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ɍɱɟɛɧɨɟΝɩɨɫɨɛɢɟΝɩɪɟɞɧɚɡɧɚɱɟɧɨΝɞɥɹΝɨɫɜɨɟɧɢɹΝɞɢɫɰɢɩɥɢɧɵΝ«ȺɞɚɩɬɢɜɧɵɣΝ
ɤɭɪɫΝɮɢɡɢɤɢ»ΝɢΝɫɨɞɟɪɠɢɬΝɨɫɧɨɜɧɵɟΝɫɜɟɞɟɧɢɹΝɨΝɦɚɬɟɦɚɬɢɱɟɫɤɨɦΝɚɩɩɚɪɚɬɟΝɮɢɡɢ-
ɤɢΝ ɢΝ ɦɟɬɨɞɚɯΝ ɨɰɟɧɤɢΝ ɞɨɫɬɨɜɟɪɧɨɫɬɢΝ ɪɟɡɭɥɶɬɚɬɨɜΝ ɷɤɫɩɟɪɢɦɟɧɬɚ.Ν ȼΝ ɩɨɫɨɛɢɢΝΝ
ɢɦɟɸɬɫɹΝ ɜɨɩɪɨɫɵΝ ɢΝ ɡɚɞɚɧɢɹΝ ɞɥɹΝ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣΝ ɪɚɛɨɬɵΝ ɫɬɭɞɟɧɬɨɜΝ ɩɨΝ ɜɫɟɦΝ
ɢɡɭɱɚɟɦɵɦΝɬɟɦɚɦ.ΝΝ

ɉɨɫɨɛɢɟΝ ɩɪɟɞɧɚɡɧɚɱɟɧɨΝ ɞɥɹΝ ɫɬɭɞɟɧɬɨɜ,Ν ɨɛɭɱɚɸɳɢɯɫɹΝ ɩɨΝ ɧɚɩɪɚɜɥɟɧɢɹɦΝ
ɩɨɞɝɨɬɨɜɤɢμΝ 01.0γ.0βΝ «ɉɪɢɤɥɚɞɧɚɹΝ ɦɚɬɟɦɚɬɢɤɚΝ ɢΝ ɢɧɮɨɪɦɚɬɢɤɚ»,Ν 1γ.0γ.0βΝ
«ЭɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚΝɢΝɷɥɟɤɬɪɨɬɟɯɧɢɤɚ»,Ν1γ.0γ.01Ν«ɌɟɩɥɨɷɧɟɪɝɟɬɢɤɚΝɢΝɬɟɩɥɨɬɟɯɧɢ-
ɤɚ»,Ν 1η.0γ.0ζΝ «ȺɜɬɨɦɚɬɢɡɚɰɢɹΝ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯΝ ɩɪɨɰɟɫɫɨɜΝ ɢΝ ɩɪɨɢɡɜɨɞɫɬɜ»,Ν
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ɧɨɫɬɟɣΝɢΝɧɚɩɪɚɜɥɟɧɢɣΝɩɨɞɝɨɬɨɜɤɢ.ΝΝ
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γΝ

ɉɊȿȾɂɋɅɈȼɂȿ 

ɍɱɟɛɧɨɟΝ ɩɨɫɨɛɢɟΝ ɩɪɟɞɧɚɡɧɚɱɟɧɨΝ ɞɥɹΝ ɨɫɜɨɟɧɢɹΝ ɞɢɫɰɢɩɥɢɧɵΝ «ȺɞɚɩɬɢɜɧɵɣΝ

ɤɭɪɫΝɮɢɡɢɤɢ»ΝɢΝɫɨɞɟɪɠɢɬΝɨɫɧɨɜɧɵɟΝɫɜɟɞɟɧɢɹΝɨΝɦɚɬɟɦɚɬɢɱɟɫɤɨɦΝɚɩɩɚɪɚɬɟΝɮɢɡɢɤɢ.ΝΝ

ȺɤɬɭɚɥɶɧɨɫɬɶΝ ɜɜɟɞɟɧɢɹΝ ɞɚɧɧɨɣΝ ɞɢɫɰɢɩɥɢɧɵΝ ɜΝ ɭɱɟɛɧɵɟΝ ɩɥɚɧɵΝ ɩɟɪɜɨɝɨΝ

ɤɭɪɫɚΝɞɥɹΝɫɬɭɞɟɧɬɨɜΝɪɚɡɥɢɱɧɵɯΝɢɧɠɟɧɟɪɧɵɯΝɧɚɩɪɚɜɥɟɧɢɣΝɩɨɞɝɨɬɨɜɤɢΝɢΝɫɩɟɰɢ-

ɚɥɶɧɨɫɬɟɣΝɫɜɹɡɚɧɚΝɫɨΝɫɧɢɠɟɧɢɟɦΝɭɪɨɜɧɹΝɢɯΝɧɚɱɚɥɶɧɨɣΝΧɞɨɜɭɡɨɜɫɤɨɣΨΝɦɚɬɟɦɚɬɢ-

ɱɟɫɤɨɣΝ ɩɨɞɝɨɬɨɜɤɢ.Ν ɋɨɞɟɪɠɚɧɢɟΝ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨΝ ɨɛɭɱɟɧɢɹΝ ɢɝɪɚɟɬΝ ɜɚɠɧɭɸΝ

ɪɨɥɶΝɜΝɩɪɨɰɟɫɫɟΝɚɞɚɩɬɚɰɢɢΝɫɬɭɞɟɧɬɨɜΝɩɟɪɜɨɝɨΝɤɭɪɫɚΝɤΝɜɭɡɨɜɫɤɨɣΝɨɛɪɚɡɨɜɚɬɟɥɶ-

ɧɨɣΝɫɢɫɬɟɦɟ.ΝȼΝɥɸɛɨɦΝɩɪɟɞɦɟɬɟΝɧɚɭɱɧɨɟΝɨɩɢɫɚɧɢɟΝɫɱɢɬɚɟɬɫɹΝɫɨɜɟɪɲɟɧɧɵɦ,Νɤɨ-

ɝɞɚΝɜΝɧɟɦΝɭɞɚɟɬɫɹΝɢɫɩɨɥɶɡɨɜɚɬɶΝɹɡɵɤΝɢΝɦɟɬɨɞɵΝɦɚɬɟɦɚɬɢɤɢ.ΝЭɬɨΝɨɤɚɡɵɜɚɟɬΝɩɨ-

ɥɨɠɢɬɟɥɶɧɨɟΝ ɜɥɢɹɧɢɟΝ ɧɚΝ ɯɚɪɚɤɬɟɪΝ ɩɨɡɧɚɜɚɬɟɥɶɧɨɣΝ ɞɟɹɬɟɥɶɧɨɫɬɢΝ ɫɬɭɞɟɧɬɨɜΝ ɢ,Ν

ɝɥɚɜɧɨɟ,Ν–ΝɧɚΝɟɟΝɪɟɡɭɥɶɬɚɬɵ.ΝȼɫɟΝɷɬɨΝɨɩɨɫɪɟɞɨɜɚɧɧɨΝɮɨɪɦɢɪɭɟɬΝɤɚɱɟɫɬɜɨΝɛɭɞɭ-

ɳɟɣΝɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣΝɞɟɹɬɟɥɶɧɨɫɬɢΝɫɬɭɞɟɧɬɚ.ΝɇɟɞɨɫɬɚɬɨɱɧɚɹΝɞɨɜɭɡɨɜɫɤɚɹΝɦɚ-

ɬɟɦɚɬɢɱɟɫɤɚɹΝɩɨɞɝɨɬɨɜɤɚΝɜɵɡɵɜɚɟɬΝɨɩɪɟɞɟɥɟɧɧɵɟΝɬɪɭɞɧɨɫɬɢΝɭΝɫɬɭɞɟɧɬɨɜΝɩɟɪɜɨ-

ɝɨΝ ɤɭɪɫɚΝ ɩɪɢΝ ɢɡɭɱɟɧɢɢΝ ɤɭɪɫɚΝ ɮɢɡɢɤɢ,Ν ɱɬɨΝ ɧɟɢɡɛɟɠɧɨΝ ɩɪɢɜɨɞɢɬΝ ɤΝ ɫɥɨɠɧɨɫɬɹɦΝ

ɭɫɜɨɟɧɢɹΝɩɨɫɥɟɞɭɸɳɢɯΝɫɩɟɰɢɚɥɶɧɵɯΝɬɟɯɧɢɱɟɫɤɢɯΝɞɢɫɰɢɩɥɢɧ.ΝΝ

ɐɟɥɶΝ ɞɚɧɧɨɝɨΝ ɭɱɟɛɧɨɝɨΝ ɩɨɫɨɛɢɹΝ –Ν ɩɨɦɨɱɶΝ ɩɟɪɜɨɤɭɪɫɧɢɤɚɦΝ ɜΝ ɨɫɜɨɟɧɢɢΝ

ɤɭɪɫɚΝɨɛɳɟɣΝɮɢɡɢɤɢΝɱɟɪɟɡΝɩɨɧɢɦɚɧɢɟΝɨɫɧɨɜΝɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨΝɚɩɩɚɪɚɬɚ,Νɩɪɢɦɟ-

ɧɹɟɦɨɝɨΝ ɞɥɹΝ ɡɚɩɢɫɢΝ ɮɢɡɢɱɟɫɤɢɯΝ ɡɚɤɨɧɨɜ.Ν ȼΝ ɱɚɫɬɧɨɫɬɢ,Ν ɷɬɨΝ ɨɬɧɨɫɢɬɫɹΝ ɤΝ ɬɚɤɢɦΝ

ɪɚɡɞɟɥɚɦΝ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣΝ ɧɚɭɤɢΝ ɤɚɤΝ ɜɟɤɬɨɪɧɚɹΝ ɚɥɝɟɛɪɚΝ ɢΝ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-

ɢɧɬɟɝɪɚɥɶɧɨɟΝɢɫɱɢɫɥɟɧɢɟ,ΝɧɚΝ ɤɨɬɨɪɵɯΝɛɚɡɢɪɭɟɬɫɹΝɦɚɬɟɦɚɬɢɱɟɫɤɢɣΝɚɩɩɚɪɚɬΝɤɚɤΝ

ɨɛɳɟɣ,ΝɬɚɤΝɢΝɬɟɨɪɟɬɢɱɟɫɤɨɣΝɮɢɡɢɤɢ.ΝɄɥɚɫɫɢɱɟɫɤɚɹΝɦɟɯɚɧɢɤɚΝɇɶɸɬɨɧɚ,Ν ɤɚɤΝɨɫ-

ɧɨɜɚΝɜɫɟɯΝɢɡɭɱɚɟɦɵɯΝɮɢɡɢɱɟɫɤɢɯΝɞɢɫɰɢɩɥɢɧ,ΝɩɨΝɫɭɳɟɫɬɜɭΝɹɜɥɹɟɬɫɹΝɜɟɤɬɨɪɧɨɣ,Ν

ɢΝɩɨɷɬɨɦɭΝɛɚɡɨɜɵɟΝɡɧɚɧɢɹΝɜɟɤɬɨɪɧɨɣΝɚɥɝɟɛɪɵΝɧɟɨɛɯɨɞɢɦɵΝɩɪɢΝɢɡɭɱɟɧɢɢΝɩɪɚɤ-

ɬɢɱɟɫɤɢΝɜɫɟɝɨΝɤɭɪɫɚΝɮɢɡɢɤɢ.ΝȼΝɨɫɧɨɜɟΝ ɤɥɚɫɫɢɱɟɫɤɨɣΝɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢΝ–ΝɧɚɭɤɢΝ

ɨɛΝɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯΝɩɪɨɰɟɫɫɚɯΝɢΝɹɜɥɟɧɢɹɯΝ–ΝɥɟɠɚɬΝɭɪɚɜɧɟɧɢɹΝɆɚɤɫɜɟɥɥɚΝɞɥɹΝ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨΝɩɨɥɹ,ΝɤɨɬɨɪɵɟΝɡɚɩɢɫɵɜɚɸɬɫɹΝɜΝɢɧɬɟɝɪɚɥɶɧɨɣΝɢΝɞɢɮɮɟɪɟɧɰɢ-

ɚɥɶɧɨɣΝ ɮɨɪɦɟ.Ν ɉɨɧɢɦɚɧɢɟΝ ɫɦɵɫɥɚΝ ɷɬɢɯΝ ɭɪɚɜɧɟɧɢɣΝ ɧɟɜɨɡɦɨɠɧɨΝ ɛɟɡΝ ɜɥɚɞɟɧɢɹΝ

ɨɫɧɨɜɚɦɢΝɢɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨΝɢɫɱɢɫɥɟɧɢɹ.ΝΝ



ζΝ

ɈɞɧɢɦΝɢɡΝɜɨɡɦɨɠɧɵɯΝɜɚɪɢɚɧɬɨɜΝɭɥɭɱɲɟɧɢɹΝɭɫɜɨɟɧɢɹΝɮɢɡɢɤɢΝɫɬɭɞɟɧɬɚɦɢΝ

ɩɟɪɜɨɝɨΝɤɭɪɫɚΝΧɨɫɨɛɟɧɧɨ,ΝɟɫɥɢΝɤɭɪɫΝɮɢɡɢɤɢΝɧɚɱɢɧɚɟɬɫɹΝɫΝɩɟɪɜɨɝɨΝɫɟɦɟɫɬɪɚΨΝɹɜ-

ɥɹɟɬɫɹΝ ɜɜɟɞɟɧɢɟΝ ɜΝ ɭɱɟɛɧɵɣΝ ɩɥɚɧΝ ɞɢɫɰɢɩɥɢɧɵΝ «ȺɞɚɩɬɢɜɧɵɣΝ ɤɭɪɫΝ ɮɢɡɢɤɢ»,Ν

ɩɪɟɞɜɚɪɹɸɳɟɣΝ ɢɡɭɱɟɧɢɟΝ ɨɫɧɨɜɧɨɝɨΝ ɤɭɪɫɚΝɮɢɡɢɤɢ.ΝȼΝ ɪɚɦɤɚɯΝ ɷɬɨɣΝ ɞɢɫɰɢɩɥɢɧɵΝ

ɩɨɹɜɥɹɟɬɫɹΝ ɜɨɡɦɨɠɧɨɫɬɶΝ ɩɨɞɝɨɬɨɜɢɬɶΝ ɫɬɭɞɟɧɬɨɜΝ ɤΝ ɜɨɫɩɪɢɹɬɢɸΝ ɭɱɟɛɧɨɝɨΝɦɚɬɟ-

ɪɢɚɥɚΝɩɨΝɨɫɧɨɜɧɨɦɭΝɤɭɪɫɭ,Ν ɩɨɜɬɨɪɢɜΝɧɟɤɨɬɨɪɵɟΝ ɪɚɡɞɟɥɵΝɲɤɨɥɶɧɨɝɨΝ ɤɭɪɫɚΝ ɚɥ-

ɝɟɛɪɵΝɢΝɝɟɨɦɟɬɪɢɢ,ΝɚɤɰɟɧɬɢɪɨɜɚɬɶΝɢɯΝɜɧɢɦɚɧɢɟΝɧɚΝɩɨɧɹɬɢɣɧɨɦΝɢΝɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɦΝ ɚɩɩɚɪɚɬɟΝ ɮɢɡɢɤɢΝ ɞɥɹΝ ɞɚɥɶɧɟɣɲɟɝɨΝ ɨɫɜɨɟɧɢɹΝ ɬɟɨɪɢɢ,Ν ɪɟɲɟɧɢɹΝ ɩɪɚɤɬɢɱɟ-

ɫɤɢɯΝɡɚɞɚɱΝɢΝɜɵɩɨɥɧɟɧɢɹΝɥɚɛɨɪɚɬɨɪɧɨɝɨΝɩɪɚɤɬɢɤɭɦɚ.ΝΝ

ȼΝ ɞɚɧɧɨɦΝ ɭɱɟɛɧɨɦΝ ɩɨɫɨɛɢɢΝ ɪɚɫɫɦɨɬɪɟɧɵΝ ɷɥɟɦɟɧɬɵΝ ɜɟɤɬɨɪɧɨɣΝ ɚɥɝɟɛɪɵ,Ν

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨɝɨΝ ɢɫɱɢɫɥɟɧɢɹΝ ɢΝ ɢɯΝ ɮɢɡɢɱɟɫɤɢɟΝ ɩɪɢɥɨɠɟɧɢɹ,Ν

ɩɪɢɜɟɞɟɧɵΝ ɦɟɬɨɞɵΝ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣΝ ɨɛɪɚɛɨɬɤɢΝ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯΝ ɞɚɧɧɵɯΝ ɢΝ

ɨɰɟɧɤɢΝ ɢɯΝ ɞɨɫɬɨɜɟɪɧɨɫɬɢ.Ν ɉɨɫɨɛɢɟΝ ɫɨɞɟɪɠɢɬΝ ɜɨɩɪɨɫɵΝ ɞɥɹΝ ɫɚɦɨɩɪɨɜɟɪɤɢΝ ɫɬɭ-

ɞɟɧɬɨɜΝ ɩɨΝ ɜɫɟɦΝ ɢɡɭɱɚɟɦɵɦΝ ɬɟɦɚɦΝ ɢΝ ɡɚɞɚɧɢɹΝ ɞɥɹΝ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣΝ ɪɚɛɨɬɵ.Ν ȼΝ

ɩɪɢɥɨɠɟɧɢɹɯΝɩɪɢɜɟɞɟɧɵΝɧɟɤɨɬɨɪɵɟΝɫɩɪɚɜɨɱɧɵɟΝɫɜɟɞɟɧɢɹΝɩɨΝɷɥɟɦɟɧɬɚɪɧɨɣΝɦɚ-

ɬɟɦɚɬɢɤɟ,Ν ɚɥɝɟɛɪɟ,Ν ɝɟɨɦɟɬɪɢɢ,Ν ɬɪɢɝɨɧɨɦɟɬɪɢɢ,Ν ɫɢɫɬɟɦɟΝ ɟɞɢɧɢɰΝ ɢɡɦɟɪɟɧɢɹ,Ν ɱɬɨΝ

ɦɨɠɟɬΝ ɛɵɬɶΝ ɢɫɩɨɥɶɡɨɜɚɧɨΝ ɫɬɭɞɟɧɬɚɦɢΝ ɧɟΝ ɬɨɥɶɤɨΝ ɩɪɢΝ ɪɟɲɟɧɢɢΝɮɢɡɢɱɟɫɤɢɯΝ ɡɚ-

ɞɚɱ,ΝɧɨΝɢΝɤɚɤΝɫɩɪɚɜɨɱɧɵɣΝɦɚɬɟɪɢɚɥΝɩɪɢΝɢɡɭɱɟɧɢɢΝɞɪɭɝɢɯΝɟɫɬɟɫɬɜɟɧɧɨ-ɧɚɭɱɧɵɯΝ

ɢΝɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯΝɞɢɫɰɢɩɥɢɧ.Ν

Ν

Ν



ηΝ

ȼȼȿȾȿɇɂȿ 

ɋɥɨɜɨΝ«ɮɢɡɢɤɚ»ΝɜΝɩɟɪɟɜɨɞɟΝɫΝɝɪɟɱɟɫɤɨɝɨΝɨɡɧɚɱɚɟɬΝ«ɩɪɢɪɨɞɚ».ΝɎɢɡɢɤɚΝɡɚ-

ɪɨɞɢɥɚɫɶΝ ɜΝ ɞɪɟɜɧɨɫɬɢΝɢΝɢɡɧɚɱɚɥɶɧɨΝ ɹɜɥɹɥɚɫɶΝ ɟɞɢɧɫɬɜɟɧɧɨɣΝɧɚɭɤɨɣΝɨΝɩɪɢɪɨɞɟ.Ν

ɈɧɚΝɜɤɥɸɱɚɥɚΝ ɜΝɫɟɛɹΝɜɫɟΝɢɡɜɟɫɬɧɨɟΝɨΝɹɜɥɟɧɢɹɯ,ΝɩɪɨɢɫɯɨɞɹɳɢɯΝɜΝɨɤɪɭɠɚɸɳɟɦΝ

ɦɢɪɟ,ΝɧɨΝɩɨΝɦɟɪɟΝɧɚɤɨɩɥɟɧɢɹΝɮɚɤɬɨɜ,ΝɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹΝɦɟɬɨɞɨɜΝɧɚɛɥɸɞɟɧɢɹΝ

ɢΝɢɫɫɥɟɞɨɜɚɧɢɹΝɪɚɡɥɢɱɧɵɯΝɹɜɥɟɧɢɣΝɩɪɢɪɨɞɵΝɷɬɚΝɧɚɭɤɚΝɫɬɚɥɚΝɫɬɨɥɶΝɨɛɲɢɪɧɨɣ,Ν

ɱɬɨΝɨɬɞɟɥɶɧɵɟΝɟɟΝɨɛɥɚɫɬɢΝɩɪɟɜɪɚɬɢɥɢɫɶΝɜΝɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟΝɧɚɭɤɢ.ΝɌɚɤΝɜɨɡɧɢɤ-

ɥɢ,Νɧɚɩɪɢɦɟɪ,ΝɚɫɬɪɨɧɨɦɢɹΝ–ΝɧɚɭɤɚΝɨΝɞɜɢɠɟɧɢɢΝɢΝɫɬɪɨɟɧɢɢΝɧɟɛɟɫɧɵɯΝɬɟɥ,Νɛɢɨɥɨ-

ɝɢɹΝ–Νɧɚɭɤɚ,ΝɢɡɭɱɚɸɳɚɹΝɜɫɟΝɠɢɜɨɟ,ΝɝɟɨɥɨɝɢɹΝ–ΝɧɚɭɤɚΝɨΝɫɬɪɨɟɧɢɢΝɁɟɦɥɢ,ΝɯɢɦɢɹΝ–Ν

ɧɚɭɤɚΝɨΝɫɨɫɬɚɜɟΝɢΝɫɬɪɨɟɧɢɢΝɜɟɳɟɫɬɜ,ΝɢΝɢɯΝɜɡɚɢɦɧɵɯΝɩɪɟɜɪɚɳɟɧɢɹɯ.ΝΝ

ɑɬɨΝɬɨɝɞɚΝɨɫɬɚɟɬɫɹΝɧɚΝɞɨɥɸΝɮɢɡɢɤɢ?ΝɋɨɝɥɚɫɧɨΝɨɩɪɟɞɟɥɟɧɢɸΝɢɡΝ«Ɏɢɡɢɱɟ-

ɫɤɨɝɨΝ ɷɧɰɢɤɥɨɩɟɞɢɱɟɫɤɨɝɨΝ ɫɥɨɜɚɪɹ»μΝ «Ɏɢɡɢɤɚ – ɧɚɭɤɚ, ɢɡɭɱɚɸɳɚɹ ɩɪɨɫɬɟɣ-

ɲɢɟ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɧɚɢɛɨɥɟɟ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɹɜɥɟɧɢɣ ɩɪɢɪɨɞɵ, 

ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɨɟɧɢɟ ɦɚɬɟɪɢɢ, ɢ ɡɚɤɨɧɵ ɟɟ ɞɜɢɠɟɧɢɹ».ΝɎɢɡɢɤɚΝɪɚɫɫɦɚɬɪɢɜɚ-

ɟɬΝ ɩɪɢɪɨɞɭΝ ɤɚɤΝ ɨɛɴɟɤɬɢɜɧɭɸΝ ɪɟɚɥɶɧɨɫɬɶ,Ν ɤɨɬɨɪɚɹΝ ɫɭɳɟɫɬɜɭɟɬΝ ɧɟɡɚɜɢɫɢɦɨΝ ɨɬΝ

ɧɚɲɟɝɨΝɫɨɡɧɚɧɢɹ.ΝɆɚɬɟɪɢɹΝɟɫɬɶΝɮɢɥɨɫɨɮɫɤɚɹΝɤɚɬɟɝɨɪɢɹΝɞɥɹΝɨɛɨɡɧɚɱɟɧɢɹΝɨɛɴ-

ɟɤɬɢɜɧɨɣΝɪɟɚɥɶɧɨɫɬɢ,ΝɤɨɬɨɪɚɹΝɞɚɧɚΝɧɚɦΝɜΝɨɳɭɳɟɧɢɢΝɢΝɫɭɳɟɫɬɜɭɟɬΝɧɟɡɚɜɢɫɢɦɨΝ

ɨɬΝɧɚɫ.ΝɇɚΝɫɟɝɨɞɧɹɲɧɢɣΝɞɟɧɶΝɢɡɜɟɫɬɧɵΝɞɜɟΝɮɨɪɦɵΝɦɚɬɟɪɢɢμΝɜɟɳɟɫɬɜɨ ɢΝɩɨɥɟ.Ν

ɂɡΝɜɟɳɟɫɬɜɚΝɫɨɫɬɨɹɬΝɜɫɟΝɬɟɥɚΝɜΝɩɪɢɪɨɞɟ.ΝɉɨɥɟΝ–ΝɷɬɨΝɨɫɨɛɚɹΝɮɨɪɦɚΝɦɚɬɟɪɢɢ,Νɩɨ-

ɫɪɟɞɫɬɜɨɦΝ ɤɨɬɨɪɨɣΝ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹΝ ɥɸɛɵɟΝ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹΝ ɦɟɠɞɭΝ ɬɟɥɚɦɢΝ ɜΝ

ɩɪɢɪɨɞɟ.ΝΝ

ȼɟɳɟɫɬɜɨΝɢΝɩɨɥɟΝɨɛɪɚɡɭɸɬΝɮɢɡɢɱɟɫɤɨɟΝɩɪɨɫɬɪɚɧɫɬɜɨ,ΝɜΝɤɨɬɨɪɨɦΝɩɪɨɬɟɤɚ-

ɸɬΝɜɫɟΝɮɢɡɢɱɟɫɤɢɟΝɹɜɥɟɧɢɹΝɜΝɬɟɱɟɧɢɟΝɬɨɝɨΝɢɥɢΝɢɧɨɝɨΝɤɨɧɟɱɧɨɝɨΝɜɪɟɦɟɧɢ.ΝɆɧɨ-

ɝɢɟΝɫɜɨɣɫɬɜɚΝɩɪɨɫɬɪɚɧɫɬɜɚΝɢΝɜɪɟɦɟɧɢΝɫɨɜɪɟɦɟɧɧɨɣΝɧɚɭɤɟΝɭɠɟΝɢɡɜɟɫɬɧɵ,ΝɜΝɱɚɫɬ-

ɧɨɫɬɢ,Ν ɢɡɜɟɫɬɧɨ,Ν ɱɬɨΝɦɚɬɟɪɢɹ,Ν ɩɪɨɫɬɪɚɧɫɬɜɨΝ ɢΝ ɜɪɟɦɹΝ ɜɡɚɢɦɨɫɜɹɡɚɧɵΝ ɢΝ ɜɡɚɢɦɨ-

ɨɛɭɫɥɨɜɥɟɧɵΝ–ΝɫɬɨɢɬΝɢɡɦɟɧɢɬɶɫɹΝɨɞɧɨɦɭ,ΝɤɚɤΝɨɛɹɡɚɬɟɥɶɧɨΝɢɡɦɟɧɢɬɫɹΝɞɪɭɝɨɟ.Ν

ɉɪɨɫɬɟɣɲɢɟΝɜɢɞɵΝɞɜɢɠɟɧɢɹΝ–ΝɬɚɤɢɟΝɤɚɤΝɦɟɯɚɧɢɱɟɫɤɨɟ,Νɜɨɥɧɨɜɨɟ,Νɚɬɨɦɧɨ-

ɦɨɥɟɤɭɥɹɪɧɨɟΝɢΝɬ.ɞ.,ΝɨɞɧɨɜɪɟɦɟɧɧɨΝɹɜɥɹɹɫɶΝɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ,ΝɜɯɨɞɹɬΝɜΝɫɨɫɬɚɜΝ

ɫɤɨɥɶΝɭɝɨɞɧɨΝɫɥɨɠɧɵɯΝɜɢɞɨɜΝɞɜɢɠɟɧɢɹ.ΝɎɢɡɢɤɚΝɹɜɥɹɟɬɫɹΝɨɫɧɨɜɨɣΝɫɨɜɪɟɦɟɧɧɨɝɨΝ

ɟɫɬɟɫɬɜɨɡɧɚɧɢɹ,ΝɜΝɷɬɨɦΝɟɟΝɜɚɠɧɨɫɬɶ.ΝΝ



θΝ

ɈɞɧɚΝɢɡΝɝɥɚɜɧɵɯΝɡɚɞɚɱΝɫɨɜɪɟɦɟɧɧɨɣΝɮɢɡɢɤɢΝ–ΝɢɡɭɱɟɧɢɟΝɫɜɨɣɫɬɜΝɜɟɳɟɫɬɜɚ,Ν

ɜɯɨɞɹɳɢɯΝɜΝɫɨɫɬɚɜΝ ɤɚɤΝɧɟɠɢɜɵɯ,ΝɬɚɤΝɢΝɠɢɜɵɯΝɬɟɥ,Ν ɢɡɭɱɟɧɢɟΝɩɪɨɰɟɫɫɨɜΝ ɜΝɷɬɢɯΝ

ɬɟɥɚɯ,Ν ɬ.ɟ.Ν ɢɡɦɟɧɟɧɢɣΝ ɪɚɡɥɢɱɧɵɯΝ ɫɜɨɣɫɬɜ,Ν ɩɪɨɢɫɯɨɞɹɳɢɯΝ ɜΝ ɪɟɡɭɥɶɬɚɬɟΝ ɬɟɯΝ ɢɥɢΝ

ɢɧɵɯΝ ɜɨɡɞɟɣɫɬɜɢɣΝ ɧɚΝ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟΝ ɬɟɥɨ.Ν ɉɨɷɬɨɦɭΝ ɫɨɜɪɟɦɟɧɧɵɟΝ ɨɬɪɚɫɥɢΝ

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ,Ν ɷɧɟɪɝɟɬɢɤɚ,Ν ɦɟɞɢɰɢɧɚ,Ν ɝɟɨɥɨɝɢɹΝ ɢΝ ɞɚɠɟΝ ɫɟɥɶɫɤɨɟΝ ɯɨɡɹɣɫɬɜɨΝ

ɧɟɦɵɫɥɢɦɵΝɜΝɨɬɪɵɜɟΝɨɬΝɮɢɡɢɤɢ.Ν

ȿɳɟΝɨɞɧɚΝɢɡΝɨɫɧɨɜɧɵɯΝɡɚɞɚɱΝɮɢɡɢɤɢΝɫɨɫɬɨɢɬΝɜΝɢɡɭɱɟɧɢɢΝɫɬɪɭɤɬɭɪɵΝɪɚɡ-

ɥɢɱɧɵɯΝɜɟɳɟɫɬɜ,ΝɨɛɴɹɫɧɟɧɢɣΝɧɚΝɷɬɨɣΝɨɫɧɨɜɟΝɭɠɟΝɢɡɜɟɫɬɧɵɯΝɫɜɨɣɫɬɜΝɢΝɩɪɨɝɧɨ-

ɡɢɪɨɜɚɧɢɟΝɧɨɜɵɯ,ΝɟɳɟΝɧɟΝɢɡɜɟɫɬɧɵɯ.ΝɄɪɨɦɟΝɬɨɝɨ,ΝɮɢɡɢɤɚΝɢɡɭɱɚɟɬΝɫɬɪɨɟɧɢɟΝɫɚ-

ɦɢɯΝɚɬɨɦɨɜΝɢΝɦɨɥɟɤɭɥ,ΝɚΝɬɚɤɠɟΝɫɬɪɨɟɧɢɟΝɨɬɞɟɥɶɧɵɯΝɱɚɫɬɟɣΝɚɬɨɦɨɜΝɢΝɦɨɥɟɤɭɥ,Ν

ɚɬɨɦɧɵɟΝɹɞɪɚΝɢΝɷɥɟɦɟɧɬɚɪɧɵɟΝɱɚɫɬɢɰɵ.ΝΝ

ɎɢɡɢɤɚΝɹɜɥɹɟɬɫɹΝɨɩɵɬɧɨɣΝɧɚɭɤɨɣ,ΝɬɚɤΝɤɚɤΝɜɫɟΝɭɫɬɚɧɨɜɥɟɧɧɵɟΝɡɚɤɨɧɵ,ΝɜɫɟΝ

ɮɢɡɢɱɟɫɤɢɟΝɬɟɨɪɢɢΝɜΝɫɜɨɟɣΝɨɫɧɨɜɟΝɜɵɬɟɤɚɸɬΝɢɡΝɧɚɛɥɸɞɟɧɢɣΝɢΝɷɤɫɩɟɪɢɦɟɧɬɨɜ,Ν

ɪɟɡɭɥɶɬɚɬɵΝɤɨɬɨɪɵɯΝɨɛɨɛɳɟɧɵΝɢΝɫɮɨɪɦɭɥɢɪɨɜɚɧɵΝɜΝɜɢɞɟΝɡɚɤɨɧɨɜ.Ν

ɄɚɤΝ ɩɪɚɜɢɥɨ,Ν ɜɫɟΝ ɹɜɥɟɧɢɹΝ ɜɡɚɢɦɨɫɜɹɡɚɧɵΝ ɦɟɠɞɭΝ ɫɨɛɨɣ,Ν ɩɨɷɬɨɦɭΝ ɩɪɨɜɨ-

ɞɢɬɶΝɢɡɭɱɟɧɢɟΝɜɫɟɣΝɫɨɜɨɤɭɩɧɨɫɬɢΝɹɜɥɟɧɢɣΝ–ΝɞɨɫɬɚɬɨɱɧɨΝɫɥɨɠɧɚɹΝɡɚɞɚɱɚ.ΝȼΝɫɜɹ-

ɡɢΝɫΝɷɬɢɦΝɜɨɡɧɢɤɚɟɬΝɧɟɨɛɯɨɞɢɦɨɫɬɶΝɜΝɭɩɪɨɳɟɧɢɢΝɨɩɢɫɚɧɢɹΝɬɨɝɨΝɢɥɢΝɢɧɨɝɨΝɩɪɨ-

ɰɟɫɫɚΝɡɚΝɫɱɟɬΝɭɱɟɬɚΝɥɢɲɶΝɨɫɧɨɜɧɵɯΝɮɚɤɬɨɪɨɜ,ΝɨɩɪɟɞɟɥɹɸɳɢɯΝɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟΝ

ɹɜɥɟɧɢɟ.ΝɑɬɨɛɵΝɞɨɫɬɢɱɶΝɨɩɪɟɞɟɥɟɧɧɨɣΝɰɟɥɢ,ΝɜΝɮɢɡɢɤɟΝɩɪɢɦɟɧɹɟɬɫɹΝɩɪɢɟɦΝɪɚɡ-

ɞɟɥɟɧɢɹΝ ɫɭɳɟɫɬɜɟɧɧɵɯΝ ɢΝ ɧɟɫɭɳɟɫɬɜɟɧɧɵɯΝ ɯɚɪɚɤɬɟɪɢɫɬɢɤΝ ɢΝ ɫɜɹɡɟɣΝ ɜΝ ɭɫɥɨɜɢɹɯΝ

ɩɨɫɬɚɜɥɟɧɧɨɣΝɡɚɞɚɱɢ.ΝΝ

ɍɩɪɨɳɟɧɧɨɟΝ ɪɚɫɫɦɨɬɪɟɧɢɟΝ ɹɜɥɟɧɢɣΝ ɩɨɡɜɨɥɹɟɬΝ ɭɫɬɚɧɨɜɢɬɶΝ ɫɪɚɜɧɢɬɟɥɶɧɨΝ

ɩɪɨɫɬɵɟΝɤɨɥɢɱɟɫɬɜɟɧɧɵɟΝɫɜɹɡɢΝɦɟɠɞɭΝɪɚɡɥɢɱɧɵɦɢΝɜɟɥɢɱɢɧɚɦɢ,Νɯɚɪɚɤɬɟɪɢɡɭɸ-

ɳɢɦɢΝɹɜɥɟɧɢɟΝɢɥɢΝɰɟɥɭɸΝɝɪɭɩɩɭΝɹɜɥɟɧɢɣ.ΝЭɬɢΝɫɜɹɡɢΝɢΝɧɚɡɵɜɚɸɬΝɮɢɡɢɱɟɫɤɢɦɢ 

ɡɚɤɨɧɚɦɢ.Ν
ɄɪɢɬɟɪɢɟɦΝ ɜɟɪɧɨɫɬɢΝ ɬɟɨɪɢɢΝ ɢɥɢΝ ɝɢɩɨɬɟɡɵΝ ɹɜɥɹɟɬɫɹΝ ɨɩɵɬμΝ ɟɫɥɢΝ ɜɵɜɨɞɵΝ

ɬɟɨɪɢɢΝɧɟΝɫɨɝɥɚɫɭɸɬɫɹΝɫΝɨɩɵɬɨɦ,ΝɩɪɨɬɢɜɨɪɟɱɚɬΝɟɦɭ,ΝɬɨΝɬɟɨɪɢɹΝɧɟɜɟɪɧɚνΝɫɨɝɥɚ-

ɫɨɜɚɧɢɟΝɨɩɵɬɧɵɯΝɞɚɧɧɵɯΝɫΝɜɵɜɨɞɚɦɢΝɬɟɨɪɢɢΝɫɥɭɠɢɬΝɟɟΝɩɨɞɬɜɟɪɠɞɟɧɢɟɦ.Νɂɦɟ-

ɟɬɫɹΝɬɚɤɠɟΝɜɨɡɦɨɠɧɨɫɬɶΝɩɟɪɟɫɦɨɬɪɚΝɬɟɨɪɢɢΝɢɥɢΝɟɟΝɡɚɦɟɧɵΝɧɚΝɧɨɜɭɸΝɩɪɢΝɩɨɹɜ-

ɥɟɧɢɢΝɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯΝɞɚɧɧɵɯ,ΝɤɨɬɨɪɵɟΝɧɟΝɭɤɥɚɞɵɜɚɸɬɫɹΝɜΝɪɚɦɤɢΝɫɭɳɟɫɬ-

ɜɭɸɳɟɣ.Ν



ιΝ

ɉɪɢΝɥɸɛɵɯΝɢɫɫɥɟɞɨɜɚɧɢɹɯ,Νɧɚɛɥɸɞɟɧɢɹɯ,ΝɷɤɫɩɟɪɢɦɟɧɬɚɯΝɩɪɢɯɨɞɢɬɫɹΝɞɟ-

ɥɚɬɶΝ ɬɟΝɢɥɢΝɢɧɵɟΝɢɡɦɟɪɟɧɢɹ.ΝɈɱɟɜɢɞɧɨ,Ν ɱɬɨΝ ɥɸɛɨɟΝɢɡɦɟɪɟɧɢɟΝɧɟΝɦɨɠɟɬΝɛɵɬɶΝ

ɚɛɫɨɥɸɬɧɨΝɬɨɱɧɵɦ.ΝɌɨɱɧɨɫɬɶΝɢɡɦɟɪɟɧɢɣΝɨɩɪɟɞɟɥɹɟɬɫɹΝɦɧɨɝɢɦɢΝɮɚɤɬɨɪɚɦɢμΝɜɢ-

ɞɨɦΝ ɢΝ ɤɚɱɟɫɬɜɨɦΝ ɩɪɢɛɨɪɨɜ,Ν ɭɦɟɧɢɟɦΝ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ,Ν ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢΝ ɢɡ-

ɦɟɪɹɟɦɨɝɨΝɨɛɴɟɤɬɚΝɢΝ ɬ.ɞ.ΝȼɫɟΝɢɫɤɚɠɟɧɢɹΝɩɪɢΝɢɡɦɟɪɟɧɢɹɯ,Ν ɬɚɤΝɧɚɡɵɜɚɟɦɵɟΝ ɩɨ-

ɝɪɟɲɧɨɫɬɢ,ΝɧɟɨɛɯɨɞɢɦɨΝɭɱɢɬɵɜɚɬɶΝɩɪɢΝɢɫɫɥɟɞɨɜɚɧɢɹɯΝɢΝɜɵɱɢɫɥɟɧɢɹɯ.Ν

Ɇɚɬɟɦɚɬɢɤɚ,Ν ɧɚɪɹɞɭΝ ɫΝ ɷɤɫɩɟɪɢɦɟɧɬɨɦ,Ν ɹɜɥɹɟɬɫɹΝ ɜɚɠɧɟɣɲɢɦΝ ɢɧɫɬɪɭɦɟɧ-

ɬɨɦΝ ɮɢɡɢɱɟɫɤɨɝɨΝ ɢɫɫɥɟɞɨɜɚɧɢɹ.Ν ɎɢɡɢɤɚΝ ɢɦɟɟɬΝ ɞɟɥɨΝ ɫΝ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢΝ ɫɨɨɬ-

ɧɨɲɟɧɢɹɦɢ,ΝɢΝɹɡɵɤɨɦΝɮɢɡɢɤɢΝɹɜɥɹɟɬɫɹΝɹɡɵɤΝɦɚɬɟɦɚɬɢɱɟɫɤɢɯΝɭɪɚɜɧɟɧɢɣ,Νɩɨɷɬɨ-

ɦɭΝɮɢɡɢɤɚΝ–ΝɬɨɱɧɚɹΝɧɚɭɤɚ.ΝɆɚɬɟɦɚɬɢɱɟɫɤɢɟΝɮɨɪɦɭɥɵΝɮɢɡɢɤɢΝɫɜɹɡɵɜɚɸɬΝɜΝɭɪɚɜ-

ɧɟɧɢɹΝɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ,ΝɫΝɩɨɦɨɳɶɸΝɤɨɬɨɪɵɯΝɜɵɪɚɠɚɸɬΝɬɟΝɢɥɢΝɢɧɵɟΝɫɜɨɣ-

ɫɬɜɚΝɢɡɭɱɚɟɦɵɯΝɬɟɥ,ΝɜɟɳɟɫɬɜΝɢɥɢΝɩɨɥɟɣ.ΝЭɬɢΝɜɟɥɢɱɢɧɵΝɦɨɝɭɬΝɢɦɟɬɶΝɪɚɡɥɢɱɧɵɣΝ

ɦɚɬɟɦɚɬɢɱɟɫɤɢɣΝɯɚɪɚɤɬɟɪ.Ν

Ɉɩɪɟɞɟɥɟɧɢɟɦ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵΝ ɧɚɡɵɜɚɟɬɫɹΝ ɫɨɨɬɧɨɲɟɧɢɟ,Ν ɜΝ ɤɨɬɨ-

ɪɨɦΝ ɩɨɞɱɟɪɤɢɜɚɟɬɫɹΝ ɨɫɧɨɜɧɚɹΝ ɟɟΝ ɨɫɨɛɟɧɧɨɫɬɶΝ ɢΝ ɞɚɟɬɫɹΝ ɫɩɨɫɨɛΝ ɨɩɪɟɞɟɥɢɬɶΝ ɟɟΝ

ɱɢɫɥɟɧɧɨɟΝɡɧɚɱɟɧɢɟ.ΝɋɭɳɟɫɬɜɭɟɬΝɞɜɟΝɨɫɧɨɜɧɵɟΝɤɚɬɟɝɨɪɢɢΝɮɢɡɢɱɟɫɤɢɯΝɜɟɥɢɱɢɧ,Ν

ɤɨɬɨɪɵɟΝɢɫɩɨɥɶɡɭɸɬɫɹΝ ɜΝɤɭɪɫɟΝɮɢɡɢɤɢ,Ν –Νɫɤɚɥɹɪɧɵɟ ɢ ɜɟɤɬɨɪɧɵɟ.ΝɆɚɬɟɦɚɬɢ-

ɱɟɫɤɢɟΝɨɩɟɪɚɰɢɢΝɧɚɞΝɧɢɦɢΝɩɪɨɢɡɜɨɞɹɬɫɹΝɩɨΝɪɚɡɥɢɱɧɵɦΝɩɪɚɜɢɥɚɦ,ΝɤɨɬɨɪɵɟΝɛɨ-

ɥɟɟΝɩɨɞɪɨɛɧɨΝɛɭɞɭɬΝ ɪɚɫɫɦɨɬɪɟɧɵΝ ɜΝɩɨɫɥɟɞɭɸɳɢɯΝɪɚɡɞɟɥɚɯΝɞɚɧɧɨɝɨΝɦɟɬɨɞɢɱɟ-

ɫɤɨɝɨΝɩɨɫɨɛɢɹ.Ν

ɋɜɹɡɶΝɦɚɬɟɦɚɬɢɤɢΝɢΝɮɢɡɢɤɢΝɢΝɢɯΝɜɥɢɹɧɢɟΝɜɡɚɢɦɧɵ.ΝɊɚɡɜɢɬɢɟΝɦɚɬɟɦɚɬɢɤɢΝ

ɩɨɡɜɨɥɹɟɬΝɪɟɲɚɬɶΝɜɫɟΝɛɨɥɟɟΝɫɥɨɠɧɵɟΝɮɢɡɢɱɟɫɤɢɟΝɡɚɞɚɱɢ,ΝɮɨɪɦɭɥɢɪɨɜɚɬɶΝɧɨɜɵɟ,Ν

ɛɨɥɟɟΝ ɫɥɨɠɧɵɟΝ ɮɢɡɢɱɟɫɤɢɟΝ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ.Ν ЭɬɢΝ ɜɨɡɦɨɠɧɨɫɬɢΝ ɨɫɨɛɟɧɧɨΝ ɪɚɫ-

ɲɢɪɢɥɢɫɶΝ ɜΝ ɩɨɫɥɟɞɧɢɟΝ ɝɨɞɵΝ ɢΝ ɞɚɠɟΝ ɩɟɪɟɪɨɫɥɢΝ ɜΝ ɨɬɞɟɥɶɧɵɣΝ ɪɚɡɞɟɥΝ ɮɢɡɢɤɢΝ –Ν

ɦɨɞɟɥɢɪɨɜɚɧɢɟΝɮɢɡɢɱɟɫɤɢɯΝɩɪɨɰɟɫɫɨɜΝɢΝɨɛɴɟɤɬɨɜ.Ν

ȾɥɹΝɭɫɩɟɲɧɨɣΝɪɚɛɨɬɵΝɜΝɥɸɛɨɦΝɢɡΝɧɚɭɤɨɟɦɤɢɯΝɬɟɯɧɢɱɟɫɤɢɯΝɧɚɩɪɚɜɥɟɧɢɣΝ

ɫɨɜɪɟɦɟɧɧɨɦɭΝɢɧɠɟɧɟɪɭΝɧɟɨɛɯɨɞɢɦɨΝɨɜɥɚɞɟɬɶΝɨɫɧɨɜɚɦɢΝɮɢɡɢɤɢΝ–ΝɢɡɭɱɢɬɶΝɧɚɢ-

ɛɨɥɟɟΝɜɚɠɧɵɟΝɮɢɡɢɱɟɫɤɢɟΝɡɚɤɨɧɵΝɢΝɢɯΝɫɥɟɞɫɬɜɢɹ,ΝɧɚɭɱɢɬɶɫɹΝɜɵɞɟɥɹɬɶΝɝɥɚɜɧɨɟΝɜΝ

ɫɥɨɠɧɵɯΝ ɹɜɥɟɧɢɹɯ,Ν ɨɫɜɨɢɬɶΝ ɨɫɧɨɜɧɵɟΝ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟΝ ɢΝ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟΝ

ɦɟɬɨɞɵΝɮɢɡɢɱɟɫɤɨɝɨΝɢɫɫɥɟɞɨɜɚɧɢɹ.ΝɌɚɤ,ΝΝɧɚΝɷɧɟɪɝɟɬɢɱɟɫɤɨɦΝɮɚɤɭɥɶɬɟɬɟΝɮɢɡɢɤɚΝ



8Ν

ɹɜɥɹɟɬɫɹΝ ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɟɣΝ ɞɢɫɰɢɩɥɢɧɨɣΝ ɩɪɟɞɦɟɬɧɵɯΝ ɡɧɚɧɢɣ.Ν ɈɧɚΝ ɫɥɭɠɢɬΝ

ɧɚɭɱɧɨɣΝɨɫɧɨɜɨɣΝɞɥɹΝɜɫɟɣΝɫɨɜɪɟɦɟɧɧɨɣΝɷɥɟɤɬɪɨɬɟɯɧɢɤɢΝɢΝɧɨɜɵɯΝɬɟɯɧɨɥɨɝɢɣΝɜΝ

ɷɧɟɪɝɟɬɢɤɟ.Ν ȾɟɹɬɟɥɶɧɨɫɬɶΝ ɫɩɟɰɢɚɥɢɫɬɚΝ ɜΝ ɨɛɥɚɫɬɢΝ ɬɟɯɧɨɫɮɟɪɧɨɣΝ ɛɟɡɨɩɚɫɧɨɫɬɢΝ

ɬɚɤɠɟΝɧɟɜɨɡɦɨɠɧɚΝɛɟɡΝɩɨɧɢɦɚɧɢɹΝɮɢɡɢɱɟɫɤɢɯΝɩɪɨɰɟɫɫɨɜ,ΝɡɚɥɨɠɟɧɧɵɯΝɜΝɨɫɧɨɜɭΝ

ɪɚɛɨɬɵΝ ɫɥɨɠɧɵɯΝ ɬɟɯɧɢɱɟɫɤɢɯΝ ɭɫɬɪɨɣɫɬɜ.Ν ȻɟɡΝ ɡɧɚɧɢɹΝ ɤɭɪɫɚΝ ɨɛɳɟɣΝ ɮɢɡɢɤɢΝ ɧɟ-

ɜɨɡɦɨɠɧɨΝɨɜɥɚɞɟɬɶΝɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦɢΝɞɢɫɰɢɩɥɢɧɚɦɢ,Νɚ,Νɫɥɟɞɨɜɚɬɟɥɶɧɨ,Νɩɨɞ-

ɝɨɬɨɜɢɬɶΝɤɚɱɟɫɬɜɟɧɧɨɝɨΝɫɩɟɰɢɚɥɢɫɬɚ,ΝɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɝɨΝɧɚΝɪɵɧɤɟΝɬɪɭɞɚ.Ν

ȾɚɧɧɨɟΝɭɱɟɛɧɨɟΝɩɨɫɨɛɢɟΝɩɨɦɨɠɟɬΝɫɬɭɞɟɧɬɚɦΝɩɟɪɜɨɝɨΝɤɭɪɫɚΝɫɜɨɛɨɞɧɨΝɨɩɟ-

ɪɢɪɨɜɚɬɶΝ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢΝ ɩɨɧɹɬɢɹɦɢΝ ɩɪɢΝ ɢɡɭɱɟɧɢɢΝ ɮɢɡɢɱɟɫɤɢɯΝ ɡɚɤɨɧɨɜ,Ν ɪɟ-

ɲɟɧɢɢΝɩɨɫɬɚɜɥɟɧɧɵɯΝɬɟɨɪɟɬɢɱɟɫɤɢɯΝɢΝɩɪɢɤɥɚɞɧɵɯΝɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯΝɡɚɞɚɱ.Ν

Ν



λΝ

1. ɗɅȿɆȿɇɌɕ ȼȿɄɌɈɊɇɈɃ ȺɅȽȿȻɊɕ 

1.1. ɉɨɧɹɬɢɟ ɨ ɫɤɚɥɹɪɧɵɯ ɢ ɜɟɤɬɨɪɧɵɯ ɜɟɥɢɱɢɧɚɯ 

ɉɪɢΝɢɡɭɱɟɧɢɢΝɪɟɚɥɶɧɨɝɨΝɦɢɪɚΝɩɪɢɯɨɞɢɬɫɹΝɫɬɚɥɤɢɜɚɬɶɫɹΝɫΝɬɚɤɢɦɢΝɫɜɨɣɫɬ-

ɜɚɦɢΝɢɫɫɥɟɞɭɟɦɵɯΝɨɛɴɟɤɬɨɜ,ΝɤɨɬɨɪɵɟΝɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹΝɱɢɫɥɨɜɨɣΝɦɟɪɨɣΝ ΧɦɚɫɫɚΝ

ɬɟɥɚ,ΝɨɛɴɟɦΝɬɟɥɚ,Ν ɷɥɟɤɬɪɢɱɟɫɤɢɣΝɡɚɪɹɞΝɢΝɬ.ɞ.Ψ.ΝɌɚɤɢɦɢΝɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢΝɹɜɥɹ-

ɸɬɫɹΝ ɫɤɚɥɹɪɧɵɟ ɜɟɥɢɱɢɧɵ,Ν ɤɨɬɨɪɵɟΝ ɨɛɨɡɧɚɱɚɸɬɫɹΝ ɥɢɛɨΝ ɛɭɤɜɚɦɢΝ ɨɛɵɱɧɨɝɨΝ

ɲɪɢɮɬɚ,ΝɥɢɛɨΝɰɢɮɪɚɦɢΝΧК, Л, t, I, 5, -7,…Ψ.ΝɋɤɚɥɹɪɧɵɟΝɜɟɥɢɱɢɧɵΝɦɨɝɭɬΝɛɵɬɶΝɤɚɤΝ

ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ,ΝɬɚɤΝɢΝɨɬɪɢɰɚɬɟɥɶɧɵɦɢ.ΝɆɚɬɟɦɚɬɢɱɟɫɤɢɟΝɨɩɟɪɚɰɢɢΝɧɚɞΝɧɢɦɢΝ

ɜɵɩɨɥɧɹɸɬɫɹΝɩɨΝɩɪɚɜɢɥɚɦΝɚɪɢɮɦɟɬɢɤɢΝɢΝɷɥɟɦɟɧɬɚɪɧɨɣΝɚɥɝɟɛɪɵ.ΝΝ

ȼΝɬɨΝɠɟΝɜɪɟɦɹΝɧɟɤɨɬɨɪɵɟΝɨɛɴɟɤɬɵΝɢɡɭɱɟɧɢɹΝɦɨɝɭɬΝɨɛɥɚɞɚɬɶΝɬɚɤɢɦɢΝɫɜɨɣ-

ɫɬɜɚɦɢ,ΝɤɨɬɨɪɵɟΝɬɪɟɛɭɸɬΝɧɟΝɬɨɥɶɤɨΝɡɧɚɧɢɹΝɱɢɫɥɨɜɨɣΝɦɟɪɵ,ΝɧɨΝɢΝɧɚɩɪɚɜɥɟɧɢɹΝɜΝ

ɩɪɨɫɬɪɚɧɫɬɜɟ.ΝЭɬɢΝɫɜɨɣɫɬɜɚΝɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹΝɜɟɥɢɱɢɧɚɦɢ,ΝɤɨɬɨɪɵɟΝɧɚɡɵɜɚɸɬɫɹΝ

ɜɟɤɬɨɪɧɵɦɢ.ΝΝ

ɌɚɤɢɦΝɨɛɪɚɡɨɦ,Νɫɤɚɥɹɪɧɨɣ ɜɟɥɢɱɢɧɨɣ ΧɢɥɢΝɫɤɚɥɹɪɨɦΨ ɧɚɡɵɜɚɟɬɫɹΝɮɢɡɢ-

ɱɟɫɤɚɹΝɜɟɥɢɱɢɧɚ,Ν ɯɚɪɚɤɬɟɪɢɡɭɟɦɚɹΝɱɢɫɥɟɧɧɵɦΝɡɧɚɱɟɧɢɟɦΝɢΝɧɟΝɨɛɥɚɞɚɸɳɚɹΝɧɚ-

ɩɪɚɜɥɟɧɢɟɦ,ΝɧɚɩɪɢɦɟɪμΝSΝ–Νɩɭɬɶ,Νt Ν–ΝɬɟɦɩɟɪɚɬɭɪɚΝΧɩɨΝɲɤɚɥɟΝɐɟɥɶɫɢɹΨ,ΝρΝ–Νɩɥɨɬ-

ɧɨɫɬɶ,ΝR – ɫɨɩɪɨɬɢɜɥɟɧɢɟ,ΝȺΝΝ–Νɪɚɛɨɬɚ,ΝI –ΝɫɢɥɚΝɬɨɤɚ.Νȼɟɤɬɨɪɧɨɣ ɜɟɥɢɱɢɧɨɣ ɧɚ-

ɡɵɜɚɟɬɫɹΝ ɮɢɡɢɱɟɫɤɚɹΝ ɜɟɥɢɱɢɧɚ,Ν ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ,Ν ɩɨɦɢɦɨΝ ɱɢɫɥɨɜɨɝɨΝ ɡɧɚɱɟ-

ɧɢɹ,ΝɟɳɟΝɢΝɧɚɩɪɚɜɥɟɧɢɟɦ,Νɧɚɩɪɢɦɟɪμ		 ሬܸ⃗ Ν– ɫɤɨɪɨɫɬɶ, ܽ⃗ – ɭɫɤɨɪɟɧɢɟ,Ν⃗ܨ	–	ɫɢɥɚ,		ܧሬ⃗ 		–Ν
ɧɚɩɪɹɠɟɧɧɨɫɬɶΝɷɥɟɤɬɪɢɱɟɫɤɨɝɨΝɩɨɥɹ.ΝȼΝɭɱɟɛɧɨɣΝɢΝɧɚɭɱɧɨɣΝɥɢɬɟɪɚɬɭɪɟΝɜɟɤɬɨɪ-

ɧɵɟΝ ɜɟɥɢɱɢɧɵΝ ɜΝ ɨɬɥɢɱɢɟΝ ɨɬΝ ɫɤɚɥɹɪɧɵɯΝ ɩɪɢɧɹɬɨΝ ɨɛɨɡɧɚɱɚɬɶΝ ɛɭɤɜɚɦɢΝ ɠɢɪɧɨɝɨΝ

ɲɪɢɮɬɚΝ ΧК, ɪ, F, v, E ɢΝɬ.ɞ.ΨΝɢɥɢΝɛɭɤɜɨɣΝɨɛɵɱɧɨɝɨΝɲɪɢɮɬɚΝ ΧɧɟɠɢɪɧɨɝɨΨ,ΝɧɨΝɫɨΝ

ɫɬɪɟɥɤɨɣΝɧɚɞΝɧɟɣΝΧܽ⃗, ,⃗݌ ሬሬሬ⃗ܨ	 ,	Ν⃗ݒ, ሬ⃗ܧ 	ˋ	˕. ˇ.Ψ.ΝɈɩɟɪɚɰɢɢΝɧɚɞΝɜɟɤɬɨɪɧɵɦɢΝɜɟɥɢɱɢɧɚɦɢΝ
ɜɵɩɨɥɧɹɸɬɫɹΝ ɩɨΝ ɩɪɚɜɢɥɚɦΝ ɜɟɤɬɨɪɧɨɣΝ ɚɥɝɟɛɪɵ,Ν ɩɨɷɬɨɦɭΝ ɩɪɢΝ ɪɟɲɟɧɢɢΝɮɢɡɢɱɟ-

ɫɤɢɯΝɡɚɞɚɱΝɧɟɨɛɯɨɞɢɦɨΝɡɧɚɬɶΝɫɜɨɣɫɬɜɚΝɜɟɤɬɨɪɨɜΝɢΝɭɦɟɬɶΝɩɪɨɢɡɜɨɞɢɬɶΝɞɟɣɫɬɜɢɹΝɫΝ

ɜɟɤɬɨɪɚɦɢ.Ν

1.2. ɋɜɨɣɫɬɜɚ ɜɟɤɬɨɪɨɜ 

ȼɟɤɬɨɪΝɢɡɨɛɪɚɠɚɟɬɫɹΝɜΝɜɢɞɟΝɧɚɩɪɚɜɥɟɧɧɨɝɨΝɨɬɪɟɡɤɚΝΧɪɢɫ.Ν1.1Ψ,Νɧɚɩɪɚɜɥɟ-

ɧɢɟΝɤɨɬɨɪɨɝɨΝɭɤɚɡɵɜɚɟɬɫɹΝɫɬɪɟɥɤɨɣ,ΝɚΝɞɥɢɧɚΝɧɚɡɵɜɚɟɬɫɹΝɦɨɞɭɥɟɦΝ ɜɟɤɬɨɪɚ,ΝɢɥɢΝ
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ɟɝɨΝ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɨɣ.Ν ɈɛɨɡɧɚɱɚɸɬΝ ɜɟɤɬɨ-

ɪɵΝ ܽ⃗, ሬܾ⃗ , ܿ⃗,			Ν ሬሬሬሬሬ⃗ܤܣ			ˋˎˋ , ሬሬሬሬሬ⃗ܦܥ , ሬሬሬሬሬሬሬ⃗ܯܰ ,		Ν ɢɥɢΝ ,ࢇ ,࢈ ,ࡲ,ࢉ ΝΝ.࡮࡭
ɆɨɞɭɥɶΝ ɜɟɤɬɨɪɚΝ ܽ⃗Ν ɨɛɨɡɧɚɱɚɟɬɫɹΝ |ܽ⃗|		Ν ɢɥɢΝ

ɱɚɳɟΝܽ.ΝɌɚɤɢɦΝɨɛɪɚɡɨɦ,ΝɜɫɬɪɟɱɚɹΝɜΝɬɟɤɫɬɟΝɨɛɨɡɧɚɱɟɧɢɟΝɜɟɤɬɨɪɧɨɣΝɜɟɥɢɱɢɧɵΝɛɟɡΝ
ɡɧɚɤɚΝɜɟɤɬɨɪɚΝΧɧɚɩɪɢɦɟɪ,ΝɫɢɥɚΝFΨ,Νɩɨɧɢɦɚɟɦ,ΝɱɬɨΝɜΝɞɚɧɧɨɦΝɫɥɭɱɚɟΝɪɚɫɫɦɚɬɪɢɜɚ-

ɟɬɫɹΝɬɨɥɶɤɨΝɟɟΝɦɨɞɭɥɶ,Νɬ.ɟ.ΝɱɢɫɥɟɧɧɨɟΝɡɧɚɱɟɧɢɟ.ΝɆɨɞɭɥɢΝɥɸɛɵɯΝɜɟɤɬɨɪɨɜΝɹɜɥɹ-

ɸɬɫɹΝɫɤɚɥɹɪɚɦɢ.Ν

Ɉɬɪɟɡɤɢ,Ν ɧɚɱɚɥɨΝ ɢΝ ɤɨɧɟɰΝ ɤɨɬɨɪɵɯΝ ɫɨɜɩɚɞɚɸɬ,Ν ɨɩɪɟɞɟɥɹɸɬΝ ɜɟɤɬɨɪ,Ν ɤɨɬɨ-

ɪɵɣΝ ɧɚɡɵɜɚɟɬɫɹΝ ɧɭɥɟɜɵɦ ɜɟɤɬɨɪɨɦΝ ɢΝ ɨɛɨɡɧɚɱɚɟɬɫɹΝ Ͳሬ⃗ .Ν ȺɛɫɨɥɸɬɧɚɹΝ ɜɟɥɢɱɢɧɚΝ
ɧɭɥɟɜɨɝɨΝ ɜɟɤɬɨɪɚΝ ɫɱɢɬɚɟɬɫɹΝ ɪɚɜɧɨɣΝ ɧɭɥɸ.Ν ɉɨɧɹɬɢɟΝ ɧɚɩɪɚɜɥɟɧɢɹΝ ɞɥɹΝ ɧɭɥɟɜɨɝɨΝ

ɜɟɤɬɨɪɚΝɧɟΝɨɩɪɟɞɟɥɟɧɨ.ΝΝ

ȼɟɤɬɨɪɵΝɧɚɡɵɜɚɸɬɫɹΝɤɨɥɥɢɧɟɚɪɧɵɦɢ,Ν ɟɫɥɢΝɨɧɢΝɥɟɠɚɬΝɧɚΝ ɨɞɧɨɣΝɩɪɹɦɨɣΝ

ɢɥɢΝɩɚɪɚɥɥɟɥɶɧɵΝɦɟɠɞɭΝɫɨɛɨɣ.ΝΝ

ȼɟɤɬɨɪɵΝɧɚɡɵɜɚɸɬɫɹΝɤɨɦɩɥɚɧɚɪɧɵɦɢ,ΝɟɫɥɢΝɨɧɢΝɥɟɠɚɬΝɜΝɨɞɧɨɣΝɩɥɨɫɤɨɫɬɢΝ

ɢɥɢΝɜΝɩɚɪɚɥɥɟɥɶɧɵɯΝɩɥɨɫɤɨɫɬɹɯ.ΝΝ

ȾɜɚΝɜɟɤɬɨɪɚΝɧɚɡɵɜɚɸɬɫɹΝɪɚɜɧɵɦɢ, ɟɫɥɢΝɨɧɢΝɢɦɟɸɬΝɨɞɢɧɚɤɨɜɵɣΝɦɨɞɭɥɶΝɢΝ

ɹɜɥɹɸɬɫɹΝɫɨɧɚɩɪɚɜɥɟɧɧɵɦɢΝΧɪɢɫ.Ν1.βΨ.ΝΝ

 

Ɋɢɫ. 1.2. 

ȾɜɚΝɜɟɤɬɨɪɚΝɧɚɡɵɜɚɸɬɫɹΝɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ,ΝɟɫɥɢΝɨɧɢΝɪɚɜɧɵΝɩɨΝɦɨɞɭ-

ɥɸΝɢΝɩɪɨɬɢɜɨɩɨɥɨɠɧɨΝɧɚɩɪɚɜɥɟɧɵΝΧɪɢɫ.Ν1.γΨ.Ν

Ν
Ɋɢɫ. 1.3.Ν

Ɋɢɫ. 1.1. 
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ȼɫɹɤɢɟΝɜɟɤɬɨɪɵΝΧɜΝɥɸɛɨɦΝɤɨɥɢɱɟɫɬɜɟΨΝɦɨɠɧɨΝɩɪɢɜɟɫɬɢΝɤΝɨɛɳɟɦɭ ɧɚɱɚɥɭ,Ν

ɬ.ɟ.Ν ɩɨɫɬɪɨɢɬɶΝ ɜɟɤɬɨɪɵΝɢɡΝ ɨɞɧɨɣΝ ɬɨɱɤɢΝ Χɬ.ΝɈΨ,Ν ɩɟɪɟɧɨɫɹΝɢɯΝ ɜΝɩɪɨɫɬɪɚɧɫɬɜɟΝɩɚ-

ɪɚɥɥɟɥɶɧɨΝɫɚɦɢɦΝɫɟɛɟΝΧɪɢɫ.Ν1.ζΨ.ΝΝ

Ν
Ɋɢɫ. 1.4. 

ȼ ɮɢɡɢɤɟΝɞɚɧɧɵɣΝɩɪɢɟɦΝɢɫɩɨɥɶɡɭɟɬɫɹΝɩɪɢΝɪɟɲɟɧɢɢΝɡɚɞɚɱΝɫΝɩɪɢɦɟɧɟɧɢɟɦΝ

ɜɬɨɪɨɝɨΝɡɚɤɨɧɚΝɇɶɸɬɨɧɚμΝ෍ܨపሬሬ⃗ = ݉ܽ⃗௡
௜ୀଵ  

ȼΝɫɭɦɦɭΝɫɢɥΝɦɨɝɭɬΝɜɯɨɞɢɬɶΝɫɢɥɵ,ΝɩɪɢɥɨɠɟɧɧɵɟΝɤΝɨɞɧɨɦɭΝɬɟɥɭ,ΝɧɨΝɢɦɟɸ-

ɳɢɟΝɪɚɡɧɵɟΝɬɨɱɤɢΝɩɪɢɥɨɠɟɧɢɹ,ΝɢΝɞɥɹΝɧɚɯɨɠɞɟɧɢɹΝɢɯΝɫɭɦɦɵΝɜɟɤɬɨɪɵΝɫɢɥΝɭɞɨɛ-

ɧɟɟΝɩɨɫɬɪɨɢɬɶΝɢɡΝɨɞɧɨɣΝɬɨɱɤɢΝΧɪɢɫ.Ν1.ηΨ.Ν

Ɋɢɫ. 1.5. 

