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development and implementation of an extended customer segmentation model based 

on RFM analysis adapted for the digital environment. The RFMP-DOV+AIC model 
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5D5:B82=>ABV, ;>O;ь=>ABV B0 DV=0=A>2>3> 7=0G5==O 4;O :><?0=VW. ' :>=B5:ABV 

107>2>W ?>254V=:>2>W 5:>=><V:8 B0:0 <>45;ь 4>72>;Oє D>@<0;V7C20B8 ?>=OBBO 

«FV==VABь 68BBє2>3> F8:;C :;Vє=B0 (CLV)» H;OE>< A?@>I5=>W >FV=:8 

:>;5:B82=>W ?>254V=:8. 

�=0;V7 RFM (Recency, Frequency, Amount) 2V4V3@0є 206;82C @>;ь C @>7@>1FV 

AB@0B53V9 V 4>72>;Oє :><?0=VO< ?@89<0B8 >1ґ@C=B>20=V <0@:5B8=3>2V @VH5==O =0 

>A=>2V @50;ь=>W ?>254V=:8 A?>6820GV2. $>1>B0 7 RFM <>45;O<8 4>72>;Oє =5 

BV;ь:8 A53<5=BC20B8 A2>N :;Vє=BAь:C 107C 70 @0EC=>: WE AB@C:BC@8 V 

C=V25@A0;ь=>ABV, 0;5 V 28O28B8 @878: 2B@0B8 :;Vє=BV2, >?B8<V7C20B8 

?5@A>=0;V7>20=V ?@>?>78FVW V ?>1C4C20B8 4>23>AB@>:>2V 2V4=>A8=8 7 FV;ь>28<8 

A53<5=B0<8 [28]. 

https://books.google.com.pe/books/about/Strategic_Database_Marketing.html?id=Ws_cBzKDk8MC&redir_esc=y
https://www.omniconvert.com/blog/rfm-model/
https://medium.com/@ernestodotnet/rfm-analysis-and-clustering-for-customer-segmentation-1087fb2a4eb2
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"4=VєN 7 =09206;82VH8E ?5@5203 0=0;V7C RFM є B5, I> 2V= <>65 

V45=B8DV:C20B8 ;>O;ь=8E V ?@81CB:>28E :;Vє=BV2. "A>18, O:V =5I>402=> <0;8 

28A>:V ?>:07=8:8 28B@0B, G0AB>BC B0 3@>H>2V 28B@0B8, є =091V;ьH ;>O;ь=8<8 B0 

FV==8<8 4;O 1V7=5AC. %2>єG0A=5 WE 28O2;5==O <>65 ?@8725AB8 4> @50;V70FVW 

>A>18AB8E AB8<C;V2 (=0?@8:;04, ?@>3@0< ;>O;ь=>ABV, 1>=CAV2 V >A>18AB8E ?>4O:), 

O:V ?V428ICNBь ;>O;ь=VABь :;Vє=BV2 V A?@8ONBь ?>40;ьHV9 270є<>4VW [28]. 

%53<5=B0FVO :;Vє=BV2 =0 >A=>2V <5B@8: RFM 4>72>;Oє AB2>@N20B8 FV;ь>2V 

:0<?0=VW, O:V 2@0E>2CNBь A?5F8DVG=C ?>254V=:C :>6=>3> A53<5=B0. �;Vє=B0<, O:V 

0:B82=> 270є<>4VNBь 7 1@5=4><, <>6CBь 1CB8 70?@>?>=>20=V A?5FV0;ь=V =>2V 

?@>4C:B8 01> ?@5<V0;ь=V ?@>?>78FVW, 2 B>9 G0A O: 7=86:8, 157:>HB>2=V ?@>1=V 

?@>4C:B8 01> =5?>2=V ?>:C?:8 @5:><5=4CNBьAO 4;O <5=H 0:B82=8E A?>6820GV2. 

&0:89 ?V4EV4 @>18Bь @5:;0<=C :><C=V:0FVN 1V;ьH 5D5:B82=>N G5@57 WW 

0:BC0;ь=VABь [28]. 

�=865==O G0AB>B8 ?>:C?>: V 71V;ьH5==O V=B5@20;C <V6 >?5@0FVO<8 A2V4G8Bь 

?@> 7=865==O ;>O;ь=>ABV :;Vє=BV2. �=0;V7CNG8 FV ?0@0<5B@8, <>6=0 28O28B8 

@0==V >7=0:8 ?>B5=FV9=>W 2B@0B8 :;Vє=B0 V 268B8 ?@>DV;0:B8G=8E 70E>4V2: 

70?@>?>=C20B8 ?5@A>=0;V7>20=V 7=86:8, =040B8 72>@>B=89 72'O7>: ?> ?>A;C30E V 

?>;V?H8B8 C<>28 >1A;C3>2C20==O. &><C RFM <>6=0 28:>@8AB>2C20B8 =5 BV;ь:8 

O: V=AB@C<5=B :;0A8DV:0FVW, 0;5 V O: V=AB@C<5=B ?@>3=>7=>3> 0=0;V7C 2 >1;0ABV 

:;Vє=BAь:>3> 4>A2V4C [28]. 

%5@54 >A=>2=8E >1<565=ь <>6=0 28>:@5<8B8: V3=>@C20==O =5DV=0=A>28E 

D0:B>@V2, 0 A0<5, I> RFM 0=0;V7 =5 2@0E>2Cє 206;82V E0@0:B5@8AB8:8 :;Vє=BV2, 

B0:V O: A>FV0;ь=>-45<>3@0DVG=V E0@0:B5@8AB8:8 (2V:, AB0Bь, @53V>=), B8? 

?@8410=>3> ?@>4C:BC, 2V4?>2V4ь =0 ?>?5@54=V <0@:5B8=3>2V :0<?0=VW B>I>. � 

@57C;ьB0BV <>B820FVW B0 ?5@52038 42>E :;Vє=BV2 7 >4=0:>28<8 <5B@8:0<8 RFM 

<>6CBь 7=0G=> 2V4@V7=OB8AO, I> CA:;04=Nє 3;81>:C ?5@A>=0;V70FVN [29]. 

!0ABC?=8< =54>;V:>< є D>:CA =0 70AB0@V;8E 40=8E, RFM 107CєBьAO =0 

?>254V=FV <8=C;8E :;Vє=BV2 V =5 2@0E>2Cє ?>B>G=89 :>=B5:AB 01> 7<V=8 @8=:C, 

B0:>6 =5<0є <>6;82>ABV @>18B8 0=0;V7 «2 <><5=BV». �V4?>2V4=>, <>45;ь =5 

702648 <>65 @503C20B8 =0 @V7:V 7<V=8 A?>682G8E ?5@5203 01> A2>єG0A=> 

https://medium.com/@ernestodotnet/rfm-analysis-and-clustering-for-customer-segmentation-1087fb2a4eb2
https://medium.com/@ernestodotnet/rfm-analysis-and-clustering-for-customer-segmentation-1087fb2a4eb2
https://medium.com/@ernestodotnet/rfm-analysis-and-clustering-for-customer-segmentation-1087fb2a4eb2
https://mailchimp.com/resources/rfm-analysis/


27 

040?BC20B8AO 4> 7>2=VH=VE 2?;82V2. �@V< B>3>, 2V= =5 <>65 157?>A5@54=ь> 

?5@5410G8B8 ?>254V=:C <091CB=VE :;Vє=BV2, 0 ;8H5 >?8ACє 265 70?8A0=V 4VW [29]. 

)>G0 <>45;V RFM VAB>@8G=> 1C;8 ?>2'O70=V 7 @>74@V1=>N B>@3V2;5N B0 

5;5:B@>==>N :><5@FVєN, WE C7030;ь=5=0 ;>3V:0 4>72>;Oє CA?VH=> 2?@>2046C20B8 

?>4V1=C 0=0;VB8:C 2 V=H8E >1;0ABOE, 45 270є<>4VW :>@8ABC20GV2 є @53C;O@=8<8 B0 

28<V@N20=8<8, =0?@8:;04: =5?@81CB:>2V >@30=V70FVW, 45 ;>3V:0 RFM 

70AB>A>2CєBьAO 4> 0=0;V7C 4>=>@Aь:>W 4VO;ь=>ABV. &CB 70<VABь ?>:C?>: 

2@0E>2CNBьAO ?>65@B2C20==O, =0?@8:;04 40B0 >AB0==ь>3> ?>65@B2C20==O, 

?5@V>48G=VABь - :V;ь:VABь ?>65@B2C20=ь 2 40=89 ?5@V>4, AC<0 - 7030;ь=0 AC<0. 

&0:8< G8=><, 28 <>65B5 284V;8B8 0:B82=8E 4>=>@V2, A?;0=C20B8 >A>18ABV 

:><C=V:0FVW, I>1 7=>2C >B@8<0B8 ?V4B@8<:C, V AB2>@8B8 ?@>3@0<8 ?>4O:8 4;O 

=091V;ьH I54@8E 4>=>@V2 [28]. 

