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ȼ.ȼ. Ȼɪɚɬɢɳɟɧɤɨ 

ɆɈȾȿɅɖ ɋɌɈȻȺɅɅɖɇɕɏ ɈɐȿɇɈɄ ɋ ɅȺɌȿɇɌɇɕɆɂ 

ɉȺɊȺɆȿɌɊȺɆɂ ɇȺ ɈɋɇɈȼȿ ɊȺɋɉɊȿȾȿɅȿɇɂə ȽȺɍɋɋȺ 

ɉɟɞɚɝɨɝɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɬɟɯɧɨɥɨɝɢɟɣ ɬɟɫɬɢɪɨɜɚɧɢɹ, 
ɤɚɤ ɧɚɢɛɨɥɟɟ ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɮɨɪɦɚɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɜɚɥɢɞɧɨɫɬɢ, ɧɚɞɟɠ-
ɧɨɫɬɢ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ. Ɉɰɟɧɤɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɧɵɦɢ ɢɡɦɟɪɢɬɟɥɹɦɢ ɡɧɚɧɢɣ, ɭɦɟɧɢɣ ɢ ɧɚɜɵɤɨɜ ɨɛɭɱɚɸɳɢɯɫɹ, ɧɨ ɧɟ ɜɫɟ 
ɭɱɟɛɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɪɟɧɵ ɬɟɫɬɚɦɢ. Ɉɛɨɫɧɨɜɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶ-
ɧɨɫɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɰɟɧɨɤ. Ɏɨɪɦɭɥɢɪɭɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɨ-
ɞɟɥɢ ɨɰɟɧɨɤ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɦɨɞɟɥɶ ɫ ɥɚɬɟɧɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɫɬɨɛɚɥɥɶɧɵɯ 
ɨɰɟɧɨɤ. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɩɨ ɞɚɧɧɵɦ ɧɚɛɥɸɞɟ-
ɧɢɣ. ɉɪɟɞɥɨɠɟɧɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɩɪɨɰɟɞɭɪɵ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ, ɢɫ-
ɩɨɥɶɡɭɸɳɢɟ ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɚɧɚɥɢɡ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɢ ɤɪɢɬɟɪɢɣ ɯɢ-
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Pedagogical measurements are closely related to testing technology as the most 

satisfying formal requirements of validity, reliability and reliability. Teacher assess-

ments are the most common measures of learners' knowledge, skills and abilities, but 

not all learning outcomes can be measured by tests. The relevance of marks statistical 

research is justified. Requirements for a model of marks are formulated. A model 

with latent parameters for hundred grades marks is proposed. An algorithm for esti-

mating model parameters from observational data has been developed. Statistical 

procedures for assessing the adequacy of the model using dispersion analysis, corre-

