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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɩɨɫɬɚɧɨɜɤɢ ɜɨɡɦɨɠɧɨɝɨ ɞɢɚɝɧɨɡɚ ɩɨ 
ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɷɪɢɬɪɨɰɢɬɨɜ. Ɉɩɢɫɵɜɚɸɬɫɹ ɲɚɝɢ ɩɨ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɲɭɦɨɜ ɢ ɬɨɱɧɨɫɬɢ ɫɟɝɦɟɧɬɚɰɢɢ 
ɨɛɴɟɤɬɨɜ ɤɥɟɬɨɤ ɧɚ ɤɥɚɫɫɵ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɚɛɨɬɵ ɮɢɥɶɬɪɨɜ. 
Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɲɚɝɨɦ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɳɚɞɟɣ 
ɨɛɴɟɤɬɨɜ ɤɥɟɬɨɤ – ɤɪɢɜɚɹ ɉɪɚɣɫ-Ⱦɠɨɧɫɚ. ɉɨ ɮɨɪɦɟ ɝɢɫɬɨɝɪɚɦɦɵ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɨ 
ɧɚɥɢɱɢɢ ɡɚɛɨɥɟɜɚɧɢɹ ɭ ɱɟɥɨɜɟɤɚ, ɭ ɤɨɬɨɪɨɝɨ ɜɡɹɥɢ ɩɪɟɩɚɪɚɬ ɤɪɨɜɢ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ. ȼ 
ɡɚɤɥɸɱɟɧɢɢ ɫɬɚɬɶɢ ɩɪɢɜɨɞɹɬɫɹ ɨɩɢɫɚɧɢɹ ɬɢɩɢɱɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭ ɛɵɬɶ 
ɜɵɹɜɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɬɚɤɨɝɨ ɪɨɞɚ ɚɧɚɥɢɡɚ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɚɧɚɥɢɡɚ ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ 
ɧɚ ɹɡɵɤɟ PвЭСШЧ 2.7 ɫ ɛɢɛɥɢɨɬɟɤɚɦɢ OЩОЧCV ɢ SОКЛШrЧ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ; ɫɟɝɦɟɧɬɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ; ɤɨɦɩɶɸɬɟɪɧɨɟ 
ɡɪɟɧɢɟ.
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ȺЛЬЭЫКМЭ 
This article is about implementing a hematological analysis through computer vision algorithms. 

This type of analysis is one of the basic analyses providing huge amount information about 

patient and his state. We propose a pipeline with a few steps for image preprocessing thus image 

become more contrast and noiseless. At first image color space converting – so we separate a 

luminance channel and ignore other channels (due to source image features). Then we blur image 

with Gaussian filter and apple CLAHE filter for contrast improvement, so background pixels 

ПШrЦ ЦШrО СШЦШРОЧШЮs КrОКs КЧН ЛОМШЦО ХОss ЛrТРСЭ ТЧ МШЦЩКrТsШЧ ЭШ МОХХ’s ЩТбОХs. TСО ЧОбЭ sЭОЩ 
is background removal and image binarization based on Otsu algorithm for border pixel 

luminance level detection. Afterwards we extract an array of contours from binary image and use 

this array as an input source for Watersched algorithm. As a result, we have a color image where 

every single class of object has its own color and an array of object. This array then used as a 

source for cells diameters distribution histogram – a Price-Jones curve. All described steps 

implemented in Python 2.7 with OpenCV and Seaborn libraries. 

Keywords: hematological analysis, image segmentation, computer vision. 
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ȼȼȿȾȿɇɂȿ  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ 

ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢ 
ɚɧɚɥɢɡ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɦɟɞɢɰɢɧɫɤɨɣ 
ɞɢɚɝɧɨɫɬɢɤɢ Д1ЖД2Ж. ɋɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɢɬɶ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɤɥɟɬɨɤ ɤɪɨɜɢ. ɇɚɩɪɢɦɟɪ, ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɷɮɮɟɤɬɢɜɧɨ ɫɨɪɬɢɪɭɸɬ 
ɥɟɣɤɨɰɢɬɵ (8–10% ɨɲɢɛɨɤ) ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɟɟ ɞɟɬɚɥɶɧɭɸ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɚɧɚɥɢɡɨɜ ɤɪɨɜɢ 
[3][4]. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɤɥɟɬɨɤ ɤɪɨɜɢ ɧɚ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ, ɜ 
ɬɟɪɦɢɧɚɯ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ, ɡɚɞɚɱɭ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. ɋɬɚɧɞɚɪɬɧɵɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ 
ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɥɟɞɭɸɳɢɟ ɞɜɚ ɷɬɚɩɚ: 

 ɪɚɡɞɟɥɟɧɢɟ (ɫɟɝɦɟɧɬɚɰɢɹ) ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɨɛɥɚɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɛɴɟɤɬɚɦ ɢ ɮɨɧɭ; 
 ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɴɟɤɬɨɜ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɜɵɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɧɵɯ 

ɩɪɢɡɧɚɤɨɜ ɨɛɴɟɤɬɨɜ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɩɪɢɡɧɚɤɚɦɢ ɩɨ ɤɥɚɫɫɚɦ. 
ɉɪɢɦɟɪɧɨ ɡɚ ɩɹɬɶ ɞɟɫɹɬɢɥɟɬɢɣ ɪɚɡɜɢɬɢɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɤɚɤ ɧɚɭɤɢ ɩɪɟɞɥɨɠɟɧɨ 

ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɟɤɬɨɪɨɜ ɩɪɢɡɧɚɤɨɜ ɨɛɴɟɤɬɨɜ ɢ ɢɯ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ. Ɍɚɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ Д5Ж ɫɬɚɜɢɬ ɩɟɪɟɞ ɢɫɫɥɟɞɨɜɚɬɟɥɟɦ ɧɟɩɪɨɫɬɭɸ ɩɪɨɛɥɟɦɭ ɜɵɛɨɪɚ 
ɦɟɬɨɞɨɜ, ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɵɯ ɫɩɟɰɢɮɢɤɟ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ. 