!0ABC?=>N AD5@>N 94CBь <548G=V ?>A;C38, RFM-?>4V1=V <5B>48 <>6CBь 

:;0A8DV:C20B8 ?0FVє=BV2 70 B0:8<8 :@8B5@VO<8: G0A 7 <><5=BC >AB0==ь>3> 

2V42V4C20==O, :V;ь:VABь 2V42V4C20=ь ?@>BO3>< 40=>3> ?5@V>4C V 7030;ь=0 20@BVABь 

;V:C20==O 01> :>=AC;ьB0FVW. &0:V 0=0;V78 28:>@8AB>2CNBьAO 4;O ?>;V?H5==O 

?;0=C20==O 2V42V4C20==O, ?5@A>=0;V70FVW <548G=8E =0304C20=ь B0 >?B8<V70FVW 

?;0=V2 ?@>DV;0:B8:8 [28]. 

*8D@>2V <54V0 B0 >=;09=-?;0BD>@<8, 4;O F8D@>28E A5@2VAV2 (=0?@8:;04 

=02G0;ь=8E ?>@B0;V2) 0=0;V7 0:B82=>ABV :>@8ABC20GV2 70 4>?><>3>N ;>3V:8 RFM 

4>72>;Oє >FV=8B8 70;CG5=VABь :>@8ABC20GV2. �V4?>2V4=V ?>:07=8:8 - >AB0==V9 2EV4 

01> 270є<>4VO (G0AB>B0), G0AB>B0 2E>4C 01> ?5@53;O4C (G0AB>B0), 7030;ь=89 G0A 

A?>6820==O 01> >1AO3 :>=B5=BC (:V;ь:VABь) - 4>72>;ONBь D>@<C20B8 

@5:><5=40FV9=V A8AB5<8, >FV=N20B8 @878: 2B@0B8 01>=5=BV2, 0 B0:>6 ?V428I8B8 

5D5:B82=VABь ?5@A>=0;V7>20=8E ?>2V4><;5=ь [28]. 

RFM-0=0;V7 =091V;ьH 70AB>AC2CєBьAO 2 AD5@V 5;5:B@>==>W :><5@FVW, B0  є 

5D5:B82=8< V=AB@C<5=B>< 4;O 287=0G5==O :;NG>28E A53<5=BV2 :;Vє=BV2, 

>?B8<V70FVW :><C=V:0FV9=8E AB@0B53V9 B0 ?V428I5==O 270є<>4VW 7 :>@8ABC20G0<8. 

�>3> 3=CG:VABь 4>72>;Oє 040?BC20B8 <>45;V 4> >A>1;82>AB59 ?>254V=:8 V=B5@=5B-

https://mailchimp.com/resources/rfm-analysis/
https://medium.com/@ernestodotnet/rfm-analysis-and-clustering-for-customer-segmentation-1087fb2a4eb2
https://medium.com/@ernestodotnet/rfm-analysis-and-clustering-for-customer-segmentation-1087fb2a4eb2
https://medium.com/@ernestodotnet/rfm-analysis-and-clustering-for-customer-segmentation-1087fb2a4eb2
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<03078=V2 V =0;0HBC20B8 AB@0B53VW 270є<>4VW ?V4 V=482V4C0;ь=V >A>1;82>ABV 20H>W 

0C48B>@VW. 

/: V 2 7030;ь=><C @8=:C, B0: V 2 AD5@V 5;5:B@>==>W :><5@FVW є ?52=V =54>;V:8 

70AB>AC20==O RFM-0=0;V7C, ?>-?5@H5, 2V= =5 ?V4E>48Bь 4;O =>28E ?V4?@8є<AB2, 

B>1B> O:I> :;Vє=BAь:0 1070 I5 =54>AB0B=ь> 25;8:0, @57C;ьB0B8 A53<5=B0FVW 

<>6CBь 1CB8 AB0B8AB8G=> =5AB01V;ь=8<8 [30]. 

!0ABC?=8< ?C=:B>< є >1<565==O =0 B>20@8 B@820;>3> :>@8ABC20==O, 

:;0A8G=5 @>7C<V==O «?>2B>@N20=>ABV» =5 є @5?@575=B0B82=8<, :>;8 :;Vє=B8 

:C?CNBь >48= V B>9 65 B>20@ :>6=V :V;ь:0 @>:V2 (=0?@8:;04, ?>1CB>2C B5E=V:C). 

&0 2V4ACB=VABь A53<5=B0FVW ?>:C?:8: AB0=40@B=V <>45;V RFM =5 @>7@V7=ONBь B8?8 

?@>4C:BV2 - 2AV ?@>F5A8 0=0;V7CNBьAO >4=>@V4=>, I> <>65 ?5@5:@5A;8B8 @50;ь=C 

:0@B8=C ?>254V=:8 :;Vє=BV2. ' Fь><C :>=B5:ABV 45O:V ?;0BD>@<8 5;5:B@>==>W 

:><5@FVW, >A>1;82> ACG0A=V CRM 01> BI A8AB5<8, 4>72>;ONBь ?>є4=C20B8 

A53<5=B0FVN RFM 7 V=H8<8 ?0@0<5B@0<8, B0:8<8 O: :0B53>@VO ?@>4C:BC, :0=0; 

270є<>4VW 01> 465@5;> B@0DV:C, I> 7=0G=> ?V428ICє B>G=VABь @>7@>1:8 AB@0B53V9 

?5@A>=0;V70FVW [30]. 

"4=VєN 7 3>;>2=8E FV;59 :>6=>3> 1V7=5AC 5;5:B@>==>W :><5@FVW є 71V;ьH5==O 

20@B>ABV 68BBє2>3> F8:;C :;Vє=B0 (Customer Lifetime Value, CLV). �8A>:89 

@V25=ь CLV 4>AO30єBьAO 70 @0EC=>: 71V;ьH5==O ?>2B>@=8E ?@>406V2, 7=865==O 

2B@0B :;Vє=BV2 V ?@>AC20==O ;>O;ь=>ABV. �=0;V7 RFM 4>72>;Oє 287=0G8B8 

A53<5=B8 :;Vє=BV2 7 28A>:8< ?>B5=FV0;>< CLV V @>7@>18B8 AB@0B53VW 70>E>G5==O 

@53C;O@=8E 270є<>4V9 4;O 71V;ьH5==O 4>23>AB@>:>2>W ?@81CB:>2>ABV [30].  

 

2.2. $V7=>2848 ?V4E>4V2 4> @50;V70FVW RFM-0=0;V7C: :;0A8DV:0FVO, >A>1;82>ABV 

70AB>AC20==O.  

�;O 24>A:>=0;5==O <0@:5B8=3>28E AB@0B53V9 B0 A53<5=B0FVW :;Vє=BV2, 

:;0A8G=89 ?V4EV4 RFM-0=0;V7C 1C2 <>48DV:>20=89, B0 =0 9>3> >A=>2V AB2>@5=> 

?>:@0I5=V B0 H8@H5 25@AVW, O:V 70GV?0NBь =5 BV;ь:8 B@8 >A=>2=V ?>:07=8:8 

(recency, frequency, monetary), 0 9 =0?@8:;04 B@820;VABь «2V4=>A8=» 7 :;Vє=B><, 

G0A>2V V=B5@20;8 <V6 B@0=70:FVO<8, 7=86:8 B>I>. *5 4>72>;Oє A?5FV0;VAB0< 

https://www.gameball.co/blog/rfm-customer-segmentation-in-ecommerce
https://www.gameball.co/blog/rfm-customer-segmentation-in-ecommerce
https://www.gameball.co/blog/rfm-customer-segmentation-in-ecommerce
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>18@0B8 <5B>4 28E>4OG8 7 <5B8 4>A;V465==O, B0 2EV4=8E 40=8E, 4>?><030NG8 

7@>18B8 A53<5=B0FVN 1V;ьH GVB:>N, 70;CG0NG8 <0:A8<0;ь=> <>6;82V 

E0@0:B5@8AB8:8 2 4>A;V465=V.  

�;0A8G=0 RFM-<>45;ь є 3=CG:8< V=AB@C<5=B><, O:89 4>72>;Oє :><?0=VO< 

A0<>ABV9=> 287=0G0B8 :@8B5@VW >FV=N20==O B0 :V;ь:VABь A53<5=BV2. �0;56=> 2V4 

>1@0=>W :V;ь:>ABV @V2=V2, <>6;82> AD>@<C20B8 @V7=C :V;ь:VABь A53<5=BV2, I> 40є 

7<>3C B>G=VH5 040?BC20B8 <0@:5B8=3>2V AB@0B53VW. "4=0: =04<V@=0 45B0;V70FVO 

?@8 <0;V9 :;Vє=BAь:V9 107V (<5=H5 10 000) <>65 7=878B8 5D5:B82=VABь 

A53<5=B0FVW. "A=>2=0 <5B0 - :;0A8DV:C20B8 :;Vє=BV2 70 ?>:07=8:0<8 R, F B0 M 

2V4?>2V4=> 4> WE=ь>W :C?V25;ь=>W ?>254V=:8. 

�0=89 0=0;V7 <>65 1CB8 @50;V7>20=89 70 4>?><>3>N @V7=><0=VB=8E 

V=AB@C<5=BV2, 7>:@5<0 Microsoft Excel, C O:><C ?5@28==> @>7@0E>2CNBьAO 107>2V 

?>:07=8:8 :;Vє=BAь:>W 0:B82=>ABV - Recency (R), Frequency (F) B0 Monetary (M). 

