
ɋɡɦɝɤɝɭɛɢɫɩɰɝɮ ɰɥɮ ɱɬɫɤəɯɡɥɮ ɡɭɟɝɯɛɝɮ ɯɰɫɩ ɬɭɫɯɠɥɫɭɥɯɨɸ 
ɰɵɩ ɬɝɭɝɨəɰɭɵɩ ɰɵɩ ɱɠɭɫɧɫɟɥɦɺɩ ɨɫɩɰəɧɵɩ:
ɣ əɩɩɫɥɝ ɰɣɮ ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ

ɂɬɥɞɧəɬɵɩ:Ⱦɩɠɭəɝɮ ɂɱɯɰɭɝɰɥɘɠɣɮ, ɂɬɛɦɫɱɭɫɮ ɇɝɤɣɟɣɰɚɮ ɂɉɍ

ɂɅɊɆɇɌɉɂɐɏɌȿɆɌɍɌɈɑɐɂɓɊɂɆɌ

Ɂ.ɍ.ɉ.ɏ.«ɂɍɆɏɐɄɉɄ ɇȾɆ ɐɂɓɊɌɈɌɀɆȾ ɑɁȾɐɆɇɕɊ ɍɌɎɕɊ»
ɐɌɉɂȾɏ ɑɁȾɐɆɇɕɊ ɍɌɎɕɊ ɇȾɆ ɍɂɎɆȿȾɈɈɌɊɐɌɏ

R

ɉɡɰɝɬɰɱɳɥɝɦɚ Ɂɥɬɧɵɨɝɰɥɦɚ ɂɭɟɝɯɛɝ

ȿɝɯɛɧɡɥɫɮ ɇɫɱɭɘɦɫɮ

Ⱦɤɚɩɝ, Ɋɫəɨɞɭɥɫɮ 2021



1

Ɂɥɝɳɵɭɥɯɨɸɮ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɯɡɰ ɠɡɠɫɨəɩɵɩ ɯɡ:

ɍɡɭɛɫɠɫɮȿɝɤɨɫɩɸɨɣɯɣɮ: Ɏɹɤɨɥɯɣ ɰɣɮ ɠɫɨɚɮ ɰɫɱ 
ɱɠɭɫɧɫɟɥɦɫɹ ɨɫɩɰəɧɫɱ ɯɰɥɮ ɱɠɭɫɨɡɰɡɵɭɫɧɫɟɥɦəɮ
ɯɱɩɤɚɦɡɮ ɬɫɱ ɡɬɥɦɭɝɰɫɹɩ ɦɝɰɘ ɰɣɩ ɬɡɭɛɫɠɫ ɝɱɰɚ, ɨɡ 
ɦɝɰɘɧɧɣɧɣ ɬɭɫɯɝɭɨɫɟɚ ɰɵɩ ɬɝɭɝɨəɰɭɵɩ ɰɫɱ.

ɍɡɭɛɫɠɫɮɂɬɝɧɚɤɡɱɯɣɮ: ȷɧɡɟɳɫɮ ɰɣɮ ɝɩɝɬɝɭɝɟɵɟɚɮ 
ɰɣɮ ɬɝɭɝɰɣɭɣɤɡɛɯɝɮɝɬɸɦɭɥɯɣɮ ɰɫɱ ɱɠɭɫɧɫɟɥɦɫɹ 
ɯɱɯɰɚɨɝɰɫɮ ɦɝɰɘ ɰɣ ɳɭɫɩɥɦɚ ɝɱɰɚ ɬɡɭɛɫɠɫ.

ȿəɧɰɥɯɰɫ ɏɡɰ
Xɍɝɭɝɨəɰɭɵɩ

ɑɠɭɫɧɫɟɥɦɸ ɉɫɩɰəɧɫ
(Xɍɝɭɘɨɡɰɭɫɥ)

ɍɭɫɯɫɨɫɥɵɨəɩɣ 
Ⱦɬɫɭɭɫɚ

ɑɠɭɫɧɫɟɥɦɸ ɉɫɩɰəɧɫ
(Xɍɝɭɘɨɡɰɭɫɥ)

ɍɭɫɯɫɨɫɥɵɨəɩɣ 
Ⱦɬɫɭɭɫɚ

Ɇɯɰɫɭɥɦɸ Ɂɡɛɟɨɝ

Ⱦɩɡɦɨɡɰɘɧɧɡɱɰɝ 
Ɂɡɠɫɨəɩɝ ȿɝɤɨɫɩɸɨɣɯɣ

ɍɝɭɝɰɣɭɣɤɡɛɯɡɮɁɥɡɭɟɝɯɛɡɮ ɂɥɯɸɠɫɱ
(ȿɭɫɳɸɬɰɵɯɣ, ɂɪɝɰɨɥɯɫɠɥɝɬɩɫɚ)

ɍɝɭɝɰɣɭɣɤɡɛɯɝȾɬɸɦɭɥɯɣ 
ɑɠɭɫɧɫɟɥɦɫɹ ɏɱɯɰɚɨɝɰɫɮ

ɂɬɝɧɚɤɡɱɯɣ

ȿɝɤɨɫɩɸɨɣɯɣ:

ɍɭɫɯɝɭɨɫɟɚ 
ɍɝɭɝɨəɰɭɵɩ

Ɋɰɡɰɡɭɨɥɩɥɯɰɥɦɚ ɍɭɫɯəɟɟɥɯɣ ȿɝɤɨɫɩɸɨɣɯɣɮ ɑɠɭɫɧɫɟɥɦɺɩ ɉɫɩɰəɧɵɩ



ɉɡɥɫɩɡɦɰɚɨɝɰɝ ɰɣɮ ɏɱɨɞɝɰɥɦɚɮ ɉɡɤɸɠɫɱ ȿɝɤɨɫɩɸɨɣɯɣɮ

ɍɥɤɝɩɚ ɝɯɱɨɲɵɩɛɝ ɨɡɰɝɪɹ ɰɣɮ ɝɬɸɠɫɯɣɮ ɰɫɱ ɭɱɤɨɥɯɨəɩɫɱ ɨɫɩɰəɧɫɱ ɦɝɰɘ ɰɣɩ ɬɡɭɛɫɠɫ ɞɝɤɨɫɩɸɨɣɯɣɮ 
ɦɝɥ ɡɬɝɧɚɤɡɱɯɣɮ, ɫɠɣɟɡɛ ɯɡ ɝɩɘɟɦɣ ɟɥɝ ɡɬɥɨɚɦɱɩɯɣ ɰɫɱ ɳɭɫɩɥɦɫɹ ɫɭɛɢɫɩɰɝ ɰɣɮ ɭɹɤɨɥɯɣɮ. ɕɯɰɸɯɫ, ɰɝ 
ɥɯɰɫɭɥɦɘ ɠɡɠɫɨəɩɝ ɠɡɩ ɡɛɩɝɥ ɬɘɩɰɝ ɝɩɰɥɬɭɫɯɵɬɡɱɰɥɦɘ ɰɫɱ ɱɠɭɫɧɫɟɥɦɫɹ ɦɝɤɡɯɰɺɰɫɮ ɬɫɱ ɦɱɭɥɝɭɳɡɛ ɯɰɣ 
ɬɡɭɥɫɳɚ, ɡɥɠɥɦɘ ɯɡ ɬɡɭɥɬɰɺɯɡɥɮ ɬɫɱ ɰɫ ɨɚɦɫɮ ɰɵɩ ɬɝɭɝɰɣɭɚɯɡɵɩ ɡɛɩɝɥ ɨɥɦɭɸ.

ɐɫ ɠɡɛɟɨɝ ɰɣɮ ɡɬɝɧɚɤɡɱɯɣɮ ɡɨɬɡɭɥəɳɡɥ ɬɫɧɹɰɥɨɣ ɱɠɭɫɧɫɟɥɦɚ ɬɧɣɭɫɲɫɭɛɝ, ɣ ɫɬɫɛɝ ɬɘɩɰɝ ɬɭəɬɡɥ ɩɝ 
ɤɱɯɥɘɢɡɰɝɥɟɥɝ ɰɫɱɮ ɯɦɫɬɫɹɮ ɰɣɮ ɡɬɝɧɚɤɡɱɯɣɮ ɰɫɱ ɞɝɤɨɫɩɫɨɣɨəɩɫɱ ɨɫɩɰəɧɫɱ.

Ⱦɬɝɛɰɣɯɣ ɟɥɝ ɠəɯɨɡɱɯɣ ɰɫɱ ɛɠɥɫɱ ɨɚɦɫɱɮ ɬɝɭɝɰɣɭɣɤəɩɰɵɩ ɳɭɫɩɫɯɡɥɭɺɩɟɥɝ ɰɥɮ ɱɠɭɫɧɫɟɥɦəɮ 
ɠɥɡɭɟɝɯɛɡɮ ɡɥɯɸɠɫɱ ɦɝɥ ɡɪɸɠɫɱ ɯɰɫ ɨɫɩɰəɧɫ. ɕɮ ɡɦ ɰɫɹɰɫɱ, ɫɬɫɥɝɠɚɬɫɰɡ ɬɡɭɛɫɠɫɮ ɠɡɠɫɨəɩɵɩ ɠɡɩ ɝɩɚɦɡɥ 
ɯɰɫ ɦɫɥɩɸ ɠɥɘɯɰɣɨɝ ɨɡɰɭɚɯɡɵɩ ɨɡɰɝɪɹ ɰɵɩ ɨɡɟɡɤɺɩ ɡɥɯɸɠɫɱ ɦɝɥ ɡɪɸɠɫɱ, ɤɝ ɬɭəɬɡɥ ɩɝ ɝɟɩɫɣɤɡɛ.
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Ɋəɝ ɰɡɳɩɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣɮ ɱɠɭɫɧɫɟɥɦɺɩ ɨɫɩɰəɧɵɩ:ɏɰɫɳɝɯɰɥɦɚ ȿɝɤɨɫɩɸɨɣɯɣ[Efstratiadis et al., 2021]