ȼɨɩɪɨɫɵ ɢ ɡɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ  ɤ 1.1 ɢ 1.2 

1.Ν ɑɟɦΝ ɨɬɥɢɱɚɸɬɫɹΝ ɫɤɚɥɹɪɧɵɟΝ ɢΝ ɜɟɤɬɨɪɧɵɟΝ ɮɢɡɢɱɟɫɤɢɟΝ ɜɟɥɢɱɢɧɵ?Ν ɄɚɤΝ

ɨɧɢΝɨɛɨɡɧɚɱɚɸɬɫɹ?Ν

β.ΝɄɚɤɢɟΝɢɡΝɭɤɚɡɚɧɧɵɯΝɮɢɡɢɱɟɫɤɢɯΝɜɟɥɢɱɢɧΝɹɜɥɹɸɬɫɹΝɜɟɤɬɨɪɧɵɦɢ,ΝɚΝɤɚɤɢɟΝ

ɫɤɚɥɹɪɧɵɦɢΝ –Ν ɦɚɫɫɚ,Ν ɢɦɩɭɥɶɫ,Ν ɷɧɟɪɝɢɹ,Ν ɫɤɨɪɨɫɬɶ,Ν ɩɟɪɟɦɟɳɟɧɢɟ,Ν ɫɢɥɚ,Ν ɭɫɤɨɪɟ-

ɧɢɟ,Ν ɩɥɨɳɚɞɶ,Ν ɨɛɴɟɦ,Ν ɜɪɟɦɹ,Ν ɬɟɦɩɟɪɚɬɭɪɚ,Ν ɞɚɜɥɟɧɢɟ,Ν ɪɚɛɨɬɚ,Ν ɡɚɪɹɞ,Ν ɧɚɩɪɹɠɟɧ-

ɧɨɫɬɶΝɷɥɟɤɬɪɢɱɟɫɤɨɝɨΝɩɨɥɹ,ΝɫɢɥɚΝɬɨɤɚ,Νɧɚɩɪɹɠɟɧɢɟ,Νɫɨɩɪɨɬɢɜɥɟɧɢɟ?Ν

γ.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɜɟɤɬɨɪɨɦ?ΝɑɬɨΝɬɚɤɨɟΝɧɭɥɟɜɨɣΝɜɟɤɬɨɪ?Ν

ζ.Ν ɑɬɨΝ ɩɨɧɢɦɚɟɬɫɹΝ ɩɨɞΝɦɨɞɭɥɟɦΝ ɜɟɤɬɨɪɚ?ΝɄɚɤΝ ɨɛɨɡɧɚɱɚɟɬɫɹΝɦɨɞɭɥɶΝ ɜɟɤ-

ɬɨɪɧɨɣΝɜɟɥɢɱɢɧɵ?Ν

η.ΝɄɚɤɢɟΝɜɟɤɬɨɪɵΝɧɚɡɵɜɚɸɬɫɹΝɪɚɜɧɵɦɢ,ΝɤɚɤɢɟΝɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ?Ν
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θ.ΝɌɨɱɤɢΝχ,Νψ,ΝωΝɢΝDΝ–ΝɜɟɪɲɢɧɵΝɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚ,ΝɈΝ–ΝɬɨɱɤɚΝɩɟɪɟɫɟɱɟɧɢɹΝ

ɟɝɨΝɞɢɚɝɨɧɚɥɟɣ,ΝɆΝ–ΝɫɟɪɟɞɢɧɚΝɫɬɨɪɨɧɵΝȺȼ.ΝɂɡɨɛɪɚɡɢɬɟΝɪɢɫɭɧɨɤΝɢΝɭɤɚɠɢɬɟΝɩɚɪɵΝ

ɬɨɱɟɤ,ΝɨɩɪɟɞɟɥɹɸɳɢɟμΝɚΨΝɪɚɜɧɵɟΝɜɟɤɬɨɪɵνΝɛΨΝɤɨɥɥɢɧɟɚɪɧɵɟΝɜɟɤɬɨɪɵνΝɜΨΝɜɟɤɬɨɪɵΝ

ɨɞɢɧɚɤɨɜɨΝ ɧɚɩɪɚɜɥɟɧɧɵɟΝ ɫΝADሬሬሬሬሬ⃗ νΝ ɝΨΝ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟΝ ɜɟɤɬɨɪɵνΝ ɞΨΝ ɜɟɤɬɨɪɵ,Ν ɧɚ-
ɩɪɚɜɥɟɧɧɵɟΝɩɪɨɬɢɜɨɩɨɥɨɠɧɨΝ	ADሬሬሬሬሬ⃗ .ΝΝ

ι.ΝɄɚɤΝɩɪɢɜɟɫɬɢΝɜɟɤɬɨɪɵΝɤΝɨɛɳɟɦɭΝɧɚɱɚɥɭ?ΝȼΝɤɚɤɢɯΝɮɢɡɢɱɟɫɤɢɯΝɡɚɞɚɱɚɯΝ

ɩɪɢɦɟɧɹɟɬɫɹΝɬɚɤɨɟΝɞɟɣɫɬɜɢɟ?Ν

1.3. ɋɥɨɠɟɧɢɟ ɢ ɜɵɱɢɬɚɧɢɟ ɜɟɤɬɨɪɨɜ 

ɋɭɦɦɨɣΝ ɞɜɭɯΝ ɜɟɤɬɨɪɨɜΝ ܽ⃗	ɢ	 ሬܾ⃗ Ν ɧɚɡɵɜɚɟɬɫɹΝ ɬɪɟɬɢɣΝ ɜɟɤɬɨɪΝ ܿ⃗,Ν ɩɨɥɭɱɟɧɧɵɣΝ ɜΝ
ɪɟɡɭɥɶɬɚɬɟΝɩɨɫɬɪɨɟɧɢɹ,ΝɫΝɩɪɢɦɟɧɟɧɢɟɦΝɩɪɚɜɢɥɚ ɬɪɟɭɝɨɥɶɧɢɤɚΝɢɥɢΝɩɪɚɜɢɥɚ ɩɚ-

ɪɚɥɥɟɥɨɝɪɚɦɦɚ.Ν

ɉɪɚɜɢɥɨ ɬɪɟɭɝɨɥɶɧɢɤɚ: ɢɡΝɩɪɨɢɡɜɨɥɶɧɨɝɨΝɧɚɱɚɥɚΝ Χɬ.ΝɈΨΝɫɬɪɨɢɬɫɹΝɜɟɤɬɨɪΝܽ⃗,Ν ɤɨɧɟɰΝɤɨɬɨɪɨɝɨΝ ɫɨɜɦɟɳɚɟɬɫɹΝ ɫΝ ɧɚɱɚɥɨɦΝɜɟɤɬɨɪɚΝ ሬܾ⃗ .Νȼɟɤɬɨɪ,Ν ɩɪɨɜɟɞɟɧɧɵɣΝɢɡΝ
ɧɚɱɚɥɚΝ ɜɟɤɬɨɪɚΝ ܽ⃗Ν ɜΝ ɤɨɧɟɰΝ ɜɟɤɬɨɪɚΝ ሬܾ⃗ ,Ν ɟɫɬɶΝ ɜɟɤɬɨɪΝ ܿ⃗,Ν ɹɜɥɹɸɳɢɣɫɹΝ ɢɯΝ ɫɭɦɦɨɣΝ
Χɪɢɫ.	1.θΨ.ΝΝɆɨɞɭɥɶΝɜɟɤɬɨɪɚΝܿ⃗ΝɦɨɠɧɨΝɧɚɣɬɢ,ΝɩɪɢɦɟɧɹɹΝɬɟɨɪɟɦɭ ɤɨɫɢɧɭɫɨɜμΝܿଶ = ܽଶ + ܾଶ − ʹܾܽ cos ∝Ν Χ1.1ΨΝ

 

Ɋɢɫ.1.6.Ν

ɉɪɚɜɢɥɨ ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚ: ɫɭɦɦɚɪɧɵɣΝ ɜɟɤɬɨɪΝ ܿ⃗Ν ɹɜɥɹɟɬɫɹΝ ɞɢɚɝɨɧɚɥɶɸΝ
ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚ,ΝɩɨɫɬɪɨɟɧɧɨɝɨΝɧɚΝɜɟɤɬɨɪɚɯΝܽ⃗	ɢ	 ሬܾ⃗ ΝΧɪɢɫ.1.ιΨ.ΝΝ

Ɋɢɫ. 1.7. 



1γΝ

ɆɨɞɭɥɶΝɜɟɤɬɨɪɚΝܿ⃗ΝɬɚɤɠɟΝɦɨɠɧɨΝɧɚɣɬɢ,ΝɩɪɢɦɟɧɹɹΝɬɟɨɪɟɦɭΝɤɨɫɢɧɭɫɨɜ,Νɩɪɟ-
ɨɛɪɚɡɨɜɚɧɧɭɸΝɤΝɜɢɞɭμΝܿଶ = ܽଶ + ܾଶ + ʹܾܽ cos ∝Ν Χ1.βΨΝ

ȼɵɪɚɠɟɧɢɟΝ Χ1.βΨΝ ɩɨɥɭɱɚɟɬɫɹΝ ɢɡΝ ɬɟɨɪɟɦɵΝ ɤɨɫɢɧɭɫɨɜΝ Χ1.1Ψ,Ν ɟɫɥɢΝ ɭɝɨɥΝ αΝ

Χɪɢɫ.Ν1.θΨΝ ɜɵɪɚɡɢɬɶΝ ɱɟɪɟɡΝ ɭɝɨɥΝ ɦɟɠɞɭΝ ɜɟɤɬɨɪɚɦɢΝ ȕμΝ αο180-ȕ,Ν ɫɥɟɞɨɜɚɬɟɥɶɧɨ,Ν

МШsαοΝМШsΧ180-ȕΨοΝ-МШsΝȕ.Ν

ȼΝɫɥɭɱɚɟΝɤɨɥɥɢɧɟɚɪɧɨɫɬɢΝɜɟɤɬɨɪɨɜΝɩɨɫɬɪɨɟɧɢɟΝɩɪɨɜɨɞɢɬɫɹΝɜɞɨɥɶΝɩɪɹɦɨɣΝ

Χɪɢɫ.Ν 1.8ΨΝ ɩɨΝɩɪɚɜɢɥɭΝ ɬɪɟɭɝɨɥɶɧɢɤɚΝ ΧɩɪɚɜɢɥɨΝɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚΝɞɥɹΝ ɤɨɥɥɢɧɟɚɪ-

ɧɵɯΝɜɟɤɬɨɪɨɜΝɧɟɩɪɢɦɟɧɢɦɨΨ.ΝΝ

Ν
Ɋɢɫ. 1.8. 

ɋɥɨɠɟɧɢɟΝɜɟɤɬɨɪɨɜΝɨɛɥɚɞɚɟɬΝɫɜɨɣɫɬɜɨɦΝɩɟɪɟɦɟɫɬɢɬɟɥɶɧɨɫɬɢμΝܽ⃗ + ሬܾ⃗ = ሬܾ⃗ + ܽ⃗.Ν Χ1.γΨΝΝ

ɋɥɨɠɟɧɢɟΝɜɟɤɬɨɪɨɜΝɨɛɥɚɞɚɟɬΝɫɜɨɣɫɬɜɨɦΝɫɨɱɟɬɚɬɟɥɶɧɨɫɬɢμΝܽ⃗ + ሬܾ⃗ + ɫ⃗ = ܽ⃗ + ൫ሬܾ⃗ + ܿ⃗൯ = ൫ܽ⃗ + ሬܾ⃗ ൯ + ɫ⃗ = ሺܽ⃗ + ܿ⃗ሻ + ሬܾ⃗ Ν Χ1.ζΨΝΝ

ɇɚΝ ɫɜɨɣɫɬɜɟΝ ɫɨɱɟɬɚɬɟɥɶɧɨɫɬɢΝ ɨɫɧɨɜɚɧɨΝ ɫɥɨɠɟɧɢɟΝ ɧɟɫɤɨɥɶɤɢɯΝ ɜɟɤɬɨɪɨɜΝ ɫΝ

ɩɨɦɨɳɶɸΝɩɪɚɜɢɥɚ ɦɧɨɝɨɭɝɨɥɶɧɢɤɚΝ Χɩɪɚɜɢɥɨ ɰɟɩɢΨμΝɩɪɢΝɫɥɨɠɟɧɢɢΝɧɟɫɤɨɥɶɤɢɯΝ
ɜɟɤɬɨɪɨɜ,ΝɥɟɠɚɳɢɯΝɜΝɨɞɧɨɣΝɩɥɨɫɤɨɫɬɢ,ΝɫɭɦɦɭΝɦɨɠɧɨΝɧɚɣɬɢΝɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦΝ

ɫɥɨɠɟɧɢɟɦΝ ɞɜɭɯΝ ɜɟɤɬɨɪɨɜ.Ν ɇɚɩɪɢɦɟɪ,Ν ɩɪɢΝ ɫɥɨɠɟɧɢɢΝ ɜɟɤɬɨɪɨɜΝ 	ܽ⃗ଵ, ܽ⃗ଶ, ܽ⃗ଷ, ܽ⃗ସΝ
ɫɧɚɱɚɥɚΝɫΝɜɟɤɬɨɪɨɦΝ ܽ⃗ଵΝ ɫɭɦɦɢɪɭɟɬɫɹΝɜɟɤɬɨɪΝ ܽ⃗ଶ,Ν ɤΝɩɨɥɭɱɢɜɲɟɦɭɫɹΝɜɟɤɬɨɪɭΝɩɪɢ-
ɛɚɜɥɹɟɬɫɹΝɜɟɤɬɨɪΝܽ⃗ଷΝɢΝɬ.ɞ.ΝɊɟɡɭɥɶɬɚɬɨɦΝɹɜɥɹɟɬɫɹΝɜɟɤɬɨɪΝ ሬܾ⃗ ,ΝɩɪɨɜɟɞɟɧɧɵɣΝɢɡΝɧɚɱɚ-
ɥɚΝɜɟɤɬɨɪɚΝܽ⃗ଵΝɜΝɤɨɧɟɰΝɜɟɤɬɨɪɚΝܽ⃗ସΝΧɪɢɫ.Ν1.λΨ.Ν

Ɋɢɫ. 1.9. 

ȼΝ ɱɚɫɬɧɨɦΝ ɫɥɭɱɚɟΝ ɫɥɨɠɟɧɢɟΝ ɜɟɤɬɨɪɨɜ,Ν ɧɟΝ ɥɟɠɚɳɢɯΝ ɜΝ ɨɞɧɨɣΝ ɩɥɨɫɤɨɫɬɢ,Ν

ɩɪɨɜɨɞɢɬɫɹΝɫɨɝɥɚɫɧɨΝɩɪɚɜɢɥɭ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚμΝɫɭɦɦɨɣΝɬɪɟɯΝɜɟɤɬɨɪɨɜΝɹɜɥɹɟɬɫɹΝ
ɜɟɤɬɨɪ,ΝɩɨΝɞɥɢɧɟΝɢΝɧɚɩɪɚɜɥɟɧɢɸΝɫɨɜɩɚɞɚɸɳɢɣΝɫΝɞɢɚɝɨɧɚɥɶɸΝɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ,Ν



1ζΝ

ɫɬɨɪɨɧɚɦɢΝɤɨɬɨɪɨɝɨΝ ɹɜɥɹɸɬɫɹΝ ɫɤɥɚɞɵɜɚɟɦɵɟΝɜɟɤɬɨɪɵ,ΝɩɪɢɜɟɞɟɧɧɵɟΝɤΝ ɨɛɳɟɦɭΝ

ɧɚɱɚɥɭΝΧɪɢɫ.Ν1.10Ψ.Ν
 

Ɋɢɫ. 1.10. 

ɊɚɡɧɨɫɬɶɸΝɜɟɤɬɨɪɨɜΝ ܽ⃗	ɢ		 ሬܾ⃗ ΝɧɚɡɵɜɚɟɬɫɹΝɜɟɤɬɨɪΝ ܿ⃗,ΝɤɨɬɨɪɵɣΝɩɨɫɥɟΝɩɪɢɜɟɞɟ-
ɧɢɹΝɜɟɤɬɨɪɨɜΝ ܽ⃗	ɢ		 ሬܾ⃗ ΝɤΝɨɛɳɟɦɭΝɧɚɱɚɥɭΝɦɨɠɧɨΝɩɪɨɜɟɫɬɢΝɢɡΝɤɨɧɰɚΝɜɟɤɬɨɪɚΝ ሬܾ⃗ ΝɜΝɤɨ-
ɧɟɰΝɜɟɤɬɨɪɚΝܽ⃗ΝΝΧɪɢɫ.Ν1.11Ψ.Ν

ɆɨɞɭɥɶΝɜɟɤɬɨɪɚ		˔⃗	,ΝɹɜɥɹɸɳɟɝɨɫɹΝɪɚɡɧɨɫɬɶɸΝɜɟɤɬɨɪɨɜΝ ܽ⃗	ˋ	 ሬܾ⃗ ,ΝɦɨɠɧɨΝɨɩɪɟ-
ɞɟɥɢɬɶ,Ν ɩɪɢɦɟɧɹɹΝ ɬɟɨɪɟɦɭΝ ɤɨɫɢɧɭɫɨɜΝ Χ1.1ΨμΝ 	ܿଶ = ܽଶ + ܾଶ − ʹܾܽ cos ∝,Ν ɝɞɟΝ α – 

ɭɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɚɦɢΝܽ⃗	ˋ	 ሬܾ⃗ ΝΧɪɢɫΝ1.11Ψ.Ν
ɆɨɠɧɨΝɩɪɟɞɫɬɚɜɢɬɶΝɪɚɡɧɨɫɬɶΝɜɟɤɬɨɪɨɜΝΧܽ⃗ − ሬܾ⃗ ሻ	ɜΝɜɢɞɟΝɫɭɦɦɵΝɜɟɤɬɨɪɚΝܽ⃗	ΝɢΝ

ɜɟɤɬɨɪɚΝ−	ሬܾ⃗ ,Νɬ.ɟ.Νܽ⃗ + ൫−ሬܾ⃗ ൯,ΝɢΝɧɚɯɨɞɢɬɶΝɪɟɡɭɥɶɬɚɬΝɩɨΝɩɪɚɜɢɥɭΝɫɥɨɠɟɧɢɹΝɜɟɤɬɨɪɨɜΝ
Χɪɢɫ.Ν1.1βΨ.Ν

ɉɨɦɢɦɨΝ ɜɵɱɢɬɚɧɢɹ,Ν ɞɟɣɫɬɜɢɟɦ,Ν ɨɛ-

ɪɚɬɧɵɦΝ ɫɥɨɠɟɧɢɸ,Ν ɹɜɥɹɟɬɫɹΝ ɪɚɡɥɨɠɟɧɢɟΝ

ɜɟɤɬɨɪɚ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ,Ν ɤɨɬɨɪɨɟΝ ɡɚ-
ɤɥɸɱɚɟɬɫɹΝɜΝɡɚɦɟɧɟΝɜɟɤɬɨɪɚΝɧɚΝɪɚɜɧɭɸΝɟɦɭΝ

ɫɭɦɦɭΝɧɟɫɤɨɥɶɤɢɯΝ ɜɟɤɬɨɪɨɜ.ΝɉɪɢΝɪɚɡɥɨɠɟ-

ɧɢɢΝɧɚΝɞɜɚΝɜɟɤɬɨɪɚΝɩɨΝɡɚɞɚɧɧɵɦΝɧɚɩɪɚɜɥɟ-

ɧɢɹɦΝɡɚɞɚɱɚΝɪɟɲɚɟɬɫɹΝɩɪɨɫɬɨΝ–Νɩɨɫɬɪɨɟɧɢ-

ɟɦΝɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚ.ΝΝ

Ɋɢɫ. 1.11. Ɋɢɫ. 1.12. 

Ɋɢɫ. 1.13. 



1ηΝ

ɇɚɩɪɢɦɟɪ,Ν ɜΝ ɡɚɞɚɱɚɯΝ ɤɢɧɟɦɚɬɢɤɢΝɩɪɢɦɟɧɹɟɬɫɹΝ ɪɚɡɥɨɠɟɧɢɟΝ ɜɟɤɬɨɪɚΝ ɭɫɤɨ-

ɪɟɧɢɹΝɧɚΝɧɨɪɦɚɥɶɧɭɸΝɢΝɬɚɧɝɟɧɰɢɚɥɶɧɭɸΝɫɨɫɬɚɜɥɹɸɳɢɟΝΧɪɢɫ.Ν1.1γΨ.Ν

1.4. ɍɦɧɨɠɟɧɢɟ ɢ ɞɟɥɟɧɢɟ ɜɟɤɬɨɪɚ ɧɚ ɱɢɫɥɨ 

ɉɪɨɢɡɜɟɞɟɧɢɟɦ ɜɟɤɬɨɪɚ ࢇሬሬ⃗  ɧɚ ɱɢɫɥɨ Ⱥ ɟɫɬɶΝɧɨɜɵɣΝɜɟɤɬɨɪ,ΝɦɨɞɭɥɶΝɤɨɬɨɪɨ-

ɝɨΝɩɨɥɭɱɟɧΝɜΝɪɟɡɭɥɶɬɚɬɟΝɭɦɧɨɠɟɧɢɹΝɦɨɞɭɥɹΝɜɟɤɬɨɪɚΝ ܽ⃗ΝɧɚΝɚɛɫɨɥɸɬɧɨɟΝɡɧɚɱɟɧɢɟΝ
ɱɢɫɥɚΝȺ,Ν ɚΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɫɨɜɩɚɞɚɟɬΝ ɫΝ ɧɚɩɪɚɜɥɟɧɢɟɦΝ ɜɟɤɬɨɪɚΝ ܽ⃗,Ν ɟɫɥɢΝܣ > Ͳ,Ν ɢɥɢΝ
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨΝɟɦɭ,ΝɟɫɥɢΝܣ < ͲΝΧɪɢɫ.Ν1.1ζΨ.Ν

Ν
Ɋɢɫ. 1.14. 

Ɋɚɡɞɟɥɢɬɶ ɜɟɤɬɨɪ ܽ⃗		ɧɚ ɱɢɫɥɨ ȺΝ–ΝɡɧɚɱɢɬΝɧɚɣɬɢΝɬɚɤɨɣΝɜɟɤɬɨɪΝܿ⃗,ΝɤɨɬɨɪɵɣΝ
ɩɪɢΝɭɦɧɨɠɟɧɢɢΝɧɚΝɱɢɫɥɨΝAΝɞɚɫɬΝɜΝɩɪɨɢɡɜɟɞɟɧɢɢΝɜɟɤɬɨɪΝܽ⃗:Νܽ⃗ = ܣ ∙ ܿ⃗ 	,				=> 		 ɫ⃗ = ௔ሬ⃗஺Ν Χ1.ηΨΝ

ɍɦɧɨɠɟɧɢɟΝɜɟɤɬɨɪɚΝɧɚΝɱɢɫɥɨΝɩɨɞɱɢɧɹɟɬɫɹΝɬɟɦΝɠɟΝɡɚɤɨɧɚɦ,ΝɱɬɨΝɢΝɭɦɧɨɠɟ-

ɧɢɟΝɱɢɫɟɥμΝ

1ΨΝɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣΝɡɚɤɨɧΝɩɨΝɨɬɧɨɲɟɧɢɸΝɤΝɱɢɫɥɨɜɨɦɭΝɦɧɨɠɢɬɟɥɸΝܣ ∙ ൫ܽ⃗ + ሬܾ⃗ ൯ = ܣ ∙ ܽ⃗ + ܣ ∙ ሬܾ⃗ ,Ν Χ1.θΨΝ

βΨΝɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣΨΝɡɚɤɨɧΝɩɨΝɨɬɧɨɲɟɧɢɸΝɤΝɜɟɤɬɨɪɧɨɦɭΝɦɧɨɠɢɬɟɥɸΝሺܣ + ሻܤ ∙ ܽ⃗ = ܣ ∙ ܽ⃗ + ܤ ∙ ܽ⃗,Ν Χ1.ιΨΝ

γΨΝɫɜɨɣɫɬɜɨΝɫɨɱɟɬɚɬɟɥɶɧɨɫɬɢΝΝܣ ∙ 	ሺܤ ∙ ܽ⃗ሻ = ሺܣ ∙ ሻܤ ∙ ܽ⃗.Ν Χ1.8Ψ 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 1.3 ɢ 1.4 

1.ΝɄɚɤɢɟΝ ɫɭɳɟɫɬɜɭɸɬΝɩɪɚɜɢɥɚΝɧɚɯɨɠɞɟɧɢɹΝ ɫɭɦɦɵΝɞɜɭɯΝ ɜɟɤɬɨɪɨɜ?Νɋɮɨɪ-

ɦɭɥɢɪɭɣɬɟΝɢɯ.Ν

β.Ν ɄɚɤΝ ɨɩɪɟɞɟɥɢɬɶΝ ɦɨɞɭɥɶΝ ɜɟɤɬɨɪɚ,Ν ɹɜɥɹɸɳɟɝɨɫɹΝ ɪɟɡɭɥɶɬɚɬɨɦΝ ɫɥɨɠɟɧɢɹΝ

ɞɜɭɯΝɞɪɭɝɢɯΝɜɟɤɬɨɪɨɜ?Ν



1θΝ

γ.Ν ɄɚɤɢɟΝ ɫɭɳɟɫɬɜɭɸɬΝ ɩɪɚɜɢɥɚΝ ɧɚɯɨɠɞɟɧɢɹΝ ɪɚɡɧɨɫɬɢΝ ɞɜɭɯΝ ɜɟɤɬɨɪɨɜ?Ν

ɋɮɨɪɦɭɥɢɪɭɣɬɟΝɢɯ.Ν

ζ.Ν ɄɚɤΝ ɨɩɪɟɞɟɥɢɬɶΝ ɦɨɞɭɥɶΝ ɜɟɤɬɨɪɚ,Ν ɹɜɥɹɸɳɟɝɨɫɹΝ ɪɟɡɭɥɶɬɚɬɨɦΝ ɪɚɡɧɨɫɬɢΝ

ɞɜɭɯΝɜɟɤɬɨɪɨɜ?Ν

η.Ν ɄɚɤΝ ɨɩɪɟɞɟɥɢɬɶΝ ɫɭɦɦɭΝ ɬɪɟɯΝ ΧɢɥɢΝ ɛɨɥɟɟΨΝ ɜɟɤɬɨɪɨɜ,Ν ɥɟɠɚɳɢɯΝ ɜΝ ɨɞɧɨɣΝ

ɩɥɨɫɤɨɫɬɢ?ΝΝ

θ.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɫɭɦɦɭΝɬɪɟɯΝɜɟɤɬɨɪɨɜ,ΝɧɟΝɥɟɠɚɳɢɯΝɜΝɨɞɧɨɣΝɩɥɨɫɤɨɫɬɢ?Ν

ι.Ν ȼΝ ɱɟɦΝ ɡɚɤɥɸɱɚɟɬɫɹΝ ɞɟɣɫɬɜɢɟΝ ɪɚɡɥɨɠɟɧɢɹΝ ɜɟɤɬɨɪɚΝ ɧɚΝ ɫɨɫɬɚɜɥɹɸɳɢɟ?Ν

ɉɪɢɜɟɞɢɬɟΝɩɪɢɦɟɪɵΝɩɪɢɦɟɧɟɧɢɹΝɷɬɨɝɨΝɞɟɣɫɬɜɢɹΝɜΝɮɢɡɢɱɟɫɤɢɯΝɡɚɞɚɱɚɯ.Ν

8.ΝɑɬɨΝɹɜɥɹɟɬɫɹΝɪɟɡɭɥɶɬɚɬɨɦΝɭɦɧɨɠɟɧɢɹΝɜɟɤɬɨɪɚΝɧɚΝɩɨɥɨɠɢɬɟɥɶɧɨɟΝɱɢɫɥɨ?Ν

ɇɚΝɨɬɪɢɰɚɬɟɥɶɧɨɟΝɱɢɫɥɨ?Ν

λ.ΝɄɚɤΝɪɚɡɞɟɥɢɬɶΝɜɟɤɬɨɪΝɧɚΝɱɢɫɥɨ?Ν

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

1.1.ΝȾɚɧΝɩɚɪɚɥɥɟɥɨɝɪɚɦɦΝχψωD.ΝɌɨɱɤɚΝɆΝɥɟɠɢɬΝɧɚΝɫɬɨɪɨɧɟΝωD.ΝɇɚɣɞɢɬɟΝ

ɫɭɦɦɭΝɜɟɤɬɨɪɨɜμΝ1ΨΝΝABሬሬሬሬሬ⃗ + ADሬሬሬሬሬ⃗ νΝΝβΨΝ൫−AMሬሬሬሬሬሬ⃗ + DMሬሬሬሬሬሬ⃗ ൯; 		͵ሻ		ABሬሬሬሬሬ⃗ + CDሬሬሬሬሬ⃗ ; 		Ͷሻ		DAሬሬሬሬሬ⃗ + BMሬሬሬሬሬሬ⃗ .Ν
1.β.Ν ȾɚɧΝ ɩɚɪɚɥɥɟɥɨɝɪɚɦɦΝχψωD.Ν ɌɨɱɤɚΝɈΝ –Ν ɬɨɱɤɚΝ ɩɟɪɟɫɟɱɟɧɢɹΝ ɞɢɚɝɨɧɚ-

ɥɟɣ.Ν ɇɚɣɞɢɬɟΝ ɜɟɤɬɨɪ,Ν ɪɚɜɧɵɣΝ ɜɟɤɬɨɪɭμΝ 1ΨΝ ABሬሬሬሬሬ⃗ − AOሬሬሬሬሬ⃗ νΝ βΨ	DOሬሬሬሬሬ⃗ − CBሬሬሬሬሬ⃗ ;Ν ͵ሻ		COሬሬሬሬሬ⃗ − OBሬሬሬሬሬ⃗ ;ΝͶሻ	–DAሬሬሬሬሬ⃗ − ABሬሬሬሬሬ⃗ .Ν
1.γ.ΝɈɬɥɨɠɢɬɟΝɨɬΝɬɨɱɤɢΝɈΝɬɪɢΝɬɚɤɢɯΝɜɟɤɬɨɪɚ,ΝɱɬɨɛɵΝɢɯΝɫɭɦɦɚΝɛɵɥɚΝɪɚɜɧɚΝ

ɧɭɥɸ.Ν

1.ζ.Ν ɇɚɣɞɢɬɟΝ ɦɨɞɭɥɶΝ ɫɭɦɦɵΝ ɜɟɤɬɨɪɨɜΝ aሬ⃗ 		ɢ		bሬ⃗ ,Ν ɟɫɥɢΝ |aሬ⃗ | = ͳͳ, หbሬ⃗ ห = ʹ͵,หaሬ⃗ − bሬ⃗ ห = ͵Ͳ.Ν
1.η.ΝɍɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɚɦɢΝ Л К

 Νɢ Ν1ζ0°,ΝɧɚɣɞɢɬɟΝ Н

ο ЛК


 ,ΝɟɫɥɢΝΝΝɚοβ,ΝЛοη.ΝΝ

1.θ.ΝɇɚɣɞɢɬɟΝ Ф

ο ɫЛ 

 ,ΝɟɫɥɢΝΝЛογ,ΝΝɫοθΝɢΝɭɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɚɦɢΝηη°.Ν

1.ι.ΝȾɚɧɵΝɜɟɤɬɨɪɵΝaሬ⃗ 		ɢ		Сaሬ⃗ .ΝɉɪɢΝɤɚɤɢɯΝɡɧɚɱɟɧɢɹɯΝɋΝɷɬɢΝɜɟɤɬɨɪɵμΝɚΨΝɪɚɜɧɵνΝ
ɛΨΝɩɪɨɬɢɜɨɩɨɥɨɠɧɨΝɧɚɩɪɚɜɥɟɧɵνΝɜΨΝɤɨɥɥɢɧɟɚɪɧɵ?ΝΝΝ

1.8.Ν ȼɟɤɬɨɪɵΝ aሬ⃗ 		ˋ		bሬ⃗ Ν ɨɛɪɚɡɭɸɬΝ ɭɝɨɥΝ θ0°.Ν Ɂɧɚɹ,Ν ɱɬɨΝ |aሬ⃗ | = ͵	ˋ		หbሬ⃗ ห = ͷ,Ν ɩɨ-
ɫɬɪɨɣɬɟΝ ɜɟɤɬɨɪɵ,Ν ɹɜɥɹɸɳɢɟɫɹΝɪɟɡɭɥɶɬɚɬɨɦΝɞɟɣɫɬɜɢɣΝɫΝ ɜɟɤɬɨɪɚɦɢΝ ܽ⃗		ˋ		 ሬܾ⃗ ,Ν Ν ɢΝ ɜɵ-
ɱɢɫɥɢɬɟμΝ1ΨΝหaሬ⃗ − ʹbሬ⃗ ห; 					ʹሻ	หaሬ⃗ + ʹbሬ⃗ ห; 					͵ሻ	หbሬ⃗ − Ͳ,͵aሬ⃗ ห; 					Ͷሻ	ห	aሬ⃗ + Ͳ,ͷbሬ⃗ ห	.Ν



1ιΝ

1.λ.Ν ȼɟɤɬɨɪɵΝ ܽ⃗		ˋ		 ሬܾ⃗ Ν ɨɛɪɚɡɭɸɬΝ ɭɝɨɥΝ 1β0°.Ν Ɂɧɚɹ,Ν ɱɬɨΝ |ܽ⃗| = ʹ, ห ሬܾ⃗ ห = Ͷ,Ν ɩɨ-
ɫɬɪɨɣɬɟΝ ɜɟɤɬɨɪɵ,Ν ɹɜɥɹɸɳɢɟɫɹΝ ɪɟɡɭɥɶɬɚɬɨɦΝ ɞɟɣɫɬɜɢɣΝ ɫΝ ɜɟɤɬɨɪɚɦɢΝ ܽ⃗		ˋ		 ሬܾ⃗ ,Ν ɢΝ ɜɵ-
ɱɢɫɥɢɬɟΝɢɯΝɦɨɞɭɥɢμΝ1ΨΝ	͵ ∙ ቀଵଶ ܽ⃗ቁ ; 		ʹሻ 	− ଷଶ ሬܾ⃗ ; 		͵ሻ	ʹܽ⃗ + ଷଶ ሬܾ⃗ ; 		Ͷሻ 	− ʹ ቀܽ⃗ + ଵଶ ሬܾ⃗ ቁ ;				Ν

ηΨΝβ൫ܽ⃗ − ሬܾ⃗ ൯ + ͵ሬܾ⃗ − ܽ⃗; 					͸ሻ		ଷସ ൫ܽ⃗ + ʹሬܾ⃗ ൯ − ଵସ ൫ܽ⃗ − ʹ ሬܾ⃗ ൯.Ν
1.10.ΝɇɚΝɦɚɬɟɪɢɚɥɶɧɭɸΝɬɨɱɤɭΝɞɟɣɫɬɜɭɸɬΝɞɜɟΝɫɢɥɵΝFଵሬሬሬሬ⃗ ΝɢΝFଶሬሬሬሬ⃗ ,ΝɧɚɩɪɚɜɥɟɧɧɵɟΝ

ɩɨɞΝɭɝɥɨɦΝαΝɞɪɭɝΝɤΝɞɪɭɝɭ.ΝɉɨɫɬɪɨɣɬɟΝɜɟɤɬɨɪΝɪɟɡɭɥɶɬɢɪɭɸɳɟɣΝɫɢɥɵΝɢΝɧɚɣɞɢɬɟΝɟɟΝ

ɦɨɞɭɥɶ,Ν ɟɫɥɢμΝ 1ΨΝFଵ = ͵	ɇ, Fଶ = Ͷ	ɇ, α = ͻͲ°ν		ʹሻ	Fଵ = ͵	ɇ, Fଶ = ͹	ɇ, α = ͵Ͳ°νΝ
γΨΝFଵ = ͳͳ,͹	ɇ, Fଶ = ʹͲ,ͷ	ɇ, α = ͳ͵ͷ°.Ν

1.11.Ν ȼɟɥɢɱɢɧɚΝ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣΝ ɞɜɭɯΝ ɜɡɚɢɦɧɨΝ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯΝ ɫɢɥΝ

ɪɚɜɧɚΝ10Νɇ.ΝɇɚɣɞɢɬɟΝɦɨɞɭɥɶΝɨɞɧɨɣΝɫɨɫɬɚɜɥɹɸɳɟɣ,ΝɟɫɥɢΝɦɨɞɭɥɶΝɞɪɭɝɨɣΝɪɚɜɟɧΝζΝɇ.Ν

1.1β.Ν ɇɚɣɞɢɬɟΝ ɦɨɞɭɥɶΝ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣΝ ɬɪɟɯΝ ɜɡɚɢɦɧɨΝ ɩɟɪɩɟɧɞɢɤɭɥɹɪ-

ɧɵɯΝ ɫɢɥ,Ν ɩɪɢɥɨɠɟɧɧɵɯΝ ɤΝ ɨɞɧɨɣΝ ɬɨɱɤɟ,Ν ɟɫɥɢμΝ 1ΨΝ Fଵ = ʹ	ɇ, Fଶ = ͵	ɇ, Fଷ =͸	ɇ;						Νʹሻ		Fଵ = ʹ	ɇ, Fଶ = ͷ	ɇ, Fଷ = Ͷ	ɇ.ΝΝ
1.1γ.Ν ȽɪɭɡΝ ɦɚɫɫɨɣΝ Цο0,θΝ ɤɝΝ ɩɨɞɜɟɲɟɧΝ ɧɚΝ ɧɢɬɢΝ ɢΝ ɨɬɬɹɧɭɬΝ ɝɨɪɢɡɨɧɬɚɥɶɧɨΝ

ɨɬɬɹɠɤɨɣ.ΝɇɚɣɞɢɬɟΝɦɨɞɭɥɶΝɫɢɥΝɧɚɬɹɠɟɧɢɹΝɧɢɬɢΝɢΝɨɬɬɹɠɤɢ,ΝɟɫɥɢΝɭɝɨɥΝɦɟɠɞɭΝɧɢ-

ɬɶɸΝɢΝɨɬɬɹɠɤɨɣΝαο1β0°.Ν

1.1ζ.ΝɆɟɠɞɭΝɞɜɭɦɹΝɫɬɟɧɚɦɢΝɧɚΝɬɪɨɫɚɯΝɜɢɫɢɬΝɮɨɧɚɪɶΝɦɚɫɫɨɣΝЦοβ,γΝɤɝ.ΝɅɟ-

ɜɵɣΝɬɪɨɫΝɨɛɪɚɡɭɟɬΝɫɨΝɫɬɟɧɨɣΝɭɝɨɥΝαοζθ°,ΝɚΝɩɪɚɜɵɣΝ–ΝɭɝɨɥΝȕοηζ°.ΝɇɚɣɞɢɬɟΝɧɚɬɹ-

ɠɟɧɢɟΝɨɛɨɢɯΝɬɪɨɫɨɜ.Ν

1.5. ɉɪɨɟɤɰɢɢ ɜɟɤɬɨɪɨɜ 

ɉɪɨɟɰɢɪɨɜɚɧɢɟΝɜɟɤɬɨɪɚΝɦɨɠɧɨΝɩɪɨɜɨɞɢɬɶΝɧɚΝɨɫɢ,ΝɧɚΝɩɥɨɫɤɨɫɬɢΝɢɥɢΝɧɚΝɧɚ-

ɩɪɚɜɥɟɧɢɟΝɞɪɭɝɨɝɨΝΝɜɟɤɬɨɪɚ.Ν

ɈɫɶɸΝɧɚɡɵɜɚɟɬɫɹΝɜɫɹɤɚɹΝɩɪɹɦɚɹ,ΝɧɚΝɤɨɬɨɪɨɣΝɜɵɞɟɥɟɧɨΝɨɞɧɨΝɢɡΝɞɜɭɯΝɟɟΝɧɚ-
ɩɪɚɜɥɟɧɢɣ.Ν ȾɚɧɧɨɟΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɧɚɡɵɜɚɟɬɫɹΝ ɩɨ-

ɥɨɠɢɬɟɥɶɧɵɦ,Ν ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟΝ ɧɚɩɪɚɜɥɟɧɢɟΝ

ɧɚɡɵɜɚɟɬɫɹΝɨɬɪɢɰɚɬɟɥɶɧɵɦ.Ν
ɉɪɨɟɤɰɢɹ ɬɨɱɤɢ Ɇ ɧɚΝ ɨɫɶΝ OБ ɟɫɬɶΝ ɬɨɱɤɚΝ

Ɇɯ,ΝɤɨɬɨɪɚɹΝɹɜɥɹɟɬɫɹΝɨɫɧɨɜɚɧɢɟɦΝɩɟɪɩɟɧɞɢɤɭɥɹɪɚ,Ν

ɩɪɨɜɟɞɟɧɧɨɝɨΝɢɡΝɬɨɱɤɢΝɆΝɧɚΝɨɫɶΝOБΝΧɪɢɫ.Ν1.1ηΨ.ΝΝɊɢɫ. 1.15. 



18Ν

ȼɵɪɚɠɟɧɢɟΝ «ɩɪɨɟɤɰɢɹ ɜɟɤɬɨɪɚ ɧɚ ɨɫɶ»Ν ɭɩɨɬɪɟɛɥɹɟɬɫɹΝ ɜΝ ɞɜɭɯΝ ɪɚɡɧɵɯΝ

ɫɦɵɫɥɚɯμΝɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɢ ɚɥɝɟɛɪɚɢɱɟɫɤɨɦ.ΝΝ

Ƚɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɨɟɤɰɢɟɣ ɜɟɤɬɨɪɚΝ ܽ⃗ΝɧɚΝɨɫɶΝOБΝɧɚɡɵɜɚɟɬɫɹΝɜɟɤɬɨɪ,Νɧɚ-

ɱɚɥɨΝ ɤɨɬɨɪɨɝɨΝ ɟɫɬɶΝɩɪɨɟɤɰɢɹΝɧɚɱɚɥɚΝ ɜɟɤɬɨɪɚΝ ܽ⃗Ν ɧɚΝ ɨɫɶΝOБ,Ν ɚΝ ɤɨɧɟɰΝ–ΝɩɪɨɟɤɰɢɹΝ

ɤɨɧɰɚΝɜɟɤɬɨɪɚΝܽ⃗ΝɧɚΝɬɭΝɠɟΝɨɫɶΝOБΝΧɪɢɫ.Ν1.1θΨ.ΝȽɟɨɦɟɬɪɢɱɟɫɤɚɹΝɩɪɨɟɤɰɢɹΝɜɟɤɬɨɪɚΝܽ⃗ΝɧɚΝOБ ɧɚɡɵɜɚɟɬɫɹΝɤɨɦɩɨɧɟɧɬɨɣ ɜɟɤɬɨɪɚΝܽ⃗ΝɩɨΝɨɫɢΝOБ ΝɢΝɨɛɨɡɧɚɱɚɟɬɫɹΝܽ௫ሬሬሬሬ⃗ .Ν

Ɋɢɫ. 1.16. 
 

Ⱥɥɝɟɛɪɚɢɱɟɫɤɨɣ ɩɪɨɟɤɰɢɟɣ ɜɟɤɬɨɪɚΝ ܽ⃗ΝɧɚΝɨɫɶΝOБΝ Χɨɛɨɡɧɚɱɚɟɬɫɹ	ܽ௫ΨΝɧɚɡɵɜɚ-
ɟɬɫɹΝɦɨɞɭɥɶΝɜɟɤɬɨɪɚΝɝɟɨɦɟɬɪɢɱɟɫɤɨɣΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝܽ⃗ΝɧɚΝɨɫɶΝOБ,ΝɜɡɹɬɵɣΝɫΝɩɨ-

ɥɨɠɢɬɟɥɶɧɵɦΝ ɢɥɢΝ ɨɬɪɢɰɚɬɟɥɶɧɵɦΝ ɡɧɚɤɨɦ,Ν ɜΝ ɡɚɜɢɫɢɦɨɫɬɢΝ ɨɬΝ ɬɨɝɨΝ ɫɨɜɩɚɞɚɟɬΝ ɧɚ-

ɩɪɚɜɥɟɧɢɟΝɝɟɨɦɟɬɪɢɱɟɫɤɨɣΝɩɪɨɟɤɰɢɢΝɫΝɨɫɶɸΝɢɥɢΝɩɪɨɬɢɜɨɩɨɥɨɠɧɨΝɟɣ.Νɇɚɩɪɢɦɟɪ,Ν

ɧɚΝɪɢɫ.Ν1.1θμΝܽ௫ = |ܽ⃗௫|,			ܽ௫ > ͲνΝܾ௫Ν= หሬܾ⃗ ௫ห = Ͳν		ܿ௫ = −|ܿ⃗௫|, ܿ௫ < Ͳ.Ν
Ɍɟɨɪɟɦɚ 1 ɨ ɩɪɨɟɤɰɢɹɯ ɜɟɤɬɨɪɨɜ: ɚɥɝɟɛɪɚɢɱɟɫɤɚɹΝ ɩɪɨɟɤɰɢɹΝ ɜɟɤɬɨɪɚΝ ɧɚΝ

ɤɚɤɭɸ-ɥɢɛɨΝ ɨɫɶΝ ɪɚɜɧɚΝ ɩɪɨɢɡɜɟɞɟɧɢɸΝ ɦɨɞɭɥɹΝ ɜɟɤɬɨɪɚΝ ɧɚΝ ɤɨɫɢɧɭɫΝ ɭɝɥɚΝ ɦɟɠɞɭΝ

ɩɨɥɨɠɢɬɟɥɶɧɵɦΝɧɚɩɪɚɜɥɟɧɢɟɦΝɷɬɨɣΝɨɫɢΝΝɢΝɜɟɤɬɨɪɨɦμΝܽ௫ = ܽ ∙ ൫ܽ⃗ݏ݋ܿ ∧ ܱܺሬሬሬሬሬ⃗ ൯Ν Χ1.λΨΝ

Ɋɢɫ. 1.17.Ν



1λΝ

Ɍɟɨɪɟɦɚ 2 ɨ ɩɪɨɟɤɰɢɹɯ ɜɟɤɬɨɪɨɜ:Ν ɩɪɨɟɤɰɢɹΝ ɫɭɦɦɵΝ ɜɟɤɬɨɪɨɜΝɧɚΝ ɤɚɤɭɸ-

ɥɢɛɨΝɨɫɶΝɪɚɜɧɚΝɫɭɦɦɟΝɩɪɨɟɤɰɢɣΝɧɚΝɞɚɧɧɭɸΝɨɫɶΝɫɥɚɝɚɟɦɵɯΝɜɟɤɬɨɪɨɜΝΧɪɢɫ.Ν1.18Ψ.Ν

 
Ɋɢɫ. 1.18. 

ɉɪɢΝɩɪɨɟɰɢɪɨɜɚɧɢɢΝɜɟɤɬɨɪɚΝɜΝɩɪɨɫɬɪɚɧɫɬɜɟΝɧɟɨɛɯɨɞɢɦɨΝɨɩɪɟɞɟɥɢɬɶΝɫɢɫ-

ɬɟɦɭΝɤɨɨɪɞɢɧɚɬ.ΝΝ

ɋɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ ɧɚɡɵɜɚɟɬɫɹΝ ɫɨɜɨɤɭɩɧɨɫɬɶΝ ΧɧɚɛɨɪΨΝ ɩɚɪɚɦɟɬɪɨɜ,Ν

ɩɨɥɧɨɫɬɶɸΝɨɩɪɟɞɟɥɹɸɳɢɯΝɩɨɥɨɠɟɧɢɟΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢΝΧɬɟɥɚΨΝɜΝɩɪɨɫɬɪɚɧɫɬ-

ɜɟ.ΝɋɢɫɬɟɦɵΝɤɨɨɪɞɢɧɚɬΝɛɵɜɚɸɬμΝɩɪɹɦɨɭɝɨɥɶɧɚɹ (ɞɟɤɚɪɬɨɜɚ), ɫɮɟɪɢɱɟɫɤɚɹ, ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɚɹ ɢΝɞɪ.ΝȼΝɤɥɚɫɫɢɱɟɫɤɨɣΝɦɟɯɚɧɢɤɟΝɧɚɢɛɨɥɟɟΝɱɚɫɬɨΝɢɫɩɨɥɶɡɭɟɬɫɹΝɩɪɹ-

ɦɨɭɝɨɥɶɧɚɹΝɫɢɫɬɟɦɚΝɤɨɨɪɞɢɧɚɬ.Ν

ɉɪɹɦɨɭɝɨɥɶɧɚɹ (ɞɟɤɚɪɬɨɜɚ) ɫɢɫɬɟɦɚΝɤɨɨɪɞɢɧɚɬΝ–ΝɫɨɜɨɤɭɩɧɨɫɬɶΝɬɪɟɯΝɜɡɚ-

ɢɦɧɨΝ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯΝ ɨɫɟɣ,Ν ɩɪɨɯɨɞɹɳɢɯΝ ɱɟɪɟɡΝ ɨɞɧɭΝ ɬɨɱɤɭΝɈΝ ΧɧɚɱɚɥɨΝ ɤɨɨɪ-

ɞɢɧɚɬΨ.Ν ȾɟɤɚɪɬɨɜɚΝ ɫɢɫɬɟɦɚΝ ɤɨɨɪɞɢɧɚɬΝ ɹɜɥɹɟɬɫɹΝ ɩɪɚɜɨɣ (ɩɪɚɜɨɜɢɧɬɨɜɨɣ),Ν ɬ.ɟ.Ν

ɩɨɥɨɠɢɬɟɥɶɧɵɟΝɧɚɩɪɚɜɥɟɧɢɹΝɨɫɟɣΝ ɜɵɛɢɪɚɸɬɫɹΝɬɚɤ,ΝɱɬɨΝɩɪɢΝ ɜɪɚɳɟɧɢɢΝɩɪɚɜɨɝɨΝ

ɜɢɧɬɚΝɨɬΝɨɫɢΝOБ  ɤΝɨɫɢΝOВΝɩɨɫɬɭɩɚɬɟɥɶɧɨɟΝɞɜɢɠɟɧɢɟΝɨɫɬɪɢɹΝɜɢɧɬɚΝɭɤɚɡɵɜɚɟɬΝɧɚΝ

ɧɚɩɪɚɜɥɟɧɢɟΝɨɫɢΝOГΝΧɪɢɫΝ1.1λΨ.Ν

Ν
Ɋɢɫ. 1.19. 

ȾɥɹΝɦɚɫɲɬɚɛɚΝɩɨΝɤɨɨɪɞɢɧɚɬɧɵɦΝɨɫɹɦΝɜɜɨɞɹɬɫɹΝɟɞɢɧɢɱɧɵɟ ɜɟɤɬɨɪɵ (ɨɪ-

ɬɵ)Νଓ⃗, ଔ⃗, 	ሬ݇ሬሬ⃗ .Ν



β0Ν

ɅɸɛɨɣΝ ɜɟɤɬɨɪΝ ܽ⃗,Ν ɫɩɪɨɟɰɢɪɨɜɚɧɧɵɣΝ ɧɚΝ ɨɫɢΝ ɞɟɤɚɪɬɨɜɨɣΝ ɫɢɫɬɟɦɵΝ ɤɨɨɪɞɢ-
ɧɚɬ,Ν ɪɚɜɟɧΝ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣΝ ɫɭɦɦɟΝ ɟɝɨΝ ɩɪɨɟɤɰɢɣΝ ΧɤɨɦɩɨɧɟɧɬΨΝ ɧɚΝ ɤɨɨɪɞɢɧɚɬɧɵɟΝ

ɨɫɢΝΧɪɢɫ.Ν1.β1ΨμΝΝܽ⃗ = ଓ⃗ܽ௫ + ଔ⃗ܽ௬,Ν Χ1.10ΨΝ

ɝɞɟΝଓ⃗ܽ௫ = ܽ⃗௫				ɢ				ଔ⃗ܽ௬ = ܽ⃗௬.		Ν
ɂɡΝɪɢɫ.1.β1Νɜɢɞɧɨ,ΝɱɬɨΝɦɨɞɭɥɶΝɜɟɤɬɨɪɚΝɪɚɜɟɧΝɤɨɪɧɸΝɤɜɚɞɪɚɬɧɨɦɭΝɢɡΝɫɭɦ-

ɦɵΝɤɜɚɞɪɚɬɨɜΝɟɝɨΝɚɥɝɟɛɪɚɢɱɟɫɤɢɯΝɩɪɨɟɤɰɢɣμΝ|ܽ⃗| ≡ ܽ = ඥܽ௫ଶ + ܽ௬ଶ .Ν Χ1.11ΨΝ

ȾɥɹΝɩɪɨɢɡɜɨɥɶɧɨɝɨΝɜɟɤɬɨɪɚ,ΝɨɩɪɟɞɟɥɹɟɦɨɝɨΝɜΝɞɟɤɚɪɬɨɜɨɣΝɫɢɫɬɟɦɟΝɤɨɨɪɞɢ-

ɧɚɬΝΝ ܽ⃗ = ܽ௫ ଓ⃗ + ܽ௬ ଔ⃗ + ܽ௭ ሬ݇⃗ 	,Ν Χ1.1βΨΝ

ɦɨɞɭɥɶΝɜɟɤɬɨɪɚΝɛɭɞɟɬΝɪɚɜɟɧμΝܽ = ඥܽ௫ଶ + ܽ௬ଶ + ܽ௭ଶ.Ν Χ1.1γΨΝ

Ɏɢɡɢɱɟɫɤɢɟ ɩɪɢɥɨɠɟɧɢɹ 

1.ΝȼΝɤɢɧɟɦɚɬɢɤɟΝɞɥɹΝɨɩɪɟɞɟɥɟɧɢɹΝɩɨɥɨɠɟɧɢɹΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢΝɜΝɩɪɨ-

ɫɬɪɚɧɫɬɜɟΝ ɢɫɩɨɥɶɡɭɟɬɫɹΝ ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ⃗ݎ,Ν ɩɪɨɜɨɞɢɦɵɣΝ ɢɡΝ ɧɚɱɚɥɚΝ ɤɨɨɪɞɢɧɚɬΝ ɜΝ
ɞɚɧɧɭɸΝɬɨɱɤɭΝΧɪɢɫ.Ν1.ββΨ.ΝΝ

ɉɪɨɟɤɰɢɢΝ ɤɨɧɰɚΝ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ ɧɚΝ ɤɨɨɪɞɢɧɚɬɧɵɟΝ ɨɫɢΝ ɞɚɸɬΝ ɤɨɨɪɞɢɧɚɬɵΝ

ɮɢɤɫɢɪɭɟɦɨɣΝɢɦΝɬɨɱɤɢμΝΝ⃗ݎ = ଓ⃗ݔ + ଔ⃗ݕ + ݖ ሬ݇⃗ ,Ν Χ1.1ζΨΝ|ݎ| = ඥݎ௫ଶ + ௬ଶݎ + ௭ଶݎ = ඥ	ݔଶ + ଶݕ + ଶ.Νݖ Χ1.1ηΨΝ

Ɋɢɫ. 1.21. Ɋɢɫ. 1.20. 



β1Ν

β.ΝɉɪɢΝ ɨɩɢɫɚɧɢɢΝ ɝɚɪɦɨɧɢɱɟɫɤɢɯΝ ɤɨɥɟɛɚɬɟɥɶɧɵɯΝ ɩɪɨɰɟɫɫɨɜΝ ɢɫɩɨɥɶɡɭɟɬɫɹΝ

ɦɟɬɨɞΝɜɟɤɬɨɪɧɵɯΝɞɢɚɝɪɚɦɦ,ΝɝɞɟΝɮɢɡɢɱɟɫɤɢɟΝɜɟɥɢɱɢɧɵ,ΝɫɨɜɟɪɲɚɸɳɢɟΝɝɚɪɦɨɧɢ-

ɱɟɫɤɢɟΝɤɨɥɟɛɚɧɢɹ,ΝɩɪɟɞɫɬɚɜɥɹɸɬɫɹΝɜΝɜɢɞɟΝɜɪɚɳɚɸɳɢɯɫɹ ɜɟɤɬɨɪɨɜΝΧɪɢɫ.Ν1.βγΨ.ΝΝ

ɇɚΝɬɚɤɨɣΝɜɟɤɬɨɪɧɨɣΝɞɢɚɝɪɚɦɦɟΝɤɨɥɟɛɚɧɢɸΝɫΝɭɝɥɨɜɨɣΝɱɚɫɬɨɬɨɣΝ߱ΝɜΝɦɨɦɟɧɬΝ
ɜɪɟɦɟɧɢΝ tΝɫɨɩɨɫɬɚɜɥɹɟɬɫɹΝɜɟɤɬɨɪ,ΝɦɨɞɭɥɶΝɤɨɬɨɪɨɝɨΝɪɚɜɟɧΝɚɦɩɥɢɬɭɞɟΝɤɨɥɟɛɚɧɢɹΝ

ȺΝ ɢΝ ɨɛɪɚɡɭɟɬΝ ɫΝ ɨɫɶɸΝOБ ɭɝɨɥ,Ν ɪɚɜɧɵɣΝ ɮɚɡɟΝ ɤɨɥɟɛɚɧɢɹ	߮ = ݐ߱ + ߮଴Ν Χ߮଴Ν –Ν ɧɚ-
ɱɚɥɶɧɚɹΝɮɚɡɚΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝt=0).ΝɋΝɬɟɱɟɧɢɟɦΝɜɪɟɦɟɧɢΝtΝɞɚɧɧɵɣΝɜɟɤɬɨɪΝɪɚɜ-

ɧɨɦɟɪɧɨΝɜɪɚɳɚɟɬɫɹΝɫΝɭɝɥɨɜɨɣΝɫɤɨɪɨɫɬɶɸΝ߱		ɩɪɨɬɢɜΝɱɚɫɨɜɨɣΝɫɬɪɟɥɤɢ,ΝɚΝɩɪɨɟɤɰɢɢΝ
ɟɝɨΝɧɚΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢΝɨɩɪɟɞɟɥɹɸɬΝɡɧɚɱɟɧɢɟΝɤɨɥɟɛɥɸɳɟɣɫɹΝɜɟɥɢɱɢɧɵΝɜΝɞɚɧ-

ɧɵɣΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢμΝݔ = ܣ cosሺ߱ݐ + ߮଴ሻ 	ɢ	ݕ = ܣ sinሺ߱ݐ + ߮଴ሻ.ΝΝ
ɉɪɢɦɟɧɹɹΝɦɟɬɨɞΝɜɟɤɬɨɪɧɵɯΝɞɢɚɝɪɚɦɦ,ΝɦɨɠɧɨΝɩɪɨɜɟɫɬɢΝɫɥɨɠɟɧɢɟΝɤɨɥɟɛɚ-

ɧɢɣΝɨɞɧɨɝɨΝɧɚɩɪɚɜɥɟɧɢɹΝɢΝΝɨɩɪɟɞɟɥɢɬɶΝɚɦɩɥɢɬɭɞɭΝɢΝɧɚɱɚɥɶɧɭɸΝɮɚɡɭΝɪɟɡɭɥɶɬɢ-
ɪɭɸɳɟɝɨΝɤɨɥɟɛɚɧɢɹ.ΝɌɚɤɨɣΝɫɩɨɫɨɛΝɝɪɚɮɢɱɟɫɤɨɝɨΝɩɪɟɞɫɬɚɜɥɟɧɢɹΝɤɨɥɟɛɥɸɳɢɯɫɹΝ

ɜɟɥɢɱɢɧΝɲɢɪɨɤɨΝɢɫɩɨɥɶɡɭɟɬɫɹΝɜΝɷɥɟɤɬɪɨɬɟɯɧɢɤɟΝɩɪɢΝɪɚɫɱɟɬɟΝɷɥɟɤɬɪɢɱɟɫɤɢɯΝɰɟ-

ɩɟɣΝɩɟɪɟɦɟɧɧɨɝɨΝɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨΝɬɨɤɚ.Ν

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 1.5 
1.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɚɥɝɟɛɪɚɢɱɟɫɤɨɣΝɩɪɨɟɤɰɢɟɣΝɜɟɤɬɨɪɚΝɧɚΝɨɫɶ?ΝΝ

β.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɝɟɨɦɟɬɪɢɱɟɫɤɨɣΝɩɪɨɟɤɰɢɟɣΝɜɟɤɬɨɪɚΝɧɚΝɨɫɶ?Ν

γ.ΝɄɚɤɨɣΝɫɦɵɫɥΝɢɦɟɸɬΝɨɛɨɡɧɚɱɟɧɢɹμΝܽ௫ 			ɢ			ܽ⃗௫?Ν
ζ.Ν ɑɬɨΝ ɧɚɡɵɜɚɟɬɫɹΝ ɫɢɫɬɟɦɨɣΝ ɤɨɨɪɞɢɧɚɬ?Ν ɄɚɤΝ ɫɜɹɡɚɧɵΝ ɨɫɢΝ ɜΝ ɞɟɤɚɪɬɨɜɨɣΝ

ɫɢɫɬɟɦɟΝɤɨɨɪɞɢɧɚɬ?Ν

η.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɨɪɬɨɦ?ΝɉɪɢɜɟɞɢɬɟΝɩɪɢɦɟɪɵΝɨɪɬɨɜ.Ν

Ɋɢɫ. 1.22. Ɋɢɫ. 1.23. 



ββΝ

θ.ΝɑɬɨΝɨɡɧɚɱɚɟɬΝɜɵɪɚɠɟɧɢɟΝ«ɪɚɡɥɨɠɢɬɶΝɜɟɤɬɨɪΝɧɚΝɤɨɦɩɨɧɟɧɬɵ»?Ν

ι.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɦɨɞɭɥɶΝɜɟɤɬɨɪɚΝɱɟɪɟɡΝɟɝɨΝɩɪɨɟɤɰɢɢΝɧɚΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢ?Ν

8.ΝɄɚɤΝɨɩɪɟɞɟɥɹɟɬɫɹΝɩɪɨɟɤɰɢɹΝɫɭɦɦɵΝɜɟɤɬɨɪɨɜ?Ν

λ.ΝɑɬɨΝɬɚɤɨɟΝΝɪɚɞɢɭɫ-ɜɟɤɬɨɪ?ΝɄɚɤΝɩɪɟɞɫɬɚɜɢɬɶΝɪɚɞɢɭɫ-ɜɟɤɬɨɪΝɢΝɟɝɨΝɦɨɞɭɥɶΝ

ɜΝɞɟɤɚɪɬɨɜɨɣΝɫɢɫɬɟɦɟΝɤɨɨɪɞɢɧɚɬ?Ν

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

1.1η.ΝɈɩɪɟɞɟɥɢɬɟΝ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟΝɢΝ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝ Ф

Ν

ɧɚΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢΝΧɪɢɫ.Ν1.βζΝΧɚΨΨ,ΝɟɫɥɢΝΝФοη,ΝɚΝɭɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɨɦΝ Ф

ΝɢΝɨɫɶɸΝ

τБΝɪɚɜɟɧΝ1γ0°.Ν

Ɋɢɫ. 1.24. 

1.1θ.ΝɈɩɪɟɞɟɥɢɬɟΝ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟΝɢΝ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝ С

Ν

ɧɚΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢΝΧɪɢɫ.Ν1.βζΝΧɛΨΨ,ΝɟɫɥɢΝΝСοι,ΝɚΝɭɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɨɦΝ С

ΝɢΝɨɫɶɸΝ

τВΝɪɚɜɟɧΝγη°.ΝΝ

1.1ι.ΝɈɩɪɟɞɟɥɢɬɟΝ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟΝɢΝ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝ С

Ν

ɧɚΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢΝΧɪɢɫ.Ν1.βζΝΧɜΨΨ,ΝɟɫɥɢΝΝНοζ,ΝɚΝɭɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɨɦΝ С

ΝɢΝɨɫɶɸΝ

τБΝɪɚɜɟɧΝλ0°.ΝΝ

1.18.ΝɈɩɪɟɞɟɥɢɬɟΝɦɨɞɭɥɶΝɜɟɤɬɨɪɚΝ ሬ݇⃗ ΝɢΝɭɝɥɵΝɦɟɠɞɭΝɜɟɤɬɨɪɨɦΝɢΝɤɨɨɪɞɢɧɚɬ-
ɧɵɦɢΝɨɫɹɦɢΝτБΝɢΝτВ,ΝɟɫɥɢΝɚɥɝɟɛɪɚɢɱɟɫɤɢɟΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝ ሬ݇⃗ ΝɧɚΝɤɨɨɪɞɢɧɚɬ-
ɧɵɟΝɨɫɢμΝКΨΝФɯοηΝɢΝФвογνΝɛΨΝФɯοζΝɢΝФвοβνΝɜΨΝФɯογΝɢΝФвογνΝɝΨΝФɯοηΝΝɢΝΝФвο0νΝɞΨΝФɯο0Ν

ɢΝФвοθ.ΝɋɞɟɥɚɣɬɟΝɱɟɪɬɟɠΝɞɥɹΝɤɚɠɞɨɝɨΝɫɥɭɱɚɹ.Ν

1.1λ.ΝɈɩɪɟɞɟɥɢɬɟΝɦɨɞɭɥɶΝɜɟɤɬɨɪɚΝ -ΝɢΝɭɝɥɵΝɦɟɠɞɭΝɜɟɤɬɨɪɨɦΝɢΝɤɨɨɪɞɢɧɚɬ⃗݌
ɧɵɦɢΝ ɨɫɹɦɢΝ τБ,Ν τВΝ ɢΝ τГ,Ν ɟɫɥɢΝ ɩɪɨɟɤɰɢɢΝ ɜɟɤɬɨɪɚΝ Ν⃗݌ ɧɚΝ ɤɨɨɪɞɢɧɚɬɧɵɟΝ ɨɫɢμΝ
КΨΝɪɯοη,Ν ɪвογ,Ν ɪг=6νΝ ɛΨΝ ɪɯοζ,Ν ɪвοβ,Ν ɪг=0νΝ ɜΨΝ ɪɯοζ,Ν ɪвογ ɪг=–5νΝ ɝΨΝɪɯογ,Ν ɪвο0,Ν

ɪг=6νΝɞΨΝɪɯο0,Νɪвοθ,Νɪг=–6.Ν



βγΝ

1.β0.ΝɈɩɪɟɞɟɥɢɬɟΝɜɟɥɢɱɢɧɭΝɢΝɡɧɚɤΝɚɥɝɟɛɪɚɢɱɟɫɤɨɣΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚ		ܽ⃗		ɧɚΝ
ɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢΝτБΝɢΝτВ,Νɟɫɥɢ	|ܽ⃗| = Ͷ,ΝɚΝɭɝɨɥΝɦɟɠɞɭΝɧɚɩɪɚɜɥɟɧɢɟɦΝɜɟɤɬɨɪɚΝ
ɢΝɩɨɥɨɠɢɬɟɥɶɧɵɦΝɧɚɩɪɚɜɥɟɧɢɟɦΝɨɫɢΝτВΝɫɨɫɬɚɜɥɹɟɬΝ1β0°ΝΧɭɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɨɦΝ

ɢΝɩɨɥɨɠɢɬɟɥɶɧɵɦΝɧɚɩɪɚɜɥɟɧɢɟɦΝɨɫɢΝτБΝɨɫɬɪɵɣΨ.Ν

1.β1.ΝɈɩɪɟɞɟɥɢɬɟΝɜɟɥɢɱɢɧɭΝɢΝɡɧɚɤΝɚɥɝɟɛɪɚɢɱɟɫɤɨɣΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝ		 ሬܾ⃗ ΝɧɚΝ
ɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢΝτБΝɢΝτВ,ΝɟɫɥɢΝห ሬܾ⃗ ห = ͳʹ,ΝɚΝɭɝɨɥΝɦɟɠɞɭΝɧɚɩɪɚɜɥɟɧɢɟɦΝɜɟɤɬɨɪɚΝ
ɢΝɩɨɥɨɠɢɬɟɥɶɧɵɦΝɧɚɩɪɚɜɥɟɧɢɟɦΝɨɫɢΝτɏΝɫɨɫɬɚɜɥɹɟɬΝθ0°ΝΧɭɝɨɥΝɦɟɠɞɭΝɜɟɤɬɨɪɨɦΝɢΝ

ɩɨɥɨɠɢɬɟɥɶɧɵɦΝɧɚɩɪɚɜɥɟɧɢɟɦΝɨɫɢΝτВΝɨɫɬɪɵɣΨ.Ν

1.ββ.ΝɄΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɟΝɩɪɢɥɨɠɟɧɵΝɫɢɥɵΝF1ογΝɇΝɢΝΝF1οζΝɇ,ΝɜɟɤɬɨɪɵΝܨଵሬሬሬ⃗ Ν
ɢΝܨଶሬሬሬሬ⃗ ΝɫɨɫɬɚɜɥɹɸɬΝɫΝɨɫɶɸΝɈɏΝɭɝɥɵΝ10°ΝɢΝζ0°Νɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.ΝɇɚɣɞɢɬɟΝɪɚɜɧɨɞɟɣ-
ɫɬɜɭɸɳɭɸΝɫɢɥΝɢΝɟɟΝɩɪɨɟɤɰɢɢΝɧɚΝɨɫɢΝɈɏΝɢΝɈВ.Ν

1.βγ.ΝɄΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɟΝɩɪɢɥɨɠɟɧɵΝɫɢɥɵΝF1οηΝɇΝɢΝΝF1ο8Νɇ,ΝɜɟɤɬɨɪɵΝܨଵሬሬሬ⃗ Ν
ɢΝܨଶሬሬሬሬ⃗ ΝɫɨɫɬɚɜɥɹɸɬΝɫΝɨɫɶɸΝɈɏΝɭɝɥɵΝγ0°ΝɢΝ1β0°Νɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.ΝɇɚɣɞɢɬɟΝɪɚɜɧɨɞɟɣ-
ɫɬɜɭɸɳɭɸΝɫɢɥΝɢΝɟɟΝɩɪɨɟɤɰɢɢΝɧɚΝɨɫɢΝɈɏΝɢΝɈВ.Ν

1.6. ɋɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɜɭɯ ɜɟɤɬɨɪɨɜ 

ɋɤɚɥɹɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɜɟɤɬɨɪɚΝ ܽ⃗ΝɧɚΝɜɟɤɬɨɪΝ ሬܾ⃗ ΝɧɚɡɵɜɚɟɬɫɹΝɩɪɨɢɡɜɟɞɟ-
ɧɢɟΝɦɨɞɭɥɟɣΝɷɬɢɯΝɜɟɤɬɨɪɨɜΝɧɚΝɤɨɫɢɧɭɫΝɭɝɥɚΝɦɟɠɞɭΝɧɢɦɢ.ΝɊɟɡɭɥɶɬɚɬΝɫɤɚɥɹɪɧɨɝɨΝ

ɩɪɨɢɡɜɟɞɟɧɢɹΝɟɫɬɶΝɫɤɚɥɹɪɧɚɹΝɜɟɥɢɱɢɧɚ.ΝɈɛɨɡɧɚɱɟɧɢɟΝɞɟɣɫɬɜɢɹΝɫɤɚɥɹɪɧɨɝɨΝɩɪɨ-

ɢɡɜɟɞɟɧɢɹΝɦɨɠɟɬΝɛɵɬɶΝɜΝɜɢɞɟΝ൫ܽ⃗, ሬܾ⃗ ൯ΝɢɥɢΝܽ⃗ ∙ ሬܾ⃗ .ΝΝΝܽ⃗ ⋅ ሬܾ⃗ = ൫ܽ⃗ݏ݋ܾܿܽ ∧ ሬܾ⃗ ൯Ν Χ1.1θΨΝ

ɋɤɚɥɹɪɧɨɟΝɩɪɨɢɡɜɟɞɟɧɢɟΝɞɜɭɯΝɜɟɤɬɨɪɨɜΝɦɨɠɧɨΝɩɪɟɞɫɬɚɜɢɬɶΝɤɚɤΝɩɪɨɢɡɜɟ-

ɞɟɧɢɟΝɦɨɞɭɥɹΝɨɞɧɨɝɨΝɢɡΝ ɜɟɤɬɨɪɨɜΝɢΝɚɥɝɟɛɪɚɢɱɟɫɤɨɣΝɩɪɨɟɤɰɢɢΝɞɪɭɝɨɝɨΝ ɜɟɤɬɨɪɚΝ

ɧɚΝɧɚɩɪɚɜɥɟɧɢɹΝɩɟɪɜɨɝɨΝΧɪɢɫ.1.βηΨ.Ν

Ɋɢɫ. 1.25.  



