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ȼɜɟɞɟɧɢɟ

Ƚɢɩɟɪɜɢɡɨɪ – ɷɬɨ ɩɪɨɝɪɚɦɦɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɪɚɡɞɟɥɟɧɢɟ ɪɟɫɭɪɫɨɜ ɤɨɦ-

ɩɶɸɬɟɪɚ ɧɚ ɧɟɫɤɨɥɶɤɨ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ, ɢ ɡɚɩɭɫɤ ɧɚ ɤɚɠɞɨɣ ɜɢɪɬɭɚɥɶɧɨɣ

ɦɚɲɢɧɟ ɫɜɨɟɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ.

Ɍɚɤɚɹ ɩɪɨɝɪɚɦɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɢɛɨ ɪɚɡɞɟɥɹɟɦɵɣ, ɥɢɛɨ ɦɨɧɨɩɨɥɶɧɵɣ ɞɨ-

ɫɬɭɩ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ ɤ ɤɚɠɞɨɦɭ ɢɡ ɚɩɩɚɪɚɬɧɵɯ ɭɫɬɪɨɣɫɬɜ ɤɨɦɩɶɸɬɟɪɚ. ɋɨ-

ɡɞɚɸɬɫɹ ɜɢɪɬɭɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɧɮɢɝɭɪɚɰɢɹ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ

ɤɨɧɮɢɝɭɪɚɰɢɢ ɭɫɬɪɨɣɫɬɜ ɚɩɩɚɪɚɬɧɵɯ.

ȼɢɪɬɭɚɥɢɡɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢ ɛɟɡɨɩɚɫɧɨ ɪɚɡɞɟɥɹɬɶ ɪɚɛɨɬɚɸɳɢɟ

ɩɪɢɥɨɠɟɧɢɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ȼɢɪɬɭɚɥɶɧɵɟ ɦɚɲɢɧɵ ɧɟ ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɯɨɞ ɪɚɛɨɬɵ

ɞɪɭɝ ɞɪɭɝɚ, ɢ, ɟɫɥɢ ɫɤɨɦɩɪɨɦɟɬɢɪɨɜɚɧɚ ɨɞɧɚ ɜɢɪɬɭɚɥɶɧɚɹ ɦɚɲɢɧɚ, ɜɫɟ ɨɫɬɚɥɶ-

ɧɵɟ ɨɫɬɚɸɬɫɹ ɜ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɨɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɚɦɵɯ ɪɚɡɧɵɯ ɨɛɥɚ-

ɫɬɹɯ IT. Ɂɚɱɚɫɬɭɸ ɜɢɪɬɭɚɥɢɡɚɰɢɸ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɟɝɦɟɧ-

ɬɢɪɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɤɨɦɩɶɸɬɟɪɚ ɧɚ ɨɬɞɟɥɶɧɵɟ ɜɢɪɬɭɚɥɶɧɵɟ ɦɚɲɢɧɵ.

Ȼɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɧɚɩɢɫɚɬɶ ɦɢɧɢɦɚɥɶɧɵɣ ɭɱɟɛɧɵɣ ɞɟɦɨɧɫɬɪɚɰɢɨɧ-

ɧɵɣ ɝɢɩɟɪɜɢɡɨɪ. ɂɫɯɨɞɧɵɣ ɬɟɤɫɬ ɩɪɨɟɤɬɚ ɜɵɩɭɳɟɧ ɩɨɞ ɥɢɰɟɧɡɢɟɣ MIT. git-
ɪɟɩɨɡɢɬɨɪɢɣ ɝɢɩɟɪɜɢɡɨɪɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɨ ɚɞɪɟɫɭ https://github.com/
jinet-vm/vmm.
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1 Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɱɚɫɬɶ

1.1 Ⱥɤɬɭɚɥɶɧɨɫɬɶ

ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɬɟɯɧɨɥɨɝɢɢ ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɜɫё ɝɥɭɛɠɟ ɢ ɝɥɭɛɠɟ ɜɯɨɞɹɬ ɜ

ɦɢɪ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɧɚɯɨɞɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɚɦɵɯ ɪɚɡɧɵɯ ɨɛɥɚ-

ɫɬɹɯ IT:

1. ɢɡɨɥɹɰɢɹ ɫɟɪɜɟɪɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɢ

2. ɷɮɮɟɤɬɢɜɧɨɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɟ ɪɟɫɭɪɫɨɜ ɤɨɦɩɶɸɬɟɪɚ

3. ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɧɵɯ Ɉɋ ɧɚ ɧɚɫɬɨɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ

4. ɨɬɥɚɞɤɚ ɝɨɫɬɟɜɵɯ ɫɢɫɬɟɦ ɱɟɪɟɡ ɜɵɜɨɞ ɜɫɟɯ ɜɵɯɨɞɨɜ ɢɡ ȼɆ

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɬɪɟɛɭɸɬɫɹ ɫɩɟɰɢɚɥɢɫɬɵ, ɫɩɨɫɨɛɧɵɟ

ɩɨɧɢɦɚɬɶ ɩɪɢɧɰɢɩɵ ɢ ɦɟɯɚɧɢɡɦɵ ɩɪɨɝɪɚɦɦɧɨɣ ɢ ɚɩɩɚɪɚɬɧɨɣ ɜɢɪɬɭɚɥɢɡɚɰɢɢ.

