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Abstract 

Ц9;P 8EE;98>6а=8O. �KO2;5=85 :;NG52KE D0:B>@>2 @8A:0 8 A>740=85 <0B5<0B8G5A:>9 <>45;8 4;O ?@>-
3=>78@>20=8O @57C;LB0B>2 ;5G5=8O B@02< :>;5==>3> ACAB020 C ?0F85=B>2 A A0E0@=K< 48015B>< – F5;8 
8AA;54>20=8O. 
М9F>8O. �;O @5H5=8O ?>AB02;5==>9 7040G8 8A?>;L7>20= :><?;5:A <5B>4>2, ?>72>;ONI8E CG8BK20BL 
<=>65AB2> D0:B>@>2, 2;8ONI8E =0 @8A: B@02<0B870F88 :>;5=0 C ?0F85=B>2 A A0E0@=K< 48015B><. � 8E 
G8A;5 – 45A:@8?B82=0O AB0B8AB8:0 4;O E0@0:B5@8AB8:8 2K1>@:8 (A@54=55 7=0G5=85, AB0=40@B=>5 >B-
:;>=5=85, <5480=0, :20@B8;8), :>@@5;OF8>==K9 0=0;87 :>MDD8F85=B>2 %?8@<5=0 8 #8@A>=0 4;O 2KO2;5=8O 
2708<>A2O759 <564C ?5@5<5==K<8, 0 B0:65 ;>38AB8G5A:0O @53@5AA8O 8 <5B>4K <0H8==>3> >1CG5=8O (Ran-

dom Forest 8 SVM) 4;O ?>AB@>5=8O 8 >F5=:8 ?@>3=>AB8G5A:8E <>45;59.  &0:>9 ?>4E>4 >15A?5G8205B 3;C1>-
:>5 87CG5=85 2708<>A2O759 <564C :;8=8G5A:8<8 8 DC=:F8>=0;L=K<8 ?>:070B5;O<8, GB> ?>72>;O5B A>-
740BL B>G=K5 8 =04ё6=K5 ?@>3=>AB8G5A:85 <>45;8. � @57C;LB0B5 MB> A?>A>1AB2C5B C;CGH5=8N >F5=:8 
@8A:0 8 @07@01>B:8 8=48284C0;L=KE ?@>D8;0:B8G5A:8E ?>4E>4>2, 0 B0:65 ?5@A>=0;878@>20==KE <5B>4>2 
B5@0?88, GB> 7=0G8B5;L=> ?>2KH05B MDD5:B82=>ABL ;5G5=8O.  
Р97G;PFаFO. "1=0@C65=0 :>@@5;OF8O <564C C@>2=5< HbA1c 8 G0AB>B>9 8=D5:F8>==KE >A;>6=5=89 
(r = 0,68, p < 0,01). $07@01>B0=0 <0B5<0B8G5A:0O <>45;L, ?>72>;ONI0O ?@>3=>78@>20BL =51;03>?@8OB=K9 
8AE>4 ;5G5=8O A B>G=>ABLN 4> 89 % (AUC = 0,89). #@>3=>AB8G5A:0O <>45;L 2KO28;0 :;NG52K5 D0:B>@K 
@8A:0 =51;03>?@8OB=KE 8AE>4>2 ;5G5=8O, 2:;NG0O C@>25=L HbA1c, ?@52KH0NI89 7,5 %, � & 1>;55 30 :3/<2 

8 2>7@0AB AB0@H5 60 ;5B. 
За:;NG9=89. � 40==>9 @01>B5 ?@>3=>AB8G5A:0O <>45;L @01>B05B A B>G=>ABLN 86 %, GB> O2;O5BAO E>-
@>H8< 4803=>AB8G5A:8< ?>:070B5;5< 8 8=AB@C<5=B>< >F5=:8 @8A:0 4;O @5H5=8O 206=>9 7040G8 <548F8=-
A:>3> ?@>3=>78@>20=8O 8 ?@>D8;0:B8:8 >A;>6=5=89. 
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;8@>20=85; <0H8==>5 >1CG5=85; <548F8=A:85 8=D>@<0F8>==K5 A8AB5<K. 
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�?S J<F<DB64A<S: $>48>=>20 %. !., &8H8= /. !., �01:8= �. �. #@>3=>AB8G5A:>5 <>45;8@>20=85 =51;03>?@8OB-
=KE 8AE>4>2 ;5G5=8O B@02< :>;5==>3> ACAB020 C ?0F85=B>2 A A0E0@=K< 48015B>< // �725AB8O .3>-�0?04=>3> 
3>AC40@AB25==>3> C=825@A8B5B0. %5@8O: '?@02;5=85, 2KG8A;8B5;L=0O B5E=8:0, 8=D>@<0B8:0.  548F8=A:>5 ?@8-
1>@>AB@>5=85. 2026. &. 16, № 2. %. 209–217. https://doi.org/10.21869/2223-1536-2026-16-2-209-217. 