βζΝ

ܽ⃗ ∙ ሬܾ⃗ = ܽ௕ ∙ ܾ = ܾ௔ ∙ ܽ,Ν Χ1.1ιΨΝ

ɝɞɟΝܽ௕ = ܽ ∙ cosሺܽ⃗ ^ ሬܾ⃗ ሻ, ܾ௔ = ܾ ∙ cosሺܽ⃗ ^ ሬܾ⃗ ሻ.Ν
ɊɟɡɭɥɶɬɚɬΝ ɫɤɚɥɹɪɧɨɝɨΝ ɩɪɨɢɡɜɟɞɟɧɢɹΝ ɡɚɜɢɫɢɬΝ ɨɬΝ ɡɧɚɱɟɧɢɹ,Ν ɤɨɬɨɪɨɟΝ

ɩɪɢɧɢɦɚɟɬΝɤɨɫɢɧɭɫΝɭɝɥɚΝɦɟɠɞɭΝɜɟɤɬɨɪɚɦɢμΝΝ

1ΨΝɟɫɥɢΝͲ ≤ ሺܽ⃗^ሬܾ⃗ ሻ < గଶ,ΝɬɨΝܽ⃗ ∙ ሬܾ⃗ > ͲΝ ΧɪɟɡɭɥɶɬɚɬΝɩɪɨɢɡɜɟɞɟɧɢɹΝɩɨɥɨɠɢɬɟɥɶ-
ɧɵɣΨνΝ

βΨΝɟɫɥɢΝగଶ 	< ሺܽ⃗^ ሬܾ⃗ ሻ ≤ ΝɬɨΝ,ߨ ܽ⃗ ∙ ሬܾ⃗ < ͲΝ ΧɪɟɡɭɥɶɬɚɬΝɩɪɨɢɡɜɟɞɟɧɢɹΝɨɬɪɢɰɚɬɟɥɶ-
ɧɵɣΨνΝ

γΨΝɟɫɥɢΝሺܽ⃗^ ሬܾ⃗ ሻ = గଶΝ,ΝΝɬɨΝܽ⃗ ∙ ሬܾ⃗ = ͲνΝ
ζΨΝ ɟɫɥɢ			ܽ⃗ ∙ ܽ⃗ = ܽ ∙ ܽ cos Ͳ = ܽଶ,Ν ɢɦɟɟɦΝ ɩɪɨɢɡɜɟɞɟɧɢɟΝ ɜɟɤɬɨɪɚΝ ɫɚɦɨɝɨΝ ɧɚΝ

ɫɟɛɹ,ΝɪɟɡɭɥɶɬɚɬɨɦΝɤɨɬɨɪɨɝɨΝɹɜɥɹɟɬɫɹΝɤɜɚɞɪɚɬΝɟɝɨΝɦɨɞɭɥɹ.Ν

ɋɜɨɣɫɬɜɚ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 

1.ΝɋɜɨɣɫɬɜɨΝɩɟɪɟɦɟɫɬɢɬɟɥɶɧɨɫɬɢμΝܽ⃗ ∙ ሬܾ⃗ = ሬܾ⃗ ∙ ܽ⃗.Ν
β.ΝɋɜɨɣɫɬɜɨΝɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɫɬɢμΝΝሺܽଵሬሬሬሬ⃗ + ܽଶሬሬሬሬ⃗ ሻ ∙ ሬܾ⃗ = ܽଵሬሬሬሬ⃗ ∙ ሬܾ⃗ + ܽଶሬሬሬሬ⃗ ∙ ሬܾ⃗ .Ν
ЭɬɨΝɫɩɪɚɜɟɞɥɢɜɨΝɞɥɹΝɥɸɛɨɝɨΝɱɢɫɥɚΝɫɥɚɝɚɟɦɵɯ.Ν͵.	 ɋɜɨɣɫɬɜɨ	 ɫɨɱɟɬɚɬɟɥɶɧɨɫɬɢ	 ɨɬɧɨɫɢɬɟɥɶɧɨ	 ɫɤɚɥɹɪɧɨɝɨ	 ɦɧɨɠɢɬɟɥɹ:	ሺ݉ܽ⃗ሻ ∙ ሬܾ⃗ = ݉൫ܽ⃗ ∙ ሬܾ⃗ ൯,	ɢɥɢ	ሺ݉ܽ⃗ሻ ∙ ൫݊ ሬܾ⃗ ൯ = ݉݊൫ܽ⃗ ∙ ሬܾ⃗ ൯.	 
ɋɤɚɥɹɪɧɨɟΝ ɩɪɨɢɡɜɟɞɟɧɢɟΝ ɞɜɭɯΝ ɜɟɤɬɨɪɨɜ,Ν ɩɪɟɞɫɬɚɜɥɟɧɧɵɯΝ ɜΝ ɞɟɤɚɪɬɨɜɨɣΝ

ɫɢɫɬɟɦɟΝɤɨɨɪɞɢɧɚɬ,ΝɦɨɠɧɨΝɡɚɩɢɫɚɬɶΝɜΝɜɢɞɟΝɫɭɦɦɵΝɩɪɨɢɡɜɟɞɟɧɢɣΝɨɞɧɨɢɦɟɧɧɵɯΝ

ɤɨɦɩɨɧɟɧɬɨɜμΝ൫ܽ⃗, ሬܾ⃗ ൯ = 	 ܽ௫ܾ௫ + ܽ௬ܾ௬ + ܽ௭ܾ௭ Ν Χ1.18ΨΝ

Ɂɚɦɟɱɚɧɢɟμ ɫɤɚɥɹɪɧɨɟΝ ɩɪɨɢɡɜɟɞɟɧɢɟΝ ɧɟɥɶɡɹΝ ɩɪɢɦɟɧɢɬɶΝ ɜΝ ɫɥɭɱɚɟΝ ɬɪɟɯΝ ɫɨ-

ɦɧɨɠɢɬɟɥɟɣ,ΝɬɚɤΝɤɚɤΝɫɤɚɥɹɪɧɨɟΝɩɪɨɢɡɜɟɞɟɧɢɟΝɟɫɬɶΝɫɤɚɥɹɪνΝɟɫɥɢΝɟɝɨΝɭɦɧɨɠɢɬɶΝɧɚΝ

ɜɟɤɬɨɪ,ΝɬɨΝɜΝɪɟɡɭɥɶɬɚɬɟΝɩɨɥɭɱɢɬɫɹΝɜɟɤɬɨɪμΝ൫ܽ⃗, ሬܾ⃗ ൯ ∙ ݀⃗ = ݀⃗ ∙ ܾܽ cosሺܽ⃗ ^ ሬܾ⃗ ሻ = ݀⃗ ∙ ȼ = ܿ	ሬሬ⃗ ,Ν Χ1.1λΨΝ

ɝɞɟΝȼΝ–Νɫɤɚɥɹɪ,ΝɪɟɡɭɥɶɬɚɬΝɭɦɧɨɠɟɧɢɹΝɜɟɤɬɨɪɨɜΝ൫ܽ⃗, ሬܾ⃗ ൯νΝɜɟɤɬɨɪɵΝ݀⃗	ɢ	ܿ⃗ΝΝɤɨɥɥɢɧɟɚɪ-
ɧɵɟ.Ν



βηΝ

ɈɞɧɢɦΝ ɢɡΝ ɩɪɢɦɟɪɨɜΝ ɩɪɢɦɟɧɟɧɢɹΝ ɫɤɚɥɹɪɧɨɝɨΝ

ɩɪɨɢɡɜɟɞɟɧɢɹΝ ɜɟɤɬɨɪɨɜΝ ɜ ɮɢɡɢɤɟΝ ɹɜɥɹɟɬɫɹΝ ɫɤɚɥɹɪ-

ɧɨɟΝ ɩɪɨɢɡɜɟɞɟɧɢɟΝ ɜɟɤɬɨɪɚΝ ɫɢɥɵΝ Νܨ⃗ ɧɚΝ ɜɟɤɬɨɪΝ ɩɟɪɟ-
ɦɟɳɟɧɢɹΝ∆⃗ݎ,ΝɪɟɡɭɥɶɬɚɬΝɤɨɬɨɪɨɝɨΝɟɫɬɶΝɫɤɚɥɹɪɧɚɹΝɮɢ-
ɡɢɱɟɫɤɚɹΝɜɟɥɢɱɢɧɚ,ΝɧɚɡɵɜɚɟɦɚɹΝɪɚɛɨɬɨɣ ɫɢɥɵμΝܣ = ൫⃗ܨ, ൯ݎ⃗∆ = ݎ∆ܨ cos ߙ = ௥Ν∆ܨݎ∆ Χ1.β0ΨΝ

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ  1.6 

1.Ν ɄɚɤΝ ɨɛɨɡɧɚɱɚɟɬɫɹΝ ɨɩɟɪɚɰɢɹΝ ɫɤɚɥɹɪɧɨɝɨΝ Ν ɩɪɨɢɡɜɟɞɟɧɢɹΝ ɜɟɤɬɨɪɨɜΝ ɢΝ ɱɬɨΝ

ɹɜɥɹɟɬɫɹΝɟɟΝɪɟɡɭɥɶɬɚɬɨɦ?ΝΝ

β.ΝɄɚɤɢɦɢΝɫɜɨɣɫɬɜɚɦɢΝɨɛɥɚɞɚɟɬΝɫɤɚɥɹɪɧɨɟΝɩɪɨɢɡɜɟɞɟɧɢɟΝɜɟɤɬɨɪɨɜ?Ν

γ.ΝɄɚɤɚɹΝɢɡΝɮɢɡɢɱɟɫɤɢɯΝɜɟɥɢɱɢɧΝɨɩɪɟɞɟɥɹɟɬɫɹΝɱɟɪɟɡΝɫɤɚɥɹɪɧɨɟΝɩɪɨɢɡɜɟɞɟ-

ɧɢɟΝɜɟɤɬɨɪɨɜ?Ν

ζ.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɩɪɨɟɤɰɢɸΝɨɞɧɨɝɨΝɜɟɤɬɨɪɚΝɧɚΝɧɚɩɪɚɜɥɟɧɢɟΝɞɪɭɝɨɝɨ?Ν

η.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɪɟɡɭɥɶɬɚɬΝɫɤɚɥɹɪɧɨɝɨΝɩɪɨɢɡɜɟɞɟɧɢɹΝɞɜɭɯΝɜɟɤɬɨɪɨɜ,Νɟɫ-

ɥɢΝɢɡɜɟɫɬɧɵΝɩɪɨɟɤɰɢɢΝɷɬɢɯΝɜɟɤɬɨɪɨɜΝɧɚΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢ?Ν

θ.ΝɆɨɠɧɨΝɥɢΝɜɵɩɨɥɧɢɬɶΝɨɩɟɪɚɰɢɸΝɫɤɚɥɹɪɧɨɝɨΝɩɪɨɢɡɜɟɞɟɧɢɹΝɞɥɹΝɬɪɟɯΝɜɟɤ-

ɬɨɪɨɜ?Ν

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

1.βζ.ΝɇɚɣɞɢɬɟΝɫɤɚɥɹɪɧɨɟΝɩɪɨɢɡɜɟɞɟɧɢɟΝ ɜɟɤɬɨɪɨɜ,Ν ɤɨɬɨɪɵɟΝɨɛɪɚɡɭɸɬΝɭɝɨɥΝ

ζη°,ΝɟɫɥɢΝɦɨɞɭɥɢΝɜɟɤɬɨɪɨɜΝɢɦɟɸɬΝɡɧɚɱɟɧɢɹμΝ|ܽ⃗| = ͵, ห ሬܾ⃗ ห = ͷ.Ν
1.βη.ΝɉɨɞΝɤɚɤɢɦΝɭɝɥɨɦΝɞɨɥɠɧɚΝɛɵɬɶΝɧɚɩɪɚɜɥɟɧɚΝɫɢɥɚΝF=β0ΝH,ΝɱɬɨɛɵΝɫɨ-

ɜɟɪɲɟɧɧɚɹΝɪɚɛɨɬɚΝɛɵɥɚΝɪɚɜɧɚΝγ0ΝȾɠΝɩɪɢΝɩɟɪɟɦɟɳɟɧɢɢΝɧɚΝγΝɦ?Ν

1.βθ.Ν ɊɚɫɫɱɢɬɚɣɬɟΝ ɪɚɛɨɬɭΝ ɫɢɥɵ,Ν ɩɪɢɥɨɠɟɧɧɨɣΝ ɤΝ ɬɟɥɭΝ ɩɨɞΝ ɭɝɥɨɦΝ γ0°,Ν ɩɪɢΝ

ɟɝɨΝɩɟɪɟɦɟɳɟɧɢɢΝɧɚΝβ0Νɦ.ΝɆɨɞɭɥɶΝɫɢɥɵΝɪɚɜɟɧΝζ,βΝɤɇ.Ν

1.βι.Ν ȼɟɤɬɨɪɵΝ aሬ⃗ 		ˋ		bሬ⃗ Ν ɨɛɪɚɡɭɸɬΝ ɭɝɨɥΝ 1β0°.Ν ɁɧɚɹΝ ɦɨɞɭɥɢΝ |aሬ⃗ | = ͸, หbሬ⃗ ห = ͷ,Ν
ɜɵɱɢɫɥɢɬɟμΝ1ΨΝ൫aሬ⃗ − ʹbሬ⃗ ൯ ∙ ൫aሬ⃗ + ʹbሬ⃗ ൯νΝΝΝβΨΝ൫ʹaሬ⃗ + bሬ⃗ ൯ଶν			͵ሻ	൫ʹaሬ⃗ − bሬ⃗ ൯ ∙ ൫aሬ⃗ + ʹbሬ⃗ ൯.Ν

1.β8.ΝȼɟɤɬɨɪɵΝaሬ⃗ 		ˋ		bሬ⃗ ΝɨɛɪɚɡɭɸɬΝɭɝɨɥΝγ0°.ΝɁɧɚɹΝɦɨɞɭɥɢΝ|aሬ⃗ | = Ͷ, หbሬ⃗ ห = ͵,Νɜɵ-
ɱɢɫɥɢɬɟμΝ1ΨΝͷaሬ⃗ ∙ ൫aሬ⃗ + ʹbሬ⃗ ൯νΝΝΝβΨΝ൫aሬ⃗ − ʹbሬ⃗ ൯ଶν			͵ሻ	൫͵aሬ⃗ − ʹbሬ⃗ ൯ ∙ ൫aሬ⃗ + ʹbሬ⃗ ൯.Ν

Ɋɢɫ. 1.26.  
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1.βλ.ΝȿɞɢɧɢɱɧɵɟΝɜɟɤɬɨɪɵΝܽ⃗		ˋ		 ሬܾ⃗ ΝɨɛɪɚɡɭɸɬΝɭɝɨɥΝα.ΝɇɚɣɞɢɬɟΝɡɧɚɱɟɧɢɟΝɭɝɥɚ,Ν
ɟɫɥɢΝɜɟɤɬɨɪɵΝܽ⃗ + ʹ ሬܾ⃗ 	ˋ	ͷܽ⃗ − Ͷ ሬܾ⃗ Νɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ.Ν

1.γ0.ΝȿɞɢɧɢɱɧɵɟΝɜɟɤɬɨɪɵΝܽ⃗		ˋ		 ሬܾ⃗ ΝɨɛɪɚɡɭɸɬΝɭɝɨɥΝα.ΝɇɚɣɞɢɬɟΝɡɧɚɱɟɧɢɟΝɭɝɥɚ,Ν
ɟɫɥɢΝɜɟɤɬɨɪɵΝΝ͵ܽ⃗ − ʹ ሬܾ⃗ 	ˋ	ܽ⃗ − ͵ሬܾ⃗ Νɤɨɥɥɢɧɟɚɪɧɵɟ.Ν

1.γ1.ΝȼɟɤɬɨɪɵΝܽ⃗		ˋ		 ሬܾ⃗ ΝɨɛɪɚɡɭɸɬΝɭɝɨɥΝα.ΝɇɚɣɞɢɬɟΝɡɧɚɱɟɧɢɟΝɭɝɥɚ,ΝɟɫɥɢΝɜɟɤɬɨ-
ɪɵΝ ɡɚɞɚɧɵΝ ɜΝ ɜɢɞɟμΝ 1ΨΝ ܽ⃗ = ଓ⃗ + ͷଔ⃗ + ͵ሬ݇⃗ ,Ν ሬܾ⃗ = ʹଓ⃗ + Ͷଔ⃗νΝ βΨΝ ܽ⃗ = Ͳ,ͷଓ⃗ + Ͳ,ʹଔ⃗ − ሬ݇⃗ ,Νሬܾ⃗ = ʹ,ʹଓ⃗ + ʹ,ͷሬ݇⃗ νΝγΨΝܽ⃗ = −ͳʹଓ⃗ − Ͷଔ⃗ + ʹͲሬ݇⃗ ,Ν ሬܾ⃗ = ͸ଓ⃗ + ͳͳଔ⃗ − ͷሬ݇⃗ .νΝ

1.7. ȼɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɜɭɯ ɜɟɤɬɨɪɨɜ 

ȼɟɤɬɨɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ 

ɜɟɤɬɨɪɚΝ ܽ⃗Ν ɧɚΝ ɧɟɤɨɥɥɢɧɟɚɪɧɵɣΝ ɫΝ
ɧɢɦΝ ɜɟɤɬɨɪΝ ሬܾ⃗ Ν ɧɚɡɵɜɚɟɬɫɹΝ ɬɪɟɬɢɣΝ
ɜɟɤɬɨɪΝ ܿ⃗,Ν ɦɨɞɭɥɶΝ ɤɨɬɨɪɨɝɨΝ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹΝ ɩɪɨɢɡɜɟɞɟɧɢɟɦΝ ɦɨɞɭɥɟɣΝ

ɜɟɤɬɨɪɨɜΝ ܽ⃗	ɢ	 ሬܾ⃗ ΝɧɚΝɫɢɧɭɫΝɭɝɥɚΝɦɟɠ-
ɞɭΝɧɢɦɢΝɢΝɱɢɫɥɟɧɧɨΝɪɚɜɟɧΝɩɥɨɳɚ-

ɞɢΝ ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚ,Ν ɩɨɫɬɪɨɟɧɧɨ-

ɝɨΝɧɚΝɜɟɤɬɨɪɚɯΝܽ⃗	ɢ	 ሬܾ⃗ ΝΧɪɢɫ.Ν1.βιΨμΝܿ⃗ = ൣܽ⃗ · 	 ሬܾ⃗ ൧Ν Χ1.β1ΨΝܿ = ܽ · ܾ sinሺܽ⃗^ ሬܾ⃗ ሻΝ Χ1.ββΨΝ

ȼɟɤɬɨɪΝ ܿ⃗Ν ɜɫɟɝɞɚΝ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧΝ ɩɥɨɫɤɨɫɬɢ,Ν ɜΝ ɤɨɬɨɪɨɣΝ ɥɟɠɚɬΝ ɜɟɤɬɨɪɵΝܽ⃗	ɢ	 ሬܾ⃗ .ΝȿɝɨΝɧɚɩɪɚɜɥɟɧɢɟΝɨɩɪɟɞɟɥɹɟɬɫɹΝɩɪɚɜɢɥɨɦ ɩɪɚɜɨɝɨ ɜɢɧɬɚ:ΝɟɫɥɢΝɩɪɚɜɵɣΝɜɢɧɬΝ

ɜɪɚɳɚɬɶΝɨɬΝɜɟɤɬɨɪɚΝܽ⃗ΝɤΝɜɟɤɬɨɪɭΝ ሬܾ⃗ ΝɩɨΝɩɭɬɢΝɢɯΝɧɚɢɤɪɚɬɱɚɣɲɟɝɨΝɫɨɜɦɟɳɟɧɢɹ,ΝɬɨΝɧɚ-
ɩɪɚɜɥɟɧɢɟΝɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨΝɞɜɢɠɟɧɢɹΝɨɫɬɪɢɹΝɜɢɧɬɚΝɭɤɚɠɟɬΝɧɚɩɪɚɜɥɟɧɢɟΝɜɟɤɬɨɪɚΝܿ⃗,Ν
ɤɨɬɨɪɵɣΝɹɜɥɹɟɬɫɹΝɪɟɡɭɥɶɬɚɬɨɦΝɜɟɤɬɨɪɧɨɝɨΝɩɪɨɢɡɜɟɞɟɧɢɹΝɜɟɤɬɨɪɨɜΝܽ⃗	ɢ	 ሬܾ⃗ .ΝΝ

ɋɢɦɜɨɥɢɱɟɫɤɨɟΝ ɨɛɨɡɧɚɱɟɧɢɟΝ ɞɟɣɫɬɜɢɹΝ ɜɟɤɬɨɪɧɨɝɨΝ ɩɪɨɢɡɜɟɞɟɧɢɹΝ ɦɨɠɟɬΝ

ɛɵɬɶΝɜΝɜɢɞɟΝ[ܽ⃗ · ሬܾ⃗ ]ΝɢɥɢΝܽ⃗ × ሬܾ⃗ .Ν
ɋɜɨɣɫɬɜɚΝɜɟɤɬɨɪɧɨɝɨΝɩɪɨɢɡɜɟɞɟɧɢɹμΝ

1.ΝȼɟɤɬɨɪɧɨɟΝɩɪɨɢɡɜɟɞɟɧɢɟΝɜɟɤɬɨɪɚΝɫɚɦɨɝɨΝɧɚΝɫɟɛɹΝɪɚɜɧɨΝɧɭɥɸμΝ

Ɋɢɫ. 1.27. 
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[ܽ⃗ · 	 ܽ⃗] = Ͳ, ɬɚɤ	ɤɚɤ	ሺܽ⃗	^ܽ⃗ሻ = Ͳ		ɢ	 sinሺܽ⃗ ∙ ܽ⃗ሻ = Ͳ.Ν
β.ΝɋɜɨɣɫɬɜɨΝɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɫɬɢμΝൣሺܽଵሬሬሬሬ⃗ + ܽଶሬሬሬሬ⃗ ሻ ∙ ሬܾ⃗ ൧ = ൣܽଵሬሬሬሬ⃗ ∙ ሬܾ⃗ ൧ + ൣܽଶሬሬሬሬ⃗ ∙ ሬܾ⃗ ൧.ΝΝ
ЭɬɨΝɫɜɨɣɫɬɜɨΝɫɩɪɚɜɟɞɥɢɜɨΝɞɥɹΝɥɸɛɨɝɨΝɱɢɫɥɚΝɫɥɚɝɚɟɦɵɯ.Ν

γ.ΝɋɜɨɣɫɬɜɨΝɫɨɱɟɬɚɬɟɥɶɧɨɫɬɢΝɨɬɧɨɫɢɬɟɥɶɧɨΝɫɤɚɥɹɪɧɨɝɨΝɦɧɨɠɢɬɟɥɹμΝൣሺ݉ܽ⃗ሻ ∙ ሬܾ⃗ ൧ = ݉ൣܽ⃗ ∙ ሬܾ⃗ ൧,			ɢɥɢ					ൣ݉ܽ⃗ ∙ ݊ ሬܾ⃗ ൧ = ݉݊ൣܽ⃗ ∙ ሬܾ⃗ ൧.	 
ζ.ΝɉɪɢΝɩɟɪɟɫɬɚɧɨɜɤɟΝ ɫɨɦɧɨɠɢɬɟɥɟɣΝ ɜɟɤɬɨɪɧɨɟΝɩɪɨɢɡɜɟɞɟɧɢɟΝ ɭɦɧɨɠɚɟɬɫɹΝ

ɧɚΝΧ-1Ψ,Νɬ.ɟ.ΝɪɟɡɭɥɶɬɚɬΝɦɟɧɹɟɬΝɡɧɚɤΝɧɚΝɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣμΝൣܽ⃗ · 	 ሬܾ⃗ ൧ = −ൣሬܾ⃗ · ܽ⃗൧,ΝΝΝɬ.ɟμΝɟɫɥɢΝൣܽ⃗ · ሬܾ⃗ ൧ = ܿ⃗, ɬɨ		ൣ ሬܾ⃗ · ܽ⃗൧ = −ܿ⃗ΝΧɪɢɫ.Ν1.β8Ψ.Ν
ɌɚɤɢɦΝ ɨɛɪɚɡɨɦ,Ν ɜɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɧɟ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɩɟɪɟ-

ɦɟɫɬɢɬɟɥɶɧɨɫɬɢ.Ν

Ɋɢɫ. 1.28.Ν

Ɏɢɡɢɱɟɫɤɢɟ ɩɪɢɥɨɠɟɧɢɹ 

ȼΝɮɢɡɢɤɟΝɜɟɤɬɨɪɧɨɟΝɩɪɨɢɡɜɟɞɟɧɢɟΝɩɪɢɦɟɧɹɸɬΝɞɥɹΝɨɩɪɟɞɟɥɟɧɢɹΝɦɧɨɝɢɯΝɮɢ-

ɡɢɱɟɫɤɢɯΝɜɟɥɢɱɢɧμΝɦɨɦɟɧɬɚΝɫɢ-

ɥɵ,ΝɦɨɦɟɧɬɚΝɢɦɩɭɥɶɫɚ,Νɦɚɝɧɢɬ-

ɧɨɝɨΝɦɨɦɟɧɬɚΝɢΝɞɪ.ΝΝ

ɇɚɩɪɢɦɟɪ, ɦɨɦɟɧɬɨɦ 

ɫɢɥɵ ܯሬሬ⃗  ɨɬɧɨɫɢɬɟɥɶɧɨΝ ɩɪɨɢɡ-

ɜɨɥɶɧɨɣΝ ɬɨɱɤɢΝ Ɉ ɧɚɡɵɜɚɟɬɫɹΝ

ɜɟɤɬɨɪɧɨɟΝ ɩɪɨɢɡɜɟɞɟɧɢɟΝ ɪɚɞɢ-

ɭɫ-ɜɟɤɬɨɪɚΝ Ν,ݎ⃗ ɩɪɨɜɟɞɟɧɧɨɝɨΝ ɢɡΝ
ɩɪɨɢɡɜɨɥɶɧɨɣΝ ɬɨɱɤɢΝɈΝ ɜΝ ɬɨɱɤɭΝ

ɩɪɢɥɨɠɟɧɢɹΝɫɢɥɵ,ΝɧɚΝɜɟɤɬɨɪΝɞɟɣɫɬɜɭɸɳɟɣΝɫɢɥɵΝ⃗ܨΝΧɪɢɫ.Ν1.βλΨμΝΝɊɢɫ. 1.29. 



β8Ν

ሬሬ⃗ܯ = ݎ⃗ൣ · ൧, Χ1.βγΨΝܨ⃗

ɦɨɞɭɥɶΝɦɨɦɟɧɬɚΝɫɢɥɵμΝΝܯ = ܨ ∙ ݎ sin ߙ = ܨ ∙ ݈,Ν Χ1.βζΨΝ

ɝɞɟΝ݈ = ݎ sin Ν–ΝɩɥɟɱɨΝɫɢɥɵ.Νߙ
Ɇɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ܮሬ⃗ Ν ɨɩɪɟɞɟɥɹɟɬɫɹΝ ɤɚɤΝ ɜɟɤɬɨɪɧɨɟΝ ɩɪɨɢɡɜɟɞɟɧɢɟΝ ɪɚɞɢɭɫ-

ɜɟɤɬɨɪɚΝɢΝɢɦɩɭɥɶɫɚΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢ.ΝɉɨɫɬɪɨɟɧɢɟΝɜɟɤɬɨɪɚΝܮሬ⃗ ΝɚɧɚɥɨɝɢɱɧɨΝɩɨ-
ɫɬɪɨɟɧɢɸΝɜɟɤɬɨɪɚΝɦɨɦɟɧɬɚΝɫɢɥɵ.Νܮሬ⃗ = ݎ⃗] · 	 [⃗݌ = ݎ⃗ൣ · 	݉ ሬܸ⃗ ൧Ν Χ1.βηΨΝ

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 1.7 
1.ΝɄɚɤΝɦɨɠɟɬΝɫɢɦɜɨɥɢɱɟɫɤɢΝɨɛɨɡɧɚɱɚɬɶɫɹΝɨɩɟɪɚɰɢɹΝɜɟɤɬɨɪɧɨɝɨΝ Νɩɪɨɢɡɜɟ-

ɞɟɧɢɹΝɜɟɤɬɨɪɨɜΝɢΝɱɬɨΝɹɜɥɹɟɬɫɹΝɟɟΝɪɟɡɭɥɶɬɚɬɨɦ?ΝΝ

β.Ν ɄɚɤΝ ɨɩɪɟɞɟɥɹɟɬɫɹΝ ɦɨɞɭɥɶΝ ɪɟɡɭɥɶɬɚɬɚΝ ɜɟɤɬɨɪɧɨɝɨΝ ɩɪɨɢɡɜɟɞɟɧɢɹΝ ɞɜɭɯΝ
ɜɟɤɬɨɪɨɜ?Ν

γ.Ν ɄɚɤΝ ɨɩɪɟɞɟɥɹɟɬɫɹΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɪɟɡɭɥɶɬɚɬɚΝ ɜɟɤɬɨɪɧɨɝɨΝ ɩɪɨɢɡɜɟɞɟɧɢɹΝ

ɞɜɭɯΝɜɟɤɬɨɪɨɜ?ΝΝ

ζ.ΝɈɛɥɚɞɚɟɬΝɥɢΝɨɩɟɪɚɰɢɹΝɜɟɤɬɨɪɧɨɝɨΝɩɪɨɢɡɜɟɞɟɧɢɹΝɫɜɨɣɫɬɜɨɦΝɩɟɪɟɦɟɫɬɢ-

ɬɟɥɶɧɨɫɬɢ?ΝΝ

η.ΝɄɚɤɢɟΝɢɡΝɮɢɡɢɱɟɫɤɢɯΝɜɟɥɢɱɢɧΝɨɩɪɟɞɟɥɹɸɬɫɹΝɱɟɪɟɡΝɜɟɤɬɨɪɧɨɟΝɩɪɨɢɡɜɟ-

ɞɟɧɢɟΝɜɟɤɬɨɪɨɜ?ΝɉɪɢɜɟɞɢɬɟΝɩɪɢɦɟɪɵ.Ν
θ.ΝɑɟɦΝɨɬɥɢɱɚɟɬɫɹΝɪɟɡɭɥɶɬɚɬΝɫɤɚɥɹɪɧɨɝɨΝɢΝɜɟɤɬɨɪɧɨɝɨΝɩɪɨɢɡɜɟɞɟɧɢɹΝɜɟɤ-

ɬɨɪɚΝɫɚɦɨɝɨΝɧɚΝɫɟɛɹ?Ν

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
1.γβ.Ν ȾɥɹΝ ɤɚɠɞɨɣΝ ɩɚɪɵΝ ɜɟɤɬɨɪɨɜ,Ν ɥɟɠɚɳɢɯΝ ɧɚΝ ɤɨɨɪɞɢɧɚɬɧɵɯΝ ɨɫɹɯΝ Χɪɢɫ.Ν

1.γ0Ψ,Ν ɨɩɪɟɞɟɥɢɬɟΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɜɟɤɬɨɪɚ,Ν ɹɜɥɹɸɳɟɝɨɫɹΝ ɪɟɡɭɥɶɬɚɬɨɦΝ ɜɟɤɬɨɪɧɨɝɨΝ

ɩɪɨɢɡɜɟɞɟɧɢɹμΝൣܽ⃗ ∙ ሬܾ⃗ ൧νΝ	ൣ ሬܾ⃗ ∙ ܽ⃗൧;	Νൣ ሬ݇⃗ ∙ ⃗݌൧νΝΝΝൣ⃗݌ ∙ ሬ݇⃗ ൧νΝΝ[ ሬ݉ሬ⃗ ∙ ሬ݊⃗ ];Ν	[ ሬ݊⃗ ∙ ሬ݉ሬ⃗ ].Ν
1.γγ.Ν ȾɥɹΝ ɤɚɠɞɨɣΝ ɩɚɪɵΝ ɜɟɤɬɨɪɨɜ,Ν ɥɟɠɚɳɢɯΝ ɧɚΝ ɤɨɨɪɞɢɧɚɬɧɵɯΝ ɨɫɹɯΝ Χɪɢɫ.Ν

1.γ1Ψ,Ν ɨɩɪɟɞɟɥɢɬɟΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɜɟɤɬɨɪɚΝ ɢΝ ɟɝɨΝ ɦɨɞɭɥɶΝ –Ν ɪɟɡɭɥɶɬɚɬΝ ɜɟɤɬɨɪɧɨɝɨΝ

ɩɪɨɢɡɜɟɞɟɧɢɹμΝൣaሬ⃗ ∙ bሬ⃗ ൧νΝൣkሬ⃗ ∙ pሬ⃗ ൧;	Νൣpሬ⃗ ∙ kሬ⃗ ൧νΝ[mሬሬሬ⃗ ∙ nሬ⃗ ]; 		[nሬ⃗ ∙ mሬሬሬ⃗ ],ΝɟɫɥɢΝКοηνΝЛο1βνΝФο8νΝЩο11νΝ
Цο0,ινΝЧο1,η. 



βλΝ

Ɋɢɫ. 1.30. 

ΝΝ

Ɋɢɫ. 1.31.  

1.γζ.ΝɇɚΝɛɥɨɤ,ΝɩɪɟɞɫɬɚɜɥɹɸɳɢɣΝɫɨɛɨɣΝɫɩɥɨɲɧɨɣΝɞɢɫɤΝɪɚɞɢɭɫɨɦΝηΝɫɦ,Νɧɚ-

ɦɨɬɚɧɚΝɧɢɬɶ,Ν ɤΝ ɤɨɧɰɭΝ ɤɨɬɨɪɨɣΝɩɪɢɤɪɟɩɥɟɧΝ ɝɪɭɡΝɦɚɫɫɨɣΝγ00Ν ɝ.ΝɈɩɪɟɞɟɥɢɬɟΝɦɨ-

ɦɟɧɬΝɫɢɥɵΝΧɦɨɞɭɥɶΝɢΝɧɚɩɪɚɜɥɟɧɢɟΨ,ΝɩɪɢɜɨɞɹɳɢɣΝɛɥɨɤΝɜɨΝɜɪɚɳɟɧɢɟ.ΝΝ

1.γη.Ν ȾɢɫɤΝ ɞɢɚɦɟɬɪɨɦΝ β0Ν ɫɦΝ ɩɪɢɜɨɞɢɬɫɹΝ ɜɨΝ ɜɪɚɳɟɧɢɟΝ ɩɨɫɬɨɹɧɧɨɣΝ ɤɚɫɚ-

ɬɟɥɶɧɨɣΝɫɢɥɨɣΝζ0Νɇ.ΝɄɪɨɦɟΝɬɨɝɨ,ΝɧɚΝɧɟɝɨΝɞɟɣɫɬɜɭɟɬΝɫɢɥɚΝɬɪɟɧɢɹ,ΝɥɢɧɢɹΝɞɟɣɫɬɜɢɹΝ

ɤɨɬɨɪɨɣΝɥɟɠɢɬΝɜΝɩɥɨɫɤɨɫɬɢΝɜɪɚɳɟɧɢɹΝɩɨɞΝɭɝɥɨɦΝγ0°ΝɤΝɤɚɫɚɬɟɥɶɧɨɣ.ΝΝɈɩɪɟɞɟɥɢɬɟΝ

ɪɟɡɭɥɶɬɢɪɭɸɳɢɣΝɜɪɚɳɚɸɳɢɣΝɦɨɦɟɧɬΝɫɢɥ.Ν

1.γθ.ΝɆɚɬɟɪɢɚɥɶɧɚɹΝɬɨɱɤɚΝɞɜɢɠɟɬɫɹΝɩɨΝɨɤɪɭɠɧɨɫɬɢΝɪɚɞɢɭɫɨɦΝβ0ΝɫɦΝɫΝɥɢ-

ɧɟɣɧɨɣΝ ɫɤɨɪɨɫɬɶɸΝ β0Ν ɦ/ɫ.Ν ɈɩɪɟɞɟɥɢɬɟΝ ɦɨɦɟɧɬΝ ɢɦɩɭɥɶɫɚΝ ɦɚɬɟɪɢɚɥɶɧɨɣΝ ɬɨɱɤɢ,Ν

ɟɫɥɢΝɟɟΝɦɚɫɫɚΝ0,βΝɤɝ.Ν

1.γι.ΝɈɞɧɨɪɨɞɧɚɹΝɥɟɫɬɧɢɰɚΝɞɥɢɧɨɣΝℓογ,ηΝɦΝɨɩɢɪɚɟɬɫɹΝɧɚΝɫɬɟɧɭ,ΝɨɛɪɚɡɭɹΝɫΝ

ɧɟɣΝ ɭɝɨɥΝ αοζ0°Ν Χɪɢɫ.Ν 1.γβΨ.Ν ɈɩɪɟɞɟɥɢɬɟΝ ɦɨɞɭɥɶΝ ɢΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɦɨɦɟɧɬɚΝ ɫɢɥɵΝ

ɬɪɟɧɢɹΝFɬɪοβζΝɇΝɨɬɧɨɫɢɬɟɥɶɧɨΝɬɨɱɤɢΝɈ.Ν

1.γ8.ΝɈɞɧɨɪɨɞɧɚɹΝ ɥɟɫɬɧɢɰɚΝ ɞɥɢɧɨɣΝ ℓοζΝɦΝ ɨɩɢɪɚɟɬɫɹΝ ɧɚΝ ɫɬɟɧɭ,Ν ɨɛɪɚɡɭɹΝ ɫΝ

ɧɟɣΝɭɝɨɥΝαογ0°ΝΧɪɢɫ.Ν1.γγΨ.ΝɈɩɪɟɞɟɥɢɬɟΝɦɨɞɭɥɶΝɢΝɧɚɩɪɚɜɥɟɧɢɟΝɦɨɦɟɧɬɚΝɫɢɥɵΝɪɟ-

ɚɤɰɢɢΝɨɩɨɪɵΝσο1ηΝɇΝɨɬɧɨɫɢɬɟɥɶɧɨΝɬɨɱɤɢΝɈ.Ν



γ0Ν

1.γλ.ΝɈɞɧɨɪɨɞɧɚɹΝɥɟɫɬɧɢɰɚΝɞɥɢɧɨɣΝℓοβ,ηΝɦΝɨɩɢɪɚɟɬɫɹΝɧɚΝɫɬɟɧɭ,ΝɨɛɪɚɡɭɹΝɫΝ

ɩɨɥɨɦΝɭɝɨɥΝαοζη°ΝΧɪɢɫ.Ν1.γζΨ.ΝɈɩɪɟɞɟɥɢɬɟΝɦɨɞɭɥɶΝɢΝɧɚɩɪɚɜɥɟɧɢɟΝɦɨɦɟɧɬɚΝɫɢɥɵΝ

ɬɹɠɟɫɬɢΝFɬɪοηβΝɇΝɨɬɧɨɫɢɬɟɥɶɧɨΝɬɨɱɤɢΝɈ.ΝΝ

1.ζ0.ΝɈɞɧɨɪɨɞɧɚɹΝ ɥɟɫɬɧɢɰɚΝ ɞɥɢɧɨɣΝ ℓογΝɦΝ ɨɩɢɪɚɟɬɫɹΝ ɧɚΝ ɫɬɟɧɭ,Ν ɨɛɪɚɡɭɹΝ ɫΝ

ɩɨɥɨɦΝɭɝɨɥΝαοη0°ΝΧɪɢɫ.Ν1.γηΨ.ΝɈɩɪɟɞɟɥɢɬɟΝɦɨɞɭɥɶΝɢΝɧɚɩɪɚɜɥɟɧɢɟΝɦɨɦɟɧɬɚΝɫɢɥɵΝ

ɬɪɟɧɢɹΝFɬɪογ8ΝɇΝɨɬɧɨɫɢɬɟɥɶɧɨΝɬɨɱɤɢΝɈ.Ν

Ν

Ν Ν

Ɋɢɫ. 1.32. Ɋɢɫ. 1.33. Ɋɢɫ. 1.34. Ɋɢɫ. 1.35. 



γ1Ν

2. ɈɋɇɈȼɕ ȾɂɎɎȿɊȿɇɐɂȺɅɖɇɈȽɈ ɂɋɑɂɋɅȿɇɂə 

2.1. ȼɜɨɞɧɵɟ ɡɚɦɟɱɚɧɢɹ 

ɂɫɬɨɱɧɢɤɨɦΝ ɬɟɨɪɢɢΝ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨΝ ɢɫɱɢɫɥɟɧɢɹΝ ɛɵɥɢΝ ɞɜɚΝ ɜɨɩɪɨɫɚμΝ

ɨɞɢɧΝ–ΝɨΝɪɚɡɵɫɤɚɧɢɢΝɤɚɫɚɬɟɥɶɧɨɣΝɤΝɩɪɨɢɡɜɨɥɶɧɨɣΝɥɢɧɢɢ,ΝɜɬɨɪɨɣΝ–ΝɨΝɪɚɡɵɫɤɚɧɢɢΝ

ɫɤɨɪɨɫɬɢΝɩɪɢΝɩɪɨɢɡɜɨɥɶɧɨɦΝɡɚɤɨɧɟΝɞɜɢɠɟɧɢɹ.ΝΝ

ɈɛɚΝɨɧɢΝɩɪɢɜɟɥɢΝɤΝɨɞɧɨɣΝɢΝɬɨɣΝɠɟΝɜɵɱɢɫɥɢɬɟɥɶɧɨɣΝɡɚɞɚɱɟ,ΝɤɨɬɨɪɚɹΝɢΝɥɟɝ-

ɥɚΝ ɜΝ ɨɫɧɨɜɭΝɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨΝɢɫɱɢɫɥɟɧɢɹ.ΝЭɬɚΝ ɡɚɞɚɱɚΝ ɫɨɫɬɨɢɬΝ ɜΝ ɬɨɦ,Ν ɱɬɨɛɵΝ

ɩɨΝ ɞɚɧɧɨɣΝ ɮɭɧɤɰɢɢΝ П(t) ɨɬɵɫɤɚɬɶΝ ɞɪɭɝɭɸΝ ɮɭɧɤɰɢɸ П'(t), ɩɨɥɭɱɢɜɲɭɸ ɩɨɡɞɧɟɟΝ

ɧɚɡɜɚɧɢɟΝɩɪɨɢɡɜɨɞɧɨɣ ɢΝɩɪɟɞɫɬɚɜɥɹɸɳɭɸΝɫɤɨɪɨɫɬɶΝɢɡɦɟɧɟɧɢɹΝɮɭɧɤɰɢɢΝП(t)Νɨɬ-

ɧɨɫɢɬɟɥɶɧɨΝɢɡɦɟɧɟɧɢɹΝɟɟΝɚɪɝɭɦɟɧɬɚΝt.ΝȼΝɬɚɤɨɦΝɨɛɳɟɦΝɜɢɞɟΝɡɚɞɚɱɚΝɛɵɥɚΝɩɨɫɬɚɜ-

ɥɟɧɚΝɇɶɸɬɨɧɨɦΝɢΝ ɜΝ ɫɯɨɞɧɨɣΝɮɨɪɦɟΝɅɟɣɛɧɢɰɟɦΝɜΝ ι0-ɯΝɢΝ 80-ɯΝ ɝɝ.ΝББVIIΝ ɜ.ΝɇɨΝ

ɟɳɟΝɜΝɩɪɟɞɲɟɫɬɜɭɸɳɢɟΝɩɨɥɜɟɤɚΝɎɟɪɦп,ΝɉɚɫɤɚɥɶΝɢΝɞɪɭɝɢɟΝ ɭɱɟɧɵɟΝɮɚɤɬɢɱɟɫɤɢΝ

ɞɚɥɢΝɩɪɚɜɢɥɚΝɞɥɹΝɪɚɡɵɫɤɚɧɢɹΝɩɪɨɢɡɜɨɞɧɵɯΝɦɧɨɝɢɯΝɮɭɧɤɰɢɣ.Ν

ɇɶɸɬɨɧΝɢΝɅɟɣɛɧɢɰΝɡɚɜɟɪɲɢɥɢΝɷɬɭΝɪɚɛɨɬɭ,ΝɨɧɢΝɜɜɟɥɢΝɨɛɳɟɟΝɩɨɧɹɬɢɟΝɩɪɨ-

ɢɡɜɨɞɧɨɣΝɢΝɞɢɮɮɟɪɟɧɰɢɚɥɚ,ΝɚΝɬɚɤɠɟΝɨɛɨɡɧɚɱɟɧɢɹ,ΝɨɱɟɧɶΝɨɛɥɟɝɱɢɜɲɢɟΝɜɵɱɢɫɥɟ-

ɧɢɹ.ΝɂɦɢΝɛɵɥΝɪɚɡɜɢɬΝɚɩɩɚɪɚɬΝɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨΝɢɫɱɢɫɥɟɧɢɹΝɞɨΝɦɚɤɫɢɦɚɥɶɧɵɯΝ

ɩɪɟɞɟɥɨɜΝɢΝɩɪɢɦɟɧɟɧɨΝɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟΝɢɫɱɢɫɥɟɧɢɟΝɤΝɪɟɲɟɧɢɸΝɦɧɨɝɢɯΝɡɚɞɚɱΝ

ɝɟɨɦɟɬɪɢɢΝ ɢΝ ɦɟɯɚɧɢɤɢ.Ν ɇɟɤɨɬɨɪɵɟΝ ɧɟɞɨɫɬɚɬɤɢΝ ɜΝ ɥɨɝɢɱɟɫɤɨɣΝ ɫɬɪɨɝɨɫɬɢΝ ɛɵɥɢΝ

ɭɫɬɪɚɧɟɧɵΝɜΝБIБΝɜ.ΝɭɫɢɥɢɹɦɢΝɤɪɭɩɧɟɣɲɢɯΝɭɱɟɧɵɯΝ–ΝɬɚɤɢɯΝɤɚɤΝɄɨɲɢ,Νɇ.ɂ.ΝɅɨ-

ɛɚɱɟɜɫɤɢɣ,ΝȺɛɟɥɶ,ΝɊɢɦɚɧΝɢΝɞɪ.ΝΝ

2.2. ɉɪɟɞɟɥ ɮɭɧɤɰɢɢ. ɉɨɧɹɬɢɟ ɨ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɯ  

ɢ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɢɯ ɜɟɥɢɱɢɧɚɯ 

ɑɢɫɥɨΝЛΝɧɚɡɵɜɚɟɬɫɹΝɩɪɟɞɟɥɨɦ ɮɭɧɤɰɢɢ ࢌሺ࢞ሻ ɩɪɢΝݔ → ܽΝΧɱɢɬɚɟɬɫɹμΝ«ɩɪɢΝɯ,Ν
ɫɬɪɟɦɹɳɟɦɫɹΝɤΝɚ»Ψ,ΝɟɫɥɢΝɩɨΝɦɟɪɟΝɬɨɝɨ,ΝɤɚɤΝɡɧɚɱɟɧɢɟΝɯΝɩɪɢɛɥɢɠɚɟɬɫɹΝɤΝɚΝΧɫɩɪɚɜɚΝ

ɢɥɢΝɫɥɟɜɚΨ,ΝɡɧɚɱɟɧɢɟΝɮɭɧɤɰɢɢΝɧɟɨɝɪɚɧɢɱɟɧɧɨΝɩɪɢɛɥɢɠɚɟɬɫɹΝΧ«ɫɬɪɟɦɢɬɫɹ»ΨΝɤΝЛ.Ν

ɋɢɦɜɨɥɢɱɟɫɤɚɹΝɡɚɩɢɫɶμΝlim௫→௔ ݂ሺݔሻ = ܾ.ΝΝ Χβ.1ΨΝ

Ɂɚɦɟɱɚɧɢɟ. ɉɪɟɞɟɥɨɦ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɵ Л ɧɚɡɵɜɚɟɬɫɹ ɫɚɦɚ ɜɟɥɢɱɢɧɚ Л.Ν

Ȼɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ ɧɚɡɵɜɚɟɬɫɹΝ ɩɟɪɟɦɟɧɧɚɹΝ ɜɟɥɢɱɢɧɚ,Ν ɩɪɟɞɟɥΝ

ɤɨɬɨɪɨɣΝɪɚɜɟɧΝɧɭɥɸ.Ν



γβΝ

ɍɬɜɟɪɠɞɟɧɢɹΝ«ɱɢɫɥɨΝЛΝɟɫɬɶΝɩɪɟɞɟɥΝɜɟɥɢɱɢɧɵΝв»ΝɢΝ«ɪɚɡɧɨɫɬɶΝвЛΝɟɫɬɶΝɛɟɫ-

ɤɨɧɟɱɧɨΝɦɚɥɚɹΝɜɟɥɢɱɢɧɚ»Νɪɚɜɧɨɡɧɚɱɧɵ.Ν

Ɂɚɦɟɱɚɧɢɟ. ɂɡ ɩɨɫɬɨɹɧɧɵɯ ɜɟɥɢɱɢɧ ɥɢɲɶ ɧɭɥɶ ɹɜɥɹɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ 

ɜɟɥɢɱɢɧɨɣ.Ν

Ȼɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɨɣΝɧɚɡɵɜɚɟɬɫɹΝɩɟɪɟɦɟɧɧɚɹΝɜɟɥɢɱɢɧɚ,Νɚɛɫɨ-

ɥɸɬɧɨɟΝɡɧɚɱɟɧɢɟΝɤɨɬɨɪɨɣΝɧɟɨɝɪɚɧɢɱɟɧɧɨΝɜɨɡɪɚɫɬɚɟɬ.Ν

Ɂɚɦɟɱɚɧɢɟ. ɇɢɤɚɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɹɜɥɹɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶ-

ɲɨɣ. 

ɋɜɹɡɶ ɦɟɠɞɭ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɢɦɢ ɢ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɦɢ ɜɟɥɢɱɢɧɚɦɢ: 

ɟɫɥɢΝв ΝɛɟɫɤɨɧɟɱɧɨΝɛɨɥɶɲɚɹΝɜɟɥɢɱɢɧɚ,ΝɬɨΝ
в
1

 ΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɚɹνΝɟɫɥɢΝв Νɛɟɫ-

ɤɨɧɟɱɧɨΝɦɚɥɚɹΝɜɟɥɢɱɢɧɚ,ΝɬɨΝ
в
1

 ΝɛɟɫɤɨɧɟɱɧɨΝɛɨɥɶɲɚɹ,ΝɨɬɤɭɞɚΝɫɥɟɞɭɸɬΝɫɥɟɞɭɸ-

ɳɢɟΝɪɚɜɟɧɫɬɜɚμΝଵ଴ = ∞			ˋ			 ଵஶ = Ͳ.Ν
 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 2.1 ɢ 2.2 

1.ΝɂɡΝɧɟɨɛɯɨɞɢɦɨɫɬɢΝɪɟɲɟɧɢɹΝɤɚɤɢɯΝɜɨɩɪɨɫɨɜΝɜɨɡɧɢɤɥɚΝɡɚɞɚɱɚΝɨΝɞɢɮɮɟ-

ɪɟɧɰɢɚɥɶɧɨɦΝɢɫɱɢɫɥɟɧɢɢ?Ν

β.ΝɑɬɨΝɧɚɡɵɜɚɸɬΝɩɪɟɞɟɥɨɦΝɮɭɧɤɰɢɢ?ΝΝ

γ.ΝɄɚɤɢɟΝɜɟɥɢɱɢɧɵΝɧɚɡɵɜɚɸɬΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɵɦɢΝɢΝɛɟɫɤɨɧɟɱɧɨΝɛɨɥɶɲɢ-

ɦɢ?ΝɄɚɤɚɹΝɦɟɠɞɭΝɧɢɦɢΝɫɜɹɡɶ?Ν

ζ.ΝɆɨɠɟɬΝɥɢΝɩɨɫɬɨɹɧɧɚɹΝɜɟɥɢɱɢɧɚΝɛɵɬɶΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɣΝɢɥɢΝɛɟɫɤɨɧɟɱɧɨΝ

ɛɨɥɶɲɨɣ?Ν

 

2.3. ɉɪɢɪɚɳɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɢ ɩɪɢɪɚɳɟɧɢɟ ɮɭɧɤɰɢɢ 

ɉɪɢɪɚɳɟɧɢɟɦ ɩɟɪɟɦɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɯ ɧɚɡɵɜɚɟɬɫɹΝ ɪɚɡɧɨɫɬɶΝ ɡɧɚɱɟɧɢɣ,Ν

ɤɨɬɨɪɵɟΝɩɪɢɧɢɦɚɟɬΝɯ,Νɬ.ɟ.ΝɟɫɥɢΝɫɧɚɱɚɥɚΝɯ=ɯ1, ɡɚɬɟɦΝɯ=ɯ2,ΝɬɨΝɩɪɢɪɚɳɟɧɢɟΝΝ∆ݔ = ଶݔ − ଵ.Νݔ Χβ.βΨΝ

ɉɪɢɪɚɳɟɧɢɟΝɨɛɨɡɧɚɱɚɟɬɫɹΝɛɭɤɜɨɣΝɝɪɟɱɟɫɤɨɝɨΝɚɥɮɚɜɢɬɚΝǻ,ΝɡɚɩɢɫɶΝǻɯΝɱɢɬɚ-

ɟɬɫɹΝ«ɞɟɥɶɬɚΝɢɤɫ».Ν



γγΝ

ɉɪɢɪɚɳɟɧɢɟΝɦɨɠɟɬΝɛɵɬɶΝɩɨɥɨɠɢɬɟɥɶɧɵɦ,ΝɨɬɪɢɰɚɬɟɥɶɧɵɦΝɢΝɪɚɜɧɵɦΝɧɭɥɸ,Ν

ɫɨɝɥɚɫɧɨΝΧβ.βΨμΝɟɫɥɢΝб1ΝξΝбβ,ΝɬɨΝǻб>0νΝɟɫɥɢΝб1Ν>Νбβ,ΝɬɨΝǻб<0νΝɟɫɥɢΝб1ΝοΝбβ,ΝɬɨΝǻб=0.Ν

Ɂɚɦɟɱɚɧɢɟ.ΝΝɉɪɢɪɚɳɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɵ ɪɚɜɧɨ ɧɭɥɸ. 

ȿɫɥɢΝɯΝ ɹɜɥɹɟɬɫɹΝ ɚɪɝɭɦɟɧɬɨɦΝɮɭɧɤɰɢɢΝ П(б),Ν ɬɨΝ ɪɚɡɧɨɫɬɶΝ݂ሺݔଶሻ − ݂ሺݔଵሻΝ ɧɚ-
ɡɵɜɚɟɬɫɹΝɩɪɢɪɚɳɟɧɢɟɦ ɮɭɧɤɰɢɢ П(б)μΝ∆݂ሺݔሻ = ݂ሺݔଶሻ − ݂ሺݔଵሻ = ݂ሺݔଵ + ሻݔ∆ − ݂ሺݔଵሻ. Χβ.γΨΝ

ȼɵɛɨɪΝݔଵΝ ɹɜɥɹɟɬɫɹΝɩɪɨɢɡɜɨɥɶɧɵɦ,ΝɩɨɷɬɨɦɭΝɩɪɢɪɚɳɟɧɢɟΝɮɭɧɤɰɢɢΝɦɨɠɧɨΝ
ɩɪɟɞɫɬɚɜɢɬɶΝɜΝɨɛɳɟɦΝɜɢɞɟμΝ∆݂ሺݔሻ = ݂ሺݔ + ሻݔ∆ − ݂ሺݔሻ. Χβ.ζΨΝ

ɉɪɢɦɟɪ 2.1 

ɇɚɱɚɥɶɧɨɟΝ ɡɧɚɱɟɧɢɟΝ ɚɪɝɭɦɟɧɬɚΝ ɯογ,Ν ɩɪɢɪɚɳɟɧɢɟΝ ɚɪɝɭɦɟɧɬɚΝ ǻб=β.Νɇɚɣ-

ɞɢɬɟΝɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟΝɩɪɢɪɚɳɟɧɢɟΝǻв ɮɭɧɤɰɢɢΝв=б2.Ν

Ɋɟɲɟɧɢɟ. ɌɚɤΝɤɚɤ ɯ1=γΝɢ ɡɚɬɟɦΝɯ2ɯ1=β,ΝɬɨΝɯ2=1. ɎɭɧɤɰɢɢΝв=б2Νɩɪɢɧɢɦɚ-

ɟɬΝ ɫɧɚɱɚɥɚΝ ɡɧɚɱɟɧɢɹΝ в1ογβολ,Ν ɚΝ ɡɚɬɟɦ  в2ο1βο1.Ν

ɉɪɢɪɚɳɟɧɢɟΝɮɭɧɤɰɢɢΝɟɫɬɶΝǻвοв2в1ο19=8.Ν

ɉɨɧɹɬɢɟΝ ɩɪɢɪɚɳɟɧɢɹΝ ɫɩɪɚɜɟɞɥɢɜɨΝ ɢΝ ɞɥɹΝ

ɜɟɤɬɨɪɧɵɯΝ ɜɟɥɢɱɢɧ,Ν –Ν ɧɚɩɪɢɦɟɪ,Ν ɩɪɢɪɚɳɟɧɢɟ 

ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ ɪɚɜɧɨΝ ɪɚɡɧɨɫɬɢΝ ɪɚɞɢɭɫ-ɜɟɤɬɨ-

ɪɨɜΝ ଶݎ⃗ = ଶሻΝݐሺݎ⃗ ɢΝ ଵݎ⃗		 = Ν		ଵሻ,ݐሺݎ⃗ ɨɩɪɟɞɟɥɹɸɳɢɯΝ
ɩɨɥɨɠɟɧɢɟΝ ɬɨɱɤɢΝ ɜΝ ɩɪɨɫɬɪɚɧɫɬɜɟΝ ɜΝ ɦɨɦɟɧɬɵΝ

ɜɪɟɦɟɧɢΝt2 ɢΝt1ΝΧɪɢɫ.β.1Ψ,Νɬ.ɟμΝ∆⃗ݎ = ଶሻݐሺݎ⃗ − ଵሻݐሺݎ⃗ = ଶݎ⃗ − ଵ.Νݎ⃗ Χβ.ηΨΝ

ɉɪɢɪɚɳɟɧɢɟΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ∆⃗ݎΝ ɧɚɡɵɜɚɸɬΝɜɟɤɬɨɪɨɦ ɩɟɪɟɦɟɳɟɧɢɹ ɬɨɱ-

ɤɢ.Ν ȼɟɤɬɨɪΝ ɩɟɪɟɦɟɳɟɧɢɹΝ ɩɨɤɚɡɵɜɚɟɬ,Ν ɧɚΝ ɤɚɤɨɟΝ ɪɚɫɫɬɨɹɧɢɟΝ ɢΝ ɜΝ ɤɚɤɭɸΝ ɫɬɨɪɨɧɭΝ

ɫɦɟɳɚɟɬɫɹΝɬɨɱɤɚΝɩɪɢΝɞɜɢɠɟɧɢɢ.ΝЭɬɨɬΝɜɟɤɬɨɪΝɯɚɪɚɤɬɟɪɢɡɭɟɬΝɤɨɧɟɱɧɵɣΝɪɟɡɭɥɶɬɚɬΝ

ɥɸɛɨɝɨΝɩɟɪɟɦɟɳɟɧɢɹ.ΝȾɥɢɧɚΝɜɟɤɬɨɪɚΝɩɟɪɟɦɟɳɟɧɢɹΝɨɩɪɟɞɟɥɹɟɬΝɤɪɚɬɱɚɣɲɟɟΝɪɚɫ-

ɫɬɨɹɧɢɟΝɦɟɠɞɭΝɧɚɱɚɥɶɧɵɦΝΧɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝt1ΨΝɢΝɤɨɧɟɱɧɵɦΝΧɜΝɦɨɦɟɧɬΝɜɪɟɦɟ-

ɧɢΝt2ΨΝɩɨɥɨɠɟɧɢɟɦΝɬɨɱɤɢ.ΝɂɡΝɱɟɪɬɟɠɚΝɧɚΝɪɢɫ.β.1Νɨɱɟɜɢɞɧɨ,ΝɱɬɨΝɦɨɞɭɥɶ ɜɟɤɬɨɪɚ 

ɩɟɪɟɦɟɳɟɧɢɹ (ɦɨɞɭɥɶ ɩɪɢɪɚɳɟɧɢɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ) – ɷɬɨ:Ν

Ɋɢɫ. 2.1. 



γζΝ

|ݎ⃗∆| = ඥ∆ݎ௫ଶ + ௬ଶݎ∆ = ඥሺ∆ݔሻଶ + ሺ∆ݕሻଶ = ඥሺݔଶ − ଵሻଶݔ + ሺݕଶ − ଵሻଶ,Νݕ Χβ.θΨΝ

ɝɞɟΝ∆ݎ௫	ˋ	∆ݎ௬	ΝΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝɩɟɪɟɦɟɳɟɧɢɹΝɧɚΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢΝτБΝɢΝτВΝ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.Ν

ɄɚɤΝɢΝɥɸɛɨɣΝɞɪɭɝɨɣΝ ɜɟɤɬɨɪ,Νɪɚɞɢɭɫ-ɜɟɤɬɨɪΝ Ν,ݎ⃗ ɤɪɨɦɟΝɧɚɩɪɚɜɥɟɧɢɹ,Νɯɚɪɚɤ-
ɬɟɪɢɡɭɟɬɫɹΝɟɳɟΝɢΝɦɨɞɭɥɟɦ	|⃗ݎ|.ΝɉɪɢΝɢɡɦɟɧɟɧɢɢΝɩɨɥɨɠɟɧɢɹΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢΝɜΝ
ɩɪɨɫɬɪɚɧɫɬɜɟΝ ɢɡɦɟɧɹɟɬɫɹΝ ɧɟΝ ɬɨɥɶɤɨΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ,Ν ɧɨΝ ɢΝ ɟɝɨΝɦɨ-

ɞɭɥɶΝΧɫɪɚɜɧɢɬɟΝɧɚΝɪɢɫ.Νβ.1Ν|⃗ݎଶ|		ˋ		|⃗ݎଵ|Ψ.ΝΝ
ɉɪɢɪɚɳɟɧɢɟ (ɢɡɦɟɧɟɧɢɟ) ɦɨɞɭɥɹ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ Νݎ⃗ ΧɨɛɨɡɧɚɱɚɟɬɫɹΝ∆|⃗ݎ|ሻΝ

ɨɩɪɟɞɟɥɹɟɬɫɹΝɪɚɡɧɨɫɬɶɸΝɦɨɞɭɥɟɣΝɜɟɤɬɨɪɨɜ		⃗ݎଵ	ˋ		⃗ݎଶ,Νɬ.ɟ.μΝ∆|⃗ݎ| = 	 |ଶݎ⃗| − |ଵݎ⃗| = ඥݔଶଶ + ଶ		ଶݕ −	ඥݔଵଶ + ଶ		ଵݕ .Ν Χβ.ιΨΝ

ȼΝ ɨɛɳɟɦΝ ɫɥɭɱɚɟ			|∆⃗ݎ| ≠ Ν,|ݎ⃗|∆ ɬ.ɟ.Ν ɦɨɞɭɥɶΝ ɩɪɢɪɚɳɟɧɢɹΝ ɜɟɤɬɨɪɚΝ ɧɟΝ ɪɚɜɟɧΝ
ɩɪɢɪɚɳɟɧɢɸΝɦɨɞɭɥɹΝɜɟɤɬɨɪɚΝΧɫɪɚɜɧɢɬɟΝΧβ.θΨΝɢΝΧβ.ιΨΨ.ΝΝ

Ɂɚɦɟɱɚɧɢɟ. ɉɨɥɭɱɟɧɧɵɟΝ ɪɟɡɭɥɶɬɚɬɵΝ Χβ.θΨΝ ɢΝ Χβ.ιΨΝ ɦɨɠɧɨΝ ɨɛɨɛɳɢɬɶΝ ɧɚΝ

ɬɪɟɯɦɟɪɧɵɣΝɫɥɭɱɚɣ,ΝɤɨɝɞɚΝɞɜɢɠɭɳɚɹɫɹΝɜΝɩɪɨɫɬɪɚɧɫɬɜɟΝɬɨɱɤɚΝɢɦɟɟɬΝɬɪɢΝɫɬɟɩɟɧɢΝ

ɫɜɨɛɨɞɵΝΧɬ.ɟ.ΝɟɟΝɩɨɥɨɠɟɧɢɟΝɜΝɩɪɨɫɬɪɚɧɫɬɜɟΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢΝɡɚɞɚɟɬɫɹΝɬɪɟɦɹΝ

ɤɨɨɪɞɢɧɚɬɚɦɢΨμΝ|∆⃗ݎ| = ඥሺ∆ݔሻଶ + ሺ∆ݕሻଶ + ሺ∆ݖሻଶ =ඥሺݔଶ − ଵሻଶݔ + ሺݕଶ − ଶݖଵሻଶ+ሺݕ − ଵሻଶ,Νݖ Χβ.θɚΨΝ

|ݎ⃗|∆ = 	 |ଶݎ⃗| − |ଵݎ⃗| = ඥݔଶଶ + ଶ		ଶݕ + ଶ		ଶݖ −	ඥݔଵଶ + ଶ		ଵݕ + ଶ		ଵݖ .Ν Χβ.ιɚΨΝ
Ν

ɉɪɢɦɟɪ 2.2  

ɌɟɥɨΝɩɟɪɟɦɟɳɚɟɬɫɹΝɢɡΝɬɨɱɤɢΝɫΝɤɨɨɪɞɢɧɚ-

ɬɚɦɢΝ ɯ1=1, в1=4 ɜΝ ɬɨɱɤɭΝ ɯ2=5, в2=1.Ν ɇɚɣɞɢɬɟΝ

ɦɨɞɭɥɶΝ ɜɟɤɬɨɪɚΝ ɩɟɪɟɦɟɳɟɧɢɹΝ ɢΝ ɩɪɢɪɚɳɟɧɢɟΝ

ɦɨɞɭɥɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ.Ν

Ɋɟɲɟɧɢɟ.  

ɂɡɨɛɪɚɡɢɦΝɧɚɱɚɥɶɧɨɟΝɢΝɤɨɧɟɱɧɨɟΝɩɨɥɨɠɟ-

ɧɢɟΝɬɟɥɚΝɧɚΝɤɨɨɪɞɢɧɚɬɧɨɣΝɩɥɨɫɤɨɫɬɢΝ Χɪɢɫ.β.βΨ. 

ɉɨɥɨɠɟɧɢɟΝ ɬɟɥɚΝɜΝ ɡɚɞɚɧɧɵɟΝɦɨɦɟɧɬɵΝɜɪɟɦɟɧɢΝ

ɨɩɪɟɞɟɥɹɟɬɫɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚɦɢμΝݎଵሬሬሬ⃗ = ଓ⃗ + Ͷଔ⃗		ɢΝΝݎଶሬሬሬ⃗ = ͷଓ⃗ + ଔ⃗.Ν Ɋɢɫ. 2.2. 



