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3@0485=B=>3> 1CAB8=30 CatBoost 8 <=>65AB25==>9 @53@5AA88 @50;87>20=K 2 A@545 
Python A 8A?>;L7>20=85< >B:@KBKE 181;8>B5: SkLearn 8 CatBoost. 

"A=>2=K5 ?>;>65=8O, 2K=>A8<K5 =0 70I8BC: 
1. "1>A=>20=85 =>2KE ?>4E>4>2 : A>25@H5=AB2>20=8N ACI5AB2CNI59 

A8AB5<K #�' �-% $>AA88 A 2=54@5=85< 8=B5;;5:BC0;L=KE :><?;5:A>2 4;O 
>15A?5G5=8O CAB>9G82>AB8 ?> =0?@O65=8N. 

2. #@8=F8?K @50;870F88 ��$! 4;O ?@54>B2@0I5=8O =0@CH5=8O 
CAB>9G82>AB8 ?> =0?@O65=8N 2 --% ?@8 2>7=8:=>25=88 2>7<CI5=89. 

3. !>2K9 <5B>4 040?B82=>3> @53C;8@>20=8O A@54AB2 :><?5=A0F88 
@50:B82=>9 <>I=>AB8 2 --%, >A=>20==K9 =0 0;3>@8B<0E M2@8AB8G5A:>9 
>?B8<870F88 8 <0H8==>3> >1CG5=8O. 

4.  5B>4 =0AB@>9:8 02B><0B8G5A:8E @53C;OB>@>2 2>71C645=8O 35=5@0B>@>2 
=0 >A=>25 <C;LB8035=B=>9 A8AB5<K. 

5. #@>3@0<<=K9 ?@>B>B8? ��$!, 8A?>;L7CNI89 <C;LB8035=B=K5 
B5E=>;>388 8 <0H8==>5 >1CG5=85. 

6. �>=F5?F8O 2=54@5=8O ��$! 2 ACI5AB2CNICN AB@C:BC@C #�' �-% 
$>AA88. 

�>AB>25@=>ABL @57C;LB0B>2 @01>BK ?>4B25@6405BAO :>@@5:B=K< 
8A?>;L7>20=85< >A=>2=KE ?>;>65=89 B5>@88 <0B5<0B8G5A:>3> <>45;8@>20=8O, 
CAB>9G82>AB8 M;5:B@>M=5@35B8G5A:8E A8AB5<, :>@@5:B=>ABLN ?>AB02;5==KE 7040G, 
0=0;87>< 8 A>?>AB02;5=85< ?>;CG5==KE @57C;LB0B>2 A 40==K<8, 
>?C1;8:>20==K<8 4@C38<8 >B5G5AB25==K<8 8 70@C156=K<8 02B>@0<8. 

�?@>10F8O @01>BK.  0B5@80;K 48AA5@B0F88 4>:;04K20;8AL 8 >1AC640;8AL 
=0 <564C=0@>4=KE =0CG=KE :>=D5@5=F8OE 8 A5<8=0@0E:  564C=0@>4=K5 =0CG=K5 
A5<8=0@K 8<. ..!. $C45=:> №68, №69 « 5B>48G5A:85 2>?@>AK 8AA;54>20=8O 
=0456=>AB8 1>;LH8E A8AB5< M=5@35B8:8» (2017, 2018 33.), )  564C=0@>4=0O 
=0CG=0O :>=D5@5=F8O «-;5:B@>M=5@35B8:0 3;070<8 <>;>4568» (2019 3.), 
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International Workshop on Flexibility and Resiliency Problems of Electric Power 

Systems (2019 3.). $57C;LB0BK 48AA5@B0F88 ?>;CG5=K ?@8 ?>445@6:5 3@0=B>2 $!( 
19-49-04108 (@C:. !.�. �>@>?09) 8 ?@>5:B0 3>AC40@AB25==>3> 7040=8O III.17.4.2. 
&5>@8O 8 <5B>4K >1>A=>20=8O @0728B8O 8 C?@02;5=8O @568<0<8 8=B5;;5:BC0;L=KE 
M;5:B@>M=5@35B8G5A:8E A8AB5< (@C:. �.�. �C@10F:89, № ����-�17-117030310438-

1). 

�8G=K9 2:;04. �A5 =0CG=>-<5B>48G5A:85 8 ?@8:;04=K5 @57C;LB0BK, 
?@54AB02;5==K5 2 48AA5@B0F88, ?>;CG5=K 02B>@>< A0<>AB>OB5;L=>, ;81> ?>4 53> 
=0CG=K< @C:>2>4AB2>< 8 ?@8 53> =5?>A@54AB25==>< CG0AB88. � G0AB=>AB8, 2A5 
:>=F5?BC0;L=>-<5B>48G5A:85 @01>BK, ?>AB0=>2:8 7040G 2K?>;=5=K 02B>@>< 
A0<>AB>OB5;L=>, >17>@=>-0=0;8B8G5A:85 @01>BK – A>2<5AB=> 4.B.=. �C@10F:8< �.�. 
8 =0CG=K< @C:>2>48B5;5< :.B.=. &><8=K< !.�., 2KG8A;8B5;L=K5 @01>BK – 
A>2<5AB=> A =0CG=K< @C:>2>48B5;5< :.B.=. &><8=K< !.�. 

#C1;8:0F88. #> B5<5 48AA5@B0F88 >?C1;8:>20=> 6 AB0B59, 2 B>< G8A;5 2 – 2 
@5F5=78@C5<KE =0CG=KE 8740=8OE, @5:><5=4>20==KE ��� $( ?> A?5F80;L=>AB8 
2.4.3, 1 – 2 @5F5=78@C5<KE 8740=8OE, 8=45:A8@C5<KE 2 Scopus 8 Web of Science Core 
Collection, 3 – 2 8=KE 8740=8OE. 

"1J5< 8 AB@C:BC@0 48AA5@B0F88. �8AA5@B0F8O >1J5<>< 151 AB@0=8F0 
A>AB>8B 87 22545=8O, G5BK@5E 3;02, 70:;NG5=8O, A?8A:0 ;8B5@0BC@K 87 142 
=08<5=>20=89, 4 ?@8;>65=89, >A=>2=>9 B5:AB 87;>65= =0 118 AB@0=8F0E. 

 

"%!"�!"� %"��$��!�� $��"&/ 

�> 22545=88 ?>:070=0 0:BC0;L=>ABL @01>BK, AD>@<C;8@>20=0 5ё F5;L, 
>?@545;5=0 =0CG=0O =>287=0 8AA;54>20=89, ?>:070=0 ?@0:B8G5A:0O 7=0G8<>ABL 8 
?5@5G8A;5=K >1;0AB8 55 ?@8<5=5=8O, ?@54AB02;5=K ?>;>65=8O, 2K=>A8<K5 =0 
70I8BC, 405BAO :@0B:>5 A>45@60=85 @01>BK. 

� ?5@2>9 3;025 «"?8A0=85 ?@>1;5<K CAB>9G82>AB8 ?> =0?@O65=8N» 
>1>A=>20=0 =5>1E>48<>ABL A>25@H5=AB2>20=8O ACI5AB2CNI8E A8AB5< #�' �-% 
$>AA88 ?@54>B2@0I5=8O =0@CH5=89 CAB>9G82>AB8 ?> =0?@O65=8N. 

!0@CH5=8O CAB>9G82>AB8 ?> =0?@O65=8N, O2;ONBAO A;54AB285< >1@07>20=8O 
45D8F8B>2 @50:B82=>9 <>I=>AB8 2 C7;0E =03@C7:8. �;O 55 A>E@0=5=8O, ?><8<> 
=0;8G8O @575@2>2 @50:B82=>9 <>I=>AB8 B@51C5BAO 8E :>>@48=0F8O 4;O 
:>@@5:B=>3> @0A?@545;5=8O ?> C7;0< =03@C7:8 70 =08<5=LH55 2@5<O, :>B>@CN 2 
--% 2K?>;=ONB A8AB5<K #�'. �=0;87 A8AB5<=KE 020@89 ?>:070;, GB> ?@8 
8A?>;L7C5<>9 2 �-% $>AA88 A8AB5<5 #�' 2K40G0 '� <>65B >:070BLAO 
=5A2>52@5<5==>9 8;8 =5MDD5:B82=>9, GB> <>65B A?>A>1AB2>20BL @0728B8N 020@89. 

