
ORIGINAL PAPER 
 

 

Modern technologies. System analysis. Modeling 2025. No. 2 (86). pp. 131–144 

ISSN 1813-9108 131

DOI 10.26731/1813-9108.2025.2(86).131-144 ɍȾК 519.6: 311 

 

ǝǼǬǮǹǴǾǱǷȈǹȇǵ ǬǹǬǷǴǳ ǻǺǶǬǳǬǾǱǷǱǵ ȉȀȀǱǶǾǴǮǹǺǽǾǴ Ǯ ǮǴǰǱ ǼǴǽǶǺǮ 
ǻǼǴ ǻǼǺǮǱǰǱǹǴǴ ǼǬǭǺǾ ǻǺ ǿǽǾǼǬǹǱǹǴȊ ǴǹȂǴǰǱǹǾǺǮ 
ǴǹȀǺǼǸǬȂǴǺǹǹǺǵ ǭǱǳǺǻǬǽǹǺǽǾǴ 
 

Ю.М. Кɪɚɤɨɜɫɤɢɣ, ȼ.ɉ. Кɢɪɝɢɡɛɚеɜ 
Иɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛщɟɧɢя, ɝ. Иɪɤɭɬɫɤ, Рɨɫɫɢɣɫɤɚя Фɟɞɟɪɚцɢя 

yuri.krakovskiy@yandex.ru 

 
ǜǱǳȊǸǱ 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɫɜɹɳɟɧɨ ɫɪɚɜɧɢɬɟɥɶɧɨɦɭ ɚɧɚɥɢɡɭ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɜɢɞɟ ɪɢɫɤɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬ 
ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɢɧɰɢɞɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɤɪɟɬɧɨ-ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢ-
ɪɨɜɚɧɢɹ. Ɉɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɚɫɩɟɤɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɡ-
ɥɢɱɧɵɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɚɰɢɣ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɡɚɳɢɳɟɧɧɨɫɬɶ ɬɚɤɢɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɪɟɫɭɪɫɚɯ. ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɭɠɢɬ ɦɚɬɟɦɚɬɢ-
ɱɟɫɤɨɟ, ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɜɢɞɟ ɪɢɫɤɨɜ, ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɳɢɯ ɡɚɳɢɳɟɧɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɨɪɝɚɧɢɡɚɰɢɣ. ȼ ɫɬɚɬɶɟ ɩɨɥɭɱɢɥɢ ɪɚɡɜɢɬɢɟ ɩɪɟɞɥɨɠɟɧɢɹ ɚɜ-
ɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɩɪɟɞɵɞɭɳɢɯ ɩɭɛɥɢɤɚɰɢɹɯ, ɚ ɢɦɟɧɧɨ: ɚ) ɩɨ ɦɟɪɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɥɚɬɚ ɪɚɛɨɬ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɭɫɬɪɚɧɟɧɢɟɦ ɢɧɰɢɞɟɧɬɨɜ (ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ ɪɚɫɯɨɞɚɦ); ɛ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɤɨɩɥɟɧɢɟ ɩɥɚɬɟɠɟɣ ɜ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɩɟɪɢɨɞɟ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɢɯ ɫɬɨɢɦɨɫɬɶɸ (ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɩɨ ɞɨɯɨɞɚɦ). ɗɬɢ ɩɨɬɨɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ 
ɦɟɠɞɭ ɫɨɛɨɣ, ɫɨɡɞɚɜɚɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɪɨɰɟɫɫ, ɨɩɢɫɵɜɚɸɳɢɣ ɫɨɫɬɨɹɧɢɟ ɮɨɧɞɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t. ȼ ɤɚɱɟɫɬɜɟ ɟɝɨ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɭɱɚɣɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ ɫɩɟɰɢɚɥɶɧɨɝɨ ɜɢɞɚ. ɇɟɫɬɚɰɢɨ-
ɧɚɪɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɚɤɚɹ-ɬɨ ɞɨɥɹ ɪɟɚɥɢɡɚɰɢɣ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɡɚ ɜɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟ ɩɟɪɟɫɟɤɚɟɬ 
ɨɫɶ ɜɪɟɦɟɧɢ t, ɚ ɞɪɭɝɚɹ – ɩɟɪɟɫɟɤɚɟɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɥɟɞɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɟɝɭɥɹɪɧɵɯ ɢ ɫɥɭɱɚɣɧɵɯ ɞɟɧɟɠɧɵɯ 
ɩɨɬɨɤɨɜ ɩɪɨɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɟɟ ɫɜɨɣɫɬɜɨ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ – ɷɦɟɪɞɠɟɧɬɧɨɫɬɶ. ȼɪɟɦɹ, ɤɨɝɞɚ ɜ ɮɨɧɞɟ ɡɚɤɨɧɱɢɥɢɫɶ 
ɞɟɧɶɝɢ ɧɚ ɨɩɥɚɬɭ ɪɚɛɨɬ, ɧɚɡɜɚɧɨ ɜɪɟɦɟɧɟɦ ɟɝɨ ɨɛɧɭɥɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɪɢɫɤɨɜ ɨɛɨɡɧɚɱɟɧɵ: ɨɞɧɨɮɚɤɬɨɪɧɵɣ ɪɢɫɤ ɜ ɜɢɞɟ 
ɜɟɪɨɹɬɧɨɫɬɢ ɨɛɧɭɥɟɧɢɹ ɮɨɧɞɚ; ɨɞɧɨɮɚɤɬɨɪɧɵɣ ɮɢɧɚɧɫɨɜɵɣ ɪɢɫɤ ɜ ɜɢɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢ-
ɱɢɧ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɧɭɥɟɧɢɟɦ; ɞɜɚ ɜɢɞɚ ɞɜɭɯɮɚɤɬɨɪɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ, ɬɚɤɠɟ ɫɨɩɪɹɠɟɧɧɵɯ ɫ ɨɛɧɭɥɟɧɢɟɦ ɮɨɧɞɚ. 
ɉɪɟɞɥɨɠɟɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɭɤɚɡɚɧɧɵɟ ɦɨɞɟɥɢ ɪɢɫɤɨɜ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɜɢɞɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟ-
ɧɢɹ (ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python), ɹɞɪɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɩɪɨ-
ɝɪɚɦɦɚ ɧɚ ɨɫɧɨɜɟ ɞɢɫɤɪɟɬɧɨ-ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɋ ɩɨɦɨɳɶɸ ɫɨɡɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɨɬɦɟɱɟɧɧɵɯ ɪɢɫɤɨɜ. 
 
ǖǷȊȃǱǮȇǱ ǽǷǺǮǬ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɨɪɝɚɧɢɡɚɰɢɣ, ɦɨɞɟɥɢɪɭɸɳɚɹ ɩɪɨɝɪɚɦɦɚ, ɨɞɧɨɮɚɤɬɨɪɧɵɟ ɢ ɞɜɭɯɮɚɤɬɨɪɧɵɟ ɪɢɫɤɢ, ɢɧɰɢɞɟɧɬɵ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
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 Abstract 
This study presents a comparative analysis of efficiency indicators expressed as risks during incident-response activities in in-

formation security, based on results obtained through discrete-event simulation. The research focuses on modelling the economic 

aspects of information security for a variety of organizational information systems, recognizing that protection is typically im-

plemented under constrained financial resources. It addresses the mathematical, algorithmic and software tools used to calculate 

risk-based efficiency indicators that characterize an information systems’ security posture. Based on the authors’ earlier work, the 
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paper proposes managing a monetary fund that both pays, whenever necessary, for tasks related to incident remediation creating 

an outflow cash stream and periodically accumulates fixed-amount payments, thereby generating an inflow cash stream. Interac-

tion between these two streams yields a resultant process that describes the fund’s state at any moment in time t. This behavior is 

modelled as a special random, discrete, non-stationary process. Non-stationarity is demonstrated by the fact that, over the simula-

tion horizon, some realizations never cross the time axis while others do. Owing to the interplay between regular and random 

cash flows, the fund acquires an emergent property typical of complex systems: it exhibits characteristics absent from its individ-

ual components when considered in isolation. The instant at which the fund’s balance reaches zero is defined as the time of de-

pletion. Several risk metrics related to this event are introduced, namely a single-factor risk that captures the probability of deple-

tion, a single-factor financial risk defined as the expected value of random variables associated with depletion, and two variants 

of two-factor financial risks that are likewise tied to fund depletion. The proposed mathematical framework and risk models have 

been implemented in software centered on a discrete-event simulation program written in Python. Using this integrated software–
mathematical platform, the study conducts a comparative analysis of the proposed risks and offers both scientific insights and 

practical recommendations. 

 Keywords 
organizational information systems, simulation program, single-factor and two-factor risks, information security incidents, per-

formance indicators 
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ВǮǱǰǱǹǴǱ 
ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɛɨɥɶ-

ɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɰɢɮɪɨɜɢɡɚɰɢɢ ɷɤɨɧɨ-
ɦɢɤɢ, ɜɧɟɞɪɟɧɢɸ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 
(ɂɂ) ɜ ɪɚɡɥɢɱɧɵɟ ɨɬɪɚɫɥɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
ɋɨɡɞɚɟɬɫɹ, ɪɚɡɜɢɜɚɟɬɫɹ ɢ ɜɧɟɞɪɹɟɬɫɹ ɢɦɩɨɪɬɨ-
ɡɚɦɟɳɚɸɳɚɹ ɩɪɨɞɭɤɰɢɹ ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧ-
ɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ȼɫɟ ɷɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 
ɩɪɟɞɴɹɜɥɹɟɬ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɟɞ-
ɫɬɜɚɦ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɜ 
ɪɚɡɥɢɱɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɨɪɝɚɧɢ-
ɡɚɰɢɣ (ɂɋɈ). ɋɪɟɞɫɬɜɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡ-
ɨɩɚɫɧɨɫɬɢ ɡɚɳɢɳɚɸɬ ɂɋɈ ɨɬ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚ-
ɡɨɧɚ ɪɚɡɥɢɱɧɵɯ ɭɝɪɨɡ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 
ɭɜɟɪɟɧɧɨɫɬɢ ɜ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɛɢɡɧɟɫɚ, ɦɢɧɢ-
ɦɢɡɚɰɢɢ ɪɢɫɤɨɜ, ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɨɬ-
ɞɚɱɢ ɨɬ ɢɧɜɟɫɬɢɰɢɣ [1–3]. 