Ⱦɥɹ ɦɟɧɹ, ɤɚɤ ɚɜɬɨɪɚ ɞɢɩɥɨɦɚ, ɰɟɥɶɸ ɧɚɩɢɫɚɧɢɹ ɞɢɩɥɨɦɚ ɫɬɚɥɨ ɩɨɝɪɭɠɟɧɢɟ ɜ

ɦɢɪ ɜɢɪɬɭɚɥɢɡɚɰɢɢ, ɜɵɱɢɫɥɟɧɢɣ ɢ ɩɪɹɦɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɠɟɥɟɡɚ. ɍɞɚɥɨɫɶ

ɭɡɧɚɬɶ, ɤɚɤ ɪɚɛɨɬɚɟɬ ɜɢɪɬɭɚɥɢɡɚɰɢɹ ɢɡɧɭɬɪɢ ɢ ɧɚɭɱɢɬɶɫɹ ɩɢɫɚɬɶ ɤɨɞ ɭɩɪɚɜɥɟɧɢɹ

ɦɟɯɚɧɢɡɦɚɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜɢɪɬɭɚɥɢɡɚɰɢɢ.

1.2 Тɪɟɛɨɜɚɧɢɹ ɤ ɪɚɛɨɬɟ

ɂɞɟɹ ɩɪɨɟɤɬɚ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɚɪɯɢɬɟɤ-

ɬɭɪɵ x86, ɜɤɥɸɱɚɹ ɦɟɯɚɧɢɡɦɵ ɢɡɨɥɹɰɢɢ ɩɪɢɥɨɠɟɧɢɣ ɢ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ
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ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɭɬёɦ ɫɨɡɞɚɧɢɹ ɦɨɧɢɬɨɪɚ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ, ɨɧ ɠɟ ɝɢɩɟɪɜɢ-

ɡɨɪ. Ⱦɥɹ ɦɟɧɹ ɷɬɨ ɫɬɚɥɨ ɭɧɢɤɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɝɥɭɛɢɬɶ ɡɧɚɧɢɹ ɚɪɯɢɬɟɤɬɭ-

ɪɵ ɩɪɨɰɟɫɫɨɪɨɜ Intel ɢ ɧɚɜɵɤɢ ɫɢɫɬɟɦɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ.

Цɟɥɶ ɪɚɛɨɬɵ – ɷɬɨ ɫɨɡɞɚɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɦɨɧɢɬɨɪɚ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ

(ɝɢɩɟɪɜɢɡɨɪɚ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɯɚɧɢɡɦɨɜ ɚɩɩɚɪɚɬɧɨɣ ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɚɪɯɢ-

ɬɟɤɬɭɪɵ x86-64 (AMD64).

Ȼɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:

1. Ɉɛɟɫɩɟɱɢɬɶ ɡɚɝɪɭɡɤɭ ɢɡ ɛɭɬɫɟɤɬɨɪɚ (bootsector)

2. ɇɚɫɬɪɨɢɬɶ ɪɟɠɢɦ ɪɚɛɨɬɵ ɜɢɞɟɨɚɞɚɩɬɟɪɚ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɜɵɜɨɞɚ ɬɟɤɫɬɨ-

ɜɵɯ ɞɚɧɧɵɯ

3. ɇɚɫɬɪɨɢɬɶ ɩɚɦɹɬɶ ɜ 32-ɛɢɬɧɨɣ ɩɥɨɫɤɨɣ ɦɨɞɟɥɢ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɟɯɨɞ ɜ

32-ɛɢɬɧɵɣ ɡɚɳɢɳёɧɧɵɣ ɪɟɠɢɦ (Protected Mode)

4. ɇɚɫɬɪɨɢɬɶ ɦɟɯɚɧɢɡɦɵ ɫɬɪɚɧɢɱɧɨɣ ɬɪɚɧɫɥɹɰɢɢ ɩɚɦɹɬɢ ɢ ɩɟɪɟɯɨɞ ɜ 64-

ɛɢɬɧɵɣ ɪɟɠɢɦ (Long Mode)

5. ɇɚɫɬɪɨɢɬɶ ɨɛɪɚɛɨɬɤɭ ɢɫɤɥɸɱɟɧɢɣ ɢ ɩɪɟɪɵɜɚɧɢɣ

6. ɇɚɫɬɪɨɢɬɶ ɪɚɫɲɢɪɟɧɢɹ ɚɩɩɚɪɚɬɧɨɣ ɜɢɪɬɭɚɥɢɡɚɰɢɢ Intel VT-i ɢ ɜɤɥɸɱɟɧɢɟ

ɪɟɠɢɦɚ VMX

7. Ɉɛɟɫɩɟɱɢɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜɵɡɨɜɨɜ (VMCall) ɢɡ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ

ɜ ɝɢɩɟɪɜɢɡɨɪ (ɦɨɧɢɬɨɪ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ) ɢ ɜɨɡɜɪɚɬɨɜ ɨɛɪɚɬɧɨ ɜ ɜɢɪ-

ɬɭɚɥɶɧɵɟ ɦɚɲɢɧɵ
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1.3 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ

ȼɢɪɬɭɚɥɢɡɚɰɢɹ ȼɢɪɬɭɚɥɢɡɚɰɢɹ – ɬɟɯɧɢɤɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɢɫɩɨɥɧɹɟɦɨɣ ɩɪɨ-

ɝɪɚɦɦɟ ɧɚɛɨɪɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɚɛɫɬɪɚɝɢɪɨɜɚɧɧɚɹ ɨɬ ɢɯ ɚɩɩɚɪɚɬɧɨɣ

ɪɟɚɥɢɡɚɰɢɢ. ȼɢɪɬɭɚɥɢɡɚɰɢɹ ɛɵɥɚ ɩɪɟɞɦɟɬɨɦ ɢɡɭɱɟɧɢɹ ɢɧɮɨɪɦɚɬɢɤɢ ɧɚ ɩɪɨɬɹ-

ɠɟɧɢɢ ɦɧɨɝɢɯ ɥɟɬ: ɬɚɤ, ɧɚɩɪɢɦɟɪ, ɫɨɜɟɬɫɤɢɟ ɢɧɠɟɧɟɪɵ ɪɟɲɚɥɢ ɩɪɨɛɥɟɦɭ ɩɨɪ-

ɬɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫ ɩɥɚɬɮɨɪɦ ɢɦɟɸɳɢɯ ɞɪɭɝɢɟ ɢɧɬɟɪɮɟɣ-

ɫɵ, ɧɟɠɟɥɢ ɮɢɡɢɱɟɫɤɢɣ ɤɨɦɩɶɸɬɟɪ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɝɪɚɦɦɚ ɢɫɩɨɥɧɹɥɚɫɶ.

