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Ⱥɧɧɨɬɚɰɢɹ  
əɡɵɤɢ ɨɩɢɫɚɧɢɹ ɫɰɟɧɚɪɢɟɜ (ɫɤɪɢɩɬɨɜɵɟ ɹɡɵɤɢ) – ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɟ ɹɡɵɤɢ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɢɧɬɟɪɩɪɟɬɢɪɭɸɬɫɹ ɧɟɤɨɬɨɪɨɣ ɩɪɨɝɪɚɦɦɨɣ ɜɨ ɜɪɟɦɹ ɟё 
ɜɵɩɨɥɧɟɧɢɹ. ɋɤɪɢɩɬɨɜɵɟ ɹɡɵɤɢ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɞɨɜɨɥɶɧɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ, 
ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɦ ɢɧɫɬɪɭɦɟɧɬɚɪɢɟɦ ɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɛɨɥɟɟ ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɬɟɯɧɢɤɢ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɱɟɦ, ɧɚɩɪɢɦɟɪ, ɤɨɦɩɢɥɢɪɭɟɦɵɟ ɹɡɵɤɢ. Ɉɧɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɡɜɨɥɹɸɬ 
ɩɪɨɫɬɵɦ ɢ ɤɨɦɩɚɤɬɧɵɦ ɫɩɨɫɨɛɨɦ ɨɩɢɫɵɜɚɬɶ ɭɩɪɚɜɥɟɧɢɟ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɴɟɤɬɨɜ 
ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. Ɉɞɧɚɤɨ ɦɧɨɝɢɟ ɹɡɵɤɢ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɧɟɤɨɬɨɪɵɯ ɲɚɛɥɨɧɧɵɯ 
ɩɨɞɯɨɞɚɯ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶ ɩɪɨɛɥɟɦɵ ɜɨ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɩɨɪɨɞɢɬɶ 
ɦɧɨɠɟɫɬɜɨ ɨɲɢɛɨɤ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɜɬɨɪɚɦɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ 
ɹɡɵɤ Link ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɰɟɧɚɪɢɟɜ ɚɫɢɧɯɪɨɧɧɵɯ ɫɨɛɵɬɢɣɧɵɯ ɫɢɫɬɟɦ. ȼ ɹɡɵɤɟ Link ɪɟɲɟɧɵ 
ɬɚɤɢɟ ɢɡɜɟɫɬɧɵɟ ɩɪɨɛɥɟɦɵ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɧɚɱɟɧɢɹ null, 

ɬɟɫɧɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɞɚɧɧɵɯ ɫ ɤɨɞɨɦ, ɛɨɥɶɲɚɹ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɢ ɱɬɟɧɢɹ ɤɨɞɚ, 
ɝɥɨɛɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɜɢɞɢɦɨɫɬɢ ɩɟɪɟɦɟɧɧɵɯ. ɇɟɤɨɬɨɪɵɟ ɟɝɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɥɢɧɤɢ, 
ɪɚɡɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ ɧɚ ɬɢɩɵ, ɨɩɟɪɚɰɢɢ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ, ɤɥɚɫɫɵ ɮɭɧɤɰɢɣ, ɱɚɫɬɢɱɧɚɹ 
ɧɚɫɬɪɨɣɤɚ ɢ ɧɚɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɣ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ ɹɡɵɤɨɜ 
ɩɨɞɯɨɞ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɰɟɧɚɪɢɟɜ ɢɫɩɨɥɧɹɟɦɵɯ ɫɨɛɵɬɢɣɧɵɯ ɫɢɫɬɟɦ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɤɪɢɩɬɨɜɵɟ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ; ɨɩɢɫɚɧɢɟ ɫɰɟɧɚɪɢɟɜ; 
ɚɫɢɧɯɪɨɧɧɵɟ ɫɨɛɵɬɢɣɧɵɟ ɫɢɫɬɟɦɵ; ɬɟɨɪɢɹ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 
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Abstract 

Script description languages (scripting languages) are high-level programming languages that are 

interpreted by some program during its execution. Script languages provide quite attractive 

features, has more complex tools and supports more advanced programming techniques, in 

comparison to compiled languages. Scripting languages allow a simple and compact way to 

describe the control flow of a large number of objects in the subject area. However, many 

languages are based on some template approaches that can create problems during use and cause 

a lot of errors. The article presents a specialized language developed by the authors for describing 

scenarios of asynchronous event-driven systems. The Link language solved such well-known 

problems of programming languages as the use of null, close correlation of data with the code, 

great difficulty in developing and reading code, global scope of variables. Some of its features, 

such as links, the separation of functions into types, operation of application functions, function 

classes, partial tuning and inheritance of functions offer an approach different from most 

languages in the development of scenarios of runnable event-driven systems. 

Keywords: scripting programming languages; script composition; asynchronous event-driven 

systems; theory of programming languages. 
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ȼɜɟɞɟɧɢɟ 

ɇɚ ɬɟɤɭɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɫɨɡɞɚɧɧɵɯ ɩɨɞ ɫɚɦɵɟ ɪɚɡɥɢɱɧɵɟ 
ɧɭɠɞɵ. ɉɨɦɢɦɨ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɬɚɤɢɯ ɤɚɤ C, Java ɢ C# ɬɚɤɠɟ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ 
ɫɩɟɰɢɮɢɱɧɵɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɪɟɞɟ ɜɵɩɨɥɧɟɧɢɹ ɫɰɟɧɚɪɧɵɟ ɹɡɵɤɢ, ɬɚɤɢɟ ɤɚɤ sС, PОrХ, EХТбТr ɢ Erlang [1]. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɧɨɜɨɝɨ ɹɡɵɤɚ ɢɥɢ ɭɥɭɱɲɟɧɢɢ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɤɚɤ ɩɨɹɜɥɟɧɢɟɦ 
ɧɨɜɵɯ ɨɤɪɭɠɚɸɳɢɯ ɭɫɥɨɜɢɣ ɢɥɢ ɫɢɫɬɟɦ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɢɞɟɣ ɞɥɹ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɤɨɧɰɟɩɰɢɢ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɹɡɵɤɟ. Ʉ ɩɪɢɦɟɪɭ, 
ɧɟɞɚɜɧɨ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɩɪɨɛɥɟɦɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɹɡɵɤ ɞɥɹ ɭɞɚɥɟɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɤɨɧɬɪɨɥɥɟɪɨɜ, ɜ ɤɨɬɨɪɨɦ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɢɞɟɹ ɭɞɚɥɟɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɦɨɞɭɥɹ GSM [2]. 

əɡɵɤɢ ɨɩɢɫɚɧɢɹ ɫɰɟɧɚɪɢɟɜ (ɫɤɪɢɩɬɨɜɵɟ ɹɡɵɤɢ) – ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɟ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ 
ɢɧɬɟɪɩɪɟɬɢɪɭɸɬɫɹ ɧɟɤɨɬɨɪɨɣ ɩɪɨɝɪɚɦɦɨɣ ɜɨ ɜɪɟɦɹ ɟё ɜɵɩɨɥɧɟɧɢɹ Д3Ж. ɗɬɨ ɨɬɥɢɱɚɟɬ ɢɯ ɨɬ ɤɨɦɩɢɥɢɪɭɟɦɵɯ 
ɹɡɵɤɨɜ, ɬɚɤɢɯ ɤɚɤ C, C++ ɢɥɢ Go. ȼ ɨɛɳɟɦ ɩɥɚɧɟ, ɹɡɵɤɢ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɛɨɥɟɟ ɭɞɨɛɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚɦɢ ɜ ɫɰɟɧɚɪɢɹɯ ɤɚɤɨɣ-ɬɨ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ Д4Ж. ɋɨɡɞɚɧɢɟ ɧɨɜɵɯ ɢ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɤɪɢɩɬɨɜɵɯ ɹɡɵɤɨɜ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɬɟɦɨɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɧɚɭɱɧɨɣ ɪɚɛɨɬɵ Д5Ж. 

əɡɵɤɢ ɨɩɢɫɚɧɢɹ ɫɰɟɧɚɪɢɟɜ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɞɨɜɨɥɶɧɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ 
ɫɥɨɠɧɵɦ ɢɧɫɬɪɭɦɟɧɬɚɪɢɟɦ ɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɛɨɥɟɟ ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɬɟɯɧɢɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ɉɧɢ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɨɦɨɝɚɸɬ ɩɪɨɫɬɵɦ ɢ ɤɨɦɩɚɤɬɧɵɦ ɫɩɨɫɨɛɨɦ ɨɛɪɚɛɚɬɵɜɚɬɶ ɢ ɭɩɪɚɜɥɹɬɶ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɨɛɴɟɤɬɨɜ ɜ ɩɪɢɦɟɧɹɟɦɨɣ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. Ɉɞɧɚɤɨ ɦɧɨɝɢɟ ɹɡɵɤɢ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɧɟɤɨɬɨɪɵɯ ɲɚɛɥɨɧɧɵɯ 
ɩɨɞɯɨɞɚɯ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶ ɩɪɨɛɥɟɦɵ ɜɨ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɩɨɪɨɞɢɬɶ ɦɧɨɠɟɫɬɜɨ ɨɲɢɛɨɤ. 
ɇɨ ɫɭɳɟɫɬɜɭɸɬ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɭɞɚɥɨɫɶ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɧɟɤɨɬɨɪɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɬɚɤɨɝɨ 
ɪɨɞɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɫɤɪɢɩɬɨɜɨɝɨ ɹɡɵɤɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɧɨɠɟɫɬɜɨɦ 
ɨɛɴɟɤɬɨɜ ɚɫɢɧɯɪɨɧɧɵɯ ɫɨɛɵɬɢɣɧɵɯ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɩɨɜɟɞɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɭɩɪɨɫɬɢɬɶ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɱɬɟɧɢɟ ɢ ɨɬɥɚɞɤɭ ɫɰɟɧɚɪɢɟɜ, ɚ ɬɚɤɠɟ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɪɨɰɟɫɫɟ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɨɛɥɟɦɵ. 

ȼ ɩɟɪɜɨɣ ɱɚɫɬɢ ɫɬɚɬɶɢ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɚɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɫɨɜɪɟɦɟɧɧɵɯ 
ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ɉɩɢɫɵɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɪɟɲɟɧɢɹ ɤɚɠɞɨɣ ɢɡ ɩɪɨɛɥɟɦ ɜ ɪɚɡɥɢɱɧɵɯ 
ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ. ȼɨ ɜɬɨɪɨɣ ɱɚɫɬɢ ɫɬɚɬɶɢ ɩɪɢɜɨɞɢɬɫɹ ɧɟɮɨɪɦɚɥɶɧɨɟ ɨɩɢɫɚɧɢɟ 
ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɫɤɪɢɩɬɨɜɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɨɦɩɨɡɢɰɢɸ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɯ ɫɟɛɹ ɢ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ 
ɨɩɢɫɚɧɧɵɯ ɩɪɨɛɥɟɦ. 

1. ɇЕɄɈɌɈɊЫЕ ɉɊɈȻɅЕɆЫ ɋɈȼɊЕɆЕɇɇЫɏ əɁЫɄɈȼ ɉɊɈȽɊȺɆɆɂɊɈȼȺɇɂə
ɋɪɟɞɢ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɯ ɩɪɨɛɥɟɦ ɩɨɩɭɥɹɪɧɵɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɚɤɢɟ ɤɚɤ

ɧɚɥɢɱɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɭɫɬɨɬɵ ɩɟɪɟɦɟɧɧɨɣ (ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɧɚɱɟɧɢɹ null), ɬɟɫɧɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɞɚɧɧɵɯ 
ɫ ɤɨɞɨɦ ɜ ɢɦɩɟɪɚɬɢɜɧɵɯ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɛɨɥɶɲɚɹ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɢ ɱɬɟɧɢɹ ɤɨɞɚ. ȼ 
ɫɰɟɧɚɪɧɨɣ ɫɪɟɞɟ ɢɫɩɨɥɧɟɧɢɹ ɩɨɞɧɢɦɚɟɬɫɹ ɜɨɩɪɨɫ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɨɱɤɢ ɜɯɨɞɚ ɢ ɩɪɢɜɹɡɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɤɨɞɚ ɤ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɢɬɭɚɰɢɢ ɜ ɫɢɫɬɟɦɟ Д6Ж. Ȼɚɡɨɜɵɦ ɪɟɲɟɧɢɟɦ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɜ ɹɡɵɤɟ JavaScript, ɹɜɥɹɟɬɫɹ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɨɛɴɟɤɬɭ ɢɥɢ ɩɪɨɬɨɬɢɩɭ ɬɪɟɛɭɟɦɨɣ ɮɭɧɤɰɢɢ ɨɛɪɚɬɧɨɝɨ ɜɵɡɨɜɚ. Ɉɞɧɚɤɨ ɪɟɚɥɶɧɵɟ ɫɢɫɬɟɦɵ 
ɧɟɪɟɞɤɨ ɬɪɟɛɭɸɬ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɨɩɢɫɚɧɢɹ ɫɢɬɭɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɭɠɧɨ ɡɚɩɭɫɤɚɬɶ ɤɨɞ. ȿɳё ɨɞɧɨɣ 
ɫɟɪɶёɡɧɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ ɨɬɜɟɞɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɨɬɫɭɬɫɬɜɢɹ ɱɟɝɨ-ɥɢɛɨ – 

ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ null-ɡɧɚɱɟɧɢɟ. ȼɨɡɦɨɠɧɨɫɬɶ ɤɚɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ ɢɦɟɬɶ ɫɫɵɥɤɭ ɧɟ ɬɨɥɶɤɨ ɧɚ ɪɟɚɥɶɧɨ 
ɫɭɳɟɫɬɜɭɸɳɢɣ ɨɛɴɟɤɬ, ɧɨ ɢ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɷɬɨɝɨ ɨɛɴɟɤɬɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɢ 
ɨɬɥɚɠɢɜɚɧɢɹ ɤɨɞɚ. Ɋɚɫɫɦɨɬɪɢɦ ɷɬɢ ɢ ɞɪɭɝɢɟ ɩɪɨɛɥɟɦɵ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. 

