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:. $#4f:9h 0 #124,6< 1,2,4,# *,*2.$ 7 ,/ 245, 368, 490, 613, 919, 1470 9 1776 6.}. §$# 9!9:' 6.$ #:97 ,c>* ,$ #:' 
,*,c#::,*27?9 :.*24,h19 9d?#492# %:,j, ,c,4>6,$.:97¨@ s #1249!#*1,# *,54,29$ #:9# $ 5 ,*1,*29 2491,2.;:'f 
0 #124,6,$ 7$ 7#2*7 :.9c, ## d:.!9?,h f.4.12#49*291,h< :.476> * j#,?#249!#*19?9 4.d?#4.?9 2491,2.;:'f 0 #12- 
4,6,$< ,54#6# 7 8#h 0kk#129$:,*2% 9f 549?#:#:97@ 

5 



 
  

r.c 9l. 5. s #1249!#*1,# *,54,29$ #:9# $ 5 ,*1,*29 2491,2.;:,j, 0 #124,6. 

_&<-)$*): @&P& 
P-";$"/;8 
A)6)A-);)$*= 

P)6)A-);)$*) 245 368 490 613 919 1470 1776 

s-)D;6*')/D") /"A6";*<-)$*) R, 1 

I3/"D&= 

K6)@$== 

I3/"D&= 

K6)@$== 

U*#D&= 

1,7 

2,9 

2,3 

2,5 

2,5 

2,4 

2,5 

1,3 

2,4 

1,3 

2,5 

2,5 

1,9 

1,9 

1,3 

2,0 

1,2 

2,4 

2,1 

1,3 

1,9 

1,2 

1,8 

1,2 

1,4 

2,1 

0,9 

1,1 

1,0 

1,6 

1,2 

1,4 

1,8 

0,9 

0,9 

0,5 

0,7 

0,6 

0,9 

0,9 

0,6 

0,3 

0,5 

0,7 

0,6 

0,8 

0,9 

0,4 

0,3 

,M-*6$&= 7-&@8 

Q&/;*D 1+1 

_<M-&/;*D K6)@$== 

K6)@$== `M;)6"<&$$") 

[- :#%@.<' 2 F*<-5-. D-:-<8': #5I'.'.#  > '<8:#N'%<*6* %*F:*8#+ '.#  + 5-+#%#I*%8# *8 
%# 4 (-+ '.#  .- > '<8:*(P 

3 ,M-*6$&= 7-&@8 
Q&/;*D 1+1 
_<M-&/;*D 
`M;)6"<&$$") 

1,5 

0 
0 600 1200 

$&'(*+,* -&.& 
1800 

«9*@ 2. ©.$9*9?,*2% 0 #1249!#*1,j, *,54,29$ #:97 2491,2.;:'f 0 #124,6,$ ,2 6.$ #:97 

}49 9** #6,$.:99 >6# %:,j, 0 #1249!#*1,j, *,54,29$ #:97 $6, % 5#2# %:'f 476,$ 9 $6, % 5#2# %:'f *2,- 
c91,$ c' . $'7$ #:. .:9d,24,597 >6# %:,j, 0 #1249!#*1,j, *,54,29$ #:97@ ^(* 2 F'8' 2.4D : (*+ 5.-N'.#  
@(' 2.*6* > '<8:#N'%<*6* %*F:*8#+ '.#  #;.2 $ 54#6# .f ,2 0,2 n? 6, 1,4 n?< $6, % 5#2# %:'f *2, c91,$ 
y ,2 0,7 n? 6, 6,8 n?@ 

b 4#d> %2.2# 9** #6,$.:97 0 #1249!#*1,j, *,54,29$ #:97 . bXSW2SWiU idU2SiZh[aQ jX-2idSTS. 
^aXU bSX1/-[a 4#d> %2.2'< 1,2,4'# 5,1.d'$. 2 d:.!92# %:,# $ 97:9# *;.297 2491,2.;:'f 0 #124,6,$ :. 9f 
0 #1249!#*1,# *,54,29$ #:9#@ ±*2.:,$ #:,< !2, >$# 9!#:9# 6.$ #:97 $ 54#6# .f 01*5 >.2.l9,::,j, 69.5.d,:. §,2 
245 6.}. 6, 490 6.}.¨ 549$,692 1 *:9;#:9  0 #1249!#*1,j, *,54,29$ #:97 $ 1,5 4.d.@ s2, *$,h*2$, 2491,2.;:'f 
0 #124,6,$ :#,cf,69?, >!92'$.2% 549 4.d4.c,21# *9*2#? ?,:92,49:j.@ 

b*# 9** #6>#?'# ,c4.dl' 2491,2.;:'f 0 #124,6,$ 9?# 2 :9d1,# d:.!#:9# 0 #1249!#*1,j, *,54,29$ #- 
:97< 1,2,4,# :.f,692*7 $ 54#6# .f j,*294>#?'f d:.!#:9h< :.549?#4< 6 7 0 #124,6,$< 549?#:7#?'f $ f, 2#4,$*1,? 
1.469,?,:92,49:j#@ 

`'5@ 28-84 #%% '(*+-.#  @(' 2.*6* > '<8:#N'%<*6* %*F:*8#+ '.#  F*<-54+-A8H N8* +%' 
8:#<*8-=.4' > '<8:*(4, 4.**?,24#::'# + :-1*8'H I*6@8 1482 #%F* 25*+-.4 F:# F:*'<8#:*+-- 
.## *('=(4 (   1#*I*.#8*:#.6- % @N'8*I #D %8:*'.# H 8'D.* *6#N'%<#D F*<-5-8' '0H #.'0.4D 
:-5I':*+. 

d!0e"?7 -0$:<:;5&+D=f ;:g+"&L $!";5;!& &+F"5e+3$5F "!0$L M!-!":< i]j] 
k2S*@WSl2 supervisor: Associate Professor, Candidate of Technical Sciences, Baranov h]p4]A*/"D -*;)6&;M63 
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Smart  Textiles,  [jX-2idS[[a] d-W1dW¨~ URL: https/www.sciencedirect.com/topics/materials -science/  
smart -textile ®TZiZ S^dZ¯-[Ug 10.02.25) 
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5UdSi-[2S =U2UiZ 5-dk--.U/ 

FC3¶7=7=37 A7L=9+9*3¹  9¶Fº»A7C=9*9 ¼C7=3> 
+> (=(+3¼( ?¾¾7 A3;=95A3 ¶7A9 3D75 9*9 
¶(A7C3(+( 5 ¿7+º» F9;JÀ7=3>  (D75A;( 

9ÁC(¼9;(=3> 

5UdSi-[2S =U2UiZ 5-dk--.U/ 

r+;+-!D=":+ 1:30;!-3&<+"":+ .s;t+&":+ :.-!G:<!&+D=":+ 0e-+t;+"5+ <?3C+1: :.-!G:<!"5N u !"$&-)+&+-.0-13$57 1:30;!-3&<+""?7 
0"5<+-35&+& A-:B?CD+""?F &+F":D:157 5 ;5G!7"!vL 1] !"$&-)+&+-.0-1L w:335NL sirotenko@suitd.ru 

([[SiZÂUg$ i2.2%7 5,*$78#:. 549?#:#:9  2#f:, ,j9h 1,?5% 2#4:,j, d4#:97 6 7 .:. 9d. 0kk#129$:,*29 
>!#c:'f ?.2#49. ,$ 9 5,$'o#:97 1.!#*2$. ,c4.d,$.:97@ «.**?.249$. 2*7 ?#2,6' ,l#:19 $:9?.:97< 0?,l9,:. %- 
:'f 4#.1l9h 9 5,$#6#:97 *2>6#:2,$ * 9*5, %d,$.:9#? . j,492?,$ ?.o9::,j, ,c>!#:97@ }4#6 ,;#:. ?#2,6, ,j97 
*c,4. 9 ,c4.c,219 6.::'f 6 7 k,4?94,$.:97 4#1,?#:6.l9h 5, ,529?9d.l99 ,c4.d,$.2# %:,j, 54,l#**.@ 

 Xl/-.a- WXS.Z~ 1,?5% 2#4:,# d4#:9#< .:. 9d $:9?.:97< ,c4.d,$.2# %:'# 2#f:, ,j99< ?.o9::,# ,c>- 
!#:9#< ?914,?9?91.< .6.52.l97 >!#c:'f ?.2#49. ,$< c9,?#249!#*19h .:.9d 

Sirotenko  Nikita Sergeevich 

Federal State Budgetary Educational Institution of Higher Education {k S@W-Petersburg State University of Industrial Technologies and 
}*TSb@~L Saint Petersburg, sirotenko@suitd.ru 

Application  of a computer  technology  solutio n for  analyzing  the ,Å,V£¥n,¬,}} of methodological  
materials in order  to improve  the quality of  education  

Abstract:  The article is devoted to the use of computer vision technologies for analyzing the *X*2WS\*@*TT of electronic tools and improving 
the quality of education. Methods for assessing attention, emotional aspect and behavior of students using machine-learning algorithms are considered. 
A methodology for collecting and processing data is proposed to generate recommendations for optimizing the educational process. 

Keywords:  vision, attention analysis, educational computer technologies, machine learning, microexpressions, adaptation of T2S*@WSl2 
materials, biometric analysis. 

1. ;.-T-[U- 
i,$4#?#::'# 5,6f,6' 1 *,$#4o#:*2$,$.:9  ,c4.d,$.2# %:,j, 54,l#**. $*¼ !.8# $1  !. 2 9*5, %d,$.:9# 

5#4#6,$'f 2#f:, ,j9!#*19f 4#o#:9h@ ,?5% 2#4:,# d4#:9# 54#6*2.$ 7#2 *,c,h :.54.$ #:9# :.>19< 5,d$, 7 8## 
.$2,?.29d94,$.2% .:. 9d $9d>. %:,h 9:k,4?.l99< !2, ,214'$.#2 :,$'# $,d?,;:,*29 6 7 ,l#:19 1.!#*2$. >!#c:'f 
?.2#49. ,$@ r#f:, ,j99 1,?5% 2#4:,j, d4#:97 5,d$, 7 2 ,c½#129$:, ,l#:9$.2% $d.9?,6#h*2$9# *2>6#:2,$ * >!#c- 
:'? ?.2#49. ,?@ i,$4#?#::'# 9** #6,$.:97 6#?,:*2494> 2 $,d?,;:,*2% 9*5, %d,$.:97 029f 2#f:, ,j9h 6 7 .:.- 
9d. :#$#4c. %:,j, 5,$#6#:97 ,c>!. 89f*7 * l# %  *,$#4o#:*2$,$.:97 ,c4.d,$.2# %:,j, 54,l#**.@ «.c,2. 5,*$7- 

8#:. 9** #6,$.:9  *5,*,c,$ 549?#:#:97 1,?5% 2#4:,j, d4#:97 6 7 .:. 9d. $:9?.:97 *2>6#:2,$ 9 k,4?94,$.:97 
4#1,?#:6.l9h 5, ,529?9d.l99 >!#c:'f ?.2#49. ,$@ 

2. A-Sd-iU/-W2U- SW[S.a 
z*5, %d,$.:9# 2#f:, ,j9h CV ,*:,$.:, :. 549:l95.f .:. 9d. 6.::'f< 5, >!#::'f !#4#d $96#,d.59*% 9 9 

$ 4#;9?# 4#. %:,j, $4#?7@ s29 6.::'# ?,j>2 $1  !.2% 9:k,4?.l9  , :.54.$ #:99 $dj 76.< !.*2,2# ?9j.:97 j .d< 
$'4.;#:99 0?,l9h :. 9l# 9 64>j9f 5.4.?#24.f@ r.1,h 5,6f,6 5,d$, 7#2 ,l#:92% :# 2, %1, k9d9!#*1>  .129$:,*2% 
*2>6#:2.< :, 9 #j, 1,j:929$:,# *,*2,7:9#< 1,2,4,# $ 97#2 :. $,*549729# 9:k,4?.l99@ 
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b d.6.!# .:. 9d. $96#,476. 6 7 ,l#:19 $:9?.:97 9 0?,l9,:. %:'f *,*2,7:9h *2>6#:2,$ 549?#:7 2*7 
4.d 9!:'# . j,492?'< ,*:,$.::'# :. 2#f:, ,j97f 1,?5% 2#4:,j, d4#:97 9 ?.o9::,j, ,c>!#:97@ «.**?,249? 9f 
5,64,c:##@ 

¿ 7 4.*5,d:.$.:97 0?,l9h (Facial Expression Recognition, FER) !.*2, 9*5, %d> 2*7 *$#42,!:'# :#h4,::'# 
*#29 (Convolutional Neural Networks, CNN). s29 ?,6# 9 4.c,2. 2 5, 549:l95> 9d$ #!#:97 54,*24.:*2$#::'f 549- 
d:.1,$ 9d 9d,c4.;#:9h 9l.< 5,* #6,$.2# %:, ,c4.c.2'$.7 9f !#4#d :#*1, %1, * ,#$ *$#42,1@ ¶,6# 9 ?,j>2 c'2% 
,c>!#:' :. *5#l9. 9d94,$.::'f 6.2.*#2.f< 2.19f 1.1 FER-2013 [1], 9 9 9*5, %d,$.2% 54#6,c>!#::'# .4f92#12>4' 
$4,6# VGG-Face [2] * 5,* #6> 89? 6,,c>!#:9#? 5,6 1,:14#2:'# d.6.!9@ ²,j91. 4.c,2' d.1  !.#2*7 $ 2,?< !2, CNN 
*5,*,c:. $'7$92% f.4.12#4:'# 5.22#4:' 6 7 4.d:'f c.d,$'f 0?,l9h §4.6,*2%< j4>*2%< >69$ #:9# 9 2@6@¨ !#4#d .$2,?.- 
29!#*1,# ,c>!#:9# :. c, %o,? 1, 9!#*2$# .::,294,$.::'f 9d,c4.;#:9h@ 

¿ 7 ,54#6# #:97 :.54.$ #:97 $dj 76. 549?#:7 2*7 . j,492?' gaze estimation, :.549?#4< 2.19# 1.1 Deep 
Gaze II  [3] 9 9 MPIIGaze [4]. zf ,j91. ,*:,$.:. :. 9*5, %d,$.:99 9:k,4?.l99 , 5, ,;#:99 j .d 9 j, ,$' ,2:,*9- 
2# %:, 1.?#4' 6 7 $'!9* #:97 >j . $dj 76.@ s29 ?,6# 9 ,c'!:, $1  !. 2 02.5 54#6$.492# %:,h 6#2#1l99 1  !#- 
$'f 2,!#1 j .d 9 j, ,$'< 5,* # !#j, 54,9d$,692*7 4#j4#**9,::'h .:. 9d 6 7 5, >!#:97 1,,469:.2 2,!19 k91*.l99 
$dj 76. :. 014.:# 9 9 $ 54,*24.:*2$#@ 

}4,l#** .:. 9d. !.*2, :.!9:.#2*7 * 6#2#1l99 9l. 9 #j, 1  !#$'f 2,!#1 (facial landmark detection). ¿ 7 02,h 
l# 9 549?#:7 2*7 9:*24>?#:2' $4,6# Dlib [5], 9*5, %d> 89# ?#2,6 .6.529$:,j, j4.69#:2:,j, c>*29:j. 6 7 ,c:.- 
4>;#:97 68 2,!#1 :. 9l#< 9 9 MediaPipe Face Mesh [6], *,d6. 89h 6#2. %:>  *#21> 9d c, ## !#? 400 2,!#1@ ²,j91. 
4.c,2' 029f . j,492?,$ ,*:,$.:. :. 5,*24,#:99 *24>12>494,$.::,j, 54#6*2.$ #:97 9l. !#4#d 5,* #6,$.2# %:,# 
,54#6# #:9# 1  !#$'f .:.2,?9!#*19f ?.41#4,$@ 

¥, ## j >c,1,# 5,:9?.:9# 0?,l9,:. %:'f *,*2,7:9h 6,*29j.#2*7 !#4#d .:. 9d ?9?919 9 ?914,6$9;#:9h 
* 9*5, %d,$.:9#? 1,:l#5l99 Action Units (AU) 5, }, > s1?.:>@ z:*24>?#:2 OpenFace [7], :.549?#4< .$2,?.29!#*19 
$'7$ 7#2 .129$.l9  4.d 9!:'f AU !#4#d 1,?c9:.l9  6#2#1l99 1  !#$'f 2,!#1 9 .:. 9d. 9f 6$9;#:97 $, $4#?#:9@ 
Äj, ,j91. d.1  !.#2*7 $ ,2* #;9$.:99 9d?#:#:9h $ ?9?9!#*19f ?'ol.f 9l. 9 *$7d'$.:99 029f 9d?#:#:9h * 1,:- 
14#2:'?9 0?,l9,:. %:'?9 4#.1l97?9@ 

¿ 7 >!#2. $4#?#::,h 69:.?919 5,$#6#:97 549?#:7 2*7 4#1>44#:2:'# :#h4,::'# *#29 (RNN) 9 9 LSTM, *5,- 
*,c:'# .:. 9d94,$.2% 5,* #6,$.2# %:,*29 1.64,$ $96#,@ ́ 4f92#12>4' 295. LRCN (Long-term Recurrent Convolutional 
Networks) [8] *,!#2. 2 *$#4219 6 7 54,*24.:*2$#::,j, .:. 9d. * 4#1>44#:2:'?9 * ,7?9 6 7 ,c4.c,219 $4#?#::'f 
d.$9*9?,*2#h@ zf ,j91. ,*:,$.:. :. 5.4.# %:,? 9d$ #!#:99 54,*24.:*2$#::'f 549d:.1,$ 1.;6,j, 1.64. 9 5,* #- 
6> 8#? .:. 9d# 9f 5,* #6,$.2# %:,*29 $, $4#?#:9 6 7 $'7$ #:97 24#:6,$ $ 5,$#6#:99@ 

i>8#*2$> 2 2.1;# 5,6f,6'< 9:2#j494> 89# c9,?#249!#*19h .:. 9d (physiological signal analysis), f,27 ,:9 24#- 
c> 2 6,5, :92# %:'f 6.2!91,$@ q.549?#4< *9*2#?'< *,!#2. 89# 6.::'# * $96#,d.59*9 9l. 9 5,1.d.2# #h *#46#!:,- 
j, 492?.< ?,j>2 9*5, %d,$.2% . j,492?' 1 .**9k91.l99 6 7 ,54#6# #:97 >4,$:7 *24#**. 9 9 $,$ #!#::,*29 [9]. 

q#*?,247 :. >*5#f9 $ 4.d4.c,21# 029f ?#2,6,$< 549?#:#:9# 9f $ 4#. %:'f >* ,$97f *,547;#:, * 476,? $'- 
d,$,$@ > %2>4:'# 4.d 9!97 $ 54,7$ #:99 0?,l9h< 1.!#*2$, ,*$#8#:97< ,*,c#::,*29 $:#o:,*29 9 64>j9# k.12,4' 
?,j>2 d:.!92# %:, $ 972% :. 2,!:,*2% .:. 9d.@ 4,?# 2,j,< $,54,*' 02919 ?,:92,49:j. 5,$#6#:97 *2>6#:2,$ 24#- 
c> 2 28.2# %:,j, 4.**?,24#:97 9 *,d6.:97 *,,2$#2*2$> 89f 54.$9 9*5, %d,$.:97 2#f:, ,j9h@ r.19? ,c4.d,?< 
>*5#o:,# 549?#:#:9# 6.::'f ?#2,6,$ d.$9*92 ,2 .6.52.l99 1 *5#l9k91# >* ,$9h 9 ,*2,4,;:,j, 9:2#454#294,$.:97 
5, >!.#?'f 4#d>%2.2,$@ 

¿ 7 .:. 9d. 0kk#129$:,*29 ?.2#49. . 54#65, .j.#2*7 9*5, %d,$.2% * #6> 8>  ?#2,6, ,j9 / 
1. 5^Sd TZ[[aQ~ ±*2.:,$1. 1.?#4 $ .>692,499 6 7 d.59*9 d.:729h@ ¿.::'# c>6>2 ,c4.c.2'$.2%*7 * 9*5, %- 
d,$.:9#? . j,492?,$ CV. 

2. 9^dZ^Si2Z TZ[[aQ : }49?#:#:9# ?,6# #h ?.o9::,j, ,c>!#:97 6 7 .:. 9d. $96#,k.h ,$@ ´ j,492?' 
*?,j>2 $'6# 92% 1  !#$'# ?,?#:2'< 1,j6. $:9?.:9# *2>6#:2,$ *:9;. ,*% 9 9 $,d4.*2. ,@ 

3. ¾SdfUdS.Z[U- d-2Sf-[TZÂU] : q. ,*:,$# 5, >!#::'f 6.::'f ?,;:, c>6#2 *6# .2% .a.STa , 2,?< 
1.19# !.*29 ?.2#49. . $'d'$. 2 :.9c, %o9h 9:2#4#* 9 9 d.24>6:#:97@ 
}49?#4 9*5, %d,$.:97 2#f:, ,j99/ }4#65, ,;9?< !2, $, $4#?7 54,*?,24. * .h6,$,h 54#d#:2.l99 *9*2#?. 

CV ,c:.4>;9 .< !2, c, %o9:*2$, *2>6#:2,$ ,2$ #1 9*% 5,* # 15 ?9:>2 54,*?,24.@ s2, ?,;#2 *$96#2# %*2$,$.2% 
, :#,cf,69?,*29 $1  !#:97 9:2#4.129$:'f 0 #?#:2,$< 2.19f 1.1 $,54,*' 9 9 54.129!#*19# d.6.:97< !2,c' 5,66#4- 
;9$.2% $'*,19h >4,$#:% $,$ #!#::,*29@ 

C 5,?,8%  . j,492?,$ CV c>6>2 ,2* #;9$.2%*7 * #6> 89# ?#24919/ 
 

 

 

CZWbd-T-X-[U- .[UfZ[Ug : zd?#4#:9# $4#?#:9 k,1>*94,$19 :. 1,:14#2:'f 0 #?#:2.f 014.:. 9 9 
54#d#:2.l99@ 
?fSÂUS[ZX_[a] U[T-2W : ´:. 9d $'4.;#:9h 9l. 6 7 ,54#6# #:97 >4,$:7 d.9:2#4#*,$.::,*29 9 9 
:.547;#:97@ 
FS.-T-[/-W2U- fZd2-da : q.c  6#:9# d. ;#*2.?9 9 5,d.?9< 1,2,4'# ?,j>2 *9j:. 9d94,$.2% , * ,;:,- 
*27f $ 5,:9?.:99 ?.2#49. .@ 
¿ 7 9** #6,$.:97 54,l#**. >*$,#:97 ?#2,69!#*1,j, *,6#4;.:97 $.;:, *,*4#6,2,!92%*7 :. 1,:14#2:'f 54,- 

7$ #:97f 1,j:929$:,h 6#72# %:,*29 ,c>!.#?'f< 1,2,4'# ?,j>2 c'2% :.c  6.#?' 9 9d?#4#:'@ }4#6 .j.#?'h 5,6f,6 
,*:,$'$.#2*7 :. .:. 9d# 24#f ,*:,$:'f j4>55 5,$#6#:!#*19f f.4.12#49*291@ 

b9d>. %:,# $d.9?,6#h*2$9# * >!#c:'? ?.2#49. ,? 54,7$ 7#2*7 !#4#d 5.22#4:' k91*.l99 $dj 76. 9 5,* #- 
6,$.2# %:,*29 5#4#?#8#:9h j .d@ n*,c,# $:9?.:9# >6# 7#2*7 6 92# %:,*29 k,1>*94,$19 :. 1  !#$'f 0 #?#:2.f 
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54#d#:2.l99< !.*2,2# $,d$4.2:'f 6$9;#:9h 9 j >c9:# 54,*?,24. ?.2#49. .@ ©:.!9?,*2% 029f 5.4.?#24,$ ,54#6# 7- 
#2*7 9f *$7d%  * 54,l#**.?9 *?'* ,$,j, $,*5497297 9 d.5,?9:.:97 9:k,4?.l99@ z:2#4#* 54#6*2.$ 7#2 2.1;# 4.*- 
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 !#$'# * ,$./ 2491,2.;< 2#f:, ,j9!#*19# 5.4.?#24' 2491,2.;.< 5#4#:,* 5#2# %< 5 ,*1,$7d. %:,# ,c,4>- 
6,$.:9#< 4.*o94#:9# .**,429?#:2. $#4f:9f 2491,2.;:'f 9d6# 9h 

V.A. Martynova, S.V. Makarenko,  Y.I.  Dmitrieva  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
DEVELOPMENT  OF A TECHNOLOGY  FOR GROUP TRANSFER OF LOOPS FOR DECORATIVE  

DESIGN OF KNITWEAR  
The article considers the current technology for decorative design of knitwear with inclined lines of loop columns. The principle of formation 

of inclined decorative lines in the structure of knitwear by group transfer of loops is given. The technology of closing of openwork openings, formed as 
a result of transfer of loops, is described. Creations and sketches of application of this technology are presented 

Keywords:  knitwear, knitwear technological parameters, transfer of loops, Ò-D knitting equipment, expansion of the 
range of knitted outerwear 
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5, ,2:. [1]. i24>12>4. 2491,2.;. 9 j4.k9!#*1.7 d.59*%< 5,7*:7 8.7 54,l#** j4>55,$,j, 5#4#:,*. 5#2# %< 5,1.d.:' 
:. 49*>:1# 2. 

C*/vGv K;6MD;M6& * 76&o*')/D&= #&A*/8 A)6)$"/& 76MAA3 A);)-8 < A"-";$) 

n2$#4*297< 5, >!#::'# $ 4#d> %2.2# 5#4#:,*. 5#2# %< ,c4.d> 2 ?#4#;1> 9 ?,j>2 9*5, %d,$.2%*7 $ 1.!#*2$# 
6,5, :92# %:,j, f>6,;#*2$#::,j, ,k,4? #:97 $ 69d.h:# 9d6# 97@ ¿ 7 2#f * >!.#$< 1,j6. ?#4#;1. $ 9d6# 99 :#;#- 
.2# %:.< c'. 4.d4.c,2.:. 2#f:, ,j97 d.14'297 ,2$#4*29h@ b 1.!#*2$# ,c,4>6,$.:97 6 7 $7d.:97 ,c4.dl,$ c' . 

$'c4.:. 5 ,*1,$7d. %:.7 ?.o9:. k94?' ÓAD+PPÔ CMS 502 Ki  12 1 .**.@ «.d4.c,21. :,$'f ?,6> #h 6 7 $7d.:97 54,- 
$,69 .*% $ *9*2#?# 54,#1294,$.:97 ¶T¦@ r491,2.; c' 5, >!#: :. ,*:,$# j .$:,j, 1> 94:,j, 5#4#5 #2#:97 y 1>- 
94:.7 j .6%< $ 1.!#*2$# *'4%7 c' . $'c4.:. }´q 547;. 9:#h:,h 5 ,2:,*2%  31 f 2 2#1*@ u4.j?#:2 54,j4.??' 

9 j4.k9!#*1.7 d.59*% 54,l#**. d.14'297 ,2$#4*29h 5,* # 5#4#:,*. 5#2# % 5,1.d.:' :. 49*>:1# 3. 

C*/vdv `6&71)$; A6"76&113 * 76&o*')/D&= #&A*/8 A6"9)//& #&D63;*= ";<)6/;*N A"/-) A)6)$"/& 
A);)-8 

}4,l#** *,d6.:97 :.1 ,::'f 5#2# %:'f *2, c91,$ * d.14'2'?9 .;>4:'?9 ,2$#4*297?9 * #6> 89h/ 
-  

-  

-  

-  

5#4#:,* j4>55' 5#2# %< k,4?94> 89f :.1 ,::'# *2, c919< :. d.6:   9j, %:9l>¬ 
*6$9j d.6:#h 9j, %:9l' $ *2,4,:> :.1 ,:. *2, c91,$¬ 
$,d$4.8#:9# 5#2# % :. 5#4#6:   9j, %:9l>¬ 
54,$7d'$.:9# ,6:,j, 476. $ 4#d> %2.2# !#j, :. 9j # 5#4#6:#h 9j, %:9l'< ,*2.$- 

o#h*7 5,* # 5#4#:,*. c#d 5#2 9< ,c4.d>#2*7 :.c4,*,1¬ 
-  :. d.6:   9j, %:9l> 5#4#:,*92*7 :.c4,*,1 9 *,*#6:77 * :9? 5#2 7 9d 5#4#:,*9?,h 

j4>55'¬ 
-  5,* # *6$9j. d.6:#h 9j, %:9l' :.c4,*,1 $,d$4.8.#2*7 :. 2> 9j >< j6# 6, 5#4#:,*. 

c' . 5#2 7< . 5#2 7 :. 2> 9j >< j6# c' :.c4,*,1< $ 4#d> %2.2# !#j, 5#2 7 * :.c4,*1,? ?#:7 2*7 ?#- 
*2.?9 9 *27j9$. 2 ,2$#4*29# $ *24>12>4#@ 

},* # 5#4#?#:' 5#2 9 * :.c4,*1,? ?#*2.?9 :#,cf,69?, 54,$7d.2% #8# ,69: 476 6 7 6. %:#ho#j, 5#4#:,*. 
j4>55' 5#2# %@ }49 9*5, %d,$.:99 02,j, *5,*,c. 5#4#:,* $,d?,;#: :# !.8# !#? !#4#d 476@ 

r491,2.;< 5, >!#::'h 5, 549$#6#::,h 2#f:, ,j99< 54#6*2.$ #: :. 49*>:1# 4. 
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C*/v[v i6MAA"<"N A)6)$"/ / #&D63;31* ";<)6/;*=1* 

b.49.:2,? 549?#:#:97 :.1 ,::'f 6#1,4.29$:'f 9:9h 5#2# %:'f *2, c91,$ ?,;#2 c'2% 9?92.l97 9:99 
6#1, %2# $ 2491,2.;:,? 9d6# 99< :.549?#4< $ 5 .2%#@ ¿ 7 $9d>. %:,j, 54#6*2.$ #:97 96#9 c' *$7d.: ,c4.d#l :. 
c.d# 1> 94:,h j .69 * 6$>?7 $*24#!:'?9 :.1 ,::'?9 9:97?9< 1,2,4'# 5,* # *,#69:#:97 5#4#f,692 $ $#4291. %- 
:>  5, ,*> >d,4. Ó1,*.Ô 5#4#14#*2:,j, 49*>:!.2,j, 5#4#5 #2#:97 §49*>:,1 5). 

«9*@~@ }49?#:#:9# j4>55,$,j, 5#4#:,*. 5#2# % 6 7 ,k,4? #:97 6#1,4.29$:'f 9:9h $ 2491,2.;# 

}49 *,d6.:99 6.::,h *24>12>4' $,d:91 , ,j4.:9!#:9# $ >j # :.1 ,:. 5, ,*'< 2.1 1.1 5#4#:,*92% j4>55> 
5#2# % $,d?,;:, 2, %1, !#4#d 476@ }, ,c4.dl> c' 9d?#4#: >j, :.1 ,:. *2, c91,$< 1,2,4'h *,*2.$9 W Õ@ }49 :.- 
:#*#:99 02,j, >j . :. c.d,$>  1,:*24>1l9  6#2. 9 5#4#6. ;#:*1,j, 5 .2%7 c' , ,54#6# #:,< !2, 5, >!#::'h >j, 
* 9o1,? ,*24'h 9 :#,cf,69?, :.h29 *5,*,c' *,d6.:97 c, ## 5, ,j,j, :.1 ,:. §49*>:,1 6). 

C*/vfv Q*$*= $&D-"$$3? /;"- *D"< $&  &#"<"N D"$/;6MD9** @);&-* A)6)@& 

b.49.:2,? 5, >!#:97 c, ## 5, ,j,j, >j . 549 ,k,4? #:99 $*24#!:'f :.1 ,::'f 5, ,* 7$ 7#2*7 5#4#:,* 
j4>55' 5#2# % :# :. ,6:> 9j >< 1.1 02, 4.**?.249$. ,*% $ 54#6'6>89f ,c4.dl.f< . *4.d> :. 6$# 9j '@ n6:.1,< $ 02,? 
* >!.# d.14'29# .;>4:,j, ,2$#4*297 4.d4.c,2.::'? *5,*,c,? 549?#:92% :# %d7< 2.1 1.1 5,* # j4>55,$,j, 5#2 #5#- 
4#:,*. 6$# 9j ' ,*2.:>2*7 c#d 5#2 9 9 9f ,6:,$4#?#::,# $1  !#:9# 6 7 ,c4.d,$.:97 :.c4,*1,$ :#$,d?,;:,@ ¿ 7 
k,4?94,$.:97 5#2# % :. 6$>f 476,? *2,789f 9j .f *:.!. . :#,cf,69?, $1  !92% $ 4.c,2> 2, %1, ,6:> 9j >< $ 02,? 
476> :. :#h ,c4.d>#2*7 :.c4,*,1< . $ ?#*2# $'1  !#::,h 9j ' 54,27;1.@ b * #6> 8#? 476> $1  !.#2*7 $ 4.c,2> $2,- 
4.7 9j .< :. ?#*2# :.c4,*1. *k,4?94>#2*7 5#2 7< :. ?#*2# 54,27;19 ,c4.d>#2*7 :.c4,*,1@ i5,*,c 5#4#:,*. :. 2 9j ' 
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5,d$, 9 5, >!92% >j, :.1 ,:. ° Õ< !2, $ 1,5 4.d. ?#:%o#< !#? $ 54#6'6>8#? $.49.:2#@ q.1 ,::'# 5#2# %:'# *2,- 
c919 ,c4.? #:' *$#4f> .;>4:'?9 ,2$#4*297?9 §49*>:,1 7). 

C*/vXv b6*D";&V / $&D-"$$31* A);)-8$31* /;"- *D&1*: 
A"-M')$$31* A6* 76MAA"<"1 A)6)$"/) $& 2 *7-3 

¿4>j9? *5,*,c,? 5, >!#:97 ?#:## ,*24,j, >j . 549 ,k,4? #:99 $*24#!:'f :.1 ,::'f 5, ,* 5#2# %:'f 
*2, c91,$ 7$ 7#2*7 9d?#:#:9# *24>12>4' 5#4#5 #2#:97< 1,?c9:.l97 * 1,2,4'? 5,d$, 92 9d?#:92% >j, :.1 ,:. 
*2, c91,$@ }#4#5 #2#:9#< 5, 1,2,4,?> 54,f,672 :.1 ,::'# 5#2# %:'# *2, c919 6, ;:, 9?#2% c, %o9h 5#2# %:'h 
o.j< .< * #6,$.2# %:,< ,c#*5#!9$.2% c, %o>  o949:> 2491,2.;.@ z*f,67 9d 029f *,,c4.;#:9h c' , 4#o#:, $?#*2, 
1> 94:,h j .69 :. ,*:,$:'f >!.*21.f 6#2. 9 9d6# 97 9*5, %d,$.2% .;>4:,# 5#4#5 #2#:9#@ ´;>4:'? :.d'$. 2 1>- 
94:'h 49*>:!.2'h 2491,2.;< $ 1,2,4,? ,c4.d,$.:' ,2$#4*297 d. *!#2 5#4#:,*. 5#2# % $ 476,? *2,789# 5#2# %:'# 

*2, c919 [2]. b 54#6 ,;#::,? .;>4:,? 5#4#5 #2#:99 5#4#:,* 5#2# % 54,9*f,69 !#4#d 3 9j '< .;>4:'# ,2$#4*297 
$ 2491,2.;# 4.*5, ,;#:' $ o.f?.2:,? 5,4761# §49*>:,1 8, .¨@ È4>55,$,h 5#4#:,* 5#2# % 6 7 *,d6.:97 6#1,4.29$:'f 
:.1 ,::'f 9:9h *,,2$#2*2$,$. *5,*,c>< 54#6*2.$ #::,?> 4.:## :. 49*>:1# 3. z*5, %d>7 6.::>  2#f:, ,j9  >6.- 
,*% *:9d92% >j, :.1 ,:. 6, °~Õ §49*>:,1 8, c¨@ 

. c 

«9*@V@ ,?c9:.l97 :.1 ,::'f *2, c91,$ 1> 94:,h j .69 * .;>4:'? 5#4#5 #2#:9#?/ 

. y j4.k9!#*1.7 d.59*% .;>4:,j, 5#4#5 #2#:97¬ c y ,c4.d#l 2491,2.;. 

},* #6:9h $.49.:2 1,?c9:.l99 .;>4:,j, 5#4#5 #2#:97 * :.1 ,::'?9 *2,c91.?9 1> 94:,h j .69 ?,;#2 
c'2% 9*5, %d,$.: 6 7 $7d.:97 2491,2.;:,j, 5 .2%7 * 6#1,4.29$:'? ,k,4? #:9#? 5, 9:99 6#1, %2#@ s*19d 549?#- 
:#:97 549$#6#: :. 49*>:1# 9. 
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«9*@U@ s*19d 549?#:#:97 j4>55,$,j, 5#4#:,*. 5#2# % 6 7 6#1,4.29$:,j, ,k,4? #:97 9d6# 97 
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  Í 677.075 

*dUkSd_-.Z 7$*$N ;U[S21dS.Z $9$ 

(=(+3¼ AC3 9A(G=JL ( 5755 (C9; 

M *dUkSd_-.Z 7$*$N ;U[S21dS.Z $9$ 

!"$&-)+&+-.0-13$57 1:30;!-3&<+""?7 0"5<+-35&+& A-:B?CD+""?F &+F":D:157 5 ;5G!7"! 
191186, !"$&-)+&+-.0-1L M:D=C!N P:-3$!N 0D5g!L 18 

b 4.c,2# 54,$#6#:, 9** #6,$.:9# .1*#**>.4,$ 9d 2491,2.;:'f 5, ,2#:. ¿ 7 .:. 9d. 9*5, %d,$. *7 9  - 
*24.29$:'h ?.2#49. 0 #124,::'f 4#*>4*,$. ¿.:. f.4.12#49*291. *'4%7< $96,$ 2491,2.;:'f 5#4#5 #2#:9h< 9*5, %- 
d>#?'f 549 9dj,2,$ #:99 .1*#**>.4,$. «.d4.c,2.:. 1,:*24>1l97 *>?19 9d 2491,2.;:,j, 5, ,2:.@ 

 !#$'# * ,$. Ö 2491,2.;< .1*#**>.4'< *>?19< 2491,2.;:,# 5#4#5 #2#:9#< k,4?,>*2,h!9$,*2% 
E.G.Grigoreva,  D.O.  Vinokurova  

St. Petersburg State University of Industrial Technologies and Design 
191186, Saint-Petersburg, Bolshaya Morskaya street, 18 
ANALYSIS OF KNITTED ACCESSORIES  
The study of accessories made of knitted fabrics is carried out. The illustrative material of electronic resources was used for the analysis. The 

characteristics of raw materials, types of knitted weaves used in the manufacture of accessories are given. The design of the knitted fabric bag has been 
developed. 

