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V%)),$+;,. )"$%')"*+),. 82>)%S),. /)%1246,828, V%)),$K, A;4"B)"

!#$%'#)+-//1 ARIMA :%f7@79 f@1 ?'%n/%g3!-//1 g-n-@B/%n% '=!/1 
g@%4#//%)+= ! 3$'-i/= 

Z.%45%8)9<55D .095D 86%7:55%+-0 – 9<E6:9:> <+$"3- .%8.%;6"55D +-.<-"40> +-<6%4% +%I0<6?5%-"3%5%2075%4%

.%89:-3) $.<9%9%J A".E<9:. W+%;6:9%J 85<7)V%+-0 -%75" $.%45%8)9<55D 5<;)9<C 9 )2%9<' "3%5%2075%J 5"+-<;06?-

5%+-0 -< 4"%$%60-:75:' 3.:8, '<.<3-".5:' A6D Y3.<J5:. Y +-<--0 A%+60AE"5% $.%;6"2: $%;)A%9: -< 9:3%.:+-<55D

<9-%."4."+0>5:' 2%A"6"> 05-"4.%9<5%4% 3%985%4% +"."A5?%4% (ARIMA) A6D $.%45%8)9<55D 8<4<6?5%J 306?3%+-0 86%-

7:509, 97:5"5:' 5< -".:-%.0J Y3.<J5:. M%8.<')53: $%3<8<6:, V% 7<+%9:> .DA 86%7:55%+-0 (1990–2023 ...) A"2%5+-

-.)C %85<3: +$<A5%4% -."5A), C 5"+-<I0%5<.5:2 0 20+-:-? <5%2<6?50 85<7"55D 306?3%+-0 86%7:509 ) 2003, 2013 -<

2020 ...  :3%.:+-<55D 2"-%A) 05-"4.)9<55D A<5:', 08 98D--D2 $".G:' .085:I? 20E +$%+-"."E"55D2:, $.:89%A:-?

A% 9-.<-: <9-%3%."6DI0>5%J +-.)3-).:, D3< ;)6< $.:-<2<55< 8<4<6?5%2) .DA) 86%7:55%+-0. d3 5<+60A%3, $%7<-3%9)

2%A"6? ARIMA (1, 0, 0) $%;)A%9<5% 5< $0A+-<90 5"$"."-9%."5:' 9'0A5:' A<5:'. \%750+-? I0CJ 2%A"60 (MAPE =

8,61 %) 9:D9:6<+D 9:V%@ $%.095D5% 8 2%A"66@, %-.:2<5%@ 8< 2"-%A%2 "3+$%5"5I0>5%4% 846<AE)9<55D (MAPE =

9,38 %). c%4<.:F2)9<55D 7<+%9%4% .DA) 86%7:55%+-0 -< 846<AE)9<55D <5%2<6?5:' .09509 +$.:D6: $0A9:V"55@

$.%45%+-:75%J 9<60A5%+-0, V% A<6% 82%4) 2%A"60 ARIMA 9.<')9<-: A%A<-3%9) <9-%3%."6DI0@, )5:35)9G: 5"%;-

'0A5%+-0 99"A"55D 3%2$%5"5-: 3%985%4% +"."A5?%4%.  ."8)6?-<-0 2%A"6? ARIMA (2, 0, 0) $%3<8<6< 5<>9:V) -%7-

50+-? (MAPE = 7,04 %) 8< 5<>2"5G%J +36<A5%+-0, V% $0A-9".AE)@-? ."8)6?-<-: 9:85<7"55D 05F%.2<I0>5:' 3.:-"-

.0J9. i.02 -%4%, 2%A"6? )+$0G5% $.%>G6< $"."90.3) 5< +-0>30+-? 8< A%$%2%4%@ 2"-%A) $"."'."+5%J 9<60A<I0J 8 9:-

6)7"55D2 %A5%4% +$%+-"."E"55D. Z.%45%850 %I053:, $%;)A%9<50 5< %+5%90 )+0' .%846D5)-:' ARIMA 2%A"6">, 93<-

8)@-? 5< $%A<6?G" 8.%+-<55D 8<4<6?5%4% .095D 86%7:55%+-0 9 Y3.<J50, D3" .%8$%7<6%+D ) 2021 .. $0+6D -.:9<6%4%

$".0%A) 85:E"55D.

 !"#$&' )!$&+: 2%A"6@9<55D, <9-%3%."6DI0D, <5%2<6?50 85<7"55D, 3.%+-9<60A<I0D, 306?30+-? 97:5"5:' 86%7:509.

!EGHJ / Introduction 
Z.%45%8)9<55D .095D 86%7:55%+-0 C %A5:2 08 36@7%-

9:' 7:55:309 ) .%8.%;6"550 +-.<-"40> +-<6%4% +%I0<6?-

5%-"3%5%2075%4% .%89:-3) ;)A?-D3%J $.<9%9%J A".E<9:.

kF"3-:95" $.%45%8)9<55D A<C 82%4) 97<+5% ."<4)9<-:

5< $%-"5I0>50 8<4.%8:, %$-:208)9<-: .%;%-) $.<9%%'%-

.%55:' %.4<509 -< 8<;"8$"7)9<-: +-<;06?50+-? ) +)+$06?-

+-90, V% %+%;6:9% <3-)<6?5% A6D 3.<J5 80 +36<A5:2: +%-

I0<6?5%-"3%5%2075%@ -< $%60-:75%@ +:-)<I0C@.

a<2" 9 -<3:' 5<A89:7<>5:' -< $"."'0A5:' )2%9<'

%$:5:6<+D Y3.<J5< $0+6D 8A%;)--D 5"8<6"E5%+-0.  JJ

"3%5%2075%2) $.%+-%.0 90A;)9<6:+D +36<A50, A%94%-.:-

9<60 -< ;%6@70 A6D +)+$06?+-9< -.<5+F%.2<I0>50 $.%I"-

+:, D30 A%A<-3%9% $0A+:6@9<6:+D 8<4<6?5%@ $%60-:75%@

5"+-<;06?50+-@.  :+%3:> .09"5? ;"8.%;0--D, 5"%A5%.<-

8%9< A"9<6?9<I0D 5<I0%5<6?5%J 9<6@-:, $%60-:750 3.:8:,

+$.%9%3%9<50 .F, $.%-"+-50 5<+-.%J ) +)+$06?+-90, Z%-

2<.<57"9< ."9%6@I0D (2004–2005 ...), M"9%6@I0D 40A5%-

+-0 (2013–2014 ...), 90>+?3%9< <4."+0D .F, %3)$<I0D 7<+-

-:5 H%5"I?3%J -< c)4<5+?3%J %;6<+-">, <5"3+0D i.:2), <

-<3%E 3<.<5-:550 %;2"E"55D 7"."8 $<5A"20@ COVID-

19 – 9+0 I0 F<3-%.: 0+-%-5% 9$6:9<6: 5< F%.2)9<55D

.095D 86%7:55%+-0 9 Y3.<J50 -< %A5%7<+5% $0A9:V)9<6:

JJ 8<4<6?5:> .09"5? 5"9:85<7"5%+-0.