�;O ?>40;ьH>W A53<5=B0FVW :;Vє=BV2 70AB>A>2CєBьAO DC=:FVO PERCENTILE, O:0 

4>72>;Oє 287=0G8B8 ?>@>3>2V 7=0G5==O :>6=>3> ?>:07=8:0 =0 >A=>2V WE @>7?>4V;C. 

(>@<C;0 PERCENTILE, I> 28:>@8AB>2CєBьAO 2 40=><C ?V4E>4V, <0є 283;O4: �ý =  ý(�+1)100  , �ý - ?>@O4:>289 =><5@ C 2?>@O4:>20=V9 281V@FV, O:89 2V4?>2V40є x-

<C ?@>F5=B8;N; ý - 7040=89 @V25=ь ?@>F5=B8;O (=0?@8:;04, 25, 50, 75); � - 030;ь=0 

:V;ь:VABь A?>AB5@565=ь [31]. 

&0:>6 =0 >A=>2V @57C;ьB0BV2 RFM-0=0;V7C <>6=0 73@C?C20B8 :;Vє=BV2 70 

@V7=8<8 0;3>@8B<0<8 :;0AB5@870FVW, =09?>H8@5=VH8< є 0;3>@8B< K-means, O:89 

3@C?Cє 70?8A8 70 ?>4V1=VABN 2;0AB82>AB59 (2 40=><C 28?04:C R, F V M 7=0G5=ь) V 

є >1G8A;N20;ь=> 5D5:B82=8< =02VBь C 25;8:8E =01>@0E 40=8E. &0:>6 

28:>@8AB>2CєBьAO Vє@0@EVG=0 :;0AB5@870FVN, O:0 4>72>;Oє AB2>@N20B8 

45=4@>3@0<C 2:;045=8E :;0AB5@V2 157 =5>1EV4=>ABV ?>?5@54=ь> 704020B8 WE G8A;>.  

� 4>A;V465==V [32] ?@8 ?>@V2=O==V 0;3>@8B<C K-means 7 Vє@0@EVG=>N 

:;0AB5@870FVN ?>2’O70=C 7 A53<5=B0<8 :;Vє=BV2 5;5:B@>==>W :><5@FVW =0 >A=>2V 

?>254V=:>28E 40=8E, >B@8<0=V @57C;ьB0B8 ?> 0;3>@8B<C K-means 70157?5G8;8 

B@>E8 :@0IC 2V4>:@5<;5=VABь :;0AB5@V2, A5@54=V9 :>5DVFVє=B A8;C5BC 4;O K-

https://www.simplilearn.com/tutorials/data-analytics-tutorial/percentile-in-statistics
https://telkomnika.uad.ac.id/index.php/TELKOMNIKA/article/view/26384
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means A:;02 ?@81;87=> 0,29, B>4V O: 4;O Vє@0@EVG=>3> <5B>4C 0,25, I> A2V4G8Bь 

?@> 1V;ьH GVB:> 287=0G5=V B0 28@07=V A53<5=B8. 

� 4>A;V465=V [33] 1C;> ?>@V2=O=> 5D5:B82=VABь 0;3>@8B<V2 K-means V K-

medoids ?>@V2=NєBьAO 70 40=8<8 RFM-<>45;N20==O 4;O >=;09= ?@>406V2. �C;> 

287=0G5=>, I> K-means ?5@525@HCNBь K-medoids 7 B>G:8 7>@C 5D5:B82=>ABV B0 

?>:07=8:V2 ?@>4C:B82=>ABV, K-means <0NBь 7=0G=> =86G89 A5@54=V9 V=45:A 

�52VA0-�C;;V==0 (DBI) (0,2962 ?@>B8 0,8942 C K-medoids), 0 G0A 28:>=0==O 

?><VB=> H284H8< (0,096 A ?@>B8 2,4295 A). #V4AC<>2CNG8 <>6=0 A:070B8, I> 

:;0AB5@870FVO є 1V;ьH :><?0:B=>N B0 48A:@5B=>N, :>;8 28:>@8AB>2CєBьAO K-

means 7=0G5==O, B>4V O: K-medoids є 1V;ьH ABV9:8<8 4> 28:84V2, 0;5 <0NBь 

A;01HC GVB:VABь. %0<5 B><C 281V@ 0;3>@8B<C 2?;820є =0 O:VABь V V=B5@?@5B0FVN 

A53<5=B0FVW, K-means 4>1@5 ?V4E>48Bь 4;O H284:>W A53<5=B0FVW 25;8:>W 281V@:8, 

B>4V O: K-medoids <>65 1CB8 @>73;O=CB8<, :>;8 40=V <VABOBь 28:848, O:V <>6CBь 

7<VAB8B8 F5=B@>W48 :;0AB5@V2 2 K-means. 

�;O ?V428I5==O B>G=>ABV A53<5=B0FVW B0:>6 <>6CBь >1'є4=C20B8 :V;ь:0 

<5B>4V2, 7>:@5<0 2 @>1>BV [34] 1C;> 70?@>?>=>20=> V=B53@C20B8 <5B>4 3>;>2=8E 

:><?>=5=BV2 (PCA) 4>40B:>< 4> K-means B0 Vє@0@EVG=>W :;0AB5@870FVW. ' Fь><C 

4>A;V465==V 2AV 7<V==V 1C;8 73@C?>20=V A?>G0B:C 4;O 40=8E B@0=70:FV9 :@548B=>W 

:><?0=VW, 0 40;V 28:>@8AB0=> PCA 4;O CAC=5==O <C;ьB8:>;V=50@=>ABV, ?VA;O G>3> 
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:><?;5:A=8E <>45;59 A53<5=B0FVW, O:V 2@0E>2CNBь O: :;0A8G=C :C?V25;ь=C 

?>254V=:C :;Vє=BV2, B0: V ACG0A=V F8D@>2V E0@0:B5@8AB8:8.  

�@0E>2CNG8 >1<565==O B@048FV9=>W <>45;V RFM, 4;O :@0I>W A53<5=B0FVW 

1C;> @>7@>1;5=> 24>A:>=0;5=C <5B>4>;>3VN A53<5=B0FVW :;Vє=BV2, O:0 =5 ;8H5 

>FV=Nє A?>682GC FV==VABь, 0;5 9 0=0;V7Cє :0=0;8 270є<>4VW, @50:FVN =0 

<0@:5B8=3>2V AB8<C;8, @V7=><0=VB=VABь ?>:C?>: B0 >A=>2=V 45<>3@0DVG=V 

E0@0:B5@8AB8:8 B0 40є <>6;82VABь 7@>18B8 A53<5=B0FVN B>G=VHC, <>45;ь RFMP-

DOV+AIC. 

�;O 70AB>AC20==O A53<5=B0FVW 1C;> >1@0=> =01V@ 40=8E [44], O:89 <VAB8Bь 

V=D>@<0FVN ?@> :;Vє=BV2, WE A>FV0;ь=>-45<>3@0DVG=V E0@0:B5@8AB8:8, DV=0=A>289 

AB0=, 0 B0:>6 ?>254V=:C I>4> <0@:5B8=3>28E :0<?0=V9. !01V@ 40=8E >E>?;Nє 

?5@V>4 7 30 ;8?=O 2012 @>:C ?> 29 G5@2=O 2014 @>:C V 2:;NG0є 2240 70?8A, :>65= 

7 O:8E ?@54AB02;Oє C=V:0;ь=>3> :;Vє=B0.  

�0=V 2:;NG0NBь O: 728G09=8E :;Vє=BV2 (74V9A=N20;8 ?>:C?:8 >D;09=), B0: V 

5;5:B@>==8E (7 28A>:>N G0AB:>N >=;09=-:0=0;V2). !01V@ >E>?;Nє ;8H5 B8E 

:;Vє=BV2, O:V 74V9A=8;8 I>=09<5=H5 >4=C ?>:C?:C C 2:070=89 ?5@V>4. �>4=>3> 

28?04:>2>3> <5B>4C 281V@:8 =5 70AB>A>2C20;>Aь 4 0=0;V7 ?@>2>482AO =0 ?>2=V9 

=0O2=V9 281V@FV. 

!0 5B0?V ?V43>B>2:8 40=8E 4;O ?>1C4>28 <>45;V, 40=V 1C;8 ?V43>B>2;5=V B0 

B@0=AD>@<>20=V 4;O 70157?5G5==O :>@5:B=>ABV ?>40;ьH8E @>7@0EC=:V2 B0 

?V428I5==O O:>ABV <>45;N20==O, 1C;8 28;CG5=V B5E=VG=V 7<V==V, O:V =5 =5ACBь 

0=0;VB8G=>3> =020=B065==O 2 :>=B5:ABV A53<5=B0FVW, 2AV 40B8 1C;8 ?@82545=V 4> 

є48=>3> D>@<0BC G0AC 4;O ?>40;ьH8E G0A>28E @>7@0EC=:V2, ?@>0=0;V7>20=V B0 

?>G8I5=V 28:848 B0 1C;> AB2>@5=0 =>20 7<V==0 AcceptedCmp, O:0 ?V4AC<>2Cє 

2V4?>2V4V A?>6820GV2 =0 ?'OBь <0@:5B8=3>28E :0<?0=V9 (AcceptedCmp1-

https://www.kaggle.com/datasets/rodsaldanha/arketing-campaign/data
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AcceptedCmp5). �0<VABь B>3>, I>1 715@V30B8 ?'OBь >:@5<8E 1V=0@=8E 7<V==8E, 

D>@<CєBьAO є48=89 :0B53>@V0;ь=89 0B@81CB, I> 2V4>1@060є :V;ь:VABь ?@89=OB8E 

:0<?0=V9, 01> 7=0G5==O =C;ь, O:I> 6>4=0 ?@>?>78FVO =5 1C;0 ?@89=OB0. &0:5 

?5@5B2>@5==O A?@>AB8;> ?>40;ьH89 0=0;V7 V 7<5=H8;> @>7<V@=VABь ?@>AB>@C 

>7=0:. 