"B<5G5=>, GB> 2 �-% $>AA88 2 =0AB>OI55 2@5<O >BACBAB2C5B ?>;=>F5==K5 A8AB5<K 
#�' ?> =0?@O65=8N, B0: :0: ?@>F5AAK 2 --% ?@>B5:0NB =0<=>3> 1KAB@55 (B5<?K 
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?@>B5:0=8O ?@>F5AA0 ;028=K =0?@O65=8O 2KH5, G5< C ;028=K G0AB>BK), G5< 
A:>@>ABL @50;870F88 '� >B #�. #@8=F8?K ACI5AB2CNI59 02B><0B8:8 
?@54>B2@0I5=8O =0@CH5=8O CAB>9G82>AB8 (�#!'), >15A?5G820NI59 10% 70?0A0 
AB0B8G5A:>9 CAB>9G82>AB8 ?> =0?@O65=8N 2 ?>A;5020@89=>< @568<5 (#�$), =5 
?>72>;ONB 2K?>;=OBL :>@@5:B=>5 #�' 2 =5@0AG5B=KE @568<0E 8 ?@8 
=5=>@<0B82=KE 2>7<CI5=8OE, :>B>@K5 2>7=8:0NB ?@8 A8AB5<=KE 020@8OE. 
!54>AB0B:0<8 ;>:0;L=>9 02B><0B8:8 >3@0=8G5=8O A=865=8O =0?@O65=8O (�"%!) 

O2;ONBAO 1>;LH85 2K45@6:8 2@5<5=8 @50;870F88 '� 2284C =5>1E>48<>AB8 
>BAB@>9:8 >B :>@>B:>3> 70<K:0=8O, 48A:@5B=>ABL @53C;8@>20=8O %�$ , 0 B0:65 
>BACBAB285 :>>@48=0F88. 

&0:8< >1@07>< 2 3;025 >1>A=>20=0 =5>1E>48<>ABL A>25@H5=AB2>20=8O 
ACI5AB2CNI8E A8AB5< #�' �-% $>AA88 4;O ?@54>B2@0I5=8O =0@CH5=89 
CAB>9G82>AB8 ?> =0?@O65=8N. �;O ?>2KH5=8O CAB>9G82>AB8 ?> =0?@O65=8N 2 
--%, 2 @01>B5 AD>@<C;8@>20=K 8 @5H0NBAO A;54CNI85 7040G8: 

1. $07@01>B:0 0;3>@8B<>2 8 ?@8=F8?>2 ?>AB@>5=8O =>2>9 8=B5;;5:BC0;L=>9 
02B><0B8:8 @53C;8@>20=8O =0?@O65=8O 8 @50:B82=>9 <>I=>AB8 (��$!) A CG5B>< 
>?8A0==KE B@51>20=89 4;O 8=B5;;5:BC0;L=KE A8AB5< #�' 2 --%.

2. $07@01>B:0 ?@>3@0<<=>3> ?@>B>B8?0 ��$!, 8A?>;L7CNI53> 
@07@01>B0==K5 <5B>4K =0 >A=>25 <C;LB8035=B=KE A8AB5< 8 <0H8==>3> >1CG5=8O. 

3. �AA;54>20=85 ?>2545=8O ��$! :0: A@54AB2> ?@54>B2@0I5=8O =0@CH5=8O 
CAB>9G82>AB8 ?@8 2>7=8:=>25=88 @07;8G=>3> @>40 2>7<CI5=89 2 --%.

4. "F5=:0 2>7<>6=>AB8 8A?>;L7>20=8O ��$! 2 ACI5AB2CNI59 AB@C:BC@5 
#�' �-% $>AA88, A A>E@0=5=85< ACI5AB2CNI8E 85@0@E8G5A:8E ?@8=F8?>2.

 �> 2B>@>9 3;025 «�=B5;;5:BC0;L=K5 A8AB5<K >15A?5G5=8O CAB>9G82>AB8 ?> 
=0?@O65=8N» 8AA;54>20=K 0@E8B5:BC@K ?>AB@>5=8O 8=B5;;5:BC0;L=KE A8AB5< 

@53C;8@>20=8O =0?@O65=8O 2 --%, :>B>@K5 <>3CB 1KBL ?@8<5=8<K 4;O 
<>45;8@>20=8O 8=B5;;5:BC0;L=>9 A8AB5<K #�'

�K45;5=K 425 >A=>2=K5 :0B53>@88 ?@8<5=O5<KE AE5< @53C;8@>20=8O 
=0?@O65=8O 8 @50:B82=>9 <>I=>AB8 2 A>2@5<5==KE --%: :><<C=8:аF8>==O5 8 
авB>=><=O5 (8;8 ;>:0;L=K5). �><<C=8:0F8>==K5 AE5<K =0 >A=>25 A?>A>10 
>1<5=0 8=D>@<0F859 <564C M;5<5=B0<8 A5B8 @0745;O5BAO =0 F5=B@а;87>ва==O5, 
45F5=B@а;87>ва==O5 8 @аA?@545;5==O5. &0:65 2>7<>6=> A>G5B0=85 MB8E AE5< 4;O 
1>;55 >?B8<0;L=>3> 8 381:>3> C?@02;5=8O. 

� ;>:0;L=KE AE5<0E @53C;8@>20=8O =0?@O65=8O <564C CG0AB2CNI8<8 
M;5<5=B0<8 A5B8 >BACBAB2C5B 2708<>459AB285, ?>MB><C >=8 =5 8A?>;L7CNB 25AL 
?>B5=F80; :><<C=8:0F88, GB> <>65B ?@825AB8 : =5>?B8<0;L=><C @53C;8@>20=8N 
=0?@O65=8O. #> B0:><C ?@8=F8?C DC=:F8>=8@C5B ;>:0;L=0O �"%!, ?@8=F8?K 8 
=54>AB0B:8 :>B>@>9 1K;8 >?8A0=K 2 48AA5@B0F88. #@8<5=5=85 B0:8E AE5< =5 
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A>>B25BAB2C5B ?@8=F8?0< 040?B82=>3> 8=B5;;5:BC0;L=>3> #�', ?>MB><C 
F5;5A>>1@07=> 8A?>;L7>20BL :><<C=8:0F8>==K5 AE5<K @53C;8@>20=8O.  

$0A?@545;5==K5 8 45F5=B@0;87>20==K5 AE5<K @53C;8@>20=8O =0?@O65=8O 8 
@50:B82=>9 <>I=>AB8 2 1>;LH8=AB25 ?@54AB02;5=K ?> B8?C  �%, :>B>@K5 
>1;040NB 2KA>:>9 AB5?5=LN 040?B82=>AB8 2 2K40G5 '� 8 C65 4>:070;8 A2>N 
MDD5:B82=>ABL. �E ?@8<5=5=85 A>>B25BAB2C5B ?@8=F8?0< 040?B82=>3> 
8=B5;;5:BC0;L=>3> #�'. #@8 ?>AB@>5=88 45F5=B@0;87>20==>3> 040?B82=>3> #�' 
F5;5A>>1@07=> 8A?>;L7>20BL <=>3>A;>9=CN 0@E8B5:BC@C, B.:. >=0 2:;NG05B :0: 
A>25I0B5;L=K5, B0: 8 @50:B82=K5 A2>9AB20. %>25IaB5;L=K5 2>7<>6=>AB8  �% 
?>2KH0NB а4а?B8в=>ABP 8 >B:а7>CAB>9G8в>ABP :><?;5:A0 #�', 0 @5a:B82=K5 
A2>9AB20 ;>:0;L=KE CAB@>9AB2 #� <>3CB 1KBL B0:65 2:;NG5=K 2 a35=B=CN 
0@E8B5:BC@C.  

�5:><?>78F8O --% =0 M=5@3>@09>=K ?>72>;O5B ACI5AB25==> A>:@0B8BL >1J5< 
@0AA<0B@8205<KE 20@80=B>2 >B:;NG5=89. �=0;87 @568<>2 2K?>;=O5BAO 
548=>2@5<5==>, 0 :>;8G5AB2> ?>;CG05<>9 8=D>@<0F88 2 @57C;LB0B5 <>65B 1KBL 
4>AB0B>G=>9 4;O @5H5=8O 7040G8 A> A:>@>ABLN >1@01>B:8 A>2@5<5==KE 
:>=B@>;;5@>2. �070 7=0=89, ?>;CG5==0O 2 @57C;LB0B5 0=0;870, 4>;6=0 1KBL 
?5@540=0 2A5< 035=B0< 2=CB@8 70I8I05<>9 ?>4A8AB5<K.  