W-E", $".".<'%9<50 7:55:3: 5" 6:G" $0A3."+6@@-?

<3-)<6?50+-? -"2: A%+60AE"55D, <6" > 93<8)@-? 5< 5"-

%;'0A50+-? h.)5-%95%4% +-<-:+-:75%4% %I05@9<55D 0+-%-

.:75:' A<5:' 08 8<+-%+)9<55D2 +)7<+5:' 2"-%A09 $%;)-

A%9: 5<A0>5:' $.%45%85:' 2%A"6">.

EG’H;8 I'6*%IJ2))K – $.%I"+ $%;)A%9: <9-%."4."-

+0>5:' 2%A"6"> 3%985%4% +"."A5?%4% (ARIMA) A6D $.%-

45%8)9<55D 8<4<6?5%4% .095D 86%7:55%+-0.

L42I@28 I'6*%IJ2))K – 2"-%A: -< $0A'%A: A% $%;)-

A%9: ARIMA 2%A"6"> $.%45%8)9<55D .095D 86%7:55%+-

-0, < -<3%E +$%+%;: $0A9:V"55D J'5?%J -%75%+-0 -< $.%-

45%+-:75%J 9<60A5%+-0

N28" 4'G'8, – .%8.%;6"55D -< $%;)A%9< <9-%3%."-

6DI0>5%J 2%A"60 05-"4.%9<5%4% 3%985%4% +"."A5?%4% A6D

$.%45%8)9<55D 8<4<6?5%4% .095D 86%7:55%+-0 9 Y3.<J50.

H6D A%+D45"55D 8<85<7"5%J 2"-: 9:85<7"5% -<30 %+-

5%950 P"1I"))K I'6*%IJ2))K:

1) A%+60A:-: 7<+%9:> .DA 86%7:55%+-0 5< +-<I0%5<.-

50+-?, 5<D950+-? -."5A) -< <5%2<6?5:' .09509;

2) $%;)A)9<-: ARIMA 2%A"6? 86%7:55%+-0 08 %$-:-

2<6?5% $0A0;.<5:2: $<.<2"-.<2:;

3) 9:85<7:-: 2%E6:90 +$%+%;: $0A9:V"55D $.%45%+-

-:75%J 9<60A5%+-0 -< -%75%+-0 $%;)A%9<5%J ARIMA

2%A"60.
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-+/13'+!5 ' 71/$85 8$)!'891::;. X@<%4,S)% I")%.

H%+60AE"55D 8A0>+5"5% 5< $0A+-<90 %F0I0>5%J +-<-:+-:-

75%J 05F%.2<I0J $.% 306?30+-? 86%7:509, 97:5"5:' 5< -"-

.:-%.0J Y3.<J5: (yt) ) 1990–2023 ... [14, 15].

N28'I'*'Q%S)'T '6)'1'T A%+60AE"55D C 2<-"2<-:-

75:> <$<.<- 3%."6DI0>5%-."4."+0>5%4% <5<608). ^%3."-

2<, 9 .%;%-0 9:3%.:+-<5% +$"I0<608%9<50 $<.<2"-.:750

-"+-: H030 – o)66".<, R<55< – i"5A<66< -< T.905< A6D

<5<608) 7<+%9:' .DA09; 8<4<6?5) 2"-%A%6%40@ $%;)A%9:

ARIMA-2%A"6"> A6D $.%45%8)9<55D 7<+%9:' .DA09;

-"+-: c?@54< – q%3+< (Q--"+-), p<.3< – q".< (JB--"+-)

-< 3.:-".0J f3<03" (AIC) 0 q<>C+< (BIC) A6D %I05@9<55D

<A"39<-5%+-0 -< D3%+-0 $%;)A%9<5:' 2%A"6">.

L4'Q4"@)% %)684/@2)8, 8" G%G*%'82;,. Z.%45%8)-

9<55D -< <5<608 7<+%9%4% .DA) 86%7:55%+-0 9:3%5<5% 8<

A%$%2%4%@ 2%9: $.%4.<2)9<55D Python 9 05-".<3-:9-

5%2) +"."A%9:V0 Jupyter Notebook 08 9:3%.:+-<55D2

+$"I0<608%9<5:' ;0;60%-"3. H6D .%;%-: 8 2<+:9<2: A<-

5:' -< %$.<I@9<55D -<;6:75%J 05F%.2<I0J 9:3%.:+-<5%

;0;60%-"3: numpy -< pandas.  08)<608<I0@ ."8)6?-<-09

8<;"8$"7"5% ;0;60%-"3%@ matplotlib. H6D $%;)A%9: -<

<5<608) ARIMA-2%A"6"> 8<+-%+%9<5% ;0;60%-"3: stats-

models, pmdarima -< scikit-learn.

<:+!'> $)/+::'? 8$)!'891:A ' BDF!'G+H'I. f5<608

60-".<-).5:' AE"."6 $%3<8)C, V% <9-%."4."+0>50 2%A"60

05-"4.%9<5%4% 3%985%4% +"."A5?%4% (AutoRegressive

Integrated Moving Average, ARIMA) C "F"3-:95:2 05-

+-.)2"5-%2 A6D 3%.%-3%+-.%3%9%4% $.%45%8)9<55D 7<-

+%9:' .DA09, %+306?3: 9%5: 8A<-50 9:D96D-: $.:'%9<50

+-.)3-).: -< 8<3%5%20.5%+-0, V% 2%E)-? ;)-: 5"%7"9:-

A5:2: ;"8 $%$"."A5?%J %;.%;3: A<5:' [1]. _0 2%A"60

5:50 G:.%3% 8<+-%+%9)@-? ) .085:' 4<6)8D' 5<)3: -<

-"'503:, 8%3."2< A6D $.%45%8)9<55D 2"-"%A<5:' [2]; '<-

.<3-".:+-:3 3%2$’@-".5:' 2"."E [3]; 4.%G%9%J 9<.-%+-

-0 <9-%2%;0609 [4]; %;+D409 $.D2:' 05%8"25:' 059"+-:I0>

[5]; A:5<203: 8%950G5?%J -%.40960 Y3.<J5: [6] -%V%.