Keywords  Ö knitwear, accessories, bags, knitted fabric, form stability 
b 5,* #6:## $4#?7 2491,2.; d.:9?.#2 c, %o,# ?#*2, $ 9dj,2,$ #:99 9d6# 9h@ n6#;6. 9d 2491,2.;. ,!#:% 

5,5> 74:. c .j,6.47 1,?k,42> 9 >6,c*2$>@ },5> 74:,*2%  *2. 9 5, %d,$.2%*7 .1*#**>.4' 9d 2491,2.;.@ s2, 9 *>?- 
19< 9 5,7*.< 9 >14.o#:97@ 

´1*#**>.4' y 54#6?#2'< 6,5, :7 89# $:#o:9h $96 9 9 *29 %@ q.9c, ## 4.*54,*24.:¼::'h .249c>2 j.4- 
6#4,c. y *>?1.< 1,2,4>  ;#:89:' 9*5, %d> 2 6 7 4.c,2'< >!#c'< 54,j> ,1 9 ?#4,549729h@ n:. 5,6!¼419$.#2 9:- 
69$96>. %:'h *29 % 9 54,9d$,692*7 ?:,j9?9 ?,6:'?9 6,?.?9@ },* # ?,6:'f 5,1.d,$ *#d,:. $#*:.- #2, 2025 j,6. 
?,;:, $'6# 92% :#*1, %1, j .$:'f 24#:6,$ .1*#**>.4,$@ n*:,$:,h 24#:6 y 02, ,c½#?:'# *>?19@ n:9 5,5> 74:' >;# 
:#*1, %1, *#d,:,$ ,*2.$.7*% >6,c:'? 9 *29 %:'? .1*#**>.4,? :. 1.;6'h 6#:%@ r.19# *>?19 54#6*2.$9 9 ?,6:'# 
6,?. ÓX+DD"J- ¾"C"D-Ô< ÓQR" a+`Ô< ÓEF-O-Ô@vTw q. 49*>:1.f T. 9 Tc 54#6*2.$ #:' 1,;.:.7 *>?1. ,2 4>**1,j, 54,9d$,- 

692# 7 Misa 9 *>?1. 9d ?#2. 9!#*19f c>*9: ,2 Bottega Veneta. q. 49*>:1# T$ y 5 7;:.7 *>?1. 9d 4.k99 ,2 Emporio 
Armani. 

C*/. 1 &S ,"V&$&= /M1D& Misa,  S KM1D& /  M/*$&1* <) KM1D& *# 
Bottega Veneta S_S 25 

6&o**Emporio Armani S_S 

25 

} 7;:'# *>?19 9d *, ,?' 9 %:. ,*2. 2*7 $,*24#c,$.::'?9 #2:9?9 .1*#**>.4.?9@ n:9 9dj,2.$ 9$. 2- 
*7 9d *9:2#29!#*19f ?.2#49. ,$ 9 9 :.2>4. %:,h *, ,?'< 4>!19 ,c'!:, 9d 1,;9@ ¥4#:6' Manebi, Ralph Lauren, 
Lemaire, Anna Sui, Jacquemus 9 64>j9# 54#6 .j. 2 ?,6# 9 14>j ,h k,4?'@ 

n!#:% ?:,j, :. 5,69>?.f 2491,2.;:'f *>?,1@ r491,2.;:'# *>?19 ?,j>2 c'2% c, %o9?9< *4#6:9?9 9 9 
?9:9.2 4:'?9< $ :.2>4. %:'f 9 9 7419f ,22#:1.f@ },5> 74:' $7d.::'# 5 7;:'# *>?19 !#4#d 5 #!, ,2 Emporio 
Armani, Elie Saab, Bottega Veneta 9 Bianca Saunders. n:9 54#6*2.$ #:' :. 49*>:1# 2. },7$9 9*% :#,c'!:'# ?,6# 9 
$7d.::'f *>?,1@ },7*:'# *>?19 y >6,c:'h 9 ?9:9?. 9*29!:'h .1*#**>.4 :. #2,@ b7d.:.7 *>?1. Ö 02, 54#14.*:.7 
,*:,$. 6 7 2$,4!#*19f 01*5#49?#:2,$@ q. 2491,2.;:,? 5, ,2:# ?,;:, *,d6.$.2% 4.d 9!:'# >d,4'< :.549?#4< $'- 
o9$1> :927?9< 1,2,4.7 5496.¼2 ,c½¼? 9 *,d6.¼2 0kk#12:'h ,4:.?#:2@ [2] n4:.?#:2 ?,;#2 c'2% 02:9!#*19?< j#,?#- 
249!#*19?< l$#2,!:'? 9 9 64>j9?@ 
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C*/v 2. &S Bottega Veneta S_S 25,  S Elie Saab S_S 25, <S PH5 S_S 25 

¶,6:'h 6,? ¶9**,:9 9d z2. 99 d:.?#:92 *$,9? d9jd.j,,c4.d:'? >d,4,? 9d 5, ,* 4.d:,j, l$#2. :. 249- 
1,2.;:'f 5, ,2:.f@ ¶9**,:9 #j1, ,54#6# 92% 5, 7419? j#,?#249!#*19? >d,4.?< $'5, :#::'? 9d 547;9 4.d:,j, 
l$#2. 9 $, ,1:9*2,j, *,*2.$.@ b7d.::'# *>?19 9 64>j9# .1*#**>.4' 5,7$9 9*% $ .**,429?#:2# 1,?5.:99 ,!#:% 6.$- 
:,@ q#1,2,4'# ?,6# 9 *>?,1 $'5, :#:' * 549?#:#:9#? 1,?c9:94,$.::'f 5#4#5 #2#:9h< * 5#4#:,*,? 5#2#%< !.*2, 
02, 9?92.l97 4>!:,j, $7d.:97@ }49 9dj,2,$ #:99 2491,2.;:'f *>?,1 9*5, %d> 2 $9*1,d:'# :929 * 6,c.$ #:9#? 
o¼ 1. 9 9  4#1*. 6 7 5496.:97 c #*1.@ b #2:#h 1, #1l99 ?,6:,j, 6,?. 54#6*2.$ #:. *$7d.::.7 14 !1,? *>?1. 
9d 4.k99< $ :.2>4. %:,? *$#2 ,? l$#2#@ «.k97 y 02, 547;.< 9dj,2,$ #::.7 9d 5. %?,$,h 9 9 c.?c>1,$,h 64#$#*9:' 
9 54,o#6o.7 *5#l9. %:>  ,c4.c,21> 6 7 5496.:97 54,!:,*29@ zd 2.1,h 547;9 ?,;:, 9dj,2.$ 9$.2% 5.:.?'< ,c>$%< 
5,7*. 9 *>?19@ i>?1. 9d 4.k99 ,!#:% ¼j1.7< :, 6#4;92 k,4?> y 96#. %:. 6 7 5,f,6. :. 5 7; 9 9 5,$*#6:#$:,j, 
#2:#j, ,c4.d.@ n:. 6,5, :#:. 1,:24.*2:'?9 4.d:,l$#2:'?9 :927?9< $5 #2#::'?9 $ 4>!1> 9 c>1$>< 9?9294> 8>  

f.4.12#4:'h ,4:.?#:2 ?,6:,j, 6,?.@ i>?1. ,2 ¶9**,:9 54#6*2.$ #:. :. 49*>:1# 3 .@ q. 5,69>?.f 5,7$9 ,*% ?:,j, 
*>?,1< $'5, :#::'f ;.11.46,$'? 5#4#5 #2#:9#?@ Ø.11.46 5, >!. 2 9d 547;9 4.d:,j, l$#2.< 1,2,4.7 ,c4.d>#2 
:. 2491,2.;:,? 5, ,2:# ,4:.?#:2@ q.549?#4< ?,6:'h 6,? ¶.4:9 $'5>*1.#2 ?:,;#*2$, 2491,2.;:'f *>?,1< *4#69 
:9f $*24#!. 2*7 9 *>?19 * ;.11.46,$'? ,4:.?#:2,?@ q. 49*>:1# ªc 54#6*2.$ #:. ;.11.46,$.7 *>?1. ,2 02,j, ?,6- 
:,j, 6,?.@ ¶.4:9 $'5>*29 6.::>  ?,6# % $, ?:,;#*2$# ,22#:1,$ ,2 :#;:'f 5.*2# %:'f ,22#:1,$ 6, 1,:24.*2:'f 
:.*'8#::'f l$#2,$< . ;.11.46,$'h ,4:.?#:2 $ $96# .c*24.12:'f d9jd.j,,c4.d:'f 5, ,* 6# .#2 *>?1> :#,c'!:'? 
6,5, :#:9#? 1 ,c4.d>@ i>?1. $'5, :7#2*7 9d f ,51,$,h 9 9 o#4*27:,h 547;9< 9:,j6. * 6,c.$ #:9#? *9:2#29!#*1,h 
547;9 6 7 54,!:,*29 9 9d:,*,*2,h1,*29@ [3] 

C*/vdv & KM1D& k*//"$* *# 6&o**   KM1D& k&6$* 

¿ 7 54,9d$,6*2$. 2491,2.;:'f *>?,1 9*5, %d> 2 1.1 :.2>4. %:'#< 2.1 9 f9?9!#*19# ?.2#49. '@ Ù.8# $*#j, 
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OBTAINING  THE SHAPE OF THE PRODUCT  DUE TO THE PROPERTIES  OF KNITWEAR  
This article is devoted to the development of a a9%*@§T knitted dress with a lWWS@b silhouette and a regular production method. From 

a rectangular part, you can get a given shape and silhouette in the knitting process by alternating VSX*U*@W types of weaves in sections. The adjacent 
silhouette of the product is achieved by applying VSX*U*@W weaves in sections. With the help of computer-aided design system Stoll ¶1 Plus a program 
for knitting dress details was developed. 

Keywords:  design, knitwear, regular production method, weaves, knitwear structure, computer-aided design, dress. 
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E.G. Grigoreva,  A.S. Sklyarova  

St. Petersburg State University of Industrial Technologies and Design 
191186, Saint-Petersburg, Bolshaya Morskaya street, 18 
ANALYSIS OF THE  MANUF ACTURE  OF SPECIAL PURPOSE KNITWEAR  FROM  CHEMICAL  YARNS 
The paper describes the characteristics of chemical l`*UT] The properties of ultrahigh molecular weight polyethylene l`*U UHMWPE are 

presented. Methods of obtaining ,9[/9[*l@ l`*UT are considered. Stretching diagrams of the UHMWPE l[ %*@W on the INSTRON 1122 universal 
bursting machine are constructed. The mechanical properties of complex UHMWPE l[ %*@WT have been determined. The knitting ability of these 
threads has been predicted. Knitted fabrics of various weaves were obtained. 

Keywords:  chemical ßP-^"CDG< polyethylene, tension diagram, breaking load 
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N.S. Maksyuta  

Saint Petersburg State University of Industrial Technologies and Design 
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Bluetooth BLE-BASED INDOOR LOCAL POSITIONING SYSTEM 

M D.A.  Vasi lyev,  N.A.  Kienko,  N.A.  Chizhevsky,  M.A. Evdakov,  A.A. Galukha, A.V. Bogdanov,  N.V.  Prokhorov,  
N.S. Maksyuta 2025  

This paper discusses the technology of local user positioning in public spaces (shopping malls, parks, and other areas with accessible 
Bluetooth) based on Bluetooth Low Energy signal {l@b*U,US@WT~ (BLE l@b*U,US@WS@bÃ] During system operation, the BLE infrastructure collects 
signal levels (RSSI) from connected devices and compares them with pre-calibrated values for each zone. The use of l[W*US@b and statistical processing 
algorithms allows to increase the accuracy of location determination and reduce the impact of noise. 

A database is used to store the history of movements, and the location visualization is implemented in the HTML page format without the 
use of third-party frameworks. Special attention is paid to the regulatory aspects of personal data protection in the context of local positioning related 
to the ability to track the 4T*U§T location based on the signals of his device. The paper provides links to the relevant legislative framework and practical 
recommendations for ensuring security. 

Keywords:  BLE ßCJ"F·FBCDBCJ< RSSI, local positioning, privacy, calibration, security. 
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*UWi-d-eUW[Zg XSkU2Z Ö ?#2,6 54#6,2$4.8#:97 !.*2'f 5#4#1  !#:9h ?#;6> d,:.?9 d. *!#2 d.6#4;19 

$ 549:7299 4#o#:9h@ 
}49?#4/ È9*2#4#d9*:.7 ,j91. 9*1  !.#2 ?j:,$#::'# 9d?#:#:97 ?#*2,5, ,;#:97 549 14.21,$4#?#::'f 1,- 

#c.:97f RSSI. 
Privacy  by Design  Ö 549:l95 d.892' 6.::'f< 54#65, .j. 89h $*24,#::'# ?#4' 1,:k96#:l9. %:,*29 :. 

02.5# 54,#1294,$.:97 *9*2#?'@ 
}49?#4/ i9*2#?. ?9:9?9d94>#2 *c,4 6.::'f 9 ,c#*5#!9$.#2 6,*2>5 2, %1, 1 ,c#d 9!#::,h 9:k,4?.l99@ 
C-XgÂUS[[Zg ^ZeZ TZ[[aQ Ö *24>12>4. 6 7 f4.:#:97 6.::'f $ $96# 2.c 9l * $d.9?,*$7d7?9@ z*5, %d>- 

#2*7 6 7 d.59*9 02. ,::'f d:.!#:9h 9 9*2,499 5#4#?#8#:9h@ 

}49?#4/ r.c 9l. location_history *,6#4;92 $4#?#::'# ?#219 9 1,,469:.2' 5#4#?#8#:9h@ 

WebSocket Ö 2#f:, ,j97 6 7 6$>*2,4,::#h *$7d9 ?#;6> 1 9#:2,? 9 *#4$#4,? $ 4#. %:,? $4#?#:9@ 
}49?#4/ WebSocket ,c#*5#!9$.#2 ?j:,$#::,# ,c:,$ #:9# 5,d9l99 ?.41#4. :. 1.42#@ 
 S[ÉUT-[ÂUZX_[SWi_ Ö 54.$, 5, %d,$.2# 7 :. d.892> 5#4*,:. %:'f 6.::'f< $1  !.7 9*2,49  

5#4#?#8#:9h@ 
}49?#4/ i9*2#?. d.54.o9$.#2 7$:,# *,j .*9# 5, %d,$.2#7 :. *c,4 6.::'f , ?#*2,5, ,;#:99@ 
3[i-dbSXgÂUg Ö ?#2,6 $'!9* #:97 54,?#;>2,!:'f d:.!#:9h 6 7 *j .;9$.:97 $9d>. 9d.l99 6.::'f@ 
}49?#4/ z:2#45, 7l97 9*5, %d>#2*7 6 7 ,249*,$19 5 .$:,h 24.#12,499 5#4#?#8#:97 ?#;6> 2,!1.?9@ 
?iZXS[[a- e[Z/-[Ug Ö d.4.:## *,c4.::'# 9 >*4#6:#::'# 6.::'# RSSI 6 7 1.;6,h d,:' 5,?#8#:97@ 
}49?#4/ s2. ,::'# d:.!#:97 f4.:72*7 $ 2.c 9l# zones 9 9*5, %d> 2*7 6 7 *4.$:#:97 * 2#1>89?9 

9d?#4#:97?9@ 
f[S- bdSWidZ[Wi.S Ö *4#6.< ,*:.8#::.7 2#f:, ,j97?9 6 7 .$2,?.29d.l99 9 .:. 9d. 6.::'f< :.549- 

?#4< BLE-5,d9l9,:94,$.:9#?@ 
}49?#4/ ±?:'# 6,?. 9 ,c8#*2$#::'# d6.:97 9*5, %d> 2 BLE 6 7 :.$9j.l99 9 ?,:92,49:j.@ 

1. ;.-T-[U- 
i,$4#?#::'# 2#f:, ,j99 Ó>?:,j,Ô 54,*24.:*2$. .129$:, 4.d$9$. 2 ?#2,6' 5,d9l9,:94,$.:97 $:>249 5,- 

?#8#:9h< *4#69 1,2,4'f ,*,c,# ?#*2, d.:9?.#2 2#f:, ,j97 Bluetooth Low Energy (BLE). n6:9? 9d :.9c, ## 5#4*5#1- 
29$:'f 4#o#:9h 7$ 7#2*7 ?#2,6 BLE ßCJ"F·FBCDBCJ< j6# 1.;6.7 d,:. 5,?#8#:97 96#:29k9l94>#2*7 5, >:91. %:,?> 
Ó,25#!.21>Ô Ö :.c,4> >4,$:#h *9j:. ,$ ,2 BLE-?.71,$@ ¿ 7 ,54#6# #:97 ?#*2,5, ,;#:97 6,*2.2,!:, .:. 9d94,$.2% 
?,8:,*2% 549:9?.#?,j, *9j:. . (RSSI) * ?,c9 %:,j, >*24,h*2$.< 5,* # !#j, . j,492? *,5,*2.$ 7#2 6.::'# * 02. ,:- 
:'?9 d:.!#:97?9 6 7 1,:14#2:,h d,:'@ ¢94,1,# 4.*54,*24.:#:9# BLE->*24,h*2$ $ *?.42k,:.f 9 IoT-,c,4>6,$.:99 
6# .#2 02,2 5,6f,6 ,*,c#::, .12>. %:'?@ n6:.1, 549 #j, 4#. 9d.l99 $,d:91.#2 476 $.;:'f $,54,*,$@ b,-5#4$'f< 
2,!:,*2% 5,d9l9,:94,$.:97 d.$9*92 ,2 1.!#*2$. 5#4$9!:,h 1. 9c4,$19 *9*2#?' 9 . j,492?,$ k9 %24.l99 o>?,$< 
$'d$.::'f ?:,j, >!#$'? 4.*54,*24.:#:9#? *9j:. ,$@ b,-$2,4'f< :#,cf,69?, >!92'$.2% 54.$,$'# .*5#12'< 5,- 
*1, %1> *c,4 6.::'f , 5#4#?#8#:97f d.24.j9$.#2 $,54,*' 1,:k96#:l9. %:,*29@ BLE-?.719 ?,j>2 k91*94,$.2% 549- 
*>2*2$9# >*24,h*2$ $ d,:# 5,14'297< !2, 24#c>#2 28.2# %:,h 54,4.c,219 ?#f.:9d?,$ d.892' 5#4*,:. %:'f 6.::'f@ 
b-24#2%9f< $.;:,h d.6.!#h ,*2.#2*7 ,c#*5#!#:9# c#d,5.*:,*29 5#4#6.!9 9 f4.:#:97 *,c94.#?,h 9:k,4?.l99@ q.*2,- 
78.7 4.c,2. 5,*$78#:. 9** #6,$.:9  ?#2,6. BLE ßCJ"F·FBCDBCJ 9 4.d4.c,21# .4f92#12>4' 54,j4.??:,-.55.4.2:,j, 
1,?5 #1*.< 1,2,4'h 9*5, %d>#2 6 7 $9d>. 9d.l99 6.::'f 69:.?9!#*19 j#:#494>#?'# ,c½#12' :. HTML -*24.:9l#< 
!2, 9*1  !.#2 :#,cf,69?,*2% 549?#:#:97 *2,4,::9f k4#h?$,41,$ 9 >54,8.#2 4.d$#42'$.:9# *9*2#?'@ 

2. 9^¯Zg Wid12i1dZ WUWi-fa 
2.1. FdU[ÂUbUZX_[Zg WQ-fZ 
i9*2#?. ,54#6# #:97 ?#*2,5, ,;#:97 :. ,*:,$# BLE-2#f:, ,j99 54#6*2.$ 7#2 *,c,h 1,?5 #1*:,# 4#o#:9#< 

*,*2,78## 9d :#*1, %19f $d.9?,*$7d.::'f 1,?5,:#:2,$@ n*:,$> *9*2#?' *,*2.$ 7 2 BLE-?.719< 4.$:,?#4:, 4.*- 
54#6# #::'# $ 54,*24.:*2$# 5,?#8#:97 9 :#54#4'$:, 24.:* 94> 89# 96#:29k91.l9,::'# *9j:. ' * >:91. %:'?9 
5.4.?#24.?9@ i#4$#4:,# 549 ,;#:9# :. Python $'5, :7#2 4#j> 74:,# *1.:94,$.:9# 0k94. 6 7 *c,4. 6.::'f , *9 # 
*9j:. ,$ (RSSI) ,2 $*#f 6,*2>5:'f ?.71,$< ,c4.c.2'$.#2 5, >!#::'# d:.!#:97 * 5,?,8%  . j,492?. *,5,*2.$ #:97 
* 02. ,::'?9 Ó,25#!.21.?9Ô d,:< ,54#6# 77 2#1>8## ?#*2,5, ,;#:9# ,c½#12. * >1.d.:9#? 2,!:,*29 ,54#6# #:97@ },- 
>!#::'# 4#d> %2.2' *,f4.:7 2*7 $ 4# 7l9,::,h c.d# 6.::'f< j6# $ 2.c 9l# beacons f4.:72*7 02. ,::'# 5.4.?#24' 

$*#f BLE-?.71,$ §96#:29k91.2,4'< 1,,469:.2'< 1. 9c4,$,!:'# 1,0kk9l9#:2'¨< . $ 2.c 9l# location_history $#6#2*7 
9*2,497 5#4#?#8#:9h * $4#?#::'?9 ?#21.?9@ ¿ 7 $9d>. 9d.l99 6.::'f *9*2#?. j#:#494>#2 .$2,:,?:, ,c:,$ 7#- 
?>  $#c-*24.:9l>< *,6#4;.8>  *f#?.29!:,# 9d,c4.;#:9# 5 .:. 5,?#8#:97 * 9:2#4.129$:'?9 ?.41#4.?9< ,2,c4.- 
;. 89?9 2#1>8## 5, ,;#:9# ,c½#12,$@ }, %d,$.2# %*19h 9:2#4k#h* 4#. 9d,$.: :. !9*2,? JavaScript c#d 9*5, %d,- 
$.:97 *2,4,::9f k4#h?$,41,$< !2, ,c#*5#!9$.#2 54,*2,2> 4.d$#42'$.:97 9 ?9:9?. %:'# 24#c,$.:97 1 1 9#:2*19? 
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>*24,h*2$.?@ r.1.7 .4f92#12>4. 5,d$, 7#2 *,d6.2% .$2,:,?:,# 4#o#:9# 6 7 2,!:,j, 5,d9l9,:94,$.:97< :# 24#c> - 
8## * ,;:,h 9:k4.*24>12>4' 9 9 >*2.:,$19 6,5, :92# %:,j, 54,j4.??:,j, ,c#*5#!#:97@ 

2.2.  ZXU^dS.2Z U W^Sd jiZXS[S. 
¶#2,6 BLE ßCJ"F·FBCDBCJ ,*:,$.: :. 54#6$.492# %:,? *c,4# 02. ,::'f d:.!#:9h ?,8:,*29 *9j:. . (RSSI) ,2 

BLE-?.71,$ 6 7 1.;6,h d,:' 5,?#8#:97/ 5, %d,$.2# % 5,* #6,$.2# %:, ,cf,692 $*# d,:'< $ 1.;6,h 2,!1# $'5, :77 
10-20 d.?#4,$ RSSI ,2 $*#f 6,*2>5:'f ?.71,$< 5,* # !#j, 6 7 1.;6,h d,:' $'!9*7#2*7 >*4#6:¼::,# d:.!#:9# 5, 
k,4?> # 

j6# i Ö 9:6#1* d,:'< M Ö 1, 9!#*2$, d.?#4,$ (10-20 9d?#4#:9h¨< . RSSI_k Ö d:.!#:9# ?,8:,*29 *9j:. . 549 
k-,? 9d?#4#:99¬ 5, >!#::'# 02. ,::'# d:.!#:97 *,f4.:7 2*7 $ c.d# 6.::'f $ 2.c 9l# zones * 5, 7?9 id §>:91. %- 
:'h 96#:29k91.2,4 d,:'¨< name §:.d$.:9# d,:'¨< rssi_value §>*4#6:¼::,# d:.!#:9# RSSI), x 9 y §1,,469:.2' d,:' 6 7 
$9d>. 9d.l99 :. 5 .:# 5,?#8#:97¨< !2, $ 6. %:#ho#? 5,d$, 7#2 ,54#6# 72% ?#*2,5, ,;#:9# 5>2¼? *,5,*2.$ #:97 
2#1>89f 5,1.d.:9h RSSI * *,f4.:¼::'?9 Ó,25#!.21.?9Ô@ 

3. (XkSdUifa U ÉUX_idZÂUg 

3.1. 5SbSWiZ.X-[U- i-21¯-kS RSSI 
}>*2% Ö 2#1>8## d:.!#:9#< 5, >!#::,# ,2 BLE-?.71.@ ¿ 7 1.;6,j, i-j, 02. ,::,j, Ó,25#!.21.Ô d,:' $'!9*- 

7#2*7 #$1 96,$, 4.**2,7:9#/ 
È6# - >*4#6:¼::,# d:.!#:9# RSSI 6 7 i-h d,:'@ q.9c,## $#4,72:.7 d,:. ,54#6# 7#2*7 5, ?9:9?. %:,?> 

4.**2,7:9  
¿ 7 5,$'o#:97 2,!:,*29 549?#:7#2*7 . j,492? k-c 9;.ho9f *,*#6#h (kNN): 
b'c94. 2*7 k 02. ,::'f ,25#!.21,$ * :.9?#:%o9?9 d:.!#:97?9 
z2,j,$.7 d,:. ,54#6# 7#2*7 5>2¼? $d$#o#::,j, j, ,*,$.:97< j6# $#* 1.;6,j, *,*#6. ,c4.2:, 54,5,4l9,:.- 

#: 4.**2,7:9 / 
¿,*2,$#4:,*2% 4#d> %2.2. §)+CßO"C)"¨ $'!9* 7#2*7 1.1/ 
j6# - ?. .7 1,:*2.:2. 6 7 9dc#;.:97 6# #:97 :. :, %@ 

3.2. ¾UX_idZÂUg WUk[ZXS. 
i9j:. ' BLE !.*2, 9*1.;. 2*7 9d-d. 4.d 9!:'f 5,?#f - *2#:< ?#c# 9< 64>j9f 0 #124,::'f >*24,h*2$@ Ù2,c' 

*6# .2% ,54#6# #:9# ?#*2,5, ,;#:97 c, ## 2,!:'?< 549?#:7 2 :#*1, %1, ?#2,6,$ ,c4.c,219 *9j:. ./ 

1. $:D=GN¥++ 03-+;"+"5+ 
i.?'h 54,*2,h *5,*,c - >*4#6:#:9# :#*1, %19f 5,* #6,$.2# %:'f 9d?#4#:9h@ s2, 5,d$, 7#2 Ó*j .692%Ô * >- 

!.h:'# *1.!19 *9j:. .@ q.549?#4< ?,;:, c4.2% *4#6:## d:.!#:9# 9d 5,* #6:9f 5-10 9d?#4#:9h@ 

2. i;!A&5<"!N ¿5D=&-!g5N 
¥, ## * ,;:'h ?#2,6< 1,2,4'h .$2,?.29!#*19 5,6*24.9$.#2*7 5,6 9d?#:#:97 *4#6'@ n: >!92'$.#2 :# 2, %1, 

2#1>89# 5,1.d.:97< :, 9 54#6'6>8>  9*2,49  9d?#4#:9h< !2, 5,?,j.#2 ,2 9!92% 4#. %:,# 5#4#?#8#:9# ,2 $4#?#:- 
:'f 5,?#f@ 

3. ):-:1:<!N D:15$! 
i9*2#?. 5#4#1  !.#2*7 :. :,$>  d,:> 2, %1, 5,* # 2,j,< 1.1 *9j:. *2.c9 %:, >1.d'$.#2 :. :## $ 2#!#- 

:9# ,54#6# #::,j, $4#?#:9 9 9 1, 9!#*2$. 9d?#4#:9h@ s2, 54#6,2$4.8.#2 ,;:'# *4.c.2'$.:97 549 * >!.h:'f 
1, #c.:97f@ 

3.3. 3[i-dbSXgÂUg TXg .Ue1ZXUeZÂUU 
Ù2,c' 6$9;#:9# ,c½#12,$ :. 1.42# $'j 76# , 5 .$:'? 9 #*2#*2$#::'?< 549?#:7 2 *5#l9. %:'# ?#2,6'/ 

1. )-:B+t0&:e"?+ &:e$5 
,j6. ?#;6> 6$>?7 d.k91*94,$.::'?9 5, ,;#:97?9 ,c½#12. 54,f,692 d:.!92# %:,# $4#?7 §:.549?#4< 30 

*#1>:6¨< *9*2#?. .$2,?.29!#*19 6,c.$ 7#2 54,?#;>2,!:'# 2,!19@ s2, *,d6.#2 0kk#12 5 .$:,j, 5#4#?#8#:97< . :# 
4#d19f *1.!1,$@ 

2. )-:1":G5-:<!"5+ &-!+$&:-55 
b :#1,2,4'f * >!.7f *9*2#?. ?,;#2 54#6>j.6'$.2% $#4,72:'h ?.4o4>2 6$9;#:97 :. ,*:,$# 54#6'6>89f 

6.::'f< !2, 6# .#2 ,2,c4.;#:9# #8# c, ## 5 .$:'? 9 4#. 9*29!:'?@ 

3. i"5B!g5:""?+ ¦¿¿+$&? 
z*5, %d,$.:9# 5 .$:'f 5#4#f,6,$ 9 .:9?.l99 5,?,j.#2 5, %d,$.2#   #j!# $,*549:9?.2% 9d?#:#:97 5, ,- 

;#:97 ,c½#12,$ :. 1.42#< ,*,c#::, 549 4.c,2# $ 4#. %:,? $4#?#:9@ 
s29 5,6f,6' ,*,c#::, $.;:' $ *9*2#?.f :.$9j.l99 $:>249 5,?#8#:9h< j6# 2,!:,*2% 9 5 .$:,*2% ,2,c4.;#- 

:97 :.547?>  $ 97 2 :. >6,c*2$, 9*5, %d,$.:97@ 

4. ;SbdSWa ^-eSbZW[SWiU U eZ2S[STZi-X_Wi.Z 

4.1. =SdfZiU.[Zg ^ZeZ C¾ 
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}49 4.d4.c,21# 9 9*5, %d,$.:99 *9*2#? 5,d9l9,:94,$.:97 :. ,*:,$# BLE-2#f:, ,j9h :#,cf,69?, *24,j, 
*,c  6.2% 24#c,$.:97 4,**9h*1,j, d.1,:,6.2# %*2$. $ ,c .*29 d.892' 5#4*,:. %:'f 6.::'f/ 

1. ¶:"3&5&0g5:""?+ :3":<? 
â 
â 
i2.2%7 23 ,:*292>l99 «u j.4.:294>#2 54.$, :. :#5491,*:,$#::,*2% !.*2:,h ;9d:9 
¿.::'# , ?#*2,5, ,;#:99 ,2:,*72*7 1 5#4*,:. %:'? 6.::'? §u©-152 Ón 5#4*,:. %:'f 6.::'fÔ¨ 

2. ¤.NG!&+D="?+ &-+.:<!"5Nf 
â 
â 
â 

}, >!#:9# 7$:,j, *,j .*97 5, %d,$.2# #h :. *c,4 9 ,c4.c,21> 6.::'f , 5#4#?#8#:97f 
nc#*5#!#:9# $,d?,;:,*29 ,21  !#:97 ,2* #;9$.:97 
z:k,4?94,$.:9# 5, %d,$.2# #h , l# 7f *c,4. 6.::'f 

3. ¤-1!"5G!g5:""?+ B+-?f 
â 
â 
â 

«.d4.c,21. 5, 92919 ,c4.c,219 5#4*,:. %:'f 6.::'f 
q.d:.!#:9# ,2$#2*2$#::,j, d. d.892> 6.::'f 
«#j9*24.l97 *9*2#?' $ «,*1,?:.6d,4# §549 :#,cf,69?,*29¨ 

4. ¬+F"5e+3$!N G!¥5&!f 
â 
â 
â 

¢9k4,$.:9# 5#4#6.$.#?'f 6.::'f 
nj4.:9!#:9# 6,*2>5. 1 9:k,4?.l99 , 5#4#?#8#:97f 
«#j> 74:'h .>692 *9*2#?' c#d,5.*:,*29 

)-!$&5e+3$5+ -+$:B+";!g55f 
1. ¿ 7 !.*2:,j, 9*5, %d,$.:97 §>?:'h 6,?¨ 6,*2.2,!:, 5, >!92% *,j .*9# $*#f 54,;9$. 89f 
2. b ,c8#*2$#::'f ?#*2.f :#,cf,69?, 4.d?#8.2% 9:k,4?.l9,::'# 2.c 9!19 , 4.c,2# *9*2#?' 
3. ¿.::'# 4#1,?#:6>#2*7 f4.:92% $ ,c#d 9!#::,? $96# 
4. i4,1 f4.:#:97 6.::'f 6, ;#: c'2% ?9:9?. %:, :#,cf,69?'? 
n*,c,# $:9?.:9# * #6>#2 >6# 92% d.892# MAC-.64#*,$ >*24,h*2$< 1,2,4'# ?,j>2 9*5, %d,$.2%*7 6 7 96#:- 

29k91.l99 5, %d,$.2# #h@ «#1,?#:6>#2*7 9f f0o94,$.:9# 9 9 9*5, %d,$.:9# $4#?#::'f 96#:29k91.2,4,$@ 

4.2. ¶-da i-Q[U/-W2S] U SdkZ[UeZÂUS[[S] eZ¯Uia 
¿ 7 ,c#*5#!#:97 c#d,5.*:,*29 *9*2#?' 5,d9l9,:94,$.:97 4#. 9d,$.: 1,?5 #1* d.892:'f ?#4/ 
À!¥5&! A+-+;!e5 ;!""?F: 
nc7d.2# %:,# 9*5, %d,$.:9# HTTPS-54,2,1, . 6 7 $*#f *,#69:#:9h< TLS-o9k4,$.:9# * .12>. %:'?9 

14952,j4.k9!#*19?9 . j,492?.?9< 4#j> 74:,# ,c:,$ #:9# SSL-*#429k91.2,$@ 
¶:"&-:D= ;:3&0A!: 
¿$>fk.12,4:.7 .>2#:29k91.l97 6 7 .6?9:9*24.29$:,j, 6,*2>5.< 4, #$.7 ?,6# % >54.$ #:97 54.$.?9 §.6?9- 

:9*24.2,4< ,5#4.2,4< 5, %d,$.2# %¨< 5, 9291. * ,;:'f 5.4, #h * ,c7d.2# %:,h 5#49,69!#*1,h *?#:,h@ 
P:"5&:-5"1 5 !0;5&: 
},64,c:,# ,j94,$.:9# $*#f ,5#4.l9h * 6.::'?9< *9*2#?. ,c:.4>;#:97 .:,?. %:,h .129$:,*29< 4#j> 74- 

:'h .:. 9d ;>4:. ,$ c#d,5.*:,*29@ 

1. Æ5¿-:<!"5+ ;!""?F: 
nc7d.2# %:,# o9k4,$.:9# 5#4*,:. %:'f 6.::'f< 9*5, %d,$.:9# $4#?#::'f 96#:29k91.2,4,$ $?#*2, 

MAC-.64#*,$< o9k4,$.:9# c.d 6.::'f 9 4#d#4$:'f 1,59h 

4.3.  S[ÉUT-[ÂUZX_[SWi_ U dZekdZ[U/-[U- bdZ. 
FdU[ÂUba 1bdZ.X-[Ug TSWi1bSf U eZ¯Uia bdU.Zi[SWiU~ 

1. )-5"g5A B5"5B!D="?F A-5<5D+157 
â 
â 
â 

´6?9:9*24.2,4' 5, >!. 2 6,*2>5 2, %1, 1 .j4#j94,$.::'? ,2!#2.? 
n5#4.2,4' 4.c,2. 2 * ,j4.:9!#::'? :.c,4,? k>:1l9h 
}, %d,$.2# 9 $9672 2, %1, *$,9 6.::'# 

2. ¤.+GD5e5<!"5+ ;!""?F 
â 
â 
â 

´$2,?.29!#*1.7 .:,:9?9d.l97 9*2,49!#*19f 6.::'f 
z*5, %d,$.:9# j4>55,$'f .:. 929!#*19f ,2!#2,$ 
nj4.:9!#:9# 6#2. 9d.l99 5, $4#?#:9 9 ?#*2,5, ,;#:9  
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INFORMATION  SECURITY  THREATS  ASSOCIATED WITH  GENERATIVE  SPEECH SYNTHESIS  
MODELS AND METHODS OF THEI R DETECTION  

The article discusses modern speech synthesis technologies (Text-to-Speech, TTS) based on neural network architectures such as Tacotron 2, 
WaveNet, VITS and YourTTS, and provides a comparative analysis of them based on the criteria of quality and volume of training data. Particular 
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attention is paid to the growth of threats associated with the use of deepfake audio, including in the l@ @2S [ and political context. The methods for 
detecting synthesized speech based on spectral analysis and neural network models (CNN, RNN, Transformer) are described, and their advantages and 
limitations are presented. Promising areas of protection are considered, including multimodal authentication, dynamic challenge-response tests and digital 
labeling of audio content. 

Keywords : speech synthesis, deepfake, voice biometrics, information security, fake detection, TTS models. 
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29$:, $:#647 2*7 $ c.:1,$*19h *#12,4 9 1,45,4.29$:'# *9*2#?' c#d,5.*:,*29@ © ,>?'o #::919 9*5, %d> 2 
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1 ,:94,$.::'# j, ,*. 6 7 ,cf,6. *9*2#? $#49k91.l99< 5, >!.7 :#*.:1l9,:94,$.::'h 6,*2>5 1 1,:k96#:l9. %:,h 
9:k,4?.l99 9 k9:.:*,$'? *4#6*2$.?@ 

b ?.2#49. # 549$,672*7 1,:14#2:'# 549?#4' .2.1 * 9*5, %d,$.:9#? *9:2#d94,$.::'f j, ,*,$@ r.1< >!.*29- 
9*% * >!.9 ?,o#::9!#*2$. $ call-l#:24.f< 1,j6. 54#*2>5:919< 9?9294>7 j, ,* 1 9#:2. 9 9 *,24>6:91.< 5, >!. 2 

6,*2>5 1 5#4*,:. %:'? 6.::'?@ ¿4>j,h 4.*54,*24.:#::'h *l#:.49h - k. %o9$'# d$,:19 ,2 9?#:9 4>1,$,692# #h 
1,?5.:9h * >1.d.:97?9 :. 5#4#$,6 6#:#;:'f *4#6*2$@ 

}4,c #?. >*>j>c 7#2*7 2#?< !2, ?:,j9# *#4$9*' j, ,*,$,j, 1 ,:94,$.:97 *2. 9 ,c8#6,*2>5:'?9 9 54,*2'- 
?9 $ 9*5, %d,$.:99@ q#1,2,4'# 5 .2k,4?' 54#6 .j. 2 $,d?,;:,*2% *,d6.:97 j, ,*,$'f 1,59h $ 4#;9?# 4#. %:,j, 
$4#?#:9< 6,5, :92# %:, 9?9294>7 0?,l9,:. %:>  ,14.*1> 9 9:2,:.l9,::'# ,*,c#::,*29 4#!9< !2, d:.!92# %:, 5,- 
$'o.#2 >c#692# %:,*2% .2.1@ 

}49 02,? *>8#*2$> 89# *9*2#?' d.892'< $1  !.7 ?:,j,k.12,4:>  .>2#:29k91.l9  9 . j,492?' ,c:.4>- 
;#:97 *9:2#d94,$.::,h 4#!9< :# $*#j6. *5,*,c:' 0kk#129$:, 54,29$,*2,72% 2.19? >j4,d.?@ s2, 6# .#2 54,c #?> 
j, ,*,$'f deepfake ,6:,h 9d :.9c, ## .12>. %:'f $ *k#4# 19c#4c#d,5.*:,*29 :. *#j,6:7o:9h 6#:%@ 

-i-2ÂUg WU[i-eUdS.Z[[S] d-/U 
¿ 7 $'7$ #:97 ,*,c#::,*2#h *9:2#d94,$.::,h 4#!9 9 #¼ ,2 9!97 ,2 #*2#*2$#::,h 549?#:7#2*7 *5#124. %- 

:'h .:. 9d .>69,*9j:. .< 5,d$, 7 89h 9** #6,$.2% #j, !.*2,2:>  *24>12>4> 9 $'7$ 72% *14'2'# .:,?. 99@ q. 
5#4$,? 02.5# .>69,*9j:. x(n) *#j?#:294>#2*7 :. 1,4,219# ,1:. * 549?#:#:9#? ,1,::,h k>:1l99 (n), 5,* # !#j, 6 7 
1.;6,j, ,1:. $'!9* 7#2*7 *5#124 * 5,?,8%  69*14#2:,j, 54#,c4.d,$.:97 u>4%# (DFT): 

N 1 

X (w) =  x (n)"w(n)"e  jv n k k 

n=0 , 

j6# k - :,?#4 ,1:.< N - 6 9:. ,1:.< ð - !.*2,2:.7 5#4#?#::.7@ 
q. ,*:,$# 5, >!#::,j, *5#124. *24,92*7 XSkZdUÉfU/-W2Zg Wb-2idSkdZffZ, ,24.;. 8.7 4.*54#6# #- 

:9# 0:#4j99 *9j:. . 5, !.*2,2.?/ 

S (w) = log X (w) k k 
. 

