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ɇȿɑȿɌɄȺə ɋɂɋɌȿɆȺ ɉɊȿȾɍɉɊȿɀȾȿɇɂə 
ɈȻ ɈɉȺɋɇɈɆ ɋȻɅɂɀȿɇɂɂ ɆɈɊɋɄɂɏ ɋɍȾɈȼ

FUГГВ LOGIC DECISION-MAKING SВSTEM 
FOR SHIPS COLLISION AVOIDANCE

ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɩɪɨɛɥɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɤɨɥɥɟɤɬɢɜɧɵɦ ɞɜɢɠɟɧɢɟɦ ɦɨɪɫɤɢɯ ɫɭɞɨɜ. ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚ-

ɬɪɢɜɚɟɬɫɹ ɦɨɞɟɥɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɜɭɯ ɫɭɞɨɜ ɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɜɵɪɚɛɨɬɤɢ ɬɪɟɜɨɠɧɵɯ 
ɫɢɝɧɚɥɨɜ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɟɪɛɚɥɶɧɵɦ ɭɪɨɜɧɟɦ ɨɩɚɫɧɨɫɬɢ «ɫɭɞɧɨ-ɫɭɞɧɨ». ȼ ɨɫɧɨɜɭ ɪɚɡ-
ɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɬɭɚɰɢɣ ɩɨ ɭɪɨɜɧɹɦ ɨɩɚɫɧɨɫɬɢ ɩɨɥɨɠɟɧɵ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɫɭɞɨɜ 
ɢ ɜɪɟɦɹ, ɨɫɬɚɜɲɟɟɫɹ ɞɨ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɫɛɥɢɠɟɧɢɹ. ɉɪɟɞɥɨɠɟɧɚ ɧɟɱɟɬɤɚɹ ɫɢɫɬɟɦɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨɛ 
ɭɪɨɜɧɟ ɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɫɨɱɟɬɚɸɳɚɹ ɜ ɫɟɛɟ ɫɢɫɬɟɦɵ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɋɭɝɟɧɨ ɢ Ɇɚɦɞɚɧɢ. ɉɪɢɜɟɞɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɟɝɨ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ ɜ ɬɢɩɢɱɧɵɯ ɫɢɬɭɚɰɢɹɯ 
ɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɞɜɢɠɟɧɢɢ ɫɭɞɨɜ ɜ ɚɤɜɚɬɨɪɢɢ, ɩɪɢɥɟɝɚɸɳɟɣ 
ɤ ɩɨɪɬɭ ȼɥɚɞɢɜɨɫɬɨɤ.

The problem of marine vessel traffi c control is discussed in this paper. Two ships relative motion model is 

watched and algorithm of alarm generation is offered. Authors are justifying need separate ships by alarm level in 

case high intensity of traffi c. Ships alarm level estimation based on ship maneuver detector and time to collision. 

The decision-making system of alarm level based on fuzzy logic system (ANFIS) is offered. It is possible to learn 

of fuzzy logic system by expert and by training sample for learning. Numerical results are demonstrating decision-

making system effectiveness for typical vessel traffi c and for traffi c of Vladivostok port. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɟɦ ɫɭɞɨɜ, ɨɩɚɫɧɨɟ ɫɛɥɢɠɟɧɢɟ, ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ, ɦɚɧɟɜɪɢ-

ɪɨɜɚɧɢɟ ɫɭɞɧɚ, ɧɟɱɟɬɤɚɹ ɫɢɫɬɟɦɚ.
Key words: vessel traffi c control, collision avoidance, trace, ship maneuver, fuzzy logic system, ANFIS.
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ɉɊȺȼɅȿɇɂȿ ɤɨɥɥɟɤɬɢɜɧɵɦ ɞɜɢɠɟɧɢɟɦ ɫɭɞɨɜ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɟɦɤɨɣ ɧɚɭɱ-
ɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ, ɢɡɭɱɟɧɢɟ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɞɟɥɶɧɭɸ ɫɚɦɨɫɬɨɹ-
ɬɟɥɶɧɭɸ ɱɚɫɬɶ ɧɚɭɤɢ ɨɛ ɭɩɪɚɜɥɟɧɢɢ Д1Ж. ɇɚ ɩɪɚɤɬɢɤɟ ɬɚɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɪɟɚɥɢɡɭɟɬɫɹ 

ɛɟɪɟɝɨɜɵɦɢ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɫɭɞɨɜ (ɋɍȾɋ) — ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɩɪɟɞ-
ɩɪɢɹɬɢɹɦɢ, ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɨɩɚɫɧɵɯ ɫɢɬɭɚɰɢɣ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɧɟɞɨɩɭɳɟɧɢɟ ɨɩɚɫɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ɫɭɞɨɜ. ɂɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɚɡɨɣ ɫɨɜɪɟɦɟɧɧɵɯ ɋɍȾɋ ɹɜ-
ɥɹɸɬɫɹ ɞɜɭɯɤɨɨɪɞɢɧɚɬɧɵɟ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɵɟ ɫɬɚɧɰɢɢ (ɊɅɋ) ɤɪɭɝɨɜɨɝɨ ɨɛɡɨɪɚ, ɞɨɩɨɥɧɹɟɦɵɟ 
ɫɪɟɞɫɬɜɚɦɢ ɫɩɭɬɧɢɤɨɜɨɣ ɧɚɜɢɝɚɰɢɢ — ɬɪɚɧɫɩɨɧɞɟɪɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɨɣ 
ɫɢɫɬɟɦɵ (Ⱥɂɋ) Д2Ж.

Ɇɟɬɨɞɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɩɚɫɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ɫɭɞɨɜ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɩɚ-
ɪɚɦɟɬɪɨɜ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɚɠɞɨɝɨ ɫɭɞɧɚ (ɤɨɨɪɞɢɧɚɬ, ɫɤɨɪɨɫɬɟɣ ɢ ɬ.ɞ.) ɢ ɢɯ ɷɤɫɬɪɚɩɨɥɹɰɢɹ. 
ȿɫɥɢ ɫɭɞɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɤɚɤ ɨɩɚɫɧɨ ɫɛɥɢɠɚɸɳɢɟɫɹ, ɬɨ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɝɟɧɟ-
ɪɢɪɭɟɬ ɬɪɟɜɨɠɧɵɣ ɫɢɝɧɚɥ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɢɯ ɬɪɚɟɤɬɨɪɢɢ.

ɍɩɪɚɜɥɟɧɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɛɟɡɨɩɚɫɧɨɟ ɞɜɢɠɟɧɢɟ, ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɮɚɤɬɨ-
ɪɨɜ, ɚ ɢɦɟɧɧɨμ ɫɤɨɪɨɫɬɢ ɫɭɞɨɜ, ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ, ɢɯ ɪɚɡɦɟɪɨɜ, ɦɚɧɟɜɪɟɧɧɨɫɬɢ, ɯɚɪɚɤɬɟ-
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ɪɢɫɬɢɤ ɬɪɚɟɤɬɨɪɢɢ ɢ ɞɪ. ɉɪɢ ɷɬɨɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ ɜɫɟɝɞɚ ɧɟɫɟɬ ɜ ɫɟɛɟ ɷɥɟ-
ɦɟɧɬ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɱɬɨ ɬɪɟɛɭɟɬ ɮɨɪɦɚɥɢɡɚɰɢɢ ɜɟɪɛɚɥɶɧɨɝɨ ɩɨɧɹɬɢɹ  «ɨɩɚɫɧɚɹ ɫɢɬɭɚɰɢɹ» 
ɫ ɜɵɞɟɥɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɨɩɚɫɧɨɫɬɢ ɬɢɩɚ «ɨɱɟɧɶ ɨɩɚɫɧɵɣ», «ɨɩɚɫɧɵɣ», «ɛɟɡɨɩɚɫɧɵɣ» 
ɢ ɬ.ɞ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɞɨɜɨɞɢɬɟɥɸ ɢ ɨɩɟɪɚɬɨɪɭ ɛɟɪɟɝɨɜɨɣ ɋɍȾɋ 
ɭɩɨɪɹɞɨɱɢɬɶ ɫɜɨɢ ɞɟɣɫɬɜɢɹμ ɩɪɢɧɢɦɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɪɟɲɟɧɢɣ ɜ ɫɢɬɭɚɰɢɹɯ ɫ ɪɚɡɥɢɱɧɵɦ 
ɭɪɨɜɧɟɦ ɨɩɚɫɧɨɫɬɢ ɢ, ɬɟɦ ɫɚɦɵɦ, ɩɨɧɢɡɢɬɶ ɫɬɟɩɟɧɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɪɢ ɩɪɢɧɹɬɢɢ ɤɨɧɤɪɟɬ-
ɧɨɝɨ ɪɟɲɟɧɢɹ. 