ɋɩɟɰɢɮɢɤɚ ɡɚɞɚɱɢ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɢ ɜɟɤɬɨɪɨɜ ɩɪɢɡɧɚɤɨɜ ɨɛɴɟɤɬɨɜ, ɧɚ ɜɵɛɨɪɟ 
ɦɟɬɨɞɚ ɫɟɝɦɟɧɬɚɰɢɢ, ɚ ɬɚɤ ɠɟ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɵɛɨɪɟ ɫɬɪɚɬɟɝɢɢ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ 
ɭɞɟɥɟɧɨ ɢɡɭɱɟɧɢɸ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɫɟɝɦɟɧɬɚɰɢɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɯɚɪɚɤɬɟɪɧɵɦ ɩɪɢɡɧɚɤɚɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɤɥɟɬɨɤ ɤɪɨɜɢ. 

Ɉɫɧɨɜɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɫɟɝɦɟɧɬɚɰɢɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɦɚɡɤɚ ɤɪɨɜɢ ɹɜɥɹɟɬɫɹ 
ɜɵɞɟɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɢɧɬɟɪɟɫɚ (ɤɥɟɬɨɤ ɤɪɨɜɢ) ɫ ɰɟɥɶɸ ɢɯ ɞɚɥɶɧɟɣɲɟɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. Ʉɚɱɟɫɬɜɨ 
ɫɟɝɦɟɧɬɚɰɢɢ – ɤɥɸɱɟɜɨɣ ɮɚɤɬɨɪ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɞɟɤɜɚɬɧɵɯ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɢɡɧɚɤɨɜ 
ɨɛɴɟɤɬɚ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ Д6Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ ɛɨɥɟɟ ɩɨɥɨɜɢɧɵ ɨɲɢɛɨɤ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɥɟɣɤɨɰɢɬɨɜ ɛɵɥɢ 
ɨɛɭɫɥɨɜɥɟɧɵ ɧɟɩɪɚɜɢɥɶɧɨɣ ɫɟɝɦɟɧɬɚɰɢɟɣ. 

Ɉɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ, ɜɟɞɭɳɢɟ ɤ ɨɲɢɛɤɚɦ ɫɟɝɦɟɧɬɚɰɢɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ: 
ɩɟɪɟɤɪɵɜɚɧɢɟ ɨɞɧɨɣ ɤɥɟɬɤɢ ɞɪɭɝɨɣ, ɫɢɥɶɧɚɹ ɜɚɪɢɚɰɢɹ ɤɥɟɬɨɤ ɩɨ ɮɨɪɦɟ ɢ ɪɚɡɦɟɪɭ, ɜɨɡɞɟɣɫɬɜɢɟ 
ɪɚɡɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɜɧɟɲɧɢɣ ɜɢɞ ɤɥɟɬɤɢ, ɫɥɚɛɚɹ ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɣ, ɡɚɲɭɦɥɟɧɧɨɫɬɶ ɢ 
ɚɪɬɟɮɚɤɬɵ ɧɚ ɫɧɢɦɤɟ ɩɪɟɩɚɪɚɬɚ. Ɍɚɤɠɟ ɜɥɢɹɟɬ ɨɤɪɚɫɤɚ ɩɪɟɩɚɪɚɬɨɜ ɤɪɨɜɢ: ɱɚɫɬɨ ɩɨɫɥɟ ɨɤɪɚɫɤɢ 
ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɤɨɧɬɭɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜɧɭɬɪɢ ɤɥɟɬɤɢ ɩɪɟɜɵɲɚɟɬ ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɝɪɚɧɢɰ 
ɫɚɦɨɣ ɤɥɟɬɤɢ, ɷɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɩɟɪɟɫɟɝɦɟɧɬɚɰɢɸ ɢɡɨɛɪɚɠɟɧɢɹ, ɥɢɛɨ ɩɨɬɟɪɸ ɱɚɫɬɢ ɩɢɤɫɟɥɟ 
ɜɧɭɬɪɢ ɨɛɴɟɤɬɚ ɤɥɟɬɤɢ.  

ɉɪɟɞɥɚɝɚɟɦɵɣ ɧɚɦɢ Д7Ж ɦɟɬɨɞ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 
ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