γηΝ

ɉɟɪɟɦɟɳɟɧɢɟɦΝɹɜɥɹɟɬɫɹΝɪɚɡɧɨɫɬɶΝɜɟɤɬɨɪɨɜΝΝݎଶሬሬሬ⃗ ଵሬሬሬ⃗ݎ	ˋ		 μΝ∆⃗ݎ = ଶݎ⃗ − ଵݎ⃗ = ሺݔଶଓ⃗ + ଶଔ⃗ሻݕ − ሺݔଵଓ⃗ + ଵଔ⃗ሻݕ = ሺݔଶ − ଵሻଓ⃗ݔ + ሺݕଶ − ଵሻଔ⃗ݕ =Ν= ሺͷ − ͳሻଓ⃗ + ሺͳ − Ͷሻଔ⃗ = Ͷଓ⃗ − ͵ଔ⃗.Ν
ɆɨɞɭɥɶΝɜɟɤɬɨɪɚΝɩɟɪɟɦɟɳɟɧɢɹμΝ|∆⃗ݎ| = ඥ∆ݔଶ + ଶݕ∆ = ඥͶଶ + ሺ−͵ሻଶ = ͷ,Ν

ɝɞɟΝ∆ݔ = ଶݔ − ଵݔ = ͷ − ͳ = Ͷ, ݕ∆ = ଶݕ − ଵݕ = ͳ − Ͷ = −͵Ν
ɉɪɢɪɚɳɟɧɢɟΝɦɨɞɭɥɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚμΝ∆|ݎ|ሬሬሬ⃗ = ଶݎ − ଵݎ = ටݔଶଶ + ଶଶݕ − ටݔଵଶ + ଵଶݕ = ඥͷଶ + ͳଶ − ඥͳଶ + Ͷଶ ≈ ͳ.Ν
ɉɪɢɦɟɪ 2.3  
ɇɚɱɚɥɶɧɨɟΝ ɩɨɥɨɠɟɧɢɟΝ ɦɚɬɟɪɢɚɥɶɧɨɣΝ ɬɨɱɤɢΝ ɡɚɞɚɟɬɫɹΝ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦΝݎଵሬሬሬ⃗ = Ͷଓ⃗ − ͵ଔ⃗ + ͳʹሬ݇⃗ ,Ν ɤɨɧɟɱɧɨɟΝ ɩɨɥɨɠɟɧɢɟΝΝ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦΝݎଶሬሬሬ⃗ = −ଓ⃗ − ʹଔ⃗ + ʹሬ݇⃗ .ΝΝ

ɇɚɣɞɢɬɟμΝɩɪɢɪɚɳɟɧɢɟΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ∆⃗ݎ,ΝɦɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝ|∆⃗ݎ|,ΝɩɪɢɪɚɳɟɧɢɟΝ
ɦɨɞɭɥɹΝ∆|⃗ݎ|.Ν

Ɋɟɲɟɧɢɟ. ɉɪɢɪɚɳɟɧɢɟΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ∆⃗ݎ = ଶݎ⃗ − ଵݎ⃗ = ൫−ଓ⃗ − ʹଔ⃗ + ʹሬ݇⃗ ൯ − ൫Ͷଓሬሬሬ⃗ − ͵ଔ⃗ + ͳʹሬ݇⃗ ൯= ሺ−ͳ − Ͷሻଓ⃗ 	+ ሺ−ʹ + ͵ሻଔ⃗ + ሺʹ − ͳʹሻሬ݇⃗ = −ͷଓ⃗ + ଔ⃗ − ͳͲሬ݇⃗ .Ν
ɆɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ|∆⃗ݎ| = ඥΔݔଶ + ଶݕ∆ + ଶݖ∆ = ඥሺ−ͷሻଶ + ͳଶ + ሺ−ͳͲሻଶ ≈ ͳͳ,ʹ͵.Ν
ɉɪɢɪɚɳɟɧɢɟΝɦɨɞɭɥɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ∆|⃗ݎ| = |ଶݎ⃗| − |ଵݎ⃗| = ඥሺ−ͳሻଶ + ሺ−ʹଶሻ + ʹଶ −ඥͶଶ + ሺ−͵ሻଶ + ͳʹଶ =Ν= ͵ − ͳ͵ = −ͳͲ.Ν
ɉɪɢɦɟɪ 2.4 

ȼɟɤɬɨɪΝ ɫɤɨɪɨɫɬɢΝ ɢɡɦɟɧɢɥΝ ɧɚɩɪɚɜɥɟɧɢɟΝ ɧɚΝ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ.Ν ɇɚɣɞɢɬɟμΝ

ɩɪɢɪɚɳɟɧɢɟΝɜɟɤɬɨɪɚΝ∆ ሬܸ⃗ νΝɦɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝɜɟɤɬɨɪɚΝɫɤɨɪɨɫɬɢΝ ห∆ ሬܸ⃗ หνΝɩɪɢɪɚɳɟ-
ɧɢɟΝɦɨɞɭɥɹΝ∆ห ሬܸ⃗ ห.ΝΝ

Ɋɟɲɟɧɢɟ. ɉɭɫɬɶΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝt1ΝɜɟɤɬɨɪΝ ሬܸ⃗ ΝɢɦɟɟɬΝɧɚ-
ɩɪɚɜɥɟɧɢɟΝɜɞɨɥɶΝɩɨɥɨɠɢɬɟɥɶɧɨɝɨΝɨɫɢΝɏ,ΝɚΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝt2Ν

ɜɟɤɬɨɪΝ ሬܸ⃗ ΝɢɦɟɟɬΝɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟΝɧɚɩɪɚɜɥɟɧɢɟ.ΝΝ



γθΝ

ɉɪɢɪɚɳɟɧɢɟΝɜɟɤɬɨɪɚΝɫɤɨɪɨɫɬɢμΝ∆ሬܸ⃗ = ሬܸ⃗ଶ − ሬܸ⃗ଵΝɢɥɢΝ					∆ ሬܸ⃗ = ሬܸ⃗ଶ + ൫−ሬܸ⃗ଵ൯ = −ሬܸ⃗ + ൫−ሬܸ⃗ ൯ = −ʹሬܸ⃗ Ν
ɆɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝ ɜɟɤɬɨɪɚΝ ɫɤɨɪɨɫɬɢΝ ΧɞɥɢɧɚΝ

ɜɟɤɬɨɪɚΝ∆ሬܸ⃗ ΝɜΝɟɞɢɧɢɰɚɯΝɫɤɨɪɨɫɬɢΨ.ΝɋɨɝɥɚɫɧɨΝɱɟɪɬɟɠɭΝห∆ ሬܸ⃗ ห = ଵܸ + ଶܸ = ʹܸ,ΝΧɬɚɤΝɤɚɤΝ ଵܸ = ଶܸ = ܸΨ.Ν
ɉɪɢɪɚɳɟɧɢɟΝɦɨɞɭɥɹΝɫɤɨɪɨɫɬɢΝɟɫɬɶΝɪɚɡɧɨɫɬɶΝɦɨɞɭɥɟɣΝɜɟɤɬɨɪɨɜΝ ሬܸ⃗ଵ	ˋ	 ሬܸ⃗ଶ,Νɬ.ɟ.Ν∆ห ሬܸ⃗ ห = ଶܸ − ଵܸ = ܸ − ܸ = Ͳ.Ν

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 2.3 

1.ΝɑɬɨΝɩɨɧɢɦɚɟɬɫɹΝɩɨɞΝɩɪɢɪɚɳɟɧɢɟɦΝɩɟɪɟɦɟɧɧɨɣΝɜɟɥɢɱɢɧɵ?Ν

β.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɩɪɢɪɚɳɟɧɢɟɦΝΝɮɭɧɤɰɢɢ?Ν

γ.ΝɄɚɤΝɨɩɪɟɞɟɥɹɟɬɫɹΝɩɪɢɪɚɳɟɧɢɟΝɜɟɤɬɨɪɧɨɣΝɜɟɥɢɱɢɧɵ?Ν

ζ.ΝȼΝɱɟɦΝɫɨɫɬɨɢɬΝΝɮɢɡɢɱɟɫɤɢɣΝɫɦɵɫɥΝɩɪɢɪɚɳɟɧɢɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ?Ν

η.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɩɪɢɪɚɳɟɧɢɟΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ,ΝɟɫɥɢΝɢɡɜɟɫɬɧɵΝɤɨɨɪɞɢɧɚ-

ɬɵΝɧɚɱɚɥɶɧɨɝɨΝΝɢΝɤɨɧɟɱɧɨɝɨΝɩɨɥɨɠɟɧɢɹΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢ?Ν

θ.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɦɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ?Ν

ι.Ν ɑɟɦΝ ɨɬɥɢɱɚɸɬɫɹΝ ɩɨɧɹɬɢɹμΝ ɦɨɞɭɥɶΝ ɩɪɢɪɚɳɟɧɢɹΝ ɢΝ ɩɪɢɪɚɳɟɧɢɟΝ ɦɨɞɭɥɹΝ

ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ?ΝΝ

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

β.1.ΝɇɚɱɚɥɶɧɨɟΝɩɨɥɨɠɟɧɢɟΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢΝɡɚɞɚɟɬɫɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦΝݎଵሬሬሬ⃗ = −͸ଔ⃗ + ሬ݇⃗ ,Ν ɤɨɧɟɱɧɨɟΝ ɩɨɥɨɠɟɧɢɟΝ Ν ɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦΝ ଶሬሬሬ⃗ݎ = ͵ଓ⃗ − ʹଔ⃗.Ν ɇɚɣɞɢɬɟμΝ
ɩɪɢɪɚɳɟɧɢɟΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ∆⃗ݎ,ΝɦɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝ Ν,|ݎ⃗∆| ɩɪɢɪɚɳɟɧɢɟΝɦɨɞɭɥɹΝ∆|⃗ݎ|.Ν

β.β.ΝɇɚɱɚɥɶɧɨɟΝɩɨɥɨɠɟɧɢɟΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢΝɡɚɞɚɟɬɫɹΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦΝݎଵሬሬሬ⃗ = Ͷଓ⃗ + ʹଔ⃗ − ͸ሬ݇⃗ ,Ν ɤɨɧɟɱɧɨɟΝ ɩɨɥɨɠɟɧɢɟΝ Ν ɪɚɞɢɭɫ-ɜɟɤɬɨɪɨɦΝ ଶሬሬሬ⃗ݎ = −͵ଓ⃗ + ͸ሬ݇⃗ .	ΝΝ
ɇɚɣɞɢɬɟΝɩɪɨɟɤɰɢɢΝɜɟɤɬɨɪɚΝɩɟɪɟɦɟɳɟɧɢɹΝɧɚΝɜɫɟΝɤɨɨɪɞɢɧɚɬɧɵɟΝɨɫɢ.ΝΝ

β.γ. ɌɟɥɨΝɩɟɪɟɦɟɳɚɟɬɫɹΝɢɡΝɬɨɱɤɢΝɫΝɤɨɨɪɞɢɧɚɬɚɦɢΝɯ1=1, в1=4, г1=3 ɜΝɬɨɱɤɭΝ

ɯ2=5, в2=1,Ν гβο0.ΝɇɚɣɞɢɬɟΝɦɨɞɭɥɶΝ ɜɟɤɬɨɪɚΝɩɟɪɟɦɟɳɟɧɢɹΝɢΝɩɪɢɪɚɳɟɧɢɟΝɦɨɞɭɥɹΝ

ɜɟɤɬɨɪɚΝɩɟɪɟɦɟɳɟɧɢɹ.ΝΝ



γιΝ

β.ζ. ɌɟɥɨΝɩɟɪɟɦɟɳɚɟɬɫɹΝɢɡΝɬɨɱɤɢΝɫΝɤɨɨɪɞɢɧɚɬɚɦɢΝɯ1=2, в1=–5, г1=1 ɜΝɬɨɱɤɭΝ

ɯ2=–5, в2=0,Νгβοη.ΝɇɚɣɞɢɬɟμΝɩɪɢɪɚɳɟɧɢɟΝɪɚɞɢɭɫ-ɜɟɤɬɨɪɚΝ∆⃗ݎ,ΝɦɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝ|∆⃗ݎ|,ΝɩɪɢɪɚɳɟɧɢɟΝɦɨɞɭɥɹΝ∆|⃗ݎ|.Ν
β.η.ΝɆɚɬɟɪɢɚɥɶɧɚɹΝɬɨɱɤɚ,ΝɞɜɢɝɚɸɳɚɹɫɹΝɜɞɨɥɶΝɨɫɢΝɈɏΝɫɨΝɫɤɨɪɨɫɬɶɸΝV1ο1ηΝ

ɦ/М,ΝɢɡɦɟɧɢɥɚΝɧɚɩɪɚɜɥɟɧɢɟΝɞɜɢɠɟɧɢɹ,ΝɢΝɫɬɚɥɚΝɞɜɢɝɚɬɶɫɹΝɩɚɪɚɥɥɟɥɶɧɨΝɨɫɢΝτВΝɫɨΝ

ɫɤɨɪɨɫɬɶɸΝ V2=10Ν ɦ/М.Ν ɇɚɣɞɢɬɟΝ ɦɨɞɭɥɶΝ ɩɪɢɪɚɳɟɧɢɹΝ ɜɟɤɬɨɪɚΝ ɫɤɨɪɨɫɬɢΝ ห∆ ሬܸ⃗ ห		ˋΝ
ɩɪɢɪɚɳɟɧɢɟΝɦɨɞɭɥɹΝ∆ห ሬܸ⃗ ห.Ν

β.θ.Ν ɇɚΝ ɪɢɫɭɧɤɟΝ ɭɤɚɡɚɧΝ ɧɚɱɚɥɶɧɵɣΝ 0p Ν ɢΝ ɤɨɧɟɱɧɵɣΝ p

ɢɦɩɭɥɶɫΝɦɹɱɚ,ΝɤɨɬɨɪɵɣΝɚɛɫɨɥɸɬɧɨΝɭɩɪɭɝɨΝɨɬɪɚɡɢɥɫɹΝɨɬΝɫɬɟɧɵΝ

ɩɨɞΝ ɭɝɥɨɦΝ αογ0°.Ν ɉɨɫɬɪɨɣɬɟΝ ɜɟɤɬɨɪΝ ɩɪɢɪɚɳɟɧɢɹΝ ɢɦɩɭɥɶɫɚΝ

ɦɹɱɚΝ p ΝɢΝɨɩɪɟɞɟɥɢɬɟΝɦɨɞɭɥɶΝɩɪɢɪɚɳɟɧɢɹΝɢɦɩɭɥɶɫɚΝ p .ΝΝ

β.ι.Ν ɇɚΝ ɪɢɫɭɧɤɟΝ ɭɤɚɡɚɧΝ ɧɚɱɚɥɶɧɵɣΝ ɢΝ ɤɨɧɟɱɧɵɣΝ ɢɦɩɭɥɶɫΝ

ɩɭɥɢ,ΝɩɪɨɛɢɜɲɟɣΝɞɨɫɤɭ.ΝɉɨɫɬɪɨɣɬɟΝɜɟɤɬɨɪΝɩɪɢɪɚɳɟɧɢɹΝɢɦɩɭɥɶɫɚΝ

ɩɭɥɢΝ p Ν ɢΝ ɨɩɪɟɞɟɥɢɬɟΝ ɦɨɞɭɥɶΝ ɩɪɢɪɚɳɟɧɢɹΝ ɢɦɩɭɥɶɫɚΝ p ,Ν ɟɫɥɢΝ

ɪο0,θɪ0.Ν

2.4. ɉɪɨɢɡɜɨɞɧɚɹ ɮɭɧɤɰɢɢ 
ɉɭɫɬɶΝв=П(б)ΝɟɫɬɶΝɧɟɩɪɟɪɵɜɧɚɹΝɮɭɧɤɰɢɹΝɚɪɝɭɦɟɧɬɚΝɯ.ΝȿɫɥɢΝɩɪɢɞɚɬɶΝɚɪɝɭ-

ɦɟɧɬɭΝɯ ɩɪɢɪɚɳɟɧɢɟΝǻб, ɮɭɧɤɰɢɹΝв=П(б)ΝɩɨɥɭɱɢɬΝɩɪɢɪɚɳɟɧɢɟΝǻв, ɪɚɜɧɨɟΝΝ
ǻвοΝП(б+ǻб)Ν– П(б).Ν
ɉɪɢΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɦ ǻб ɩɪɢɪɚɳɟɧɢɟ ǻв ɬɨɠɟΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨ. 
ɉɪɟɞɟɥ,ΝɤΝɤɨɬɨɪɨɦɭΝɫɬɪɟɦɢɬɫɹΝɨɬɧɨɲɟɧɢɟΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɝɨΝɩɪɢɪɚɳɟɧɢɹΝ

ɮɭɧɤɰɢɢΝɤΝɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɦɭΝɩɪɢɪɚɳɟɧɢɸΝɚɪɝɭɦɟɧɬɚ,ΝɫɚɦΝ

ɹɜɥɹɟɬɫɹΝɮɭɧɤɰɢɟɣΝɨɬΝɚɪɝɭɦɟɧɬɚ б. ЭɬɚΝɮɭɧɤɰɢɹΝɧɚɡɵɜɚɟɬɫɹΝɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤ-

ɰɢɢ П(б) (ɨɛɨɡɧɚɱɚɟɬɫɹ	݂′´ሺݔሻ ɢɥɢ в'μΝݕ´ ≡ ݂´ᇱሺ௫ሻ = lim∆௫→଴ ௙ሺ௫ା∆௫ሻି௙ሺ௫ሻ∆௫ .																										Ν Χβ.8ΨΝ

ɉɪɨɰɟɫɫΝɧɚɯɨɠɞɟɧɢɹΝɩɪɨɢɡɜɨɞɧɨɣΝɧɚɡɵɜɚɟɬɫɹΝɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟɦ.  

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɪɨɢɡɜɨɞɧɨɣ 

ɎɭɧɤɰɢɹΝ ݂′´ሺб)Ν ɩɪɟɞɫɬɚɜɥɹɟɬΝ ɫɨɛɨɣΝ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢΝ ݂ሺݔሻΝ
ɨɬɧɨɫɢɬɟɥɶɧɨΝɚɪɝɭɦɟɧɬɚΝɯ.ΝΝ



γ8Ν

ɉɪɢɦɟɪ 2.5 

ȼɟɤɬɨɪΝɩɟɪɟɦɟɳɟɧɢɹΝɩɨɤɚɡɵɜɚɟɬ,ΝɧɚΝɤɚɤɨɟΝɪɚɫɫɬɨɹɧɢɟΝɢΝɜΝɤɚɤɭɸΝɫɬɨɪɨɧɭΝ

ɫɦɟɳɚɟɬɫɹΝ ɬɨɱɤɚΝ ɩɪɢΝ ɞɜɢɠɟɧɢɢ.Ν ɄɚɤΝ ɛɵɫɬɪɨΝ ɩɪɨɢɫɯɨɞɢɬΝ ɬɚɤɨɟΝ ɩɟɪɟɦɟɳɟɧɢɟ,Ν

ɩɨɤɚɡɵɜɚɟɬΝɜɟɤɬɨɪΝɫɪɟɞɧɟɣΝɫɤɨɪɨɫɬɢμΝሬܸ⃗˔˓ = Ν.ݐ∆ݎ⃗∆
ȿɝɨΝɦɨɞɭɥɶΝɩɨɤɚɡɵɜɚɟɬ,ΝɤɚɤΝɛɵɫɬɪɨΝɜΝɫɪɟɞɧɟɦΝɩɟɪɟɦɟɳɚɟɬɫɹΝɬɨɱɤɚ,ΝɚΝɧɚ-

ɩɪɚɜɥɟɧɢɟΝɨɩɪɟɞɟɥɹɟɬ,ΝɜΝɤɚɤɭɸΝɫɬɨɪɨɧɭΝɜΝɫɪɟɞɧɟɦΝɩɪɨɢɫɯɨɞɢɬΝɩɟɪɟɦɟɳɟɧɢɟ.Ν

ɉɪɢΝɧɟɪɚɜɧɨɦɟɪɧɨɦΝɞɜɢɠɟɧɢɢΝɫɪɟɞɧɹɹΝɫɤɨɪɨɫɬɶΝɧɟɞɨɫɬɚɬɨɱɧɨΝɯɚɪɚɤɬɟɪɢ-

ɡɭɟɬΝɛɵɫɬɪɨɬɭΝɞɜɢɠɟɧɢɹΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝt.ΝɇɨΝɱɟɦΝɦɟɧɶɲɟΝǻt,ΝɬɟɦΝɬɨɱɧɟɟΝɯɚ-

ɪɚɤɬɟɪɢɡɭɟɬɫɹΝɷɬɚΝɛɵɫɬɪɨɬɚ.ΝɉɨɷɬɨɦɭΝɫɤɨɪɨɫɬɶΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝtΝɦɨɠɧɨΝɩɪɟɞ-

ɫɬɚɜɢɬɶΝɤɚɤΝɩɪɟɞɟɥ,ΝɤΝɤɨɬɨɪɨɦɭΝɫɬɪɟɦɢɬɫɹΝɨɬɧɨɲɟɧɢɟΝ∆௥⃗∆௧			ɩɪɢΝǻt→0.ΝΝሬܸ⃗ = lim∆௧→଴ ∆௥⃗∆௧																																																								Ν Χβ.λΨΝ

ȼɵɪɚɠɟɧɢɟΝΧβ.λΨΝɨɩɪɟɞɟɥɹɟɬΝɜɟɤɬɨɪΝɦɝɧɨɜɟɧɧɨɣΝɫɤɨɪɨɫɬɢ (ɬ.ɟ.ΝɫɤɨɪɨɫɬɢΝɜΝ

ɞɚɧɧɵɣΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΨ. 

ɉɪɢΝǻt→0 ɦɨɞɭɥɶΝ ɜɟɤɬɨɪɚΝ ɩɟɪɟɦɟɳɟɧɢɹΝ ɪɚɜɟɧΝ ɞɥɢɧɟΝ ɩɪɨɣɞɟɧɧɨɝɨΝ ɩɭɬɢΝ|∆⃗ݎ| = -ΝɬɚɤΝɤɚɤΝɛɟɫɤɨɧɟɱɧɨΝɦɚɥɵɣΝɭɱɚɫɬɨɤΝɤɪɢɜɨɥɢɧɟɣɧɨɣΝɬɪɚɟɤɬɨɪɢɢΝɦɨɠ,ܵ߂
ɧɨΝ ɫɱɢɬɚɬɶΝ ɩɪɹɦɨɥɢɧɟɣɧɵɦΝ ɨɬɪɟɡɤɨɦ,Ν ɞɥɢɧɚΝ ɤɨɬɨɪɨɝɨΝ ɪɚɜɧɚΝ ɦɨɞɭɥɸΝ ɜɟɤɬɨɪɚΝ

ɩɟɪɟɦɟɳɟɧɢɹ.Ν 

ɌɚɤɢɦΝ ɨɛɪɚɡɨɦ,Ν ɦɨɞɭɥɶΝɦɝɧɨɜɟɧɧɨɣΝ ɫɤɨɪɨɫɬɢΝ ɟɫɬɶΝ ɩɪɨɢɡɜɨɞɧɚɹΝ ɩɭɬɢΝ ɩɨΝ

ɜɪɟɦɟɧɢμΝܸ = lim∆௧→଴ ∆ௌ∆௧ = ܵ´ሺݐሻ,																																								Ν Χβ.10ΨΝ

ɝɞɟΝܵ = ܵሺݐሻΝ–ΝɩɪɨɣɞɟɧɧɵɣΝɩɭɬɶΝɟɫɬɶΝɮɭɧɤɰɢɹΝɜɪɟɦɟɧɢ.Ν
ȿɫɥɢΝ ɜΝ ɩɪɨɰɟɫɫɟΝ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨΝ ɞɜɢɠɟɧɢɹΝ ɫɤɨɪɨɫɬɶΝ ɦɟɧɹɟɬɫɹΝ Χɬ.ɟ.Ν

Vο	݂ሺݐሻΨ,Ν ɬɨΝ ɜɟɥɢɱɢɧɚ,Ν ɩɨɤɚɡɵɜɚɸɳɚɹΝ ɫɤɨɪɨɫɬɶΝ ɢɡɦɟɧɟɧɢɹΝ ɫɤɨɪɨɫɬɢ,Ν ɟɫɬɶΝ ɜɟɤ-
ɬɨɪɧɚɹΝ ɜɟɥɢɱɢɧɚΝΝɭɫɤɨɪɟɧɢɟ,ΝɦɨɞɭɥɶΝ ɤɨɬɨɪɨɝɨΝɨɩɪɟɞɟɥɹɟɬɫɹΝ ɤɚɤΝɩɪɨɢɡɜɨɞɧɚɹΝ

ɫɤɨɪɨɫɬɢΝɩɨΝɜɪɟɦɟɧɢμΝܽ = lim∆௧→଴ ∆௏∆௧ = ܸ´ሺݐሻ.																																							Ν Χβ.11ΨΝ



γλΝ

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɪɨɢɡɜɨɞɧɨɣ 

ȽɟɨɦɟɬɪɢɱɟɫɤɢΝɩɪɨɢɡɜɨɞɧɚɹΝ݂´′ሺб) ɮɭɧɤɰɢɢΝݕ = ݂ሺб)Ν ɩɪɟɞɫɬɚɜɥɹɟɬΝ ɫɨɛɨɣΝ

ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɫɚɬɟɥɶɧɨɣΝɤΝɝɪɚɮɢɤɭΝɷɬɨɣΝɮɭɧɤɰɢɢΝɜΝɬɨɱɤɟΝɫΝɨɩɪɟɞɟ-

ɥɟɧɧɵɦΝɡɧɚɱɟɧɢɟɦΝɯ.ΝΝ

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ.Ν ɉɭɫɬɶΝ ɧɚΝ ɝɪɚɮɢɤɟΝ ɩɪɨɢɡɜɨɥɶɧɨɣΝɮɭɧɤɰɢɢ	ݕ = ݂ሺб)Ν Χɪɢɫ.Ν

β.γΨΝ ɬɨɱɤɟΝ ɆΝ ɫɨɨɬɜɟɬɫɬɜɭɟɬΝ ɡɧɚɱɟɧɢɟΝ ɚɪɝɭɦɟɧɬɚΝ ɯΝ ɢΝ ɮɭɧɤɰɢɢ	ݕሺб),	ɬɨɱɤɟΝ σΝ –Ν
ɡɧɚɱɟɧɢɟΝɚɪɝɭɦɟɧɬɚΝݔ + ݔΝɢΝɮɭɧɤɰɢɢΝвΧݔ∆ + -ሺб)+Δв.ΝɍɝɥɨɜɨɣΝɤɨɷɮɮɢɰɢݕΨοݔ∆

ɟɧɬΝɩɪɹɦɨɣΝεσΝɪɚɜɟɧΝɬɚɧɝɟɧɫɭΝɭɝɥɚΝβμΝΝ∆௬∆௫ = Ν																																												.ߚ݃ݐ Χβ.1βΨΝ

ɍɝɥɨɜɨɣΝ ɤɨɷɮɮɢɰɢɟɧɬΝ ɤɚɫɚɬɟɥɶɧɨɣΝ ɤΝ ɝɪɚɮɢɤɭΝɮɭɧɤɰɢɢΝɜΝ ɬɨɱɤɟΝεΝɪɚɜɟɧΝ

ɬɚɧɝɟɧɫɭΝɭɝɥɚΝα. ɉɪɢΝǻɯ Ν0Νβ  α,Νɬ.ɟ.μΝ	lim∆௫→଴ ∆௬∆௫ = limఉ→ఈ ݃ݐ ߚ = Ν.ߙ݃ݐ
ɌɚɤΝɤɚɤΝ	lim∆௫→଴ ∆௬∆௫ = ݂′´ሺݔሻ,				˕ˑ	 ⇒ ݂ᇱሺݔሻ = Ν	.ߙ݃ݐ Χβ.1γΨΝ

Ɋɢɫ. 2.3. 

ȼɵɪɚɠɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ ɱɟɪɟɡ ɞɢɮɮɟɪɟɧɰɢɚɥ 

ɄɪɨɦɟΝ ɨɛɨɡɧɚɱɟɧɢɹΝ ɩɪɨɢɡɜɨɞɧɨɣΝ ɜΝ ɜɢɞɟ		݂ᇱ´ሺݔሻ,Ν ɢɫɩɨɥɶɡɭɸɬɫɹΝ ɢΝ ɞɪɭɝɢɟΝ
ɨɛɨɡɧɚɱɟɧɢɹΝ ɩɪɨɢɡɜɨɞɧɨɣ.Ν ɇɚɩɪɢɦɟɪ,Ν ɞɥɹΝ ɮɭɧɤɰɢɢΝ ݕ = ݂ሺݔሻΝ ɩɪɢɦɟɧɢɦɵΝ ɭɫ-
ɥɨɜɧɵɟΝɨɛɨɡɧɚɱɟɧɢɹΝɩɪɨɢɡɜɨɞɧɨɣΝɜɢɞɚμΝ݂´ሺݔሻ ≡ ݂ሶሺݔሻΝɢɥɢΝݕ´ᇱ ≡ ሶݕ ,ΝΝ Χβ.1ζΨΝ݂´ᇱሺ௫ሻ ≡ ௗ௙ሺ௫ሻௗ௫ ᇱݕ										ˋˎˋ											 ≡ ௗ௬ௗ௫,Ν Χβ.1ηΨΝ

ɡɞɟɫɶΝ ɫɢɦɜɨɥΝ Нб, ɧɚɡɵɜɚɟɦɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ ɯ, ɨɡɧɚɱɚɟɬΝ ɧɟΝ ɩɪɨɢɡɜɟɞɟɧɢɟΝ
ɞɜɭɯΝ ɜɟɥɢɱɢɧΝН ɢ б, ɚΝ ɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɟΝ ɩɪɢɪɚɳɟɧɢɟΝ ɩɟɪɟɦɟɧɧɨɣΝ ɜɟɥɢɱɢɧɵΝ б 



ζ0Ν

ΧɱɢɬɚɟɬɫɹμΝ «ɞɷΝɢɤɫ»Ψ. ȺɧɚɥɨɝɢɱɧɨΝ ɫɢɦɜɨɥΝНП(б), ɧɚɡɵɜɚɟɦɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ 
ɮɭɧɤɰɢɢ П(б),Ν ɨɡɧɚɱɚɟɬΝ ɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɟΝɩɪɢɪɚɳɟɧɢɟΝɮɭɧɤɰɢɢΝ ΧɱɢɬɚɟɬɫɹμΝ «ɞɷΝ
ɷɮΝɨɬΝɢɤɫ»Ψ.ΝȼɵɪɚɠɟɧɢɟΝΧβ.1ηΨΝɱɢɬɚɟɬɫɹμΝ«ɞɷΝɷɮΝɨɬΝɢɤɫΝɩɨΝɞɷΝɢɤɫ»ΝɢɥɢΝ«ɞɷΝɢɝɪɟɤΝ
ɩɨΝɞɷΝɢɤɫ». 

ɍɩɨɬɪɟɛɥɹɸɬɫɹΝɬɚɤɠɟΝɭɫɥɨɜɧɵɟΝɡɚɩɢɫɢμΝ݂′´ሺݔሻ ≡ ௗௗ௫ ݂ሺݔሻ,																																			Ν Χβ.1θΨΝ

ɨɫɨɛɟɧɧɨΝɭɞɨɛɧɵɟ,ΝɤɨɝɞɚΝɛɟɪɟɬɫɹΝɩɪɨɢɡɜɨɞɧɚɹΝɨɬΝɫɥɨɠɧɨɝɨΝɜɵɪɚɠɟɧɢɹ,Νɧɚɩɪɢ-

ɦɟɪμΝ ௗௗ௫ ሺ͵ݔଶ + ݔʹ − ͳሻ.Ν
ȼΝɮɢɡɢɱɟɫɤɢɯΝɡɚɞɚɱɚɯΝɩɨΝɤɢɧɟɦɚɬɢɤɟ,ΝɫɨɝɥɚɫɧɨΝɨɩɪɟɞɟɥɟɧɢɸΝΧβ.10Ψ,Νɫɤɨ-

ɪɨɫɬɶΝɦɨɠɟɬΝɛɵɬɶΝɨɛɨɡɧɚɱɟɧɚΝΝܸ = ܵ´′ሺݐሻ = ௗௌௗ௧	,Ν Χβ.1ιΨΝ

ɚΝɭɫɤɨɪɟɧɢɟΝɬɟɥɚ,ΝɫɨɝɥɚɫɧɨΝΧβ.11Ψ,ΝɨɛɨɡɧɚɱɚɟɬɫɹΝɱɟɪɟɡΝɩɪɨɢɡɜɨɞɧɭɸΝɫɤɨɪɨɫɬɢΝΝܽ = ܸ´′ሺݐሻ = ௗ௏ௗ௧ 	.Ν Χβ.18ΨΝ

ȼΝ ɦɚɬɟɦɚɬɢɤɟΝ ɢΝ ɮɢɡɢɤɟΝ ɫɭɳɟɫɬɜɭɸɬΝ ɧɟɤɨɬɨɪɵɟΝ ɪɚɡɥɢɱɢɹΝ ɜΝ ɬɨɥɤɨɜɚɧɢɢΝ

ɫɦɵɫɥɚΝɨɛɨɡɧɚɱɟɧɢɣΝНб, Нt, НS,  Н⃗ݎ ɢΝɞɪ.Ν
ɋɨɝɥɚɫɧɨΝɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭΝɨɩɪɟɞɟɥɟɧɢɸμΝɞɢɮɮɟɪɟɧɰɢɚɥ ɮɭɧɤɰɢɢ ɪɚɜɟɧΝ

ɩɪɨɢɡɜɟɞɟɧɢɸΝ ɩɪɨɢɡɜɨɞɧɨɣΝ ɧɚΝ ɩɪɢɪɚɳɟɧɢɟΝ ΧɞɢɮɮɟɪɟɧɰɢɚɥΨΝ ɚɪɝɭɦɟɧɬɚ,Ν ɬ.ɟ.Ν݀ܵ = ܵ´ ∙ ݐ݀ = ܵ´ ∙ ݎΝɢɥɢΝ݀⃗ݐ߂ = ሬሬ⃗´ݎ ∙ ݐ݀ = ሬሬ⃗´ݎ ∙ Ν,ݐ߂ ɝɞɟΝܵ´	ˋ	ݎ´ሬሬ⃗ Ν–ΝɩɪɨɢɡɜɨɞɧɵɟΝɩɨΝɩɟ-
ɪɟɦɟɧɧɨɣΝtΝɨɬΝɮɭɧɤɰɢɣ		ܵሺݐሻ	ˋ	⃗ݎሺݐሻ.Ν

ɌɚɤɢɦΝɨɛɪɚɡɨɦ,Ν ɫɨɝɥɚɫɧɨΝɞɚɧɧɨɦɭΝ ɨɩɪɟɞɟɥɟɧɢɸ,Νɞɢɮɮɟɪɟɧɰɢɚɥ ɧɟɡɚɜɢ-
ɫɢɦɨɣΝ ɩɟɪɟɦɟɧɧɨɣΝ ɪɚɜɟɧΝ ɟɟΝ ɩɪɢɪɚɳɟɧɢɸ,Ν ɬ.ɟ.Ν݀ݐ = Ν,ݐ∆ ɚΝ НSΝ –Ν ɞɢɮɮɟɪɟɧɰɢɚɥΝ
ɮɭɧɤɰɢɢΝ–ΝɩɪɟɞɫɬɚɜɥɹɟɬΝɫɨɛɨɣΝɥɢɧɟɣɧɭɸ ɱɚɫɬɶ ɩɪɢɪɚɳɟɧɢɹ ɷɬɨɣΝɮɭɧɤɰɢɢΝɩɪɢΝ
ɩɪɨɢɡɜɨɥɶɧɨɦΝɢɡɦɟɧɟɧɢɢΝɚɪɝɭɦɟɧɬɚΝɨɬΝtΝɞɨΝt+Δt. 

ɋɨɝɥɚɫɧɨΝ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦɭΝ ɬɨɥɤɨɜɚɧɢɸΝ ɩɪɨɢɡɜɨɞɧɨɣΝ Χɪɢɫ.Ν β.γΨμΝ ˖´′ሺݔሻ =ௗ௬ௗ௫ = Ν,ߙ݃ݐ ɧɨΝɩɪɢΝɩɪɨɢɡɜɨɥɶɧɨɦΝ ɩɪɢɪɚɳɟɧɢɢΝ ɚɪɝɭɦɟɧɬɚΝǻб Χɪɢɫ.Ν β.ζΨΝ ɩɪɢɪɚɳɟ-

ɧɢɟΝɮɭɧɤɰɢɢΝ∆ݕ = ݔሺݕ + ሻݔ∆ − -ሻΝɦɨɠɟɬΝɫɭɳɟɫɬɜɟɧɧɨΝɨɬɥɢɱɚɬɶɫɹΝɨɬΝɞɢɮɮɟݔሺݕ
ɪɟɧɰɢɚɥɚΝ݀ݕ,Ν ɬ.ɟ.	݀ݕ < Ν.ݕ∆ ɂɡΝ ɪɢɫ.Ν β.ζΝ ɜɢɞɧɨ,Ν ɱɬɨΝ ɞɢɮɮɟɪɟɧɰɢɚɥΝ ɮɭɧɤɰɢɢΝ Νݕ݀
ɟɫɬɶΝɩɪɢɪɚɳɟɧɢɟΝɨɪɞɢɧɚɬɵΝɤɚɫɚɬɟɥɶɧɨɣ,Νɬ.ɟ.ΝɥɢɧɟɣɧɚɹΝɱɚɫɬɶΝɩɪɢɪɚɳɟɧɢɹ		∆ݕ.ΝΝ

ȼΝɮɢɡɢɤɟΝɪɚɡɥɢɱɚɸɬΝɞɢɮɮɟɪɟɧɰɢɚɥΝɚɪɝɭɦɟɧɬɚΝНɯ ɢΝɩɪɨɢɡɜɨɥɶɧɨɟΝΧɤɨɧɟɱɧɨɟΨΝ
ɩɪɢɪɚɳɟɧɢɟΝ ɚɪɝɭɦɟɧɬɚΝ ǻɯ,Ν ɬ.ɟ.Ν Δݔ ≠ Ν.ݔ݀ ɉɨɞΝ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ ɚɪɝɭɦɟɧɬɚ Нɯ 



ζ1Ν

ɩɨɧɢɦɚɸɬΝɫɬɨɥɶ ɦɚɥɨɟ ɟɝɨ ɩɪɢɪɚɳɟɧɢɟΝ
Χɷɥɟɦɟɧɬɚɪɧɨɟ ɩɪɢɪɚɳɟɧɢɟΨ,Ν ɱɬɨΝ ɦɨɠ-
ɧɨΝ ɩɪɟɧɟɛɪɟɱɶΝ ɪɚɡɧɨɫɬɶɸΝ ɦɟɠɞɭΝ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɦɢΝ ɩɪɢɪɚɳɟɧɢɹɦɢΝ ɮɭɧɤɰɢɢΝ
ɢΝ ɥɢɧɟɣɧɨɣΝ ɱɚɫɬɶɸΝ ɟɟΝ ɩɪɢɪɚɳɟɧɢɹ,Ν ɬ.ɟ.Ν∆ݕ → ݔ∆		ˋ˓˒	ݕ݀ → ΝΝΝ.ݔ݀

ɉɨɷɬɨɦɭΝ ɜΝ ɮɢɡɢɤɟΝ ɢɫɩɨɥɶɡɭɸɬΝ

ɩɪɟɞɥɨɠɟɧɧɨɟΝȽ.ΝɅɟɣɛɧɢɰɟɦΝɨɛɨɡɧɚɱɟɧɢɟΝ

ɩɪɨɢɡɜɨɞɧɨɣΝ ᇱݕ			 ≡ ௗ௬ௗ௫ ,				ܵ´ ≡ ௗௌௗ௧ ,			 ´ݎ⃗ = ௗ௥⃗ௗ௧,ΝɢΝɬɪɚɤɬɭɸɬΝɟɝɨΝɧɟΝɤɚɤΝɨɬɧɨɲɟɧɢɟΝɦɚ-
ɬɟɦɚɬɢɱɟɫɤɢɯΝɞɢɮɮɟɪɟɧɰɢɚɥɨɜΝɮɭɧɤɰɢɢΝɢΝɚɪɝɭɦɟɧɬɚ,ΝɚΝɤɚɤΝɨɬɧɨɲɟɧɢɟΝɛɟɫɤɨɧɟɱɧɨΝ

ɦɚɥɵɯΝΧɷɥɟɦɟɧɬɚɪɧɵɯΨΝɩɪɢɪɚɳɟɧɢɣΝɮɭɧɤɰɢɢΝɢΝɚɪɝɭɦɟɧɬɚ,Νɬ.ɟ.Ν݀ݔΝ–ΝɷɥɟɦɟɧɬɚɪɧɨɟΝ
ΧɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɟΨΝ ɢɡɦɟɧɟɧɢɟΝ ɤɨɨɪɞɢɧɚɬɵ,Ν݀ݐΝ –Ν ɷɥɟɦɟɧɬɚɪɧɵɣΝ ΧɛɟɫɤɨɧɟɱɧɨΝɦɚ-
ɥɵɣΨΝɩɪɨɦɟɠɭɬɨɤΝ ɜɪɟɦɟɧɢ,Ν݀ܵΝ –Ν ɷɥɟɦɟɧɬɚɪɧɵɣΝ ΧɛɟɫɤɨɧɟɱɧɨΝɦɚɥɵɣΨΝɩɭɬɶΝ ɡɚΝ ɷɥɟ-
ɦɟɧɬɚɪɧɵɣΝɩɪɨɦɟɠɭɬɨɤΝɜɪɟɦɟɧɢΝНt,Ν݀⃗ݎΝ–ΝɷɥɟɦɟɧɬɚɪɧɨɟΝΧɛɟɫɤɨɧɟɱɧɨΝɦɚɥɨɟΨΝɩɟɪɟ-
ɦɟɳɟɧɢɟΝɡɚΝɷɥɟɦɟɧɬɚɪɧɵɣΝɩɪɨɦɟɠɭɬɨɤΝɜɪɟɦɟɧɢΝНt,ΝɩɪɢɱɟɦΝ|݀⃗ݎ| = ݀ܵ.Ν

2.5. ɉɪɨɢɡɜɨɞɧɵɟ ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜΝ
ȼΝ ɧɟɤɨɬɨɪɵɯΝ ɫɥɭɱɚɹɯΝ ɧɟɨɛɯɨɞɢɦɨΝ ɨɩɪɟɞɟɥɢɬɶΝ ɩɪɨɢɡɜɨɞɧɭɸΝ ɛɨɥɟɟΝ ɜɵɫɨ-

ɤɨɝɨΝɩɨɪɹɞɤɚΝΧɜɬɨɪɨɝɨ,ΝɬɪɟɬɶɟɝɨΝɢΝɬ.ɞ.Ψ.Ν

ȿɫɥɢΝв'ΝɟɫɬɶΝɩɪɨɢɡɜɨɞɧɚɹΝɮɭɧɤɰɢɢΝП(б)=в,ΝɬɨΝɩɪɨɢɡɜɨɞɧɚɹΝɨɬΝв' ɧɚɡɵɜɚɟɬɫɹΝ
ɜɬɨɪɨɣ ɩɪɨɢɡɜɨɞɧɨɣ,Ν ɢɥɢΝ ɩɪɨɢɡɜɨɞɧɨɣΝ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬΝ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣΝ
ɮɭɧɤɰɢɢΝП(б)=вΝɢΝɨɛɨɡɧɚɱɚɟɬɫɹμΝΝݕ´´ ≡ ݂ᇱᇱሺݔሻ ≡ ݂ሷሺݔሻ 	≡ ௗమ௙ሺ௫ሻௗ௫మ .Ν

ɑɢɬɚɟɬɫɹμΝ«ɞɷΝɞɜɚΝɷɮΝɨɬΝɢɤɫΝɩɨΝɞɷΝɢɤɫΝɞɜɚɠɞɵ».Ν

ȺɧɚɥɨɝɢɱɧɨΝɨɛɨɡɧɚɱɚɸɬɫɹΝɩɪɨɢɡɜɨɞɧɵɟΝɥɸɛɨɝɨΝɩɨɪɹɞɤɚμΝ

ɬɪɟɬɶɟɝɨΝɩɨɪɹɞɤɚμΝሺݕᇱᇱ´´ሻ′´ = ´´´′′′ݕ = ݂´´´′′′ሺݔሻ = ሸ݂ሺݔሻ = ௗయ௙ሺ௫ሻௗ௫య ;Ν
Ч-ɝɨΝɩɨɪɹɞɤɚμ			ሺݕ௡ିଵሻ´ = ௡ݕ = ݂ሺ௡ሻሺݔሻ = ௗ೙௙ሺ௫ሻௗ௫೙ 	.Ν
ȾɥɹΝ ɧɚɯɨɠɞɟɧɢɹΝ ɩɪɨɢɡɜɨɞɧɨɣΝ ɤɚɤɨɝɨ-ɥɢɛɨΝ ɜɵɫɲɟɝɨΝ ɩɨɪɹɞɤɚΝ ɞɚɧɧɨɣΝ

ɮɭɧɤɰɢɢΝ ɩɪɢɯɨɞɢɬɫɹΝ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨΝ ɧɚɯɨɞɢɬɶΝ ɜɫɟΝ ɩɪɨɢɡɜɨɞɧɵɟΝ ɧɢɡɲɢɯΝ ɩɨ-

ɪɹɞɤɨɜ,ΝɧɚɱɢɧɚɹΝɫΝɩɟɪɜɨɣ.Ν

Ɋɢɫ. 2.4. 



ζβΝ

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɜɬɨɪɨɣ ɩɪɨɢɡɜɨɞɧɨɣ 
ɄɚɤΝ ɛɵɥɨΝ ɩɨɤɚɡɚɧɨΝ ɜΝ β.ζ,Ν ɜɟɥɢɱɢɧɚ,Ν ɩɨɤɚɡɵɜɚɸɳɚɹΝ ɫɤɨɪɨɫɬɶΝ ɢɡɦɟɧɟɧɢɹΝ

ɫɤɨɪɨɫɬɢ,ΝɟɫɬɶΝɭɫɤɨɪɟɧɢɟ,ΝɦɨɞɭɥɶΝɤɨɬɨɪɨɣΝɨɩɪɟɞɟɥɹɟɬɫɹΝɤɚɤΝɩɪɨɢɡɜɨɞɧɚɹΝɨɬΝɦɨ-

ɞɭɥɹΝɦɝɧɨɜɟɧɧɨɣΝɫɤɨɪɨɫɬɢΝɩɨΝɜɪɟɦɟɧɢΝ
Нt
НVК  .ΝɇɨΝɫɚɦɚΝɫɤɨɪɨɫɬɶΝVΝɟɫɬɶΝɩɪɨɢɡ-

ɜɨɞɧɚɹΝ ɨɬΝ ɩɭɬɢΝ ɩɨΝ ɜɪɟɦɟɧɢΝ
Нt
НSV  .Ν ɉɨɷɬɨɦɭΝ ɭɫɤɨɪɟɧɢɟΝ –Ν ɜɬɨɪɚɹΝ ɩɪɨɢɡɜɨɞɧɚɹΝ

ɩɭɬɢΝɩɨΝɜɪɟɦɟɧɢ,Νɬ.ɟΝ β

β

Нt
SНК  .Ν

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 2.4 ɢ 2.5 

1.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɩɪɨɢɡɜɨɞɧɨɣΝɮɭɧɤɰɢɢ?ΝΝ

β.Ν ɑɬɨΝ ɩɨɧɢɦɚɟɬɫɹΝ ɩɨɞΝ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟɦΝ ɮɭɧɤɰɢɢ?Ν ɉɪɢɜɟɞɢɬɟΝ ɩɪɢ-

ɦɟɪɵΝɩɪɢɦɟɧɟɧɢɹΝɨɩɟɪɚɰɢɢΝɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹΝɜΝɮɢɡɢɤɟ.Ν

γ.ΝȼΝɱɟɦΝɡɚɤɥɸɱɚɟɬɫɹΝɮɢɡɢɱɟɫɤɢɣΝɫɦɵɫɥΝɩɪɨɢɡɜɨɞɧɨɣ?Ν

ζ.ΝȼΝɱɟɦΝɡɚɤɥɸɱɚɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣΝɫɦɵɫɥΝɩɪɨɢɡɜɨɞɧɨɣ?Ν

η.ΝɄɚɤɨɣΝɫɦɵɫɥΝɜΝɮɢɡɢɤɟΝɢɦɟɟɬΝɡɚɩɢɫɶΝНtΝɢɥɢΝНV?Ν

θ.ΝȼΝɱɟɦΝɩɪɢɧɰɢɩɢɚɥɶɧɨɟΝɨɬɥɢɱɢɟΝɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨΝɢΝɮɢɡɢɱɟɫɤɨɝɨΝɩɨɧɢ-

ɦɚɧɢɹΝɞɢɮɮɟɪɟɧɰɢɚɥɚΝɚɪɝɭɦɟɧɬɚΝɮɭɧɤɰɢɢ?Ν

ι.Ν ɄɚɤΝ ɨɛɨɡɧɚɱɚɟɬɫɹΝ ɩɪɨɢɡɜɨɞɧɚɹΝɮɭɧɤɰɢɢΝ ɱɟɪɟɡΝ ɞɢɮɮɟɪɟɧɰɢɚɥ?Ν ɉɪɢɜɟ-

ɞɢɬɟΝɩɪɢɦɟɪɵΝɪɚɡɥɢɱɧɵɯΝɨɛɨɡɧɚɱɟɧɢɣΝɩɪɨɢɡɜɨɞɧɨɣΝɮɭɧɤɰɢɢ.Ν

8.ΝɑɬɨΝɩɨɧɢɦɚɟɬɫɹΝɩɨɞΝɩɪɨɢɡɜɨɞɧɨɣΝɮɭɧɤɰɢɢΝɜɵɫɲɟɝɨΝɩɨɪɹɞɤɚ?ΝɄɚɤΝɨɛɨ-

ɡɧɚɱɚɟɬɫɹΝɩɪɨɢɡɜɨɞɧɚɹΝɜɬɨɪɨɝɨΝΧɢɥɢΝɛɨɥɟɟΝɜɵɫɨɤɨɝɨΨΝɩɨɪɹɞɤɚ?Ν

λ.ΝȼΝɱɟɦΝɡɚɤɥɸɱɚɟɬɫɹΝɮɢɡɢɱɟɫɤɢɣΝɫɦɵɫɥΝɜɬɨɪɨɣΝɩɪɨɢɡɜɨɞɧɨɣ?Ν

10.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɩɪɨɢɡɜɨɞɧɭɸΝɜɵɫɲɟɝɨΝɩɨɪɹɞɤɚ?ΝΝ

2.6. ɉɪɚɜɢɥɚ ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɨɫɬɟɣɲɢɯ ɮɭɧɤɰɢɣ  

ɢ ɫɜɨɣɫɬɜɚ ɩɪɨɢɡɜɨɞɧɨɣ 

ɉɨɧɹɬɢɟΝ ɩɪɨɢɡɜɨɞɧɨɣΝɲɢɪɨɤɨΝ ɩɪɢɦɟɧɹɟɬɫɹΝ ɞɥɹΝ ɪɟɲɟɧɢɹΝ ɪɚɡɧɨɨɛɪɚɡɧɵɯΝ

ɡɚɞɚɱ.ΝɈɞɧɚɤɨΝɢɫɩɨɥɶɡɨɜɚɧɢɟΝɜɵɪɚɠɟɧɢɣΝΧβ.8ΨΝɢΝΧβ.1γΨΝɩɪɟɞɩɨɥɚɝɚɟɬΝɞɨɫɬɚɬɨɱɧɨΝ

ɬɪɭɞɨɟɦɤɢɣΝ ɚɥɝɨɪɢɬɦΝ ɧɚɯɨɠɞɟɧɢɹΝ ɩɪɨɢɡɜɨɞɧɨɣ.Ν ɉɪɚɤɬɢɱɟɫɤɢΝ ɩɪɨɢɡɜɨɞɧɵɟΝ

ɷɥɟɦɟɧɬɚɪɧɵɯΝ ɮɭɧɤɰɢɣΝ ɧɚɯɨɞɹɬɫɹΝ ɩɨΝ ɮɨɪɦɭɥɚɦΝ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ.Ν ȻɨɥɟɟΝ



ζγΝ

ɫɥɨɠɧɵɟΝɮɭɧɤɰɢɢΝɩɪɟɞɜɚɪɢɬɟɥɶɧɨΝɩɨɞɜɟɪɝɚɸɬΝɬɨɠɞɟɫɬɜɟɧɧɵɦΝɩɪɟɨɛɪɚɡɨɜɚɧɢ-

ɹɦΝɞɥɹΝɩɪɢɜɟɞɟɧɢɹΝɢɯΝɤΝɜɢɞɭ,ΝɭɞɨɛɧɨɦɭΝɞɥɹΝɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ.  

1.ΝɉɪɨɢɡɜɨɞɧɚɹΝɩɨɫɬɨɹɧɧɨɣΝɜɟɥɢɱɢɧɵΝɪɚɜɧɚΝɧɭɥɸμΝሺ˔ሻᇱ = Ͳ,ΝΝɢɥɢΝ	ௗ˔ௗ௫ 	= Ͳ,ΝɝɞɟΝ	˔ = ΝΝΝ.ݐݏ݊݋ܿ Χβ.1λΨΝ

ȾɚɧɧɨɟΝɫɜɨɣɫɬɜɨΝɩɪɨɫɬɨΝɨɛɴɹɫɧɹɟɬɫɹΝɧɚΝɨɫɧɨɜɚ-

ɧɢɢΝ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨΝ ɫɦɵɫɥɚμΝ ɭɝɥɨɜɨɣΝ ɤɨɷɮɮɢɰɢɟɧɬΝ

ɩɪɹɦɨɣΝ в=ɫΝ ɪɚɜɟɧΝ ɧɭɥɸ,Ν ɬɚɤΝ ɤɚɤΝ ɭɝɨɥΝ ɧɚɤɥɨɧɚΝ ɤɚɫɚ-

ɬɟɥɶɧɨɣΝɤΝɨɫɢΝτБΝΧɭɝɨɥΝαΨΝɪɚɜɟɧΝɧɭɥɸΝΧɪɢɫ.β.ηΨ.Ν

β.Ν ɉɪɨɢɡɜɨɞɧɚɹΝ ɧɟɡɚɜɢɫɢɦɨɣΝ ɩɟɪɟɦɟɧɧɨɣΝ ɪɚɜɧɚΝ

ɟɞɢɧɢɰɟμΝΝሺ˘ሻᇱ = ͳ	,	Νɢɥɢ									ௗ௫ௗ௫ = ͳ,ΝΝ Χβ.β0ΨΝ

ɝɞɟΝбΝΝɧɟɡɚɜɢɫɢɦɚɹΝɩɟɪɟɦɟɧɧɚɹ.Ν

ɇɚΝ ɨɫɧɨɜɚɧɢɢΝ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨΝ ɫɦɵɫɥɚΝ ɩɪɨɢɡ-

ɜɨɞɧɨɣΝ ɭɝɥɨɜɨɣΝɤɨɷɮɮɢɰɢɟɧɬΝ ɩɪɹɦɨɣΝв=бΝ ɪɚɜɟɧΝ ɟɞɢ-

ɧɢɰɟ,ΝɬɚɤΝɤɚɤΝtР45°=1 Χɪɢɫ.β.θΨ.Ν

γ.ΝɉɪɨɢɡɜɨɞɧɚɹΝɫɬɟɩɟɧɧɨɣΝɮɭɧɤɰɢɢμΝሺݔ௡ሻᇱ = ݊ · 						ˋˎˋ							ଵ	௡ିݔ ௗ௫೙ௗ௫ = ݊ ∙ ௡ିଵ.Νݔ Χβ.β1ΨΝ

ζ.Ν ɉɪɨɢɡɜɨɞɧɚɹΝ ɫɭɦɦɵΝ ɧɟɫɤɨɥɶɤɢɯΝ ɮɭɧɤɰɢɣΝ ɪɚɜɧɚΝ ɫɭɦɦɟΝ ɩɪɨɢɡɜɨɞɧɵɯΝ

ɷɬɢɯΝɮɭɧɤɰɢɣμΝሺ ଵ݂ሺݔሻ + ଶ݂ሺݔሻ − ଷ݂ሺݔሻሻ´ = ଵ݂´ሺݔሻ + ଶ݂´ሺݔሻ − ଷ݂´ሺݔሻ,Ν
ɢɥɢΝ 			 ௗௗ௫ ൫ ଵ݂ሺݔሻ + ଶ݂ሺݔሻ − ଷ݂ሺݔሻ൯ = ௗ௙భሺ௫ሻௗ௫ + ௗ௙మሺ௫ሻௗ௫ − ௗ௙యሺ௫ሻௗ௫ .				Ν Χβ.ββΨΝ

η.ΝɉɨɫɬɨɹɧɧɵɣΝɦɧɨɠɢɬɟɥɶΝɜɵɧɨɫɢɬɫɹΝɡɚΝɡɧɚɤΝɩɪɨɢɡɜɨɞɧɨɣμΝ൫ܿ ∙ ݂ሺݔሻ൯´ = ܿ ∙ ݂´ሺݔሻ							ˋˎˋ								 ௗௗ௫ ൫ܿ · ݂ሺݔሻ൯ = ܿ ∙ ௗ௙ሺ௫ሻௗ௫ ,	Ν Χβ.βγΨΝ

ɝɞɟΝМ=Мonst.Ν
θ.ΝɉɪɨɢɡɜɨɞɧɵɟΝɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯΝɮɭɧɤɰɢɣμΝሺsin ′´ሻߙ = cosߙ 	ˋˎˋ		 ௗ ሺୱ୧୬ఈሻௗఈ = cosߙ,	Ν Χβ.βζΨΝ

Ɋɢɫ. 2.5. 

Ɋɢɫ. 2.6. 
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	ሺcos ′ሻߙ = −sin 										ɢɥɢ		ߙ ௗ ሺୡ୭ୱఈሻௗఈ = −sin α,Ν Χβ.βηΨΝሺߙ݃ݐሻ´′ = ଵୡ୭ୱమఈ 			ˋˎˋ		 ௗ ሺ ௧௚ఈሻௗఈ = ଵୡ୭ୱమఈ,Ν Χβ.βθΨΝሺܿߙ݃ݐሻᇱ´ = − ଵୱ୧୬మఈ 		ˋˎˋ	 ௗ ሺ ௖௧௚ఈሻௗఈ = − ଵୱ୧୬మఈ.	Ν Χβ.βιΨΝ

ι.ΝɉɪɨɢɡɜɨɞɧɚɹΝɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣΝɮɭɧɤɰɢɢμΝሺln ´ሻݔ = ଵ௫ 			ˋˎˋ	 	ௗሺ୪୬௫ሻௗ௫ =		 ଵ௫	.Ν Χβ.β8ΨΝ

8.ΝɉɪɨɢɡɜɨɞɧɚɹΝɩɨɤɚɡɚɬɟɥɶɧɨɣΝɮɭɧɤɰɢɢμΝሺܽ௫ሻ´ = ܽ௫ ln ܽ		ˋˎˋ	 ௗሺ௔ೣሻௗ௫ = ܽ௫ ln ܽ,Ν Χβ.βλΨΝ

ɝɞɟΝɚ=Мonst.Ν

ɉɪɨɢɡɜɨɞɧɚɹΝɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣΝɮɭɧɤɰɢɢΝΧɱɚɫɬɧɵɣΝɫɥɭɱɚɣΝɩɨɤɚɡɚɬɟɥɶɧɨɣΝ

ɮɭɧɤɰɢɢΨμΝሺ݁௫ሻ´ = ݁௫ 	ˋˎˋ	 ௗሺ௘ೣሻௗ௫ = ݁௫ . Χβ.βλɚΨ 

λ.Ν ɉɪɨɢɡɜɨɞɧɚɹΝ ɩɪɨɢɡɜɟɞɟɧɢɹΝ ɞɜɭɯΝ ɮɭɧɤɰɢɣΝ ɪɚɜɧɚΝ ɫɭɦɦɟΝ ɩɪɨɢɡɜɟɞɟɧɢɣΝ

ɤɚɠɞɨɣΝɢɡΝɮɭɧɤɰɢɣΝɧɚΝɩɪɨɢɡɜɨɞɧɭɸΝɞɪɭɝɨɣΝɮɭɧɤɰɢɢμΝ൫݂ሺݔሻ ∙ ߮ሺݔሻ൯´ = ݂ሺݔሻ ∙ ߮´ሺݔሻ + ݂´ሺݔሻ ∙ ߮ሺݔሻ,Ν
ɢɥɢΝ ௗௗ௫ ሺ݂ሺݔሻ ∙ ߮ሺݔሻሻ = ݂ሺݔሻ ∙ ௗఝሺ௫ሻௗ௫ + ߮ሺݔሻ ∙ ௗ௙ሺ௫ሻௗ௫ .Ν Χβ.γ0ΨΝ

10.ΝɉɪɨɢɡɜɨɞɧɚɹΝɨɬɧɨɲɟɧɢɹΝɮɭɧɤɰɢɣΝɪɚɜɧɚΝɩɪɨɢɡɜɟɞɟɧɢɸΝɡɧɚɦɟɧɚɬɟɥɹΝɧɚΝ

ɩɪɨɢɡɜɨɞɧɭɸΝɱɢɫɥɢɬɟɥɹΝɦɢɧɭɫΝɩɪɨɢɡɜɟɞɟɧɢɟΝɱɢɫɥɢɬɟɥɹΝɧɚΝɩɪɨɢɡɜɨɞɧɭɸΝɡɧɚɦɟ-

ɧɚɬɟɥɹΝɢΝɞɟɥɟɧɧɨɟΝɜɫɟΝɧɚΝɤɜɚɞɪɚɬΝɡɧɚɦɟɧɚɬɟɥɹμΝቀ௙ሺ௫ሻఝሺ௫ሻቁ ´ = ఝሺ௫ሻ∙௙´ሺ௫ሻି௙ሺ௫ሻ∙ఝ´ሺ௫ሻ൫ఝሺ௫ሻ൯మ 		ΝɢɥɢΝ ௗௗ௫ ቀ௙ሺ௫ሻఝሺ௫ሻቁ = ఝሺ௫ሻ∙೏೑ሺೣሻ೏ೣ 	–	௙ሺ௫ሻ∙೏കሺೣሻ೏ೣ൫ఝሺ௫ሻ൯మ 		ΝΝ Χβ.γ1ΨΝ

Ɂɚɦɟɱɚɧɢɟ.ΝɈɬɧɨɲɟɧɢɟΝɞɜɭɯΝɮɭɧɤɰɢɣΝɦɨɠɧɨΝɩɪɟɞɫɬɚɜɢɬɶΝɤɚɤΝɩɪɨɢɡɜɟɞɟ-

ɧɢɟΝɮɭɧɤɰɢɢ,ΝɫɬɨɹɳɟɣΝɜΝɱɢɫɥɢɬɟɥɟ,ΝɧɚΝɮɭɧɤɰɢɸΝɜΝɦɢɧɭɫΝɩɟɪɜɨɣΝɫɬɟɩɟɧɢΝɡɧɚɦɟ-

ɧɚɬɟɥɹ,Ν ɬɨɝɞɚΝɪɚɡɵɫɤɚɧɢɟΝɩɪɨɢɡɜɨɞɧɨɣΝ ɫɥɟɞɭɟɬΝɩɪɨɢɡɜɨɞɢɬɶ,ΝɩɪɢɦɟɧɹɹΝɮɨɪɦɭ-

ɥɵΝΧβ.γ0Ψ,ΝΧβ.β1ΨμΝௗௗ௫ 	ቀ௙ሺ௫ሻఝሺ௫ሻቁ = ௗௗ௫ ൫݂ሺݔሻ ∙ ߮ିଵሺݔሻ൯.Ν Χβ.γ1ɚΨΝ

ȿɫɥɢΝв=П(u), ɝɞɟΝu=φ(б), ɬ.ɟ.ΝɟɫɥɢΝв ɡɚɜɢɫɢɬΝɨɬΝбΝɱɟɪɟɡΝɩɨɫɪɟɞɫɬɜɨΝɩɪɨɦɟ-

ɠɭɬɨɱɧɨɝɨΝɚɪɝɭɦɟɧɬɚΝu,ΝɬɨΝвΝɧɚɡɵɜɚɟɬɫɹΝɫɥɨɠɧɨɣ ɮɭɧɤɰɢɟɣΝɨɬΝб.ΝɉɪɨɢɡɜɨɞɧɚɹΝ
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ɫɥɨɠɧɨɣΝɮɭɧɤɰɢɢΝɪɚɜɧɚΝɩɪɨɢɡɜɟɞɟɧɢɸΝɟɟΝɩɪɨɢɡɜɨɞɧɨɣΝɩɨΝɩɪɨɦɟɠɭɬɨɱɧɨɦɭΝɚɪ-

ɝɭɦɟɧɬɭΝɧɚΝɩɪɨɢɡɜɨɞɧɭɸΝɷɬɨɝɨΝɚɪɝɭɦɟɧɬɚΝɩɨΝɧɟɡɚɜɢɫɢɦɨɣΝɩɟɪɟɦɟɧɧɨɣμΝௗ௬ௗ௫ = ௗ௬ௗ௨ ∙ ௗ௨ௗ௫ ´ݕ			ˋˎˋ					 = ݂ᇱሺ௨ሻ ∙ Ν	ᇱሺ௫ሻ.ݑ Χβ.γβΨΝ

11.ΝɈΝɡɧɚɤɟΝɩɪɨɢɡɜɨɞɧɨɣμΝΝ

ɟɫɥɢΝ ɩɪɨɢɡɜɨɞɧɚɹΝ ɤɚɤɨɣ-ɥɢɛɨΝ ɮɭɧɤɰɢɢΝ ݂´ሺݔሻ > Ͳ,Ν ɬɨΝ ɮɭɧɤɰɢɹΝ ɹɜɥɹɟɬɫɹΝ
ɜɨɡɪɚɫɬɚɸɳɟɣ,Νɬ.ɟ.ΝɫΝɪɨɫɬɨɦΝɯ ɪɚɫɬɟɬΝП(б)νΝΝ

ɟɫɥɢΝ ɩɪɨɢɡɜɨɞɧɚɹΝ ɮɭɧɤɰɢɢΝ ݂′ሺݔሻ < Ͳ,Ν ɬɨΝ ɮɭɧɤɰɢɹΝ ɹɜɥɹɟɬɫɹΝ ɭɛɵɜɚɸɳɟɣ,Ν
ɬ.ɟ.ΝɩɪɢΝɜɨɡɪɚɫɬɚɧɢɢΝɯΝɮɭɧɤɰɢɹΝП(б) ɭɛɵɜɚɟɬνΝΝ

ɟɫɥɢΝɩɪɨɢɡɜɨɞɧɚɹΝɮɭɧɤɰɢɢΝ݂′ሺݔሻ = Ͳ,Ν ɬɨΝɮɭɧɤɰɢɹΝɢɦɟɟɬΝɷɤɫɬɪɟɦɭɦΝΧɡɧɚ-
ɱɟɧɢɹΝmКб  ɢΝmТnΨΝɩɪɢΝɡɚɞɚɧɧɨɦΝɡɧɚɱɟɧɢɢΝɯ.Ν

ɉɪɢɦɟɪɵ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ 

1.ΝȾɚɧɚΝɮɭɧɤɰɢɹΝ	݂ = ΝɇɚɣɞɢɬɟΝௗ௙ௗ௫		ଶ.ݔ͵ 	ˋ	 ௗమ௙ௗ௫మ		. 
Ɋɟɲɟɧɢɟ. ɈɩɪɟɞɟɥɹɟɦΝɩɟɪɜɭɸΝɩɪɨɢɡɜɨɞɧɭɸΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ5)ΝɢΝ3)μΝ݂݀݀ݔ = ݀ሺ͵ݔଶሻ݀ݔ = ݔଶ݀ݔ݀͵ = ͵ ∙ ݔʹ = ͸ݔ. 
ɈɩɪɟɞɟɥɹɟɦΝɜɬɨɪɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ5)ΝɢΝ2)μ ௗమ௙ௗ௫మ = ௗమሺଷ௫మሻௗ௫మ = ௗሺ଺௫ሻௗ௫ = ͸ ௗ௫ௗ௫ = ͸. 

β.ΝȾɚɧɚΝɮɭɧɤɰɢɹΝ	݂ = ହ௫మ.		Νɇɚɣɞɢɬɟμ			ௗ௙ௗ௫ 	ˋ	 ௗమ௙ௗ௫మ	.Ν
Ɋɟɲɟɧɢɟ. ɈɩɪɟɞɟɥɹɟɦΝɩɟɪɜɭɸΝɩɪɨɢɡɜɨɞɧɭɸΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ5)ΝɢΝ3)μΝ݂݀݀ݔ = ݔ݀݀ ൬ ͷݔଶ൰ = ͷ݀ିݔଶ݀ݔ = ͷሺ−ʹሻିݔଷ = −ͳͲ ͳݔଷ. 
ɈɩɪɟɞɟɥɹɟɦΝɜɬɨɪɭɸΝɩɪɨɢɡɜɨɞɧɭɸΝɢɫɩɨɥɶɡɭɹΝɬɟΝɠɟΝɩɪɚɜɢɥɚμ ݀ଶ݂݀ݔଶ = ݀ଶ݀ݔଶ ൬ ͷݔଶ൰ = ݔ݀݀ ൬−ͳͲݔଷ ൰ = −ͳͲ݀ିݔଷ݀ݔ = −ͳͲ ∙ ሺ−͵ሻିݔସ = ͵Ͳ ͳݔସ. ͵.		Д˃ː˃	˗˖ːˍ˙ˋя	݂ = :ˈ˕ˋˇˌ˃Н		.ݔʹ√ ݔ݂݀݀ 	ˋ	 ݀ଶ݂݀ݔଶ	.Ν
Ɋɟɲɟɧɢɟ. ɈɩɪɟɞɟɥɹɟɦΝɩɟɪɜɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ5)ΝɢΝ3)μΝ݂݀݀ݔ = ݔ݀݀ ൫√ʹݔ൯ = √ʹ ݔ݀݀ ൬ݔଵଶ൰ = √ʹ ∙ ͳʹ ଵଶିݔ = ݔ√ʹʹ√ = ͳ√ʹݔ. 
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ɈɩɪɟɞɟɥɹɟɦΝɜɬɨɪɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɬɟΝɠɟΝɩɪɚɜɢɥɚμ ݀ଶ݂݀ݔଶ = ݀ଶ݀ݔଶ ൫√ʹݔ൯ = ݔ݀݀ ൬ ͳ√ʹݔ൰ = ͳ√ʹ ݔ݀݀ ൬ିݔଵଶ൰ = ͳ√ʹ ൬− ͳʹ൰ ଷଶିݔ − ͳʹ√ʹ ∙ ͳ√ݔଷ. 
ζ.ΝȾɚɧɚΝɮɭɧɤɰɢɹΝ	݂ = Ͳ,͵tଶ − ʹt + Ͳ,ͺ.		Н˃ˌ˕ˋ:		 ௗ௙ௗ௧ 	ˋ	 ௗమ௙ௗ௧మ .Ν
Ɋɟɲɟɧɢɟ. ɈɩɪɟɞɟɥɹɟɦΝɩɟɪɜɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ4), 5), 3), 

2), 1)μΝ݂݀݀ݐ = ݐ݀݀ ሺͲ,͵ݐଶ − ݐʹ + Ͳ,ͺሻ = ݀ሺͲ,͵ݐଶሻ݀ݐ − ݀ሺʹݐሻ݀ݐ + ݀ሺͲ,ͺሻ݀ݐ= Ͳ,͵ ݐଶ݀ݐ݀ − ݐ݀ݐ݀ʹ + Ͳ == Ͳ,͵ ∙ ݐʹ − ʹ = Ͳ,͸ݐ − ʹ.Ν
ɈɩɪɟɞɟɥɹɟɦΝɜɬɨɪɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ4), 5), 2), 1): ݀ଶ݂݀ݐଶ = ݀ଶ݀ݐଶ ሺͲ,͵ݐଶ − ݐʹ + Ͳ,ͺሻ = ݐ݀݀ ሺͲ,͸ݐ − ʹሻ = Ͳ,͸ ݐ݀ݐ݀ − ݐ݀݀ ሺʹሻ = Ͳ,͸. 
ͷ.		Д˃ː˃	˗˖ːˍ˙ˋя	f = y͵ଶ − ͸ඥy.			Н˃ˌˇˋ˕ˈ:		 ݕ݂݀݀ 	ˋ	 ݀ଶ݂݀ݕଶ	.Ν
Ɋɟɲɟɧɢɟ.ΝɈɩɪɟɞɟɥɹɟɦΝɩɟɪɜɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ4), 5), 3)μΝௗ௙ௗ௬ = ௗௗ௬ ቀ ଷ௬మ − ͸ඥݕቁ = ௗௗ௬ ቀ ଷ௬మቁ − ௗௗ௬ ൫͸ඥݕ൯ = ͵ ௗሺ௬షమሻௗ௬ − ͸ ௗௗ௬ ሺݕభమሻΝοΝ= ͵ሺ−ʹሻିݕଷ − ͸ ∙ ͳʹ ଵଶିݕ = −͸ ͳݕଷ − ͵ ͳඥݕ.Ν
ɈɩɪɟɞɟɥɹɟɦΝɜɬɨɪɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɬɟΝɠɟΝɩɪɚɜɢɥɚμΝ݀ଶ݂݀ݕଶ = ݀ଶ݀ݕଶ ൬͵ݕଶ − ͸ඥݕ൰ = ݕ݀݀ ቆ−͸ ͳݕଷ − ͵ ͳඥݕቇ = −͸ ݕ݀݀ ሺିݕଷሻ − ͵ ݕ݀݀ ଵଶିݕ =Ν= −͸ ∙ ሺ−͵ሻିݕସ − ͵ ∙ ൬− ͳʹ൰ ଷଶିݕ = ͳͺݕସ + ͵ʹඥݕଷ .Ν͸.		Д˃ː˃	˗˖ːˍ˙ˋя	݂ = ሺʹݔଶ + ଷݔሻሺݔ͵ − ʹሻ.					Н˃ˌˇˋ˕ˈ:					 ݔ݂݀݀ 	ˋ	 ݀ଶ݂݀ݔଶ	.Ν
Ɋɟɲɟɧɢɟ. ΝɈɩɪɟɞɟɥɹɟɦΝɩɟɪɜɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ9), 4), 5), 3), 

2), 1)μΝ ௗௗ௫ ሺሺʹݔଶ + ଷݔሻሺݔ͵ − ʹሻሻሺʹݔଶ + ሻݔ͵ ௗௗ௫ ሺݔଷ − ʹሻ + ሺݔଷ − ʹሻ ௗௗ௫ ሺʹݔଶ +  =ሻݔ͵
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= ሺʹݔଶ + ሻݔ͵ ൬ ݔ݀݀ ଷݔ − ݔ݀݀ ʹ൰ + ሺݔଷ − ʹሻ ൬ ݔ݀݀ ሺʹݔଶሻ + ݔ݀݀ ሺ͵ݔሻ൰ = = ሺʹݔଶ + ଶݔ͵ሻሺݔ͵ − Ͳሻ + ሺݔଷ − ʹሻሺͶݔ + ͵ሻ = ͳͲݔସ + ͳʹݔଷ − ͺݔ − ͸. 
ɈɩɪɟɞɟɥɹɟɦΝ ɜɬɨɪɭɸΝ ɩɪɨɢɡɜɨɞɧɭɸ,Ν ɩɪɟɞɜɚɪɢɬɟɥɶɧɨΝ ɩɪɟɨɛɪɚɡɭɹΝ ɩɪɨɢɡɜɟ-

ɞɟɧɢɟΝɜΝɫɭɦɦɭΝΧɪɚɫɤɪɵɜΝɫɤɨɛɤɢΨΝɢΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ4), 5), 3), 2) ɢ 1)μΝ݀ଶ݀ݔଶ ሺሺʹݔଶ + ଷݔሻሺݔ͵ − ʹሻሻ = ݔ݀݀ ሺͳͲݔସ + ͳʹݔଷ − ͺݔ − ͸ሻ =Ν
= ݔ݀݀ ሺͳͲݔସሻ + ݔ݀݀ ሺͳʹݔଷሻ − ݔ݀݀ ሺͺݔሻ − ݔ݀݀ ሺ͸ሻ = ͶͲݔଷ + ͵͸ݔଶ − ͺ.Ν
͹.		Д˃ː˃	˗˖ːˍ˙ˋя		݂ = ሺݔଶ ݏ݋ܿ 			ˈ˕ˋˇˌ˃Н		ሻ.ݔ ݔ݂݀݀ 		ˋ				 ݀ଶ݂݀ݔଶ	.Ν
Ɋɟɲɟɧɢɟ. ɈɩɪɟɞɟɥɹɟɦΝɩɟɪɜɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ9), 3), 6)μΝ݀݀ݔ ሺݔଶ cos ሻݔ = ଶݔ ݔ݀݀ cos ݔ + cos ݔ ݔ݀݀ ሺݔଶሻ = −ଶሺݔ sin ሻݔ + cos ݔ ∙ ሺʹݔሻ =Ν= ݔʹ cos ݔ − ଶݔ sin Ν.ݔ
ɈɩɪɟɞɟɥɹɟɦΝɜɬɨɪɭɸΝɩɪɨɢɡɜɨɞɧɭɸ,ΝɢɫɩɨɥɶɡɭɹΝɩɪɚɜɢɥɚΝ4),Ν9),Ν6),Ν3),Ν2)μΝ݀ଶ݀ݔଶ ሺݔଶ cos ሻݔ = ݔ݀݀ ሺʹݔ cos ݔ − ଶݔ sin ሻݔ = ݔ݀݀ ሺʹݔ cos ሻݔ − ݔ݀݀ ሺݔଶ sin ሻݔ = 

= ሺʹݔ ݔ݀݀ cos ݔ + cos ݔ ݔ݀݀ ሺʹݔሻሻ − ሺݔଶ ݔ݀݀ sin ݔ + sin ݔ ݔ݀݀ ሺݔଶሻ = = ሺ−sinݔʹ ሻݔ + ʹ cos ݔ − ଶݔ cos ݔ − sin ݔ ∙ ሺʹݔሻ= ሺʹ − ଶሻݔ cos ݔ − Ͷݔ sin  .ݔ
8. ɇɚɣɞɢɬɟΝɩɪɨɢɡɜɨɞɧɭɸΝɨɬΝɮɭɧɤɰɢɢΝвοΧ1+ηбΨγ. 