Ɍɚɤ, ɜ ɪɚɛɨɬɟ [3] ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ, ɱɬɨ ɜ 
ɭɫɥɨɜɢɹɯ ɝɥɨɛɚɥɶɧɨɣ ɰɢɮɪɨɜɢɡɚɰɢɢ ɨɛɴɟɦ 
ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɞɚɧɧɵɯ ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɫɬɟɬ, 
ɱɬɨ ɩɨɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧ-
ɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɧɢɦ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɮɢɧɚɧɫɨ-
ɜɵɯ, ɩɪɚɜɨɜɵɯ ɢ ɪɟɩɭɬɚɰɢɨɧɧɵɯ ɩɨɬɟɪɶ ɞɥɹ 
ɜɥɚɞɟɥɶɰɟɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. Ⱥɜɬɨɪɵ 
ɨɬɦɟɱɚɸɬ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɡɚɳɢɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɱɢɫɥɨ ɤɢɛɟɪɚɬɚɤ ɩɪɨ-
ɞɨɥɠɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɚ ɭɹɡɜɢɦɨɫɬɢ ɤɨɪɩɨɪɚ-
ɬɢɜɧɵɯ ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ ɨɫɬɚɸɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɵɦɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɪɵ ɪɟɤɨɦɟɧɞɭɸɬ 
ɜɧɟɞɪɹɬɶ ɧɟɩɪɟɪɵɜɧɵɣ ɦɨɧɢɬɨɪɢɧɝ, ɩɪɨɜɨɞɢɬɶ 
ɪɟɝɭɥɹɪɧɵɣ ɚɧɚɥɢɡ ɭɝɪɨɡ ɢ ɭɹɡɜɢɦɨɫɬɟɣ. 

Ʉ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɰɢɮɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ 
ɨɬɧɨɫɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɨɜɟɣɲɢɯ ɢɧ-
ɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨ-
ɝɢɣ, ɚ ɢɦɟɧɧɨ: ɨɛɥɚɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɭɞɨɛɧɨɝɨ ɫɟɬɟɜɨɝɨ ɞɨɫɬɭɩɚ ɤ ɜɵɱɢɫɥɢɬɟɥɶ-
ɧɵɦ ɪɟɫɭɪɫɚɦ; ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶ-
ɲɢɯ ɞɚɧɧɵɯ; ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɵɱɢɫ-
ɥɟɧɢɣ; ɩɪɨɝɪɚɦɦɧɵɟ ɢ ɚɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ, 
ɢɦɢɬɢɪɭɸɳɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ 
ɱɟɥɨɜɟɤɚ (ɂɂ, ɦɚɲɢɧɧɨɟ ɨɛɭɱɟɧɢɟ) ɢ ɞɪ. [4–6]. 

ɋɸɞɚ ɠɟ ɨɬɧɨɫɹɬɫɹ ɢ ɜɨɩɪɨɫɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɩɪɢɫɭɬ-
ɫɬɜɭɸɬ ɜɨ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢ 
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ. ɗɬɨ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɜɵɜɨɞɢɬ ɩɪɨɛɥɟɦɭ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡ-
ɨɩɚɫɧɨɫɬɢ ɡɚ ɪɚɦɤɢ, ɤ ɩɪɢɦɟɪɭ, ɧɚɭɱɧɨɣ ɫɩɟɰɢ-
ɚɥɶɧɨɫɬɢ 2.3.6 «Ɇɟɬɨɞɵ ɢ ɫɢɫɬɟɦɵ ɡɚɳɢɬɵ ɢɧ-
ɮɨɪɦɚɰɢɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ», ɞɟɥɚɹ 
ɟɟ, ɩɨ ɫɭɳɟɫɬɜɭ, ɨɛɳɟɡɧɚɱɢɦɨɣ ɞɥɹ ɥɸɛɵɯ ɢɧ-
ɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ɉɛɳɢɟ, ɫɢɫɬɟɦɧɵɟ 
ɜɨɩɪɨɫɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɟ ɫɜɹ-
ɡɚɧɧɵɟ ɫ ɤɨɧɤɪɟɬɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɢ ɫɪɟɞɫɬɜɚɦɢ, 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɪɚɦɤɚɯ ɫɩɟɰɢɚɥɶ-
ɧɨɫɬɢ 2.3.1 «ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ, ɭɩɪɚɜɥɟɧɢɟ ɢ 
ɨɛɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɢ, ɫɬɚɬɢɫɬɢɤɚ». ɋ ɷɬɢɯ ɩɨ-
ɡɢɰɢɣ ɢɡɥɚɝɚɟɬɫɹ ɩɪɟɞɥɚɝɚɟɦɵɣ ɦɚɬɟɪɢɚɥ. 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɚɫɩɟɤ-
ɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɂɋɈ. ɗɬɨ 
ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɢɯ ɡɚɳɢɳɟɧɧɨɫɬɶ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɨɛɵɱɧɨ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɮɢɧɚɧɫɨɜɵɯ 
ɪɟɫɭɪɫɚɯ, ɩɨɷɬɨɦɭ ɷɬɢɦ ɚɫɩɟɤɬɚɦ ɭɞɟɥɹɟɬɫɹ 
ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɜ ɥɢɬɟɪɚɬɭɪɟ [2, 7–9]. 

Ɍɚɤɠɟ ɜ Ɋɨɫɫɢɢ ɚɤɬɭɚɥɢɡɭɸɬɫɹ ɨɬɪɚɫɥɢ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɟɦ ɩɪɨɞɭɤ-
ɰɢɢ [10, 11], ɫ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɢɧ-
ɧɨɜɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɂɂ [12–15]. Ɍɚɤɨɟ 
ɪɚɡɜɢɬɢɟ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɬɪɟɛɭɟɬ 
ɜɧɟɞɪɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɪ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ. 
Ɉɛɟɫɩɟɱɟɧɢɟ ɡɚɳɢɳɟɧɧɨɫɬɢ ɂɋɈ ɫɨɩɪɹɠɟɧɨ ɫ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɟɦ ɢɧɰɢɞɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɧɚɧɟɫɬɢ ɭɳɟɪɛ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ 
ɧɚɪɭɲɟɧɢɹ ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ, ɰɟɥɨɫɬɧɨɫɬɢ 
ɢ ɞɨɫɬɭɩɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ. 

ɋɨɝɥɚɫɧɨ ȽɈɋɌ Ɋ 59712–2022, ɤɨɦɩɶɸ-
ɬɟɪɧɵɣ ɢɧɰɢɞɟɧɬ – ɷɬɨ ɮɚɤɬ ɧɚɪɭɲɟɧɢɹ ɢ (ɢɥɢ) 
ɩɪɟɤɪɚɳɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢ-
ɨɧɧɨɝɨ ɪɟɫɭɪɫɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɢɡɨɲɟɞɲɢɣ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɬɚɤɢ. Ɉɧ ɹɜɥɹɟɬɫɹ 
ɩɨɞɦɧɨɠɟɫɬɜɨɦ ɢɧɰɢɞɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ (ɧɟɩɪɟɞɜɢɞɟɧɧɨɟ ɢɥɢ ɧɟɠɟɥɚ-
ɬɟɥɶɧɨɟ ɫɨɛɵɬɢɟ, ɝɪɭɩɩɚ ɫɨɛɵɬɢɣ), ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɳɢɯɫɹ ɩɨɞɬɜɟɪɠɞɟɧɧɵɦ ɮɚɤɬɨɦ ɧɚɪɭɲɟɧɢɹ 
ɢ (ɢɥɢ) ɩɪɟɤɪɚɳɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢɧ-
ɮɨɪɦɚɰɢɨɧɧɨɝɨ ɪɟɫɭɪɫɚ [2]. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ, 
ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ 
ɜɢɞɟ ɪɢɫɤɨɜ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɢɫɤɪɟɬɧɨ-

ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸ-
ɳɢɯ ɡɚɳɢɳɟɧɧɨɫɬɶ ɂɋɈ. 

ɋɬɚɬɶɹ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɩɭɛɥɢɤɚ-
ɰɢɣ ɚɜɬɨɪɨɜ [16–18], ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɟɧɟɠɧɵɣ ɮɨɧɞ (ȾɟɧɎ) ɫɨ ɫɥɟ-
ɞɭɸɳɢɦɢ ɮɭɧɤɰɢɹɦɢ: 

– ɩɨ ɦɟɪɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɨɩɥɚɬɚ ɪɚɛɨɬ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɢɧɰɢɞɟɧɬɨɜ, ɤɨ-
ɝɞɚ ɞɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɧɞɚ 
(ɫɭɬ.) ɢ ɫɬɨɢɦɨɫɬɶ (ɬɵɫ. ɪɭɛ.) (ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ 
ɩɨ ɪɚɫɯɨɞɚɦ); 

– ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɤɨɩɥɟɧɢɟ ɩɥɚɬɟɠɟɣ ɜ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɟɪɢɨɞ (ɫɭɬ.) ɢ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɜɟɥɢɱɢɧɨɣ ɢɯ ɫɬɨɢɦɨɫɬɢ (ɬɵɫ. ɪɭɛ.) (ɞɟɧɟɠɧɵɣ 
ɩɨɬɨɤ ɩɨ ɞɨɯɨɞɚɦ).  

ɗɬɢ ɩɨɬɨɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨ-
ɛɨɣ, ɫɨɡɞɚɜɚɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɪɨɰɟɫɫ, ɨɩɢɫɵ-
ɜɚɸɳɢɣ ɫɨɫɬɨɹɧɢɟ ɮɨɧɞɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ, ɨɩɢɫɵɜɚ-
ɸɳɟɝɨ ɫɨɫɬɨɹɧɢɟ ɷɬɨɝɨ ɮɨɧɞɚ, ɩɪɟɞɥɨɠɟɧ 
ɢɦɢɬɚɰɢɨɧɧɵɣ ɩɨɞɯɨɞ, ɩɪɟɞɩɨɥɚɝɚɸɳɢɣ ɫɨ-
ɡɞɚɧɢɟ ɦɨɞɟɥɢɪɭɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɫ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɜɵɛɨɪɨɱɧɵɯ ɡɧɚɱɟ-
ɧɢɣ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɫɬɚɬɢɫɬɢ-
ɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢ ɜɢɡɭɚɥɢ-
ɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɜ ɜɢɞɟ ɪɢɫɤɨɜ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɫɪɚɜɧɢɬɟɥɶɧɵɣ 
ɚɧɚɥɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɜɢɞɟ ɪɢɫ-
ɤɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɢɧ-
ɰɢɞɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ 
ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɤɪɟɬɧɨ-ɢɦɢɬɚɰɢɨɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
 
ǘǬǾǱǸǬǾǴȃǱǽǶǬȋ ǸǺǰǱǷȈ ǰǷȋ ǸǺǰǱǷǴǼǺǮǬǹǴȋ 
ǽǺǽǾǺȋǹǴȋ ǰǱǹǱǲǹǺǯǺ ȀǺǹǰǬ 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɢ-
ɫɵɜɚɸɳɟɣ ɫɨɫɬɨɹɧɢɟ ȾɟɧɎ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɭ-
ɱɚɣɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ 
ɜɢɞɚ: 

     



m

j

j

L

l

lS tZtYFtFs
11

0
, ɬɵɫ. ɪɭɛ.,   (1) 

ɝɞɟ Yl(t) – ɫɭɦɦɚɪɧɚɹ ɜɟɥɢɱɢɧɚ ɞɨɯɨɞɨɜ ɩɨ ɩɥɚ-
ɬɟɠɚɦ l-ɝɨ ɜɢɞɚ ɡɚ ɜɪɟɦɹ t, ɬɵɫ. ɪɭɛ.; L – ɱɢɫɥɨ 
ɜɢɞɨɜ ɩɥɚɬɟɠɟɣ ɩɨ ɩɨɩɨɥɧɟɧɢɸ ȾɟɧɎ; Zj(t) –
 ɫɭɦɦɚɪɧɚɹ ɜɟɥɢɱɢɧɚ ɪɚɫɯɨɞɨɜ ɞɥɹ j-ɣ ɪɚɛɨɬɵ 
ɡɚ ɜɪɟɦɹ t, ɬɵɫ. ɪɭɛ.; m – ɱɢɫɥɨ ɜɢɞɨɜ ɪɚɛɨɬ ɩɨ 
ɭɫɬɪɚɧɟɧɢɸ ɢɧɰɢɞɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡ-
ɨɩɚɫɧɨɫɬɢ; 

0SF  – ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɰɟɫɫɚ 
Fs(t), ɬɵɫ. ɪɭɛ. [18]. 