ȼ ɪɚɦɤɚɯ ɷɬɨɣ ɪɚɛɨɬɵ ɦɵ ɛɭɞɟɦ ɝɨɜɨɪɢɬɶ ɧɟ ɫɬɨɥɶɤɨ ɨ ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɪɟ-

ɫɭɪɫɨɜ, ɫɤɨɥɶɤɨ ɨ ɪɚɛɨɬɟ ɝɢɩɟɪɜɢɡɨɪɚ – ɩɪɨɝɪɚɦɦɵ, ɡɚɧɢɦɚɸɳɟɣɫɹ ɪɚɡɞɟɥɟɧɢ-

ɟɦ ɪɚɛɨɬɵ ɪɟɫɭɪɫɨɜ ɨɞɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɦɚɲɢɧɵ (ɯɨɡɹɢɧ (англ. host)) ɧɚ ɦɧɨ-

ɠɟɫɬɜɨ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ (ɝɨɫɬɶ (ɚɧɝɥ. guest)). ȼɧɭɬɪɢ ɤɚɠɞɨɣ ɜɢɪɬɭɚɥɶɧɨɣ

ɦɚɲɢɧɵ ɢɫɩɨɥɧɹɟɬɫɹ ɫɜɨɹ Ɉɋ, ɯɨɞ ɪɚɛɨɬɵ ɤɨɬɨɪɨɣ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɚɛɨɬɭ ɞɪɭɝɢɯ

ȼɆ.

Ƚɢɩɟɪɜɢɡɨɪ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɦɭɥɹɬɨɪɚ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɩɪɨɝɪɚɦɦɧɭɸ ɷɦɭɥɹ-

ɰɢɸ ɤɨɦɚɧɞ, ɥɢɲɶ ɩɟɪɟɯɜɚɬɵɜɚɟɬ ɭɩɪɚɜɥɟɧɢɟ ɭ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ ɜ ɫɥɭɱɚɟ

ɧɟɨɛɯɨɞɢɦɨɫɬɢ. Ʉɨɞ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧɵ ɜɵɩɨɥɧɹɟɬɫɹ ɚɩɩɚɪɚɬɧɨ ɜ ɩɪɨɰɟɫɫɨ-

ɪɟ. Ɍɚɤ ɤɚɤ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɝɢɩɟɪɜɢɡɨɪɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɨɥɹɰɢɸ ɜɢɪɬɭɚɥɶɧɵɯ

ɦɚɲɢɧ, ɞɥɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɟɝɨ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɚ ɚɩɩɚɪɚɬɧɚɹ ɩɨɞɞɟɪɠɤɚ

ɜɢɪɬɭɚɥɢɡɚɰɢɢ. ɉɟɪɜɨɣ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɛɵɥɚ ɤɨɦɩɚɧɢɹ IBM ɫ ɦɷɣɧɮɪɟɣɦɚɦɢ

System/360, System/370, ɫɨɡɞɚɧɧɵɦɢ ɧɚ ɪɭɛɟɠɟ 60-70-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ.

ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɰɟɫɫɨɪɵ Intel ɬɚɤɠɟ ɩɨɞɞɟɪɠɢɜɚɸɬ ɪɚɫɲɢɪɟɧɢɹ ɚɩɩɚɪɚɬɧɨɣ

ɜɢɪɬɭɚɥɢɡɚɰɢɢ (VT-i, VT-d), ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɜɢɪɬɭɚɥɢɡɚɰɢɢ.

ɉɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɩɟɪɜɵɯ ɝɢɩɟɪɜɢɡɨɪɨɜ ɩɨɹɜɢɥɚɫɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚ-

ɧɢɹ ɮɨɪɦɚɥɶɧɵɯ ɤɪɢɬɟɪɢɟɜ ɜɢɪɬɭɚɥɢɡɚɰɢɢ. ȼ 1974 ɫɬɚɬɶɹ Ⱦɠɟɪɚɥɶɞɚ ɉɨɩɟɤɚ ɢ

Ɋɨɛɟɪɬɚ Ƚɨɥɶɞɛɟɪɝɚ ɢɯ ɫɮɨɪɦɢɪɨɜɚɥɚ.
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Кɥɚɫɫɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ ɜɢɪɬɭɚɥɢɡɭɟɦɨɫɬɢ Ɍɪɟɛɨɜɚɧɢɹ ɤ ɦɨɧɢɬɨɪɭ ɜɢɪɬɭ-

ɚɥɶɧɵɯ ɦɚɲɢɧ (ɬɨ ɠɟ, ɱɬɨ ɢ ɝɢɩɟɪɜɢɡɨɪ) ɫɨɫɬɨɹɬ ɢɡ ɬɪёɯ ɩɭɧɤɬɨɜ:

1. Иɡɨɥɹɰɢɹ. Ʉɚɠɞɚɹ ȼɆ ɢɦɟɟɬ ɞɨɫɬɭɩ ɬɨɥɶɤɨ ɤ ɫɜɨɢɦ ɪɟɫɭɪɫɚɦ. ȼɢɪɬɭ-

ɚɥɶɧɵɟ ɦɚɲɢɧɵ ɧɟ ɜɥɢɹɸɬ ɧɚ ɪɚɛɨɬɭ ɞɪɭɝ ɞɪɭɝɚ, ɟɫɥɢ ɨɞɧɚ ɜɢɪɬɭɚɥɶɧɚɹ

ɦɚɲɢɧɚ ɨɤɚɡɚɥɚɫɶ ɡɚɪɚɠɟɧɧɨɣ ɜɢɪɭɫɨɦ, ɞɪɭɝɚɹ ɩɪɨɞɨɥɠɚɟɬ ɪɚɛɨɬɭ.