#>ABC?8;0 2 @540:F8N 19.04.2026  #>4?8A0=0 2 ?5G0BL 17.05.2026  "?C1;8:>20=0 30.06.2026 

_______________________ 

© $>48>=>20 %. !., &8H8= /. !., �01:8= �. �., 2026 

https://doi.org/10.21869/2223-1536-2026-16-2-209-217
mailto:tisinaroslav5@gmail.com
https://doi.org/10.21869/2223-1536-2026-16-2-209-217


210      >45;8@>20=85 2 <548F8=A:8E 8 B5E=8G5A:8E A8AB5<0E / Modeling in Medical and Technical Systems 

�725AB8O .3>-�0?04=>3> 3>AC40@AB25==>3> C=825@A8B5B0. %5@8O: '?@02;5=85,  
2KG8A;8B5;L=0O B5E=8:0, 8=D>@<0B8:0.  548F8=A:>5 ?@81>@>AB@>5=85. 2026;16(2):209–217 

 

Prognostic modeling of adverse outcomes of knee joint injury 

treatment in patients with diabetes mellitus 

Sofia N. Rodionova1, Yaroslav N. Tishin1 , Andrey A. Babkin1  

1 Southwest State University 

50 Let Oktyabrya Str. 94, Kursk 305040, Russian Federation  

 e-mail: tisinaroslav5@gmail.com 

$9;R@9 

Purpose of research. The objectives of the study are to identify key risk factors and create a mathematical model for 

predicting treatment outcomes for knee injuries in patients with diabetes mellitus. 

Methods. To solve this problem, a set of methods was used to take into account many factors affecting the risk of 

knee injury in patients with diabetes mellitus. These include descriptive statistics for sample characteristics (such as 

mean, standard deviation, median, quartiles), correlation analysis of Spearman and Pearson coefficients to identify 

relationships between variables, as well as logistic regression and machine learning methods (Random Forest and 

SVM) for building and evaluating predictive models.  This approach provides an in-depth study of the relationships 

between clinical and functional indicators, which makes it possible to create accurate and reliable predictive models. 

As a result, this contributes to improved risk assessment and the development of individual preventive approaches, 

as well as personalized therapies, which significantly increases the effectiveness of treatment. 

Results. A correlation was found between the level of HbA1c and the frequency of infectious complications (r = 0,68, 

p < 0,01). A mathematical model was developed that allows predicting an unfavorable treatment outcome with an 

accuracy of 89 % (AUC = 0,89). The prognostic model identified key risk factors for adverse treatment outcomes, 

including HbA1c levels exceeding 7,5 %, BMI over 30 kg/m2 and age over 60 years. 

Conclusion. In this work the predictive model works with an accuracy of 86 %, which is a good diagnostic indicator 

and a risk assessment tool for solving the important task of medical forecasting and prevention of complications. 
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&@02<K :>;5==>3> ACAB020 ?@54-
AB02;ONB A>1>9 A5@L57=CN ?@>1;5<C 2 
>@B>?548G5A:>9 ?@0:B8:5, >A>15==> C 
?0F85=B>2 A E@>=8G5A:8<8 701>;520=8-

O<8, B0:8<8 :0: A0E0@=K9 48015B [1]. 

%0E0@=K9 48015B E0@0:B5@87C5BAO 
AB>9:>9 38?5@3;8:5<859, ?@82>4OI59 : 
@07;8G=K< >A;>6=5=8O<, 2:;NG0O <8:-
@>- 8 <0:@>0=38>?0B8N, =52@>?0B8N 8 
?>2KH5==K9 @8A: 8=D8F8@>20=8O [2]. 
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-B8 >A;>6=5=8O <>3CB 70B@C4=8BL ;5-
G5=85 B@02< :>;5=0, 70<54;OO ?@>F5AA 
70682;5=8O 8 ?>2KH0O 25@>OB=>ABL =5-
1;03>?@8OB=KE 8AE>4>2 [3]. 