lation coefficients and the chi-square test are proposed. 
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ɉɪɨɛɥɟɦɚɦ ɩɟɞɚɝɨɝɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɧɚɭɱɧɵɯ ɪɚɛɨɬ [1–3]. Ɉɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵɦ ɫɬɚɧɨɜɢɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤ ɢɡ-
ɦɟɪɟɧɢɹ ɫɮɨɪɦɢɪɨɜɚɧɧɨɫɬɢ ɤɨɦɩɟɬɟɧɰɢɣ [5–9]. ȼ ɨɫɧɨɜɧɨɦ ɩɟɞɚɝɨɝɢɱɟɫɤɢɟ ɢɡ-
ɦɟɪɟɧɢɹ ɫɜɹɡɵɜɚɸɬ ɫ ɬɟɯɧɨɥɨɝɢɟɣ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ 
ɮɨɪɦɚɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɜɚɥɢɞɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ. Ɉɞɧɚɤɨ, ɫ 
ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɟ ɜɫɟ ɭɱɟɛɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɪɟɧɵ ɬɟɫɬɚɦɢ, ɫ ɞɪɭ-
ɝɨɣ, ɨɰɟɧɤɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢɡɦɟɪɢɬɟ-
ɥɹɦɢ ɡɧɚɧɢɣ, ɭɦɟɧɢɣ ɢ ɧɚɜɵɤɨɜ ɨɛɭɱɚɸɳɢɯɫɹ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɨɰɟɧɨɤ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɩɨɡɜɨɥɹɸɬ ɜɵɱɢɫɥɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɨɥɟɡɧɵɟ 
ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɨɰɟɧɢɜɚɧɢɹ ɢ ɢɡɭɱɟɧɢɹ ɤɚɱɟɫɬɜ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ.  
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ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧɵ ɫɬɨɛɚɥɥɶɧɵɟ ɨɰɟɧɤɢ, ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɬɪɚɞɢɰɢɨɧɧɵɦ. Ɉɛɳɟɩɪɢɡɧɚɧɨ, ɱɬɨ ɬɪɚɞɢɰɢɨɧɧɚɹ 
ɲɤɚɥɚ ɜɤɥɸɱɚɸɳɚɹ ɱɟɬɵɪɟ ɝɪɚɞɚɰɢɢ: «ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ», «ɭɞɨɜɥɟɬɜɨɪɢ-
ɬɟɥɶɧɨ», «ɯɨɪɨɲɨ» ɢ «ɨɬɥɢɱɧɨ» – ɹɜɥɹɟɬɫɹ ɫɥɢɲɤɨɦ ɝɪɭɛɨɣ. ɉɟɪɟɯɨɞ ɧɚ ɫɬɨ-
ɛɚɥɥɶɧɭɸ ɲɤɚɥɭ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɨɰɟɧɤɢ ɛɨɥɟɟ ɝɢɛɤɢɦɢ ɢ ɬɨɱɧɵɦɢ. ɇɟɨɛɯɨ-
ɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɨ, ɱɬɨ ɲɤɚɥɵ ɨɰɟɧɨɤ ɧɟ ɹɜɥɹɸɬɫɹ ɦɟɬɪɢɱɟɫɤɢɦɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɬɨɦɭ, ɱɬɨ ɨɰɟɧɤɢ ɧɟɤɨɪɪɟɤɬɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɱɢɫɥɚ ɢ ɧɟɤɨɪɪɟɤɬɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɱɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɜɵɱɢɫɥɹɟɦɵɟ ɩɨ ɦɚɫɫɢɜɭ ɨɰɟɧɨɤ. ȿɳɟ ɨɞ-
ɧɢɦ ɮɚɤɬɨɪɨɦ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɦ ɩɪɢɦɟɧɟɧɢɸ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟ-
ɬɨɞɨɜ, ɹɜɥɹɟɬɫɹ ɪɚɡɥɢɱɧɵɟ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɲɤɚɥ ɪɚɡɧɵɦɢ ɩɪɟɩɨɞɚɜɚɬɟɥɹɦɢ. 
Ɉɰɟɧɤɢ ɨɞɧɨɝɨ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɦɨɝɭɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɫɦɟɳɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɰɟɧɨɤ ɞɪɭɝɨɝɨ ɩɪɟɩɨɞɚɜɚɬɟɥɹ. ȼɫɟ ɷɬɢ ɨɫɨɛɟɧɧɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɭɱɬɟɧɵ ɜ ɦɨ-
ɞɟɥɢ ɨɰɟɧɨɤ. 

ɋɬɨɛɚɥɥɶɧɵɟ ɨɰɟɧɤɢ ɫɤɥɚɞɵɜɚɸɬɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ. ɋɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɞɨɥɠɧɵ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɬɶɫɹ ɧɨɪɦɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. Ɉɞɧɚ-
ɤɨ, ɨɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ ɧɨɪɦɚɥɶɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɜɤɥɸɱɚɟɬ ɜɫɟ ɡɧɚɱɟɧɢɹ ɨɬ 
–∞ ɞɨ +∞. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɬɨɛɚɥɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɧɨɪɦɚɥɶɧɨɣ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɟ ɦɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɥɨɝɢɫɬɢɱɟɫɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ – ɫɢɝ-
ɦɨɢɞɭ. ɉɭɫɬɶ ݔ – ɫɬɨɛɚɥɶɧɚɹ ɨɰɟɧɤɚ, ݕ – ɜɟɳɟɫɬɜɟɧɧɚɹ ɩɟɪɟɦɟɧɧɚɹ, ɫɜɹɡɚɧɧɚɹ ɫ 
ɧɟɣ ɫɨɨɬɧɨɲɟɧɢɟɦ ݕ = ݈݊ ቀ ௫+ଵଵ଴ଵ−௫ቁ. 