� A8AB5<0E F5=B@0;87>20==>3> @53C;8@>20=8O ACI5AB2C5B >48= F5=B@0;L=K9 
:>>@48=0B>@ (*�), :>B>@K9 ?>;CG05B 2A5 =5>1E>48<K5 87<5@5=8O A5B8, =0E>48B 
@5H5=85 ?@>1;5<K C?@02;5=8O 8 ?5@5405B '� >1@0B=> 2 :>=B@>;;5@K #�'. � 
ACI5AB2CNI8< A8AB5<0< B0:>3> B8?0 <>6=> >B=5AB8 F5=B@0;87>20==CN A8AB5<C 
?@>B82>020@89=>9 02B><0B8:8 (*%#�), :>B>@0O 4>78@C5B '� 2 7028A8<>AB8 >B 
B5:CI53> @568<0 ?5@8>48G5A:8< ?5@5AG5B>< '$ 8 '�. !54>AB0B:0<8 ?@8<5=5=8O 
:;0AA8G5A:>3> <5B>40 @0AG5B0 C@02=5=89 ?>B>:>@0A?@545;5=8O 4;O >?@545;5=8O 
'� O2;O5BAO 2KA>:89 ?>@>3 B@51C5<KE 2KG8A;8B5;L=KE @5AC@A>2, :>B>@K9 
=5?>A@54AB25==> 2;8O5B =0 2@5<O 2K40G8 '�. � A2O78 A MB8< 1>;LH>5 2=8<0=85 
C45;O5BAO @07;8G=K< A?5F80;L=K< 8=45:A0< CAB>9G82>AB8 --%. #>MB><C 2 
48AA5@B0F88 2> 871560=85 =54>AB0B:>2 :;0AA8G5A:8E F5=B@0;87>20==KE <5B>4>2 
?@54;0305BAO CA:>@8BL 8 02B><0B878@>20BL @5H5=85 7040G8 C?@02;5=8O ?CB5< 
8A?>;L7>20=8O @0AA<>B@5==>3> 8=48:0B>@0 CAB>9G82>AB8 --% ?> =0?@O65=8N – L-

8=45:A0, :>B>@K9 ?>72>;O5B 4>AB0B>G=> B>G=> >?@545;8BL :>;8G5AB25==K9 70?0A 
CAB>9G82>AB8 ?> =0?@O65=8N 8 =5 B@51C5B 7=0G8B5;L=KE 2KG8A;8B5;L=KE 70B@0B, 
B.:. 4;O 53> @0AG5B0 8A?>;L7CNBAO B>;L:> M;5<5=BK <0B@8FK ?@>2>48<>AB59 8 G0ABL 
?0@0<5B@>2 M;5:B@>M=5@35B8G5A:>3> @568<0: ÿĀ = |1 + ā0�ā̇�̇ | = | ÿ�+̇Ā��+∗̇ āĀ2| = ÿ�+ĀĀĀ+āĀ2.     (1) 

� F5;OE >15A?5G5=8O 1>;55 1KAB@>3> @5H5=8O 7040G8 F5=B@0;87>20==>3> 
C?@02;5=8O ?@54;>65=> 4>?>;=8BL AE5<C B5E=>;>38O<8  ". #5@A?5:B82=K< 
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?>4E>4>< 4;O >15A?5G5=8O CAB>9G82>AB8 ?> =0?@O65=8N ?@54AB02;ONBAO 
0=A0<1;52K5 <5B>4K =0 >A=>25 45@52L52 @5H5=89, B0:85 :0: 0;3>@8B<K A;CG09=>3> 
;5A0 8 3@0485=B=>3> 1CAB8=30, B.:. >=8 ?>72>;ONB 4>AB8GL 2KA>:>9 B>G=>AB8 
@0A?>7=020=8O 020@89=KE 8 ?@54020@89=KE @568<>2 --% 2 @50;L=>< 2@5<5=8.  
#@8 MB>< AB>8B >B<5B8BL, GB> 2 1>;LH8=AB25 8AA;54>20=89, =0 1075 MB8E <5B>4>2 
@5H05BAO 7040G0 :;0AA8D8:0F88 @568<>2 @01>BK --%, :0: ?@028;>, =0 >A=>25 
A8=E@>=878@>20==KE 25:B>@=KE 87<5@5=89. "4=0:> 1>;55 2KA>:>9 B>G=>AB8 
<>6=> 4>AB8GL ?@8 @5H5=88 7040G8 2>AAB0=>2;5=8O @53@5AA88, :>340 <>45;L 
?@54A:07K205B :>=:@5B=>5 G8A;>2>5 7=0G5=85 8=48:0B>@0 CAB>9G82>AB8, 0 =5 =5:89 
:;0AA, E0@0:B5@87CNI89 @568<K @01>BK --%. 

� F5;><, A>G5B0=85 :><<C=8:0F8>==KE AE5< ?>2KH05B MDD5:B82=>ABL 
@53C;8@>20=8O =0?@O65=8O, 0 B0:65 >B:07>CAB>9G82>ABL A0<>3> :><?;5:A0 #�', 
?>MB><C 4>?CAB8<> 8E A>G5B0=85. !0 >A=>20=88 2K2>4>2, A45;0==KE 2> 2B>@>9 
3;025, 2K1@0=K ?@8=F8?K ?>AB@>5=8O 8=B5;;5:BC0;L=>3> :><?;5:A0 #�', ?CB5< 
A>G5B0=8O 45F5=B@0;87>20==>3> 8 F5=B@0;87>20==>3> ?>4E>4>2 : @53C;8@>20=8N 
=0?@O65=8O. 

� B@5BL59 3;025 «�@E8B5:BC@0 ?>AB@>5=8O 8=B5;;5:BC0;L=>9 02B><0B8:8 
@53C;8@>20=8O =0?@O65=8O 8 @50:B82=>9 <>I=>AB8» (��$!) 45B0;L=> @0A:@KB0 
?>AB02;5==0O 7040G0 8=B5;;5:BC0;L=>9 :>>@48=0F88 ;>:0;L=KE A@54AB2 
@53C;8@>20=8O =0?@O65=8O 2 --%, GB> O2;O5BAO ?@>1;5<>9 2 020@89=KE A8BC0F8OE 
?@8 459AB2CNI59 A8AB5<5 #�'. � :0G5AB25 3;02=>3> <5B>40 @5H5=8O MB>9 7040G8 
?@54;>65=> 8718@0B5;L=>5 ?@8<5=5=85 A>2@5<5==KE ?@8=F8?>2 C?@02;5=8O, 
B0:8E :0:  �%, 0;3>@8B<>2 >?B8<870F88 8 <0H8==>3> >1CG5=8O. !0 8E >A=>25 
2K?>;=5=0 @07@01>B:0 <>45;8 #�' 4;O @5H5=8O 7040G8 >15A?5G5=8O CAB>9G82>AB8 
2 --% ?> =0?@O65=8N, 0 B0:65 ?@54;>65=0 :>=F5?F8O 2>7<>6=>3> ?@8<5=5=8O 
<>45;8 2 AB@C:BC@5 #�' �-% $>AA88. &0:, 8=B5;;5:BC0;L=0O 02B><0B8:0 
@53C;8@>20=8O =0?@O65=8O 8 @50:B82=>9 <>I=>AB8 (��$!, $8AC=>: 1) ?>AB@>5=0 
=0 ?@8<5=5=88 42CE >1>A=>20==KE : ?@8<5=5=8N ?>4E>4>2:  

1. �5F5=B@0;87>20==0O <C;LB8035=B=0O ?@>B82>020@89=0O 02B><0B8:0 ( #�) 
4;O @53C;8@>20=8O CAB02>: 02B><0B8:8 @53C;8@>20=8O 2>71C645=8O (�$�) 
A8=E@>==KE 35=5@0B>@>2 (%�) – ?>72>;O5B A>740BL A8AB5<C, 2 :>B>@>9 ?@8 ?>B5@5 
>4=>3> 8;8 1>;55 M;5<5=B>2, 02B><0B8:0 =5 4>;6=0 2KE>48BL 87 AB@>O, 0 DC=:F88 
>B:0702H8E M;5<5=B>2 4>;6=K ?5@54020BLAO >AB02H8<AO 2 @01>B5. 

2. *5=B@0;87>20==0O 8=B5;;5:BC0;L=0O 02B><0B8:0 @53C;8@>20=8O %�$  =0 
1075 :>=F5?F88 28@BC0;L=>9 M;5:B@>AB0=F88 (�--%�$ ) A ?@8<5=5=85< 
0;3>@8B<>2 M2@8AB8G5A:>9 >?B8<870F88 8 <0H8==>3> >1CG5=8O. �040G0 
F5=B@0;87>20==>9 :>>@48=0F88 E>@>H> D>@<C;8@C5BAO =0 >A=>25 >F5=:8 
?>:070B5;59 :>MDD8F85=B>2 GC2AB28B5;L=>AB8 8;8 A?5F80;L=KE 8=48:0B>@>2 
CAB>9G82>AB8, > :>B>@KE ?>4@>1=> 3>2>@8;>AL 2KH5. #@8 >B:075 
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F5=B@0;87>20==>3> :>>@48=0B>@0 ;>:0;L=>5 C?@02;5=85 @50;87C5B <5AB=>5 
@53C;8@>20=85 @50:B82=>9 <>I=>AB8 B>;L:> =0 >A=>25 ;>:0;L=KE 87<5@5=89, 
=0?@8<5@, 87<5@5=89 =0?@O65=8O 8;8 ;>:0;L=KE 8=48:0B>@>2 CAB>9G82>AB8 
>B45;L=>3> C7;0, 345 CAB0=>2;5=K %�$ . 