Z.%-" A6D $.%45%8)9<55D .095D 86%7:55%+-0 9 Y3.<-

J50 ARIMA 2%A"60 90-7:85D50 5<)3%9I0 $.<3-:75% 5"

9:3%.:+-%9)9<6:. P<-%20+-? ) 8<.);0E50> 60-".<-).0

I"> 5<$.D2 5<)3%9:' A%+60AE"5? A%9%60 $%$)6D.5:>

[7–13]. ^%3."2<, ) .%;%-<' [7–9] <9-%.: $0A3."+6@@-?

85<75% 9:V) $.%45%+-:75) 9<60A50+-? +<2" 2%A"6">

ARIMA $%.095D5% 8 2"-%A<2: "3+$%5"5I0>5%4% 846<-

AE)9<55D. \<30 9:+5%93: 8.%;6"5% 5< %+5%90 <5<608) 7<-

+%9:' .DA09 $.% .09"5? 86%7:55%+-0 9 c%5A%50 [7], 2<>-

5%9:' 86%7:509 ) %A5%2) 8 20+- i:-<@ [8], 3.:205<6?-

5:' 86%7:509 $.%-: E:--D -< 8A%.%9BD %+%;: ) ."40%50

R9<58<, \<58<50D [9].

H%+-<-5?% 9:+%3) -%750+-? $.%45%8)9<55D 8<;"8$"-

7:6: > ARIMA 2%A"60, $%;)A%9<50 8< +-<-:+-:75:2:

A<5:2: $.% 306?30+-? 86%7:509 ) a<5-o.<5I:+3% [10] -<

`:3<4% [11]. H% -%4% E 8< J' A%$%2%4%@ 9A<6%+D 9:D9:-

-: V%20+D750, V%-:E5"90 -< V%A"550 +"8%550 8<3%5%20-

.5%+-0 ) $%3<85:3<' 86%7:55%+-0.

 0A85<7:2% -<3%E > ."8)6?-<-: A%+60AE"5?, 9:36<-

A"50 ) .%;%-0 [12]. f9-%.: I0CJ +-<--0 $.%<5<608)9<6:

2%E6:90+-? 9:3%.:+-<55D 2%A"6"> ARIMA A6D $.%45%-

8)9<55D .085:' -:$09 86%7:55%+-0 +"."A 5"$%95%60-50'

%+0; 9 T5A0J, 9:A06D@7: .0850 903%90 3<-"4%.0J. Z<.<2"-.:

2%A"6"> 9:;:.<6: D3 9.)75), -<3 0 8< A%$%2%4%@ <9-%-

2<-:75%4% $0A;%.) 7"."8 Auto ARIMA, $0+6D 7%4% J' $%-

.095@9<6:. Y ."8)6?-<-0 9:D9:6%+D, V% A6D -.?%' 903%-

9:' 3<-"4%.0> 8< $’D-?2< %+5%95:2: 9:A<2: 86%7:509

5<>3.<V:' ."8)6?-<-09 ;)6% A%+D45)-% +<2" 8<9AD3:

.)75%2) 3%.:4)9<55@ $<.<2"-.09 ARIMA, < 5" <9-%2<-

-:75:2 $0A;%.%2 Auto ARIMA. _", 8%3."2<, $0A3."+-

6@C 9<E6:90+-? "3+$".-5%4% $0A'%A) $0A 7<+ 5<6<G-)-

9<55D 2%A"6"> A6D $0A9:V"55D -%75%+-0 $.%45%8)9<55D.

'KMHNOGPGR STENVSXKYYZ GP [^ T`aTbTcKYYZ / 
Research results and their discussion 

J)$F!5&$)/' >+)/$)D&+::; 7$81!1I ARIMA (p, d, q).

R%A"6? ARIMA (p, d, q) – 6050>5< 2%A"6?, D3< $0A'%-

A:-? A6D .%;%-: 80 +-%'<+-:75:2: .DA<2:.  %5< $%CA-

5)C <9-%."4."+0>5) 2%A"6? AR(p) -< 2%A"6? 3%985%4%

+"."A5?%4% MA(q) [1]. H% -%4% E A6D 8<;"8$"7"55D )2%-

9: +-<I0%5<.5%+-0 8<+-%+%9)C-?+D > $%$"."A5C 05-"4.)-

9<55D 7<+%9%4% .DA) T(d). ^<89:7<> ARIMA 2%A"6? $%-

A<C-?+D ) -<30> F%.20:

1-f
1
L-f

2
L2 - ...-f

p
Lp( ) 1- L( )

d

y
t
=

= 1+q
1
L+q

2
L2 + ...+q

q
Lq( )et

(1)

<;% 8< 90A+)-5%+-0 05-"4.)9<55D (d = 0)

1
1 1

p q

t i t j t j t
i j

y a y yf q e- -
= =

= + + +å å ,

A" yt – 85<7"55D 7<+%9%4% .DA) 9 7<+ t; ft – 3%"F0I0C5-:

<9-%."4."+0J; p – $%.DA%3 <9-%."4."+0J; L – %$".<-%. 6<-

4); d – $%.DA%3 05-"4.)9<55D; qt – 3%"F0I0C5-: 3%985%J

+"."A5?%J; q – $%.DA%3 3%985%J +"."A5?%J; et – 9:$<A3%-

9:> G)2.

Z.%-" 9<E6:9% 8<85<7:-:, V% A6D <A"39<-5%4% %$:+)

7<+%9:' .DA09 -< $0A9:V"55D -%75%+-0 $.%45%8)9<55D 5<

%+5%90 ARIMA-2%A"60 5"%;'0A5% 9.<')9<-: $"950 )2%9:

V%A% JJ 9:3%.:+-<55D.

Z8"$%')"4)%68+. `<+%9:> .DA 2<C ;)-: +-<I0%5<.-

5:2. _" %85<7<C, V% -<30 '<.<3-".:+-:3:, D3 +"."A5C,

A:+$".+0D -< <9-%3%."6DI0D, $%9:550 ;)-: +-<6:2: -< 5"

8205@9<-:+D 08 7<+%2.

V%I6/8)%68+ 62P'))'68%. ARIMA $0A'%A:-? A6D +"-

.0> 8 -."5A<2:, <6" 5"$.:A<-5< A6D A<5:' 08 9:.<E"5%@

+"8%55%@ 3%2$%5"5-%@.

:%)%.)%68+. ARIMA – 6050>5< 2%A"6?, -%2) 9%5<

5<>3.<V" $.<I@C 8 6050>5:2: 8<6"E5%+-D2: 20E +$%-

+-"."E"55D2:.

V,<"I;'1%68+ P"*,R;%1. Z0+6D 2%A"6@9<55D 8<6:G-

3: ($%2:63: $.%45%8)9<55D) $%9:550 ;)-: 9:$<A3%9:2:

0 5" <9-%3%."6?%9<5:2:.