ȼɟɥɢɱɢɧɚ 101 ɜɵɛɪɚɧɚ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɛɟɫɤɨɧɟɱɧɵɯ ɡɧɚɱɟɧɢɣ, ɟɫɥɢ 
ɨɰɟɧɤɚ ɪɚɜɧɚ 100 ɛɚɥɥɚɦ.  

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɚɯ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɫɬɢɪɨ-
ɜɚɧɢɹ [4], ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɢɞɟɹɯ Ɋɚɲɚ ɩɪɢɦɟɧɹɸɬɫɹ ɥɚɬɟɧɬɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɳɢɟ ɩɨɞɝɨɬɨɜɥɟɧɧɨɫɬɶ ɨɛɭɱɚɟɦɨɝɨ ɢ ɬɪɭɞɧɨɫɬɶ ɡɚɞɚɧɢɹ. ɉɪɟɞɥɚɝɚ-
ɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ ɬɚɤɨɟ ɨɩɢɫɚɧɢɟ ɧɚ ɫɬɨɛɚɥɥɶɧɵɟ ɨɰɟɧɤɢ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ݕ௜௝  – ɪɟɚɥɢɡɚɰɢɹ ɧɨɪɦɚɥɶɧɨɣ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 𝑌௜௝ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚ-
ɧɢɟɦ 𝜃௜ − ݅ ௝, ɝɞɟ 𝜃௜ – ɥɚɬɟɧɬɧɵɣ ɩɚɪɚɦɟɬɪ ɩɨɞɝɨɬɨɜɥɟɧɧɨɫɬɢߜ − ˆˑ ɫɬɭɞɟɧɬɚ ݅ =ͳ, … , ݆ ௝ – ɥɚɬɟɧɬɧɵɣ ɩɚɪɚɦɟɬɪ ɬɪɭɞɧɨɫɬɢߜ ,݊ − ˆˑ ɡɚɞɚɧɢɹ ݆ = ͳ, … , ݉, 𝜎 – ɫɪɟɞ-
ɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ. ɋɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ 𝑌௜௝ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɨɰɟɧɤɚɦ ɫɬɭɞɟɧɬɨɜ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɧɟɡɚɜɢɫɢɦɵɦɢ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ. ɂɫɩɨɥɶɡɭɹ 
ɥɨɝɚɪɢɮɦ ɮɭɧɤɰɢɢ ɩɪɚɜɞɨɩɨɞɨɛɢɹ lnሺܮሻ = ∑ ∑ (ln ቀ ଵ√ଶ𝜋𝜎ቁ + (𝜃೔−𝛿ೕ−௬೔ೕ)మଶ𝜎మ )௠௝=ଵ௡௜=ଵ , 

