍʾʸʶʽ ˍʰ ˃ʽˁˊʱ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰ ˋʶ ʶˉʾˉʶʵʰΣ ˃ʷˋ˖ ʰˁˍʽ˄ʽˁʺˌ ˉˊˇʲˇ˂ʺˌ. 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʲˊʾˋˁʶʽ ˍʰ ˁʷ˄ˍˊʰ ʲʱˊˇˎˌ ˍ˖˄ ʶˉʽˉʷʵ˖˄ ˍˊʽʴ˗˄˖˄ ˁʰʽ ˍʰ ˉˊˇʲʱ˂˂ʶʽ 

ˉʱ˂ʽ ʰˁˍʽ˄ʽˁʱ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΦ ʆʰ ˋʹ˃ʶʾʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ 

ʰ˄ˍʽˁʰʻʽˋˍˇˏ˄ ˍʰ  ̀ ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰ όɳʽˁˈ˄ʰ ноύΦ  

 

ɳʽˁˈ˄ʰ 23 (ʅ˔ʶʵʾʰˋʹ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 

3  ́ɽˏˋʹ όʶ˒ʰˊ˃ˇʴʺ DOMES) 

 ɶ ˂ˏˋʹ ʶʾ˄ʰʽ ˄ʰ ˉʰˊʰ˃ʶʾ˄ˇˎ˃ʶ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌ ˁʰʽ ˄ʰ 

ʰ˄ˍʽˁʰˍʰˋˍʺˋˇˎ˃ʶ ˍʰ ˃ʽˁˊʱ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰ ˃ʶ ˍˇ ˋʹ˃ʶʾˇ ˍˇ˃ʺˌ ˍ˖˄ ʵʽʰ˃ʷˋ˖˄ 

ˍˇˎˌΦ ɳʾ˄ʰʽ ʴ˄˖ˋˍˈ ˈˍʽ ˇʽ ʵʽʱ˃ʶˋˇʽ ˁʱʻʶ ˋ˒ʰʽˊʽˁˇˏ ˍˊʽʴ˗˄ˇˎΣ ʵʹ˂ʰʵʺ ˍʰ ˍˈ˅ʰ 

˃ʶʴʾˋˍ˖˄ ˁˏˁ˂˖˄, ʰˉˈ ˍʽˌ ˁˇˊˎ˒ʷˌ ˍˇˎ ˋˍʰ ˃ʷˋʰ ˍ˖˄ ʰˉʷ˄ʰ˄ˍʽ ˉ˂ʶˎˊ˗˄ ʵʽʷˊ˔ˇ˄ˍʰʽ 

ʰˉˈ ˍˇ ʾʵʽˇ ˋʹ˃ʶʾˇΦ 

 ɶ ʶ˒ʰˊ˃ˇʴʺ DOMES ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ʰˎˍʺ ˃ʷʻˇʵˇ ζʵʽˈˊʻ˖ˋʹˌηΦ 

ɶ ʶ˒ʰˊ˃ˇʴʺ ˅ʶˁʽ˄ʱʶʽ ʰˉˈ ˍˎ˔ˇˏˋʰ ˁˎˊˍʺ ˁʰ˄ˇ˄ʽˁʺ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʺ ˉ˂ʰˁˈˋˍˊ˖ˋʹ 

ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌΣ ˈˉ˖ˌ ʰˎˍʺ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ TILESΦ ɶ 

DOMES ʶ˂ʷʴ˔ʶʽ ʰˊ˔ʽˁʱ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˃ʹ ˍˊʽʴ˖˄ʽˁʱ ˉ˂ʰˁʾʵʽʰΦ ɮ˄ ˎˉʱˊ˔ˇˎ˄Σ ˍˈˍʶ 

ˉˊˇ˔˖ˊʶʾ ˋʶ ʷ˄ʰ˄ ˉˊ˗ˍˇ ˍˊʽʴ˖˄ʽˋ˃ˈ ˍˇˎˌ ˋˎ˄ʵʷˇ˄ˍʰˌ ˍˇ ˁʷ˄ˍˊˇ ˁʰʻʶ˄ˈˌ ˃ʶ ˍʽˌ 

ˁˇˊˎ˒ʷˌ ˍˇˎΦ ɼʰˍʱ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ʰˎˍʺˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʹ ʶ˒ʰˊ˃ˇʴʺ ʷ˔ʶʽ ˄ʰ 
ʵʽʰ̝ʁ ʽˊʽˋˍʶʾ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄Φ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʽˋˈˉ˂ʶˎˊʰ ˍˊʾʴ˖˄ʰ ʰ˄ 

ˎˉʺˊ˔ʰ˄ ˋˍʹ˄ ʰˊ˔ʽˁʺ ˉ˂ʰˁˈˋˍˊ˖ˋʹΣ ʺ ʴʽʰ ʽˋˇˋˁʶ˂ʺ ˍˊʾʴ˖˄ʰ ʰ˄ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ 

ˍˊʽʴ˖˄ʽˋ˃ˈ ʱ˂˂˖˄ ˋ˒ʰʽˊʽˁ˗˄ ˉˇ˂ˎʴ˗˄˖˄Φ ʁ ˔ˊʺˋˍʹˌ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˃ʷˋ˖ 



 

ɍɥɻʍʚɻ ɡʀʋɿʖʍʋʌʋʞʇʋʑȟ ɚȢɥ:42661] 
ʅʶ˂ʾʵʰ 32 

ʵʽʰ˂ˈʴˇˎ ˄ʰ ̌́ʾʸʶʽ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˋˎ˔˄ˈˍʹˍʰ ˁʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˄ʰ ̄́ ˇ˔˖ˊʶʾ ˋˍˇ˄ 

ˍˊʽʴ˖˄ʽˋ˃ˈ ˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄ ˁʰʽ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʴʶ˖ʵʰʽˍʽˁˇˏ ʻˈ˂ˇˎΦ 

ɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ˍʶ˃˄ˇˎˋ˗˄ ˉˇˎ ʵʽʰʽˊˇˏ˄ ˍʽˌ ˉ˂ʶˎˊʷˌ ˁʱʻʶ ʰˊ˔ʽˁˇˏ 

ˋ˒ʰʽˊʽˁˇˏ ˍˊʽʴ˗˄ˇˎ ˋʶ n ʾˋʰ ˃ʷˊʹΦ ɶ ζʵʽˈˊʻ˖ˋʹη ˉˊˇˁˏˉˍʶʽ ʰ˄ˍʽˁʰʻʽˋˍ˗˄ˍʰˌ  ˍʰ 

˃ʽˁˊʱ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˋˎ˄ʱ˄ˍʹˋʹˌ ˍ˖˄ ˍʶ˃˄ˇˎˋ˗˄Σ ˃ʶ ˍʰ ˋʹ˃ʶʾʰ 

ˍˇ˃ʺˌ ˍ˖˄ ʵʽʰ˃ʷˋ˖˄ ˍˇˎˌ όɳʽˁˈ˄ʰ нпύΦ  

 

ɳʽˁˈ˄ʰ 24 (ʅ˔ʶʵʾʰˋʹ ɾΦ ɸʶˇʵ˖ˊˇˉˇˏ˂ˇˎ) 

 

ζɲˎʿˁʷˌη ˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄ 

 ɸʶ˖ˊˇˏ˃ʶ ˍ˗ˊʰ ˍʰ ˁʷ˄ˍˊʰ ˍ˖˄ ʶʵˊ˗˄ ˉˇˎ ʵʽʰˍʱˋˋˇ˄ˍʰʽ ˉʶˊʾ ˃ʽʰ ˁˇˊˎ˒ʺ 

ˁˎˊˍʺˌΣ ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ˋ˒ʰʾˊʰˌ ˁʰʽ 

ˁʰˍʰˋˁʶˎʱʸˇˎ˃ʶ ˁˎˊˍˈ ˋ˒ʰʽˊʽˁˈ ˉˇ˂ˏʴ˖˄ˇ ˃ʶ ˁˇˊˎ˒ʷˌ ˋˍʰ ˁʷ˄ˍˊʰ ʰˎˍʱΦ ɮ˄ ʰˎˍˈ 

ʶˉʰ˄ʰ˂ʹ˒ʻʶʾ ˋʶ ˁʱʻʶ ˁˇˊˎ˒ʺ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ˉˊˇˁˏˉˍʶʽ ˃ʽʰ ˄ʷʰ 

ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ˉ˂ʰˁˈˋˍˊ˖ˋʹΣ ʹ ˇˉˇʾʰ ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ʹ ʵˎʿˁʺ (dualύ ˍʹˌ 

ʰˊ˔ʽˁʺˌΦ ʁʽ ʵˏˇ ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˋ˔ʶˍʾʸˇ˄ˍʰʽΣ ˃ʶ ˍˊˈˉˇ ˗ˋˍʶ ˁʱʻʶ ʷʵˊʰ ˍʹˌ ˃ʽʰˌ ˄ʰ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˁˇˊˎ˒ʺ ˍʹˌ ʱ˂˂ʹˌΦ 

 ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʹ ʰˊ˔ʽˁʺ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʺΣ ʶʾ˄ʰʽ ˁʰʽ ʹ 

ʵˎʿˁʺ ˍʹˌ ˁʰ˄ˇ˄ʽˁʺΦ ɮ˄ ʹ ʰˊ˔ʽˁʺ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ʵʶ˄ ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʺ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʺΣ 

ˍˈˍʶ ʵʶ˄ ʶʾ˄ʰʽ ˃ˇ˄ʰʵʽˁˈˌ ˇ ˍˊˈˉˇˌ ˁʰˍʰˋˁʶˎʺˌ ˍʹˌ ʵˎʿˁʺˌ ˍʹˌΣ ʶˉʶʽʵʺ ˍʰ ˃ʹ 

ˁʰ˄ˇ˄ʽˁʱ ˋ˒ʰʽˊʽˁʱ ˉˇ˂ˏʴ˖˄ʰ ʷ˔ˇˎ˄ ˉˇ˂˂˗˄ ʶʽʵ˗˄ ζˁʷ˄ˍˊʰηΣ ʶˉˇ˃ʷ˄˖ˌ ˋˍʽˌ 

ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ʰˎˍʷˌ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˉˇ˂˂˗˄ ʶʽʵ˗˄ ʵˎʿˁʷˌΦ 

 ɼˎˊˍʷˌΣ ˉ˂ʶˎˊʱ-˃-ʁˉ˂ʶˎˊʱ ʰ˂˂ʱ ˃ʹ ˁʰ˄ˇ˄ʽˁʷˌ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʷˌ 

ˉ˂ʰˁˇˋˍˊ˗ˋʶʽˌ ˍʹˌ ˋ˒ʰʽˊʽˁʺˌ ʶˉʽ˒ʰ˄ʶʾʰˌ ʶʾ˄ʰʽ ʶˁʶʾ˄ʶˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˃ʶ 
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ζˍˊʽʴ˖˄ʽˋ˃ˈη ˍ˖˄ ʶʵˊ˗˄ ˃ʽʰˌ ˁʰ˄ˇ˄ʽˁʺˌ ʺ ʹ˃ʽˁʰ˄ˇ˄ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ˗ˋˍʶ ˄ʰ 