\%*+;%68+ 6<'68242J2)+. H6D 3%."3-5%4% %I05@-

9<55D $<.<2"-.09 2%A"60 ARIMA 5"%;'0A5< A%+-<-5D

306?30+-? +$%+-"."E"5?. M"3%2"5A%9<5% 2<-: 5" 2"5G"

50E 50 +$%+-"."E"5?, '%7< -%75< 306?30+-? 9<.0@C-?+D.

L'1)'8" I"),>. `<+%9:> .DA 2<C 20+-:-: $%95:>

5<;0. A<5:' ;"8 90A+)-50' 85<7"5?. Z.%$)+3: 2%E)-?

9$6:5)-: 5< %I053) $<.<2"-.09 2%A"60.

<:+!'> #+)$&$L$ 3;8D G'!AG$)/' &#5:1:5? :+ /135-

/$3'M PG3+M:5 >!$#5:'&

P<+<2$"."A 8<85<7:2%, V% 2%A"6@9<55D 8A0>+5"5%

5< %+5%90 34 +$%+-"."E"5? 7<+%9%4% .DA) 86%7:55%+-0

(1990–2023 ...). \<3< 20502<6?5% A%$)+-:2< 306?30+-?

A6D 9:3%.:+-<55D 2%A"60 ARIMA. _" $%-.";)C ."-"6?-

50G%4% <5<608) 0+-%.:75:' A<5:', A%A<-3%9%4% %I05@-

9<55D +-<;06?5%+-0 2%A"60 -< 05-".$."-<I0J ."8)6?-<-09

$.%45%8)9<55D.



$% &(*+-%./ 01 *&3 4*67 9&:4/*.; =>;*737@4/, 2024, =. 6, A 2 (10) 51

Z%$"."A50> 908)<6?5:> <5<608 7<+%9%4% .DA) 306?3%-

+-0 97:5"5:' 86%7:509 5< -".:-%.0J Y3.<J5: (yt) 93<8)C

5< >%4% $"95) 3%6:9<6?5) +-.)3-).) 08 5"85<75:2 +$<A-

5:2 -."5A%2 (.:+. 1). \%2) 5< $%7<-3%9%2) "-<$0, A6D

$0A-9".AE"55D 8.%;6"5:' $.:$)V"5?, .DA 86%7:55%+-0

A%+60AE"5% 5< +-<I0%5<.50+-? 8< -"+-%2 H030–o)66".<

[16], 5<D950+-? -."5A) 8< -"+-%2 R<55<–i"5A<66< [17],

< -<3%E 5<D950+-? <5%2<6?5:' .09509 8< 2"-%A%2 T.905<

[18]. ^5<7"55D 3.:-".0@ T.905< (lt) .%8.<'%9<5% 8< F%.-

2)6%@

l
t
=

y
t
- y

t-1

s
y

(2)

-< $%.095D5% 8 3.:-:75%@ -%73%@ (.:+. 1)

 :3%5<9G: .%8.<')53:, 40$%-"8) $.% +-<I0%5<.50+-?

7<+%9%4% .DA) 2: 90A':6:6:, -%A0 D3 40$%-"8< $.% 0+5)-

9<55D +-<-:+-:75% 85<7)V%4% -."5A) ) A<5:' 86%7:5-

5%+-0, 5<9$<3:, $0A-9".A:6<+?. \<3%E ;)6% $0A-9".AE"-

5% > 9:D96"5) ) .%;%-0 [19] <5%2<6?5) 8205) 306?3%+-0

86%7:509 ) 2003, 2013 -< 2020 ... (.:+. 1), D3< 3%."6@C

08 +)+$06?5%-$%60-:75:2: 3.:8<2: 9 Y3.<J50. f +<2":

<5%2<6?5" 8;06?G"55D 306?3%+-0 86%7:509 (2003 .. -<

2013 ..) 90A$%90A<C 8.%+-<55@ $.%-"+-5:' 5<+-.%J9 )

+)+$06?+-90, V% $"."A)9<6: Z%2<.<57"90> ."9%6@I0J

(2004–2005 ...) -< M"9%6@I0J 40A5%+-0 (2013–2014 ...).

P<-%20+-? <5%2<6?5% 5:8?30 $%3<85:3: 86%7:55%+-0 )

2020 .. 8)2%96"50 8<$.%9<AE"55D2 %;2"E)9<6?5:' 3<-

.<5-:55:' 8<'%A09, +$.:7:5"5:' $<5A"20C@ COVID-19.

 <.-% -<3%E 8<85<7:-:, V% 9:D96"50 <5%2<60J 2%-

E)-? 0+-%-5% 9$6:5)-: 5< ."8)6?-<-: 2%A"6@9<55D, 8%-

3."2< 5< -%750+-? $%;)A%9<5:' $.%45%809. \%2) 9 $%A<-

6?G:' .%8.<')53<' 9<E6:9% 9.<'%9)9<-: J' 5<D950+-?,

%+%;6:9% $0A 7<+ %I05@9<55D 2%E6:9:' 5<$.D209 $0A-

9:V"55D $.%45%+-:75%J 9<60A5%+-0 %-.:2<5%J 2%A"60.

<&/$G$31!;H'I:+ QD:GH'; (ACF) /+ #+)/G$&+ +&-

/$G$31!;H'I:+ QD:GH'; (PACF)

f9-%3%."6DI0>5< -< 7<+-3%9< <9-%3%."6DI0>5< F)5-

3I0J – 9<E6:90 05+-.)2"5-: <5<608) 7<+%9:' .DA09, 8%3-

."2< $0A 7<+ $%;)A%9: ARIMA-2%A"6">.  %5: A%$%2<-

4<@-? 8.%8)20-:, D3 85<7"55D .DA) 3%."6@@-? 20E +%-

;%@ 5< .085:' 8<-.:23<' (6<4<'). W-E", $.%<5<608)9<9-

G: J', 2%E5< 9:;.<-: 5<>%$-:2<6?50G0 85<7"55D $<.<-

2"-.09 p -< q.