&0: :0: >4=8< 87 >A=>2=KE B@51>20=89 : A8AB5<0< #�' O2;O5BAO 
>B:а7>CAB>9G8в>ABP, 2K?>;=5=85 ��$! ?>;=>ABLN F5=B@0;87>20==>9 
ACI5AB25==> ?>2KH05B 25@>OB=>ABL 55 >B:070, ?>MB><C 4>?>;=5=85 55 
45F5=B@0;87>20==>9 AB@C:BC@>9 ?>2KH05B 40==>5 A2>9AB2>.  

 

$8AC=>: 1 – "1I0O AE5<0 ?>AB@>5=8O 02B><0B8:8 ��$! 

�5F5=B@0;87>20==0O  #� ?>AB@>5=0 ?> AE5<5  �% 8 >15A?5G8205B 
C?@02;5=85 @50:B82=>9 <>I=>ABLN.  #� A>AB>8B 87 42CE B8?>2 035=B>2: 035=B>2 
=03@C7:8 (�!) 8 35=5@0F88 (��). ��, CAB0=>2;5==K5 =0 35=5@0B>@0E --%, 

?>;CG0NB ;>:0;L=CN 8=D>@<0F8N: 25;8G8=K B>:>2 AB0B>@>2 8 @>B>@>2 
35=5@0B>@>2 8 B.4. �A?>;L7CO ��  #� ?@54>B2@0I05B 020@89=>5 >B:;NG5=85 
35=5@0B>@>2 8 A>E@0=O5B =0?@O65=85 =0 H8=0E =03@C7:8 2 4>?CAB8<KE ?@545;0E. 
�� 2ABC?0NB @01>BC ?@8 ?@81;865=88 B>:>2 AB0B>@>2 8;8 @>B>@>2 35=5@0B>@>2 2 
:>=B@>;8@C5<>9 ?>4A8AB5<5 : 020@89=> 4>?CAB8<K< 7=0G5=8O< (CAB0=02;8205<K< 
702>4>< 873>B>28B5;5<), @53C;8@CO 2K@01>B:C 0:B82=>9 8 @50:B82=>9 <>I=>AB8 
%� B0:8< >1@07><, GB>1K ?@54>B2@0B8BL ?5@53@C7:C A>3;0A=> CA;>28O< (2) 8 (3): 

345 ā� 8 āĀ - A>>B25BAB25==> <0:A8<0;L=> 4>?CAB8<K5 (A CG5B>< 2@5<5=8) 
:@0B=>AB8 ?5@53@C7:8 ?> B>:0< AB0B>@0 8 @>B>@0; �ÿÿĀ 8 �þÿý - A>>B25BAB25==> 

�� ≤ �ÿÿĀ = ā� ⋅ �þÿý , (2)  ÿ�ý�þ ≤ ÿ� ≤ ÿ�ÿÿĀ = āĀ ⋅ ÿ�þÿý,  (3) 
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<0:A8<0;L=> 4>?CAB8<K9 (A CG5B>< 2@5<5=8) 8 =><8=0;L=K9 B>:8 AB0B>@0. ÿ�ý�þ, ÿ�ÿÿĀ 8 ÿ�þÿý - A>>B25BAB25==> <8=8<0;L=K9, <0:A8<0;L=> 4>?CAB8<K9 (A CG5B>< 
2@5<5=8) 8 =><8=0;L=K9 B>:8 @>B>@0. 

#@8<5=8B5;L=> : @07@010BK205<>9  #� 4;O ?@54>B2@0I5=8O 
=5CAB>9G82>AB8 ?> =0?@O65=8N, 4;O :064>3> �� D>@<8@>20;0AL 1070 40==KE, 
:>B>@0O A>45@60;0 8=D>@<0F8N > :>MDD8F85=B0E GC2AB28B5;L=>AB8 4;O 
@07;8G=KE >48=0@=KE 8 42>9=KE >B:;NG5=8OE 2 @0AA<0B@8205<>9 ?>4A8AB5<5 
--%. %B>@>==85 �!, A>45@60I85 B@0=AD>@<0B>@K ?5@540NI59 G0AB8 A5B8, <>3CB 
A=878BL 45D8F8B 70 AG5B 87<5=5=8O ?>;>65=8O $#!. #><8<> 70?@>A>2 =0 
2K@01>B:C @50:B82=>9 <>I=>AB8, ?5@53@C65==K9 �� >B?@02;O5B A>>1I5=8O A 
70?@>A>< > 2@5<5==>9 1;>:8@>2:5 $#! =03@C7>G=KE B@0=AD>@<0B>@>2, 
?>B@51;ONI8E ?@8 MB>< 1>;LHCN @50:B82=CN <>I=>ABL.  

 

$8AC=>: 2 – "1I0O AE5<0 @50;87C5<>9 F5=B@0;87>20==>9 �--%�$  =0 1075 
:>=F5?F88 �- 

$>;L F5=B@0;87>20==>9 �--%�$  2K?>;=O5B A8AB5<0, @01>B0NI0O ?> 
?@8=F8?C 28@BC0;L=>9 M;5:B@>AB0=F88 %�$  8 8A?>;L7CNI0O 2 :0G5AB25 >A=>2K 
@5H5=85 7040G8 >?B8<870F88 F5;52>9 DC=:F88 3;>10;L=>3> L-8=45:A0 --%, 
4>?>;=5==0O 0;3>@8B<0<8 <0H8==>3> >1CG5=8O. �>=F5?F8O �- A>AB>8B 2 B><, GB> 
A>2>:C?=>ABL @0A?@545;5==KE 35=5@0B>@>2 M;5:B@8G5A:>9 M=5@388 (8;8 %�$ ) 
?@54AB02;O5B A>1>9 A8AB5<C A>3;0A>20==> @01>B0NI8E CAB@>9AB2, :>B>@0O 
C?@02;O5BAO 8 :>=B@>;8@C5BAO 87 548=>3> F5=B@0. #@54;>65==0O <>45;L �--%�$  
?@54AB02;5=0 >1I59 AE5<>9 =0 $8AC=:5 2.  
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"1I55 <0B5<0B8G5A:>5 >?8A0=85 <>45;8 �- 4;O C?@02;5=8O 
@0A?@545;ё==K<8 %�$  <>65B 1KBL ?@54AB02;5=> 2 2845 A8AB5<K C@02=5=89. 
#CABL 8<55BAO ā @0A?@545;5==KE %�$  8 Ā ?>B@518B5;59 @50:B82=>9 <>I=>AB8. 
�064>5 %�$  ÿ 8<55B @50:B82=CN <>I=>ABL :><?5=A0F88 ýÿ%К$М, :>B>@0O 7028A8B 
>B 2=5H=8E D0:B>@>2, B0:8E :0: =0?@O65=85 2 A5B8, =03@C7:0 2 A5B8 8 B.4. �@><5 
B>3> 2 --% 8<5NBAO 8 4@C385 «5AB5AB25==K5» 8AB>G=8:8, B0:85 :0: 35=5@0B>@K 
M;5:B@>AB0=F89, 2>74CH=K5 8 :015;L=K5 �-#, ýÿD45

. �064K9 ?>B@518B5;L Ā 8<55B 
@50:B82=CN <>I=>ABL ?>B@51;5=8O ÿĀ, :>B>@0O 7028A8B >B 53> A?@>A0 =0 
@50:B82=CN <>I=>ABL (@50:B82=0O <>I=>ABL =03@C7>: --%, ?>B5@8 @50:B82=>9 
<>I=>AB8 2 A8AB5<5 8 @0AE>4 @50:B82=>9 <>I=>AB8 =0 A>1AB25==K5 =C64K 

A8AB5<K). &>340 A8AB5<0 C@02=5=89 4;O <>45;8 �- <>65B 1KBL 70?8A0=0 
A;54CNI8< >1@07><:  ∑ ýÿD45 + ∑ ýÿ%К$М 2 ∑ ÿĀ = 0 ,   789 ÿ = 1,2, & , ā и Ā = 1,2, & , Ā.             (4) 

!0@CH5=85 10;0=A0 @50:B82=>9 <>I=>AB8 (4) ?@82>48B : >B:;>=5=8O< 
=0?@O65=8O, ?@8 MB>< 2 @07=KE C7;0E A8AB5<K >B:;>=5=8O <>3CB 1KBL @07;8G=K<8, 
2 >B;8G85 >B >B:;>=5=89 G0AB>BK, :>B>@K5 ?@>8AE>4OB >4=>2@5<5==> 2> 2A59 
A8AB5<5. $53C;8@>20=85 =0?@O65=8O >ACI5AB2;ONB @53C;8@>20=85< @50:B82=>9 
<>I=>AB8, ?@8G5< MB> @53C;8@>20=85 2 @07=KE B>G:0E A8AB5<K <>65B 2K?>;=OBLAO 
=57028A8<>. "4=0:> 2 A;CG05 ?@8<5=5=8O ?>4E>40 =0 >A=>25 �- B0:>5 
@53C;8@>20=85 2K?>;=O5BAO C65 A:>>@48=8@>20=>.   