#@>3=>AB8G5A:>5 <>45;8@>20=85 
?@54>AB02;O5B <>I=K5 8=AB@C<5=BK 
4;O 0=0;870 A;>6=KE <548F8=A:8E 70-
40G, ?>72>;OO >F5=820BL 25@>OB=>ABL 
=565;0B5;L=KE 8AE>4>2 =0 >A=>25 
8<5NI8EAO 40==KE [4]. � 40==>< 8A-
A;54>20=88 8A?>;L7CNBAO MB8 <5B>4K A 
F5;LN ?>2KH5=8O ?>=8<0=8O D0:B>@>2 
@8A:0 8 @07@01>B:8 @5:><5=40F89 ?> 
;5G5=8N B@02< :>;5=0 C ?0F85=B>2 A 
A0E0@=K< 48015B>< [5]. 

� A2O78 A B5<, GB> C ;N459 1>;L=KE 
A0E0@=K< 48015B>< 2KA>:0 AB5?5=L : 
B@02<0< :>;5==>3> ACAB020, 40==0O 
?@>1;5<0 O2;O5BAO 0:BC0;L=>9. %>3;0A-
=> ?>A;54=8< 8AA;54>20=8O<, C 1>;L-
H8=AB20 1>;L=KE A0E0@=K< 48015B>< 
=01;N405BAO ?>2KH5==0O 25@>OB=>ABL 
@0728B8O >AB5>0@B@8B0 8 B@02< :>;5=0, 
GB> ?@82>48B : A=865=8N :0G5AB20 
687=8 8 C25;8G5=8N G8A;0 3>A?8B0;8-
70F89. &0:, ?> 40==K< @>AA89A:8E 8 70-
@C156=KE 8AB>G=8:>2, C ?0F85=B>2 A 
A0E0@=K< 48015B>< @8A: B@02< :>;5=0 
2>7@0AB05B 2 1,5-2 @070 ?> A@02=5=8N A 
;N4L<8 157 MB>3> 701>;520=8O. � A2O78 
A MB8< @07@01>B:0 ?@>3=>AB8G5A:8E <>-
45;59 4;O >F5=:8 @8A:0 B@02<0B870F88 
AB0=>28BAO 206=>9 7040G59 4;O A2>5-
2@5<5==>3> ?@>D8;0:B8G5A:>3> 2<5H0-
B5;LAB20 [3].  

&@02<K :>;5==>3> ACAB020 >B=>AOB-
AO : G8A;C =081>;55 @0A?@>AB@0=5==KE 
B@02< >?>@=>-42830B5;L=>3> 0??0@0B0. 
%>G5B0=85 B@02<K 8 48015B0 >A;>6=O5B 
:;8=8G5A:CN :0@B8=C, ?>2KH05B @8A: 

8=D5:F8>==KE >A;>6=5=89, 7045@68-
205B :>=A>;840F8N :>AB59 8 70682;5-
=85 <O3:8E B:0=59 8 =530B82=> 2;8O5B 
=0 >B40;5==K5 DC=:F8>=0;L=K5 @5-
7C;LB0BK [6]. 

!5A<>B@O =0 CA?5E8 2 E8@C@38G5-
A:>< ;5G5=88 B@02< :>;5=0, @07@01>B:0 
?5@A>=0;878@>20==KE ?>4E>4>2, CG8-
BK20NI8E A8AB5<=K5 ?>A;54AB28O 480-
15B0, >AB05BAO 206=>9 7040G59. &@048-
F8>==K5 :;8=8G5A:85 <5B>4K =5 2A5340 
?>72>;ONB MDD5:B82=> ?@>3=>78@>20BL 
@57C;LB0BK ;5G5=8O. �A?>;L7>20=85 ?5-
@54>2KE <5B>4>2 >1@01>B:8 40==KE >B-
:@K205B =>2K5 2>7<>6=>AB8 4;O >1J5:-
B82=>9 >F5=:8 @8A:0 8 ?>445@6:8 ?@8-
=OB8O :;8=8G5A:8E @5H5=89 [7]. 