Ɋɟɲɟɧɢɟ. ɉɨɥɚɝɚɹΝв=u3,ΝɝɞɟΝu=1+ηб, ɢΝɩɪɢɦɟɧɹɹΝɩɪɚɜɢɥɨΝɞɢɮɮɟɪɟɧɰɢɪɨ-

ɜɚɧɢɹΝɫɥɨɠɧɨɣΝɮɭɧɤɰɢɢΝ11),ΝɢɦɟɟɦμΝ		݀ݔ݀ݕ = ݑ݀ݕ݀ ∙ ݔ݀ݑ݀ ݑ݀ݕ݀												; = ݑଷ݀ݑ݀ = ;ଶݑ͵ ݔ݀ݑ݀											 = ݔ݀݀ ሺͳ + ͷݔሻ = ͷ.Ν
ɌɚɤɢɦΝɨɛɪɚɡɨɦ,Νௗ௬ௗ௫ = ௗ௬ௗ௨ ∙ ௗ௨ௗ௫ = ଶݑ͵ ∙ ͷ = ͳͷሺͳ + ͷݔሻଶ.Ν

λ. ɇɚɣɞɢɬɟΝɩɪɨɢɡɜɨɞɧɭɸΝɨɬΝɮɭɧɤɰɢɢΝвοsТЧΝηб. 

Ɋɟɲɟɧɢɟ. ɉɨɥɚɝɚɹΝв=sТЧΝu,ΝɝɞɟΝu=ηб, ɢΝɩɪɢɦɟɧɹɹΝɩɪɚɜɢɥɨΝɞɢɮɮɟɪɟɧɰɢɪɨ-

ɜɚɧɢɹΝɫɥɨɠɧɨɣΝɮɭɧɤɰɢɢΝ11),ΝɢɦɟɟɦμΝ݀ݔ݀ݕ = ݑ݀ݕ݀ ∙ ݔ݀ݑ݀ 	; ݑ݀ݕ݀												 = ݀ sin ݑ݀ݑ = cos ݑ ; ݔ݀ݑ݀								 = ݔ݀݀ ሺͷݔሻ = ͷ.Ν



ζ8Ν

ɌɚɤɢɦΝɨɛɪɚɡɨɦμΝ		ௗ௬ௗ௫ = ௗ௬ௗ௨ ∙ ௗ௨ௗ௫ = cos ݑ ∙ ͷ = ͷ cos ͷݔ. 
10. ɇɚɣɞɢɬɟΝɩɪɨɢɡɜɨɞɧɭɸΝɨɬΝɮɭɧɤɰɢɢΝвοΝМШsβΝб. 

Ɋɟɲɟɧɢɟ. ɉɨɥɚɝɚɹΝв=uβ,ΝɝɞɟΝu=ΝМШsΝб, ɢΝɩɪɢɦɟɧɹɹΝɩɪɚɜɢɥɨΝɞɢɮɮɟɪɟɧɰɢɪɨ-

ɜɚɧɢɹΝɫɥɨɠɧɨɣΝɮɭɧɤɰɢɢΝ11),ΝɢɦɟɟɦμΝ݀ݔ݀ݕ = ݑ݀ݕ݀ ∙ ݔ݀ݑ݀ ݑ݀ݕ݀																	; = ݑଶ݀ݑ݀ = ݔ݀ݑ݀						;ݑʹ = ݀ሺcos ݔሻ݀ݔ = −sin Ν.ݔ
ɌɚɤɢɦΝɨɛɪɚɡɨɦμΝ	ௗ௬ௗ௫ = ௗ௬ௗ௨ ∙ ௗ௨ௗ௫ = ݑʹ ∙ ሺ−sin ሻݔ = ʹ cos ݔ ∙ ሺ−sin ሻݔ = −sin  .ݔʹ

11.ΝȾɜɢɠɟɧɢɟΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢΝɨɩɢɫɵɜɚɟɬɫɹΝɭɪɚɜɧɟɧɢɟɦΝݔ = ͷݐ + Ͷݐଷ ଶ.ΝɇɚɣɞɢɬɟΝɭɪɚɜɧɟɧɢɹΝɫɤɨɪɨɫɬɢΝɢΝɭɫɤɨɪɟɧɢɹΝɞɚɧɧɨɣΝɦɚɬɟɪɢɚɥɶɧɨɣΝɬɨɱɤɢ.Νݐʹ−
Ɋɟɲɟɧɢɟ.Ν ɋɨɝɥɚɫɧɨΝ ɨɩɪɟɞɟɥɟɧɢɸ,Ν ɫɤɨɪɨɫɬɶΝ ɜΝ ɞɚɧɧɵɣΝ ɦɨɦɟɧɬΝ ɜɪɟɦɟɧɢΝ

ɟɫɬɶΝɩɪɨɢɡɜɨɞɧɚɹΝɩɟɪɟɦɟɳɟɧɢɹ,ΝɭɫɤɨɪɟɧɢɟΝɜΝɞɚɧɧɵɣΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝ–Νɩɪɨɢɡ-

ɜɨɞɧɚɹΝ ɫɤɨɪɨɫɬɢ,Ν ɢɥɢΝ ɜɬɨɪɚɹΝ ɩɪɨɢɡɜɨɞɧɚɹΝ ɩɟɪɟɦɟɳɟɧɢɹ.Ν ɌɚɤΝ ɤɚɤΝ ɭɪɚɜɧɟɧɢɟΝ

ɞɜɢɠɟɧɢɹΝɡɚɞɚɟɬɫɹΝɬɨɥɶɤɨΝɞɥɹΝɨɞɧɨɣΝɤɨɨɪɞɢɧɚɬɵ,ΝɬɨΝɷɬɨΝɞɜɢɠɟɧɢɟΝɜɞɨɥɶΝɤɨɨɪ-

ɞɢɧɚɬɧɨɣΝɨɫɢΝτБ,Νɬ.ɟ.Νɩɪɹɦɨɥɢɧɟɣɧɨɟ,ΝɩɪɢΝɤɨɬɨɪɨɦΝ|݀⃗ݎ| = ݀ܵοНб.Νܸሺݐሻ = ݐ݀ݔ݀ = ݐ݀݀ ሺͷݐ + Ͷݐଷ − ଶሻݐʹ = ͷ + ͳʹݐଶ − Ͷݐ. ܽሺݐሻ = ௗమ௫ௗ௧మ = ௗ௏ௗ௧ = ௗௗ௧ ሺͷ + ͳʹݐଶ − Ͷݐሻ = ʹͶݐ − Ͷ. 

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
ɇɚɣɞɢɬɟΝɩɪɨɢɡɜɨɞɧɭɸΝɮɭɧɤɰɢɢμΝΝʹ.ͺ.					ݕ = − ௫యଷ + ͵ ௫మଶ + ͶΝ ʹ.ͳʹ.			ݕ = − ௫ସ cosଶ ݕ				.Νʹ.ͻݔ = ସ௫యିଶ௫మା௫ାଵ௫మ Ν ʹ.ͳ͵.			ݕ = ଶ௘ೣିଵ௫యାଶ Νʹ.ͳͲ	.				ݕ = ଵି௫ଵି√௫Ν ʹ.ͳͶ.		ݕ = ୡ୭ୱଶ௫ୡ୭ୱ௫ିୱ୧୬௫Ν
β.11.		ݕ = ሺݔଶ + ͷݔ − ͳሻ ∙ ሺݔଶ − ݔ͵ + ͷሻΝ ʹ.ͳͷ.		ݕ = Ͷ√ݔ		ݔ݈݊ଷΝ
ɇɚɣɞɢɬɟΝɜɬɨɪɭɸΝɩɪɨɢɡɜɨɞɧɭɸΝɮɭɧɤɰɢɢμΝʹ.ͳ͸.						ݕ = ݔʹ + ௫మସ sin Νݔ ʹ.ͳͻ.			ݕ = ݁௫ ݕ			.Νʹ.ͳ͹ݔʹ݃ݐ	 = ͺ݁௫ + ͷݔସΝ ʹ.ʹͲ.			ݕ = ݕ		.ଶΝʹ.ͳͺݔ	ݏˑ˔	ݔʹ√ = ହ௫ర ଶΝݔ݈݊	 ʹ.ʹͳ.			ݕ = ݔ݃ݐʹ + ଷ௫ఱΝ
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Ɂɚɞɚɱɢ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɠɟɧɢɹ  

(ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɢɥɨɠɟɧɢɹ ɩɪɨɢɡɜɨɞɧɨɣ) 

β.ββ.Ν ȾɜɢɠɟɧɢɟΝ ɦɚɬɟɪɢɚɥɶɧɨɣΝ ɬɨɱɤɢΝ ɡɚɞɚɧɨΝ ɭɪɚɜɧɟɧɢɟɦΝ ݔ = Ⱥݐ + ଶݐܤ ɦ,Ν	ଷݐܥ+ ɝɞɟΝA=5 ɦ/ɫ, B=0,2 ɦ/ɫ2, C=0,1 ɦ/ɫ3.ΝɈɩɪɟɞɟɥɢɬɟΝ ɫɤɨɪɨɫɬɶΝ ɢΝ ɭɫɤɨɪɟɧɢɟΝ

ɬɨɱɤɢΝ ɜΝ ɦɨɦɟɧɬɵΝ ɜɪɟɦɟɧɢΝ ଵݐ = ଶݐ	ˋ	ܿ	ʹ = Ͷ	ܿ,Ν ɚΝ ɬɚɤɠɟΝ ɫɪɟɞɧɸɸΝ ɫɤɨɪɨɫɬɶΝ ɢΝ
ɫɪɟɞɧɟɟΝɭɫɤɨɪɟɧɢɟΝɜΝɞɚɧɧɨɦΝɢɧɬɟɪɜɚɥɟΝɜɪɟɦɟɧɢ.Ν

β.βγ.Ν ɁɚɜɢɫɢɦɨɫɬɶΝ ɩɪɨɣɞɟɧɧɨɝɨΝ ɩɭɬɢΝ ɨɬΝ ɜɪɟɦɟɧɢΝ ɜɵɪɚɠɚɟɬɫɹΝ ɭɪɚɜɧɟɧɢɟɦΝܵ = ݐܣ − ଶݐܤ + ɦ,ΝɝɞɟΝA=2 ɦ/ɫ, B=3 ɦ/ɫ2, C=4 ɦ/ɫ3. ɁɚɩɢɲɢɬɟΝɜɵɪɚɠɟɧɢɹΝɞɥɹΝ	ଷݐܥ

ɫɤɨɪɨɫɬɢΝ ɢΝ ɭɫɤɨɪɟɧɢɹ.Ν ɈɩɪɟɞɟɥɢɬɶΝ ɞɥɹΝ ɦɨɦɟɧɬɚΝ ɜɪɟɦɟɧɢΝ ݐ = ʹ	ܿΝ ɩɨɫɥɟΝ ɧɚɱɚɥɚΝ
ɞɜɢɠɟɧɢɹμΝ ɩɪɨɣɞɟɧɧɵɣΝ ɩɭɬɶνΝ ɫɤɨɪɨɫɬɶνΝ ɭɫɤɨɪɟɧɢɟνΝ ɫɪɟɞɧɸɸΝ ɫɤɨɪɨɫɬɶΝ ɢΝ ɫɪɟɞɧɟɟΝ

ɭɫɤɨɪɟɧɢɟΝɡɚΝɩɪɨɦɟɠɭɬɨɤΝɜɪɟɦɟɧɢ,ΝɪɚɜɧɵɣΝβΝɫ.Ν

β.βζ.Ν ȺɜɬɨɦɨɛɢɥɶΝ ɞɜɢɠɟɬɫɹΝ ɩɨΝ ɭɱɚɫɬɤɭΝ ɞɨɪɨɝɢ,Ν ɢɦɟɸɳɟɦɭΝ ɪɚɞɢɭɫΝ ɤɪɢ-

ɜɢɡɧɵΝR=50 ɦ.ΝɍɪɚɜɧɟɧɢɟΝɞɜɢɠɟɧɢɹΝɢɦɟɟɬΝɜɢɞΝܵ = ܣ + ݐܤ +  ,ɦ,ΝɝɞɟΝA=10 ɦ	ଶݐܥ

B=10 ɦ/ɫ, C=–0,5 ɦ/ɫ2.ΝɇɚɣɞɢɬɟΝɫɤɨɪɨɫɬɶΝɚɜɬɨɦɨɛɢɥɹ,ΝɟɝɨΝɧɨɪɦɚɥɶɧɨɟ,Νɬɚɧɝɟɧ-

ɰɢɚɥɶɧɨɟΝɢΝɩɨɥɧɨɟΝɭɫɤɨɪɟɧɢɹΝ ɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝ ݐ = ͷ	ܿ.ΝɈɩɪɟɞɟɥɢɬɟΝɯɚɪɚɤɬɟɪΝ
ɞɜɢɠɟɧɢɹ.Ν

β.βη.ΝɁɚɜɢɫɢɦɨɫɬɶΝɩɪɨɣɞɟɧɧɨɝɨΝɩɭɬɢΝɨɬΝɜɪɟɦɟɧɢΝɩɨΝɨɤɪɭɠɧɨɫɬɢΝɡɚɞɚɟɬɫɹΝ

ɭɪɚɜɧɟɧɢɟɦΝܵ = Ͳ,Ͷݐଶ + Ͳ,ͷݐ		ɦ.ΝɈɩɪɟɞɟɥɢɬɟΝɞɥɹΝɦɨɦɟɧɬɚΝɜɪɟɦɟɧɢΝݐ = ͳ	ܿΝɩɨɫɥɟΝ
ɧɚɱɚɥɚΝɞɜɢɠɟɧɢɹΝɧɨɪɦɚɥɶɧɨɟ,ΝɬɚɧɝɟɧɰɢɚɥɶɧɨɟΝɢΝɩɨɥɧɨɟΝɭɫɤɨɪɟɧɢɹ.ΝɈɩɪɟɞɟɥɢɬɟΝ

ɯɚɪɚɤɬɟɪΝɞɜɢɠɟɧɢɹ.Ν

β.βθ.ΝɆɚɬɟɪɢɚɥɶɧɚɹΝ ɬɨɱɤɚΝɞɜɢɠɟɬɫɹΝɩɨΝ ɨɤɪɭɠɧɨɫɬɢΝɪɚɞɢɭɫɨɦΝζΝɦ.Ν ɁɚɤɨɧΝ

ɞɜɢɠɟɧɢɹΝ ɢɦɟɟɬΝ ɜɢɞΝ ܵ = ͺ − ɦ.Ν	ଶݐʹ ɈɩɪɟɞɟɥɢɬɟΝ ɦɨɦɟɧɬΝ ɜɪɟɦɟɧɢ,Ν ɤɨɝɞɚΝ ɧɨɪ-
ɦɚɥɶɧɨɟΝɭɫɤɨɪɟɧɢɟΝɬɨɱɤɢΝɪɚɜɧɨΝλΝɦ/ɫ2.ΝɇɚɣɞɢɬɟΝɜΝɞɚɧɧɵɣΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝɫɤɨ-

ɪɨɫɬɶ,ΝɧɨɪɦɚɥɶɧɨɟΝɢΝɩɨɥɧɨɟΝɭɫɤɨɪɟɧɢɹ.Ν

β.βι.ΝɆɚɬɟɪɢɚɥɶɧɚɹΝɬɨɱɤɚΝɫɨɜɟɪɲɚɟɬΝɝɚɪɦɨɧɢɱɟɫɤɨɟΝɤɨɥɟɛɚɧɢɟΝɩɨΝɡɚɤɨɧɭΝݔ = ଷୱ୧୬గ௧గ 	ɦ.Ν ɇɚɣɞɢɬɟΝ ɫɤɨɪɨɫɬɶΝ ɞɜɢɠɟɧɢɹΝ ɢΝ ɭɫɤɨɪɟɧɢɟΝ ɜΝ ɦɨɦɟɧɬɵΝ ɜɪɟɦɟɧɢΝݐଵ = ଵ଺ 	ܿ, ଶݐ = ଵସ ଷݐ	ˋ		˔ = ͳ	ܿ.Ν ȼΝ ɤɚɤɢɟΝ ɦɨɦɟɧɬɵΝ ɜɪɟɦɟɧɢΝ ɦɟɧɹɟɬɫɹΝ ɧɚɩɪɚɜɥɟɧɢɟΝ
ɞɜɢɠɟɧɢɹ?ΝȼΝɤɚɤɢɟΝɦɨɦɟɧɬɵΝɜɪɟɦɟɧɢΝɬɨɱɤɚΝɢɦɟɟɬΝɧɚɢɛɨɥɶɲɭɸΝɫɤɨɪɨɫɬɶ?Ν



η0Ν

β.β8.Ν ȼɵɫɨɬɚΝ ɛɪɨɲɟɧɧɨɝɨΝ ɜɟɪɬɢɤɚɥɶɧɨΝ ɜɜɟɪɯΝ ɬɟɥɚΝ ɢɡɦɟɧɹɟɬɫɹΝ ɩɨΝ ɡɚɤɨɧɭΝℎ = ʹ + ͻݐ − -ɦ.ΝɇɚɣɞɢɬɟΝɧɚɱɚɥɶɧɭɸΝɫɤɨɪɨɫɬɶΝɞɜɢɠɟɧɢɹ,ΝɫɤɨɪɨɫɬɶΝɜΝɦɨɦɟɧ	ଶݐ͵
ɬɵΝɜɪɟɦɟɧɢΝݐଵ = Ͳ,ͷ	ܿ	ˋ	ݐଶ = ͳ	ܿ,ΝɧɚɢɛɨɥɶɲɭɸΝɜɵɫɨɬɭΝɩɨɞɴɟɦɚΝɬɟɥɚ.Ν

β.βλ.Ν ȼɪɚɳɟɧɢɟΝ ɤɨɥɟɫɚΝ ɨɩɢɫɵɜɚɟɬɫɹΝ ɡɚɤɨɧɨɦΝ ɢɡɦɟɧɟɧɢɹΝ ɭɝɥɚΝ ɩɨɜɨɪɨɬɚΝ߮ = Ͷ + ͷݐ − -ɪɚɞ.ΝɇɚɣɞɢɬΝɜΝɤɨɧɰɟΝɩɟɪɜɨɣΝɫɟɤɭɧɞɵΝɜɪɚɳɟɧɢɹΝɭɝɥɨɜɭɸΝɢΝɥɢ	ଷݐ

ɧɟɣɧɭɸΝ ɫɤɨɪɨɫɬɢΝ ɬɨɱɟɤ,Ν ɥɟɠɚɳɢɯΝ ɧɚΝ ɨɛɨɞɟΝ ɤɨɥɟɫɚ,Ν ɚΝ ɬɚɤɠɟΝ ɭɝɥɨɜɨɟ,Ν ɩɨɥɧɨɟ,Ν

ɧɨɪɦɚɥɶɧɨɟΝ ɢΝ ɬɚɧɝɟɧɰɢɚɥɶɧɨɟΝ ɭɫɤɨɪɟɧɢɹΝ ɞɥɹΝ ɷɬɢɯΝ ɠɟΝ ɬɨɱɟɤ.Ν ɊɚɞɢɭɫΝ ɤɨɥɟɫɚΝ

β0Νɫɦ.Ν

β.γ0.ΝȾɢɫɤΝ ɪɚɞɢɭɫɨɦΝ 10Ν ɫɦΝ ɜɪɚɳɚɟɬɫɹΝ ɜɨɤɪɭɝΝ ɧɟɩɨɞɜɢɠɧɨɣΝ ɨɫɢΝ ɬɚɤ,Ν ɱɬɨΝ

ɡɚɜɢɫɢɦɨɫɬɶΝɭɝɥɚΝɩɨɜɨɪɨɬɚΝɞɢɫɤɚΝɨɬΝɜɪɟɦɟɧɢΝɡɚɞɚɟɬɫɹΝɭɪɚɜɧɟɧɢɟɦΝɜɢɞɚΝ߮ = ܣ ݐܤ+ + ଶݐܥ + ɪɚɞ,Ν	ଷݐܦ ɝɞɟΝB=1 ɪɚɞ/ɫ, C=4 ɪɚɞ/ɫ2, D=−1 ɪɚɞ/ɫ3. ɈɩɪɟɞɟɥɢɬɟΝ ɞɥɹΝ

ɬɨɱɟɤ,ΝɥɟɠɚɳɢɯΝɧɚΝɨɛɨɞɟΝɞɢɫɤɚ,ΝɤΝɤɨɧɰɭΝɜɬɨɪɨɣΝɫɟɤɭɧɞɵΝɩɨɫɥɟΝɧɚɱɚɥɚΝɞɜɢɠɟɧɢɹΝ

ɬɚɧɝɟɧɰɢɚɥɶɧɨɟ,ΝɧɨɪɦɚɥɶɧɨɟΝɢΝɩɨɥɧɨɟΝɭɫɤɨɪɟɧɢɹ.Ν

β.γ1.Ν ɉɪɢΝ ɬɨɪɦɨɠɟɧɢɢΝ ɭɝɨɥΝ ɩɨɜɨɪɨɬɚΝ ɦɚɯɨɜɢɤɚΝ ɢɡɦɟɧɹɟɬɫɹΝ ɩɨΝ ɡɚɤɨɧɭΝ߮ = ͺ + ͷͲݐ − ͷݐଶ	ɪɚɞ.Ν ɇɚɣɞɢɬɟΝ ɭɝɥɨɜɭɸΝ ɫɤɨɪɨɫɬɶΝ ɜΝ ɦɨɦɟɧɬɵΝ ɜɪɟɦɟɧɢΝ ଵݐ =Ͳ,ͳ	ܿ, ଶݐ = ͳ	˔		ɢ	ݐଷ = ͳ,ͻ	ܿ.ΝɇɚɣɞɢɬɟΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢ,ΝɜΝɤɨɬɨɪɵɣΝɜɪɚɳɟɧɢɟΝɦɚ-
ɯɨɜɢɤɚΝɩɪɟɤɪɚɬɢɬɫɹ.Ν

2.7. Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɮɭɧɤɰɢɣ ɧɟɫɤɨɥɶɤɢɯ ɚɪɝɭɦɟɧɬɨɜ 

ɉɟɪɟɦɟɧɧɚɹΝS ɧɚɡɵɜɚɟɬɫɹΝɮɭɧɤɰɢɟɣ nΝɩɟɪɟɦɟɧɧɵɯΝΧɚɪɝɭɦɟɧɬɨɜΨΝɯ, ɭ, г,...,t, 

ɟɫɥɢΝɤɚɠɞɨɣΝɫɢɫɬɟɦɟΝɡɧɚɱɟɧɢɣ ɯ, ɭ, г,...,tΝΝɢɡΝɨɛɥɚɫɬɢΝɢɯΝɢɡɦɟɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭ-

ɟɬΝɨɩɪɟɞɟɥɟɧɧɨɟΝɡɧɚɱɟɧɢɟΝɜɟɥɢɱɢɧɵΝS.  

ɎɭɧɤɰɢɨɧɚɥɶɧɚɹΝɡɚɜɢɫɢɦɨɫɬɶΝS ɨɬΝΝɯ, ɭ, г,...,t  ɫɢɦɜɨɥɢɱɟɫɤɢΝɨɛɨɡɧɚɱɚɟɬɫɹΝ

S=П(б, в, г,…,t), ɝɞɟΝɩɨɫɥɟΝɫɢɦɜɨɥɚΝɮɭɧɤɰɢɢΝɜΝɫɤɨɛɤɚɯΝɭɤɚɡɵɜɚɸɬɫɹΝɜɫɟΝɩɟɪɟɦɟɧ-

ɧɵɟ,ΝɨɬΝɤɨɬɨɪɵɯΝɡɚɜɢɫɢɬΝɞɚɧɧɚɹΝɮɭɧɤɰɢɹ.ΝΝ

ɋɢɦɜɨɥɢɱɟɫɤɢɦΝɨɛɨɡɧɚɱɟɧɢɟɦΝɮɭɧɤɰɢɢΝɦɨɠɟɬΝɛɵɬɶΝɧɟΝɬɨɥɶɤɨΝɛɭɤɜɚΝΝП, ɧɨΝ

ɢΝ ɬɚΝ ɠɟΝ ɛɭɤɜɚ,Ν ɤɨɬɨɪɨɣΝ ɨɛɨɡɧɚɱɟɧɚΝ ɫɚɦɚΝ ɮɭɧɤɰɢɹ,Ν ɬ.ɟ.Ν ɫɢɦɜɨɥɢɱɟɫɤɚɹΝ ɡɚɩɢɫɶΝ

ɮɭɧɤɰɢɢΝ ɧɟɫɤɨɥɶɤɢɯΝ ɩɟɪɟɦɟɧɧɵɯΝ ɦɨɠɟɬΝ ɢɦɟɬɶΝ ɜɢɞΝ S=S(б, в, г,...,t) ɢɥɢ 

а=а(С, Ф, r). 
ɑɚɫɬɧɨɟΝɡɧɚɱɟɧɢɟΝɮɭɧɤɰɢɢΝSΧɯ,ɭ,г,...,tΨΝɩɪɢΝɯ=ɚ, в=Л,г=М,…t=Х ɨɛɨɡɧɚɱɚɟɬ-

ɫɹΝSΧК,Л,М,...ХΨ.Νɇɚɩɪɢɦɟɪ,ΝɟɫɥɢΝSΧɯ,ɭ,гΨο3б·(в+г2Ψ,ΝɬɨΝSΧ2,3, 1ΨοΝ3·2·(3+12ΨΝοΝ12. 



η1Ν

ȽɟɨɦɟɬɪɢɱɟɫɤɢΝɤɚɠɞɚɹΝɫɢɫɬɟɦɚΝɡɧɚɱɟɧɢɣΝɞɜɭɯΝɩɟɪɟɦɟɧɧɵɯ ɯ, ɭ ɢɡɨɛɪɚɠɚ-

ɟɬɫɹΝɬɨɱɤɨɣΝɧɚΝɩɥɨɫɤɨɫɬɢ,ΝɚΝɮɭɧɤɰɢɹΝɞɜɭɯΝɩɟɪɟɦɟɧɧɵɯΝг=П(б, в)  ɧɟɤɨɬɨɪɨɣΝɩɨ-

ɜɟɪɯɧɨɫɬɶɸΝɜΝɩɪɨɫɬɪɚɧɫɬɜɟ.ΝɋɢɫɬɟɦɚΝɡɧɚɱɟɧɢɣΝɬɪɟɯΝɩɟɪɟɦɟɧɧɵɯΝɯ,Νɭ, гΝɢɡɨɛɪɚɠɚ-

ɟɬɫɹΝɬɨɱɤɨɣΝɜΝɩɪɨɫɬɪɚɧɫɬɜɟΝΧɨɛɵɱɧɨΝɡɧɚɱɟɧɢɹΝɩɟɪɟɦɟɧɧɵɯΝɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹΝɤɚɤΝ

ɚɛɫɰɢɫɫɚ,ΝɨɪɞɢɧɚɬɚΝɢΝɚɩɩɥɢɤɚɬɚΝɬɨɱɤɢΝɜΝɩɪɹɦɨɭɝɨɥɶɧɨɣΝɫɢɫɬɟɦɟΝɤɨɨɪɞɢɧɚɬΨ.Ν

ɉɪɢɦɟɪ 2.6 

ɇɚΝ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɯΝ ɤɚɪɬɚɯΝ ɜɵɫɨɬɚΝ С ɩɭɧɤɬɚΝ ɡɟɦɧɨɣΝ ɩɨɜɟɪɯɧɨɫɬɢΝ ΧɧɚɞΝ

ɭɪɨɜɧɟɦΝɦɨɪɹΨΝ ɟɫɬɶΝɮɭɧɤɰɢɹΝ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯΝɤɨɨɪɞɢɧɚɬμΝɲɢɪɨɬɵΝΝ ɢΝ ɞɨɥɝɨɬɵΝ

,  ɬ.ɟ. С=П(, ).ΝΝɒɢɪɨɬɚΝɦɨɠɟɬΝɦɟɧɹɬɶɫɹΝɜΝɩɪɟɞɟɥɚɯΝɨɬΝλ0ºΝɞɨΝ+λ0ºΝΧɨɛɥɚɫɬɶΝ

ɢɡɦɟɧɟɧɢɹΝɲɢɪɨɬɵΨ,ΝɞɨɥɝɨɬɚΝΝɨɬΝ180ºΝɞɨΝ+180ºΝΧɨɛɥɚɫɬɶΝɢɡɦɟɧɟɧɢɹΝɞɨɥɝɨɬɵΨ.Ν

ɌɚɤɢɦΝ ɨɛɪɚɡɨɦ,Ν ɤɚɠɞɨɣΝ ɩɚɪɟΝ  ɢ  ɫɨɨɬɜɟɬɫɬɜɭɟɬΝ ɨɞɧɨɡɧɚɱɧɨΝ ɨɩɪɟɞɟɥɟɧɧɨɟΝ

ɡɧɚɱɟɧɢɟΝС.Ν

ɋɢɫɬɟɦɚΝ ɡɧɚɱɟɧɢɣΝ ɱɟɬɵɪɟɯΝɢΝɛɨɥɶɲɟɝɨΝ ɱɢɫɥɚΝɩɟɪɟɦɟɧɧɵɯΝ ɧɟΝɢɦɟɟɬΝ ɝɟɨ-

ɦɟɬɪɢɱɟɫɤɨɝɨΝɢɡɨɛɪɚɠɟɧɢɹ.ΝɈɞɧɚɤɨΝɫɭɳɟɫɬɜɭɸɬΝɮɢɡɢɱɟɫɤɢɟΝɜɟɥɢɱɢɧɵ,Νɡɚɜɢɫɢ-

ɦɵɟΝ ɨɬΝ ɪɹɞɚΝ ɞɪɭɝɢɯΝ ɮɢɡɢɱɟɫɤɢɯΝ ɩɚɪɚɦɟɬɪɨɜ,Ν ɬ.ɟ.Ν ɹɜɥɹɸɳɢɟɫɹΝ ɮɭɧɤɰɢɹɦɢΝ ɧɟ-

ɫɤɨɥɶɤɢɯΝɩɟɪɟɦɟɧɧɵɯ.ΝΝ

ɉɪɢɦɟɪ 2.7ΝΝ

ɊɚɫɫɦɨɬɪɢɦΝ ɭɪɚɜɧɟɧɢɟΝ ɫɨɫɬɨɹɧɢɹΝɢɞɟɚɥɶɧɨɝɨΝ ɝɚɡɚΝ ΧɭɪɚɜɧɟɧɢɟΝɆɟɧɞɟɥɟɟ-

ɜɚ-ɄɥɚɩɟɣɪɨɧɚΨμΝpV=νRT.ΝɋΝɩɨɦɨɳɶɸΝɷɬɨɝɨΝɭɪɚɜɧɟɧɢɹΝɨɞɧɚΝɢɡΝɜɟɥɢɱɢɧμΝpΝΧɞɚɜ-

ɥɟɧɢɟΨ,ΝVΝΧɨɛɴɟɦΨ,ΝɌΝΧɬɟɦɩɟɪɚɬɭɪɚΨΝɢΝνΝΧɤɨɥɢɱɟɫɬɜɨΝɜɟɳɟɫɬɜɚΨΝɦɨɠɟɬΝɛɵɬɶΝɨɩɪɟ-

ɞɟɥɟɧɚΝ ɜΝ ɡɚɜɢɫɢɦɨɫɬɢΝ ɨɬΝ ɞɪɭɝɢɯ,Ν ɤɨɬɨɪɵɟΝ ɫɱɢɬɚɸɬɫɹΝ ɧɟɡɚɜɢɫɢɦɵɦɢΝ ɩɟɪɟɦɟɧ-

ɧɵɦɢΝΧɚɪɝɭɦɟɧɬɚɦɢΨ.Νɇɚɩɪɢɦɟɪ,ΝɞɥɹΝɪɚɫɱɟɬɚΝɞɚɜɥɟɧɢɹΝɢɦɟɟɦμ V
νRTp  ,ΝɝɞɟΝɞɚɜ-

ɥɟɧɢɟΝɹɜɥɹɟɬɫɹΝɮɭɧɤɰɢɟɣΝɬɪɟɯΝɚɪɝɭɦɟɧɬɨɜμΝp=П(ν, V, Ɍ).ΝΝΝ

ɉɪɢɦɟɪ 2.8Ν

ȾɥɹΝ ɨɩɪɟɞɟɥɟɧɢɹΝɩɥɨɬɧɨɫɬɢΝ ɬɜɟɪɞɨɝɨΝ ɬɟɥɚΝɩɪɚɜɢɥɶɧɨɣΝɮɨɪɦɵΝ ΝɦɨɠɧɨΝ

ɢɡɦɟɪɢɬɶΝɟɝɨΝɨɛɴɟɦΝVΝɢΝɦɚɫɫɭΝm.ΝȿɫɥɢΝɬɟɥɨΝɩɪɟɞɫɬɚɜɥɹɟɬΝɫɨɛɨɣΝɩɚɪɚɥɥɟɥɟɩɢɩɟɞ,Ν

ɬɨΝɟɝɨΝɨɛɴɟɦΝɧɚɯɨɞɢɬɫɹΝɱɟɪɟɡΝɢɡɦɟɪɟɧɧɵɟΝɞɥɢɧɵΝɫɬɨɪɨɧΝК, Л, МΝΧV=К·Л·МΨ,Νɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨ,ΝɩɥɨɬɧɨɫɬɶΝɬɟɥɚΝɛɭɞɟɬΝɨɩɪɟɞɟɥɹɬɶɫɹΝɤɚɤΝ МЛК
m

V
mρ


 ,Νɬ.ɟ.ΝɧɚɣɞɟɧɧɭɸΝ



ηβΝ

ɬɚɤɢɦΝ ɫɩɨɫɨɛɨɦΝɩɥɨɬɧɨɫɬɶΝ ΝɦɨɠɧɨΝɪɚɫɫɦɚɬɪɢɜɚɬɶΝ ɤɚɤΝɮɭɧɤɰɢɸΝɱɟɬɵɪɟɯΝ ɚɪɝɭ-

ɦɟɧɬɨɜΝ= (m, К, Л, М). 

ɎɭɧɤɰɢɸΝ ɧɟɫɤɨɥɶɤɢɯΝ ɩɟɪɟɦɟɧɧɵɯΝ ɦɨɠɧɨΝ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɩɨ ɤɚɠ-

ɞɨɦɭ ɢɡ ɟɟ ɚɪɝɭɦɟɧɬɨɜ,Ν ɫɱɢɬɚɹΝ ɩɪɢΝ ɷɬɨɦΝ ɜɫɟΝ ɨɫɬɚɥɶɧɵɟΝ ɚɪɝɭɦɟɧɬɵΝ ɩɨɫɬɨɹɧ-

ɧɵɦɢ.ΝΝ

ɉɪɨɢɡɜɨɞɧɚɹΝɨɬΝɮɭɧɤɰɢɢΝU=П(б, в, г, t) ɩɨΝɯ, ɜɡɹɬɚɹΝɜΝɩɪɟɞɩɨɥɨɠɟɧɢɢ,ΝɱɬɨΝ

ɜɫɟΝ ɨɫɬɚɥɶɧɵɟΝ ɚɪɝɭɦɟɧɬɵΝ в, г, tΝ ɹɜɥɹɸɬɫɹΝ ɩɨɫɬɨɹɧɧɵɦɢ,Ν ɧɚɡɵɜɚɟɬɫɹΝ ɱɚɫɬɧɨɣ 

ɩɪɨɢɡɜɨɞɧɨɣΝɨɬΝU ɩɨΝб ɢΝɨɛɨɡɧɚɱɚɟɬɫɹΝడ௎డ௫ ≡ ௫ܷ ,ΝɢɥɢΝ߲ܷ߲ݔ = ߲݂ሺݔ, ,ݕ ,ݖ ݔሻ߲ݐ ≡ ݂´௫ሺݔ, ,ݕ ,ݖ ݕ	ˋ˓˒			ሻݐ = ,ݐݏ݊݋ܿ ݖ = ,ݐݏ݊݋ܿ ݐ =  	.ݐݏ݊݋ܿ
ɉɪɢɦɟɪ 2.9ΝΝД˃ː˃	˗˖ːˍ˙ˋя	݂ሺݔ, ,ݕ ሻݖ = ݕʹଶݔ + ͷݖଷݔݕ 	.Ν
ɇɚɣɞɢɬɟΝɱɚɫɬɧɵɟΝɩɪɨɢɡɜɨɞɧɵɟΝɮɭɧɤɰɢɢΝɩɨΝɜɫɟɦΝɩɟɪɟɦɟɧɧɵɦ.Ν

Ɋɟɲɟɧɢɟ. ߲݂߲ݔ = ݔ߲߲ ቆݔଶʹݕ + ͷݖଷݔݕ ቇ = ݔ߲߲ ቆݔଶʹݕቇ + ݔ߲߲ ቆͷݖଷݔݕ ቇ = ͳʹݕ ݔଶ߲ݔ߲ + ͷݖଷݕ ݔଵ߲ିݔ߲ =Ν
= ͳʹݕ ݔʹ + ͷݖଷݕሺ−ͳሻିݔଶ = ݕݔ − ͷݖଷݔݕଶ .Ν߲݂߲ݕ = ݕ߲߲ ቆݔଶʹݕ + ͷݖଷݔݕ ቇ = ݕ߲߲ ቆݔଶʹݕቇ + ݕ߲߲ ቆͷݖଷݔݕ ቇ = ʹଶݔ ݕଵ߲ିݕ߲ + ͷݖଷݔ ݕ߲ݕ߲ =Ν= ʹଶݔ ሺ−ͳሻିݕଶ + ͷݖଷݔ ∙ ͳ = − ଶݕʹଶݔ + ͷݖଷݔ .Ν߲݂߲ݖ = ݖ߲߲ ቆݔଶʹݕ + ͷݖଷݔݕ ቇ = ݖ߲߲ ቆݔଶʹݕቇ + ݖ߲߲ ቆͷݖଷݔݕ ቇ = ݕʹଶݔ ߲ሺͳሻ߲ݖ + ͷݔݕ ݖଷ߲ݖ߲ =Ν
= Ͳ + ହ௬௫ ଶݖ͵ = ଵହ௬௭మ௫ .Ν

ɉɪɢɦɟɪ 2.10ΝΝ
ɈɞɧɢɦΝɢɡΝɩɪɢɦɟɪɨɜΝɩɪɢɦɟɧɟɧɢɹ ɱɚɫɬɧɨɣΝɩɪɨɢɡɜɨɞɧɨɣΝɜ ɮɢɡɢɤɟΝɹɜɥɹɟɬɫɹΝ

ɧɚɯɨɠɞɟɧɢɟΝ ɱɚɫɬɧɵɯΝ ɩɨɝɪɟɲɧɨɫɬɟɣΝ ɤɨɫɜɟɧɧɵɯΝ ɢɡɦɟɪɟɧɢɣ.Ν Ɍɚɤ,Ν ɩɪɢΝ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨɦΝɨɩɪɟɞɟɥɟɧɢɢΝɩɥɨɬɧɨɫɬɢΝɬɜɟɪɞɨɝɨΝɬɟɥɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣΝɮɨɪɦɵΝɧɟ-



ηγΝ

ɨɛɯɨɞɢɦɨΝ ɢɡɦɟɪɢɬɶΝ ɟɝɨΝ ɦɚɫɫɭΝ m, ɞɢɚɦɟɬɪΝ НΝ ɢΝ ɜɵɫɨɬɭΝ СΝ ΧɨɛɴɟɦΝ ɰɢɥɢɧɞɪɚΝ

ζ

βСНV 
 Ψ.ΝȼΝɪɟɡɭɥɶɬɚɬɟΝɱɢɫɥɟɧɧɨΝɪɚɫɫɱɢɬɵɜɚɟɦɚɹΝɩɥɨɬɧɨɫɬɶΝɹɜɥɹɟɬɫɹΝɮɭɧɤɰɢ-

ɟɣΝɬɪɟɯΝɩɟɪɟɦɟɧɧɵɯΝ–Νɦɚɫɫɵ,ΝɜɵɫɨɬɵΝɢΝɞɢɚɦɟɬɪɚμΝߩ = ݂ሺ݉, ݀, ℎሻ = ܸ݉ = Ͷ݉ߨℎ݀ଶΝ
ɉɨɝɪɟɲɧɨɫɬɶΝ ɢɡɦɟɪɟɧɢɹΝ ɩɥɨɬɧɨɫɬɢΝ ɨɩɪɟɞɟɥɹɟɬɫɹΝ ɱɟɪɟɡΝ ɱɚɫɬɧɵɟΝ ɩɨɝɪɟɲ-

ɧɨɫɬɢΝ		ߩ߂௠,			ߩ߂௛, ߩ߂ɤɚɤμΝ		ௗߩ߂		ˋ = ඥሺߩ߂௠ሻଶ + ሺߩ߂௛ሻଶ + ሺߩ߂ௗሻଶ,ΝΝ
ɝɞɟΝ				ߩ߂௠ = డఘడ௠ ∙ ∆݉, ௛ߩ߂ = డఘడ௛ ∙ ∆ℎ			ˋ			ߩ߂ௗ = డఘడௗ ∙ ∆݀.Ν

ɌɚɤɢɦΝ ɨɛɪɚɡɨɦ,Ν ɧɟɨɛɯɨɞɢɦɨΝ ɧɚɣɬɢΝ ɱɚɫɬɧɵɟΝ ɩɪɨɢɡɜɨɞɧɵɟΝ ɩɥɨɬɧɨɫɬɢΝ ɩɨΝ

ɜɫɟɦΝɚɪɝɭɦɟɧɬɚɦ.Ν

Ɋɟɲɟɧɢɟ. ߩ´௠ ≡ ߲݉ߩ߲ = ߲߲݉ ൬ Ͷ݉ߨℎ݀ଶ൰ = Ͷߨℎ݀ଶ ߲߲݉݉ = Ͷߨℎ݀ଶ. ߩ´௛ ≡ ℎ߲ߩ߲ = ߲߲ℎ ൬ Ͷ݉ߨℎ݀ଶ൰ = Ͷ݉݀ߨଶ ߲߲ℎ ሺℎିଵሻ = −Ͷ݉ℎିଶ݀ߨଶ = − Ͷ݉ߨℎଶ݀ଶ. ߩ´ௗ ≡ ߲݀ߩ߲ = ߲߲݀ ൬ Ͷ݉ߨℎ݀ଶ൰ = Ͷ݉ߨℎ ߲߲݀ ሺ݀ିଶሻ = −ʹͶ݉݀ିଷߨℎ = − ͺ݉ߨℎ݀ଷ. 
ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 2.7 

1.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɮɭɧɤɰɢɟɣΝɧɟɫɤɨɥɶɤɢɯΝɩɟɪɟɦɟɧɧɵɯ,ΝɤɚɤΝɨɧɚΝɫɢɦɜɨɥɢɱɟ-

ɫɤɢΝɨɛɨɡɧɚɱɚɟɬɫɹ?Ν

β.ΝɉɪɢɜɟɞɢɬɟΝɩɪɢɦɟɪɵΝɮɭɧɤɰɢɣΝɧɟɫɤɨɥɶɤɢɯΝɩɟɪɟɦɟɧɧɵɯ,ΝɢɦɟɸɳɢɟΝɮɢɡɢ-

ɱɟɫɤɢɣΝɫɦɵɫɥ.ΝɄɚɤΝɝɟɨɦɟɬɪɢɱɟɫɤɢΝɦɨɠɟɬΝɛɵɬɶΝɩɪɟɞɫɬɚɜɥɟɧɚΝɮɭɧɤɰɢɹΝɞɜɭɯΝɩɟ-

ɪɟɦɟɧɧɵɯ?Ν

γ.Ν ɑɬɨΝ ɧɚɡɵɜɚɟɬɫɹΝ ɱɚɫɬɧɨɣΝ ɩɪɨɢɡɜɨɞɧɨɣΝ Ν ɮɭɧɤɰɢɢΝ ɧɟɫɤɨɥɶɤɢɯΝ ɩɟɪɟɦɟɧ-

ɧɵɯ?ΝΝɄɚɤΝɫɢɦɜɨɥɢɱɟɫɤɢΝɨɧɚΝɨɛɨɡɧɚɱɚɟɬɫɹ?Ν

ζ.ΝɄɚɤΝɜɵɩɨɥɧɹɟɬɫɹΝɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟΝɮɭɧɤɰɢɣΝɧɟɫɤɨɥɶɤɢɯΝɩɟɪɟɦɟɧɧɵɯ?Ν

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
ɇɚɣɞɢɬɟΝɱɚɫɬɧɵɟΝɩɪɨɢɡɜɨɞɧɵɟΝɮɭɧɤɰɢɢΝɧɟɫɤɨɥɶɤɢɯΝɩɟɪɟɦɟɧɧɵɯΝɩɨΝɤɚɠ-

ɞɨɣΝɢɡΝɩɟɪɟɦɟɧɧɵɯμΝ



ηζΝ

ʹ.͵ʹ.		݂ = Ͷݔଶ + ௭మ௬ + ௬ଶ௫ − ͶΝ ʹ.͵͹.			݂ʹ sin Ͷݔ + ଷݖ − ͷݕସΝʹ.͵͵.		݂ = ݔ√͵ + ௬మ௫௭ − ସΝݔݕ ʹ.͵ͺ.			݂ = Ͳ,ͷݕଶ − ʹ z · cos ݂			.Νʹ.͵Ͷݔ = ʹ݁ି௫ + ௬ା௭ସ௬ Ν ʹ.͵ͻ.		݂ = ଶ௫మା௘೤ଵି௭మ Νʹ.͵ͷ.		݂ = ͷݔݕଷ + ଶΝݖ݈݊͵ ʹ.ͶͲ.			݂ = ଵ௫ cos ݕ + tg ݂		.Νʹ.͵͸	ݖ = ௬మ௭ + ͶݕଷΝ ʹ.Ͷͳ.		݂ = ݖ√ݔହݕ + ଶݖ ଶ௬Ν
Ν Ν



ηηΝ

3. ɈɋɇɈȼɕ ɂɇɌȿȽɊȺɅɖɇɈȽɈ ɂɋɑɂɋɅȿɇɂə  

3.1. ȼɜɨɞɧɵɟ ɡɚɦɟɱɚɧɢɹ 

ɂɧɬɟɝɪɚɥɶɧɨɟΝɢɫɱɢɫɥɟɧɢɟΝɜɨɡɧɢɤɥɨΝɢɡΝɩɨɬɪɟɛɧɨɫɬɢΝɫɨɡɞɚɬɶΝɨɛɳɢɣΝɦɟɬɨɞΝ

ɧɚɯɨɠɞɟɧɢɹΝɩɥɨɳɚɞɟɣ,ΝɨɛɴɟɦɨɜΝɢΝɰɟɧɬɪɨɜΝɬɹɠɟɫɬɢΝɜΝɡɚɞɚɱɚɯΝɝɟɨɦɟɬɪɢɢΝɢΝɮɢɡɢɤɢ.Ν

ȼΝ ɡɚɪɨɞɵɲɟɜɨɣΝɮɨɪɦɟΝ ɬɚɤɨɣΝɦɟɬɨɞΝɩɪɢɦɟɧɹɥɫɹΝ ɟɳɟΝȺɪɯɢɦɟɞɨɦ.Νɋɢɫɬɟ-

ɦɚɬɢɱɟɫɤɨɟΝɪɚɡɜɢɬɢɟΝɟɝɨΝɧɚɱɚɥɨɫɶΝɜΝБVIIΝɜ.ΝɜΝɪɚɛɨɬɚɯΝȻɨɧɚɜɟɧɬɭɪɚΝɄɚɜɚɥɶɟɪɢΝɢΝ

ЭɜɚɧɝɟɥɢɫɬɚΝ ɌɨɪɪɢɱɟɥɥɢΝ ΧΝ ɭɱɟɧɢɤɢΝ ȽɚɥɢɥɟɹΨ,Ν ɉɶɟɪɚΝ Ɏɟɪɦɚ,Ν ȻɥɟɡɚΝ ɉɚɫɤɚɥɹΝ ɢΝ

ɞɪɭɝɢɯΝɭɱɟɧɵɯ.ΝȼΝ1θηλΝɝ.ΝɂɫɚɚɤΝȻɚɪɪɨɭΝΧɚɧɝɥ.ΝɦɚɬɟɦɚɬɢɤΝ–ΝɭɱɢɬɟɥɶΝɂ.ΝɇɶɸɬɨɧɚΨΝ

ɭɫɬɚɧɨɜɢɥΝɫɜɹɡɶΝɦɟɠɞɭΝɡɚɞɚɱɟɣΝɨΝɧɚɯɨɠɞɟɧɢɢΝɩɥɨɳɚɞɢΝɢΝɡɚɞɚɱɟɣΝɨΝɪɚɡɵɫɤɚɧɢɢΝ

ɤɚɫɚɬɟɥɶɧɨɣ.ΝɂɫɚɚɤΝɇɶɸɬɨɧΝɢΝȽ.Ν ȼɢɥɶɝɟɥɶɦΝɅɟɣɛɧɢɰΝ Χɧɟɦ.Ν ɭɱɟɧɵɣΨΝ ɜΝ ι0-ɯΝ ɝɝ.Ν

ББVIIΝɜ.ΝɨɬɜɥɟɤɥɢΝɷɬɭΝɫɜɹɡɶΝɨɬΝɭɩɨɦɹɧɭɬɵɯΝɱɚɫɬɧɵɯΝɝɟɨɦɟɬɪɢɱɟɫɤɢɯΝɡɚɞɚɱ,ΝɬɟɦΝ

ɫɚɦɵɦΝ ɭɫɬɚɧɨɜɢɜΝ ɫɜɹɡɶΝ ɦɟɠɞɭΝ ɢɧɬɟɝɪɚɥɶɧɵɦΝ ɢΝ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦΝ ɢɫɱɢɫɥɟ-

ɧɢɹɦɢ.ΝЭɬɚΝɫɜɹɡɶΝɛɵɥɚΝɢɫɩɨɥɶɡɨɜɚɧɚΝɇɶɸɬɨɧɨɦΝɞɥɹΝɪɚɡɜɢɬɢɹΝɬɟɯɧɢɤɢΝɢɧɬɟɝɪɢ-

ɪɨɜɚɧɢɹ.Ν

ɋɜɨɟɝɨΝɧɵɧɟɲɧɟɝɨΝɫɨɫɬɨɹɧɢɹΝɦɟɬɨɞɵΝɢɧɬɟɝɪɢɪɨɜɚɧɢɹΝɜΝɨɫɧɨɜɧɨɦΝɞɨɫɬɢɝ-

ɥɢΝɜΝɪɚɛɨɬɚɯΝɅɟɨɧɚɪɞɚΝЭɣɥɟɪɚΝΧɒɜɟɣɰɚɪɢɹ,ΝɚɤɚɞɟɦɢɤΝɉɟɬɟɪɛɭɪɝɫɤɨɣΝȺɇΝɢΝȻɟɪ-

ɥɢɧɫɤɨɣΝ ɚɤɚɞɟɦɢɢΨ.Ν ɌɪɭɞɵΝ ɜɵɞɚɸɳɢɯɫɹΝ ɪɭɫɫɤɢɯΝ ɦɚɬɟɦɚɬɢɤɨɜΝ ɚɤɚɞɟɦɢɤɨɜΝ

Ɇ.ȼ.ΝɈɫɬɪɨɝɪɚɞɫɤɨɝɨΝɢΝɉ.Ʌ.ΝɑɟɛɵɲɟɜɚΝɡɚɜɟɪɲɢɥɢΝɪɚɡɜɢɬɢɟΝɷɬɢɯΝɦɟɬɨɞɨɜ.Ν

3.2. ɉɨɧɹɬɢɟ ɢɧɬɟɝɪɚɥɚ 

ȼɜɟɞɟɦΝ ɩɨɧɹɬɢɟΝ ɢɧɬɟɝɪɚɥɚ,Ν

ɞɥɹΝɷɬɨɝɨΝɪɚɫɫɦɨɬɪɢɦΝɝɪɚɮɢɤΝɮɭɧɤ-

ɰɢɢΝ П(б)=в, ɤɨɬɨɪɵɦΝɹɜɥɹɟɬɫɹΝɥɢɧɢɹΝ

MN Χɪɢɫ.Νγ.1Ψ.ΝɇɚɣɞɟɦΝɩɥɨɳɚɞɶΝɤɪɢ-

ɜɨɥɢɧɟɣɧɨɣΝɬɪɚɩɟɰɢɢΝΝКABЛ. 

ɊɚɡɞɟɥɢɦΝɨɬɪɟɡɨɤΝКЛΝɧɚΝnΝɱɚɫ-

ɬɟɣΝ ΧɪɚɜɧɵɯΝ ɢɥɢΝ ɧɟɪɚɜɧɵɯΨμΝ ,ଶݔଵݔ,ଵݔܽ ,ଷݔଶݔ ,ସݔଷݔ … , ௡ିଵܾ.Νݔ ɉɨ-

ɫɬɪɨɢɦΝ ɫɬɭɩɟɧɱɚɬɭɸΝ ɮɢɝɭɪɭ,Ν ɩɥɨ-

ɳɚɞɶΝɤɨɬɨɪɨɣΝɪɚɜɧɚμΝ
Ɋɢɫ. 3.1. 



ηθΝ

ܵ௡ = ଵݔ଴ሺݕ − ܽሻ + ଶݔଵሺݕ − ଵሻݔ + ⋯+ ௡ሺܾݕ − ௡ିଵሻ.Νݔ Χγ.1ΨΝ

ɈɛɨɡɧɚɱɢɦΝɞɥɢɧɵΝɨɬɪɟɡɤɨɜμΝݔଵ − ܽ = ,଴ݔ∆ ଶݔ			 − ଵݔ = ,ଵݔ∆ … ܾ − ௡ିଵݔ = ௡ିଵΝݔ∆
ɢΝɡɧɚɱɟɧɢɹΝɮɭɧɤɰɢɣμΝΝݕ଴ = ݂ሺܽሻ,			ݕଵ = ݂ሺݔଵሻ,… , ௡ݕ = ݂ሺܾሻ. 

ȿɫɥɢΝɨɛɨɡɧɚɱɢɬɶΝɚ=ɯ0, Л=бnΝ,ΝɬɨɝɞɚΝɫɭɦɦɭΝΧγ.1ΨΝɦɨɠɧɨΝɩɪɟɞɫɬɚɜɢɬɶΝɜΝɜɢɞɟμΝܵ௡ = ∑ ݂ሺݔ௜ሻ ∙ ௜௡ିଵ௜ୀ଴ݔ∆ .	Ν Χγ.βΨΝ

ɉɪɢΝ ɛɟɫɤɨɧɟɱɧɨΝ ɛɨɥɶɲɨɦΝnΝ ሺ݊ → ∞ሻΝ ɡɧɚɱɟɧɢɹΝ∆ݔ௜Ν ɹɜɥɹɸɬɫɹΝ ɛɟɫɤɨɧɟɱɧɨΝ
ɦɚɥɵɦɢΝ ΧɷɥɟɦɟɧɬɚɪɧɵɦɢΨ,Ν ɬ.ɟΝ ௜0,Νݔ∆ ɩɪɢΝ ɷɬɨɦΝ ɩɥɨɳɚɞɶΝ ɮɢɝɭɪɵΝ Ν КABЛ ɟɫɬɶΝ

ɩɪɟɞɟɥ ɫɭɦɦɵΝΧγ.βΨΝɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɫɥɚɝɚɟɦɵɯ,ΝɤɨɬɨɪɵɣΝɨɛɨɡɧɚɱɚ-
ɟɬɫɹΝɜɵɪɚɠɟɧɢɟɦΝɜɢɞɚμΝlim∆௫೔→଴∑ ݂ሺݔ௜ሻ ∙ ௜௡ିଵ௜ୀ଴ݔ∆ =∫ ݂ሺݔሻ௕௔ Ν.ݔ݀ Χγ.γΨΝ

ȼɵɪɚɠɟɧɢɟ				∫ ݂ሺݔሻ௕௔  .ΝɧɚɡɵɜɚɟɬɫɹΝɨɩɪɟɞɟɥɟɧɧɵɦ ɢɧɬɟɝɪɚɥɨɦݔ݀

ȼɵɪɚɠɟɧɢɟΝП(б)Нб ɧɚɡɵɜɚɟɬɫɹ ɩɨɞɵɧɬɟɝɪɚɥɶɧɵɦ ɜɵɪɚɠɟɧɢɟɦ, П(б) –Νɩɨ-
ɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ,ΝɯΝ–Νɩɟɪɟɦɟɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ,ΝК ɢΝЛΝ–Νɩɪɟɞɟɥɚ-
ɦɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ.ΝΝ

Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɢɫɬɨɥɤɨɜɚɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ 

ɂɡΝɜɵɪɚɠɟɧɢɹΝΧγ.γΨΝɢΝɩɪɟɞɲɟɫɬɜɭɸɳɢɯΝɟɦɭΝɪɚɫɫɭɠɞɟɧɢɣΝɫɥɟɞɭɟɬ,ΝɱɬɨΝɨɩ-

ɪɟɞɟɥɟɧɧɵɣΝɢɧɬɟɝɪɚɥΝ∫ ݂ሺݔሻ௕௔ -ΝɱɢɫɥɟɧɧɨΝɪɚɜɟɧΝɩɥɨɳɚɞɢΝɤɪɢɜɨɥɢɧɟɣɧɨɣΝɬɪɚݔ݀
ɩɟɰɢɢ,Ν ɨɝɪɚɧɢɱɟɧɧɨɣΝ ɫɜɟɪɯɭΝ ɤɪɢɜɨɣ,Ν ɹɜɥɹɸɳɟɣɫɹΝ ɝɪɚɮɢɤɨɦΝ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣΝ

ɮɭɧɤɰɢɢΝ ݂ሺݔሻ,Ν ɫɧɢɡɭΝ –Ν ɨɫɶɸΝɈɏΝ ΧɨɫɶɸΝ ɩɟɪɟɦɟɧɧɨɣΝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹΨ,Ν ɫɥɟɜɚΝ ɢΝ
ɫɩɪɚɜɚΝ–ΝɩɪɹɦɵɦɢΝɯ=ɚ ΧɧɢɠɧɢɣΝɩɪɟɞɟɥΝɢɧɬɟɝɪɢɪɨɜɚɧɢɹΨ ɢ  б=Л ΧɜɟɪɯɧɢɣΝɩɪɟɞɟɥΝ

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹΨ.Ν

ɇɚɡɜɚɧɢɟΝɢɧɬɟɝɪɚɥΝ ΧɨɬΝ ɥɚɬ.Ν ТntОРrКХТs – «ɰɟɥɨɫɬɧɵɣ»)Ν ɢΝ ɨɛɨɡɧɚɱɟɧɢɟΝ∫ 	Ν
ɜɜɟɞɟɧɨΝɅɟɣɛɧɢɰɟɦΝΧɡɧɚɤΝ∫–ΝɨɬΝɤɭɪɫɢɜɧɨɝɨΝɧɚɩɢɫɚɧɢɹΝɛɭɤɜɵΝS,ΝɱɬɨΝɨɛɨɡɧɚɱɚɟɬΝ
ɧɚɱɚɥɶɧɭɸΝɛɭɤɜɭΝɫɥɨɜɚΝsummКΝΧɫɭɦɦɚΨΨ.ΝΝ

3.3. ɇɟɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɝɪɚɥ ɢ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹΝ ɫɜɨɞɢɬɫɹΝ ɤΝ ɧɚɯɨɠɞɟɧɢɸΝ

ɮɭɧɤɰɢɢΝF(б)ΝɩɨΝɞɚɧɧɨɦɭΝɜɵɪɚɠɟɧɢɸΝɟɟΝɞɢɮɮɟɪɟɧɰɢɚɥɚΝ݀ܨሺݔሻ = ݂ሺݔሻ݀ݔΝ ΧɢɥɢΝ
ɩɨΝɟɟΝɩɪɨɢɡɜɨɞɧɨɣΝܨ´ሺݔሻ = ݂ሺݔሻΨ.ΝȾɚɧɧɨɟΝɞɟɣɫɬɜɢɟΝɧɚɡɵɜɚɟɬɫɹΝɢɧɬɟɝɪɢɪɨɜɚɧɢ-



ηιΝ

ɟɦΝ ɢΝ ɹɜɥɹɟɬɫɹΝ ɞɟɣɫɬɜɢɟɦ,Ν ɨɛɪɚɬɧɵɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɸ Χɬ.ɟ.Ν ɧɚɯɨɠɞɟɧɢɸΝ

ɩɪɨɢɡɜɨɞɧɨɣΝɮɭɧɤɰɢɢΨ.ΝΝ

ɂɫɤɨɦɚɹΝɮɭɧɤɰɢɹΝF(б)ΝɩɪɢΝɜɵɩɨɥɧɟɧɢɢΝɞɟɣɫɬɜɢɹΝɢɧɬɟɝɪɢɪɨɜɚɧɢɹΝɧɚɡɵɜɚ-

ɟɬɫɹΝɩɟɪɜɨɨɛɪɚɡɧɨɣ ɮɭɧɤɰɢɟɣΝɨɬΝɮɭɧɤɰɢɢΝП(б).Ν

ɅɸɛɚɹΝɧɟɩɪɟɪɵɜɧɚɹΝɮɭɧɤɰɢɹΝ П(б) ɢɦɟɟɬΝɛɟɫɱɢɫɥɟɧɧɨɟΝɦɧɨɠɟɫɬɜɨΝɩɟɪɜɨ-

ɨɛɪɚɡɧɵɯ.ΝȿɫɥɢΝF(б) ɟɫɬɶΝɨɞɧɚΝɢɡΝɧɢɯ,ΝɬɨΝɜɫɹɤɚɹΝɞɪɭɝɚɹΝɩɪɟɞɫɬɚɜɥɹɟɬɫɹΝɜɵɪɚɠɟ-

ɧɢɟɦΝF(б)+ɋ, ɝɞɟΝɋ – ɩɨɫɬɨɹɧɧɚɹΝɜɟɥɢɱɢɧɚ,Νɡɚɞɚɜɚɟɦɚɹ ɩɪɨɢɡɜɨɥɶɧɨ.Ν

ɋɨɜɨɤɭɩɧɨɫɬɶΝɩɟɪɜɨɨɛɪɚɡɧɵɯΝܨሺݔሻ + ΝɞɥɹΝɮɭɧɤɰɢɢΝв=П(б)ΝɧɚΝɧɟɤɨɬɨɪɨɦΝܥ

ɩɪɨɦɟɠɭɬɤɟΝ ɧɚɡɵɜɚɟɬɫɹΝ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦ ɢɧɬɟɝɪɚɥɨɦΝ ɧɚΝ ɞɚɧɧɨɦΝ ɩɪɨɦɟɠɭɬɤɟΝ

ΧCΝ–ΝɩɨɫɬɨɹɧɧɚɹΨμΝ∫ ݂ሺݔሻ݀ݔ = ሻݔሺܨ + Ν,ܥ Χγ.ζΨΝௗௗ௫ ሺܨሺݔሻ + ሻܥ = ݂ሺݔሻ.Ν Χγ.ηΨΝ

ɋɜɨɣɫɬɜɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ (ɩɪɚɜɢɥɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ) 

1.Ν ɉɪɨɢɡɜɨɞɧɚɹΝ ɨɬΝ ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨΝ ɢɧɬɟɝɪɚɥɚΝ ɪɚɜɧɚΝ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣΝ

ɮɭɧɤɰɢɢμΝௗௗ௫ ∫ ݂ሺݔሻ݀ݔ = ݂ሺݔሻ.Ν Χγ.θΨΝ

β.Ν ɁɧɚɤΝ ɢɧɬɟɝɪɚɥɚΝ ɩɟɪɟɞΝ ɡɧɚɤɨɦΝ ɞɢɮɮɟɪɟɧɰɢɚɥɚΝ ɭɧɢɱɬɨɠɚɟɬΝ ɩɨɫɥɟɞɧɢɣ,Ν

ɧɨΝɩɪɢΝɷɬɨɦΝɜɜɨɞɢɬɫɹΝɩɪɨɢɡɜɨɥɶɧɚɹΝɩɨɫɬɨɹɧɧɚɹΝɋμΝ∫݀ܨሺݔሻ = ሻݔሺܨ + 		ˋˎˋ					ܥ ∫ ݔሻ݀ݔሺ´ܨ = ሻݔሺܨ + Ν.ܥ Χγ.ιΨΝ

γ.ΝɉɨɫɬɨɹɧɧɵɣΝɦɧɨɠɢɬɟɥɶΝɜɵɧɨɫɢɬɶɫɹΝɡɚΝɡɧɚɤΝɢɧɬɟɝɪɚɥɚμΝ∫ ݂ܽሺݔሻ݀ݔ = ܽ ∫ ݂ሺݔሻ݀ݔ,			ˆˇˈ	ܽ = Χγ.8ΨΝ .ݐݏ݊݋ܿ

ζ.ΝɂɧɬɟɝɪɚɥΝɨɬΝɫɭɦɦɵΝɧɟɫɤɨɥɶɤɢɯΝɮɭɧɤɰɢɣΝɪɚɜɟɧΝɫɭɦɦɟΝɢɧɬɟɝɪɚɥɨɜΝɜɫɟɯΝ

ɮɭɧɤɰɢɣμΝ∫ሺ݂ሺݔሻ ± ݃ሺݔሻሻ݀ݔ = ∫݂ሺݔሻ݀ݔ ± ∫݃ሺݔሻ݀ݔ.Ν Χγ.λΨΝ

ɂɡΝ ɤɚɠɞɨɣΝ ɮɨɪɦɭɥɵΝ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ,Ν ɟɫɥɢΝ ɟɟΝ ɨɛɪɚɬɢɬɶ,Ν ɩɨɥɭɱɚɟɬɫɹΝ

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹΝɮɨɪɦɭɥɚΝɢɧɬɟɝɪɢɪɨɜɚɧɢɹ,Ν ɬɚɤɢɦΝɨɛɪɚɡɨɦ,ΝɢɡΝɮɨɪɦɭɥΝɞɥɹΝɧɚ-

ɯɨɠɞɟɧɢɹΝ ɩɪɨɢɡɜɨɞɧɵɯΝ Χɫɦ.Ν β.θΨΝ ɩɨɥɭɱɚɸɬɫɹΝ ɮɨɪɦɭɥɵΝ ɧɚɯɨɠɞɟɧɢɹΝ ɨɫɧɨɜɧɵɯΝ

ɢɧɬɟɝɪɚɥɨɜ.Ν



η8Ν

Ɍɚɛɥɢɰɚ ɨɫɧɨɜɧɵɯ ɢɧɬɟɝɪɚɥɨɜ: ͳሻ		∫ ݔ௡݀ݔ = ௫೙శభ௡ାଵ + 	݊			,ܥ ≠ −ͳΝ ͹ሻ		∫ ݔ݃ݐ ݔ݀ − ln|cos |ݔ + ∫		Νʹሻܥ ܽ௫݀ݔ = ௔ೣ୪୬௔ + Νܥ 8ΨΝ∫ ݔ݀	ݔ݃ݐܿ = ln|sin |ݔ + ∫		Ν͵ሻܥ ݁௫ ݔ݀ = ݁௫ + Νܥ ͻሻ			∫ ௗ௫ୡ୭ୱమ ௫ ݔ݃ݐ= + ∫		ΝͶሻܥ ௗ௫௫ = ln|ݔ| + Νܥ ͳͲሻ		∫ ௗ௫ୱ୧୬మ ௫ = − ݔ݃ݐܿ + ∫		Νͷሻܥ cos ݔ ݔ݀ = sin ݔ + Νܥ ͳͳሻ			∫ ௗ௫√ଵି௫మ = arcsin ݔ + ∫		Ν͸ሻܥ sin ݔ ݔ݀ = − cos ݔ + Νܥ ͳʹሻ		∫ ௗ௫√ଵା௫మ = arctg ݔ + Νܥ
ȾɥɹΝɪɟɲɟɧɢɹΝɢɧɬɟɝɪɚɥɚΝɧɟɨɛɯɨɞɢɦɨΝ ɫɜɟɫɬɢΝ ɟɝɨΝ ɤΝ ɬɚɛɥɢɱɧɨɦɭ.ΝɑɚɫɬɨΝ ɷɬɨΝ

ɭɞɚɟɬɫɹΝ ɫɞɟɥɚɬɶΝ ɩɭɬɟɦΝ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹΝ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɝɨΝ ɜɵɪɚɠɟɧɢɹΝ ɫΝ ɩɨɦɨ-

ɳɶɸΝɚɥɝɟɛɪɚɢɱɟɫɤɢɯΝɩɪɚɜɢɥΝɢΝɬɨɠɞɟɫɬɜΝΧɫɦ.ΝɉɪɢɥɨɠɟɧɢɟΝβΝɢΝɉɪɢɥɨɠɟɧɢɟΝγΨΝɢΝ

ɩɪɢɦɟɧɟɧɢɹΝɨɫɧɨɜɧɵɯΝɩɪɚɜɢɥΝɢɧɬɟɝɪɢɪɨɜɚɧɢɹ.Ν

ɉɪɢɦɟɪ 3.1. 