ɋɦɟɧɚ ɰɜɟɬɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɉɟɪɟɜɨɞ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɰɜɟɬɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ HSL (HLS ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ OpenCV) ɫ 
ɜɵɞɟɥɟɧɢɟɦ ɨɬɞɟɥɶɧɨ ɤɚɧɚɥɚ L – ɫɜɟɬɢɦɨɫɬɶ ɤɨɧɤɪɟɬɧɨɝɨ ɩɢɤɫɟɥɹ. ɋɩɟɰɢɮɢɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
(ɢɡɧɚɱɚɥɶɧɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɨɬɬɟɧɤɚɯ ɫɟɪɨɝɨ) ɩɨɡɜɨɥɹɟɬ ɩɟɪɜɵɦ ɷɬɚɩɨɦ ɜɵɞɟɥɢɬɶ 
ɨɞɢɧ ɤɚɧɚɥ ɢ ɫ ɧɢɦ ɞɚɥɶɲɟ ɪɚɛɨɬɚɬɶ. Ɍɚɤɠɟ, ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɜ OpenCV, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɬɨɠɟ ɪɚɛɨɬɚɸɬ ɫ ɨɞɧɢɦ ɤɚɧɚɥɨɦ. ȼ ɷɬɨɦ ɟɫɬɶ ɢ ɞɨɥɹ ɨɩɬɢɦɢɡɚɰɢɢ – ɧɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ L-ɤɚɧɚɥ ɢɡ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɜ ɤɨɧɰɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɤɚɧɚɥɶɧɨɫɬɶ 
ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɦɟɬɨɞɨɜ ɪɚɛɨɬɵ ɫ ɦɧɨɝɨɤɚɧɚɥɶɧɵɦɢ 
ɢɡɨɛɪɚɠɟɧɢɹɦɢ, ɧɨ, ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ, ɷɬɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɞɟɲɟɜɥɟ, ɧɟɠɟɥɢ ɜɵɞɟɥɟɧɢɟ ɢ ɩɟɪɟɫɛɨɪɤɚ 
ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ. 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɩɟɪɟɜɨɞ ɰɜɟɬɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ RGB ɜ HSL ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɤɚɤ: 
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ɇɨ, ɬɚɤ ɤɚɤ ɜ ɢɡɨɛɪɚɠɟɧɢɢ ɜ ɨɬɬɟɧɤɚɯ ɫɟɪɨɝɨ ɤɚɠɞɵɣ ɩɢɤɫɟɥɶ ɜ RGB ɤɨɞɢɪɭɟɬɫɹ 
ɨɞɢɧɚɤɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɞɥɹ ɤɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɵ, ɞɨɫɬɚɬɨɱɧɨ ɜɵɞɟɥɢɬɶ ɨɞɢɧ ɥɸɛɨɣ ɤɚɧɚɥ ɜ 
ɤɚɱɟɫɬɜɟ L-ɤɚɧɚɥɚ HSL. Ɉɞɧɚɤɨ, ɩɪɚɜɢɥɶɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɩɨ ɤɚɧɚɥɨɦ ɨɫɬɚɜɥɟɧɨ ɧɚ ɬɨɬ ɫɥɭɱɚɣ, ɟɫɥɢ 
ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶɫɹ ɩɨɥɧɨɰɜɟɬɧɵɦɢ ɢɡɨɛɪɚɠɟɧɢɹɦɢ. 

 

ɍɞɚɥɟɧɢɟ ɮɨɧɚ 

ɍɞɚɥɟɧɢɟ ɡɚɞɧɟɝɨ ɮɨɧɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ: ɜ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɟɫɬɶ ɨɛɥɚɫɬɢ ɩɟɪɟɫɜɟɱɢɜɚɧɢɹ 
ɩɢɤɫɟɥɟɣ ɢ ɧɚɨɛɨɪɨɬ – ɡɚɬɟɦɧɟɧɢɹ, ɢɡ-ɡɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɪɚɜɢɥɶɧɨɟ ɤɨɧɬɭɪɢɪɨɜɚɧɢɟ 
ɤɥɟɬɤɢ. Ɍɚɤ ɤɚɤ ɢɡɧɚɱɚɥɶɧɨ ɢɡɨɛɪɚɠɟɧɢɟ ɡɚɲɭɦɥɟɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɫɝɥɚɞɢɬɶ ɩɟɪɟɩɚɞɵ ɦɟɠɞɭ 
ɝɪɭɩɩɨɣ ɫɨɫɟɞɧɢɯ ɩɢɤɫɟɥɟɣ. 

ɋɝɥɚɠɢɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɫɬɨ ɫɞɟɥɚɬɶ ɱɟɪɟɡ ɪɚɡɦɵɬɢɟ ɩɨ Ƚɚɭɫɫɭ. əɞɪɚ ɪɚɡɦɟɪɨɦ 3ɯ3 
ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɭɛɪɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜ ɲɭɦɚɯ ɮɨɧɚ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɧɟ ɩɨɬɟɪɹɬɶ 
ɝɪɚɧɢɰɵ ɨɛɴɟɤɬɨɜ. ɉɪɢɦɟɪ ɫɝɥɚɠɢɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ. 1. ɉɪɢɦɟɧɟɧɢɟ ɪɚɡɦɵɬɢɹ Ƚɚɭɫɫɚ. ɋɥɟɜɚ – ɪɚɡɦɵɬɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɫɩɪɚɜɚ – ɨɪɢɝɢɧɚɥ 

FТР. 1. Gaussian blur application. On the left – the blurred image, on the right – source one 

 

ɉɨɫɥɟ ɜɵɪɚɜɧɢɜɚɧɢɹ ɮɨɧɨɜɵɯ ɩɢɤɫɟɥɟɣ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɤɨɧɬɪɚɫɬɧɨɫɬɶ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɱɬɨɛɵ ɩɪɢ ɭɞɚɥɟɧɢɢ ɮɨɧɨɜɵɯ ɩɢɤɫɟɥɟɣ ɨɫɬɚɜɢɬɶ ɩɢɤɫɟɥɢ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ 
ɩɪɢɦɟɪɧɨ ɪɚɜɧɵ ɩɨ ɫɜɟɬɢɦɨɫɬɢ ɮɨɧɨɜɵɦ. 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɬɪɚɫɬɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ CLAHE (Contrast 