Z.%-", %+306?3: 9 5<G%2) 9:$<A3) 7<+%9:> .DA 86%-

7:55%+-0 2<C %85<3: -."5A) -< C 5"+-<I0%5<.5:2, 5< $%-

7<-3%9%2) "-<$0 2: A%A<-3%9% $.%05-"4.)9<6: >%4%,

98D9G: $".G0 .085:I0 20E +$%+-"."E"55D2: (d = 1), V%

A<6% 82%4) %-.:2<-: +-<I0%5<.5:> 05-"4.%9<5:> .DA

86%7:55%+-0. P< .:+. 2 $%;)A%9<5% ACF -< PACF A6D

%+5%95%4% -< 05-"4.%9<5%4% .DA09 86%7:55%+-0.

f5<608 A<5:', 5<9"A"5:' 5< .:+. 2, $%3<8)C, V% A6D

05-"4.%9<5%4% .DA) 86%7:55%+-0 D3 ACF, -<3 0 PACF 5"

2<@-? 0+-%-5:' 85<7"5? A6D E%A5%4% 8 6<409. _" %85<7<C,

V% $0+6D 05-"4.)9<55D .DA 86%7:55%+-0 5" 6:G" +-<9 +-<-

I0%5<.5:2, <6" > 9-.<-:9 <9-%3%."6DI0@, 5<D95) 9 $%7<--

3%9:' A<5:'. W-E", %-.:2<50 $0+6D 05-"4.)9<55D A<50 C

9:$<A3%9:2: 0 5" 20+-D-? +-<-:+-:75% 85<7)V%J +-.)3-)-

.:, 5"%;'0A5%J A6D 2%A"6@9<55D -< $.%45%8)9<55D. Y -<-

3%2) 9:$<A3) ;)A)9<-: ARIMA 5"A%I06?5%, %+306?3: 90-

A+)-5D +-0>3< 8<6"E50+-? 20E +$%+-"."E"55D2:.

 "#. 1. `<+%9:> .DA 306?3%+-0 86%7:509, 97:5"5:' 5< -".:-%.0J Y3.<J5:, -< 90A$%90A5< A:5<203< 8205:, .%8.<'%9<5< 8< 3.:-".0C2

T.905< (2) / The time series of the number of committed crimes in Ukraine and the corresponding dynamic changes, calculated using

the Irwin criterion (2)

Z)53-:.%2 90A85<7"5% .%3:, ) D3:' +$%+-".04<6:+D <5%2<6?50 8205: 86%7:55%+-0.
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 "#. 2. f9-%3%."6DI0>5< F)53I0D (ACF) -< 7<+-3%9< <9-%3%."6DI0>5< F)53I0D (PACF) $%7<-3%9%4% -< 05-"4.%9<5%4% .DA) 306?3%+-0

97:5"5:' 5< -".:-%.0J Y3.<J5: 86%7:509 / Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) of the

original and integrated series of the number of committed crimes in Ukraine

Z%;)A%9<5% 8< A%$%2%4%@ F)53I0> plot_acf -< plot_pacf ;0;60%-"3: statsmodels.

 "#. 3. H:5<203< (1990–2023 ...) -< $’D-:.075:> $.%45%8 (2024–2028 ...) 306?3%+-0 97:5"5:' 5< -".:-%.0J Y3.<J5: 86%7:509,

$%;)A%9<5:> 5< %+5%90 2%A"60 ARIMA(1, 0, 0) / Dynamics (1990–2023) and five-year forecast (2024–2028) of the number

of committed crimes in Ukraine, based on the ARIMA(1, 0, 0) model

WA5<3 A6D $%7<-3%9%4% 7<+%9%4% .DA) 86%7:55%+-0

+$%+-".04<C-?+D 9:+%3< <9-%3%."6DI0D 5< $".G%2) 6<4)

D3 A6D ACF, -<3 0 A6D PACF (.:+. 2), V% 93<8)C 5< 5<D9-

50+-? +-.)3-).: 9 A<5:'. _" A<C 82%4) 8<+-%+)9<-: 2%-

A"6? ARIMA A6D $%7<-3%9%4% .DA) ;"8 $%$"."A5?%4%

05-"4.)9<55D.

R$FD8$&+ ARIMA 7$81!' :+ $):$&' #+)$&$L$ 3;8D

>+L+!A:$M G'!AG$)/' &#5:1:5? >!$#5:'&

H6D <9-%2<-:75%4% $0A;:.<55D $<.<2"-.09 (p, d, q)

ARIMA 2%A"60 9:3%.:+-<5% F)53I0@ auto_arima 8 ;0;-

60%-"3: pmdarima. _D F)53I0D 8A<-5< 9.<'%9)9<-: 5<D-

95:> -."5A -< <9-%2<-:75% 9:;:.<-: %$-:2<6?50 $<.<-

2"-.: A6D $%;)A%9: 2%A"60, V% +$.:DC $0A9:V"55@ -%-

75%+-0 $.%45%8)9<55D.

Y ."8)6?-<-0 9:3%5<55D F)53I0J auto_arima 5<>3.<-

V%@ 9:;.<5%@ 2%A"66@ 9:D9:6<+D ARIMA (1, 0, 0).

\%;-% 9 I?%2) 9:$<A3) 9:3%.:+-%9)C-?+D 6:G" $".G:>

$%.DA%3 <9-%."4."+0J, 0 5"2<C $%-.";: 9 05-"4.)9<550 7<-

+%9%4% .DA), V% $0A-9".AE)C $%$"."A50 9:+5%93:, 8.%;-

6"50 5< %+5%90 <5<608) ACF -< PACF (.:+. 2). W+5%950

$<.<2"-.: I0CJ 2%A"60 -< $.%45%8 5< 5<+-)$50 $’D-? .%-

309 $%A<5% ) -<;6. 1 -< 8%;.<E"5% 4.<F075% 5< .:+. 3.

d3 9:A5% 8 5<9"A"5:' ) -<;6. 1 A<5:', $%;)A%9<5<

2%A"6? 9:D9:6<+D <A"39<-5%@. H% -%4% E %I053< 3%"F0-



$% &(*+-%./ 01 *&3 4*67 9&:4/*.; =>;*737@4/, 2024, =. 6, A 2 (10) 53

I0C5-< <9-%."4."+0J, 5< 90A205) 90A 906?5%4% 76"5<, C +-<-

-:+-:75% 85<7)V%@ -< A%+-<-5?% 0+-%-5%@. a$"I0<608%-

9<50 +-<-:+-:750 -"+-: c?@54< – q%3+< -< p<.3< – q".<

93<8)@-? 5< 90A+)-50+-? 0+-%-5%J <9-%3%."6DI0J ) 8<6:G-

3<' 2%A"60 (P(Q) = 0,46) -< $0A-9".AE)@-? J'50> 5%.2<-

6?5:> .%8$%A06 (P(JB) = 0,81).

^ 2"-%@ $%.095D55D .085:' 2"-%A09 $.%45%8)9<55D

.%846D5)-% -<3%E <6?-".5<-:95) 2%A"6? 5< %+5%90 "3+-

$%5"5I0>5%4% 846<AE)9<55D. H6D JJ $%;)A%9: 9:3%.:+-

-<5% F)53I0@ ExponentialSmoothing 8 2%A)6D statsmo-

dels.tsa.holtwinters 8 <9-%2<-:75:2 $0A;:.<55D2 %$-:-

2<6?5:' $<.<2"-.09. Y ."8)6?-<-0 .%8.<')5309 9:D9:6%-

+D, V% +"."A5D <;+%6@-5< $.%I"5-5< $%2:63< I0CJ 2%-

A"60 (MAPE = 9,38 %) A"V% 9:V< 8< <5<6%4075:> $%3<8-

5:3 $%$"."A5?%J 2%A"60 ARIMA (1, 0, 0) (MAPE =

8,61 %). f I" %85<7<C, V% 2%A"6? ARIMA 9:D9:6<+D -%-

750G%@ A6D $.%45%8)9<55D $%.095D5% 8 2%A"66@ "3+-

$%5"5I0>5%4% 846<AE)9<55D, $.% V% 8<85<7"5% -<3%E )

05G:' .%;%-<' [7], [8], [9].