©.2#? *5#124 54#,c4.d>#2*7 :. ?#-o1. > $ *,,2$#2*2$99 * 5#4l#529$:'?9 ,*,c#::,*27?9 !# ,$#!#*1,j, 
* >f.@ Ù.*2,2. f 5#4#,54#6#7#2*7 1.1/ 

f   m( f ) = 2595"log10 1+  & 700   . 

b 4#d> %2.2# k,4?94>#2*7 f-X-Wb-2idSkdZffZ, ,2,c4.;. 8.7 5 ,2:,*2% 0:#4j99 $ >d1,5, ,*:'f !.*2,2- 
:'f 69.5.d,:.f< $,*549:9?.#?'f !# ,$#1,?@ s29 6.::'# 9*5, %d> 2*7 1.1 $f,6:'# 549d:.19 $ *9*2#?.f .$2,?.29- 
!#*1,j, .:. 9d. 4#!9@ 

¿ 7 6. %:#ho#h ,c4.c,219 9d$ #1. 2*7 2.19# *5#124. %:'# f.4.12#49*2919< 1.1 Â-[idSUT /ZWiSi[SkS 

() 
Wb-2idZ: 

()  f "X f i i fc = i 

 X f i , i 

() 
9 Wb-2idZX_[Zg j[idSbUg, ,24.;. 8.7 *2#5#:% :#,54#6# #::,*29 4.*54#6# #:97 0:#4j99 5, !.*2,2.?/ 

() 
2 

X f i p
i 
= 

H =  p log( p ) 2 

 X f i i 
j i , j . 

i9:2#d94,$.::.7 4#!%< 1.1 54.$9 ,< f.4.12#49d>#2*7 ?#:## $.49.29$:'? *5#124. %:'? *,6#4;.:9#?< c, ## 
*9??#249!:,h 0:#4j9#h 9 *:9;#::,h *5#124. %:,h 0:24,59#h< !2, 5,d$, 7#2 69kk#4#:l94,$.2% #¼ ,2 :.2>4. %:,h 
549 5,* #6> 8#? ,c>!#:99 ?,6# #h 1 .**9k91.l99@ 

¶-iSTa [Z SW[S.- [-]dSW-i-] (CNN,  RNN,  Transformer)  
i$#42,!:'# :#h4,*#29 (CNN) 6#?,:*2494> 2 f,4,o9# 4#d> %2.2' $ .:. 9d# *5#124. %:'f f.4.12#49*291 

.>69,*9j:. .@ r.19# ?,6# 9 1.1 LightCNN 9 ResNet-18 .:. 9d94> 2 *5#124,j4.??' (Mel-*5#124,j4.??'< LFCC) 
6 7 $'7$ #:97 f.4.12#4:'f .42#k.12,$ *9:2#d.< $1  !.7 :##*2#*2$#::'# j.4?,:919< * 9o1,? j .619# !.*2,2:'# 
5#4#f,6' 9 ,2*>2*2$9# #*2#*2$#::,j, ?914,64,;.:97 j, ,*.@ s29 .4f92#12>4' ,*,c#::, l#::' 6 7 *9*2#?< 24#c>- 
 89f 4.c,2' $ 4#. %:,? $4#?#:9< c .j,6.47 9f $'!9* 92# %:,h 0kk#129$:,*29@ q.549?#4< LightCNN 5,1.d'$.#2 
2,!:,*2% ,1, , 89% 549 !.*2,2# ,o9c,1 (EER) 8.1%, !2, 6# .#2 #j, 5,6f,6789? 6 7 $:#64#:97 $ call-l#:24.f 9 ?,- 
c9 %:'f 549 ,;#:97f@ 
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«#1>44#:2:'# :#h4,*#29< ,*,c#::, $.49.:2' * 6, j,h 14.21,*4,!:,h 5.?72%  (LSTM), ,c#*5#!9$. 2 c,- 
## j >c,19h .:. 9d $4#?#::'f f.4.12#49*291 .>69,5,2,1.@ È9c496:'# .4f92#12>4' 295. LCNN-DNN, *,!#2. 89# 

CNN 9 LSTM, 6,*29j. 2 2,!:,*29 92.5% (EER 6.3%), 0kk#129$:, $'7$ 77 2.19# .42#k.12' 1.1 :##*2#*2$#::'# 5.- 
>d'< 4.$:,?#4:'h 2#?5 4#!9 9 9*1.;#:97 $ 5#4#f,6:'f d$>1.f@ n6:.1, 029 ?,6# 9 24#c> 2 c, %o# $'!9* 92# %- 
:'f 4#*>4*,$ 9 !>$*2$92# %:' 1 6 9:# .:. 9d94>#?,h d.59*9< !2, ,j4.:9!9$.#2 9f 549?#:#:9# $ *9*2#?.f 4#. %:,j, 
$4#?#:9@ 

q.9c, ## 54,6$9:>2'# 4#d> %2.2' 6#?,:*2494> 2 24.:*k,4?#4:'# .4f92#12>4'< 2.19# 1.1 AASIST 
9 Wav2Vec2. s29 ?,6# 9 9*5, %d> 2 ?#f.:9d?' $:9?.:97 6 7 1,?5 #1*:,j, .:. 9d. 1.1 :9d1,>4,$:#$'f §*0?5 '¨< 
2.1 9 $'*,1,>4,$:#$'f §9:2,:.l97< 492?¨ f.4.12#49*291 4#!9@ AASIST, 549d:.::.7 >!o#h ?,6# %  :. 1,:1>4*# 
ASVspoof 2021, 5,1.d'$.#2 4#1,46:'# 96.1% 2,!:,*29 549 EER 3.8%. n6:.1, 2.19# ?,6# 9 24#c> 2 d:.!92# %:'f 
$'!9* 92# %:'f 4#*>4*,$ 9 $ :.*2,78## $4#?7 549?#:7 2*7 54#9?>8#*2$#::, $ ,k .h:-4#;9?# 6 7 d.6.! 5,$'o#:- 
:,h $.;:,*29< 2.19f 1.1 c.:1,$*1.7 $#49k91.l97@ 

r.c 9l. 2. i4.$:92# %:.7 f.4.12#49*291. ?#2,6,$ 6#2#1l99@ 

¶#2,6 

CNN 

r,!:,*2% 

89.2% 

EER (%) 

8.1 

}4#9?>8#*2$. nj4.:9!#:97 

¥'*24.7 ,c4.c,21.< 
4.c,2. $ 4#. %:,? 
$4#?#:9 

¶#:## 2,!:' 6 7 
* ,;:'f k#h1,$ 

RNN (LSTM) 92.5% 

96.1% 

6.3 

3.8 

²>!o9h .:. 9d 
$4#?#::'f 

r4#c> 2 c, %o# 
4#*>4*,$ 

d.$9*9?,*2#h 

r4.:*k,4?#4' q.9$'*o.7 2,!:,*2% n!#:% 4#*>4*,#?19 

«.d$929# ?#2,6,$ 6#2#1l99 54,6, ;.#2*7 $ :.54.$ #:99 *,d6.:97 c, ## #j19f 9 0kk#129$:'f ?,6# #h< *5,- 
*,c:'f 4.c,2.2% $ 4#. %:,? $4#?#:9 c#d 5,2#49 2,!:,*29@ n*,c,# $:9?.:9# >6# 7#2*7 j9c496:'? .4f92#12>4.?< *,- 
!#2. 89? 54#9?>8#*2$. 4.d:'f 5,6f,6,$< 9 ?#2,6.? *.?,,c>!#:97 (self-supervised learning), 5,d$, 7 89? > >!o92% 
,c,c8. 8>  *5,*,c:,*2% ?,6# #h@ 

F-dWb-2iU.[a- [ZbdZ.X-[Ug eZ¯Uia 
¶> %29?,6. %:.7 .>2#:29k91.l97 54#6*2.$ 7#2 *,c,h ,69: 9d :.9c, ## :.6#;:'f *5,*,c,$ d.892'@ s2,2 

?#2,6 ,*:,$.: :. ,6:,$4#?#::,h 54,$#41# :#*1, %19f c9,?#249!#*19f 5.4.?#24,$< 2.19f 1.1 j, ,*< 9l, 9 5,$#6#:- 
!#*19# f.4.12#49*2919@ i,$4#?#::'# *9*2#?' ?,j>2 .:. 9d94,$.2% *9:f4,::,*2% 6$9;#:9h j>c * 4#!#$'? *9j:. ,?< 
>!92'$.2% >:91. %:'# ,*,c#::,*29 54,9d:,o#:97< $1  !.7 2#?5< 9:2,:.l9  9 f.4.12#4:'# 5.>d'@ q.549?#4< :#- 
1,2,4'# c.:1,$*19# *9*2#?' >;# $:#649 9 4#o#:9#< 24#c> 8## ,2 1 9#:2. :# 2, %1, 54,9d:#*29 1,6,$>  k4.d>< :, 
9 *6# .2% *# k9 $ 02,2 ?,?#:2@ r.1.7 1,?5 #1*:.7 54,$#41. d:.!92# %:, >* ,;:7#2 d.6.!> d ,>?'o #::91.?< 2.1 
1.1 6 7 >*5#o:,h .2.19 9? 5,24#c>#2*7 5,66# .2% :# 2, %1, j, ,*< :, 9 64>j9# c9,?#249!#*19# 5.4.?#24'@ 

¿9:.?9!#*19# challenge-response 2#*2' 54#6 .j. 2 9:2#4.129$:'h *5,*,c $#49k91.l99@ b ,2 9!9# ,2 *2.- 
29!#*1,h 54,$#419 d.59*.::,j, j, ,*.< 02. ?#2,691. 54#65, .j.#2 $'5, :#:9# 5, %d,$.2# #? * >!.h:'f 6#h*2$9h 
$ 4#. %:,? $4#?#:9@ i9*2#?. ?,;#2 54#6 ,;92% 54,9d:#*29 54,9d$, %:>  5,* #6,$.2# %:,*2% l9k4 9 c>1$< 9d?#- 
:92% 9:2,:.l9  9 9 0?,l9,:. %:>  ,14.*1> j, ,*.< 9c, $,*54,9d$#*29 * ,;:'# 6 7 *9:2#d. d$>1,$'# *,!#2.:97@ 
È .$:,# 54#9?>8#*2$, 2.1,j, 5,6f,6. d.1  !.#2*7 $ 2,?< !2, d.4.:## 5,6j,2,$ #::.7 d.59*% *2.:,$92*7 c#*5, #d- 
:,h - 1.;6'h 4.d *9*2#?. j#:#494>#2 :,$'h >:91. %:'h d.54,*@ n6:.1, $.;:, >!92'$.2%< !2, * 9o1,? * ,;:'# 
2#*2' ?,j>2 >f>6o92% 5, %d,$.2# %*19h ,5'2@ 

x9k4,$.7 ?.4194,$1. *9:2#d94,$.::,j, 1,:2#:2. - 5#4*5#129$:,# :.54.$ #:9#< 1,2,4,# 5, >!.#2 $*# c, %- 
o## 4.*54,*24.:#:9#@ r#f:, ,j97 54#65, .j.#2 $:#64#:9# $ .>69,d.59*9 *5#l9. %:'f l9k4,$'f ,25#!.21,$ 9 9 
$,67:'f d:.1,$< >1.d'$. 89f :. 9f 9*1>**2$#::,# 54,9*f,;6#:9#@ i,$4#?#::'# . j,492?' 5,d$, 7 2 $*24.9$.2% 
2.19# ?#219 :. >4,$:# *5#124,j4.??'< 6# .7 9f :#d.?#2:'?9 6 7 !# ,$#!#*1,j, * >f.< :, #j1, 4.*5,d:.$.#?'?9 
*5#l9. %:'?9 6#2#12,4.?9@ q#1,2,4'# 1,?5.:99< 2.19# 1.1 OpenAI, >;# :.!. 9 ?.4194,$.2% 1,:2#:2< *,d6.::'h 9f 
zz-*9*2#?.?9@ b c>6>8#? 5,6,c:.7 54.1291. ?,;#2 *2.2% d.1,:,6.2# %:'? 24#c,$.:9#?< !2, d:.!92# %:, ,* ,;:92 
9*5, %d,$.:9# *9:2#d94,$.::'f j, ,*,$ $ ?,o#::9!#*19f l# 7f@ 

¥ ,1!#h:-2#f:, ,j99 54#6 .j. 2 9::,$.l9,::'h 5,6f,6 1 $#49k91.l99 5,6 9::,*29 .>69,d.59*#h@ i>2% 
?#2,6. d.1  !.#2*7 $ *,d6.:99 :#9d?#:7#?,j, l9k4,$,j, ,25#!.21. ,49j9:. %:,h d.59*9 9 #j, f4.:#:99 $ 4.*54#- 
6# #::,? 4##*24#@ }49 :#,cf,69?,*29 54,$#419 *9*2#?. *4.$:9$.#2 f#o-*>??> 54#6*2.$ #::,h d.59*9 * 02. ,::,h< 
f4.:78#h*7 $ c ,1!#h:#@ s2, 5,d$, 7#2 6,*2,$#4:, ,54#6# 92%< 5,6$#4j. .*% 9 d.59*% 4#6.1294,$.:9  9 9 5, :,- 
*2%  *9:2#d94,$.:.@ q#1,2,4'# k9:.:*,$'# >!4#;6#:97 >;# 01*5#49?#:294> 2 * 5,6,c:'?9 4#o#:97?9 6 7 d.89- 
2' j, ,*,$'f 1,?.:6 9 24.:d.1l9h@ Æ,27 2#f:, ,j97 ,c .6.#2 $'*,1,h *2#5#:%  :.6#;:,*29< ## o94,1,# $:#64#:9# 
5,1. *6#4;9$.#2*7 $,54,*.?9 ?.*o2.c94>#?,*29 9 $'!9* 92# %:,h 0kk#129$:,*29@ 

¿,5, :92# %:'# d.892:'# ?#4' $1  !. 2 4#j> 74:,# ,c>!#:9# *,24>6:91,$ 4.*5,d:.$.:9  5,2#:l9. %- 
:'f k#h1,$< 4.d4.c,21> *9*2#? .:. 9d. 1,:2#1*2.< 1,2,4'# ,l#:9$. 2 *,,2$#2*2$9# j, ,*,$,j, *,,c8#:97 *92>.l99< 
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. 2.1;# *,d6.:9# :,4?.29$:,-54.$,$,h c.d'< 4#j> 94> 8#h 9*5, %d,$.:9# *9:2#29!#*19f j, ,*,$@ b.;:, 5,:9?.2%< 
!2, :9 ,69: 9d ?#2,6,$ 5, ,26# %:,*29 :# ,c#*5#!9$.#2 .c*,  2:,h d.892'< 5,02,?> :.9c, %o>  0kk#129$:,*2% 
6#?,:*2494>#2 9?#::, 1,?5 #1*:'h 5,6f,6< *,!#2. 89h 2#f:9!#*19#< ,4j.:9d.l9,::'# 9 54.$,$'# ?#4' 54,29$,- 
6#h*2$97@ },*2,7::,# *,$#4o#:*2$,$.:9# ?#2,6,$ 6#2#1l99 6, ;:, 9629 5.4. # %:, * 4.d$929#? 2#f:, ,j9h *9:- 
2#d. 4#!9< !2,c' ,c#*5#!92% :.6#;:>  d.892> ,2 5,*2,7::, 0$,  l9,:94> 89f >j4,d@ 

«.d$929# TTS-2#f:, ,j9h *,d6.#2 :,$'# >j4,d'< 24#c> 89# 1,?5 #1*:'f ?#4 d.892'@  !#$'?9 :.54.$- 
#:97?9 7$ 7 2*7 *,$#4o#:*2$,$.:9# ?#2,6,$ 6#2#1l99< $:#64#:9# ?:,j,k.12,4:,h .>2#:29k91.l99 9 d.1,:,6.- 

2# %:,# 4#j> 94,$.:9#@ 
q.>!:'h 4>1,$,692# %/ 6,l#:2< 1@2@:@< Ù. ,$. Ä@z@ 
A)B"CDBß) supervisor: Associate Professor, PhD, Chalova E.I. 
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 - 004.056.5:004.932.2 

7$7$ÁS[TZd-[2S 

(=(+3¼ ¶7L(=3¼¶9; Á7¼9F(5=95A3 535A7¶ 
C(5F9¼=(;(=3> G75A9; =( 95=9;7 ;3 79 (==JL 

7$7$ÁS[TZd-[2S 

!"$&-)+&+-.0-13$57 1:30;!-3&<+""?7 0"5<+-35&+& A-:B?CD+""?F &+F":D:157 5 ;5G!7"! 
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ANALYSIS OF SECURITY  MECHANISMS  IN  GESTURE RECOGNITION  SYSTEMS BASED ON 
VIDEO DATA 

Petersburg State University of Industrial Technologies and Design 

Abstract: This article examines modern threats and protection mechanisms for gesture recognition 
systems based on video data. A )P-GGBß)-DB+C of potential attacks is provided, and methods for enhancing the 
resilience of systems against malicious interference are discussed. A comparative analysis of existing solutions 
is conducted, and experimental results are presented to evaluate the "É")DBL"C"GG of security mechanisms. 
Keywords:  security, gesture recognition, video data, neural networks, adversarial attacks, G·++ßCJ< protection. 
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FORMATION  OF A TRADING ASSORTMENT  AT A TRADING COMPANY  
The formation of the trading range of any enterprise is a continuous process necessary for its functioning. In the 

course of the work, an assessment of ßC-C)B-P and economic activities, an analysis of the structure of the range of textile goods, 
a consumer survey were conducted, ABC and SWOT analyses were performed at IP Filippova E. G. Home Textile store, as 
a result of the study, recommendations were given to the trading company on the formation of an assortment of goods. 
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COMPARATIVE  ANALYSIS OF AI LOGOS: EVALUATION  OF NEURAL  NETWORK  GENERATIONS  

BY RESULTS OF QUESTIONNAIRE  SURVEY PROCESSING 
This article presents a comparative analysis of logos generated by  UWSl2S [ intelligence. The study involved a survey of university students 

and faculty, aimed at identifying the best service for image manipulation and generation. The survey results revealed the top-performing neural network 
for image-related tasks. 
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29$:'f 5, %d,$.2# #h :#h4,*#2#h * l# %  $'7$ #:97 >!o#j, *#4$9*. 6 7 j#:#4.l99 ,j,295. 6 7 *24>12>4:,j, 
5,64.d6# #:97 >:9$#4*92#2.@ 
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¿ 7 2,j,< !2,c' 4.d,c4.2%*7 :.*1, %1, f,4,o, *54.$ 7#2*7 :#h4,*#2#$.7 ?,6# %< c' 9 *,d6.:' *#?% ,- 
j,295,$ 5, ,6:,?> 9 2,?> ;# 54,?52>< $ 4.d:'f :#h4,*#2#$'f 5 .2k,4?.f@  ́9?#::,/ GigaChat [1], Kandinsky [2], 
Midjourney [3], Vizcom [4]. n:9 7$ 7 2*7 *.?'?9 5,5> 74:'?9 9 6,*2>5:'?9 :. 6.::'h ?,?#:2@ 

r.1;# *2,92 d.?#292%< !2, 6 7 4.c,2' * zz :#,cf,69?, !¼21, 9 54.$9 %:, *,*2.$92% 54,?52 6 7 :#j,@ }4.- 
$9 %:, *,*2.$ #::'h 54,?52 - 02, 1  ! 1 5, >!#:9  ;# .#?,j, 4#d> %2.2. ,2 9*1>**2$#::,j, 9:2# #12.@ q.!9:.2% 
:>;:, * !#21,h 9 1,:14#2:,h 9:*24>1l99/ !2, 9?#::, 5, %d,$.2# % f,!#2 5, >!92%@ ±1.d.2% k,4?.2< *29 %< 2,: 9  - 
c'# 64>j9# $.;:'# 5.4.?#24'@ Ù#? c, %o# c>6#2 >1.d.:, k.12,4,?< 2#? >!o# $'h6#2 4#d> %2.2@ 

}49 j#:#4.l99 9d,c4.;#:9h :91.19f 1,44#1294,$,1 9 >2,!:#:9h :# $:,*9 ,*%< 6 7 c, ## !#*2:,j, *4.$:#- 
:97@ r#1*2 54,?52. c' * #6> 89?/ Óq.49*>h 54,*2,h 9 *,$4#?#::'h ,j,295 6 7 1.k#64' ¶.2#?.2919@ ¥>1$' 
ÓYYÔ f924,>?:, ,c½#69:#:' $ #69:>  *9??#249!:>  k,4?>@ z*5, %d>h ,69: 7419h l$#2 §:.549?#4< 2#?:,-*9:9h 
9 9 2#?:,-14.*:'h¨ 9 !9*2'h o49k2 c#d d.*#!#1@ ¿, ;#: f,4,o, *?,24#2%*7 :. $#c-*.h2#< $9d921# 9 c .:1# 59*%?.@Ô@ 
«#d> %2.2' j#:#4.l99 54#6*2.$ #:' :. 49*>:1# 1. 

. 

$ 

6 

c 

j 

# 
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; 

«9*>:,1 1 y ,j,295 ,2 :#h4,*#2#$'f 5 .2k,4?@ 

. y Midjourney: c y GigaChat; $ y Midjourney; j y Kandinsky; 6 y Midjourney; # y Vizcom; ; y Midjourney 

«#d> %2.2' ,54,*. 
},* # 2,j,< 1.1 $*# 9d,c4.;#:97 c' 9 *j#:#494,$.:'< c' *,d6.: 9 .:,:9?:'h ,54,* *4#69 01*5#42,$@ z?9 

$'*2>59 9 *2>6#:2' 9 *,24>6:919 i}cÈ±}r¿ 4.d:'f $,d4.*2:'f j4>55@ b ,54,*# c' 9 54#6*2.$ #:' *#?% 1.4- 
29:,1 9 *14'2' :.d$.:97 :#h4,*#2#$'f ?,6# #h< $ 1,2,4'f ,:9 c' 9 *j#:#494,$.:'< 6 7 !#*2:,j, 9 c#*549*24.*2- 
:,j, ,54,*.@ ©.6.!. 01*5#42,$ d.1  !. .*% $ 4.:;94,$.:99 9d,c4.;#:9h ,2 9*1>**2$#::,j, 9:2# #12.@ È6# 4.:j 
1 549*$.9$. *7 ,j,295>< 1,2,4'h 7$ 7#2*7 >!o9? 9 :.9c, ## 54#65,!292# %:'? 6 7 01*5#42.< . 4.:j 7 - :.9?#:## 
549$ #1.2# %:,?>@ 

b 92,j# ?' 5, >!9 9 54 ,54,o#::'f 01*5#42.< 9d 1,2,4'f/ 69% ,54,o#::'f 9?# 2 $,d4.*2 ,2 18 6, 23 #2@ 
},* # :9f 22,4% y :.f,672*7 $ 69.5.d,:# ,2 24 6, 30 #2@ n*2. %:'# 8,6% y $,d4.*2 ,2 30 6, 45 #2@ 

r.1;# c' , 9:2#4#*:,< :.*1, %1, !.*2, 9 6 7 !#j, ,54,o#::'# 01*5#42'< 5, %d> 2*7 :#h4,*#2#$'?9 ?,- 
6# 7?9@ Ù>2% c, %o# 5, ,$9:' (51,7%) 5, %d>#2*7 :#h4,*#2#$'?9 5 .2k,4?.?9 2-3 4.d. $ :#6#  < 5,* # :9f 96>2 
 69< 1,2,4'# 9*5, %d> 2 9f ,!#:% 4#61, y 25,9%. ¿. ## * #6>#2 54,l#:2 01*5#42,$< 1,2,4'# 5, %d> 2*7 9*1>*- 

*2$#::'? 9:2# #12,? 1.;6'h 6#:%< ,:9 d.:9?. 2 17,2%, 9 $*#j, 9o% 5,2%, 1,2,4'# 5, %d> 2*7 9*1>**2$#::'? 
9:2# #12,? 1 4.d $ :#6#  @ z:2#4#*:,# :.c  6#:9#< 1,2,4,# ,c:.4>;9 ,*% $ f,6# .:1#294,$.:97 y *4#69 ,54,o#:- 
:'f :#2 :91,j,< 12, :# 5, %d>#2*7 :#h4,*#2#$'?9 5 .2k,4?.?9 $,,c8#@ 

i #6> 89h $,54,*< 1,2,4'h c' >1.d.: $ .:1#2# y 02, $,54,* * $'c,4,? :#*1, %19f ,2$#2,$< 6 7 !#j, ;# 
 69 9*5, %d> 2 :#h4,*#2#$'# ?,6# 9@ 91,4% >1.d. 9< !2, 9*5, %d> 2 6 7 >!¼c'< 65,5% 6 7 *#c7 9 2, %1, 5,* # 

02,j, 29,3% 5, %d> 2*7 9*1>**2$#::'? 9:2# #12,? 6 7 4.c,2'@ n*2. %:'# 3,4% 549?#:7 2 $,d?,;:,*29 :#h4,*#- 
2#$'f ?,6# #h 6 7 !#j,-2, 64>j,j,@ 

}, 4#d> %2.2.? ,54,*. c' 9 5, >!#:' * #6> 89# 4#d> %2.2'< k4.j?#:2 1,2,4'f 54#6*2.$ #: $ 2.c 9l# 1. 

r.c 9l. 1. «#d> %2.2' ,54,*. 
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-31 Sj-S*4 

(S-S )2 7225 121 6724 64 1225 20736 961 j *4 

n*:,$:.7 l# % 01*5#42:,j, ,54,*. *,*2,92 $ 2,?< !2,c' $'7$92% *,j .*,$.::,# ?:#:9# 6.::,j, 1,?92#2. 
01*5#42,$ , *4.$:92# %:,? 1.!#*2$# ,l#:9$.#?'f ,c½#12,$@ b !.*2:,*29< l# %  ?,;#2 c'2% 5, >!#:9# ,c,*:,$.::,- 
j, d.1  !#:97 , 2,?< 1.1,h ,c½#12 9d 54#6½7$ #::,j, 01*5#42.? ?:,;#*2$. ,c½#12,$ 7$ 7#2*7 :.9c, ## 54#65,!29- 
2# %:'?< 2, #*2% ,c .6.#2 :.9$'*o9? >4,$:#? ,l#:9$.#?,j, 1.!#*2$.@ [5] 

z?#7 4#d> %2.2' 01*5#42:,j, ,54,*.< 5,*24,9? ?.249l> §2.c @1), 0 #?#:2.?9 1,2,4,h * >;.2 4.:j9 R , 5,- i,j 

>!#::'# j-? ,c½#12,? (j = 1, ó< n) $ 4.:;94,$1# i-j, 01*5#42. (i = 1, ó< m). 
b'!9* 9? 6 7 1.;6,j, 9d n ,c½#12,$ *>??' (1) 

2, #*2% 54,*>??94>#? 0 #?#:2' ?.249l' 5, *2, cl.?@ 
?,;:, :.h29 S y *4#6:   *>??> 4.:j,$ (2), 549f,678> *7 :. ,69: ,c½#12 cp 

b# 9!9:. (2) ?,;#2 4.**?.249$.2%*7 1.1 j4.:9l.< 4.d6# 7 8.7 $*# ,c½#12' :. 6$# 1.2#j,499/ 
1) 1.!#*2$, 1,2,4'f Ó$'o# *4#6:#j,Ô/ S < S , j cp 

2) 1.!#*2$, 1,2,4'f Ó:9;# *4#6:#j,Ô/ S > S . j cp 

±;# :. 02,? 02.5# ,c4.c,219 ?,;:, 5, >!92% ,2$#2 :. ,*:,$:,h $,54,*< 1,2,4'h !.8# $*#j, *2.$92*7 5#4#6 
1,?92#2,? 01*5#42,$/ 1.1,h ,c½#12 7$ 7#2*7 :.9c, ## 54#65,!292# %:'?Ý ²#j1, $96#2%< !2, 2.1,$'? * #6>#2 549- 
d:.2% 2,2 ,c½#12< 1,2,4'h 9?##2 :.9?#:%o>  *>??> (1). 

b :.o#? * >!.#< *4#6:77 *>??. 4.:j,$ S*4 = 216, . :.9 >!o9? ?,;:, 549d:.2% ,j,295 n1, *>??. 4.:j,$ 
02,j, ,c½#12. S =131. 1 

n6:.1,< 54#;6# !#? 6# .2% ,1,:!.2# %:'h $'$,6< * #6>#2 ,2$#292% :. $,54,*/ 9?##2 9 $,,c8# 6.::'h 1,- 
?92#2 01*5#42,$ *,j .*,$.::>  2,!1> d4#:97@ b#6% ?,;#2 ,1.d.2%*7< !2, ?:#:97 4.d 9!:'f 01*5#42,$ d:.!92# %:, 
,2 9!. 2*7 64>j ,2 64>j.@ 

b 1.!#*2$# 1492#497 *,j .*,$.::,*29 ?:#:9h 1,?92#2. 01*5#42,$ * >;92 $:¦¿¿5g5+"& $:"$:-;!g55 W, $'!9* 7- 
#?'h 5, k,4?> # (3): 

(3) 
24#c>#2*7 ,54#6# 92% 2> j4.:9l>< 1,2,4.7 ,26# 7#2 Óc, %o9#Ô d:.!#:97 W ,2 Ó?. #:%19fÔ@ ¿ 7 02,j, * #6>- 

#2 $'!9* 92% d:.!#:9#@ 
m(n y 1)W 

9 *4.$:92% #j, * 2.c 9!:'? d:.!#:9#? 54,l#:2:'f 2,!#1 4.*54#6# #:97 f9-1$.64.2@ [5] 
Ä* 9 $'5, :7#2*7 :#4.$#:*2$, (4): 

m(n y 1)W > , (4) 
2, * #6>#2 *6# .2% 2,2 $'$,6< !2, 1,?92#2 01*5#42,$ 9?##2 *,j .*,$.::>  2,!1> d4#:97< . 9?#::,< !2, :.9- 

>!o9? 7$ 7#2*7 2,2 ,c½#12 ¤, 1,2,4'h 9?##2 :.9?#:%o>  *>??> 4.:j,$ (7). j 

b :.o#? * >!.# 5,* # 549?#:#:97 k,4?> ' 6 7 6.::,j, 9** #6,$.:97< 1,0kk9l9#:2 1,:1,46.l99 W = 0,45, 
. d:.!#:9# 6 7 *4.$:#:97 y 147,05 9 ,:, *>8#*2$#::, 54#$'o.#2 2.c 9!:,# d:.!#:9# = 12,59. Ù2, 5,62$#4;6.#2 
*,j .*,$.::,*2% 1,?92#2. 01*5#42,$@ 

z*f,67 9d 4#d> %2.2,$ ,54,*. c' 9 ,54#6# #:' 2 $.49.:2./ >!o9h 9 f>6o9h@ ²>!o9? ,1.d. *7 ,j,295 n , 1 

1,2,4'h *j#:#494,$. Midjourney 9 :.c4. :.9?#:%o>  *>??> 4.:j,$< . 9?#::, y 131. n: 54#6*2.$ #: :. 49*>:1# 
T§.¨@ s2. ?,6# % j#:#494>#2 9d,c4.;#:97 5, 2#1*2,$'? ,59*.:97?@ zd$#*2:. *$,9? f>6,;#*2$#::'? *29 #? 9 *5,*,c- 
:,*2%  *,d6.$.2% 6#2. 9d94,$.::'# 9 14#.29$:'# 9d,c4.;#:97@ Æ>6o9? ;# *2. ,j,295 n ,2 Vizcom, ,: :.c4. 6 

:.9c, %o>  *>??> 4.$:>  360. s2, 5 .2k,4?.< 1,2,4.7 4.c,2.#2 :. ,*:,$# 9*1>**2$#::,j, 9:2# #12.< 9 *,d6.¼2 
1,:l#52>. %:'# 9d,c4.;#:97< 9*5, %d>7 2#1*2 9 0*19d'@ ²,j,295 ,2 02,h :#h4,*#2#$,h 5 .2k,4?' 9d,c4.;#: :. 
49*>:1# T§;¨@ 

b,d?,;:,< 5,c#69$o9h ,j,295 ,2 9!.#2*7 .1,:9!:,*2%  k,4?< ,2*>2*2$9#? 9o:9f 6#2. #h 9 l$#2,$,h 
5. 924,h< 5,d$, 7 8#h #?> $'6# 72%*7 :. k,:# ,*2. %:'f $.49.:2,$@ n: $#*%?. 54,*2< !2, #j, #j1, $,*54,9d$#- 
*29 ,2 4>19< !2, 6,c.$ 7#2 #?> >:91. %:,*29< 2.1;# ,: 5, :,*2%  *,,2$#2*2$>#2 2#1*2> 54,?52. 9 $'5, :7#2 $*# 
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5,*2.$ #::'# d.6.!9@ Ù#j, :# *1.;#o% , Vizcom. q#h4,*#2#$.7 ?,6# % :# $'5, :9 . 54.129!#*19 :9 ,6:, 9d >* ,- 
$9h< 1,2,4,# ?' #?> 5,*2.$9 9@ i2,92 ,2?#292%< !2, $'c,4 >!o#j, ,j,295. y 02, $*#j6. *>c½#129$:,# 4#o#:9#< :. 
1,2,4,# $ 97#2 ?:#:9# 01*5#42,$< > 1.;6,j, 9d :9f #*2% *$,9 54#65,!2#:97< 5,02,?> :#$,d?,;:, *,d6.2% ,j,295< 
1,2,4'h 5,:4.$92*7 $*#?@ 

q.>!:'h 4>1,$,692# %/ *2.4o9h 54#5,6.$.2# % ¶#4d 71,$. q.2. %7 ´ #1*##$:. 
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($ 3$ ;SXS2N ($;$ Ag[ 

FC3¶7=7=37 5;7CA9D=JL =7¹C9==JL 57A7¹ +> 
C(5F9¼=(;(=3> C  9F35=JL ¿3¾C 

($ 3$ ;SXS2N ($;$ Ag[ 

!"$&-)+&+-.0-13$57 1:30;!-3&<+""?7 0"5<+-35&+& A-:B?CD+""?F &+F":D:157 5 ;5G!7"! 
191186, !"$&-)+&+-.0-1L M:D=C!N P:-3$!NL 18 

º ;!"":7 3&!&=+ :A53?<!+&3N -!G-!.:&$! 5 533D+;:<!"5+ 353&+B? -!3A:G"!<!"5N -0$:A53"?F g5¿- 3 53A:D=G:<!"5+B 3<+-&:e- 
"?F "+7-:""?F 3+&+7 (CNN) < 3-+;+ TensorFlow 5 Keras. ¤.0e+"5+ B:;+D5 A-:<:;5&3N "! ;!&!3+&+ MNIST, $:&:-?7 3:;+-t5& 5G:.-!- 
t+"5N g5¿- < 1-!;!g5NF 3+-:1:L ! ;!D="+7C!N A-:<+-$! -!.:&? B:;+D5 :30¥+3&<DN+&3N 3 A:B:¥=s !"!D5G! &+3&:<:1: 5G:.-!t+"5N 5G 
:&;+D=":1: ¿!7D!] )-+;3&!<D+""?7 A:;F:; <$Dse!+& ¦&!A? A:;1:&:<$5 ;!""?FL A:3&-:+"5N !-F5&+$&0-? 3+&5L :A&5B5G!g55 A-:g+33! 
:.0e+"5NL 3:F-!"+"5N 5 A:3D+;0s¥+1: A-5B+"+"5N B:;+D5 ;DN $D!335¿5$!g55 5G:.-!t+"57] ):D0e+""?+ -+G0D=&!&? ;+B:"3&-5-0s& <?- 
3:$0s &:e":3&= -!3A:G"!<!"5NL e&: A:;eÊ-$5<!+& A:&+"g5!D ;!"":1: B+&:;! ;DN 53A:D=G:<!"5N < 353&+B!F :A&5e+3$:1: -!3A:G"!<!"5N 
35B<:D:< (OCR). 

 Xl/-.a- WXS.Z~ 4>1,59*:'# l9k4'< 4.*5,d:.$.:9# 9d,c4.;#:9h< *$#42,!:'# :#h4,::'# *#29< CNN, 
TensorFlow, Keras, MNIST,  ,529!#*1,# 4.*5,d:.$.:9# *9?$, ,$< j >c,1,# ,c>!#:9# 

A.I. Volok,  A.V. Tyan  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 

APPLICATION  OF CONVOLUTIONAL  NEURAL  NETWORKS  FOR HANDWRITTEN  DIGIT  
RECOGNITION  

This article describes the development and investigation of a handwritten digit recognition system using Convolutional Neural Networks 
(CNN) in the TensorFlow and Keras environment. The model is trained on the MNIST dataset, which contains grayscale images of digits, and 
its performance is further validated through the analysis of a test image from a separate l[*] The proposed approach encompasses the stages of data 
preprocessing, network architecture design, training process optimization, model saving, and subsequent application for image 2[ TTSl2 WS9@] The obtained 
results demonstrate high recognition accuracy, which underscores the potential of this method for use in Optical Character Recognition (OCR) systems. 

Keywords: handwritten digits, image recognition, convolutional neural networks, CNN, TensorFlow, Keras, MNIST,  
optical character recognition, deep learning 
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©.6.!. 4.*5,d:.$.:97 4>1,59*:,j, 2#1*2. 7$ 7#2*7 ,6:,h 9d .12>. %:'f $ *,$4#?#::,? 1,?5% 2#4:,? d4#- 
:99< 5,*1, %1> 9?##2 o94,1,# 549?#:#:9# $ .$2,?.29d.l99 $$,6. 9:k,4?.l99 9 ,4j.:9d.l99 .4f9$,$@ È >c,19# :#h- 
4,::'# *#29 6,1.d. 9 *$,  0kk#129$:,*2% 549 4#o#:99 5,6,c:'f d.6.!< 5,d$, 77 6,*29j.2% $'*,19f 5,1.d.2# #h 
2,!:,*29 6.;# 549 :. 9!99 $.49.l9h 9 o>?,$ $ 6.::'f@ 

i$#42,!:.7 :#h4,::.7 *#2% (CNN) Ö 02, 4.d:,$96:,*2% 9*1>**2$#::,h :#h4,::,h *#29< *5#l9. %:, 4.d4.- 
c,2.::.7 6 7 ,c4.c,219 9d,c4.;#:9h 9 64>j9f 6.::'f * *#2,!:,h *24>12>4,h@ n*:,$:.7 96#7 d.1  !.#2*7 $ 549- 
?#:#:99 *$¼42,1 Ö k9 %24,$< 1,2,4'# 9d$ #1. 2 ,1. %:'# 549d:.19 9d 9d,c4.;#:97< 2.19# 1.1 1,:2>4'< k,4?' 
9 2#1*2>4'@ s29 549d:.19 5#4#6. 2*7 ,2 * ,7 1 * , < k,4?94>7 $*¼ c, ## .c*24.12:,# 54#6*2.$ #:9# ,c 9d,c4.;#- 

:99@ if#?. 4.c,2' *$#42,!:,h :#h4,::,h *#29 54#6*2.$ #:. :. 49*@ 1. 