ɂɩɩɫɥɫɧɫɟɥɦɚ Ɂɫɨɚ ɉɡɤɫɠɫɧɫɟɛɝɮ ɏɰɫɳɝɯɰɥɦɚɮ ȿɝɤɨɫɩɸɨɣɯɣɮ

3

ɏɰɫɳɝɯɰɥɦɚ ɍɭɫɯɫɨɫɛɵɯɣ ɂɬɝɧɚɤɡɱɯɣ

ɑɠɭɫɧɫɟɥɦɸ ɉɫɩɰəɧɫ
(Xɍɝɭɘɨɡɰɭɫɥ)

ɍɭɫɯɫɨɫɥɵɨəɩɣ 
Ⱦɬɫɭɭɫɚ

ɏɰɫɳɝɯɰɥɦɚ ȿɝɤɨɫɩɸɨɣɯɣ

ɍɭɫɯɝɭɨɫɟɚ ɏɰɫɳɝɯɰɥɦɫɹ 
ɉɫɩɰəɧɫɱ ɯɰɥɮ ɍɝɭɝɰɣɭɚɯɡɥɮ

ɑɠɭɫɧɫɟɥɦɸ ɉɫɩɰəɧɫ
(Xɍɝɭɘɨɡɰɭɫɥ)

ȿəɧɰɥɯɰɫ ɏɡɰ
Xɍɝɭɝɨəɰɭɵɩ

ɏɱɩɤɡɰɥɦɚ ɓɭɫɩɫɯɡɥɭɘ 
Ⱦɬɫɭɭɫɚɮɏɱɩɤɡɰɥɦɘ ɑɠɭɫɨɡɰɡɵɭɫɧɫɟɥɦɘ

Ɂɡɠɫɨəɩɝ ɂɥɯɸɠɫɱ

ɍɭɫɯɫɨɫɥɵɨəɩɣ 
Ⱦɬɫɭɭɫɚ

ȿɝɤɨɫɩɸɨɣɯɣ:

ɍɭɫɯɝɭɨɫɟɚ 
ɍɝɭɝɨəɰɭɵɩ



Ʉ ɨɡɤɫɠɫɧɫɟɛɝ ɝɱɰɚ ɳɭɣɯɥɨɫɬɫɥɡɛ ɯɱɩɤɡɰɥɦɘɠɡɠɫɨəɩɝ ɡɥɯɸɠɫɱ ɦɝɥ ɡɪɸɠɫɱ, ɨɡɟɘɧɫɱ ɨɚɦɫɱɮ(ɡɦɝɰɫɩɰɘɠɵɩ ɚ 
ɳɥɧɥɘɠɵɩ ɡɰɺɩ) ɟɥɝ ɰɣ ɠɥɝɠɥɦɝɯɛɝ ɰɣɮ ɞɝɤɨɫɩɸɨɣɯɣɮ, ɡɩɺ ɰɫ ɭɱɤɨɥɯɨəɩɫ ɨɫɩɰəɧɫ ɡɬɝɧɣɤɡɹɡɰɝɥ ɟɥɝ ɰɫ ɯɹɩɫɧɫ
ɰɣɮ ɬɡɭɥɸɠɫɱ ɰɵɩ ɥɯɰɫɭɥɦɺɩ ɬɝɭɝɰɣɭɚɯɡɵɩ.

ɇɝɰɘ ɯɱɩəɬɡɥɝ, ɰɝ ɨɡɥɫɩɡɦɰɚɨɝɰɝ ɰɣɮ ɨɡɤɸɠɫɱ ɠɥɝɳɵɭɥɯɨɫɹ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ ɡɪɝɧɡɛɲɫɩɰɝɥ, ɡɲɸɯɫɩ:

ɐɝ ɯɣɨɝɩɰɥɦɘ ɨɡɟɝɧɹɰɡɭɫɱ ɨɚɦɫɱɮɯɱɩɤɡɰɥɦɘ ɠɡɠɫɨəɩɝ ɬɫɱ ɠɥɝɰɛɤɡɩɰɝɥ ɟɥɝ ɰɫɱɮ ɯɦɫɬɫɹɮ ɰɣɮ ɭɹɤɨɥɯɣɮ, 
ɫɠɣɟɫɹɩ ɰɡɧɥɦɘ ɯɡ ɬɥɫ «ɡɹɭɵɯɰɝ» ɯɡɰ ɬɝɭɝɨəɰɭɵɩ ɦɝɥ ɬɥɫ ɯɰɝɤɡɭɚ ɥɦɝɩɸɰɣɰɝ ɬɭɸɞɧɡɴɣɮ ɰɫɱ ɨɫɩɰəɧɫɱ.

Ʉ ɬɭɫɯɝɭɨɫɯɨəɩɣ ɯɰɣɩ ɬɡɭɥɫɳɚ ɨɡɧəɰɣɮ ɠɫɨɚ ɰɫɱ ɨɫɩɰəɧɫɱ ɡɬɝɧɣɤɡɹɡɰɝɥ ɬɥɝ ɨɡ ɳɭɚɯɣ ɸɧɫɱ ɰɫɱ 
ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ, ɨɡ ɝɬɫɰəɧɡɯɨɝ ɩɝ ɡɬɥɨɣɦɹɩɡɰɝɥ ɦɝɥ ɣ ɬɡɭɛɫɠɫɮ ɡɬɝɧɚɤɡɱɯɣɮ.

Ɂɡɠɫɨəɩɵɩ ɰɵɩ ɯɱɩɤɣɦɺɩ ɝɱɰɺɩ, ɰɫ ɠɛɧɧɣɨɝɯɳɡɰɥɦɘ ɨɡ ɰɫ ɬɫɥɫ ɰɨɚɨɝ ɰɵɩ ɠɡɠɫɨəɩɵɩ ɤɝ ɠɡɯɨɡɱɰɡɛ ɟɥɝ ɰɣ 
ɠɥɝɠɥɦɝɯɛɝ ɰɣɮ ɞɝɤɨɫɩɸɨɣɯɣɮ ɦɝɥ ɬɫɥɫ ɟɥɝ ɰɣɩ ɡɬɝɧɚɤɡɱɯɣ, ɠɡɩ ɱɲɛɯɰɝɰɝɥ ɬɥɝ.

ɉɡɤɫɠɫɧɫɟɛɝ ɏɰɫɳɝɯɰɥɦɚɮ ȿɝɤɨɫɩɸɨɣɯɣɮ
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ɐɫ ɯɰɫɳɝɯɰɥɦɸ ɨɫɩɰəɧɫ ɬɝɭɝɟɵɟɚɮ ɯɱɩɤɡɰɥɦɺɩ ɳɭɫɩɫɯɡɥɭɺɩ ɤɝ ɬɭəɬɡɥ ɩɝ ɡɪɝɯɲɝɧɛɢɡɥ ɰɣɩ ɝɩɝɬɝɭɝɟɵɟɚ ɸɧɣɮ 
ɰɣɮ ɯɰɝɰɥɯɰɥɦɚɮ ɬɧɣɭɫɲɫɭɛɝɮɬɫɱ ɬɡɭɥɟɭɘɲɡɥ ɰɫ ɬɧɚɭɡɮ ɱɠɭɫɧɫɟɥɦɸ ɦɝɤɡɯɰɺɮ ɬɫɱ ɡɬɥɦɭɝɰɡɛ ɯɰɣɩ ɬɡɭɥɫɳɚ 
ɨɡɧəɰɣɮ. ɏɱɟɦɡɦɭɥɨəɩɝ:

ɍɡɭɥɡɦɰɥɦɚ ɝɩɝɬɝɭɘɯɰɝɯɣ ɦɝɥ ɬɭɫɯɫɨɫɛɵɯɣ ɰɵɩ ɱɠɭɫɨɡɰɡɵɭɫɧɫɟɥɦɺɩ ɠɡɠɫɨəɩɵɩ ɡɥɯɸɠɫɱ ɦɝɥ ɡɪɸɠɫɱ, 
ɝɩɝɬɝɭɘɟɫɩɰɝɮ ɸɧɝ ɰɝ ɯɰɝɰɥɯɰɥɦɘ ɳɝɭɝɦɰɣɭɥɯɰɥɦɘ ɰɵɩ ɥɯɰɫɭɥɦɺɩ ɬɝɭɝɰɣɭɚɯɡɵɩ, ɨɡ ɝɩɘɤɡɯɣ 
ɦɝɰɘɧɧɣɧɫɱ ɨɫɩɰəɧɫɱ ɝɩɘɧɫɟɝ ɨɡ ɰɫ ɡɛɠɫɮ ɰɣɮ ɠɥɡɭɟɝɯɛɝɮ ɬɭɫɮ ɬɭɫɯɫɨɫɛɵɯɣ ɦɝɥ ɰɣɮ ɬɭɫɮ ɡɪəɰɝɯɣ 
ɳɭɫɩɥɦɚɮ ɦɧɛɨɝɦɝɮ[Tsoukalaset al., 2019, 2020]. 

Ⱦɩɝɬɝɭɘɯɰɝɯɣ ɰɵɩ ɝɱɰɫɯɱɯɳɡɰɛɯɡɵɩ(ɞɭɝɳɱɬɭɸɤɡɯɨɵɩ ɦɝɥ ɨɝɦɭɫɬɭɸɤɡɯɨɵɩ) ɦɝɥ ɰɵɩ ɡɰɡɭɫ-
ɯɱɯɳɡɰɛɯɡɵɩ, ɫɥ ɫɬɫɛɡɮ ɝɬɫɰɡɧɫɹɩ ɯɰɝɰɥɯɰɥɦɘ ɨəɰɭɝ ɟɥɝ ɰɥɮ ɯɳəɯɡɥɮ ɝɛɰɥɫɱ ɦɝɥ ɝɥɰɥɝɰɫɹ ɨɡɰɝɪɹ ɰɵɩ 
ɠɥɡɭɟɝɯɥɺɩ ɰɫɱ ɱɠɭɫɧɫɟɥɦɫɹ ɦɹɦɧɫɱ.