1.1 Ƚɥɨɛɚɥɶɧɚя ɜɢɞɢɦɨɫɬɶ ɨɛɴɟɤɬɨɜ, ɡɚɦɵɤɚɧɢя ɢ МКХХЛКМk СОХХ 
ȼ ɫɤɪɢɩɬɨɜɵɯ ɹɡɵɤɚɯ ɡɚɱɚɫɬɭɸ ɜ ɮɭɧɤɰɢɹɯ ɨɛɪɚɬɧɨɝɨ ɜɵɡɨɜɚ ɬɪɟɛɭɟɬɫɹ ɞɨɫɬɭɩ ɤ ɜɧɟɲɧɟɦɭ ɨɤɪɭɠɟɧɢɸ 

ɨɛɴɟɤɬɚ, ɱɬɨ ɪɟɚɥɢɡɭɟɬɫɹ ɫɢɫɬɟɦɨɣ ɡɚɦɵɤɚɧɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɢɡɛɵɬɨɱɧɚɹ ɡɚɝɪɭɠɟɧɧɨɫɬɶ 
ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɟɪɟɦɟɧɧɵɯ ɢ ɡɚɦɵɤɚɧɢɣ, ɪɚɡɨɛɪɚɬɶɫɹ ɜ ɤɨɬɨɪɨɣ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ȼ ɩɪɨɟɤɬɚɯ ɫ 
ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɷɬɨ ɦɨɠɟɬ ɧɟ ɹɜɥɹɬɶɫɹ ɫɢɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɧɨ ɜ ɤɪɭɩɧɵɯ 
ɤɨɪɩɨɪɚɬɢɜɧɵɯ ɪɚɡɪɚɛɨɬɤɚɯ ɬɚɤɚɹ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɚɞ. Ɍɚɤ ɢ ɡɚɪɨɞɢɥɫɹ ɬɟɪɦɢɧ 
«callback hell» – «ɚɞ ɤɨɥɥɛɷɤɨɜ», ɤɨɬɨɪɵɣ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ, ɤɪɢɬɢɤɭɹ JavaScript [7]. 



ʠˈˇ˞˘ ʏ., ʟˢˊ˃ːˑ˅ Ю.ʓ. ʠˍ˓ˋ˒˕ˑ˅˞ˌ ˢˊ˞ˍ «LINK» ˇˎˢ ˒˓ˑˆ˓˃ˏˏˋ˓ˑ˅˃ːˋˢ ˔˙ˈː˃˓ˋˈ˅ 
ˋ˔˒ˑˎːˢˈˏ˞˘ ˔ˑ˄˞˕ˋˌː˞˘ ˔ˋ˔˕ˈˏ //  
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ɑɟɦ ɦɟɧɶɲɟ ɛɭɞɟɬ ɨɛɥɚɫɬɶ ɜɢɞɢɦɨɫɬɢ ɮɭɧɤɰɢɢ, ɬɟɦ ɩɪɨɳɟ ɟё ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ. ɇɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɧɚɝɪɭɠɚɬɶ ɬɟɤɭɳɢɣ ɤɨɧɬɟɤɫɬ ɜɫɟɦ ɜɵɲɟɫɬɨɹɳɢɦ ɫɨɞɟɪɠɢɦɵɦ, ɤɚɤ ɷɬɨ ɫɞɟɥɚɧɨ ɜ ɫɥɭɱɚɟ 
ɡɚɦɵɤɚɧɢɣ ɜ JКЯКSМrТpЭ. ɉɪɢɦɟɪɨɦ ɢɞɟɚɥɶɧɨɝɨ ɜ ɷɬɨɦ ɩɥɚɧɟ ɹɡɵɤɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ HКsФОХХ – ɜ ɷɬɨɦ ɹɡɵɤɟ 
ɨɬɫɭɬɫɬɜɭɸɬ ɝɥɨɛɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɜɢɞɢɦɨɫɬɢ ɩɟɪɟɦɟɧɧɵɯ. Ɏɭɧɤɰɢɹ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɩɟɪɟɞɚɧɧɵɯ ɟɣ 
ɩɚɪɚɦɟɬɪɨɜ, ɢ ɜɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɜɨɞɢɬɫɹ ɤ ɨɩɢɫɚɧɢɸ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ ɨɬ ɜɯɨɞɧɵɯ. Ɍɚɤɢɟ 
ɮɭɧɤɰɢɢ ɧɚɡɵɜɚɸɬɫɹ ɱɢɫɬɵɦɢ, ɢɯ ɩɪɨɳɟ ɪɚɡɪɚɛɚɬɵɜɚɬɶ, ɨɬɥɚɠɢɜɚɬɶ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶ Д8Ж. Ʉɚɤ ɩɪɚɜɢɥɨ, ɤɨɞ 
ɧɚɩɢɫɚɧɧɵɣ ɧɚ HКsФОХХ, ɪɚɛɨɬɚɟɬ ɩɪɚɜɢɥɶɧɨ ɫ ɩɟɪɜɨɣ ɠɟ ɤɨɦɩɢɥɹɰɢɢ. ȼɨ ɦɧɨɝɨɦ ɷɬɨ ɡɚɫɥɭɝɚ ɢɦɟɧɧɨ 
ɨɬɫɭɬɫɬɜɢɹ ɝɥɨɛɚɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɪɚɡɥɢɱɧɵɯ ɡɚɦɵɤɚɧɢɣ. Ɍɚɤɨɣ ɤɨɞ ɯɨɪɨɲɨ ɫɬɪɭɤɬɭɪɢɪɭɟɬɫɹ ɢ ɟɝɨ 
ɥɟɝɱɟ «ɪɚɡɥɨɠɢɬɶ ɩɨ ɩɨɥɨɱɤɚɦ». ȼ ɧɟɤɨɬɨɪɵɯ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɱɢɤɢ ɩɵɬɚɸɬɫɹ ɯɨɬɶ ɢ ɧɟ 
ɢɡɛɚɜɢɬɶɫɹ, ɧɨ ɧɚɢɛɨɥɟɟ ɛɟɡɨɩɚɫɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɦɵɤɚɧɢɹ. ɇɚɩɪɢɦɟɪ, ɜ pСp ɞɥɹ ɩɟɪɟɞɚɱɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɩɟɪɟɦɟɧɧɵɯ ɜ ɤɨɧɬɟɤɫɬ ɜɥɨɠɟɧɧɨɣ ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɭɠɟɛɧɨɟ ɫɥɨɜɨ ЮsО. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɧɭɬɪɢ 
ɮɭɧɤɰɢɢ ɞɨɫɬɭɩɧɵ ɬɨɥɶɤɨ ɩɟɪɟɦɟɧɧɵɟ, ɤɨɬɨɪɵɟ ɬɭɞɚ ɧɭɠɧɨ ɩɟɪɟɞɚɬɶ. Ɍɟɦ ɫɚɦɵɦ ɮɢɥɶɬɪɭɟɬɫɹ ɧɚɛɨɪ 
ɞɨɫɬɭɩɧɨɣ ɢɡɧɭɬɪɢ ɮɭɧɤɰɢɢ ɢɧɮɨɪɦɚɰɢɢ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɭɦɟɧɶɲɚɟɬ ɫɥɨɠɧɨɫɬɶ ɧɚɩɢɫɚɧɢɹ ɢ ɩɨɞɞɟɪɠɤɢ 
ɩɪɨɝɪɚɦɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɦɵɤɚɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ JКЯКSМrТpЭ Д9Ж. 

1.2 Ɉшɢɛɤɚ ɧɟɫɨɨɬɜɟɬɫɬɜɢя ɬɢɩɨɜ 

ȼ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɪɨɞɟ Python ɨɲɢɛɤɚ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɬɢɩɨɜ ɩɟɪɟɦɟɧɧɵɯ ɜɨ 
ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ – ɞɨɜɨɥɶɧɨ ɱɚɫɬɨɟ ɹɜɥɟɧɢɟ. ȼɨɡɦɨɠɧɨɫɬɶ ɧɟ ɭɤɚɡɵɜɚɬɶ ɬɢɩ ɞɚɧɧɵɯ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ 
ɬɟɦ, ɱɬɨ ɬɢɩ ɞɚɧɧɵɯ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɫɨ ɜɪɟɦɟɧɟɦ ɫɬɚɥɚ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 
ɩɪɨɛɥɟɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɹɡɵɤɨɜ. ȼɦɟɫɬɟ ɫ ɷɬɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɢɫɚɬɶ ɤɨɞ ɫɬɚɥɨ ɥɟɝɱɟ, ɨɞɧɚɤɨ ɱɬɟɧɢɟ ɢ 
ɨɬɥɚɞɤɚ ɬɨɝɨ ɠɟ ɤɨɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ Д10Ж. Ȼɨɥɟɟ ɫɜɨɛɨɞɧɚɹ ɢ ɦɟɧɟɟ 
ɨɝɪɚɧɢɱɢɜɚɸɳɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɬɢɩɢɡɚɰɢɹ ɧɚɤɥɚɞɵɜɚɟɬ ɧɚ ɪɚɡɪɚɛɨɬɱɢɤɚ ɛɨɥɟɟ ɫɬɪɨɝɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ 
ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɸ ɤɨɞɚ. ɑɬɨɛɵ ɱɢɬɚɬɟɥɢ ɤɨɞɚ ɧɟ ɞɨɝɚɞɵɜɚɥɢɫɶ, ɤɚɤ ɦɨɝɭɬ ɩɨɜɟɫɬɢ ɫɟɛɹ ɮɭɧɤɰɢɢ, ɱɬɨ ɨɧɢ 
ɩɪɢɧɢɦɚɸɬ ɢ ɱɬɨ ɜɨɡɜɪɚɳɚɸɬ, ɪɚɡɪɚɛɨɬɱɢɤ ɞɨɥɠɟɧ ɜɫɟɝɞɚ ɫɥɟɞɢɬɶ ɡɚ ɚɤɬɭɚɥɶɧɨɫɬɶɸ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɚɹ 
ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɹɡɵɤɚɯ ɱɚɫɬɢɱɧɨ ɩɪɨɲɢɬɚ ɧɚ ɭɪɨɜɧɟ ɫɢɫɬɟɦɵ ɬɢɩɨɜ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɛɧɨɜɥɹɟɬɫɹ ɩɪɢ 
ɪɟɮɚɤɬɨɪɢɧɝɟ Д11Ж. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɠɟ ɫɬɪɨɝɨ ɬɢɩɢɡɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɫɢɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɨɛɴɟɦ ɤɨɞɚ ɢ 
ɩɨɪɨɣ ɨɝɪɚɧɢɱɢɜɚɟɬ ɪɚɡɪɚɛɨɬɱɢɤɚ ɜ ɝɢɛɤɨɫɬɢ ɟɝɨ ɤɨɞɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɪɨɦɢɫɫɚ ɜɨɡɧɢɤɚɟɬ ɢɞɟɹ ɫɨɡɞɚɧɢɹ ɫɤɪɢɩɬɨɜɨɝɨ ɹɡɵɤɚ ɫ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɬɢɩɢɡɚɰɢɟɣ, ɜ ɤɨɬɨɪɨɦ ɜɫɟ ɡɧɚɱɟɧɢɹ ɛɭɞɭɬ ɨɛɪɚɛɚɬɵɜɚɬɶɫɹ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɨɛɪɚɡɨɦ, ɛɟɡ ɜɨɡɦɨɠɧɨɫɬɢ 
ɢɡɦɟɧɢɬɶ ɡɧɚɱɟɧɢɟ ɢɞɟɧɬɢɮɢɤɚɬɨɪɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɞɨɛɫɬɜɨ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɬɢɩɨɜ ɢ ɧɟ ɢɫɩɵɬɵɜɚɬɶ ɩɪɨɛɥɟɦ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɨɲɢɛɨɤ ɪɚɡɧɨɣ ɬɢɩɢɡɚɰɢɢ, ɜɟɞɶ 
ɛɨɥɶɲɢɧɫɬɜɨ ɡɧɚɱɟɧɢɣ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɨɞɧɢɦ ɬɢɩɨɦ ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɛɭɞɟɬ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɜ 
ɧɭɠɧɵɣ ɩɪɢɦɟɧɹɟɦɵɣ ɬɢɩ. 

1.3 Ɉшɢɛɤɚ ɩɭɫɬɨɝɨ ɭɤɚɡɚɬɟɥя (NЮХХPoТЧtОrEбМОptТoЧ) 
ȼ ɦɚɪɬɟ 2009-ɝɨ ɝɨɞɚ ɫɷɪ Ɍɨɧɢ ɏɨɚɪ ɜɵɫɬɭɩɢɥ ɧɚ ɤɨɧɮɟɪɟɧɰɢɢ QМШЧ ɜ Ʌɨɧɞɨɧɟ ɫ ɞɨɤɥɚɞɨɦ ɧɚ ɬɟɦɭ 

"ɇɭɥɟɜɵɟ ɫɫɵɥɤɢ: ɨɲɢɛɤɚ ɧɚ ɦɢɥɥɢɚɪɞ ɞɨɥɥɚɪɨɜ" (NЮХХ RОПОrОЧМОs: TСО BТХХТШЧ DШХХКr MТsЭКФО), ɜ ɤɨɬɨɪɨɦ 
ɩɪɢɡɧɚɥɫɹ, ɱɬɨ ɫɱɢɬɚɟɬ ɢɡɨɛɪɟɬɟɧɢɟ ɧɭɥɟɜɵɯ ɭɤɚɡɚɬɟɥɟɣ ɨɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɫɜɨɢɯ ɨɲɢɛɨɤ, ɫɬɨɢɜɲɟɣ 
ɢɧɞɭɫɬɪɢɢ ɦɢɥɥɢɚɪɞɵ ɞɨɥɥɚɪɨɜ Д12Ж. ɉɨɩɵɬɤɚ ɞɨɫɬɭɩɚ ɤ ɷɥɟɦɟɧɬɭ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɭɥɟɜɵɦ 
ɭɤɚɡɚɬɟɥɟɦ (null), ɜɵɡɵɜɚɟɬ ɨɲɢɛɤɭ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ. ȼ ɹɡɵɤɟ JКЯК ɷɬɨ ɧɚɡɵɜɚɟɬɫɹ NullPointerException 