ˉˊˇˁˏ˕ʶʽ ʷ˄ʰˌ ʴʶ˖ʵʰʽˍʽˁˈˌ ʻˈ˂ˇˌΦ ɶ ʶ˒ʰˊ˃ˇʴʺ DOMES ˁʰˍʰˋˁʶˎʱʸʶʽ ˍʽˌ ʵˎʿˁʷˌ 

ʰˎˍ˗˄ ˍ˖˄ ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄Σ ʻʶ˖ˊ˗˄ˍʰˌ ˖ˌ ˁʷ˄ˍˊʰ ˍ˖˄ ˍˊʽʴ˖˄ʽˁ˗˄ ˉ˂ʰˁʽʵʾ˖˄ ˍʹˌ 

ˍʰ ˋʹ˃ʶʾʰ ˍˇ˃ʺˌ ˍ˖˄ ʵʽʰ˃ʷˋ˖˄ ˍˇˎˌΦ 

 ʅˍˇˎˌ ʴʶ˖ʵʰʽˍʽˁˇˏˌ ʻˈ˂ˇˎˌ ʵʽˉ˂ˇˏ ˁʶ˂ˏ˒ˇˎˌΣ ˖ˌ ʵʶˏˍʶˊˇ ˁʷ˂ˎ˒ˇˌ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˎ˄ʺʻ˖ˌ ʹ ʵˎʿˁʺ ˍʹˌ ʰˊ˔ʽˁʺˌ ʴʶ˖ʵʰʽˍʽˁʺˌ ˋ˒ʰʾˊʰˌΣ ʶ˒ʰˊ˃ˇˋ˃ʷ˄ʹ 

ˋʶ ˋ˒ʰʾˊʰ ˁʰˍʱ ˍʽ ˃ʶʴʰ˂ˏˍʶˊʹˌ ʺ ˃ʽˁˊˈˍʶˊʹˌ ʰˁˍʾ˄ʰˌ όɳʽˁˈ˄ʶˌ 5,16). 

  ʆˇ ˔˖ˊˇʵʽˁˍˏ˖˃ʰ ˉˇˎ ˉˊˇˁˏˉˍʶʽΣ ˃ʶ ˁʰˍʱ˂˂ʹ˂ʹ ˋˏ˄ʵʶˋʹ ˍ˖˄ ˁˈ˃ʲ˖˄ ˍ˖˄ 

ʵˏˇ ˋ˒ʰʽˊ˗˄Σ ʷ˔ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˎ˕ʹ˂ˈˍʶˊʹ ʰˁʰ˃˕ʾʰ ˁʰʽ ʰ˄ˍˇ˔ʺΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ 

ʰˊ˔ʽˁˈ ʰˉ˂ˈ ˁʷ˂ˎ˒ˇˌΦ 

 ɶ ʶ˒ʰˊ˃ˇʴʺ DOMES ˁʰˍʰˋˁʶˎʱʸʶʽ ˁʰʽ ʻˈ˂ˇˎˌ ʵʽˉ˂ˇˏ ˁʶ˂ˏ˒ˇˎˌΣ ʰ˄ ʸʹˍʹʻʶʾΦ 

ʆˇ ʵʶˏˍʶˊˇ ˁʷ˂ˎ˒ˇˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʵˎʿˁʺ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ˁʰʽ 

ʶʴʴˊʱ˒ʶˍʰʽ ˋʶ ˋ˒ʰʾˊʰ ˃ʶʴʰ˂ˏˍʶˊʹˌ ʺ ˃ʽˁˊˈˍʶˊʹˌ ʰˁˍʾ˄ʰˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʶˉʽ˂ˇʴʷˌ 

ˍˇˎ ˔ˊʺˋˍʹΦ ʆʰ ʵˏˇ ˁʶ˂ˏ˒ʹ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˊʱʲʵˇˎˌ ˃ʶ ˍˇ˄ ʶ˅ʺˌ ˍˊˈˉˇΥ ɼʱʻʶ 

ˁˇˊˎ˒ʺ ˍʹˌ ʵˎʿˁʺˌ ˋ˒ʰʾˊʰˌ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍˊʶʽˌ ˊʱʲʵˇˎˌ ˃ʶ ˍʽˌ ˍˊʶʽˌ ˁˇˊˎ˒ʷˌ ˍˇˎ 

ˍˊʽʴ˖˄ʽˁˇˏ ˉ˂ʰˁʽʵʾˇˎ ˋˍˇ ˇˉˇʾˇ ʰ˄ˍʽˋˍˇʽ˔ʶʾ όɳʽˁˈ˄ʰ нр ˁʰʽ ɳʽˁˈ˄ʶˌ рΣмсύΦ  

 

 

ɳʽˁ̍˄ ʰ 25 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 
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ɼʶ˒ʱ˂ʰʽˇ пˇ: ʋʄɶʅɶ ʆɶʅ ɳʊɮʄɾʁɱɶʅ DOMES 

 ʅʶ ʰˎˍʺ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʻʰ ˁʰˍʰˋˁʶˎʱˋˇˎ˃ʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʴʶ˖ʵʰʽˍʽˁ˗˄ ʻˈ˂˖˄Σ 

˃ʶ ˔ˊʺˋʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMESΦ ɸʰ ʶˊʴʰˋˍˇˏ˃ʶ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ˋ˒ʰʽˊʽˁʺˌ 

ʶˉʽ˒ʰ˄ʶʾʰˌΦ ʅˍʹ˄ ɳʽˁˈ˄ʰ нс ʲ˂ʷˉˇˎ˃ʶ ʷ˄ʰ˄ ʴʶ˖ʵʰʽˍʽˁˈ ʻˈ˂ˇ ˋˎ˔˄ˈˍʹˍʰˌ сΣ ˈˉ˖ˌ ʷ˔ʶʽ 

ˉʰˊʰ̝̒ʶʾ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ DOMESΦ ɴ˔ʶʽ ˖ˌ ʰ˒ʶˍʹˊʾʰ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˉˇˎ ʰ˄ˍʽ-