LТЦТЭОН AНКЩЭТЯО HТsЭШРrКЦ EqЮКХТгКЭТШЧ) Д8Ж. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɤɚɤ ɢ ɜɫɟ ɚɥɝɨɪɢɬɦɵ ɫ 
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ɜɵɪɚɜɧɢɜɚɧɢɟɦ ɝɢɫɬɨɝɪɚɦɦɵ, ɢɫɩɨɥɶɡɭɟɬ ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ (1) ɢ ɤɭɦɭɥɹɬɢɜɧɭɸ 
ɮɭɧɤɰɢɸ ɩɥɨɬɧɨɫɬɢ (2) ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɝɢɫɬɨɝɪɚɦɦɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɢɦɨɫɬɢ ɩɢɤɫɟɥɟɣ ɤ 
ɧɭɠɧɨɦɭ ɜɢɞɭ. ȿɫɥɢ ɩɪɢɧɹɬɶ, ɱɬɨ N – ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɜ ɢɡɨɛɪɚɠɟɧɢɢ, L – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɨɬɬɟɧɤɨɜ ɫɟɪɨɝɨ (ɭɪɨɜɧɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ) ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɚ Фn  – ɷɬɨ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ 
ɫɨ ɫɜɟɬɢɦɨɫɬɶɸ Тl , ɬɨ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɢ ɤɭɦɭɥɹɬɢɜɧɚɹ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɛɭɞɭɬ 
ɢɦɟɬɶ ɜɢɞ: 

N
nТf Ф

ФТ )(       (1) 





Ф

У
ФТФФ ТfТF

0

)()(      (2) 

Ɉɬɥɢɱɢɟ CLAHE ɨɬ ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ ɜ ɬɨɦ, ɱɬɨ ɨɧ ɜɵɩɨɥɧɹɟɬ ɷɤɜɚɥɢɡɚɰɢɸ ɧɚ 
ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɛɥɚɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɟɧɧɨɣ ɝɢɫɬɨɝɪɚɦɦɨɣ ɫɜɟɬɢɦɨɫɬɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɧ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɤ ɩɨɪɨɠɞɟɧɢɸ ɲɭɦɚ ɧɚ ɝɨɦɨɝɟɧɧɵɯ ɨɛɥɚɫɬɹɯ. 

Ɋɟɡɭɥɶɬɚɬ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ CLAHE ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 
2. 

 
Ɋɢɫ. 2. ɉɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ CLAHE 

FТР. 2. CLAHE filter application 

 

Ɍɟɩɟɪɶ, ɤɨɝɞɚ ɤɥɟɬɤɢ (ɨɛɴɟɤɬɵ) ɫɢɥɶɧɨ ɤɨɧɬɪɚɫɬɢɪɭɸɬ ɫ ɮɨɧɨɦ, ɦɨɠɧɨ ɭɞɚɥɢɬɶ ɮɨɧɨɜɵɟ 
ɩɢɤɫɟɥɢ ɫ ɢɡɨɛɪɚɠɟɧɢɹ. 



 


ɫɥɭɱɚɹɯɨɫɬɚɥɶɧɵɯɜб
Xmeanб

б
Т

Т
Т

,

9.0*)(,255
, ɝɞɟ Тб  – ɫɜɟɬɢɦɨɫɬɶ Т-ɝɨ ɩɢɤɫɟɥɹ ɢɡɨɛɪɚɠɟɧɢɹ, X – ɦɧɨɠɟɫɬɜɨ 

ɜɫɟɯ ɩɢɤɫɟɥɟɣ. 
Ɍɨ ɟɫɬɶ, ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɜɟɬɢɦɨɫɬɶ ɩɢɤɫɟɥɹ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɚ 90% ɫɪɟɞɧɟɣ ɫɜɟɬɢɦɨɫɬɢ 

ɩɨ ɜɫɟɦɭ ɢɡɨɛɪɚɠɟɧɢɸ, ɟɦɭ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ 255 – ɛɟɥɵɣ ɰɜɟɬ, ɨɫɬɚɥɶɧɵɟ ɩɢɤɫɟɥɢ 
ɧɟɢɡɦɟɧɧɵ. Ɂɧɚɱɟɧɢɟ ɜ 90% ɛɵɥɨ ɩɨɞɨɛɪɚɧɨ ɷɦɩɢɪɢɱɟɫɤɢ. ɉɪɢ ɬɚɤɨɦ ɩɨɪɨɝɟ ɭɞɚɥɹɸɬɫɹ 
ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɮɨɧɨɜɵɟ ɩɢɤɫɟɥɢ, ɩɪɢ ɷɬɨɦ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ ɩɢɤɫɟɥɢ ɨɛɴɟɤɬɨɜ. ɉɪɢɦɟɪ 
ɭɞɚɥɟɧɢɹ ɮɨɧɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 
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Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬ ɭɞɚɥɟɧɢɹ ɮɨɧɨɜɵɯ ɩɢɤɫɟɥɟɣ 

FТР. 3. Background removal result 

 

Ȼɢɧɚɪɢɡɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɛɢɧɚɪɢɡɚɰɢɸ ɢɡɨɛɪɚɠɟɧɢɹ, ɬɨ ɟɫɬɶ ɩɪɢɜɟɞɟɧɢɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɤ ɜɢɞɭ, ɤɨɝɞɚ ɤɚɠɞɵɣ ɩɢɤɫɟɥɶ ɤɨɞɢɪɭɟɬɫɹ ɥɢɛɨ ɟɞɢɧɢɰɟɣ, ɥɢɛɨ ɧɭɥɟɦ. ɗɬɨɬ ɲɚɝ 
ɧɟɨɛɯɨɞɢɦ, ɬɚɤ ɤɚɤ ɧɟɤɨɬɨɪɵɟ ɩɨɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ OpenCV ɢɫɩɨɥɶɡɭɸɬ ɛɢɧɚɪɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ, ɤɚɤ ɨɞɢɧ ɢɡ ɚɪɝɭɦɟɧɬɨɜ. 