ȼ ɪɚɛɨɬɟ Д3Ж ɚɜɬɨɪɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɬɪɟɯɭɪɨɜɧɟɜɚɹ ɫɢɫɬɟɦɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨɛ ɨɩɚɫ-
ɧɨɦ ɫɛɥɢɠɟɧɢɢ ɫɭɞɨɜ, ɜ ɤɨɬɨɪɨɣ ɩɪɢɡɧɚɤɨɦ, ɨɤɚɡɵɜɚɸɳɢɦ ɜɥɢɹɧɢɟ ɧɚ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ ɨɛ ɭɪɨɜ-
ɧɟ ɨɩɚɫɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ (ɦɚɧɟɜɪɢɪɭɸɳɢɟ ɫɭɞɚ ɫɱɢɬɚɸɬɫɹ ɦɟɧɟɟ ɨɩɚɫɧɵ-
ɦɢ, ɱɟɦ ɞɜɢɠɭɳɢɟɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨ ɢ ɪɚɜɧɨɦɟɪɧɨ). ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɹɜɥɹɟɬɫɹ ɞɢɫɤɪɟɬɧɨɫɬɶ ɜɟɥɢɱɢɧɵ, ɨɩɢɫɵɜɚɸɳɟɣ ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɟɟ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɩɪɢ ɜɵɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ (ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɭɞɨɜ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨ ɢɦɟɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ). 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɛ ɨɩɚɫɧɨɦ ɫɛɥɢ-
ɠɟɧɢɢ ɫɭɞɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɩɚɫɧɵɯ ɫɢɬɭɚɰɢɣ, ɢ ɜɵɩɨɥɧɹɸɳɟɣ ɨɰɟɧɤɭ ɭɪɨɜɧɹ 
ɨɩɚɫɧɨɫɬɢ ɧɟɩɪɟɪɵɜɧɨɣ ɜɟɥɢɱɢɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɞɟɣ ɫɢɫɬɟɦ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ.

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ ɩɪɢɛɟɝɧɟɦ ɤ ɬɪɚɞɢɰɢ-
ɨɧɧɵɦ ɩɪɢɛɥɢɠɟɧɢɹɦ. ȼɨ-ɩɟɪɜɵɯ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɛɭɞɟɦ ɢɧɬɟɪɩɪɟɬɢɪɨ-
ɜɚɬɶ ɦɨɞɟɥɶɸ ɛɟɡɨɩɚɫɧɨɫɬɢ «ɫɭɞɧɨ – ɫɭɞɧɨ» ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ɫɭɞɨɜ. ȼɨ-ɜɬɨɪɵɯ, ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ 
ɤɨɧɬɪɨɥɢɪɭɟɦɚɹ ɋɍȾɋ ɚɤɜɚɬɨɪɢɹ ɨɝɪɚɧɢɱɟɧɚ ɪɚɡɦɟɪɚɦɢ ɩɨɪɹɞɤɚ 20–30 ɤɦ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɭɞɟɦ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɦɟɫɬɧɨɣ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɢɡ-
ɜɟɫɬɧɵɯ ɚɥɝɨɪɢɬɦɚɯ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɫɬɨɥɤɧɨɜɟɧɢɣ ɫɭɞɨɜ. ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɚɡɵ 
ɋɍȾɋ ɢɫɩɨɥɶɡɭɟɬɫɹ GPS/ȽɅɈɇȺɋɋ, ɬɨ ɢɡɦɟɪɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɤɚɠɞɨɝɨ ɫɭɞɧɚ ɜɤɥɸɱɚɟɬ ɟɝɨ ɤɨɨɪ-
ɞɢɧɚɬɵ, ɫɤɨɪɨɫɬɶ ɢ ɤɭɪɫ Д2Ж.

ɉɭɫɬɶ oxy — ɩɪɚɜɚɹ ɨɪɬɨɝɨɧɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɫ ɨɫɶɸ y, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɫɟɜɟɪ, 
ɢ ɨɫɶɸ x, ɧɚɩɪɚɜɥɟɧɧɨɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ȼɨɫɬɨɤ. Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɫɭɞɧɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ x(1), 
y(1) ɢ x(2), y(2), ɫɤɨɪɨɫɬɹɦɢ v(1) ɢ v(2) ɢ ɤɭɪɫɚɦɢ k(1) ɢ k(2). Ȼɭɞɟɦ ɨɩɢɫɵɜɚɬɶ ɢɯ ɤɨɥɥɟɤɬɢɜɧɨɟ ɞɜɢɠɟ-
ɧɢɟ ɧɚɛɨɪɨɦ ɜɟɥɢɱɢɧ (r

x
, r

y
, v

x
, v

y
)T — ɜɟɤɬɨɪɨɦ ɫɨɫɬɨɹɧɢɹ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɜɭɯ ɫɭ-

ɞɨɜ, ɝɞɟ r
x
 = x(2) – x(1), r

y
 = y(2) – y(1) — ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɭɞɨɜ Ы, 

v
x
 = v(1) ЬТЧ(k(1)) – v(2) ЬТЧ(k(2)), v

y
 = v(1) МШЬ(k(1)) – v(2) МШЬ(k(2)) — ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ Я (ɪɢɫ. 1).
ɉɪɢɦɟɦ ɫɥɟɞɭɸɳɢɟ ɦɨɞɟɥɶɧɵɟ ɩɪɟɞ-

ɫɬɚɜɥɟɧɢɹ ɨɛ ɷɜɨɥɸɰɢɢ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ 
ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹμ

         (1)

Ɂɞɟɫɶ Ĳ = t
i+1 – t

i
 — ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɫɨ-

ɫɟɞɧɢɦɢ ɦɨɦɟɧɬɚɦɢ ɜɪɟɦɟɧɢ, ɜ ɬɟɱɟɧɢɟ ɤɨ-
ɬɨɪɵɯ ɩɪɨɯɨɞɹɬ ɢɡɦɟɪɟɧɢɹν q

rx
(t

i
), q

ry
(t

i
), q

vx
(t

i
), 

q
vy

(t
i
) — ɫɥɭɱɚɣɧɵɟ ɧɟ ɦɨɞɟɥɢɪɭɟɦɵɟ ɩɚɪɚɦɟ-

ɬɪɵ ɞɜɢɠɟɧɢɹ. 
ɉɪɢɧɹɬɚɹ ɦɨɞɟɥɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢ-

ɠɟɧɢɹ ɫɭɞɨɜ (1) ɹɜɥɹɟɬɫɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ. Ɍɚɤɢɟ ɦɨɞɟɥɢ ɬɢɩɢɱɧɵ ɜ ɡɚɞɚɱɚɯ ɧɚɛɥɸɞɟɧɢɹ ɞɜɢɠɭ-
ɳɢɯɫɹ ɨɛɴɟɤɬɨɜ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɢɥɚɯ ɢ ɦɨɦɟɧɬɚɯ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɯ ɞɜɢɠɟɧɢɟ. 

ɂɦɟɟɦ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɢɡɦɟɪɟɧɢɣμ

Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɩɚɪɵ «ɫɭɞɧɨ – ɫɭɞɧɨ»
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                                                          (2)

Ɂɞɟɫɶ z
rx

(t
i
), z

ry
(t

i
) — ɢɡɦɟɪɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟ-

ɧɢɹ ɫɭɞɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t
i
ν z

vx
(t

i
), z

vy
(t

i
) — ɢɡɦɟɪɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɟɤɰɢɣ 

ɜɟɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t
i
ν p

rx
(t

i
), p

ry
(t

i
), 

p
vx

(t
i
), p

vy
(t

i
) — ɫɥɭɱɚɣɧɵɟ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɨɲɢɛɤɢ ɢɡɦɟɪɟɧɢɣν N — ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ. 

Ɋɟɲɟɧɢɟɦ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ (1) ɢ (2) ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢ-
ɠɟɧɢɹ ɞɜɭɯ ɫɭɞɨɜ ŝ = (r˰

x
, r˰

y
, v˰

x
, v˰

y
)T ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t

i
. 