ˋˍˇʽ˔ʶʾ ˋˍˇ ɼʰ˄ˇ˄ʽˁˈ ɳʽˁˇˋʱʶʵˊˇΦ ɶ ˍʶ˂ʶˎˍʰʾʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ нл ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΦ 

ɳˉˇ˃ʷ˄˖ˌ ˍˇ ˉ˂ʺʻˇˌΣ ʷˋˍ˖ FΣ ˍ˖˄ ˍˊʽʴ˖˄ʽˁ˗˄ ˉ˂ʰˁʽʵʾ˖˄ ˍˇˎ ʻˈ˂ˇˎ ʶʾ˄ʰʽΥ 

 220 6 720F= ³ =  

ɸʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍˇ ˉ˂ʺʻˇˌΣ ʷˋˍ˖ EΣ ˍ˖˄ ʰˁ˃˗˄ ˍ˖˄ ˍˊʽʴ˖˄ʽˁ˗˄ ˉ˂ʰˁʽʵʾ˖˄ ˍˇˎ 

ʻˈ˂ˇˎΦ ʅʶ ˁʱʻʶ ˉ˂ʰˁʾʵʽˇ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˍˊʶʽˌ ʰˁ˃ʷˌΦ ɳˉʶʽʵʺ ˈ˃˖ˌ ˁʱʻʶ ʰˁ˃ʺ ʶʾ˄ʰʽ 

ˁˇʽ˄ʺ ʵˏˇ ˉʰˊʰˁʶʽ˃ʷ˄˖˄ ˉ˂ʰˁʽʵʾ˖˄Σ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʰˁ˃˗˄ ʶʾ˄ʰʽ ˉˊˇ˒ʰ˄˗ˌΥ 

 
3 3 720

1080
2 2

F
E

³
= = =  

ʆˇ ˉ˂ʺʻˇˌΣ ʷˋˍ˖ VΣ ˍ˖˄ ˁˇˊˎ˒˗˄ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ 

˃ʶ ˔ˊʺˋʹ ˍˇˎ ˍˏˉˇˎ ˍˇˎ Euler όʃʱ˃˒ʽ˂ˇˌ нлмнΣ ˋʶ˂Φ 456-457): 2V E F- + =. 

 
3 720

2 2 2 2 362
2 2 2

F F
V E F F= - + = - + = + = + = 

 

 

ɳʽˁˈ˄ʰ 26 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 
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 ʅˍʹ˄ ɳʽˁˈ˄ʰ нт ʲ˂ʷˉˇˎ˃ʶ ˍʹ ʴʶ˖ʵʰʽˍʽˁʺ ˋ˒ʰʾˊʰ ˍʹ ʵˎʿˁʺ ʶˁʶʾ˄ʹˌ ˍʹˌ ɳʽˁˈ˄ʰˌ 

нсΦ ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʶ˅ʰʴ˖˄ʽˁʱ ˉ˂ʰˁʾʵʽʰ ˃ʶ ʶ˅ʰʾˊʶˋʹ ˍʰ мн ˉʶ˄ˍʰʴ˖˄ʽˁʱ ˉ˂ʰˁʾʵʽʰ 

ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ˁˇˊˎ˒ʷˌ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ʰˎˍʺˌ ʵʹ˂ʰʵʺ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ɼʰ˄ˇ˄ʽˁˈ ɳʽˁˇˋʱʶʵˊˇΦ ʆˇ ˉ˂ʺʻˇˌ F ˍ˖˄ ˉ˂ʰˁʽʵʾ˖˄ ˋˍʽˌ ʵˎʿˁʷˌ ʰˎˍʷˌ 

ʴʶ˖ʵʰʽˍʽˁʷˌ ˋ˒ʰʾˊʶˌ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁˇˊˎ˒˗˄ ˍ˖˄ ˁˏˊʽ˖˄ 

ˉ˂ʰˁˇˋˍˊ˗ˋʶ˖˄Σ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ˁʰʽ ˉˊˇʷˁˎ˕ʰ˄Σ ʶˉˇ˃ʷ˄˖ˌΣ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

ˉʶˊʾˉˍ˖ˋʹ ʽˋ˔ˏʶʽΥ 

 362F =  

ɮˉˈ ˍʽˌ осн ʷʵˊʶˌΣ ˇʽ мн ʶʾ˄ʰʽ ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ˁʰʽ ˇʽ ˎˉˈ˂ˇʽˉʶˌ орл ʶʾ˄ʰʽ ʶ˅ʰʴ˖˄ʽˁʷˌΦ 

ʆˇ ˉ˂ʺʻˇˌ E ̱ ˖˄ ʰˁ˃˗˄ ʶʾ˄ʰʽΥ 

 
5 12 6 350

1080
2 2

E
³ ³

= + =  

ʆˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁˇˊˎ˒˗˄Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˍˏˉˇ ˍˇˎ EulerΣ ʶʾ˄ʰʽΥ 

 2 1080 362 2 720V E F= - + = - + = 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʱ ʶʾ˄ʰʽ ˍʰ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰΦ ɳ˅ʰʽˍʾʰˌ ˍˇˎ ˍˊˈˉˇˎ ˁʰˍʰˋˁʶˎʺˌ ˍʹˌ 

ʵˎʿˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶʵˊ˗˄ ˍʹˌ ˃ʽʰˌ ˋ˒ʰʾˊʰˌ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍˇ 

ˉ˂ʺʻˇˌ ˍ˖˄ ˁˇˊˎ˒˗˄ ˍʹˌ ʱ˂˂ʹˌΣ ʶ˄˗ ˇʽ ʵˏˇ ˋ˒ʰʾˊʶˌ ʷ˔ˇˎ˄ ˍˇ ʰˎˍˈ ˉ˂ʺʻˇˌ ʰˁ˃˗˄Φ 

 

 

ɳʽˁˈ˄ʰ 27 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 

 



 