(NPE). ȼ ɹɡɵɤɟ JavaScript ɩɪɢɫɭɬɫɬɜɭɸɬ ɰɟɥɵɯ ɞɜɚ ɩɭɫɬɵɯ ɫɨɫɬɨɹɧɢɹ – null ɢ undefined Д13Ж. ɇɚɥɢɱɢɟ ɬɚɤɢɯ 
ɫɩɟɰɢɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɱɟɧɶ ɫɢɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɱɢɫɥɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ 
ɨɲɢɛɨɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɝɪɚɦɦɢɫɬɚɦ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɪɹɬɶ ɩɟɪɟɦɟɧɧɵɟ ɧɚ ɧɚɥɢɱɢɟ ɬɪɟɛɭɟɦɵɯ ɨɛɴɟɤɬɨɜ 
ɤɚɠɞɵɣ ɪɚɡ ɩɟɪɟɞ ɫɨɜɟɪɲɟɧɢɟɦ ɤɚɤɨɝɨ-ɥɢɛɨ ɞɟɣɫɬɜɢɹ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɦɚɫɫɚ ɫɩɨɫɨɛɨɜ 
ɢɡɛɟɠɚɬɶ ɬɚɤɨɣ ɨɲɢɛɤɢ Д14Ж. ɇɟɤɨɬɨɪɵɟ ɫɩɨɫɨɛɵ, ɜɪɨɞɟ ɩɨɜɫɟɦɟɫɬɧɨɝɨ ɭɤɚɡɚɧɢɹ ɭɫɥɨɜɧɵɯ ɨɩɟɪɚɬɨɪɨɜ 
ɫɥɢɲɤɨɦ ɧɚɝɪɭɠɚɸɬ ɤɨɞ, ɩɪɹɦɨɥɢɧɟɣɧɵ ɢ ɬɪɟɛɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɞɟɣɫɬɜɢɣ. Ⱦɪɭɝɢɟ, 
ɤɚɤ ɫɩɟɰɢɚɥɶɧɵɟ ɚɬɪɢɛɭɬɵ NotNull, Nullable, Optional, ɦɟɬɨɞ orNull ɢ ɨɩɟɪɚɬɨɪɵ coalesce, ɗɥɜɢɫɚ ɢ 
ɬɟɪɧɚɪɧɵɟ – ɨɩɢɫɵɜɚɸɬ ɫɨɝɥɚɲɟɧɢɹ ɩɨ ɫɩɟɰɢɮɢɤɚɰɢɢ ɤɨɧɤɪɟɬɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɚ ɬɚɤɠɟ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
Д15Ж. ɋɪɟɞɢ ɩɨɞɨɛɧɵɯ ɪɟɲɟɧɢɣ ɨɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ – ɭɧɚɫɥɟɞɨɜɚɧɧɵɣ ɤɨɞ ɢ ɫɬɨɪɨɧɧɢɟ ɛɢɛɥɢɨɬɟɤɢ, ɤɨɬɨɪɵɟ 
ɩɨ-ɩɪɟɠɧɟɦɭ ɢɦɟɸɬ ɞɟɥɨ ɫ ɧɭɥɟɜɵɦɢ ɭɤɚɡɚɬɟɥɹɦɢ. Ɍɚɤɠɟ, ɜɜɢɞɭ ɫɜɨɟɣ ɧɟɨɛɹɡɚɬɟɥɶɧɨɫɬɢ, ɨɧɢ ɩɨɡɜɨɥɹɸɬ 
ɪɚɡɪɚɛɨɬɱɢɤɭ ɫɨɡɞɚɜɚɬɶ ɤɚɤ ɛɟɡɨɩɚɫɧɵɣ, ɬɚɤ ɢ ɧɟɛɟɡɨɩɚɫɧɵɣ ɜ ɩɥɚɧɟ ɨɲɢɛɤɢ NPE ɤɨɞ. Ɍɚɤɚɹ 
ɞɜɨɣɫɬɜɟɧɧɨɫɬɶ ɡɚɫɬɚɜɥɹɟɬ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɨ-ɩɪɟɠɧɟɦɭ ɡɚɛɨɬɢɬɶɫɹ ɩɨ ɩɨɜɨɞɭ ɨɲɢɛɤɢ ɧɭɥɟɜɨɝɨ ɭɤɚɡɚɬɟɥɹ, 
ɯɨɬɶ ɢ ɜ ɛɨɥɟɟ ɦɹɝɤɨɣ ɮɨɪɦɟ. ȼ ɹɡɵɤɟ Haskell ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɚ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɨɡɜɪɚɬɢɬɶ 
ɩɭɫɬɨɟ ɡɧɚɱɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɦɨɧɚɞɚ Maybe Д16Ж. Ɉɫɬɚɥɶɧɵɟ ɠɟ ɮɭɧɤɰɢɢ ɨɛяɡɚɧɵ ɜɟɪɧɭɬɶ 



ʠˈˇ˞˘ ʏ., ʟˢˊ˃ːˑ˅ Ю.ʓ. ʠˍ˓ˋ˒˕ˑ˅˞ˌ ˢˊ˞ˍ «LINK» ˇˎˢ ˒˓ˑˆ˓˃ˏˏˋ˓ˑ˅˃ːˋˢ ˔˙ˈː˃˓ˋˈ˅ 
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ɡɧɚɱɢɦɵɣ ɪɟɡɭɥɶɬɚɬ. Ɍɚɤɠɟ ɨɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɹɡɵɤɚ, 
ɛɟɡ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɢɡɴɹɧɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɜ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɲɚɛɥɨɧɨɜ Freemarker 

ɛɵɥɨ ɪɟɲɟɧɨ ɧɟ ɜɤɥɸɱɚɬɶ null ɜ ɩɨɞɞɟɪɠɢɜɚɟɦɵɟ ɡɧɚɱɟɧɢɹ Д17Ж. Ɉɞɧɚɤɨ, ɜ ɩɪɨɰɟɫɫɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 
ɞɪɭɝɢɦɢ ɹɡɵɤɚɦɢ ɢ ɫɢɫɬɟɦɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɧɚ ɞɪɭɝɢɯ ɹɡɵɤɚɯ – ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ 
ɩɨɥɭɱɟɧɢɹ ɩɨɞɨɛɧɨɣ ɨɲɢɛɤɢ. ȿɫɥɢ ɜ ɝɟɧɟɪɚɬɨɪ ɮɚɣɥɨɜ ɹɡɵɤɚ FrООЦКrФОr ɩɟɪɟɞɚɬɶ ɡɧɚɱɟɧɢɟ null, ɬɨ 
ɜɨɡɧɢɤɧɟɬ ɨɲɢɛɤɚ ɜɨ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɲɚɛɥɨɧɚ. Ɍɪɟɛɭɟɬɫɹ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɬɚɤɨɣ ɹɡɵɤ, ɤɨɬɨɪɵɣ ɧɟ 
ɛɭɞɟɬ ɞɚɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɚɤɢɯ ɨɲɢɛɨɤ. ɋɚɦɨ ɩɨ ɫɟɛɟ ɨɬɫɭɬɫɬɜɢɟ ɱɟɝɨ-ɥɢɛɨ ɧɟ ɞɨɥɠɧɨ 
ɜɵɡɵɜɚɬɶ ɧɢɤɚɤɢɯ ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ ɫɢɬɭɚɰɢɣ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɟɫɥɢ ɜ ɩɪɨɝɪɚɦɦɟ ɜɫɬɪɟɱɚɟɬɫɹ 
ɡɧɚɱɟɧɢɟ ɨɬɫɭɬɫɬɜɢɹ ɨɛɴɟɤɬɚ, ɞɚɥɶɧɟɣɲɢɣ ɤɨɞ ɩɪɨɫɬɨ ɧɟ ɞɨɥɠɟɧ ɜɵɩɨɥɧɹɬɶɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɠɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɢɫɬɟɦɚɦɢ ɧɚ ɞɪɭɝɢɯ ɹɡɵɤɚɯ, ɨɲɢɛɤɚ NPE ɛɭɞɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ, ɩɨɬɨɦɭ ɱɬɨ 
ɢɧɬɟɪɩɪɟɬɚɬɨɪ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɨɡɚɛɨɬɢɬɫɹ ɨɛ ɨɫɬɚɧɨɜɤɟ ɜɵɩɨɥɧɟɧɢɹ ɢɧɫɬɪɭɤɰɢɢ ɜ ɧɭɠɧɵɣ ɦɨɦɟɧɬ. 

2. ɉɊɂɇɐɂɉ ɊȺȻɈɌЫ ɂ ɈɋɇɈȼɇЫЕ ɈɋɈȻЕɇɇɈɋɌɂ ɋɄɊɂɉɌɈȼɈȽɈ əɁЫɄȺ LINK
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɜɬɨɪɚɦɢ ɹɡɵɤ Link – ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɵɣ ɜɧɟɞɪɹɟɦɵɣ ɫɤɪɢɩɬɨɜɵɣ ɹɡɵɤ

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ɉɧ ɢɫɩɨɥɧɹɟɬɫɹ ɜ ɫɪɟɞɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɚɲɢɧɵ JVM ɜɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ, 
ɧɚɩɢɫɚɧɧɨɣ ɧɚ ɹɡɵɤɟ Java Д18Ж. ȼɧɭɬɪɢ ɹɡɵɤɚ ɩɨɥɧɨɫɬɶɸ ɨɬɫɭɬɫɬɜɭɟɬ ɯɪɚɧɢɦɨɟ ɫɨɫɬɨɹɧɢɟ ɩɟɪɟɦɟɧɧɵɯ – ɜɫɟ 
ɞɚɧɧɵɟ ɫɱɢɬɵɜɚɸɬɫɹ ɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɢɧɬɟɪɩɪɟɬɢɪɭɸɳɭɸ ɟɝɨ ɩɪɨɝɪɚɦɦɭ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬ ɫɢɫɬɟɦɭ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɹɡɵɤɚ Link. ɉɪɨɝɪɚɦɦɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ Link ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɫ ɩɨɞɞɟɪɠɤɨɣ 
Link-ɦɚɲɢɧɵ, ɤɨɬɨɪɚɹ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɤɚɪɤɚɫ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɜɫɟɦɢ ɨɛɴɟɤɬɚɦɢ ɫɢɫɬɟɦɵ. Link-

ɦɚɲɢɧɚ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɩɨɞɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɨɛɵɬɢɹɦɢ ɢ ɨɛɴɟɤɬɚɦɢ, ɚ ɬɚɤɠɟ – ɩɨɞɫɢɫɬɟɦɭ 
ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ, ɩɨɡɜɨɥɹɸɳɭɸ ɢɫɩɨɥɧɹɬɶ ɤɨɞ ɧɚ ɷɬɨɦ ɹɡɵɤɟ.  

ȼ ɪɚɦɤɚɯ ɹɡɵɤɚ ɜɜɟɞɟɧɨ ɩɨɧɹɬɢɟ «ɬɢɩɚ» ɮɭɧɤɰɢɢ. Ɏɭɧɤɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ, ɝɞɟ ɤɚɠɞɵɣ 
ɬɢɩ ɨɡɧɚɱɚɟɬ ɬɨ, ɤɚɤ ɷɬɚ ɮɭɧɤɰɢɹ ɛɭɞɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶɫɹ ɜ ɫɢɫɬɟɦɟ. ɉɪɨɝɪɚɦɦɚ ɧɚ ɹɡɵɤɟ Link ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ. Ɍɨɱɤɭ ɜɯɨɞɚ ɨɩɪɟɞɟɥɹɸɬ ɮɭɧɤɰɢɢ ɬɢɩɚ «ɥɢɧɤ» – ɨɧɢ ɫɜɹɡɵɜɚɸɬɫɹ 
ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɫɨɛɵɬɢɹɦɢ, ɩɪɨɢɡɨɲɟɞɲɢɦɢ ɜ ɫɨɛɵɬɢɣɧɨɣ ɢ ɨɛɴɟɤɬɧɨɣ ɩɨɞɫɢɫɬɟɦɚɯ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɜ Link-ɦɚɲɢɧɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɨɛɫɬɜɟɧɧɚɹ ɩɨɞɫɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ, ɤɨɬɨɪɚɹ ɤɨɧɬɪɨɥɢɪɭɟɬ ɜɫɟ 
ɫɨɛɵɬɢɹ ɢ ɡɚɩɭɫɤɚɟɬ ɩɨ ɦɟɪɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɧɭɠɧɵɟ ɥɢɧɤɢ. 

Ɉɫɧɨɜɧɨɣ ɭɩɨɪ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɹɡɵɤɚ ɫɞɟɥɚɧ ɧɚ ɭɞɨɛɫɬɜɨ ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɯ ɮɭɧɤɰɢɣ ɨɛɪɚɛɨɬɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɶɲɢɦɢ ɧɚɛɨɪɚɦɢ ɨɛɴɟɤɬɨɜ ɪɚɡɥɢɱɧɵɯ ɫɭɳɧɨɫɬɟɣ 
ɫɢɫɬɟɦɵ. ɋɤɪɢɩɬ ɨɛɳɚɟɬɫɹ ɫ ɜɧɟɲɧɢɦ ɦɢɪɨɦ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɫɜɨɟɣ ɦɚɲɢɧɵ ɢ ɜɵɡɨɜɚ «ɧɚɬɢɜɧɵɯ» 
ɮɭɧɤɰɢɣ ɧɚ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɩɥɚɬɮɨɪɦɟ. ɇɚɬɢɜɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɧɚɡɵɜɚɸɬɫɹ ɬɚɤɢɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ 
ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɟ Д19Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Link-ɦɚɲɢɧɚ ɜɫɬɪɚɢɜɚɟɬɫɹ ɜ ɢɫɩɨɥɧɹɟɦɨɟ ɧɚ 
JVM ɩɪɢɥɨɠɟɧɢɟ ɢ ɜɵɡɵɜɚɟɬ ɥɸɛɵɟ ɦɟɬɨɞɵ ɤɥɚɫɫɨɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɜ ɧёɦ. 

ɉɨɞɫɢɫɬɟɦɚ ɨɛɴɟɤɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɢɛɤɢɣ ɤɨɧɬɟɣɧɟɪ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɩɨɢɫɤɚ ɩɨ ɜɫɟɦ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɦ ɨɛɴɟɤɬɚɦ. Ɉɛɴɟɤɬ ɜ ɩɨɞɫɢɫɬɟɦɟ ɨɛɥɚɞɚɟɬ ɫɜɨɢɦ ɭɧɢɤɚɥɶɧɵɦ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ, 
ɬɢɩɨɦ, ɚ ɬɚɤɠɟ ɚɬɪɢɛɭɬɚɦɢ-ɤɥɚɫɫɚɦɢ. ȼ ɥɸɛɨɟ ɜɪɟɦɹ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɨɛɴɟɤɬɵ ɫ 
ɩɨɦɨɳɶɸ ɫɬɪɨɤɢ-ɫɟɥɟɤɬɨɪɚ ɨɛɴɟɤɬɨɜ ɧɚ ɹɡɵɤɟ Link. Ɋɟɡɭɥɶɬɚɬɨɦ ɞɟɣɫɬɜɢɹ ɫɟɥɟɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɫɩɢɫɨɤ 
ɩɨɞɨɲɟɞɲɢɯ ɩɨɞ ɭɫɥɨɜɢɟ ɨɛɴɟɤɬɨɜ, ɫ ɤɨɬɨɪɵɦɢ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɥɸɛɵɟ ɞɨɫɬɭɩɧɵɟ ɞɟɣɫɬɜɢɹ. ɉɪɢɧɰɢɩ 
ɪɚɛɨɬɵ ɫɟɥɟɤɬɨɪɚ ɧɚɩɨɦɢɧɚɟɬ ɮɭɧɤɰɢɸ $ ɜ ɛɢɛɥɢɨɬɟɤɟ jQuery ɞɥɹ JavaScript [20]. 