ȼɵɛɨɪ ɩɨɪɨɝɚ ɫɟɝɦɟɧɬɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɦɟɬɨɞɭ Ɉɰɭ. Ɍɚɤ ɤɚɤ ɩɨɫɥɟ ɩɪɟɞɵɞɭɳɟɝɨ ɲɚɝɚ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɤɚɤ ɛɵ ɞɜɚ ɤɥɚɫɫɚ ɩɢɤɫɟɥɟɣ – ɮɨɧɨɜɵɟ ɢ ɨɛɴɟɤɬɧɵɟ, Ɉɰɭ ɩɨɞɯɨɞɢɬ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰɵ ɛɢɧɚɪɢɡɚɰɢɢ ɥɭɱɲɟ – ɜɵɲɟ ɛɭɞɟɬ ɦɟɠɤɥɚɫɫɨɜɚɹ ɞɢɫɩɟɪɫɢɹ. ɉɪɢɦɟɪ 
ɛɢɧɚɪɢɡɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

 
Ɋɢɫ. 4. Ȼɢɧɚɪɢɡɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ 

FТР. 4. Image binarization 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ ɧɚ ɛɢɧɚɪɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ 

Ⱦɚɥɟɟ ɩɨ ɫɩɢɫɤɭ – ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ ɧɚ ɛɢɧɚɪɢɡɨɜɚɧɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ. 
ȼ OpenCV ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɬɨɩɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɛɢɧɚɪɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɋɚɬɨɲɢ ɋɭɡɭɤɢ ɢ Ʉɟɣɱɢ ɗɣɛɨɦД8Ж. Ⱥɥɝɨɪɢɬɦ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɧɚɯɨɠɞɟɧɢɟ ɤɨɧɬɭɪɨɜ ɫ ɭɱɟɬɨɦ ɜɥɨɠɟɧɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɟɧ ɨɩɪɟɞɟɥɢɬɶ, ɤɨɝɞɚ ɜ ɤɨɧɬɭɪ ɨɞɧɨɝɨ 
ɨɛɴɟɤɬɚ ɜɥɨɠɟɧ ɞɪɭɝɨɣ. ȼ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɬɨ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚ 
ɫɧɢɦɤɟ ɡɞɨɪɨɜɵɯ ɞɜɨɹɤɨɜɨɝɧɭɬɵɯ ɷɪɢɬɪɨɰɢɬɨɜ. ɉɪɢ ɷɬɨɦ ɩɪɢ ɡɚɫɜɟɬɤɟ ɜɨɝɧɭɬɨɫɬɶ ɷɪɢɬɪɨɰɢɬɚ ɧɟ 
ɮɢɤɫɢɪɭɟɬɫɹ ɦɚɬɪɢɰɟɣ ɤɚɦɟɪɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴɟɤɬ ɩɨɥɭɱɚɟɬɫɹ ɫ «ɞɵɪɤɨɣ», ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɚɥɝɨɪɢɬɦɚ Suzuki85 ɫɨɞɟɪɠɢɬ ɞɜɚ ɨɛɴɟɤɬɚ, ɚ ɩɨɥɧɭɸ ɩɥɨɳɚɞɶ ɦɨɠɧɨ ɩɨɫɱɢɬɚɬɶ, ɫɥɨɠɢɜ ɩɥɨɳɚɞɢ 
ɫɚɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɟɝɨ «ɞɵɪɤɢ». 

ȼ OpenCV ɞɚɧɧɵɣ ɪɟɠɢɦ ɞɥɹ cv::findContours ɧɚɡɵɜɚɟɬɫɹ CVИRETRИCCOMP. Ɉɧ ɢɡɜɥɟɤɚɟɬ 
ɜɫɟ ɤɨɧɬɭɪɵ ɢ ɨɪɝɚɧɢɡɭɟɬ ɢɯ ɜ ɞɜɭɯɭɪɨɜɧɟɜɭɸ ɢɟɪɚɪɯɢɸ. ɇɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ ɫɭɳɟɫɬɜɭɸɬ ɜɧɟɲɧɢɟ 
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ɝɪɚɧɢɰɵ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɚ ɜɬɨɪɨɦ ɭɪɨɜɧɟ ɟɫɬɶ ɝɪɚɧɢɰɵ ɨɬɜɟɪɫɬɢɣ. ȿɫɥɢ ɜ ɨɬɜɟɪɫɬɢɢ 
ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɟɫɬɶ ɟɳɟ ɨɞɢɧ ɤɨɧɬɭɪ, ɨɧ ɜɫɟ ɟɳɟ ɧɚɯɨɞɢɬɫɹ ɧɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ. 

ɉɪɢɦɟɪ ɜɵɞɟɥɟɧɢɹ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 5. 
 

 
Ɋɢɫ. 5. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ 

FТР. 5. Objects contours detection 

 

ȼɵɞɟɥɟɧɢɟ ɤɚɠɞɨɣ ɤɥɟɬɤɢ ɜ ɫɜɨɣ ɤɥɚɫɫ 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɨɛɥɚɫɬɟɣ: ɩɢɤɫɟɥɢ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɦɟɪɭ ɤɥɚɫɫɚ, ɤɪɚɫɹɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɰɜɟɬ. 

Ⱦɚɥɟɟ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɢ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɚ ɩɥɨɳɚɞɢ ɨɛɴɟɤɬɚ, ɧɚɣɞɟɧɧɵɟ ɤɨɧɬɭɪɵ ɡɚɥɢɜɚɸɬɫɹ 
ɫɥɭɱɚɣɧɵɦɢ ɧɟɩɨɜɬɨɪɹɸɳɢɦɢɫɹ ɰɜɟɬɚɦɢ. 

Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɚɟɬ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɤɚɤ ɫ ɮɭɧɤɰɢɟɣ ɨɬ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ f = I(x,y), ɝɞɟ x,y – 

ɤɨɨɪɞɢɧɚɬɵ ɩɢɤɫɟɥɹ. 
Ɂɧɚɱɟɧɢɟɦ ɮɭɧɤɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɥɢ ɦɨɞɭɥɶ ɝɪɚɞɢɟɧɬɚ. Ⱦɥɹ ɧɚɢɛɨɥɶɲɟɝɨ 

ɤɨɧɬɪɚɫɬɚ ɦɨɠɧɨ ɜɡɹɬɶ ɝɪɚɞɢɟɧɬ ɨɬ ɢɡɨɛɪɚɠɟɧɢɹ. ȿɫɥɢ ɩɨ ɨɫɢ Oz ɨɬɤɥɚɞɵɜɚɬɶ ɚɛɫɨɥɸɬɧɨɟ 
ɡɧɚɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ, ɬɨ ɜ ɦɟɫɬɚɯ ɩɟɪɟɩɚɞɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɯɪɟɛɬɵ, ɚ ɜ ɨɞɧɨɪɨɞɧɵɯ 
ɪɟɝɢɨɧɚɯ – ɪɚɜɧɢɧɵ. ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɦɢɧɢɦɭɦɨɜ ɮɭɧɤɰɢɢ f, ɢɞɟɬ ɩɪɨɰɟɫɫ ɡɚɩɨɥɧɟɧɢɹ ―ɜɨɞɨɣ‖, 
ɤɨɬɨɪɵɣ ɧɚɱɢɧɚɟɬɫɹ ɫ ɝɥɨɛɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ. Ʉɚɤ ɬɨɥɶɤɨ ɭɪɨɜɟɧɶ ɜɨɞɵ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ 
ɨɱɟɪɟɞɧɨɝɨ ɥɨɤɚɥɶɧɨɝɨ ɦɢɧɢɦɭɦɚ, ɧɚɱɢɧɚɟɬɫɹ ɟɝɨ ɡɚɩɨɥɧɟɧɢɟ ɜɨɞɨɣ. Ʉɨɝɞɚ ɞɜɚ ɪɟɝɢɨɧɚ ɧɚɱɢɧɚɸɬ 
ɫɥɢɜɚɬɶɫɹ, ɫɬɪɨɢɬɫɹ ɩɟɪɟɝɨɪɨɞɤɚ, ɱɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɛɴɟɞɢɧɟɧɢɟ ɨɛɥɚɫɬɟɣ. ȼɨɞɚ ɩɪɨɞɨɥɠɢɬ 
ɩɨɞɧɢɦɚɬɶɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɟɝɢɨɧɵ ɧɟ ɛɭɞɭɬ ɨɬɞɟɥɹɬɶɫɹ ɬɨɥɶɤɨ ɢɫɤɭɫɫɬɜɟɧɧɨ ɩɨɫɬɪɨɟɧɧɵɦɢ 
ɩɟɪɟɝɨɪɨɞɤɚɦɢ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɩɟɪɟɝɨɪɨɞɤɚɯ ɜɵɫɬɭɩɚɸɬ ɤɨɧɬɭɪɵ ɨɛɴɟɤɬɨɜ ɫ ɩɪɟɞɵɞɭɳɟɝɨ 
ɲɚɝɚ, ɚ ɡɧɚɱɟɧɢɟ ɩɢɤɫɟɥɟɣ ɧɚ ɤɨɧɬɭɪɚɯ – ɜɵɫɨɬɨɣ ɩɥɚɬɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɠɞɚɹ ɪɚɜɧɢɧɚ (ɝɪɭɩɩɚ 
ɩɢɤɫɟɥɟɣ, ɡɚɤɥɸɱɟɧɧɵɯ ɜ ɤɨɧɬɭɪ) ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɤɥɚɫɫɨɦ. Ɂɚ ɫɱɟɬ ɢɟɪɚɪɯɢɱɧɨɫɬɢ ɤɨɧɬɭɪɨɜ, 
ɩɪɚɜɢɥɶɧɨ (ɜ ɪɚɦɤɚɯ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɬɨ ɟɫɬɶ ɧɟ ɚɪɬɟɮɚɤɬɵ ɢ ɨɲɢɛɤɢ ɫɟɝɦɟɧɬɚɰɢɢ) ɡɚɥɢɜɚɸɬ 
ɢ ɜɥɨɠɟɧɧɵɟ ɨɛɴɟɤɬɵ. 

ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɚɡɤɚ ɤɪɨɜɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 6. 
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Ɋɢɫ. 6. ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɚɡɤɚ ɤɪɨɜɢ 

FТР. 6. Source image of blood probe 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɝɥɚɫɧɨ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɨɝɨ ɦɟɬɨɞɚ ɦɵ 
ɩɨɥɭɱɚɟɦ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 
Ɋɢɫ. 7. ɂɡɨɛɪɚɠɟɧɢɟ ɦɚɡɤɚ ɤɪɨɜɢ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɫɟɝɦɟɧɬɚɰɢɢ 

FТР. 7. Source image after preprocessing and segmentation 

 

ɉɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ 
ɩɥɨɳɚɞɢ ɤɥɟɬɨɤ ɤɪɨɜɢ ɩɨ ɧɚɢɛɨɥɟɟ ɬɨɧɤɢɦ ɢ ɱɟɬɤɢɦ ɤɨɧɬɭɪɚɦ.  