�@><5 B>3>, 4;O :064>3> %�$  ÿ <>65B 1KBL 70?8A0=> C@02=5=85 
:><?5=A0F88 @50:B82=>9 <>I=>AB8: ýÿ%К$М = �(þÿ),                                                      (5) 

345 þÿ  - 25:B>@ 2=5H=8E D0:B>@>2, 2;8ONI8E =0 :><?5=A0F8N @50:B82=>9 
<>I=>AB8 %�$  ÿ, 0 �(þÿ) - DC=:F8O :><?5=A0F88 @50:B82=>9 <>I=>AB8 %�$  ÿ. 

�;O C?@02;5=8O :><?5=A0F859 @50:B82=>9 <>I=>AB8 :064K< %�$  =0 1075 
�- 2 A8AB5<5 <>65B 1KBL 70?8A0=> A;54CNI55 C@02=5=85:   þÿ = /ÿ(Āÿ),                                                       (6) 

345 Āÿ  - 25:B>@ D0:B>@>2 C?@02;5=8O (B.5. >3@0=8G5=89), 2;8ONI8E =0 :><?5=A0F8N 

@50:B82=>9 <>I=>AB8 %�$  ÿ, 0 /ÿ - DC=:F8O C?@02;5=8O :><?5=A0F859 
@50:B82=>9 <>I=>AB8 %�$  ÿ, :>B>@0O ?@54AB02;O5B A>1>9 =5:CN AB@0B538N 
>?B8<0;L=>3> C?@02;5=8O, =0945==CN 2 @57C;LB0B5 @5H5=8O >?B8<870F8>==>9 
7040G8.  

� 48AA5@B0F88 ?@54;>65=> 2 :0G5AB25 F5;52>9 DC=:F88 �-, >?@545;ONI59 
AB@0B538N C?@02;5=8O   þÿ, A>3;0A=> (6) 8A?>;L7>20BL 3;>10;L=K9 L-8=45:A C7;>2 
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--% (AC<<C ;>:0;L=KE L-8=45:A>2), 7=0G5=85 :>B>@>3> =5>1E>48<> 
<8=8<878@>20BL 4;O >15A?5G5=8O B@51C5<>3> C@>2=O =04ё6=>AB8. � MB>< A;CG05 
F5;520O DC=:F8O āĀ 4;O 7040G8 =0E>645=8O >?B8<0;L=KE CAB0=>2>: %�$  <>65B 
1KBL 70?8A0=0 A;54CNI8< >1@07><: āĀ = ÿ��� = ∑ (1 2 1āĀ √∑ ((āÿ%К$М+∆āÿ%К$М)ÿĀÿāÿ )2 +ÿ���ÿ≠Ā ∑ (2ĀÿÿĀÿāÿ )2)ÿ���ÿ≠Ā�Ā=1           (7) 

� @57C;LB0B5 ?>;CG5= M:AB@5<C< DC=:F88 ÿ��� 8 ?>A:>;L:C >=0 O2;O5BAO 
2K?C:;>9, B> 5ё M:AB@5<0;L=>5 7=0G5=85 1C45B O2;OBLAO <8=8<0;L=K<. �AE>4O 87 
?@8=OB>9 <5B>4>;>388, --% 1C45B @01>B0BL 2 >?B8<0;L=>< CAB0=>282H8<AO 
@568<5 ?@8 <8=8<0;L=>< ÿ���. �;O @5H5=8O MB>9 7040G8 ?@54;0305BAO 
8A?>;L7>20BL 1KAB@K5 @5H0B5;8 =0 >A=>25 M<?8@8G5A:>3> 0;3>@8B<0 >?B8<870F88 
<>BK;L:0 8 ?;0<5=8 ( #) 8 0;3>@8B< 3@0485=B=>3> 1CAB8=30 CatBoost.  

            

$8AC=>: 3 – �;>:-AE5<0 0;3>@8B<0  # 4;O 7040G8 @0AGёB0 CAB02>: %�$  

�K1>@ 0;3>@8B<0  # >1CA;>2;5= B5<, 53> ?> A@02=5=8N A 4@C38<8 
?>?C;OF8>==K<8 0;3>@8B<0<8 53> AE>48<>ABL =082KAH0O B.5. >?B8<0;L=>5 
@5H5=85 4>AB8305BAO 70 =08<5=LH55 :>;8G5AB2> 8B5@0F89. �;02=K<8 M;5<5=B0<8 
0;3>@8B<0  # O2;ONBAO <>BK;L:8 8 ?;0<O, :>B>@K5 A>>B25BAB2CNB @5H5=8O<. 
 >BK;L:8 O2;ONBAO ?>8A:>2K<8 035=B0<8, :>B>@K5 ?5@5<5I0NBAO 2 ?@>AB@0=AB25 
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@5H5=89, 2 B> 2@5<O :0: ?;0<O – ;CGH85 =0 B5:CI89 <><5=B =0945==K5 @5H5=8O. 
�A5 <>BK;L:8 >ACI5AB2;ONB ?>8A: 2>:@C3 ?;0<5=8 8 ?5@5<5I0NB ?;0<O 2 =>2>5 
?>;>65=85, 5A;8 =0945=> ;CGH55 @5H5=85. &0:>9 ?@>F5AA ?>8A:0 30@0=B8@C5B 
=0E>645=85 3;>10;L=>3> @5H5=8O >?B8<870F8>==>9 7040G8. %B@0B538G5A:8, 2 
?@>F5AA5 <83@0F88 035=BK 4286CBAO B0:8< >1@07><, GB>1K ?@81;878BLAO : 
3;>10;L=><C M:AB@5<C<C F5;52>9 DC=:F88.  5E0=87< @01>BK 40==>3> 0;3>@8B<0 
?@8<5=8B5;L=> : @5H05<>9 2 40==>9 @01>B5 7040G5 ?@82545= =0 $8AC=:5 3. 

#@54;>65==K9 >?B8<870F8>==K9 @5H0B5;L =0 >A=>25  # :0: >A=>2=>9 
M;5<5=B ?@54;>65==>9 F5=B@0;87>20==>9 02B><0B8:8 ?@54?>;0305B 1KAB@K9 
@0AGёB 4>?>;=8B5;L=KE 8=J5:F88 @50:B82=>9 <>I=>AB8 ∆ýÿ%К$М 4;O %�$ , 
A>3;0A=> CA;>28N: 

 ýD4Eч < ýкD,                                                   (8) 

345 ýD4Eч – 2@5<O @0AGёB0 0;3>@8B<><  # 8=J5:F89 @50:B82=>9 <>I=>AB8 4;O 2A5E 
@53C;8@C5<KE %�$  2 --%, ýкD – :@8B8G5A:>5 2@5<O, >?@545;O5<>5 B@51>20=8O<8 
@568<=>3> 8 ?@>B82>020@89=>3> C?@02;5=8O.  

� A;CG05 =0@CH5=8O CA;>28O (8), =0?@8<5@, 4;O AE5< --% 1>;LH>9 
@07<5@=>AB8 A 1>;LH8< :>;8G5AB2>< CAB0=>2;5==KE @53C;8@C5<KE %�$ , 
?@54;0305BAO 8A?>;L7>20BL ?@54>1CG5==K9 CA:>@8B5;L @5H5=89 =0 >A=>25 <>45;8 
<0H8==>3> >1CG5=8O, :>340 7040G0 >?B8<870F88 B@0=AD>@<8@C5BAO 2 7040GC 
<=>65AB25==>9 <=>3>F5;52>9 @53@5AA88, F5;LN :>B>@>9 O2;O5BAO >4=>2@5<5==>5 
?@54A:070=85 8=J5:F89 @50:B82=>9 <>I=>AB8 ∆ý1%К$М, & ∆ý�%К$М, 345 � – 
:>;8G5AB2> @53C;8@C5<KE %�$  2 --%. 

� >1I5< A;CG05 B0:0O 7040G0 A2>48BAO : >1CG5=8N <=>3>F5;52>9 
@53@5AA8>==>9 <>45;8 =0 =01>@5 40==KE ÿ =  (þ(1), ÿ(1)), & , (þ(þ), ÿ(þ)), 

2KG8A;5==>< A ?><>ILN =5:>9 DC=:F88 /, :>B>@0O ?@8A208205B 25:B>@C þ, 25:B>@C ÿ -F5;52K5 7=0G5=8O 4;O :064>3> M:75<?;O@0. &>340 <0B5<0B8G5A:8 MB> <>65B 1KBL 
70?8A0=> A;54CNI8< >1@07><: /: Ωý1 × & × Ωý� = Ωþ1 × & × Ωþ� ,          (9) þ = (þ1, & , þ�) → ÿ = (ÿ1, & , ÿ�), 
345 Ωýÿ  8 Ωþÿ – ?@>AB@0=AB2> >1@07F>2 4;O :064>3> ?@548:B>@0 þÿ (ÿ ∈ 1, & , �) 8 
:064>9 F5;52>9 ?5@5<5==>9 ÿÿ  (ÿ ∈ 1, & , �) A>>B25BAB25==>.  