ȼɟɥɢɱɢɧɭ 
0SF  ɩɪɟɞɥɚɝɚɟɬɫɹ ɡɚɞɚɜɚɬɶ ɜ 

ɞɨɥɹɯ ɨɬ ɜɟɥɢɱɢɧɵ ɫɪɟɞɧɢɯ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ: 
XgFS 

0
, ɬɵɫ. ɪɭɛ., 

ɝɞɟ X – ɫɪɟɞɧɢɟ ɮɢɧɚɧɫɨɜɵɟ ɫɪɟɞɫɬɜɚ 
(ɬɵɫ. ɪɭɛ.), ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɝɨɞɨ-
ɜɨɝɨ ɨɛɴɟɦɚ ɜɫɟɯ ɪɚɛɨɬ (ɪɚɫɯɨɞɵ); g –
 ɤɨɷɮɮɢɰɢɟɧɬ. ɍɱɢɬɵɜɚɹ ɪɟɤɨɦɟɧɞɚɰɢɢ ɬɟɨɪɢɢ 
ɪɢɫɤɨɜ [19], g > 0. 

ɇɟɫɬɚɰɢɨɧɚɪɧɨɫɬɶ ɩɪɨɰɟɫɫɚ (1) ɡɚɤɥɸɱɚ-
ɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɚɤɚɹ-ɬɨ ɞɨɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɣ ɡɚ 
ɜɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (Tm, ɫɭɬ.) ɧɟ ɩɟɪɟɫɟɤɚɟɬ 
ɨɫɶ ɜɪɟɦɟɧɢ t, ɚ ɞɪɭɝɚɹ – ɩɟɪɟɫɟɤɚɟɬ. ȼ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɜɫɥɟɞɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɟɝɭɥɹɪɧɵɯ 
ɢ ɫɥɭɱɚɣɧɵɯ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɩɪɨɹɜɥɹɟɬɫɹ 
ɜɚɠɧɟɣɲɟɟ ɫɜɨɣɫɬɜɨ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ, ɧɚɡɵɜɚ-
ɟɦɨɟ ɷɦɟɪɞɠɟɧɬɧɨɫɬɶɸ [20] (ɩɨɹɜɥɟɧɢɟ ɭ ɫɢ-
ɫɬɟɦɵ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɨɬɫɭɬɫɬɜɭɸɬ ɭ ɟɟ ɤɨɦ-
ɩɨɧɟɧɬɨɜ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ). 
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ǘǺǰǱǷǴ ǻǺǶǬǳǬǾǱǷǱǵ ȉȀȀǱǶǾǴǮǹǺǽǾǴ 
Ǯ ǮǴǰǱ ǼǴǽǶǺǮ 

ȼɜɟɞɟɦ ɜɚɠɧɟɣɲɟɟ ɩɨɧɹɬɢɟ ɞɚɧɧɨɣ ɪɚɛɨ-
ɬɵ, ɚ ɢɦɟɧɧɨ – ɜɪɟɦɹ ɨɛɧɭɥɟɧɢɹ ȾɟɧɎ. Ⱦɥɹ 
ɷɬɨɝɨ ɧɚɦ ɩɨɧɚɞɨɛɢɬɫɹ ɜɪɟɦɹ, ɤɨɝɞɚ ɜ ɮɨɧɞɟ 
ɡɚɤɨɧɱɢɥɢɫɶ ɞɟɧɶɝɢ ɧɚ ɨɩɥɚɬɭ ɪɚɛɨɬ s (ɫɭɬ.). 
Ɉɧɨ ɢ ɛɭɞɟɬ ɜɪɟɦɟɧɟɦ ɨɛɧɭɥɟɧɢɹ ȾɟɧɎ. ȼɜɟ-
ɞɟɦ ɫɥɭɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ S, ɞɥɹ ɤɨɬɨɪɨɣ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɜɪɟɦɹ s. Ɍɨɝɞɚ (S < St) – ɧɟɝɚɬɢɜɧɨɟ 
ɫɥɭɱɚɣɧɨɟ ɫɨɛɵɬɢɟ, ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɨɛɧɭɥɟɧɢɟ ȾɟɧɎ ɩɪɨɢɡɨɲɥɨ ɧɚ ɢɧɬɟɪɜɚɥɟ 
(0, St), ɫɭɬ. 

ȼɪɟɦɹ ɨɛɧɭɥɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, 
ɱɬɨ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ (1), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 
ɫɨɫɬɨɹɧɢɟ ȾɟɧɎ, ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ, 
ɩɨɷɬɨɦɭ ɧɟɤɨɬɨɪɵɟ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɟɪɟ-
ɫɟɤɚɸɬ ɨɫɶ ɜɪɟɦɟɧɢ (ɡɧɚɱɟɧɢɟ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨ-
ɰɟɫɫɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ s ɫɬɚɧɨɜɢɬɫɹ ɨɬɪɢɰɚ-
ɬɟɥɶɧɵɦ). Ⱦɥɹ ɬɚɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜɟɪɨɹɬɧɨɫɬɶ 
P(S < ∞) < 1. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɜɚɪɢɚɧɬɚ ɬɟɯɧɨɥɨɝɢɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɨɛɧɭɥɟɧɢɹ ȾɟɧɎ: 

ȼɚɪɢɚɧɬ Ⱥ: s – ɜɪɟɦɹ, ɤɨɝɞɚ ɩɟɪɜɵɣ ɪɚɡ 
ɡɧɚɱɟɧɢɟ Fs(t) < 0 (ɩɪɨɢɡɨɲɥɨ ɨɛɧɭɥɟɧɢɟ 
ȾɟɧɎ), ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɨɰɟɫɫɚ (1) ɩɪɟɤɪɚɳɚɟɬɫɹ: 

s = mint (t: Fs(t) < 0), ɫɭɬ.  (2) 

ɉɪɢ ɢɦɢɬɚɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫ ɩɨ-
ɦɨɳɶɸ ɫɨɡɞɚɧɧɨɣ ɦɨɞɟɥɢɪɭɸɳɟɣ ɩɪɨɝɪɚɦɦɵ 
ɞɥɹ ɜɪɟɦɟɧɢ s ɨɛɪɚɡɭɟɬɫɹ ɭɩɨɪɹɞɨɱɟɧɧɚɹ ɩɨ 
ɜɨɡɪɚɫɬɚɧɢɸ ɜɵɛɨɪɤɚ ɨɛɴɟɦɚ n: 

Ts = (s1, … , si, … , sn),   (3) 

ɝɞɟ i – ɧɨɦɟɪ ɷɥɟɦɟɧɬɚ ɜɵɛɨɪɤɢ (ɧɨɦɟɪ ɪɟɚɥɢ-
ɡɚɰɢɢ ɩɪɨɰɟɫɫɚ (1), ɞɥɹ ɤɨɬɨɪɨɣ ɩɪɨɢɡɨɲɥɨ ɨɛ-
ɧɭɥɟɧɢɟ ȾɟɧɎ). 

ȼɚɪɢɚɧɬ ȼ, ɤɨɝɞɚ ɜɵɩɨɥɧɢɥɨɫɶ ɭɫɥɨɜɢɟ 
(2) ɢ ɞɨ ɤɨɧɰɚ ɦɟɫɹɰɚ ɞɚɠɟ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ 
ɤɚɤɢɯ-ɬɨ ɩɥɚɬɟɠɟɣ ɡɧɚɱɟɧɢɟ Fs(t) < 0, ɬɨ ɫɱɢ-
ɬɚɟɦ, ɱɬɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ (2) ɩɪɨɢɡɨɲɥɨ ɨɛ-
ɧɭɥɟɧɢɟ ȾɟɧɎ. Ɏɨɪɦɢɪɭɟɬɫɹ ɜɵɛɨɪɤɚ (3), 
ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɚɥɢɡɚɰɢɢ (1) ɩɪɟ-
ɤɪɚɳɚɟɬɫɹ (ɪɢɫ. 1). 

ȿɫɥɢ ɞɨ ɤɨɧɰɚ ɦɟɫɹɰɚ ɡɚ ɫɱɟɬ ɩɨɫɬɭɩɥɟ-
ɧɢɣ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ Fs(t) ɫɬɚɥɨ ɛɨɥɶɲɟ ɧɭ-
ɥɹ, ɬɨ ɜɟɥɢɱɢɧɭ s ɧɟ ɭɱɢɬɵɜɚɟɦ (ɨɛɧɭɥɟɧɢɟ 
ȾɟɧɎ ɧɟ ɩɪɨɢɡɨɲɥɨ). Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɚɥɢ-
ɡɚɰɢɢ ɩɪɨɰɟɫɫɚ (1) ɩɪɨɞɨɥɠɚɟɬɫɹ. Ⱦɥɹ ɜɚɪɢɚɧ-
ɬɚ B ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɩɥɚɬɭ ɪɚɛɨɬ ɦɨɠɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɡɚɞɟɪɠɤɨɣ, ɧɨ ɨɩɥɚɬɚ ɞɨɥɠɧɚ 
ɩɪɨɢɡɨɣɬɢ ɜ ɬɟɱɟɧɢɟ ɬɟɤɭɳɟɝɨ ɦɟɫɹɰɚ ɡɚ ɫɱɟɬ 
ɩɨɫɬɭɩɥɟɧɢɣ. 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɭɥɟɧɢɹ ȾɟɧɎ ɞɨ ɜɪɟɦɟ-
ɧɢ St: 

pt = P(S < St),   (4) 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɨɤɚɡɚɬɟɥɹ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ (ɜ ɬɟɨɪɢɢ ɪɢɫɤɨɜ ɜɟɥɢɱɢɧɚ (4) – ɷɬɨ ɨɞ-
ɧɨɮɚɤɬɨɪɧɚɹ ɦɨɞɟɥɶ ɪɢɫɤɚ). 

