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{ 
   uint32_t i, j, k, l; 
   uint32_t n1, n2, ia; 
   float32_t xt, yt, cosVal, sinVal; 
   float32_t p0, p1, p2, p3; 
   float32_t a0, a1; 
   n2 = fftLen; 
   for (k = fftLen; k > 1; k = k >> 1) 
   { 
      n1 = n2; 
      n2 = n2 >> 1; 
      ia = 0; 
      j = 0; 
      do 
      { 
         cosVal = pCoef[ia * 2]; 
         sinVal = pCoef[(ia * 2) + 1]; 
         ia += twidCoefModifier; 
         i = j; 
         do 
         { 
            l = i + n2; 
            a0 = pSrc[2 * i] + pSrc[2 * l]; 
            xt = pSrc[2 * i] - pSrc[2 * l]; 
            yt = pSrc[2 * i + 1] - pSrc[2 * l + 1]; 
            a1 = pSrc[2 * l + 1] + pSrc[2 * i + 1]; 
            p0 = xt * cosVal; 
            p1 = yt * sinVal; 
            p2 = yt * cosVal; 
            p3 = xt * sinVal;            
            pSrc[2 * i] = a0;    
            pSrc[2 * i + 1] = a1;             
            pSrc[2 * l]     = p0 + p1; 
            pSrc[2 * l + 1] = p2 - p3;            
            i += n1; 
         } while(i < fftLen); 
         j++; 
      } while(j < n2); 
      twidCoefModifier <<= 1u; 
   } 
} 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɨɲɟɥ ɬɟɫɬɢɪɨɜɚɧɢɟ 
ɧɚ ɪɚɡɦɟɪɚɯ ɜɵɛɨɪɨɤ 10β4, β04κ ɢ 40λ6. 
ARM Cortex ε4 ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɜɵɱɢɫɥɟ-
ɧɢɟ ȻɉɎ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɡɚɞɟɪɠ-

ɤɨɣ ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 
ɞɚɧɧɵɯ. 

Ɋɟɚɥɢɡɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ȻɉɎ ɦɨɠɟɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɩɪɢ ɪɚɫɱɟɬɟ ɱɚɫɬɨɬ-
ɧɨ-ɜɪɟɦɟɧɧɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ [5-7]. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɉɪɢɦɟɧɟɧɢɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ARε CШЫЭОб 

ε4 ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 
ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨ-
ɜɚɧɧɵɯ ɢ ɢɦɟɸɳɢɯ ɛɨɥɶɲɭɸ ɫɬɨɢɦɨɫɬɶ 
ɭɫɬɪɨɣɫɬɜ. 

ɇɚ ɨɫɧɨɜɟ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɚ 
ARM Cortex ε4 ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɛɚɡɨɜɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ. ɋɨ-
ɡɞɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɬɚɤɠɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɨɪɬɚɬɢɜɧɨɝɨ ɩɪɢɛɨɪɚ ɨɛɧɚɪɭɠɟ-
ɧɢɹ ɭɬɟɱɟɤ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. 
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ȼ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɠɢ-

ɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɪɚɛɨɬɚɸɳɢɯ 

ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɞɨɫɬɭɩ ɤ ɤɨɬɨɪɵɦ ɡɚɬɪɭɞɧɟɧ (ɬɪɭ-
ɛɨɩɪɨɜɨɞɵ ɩɨɞ ɫɥɨɟɦ ɝɪɭɧɬɚ, ɜɨɞɵ ɢ ɬ.ɞ.). Ʉɚɤ 
ɢɡɜɟɫɬɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɭɛɨɩɪɨɜɨɞɚ 
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ɡɚɪɨɠɞɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɞɟɮɟɤɬɵμ ɬɪɟɳɢɧɵ, ɭɬɨ-
ɧɟɧɢɹ ɫɬɟɧɤɢ ɢ ɫɤɜɨɡɧɵɟ ɞɟɮɟɤɬɵ, ɪɚɫɤɥɟɢɜɚɧɢɹ 
ɫɬɵɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɞɪ. ɉɪɨɛɥɟɦɚ ɜɵɹɜɥɟɧɢɹ 
ɬɚɤɢɯ ɞɟɮɟɤɬɨɜ ɩɨɫɬɨɹɧɧɨ ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟ-
ɬɨɞɵ ɩɨɢɫɤɚ ɭɬɟɱɟɤ ɬɚɤɢɟ ɤɚɤμ 