2. Эɤɜɢɜɚɥɟɧɬɧɨɫɬɶ. ȼɢɪɬɭɚɥɶɧɚɹ ɦɚɲɢɧɚ ɜɟɞёɬ ɫɟɛɹ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɧɚɫɬɨ-

ɹɳɢɣ ɤɨɦɩɶɸɬɟɪ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȿɞɢɧɫɬɜɟɧɧɨɟ ɪɚɡ-

ɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɤɨɪɨɫɬɢ ɢɫɩɨɥɧɟɧɢɹ, ɜɢɪɬɭɚɥɶɧɚɹ ɦɚɲɢɧɚ ɪɚɛɨɬɚɟɬ

ɦɟɞɥɟɧɧɟɟ ɤɨɦɩɶɸɬɟɪɚ.

3. Эɮɮɟɤɬɢɜɧɨɫɬɶ. ɋɬɚɬɢɫɬɢɱɟɫɤɢ ɩɪɟɨɛɥɚɞɚɸɳɟɟ ɩɨɞɦɧɨɠɟɫɬɜɨ ɢɧɫɬɪɭɤ-

ɰɢɣ ɜɢɪɬɭɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ɞɨɥɠɧɨ ɢɫɩɨɥɧɹɬɶɫɹ ɧɚɩɪɹɦɭɸ ɯɨɡɹɣɫɤɢɦ

ɩɪɨɰɟɫɫɨɪɨɦ, ɛɟɡ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɦɨɧɢɬɨɪɚ ȼɆ. ɍɩɪɚɜɥɟɧɢɟ ɩɟɪɟɞɚёɬɫɹ

ɝɢɩɟɪɜɢɡɨɪɭ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ ɩɪɢɜɢɥɟɝɢɪɨɜɚɧɧɨɣ ɨɩɟɪɚɰɢɢ – ɬɨɣ, ɤɨɬɨɪɚɹ

ɦɨɠɟɬ ɧɚɪɭɲɢɬɶ ɢɡɨɥɹɰɢɸ ɦɚɲɢɧ.

Тɢɩɵ ɝɢɩɟɪɜɢɡɨɪɨɜ Ƚɢɩɟɪɜɢɡɨɪɵ ɞɟɥɹɬ ɩɨ ɢɯ ɭɫɬɪɨɣɫɬɜɭ ɧɚ ɞɜɟ ɛɨɥɶɲɢɟ

ɝɪɭɩɩɵ: ɝɢɩɟɪɜɢɡɨɪɵ I ɢ II ɬɢɩɚ.

• Ƚɢɩɟɪɜɢɡɨɪɵ I ɬɢɩɚ ɢɫɩɨɥɧɹɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɢ ɢɦɟ-

ɸɬ ɩɨɥɧɵɣ ɞɨɫɬɭɩ ɤ ɟɝɨ ɭɫɬɪɨɣɫɬɜɚɦ. Ʉɨɦɩɶɸɬɟɪ ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɫɨɮɬ ɝɢ-

ɩɟɪɜɢɡɨɪɚ, ɢ ɦɨɧɢɬɨɪ ȼɆ, ɩɨɞɨɛɧɨ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ, ɧɚɱɢɧɚɟɬ ɪɚ-

ɛɨɬɵ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ. ɉɪɢɦɟɪɵ: VMWare ESXi, Xen. (ɫɦ. ɪɢɫ. 1)

• Ƚɢɩɟɪɜɢɡɨɪɵ II ɬɢɩɚ ɡɚɝɪɭɠɚɸɬɫɹ ɜɧɭɬɪɢɈɋɢɩɨɥɭɱɚɸɬ ɞɨɫɬɭɩ ɤ ɭɫɬɪɨɣ-

ɫɬɜɚɦ ɱɟɪɟɡ ɟё ɢɧɬɟɪɮɟɣɫɵ. Ɂɚɱɚɫɬɭɸ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɝɢɩɟɪɜɢɡɨɪ II ɬɢɩɚ

ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɜ ɹɞɪɨ Ɉɋ ɫɜɨɣ ɦɨɞɭɥɶ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɨɧ ɦɨɠɟɬ ɨɛ-

7



ɪɚɳɚɬɶɫɹ ɤ ɧɢɡɤɨɭɪɨɜɧɟɜɵɦ ɩɪɨɰɟɫɫɨɪɧɵɦ ɪɚɫɲɢɪɟɧɢɹɦ ɜɢɪɬɭɚɥɢɡɚɰɢɢ.

ɉɪɢɦɟɪɵ: KVM, VirtualBox. (ɫɦ. ɪɢɫ. 2) Ƚɢɩɟɪɜɢɡɨɪ Jinet - ɝɢɩɟɪɜɢɡɨɪ I

ɬɢɩɚ: ɬɚɤ ɥɟɝɱɟ ɨɛɪɚɳɚɬɶɫɹ ɤ ɪɟɫɭɪɫɚɦ ɤɨɦɩɶɸɬɟɪɚ.