ɇɟɨɛɯɨɞɢɦɨ ɬɚɤ ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɨɫɬɭɩɥɟ-
ɧɢɟ ɞɟɧɟɠɧɵɯ ɩɥɚɬɟɠɟɣ ɜ ɮɨɧɞ, ɱɬɨɛɵ ɩɪɢ ɩɨ-
ɹɜɥɟɧɢɢ ɢɧɰɢɞɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫ-
ɧɨɫɬɢ ɢ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɢɯ ɭɫɬɪɚɧɟɧɢɸ 
ɨɞɧɨɮɚɤɬɨɪɧɵɣ ɪɢɫɤ (4) ɛɵɥ ɦɢɧɢɦɚɥɟɧ. 

ɉɪɢ ɢɦɢɬɚɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɤɚ-
ɡɚɬɟɥɶ (4) ɡɚɦɟɧɹɟɬɫɹ ɧɚ ɬɨɱɟɱɧɭɸ (R̃τ) ɢ ɢɧɬɟɪ-
ɜɚɥɶɧɭɸ (Ĳ1, Ĳ2) ɨɰɟɧɤɢ: 

R̃ = k/n0,   (5) 

ɝɞɟ kτ – ɱɢɫɥɨ ɪɟɚɥɢɡɚɰɢɣ ɩɪɨɰɟɫɫɚ (1), ɞɥɹ ɤɨ-
ɬɨɪɵɯ ɫɨɡɞɚɟɬɫɹ ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ (5); n0 – ɱɢɫɥɨ 
ɦɨɞɟɥɢɪɭɟɦɵɯ ɪɟɚɥɢɡɚɰɢɣ ɩɪɨɰɟɫɫɚ (1). 
 

 
Ɋɢɫ. 1. Ƚɪɚɮɢɤ ɪɟɚɥɢɡɚɰɢɢ ɫ «ɨɛɧɭɥɟɧɢɟɦ» ɞɟɧɟɠɧɨɝɨ ɮɨɧɞɚ ɩɪɢ ɬɟɯɧɨɥɨɝɢɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɪɟɦɟɧɢ ɨɛɧɭɥɟɧɢɹ B 

Fig. 1. Graph of the implementation with «zeroing» of the monetary fund under «zeroing» 

determination technology B 
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ɗɬɨ ɡɧɚɱɟɧɢɟ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛ-
ɯɨɞɢɦɭɸ ɬɨɱɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɉɩɪɟɞɟɥɟ-
ɧɢɟ ɢɧɬɟɪɜɚɥɶɧɨɣ ɨɰɟɧɤɢ (1, 2) ɦɨɠɧɨ ɩɨ-
ɫɦɨɬɪɟɬɶ ɜ [16]. 

ɉɪɢɜɟɞɟɦ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ 
ɜɢɞɟ ɨɞɧɨɮɚɤɬɨɪɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ, ɤɨ-
ɬɨɪɵɟ ɢɡɦɟɪɹɸɬɫɹ ɜ ɪɭɛɥɹɯ: 

 

1. Ɏɢɧɚɧɫɨɜɵɣ ɪɢɫɤ ɩɨ ɪɚɫɯɨɞɚɦ – 

RD = M[Dr], ɬɵɫ. ɪɭɛ.,  (6) 

ɝɞɟ Dr – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 
ɢɬɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɮɨɧɞɚ ɞɨ ɜɪɟɦɟɧɢ ɟɝɨ ɨɛɧɭ-
ɥɟɧɢɹ; M[Dr] – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɷɬɨɣ 
ɜɟɥɢɱɢɧɵ. 

2. Ɏɢɧɚɧɫɨɜɵɣ ɪɢɫɤ ɩɨ ɩɨɫɬɭɩɥɟɧɢɹɦ – 

RU = M[Du], ɬɵɫ. ɪɭɛ.,      (7) 

ɝɞɟ Du – ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 
ɢɬɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɨɧɞ ɞɨ ɜɪɟɦɟɧɢ ɟɝɨ 
ɨɛɧɭɥɟɧɢɹ; M[Du] – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ 
ɷɬɨɣ ɜɟɥɢɱɢɧɵ [17]. 

ɉɪɢ ɢɦɢɬɚɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɢɫɤɢ 
(6) ɢ (7) ɡɚɦɟɧɢɦ ɧɚ ɬɨɱɟɱɧɵɟ ɢ ɢɧɬɟɪɜɚɥɶɧɵɟ 
ɨɰɟɧɤɢ. Ɍɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ (6), ɯɚɪɚɤɬɟ-
ɪɢɡɭɸɳɚɹ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɧɚ ɢɧɬɟɪɜɚɥɟ (0, St): 
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ɝɞɟ di – ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɩɨ ɜɫɟɦ ɪɚɛɨɬɚɦ ɞɨ 
ɜɪɟɦɟɧɢ si: 

 
1

m

i j i

j

d Z s


 ,   (9) 

ɝɞɟ Zj(si) – ɜɟɥɢɱɢɧɚ ɢɡ ɦɨɞɟɥɢ (1). 
Ɍɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ (7), ɯɚɪɚɤɬɟɪɢ-

ɡɭɸɳɚɹ ɫɪɟɞɧɢɟ ɩɨɫɬɭɩɥɟɧɢɹ ɧɚ ɢɧɬɟɪɜɚɥɟ (0, St): 
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ɝɞɟ ui – ɡɧɚɱɟɧɢɟ ɩɨɫɬɭɩɥɟɧɢɣ ɩɨ ɜɫɟɦ ɜɢɞɚɦ 
ɩɥɚɬɟɠɟɣ ɞɨ ɜɪɟɦɟɧɢ si: 
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ɝɞɟ Yl(si) – ɜɟɥɢɱɢɧɚ ɢɡ ɦɨɞɟɥɢ (1). 

Ɉɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɪɜɚɥɶɧɵɯ ɨɰɟɧɨɤ ɪɢɫ-
ɤɨɜ (6) ɢ (7) ɦɨɠɧɨ ɩɨɫɦɨɬɪɟɬɶ ɜ [17]. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 
ɬɨɱɟɱɧɵɦɢ ɨɰɟɧɤɚɦɢ ɪɢɫɤɨɜ (8) ɢ (10) ɪɚɜɧɚ: 
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ɝɞɟ Fs(si) – ɡɧɚɱɟɧɢɟ ɩɪɨɰɟɫɫɚ (1) ɜ ɦɨɦɟɧɬ ɨɛ-
ɧɭɥɟɧɢɹ ȾɟɧɎ; si – ɜɵɛɨɪɨɱɧɨɟ ɡɧɚɱɟɧɢɟ (3). 

Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ Fs(si) ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
(ɫɦ. ɪɢɫ. 1), ɬɨ ɩɟɪɟɞ ɫɭɦɦɨɣ ɫɬɨɢɬ ɡɧɚɤ ɦɢɧɭɫ. 
ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɮɨɪɦɭɥɚ (11) ɫɩɪɚɜɟɞɥɢɜɚ ɞɥɹ 
ɨɛɟɢɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɧɭɥɟɧɢɹ ɮɨɧɞɚ. 

ɂɡ ɧɟɟ ɜɵɬɟɤɚɟɬ, ɱɬɨ ɬɨɱɟɱɧɵɟ ɨɰɟɧɤɢ 
ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ (8) ɢ (10) ɞɭɛɥɢɪɭɸɬ ɞɪɭɝ 
ɞɪɭɝɚ, ɡɧɚɱɟɧɢɟ RD0 ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ 
RU0 ɧɚ ɩɪɚɜɭɸ ɱɚɫɬɶ (11). Ⱥɜɬɨɪɵ ɪɟɤɨɦɟɧɞɭɸɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡ ɷɬɢɯ ɞɜɭɯ ɨɞɧɨɮɚɤɬɨɪɧɵɯ ɮɢ-
ɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ ɮɢɧɚɧɫɨɜɵɣ ɪɢɫɤ ɩɨ ɪɚɫɯɨɞɚɦ 
(6), ɩɨɬɨɦɭ ɱɬɨ ɢɦɟɧɧɨ ɪɚɫɯɨɞɵ ɫɜɹɡɚɧɵ ɫ 
ɨɩɥɚɬɨɣ ɪɚɛɨɬ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɢɧɰɢɞɟɧɬɨɜ ɢ 
ɫɨɛɵɬɢɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬ ɩɨ ɭɫɬɪɚ-
ɧɟɧɢɸ ɢɧɰɢɞɟɧɬɨɜ ɩɨɦɢɦɨ ɨɞɧɨɮɚɤɬɨɪɧɵɯ ɮɢ-
ɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ ɩɪɟɞɥɨɠɟɧɵ ɞɜɭɯɮɚɤɬɨɪɧɵɟ 
ɪɢɫɤɢ ɞɜɭɯ ɜɢɞɨɜ. Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɜɵɣ ɜɢɞ: 

RD2 = M[p0 ∙ Dr], ɬɵɫ. ɪɭɛ.;    (12) 

RU2 = M[p0 ∙ Du], ɬɵɫ. ɪɭɛ.    (13) 

Ɂɞɟɫɶ ɪ0 – ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɭɥɟɧɢɹ ȾɟɧɎ ɞɨ 
ɜɪɟɦɟɧɢ si (4); Dr ɢ Du – ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, 
ɨɩɢɫɚɧɧɵɟ ɪɚɧɟɟ; M[‧] – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢ-
ɞɚɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɟɥɢɱɢɧ. 

ɍɱɢɬɵɜɚɹ ɢɡɥɨɠɟɧɧɭɸ ɪɟɤɨɦɟɧɞɚɰɢɸ, 
ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɢɫɤ (12) (ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɪɢɫɤɢ (12) ɢ (13) ɞɭɛɥɢ-
ɪɭɸɬ ɞɪɭɝ ɞɪɭɝɚ). 

ȼɜɟɞɟɦ ɜɵɛɨɪɤɭ Q ɨɰɟɧɨɤ ɜɟɪɨɹɬɧɨɫɬɢ ɪ0 

(qi) ɞɥɹ i-ɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ (1) ɩɨɫɥɟ ɭɩɨ-
ɪɹɞɨɱɢɜɚɧɢɹ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɜɵɛɨɪɤɢ (3): 

Q = (q1,   , qi,   , qn), qi = i / n0.       (14) 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ ɜɟɪɨɹɬɧɨɫɬɢ ɪ0 

ɧɚ ɢɧɬɟɪɜɚɥɟ (0, St) ɪɚɜɧɨ: 
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ȼɜɟɞɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɛɨɪɤɭ: 
D2 = (q1 ∙ d1, … , qi ∙ di, … , qn ∙ dn). 