ɏɰɝɰɥɯɰɥɦɚ ɯɱɩəɬɡɥɝ ɯɡ ɬɫɧɧɝɬɧəɮ ɳɭɫɩɥɦəɮ ɦɧɛɨɝɦɡɮ, ɺɯɰɡ ɩɝ ɠɥɝɯɲɝɧɥɯɤɡɛ ɣ ɝɩɝɬɝɭɝɟɵɟɚ ɰɣɮ 
ɬɥɤɝɩɫɰɥɦɚɮ ɦɝɥ ɯɰɫɳɝɯɰɥɦɚɮ ɯɱɨɬɡɭɥɲɫɭɘɮ ɰɵɩ ɠɥɡɭɟɝɯɥɺɩ ɬɭɫɮ ɨɫɩɰɡɧɫɬɫɛɣɯɣɸɳɥ ɨɸɩɫ ɯɰɣɩ ɦɧɛɨɝɦɝ 
ɰɣɮ ɱɠɭɫɧɫɟɥɦɚɮ ɬɭɫɯɫɨɫɛɵɯɣɮ, ɝɧɧɘ ɦɝɥ ɯɡ ɨɡɟɝɧɹɰɡɭɡɮ ɳɭɫɩɥɦɘ ɦɧɛɨɝɦɡɮ.

Oɥ ɯɱɩɤɡɰɥɦəɮ ɳɭɫɩɫɯɡɥɭəɮ ɞɭɫɳɚɮ ɦɝɥ ɝɬɫɭɭɫɚɮɬɝɭɘɳɤɣɦɝɩ ɨɡ ɳɭɚɯɣ ɰɫɱ ɯɰɫɳɝɯɰɥɦɫɹ ɨɫɩɰəɧɫɱanySim
[Tsoukalaset al., 2020], ɡɩɺ ɝɱɰəɮ ɟɥɝ ɰɣ ɠɱɩɣɰɥɦɚ ɡɪɝɰɨɥɯɫɠɥɝɬɩɫɚɡɦɰɥɨɚɤɣɦɝɩ ɨɡ ɞɘɯɣ ɰɥɮ ɨəɯɡɮ ɨɣɩɥɝɛɡɮ ɦɝɥ 
ɣɨɡɭɚɯɥɡɮ ɰɥɨəɮ ɬɫɱ ɬɭɫəɦɱɴɝɩ ɝɬɸ ɰɣɩ ɝɩɰɛɯɰɫɥɳɣ ɥɯɰɫɭɥɦɚ ɳɭɫɩɫɯɡɥɭɘ.

ɏɰɫɳɝɯɰɥɦɚ ɍɭɫɯɫɨɫɛɵɯɣζɍɭɫɠɥɝɟɭɝɲəɮ ɏɰɫɳɝɯɰɥɦɫɹ ɉɫɩɰəɧɫɱ

5



ɍɭɫɦɡɥɨəɩɫɱ ɩɝ ɡɪɡɰɝɯɰɡɛ ɣ ɧɡɥɰɫɱɭɟɥɦɸɰɣɰɝ ɰɫɱ ɬɭɫɰɡɥɩɸɨɡɩɫɱ ɬɧɝɥɯɛɫɱ ɞɝɤɨɫɩɸɨɣɯɣɮ, ɬɭɝɟɨɝɰɫɬɫɥɚɤɣɦɝɩ 
ɝɩɝɧɹɯɡɥɮ ɨɡ ɳɭɚɯɣ ɡɩɸɮ ɝɭɥɤɨɫɹ ɱɠɭɫɧɫɟɥɦɺɩ ɨɫɩɰəɧɵɩ ɨɡɰɝɞɧɣɰɚɮ ɬɫɧɱɬɧɫɦɸɰɣɰɝɮ. 

ɇɝɤəɩɝ ɝɬɸ ɝɱɰɘ ɰɝ ɨɫɩɰəɧɝ ɡɛɩɝɥ əɩɝ ɝɠɥɝɨəɭɥɯɰɫ ɡɩɩɫɥɫɧɫɟɥɦɸ ɬɭɫɯɫɨɫɛɵɨɝ, ɰɫ ɫɬɫɛɫ ɦɘɩɡɥ ɳɭɚɯɣ ɡɩɸɮ ɯɡɰ 
ɨɝɤɣɨɝɰɥɦɺɩ ɡɪɥɯɺɯɡɵɩ ɟɥɝ ɰɣɩ ɬɡɭɥɟɭɝɲɚ ɰɵɩ ɦɹɭɥɵɩ ɱɠɭɫɧɫɟɥɦɺɩ ɨɣɳɝɩɥɯɨɺɩ ɬɫɱ ɧɝɨɞɘɩɫɱɩ ɳɺɭɝ ɯɡ 
ɦɧɛɨɝɦɝ ɱɠɭɫɧɫɟɥɦɚɮ ɧɡɦɘɩɣɮ ɝɬɫɭɭɫɚɮ. ɕɮ ɠɡɠɫɨəɩɝ ɡɥɯɸɠɫɱ ɰɫ ɦɘɤɡ ɨɫɩɰəɧɫ ɠəɳɡɰɝɥ ɰɣ ɨəɯɣ ɞɭɫɳɸɬɰɵɯɣ (P) 
ɦɝɥ ɰɣ ɠɱɩɣɰɥɦɚ ɡɪɝɰɨɥɯɫɠɥɝɬɩɫɚ(PET), ɯɡ ɳɭɫɩɥɦɚ ɦɧɛɨɝɦɝ ɣɨəɭɝɮ ɚ ɨɚɩɝ, ɝɩɘɧɫɟɝ ɨɡ ɰɫ ɱɠɭɫɧɫɟɥɦɸ 
ɨɫɩɰəɧɫ.

Ⱥɧɡɮ ɫɥ ɱɠɭɫɧɫɟɥɦəɮ ɯɱɩɥɯɰɺɯɡɮ ɰɫɱ ɦɘɤɡ ɨɫɩɰəɧɫɱ ɡɦɲɭɘɢɫɩɰɝɥ ɯɡ ɨɫɩɘɠɡɮ ɞɘɤɫɱɮ ɝɩɘ ɨɫɩɘɠɝ ɳɭɸɩɫɱ(ɚɰɫɥ 
mm/month ɚmm/day), ɡɩɺ ɫɥ ɠɡɪɝɨɡɩəɮ ɝɬɫɤɚɦɡɱɯɣɮ ɯɡ ɸɭɫɱɮ ɞɘɤɫɱɮ(ɚɰɫɥmm).

ɐɝ ɨɫɩɰəɧɝ ɝɱɰɘ ɡɛɰɡ ɝɩɝɬɰɹɳɤɣɦɝɩ ɯɡ ɬɡɭɥɞɘɧɧɫɩ ɰɣɮ ɟɧɺɯɯɝ ɬɭɫɟɭɝɨɨɝɰɥɯɨɫɹ R ɟɥɝ ɰɫɱɮ ɯɦɫɬɫɹɮ 
ɰɣɮ ɡɭɟɝɯɛɝɮ (ɨɫɩɰəɧɝ Zygos), ɡɛɰɡ ɡɛɩɝɥ ɚɠɣ ɠɥɝɤəɯɥɨɝ ɯɡ ɟɧɺɯɯɝ R(ɨɫɩɰəɧɝ GR[Coron et al., 2017a; 
Coron et al., 2017b]).

ɍɝɭɝɦɘɰɵ ɬɝɭɫɱɯɥɘɢɡɰɝɥ ɡɩ ɯɱɩɰɫɨɛɝ ɣ ɡɩɩɫɥɫɧɫɟɥɦɚ ɝɩɝɬɝɭɘɯɰɝɯɣ ɰɵɩ ɬəɩɰɡ ɱɠɭɫɧɫɟɥɦɺɩ ɨɫɩɰəɧɵɩ ɬɫɱ 
ɳɭɣɯɥɨɫɬɫɥɚɤɣɦɝɩ.

ɑɠɭɫɧɫɟɥɦɘ ɉɫɩɰəɧɝ Ɂɥɡɭɡɹɩɣɯɣɮ

6
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Zygos6P: ɨɫɩɰəɧɫ əɪɥ ɬɝɭɝɨəɰɭɵɩ, ɞɝɯɥɯɨəɩɫ 
ɯɰɣ ɠɫɨɚ ɰɫɱ ɨɫɩɰəɧɫɱ Zygos4P, ɡɲɝɭɨɸɢɫɩɰɝɮ 
ɨɡɭɥɦəɮ ɰɭɫɬɫɬɫɥɚɯɡɥɮ.

Zygos4P: ɨɫɩɰəɧɫ ɱɠɝɰɥɦɫɹ ɥɯɫɢɱɟɛɫɱ ɰɡɯɯɘɭɵɩ 
ɬɝɭɝɨəɰɭɵɩ, ɞɝɯɥɯɨəɩɫ ɯɡ ɨɥɝ ɝɬɧɫɬɫɥɣɨəɩɣ 
ɡɦɠɫɳɚ ɰɫɱ ɱɠɭɫɧɫɟɥɦɫɹ ɨɫɩɰəɧɫɱ «Ƀɱɟɸɮ»
[Kozanis and Efstratiadis, 2006].