�4V9A=82H8 FV :@>:8, <8 >B@8<0;8 265 >G8I5=89 40B0A5B, O:89 A:;040єBьAO 

7 2209 70?8AV2, I> =0 31 70?8A <5=H5, B0 =0 >A=>2V =ь>3> <>6=0 265 ?@8ABC?8B8 

4> ?@>2545==O >?8A>2>3> 0=0;V7C :;Vє=BAь:>W 1078, I> 4>72>;Oє 28O28B8 :;NG>2V 

?>254V=:>2V ?0B5@=8 B0 AD>@<C20B8 >1ґ@C=B>20=V ?@8?CI5==O I>4> >GV:C20=>W 

A53<5=B0FVW.  #>-?5@H5, 7<V==V, I> 2V4>1@060NBь A?>682GC ?>254V=:C, 2 B><C 

G8A;V Recency, Frequency B0 Monetary, 45<>=AB@CNBь 7=0G=C 20@V0FVN B0 GVB:C 

?>78B82=C 0A8<5B@VN, I> <>6=0 2V4A;V4:C20B8 2 >?8A>2V9 AB0B8AB8FV (482. 

4>40B>:> �). !0?@8:;04, A5@54=є 7=0G5==O 7<V==>W «Monetary» AB0=>28Bь 606,66, 

B>4V O: WW <54V0=0 - ;8H5 396,00, 0 <0:A8<0;ь=5 7=0G5==O - 2525. F5 A2V4G8Bь ?@> 

B5, I> VA=Cє =525;8:0 3@C?0 :;Vє=BV2 7 28A>:8<8 28B@0B0<8, O:V ACBBє2> 

2?;820NBь =0 A5@54=є 7=0G5==O. &0:>6 =0 @8AC=:C 3.1 <>6=0 ?>10G8B8, I> 

>A=>2=0 <0A0 :;Vє=BV2 <0є 28B@0B8 2 4V0?07>=V 4> 1000, I> 2V4?>2V40є 

<V6:20@B8;ь=><C @>7<0EC. �>4=>G0A =0O2=VABь 2V7C0;ь=> >:@5A;5=8E 28:84V2 

28I5 2000 A2V4G8Bь ?@> VA=C20==O =5G8A;5==>W, 0;5 AB@0B53VG=> 206;82>W 3@C?8 

?>:C?FV2 V7 28A>:8< G5:><.  

 

$8A. 3.1. �8B@0B8 :;Vє=BV2 (Monetary) 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib)  
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�=0;>3VG=0 A8BC0FVO A?>AB5@V30єBьAO V 7 Recency (<0:A8<C< 699, <54V0=0 - 356) B0 

Frequency (<0:A8<C< 32, <54V0=0 - 12). �<V==V, I> E0@0:B5@87CNBь <0@:5B8=3>2C 

@50:FVN, B0:V O: PromoScore B0 DiscountPurchases, 2:07CNBь =0 =86GC A5@54=N 

0:B82=VABь :;Vє=BV2 (PromoScore - 0,74, DiscountPurchases - 2,32), 0;5 <0NBь 28IV 

<0:A8<0;ь=V 7=0G5==O (4> 6 B0 15 2V4?>2V4=>). *5 ?V4B25@46Cє VA=C20==O 

=525;8:>W, 0;5 ?>B5=FV9=> FV==>W 3@C?8 ;N459, O:V ?>78B82=> @503CNBь =0 

<0@:5B8=3>2V AB8<C;8. 

�5<>3@0DVG=V 7<V==V 45<>=AB@CNBь AB01V;ь=C AB@C:BC@C. �>:@5<0, 2V: 

A?>6820GV2 7>A5@5465=89 C 2V:>2><C 4V0?07>=V 26-44 @>:8 (25-9 B0 75-9 

?@>F5=B8;V), I> A2V4G8Bь ?@> ?5@52060==O 4>@>A;>W, ?;0B>A?@><>6=>W 0C48B>@VW. 

$V25=ь 4>E>4C <0є 25;8:5 AB0=40@B=5 2V4E8;5==O (?@81;87=> 25 000), I> A2V4G8Bь 

?@> =5@V2=><V@=VABь :C?V25;ь=>W A?@><>6=>ABV. �@0DV: ?>:07Cє 0A8<5B@8G=89 

@>7?>4V; 7<V==>W 4>E>4C - ?5@5206=0 1V;ьHVABь :;Vє=BV2 <0NBь 4>EV4 2V4 20 000 

4> 80 000, B>4V O: ?@>DV;ь IV;ь=>ABV @V7:> ?040є ?VA;O ?@81;87=> 100 000. ' B>9 

65 G0A, VA=CNBь >:@5<V 7=0G5==O 28I5 200 000, 4> 666 666, V WE A;V4 22060B8 

28:840<8. &0:89 @>7?>4V; ?V4B25@46Cє =5>1EV4=VABь ?>?5@54=ь>W =>@<0;V70FVW 

40=8E ?5@54 70AB>AC20==O< <5B>4V2 :;0AB5@870FVW. 

 

$8A. 3.2. $>7?>4V; 4>E>4C :;Vє=B0 (Income) 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 
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�<V==0 «Children» 2:07Cє =0 B5, I> 1V;ьHVABь ?>:C?FV2 <0NBь 0 01> 1 48B8=C 

(<54V0=0 - 1,0, <0:A8<C< - 3,0), I> <>65 2?;820B8 =0 B8?8 B>20@V2, O:V 2>=8 

A?>6820NBь. 

�030;><, 28A>:V 7=0G5==O AB0=40@B=>3> 2V4E8;5==O :;NG>28E 7<V==8E, 

25;8:89 @>7@82 <V6 <54V0=>N B0 <0:A8<0;ь=8< 7=0G5==O<, 0 B0:>6 H8@>:89 

<V6:20@B8;ь=89 @>7<0E ?V4B25@46CNBь 3V?>B57C ?@> =5>4=>@V4=C AB@C:BC@C 

:;Vє=BAь:>W 1078. &0:89 @>7?>4V; є <5B>4>;>3VG=> A?@8OB;828< 4;O 70AB>AC20==O 

:;0AB5@=>3> 0=0;V7C, 7>:@5<0 K-A5@54=VE, 4;O 287=0G5==O A53<5=BV2, O:V є 

AB@0B53VG=8<8 4;O 2?;82C ?5@A>=0;V7>20=>3> <0@:5B8=3C. 

�;O >1G8A;5==O ABC?5=O ;V=V9=>3> 270є<>72’O7:C <V6 7<V==8<8 2 <>45;V 

RFMP-DOV+AIC, 1C;> 28:>@8AB0=> :>5DVFVє=B :>@5;OFVW #V@A>=0, I> 

287=0G0єBьAO 70 D>@<C;>N [45]: �ýþ = ∑ (ýÿ2ý)�ÿ=1 (þ2þ)√∑ (ýÿ2ý)2�ÿ=1 (þÿ2þ)2 ,  

�ýþ - :>5DVFVє=B :>@5;OFVW <V6 7<V==8<8 x V y; ýÿ , þÿ  - 7=0G5==O A?>AB5@565=ь; ý, þ - A5@54=V 0@8D<5B8G=V 7=0G5==O 2V4?>2V4=8E 7<V==8E; 

n - :V;ь:VABь A?>AB5@565=ь. 

*59 <5B>4 4>72>;Oє 28O28B8 =0O2=VABь ;V=V9=>W 70;56=>ABV <V6 7<V==8<8, 0 

B0:>6 >FV=8B8 ?>B5=FV9=C 703@>7C <C;ьB8:>;V=50@=>ABV, O:0 <>65 7=878B8 

5D5:B82=VABь :;0AB5@=>3> <>45;N20==O. �8A>:0 :>@5;OFVO <V6 >:@5<8<8 

?0@0<5B@0<8 <>65 A?>B2>@8B8 203C E0@0:B5@8AB8: C ?@>F5AV A53<5=B0FVW, B><C 

?>?5@54=V9 0=0;V7 B0:8E 270є<>72'O7:V2 є 206;828< 5B0?>< ?>1C4>28 <>45;V. 