Ⱦɚɥɟɟ ɨɩɢɲɟɦ ɨɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɹɡɵɤɚ. Ɉɩɢɫɚɧɢɟ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ 
ɩɪɢɦɟɪɚɦɢ ɤɨɞɚ ɧɚ ɹɡɵɤɟ Link ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢɡ ɫɥɟɞɭɸɳɟɣ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. Ɋɚɡɪɚɛɚɬɵɜɚɟɬɫɹ 
ɦɨɞɟɥɢɪɭɟɦɚɹ ɧɚ 3D-ɞɜɢɠɤɟ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɚɹ ɢɧɬɟɪɚɤɬɢɜɧɚɹ ɫɰɟɧɚ ɨɮɢɫɚ Д21Ж. Ʉɚɠɞɵɣ ɬɢɩ ɩɪɟɞɦɟɬɚ ɢɥɢ 
ɩɟɪɫɨɧɚɠɚ ɫɰɟɧɵ ɜ ɢɫɩɨɥɧɹɟɦɨɦ ɩɪɢɥɨɠɟɧɢɢ ɨɩɢɫɚɧ ɧɚ ɹɡɵɤɟ Java ɤɚɤ ɤɥɚɫɫ ɈɈɉ ɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɜ 
ɩɨɞɫɢɫɬɟɦɟ ɨɛɴɟɤɬɨɜ Link-ɦɚɲɢɧɵ. Ⱦɥɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɜ ɨɮɢɫɟ ɩɪɟɞɫɬɚɜɥɟɧ ɫɥɟɞɭɸɳɢɣ ɫɩɢɫɨɤ ɤɥɚɫɫɨɜ: 
Guard – ɨɯɪɚɧɧɢɤ, Document – ɞɨɤɭɦɟɧɬ, CШЦpЮЭОr – ɤɨɦɩɶɸɬɟɪ, Mouse – ɦɵɲɶ, Chair – ɤɪɟɫɥɨ. Ɍɚɤɠɟ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɛɳɢɣ ɪɨɞɢɬɟɥɶ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɤɥɚɫɫɨɜ – LivingCreature – ɠɢɜɨɟ ɫɭɳɟɫɬɜɨ. Ʉɚɠɞɵɣ ɨɛɴɟɤɬ 
ɷɬɢɯ ɤɥɚɫɫɨɜ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɨɛɴɟɤɬɚ ɫɜɨɣɫɬɜɚ ɢ ɦɟɬɨɞɵ ɩɨɜɟɞɟɧɢɹ. ɉɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɪɟɚɥɢɡɨɜɚɬɶ 
ɪɚɡɥɢɱɧɵɟ ɫɰɟɧɚɪɢɢ ɩɨɜɟɞɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɬɢɩɨɜ ɨɛɴɟɤɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɨɮɢɫɟ 
ɞɟɣɫɬɜɢɣ. ɉɟɪɟɣɞɟɦ ɤ ɨɩɢɫɚɧɢɸ ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɹɡɵɤɚ Link. 

2.1 Ʌɢɧɤɢ 

Ʌɢɧɤ – ɫɩɟɰɢɚɥɶɧɵɣ ɬɢɩ ɮɭɧɤɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɬɨɱɤɭ ɜɯɨɞɚ ɞɥɹ ɫɰɟɧɚɪɢɹ. Ʌɢɧɤ ɩɨɡɜɨɥɹɟɬ 
«ɥɢɧɤɨɜɚɬɶ» – ɩɪɢɜɹɡɵɜɚɬɶ ɫɰɟɧɚɪɢɣ ɤ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɴɟɤɬɚɦ, ɫɨɛɵɬɢɹɦ, ɜɪɟɦɟɧɢ ɨɠɢɞɚɧɢɹ ɢ 



ʠˈˇ˞˘ ʏ., ʟˢˊ˃ːˑ˅ Ю.ʓ. ʠˍ˓ˋ˒˕ˑ˅˞ˌ ˢˊ˞ˍ «LINK» ˇˎˢ ˒˓ˑˆ˓˃ˏˏˋ˓ˑ˅˃ːˋˢ ˔˙ˈː˃˓ˋˈ˅ 
ˋ˔˒ˑˎːˢˈˏ˞˘ ˔ˑ˄˞˕ˋˌː˞˘ ˔ˋ˔˕ˈˏ //  
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ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɪɨɢɡɜɨɥɶɧɵɦ ɭɫɥɨɜɢɹɦ. Ʌɢɧɤ ɫɨɫɬɨɢɬ ɢɡ ɫɟɤɰɢɢ ɨɩɢɫɚɧɢɹ ɫɢɬɭɚɰɢɢ ɜɵɡɨɜɚ ɫɰɟɧɚɪɢɹ, ɢ, 
ɫɨɛɫɬɜɟɧɧɨ, ɫɚɦɨɝɨ ɫɰɟɧɚɪɢɹ. ɉɪɢɦɟɪ: 

// ȣȢȥȟș ȦȢȗȢ ȞȔȞ Ȗ ȢȨȜȥș ȕȯȟ ȣȤȢȫȜȦȔȡ ȘȢȞȧȠșȡȦ, ȖȯȖșȥȦȜ Ȗ 
// ȞȢȡȥȢȟȰ ȜȠȳ ȱȦȢȗȢ ȘȢȞȧȠșȡȦȔ Ȝ ȞȢȟȜȫșȥȦȖȢ ȥȦȤȔȡȜȪ 
link documentProcessed 
| object: [/Document/]^ 
| event: FinishedReading 
| code: { 
   printſũǯȤȢȥȠȢȦȤșȡ ȘȢȞȧȠșȡȦ ũ + object:name + ũ. ǮȕȤȔȕȢȦȔȡȢ ȥȦȤȔȡȜȪ:  ũ + 
object:lines) 
} 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɤɨɞɟ ɨɩɢɫɚɧɚ ɮɭɧɤɰɢɹ ɜɵɜɨɞɚ ɜ ɤɨɧɫɨɥɶ ɢɦɟɧɢ ɞɨɤɭɦɟɧɬɚ ɢ ɱɢɫɥɚ ɫɬɪɚɧɢɰ 
ɞɨɤɭɦɟɧɬɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɨɮɢɫɟ. ɗɬɨɬ ɫɰɟɧɚɪɢɣ ɡɚɩɭɫɤɚɟɬɫɹ ɜɫɹɤɢɣ ɪɚɡ ɩɪɢ ɫɨɜɟɪɲɟɧɢɢ ɫɨɛɵɬɢɹ 
FinishedReading ɨɛɴɟɤɬɚ ɬɢɩɚ Document. 

ɉɪɢɜɟɞɟɦ ɞɪɭɝɨɣ ɩɪɢɦɟɪ. Ⱦɨɩɭɫɬɢɦ, ɬɪɟɛɭɟɬɫɹ ɧɚɩɢɫɚɬɶ ɤɨɞ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɫɥɟɞɭɸɳɢɣ 
ɫɰɟɧɚɪɢɣ: ɟɫɥɢ ɱɟɥɨɜɟɤ ɫ ɤɥɚɫɫɨɦ ɨɯɪɚɧɧɢɤɚ ɡɚɯɨɞɢɬ ɜ ɨɮɢɫ ɢ ɧɚɛɥɸɞɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɜɫɟɯ ɤɨɦɩɶɸɬɟɪɨɜ, ɬɨ 
ɨɧ ɱɟɪɟɡ 5 ɫɟɤɭɧɞ ɡɚɩɭɫɤɚɟɬ ɫɢɝɧɚɥ ɬɪɟɜɨɝɢ. Ⱦɥɹ ɧɚɱɚɥɚ, ɩɨɩɪɨɛɭɟɦ ɧɚɩɢɫɚɬɶ ɷɬɨɬ ɫɰɟɧɚɪɢɣ ɧɚ ɧɚɬɢɜɧɨɦ 
ɞɥɹ Link ɹɡɵɤɟ ɩɪɨɟɤɬɚ – Java. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɰɟɧɚɪɢɹ ɞɨɛɚɜɢɦ ɜ ɤɥɚɫɫ ɨɯɪɚɧɧɢɤɚ Guard ɦɟɬɨɞ 
guardComputersStolen: 

class Guard extends NPC { 
  // ȠșȦȢȘȯ Ȝ ȥȖȢȝȥȦȖȔ ȢȩȤȔȡȡȜȞȔ   
  // ȖȞȟȲȫȔȳ callOverallAlarm – țȔȣȧȥȞ ȦȤșȖȢȗȜ 
  … 

  // ȡșȢȕȩȢȘȜȠȢ ȖȯțȯȖȔȦȰ Ȗ ȞȢȡȥȦȤȧȞȦȢȤș, Ȧ.Ȟ. ȜȘșȦ ȣȤȜȖȳțȞȔ 
  // Ȟ ȥȢȕȯȦȜȝȡȢȝ ȣȢȘȥȜȥȦșȠș 
  void guardComputersStolen() { 

 final Guard guard = this; 
 EventManager.link(this, "EnteredOffice",  new Callable { 
 void exec(EventParams params) { 
  try { 

 List<Computer> computers =ObjectMgr.findByClass("Computer"); 
 if (computers.isEmpty()) { 
 Thread.Sleep(5000); 
 guard.callOverallAlarm(); 

   } 
 } catch (InterruptedException ie) { /**/ } 

 } 
 }); 

  } 
} 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɰɟɧɚɪɢɟɜ ɧɚ ɬɨɦ ɠɟ ɹɡɵɤɟ, ɧɚ ɤɨɬɨɪɨɦ ɧɚɩɢɫɚɧɨ ɨɫɧɨɜɧɨɟ ɉɈ, ɬɪɟɛɭɟɬɫɹ ɩɪɨɩɢɫɵɜɚɬɶ 
ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɛɨɬɵ ɫɰɟɧɚɪɢɹ ɢɧɫɬɪɭɤɰɢɢ. ȼ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɫɰɟɧɚɪɢɹ ɡɚɧɢɦɚɟɬ 
ɢɦɟɧɧɨ ɬɚɤɨɣ ɤɨɞ: ɫɜɹɡɵɜɚɧɢɟ ɮɭɧɤɰɢɢ ɨɛɪɚɬɧɨɝɨ ɜɵɡɨɜɚ ɫ ɫɨɛɵɬɢɟɦ; ɩɪɢɫɜɨɟɧɢɟ ɫɬɚɬɢɱɧɨɣ ɫɫɵɥɤɢ ɧɚ 
ɬɪɟɛɭɟɦɵɣ ɨɛɴɟɤɬ ɨɯɪɚɧɧɢɤɚ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɚɦɵɤɚɧɢɹ; ɨɛɪɚɛɨɬɤɚ ɢɫɤɥɸɱɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 
ɜɨɡɧɢɤɧɭɬɶ ɩɪɢ ɨɬɫɱɟɬɟ ɜɪɟɦɟɧɢ Д22Ж; ɝɪɨɦɨɡɞɤɨɟ ɨɛɪɚɳɟɧɢɟ ɤ ɨɛɴɟɤɬɧɨɣ ɩɨɞɫɢɫɬɟɦɟ ɞɥɹ ɜɵɛɨɪɚ ɫɩɢɫɤɚ 
ɤɨɦɩɶɸɬɟɪɨɜ; ɩɪɨɜɟɪɤɚ ɞɚɧɧɨɝɨ ɫɩɢɫɤɚ ɧɚ ɩɭɫɬɨɬɭ – ɜɫё ɷɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬ ɧɚɩɢɫɚɧɢɟ, ɱɬɟɧɢɟ ɢ 
ɨɬɥɚɞɤɭ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ. ɇɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ ɩɪɨɫɬɚɹ ɡɚɞɚɱɚ ɨɩɢɫɚɧɢɹ ɫɰɟɧɚɪɢɹ ɪɟɚɤɰɢɢ ɨɛɴɟɤɬɚ ɧɚ ɫɨɛɵɬɢɟ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ ɪɟɚɥɢɡɚɰɢɸ. ȿɫɥɢ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɩɪɨɟɤɬɟ ɡɚɩɥɚɧɢɪɨɜɚɧɨ ɫɨɡɞɚɬɶ 
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ɦɧɨɠɟɫɬɜɨ ɬɚɤɢɯ ɢɥɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɰɟɧɚɪɢɟɜ – ɢɫɯɨɞɧɵɣ ɤɨɞ ɩɪɨɟɤɬɚ ɛɭɞɟɬ ɪɚɡɪɚɫɬɚɬɶɫɹ 
ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɦɢ ɰɟɩɨɱɤɚɦɢ ɤɨɞɚ, ɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ ɫɰɟɧɚɪɢɢ ɫ ɪɚɡɥɢɱɧɵɦ ɩɨɜɟɞɟɧɢɟɦ ɨɛɴɟɤɬɨɜ. 
Ɉɞɧɚɤɨ, ɛɨ ɥɶɲɚɹ ɱɚɫɬɶ ɷɬɨɝɨ ɤɨɞɚ ɛɭɞɟɬ ɡɚɧɢɦɚɬɶɫɹ ɥɢɲɶ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɢ ɫɜɹɡɵɜɚɧɢɟɦ ɫɚɦɢɯ ɫɰɟɧɚɪɢɟɜ, 
ɩɪɨɜɟɪɤɨɣ ɭɫɥɨɜɢɣ ɜɵɩɨɥɧɟɧɢɹ ɫɰɟɧɚɪɢɟɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɚɦɚ ɥɨɝɢɤɚ ɞɟɣɫɬɜɢɹ ɛɭɞɟɬ ɡɚɧɢɦɚɬɶ ɝɨɪɚɡɞɨ 
ɦɟɧɶɲɢɣ ɨɛɴёɦ. 