«9*@ 1. if#?. 4.c,2' CNN 

b 02,? 9** #6,$.:99 4.**?.249$.#2*7 549?#:#:9# *$#42,!:,h :#h4,::,h *#29 6 7 4.*5,d:.$.:97 l9k4< 54#6- 
*2.$ #::'f $ $96# 9d,c4.;#:9h j,2,$,j, 6.2.*#2. MNIST.  n*,c,# $:9?.:9# >6# 7#2*7 1.1 02.5> ,c>!#:97 ?,6# 9 
:. *2.:6.42:,? :.c,4# 6.::'f< 2.1 9 2#*294,$.:9  ?,6# 9 :. 9d,c4.;#:97f, 5, >!#::'f $:# ,c>!. 8#h $'c,419@ 

¿ 7 ,c>!#:97 ?,6# 9 9*5, %d>#2*7 6.2.*#2 MNIST,  *,*2,789h 9d 60 000 ,c>!. 89f 9 10 000 2#*2,$'f 9d,- 
c4.;#:9h< j6# 1.;6,# 9d,c4.;#:9# 9?##2 4.d?#4 ¡Vô¡V 591*# #h 9 54#6*2.$ #:, $ ,22#:1.f *#4,j,@ b.;:'? 02.5,? 
7$ 7#2*7 54#6$.492# %:.7 ,c4.c,21. 6.::'f< 1,2,4.7 $1  !.#2 9d?#:#:9# 4.d?#4:,*29 §6,c.$ #:9# 4.d?#4:,*29 
1.:. .¨ 9 :,4?. 9d.l9  d:.!#:9h 591*# #h 6, 69.5.d,:. [0; 1]. r.1.7 ,c4.c,21. ,c#*5#!9$.#2 >!o>  *f,69?,*2% 
$ 54,l#**# ,c>!#:97@ 

´4f92#12>4. *#29 5,*24,#:. :. ,*:,$# 6$>f *$#42,!:'f c ,1,$@ }#4$'h c ,1 9*5, %d>#2 * ,h Conv2D 
* 32 k9 %24.?9 4.d?#4,? ªôª< 5,d$, 7 89h 9d$ #!% 5#4$9!:'# 549d:.19 9d,c4.;#:97< 5,* # !#j, * #6>#2 * ,h 
MaxPooling2D, $'5, :7 89h 5,:9;#:9# 4.d?#4:,*29@ b2,4,h c ,1 $1  !.#2 6,5, :92# %:'h *$#42,!:'h * ,h 
* 64 k9 %24.?9 9 5,$2,4:'h 02.5 5> 9:j.< !2, 5,d$, 7#2 >j >c92% .:. 9d $f,6:,j, 9d,c4.;#:97@ }, >!#::'# 
549d:.19 54#,c4.d> 2*7 $ ,6:,?#4:'h $#12,4 * 5,?,8%  * ,7 Flatten, d. 1,2,4'? * #6> 2 5, :,*$7d:'h * ,h 9d 
128 :#h4,:,$ * .129$.l9#h ReLU 9 $'f,6:,h * ,h :. 10 :#h4,:,$ * softmax-.129$.l9#h 6 7 1 .**9k91.l99 l9k4 
,2 0 6, 9. n529?9d.l97 ?,6# 9 ,*>8#*2$ 7#2*7 * 5,?,8%  . j,492?. Adam, . k>:1l99 5,2#4% y 5,*4#6*2$,? 
sparse_categorical_crossentropy. 

nc>!#:9# ?,6# 9 54,9*f,692 $ 2#!#:9# 10 05,f * 1,:24, #? 2,!:,*29 :. $. 96.l9,::,? :.c,4#@ ¿ 7 $9d>- 
. 9d.l99 54,j4#**. 4#. 9d,$.: 1.*2,?:'h callback-1 .** AccuracyLogger, 1,2,4'h 5,* # d.$#4o#:97 1.;6,h 05,f9 
$'$,692 2,!:,*2% :. ,c>!. 8#h 9 $. 96.l9,::,h $'c,41.f@ s2, 5,d$, 7#2 ,2* #;9$.2% 69:.?91> ,c>!#:97 $ 4#. %- 
:,? $4#?#:9 9 *$,#$4#?#::, $'7$ 72% 549d:.19 5#4#,c>!#:97@ ,6< 4#. 9d> 89h ,59*.::>  ?#2,691> ,c>!#:97 §*?@ 
«9*@ 2), 5,1.d'$.#2 ,*:,$:'# 02.5' 5,6j,2,$19 9 ,c>!#:97 ?,6# 9@ 
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«9*@ 2. ,6< 4#. 9d> 89h ,59*.::>  ?#2,691> ,c>!#:97 $ Python. 

b f,6# ,c>!#:97 ?,6# % 54,6#?,:*2494,$. . *2.c9 %:'h 4,*2 2,!:,*29 :. ,c#9f $'c,41.f@  10-h 05,f# 
6,*29j:>2' * #6> 89# 5,1.d.2# 9/ 

Ö r,!:,*2% :. ,c>!. 89f 6.::'f/ 99.76%, 
Ö r,!:,*2% :. $. 96.l9,::'f 6.::'f/ 99.14%, 
Ö r,!:,*2% :. 2#*2,$,h $'c,41#/ 99.14%. 

´:. 9d94>7 69:.?91> ?#2491 5, 05,f.? §2.c @ 1), ?,;:, d.?#292%< !2, ?,6# % c'*24, ,*$.9$.#2 c.d,$'# 
549d:.19 $ 5#4$'# 249 05,f9 §4,*2 2,!:,*29 * 96.07% 6, 99.09%), 5,* # !#j, 5#4#f,692 1 :.*24,h1# 5.4.?#24,$@ ¶9- 
:9?. %:'h 4.d4'$ ?#;6> ,c>!. 8#h 9 $. 96.l9,::,h 2,!:,*2%  (0.62%) 5,62$#4;6.#2 ,2*>2*2$9# 5#4#,c>!#:97@ 
n*,c'h 9:2#4#* 54#6*2.$ 7#2 *:9;#:9# $. 96.l9,::,h 2,!:,*29 :. 9-h 05,f# (99.00%), 1,2,4,#< ,6:.1,< :# 549$# , 
1 6#j4.6.l99 ?,6# 9@  10-h 05,f# ?#2491. $,**2.:,$9 .*% 6, 99.14%. s2, *$96#2# %*2$>#2 , 2,?< !2, .4f92#12>4. 
>*2,h!9$. 1 ,1. %:'? Ó54,$. .?Ô $ ,c>!#:99< !2, 14929!#*19 $.;:, 6 7 4#. %:'f 549 ,;#:9h@ 
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s5,f. r,!:,*2% ,c>!#:97 (%) r,!:,*2% $. 96.l99 (%) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

96.07 

98.67 

99.09 

99.35 

99.46 

99.62 

99.68 

99.70 

99.76 

99.76 

98.61 

98.84 

98.91 

98.84 

99.06 

99.10 

99.03 

99.15 

99.00 

99.14 

r.c @ 1. ¿9:.?91. ?#2491 5, 05,f.?@ 

},?9?, *2.:6.42:,j, ,c>!#:97 9 ,l#:19 0kk#129$:,*29 ?,6# 9 :. 2#*2,$,? :.c,4#< 9** #6,$.:9# $1  !.#2 
54,$#6#:9# 01*5#49?#:2. 5, 2#*294,$.:9  ?,6# 9 :. :,$,? 9d,c4.;#:99@ ¿ 7 02,j, 4.d4.c,2.: ,26# %:'h 2#*2,$'h 
*14952< $ 1,2,4,? d.j4>;.#2*7 9d,c4.;#:9# §:.549?#4< õ¡@·CJö¨< 549$,692*7 1 k,4?.2>< *,,2$#2*2$> 8#?> $f,6:'? 
6.::'? ?,6# 9< 9 54,9d$,692*7 54#6*1.d.:9#@ 

zd,c4.;#:9# ?.*o2.c94>#2*7 6, ¡Vô¡V 591*# #h< 54#,c4.d>#2*7 $ j4.6.l99 *#4,j, 9 :,4?. 9d>#2*7< 5,* # 
!#j, 5,6.¼2*7 $ ?,6# % 6 7 $'!9* #:97 1 .**.< 1,2,4'h *,,2$#2*2$>#2 l9k4#@ }49$#6¼::'h :9;# 1,6 6#?,:*2494>#2 
54,l#6>4> 2#*294,$.:97 ,c>!#::,h ?,6# 9 §*?@ «9*@ 3). 

«9*@ 3. ,6< 6#?,:*2494> 89h 54,l#6>4> 2#*294,$.:97 ,c>!#::,h ?,6# 9@ 

¿ 7 54,$#419 4.c,2' *9*2#?' $ 4#. %:'f >* ,$97f c' 9 :.59*.:' l9k4' $ j4.k9!#*1,? 4#6.12,4#@ zd,- 
c4.;#:97 *,f4.:#:' $ k,4?.2# PNG, d.j4>;#:' $ ?,6# % 9 >*5#o:, 4.*5,d:.:' §*?@ «9*@ 4). 
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«9*@ 4. }4,$#41. ,c>!#::,h ?,6# 9@ 

«#d> %2.2' 2#*294,$.:97 5,62$#4;6. 2< !2, ?,6# % 6#?,:*2494>#2 $'*,1>  >*2,h!9$,*2% 549 1 .**9k91.- 
l99 9d,c4.;#:9h< 5, >!#::'f $:# ,c>!. 8#h $'c,419< 549 02,? 2,!:,*2% 54#6*1.d.:9h ,*2.¼2*7 :. >4,$:#< c 9d1,? 
1 d:.!#:9 < d.k91*94,$.::,?> :. 2#*2,$'f 6.::'f §549?#4:, 98y99%). skk#129$:,*2% ?,6# 9 ,c>* ,$ #:. 54,6>- 
?.::,h .4f92#12>4,h 9 1,44#12:,h 54#6,c4.c,21,h $f,6:'f 6.::'f@ 

´:. 9d 01*5#49?#:2. 5,62$#4;6.#2< !2, 54#6 ,;#::.7 .4f92#12>4. *$#42,!:,h :#h4,::,h *#29 *5,*,c:. 
>*5#o:, 4#o.2% d.6.!> 4.*5,d:.$.:97 4>1,59*:'f l9k4@  !#$'?9 k.12,4.?9 $'*,1,j, 1.!#*2$. 54#6*1.d.:9h 
7$ 7 2*7 54.$9 %:.7 :,4?. 9d.l97 6.::'f< 9*5, %d,$.:9# 5,* #6,$.2# %:'f *$#42,!:'f * ,¼$ * 5,* #6> 89? 5>- 
9:j,? 9 ,529?9d.l97 54,l#**. ,c>!#:97 * 5,?,8%  . j,492?. Adam. 

q#*?,247 :. $'*,1>  2,!:,*2%< ?,j>2 $,d:91.2% * >!.9 :#$#4:,h 1 .**9k91.l99< ,*,c#::, 549 :. 9!99 d:.- 
!92# %:,j, o>?. 9 9 549 ,21 ,:#:97f *29 7 4>1,59*:,j, $$,6. ,2 ,c>!. 89f 549?#4,$@ ¿ 7 5,$'o#:97 *2.c9 %:,- 
*29 4.c,2' *#29 $,d?,;:, 549?#:#:9# ?#2,6,$ .>j?#:2.l99 6.::'f 9 >*,$#4o#:*2$,$.:9# .4f92#12>4'@ 

q.>!:'h 4>1,$,692# %/ 6,l#:2< 1@2@:@< Ù. ,$. Ä@z@ 
A)B"CDBß) supervisor: Associate Professor, PhD, Chalova E.I. 
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$($ ¶SdSeS.N ;$3$ *Sd-XS. 

¶( 7A  9=;7¹7C( 5 (;A9¶(A3D75 9¹ C(¼ÁC( 9; 9¹ 
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b *2.2%# 4.**?.249$.#2*7 d.6.!. *,d6.:97 ?.1#2. 1,:$#h#4. * *9*2#?,h 4.dc4.1,$19 9d6# 9h 5, 5.4.?#24.?@ 
n59*.:' ,*:,$:'# 02.5' 4.c,2'/ *,d6.:9# 1,:*24>12,4*1,h 6,1>?#:2.l99< :.59*.:9# >54.$ 7 8#h 54,j4.??'< 
*c,41.< :. .61.@ 

 !#$'# * ,$.: 1,:$#h#4< 3D-?,6# 94,$.:9#< 54,j4.??94,$.:9#< 4.d4.c,21.< .$2,?.29d.l97< *,4294,$1. 
V.I.  Gorelov,  y$($ ¶R{RÄRn 

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
CONVEYOR  MODEL WITH AUTOMATIC  PRODUCT  SORTING  
The article discusses the task of creating a conveyor model with a system for sorting of products by parameters. The main stages of the work 

are: creation of design documentation, writing a control program, assembly, adjustment. 
Keywords:  conveyor, 3D modeling, programming, development, automation, sorting 
,:$#h#4'< 1.1 :#,2½#? #?.7 !.*2% *,$4#?#::'f 54,9d$,6*2$#::'f 9:9h< 9j4. 2 $.;:>  4, % $ ,529- 

?9d.l99 24>6. 9 5,$'o#:99 54,9d$,692# %:,*29@ n:9 ,c#*5#!9$. 2 :#54#4'$:,# 5#4#?#8#:9# ?.2#49. ,$ 9 54,- 
6>1l99< ?9:9?9d94>7 $4#?#::'# d.24.2' 9 5,$'o.7 >4,$#:% .$2,?.29d.l99@ b 54,l#**# 54,9d$,6*2$. o2>!:'f 9d- 
6# 9h< :.549?#4< ,26# %:'f 6#2. #h 9 >d ,$< ?,;#2 $,d:91.2% :#,cf,69?,*2% 4.dc4.1,$19 9d6# 9h 5, 5.4.?#24.?@ 
«.**?,249? d.6.!> *,d6.:97 ?.1#2. 1,:$#h#4. * *,4294,$1,h 9d6# 9h 5, 5.4.?#24.?@ b 1.!#*2$# 1,:24, 94>#?'f 
5.4.?#24,$ 9d6# 9h $'c#4#? l$#2 9 ?.**>@ Ä* 9 9d6# 9# *,,2$#2*2$>#2 >1.d.::'? 5.4.?#24.?< 2, ,:, 5#4#?#8.#2*7 
:. 1,:$#h#4< $ 54,29$:,? * >!.# 54,9*f,692 #j, ,2c4.1,$1.@ }49?#:#:9# .$2,?.29d94,$.::,h *9*2#?' 1,:24, 7 
5.4.?#24,$ 9d6# 9h $ 4#;9?# 4#. %:,j, $4#?#:9 5,d$, 7#2 >$# 9!92% 54,9d$,692# %:,*2% 1,:$#h#4:,h 9:99 9 9*- 
1  !92% 5,5.6.:9# c4.1,$.::'f 9d6# 9h $ 5.429 @ 

¿ 7 4#. 9d.l99 5,*2.$ #::,h d.6.!9 ?.1#2 1,:$#h#4. 6, ;#: c'2% ,*:.8#: 1,:24, #4,?< :#,cf,69?'- 
?9 6.2!91.?9 9 0 #124,::'?9 1,?5,:#:2.?9@ s2> $,d?,;:,*2% 54#6,*2.$ 7#2 5 .2k,4?. Ó³FOIBC+Ô@ ±54.$ #:9# 
*f#?,h $ 4.d4.c.2'$.#?,? ?.1#2# 54,9d$,692*7 1,:24, #4,? Arduino NANO ATmega328P [1]. i9*2#?. 1,:24, 7 
5.4.?#24,$ *,d6.:. :. ,*:,$# 6.2!91. 4.*5,d:.$.:97 l$#2. ÓQ\Aª°£¡~Ô 9 2#:d,?#249!#*1,j, 6.2!91. CZL-611CD 
(YZC131). r#:d,?#249!#*19h 6.2!91 ,*:,$.: :. 549:l95# 9d?#:#:97 *,54,29$ #:97 > 5 #:,!:'f 4#d9*2,4,$ 549 9f 
6#k,4?.l99@ «#d9*2,4' 4.*5, ,;#:' :. 4.d:'f j4.:7f .  ?9:9#$,h c. 19 9 *,#69:#:' 5, *f#?# Ó?,*2 ±92*2,:.Ô 
[2]. ¿.2!91 5,61  !.#2*7 1 1,:24, #4> !#4#d .:. ,j,$,-l9k4,$,h 54#,c4.d,$.2# % HX711. b, 9dc#;.:9# ,o9c,1 
4.*5,d:.$.:97 l$#2. 549 5,*2.:,$1# 9d6# 97 :. $#*'< d.j,4.#2*7 *$#2,69,6 6 7 ,*$#8#:97 5,$#4f:,*29@ ±54.$ 7- 
 8.7 54,j4.??. 4#. 9d,$.:. 2.19? ,c4.d,?< !2, #* 9 9d6# 9# :# 5,6f,692 5, 5#4$,?> 5.4.?#24>< 2, 54,$#41. 5, 
$2,4,?> 5.4.?#24> :# 54,9*f,692< 2@#@ 9d6# 9# >;# *!92.#2*7 c4.1,$.::'?@ },* # d.$#4o#:97 54,$#419 * #6>#2 02.5 
6. %:#ho#j, 5#4#?#8#:97 9d6# 97@ s2> d.6.!> $'5, :7 2 6$. *#4$,549$,6. Tower Pro MG90S, ,69: 9d 1,2,4'f 5#- 
4#?#8.#2 j,6:'# 9d6# 97 :. 1,:$#h#4< . 64>j,h y $ #?1,*2% 6 7 c4.1.@ ¿ 7 $9d>. %:,j, 1,:24, 7 4.c,2' 1,:$#h#4. 
*,d6.:. *9*2#?. ,5,$#8#:97 :. ,*:,$# ?,6> 7 9d 24#f *$#2,69,6,$ Ói$#2,k,4Ô 9 5%#d,0 #1249!#*1,j, d>??#4.@ ©# #- 
:'h *9j:. *$#2,k,4. ,d:.!.#2< !2, 1,:$#h#4 4.c,2.#2 $ o2.2:,? 4#;9?#< ;# 2'h *9j:. *,,2$#2*2$>#2 4#;9?> ,l#:- 
19 5.4.?#24,$< 14.*:'h *9j:. *9j:. 9d94>#2< !2, 5,*2>59$o## 9d6# 9# - c4.1@ },?9?, 14.*:,j, *9j:. . , 5,*2>- 
5 #:99 c4.1,$.::,j, 9d6# 97 *9j:. 9d94>#2 d>??#4@ q. 02,? 02.5# ,5#4.l99 * c4.1,$.::'?9 9d6# 97?9 d.1,:!#:'< 
:. 1,:$#h#4 5,5.6. 2 2, %1, j,6:'# 9d6# 97< 1,2,4'# 54,6, ;. 2 *$,# 6$9;#:9#@ b 6$9;#:9# 1,:$#h#4:>  #:2> 
549$,692 6$>f,*#$,h ?,2,4 * 4#6>12,4,? TT -motor. ¿.::'h ?,2,4 >54.$ 7#2*7 1,:24, #4,? !#4#d 64.h$#4 L9110S. 

q. 1,:#!:,? >!.*21# 1,:$#h#4. 4#. 9d,$.: 5,6*!#2 54,o#6o9f 9d6# 9h@ i9*2#?. 4.c,2.#2 :. ,*:,$# 6.2- 
!91. 9:99 TCRT5000, 1,2,4'h ,c:.4>;9$.#2 54,f,678## 9d6# 9#@ i,,2$#2*2$> 8.7 9:k,4?.l97 $'$,692*7 :. 
69*5 #h TM1637. 

b f,6# :.59*.:97 >54.$ 7 8#h 54,j4.??' $ *4#6# 4.d4.c,219 Arduino IDE 9 54,$#6#::'f 9*5'2.:9h 0 #1- 
24,:919 c' 9 $'7$ #:' c, %o9# d.6#4;19 $ .:. 9d# 5.4.?#24,$ 9d6# 9h< 54,c #?' * ,c:.4>;#:9#? 9d6# 9h 6.2!9- 
1,? 9:99@ }4,c #?. * c, %o9?9 d.6#4;1.?9 c' . $'d$.:. 2#?< !2, k>:1l97 d.6#4;19 delay( ) ,*2.:.$ 9$.#2 $'5,- 
:#:9# 54,j4.??' :. $4#?7< d.6.::,# $ 02,h k>:1l99@ «#o92% 02, >6. ,*% d.?#:,h $*#f k>:1l9h delay( ) :. k>:1l9  
2.h?#4. millis( ). s2. k>:1l97< $ ,2 9!9# ,2 k>:1l99 delay( ), :# ,*2.:.$ 9$.#2 $'5, :#:9# 54,j4.??'< . 9o% d.*#- 
1.#2 $4#?7 ,2 :.!. . $'5, :#:97 54,j4.??'< 549 54,o#*2$99 d.6.::,j, $4#?#:9 9 *,,2$#2*2$99 >1.d.::'f >* ,- 
$9h 54,9*f,692 $'5, :#:9# 5,* #6> 89f 1,?.:6@ }4,c #?' * ,c:.4>;#:9#? 9d6# 9h *$7d.:' * f.4.12#49*291.?9 
6.2!91. 9:99@ Ù#4:'# j 7:l#$'# 5,$#4f:,*29 6.2!91 *5,*,c#: d.*#!% :. 4.**2,7:99 10 ??< !2, 7$ 7#2*7 :#6,*2.- 
2,!:'?@ q,4?. %:,# k>:1l9,:94,$.:9# $,d?,;:, 2, %1, * ?.2,$'?9 5,$#4f:,*27?9@ ¿ 7 4#. 9d.l99 02,h d.6.!9 
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54#65, .j.#2*7 9*5, %d,$.2% Ó9:k4.14.*:'h c.4%#4Ô@ 549:l95 4.c,2' 1,2,4,j, d.1  !.#2*7 $ 2,?< !2, 9d >!#:9# 
:.54.$ #:, 5#45#:691> 74:, :.54.$ #:9  6$9;#:97 #:2'< . :. 54,29$,5, ,;:,h *2,4,:# 4.*5, ,;#: k,2,4#d9- 
*2,4< > .$ 9$. 89h 9d >!#:9#@ }4,f,678## 9d6# 9# 54#4'$.#2 5,*2>5. 8## 9d >!#:9# :. k,2,4#d9*2,4< $ 4#d> %- 
2.2# !#j, 9*1  !.#2*7 $ 97:9# 0kk#12. ,24.;#:97 ,2 5,$#4f:,*29 :. 54,l#6>4> 1,:24, 7 l$#2. 9d6# 97@ 

¿ 7 4.d4.c,219 0 #1249!#*1,h *f#?' ?.1#2. c' 9*5, %d,$.: *#4$9* EASY EDA [3]. s #124,::.7 *f#?. 
1,:$#h#4. 54#6*2.$ #:. :. 49*@ 1. 

«9*@ 1. if#?. *9*2#?' >54.$ #:97 1,:$#h#4,? 

i 9*5, %d,$.:9#? i´}« Ó n¶}´i-ªSÔ 9 i´}« ÓA+PBO­+FZGÔ [4] c' . 4.d4.c,2.:. 3D-?,6# % ?.1#2.@ nc- 
89h $96 4.d4.c,2.::,h 3D-?,6# 9 5,1.d.: :. 49*@ 2, j6#/ 1 y 1,45>* ?,6> 7 Ói$#2,k,4Ô¬ 2 y :.1,592# %¬ 3 y 549$,6 
1,:$#h#4.¬ 4 y 4.?. 549$,6.¬ 5 y ?#f.:9d? 4#j> 94,$19 :.27;#:97 #:2'¬ 6 y ,*:,$.:9#¬ 7 y #?1,*2% 6 7 j,6:'f 9d6#- 
9h¬ 8 y d>c!.2,-4##!:.7 5#4#6.!.¬ 9 y 4.?. 2, 1.2# 7¬ 10 y 9d?#492# %:.7 5 ,8.61.¬ 11 y #?1,*2% 6 7 c4.1,$.::'f 

9d6# 9h¬ 12 y 1,45>* 6.2!91. 9:99 9 2.c ,¬ 13 y 24.:*5,42#4:.7 #:2.@ 
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x91 4.c,2' 1,:$#h#4. :.!9:.#2*7 * 2,j,< !2, * :.1,592# 7 2 :. 9d?#492# %:>  5 ,8.61> 10 5,*2>5.#2 9d- 
6# 9# §:. 49*@ 2 :# 5,1.d.:,¨@ Ä* 9 9d6# 9# :# *,,2$#2*2$>#2 f,27 c' ,6:,?> 9d 1,:24, 94>#?'f 5.4.?#24,$< 2, ,:, 
2, 1.2# #? 5#4#?#8.#2*7 $ 1,:2#h:#4 6 7 c4.1,$.::'f 9d6# 9h 11, 549 02,? *9*2#?. >54.$ #:97 *9j:. 9d94>#2 ,c 
02,? 14.*:'? *$#2,? *$#2,k,4.< 4.*5, ,;#::,j, $ 1,45>*# 1, 9 j#:#494>#2 d$>1,$,h *9j:. @ Ä* 9 9d6# 9# *,,2$#2- 
*2$>#2 5.4.?#24.?< 2, ,:, $2,4'? 2, 1.2# #? 5#4#?#8.#2*7 :. 24.:*5,42#4:>  #:2> 13. }49 02,? *9*2#?. >54.$ #- 
:97 *9j:. 9d94>#2 ,c 02,? d# #:'? *$#2,? *$#2,k,4.@ zd6# 9#< 5#4#?#8.#?,# 5, #:2#< 54,f,692 ?9?, z -6.2!91.< 
4.*5, ,;#::,j, $ 1,45>*# 12, 54,9*f,692 5,6*!#2 9 9d6# 9# *c4.*'$.#2*7 $ #?1,*2% 7. ,:$#h#4:.7 #:2. 549$,- 
692*7 $ 6$9;#:9# 549$,6,? 3, 1,2,4'h 4.*5, ,;#: :. 4.?# 4. «#j> 94,$1. :.27;#:97 #:2' 54,9*f,692 d. *!#2 ?#- 
f.:9d?. 5. ¿ 7 54#,c4.d,$.:97 $4.8.2# %:,j, 6$9;#:97 $. . *#4$,549$,6. $ 5,*2>5.2# %:,# $ 549 ,;#:99 Ób. ' 
9 ?#f.:9!#*19# 5#4#6.!9Ô n¶}´i-3D c' . 4.d4.c,2.:. d>c!.2,-4##!:.7 5#4#6.!. 8. b#6>8## d>c!.2,# 1, #*, 
>*2.:.$ 9$.#2*7 :. $. *#4$,549$,6.@ }#4#6.!9 4.*5, .j. 2*7 :. :.1,592# # 2 9 4.?# 2, 1.2# 7 9. 3D-?,6# % 5#4#- 
6.!9 5,1.d.:. :. 49*@ 3. 

«9*@ 3. ¿$>f*2>5#:!.2.7 d>c!.2.7 4##!:.7 5#4#6.!. * 14#5 #:9#? 6 7 6.2!91. 4.*5,d:.$.:97 l$#2. 
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r.1;# 6 7 64>j9f 0 #124,::'f 1,?5 #12> 89f 4.d4.c,2.:' 1,45>* *$#2,k,4.< 1,45>* 6.2!91. 9:99 9 2.- 
c ,@ i,*2.$:,h 1,45>* 6 7 6.2!91. 9:99 9 2.c , 9d,c4.;#: :. 49*@ 4. 

. c 

«9*@ 4. b96' *,*2.$:,j, 1,45>*. 6 7 2.c , 9 6.2!91. 9:99/ 
. y *2,4,:. 6 7 >*2.:,$19 2.c ,¬ c y *2,4,:. 6 7 >*2.:,$19 z  6.2!91. 

,:*24>129$:,h ,*,c#::,*2%  >d . 4#j> 94,$19 :.27;#:97 1,:$#h#4:,h #:2' 7$ 7#2*7 2,< !2, :.27;:,h 
4, 91 9?##2 c,!1,,c4.d:>  k,4?>@ s2, 5,d$, 7#2 54#6,2$4.292% 5#4#1,* #:2' $, $4#?7 6$9;#:97@ ¿ 7 549$,6. 
1,:$#h#4. 4.d4.c,2.:, ,*:,$.:9#< 5,d$, 7 8## *,#69:92% $. 4#6>12,4.< c#d 6,5, :92# %:'f 5#4#6.!< * 549$,- 
6:'? c.4.c.:,?@ b*# 0 #124,::'# 1,?5 #12> 89# 4.d?#8#:' 5,6 *2, .?9< :. 1,2,4'f 4.*5, ,;#:' *#4$,549$,6' 
* 5#4#6.!.?9@ ¿ 7 6,*2>5. 1 0 #124,::'? 1,?5,:#:2.? 54#6>*?,24#:' d.6$9;:'# 6$#4l' §49*@ 5). 

. c 

«9*@ 5. ¶#*2, 6 7 4.*5, ,;#:97 0 #124,::'f 1,?5,:#:2,$/ 
. y 5,6 ?. '? *2, ,?¬ c y 5,6 c, %o9? *2, ,? 

b*# 4.d4.c,2.::'# 3D-?,6# 9 :.5#!.2.:' :. 3D-549:2#4#< $'5, :#:' ?,:2.;:'# 9 :. .6,!:'# ,5#4.l99< 
4.d4.c,2.:. >54.$ 7 8.7 54,j4.??.@ b'5, :#:, ?,6# 94,$.:9# 4.d 9!:'f 4#;9?,$ 4.c,2' ?.1#2.@ «.d4.c,2.:- 
:'h ?.1#2 ?,;#2 c'2% $ 6. %:#ho#? 9*5, %d,$.: 6 7 k9d9!#*1,j, ?,6# 94,$.:97< 4.d4.c,219 1,:*24>12,4*1,h 6,- 
1>?#:2.l99< . 2.1;# $ >!#c:,? 54,l#**#@ 
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D. H. Tuan  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
DEVELOPMENT  OF COMPOSITE  MATERIALS  IN  RUSSIA: HISTORY,  CURRENT  STATE AND 

PROSPECTS 
This article explores the formation and development of composite materials in Russia from the 19th century to the present day. The authors 

provide a detailed analysis of the key stages in the S@V4TWU/§T evolution, starting from the lUTW T2S*@WSl2 discoveries in polymers and reinforcing l`*UT to 
the establishment of modern high-tech production facilities. Special attention is given to the contributions of Russian scientists and engineers in creating 
unique composite solutions, as well as the role of the defense and aerospace industries in driving research. The article also discusses current trends and 
future prospects for the industry: increased production volumes and expanding applications in civil construction, transportation, energy, and medicine. With 
its rich raw material base and strong government support, Russia has the potential to become one of the global leaders in composite materials by 2030. 
Keywords:  composite materials, polymer composites, carbon ßH"F reinforced plastics, government support, technological 
development, history, Russia, G)B"CDBß) achievements, industry, development prospects. 

;;7 7=37 
«.d$929# 1,?5,d92:'f ?.2#49. ,$ $ «,**99 54,o , !#4#d :#*1, %1, 1  !#$'f 02.5,$@ 

66 



 
  

 
 

i 5#4$'f 549?#:#:9h $ ,c4.d,$.2# %:,h *k#4# $ 1980-f j,6.f 02. ,24.* % 6#?,:*2494,$. . >*2,h!9$'h 4,*2< 
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92.h< i¢  ́9 ø5,:97@  2019 j,6> ,c½#? 54,9d$,6*2$. *,*2.$9 83,1 ? 46 4>c #h< 549!#? :.9c, %o>  6,   4':1. 

d.:7 9 5, 9?#4:'# 1,?5,d92'@ 
}4.$92# %*2$, «,**99 .129$:, 5,66#4;9$.#2 ,24.* % !#4#d :.>!:,-2#f:9!#*19# 54,j4.??'< :.54.$ #::'# 

:. 6,*29;#:9# 2#f:, ,j9!#*1,j, 96#4*2$. 1 2030 j,6>@ [19]. i4#69 1  !#$'f 6,*29;#:9h/ 
 ¶#2. 9!#*19# 1,?5,d92' * !.*29l.?9 h-BN, 9dj,2,$ #::'# ?#2,6,? *# #129$:,j, .d#4:,j, 5 .$- 

#:97 (SLM). 
 

 

±j #5 .*2919 9 54#54#j9< *,,2$#2*2$> 89# .$9.l9,::'? *2.:6.42.?@ 
}49?#:#:9# l#, 92,$'f 1,?5,d92,$ $ 01, ,j99 9 .:29?914,c:'f 5,14'297f@ 

s29 4.d4.c,219 :.o 9 549?#:#:9# $ 14929!#*19 $.;:'f ,24.* 7f< $1  !.7 .$9.l9 < .$2,?,c9 #*24,#:9#< 
0:#4j#291> 9 *24,92# %*2$,< . 2.1;# *5,*,c*2$> 2 *:9;#:9  01, ,j9!#*1,j, $,d6#h*2$97 :. 10y15% §54,j:,d :. 2024 
j,6¨@ i,!#2.:9# k>:6.?#:2. %:'f 9** #6,$.:9h 9 j,*>6.4*2$#::,h 5,66#4;19 >14#5 7#2 5,d9l99 «,**99 1.1 ,6:,j, 
9d 96#4,$ $ ,c .*29 5#4#6,$'f ?.2#49. ,$@vTUw@v¡ w@ 

I. n¥©n« zirn«zz z «´©bzrzø n¶}n©zrqûÆ ¶´rÄ«z´²nb b «niizz 
1.1. ;.-T-[U- . UWiSdUl dZe.UiUg 2SfbSeUÂUS[[aQ fZi-dUZXS. . fUd- U . CSWWUU$ 
,?5,d9l9,::'# ?.2#49. ' § ¶¨ 54#6*2.$ 7 2 *,c,h ?.2#49. '< *,*2,789# 9d 6$>f 9 9 c, ## 1,?5,:#:- 

2,$< 1,2,4'# *>8#*2$#::, ,2 9!. 2*7 64>j ,2 64>j. 5, f9?9!#*1,?> *,*2.$> 9 9 *24,#:9  9 4.d6# #:' :. ,26# %:'# 
k.d'@ ¶ ,c .6. 2 >:91. %:'?9 *$,h*2$.?9< 1,2,4'# :# ?,j>2 c'2% 6,*29j:>2' $ ,6:,4,6:'f ?.2#49. .f@ [1]. 

1.1.1. 3WiSdUg dZe.UiUg 2SfbSeUÂUS[[aQ fZi-dUZXS. . fUd-$ 
z*2,497 4.d$9297 ¶ :.!9:.#2*7 * 64#$:9f $4#?#:@ }#4$'# 1,?5,d9l9,::'# ?.2#49. ' c' 9 *,d6.:' !#- 

,$#1,? #8# $ 1.?#::,? $#1#@ ² 69 9*5, %d,$. 9 *, ,?> 9 j 9:> 6 7 9dj,2,$ #:97 19459!#h< . 2.1;# 6,c.$ 7 9 
o#4*2% 9 9 $, ,*' $ j 9:> 6 7 5,$'o#:97 54,!:,*29@ 

b *4#6:9# $#1. ¶ 9*5, %d,$. 9*% 6 7 9dj,2,$ #:97 ,4>;97 9 6,*5#f,$@ q.549?#4< 75,:*19# *.?>4.9 9*- 
5, %d,$. 9 1,?5,d92:'# >19< 1,2,4'# c' 9 9dj,2,$ #:' 9d 6#4#$.< c.?c>1. 9 1,;9@ 

b 05,f> b,d4,;6#:97 ¶ :.!. 9 9*5, %d,$.2% $ *24,92# %*2$#@ q.549?#4< $ z2. 99 c' 9 5,*24,#:' 1>5,- 
. *,c,4,$ 9d 1,?5,d92:,j, ?.2#49. .< *,*2,78#j, 9d 19459!. 9 4.*2$,4.@ 

b 19 $#1# ¶ :.!. 9 9*5, %d,$.2% $ 54,?'o #::,*29@ q.549?#4< $ ´:j 99 c' 9 9d,c4#2#:' 1,?5,d92:'# 
;# #d:,6,4,;:'# 4# %*'< 1,2,4'# c' 9 9dj,2,$ #:' 9d ;# #d. 9 *2. 9@ 

b 20 $#1# 4.d$929# ¶ >*1,49 ,*% c .j,6.47 4.d$929  :.>19 9 2#f:919@ ¥' 9 *,d6.:' :,$'# $96' ¶ 
* >:91. %:'?9 *$,h*2$.?9@ q.549?#4< $ 1940-f j,6.f c' 9 9d,c4#2#:' *2#1 ,5 .*2919< 1,2,4'# 9*5, %d> 2*7 
$ .$9.l99< *>6,*24,#:99 9 .$2,?,c9 #*24,#:99@ 

b :.*2,78## $4#?7 ¶ o94,1, 9*5, %d> 2*7 $, $*#f ,24.* 7f 54,?'o #::,*29@ n:9 549?#:7 2*7 $ .$9.- 
l99< 1,*?,:.$291#< *>6,*24,#:99< .$2,?,c9 #*24,#:99< *24,92# %*2$#< ?#69l9:# 9 64>j9f ,24.* 7f@ [2]. 