ɋɨɜɨɤɭɩɧɨɫɬɶ ɜɟɥɢɱɢɧ r
x
, r

y
, v

x
, v

y
 ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɨɦ ɞɜɢɠɟɧɢɢ ɞɜɭɯ 

ɫɭɞɨɜ ɜ ɫɥɭɱɚɟ ɜɵɩɨɥɧɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɧɟɮɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣμ
– ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ Я ɛɥɢɡɤɨ ɤ ɧɚɩɪɚɜɥɟɧɢɸ 

ɜɟɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɭɞɨɜ Ыν
– ɜɪɟɦɹ, ɨɫɬɚɜɲɟɟɫɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ɫɭɞɨɜ, ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ.
Ɏɨɪɦɚɥɢɡɚɰɢɹ ɷɬɢɯ ɭɫɥɨɜɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɤɪɟɬɧɨɣ ɬɪɚɤɬɨɜɤɨɣ ɩɨɧɹɬɢɹ «ɨɩɚɫɧɚɹ ɫɢɬɭɚ-

ɰɢɹ». 
Ɉɩɵɬ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɫɭɞɨɜɨɠɞɟɧɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɛɟɡɨɩɚɫɧɨɝɨ ɩɥɚɜɚɧɢɹ ɢɦɟɟɬ ɫɨɛɥɸɞɟɧɢɟ ɧɟɤɨɣ «ɡɨɧɵ ɛɟɡɨɩɚɫɧɨɫɬɢ» ɜɨɤɪɭɝ ɫɭɞɧɚ, ɧɚɡɵɜɚɟɦɨɣ 
ɬɚɤɠɟ ɤɨɪɚɛɟɥɶɧɵɦ ɞɨɦɟɧɨɦ Д1Ж, ДζЖ, ɜ ɤɨɬɨɪɭɸ ɞɪɭɝɢɟ ɫɭɞɚ ɧɟ ɞɨɩɭɫɤɚɸɬ ɜɬɨɪɠɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɣ 
ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɪɚɛɟɥɶɧɵɣ ɞɨɦɟɧ ɫɬɚɬɢɱɟɫɤɨɝɨ ɬɢɩɚ, ɠɟɫɬɤɨ ɩɪɢɜɹɡɚɧɧɵɣ ɤ ɫɭɞɧɭ ɫ 
ɧɨɦɟɪɨɦ n ɢ ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɵɣ ɨɤɪɭɠɧɨɫɬɶɸ ɡɚɞɚɧɧɨɝɨ ɪɚɞɢɭɫɚ R

n
.

ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ (ɫɦ. ɪɢɫ. 1)μ

 — ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɭɞɚɦɢν

 — ɫɤɨɪɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜν

 — ɭɝɨɥ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɫɭɞɚɦɢ ɢ ɪɚɡɦɟɪɚɦɢ ɢɯ ɞɨɦɟɧɨɜ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɜ ɛɟɡɨɩɚɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɤɨɪɚɛɟɥɶɧɵɟ ɞɨɦɟɧɵ ɧɟ ɞɨɥɠɧɵ «ɜɬɨɪɝɚɬɶɫɹ» ɜ ɨɛɥɚɫɬɶ 
ɞɪɭɝ ɞɪɭɝɚν

 — ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ Ы ɢ Яν

 — ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɭɞɚɦɢν

 — ɩɪɢɛɥɢɠɟɧɧɨɟ ɜɪɟɦɹ, ɨɫɬɚɜɲɟɟɫɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ɫɭɞɨɜ.

ɉɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɨɟ ɫɛɥɢɠɟɧɢɟ ɞɜɭɯ ɫɭɞɨɜ ɦɨɠɟɬ ɛɵɬɶ ɮɨɪɦɚɥɢɡɨɜɚɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ (ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɜɫɟ ɮɭɧɤɰɢɢ ɞɨɨɩɪɟɞɟɥɟɧɵ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɨɜ ɢ ɢɯ ɪɚɡɧɨɫɬɟɣ)μ

Ș < șν                                                                            (3)

0 < T < T *,                                                                       (ζ)

ɝɞɟ T * — ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ. 
ɍɫɥɨɜɢɟ (3) ɮɨɪɦɚɥɢɡɭɟɬ ɨɩɚɫɧɭɸ ɫɢɬɭɚɰɢɸ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɪɚɜɧɨɦɟɪɧɨɦ ɢ ɩɪɹɦɨɥɢɧɟɣ-

ɧɨɦ ɞɜɢɠɟɧɢɢ ɫɭɞɨɜν ɭɫɥɨɜɢɟ (ζ) ɨɬɛɢɪɚɟɬ ɢɡ ɨɛɳɟɝɨ ɦɚɫɫɢɜɚ ɥɢɲɶ ɬɟ ɫɭɞɚ, ɜɪɟɦɹ ɞɨ ɫɛɥɢɠɟɧɢɹ 
ɤɨɬɨɪɵɯ ɦɟɧɶɲɟ ɩɨɪɨɝɨɜɨɝɨ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɦɚɧɟɜɪɢɪɭɸɳɢɯ ɫɭɞɨɜ, ɬɨ ɨɩɵɬ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɫɭɞɨɜɨɠɞɟɧɢɹ ɩɨɤɚɡɵɜɚ-
ɟɬ, ɱɬɨ ɩɪɢ ɜɧɟɲɧɟɦ ɧɚɛɥɸɞɟɧɢɢ ɦɚɧɟɜɪɢɪɭɸɳɢɟ ɢ ɧɟ ɦɚɧɟɜɪɢɪɭɸɳɢɟ ɫɭɞɚ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
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ɤɨɥɥɟɤɬɢɜɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɯ ɞɜɢɠɟɧɢɹ, ɢɦɟɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɪɚɡɥɢɱɢɹ. ȼɨ-ɩɟɪɜɵɯ, ɩɪɢ 
ɜɧɟɲɧɟɦ ɧɚɛɥɸɞɟɧɢɢ ɞɨɫɬɨɜɟɪɧɵɣ ɩɪɨɝɧɨɡ ɬɪɚɟɤɬɨɪɢɢ ɦɚɧɟɜɪɢɪɭɸɳɟɝɨ ɨɛɴɟɤɬɚ ɧɟɜɨɡɦɨɠɟɧ 
ДηЖ. ȼɨ-ɜɬɨɪɵɯ, ɧɚ ɩɪɚɤɬɢɤɟ ɦɚɧɟɜɪɢɪɨɜɚɧɢɟ ɫɭɞɧɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɩɵɬɤɟ 
ɫɭɞɨɜɨɞɢɬɟɥɹ ɩɪɢɞɚɬɶ ɞɜɢɠɟɧɢɸ ɛɟɡɨɩɚɫɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɨ ɟɝɨ ɤɨɧɬɪɨɥɟ ɧɚɞ ɫɢɬɭɚɰɢɟɣ. ɉɨ-
ɷɬɨɦɭ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɧɟɲɧɟɝɨ ɧɚɛɥɸɞɟɧɢɹ ɞɥɹ ɦɚɧɟɜɪɢɪɭɸɳɟɝɨ ɨɛɴɟɤɬɚ ɜɟɪɛɚɥɶɧɵɣ ɭɪɨ-
ɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɡɚɜɟɞɨɦɨ ɧɢɠɟ, ɱɟɦ ɞɥɹ ɧɟ ɦɚɧɟɜɪɢɪɭɸɳɟɝɨ. ɗɬɚ ɨɫɨɛɟɧɧɨɫɬɶ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ 
ɩɨɛɭɞɢɬɟɥɶɧɵɦ ɦɨɬɢɜɨɦ ɨɰɟɧɤɢ ɧɟ ɬɨɥɶɤɨ ɧɚɛɨɪɚ ɜɟɥɢɱɢɧ r

x
, r

y
, v

x
, v

y
 ɢ ɭɫɥɨɜɢɣ (3), (ζ), ɧɨ ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ (ɩɪɹɦɨɥɢɧɟɣɧɨɟ ɢ ɪɚɜɧɨɦɟɪɧɨɟ ɢɥɢ 
ɦɚɧɟɜɪɟɧɧɨɟ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɧɚɯɨɠɞɟɧɢɹ ɩɨ ɢɡɦɟɪɟɧɢɹɦ ɤɨɨɪɞɢɧɚɬ, 
ɫɤɨɪɨɫɬɟɣ ɢ ɤɭɪɫɚ ɤɚɠɞɨɝɨ ɫɭɞɧɚ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɜɭɯ ɫɭɞɨɜ (r

x
, r

y
, 

v
x
, v

y
 )T, ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ ɢ ɮɨɪɦɭɥɢɪɨɜɤɢ ɜɵɜɨɞɚ ɨ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ 

ɨɩɚɫɧɨɫɬɢ ɫɥɨɠɢɜɲɟɣɫɹ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɬɭɚɰɢɢ.
Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ (1) ɢ (2) ɜ ɨɛɨɛɳɟɧɧɨɦ ɜɢɞɟ «ɫɨɫɬɨɹɧɢɟ – ɢɡɦɟɪɟɧɢɟ»μ

               Ь(t
i+1) = ɎЬ(t

i
) + Ъ(t

i
)ν

г(t
i
) = HЬ(t

i
) + Щ(t

i
).                                                                    (η)

Ɇɨɞɟɥɶ ɨɰɟɧɤɢ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ Ь(t
i
) ɩɨ ɢɡɦɟɪɟɧɢɹɦ г(t

i
) ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭ-

ɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦμ

ŝ(t
i+1) = Ɏŝ(t

i
) + K(г(t

i+1) – HɎŝ(t
i
)).                                                      (θ)

Ɂɞɟɫɶ ŝ(t
i
) — ɨɰɟɧɤɚ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹν Ɏ, ɇ — ɦɚɬɪɢɰɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɭɪɚɜɧɟɧɢɹɦɢ (1) ɢ (2) ɫɨ-