ɑɠɭɫɧɫɟɥɦɘ ɉɫɩɰəɧɝ Zygos
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GR4J: ɣɨɡɭɚɯɥɫ ɱɠɭɫɧɫɟɥɦɸ ɨɫɩɰəɧɫ 
ɰɡɯɯɘɭɵɩ ɬɝɭɝɨəɰɭɵɩ [Perrin et al., 
2003].

GR2M: ɨɫɩɰəɧɫ ɠɹɫ ɬɝɭɝɨəɰɭɵɩ 
ɦɝɥ ɨɣɩɥɝɛɫɱ ɞɚɨɝɰɫɮ 
ɬɭɫɯɫɨɫɛɵɯɣɮ [Mouelhi et al., 
2006].

ɑɠɭɫɧɫɟɥɦɘ ɉɫɩɰəɧɝ GR
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 Model Parameters: 

X1  : Production store capacity [mm] 

X2 : Intercatchment groundwater flux [mm/day]  

X3 : Routing store capacity [mm] 

X4 : Time parameter for Unit Hydrographs [days] 

 

GR6J: ɣɨɡɭɚɯɥɫ ɱɠɭɫɧɫɟɥɦɸ ɨɫɩɰəɧɫ 
əɪɥ ɬɝɭɝɨəɰɭɵɩ, ɬɫɱ ɬɭɫəɦɱɴɡ ɨɡɰɘ ɝɬɸ 
ɠɥɝɭɦɡɛɮ ɰɭɫɬɫɬɫɥɚɯɡɥɮ ɰɫɱ GR4J [Le 
Moine, 2008; Pushpalathaet al., 2011].

 

Routing 

Store 

Output of UH 1, Q9
 

Routed Runoff, Q
R
 

60% Q
9
 

40% Q
9
 

2 X
4
 

Total Runoff, 

Q
sim

 

X
4
 

UH
1
 

UH
2
 

Potential 

Evapotranspiration, PET Rainfall, P 

Actual Evapo- 

transpiration, ETS 

R 
X

3
 

X
2 || X5 

Basinμs External 

Environment 

X
2
 || X

5
 

Output of UH 2, Q1
 

Direct Runoff, Q
D
 

PR 

Rainfall Excess, 

PN ζ PS 

P
S
 

90% P
R
 

10% P
R
 

Production 

Store 

      X1 

S 

Percolation, Perc 

E 

X
6
 

Routed Runoff, Q
E
 

 Model Parameters: 

X1  : Production store capacity [mm] 

X2 : Groundwater exchange coefficient [mm/day]  

X3 : Routing store capacity [mm] 

X4 : Time parameter for Unit Hydrographs [days] 

X5 : Groundwater exchange threshold 

X6 : Exponential store depletion coefficient [mm] 

 

Exponential 

Store 

 

Rainfall Excess, P1 

X2 

Net Rainfall, P3 

Total Runoff, 

Q
sim

 

Routing 

Store R 

Rainfall, P 

Potential 

Evapotranspiration, PET 

Production 

Store 

      X1 

S 

60 mm 

Percolation, P
2
 

Basinμs External 

Environment 

 Model Parameters: 

X1  : Production store capacity [mm] 

X2 : Groundwater exchange coefficient 

 

3



Ⱦɧɟɸɭɥɤɨɫɥ ȿɡɧɰɥɯɰɫɬɫɛɣɯɣɮ& ɇɭɥɰɚɭɥɫ ɂɬɛɠɫɯɣɮ ɉɫɩɰəɧɵɩ

Áɉɫɩɰəɧɝ Zygos: ɳɭɚɯɣ ɰɫɱ ɡɪɡɧɥɦɰɥɦɫɹ ɝɧɟɫɭɛɤɨɫɱ ɝɩɸɬɰɣɯɣɮ-ɝɬɧɸɦɫɱ(Evolutionary Annealing-Simplex -
EAS)[Efstratiadis and Koutsoyiannis, 2002], ɡɩɸɮ ɱɞɭɥɠɥɦɫɹ ɯɳɚɨɝɰɫɮ ɬɫɱ ɯɱɩɠɱɘɢɡɥ ɰɝ ɬɧɡɫɩɡɦɰɚɨɝɰɝ ɰɵɩ 
ɨɡɤɸɠɵɩ ɰɫɬɥɦɚɮ ɦɝɥ ɫɧɥɦɚɮ ɝɩɝɢɚɰɣɯɣɮ.

Áɉɫɩɰəɧɝ GR: ɳɭɚɯɣ ɝɧɟɫɭɛɤɨɫɱ ɞɡɧɰɥɯɰɫɬɫɛɣɯɣɮ [Michel, 1991], ɫ ɫɬɫɛɫɮ ɯɱɩɠɱɘɢɡɥ ɰɫɬɥɦɚ ɦɝɥ ɫɧɥɦɚ 
ɬɭɫɯəɟɟɥɯɣ ɝɩɝɢɚɰɣɯɣɮɰɫɱ ɞəɧɰɥɯɰɫɱ ɯɡɰ ɬɝɭɝɨəɰɭɵɩ, ɦɝɥ ɡɛɩɝɥ ɡɩɯɵɨɝɰɵɨəɩɫɮ ɯɰɫɩ ɦɺɠɥɦɝ ɰɵɩ 
ɨɫɩɰəɧɵɩ (airGRRζpackage [Coron et al., 2017a; Coron et al., 2017b]).

Ɂɡɛɦɰɣɮ ɇɝɧɚɮ ɍɭɫɯɝɭɨɫɟɚɮ:
[Nash and Sutcliffe, 1970]

NSE= 1 ζ
В

В

ɸɬɫɱ1 Ôɫɥɬɝɭɝɰɣɭɣɤɡɛɯɡɮɰɥɨəɮɝɬɫɭɭɫɚɮ,

1 Ôɫɥ ɬɭɫɯɫɨɫɥɵɨəɩɡɮ ɰɥɨəɮ ɝɬɫɭɭɫɚɮ,

1 ɣ ɨəɯɣ ɬɝɭɝɰɣɭɣɤɡɛɯɝɝɬɫɭɭɫɚ

Model Parameter Unit Range Reference

Zygos4P

ɜ - [0 , 1]

Ranges deduced from 

numerous simulations

K mm [0 , 1000]

ə - [0 , 1]

ɚ - [0 , 1]

Zygos6P

ɜ - [0.1 , 2.5]

H mm [0 , 300]

a - [0 , 1]

GR2M
X1 mm [0 , 1500]

Mouelhi et al., 2006
X2 ζor mm/day [-10 , 10]

GR4J
X3 mm [1 , 500]

Perrin et al., 2003
X4 days [0.5, 8]

GR6J
X5 - [-4 , 4] Le Moine, 2008

X6 mm [0.5 , 20] Pushpalatha et al., 2011
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Ɍ ɠɥɬɧɝɩɸɮ ɬɛɩɝɦɝɮ ɯɱɩɫɴɛɢɡɥ ɰɝ ɸɭɥɝ ɨɡɰɝɞɫɧɚɮ
ɰɵɩ ɬɝɭɝɨəɰɭɵɩ ɰɵɩ ɡɪɡɰɝɢɸɨɡɩɵɩ ɨɫɩɰəɧɵɩ 
ɞɭɫɳɚɮ-ɝɬɫɭɭɫɚɮ
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ɂɲɝɭɨɫɟɚ ɉɡɤɫɠɫɧɫɟɛɝɮζɍɡɭɥɫɳɚ ɉɡɧəɰɣɮ

ɐɝ ɠɥɝɤəɯɥɨɝ ɱɠɭɫɧɫɟɥɦɘ ɠɡɠɫɨəɩɝ
(ɞɭɫɳɸɬɰɵɯɣ, ɠɱɩɣɰɥɦɚ ɡɪɝɰɨɥɯɫɠɥɝɬɩɫɚ, 
ɝɬɫɭɭɫɚ) ɝɲɫɭɫɹɩ ɰɣɩ ɬɡɭɛɫɠɫ 1ɣ

Ⱦɱɟɫɹɯɰɫɱ 1958 əɵɮ 31ɣɆɫɱɧɛɫɱ 2016 ɦɝɥ 
ɠɥɝɰɛɤɡɩɰɝɥ ɯɡ ɣɨɡɭɚɯɥɝ ɦɧɛɨɝɦɝ.

ɐɝ ɠɡɠɫɨəɩɝ ɝɱɰɘ ɬɭɫəɭɳɫɩɰɝɥ ɝɬɸ 
ɬɭɫɣɟɫɹɨɡɩɣ əɭɡɱɩɝ ɬɫɱ əɳɡɥ ɠɥɡɩɡɭɟɣɤɡɛ 
ɯɰɣ ɛɠɥɝ ɧɡɦɘɩɣ ɝɬɫɭɭɫɚɮ [Rebolhoet al., 
2018].