Ɂɞɟɫɶ di – ɜɟɥɢɱɢɧɚ (10); qi – ɜɟɥɢɱɢɧɚ (14). 
ɉɪɢ ɢɦɢɬɚɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɢɫɤ 

(12) ɡɚɦɟɧɢɦ ɧɚ ɬɨɱɟɱɧɭɸ ɢ ɢɧɬɟɪɜɚɥɶɧɭɸ 
ɨɰɟɧɤɢ: RD20 – ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ RD2 

ɧɚ ɢɧɬɟɪɜɚɥɟ (0, St): 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɪɜɚɥɶɧɨɣ ɨɰɟɧɤɢ ɜɟɥɢ-
ɱɢɧɵ (12) ɦɨɠɧɨ ɩɨɫɦɨɬɪɟɬɶ ɜ [18]. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɬɨɪɨɣ ɜɢɞ ɞɜɭɯɮɚɤɬɨɪɧɵɯ 
ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ ɧɚ ɩɪɢɦɟɪɟ ɪɚɫɯɨɞɨɜ: 

PD0 = p0 ∙ RD,   (16) 

ɝɞɟ p0 ɢ RD – ɜɟɥɢɱɢɧɵ (4) ɢ (6) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɮɢɧɚɧɫɨɜɵɣ ɪɢɫɤ (12) – 

ɷɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɷɬɢɯ 
ɜɟɥɢɱɢɧ, ɚ ɪɢɫɤ (16) – ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ 
ɨɛɧɭɥɟɧɢɹ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ. 

ɉɪɢ ɢɦɢɬɚɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɢɫɤ 
(16) ɡɚɦɟɧɢɦ ɧɚ ɬɨɱɟɱɧɭɸ ɢ ɢɧɬɟɪɜɚɥɶɧɭɸ 
ɨɰɟɧɤɢ: RРD0 – ɬɨɱɟɱɧɚɹ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ РD0 

ɧɚ ɢɧɬɟɪɜɚɥɟ (0, St): 
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ɝɞɟ R̃, RD0 – ɜɟɥɢɱɢɧɵ (5) ɢ (8); (RРD1, RРD2) –
 ɢɧɬɟɪɜɚɥɶɧɚɹ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ РD0 [21]: 
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RPD1 = RPD0 – RPDΔ,  (19) 
RPD2 = RPD0 + RPDΔ,  (20) 

ɝɞɟ d – ɨɰɟɧɤɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɨɬɤɥɨ-
ɧɟɧɢɹ ɜɟɥɢɱɢɧɵ Dr ɧɚ ɢɧɬɟɪɜɚɥɟ (0, St); z = 

1,96 – ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ (ɤɜɚɧɬɢɥɶ) ɫɬɚɬɢ-
ɫɬɢɤɢ Z (ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟ) ɩɪɢ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ  = 0,95. 

ɑɬɨɛɵ ɨɛɨɫɧɨɜɚɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɵ 
ɞɥɹ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɨɜ (ɢɧɬɟɪɜɚɥɶɧɨɣ 
ɨɰɟɧɤɢ) (18)–(20), ɧɚɞɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ 
ɜɟɥɢɱɢɧɚ PD0 ɢɦɟɟɬ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ. ɂɦɟɧɧɨ 
ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɮɨɪɦɭɥɚɯ 
ɤɜɚɧɬɢɥɶ z. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɩɨ 
ɜɟɥɢɱɢɧɟ (17) ɜɵɛɨɪɨɱɧɵɟ ɡɧɚɱɟɧɢɹ. ɗɬɢ ɡɧɚɱɟ-
ɧɢɹ ɞɥɹ ɩɪɢɦɟɪɚ ɧɚɣɞɟɦ ɩɪɢ g = 0,04 ɢ St = 
365 ɫɭɬ., ɞɥɹ ɱɟɝɨ ɩɪɨɜɟɞɟɦ 1 000 ɦɨɞɟɥɢɪɨɜɚɧɢɣ 
ɩɪɢ ɪɚɡɧɵɯ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɝɟɧɟɪɚɬɨɪɚ 
ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ (ɤɚɠɞɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɪɟɛɭ-
ɟɬ ɫɨɡɞɚɧɢɹ 20 000 ɪɟɚɥɢɡɚɰɢɣ ɩɪɨɰɟɫɫɚ (1)). 

ɉɨɥɭɱɟɧɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɫ ɧɚɥɨɠɟɧɧɨɣ 
ɤɪɢɜɨɣ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɜɟɞɟ-
ɧɚ ɧɚ ɪɢɫ. 2. 

 

 
Ɋɢɫ. 2. Ƚɢɫɬɨɝɪɚɦɦɚ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫ ɤɪɢɜɨɣ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ PD0 

Fig. 2. Probability density histogram 

with a normal distribution curve for PD0 

 

ɋɮɨɪɦɭɥɢɪɭɟɦ ɧɭɥɟɜɭɸ ɢ ɚɥɶɬɟɪɧɚɬɢɜ-
ɧɭɸ ɝɢɩɨɬɟɡɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɷɬɨɣ ɜɟɥɢɱɢɧɵ. ɇɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ (H0): ɝɟɧɟ-
ɪɚɥɶɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧɵ PD0 
ɢɦɟɟɬ ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. Ⱥɥɶɬɟɪɧɚ-
ɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ (H1): ɝɟɧɟɪɚɥɶɧɚɹ ɫɨɜɨɤɭɩ-
ɧɨɫɬɶ ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧɵ PD0 ɧɟ ɢɦɟɟɬ ɧɨɪ-
ɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɷɬɢɯ ɝɢɩɨɬɟɡ ɩɪɢɦɟɧɢɦ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɬɟɫɬ ɒɚɩɢɪɨ – ɍɢɥɤɚ [22], ɭɪɨ-
ɜɟɧɶ ɡɧɚɱɢɦɨɫɬɢ  = 0,05. ɉɨɥɭɱɟɧɵ ɫɥɟɞɭɸ-
ɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: ɡɧɚɱɟɧɢɟ ɫɬɚɬɢɫɬɢɤɢ W = 
0,9982; p = 0,3888. Ⱦɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɢ shapiro ɢɡ ɩɨɞɦɨɞɭɥɹ 
scipy.stats ɛɢɛɥɢɨɬɟɤɢ SciPy ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢ-
ɪɨɜɚɧɢɹ Python. 

Ɍɚɤ ɤɚɤ p > 0,05, ɬɨ ɧɭɥɟɜɭɸ ɝɢɩɨɬɟɡɭ (H0) 
ɦɨɠɧɨ ɩɪɢɧɹɬɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɮɨɪɦɭɥɟ (18) ɦɨɠɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɤɜɚɧɬɢɥɶ z. 
 
АǻǼǺǭǬȂǴȋ ǽǺǳǰǬǹǹǺǯǺ ǸǬǾǱǸǬǾǴȃǱǽǶǺǯǺ 
Ǵ ǻǼǺǯǼǬǸǸǹǺǯǺ ǺǭǱǽǻǱȃǱǹǴȋ 

ɉɪɟɞɥɨɠɟɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟ-
ɧɢɟ ɢ ɫɰɟɧɚɪɢɢ ɪɢɫɤɨɜ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɜɢɞɟ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɹɞɪɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹ-
ɟɬɫɹ ɩɪɨɝɪɚɦɦɚ, ɫɨɡɞɚɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɤɪɟɬ-
ɧɨ-ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ [23]. ɉɪɨ-
ɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɨ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python [24]. 

Ⱥɩɪɨɛɚɰɢɸ ɩɪɨɜɟɞɟɦ ɞɥɹ ɩɹɬɢ ɜɢɞɨɜ ɪɚ-
ɛɨɬ (m = 5), ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɫɬɚɬɶɟ [17]. ɂɫɯɨɞ-
ɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɦɨɞɟ-
ɥɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɬɪɚɬ ɧɚ 
ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ, ɜɨɡɶɦɟɦ ɢɡ ɫɬɚɬɶɢ [18] 

(ɬɚɛɥ. 1). ɍɱɢɬɵɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
1. ȼɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ ɞɥɹ ɢɧɬɟɪɜɚɥɨɜ 

(ɇ, Ȼ, Ɋɜ) ɢ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ ɞɥɹ ɡɚɬɪɚɬ 
(Ʌɧ, Ȼ-ɋ, ɉ, Ƚ), ɝɞɟ «ɇ» – ɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟ; «Ȼ» – ɛɟɬɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɟ; «Ɋɜ» – ɪɚɜɧɨ-
ɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ; «Ʌɧ» – ɥɨɝɧɨɪɦɚɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ; «Ȼ-ɋ» – ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ȼɢɪɧ-
ɛɚɭɦɚ-ɋɚɭɧɞɟɪɫɚ; «ɉ» – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɉɚɪɟɬɨ ɫ 
ɧɭɥɟɜɨɣ ɬɨɱɤɨɣ; «Ƚ» – ɝɚɦɦɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
(ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɟɧɢɟ ɷɬɢɯ ɦɨɞɟɥɟɣ).  

2. mt, mz – ɡɧɚɱɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɨɠɢɞɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɢɧɬɟɪɜɚɥɨɜ ɢ ɡɚ-
ɬɪɚɬ, ɚ kvt, kvz – ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɚɪɢɚɰɢɢ ɞɥɹ 
ɢɧɬɟɪɜɚɥɨɜ ɢ ɡɚɬɪɚɬ (ɬɚɛɥ. 1). 

Ⱦɥɹ ɡɧɚɱɟɧɢɣ ɢɡ ɬɚɛɥ. 1 ɨɛɳɢɟ ɫɪɟɞɧɢɟ 
ɪɚɫɯɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɝɨɞɨɜɨɝɨ 
ɨɛɴɟɦɚ ɜɫɟɯ ɪɚɛɨɬ, ɪɚɜɧɵ X = 26 931,26 ɬɵɫ. ɪɭɛ. 
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ȼ ɬɚɛɥ. 2 ɢ 3 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɥɹ 
ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɩɨɫɬɭɩɥɟɧɢɹ ɩɥɚɬɟɠɟɣ (V). Ɂɧɚ-
ɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ (4), (12) ɢ (16) ɞɥɹ ɯɨɪɨɲɟɝɨ 
ɜɚɪɢɚɧɬɚ ɞɨɥɠɧɵ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦɢ, ɚ ɡɧɚ-
ɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ (7) – ɦɚɤɫɢɦɚɥɶɧɵɦɢ. Ɍɚɤɠɟ 
ɩɪɢɜɟɞɟɦ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɩɪɨ-
ɰɟɧɬɚɯ (21)–(24): 

ΔĲ = (Ĳ2 – Ĳ1) ∙ 100/(2 ∙ R̃),       (21) 

ΔRD = (RD2 – RD1) ∙ 100/(2 ∙ RD0),         (22) 

ΔRD2 = (RD22 – RD21) ∙ 100/(2 ∙ RD20),     (23) 

ΔRPD = (RPD2 – RPD1) ∙ 100/(2 ∙ RPD0).    (24) 
ɂɡ ɬɚɛɥ. 2 ɢ 3 ɜɢɞɧɨ, ɱɬɨ ɜɚɪɢɚɧɬ F1 ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞ-
ɩɨɱɬɢɬɟɥɶɧɟɟ ɜɚɪɢɚɧɬɚ F2, ɬɚɤ ɤɚɤ ɞɨɜɟɪɢɬɟɥɶ-
ɧɵɟ ɢɧɬɟɪɜɚɥɵ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɱɬɢ ɧɢɝɞɟ 
ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ (ɢɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɧɟ-
ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɟɪɟɫɟɱɟɧɢɟ ɞɥɹ ɩɨɤɚɡɚɬɟɥɹ (6) 
ɩɪɢ St = 91 ɫɭɬ.). 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢ ɚɩɪɨɛɚɰɢɢ ɪɚɫɫɦɚɬ-
ɪɢɜɚɸɬɫɹ ɞɜɚ ɜɢɞɚ ɩɥɚɬɟɠɟɣ (L = 2), ɤɨɝɞɚ ɞɨɥɢ 
ɩɥɚɬɟɠɟɣ ɫ1 = 0,5, ɫ2 = 0,5. ɂɫɫɥɟɞɭɸɬɫɹ ɞɜɚ 
ɜɚɪɢɚɧɬɚ: 

1. F1, ɤɨɝɞɚ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 
ɩɥɚɬɟɠɚɦɢ h1 = 5 ɫɭɬ. ɢ h2 = 9 ɫɭɬ., ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɡɧɚɱɟɧɢɹ ɟɞɢɧɢɱɧɵɯ ɩɥɚɬɟɠɟɣ 
Y0 1 = 184,46 ɬɵɫ. ɪɭɛ. ɢ Y0 2 = 332,03 ɬɵɫ. ɪɭɛ. 