ɨɬɜɟɬɫɬɜɟɧɧɨ,  K — ɦɚɬɪɢɱɧɵɣ ɩɚɪɚɦɟɬɪ. 
ɂɡɜɟɫɬɧɨ ɦɧɨɠɟɫɬɜɨ ɩɨɞɯɨɞɨɜ ɤ ɡɚɞɚɧɢɸ ɦɚɬɪɢɰɵ Ʉ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɵɛɨɪ ɫɞɟɥɚɧ ɜ 

ɩɨɥɶɡɭ ɩɨɩɭɥɹɪɧɨɝɨ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ ɚɥɝɨɪɢɬɦɚ Ʉɚɥɦɚɧɚ ДθЖ. ȼ ɷɬɨɦ ɚɥɝɨɪɢɬɦɟ ɤɨ-
ɷɮɮɢɰɢɟɧɬɵ ɦɚɬɪɢɰɵ Ʉ ɡɚɜɢɫɹɬ ɨɬ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ, ɩɪɨɲɟɞɲɟɝɨ ɫ ɧɚɱɚɥɚ 
ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ (θ). ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɚɬɪɢɰɵ 
Ʉ ɛɭɞɭɬ ɭɦɟɧɶɲɚɬɶɫɹ ɨɬ ɢɬɟɪɚɰɢɢ ɤ ɢɬɟɪɚɰɢɢ. ɗɬɨ ɩɪɢɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ ɢɬɟɪɚɰɢɣ 
ɚɥɝɨɪɢɬɦ (θ) ɛɭɞɟɬ ɭɫɩɟɲɧɨ ɨɰɟɧɢɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɬɪɚɟɤɬɨɪɢɢ ɫɭɞɨɜ, ɞɜɢɠɭɳɢɯɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨ 
ɢ ɪɚɜɧɨɦɟɪɧɨ, ɧɨ ɨɧ ɧɟ ɫɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɬɪɚɟɤɬɨɪɢɢ ɦɚɧɟɜɪɢ-
ɪɭɸɳɢɯ ɫɭɞɨɜ. Ⱦɚɧɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɩɨɡɜɨɥɹɟɬ ɧɚɪɹɞɭ ɫ ɨɰɟɧɤɨɣ ɤɨɨɪɞɢɧɚɬ ɢ ɫɤɨɪɨ-
ɫɬɢ ɞɜɢɠɟɧɢɹ ɫɭɞɧɚ ɨɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪ ɟɝɨ ɞɜɢɠɟɧɢɹ. ɂɞɟɹ ɬɚɤɨɝɨ ɨɩɪɟɞɟɥɢɬɟɥɹ ɦɚɧɟɜɪɚ ɛɵɥɚ 
ɩɪɟɞɥɨɠɟɧɚ ɚɜɬɨɪɚɦɢ ɜ ɪɚɛɨɬɟ Д7Ж. 

ɉɭɫɬɶ ŝ(J)(t
i
) — ɨɰɟɧɤɚ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ Ь(t

i
), ɩɨɥɭɱɟɧɧɚɹ ɢɬɟɪɚɰɢɨɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ (θ) 

ɩɪɢ ɨɛɪɚɛɨɬɤɟ J ɩɨɫɥɟɞɧɢɯ ɢɡɦɟɪɟɧɢɣ. ȿɫɥɢ ɩɪɢ ɷɬɨɦ ɡɚɞɚɱɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɟɲɚɟɬɫɹ ɩɪɢ J, J – 1, 
J – 2, …, ɢ, ɧɚɤɨɧɟɰ, ɬɨɥɶɤɨ ɩɪɢ ɨɞɧɨɦ ɢɡɦɟɪɟɧɢɢ, ɬɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t

i
 ɛɭɞɟɦ ɢɦɟɬɶ ɤɨɪɬɟɠ ɜɟɤ-

ɬɨɪɨɜ ɨɰɟɧɤɢμ 
Ŝ (J)(t

i
) = дŝ(1)(t

i
), ŝ(2)(t

i
), ..., ŝ(J–1)(t

i
), ŝ(J)(t

i
)ж.                                                 (7) 

ȼɜɟɞɟɦ ɜɟɤɬɨɪ δг(t
i + 1) = г(t

i + 1) – HɎЬ̂(t
i
), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɧɟɜɹɡɤɭ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɨɰɟɧ-

ɤɟ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɭɪɚɜɧɟɧɢɟɦ (θ). ɉɭɫɬɶ ееδг(t
i
)ее(J) — ɟɜɤɥɢɞɨɜɚ ɧɨɪɦɚ ɜɟɤɬɨɪɚ ɧɟɜɹɡɤɢ, ɩɨɥɭ-

ɱɟɧɧɨɝɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t
i
 ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ (θ), ɨɛɪɚɛɚɬɵɜɚɸɳɟɝɨ J 

ɩɨɫɥɟɞɧɢɯ ɢɡɦɟɪɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɫɨɩɪɨɜɨɠɞɟɧɢɢ ɨɛɴɟɤɬɚ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t
i
 

ɧɚɪɹɞɭ ɫ ɤɨɪɬɟɠɟɦ ɜɟɤɬɨɪɨɜ ɨɰɟɧɤɢ (7) ɛɭɞɟɦ ɢɦɟɬɶ ɤɨɪɬɟɠ ɧɨɪɦ ɜɟɤɬɨɪɨɜ ɧɟɜɹɡɨɤμ

                                          (8)

ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɩɪɢɡɧɚɤɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɤɚɱɟɫɬɜɨ 
ɨɰɟɧɤɢ ɚɥɝɨɪɢɬɦɨɦ ɫ ɬɟɦ ɢɥɢ ɢɧɵɦ ɡɧɚɱɟɧɢɟɦ J. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɤɚɱɟɫɬɜɚ ɨɰɟɧɤɢ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɨ ɩɟɪɟɣɬɢ ɤ ɤɨɪɬɟɠɭ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧμ

                                                   (λ)
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ɝɞɟ ν ı — ɜɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɟɜɤɥɢɞɨ-

ɜɨɣ ɧɨɪɦɵ ɜɟɤɬɨɪɚ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ Щ(t
i
) ɜ ɭɪɚɜɧɟɧɢɢ (η).

ȼɜɟɞɟɦ ɥɢɧɝɜɢɫɬɢɱɟɫɤɭɸ ɩɟɪɟɦɟɧɧɭɸ Q( j)(t
i
) «ɤɚɱɟɫɬɜɨ ɨɰɟɧɤɢ ɚɥɝɨɪɢɬɦɨɦ (θ) ɩɨ j ɩɨɫɥɟɞ-

ɧɢɦ ɢɡɦɟɪɟɧɢɹɦ» М ɬɟɪɦɚɦɢ «GШШН» («ɯɨɪɨɲɟɟ») ɢ «BКН» («ɩɥɨɯɨɟ»). ɉɭɫɬɶ ɬɟɪɦɵ ɢɦɟɸɬ ɫɥɟ-
ɞɭɸɳɢɟ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɬɢɩɚ «ɞɨɩɨɥɧɟɧɢɟ», ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɦɧɨɠɟ-
ɫɬɜɟ L = Д0,3Жμ

ν

,

ɝɞɟ a
L
, c

L
 — ɧɚɫɬɪɚɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ.

ɉɭɫɬɶ ɩɟɪɟɦɟɧɧɵɟ Q( j)(t
i
) ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɦɚɲɢɧɨɣ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɋɭɝɟɧɨ Д8Ж, ɧɚ ɜɯɨɞ ɤɨ-

ɬɨɪɨɣ ɩɨɞɚɟɬɫɹ ɤɨɪɬɟɠ ɜɟɥɢɱɢɧ (λ), ɚ ɧɚ ɜɵɯɨɞɟ ɮɨɪɦɢɪɭɟɬɫɹ ɱɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ m ∈Д1, JЖ — ɜɟɳɟ-
ɫɬɜɟɧɧɨɟ ɱɢɫɥɨ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɢɡɦɟɪɟɧɢɣ, ɞɚɸɳɢɯ ɤɚɱɟɫɬɜɟɧɧɭɸ 
ɨɰɟɧɤɭ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ s(t

i
) ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɫɬɟɩɟɧɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɫɭɞɨɜ 

(ɱɟɦ ɦɟɧɶɲɟ m, ɬɟɦ ɢɧɬɟɧɫɢɜɧɟɟ ɦɚɧɟɜɪ). Ɇɚɲɢɧɚ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɪɚɛɨɬɚɟɬ ɫɨɝɥɚɫɧɨ ɫɢɫɬɟɦɟ 
ɩɪɚɜɢɥ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɬɚɛɥ. 1.