ɇɚɣɞɢɬɟΝ∫ ቀͷ cos ݔ − ଶݔ͵ + ଵ௫ቁ Ν.ݔ݀
Ɋɟɲɟɧɢɟ.ΝΝ

ɉɪɟɞɫɬɚɜɢɦΝɢɧɬɟɝɪɚɥΝɜΝɜɢɞɟΝɫɭɦɦɵΝɢɧɬɟɝɪɚɥɨɜ,ΝɢɫɩɨɥɶɡɭɟɦΝΝɩɪɚɜɢɥɨΝΧγ.λΨΝ

ɢΝɩɪɢɦɟɧɢɦΝɬɚɛɥɢɱɧɵɟΝɢɧɬɟɝɪɚɥɵ.Νනͷ cos ݔ ݔ݀ − න͵ݔଶ݀ݔ +නͳݔ ݔ݀ = ͷන cos ݔ݀ݔ − ͵නݔଶ ݔ݀ +න݀ݔݔ = = ͷ sin ݔ − ଷݔ + ln|ݔ| + Ν.ܥ
ɉɪɢɦɟɪ 3.2. 

ɇɚɣɞɢɬɟΝ∫ ݔଶ݃ݐܿ Ν.ݔ݀
Ɋɟɲɟɧɢɟ.ΝΝ

ɉɪɟɨɛɪɚɡɭɟɦΝ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɟΝ ɜɵɪɚɠɟɧɢɟ,Ν ɩɪɢɦɟɧɹɹΝ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟ-

ɫɤɢɟΝɬɨɠɞɟɫɬɜɚΝΧɫɦ.ΝɉɪɢɥɨɠɟɧɢɹΨ,ΝɢΝɫɜɟɞɟɦΝɡɚɞɚɧɧɵɣΝɢɧɬɟɝɪɚɥΝɤΝɬɚɛɥɢɱɧɵɦ.ΝΝනܿ݃ݐଶݔ ݔ݀ = නcosଶ sinଶݔ ݔ ݔ݀ = නͳ − sinଶ sinଶݔ ݔ ݔ݀ = න൬ ͳsinଶ ݔ − ͳ൰ ݔ݀ =		Ν	= න sinଶݔ݀ ݔ − න݀ݔ = ݔ݃ݐܿ− − ݔ + Ν.ܥ



ηλΝ

ɉɪɢɦɟɪ 3.3. 

ɁɚɜɢɫɢɦɨɫɬɶΝ ɫɤɨɪɨɫɬɢΝ ɨɬΝ ɜɪɟɦɟɧɢΝ ɡɚɞɚɟɬɫɹΝ ɜɵɪɚɠɟɧɢɟɦΝ ܸ = ଴ܸ ቀͳ + ௧ହቁ.Ν
ɁɧɚɱɟɧɢɟΝ ɧɚɱɚɥɶɧɨɣΝ ɫɤɨɪɨɫɬɢΝ ɪɚɜɧɨΝ ଴ܸ = Ͳ,ͳ	ˏ/˔.Ν ɇɚɣɞɢɬɟΝ ɡɚɜɢɫɢɦɨɫɬɶΝ ɤɨɨɪ-
ɞɢɧɚɬɵΝɨɬΝɜɪɟɦɟɧɢ,ΝɟɫɥɢΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢ	ݐ = ͲΝɬɟɥɨΝɧɚɯɨɞɢɥɨɫɶΝɜΝɧɚɱɚɥɟΝɤɨ-
ɨɪɞɢɧɚɬ.ΝɈɩɪɟɞɟɥɢɬɟ,ΝɝɞɟΝɨɤɚɠɟɬɫɹΝɬɟɥɨΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝݐ = ͸	ܿ.ΝΝ

Ɋɟɲɟɧɢɟ.ΝΝ

ɉɨΝɨɩɪɟɞɟɥɟɧɢɸΝɫɤɨɪɨɫɬɶΝɟɫɬɶΝɩɪɨɢɡɜɨɞɧɚɹΝɤɨɨɪɞɢɧɚɬɵΝɩɨΝɜɪɟɦɟɧɢ.ΝɌɨ-

ɝɞɚΝɤɨɨɪɞɢɧɚɬɚΝ–ΝɩɟɪɜɨɨɛɪɚɡɧɚɹΝɮɭɧɤɰɢɢΝɫɤɨɪɨɫɬɢμΝ݀ݐ݀ݔ = ܸ		 ⇒ ሻݐሺݔ		 = නܸ݀ݐ 
ሻݐሺݔ = න ଴ܸ ൬ͳ + ݐͷ൰݀ݐ = න ଴ܸ ݐ݀ + න ͷݐ ଴ܸ݀ݐ = ଴ܸන݀ݐ + ଴ܸͷ න ݐ݀ݐ = = ଴ܸݐ + ௏బହ ௧మଶ + ܥ = ଴ܸݐ ቀͳ + ௧ଵ଴ቁ +  .ܥ

ɇɚɣɞɟɦΝ ɡɧɚɱɟɧɢɟΝ ɩɨɫɬɨɹɧɧɨɣΝɋ,Ν ɩɨɞɫɬɚɜɢɜΝ ɧɚɱɚɥɶɧɨɟΝ ɡɧɚɱɟɧɢɟΝ ɜɪɟɦɟɧɢΝ

tο0μΝ ሺͲሻݔ = ଴ܸ ∙ Ͳ ቀͳ + ଴ଵ଴ቁ + ܥ = ɋɨɝɥɚɫɧɨΝ		.	ܥ ɭɫɥɨɜɢɸ:	ݔሺͲሻ = Ͳ	 => С = Ͳ.Ν
ɌɚɤɢɦΝɨɛɪɚɡɨɦ,Ν ɡɧɚɱɟɧɢɟΝɩɨɫɬɨɹɧɧɨɣΝɢɧɬɟɝɪɢɪɨɜɚɧɢɹΝɋΝ ɜΝɮɢɡɢɱɟɫɤɢɯΝɡɚɞɚɱɚɯΝ

ɦɨɠɟɬΝɨɩɪɟɞɟɥɹɬɶΝɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ,Ν ɜΝ ɱɚɫɬɧɨɫɬɢΝ ɜΝ ɞɚɧɧɨɣΝ ɡɚɞɚɱɟΝ –Ν ɧɚɱɚɥɶ-

ɧɭɸΝɤɨɨɪɞɢɧɚɬɭΝݔሺͲሻ = ଴.ΝΝݔ
ɇɚɣɞɟɦΝɤɨɨɪɞɢɧɚɬɭΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝݐ = ͸	ܿμΝݔሺ͸ሻ = Ͳ,ͳ ∙ ͸ ቀͳ + ଺ଵ଴ቁ = Ͳ,ͻ͸ΝΧɦΨ.Ν
ɈɬɜɟɬμΝݔሺݐሻ = ଴ݔ + ଴ܸݐ ቀͳ + ௧ଵ଴ቁ ሺ͸ሻݔ				, = Ͳ,ͻ͸	ˏ.Ν

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 3.1– 3.3 

1.ΝɂɡΝɩɨɬɪɟɛɧɨɫɬɢΝɪɟɲɟɧɢɹΝɤɚɤɢɯΝɡɚɞɚɱΝɜɨɡɧɢɤɥɨΝɢɧɬɟɝɪɚɥɶɧɨɟΝɢɫɱɢɫɥɟ-

ɧɢɟ?ΝΝ

β.ΝȼΝɱɟɦΝ ɫɨɫɬɨɢɬΝ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟΝ ɢɫɬɨɥɤɨɜɚɧɢɟΝ ɨɩɪɟɞɟɥɟɧɧɨɝɨΝ Ν ɢɧɬɟɝɪɚ-

ɥɚ?Ν

γ.ΝȼΝɱɟɦΝɫɨɫɬɨɢɬΝɨɫɧɨɜɧɚɹΝɡɚɞɚɱɚΝɢɧɬɟɝɪɚɥɶɧɨɝɨΝɢɫɱɢɫɥɟɧɢɹ?Ν

ζ.ΝɑɬɨΝɩɨɧɢɦɚɟɬɫɹΝɩɨɞΝΝɩɟɪɜɨɨɛɪɚɡɧɨɣΝΝɮɭɧɤɰɢɟɣ?ΝΝ



θ0Ν

η.ΝɉɨɱɟɦɭΝ ɥɸɛɚɹΝ ɧɟɩɪɟɪɵɜɧɚɹΝ ɮɭɧɤɰɢɹ ɢɦɟɟɬΝ ɛɟɫɱɢɫɥɟɧɧɨɟΝ ɦɧɨɠɟɫɬɜɨΝ

ɩɟɪɜɨɨɛɪɚɡɧɵɯ?ΝΝ

η.Ν ɄɚɤɨɜɚΝ ɫɜɹɡɶΝ ɦɟɠɞɭΝ ɞɟɣɫɬɜɢɹɦɢΝ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹΝ ɢΝ ɢɧɬɟɝɪɢɪɨɜɚ-

ɧɢɹ?Ν

θ.ΝɑɬɨΝ ɧɚɡɵɜɚɟɬɫɹΝ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦΝ ɢɧɬɟɝɪɚɥɨɦ?Ν ɉɟɪɟɱɢɫɥɢɬɟΝ ɨɫɧɨɜɧɵɟΝ

ɫɜɨɣɫɬɜɚΝɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨΝɢɧɬɟɝɪɚɥɚ.Ν

 

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

ɇɚɣɞɢɬɟΝɢɧɬɟɝɪɚɥμΝ͵.ͳ. ∫ ͳʹ√ݔଶర Νݔ݀ ͵.͹. ∫ሺ√ݔ + ͳሻ൫√ݔ − ͳ൯݀ݔΝ͵.ʹ. ∫ ቀͳ + ଵହ௧ + ଶ௧మଷ ቁ Νݐ݀ ͵.ͺ. ∫ ቀଶ௨ିଵଷ௨ ቁଶ Νݑ݀
͵.͵. ∫ ቀ௫మଷ + ݔ + Ͷቁ Νݔ݀ ͵.ͻ. ∫ ௬యି଼ଶି௬ .Ν͵.Ͷݕ݀ ∫ ݔ ቀଶ௫ + ௫ଶቁ Νݔ݀ ͵.ͳͲ. ∫ ௘మೣିସ଺௘ೣିଵଶ݀ݔΝ͵.ͷ. ∫ ʹ௭ ∙ ͵௭ Νݖ݀ ͵.ͳͳ.		 ∫ ୱ୧୬మ ௫ାୡ୭ୱమ ௫ସ√௫ Νݔ݀
͵.͸. ∫ ଶସೣିଶೣସೣ Νݔ݀ ͵.ͳʹ.		 ∫ ௗణଵାୡ୭ୱଶణ Νߴ݀

 

3.4. Ɋɚɡɵɫɤɚɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ.  

Ɏɨɪɦɭɥɚ ɇɶɸɬɨɧɚ – Ʌɟɣɛɧɢɰɚ 

ɈɩɪɟɞɟɥɟɧɧɵɣΝɢɧɬɟɝɪɚɥΝɨɬΝɧɟɩɪɟɪɵɜɧɨɣΝɧɚΝɨɬɪɟɡɤɟΝ[ܽ, ܾ]ΝɮɭɧɤɰɢɢΝв=П(б)  

ɪɚɜɟɧΝɩɪɢɪɚɳɟɧɢɸΝɩɟɪɜɨɨɛɪɚɡɧɨɣΝF(б) ɞɥɹΝɷɬɨɣΝɮɭɧɤɰɢɢΝɧɚΝɭɤɚɡɚɧɧɨɦΝɩɪɨɦɟ-

ɠɭɬɤɟ,Νɬ.ɟ.μΝ∫ ݂ሺݔሻ݀ݔ௕௔ = ܾܽ|ሻݔሺܨ = ሺܾሻܨ − Ν		ሺܽሻ.ܨ Χγ.11ΨΝ

ɑɬɨɛɵΝ ɜɵɱɢɫɥɢɬɶΝ ɨɩɪɟɞɟɥɟɧɧɵɣΝ ɢɧɬɟɝɪɚɥΝ ∫ ݂ሺݔሻ݀ݔ௕௔ ,Ν ɫɥɟɞɭɟɬΝ ɫɧɚɱɚɥɚΝ

ɧɚɣɬɢΝɧɟɨɩɪɟɞɟɥɟɧɧɵɣΝɢɧɬɟɝɪɚɥ	∫ ݂ሺݔሻ݀ݔΝɢΝɞɚɥɟɟ,ΝɫɨɝɥɚɫɧɨΝɮɨɪɦɭɥɟ ɇɶɸɬɨɧɚ 

– Ʌɟɣɛɧɢɰɚ Χγ.θΨ,ΝɩɨɞɫɬɚɜɢɬɶΝɜΝɧɚɣɞɟɧɧɨɟΝɜɵɪɚɠɟɧɢɟΝ ɜɦɟɫɬɨΝɯΝ Ν ɫɧɚɱɚɥɚΝ ɜɟɪɯ-

ɧɢɣΝɩɪɟɞɟɥ,ΝɡɚɬɟɦΝɧɢɠɧɢɣΝɢΝɜɵɱɟɫɬɶΝɜɬɨɪɭɸΝɜɟɥɢɱɢɧɭΝɢɡΝɩɟɪɜɨɣ.Ν



θ1Ν

ɋɜɨɣɫɬɜɚ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ 

1.ΝɉɨɫɬɨɹɧɧɵɣΝɦɧɨɠɢɬɟɥɶΝɦɨɠɧɨΝɜɵɧɟɫɬɢΝɡɚΝɡɧɚɤΝɢɧɬɟɝɪɚɥɚμΝΝ∫ ˔	 ∙ ݂ሺݔሻ݀ݔ = ɫ ∫ ݂ሺݔሻ݀ݔ௕௔௕௔ 	,Ν Χγ.1βΨΝ

ɝɞɟΝɫ =ΝМШЧstΝ

β.ΝɂɧɬɟɝɪɚɥΝ ɨɬΝ ɫɭɦɦɵΝɮɭɧɤɰɢɣΝ ɪɚɜɟɧΝ ɫɭɦɦɟΝ ɢɧɬɟɝɪɚɥɨɜΝ ɨɬΝ ɜɫɟɯΝ ɫɥɚɝɚɟ-

ɦɵɯμΝ ∫ ሺ݂ሺݔሻ ± ݃ሺݔሻሻ݀ݔ௕௔ = ∫ ݂ሺݔሻ݀ݔ௕௔ ± ∫ ݃ሺݔሻ݀ݔ.௕௔ Ν Χγ.1γΨΝ

γ.ΝɈɬɪɟɡɨɤΝɢɧɬɟɝɪɢɪɨɜɚɧɢɹΝɦɨɠɧɨΝɪɚɡɛɢɬɶΝɧɚΝɱɚɫɬɢμΝΝ∫ ݂ሺݔሻ݀ݔ௕௔ = ∫ ݂ሺݔሻ݀ݔ௖௔ + ∫ ݂ሺݔሻ݀ݔ௕௖ .	Ν Χγ.1ζΨΝ

ζ.ΝɉɪɢΝɩɟɪɟɫɬɚɧɨɜɤɟΝɩɪɟɞɟɥɨɜΝɢɡɦɟɧɹɟɬɫɹΝɡɧɚɤΝɢɧɬɟɝɪɚɥɚμΝ∫ ݂ሺݔሻ݀ݔ௕௔ = −∫ ݂ሺݔሻ݀ݔ.௔௕ Ν Χγ.1ηΨΝ

η.ΝɂɧɬɟɝɪɚɥΝɫΝɨɞɢɧɚɤɨɜɵɦɢΝɩɪɟɞɟɥɚɦɢΝɪɚɜɟɧΝɧɭɥɸμΝΝ∫ ݂ሺݔሻ݀ݔ௔௔ = Ͳ.Ν Χγ.1θΨΝ

ɉɪɢɦɟɪ 3.4. ɇɚɣɞɢɬɟΝ∫ ଷିଶݔଶ݀ݔ͵ .Ν

Ɋɟɲɟɧɢɟ. 

න͵ݔଶ݀ݔଷ
ିଶ = ͵ ଷ͵ቤିଶଷݔ� = ͵ଷ	 − ሺ−ʹሻଷ	 = ʹ͹ − ሺ−ͺሻ = ͵ͷ. 
ɉɪɢɦɟɪ 3.5. ɇɚɣɞɢɬɟΝ∫ sin ݔ గ଴ݔ݀ .Ν

Ɋɟɲɟɧɢɟ. 

න sin ݔ గݔ݀
଴ = − cos ݔ │଴గ = −ሺcos ߨ − cos Ͳሻ = −ሺ−ͳ − ͳሻ = ʹ. 

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɪɟɲɟɧɢɹ 

ɇɚɣɞɢɬɟΝɢɧɬɟɝɪɚɥΝ͵.ͳ͵.		 ∫ ሺ͵ cos ߙ + sin గିగߙሻ݀ߙ Ν ͵.ͳ͸.		 ∫ ሺݔ + ͳሻଶሺ͵ݔ − Ͷሻ݀ݔସଶ Ν͵.ͳͶ. ∫ ቀୱ୧୬௫ଶ + ଵୡ୭ୱమ ௫ቁ గ଴ݔ݀ Ν ͵.ͳ͹.		 ∫ ௬లା଼௬రାଵ௬ ଵିଵݕ݀ Ν͵.ͳͷ.		 ∫ ቀହ೟ା௧√ହ ቁଷ଴ Νݐ݀ ͵.ͳͺ.		 ∫ ଵଶ sinଶ ቀఝଶቁ ݀߮ഏమ଴ Ν



θβΝ

Ɂɚɞɚɱɢ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɠɟɧɢɹ 

(ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɢɥɨɠɟɧɢɹ ɢɧɬɟɝɪɚɥɚ) 

γ.1λ.Ν ɋɤɨɪɨɫɬɶΝ ɩɪɹɦɨɥɢɧɟɣɧɨΝ ɞɜɢɠɭɳɟɣɫɹΝ ɬɨɱɤɢΝ ɦɟɧɹɟɬɫɹΝ ɩɨΝ ɡɚɤɨɧɭΝܸ = ଶݐ͵ + ͳ.ΝɇɚɣɬɢΝɡɚɜɢɫɢɦɨɫɬɶΝɤɨɨɪɞɢɧɚɬɵΝɨɬΝɜɪɟɦɟɧɢ,ΝɟɫɥɢΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟ-
ɧɢΝt=0μΝɚΨΝɬɨɱɤɚΝɧɚɯɨɞɢɬɫɹΝɜΝɧɚɱɚɥɟΝɤɨɨɪɞɢɧɚɬνΝɛΨΝɤɨɨɪɞɢɧɚɬɚΝɬɨɱɤɢΝɪɚɜɧɹɥɚɫɶΝ

0,ηΝɦ.Ν

γ.β0.Ν ɇɚɣɞɢɬɟΝ ɡɚɤɨɧΝ ɞɜɢɠɟɧɢɹΝ ɬɟɥɚΝ ɦɚɫɫɨɣΝ 10Ν ɤɝΝ ɩɨɞΝ ɞɟɣɫɬɜɢɟɦΝ ɫɢɥɵΝ

F=θΝɇ,ΝɟɫɥɢΝɜΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝݐ = ͲΝɬɟɥɨΝɩɨɤɨɢɥɨɫɶΝɜΝɧɚɱɚɥɟΝɤɨɨɪɞɢɧɚɬ.Ν
γ.β1.ΝɁɚɜɢɫɢɦɨɫɬɶΝɫɤɨɪɨɫɬɢΝɩɪɹɦɨɥɢɧɟɣɧɨΝɞɜɢɠɭɳɟɣɫɹΝɬɨɱɤɢΝɨɬΝɜɪɟɦɟɧɢΝ

ɜɵɪɚɠɚɟɬɫɹΝɮɨɪɦɭɥɨɣΝܸ = sin గ௧ଶ 				ɦ/ɫ.ΝɇɚɣɞɢɬɟΝɤɨɨɪɞɢɧɚɬɭΝɬɨɱɤɢΝɜΝɧɚɱɚɥɶɧɵɣΝ

ɦɨɦɟɧɬΝ ɜɪɟɦɟɧɢΝ ݐ = Ͳ,	ɟɫɥɢΝ ɜΝ ɦɨɦɟɧɬΝ ɜɪɟɦɟɧɢΝ ݐ = ͳ	ɫΝ ɤɨɨɪɞɢɧɚɬɚΝ ɪɚɜɧɹɥɚɫɶΝ
1Νɦ.Ν

γ.ββ.Ν ɍɫɤɨɪɟɧɢɟΝ ɩɪɹɦɨɥɢɧɟɣɧɨΝ ɞɜɢɠɭɳɟɣɫɹΝ ɬɨɱɤɢΝ ɦɟɧɹɟɬɫɹΝ ɩɨΝ ɡɚɤɨɧɭΝܽ = ͳ,ͷ	ݐ.Νɂɡɜɟɫɬɧɨ,Ν ɱɬɨΝ ɤΝ ɤɨɧɰɭΝɩɟɪɜɨɣΝ ɫɟɤɭɧɞɵΝ ɬɟɥɨΝɩɪɨɲɥɨΝθΝɦΝ ɢΝ ɫɤɨɪɨɫɬɶΝ
ɟɝɨΝɛɵɥɚΝɪɚɜɧɚΝγ,ιηΝɦ/ɫ.ΝɇɚɣɞɢɬɟΝɡɚɜɢɫɢɦɨɫɬɶΝɫɤɨɪɨɫɬɢΝɞɜɢɠɟɧɢɹΝɨɬΝɜɪɟɦɟɧɢΝΝɢΝΝ

ɡɚɤɨɧΝɞɜɢɠɟɧɢɹΝɬɟɥɚ.ΝΝ

γ.βγ.ΝɌɟɥɨΝɦɚɫɫɨɣΝζΝɤɝΝɫɨɜɟɪɲɚɟɬΝɩɪɹɦɨɥɢɧɟɣɧɨɟΝɞɜɢɠɟɧɢɟΝɢɡΝɫɨɫɬɨɹɧɢɹΝ

ɩɨɤɨɹΝɩɨɞΝɞɟɣɫɬɜɢɟɦΝɩɟɪɟɦɟɧɧɨɣΝɫɢɥɵ,ΝɤɨɬɨɪɚɹΝɢɡɦɟɧɹɟɬɫɹΝɩɨΝɡɚɤɨɧɭΝܨ = ଶ√௧ାଵ.Ν
ɑɟɪɟɡΝγΝɫΝɩɨɫɥɟΝɧɚɱɚɥɚΝɞɜɢɠɟɧɢɹΝɫɢɥɚΝɩɪɟɤɪɚɳɚɟɬΝɫɜɨɟΝɞɟɣɫɬɜɢɟΝɢΝɬɟɥɨΝɞɜɢɠɟɬ-

ɫɹΝ ɪɚɜɧɨɦɟɪɧɨΝ ɫΝ ɧɚɛɪɚɧɧɨɣΝ ɤΝ ɞɚɧɧɨɦɭΝ ɦɨɦɟɧɬɭΝ ɫɤɨɪɨɫɬɶɸ.Ν ɇɚɣɞɢɬɟΝ ɡɚɜɢɫɢ-

ɦɨɫɬɶΝɫɤɨɪɨɫɬɢΝɞɜɢɠɟɧɢɹΝɨɬΝɜɪɟɦɟɧɢ.Ν

γ.βζ.Ν ɁɚɜɢɫɢɦɨɫɬɶΝ ɭɝɥɨɜɨɣΝ ɫɤɨɪɨɫɬɢΝ ɨɬΝ ɜɪɟɦɟɧɢΝ ɡɚɞɚɟɬɫɹΝ ɭɪɚɜɧɟɧɢɟɦΝ߱ሺݐሻ = ଶݐʹ − ͷݐ.Ν ɇɚɣɞɢɬɟΝ ɡɚɜɢɫɢɦɨɫɬɶΝ ɭɝɥɚΝ ɩɨɜɨɪɨɬɚΝ ɨɬΝ ɜɪɟɦɟɧɢ,Ν ɟɫɥɢΝ ɜΝ ɧɚ-
ɱɚɥɶɧɵɣΝɦɨɦɟɧɬΝɜɪɟɦɟɧɢΝ߮ = Ͳ.Ν

Ν

Ν

Ν



θγΝ

4. ɎɂɁɂɑȿɋɄɂɃ ɗɄɋɉȿɊɂɆȿɇɌ  

ɂ ɈȻɊȺȻɈɌɄȺ ȿȽɈ ɊȿɁɍɅɖɌȺɌɈȼ 

4.1. Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨɛ ɢɡɦɟɪɟɧɢɹɯ 
ɎɢɡɢɤɚΝ ɹɜɥɹɟɬɫɹΝ ɧɚɭɤɨɣΝ ɩɨɡɧɚɧɢɹΝ ɨɤɪɭɠɚɸɳɟɝɨΝ ɧɚɫΝ ɦɢɪɚ,Ν ɢΝ ɩɨɡɧɚɧɢɟΝ ɜΝ

ɛɨɥɶɲɢɧɫɬɜɟΝ ɫɥɭɱɚɹɯΝ ɩɪɨɢɫɯɨɞɢɬΝ ɨɩɵɬɧɵɦΝ ɩɭɬɟɦ.Ν ɇɟɫɦɨɬɪɹΝ ɧɚΝ ɬɨ,Ν ɱɬɨΝ ɫɨɜɪɟ-

ɦɟɧɧɵɟΝɮɢɡɢɱɟɫɤɢɟΝɬɟɨɪɢɢΝΧɧɚɩɪɢɦɟɪ,ΝɤɜɚɧɬɨɜɚɹΝɦɟɯɚɧɢɤɚ,ΝɬɟɨɪɢɹΝɩɨɥɹΨΝɜɵɝɥɹ-

ɞɹɬΝɤɚɤΝɫɥɨɠɧɵɟΝɚɛɫɬɪɚɤɬɧɵɟΝɤɨɧɫɬɪɭɤɰɢɢΝɢɡΝɦɚɬɟɦɚɬɢɱɟɫɤɢɯΝɩɪɟɞɩɨɥɨɠɟɧɢɣ,Ν

ɜɵɤɥɚɞɨɤΝɢΝɮɨɪɦɭɥ,ΝɜɫɟΝɷɬɢΝɬɟɨɪɢɢΝɨɩɢɪɚɸɬɫɹΝɧɚΝɨɩɵɬ,ΝɢΝɬɨɥɶɤɨΝɨɩɵɬΝɹɜɥɹɟɬɫɹΝ

ɤɪɢɬɟɪɢɟɦΝɢɯΝɞɨɫɬɨɜɟɪɧɨɫɬɢ.Ν

ɈɞɧɚΝ ɢɡΝ ɨɫɧɨɜɧɵɯΝ ɰɟɥɟɣΝ ɮɢɡɢɱɟɫɤɨɝɨΝ ɩɪɚɤɬɢɤɭɦɚΝ ɡɚɤɥɸɱɚɟɬɫɹΝ ɜΝ ɬɨɦ,Ν

ɱɬɨɛɵΝɧɚɭɱɢɬɶɫɹΝɩɪɚɜɢɥɶɧɨΝɩɪɨɢɡɜɨɞɢɬɶΝɢɡɦɟɪɟɧɢɹΝɮɢɡɢɱɟɫɤɢɯΝɜɟɥɢɱɢɧΝɢΝɨɰɟ-

ɧɢɜɚɬɶΝɬɨɱɧɨɫɬɶΝɩɨɥɭɱɟɧɧɵɯΝɪɟɡɭɥɶɬɚɬɨɜ.Ν

ɂɡɦɟɪɟɧɢɟɦΝ ɧɚɡɵɜɚɟɬɫɹΝ ɩɪɨɰɟɫɫΝ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨΝ ɩɨɥɭɱɟɧɢɹΝ ɨɞɧɨɝɨΝ

ɢɥɢΝ ɛɨɥɟɟΝ ɡɧɚɱɟɧɢɣΝ ɜɟɥɢɱɢɧɵ,Ν ɤɨɬɨɪɵɟΝ ɦɨɝɭɬΝ ɛɵɬɶΝ ɨɛɨɫɧɨɜɚɧɧɨΝ ɩɪɢɩɢɫɚɧɵΝ

ɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɟ.Ν

ɂɡɦɟɪɟɧɢɹΝɩɪɨɢɡɜɨɞɹɬɫɹΝɫΝɩɨɦɨɳɶɸ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ. ɋɪɟɞɫɬɜɨΝɢɡɦɟ-
ɪɟɧɢɣΝɦɨɠɟɬΝɛɵɬɶΝɢɡɦɟɪɢɬɟɥɶɧɵɦΝɩɪɢɛɨɪɨɦ ɢɥɢΝɦɚɬɟɪɢɚɥɶɧɨɣ ɦɟɪɨɣ.Νɂɡɦɟ-

ɪɢɬɟɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢΝɧɚɡɵɜɚɸɬΝɫɪɟɞɫɬɜɨΝɢɡɦɟɪɟɧɢɣ,ΝɤɨɬɨɪɨɟΝɨɛɟɫɩɟɱɢɜɚɟɬΝ
ɜɵɯɨɞɧɨɣΝɫɢɝɧɚɥΝɜΝɜɢɡɭɚɥɶɧɨɣΝɮɨɪɦɟΝΧɧɚΝɱɢɫɥɨɜɨɣΝɲɤɚɥɟΝɢɥɢΝɷɤɪɚɧɟΨ,ΝɧɟɫɭɳɢɣΝ

ɢɧɮɨɪɦɚɰɢɸΝɨΝɡɧɚɱɟɧɢɢΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵ.ΝɇɚɩɪɢɦɟɪμΝɦɢɤɪɨɦɟɬɪ,Ν ɬɟɪɦɨ-

ɦɟɬɪ,Νɜɨɥɶɬɦɟɬɪ,Νɫɟɤɭɧɞɨɦɟɪ,ΝɷɥɟɤɬɪɨɧɧɵɟΝɜɟɫɵ.ΝΝ

Ɇɚɬɟɪɢɚɥɶɧɚɹ ɦɟɪɚ –Ν ɫɪɟɞɫɬɜɨΝ ɢɡɦɟɪɟɧɢɣ,Ν ɤɨɬɨɪɨɟΝ ɜɨɫɩɪɨɢɡɜɨɞɢɬΝ ɜΝ
ɩɪɨɰɟɫɫɟΝɢɫɩɨɥɶɡɨɜɚɧɢɹΝɢɥɢΝɩɨɫɬɨɹɧɧɨΝɯɪɚɧɢɬΝɩɪɢɩɢɫɚɧɧɵɟΝɡɧɚɱɟɧɢɹΝɜɟɥɢɱɢ-

ɧɵ.ΝɇɚɩɪɢɦɟɪμΝɥɢɧɟɣɧɚɹΝɲɤɚɥɚΝΧɥɢɧɟɣɤɚΨ,ΝɷɬɚɥɨɧɧɚɹΝɝɢɪɹ,ΝɷɬɚɥɨɧɧɵɣΝɷɥɟɤɬɪɢ-

ɱɟɫɤɢɣΝɪɟɡɢɫɬɨɪ,Ν ɷɬɚɥɨɧɧɵɣΝ ɝɟɧɟɪɚɬɨɪΝ ɫɢɝɧɚɥɨɜ.ΝɂɡɦɟɪɟɧɢɟΝ ɫΝ ɩɨɦɨɳɶɸΝɦɚɬɟ-

ɪɢɚɥɶɧɨɣΝɦɟɪɵΝɡɚɤɥɸɱɚɟɬɫɹΝɜΝɫɪɚɜɧɟɧɢɢΝɩɚɪɚɦɟɬɪɚΝɢɡɦɟɪɹɟɦɨɝɨΝɨɛɴɟɤɬɚΝɫΝɦɟ-

ɪɨɣ,ΝɤɨɬɨɪɚɹΝɩɪɢɧɢɦɚɟɬɫɹΝɡɚΝɷɬɚɥɨɧΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵ.Ν

ɂɡɦɟɪɟɧɢɟΝ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬΝ ɢɫɩɨɥɶɡɨɜɚɧɢɟΝ ɨɩɪɟɞɟɥɟɧɧɨɝɨΝɦɟɬɨɞɚΝ ɢɡɦɟ-

ɪɟɧɢɣ.Ν Ɇɟɬɨɞ ɢɡɦɟɪɟɧɢɣ – ɨɛɳɟɟΝ ɨɩɢɫɚɧɢɟΝ ɥɨɝɢɱɟɫɤɨɣΝ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢΝ
ɨɩɟɪɚɰɢɣΝɩɪɢΝɢɡɦɟɪɟɧɢɢ.Ν



θζΝ

ɆɟɬɨɞɵΝɢɡɦɟɪɟɧɢɣΝɦɨɝɭɬΝɛɵɬɶΝɫɥɟɞɭɸɳɢɯΝɜɢɞɨɜμΝɦɟɬɨɞ ɩɪɹɦɵɯ ɢɡɦɟɪɟ-

ɧɢɣΝɢ ɦɟɬɨɞ ɤɨɫɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ.Ν

Ɇɟɬɨɞ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ –ΝɷɬɨΝɬɚɤɢɟΝɢɡɦɟɪɟɧɢɹ,ΝɩɪɢΝɤɨɬɨɪɵɯΝɱɢɫɥɟɧ-
ɧɨɟΝɡɧɚɱɟɧɢɟΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵΝɩɨɥɭɱɚɸɬΝɥɢɛɨΝɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦΝɫɪɚɜɧɟ-

ɧɢɟɦΝɟɟΝɫΝɦɟɪɨɣΝΧɷɬɚɥɨɧɨɦΨ,ΝɥɢɛɨΝɫΝɩɨɦɨɳɶɸΝɩɪɢɛɨɪɨɜ,ΝɝɪɚɞɭɢɪɨɜɚɧɧɵɯΝɜΝɟɞɢ-

ɧɢɰɚɯΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵ.ΝɇɚɩɪɢɦɟɪμΝ ɢɡɦɟɪɟɧɢɟΝɞɥɢɧɵΝɩɪɟɞɦɟɬɚΝɦɚɫɲɬɚɛ-

ɧɨɣΝɥɢɧɟɣɤɨɣ,ΝɨɩɪɟɞɟɥɟɧɢɟΝɦɚɫɫɵΝɬɟɥɚΝɧɚΝɜɟɫɚɯΝɫΝɩɨɦɨɳɶɸΝɪɚɡɧɨɜɟɫɚ,Νɢɡɦɟɪɟ-

ɧɢɟΝɢɧɬɟɪɜɚɥɚΝɜɪɟɦɟɧɢΝɫɟɤɭɧɞɨɦɟɪɨɦ,ΝɢΝɬ.ɞ.Ν

ɈɞɧɚɤɨΝɧɟΝ ɞɥɹΝ ɜɫɟɯΝɮɢɡɢɱɟɫɤɢɯΝ ɜɟɥɢɱɢɧΝ ɫɭɳɟɫɬɜɭɸɬΝɦɟɪɵΝ ɢɥɢΝ ɢɡɦɟɪɢ-

ɬɟɥɶɧɵɟΝɩɪɢɛɨɪɵ,ΝɚΝɡɧɚɱɢɬ,ΝɢɫɤɨɦɚɹΝɮɢɡɢɱɟɫɤɚɹΝɜɟɥɢɱɢɧɚΝɧɟΝɜɫɟɝɞɚΝɦɨɠɟɬΝɛɵɬɶΝ

ɩɨɥɭɱɟɧɚΝ ɜΝ ɪɟɡɭɥɶɬɚɬɟΝ ɩɪɹɦɵɯΝ ɢɡɦɟɪɟɧɢɣ.Ν ȼΝ ɷɬɨɦΝ ɫɥɭɱɚɟΝ ɢɡɦɟɪɹɟɬɫɹΝ ɧɟΝ ɫɚɦɚΝ

ɢɫɤɨɦɚɹΝɜɟɥɢɱɢɧɚ,ΝɚΝɞɪɭɝɢɟΝɜɟɥɢɱɢɧɵ,ΝɫɜɹɡɚɧɧɵɟΝɫΝɧɟɸΝɬɟɦɢΝɢɥɢΝɢɧɵɦɢΝɫɨɨɬ-

ɧɨɲɟɧɢɹɦɢΝɢΝɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ,ΝɩɨΝɡɧɚɱɟɧɢɸΝɤɨɬɨɪɵɯΝɜɵɱɢɫɥɟɧɢɟɦ ɨɩɪɟɞɟɥɹ-

ɟɬɫɹΝɡɧɚɱɟɧɢɟΝɢɫɤɨɦɨɣΝɜɟɥɢɱɢɧɵ.ΝɌɚɤɨɣΝɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹΝɤɨɫɜɟɧ-
ɧɵɦ.Νɇɚɩɪɢɦɟɪ,ΝɩɪɨɜɨɞɢɦɵɟΝɜΝɭɱɟɛɧɵɯΝɥɚɛɨɪɚɬɨɪɢɹɯΝɢɡɦɟɪɟɧɢɹΝɩɥɨɬɧɨɫɬɢΝɬɟɥ,Ν
ɢɡɦɟɪɟɧɢɹΝɭɫɤɨɪɟɧɢɹΝɞɜɢɠɟɧɢɹΝɬɟɥ,ΝɢɡɦɟɪɟɧɢɹΝɢɧɞɭɤɰɢɢΝɦɚɝɧɢɬɧɨɝɨΝɩɨɥɹΝɢΝɬ.ɩ.Ν

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 4.1 

1.ΝɄɚɤɢɟΝɫɭɳɟɫɬɜɭɸɬΝɫɪɟɞɫɬɜɚΝɢɡɦɟɪɟɧɢɹ?ΝɉɪɢɜɟɞɢɬɟΝɩɪɢɦɟɪɵ.Ν

β.ΝɄɚɤɨɣΝɦɟɬɨɞΝɢɡɦɟɪɟɧɢɹΝɧɚɡɵɜɚɟɬɫɹΝΝɩɪɹɦɵɦ?ΝɉɪɢɜɟɞɢɬɟΝɩɪɢɦɟɪɵΝɩɪɢ-

ɦɟɧɟɧɢɹΝɬɚɤɨɝɨΝɦɟɬɨɞɚ.Ν

γ.ΝȼΝɱɟɦΝɡɚɤɥɸɱɚɟɬɫɹΝɤɨɫɜɟɧɧɵɣΝɦɟɬɨɞΝɢɡɦɟɪɟɧɢɹ?ΝɉɪɢɜɟɞɢɬɟΝɩɪɢɦɟɪΝɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹΝɬɚɤɨɝɨΝɦɟɬɨɞɚ.Ν

4.2. ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɢ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ 
ɁɚɞɚɱɟɣΝɷɤɫɩɟɪɢɦɟɧɬɚΝɹɜɥɹɟɬɫɹΝɨɩɪɟɞɟɥɟɧɢɟΝɢɫɬɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɮɢɡɢ-

ɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ. ɈɞɧɚɤɨΝɢɫɬɢɧɧɨɟΝɡɧɚɱɟɧɢɟΝɨɩɪɟɞɟɥɢɬɶΝɧɟɜɨɡɦɨɠɧɨ,ΝɬɚɤΝɤɚɤΝ
ɥɸɛɨɟΝɢɡɦɟɪɟɧɢɟΝɜɫɟɝɞɚΝɩɪɨɢɡɜɨɞɢɬɫɹΝ ɫΝɤɚɤɨɣ-ɬɨΝɫɬɟɩɟɧɶɸΝɬɨɱɧɨɫɬɢ,ΝɱɬɨΝɫɜɹ-

ɡɚɧɨΝɫΝɧɟɫɨɜɟɪɲɟɧɫɬɜɚɦɢΝɢɡɦɟɪɢɬɟɥɶɧɵɯΝɩɪɢɛɨɪɨɜ,ΝɦɟɬɨɞɢɤɢΝɢɡɦɟɪɟɧɢɣ,Νɧɟɫɨ-

ɜɟɪɲɟɧɫɬɜɨɦΝɨɪɝɚɧɨɜΝɱɟɥɨɜɟɱɟɫɤɢɯΝɱɭɜɫɬɜΝɢΝɬ.ɩ.ΝɉɨɷɬɨɦɭΝɜΝɡɚɞɚɱɭΝɷɤɫɩɟɪɢɦɟɧ-

ɬɚɬɨɪɚ,ΝɩɨɦɢɦɨΝɢɡɦɟɪɟɧɢɹΝɢɫɤɨɦɨɣΝɜɟɥɢɱɢɧɵ,ΝɜΝɨɛɹɡɚɬɟɥɶɧɨɦΝɩɨɪɹɞɤɟΝɜɯɨɞɢɬΝ



θηΝ

ɨɰɟɧɤɚΝ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢΝ ΧɧɟɬɨɱɧɨɫɬɢΨΝ ɩɨɥɭɱɟɧɧɨɝɨΝ ɪɟɡɭɥɶɬɚɬɚ.Ν ȻɟɡΝ ɬɚɤɨɣΝ

ɨɰɟɧɤɢΝɪɟɡɭɥɶɬɚɬΝɨɩɵɬɚ,ΝɤɚɤΝɩɪɚɜɢɥɨ,ΝɧɟΝɢɦɟɟɬΝɩɪɚɤɬɢɱɟɫɤɨɣΝɰɟɧɧɨɫɬɢ.Ν

ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹΝΝ ɩɚɪɚɦɟɬɪ,Ν ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣΝ ɪɚɫɫɟɹɧɢɟΝ

ɡɧɚɱɟɧɢɣ,Ν ɩɪɢɩɢɫɵɜɚɟɦɵɯΝ ɢɡɦɟɪɹɟɦɨɣΝ ɜɟɥɢɱɢɧɟΝ ɧɚΝ ɨɫɧɨɜɚɧɢɢΝ ɢɫɩɨɥɶɡɭɟɦɨɣΝ

ɢɧɮɨɪɦɚɰɢɢ.Ν ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶΝ ɢɡɦɟɪɟɧɢɹΝ ɹɜɥɹɟɬɫɹΝ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣΝ ΧɦɟɪɨɣΨΝ

ɬɨɱɧɨɫɬɢΝ ɢɡɦɟɪɟɧɢɹ.Ν ɉɪɢΝ ɩɪɚɤɬɢɱɟɫɤɢɯΝ ɢɡɦɟɪɟɧɢɹɯΝ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢΝ ɧɟΝ ɜɵ-

ɱɢɫɥɹɸɬɫɹ,ΝɚΝɨɰɟɧɢɜɚɸɬɫɹ.ΝΝ

ɄɪɢɬɟɪɢɟɦΝɱɢɫɥɟɧɧɨɣΝɨɰɟɧɤɢΝɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢΝɢɡɦɟɪɟɧɢɹΝɹɜɥɹɸɬɫɹΝɩɨ-

ɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. 

ɉɨΝɯɚɪɚɤɬɟɪɭ ɩɪɨɹɜɥɟɧɢɹΝɩɨɝɪɟɲɧɨɫɬɢΝΝɪɚɡɞɟɥɹɸɬΝɧɚΝɞɜɟΝɨɫɧɨɜɧɵɟΝɝɪɭɩ-

ɩɵΝ–Νɫɥɭɱɚɣɧɵɟ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ.Ν

ɋɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶΝ –Ν ɷɬɨΝ ɫɨɫɬɚɜɥɹɸɳɚɹΝ ɩɨɝɪɟɲɧɨɫɬɢΝ ɢɡɦɟɪɟɧɢɹ,Ν

ɢɡɦɟɧɹɸɳɚɹɫɹΝɫɥɭɱɚɣɧɵɦΝɨɛɪɚɡɨɦΝɩɪɢΝɩɨɜɬɨɪɧɵɯΝɢɡɦɟɪɟɧɢɹɯΝɨɞɧɨɣΝɢΝɬɨɣΝɠɟΝ

ɜɟɥɢɱɢɧɵ.ΝɈɧɚΝɨɛɭɫɥɨɜɥɟɧɚΝɜɥɢɹɧɢɟɦΝɧɚΝɪɟɡɭɥɶɬɚɬɵΝɢɡɦɟɪɟɧɢɹΝɛɨɥɶɲɨɝɨΝɱɢɫɥɚΝ

ɢɡɦɟɧɹɸɳɢɯɫɹΝɫɥɭɱɚɣɧɵɦΝɨɛɪɚɡɨɦΝɮɚɤɬɨɪɨɜΝɢΝɩɪɨɹɜɥɹɟɬɫɹΝɜΝ ɯɚɨɬɢɱɟɫɤɨɦΝɢɡ-

ɦɟɧɟɧɢɢΝ ɪɟɡɭɥɶɬɚɬɨɜΝ ɩɨɜɬɨɪɧɵɯΝ ɧɚɛɥɸɞɟɧɢɣ.Ν ȿɟΝ ɩɪɢɱɢɧɨɣΝ ɦɨɝɭɬΝ ɫɥɭɠɢɬɶ,Ν ɜΝ

ɱɚɫɬɧɨɫɬɢ,ΝɮɢɡɢɱɟɫɤɚɹΝɢΝɧɟɪɜɧɚɹΝɪɟɚɤɰɢɹΝɫɚɦɨɝɨΝɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ.Ν

ɉɪɢɡɧɚɤΝɫɥɭɱɚɣɧɨɣΝɩɨɝɪɟɲɧɨɫɬɢΝ–ΝɨɧɚΝɧɟɩɪɟɞɫɤɚɡɭɟɦɨΝɢɡɦɟɧɹɟɬɫɹΝɩɨΝɜɟ-

ɥɢɱɢɧɟΝɢΝɡɧɚɤɭΝɨɬΝɨɩɵɬɚΝɤΝɨɩɵɬɭΝɜΝɭɡɤɢɯΝɩɪɟɞɟɥɚɯΝɱɢɫɥɟɧɧɵɯΝɡɧɚɱɟɧɢɣ.Νɋɥɭ-

ɱɚɣɧɭɸΝɩɨɝɪɟɲɧɨɫɬɶΝɧɟɥɶɡɹΝɢɫɤɥɸɱɢɬɶΝɢɡΝɪɟɡɭɥɶɬɚɬɨɜ.ΝɈɞɧɚɤɨ,ΝɩɨɥɶɡɭɹɫɶΝɫɬɚ-

ɬɢɫɬɢɱɟɫɤɢɦɢΝɦɟɬɨɞɚɦɢ,ΝɦɨɠɧɨΝɭɱɟɫɬɶΝɟɟΝɜɥɢɹɧɢɟΝɧɚΝɨɰɟɧɤɭΝɢɫɬɢɧɧɨɝɨΝɡɧɚɱɟ-

ɧɢɹΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵ.ΝɆɧɨɝɨɤɪɚɬɧɨɟΝɩɨɜɬɨɪɟɧɢɟΝɨɩɵɬɚΝɩɨɡɜɨɥɹɟɬΝɜɵɹɜɢɬɶΝ

ɢΝɨɰɟɧɢɬɶΝɫɥɭɱɚɣɧɭɸΝΝɩɨɝɪɟɲɧɨɫɬɶ.Ν

ɋɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸΝ ɧɚɡɵɜɚɸɬΝ ɫɨɫɬɚɜɥɹɸɳɭɸΝ ɩɨɝɪɟɲ-

ɧɨɫɬɢΝ ɢɡɦɟɪɟɧɢɹ,Ν ɨɫɬɚɸɳɭɸɫɹΝ ɩɨɫɬɨɹɧɧɨɣΝ ɢɥɢΝ ɡɚɤɨɧɨɦɟɪɧɨΝ ɢɡɦɟɧɹɸɳɭɸɫɹΝ

ɩɪɢΝɩɨɜɬɨɪɧɵɯΝɢɡɦɟɪɟɧɢɹɯΝɨɞɧɨɣΝɢΝɬɨɣΝɠɟΝɜɟɥɢɱɢɧɵ.Ν

ɋɢɫɬɟɦɚɬɢɱɟɫɤɚɹΝ ɩɨɝɪɟɲɧɨɫɬɶΝ ɦɨɠɟɬΝ ɛɵɬɶΝ ɫɜɹɡɚɧɚΝ ɫΝ ɧɟɢɫɩɪɚɜɧɨɫɬɹɦɢΝ

ɢɡɦɟɪɢɬɟɥɶɧɵɯΝɩɪɢɛɨɪɨɜ,Ν ɧɟɬɨɱɧɨɫɬɶɸΝɢɯΝɪɟɝɭɥɢɪɨɜɤɢ,Ν ɧɟɫɨɛɥɸɞɟɧɢɟɦΝ ɭɫɥɨ-

ɜɢɣΝ ɢɯΝ ɷɤɫɩɥɭɚɬɚɰɢɢΝ ɢΝ ɬ.ɩ.Ν ɌɚɤɢɟΝ ɩɨɝɪɟɲɧɨɫɬɢΝ ɜɨɡɧɢɤɚɸɬ,Ν ɧɚɩɪɢɦɟɪ,Ν ɩɪɢΝ ɧɟΝ

ɫɨɜɫɟɦΝ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦΝ ɩɨɥɨɠɟɧɢɢΝ ɧɟɤɨɬɨɪɵɯΝ ɩɪɢɛɨɪɨɜΝ ɢɥɢΝ ɩɪɢΝ ɢɫɩɨɥɶɡɨɜɚ-



θθΝ

ɧɢɢΝɫɬɪɟɥɨɱɧɨɝɨΝɩɪɢɛɨɪɚ,ΝɭΝɤɨɬɨɪɨɝɨΝɫɬɪɟɥɤɚΝɞɨΝɧɚɱɚɥɚΝɢɡɦɟɪɟɧɢɣΝɧɟΝɛɵɥɚΝɭɫ-

ɬɚɧɨɜɥɟɧɚΝɧɚΝɧɭɥɶ.ΝɉɪɢɱɢɧɚΝɜɨɡɧɢɤɧɨɜɟɧɢɹΝɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣΝɩɨɝɪɟɲɧɨɫɬɢΝɦɨ-

ɠɟɬΝ ɡɚɤɥɸɱɚɬɶɫɹΝ ɢΝ ɜΝ ɫɚɦɨɣΝ ɦɟɬɨɞɢɤɟΝ ɢɡɦɟɪɟɧɢɣ.Ν Ɍɚɤ,Ν ɧɚɩɪɢɦɟɪ,Ν ɨɩɪɟɞɟɥɹɹΝ

ɩɥɨɬɧɨɫɬɶΝɬɜɟɪɞɨɝɨΝɬɟɥɚΝɩɨΝɢɡɦɟɪɟɧɢɹɦΝɟɝɨΝɦɚɫɫɵΝɢΝɨɛɴɟɦɚ,ΝɦɨɠɧɨΝɞɨɩɭɫɬɢɬɶΝ

ɨɲɢɛɤɭ,Ν ɟɫɥɢΝ ɜɧɭɬɪɢΝ ɢɫɫɥɟɞɭɟɦɨɝɨΝ ɬɟɥɚΝ ɢɦɟɸɬɫɹΝ ɩɭɫɬɨɬɵΝ ɜΝ ɜɢɞɟΝ ɩɭɡɵɪɶɤɨɜΝ

ɜɨɡɞɭɯɚ.ΝȼΝɷɬɨɦΝɫɥɭɱɚɟΝɭɫɬɪɚɧɢɬɶΝɨɲɢɛɤɭΝɦɨɠɧɨΝɩɪɢΝɢɡɦɟɧɟɧɢɢΝɦɟɬɨɞɚΝɢɡɦɟ-

ɪɟɧɢɣ.ΝȼΝɧɟɤɨɬɨɪɵɯΝɫɥɭɱɚɹɯΝɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟΝɩɨɝɪɟɲɧɨɫɬɢΝɦɨɝɭɬΝɛɵɬɶΝɢɫɤɥɸ-

ɱɟɧɵΝɜɜɟɞɟɧɢɟɦΝɩɨɩɪɚɜɨɤ,ΝɨɞɧɚɤɨΝɱɚɫɬɨΝɨɧɢΝɨɫɬɚɸɬɫɹΝɧɟΝɜɵɹɜɥɟɧɧɵɦɢ,Νɩɨɷɬɨ-

ɦɭΝɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟΝɩɨɝɪɟɲɧɨɫɬɢΝɨɩɚɫɧɟɟΝɫɥɭɱɚɣɧɵɯ.ΝɋɥɭɱɚɣɧɵɟΝɩɨɝɪɟɲɧɨɫɬɢΝ

ɨɛɧɚɪɭɠɢɜɚɸɬΝɫɟɛɹΝɜΝɯɨɞɟΝɷɤɫɩɟɪɢɦɟɧɬɚ,ΝɜΝɬɨΝɜɪɟɦɹΝɤɚɤΝɩɪɢΝɧɚɥɢɱɢɢΝɫɤɪɵɬɨɣΝ

ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣΝɩɨɝɪɟɲɧɨɫɬɢΝɪɟɡɭɥɶɬɚɬΝɛɭɞɟɬΝɤɚɡɚɬɶɫɹΝɜɩɨɥɧɟΝɧɚɞɟɠɧɵɦ,ΝɯɨɬɹΝ

ɧɚΝɫɚɦɨɦΝɞɟɥɟΝɨɧΝɜɟɫɶɦɚΝɧɟɬɨɱɟɧ.ΝΝ

ɄɪɨɦɟΝ ɧɚɡɜɚɧɧɵɯΝ ɩɨɝɪɟɲɧɨɫɬɟɣ,Ν ɜɫɬɪɟɱɚɸɬɫɹΝ ɨɲɢɛɤɢ,Ν ɧɚɡɵɜɚɟɦɵɟΝ ɩɪɨ-

ɦɚɯɚɦɢ.ΝɉɪɨɦɚɯΝ–ΝɷɬɨΝɜɢɞΝɝɪɭɛɨɣΝɩɨɝɪɟɲɧɨɫɬɢ,ΝɡɚɜɢɫɹɳɟɣΝɨɬΝɷɤɫɩɟɪɢɦɟɧɬɚɬɨ-

ɪɚΝɢΝɫɜɹɡɚɧɧɨɣΝɫΝɧɟɩɪɚɜɢɥɶɧɵɦΝɨɛɪɚɳɟɧɢɟɦΝɫɨΝɫɪɟɞɫɬɜɚɦɢΝɢɡɦɟɪɟɧɢɣμΝɧɟɜɟɪ-

ɧɵɦɢΝ ɨɬɫɱɟɬɚɦɢΝ ɩɨɤɚɡɚɧɢɣΝ ɩɪɢɛɨɪɨɜ,Ν ɨɩɢɫɤɚɦɢΝ ɩɪɢΝ ɡɚɩɢɫɢΝ ɪɟɡɭɥɶɬɚɬɨɜ,Ν ɧɟɜ-

ɧɢɦɚɬɟɥɶɧɨɫɬɶɸΝ ɩɪɢΝ ɫɧɹɬɢɢΝ ɩɨɤɚɡɚɧɢɣΝ ɢΝ ɬ.ɩ.Ν Ɋɟɡɭɥɶɬɚɬ,Ν ɫɨɞɟɪɠɚɳɢɣΝ ɝɪɭɛɭɸΝ

ɨɲɢɛɤɭ,ΝɪɟɡɤɨΝɨɬɥɢɱɚɟɬɫɹΝɨɬΝɨɫɬɚɥɶɧɵɯ,ΝɢΝɟɝɨΝɫɥɟɞɭɟɬΝɢɫɤɥɸɱɢɬɶΝɢɡΝɪɹɞɚΝɢɡɦɟ-

ɪɟɧɧɵɯΝɡɧɚɱɟɧɢɣ.Ν

ȼɫɟΝ ɫɨɫɬɚɜɥɹɸɳɢɟΝ ɩɨɝɪɟɲɧɨɫɬɢ,Ν ɤɚɤΝ ɩɪɚɜɢɥɨ,Ν ɧɟΝ ɡɚɜɢɫɹɬΝ ɞɪɭɝΝ ɨɬΝ ɞɪɭɝɚ,Ν

ɱɬɨΝɞɨɩɭɫɤɚɟɬΝɢɯΝɪɚɡɞɟɥɶɧɨɟΝɜɵɱɢɫɥɟɧɢɟ.Ν

ɉɨΝ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹΝ ɪɚɡɥɢɱɚɸɬΝ ɩɨɝɪɟɲɧɨɫɬɢΝ ɚɛɫɨɥɸɬɧɵɟ, ɨɬɧɨ-

ɫɢɬɟɥɶɧɵɟ ɢ ɩɪɢɜɟɞɟɧɧɵɟ. 

Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶΝ–ΝɷɬɨΝɩɨɝɪɟɲɧɨɫɬɶΝɢɡɦɟɪɟɧɢɹ,ΝɜɵɪɚɠɟɧɧɚɹΝɜΝ

ɟɞɢɧɢɰɚɯΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵνΝɨɧɚΝɨɩɪɟɞɟɥɹɟɬΝɨɬɤɥɨɧɟɧɢɟΝɢɡɦɟɪɟɧɧɨɝɨΝɡɧɚ-

ɱɟɧɢɹΝɜɟɥɢɱɢɧɵΝбɢɡɦ ɨɬΝɟɟΝɢɫɬɢɧɧɨɝɨΝɡɧɚɱɟɧɢɹΝб0μΝΝ

б=бɢɡɦ–б0   (ɟɞ. ɢɡɦ)Ν Χζ.1Ψ 
Ɂɚɦɟɱɚɧɢɟ.ΝɇɚɪɹɞɭΝɫΝ«ɚɛɫɨɥɸɬɧɨɣΝɩɨɝɪɟɲɧɨɫɬɶɸ»ΝɢɫɩɨɥɶɡɭɟɬɫɹΝɬɟɪɦɢɧΝ

«ɚɛɫɨɥɸɬɧɨɟΝ ɡɧɚɱɟɧɢɟΝ ɩɨɝɪɟɲɧɨɫɬɢ»,Ν ɩɨɞΝ ɤɨɬɨɪɵɦΝ ɩɨɧɢɦɚɸɬΝ ɡɧɚɱɟɧɢɟΝ ɩɨ-

ɝɪɟɲɧɨɫɬɢΝɛɟɡΝɭɱɟɬɚΝɟɟΝɡɧɚɤɚ.ΝȾɜɚΝɧɚɡɜɚɧɧɵɯΝɩɨɧɹɬɢɹΝɪɚɡɥɢɱɧɵ.Ν



θιΝ

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶΝ –Ν ɷɬɨΝ ɩɨɝɪɟɲɧɨɫɬɶΝ ɢɡɦɟɪɟɧɢɹ,Ν ɜɵɪɚɠɟɧ-

ɧɚɹΝ ɨɬɧɨɲɟɧɢɟɦΝ ɚɛɫɨɥɸɬɧɨɣΝ ɩɨɝɪɟɲɧɨɫɬɢΝ ɤΝ ɪɟɡɭɥɶɬɚɬɭΝ ɢɡɦɟɪɟɧɢɹΝ ΧɜΝ ɫɥɭɱɚɟΝ

ɨɞɧɨɤɪɚɬɧɨɝɨΝ ɢɡɦɟɪɟɧɢɹΨΝ ɢɥɢΝ ɤΝ ɫɪɟɞɧɟɦɭΝ ɡɧɚɱɟɧɢɸΝ ΧɜΝ ɫɥɭɱɚɟΝ ɦɧɨɝɨɤɪɚɬɧɵɯΝ

ɢɡɦɟɪɟɧɢɣΨ,Ν ɹɜɥɹɸɳɚɹɫɹΝɦɟɪɨɣΝ ɬɨɱɧɨɫɬɢΝ ɪɟɡɭɥɶɬɚɬɨɜΝ ɢɡɦɟɪɟɧɢɹΝ Ν ɢΝ ɜɵɪɚɠɚɸ-

ɳɚɹɫɹΝɜΝɞɨɥɹɯμΝ Ν

ɢɡɦб
б

 ΝɢɥɢΝ
б
б

 ,Ν Χζ.βΨΝ

ɢɥɢΝɜΝɩɪɨɰɟɧɬɚɯμΝΝ

Σ100



ɢɡɦб
б ΝɢɥɢΝ Σ100




б
б ΝΝ Χζ.γΨΝ

ɊɚɡɧɨɜɢɞɧɨɫɬɶɸΝɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯΝɩɨɝɪɟɲɧɨɫɬɟɣΝɹɜɥɹɸɬɫɹ ɩɪɢɛɨɪɧɵɟ ɩɨ-

ɝɪɟɲɧɨɫɬɢ.ΝɉɨɝɪɟɲɧɨɫɬɶΝɦɧɨɝɢɯΝɫɥɨɠɧɵɯΝɢɡɦɟɪɢɬɟɥɶɧɵɯΝɩɪɢɛɨɪɨɜΝɨɩɪɟɞɟɥɹ-

ɟɬɫɹΝ ɤɥɚɫɫɨɦΝ ɬɨɱɧɨɫɬɢ.Ν ɁɧɚɱɟɧɢɟΝɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢΝ Ν ɜɵɪɚɠɚɟɬΝɩɪɟɞɟɥɶɧɭɸΝ

ɩɨɝɪɟɲɧɨɫɬɶ,ΝɜɵɪɚɠɟɧɧɭɸΝɜΝɩɪɨɰɟɧɬɚɯΝɨɬΝɜɟɪɯɧɟɝɨΝɩɪɟɞɟɥɚΝɢɡɦɟɪɟɧɢɣΝбЦКбΝΧɧɚΝ

ɞɚɧɧɨɦΝɞɢɚɩɚɡɨɧɟΨ,ΝɧɚɡɵɜɚɟɦɭɸΝɩɪɢɜɟɞɟɧɧɨɣ:Ν

Σ.100
ЦКб





б
бɩɪ  Χζ.ζΨΝ

ɄɥɚɫɫΝ ɬɨɱɧɨɫɬɢΝ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦΝ ɢΝ ɭɤɚɡɵɜɚɟɬɫɹ,Ν

ɤɚɤΝɩɪɚɜɢɥɨ,ΝɧɚΝɲɤɚɥɟΝɩɪɢɛɨɪɚΝɢɥɢΝɜΝɩɚɫɩɨɪɬɟ. 

ȺɛɫɨɥɸɬɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɬɚɤɨɝɨΝɩɪɢɛɨɪɚΝ–Νɩɪɢɛɨɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶΝǻɯɩɪΝ

–ΝɜΝɷɬɨɦΝɫɥɭɱɚɟΝɦɨɠɟɬΝɛɵɬɶΝɨɩɪɟɞɟɥɟɧɚΝɢɡΝΧζ.ζΨΝɤɚɤμΝΝ

Σ100
ЦКббб 


 , ( ɟɞ. ɢɡɦ). Χζ.ηΨ 

ɇɚɩɪɢɦɟɪ,Ν ɩɪɢɛɨɪɧɚɹΝ ɩɨɝɪɟɲɧɨɫɬɶΝ ɜɨɥɶɬɦɟɬɪɨɦΝ ɧɚΝ ɩɪɟɞɟɥɟΝ ɢɡɦɟɪɟɧɢɹΝUЦКбΝοΝ

10Νȼ,ΝɩɪɢΝɤɥɚɫɫɟΝɬɨɱɧɨɫɬɢΝΝο0,ηΝɪɚɜɧɚΝΝ

.Ν0η,0
100
10η,0 BU 


 Ν

ȼΝ ɩɨɝɪɟɲɧɨɫɬɶΝ ɩɪɢɛɨɪɚΝ ɦɨɝɭɬΝ ɜɯɨɞɢɬɶΝ ɤɚɤΝ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟΝ Ν ΧɧɟɬɨɱɧɚɹΝ

ɪɚɡɛɢɜɤɚΝɲɤɚɥɵΝɢΝɬ.ɞ.Ψ,ΝɬɚɤΝɢΝɫɥɭɱɚɣɧɵɟΝΧɫɢɥɵΝɬɪɟɧɢɹΝɜΝɨɫɢΝɢΝɬ.ɞ.ΨΝɩɨɝɪɟɲɧɨ-

ɫɬɢ.ΝɈɞɧɚɤɨ,ΝɩɨɫɤɨɥɶɤɭΝ ɩɪɢΝɭɜɟɥɢɱɟɧɢɢΝɱɢɫɥɚΝɢɡɦɟɪɟɧɢɣΝɬɨɱɧɨɫɬɶΝɩɪɢɛɨɪɚΝɧɟΝ



θ8Ν

ɜɨɡɪɚɫɬɚɟɬ , Ν ɢɯΝ ɫɥɟɞɭɟɬΝ ɪɚɫɫɦɚɬɪɢɜɚɬɶΝ ɤɚɤΝ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ.Ν ɉɪɢɛɨɪɧɵɟΝ ɩɨ-

ɝɪɟɲɧɨɫɬɢΝɱɚɫɬɨΝɭɩɨɬɪɟɛɥɹɟɦɵɯΝɜΝɥɚɛɨɪɚɬɨɪɧɨɣΝɩɪɚɤɬɢɤɟΝɦɟɪΝɢΝɩɪɢɛɨɪɨɜΝɭɤɚ-

ɡɚɧɵΝɜΝɬɚɛɥ.ζ.1. 