Ⱦɚɥɟɟ ɩɪɢɜɨɞɢɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɬɨɝɨ ɠɟ ɫɰɟɧɚɪɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ Link: 

link guardComputersStolen 
| object: [/Guard/]^ 
| event: EnteredOffice 
| condition: ![/Computer/] 
| time: 5 
| code: { 

 object~Guard.callOverallAlarm$ 
} 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɜ ɤɪɚɬɤɨɫɬɢ ɢ ɥɚɤɨɧɢɱɧɨɫɬɢ ɤɨɞɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ 
ɨɱɟɜɢɞɧɨ. ɉɪɨɜɟɞɟɦ ɞɟɬɚɥɶɧɵɣ ɨɛɡɨɪ ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɜ ɫɤɪɢɩɬɨɜɨɦ ɤɨɞɟ. ɇɚ ɜɬɨɪɨɣ ɫɬɪɨɱɤɟ ɫ ɩɨɦɟɬɤɨɣ 
object ɭɤɚɡɵɜɚɟɬɫɹ ɨɛɴɟɤɬ, ɤɨɬɨɪɵɣ ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ ɢɧɢɰɢɚɬɨɪɚ ɫɨɛɵɬɢɹ event. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ 
ɨɛɴɟɤɬ ɬɢɩɚ Guard. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɨɯɪɚɧɧɢɤ ɡɚɯɨɞɢɬ ɜ ɨɮɢɫ, ɜɵɡɵɜɚɟɬɫɹ ɫɨɛɵɬɢɟ ɫ ɢɦɟɧɟɦ 
EnteredOffice ɢ ɩɪɨɜɟɪɹɟɬɫɹ ɭɫɥɨɜɢɟ, ɩɨɦɟɱɟɧɧɨɟ ɤɚɤ condition – ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɷɬɨ ɨɛɵɱɧɵɣ 
ɫɟɥɟɤɬɨɪ ɜɫɟɯ ɨɛɴɟɤɬɨɜ ɫ ɬɢɩɨɦ Computer (ɩɨɞɪɨɛɧɟɟ ɦɟɯɚɧɢɡɦ ɫɟɥɟɤɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɩɭɧɤɬɟ 2.2 ɷɬɨɣ 
ɫɬɚɬɶɢ). ȿɫɥɢ ɞɚɧɧɵɣ ɫɟɥɟɤɬɨɪ ɜɨɡɜɪɚɬɢɬ ɩɭɫɬɨɣ ɫɩɢɫɨɤ, ɨɬɪɢɰɚɧɢɟ ɩɭɫɬɨɝɨ ɫɩɢɫɤɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ 
ɢɫɬɢɧɧɵɦ ɜɵɪɚɠɟɧɢɟɦ ɢ ɫɰɟɧɚɪɢɣ ɡɚɩɭɫɬɢɬɫɹ. ɉɨɦɟɬɤɚ time ɭɤɚɡɵɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɭɧɞ, ɤɨɬɨɪɨɟ 
ɬɪɟɛɭɟɬɫɹ ɩɨɞɨɠɞɚɬɶ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɜɵɩɨɥɧɟɧɢɹ ɫɰɟɧɚɪɢɹ. ȼɧɭɬɪɢ ɫɟɤɰɢɢ code ɞɨɫɬɭɩɧɵ ɜɫɟ ɨɛɴɟɤɬɵ 
ɥɢɧɤɚ, ɜɤɥɸɱɚɹ object, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɨɛɨɡɧɚɱɚɬɶ ɢɧɢɰɢɚɬɨɪɚ ɞɚɧɧɨɝɨ ɫɨɛɵɬɢɹ. ɋɢɦɜɨɥ ~ ɨɛɨɡɧɚɱɚɟɬ 
ɨɩɟɪɚɰɢɸ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ ɤ ɥɟɜɨɦɭ ɨɩɟɪɚɧɞɭ – ɨɯɪɚɧɧɢɤɭ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɛɭɞɟɬ ɨɩɢɫɚɧɚ ɩɨɡɞɧɟɟ. 
ɋɩɪɚɜɚ ɨɬ ɷɬɨɝɨ ɫɢɦɜɨɥɚ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚɬɢɜɧɚɹ ɮɭɧɤɰɢɹ Guard.callOverallAlarm, ɤɨɬɨɪɚɹ ɩɪɢɧɚɞɥɟɠɢɬ 
ɢɫɩɨɥɧɹɟɦɨɣ ɩɪɨɝɪɚɦɦɟ ɫɰɟɧɵ ɨɮɢɫɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɱɢɤ ɫɤɪɢɩɬɚ ɡɧɚɟɬ, ɱɬɨ ɜ ɫɰɟɧɟ ɭ ɤɥɚɫɫɚ 
Guard ɪɟɚɥɢɡɨɜɚɧ ɦɟɬɨɞ ɫ ɧɚɡɜɚɧɢɟɦ callOverallAlarm, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɨɯɪɚɧɧɢɤɭ ɩɨɞɧɢɦɚɬɶ 
ɬɪɟɜɨɝɭ. 

2.2 ɋɟɥɟɤɬɨɪ ɨɛɴɟɤɬɨɜ 

ɋɟɥɟɤɬɨɪ ɨɛɴɟɤɬɨɜ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɩɟɰɢɚɥɶɧɵɣ ɫɢɧɬɚɤɫɢɫ ɞɥɹ ɜɵɛɨɪɤɢ ɨɛɴɟɤɬɨɜ ɢɡ ɩɨɞɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɨɜ. Ɉɩɟɪɚɬɨɪ ɜɵɛɨɪɤɢ ɹɜɥɹɟɬɫɹ ɫɬɪɨɤɨɣ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɜɵɛɨɪɤɢ. 
ɍɫɥɨɜɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫɚɦɵɦɢ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ: ɨɬ ɤɥɚɫɫɨɜ, ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɜ ɢ ɬɢɩɨɜ ɨɛɴɟɤɬɨɜ ɞɨ ɜɵɛɨɪɤɢ ɢ 
ɮɢɥɶɬɪɚɰɢɢ ɞɨɱɟɪɧɢɯ/ɪɨɞɢɬɟɥɶɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. ɋɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɟɥɟɤɬɨɪɚ ɩɨɯɨɠɚ ɧɚ CSS-ɜɵɛɨɪɤɭ ɜ 
WEB – ɜ ɫɬɪɨɤɟ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚɛɨɪ ɚɬɪɢɛɭɬɨɜ ɨɛɴɟɤɬɚ, ɩɨ ɤɨɬɨɪɵɦ ɫɢɫɬɟɦɚ ɜɵɩɨɥɧɹɟɬ ɩɨɢɫɤ ɫɪɟɞɢ 
ɨɛɴɟɤɬɨɜ ɢɫɩɨɥɧɹɟɦɨɣ ɫɪɟɞɵ Д23Ж. ȼ ɫɟɥɟɤɬɨɪɟ ɹɡɵɤɚ Link ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɚɬɪɢɛɭɬɵ ɞɥɹ 
ɜɵɛɨɪɤɢ ɨɛɴɟɤɬɨɜ: 

1) ɂɞɟɧɬɢɮɢɤɚɬɨɪ. ɂɞɟɧɬɢɮɢɤɚɬɨɪ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɫɢɫɬɟɦɵ. ȼ
ɪɟɡɭɥɶɬɚɬɟ ɜɵɛɨɪɤɢ ɩɨ ɢɞɟɧɬɢɮɢɤɚɬɨɪɭ ɫɟɥɟɤɬɨɪ ɜɨɡɜɪɚɳɚɟɬ ɨɛɴɟɤɬ ɫ ɡɚɞɚɧɧɵɦ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ, ɟɫɥɢ ɨɧ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɜ ɫɢɫɬɟɦɟ. ɉɪɢɦɟɪ: [/#Guard_32/]. 

2) Ɍɢɩ ɨɛɴɟɤɬɚ. Ɍɢɩɨɦ ɨɛɴɟɤɬɚ ɜ Link-ɦɚɲɢɧɟ ɧɚɡɵɜɚɟɬɫɹ ɟɝɨ ɤɥɚɫɫ ɜ ɢɫɩɨɥɧɹɟɦɨɣ ɫɪɟɞɟ JVM. ɉɪɢ
ɩɨɦɟɳɟɧɢɢ ɤɨɧɬɟɣɧɟɪɚ ɨɛɴɟɤɬɚ ɜ ɩɨɞɫɢɫɬɟɦɭ ɨɛɴɟɤɬɨɜ ɦɚɲɢɧɵ ɧɚɡɜɚɧɢɟ ɤɥɚɫɫɚ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɤɚɤ 
ɚɬɪɢɛɭɬ ɬɢɩɚ ɞɥɹ ɩɨɢɫɤɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɫɟɥɟɤɬɨɪɚ. Ⱦɥɹ ɡɚɩɪɨɫɚ ɩɨ ɬɢɩɭ ɨɛɴɟɤɬɚ ɧɭɠɧɨ 
ɩɪɨɫɬɨ ɭɤɚɡɚɬɶ ɜ ɫɟɥɟɤɬɨɪɟ ɟɝɨ ɧɚɡɜɚɧɢɟ, ɤ ɩɪɢɦɟɪɭ - [/Computer/]. 

3) Ʉɥɚɫɫ ɨɛɴɟɤɬɚ. Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɜ ɩɨɞɫɢɫɬɟɦɟ ɨɛɴɟɤɬɨɜ Link-ɦɚɲɢɧɵ ɦɨɠɟɬ ɢɦɟɬɶ ɧɚɛɨɪ ɤɥɚɫɫɨɜ, ɟɝɨ
ɨɩɢɫɵɜɚɸɳɢɯ. ȼɵɛɨɪɤɚ ɩɨ ɤɥɚɫɫɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɢɥɶɬɪɚɰɢɸ ɜɫɟɯ ɞɨɫɬɭɩɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɡɚɞɚɧɧɵɦ ɤɥɚɫɫɚɦ, ɩɨɞɨɛɧɨ CSS-ɫɟɥɟɤɬɨɪɭ. Ʉ ɩɪɢɦɟɪɭ, ɨɩɢɫɵɜɚɟɦɵɣ ɨɮɢɫ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ 
ɛɟɥɵɟ ɢ ɱɟɪɧɵɟ ɫɬɭɥɶɹ ɫ ɦɹɝɤɨɣ ɢ ɠɟɫɬɤɨɣ ɫɩɢɧɤɨɣ. Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɷɬɢ ɫɜɨɣɫɬɜɚ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɩɨɞɫɢɫɬɟɦɟ 
ɨɛɴɟɤɬɨɜ ɤɚɤ ɤɥɚɫɫɵ black, white, soft ɢ hard ɭ ɨɛɴɟɤɬɨɜ ɬɢɩɚ Chair. ɑɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɜɵɛɨɪɤɭ ɜ 
ɫɟɥɟɤɬɨɪɟ ɩɨ ɤɥɚɫɫɭ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɚɜɢɬɶ ɫɢɦɜɨɥ “.” ɩɟɪɟɞ ɧɚɡɜɚɧɢɟɦ ɤɥɚɫɫɚ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ, ɞɥɹ 
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ɜɵɛɨɪɤɢ ɜɫɟɯ ɱɟɪɧɵɯ ɫɬɭɥɶɟɜ ɫ ɦɹɝɤɨɣ ɫɩɢɧɤɨɣ ɦɵ ɦɨɠɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɟɥɟɤɬɨɪ [/Chair .black 
.soft/]. 

4) Ɇɟɬɨɞɵ ɦɚɧɢɩɭɥɹɰɢɢ ɫ ɨɛɴɟɤɬɚɦɢ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. ɉɪɢ ɪɟɝɢɫɬɪɚɰɢɢ ɨɛɴɟɤɬɚ ɜ ɨɛɴɟɤɬɧɨɣ
ɩɨɞɫɢɫɬɟɦɟ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɟɝɨ ɪɨɞɢɬɟɥɶɫɤɢɣ ɨɛɴɟɤɬ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɬɟɣɧɟɪɚ 
ɧɨɜɨɦɭ ɨɛɴɟɤɬɭ. ɑɬɨɛɵ ɜɵɛɪɚɬɶ ɞɨɱɟɪɧɢɟ ɷɥɟɦɟɧɬɵ ɤɨɧɬɟɣɧɟɪɨɜ, ɧɭɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɟɥɟɤɬɨɪ ɫɩɟɰɢɚɥɶɧɵɣ 
ɫɢɦɜɨɥ ŧ>Ũ, ɤɨɬɨɪɵɣ ɜɨɡɶɦёɬ ɢɡ ɬɟɤɭɳɢɯ ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɜɫɟ ɞɨɱɟɪɧɢɟ ɨɛɴɟɤɬɵ, ɢ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɮɢɥɶɬɪɚɰɢɹ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɢɦɟɧɧɨ ɩɨ ɧɢɦ. ȿɫɥɢ ɤɨɧɬɟɣɧɟɪ ɧɟ ɫɨɞɟɪɠɢɬ ɞɨɱɟɪɧɢɯ 
ɨɛɴɟɤɬɨɜ, ɨɧ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɬɤɥɨɧɹɟɬɫɹ. Ⱦɥɹ ɜɵɛɨɪɤɢ ɪɨɞɢɬɟɥɶɫɤɢɯ ɨɛɴɟɤɬɨɜ ɫɭɳɟɫɬɜɭɟɬ ɫɩɟɰɢɚɥɶɧɵɣ 
ɫɢɦɜɨɥ ŧ<Ũ. Ʉ ɩɪɢɦɟɪɭ, ɜ ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɫɰɟɧɟ ɫɭɳɟɫɬɜɭɸɬ ɤɨɦɩɶɸɬɟɪɵ ɬɢɩɚ Computer ɫ ɤɥɚɫɫɨɦ IBM, 

ɜɧɭɬɪɢ ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɩɥɚɬɵ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ RAM ɤɥɚɫɫɚ DIMM3. 

Ⱦɥɹ ɜɵɛɨɪɤɢ ɜɫɟɣ ɞɨɫɬɭɩɧɨɣ ɩɚɦɹɬɢ ɷɬɨɝɨ ɤɥɚɫɫɚ ɫɪɟɞɢ ɤɨɦɩɶɸɬɟɪɨɜ IBM ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɣ 
ɫɟɥɟɤɬɨɪ: [/Computer .IBM > RAM .DIMM3/]. 

ɉɨɞɨɛɧɵɣ ɫɢɧɬɚɤɫɢɫ ɨɱɟɧɶ ɭɞɨɛɟɧ ɞɥɹ ɜɵɛɨɪɤɢ ɰɟɥɟɜɵɯ ɨɛɴɟɤɬɨɜ ɫɰɟɧɚɪɢɟɜ. ɋɢɫɬɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɟɥɟɤɬɨɪɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɨɛɥɟɝɱɚɟɬ ɧɚɩɢɫɚɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɰɟɧɚɪɢɟɜ. 

2.3 ȼɵɡɨɜ ɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 

ɋɜɹɡɶ ɹɡɵɤɚ Link ɫ ɢɫɩɨɥɧɹɟɦɨɣ ɧɚ JVM ɩɪɨɝɪɚɦɦɨɣ ɪɟɚɥɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɛɴɟɤɬɧɨɣ ɩɨɞɫɢɫɬɟɦɵ. 
ȼ ɷɬɨɣ ɩɨɞɫɢɫɬɟɦɟ ɨɛɴɟɤɬɵ Java ɫɨɞɟɪɠɚɬɫɹ ɜɧɭɬɪɢ ɫɩɟɰɢɚɥɶɧɵɯ ɤɨɧɬɟɣɧɟɪɨɜ, ɧɚɡɵɜɚɟɦɵɯ ɧɚɬɢɜɧɵɦɢ. 
ɇɚɬɢɜɧɵɣ ɤɨɧɬɟɣɧɟɪ – ɷɬɨ ɫɩɟɰɢɚɥɶɧɵɣ ɨɛɴɟɤɬ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɫɫɵɥɤɭ ɧɚ ɧɚɫɬɨɹɳɢɣ ɨɛɴɟɤɬ Java, 

ɛɚɡɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɯɪɚɧɢɦɨɦ ɨɛɴɟɤɬɟ – ɟɝɨ ɬɢɩ, ɩɟɪɫɨɧɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɜ ɩɨɞɫɢɫɬɟɦɟ, ɚ ɬɚɤɠɟ 
ɧɚɛɨɪ ɚɬɪɢɛɭɬɨɜ, ɧɚɡɵɜɚɟɦɵɯ ɤɥɚɫɫɚɦɢ. ɉɨ ɷɬɢɦ ɩɚɪɚɦɟɬɪɚɦ ɢ ɪɟɚɥɢɡɭɟɬɫɹ ɜɵɛɨɪɤɚ ɡɧɚɱɟɧɢɣ ɫ ɩɨɦɨɳɶɸ 
ɫɟɥɟɤɬɨɪɚ ɜ ɨɛɴɟɤɬɧɨɣ ɩɨɞɫɢɫɬɟɦɟ. 

ȼ ɢɫɯɨɞɧɨɦ ɤɨɞɟ Link ɪɚɡɪɟɲɟɧɨ ɜɵɡɵɜɚɬɶ ɧɚɬɢɜɧɵɟ JVM ɦɟɬɨɞɵ, ɨɩɢɫɚɧɧɵɟ ɜ ɤɥɚɫɫɚɯ ɢɫɯɨɞɧɨɝɨ 
ɩɪɨɟɤɬɚ ɧɚ ɹɡɵɤɟ Java. Ⱦɥɹ ɜɵɡɨɜɚ ɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɜ ɫɰɟɧɚɪɢɢ ɞɨɫɬɚɬɨɱɧɨ ɫɞɟɥɚɬɶ ɜɵɛɨɪɤɭ ɤɨɧɬɟɣɧɟɪɚ 
ɬɪɟɛɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɢ ɭɤɚɡɚɬɶ ɡɧɚɤ $ ɜ ɤɨɧɰɟ ɧɚɡɜɚɧɢɹ ɮɭɧɤɰɢɢ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɧɚɞ 
ɤɨɧɬɟɣɧɟɪɨɦ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ callOverallAlarm ɨɛɴɟɤɬɚ ɫ ɤɥɚɫɫɨɦ Guard 

ɞɨɫɬɚɬɨɱɧɨ ɧɚɩɢɫɚɬɶ [/Guard/]~callOverallAlarm$. ɋɬɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɛɟɡ ɩɪɢɜɹɡɤɢ ɤ ɤɨɧɤɪɟɬɧɵɦ 
ɨɛɴɟɤɬɚɦ ɜɵɡɵɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɤɚɡɚɧɢɹ ɤɥɚɫɫɚ ɱɟɪɟɡ ɫɢɦɜɨɥ ɬɨɱɤɢ: System.println$ſ"ǯȤȜȖșȦ!Ūƀ. 

ɉɪɢɦɟɧɟɧɢɟ ɧɚɬɢɜɧɵɯ ɮɭɧɤɰɢɣ ɧɢɱɟɦ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ ɫɚɦɨɝɨ ɹɡɵɤɚ Link. 

Ȼɥɚɝɨɞɚɪɹ ɪɟɮɥɟɤɫɢɢ JVM, ɪɚɡɪɚɛɨɬɱɢɤɭ ɫɰɟɧɚɪɢɟɜ ɞɨɫɬɭɩɟɧ ɜɟɫɶ ɧɚɛɨɪ ɤɥɚɫɫɨɜ ɢ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɣ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɢɫɩɨɥɧɹɟɦɨɦ ɩɪɢɥɨɠɟɧɢɢ Д24Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɨɡɪɚɱɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɧɚɬɢɜɧɨɝɨ ɤɨɞɚ ɩɪɢɥɨɠɟɧɢɹ. 

2.4 Ɋɚɫшɢɪɟɧɧɵɟ ɨɩɟɪɚɰɢɢ, ɬɢɩɵ ɢ ɢɯ ɩɪɢɜɟɞɟɧɢɟ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɤɨɧɜɟɪɬɚɰɢɹ ɬɢɩɨɜ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɢɬɟɪɚɥɨɜ ɜ Link ɩɨɡɜɨɥɹɟɬ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɧɟ ɡɚɞɭɦɵɜɚɬɶɫɹ ɨɛ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɬɢɩɚɯ. ȼɫɟ ɬɢɩɵ ɜɵɜɨɞɹɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɡɚ 
ɫɱёɬ ɱɟɬɤɨɣ ɥɨɝɢɤɢ ɜɵɜɟɞɟɧɢɹ ɢɡ ɢɫɯɨɞɧɨɝɨ ɢɥɢ ɧɚɬɢɜɧɨɝɨ ɤɨɞɚ. ȼɫɟɝɨ ɜ ɹɡɵɤɟ ɫɭɳɟɫɬɜɭɟɬ 10 ɬɢɩɨɜ 
ɥɢɬɟɪɚɥɨɜ: 

Ɍɚɛɥɢцɚ 1 

Ʌɢɬɟɪɚɥɵ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Link 

Table 1 

Literals of Link programming language 

№ ɇɚɡɜɚɧɢɟ ɉɪɢɦɟɪ Ɉɩɢɫɚɧɢɟ 
1 Integer 2, 4, 5, 42 ɐɟɥɨɟ ɱɢɫɥɨ 

2 Float 3.14, -5.24, 0.001 ɑɢɫɥɨ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ 

3 String "Hello", "" ɋɬɪɨɤɚ ɢɡ ɫɢɦɜɨɥɨɜ 

4 Boolean false, true Ʌɨɝɢɱɟɫɤɢɣ ɬɢɩ 

5 Identifier a, parseValue ɂɞɟɧɬɢɮɢɤɚɬɨɪ ɩɟɪɟɦɟɧɧɨɣ 

6 List [2, 3, "123"], [] ɇɚɛɨɪ ɡɧɚɱɟɧɢɣ, ɫɩɢɫɨɤ 

7 Map {literal: true, 
name: ũmapŪ}, {} 

ɋɥɨɜɚɪɶ 
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8 Selector [/Chair .black 
.soft/], [//] 

ɋɟɥɟɤɬɨɪ ɨɛɴɟɤɬɧɨɣ ɩɨɞɫɢɫɬɟɦɵ 

9 Function Guard.alarm$, random Ɏɭɧɤɰɢɹ 

10 Container [/Chair .black 
.soft/]^ 

Ʉɨɧɬɟɣɧɟɪ ɨɛɴɟɤɬɧɨɣ ɩɨɞɫɢɫɬɟɦɵ 

Ʉɚɤ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɮɭɧɤɰɢɹ ɜ Link ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɥɢɬɟɪɚɥɨɦ. Ɏɭɧɤɰɢɢ ɡɞɟɫɶ ɧɟ ɢɫɩɨɥɧɹɸɬɫɹ, ɚ 
ɩɪɢɦɟɧɹɸɬɫɹ ɤ ɥɟɜɨɦɭ ɨɩɟɪɚɧɞɭ ɫ ɩɨɦɨɳɶɸ ɨɩɟɪɚɰɢɣ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ (ɫɦ. ɩɭɧɤɬ 2.8). ɋɩɟɰɢɚɥɶɧɵɣ 
ɬɢɩ SОХОМЭШr ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɩɢɫɤɚ ɥɢɲɶ ɮɨɪɦɨɣ ɡɚɩɢɫɢ ɢ ɩɨɜɟɞɟɧɢɟɦ – ɤɨɝɞɚ ɩɨɬɪɟɛɭɟɬɫɹ ɜɵɱɢɫɥɢɬɶ 
ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɥɢɬɟɪɚɥɚ, ɜɵɩɨɥɧɢɬɫɹ ɡɚɩɪɨɫ ɤ ɨɛɴɟɤɬɧɨɣ ɩɨɞɫɢɫɬɟɦɟ ɢ ɪɟɡɭɥɶɬɚɬ ɩɪɟɨɛɪɚɡɢɬɫɹ ɜ ɫɩɢɫɨɤ 
ɤɨɧɬɟɣɧɟɪɨɜ. Ɂɚɩɢɫɶ ɤɨɧɤɪɟɬɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ ɜ ɤɨɞɟ ɧɟɜɨɡɦɨɠɧɚ, ɤɨɧɬɟɣɧɟɪ ɨɛɴɟɤɬɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɫɟɥɟɤɬɨɪɚ ɢɥɢ ɜɵɡɨɜɚ ɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ. 

ɉɨɦɢɦɨ ɩɪɢɜɵɱɧɵɯ ɨɩɟɪɚɰɢɣ ɧɚɞ ɨɛɵɱɧɵɦɢ ɥɢɬɟɪɚɥɚɦɢ, ɬɚɤɢɯ ɤɚɤ ɜɵɱɢɬɚɧɢɟ ɢ ɭɦɧɨɠɟɧɢɟ ɱɢɫɟɥ, ɜ 
ɹɡɵɤ ɜɫɬɪɨɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɥɟɡɧɵɟ ɨɩɟɪɚɰɢɢ ɧɚɞ ɫɩɢɫɤɚɦɢ ɢ ɨɛɴɟɤɬɚɦɢ. Ɍɚɤɠɟ ɪɚɫɲɢɪɟɧ ɞɨɫɬɭɩɧɵɣ 
ɧɚɛɨɪ ɞɟɣɫɬɜɢɣ ɩɪɢ ɨɩɟɪɚɰɢɹɯ ɫɨ ɫɬɪɨɤɚɦɢ. Ʉ ɩɪɢɦɟɪɭ, ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɧɚɞ ɫɩɢɫɤɚɦɢ ɢ 
ɫɥɨɜɚɪɹɦɢ ɪɟɚɥɢɡɭɸɬ ɛɚɡɨɜɵɟ ɚɥɝɨɪɢɬɦɵ ɞɢɫɤɪɟɬɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɧɚɞ ɭɩɨɪɹɞɨɱɟɧɧɵɦɢ ɦɧɨɠɟɫɬɜɚɦɢ – + 

=> ɨɛɴɟɞɢɧɟɧɢɟ, - => ɪɚɡɧɢɰɚ, * => ɩɟɪɟɫɟɱɟɧɢɟ ɢ / => ɢɫɤɥɸɱɚɸɳɚɹ ɪɚɡɧɢɰɚ Д25Ж. Ⱦɥɹ ɫɩɢɫɤɨɜ ɞɨɛɚɜɥɟɧɵ 
ɨɩɟɪɚɰɢɢ ɜɡɹɬɢɹ ɝɨɥɨɜɵ ɢ ɯɜɨɫɬɚ, ɞɥɹ ɫɥɨɜɚɪɟɣ – ɜɵɛɨɪɤɚ ɡɧɚɱɟɧɢɹ Д26Ж. ȼɫё ɷɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɛɥɟɝɱɚɟɬ 
ɪɚɛɨɬɭ ɩɨ ɜɵɛɨɪɤɟ, ɨɬɫɟɢɜɚɧɢɸ, ɜɵɞɟɥɟɧɢɸ ɧɭɠɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɢɡɦɟɧɟɧɢɸ ɨɛɴɟɤɬɨɜ ɫɰɟɧɚɪɢɹ, ɜɟɞɶ 
ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɫɟɥɟɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɫɩɢɫɨɤ ɤɨɧɬɟɣɧɟɪɨɜ. 

ɋɪɟɞɢ ɬɢɩɨɜ ɢ ɨɩɟɪɚɰɢɣ ɨɬɫɭɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɟ null. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ null ɢɫɤɥɸɱɚɟɬɫɹ ɡɚ ɫɱёɬ ɬɨɝɨ, ɱɬɨ 
ɪɟɡɭɥɶɬɚɬɨɦ ɡɚɩɪɨɫɨɜ ɫɟɥɟɤɬɨɪɚ ɢɥɢ ɜɵɡɨɜɚ ɧɚɬɢɜɧɨɣ ɮɭɧɤɰɢɢ ɜɫɟɝɞɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɫɩɢɫɨɤ. ɋ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɩɪɨɝɪɚɦɦɢɫɬɚ ɜɢɞɢɦɨ ɛɭɞɟɬ ɥɢɲɶ ɨɞɧɨ ɡɧɚɱɟɧɢɟ – ɫɩɢɫɨɤ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɭɫɬɨɣ. 
ɉɭɫɬɨɣ ɠɟ ɫɩɢɫɨɤ ɨɛɴɟɤɬɨɜ ɛɭɞɟɬ ɡɧɚɱɢɬɶ, ɱɬɨ ɬɪɟɛɭɟɦɵɟ ɨɛɴɟɤɬɵ ɧɟ ɛɵɥɢ ɧɚɣɞɟɧɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɞ ɧɚɞ 
ɩɭɫɬɵɦ ɫɩɢɫɤɨɦ ɧɟ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɦɚɤɫɢɦɚɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɧɚɩɢɫɚɧɢɟ ɢ ɨɬɥɚɞɤɭ ɤɨɞɚ, 
ɞɨɫɬɢɝɧɭɜ ɥɨɝɢɱɟɫɤɨɣ ɩɪɨɫɬɨɬɵ ɫɰɟɧɚɪɧɵɯ ɮɭɧɤɰɢɣ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɧɨɜɨɜɜɟɞɟɧɢɸ, ɩɪɢ ɧɚɩɢɫɚɧɢɢ 
ɫɰɟɧɚɪɢɹ ɦɨɠɧɨ ɛɭɞɟɬ ɧɟ ɭɤɚɡɵɜɚɬɶ ɩɨɜɫɟɦɟɫɬɧɨ ɩɪɨɜɟɪɤɢ ɧɚ null ɢɥɢ ɧɚ ɩɭɫɬɨɬɭ ɫɩɢɫɤɚ ɬɚɦ, ɝɞɟ ɷɬɨ ɧɚ 
ɫɚɦɨɦ ɞɟɥɟ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