1.1.2. 3WiSdUg dZe.UiUg 2SfbSeUÂUS[[aQ fZi-dUZXS. . CSWWUU$ 
b «,**99 9*2,497 4.d$9297 ¶ :.!9:.#2*7 $ 19 $#1#@ b 1842 j,6> 4>**19h >!#:'h ¿@z@ ¶#:6# ##$ 9d,c4# 

1,?5,d92:'h ?.2#49. < 1,2,4'h *,*2,7 9d ?#69 9 ;# #d.@ s2,2 ?.2#49. c' :.d$.: Ó;# #d:.7 ?#6%Ô 9 9*5, %d,- 
$. *7 6 7 9dj,2,$ #:97 5.4,$,d:'f 1,2 ,$@ 

b :.!. # 20 $#1. $ «,**99 c' 9 *,d6.:' 5#4$'# 1,?5,d92:'# ?.2#49. ' :. ,*:,$# 5, 9?#4,$@ b 1913 j,6> 
4>**19h >!#:'h i@b@ ²#c#6#$ 9d,c4# *9:2#29!#*19h 1.>!>1< 1,2,4'h *2. ,*:,$,h 6 7 *,d6.:97 1,?5,d92:'f ?.2#- 
49. ,$ :. ,*:,$# 4#d9:'@ 

b 1930-f j,6.f $ «,**99 c' 9 *,d6.:' 5#4$'# 1,?5,d92:'# ?.2#49. ' :. ,*:,$# *2#1 ,$, ,1:.@ s29 ?.2#49- 
. ' 9*5, %d,$. 9*% $ .$9.l99 9 *>6,*24,#:99@ 

b :.*2,78## $4#?7 $ «,**99 $#6>2*7 .129$:'# 9** #6,$.:97 $ ,c .*29 ¶@ «.d4.c.2'$. 2*7 :,$'# $96' 
¶ * >:91. %:'?9 *$,h*2$.?9@ s29 ?.2#49. ' 9*5, %d> 2*7 $ 4.d 9!:'f ,24.* 7f 54,?'o #::,*29< $1  !.7 .$9- 

.l9 < 1,*?,:.$291>< *>6,*24,#:9#< .$2,?,c9 #*24,#:9#< *24,92# %*2$, 9 ?#69l9:>@v¡w@ 
¼Z2Xl/-[U-~ 
,?5,d9l9,::'# ?.2#49. ' 7$ 7 2*7 5#4*5#129$:'?9 ?.2#49. .?9< 1,2,4'# ,c .6. 2 >:91. %:'?9 *$,h- 

*2$.?9@ n:9 o94,1, 9*5, %d> 2*7 $, $*#f ,24.* 7f 54,?'o #::,*29@ b :.*2,78## $4#?7 $#6>2*7 .129$:'# 9** #6,- 
$.:97 $ ,c .*29 ¶< !2, 5,d$, 7#2 *,d6.$.2% :,$'# ?.2#49. ' * #8# c, ## $'*,19?9 f.4.12#49*291.?9@ 

1.2. FUS[-dW2U- UWWX-TS.Z[Ug 2SfbSeUÂUS[[aQ fZi-dUZXS. . [Z1/[S-UWWX-TS.Zi-X_W2UQ 
U[WiUi1iZQ U 1[U.-dWUi-iZQ CSWWUU . b-dUST W 1950 bS 1960 kSTa$ 

b 1950-f 9 1960-f j,6.f $ :.>!:,-9** #6,$.2# %*19f 9:*292>2.f 9 >:9$#4*92#2.f «,**99 54,$,69 9*% :,$.- 
2,4*19# 9** #6,$.:97 1,?5,d9l9,::'f ?.2#49. ,$@ s29 9** #6,$.:97 c' 9 :.54.$ #:' :. *,d6.:9# :,$'f $96,$ 
¶ * >:91. %:'?9 *$,h*2$.?9< 1,2,4'# ?,j 9 c' 9*5, %d,$.2%*7 $ 4.d 9!:'f ,24.* 7f 54,?'o #::,*29< $1  !.7 

.$9.l9 < 1,*?,:.$291>< *>6,*24,#:9#< .$2,?,c9 #*24,#:9# 9 *24,92# %*2$,@v¡w@ 
1.1.1. 9W[S.[a- [ZbdZ.X-[Ug UWWX-TS.Z[U]$ [2]. 

n*:,$:'# :.54.$ #:97 9** #6,$.:9h 1,?5,d9l9,::'f ?.2#49. ,$ $ «,**99 $ 1950-f 9 1960-f j,6.f 
$1  !. 9/ 

 

 

«.d4.c,21. :,$'f $96,$ ¶ :. ,*:,$# 5, 9?#4,$@ 
«.d4.c,21. :,$'f $96,$ ¶ :. ,*:,$# *2#1 ,$, ,1:.@ 
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«.d4.c,21. :,$'f $96,$ ¶ :. ,*:,$# >j #4,6:'f $, ,1,:@ 
«.d4.c,21. :,$'f ?#2,6,$ 9dj,2,$ #:97 ¶@ 
z** #6,$.:9# *$,h*2$ ¶@ 

1.1.2. 9W[S.[a- TSWiUh-[Ug$ 
n*:,$:'# 6,*29;#:97 $ ,c .*29 9** #6,$.:9h 1,?5,d9l9,::'f ?.2#49. ,$ $ «,**99 $ 1950-f 9 1960-f j,- 

6.f $1  !. 9/ 
i,d6.:9# :,$'f $96,$ ¶ :. ,*:,$# 5, 9?#4,$< 1,2,4'# ,c .6. 9 $'*,1,h 54,!:,*2% < ;#*21,*2%  9 f9- 

?9!#*1,h *2,h1,*2% @ 
i,d6.:9# :,$'f $96,$ ¶ :. ,*:,$# *2#1 ,$, ,1:.< 1,2,4'# ,c .6. 9 $'*,1,h 54,!:,*2% < ;#*21,*2%  

9 2#5 ,*2,h1,*2% @ 
i,d6.:9# :,$'f $96,$ ¶ :. ,*:,$# >j #4,6:'f $, ,1,:< 1,2,4'# ,c .6. 9 $'*,1,h 54,!:,*2% < ;#*21,- 

*2%  9 2#5 ,54,$,6:,*2% @ 
«.d4.c,21. :,$'f ?#2,6,$ 9dj,2,$ #:97 ¶< 1,2,4'# 5,d$, 7 9 5, >!.2% ?.2#49. ' * $'*,19?9 01*5 >.2.- 

l9,::'?9 f.4.12#49*291.?9@ 
z** #6,$.:9# *$,h*2$ ¶< 1,2,4,# 5,d$, 9 , ,54#6# 92% 9f ,*:,$:'# f.4.12#49*2919 9 ,c .*29 549?#:#- 

:97@ [2]. 
1.1.3. ¼[Z/-[U- UWWX-TS.Z[U]$ 

z** #6,$.:97 1,?5,d9l9,::'f ?.2#49. ,$ $ «,**99 $ 1950-f 9 1960-f j,6.f 9?# 9 c, %o,# d:.!#:9# 6 7 
4.d$9297 02,h ,c .*29 :.>19 9 2#f:919@ n:9 5,d$, 9 9 *,d6.2% :,$'# $96' ¶ * >:91. %:'?9 *$,h*2$.?9< 1,2,4'# 
:.o 9 o94,1,# 549?#:#:9# $ 4.d 9!:'f ,24.* 7f 54,?'o #::,*29@ s29 9** #6,$.:97 2.1;# d. ,;9 9 ,*:,$> 6 7 
6. %:#ho#j, 4.d$9297 1,?5,d9l9,::'f ?.2#49. ,$ $ «,**99 9 ?94#@ [2]. 

1.1.4. =-2SiSda- bdUf-da [S.ZiSdW2UQ UWWX-TS.Z[U].[2]. 
b 1958 j,6> $ z:*292>2# f9?9!#*1,h k9d919 ́ q iii« c' *,d6.: 5#4$'h $ ?94# 1,?5,d9l9,::'h ?.2#49. 

:. ,*:,$# 5, 9029 #:. 9 *2#1 ,$, ,1:.@ 
b 1961 j,6> $ ¶,*1,$*1,? j,*>6.4*2$#::,? >:9$#4*92#2# 9?#:9 ¶@b@ ²,?,:,*,$. c' *,d6.: 5#4$'h $ ?94# 

1,?5,d9l9,::'h ?.2#49. :. ,*:,$# 05,1*96:,h *?, ' 9 >j #4,6:'f $, ,1,:@ 
b 1963 j,6> $, b*#*, d:,? :.>!:,-9** #6,$.2# %*1,? 9:*292>2# .$9.l9,::'f ?.2#49. ,$ §bz´¶¨ c' *,d- 

6.: 5#4$'h $ ?94# 1,?5,d9l9,::'h ?.2#49. :. ,*:,$# 292.:. 9 c,4.@ 
s29 9** #6,$.:97 c' 9 :,$.2,4*19?9 9 5,d$, 9 9 *,d6.2% :,$'# $96' ¶ * >:91. %:'?9 *$,h*2$.?9@ n:9 

:.o 9 o94,1,# 549?#:#:9# $ 4.d 9!:'f ,24.* 7f 54,?'o #::,*29 9 d. ,;9 9 ,*:,$> 6 7 6. %:#ho#j, 4.d$9297 
1,?5,d9l9,::'f ?.2#49. ,$ $ «,**99 9 ?94#@ 

1.3. CSX_ dSWWU]W2UQ 1/-[aQ U U[h-[-dS. . dZedZ^Si2- [S.aQ 2SfbSeUÂUS[[aQ fZi-dUZXS. 
U i-Q[SXSkU] UekSiS.X-[Ug 2SfbSeUÂUS[[aQ fZi-dUZXS.$[2]. 

«,**9h*19# >!#:'# 9 9:;#:#4' 9j4. 2 $.;:>  4, % $ 4.d4.c,21# :,$'f 1,?5,d9l9,::'f ?.2#49. ,$ 9 2#f- 
:, ,j9h 9f 54,9d$,6*2$.@ b *,$#2*1,# $4#?7 ,:9 *6#. 9 d:.!92# %:'# ,214'297 $ 02,h ,c .*29< $:#* 9 $.;:'h 
$1 .6 $ 4.d$929# 1,?5,d92,$@ q.549?#4< c' 4.d4.c,2.: Ó¿# %2.5 #1*Ô - 1,?5,d9l9,::'h ?.2#49. < 1,2,4'h 549- 
?#:7 *7 $ .04,1,*?9!#*19f 1,:*24>1l97f@ r.1;# c' 9d,c4#2#: Ói9 91,1. %l92Ô - *,$#2*19h 1,?5,d92< 1,2,4'h 
:.o# o94,1,# 549?#:#:9# $ *24,92# %*2$# 9 .4f92#12>4#@ 

b :.*2,78## $4#?7 4,**9h*19# >!#:'# .129$:, d.:9?. 2*7 *,d6.:9#? 9::,$.l9,::'f 1,?5,d9l9,::'f ?.- 
2#49. ,$ 6 7 4.d 9!:'f ,24.* #h@ q.549?#4< >!#:'# 9d ò;:,-±4. %*1,j, j,*>6.4*2$#::,j, >:9$#4*92#2. 9** #- 
6> 2 9 4.d4.c.2'$. 2 :,$'# 1,?5,d9l9,::'# ?.2#49. ' 6 7 4.d:,,c4.d:'f ,24.* #h 54,?'o #::,*29 $ 4.?1.f 
±4. %*1,j, ?#;4#j9,:. %:,j, :.>!:,-,c4.d,$.2# %:,j, l#:24.@ 4,?# 2,j,< *5#l9. 9*2' 9d 9:*292>2. 9:k,4?.- 
l9,::,-1,*?9!#*19f 9** #6,$.:9h 9?#:9 «#o#2:#$. 9 i9c94*1,j, ,26# #:97 «,**9h*1,h .1.6#?99 :.>1 >!.*2$> 2 
$ *,d6.:99 :,$'f 1,?5,d9l9,::'f ?.2#49. ,$ 6 7 6$9j.2# #h 1,*?9!#*19f .55.4.2,$@ 

«,**9h*19# >!#:'# 9 9:;#:#4' 4.d4.c,2. 9 9::,$.l9,::'# 2#f:, ,j99 6 7 54,9d$,6*2$. 1,?5,d9l9,::'f 
?.2#49. ,$< !2, $:#* , d:.!92# %:'h $1 .6 $ 4.d 9!:'# ,24.* 9 54,?'o #::,*29@ n:9 *,$#4o#:*2$,$. 9 54,l#*- 
*' 54,9d$,6*2$. 9 $:#649 9 5#4#6,$'# 2#f:, ,j99< 2.19# 1.1 $.1>>?:.7 9:k>d97 9 .$2,?.29d94,$.::,# >1 .6'$.- 
:9# >j #5 .*291. (VARTM), !2, *5,*,c*2$,$. , 5,$'o#:9  2#f:, ,j9!#*1,j, >4,$:7 9 > >!o#:9  01,:,?9!#*1,h 
0kk#129$:,*29@ 

4,?# 2,j,< 4,**9h*19# >!#:'# 54,6, ;. 2 >6# 72% $:9?.:9# *,d6.:9  ?.2#49. ,$ :,$,j, 5,1, #:97 
* >:91. %:'?9 *$,h*2$.?9< 9 02, *$96#2# %*2$>#2 , *24#? #:99 1 9::,$.l97? $ ,c .*29 1,?5,d9l9,::'f ?.2#49.- 
,$ !#4#d *24.2#j9!#*19# 5.42:#4*2$. 9 ,c?#: d:.:97?9@ 

II. F7C39 ¶9Ð=9*9 C(¼;3A3> FC9¶JÀ+7==95A3  9¶F9¼3A=JL 
¶(A7C3(+9; ; C95533$ 

2.1. Á1d[S- dZe.UiU- bdSfaÓX-[[SWiU 2SfbSeUÂUS[[aQ fZi-dUZXS. . CSWWUU . 1970-1980- 
- kSTa$[3].[4] . 

,?5,d9l9,::'# ?.2#49. ' § ¶¨ 54#6*2.$ 7 2 *,c,h ?.2#49. '< *,*2,789# 9d 6$>f 9 9 c, ## 1,?5,:#:- 
2,$< 1,2,4'# *>8#*2$#::, ,2 9!. 2*7 5, *$,9? k9d9!#*19? 9 f9?9!#*19? *$,h*2$.?@ ,?5,:#:2' ¶ *,f4.:7 2 
*$,  9:69$96>. %:,*2% 9 :# 4.*2$,47 2*7 64>j $ 64>j#. ¥ .j,6.47 02,?> ¶ ,c .6. 2 >:91. %:'?9 *$,h*2$.?9< 
1,2,4'# :# 549*>89 9*f,6:'? 1,?5,:#:2.?@ 

b 1970-1980-# j,6' 54,?'o #::,*2% ¶ $ «,**99 5#4#;9$. . 5#49,6 c>4:,j, 4.d$9297@ s2, c' , ,c>* ,$- 
#:, 476,? k.12,4,$/ 
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},$'o#:9# *54,*. :. ¶ $ 4.d 9!:'f ,24.* 7f 54,?'o #::,*29/ .$9.l9,::,h< 1,*?9!#*1,h< .$2,?,c9 %- 
:,h< *>6,*24,92# %:,h< f9?9!#*1,h 9 64>j9f@ 

«.d$929# :,$'f 2#f:, ,j9h 54,9d$,6*2$. ¶/ $:#64#:9# .$2,?.29d94,$.::'f 9:9h< 9*5, %d,$.:9# :,$'f 
*$7d> 89f 9 .4?94> 89f ?.2#49. ,$@ 

È,*>6.4*2$#::.7 5,66#4;1. ,24.* 9/ k9:.:*94,$.:9# qzn «< *,d6.:9# *5#l9. 9d94,$.::'f 54#6549729h 
9 :.>!:,-9** #6,$.2# %*19f 9:*292>2,$@ 

b 4#d> %2.2# 1 1,:l> 1980-f j,6,$ iii« *2. ,6:9? 9d ?94,$'f 96#4,$ $ ,c .*29 54,9d$,6*2$. 9 549?#:#- 
:97 ¶@vªw@v°w@ 

2.1.1. 9W[S.[a- TSWiUh-[Ug bdSfaÓX-[[SWiU  ¶ . CSWWUU . 1970-1980-- kSTa$ [7].[4].  
«.d4.c,21. 9 $:#64#:9# $ 54,9d$,6*2$, :,$'f 295,$ ¶ * > >!o#::'?9 *$,h*2$.?9/ $'*,1,h 54,!:,*2% < 

;#*21,*2% < 2#4?,*2,h1,*2% < f9?9!#*1,h *2,h1,*2%  9 64@ 
i,d6.:9# :,$'f 2#f:, ,j9h 54,9d$,6*2$. ¶< 5,d$, 9$o9f d:.!92# %:, 5,$'*92% 54,9d$,692# %:,*2% 

9 *:9d92% *#c#*2,9?,*2% 54,6>1l99@ 
«.*o94#:9# .**,429?#:2. $'5>*1.#?'f ¶< !2, 5,d$, 9 , >6,$ #2$,492% 5,24#c:,*29 4.d 9!:'f ,24.* #h 

54,?'o #::,*29@ 
«.d4.c,21. 9 $:#64#:9# $ 54,9d$,6*2$, :,$'f 1,:*24>1l9h 9d ¶< ,c .6. 89f $'*,1,h 0kk#129$:,*2%  

9 :.6#;:,*2% @ 
2.1.2. FdUf-[-[U-  ¶ . dZeXU/[aQ SidZWXgQ bdSfaÓX-[[SWiU . 1970-1980-- kSTa$ [5]. 
´$9.l9,::.7 54,?'o #::,*2%/ 54,9d$,6*2$, *.?, #2,$< $#42, #2,$< 4.1#2 9 64>j9f #2.2# %:'f .55.4.2,$@ 
,*?9!#*1.7 54,?'o #::,*2%/ 54,9d$,6*2$, 1,*?9!#*19f 1,4.c #h< *5>2:91,$ 9 64>j9f 1,*?9!#*19f 

.55.4.2,$@ 
´$2,?,c9 %:.7 54,?'o #::,*2%/ 54,9d$,6*2$, .$2,?,c9 #h< .$2,c>*,$< j4>d,$91,$ 9 64>j9f 24.:*5,42:'f 

*4#6*2$@ 
i>6,*24,92# %:.7 54,?'o #::,*2%/ 54,9d$,6*2$, 1,4.c #h< 5,6$,6:'f ,6,1< 1.2#4,$ 9 64>j9f *>6,$@ 
Æ9?9!#*1.7 54,?'o #::,*2%/ 54,9d$,6*2$, 24>c< #?1,*2#h< .55.4.2,$ 9 64>j9f 9d6# 9h 6 7 f9?9!#*1,h 

54,?'o #::,*29@ 
2.1.3. ;2XZT bdSfaÓX-[[SWiU  ¶ . dZe.UiU- j2S[SfU2U CSWWUU . 1970-1980-- kSTa$ [6]. 
±$#9!#:9# ,c½#?,$ 54,9d$,6*2$. 54,?'o #::,h 54,6>1l99@ 
},$'o#:9# 1.!#*2$. 9 :.6#;:,*29 54,?'o #::,h 54,6>1l99@ 
i:9;#:9# *#c#*2,9?,*29 54,?'o #::,h 54,6>1l99@ 
«.*o94#:9# 01*5,42. 54,?'o #::,h 54,6>1l99@ 
2.1.4. FdS^X-fa bdSfaÓX-[[SWiU  ¶ . CSWWUU . 1970-1980-- kSTa.[7].[13]. 
q#6,*2.2,!:,# k9:.:*94,$.:9# qzn «@ 
n2*>2*2$9# #69:,h j,*>6.4*2$#::,h 5, 92919 $ ,c .*29 4.d$9297 54,?'o #::,*29 ¶@ 
q#6,*2.2,!:.7 1,,469:.l97 ?#;6> 54#65497297?9 9 :.>!:,-9** #6,$.2# %*19?9 9:*292>2.?9@ 
q#6,*2.2,!:'h >4,$#:% 5,6j,2,$19 1.64,$ 6 7 54,?'o #::,*29 ¶@ 
q#*?,247 :. 029 54,c #?'< 54,?'o #::,*2% ¶ $ «,**99 $ 1970-1980-# j,6' 6,*29j . d:.!92# %:'f >*5#- 

f,$ 9 $:#* . *>8#*2$#::'h $1 .6 $ 4.d$929# 01,:,?919 *24.:'@ 
2.2. ;aTZl¯U-Wg TSWiUh-[Ug dSWWU]W2UQ 1/-[aQ . S^XZWiU 2SfbSeUÂUS[[aQ fZi-dUZXS.N 

.2Xl/Zg dZedZ^Si21 [S.aQ .aWS2SjÉÉ-2iU.[aQ 2SfbSeUÂUS[[aQ fZi-dUZXS.N b-d-TS.aQ i-Q[S- 
XSkU] bdSUe.STWi.Z U [S.aQ bdUf-[-[U] 2SfbSeUÂUS[[aQ fZi-dUZXS.$ 

2.2.1.  CSWWU]W2U- 1/-[a- TSWiUkXU e[Z/Ui-X_[aQ d-e1X_iZiS. . S^XZWiU 2SfbSeUÂUS[[aQ 
fZi-dUZXS.$ 

q.>!:'# *,24>6:919 r,?*1,j, 5, 92#f:9!#*1,j, >:9$#4*92#2. 4.d4.c,2. 9 :,$'h ?#2,6 *,d6.:97 54,$,- 
6789f >d,4,$ 6 7 j9c19f 0 #124,::'f >*24,h*2$< . 2.1;# 4.d4.c,2. 9 >:9$#4*. %:'h ?#2,6 ,c4.c,219 2#4?,5 .- 
*29!:'f 5, 9?#4,$ 6 7 *,d6.:97 1,?5,:#:2,$ j9c1,h 0 #124,:919@ 4,?# 2,j,< >!#:'# $ *,24>6:9!#*2$# * nnn 
ÓY-EF+ßP"Ô d.:9?. 2*7 54,9d$,6*2$,? j#1*.j,:. %:'f 1,?5,d92,$ 9d 54#54#j,$< . 2.1;# 6,*29j 9 *>8#*2$#::'f 4#- 
d> %2.2,$ $ ,c .*29 >j #4,6:'f 1,?5,d92:'f ?.2#49. ,$@ ¥' 9 2.1;# 4.d4.c,2.:' >:91. %:'# c4,:#?.2#49. ' :. 
,*:,$# 5, 9029 #:. 9 :,$'h ?.2#49. 6 7 f4.:#:97 :. ,*:,$# j96496. ?.j:97 6 7 f4.:#:97 $,6,4,6.@ 4,?# 2,j,< 
54,$,672*7 9** #6,$.:97 5, *,d6.:9  .  ?9:9#$'f 1,?5,d92:'f ?.2#49. ,$@ ¿.::'# 6,*29;#:97 *$96#2# %*2$>- 
 2 , $.;:,? $1 .6# «,**99 $ ,c .*2% 1,?5,d9l9,::'f ?.2#49. ,$@vVw@ 

2.2.2.  ;aTZl¯U-Wg TSWiUh-[Ug dSWWU]W2UQ 1/-[aQ . dZedZ^Si2- [S.aQ .aWS2SjÉÉ-2iU.[aQ 
2SfbSeUÂUS[[aQ fZi-dUZXS.~ 

«,**9h*19# >!#:'# 4.d4.c,2. 9 4.d:,,c4.d9# 9::,$.l9,::'f 1,?5,d9l9,::'f ?.2#49. ,$@ b 9f !9* # :,- 
$'# 5, 9?#4:'# 1,?5,d9l9,::'# ?.2#49. ' * 4.d 9!:'?9 *$,h*2$.?9< 1,2,4'# ?,j>2 9*5, %d,$.2%*7 $ 4.d 9!:'f 
,c .*27f< $1  !.7 .$9.l9  9 .$2,?,c9 %:>  54,?'o #::,*2%@ 4,?# 2,j,< >!#:'# *,d6. 9 1,?5,d9l9,::'# ?.- 
2#49. ' :. ,*:,$# l#, 92,$< 1,2,4'# ?,j>2 9*5,%d,$.2%*7 6 7 .6*,4cl99< 1.2. 929!#*19f 4#.1l9h ,4j.:9!#*19f 
14.*92# #h 9 1.1 .:29c.12#49. %:'# .j#:2'@ z** #6,$.2# 9 2.1;# >6# 7 2 $:9?.:9# 4#j> 94,$.:9  ?#f.:9!#*19f 
*$,h*2$ 1,?5,d9l9,::'f ?.2#49. ,$ 6 7 4.d 9!:'f 54,9d$,6*2$#::'f 549?#:#:9h< $1  !.7 >>!o#:9# c. 9*29- 
!#*19f ?.2#49. ,$ 9 *,d6.:9# 5#4#6,$'f 1,?5,d92:'f ?.2#49. ,$ 6 7 1,*?9!#*19f .55.4.2,$@ s29 6,*29;#:97 $,- 
5 ,8. 2 $ *#c# $1 .6 «,**99 $ 4.d$929# $'*,1,0kk#129$:'f 1,?5,d9l9,::'f ?.2#49. ,$@vT¡w@v¡Tw 

2.2.3.  ;aTZl¯U-Wg TSWiUh-[Ug dSWWU]W2UQ 1/-[aQ . dZedZ^Si2- b-d-TS.aQ i-Q[SXSkU] bdS- 
Ue.STWi.Z U [S.aQ bdUf-[-[U] 2SfbSeUÂUS[[aQ fZi-dUZXS.$ 
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«,**9h*19# >!#:'# 7$ 7 2*7 $#6>89?9 $ 4.d4.c,21# 5#4#6,$'f 2#f:, ,j9h 54,9d$,6*2$. 1,?5,d9l9,::'f 
?.2#49. ,$ 9 $:#64#:99 :,$'f 549?#:#:9h 6 7 :9f@ ¥' . >2$#4;6#:. ,co94:.7 54,j4.??.< :.l# #::.7 :. 2#f:, ,- 
j9!#*1,# 96#4*2$, *24.:' $ 54,9d$,6*2$# 1,?5,d9l9,::'f ?.2#49. ,$ 9 54,6>1l99 9d :9f@ z:9l9.29$. 54#6>*?.- 
249$.#2 ,c89h ,c½#? k9:.:*94,$.:97 c, ## 6,7 ?9 9.46. 4>c #h * 2023 5, 2027 j,6< 549!#? 5, ,$9:. *4#6*2$ c>6#2 
$'6# #:. 9d k#6#4. %:,j, c 6;#2.@ n*:,$:,h l# %  54,j4.??' 7$ 7#2*7 4.d4.c,21. 4.d 9!:'f :,$'f 2#f:, ,j9h 
9 5,$'o#:9# 9*5, %d,$.:97 1,?5,d9l9,::'f ?.2#49. ,$ $ *24.2#j9!#*19f ,24.* 7f< 2.19f 1.1 1,*?,*< 1,4.c #*24,- 
#:9#< .$9.l97< .$2,?,c9 #*24,#:9#< 24.:*5,42< j#:#4.l97 0:#4j99 9 *24,92# %*2$,@ ¿ 7 5,66#4;19 ,24.* 9 1,?5,- 
d92:'f ?.2#49. ,$ $ 54,j4.??# >!.*2$> 2 $#6>89# 4,**9h*19# .1.6#?9!#*19# 9 54,?'o #::'# l#:24'< $1  !.7 
¶,*1,$*19h j,*>6.4*2$#::'h >:9$#4*92#2 9?#:9 ²,?,:,*,$.< z:*292>2 k9d919 «,**9h*1,h .1.6#?99 :.>1 9 64>j9#@ 
s2. 54,j4.??. 2.1;# 4#o.#2 $.;:>  d.6.!> ,c#*5#!#:97 1$. 9k9l94,$.::'f 1.64,$ 6 7 ,24.* 9 1,?5,d92:'f ?.- 
2#49. ,$@ ¿ 7 6,*29;#:97 02,h l# 9 5 .:94>#2*7 $:#64#:9# :,$'f 54.1291,-,49#:294,$.::'f ,c4.d,$.2# %:'f 
54,j4.?? $ $'*o9f >!#c:'f d.$#6#:97f< *5#l9. 9d94> 89f*7 :. 9:;#:#4:,? ,c4.d,$.:99@ [9]. 

s29 6,*29;#:97 4,**9h*19f >!#:'f $ ,c .*29 1,?5,d9l9,::'f ?.2#49. ,$ 9?# 2 c, %o,# d:.!#:9# 6 7 
4.d$9297 4.d 9!:'f ,24.* #h 54,?'o #::,*29< $1  !.7 .$9.l9,::> , 1,*?9!#*1> < .$2,?,c9 %:> < *>6,*24,9- 
2# %:>  9 *24,92# %:>  

2.3. CSX_ S^SdS[[S] bdSfaÓX-[[SWiU . WiUf1XUdS.Z[UU dZe.UiUg 2SfbSeUÂUS[[aQ fZi-dU- 
ZXS. . CSWWUU$ 

nc,4,::.7 54,?'o #::,*2% 9j4.#2 d:.!92# %:>  4, % $ *29?> 94,$.:99 4.d$9297 1,?5,d9l9,::'f ?.2#- 
49. ,$ $ «,**99@ s2, *$7d.:, * 2#?< !2, 1,?5,d9l9,::'# ?.2#49. ' ,c .6. 2 476,? >:91. %:'f *$,h*2$< 1,2,4'# 
6# . 2 9f :#d.?#:9?'?9 6 7 *,d6.:97 *,$4#?#::'f $96,$ $,,4>;#:97 9 $,#::,h 2#f:919@ 

n*:,$:'# :.54.$ #:97 9*5, %d,$.:97 1,?5,d9l9,::'f ?.2#49. ,$ $ ,c,4,::,h 54,?'o #::,*29/ 
(.UZÂUg~ 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 6#2. #h *.?, #2,$ 9 $#42, #2,$< 2.- 

19f 1.1 14' %7< k d# 7;9< o.**9 9 ,5.*29 $9:2,$@ s2, 5,d$, 7#2 *:9d92% $#* #2.2# %:'f .55.4.2,$< 5,$'*92% 9f 
54,!:,*2% 9 ?.:#$4#::,*2%< . 2.1;# >$# 9!92% 6. %:,*2% 9 54,6, ;92# %:,*2% 5, #2.@vT w@vT¡w@ 

 SWfS[Z.iU2Z: 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 2#5 ,d.892:'f 014.:,$ 1,*- 
?9!#*19f 1,4.c #h 9 *5>2:91,$< . 2.1;# 6 7 *,d6.:97 #j19f 9 54,!:'f 1,:*24>1l9h 1,*?9!#*19f .55.4.2,$@ [12]. 

CZ2-i[S-2SWfU/-W2Zg i-Q[U2Z~ 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 1,45>*,$ 
4.1#2< 2,5 9$:'f c.1,$ 9 64>j9f 0 #?#:2,$ 4.1#2:,-1,*?9!#*19f *9*2#?@ s2, 5,d$, 7#2 *:9d92% $#* 4.1#2 9 >$# 9- 
!92% 9f j4>d,5,6½#?:,*2%@ [11].[12]. 

ÁdS[-iZ[2S.Zg i-Q[U2Z~ 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 c4,:9 2.:1,$ 
9 64>j9f c,#$'f ?.o9:@ s2, 5,d$, 7#2 5,$'*92% d.898#::,*2% 2#f:919 ,2 ,j:7 54,29$:91.@ [11].[12]. 

¾XSi~ 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$#:97 1,45>*,$ 9 :.6*24,#1 1,4.c #h 9 5,6$,- 
6:'f ,6,1@ s2, 5,d$, 7#2 *:9d92% $#* *>6,$< 5,$'*92% 9f 54,!:,*2% 9 >*2,h!9$,*2% 1 1,44,d99@ [12]. 

5id-X2S.S- Sd1hU-~ 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 5491 .6,$< l#$%7 9 64>- 
j9f 0 #?#:2,$ *24# 1,$,j, ,4>;97@ s2, 5,d$, 7#2 *:9d92% $#* ,4>;97< 5,$'*92% #j, 54,!:,*2% 9 04j,:,?9!:,*2%@vT¡w@ 

«.d$929# 1,?5,d9l9,::'f ?.2#49. ,$ $ ,c,4,::,h 54,?'o #::,*29 *29?> 94>#2 4.d$929# 02,h ,24.*- 
9 $ l# ,?@ q,$'# ?.2#49. ' 9 2#f:, ,j99< 4.d4.c,2.::'# 6 7 $,#::'f :>;6< $5,* #6*2$99 :.f,672 549?#:#:9# 

$ j4.;6.:*19f ,24.* 7f 54,?'o #::,*29@ q.549?#4< 1,?5,d9l9,::'# ?.2#49. '< 9d:.!. %:, 4.d4.c,2.::'# 6 7 
.$9.l99 9 1,*?,:.$2919< $ :.*2,78## $4#?7 o94,1, 9*5, %d> 2*7 $ .$2,?,c9 %:,h< *24,92# %:,h 9 64>j9f ,24.*7f@ 

r.19? ,c4.d,?< ,c,4,::.7 54,?'o #::,*2% 9j4.#2 $.;:>  4, % $ *29?> 94,$.:99 4.d$9297 1,?5,d9l9,:- 
:'f ?.2#49. ,$ $ «,**99@ s2, *$7d.:, * 2#?< !2, 1,?5,d9l9,::'# ?.2#49. ' ,c .6. 2 476,? >:91. %:'f *$,h*2$< 
1,2,4'# 6# . 2 9f :#d.?#:9?'?9 6 7 *,d6.:97 *,$4#?#::'f $96,$ $,,4>;#:97 9 $,#::,h 2#f:919@ «.d$929# 1,?5,- 
d9l9,::'f ?.2#49. ,$ $ ,c,4,::,h 54,?'o #::,*29 *29?> 94>#2 4.d$929# 02,h ,24.* 9 $ l# ,?< . 2.1;# *5,*,c- 
*2$>#2 $:#64#:9  :,$'f ?.2#49. ,$ 9 2#f:, ,j9h $ j4.;6.:*19# ,24.* 9 54,?'o #::,*29@ [10]. 

III.  inb«Ä¶ÄqqnÄ inirnøqzÄ z }Ä«i}Ä rzbû }«n¶û¢²Äqqnirz n¶- 
}n©zrqûÆ ¶´rÄ«z´²nb b «niizz. 

3.1. A-21¯Zg WUi1ZÂUg . SidZWXU 2SfbSeUi[aQ fZi-dUZXS. . CSWWUUN .2Xl/Zg WUX_[a- 
U WXZ^a- WiSdS[aN .SefSh[SWiU U bdS^X-fa$ 

r#1>8.7 *92>.l97 $ ,24.* 9 1,?5,d92:'f ?.2#49. ,$ $ «,**99/ 
3.1.1. 5UX_[a- WiSdS[a$ 
q. 9!9# *'4%#$,h c.d'/ «,**97 ,c .6.#2 d:.!92# %:'?9 d.5.*.?9 >j #4,6:,j, $, ,1:.< *2#1 ,$, ,1:. 

9 64>j9f *'4%#$'f ?.2#49. ,$< :#,cf,69?'f 6 7 54,9d$,6*2$. 1,?5,d92:'f ?.2#49. ,$@ 
«.d$92.7 :.>!:.7 c.d./ $ «,**99 9?##2*7 476 $#6>89f :.>!:'f l#:24,$ 9 9:*292>2,$< d.:9?. 89f*7 4.d4.- 

c,21,h 9 9** #6,$.:9#? 1,?5,d92:'f ?.2#49. ,$@ 
n5'2 54,9d$,6*2$. 1,?5,d92:'f ?.2#49. ,$ $ ,c,4,::,h 54,?'o #::,*29/ «,**97 9?##2 c, %o,h ,5'2 

54,9d$,6*2$. 1,?5,d92:'f ?.2#49. ,$ 6 7 :>;6 ,c,4,::,h 54,?'o #::,*29@vTªw@ 
3.1.2. 5XZ^a- WiSdS[a$ 
q#6,*2.2,!:,# k9:.:*94,$.:9# ,24.* 9/ ,24.* % 1,?5,d92:'f ?.2#49. ,$ $ «,**99 9*5'2'$.#2 :#6,*2.2,1 

k9:.:*94,$.:97< !2, ,j4.:9!9$.#2 $,d?,;:,*29 6 7 54,$#6#:97 9** #6,$.:9h 9 4.d4.c,2,1< . 2.1;# 6 7 ?,6#4:9d.- 
l99 54,9d$,6*2$#::'f ?,8:,*2#h@ 

n2*>2*2$9# #69:,h j,*>6.4*2$#::,h 5, 92919 $ ,c .*29 4.d$9297 ,24.* 9/ $ «,**99 ,2*>2*2$>#2 #69:.7 j,- 
*>6.4*2$#::.7 5, 9291. $ ,c .*29 4.d$9297 ,24.* 9 1,?5,d92:'f ?.2#49. ,$< !2, d.24>6:7#2 1,,469:.l9  >*9 9h 
4.d 9!:'f $#6,?*2$ 9 ,4j.:9d.l9h@ 
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q#6,*2.2,!:'h >4,$#:% 54,9d$,6*2$. 1,?5,d92:'f ?.2#49. ,$/ 54,9d$,6*2$, 1,?5,d92:'f ?.2#49. ,$ 
$ «,**99 :# *,,2$#2*2$>#2 5,24#c:,*27? 4':1.< !2, 549$,692 1 :#,cf,69?,*29 9?5,4294,$.2% 029 ?.2#49. ' 9d-d. 
4>c#;.@vTª]. 

3.1.3. ;SefSh[SWiU$ 
«.*2>89h *54,* :. 1,?5,d92:'# ?.2#49. '/ *54,* :. 1,?5,d92:'# ?.2#49. ' $ ?94# 4.*2#2< !2, ,214'$.#2 

$,d?,;:,*29 6 7 4,**9h*19f 54,9d$,692# #h $'h29 :. :,$'# 4':19@ 
«.d$929# :,$'f 2#f:, ,j9h 54,9d$,6*2$. 1,?5,d92:'f ?.2#49. ,$/ 4.d$929# :,$'f 2#f:, ,j9h 54,9d$,6- 

*2$. 1,?5,d92:'f ?.2#49. ,$ 5,d$, 7#2 *:9d92% 9f *2,9?,*2% 9 4.*o9492% ,c .*2% 9f 549?#:#:97@ 
È,*>6.4*2$#::.7 5,66#4;1. ,24.* 9/ j,*>6.4*2$, ?,;#2 ,1.d.2% 5,66#4;1> ,24.* 9 1,?5,d92:'f ?.2#49.- 

,$ 5>2#? 54#6,*2.$ #:97 *>c*969h< %j,2:'f 14#692,$ 9 64>j9f ?#4 5,66#4;19@vTªw@ 
3.1.4. FdS^X-fa$ 
b'*,1.7 *2,9?,*2% 1,?5,d92:'f ?.2#49. ,$/ 1,?5,d92:'# ?.2#49. ' 7$ 7 2*7 ,2:,*92# %:, 6,4,j9?9 ?.- 

2#49. .?9< !2, ,j4.:9!9$.#2 9f 549?#:#:9# $ :#1,2,4'f ,24.* 7f 54,?'o #::,*29@ 
q#6,*2.2,!:.7 9:k,4?94,$.::,*2% , 1,?5,d92:'f ?.2#49. .f/ ?:,j9# 5,2#:l9. %:'# 5,24#c92# 9 1,?5,- 

d92:'f ?.2#49. ,$ :# d:. 2 ,c 9f 54#9?>8#*2$.f 9 $,d?,;:,*27f 549?#:#:97@ 
n2*>2*2$9# 1$. 9k9l94,$.::'f 1.64,$/ $ «,**99 ,8>8.#2*7 :#f$.21. 1$. 9k9l94,$.::'f 1.64,$ $ ,c.*29 

54,9d$,6*2$. 9 549?#:#:97 1,?5,d92:'f ?.2#49. ,$@ 
´:. 9d 2#1>8#h *92>.l99 $ ,24.* 9 1,?5,d92:'f ?.2#49. ,$ $ «,**99 5,1.d'$.#2< !2, ,24.* % 9?##2 1.1 

*9 %:'# *2,4,:'< 2.1 9 * .c'# *2,4,:'@ }49 02,? 9?# 2*7 $,d?,;:,*29 6 7 4.d$9297 ,24.* 9< :, *>8#*2$> 2 9 54,- 
c #?'< 1,2,4'# :#,cf,69?, 4#o.2%@ ¿ 7 2,j,< !2,c' ,24.* % 1,?5,d92:'f ?.2#49. ,$ $ «,**99 ?,j . 4.d$9$.2%*7 
9 >6,$ #2$,472% 5,24#c:,*29 4':1.< :#,cf,69?, 4#o92% 476 54,c #?< 2.19f 1.1 :#6,*2.2,!:,# k9:.:*94,$.:9#< ,2- 
*>2*2$9# #69:,h j,*>6.4*2$#::,h 5, 92919 $ ,c .*29 4.d$9297 ,24.* 9< :#6,*2.2,!:'h >4,$#:% 54,9d$,6*2$. 1,?5,- 
d92:'f ?.2#49. ,$ 9 $'*,1.7 *2,9?,*2% 029f ?.2#49. ,$@vTªw@ 

3.2. q,$'# :.54.$ #:97 9** #6,$.:9h 9 4.d4.c,2,1 $ ,c .*29 1,?5,d9l9,::'f ?.2#49. ,$ $ «,**99< $1  - 
!.7 4.d4.c,21> :,$'f $96,$ 1,?5,d9l9,::'f ?.2#49. ,$< 5#4#6,$'f 2#f:, ,j9h 54,9d$,6*2$. 9 :,$'f 549?#:#:9h 
1,?5,d9l9,::'f ?.2#49. ,$@ 

3.2.1.  =S.a- [ZbdZ.X-[Ug UWWX-TS.Z[U] U dZedZ^SiS2 . S^XZWiU 2SfbSeUÂUS[[aQ fZi-dUZ- 
XS. . CSWWUU$ [14].[15]. 