Ɍɚɛɥɢɰɚ 1 

ɋɢɫɬɟɦɚ ɩɪɚɜɢɥ ɦɚɲɢɧɵ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɋɭɝɟɧɨ

ɉɪɚɜɢɥɨ Q(1) (t
i
) Q(2) (t

i
) Q(3) (t

i
) … Q(J – 1) (t

i
) Q(J) (t

i
) m

1 GШШН GШШН GШШН … GШШН GШШН J

2 GШШН GШШН GШШН … GШШН BКН J–1

3 GШШН GШШН GШШН … BКН BКН J–2

… … … … … … … …

J–1 GШШН GШШН BКН … BКН BКН 2

J GШШН BКН BКН … BКН BКН 1

J+1 BКН BКН BКН … BКН BКН 1

ȼɜɟɞɟɦ ɥɢɧɝɜɢɫɬɢɱɟɫɤɭɸ ɩɟɪɟɦɟɧɧɭɸ P(t
i
) «ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɫɭɞɧɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t

i
» 

ɫ ɬɟɪɦɚɦɢ «εКЧОЮЯОЫКЛХО» (ɦɚɧɟɜɪɟɧɧɨɟ) ɢ «CШЧЬЭКЧЭ» (ɪɚɜɧɨɦɟɪɧɨɟ). ɉɭɫɬɶ ɬɟɪɦɵ ɢɦɟɸɬ ɫɥɟɞɭ-
ɸɳɢɟ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɬɢɩɚ «ɞɨɩɨɥɧɟɧɢɟ», ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɦɧɨɠɟɫɬɜɟ 
m ∈Д1, JЖμ 

ν

,

ɝɞɟ a
m
ν c

m
 — ɧɚɫɬɪɚɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ.

ȼɜɟɞɟɦ ɜɟɥɢɱɢɧɭ  — ɨɰɟɧɟɧɧɨɟ ɨɬɧɨɲɟɧɢɟ ɭɝɥɚ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ Ы ɢ Я ɤ ɭɝɥɭ ș. ȼɜɟɞɟɦ 
ɥɢɧɝɜɢɫɬɢɱɟɫɤɭɸ ɩɟɪɟɦɟɧɧɭɸ D(t

i
) «ɨɰɟɧɤɚ ɨɬɧɨɲɟɧɢɹ α ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t

i
» ɫ ɬɟɪɦɚɦɢ «BТР» 

(«ɛɨɥɶɲɚɹ») ɢ «δТЭЭХО» («ɦɚɥɚɹ») ɢ ɮɭɧɤɰɢɹɦɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɬɢɩɚ «ɞɨɩɨɥɧɟɧɢɟ», ɨɩɪɟɞɟɥɟɧɧɵ-
ɦɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɦɧɨɠɟɫɬɜɟ α ∈Д0,2Жμ 
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ν

.

Ɂɞɟɫɶ aα, cα — ɧɚɫɬɪɚɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ. Ɍɟɪɦ «δТЭЭХО» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɜɨɡ-
ɦɨɠɧɨ ɨɩɚɫɧɨɟ ɫɛɥɢɠɟɧɢɟ ɫɭɞɨɜ, ɬɟɪɦ «BТР» — ɛɟɡɨɩɚɫɧɨɣ ɫɢɬɭɚɰɢɢ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɟɥɢɱɢɧɵ T (ɩɪɢɛɥɢɠɟɧɧɨɟ ɜɪɟɦɹ, ɨɫɬɚɜɲɟɟɫɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɛɥɢɠɟɧɢɹ 
ɫɭɞɨɜ) ɜɜɟɞɟɦ ɥɢɧɝɜɢɫɬɢɱɟɫɤɭɸ ɩɟɪɟɦɟɧɧɭɸ F(t

i
) «ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ T ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t

i
» ɫ ɬɟɪ-

ɦɚɦɢ «δТЭЭХО» («ɦɚɥɨɟ»), «AЯОЫКРО» («ɫɪɟɞɧɟɟ») ɢ «δКЫРО» («ɛɨɥɶɲɨɟ») ɢ ɮɭɧɤɰɢɹɦɢ ɩɪɢɧɚɞɥɟɠɧɨ-
ɫɬɢ ɬɢɩɚ «ɤɥɚɫɬɟɪ», ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɦɧɨɠɟɫɬɜɟ T ∈Д0,2000Ж ɫμ

.

Ɂɞɟɫɶ aT

1, c
T

1, a
T

2, c
T

2, a
T

3, c
T

3 — ɧɚɫɬɪɚɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ. 
Ɉɩɢɫɚɧɢɟ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ F(t

i
) ɬɪɟɦɹ ɬɟɪɦɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɦ ɩɪɢɧɹɬɵɦ 

ɧɚ ɩɪɚɤɬɢɤɟ ɫɨɫɬɨɹɧɢɹɦ ɜɪɟɦɟɧɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ДλЖ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɟɪɦ «δТЭЭХО» 
ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ, ɤɨɝɞɚ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɧɹɬɢɹ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɨ-
ɦɨɠɟɬ ɢɡɛɟɠɚɬɶ ɫɬɨɥɤɧɨɜɟɧɢɹ, ɬɟɪɦ «AЯОЫКРО» — ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɝɪɚɦɨɬɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɚɧɟɜɪɚ, ɬ.ɟ. ɜɪɟɦɹ, ɤɨɝɞɚ ɧɚɱɢɧɚɬɶ ɦɚɧɟɜɪ ɭɠɟ ɧɟ ɪɚɧɨ, ɧɨ ɟɳɟ ɟɫɬɶ ɜɪɟɦɹ ɢɫɩɪɚ-
ɜɢɬɶ ɪɟɡɭɥɶɬɚɬ ɨɲɢɛɨɱɧɨɝɨ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ, ɫɞɟɥɚɬɶ «ɜɬɨɪɭɸ ɩɨɩɵɬɤɭ»ν ɷɬɨ ɩɟɪɢɨɞ, ɤɨɝɞɚ ɤɪɢ-
ɬɢɱɟɫɤɚɹ ɫɢɬɭɚɰɢɹ ɩɨɤɚ ɟɳɟ ɧɟ ɜɨɡɧɢɤɥɚ. Ɍɟɪɦ «δКЫРО» ɨɩɢɫɵɜɚɟɬ ɜɪɟɦɹ, ɤɨɝɞɚ ɟɳɟ ɧɟɬ ɧɢɤɚɤɨɝɨ 
ɫɦɵɫɥɚ ɩɪɟɞɩɪɢɧɢɦɚɬɶ ɤɚɤɢɟ-ɥɢɛɨ ɞɟɣɫɬɜɢɹ, ɬɚɤ ɤɚɤ ɫɢɬɭɚɰɢɹ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶɫɹ ɢ ɷɬɨ ɩɨɬɪɟɛɭɟɬ, 
ɜɨɡɦɨɠɧɨ, ɜɵɩɨɥɧɟɧɢɹ ɫɨɜɫɟɦ ɞɪɭɝɨɝɨ ɦɚɧɟɜɪɚ.

ɍɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɫɢɬɭɚɰɢɢ U ɛɭɞɟɦ ɨɩɢɫɵɜɚɬɶ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ A(t
i
) «ɭɪɨ-

ɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t
i
» ɫ ɬɟɪɦɚɦɢ «GЫООЧ» («ɛɟɡɨɩɚɫɧɨ»), «ВОХХШа» («ɩɨɱɬɢ ɛɟɡɨɩɚɫ-

ɧɨ») ɢ «RОН» («ɨɩɚɫɧɨ») ɢ ɮɭɧɤɰɢɹɦɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɬɢɩɚ «ɤɥɚɫɬɟɪ», ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɧɚ ɭɧɢɜɟɪ-
ɫɚɥɶɧɨɦ ɦɧɨɠɟɫɬɜɟ UД0,2Жμ

.

Ɂɞɟɫɶ aU

1, c
U

1, a
U

2, c
U

2, a
U

3, c
U

3 —  ɧɚɫɬɪɚɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ. ɉɟɪɟɦɟɧɧɵɟ P(t
i
), D(t

i
) ɢ F(t

i
) ɨɛɪɚ-

ɛɚɬɵɜɚɸɬɫɹ ɦɚɲɢɧɨɣ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ Ɇɚɦɞɚɧɢ Д8Ж, ɧɚ ɜɯɨɞ ɤɨɬɨɪɨɣ ɩɨɞɚɸɬɫɹ ɜɟɥɢɱɢɧɵ m, α ɢ 
T, ɚ ɧɚ ɜɵɯɨɞɟ ɮɨɪɦɢɪɭɟɬɫɹ ɱɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ U ∈Д0ν 2Ж — ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢ-
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ɬɭɚɰɢɢ «ɫɭɞɧɨ – ɫɭɞɧɨ»ν ɡɧɚɱɟɧɢɟ U = 0 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɢɦɟɧɶɲɟɦɭ ɭɪɨɜɧɸ ɨɩɚɫɧɨɫɬɢ, U = 2 — 
ɧɚɢɛɨɥɶɲɟɦɭ. 