1.4 Ⱥɧɚɥɨɝɢ

ȼɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɚɥɟɧɶɤɢɣ ɝɢɩɟɪɜɢɡɨɪ. ɉɨɞɨɛɧɵɟ ɟɦɭ ɛɨɥɶ-

ɲɢɟ ɚɧɚɥɨɝɢ ɩɢɫɚɥɢ ɞɟɫɹɬɤɢ ɩɪɨɝɪɚɦɦɢɫɬɨɜ ɦɧɨɝɨ ɦɟɫɹɰɟɜ. Ƚɢɩɟɪɜɢɡɨɪ Jinet

ɫɟɣɱɚɫ ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɤɚɬɶ ɩɪɨɫɬɟɣɲɢɣ ɤɨɞ ɜ ɢɡɨɥɢɪɭɟɦɨɦ ɨɤɪɭɠɟɧɢɢȼɆɜɢɪ-

ɬɭɚɥɶɧɨɣ ɦɚɲɢɧɵ. ɍ ɜɫɟɯ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɧɢɠɟ ɝɢɩɟɪɜɢɡɨɪɨɜ ɢɫɯɨɞɧɵɣ ɬɟɤɫɬ

ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ. ɉɪɢɜɟɞёɧɧɵɟ ɚɧɚɥɨɝɢ (ɫɦ. ɬɚɛɥɢɰɭ 1) ɛɵɥɢ ɧɚ-

ɩɢɫɚɧɵ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɜ ɨɛɥɚɫɬɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɫɢɫɬɟɦɧɨɝɨ

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɝɢɩɟɪɜɢɡɨɪɨɜ ɩɟɪɜɨɝɨ ɬɢɩɚ, ɚ

ɧɟɤɨɬɨɪɵɟ – ɜɬɨɪɨɝɨ.

1.5 ȼɵɜɨɞɵ

Ȼɵɥɚ ɢɡɭɱɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɩɪɨɰɟɫɫɨɪɨɜ Intel x86. Ɂɚ ɜɪɟɦɹ ɪɚɛɨɬɵ ɧɚɞ

ɝɢɩɟɪɜɢɡɨɪɨɦ ɩɪɢɲɥɨɫɶ ɢɡɭɱɢɬɶ ɫɚɦɵɟ ɪɚɡɧɵɟ ɚɫɩɟɤɬɵ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɵɯ

ɉɄ: ɨɬ ɪɚɛɨɬɵ ɜ 16-ɛɢɬɧɨɦ ɪɟɠɢɦ ɞɨ ɨɩɵɬɚ ɧɟɭɫɩɟɲɧɨɣ ɨɬɥɚɞɤɢ ɧɚ ɪɚɡɪɚɛɨɬ-

ɱɟɫɤɢɯ ɩɥɚɬɚɯ.

Ȼɵɥɚ ɪɚɫɫɦɨɬɪɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɜɢɪɬɭɚɥɢ-

ɡɚɰɢɢ. ɂɡɭɱɟɧɵ ɤɪɢɬɟɪɢɢ ɜɢɪɬɭɚɥɢɡɭɟɦɨɫɬɢ ɢ ɬɢɩɵ ɝɢɩɟɪɜɢɡɨɪɨɜ, ɢɫɫɥɟɞɨɜɚ-

ɧɵ ɚɧɚɥɨɝɢɱɧɵɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦɭ ɦɢɧɢɦɚɥɶɧɵɟ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɝɢɩɟɪ-

ɜɢɡɨɪɵ.
1ɫɦ. 1.3
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Ɍɚɛɥɢɰɚ 1: Ⱥɧɚɥɨɝɢ

Ƚɢɩɟɪɜɢɡɨɪ Ɍɢɩ VMM1 ɉɥɚɬɮɨɪɦɵ
(ɟɫɥɢ II ɬɢɩ)

Ɋɚɡɦɟɪ
ɢɫɯɨɞɧɨɝɨ
ɬɟɤɫɬɚ

ɇɚɡɧɚɱɟɧɢɟ

SimpleVisor II
Win8.1;
ɱɚɫɬɢɱɧɨ
UEFI

162 KB
ɢɫɩɨɥɶɡɨɜɚɧɢɟ
ɧɨɜɟɣɲɟɝɨ
VMX

Ramooflax I – 2.26 MB
ɚɧɚɥɢɡ/ɨɬɥɚɞɤɚ
/ɤɨɧɬɪɨɥɶ
ȼɆ

HyperPlatform II
Win7;Win8.1;
Win10: x86 &
x64

7.64 MB
ɚɧɚɥɢɡ
ɪɚɛɨɬɵ
Windows

Jinet I – < 1MB ɭɱɟɛɧɵɣ
ɝɢɩɟɪɜɢɡɨɪ

2 Кɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ ɦɧɨɠɟɫɬɜɨ ɡɚɞɚɱ (■ ɢ +

ɨɡɧɚɱɚɸɬ, ɱɬɨ ɡɚɞɚɱɚ ɪɟɲɟɧɚ; □ ɢ − ɨɡɧɚɱɚɸɬ, ɱɬɨ ɡɚɞɚɱɚ ɟɳё ɧɟ ɪɟɲɟɧɚ):

Иɡɭɱɟɧɢɟ Real Mode ɚɫɫɟɦɛɥɟɪɚ (16bit)

+ Ɂɚɝɪɭɡɨɱɧɵɣ ɫɟɤɬɨɪ: ɧɚɩɢɫɚɧɢɟ ɫɜɨɟɝɨ ɡɚɝɪɭɡɨɱɧɨɝɨ ɤɨɞɚ

+ ɇɚɩɢɫɚɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɚɜɬɨɦɚɬɚ ɜ ɡɚɝɪɭɡɨɱɧɨɦ ɫɟɤɬɨɪɟ

+ BIOS - ɩɪɟɪɵɜɚɧɢɹ: int 13h, int 15h

+ Ɋɚɛɨɬɚ ɫ VideoBIOS: ɪɚɛɨɬɚ ɫ int 10h

+ ɇɚɱɚɥɨ ɪɚɛɨɬɵ ɫ ɷɦɭɥɹɬɨɪɚɦɢ Bochs, QEMU
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Иɡɭɱɟɧɢɟ Protected Mode (32bit)