2. F2, ɤɨɝɞɚ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 
ɩɥɚɬɟɠɚɦɢ h1 = 7 ɫɭɬ. ɢ h2 = 11 ɫɭɬ., ɚ ɡɧɚɱɟɧɢɹ 
ɟɞɢɧɢɱɧɵɯ ɩɥɚɬɟɠɟɣ Y0 1 = 258,24 ɬɵɫ. ɪɭɛ. ɢ 
Y0 2 = 405,81 ɬɵɫ. ɪɭɛ.  

Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɚɪɢɚɧɬ B ɬɟɯɧɨɥɨ-
ɝɢɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɨɛɧɭɥɟɧɢɹ ȾɟɧɎ. 
ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

0SF  ɜɵɱɢɫɥɹɟɬɫɹ ɩɪɢ g = 

0,02. ɑɢɫɥɨ ɪɟɚɥɢɡɚɰɢɣ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɪɚɜɧɨ 100 000. 

 

 
Ɍɚɛɥɢцɚ 1. ȼɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ ɢ ɢɯ ɱɢɫɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Table 1. Probabilistic models and their numerical characteristics 

ɉɨɤɚɡɚɬɟɥɢ 

Indicators 

Ɂɧɚɱɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ  
ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɦɟɪɨɦ ɪɚɛɨɬɵ 

Values of mathematical expectations 

and coefficients of variation according to the work number 

1 2 3 4 5 

ȼɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ ɞɥɹ ɢɧɬɟɪɜɚɥɨɜ 

Probability models for intervals 
ɇ Ȼ Ɋɜ Ȼ ɇ 

mtj, ɫɭɬ. 18,0 24,0 28,0 6,0 22,0 

kvtj 0,20 0,10 0,10 0,10 0,10 

ȼɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ ɞɥɹ ɡɚɬɪɚɬ 

Probabilistic models for costs 
Ʌɧ Ȼ-ɋ ɉ Ʌɧ Ƚ 

mzj, ɬɵɫ. ɪ. 380,0 340,0 200,0 120,0 250,0 

kvzj 0,15 0,20 1,25 0,25 0,15 

 

 

Ɍɚɛɥɢцɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɩɨɤɚɡɚɬɟɥɟɣ (4) ɢ (6) 
Table 2. Simulation results for indicators (4) and (6) 

V St, ɫɭɬ. k R̃ 1 2 , % RD0 RD1 RD2 RD, % 

F1 

91 4 719 0,0472 0,0461 0,0483 2,3479 5 009,32 4 963,54 5 055,09 0,91 

182 13 078 0,1308 0,1290 0,1325 1,3448 8 742,13 8 686,54 8 797,71 0,64 

273 19 975 0,1998 0,1977 0,2018 1,0436 11 790,10 11 720,07 11 860,13 0,59 

365 25 676 0,2568 0,2545 0,2590 0,8869 14 533,08 14 449,40 14 616,75 0,58 

F2 

91 8 480 0,0848 0,0834 0,0863 1,7147 4 927,11 4 888,32 4 965,91 0,79 

182 20 894 0,2089 0,2068 0,2111 1,0145 8 388,39 8 342,23 8 434,56 0,55 

273 28 858 0,2886 0,2862 0,2909 0,8184 11 135,19 11 073,23 11 197,15 0,56 

365 34 710 0,3471 0,3446 0,3496 0,7148 13 454,2 13 378,91 13 529,48 0,56 
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Ɍɚɛɥɢцɚ 3. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɩɨɤɚɡɚɬɟɥɟɣ (12) ɢ (16) 
Table 3. Simulation results for indicators (12) and (16) 

V St, ɫɭɬ. k RD20 RD21 RD22 RD2, % RPD0 RPD1 RPD2 RPD, % 

F1 

91 4 719 138,17 135,14 141,19 2,19 236,39 229,46 243,32 2,93 

182 13 078 690,59 681,49 699,69 1,32 1 143,30 1 123,63 1 162,96 1,72 

273 19 975 1 465,81 1 449,06 1 482,56 1,14 2 355,07 2 322,68 2 387,47 1,38 

365 25 676 2 369,64 2 344,80 2 394,49 1,05 3 731,51 3 686,68 3 776,35 1,20 

F2 

91 8 480 250,61 246,46 254,76 1,66 417,82 408,70 426,94 2,18 

182 20 894 1 077,11 1 065,41 1 088,81 1,09 1 752,67 1 729,44 1 775,91 1,33 

273 28 858 2 047,97 2 027,39 2 068,55 1,00 3 213,39 3 177,37 3 249,42 1,12 

365 34 710 3 041,91 3 012,71 3 071,10 0,96 4 669,95 4 622,42 4 717,48 1,02 

 

Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ 
ɬɨɱɟɱɧɵɯ ɨɰɟɧɨɤ ɞɥɹ ɩɨɤɚɡɚɬɟɥɟɣ ɞɨɫɬɚɬɨɱɧɨ 
ɧɟɛɨɥɶɲɢɟ (ɦɟɧɶɲɟ 2 %, ɤɪɨɦɟ ɫɥɭɱɚɟɜ ɩɪɢ St = 

91 ɫɭɬ.). ɉɪɢ ɷɬɨɦ ɞɥɹ ɜɚɪɢɚɧɬɚ F1 ɩɨɝɪɟɲ-
ɧɨɫɬɶ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ F2. ɗɬɨ ɫɜɹɡɚɧɨ 
ɫ ɬɟɦ, ɱɬɨ ɞɥɹ «ɯɨɪɨɲɟɝɨ» ɜɚɪɢɚɧɬɚ (F1) ɨɛɴɟɦ 
ɜɵɛɨɪɤɢ (k) ɦɟɧɶɲɟ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 
ɩɨɫɬɭɩɥɟɧɢɹɦɢ ɠɟɥɚɬɟɥɶɧɨ ɭɦɟɧɶɲɚɬɶ. 

Ɋɢɫɤɢ (12) ɢ (16) ɞɭɛɥɢɪɭɸɬ ɞɪɭɝ ɞɪɭɝɚ, 
ɩɪɢ ɷɬɨɦ ɪɢɫɤ (16) ɛɨɥɶɲɟ ɪɢɫɤɚ (12). ɇɚɣɞɟɦ 
ɪɚɡɧɨɫɬɶ ɢɯ ɬɨɱɟɱɧɵɯ ɨɰɟɧɨɤ: 

  0

1

00 12 ndkiRDRPD

k

i

i



  > 0. (25) 

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ di > 0 ɢ (1 – i/kτ) > 0 

(ɩɪɢ kτ ≥ 2). 
ɂɡ (25) ɜɵɬɟɤɚɟɬ, ɱɬɨ ɩɪɢ ɜɵɛɨɪɟ ɩɨɤɚɡɚ-

ɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ (ɫɪɟɞɢ ɞɜɭɯɮɚɤɬɨɪɧɵɯ 
ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ) ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɜɚɪɢɚɧɬɨɜ 
ɩɨɫɬɭɩɥɟɧɢɹ ɩɥɚɬɟɠɟɣ ɦɨɠɧɨ ɜɡɹɬɶ ɥɸɛɨɣ ɢɡ 

ɧɢɯ. Ⱥɜɬɨɪɵ ɪɟɤɨɦɟɧɞɭɸɬ ɪɢɫɤ (12), ɬɚɤ ɤɚɤ 
ɞɥɹ ɧɟɝɨ ɩɪɨɳɟ ɧɚɣɬɢ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ g ɞɥɹ ɜɚɪɢɚɧ-
ɬɚ F1, ɨɛɧɭɥɟɧɢɟ ɩɨ ɜɚɪɢɚɧɬɭ ȼ. 

 

ǓǬǮǴǽǴǸǺǽǾǴ R̃(g) ǺǾ g 
ɉɪɨɜɟɞɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ R̃(g) (5), ɩɨɥɭɱɟɧɧɵɯ ɢɦɢɬɚ-
ɰɢɨɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ, ɮɭɧɤɰɢɟɣ ɜɢɞɚ: 

yR̃ (g) = A ∙ e–a ∙ g
.  (26) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɧɟɟ yR̃ (0) = A. 

ɇɚ ɪɢɫ. 3 ɢ 4 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ (26), ɤɨɬɨɪɵɟ 
ɢɯ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ St. 

ɉɪɢ St = 182 ɫɭɬ. ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: A = 0,3764; a = 52,9243; 

ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 0,9999. ɉɪɢ St = 

365 ɫɭɬ.: A = 0,5309; a = 37,1426; ɤɨɷɮɮɢɰɢ-
ɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 0,9994. Ʉɚɤ ɜɢɞɢɦ, ɧɚɛɥɸ-
ɞɚɟɬɫɹ ɯɨɪɨɲɚɹ ɬɨɱɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ 
ɨɛɨɢɯ ɫɥɭɱɚɟɜ. 

 

 
Ɋɢɫ. 3. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ R̃(g) ɮɭɧɤɰɢɟɣ (26) 

ɞɥɹ St = 182 ɫɭɬ. 

Fig. 3. Approximation of R̃(g) with function (26) 

for St = 182 days 

 

 
Ɋɢɫ. 4. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ R̃(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 365 ɫɭɬ. 

Fig. 4. Approximation of R̃(g) with function (30) 

for St = 365 days 

 

Ɂɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ yR̃ (0) ɧɚ ɪɢɫɭɧɤɚɯ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɬ ɡɧɚɱɟɧɢɹɦ ɤɨɷɮɮɢɰɢɟɧɬɚ A. 