#@8 MB>< ?>4 ?@548:B>@0<8 þÿ 745AL ?>=8<0NBAO @0AGёB=K5 ;>:0;L=K5 L-

8=45:AK ÿĀ, 0 ?>4 2KE>40<8 ÿÿ  ?@54A:070==K5 7=0G5=8O 8=J5:F89 @50:B82=>9 
<>I=>AB8 ∆ýÿ. #>4 DC=:F89 / 745AL <>3CB ?>=8<0BLAO :0: <>45;L :207848=0<8:8 
--%, :>B>@0O ?>72>;O5B ?>;CG0BL ?>A;54>20B5;L=>ABL CAB0=>282H8EAO @568<>2 A 
@07;8G=K<8 @0AGёB=K<8 ?0@0<5B@0<8 @568<0, B0: 8 =5:89 =0:>?;5==K9 0@E82 
B5;587<5@5=89.  
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#5@5?8A02 C@02=5=8O (9) 1>;55 :><?0:B=> :0: 25:B>@=>-<0B@8G=>5 
?@>872545=85 1 × � >1>7=0G82 ?5@5<5==K5 þÿ 8 ÿÿ  2 ?>AB0=>2:5 7040G8 
@53C;8@>20=8O %�$ :  ÿ̇ÿĀ� = [ÿ̇ÿĀý1, ÿ̇ÿĀý2, & , ÿ̇ÿĀý�  ],                                  (10) 

8 B>340 25AL =01>@ ;8=59=KE 7028A8<>AB59 <>6=> B0:65 70?8A0BL :0:: ÿ̇ÿĀ� j ∆ýĀ%К$М      ÿ = 1, & , �  Ā = 1, & , �.                          (11) 

#@81;865=85 j 2 (11) 25@=> B>;L:> 2 B>< A;CG05, 5A;8 <>6=> ?@028;L=> 
=0AB@>8BL 25A0 �. �;O MB>3> <>65B 1KBL 8A?>;L7>20=0 ;N10O DC=:F8O AB>8<>AB8 
@53@5AA88 4;O @5H5=8O 7040G8 <8=8<870F88, GB>1K MB> ?@81;865=85 2K?>;=O;>AL 
:0: <>6=> ;CGH5. � 48AA5@B0F88 2 :0G5AB25 @5H5=8O (11) ?@54;>65=> 
8A?>;L7>20BL 0;3>@8B< 3@0485=B=>3> 1CAB8=30 CatBoost, @07@01>B0==K9 :><?0=89 
/=45:A, :>B>@K9 >A=>20= =0 3@0485=B=KE 45@52LOE @5H5=89, 8 ?@8 >1CG5=88 MB>9 
<>45;8 ?>A;54>20B5;L=> AB@>8BAO =01>@ 45@52L52 @5H5=89. �0==K9 0;3>@8B< 
@50;87C5B <5=LH55 :>;8G5AB2> ?0@0<5B@>2 8 >15A?5G8205B 1>;55 2KA>:CN 
B>G=>ABL, 2 B>< G8A;5 2 A;CG05 A;>6=KE =5;8=59=KE 7028A8<>AB59. &0: :0: 
«2K@0I5==K5» 45@52LO A10;0=A8@>20=K, <5=55 ?>425@65=K ?5@5>1CG5=8N 8 
?>72>;ONB 7=0G8B5;L=> CA:>@8BL ?@54A:070=85 2> 2@5<O B5AB8@>20=8O 

#@8<5=8B5;L=> : 7040G5 ?@54A:070=8O 8=J5:F89 @50:B82=>9 <>I=>AB8 ∆ýÿ%К$М 0;3>@8B< 3@0485=B=>3> 1CAB8=30 CatBoost 70?8AK205BAO A;54CNI8< 
>1@07><: ∆ýÿ%К$М,D = ∆ýÿ%К$М,D + � ∙ � ∑(∆ýÿ%К$М 2 ∆ýÿ%К$М,D)2/�∆ýÿ ,             (12) 

345 � – A:>@>ABL >1CG5=8O, ∆ýÿ%К$М,D
 8 ∆ýÿ%К$М – ?@54A:070==K5 8 F5;52K5 7=0G5=8O 

>?B8<0;L=KE 7=0G5=89 8=J5:F89 <>I=>AB8 4;O %�$ .  
% CG5B>< >B<5G5==KE @0=55 2K2>4>2 > B><, GB> 8=B5;;5:BC0;L=K5 

02B><0B8:8 =>2>3> ?>:>;5=8O (!#) 4>;6=K 4>?>;=OBL ACI5AB2CNICN AB@C:BC@C 
#�' �-% $>AA88, @0AA<>B@5=0 2>7<>6=>ABL 2=54@5=8O ��$! A A>E@0=5=85< 
459AB2CNI8E 85@0@E8G5A:8E ?@8=F8?>2 ?>AB@>5=8O #�'. -B> 206=>, B0: :0: 2 
A>2@5<5==KE 1>;LH8E --%, @0A?>;>65==KE =0 1>;LH>9 B5@@8B>@88, =52>7<>6=> 
2K?>;=8BL #�' =0 1075 548=>3> F5=B@0;87>20==>3> :><?;5:A0, ?>A:>;L:C 4;O 
MB>3> ?>B@51C5BAO G@572KG09=> 1>;LH>5 G8A;> ?@>BO65==KE :0=0;>2 A2O78 8 
2KG8A;8B5;L=KE <>I=>AB59.  

&0:, ?@54;>65==0O 2 @01>B5 ��$! ?@54AB02;O5BAO G0ABLN �#!' !# 
($8AC=>: 4) @01>B0NI59 ?> F8:;C «#"%��», @50;870F8O :>B>@>9 4>;6=0 1KBL 
A;54CNI8< H03>< 2 <>45@=870F88 #�' �-% $>AA88. #@8 MB>< ACI5AB2CNI85 
:><?;5:AK #�' <>3CB 1KBL 4>?>;=5=K 8=B5;;5:BC0;L=K<8 A@54AB20<8 A 
A>E@0=5=85< 8E 02B>=><=>9 @01>BK 2 A;CG05 =5@01>B>A?>A>1=>AB8 �#!' !#. 
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�06=> >B<5B8BL, GB> ��$! 2 @0<:0E @01>BK �#!' !# 1C45B @50;87>2K20BL '� 
=0 :>>@48=0F8N @575@2>2 @50:B82=>9 <>I=>AB8 8 87<5=5=85 A>AB>O=8O %�$  4;O 
?>2KH5=8O AB0B8G5A:>9 CAB>9G82>AB8, GB> >BACBAB2C5B 2 ACI5AB2CNI8E 
?@8=F8?0E #�'. �<5NICNAO 8=D@0AB@C:BC@C ?>AB@>5=8O #�' 2>7<>6=> 
8A?>;L7>20BL 4;O @50;870F88 ��$!. �"%! 2 @0<:0E #�' !# 1C45B O2;OBLAO 
=87>2K< CAB@>9AB2>< 4;O @50;870F88 G0AB8 '� >B �--%�$  (48A:@5B=>5 
@53C;8@>20=85 %�$ ) 8 >B  #� (2 G0AB8 2K?>;=5=8O ?@>F54C@K >B:;NG5=8O 
=03@C7:8 ("!)) 8 A>E@0=OBL A2>8 DC=:F88 ?@8 >B:075 25@E=8E CAB@>9AB2 ?> B8?C 
��#!'. 

 

$8AC=>: 4 –  >45;L 2=54@5=8O ��$! 2 AB@C:BC@C #�' �-% $>AA88 

� G5B25@B>9 3;025 «�AA;54>20=85 ?>2545=8O 8=B5;;5:BC0;L=>9 02B><0B8:8 
@53C;8@>20=8O =0?@O65=8O 8 @50:B82=>9 <>I=>AB8» ?@>872545=K 8AA;54>20=8O 
459AB28O ��$! =0 <>45;8 M=5@3>A8AB5<K �@:CBA:>9 >1;0AB8 ?@8 2>7=8:=>25=88 
020@89=KE 2>7<CI5=89. �AA;54>20=8O =0 AE5<5 A525@=>9 G0AB8 M=5@3>A8AB5<K 
�@:CBA:>9 >1;0AB8 ?@>2>48;8AL 2 420 MB0?0. !0 ?5@2>< MB0?5 >1J5:B>< 
8AA;54>20=8O 1K; �>40918=A:89 M=5@3>@09>= (�-$) :>B>@K9 1K; 70?8B0= 2 
BC?8:>2>< @568<5 ?> 42CEF5?=><C B@0=78BC 220 :� >B 'ABL-�;8<A:>9 �-%. 
"4=0:> : :>=FC 2019 3>40 2=5H=OO AE5<0 ?8B0=8O �-$ ?@5B5@?5;0 7=0G8B5;L=K5 
87<5=5=8O, GB> ?>2;8O;> =0 @568<K 53> @01>BK. % CE>4>< >B ?@>1;5< :>=A>;L=>3> 
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?8B0=8O �-$ ?>O28;8AL =>2K5 >A>15==>AB8 C?@02;5=8O @568<>< ?> =0?@O65=8N 
C65 2 AE5<5 %525@>109:0;LA:>3> M=5@35B8G5A:>3> :>;LF0 (40;55 – %�-�, $8AC=>: 
5), :>B>@K9 AB0; >1J5:B>< =0 2B>@>< MB0?5 8AA;54>20=8O.  