ɍɥɻʍʚɻ ɡʀʋɿʖʍʋʌʋʞʇʋʑȟ ɚȢɥ:42661] 
ʅʶ˂ʾʵʰ 36 

 ʁ ʻˈ˂ˇˌ ˍʹˌ ɳʽˁˈ˄ʰˌ ну ʷʴʽ˄ʶ ˃ʶ ʰ˒ʶˍʹˊʾʰ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ 

ˋˍˇ ɼʰ˄ˇ˄ʽˁˈ ɳʽˁˇˋʱʶʵˊˇ ˁʰʽ ʷ˔ʶʽ ˋˎ˔˄ˈˍʹˍʰ сΣ ʰ˂˂ʱ ʰˎˍʺ ˍʹ ˒ˇˊʱ ʶʾ˄ʰʽ ʵʽˉ˂ˇˏ 

ˁʶ˂ˏ˒ˇˎˌΦ ɶ ʰˁˍʾ˄ʰ ˍʹˌ ʶˋ˖ˍʶˊʽˁʺˌ ˋ˒ʰʾˊʰˌ ʶʾ˄ʰʽ ˁʰˍʱ р҈ ˃ʽˁˊˈˍʶˊʹ ˍʹˌ ʰˁˍʾ˄ʰˌ 

ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌΦ 

 

ɳʽˁˈ˄ʰ 28 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 

 ɾʽʰ ʱ˂˂ʹ ˁʰˍʰˋˁʶˎʺ ʶʾ˄ʰʽ ˇ ʻˈ˂ˇˌ ˍʹˌ ɳʽˁˈ˄ʰˌ нфΣ ˋˎ˔˄ˈˍʹˍʰˌ мнΣ ˃ʶ 

ʰ˒ʶˍʹˊʾʰ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ɮ˃ʲ˂ˏ ɲ˖ʵʶˁʱʶʵˊˇ όʃʾ˄ʰˁʰˌ мύΦ 

ʆˇ ɮ˃ʲ˂ˏ ɲ˖ʵʶˁʱʶʵˊˇ ʵʽʰʻʷˍʶʽ ул ˍˊʽʴ˖˄ʽˁʷˌ ˁʰʽ мн ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌ όʃʾ˄ʰˁʰˌ 

нύΦ ɶ ʶ˒ʰˊ˃ˇʴʺ DOMES ˁʰ˂ʶʾˍʰʽ ˍ˗ˊʰ ˄ʰ ʶ˒ʰˊ˃ˈˋʶʽ ʷ˄ʰ˄ ˉˊ˗ˍˇ ˍˊʽʴ˖˄ʽˋ˃ˈ ˋˍʽˌ 

ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌΦ ɮˉˈ ˁʱʻʶ ˉʶ˄ˍʰʴ˖˄ʽˁʺ ʷʵˊʰ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ р ʽˋˇˋˁʶ˂ʺ 

ˋ˒ ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΣ ʶˉˇ˃ʷ˄˖ˌ ʷ˔ʶʽ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍʶʾ 80 5 12 140+ ³ =  ˋ˒ʰʽˊʽˁʱ 

ˍˊʾʴ˖˄ʰΦ ʁʽ ˉ˂ʶˎˊʷˌ ˍ˖˄ ˋ˒ʰʽˊʽˁ˗˄ ˍˊʽʴ˗˄˖˄ ʻʰ ʵʽʰʽˊʶʻˇˏ˄ ˋʶ п ʾˋʰ ˃ʷˊʹ ˁʰʽ ˍˇ 

ʶˋ˖ˍʶˊʽˁˈ ˍˇˎˌ ʻʰ ʵʽʰ˃ʶˊʽˋˍʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱΦ 

ɳʵ˗ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˍˇ˄ ˈˊˇ ˋˎ˔˄ˈˍʹˍʰ ˃ʶ ˃ʽʰ ʶˎˊˏˍʶˊʹ ʷ˄˄ˇʽʰΣ ˖ˌ ˍˇ ʶ˂ʱ˔ʽˋˍˇ 

ˉ˂ʺʻˇˌ ʵʹ˂ʰʵʺ ʲʹ˃ʱˍ˖˄ ʰˉˈ ˃ʽʰ ˉʶ˄ˍʰ˃ʶˊʺ ˁˇˊˎ˒ʺ ʷ˖ˌ ˃ʽʰ ʱ˂˂ʹ ˉʶ˄ˍʰ˃ʶˊʺ 

ˁˇˊˎ˒ʺΦ ʃˊˇˁˏˉˍˇˎ˄ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰ ˉ˂ʺʻˇˎˌ F ̍ ˉˇˎΥ 

 2140 4 2240F= ³ =  

 

 



 

ɍɥɻʍʚɻ ɡʀʋɿʖʍʋʌʋʞʇʋʑȟ ɚȢɥ:42661] 
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ɸʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˃ʶ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇΣ ˈˉ˖ˌ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˍˇ ˉ˂ʺʻˇˌ E ˍ˖˄ ʰˁ˃˗˄ 

ˁh ʽ ˍˇ ˉ˂ʺʻˇˌ V ̱ ˖˄ ˁˇˊˎ˒˗˄ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɸʰ ʷ˔ˇˎ˃ʶΥ 

 
3 3 2240

3360
2 2

F
E

³
= = =  

 
2240

2 2 1122
2 2

F
V = + = + = 

 

ɳʽˁˈ˄ʰ 29 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 
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 ʅˍʹ˄ ɳʽˁˈ˄ʰ ол ʲ˂ʷˉˇˎ˃ʶ ˍˇ˄ ʵˎʿˁˈ ˍˇˎ ʻˈ˂ˇˎ ˍʹˌ ɳʽˁˈ˄ʰˌ нфΦ ɮˉˇˍʶ˂ʶʾˍʰʽ 