ɦɨɠɧɨ ɧɚɣɬɢ ɭɫɥɨɜɢɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 𝜕ሺlnሺ𝐿ሻሻ𝜕𝜃೔ = ∑ ቀ𝜃೔−𝛿ೕ−௬೔ೕ𝜎మ ቁ௠௝=ଵ = Ͳ ɢɥɢ ݉𝜃௜ = ∑ ௝ߜ) + ௜௝)௠௝=ଵݕ , 𝜕(௟௡ሺ𝐿ሻ)𝜕𝛿ೕ = ∑ ቀ𝜃೔−𝛿ೕ−௬೔ೕ𝜎మ ቁ௡௜=ଵ = Ͳ ɢɥɢ ݊ߜ௝ = ∑ (𝜃௜ − ௜௝)௡௜=ଵݕ . 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɜɵɪɨɠɞɟɧɚ, ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɧɨɫɬɢ 𝜃௜ −  ௝ ɥɚɬɟɧɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɝɨ ɢɡ ɪɟɲɟɧɢɣߜ
ɦɨɠɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɢɧɹɬɶ ∑ ௝௠௝=ଵߜ =0. ȼ ɷɬɨɦ ɫɥɭɱɚɟ  
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𝜃௜ = ଵ௠ ∑ ௜௝௠௝=ଵݕ ௝ߜ , = ଵ௡௠ ∑ ∑ ௜௝௠௝=ଵ௡௜=ଵݕ − ଵ௡ ∑ ௜௝௡௜=ଵݕ . 

Ɉɞɧɚɤɨ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɰɟɧɨɤ (ɨɫɨɛɟɧɧɨ, ɨɰɟɧɨɤ ɬɟɤɭɳɟɣ ɭɫɩɟɜɚɟɦɨɫɬɢ) 
ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɬɫɹ ɧɟɩɨɥɧɵɟ ɧɚɛɨɪɵ ɨɰɟɧɨɤ, ɟɫɥɢ ɧɟɤɨɬɨɪɵɟ ɫɬɭ-
ɞɟɧɬɵ ɧɟ ɜɵɩɨɥɧɹɸɬ ɤɚɤɢɟ-ɥɢɛɨ ɭɱɟɛɧɵɟ ɡɚɞɚɧɢɹ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɧɟɩɨɥɧɨɝɨ 
ɧɚɛɨɪɚ ɨɰɟɧɨɤ ɜɜɟɞɟɦ ɢɧɞɢɤɚɬɨɪɵ ܫ௜௝ = {ͳ, ˈ˔ˎˋ ˈ˔˕ь ˑцˈːˍ˃ ݅ − ˆˑ ˔˕˖ˇˈː˕˃ ˊ˃ ݆ − ˈ ˊ˃ˇ˃ːˋˈ,Ͳ, ˈ˔ˎˋ ːˈ˕ ˑцˈːˍˋ ݅ − ˆˑ ˔˕˖ˇˈː˕˃ ˊ˃ ݆ − ˈ ˊ˃ˇ˃ːˋˈ.  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɹ  𝜃௜ ቌ∑ ௜௝௠ܫ
௝=ଵ ቍ = ∑ ௝ߜ)௜௝ܫ + ௜௝)௠ݕ

௝=ଵ  

௝ߜ (∑ ௜௝௠ܫ
௜=ଵ ) = ∑ ௜௝(𝜃௜ܫ − ௜௝)௡ݕ

௜=ଵ  

ɩɨ-ɩɪɟɠɧɟɦɭ ɨɛɪɚɡɭɸɬ ɜɵɪɨɠɞɟɧɧɭɸ ɫɢɫɬɟɦɭ. Ɇɚɬɪɢɰɚ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ 
ɛɥɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫ ɞɢɚɝɨɧɚɥɶɧɵɦɢ ɦɚɬɪɢɰɚɦɢ ɜ ɞɢɚɝɨɧɚɥɶɧɵɯ ɛɥɨɤɚɯ, ɩɪɢ-
ɱɟɦ ɞɢɚɝɨɧɚɥɶɧɵɣ ɷɥɟɦɟɧɬ ɪɚɜɟɧ ɫɭɦɦɟ ɷɥɟɦɟɧɬɨɜ ɫɬɪɨɤɢ ɫɦɟɠɧɨɝɨ ɛɥɨɤɚ, ɢ 
ɦɚɬɪɢɰɚ ɢɦɟɟɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɦɢɧɢɪɭɸɳɭɸ ɞɢɚɝɨɧɚɥɶ. Ɍɚɤɭɸ ɫɢɫɬɟɦɭ 
ɭɪɚɜɧɟɧɢɣ ɭɞɨɛɧɨ ɪɟɲɚɬɶ ɩɪɢɛɥɢɠɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɉɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ 
ɧɚ ݇-ɣ ɢɬɟɪɚɰɢɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɤɚɫɚɬɟɥɶɧɵɯ, 𝜃௜௞ = ∑ ூ೔ೕ(𝛿ೕೖ−భ+௬೔ೕ)೘ೕ=భ ∑ ூ೔ೕ೘ೕ=భ ௝௞ߜ , = ∑ ௜௝(𝜃௜௞−ଵܫ − ௜௝)௡௜=ଵݕ ∑ ௜௝௡௜=ଵܫ  

ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ: 𝜃௜଴ = ∑ ூ೔ೕ௬೔ೕ೘ೕ=భ∑ ூ೔ೕ೘ೕ=భ ௝଴ߜ , = − ∑ ூ೔ೕ௬೔ೕ೙೔=భ∑ ூ೔ೕ೙೔=భ . 

ɉɪɢ ɭɫɥɨɜɢɹɯ ɜɚɪɢɚɬɢɜɧɨɫɬɢ ɨɰɟɧɨɤ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɛɵɫɬɪɨ 
ɫɯɨɞɢɬɫɹ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɩɪɢɦɟɧɢɦ ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɚɧɚɥɢɡ. 
ɉɨ ɩɪɢɱɢɧɚɦ ɧɟɩɨɥɧɵɯ ɞɚɧɧɵɯ ɫɭɦɦɵ ɛɭɞɭɬ ɜɵɱɢɫɥɹɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪ-
ɦɭɥɚɦ: ݏ𝑡 = ∑ ௜௝௡,௠௜,௝=ଵܫ ௜௝ݕ) − ଶ(∗∗ݕ

∗∗ݕ ,  = ଵ𝑁 ∑ ௜௝௡,௠௜,௝=ଵݕ௜௝ܫ , ܰ = ∑ ௜௝௡,௠௜,௝=ଵܫ 𝑏ݏ , = ∑ ௜௝௡,௠௜,௝=ଵܫ ሺݕ௜∗ − ∗௜ݕ , ሻଶ∗∗ݕ = ∑ ௜௝௠௝=ଵݕ௜௝ܫ ∑ ⁄௜௝௠௝=ଵܫ ௪ݏ , = ∑ ௜௝௡,௠ܫ
௜,௝=ଵ ௜௝ݕ) − ௜∗)ଶݕ

 

cɨ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ܰ − ͳ, ݊ − ͳ, ܰ − ݊. Ⱦɚɥɟɟ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ  ܨ = 𝑏݊ݏ − ͳ ௪ܰݏ − ݊⁄  

ɫɨ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ݊ − ͳ, ܰ − ݊ ɩɪɨɜɟɪɹɟɬɫɹ ɝɢɩɨɬɟɡɚ ɨ ɪɚɜɟɧɫɬɜɟ ɫɪɟɞɧɢɯ 
ɩɨ ɝɪɭɩɩɚɦ ɫɬɭɞɟɧɬɨɜ. 
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ɂɫɯɨɞɧɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɨɰɟɧ-
ɤɢ ɬɟɤɭɳɟɣ ɭɫɩɟɜɚɟɦɨɫɬɢ ɫɬɭɞɟɧɬɨɜ ȻȽɍ. ȼɵɱɢɫɥɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɝɪɭɩɩɵ 
ɢɡ 16 ɫɬɭɞɟɧɬɨɜ, 988 ɨɰɟɧɨɤ ɩɨ 83 ɡɚɞɚɧɢɹɦ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɯ 
ɨɰɟɧɨɤ ݕ௜௝  ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ɏɢɲɟɪɚ ɫɨɫɬɚɜɢɥɨ 6,406 ɫɨ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ 
15 ɢ 972. Ƚɢɩɨɬɟɡɚ ɨ ɪɚɜɟɧɫɬɜɟ ɫɪɟɞɧɢɯ ɨɬɜɟɪɝɚɟɬɫɹ, ɬɚɤ ɤɚɤ ɞɨɜɟɪɢɬɟɥɶɧɚɹ ɜɟ-
ɪɨɹɬɧɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɡɧɚɱɟɧɢɸ ɤɪɢɬɟɪɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɚ 0.  