� 40==>< 8AA;54>20=88 F5;LN O2-
;O5BAO 2KO2;5=85 :;NG52KE D0:B>@>2 
@8A:0 8 A>740=85 <0B5<0B8G5A:>9 <>45-
;8 4;O ?@>3=>78@>20=8O @57C;LB0B>2 
;5G5=8O B@02< :>;5==>3> ACAB020 C ?0-
F85=B>2 A A0E0@=K< 48015B><.  

 4F9D<4?O < @9FB8O  

�AA;54>20=85 ?@>2>48;>AL 2 B@02-
<0B>;>38G5A:>< >B45;5=88 A 2024 ?> 
2025 33. "A=>2=CN 3@C??C A>AB028;8 
150 ?0F85=B>2 A ?>4B25@645==K<8 ?>-
2@5645=8O<8 :>;5==>3> ACAB020 (B0:8-
<8, :0: @07@K2K <5=8A:>2, ?>2@5645-
=8O ?5@54=59 :@5AB>>1@07=>9 A2O7:8 8 
2=CB@8ACAB02=K5 ?5@5;><K) =0 D>=5 
A0E0@=>3> 48015B0 1-3> 8;8 2-3> B8?0. � 
:>=B@>;L=CN 3@C??C 2>H;8 100 ?0F8-
5=B>2 157 =0@CH5=89 C3;52>4=>3> >1-
<5=0, => A 0=0;>38G=K<8 2840<8 B@02< 
8 ;5G5=8O. %@54=89 2>7@0AB ?0F85=B>2 
>A=>2=>9 3@C??K A>AB028; 54,2 ± 5,1 
3>40.  
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#> :064><C ?0F85=BC 1K;8 A>1@0-
=K 8 ?@>0=0;878@>20=K A;54CNI85 
40==K5: 

1. �;8=8G5A:85 8 45<>3@0D8G5A:85 
D0:B>@K: 2>7@0AB, ?>;, 8=45:A <0AAK 
B5;0 (� &), :C@5=85 8 =0;8G85 A>?CB-
AB2CNI8E A5@45G=>-A>AC48ABKE 701>-
;520=89. 

2. #>:070B5;8 C3;52>4=>3> >1<5=0: 
C@>25=L 3;8:8@>20==>3> 35<>3;>18=0 
(HbA1c) ?@8 ?>ABC?;5=88, A@54=89 
C@>25=L 3;8:5<88 2> 2@5<O 3>A?8B0;8-
70F88 8 4;8B5;L=>ABL A0E0@=>3> 48015-
B0 2 0=0<=575 [8]. 

3. )0@0:B5@8AB8:8 B@02<K 8 ;5G5-
=8O: <5E0=87< B@02<K, B8? B@02<K 
(:;0AA8D8F8@C5<K9 A>>B25BAB2CNI8< 
>1@07><), B8? E8@C@38G5A:>3> 2<5H0-
B5;LAB20 8 ?@>4>;68B5;L=>ABL 8<<>18-
;870F88 [9]. 

4. #>:070B5;8 @57C;LB0B0 ;5G5=8O: 
A@>:8 70682;5=8O @0=, =0;8G85 8=D5:-
F8>==KE >A;>6=5=89 (?>25@E=>AB=KE 
8;8 3;C1>:8E) 8 A@>:8 2>AAB0=>2;5=8O 
DC=:F88 ACAB020 (>F5=820NBAO ?> H:0-
;0< �8AE>;L<0 8 �""%� G5@57 3, 6 8 
12 <5AOF52 ?>A;5 ;5G5=8O) [3]. 

�;O AB0B8AB8G5A:>9 >1@01>B:8 
40==KE 8 ?>AB@>5=8O ?@>3=>AB8G5A:>9 
<>45;8 8A?>;L7>20;8AL: 

1. �5A:@8?B82=0O AB0B8AB8:0: 4;O 
E0@0:B5@8AB8:8 2K1>@:8 (A@54=55 7=0-
G5=85, AB0=40@B=>5 >B:;>=5=85, <5480-
=0 8 :20@B8;8). -B0 G0ABL 0=0;870 ?>7-
2>;O5B ?>;CG8BL >1I55 ?@54AB02;5=85 > 
@0A?@545;5=88 :;NG52KE ?0@0<5B@>2 8 
>?@545;8BL E0@0:B5@. 