10
ɏɳɚɨɝȿɆɯɰɫɭɥɦəɮ ɳɭɫɩɫɯɡɥɭəɮ ɞɭɫɳɚɮ ɦɝɥ ɝɬɫɭɭɫɚɮ ɯɡ ɣɨɡɭɚɯɥɝ ɦɧɛɨɝɦɝ 

(1ɣȾɱɟɫɹɯɰɫɱ 1958 əɵɮ 31ɣɆɫɱɧɛɫɱ 2016)
ɏɳɚɨɝȿɈɡɦɘɩɣ ɝɬɫɭɭɫɚɮ ɬ. Loing ɦɝɥ ɱɠɭɫɟɭɝɲɥɦɸ ɠɛɦɰɱɫ

ɍɡɭɥɫɳɚ ɉɡɧəɰɣɮ: Ɉɡɦɘɩɣ Ⱦɬɫɭɭɫɚɮ ɬ. Loing

ȷɦɰɝɯɣ 3900 km² ɦɝɥ ɨəɯɫ ɰɫɬɫɟɭɝɲɥɦɸ ɱɴɸɨɡɰɭɫ 148 m



ɂɲɝɭɨɫɟɚ ɉɡɤɫɠɫɧɫɟɛɝɮζɁɫɨɚ Ⱦɩɘɧɱɯɣɮ

Ʉ ɨɡɤɫɠɫɧɫɟɛɝ ɡɪɡɰɘɢɡɰɝɥ ɟɥɝ ɠɹɫ ɯɡɩɘɭɥɝ:

11

ɏɳɚɨɝȿɆɯɰɫɭɥɦəɮ ɳɭɫɩɫɯɡɥɭəɮ ɞɭɫɳɚɮ ɦɝɥ ɝɬɫɭɭɫɚɮ ɯɡ ɨɣɩɥɝɛɝ ɦɧɛɨɝɦɝ (1ɣ

Ⱦɱɟɫɹɯɰɫɱ 1958 əɵɮ 31ɣɆɫɱɧɛɫɱ 2016) 

1

2

ɉɣɩɥɝɛɝ ɇɧɛɨɝɦɝ

Ʉɨɡɭɚɯɥɝ ɇɧɛɨɝɦɝ

Zygos6P

GR2M

GR4J

GR6J

ɍɭɫɯɝɭɨɫɟɚ ɦɘɤɡ ɱɠɭɫɧɫɟɥɦɫɹ ɨɫɩɰəɧɫɱ 
ɝɭɳɥɦɘ ɨɡ ɳɭɚɯɣ ɰɣɮ ɨɡɤɫɠɫɧɫɟɛɝɮ 
ɠɥɝɳɵɭɥɯɨɫɹ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ ɯɡ 
ɬɡɭɥɸɠɫɱɮ ɞɝɤɨɫɩɸɨɣɯɣɮ ɦɝɥ ɡɬɝɧɚɤɡɱɯɣɮ, 
ɨɚɦɫɱɮ 29 ɡɰɺɩ.

ȷɬɡɥɰɝ, ɯɰɫɳɝɯɰɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣ ɰɫɱ ɦɘɤɡ 
ɱɠɭɫɧɫɟɥɦɫɹ ɨɫɩɰəɧɫɱ ɨɡ ɳɭɚɯɣ ɯɱɩɤɡɰɥɦɺɩ 
ɳɭɫɩɫɯɡɥɭɺɩ ɨɚɦɫɱɮ 1000 ɡɰɺɩ ɦɝɥ 
ɡɬɝɧɚɤɡɱɯɣ ɯɰɫ ɬɧɚɭɡɮ ɥɯɰɫɭɥɦɸ ɠɡɛɟɨɝ.
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ɂɲɝɭɨɫɟɚ ɰɣɮ ɨɡɤɫɠɫɧɫɟɛɝɮ ɯɡ ɨɣɩɥɝɛɝ ɦɧɛɨɝɦɝ: 
ɯɱɩɘɤɭɫɥɯɣ ɣɨɡɭɣɯɛɵɩ ɠɡɠɫɨəɩɵɩ ɯɡ ɦɧɛɨɝɦɝ ɨɚɩɝ.
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Ⱦɬɫɭɭɫɚ ɨɚɩɝt+1 [mm]

ɍɝɭɝɟɵɟɚ ɏɱɩɤɡɰɥɦɺɩ ɓɭɫɩɫɯɡɥɭɺɩ ȿɭɫɳɚɮ & Ⱦɬɫɭɭɫɚɮ

12

ɏɳɚɨɝȿɉɫɰɛɞɝ ɝɱɰɫɯɱɯɳəɰɥɯɣɮɨɡɰɝɪɹ ɠɡɠɫɨəɩɵɩ ɝɬɫɭɭɫɚɮ ɝɩɘɨɡɯɝ ɯɡ ɠɥɝɠɫɳɥɦɫɹɮ 
ɨɚɩɡɮ (ɝɭɥɯɰɡɭɘ)ɦɝɥ ɨɫɰɛɞɝ ɡɰɡɭɫɯɱɯɳəɰɥɯɣɮɨɡɰɝɪɹ ɞɭɫɳɚɮ ɦɝɥ ɝɬɫɭɭɫɚɮ (ɠɡɪɥɘ), ɸɬɵɮ 
ɬɭɫəɦɱɴɝɩ ɝɬɸ ɰɥɮ ɬɝɭɝɰɣɭɚɯɡɥɮ (ɠɥɝɳɵɭɥɯɨɸɮ ɯɡ ɠɹɫ ɬɡɭɥɸɠɫɱɮ) ɦɝɥ ɰɝ ɯɱɩɤɡɰɥɦɘ 

ɠɡɠɫɨəɩɝ (12 000 ɰɥɨəɮ)

ɐɫ ɯɰɫɳɝɯɰɥɦɸ ɨɫɩɰəɧɫɡɪɝɯɲɘɧɥɯɡɰɣɩ ɝɩɝɬɝɭɝɟɵɟɚ ɰɵɩ
ɨɫɰɛɞɵɩ ɯɱɯɳəɰɥɯɣɮ ɰɝ ɫɬɫɛɝ ɡɛɩɝɥ ɬɡɭɥɯɯɸɰɡɭɫ 
ɡɦɰɡɰɝɨəɩɝ ɯɡ ɯɹɟɦɭɥɯɣ ɨɡ ɰɝ ɬɝɭɝɰɣɭɣɤəɩɰɝ. Ⱦɱɰɘ 
ɝɩɝɨəɩɡɰɝɥ ɩɝ ɝɩɰɥɬɭɫɯɵɬɡɹɫɱɩ ɰɫ ɬɧɚɭɡɮ ɱɠɭɫɧɫɟɥɦɸ 
ɦɝɤɡɯɰɺɮ ɰɣɮ ɧɡɦɘɩɣɮ,ɬɧɣɭɫɲɫɭɛɝ ɠɹɯɦɫɧɝ ɝɩɥɳɩɡɹɯɥɨɣ 
ɯɰɣɩ ɬɡɭɛɬɰɵɯɣ ɰɵɩ ɬɝɭɝɰɣɭɚɯɡɵɩ, ɡɥɠɥɦɘ ɯɰɣɩ ɬɡɭɛɬɰɵɯɣ 
ɳɭɫɩɫɯɡɥɭɺɩ ɨɥɦɭɫɹ ɨɚɦɫɱɮ.

Ⱦɬɸ ɰɫ ɬɝɭɝɦɘɰɵ ɠɥɘɟɭɝɨɨɝ ɡɛɩɝɥ ɲɝɩɡɭɚ ɣ 
ɥɦɝɩɸɰɣɰɝ ɰɫɱ ɯɰɫɳɝɯɰɥɦɫɹ ɨɫɩɰəɧɫɱ ɩɝ 
ɠɥɝɰɣɭɚɯɡɥ ɰɣɩ ɡɰɡɭɫɯɱɯɳəɰɥɯɣɨɣɠɡɩɥɦɚɮ 
ɱɯɰəɭɣɯɣɮ ɨɡɰɝɪɹ ɰɵɩ ɠɹɫ ɬɭɫɯɫɨɫɥɵɨəɩɵɩ 
ɠɥɡɭɟɝɯɥɺɩ(ɞɭɫɳɸɬɰɵɯɣ ɦɝɥ ɝɬɫɭɭɫɚ).
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ȿɭɫɳɸɬɰɵɯɣvs Ⱦɬɫɭɭɫɚ

ɏɳɚɨɝȿɏɹɟɦɭɥɯɣ ɨɡɰɝɪɹ ɥɯɰɫɭɥɦɺɩ ɦɝɥ ɬɭɫɯɫɨɫɥɵɨəɩɵɩ 
ɡɰɡɭɫɯɱɯɳɡɰɛɯɡɵɩ ɨɣɠɡɩɥɦɚɮ ɱɯɰəɭɣɯɣɮ
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Ⱦɩɘɧɱɯɣ ɯɡ ɉɣɩɥɝɛɝ ɇɧɛɨɝɦɝζɉɫɩɰəɧɫ Zygos6P
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ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

NSECal NSEVal NSETot

0.837 0.836 0.836

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

NSE

0.836

ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

ɩ ɇ [mm] ɦ Ʉ [mm] ɝ ɧ

1.763 235.0 0.184 60.8 0.120 0.142

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

ɩ ɇ [mm] ɦ Ʉ [mm] ɝ ɧ

1.835 234.2 0.180 44.2 0.157 0.173

ɍɛɩɝɦɝɮȿȾɪɥɫɧɸɟɣɯɣ ɡɬɛɠɫɯɣɮ ɨɫɩɰəɧɫɱ

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɨɡɤɫɠɫɧɫɟɛɝɮ ɠɥɝɳɵɭɥɯɨɫɹ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ

ɍɛɩɝɦɝɮȿȿəɧɰɥɯɰɡɮ ɰɥɨəɮ ɬɝɭɝɨəɰɭɵɩ ɨɫɩɰəɧɫɱZygos6P

NSECal : NSE ɟɥɝ ȿɝɤɨɫɩɸɨɣɯɣ

NSEVal : NSE ɟɥɝɂɬɝɧɚɤɡɱɯɣ

NSETot / NSE : ɏɱɩɫɧɥɦɸNSE

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥ ɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ
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Ⱦɩɘɧɱɯɣ ɯɡ ɉɣɩɥɝɛɝ ɇɧɛɨɝɦɝζɉɫɩɰəɧɫ GR2M
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ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

NSECal NSEVal NSETot

0.817 0.776 0.798

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

NSE

0.798

ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

X1 [mm] X2

395.4 0.77

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

X1 [mm] X2

399.4 0.77

ɍɛɩɝɦɝɮȿȾɪɥɫɧɸɟɣɯɣ ɡɬɛɠɫɯɣɮ ɨɫɩɰəɧɫɱ ɍɛɩɝɦɝɮȿȿəɧɰɥɯɰɡɮ ɰɥɨəɮ ɬɝɭɝɨəɰɭɵɩ ɨɫɩɰəɧɫɱGR2M