+ ɍɩɪɚɜɥɟɧɢɟ ɩɚɦɹɬɶɸ: ɝɥɨɛɚɥɶɧɚɹ ɬɚɛɥɢɰɚ ɞɟɫɤɪɢɩɬɨɪɨɜ (GDT)

+ ɂɡɭɱɟɧɢɟ Big Real Mode

+ ɂɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢɫɩɨɥɧɹɟɦɨɝɨ ɮɚɣɥɚ ELF

+ ɂɡɭɱɟɧɢɟ ɤɨɦɩɨɧɨɜɤɢ ɤɨɞɚ ɧɚ Assembler ɢ ɤɨɞɚ ɧɚ ɹɡɵɤɟ C

+ ɇɚɱɚɥɨ ɪɚɡɪɚɛɨɬɤɢ ɜ Protected Mode ɧɚ ɹɡɵɤɟ C

+ Чɬɟɧɢɟ ɤɚɪɬɵ ɞɨɫɬɭɩɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɩɚɦɹɬɢ

+ ȼɢɪɬɭɚɥɶɧɚɹ ɩɚɦɹɬɶ: ɧɚɫɬɪɨɣɤɚ ɫɬɪɚɧɢɱɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ (Paging)

+ Ɉɛɪɚɛɨɬɤɚ ɩɪɟɪɵɜɚɧɢɣ: ɬɚɛɥɢɰɚ ɩɪɟɪɵɜɚɧɢɣ ɜ ɡɚɳ. ɪɟɠɢɦɟ (IDT)

+ ɉɟɪɟɧɨɫ ɤɨɞɚ ɹɞɪɚ ɢ ɬɚɛɥɢɰ ɜɵɲɟ 1 ɆȻ

+ ɂɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɚɩɩɚɪɚɬɧɨɣ ɦɧɨɝɨɡɚɞɚɱɧɨɫɬɢ. ɋɬɪɭɤɬɭɪɚ TSS

Иɡɭɱɟɧɢɟ ɬɨɩɨɥɨɝɢɢ ɹɞɟɪ ɢ ɩɪɨɰɟɫɫɨɪɨɜ (ACPI: SRAT, SLIT)

+ ɂɡɭɱɟɧɢɟ APIC, XAPIC (LAPIC, IOAPIC, ACPI: MADT)

Иɡɭɱɟɧɢɟ Long Mode (64 bit, x86-64)

+ ɂɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ TSS ɢ IDT ɜ 64-ɛɢɬɧɨɦ ɪɟɠɢɦɟ

+ ɂɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɬɪɚɧɢɱɧɨɣ ɚɞɪɟɫɚɰɢɢ ɩɚɦɹɬɢ (PAE)

Иɡɭɱɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɹɞɪɚ

+ ɋɛɨɪɤɚ ɩɪɨɟɤɬɚ ɫ ɩɨɦɨɳɶɸ ɭɬɢɥɢɬɵ make

+ ɉɨɪɬɢɪɨɜɚɧɢɟ ɩɪɨɟɤɬɚ ɫ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɚɝɪɭɡɱɢɤɚ ɧɚ GRUB

+ ɇɚɫɬɪɨɣɤɚ VGA, VBE ɤɚɤ ɜɵɜɨɞɨɜ ɬɟɪɦɢɧɚɥɚ ɫɢɫɬɟɦɵ

+ ɍɩɪɚɜɥɟɧɢɟ ɩɚɦɹɬɶɸ
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+ ȼɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɞɨɫɬɭɩ ɤ ɫɬɪɭɤɬɭɪɚɦ paging-ɚ

+ ȼɵɞɟɥɟɧɢɟ ɮɢɡɢɱɟɫɤɨɣ ɩɚɦɹɬɢ (binary buddy allocator)

+ Ʉɭɱɚ (heap)

+ Ⱦɨɫɬɭɩ ɤ ɨɬɥɚɞɨɱɧɨɣ ɤɨɧɫɨɥɢ ɱɟɪɟɡ Intel LPSS UART2

+ Ɉɛɪɚɛɨɬɤɚ ACPI ɬɚɛɥɢɰ: MADT, DBGP

+ ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɦɧɨɝɨɹɞɟɪɧɨɫɬɢ: ɨɬɩɪɚɜɥɟɧɢɟ SIPI, init-IPI

+ Ɋɚɡɪɚɛɨɬɤɚ ɩɥɚɧɢɪɨɜɳɢɤɚ ɞɥɹ ɡɚɞɚɱ ɧɚ BSP (round-robin)

∗ ɇɚɩɢɫɚɧɢɟ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɪɨɟɤɬɚ ɧɚ Doxygen [in process]

Иɡɭɱɟɧɢɟ ɚɩɩɚɪɚɬɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜɢɪɬɭɚɥɢɡɚɰɢɢ VMX (VT-i, VT-d)

+ ɉɨɞɝɨɬɨɜɤɚ ɢ ɜɤɥɸɱɟɧɢɟ VMX-ɪɟɠɢɦɚ

+ ɉɨɞɝɨɬɨɜɤɚ ɭɩɪɚɜɥɹɸɳɢɯ ɫɬɪɭɤɬɭɪ ɞɥɹ ɜɢɪɬɭɚɥɶɧɨɣ ɦɚɲɢɧɵ

+ ɋɨɡɞɚɧɢɟ ɨɛɪɚɛɨɬɱɢɤɚ VMCal

+ ɋɨɡɞɚɧɢɟ ɨɛɪɚɛɨɬɱɢɤɨɜ ɫɨɛɵɬɢɣ

+ ɋɨɡɞɚɧɢɟ ɪɚɫɲɢɪɟɧɧɵɯ ɬɚɛɥɢɰ ɫɬɪɚɧɢɱɧɨɣ ɬɪɚɧɫɥɹɰɢɢ (EPT)