2. �>@@5;OF8>==K9 0=0;87: A ?><>-
ILN :>MDD8F85=B>2 %?8@<5=0 8 #8@-

A>=0 4;O 2KO2;5=8O 2708<>A2O78 <564C 
D0:B>@0<8 @8A:0 8 8AE>40<8 [10]. 

3. �>38AB8G5A:0O @53@5AA8O: 4;O 
?>AB@>5=8O <>45;8 18=0@=>3> ?@>3=>-
78@>20=8O, ?>72>;ONI59 >?@545;8BL 
2;8O=85 >B45;L=KE D0:B>@>2 =0 25@>-
OB=>ABL =51;03>?@8OB=KE 8AE>4>2.  

4.  5B>4K <0H8==>3> >1CG5=8O 
(Random Forest 8 <5B>4 >?>@=KE 25:B>-
@>2, SVM) 4;O A@02=5=8O B>G=>AB8 8 
?>2KH5=8O =0456=>AB8 ?@>3=>70 [11]. 

"1@01>B:0 40==KE 2K?>;=5=0 A 
?><>ILN O7K:0 ?@>3@0<<8@>20=8O 
Python, 8A?>;L7CO 181;8>B5:8 Pandas 
(4;O >1@01>B:8 40==KE), Scikit-learn 

(4;O <>45;8@>20=8O 8 >F5=:8 0;3>@8B-
<>2) 8 SciPy (4;O AB0B8AB8G5A:>3> 0=0-
;870). 

#@8<5@ D@03<5=B0 >:=0 ?@>2545-
=8O @0AG5B>2: 

import pandas as pd 

from sklearn.model_selection import 

train_test_split 

from sklearn.ensemble import Ran-

domForestClassifier 

from sklearn.svm import SVC 

from sklearn.metrics import 

roc_auc_score, accuracy_score 

 

# �03@C7:0 ?>43>B>2;5==KE 40==KE 
data = pd.read_csv('dataset.csv') 

 

# "?@545;5=85 ?@87=0:>2 8 F5;5-
2>9 ?5@5<5==>9 

X = data[['HbA1c', '� &', '�>7@0AB']] 
y = data['=51;03>?@8OB=K9_8AE>4'] 
 

# $0745;5=85 =0 >1CG0NICN 8 B5-
AB>2CN 2K1>@:8 
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X_train, X_test, y_train, y_test = 

train_test_split(X, y, test_size=0.2, ran-

dom_state=42) 

 

# "1CG5=85 <>45;8 Random Forest 
rf_model = RandomForestClassifier() 

rf_model.fit(X_train, y_train) 

preds_rf = rf_model.predict(X_test) 

roc_rf = roc_auc_score(y_test, 

preds_rf) 

 

# "1CG5=85 <>45;8 SVM 

svm_model = SVC(probability=True) 

svm_model.fit(X_train, y_train) 

preds_svm = 

svm_model.predict(X_test) 

roc_svm = roc_auc_score(y_test, 

preds_svm) 

 

print(f'AUC Random Forest: 

{roc_rf}') 

print(f'AUC SVM: {roc_svm}') 

 

�A?>;L7>20=85 Python >1CA;>2;5=> 
53> H8@>:8<8 2>7<>6=>ABO<8 4;O 
1KAB@>9 8 MDD5:B82=>9 >1@01>B:8 40=-
=KE, 02B><0B870F88 0=0;8B8G5A:8E 

?@>F54C@ 8 ?>AB@>5=8O <>45;8 <0H8=-
=>3> >1CG5=8O. -B> >15A?5G8205B ?>-
2B>@O5<>ABL 8 <0AHB018@C5<>ABL 0=0-
;870, >1;53G0O 2=54@5=8O @07@01>B0=-
=KE <>45;59 2 ?@0:B8:C [12]. 

$9;G?PF4FO < <I B5EG:89A<9 

�>@@5;OF8>==K9 0=0;87 2KO28; 
7=0G8B5;L=CN A2O7L <564C :>=F5=B@0-
F859 HbA1c ?@8 3>A?8B0;870F88 8 G0-
AB>B>9 2>7=8:=>25=8O 8=D5:F8>==KE 
>A;>6=5=89 2 >1;0AB8 >?5@0F8>==KE 
@0= (:>MDD8F85=B r = 0,68, @ < 0,01). 