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥ ɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɨɡɤɫɠɫɧɫɟɛɝɮ ɠɥɝɳɵɭɥɯɨɫɹ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥ ɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ



0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

ɉ
ə
ɯ
ɣ
 
Ʉ
ɨ
ɡ
ɭ
ɚ
ɯ
ɥ
ɝ
 
Ⱦ
ɬ
ɫ
ɭ
ɭ
ɫ
ɚ
 
[

m
m

]

Ʉɨɡɭɫɨɣɩɛɝ

Observed
Modelled (Stochastic Calibration)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

ɉ
ə
ɯ
ɣ
 
Ʉ
ɨ
ɡ
ɭ
ɚ
ɯ
ɥ
ɝ
 
Ⱦ
ɬ
ɫ
ɭ
ɭ
ɫ
ɚ
 
[

m
m

]

Ʉɨɡɭɫɨɣɩɛɝ

Observed
Modelled (Split-Sample)

Ⱦɩɘɧɱɯɣ ɯɡ Ʉɨɡɭɚɯɥɝ ɇɧɛɨɝɦɝζɉɫɩɰəɧɫ GR4J
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ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

NSECal NSEVal NSETot

0.848 0.895 0.871

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

NSE

0.805

ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

X1 [mm] X2 [mm/d] X3 [mm] X4 [days]

520.1 -0.70 35.9 4.20

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

X1 [mm] X2 [mm/d] X3 [mm] X4 [days]

1011.6 -0.48 38.8 4.39

ɍɛɩɝɦɝɮȿȾɪɥɫɧɸɟɣɯɣ ɡɬɛɠɫɯɣɮ ɨɫɩɰəɧɫɱ

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥ ɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɨɡɤɫɠɫɧɫɟɛɝɮ ɠɥɝɳɵɭɥɯɨɫɹ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥ ɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ

ɍɛɩɝɦɝɮȿȿəɧɰɥɯɰɡɮ ɰɥɨəɮ ɬɝɭɝɨəɰɭɵɩ ɨɫɩɰəɧɫɱGR4J
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Ⱦɩɘɧɱɯɣ ɯɡ Ʉɨɡɭɚɯɥɝ ɇɧɛɨɝɦɝζɉɫɩɰəɧɫ GR6J
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ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

NSECal NSEVal NSETot

0.849 0.802 0.858

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

NSE

0.815

ɉɡɤɫɠɫɧɫɟɛɝ 
Ɂɥɝɳɵɭɥɯɨɫɹ

X1 [mm] X2 [mm/d] X3 [mm] X4 [days] X5 [-] X6 [mm]

242.1 -1.63 885.4 4.40 0.22 1.49

ɏɰɫɳɝɯɰɥɦɚ 
ȿɝɤɨɫɩɸɨɣɯɣ

X1 [mm] X2 [mm/d] X3 [mm] X4 [days] X5 [-] X6 [mm]

296.6 -2.38 52.1 4.38 0.41 3.04

ɍɛɩɝɦɝɮȿȾɪɥɫɧɸɟɣɯɣ ɡɬɛɠɫɯɣɮ ɨɫɩɰəɧɫɱ

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥ ɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɨɡɤɫɠɫɧɫɟɛɝɮ ɠɥɝɳɵɭɥɯɨɫɹ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ

ɏɳɚɨɝȿɌɬɰɥɦɚ ɡɬɥɯɦɸɬɣɯɣ ɰɣɮ ɯɱɨɲɵɩɛɝɮ ɨɡɰɝɪɹ ɰɵɩ ɬɝɭɝɰɣɭɣɨəɩɵɩ 
(Observed) ɦɝɥ ɨɫɩɰɡɧɫɬɫɥɣɨəɩɵɩ (Modelled) ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ ɨɡ ɳɭɚɯɣ ɰɣɮ 

ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ

ɍɛɩɝɦɝɮȿȿəɧɰɥɯɰɡɮ ɰɥɨəɮ ɬɝɭɝɨəɰɭɵɩ ɨɫɩɰəɧɫɱGR6J



ɏɱɨɬɡɭɝɯɨɝɰɥɦəɮ ɍɝɭɝɰɣɭɚɯɡɥɮ ɯɳɡɰɥɦɘ ɨɡ ɰɣɩ Ⱦɩɘɧɱɯɣ

Ⱦɩɘɧɱɯɣ ɯɡ ɨɣɩɥɝɛɝ ɦɧɛɨɝɦɝ:

ᴔɄ ɯɰɫɳɝɯɰɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣ ɧɡɥɰɫɱɭɟɡɛ ɡɪɛɯɫɱ ɦɝɧɘɨɡ ɰɫ ɦɧɝɯɯɥɦɸ ɯɳɚɨɝ ɞɝɤɨɫɩɸɨɣɯɣɮ ɬɫɱ 
ɝɬɝɥɰɡɛ ɰɫɩ ɠɥɝɳɵɭɥɯɨɸ ɰɵɩ ɥɯɰɫɭɥɦɺɩ ɳɭɫɩɫɯɡɥɭɺɩ ɯɡ ɠɡɠɫɨəɩɝ ɞɝɤɨɫɩɸɨɣɯɣɮ ɦɝɥ ɡɬɝɧɚɤɡɱɯɣɮ.

ᴔɌɥ ɭɱɤɨɥɯɨəɩɡɮ ɰɥɨəɮ ɰɵɩ ɬɝɭɝɨəɰɭɵɩ ɰɵɩ ɨɫɩɰəɧɵɩ ɞɭɛɯɦɫɩɰɝɥ ɯɡ ɯɱɨɲɵɩɛɝ.

Ⱦɩɘɧɱɯɣ ɯɡ ɣɨɡɭɚɯɥɝ ɦɧɛɨɝɦɝ:

ᴔɐɫ ɦɧɝɯɯɥɦɸ ɯɳɚɨɝ ɝɬɫɠɛɠɡɥ ɡɧɝɲɭɺɮ ɦɝɧɹɰɡɭɝ ɝɬɸ ɝɱɰɸ ɰɣɮ ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ, ɵɯɰɸɯɫ 
ɳɵɭɛɮ ɣ ɝɬɸɦɧɥɯɣ ɝɱɰɚ ɩɝ ɝɦɱɭɺɩɡɥ ɰɥɮ ɬɭɫɫɬɰɥɦəɮ ɰɣɮ ɨɡɤɸɠɫɱ ɦɝɥ ɯɡ ɝɱɰɚ ɰɣ ɳɭɫɩɥɦɚ ɦɧɛɨɝɦɝ.

ᴔȾɥɯɤɣɰɚ ɝɬɸɦɧɥɯɣɨɡɰɝɪɹ ɰɵɩ ɰɥɨɺɩ ɰɵɩ ɬɝɭɝɨəɰɭɵɩ ɬɫɱ ɬɭɫəɦɱɴɝɩ ɝɬɸ ɦɘɤɡ ɨəɤɫɠɫ ɭɹɤɨɥɯɣɮ.

ɐɝ ɝɬɫɰɡɧəɯɨɝɰɝ ɝɬɫɰɡɧɫɹɩ ɨɥɝ ɬɭɺɰɣ əɩɠɡɥɪɣ ɸɰɥ ɣ ɡɲɝɭɨɫɟɚ ɰɣɮ ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ ɡɛɩɝɥ 
ɝɩɡɪɘɭɰɣɰɣ ɰɣɮ ɬɫɧɱɬɧɫɦɸɰɣɰɝɮ ɰɣɮ ɠɫɨɚɮ ɰɫɱ ɱɠɭɫɧɫɟɥɦɫɹ ɨɫɩɰəɧɫɱ.

17



Ⱦɩɘɧɱɯɣ ɉɡɟɘɧɣɮ ɇɧɛɨɝɦɝɮ

18

ɂɬɸɨɡɩɫ ɯɰɘɠɥɫ Ɂɥɡɭɡɹɩɣɯɣɮ:

ɂɲɝɭɨɫɟɚ ɰɣɮ ɬɭɫɰɡɥɩɸɨɡɩɣɮ ɨɡɤɫɠɫɧɫɟɛɝɮ 
ɯɡ əɩɝ ɨɡɟɘɧɫ ɯɡɰ ɧɡɦɝɩɺɩ ɝɬɫɭɭɫɚɮ, ɯɡ 
ɨɣɩɥɝɛɝ ɦɧɛɨɝɦɝ ɬɭɫɯɫɨɫɛɵɯɣɮ.

ɂɬɥɧɫɟɚ 100 ɧɡɦɝɩɺɩ ɝɬɸ ɰɣ ɞɘɯɣ ɠɡɠɫɨəɩɵɩ 
MOPEX (MOdel ParameterEstimation
EXperiment) [Schaakeet al., 2006].