#@8 8AA;54>20=88 MDD5:B82=>AB8 ��$! 4;O ?@54>B2@0I5=8O =0@CH5=89 
CAB>9G82>AB8 ?> =0?@O65=8N 2 AE5<5 %�-� 1K;8 @0AA<>B@5=K A;54CNI85 
20@80=BK <>45;8@>20=8O AE5<K: 

1. �57 @50;870F88 :>>@48=8@CNI59 02B><0B8:8 8;8 ��#!'. � MB>< A;CG05 2 
@0AA<0B@8205<>9 ?>4A8AB5<5 DC=:F8>=8@CNB ;>:0;L=K5 =5?@5@K2=K5 
(�$�, >3@0=8G5=8O ?5@5=0?@O65=8O ("#), C?@02;O5<K5 HC=B8@CNI85 
@50:B>@K ('Ш$)) 8 48A:@5B=K5 (@53C;8@>20=85 =0?@O65=85 ?>4 =03@C7:>9 
($#!), �"%!) @53C;OB>@K, 459AB28O :>B>@KE =5 :>>@48=8@CNBAO. 

2. % @50;870F859  #� 2 ?>4A8AB5<5. � MB>< A;CG05 2 ?>4A8AB5<5 B0:65 
?@8ACBAB2CNB ;>:0;L=K5 (=5?@5@K2=K5 8 48A:@5B=K5) @53C;OB>@K, >4=0:> 
8E 459AB28O :>>@48=8@CNBAO  #�.  

3. % @50;870F859 �--%�$  4;O :>>@48=8@>20==>3> 48A:@5B=>3> C?@02;5=8O 
%�$  8<5NI5<AO 2 A8AB5<5. 

~

~

'ABP-�;8<A:0O 
�Э%

�>@HC=8х0

/:C@8< �8@5=30

 %525@>-

109:0;PA: !>2O9 
'>O=

&0:A8<>

 0<0:0=A:0O 
�Э%

  0<0:0=

�>40918=E:89 
M=5D3>D09>=

'ABP-�CB

�5=0

!#%-6

!#%-7

 !#%-11

#5;54C9
%Cх>9 �>3

!#%-9

$�%#'��И�� 
%�Х� (/�'&И/)

!03DG7:0 &D0=E=5HFL-�>EF>:

2*180
2*52

2*18
2*10

4*3,3

';P:0=

 �010=

�C=5@<0

2*20

 �8G5@0

А=3>O

/=GC:0= #5@520;

А=30@0:0=

":CA8:0=

1002*10

3*20

!#%-8

15

#>;NA

3*26
25 А@B5<

�@>?>B:8=
�0G8=A:0O

!52A:89

#5@52>7
15

�5@=8=A:0O

$�%#'��И�� �'$/&И/
&я3>20я =03DG7:0 ��  (�%�-)

�2574=0O

!8O

4*3,3

4*3,3

4*3,3

4*3,3

4*3,3

2*3,3

И$�'&%��/ "���%&,

4*21,5

2*632*25

�У

К?аAAы на?@я65ния
500 >�
220 >�
110 >�
35 >�
10 >�

 

$8AC=>: 5 – %E5<0 %525@>109:0;LA:>3> M=5@35B8G5A:>3> :>;LF0 2020 3. 

� :0G5AB25 2>7<CI5=89 1K;8 @0AA<>B@5=K E0@0:B5@=K5 =0@CH5=8O @568<0, 
?@8 :>B>@KE 2>7<>6=> =5 A>E@0=5=85 CAB>9G82>AB8 ?> =0?@O65=8N, 4;O :064>9 
87 AE5<. &0: :0: 8AA;54>20=8O ��$! 2 AE5<5 %�-� (150 C7;>2) 1>;55 <0AHB01=K 
?> A@02=5=8N A �-� (33 C7;0), 40;55 ?@82545=K :@0B:85 @57C;LB0BK @01>BK ��$! 
2 AE5<5 %�-� 4;O :>B>@>9 1K;8 @0AA<>B@5=K A;54CNI85 020@89=K5 2>7<CI5=8O: 



 

19

 �07>2K9 AF5=0@89 A ?>A;54>20B5;L=K< 8/8;8 AB>E0AB8G5A:8< CBO65;5=85< 
@568<0 ?CB5< ?>A;54>20B5;L=>3> @>AB0 M;5:B@>?>B@51;5=8O 4;O 4>AB865=8O 
?@545;0 CAB>9G82>AB8 ?> =0?@O65=8N (AF5=0@89 1); 

 $07@K2 :>;LF0 <564C #% 220 :� !#%-7 8 #% 220 :� !#%-9 2 @568<5 
<0:A8<0;L=KE =03@C7>: A CBO65;5=85< (AF5=0@89 2). 

 
                             0) AF5=0@89 1                                            1) AF5=0@89 2 
$8AC=>: 6 – $57C;LB0BK :207848=0<8G5A:>3> <>45;8@>20=8O =0 AE5<5 %�-� ?@8 

8A?>;L7>20=88 "# �$� (25@E=89 3@0D8:) 8  #� (=86=89 3@0D8:) 
 

�;O @0AA<>B@5==KE AF5=0@852 ��$! ?>:070;0 ;CGH89 @57C;LB0B, ?> 
A@02=5=8N A> 20@80=B>< <>45;8@>20=8O 157 459AB28O 02B><0B8:8. �;O AF5=0@8O 1 
?@8 8A?>;L7>20=88  #� :>;8G5AB2> H03>2 CBO65;5=8O 4> ?@545;0 ?> AB0B8G5A:>9 
CAB>9G82>AB8 (Nmax) @02=> 35, ?@8 8A?>;L7>20=88 "# �$� Nmax =15. �;O 1>;55 
«BO6ё;>3>» AF5=0@8O 2 A @07@K2>< :>;LF0, 2 F5;>< A8AB5<0 1KAB@55 4>AB8305B 
?@545;0 AB0B8G5A:>9 CAB>9G82>AB8 ($8AC=>: 6, 1.). �065 ?@8 8A?>;L7>20=88  #� 

:>;8G5AB2> H03>2 CBO65;5=8O A>:@0I05BAO ?@8<5@=> 242>5 (Nmax =14). "4=0:> 
MB> 2Aё @02=> 2 2 @070 1>;LH5, G5< ?@8 <>45;8@>20=88 "# �$� (Nmax =7). 

�0: 284=> 87 $8AC=:0 7 2 >1>8E @0AA<>B@5==KE AF5=0@852 8=B5;;5:BC0;L=>5 
:>>@48=8@>20=85 %�$  ?>72>;O5B 4>?>;=8B5;L=> «>B>428=CBL» ?@545; ?> 
AB0B8G5A:>9 CAB>9G82>AB8. �A;8 4;O ?5@2>3> AF5=0@8O  #� >15A?5G820;0 Nmax 

=35, B> ?@8 8A?>;L7>20=88 �--%�$  >=> 7=0G8<> C25;8G8205BAO 4> Nmax =87 
($8AC=>: 7, 0). � AF5=0@88 @07@K20 :>;LF0 %�-� �--%�$  40ёB C65 1>;55 
A:@><=K9 MDD5:B ?>2KH5=8O ?@545;0 CAB>9G82>AB8 ?> =0?@O65=8N: A Nmax =23 
4> Nmax =28 ($8AC=>: 7, 1). 

�06=K< 0A?5:B>< 8A?KB0=89 O2;O5BAO B0:65 >F5=:0 1KAB@>459AB28O <>45;8 
�--%�$ . �;O MB>3> 2@5<O =0E>645=8O >?B8<0;L=KE CAB02>: %�$  4;O >4=>3> 
CAB0=>282H53>AO @568<0 A@02=820;0AL A 4@C38<8 0;3>@8B<0<8 M2@8AB8G5A:>9 (@>9 
G0AB8F, 8<8B0F8O >B6830) 8 B@048F8>==>9 (<5B>4 2=CB@5==59 B>G:8) >?B8<870F88. 
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�0: 284=> 87 &01;8FK 1, 0;3>@8B<  #, 8A?>;L7C5<K9 2 �--%�$  ?>:07K205B 
=08;CGH85 @57C;LB0BK, >A>15==> ?> A@02=5=8N A 4@C38<8 M2@8AB8G5A:8<8 
0;3>@8B<0<8.  