 ɦɟɬɨɞ ɜɵɹɜɥɟɧɢɹ ɭɬɟɱɟɤ ɩɨ ɚɧɚɥɢɡɭ ɩɪɨ-
ɮɢɥɹ ɞɚɜɥɟɧɢɹν 

 ɨɛɴɟɦɧɨ-ɛɚɥɚɧɫɨɜɵɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɝɟɪ-
ɦɟɬɢɱɧɨɫɬɢν 

 ɜɚɤɭɭɦɧɵɣ ɦɟɬɨɞ ɩɨɢɫɤɚ ɭɬɟɱɟɤν 
 ɝɟɥɢɟɜɵɣ ɦɟɬɨɞ ɩɨɢɫɤɚ ɭɬɟɱɟɤν 
 ɠɢɞɤɨɫɬɧɵɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɝɟɪɦɟɬɢɱɧɨ-

ɫɬɢν 
 ɬɟɩɥɨɜɢɡɢɨɧɧɵɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɝɟɪɦɟ-

ɬɢɱɧɨɫɬɢν 
 ɚɤɭɫɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɩɨɢɫɤɚ ɭɬɟɱɟɤ ɜɨɞɵ. 
ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɧɟ-

ɞɨɫɬɚɬɤɢμ 
 ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶν 
 ɧɢɡɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɩɪɢ ɛɨɥɶɲɢɯ ɝɥɭɛɢɧɚɯ 

ɩɪɨɤɥɚɞɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜν 
 ɧɢɡɤɚɹν 
 ɩɪɨɰɟɫɫ ɨɛɧɚɪɭɠɟɧɢɹ ɬɪɭɞɨɟɦɨɤν 
 ɬɪɟɛɭɟɬɫɹ ɫɥɨɠɧɨɣ ɧɚɫɬɪɨɣɤɢν 
 ɜɵɫɨɤɚɹ ɰɟɧɚ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɬɟɩɥɨɜɢɡɢ-

ɨɧɧɵɣ ɦɟɬɨɞ). 
ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɤɨɪɪɟɥɹɰɢ-

ɨɧɧɵɣ ɦɟɬɨɞ ɩɨɢɫɤɚ ɭɬɟɱɟɤ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 
ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɢ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɬɨɱ-
ɧɵɟ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɧɚ ɪɵɧɤɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɬɟ-
ɱɟɢɫɤɚɬɟɥɢ ɜɵɩɨɥɧɟɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ β-ɯ ɜɚɪɢɚɧ-
ɬɚɯ ɢɫɩɨɥɧɟɧɢɹɯμ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɪɬɚɬɢɜɧɨɝɨ 
ɤɨɦɩɶɸɬɟɪɚ ɢ ɚɜɬɨɧɨɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɬɟɱɟɢɫɤɚɬɟɥɹ ɧɚ ɨɫɧɨɜɟ ɜɡɚɢɦ-
ɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ 
ARM Cortex M4 – STεγβF407VGT6 ɩɪɨɢɡɜɨɞɢɬɟ-
ɥɹ STεТМЫШОХОМЭЫШЧТМЬ [1]. 

ɋɭɬɶ ɦɟɬɨɞɚ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1 
ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ ɜɡɚɢɦɧɨɣ ɤɨɪɪɟɥɹɰɢ-
ɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢ ɜɵɱɢɫɥɟɧɢɢ ɩɨ ɧɟɣ ɤɨɨɪɞɢɧɚɬɵ 
ɭɬɟɱɤɢ. 