!0928I0 ?>78B82=0 :>@5;OFVO A?>AB5@V30єBьAO <V6 G0AB>B>N 7<V==8E V 

AC<>N (r = 0,82), I> є ;>3VG=8<, >A:V;ь:8 G0AB>B0 ?>:C?>: 157?>A5@54=ь> 2?;820є 

=0 7030;ь=C AC<C 28B@0B. &0:>6 28O2;5=> 7=0GCI89 270є<>72'O7>: <V6 4>E>4>< V 

20;NB>N (r = 0,67), I> A2V4G8Bь ?@> VA=C20==O 270є<>72'O7:C <V6 @V2=5< 4>E>4C 

A?>6820GV2 V WE=ь>N A?>682G>N 0:B82=VABN. &0:>6 1C;> 28O2;5=> 7=0G=89 

270є<>72'O7>: <V6 DiscountPurchases V PromoScore (r = 0,44), I> <>65 A2V4G8B8 

?@> AE8;ь=VABь >:@5<8E :;Vє=BV2 @503C20B8 =0 <0@:5B8=3>2V AB8<C;8. 

https://studfile.net/preview/9290218/page:7/
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!02?0:8, <V6 B0:8<8 ?0@0<8 7<V==8E, O: OnlineRatio V Age, PromoScore V 

OnlineRatio, 1C;> 28O2;5=> =87ь:V 01> 1;87ь:V 4> =C;O 7=0G5==O :>5DVFVє=BV2, I> 

A2V4G8Bь ?@> WE=N =570;56=VABь >4=0 2V4 >4=>W. �V4ACB=VABь 7=0GCI>W :>@5;OFVW є 

?>78B82=8< A83=0;>< 4;O ?>40;ьH>3> :;0AB5@870FVW, >A:V;ь:8 F5 7=86Cє @878: 

4C1;N20==O V=D>@<0FVW 2 ?@>AB>@V >7=0: V A?@8Oє AB01V;ь=>ABV @57C;ьB0BV2 

A53<5=B0FVW. �030;><, AB@C:BC@0 :>@5;OFV9 ?V4B25@46Cє, I> 1V;ьHVABь 7<V==8E C 

<>45;V =5 є =04<V@=> :>@5;ь>20=8<8, I> є 1060=8< 4;O :;0AB5@=>3> 0=0;V7C =0 

>A=>2V 1030B>28<V@=8E 40=8E. 

 

$8A. 3.3. &5?;>20 :0@B0 :>@5;OFV9 <V6 7<V==8<8 <>45;V RFMP-DOV+AIC 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

"B65, 4;O ?>1C4>28 <>45;V A53<5=B0FVW :;Vє=BV2 RFMP-DOV+AIC 1C;> 

>1@0=> =87:C ?>254V=:>28E B0 45<>3@0DVG=8E 7<V==8E, I> 2V4>1@060NBь >A=>2=V 

0A?5:B8 270є<>4VW :;Vє=B0 7 :><?0=VєN. ' B01;8FV =86G5 =02545=> ?5@5;V: 

28:>@8AB0=8E 7<V==8E, WE :>@>B:V 287=0G5==O, >48=8FV 28<V@C, 0 B0:>6 <5B>4 

@>7@0EC=:C 01> 465@5;> 2EV4=8E 40=8E. &0:89 ?V4EV4 4>72>;82 D>@<0;V7C20B8 

<5B>4>;>3VN ?>1C4>28 <>45;V B0 70157?5G8B8 WW ?@>7>@VABь V 2V4B2>@N20=VABь. 

�;O B>3>, I>1 70157?5G8B8 ?@028;ь=C @>1>BC 0;3>@8B<V2 :;0AB5@870FVW 2 

?>40;ьH><C, 2AV 7<V==V, 2:;NG5=V 2 <>45;ь RFMP-DOV+AIC, ?>?5@54=ь> 

AB0=40@B87CNBьAO. *59 :@>: є =5>1EV4=8<, :>;8 >7=0:8 <0NBь @V7=V <0AHB01=V 

2;0AB82>ABV B0 =5@V2=><V@=> @>7?>4V;5=V. � 40B0A5BV ?@8ACB=V 45O:V 7<V==V 
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(=0?@8:;04, 4>EV4) :>;820NBьAO 2V4 1 700 4> ?>=04 600 000, B>4V O: OnlineRatio 

>1<565=89 V=B5@20;>< [0;1], 0 Children є 48A:@5B=>N 7<V==>N 7 =525;8:>N 

:V;ь:VABN @V2=V2. �@V< B>3>, 1V;ьHVABь 7<V==8E <0NBь ?@02>AB>@>==N 0A8<5B@VN, 

I> B0:>6 CA:;04=Nє >1'є:B82=C A53<5=B0FVN. 

�;O B>3>, I>1 28@V2=OB8 @>7?>4V;8 B0 C=VDV:C20B8 H:0;8 >7=0:, 1C;> 

28:>@8AB0=> <5B>4 «QuantileTransformer» 7V AB0=40@B=8< =>@<0;ь=8< 

@>7?>4V;>< 2 O:>ABV FV;ь>2>3> @>7?>4V;C.  5B>4 B@0=AD>@<Cє :>6=C 7<V==C B0:, 

I>1 WW 7=0G5==O 1C;8 @>7?>4V;5=V 70 70:>=>< �0CA0. #@8 Fь><C 715@V30єBьAO 

@0=3>289 ?>@O4>:, I> є 206;82>N 2;0AB82VABN ?@8 @>1>BV 7 ?>254V=:>28<8 

?>:07=8:0<8. 

!0 @8AC=:C 3.4 <>6=0 ?>10G8B8 IV;ь=VABь @>7?>4V;C 7<V==8E 4> 

=>@<0;V70FVW. �84=>, I> ?5@5206=0 1V;ьHVABь >7=0: <0NBь 7=0G=C 0A8<5B@VN, 0 2 

45O:8E 28?04:0E A?>AB5@V30NBьAO 28:848, 7>:@5<0, Monetary, DiscountPurchases, 

PromoScore B0 Income <0NBь 7=0G=C ?@02C 0A8<5B@VN, 2 B>9 G0A O: Children <0є 

7=0G=C 48A?5@AVN. 

 

$8A. 3.4. $>7?>4V; 7<V==8E 4> =>@<0;V70FVW 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 
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#VA;O 70AB>AC20==O ?5@5B2>@5==O, =0 @8AC=:C 3.5 @>7?>4V;8 =01C20NBь 

A8<5B@8G=>3> 283;O4C, 7451V;ьH>3> C 283;O4V 472>=>?>4V1=8E :@828E. *5 

4>72>;Oє AB25@46C20B8, I> AB0B8AB8G=0 AB0=40@B870FVO 1C;0 4>AO3=CB0. 

$57C;ьB0B8 є >GV:C20=8<8, >A:V;ь:8 «QuantileTransformer» 2V4>1@060є 

:C<C;OB82=C DC=:FVN @>7?>4V;C :>6=>W 7<V==>W =0 7040=C DC=:FVN @>7?>4V;C.  

 

$8A. 3.5. $>7?>4V; 7<V==8E ?VA;O =>@<0;V70FVW 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

!0ABC?=8< 5B0?>< є 287=0G5==O >?B8<0;ь=>W :V;ь:>ABV :;0AB5@V2 k, O:0 

4>72>;Oє >B@8<0B8 <0:A8<0;ь=C V=D>@<0FVN ?@> A53<5=B0FVN. �C;> 70AB>A>20=> 

45:V;ь:0 <5B@8:, O:V 4>72>;ONBь <0:A8<0;ь=> >FV=8B8 ?V4EV4 7 @V7=8E AB>@V=. 

#5@H>N <5B@8:>N 28ABC?0є SSE (Sum of Squared Errors), I> 28<V@Nє 

7030;ь=C 2=CB@VH=ь>:;0AB5@=C 48A?5@AVN - AC<C :204@0BV2 2V4AB0=59 :>6=>W 
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B>G:8 4> F5=B@>W40 A2>3> :;0AB5@0 B0 287=0G0єBьAO 70 D>@<C;>N [46]: ÿÿĀ =∑ (ýÿ − ý)2�ÿ=1 , ýÿ  - 7=0G5==O V->W B>G:8; ý - F5=B@>W4 (A5@54=є 7=0G5==O) :;0AB5@C; 

n - :V;ь:VABь A?>AB5@565=ь C :;0AB5@V. �<5=H5==O Fь>3> ?>:07=8:0 7V 7@>AB0==O< 

:V;ь:>ABV :;0AB5@V2 є >GV:C20=8<, >4=0: 206;82> 28O28B8 <><5=B, :>;8 ?>40;ьH5 

7@>AB0==O k =5 ?@872>48Bь 4> ACBBє2>3> ?>:@0I5==O. !0 @8AC=:C 3.6 A8=O :@820 

?>:07Cє 7<V=C AC<8 :204@0BV2 2V4AB0=59 (SSE) 7V 71V;ьH5==O< :V;ь:>ABV :;0AB5@V2, 

O: 284=> 7 @8AC=:0, :@820 2838=0єBьAO ?@8 k = 7 B>1B> H284:VABь 7<5=H5==O 

?><8;:8 7=0G=> A?>2V;ь=NєBьAO. *5 A2V4G8Bь ?@> B5, I> 4>AO3=CB> 10;0=AC <V6 

:V;ь:VABN :;0AB5@V2 B0 O:VABN A53<5=B0FVW.  

$8A. 3.6.  5B>4 «;V:>Bь» (Elbow Method) B0 <5B>4 A8;C5B=>3> :>5DVFVє=B0 

(Silhouette Score) 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

�@C30 <5B@8:0 =0 @8AC=:C 3.6 Silhouette Score 4>72>;Oє >FV=8B8 ABC?V=ь 

?>4V1=>ABV >1'є:BV2 4> 2;0A=>3> :;0AB5@0 2 ?>@V2=O==V 7 V=H8<8. ' ?@>2545=><C 

0=0;V7V Silhouette Score 4>AO30є <0:A8<C<C ?@8 k = 7, I> A2V4G8Bь ?@> =09:@0IC 

O:VABь :;0AB5@=>3> ?>4V;C A0<5 =0 Fь><C @V2=V. #>40;ьH5 71V;ьH5==O :V;ь:>ABV 

:;0AB5@V2 ?@872>48Bь 4> 7=865==O >FV=:8, B>1B> 7<5=H5==O O:>ABV A53<5=B0FVW. 