ɉɨ ɮɭɧɤɰɢɢ (26) ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚ-
ɱɟɧɢɟ gm, ɤɨɝɞɚ ɷɬɚ ɮɭɧɤɰɢɹ ɪɚɜɧɚ rm – ɡɚɞɚɧ-
ɧɨɦɭ ɭɪɨɜɧɸ ɜɟɪɨɹɬɧɨɫɬɢ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɪɢ ɩɨɫɬɪɨɟ-
ɧɢɢ ɞɪɭɝɢɯ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. 

ɂɡ ɭɪɚɜɧɟɧɢɹ (27) 

m

ga
reA m  

   (27) 

ɩɨɥɭɱɢɦ: 
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  .ln arAg mm    (28) 

ɉɭɫɬɶ rm = 0,1, ɬɨɝɞɚ, ɢɫɩɨɥɶɡɭɹ (28), ɩɪɢ 
St = 182 ɫɭɬ. gm = 0,025; ɩɪɢ St = 365 ɫɭɬ. gm = 

0,045. ɗɬɢ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɧɨɪ-
ɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ȾɟɧɎ ɫɨɜɫɟɦ ɧɟ 
ɨɛɹɡɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɶɲɨɟ ɧɚɱɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ 

0SF . 

 
ǓǬǮǴǽǴǸǺǽǾǴ RD0 ǺǾ g 

ɉɪɨɜɟɞɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ RD0(g) (8), ɩɨɥɭɱɟɧɧɵɯ ɢɦɢ-
ɬɚɰɢɨɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ, ɮɭɧɤɰɢɟɣ ɜɢɞɚ: 

    bagAgyRD  ln
0

.  (29) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɧɟɟ yRD0(0) = A ∙ ln(a + b). 

ɇɚ ɪɢɫ. 5 ɢ 6 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ (33), ɤɨɬɨɪɵɟ 
ɢɯ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ St. 

ɉɪɢ St = 182 ɫɭɬ. ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: A = 2 726,22; a = 0,0155; 

b = 17 849,66; yRD0(0) = 6 489,73 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɡɧɚɱɟɧɢɸ ɧɚ ɪɢɫ. 5); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 
0,9995. ɉɪɢ St = 365 ɫɭɬ.: A = 6 476,59; a = 0,0200; 

b = 35 419,88; yRD0(0) = 10 083,31 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɡɧɚɱɟɧɢɸ ɧɚ ɪɢɫ. 6); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 
0,9995. Ʉɚɤ ɜɢɞɢɦ, ɧɚɛɥɸɞɚɟɬɫɹ ɯɨɪɨɲɚɹ ɬɨɱ-
ɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ɨɛɨɢɯ ɫɥɭɱɚɟɜ. 

 

 
Ɋɢɫ. 5. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RD0(g) ɮɭɧɤɰɢɟɣ (29) 

ɞɥɹ St = 182 ɫɭɬ. 

Fig. 5. Approximation of RD0(g) with function (29) 

for St = 182 days 

 

 
Ɋɢɫ. 6. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RD0(g) ɮɭɧɤɰɢɟɣ (29) 

ɞɥɹ St = 365 ɫɭɬ. 
Fig. 6. Approximation of RD0(g) with function (29) 

for St = 365 days 

ǓǬǮǴǽǴǸǺǽǾǴ RD20 ǺǾ g 
ɉɪɨɜɟɞɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ RD20(g) (15), ɩɨɥɭɱɟɧɧɵɯ ɢɦɢ-
ɬɚɰɢɨɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ, ɮɭɧɤɰɢɟɣ ɜɢɞɚ: 

y(g) = A ∙ (g + b) ∙ e–a ∙ g
.  (30) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɧɟɟ y(0) = A ∙ b. 

ɇɚ ɪɢɫ. 7 ɢ 8 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ (30), ɤɨɬɨɪɵɟ 
ɢɯ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ St. 

 

 
Ɋɢɫ. 7. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RD20(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 182 ɫɭɬ. 
Fig. 7. Approximation of RD20(g) with function (30) 

for St = 182 days 

 

 
Ɋɢɫ. 8. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RD20(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 365 ɫɭɬ. 
Fig. 8. Approximation of RD20(g) with function (30) 

for St = 365 days 

 

ɉɪɢ St = 182 ɫɭɬ. ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: A = 58 747,94; a = 69,3903; 

b = 0,0270; yRD20(0) = 1 586,19 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚ-
ɱɟɧɢɸ ɧɚ ɪɢɫ. 7); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 
0,9996. ɉɪɢ St = 365 ɫɭɬ.: A = 148 478,85; a 

= 50,7476; b = 0,0243; yRD20(0) = 3 608,04 (ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɧɚ ɪɢɫ. 8); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪ-
ɦɢɧɚɰɢɢ 0,9999. Ʉɚɤ ɜɢɞɢɦ, ɧɚɛɥɸɞɚɟɬɫɹ ɯɨɪɨ-
ɲɚɹ ɬɨɱɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ɨɛɨɢɯ ɫɥɭɱɚɟɜ. 

 
ǓǬǮǴǽǴǸǺǽǾǴ RPD0 ǺǾ g 

ɉɪɨɜɟɞɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ RРD0(g) (17), ɩɨɥɭɱɟɧɧɵɯ 
ɢɦɢɬɚɰɢɨɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ, ɮɭɧɤɰɢɟɣ (30). 

ɇɚ ɪɢɫ. 9 ɢ 10 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ (30), ɤɨ-
ɬɨɪɵɟ ɢɯ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ St. 



ɈɊɂȽɂɇȺɅɖɇȺə ɋɌȺɌɖə 
 

 

2025. № 2 (86). С. 131–144 Сɨɜɪɟɦɟɧɧыɟ ɬɟхɧɨɥɨɝɢɢ. Сɢɫɬɟɦɧыɣ ɚɧɚɥɢɡ. Мɨɞɟɥɢɪɨɜɚɧɢɟ 

140 © Ю.М. Кɪɚɤɨɜɫɤɢɣ, ȼ.ɉ. Кɢɪɝɢɡɛɚɟɜ, 2025 

ɉɪɢ St = 182 ɫɭɬ. ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: A = 105 192,12; a = 68,9911; 

b = 0,0231; yRРD0(0) = 2 429,94 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚ-
ɱɟɧɢɸ ɧɚ ɪɢɫ. 9); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 
0,9995. ɉɪɢ St = 365 ɫɭɬ.: A = 246 767,67; a = 

49,8234; b = 0,0213; yRРD0(0) = 5 256,15 (ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɧɚ ɪɢɫ. 10); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪ-
ɦɢɧɚɰɢɢ 0,9999. Ʉɚɤ ɜɢɞɢɦ, ɧɚɛɥɸɞɚɟɬɫɹ ɯɨɪɨ-
ɲɚɹ ɬɨɱɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ɨɛɨɢɯ ɫɥɭɱɚɟɜ. 

 

 
Ɋɢɫ. 9. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RPD0(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 182 ɫɭɬ. 
Fig. 9. Approximation of RPD0(g) with function (30) 

for St = 182 days 

 

 
Ɋɢɫ. 10. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RPD0(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 365 ɫɭɬ. 
Fig. 10. Approximation of RPD0(g) with function (30) 

for St = 365 days 

 
ǓǬǮǴǽǴǸǺǽǾǴ RD20 Ǵ RPD0 ǺǾ g 
ǻǼǴ ǺǭǹǿǷǱǹǴǴ ǻǺ ǮǬǼǴǬǹǾǿ A 

ɉɪɨɜɟɞɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ RD20(g) (15) ɢ RРD0(g) (17), 

ɩɨɥɭɱɟɧɧɵɯ ɢɦɢɬɚɰɢɨɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ, 

ɮɭɧɤɰɢɟɣ (30) ɞɥɹ ɜɚɪɢɚɧɬɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
F1 ɩɪɢ ɨɛɧɭɥɟɧɢɢ ɩɨ ɜɚɪɢɚɧɬɭ A. 

ɇɚ ɪɢɫ. 11–14 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ (30), ɤɨ-
ɬɨɪɵɟ ɢɯ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ St. 

Ⱦɥɹ RD20(g) ɩɪɢ St = 182 ɫɭɬ. ɩɨɥɭɱɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: A = 251 185,67; 

a = 73,2431; b = 0,0062; yRD20(0) = 1 547,55 (ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɧɚ ɪɢɫ. 11); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟ-
ɬɟɪɦɢɧɚɰɢɢ 0,9995. ɉɪɢ St = 365 ɫɭɬ.: A = 

390 551,78; a = 50,7908; b = 0,0060; yRD20(0) = 

2 339,97 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɧɚ ɪɢɫ. 12); ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 0,9988. 
 

 
Ɋɢɫ. 11. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RD20(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 182 ɫɭɬ. (ɩɨ ɜɚɪɢɚɧɬɭ Ⱥ) 

Fig. 11. Approximation of RD20(g) with function (30) 

for St = 182 days (according to possibility A) 

 

 
Ɋɢɫ. 12. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RD20(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 365 ɫɭɬ. (ɩɨ ɜɚɪɢɚɧɬɭ Ⱥ) 

Fig. 12. Approximation of RD20(g) with function (30) 

for St = 365 days (according to possibility A) 

 

 
Ɋɢɫ. 13. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RРD0(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 182 ɫɭɬ. 

Fig. 13. Approximation of RРD0(g) with function (30) 

for St = 182 days 

 

 
Ɋɢɫ. 14. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ RРD0(g) ɮɭɧɤɰɢɟɣ (30) 

ɞɥɹ St = 365 ɫɭɬ. 

Fig. 14. Approximation of RРD0(g) with function (30) 

for St = 365 days 
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Ⱦɥɹ RРD0(g) ɩɪɢ St = 182 ɫɭɬ. ɩɨɥɭɱɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: A = 

364 503,36; a = 68,5914; b = 0,0058; yRPD0(0) = 

2 131,11 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɧɚ ɪɢɫ. 13); 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 0,9931. ɉɪɢ St = 

365 ɫɭɬ.: A = 553 670,01; a = 47,4413; b = 0,0054; 

yRPD0(0) = 2 970,95 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɧɚ 
ɪɢɫ. 14); ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ 0,9985. 
Ʉɚɤ ɜɢɞɢɦ, ɧɚɛɥɸɞɚɟɬɫɹ ɯɨɪɨɲɚɹ ɬɨɱɧɨɫɬɶ ɚɩ-
ɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ ɜɫɟɯ ɱɟɬɵɪɟɯ ɫɥɭɱɚɟɜ. 