,?5,d9l9,::'# ?.2#49.' 54#6*2.$ 7 2 *,c,h 1 .** ?.2#49. ,$< *,*2,789f 9d 6$>f 9 9 c, ## 4.d 9!:'f 
?.2#49. ,$< 1,2,4'# ,c½#69:#:' $?#*2#< !2,c' *,d6.2% :,$'h ?.2#49. * > >!o#::'?9 *$,h*2$.?9@ ,?5,d9l9,:- 
:'# ?.2#49. ' 9*5, %d> 2*7 $ o94,1,? *5#124# 549?#:#:9h< $1  !.7 .04,1,*?9!#*1>  54,?'o #::,*2%< .$2,?,- 
c9 #*24,#:9#< *24,92# %*2$, 9 0:#4j#291>@ 

b «,**99 $ :.*2,78## $4#?7 $#6#2*7 476 :,$'f :.54.$ #:9h 9** #6,$.:9h 9 4.d4.c,2,1 $ ,c .*29 1,?5,d9- 
l9,::'f ?.2#49. ,$@ s29 :.54.$ #:97 $1  !. 2/ 

«.d4.c,21. :,$'f $96,$ 1,?5,d9l9,::'f ?.2#49. ,$ * > >!o#::'?9 *$,h*2$.?9< 2.19?9 1.1 c, ## $'*,1.7 
54,!:,*2%< ;#*21,*2%< 2#5 ,54,$,6:,*2% 9 f9?9!#*1.7 *2,h1,*2%@ 

«.d4.c,21. 5#4#6,$'f 2#f:, ,j9h 54,9d$,6*2$. 1,?5,d9l9,::'f ?.2#49. ,$< 1,2,4'# 5,d$, 72 *:9d92% 
*2,9?,*2% 54,9d$,6*2$. 9 > >!o92% 1.!#*2$, 54,6>1l99@ 

«.d4.c,21. :,$'f 549?#:#:9h 1,?5,d9l9,::'f ?.2#49. ,$ $ 4.d 9!:'f ,24.* 7f 54,?'o #::,*29@ 
3.2.2. CZedZ^Si2Z [S.aQ .UTS. 2SfbSeUÂUS[[aQ fZi-dUZXS.$ 
n6:9? 9d :.9c, ## 5#4*5#129$:'f :.54.$ #:9h 9** #6,$.:9h 9 4.d4.c,2,1 $ ,c .*29 1,?5,d9l9,::'f ?.- 

2#49. ,$ 7$ 7#2*7 4.d4.c,21. :,$'f $96,$ 1,?5,d9l9,::'f ?.2#49. ,$ * > >!o#::'?9 *$,h*2$.?9@ s29 :,$'# ?.- 
2#49. ' ?,j>2 c'2% *,d6.:' 5>2#? 9*5, %d,$.:97 :,$'f 295,$ ?.249l< .4?94> 89f $, ,1,: 9 6,c.$,1@ 

¶.249l. 1,?5,d9l9,::,j, ?.2#49. . 54#6*2.$ 7#2 *,c,h ?.2#49. < 1,2,4'h *$7d'$.#2 .4?94> 89# $, ,1- 
:. $?#*2#@ ¶.249l' ?,j>2 c'2% 9dj,2,$ #:' 9d 4.d 9!:'f ?.2#49. ,$< 2.19f 1.1 5, 9?#4'< ?#2. ' 9 1#4.?91.@ 

´4?94> 89# $, ,1:. 54#6*2.$ 7 2 *,c,h $, ,1:.< 1,2,4'# 5496. 2 1,?5,d9l9,::,?> ?.2#49.> 54,!- 
:,*2% 9 ;#*21,*2%@ ´4?94> 89# $, ,1:. ?,j>2 c'2% 9dj,2,$ #:' 9d 4.d 9!:'f ?.2#49. ,$< 2.19f 1.1 >j #4,6< *2#1- 
,< .4.?96 9 c,4@ 

¿,c.$19 54#6*2.$ 7 2 *,c,h ?.2#49. '< 1,2,4'# 6,c.$ 7 2*7 $ 1,?5,d9l9,::'h ?.2#49. 6 7 > >!o#:97 
#j, *$,h*2$@ ¿,c.$19 ?,j>2 c'2% 9*5, %d,$.:' 6 7 > >!o#:97 54,!:,*29< ;#*21,*29< 2#5 ,54,$,6:,*29 9 f9?9!#- 
*1,h *2,h1,*29 1,?5,d9l9,::,j, ?.2#49. .@vT~w@ 

3.2.3. CZedZ^Si2Z b-d-TS.aQ i-Q[SXSkU] bdSUe.STWi.Z 2SfbSeUÂUS[[aQ fZi-dUZXS.. 
¿4>j9? $.;:'? :.54.$ #:9#? 9** #6,$.:9h 9 4.d4.c,2,1 $ ,c .*29 1,?5,d9l9,::'f ?.2#49. ,$ 7$ 7#2*7 

4.d4.c,21. 5#4#6,$'f 2#f:, ,j9h 54,9d$,6*2$. 1,?5,d9l9,::'f ?.2#49. ,$@ s29 :,$'# 2#f:, ,j99 5,d$, 72 *:9- 
d92% *2,9?,*2% 54,9d$,6*2$. 9 > >!o92% 1.!#*2$, 54,6>1l99@ 

n6:9? 9d :.9c, ## 5#4*5#129$:'f :.54.$ #:9h $ ,c .*29 54,9d$,6*2$. 1,?5,d9l9,::'f ?.2#49. ,$ 7$ 7- 
#2*7 9*5, %d,$.:9# .$2,?.29d94,$.::'f 54,l#**,$@ ´$2,?.29d94,$.::'# 54,l#**' 5,d$, 7 2 *:9d92% *2,9?,*2% 
54,9d$,6*2$. 9 > >!o92% 1.!#*2$, 54,6>1l99@ 

¿4>j9? 5#4*5#129$:'? :.54.$ #:9#? $ ,c .*29 54,9d$,6*2$. 1,?5,d9l9,::'f ?.2#49. ,$ 7$ 7#2*7 9*5, %- 
d,$.:9# :,$'f ?#2,6,$ k,4?,$.:97@ q,$'# ?#2,6' k,4?,$.:97 5,d$, 7 2 *,d6.$.2% 1,?5,d9l9,::'# ?.2#49. ' *, 
* ,;:,h j#,?#249#h@vTWw@ 
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3.2.4. CZedZ^Si2Z [S.aQ bdUf-[-[U] 2SfbSeUÂUS[[aQ fZi-dUZXS.$ 
r4#2%9? $.;:'? :.54.$ #:9#? 9** #6,$.:9h 9 4.d4.c,2,1 $ ,c .*29 1,?5,d9l9,::'f ?.2#49. ,$ 7$ 7#2*7 

4.d4.c,21. :,$'f 549?#:#:9h 1,?5,d9l9,::'f ?.2#49. ,$ $ 4.d 9!:'f ,24.* 7f 54,?'o #::,*29@ ,?5,d9l9,:- 
:'# ?.2#49. ' ?,j>2 c'2% 9*5, %d,$.:' $ o94,1,? *5#124# 549?#:#:9h< $1  !.7 .04,1,*?9!#*1>  54,?'o #:- 
:,*2%< .$2,?,c9 #*24,#:9#< *24,92# %*2$, 9 0:#4j#291>@ 

b .04,1,*?9!#*1,h 54,?'o #::,*29 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 *.?, #2,$ 
9 4.1#2@ ,?5,d9l9,::'# ?.2#49. ' 5,d$, 7 2 *:9d92% $#* *.?, #2,$ 9 4.1#2< !2, 549$,692 1 *:9;#:9  4.*f,6. 
2,5 9$. 9 >$# 9!#:9  6. %:,*29 5, #2.@ 

b .$2,?,c9 #*24,#:99 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 1>d,$,$ .$2,?,c9 #h@ 
,?5,d9l9,::'# ?.2#49. ' 5,d$, 7 2 *:9d92% $#* .$2,?,c9 #h< !2, 549$,692 1 *:9;#:9  4.*f,6. 2,5 9$. 9 >$#- 
9!#:9  54,c#j. :. ,6:,? c.1#@ 

b *24,92# %*2$# 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 *24,92# %:'f 1,:*24>1l9h< 2.- 
19f 1.1 ?,*2'< d6.:97 9 6,4,j9@ ,?5,d9l9,::'# ?.2#49. ' 5,d$, 7 2 *:9d92% $#* *24,92# %:'f 1,:*24>1l9h< !2, 
549$,692 1 *:9;#:9  *2,9?,*29 *24,92# %*2$. 9 >$# 9!#:9  *4,1. * >;c' 1,:*24>1l9h@ 

b 0:#4j#291# 1,?5,d9l9,::'# ?.2#49. ' 9*5, %d> 2*7 6 7 9dj,2,$ #:97 $#247:'f 2>4c9:< *, :#!:'f 5.- 
:# #h 9 .11>?> 72,4,$@ ,?5,d9l9,::'# ?.2#49. ' 5,d$, 7 2 *:9d92% $#* 9 *2,9?,*2% $#247:'f 2>4c9:< *, :#!- 
:'f 5.:# #h 9 .11>?> 72,4,$< !2, 6# .#2 9f c, ## 1,:1>4#:2,*5,*,c:'?9 5, *4.$:#:9  * 24.69l9,::'?9 9*2,!:9- 
1.?9 0:#4j99@ 

,?5,d9l9,::'# ?.2#49. ' 7$ 7 2*7 5#4*5#129$:'? 1 .**,? ?.2#49. ,$ * o94,19? *5#124,? 549?#:#- 
:9h@ b «,**99 $ :.*2,78## $4#?7 $#6#2*7 476 :,$'f :.54.$ #:9h 9** #6,$.:9h 9 4.d4.c,2,1 $ ,c .*29 1,?5,d9l9- 
,::'f ?.2#49. ,$@ s29 :.54.$ #:97 $1  !. 2 4.d4.c,21> :,$'f $96,$ 1,?5,d9l9,::'f ?.2#49. ,$< 5#4#6,$'f 
2#f:, ,j9h 54,9d$,6*2$. 9 :,$'f 549?#:#:9h 1,?5,d9l9,::'f ?.2#49. ,$@vT£w@ 

3.3. }#4*5#129$' 4.d$9297 ,24.* 9 1,?5,d9l9,::'f ?.2#49. ,$ $ «,**99 $ c>6>8#?@ 
1.1.1. 9Â-[2Z b-dWb-2iU. dZe.UiUg SidZWXU 2SfbSeUi[aQ fZi-dUZXS. . CSWWUU. 
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COMPLEX PROCESSING OF OFF-BALANCE SOLUTIONS  OF POTASH PLANTS 
One of the possible options for processing 9X-balance brines in the production of potassium chloride from silvinites is ̀ US*Ï/ described. During 

evaporation of brines, sodium chloride crystallizes, including for the production of soda. The precipitated calcium and magnesium carbonates are 
processed into liquid fertilizers, and solutions of potassium chloride are converted into nitrate and (or) potassium phosphate. 

Keywords:  excess brines, evaporation, crystallization, sodium chloride, brine ·IFBß)-DB+C< potassium chloride, 
conversion, potassium nitrate, potassium dihydrogen phosphate. 
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4.:9#? 9 4#5> %5.l9#h [3]. 

b, bqzz ÓÈ. >4j97Ô 4.d4.c,2.:. *f#?. 5#4#4.c,219 9dc'2,!:'f 4.*2$,4,$ :. $'5.4:,h >*2.:,$1# * ,c4.- 
d,$.:9#? *>*5#:d99 f ,49*2,j, :.2497 549 2#?5#4.2>4# ,1, , 100 Õi . ±5.4#::.7 *>*5#:d97 f ,496. :.2497 5,*2>5.- 
#2 :. *2.69  *?#o9$.2% * ,*:,$:'? 5,2,1,? *, #$,j, o .?. 5,* # *2.699 4.*2$,4#:97 4>6' 9 6. ## f ,496 :.2497 
>6. 7#2*7 9d 54,l#**. $?#*2# * j. 92,$'?9 ,2f,6.?9@ q.*'8#::'h 4.*2$,4 :.54.$ 7#2*7 :. *2.69  $.1>>?-149- 
*2. 9d.l99 6 7 5, >!#:97 j. >4j9!#*1,j, f ,49*2,j, 1. 97@ r#? *.?'?< *:9;. 2*7 5,2#4% KCl * 9dc'2,!:'?9 
4.**, .?9 9 >?#:%o.#2*7 :,4?. 4.*f,6. 4>6' :. 54,9d$,6*2$, l# #$,j, 54,6>12. [2]. 

q.?9 54#6*2.$ #:. *f#?. 5#4#4.c,219 ;9619f ,2f,6,$ 1. 9h:'f k.c491 §49*>:,1 1), 1,2,4.7 54#65, .j.#2 
9*5, %d,$.:9# $*#f 1,?5,:#:2,$ 9 $1  !.#2 * #6> 89# ,*:,$:'# *2.699/ 

y54#6$.492# %:.7 ,!9*21. 4.**, . ,2 *, #h ;#*21,*29¬ 
y5#4#4.c,21. 1.4c,:.2,$ 1. %l97 9 ?.j:97 :. ;961,# >6,c4#:9#¬ 
y$'5.41. 4.**, . * 5, >!#:9#? f ,49*2,j, :.2497 4.d 9!:'f *,42,$¬ 
y1,:$#4*97 f ,496. 1. 97 $ :924.2 9¤9 9 69j964,k,*k.2 1. 97@ 
n*:,$:'? 5,24#c92# #? f ,496. :.2497 7$ 7#2*7 f9?9!#*1.7 54,?'o #::,*2%@ i, % 7$ 7#2*7 *'4%#? 6 7 

54,9d$,6*2$. 1. %l9:94,$.::,h *, 9 .??9.!:'? *5,*,c,?< 1.>*29!#*1,h *,6' ?#2,6,? 0 #124, 9d.< . 2.1;# ?,;#2 
c'2% 549?#:#:. $ 54,9d$,6*2$# ?:,j9f 64>j9f f9?9!#*19f 54,6>12,$@ 

Ù.*2% f ,496. :.2497< 5, >!.#?.7 549 $'5.49$.:99 ;9619f *, #$'f ,2f,6,$ 6, 30 % *2#5#:9 :.*'8#:97 
*, 7?9< ?9:9?. %:, d.j47d:#:. f ,496,? 1. 97 9< 5,02,?> ?,;#2 c'2% 5, >!#: 54,6>12 598#$'f 9 1,4?,$'f *,- 
42,$@ i #6> 8.7 !.*2% f ,496. :.2497< $'6# #::.7 549 *2#5#:9 :.*'8#:97 ,1, , 55 % ?,;#2 c'2% 9*5, %d,$.:. 
$ 1.!#*2$# *'4%7 549 54,9d$,6*2$# 1. %l9:94,$.::,h *,6'@ r4#c,$.:97 1 4.**, > 6 7 54,9d$,6*2$. *,6' 54#6*2.$- 
#:' $ 2.c 9l# 2. 

r.c 9l. 2. «.**, < *,,2$#2*2$> 89h 24#c,$.:97? *,6,$,j, 54,9d$,6*2$. 

i,6#4;.:9#< j¤ 

,?5,:#:2 
NaCl K + Ca2+ Mg2+ SO42- 
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«.**, NaCl 306y310 3,3y4,5 1,2y1,8 0,1y0,2 2,5 

«9*@ 1. }49:l959. %:.7 *f#?. 5#4#4.c,219 d.c. .:*,$'f 4.*2$,4,$ 

i,6,$,# 54,9d$,6*2$, 54#6½7$ 7#2 476 24#c,$.:9h 1 4.**, >< j .$:'? 9d 1,2,4'f 7$ 7#2*7 $'*,1.7 1,:l#:- 
24.l97 NaCl, 5,*1, %1> 02, $#6#2 >?#:%o#:9  d.24.2 :. 0 #124,0:#4j9 < $,6>< 9d$#*2% 9 5.4@ z*1>**2$#::'h 4.**, 
f ,49*2,j, :.2497< 9*5, %d>#?'h $ 54,9d$,6*2$#< 5,?9?, ,*:,$:,j, 1,?5,:#:2. f ,496. :.2497< *,6#4;92 *?#*% 
*, #h ?.j:97 9 1. %l97< 549*>2*2$9# 1,2,4'f $#6#2 1 *:9;#:9  *,6#4;.:97 l# #$,j, 54,6>12.@ ¥#4#d:91,$*19h *,- 
6,$'h d.$,6 4#. 9d>#2 4.c,2> :. j. 92,$'f ,2f,6.f k.c4919 ¥ }«±-1. «.**, f ,496. :.2497 54,f,692 ,c4.c,21> 
,2 $d$#o#::'f $#8#*2$ 9 ,!9*21> ,2 *, #h ?.j:97 9 1. %l97 9d$#*21,$,-*,6,$'? ?#2,6,?< . d.2#? 5,*2>5.#2 :. 54,- 
9d$,6*2$, 1. %l9:94,$.::,h *,6' [3]. È .$:.7 ,*,c#::,*2% 9d$#*21,$,-*,6,$,j, ?#2,6. d.1  !.#2*7 $ #j, 9dc94.- 
2# %:,*29@ ¶#2,6< ?,;#2 c'2% 549?#:9? 1 4.**, .?< 1,2,4'# *,6#4;.2 *, 9 1. %l97 9 :#c, %o9# 1, 9!#*2$. *, 9 
?.j:97@ 

i,6,$'h ?#2,6 ,!9*219 ?,;:, ,2:#*29 1 :.9c, ## 54,*2,?> *5,*,c>< 1.1 5, f9?9d?> 54,l#**.< 2.1 9 5, 1,:- 
*24>1l99 .55.4.2,$@ Æ9?9d? 54,l#**. ?,;:, 54#6*2.$92% $ $96# 6.::'f >4.$:#:9h/ 

MgCl + Na CO  MgCO + NaCl 
2 2 3 3 

4MgCO + 4H O  3MgCO % !&#'( %$' #) + CO + 
3 2 3 2 2 2 

CaCl + Na CO  CaCO ) + 2NaCl 
2 2 3 3 

CaSO + Na CO  CaCO ) + Na SO 
¿.::'h ?#2,6 54#65, .j.#2 5, >!.2% 4.**, ' * ,*2.2,!:'? *,6#4;.:9#? ?.j:97 $ 4.**, #< 1,2,4,# 54#$'- 

o.#2 :,4?'< 24#c>#?'# 6 7 54,9d$,6*2$ 1.4c,:.2. 9 j964,1*96. :.2497 [7]. 

4 2 3 3 2 4 

n!9*21> 4.**, . f ,496. :.2497 ?,;:, 54,$,692%< 9*5, %d>7 5, >54,6>12 54,9d$,6*2$. 1. %l9:94,$.::,h 
*,6' j964,1.4c,:.2 :.2497< !2, d:.!92# %:, >6#o#$92 *2.69  ,!9*219@ b 02,? * >!.# 54,l#** ,*.;6#:97 9,:,$ 
1. %l97 9 ?.j:97 ?,;:, ,59*.2% * #6> 89?9 >4.$:#:97?9/ 

MgCl + 2NaHCO  Mg(HCO ) + 2NaCl 
2 3 3 2 

4Mg(HCO )  3MgCO % !&#'( %$' #) + 5CO + 
3 2 3 2 2 2 

5Mg(HCO )  4MgCO % !&#'( %0' #) + 6CO + 
3 2 3 2 2 2 

CaCl + 2NaHCO  Ca(HCO ) + 2NaCl 
2 3 3 2 

CaSO + 2NaHCO  Ca(HCO ) + Na SO 
4 3 3 2 2 4 

Ca(HCO )  CaCO ) + H O + CO + 
3 2 3 2 2 

¿ 7 ,*>8#*2$ #:97 029f 54#$4.8#:9h :#,cf,69?, 1957!#:9# 9 9 *,!#2.:9# 5,6,j4#$. * 9:2#:*9$:'? 5#4#- 
?#o9$.:9#? [8]. 
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.4c,:.2' 1. %l97 9 ?.j:97< 5, >!#::'h :. *2.699 ,!9*219 4.**, .< ?,j>2 c'2% 9*5, %d,$.:' $ 1.!#*2$# 
?.j:9h*,6#4;.89f ?# 9,4.:2,$ 19* 'f 5,!$ $ *# %*1,? f,d7h*2$#< 9c, 5#4#4.c,2.:' :. ;9619# >6,c4#:97< $,*- 
24#c,$.::'# $ d.14'2,? j4>:2# [9]: 

3435 + -6.5  34&.5 ) + 35 + 6 5 
3 3 3 2 2 2 

3MgCO % !&#'( %$' O + 8HNO  4Mg(NO ) + 3CO + 4H O 
3 2 2 3 3 2 2 2 

¿ 7 5, >!#:97 :924.2,$ 9 k,*k.2,$ 1. 97 4.**, < ,!98#::'h ,2 *, #h ;#*21,*29< 5,*2>5.#2 :. *2.69  $'- 
5.49$.:97@ b'5.41. 54,9*f,692 549 2#?5#4.2>4# 195#:97 4.*2$,4. 6, 2#f 5,4< 5,1. 4.*2$,4 :# 549c 9d92*7 1 *,- 
*2,7:9  :.*'8#:97 6$>?7 *, 7?9 y NaCl 9 KCl, 6, 2,!19 K §49*>:,1 2). r,!1.  ́,c,d:.!.#2 9*f,6:'h 4.*2$,4< 
,!98#::'h ,2 9,:,$ ?.j:97 9 1. %l97< 5,*2>5. 89h :. $'5.41>@ b'5.41. * 5, >!#:9#? 2, %1, 149*2. 9!#*1,j, 
NaCl 7$ 7#2*7 2,!1. b@ ¿7 5, >!#:97 598#$,h 9 9 1,4?,$,h *, 9 * #6>#2 $#*29 $'5.49$.:9# 6, 2,!19 i 

b'5.49$.:9# 4.**, .  c,j, *,*2.$.< 9d 549$#6#::'f $ 2.c @ 1 9 3 * #6>#2 $#*29 54.129!#*19 6, *,*2,7:97 
:.*'8#:97 ,c#9?9 *, 7?9@ ±5.4#::'h 4.*2$,4 c>6#2 *,6#4;.2% 17,5-18,0 % NaCl 9 19,5-20,5 % KCl. ¶.**,$,# *,,2- 
:,o#:97 ?#;6> 1, 9!#*2$,? 149*2. 9!#*1,j, f ,496. :.2497< $'5.4#::,h $,6,h 9 f ,49*2'? 1. 9#? $ 5, >!#:- 
:,? 4.*2$,4# 54#6*2.$ #:' $ 2.c 9l# 3. b'5.4#::'h 4.*2$,4 f ,496,$ 1. 97 9 :.2497 549 2#?5#4.2>4# 100-115 Õi< 
c 9d19h 1 0$2,:9!#*1,?>< ?,;#2 c'2% 9*5, %d,$.: 5,$2,4:, :. 54,9d$,6*2$# f ,49*2,j, 1. 97@ 

¿ 7 5, >!#:97 c#*f ,4:'f >6,c4#:9h *:.!. . :#h24. 9d> 2*7 .d,2:.7 9 k,*k,4:.7 19* ,2' *,6,h/ 
.4 35 + -6.5  -.4.5 + 35 + 6 57 2 3 3 3 2 2 

.4 35 + -6 85  -.4' 85 + 35 + 6 5, 
2 3 3 4 2 4 2 2 

.4'35 + 6.5  .4.5 + 35 + 6 57 
.4'35 *-6 85  .4' 85 + 35 + 6 59 

©.2#? 5, >!. 2*7 :924.2 9 69j964,k,*k.2 1. 97 5>2#? ,c?#::'f 4#.1l9h ?#;6> *, 7?9 :.2497 9 f ,496,? 

3 3 3 2 2 

3 3 4 2 4 2 2 

1. 97/ 
.4.5 + KCl  :.5 + .4"/7 

3 3 

.4' 85 + KCl  KH 85 + .4"/9 
2 4 2 4 

q924.2 9 69j964,k,*k.2 1. 97 $'6# 7 2 549 ,f .;6#:99 5, >!#::'f 4.*2$,4,$< . f ,496 :.2497 549 $'- 
5.49$.:99 k9 %24.2,$@ ¿.::'# 54,l#**' ,*>8#*2$ 7 2*7 5, l941> 7l9,::,h *f#?# 5>2#? $,d$4.2. ,*:,$:,j, 9 54,- 
?'$:,j, k>j.2,$ *, *2.699 ,26# #:97 9 54,?'$19 f ,496. :.2497 

b [9], [10] 549$#6#:' $,d?,;:'# *5,*,c' 5#4#4.c,219 4.**, ,$< *,6#4;.89f f ,496' 1. 97 9 :.2497 $ :9- 
24.2 9 69j964,k,*k.2 1. 97 c#d 54#6$.492# %:,j, $'6# #:97 9d 4.*2$,4. f ,49*2,j, 1. 97@ s2, 5,d$, 7#2 9*1  - 
!92% $.1>>?-149*2. 9d.l9 < k9 %24,$.:9# §l#:249k>j94,$.:97¨ 9 64>j9# *2.699 1,:69l9,:94,$.:97 KCl. },c,!- 
:'h 54,6>12 y f ,496 :.2497< 1,2,4'h 5,*2>59 * 9*f,6:'? 4.**, ,? 9 ,c4.d,$. *7 $ 4#.1l97f ,c?#:.< ?,;#2 c'2% 
2.1;# 6,$#6#: 6, 549#? #?,j, 1.!#*2$. 9 9*5, %d,$.2%*7 9 9 $ *,6,$,? 54,9d$,6*2$#< 9 9 6 7 64>j9f 4.d 9!:'f 
:>;6< :.549?#4< 1.1 .:29j, , #6:'h 4#.j#:2@ i2,9?,*2% c#*f ,4:'f >6,c4#:9h $ :#*1, %1, 4.d $'o#< !#? f ,49- 
*2,j, 1. 97< !2, 5,d$, 7#2 ,1>592% d.24.2' :. 5#4#4.c,21> 4.**, ,$< $ ,*,c#::,*29< d.24.2' :. $'5.49$.:9# $,6'@ 

r.c 9l. 3 y , 9!#*2$#::'# 5,1.d.2# 9 $'5.419 4.**, ,$ 

¶ZWWS.S- 
5SSi[SÓ-[U-, 1j¤1j 5i-b-[_ 

.abZd2UN 
% 

5i-b-[_ 
.aT-X-[Ug 
NaCl, % z*2,!:91 d.c. .:*,$'f 

4.*2$,4,$ 
NaCl/  H

2
O/KCl  

\P 

0,37 i2,!:'# $,6' ¥ }«±-4 53,77 

77,26 

59,71 

30,32 

77,26 

58,82 

3,72 

10,87 

4,66 

Ø961.7 k.d. o .?,-f4.:9 98. 
¥ }«±-4 1,19 

1,13 
}4>6-:.1,592# % 4.**, ,$ 
¥ }«±-4 

zdc'2,!:'# 4.*2$,4' 
¥ }«±-4 39,08 

51,02 

38,05 

50,50 

50,61 

0,57 

0,86 

0,87 

2,02 

3,41 

3,41 

¢.f2:'h 4.*2$,4 ¥ }«±-4 

zdc'2,!:'# 4.*2$,4' i «±-1 48,40 

Ø961.7 k.d. o .?,-f4.:9 98. 
i «±-1 65,24 

71,52 

56,73 

76,00 

1,11 

2,68 

6,07 

8,31 
¶9:#4. 9d,$.::.7 $,6. 4>6:9- 
1. i «±-2 
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 ́y 9*f,6:'h 4.*2$,4¬ i y54,?#;>2,!:.7 *2.697 $'6# #:97 NaCl; 
B y ?.1*9?. %:,# $'6# #:9# NaCl 9d 4.*2$,4. *,*2.$.  ́

CUW$ 2. 3eS^dZh-[U- bdSÂ-WWZ .abZdU.Z[Ug dZWWSXZ [Z TUZkdZff- dZWi.SdUfSWiU WUWi-fa 
NaCl y KCl y H O 2 

¼Z2Xl/-[U- 
1. }49$#6#:' *f#?' 5#4#4.c,219 4.**, %:'f ,2f,6,$ 1. 9h:'f 54,9d$,6*2$ :. f ,496' :.2497 9 1. 97 

4.d:,j, :.d:.!#:97< $ 2,? !9* # 1.1 *'4%# 6 7 *,6,$,j, 54,9d$,6*2$.@ 
2. }4#6 ,;#: c91.4c,:.2:'h ?#2,6 ,!9*219 4.**, ,$ ,2 *, #h ;#*21,*29@ 
3. «.**?,24#:' $.49.:2' 9*5, %d,$.:97 o .?,$ 4.**, ,,!9*219@ 
4. }4#6*2.$ #:' ?#2,6' 5, >!#:97 9d d.c. .:*,$'f 4.*2$,4,$ 6#k9l92:'f c#*f ,4:'f >6,c4#:9h@ 

5F359  35F9+º¼9;(==JL 35A9D=3 9; 

1. .o1.4,$ ¤] ¿@, :$:D:< ¯] ¼ r#f:, ,j97 1. 9h:'f >6,c4#:9h@ ²@/ Æ9?97< 1978. y 246 *@ 
2. }.*19:. i] b@, i.54'j9: ò@ i@ iUXUeZÂUg Ue^aiS/[aQ dZWi.SdS. kZX1dkU/-W2UQ ÉZ^dU2 //  È,4:'h 
;>4:.. 2017. Û°. i@ 71y75. 

3. .o1.4,$ ¤] ¿@< ¥,*971 °] Ä@ }, >!#:9# f ,49*2,j, :.2497 549 $'5.41# 4.*2$,4,$< *,6#4;.89f f ,49*2'h 
1. 9h //  r#f:, ,j97 5#4#4.c,219 1. 9h:'f *, #h 9 5494,6:'f 4.**, ,$/ 24>6' bqzzÈ@ ²@/ 1973. b'5@ 63. i@ 
71-76. 

4. u>4?.: ´@ ´@, ¥# %6' P] )]L :$:D:< ¯] ¼] },$.4#::.7 *, %@ }4,9d$,6*2$, 9 549?#:#:9# $ f9?9!#*1,h 54,?'o- 
#::,*29@ ¶@/ Æ9?97< 1989. 272 *@ 

5. i.$$.29: j]d] b 97:9# 6,c.$,1 5, 9.149 .?96. :. 9:14>*2.l9  j4# 89f 5,$#4f:,*2#h 549 $'5.41# *, #$'f 
4.**, ,$ //  r#f:, ,j97 9 ,c,4>6,$.:9# 6 7 5#4#4.c,219 *9 %$9:92,$'f 9 *9 %$9:-1.4:. 92,$'f 4>6/ 24>6' 
bqzzÈ@ ²@/ 1973. b'5@ 63. i@ 71-76. 

6. b7d,$,$ º] b@< i.$$.29: j] q@< «>21,$*1.7 r@ z@ ,?5 #1*:.7 5#4#4.c,21. *9 %$9:92,$ //  r#f:, ,j97 5#4#4.- 
c,219 1. 9h:'f *, #h 9 5494,6:'f 4.**, ,$/ 24>6' bqzzÈ@ ²@/ 1973. b'5@ 63. i@ 64-70. 

7. ¥ 9:,$ C. ¶@, ¶#:%o91,$. Ä@ ´@ z*5, %d,$.:9# ,2f,6,$ 54#6549729h }#4?*1,j, 14.7 //  b#*2:91 }#4?*1,j, 
:.l9,:. %:,j, 9** #6,$.2# %*1,j, 5, 92#f:9!#*1,j, >:9$#4*92#2.@ }#4?%/ 2019. Û¡@ i@T£Uy191. 

8. },d9: P] Î r#f:, ,j97 ?9:#4. %:'f *, #h@ Ù@NN@ ²@/ Æ9?97< 1970. 1558 *@ 
9. 949o ¶] ]L ºD!3:< )])]L ¿?924#$*19h M]i] }4,9d$,6*2$, k,*k.2. 1. 97 1,:$#4*9,::'? *5,*,c,? //  Æ9?9!#*19# 
$, ,1:.@ 2020. Û  3. i@ 15-20. 

10. 949o ¶] ]L ¿?924#$*19h M]i] }, >!#:9# :924.2. 1. 97 1,:$#4*9,::'? ?#2,6,? //  zd$#*297 i}cÈrz §r±¨@ 
2018. Û  45. i@ 43-47. 
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A.E. Makarov  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
FEATURES OF THE IMPERATIVE  APPROACH IN THE FRAMEWORK  OF AI CODE GENERATION  
The article is devoted to the features of the imperative approach in the systems of program code generation based on  UWSl2S [ intelligence. 

The advantages of the method, such as ease of debugging and Ï*¢S`S[SW/ in the implementation of cycles and conditions, as well as its limitations - the 
complexity of scaling and labor intensity for high-level tasks are considered. 
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Saint PetersburgState University of Industrial Technologies and Design 
191186, St. Petersburg, BolshayaMorskaya, 18 
ELEVATORBUFFERS:TRANSFORMATIONOFREGULATORYSTANDARDSANDIMPLEMENTATION  

OF INNOVATIVE  TECHNOLOGIES  
The article explores the evolution of elevator `4X*UT Ñ critical safety components in vertical transportation. It traces their development from 

primitive ancient mechanisms to modern hydraulic and spring systems. Key focus areas include standardization (GOST R53781-2010, Eurasian 
Customs Union regulations) and `4X*U types (hydraulic, spring, polyurethane). Modern trends such as IoT integration, energy *Ò2S*@2/L and {T% UW~ 
elevators with predictive maintenance are highlighted. Hydraulic `4X*UT remain dominant for high-speed elevators, ensuring reliable deceleration. The 
study underscores the synergy of safety standards and technological innovation in contemporary elevator systems. 

Keywords:  elevator, HIÉ"F< smart elevator, IoT technology. 
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9 $ 79 j@ 6, :@0@< 1,j6. 549 4.*1,51.f c' :.h6#: 5,6½#?:'h ?#f.:9d?< 1,2,4'h * >;9 6 7 5,6½#?. 549j,2,$ #::'f 
c  6 9d 1>f:9< . 64#$:#49?*19h .4f92#12,4 ¶.41 b924>$9h 2.1;# ,59*'$. ?#f.:9d?' 6 7 5,6½#?. $,9:,$ 9 j4>- 
d,$@ q,< 1 *,;. #:9 < :# 2.1 ?:,j, 9:k,4?.l99 , 5,6,c:'f 9d,c4#2#:97f c' , :.h6#:, 9 5,62$#4;6#:,@ n*:,$:,h 
d.6.!#h $ 2, $4#?7 7$ 7 .*% 4.d4.c,21. ?#f.:9d?,$< ,*>8#*2$ 7 89f 5,6½#? ?.2#49. ,$ 9 1,:*24>1l9h< 9 6, ;:,# 
$:9?.:9# c#d,5.*:,*29 :# >6# 7 ,*%@ i92>.l97 *2. . ?#:72%*7 $, $4#?7 54,?'o #::,h 4#$,  l99< 1,j6. ?.o9:' 
9 ?#f.:9d?' $*# !.8# 9*5, %d,$. 9*% :. 54#65497297f 9 6.;# $ c'2> > d:.29@ 

.1 c' , $'7*:#:, $ 4#d> %2.2# 9d>!#:97 9*2,49!#*19f 9*2,!:91,$< $ 1743 j,6> $ b#4*. %*1,? 6$,4l# c' 
*,,4>;#: 5.**.;94*19h 5,6½#?:91< 1,2,4'h 9*5, %d,$. 1,4, % u4.:l99 ² 6,$91 XV.  ́$ ã¾NN$#1# 549 }#24# 
}#4$,?< $ ,6:,? 9d 6$,4l,$ }#2#4j,k.< c' *,,4>;#: j4>d,$,h 5,6½#?:91 6 7 5#4#?#8#:97 ,c#6#::,j, *2, . ?#;6> 
5#4$'? 9 $2,4'? 02.;,?@  *,;. #:9 < 9?7 9d,c4#2.2# 7< *,,4>69$o#j, 6.::'h ?#f.:9d? ,*2. ,*% :#9d$#*2:'?@ 
r.1;# $ ©9?:#? 6$,4l# *>8#*2$,$. , Ó*.?,5,6½#?:,# 14#* ,Ô< 1,2,4,# c' , *,d6.:, 4>**19? 9d,c4#2.2# #? z@ >- 
9c9:'? $ XVIII $#1#@ [1] 
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,:*24>1l99 *24#?92# %:, 4.d$9$. 9*%< 549!9:,h 02,?> 7$7 ,*% >$# 9!#:9# 54,9d$,692# %:,*29 j4>d,5,6½#?:'f 
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,*24, $*2. $,54,* ,c#*5#!#:97 c#d,5.*:,*29@ .1 ,2?#!.#2 9*2,491 2#f:919 ¿@ >5#4 $ 4.c,2# Ó³ History of Vertical 
QF-CG·+FD-DB+CÔ [2], 5#4$'# .$.499 * 5.4,$'?9 9k2.?9< 549$,69$o9# 1 24.j9!#*19? 5,* #6*2$97? 549 ,c4'$# 24,- 
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2.19# 4#o#:97 9?# 9 14929!#*19# :#6,*2.219< $,-5#4$'f< 6#4#$, 4.*1. '$. ,*% 549 >6.4.f< 4#d9:. c'*24, 2#47- 
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$ 1853 j,6> ,$92# 7< !2, 5,6!#41:> , :#,cf,69?,*2% 1,?5 #1*:,j, 5,6f,6. 1 c#d,5.*:,*29@ b 1861 j,6> 9:;#:#4 ±@ 
r,?5*,: $5#4$'# ,59*. j964.$ 9!#*19h c>k#4 $ *$,#h 5.2#:2:,h d.7$1#< j6# 0:#4j97 >6.4. j.*9 .*% d. *!#2 *,54,- 
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i,$4#?#::'# c>k#4' :.!. 9 4.d4.c.2'$.2%*7 * 5,7$ #:9#? j964.$ 9!#*19f 9 0 #1249!#*19f 9k2,$ 9o% 
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,5.*:>  ,*2.:,$1>@ b XX $#1# c>k#4' *2. 9 c, ## *,$#4o#::'?9 9 :.!. 9 9*5, %d,$.2% 4.d 9!:'# 2#f:, ,j99 6 7 
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«.d:,$96:,*29 c>k#4,$ $ 9k2.f $1  !. 2 $ *#c7 :#*1, %1, 295,$< 1.;6'h 9d 1,2,4'f 9?##2 *$,9 ,*,c#::,- 
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2.f 9 ?,j>2 549?#:72%*7 549  c,h *1,4,*29 6$9;#:97¨¬ 

Ö 54>;9::'# §9*5, %d> 2 54>;9:' 6 7 5,j ,8#:97 19:#29!#*1,h 0:#4j99¬ 549 5,*.61# 1.c9:' 9 9 54,- 
29$,$#*. *.672*7 :. 54>;9::'h c>k#4< 54>;9:' *;9?. 2*7< 54#,c4.d>7 19:#29!#*1>  0:#4j9  $ 5,2#:l9. %:>  
0:#4j9  54>;9:'¬ 9*5, %d> 2*7 $ 0 #1249!#*19f 9k2.f 9 ,c#*5#!9$. 2 0kk#129$:,# d.?#6 #:9# 1.c9:' 549 :9d- 
19f *1,4,*27f< ?#:## 1 ?¤*¨¬ 

Ö 5, 9>4#2.:,$'# §9*5, %d> 2*7 6 7 9k2,$ *, *1,4,*2%  ?#:## 1 ?¤*¨@ 
n*,c#::,*29 9 24#c,$.:97 1 c>k#4.? $ 9k2.f $1  !. 2 476 $.;:'f .*5#12,$< 2.19f 1.1 4.*5, ,;#:9#< 

k>:1l9,:. %:,*2% 9 54.$9 %:'h 4.*!#2@ i,,2$#2*2$9# $*#? 2#f:9!#*19? 24#c,$.:97? 5,d$, 7#2 ,c#*5#!9$.2% c#d,- 
5.*:,*2% 5.**.;94,$ 9 ,c* >;9$. 8#j, 5#4*,:. .@ ¿ 7 1,44#12:,h 4.c,2' c>k#4' >*2.:.$ 9$. 2*7 $ :9;:#h !.*29 
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¥>k#4' * >;.2 6 7 .?,429d.l99 9 ,*2.:,$19 1.c9:' 9 9 54,29$,$#*. $ * >!.# .$.49h:,h *92>.l99< >?#:%- 
o.7 49*19 5,$4#;6#:97 ,c,4>6,$.:97@ n:9 4.**!92.:' :. 5,*.61> 1.c9:' * j4>d,?< 54#$'o. 89? :,?9:. %:>  
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24#c,$.:9h< 1,2,4'? c>k#4' 6, ;:' *,,2$#2*2$,$.2%@ 

i2.:6.429d.l97 9k2,$'f c>k#4,$ :.!. .*% * $$#6#:97 24#c,$.:9h 1 9f 1,:*24>1l99 9 01*5 >.2.l99@ b «,*- 
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i,$4#?#::'# *2.:6.42' 24#c> 2 ,c7d.2# %:,h ?.4194,$19 *#429k9l94,$.::'f >*24,h*2$ d:.1,? ,c4.8#- 
:97 :. 4':1#< !2, >54,8.#2 1,:24, % 1.!#*2$. 54,6>1l99@ i,$4#?#::'# *2.:6.429d.l9,::'# 54,l#**' $ ,c .*29 
9k2,*24,#:97 *24.:->!.*2:9l Ä$4.d9h*1,j, 01,:,?9!#*1,j, *, d. 4#j .?#:294> 2*7 2#f:9!#*19? 4#j .?#:2,? r« 

ri 011/2011 Ó¥#d,5.*:,*2% 9k2,$Ô [4], >*2.:.$ 9$. 89? 1,?5 #1* ,c7d.2# %:'f 24#c,$.:9h 1 1,:*24>1l99 9 01*- 
5 >.2.l9,::'? f.4.12#49*291.? 9k2,$'f c>k#4,$@ ́ :. 9d :,4?.29$:'f 6,1>?#:2,$ 5,d$, 7#2 $'6# 92% 1  !#$'# 
.*5#12' 4#j> 94,$.:97@ 

¿ 7 $*#f 295,$ c>k#4:'f >*24,h*2$ 4#j .?#:2,? 54#6>*?,24#:'/ 
- ,c7d.2# %:'# 69:.?9!#*19# 9*5'2.:97 :. 5,j ,8#:9# 19:#29!#*1,h 0:#4j99 * >!#2,? 