&@5BV< :@8B5@Vє< 28ABC?0є V=45:A �0;V=Aь:>3>-)0@010H0 (Calinski-Harabasz 

Index), O:89 >1G8A;NєBьAO O: 2V4=>H5==O 48A?5@AVW <V6 :;0AB5@0<8 4> 48A?5@AVW 

2A5@548=V :;0AB5@V2, 70 D>@<C;>N [47]: þ� = ��(�ā)��(�ā), Ā�(ýā) - <V6:;0AB5@=0 

https://hlab.stanford.edu/brian/error_sum_of_squares.html
file:///C:/Users/VivoBook/Downloads/Lee%20S.%20Expert%20Comparison:%206%20Clustering%20Metrics%20Featuring%20Calinski‑Harabasz%20Index.%20Number%20Analytics.%202025.%20URL:%20https:/www.numberanalytics.com/blog/expert-comparison-6-clustering-metrics-calinski-harabasz-index
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48A?5@AVO; Ā�(�ā) - 2=CB@VH=ь>:;0AB5@=0 48A?5@AVO; n - 7030;ь=0 :V;ь:VABь 

A?>AB5@565=ь; k - :V;ь:VABь :;0AB5@V2.. +8< 28I5 7=0G5==O V=45:AC, B8< :@0I5 

287=0G5=V :;0AB5@8. !0 @8AC=:C 3.7 <>6=0 ?>10G8B8, I> =0928I5 7=0G5==O CH-

V=45:AC A?>AB5@V30єBьAO ?@8 k = 5, >4=0: 4;O k = 6 B0 k = 7 2>=> 70;8H0єBьAO =0 

28A>:><C @V2=V. *5 4>72>;Oє 22060B8 FV 7=0G5==O :>=:C@5=B=8<8, >A>1;82> 2 

:>=B5:ABV @57C;ьB0BV2 V=H8E <5B@8:. 

 

$8A. 3.7. �=45:A �0;V=Aь:>3>-)0@010H0  

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

+5B25@B0 <5B@8:0 - V=45:A �52VA0-�>;4V=0 (Davies-Bouldin Index) 2@0E>2Cє O: 

@>7AVN20==O B>G>: C <560E :;0AB5@0, B0: V 2V4AB0=V <V6 F5=B@>W40<8 @V7=8E 

:;0AB5@V2 70 D>@<C;>N: ÿý =  1� ∑ maxĀ≠ÿ (∆(ýÿ)+∆(ýĀ)�(ýÿ,ýĀ) )āÿ=1 ,  

45 ∆(ýÿ) - A5@54=O 2V4AB0=ь B>G>: C :;0AB5@V i 4> 9>3> F5=B@>W40,  �(ýÿ , ýĀ) - <V6:;0AB5@=0 2V4AB0=ь <V6 F5=B@0<8 :;0AB5@V2 i B0 j.   

*59 ?>:07=8: =5>1EV4=> <V=V<V7C20B8: G8< =86G8< є 9>3> 7=0G5==O, B8< 

:@0I0 A53<5=B0FVO. !0 @8AC=:C 3.8 7=0G5==O DB-V=45:AC B0:>6 70DV:A>20=> ?@8 k 

= 7, I> 4>40B:>2> ?V4B25@46Cє 4>FV;ь=VABь 281>@C A0<5 Fь>3> 7=0G5==O. 
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$8A. 3.8. �=45:A �52VA0-�>;4V=0  

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

#@>0=0;V7C202H8 2AV <5B@8:8, <>6=0 ?@89B8 4> 28A=>2:C, I> >?B8<0;ь=5 

7=0G5==O :;0AB5@V2 =7, 4;O >AB0B>G=>W :;0AB5@870FVW 1C;> 28:>@8AB0=> 0;3>@8B< 

K-A5@54=VE. �>6=><C A?>6820G52V C 281V@FV 1C;> ?@8A2>є=> :;0AB5@=C <VB:C =0 

>A=>2V =091;86G>3> F5=B@C <0A8, @>7@0E>20=>3> 70 AB0=40@B87>20=8<8 7<V==8<8 

=0 >A=>2V <>45;V RFMP-DOV+AIC. 

 

3.2. �=0;V7 >B@8<0=8E @57C;ьB0BV2 B0 C?@02;V=Aь:0 V=B5@?@5B0FVO A53<5=BV2 

�0 @57C;ьB0B0<8 :;0AB5@870FVW :;Vє=BV2 70 4>?><>3>N <>45;V RFMP-

DOV+AIC 1C;> >B@8<0=> AV< A53<5=BV2 =0 >A=>2V <5B@8: Recency (O: 402=> 1C;0 

>AB0==O ?>:C?:0), Frequency (O: G0AB> 74V9A=N20;0AO ?>:C?:0), Monetary 

(A:V;ь:8 1C;> 28B@0G5=>) B0 V=H8E <5B@8: PromoScore, OnlineRatio, DOV B0 AIC. 

�;0AB5@870FVO <>45;V 4>72>;Oє 28O28B8 >4=>@V4=V 3@C?8 :;Vє=BV2, I> 4>?><030є 

040?BC20B8 <0@:5B8=3>2V AB@0B53VW 4> A?5F8DV:8 :>6=>3> A53<5=B0. 

�;O =0>G=>3> CO2;5==O ?@> @>7?>4V; :;Vє=BV2 70 :;0AB5@0<8, <8 ?>1C4C20;8 

:@C3>2C 4V03@0<C, O:0 ?>:07Cє G0AB:C :>6=>W 3@C?8 2 7030;ь=V9 AB@C:BC@V. /: 

284=> 7 4V03@0<8, =091V;ьH0 G0AB:0 ?@8?040є =0 :;0AB5@ 1 (33,3%), I> A2V4G8Bь 

?@> 9>3> 4><V=C20==O A5@54 A?>6820GV2. �;0AB5@ 0 >E>?;Nє 23,6% A?>6820GV2, 

B>4V O: V=HV 3@C?8 ?@54AB02;5=V <5=H5: 7>:@5<0, =0 :;0AB5@8 3 B0 6 ?@8?040є 
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;8H5 2,7% B0 7,8% 2V4?>2V4=>. &0:89 48A10;0=A 4>72>;Oє 7@>18B8 28A=>2:8 ?@> 

=5>4=>@V4=VABь A53<5=BV2 A?>6820GV2 V 40є <>6;82VABь AD>:CAC20B8 

<0@:5B8=3>2C AB@0B53VN =0 =091V;ьH ?5@A?5:B82=8E 3@C?0E. 

 

$8A. 3.9. +0AB:0 :;Vє=BV2 C :>6=><C :;0AB5@V 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

�;O 45B0;ь=>3> 0=0;V7C ?>254V=:>28E E0@0:B5@8AB8: :;Vє=BV2 <8 ?>1C4C20;8 

4V03@0<C @>7<0EC (boxplot), I> 2V4>1@060є @>7?>4V; 28B@0B :;Vє=BV2 (3@>H>2V 

?>:07=8:8) C <560E A5<8 :;0AB5@V2).  

!0 @8AC=:C 284=>, I> :;0AB5@8 45<>=AB@CNBь 7=0G=V 2V4<V==>ABV 2 @V2=V 

A?>682G8E 28B@0B: =0?@8:;04 :;0AB5@ 2 E0@0:B5@87CєBьAO =0928I8< A5@54=V< 

7=0G5==O< 28B@0B A5@54 CAVE 3@C?. *59 :;0AB5@ B0:>6 <0є H8@>:89 

<V6:20@B8;ь=89 @>7<0E, I> A2V4G8Bь ?@> 7=0G=V 2V4<V==>ABV C 28B@0B0E 2A5@548=V 

A53<5=B0. *5 40є ?V4AB028 2V4=5AB8 FN 3@C?C 4> «?@5<VC<» :;Vє=BV2, O:V @>1;OBь 

25;8:V ?>:C?:8. 

�;0AB5@8 0 B0 1 <0NBь =09=86GV <54V0==V 7=0G5==O 28B@0B, C B>9 65 G0A, C 

:;0AB5@V 1 є @O4 28=OB:V2 - >:@5<V ?>:C?FV, G8W 28B@0B8 7=0G=> ?5@528ICNBь 

A5@54=V 28B@0B8 C A2>є<C :;0AB5@V, F5 <>65 A2V4G8B8 ?@> =0O2=VABь ?V4A53<5=BV2 

7 28A>:8< ?>B5=FV0;><, O:V <>6;82> 2 =0ABC?=><C 0=0;V7V 1C4CBь 2V4=>A8B8Aь 4> 

V=H>3> :;0AB5@C. 