ȷɩɝɮ ɯɱɩɠɱɝɯɨɸɮ ɦɭɥɰɣɭɛɵɩ ɧɚɲɤɣɦɝɩ 
ɱɬɸɴɣ ɟɥɝ ɰɣɩ ɡɬɥɧɫɟɚ ɰɫɱ ɞəɧɰɥɯɰɫɱ ɯɡɰ 
ɧɡɦɝɩɺɩ ɝɬɫɭɭɫɚɮ ɝɬɸ ɰɥɮ 438 ɬɫɱ ɠɥɝɤəɰɡɥ ɣ 
ɞɘɯɣ:

Áɍɫɯɫɯɰɸ ɡɧɧɡɥɬɫɱɯɺɩ ɰɥɨɺɩ ɝɬɫɭɭɫɚɮ 
ɦɝɥ

Áɂɰɡɭɫɯɱɳɡɰɛɯɡɥɮɨɡɰɝɪɹ ɞɭɫɳɚɮ ɦɝɥ 
ɝɬɫɭɭɫɚɮ

ɏɳɚɨɝȿɀɡɵɟɭɝɲɥɦɚ ɝɬɡɥɦɸɩɥɯɣ ɰɵɩ 100 ɡɬɥɧɡɟɨəɩɵɩ ɧɡɦɝɩɺɩ ɝɬɫɭɭɫɚɮ ɰɣɮ 
ɞɘɯɣɮ ɠɡɠɫɨəɩɵɩ MOPEX



Ἴ ɏɱɩɘɤɭɫɥɯɣ ɠɡɠɫɨəɩɵɩ ɯɰɣɩ ɨɣɩɥɝɛɝ ɦɧɛɨɝɦɝ: ɐɝ ɠɥɝɤəɯɥɨɝ ɱɠɭɫɧɫɟɥɦɘ ɠɡɠɫɨəɩɝ(ɨəɯɣ ɡɬɥɲɝɩɡɥɝɦɚ 
ɞɭɫɳɸɬɰɵɯɣ, ɠɱɩɣɰɥɦɚ ɡɪɝɰɨɥɯɫɠɥɝɬɩɫɚ, ɝɬɫɭɭɫɚ) ɟɥɝ ɰɥɮ 100 ɧɡɦɘɩɡɮ, ɝɲɫɭɫɹɩ ɰɣɩ ɣɨɡɭɚɯɥɝ ɦɧɛɨɝɦɝ.

Ố ɓɭɚɯɣ ɡɩɸɮ ɝɭɥɤɨɫɹ ɱɠɭɫɧɫɟɥɦɺɩ ɨɫɩɰəɧɵɩ: ɬɡɭɝɥɰəɭɵ ɡɩɛɯɳɱɯɣ ɰɣɮ ɱɬɸɤɡɯɣɮ ɸɰɥ ɣ ɞɝɤɨɫɩɸɨɣɯɣ ɨɡ 
ɯɱɩɤɡɰɥɦɘ ɠɡɠɫɨəɩɝ ɡɛɩɝɥ ɝɩɡɪɘɭɰɣɰɣ ɰɣɮ ɬɫɧɱɬɧɫɦɸɰɣɰɝɮ ɰɫɱ ɨɫɩɰəɧɫɱ ɞɭɫɳɚɮ-ɝɬɫɭɭɫɚɮ ɬɫɱ ɡɬɥɧəɟɡɰɝɥ. 
ɂɥɠɥɦɸɰɡɭɝ: GR2M , Zygos4Pɦɝɥ Zygos6P

Ố ɍɡɭɛɬɰɵɯɣ ɭɹɤɨɥɯɣɮ ɰɵɩ ɨɫɩɰəɧɵɩ ɨɡ ɠɥɝɳɵɭɥɯɨɸ ɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ: ɠɹɫɛɯɝ ɯɡɰ(ɯɡɰ 
ɞɝɤɨɫɩɸɨɣɯɣɮ ɦɝɥ ɡɬɝɧɚɤɡɱɯɣɮ).

Ἴ Ⱦɬɫɰɡɧɡɯɨɝɰɥɦɸɰɡɭɣɯɹɟɦɭɥɯɣ ɰɣɮ ɡɬɛɠɫɯɣɮ (NSE) ɰɵɩ ɱɠɭɫɧɫɟɥɦɺɩ ɨɫɩɰəɧɵɩ ɨɡɰɝɪɹ ɰɵɩ ɡɪɡɰɝɢɸɨɡɩɵɩ 
ɨɡɤɸɠɵɩ ɞɝɤɨɫɩɸɨɣɯɣɮ: ɨəɰɭɫ ɯɹɟɦɭɥɯɣɮ ɟɥɝ ɯɰɫɳɝɯɰɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣ ɣ ɡɬɛɠɫɯɣ ɟɥɝ ɰɫ ɠɥɘɯɰɣɨɝ 
ɡɬɝɧɚɤɡɱɯɣɮɰɫɱ ɥɯɰɫɭɥɦɫɹ ɠɡɛɟɨɝɰɫɮ.

Ɂɫɨɚ ɦɝɥ ɍɝɭɝɠɫɳəɮ Ⱦɩɘɧɱɯɣɮ

19



0.4

0.6

0.8

1.0

1.2

0.4 0.6 0.8 1.0 1.2

X
2

(S
to

c
h
a

s
ti
c
 C

a
l.
)

X2 (Split-Sample Cal.)

0

200

400

600

800

1000

0 200 400 600 800 1000

X
1

[m
m

] 
(S

to
c
h

a
s
ti
c
 C

a
l.
)

X1 [mm] (Split-Sample Cal.)0.60

0.70

0.80

0.90

1.00

0.60 0.70 0.80 0.90 1.00

N
S

E
(S

to
c
h
a

s
ti
c
 C

a
l.
)

NSE (Split-Sample Cal.)

0.00

0.20

0.40

0.60

0.00 0.20 0.40 0.60

N
S

E
(S

to
c
h
a

s
ti
c
 C

a
l.
)

NSE (Split-Sample Cal.)

Ⱦɩɘɧɱɯɣ ɉɡɟɘɧɣɮ ɇɧɛɨɝɦɝɮζɉɫɩɰəɧɫ GR2M

20

ɏɳɚɨɝȿɁɥɝɟɭɘɨɨɝɰɝ ɠɥɝɯɬɫɭɘɮ ɳɝɨɣɧɚɮ (ɬɘɩɵ) ɦɝɥ 
ɱɴɣɧɚɮ (ɦɘɰɵ) ɡɬɛɠɫɯɣɮ (NSE) ɟɥɝ ɰɫ ɨɫɩɰəɧɫ GR2M, ɨɡ 
ɡɲɝɭɨɫɟɚ ɰɣɮ ɨɡɤɫɠɫɧɫɟɛɝɮ ɭɹɤɨɥɯɣɮ ɨɡ ɞɘɯɣ ɰɝ ɥɯɰɫɭɥɦɘ 

ɠɡɠɫɨəɩɝ (Split-Sample Cal.) ɦɝɥ ɰɣɮ ɯɰɫɳɝɯɰɥɦɚɮ 
ɞɝɤɨɫɩɸɨɣɯɣɮ (StochasticCal.)

ɏɳɚɨɝȿɁɥɝɟɭɘɨɨɝɰɝ ɠɥɝɯɬɫɭɘɮ ɟɥɝ ɰɥɮ ɬɝɭɝɨəɰɭɫɱɮ ɰɫɱ ɨɫɩɰəɧɫɱ GR2M, ɸɬɵɮ ɝɱɰəɮ ɡɦɰɥɨɚɤɣɦɝɩ ɨɡ 
ɞɘɯɣ ɰɝ ɥɯɰɫɭɥɦɘ ɠɡɠɫɨəɩɝ (Split-SampleCal.) ɦɝɥ ɰɣ ɯɰɫɳɝɯɰɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣ (StochasticCal.)

Ɇɯɰ. Ɂɡɛɟɨɝ ȿɝɤɨɫɩɸɨɣɯɣɮ: NSE(Stoch Cal.) > NSE(Split -Sample Cal.) : 1/100 Ɉɡɦɘɩɡɮ

Ɇɯɰ. Ɂɡɛɟɨɝ ɂɬɝɧɚɤɡɱɯɣɮ:NSE(Stoch Cal.) > NSE(Split -Sample Cal.) : 62/100 Ɉɡɦɘɩɡɮ

ɏɱɩɫɧɥɦɸ Ɇɯɰɫɭɥɦɸ Ɂɡɛɟɨɝ: NSE(Stoch Cal.) > NSE(Split -Sample Cal.) : 42/100 Ɉɡɦɘɩɡɮ
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Ⱦɩɘɧɱɯɣ ɉɡɟɘɧɣɮ ɇɧɛɨɝɦɝɮζɉɫɩɰəɧɫ Zygos4P

21

ɏɳɚɨɝȿɁɥɝɟɭɘɨɨɝɰɝ ɠɥɝɯɬɫɭɘɮ ɳɝɨɣɧɚɮ (ɬɘɩɵ) ɦɝɥ 
ɱɴɣɧɚɮ (ɦɘɰɵ) ɡɬɛɠɫɯɣɮ (NSE) ɟɥɝ ɰɫ ɨɫɩɰəɧɫ Zygos4P, ɨɡ 
ɡɲɝɭɨɫɟɚ ɰɣɮ ɨɡɤɫɠɫɧɫɟɛɝɮ ɭɹɤɨɥɯɣɮ ɨɡ ɞɘɯɣ ɰɝ ɥɯɰɫɭɥɦɘ 

ɠɡɠɫɨəɩɝ (Split-Sample Cal.) ɦɝɥ ɰɣɮ ɯɰɫɳɝɯɰɥɦɚɮ 
ɞɝɤɨɫɩɸɨɣɯɣɮ (StochasticCal.)

ɏɳɚɨɝȿɁɥɝɟɭɘɨɨɝɰɝ ɠɥɝɯɬɫɭɘɮ ɟɥɝ ɰɥɮ ɬɝɭɝɨəɰɭɫɱɮ ɰɫɱ ɨɫɩɰəɧɫɱ Zygos4P, ɸɬɵɮ ɝɱɰəɮ ɡɦɰɥɨɚɤɣɦɝɩ ɨɡ 
ɞɘɯɣ ɰɝ ɥɯɰɫɭɥɦɘ ɠɡɠɫɨəɩɝ (Split-SampleCal.) ɦɝɥ ɰɣ ɯɰɫɳɝɯɰɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣ (StochasticCal.)