− ɋɨɡɞɚɧɢɟ BIOS ɞɥɹ ɜɢɪɬɭɚɥɶɧɵɯ ɦɚɲɢɧ

− ɋɨɡɞɚɧɢɟ ɜɢɪɬɭɚɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ:

− Ʉɥɚɜɢɚɬɭɪɚ ɢ ɦɵɲɶ

− ɀёɫɬɤɢɣ ɞɢɫɤ (ɜɢɪɬɭɚɥɶɧɵɣ int 13h)

− ȼɢɪɬɭɚɥɶɧɵɣ ɬɟɤɫɬɨɜɵɣ ɞɢɫɩɥɟɣ

− ȼɢɪɬɭɚɥɶɧɵɣ VGA ɞɢɫɩɥɟɣ

− ɋɨɡɞɚɧɢɟ ɦɟɯɚɧɢɡɦɚ ɩɪɨɛɪɨɫɚ ɭɫɬɪɨɣɫɬɜ (pass-through)

2ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ DBGP, PCI ɧɨɦɟɪ ɭɫɬɪɨɣɫɬɜɚ: ɜɟɧɞɨɪ 8086h, id ɭɫɬɪɨɣɫɬɜɚ A166h
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− ɋɨɡɞɚɧɢɟ ɩɚɪɬɢɰɢɢ ɝɢɩɟɪɜɢɡɨɪɚ ɢ ɟё ɫɬɪɭɤɬɭɪɵ

− ɋɨɡɞɚɧɢɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɭɩɪɚɜɥɟɧɢɹ

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɧɚɞ ɞɢɩɥɨɦɧɵɦ ɩɪɨɟɤɬɨɦ ɛɵɥɨ ɢɡɭɱɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟ-

ɫɬɜɨ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɨ ɩɪɨɰɟɫɫɨɪɚɦ Intel ([1]) ɢ AMD (ɤɚɤ ɩɟɪɜɨɫɨɡɞɚɬɟɥɹ x86-

64: [2]), ɞɨɤɭɦɟɧɬɚɰɢɹ gnu make ([3]), gnu ld ([4]), gcc ([5]), fasm ([6]),

ɮɨɪɦɚɬɚ ELF ([7]), ɬɚɛɥɢɰ ACPI ([8])

2.1 ȼɵɜɨɞɵ

Ȼɵɥɩɨɥɭɱɟɧ ɜɚɠɧɵɣɨɩɵɬɪɚɛɨɬɵ ɫ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ.Ȼɨɥɶ-

ɲɚɹ ɱɚɫɬɶ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɢɡɭɱɟɧɧɨɣ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɧɚɞ ɞɢɩɥɨɦɧɵɦɩɪɨɟɤɬɨɦ,

ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɧɚ ɬɟɯɧɢɱɟɫɤɨɦ ɚɧɝɥɢɣɫɤɨɦ. ɉɪɢ ɪɚɛɨɬɟ ɫ ɬɚɤɨɣ ɧɢɡɤɨɭɪɨɜɧɟɜɨɣ

ɬɟɯɧɨɥɨɝɢɟɣ, ɤɚɤ ɚɩɩɚɪɚɬɧɚɹ ɜɢɪɬɭɚɥɢɡɚɰɢɹ, ɛɵɥɚ ɜɚɠɧɨ ɤɨɧɫɭɥɶɬɢɪɨɜɚɬɶɫɹ ɫɨ

ɫɩɪɚɜɨɱɧɢɤɚɦɢ ɢ ɞɨɤɭɦɟɧɬɚɰɢɟɣ Intel.

Ȼɵɥɢ ɩɪɨɞɭɦɚɧɵ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵɪɚɡɪɚɛɨɬɤɢ ɝɢɩɟɪɢɡɨɪɚ Jinet. Ɋɚɛɨɬɚ

ɧɚɞ ɩɪɨɟɤɬɨɦ ɧɚɱɢɧɚɟɬɫɹ ɫ ɢɡɭɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ Real Mode ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɪɚɡ-

ɪɚɛɨɬɤɨɣ ɩɨɞɫɢɫɬɟɦ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ Intel

VMX.

3 Тɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ

Ƚɢɩɟɪɜɢɡɨɪ Jinet ɛɵɥ ɧɚɩɢɫɚɧ ɧɚ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɚɫɫɟɦɛɥɟɪ (ɞɢɚ-

ɥɟɤɬɵ fasm ɢ as) ɢ C (ɤɨɦɩɢɥɹɬɨɪ gcc). ɋɛɨɪɤɚ ɩɪɨɟɤɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨ-
ɦɨɳɶɸ ɫɛɨɪɳɢɤɚ gnu ld ɢ ɭɬɢɥɢɬɵ gnu make. ȼ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ
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ɜɟɪɫɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ git ɢ ɯɨɫɬɢɧɝ GitHub.

Ⱦɥɹ ɜёɪɫɬɤɢ ɞɚɧɧɨɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ LATEX, ɚ ɩɪɟɡɟɧɬɚɰɢɹ ɞɥɹ ɡɚɳɢɬɵ ɫɨɡɞɚ-

ɜɚɥɚɫɶ ɜ Microsoft PowerPoint.

3.1 Пɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ

ɇɚ ɪɢɫ. 3 ɢɡɨɛɪɚɠɟɧɚ ɪɚɛɨɬɚ ɝɢɩɟɪɜɢɡɨɪ Jinet. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɝɢɩɟɪɢ-

ɜɢɡɨɪ ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɛɨɬɭ ɜɢɪɬɭɚɥɶɧɨɣ ɦɚɲɢɧɵ, ɤɨɬɨɪɚɹ ɜɵɜɨɞɢɬ ɫɨɨɛɳɟɧɢɟ

ɨ ɫɜɨёɦ ɭɫɩɟɲɧɨɦ ɡɚɩɭɫɤɟ ɫ ɩɨɦɨɳɶɸ vmcall: Hello! I am VM1!