ɉɨ ɬɨɱɧɨ ɬɚɤɨɣ ɠɟ ɫɯɟɦɟ ɩɪɨɜɟɪɹɥɢɫɶ ɨɫɬɚɬɤɢ: ݖ௜௝ ௜௝ݕ = − [𝑌௜௝]ܯ = ௜௝ݕ − (𝜃௜ −  .(௝ߜ

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɜɟɪɤɚ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ ɞɚɥɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ – ɝɢɩɨɬɟɡɚ ɨ ɪɚɜɟɧɫɬɜɟ ɫɪɟɞɧɢɯ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫ ɩɨɱɬɢ ɟɞɢɧɢɱɧɨɣ 
ɜɟɪɨɹɬɧɨɫɬɶɸ. 

ɉɪɨɜɟɪɤɚ ɜɥɢɹɧɢɹ ɡɚɞɚɧɢɣ ɧɚ ɫɪɟɞɧɢɟ ɨɰɟɧɤɢ ɞɚɥɚ ɬɚɤɢɟ ɠɟ ɪɟɡɭɥɶɬɚɬɵ. 
ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɦɨɞɟɥɶ ɫ ɥɚɬɟɧɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɬɨɱ-
ɧɟɟ ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɰɟɧɨɤ. 

ɉɪɨɜɟɪɤɢ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ ɧɟ ɞɚɸɬ ɩɨɥɧɨɣ ɝɚɪɚɧɬɢɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 
ɦɨɞɟɥɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɫɬɚɬɤɢ ݖ௜௝ ɧɟ ɩɪɨɲɥɢ ɩɪɨɜɟɪɤɭ ɧɚ ɧɨɪɦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. Ƚɢɫɬɨɝɪɚɦɦɚ ɨɫɬɚɬɤɨɜ ɢ ɩɥɨɬɧɨɫɬɶ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

 

ȿɳɟ ɨɞɧɚ ɩɪɨɜɟɪɤɚ, ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɚɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɬɟɫɬɢɪɨɜɚɧɢɹ – ɷɬɨ ɜɵɱɢɫɥɟɧɢɟ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɨɫɬɚɬɤɨɜ ௜ܷ = ∑ ௜௝ଶ௡௜=ଵݖ௜௝ܫ , ௝ܷ = ∑ ௜௝ଶ௠௝=ଵݖ௜௝ܫ , 

ɤɨɬɨɪɵɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɛɭɞɭɬ ɢɦɟɬɶ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɯɢ-ɤɜɚɞɪɚɬ ɫ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ∑ ௜௝௡௜=ଵܫ  ɢ ∑ ௜௝௠௝=ଵܫ . Ⱦɥɹ ɩɪɨɜɟɪɤɢ 
ɫɬɭɞɟɧɬɨɜ ɭɪɨɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 0,256 ɞɨ 0,724. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɩɨɞɝɨɬɨɜɥɟɧɧɨɫɬɢ ɩɪɨɲɥɢ ɩɪɨɜɟɪɤɭ ɩɨ ɤɪɢɬɟɪɢɸ ɯɢ-

ɤɜɚɞɪɚɬ. Ⱦɥɹ ɩɚɪɚɦɟɬɪɨɜ ɬɪɭɞɧɨɫɬɢ ɡɚɞɚɧɢɣ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ 17 ɢɡ ɧɢɯ ɧɟ ɩɪɨɲɥɢ 

ɩɪɨɜɟɪɤɭ ɩɨ ɤɪɢɬɟɪɢɸ ɯɢ-ɤɜɚɞɪɚɬ ɩɨ ɭɪɨɜɧɸ ɡɧɚɱɢɦɨɫɬɢ 0,05. 
ɉɪɨɜɟɪɤɚ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɭɪɨɜɧɟɣ ɩɨɞɝɨɬɨɜɥɟɧɧɨɫɬɢ ɫɬɭɞɟɧɬɨɜ 𝜃ଵ, … , 𝜃௡ 