R$G3+S1::; B3$L:$)/5#:$M &+!'8:$)/' ARIMA

7$81!'

W+306?3: $%$"."A5C 05-"4.)9<55D A<5:' $.:89%A:6%

A% $%95%4% 85:35"55D <9-%3%."6DI0J, D3 <6?-".5<-:95:>

$0A'0A, 8A<-5:> $0A9:V:-: $.%45%+-:75) 9<60A50+-? 2%-

A"60, 8<+-%+%9<5% 2"-%A 6%4<.:F2)9<55D. _"> 2"-%A A<C

82%4) +-<;0608)9<-: A:+$".+0@, 8;".04G: %+5%95) 05F%-

.2<I0@ $.% +-.)3-).) A<5:', D3< 9-.<7<C-?+D $0A 7<+

05-"4.)9<55D. i.02 -%4%, 6%4<.:F2)9<55D A%$%2<4<C

-<3%E 7<+-3%9% )+)5)-: 5".095%20.50+-? 3%6:9<5? ) 7<-

+0, 82"5G:-: 9$6:9 85<75:' 9:3:A09 -< 9:D9:-: $.:'%-

9<50 8<3%5%20.5%+-0.

Z%A<6?G" 9:3%.:+-<55D F)53I0J auto_arima A% 6%4<-

.:F2%9<5:' 85<7"5? 7<+%9%4% .DA) (ln yt) 9:85<7:6% 2%-

A"6? ARIMA(2, 0, 1) D3 5<>3.<V). W-E", 8<$.%$%5%9<5:>

$0A'0A A<9 82%4) $0A9:V:-: 8<4<6?5:> .09"5? +-.)3-).%-

9<5%+-0 A<5:', 8<9AD3: 7%2) %-.:2<5< 2%A"6? 9E" 9.<'%-

9)C 5" %A5), < A90 6<4%90 <9-%3%."6DI0J, < -<3%E %A5)

3%2$%5"5-) 3%985%4% +"."A5?%4%. H% -%4% E .%8.<')53:

(-<;6. 1) 93<8)@-? > 5< 9:+%3:> .09"5? +-<-:+-:75%J 85<-

7)V%+-0 %I05%3 %;%' 3%"F0I0C5-09 <9-%."4."+0J f1 -< f2

(P < |z| = 0,000), 5< 90A205) 90A %I05%3 3%"F0I0C5-< 3%98-

5%4% +"."A5?%4% q1 (P < |z| = 0,081) -< 906?5%4% 76"5< a
(P < |z| = 0,198). ^<85<7:2% -<3%E, V% 8.%+6< > -%750+-?

$%;)A%9<5%J 2%A"60 (MAPE = 7,47 %) $%.095D5% 8 $%$"-

."A5?%@ .%846D5)-%@ ARIMA(1, 0, 0), +"."A5D <;+%6@--

5< $.%I"5-5< $%2:63< A6D D3%J +-<5%9:6< 8,61%.

 %A5%7<+ 9<.-% 8<85<7:-: -< 9.<')9<-: ) $%A<6?G:'

.%8.<')53<' 5:8?3) +-<-:+-:75) 85<7)V0+-? 3%"F0I0C5-

-< 3%985%4% +"."A5?%4%. _", 5<>02%90.50G", $%9’D8<5% 8

.<50G" 9:D96"5:2: <5%2<6?5:2: +-.:;3<2: .095D 86%-

7:55%+-0 ) 2003, 2013 -< 2020 .%3<'. n%; )+)5)-: J'50>

9$6:9 5< ."8)6?-<-: 2%A"6@9<55D, $%3<85:3: 8< I0 .%3:

846<AE"5% 08 8<205%@ F<3-:75:' 85<7"5? 5< +"."A50

85<7"55D $%$"."A5?%4% -< 5<+-)$5%4% $".0%A09. d3 9:-

D9:6%+D, $0+6D -<3%4% 3%.:4)9<55D 5" $%-.0;5" 8<4<6?5"

846<AE)9<55D A:5<2075%4% .DA) 2"-%A%2 3%985%4% +"-

."A5?%4%, %+306?3: -"$". 5<>%$-:2<6?50G%@ 2%A"66@

9E" C ARIMA(2, 0, 0).

a-<-:+-:75) %I053) $<.<2"-.09 I0CJ 2%A"60 -< JJ %+-

5%950 '<.<3-".:+-:3: 5<9"A"5% ) -<;6. 1. d3 ;<7:2%,

$.<3-:75% 8< )+02< 2"-.:3<2: ARIMA (2, 0, 0) A"2%5+-

-.)C 5<>3.<V0 ."8)6?-<-:: 5<>9:V) -%750+-? $.%45%8)-

9<55D (RAPE) -< 5<>5:E70 85<7"55D 3.:-".0J9 %$-:2<-

6?5%+-0 (AIC (3.:-".0> f3<03"), BIC (3.:-".0> q<>C+<)

-< HQIC (3.:-".0> r<55<5< – i905<)). f I" %85<7<C, V%

$%.095D5% 8 05G:2: <6?-".5<-:95:2: 2%A"6D2: 9%5<

A<C 5<>-%750G0 $.%45%8: 8< 20502<6?5%J +36<A5%+-0.

i.02 -%4%, 9+0 $<.<2"-.: I0CJ 2%A"60, .<8%2 08 906?5:2

76"5%2, 9:D9:6:+D +-<-:+-:75% 85<7)V:2:.

W-E", 5<>%$-:2<6?50G< 2%A"6? A6D $.%45%8)9<55D

8<4<6?5%J 306?3%+-0 97:5"5:' 86%7:509, 8 ).<')9<55D2

$%$"."A5?%4% 846<AE)9<55D <5%2<6?5:' .09509 -< 6%4<-

.:F2)9<55D A<5:', 2<C -<3:> 9:46DA:

ln(yt
*) = 1,4 + 1,26 ln(yt–1

*) – 0,487 ln(yt–2
*) + et , (3)

A" yt
* – 7<+%9:> .DA 80 846<AE"5:2: 85<7"55D2: 86%-

7:55%+-0 ) 2003, 2013 -< 2020 .%3<'.