3.2 ȼɵɜɨɞɵ

Ȼɵɥ ɢɡɭɱɟɧ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɢɫɬɟɦɧɨɝɨ ɩɪɨɝɪɚɦɦɢɫɬɚ.

Ɉɫɧɨɜɵ ɫɬɚɬɢɱɟɫɤɨɝɨ ɤɨɦɩɨɧɨɜɚɧɢɹ, ɮɨɪɦɚɬ ɢɫɩɨɥɧɹɟɦɵɯ ɮɚɣɥɨɜ elf, ɨɫɨ-
ɛɟɧɧɨɫɬɢ ɜɫɬɪɨɟɧɧɨɝɨ ɚɫɫɟɦɛɥɟɪɚ gcc – ɫɚɦɵɟ ɪɚɡɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɫɢɫɬɟɦɧɨ-

ɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɛɵɥɢ ɢɡɭɱɟɧɵ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. ɂɡɭɱɚɥɢɫɶ

ɬɚɤɠɟ ɭɬɢɥɢɬɵ ɞɥɹ ɫɛɨɪɤɢ: ɛɵɥɢ ɧɚɩɢɫɚɧɵ ɫɤɪɢɩɬɵ ɞɥɹ ɫɛɨɪɤɢ ɩɪɨɟɤɬɚ ɭɬɢ-

ɥɢɬɚɦɢ gnu make ɢ gnu ld, ɚ ɬɚɤɠɟ Python-ɫɤɪɢɩɬ ɞɥɹ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ
ɩɪɨɟɤɬɚ.

Ȼɵɥɢ ɢɡɭɱɟɧɵ ɨɫɧɨɜɵ ɪɚɛɨɬɵ ɫ ɹɡɵɤɨɦ ɚɫɫɟɦɛɥɟɪ ɢ ɪɚɛɨɬɵ ɫ ɛɨɥɶ-

ɲɢɦɢ ɩɪɨɟɤɬɚɦɢ ɧɚ C. Ȼɵɥɢ ɢɡɭɱɟɧɵ ɬɪɢ ɞɢɚɥɟɤɬɚ ɹɡɵɤɚ ɚɫɫɟɦɛɥɟɪ: masm,
fasm ɢ gnu as. ȼ ɪɚɛɨɬɭ ɜɨɲёɥ ɤɨɞ, ɧɚɩɢɫɚɧɧɵɣ ɧɚ ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ. Ɍɚɤɠɟ

ɛɵɥɢ ɢɡɭɱɟɧɵ ɩɪɢɧɰɢɩɵ ɧɚɩɢɫɚɧɢɹ ɢɧɬɟɪɮɟɣɫɨɜ ɢ ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨ-

ɜɚɧɢɹ ɧɚ C.
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4 Зɚɤɥɸɱɟɧɢɟ

Сɨɡɞɚɧ ɝɢɩɟɪɜɢɡɨɪ Jinet.Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɦɨɠɧɨ ɧɚɩɢɫɚɬɶ ɝɢɩɟɪɜɢɡɨɪ ɫɢɥɚ-

ɦɢ ɨɞɧɨɝɨ ɱɟɥɨɜɟɤɚ ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ. Ɇɧɨɝɨɟ ɟɳё ɬɪɟɛɭɟɬ ɪɟɚɥɢɡɚɰɢɢ ɢ ɭɥɭɱ-

ɲɟɧɢɹ:

1. Ⱦɨɪɚɛɨɬɤɚ SeaBIOS ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɡɚɩɭɫɤɚ 16-ɛɢɬɧɵɯ ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢ-

ɫɬɟɦ

2. ɉɨɞɞɟɪɠɤɚ ɪɹɞɚ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɡɚɩɭɫɤɚ ɨɞɧɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ DOS

3. ɉɨɞɞɟɪɠɤɚ ɝɢɩɟɪɜɢɡɨɪɨɦ ɪɚɛɨɬɵ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɹɞɪɚɯ, ɩɪɨɰɟɫɫɨɪɚɯ

4. ɉɨɞɞɟɪɠɤɚ NUMA-ɫɢɫɬɟɦ

5. ɉɨɞɞɟɪɠɤɚ ɬɟɯɧɨɥɨɝɢɢ Intel GVT-g (ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 2015), ɞɟɥɚɸɳɟɣ ɜɨɡ-

ɦɨɠɧɨɣ ɚɩɩɚɪɚɬɧɭɸ ɜɢɪɬɭɚɥɢɡɚɰɢɸ ɜɢɞɟɨɚɞɚɩɬɟɪɨɜ ɞɥɹ ȼɆ

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɢɫɯɨɞɧɵɣ ɤɨɞ ɪɟɚɥɢɡɚɰɢɢ ɮɭɧɤ-

ɰɢɢ printf ɢɡ ɩɪɨɟɤɬɚ tinyprintf:https://github.com/cjlano/tinyprintf.
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Иɥɥɸɫɬɪɚɰɢɢ

Ɋɢɫ. 1: I ɬɢɩ ɝɢɩɟɪɜɢɡɨɪɨɜ Ɋɢɫ. 2: II ɬɢɩ ɝɢɩɟɪɜɢɡɨɪɨɜ

Ɋɢɫ. 3: Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ (VESA-
ɪɟɠɢɦ)

Ɋɢɫ. 4: Ʌɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ
APIC

Ɋɢɫ. 5: Ɇɟɯɚɧɢɡɦ ɪɚɛɨɬɵ ɜɢɪɬɭɚɥɶɧɨɣ ɩɚɦɹɬɢ

16


	Введение
	Аналитическая часть
	Актуальность
	Требования к работе
	Анализ предметной области
	Аналоги
	Выводы

	Конструкторская часть
	Выводы

	Технологическая часть
	Пример использования
	Выводы

	Заключение
	Благодарности
	Список литературы
	Иллюстрации