�;0AB5@8 4, 5 B0 6 ?@>45<>=AB@C20;8 710;0=A>20=V ?>:07=8:8 7 <54V0==8<8 

7=0G5==O<8 2 <560E A5@54=ь>3> @V2=O 28B@0B. *5 40є ?V4AB028 2V4=5AB8 WE 4> 

AB01V;ь=8E 3@C?, =0 O:V <>6=0 >@Vє=BC20B8AO G5@57 AB@0B53VW CB@8<0==O :;Vє=BV2. 
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�;0AB5@ 3 B0:>6 <0є 4>A8Bь H8@>:89 @>7?>4V; 28B@0B, 0;5 <54V0==89 @V25=ь 

є =86G8< 70 A5@54=є 7=0G5==O 281V@:8. *5 <>65 A2V4G8B8 ?@> =5>4=>@V4=VABь 

:;Vє=BAь:>W 1078 2 Fь><C :;0AB5@V. 

 

$8A. 3.10. �8B@0B8 :;Vє=BV2 (Monetary) 70 :;0AB5@0<8 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

->1 >FV=8B8 5D5:B82=VABь <0@:5B8=3>28E :><C=V:0FV9, 1C;>  

?@>0=0;V7>20=> A5@54=є 7=0G5==O PromoScore C :>6=><C :;0AB5@V (482. 4>40B>: 

�). *59 ?>:07=8: 2V4>1@060є @50:FVN A?>6820GV2 =0 @5:;0<=V 0:FVW B0 7030;ь=C 

<0@:5B8=3>2C GCB;82VABь.  >6=0 A:070B8, I> :;0AB5@8 2, 4 B0 6 <0NBь =0928IV 

A5@54=V 7=0G5==O (?>=04 2,5), I> A2V4G8Bь ?@> 28A>:C 3>B>2=VABь 270є<>4VOB8 7 

0:FVO<8 B0 A?5FV0;ь=8<8 ?@>?>78FVO<8. �;O F8E :;0AB5@V2 @5:><5=4CєBьAO 

28:>@8AB>2C20B8 ?5@A>=0;V7>20=V 0:FVW, ?@>3@0<8 ;>O;ь=>ABV 01> V=482V4C0;ь=V 

7=86:8. 

�=HV :;0AB5@8, =02?0:8, <0NBь =C;ь>289 01> 4C65 =87ь:89 ?>:07=8: 

PromoScore, I> A2V4G8Bь ?@> >1<565=C <0@:5B8=3>2C @50:FVN. ' Fь><C 28?04:C 

@5:><5=4CєBьAO 28:>@8AB>2C20B8 V=HV AB@0B53VW 70;CG5==O - =0?@8:;04, 

?>:@0I5==O A5@2VAC, 1@5=4C20==O 01> ?@O<C 270є<>4VN 7 :;Vє=B0<8 G5@57 V=HV 

:0=0;8. 
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$8A. 3.11. %5@54=V9 ?>:07=8: PromoScore 4;O :>6=>3> A53<5=B0 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

�;O B>3>, I>1 :@0I5 7@>7C<VB8 ?>254V=:>2V E0@0:B5@8AB8:8 :;Vє=BV2 1C;> 

?@>0=0;V7>20=> A5@54=V 7=0G5==O 42>E :;NG>28E ?>:07=8:V2 - Frequency (G0AB>B0 

?>:C?>:) B0 OnlineRatio (2V4A>B>: >=;09=-?>:C?>:).  >6=0 ?>10G8B8, I> 

=0928I0 G0AB>B0 ?>:C?>: A?>AB5@V30єBьAO 2 :;0AB5@V 2 V7 A5@54=V< 7=0G5==O< 

Frequency 18,97, I> A2V4G8Bь ?@> B5, I> :;Vє=B8 ;>O;ь=V 4> :><?0=VW V G0AB> 

74V9A=NNBь B@0=70:FVW. &0:V :;Vє=B8 є AB@0B53VG=> 206;828<8 4;O ?V4B@8<:8 

AB01V;ь=>3> 4>E>4C V 4>?><030NBь C 2?@>20465==V ?@>3@0< ;>O;ь=>ABV.  

�>4=>G0A :;0AB5@ 6 <0є =0928I89 A5@54=V9 @V25=ь OnlineRatio (0,39), I> 

A2V4G8Bь ?@> B5, I> 2 A53<5=BV ?5@52060NBь >=;09=-:0=0;8 ?@>406V2. *5 

2V4:@820є ?>B5=FV0; 4;O AB@0B53V9 F8D@>2>3> <0@:5B8=3C, B0:8E O: @5<0@:5B8=3, 

?5@A>=0;V7>20=V 5;5:B@>==V @>7A8;:8 01> B0@35B>20=0 @5:;0<0 2 A>FV0;ь=8E 

<5@560E. )>G0 :;0AB5@8 3 V 5 <0NBь ?><V@=C G0AB>BC ?>:C?>: (1;87ь:> 12-15), 

WE=V9 OnlineRatio 2A5 I5 =86G89 70 0,30, I> <>65 A2V4G8B8 ?@> 1V;ьHC 

70;56=VABь 2V4 B@048FV9=8E :0=0;V2 ?@>406V2 (=0?@8:;04, B@048FV9=V <03078=8 

01> :0B0;>38). 
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$8A. 3.12. &5?;>20 :0@B0 A5@54=VE 7=0G5=ь Frequency B0 OnlineRatio 70 :;0AB5@0<8 

Д65D5?B: EF6BD5AB 46FBDB@ 6 E5D54B68щі Python (seaborn, matplotlib) 

&0:8< G8=><, ?>є4=0==O ?>:07=8:V2 G0AB>B8 B0 B8?C :0=0;C 4>72>;Oє GVB:> 

@>7<56C20B8 A53<5=B8, >@Vє=B>20=V =0 F8D@>2V B5E=>;>3VW, B0 A53<5=B8, 

>@Vє=B>20=V =0 >D;09=, I> 40є 7<>3C 040?BC20B8 :><C=V:0FV9=V AB@0B53VW 4> 

2V4?>2V4=8E C?>4>10=ь :>6=>W 7 3@C?. 

�;O =0ABC?=>3> 0=0;V7C >B@8<0=8E 3@C? 1C;> @>7@0E>20=> A5@54=V 7=0G5==O 

2AVE 11 :;NG>28E 7<V==8E <>45;V 2 :>6=><C :;0AB5@V, 0 B0:>6 287=0G5=> 

:V;ь:VABь A?>6820GV2 C :>6=><C :;0AB5@V B0 WE 2V4A>B:>289 @>7?>4V; C 7030;ь=V9 

AB@C:BC@V 281V@:8. 

$57C;ьB0B8 ?>:07CNBь, I> VA=CNBь 7=0G=V 2V4<V==>ABV <V6 :;0AB5@0<8 7 

B>G:8 7>@C ?>254V=:>28E, @5:;0<=8E B0 45<>3@0DVG=8E E0@0:B5@8AB8:. 

!0?@8:;04, :;0AB5@ 2 45<>=AB@Cє =0928IV ?>:07=8:8 G0AB>B8 ?>:C?>:, 28B@0B B0 

@5:;0<=8E 0:FV9, I> A2V4G8Bь ?@> ?@81CB:>2C B0 70FV:02;5=C 3@C?C A?>6820GV2. 

�>4=>G0A :;0AB5@ 3 <0є =09=86GC G0AB:C ?>:C?FV2 (2,72%) V =86GV 7=0G5==O 

?>:07=8:V2 PromoScore B0 «�VB8», I> <>65 A2V4G8B8 ?@> <5=H 70FV:02;5=C 

0C48B>@VN. #>40;ьH89 0=0;V7 :;0AB5@V2 4>72>;82 =0< @>7@>18B8 B0@35B>20=C 

<0@:5B8=3>2C AB@0B53VN 7 C@0EC20==O< ?@>DV;N :>6=>W 3@C?8 

%V< :;0AB5@V2 1C;8 O:VA=> >?8A0=V =0 >A=>2V 2V7C0;V70FVW B0 A5@54=VE 

?>:07=8:V2 <>45;V B0 ?@>@>1;5=> :;NG>2V 0B@81CB8 B0 ?>OA=5==O <0@:5B8=3>28E 
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:0<?0=V9 B0 <5=546<5=BC 4;O :>6=>3> A53<5=B0: A53<5=B 1 (28A>:>FV==V ;>O;ь=V 

:;Vє=B8), <0NBь =0928IV 3@>H>2V B0 G0AB>B=V ?>:07=8:8, 0 B0:>6 :>@>B:89 ?5@V>4 

G0AC 7 <><5=BC >AB0==ь>W ?>:C?:8. *5 4C65 FV==V ?>ABV9=V :;Vє=B8, O:V @53C;O@=> 

@>1;OBь 25;8:V 70<>2;5==O. �E=V9 ?>:07=8: PromoScore A5@54=V9 01> 28A>:89, I> 

>7=0G0є, I> 2>=8 0:B82=> 15@CBь CG0ABь C ?@><>0:FVOE. �?@>20465==O ?@>3@0< 

;>O;ь=>ABV, ?5@A>=0;V7>20=8E 7=86>: V ?@5<VC<-A5@2VAV2 4>1@5 ?@0FNє 4;O =8E, 

?V428ICNG8 WE=N 704>2>;5=VABь V ?>4>26CNG8 68BBє289 F8:; :;Vє=B0. 