ʰˉˈ ˋ˒ʰʽˊʽˁʱ ʶ˅ʱʴ˖˄ʰΣ ˈ˔ʽ ʶ˄ ʴʷ˄ʶʽ ˁʰ˄ˇ˄ʽˁʱΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ мн ˉ˂ʰˁʾʵʽʰΣ ˍʰ ˇˉˇʾʰ 

ʶʾ˄ʰʽ ˁʰ˄ˇ˄ʽˁʱ ˋ˒ʰʽˊʽˁʱ ˉʶ˄ˍʱʴ˖˄ʰ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˁʷ˄ˍˊʰ ˍ˖˄ ˉʶ˄ˍʰʴ˖˄ʽˁ˗˄ 

ʶʵˊ˗˄ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɼʰʽ ˉʱ˂ʽΣ ʰ˄ V ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁˇˊˎ˒˗˄Σ E ˍˇ 

ˉ˂ʺʻˇˌ ˍ˖˄ ʰˁ˃˗˄ ˁʰʽ F ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶʵˊ˗˄ ˍʹˌ ˁˏˊʽʰˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ʹ ʵˎʿˁʺ 

ˍʹˌ ʵʽʰʻʷˍʶʽ F ˁ ˇˊˎ˒ʷˌΣ E h ˁ˃ʷˌ ˁʰʽ V ̫ ʵˊʶˌΦ ɳˉˇ˃ʷ˄˖ˌ ʴʽʰ ˍʹ ʵˎʿˁʺ ʽˋ˔ˏʶʽΥ 

 1122F= ,  3360E=   ˁ ʰʽ  2240V =   

 

ɳʽˁˈ˄ʰ 30 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 

 ɾʽʰ ʱ˂˂ʹ ˁʰˍʰˋˁʶˎʺ ʶʾ˄ʰʽ ˇ ʻˈ˂ˇˌ ˍʹˌ ɳʽˁˈ˄ʰˌ  омΣ ˋˎ˔˄ˈˍʹˍʰˌ мрΣ ˃ʶ 

ʰ˒ʶˍʹˊʾʰ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ˄ ɮ˃ʲ˂ˏ ɼˏʲˇ όʃʾ˄ʰˁʰˌ мύΦ ʁ 

ɮ˃ʲ˂ˏˌ ɼˏʲˇˌ ʵʽʰʻʷˍʶʽ он ˍˊʽʴ˖˄ʽˁʷˌ ˁʰʽ с ˍʶˍˊʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌ όʃʾ˄ʰˁʰˌ нύΦ ɶ 

ʶ˒ʰˊ˃ˇʴʺ DOMES ˉˊˇ˔˖ˊʶʾ ˋʶ ʷ˄ʰ˄ ˉˊ˗ˍˇ ˍˊʽʴ˖˄ʽˋ˃ˈ ˍ˖˄ ˍʶˍˊʰʴ˖˄ʽˁ˗˄ ʶʵˊ˗˄ 

ʰˉˈ ˍˇ˄ ˇˉˇʾˇ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ 6 4 24³ =  ʽˋˇˋˁʶ˂ʺ ˁʰʽ ˇˊʻˇʴ˗˄ʽʰ ˋ˒ʰʽˊʽˁʱ 

ˍˊʾʴ˖˄ʰΦ ɳˉˇ˃ʷ˄˖ˌ ʷ˔ʶʽ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍʶʾ 32 24 56+ =  ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΦ ʁʽ ˉ˂ʶˎˊʷˌ 

ʶˁʱˋˍˇˎ ʵʽʰʽˊˇˏ˄ˍʰʽ ˋʶ р ʾˋʰ ˃ʷˊʹ ˁʰʽ ˇ ʵʽʰ˃ʶˊʽˋ˃ˈˌ ˉˊˇ˔˖ˊʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱΦ 

ɼʰʽ ˉʱ˂ʽ ʹ ˋˎ˔˄ˈˍʹˍʰ ʵʶ˄ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˋˍʰ ˇˉˇʾʰ 

ʵʽʰʽˊˇˏ˃ʶ ˍʽˌ ˉ˂ʶˎˊʷˌ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˍˊʽʴ˗˄˖˄ ʰ˂˂ʱ ˃ʶ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ˉ˂ʺʻˇˌ ʲʹ˃ʱˍ˖˄ 

ʰˉˈ ˍʶˍˊʰ˃ʶˊʺ ˋʶ ˍʶˍˊʰ˃ʶˊʺ ˁˇˊˎ˒ʺΦ 



 

ɍɥɻʍʚɻ ɡʀʋɿʖʍʋʌʋʞʇʋʑȟ ɚȢɥ:42661] 
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ɸʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˃ʶ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇΣ ˈˉ˖ˌ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˍˇ ˉ˂ʺʻˇˌ F ˍ˖˄ 

ˍˊʽʴ˖˄ʽˁ˗˄ ˉ˂ʰˁʽʵʾ˖˄Σ ˍˇ ˉ˂ʺʻˇˌ E ˍ˖˄ ʰˁ˃˗˄ ˁʰʽ ˍˇ ˉ˂ʺʻˇˌ V ˍ˖˄ ˁˇˊˎ˒˗˄ ˍʹˌ 

ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɸʰ ʷ˔ˇˎ˃ʶΥ 

 256 5 1400F= ³ =  

 
3 3 1400

2100
2 2
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1400

2 2 702
2 2

F
V= + = + = 

 

ɳʽˁˈ˄ʰ 31 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 
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 ɶ ʵˎʿˁʺ ˍʹˌ ˍʶ˂ʶˎˍʰʾʰˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ онΦ 

ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʶ˅ʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ с ˍʶˍˊʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˁʷ˄ˍˊʰ ˍ˖˄ с ˍʶˍˊʰʴ˖˄ʽˁ˗˄ ʶʵˊ˗˄ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ 