-B> A2845B5;LAB2C5B > B><, GB> ?>2K-
H5==K5 7=0G5=8O 3;8:8@>20==>3> 35<>-
3;>18=0 =5?>A@54AB25==> ?5@54 >?5@0-
F859 ACI5AB25==> ?>2KH0NB @8A: ?>-
A;5>?5@0F8>==>9 8=D5:F88. &0:65 1K-
;> 2KOA=5=>, GB> ?@>4>;68B5;L=>ABL 
8AB>@88 701>;520=8O A0E0@=K< 48015-
B>< A2O70=0 A C25;8G5=85< ?5@8>40 
2>AAB0=>2;5=8O DC=:F89 ACAB020 (:>-
MDD8F85=B r = 0,55, p < 0,05). 

$8A: >A;>6=5=89 7=0G8B5;L=> 2>7-
@0AB05B A CEC4H5=85< AB5?5=8 :><?5=-
A0F88 (B01;. 1). 

&45?<J4 1. �028A8<>ABL G0AB>BK >A;>6=5=89 >B AB5?5=8 :><?5=A0F88 %� 

Table 1. Dependence of the complication rate on the degree of DM compensation 

%B5?5=L :><?5=A0F88 %� 
(HbA1c) 

�>;8G5AB2> ?0F85=B>2  �=D5:F8>==K5  
>A;>6=5=8O 

n % n % 

)>@>H0O (<6,5 %) 45 30 2 4,4 

'4>2;5B2>@8B5;L=0O (6,5–8,0 %) 75 50 15 20 

!5C4>2;5B2>@8B5;L=0O (>8,0 %) 30 20 12 40 
 

-B> 2K45;O5B =5>1E>48<>ABL <>=8-
B>@8=30 C@>2=O A0E0@0 2 :@>28 C 1>;L-
=KE A0E0@=K< 48015B><, ?@>H54H8E 
E8@C@38G5A:>5 2<5H0B5;LAB2> =0 :>-

;5==>< ACAB025, B0: :0: 2KA>:89 C@>-
25=L 3;8:8@>20==>3> 35<>3;>18=0 A?>-
A>15= CEC4H8BL ?@>F5AA 2>AAB0=>2;5-
=8O 8 ?>2KA8BL @8A: ?>A;54AB289 [12]. 
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$57C;LB0BK 8AA;54>20=8O ?>4-
B25@640NB 38?>B57C > B><, GB> E@>=8-
G5A:0O 38?5@3;8:5<8O >:07K205B A8-
AB5<=>5 =530B82=>5 2;8O=85 =0 ?@>-
F5AAK @535=5@0F88. )@>=8G5A:8 2KA>-
:89 C@>25=L A0E0@0 2 :@>28 <>65B 
?@825AB8 : =0@CH5=8N <8:@>F8@:C-
;OF88, A=865=8N 8<<C==>3> >B25B0 8 
=0@CH5=8N >1@07>20=8O :>;;035=0, 
:>B>@K5 8<5NB @5H0NI55 7=0G5=85 
4;O 70682;5=8O A2O7>: 8 :>AB=>9 B:0-
=8 [13]. 

 >45;L ;>38AB8G5A:>9 @53@5AA88, 
@07@01>B0==0O 4;O ?@>3=>78@>20=8O =5-
1;03>?@8OB=KE 8AE>4>2, ?@>45<>=-
AB@8@>20;0 2KA>:CN ?@>3=>AB8G5A:CN 
F5==>ABL: ?;>I04L ?>4 :@82>9 (AUC) 

A>AB028;0 0,89. -B> AG8B05BAO C1548-
B5;L=K< ?>:070B5;5< MDD5:B82=>AB8 
<>45;8 2 18><548F8=A:8E 8AA;54>20-
=8OE. � E>45 0=0;870 1K;8 2KO2;5=K 
:;NG52K5 ?@548:B>@K =51;03>?@8OB-
=KE 8AE>4>2: C@>25=L HbA1c 1>;55 
7,5%, 8=45:A <0AAK B5;0 (� &) 1>;55 
30 :3/<2 8 2>7@0AB AB0@H5 60 ;5B [2]. 