Ɍɚɛɥɢɰɚ 4.1 
ɉɪɢɛɨɪɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ 

ɉɪɢɛɨɪΝɢɥɢΝɦɟɪɚΝ ɐɟɧɚΝɞɟɥɟɧɢɹΝ ɉɨɝɪɟɲɧɨɫɬɶΝ
ɂɡɦɟɪɢɬɟɥɶɧɚɹΝɥɢɧɟɣɤɚΝΝ 1Νɦɦ/ɞɟɥΝΝ 1ΝɦɦΝΝ

ɒɬɚɧɝɟɧɰɢɪɤɭɥɶΝΝ 0,1Νɦɦ/ɞɟɥΝΝ
0,0ηΝɦɦ/ɞɟɥΝΝ

0,1Νɦɦ,Ν
0,0ηΝɦɦΝΝ

ɆɢɤɪɨɦɟɬɪΝΝ 0,01Νɦɦ/ɞɟɥΝΝ 0,01ΝɦɦΝ
ȼɟɫɵΝɬɟɯɧɢɱɟɫɤɢɟΝ -ΝΝ 0,1ΝɝΝΝ
ȼɟɫɵΝɚɧɚɥɢɬɢɱɟɫɤɢɟΝΝ 0,1Νɦɝ/ɞɟɥΝΝ 0,1ΝɦɝΝΝ
ɋɟɤɭɧɞɨɦɟɪΝɫΝɪɭɱɧɵɦΝΝɡɚɩɭɫɤɨɦΝ 0,1Νɫ/ɞɟɥΝΝ 0,γΝɫΝΝ
ɑɚɫɵΝɫΝɫɟɤɭɧɞɧɨɣΝɫɬɪɟɥɤɨɣΝΝ 1Νɫ/ɞɟɥΝΝ 1ΝɫΝΝ

Ɂɚɦɟɱɚɧɢɹ: 1ΨΝɩɪɢɛɨɪɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɩɪɢɛɨɪɨɜΝɫΝɧɨɧɢɭɫɨɦΝɪɚɜɧɚΝ ɬɨɱ-

ɧɨɫɬɢΝ ɧɨɧɢɭɫɚνΝ βΨΝ ɩɪɢɛɨɪɧɚɹΝ ɩɨɝɪɟɲɧɨɫɬɶΝ ɰɢɮɪɨɜɵɯΝ ɩɪɢɛɨɪɨɜΝ Χɧɚɩɪɢɦɟɪ,Ν

ɷɥɟɤɬɪɨɧɧɨɝɨΝɫɟɤɭɧɞɨɦɟɪɚΨΝɪɚɜɧɚΝɟɞɢɧɢɰɟΝɦɢɧɢɦɚɥɶɧɨɝɨΝɪɚɡɪɹɞɚ.Ν

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 4.2 

1.ΝȼΝɱɟɦΝɫɨɫɬɨɢɬΝɡɚɞɚɱɚΝɢɡɦɟɪɟɧɢɣ?Ν

β.ΝɄɚɤΝɪɚɡɥɢɱɚɸɬɫɹΝɩɨɝɪɟɲɧɨɫɬɢΝɢɡɦɟɪɟɧɢɣΝɜΝɡɚɜɢɫɢɦɨɫɬɢΝɨɬΝɩɪɢɱɢɧ,ΝɢɯΝ

ɜɵɡɜɚɜɲɢɯ?Ν

γ.ΝɄɚɤΝɪɚɡɥɢɱɚɸɬɫɹΝɩɨɝɪɟɲɧɨɫɬɢΝɩɨΝɮɨɪɦɟΝɩɪɟɞɫɬɚɜɥɟɧɢɹ?Ν

ζ.ΝɑɬɨΝɬɚɤɨɟΝɤɥɚɫɫΝɬɨɱɧɨɫɬɢΝɩɪɢɛɨɪɚ?Ν

η.ΝɄɚɤΝɨɩɪɟɞɟɥɢɬɶΝɩɨɝɪɟɲɧɨɫɬɢ,ΝɜɧɨɫɢɦɵɟΝɪɚɡɥɢɱɧɵɦɢΝɢɡɦɟɪɢɬɟɥɶɧɵɦɢΝ

ɩɪɢɛɨɪɚɦɢ?ΝΝ

θ.ΝɑɬɨΝɧɚɡɵɜɚɟɬɫɹΝɩɪɨɦɚɯɨɦΝɢΝɤɚɤΝɨɧΝɭɫɬɪɚɧɹɟɬɫɹ?ΝΝ

η.ΝɋΝɤɚɤɨɣΝɰɟɥɶɸΝɨɩɪɟɞɟɥɹɟɬɫɹΝɨɬɧɨɫɢɬɟɥɶɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶ?ΝȼΝɤɚɤɢɯΝɟɞɢ-

ɧɢɰɚɯΝɢɡɦɟɪɟɧɢɹΝɨɧɚΝɦɨɠɟɬΝɛɵɬɶΝɩɪɟɞɫɬɚɜɥɟɧɚ?Ν

4.3. Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ 

ȼΝɩɪɚɤɬɢɤɟΝɮɢɡɢɱɟɫɤɨɝɨΝɷɤɫɩɟɪɢɦɟɧɬɚΝɩɨɝɪɟɲɧɨɫɬɶΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢ-

ɧɵΝ ɨɫɬɚɟɬɫɹΝ ɧɟɢɡɜɟɫɬɧɨɣ.Ν ȼΝ ɩɪɨɬɢɜɧɨɦΝ ɫɥɭɱɚɟΝ ɢɫɬɢɧɧɨɟΝ ɡɧɚɱɟɧɢɟΝ ɧɚɯɨɞɢɥɨɫɶΝ



θλΝ

ɛɵΝɩɪɨɫɬɵɦΝɜɜɟɞɟɧɢɟɦΝɩɨɩɪɚɜɤɢΝɤΝɢɡɦɟɪɟɧɧɨɣΝɜɟɥɢɱɢɧɟ.ΝȼɵɩɨɥɧɹɹΝɢɡɦɟɪɟɧɢɹ,Ν

ɦɵΝɜɫɟɝɞɚΝɢɦɟɟɦΝɞɟɥɨΝɫΝɩɨɝɪɟɲɧɨɫɬɹɦɢ,ΝɹɜɥɹɸɳɢɦɢɫɹΝɫɭɦɦɨɣΝɪɚɫɫɦɨɬɪɟɧɧɵɯΝ

ɜɵɲɟΝ ɫɨɫɬɚɜɥɹɸɳɢɯ.Ν ɋɪɟɞɢΝ ɷɬɢɯΝ ɫɨɫɬɚɜɥɹɸɳɢɯΝ ɩɪɢɫɭɬɫɬɜɭɟɬΝ ɫɥɭɱɚɣɧɚɹΝ ɩɨ-

ɝɪɟɲɧɨɫɬɶ,Ν ɜΝ ɫɢɥɭΝ ɱɟɝɨΝ ɩɪɢΝ ɨɛɪɚɛɨɬɤɟΝ ɪɟɡɭɥɶɬɚɬɨɜΝ ɧɟɨɛɯɨɞɢɦɨΝ ɩɨɥɶɡɨɜɚɬɶɫɹΝ

ɦɟɬɨɞɚɦɢΝɦɚɬɟɦɚɬɢɱɟɫɤɨɣΝɫɬɚɬɢɫɬɢɤɢ,Ν ɤɨɬɨɪɵɟ,Νɨɞɧɚɤɨ,ΝɩɨɡɜɨɥɹɸɬΝɥɢɲɶΝɫ ɧɟ-

ɤɨɬɨɪɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸΝ ɭɤɚɡɚɬɶΝ ɩɪɟɞɟɥɶɧɵɟΝ ɡɧɚɱɟɧɢɹΝ ɩɨɝɪɟɲɧɨɫɬɟɣΝ Χɫɥɭɱɚɣ-

ɧɵɯΝɢΝɜɵɹɜɥɟɧɧɵɯΝɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯΨ.ΝΝ

4.3.1. Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɨɞɧɨɤɪɚɬɧɵɯ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ 

ȿɫɥɢΝɢɡɦɟɪɟɧɢɟΝɜɵɩɨɥɧɟɧɨΝɨɞɧɨɤɪɚɬɧɨΝɢɥɢΝɩɪɢΝɩɨɜɬɨɪɧɵɯΝɧɚɛɥɸɞɟɧɢɹɯΝ

ɩɨɥɭɱɚɸɬɫɹΝ ɨɞɢɧɚɤɨɜɵɟΝ ɡɧɚɱɟɧɢɹΝ ɢɡɦɟɪɹɟɦɨɣΝ ɜɟɥɢɱɢɧɵ,Ν ɚΝ ɡɧɚɱɢɬ,Ν ɩɨɜɬɨɪɹɬɶΝ

ɷɤɫɩɟɪɢɦɟɧɬΝɧɟΝɢɦɟɟɬΝɫɦɵɫɥɚ,ΝɬɨΝɚɛɫɨɥɸɬɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɢɡɦɟɪɟɧɢɹΝɩɪɢɧɢɦɚ-

ɟɬɫɹΝɪɚɜɧɨɣΝɩɪɢɛɨɪɧɨɣΝɩɨɝɪɟɲɧɨɫɬɢΝΔɯ=Δɯɩɪ,ΝɤɨɬɨɪɚɹΝɧɚɯɨɞɢɬɫɹΝɢɡΝɫɨɨɬɧɨɲɟ-

ɧɢɹΝΧζ.ηΨ.ΝȿɫɥɢΝɤɥɚɫɫΝɬɨɱɧɨɫɬɢΝɧɚΝɩɪɢɛɨɪɟΝΧɢɥɢΝɜΝɩɚɫɩɨɪɬɟΝɩɪɢɛɨɪɚΨΝɧɟΝɭɤɚɡɚɧ,Ν

ɬɨΝɚɛɫɨɥɸɬɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɢɡɦɟɪɟɧɢɹΝɩɪɢɧɢɦɚɟɬɫɹΝɪɚɜɧɨɣ ɰɟɧɟ ɞɟɥɟɧɢɹΝɲɤɚ-

ɥɵΝɩɪɢɛɨɪɚ.  

Цɟɧɚ ɞɟɥɟɧɢɹΝɲɤɚɥɵΝ–ΝɷɬɨΝɪɚɡɧɨɫɬɶΝɡɧɚɱɟɧɢɣΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵ,Νɫɨ-

ɨɬɜɟɬɫɬɜɭɸɳɢɯΝ ɞɜɭɦΝ ɫɨɫɟɞɧɢɦΝ ɨɬɦɟɬɤɚɦΝɲɤɚɥɵ.Ν ȾɥɹΝɦɧɨɝɨɩɪɟɞɟɥɶɧɵɯΝ ɢɡɦɟ-

ɪɢɬɟɥɶɧɵɯΝɩɪɢɛɨɪɨɜΝɰɟɧɚΝɞɟɥɟɧɢɹΝɨɩɪɟɞɟɥɹɟɬɫɹΝ ɤɚɤΝ ɨɬɧɨɲɟɧɢɟΝ ɜɟɪɯɧɟɝɨΝɩɪɟ-

ɞɟɥɚΝɢɡɦɟɪɟɧɢɹΝΧɧɚΝɞɚɧɧɨɦΝɞɢɚɩɚɡɨɧɟΨΝɤΝɱɢɫɥɭΝɞɟɥɟɧɢɣΝɲɤɚɥɵ.ΝɈɤɨɧɱɚɬɟɥɶɧɵɣΝ

ɪɟɡɭɥɶɬɚɬΝɢɡɦɟɪɟɧɢɹΝɡɚɩɢɫɵɜɚɟɬɫɹΝɜΝɜɢɞɟμΝ

б = бɢɡɦ   б,ΝΝɟɞ. ɢɡɦ;   εб=…… %. 

4.3.2. Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɦɧɨɝɨɤɪɚɬɧɵɯ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ 

ɋɬɚɬɢɫɬɢɱɟɫɤɭɸΝɨɛɪɚɛɨɬɤɭΝɪɟɡɭɥɶɬɚɬɨɜΝɩɪɨɜɨɞɹɬ,ΝɟɫɥɢΝɩɪɢΝɢɡɦɟɪɟɧɢɹɯΝɜΝ

ɬɨɠɞɟɫɬɜɟɧɧɵɯΝ ɭɫɥɨɜɢɹɯΝɪɟɡɭɥɶɬɚɬΝɧɟΝ ɩɨɜɬɨɪɹɟɬɫɹ.ΝȼΝ ɬɚɤɢɯΝ ɫɥɭɱɚɹɯΝɪɟɤɨɦɟɧ-

ɞɭɟɬɫɹΝɫɥɟɞɭɸɳɢɣΝɩɨɪɹɞɨɤΝɨɛɪɚɛɨɬɤɢΝɪɟɡɭɥɶɬɚɬɨɜ.Ν

ɉɪɟɞɩɨɥɨɠɢɦ,ΝɱɬɨΝɩɪɨɢɡɜɟɞɟɧɨΝnΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣΝɜɟɥɢɱɢɧɵΝɯ,ΝΝɜΝɤɨɬɨ-

ɪɵɯΝɩɨɥɭɱɟɧɵΝɡɧɚɱɟɧɢɹμΝɯ1, ɯ2, … , ɯn. 

1.ΝɈɰɟɧɢɜɚɟɬɫɹΝɩɪɢɛɨɪɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝΔɯɩɪ.Ν



ι0Ν

β.ΝɈɩɪɟɞɟɥɹɟɬɫɹΝɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ,ΝɬɚɤΝɤɚɤΝ

ɨɧɨ,ΝɫɨɝɥɚɫɧɨΝɡɚɤɨɧɚɦΝɫɬɚɬɢɫɬɢɤɢ,ΝɛɥɢɠɟΝɜɫɟɝɨΝɤΝɢɫɬɢɧɧɨɦɭΝɡɧɚɱɟɧɢɸΝɢɫɤɨɦɨɣΝ

ɜɟɥɢɱɢɧɵ: 

....1
1

β1





n

Т

n
Т n

бббб
n

б Ν Χζ.θΨ 

Ɂɚɦɟɱɚɧɢɟ. ɉɪɨɜɨɞɢɬɶΝ ɭɫɪɟɞɧɟɧɢɟΝɪɟɡɭɥɶɬɚɬɨɜΝɦɨɠɧɨΝ ɬɨɥɶɤɨΝɞɥɹΝ ɬɚɤɨɣΝ

ɫɟɪɢɢ,ΝɜΝɤɨɬɨɪɨɣΝɪɚɡɛɪɨɫΝɪɟɡɭɥɶɬɚɬɨɜΝɨɛɭɫɥɨɜɥɟɧΝɫɥɭɱɚɣɧɵɦɢΝɩɪɢɱɢɧɚɦɢ.ΝȿɫɥɢΝ

ɠɟΝɪɟɡɭɥɶɬɚɬɵΝɪɚɡɥɢɱɚɸɬɫɹΝɜɫɥɟɞɫɬɜɢɟΝɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨΝɢɡɦɟɧɟɧɢɹΝɭɫɥɨɜɢɣΝ

ɨɩɵɬɚ,ΝɬɨΝɫɪɟɞɧɟɟΝɚɪɢɮɦɟɬɢɱɟɫɤɨɟΝɬɚɤɨɣΝɫɟɪɢɢΝɧɟΝɢɦɟɟɬΝɫɦɵɫɥɚ.Ν

γ.ΝɈɩɪɟɞɟɥɹɸɬɫɹΝ ɨɬɤɥɨɧɟɧɢɹΝ ɢɡɦɟɪɟɧɧɵɯΝ ɡɧɚɱɟɧɢɣΝ бnΝ ɨɬΝ  б .Ν ЭɬɢΝ ɨɬ-

ɤɥɨɧɟɧɢɹΝ ɧɨɫɹɬΝ ɫɥɭɱɚɣɧɵɣΝ ɯɚɪɚɤɬɟɪΝ ɢΝ ɧɚɡɵɜɚɸɬɫɹΝ ɚɛɫɨɥɸɬɧɵɦɢ ɩɨɝɪɟɲɧɨ-

ɫɬɹɦɢ ɨɬɞɟɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣμΝ

бТ = бТ – <б>. Χζ.ιΨ 
ζ.Ν ɊɚɫɫɱɢɬɵɜɚɟɬɫɹΝ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɪɟɞɧɟɚɪɢɮɦɟ-

ɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɨɟΝɹɜɥɹɟɬɫɹΝɦɟɪɨɣΝɪɚɡɛɪɨɫɚΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵΝɢΝ

ɜɵɱɢɫɥɹɟɬɫɹΝɩɨΝɮɨɪɦɭɥɟμ 
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η.Ν ȼɵɱɢɫɥɹɟɬɫɹΝ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ Χɬ.ɟ.Ν ɞɨɜɟɪɢɬɟɥɶɧɵɣ 

ɢɧɬɟɪɜɚɥ,ΝɜΝɤɨɬɨɪɵɣΝɩɨɩɚɞɟɬΝɢɫɬɢɧɧɨɟΝɡɧɚɱɟɧɢɟΨΝɩɨΝɮɨɪɦɭɥɟμ 

бɫɬ = t,n-1 S<б>,Ν Χζ.λΨΝ

ɝɞɟΝ t,n-1 –Ν ɤɨɷɮɮɢɰɢɟɧɬ ɋɬɶɸɞɟɧɬɚ,Ν ɡɧɚɱɟɧɢɟΝ ɤɨɬɨɪɨɝɨΝ ɡɚɞɚɟɬɫɹΝ ɬɚɛɥɢɱɧɨΝ

Χɬɚɛɥ.Νζ.βΨμΝɧɚΝɩɟɪɟɫɟɱɟɧɢɢΝɫɬɨɥɛɰɚΝΧɫɬɟɩɟɧɶ ɧɚɞɟɠɧɨɫɬɢ – ɞɨɜɟɪɢɬɟɥɶɧɚɹ ɜɟ-

ɪɨɹɬɧɨɫɬɶΝ) ɢ ɫɬɪɨɤɢΝΧɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵΝП=n–1).Ν

ɋɬɟɩɟɧɶ ɧɚɞɟɠɧɨɫɬɢΝ α (ɞɨɜɟɪɢɬɟɥɶɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ)Ν –Ν ɷɬɨΝ ɜɟɪɨɹɬ-

ɧɨɫɬɶ,Ν ɫΝ ɤɨɬɨɪɨɣΝɢɫɬɢɧɧɨɟΝ ɡɧɚɱɟɧɢɟΝ ɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵΝɯΝ ɩɨɩɚɞɚɟɬΝ ɜΝɞɨɜɟ-

ɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ: (ɯɫɪ–Δɯ;  ɯɫɪ+Δɯ). 

ȼΝɥɚɛɨɪɚɬɨɪɧɵɯΝɪɚɛɨɬɚɯ,ΝɩɪɨɜɨɞɢɦɵɯΝɧɚΝɫɩɟɰɢɚɥɶɧɨɦΝɭɱɟɛɧɨɦΝɨɛɨɪɭɞɨ-

ɜɚɧɢɢ,ΝɫɬɟɩɟɧɶΝɧɚɞɟɠɧɨɫɬɢΝɩɪɢɧɢɦɚɟɬɫɹΝɪɚɜɧɨɣΝ0,λη.Ν



ι1Ν

Ɍɚɛɥɢɰɚ 4.2Ν
Ʉɨɷɮɮɢɰɢɟɧɬ ɋɬɶɸɞɟɧɬɚ 

ɑɢɫɥɨΝɫɬɟ-
ɩɟɧɟɣΝɫɜɨ-
ɛɨɞɵΝПΝ

ɇɚɞɟɠɧɨɫɬɶΝΝ

0,ηΝ 0,θΝ 0,ιΝ 0,8Ν 0,λΝ 0,ληΝ 0,λ8Ν 0,λλλΝ

1 1,00Ν 1,γ8Ν β,0Ν γ,1Ν θ,γΝ 1β,ιΝ γβΝ θζ0Ν
2 0,8βΝ 1,0θΝ 1,γΝ 1,λΝ β,λΝ ζ,γΝ ι,0Ν γβΝ
3 0,ιιΝ 0,λ8Ν 1,γΝ 1,θΝ β,ζΝ γ,βΝ ζ,ηΝ 1γΝ
4 0,ιζΝ 0,λζΝ 1,βΝ 1,ηΝ β,1Ν β,8Ν γ,ιΝ 8,θΝ
5 0,ιγΝ 0,λβΝ 1,βΝ 1,ηΝ β,0Ν β,θΝ γ,ζΝ θ,λΝ
6 0,ιβΝ 0,λ0Ν 1,1Ν 1,ζΝ 1,λΝ β,ζΝ γ,1Ν θ,0Ν
7 0,ι1Ν 0,λ0Ν 1,1Ν 1,ζΝ 1,λΝ β,ζΝ γ,0Ν η,ζΝ
8 0,ι1Ν 0,λ0Ν 1,1Ν 1,ζΝ 1,λΝ β,γΝ β,λΝ η,0Ν
9 0,ι0Ν 0,88Ν 1,1Ν 1,ζΝ 1,8Ν β,γΝ β,8Ν ζ,8Ν
14 0,θλΝ 0,8ιΝ 1,1Ν 1,γΝ 1,8Ν β,1Ν β,θΝ ζ,1Ν
19 0,θλΝ 0,8θΝ 1,1Ν 1,γΝ 1,ιΝ β,1Ν β,ηΝ γ,λΝ
∞Ν 0,θιΝ 0,8ζΝ 1,0Ν 1,γΝ 1,θΝ β,0Ν β,γΝ γ,γΝ

θ.ΝɈɩɪɟɞɟɥɹɟɬɫɹΝ  ɩɨɥɧɚɹ ɚɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶΝ ɩɪɹɦɵɯΝ ɢɡɦɟɪɟɧɢɣΝ

ɫɭɦɦɢɪɨɜɚɧɢɟɦΝ ɩɪɢɛɨɪɧɨɣΝ ɩɨɝɪɟɲɧɨɫɬɢΝ бɩɪΝ ɢΝ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣΝ ɩɨɝɪɟɲɧɨɫɬɢΝ

бɫɬμΝΝ∆ݔ = ට൫∆ɯɩɪ൯ଶ + ሺ∆ɯɫɬሻଶ	.  Χζ.10ΨΝ

ȿɫɥɢΝɨɞɧɚΝɢɡΝɫɨɫɬɚɜɥɹɸɳɢɯΝɩɨɝɪɟɲɧɨɫɬɟɣ	ɯɨɬɹΝɛɵΝɜΝβ,η÷γΝɪɚɡɚΝɦɟɧɶɲɟΝɞɪɭɝɨɣ,Ν
ɬɨΝɦɟɧɶɲɟɣΝɫɨɫɬɚɜɥɹɸɳɟɣΝɦɨɠɧɨΝɩɪɟɧɟɛɪɟɱɶ.ΝΝ

ι.ΝɈɰɟɧɢɜɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶΝɫɨɝɥɚɫɧɨΝΧζ.γΨ,ΝɤɨɬɨɪɚɹΝɩɨ-
ɡɜɨɥɹɟɬΝɨɰɟɧɢɬɶΝɫɬɟɩɟɧɶΝɬɨɱɧɨɫɬɢΝɩɪɨɢɡɜɟɞɟɧɧɨɝɨΝɢɡɦɟɪɟɧɢɹμ ߝ௫ = ۄݔۃݔ∆ ∙ ͳͲͲ%. 

8.ΝɁɚɩɢɫɵɜɚɟɬɫɹΝɨɤɨɧɱɚɬɟɥɶɧɵɣΝɪɟɡɭɥɶɬɚɬΝɢɡɦɟɪɟɧɢɹΝɫΝɭɱɟɬɨɦΝɩɨɥɧɨɣΝɚɛ-

ɫɨɥɸɬɧɨɣΝɩɨɝɪɟɲɧɨɫɬɢΝɜΝɜɢɞɟμΝ

б = бɢɡɦ   б,ΝΝɟɞ. ɢɡɦ.,     α=……,    εб=…….% 

Ɂɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ по ɩɪɚɜɢɥɚɦ ɨɤɪɭɝɥɟɧɢɹ ɪɟɡɭɥɶɬɚ-

ɬɨɜ ɢ ɩɨɝɪɟɲɧɨɫɬɟɣ. 

4.3.3. Ɉɤɪɭɝɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɢ ɩɨɝɪɟɲɧɨɫɬɢ 

ɉɪɢΝɨɛɪɚɛɨɬɤɟΝɪɟɡɭɥɶɬɚɬɨɜΝɢɡɦɟɪɟɧɢɣΝɧɟɨɛɯɨɞɢɦɨΝɩɪɨɢɡɜɨɞɢɬɶΝɨɤɪɭɝɥɟ-

ɧɢɟΝɪɟɡɭɥɶɬɚɬɨɜΝɩɪɨɦɟɠɭɬɨɱɧɵɯΝɜɵɱɢɫɥɟɧɢɣ,ΝɚΝɩɨΝ ɨɤɨɧɱɚɧɢɢΝɪɚɫɱɟɬɨɜΝɨɤɪɭɝ-



ιβΝ

ɥɢɬɶΝ ɧɚɣɞɟɧɧɭɸΝɩɨɥɧɭɸΝɚɛɫɨɥɸɬɧɭɸΝɩɨɝɪɟɲɧɨɫɬɶΝ ɢΝ ɫɪɟɞɧɟɟΝ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟΝ

ɡɧɚɱɟɧɢɟΝɫΝɭɱɟɬɨɦΝɩɨɝɪɟɲɧɨɫɬɢ.Ν

ɈɤɪɭɝɥɟɧɢɟΝ ɫɥɟɞɭɟɬΝ ɩɪɨɢɡɜɨɞɢɬɶΝ ɜΝ ɫɨɨɬɜɟɬɫɬɜɢɢΝ ɫɨΝ ɫɥɟɞɭɸɳɢɦɢΝɩɪɚɜɢ-

ɥɚɦɢ.ΝΝ

1. ȼΝɩɪɨɦɟɠɭɬɨɱɧɵɯΝɜɵɱɢɫɥɟɧɢɹɯΝ Χɧɚɩɪɢɦɟɪ,ΝɩɪɢΝɪɚɫɱɟɬɟΝɫɪɟɞɧɟɝɨΝɡɧɚ-

ɱɟɧɢɹΨΝ ɱɢɫɥɨΝ ɡɧɚɱɚɳɢɯΝ ɰɢɮɪΝ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɛɨɥɟɟ ɱɟɦ ɧɚ ɟɞɢɧɢɰɭΝ

ɱɢɫɥɨΝ ɡɧɚɱɚɳɢɯΝɰɢɮɪΝɜΝ ɢɫɯɨɞɧɵɯΝ ΧɢɡɦɟɪɟɧɧɵɯΨΝ ɞɚɧɧɵɯ,Ν ɬɚɤΝ ɤɚɤΝ ɥɢɲɧɢɟΝ ɡɧɚ-

ɱɚɳɢɟΝɰɢɮɪɵ,ΝɩɨɹɜɢɜɲɢɟɫɹΝɩɪɢΝɪɚɫɱɟɬɟ,ΝɧɟΝɩɨɜɵɲɚɸɬΝɬɨɱɧɨɫɬɢΝɜɵɱɢɫɥɟɧɢɣ,ΝɚΝ

ɥɢɲɶΝɡɚɝɪɨɦɨɠɞɚɸɬΝɡɚɩɢɫɶΝɢΝɭɫɥɨɠɧɹɸɬΝɜɢɡɭɚɥɶɧɨɟΝɜɨɫɩɪɢɹɬɢɟΝɪɟɡɭɥɶɬɚɬɚ.ΝΝ

ȼɫɟΝ ɩɪɨɦɟɠɭɬɨɱɧɵɟΝ ɪɚɫɱɟɬɵΝ ɩɨɝɪɟɲɧɨɫɬɟɣΝ ɞɨɫɬɚɬɨɱɧɨΝ ɜɟɫɬɢΝ ɫ ɞɜɭɦɹΝ

ɡɧɚɱɚɳɢɦɢ ɰɢɮɪɚɦɢ.Ν

Ɂɧɚɱɚɳɟɣ ɰɢɮɪɨɣ ɩɪɢɛɥɢɠеɧɧɨɝɨΝɱɢɫɥɚΝɜΝɞɟɫɹɬɢɱɧɨɣΝɡɚɩɢɫɢΝɧɚɡɵɜɚɟɬɫɹΝ

ɥɸɛɚɹΝɰɢɮɪɚ,ΝɤɪɨɦɟΝɧɭɥɟɣ,ΝɪɚɫɩɨɥɨɠɟɧɧɵɯΝɫɥɟɜɚΝɨɬΝɩɟɪɜɨɣΝɧɟɧɭɥɟɜɨɣΝɰɢɮɪɵ. 

ɇɚɩɪɢɦɟɪ: ɱɢɫɥɨ 0,00ιθ80η.ΝΝȼΝɞɚɧɧɨɦΝɱɢɫɥɟΝɩɹɬɶΝɡɧɚɱɚɳɢɯΝɰɢɮɪμΝι,Νθ,Ν8,Ν0ΝɢΝ

η.ΝɉɟɪɜɵɟΝɞɜɚΝɧɭɥɹΝɧɟΝɹɜɥɹɸɬɫɹΝɡɧɚɱɚɳɢɦɢΝɢΝɫɥɭɠɚɬΝɞɥɹΝɭɤɚɡɚɧɢɹΝɪɚɡɪɹɞɚ.Νȿɫ-

ɥɢΝ ɷɬɨΝ ɱɢɫɥɨΝ ɹɜɥɹɟɬɫɹΝɩɪɨɦɟɠɭɬɨɱɧɵɦΝɪɟɡɭɥɶɬɚɬɨɦΝɪɚɫɱɟɬɚΝ ɩɨɝɪɟɲɧɨɫɬɢΝ Χɧɚ-

ɩɪɢɦɟɪ,Ν ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟΝ ɨɬɤɥɨɧɟɧɢɟΝ ɨɬΝ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨΝ ɡɧɚɱɟɧɢɹΝ

бS Ψ,ΝɬɨΝɨɧɨΝɨɤɪɭɝɥɹɟɬɫɹΝɞɨΝɜɬɨɪɨɣΝɡɧɚɱɚɳɟɣΝɰɢɮɪɵ,Νɬ.ɟ.μΝ0,00ιθ80η≈0,00ιι.ΝΝ

β.ΝɈɤɪɭɝɥɟɧɢɟΝ ɩɨɥɧɨɣΝ ɚɛɫɨɥɸɬɧɨɣΝ ɩɨɝɪɟɲɧɨɫɬɢΝ ɩɪɨɢɡɜɨɞɢɬɫɹΝ ɞɨΝ ɨɞɧɨɣ 

(ɩɟɪɜɨɣ)ΝɡɧɚɱɚɳɟɣΝɰɢɮɪɵΝɢɥɢΝɞɨΝɞɜɭɯ,ΝɟɫɥɢΝɩɟɪɜɚɹΝɡɧɚɱɚɳɚɹΝɰɢɮɪɚΝɪɚɜɧɚΝ1.Ν

ȾɚɠɟΝɩɪɢΝ ɜɵɫɨɤɨɬɨɱɧɵɯΝɢɡɦɟɪɟɧɢɹɯ,Ν ɜΝ ɤɨɬɨɪɵɯΝ ɡɧɚɧɢɟΝɨΝ ɬɨɱɧɨɦΝ ɡɧɚɱɟ-

ɧɢɢΝɩɨɝɪɟɲɧɨɫɬɢΝɨɱɟɧɶΝɜɚɠɧɨ,ΝɩɪɢΝɨɤɪɭɝɥɟɧɢɢΝɩɨɝɪɟɲɧɨɫɬɢΝɧɟΝɨɫɬɚɜɥɹɸɬΝɛɨ-

ɥɟɟΝɞɜɭɯ ɡɧɚɱɚɳɢɯ ɰɢɮɪ. 

ɇɚɩɪɢɦɟɪ:Ν бο0,00βθλ≈0,00γνΝ в=1,ηθ1≈1,θνΝ гο0,01γβ8λ≈0,01γνΝ UοΝ

βγ,ιλ81≈βζΝ

ɉɪɢΝ ɨɤɪɭɝɥɟɧɢɢΝ ɨɬɧɨɫɢɬɟɥɶɧɨɣΝ ɩɨɝɪɟɲɧɨɫɬɢΝ ɞɨɫɬɚɬɨɱɧɨΝ ɨɫɬɚɜɢɬɶΝ ɞɜɟΝ

ɡɧɚɱɚɳɢɟΝɰɢɮɪɵ.Ν

ɇɚɩɪɢɦɟɪμΝ Σν1γΣλ0γ,1βΣ100
η,1η
β,0

ɯ
Ν



ιγΝ

Σ.ι,γΣιγ8γ,γΣ100
ζ,β1
8,0

в Ν

γ.ΝɉɨΝɨɤɨɧɱɚɧɢɢΝɜɵɱɢɫɥɟɧɢɣΝɬɨɱɧɨɫɬɶΝɡɚɩɢɫɢΝɧɟɨɛɯɨɞɢɦɨΝɩɪɢɜɟɫɬɢΝɜΝɫɨ-

ɨɬɜɟɬɫɬɜɢɟΝɫΝɩɨɥɧɨɣΝɚɛɫɨɥɸɬɧɨɣΝɩɨɝɪɟɲɧɨɫɬɶɸΝɢɡɦɟɪɟɧɢɣ.ΝɌɚɤ,ΝɜΝɨɤɨɧɱɚɬɟɥɶ-

ɧɨɣΝ ɡɚɩɢɫɢΝɪɟɡɭɥɶɬɚɬɚΝɯ=β0,βι0,ζΝ ɭɤɚɡɵɜɚɬɶΝ ɫɨɬɵɟΝɛɟɫɫɦɵɫɥɟɧɧɨ,Ν ɩɨɫɤɨɥɶɤɭΝ

ɭɠɟΝɞɟɫɹɬɵɟΝɫɨɞɟɪɠɚɬΝɩɨɝɪɟɲɧɨɫɬɶ,ΝɚΝɡɧɚɱɢɬ,ΝɧɟɨɛɯɨɞɢɦɨΝɨɤɪɭɝɥɢɬɶΝɪɟɡɭɥɶɬɚɬΝ

ΧɫɪɟɞɧɟɟΝ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟΝ ɡɧɚɱɟɧɢɟΨΝ ɞɨΝ ɬɨɝɨΝ ɪɚɡɪɹɞɚ,Ν ɜΝ ɤɨɬɨɪɨɦΝ ɧɚɯɨɞɢɬɫɹΝ ɩɨ-

ɫɥɟɞɧɹɹΝ ɡɧɚɱɚɳɚɹΝ ɰɢɮɪɚΝ ɨɤɪɭɝɥɟɧɧɨɣΝ ɚɛɫɨɥɸɬɧɨɣΝ ɩɨɝɪɟɲɧɨɫɬɢ,Ν ɬ.ɟ.Ν ɩɪɚɜɢɥɶ-

ɧɨɣΝɛɭɞɟɬΝɡɚɩɢɫɶΝɯ=β0,γ0,ζ.Ν

ȼΝ ɨɤɨɧɱɚɬɟɥɶɧɨɣΝ ɡɚɩɢɫɢΝ ɪɟɡɭɥɶɬɚɬɚΝ ɢɡɦɟɪɟɧɢɹΝ ɫɥɟɞɭɟɬΝ ɢɫɩɨɥɶɡɨɜɚɬɶΝ

ɫɬɚɧɞɚɪɬɧɭɸΝ ɡɚɩɢɫɶΝɱɢɫɥɚΝ ΧɱɢɫɥɨΝɨɬΝ 1Ν ɞɨΝ 10,Ν ɭɦɧɨɠɟɧɧɨɟΝɧɚΝ 10Ν ɜΝ ɤɚɤɨɣ-ɥɢɛɨΝ

ɫɬɟɩɟɧɢΨ.ΝɉɪɢΝɷɬɨɦΝɩɨɝɪɟɲɧɨɫɬɶΝɡɚɩɢɫɵɜɚɟɬɫɹΝɜΝɷɬɨɦΝɠɟΝɜɢɞɟΝɫΝɬɨɣΝɠɟΝɫɬɟɩɟ-

ɧɶɸΝ 10.Ν ɍɤɚɡɚɧɧɨɟΝ ɩɪɚɜɢɥɨΝ ɪɟɤɨɦɟɧɞɭɟɬɫɹΝ ɢɫɩɨɥɶɡɨɜɚɬɶΝ ɢΝ ɜΝ ɩɪɨɦɟɠɭɬɨɱɧɵɯΝ

ɜɵɱɢɫɥɟɧɢɹɯ,ΝɷɬɨΝɨɛɥɟɝɱɚɟɬΝɞɟɣɫɬɜɢɟΝɫΝΝɛɨɥɶɲɢɦɢΝɢΝɦɚɥɵɦɢΝɱɢɫɥɚɦɢ.Ν

ɇɚɩɪɢɦɟɪ: ݔ = Ͳ,ͲͶͷͺ͹ͳ ± Ͳ,ͲͲͲͶͷͻ ≈ Ͳ,ͲͶͷͻ ± Ͳ,ͲͲͲͷ = ሺͶ,ͷͻ ± Ͳ,Ͳͷሻ ∙ ͳͲିଶνΝݕ = ͵͸͵Ͷ,ͺ͵ͳ ± ͷ,͹ͳ ≈ ͵͸͵ͷ ± ͸ = ሺ͵,͸͵ͷ ± Ͳ,ͲͲ͸ሻ ∙ ͳͲଷνΝݖ = ʹͷͺ,ͻͻͶͷ ± ͳ,ͷ͹ͳ ≈ ʹͷͻ,Ͳ ± ͳ,͸ = ሺʹ,ͷͻͲ ± Ͳ,Ͳͳ͸ሻ ∙ ͳͲଶ;Νܹ = ͺ,ͳͺͲͷ ∙ ͳͲ଼ ± ͳ,Ͷͳ͵ ∙ ͳͲ଻ ≈ ͺͳ,ͺ ∙ ͳͲ଻ ± ͳ,Ͷ ∙ ͳͲ଻ =Ν= ሺͺ,ͳͺ ± Ͳ,ͳͶሻ ∙ ͳͲ଼.Ν
ɉɪɢɦɟɪ 4.1.  

ɂɡɦɟɪɹɟɬɫɹΝɞɢɚɦɟɬɪΝɰɢɥɢɧɞɪɚΝɜΝɪɚɡɥɢɱɧɵɯΝɫɟɱɟɧɢɹɯΝɫΝɩɨɦɨɳɶɸΝɦɢɤɪɨ-

ɦɟɬɪɚΝΧɰɟɧɚΝɞɟɥɟɧɢɹΝ0,01ΝɦɦΨ.ΝɉɨɥɭɱɟɧɵΝɫɥɟɞɭɸɳɢɟΝɪɟɡɭɥɶɬɚɬɵμΝН1ΝοΝβγ,β8Νɦɦ,Ν

НβΝοΝβγ,γ0Νɦɦ,ΝНγΝοΝβγ,γβΝɦɦ,ΝНζΝοΝβγ,γγΝɦɦ,ΝΝНηΝοΝβγ,βλΝɦɦ.ΝΝ

1.ΝȼɵɱɢɫɥɹɟɦΝɫɪɟɞɧɟɟΝɡɧɚɱɟɧɢɟΝɞɢɚɦɟɬɪɚΝɫɨɝɥɚɫɧɨΝΧζ.θΨμΝ
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
η

βλ,βγγγ,βγγβ,βγγ0,βγβ8,βγηζγβ1

n
НННННН ɫɪ

οΝβγ,γ0ζΝɦɦ.Ν

β.ΝȼɵɱɢɫɥɹɟɦΝɚɛɫɨɥɸɬɧɨɟΝɨɬɤɥɨɧɟɧɢɟΝɤɚɠɞɨɝɨΝɢɡɦɟɪɟɧɢɹΝНТΝɨɬΝɫɪɟɞɧɟɝɨΝ

ɩɨΝɮɨɪɦɭɥɟΝΧζ.ιΨμΝ



ιζΝ

∆݀ଵ =	݀ɫɪ −	݀ଵ =0,0βζΝοβζ·10–γΝɦɦ;Ν∆݀ଶ = 	݀ɫɪ −	݀ଶ = Ͳ,ͲͲͶΝΝοΝζ·10–γΝɦɦ;Ν∆݀ଷ = 	݀ɫɪ −	݀ଷ = −Ͳ,Ͳͳ͸Νο1θ·10–γΝɦɦ;Ν∆݀ସ = 	݀ɫɪ −	݀ସ = −Ͳ,Ͳʹ͸Νοβθ·10–γΝΝɦɦ;Ν∆݀ହ = 	݀ɫɪ −	݀ହ =0,01ζΝο1ζ·10–γΝɦɦ.Ν

γ.ΝȼɵɱɢɫɥɹɟɦΝɫɪɟɞɧɸɸΝɤɜɚɞɪɚɬɢɱɧɭɸΝɩɨɝɪɟɲɧɨɫɬɶΝ НS ,ΝɩɪɢɦɟɧɹɹΝΧζ.8ΨμΝ
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ζ.Ν ȼɵɱɢɫɥɹɟɦΝ ɚɛɫɨɥɸɬɧɭɸΝ ɫɥɭɱɚɣɧɭɸΝ ΧɫɬɚɬɢɫɬɢɱɟɫɤɭɸΨΝ ɩɨɝɪɟɲɧɨɫɬɶΝ

ǻНɫɬ ɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣΝɫɨɝɥɚɫɧɨΝΧζ.λΨΝɢ,ΝɩɨɥɶɡɭɹɫɶΝɬɚɛɥ.Νζ.β,ΝɧɚɞɟɠɧɨɫɬɶΝɜɵɛɢ-

ɪɚɟɦΝɪɚɜɧɨɣΝαο0,ληΝ ΧɟɫɥɢΝɦɟɬɨɞɢɤɚΝɢɡɦɟɪɟɧɢɣΝɧɟΝɩɪɟɞɩɨɥɚɝɚɟɬΝɞɪɭɝɨɝɨΝɡɧɚɱɟ-

ɧɢɹΝαΨ.ΝɑɢɫɥɨΝɫɬɟɩɟɧɟɣΝɫɜɨɛɨɞɵΝΝПοη–1οζ.ΝɇɚΝɩɟɪɟɫɟɱɟɧɢɢΝɞɚɧɧɵɯΝ ПΝΝɢΝΝαΝɜΝɬɚɛ-

ɥɢɰɟΝɧɚɯɨɞɢɦΝɡɧɚɱɟɧɢɟΝݐఈ,௙ = ʹ,ͺμΝ
ǻНɫɬΝο НS · tα,ΝП =λ,γ·10–γ·β,8οΝ0,0βθ0ζ≈0,0γΝɦɦ.Ν

ɄɚɤΝ ɜɢɞɧɨΝɢɡΝɩɪɟɞɫɬɚɜɥɟɧɧɵɯΝɪɚɫɱɟɬɨɜ,Ν ɩɨɝɪɟɲɧɨɫɬɶΝ ɩɨɹɜɥɹɟɬɫɹΝ ɭɠɟΝ ɜɨΝ

ɜɬɨɪɨɦΝɡɧɚɤɟΝɩɨɫɥɟΝɡɚɩɹɬɨɣ.ΝɄɪɨɦɟΝɬɨɝɨ,ΝɩɪɢɛɨɪɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶ,ΝɪɚɜɧɚɹΝɰɟɧɟΝ

ɞɟɥɟɧɢɹΝɦɢɤɪɨɦɟɬɪɚΝǻНɩɪΝοΝ0,01Νɦɦ,ΝɫɪɚɜɧɢɦɚΝɩɨΝɩɨɪɹɞɤɭΝɜɟɥɢɱɢɧɵΝɫΝǻНɫɬ.Νɉɨ-

ɷɬɨɦɭΝɨɛɟΝɫɨɫɬɚɜɥɹɸɳɢɟΝɞɨɥɠɧɵΝɛɵɬɶΝɭɱɬɟɧɵΝɜΝɨɰɟɧɤɟΝɩɨɥɧɨɣΝɚɛɫɨɥɸɬɧɨɣΝɩɨ-

ɝɪɟɲɧɨɫɬɢΝǻН.ΝΝ

η.ΝȼɵɱɢɫɥɹɟɦΝɩɨɥɧɭɸΝɚɛɫɨɥɸɬɧɭɸΝɩɨɝɪɟɲɧɨɫɬɶΝɪɟɡɭɥɶɬɚɬɚΝɢɡɦɟɪɟɧɢɣΝɩɨΝ

ɮɨɪɦɭɥɟΝΧζ.10ΨμΝΝΔ݀		 = 	ට൫∆݀ɩɪ൯ଶ + ሺ∆݀ɫɬሻଶ = ඥͲ,Ͳ͵ଶ + Ͳ,Ͳͳଶ = Ͳ,Ͳ͵ͳ͸		ˏˏ.Ν
ɉɟɪɜɚɹΝɡɧɚɱɚɳɚɹΝɰɢɮɪɚΝɫɨɞɟɪɠɢɬɫɹΝɜɨΝ ɜɬɨɪɨɦΝɡɧɚɤɟΝɩɨɫɥɟΝɡɚɩɹɬɨɣ,Νɫɥɟ-

ɞɨɜɚɬɟɥɶɧɨ,ΝǻНΝΝɢΝНɫɪΝɧɭɠɧɨΝɨɤɪɭɝɥɢɬɶΝɞɨΝɫɨɬɵɯμΝǻНΝοΝ0,0γΝɦɦ ɢΝНɫɪΝοΝβγ,γ0Νɦɦ.ΝΝΝ

θ.Ν ȼɵɱɢɫɥɹɟɦΝ ɨɬɧɨɫɢɬɟɥɶɧɭɸΝ ɩɨɝɪɟɲɧɨɫɬɶΝ ɪɟɡɭɥɶɬɚɬɚΝ ɢɡɦɟɪɟɧɢɣΝ εНΝ ɫɨ-

ɝɥɚɫɧɨΝΧζ.1βΨμΝߝௗ = ∆݀݀ɫɪ
∙ ͳͲͲ% = Ͳ,Ͳ͵ʹ͵,͵Ͳ ∙ ͳͲͲ% = Ͳ,ͲͲͳʹͺ͹% ≈ Ͳ,ͳ͵	%.	Ν



ιηΝ

ι.ΝɈɤɨɧɱɚɬɟɥɶɧɵɣΝɪɟɡɭɥɶɬɚɬΝɢɡɦɟɪɟɧɢɣΝɞɢɚɦɟɬɪɚΝɰɢɥɢɧɞɪɚΝɩɪɟɞɫɬɚɜɥɹɟɦΝɜΝ

ɜɢɞɟμΝН οΝΧβγ,γ0Ν± 0,0γΨΝɦɦ,  αΝοΝ0,λη,ΝΝİௗ = Ͳ,ͳ͵	%. 

ɉɨɥɭɱɟɧɧɵɣΝɪɟɡɭɥɶɬɚɬΝɨɡɧɚɱɚɟɬ,ΝɱɬɨΝɢɫɬɢɧɧɨɟΝɡɧɚɱɟɧɢɟΝɞɢɚɦɟɬɪɚΝɥɟɠɢɬΝɜΝ

ɢɧɬɟɪɜɚɥɟΝɡɧɚɱɟɧɢɣΝɨɬΝβγ,βιΝɞɨΝβγ,γγΝɦɦ,ΝɫΝɜɟɪɨɹɬɧɨɫɬɶɸΝαΝοΝ0,λη.Ν

Ɂɚɦɟɱɚɧɢɟ. ɄɚɤΝ ɩɪɚɜɢɥɨ,Ν ɨɬɧɨɫɢɬɟɥɶɧɚɹΝ ɩɨɝɪɟɲɧɨɫɬɶΝ ɩɪɢΝ ɩɪɨɜɟɞɟɧɢɢΝ

ɭɱɟɛɧɵɯΝɥɚɛɨɪɚɬɨɪɧɵɯΝɪɚɛɨɬΝɧɟΝɞɨɥɠɧɚΝɩɪɟɜɵɲɚɬɶΝβ0Σ,ΝɱɬɨΝɭɤɚɡɵɜɚɟɬΝɧɚΝɩɪɚ-

ɜɢɥɶɧɨɫɬɶΝɩɪɨɜɟɞɟɧɧɨɝɨΝɷɤɫɩɟɪɢɦɟɧɬɚΝɢΝɪɚɫɱɟɬɨɜΝɩɨɝɪɟɲɧɨɫɬɟɣ.Ν

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 4.3 

1.ΝɄɚɤɢɟΝ ɢɡɦɟɪɟɧɢɹΝ ɧɚɡɵɜɚɸɬɫɹΝ ɨɞɧɨɤɪɚɬɧɵɦɢ?ΝɄɚɤΝ ɨɰɟɧɢɜɚɟɬɫɹΝ ɢɯΝ ɩɨ-

ɝɪɟɲɧɨɫɬɶ?Ν

β.ΝɋΝɤɚɤɨɣΝɰɟɥɶɸΝɩɪɨɢɡɜɨɞɹɬΝɦɧɨɝɨɤɪɚɬɧɵɟΝɢɡɦɟɪɟɧɢɹ?Ν

γ.ΝȾɥɹΝɤɚɤɨɣΝɫɟɪɢɢΝɪɟɡɭɥɶɬɚɬɨɜΝɦɨɠɧɨΝɩɪɨɜɨɞɢɬɶΝɨɩɟɪɚɰɢɸΝɭɫɪɟɞɧɟɧɢɹ?Ν

ζ.ΝɋɮɨɪɦɭɥɢɪɭɣɬɟΝɩɪɚɜɢɥɚΝɪɚɫɱɟɬɚΝɩɨɝɪɟɲɧɨɫɬɟɣΝɦɧɨɝɨɤɪɚɬɧɵɯΝɩɪɹɦɵɯΝ

ɢɡɦɟɪɟɧɢɣ.Ν

η.ΝɑɬɨΝɬɚɤɨɟΝɞɨɜɟɪɢɬɟɥɶɧɚɹΝɜɟɪɨɹɬɧɨɫɬɶ?ΝɄɚɤɨɟΝɟɟΝɡɧɚɱɟɧɢɟΝɫɥɟɞɭɟɬΝɛɪɚɬɶΝ

ɩɪɢΝɨɛɪɚɛɨɬɤɟΝɪɟɡɭɥɶɬɚɬɨɜΝɭɱɟɛɧɨɝɨΝɷɤɫɩɟɪɢɦɟɧɬɚ?Ν

θ.ΝɄɚɤΝɨɰɟɧɢɜɚɟɬɫɹΝɩɨɥɧɚɹΝɚɛɫɨɥɸɬɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣ?Ν

ι.ΝȼΝɤɚɤɨɦΝɫɥɭɱɚɟΝɩɨɥɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣΝɪɚɜɧɚΝɫɥɭɱɚɣ-

ɧɨɣΝɩɨɝɪɟɲɧɨɫɬɢ?Ν

8.ΝɄɚɤΝɡɚɩɢɫɵɜɚɟɬɫɹΝɨɤɨɧɱɚɬɟɥɶɧɵɣΝɪɟɡɭɥɶɬɚɬΝɢɡɦɟɪɟɧɢɹΝɫΝɭɱɟɬɨɦΝɩɨɥɧɨɣΝ

ɚɛɫɨɥɸɬɧɨɣΝɩɨɝɪɟɲɧɨɫɬɢ?Ν

λ.ΝɑɬɨΝɬɚɤɨɟΝɡɧɚɱɚɳɚɹΝɰɢɮɪɚ?ΝɋɤɨɥɶɤɨΝɡɧɚɱɚɳɢɯΝɰɢɮɪΝɫɥɟɞɭɟɬΝɛɪɚɬɶΝɩɪɢΝ

ɜɵɱɢɫɥɟɧɢɹɯ?Ν

10.ΝɋɮɨɪɦɭɥɢɪɭɣɬɟΝ ɩɪɚɜɢɥɚΝ ɨɤɪɭɝɥɟɧɢɹΝ ɩɨɝɪɟɲɧɨɫɬɢΝ ɢΝ ɪɟɡɭɥɶɬɚɬɚΝ ɦɧɨ-

ɝɨɤɪɚɬɧɵɯΝɢɡɦɟɪɟɧɢɣ.Ν

4.4. Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɫɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ 

ɑɚɫɬɨΝ ɨɤɚɡɵɜɚɟɬɫɹ,Ν ɱɬɨΝ ɢɫɤɨɦɚɹΝ ɜɟɥɢɱɢɧɚΝ ɟɫɬɶΝɮɭɧɤɰɢɹΝ ɩɪɹɦɨΝ ɢɡɦɟɪɹɟ-

ɦɵɯΝ ɜɟɥɢɱɢɧΝ Χɧɚɩɪɢɦɟɪ,Ν ɨɛɴɟɦΝ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚΝ ɹɜɥɹɟɬɫɹΝɮɭɧɤɰɢɟɣΝ ɞɥɢɧΝ ɟɝɨΝ



ιθΝ

ɫɬɨɪɨɧΝV=К·Л·М,Ν ɬ.ɟ.ΝV=П(К,Л,М)Ψ.ΝɉɨɝɪɟɲɧɨɫɬɶΝɬɚɤɨɣΝ ɜɟɥɢɱɢɧɵΝɜɵɱɢɫɥɹɟɬɫɹΝɱɟ-

ɪɟɡΝɩɨɝɪɟɲɧɨɫɬɢΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣ.ΝΝ

ɉɭɫɬɶΝ ɧɟɤɨɬɨɪɚɹΝ ɮɢɡɢɱɟɫɤɚɹΝ ɜɟɥɢɱɢɧɚΝ Νܨ ɹɜɥɹɟɬɫɹΝ ɮɭɧɤɰɢɟɣΝ ɧɟɫɤɨɥɶɤɢɯΝ
ɩɟɪɟɦɟɧɧɵɯΝб, в, г,ΝɤɨɬɨɪɵɟΝɜΝɫɜɨɸΝɨɱɟɪɟɞɶΝɹɜɥɹɸɬɫɹΝɪɟɡɭɥɶɬɚɬɚɦɢΝɩɪɹɦɵɯΝɢɡ-

ɦɟɪɟɧɢɣ,Νɬ.ɟ.ΝF=П(б,в,г). ȼΝɷɬɨɦΝɫɥɭɱɚɟΝ ɪɟɤɨɦɟɧɞɭɟɬɫɹΝɫɥɟɞɭɸɳɢɣΝɩɨɪɹɞɨɤΝɨɛ-

ɪɚɛɨɬɤɢΝɪɟɡɭɥɶɬɚɬɨɜ.Ν

1.Ν Ɉɩɪɟɞɟɥɹɟɦ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟΝ ɮɭɧɤɰɢɢΝ ɱɟɪɟɡΝ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɢɟΝ

ɡɧɚɱɟɧɢɹΝɢɡɦɟɪɟɧɧɵɯΝɩɪɹɦɵɦΝɦɟɬɨɞɨɦΝɜɟɥɢɱɢɧμΝۄܨۃ = ݂ሺۄݔۃ, ,ۄݕۃ ሻ.Νۄݖۃ
β.ΝɇɚɯɨɞɢɦΝɱɚɫɬɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢΝɮɭɧɤɰɢɢΝɩɨΝɜɫɟɦΝɟɟΝɩɟɪɟɦɟɧɧɵɦμΝ∆ܨ௫ = ௫́ܨ ∙ ݔ∆ = డ௙డ௫ ∙ ௬ܨ∆Ν,ݔ∆ = ௬́ܨ ∙ ݕ∆ = డ௙డ௬ ∙ ௭ܨ∆ ,ݕ∆ = ௭́ܨ ∙ ݖ∆ = డ௙డ௭ ∙  ,ݖ∆

ɝɞɟΝ	ܨ௫́ = డ௙డ௫ 		 ; ௬́ܨ						 = డ௙డ௬ 	 ; ௭́ܨ							 = డ௙డ௭ 	–		ΝɱɚɫɬɧɵɟΝɩɪɨɢɡɜɨɞɧɵɟΝɞɚɧɧɨɣΝɮɭɧɤɰɢɢΝ
ɩɨΝɤɚɠɞɨɣΝɢɡΝɩɟɪɟɦɟɧɧɵɯ.Ν

γ.ΝɊɚɫɫɱɢɬɵɜɚɟɦ ɩɨɥɧɭɸ ɚɛɫɨɥɸɬɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶΝɜɟɥɢɱɢɧɵΝFμΝ∆ܨ = ට∆ܨ௫ଶ + ௬ଶܨ∆ + ௭ଶܨ∆ . 
ζ.ΝɈɩɪɟɞɟɥɹɟɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶΝɜɟɥɢɱɢɧɵΝFμΝߝி = ∆ிۃிۄ ∙ ͳͲͲ%.Ν

η.ΝɁɚɩɢɫɵɜɚɟɦΝɨɤɨɧɱɚɬɟɥɶɧɵɣΝɪɟɡɭɥɶɬɚɬΝɜΝɜɢɞɟμΝܨ = ۄܨۃ ± .ˇˈሺ		ܨ∆ ˋˊˏሻ,					ߝி = ⋯%.Ν 

ɉɪɢɦɟɪ 4.2  

ȼΝ ɯɨɞɟΝ ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨΝ ɷɤɫɩɟɪɢɦɟɧɬɚΝ ɩɨɥɭɱɟɧΝ ɪɹɞΝ ɪɟɡɭɥɶɬɚɬɨɜΝ ɩɪɹɦɵɯΝ

ɢɡɦɟɪɟɧɢɣμΝ

ɯ1=2,3; ɯ2=2,4; ɯ3=2,5;  ɯ4=2,3; ɯ5=2,2, 

в1=1,25;  в2=1,27;  в3=1,24;  в4=1,26;    в5=1,23. 

ɌɪɟɛɭɟɬɫɹμΝ1ΨΝɩɪɨɜɟɫɬɢΝɨɛɪɚɛɨɬɤɭΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣΝɢΝɧɚɣɬɢΝɩɨɝɪɟɲɧɨ-

ɫɬɢΝɜɟɥɢɱɢɧΝбΝɢΝвνΝβΨΝɧɚɣɬɢΝɮɢɡɢɱɟɫɤɭɸΝɜɟɥɢɱɢɧɭΝF,ΝɩɪɟɞɫɬɚɜɥɟɧɧɭɸΝɜΝɜɢɞɟΝɡɚ-

ɜɢɫɢɦɨɫɬɢΝ ܨ = ௫మଶ + Νݕ͵ ɢΝ ɨɩɪɟɞɟɥɢɬɶΝ ɟɟΝ ɚɛɫɨɥɸɬɧɭɸΝ F Ν ɢΝ ɨɬɧɨɫɢɬɟɥɶɧɭɸΝ

εF.ɩɨɝɪɟɲɧɨɫɬɢ. 
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Ɋɟɲɟɧɢɟ. 

ɉɪɨɜɟɞɟɦΝɨɛɪɚɛɨɬɤɭΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣΝɜɟɥɢɱɢɧΝб ɩɨΝɦɟɬɨɞɢɤɟ,Νɢɡɥɨɠɟɧ-

ɧɨɣΝɜΝζ.γ.  ͳ.			ۄݔۃ = ʹ,͵ + ʹ,Ͷ + ʹ,ͷ + ʹ,͵ + ʹ,ʹͷ = ʹ,͵Ͷ;Ν
β.Ν ଵݔ∆ = ʹ,͵Ͷ − ʹ,͵ = Ͳ,ͲͶ, ଶݔ∆ = ʹ,͵Ͷ − ʹ,Ͷ = −Ͳ,Ͳ͸, ଷݔ∆ = ʹ,͵Ͷ −−ʹ,ͷ = −Ͳ,ͳ͸,Ν∆ݔସ = ʹ,͵Ͷ − ʹ,͵ = Ͳ,ͲͶ,Ν∆ݔହ = ʹ,͵Ͷ − ʹ,ʹ = Ͳ,ͳͶ. 

γ.Ν	 ۄ௫ۃܵ = ට଴,଴ସమାሺି଴,଴଺ሻమାሺି଴,ଵ଺ሻమା଴,଴ସమା଴,ଵସమହሺହିଵሻ = Ͳ, Ͳ͹ͷʹ͵ ≈ Ͳ,Ͳ͹ͷ. 
ζ.ΝɉɨΝɬɚɛɥ.Νζ.βΝɨɩɪɟɞɟɥɹɟɦΝɤɨɷɮɮɢɰɢɟɧɬΝɋɬɶɸɞɟɧɬɚ.ΝɇɚɞɟɠɧɨɫɬɶΝɜɵɛɢɪɚ-

ɟɦΝɪɚɜɧɨɣΝαο0,λη.ΝɇɚɯɨɞɢɦΝɫɬɚɬɢɫɬɢɱɟɫɤɭɸΝɩɨɝɪɟɲɧɨɫɬɶμ ∆ݔ˔˕ = ʹ,ͺ ∙ Ͳ,Ͳ͹ͷ = Ͳ,ʹͳ ≈ Ͳ,ʹ. 

η.ΝɉɨɥɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɛɭɞɟɬΝɪɚɜɧɚΝɬɨɥɶɤɨΝɫɬɚɬɢɫɬɢɱɟɫɤɨɣΝɩɨɝɪɟɲɧɨɫɬɢ,Ν

ɬɚɤΝɤɚɤΝɩɪɢɛɨɪɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɧɟΝɡɚɞɚɟɬɫɹ,Νɬ.ɟ.Ν∆ݔ = Ν.˕˔ݔ∆
θ.ΝɍɬɨɱɧɹɟɦΝɫɪɟɞɧɟɟΝɡɧɚɱɟɧɢɟΝɫΝɭɱɟɬɨɦΝɚɛɫɨɥɸɬɧɨɣΝɩɨɝɪɟɲɧɨɫɬɢΝΝۄݔۃ = ʹ,͵Ͷ ≈ ʹ,͵. 

ι.ΝɈɬɧɨɫɢɬɟɥɶɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵΝɯμ  ߝ௫ = Ͳ,ʹʹ,͵ ∙ ͳͲͲ% = ͺ,͹%. 
8.ΝɁɚɩɢɫɵɜɚɟɦΝɪɟɡɭɥɶɬɚɬΝɢɡɦɟɪɟɧɢɣΝɜΝɜɢɞɟΝݔ = ʹ,͵ ± Ͳ,ʹ,  αο0,λη,Νߝ௫ = ͺ,͹%. 

ȾɥɹΝɭɞɨɛɫɬɜɚΝɪɟɡɭɥɶɬɚɬɵΝɨɛɪɚɛɨɬɤɢΝɦɨɠɧɨΝɩɪɟɞɫɬɚɜɢɬɶΝɜΝɜɢɞɟΝɬɚɛɥ.Νζ.γ.Ν

Ɍɚɛɥɢɰɚ 4.3
Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ 

ɯТ ‹б› ΔɯТΝ (ΔɯТ)2Ν S‹б› ΔɯɫɬΝ Δɯ εɯ,Σ ‹б›± Δɯ 
β,γΝ Ν

Ν
β,γζΝ
Ν

0,0ζΝ 0,01θΝ Ν
Ν

0,0ιηΝ

Ν
Ν

0,βΝ

Ν
Ν

0,βΝ

Ν
Νͺ,͹Ν Ν

Ν
β,γ±0,βΝ

β,ζΝ -0,0θΝ 0,0γθΝ
β,ηΝ -0,1θΝ 0,0βηθΝ
β,γΝ 0,0ζΝ 0,01θΝ
β,βΝ 0,1ζΝ 0,01λθΝ

ȺɧɚɥɨɝɢɱɧɨΝɩɪɨɜɨɞɢɦΝɨɛɪɚɛɨɬɤɭΝɪɟɡɭɥɶɬɚɬɨɜΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣΝɜɟɥɢɱɢ-

ɧɵΝв. ɊɟɡɭɥɶɬɚɬɵΝɷɬɢɯΝɜɵɱɢɫɥɟɧɢɣΝɩɪɢɜɟɞɟɧɵΝɜΝɬɚɛɥ.Νζ.ζ.Ν



ι8Ν

Ɍɚɛɥɢɰɚ 4.4 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ ɜɟɥɢɱɢɧɵ в 
вТ ‹в› ΔвТΝ (ΔвТ)2Ν S‹б› ΔвɫɬΝ Δв εв, Σ ‹в›± Δв 

1,βηΝ Ν
Ν

1,βη0Ν
Ν

0Ν 0Ν Ν
Ν

0,00ιΝ

Ν
Ν

0,0βΝ

Ν
Ν

0,0βΝ

Ν
Ν

1,θΝ

Ν
Ν

1,βη±0,0βΝ
1,βιΝ -0,0βΝ 0,000ζΝ
1,βζΝ 0,01Ν 0,0001Ν
1,βθΝ -0,01Ν 0,0001Ν
1,βγΝ 0,0βΝ 0,000ζΝ

ɉɪɨɜɟɞɟɦΝɨɛɪɚɛɨɬɤɭΝɪɟɡɭɥɶɬɚɬɚΝɤɨɫɜɟɧɧɵɯΝɢɡɦɟɪɟɧɢɣ.Ν

1.ΝɇɚɯɨɞɢɦΝɫɪɟɞɧɟɟΝɡɧɚɱɟɧɢɟΝɢɫɤɨɦɨɣΝɜɟɥɢɱɢɧɵΝΝܨ = ௫మଶ + ۄܨۃμΝݕ͵ = మଶۄ௫ۃ + ۄݕۃ͵ = ଶ,ଷమଶ + ͵ ∙ ͳ,ʹͷ = ͸,͵ͻͷ.Ν
β.ΝɈɩɪɟɞɟɥɹɟɦΝɱɚɫɬɧɵɟΝɩɪɨɢɡɜɨɞɧɵɟΝɩɨΝɤɚɠɞɨɣΝɩɟɪɟɦɟɧɧɨɣΝΝܨ௫́ = ݔ߲߲ ቆݔଶʹ + ቇݕ͵ = ͳʹ ߲ሺݔଶሻ߲ݔ + Ͳ = ͳʹ ∙ ݔʹ = ݔ = ʹ,͵,Ν
௬́ܨ = డడ௬ ቀ௫మଶ + ቁݕ͵ = Ͳ + ͵ డ௬డ௬ = ͵.Ν
γ.ΝɇɚɯɨɞɢɦΝɱɚɫɬɧɵɟΝɩɨɝɪɟɲɧɨɫɬɢΝɜɟɥɢɱɢɧɵΝFΝɩɨΝɤɚɠɞɨɣΝɩɟɪɟɦɟɧɧɨɣμΝ ∆ܨ௫ = ௫́ܨ ∙ ݔ∆ = ʹ,͵ ∙ Ͳ,ʹ = Ͳ,Ͷ͸; ∆ܨ௬ = ௬́ܨ ∙ ݕ∆ = ͵ ∙ Ͳ,Ͳʹ = Ͳ,Ͳ͸. 
ζ.ΝɈɩɪɟɞɟɥɹɟɦ ɩɨɥɧɭɸΝɚɛɫɨɥɸɬɧɭɸΝɩɨɝɪɟɲɧɨɫɬɶΝɮɭɧɤɰɢɢΝFμΝ∆ܨ = ට∆ܨ௫ଶ + ௬ଶܨ∆ = ඥͲ,Ͷ͸ଶ + Ͳ,Ͳ͸ଶ = Ͳ,Ͷ͸ ≈ Ͳ,ͷ.Ν
η.ΝɈɬɧɨɫɢɬɟɥɶɧɚɹΝɩɨɝɪɟɲɧɨɫɬɶΝɜɟɥɢɱɢɧɵΝF,ΝɢɡɦɟɪɟɧɧɨɣΝɤɨɫɜɟɧɧɵɦΝɦɟɬɨ-

ɞɨɦμΝ ிߝ = ۄܨۃܨ∆ ∙ ͳͲͲ% = Ͳ,ͷ͸,Ͷ ∙ ͳͲͲ% = ͹,ͺ%.Ν
θ.ΝɈɤɨɧɱɚɬɟɥɶɧɵɣΝɪɟɡɭɥɶɬɚɬ,ΝɫΝɭɱɟɬɨɦΝɩɨɝɪɟɲɧɨɫɬɢμΝܨ = ͸,Ͷ ± Ͳ,ͷ.Ν
Ɉɬɜɟɬ:		ݔ = ʹ,͵ ± Ͳ,ʹ; ߙ				 = Ͳ,ͻͷ; ௫ߝ				 = ͺ,͹%Ν

ΝΝΝΝΝΝΝΝΝΝΝΝΝݕ = ͳ,ʹͷ ± Ͳ,Ͳʹ; ߙ		 = Ͳ,ͻͷ;		ߝ௬ = ͳ,͸%ΝΝ

ΝΝΝΝΝΝΝΝΝΝΝΝΝΝܨ = ͸,Ͷ ± Ͳ,ͷ; ிߝ			 = ͹,ͺ%.Ν

 



ιλΝ

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 4.4 

1. ɋɮɨɪɦɭɥɢɪɭɣɬɟΝɩɪɚɜɢɥɚΝɪɚɫɱɟɬɚΝɩɨɝɪɟɲɧɨɫɬɟɣΝɩɪɢΝɤɨɫɜɟɧɧɵɯΝɢɡɦɟɪɟ-

ɧɢɹɯ.Ν

β.ΝɄɚɤΝɨɩɪɟɞɟɥɹɸɬɫɹΝɱɚɫɬɧɵɟΝɩɨɝɪɟɲɧɨɫɬɢΝɤɨɫɜɟɧɧɵɯΝɢɡɦɟɪɟɧɢɣ?Ν

γ.ɈɬΝɱɟɝɨΝɡɚɜɢɫɢɬΝɩɨɝɪɟɲɧɨɫɬɶΝɤɨɫɜɟɧɧɵɯΝɢɡɦɟɪɟɧɢɣ?Ν

Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 

ȼɵɩɨɥɧɢɬɟΝ ɨɛɪɚɛɨɬɤɭΝ ɪɟɡɭɥɶɬɚɬɨɜΝ ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨΝ ɷɤɫɩɟɪɢɦɟɧɬɚ,Ν ɪɟ-

ɡɭɥɶɬɚɬɵΝɤɨɬɨɪɨɝɨΝɩɪɟɞɫɬɚɜɥɟɧɵΝɜΝɬɚɛɥɢɰɟ.ΝȼɟɥɢɱɢɧɵΝб,Ν Νв,ΝɢΝ ΝгΝɨɩɪɟɞɟɥɟɧɵΝɜΝ

ɯɨɞɟΝɦɧɨɝɨɤɪɚɬɧɵɯΝɩɪɹɦɵɯΝɢɡɦɟɪɟɧɢɣ.ΝȼɟɥɢɱɢɧɚΝFΝɨɩɪɟɞɟɥɹɟɬɫɹΝɤɨɫɜɟɧɧɨΝɧɚΝ

ɨɫɧɨɜɚɧɢɢΝɭɤɚɡɚɧɧɨɣΝɜΝɬɚɛɥɢɰɟΝɮɭɧɤɰɢɨɧɚɥɶɧɨɣΝɡɚɜɢɫɢɦɨɫɬɢΝɨɬΝб,ΝвΝɢΝг. Ν

ζ.1. ɯ1=4,33; ɯ2=4,32; ɯ3=4,31; ɯ4=4,32; ɯ5=4,35 

в1=7,3; в2=7,4; в3=7,2; в4=7,5; в5=7,2 

г1=12; г2=13; г3=11; г4=12; г5=11 ܨ = ݔ + ݖଶݕ  

ζ.β. ɯ1=5,3;  ɯ2=5,6; ɯ3=5,4; ɯ4=5,4; ɯ5=5,2 

в1=2,7; в2=2,8; в3=2,9; в4=2,7; в5=2,6 

г1=0,11; г2=0,12; г3=0,13; г4=0,11; г5=0,12 ܨ = ଷݕݖ +  ݕݔ

ζ.γ. ɯ1=13,3;  ɯ2=13,2; ɯ3=13,4; ɯ4=13,1; ɯ5=13,2 

в1=15,13;  в2=15,12; в3=15,14; в4=15,13; в5=15,12 

г1=8,3;г2=8,4; г3=8,2; г4=8,4; г5=8,3 ܨ = ଶݔݕ +  ݔݖ

ζ.ζ. ɯ1=7,8;  ɯ2=7,9; ɯ3=7,8; ɯ4=7,5; ɯ5=7,7 

в1=13,3; в2=13,2; в3=13,4; в4=13,3; в5=13,2 

г1=0,01; г2=0,02; г3=0,01; г4=0,01; г5=0,02 ܨ =  ݕඥݔଶݖ͵

ζ.η. ɯ1=12,1;  ɯ2=12,4; ɯ3=12,3; ɯ4=11,9; ɯ5=12,0 

в1=8,31; в2=8,32; в3=8,31; в4=8,33; в5=8,29 
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г1=0,01; г2=0,03; г3=0,04; г4=0,02; г5=0,03 ܨ = Ͷݔ + ͷݕଶݖ 

ζ.θ. К1=0,12; К2=0,16; К3=0,13; К4=0,14; К5=0,15 

Л1=4,13; Л2=4,11; Л3=4,15; Л4=4,12; Л5=4,11 

М1=6,1; М2=6,2; М3=6,1; М4=6,3; М5=6,4 ܨ = ͺܾଶ − ܽܿ 

ζ.ι. К1=7,8; К2=7,9; К3=7,8; К4=7,5; К5=7,7 

Л1=13,3; Л2=13,2; Л3=13,4; Л4=13,2; Л5=13,4 

М1=0,01; М2=0,02; М3=0,01; М4=0,03; М5=0,02 ܨ = ͵ܿଶ ܾܽ 

ζ.8. К1=4,33;К2=4,32; К3=4,31; К4=4,34; К5=4,35 

Л1=24; Л2=25; Л3=24; Л4=23; Л5=25 

М1=1,12; М2=1,17; М3=1,14; М4=1,13; М5=1,14 ܨ = ܾܽ + ܿଷ 

ζ.λ. К1=1,25; К2=1,26; К3=1,21; К4=1,22; К5=1,24 

Л1=4,33; Л2=4,31; Л3=4,32; Л4=4,34; Л5=4,33 

М1=12; М2=13; М3=12,5; М4=11; М5=12,5 ܨ = ܿ + ܽଶܾ  

ζ.10. К1=7,8;К2=7,9; К3=7,5; К4=7,8; К5=7,6 

Л1=13,3; Л2=13,2; Л3=13,4; Л4=12,9; Л5=13,1 

М1=0,2; М2=0,3; М3=0,4; М4=0,2; М5=0,3 ܨ = ͵ܿܽ + ܾଶ 

4.5. Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ȼΝɥɚɛɨɪɚɬɨɪɧɨɦΝɩɪɚɤɬɢɤɭɦɟΝɢΝɩɪɢΝɜɵɩɨɥɧɟɧɢɢΝɪɚɫɱɟɬɧɨ-ɝɪɚɮɢɱɟɫɤɢɯΝɪɚ-