Ɇɯɰ. Ɂɡɛɟɨɝ ɂɬɝɧɚɤɡɱɯɣɮ:NSE(Stoch Cal.) > NSE(Split -Sample Cal.) : 67/100 Ɉɡɦɘɩɡɮ
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Ⱦɩɘɧɱɯɣ ɉɡɟɘɧɣɮ ɇɧɛɨɝɦɝɮζɉɫɩɰəɧɫ Zygos6P
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ɏɳɚɨɝȿɁɥɝɟɭɘɨɨɝɰɝ ɠɥɝɯɬɫɭɘɮ ɳɝɨɣɧɚɮ (ɬɘɩɵ) ɦɝɥ 
ɱɴɣɧɚɮ (ɦɘɰɵ) ɡɬɛɠɫɯɣɮ (NSE) ɟɥɝ ɰɫ ɨɫɩɰəɧɫ Zygos6P, ɨɡ 
ɡɲɝɭɨɫɟɚ ɰɣɮ ɨɡɤɫɠɫɧɫɟɛɝɮ ɭɹɤɨɥɯɣɮ ɨɡ ɞɘɯɣ ɰɝ ɥɯɰɫɭɥɦɘ 

ɠɡɠɫɨəɩɝ (Split-Sample Cal.) ɦɝɥ ɰɣɮ ɯɰɫɳɝɯɰɥɦɚɮ 
ɞɝɤɨɫɩɸɨɣɯɣɮ (StochasticCal.)

ɏɳɚɨɝȿɁɥɝɟɭɘɨɨɝɰɝ ɠɥɝɯɬɫɭɘɮ ɟɥɝ ɰɥɮ ɬɝɭɝɨəɰɭɫɱɮ ɰɫɱ ɨɫɩɰəɧɫɱ Zygos6P, ɸɬɵɮ ɝɱɰəɮ ɡɦɰɥɨɚɤɣɦɝɩ ɨɡ ɞɘɯɣ ɰɝ 
ɥɯɰɫɭɥɦɘ ɠɡɠɫɨəɩɝ (Split-SampleCal.) ɦɝɥ ɰɣ ɯɰɫɳɝɯɰɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣ (Stoch. Cal.)

Ɇɯɰ. Ɂɡɛɟɨɝ ɂɬɝɧɚɤɡɱɯɣɮ:NSE(Stoch Cal.) > NSE(Split -Sample Cal.) : 60/100 Ɉɡɦɘɩɡɮ



ɏɱɨɬɡɭɝɯɨɝɰɥɦəɮ ɍɝɭɝɰɣɭɚɯɡɥɮ ɯɳɡɰɥɦɘ ɨɡ ɰɣɩ Ⱦɩɘɧɱɯɣ

ɀɥɝ ɰɣɩ ɬɧɡɥɫɴɣɲɛɝ ɰɵɩ ɡɪɡɰɝɢɸɨɡɩɵɩ ɱɠɭɫɯɱɯɰɣɨɘɰɵɩ, ɣ ɨəɤɫɠɫɮ ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ 
ɝɬɫɠɛɠɡɥ ɦɝɧɹɰɡɭɝɝɬɸ ɝɱɰɚ ɰɣɮ ɞɝɤɨɫɩɸɨɣɯɣɮ ɨɡ ɰɝ ɥɯɰɫɭɥɦɘ ɠɡɠɫɨəɩɝ.

ɐɫ ɬɝɭɝɬɘɩɵ ɯɱɨɬəɭɝɯɨɝ ɥɯɳɹɡɥ ɝɩɡɪɘɭɰɣɰɝɝɬɸ ɰɫ ɡɬɥɧɡɟɨəɩɫ ɱɠɭɫɧɫɟɥɦɸ ɨɫɩɰəɧɫ.

Ⱥɯɫɩ ɝɲɫɭɘ ɰɣɩ ɝɬɸɦɧɥɯɣ ɨɡɰɝɪɹ ɰɵɩ ɡɦɰɥɨɣɨəɩɵɩ ɰɥɨɺɩ ɰɵɩ ɬɝɭɝɨəɰɭɵɩ ɝɬɸ ɦɘɤɡ ɨɥɝ ɝɬɸ ɰɥɮ ɠɹɫ 
ɨɡɤɫɠɫɧɫɟɛɡɮ ɞɝɤɨɫɩɸɨɣɯɣɮ, ɝɱɰɚ ɝɬɫɠɡɛɳɤɣɦɡ ɫɧɫəɩɝ ɦɝɥ ɬɥɫ ɯɣɨɝɩɰɥɦɚ, ɸɯɫ ɣ ɠɫɨɚ ɰɫɱ 
ɡɪɡɰɝɢɸɨɡɩɫɱ ɨɫɩɰəɧɫɱ ɟɥɩɸɰɝɩ ɬɥɫ ɬɫɧɹɬɧɫɦɣ.
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ɏɱɨɬɡɭɘɯɨɝɰɝ & ɍɭɫɰɘɯɡɥɮ ɟɥɝ ɉɡɧɧɫɩɰɥɦɚ ȷɭɡɱɩɝ

Vɂɲɝɭɨɫɟɚ ɰɣɮ ɯɰɫɳɝɯɰɥɦɚɮ ɞɝɤɨɫɩɸɨɣɯɣɮ ɯɡ ɬɡɭɥɫɳɚ ɨɡɧəɰɣɮ:Ⱦɬɫɠɡɛɳɤɣɦɡɡɪɛɯɫɱ ɥɦɝɩɚ ɨɡ ɰɫ 
ɦɧɝɯɯɥɦɸ ɯɳɚɨɝ ɞɝɤɨɫɩɸɨɣɯɣɮɟɥɝ ɰɣɩ ɝɩɘɧɱɯɣ ɯɡ ɨɣɩɥɝɛɝ ɦɧɛɨɝɦɝ, ɡɩɺɯɡɣɨɡɭɚɯɥɝ ɦɧɛɨɝɦɝɣ 
ɨəɤɫɠɫɮɡɬəɠɡɥɪɡ ɡɧɝɲɭɺɮ ɨɥɦɭɸɰɡɭɣ ɡɬɛɠɫɯɣ.

VȾɩɘɧɱɯɣ ɨɡɟɘɧɣɮ ɦɧɛɨɝɦɝɮ:ɀɥɝ ɰɣɩ ɬɧɡɥɫɴɣɲɛɝ ɰɵɩ ɡɪɡɰɝɢɸɨɡɩɵɩ ɬɡɭɥɬɰɺɯɡɵɩ ɝɬɫɠɡɛɳɤɣɦɡ ɸɰɥ ɣ 
ɯɰɫɳɝɯɰɥɦɚ ɞɝɤɨɫɩɸɨɣɯɣɝɬɫɠɛɠɡɥ ɦɝɧɹɰɡɭɝ ɝɬɸ ɰɣ ɨɡɤɫɠɫɧɫɟɛɝ ɠɥɝɳɵɭɥɯɨɫɹ ɰɫɱ ɥɯɰɫɭɥɦɫɹ 
ɠɡɛɟɨɝɰɫɮ.

Vȿɝɤɨɫɩɸɨɣɯɣ ɨɡ ɯɱɩɤɡɰɥɦɘ ɠɡɠɫɨəɩɝ:ɝɩɡɪɘɭɰɣɰɣ ɰɣɮ ɬɫɧɱɬɧɫɦɸɰɣɰɝ ɰɣɮ ɠɫɨɚɮ ɰɫɱ ɱɠɭɫɧɫɟɥɦɫɹ 
ɨɫɩɰəɧɫɱ.

ɍɭɫɰɘɯɡɥɮ ɟɥɝ ɬɡɭɝɥɰəɭɵ ɠɥɡɭɡɹɩɣɯɣ:

Áɓɭɚɯɣ ɬɡɭɥɯɯɸɰɡɭɵɩ ɨəɰɭɵɩ ɡɬɛɠɫɯɣɮ ɟɥɝ ɝɪɥɫɧɸɟɣɯɣ ɰɣɮ ɥɦɝɩɸɰɣɰɝɮ ɬɭɸɞɧɡɴɣɮ ɰɫɱ ɦɘɤɡ ɨɫɩɰəɧɫɱ.

ÁɁɥɡɭɡɹɩɣɯɣ ɰɵɩ ɠɱɩɝɰɫɰɚɰɵɩ ɰɣɮ ɨɡɤɫɠɫɧɫɟɛɝɮ ɟɥɝ ɳɭɚɯɣ ɱɠɭɫɧɫɟɥɦɺɩ ɨɫɩɰəɧɵɩ ɬɥɫ ɬɡɭɛɬɧɫɦɣɮ ɠɫɨɚɮ.

Áɍɡɭɝɥɰəɭɵ ɠɥɡɭɡɹɩɣɯɣ ɰɣɮ ɡɲɝɭɨɫɯɥɨɸɰɣɰɝɮɰɣɮ ɨɡɤɸɠɫɱ ɯɰɣɩ ɣɨɡɭɚɯɥɝ ɦɧɛɨɝɦɝ, ɠɥɡɪɘɟɫɩɰɝɮ ɨɥɝ ɝɦɸɨɣ 
ɝɩɘɧɱɯɣ ɨɡɟɘɧɣɮ ɦɧɛɨɝɦɝɮ.

Áɀɥɝ ɰɫ ɤəɨɝ ɰɫɱ ɱɬɫɧɫɟɥɯɰɥɦɫɹ ɲɸɭɰɫɱ ɬɫɱ ɝɬɫɰəɧɡɯɡ ɬɭɸɦɧɣɯɣ ɟɥɝ ɰɣ ɨɡɧəɰɣ ɝɱɰɚ, ɡɩɠɥɝɲəɭɫɩɰɝ 
ɝɬɫɰɡɧəɯɨɝɰɝ ɤɝ ɨɬɫɭɫɹɯɡ ɩɝ ɠɺɯɡɥ ɣ ɳɭɚɯɣ ɯɹɟɳɭɫɩɵɩ ɨɡɤɸɠɵɩ ɞɡɧɰɥɯɰɫɬɫɛɣɯɣɮ ( .́ɢ., [Tsoukalaset al., 
2016]). 
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