ȿɫɥɢ ɞɜɚ ɞɚɬɱɢɤɚ ɭɫɬɚɧɨɜɢɬɶ ɬɚɤ, ɱɬɨ ɩɪɟɞɩɨ-
ɥɚɝɚɟɦɨɟ ɦɟɫɬɨ ɭɬɟɱɤɢ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɦɟɠɞɭ 
ɞɚɬɱɢɤɚɦɢ, ɬɨ ɩɨ ɜɡɚɢɦɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤ-
ɰɢɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɧɢɰɭ ɜɨ ɜɪɟɦɟɧɢ (ɡɚ-
ɞɟɪɠɤɭ) t  ɩɪɢɯɨɞɚ ɫɢɝɧɚɥɚ ɨɬ ɦɟɫɬɚ ɭɬɟɱɤɢ ɞɨ 
ɞɚɬɱɢɤɨɜ. ɉɪɢ ɷɬɨɦ, ɡɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɹ ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɬɪɭɛɟ v, ɢ ɪɚɫɫɬɨɹ-
ɧɢɟ ɦɟɠɞɭ ɞɚɬɱɢɤɚɦɢ l ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɬɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɬɟɱɤɢ ɩɨ ɮɨɪɦɭɥɟμ 

2

v t
x


  ,  (1) 

ɢɥɢ 

1,2 2 2

l v t
x


  ,  (2) 

ɝɞɟ x1,2 – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɭɬɟɱɤɢ ɞɨ ɩɟɪɜɨɝɨ ɢɥɢ 
ɜɬɨɪɨɝɨ ɞɚɬɱɢɤɚ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɫ ɭɬɟɱɤɨɣ ɢ ɭɫɬɚɧɨɜ-

ɥɟɧɧɵɦɢ ɞɚɬɱɢɤɚɦɢ 
 

ȼɡɚɢɦɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ β-ɯ ɞɢɫ-
ɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ бi ɢ вi ɫɨ ɫɞɜɢɝɨɦ, ɪɚɜɧɵɦ Ф, 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 
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ɝɞɟ N – ɪɚɡɦɟɪ ɜɵɛɨɪɤɢ ɫɢɝɧɚɥɨɜ. ɇɚ ɝɪɚɮɢɤɟ 
ɮɭɧɤɰɢɢ rXY[kЖ ɪɚɫɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɢɫɤɨɦɨɣ ɡɚɞɟɪɠɤɢ t  [2]. 

ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɢ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɚɯ ɜɵɛɨɪɤɢ, 
ɪɚɫɱɟɬ ɤɨɪɪɟɥɹɰɢɢ ɦɨɠɧɨ ɭɫɤɨɪɢɬɶ ɫ ɩɨɦɨɳɶɸ 
ȻɉɎ, ɢɫɩɨɥɶɡɭɹ ɬɟɨɪɟɦɭ ɨ ɤɨɪɪɟɥɹɰɢɢ Дβ, γЖ, ɤɨ-
ɬɨɪɚɹ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦμ 

1 *1
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N
, 

ɝɞɟ F  – ɩɪɹɦɨɟ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ ДβЖ ɩɟɪɜɨɝɨ ɫɢɝɧɚɥɚ, *F  – ɤɨɦɩɥɟɤɫɧɨ-
ɫɨɩɪɹɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɹɦɨɝɨ ɞɢɫ-
ɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɜɬɨɪɨɝɨ ɫɢɝɧɚɥɚ, 

1F   – ɨɛɪɚɬɧɨɟ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. 
ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥ 

ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ 
ARM Cortex M4 – STεγβF407VGT6 Д4Ж, ɤɨɬɨɪɵɣ 
ɹɜɥɹɟɬɫɹ ɛɚɡɨɜɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ 
ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɪɢɛɨɪɚ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ CШЫЭОб 
ε4 ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɭɫɬɪɨɣɫɬɜɚɯ 
ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. CШЫЭОб ε4 ɢɦɟɟɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɨ γ75 DεТЩЬ/ɆȽɰ, ɧɢɡɤɨɟ 
ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɥɢɱɢɟ ɪɚɡ-
ɧɨɨɛɪɚɡɧɵɯ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɜɵɩɨɥɧɟɧ-
ɧɵɯ ɧɚ ɤɪɢɫɬɚɥɥɟ, ɱɬɨ ɞɟɥɚɟɬ ɞɚɧɧɵɣ ɬɢɩ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪɨɜ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɜ ɧɟɞɨ-
ɪɨɝɢɯ ɭɫɬɪɨɣɫɬɜɚɯ. 

Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɬɥɚɞɨɱɧɨɦ ɤɨɦɩɥɟɤɫɟ Д4Ж, ɜ ɫɨ-
ɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬμ 

 ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ STεγβF407VGT6μ ɬɚɤ-
ɬɨɜɚɹ ɱɚɫɬɨɬɚ 16κɆȽɰ, ɪɚɡɦɟɪ ɩɪɨɝɪɚɦɦɧɨɣ ɩɚɦɹ-
ɬɢ 1Ɇɛ, ɪɚɡɦɟɪ ɈɁɍ 1λβɄɛν 
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 QVGA TFT 2.4" – δCD ɞɢɫɩɥɟɣ ɫ ɪɚɡɪɟ-
ɲɟɧɢɟɦ β40×γβ0 ɧɚ ɛɚɡɟ ɜɢɞɟɨɩɪɨɰɟɫɫɨɪɚ ST7783; 

 ɂɧɬɟɝɪɢɪɨɜɚɧɧɵɣ ɦɨɞɭɥɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ RS-232; 

 Ɇɨɞɭɥɶ JTAG ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɤɨɧɬɪɨɥɥɟɪɚν 

 Ⱥɐɉμ 1β-ЛТЭ 16 ɤɚɧɚɥɨɜν 
 ɐȺɉμ 1β-ЛТЭ β ɤɚɧɚɥɚ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɸɬ-

ɫɹ ɞɜɚ ɜɢɛɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ Ⱦɇ-3-Ɇ1 Д5Ж. 
ɋɥɨɜɟɫɧɨɟ ɨɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɮɭɧɤɰɢɨɧɢɪɨ-

ɜɚɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɪɢɛɨɪɚ ɜɵɝɥɹɞɢɬ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 

 ɚɧɚɥɨɝɨɜɵɟ ɫɢɝɧɚɥɵ ɫ ɞɜɭɯ ɞɚɬɱɢɤɨɜ ɩɨ-
ɫɬɭɩɚɸɬ ɧɚ Ⱥɐɉ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ADC1 ɢ 
ADCβ, ɤɨɬɨɪɵɟ ɪɚɛɨɬɚɸ ɜ ɪɟɠɢɦɟ НЮКХ ЦШНО. ɇɚ 
ɜɵɯɨɞɟ Ⱥɐɉ ɩɨɥɭɱɚɟɦ ɞɜɚ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɵɯ 
ɫɢɝɧɚɥɚ бТ ɢ вТ. 

 ɜɵɱɢɫɥɟɧɢɟ ȻɉɎ ( )iF x  ɢ *( )iF y , ɩɨ-
ɫɬɪɨɟɧɢɟ ɫɩɟɤɬɪɚ ɞɥɹ ɫɢɝɧɚɥɨɜ бТ ɢ вТ. 

 ɩɨɩɚɪɧɨɟ ɭɦɧɨɠɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶ-
ɬɚɬɨɜ *( ) ( )i iF x F y . 

 ɜɵɱɢɫɥɟɧɢɟ ɨɛɪɚɬɧɨɝɨ ȻɉɎ ɞɥɹ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɭɦɧɨɠɟɧɢɹ 1 *( ) ( )   i iF F x F y  

 ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ ɤɨɪɪɟɥɹɰɢɢ 
1 *1
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N

 

 ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ ɜɡɚɢɦɧɨɣ ɤɨɪɪɟɥɹɰɢ-
ɨɧɧɨɣ ɮɭɧɤɰɢɢ [ ]xyr k . 

 ɨɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɢ ɪɚɫɱɟɬ 
ɤɨɨɪɞɢɧɚɬɵ ɭɬɟɱɤɢ ɩɨ ɮɨɪɦɭɥɟ 1 ɢɥɢ β. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɨɲɟɥ ɬɟɫɬɢɪɨɜɚɧɢɟ 
ɧɚ ɪɚɡɦɟɪɚɯ ɜɵɛɨɪɨɤ 10β4, β04κ ɢ 40λ6. ɇɚ ɩɟɪɟ-
ɱɢɫɥɟɧɧɵɯ ɪɚɡɦɟɪɚɯ ɜɵɛɨɪɤɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ 
ARε CШЫЭОб ε4 ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɜɵɱɢɫɥɟɧɢɟ 
ȼɄɎ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɡɚɞɟɪɠɤɨɣ 
ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɱɢɫɥɚ 
ɨɬɫɱɟɬɨɜ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ. 
 

Ɂɚɤɥɸɱɟɧɢɟ 

Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡ-
ɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɮɚɤɬ ɧɚɥɢɱɢɹ ɭɬɟɱɤɢ ɢ ɨɩɪɟɞɟ-
ɥɢɬɶ ɟɟ ɤɨɨɪɞɢɧɚɬɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ARε CШЫЭОб 
ε4 ɜ ɪɚɡɪɚɛɨɬɤɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɬɟɱɟɢɫɤɚɬɟɥɹ 
ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨ-
ɜɚɧɧɵɯ ɢ ɢɦɟɸɳɢɯ ɛɨɥɶɲɭɸ ɫɬɨɢɦɨɫɬɶ 
ɭɫɬɪɨɣɫɬɜ. 

ȼɡɚɢɦɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɧɟ ɩɨɡɜɨ-
ɥɹɟɬ ɨɰɟɧɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɫɢɝɧɚɥɨɜ ɧɚ ɪɚɡɥɢɱɧɵɯ 
ɱɚɫɬɨɬɧɵɯ ɭɱɚɫɬɤɚɯ ɫɩɟɤɬɪɚ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɫɭɳɟ-
ɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ. ȼ ɞɚɥɶ-
ɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɪɨɜɟɫɬɢ ɨɩɬɢɦɢɡɚɰɢɸ ɪɚɡ-
ɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɚ-
ɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ Д5-7]. 
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ȼɜɟɞɟɧɢɟ 
Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɮɨɪɦɚɥɢɡɚɰɢɢ ɢ ɚɧɚɥɢɡɚ 

ɫɢɫɬɟɦɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɹɡɵɤɚ ɫɰɟɧɚɪɧɵɯ ɫɩɟɰɢɮɢɤɚɰɢɣ 
MSC, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɜɵɪɚɡɢɬɟɥɶɧɵɦ ɢ ɩɪɨ-
ɫɬɵɦ ɫɪɟɞɫɬɜɨɦ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɢ-

ɫɬɟɦɧɵɯ ɤɨɦɩɨɧɟɧɬ ɜ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɢɫɬɟ-
ɦɚɯ Д1Ж. Ⱦɢɚɝɪɚɦɦɵ εSC ɢ ɢɯ ɪɚɫɲɢɪɟɧɢɟ HεSC 
(High-ХОЯОХ εSC) ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚ 
ɩɪɚɤɬɢɤɟ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɢɫɬɟɦɧɵɯ ɬɪɟɛɨɜɚ-
ɧɢɣ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢ-
ɫɬɟɦ. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɢɤɢ ɢ ɫɪɟɞɫɬɜɚ 
ɚɧɚɥɢɡɚ ɢ ɩɪɨɜɟɪɤɢ ɤɨɪɪɟɤɬɧɨɫɬɢ (H)εSC-