Ɇɚɲɢɧɚ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɪɚɛɨɬɚɟɬ ɫɨɝɥɚɫɧɨ ɫɢɫɬɟɦɟ ɩɪɚɜɢɥ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɬɚɛɥ. 2. Ɍɚɤ, 
ɩɪɚɜɢɥɨ 8 ɬɚɛɥ. 2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɫɭɞɚ ɦɨɝɭɬ ɧɟɞɨɩɭɫɬɢɦɨ ɫɛɥɢɡɢɬɶɫɹ, ɟɫɥɢ ɧɟ ɢɡ-
ɦɟɧɹɬ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ, ɧɨ ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɣ ɡɚɩɚɫ ɜɪɟɦɟɧɢ ɞɥɹ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɩɨɞ-
ɯɨɞɹɳɟɝɨ ɦɚɧɟɜɪɚ, ɩɪɚɜɢɥɨ 9 — ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɧɭɠɧɨ ɧɚɱɢɧɚɬɶ ɦɚɧɟɜɪ ɭɤɥɨɧɟɧɢɹ ɤɚɤ ɦɨɠɧɨ 
ɛɵɫɬɪɟɟ, ɩɪɚɜɢɥɨ 12 — ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɫɭɞɚ ɦɨɝɭɬ ɧɟɞɨɩɭɫɬɢɦɨ ɫɛɥɢɡɢɬɶɫɹ, ɟɫɥɢ ɧɟ ɢɡɦɟɧɹɬ ɬɪɚ-
ɟɤɬɨɪɢɸ, ɨɞɧɚɤɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɨɧɢ ɭɠɟ ɧɚɱɚɥɢ ɦɚɧɟɜɪ ɭɤɥɨɧɟɧɢɹ. 

 Ɍɚɛɥɢɰɚ 2 

ɋɢɫɬɟɦɚ ɩɪɚɜɢɥ ɦɚɲɢɧɵ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ Ɇɚɦɞɚɧɢ

ɉɪɚɜɢɥɨ D(t
i
) P(t

i
) F(t

i
) P

U

1 BТР CШЧЬЭКЧЭ δКЫРО GЫООЧ

2 BТР CШЧЬЭКЧЭ AЯОЫКРО GЫООЧ

3 BТР CШЧЬЭКЧЭ δТЭЭХО GЫООЧ

ζ BТР εКЧОЮЯОЫКЛХО δКЫРО GЫООЧ

η BТР εКЧОЮЯОЫКЛХО AЯОЫКРО GЫООЧ

θ BТР εКЧОЮЯОЫКЛХО δТЭЭХО GЫООЧ

7 δТЭЭХО CШЧЬЭКЧЭ δКЫРО GЫООЧ

8 δТЭЭХО CШЧЬЭКЧЭ AЯОЫКРО ВОХХШа

λ δТЭЭХО CШЧЬЭКЧЭ δТЭЭХО RОН

10 δТЭЭХО εКЧОЮЯОЫКЛХО δКЫРО GЫООЧ

11 δТЭЭХО εКЧОЮЯОЫКЛХО AЯОЫКРО GЫООЧ

12 δТЭЭХО εКЧОЮЯОЫКЛХО δТЭЭХО ВОХХШа

Ɋɚɛɨɬɭ ɧɟɱɟɬɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɛ ɨɩɚɫɧɨɦ ɫɛɥɢɠɟɧɢɢ ɫɭɞɨɜ ɦɨɠɧɨ, ɬɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɯɟɦɨɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 2. 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɪɚɛɨɬɵ ɧɟɱɟɬɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ 

ɨɛ ɨɩɚɫɧɨɦ ɫɛɥɢɠɟɧɢɢ ɫɭɞɨɜ

ɂɡɦɟɪɟɧɧɵɟ ɞɚɧɧɵɟ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɫɭɞɨɜ z(t
i
) ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞ ɚɥɝɨɪɢɬɦɚ, 

ɨɰɟɧɢɜɚɸɳɟɝɨ ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ Ь(t
i
) ɫɢɫɬɟɦɵ (θ) ɢ ɮɨɪɦɢɪɭɸɳɟɝɨ ɤɨɪɬɟɠ (λ). Ⱦɚɥɟɟ ɦɚɲɢɧɚ ɧɟ-

ɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɋɭɝɟɧɨ  S ɨɰɟɧɢɜɚɟɬ ɫɬɟɩɟɧɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɫɭɞɨɜ m. ɋ ɭɱɟɬɨɦ 
ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡ ɤɨɪɬɟɠɚ (8) ɜɵɛɢɪɚɟɬɫɹ ɜɟɤɬɨɪ ŝ(m)(t

i
), ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɜɵɱɢɫɥɹɸɬɫɹ ɜɟɥɢɱɢ-
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ɧɵ α ɢ T. Ɂɚɬɟɦ ɜɟɥɢɱɢɧɵ m, α ɢ T ɩɨɞɚɸɬɫɹ ɧɚ ɜɯɨɞ ɦɚɲɢɧɵ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ Ɇɚɦɞɚɧɢ M, ɜɵ-
ɯɨɞɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɫɢɬɭɚɰɢɢ U ∈Д0,2Ж. 

ɇɚɫɬɪɨɣɤɚ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɫɢɫɬɟɦɵ ɫɨɫɬɨɢɬ ɜ ɡɚɞɚɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɡɦɟɪɟɧɢɣ 
J, ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ a

m
, c

m
, aα, cα, a

T

1, c
T

1, a
T

2, c
T

2, a
T

3, c
T

3, a
U

1, c
U

1, a
U

2, c
U

2, a
U

3, c
U

3 ɢ ɜɟɥɢ-
ɱɢɧɵ ı, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ.

Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɨɩɢɫɚɧɧɨɣ ɫɢɫɬɟɦɵ ɪɚɫ-
ɫɦɨɬɪɢɦ ɦɨɞɟɥɶɧɵɣ ɩɪɢɦɟɪ ɞɥɹ ɬɪɟɯ ɫɭɞɨɜ. Ⱦɜɚ ɢɡ ɧɢɯ (I 
ɢ II) ɞɜɢɠɭɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ η ɦ/ɫ ɩɪɹɦɨɥɢɧɟɣɧɨ ɢ ɪɚɜɧɨ-
ɦɟɪɧɨ, ɬɪɟɬɶɟ (III) — ɦɚɧɟɜɪɢɪɭɟɬ (ɪɢɫ. 3).

Ȼɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ ɢɡɦɟɪɟɧɢɹ ɩɨɫɬɭɩɚɸɬ ɤɚɠɞɵɟ 
Ĳ = 3 ɫ. ɋ ɭɱɟɬɨɦ ɬɢɩɢɱɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɨɝɪɟɲɧɨ-
ɫɬɟɣ GPS ı ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 1η. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɨɰɟɧɤɢ ɬɪɚɟɤɬɨɪɢɢ j ɛɵɥɨ ɜɡɹɬɨ 
ɪɚɜɧɵɦ 10. Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞ-
ɥɟɠɧɨɫɬɢ ɛɵɥɢ ɜɡɹɬɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɮɭɧɤɰɢɢ ɩɪɢ-
ɨɛɪɟɥɢ ɜɢɞ, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫ. ζ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɫɟ 
ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɡɚɞɚɸɬɫɹ ɷɤɫɩɟɪɬɨɦ, ɧɟɱɟɬɤɚɹ 

ɫɢɫɬɟɦɚ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɧɚɫɬɪɨɣɤɟ ɧɚ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ, ɯɨɬɹ ɬɚɤɨɣ ɜɚɪɢɚɧɬ ɨɛɭɱɟɧɢɹ ɩɪɢɧ-
ɰɢɩɢɚɥɶɧɨ ɜɨɡɦɨɠɟɧ. 

Ɋɢɫ. 4. Ɏɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɟɱɟɬɤɨɣ ɫɢɫɬɟɦɵμ
 ɚ — ȝGШШН(L) — ɫɩɥɨɲɧɚɹν ȝBКН(L) — ɩɭɧɤɬɢɪν ɛ — ȝεКЧОЮЯОЫКЛХО(m) — ɫɩɥɨɲɧɚɹν ȝCШЧЬЭКЧЭ(m) — ɩɭɧɤɬɢɪν 
ɜ — ȝδТЭЭХО(αα) — ɫɩɥɨɲɧɚɹν ȝBТР(αα) — ɩɭɧɤɬɢɪν ɝ — ȝδТЭЭХО(T) — ɫɩɥɨɲɧɚɹν ȝAЯОЫКРО(T) — ɩɭɧɤɬɢɪν 

ȝδКЫРО(T) — ɬɨɱɤɢν ɞ — ȝGЫООЧ(U) — ɫɩɥɨɲɧɚɹν ȝВОХХШа(U) — ɩɭɧɤɬɢɪν ȝRОН(U) — ɬɨɱɤɢ