1 .**. *1,4,*29 9 j4>d,5,6½#?:,*29 9k2.¬ 
- 24#c,$.:97 1 ?.2#49. .?< $1  !.7 1,44,d9,::>  *2,h1,*2% 9 2#?5#4.2>4:>  >*2,h!9- 

$,*2% $ 69.5.d,:# ,2 -° Õ\ 6, ¦W Õ\¬ 
- :,4?' 6, j,$#!:,*29 §:# ?#:## 10000 l91 ,$ *4.c.2'$.:97¨@ 

n*,c'# 2#f:9!#*19# >* ,$97 >*2.:,$ #:' 6 7 $'*,1,*1,4,*2:'f 9k2,$ §*$'o# 2,5 ?¤*¨< j6# c>k#4:'# 
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191186, St. Petersburg, Bolshaya Morskaya, 18 
Application of  convolutional  neural  networks  to solve a particular  problem  of detecting  information  

á¦¦¥¬Ã steles at gas stations and analyzing text in the detected area based on video footage  

M M.V.  Morozov  2025 

This work is part of a project to create a fuel price monitoring system that would provide real-time information on 
prices at various gas stations. The article describes the algorithm and processes for solving the problem in the absence of a ready- 
made data set or a pre-trained machine learning model. In particular, manual collection of photographs containing gas station 
information steles and their marking for further training of neural network models, augmentation of the collected images, 
selection and training of the detection model, selection and training of the OCR model were carried out 

Keywords: convolutional neural networks, object detection, text analysis 
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* :.9c, ## $'j,6:'?9 54#6 ,;#:97?9< !2, $ >* ,$97f 5,*2,7::,j, 4,*2. l#: :. 2,5 9$, 7$ 7#2*7 $.;:'? .*5#12,?@ 

b,-$2,4'f< .$2,?.29d.l97 5,d$, 7#2 9:2#j494,$.2% 6.::'# , l#:.f :. 2,5 9$, $ :.$9j.l9,::'# *9*2#?' 
9 549 ,;#:97@ s2, ,c#*5#!9$.#2 .12>. %:,# ,2,c4.;#:9# d.54.$,1 :. 1.42#< 9:k,4?.l97 , 1,2,4'f :# $*#j6. *9:- 
f4,:9d94>#2*7 * ,*:,$:'?9 c.d.?9 6.::'f@ r.19? ,c4.d,?< 5, %d,$.2# 9 ?,j>2 5, >!.2% 5, :>  9 6,*2,$#4:>  
9:k,4?.l9  , 6,*2>5:'f ´©i 9 9f l#:.f< !2, *5,*,c*2$>#2 549:729  ,c,*:,$.::'f 4#o#:9h 549 5 .:94,$.:99 
?.4o4>2. 9 ,*2.:,$,1 6 7 d.54.$19@ 

n*:,$:,h d.6.!#h 54,#12. c' , *,d6.:9# *9*2#?' ?,:92,49:j. l#: :. 2,5 9$,< 1,2,4.7 c' $ 4#. %:,? $4#- 
?#:9 54#6,*2.$ 7 . 9:k,4?.l9  , l#:.f :. 4.d 9!:'f d.54.$1.f@ 
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¿ 7 4#o#:97 6.::,h d.6.!9 j,2,$,j, :.c,4. 6.::'f 9 9 54#6,c>!#::,h ?,6# 9 ?.o9::,j, ,c>!#:97 :. 
?,?#:2 :.59*.:97 4.c,2' ,c:.4>;#:, :# c' ,< $ *$7d9 * !#?< c' 9 54,9d$#6#:' ?.:>. %:'h *c,4 k,2,j4.k9h< *,- 
6#4;.89f 9:k,4?.l9,::'# *2# ' ´©i< 9 9f 4.d?#21. 6 7 6. %:#ho#j, ,c>!#:97 ?,6# #h :#h4,::,h *#29@ ic,4 
k,2,j4.k9h 54,9d$,69 *7 9d ,214'2,j, 6,*2>5. *#29 z:2#4:#2 §,: .h: 1.42'< 9d,c4.;#:97 9 d.59*9 * $96#,4#j9- 
*24.2,4,$¨ 9 * 5,?,8%  1.?#4 9d .$2,?,c9 7@ 

} .: 4.c,2' 54,j4.??' 

«9*@T/ c ,1-*f#?. 4.c,2' 54,j4.??' 

q. $f,6 54,j4.??' 5,6.¼2*7 $96#,5,2,1< 1,2,4'h 1.6494>#2*7 :. 9d,c4.;#:97 (30 1.64,$ $ *#1>:6>¨< 5,* # 
!#j, ,c4.c.2'$.#2*7 ?,6# %  6#2#1l99 6 7 ,c:.4>;#:97 9:k,4?.l9,::,h d.54.$,!:,h *2# '< $ * >!.# #* 9 *2# . :# 
,c:.4>;#:. 54,*?.249$.#2*7 * #6> 89h 1.64< #* 9 *2# . ,c:.4>;#:. 2, $'6# 7#2*7 ,c .*2% * l#:.?9 9 .:. 9d94>- 
#2*7 ?,6# %  :. :. 9!9# 2#1*2. * d.6.::'?9 5.4.?#24.?9< #* 9 2#1*2 :# ,c:.4>;#:< 2, 4.**?.249$.#2*7 * #6> 89h 
1.64< #* 9 2#1*2 ,c:.4>;#:< 2, ,54#6# 7 2*7 1,,469:.2' 6, j,2' 9 o94,2' 9 *,f4.:7 2*7 $ k.h * 6.::'?9 , l#:# 
:. 2,5 9$,@ 

q.c,4 6.::'f 

}#4$'h 02.5 *c,4. 6.::'f d.1  !. *7 $ 9*5, %d,$.:99 549 ,;#:9h äÁ++JP" Y-·GåvTw 9 äø:6#1* 1.42'åv¡w@ 
i 5,?,8%  029f 4#*>4*,$ c' , *,c4.:, 20% ,2 92,j,$,j, 1, 9!#*2$. k,2,j4.k9h@ u,2,j4.k99 9d 6.::,j, 9*2,!:91. 
*,6#4;. 9 d.54.$,!:'# *2.:l99 * 4.d 9!:'f j#,j4.k9!#*19f 4#j9,:,$< !2, 5,d$, 9 , $1  !92% $ 6.2.*#2 4.d:,,- 
c4.d:'# 295' 9 ?,6# 9 9:k,4?.l9,::'f *2# @ 

n*:,$:>  !.*2% :.c,4. 6.::'f §,1, , 80%) *,*2.$9 9 9d,c4.;#:97< 5, >!#::'# 5>2#? 1.6494,$.:97 
$96#,4, 91,$@ s29 $96#,4, 919 c' 9 ,2*:72' *5#l9. %:, 6 7 54,#12. $ j,4,6# i.:12-}#2#4c>4j 9 ²#:@ ,c .*29 
9 $1  !. 9 d.59*9 * 9:k,4?.l9,::,-d.54.$,!:'?9 *2# '@ i½¼?1. 54,9d$,69 .*% 9d .$2,?,c9 7 * 5,?,8%  1.?#4 
?,c9 %:'f 2# #k,:,$< >*2.:,$ #::'f $ *.?'f 4.*54,*24.:#::'f ?#*2.f 14#5 #:97 $96#,d.59*'$. 89f >*24,h*2$ 
:. 4.d 9!:,h $'*,2#@ n6:9? 9d 1  !#$'f .*5#12,$ 6,*29;#:97 549#? #?,h 2,!:,*29 :. :#c, %o,? :.c,4# 6.::'f 
*2. , 9*5, %d,$.:9# k,2,j4.k9h< *6# .::'f $ 4.d 9!:'f $4#?#::'f 9 5,j,6:'f >* ,$97f@ zd 1.;6,j, $96#,4, 91. 
c' 9 $'c4.:' :.9c, ## 9:k,4?.29$:'# 9 !#219# 1.64'< *,6#4;.89# 9d,c4.;#:97 d.54.$,!:'f 9:k,4?.l9,::'f 
*2# @ b 92,j# >6. ,*% *,c4.2% $ 4.$:'f 54,5,4l97f k,2,j4.k99 $ f,4,o9# 9 5 ,f9# 5,j,6:'# >* ,$97@ 

.64' ,c4.c.2'$. 9*% 6 7 >*24.:#:97 o>?,$ 9 > >!o#:97 1.!#*2$. 9d,c4.;#:9h< . 2.1;# 6 7 *2.:6.429d.- 
l99 k,4?.2. 6.::'f@ b 4#d> %2.2# 029f >*9 9h c' *,c4.: :.c,4 6.::'f< *,*2,789h 9d 1879 k,2,j4.k9h 9:k,4?.- 
l9,::'f *2# ´©i@ 

´>j?#:2.l97 

¿ 7 >$# 9!#:97 ?:,j,,c4.d97 *,c4.::,j, :.c,4. 6.::'f 9*5, %d,$. 9*% 4.d 9!:'# ?#2,6' .>j?#:2.l99 
§:.?#4#::,j, 9*1.;#:97 9d,c4.;#:97 6 7 $,**,d6.:97 4.d 9!:'f $,d?,;:'f >* ,$9h $96#,*½#?19¨< 2.19# 1.1/ 

1. zd?#:#:9# j#,?#2499 9d,c4.;#:9h !#4#d .kk9::'# 54#,c4.d,$.:97/ 

A. },$,4,2 9d,c4.;#:97 :. * >!.h:'h >j, $ d.6.::,? 69.5.d,:# 45 j4.6>*,$ $ 1.;6>  *2,4,:>@ 

z*5, %d,$. .*% * #6> 8.7 ?.249l. 6 7 5,$,4,2. 591*# #h :. d.6.::'h >j, ü §«9*@¡¨/ 
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«9*@¡/ ?.249l. 5#4#f,6. 1 :,$'? 1,,469:.2.? 549 5,$,4,2# 

b 6.::,? 5#4#f,6# x 9 y Ö 1,,469:.2' l#:24. 9d,c4.;#:97@ zf $'!92.:9# 5,d$, 7#2 1,44#12:, 4.d?#- 0 0 

*292% k,2,j4.k9  $ d.6.::,h ,c .*29< 549?#:9$ 5,$,4,2 9d,c4.;#:97 :. >j, a. 
}49?#:#:9# *6$9j. 9d,c4.;#:97 $ j,49d,:2. %:,? 9 $#4291. %:,? :.54.$ #:97f :. * >!.h:'h j4.6>* $ d.- 

6.::,? 69.5.d,:# 15 j4.6>*,$ $ 1.;6>  *2,4,:>@ 
z*5, %d,$. .*% * #6> 8.7 ?.249l. 6 7 5,$,4,2. 9d,c4.;#:97 §«9*@ª¨/ 

«9*@ª/ ?.249l. 5#4#f,6. 1 :,$'? 1,,469:.2.? 549 *6$9j# 

©6#*% tan() 7$ 7#2*7 1,0kk9l9#:2,? j,49d,:2. %:,j, *6$9j.< . tan() 1,0kk9l9#:2,? $#429- 
1. %:,j, *6$9j. 

2. x$#2,$'# 54#,c4.d,$.:97/ 

A. «#j> 94,$1. 741,*29 9d,c4.;#:97< 4#. 9d,$.::.7 * 5,?,8%  !.*29!:,j, *6$9j. d:.!#:9h l$#2. !#- 
4#d rgb 591*# 9@ 

B. }49?#:#:9# !¤c k9 %24.< * 5,?,8%  $*24,#::,j, ?#2,6. c9c 9,2#19 Pillow [3]. 

3. ¢>? 9 9*1.;#:97/ 

A. ¿,c.$ #:9# j.>**,$*1,j, o>?. $ 9d,c4.;#:9#< 5>2¼? d.?#:' 54,9d$, %:,j, $'c4.::'f 591*# #h< 
4.$:, 4.*54#6# #::'f 5, $*#?> 9d,c4.;#:9  $ 4.d?#4# 10% ,2 ,c8#j, !9* . 591*# #h< :. !¼4:'h 
9 9 c# 'h l$#2@ 

B. «.d?'29# 9d,c4.;#:97 *, * >!.h:'? d:.!#:9#? $ 5.4.?#24.f $*24,#::,j, ?#2,6. c9c 9,2#19 Pillow. 

}49?#4' ,59*.::'f $'o# ?#2,6,$ 1 9d,c4.;#:9  §«9*@°¨@ 
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«9*@°/ 549?#4' .>j?#:2.l99 

}4,j4.??.< $1  !. 8.7 ,59*.::'# $'o# ?#2,6'< * >!.h:'? ,c4.d,? 549?#:7#2 $'c4.::'# ,5#4.l99 
1 1.;6,?> 9d,c4.;#:9 < *,d6.$.7 4.d:,,c4.d9# $ :.c,4# 6.::'f@ s29 ?#2,6' 2.1;# 549?#:7 2*7 6 7 9d,c4.;#:9h 
* >;# :. ,;#::'? 0kk#12,?@ ¿.::'h 54,l#** >$# 9!9$.#2 1, 9!#*2$, 24#:94,$,!:'f 6.::'f 9 5,?,j.#2 ?,6# 9 ,c- 
>!.2%*7 :. c, %o#? 1, 9!#*2$# $.49.l9h< !2, > >!o.#2 #¼ *5,*,c:,*2% 1 ,c,c8#:9  9 *:9;.#2 o.:* 5#4#,c>!#:97@ 

b 4#d> %2.2# ?:# >6. ,*% 5, >!92% 12888 k,2,j4.k99 * 9d,c4.;¼::'?9 :. :9f 9:k,4?.l9,::'?9 *2# .?9@ 
«.d?#21. 6.::'f 6 7 6#2#1l99 9:k,4?.l9,::'f d.54.$,!:'f *2# c' . 54,9d$#6#:. :. 5 .2k,4?# 

a+H+Ò+`v°w@ 
i 9*5, %d,$.:9#? $*24,#::'f 9:*24>?#:2,$ 5 .2k,4?' c' 9 *,d6.:' .::,2.l99 1 ,c .*27? l#: :. 9:k,4- 

?.l9,::'f d.54.$,!:'f *2# .f@ ´::,2.l97 $'5,:7 .*% $4>!:> < * 2,!:'? >1.d.:9#? ,j4.:9!9$. 89f 4.?,1 6 7 
1.;6,j, ,c½#12.@ 

«.d?#21. 6.::'f 6 7 ,54#6# #:97 295. 2,5 9$. 9 l#: c' . 54,9d$#6#:. :. 5 .2k,4?# CVAT (Computer 
vision annotation tool)[5]. 

i 9*5, %d,$.:9#? $*24,#::'f 9:*24>?#:2,$ 5 .2k,4?' c'9 $'6# #:' c ,19 * 2#1*2,? 9 >1.d.:. .::,2.- 
l97 6 7 1.;6,j, :.c,4. *9?$, ,$< 1,2,4.7 d.5, :7 .*% $4>!:> < * 2,!:'? >1.d.:9#? ,j4.:9!9$. 89f 4.?,1 6 7 
1.;6,j, ,c½#12.@ 

b'c,4 ?,6# #h :#h4,::'f *#2#h 

¿ 7 ,c:.4>;#:97 ,c½#12,$ 9 2#1*2. :. 9d,c4.;#:99 c' , 549:72, 4#o#:9# 9*5, %d,$.2% *$¼42,!:'# :#h- 
4,::'# *#29 (CNN, Convolutional Neural Networks) Ö 1.1 :.9c, ## 2,!:'h ?#2,6 :. ?,?#:2 :.59*.:97 *2.2%9@ i$¼4- 
2,!:'# :#h4,::'# *#29 4.c,2. 2 5, 549:l95> 54#,c4.d,$.:97 9*f,6:,j, 9d,c4.;#:97 $ ªf-?#4:'# * ,9 549d:.1,$ 
* 5,?,8%  ,5#4.l9h *$¼4219 9 d.2#? $'6# 7#2 9d :#j, 549d:.19 * 5,?,8%  ,5#4.l9h *>c69*14#29d.l99@ i$¼42,!- 
:'h * ,h 5,* #6,$.2# %:, 549?#:7#2 k9 %24 §:.c,4 $#*,$¨ 1 $f,6:'? 6.::'?@ ¿ 7 02,j, ,: $'!9* 7#2 *1. 74:,# 
54,9d$#6#:9# ?#;6> $#*.?9 k9 %24. 9 1.;6,h ,1. %:,h ,c .*2%  9d,c4.;#:97< *,,2$#2*2$> 8#h 4.d?#4> k9 %24.@ 
s2, 5,d$, 7#2 *,f4.:92% 54,*24.:*2$#::'# *,,2:,o#:97 ?#;6> .129$.l97?9 54#6'6>8#j, * ,7@ ©.2#? 5, >!#::'h 
4#d> %2.2 54,5>*1.#2*7 !#4#d k>:1l9  .129$.l99< k,4?94>7 *14'2,# *,*2,7:9# * ,7@ ¿.::'h 54,l#** 5,$2,47#2*7 
6 7 $*#f 5,d9l9h $f,6:,j, 9d,c4.;#:97vWw@ 

r.1 1.1 $ 6.::,? 54,#12# 24#c>#2*7 :.h29 2, %1, :#*1, %1, d.6.::'f 295,$ ,c½#12,$< 2, c' , 549:72, 4#- 
o#:9# 9*5, %d,$.2% 54#6,c>!#::'# ?,6# 9@ i #6,$.2# %:,< 549 6,,c>!#:99 ?,6# #h 5,6 d.6.!9 6.::,j, 54,#12. 
5,24#c>#2*7 9d?#:92% $#*. 2, %1, 5,* #6:#j, * ,7< !2, d:.!92# %:, *,14.292 d.24.2' :. 24#c>#?>  $'!9* 92# %:>  
?,8:,*2% 549 ,c>!#:99@ 

}49 $'c,4# ?,6# 9 6#2#1l99 ,c½#12. 1492#499 c' 9 * #6> 89#/ 
1. b,d?,;:,*2% 6,,c>!#:97 ?,6# 9 :. 1.*2,?:,? 6.2.*#2# 
2. b,d?,;:,*2% 4.c,2' * :#54#4'$:'? $96#,5,2,1,? $ 4#. %:,? $4#?#:9 
3. b'*,1.7 2,!:,*2% ,54#6# #:97 ,c½#12,$ :. 54#6,c>!#::,? >4,$:# 
4. b,d?,;:,*2% 9:2#j4.l99 ?,6# 9 :. 4.d 9!:'# >*24,h*2$. 
5. q9d19h $#*< $'*,1.7 *1,4,*2% 4.c,2' 
},6 $*# $'o#5#4#!9* #::'# 1492#499 5,6,o . ?,6# % 6#2#1l99 YOLO ver 8 1,?5.:99 ultralytics[7]. b#4*97 

8 c' . $'c4.:. 1.1 5,* #6:77 54,$#4#::.7 $#4*97 * 5,66#4;1,h 5#4#:,*. :. 64>j9# >*24,h*2$. * 5,?,8%  c9c 9,- 
2#19 PyTorch[8]. 

YOLO (You Only Look Once) y 02, ,6:,*2>5#:!.2'h . j,492? ,c:.4>;#:97 ,c½#12,$ * ,214'2'? 9*f,6:'? 
1,6,?< ,*:,$.::'h :. j >c,19f *$#42,!:'f :#h4,::'f *#27f@ n: 549?#:7#2 ?#2,6' ,c4.c,219 9d,c4.;#:9h 9 ?.- 
o9::,j, ,c>!#:97 6 7 4.*5,d:.$.:97 ,c½#12,$ :. 9d,c4.;#:97f@ 

YOLO $'6# 7#2*7 *4#69 64>j9f ?#2,6,$ ,c:.4>;#:97 ,c½#12,$ 2#?< !2, $ ,2 9!9# ,2 5,6f,6,$< 9*5, %d>- 
 89f ,j4.:9!9$. 89# 4.?19 9 ,c .*29< 4.c,2.#2 * 5, :'? 9d,c4.;#:9#? 1.1 :. 02.5# ,c>!#:97< 2.1 9 :. 02.5# 
2#*294,$.:97@ s2, 5,d$, 7#2 ?,6# 9 >!92'$.2% 1,:2#1*2 $*#h *l#:'< !2, *5,*,c*2$>#2 c, ## 2,!:,?> 4.*5,d:.$.:9  
,c½#12,$ 9 >$# 9!#:9  *1,4,*29 4.c,2' ?,6# 9< . 2.1;# 5,d$, 7#2 54,9d$,692% $'!9* #:97 $ 4#. %:,? $4#?#:9 :. 
?. ,?,8:'f >*24,h*2$.f@ 

}49:l95 4.c,2' YOLO 
1. },6j,2,$1. 6.::'f/ 

ý 
ý 
bf,6:,# 9d,c4.;#:9# 4.dc9$.#2*7 :. *#21> 7!##1 k91*94,$.::,j, 4.d?#4.@ 
.;6.7 7!#h1. ,2$#!.#2 d. ,c:.4>;#:9# ,c½#12,$< l#:24 1,2,4'f :.f,692*7 $:>249 6.::,h 7!#h19@ 

2. }4#54,l#**9:j 9d,c4.;#:97/ 
ý 
ý 
zd,c4.;#:9# ?.*o2.c94>#2*7 6, d.6.::,j, 4.d?#4.@ 
}91*# 9 :,4?. 9d> 2*7< !2,c' 9f d:.!#:97 :.f,69 9*% $ 69.5.d,:# ,2 0 6, 1. 

3. nc:.4>;#:9# ,c½#12,$/ 
ý 
ý 
i$#42,!:'# * ,9 9d$ #1. 2 549d:.19 9d 9d,c4.;#:97@ 
s29 549d:.19 5,6. 2*7 :. 5, :,*$7d:'h * ,h 6 7 1 .**9k91.l99 9 ,54#6# #:97 ,j4.:9!9$. 89f 
4.?,1< >1.d'$. 89f :. :. 9!9# ,c½#12,$ * ,54#6# #::,h $#4,72:,*2% . 

4. },*2,c4.c,21./ 
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ý 

ý 

z*5, %d>7 4#d> %2.2' 1 .**9k91.l99 9 ,j4.:9!9$. 89f 4.?,1< 54,9*f,692 k9 %24.l97 9 >*24.:#- 
:9# ,;:'f *4.c.2'$.:9h@ 
}49?#:7 2*7 ?#2,6'< 2.19# 1.1 5,6.$ #:9# :#?.1*9?>?,$ (Non-Maximum Suppression), 6 7 > >!- 
o#:97 2,!:,*29 6#2#1l99@ 

5. n2,c4.;#:9# 4#d> %2.2,$/ 
b'$,672*7 ,c:.4>;#::'# ,c½#12' * *,,2$#2*2$> 89?9 ,j4.:9!9$. 89?9 4.?1.?9 
9 $#4,72:,*27?9@ 

ý 

YOLO 6#?,:*2494>#2 $'*,1>  54,9d$,692# %:,*2% $ 4#. %:,? $4#?#:9 c .j,6.47 *$,#h *5,*,c:,*29 ,c#- 
*5#!9$.2% c'*24>  ,c4.c,21> 6.::'f@ s2. ?,6# % 2.1;# ?,;#2 0kk#129$:, 5,4294,$.:. :. ?,c9 %:'# >*24,h*2$. 
9 9 5 .2' *#499 raspberry pi ,2 4 $#4*99 9 $'o#< 5,*1, %1> 9?##2 :9d19# $'!9* 92# %:'# 24#c,$.:97 9 5,66#4- 
;9$.#2 ,529?9d.l9  5,*4#6*2$,? 1$.:2,$.:97< 549 1,2,4,? $#8#*2$#::'# $#*. ?,j>2 c'2% 54#,c4.d,$.:' $ l# '# 
d:.!#:97@ 

nc>!#:9# ?,6# 9 6#2#1l99 YOLO  
nc>!#:9# 54,9d$,69 ,*% * 5,?,8%  $96#,1.42' Nvidia RTX  3060 6 GB laptop version. }.4.?#24' ,c>!#:97 

c' 9 * #6> 89#/ 4.d?#4 ?,6# 9 medium, 50 05,f< 4.d?#4. batch $ 16 01d#?5 74,$ 9 *2,4,:,h 9d,c4.;#:97 640px. 
¿.::'# c' 9 4.d6# #:' :. 3 !.*29< !.*2% * ,c>!. 8#h $'c,41,h *,*2.$9 . 80%, $. 96.l9,::.7 10%, 2#*2,$.7 10%. 
nc>!#:9# 6 9 ,*% 28 !.*,$@ 

b 4#d> %2.2# ,c>!#:97 c' 9 5, >!#:' * #6> 89# j4.k919< ,2,c4.;. 89# 2,!:,*2% ?,6# 9 §«9*@~). 

«9*@ 5: 4#d> %2.2' ,c>!#:97 ?,6# 9 :. 50 05,f.f 

},2#49 6 7 1,,469:.2< 1 .**9k91.l99 9 4.*54#6# #:97 $#4,72:,*2#h >?#:%o. 2*7 * >$# 9!#:9#? 1, 9!#- 
*2$. 05,f< !2, *$96#2# %*2$>#2 ,c > >!o#:99 2,!:,*29 ,54#6# #:97 1,,469:.2 9 1 .**,$ ,c½#12,$< . 2.1;# 54#6*1.- 
d.:9h $#4,72:,*2#h@ ¶#2491. 2,!:,*29 (precision) 6,*29j.#2 d:.!#:97 0.9555, . 5, :,2' (recall) Ö 0.9670, !2, >1.d'$.#2 
:. $'*,1>  0kk#129$:,*2% ?,6# 9 $ 4.*5,d:.$.:99 5, ,;92# %:'f 549?#4,$@ q. $. 96.l9,::,? :.c,4# 6.::'f :.- 
c  6.#2*7 *,,2$#2*2$> 8## *:9;#:9# 5,2#4%< 5,62$#4;6. 8## ,c,c8. 89# *5,*,c:,*29 ?,6# 9@ i4#6:77 2,!:,*2% 
(mAP50) 549 50% 5#4#14'299 >$# 9!9$.#2*7 6, 0.9733, . 549 54#$'o. 89f >4,$:7f 5#4#14'297 (mAP50-95) Ö 6, 
0.6189, !2, 5,62$#4;6.#2 *5,*,c:,*2% ?,6# 9 2,!:, ,54#6# 72% ,c½#12' $ 4.d 9!:'f >* ,$97f@ 

s29 4#d> %2.2' >1.d'$. 2 1.!#*2$#::,# ,c>!#:9# ?,6# 9< !2, 5,d$, 7#2 2,!:, 4.*5,d:.$.2% 9 1 .**9k9l9- 
4,$.2% ,c½#12' :. 9d,c4.;#:97f@ 

r#*294,$.:9# 
r#*294,$.:9# ?,6# 9 54,$,69 ,*% :. 15 $96#,4, 91.f< 1,2,4'# c' 9 5,6j,2,$ #:' $ 4.d 9!:'f >* ,$97f 

1.1 $969?,*29< 2.1 9 5,j,6'@ b96#,4, 919 $1  !. 9 d.59*9< *6# .::'# $ 6:#$:,# 9 :,!:,# $4#?7< 549 741,? *, :#!- 
:,? *$#2# 9 $ ,c .!:>  5,j,6>< . 2.1;# 549 :#6,*2.2,!:,h $969?,*29 §6,;6%< 2>?.:¨@ 4,?# 2,j,< c' 9 9*5, %d,$.- 
:' $96#,?.2#49. '< *:72'# * 4.d 9!:'f 4.1>4*,$< !2, 5,d$, 9 , $*#*2,4,::# ,l#:92% 54,9d$,692# %:,*2% ?,6# 9 
549 01*5 >.2.l99< >!92'$.7 9*1.;#:97 549 6$9;#:99 9 4.d 9!:,# 4.*5, ,;#:9# 1.?#4 :. 24.:*5,42:'f *4#6*2$.f@ 

b f,6# 2#*294,$.:97 ?,6# % 54,6#?,:*2494,$. . *2.c9 %:'# 4#d> %2.2' §«9*@ 6), 5,1.d'$.7 $'*,1>  2,!- 
:,*2% 549 4.*5,d:.$.:99 ,c½#12,$ :. $96#,4, 91.f< *:72'f $ *.?'f 4.d:'f >* ,$97f@ s2,2 .*5#12 ,*,c#::, $.;#: 
6 7 54.129!#*1,j, 549?#:#:97 ?,6# 9< 2.1 1.1 $ 4#. %:'f *l#:.497f 9*5, %d,$.:97 *9*2#?' ?,j>2 $,d:91.2% *.?'# 
4.d:,,c4.d:'# *92>.l99@ 
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«9*@ 6 4#d> %2.2' ,c:.4>;#:97 9:k,4?.l9,::'f *2# *, *2#5#:%  >$#4#::,*29 ?,6# 9 

b'c,4 OCR ?,6# 9 
}49 $'c,4# OCR ?,6# 9 ,*:,$:'?9 1492#497?9 c' 9 $'*,1.7 2,!:,*2% 4.*5,d:.$.:97 :#*2.:6.42:,j, 

2#1*2. 9 $,d?,;:,*2% 9:2#j4.l99 #¼ :. 4.d 9!:'# >*24,h*2$.@ 
},6 029 1492#499 5,6,o . 54#6,c>!#::.7 ?,6# % ,529!#*1,j, EasyOCR[9]. 
EasyOCR y 02, *,$4#?#::.7 ?,6# % ,529!#*1,j, 4.*5,d:.$.:97 *9?$, ,$ (OCR), 4.d4.c,2.::.7 6 7 0kk#129$- 

:,j, 4.*5,d:.$.:97 2#1*2. :. 4.d 9!:'f 9d,c4.;#:97f, $1  !.7 :#*2.:6.42:'# ,c½#12'@ n*:,$,h EasyOCR 7$ 7#2*7 
.4f92#12>4. Convolutional Recurrent Neural Network (CRNN), 1,2,4.7 ,c½#69:7#2 $,d?,;:,*29 *$#42,!:'f :#h4,::'f 
*#2#h (CNN) 9 4#1>44#:2:'f :#h4,::'f *#2#h (RNN). b RNN * ,$. 1,694> 2*7 one-hot $#12,4.?9< j6# 4.d?#4:,*2% 
4.$:. ?,8:,*29 * ,$.47@ }4,j:,d k,4?94>#2*7 :. ,*:,$# *14'2,j, *,*2,7:97< ,c:,$ 7#?,j, 549 ,c4.c,21# 1.;6,j, 
0 #?#:2. 5,* #6,$.2# %:,*29@ i:.!. . CNN 9*5, %d> 2*7 6 7 9d$ #!#:97 54,*24.:*2$#::'f 549d:.1,$ 9d,c4.;#:97< 
. d.2#? RNN 549?#:7 2*7 6 7 .:. 9d. 5,* #6,$.2# %:,*29 029f 549d:.1,$ 9 j#:#4.l99 2#1*2,$,j, $'$,6.@ 

n6:,h 9d 1  !#$'f ,*,c#::,*2#h EasyOCR 7$ 7#2*7 9*5, %d,$.:9# Connectionist Temporal \P-GGBß)-DB+C 
(CTC) $ 1.!#*2$# k>:1l99 5,2#4%< !2, 5,d$, 7#2 ?,6# 9 0kk#129$:, ,c4.c.2'$.2% 5,* #6,$.2# %:,*29 4.d 9!:,h 
6 9:' 9 1,44#12:, 4.*5,d:.$.2% 2#1*2 6.;# 549 :. 9!99 d:.!92# %:'f 6#k,4?.l9h< 9*1.;#:9h 9 4.d 9!:'f o49k- 
2,$< !2, 14929!#*19 $.;:, 549 9*5, %d,$.:99 $ 6.::,? 54,#12#@ 

nc>!#:9# 
nc>!#:9# ?,6# 9 54,9d$,69 ,*% :. $96#,1.42# Nvidia RTX  3060 6 GB laptop version * :> 7 :. 50 05,f.f< 

4.d?#4,? bach 16, 4.d?#4 9d,c4.;#:9h 640px. ¿.::'# c' 9 4.d6# #:' :. 3 !.*29< !.*2% * ,c>!. 8#h $'c,41,h *,- 
*2.$9 . 75%, $. 96.l9,::.7 15%, 2#*2,$.7 10%. nc>!#:9# 6 9 ,*% 22 !.*.@ 

±$#4#::,*2% ,54#6##:97 2#1*2. :. 24#:94,$,!:,? :.c,4# 6.::'f *,*2.$9 . 84%, !2, j,$,492 , 2,?< !2, 
6.::.7 ?,6# % *5,*,c:. * $'*,1,h 2,!:,*2%  ,54#6# 92% 2#1*2 :. 9d,c4.;#:99@ 

}49?#4 ,54#6# #:97 2#1*2. :. 9d,c4.;#:99 §«9*@ 7): 
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«9*@£ zd,c4.;#:9# $'6# #::,# 6,,c>!#::,h ?,6# %  6#2#1l99 YOLO 

©:.!#:97 5, >!#::'# 549 ,c4.c,21# 6.::,j, 9d,c4.;#:97 $ Easyocr: 
98 51.45 
95 46.95 
95 45.45 
92 42.03 
¿r 44.15 

3iSk 
z2,j,$.7 2,!:,*2% 54,#12. *,*2.$9 ./ 62% * 84% 52%, !2, j,$,492 , 6,*2.2,!:, $'*,1,h 2,!:,*29 ,54#6#- 

#:97 9*1,?'f 6.::'f 9 ?,;#2 549?#:72%*7 $ 4#. %:'f >* ,$97f@ 
¿.::'h . j,492? ?,;:, 4#. 9d,$.2% :. ,6:,h ?914,*f#?# * gps 6.2!91,?< 1,2,4'h c>6#2< 549 >*5#o:,? 

9d$ #!#:99 6.::'f< ,54#6# 72% 6, j,2> 9 o94,2>< *,f4.:77 6.::'# , l#:# 2,5 9$. 9 ?#*2,5, ,;#:99 ´©i@ 

5bUWS2 XUi-dZi1da 

[1] https://www.google.com/maps :.c,4 549 ,;#:9h< 5,*24,#::'f :. ,*:,$# c#*5 .2:,j, 1.42,j4.k9!#*1,j, *#4$9*. 
9 2#f:, ,j99< 54#6,*2.$ 7#?'f 1,?5.:9#h Google §6.2. ,c4.8#:97/ 01.11.2024) 

[2] https://yandex.ru/maps 5,9*1,$,-9:k,4?.l9,::.7 1.42,j4.k9!#*1.7 * >;c. 1,?5.:99 ø:6#1* §6.2. ,c4.8#:97/ 
01.11.2024) 

[3] https://pypi.org/project/pillow/  c9c 9,2#1. 6 7 :. ,;#:97 k9 %24,$ 9 4.c,2' * 9d,c4.;#:97?9 §6.2. ,c4.8#- 
:97/ 12.11.2024) 

[4] RDD·G/¤¤F+H+Ò+`@)+^¤ 549 ,;#:9# 6 7 4.d?#219 6.::'f §6.2. ,c4.8#:97: 15.11.2024) 
[5] https://www.cvat.ai/ 549 ,;#:9# 6 7 4.d?#219 6.::'f §6.2. ,c4.8#:97/ 13.02.2025) 
[6] Ù.4> ́ jj.4$. q#h4,::'# *#29 9 j >c,1,# ,c>!#:9# ±!#c:'h 1>4*/ ¿9. #1291.< 2020 §6.2. ,c4.8#:97/ 03.07.2024) 
[7] https://docs.ultralytics.com/ ,59*.:9# c9c 9,2#19 ultralytics §6.2. ,c4.8#:97/ 22.11.2024) 
[8] https://pytorch.org/  k4#h?$,41 ?.o9::,j, ,c>!#:97 6 7 7d'1. Python * ,214'2'? 9*f,6:'? 1,6,? §6.2. ,c4.- 
8#:97/ 22.11.2024) 

[9] https://github.com/JaidedAI/EasyOCR ,59*.:9# 549:l95,$ 4.c,2' 9 ?#2,6,$ 9*5, %d,$.:97 ?,6# 9 EasyOCR 
§6.2. ,c4.8#:97/ 20.03.2025) 
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 !#$'# * ,$./ 5491 .6:.7 9:k,4?.291.< j4.k9!#*19h 69d.h:< 0 #124,::.7 1:9j.< l9k4,$,# 9d6.:9#< 
?> %29?#69.< 9:2#4.129$:,*2%< 9  *24.l97< .:9?.l97< j#h?9k91.l97@ 

U.L.L.  Okonkwo,  I.K. Knyazeva  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
MULTIMEDIA  AND INTERACTIVE  TECH NOLOGIES  IN  THE  DEVELOPMENT  OF ELECTRONIC  

BOOKS 
This article examines the existing multimedia and interactive technologies that are used in the development of e-books. Their characteristics, 

usage context, and target audience are `US*Ï/ described. Further prospects and ways of developing multimedia and interactivity in electronic books are 
also being considered. 

Keywords:  applied computer science, graphic design, e-book, digital publishing, multimedia, interactivity, illustration, 
animation, J-^Bß)-DB+C@ 

q. *#j,6:7o:9h 6#:% 0 #124,::'# 1:9j9 7$ 7 2*7 $.;:,h !.*2%  92#4.2>4'/ *,$4#?#::'h !92.2# % 54#6- 
5,!92.#2 l9k4,$'# $.49.:2' 1:9j c .j,6.47 9f >6,c*2$>< 6#o#$9d:#< . 2.1;# 14#.29$:'? $,d?,;:,*27? 6 7 $d.9- 
?,6#h*2$97 * 1,:2#:2,? 1:9j9@ s29 $,d?,;:,*29 ,c#*5#!9$. 2 4.d:,,c4.d:'# ?> %29?#69h:'# 9 9:2#4.129$:'# 
2#f:, ,j99< 9:2#j494>#?'# $ 0 #124,::>  1:9j>@ ² c,# 54,9d$#6#:9# ?,;:, :.h29 $ l9k4,$,? k,4?.2# $ ,6:,? 
9d ?:,;#*2$. !92.2# %*19f *#4$9*,$ 9 9 0 #124,::'f c9c 9,2#1< 2.1;# 549,c4#*29 l9k4,$,# 9d6.:9# ?,;:, 9 :. 
5,5> 74:'f ?.41#25 #h*.f@ 

q. k,:# 2#f:, ,j9!#*1,j, 9 9:k,4?.l9,::,j, 54,j4#**. 9:6>*2497 1:9j,9d6.:97 54#2#45#$.#2 1, ,**. %- 
:'# 9d?#:#:97< 5#4#f,67 ,2 24.69l9,::'f ?#2,6,$< 24#c> 89f 4.d 9!:'f k9d9!#*19f §c>?.;:'f¨ :,*92# #h 9 ?#*2 
6 7 9f f4.:#:97< 1 9::,$.l9,::'? l9k4,$'? k,4?.2.?< 7419? 54#6*2.$92# #? 1,2,4'f 7$ 7#2*7 0 #124,::.7 1:9j.@ 
s #124,::.7 1:9j. §9 9 l9k4,$,# 9d6.:9#¨ y 02, :#1,2,4'h k.h 9 9 6,1>?#:2< 1,2,4'h k>:1l9,:94>#2 $ 54#6# .f 
l9k4,$,j, 54,*24.:*2$. 9 54#6*2.$ #: $ *.?'f 4.d:'f k,4?.2.f< d.!.*2>  4.*o947 89h *$,9 1,??>:91.29$:'# 
$,d?,;:,*29 * 5,?,8%  ?> %29?#69h:'f 9 9:2#4.129$:'f k>:1l9h [1]. 

q# ?#:## *24#?92# %:,# 4.d$929# 6.::'f 2#f:, ,j9h 2.1;# 54#6,*2.$ 7#2 $,d?,;:,*2% *,d6.:97 c,- 
## 9:2#4#*:'f< :.j 76:'f l9k4,$'f 54,9d$#6#:9h< 1,2,4'# *5,*,c:' *6# .2% 54,l#** !2#:97 c, ## 6,*2>5:'? 