ɛɨɬΝɩɨΝɮɢɡɢɤɟΝɱɚɫɬɨΝɜɨɡɧɢɤɚɟɬΝɧɟɨɛɯɨɞɢɦɨɫɬɶΝɩɨɫɬɪɨɟɧɢɹΝɝɪɚɮɢɱɟɫɤɢɯΝɡɚɜɢɫɢ-

ɦɨɫɬɟɣ.ΝȽɪɚɮɢɱɟɫɤɨɟΝɩɪɟɞɫɬɚɜɥɟɧɢɟΝɢɧɮɨɪɦɚɰɢɢΝɛɵɜɚɟɬΝɜɟɫɶɦɚΝɩɨɥɟɡɧɵɦΝɢɦɟɧ-

ɧɨΝɜΝɫɢɥɭΝɫɜɨɟɣΝɧɚɝɥɹɞɧɨɫɬɢ.ΝɉɨΝɝɪɚɮɢɤɚɦΝɦɨɠɧɨΝɨɩɪɟɞɟɥɹɬɶΝɯɚɪɚɤɬɟɪΝɮɭɧɤɰɢɨ-
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ɧɚɥɶɧɨɣΝɡɚɜɢɫɢɦɨɫɬɢ,ΝɡɧɚɱɟɧɢɹΝɜɟɥɢɱɢɧ.ΝȽɪɚɮɢɤɢΝɩɨɡɜɨɥɹɸɬΝɫɪɚɜɧɢɬɶΝɪɟɡɭɥɶɬɚ-

ɬɵ,ΝɩɨɥɭɱɟɧɧɵɟΝɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ,ΝɫΝɬɟɨɪɢɟɣ.ΝɇɚΝɝɪɚɮɢɤɚɯΝɥɟɝɤɨΝɧɚɯɨɞɢɬɶΝɦɚɤ-

ɫɢɦɭɦɵΝɢΝɦɢɧɢɦɭɦɵ,ΝɜɵɹɜɥɹɬɶΝɩɪɨɦɚɯɢΝɢΝɬ.ɞ.Ν

ɉɪɢΝɨɮɨɪɦɥɟɧɢɢΝɝɪɚɮɢɤɨɜΝɧɭɠɧɨΝɫɥɟɞɨɜɚɬɶΝɩɟɪɟɱɢɫɥɟɧɧɵɦΝɧɢɠɟΝɩɪɚɜɢ-

ɥɚɦ.ΝΝ

1.ΝȽɪɚɮɢɤɢΝɫɬɪɨɹɬΝɬɨɥɶɤɨΝɧɚΝɛɭɦɚɝɟ,ΝɢɦɟɸɳɟɣΝɤɨɨɪɞɢɧɚɬɧɭɸΝɫɟɬɤɭ.ΝЭɬɨΝ

ɦɨɠɟɬΝɛɵɬɶΝɦɢɥɥɢɦɟɬɪɨɜɚɹΝΝɛɭɦɚɝɚΝɫΝɥɢɧɟɣɧɵɦΝɦɚɫɲɬɚɛɨɦΝɩɨΝɨɫɹɦΝɢɥɢΝɥɨɝɚ-

ɪɢɮɦɢɱɟɫɤɢɦΝ ɦɚɫɲɬɚɛɨɦ,Ν ɮɨɪɦɚɬɨɦΝ ɧɟΝ ɦɟɧɟɟΝ ɱɟɦΝ 1ζ×1θΝ ɦɦΝ ΧɫɬɪɚɧɢɰɚΝ ɫɬɚɧ-

ɞɚɪɬɧɨɣΝ ɬɟɬɪɚɞɢΨ.ΝȼΝ ɜɢɞɟΝɢɫɤɥɸɱɟɧɢɹΝɞɨɩɭɫɤɚɟɬɫɹΝɩɨɫɬɪɨɟɧɢɟΝɡɚɜɢɫɢɦɨɫɬɟɣΝɫΝ

ɩɨɦɨɳɶɸΝ ɫɬɚɧɞɚɪɬɧɵɯΝ ɤɨɦɩɶɸɬɟɪɧɵɯΝ ɩɪɨɝɪɚɦɦ,Ν ɧɨΝ ɢΝ ɜΝ ɷɬɨɦΝ ɫɥɭɱɚɟΝ ɝɪɚɮɢɤɢΝ

ɞɨɥɠɧɵΝ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶΝ ɜɫɟɦΝ ɢɡɥɨɠɟɧɧɵɦΝ ɡɞɟɫɶΝ ɬɪɟɛɨɜɚɧɢɹɦΝ ΧɜΝ ɱɚɫɬɧɨɫɬɢ,Ν

ɢɦɟɬɶΝɦɚɫɲɬɚɛɧɨ-ɤɨɨɪɞɢɧɚɬɧɭɸΝɫɟɬɤɭΨ.Ν

β.ΝɋɬɪɨɹɬɫɹΝ ɝɪɚɮɢɤɢ,Ν ɡɚΝ ɪɟɞɤɢɦΝɢɫɤɥɸɱɟɧɢɟɦ,Ν ɜΝ ɩɪɹɦɨɭɝɨɥɶɧɨɣΝ ɫɢɫɬɟɦɟΝ

ɤɨɨɪɞɢɧɚɬ,ΝɝɞɟΝɩɨΝɝɨɪɢɡɨɧɬɚɥɶɧɨɣΝɨɫɢΝΧɨɫɢΝɚɛɫɰɢɫɫΨΝɨɬɤɥɚɞɵɜɚɸɬΝɚɪɝɭɦɟɧɬ,Νɧɟ-

ɡɚɜɢɫɢɦɭɸΝɮɢɡɢɱɟɫɤɭɸΝɜɟɥɢɱɢɧɭ,ΝɚΝɩɨΝɜɟɪɬɢɤɚɥɶɧɨɣΝɨɫɢΝΧɨɫɢΝɨɪɞɢɧɚɬΨΝ–Νɮɭɧɤ-

ɰɢɸ,ΝɡɚɜɢɫɢɦɭɸΝɮɢɡɢɱɟɫɤɭɸΝɜɟɥɢɱɢɧɭ.Ν

γ.ΝɇɚɱɚɥɨΝɤɨɨɪɞɢɧɚɬ,ΝɟɫɥɢΝɷɬɨΝɧɟΝɨɝɨɜɨɪɟɧɨΝɨɫɨɛɨ,ΝɦɨɠɟɬΝɧɟΝɫɨɜɩɚɞɚɬɶΝɫΝ

ɧɭɥɟɜɵɦɢΝɡɧɚɱɟɧɢɹɦɢΝɜɟɥɢɱɢɧ.ΝȿɝɨΝ ɜɵɛɢɪɚɸɬΝ ɬɚɤɢɦΝɨɛɪɚɡɨɦ,ΝɱɬɨɛɵΝɩɥɨɳɚɞɶΝ

ɱɟɪɬɟɠɚΝɛɵɥɚΝɢɫɩɨɥɶɡɨɜɚɧɚΝɦɚɤɫɢɦɚɥɶɧɨ.ΝɈɛɵɱɧɨΝɝɪɚɮɢɤΝɫɬɪɨɹɬΝɧɚΝɨɫɧɨɜɚɧɢɢΝ

ɬɚɛɥɢɰɵΝɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯΝɞɚɧɧɵɯ,ΝɨɬɤɭɞɚΝɥɟɝɤɨΝɭɫɬɚɧɨɜɢɬɶΝɢɧɬɟɪɜɚɥɵ,ΝɜΝɤɨ-

ɬɨɪɵɯΝɢɡɦɟɧɹɸɬɫɹΝɚɪɝɭɦɟɧɬΝɢΝɮɭɧɤɰɢɹ.ΝɂɯΝɧɚɢɦɟɧɶɲɟɟΝɢΝɧɚɢɛɨɥɶɲɟɟΝɡɧɚɱɟɧɢɹΝ

ɡɚɞɚɸɬΝɡɧɚɱɟɧɢɹΝɦɚɫɲɬɚɛɨɜ,ΝɨɬɤɥɚɞɵɜɚɟɦɵɯΝɜɞɨɥɶΝɨɫɟɣΝ ΧɩɨΝɤɚɠɞɨɣΝɨɫɢΝɜɵɛɢ-

ɪɚɟɬɫɹΝ ɨɬɞɟɥɶɧɨΨ.Ν ɉɪɚɜɢɥɶɧɨΝ ɩɨɫɬɪɨɟɧɧɚɹΝ ɤɪɢɜɚɹΝ ɞɨɥɠɧɚΝ ɡɚɩɨɥɧɹɬɶΝ ɜɫɟΝ ɩɨɥɟΝ

ɝɪɚɮɢɤɚ,ΝɱɬɨΝɛɭɞɟɬΝɫɜɢɞɟɬɟɥɶɫɬɜɨɦΝɩɪɚɜɢɥɶɧɨɝɨΝɜɵɛɨɪɚΝɦɚɫɲɬɚɛɨɜΝɩɨΝɤɚɠɞɨɣΝ

ɢɡΝɨɫɟɣΝΧɪɢɫ.Νζ.1ΝΧɚΨΨ.ΝȿɫɥɢΝɠɟΝɡɧɚɱɢɬɟɥɶɧɚɹΝɱɚɫɬɶΝɩɨɥɹΝɨɤɚɡɵɜɚɟɬɫɹΝɧɟɡɚɩɨɥɧɟɧ-

ɧɨɣΝΧɪɢɫ.Νζ.1ΝΧɛΨΨ,ΝɬɨΝɧɟɨɛɯɨɞɢɦɨΝɡɚɧɨɜɨΝɜɵɛɪɚɬɶΝɦɚɫɲɬɚɛɵΝɢΝɩɟɪɟɫɬɪɨɢɬɶΝɡɚɜɢ-

ɫɢɦɨɫɬɶ.ΝΝ

ζ.ΝɆɚɫɲɬɚɛɧɵɟΝ ɞɟɥɟɧɢɹΝ ɧɚΝ ɤɨɨɪɞɢɧɚɬɧɵɯΝ ɨɫɹɯΝ ɫɥɟɞɭɟɬΝ ɧɚɧɨɫɢɬɶΝ ɪɚɜɧɨ-

ɦɟɪɧɨ.ΝɆɚɫɲɬɚɛɧɚɹΝɲɤɚɥɚΝɞɨɥɠɧɚΝɥɟɝɤɨΝɱɢɬɚɬɶɫɹ,Ν ɚΝɞɥɹΝɷɬɨɝɨΝɧɭɠɧɨΝ ɜɵɛɪɚɬɶΝ

ɭɞɨɛɧɭɸΝ ɞɥɹΝ ɜɨɫɩɪɢɹɬɢɹΝ ɰɟɧɭ ɞɟɥɟɧɢɹ ɲɤɚɥɵμΝ ɩɪɨɢɡɜɨɞɢɬɶΝ ɨɬɫɱɟɬΝ ɡɧɚɱɟɧɢɣΝ
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ɢɫɫɥɟɞɭɟɦɵɯΝ ɜɟɥɢɱɢɧΝ ɛɭɞɟɬΝ ɭɞɨɛɧɨ,Ν ɟɫɥɢΝ ɨɞɧɨɦɭΝ ɫɚɧɬɢɦɟɬɪɭΝ ΧɢɥɢΝ ɞɟɥɟɧɢɸΨΝ

ɫɨɨɬɜɟɬɫɬɜɭɟɬΝ1,Νβ,Νη,Ν10,Ν100ΝɢΝɬ.ɞ.ΝɟɞɢɧɢɰΝɢɡɦɟɪɹɟɦɨɣΝɜɟɥɢɱɢɧɵ.ΝɌɚɤɢɦΝɨɛɪɚ-

ɡɨɦ,ΝɱɢɫɥɚΝβνΝ0,ηνΝ100νΝ0,0βΝɩɨɞɯɨɞɹɬΝɜΝɤɚɱɟɫɬɜɟΝɰɟɧɵΝɞɟɥɟɧɢɹΝɦɚɫɲɬɚɛɧɨɣΝɲɤɚ-

ɥɵ,ΝɚΝɱɢɫɥɚΝγνΝινΝ0,1ηΝ–ΝɧɟΝɩɨɞɯɨɞɹɬ.Ν

η.ΝɉɪɨɬɢɜΝɤɚɠɞɨɣΝɨɫɢΝɭɤɚɡɵɜɚɸɬΝɧɚɡɜɚɧɢɟΝɢɥɢΝɫɢɦɜɨɥΝɨɬɤɥɚɞɵɜɚɟɦɨɣΝɩɨΝ

ɨɫɢΝ ɜɟɥɢɱɢɧɵ,Ν ɚΝ ɱɟɪɟɡΝ ɡɚɩɹɬɭɸΝ–Ν ɟɞɢɧɢɰɵΝɟɟΝɢɡɦɟɪɟɧɢɹ,Ν ɩɪɢɱɟɦΝɜɫɟΝ ɟɞɢɧɢɰɵΝ

ɢɡɦɟɪɟɧɢɹΝ ɩɪɢɜɨɞɹɬΝ ɜΝ ɪɭɫɫɤɨɦΝ ɧɚɩɢɫɚɧɢɢΝ ɜΝ ɫɢɫɬɟɦɟΝ ɋɂΝ Χɫɦ.Ν ɉɪɢɥɨɠɟɧɢɟΝηΨ.Ν

ȾɟɫɹɬɢɱɧɵɣΝɦɧɨɠɢɬɟɥɶΝɦɚɫɲɬɚɛɚ,ΝɤɚɤΝɜΝɬɚɛɥɢɰɚɯ,ΝɨɬɧɨɫɢɬɫɹΝɤΝɟɞɢɧɢɰɚɦΝɢɡɦɟ-

ɪɟɧɢɹ,Ν–Νɧɚɩɪɢɦɟɪ,ΝɜɦɟɫɬɨΝ1000νΝβ000νΝγ000Ν…ΝɦɨɠɧɨΝɭɤɚɡɚɬɶΝ1νΝβνΝγΝ…ΝɫΝɨɛɳɢɦΝ

ɦɧɨɠɢɬɟɥɟɦΝ10γ,ΝɭɤɚɡɚɧɧɵɦΝɩɟɪɟɞΝɟɞɢɧɢɰɟɣΝɢɡɦɟɪɟɧɢɹ.ΝΝΝ

θ.Ν ЭɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟΝ ɬɨɱɤɢΝ ɚɤɤɭɪɚɬɧɨΝ ɧɚɧɨɫɹɬΝ ɧɚΝ ɩɨɥɟΝ ɝɪɚɮɢɤɚΝ ɤɚɪɚɧ-

ɞɚɲɨɦ,ΝɱɬɨɛɵΝɨɧɢΝɛɵɥɢΝɨɬɱɟɬɥɢɜɨΝɪɚɡɥɢɱɢɦɵ.ΝɄɨɨɪɞɢɧɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-

ɧɵɯ ɬɨɱɟɤ ɧɚ ɨɫɹɯ ɧɟ ɭɤɚɡɵɜɚɸɬ, ɚ ɥɢɧɢɢ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɷɬɢ ɤɨɨɪɞɢɧɚɬɵ, 

ɧɟ ɩɪɨɜɨɞɹɬ.Ν

ι.ΝȿɫɥɢΝɜΝɨɞɧɢɯΝɨɫɹɯΝɫɬɪɨɹɬΝɪɚɡɥɢɱɧɵɟΝɡɚɜɢɫɢɦɨɫɬɢ,Νɩɨɥɭɱɟɧɧɵɟ,Νɧɚɩɪɢ-

ɦɟɪ,ΝɩɪɢΝɢɡɦɟɧɟɧɧɵɯΝɭɫɥɨɜɢɹɯΝɷɤɫɩɟɪɢɦɟɧɬɚΝɢɥɢΝɧɚΝɪɚɡɧɵɯΝɷɬɚɩɚɯΝɪɚɛɨɬɵ,ΝɬɨΝ

ɬɨɱɤɢΝɬɚɤɢɯΝɡɚɜɢɫɢɦɨɫɬɟɣΝɞɨɥɠɧɵΝɨɬɥɢɱɚɬɶɫɹΝɞɪɭɝΝɨɬΝɞɪɭɝɚ.ΝɂɯΝɫɥɟɞɭɟɬΝɨɬɦɟ-

ɱɚɬɶΝ ɪɚɡɧɵɦɢΝ ɡɧɚɱɤɚɦɢΝ Χɤɜɚɞɪɚɬɚɦɢ,Ν ɤɪɭɠɤɚɦɢ,Ν ɤɪɟɫɬɢɤɚɦɢΝ ɢΝ ɬ.ɩ.ΨΝ ɢɥɢΝ ɧɚɧɨ-

ɫɢɬɶΝɤɚɪɚɧɞɚɲɚɦɢΝɪɚɡɧɨɝɨΝɰɜɟɬɚ.Ν

8.ΝЭɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟΝɬɨɱɤɢ,ΝɤɚɤΝɩɪɚɜɢɥɨ,ΝɧɟΝɫɨɟɞɢɧɹɸɬɫɹΝɦɟɠɞɭΝɫɨɛɨɣΝ

ɧɢΝ ɨɬɪɟɡɤɚɦɢΝ ɩɪɹɦɨɣ,Ν ɧɢΝ ɩɪɨɢɡɜɨɥɶɧɨɣΝ ɤɪɢɜɨɣ.Ν ȿɫɥɢΝ ɧɚɛɥɸɞɚɟɬɫɹΝ ɡɧɚɱɢɬɟɥɶ-

ɧɵɣΝɪɚɡɛɪɨɫΝɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯΝ ɬɨɱɟɤ,Ν ɬɨΝɩɪɹɦɭɸΝΧɢɥɢΝ ɤɪɢɜɭɸΨΝɫɥɟɞɭɟɬΝɩɪɨ-

ɜɨɞɢɬɶΝɧɟΝɩɨΝɬɨɱɤɚɦ,ΝɚΝɦɟɠɞɭΝɧɢɦɢΝ–Νɬɚɤ,ΝɱɬɨɛɵΝɤɨɥɢɱɟɫɬɜɨΝɬɨɱɟɤΝɩɨΝɨɛɟΝɫɬɨ-

ɪɨɧɵΝɨɬΝɧɟɟΝɛɵɥɨΝɨɞɢɧɚɤɨɜɵɦ,ΝɚΝɤɪɢɜɚɹΝ–Νɩɥɚɜɧɨɣ.Ν

λ.Ν ȽɪɚɮɢɤɢΝ ɨɛɹɡɚɬɟɥɶɧɨΝ ɧɭɠɧɨΝ ɩɨɞɩɢɫɵɜɚɬɶ.Ν ɉɨɞɩɢɫɶΝ ɞɨɥɠɧɚΝ ɨɬɪɚɠɚɬɶΝ

ɫɨɞɟɪɠɚɧɢɟΝ ɝɪɚɮɢɤɚ.Ν ɋɥɟɞɭɟɬΝ ɨɛɴɹɫɧɢɬɶΝ ɜΝ ɩɨɞɩɢɫɢΝ ΧɥɢɛɨΝ ɨɫɧɨɜɧɨɦΝ ɬɟɤɫɬɟΨΝ

ɢɡɨɛɪɚɠɟɧɧɵɟΝɧɚΝɝɪɚɮɢɤɟΝɥɢɧɢɢ.ΝΝ

ɇɚΝɪɢɫ.Νζ.1ΝɩɪɢɜɟɞɟɧɵΝɩɪɢɦɟɪɵΝɩɪɚɜɢɥɶɧɨɝɨΝΧɚΨΝɢΝɧɟɩɪɚɜɢɥɶɧɨɝɨΝΧɛΨΝɝɪɚ-

ɮɢɱɟɫɤɨɝɨΝɩɪɟɞɫɬɚɜɥɟɧɢɹΝɪɟɡɭɥɶɬɚɬɨɜΝɷɤɫɩɟɪɢɦɟɧɬɚ.Ν



8γΝ

Ɋɢɫ. 4.1. ɚ) ɉɪɚɜɢɥɶɧɨɟΝɩɨɫɬɪɨɟɧɢɟΝɝɪɚɮɢɱɟɫɤɨɣΝɡɚɜɢɫɢɦɨɫɬɢ. 

Ɋɢɫ. 4.1. ɛ) ɇɟɩɪɚɜɢɥɶɧɨɟΝɩɨɫɬɪɨɟɧɢɟΝɝɪɚɮɢɱɟɫɤɨɣΝɡɚɜɢɫɢɦɨɫɬɢ.Ν

ȿɫɥɢΝɨɞɧɚΝɢɡΝɮɢɡɢɱɟɫɤɢɯΝɜɟɥɢɱɢɧΝΧɭɫɥɨɜɧɨΝɧɚɡɨɜɟɦΝɟɟΝɭΨΝɫɜɹɡɚɧɚΝɥɢɧɟɣ-

ɧɨɣΝɡɚɜɢɫɢɦɨɫɬɶɸΝɜɢɞɚΝв=Aб+B ɫΝɞɪɭɝɨɣΝΧɧɚɡɨɜɟɦΝɟɟΝɯΨ,ΝɬɨΝɝɪɚɮɢɱɟɫɤɨɟΝɩɪɟɞ-

ɁɚɜɢɫɢɦɨɫɬɶΝɩɭɬɢΝɨɬΝɜɪɟɦɟɧɢΝSΧtΨΝΝΝ
ɩɪɢΝɪɚɜɧɨɦɟɪɧɨɦΝɞɜɢɠɟɧɢɢΝ



8ζΝ

ɫɬɚɜɥɟɧɢɟΝ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯΝ ɞɚɧɧɵɯΝ ɩɨɡɜɨɥɹɟɬΝ ɧɚɣɬɢΝ ɡɧɚɱɟɧɢɟΝ ɮɢɡɢɱɟɫɤɨɣΝ

ɜɟɥɢɱɢɧɵΝΧȺΨ.ΝȾɥɹΝɷɬɨɝɨΝɧɟɨɛɯɨɞɢɦɨΝɨɩɪɟɞɟɥɢɬɶΝɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɤɥɨɧɚΝ

ɝɪɚɮɢɤɚΝɮɭɧɤɰɢɢΝв=П(б).Ν

ɉɪɢΝ ɨɩɪɟɞɟɥɟɧɢɢΝ ɭɝɥɨɜɨɝɨΝ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚΝ ɧɟɨɛɯɨɞɢɦɨΝ ɜɵɛɪɚɬɶΝ ɞɜɟΝ

ɩɪɨɢɡɜɨɥɶɧɵɟΝ ɬɨɱɤɢΝɧɚΝɨɫɢΝɚɛɫɰɢɫɫΝб1Ν

ɢΝбβ,ΝɤɨɬɨɪɵɟΝɞɨɥɠɧɵΝɨɬɫɬɨɹɬɶΝɞɪɭɝΝɨɬΝ

ɞɪɭɝɚΝ ɧɚΝ ɜɨɡɦɨɠɧɨΝ ɛɨɥɶɲɟɟΝ ɪɚɫɫɬɨɹ-

ɧɢɟ.ΝɉɨΝɝɪɚɮɢɤɭΝɩɪɨɜɟɫɬɢΝɨɬɫɱɟɬΝɫɨɨɬ-

ɜɟɬɫɬɜɭɸɳɢɯΝɡɧɚɱɟɧɢɣΝɮɭɧɤɰɢɢΝв1ΝɢΝвβΝ

Χɪɢɫ.Νζ.βΨ.ΝɑɬɨɛɵΝɤɨɷɮɮɢɰɢɟɧɬΝɢɦɟɥΝɨɩɪɟɞɟɥɟɧɧɵɣΝɮɢɡɢɱɟɫɤɢɣΝɫɦɵɫɥ,ΝɜɟɥɢɱɢɧɵΝ

бΝɢΝвΝɫɥɟɞɭɟɬΝɜɵɪɚɠɚɬɶΝɜΝɨɞɧɨɣΝɮɢɡɢɱɟɫɤɨɣΝɫɢɫɬɟɦɟΝɟɞɢɧɢɰ.Ν

ɍɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬΝɨɰɟɧɢɜɚɟɬɫɹΝɨɬɧɨɲɟɧɢɟɦΝɩɪɢɪɚɳɟɧɢɹΝɮɭɧɤɰɢɢΝɤΝ

ɩɪɢɪɚɳɟɧɢɸΝɚɪɝɭɦɟɧɬɚΝɫΝɭɱɟɬɨɦΝɪɚɡɦɟɪɧɨɫɬɢΝɢΝɦɚɫɲɬɚɛɚΝɯΝɢΝвμΝΝА = ݔ∆ݕ∆ = ଶݕ − ଶݔଵݕ − ଵΝݔ
ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɤ 4.5 

1.ΝɋΝɤɚɤɨɣΝɰɟɥɶɸΝɪɟɡɭɥɶɬɚɬɵΝɷɤɫɩɟɪɢɦɟɧɬɚΝɩɪɟɞɫɬɚɜɥɹɸɬΝɝɪɚɮɢɱɟɫɤɢ?ΝΝ

β.ΝɄɚɤɢɟΝɩɪɚɜɢɥɚΝɧɟɨɛɯɨɞɢɦɨΝɫɨɛɥɸɞɚɬɶΝɩɪɢΝɝɪɚɮɢɱɟɫɤɨɦΝɩɪɟɞɫɬɚɜɥɟɧɢɢΝ

ɪɟɡɭɥɶɬɚɬɨɜΝɷɤɫɩɟɪɢɦɟɧɬɚ?Ν

γ.ΝɄɚɤΝɜɵɱɢɫɥɢɬɶΝɭɝɥɨɜɨɣΝɤɨɷɮɮɢɰɢɟɧɬΝɧɚɤɥɨɧɚΝɩɪɹɦɨɣΝɩɨɫɬɪɨɟɧɧɨɣΝɩɨΝ

ɪɟɡɭɥɶɬɚɬɚɦΝɢɡɦɟɪɟɧɢɣ? 

Ɋɢɫ. 4.2.Ν



8ηΝ

ɁȺɄɅɘɑȿɇɂȿ 

ɌɟɦɩɵΝɪɚɡɜɢɬɢɹΝɫɨɜɪɟɦɟɧɧɨɣΝɬɟɯɧɢɤɢΝɢΝɬɟɯɧɨɥɨɝɢɣΝɧɟɩɪɟɪɵɜɧɨΝɭɫɤɨɪɹ-

ɸɬɫɹ,Ν ɜɨɡɧɢɤɚɸɬΝ ɢΝ ɪɚɡɜɢɜɚɸɬɫɹΝ ɧɨɜɵɟΝ ɨɛɥɚɫɬɢΝ ɧɚɭɤɨɟɦɤɢɯΝ ɩɪɨɢɡɜɨɞɫɬɜ,Ν ɱɬɨΝ

ɬɪɟɛɭɟɬΝɨɬΝ ΝɜɵɩɭɫɤɧɢɤɚΝ ɜɭɡɚΝɝɥɭɛɨɤɢɯΝ ɡɧɚɧɢɣΝɜΝɟɫɬɟɫɬɜɟɧɧɨ-ɧɚɭɱɧɨɣΝɨɛɥɚɫɬɢ.Ν

ɎɢɡɢɤɚΝɹɜɥɹɟɬɫɹΝɨɞɧɨɣΝɢɡΝɬɟɯΝɧɚɭɤ,ΝɡɧɚɧɢɟΝɤɨɬɨɪɨɣΝɧɟɨɛɯɨɞɢɦɨΝɞɥɹΝɭɫɩɟɲɧɨɝɨΝ

ɨɫɜɨɟɧɢɹΝɨɛɳɟɬɟɯɧɢɱɟɫɤɢɯΝɢΝɫɩɟɰɢɚɥɶɧɵɯΝɞɢɫɰɢɩɥɢɧ.ΝɉɪɢΝɢɡɭɱɟɧɢɢΝɤɭɪɫɚΝɮɢ-

ɡɢɤɢΝ ɫɬɭɞɟɧɬɵΝ ɞɨɥɠɧɵΝ ɩɪɨɱɧɨΝ ɭɫɜɨɢɬɶΝ ɨɫɧɨɜɧɵɟΝ ɡɚɤɨɧɵΝ ɢΝ ɬɟɨɪɢɢ,Ν ɧɚɭɱɢɬɶɫɹΝ

ɜɵɞɟɥɹɬɶΝɝɥɚɜɧɨɟΝɜΝɫɥɨɠɧɵɯΝɹɜɥɟɧɢɹɯ,ΝɨɫɜɨɢɬɶΝɨɫɧɨɜɧɵɟΝɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟΝɢΝ

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟΝɦɟɬɨɞɵΝɮɢɡɢɱɟɫɤɨɝɨΝɢɫɫɥɟɞɨɜɚɧɢɹ.ΝΝ

ɇɚɫɬɨɹɳɟɟΝɭɱɟɛɧɨɟΝɩɨɫɨɛɢɟΝɩɪɢɡɜɚɧɨΝɩɨɦɨɱɶΝɩɨɞɝɨɬɨɜɢɬɶΝɫɬɭɞɟɧɬɨɜΝɬɟɯ-

ɧɢɱɟɫɤɢɯΝ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣΝɢΝɧɚɩɪɚɜɥɟɧɢɣΝɩɨɞɝɨɬɨɜɤɢΝɤΝ ɜɨɫɩɪɢɹɬɢɸΝ Ν ɤɭɪɫɚΝ ɨɛ-

ɳɟɣΝɮɢɡɢɤɢΝɱɟɪɟɡΝ ɩɨɧɢɦɚɧɢɟΝ ɨɫɧɨɜΝɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨΝ ɚɩɩɚɪɚɬɚ,Ν ɩɪɢɦɟɧɹɟɦɨɝɨΝ

ɞɥɹΝɡɚɩɢɫɢΝɮɢɡɢɱɟɫɤɢɯΝɡɚɤɨɧɨɜ,ΝɱɬɨΝɩɨɦɨɠɟɬΝɢɦΝɫɜɨɛɨɞɧɨΝɨɩɟɪɢɪɨɜɚɬɶΝɦɚɬɟɦɚ-

ɬɢɱɟɫɤɢɦɢΝɩɨɧɹɬɢɹɦɢΝɩɪɢΝɨɫɜɨɟɧɢɢΝɮɢɡɢɱɟɫɤɢɯΝɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣΝɢΝɜΝɞɚɥɶɧɟɣ-

ɲɟɦΝɪɟɲɚɬɶΝɩɨɫɬɚɜɥɟɧɧɵɟΝɩɪɢɤɥɚɞɧɵɟΝɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟΝɡɚɞɚɱɢ.Ν

ɍɱɟɛɧɨɟΝ ɩɨɫɨɛɢɟΝ ɹɜɥɹɟɬɫɹΝ ɱɚɫɬɶɸΝ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨΝ ɤɨɦɩɥɟɤɬɚΝ ɩɨΝ

ɞɢɫɰɢɩɥɢɧɟΝ«ȺɞɚɩɬɢɜɧɵɣΝɤɭɪɫΝɮɢɡɢɤɢ»,ΝɧɨΝɨɧɨΝɦɨɠɟɬΝɢɫɩɨɥɶɡɨɜɚɬɶɫɹΝɫɬɭɞɟɧ-

ɬɚɦɢΝΧɨɫɨɛɟɧɧɨΝɨɛɭɱɚɸɳɢɦɢɫɹΝɛɟɡΝɨɬɪɵɜɚΝɨɬΝɩɪɨɢɡɜɨɞɫɬɜɚΨΝɢΝɜΝɤɚɱɟɫɬɜɟΝɫɩɪɚ-

ɜɨɱɧɨɝɨΝɩɨɫɨɛɢɹΝɤɚɤΝɩɪɢΝɢɡɭɱɟɧɢɢΝɤɭɪɫɚΝɨɛɳɟɣΝɮɢɡɢɤɢ,ΝɬɚɤΝɢΝɞɪɭɝɢɯΝɫɩɟɰɢɚɥɶ-

ɧɵɯΝɞɢɫɰɢɩɥɢɧ.Ν



8θΝ

ȻɂȻɅɂɈȽɊȺɎɂЧȿɋɄɂɃ ɋɉɂɋɈɄ 

1.Νȼɵɝɨɞɫɤɢɣ,ΝɆ.ə.ΝɋɩɪɚɜɨɱɧɢɤΝɩɨΝɜɵɫɲɟɣΝɦɚɬɟɦɚɬɢɤɟμΝɋɩɪɚɜɨɱɧɨɟΝɢɡ-

ɞɚɧɢɟ.Ν–ΝДȻ.Νɦ.ЖμΝȺɫɬɪɟɥɶνΝɆ.μΝȺɋɌ,Νβ00β.Ν–ΝλλβΝɫ.Ν

β.ΝɆɟɠɞɭɧɚɪɨɞɧɵɣΝɫɥɨɜɚɪɶΝɩɨΝɦɟɬɪɨɥɨɝɢɢμΝɨɫɧɨɜɧɵɟΝɢΝɨɛɳɢɟΝɩɨɧɹɬɢɹΝɢΝ

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟΝɬɟɪɦɢɧɵΝ/Νɩɟɪ.ΝɫΝɚɧɝɥ.ΝɢΝɮɪ.Νȼɫɟɪɨɫ.Νɧɚɭɱ.-ɢɫɫɥɟɞ.Νɢɧ-ɬΝɦɟɬɪɨ-

ɥɨɝɢɢΝɢɦ.ΝȾ.Νɂ.ΝɆɟɧɞɟɥɟɟɜɚ,ΝȻɟɥɨɪɭɫ.Νɝɨɫ.Νɢɧ-ɬΝɦɟɬɪɨɥɨɝɢɢ.Ν–Νɂɡɞ.Νβ-ɟ,Νɢɫɩɪ.Ν–Ν

ɋɉɛ.μΝɇɉɈΝ«ɉɪɨɮɟɫɫɢɨɧɚɥ»,Νβ010.Ν–Ν8βΝɫ.Ν

Ν

  



8ιΝ

ɉɊɂɅɈɀȿɇɂȿ 1 

Ƚɪɟɱɟɫɤɢɣ ɚɥɮɚɜɢɬΝ
ǹΝαΝ ДɚɥɶɮɚЖΝ ǿΝȚΝ ДɣɨɬɚЖΝ ȇΝρΝ ДɪɨЖΝ

ǺΝȕΝ ДɛɟɬɚЖΝ ȀΝϰΝ ДɤɚɩɩɚЖΝ ȈΝıΝ ДɫɢɝɦɚЖΝ

ΓΝȖΝ ДɝɚɦɦɚЖΝ ȁΝȜΝ ДɥɚɦɛɞɚЖΝ ȉΝĲΝ ДɬɚɭЖΝ

ǻΝįΝ ДɞɟɥɶɬɚЖΝ ȂΝȝΝ ДɦɸЖΝ ΦΝφΝ ДɮɢЖΝ

ǼΝİΝ ДɷɩɫɢɥɨɧЖΝ ȃΝȞΝ ДɧɸЖΝ ȋΝȤΝ ДɯɢЖΝ

ǽΝȗΝ ДɞɡɟɬɚЖΝ ȄΝȟΝ ДɤɫɢЖΝ ȊΝυΝ ДɢɩɫɢɥɨɧЖΝ

ǾΝȘΝ ДɷɬɚЖΝ ȅΝȠΝ ДɨɦɢɤɪɨɧЖΝ ȌΝȥΝ ДɩɫɢЖΝ

ΘΝșΝ ДɬɷɬɚЖΝ ȆΝπΝ ДɩɢЖΝ ȍΝȦΝ ДɨɦɟɝɚЖ 

 

Ʌɚɬɢɧɫɤɢɣ ɚɥɮɚɜɢɬΝ
χКΝ ДКЖΝ σЧΝ ДɷɧЖΝ
ψЛΝ ДɛɷЖΝ τШΝ ДɨЖΝ
ωМΝ ДɰɷЖΝ PЩΝ ДɩɷЖΝ
DНΝ ДɞɷЖΝ QqΝ ДɤɭЖΝ
EΝОΝ ДɷЖΝ RΝrΝ ДɷɪЖΝ
FΝПΝ ДɷɮЖΝ SΝsΝ ДɷɫЖΝ
GΝРΝ ДɝɷЖΝДɠɟЖΝ TΝtΝ ДɬɷЖΝ
HΝСΝ ДɯɚЖΝДɚɲЖΝ UΝuΝ ДɭЖΝ
IΝТΝ ДɢЖΝ VΝЯΝ ДɜɷЖΝ
JΝУΝ ДɣɨɬЖΝДɠɢЖΝ АΝаΝ Дɞɭɛɥɶ-ɜɷЖΝ
KΝФΝ ДɤɚЖΝ БΝбΝ ДɢɤɫЖΝ
δΝХΝ ДɷɥɶЖΝ ВΝвΝ ДɢɝɪɟɤЖΝ
εΝЦΝ ДɷɦЖΝ ГΝгΝ ДɡɷɬЖΝ

 



88Ν

ɉɊɂɅɈɀȿɇɂȿ 2 

ЭɅȿɆȿɇɌЫ ЭɅȿɆȿɇɌȺɊɇɈɃ ɆȺɌȿɆȺɌɂɄɂ  

ɂ ɅɂɇȿɃɇɈɃ ȺɅȽȿȻɊЫ 

ɇɟɤɨɬɨɪɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɛɨɡɧɚɱɟɧɢɹ 

Ɂɧɚɤ Ɂɧɚɱɟɧɢɟ ɉɪɢɦɟɪ 
1Ν βΝ γΝ
οΝ ɪɚɜɧɨΝ ΝζΝοΝζΝ
≠Ν ɧɟΝɪɚɜɧɨΝ γΝ≠ΝβηΝ
≈Ν ɩɪɢɛɥɢɡɢɬɟɥɶɧɨΝ β,ηζΝ≈Νβ,ηΝΝ
>,ξΝ ɛɨɥɶɲɟ,ΝɦɟɧɶɲɟΝ η0>β,ΝζξγλΝΝ
≥Ν ɛɨɥɶɲɟΝɢɥɢΝɪɚɜɧɨΝ ɚ ≥Л 
≤Ν ɦɟɧɶɲɟΝɢɥɢΝɪɚɜɧɨΝ ɚ ≤ΝЛΝ
 ɢɞɟɧɬɢɱɧɨΝ ݂′ሺݔሻ ≡ ݂ሶሺݔሻΝඥ Ν ɤɜɚɞɪɚɬɧɵɣΝɤɨɪɟɧɶΝ √ʹͷΝοΝηΝ
ΞΝ ɮɚɤɬɨɪɢɚɥΝ γΞογΝ·ΝβΝ·Ν1ΝοΝθΝ⇒Ν ɫɥɟɞɭɟɬΝ ɢɡ ɮɨɪɦɭɥɵ ⇒ ɱɬɨ 

ɢɡ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ, ɱɬɨ 
 ɫɬɪɟɦɢɬɫɹΝΝ ɯ0Ν

ɯ ɫɬɪɟɦɢɬɫɹ ɤ 0 
ХТЦΝ ɩɪɟɞɟɥ	Ν	Ν lim௫→௔ ݂ሺݔሻ = ܾΝ

ɩɪɟɞɟɥ ɮɭɧɤɰɢɢΝ݂ሺݔሻ	ΝɩɪɢΝ	ݔ → ܽΝɪɚɜɟɧ  Л ݈݃݋௕Ν ɥɨɝɚɪɢɮɦΝɩɨΝɨɫɧɨɜɚɧɢɸΝЛΝ ΝοΝ8Ν	ଶ͵݃݋݈
ОΝ ɨɫɧɨɜɚɧɢɟΝɧɚɬɭɪɚɥɶɧɨɝɨΝ

ɥɨɝɚɪɢɮɦɚΝ
ɟοβ,ι18β81…Ν

ХnΝ ɧɚɬɭɪɚɥɶɧɵɣΝɥɨɝɚɪɢɮɦΝ ХnζηΝ≈Νγ,8Ν
ХР ɞɟɫɹɬɢɱɧɵɣΝɥɨɝɚɪɢɮɦΝ ХР100ΝοΝβΝ

МШЧstΝ ɩɨɫɬɨɹɧɧɚɹΝɜɟɥɢɱɢɧɚΝ ЛΝοΝМШЧstΝ
∑Ν ɫɭɦɦɚΝ ෍ܽ௜ =௡

௜ୀଵ ܽଵ + ܽଶ +⋯+ ܽ௡ 

∏Ν ɩɪɨɢɡɜɟɞɟɧɢɟΝ ෑܽ௜ =௡
௜ୀଵ ܽଵ ∙ ܽଶ ∙ … ∙ ܽ௡Ν

зΝ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨΝ χψΝзΝωDΝ
πΝΝ ɱɢɫɥɨΝɩɢΝ πΝοΝγ,1ζ1Ν
°Ν ɝɪɚɞɭɫΝ 10°1γΝ

ɞɟɫɹɬɶΝɝɪɚɞɭɫɨɜΝɨɞɧɚΝɫɟɤɭɧɞɚΝɬɪɢΝɦɢɧɭɬɵΝΝΝ ɦɢɧɭɬɵΝ
Ν ɫɟɤɭɧɞɵΝ݊݅ݏ ɫɢɧɭɫΝΝ ݊݅ݏ ͵Ͳ°ΝοΝଵଶΝܿݏ݋Ν ɤɨɫɢɧɭɫΝ ݏ݋ܿ ͻͲ°ΝοΝ0Ν
tР ɬɚɧɝɟɧɫΝ ܽ	݃ݐ = 	 sin ܽcosܽ 
МtР ɤɨɬɚɧɝɟɧɫΝ ɫ݃ݐ	ܽ = 	 cos ܽsin ܽ  

КrМsТЧΝ ɚɪɤɫɢɧɭɫΝ 	݊݅ݏܿݎܽ ଵଶοΝγ0°Ν
Ν



8λΝ

1Ν βΝ γΝ
КrММШsΝ ɚɪɤɤɨɫɢɧɭɫΝ ݏ݋ܿܿݎܽ ଵଶοΝθ0°Ν
КrМtРΝ ɚɪɤɬɚɧɝɟɧɫΝ ͳοΝζη°Ν	݃ݐܿݎܽ
sОМΝ ɫɟɤɚɧɫΝΝ sОМΝЛΝο ଵୱ୧୬ ௕Ν
МШsОМΝ ɤɨɫɟɤɚɧɫΝ МШsОМΝЛΝο ଵ௖௢௦	௕Ν

Ν ɫɭɳɟɫɬɜɭɟɬΝ б – ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɣ б, ɱɬɨ… 
Ν ɧɟΝɫɭɳɟɫɬɜɭɟɬΝ бΝ–Νɧɟ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɝɨ б, ɱɬɨ…Ν

Ν ɩɪɢɧɚɞɥɟɠɢɬΝ б ΝσΝ–б ɩɪɢɧɚɞɥɟɠɢɬ ɧɚɬɭɪɚɥɶɧɵɦ ɱɢɫɥɚɦΝ
Ν ɧɟΝɩɪɢɧɚɞɥɟɠɢɬΝ б ΝσΝ–Νб  ɧɟ ɩɪɢɧɚɞɥɟɠɢɬ ɧɚɬɭɪɚɥɶɧɵɦ ɱɢɫɥɚɦ 
σΝ ɧɚɬɭɪɚɥɶɧɵɟΝɱɢɫɥɚΝ 1,Νβ,Νγ,Νζ…Ν
ГΝ ɰɟɥɵɟΝɱɢɫɥɚΝ …-β,Ν-1,Ν0,Ν1,Νβ…Ν
RΝ ɪɚɰɢɨɧɚɥɶɧɵɟΝɱɢɫɥɚΝ …ଵଶΝ,Ν1ହଶΝ, ସହଷΝ…Ν

Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɞɟɣɫɬɜɢɹ ɫ ɞɪɨɛɹɦɢ ܽ ∙ ܾܿ ∙ ܿ = ܾܽ 	 ; 		ܾ ≠ Ͳ		ˋ		ܿ ≠ Ͳ																								 ܽܿ + ܾܿ = ܽ + ܾܿ ; 			ܿ ≠ Ͳ 

	ܽܿ ∙ ܾ݀ = ܾܽܿ݀ ; 			ܿ ≠ Ͳ,			݀ ≠ Ͳ																							 ܽܿ + ܾ݀ = ܽ݀ + ܾܿܿ݀ ; 			ܿ ≠ Ͳ,			݀ ≠ Ͳ	 ܽܿ ÷ ܾ݀ = ܾܽ݀ܿ ; 			ܾ, ݀, ܿ ≠ Ͳ 

Ɏɨɪɦɭɥɵ ɫɨɤɪɚɳɟɧɧɨɝɨ ɭɦɧɨɠɟɧɢɹ ܽଶ − ܾଶ = ሺܽ + ܾሻ ∙ ሺܽ − ܾሻ																														ሺܽ − ܾሻଶ = ܽଶ − ʹܾܽ + ܾଶ ܽଷ − ܾଷ = ሺܽ − ܾሻ ∙ ሺܽଶ + ܾܽ + ܾଶሻ																ሺܽ + ܾሻଶ = ܽଶ + ʹܾܽ + ܾଶ ܽଷ + ܾଷ = ሺܽ + ܾሻ ∙ ሺܽଶ − ܾܽ + ܾଶሻ					 
ɋɬɟɩɟɧɶ ɫ ɪɚɰɢɨɧɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ܽ ∙ ܽ ∙ ܽ ∙ … ∙ ܽ = ܽ௡		ΧЧ–ΝɤɨɥɢɱɟɫɬɜɨΝɦɧɨɠɢɬɟɥɟɣΨΝܽଵ = ܽ,										ܽ଴ = ͳ, ˆˇˈ	ܽ ≠ Ͳ ܽ௡௠ = √ܽ௠೙ ,			ˆˇˈ	ܽ > Ͳ,			݉ − ˙ˈˎˑˈ	˚ˋ˔ˎˑ, ݊ > ͳ − ː˃˕˖˓˃ˎьːˑˈ	˚ˋ˔ˎˑ ͳܽ௡ = ܽି௡, ˆˇˈ	ܽ > Ͳ 

ɋɜɨɣɫɬɜɚ ɫɬɟɩɟɧɟɣ ܽ௡ܽ௠ = ܽ௡ା௠ ௔೙௔೘ = ܽ௡ି௠ ሺܽ௡ሻ௠ = ܽ௡∙௠ ቀ௔௕ቁ௡ = ௔೙௕೙ ሺܽ ∙ ܾሻ௡ = ܽ௡ ∙ ܾ௡  



λ0Ν

Ʌɨɝɚɪɢɮɦɵ 

ɁɚɩɢɫɶΝlog௔ ܾ = ɨɡɧɚɱɚɟɬ,ΝɱɬɨΝܽ௫	ݔ = ܾ,ΝɝɞɟΝܽ0,ΝܾͲ,Νܽ ≠ ͳ.Ν
ɁɚɩɢɫɶΝlg ܾ ≡ logଵ଴ ܾ	Ν–ΝɞɟɫɹɬɢɱɧɵɣΝɥɨɝɚɪɢɮɦ.Ν
ɁɚɩɢɫɶΝln ݔ ≡ log௘ Ν–ΝɧɚɬɭɪɚɥɶɧɵɣΝΝɥɨɝɚɪɢɮɦ.Ν	ݔ
ɈɫɧɨɜɧɨɟΝɥɨɝɚɪɢɮɦɢɱɟɫɤɨɟΝɬɨɠɞɟɫɬɜɨμΝܽ୪୭୥ೌ ௕	 = ܾ,ΝɝɞɟΝܽ0,ΝܾͲ,Νܽ ≠ ͳ.Ν
ɈɫɧɨɜɧɵɟΝɫɜɨɣɫɬɜɚΝɥɨɝɚɪɢɮɦɨɜμΝlog௔ ͳ = Ͳ	;																									 log௔ ܽ = ͳ	;																				 log௔ ݕݔ = log௔ ݔ + log௔ ݕ ;	 	log௔ ௣ݔ = 		;ݔlog௔	݌ 																																																				log௔ ݕݔ = log௔ ݔ − log௔ ݕ ;	 
log௔ݔ = log௕ݔlog௕ܽ	 , ,Ͳݔ	ˈˇˆ ܽͲ, ܾͲ, ܽ ≠ ͳ, ܾ ≠ ͳ 

Ʉɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢ ɟɝɨ ɪɟɲɟɧɢɟ ܽݔଶ + ݔܾ + ܿ = Ͳ ݔଵ,ଶ = −ܾ ± √ܾଶ − Ͷܽܿʹܽ  

ɇɟɤɨɬɨɪɵɟ ɩɪɢɛɥɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ࣊ ≈ ͵,ͳͶͳ͸; 			ɟ ≈ ʹ,͹ͳͺ͵;			√૛ ≈ ͳ,ͶͳͶʹ; 			√૜ ≈ ͳ,͹͵ʹͳ;			√૞ ≈ ʹ,ʹ͵͸ͳΝ
Ƚɪɚɮɢɤɢ ɨɫɧɨɜɧɵɯ  

ɷɥɟɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɣ 

1ΨΝɅɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹΝɜɢɞɚΝ

вοФб+Л,ΝɝɞɟΝɤɨɷɮɮɢɰɢɟɧɬɵΝФΝɢΝЛΝ

–ΝɥɸɛɵɟΝɞɟɣɫɬɜɢɬɟɥɶɧɵɟΝɱɢɫɥɚ.Ν

ȽɪɚɮɢɤΝɮɭɧɤɰɢɢΝ–Νɩɪɹɦɚɹ,ΝΝΝФΝ–Ν

ɭɝɥɨɜɨɣΝ ɤɨɷɮɮɢɰɢɟɧɬ.Ν ɉɪɢΝ Лο0Ν

ɝɪɚɮɢɤΝ ɩɪɨɯɨɞɢɬΝ ɱɟɪɟɡΝ ɧɚɱɚɥɚΝ

ɤɨɨɪɞɢɧɚɬ. 

ɇɚΝɪɢɫɭɧɤɟΝФΝοΝ0,η,ΝЛΝοΝ–1.Ν

ɏ 

В 

1Ν
1Ν

0Ν
вΝοΝФбΝ+ΝЛΝ



λ1Ν

βΨΝɋɬɟɩɟɧɧɚɹ ɮɭɧɤɰɢɹ  ΝвΝοΝбαΝ,ΝαΝΝRΝ

ɚΨΝ ɑɚɫɬɧɵɣΝ ɫɥɭɱɚɣΝ ɫɬɟɩɟɧɧɨɣΝ ɡɚɜɢɫɢɦɨɫɬɢΝ ɩɪɢΝ αο1Ν –Ν ɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹΝ

ɜɢɞɚΝɭοФб,ΝɝɞɟΝФΝ≠Ν0Ν–ΝΝɭɝɥɨɜɨɣΝɤɨɷɮɮɢɰɢɟɧɬΝΧɧɚΝɪɢɫ.ΝФο1Ψ.ΝȽɪɚɮɢɤΝɮɭɧɤɰɢɢΝ– 

ɩɪɹɦɚɹ.  

ɛΨΝɉɪɨɫɬɟɣɲɢɣΝɫɥɭɱɚɣΝɤɜɚɞɪɚɬɢɱɧɨɣΝɡɚɜɢɫɢɦɨɫɬɢΝвοбβ.ΝȽɪɚɮɢɤΝɮɭɧɤɰɢɢΝ

ɫɢɦɦɟɬɪɢɱɧɚɹ ɩɚɪɚɛɨɥɚΝɫΝɜɟɪɲɢɧɨɣΝɜΝɧɚɱɚɥɟΝɤɨɨɪɞɢɧɚɬ.Ν

ɜΨΝɋɬɟɩɟɧɧɚɹΝɮɭɧɤɰɢɹΝвοбγΝ–ΝɫɚɦɵɣΝɩɪɨɫɬɨɣΝɫɥɭɱɚɣΝɞɥɹΝɰɟɥɨɣΝɧɟɱɟɬɧɨɣΝ

ɫɬɟɩɟɧɢ.ΝȽɪɚɮɢɤΝɮɭɧɤɰɢɢΝ–Νɤɭɛɢɱɟɫɤɚɹ ɩɚɪɚɛɨɥɚ.Ν

ɚΨΝ ɛΨΝ
ɜΨΝ

ɝΨΝ
ɞΨΝ

ɟΨΝ
ɠΨΝ



λβΝ

ɝΨΝɎɭɧɤɰɢɹΝɜɢɞɚΝвοФ/бΝ–Νɨɛɪɚɬɧɨ-ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹΝɡɚɜɢɫɢɦɨɫɬɶΝΧɧɚΝɪɢɫ.Ν

Фο1ΨΝ–ΝɫɚɦɵɣΝɩɪɨɫɬɨɣΝɫɥɭɱɚɣΝɫɬɟɩɟɧɧɨɣΝɮɭɧɤɰɢɢΝɞɥɹΝɰɟɥɨɣΝɨɬɪɢɰɚɬɟɥɶɧɨɣΝɫɬɟ-

ɩɟɧɢΝαο–1.ΝȽɪɚɮɢɤΝɮɭɧɤɰɢɢΝ–Νɝɢɩɟɪɛɨɥɚ.ΝΝ

ɞΨΝɎɭɧɤɰɢɹΝɜɢɞɚΝɭοб1/βΝο√ɯΝ–ΝɫɚɦɵɣΝɩɪɨɫɬɨɣΝɫɥɭɱɚɣΝɫɬɟɩɟɧɧɨɣΝɡɚɜɢɫɢɦɨ-

ɫɬɢΝɞɥɹΝɞɪɨɛɧɨɣΝɫɬɟɩɟɧɢΝαο1/β.ΝΝ

ɟΨΝɋɬɟɩɟɧɧɚɹΝɮɭɧɤɰɢɹΝɞɥɹΝɰɟɥɨɣΝɨɬɪɢɰɚɬɟɥɶɧɨɣΝɫɬɟɩɟɧɢΝαο–β.ΝΝ

ɠΨΝɋɬɟɩɟɧɧɚɹΝɮɭɧɤɰɢɹΝɞɥɹΝɞɪɨɛɧɨɣΝɫɬɟɩɟɧɢΝαο1/γ.Ν

γΨΝɉɨɤɚɡɚɬɟɥɶɧɚɹ ɮɭɧɤɰɢɹΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝζΨ Ʌɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹΝ

ΝΝΝΝΝΝΝΝвΝοΝɚб,ΝΝК>0,ΝΝК≠1νΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝв οΝХoРɚΝɯ,ΝΝК>Ν0,ΝК≠1Ν

ηΨ Ɍɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ  вΝοsТЧΝб,ΝвΝοΝМШsΝб.Ν
Ν

Ν



λγΝ

θΨ Ɍɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ  вΝοtРΝб,ΝвΝοМtРΝб.Ν

ιΨΝ Ɉɛɪɚɬɧɵɟ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ вΝ οΝ КrМsТЧΝ б, вΝ οΝ КrММШsΝ б, 

вΝοΝКrМtРΝб, вΝοΝКrММtРΝб.Ν

Ν



λζΝ

ɉɊɂɅɈɀȿɇɂȿ 3 

ЭɅȿɆȿɇɌЫ ȽȿɈɆȿɌɊɂɂ ɂ  ɌɊɂȽɈɇɈɆȿɌɊɂɂ 

ɋɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɫɬɨɪɨɧɚɦɢ ɢ ɭɝɥɚɦɢ  

ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ 

Ν

Ɍɟɨɪɟɦɚ ɉɢɮɚɝɨɪɚ:   ܿଶ = ܽଶ + ܾଶ 

 

ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɫɬɨɪɨɧɚɦɢ ɢ ɭɝɥɚɦɢ ɬɪɟɭɝɨɥɶɧɢɤɚ 

 

Ɂɧɚɱɟɧɢɹ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɧɟɤɨɬɨɪɵɯ ɭɝɥɨɜ 
α 0°  

Χ0ΝɪɚɞΨΝ
30° ሺπ଺ 	ɪɚɞሻ 45° ሺπସ 	ɪɚɞሻ 60° ሺπଷ 	ɪɚɞሻ 90° ሺπଶ 		ɪɚɞሻ 120° ሺଶπଷ 	ɪɚɞሻ 180° ሺπ		ɪɚɞሻ 270° ሺଷπଶ 	ɪɚɞሻ 360° ሺʹπ	ɪɚɞሻ 

sТn α 0Ν ͳ ʹൗ Ν √ʹ ʹൗ Ν √͵ ʹൗ Ν 1Ν √͵ ʹൗ Ν 0Ν -1Ν 0Ν

Мos α 1Ν √͵ ʹൗ Ν √ʹ ʹൗ Ν
ͳ ʹൗ Ν 0Ν −ͳ ʹൗ Ν -1Ν 0Ν 1Ν

tР α 0Ν ͳ √͵ൗ Ν 1Ν √͵Ν ∞Ν -√͵Ν 0Ν ∞Ν 0Ν

МtР α ∞Ν √͵Ν 1Ν ͳ √͵ൗ Ν 0Ν −ͳ √͵ൗ Ν ∞Ν 0Ν ∞Ν

sОМ α 1Ν ʹ √͵ൗ Ν √ʹΝ βΝ -Ν -βΝ -1Ν -Ν 1Ν

МosОМ α -Ν βΝ √ʹΝ ʹ √͵ൗ Ν 1Ν ʹ √͵ൗ Ν -Ν -1Ν -Ν

 

 



ληΝ

Ɍɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɬɨɠɞɟɫɬɜɚ ɢ ɮɨɪɦɭɥɵ sinଶ ߙ + cosଶ ߙ = ͳ 	ߙ݃ݐ = sin cos	ߙ ߙ ߙ݃ݐ˔														 = cos sinߙ 	ߙ ߙ݃ݐ														 ∙ ߙ݃ݐܿ = ͳ 	ͳ + ߙଶ݃ݐ = ͳܿݏ݋ଶߙ 															ͳ + ߙଶ݃ݐ˔ = ͳ݊݅ݏଶߙ sin ߙʹ = ʹ sin 	ߙ ∙ cos 				ߙ cos ߙʹ = ߙ	ଶݏ݋ܿ 								ߙ	ଶ݊݅ݏ	− tg ߙʹ 	= ͳ	ߙ݃ݐ	ʹ sinଶ			Νߙ	ଶ݃ݐ	− ߙ = ͳ − cosʹαʹ 																							cosଶ ߙ = ͳ + cosʹαʹ Νsinሺߙ + ሻΝοΝΝsinߚ	 ߙ ∙ cos Ν+Νcosߚ ߙ ∙ sin ߙΝsinሺߚ − ሻΝοΝΝsinߚ	 ߙ ∙ cos Ν–Νcosߚ ߙ ∙ sin ߙΝcosሺߚ + ߙሻΝοΝΝcosߚ	 ∙ cos Ν–Νsinߚ ߙ ∙ sin ߙΝcosሺߚ − ߙሻΝοΝΝcosߚ	 ∙ cos Ν+Νsinߚ ߙ ∙ sin ߙΝtgሺߚ + ሻߚ	 	= 	 	ߙ݃ݐ + ͳ	ߚ݃ݐ	 − ߙ݃ݐ	 ∙ ߚ݃ݐ 																			tgሺߙ − ሻߚ	 	= ߙ݃ݐ − 	ͳ	ߚ݃ݐ	 + ߙ݃ݐ	 ∙ Νsinߚ݃ݐ ߙ +	 sin ʹΝοΝΝߚ sin ఈ	ା	ఉ	ଶ	 cos ఈ	ି	ఉ	ଶ	 Νsin ߙ −	 sin ʹΝοΝΝߚ sin ఈ	ି	ఉ	ଶ	 cos ఈ	ା	ఉ	ଶ	 Νcosߙ +	 cosߚΝοΝΝʹ cos ఈ	ା	ఉ	ଶ	 cos ఈ	ି	ఉ	ଶ	 Νcosߙ −	 cosߚΝοΝ–Νʹ sin ఈ	‒	ఉ	ଶ	 sin ఈା	ఉ	ଶ	 Νtg ߙ 	+ tg ߚ = 	 ୱ୧୬ሺఈା	ఉሻୡ୭ୱఈ	∙ୡ୭ୱఉ	ΝΝΝΝΝtg tg	–	ߙ ߚ 	= ୱ୧୬൫ఈ	–	ఉ൯ୡ୭ୱఈ∙ୡ୭ୱఉ sin 	ߙ sin ΝοΝΝଵଶߚ ሺcosሺߙ − ሻߚ	 −	cosሺߙ + 	ߙሻሻΝcosߚ	 cos ΝοΝΝଵଶߚ ሺcosሺߙ − ሻߚ	 +	cosሺߙ + ሻሻΝsinߚ	 	ߙ cosߚΝοΝΝଵଶ ሺsinሺߙ − ሻߚ	 +	sinሺߙ + ሻሻΝߚ	
sin 	ʹ	ߙ = ඨͳ − cosαʹ 														 cos 	ʹ	ߙ = ඨͳ + cosαʹ 										Ν

tg 	ʹ	ߙ = sin ͳ	ߙ + cosα = 	ͳ − cosαsin 	ߙ = ඨͳ − cosαͳ + cosα	Ν
			sin ߙ = ݃ݐ	ʹ 	ͳʹ	ߙ + ଶ݃ݐ	 ʹ	ߙ 																																									cos ߙ = ͳ ଶ݃ݐ	− 	ͳʹ	ߙ + ଶ݃ݐ	 Νʹ	ߙ

Ν



λθΝ

ɉɊɂɅɈɀȿɇɂȿ 4 

ЭɅȿɆȿɇɌЫ ɉɅȺɇɂɆȿɌɊɂɂ ɂ ɋɌȿɊȿɈɆȿɌɊɂɂ 

Ɏɨɪɦɭɥɵ ɩɥɨɳɚɞɢ ɢ ɨɛɴɟɦɚ ɧɟɤɨɬɨɪɵɯ ɮɢɝɭɪ 

Ⱦɥɢɧɚ ɨɤɪɭɠɧɨɫɬɢ    ܮ = Ν,ܴߨʹ
ɉɥɨɳɚɞɶ ɤɪɭɝɚ    					ܵ =      ,ଶܴߨ
ɉɥɨɳɚɞɶ  ɫɮɟɪɵ 					ܵ = Ͷܴߨଶ,  

Ɉɛɴɟɦ ɲɚɪɚ 										ܸ = ସଷܴߨଷ 

 

 

ɉɥɨɳɚɞɶ ɬɪɚɩɟɰɢɢ        ܵ = ሺ௔ା௖ሻ௛ଶ  

 

 

ɉɥɨɳɚɞɶ ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚ     ܵ = ܾܽ sin    ߙ

 

 

Ɉɛɴɟɦ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ܸ = ܾܽܿ,  

Ⱦɥɢɧɚ ɞɢɚɝɨɧɚɥɢ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ  ݀ଶ = ܽଶ + ܾଶ + ܿଶ 

Ν

ɉɥɨɳɚɞɶ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɚ 

 ܵ˄ˑˍ =  ,ℎܴߨʹ

Ɉɛɴɟɦ ɰɢɥɢɧɞɪɚ      ܸ =  ଶℎܴߨ



λιΝ

ɉɊɂɅɈɀȿɇɂȿ 5 

ЭɅȿɆȿɇɌЫ ɆȿɌɊɈɅɈȽɂɂ 

Ɉɫɧɨɜɧɵɟ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɫɢɫɬɟɦɵ (ɋɂ) 

Ɉɫɧɨɜɧɵɟ: ɦɟɬɪΝΧɦΨΝ–ΝɟɞɢɧɢɰɚΝɞɥɢɧɵνΝ

ɤɢɥɨɝɪɚɦɦΝΧɤɝΨΝ–ΝɟɞɢɧɢɰɚΝɦɚɫɫɵνΝ

ɫɟɤɭɧɞɚΝΧɫΨΝ–ΝɟɞɢɧɢɰɚΝɜɪɟɦɟɧɢνΝ

ɚɦɩɟɪΝΧȺΨΝ–ΝɟɞɢɧɢɰɚΝɫɢɥɵΝɷɥɟɤɬɪɢɱɟɫɤɨɝɨΝɬɨɤɚνΝ

ɤɟɥɶɜɢɧΝΧɄΨΝ–ΝɟɞɢɧɢɰɚΝɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣΝɬɟɦɩɟɪɚɬɭɪɵνΝ

ɦɨɥɶΝΧɦɨɥɶΨΝ–ΝɟɞɢɧɢɰɚΝɤɨɥɢɱɟɫɬɜɚΝɜɟɳɟɫɬɜɚνΝ

ɤɚɧɞɟɥɚΝΧɤɞΨΝ–ΝɟɞɢɧɢɰɚΝɫɢɥɵΝɫɜɟɬɚ.Ν

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ: ɪɚɞɢɚɧΝΧɪɚɞΨΝ–ΝɟɞɢɧɢɰɚΝɞɥɹΝɢɡɦɟɪɟɧɢɹΝɩɥɨɫɤɨɝɨΝɭɝɥɚνΝ

ɫɬɟɪɚɞɢɚɧΝΧɫɪΨΝ–ΝɟɞɢɧɢɰɚΝɞɥɹΝɢɡɦɟɪɟɧɢɹΝɬɟɥɟɫɧɨɝɨΝɭɝɥɚ.Ν

Ʉɪɚɬɧɵɟ, ɞɨɥɶɧɵɟ ɢ ɩɪɨɢɡɜɨɞɧɵɟ ɟɞɢɧɢɰɵ  
ȾɟɫɹɬɢɱɧɵɟΝɤɪɚɬɧɵɟΝɢΝɞɨɥɶɧɵɟΝɟɞɢɧɢɰɵ,ΝɚΝɬɚɤɠɟΝɢɯΝɧɚɢɦɟɧɨɜɚɧɢɹΝɢΝɨɛɨ-

ɡɧɚɱɟɧɢɹΝɨɛɪɚɡɭɸɬɫɹΝɫΝɩɨɦɨɳɶɸΝɦɧɨɠɢɬɟɥɟɣΝɢΝɩɪɢɫɬɚɜɨɤ,ΝɩɪɢɜɟɞёɧɧɵɯΝɜΝɬɚɛ-

ɥɢɰɟ.Ν

ɉɪɢɫɬɚɜɤɢ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɞɟɫɹɬɢɱɧɵɯ ɤɪɚɬɧɵɯ ɢ ɞɨɥɶɧɵɯ ɟɞɢɧɢɰ 

ɇɚɢɦɟɧɨɜɚɧɢɟΝ
ɈɛɨɡɧɚɱɟɧɢɟΝɩɪɢɫɬɚɜɤɢΝ

ɆɧɨɠɢɬɟɥɶΝ
ɪɭɫɫɤɨɟΝ ɦɟɠɞɭɧɚ-

ɪɨɞɧɨɟΝ

ɤ
ɪ

ɚɬ
ɧ

ɵ
ɟ ɷɤɫɚΝ

ɩɟɬɚΝ
ɬɟɪɚΝ
ɝɢɝɚΝ
ɦɟɝɚΝ
ɤɢɥɨΝ
ɝɟɤɬɨΝ
ɞɟɤɚΝ

ЭΝ
ɉΝ
ɌΝ
ȽΝ
ɆΝ
ɤΝ
ɝΝ
ɞɚΝ

ȿΝ
ɊΝ
ɌΝ
GΝ
εΝ
ФΝ
СΝ
НКΝ

1018Ν
101ηΝ
101βΝ
10λΝ
10θΝ
10γΝ
10βΝ
101Ν

ɞɨ
ɥ

ɶ
ɧ

ɵ
ɟΝ ɞɟɰɢΝ

ɫɚɧɬɢΝ
ɦɢɥɥɢΝ
ɦɢɤɪɨΝ
ɧɚɧɨΝ
ɩɢɤɨΝ
ɮɟɦɬɨΝ
ɚɬɬɨΝ

ɞΝ
ɫΝ
ɦΝ
ɦɤΝ
ɧΝ
ɩΝ
ɮΝ
ɚΝ

НΝ
МΝ
ЦΝ
ȝΝ
ЧΝ
ЩΝ
ПΝ
КΝ

10-1Ν
10-βΝ
10-γΝ
10-θΝ
10-λΝ
10-1βΝ
10-1ηΝ
10-18Ν

 



λ8Ν

Ɇɟɬɪɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɢɡɦɟɪɟɧɢɣ 

Ɇɟɪɵ ɞɥɢɧɵ 

1ΝɤɢɥɨɦɟɬɪΝΧɤɦΨΝοΝ1000ΝɦɟɬɪɚɦΝΧɦΨΝ

1ΝɦɟɬɪΝΧɦΨΝοΝ10ΝɞɟɰɢɦɟɬɪɚɦΝΧɞɦΨΝοΝ100ΝɫɚɧɬɢɦɟɬɪɚɦΝΧɫɦΨΝ

1ΝɞɟɰɢɦɟɬɪΝΧɞɦΨΝοΝ10ΝɫɚɧɬɢɦɟɬɪɚɦΝΧɫɦΨΝ

1ΝɫɚɧɬɢɦɟɬɪΝΧɫɦΨΝοΝ10ΝɦɢɥɥɢɦɟɬɪɚɦΝΧɦɦΨΝ

Ɇɟɪɵ ɩɥɨɳɚɞɢ 

1Νɤɜ.ΝɤɢɥɨɦɟɬɪΝΧɤɦβΨΝοΝ1Ν000Ν000Νɤɜ.ΝɦɟɬɪɚɦΝΧɦβΨΝ

1Νɤɜ.ΝɦɟɬɪΝΧɦβΨΝοΝ100Νɤɜ.ΝɞɟɰɢɦɟɬɪɚɦΝΧɞɦβΨΝοΝ10Ν000Νɤɜ.ΝɫɚɧɬɢɦɟɬɪɚɦΝΧɫɦβΨΝ
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ɧɚ,Ν ɜɪɟɦɹΝɢΝɦɚɫɫɚΝ Ν ΧɆɟɠɞɭɧɚɪɨɞɧɚɹ ɫɢɫɬɟɦɚ (ɋɂ)ΨΝ ɢɦɩɭɥɶɫΝ—ΝɩɪɨɢɡɜɨɞɧɚɹΝ

ɜɟɥɢɱɢɧɚ,ΝɤɨɬɨɪɚɹΝɨɩɪɟɞɟɥɹɟɬɫɹΝɤɚɤΝɩɪɨɢɡɜɟɞɟɧɢɟΝɦɚɫɫɵΝɧɚΝɫɤɨɪɨɫɬɶΝ ΧɞɥɢɧɚΝɜΝ

ɟɞɢɧɢɰɭΝɜɪɟɦɟɧɢΨ,ΝɬɚɤɢɦΝɨɛɪɚɡɨɦ,ΝɟɞɢɧɢɰɵΝɢɦɩɭɥɶɫɚΝ–ΝΝɤɝ·ɦ/ɫ.Ν
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η,81.ΝɌɢɪɚɠΝβη0.ΝɁɚɤɚɡΝθι8.Ν

ɈɬɩɟɱɚɬɚɧɨΝɜΝɬɢɩɨɝɪɚɮɢɢΝȺɦȽɍ.Ν