ɇɚ ɪɢɫ. ηa ɢ ɛ ɩɨɤɚɡɚɧɵ ɡɧɚɱɟɧɢɹ α, ɧɚ ɪɢɫ. ηɜ ɢ ɝ — ɡɧɚɱɟɧɢɹ m, ɧɚ ɪɢɫ. ηɞ ɢ ɟ — ɡɧɚɱɟ-
ɧɢɹ T, ɧɚ ɪɢɫ. ηɠ ɢ ɡ — ɡɧɚɱɟɧɢɹ U. ɒɬɪɢɯɨɜɤɨɣ ɧɚ ɪɢɫ. ηɠ ɢ ɡ ɨɛɨɡɧɚɱɟɧɚ ɡɨɧɚ ɭɪɨɜɧɹ ɨɩɚɫ-
ɧɨɫɬɢ «Yellow», ɧɢɠɟ ɧɟɟ — ɡɨɧɚ ɭɪɨɜɧɹ «Green», ɜɵɲɟ — ɡɨɧɚ ɭɪɨɜɧɹ «Red». ɂɡ ɪɢɫ. ηɞ ɜɢɞɧɨ, 
ɱɬɨ ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɚɪɵ ɫɭɞɨɜ I — III ɩɨɫɬɨɹɧɧɨ ɩɨɜɵɲɚɟɬɫɹ, ɩɨ ɦɟɪɟ ɢɯ ɫɛɥɢɠɟɧɢɹ, 
ɞɨɫɬɢɝɚɹ ɭɪɨɜɧɹ «Red» ɩɪɢ t = 3η0 ɫ. ɉɪɢ t = θ00 ɫ ɫɭɞɧɨ III ɧɚɱɢɧɚɟɬ ɦɚɧɟɜɪ ɭɤɥɨɧɟɧɢɹ ɩɨɜɨ-
ɪɨɬɨɦ ɜɩɪɚɜɨ, ɩɨɫɥɟ ɱɟɝɨ ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɚɪɵ ɫɭɞɨɜ I — III ɛɵɫɬɪɨ ɫɧɢɠɚɟɬɫɹ ɞɨ ɭɪɨɜɧɹ 
«Yellow» ɢ ɡɚɬɟɦ ɞɨ ɭɪɨɜɧɹ «Green». ɂɡ ɪɢɫ. ηɡ ɜɢɞɧɨ, ɱɬɨ ɫɭɞɚ II ɢ III ɜɧɚɱɚɥɟ ɞɜɢɠɭɬɫɹ ɛɟɡɨɩɚɫ-
ɧɨ. Ɉɞɧɚɤɨ ɩɨɫɥɟ ɧɚɱɚɥɚ ɫɭɞɧɨɦ III ɦɚɧɟɜɪɚ ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɚɪɵ ɫɭɞɨɜ II — III ɫɤɚɱɤɨ-

Ɋɢɫ. 3. Ɇɨɞɟɥɢɪɭɟɦɵɟ ɬɪɚɟɤɬɨɪɢɢ 
ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ 
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ɨɛɪɚɡɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ «Yellow», ɚ, ɡɚɬɟɦ, ɩɨ ɦɟɪɟ ɩɪɨɞɨɥɠɟɧɢɹ ɩɨɜɨɪɨɬɚ ɫɭɞɧɚ III, ɫɧɢɠɚɟɬɫɹ 
ɞɨ ɭɪɨɜɧɹ «Green». 

ɋɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɬɪɟɜɨɝɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɝɨ «Red» ɞɨ «Yellow» ɩɪɨɢɫɯɨɞɢɬ ɩɨɱɬɢ ɫɪɚɡɭ ɩɨ-
ɫɥɟ ɧɚɱɚɥɚ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ (ɪɢɫ. ηɠ), ɞɥɹ ɫɭɞɨɜ II ɢ III ɝɟɧɟɪɚɰɢɹ ɭɪɨɜɧɹ ɬɪɟɜɨɝɢ «Yellow» ɬɚɤɠɟ 
ɩɪɨɢɫɯɨɞɢɬ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨ (ɪɢɫ. ηɡ). ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɣ ɧɟɱɟɬɤɨɣ 
ɫɢɫɬɟɦɵ ɤɚɤ ɤ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɨɛ ɨɩɚɫɧɨɫɬɢ, ɬɚɤ ɢ ɤ ɮɢɥɶɬɪɚɰɢɢ ɥɨɠɧɵɯ ɬɪɟɜɨɝ. ɉɨɞɬɜɟɪɠɞɚ-
ɟɬɫɹ ɨɠɢɞɚɟɦɵɣ ɷɮɮɟɤɬ ɪɚɡɞɟɥɟɧɢɹ ɭɪɨɜɧɟɣ ɨɩɚɫɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɚɟɤɬɨɪɧɵɯ ɫɜɨɣɫɬɜ 
ɞɜɢɠɟɧɢɹ ɫɭɞɨɜ. 

Ɋɢɫ. 5. Ɋɚɛɨɬɚ ɧɟɱɟɬɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɛ ɨɩɚɫɧɨɦ ɫɛɥɢɠɟɧɢɢ ɦɨɪɫɤɢɯ ɫɭɞɨɜ 
ɞɥɹ ɫɭɞɨɜ I-III (ɥɟɜɚɹ ɤɨɥɨɧɤɚ ɪɢɫɭɧɤɨɜ) ɢ II-III (ɩɪɚɜɚɹ ɤɨɥɨɧɤɚ ɪɢɫɭɧɤɨɜ)

ɂɫɩɵɬɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɨɫɧɨɜɟ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɞɜɢɠɟɧɢɢ 
ɫɭɞɨɜ ɩɨ ɚɤɜɚɬɨɪɢɢ, ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɩɨɪɬɭ ȼɥɚɞɢɜɨɫɬɨɤ Д10Ж. ɉɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. θ ɬɢɩɢɱɧɵɣ 
ɩɪɢɦɟɪ ɛɵɥ ɩɨɥɭɱɟɧ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɨ ɞɜɢɠɟɧɢɢ ɫɭɞɨɜ ɜ ɬɟɱɟɧɢɟ ɨɞɧɢɯ ɫɭɬɨɤ 
ɥɟɬɨɦ 2013 ɝ. ȼ ɷɬɨ ɜɪɟɦɹ ɜ ɡɨɧɟ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɋɍȾɋ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɢɥɨɫɶ ɨɤɨɥɨ 80 ɫɭ-
ɞɨɜ. ɇɚ ɪɢɫ. θ ɩɨɤɚɡɚɧɨ ɩɨɥɨɠɟɧɢɟ ɫɭɞɨɜ ɧɚ ɚɤɜɚɬɨɪɢɢ ɜ ɬɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɞɥɹ ɧɢɯ ɛɵɥ 
ɫɝɟɧɟɪɢɪɨɜɚɧ ɬɪɟɜɨɠɧɵɣ ɫɢɝɧɚɥ ɭɪɨɜɧɹ «Yellow» (ɠɟɥɬɵɟ ɤɪɭɠɤɢ) ɢɥɢ «Red» (ɤɪɚɫɧɵɟ ɤɪɭɠ-
ɤɢ). ȼɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɜɨɝ ɜɨɡɧɢɤɚɟɬ ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɩɨɪɬɨɜɵɯ ɜɨɞɚɯ, ɝɞɟ 
ɫɭɞɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɛɥɢɡɤɨ ɞɪɭɝ ɤ ɞɪɭɝɭ ɢ ɜɵɫɨɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɦɚɥɵɯ ɩɥɚɜɫɪɟɞɫɬɜ 
(ɤɚɬɟɪɨɜ, ɛɭɤɫɢɪɨɜ). Ɉɛɚ ɭɪɨɜɧɹ ɬɪɟɜɨɝɢ ɢɦɟɸɬ ɦɟɫɬɨ ɬɚɤɠɟ ɩɪɢ ɞɜɢɠɟɧɢɢ ɫɭɞɨɜ ɜɧɟ ɩɨɪɬɨ-
ɜɵɯ ɜɨɞμ Ⱥɦɭɪɫɤɨɦ (ɫɥɟɜɚ) ɢ ɍɫɫɭɪɢɣɫɤɨɦ (ɫɩɪɚɜɚ) ɡɚɥɢɜɚɯ, ɩɪɨɥɢɜɟ Ȼɨɫɮɨɪ ȼɨɫɬɨɱɧɵɣ. Ⱦɨɥɹ 
ɬɪɟɜɨɠɧɵɯ ɫɢɝɧɚɥɨɜ ɭɪɨɜɧɹ «Yellow» ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 20 %, ɦɟɫɬɚ ɢɯ ɝɟɧɟɪɚɰɢɢ ɧɟ ɨɛɪɚɡɭɸɬ 
ɭɫɬɨɣɱɢɜɵɯ ɡɨɧ.