�K1>@ ;>38AB8G5A:>9 @53@5AA88 >1C-
A;>2;5= 55 2KA>:>9 8=B5@?@5B8@C5<>-
ABLN, A?>A>1=>ABLN B>G=> ?@>3=>78@>-
20BL 18=0@=K5 8AE>4K, ?>4B25@645=-
=>9 2KA>:>9 AUC, 0 B0:65 CAB>9G82>-
ABLN 8 ?@>AB>B>9 2=54@5=8O 2 :;8=8G5-
A:CN ?@0:B8:C. 

 >45;L 2K@0605BAO C@02=5=85< 
25@>OB=>AB8 =51;03>?@8OB=>3> 8AE>40: 

P(=51;03>?@8OB=K9 8AE>4) = 
11+ е2(0,45∙�ÿ�1Ā+0,12∙ИМТ+0,08∙В>7@аAB28,5). 

-B8 @57C;LB0BK ?>4G5@:820NB 206-
=>ABL <>=8B>@8=30 8 C?@02;5=8O MB8<8 
D0:B>@0<8 4;O C;CGH5=8O @57C;LB0B>2 
E8@C@38G5A:>3> 2<5H0B5;LAB20 8 2>A-
AB0=>2;5=8O ?0F85=B>2 A A0E0@=K< 480-
15B><, ?@>E>4OI8E ;5G5=85 >B B@02< 
:>;5==>3> ACAB020 [14]. 'G8BK20O MB8 
D0:B>@K, <548F8=A:85 @01>B=8:8 <>3CB 
?>B5=F80;L=> A=878BL @8A: >A;>6=5=89 
8 CA:>@8BL ?@>F5AA 70682;5=8O. 

�;O >F5=:8 =0456=>AB8 <>45;8 
1K;0 ?@>2545=0 ?@>25@:0 =0 >B45;L=>9 
2K1>@:5 87 30 =>2KE ?0F85=B>2, =5 
2E>482H8E 2 >1CG0NICN 2K1>@:C. 

#>;CG5==K5 @57C;LB0BK ?@>45<>=-
AB@8@>20;8: 

– B>G=>AB8 ?@54A:070=89 – 85 %; 

– ROS-AUC – 87 %; 

– GC2AB28B5;L=>ABL – 83 %; 

– A?5F8D8G=>ABL – 87 %. 

-B> ?>4B25@6405B 2KA>:CN >1>1-
I0NICN A?>A>1=>ABL <>45;8 8 55 
?@0:B8G5A:CN ?@8<5=8<>ABL. 

�O6B8O 

#@>2545==>5 8AA;54>20=85 ?>4-
B25@48;>, GB> A0E0@=K9 48015B O2;O5BAO 
7=0G8<K< D0:B>@>< @8A:0 >A;>6=5=89 
?@8 ;5G5=88 B@02< :>;5==>3> ACAB020. 
�;NG52K<8 D0:B>@0<8 =51;03>?@8OB-
=KE 8AE>4>2 O2;ONBAO C@>25=L HbA1c, 
� & 8 2>7@0AB ?0F85=B0. $07@01>B0=-
=0O <>45;L ;>38AB8G5A:>9 @53@5AA88 
45<>=AB@8@C5B B>G=>ABL (AUC = 0,89) 8 
<>65B 1KBL MDD5:B82=> 8A?>;L7>20=0 
4;O 8=48284C0;870F88 ?;0=>2 ;5G5=8O 
8 ?@>3=>78@>20=8O @57C;LB0B>2. �A-
?>;L7>20=85 <5B>4>2 <0H8==>3> >1C-
G5=8O 8 0=0;870 40==KE 2 A>G5B0=88 A 
?@>3@0<<=K< >15A?5G5=85< Python 

?>72>;O5B A>74020BL =0456=K5 8=AB@C-
<5=BK ?>445@6:8 :;8=8G5A:8E @5H5-
=89. �=54@5=85 B0:>9 <>45;8 2 ?@0:B8-
:C A?>A>1=> 7=0G8B5;L=> A=878BL @8A: 
>A;>6=5=89, C;CGH8BL :0G5AB2> 2>A-
AB0=>2;5=8O 8 ?>2KA8BL MDD5:B82=>ABL 
;5G5=8O ?0F85=B>2 A A0E0@=K< 48015-
B>< 8 B@02<0<8 :>;5=0. 
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