2.5 ȼɫɬɪɨɟɧɧɵɟ ɬɢɩɵ ɮɭɧɤɰɢɣ 

ȼɫɟ ɮɭɧɤɰɢɢ ɜ ɹɡɵɤɟ Link ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɩɨ ɬɢɩɭ ɮɭɧɤɰɢɢ. Ⱦɥɹ ɮɭɧɤɰɢɣ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɢɩɨɜ 
ɩɪɢɦɟɧɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɫɢɧɬɚɤɫɢɫ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɸɬ ɬɚɤɢɟ ɬɢɩɵ ɤɚɤ map, link, filter, 

reduce, transform. ɇɟɤɨɬɨɪɵɟ ɬɢɩɵ ɮɭɧɤɰɢɣ ɫɨɡɞɚɧɵ ɤɚɤ ɛɟɡɨɩɚɫɧɚɹ ɡɚɦɟɧɚ ɰɢɤɥɨɜ ɜ ɢɦɩɟɪɚɬɢɜɧɵɯ ɹɡɵɤɚɯ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɂɞɟɨɥɨɝɢɹ ɷɬɢɯ ɬɢɩɨɜ ɜɡɹɬɚ ɢɡ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ ɜɵɫɲɟɝɨ ɩɨɪɹɞɤɚ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɝɞɟ ɨɧɢ ɫ ɭɫɩɟɯɨɦ ɩɪɢɦɟɧɹɸɬɫɹ Д27Ж. ɉɪɟɞɨɩɪɟɞɟɥɟɧɧɵɟ ɫɫɵɥɤɢ 
ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɜ ɜɪɨɞɟ x, y, z – ɭɠɟ ɜɫɬɪɨɟɧɵ ɜ ɹɡɵɤ ɜ ɩɪɟɞɟɥɚɯ ɮɭɧɤɰɢɢ. ɗɬɢ ɫɫɵɥɤɢ ɩɨɡɜɨɥɹɸɬ 
ɨɩɟɪɢɪɨɜɚɬɶ ɫ ɜɯɨɞɧɵɦɢ ɢ ɜɵɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. ɉɪɢɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ ɤ ɨɛɴɟɤɬɭ ɛɭɞɟɬ ɡɧɚɱɢɬɶ ɩɪɨɯɨɞ 
ɩɨ ɨɞɧɨɦɭ ɷɥɟɦɟɧɬɭ, ɟɫɥɢ ɷɬɨ ɨɞɢɧ ɷɥɟɦɟɧɬ, ɩɪɨɯɨɞ ɩɨ ɫɩɢɫɤɭ – ɟɫɥɢ ɷɬɨ ɫɩɢɫɨɤ, ɢ ɨɬɫɭɬɫɬɜɢɟ ɞɟɣɫɬɜɢɣ ɜ 
ɫɥɭɱɚɟ ɩɭɫɬɨɝɨ ɫɩɢɫɤɚ. ȼ ɫɥɟɞɭɸɳɟɣ ɬɚɛɥɢɰɟ ɨɬɪɚɠɟɧɵ ɜɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɢɩɵ ɮɭɧɤɰɢɣ. 

Ɍɚɛɥɢцɚ 2 

Ɍɢɩɵ ɮɭɧɤɰɢɣ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Link 

Table 2 

Function types of Link programming language 

ɇɚɡɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ ɋɢɧɬɚɤɫɢɫ 
map Ɉɬɨɛɪɚɠɚɟɬ ɨɞɢɧ ɧɚɛɨɪ ɞɚɧɧɵɯ ɜ 

ɞɪɭɝɨɣ. 
x – ɷɥɟɦɟɧɬ ɜɯɨɞɧɨɝɨ ɫɩɢɫɤɚ 
y – ɷɥɟɦɟɧɬ ɜɵɯɨɞɧɨɝɨ ɫɩɢɫɤɚ 

map <name> 

| params: <arguments> 

| code: { <code>} 

link ɋɜɹɡɵɜɚɟɬ ɫɢɬɭɚɰɢɸ ɜ ɫɢɫɬɟɦɟ ɫ 
ɢɫɩɨɥɧɹɟɦɵɦ ɤɨɞɨɦ ɫɰɟɧɚɪɢɹ. 
object – ɫɜɹɡɭɟɦɵɣ ɨɛɴɟɤɬ 

link <name> 

| object: <selector> 

| event: <name> 
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event – ɫɜɹɡɭɟɦɨɟ ɫɨɛɵɬɢɟ 
time – ɫɜɹɡɭɟɦɨɟ ɜɪɟɦɹ 

condition – ɫɜɹɡɭɟɦɨɟ ɭɫɥɨɜɢɟ 

| time: <time> 

| condition: <expression> 

| code: { <code> } 

filter Ɏɢɥɶɬɪɭɟɬ ɜɯɨɞɧɨɣ ɫɩɢɫɨɤ. 
x – ɷɥɟɦɟɧɬ ɜɯɨɞɧɨɝɨ ɫɩɢɫɤɚ 
y – ɥɨɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 

filter <name> 

| params: <arguments> 

| code: { <code> } 

reduce ɋɤɥɟɢɜɚɟɬ ɷɥɟɦɟɧɬɵ ɫɩɢɫɤɚ ɜ 1 ɷɥɟɦɟɧɬ. 
x – ɜɯɨɞɧɨɣ ɷɥɟɦɟɧɬ 
y – ɚɤɤɭɦɭɥɹɬɨɪ ɫɤɥɟɢɜɚɧɢɹ 

z – ɜɵɯɨɞɧɨɣ ɷɥɟɦɟɧɬ 
initial – ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɚɤɤɭɦɭɥɹɬɨɪɚ 

reduce <name> 

| params: <arguments> 

| initial: <expression> 

| code: { <code> } 

function ɋɬɚɧɞɚɪɬɧɚɹ ɮɭɧɤɰɢɹ ɜ ɨɛɵɱɧɨɦ 
ɩɨɧɢɦɚɧɢɢ. 
xs – ɜɯɨɞɧɨɣ ɷɥɟɦɟɧɬ 
ys – ɜɵɯɨɞɧɨɣ ɷɥɟɦɟɧɬ 

function <name>  

| params: 

<arguments> 

| code: {  <code> } 

transform ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ 
ɤ ɤɨɧɬɟɤɫɬɭ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɨ 
ɭɫɥɨɜɢɟ. 
x – ɜɯɨɞɧɨɣ ɷɥɟɦɟɧɬ 
until – ɭɫɥɨɜɢɟ ɡɚɜɟɪɲɟɧɢɹ 

code – ɤɨɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

transform <name> 

| params: <arguments> 

| until: <expression> 

| code: { <code> } 

2.6 ɉɚɪɚɦɟɬɪɵ ɮɭɧɤɰɢɣ ɢ ɢɯ ɧɚɫɥɟɞɨɜɚɧɢɟ 

Ʌɸɛɚɹ ɮɭɧɤɰɢɹ ɜ Link ɫɨɫɬɨɢɬ ɢɡ ɩɚɪɚɦɟɬɪɨɜ. Ɉɛɹɡɚɬɟɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɢɦɹ ɢ ɬɢɩ 
ɮɭɧɤɰɢɢ. Ɉɛɵɱɧɨ ɮɭɧɤɰɢɢ ɫɨɞɟɪɠɚɬ ɢ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ: ɤɨɞ ɢ ɫɩɢɫɨɤ ɚɪɝɭɦɟɧɬɨɜ. ȼ ɫɥɭɱɚɟ 
ɧɟɫɬɚɧɞɚɪɬɧɵɯ ɬɢɩɨɜ ɮɭɧɤɰɢɣ – ɧɚɩɪɢɦɟɪ, ɥɢɧɤɨɜ – ɭɫɥɨɜɢɹ ɩɪɢɜɹɡɤɢ. ɂɞɟɹ ɪɚɡɛɢɟɧɢɹ ɮɭɧɤɰɢɢ ɧɚ 
ɩɚɪɚɦɟɬɪɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɦɨɠɧɨ ɛɭɞɟɬ ɭɤɚɡɵɜɚɬɶ ɱɚɫɬɢɱɧɨ – ɧɚɩɪɢɦɟɪ, ɭɤɚɡɚɬɶ ɞɥɹ 
ɮɭɧɤɰɢɢ ɬɨɥɶɤɨ ɚɪɝɭɦɟɧɬɵ, ɚ ɪɟɚɥɢɡɚɰɢɸ ɨɩɢɫɚɬɶ ɜ ɞɪɭɝɨɦ ɦɟɫɬɟ. ȼ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 
ɧɚɫɥɟɞɨɜɚɧɢɹ ɮɭɧɤɰɢɣ ɷɬɨ ɞɚёɬ ɝɢɛɤɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɢɫɚɬɶ ɲɚɛɥɨɧ ɮɭɧɤɰɢɢ, ɚ ɩɨɡɠɟ ɥɢɲɶ ɦɟɧɹɬɶ 
ɛɚɡɨɜɭɸ ɱɚɫɬɶ. Ⱦɚɥɟɟ ɨɩɢɫɵɜɚɟɬɫɹ ɧɨɜɚɹ ɭɧɢɤɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɹɡɵɤɚ – ɧɚɫɬɪɨɣɤɚ ɮɭɧɤɰɢɣ.  

ɇɚɫɬɪɨɣɤɚ ɮɭɧɤɰɢɢ – ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɢɫɚɬɶ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɛɨɬɵ ɮɭɧɤɰɢɢ ɩɚɪɚɦɟɬɪɵ. ɉɨ 
ɫɜɨɟɦɭ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ ɨɧɚ ɧɚɩɨɦɢɧɚɟɬ ɤɚɪɪɢɪɨɜɚɧɢɟ ɜ ɹɡɵɤɟ HКsФОХХ, – ɮɭɧɤɰɢɹ ɚɝɪɟɝɢɪɭɟɬɫɹ ɫɨ ɫɜɨɢɦɢ 
ɚɪɝɭɦɟɧɬɚɦɢ ɩɨ ɨɱɟɪɟɞɢ, ɢ ɥɢɲɶ ɤɨɝɞɚ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɫɨɛɪɚɧɵ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ Д28Ж. 
Ɉɞɧɚɤɨ, ɜ Link ɮɭɧɤɰɢɢ ɫɨɛɢɪɚɸɬ ɫɜɨɢ ɩɚɪɚɦɟɬɪɵ, ɚ ɧɟ ɚɪɝɭɦɟɧɬɵ. ɉɨɷɬɨɦɭ ɚɝɪɟɝɢɪɨɜɚɬɶ ɢɯ ɦɨɠɧɨ 
ɫɨɜɟɪɲɟɧɧɨ ɜ ɥɸɛɨɦ ɩɨɪɹɞɤɟ. 

ɇɚɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɣ – ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɹɡɵɤɚ ɩɨɜɬɨɪɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɢɧ ɢ ɬɨɬ ɠɟ 
ɤɨɞ. ȼ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɱɚɫɬɢɱɧɨɣ ɧɚɫɬɪɨɣɤɨɣ, ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɪɚɡɪɚɛɨɬɱɢɤɭ ɝɢɛɤɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɹɬɶ 
ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɣ ɤɨɞ. ɉɨɞɨɛɧɨ ɈɈɉ, ɜ ɧɚɫɥɟɞɨɜɚɧɢɢ ɮɭɧɤɰɢɢ ɭɱɚɫɬɜɭɸɬ ɞɜɚ ɨɛɴɟɤɬɚ: ɧɚɫɥɟɞɧɢɤ ɢ 
ɪɨɞɢɬɟɥɶ Д29Ж. Ⱦɥɹ ɧɚɫɥɟɞɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɬɢɩɭ ɮɭɧɤɰɢɢ – ɮɭɧɤɰɢɹ-ɧɚɫɥɟɞɧɢɤ ɞɨɥɠɧɚ 
ɛɵɬɶ ɬɚɤɨɝɨ ɠɟ ɬɢɩɚ, ɤɚɤ ɢ ɮɭɧɤɰɢɹ-ɪɨɞɢɬɟɥɶ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɚɫɥɟɞɨɜɚɧɢɹ ɤɥɚɫɫɨɜ, ɧɚɫɥɟɞɨɜɚɬɶ ɮɭɧɤɰɢɢ 
ɛɟɡɨɩɚɫɧɟɟ, ɜɟɞɶ ɨɬɫɭɬɫɬɜɭɟɬ ɢɡɦɟɧɹɟɦɨɟ ɫɨɫɬɨɹɧɢɟ ɜ ɪɚɦɤɚɯ ɧɚɫɥɟɞɨɜɚɧɢɹ. 

ɋɭɳɧɨɫɬɶ ɧɚɫɥɟɞɨɜɚɧɢɹ ɮɭɧɤɰɢɢ ɜ ɬɨɦ, ɱɬɨ ɮɭɧɤɰɢɹ-ɧɚɫɥɟɞɧɢɤ ɩɟɪɟɧɢɦɚɟɬ ɭ ɮɭɧɤɰɢɢ-ɪɨɞɢɬɟɥɹ ɜɫɟ 
ɟё ɩɚɪɚɦɟɬɪɵ. Ɍɚɤɠɟ, ɜ ɬɟɥɟ ɧɚɫɥɟɞɧɢɤɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɭɸ ɮɭɧɤɰɢɸ pКrОЧЭ, ɤɨɬɨɪɚɹ 
ɨɡɧɚɱɚɟɬ ɜɵɡɨɜ ɮɭɧɤɰɢɢ ɪɨɞɢɬɟɥɹ ɫ ɭɤɚɡɚɧɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ. ɇɚɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɢ, ɤɚɤ ɢ ɧɚɫɥɟɞɨɜɚɧɢɟ 
ɤɥɚɫɫɨɜ ɜ JКЯК, ɡɚɩɢɫɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɥɸɱɟɜɨɝɨ ɫɥɨɜɚ ОбЭОЧНs, ɩɨɫɥɟ ɱɟɝɨ ɫɥɟɞɭɟɬ ɧɚɡɜɚɧɢɟ ɮɭɧɤɰɢɢ-

ɪɨɞɢɬɟɥɹ. 