 

                              0) AF5=0@89 1                         1) AF5=0@89 2 

$8AC=>: 7 – �7<5=5=85 AC<<K ;>:0;L=KE L-8=45:A>2, ÿ��� 157 @53C;8@>20=8O 8 A 
@53C;8@>20=85< %�$  4;O @07;8G=KE AF5=0@852 

&01;8F0 1. %@02=5=85 <5B>4>2 ?> A:>@>AB8 AE>48<>AB8 @5H5=8O 

№  5B>4 >?B8<870F88 �@5<O 8B5@0F88, A 
1  >BK;ё: 8 ?;0<O 5,26 

2  5B>4 2=CB@5==59 B>G:8 7,38 

3 %8<?5:A-<5B>4 8,45 

4 $>9 G0AB8F 236,7 

5 �<8B0F8O >B6830 353,7 

 

"4=0:> 2 A;CG05 ?>2KH5=8O @07<5@=>AB8 @5H05<>9 7040G8, :>340 CA;>285 (8) 

<>65B =5 2K?>;=OBLAO, <>45;L �--%�$  ?@54CA<0B@8205B B@0=AD>@<0F8N 
>?B8<870F8>==>9 ?>AB0=>2:8 2 7040GC 2>AAB0=>2;5=8O <=>65AB25==>9 @53@5AA88 
8 8A?>;L7>20=85 ?@5420@8B5;L=> >1CG5==>9 <>45;8 3@0485=B=>3> 1CAB8=30 
CatBoost 4;O ?@54A:070=8O CAB02>: %�$ . � MB>< A;CG05 D0:B8G5A:8 <K 8<55< 
?@81;86ё==>5, => :@09=5 1KAB@>5 @5H5=85 7040G8 #�'. � A2O78 A MB8< :@09=5 
206=> >F5=8BL B5AB>2CN >H81:C ?@54A:070=8O CatBoost, B.5. B>G=>ABL @0AGёB0 
CAB02>:. 
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$8AC=>: 8 – �7<5=5=85 AC<<K ;>:0;L=KE L-8=45:A>2 157 @53C;8@>20=8O (Lsum) 8 A 
@53C;8@>20=85< %�$  (Lsum_corr) 4;O A;CG09=>9 ?>A;54>20B5;L=>AB8 

CAB0=>282H8EAO @568<>2 

� 40==>< ?@8<5@5 <>45;L CatBoost >1CG0;0AL =0 2K1>@:5 800 @568<>2 AE5<K 
%�-�, ?>;CG5==KE 2 @57C;LB0B5 ?@>F54C@K AB>E0AB8G5A:>3> CBO65;5=8O AE5<K. 
-B>B <0AA82 40==KE 1K; @0745;5= =0 >1CG05<CN (85%) 8 B5AB>2CN (15%) 2K1>@:8. 
!0 2E>4 <>45;8 ?>4020;8AL @0AGёB=K5 7=0G5=8O ;>:0;L=KE L-8=45:A>2, :0: 
8=B53@0;L=0O E0@0:B5@8AB8:0 @568<0, ($8AC=>: 8) =0 2KE>45 1K;8 >?B8<0;L=K5 
CAB02:8 4>ABC?=KE %�$ , ?@5420@8B5;L=> @0AAG8B0==K5 0;3>@8B<><  # 2 
@57C;LB0B5 <>45;8@>20=8O >D;09=.  

"1I0O >H81:0 >1CG5=8O A>AB028;0 <8=8<0;L=K5 0.01%. $57C;LB0BK 
B5AB8@>20=8O <>45;8 CatBoost 4;O ?@54A:070=8O CAB02>: =5:>B>@KE CAB@>9AB2 
%�$  ?@54AB02;5=K 2 &01;8F5 2 8 =0 $8AC=:5 9. !87:0O A@54=5:204@0B8G=0O 
>H81:0 þĀÿĀ A2845B5;LAB2C5B > B><, GB> >1CG5==0O <>45;L E>@>H> ?>?0405B 2 
?8:8. �>MDD8F85=B 45B5@<8=0F88 R2 4;O 2A5E A;CG052 0??@>:A8<0F88 CAB02>: 
%�$  1;87>: : 1, GB> A>>B25BAB2C5B <>45;8 40==K<, B.5. 5ё 045:20B=>AB8 2 
2>AAB0=>2;5==>9 <=>65AB25==>9 @53@5AA88. 

&01;8F0 2. #@8<5@ @57C;LB0B>2 B5AB8@>20=8O <>45;8 CatBoost 4;O ?@54A:070=8O 
CAB02>: =5:>B>@KE CAB@>9AB2 %�$  AE5<K %�-�. 

№ '75;  "1>7=0G5=85 "H81:0 RMSE, % R-score 

1 'Ш$ #% 500 :� 'ABL-�CB ∆ý1%К$М 1,56 0,9159 

2 �%� #% 220 :� �5=0  ∆ý5%К$М 3,04 0,967 
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$8AC=>: 9 – $0AAG8B0==K5 8 ?@54A:070==K5 <>45;LN CatBoost CAB02:8 %�$  4;O 
B5AB>2>9 ?>A;54>20B5;L=>AB8 CAB0=>282H8EAO @568<>2 AE5<K %�-� 

#@>2545==K5 8A?KB0=8O C:07K20NB =0 2KA>:>5 :0G5AB2> 2B>@8G=>3> 
@53C;8@>20=8O =0?@O65=8O =0 ?@8<5@5 AE5<K %�-� A 8A?>;L7>20=85< 
@07@01>B0==KE <>45;59 ��$!. #@54;>65==0O  #� >15A?5G8205B 2>7<>6=>ABL 
AB@>3>9 D8:A0F88 <><5=B0 =5>1E>48<>AB8 ?5@5E>40 >B 7040G8 2B>@8G=>3> 
@53C;8@>20=8O : 7040G5 ?@>B82>020@89=>3> C?@02;5=8O, 8A:;NG0O B5< A0<K< 
G5;>25G5A:89 D0:B>@ 8 >15A?5G820O =5?@5@K2=>ABL ?@>F5AA>2 >?5@0B82=>3> 8 
02B><0B8G5A:>3> ?@>B82>020@89=>3> C?@02;5=8O.  

$50;870F8O A:>>@48=8@>20==>3> C?@02;5=8O %�$  =0 1075 �--%�$  

?>72>;O5B 4>?>;=8B5;L=> ?>2KA8BL ?@545; ?> AB0B8AB8G5A:>9 CAB>9G82>AB8 ?> 
=0?@O65=8N 8 @50;87>20BL MDD5:B82=>5 @53C;8@>20=85 =0?@O65=8O ?@8 
@07;8G=KE 2>7<CI5=8OE. #@8<5=5=85 1KAB@KE @5H0B5;59 =0 1075 0;3>@8B<>2 
M<?8@8G5A:>9 >?B8<870F88 8  " ?>72>;O5B @5H8BL ?@>1;5<C 1>;LH>3> 2@5<5=8 
@0AGёB0 ?@8 @50;870F88 F5=B@0;87>20==>3> C?@02;5=8O 48A:@5B=K<8 
CAB@>9AB20<8 %�$ .  

 

����.'�!�� 

�8AA5@B0F8O ?>A2OI5=0 2>?@>A0< >15A?5G5=8O CAB>9G82>AB8 ?> =0?@O65=8N 
2 --% 70 AG5B A>25@H5=AB2>20=8O A8AB5< #�' ?CB5< 8A?>;L7>20=8O 
8=B5;;5:BC0;L=KE A@54AB2, B0:8E :0: <C;LB8035=B=K5 A8AB5<K, 0;3>@8B<K 
>?B8<870F88 8 <0H8==>5 >1CG5=85 4;O ?@54>B2@0I5=8O A8AB5<=KE 020@89. 
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1. �KO2;5=>, GB> ?> <5@5 @0728B8O �-% $>AA88, @>AB0 M;5:B@>?>B@51;5=8O, 0 
B0:65 2=54@5=8O >1J5:B>2 @0A?@545;5==>9 35=5@0F88 7040G0 A>E@0=5=8O 
CAB>9G82>AB8 ?> =0?@O65=8N AB0=>28BAO 2A5 1>;55 0:BC0;L=>9.  

2. �>:070=>, GB> ACI5AB2CNI85 :><?;5:AK #� 8<5NB >?@545;5==K5 
=54>AB0B:8 8 2 @O45 A;CG052 <>3CB 1KBL =54>AB0B>G=> MDD5:B82=K ?@8 2K40G5 
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