 3$)-&+!'8+H'; 7$81!' ARIMA(2, 0, 0)

H6D $"."90.3: +-0>3%+-0 -< )8<4<6?5@9<6?5%J 8A<--

5%+-0 $%;)A%9<5%J 2%A"60 8A0>+5"5% -<3%E JJ 3.%+-

9<60A<I0@. H6D I?%4%, 8 %46DA) 5< %;2"E"5) 306?30+-?

+$%+-"."E"5?, 8<+-%+%9<5% 2"-%A $"."'."+5%J 9<60A<I0J

8 9:6)7"55D2 %A5%4% +$%+-"."E"55D (Leave-One-Out

Cross-Validation (LOOCV)). _" .085%9:A 3.%+-9<60A<I0J,

9 D3%2) 5< 3%E50> 0-".<I0J 2%A"6? 5<97<C-?+D 5< 9+0'

+$%+-"."E"55D', %3.02 %A5%4%, < $%-02 5< 5?%2) JJ -"+-

-)@-?. W-E", LOOCV 9:3%.:+-%9)C 2<>E" 9+0 A%+-)$50

A<50 A6D 5<97<55D, 8<;"8$"7)@7: +-<;06?50G0 -< 5<A0>-

50G0 %I053: 2%A"60. Z.%-", 8 %46DA) 5< 9:+%3) %;7:+6@-

9<6?5) +36<A50+-?, JJ 8<+-%+)9<55D 9:$.<9A<5" $"."9<E-

5% A6D 2<6:' 9:;0.%3, 3%6: 05G0 2"-%A: 3.%+-9<60A<I0J

2%E)-? ;)-: 2"5G "F"3-:95:2: <;% 5"A%I06?5:2:.

M%8.<'%9<50 8< A%$%2%4%@ F)53I0J LeaveOneOut (;0-

;60%-"3< scikit-learn) +"."A50 3%"F0I0C5-: <9-%."4."+0>-

5:' 3%2$%5"5-09 ( 1 1,246f = -< 2 0,491f = - ) $.<3-:75%

8;04<@-?+D 08 %I053<2: J'50' 85<7"5?, %-.:2<5:2: $0A

7<+ $%;)A%9: 2%A"60 ARIMA(2, 0, 0). _" +90A7:-? $.%

9:+%3:> .09"5? +-<;06?5%+-0 2%A"60 -< 90A+)-50+-? 5<A-

20.5%J <A<$-<I0J A% %3."2:' +$%+-"."E"5?, V% $0A3."+-

6@C JJ )8<4<6?5@9<6?5) 8A<-50+-?. W-E", $0+6D 3%.:4)-

9<55D <5%2<6?5:' $%3<85:309 86%7:55%+-0 (2003, 2013

-< 2020 ...), 05G0 3%6:9<55D 7<+%9%4% .DA) 3.:-:75% 5"

9$6:9<@-? 5< 2%A"6?, V%, +9%C@ 7".4%@, 93<8)C > 5< 90-

A+)-50+-? 85<7)V:' 9:3:A09 <;% <5%2<60>, D30 2%46: ;

0+-%-5% 9$6:5)-: 5< ."8)6?-<-: 2%A"6@9<55D.

P<%+-<5%3 8<85<7:2%, V% $.%45%850 %I053: 8< 9+02<

.%846D5)-:2: 2%A"6D2: (-<;6. 1, .:+. 3, .:+. 4) C A%9%60

5"9-0G5:2: -< 93<8)@-? 5< $%A<6?G" 8.%+-<55D $%3<8-

5:309 86%7:55%+-0, D3" .%8$%7<6%+D ) 2021 .. $0+6D -.:-

9<6%4% $".0%A) 85:E"55D.

JFL$&$31::; 31>D!A/+/'& 8$)!'891::;. ^ 5<9"A"-

5:' ."8)6?-<-09 %7"9:A5%, V% $%;)A%9<50 ARIMA-

2%A"60, 5"89<E<@7: 5< %;2"E"5:> %;+D4 0+-%.:75:'

A<5:', A"2%5+-.)@-? 9:V) -%750+-? $.%45%8)9<55D 8<-

4<6?5%4% .095D 86%7:55%+-0 $%.095D5% 8 2%A"6D2: "3+-

$%5"5I0>5%4% 846<AE)9<55D. _"> 9:+5%9%3 )84%AE)C-?-

+D 08 A%+60AE"55D2: 05G:' <9-%.09, D30 %-.:2<6: <5<6%-

40750 ."8)6?-<-: $0A 7<+ <5<608) -< .%8.%;6"55D $.%45%-

85:' 2%A"6"> .095D 86%7:55%+-0 A6D %3."2:' -".:-%.0<-

6?5:' %A:5:I? -< .085:' -:$09 86%7:509 [7], [8], [9].

i.02 -%4%, $0A9:V"55D $.%45%+-:75%J 9<60A5%+-0

ARIMA-2%A"6"> 2%E5< A%+D4-: 8<9AD3: 5" 6:G" 5<6<-

G-)9<55@ JJ $<.<2"-.09, <6" > $%$"."A5?%2) %;.%;6"5-

5@ 7<+%9%4% .DA). H% -%4% E -<3" %;.%;6"55D 2<C 9:'%-



Ukrainian Journal of Information Technology, 2024, vol. 6, No. 254

A:-: 8< 2"E0 36<+:75%4% 2"-%A) A:F"."5I0@9<55D. W--

E", 89:7<>5" 9:3%.:+-<55D F)53I0J auto_arima A6D <9-

-%2<-:75%4% $0A;:.<55D $<.<2"-.09 ARIMA-2%A"60 5"

8<9EA: C A%+-<-502 -< %$-:2<6?5:2 .0G"55D2. _", 8%3-

."2<, $0A3."+6@@-? > <9-%.: .%;%-: [12].

 "/;'1" )'1,P)" '84,@"),> 42P/*+8"8%1 I'6*%-

IJ2))K – )A%+3%5<6"5% ARIMA-2%A"6? A6D $.%45%8)-

9<55D 8<4<6?5%4% .095D 86%7:55%+-0 9 Y3.<J50, D3< 90A.0-

85DC-?+D 90A 05G:' 8<+-%+)9<55D2 2"-%A) 6%4<.:F2)-

9<55D $%7<-3%9:' A<5:' 8< 846<AE"5:' <5%2<6?5:' .09-

509, V% $0A9:V)C JJ $.%45%+-:75) 9<60A50+-?.

L4";8,S)" P)"S/U%68+ 42P/*+8"8%1 I'6*%IJ2))K –

$0A9:V"5% -%750+-? $.%45%8)9<55D 8<4<6?5%4% .095D

86%7:55%+-0 9 Y3.<J50, V% +$.:D-:2" "F"3-:950G%2)

$6<5)9<55@ $."9"5-:95:' 8<'%A09 -< ."+).+09 $.<9%-

%'%.%55:' %.4<509.