Ⱦɥɹ ɨɩɟɪɚɬɨɪɚ (ɞɢɫɩɟɬɱɟɪɚ) ɋɍȾɋ ɝɟɧɟɪɚɰɢɹ ɬɪɟɜɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɭɪɨɜɧɹ «Red» ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɧɟɦɟɞɥɟɧɧɨ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɢɬɭɚɰɢɸ ɢ ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɨ ɜɦɟɲɚɬɟɥɶ-
ɫɬɜɟ/ɧɟɜɦɟɲɚɬɟɥɶɫɬɜɟ ɜ ɞɟɣɫɬɜɢɹ ɫɭɞɨɜɨɞɢɬɟɥɹ. Ƚɟɧɟɪɚɰɢɹ ɬɪɟɜɨɠɧɨɝɨ ɫɢɝɧɚɥɚ ɭɪɨɜɧɹ «Yellow» 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɯɨɬɹ ɫɢɬɭɚɰɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɫɬɶɸ ɛɟɡɨɩɚɫɧɨɣ, ɜɦɟɲɢɜɚɬɶɫɹ ɜ ɧɟɟ ɧɟɦɟɞɥɟɧɧɨ ɧɟ 
ɫɥɟɞɭɟɬμ ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɭɞɨɜɨɞɢɬɟɥɶ ɫɚɦ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɛɫɬɚɧɨɜɤɭ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɟɫɥɢ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ ɫ ɫɢɬɭɚɰɢɟɣ ɭɪɨɜɧɹ «Yellow» ɞɥɹ ɞɪɭɝɢɯ ɫɭɞɨɜ ɢɦɟɸɬɫɹ ɫɢɬɭɚɰɢɢ ɭɪɨɜɧɹ «Red», ɬɨ ɨɩɟ-
ɪɚɬɨɪ ɋɍȾɋ ɞɨɥɠɟɧ ɪɚɛɨɬɚɬɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɧɢɦɢ. Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɧɚ ɤɨɧɤɪɟɬɧɨɣ ɚɤɜɚɬɨɪɢɢ ɞɨɥɹ 
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ɫɢɬɭɚɰɢɣ ɭɪɨɜɧɹ «Yellow» ɞɨɫɬɚɬɨɱɧɨ ɡɧɚɱɢɬɟɥɶɧɚ (20 %), ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɢɯ ɜɵɞɟɥɟ-
ɧɢɟ ɫɩɨɫɨɛɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɨɩɟɪɚɬɨɪɨɜ ɋɍȾɋ. 

Ɋɢɫ. 6. Ⱦɜɢɠɟɧɢɟ ɫɭɞɨɜ ɩɨ ɚɤɜɚɬɨɪɢɢ ɩɨɪɬɚ ȼɥɚɞɢɜɨɫɬɨɤ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɵɬɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɞɜɢɠɟɧɢɢ 
ɫɭɞɨɜ ɩɨɞɬɜɟɪɞɢɥɨ ɟɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨ-
ɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɰɜɟɬɨɜɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɭɪɨɜɧɟɣ ɬɪɟɜɨɝɢ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɚ 
ɫɭɞɨɜɨɞɢɬɟɥɹɦ ɢ ɨɩɟɪɚɬɨɪɚɦ ɋɍȾɋ, ɨɧɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɢɧɹɬɢɸ ɚɞɟɤɜɚɬɧɵɯ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɪɟ-
ɲɟɧɢɣ ɢ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ 
ɪɚɫɲɢɪɟɧɢɟ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɫɭɞɨɜ.
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ɄɈɆɉȿɇɋȺɐɂə ȼɈɅɇɈȼɈȽɈ ɂ ȼȿɌɊɈȼɈȽɈ ȼɈɁȾȿɃɋɌȼɂɃ 
ɇȺ ɋɂɋɌȿɆɍ ɍɉɊȺȼɅȿɇɂə ɄɍɊɋɈɆ ɋɍȾɇȺ

COMPENSATION OF АAVE AND АIND EFFECTS 
ON THE SHIP’S COURSE MANAGEMENT SВSTEM

Ɋɚɫɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ ɜ ɲɬɨɪɦ, ɜ ɤɨɬɨɪɭɸ ɜɜɟɞɟɧɵ ɧɨɜɵɟ ɷɥɟɦɟɧɬɵ ɢ ɭɫɬɚ-

ɧɨɜɥɟɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɹɡɢ ɩɨ ɜɟɬɪɭ ɢ ɜɨɥɧɟɧɢɸ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ 

ɫɢɫɬɟɦɵ, ɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɨɫɨɛɟɧɧɨ ɜ ɲɬɨɪɦɨɜɵɯ ɭɫɥɨɜɢɹɯ. ȼɵɩɨɥɧɟɧɨ ɜɜɟɞɟɧɢɟ ɜ 
ɤɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜ ɪɚɫɱɟɬɚ ɭɝɥɚ ɜɟɬɪɨɜɨɝɨ ɢ ɜɨɥɧɨɜɨɝɨ ɞɪɟɣɮɚ ɢ ɜɜɟɞɟɧɢɟ ɢɯ ɡɧɚɱɟɧɢɣ ɜ ɡɚ-

ɞɚɬɱɢɤ ɤɭɪɫɚ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɡɚɞɚɧɧɨɦɭ ɤɭɪɫɭ. Ɋɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɩɨ-

ɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɤɨɦɩɟɧɫɚɰɢɢ ɡɚ ɫɱɟɬ ɭɱɟɬɚ ɜɨɥɧɨɜɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɭɦɟɧɶɲɢɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɪɭɥɟɜɭɸ ɦɚɲɢɧɭ ɢ ɫɨɡɞɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɲɬɨɪɦ ɢ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɫɭɞɧɨɦ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ. ɉɪɢɜɟɞёɧɧɵɟ ɪɟɡɭɥɶ-
ɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɛɨɪɬɨɜɵɯ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɫɭɞɧɟ, ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ ɧɚ ɫɬɚɪɲɢɯ 
ɤɭɪɫɚɯ ɦɨɪɫɤɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ ɢ ɧɚ ɤɭɪɫɚɯ ɩɨɜɵɲɟɧɢɹ ɤɜɚɥɢɮɢɤɚɰɢɢ.

Achieved an introduction to the control circuit device for calculating the angle of wind and wave drift and the 

introduction of their values   in the course of the dial, thus improving the accuracy of control for a given course. Look 

at ways to improve the accuracy of determining the angle compensation by taking into account the wave component, 

which reduces the load on the steering apparatus and creates conditions for the optimization of its use in a storm 

and automation control of the vessel when driving through curves.

These results can be used in on-board control systems on board, the educational process in the senior class 

of maritime education and training courses.

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɤɭɪɫɨɦ, ɧɨɜɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɹɡɢ, ɪɚɫɱɟɬ ɭɝɥɚ ɜɟɬɪɨɜɨɝɨ ɢ 
ɜɨɥɧɨɜɨɝɨ ɞɪɟɣɮɚ, ɭɝɨɥ ɤɨɦɩɟɧɫɚɰɢɢ, ɨɩɬɢɦɢɡɚɰɢɹ ɪɚɛɨɬɵ ɪɭɥɟɜɨɣ ɦɚɲɢɧɵ ɜ ɲɬɨɪɦ. 

Key words: control system by a course, new functional connections, calculation of corner of wind and wave 

drift, corner of indemnifi cation, optimization of work of steering machine in a storming weather.

ɇȿɒɇɂȿ ɜɨɡɦɭɳɟɧɢɹ ɧɚ ɫɭɞɧɨ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɭɫɥɨ-
ɜɢɹɯ ɜɟɬɪɚ, ɜɨɥɧɟɧɢɹ, ɬɟɱɟɧɢɹ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɦɟɥɤɨɜɨɞɶɹ. ɉɪɨɹɜɥɟɧɢɟ ɜɧɟɲɧɢɯ ɜɨɡɦɭɳɟ-
ɧɢɣ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ, ɫɭɳɟɫɬɜɟɧɧɵɦ ɭɯɭɞɲɟɧɢɟɦ ɭɩɪɚɜ-

ɥɹɟɦɨɫɬɢ, ɩɚɞɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɯɨɞɚ ɢ ɢɡɦɟɧɟɧɢɟɦ ɩɨɫɚɞɤɢ ɫɭɞɧɚ. Ɋɚɫɱɟɬɧɵɟ ɚɥɝɨɪɢɬɦɵ ɩɨ ɭɱɟɬɭ ɢɯ 
ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɨɡɞɚɧɵ ɧɟ ɞɥɹ ɜɫɟɯ ɜɢɞɨɜ ɜɨɡɦɭɳɟɧɢɣ.

Ɉɰɟɧɤɚ ɜɧɟɲɧɢɯ ɫɢɥ ɜɨɥɧɨɜɨɣ ɩɪɢɪɨɞɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɨɠɧɵɣ ɬɟɨɪɟɬɢɤɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɣ ɩɪɨɰɟɫɫ. ɂɡɜɟɫɬɟɧ ɪɹɞ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ, ɜɵɩɨɥɧɟɧɧɵɣ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɜ ɨɛɥɚɫɬɢ 
ɝɢɞɪɨɦɟɯɚɧɢɤɢ ɫɭɞɧɚ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɢɫɬɟɦ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɭɞɨɜ ɧɚ ɤɭɪɫɟ.
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