ɂɡ ɩɥɨɳɚɞɢ ɤɥɟɬɨɤ ɤɪɨɜɢ ɜɵɱɢɫɥɹɟɦ ɞɢɚɦɟɬɪ ɤɚɠɞɨɣ ɤɥɟɬɤɢ ɢ ɫɬɪɨɢɦ ɝɢɫɬɨɝɪɚɦɦɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɢɚɦɟɬɪɨɜ ɤɥɟɬɨɤ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8. ɗɬɨ ɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ ɦɵ 
ɡɧɚɟɦ, ɱɬɨ ɤɚɠɞɵɣ ɩɢɤɫɟɥɶ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɡɚɧɢɦɚɟɬ 0,154 ɦɤɦ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ. 
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Ʉɪɢɜɚɹ ɉɪɚɣɫɚ-Ⱦɠɨɧɫɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɤɪɢɜɚɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 
ɜɯɨɠɞɟɧɢɹ ɤɥɟɬɤɢ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɤɥɚɫɫ (ɪɢɫɭɧɨɤ 9). Ƚɞɟ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɤɥɚɞɵɜɚɸɬ ɜɟɥɢɱɢɧɭ 
ɩɥɨɳɚɞɢ ɷɪɢɬɪɨɰɢɬɨɜ (ɜ ɦɤɦ), ɚ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ — ɜɟɪɨɹɬɧɨɫɬɶ ɜɯɨɠɞɟɧɢɹ ɤɥɟɬɤɢ ɜ ɫɜɨɣ ɤɥɚɫɫ, 
ɤɥɚɫɫ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɞɢɚɦɟɬɪ ɤɥɟɬɤɢ. 

 

 
Ɋɢɫ. 8. Ƚɢɫɬɨɝɪɚɦɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɢɚɦɟɬɪɨɜ ɷɪɢɬɪɨɰɢɬɨɜ 

FТР. 8. An erythrocytes diameters distribution histogram 

 

 
Ɋɢɫ. 9. Ʉɪɢɜɚɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɜɯɨɠɞɟɧɢɹ ɤɥɟɬɤɢ ɜ ɤɥɚɫɫ 

FТР. 9. A curve of probability density of cell class affiliation 

 

Ʉɪɢɜɚɹ ɉɪɚɣɫɚ-Ⱦɠɨɧɫɚ ɭ ɡɞɨɪɨɜɵɯ ɥɸɞɟɣ ɢɦɟɟɬ ɩɪɚɜɢɥɶɧɭɸ ɬɪɟɭɝɨɥɶɧɭɸ ɮɨɪɦɭ ɫ ɜɵɫɨɤɨɣ 
ɜɟɪɲɢɧɨɣ ɢ ɭɡɤɢɦ ɨɫɧɨɜɚɧɢɟɦ. ɉɪɢ ɷɬɨɦ ɩɪɟɨɛɥɚɞɚɸɬ ɷɪɢɬɪɨɰɢɬɵ ɫ ɞɢɚɦɟɬɪɨɦ 6-8 ɦɤɦ, ɤɨɬɨɪɵɟ 
ɫɨɫɬɚɜɥɹɸɬ 70-75% ɜɫɟɯ ɷɪɢɬɪɨɰɢɬɨɜ. ɇɚ ɞɨɥɸ ɦɢɤɪɨɰɢɬɨɜ (ɤɥɟɬɤɢ ɞɢɚɦɟɬɪɨɦ ɦɟɧɶɲɟ 6 ɦɤɦ) ɢ 
ɦɚɤɪɨɰɢɬɨɜ (ɞɢɚɦɟɬɪ ɛɨɥɟɟ 8 ɦɤɦ) ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ 12-15%, 
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ɲɢɪɢɧɚ ɤɪɢɜɨɣ ɨɬɪɚɠɚɟɬ ɫɬɟɩɟɧɶ ɚɧɢɡɨɰɢɬɨɡɚ, ɚ ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ - ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ 
ɷɪɢɬɪɨɰɢɬɚ.  

ɉɪɢ ɦɢɤɪɨɰɢɬɨɡɟ (ɯɚɪɚɤɬɟɪɧɨɦ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɠɟɥɟɡɨɞɟɮɢɰɢɬɨɧɨɣ ɚɧɟɦɢɢ) 
ɷɪɢɬɪɨɰɢɬɨɦɟɬɪɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɫɞɜɢɝɚɟɬɫɹ ɜɥɟɜɨ, ɤɪɢɜɚɹ ɫɬɚɧɨɜɢɬɫɹ ɚɫɫɢɦɟɬɪɢɱɧɨɣ, ɲɢɪɢɧɚ ɟɟ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ɉɪɢ ɦɚɤɪɨɰɢɬɨɡɟ (ɧɚɩɪɢɦɟɪ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɦ ȼ12 ɢ ɮɨɥɢɟɜɨɞɟɮɢɰɢɬɧɭɸ ɚɧɟɦɢɸ) ɤɪɢɜɚɹ 
ɉɪɚɣɫ-Ⱦɠɨɧɫɚ ɫɞɜɢɝɚɟɬɫɹ ɜɩɪɚɜɨ, ɭɩɥɨɳɚɟɬɫɹ, ɨɫɧɨɜɚɧɢɟ ɟɟ ɪɚɫɲɢɪɹɟɬɫɹ.  

ɉɨɫɬɪɨɟɧɢɟ ɤɪɢɜɨɣ ɉɪɚɣɫ-Ⱦɠɨɧɫɚ ɜɪɭɱɧɭɸ – ɱɪɟɡɜɵɱɚɣɧɨ ɬɪɭɞɨɟɦɤɚɹ ɩɪɨɰɟɞɭɪɚ. ɉɨɷɬɨɦɭ 
ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɫɢɫɬɟɦɚ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɡɜɨɥɹɟɦ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɛɵɫɬɪɨ ɢ 
ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɩɨɫɬɪɨɢɬɶ ɤɪɢɜɭɸ ɉɪɚɣɫɚ-Ⱦɠɨɧɫɚ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɢɞɟɬɶ 
ɩɪɨɰɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɜɫɟɯ ɜɢɞɨɜ ɤɪɚɫɧɵɯ ɤɪɨɜɹɧɵɯ ɬɟɥɟɰ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ 
ɜɵɹɜɢɬɶ ɚɧɢɡɨɰɢɬɨɡ ɭ ɛɨɥɶɧɨɝɨ ɢ ɩɨɞɨɛɪɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɟɝɨ ɥɟɱɟɧɢɹ. 