B3*+. 1. W+5%950 2"-.:3: 2%A"6"> ARIMA -< $’D-:.075:> $.%45%8 8<4<6?5%J 306?3%+-0 86%7:509, $%;)A%9<5:>

5< J'50> %+5%90 / Key metrics of ARIMA models and the five-year forecast of total crime, based on these models

`<+%9:> .DA yt ln(yt) ln(yt
*)

R%A"6? ARIMA(1,0,0) ARIMA(2,0,1) ARIMA(2,0,0)

Z%3<85:3
coef.

(std. err)
P < |z|

coef.

(std. err)
P < |z|

coef.

(std. err)
P < |z|

a
83,42

(73,47)
0,256

0,950

(0,737)
0,198

1,400

(0,589)
0,017

f1

0,821

(0,154)
0,000

1,568

(0,274)
0,000

1,260

(0,150)
0,000

f2 – –
–0,722

(0,187)
0,000

–0,487

(0,171)
0,004

q1 – –
–0,662

(0,380)
0,081 – –

s
2591,1

(694,7)
0,000

0,0091

(0,002)
0,000

0,0067

(0,002)
0,006

AIC 370,8 –48,25 –63,85

BIC 375,4 –40,62 –57,74

HQIC 372,4 –45,65 –61,76

P(Q) 0,46 0,71 0,80

P(JB) 0,81 0,66 0,44

MAPE 8,61 % 7,47 % 7,04 %

M03 \%73%9:> -< 05-".9<6?5:> $.%45%8: 306?3%+-0 86%7:509, -:+. %A.

2024
387,1

(287,3; 486.9)

411,4

(341,2; 495,9)

394,6

(335.9; 463,5)

2025
401,2

(272,1; 530,3)

454,7

(353,3; 585,1)

424,1

(327,3; 549,2)

2026
412,7

(267,2; 558,3)

492,6

(370,7; 654,5)

449,7

(328,7; 615,3)

2027
422,2

(266,5; 577,9)

519,7

(386,6; 698,6)

467,7

(333,8; 655,2)

2028
430,0

(267,9; 592,1)

533,4

(395,9; 718,5)

477,5

(338,4; 673,7)
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 "#. 4.  !"#%&(# (1990–2023 )).) +# ,’-+!)&."!/ ,)02"03 (2024–2028 )).) (&45(06+& 8.!"9"!; "# +9)!+0)&= @()#="! 340.!"&8,

,0ABD08#"!/ "# 06"08& %0D94& ARIMA(2,0,0) &3 8!(0)!6+#""-% %9+0DB 402#)!E%B8#""- +# ,0,9)9D"5020 324#DFB8#""-

#"0%#45"!; )&8"&8 / Dynamics (1990–2023) and five-year forecast (2024–2028) of the number of committed crimes in Ukraine,

based on the ARIMA(2, 0, 0) model, using logarithmic transformation and preliminary smoothing of anomalous levels

 "#%&()"*/*Conclusions*

 064&DFB8#"!/ .#608!/ )-D 3#2#45"0= (&45(06+& 8.!-

"9"!; "# +9)!+0)&= @()#="! 340.!"&8 G "96+#H&0"#)"!%,

%#G 03"#(! 6,#D"020 +)9"DB +# %&6+!+5 #"0%#45"& 3%&"!

B )&8"-; 340.!""06+&.

I0ABD08#"& )93B45+#+! 8!(0"#"020 #"#4&3B %0D94&

ARIMA B)#;08BK+5 0D"B (D4- ,0.#+(08020 )-DB) #A0

D8& (B )#3& 402#)!E%B8#""- .#608020 )-DB) #8+0)92)9-

6&/"& (0%,0"9"+! +# 3#A93,9.BK+5 8!LB +0."&6+5 ,)0-

2"03B8#""- (MAPE1 = 8,61 %, MAPE2 = 7,47 %,

MAPE3 = 7,04 %) ,0)&8"-"0 3 %0D944K 9(6,0"9"H&/"020

324#DFB8#""- (MAPE = 9,38 %).

M02#)!E%B8#""- ,0.#+(08!; D#"!; +# (0)!2B8#""-

#"0%#45"!; ,0(#3"!(&8 340.!""06+& ,&D8!L!4! ,)02"0-

6+!."B 8#4&D"&6+5 & 6+&/(&6+5 ARIMA %0D94&, L0 ,&D+-

89)DF9"0 &"E0)%#H&/"!%! ()!+9)&-%! +# %9+0D0% ,9-

)9;)96"0= 8#4&D#H&=.
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USING ARIMA MODELS FOR FORECASTING OF OVERALL CRIME RATE IN UKRAINE 

Crime rate forecasting is a critical element in the development of strategies for sustainable socio-economic growth in a

rule-of-law state. Accurate forecasting becomes particularly important in times of economic instability and geopolitical

crises, as is the case in Ukraine. This article explores the problem of constructing and applying autoregressive integrated

moving average (ARIMA) models to predict the total number of crimes committed in Ukraine. The statistical analysis of

the crime time series was conducted using the Python programming language, utilizing specialized libraries such as

numpy, pandas, matplotlib, statsmodels, pmdarima, and scikit-learn. The calculations indicate that the crime time series

(1990–2023) demonstrates a declining trend, is non-stationary, and contains anomalous values in crime rates in 2003,

2013, and 2020, correlating with socio-political crises in Ukraine. Specifically, the anomalous increases in crime rates (in

2003 and 2013) align with heightened public unrest preceding the Orange Revolution (2004–2005) and the Revolution of

Dignity (2013–2014). In contrast, the unusually low crime rates observed in 2020 are attributed to restrictive quarantine

measures implemented due to the COVID–19 pandemic. The use of data integration by taking the first differences

between observations resulted in the loss of autocorrelation structure inherent in the overall crime series. Consequently,

the initial ARIMA (1, 0, 0) model was built based on the untransformed input data. The accuracy of this model was higher

compared (MAPE = 8.61 %) to the model obtained using the exponential smoothing method (MAPE = 9.38 %).

Logarithmic transformation of the crime time series and smoothing of anomalous levels enhanced the predictive validity,

allowing the ARIMA model to account for additional autocorrelation while avoiding the need for a moving average

component. As a result, the ARIMA (2, 0, 0) model demonstrated the highest accuracy (MAPE = 7.04 %) with minimal

complexity, as confirmed by information criteria results. Furthermore, the model successfully passed robustness testing

using the cross-validation method with the exclusion of a single observation. The forecasted estimates, derived from all the

examined ARIMA models, indicate a continued increase in the overall crime rate in Ukraine, which began in 2021

following a prolonged period of decline.

Keywords: modeling, autocorrelation, anomalous values, cross–validation, crime count.
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