%53<5=B 2 (;>O;ь=V :;Vє=B8 7 A5@54=V< @V2=5< 4>E>4C), <0NBь 28A>:C G0AB>BC 

B0 A5@54=N 3@>H>2C 20@BVABь, 45 ?>:C?:8 2V41C20NBьAO 4>A8Bь G0AB>, 0;5 =0 

?><V@=C AC<C 70 >4=5 70<>2;5==O. *V :;Vє=B8 ?>ABV9=> ?>25@B0NBьAO, 0;5 

28B@0G0NBь <5=H5, =V6 A53<5=B 1. PromoScore ?>:07Cє, I> 2>=8 70FV:02;5=V 2 

0:FVOE, ?>B@V1=> 70>E>GC20B8 WE 71V;ьHC20B8 :V;ь:VABь ?>:C?>: (?5@5E@5A=V 

?@>406V B0 ?@>406V), =0?@8:;04, ?@>?>=CNG8 4>40B:>2V B>20@8 C 283;O4V ?0:5BV2 

01> ?5@A>=0;V7>20=8E ?@>?>78FV9. �06;82> ?V4B@8<C20B8 WE=N ;>O;ь=VABь V 

?>ABC?>2> ?V428IC20B8 A5@54=N 70@>1VB=C ?;0BC. 

%53<5=B 3 (=>2V 0:B82=V :;Vє=B8), ?>:07=8: =5I>402=VE ?>:C?>: 4C65 

=87ь:89, G0AB>B0 ?>:C?>: 2V4=>A=> =87ь:0 (70728G09 F5 ?5@H0 01> 4@C30 

?>:C?:0), 0 AC<0 28B@0G5=8E :>HBV2 =525;8:0. OnlineRatio V PromoScore <>6CBь 

A8;ь=> 2V4@V7=OB8AO 2V4 :;Vє=B0 4> :;Vє=B0. *5, H284H5 70 2A5, =>2V 01> =5402=V 

?>:C?FV, O:V I5 =5 28@>18;8 ?>ABV9=>W ?>254V=:8. "A=>2=5 70240==O - 

?5@5B2>@8B8 WE =0 ?>ABV9=8E :;Vє=BV2, 4;O Fь>3> A;V4 28:>@8AB>2C20B8 

?@82VB0;ь=V ?@>?>78FVW, 1>=CA8 01> 7=86:8 =0 =0ABC?=C ?>:C?:C, I>1 

AB8<C;N20B8 ?>40;ьHC 0:B82=VABь. 

%53<5=B 4 (G0ABV >I04;82V ?>:C?FV), @>1;OBь ?>:C?:8 G0AB>, 0;5 28B@0G0NBь 

?><V@=C 01> =87ь:C AC<C 3@>H59. �0@BVABь >4=VєW ?>:C?:8 =525;8:0, 0;5 

V=B5=A82=VABь ?>:C?>: 28A>:0, =0?@8:;04, 2>=8 G0AB> :C?CNBь 45H52V B>20@8 01> 

:>@8ABCNBьAO ?V4?8A:0<8. �;Vє=B8 FVєW :0B53>@VW 70728G09 <0NBь 28A>:89 

?>:07=8: PromoScore, >A:V;ь:8 >@Vє=BCNBьAO =0 7=86:8. !5>1EV4=> A?@>1C20B8 

71V;ьH8B8 WE=V9 A5@54=V9 G5:: 2?@>2046C20B8 ?5@5E@5A=V ?@>406V, «:><1V=>20=V» 
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?@>?>78FVW, =0@0E>2C20B8 1>=CA8. &5?5@, :>;8 2>=8 70;CG5=V, 206;82> =5 

2B@0B8B8 WE=V9 V=B5@5A V =04020B8 G0ABV >=>2;5==O. 

%53<5=B 5 (0:B82=V >=;09=-:;Vє=B8), :;Vє=B8 7 28A>:>N G0AB>B>N B0 28A>:>N 

?@8ACB=VABN 2 <5@56V. �>=8 @53C;O@=> 74V9A=NNBь ?>:C?:8, ?5@5206=> G5@57 

>=;09=-:0=0;8 (A09B, <>1V;ь=V 4>40B:8). �0728G09 2>=8 <0NBь A5@54=V9 01> 

28A>:89 @V25=ь 20;NB8 V =87ь:89 @V25=ь =>287=8. *5 <>;>4V 01> B5E=>;>3VG=> 

?@>AC=CBV ?>:C?FV, 4;O =8E 4>1@5 ?@0FNNBь 4V468B0;-AB@0B53VW: push-

?>2V4><;5==O, email-<0@:5B8=3, ?@>3@0<8 28=03>@>4 C <>1V;ь=8E 4>40B:0E. ->1 

CB@8<0B8 F59 A53<5=B V ?V428I8B8 WE=N ;>O;ь=VABь, <>6=0 AB2>@8B8 A?5FV0;ь=V 

?@><>-?@>3@0<8, ?@8A2OG5=V >=;09=-:0=0;0< (=0?@8:;04, 7=86:8 70 

7020=B065==O 4>40B:V2). 

%53<5=B 6 (?0A82=V «A?;OGV» :;Vє=B8), :;Vє=B8, O:V є 4C65 =5402=V<8 (=5 

74V9A=N20;8 ?>:C?:8 ?@>BO3>< B@820;>3> G0AC), =5G0AB8<8 V <0NBь =87ь:C 
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�V;ь:VABь NumWebPurchases + 
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NumStorePurchases 

Monetary (M) �030;ь=0 AC<0 
28B@0B =0 2AV 
:0B53>@VW B>20@V2 
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>48=8FO 

%C<0: MntWines, 

MntFruits, 

MntMeatProducts, 

MntFishProducts, 

MntSweetProducts, 

MntGoldProds 

PromoScore (P) �V;ь:VABь 
?@89=OB8E 
<0@:5B8=3>28E 
:0<?0=V9 

�V;ь:VABь AcceptedCmp1 + ... + 

AcceptedCmp5 

DiscountPurchases 

(D) 

�V;ь:VABь 
?>:C?>: 7V 
7=86:0<8 

�V;ь:VABь NumDealsPurchases 

OnlineRatio (O) +0AB:0 >=;09=-

?>:C?>: 
+0AB:0 (03
1) 

NumWebPurchases / 

Frequency 

Variety (V) �V;ь:VABь 
:0B53>@V9, C O:8E 
1C;8 ?>:C?:8 

�V;ь:VABь �V;ь:VABь ?>;V2 Mnt... > 0 

Age (A) �V: :;Vє=B0 $>:8 2014 - Year_Birth 

Income (I) $VG=89 4>EV4 �@>H>20 
>48=8FO 

Income 

Children (C) �V;ь:VABь 4VB59 C 
4><>3>A?>40@AB2V 

�V;ь:VABь Kidhome + Teenhome 

Д65D5?B: DB7DB5?5AB 46FBDB@ 

 



72 

�>40B>: �. "?8A>20 AB0B8AB8:0 

Variable Count Mean Std. Dev Min 25% Median 75% Max 

Recency 2209.00 353.48 202.39 0.00 180.00 356.00 529.00 699.0 

Frequency 2209.00 12.56 7.21 0.00 6.00 12.00 18.00 32.00 

Monetary 2209.00 606.66 602.75 5.00 69.00 396.00 1047.00 
2525.0

0 

PromoScore 2209.00 0.74 1.45 0.00 0.00 0.00 1.00 6.00 

DiscountPurc

hases 
2209.00 2.32 1.92 0.00 1.00 2.00 3.00 15.00 

OnlineRatio 2209.00 0.33 0.12 0.00 0.25 0.33 0.40 1.00 

Variety 2209.00 5.43 0.92 2.00 5.00 6.00 6.00 6.00 

Age 2209.00 34.09 11.70 7.00 26.00 33.00 44.00 63.00 

Income 2209.00 52221.80 25193.00 
1730.

00 

35196.

00 
51373.00 68487.00 

66666

6.00 

Children 2209.00 0.95 0.75 0.0 0.00 1.00 1.00 3.00 

Д65D5?B: CB5G4B64AB 46FBDB@. 
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RFMP-DOV+AIC 

#>:07=8: Cluster 

0 

Cluster 

1 

Cluster 

2 

Cluster 

3 

Cluster 

4 

Cluster 

5 

Clus

ter 6 

Recency 319.31 356.92 363.36 324.98 353.83 355.08 435.9

2 

Frequency 8.27 12.6 18.97 11.93 14.13 14.94 13.41 

Monetary 236.46 443.85 1464.39 680.35 764.34 859.34 627.5

3 

PromoSco

re 

0.00 0.00 2.76 0.00 2.80 0.00 2.49 

DiscountP

urchases 

2.39 2.88 1.00 01.7 2.62 1.27 3.42 

OnlineRati

o 

0.34 0.35 0.28 0.24 0.35 0.27 0.39 

Variety 4.36 6.00 5.99 4.78 4.32 6.00 6.00 

Age 45.43 44.31 45.58 46.37 47.01 44.83 44.56 

Income 42143.04 48840.31 76075.06 49119.0

2 

55970.9

9 

59876.6

1 

4871

1.78 

Children 1.43 1.27 0.00 0.60 01.3 0.00 1.24 

Count 

(>AV1) 
522.00 735.00 234.00 60.00 196.00 290.00 172.0

0 

Percentage 

(%) 

23.63 33.27 10.59 2.72 8.87 13.13 7.79 

�65@5;>: CB5G4B64AB 46FBDB@. 
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