ɼʰʽ ˉʱ˂ʽΣ ʰ˄ V ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁˇˊˎ˒˗˄Σ E ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʰˁ˃˗˄ ˁʰʽ F ˍˇ ˉ˂ʺʻˇˌ 

ˍ˖˄ ʶʵˊ˗˄ ˍʹˌ ˁˏˊʽʰˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ʹ ʵˎʿˁʺ ˍʹˌ ʵʽʰʻʷˍʶʽ F ˁˇˊˎ˒ʷˌΣ E ʰˁ˃ʷˌ ˁʰʽ 

V ̫ ʵˊʶˌΦ ɳˉˇ˃ʷ˄˖ˌ ʴʽʰ ˍʹ ʵˎʿˁʺ ʽˋ˔ˏʶʽΥ 

 702F = ,  2100E=   ˁ ʰʽ  1400V =  

 

ɳʽˁˈ˄ʰ 32 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 

 ɾʽʰ ʱ˂˂ʹ ˁʰˍʰˋˁʶˎʺ ʶʾ˄ʰʽ ˇ ʻˈ˂ˇˌ ˍʹˌ ɳʽˁˈ˄ʰˌ ооΣ ˋˎ˔˄ˈˍʹˍʰˌ 8, ˃ʶ 

ʰ˒ʶˍʹˊʾʰ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ɳʽˁˇˋʽʵ˖ʵʶˁʱʶʵˊˇΦ ʆˇ 

ɳʽˁˇˋʽʵ˖ʵʶˁʱʶʵˊˇ ʵʽʰʻʷˍʶʽ нл ˍˊʽʴ˖˄ʽˁʷˌ ˁʰʽ мн ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌΦ ɶ ʶ˒ʰˊ˃ˇʴʺ 

DOMES ˉˊˇ˔˖ˊʶʾ ˋʶ ʷ˄ʰ˄ ˉˊ˗ˍˇ ˍˊʽʴ˖˄ʽˋ˃ˈ ˍ˖˄ ˉʶ˄ˍʰʴ˖˄ʽˁ˗˄ ʶʵˊ˗˄ ʰˉˈ ˍˇ˄ 

ˇˉˇʾˇ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ 12 5 60³ =  ʽˋˇˋˁʶ˂ʺ ˁʰʽ ˇˊʻˇʴ˗˄ʽʰ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΦ 

ɳˉˇ˃ʷ˄˖ˌ ʷ˔ʶʽ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍʶʾ 60 20 80+ =  ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΦ ʁʽ ˉ˂ʶˎˊʷˌ ʶˁʱˋˍˇˎ 

ʵʽʰʽˊˇˏ˄ˍʰʽ ˋʶ п ʾˋʰ ˃ʷˊʹ ˁʰʽ ˇ ʵʽʰ˃ʶˊʽˋ˃ˈˌ ˉˊˇ˔˖ˊʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱΦ ɼʰʽ ˉʱ˂ʽ ʹ 

ˋˎ˔˄ˈˍʹˍʰ ʵʶ˄ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˋˍʰ ˇˉˇʾʰ ʵʽʰʽˊˇˏ˃ʶ ˍʽˌ 

ˉ˂ ʶˎˊʷˌ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˍˊʽʴ˗˄˖˄ ʰ˂˂ʱ ˃ʶ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ˉ˂ʺʻˇˌ ʲʹ˃ʱˍ˖˄ ʰˉˈ 

ˉʶ˄ˍʰ˃ʶˊʺ ˋʶ ˉʶ˄ˍʰ˃ʶˊʺ ˁˇˊˎ˒ʺΦ 
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ɸʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˃ʶ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇΣ ˈˉ˖ˌ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˍˇ ˉ˂ʺʻˇˌ F ˍ˖˄ 

ˍˊʽʴ˖˄ʽˁ˗˄ ˉ˂ʰˁʽʵʾ˖˄Σ ˍˇ ˉ˂ʺʻˇˌ E ˍ˖˄ ʰˁ˃˗˄ ˁʰʽ ˍˇ ˉ˂ʺʻˇˌ V ˍ˖˄ ˁˇˊˎ˒˗˄ ˍʹˌ 

ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɸʰ ʷ˔ˇˎ˃ʶΥ 

 280 4 1280F= ³ =  
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= = =  
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F
V= + = + = 

 

ɳʽˁˈ˄ʰ 33 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 
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 ɶ ʵˎʿˁʺ ˍʹˌ ˍʶ˂ʶˎˍʰʾʰˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ опΦ 

ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʶ˅ʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ 12 ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˁʷ˄ˍˊʰ ˍ˖˄  ˉʶ˄ˍʰʴ˖˄ʽˁ˗˄ ʶʵˊ˗˄ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɼʰʽ 

ˉʱ˂ʽΣ ʰ˄ V ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˁˇˊˎ˒˗˄Σ E ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʰˁ˃˗˄ ˁʰʽ F ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ 

ʶʵˊ˗˄ ˍʹˌ ˁˏˊʽʰˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ʹ ʵˎʿˁʺ ˍʹˌ ʵʽʰʻʷˍʶʽ F ˁˇˊˎ˒ʷˌΣ E ʰˁ˃ʷˌ ˁʰʽ V 

ʷʵˊʶˌΦ ɳˉˇ˃ʷ˄˖ˌ ʴʽʰ ˍʹ ʵˎʿˁʺ ʽˋ˔ˏʶʽΥ 

 702F = ,  2100E=   ˁ ʰʽ  1400V =  

 

ɳʽˁˈ˄ʰ 34 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 

 ɸʰ ˃ʶ˂ʶˍʺˋˇˎ˃ʶ ˍ˗ˊʰ ˃ʽʰ ˉ˂ʰˁˈˋˍˊ˖ˋʹ ˋˎ˔˄ˈˍʹˍʰˌ млΣ ˉˇˎ ʵʶ˄ ʻʶ˖ˊʶʾˍʰʽ 

ʽʵʽʰʾˍʶˊʰ ζˈ˃ˇˊ˒ʹηΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ˄ ˉ˂ʰˁˈˋˍˊ˖ˋʹΣ ˉˇˎ ˖ˌ ʰ˒ʶˍʹˊʾʰ ʷ˔ʶʽ ˍˇ˄ 