(ɬɪɭɞɧɨɫɬɢ ɡɚɞɚɧɢɣ ߜଵ, … , ଵ௝ݕ ௠) ɫ ɪɹɞɚɦɢ ɨɰɟɧɨɤߜ , … , ௡௝ݕ ,௜ଵݕ)  … ,  ௜௠ሻ ɦɨɠɟɬݕ
ɛɵɬɶ ɩɪɨɜɟɞɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹ-
ɰɢɢ. ȼɵɱɢɫɥɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɬɪɭɞɧɨɫɬɟɣ ɡɚɞɚɧɢɣ ɢ ɨɰɟɧɨɤ 
ɫɬɭɞɟɧɬɨɜ ɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɪɨɞɧɨ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ –0,9 ɞɨ –0,72. Ɉɬɪɢɰɚ-
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ɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɪɚɠɚɸɬ ɨɱɟɜɢɞɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ: ɱɟɦ ɬɪɭɞɧɟɟ ɡɚɞɚɧɢɟ, ɬɟɦ 
ɧɢɠɟ ɨɰɟɧɤɢ. ȼ ɰɟɥɨɦ ɬɚɤɚɹ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɧɚɛɨɪ ɡɚɞɚ-
ɧɢɣ ɜ ɰɟɥɨɦ ɞɨɫɬɚɬɨɱɧɨ ɚɞɟɤɜɚɬɧɨ ɨɰɟɧɢɜɚɟɬ ɡɧɚɧɢɹ ɫɬɭɞɟɧɬɨɜ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɩɨɞɝɨɬɨɜɥɟɧɧɨɫɬɟɣ ɫɬɭɞɟɧɬɨɜ ɢ ɧɚɛɨɪɚ 
ɨɰɟɧɨɤ ɧɟɤɨɬɨɪɨɝɨ ɡɚɞɚɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫɚɦɨ ɡɚɞɚɧɢɟ. ɇɚɛɥɸɞɚɟɦɵɣ ɪɚɡ-
ɛɪɨɫ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (ɫɦ. ɪɢɫ. 2) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɭɳɟɫɬɜɟɧɧɨɣ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɢ ɡɚɞɚɧɢɣ. ɉɪɟɠɞɟ ɜɫɟɝɨ ɜ ɞɟɜɹɬɢ ɡɚɞɚɧɢɹɯ ɜɫɟ ɫɬɭɞɟɧɬɵ ɩɨɥɭɱɢɥɢ 
ɨɞɢɧɚɤɨɜɵɟ ɨɰɟɧɤɢ (ɜɵɛɪɨɫ ɜ ɬɨɱɤɟ ɧɨɥɶ ɧɚ ɪɢɫ. 2). Ⱦɥɹ ɬɚɤɢɯ ɫɥɭɱɚɟɜ ɜɵ-
ɱɢɫɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ ɧɟɜɨɡɦɨɠɧɨ. Ⱦɥɹ ɞɜɚɞɰɚɬɢ ɨɞɧɨɝɨ ɡɚɞɚ-
ɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ ɨɤɚɡɚɥɫɹ ɦɟɧɶɲɟ 0,5. ȼɫɟ ɷɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, 
ɱɬɨ ɞɥɹ ɞɚɧɧɵɯ ɡɚɞɚɧɢɣ ɩɥɨɯɨ ɨɩɪɟɞɟɥɟɧɚ ɩɪɨɰɟɞɭɪɚ ɨɰɟɧɢɜɚɧɢɹ. Ⱦɥɹ ɩɨɥɭ-
ɱɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɥɟɞɭɟɬ ɢɫɤɥɸɱɢɬɶ ɢɡ ɫɬɚɬɢ-
ɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɰɟɧɤɢ ɬɚɤɢɯ ɡɚɞɚɧɢɣ. 
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