ɂɡ ɪɢɫ. 11–14 ɜɢɞɧɨ, ɱɬɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɨɛɧɭɥɟɧɢɹ ɩɨ ɜɚɪɢɚɧɬɭ B ɞɥɹ ɞɜɭɯɮɚɤɬɨɪɧɵɯ 
ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ, ɩɪɢ ɨɛɧɭɥɟɧɢɢ ɩɨ ɜɚɪɢɚɧ-
ɬɭ A ɧɚɛɥɸɞɚɟɬɫɹ ɷɤɫɬɪɟɦɭɦ (ɦɚɤɫɢɦɭɦ), ɞɥɹ 
ɮɭɧɤɰɢɢ (30) ɟɟ ɷɤɫɬɪɟɦɭɦ ɧɚɯɨɞɢɬɫɹ ɜ ɬɨɱɤɟ: 

g0 = 1/a – b.  (31) 

Ⱦɥɹ RD20(g) ɩɪɢ St = 182 ɫɭɬ. g0 = 0,0075; 

ɩɪɢ St = 365 ɫɭɬ. g0 = 0,0137; ɞɥɹ RPD0(g) ɩɪɢ 

St = 182 ɫɭɬ. g0 = 0,0087; ɩɪɢ St = 365 ɫɭɬ. 
g0 = 0,0157. ȼɫɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɪɚɮɢ-
ɤɚɦ ɮɭɧɤɰɢɢ ɧɚ ɪɢɫ. 11–14. 

ȼ ɬɚɛɥ. 4 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ ɬɨɱɟɱɧɵɯ ɨɰɟɧɨɤ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɩɪɢ St = 365 ɫɭɬ. ɜ ɨɛɥɚɫɬɢ ɦɚɤɫɢɦɭɦɚ 
ɞɜɭɯɮɚɤɬɨɪɧɵɯ ɪɢɫɤɨɜ. 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥ. 4 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 
ɱɬɨ «ɩɟɪɟɝɢɛ» (ɧɚɥɢɱɢɟ ɦɚɤɫɢɦɭɦɚ) ɭ ɞɜɭɯɮɚɤ-
ɬɨɪɧɵɯ ɪɢɫɤɨɜ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ 
ɭɦɟɧɶɲɟɧɢɹ ɡɧɚɱɟɧɢɣ R̃(g) ɢ ɫɤɨɪɨɫɬɶ ɭɜɟɥɢɱɟ-
ɧɢɹ ɡɧɚɱɟɧɢɣ RD0(g) ɞɨ ɷɤɫɬɪɟɦɭɦɚ ɢ ɩɨɫɥɟ ɧɟɝɨ 
ɪɚɡɧɵɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɬɨɱɟɱɧɵɟ ɨɰɟɧɤɢ (15) ɢ 
(17) ɫɧɚɱɚɥɚ ɜɨɡɪɚɫɬɚɸɬ, ɚ ɡɚɬɟɦ ɭɛɵɜɚɸɬ. 

ɍɱɢɬɵɜɚɹ ɮɨɪɦɭɥɭ (17), ɜɟɥɢɱɢɧɚ 
RPD0(g) – ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɥɢɱɢɧ R̃(g) ɢ RD0(g), 

ɤɨɬɨɪɨɟ ɪɚɜɧɨ ɫɭɦɦɟ ɜɟɥɢɱɢɧ (9), ɞɟɥɟɧɧɨɣ ɧɚ 
n0. ȼɟɥɢɱɢɧɚ (15) – ɷɬɨ ɫɭɦɦɚ ɜɡɜɟɲɟɧɧɵɯ ɜɟ-
ɥɢɱɢɧ (9), ɩɨɷɬɨɦɭ ɨɧɚ ɦɟɧɶɲɟ RPD0(g) ɧɚ ɩɪɚ-
ɜɭɸ ɱɚɫɬɶ ɜ (25). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɬɨɱɤɚ ɷɤɫɬɪɟ-
ɦɭɦɚ (31) ɞɥɹ ɜɟɥɢɱɢɧɵ (15) ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ 
(17): ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 0,0137 ɢ 0,0157. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɷɬɨ ɞɨɫɬɚɬɨɱɧɨ ɧɟɛɨɥɶɲɢɟ 
ɡɧɚɱɟɧɢɹ, ɨɧɢ ɦɟɧɶɲɟ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɡɧɚɱɟ-
ɧɢɣ (28). ɉɪɢ St < 365 ɫɭɬ. ɷɬɢ ɡɧɚɱɟɧɢɹ ɟɳɟ 
ɦɟɧɶɲɟ. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ 

ɷɤɫɬɪɟɦɭɦɵ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬ-
ɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɦ ɮɭɧɤɰɢ-
ɹɦ ɧɟɦɧɨɝɨ ɨɬɥɢɱɚɸɬɫɹ. 
 
ǓǬǶǷȊȃǱǹǴǱ 

1. Ɋɚɡɜɢɜɚɹ ɩɪɟɞɵɞɭɳɢɟ ɫɜɨɢ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ [16–18], ɚɜɬɨɪɵ ɭɬɨɱɧɢɥɢ ɜɚɠɧɨɟ ɫɜɨɣɫɬɜɨ 
ɞɟɧɟɠɧɨɝɨ ɮɨɧɞɚ ɢ ɟɝɨ ɮɭɧɤɰɢɣ, ɚ ɢɦɟɧɧɨ: ɩɨ-
ɧɹɬɢɟ ɜɪɟɦɟɧɢ ɟɝɨ ɨɛɧɭɥɟɧɢɹ. Ɉɩɢɫɚɧɵ ɞɜɚ ɜɚ-
ɪɢɚɧɬɚ ɬɟɯɧɨɥɨɝɢɢ ɨɛɧɭɥɟɧɢɹ (Ⱥ ɢ ȼ). 

2. ȼ ɤɚɱɟɫɬɜɟ ɪɢɫɤɨɜ ɩɪɟɞɥɨɠɟɧɵ: ɨɞɧɨ-
ɮɚɤɬɨɪɧɵɣ ɪɢɫɤ ɜ ɜɢɞɟ ɜɟɪɨɹɬɧɨɫɬɢ ɨɛɧɭɥɟɧɢɹ 
ɮɨɧɞɚ; ɨɞɧɨɮɚɤɬɨɪɧɵɣ ɮɢɧɚɧɫɨɜɵɣ ɪɢɫɤ ɜ ɜɢ-
ɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢ-
ɱɢɧ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɧɭɥɟɧɢɟɦ; ɞɜɚ ɜɢɞɚ ɞɜɭɯ-
ɮɚɤɬɨɪɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ, ɬɚɤɠɟ ɫɜɹɡɚɧ-
ɧɵɯ ɫ ɨɛɧɭɥɟɧɢɟɦ ɮɨɧɞɚ. ɉɪɨɜɟɞɟɧ ɢɯ ɫɪɚɜɧɢ-
ɬɟɥɶɧɵɣ ɚɧɚɥɢɡ. 

3. Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɨɞɧɨɮɚɤɬɨɪɧɵɟ ɮɢɧɚɧ-
ɫɨɜɵɟ ɪɢɫɤɢ ɜ ɜɢɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ 
ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɢɬɨɝɨ-
ɜɵɟ ɪɚɫɯɨɞɵ ɮɨɧɞɚ (ɪɢɫɤ ɩɨ ɪɚɫɯɨɞɚɦ) ɢ ɢɬɨɝɨ-
ɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɨɧɞ (ɪɢɫɤ ɩɨ ɞɨɯɨɞɚɦ), 
ɞɭɛɥɢɪɭɸɬ ɞɪɭɝ ɞɪɭɝɚ. Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɨɞɢɧ ɢɡ ɧɢɯ, ɚ ɢɦɟɧɧɨ – ɪɢɫɤ ɩɨ ɪɚɫɯɨ-
ɞɚɦ. ɗɬɚ ɪɟɤɨɦɟɧɞɚɰɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɟɢɦ ɬɟɯ-
ɧɨɥɨɝɢɹɦ ɨɛɧɭɥɟɧɢɹ. 

4. Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɟ ɞɜɚ ɜɢɞɚ 
ɞɜɭɯɮɚɤɬɨɪɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɨɜ (12) ɢ (16) 
ɬɚɤɠɟ ɞɭɛɥɢɪɭɸɬ ɞɪɭɝ ɞɪɭɝɚ. Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɨɞɢɧ ɢɡ ɧɢɯ, ɚ ɢɦɟɧɧɨ ɪɢɫɤ (12) (ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɟɪɨɹɬɧɨ-
ɫɬɢ ɨɛɧɭɥɟɧɢɹ ɮɨɧɞɚ ɧɚ ɫɥɭɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɢɬɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɮɨɧɞɚ). 

5. ɉɪɨɜɟɞɟɧɚ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɬɨɱɟɱɧɵɯ 
ɨɰɟɧɨɤ ɩɪɟɞɥɨɠɟɧɧɵɯ ɪɢɫɤɨɜ ɪɚɡɥɢɱɧɵɦɢ ɮɭɧɤ-
ɰɢɹɦɢ – (26), (29) ɢ (30) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚ g. Ɂɚɞɚɜ ɭɪɨɜɟɧɶ ɜɟɪɨɹɬɧɨɫɬɢ rm, ɦɨɠɧɨ 
ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ (26) ɨɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ (28). 
Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨ-
ɜɚɧɢɹ ȾɟɧɎ ɫɨɜɫɟɦ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɛɨɥɶɲɨɟ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
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Ɍɚɛɥɢцɚ 4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ RD20(g) ɢ RPD0(g) 

ɜɨɡɥɟ ɷɤɫɬɪɟɦɭɦɨɜ ɩɪɢ St = 365 ɫɭɬ. 
Table 4. Experimental values of the efficiency indicators near the extrema of RD20(g) and RPD0(g) at St = 365 days 

g 0,005 0,010 0,013 0,015 0,020 0,025 

R̃(g) 0,7750 0,6654 0,6088 0,5709 0,4886 0,4148 

RD0(g) 5 870,49 7 960,38 9 057,55 9 660,32 11 140,74 12 387,21 

RD20(g) 3 374,59 3 776,73 3 854,18 3 810,48 3 661,86 3 386,73 

RPD0(g) 4 549,51 5 297,08 5 514,15 5 515,27 5 443,03 5 138,71 
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6. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɬɨɱɟɱɧɵɯ 
ɨɰɟɧɨɤ ɪɢɫɤɨɜ (12) ɢ (16) ɮɭɧɤɰɢɟɣ (30) ɩɪɢ 
ɨɛɧɭɥɟɧɢɢ ɮɨɧɞɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ Ⱥ ɧɚɛɥɸɞɚɟɬɫɹ 
ɷɤɫɬɪɟɦɭɦ, ɚɪɝɭɦɟɧɬ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɩɪɟɞɟ-
ɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (31). ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 

ɬɨɱɟɱɧɵɟ ɨɰɟɧɤɢ (15) ɢ (17) ɫɧɚɱɚɥɚ ɜɨɡɪɚɫɬɚ-
ɸɬ, ɚ ɡɚɬɟɦ ɭɛɵɜɚɸɬ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯ-
ɧɨɥɨɝɢɢ ȼ ɷɬɨɬ ɷɮɮɟɤɬ ɨɬɫɭɬɫɬɜɭɟɬ (ɮɭɧɤɰɢɢ 
ɦɨɧɨɬɨɧɧɨ ɭɛɵɜɚɸɬ). 
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