ɼˇ˂ˇʲˈ ɼˏʲˇ όʃʾ˄ʰˁʰˌ мύΦ ʁ ɼˇ˂ˇʲˈˌ ɼˏʲˇˌ ʵʽʰʻʷˍʶʽ с ˇˁˍʰʴ˖˄ʽˁʷˌ ˁʰʽ у ˍˊʽʴ˖˄ʽˁʷˌ 

ʷʵˊʶˌ όʃʾ˄ʰˁʰˌ нύΦ ɶ DOMES ˉˊˇ˔˖ˊʶʾ ʶˉˇ˃ʷ˄˖ˌ ˃ʶ ʷ˄ʰ˄ ˉˊ˗ˍˇ ˍˊʽʴ˖˄ʽˋ˃ˈ ˍ˖˄ 

ˇˁˍʰʴ˖˄ʽˁ˗˄ ʶʵˊ˗˄ ʰˉˈ ˍˇ˄ ˇˉˇʾˇ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ 6 8 48³ =  ʽˋˇˋˁʶ˂ʺ ˁʰʽ 

ˇˊʻˇʴ˗˄ʽʰ ˋ˒ʰʽˊʽˁʱ ˍˊʾʴ˖˄ʰΦ ɯˊʰ ʻʰ ʷ˔ʶʽ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍʶʾ 8 48 56+ =  ˋ˒ʰʽˊʽˁʱ 

ˍˊʾʴ˖˄ʰΦ ʁʽ ˉ˂ʶˎˊʷˌ ʶˁʱˋˍˇˎ ʵʽʰʽˊˇˏ˄ˍʰʽ ˋʶ р ʾˋʰ ˃ʷˊʹ ˁʰʽ ˇ ʵʽʰ˃ʶˊʽˋ˃ˈˌ 

ˉˊˇ˔˖ˊʶʾ ˈˉ˖ˌ ˉʰˊʰˉʱ˄˖Φ ɶ ˋˎ˔˄ˈˍʹˍʰ ˁʰʽ ʶʵ˗ ʵʶ˄ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ 

ˍ˃ʹ˃ʱˍ˖˄Σ ˋˍʰ ˇˉˇʾʰ ʵʽʰʽˊˇˏ˄ˍʰʽ ˇʽ ˉ˂ʶˎˊʷˌ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˍˊʽʴ˗˄˖˄Σ ʰ˂˂ʱ ˃ʶ ˍˇ 
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ʶ˂ʱ˔ʽˋˍˇ ˉ˂ʺʻˇˌ ʲʹ˃ʱˍ˖˄ ʰˉˈ ˇˁˍʰ˃ʶˊʺ ˋʶ ˇˁˍʰ˃ʶˊʺ ˁˇˊˎ˒ʺ όɳʽˁˈ˄ʰ орύΦ ɸʰ 

ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˅ʰ˄ʱ ˍˇ ˉ˂ʺʻˇˌ F ˍ˖˄ ˍˊʽʴ˖˄ʽˁ˗˄ ˉ˂ʰˁʽʵʾ˖˄Σ ˍˇ ˉ˂ʺʻˇˌ E ˍ˖˄ 

ʰˁ˃˗˄ ˁʰʽ ˍˇ ˉ˂ʺʻˇˌ V ̱ ˖˄ ˁˇˊˎ˒˗˄ ˍʹˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɸʰ ʷ˔ˇˎ˃ʶ: 

256 5 1400F= ³ = , 
3 3 1400

2100
2 2

F
E

³
= = = , 

1400
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2 2

F
V= + = + = 

 

 

ɳʽˁˈ˄ʰ 35 όʃʰˊʱ˔ʻʹˁʶ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ DOMES) 

  

 ɶ ʵˎʿˁʺ ˍʹˌ ˍʶ˂ʶˎˍʰʾʰˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌ όɳʽˁˈ˄ʰ осύ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

ʶ˅ʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ нп ˉʶ˄ˍʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ 

ˁˇˊˎ˒ʷˌ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ˁʰʽ с ˇˁˍʰʴ˖˄ʽˁʷˌ ʷʵˊʶˌΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ 

ˋˍʰ ˁʷ˄ˍˊʰ ˍ˖˄ с ˇˁˍʰʴ˖˄ʽˁ˗˄ ʶʵˊ˗˄ ˍʹˌ ʰˊ˔ʽˁʺˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΦ ɼʰʽ ˉʱ˂ʽΣ ʰ˄ V ˍˇ 

ˉ˂ʺʻˇˌ ˍ˖˄ ˁˇˊˎ˒˗˄Σ E ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʰˁ˃˗˄ ˁʰʽ F ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶʵˊ˗˄ ˍʹˌ 

ˁˏˊʽʰˌ ˉ˂ʰˁˈˋˍˊ˖ˋʹˌΣ ʹ ʵˎʿˁʺ ˍʹˌ ʵʽʰʻʷˍʶʽ F ˁˇˊˎ˒ʷˌΣ E ʰˁ˃ʷˌ ˁʰʽ V ʷʵˊʶˌΦ 

ʃˊʱʴ˃ʰˍʽΥ 

 

 



 

ɍɥɻʍʚɻ ɡʀʋɿʖʍʋʌʋʞʇʋʑȟ ɚȢɥ:42661] 
ʅʶ˂ʾʵʰ 44 

702F =  

8 6 6 672 5 24
2100

2 2 2
E

³ ³ ³
= + + =  

2 2100 702 2 1400V E F= - + = - + = 
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