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ɺʀɿʋɸʃʔʅʆ-ɻʈɸʌʀʏɽʉʂʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɽɼʀʅʆʁ 

ʂʆʅʉʊʈʋʂʊʀɺʅʆʁ ʄʆɼɽʃʀ ɼʃʗ ʈɽʐɽʅʀʗ ɸʅɸʃʆɻʆɺ ɿɸɼɸʏʀ 

ɸʇʆʃʃʆʅʀʗ ʉ ʋʏɽʊʆʄ ʄʅʀʄʓʍ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʆɹʈɸɿʆɺ 

ɸʥʥʦʪʘʮʠʷ. ɿʘʜʘʯʘ ɸʧʦʣʣʦʥʠʷ ʦ ʧʦʩʪʨʦʝʥʠʠ ʦʢʨʫʞʥʦʩʪʝʡ, ʢʘʩʘʪʝʣʴʥʳʭ ʢ 

ʪʨʝʤ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʥʥʳʤ ʦʢʨʫʞʥʦʩʪʷʤ ʧʣʦʩʢʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʥʳʭ ʟʘʜʘʯ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. ʄʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʩʪʘʪʴʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʝʜʠʥʦʡ ʪʝʦʨʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ɸʧʦʣʣʦʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʥʝ ʪʦʣʴʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ, ʥʦ ʠ ʥʝʟʨʠʤʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʥʝʡ 

ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʝ ʦʙʨʘʟʳ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʟʘʜʘʯʠ ɸʧʦʣʣʦʥʠʷ, ʦʢʘʟʳʚʘʶʪʩʷ 

ʧʨʠʤʝʥʠʤʳʤʠ ʥʝ ʪʦʣʴʢʦ ʢ ʚʝʱʝʩʪʚʝʥʥʳʤ, ʥʦ ʠ ʢ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʤ ʜʘʥʥʳʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʤʥʦʞʝʩʪʚʦ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʝʡ ʠʩʢʣʶʯʝʥʠʡ. ɺ ʨʘʙʦʪʝ 

ʚʩʢʨʳʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʜʘʯʠ ɸʧʦʣʣʦʥʠʷ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʝʝ 

ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʧʨʦʝʢʪʠʚʥʳʤʠ ʠ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʜʘʯʘ ɸʧʦʣʣʦʥʠʷ ʠ ʝʝ ʘʥʘʣʦʛʠ ʠʤʝʶʪ ʝʜʠʥʳʡ 

ʤʝʪʦʜ ʨʝʰʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʳʪʫʶʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʟʘʜʘʯʠ 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʘʚʪʦʨʦʤ ʢʦʥʮʝʧʮʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʣʘ ʦʙʥʘʨʫʞʠʪʴ ʤʥʦʛʠʝ 

ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʠ ʦʙʩʫʞʜʘʝʤʳʝ ʚ ʩʪʘʪʴʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʚʝʜʝʥʠʶ 

ʤʥʦʞʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʉʠʤʧʣʝʢʩ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ 

ʘʥʘʣʦʛʘ ʟʘʜʘʯʠ ɸʧʦʣʣʦʥʠʷ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʜʥʘʢʦ ʜʝʡʩʪʚʠʝ 

ʘʣʛʦʨʠʪʤʘ ʫʥʠʚʝʨʩʘʣʴʥʦ, ʠ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʩ ʨʘʚʥʳʤ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʝʥ ʢ ʨʝʰʝʥʠʶ 

ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʤʥʦʛʦʤʝʨʥʦʡ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʨʝʰʝʥʠʶ ʩʣʦʞʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʧʨʝʜʝʣʷʶʪ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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VISUAL-GRAPHIC DESIGN OF THE UNITARY CONSTRUCTIVE MODEL TO 

SOLVE ANALOGUES OF APOLLONIUS PROBLEM INCLUDING IMAGINARY 

GEOMETRY 



Abstracts. The problem of Apollonius on the construction of circles, tangent to 

three arbitrary circles of given plane, is one of the well-studied problem of classical 

geometry. The article is devoted to development a unified theory for solving the problem 

of Apollonius, taking into account the presence not only real, but also complex-valued 

images in its solution. The article shows, that the fundamental geometric structures of the 

Apollonius problem, are applicable not only to real, but also to complex-valued data, 

which helps to eliminate many currently existing, but not systematized exceptions. It is 

proved that the problem of Apollonius and its analogues have a single method for their 

solution, in contrast to the prevailing idea that these problems can be solved only by 

separate particular methods. The concept of geometric experiment proposed by the author 

allowed to find out many previously unknown properties of geometry objects, due to the 

set of computational tests in the system Simplex, suitable for visual design of geometric 

models. The article considers an example of solving an analogue of the Apollonian 

problem for three-dimensional space, but performed algorithm is universal, and it can be 

successfully applied to solving similar problems in spaces of arbitrary dimensions. The 

obtained results demonstrate the capabilities of the methods of constructive modeling and 

multidimensional descriptive geometry in the application to the solution of complex 

mathematical problems, determine the trends in the development of automation systems 

of constructive geometric modeling. 

Keywords: scientific visualization, constructive geometric modeling, geometric 

experiment, projective geometry, the problem of Apollonius, imaginary geometric 

objects. 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʭʦʜʠʪʩʷ ʩ ʩʦʞʘʣʝʥʠʝʤ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʦʚʦʜʷʪʩʷ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ, ʢʘʟʘʣʦʩʴ ʙʳ, ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʛʝʦʤʝʪʨʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʘʝʪ ʜʦʣʞʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. ɻʝʦʤʝʪʨʠʷ ʧʦ ʩʝʡ ʜʝʥʴ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ, ʢʘʢ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ, ʨʫʪʠʥʥʘʷ ʠ ʜʘʞʝ ʫʩʪʘʨʝʚʰʘʷ ʥʘʫʢʘ, ʢʦʪʦʨʘʷ ʥʝ ʥʘʭʦʜʠʪ ʩʝʙʝ 

ʜʦʣʞʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʠʬʨʦʚʳʝ (ʘʥʘʣʠʪʠʯʝʩʢʠʝ) 

ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʢʠ ʧʨʠʢʦʚʳʚʘʶʪ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʥʘʯʠʥʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠ ʤʝʪʦʜʦʚ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠ ʩʠʩʪʝʤ. ɹʝʟʫʩʣʦʚʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʜʘʞʝ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʠʪʠʢʠ, ʛʝʦʤʝʪʨʠʷ ʦʙʣʘʜʘʝʪ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, 

ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʩʪʘʚʣʷʪʴ ʯʝʣʦʚʝʢʫ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʜʝʣʷʭ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʯʝʨʝʟ ʟʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ. ɻʝʦʤʝʪʨʠʷ ʦʙʨʘʟʥʘ ʠ ʚʠʟʫʘʣʴʥʘ, ʠ 

ʧʦʵʪʦʤʫ ʢ ʥʝʡ ʦʙʨʘʱʝʥʳ ʚʟʦʨʳ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʩʪʨʝʤʷʱʠʭʩʷ ʧʨʝʜʩʪʘʚʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʥʘʛʣʷʜʥʦʡ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʦʨʤʝ. ʀ, 