 

ɋɬɚɬɶɹ ɩɨɞɝɨɬɨɜɥɟɧɚ ɜ ɪɚɦɤɚɯ ɝɪɚɧɬɚ ɊɎɎИ 16-07-00435 А. 
 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. Ȼɚɬɢɳɟɜ Ⱦ.ɋ., Ɇɢɯɟɥɟɜ ȼ.Ɇ. ɂɧɮɪɚɫɬɪɭɤɬɭɪɚ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɵ 

ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɛɥɚɱɧɵɯ ɫɟɪɜɢɫɨɜ ɯɪɚɧɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɩɟɪɫɨɧɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ // ɇɚɭɱɧɵɟ 
ɜɟɞɨɦɨɫɬɢ Ȼɟɥɝɨɪɨɞɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋɟɪɢɹ: ɗɤɨɧɨɦɢɤɚ. ɂɧɮɨɪɦɚɬɢɤɚ. - Ȼɟɥɝɨɪɨɞ: 
ɂɡɞ-ɜɨ ɇɂɍ ȻɟɥȽɍ, 2016. - ɋ. 88-92. 

2. Ȼɟɥɹɤɨɜ ȼ.Ʉ., ɋɭɯɟɧɤɨ ȿ.ɉ., Ɂɚɯɚɪɨɜ Ⱥ.ȼ., Ʉɨɥɶɰɨɜ ɉ.ɉ., Ʉɨɬɨɜɢɱ ɇ.ȼ., Ʉɪɚɜɱɟɧɤɨ A.Ⱥ., Ʉɭɰɚɟɜ 
A.ɋ., Ɉɫɢɩɨɜ A.ɋ., Ʉɭɡɧɟɰɨɜ Ⱥ.Ȼ. Ɉɛ ɨɞɧɨɣ ɦɟɬɨɞɢɤɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɤɥɟɬɨɤ ɤɪɨɜɢ ɢ ɟɟ ɩɪɨɝɪɚɦɦɧɨɣ 
ɪɟɚɥɢɡɚɰɢɢ // ɉɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ ɢ ɫɢɫɬɟɦɵ. – 2014. -№ 4 (108). – ɋ. 46-56.  

3. Ȼɨɪɢɫɨɜɫɤɢɣ ɋ.Ⱥ. Ƚɢɛɪɢɞɧɵɟ ɦɨɞɟɥɢ ɢ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɚɧɚɥɢɡɚ ɫɥɨɠɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: ɞɢɫ. ɤɚɧɞ. ɬ.ɧ. ɧɚɭɤ: 05.13.01. – 

Ʉɭɪɫɤ, 2012. 
4. Ƚɪɢɛɤɨɜ ɂ.ȼ., Ɂɚɯɚɪɨɜ Ⱥ.ȼ., Ʉɨɥɶɰɨɜ ɉ.ɉ., Ʉɨɬɨɜɢɱ ɇ.ȼ., Ʉɪɚɜɱɟɧɤɨ Ⱥ.Ⱥ., Ʉɭɰɚɟɜ Ⱥ.ɋ., Ɉɫɢɩɨɜ 

Ⱥ.ɋ. ɋɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ - Ɇ.: ɂɡɞ-ɜɨ ɇɂɂɋɂ ɊȺɇ, 2005. 
5. Ɇɟɬɨɞɢɱɟɫɤɨɟ ɪɭɤɨɜɨɞɫɬɜɨ: Ɉɛɳɢɣ ɚɧɚɥɢɡ ɤɪɨɜɢ (ɬɪɚɤɬɨɜɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɜɵɩɨɥɧɟɧɧɵɯ ɧɚ ɝɟɦɚɬɨɥɨɝɢɱɟɫɤɢɯ ɚɧɚɥɢɡɚɬɨɪɚɯ) // ɋɬɚɜɪɨɩɨɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ URL: sЭРЦЮ.rЮ/ЮsОrПТХОs/НОЩЭs/МХТЧТМКХИХКЛИНТКРЧШsТsИЩО/OЛsМСТУИКЧКХТгИФrШЯТ.rЭП (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 
1.04.2018). 

6. ɋɢɫɬɟɦɚ ɤɪɚɫɧɨɣ ɤɪɨɜɢ / Ʌɢɩɭɧɨɜɚ ȿ.Ⱥ., ɉɨɞ ɪɟɞ. ɋɤɨɪɤɢɧɨɣ Ɇ.ɘ. - Ȼɟɥɝɨɪɨɞ: Ɏɟɞɟɪɚɥɶɧɨɟ 
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«Ȼɟɥɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ». – 215 ɫ. 

7. ɋɨɣɧɢɤɨɜɚ ȿ.ɋ., Ɋɹɛɵɯ Ɇ.ɋ., Ȼɚɬɢɳɟɜ Ⱦ.ɋ., ɋɢɧɸɤ ȼ.Ƚ., Ɇɢɯɟɥɟɜ ȼ.Ɇ. 
ȼɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ ɧɚ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɹɯ // ɇɚɭɱɧɵɣ ɪɟɡɭɥɶɬɚɬ. 
ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. 2016. - ɋ. 4-9. 

8. ɋɨɤɨɥɢɧɫɤɢɣ Ȼ.Ɂ., Ⱦɟɦɶɹɧɨɜ ȼ.Ʌ., Ɇɟɞɧɵɣ ȼ.ɋ., ɉɚɪɩɚɪɚ Ⱥ.Ⱥ., ɉɹɬɧɢɰɤɢɣ Ⱥ.Ɇ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ 
ɫɨɪɬɢɪɨɜɤɚ ɥɟɣɤɨɰɢɬɨɜ ɦɚɡɤɚ ɤɪɨɜɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɨɛɭɱɚɟɦɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɢ аКЭОrsСОН // ȼ 
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