2.7 Ɉɩɟɪɚɰɢɢ ɩɪɢɦɟɧɟɧɢя ɮɭɧɤɰɢɣ 

ȼ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɫɬɪɟɱɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɩɨɞɯɨɞ ɜɵɡɨɜɚ 
ɦɟɬɨɞɨɜ ɭ ɨɛɴɟɤɬɨɜ: 

Ɉɛɴɟɤɬ.ɦɟɬɨɞ1(ɚɪɝɭɦɟɧɬɵ); 
Ɉɛɴɟɤɬ.ɦɟɬɨɞ2(ɚɪɝɭɦɟɧɬɵ); 
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ȼ ɹɡɵɤɟ Link ɛɵɥɨ ɪɟɲɟɧɨ ɩɨɣɬɢ ɞɪɭɝɢɦ ɩɭɬёɦ. ȼɵɞɟɥɹɸɬɫɹ ɞɜɟ ɨɩɟɪɚɰɢɢ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ: 
ɨɩɟɪɚɰɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢ ɚɫɢɧɯɪɨɧɧɨɝɨ. Ɉɩɟɪɚɰɢɹ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: ɨɧɚ ɩɨɦɟɱɚɟɬ ɥɟɜɵɣ ɨɩɟɪɚɧɞ ɤɚɤ ɤɨɧɬɟɤɫɬ, ɫɜɹɡɵɜɚɟɬ ɟɝɨ ɫ ɮɭɧɤɰɢɟɣ – ɩɪɚɜɨɦ ɨɩɟɪɚɧɞɨɦ, ɢ 
ɜɵɡɵɜɚɟɬ ɷɬɭ ɮɭɧɤɰɢɸ ɜɵɛɪɚɧɧɵɦ ɫɩɨɫɨɛɨɦ ɫ ɩɨɞɞɟɪɠɤɨɣ ɫɜɹɡɚɧɧɨɝɨ ɤɨɧɬɟɤɫɬɚ. Ʉɨɧɬɟɤɫɬ ɞɨɫɬɭɩɟɧ 
ɜɧɭɬɪɢ ɮɭɧɤɰɢɢ ɨɛɵɱɧɨ ɩɨ ɫɫɵɥɤɟ x ɢɥɢ xs. ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɢ, ɤɨɧɬɟɤɫɬ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɧɵɦ, ɢ 
ɨɧ ɦɟɧɹɟɬɫɹ ɤɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ ɞɚɥɟɟ ɩɨ ɤɨɞɭ ɩɪɨɢɫɯɨɞɢɬ ɟɳё ɩɪɢɦɟɧɟɧɢɟ ɮɭɧɤɰɢɣ ɧɚɞ ɷɬɢɦ ɤɨɧɬɟɤɫɬɨɦ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɸɬɫɹ ɰɟɩɨɱɤɢ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ ɧɚ ɤɨɧɬɟɤɫɬɟ. 

Ɉɛɴɟɤɬзɮɭɧɤцɢя1(ɚɪɝɭɦɟɧɬɵ)зɮɭɧɤцɢя2(ɚɪɝɭɦɟɧɬɵ); 
ɋɬɨɢɬ ɜɵɞɟɥɢɬɶ, ɱɬɨ ɬɟ ɠɟ ɫɚɦɵɟ ɦɟɬɨɞɵ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɚɫɢɧɯɪɨɧɧɨ, ɟɫɥɢ ɨɧɢ ɧɟ ɫɜɹɡɚɧɵ ɞɪɭɝ ɫ 

ɞɪɭɝɨɦ: 
Ɉɛɴɟɤɬеɮɭɧɤцɢя1(ɚɝɪɭɦɟɧɬɵ)еɮɭɧɤцɢя2(ɚɪɝɭɦɟɧɬɵ); 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɮɭɧɤɰɢɣ ɫɬɚɧɨɜɢɬɫɹ ɱɚɫɬɶɸ ɜɵɪɚɠɟɧɢɹ. ɉɨɞɨɛɧɵɣ ɫɢɧɬɚɤɫɢɫ ɩɨɡɜɨɥɹɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɨɡɪɚɱɧɨ ɞɥɹ ɪɚɡɪɚɛɨɬɱɢɤɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɫɢɧɯɪɨɧɧɵɟ, ɬɚɤ ɢ ɚɫɢɧɯɪɨɧɧɵɟ ɜɵɡɨɜɵ Д30Ж. 
ȼɨ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɫɰɟɧɚɪɢɹ ɨɱɟɧɶ ɜɚɠɧɨ, ɱɬɨɛɵ ɫɰɟɧɚɪɢɫɬ ɧɟ ɡɚɞɭɦɵɜɚɥɫɹ ɨɛ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ 
ɜɨɩɪɨɫɚɯ ɜɪɨɞɟ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɩɨɞɡɚɞɚɱ, ɨɛɳɢɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. ɗɬɨ ɜɫё ɞɨɥɠɧɨ 
ɩɪɨɢɫɯɨɞɢɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɨɫɬɚɜɢɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɧɹɟɦɵɦ ɩɨɬɨɤɨɦ ɜɵɛɨɪ ɢɡ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ 
ɩɪɢɦɟɧɟɧɢɹ ɤɨɧɤɪɟɬɧɨɣ ɮɭɧɤɰɢɢ. 

2.8 Ʉɥɚɫɫɵ ɮɭɧɤɰɢɣ 

Ʉɥɚɫɫɵ ɮɭɧɤɰɢɣ ɹɜɥɹɸɬɫɹ ɭɧɢɤɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɢɜɹɡɵɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɲɚɛɥɨɧɧɵɣ ɤɨɞ ɤ 
ɮɭɧɤɰɢɹɦ. Ʉɥɚɫɫɨɦ ɮɭɧɤɰɢɢ ɧɚɡɵɜɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɦɟɧɨɜɚɧɧɵɣ ɛɥɨɤ ɤɨɞɚ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ ɜɧɟ 
ɜɫɹɤɨɣ ɮɭɧɤɰɢɢ. ɗɬɢɦ ɤɥɚɫɫɨɦ ɦɨɠɧɨ ɩɨɦɟɬɢɬɶ ɥɸɛɭɸ ɮɭɧɤɰɢɸ, ɬɨɝɞɚ ɤɚɠɞɵɣ ɪɚɡ ɩɪɢ ɜɵɡɨɜɟ ɮɭɧɤɰɢɢ 
ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɭɤɚɡɚɧɧɵɣ ɜ ɛɥɨɤɟ ɤɥɚɫɫɚ ɤɨɞ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ ɬɢɩɚ ɤɥɚɫɫɨɜ, ɤɨɬɨɪɵɟ 
ɨɬɥɢɱɚɸɬɫɹ ɜɪɟɦɟɧɟɦ ɜɵɩɨɥɧɟɧɢɹ: ɤɥɚɫɫ before ɡɚɩɭɫɤɚɟɬɫɹ ɞɨ ɜɵɩɨɥɧɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɤɨɞɚ ɩɪɢɜɹɡɚɧɧɨɣ 
ɮɭɧɤɰɢɢ, ɤɥɚɫɫ after – ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ. Ɍɪɟɬɢɣ ɬɢɩ ɤɥɚɫɫɚ wrap ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɛɨɪɚɱɢɜɚɧɢɹ 
ɩɨɞɩɢɫɵɜɚɟɦɵɯ ɮɭɧɤɰɢɣ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɨɞ. Ⱦɥɹ ɤɥɚɫɫɚ wrap ɫɭɳɟɫɬɜɭɟɬ ɤɥɸɱɟɜɨɟ ɫɥɨɜɨ execute, 

ɤɨɬɨɪɨɟ ɩɪɨɢɡɜɨɞɢɬ ɜɵɩɨɥɧɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɤɨɞɚ ɮɭɧɤɰɢɢ. ɉɪɢɜɟɞɟɦ ɩɪɨɫɬɨɣ ɩɪɢɦɟɪ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
wrap: 

// ȞȟȔȥȥ ȟȢȗȜȤȢȖȔȡȜȳ Ȗ ȞȢȡȥȢȟȰ ȟȲȕȯȩ ȜȥȣȢȟȡȳșȠȯȩ ȟȜȡȞȢȖ 
// ȖȠșȥȦș ȥ ȘȔȡȡȯȠȜ ȢȕȮșȞȦȔ Ȝ ȥȢȕȯȦȜȳ 
class wrap loggingLink { 
  consoleLogſũǯȤȢȜțȢȬșȟ ȖȯțȢȖ ȟȜȡȞȔ Ū + this:name + ũ!Ūƀ 
  consoleLogſũДȔȡȡȯș ȢȕȮșȞȦȔ: ũ + object) 
  consoleLogſũДȔȡȡȯș ȥȢȕȯȦȜȳ: ũ + eventƀ 
  execute 
  consoleLogſũЗȔȞȢȡȫȜȟȥȳ ȟȜȡȞ ũ + this:nameƀ 
} 

// ȢȣȜȬșȠ ȡșȥȞȢȟȰȞȢ ȟȜȡȞȢȖ 

// ȞȔȚȘȢș ȥȧȭșȥȦȖȢ ȣȤȜ ȖȩȢȘș Ȗ ȞȢȠȡȔȦȧ ȡȔȫȜȡȔșȦ ȜȥȞȔȦȰ ȥȖȢȜȩ ȘȤȧțșȝ 
link creatureFindFriendsOnEntering using loggingLink 
| object: [/LivingCreature/]^ 
| event: EnteredRoom 
| code: { 
  object~findFriends$ 
} 

// ȣȤȜ ȖȯȩȢȘș ȢȘȡȢȗȢ Ȝț ȥȧȭșȥȦȖ Ȝț ȞȢȠȡȔȦȯ Ȗȥș ȢȥȦȔȟȰȡȯș ȥȧȭșȥȦȖȔ 
ȣȤȢȜțȖȢȘȳȦ ȣȤȯȚȢȞ  
link allCreaturesJumpOnLeaving using loggingLink 
| object [/LivingCreature/]^ 
| event LeavingRoom 
| code { 
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  // Ȗȥș ȞȤȢȠș ȥȔȠȢȗȢ ȢȕȮșȞȦȔ ȥȢȖșȤȬȔȲȦ ȣȤȯȚȢȞ 
  ([/LivingCreature/] – [object])~jump$ 
} 

// Ȝ ȦȔȞ ȘȔȟșș… 

Ⱦɚɧɧɵɣ ɮɭɧɤɰɢɨɧɚɥ ɧɚɩɨɦɢɧɚɟɬ ɚɫɩɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɝɞɟ ɩɨɞɨɛɧɨ ɤɥɚɫɫɚɦ 
ɮɭɧɤɰɢɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɨɛɳɢɣ ɥɨɝɢɱɟɫɤɢɣ ɫɥɨɣ ɞɥɹ ɪɚɡɧɵɯ ɦɟɫɬ ɜ ɢɫɯɨɞɧɨɦ ɤɨɞɟ Д31Ж. ɇɚɩɪɢɦɟɪ, ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɮɢɧɚɧɫɨɜɵɯ ɨɩɟɪɚɰɢɢ ɦɵ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ ɤɥɚɫɫ ɬɪɚɧɡɚɤɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ 
ɨɛɨɪɚɱɢɜɚɬɶ ɮɭɧɤɰɢɢ ɫ ɷɬɢɦ ɤɥɚɫɫɨɦ ɜ ɬɪɚɧɡɚɤɰɢɢ. Ɍɚɤɠɟ ɜ Link ɪɚɡɪɟɲɟɧɨ ɤɨɦɛɢɧɢɪɨɜɚɬɶ ɧɟɫɤɨɥɶɤɨ 
ɤɥɚɫɫɨɜ ɞɥɹ ɮɭɧɤɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɦɧɨɝɨɭɪɨɜɧɟɜɭɸ ɥɨɝɢɤɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ 
ɮɭɧɤɰɢɣ. 

ɁȺɄɅɘɑЕɇɂЕ 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɫɤɪɢɩɬɨɜɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Link ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɰɟɧɚɪɢɟɜ ɜ 
ɫɢɫɬɟɦɚɯ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɡɧɨɬɢɩɧɵɯ ɨɛɴɟɤɬɨɜ, ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɢ ɫɬɨɪɨɧɧɢɯ ɫɨɛɵɬɢɣ, 
ɬɪɟɛɭɸɳɢɯ ɝɢɛɤɨɟ ɢ ɭɞɨɛɧɨɟ ɪɟɲɟɧɢɟ ɜɧɟɞɪɟɧɢɹ ɫɰɟɧɚɪɢɟɜ. Ɉɧ ɩɨɞɯɨɞɢɬ ɥɸɛɵɦ ɩɪɢɥɨɠɟɧɢɹɦ ɧɚ ɥɸɛɨɣ 
ɩɥɚɬɮɨɪɦɟ, ɬɚɤ ɤɚɤ Link ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɜɧɟɞɪɹɟɦɵɦ ɹɡɵɤɨɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 
ɦɭɥɶɬɢɩɥɚɬɮɨɪɦɟɧɧɨɣ ɢɫɩɨɥɧɹɟɦɨɣ ɫɪɟɞɟ Java Virtual Machine Д32Ж. ȼ ɹɡɵɤɟ Link ɪɟɲɟɧɵ ɬɚɤɢɟ ɢɡɜɟɫɬɧɵɟ 
ɩɪɨɛɥɟɦɵ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɧɚɱɟɧɢɹ null, ɬɟɫɧɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɞɚɧɧɵɯ ɫ ɤɨɞɨɦ, 
ɛɨɥɶɲɚɹ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɢ ɱɬɟɧɢɹ ɤɨɞɚ, ɝɥɨɛɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɜɢɞɢɦɨɫɬɢ ɩɟɪɟɦɟɧɧɵɯ. ɇɟɤɨɬɨɪɵɟ ɟɝɨ 
ɜɨɡɦɨɠɧɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɥɢɧɤɢ ɪɚɡɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ ɧɚ ɬɢɩɵ, ɨɩɟɪɚɰɢɢ ɩɪɢɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ, ɤɥɚɫɫɵ 
ɮɭɧɤɰɢɣ, ɱɚɫɬɢɱɧɚɹ ɧɚɫɬɪɨɣɤɚ ɢ ɧɚɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɣ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ ɛɨɥɶɲɢɧɫɬɜɚ 
ɹɡɵɤɨɜ ɩɨɞɯɨɞ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɰɟɧɚɪɢɟɜ ɢɫɩɨɥɧɹɟɦɵɯ ɫɨɛɵɬɢɣɧɵɯ ɫɢɫɬɟɦ. 

Ⱦɚɥɶɧɟɣɲɢɦ ɪɚɫɲɢɪɟɧɢɟɦ ɹɡɵɤɚ ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧɢɟ ɦɨɞɭɥɶɧɨɫɬɢ ɢ ɫɢɫɬɟɦɵ ɷɤɫɩɨɪɬɚ ɢ ɢɦɩɨɪɬɚ 
ɮɭɧɤɰɢɣ ɦɟɠɞɭ ɦɨɞɭɥɹɦɢ, ɜɜɟɞɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɞɟɥɢɬɶ ɞɟɣɫɬɜɭɸɳɟɟ ɥɢɰɨ ɫɰɟɧɚɪɢɹ ɢ ɞɪɭɝɢɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɭɩɪɨɳɟɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ɫɰɟɧɚɪɢɟɜ.  
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