9 9:1  d9$:'? d. *!¼2 9:2#j4.l99 6,5, :92# %:'f 1.:. ,$ 5#4#6.!9 9 5, >!#:97 9:k,4?.l99 §:.549?#4< .>69, 
9 9d,c4.;#:97¨@ 

n*:,$:'? ?#2,6,? :.>!:,j, 9** #6,$.:97 $ 4.?1.f 6.::,h *2.2%9 7$ 7#2*7 .:. 9d@ ncd,4 9 9** #6,$.:9# 
92#4.2>4:'f 9 :.>!:'f 9*2,!:91,$ , *,$4#?#::'f 0 #124,::'f 1:9j.f 9 ?> %29?#69h:'f 2#f:, ,j97f 5,d$, 7#2 

*,*2.$92% 54#6*2.$ #:9# , * ,;9$o#h*7 *92>.l99 $ 9:6>*2499 l9k4,$'f 9d6.:9h@ q. 6.::'h ?,?#:2 0 #124,::'# 
1:9j9 ,c .6. 2 :#*1, %19?9 54#9?>8#*2$.?9@ 

4,**5 .2k,4?#::,*2% §9 9 ?> %295 .2k,4?#::,*2%¨ 7$ 7#2*7 ,6:9? 9d j .$:'f 54#9?>8#*2$ 0 #124,::'f 
1:9j $ *4.$:#:99 * 24.69l9,::'?9@ Ób >* ,$97f l9k4,$,h 24.:*k,4?.l99 ó 6, ;#: c'2% ,c#*5#!#: 4.$:'h 6,*2>5 
1 ,c4.d,$.2# %:'? 4#*>4*.?Ô 1.1 $ 6,?.o:9f >* ,$97f< 2.1 9 d. 54#6# .?9 6,?. [2]. ± 5, %d,$.2# #h 0 #124,::'f 
1:9j #*2% $,d?,;:,*2% 5, >!92% 6,*2>5 1 1.1,?> >j,6:, l9k4,$,?> 9d6.:9  *  c,j, >*24,h*2$.< 9?# 8#j, 69*5 #h 
9 $,d?,;:,*2% $'f,6. $ *#2%@ Ù92.2# 9 ?,j>2 9*5, %d,$.2% *?.42k,:'< 5 .:o#2'< :,>2c>19 9 9 1,?5% 2#4' 6 7 
54,*?,24. 9 !2#:97 l9k4,$'f 9d6.:9h@ 

z:1  d9$:,*2% 2.1;# 7$ 7#2*7 54#9?>8#*2$,? 0 #124,::'f 1:9j@ }, %d>7*% 549 ,;#:9#? 6 7 !2#:97< 
5, %d,$.2# % ?,;#2 :.*24.9$.2% 7d'1 1:9j9 9 9 9:2#4k#h*.< ?#:72% :.*24,h19 o49k2. 9 l$#2. k,:.< 9*5, %d,$.2% 
j, ,*,$,# >54.$ #:9# 9 $d.9?,6#h*2$,$.2% * 9:2#4.129$:'?9 0 #?#:2.?9< >54,8. 89?9 $,*549729# 1:9j9@ b*# 029 
$,d?,;:,*29 l9k4,$'f 9d6.:9h 6# . 2 !2#:9# c, ## 6,*2>5:'? :# 2, %1, 6 7 *4#6:#*2.29*29!#*1,j, !# ,$#1. $:# 
d.$9*9?,*29 ,2 #j, $,d4.*2.< :, 9 6 7  6#h * ,j4.:9!#::'?9 $,d?,;:,*27?9@ 

z*5, %d,$.:9# 4.d:,,c4.d:'f 1,?5% 2#4:'f 2#f:, ,j9h 5,d$, 7#2 9d6.2# 7? 9 .$2,4.? 0 #124,::'f 1:9j 
$'6# 92%*7 :. k,:# 1,:1>4#:2,$ 9 54#6 ,;92% *$,9? !92.2# 7? c, ## :,$'# ?#2,6' ,d:.1,? #:97 * 92#4.2>4,h 
9 5, >!#:97 0?,l9h@ }49?#:#:9# ?> %29?#69. 9 9:2#4.129$:'f 0 #?#:2,$ $ 5,$#*2$,$.:99 1:9j9 d:.!92# %:, 

95 



 
  

 
 

,c,j.8.#2 5, %d,$.2# %*19h ,5'2 9 > >!o.#2 $,*549729# !92.2# 7< 2.1 1.1 ,: 5, >!.#2 9:k,4?.l9  :# 2, %1, 2#1- 
*2,$,? $96#< :, 9 $ 64>j9f k,4?.2.f@ ´129$:,# $:#64#:9# 9:2#4.129$:,*29 9 9j4,$'f 0 #?#:2,$ ?,;#2 $'6# 92% 
l9k4,$,# 9d6.:9# :. k,:# 64>j9f c .j,6.47 :#o94,1,h 4.*54,*24.:¼::,*29 6.::,j, 5,6f,6. $ *9 > #j, 1,?5 #1*- 
:,*29 §$ ,*,c#::,*29 6 7 .$2,4,$< $'5>*1. 89f 1:9j> *.?,*2,72# %:,¨@ b*¼ 02, 5,d$, 7#2 ,c#*5#!92% 5, %d,$.2#   
c, ## j >c,1,# 5,j4>;#:9# $ * ;#2 92#4.2>4:,j, 9 9  c,j, 64>j,j, 54,9d$#6#:97@ 

«,*2 24#:6. :. c#4#; 9$,# 54,9d$,6*2$, 9 l9k4,$9d.l9 < 4.d$929# 9:2#4:#2. $#8#h (IoT), 5#4#f,6 :. 9d6.- 
:9# $ 0 #124,::,? k,4?.2# 5,d$, 7#2 *,14.292% ;9d:#::'h l91 54,9d$,6*2$. 1:9j9 9 $:#64#:9# $ :#¼ 9::,$.l9h< 
2.19f 1.1 9:2#4.129$:'# 9 9j4,$'# 0 #?#:2'< 2#f:, ,j99 $942>. %:,h 9 6,5, :#::,h 4#. %:,*29@ r.1;# l9k4,$9- 
d.l97 *5,*,c*2$>#2 5,$'o#:9  01, ,j9!:,*29 d. *!¼2 9*1  !#:97 k9d9!#*1,j, 54,9d$,6*2$.< ,j9*2919< 54,c #?' 
f4.:#:97 9 4.d?#8#:97 1:9;:'f 5,*2.$,1 9d l#5,!19 ;9d:#::,j, l91 . 4.d4.c,219 1:9j9@ q# ?#:## $.;:,h !#42,h 
7$ 7#2*7 9 5,$'o#::.7 5,24#c92# %*1.7 l#::,*2% l9k4,$,h 1:9;:,h 54,6>1l99< 2.1 1.1 ,:. *2.:,$92*7 c, ## 5#4- 
*,:. 9d94,$.::,h 9 6,*2>5:,h 1 1.*2,?9d.l99 §2@#@ :.*24,h1# 5,6 1,:14#2:,j, 5, %d,$.2# 7 9 #j, 5,24#c:,*29¨@ 

¶> %29?#69. y 02, Ó*,6#4;.:9# 9c, 6.::'#< 54#6,*2.$ 7#?'# ,6:,$4#?#::, $ 4.d 9!:'f k,4?.f/ $96#,- 
476< d$>1< 1,?5% 2#4:.7 .:9?.l97Ô [3]. 

9W[S.[a- jX-f-[ia f1X_iUf-TUZ~ 
-  2#1*2¬ 
-  9d,c4.;#:97 9 j4.k91.¬ 
-  .>69,¬ 
-  $96#,¬ 
-  .:9?.l97¬ 
-  j95#4?#69. §:.549?#4< j95#42#1*2¨@ 

r#1*2,$'h k,4?.2 7$ 7#2*7 j .$:'? :,*92# #? 9:k,4?.l99 $  c,h 1:9j#@ n: f.4.12#49d>#2*7 :. 9!9#? 
,54#6# ¼::,h *24>12>4'< *,*2,78#h 9d .cd.l#$< d.j, ,$1,$< ,*:,$:,j, 2#1*2.< *59*1,$ 9 2@5@ Ó #j % o49k2. 6, ;#: 
c'2% ,529?. %:'?Ô< !2,c' ,c#*5#!92% 5, %d,$.2#   :.9c, ## 1,?k,42:,# 54,!2#:9# ?.2#49. . [4]. r.1;# 4#1,?#:- 
6>#2*7 9*5, %d,$.:9# .1l#:2,$ $ 2#1*2#< :.549?#4< 6 7 $'6##:97 d.j, ,$1,$< $.;:'f 2#4?9:,$ 9 2@6@ r#1*2 9*5, %- 
d>#2*7 5,$*#?#*2:, 54.129!#*19 $, $*#f 9:k,4?.l9,::'f 9*2,!:91.f@ },6 l# #$>  .>692,49  2#1*2,$,j, k,4?.2. 
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A.A. Petrova,  M.A. Slavnikova  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
WEBAR IN PUPPET THEATER:  HOW  MARKER TECHNOLOGIES CREATE AN IMMERSIVE  

EXPERIENCE  
The article explores the application of augmented reality (AR) technologies in marketing strategies, using the {² U[TT9@ c 4T~ theater as 

a case study. The author conducts a comparative analysis of three technological solutions (A-Frame and AR.js, Three.js and JSARToolKit5, and AR 
Studio), evaluating them based on key parameters: rendering quality, tracking stability, platform support, animation capabilities, and customization 
options. The results demonstrate that the thoughtful implementation of AR technologies can TSb@Sl2 @W[y enhance audience engagement, create new 
interaction channels, and optimize marketing costs. The choice of the optimal solution depends on the T,*2Sl2 objectives and resources of the institution. 

Keywords:  Augmented Reality (AR), Web-based Augmented Reality (WebAR), puppet theater, marketing technologies, 
immersive experience, Three.js, JSARToolKit5, AR Studio, interactive technologies 
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,d:.1,? #:97 5,1>5.2# #h * 54,6>1l9#h@ 9#:2' 5, >!9 9 $,d?,;:,*2% 4.**?,24#2% $*# 9:2#4#*> 89# 9f 2,$.4' 
$ 3D, 9d>!92% 69d.h:< *,*2.$ 9 ,c½#? *4#6*2$< !2, *>8#*2$#::, 5,$ 97 , :. 549:729# 4#o#:9h , 5,1>51.f@ 

«,**9h*19h Ó«,*.2,?Ô 9*5, %d,$. 6,5, :#::>  4#. %:,*2% $ ,c4.d,$.2# %:'f l# 7f< *,d6.$ 9:2#4.129$- 
:>  ?,6# % .2,?:,h 0 #124,*2.:l99@ ¥ .j,6.47 >*24,h*2$> ?,;:, c' , 6#2. %:, 9d>!92% >*24,h*2$, ,c½#12.< 5, >- 
!92% 5,7*:#:97 1 0 #?#:2.? 9 54,*?,24#2% .:9?.l9,::'# 9d,c4.;#:97@ r.1,h 5,6f,6 *6# . * ,;:>  9:k,4?.l9  
6,*2>5:,h 6 7 ?:,;#*2$.  6#h@ 

s29 549?#4' :.j 76:, 5,1.d'$. 2< 1.1 AR-2#f:, ,j99 5,?,j. 2 4#o.2% 4.d:,,c4.d:'# ?.41#29:j,$'# 
d.6.!9 y c>6% 2, >$# 9!#:9# 54,6.;< 5,$'o#:9# ,7 %:,*29< *,d6.:9# $94>*:,j, 1,:2#:2. 9 9 ,c4.d,$.2# %:.7 
6#72# %:,*2% [3]. 

AR y $.;:'h 9:*24>?#:2 ?.41#29:j,$,j, 54,6$9;#:97< 5,d$,7 89h *,d6.2% d.5,?9:. 89#*7 $5#!.2 #:97 
9 *k,4?94,$.2% 5, ,;92# %:'h 9?96; c4#:6.@ b 2#.24. %:,h *k#4# AR ?,;#2 9*5, %d,$.2%*7 :# 2, %1, $ l# 7f 
4#1 .?'< :, 9 :#5,*4#6*2$#::, $, $4#?7 *5#12.1 #h@ r.1,h 5,6f,6 6.#2 d492# 7? $,d?,;:,*2% 5#4#*2>592% 5,4,j ,2 
9*2,499< $ 1,2,4,h ,: *$96#2# %< 1 9*2,499< !.*2%  1,2,4,h ,: 7$ 7#2*7 [4]. 

>1, %:'h 2#.24 Ó_-FPGG+C Ï-IGÔ 9d$#*2#: *$,9?9 *?# '?9 2$,4!#*19?9 01*5#49?#:2.?9@ b *$,#? 54,#12# 
2#.24 4#o.#2 $'h29 d. 4.?19 549$'!:,j, k,4?.2.< *,d6.$ *9?c9,d 92#4.2>4'< 1>1,%:,j, 54#6*2.$ #:97 9 l9k4,- 
$'f 2#f:, ,j9h@ b 4.?1.f 1, .c,4.l99 * ¥9c 9,2#1,h 9?@ b@ b@ ¶.71,$*1,j, Ó_-FPGG+C Ï-IGÔ 54#6*2.$ 7#2 9:2#4.1- 
29$:,# AR-54,*24.:*2$,< j6# 5#4*,:.;9 1:9j 9 1>1, %:,j, 2#.24. Ó,;9$. 2Ô c .j,6.47 6,5, :#::,h 4#. %:,*29@ 

},*#292# 9 c9c 9,2#19 *?,j>2 * 5,?,8%  c4.>d#4. :. *?.42k,:# >$96#2%< 1.1  c9?'# 92#4.2>4:'# j#4,9 
5,7$ 7 2*7 $ 4#. %:,? ?94#< *4#69 1:9;:'f 5, ,1@ 

x# #$.7 .>692,497 54,#12. y 6#29 $ $,d4.*2# ,2 3 6, 12 #2< . 2.1;# 9f 4,692# 9< 7$ 7 89#*7 5,*#292# 7?9 
c9c 9,2#19@ 

}4,#12 4#o.#2 ?.41#29:j,$'# d.6.!9 2#.24./ 
-  

-  

-  

k,4?94>#2 ,c4.d 54,j4#**9$:,h 1> %2>4:,h 5 ,8.619¬ 
549$ #1.#2 :,$'f d492# #h $ 2#.24¬ 
>$# 9!9$.#2 54,6.;9 c9 #2,$ d. *!#2 :,$,h .>692,499@ 

r#.24,? c' , 4.d4.c,2.:, * #6> 8## 2#f:9!#*1,# d.6.:9#/ 
1) nc89# 24#c,$.:97/ 4.d4.c,2.2% $#c-549 ,;#:9# * 6,5, :#::,h 4#. %:,*2%  

(WebAR), 5,d$, 7 8## 5, %d,$.2# 7? $d.9?,6#h*2$,$.2% * .:9?94,$.::'?9 5#4*,:.;.?9 (3 5#4*,- 
:.;.¨ 9d 4#5#42>.4. 2#.24. 9 5, >!.2% 54,?,1,6' :. *1961> 549 5,1>51# c9 #2,$@ 

2) u>:1l9,:. %:'# 24#c,$.:97/ 14,**-c4.>d#4:.7 9 14,**5 .2k,4?#::.7 5,66#4;1.< 
d.5>*1 AR !#4#d 1.?#4> *?.42k,:.< .:9?.l97 5#4*,:.;.< j#:#4.l97 54,?,1,6. 9 9:2#j4.l97 * c9- 
#2:,h *9*2#?,h@ 

3) r#f:9!#*19# 24#c,$.:97/ 9*5, %d,$.:9# *,$4#?#::'f 2#f:, ,j9h 9 c9c 9,2#1< 
5,66#4;9$. 89f ?.41#4:'h 4#;9?< ,529?9d.l97 3D-?,6# #h 6 7 c'*24,h d.j4>d19 :. ?,c9 %:'f 
>*24,h*2$.f@ 

4) 
il#:.49h $d.9?,6#h*2$97 5, %d,$.2# 7 * $#c-549 ,;#:9#?/ 

¿9d.h: 9 UX: ¶9:9?. 9*29!:'h 9:2#4k#h*< 5 .$:'# .:9?.l99@ 

1) 
2) 
3) 
4) 
5) 

d.5>*1 $#c-549 ,;#:97 5, QR 1,6>< 54#6,*2.$ #:9# 6,*2>5. 1 1.?#4#¬ 
.129$.l97 AR-5#4*,:.;. 549 :.$#6#:99 :. ?.41#4 (QR-1,6 9 9 9d,c4.;#:9#¨¬ 
.129$94>#2*7 .:9?.l97 5#4*,:.;.¬ 
.129$94>#2*7 54,?,1,6 :. *1961>¬ 
d.$#4o#:9# *#.:*. * d.14'29#? $#c-549 ,;#:97@ 

VR-2#f:, ,j99 5,7$9 9*% 4.:%o#< !#? AR. }#4$.7 *9*2#?. $942>. %:,h 4#. %:,*29 5,7$9 .*% $ 1962 j,6>< 
## ,*:,$.2# #? *2. ¶,42,: Æ#h 9j@ b 1967 j,6> ´h$#: i.d#4 #:6 ,59*. 9 *1,:*24>94,$. 5#4$'h o #?< 9d,c4.- 
;#:9# :. 1,2,4'h j#:#494,$. ,*% 549 5,?,89 1,?5% 2#4.@ r#4?9: Ó6,5, :#::.7 4#. %:,*2%Ô c' 5496>?.: $ 1992 
j,6> r,?.*,$ .>6# ,? 9 ¿0$96,? ¶9d# ,? y 9:;#:#4.?9 1,45,4.l99 Boeing. }#4$,# ?,c9 %:,# AR-549 ,;#:9# 
c' , $'5>8#:, 1,?5.:9#h Layar $ 2009 j,6>@ 

È .$:,# ,2 9!9# VR ,2 AR d.1  !.#2*7 $ *2#5#:9 5,j4>;#:97 5, %d,$.2# 7@ VR 5, :,*2%  9d, 94>#2 !#- 
,$#1. ,2 4#. %:,j, ?94.< *,d6.$.7 9*1>**2$#::>  l9k4,$>  *4#6>@ AR 9o% :.1 .6'$.#2 $942>. %:'# 0 #?#:2' :. 
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k9d9!#*1,# ,14>;#:9#@ s2, 6# .#2 AR 54.129!:,h $ 5,$*#6:#$:,? 9*5, %d,$.:99< 5,*1, %1> 5, %d,$.2# % *,f4.:7#2 
*$7d% * 4#.%:,*2%  9 ?,;#2 ,6:,$4#?#::, $d.9?,6#h*2$,$.2% 1.1 * l9k4,$'?9< 2.1 9 * 4#. %:'?9 ,c½#12.?9 [5]. 

}, *4.$:#:9  *, *?#o.::,h 4#. %:,*2%  (MR), j6# $942>. %:'# 9 k9d9!#*19# ,c½#12' 69:.?9!#*19 $d.9?,- 
6#h*2$> 2 64>j * 64>j,?< AR 54,8# $ 4#. 9d.l99@ ¿ 7 4.c,2' MR 24#c> 2*7 * ,;:'# *9*2#?' 54,*24.:*2$#::,j, 
*1.:94,$.:97 9 2,!:,j, 24#19:j. §:.549?#4< o #? Apple Vision Pro). r,j6. 1.1 AR ?,;#2 k>:1l9,:94,$.2% :. c.d# 
,c'!:'f *?.42k,:,$ c#d :#,cf,69?,*29 :. 9!97 *5#l9. 9d94,$.::,j, ,c,4>6,$.:97@ s2, 6# .#2 AR c, ## 6,*2>5- 
:,h 9 ?.**,$,h 2#f:, ,j9#h@ 

¿ 7 ,2,c4.;#:97 AR 24#c>#2*7 >*24,h*2$, * 1.?#4,h 9 $'!9* 92# %:'?9 ?,8:,*27?9 y *?.42k,:< 5 .:o#2< 
AR-,!19 §:.549?#4< Microsoft HoloLens) 9 9 $#c-1.?#4.@ b942>. %:'# ,c½#12' 54,#l94> 2*7 $ k9d9!#*1,# 54,*24.:- 
*2$,< *,f4.:77 ?.*o2.c@ },7$ 7#2*7 $,d?,;:,*2% $d.9?,6#h*2$,$.2% * ,c½#12.?9 5,6 4.d:'?9 >j .?9 ,cd,4.@ 

¿,5, :#::.7 4#. %:,*2% 5,64.d6# 7#2*7 :. :#*1, %1, 295,$< $ d.$9*9?,*29 ,2 549:l95. 4.c,2' [6]: 
-  ¶.41#4:.7 AR 9*5, %d>#2 $9d>. %:'# ?.41#4' (QR-1,6'< 9d,c4.;#:97< ?#219¨ 6 7 

.129$.l99 l9k4,$,j, 1,:2#:2.@ }49 *1.:94,$.:99 ?.41#4. :. 014.:# ,2,c4.;. 2*7 3D-?,6# 9 9 9 

.:9?.l99< 1,2,4'# ?,;:, 4.**?,24#2% * 4.d:'f 4.1>4*,$@ 
-  ¥#d?.41#4:.7 AR 4.c,2.#2 c#d k9d9!#*19f ?#2,1< 9*5, %d>7 6.::'# GPS, .1*# #- 

4,?#24' 9 1,?5% 2#4:,# d4#:9# 6 7 4.*5,d:.$.:97 4.d 9!:'f 5,$#4f:,*2#h §5, < *2#:'< ,c½#12'¨@ 
s2, 5,d$, 7#2 4.d?#8.2% $942>. %:'# ,c½#12' $ 4#. %:,h *4#6# * >!¼2,? j#,?#2499 54,*24.:*2$.@ 

-  ²,1.l9,::.7 AR 9*5, %d>#2 j#,j4.k9!#*19# 6.::'# (GPS, j#,?#219¨ 6 7 549$7d- 
19 1,:2#:2. 1 ,54#6# ¼::'? ?#*2.?@ n:. !.*2, 9*5, %d>#2*7 $ ?,c9 %:'f 9j4.f §:.549?#4< 9j4. 
Pokïmon Go) 9 ?.41#29:j,$'f .129$:,*27f@ 

b#c-549 ,;#:9# * 6,5, :#::,h 4#. %:,*2%  *,d6.#2*7 * 5,?,8%  c9c 9,2#1 9 k4#h?$,41,$ :. ,*:,$# 
WebXR API 9 WebGL §:.549?#4< Three.js, A-Frame, AR.js, model-viewer) 9 9 * 5,?,8%  j,2,$'f 4#o#:9h< 9?9294> - 
89f WebXR API §:.549?#4< 8th Wall, AR Studio). 

WebGL y 02, JavaScript-API 6 7 ,249*,$19 .55.4.2:,->*1,4#::,h 2D- 9 3D-j4.k919 547?, $ $#c-c4.>d#4# c#d 
9*5, %d,$.:97 5 .j9:,$@ WebXR API 7$ 7#2*7 Ó:.6*24,h1,hÔ :.6 WebGL 9 5,d$, 7#2 $d.9?,6#h*2$,$.2% * 1.?#4,h< 
,2* #;9$.2% 24#19:j 6$9;#:9# 9 4.d?#8#:9# ,c½#12,$ $ 4#. %:,? ?94#@ WebXR API 9*5, %d>#2 WebGL 1.1 ,*:,$> 
6 7 4#:6#49:j. $942>. %:'f ,c½#12,$ $ AR 9 VR. }49 4.d4.c,21# AR $#c-549 ,;#:9h 9*5, %d> 2 k4#h?$,419 9 c9- 
c 9,2#19< >54,8. 89# 4.c,2> * 3D-j4.k91,h< .:9?.l9#h 9 $d.9?,6#h*2$9#? [7]: 

-  Three.js 54#6*2.$ 7#2 *,c,h ?,8:>  JavaScript-c9c 9,2#1> 6 7 *,d6.:97 9 ,2,c4.- 
;#:97 9:2#4.129$:,h 3D-j4.k919 $ $#c-c4.>d#4.f@ z*5, %d>7 WebGL, ,:. 5,d$, 7#2 4.d4.c.2'$.2% 
* ,;:'# $9d>. 9d.l99< .:9?.l99 9 9j4'< 4.c,2. 89# :.547?>  $ c4.>d#4# c#d :#,cf,69?,*29 >*2.- 
:,$19 5 .j9:,$@ ¥9c 9,2#1. ,*,c#::, $,*24#c,$.:. 549 *,d6.:99 $#c-549 ,;#:9h * 24#f?#4:,h j4.- 
k91,h< $942>. %:'f 2>4,$ 9 9:2#4.129$:'f 54#d#:2.l9h@ 

-  A-Frame y 02, k4#h?$,41 6 7 c'*24,j, *,d6.:97 WebXR-*l#: * 6#1 .4.29$:'? 
HTML -*9:2.1*9*,?@ «.c,2.7 5,$#4f Three.js, ,: 5,d$, 7#2 c'*24, 4.d4.c.2'$.2% 14,**5 .2k,4?#:- 
:'# AR- 9 VR-549 ,;#:97< *,$?#*29?'# * c, %o9:*2$,? j.4:92>4 $942>. %:,h 4#. %:,*29< $1  - 
!.7 Oculus Rift 9 HTC  Vive, . 2.1;# ?,c9 %:'# >*24,h*2$.@ 

-  AR.js y 02, #j1,$#*:.7 c9c 9,2#1. 6 7 4#. 9d.l99 6,5, :#::,h 4#. %:,*29 547- 
?, $ c4.>d#4#< :# 24#c> 8.7 >*2.:,$19 6,5, :92# %:'f 549 ,;#:9h@ n:. 96#. %:, 5,6f,692 6 7 
,c4.d,$.2# %:'f 54,#12,$< 9:2#4.129$:,j, ?.41#29:j. 9 54,*2'f AR-549 ,;#:9h< 4.c,2. 89f :. 
 c'f *,$4#?#::'f *?.42k,:.f@ 

-  JSARToolKit5 y 02, ,c:,$ #::.7 JavaScript-$#4*97 c9c 9,2#19 ARToolKit,  54#6:.- 
d:.!#::.7 6 7 *,d6.:97 ?.41#4:,h 6,5, :#::,h 4#. %:,*29 $ c4.>d#4#@ n:. 4.*5,d:.#2 *5#l9. %- 
:'# ?#219 §:.549?#4< QR-1,6' 9 9 k96>l9.4:'# ?.41#4'¨ 9 :.1 .6'$.#2 :. :9f 3D-,c½#12'@ 

 j,2,$'? 4#o#:97? ?,;:, ,2:#*29 5 .2k,4?'< 1,2,4'# :. 5 .2:,h ,*:,$# 54#6,*2.$ 7 2 $,d?,;:,*29 
6 7 *,d6.:97 AR-54,#12./ 

-  8th Wall $'6# 7#2*7 1.1 54,k#**9,:. %:.7 5 .2k,4?. 6 7 *,d6.:97 * ,;:'f c#d- 
?.41#4:'f AR-4#o#:9h@ n:. 9*5, %d>#2 5#4#6,$'# . j,492?' SLAM 9 1,?5% 2#4:,j, d4#:97@ 
} .2k,4?. 5,66#4;9$.#2 54,*24.:*2$#::'h 24#19:j< 4.*5,d:.$.:9# 5,$#4f:,*2#h 9 ,c½#12,$< !2, 
6# .#2 #¼ 54#65,!292# %:'? $'c,4,? 6 7 4,d:9!:,h 2,4j,$ 9< 54,?'o #::,*29 9 ?.*o2.c:'f 
?.41#29:j,$'f 54,#12,$@ 

-  AR-studio y ,: .h:-1,:*24>12,4 6 7 *,d6.:97 54,#12,$ * 6,5, :#::,h 4#. %:,*2% @ 
},d$, 7#2 *,d6.$.2% 9f c#d :.$'1,$ 54,j4.??94,$.:97 9 4.c,2' * 3D. }4,#12' ?,j>2 4.c,2.2% 1.1 
$ c4.>d#4#< 2.1 9 $ 549 ,;#:99@ q. 5 .2k,4?# 4#. 9d,$.:' . j,492?' 4.*5,d:.$.:97 QR-1,6,$< 
9d,c4.;#:9h< 5,$#4f:,*2#h< j#, ,1.l99< 9l 9 AR 360. 

.;6.7 9d 029f 2#f:, ,j9h 54#6 .j.#2 >:91. %:'# $,d?,;:,*29 6 7 4.d4.c,219 9:2#4.129$:,j, 3D, VR 
9 AR-1,:2#:2.< 5,d$, 77 $'c94.2% ,529?. %:,# 4#o#:9# $ d.$9*9?,*29 ,2 24#c,$.:9h 54,#12.< l# #$,h 5 .2k,4?' 
9 :#,cf,69?,j, >4,$:7 k>:1l9,:. %:,*29@ i4.$:92# %:'# f.4.12#49*2919 >5,?7:>2'f 2#f:, ,j9h 54#6*2.$ #:' 
:. 49*@T@ 
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w53] 1. i4.$:92# %:'# f.4.12#49*2919 2#f:, ,j9h *,d6.:97 AR 

b f,6# 9** #6,$.:97 c' 9 54,.:. 9d94,$.:' 249 1  !#$'f 2#f:, ,j9!#*19f 4#o#:97 6 7 *,d6.:97 
AR-54,*24.:*2$/ 

-  

-  

-  

*$7d1. k4#h?$,41. A-Frame 9 ?,6> 7 AR.js, . 2.1;# 01*5,42 3D ?,6# #h !#4#d Unity; 
1,?c9:.l97 c9c 9,2#1 Three.js 9 JSARToolKit5; 
1,:*24>12,4 AR Studio. 

r.1 1.1 6 7 4.c,2' $#c-549 ,;#:97 24#c>#2*7 d.898#::'h 54,2,1, https://  c' , 549:72, 4#o#:9# 9*5, %- 
d,$.2% ,c .!:>  5 .2k,4?> Vercel. } .2k,4?. 54#6,*2.$ 7#2 >54,8#::'h 54,l#** 4.d$#42'$.:97 54,#12. :.547- 
?>  9d 4#5,d92,497 GitHub, !2, ,c#*5#!9$.#2 ,c:,$ #:9# 54,#12. 5,* # 9d?#:#:97 1,6.@ 

r#*294,$.:9# 54,$,69 ,*% :. d.4.:## 4.d4.c,2.::,h $ 54,j4.??# Blender ?,6# 9 y ¶. 'o.< 5#4*,:.;. 9d 
5,$#*29 59*.2# %:9l' ´*2496 ²9:6j4#: Ó¶. 'o 9 .4 *,:< 1,2,4'h ;9$#2 :. 14'o#Ô@ 3D ?,6# % ¶. 'o. c' . 
4.d4.c,2.:. :. ,*:,$# 1>1 ' 9d *5#12.1 7 Ó .4 *,:< 1,2,4'h ;9$#2 :. 14'o#Ô 2#.24. Ó_-FPGG+C Ï-IGÔ@ ¶,6# % c' . 
,*:,$.:. :. 54,*2'f k,4?.f< 2.1;# ,529?9d94,$.:. 6 7 ,2,c4.;#:97 $ AR. ´:9?.l97 *,d6.:. * 5,?,8%  1,*2:,h 
.:9?.l99@ 3D-?,6# % ¶. 'o. 54#6*2.$ #:. :. 49*@¡@ 

w53]2. 3D-?,6# % ¶. 'o. 

.;6,# 2#f:, ,j9!#*1,# 4#o#:9# 2#*294,$. ,*% 5, * #6> 89? 5>:12.?/ 
-  

-  

-  

-  

-  

-  

-  

-  

-  

1.!#*2$, 4#:6#49:j.¬ 
*2.c9 %:,*2% 24#19:j. §Ó>6#4;.:9#Ô 3D ?,6# 9 :. ?.41#4#¨¬ 
5,66#4;1. iOS >*24,h*2$; 
5,66#4;1. Android >*24,h*2$¬ 
1.!#*2$, 4.*5,d:.$.:97 ?.41#4.¬ 
5,66#4;1. .:9?.l99¬ 
$,d?,;:,*2% 1.*2,?9d.l99 $#c-549 ,;#:97 §6,c.$ #:9# 9:2#4.129$:'f 0 #?#:2,$¨¬ 
9:2#j4.l97 *9*2#?' 54,?,1,6,$¬ 
* ,;:,*2% 4.d4.c,219/ d.24.!#::,# $4#?7 :. 4.d4.c,21>¬ 
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-  

-  

*2,9?,*2% 4.d4.c,219¬ 
14.>62#*29:j §2#*294,$.:9# 5, %d,$.2# 7?9¨@ 

}>:12' ,l#:9$. 9*% 5, 5-c. %:,h o1. #< . 2.1;# 6,5, :92# %:, 6.$. 9*% 1,??#:2.499@ 
}#4$'h 54,2#*294,$.::'h $.49.:2 y 02, *$7d1. AR.js 9 A-Frame. AR.js y 02, #j1,$#*:.7 c9c 9,2#1. * ,214'- 

2'? 9*f,6:'? 1,6,?< 5,d$, 7 8.7 4#. 9d,$'$.2% AR-k>:1l9,:. %:,*2% 547?, $ $#c-c4.>d#4# c#d :#,cf,69?,*29 
>*2.:,$19 6,5, :92# %:'f 549 ,;#:9h@ n:. ,*:,$.:. :. 2#f:, ,j97f WebXR, WebGL 9 Three.js, :, 54#6,*2.$ 7#2 
c, ## 54,*2,h API 6 7 c'*24,h 4.d4.c,219. «.c,2.#2 $ *$7d1# * A-Frame. A-Frame y 02, ,214'2'h k4#h?$,41 6 7 4.d- 
4.c,219 3D, VR 9 AR-549 ,;#:9h< 4.c,2. 89f $ $#c-c4.>d#4#@ n: ,*:,$.: :. Three.js, :, 9*5, %d>#2 6#1 .4.29$:'h 
HTML -5,6f,6< !2, 6# .#2 #j, 6,*2>5:'? 6 7 :,$9!1,$@ 

¿ 7 4.c,2' c' 9*5,%d,$.: ?,6> % ARjs_Unity 1,2,4'h .$2,?.29!#*19 1,:$#4294>#2 Unity-*l#:> $ k,4?.2< 
*,$?#*29?'h * A-frame 9 AR.js. 

b f,6# 4.c,2' c' *,d6.: 2#*2,$'h 54,#12 * 1,:$#42.l9#h 54,*2,j, 3D ,c½#12. y 1>c.@ ¥' >*2.:,$ #: ?,- 
6> %< . 2.1;# *,d6.:. 54,*2.7 *l#:. $ Unity, 54#6*2.$ #::.7 :. 49*@ª@ 

w53]3. r#*2,$.7 *l#:. $ Unity 

b f,6# 01*5#49?#:2. %:,j, 9** #6,$.:97 c' . $'5, :#:. .$2,?.29!#*1.7 1,:$#42.l97 2#*2,$,h *l#:' * 5,- 
* #6> 8#h j#:#4.l9#h k.h . index.html. },* # >*5#o:,h 5>c 91.l99 54,#12. :. 5 .2k,4?# Vercel 54,$#6#:. *#497 
>5,?7:>2'f $. 96.l9,::'f 2#*2,$@ q. 49*>:1# 4 54#6*2.$ #: k4.j?#:2 *j#:#494,$.::,j, HTML -6,1>?#:2.@ q. 
49*@~ 54#6*2.$ #: *149:o,2 4.c,!#j, 9:2#4k#h*. AR-549 ,;#:97@ 

w53]4. u4.j?#:2 31+"+-5-:<!"":1: HTML -;:$0B+"&! w53]5. i149:o,2 4.c,!#j, 9:2#4- 
k#h*. AR-A-5D:t+"5N 

©.?#:. *2.:6.42:,j, 1>c. :. 5, %d,$.2# %*1>  3D-?,6# % $ k,4?.2# obj 9 mtl 549$# . 1 5, :,?> ,2*>2*2$9  
$9d>. 9d.l99 ,c½#12.< :, 549 02,? *,f4.:7 .*% 4.c,2,*5,*,c:,*2% ?.41#4:,j, 24#19:j.@ 

}  *' ?,6> 7 ARjs_Unity: 
-  9:2#j4.l97 * Unity: *,f4.:7#2*7 9#4.4f97 ,c½#12,$< c.d,$'# ?.2#49. ' 

9 24.:*k,4?.l99¬ 
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-  

-  

-  

.$2,?.29!#*19h 01*5,42 $ j,2,$'h HTML -o.c ,: * :.*24,h1.?9 AR.js; 
5,66#4;1. ?.41#4:,j, 24#19:j. §o.c ,:. Hiro); 
c#*5 .2:'h 9 ,214'2'h 9*f,6:'h 1,6@ 

¶9:>*' ?,6> 7 ARjs_Unity: 
-  ,j4.:9!#::.7 k>:1l9,:. %:,*2%/ :#2 5,66#4;19 o#h6#4,$ Unity, 54,c #?' 

* .:9?.l9#h¬ 
-  

-  

-  

-  

,2*>2*2$>#2 5,66#4;1. c#d?.41#4:,j, 24#19:j.¬ 
?,;#2 24#c,$.2%*7 4>!:.7 54.$1. HTML -6,1>?#:2.¬ 
,o9c19 549 4.c,2# *, * ,;:'?9 5, %d,$.2# %*19?9 ?,6# 7?9¬ 
5,66#4;1. 2, %1, OBJ 9 MTL k,4?.2. 3D ?,6# 9@ 

b'$,6/ 6.::'h ?,6> % :# 24#c>#2 d:.:9h HTML  9 JavaScript, 5,02,?> 5,6f,692 6 7 :,$9!1,$ $ *k#4# AR. 
n6:.1, 2.1,# 4#o#:9# ,j4.:9!#:, $ *$,9f $,d?,;:,*27f 9 :# 5,6f,692 6 7 * ,;:'f 9 1,??#4!#*19f 54,#12,$@ 

i #6> 8## $#c-549 ,;#:9# c' , 4.d4.c,2.:, :. ,*:,$# *$7d19 2#f:, ,j9h Three.js 9 JSARToolKit5. ¿.::'h 
2#f:, ,j9!#*19h *2#1 c' $'c4.: 6 7 54,$#6#:97 2#*2.< 2.1 1.1 ,: *,!#2.#2 ?,8:'h 9:*24>?#:2.49h 6 7 3D-4#:6#- 
49:j. * :.6#;:,h *9*2#?,h ?.41#4:,j, 24#19:j.@ 

n*:,$,h 6 7 $#c-549 ,;#:97 5,* >;9 54,#12 ,214'2'? 9*f,6:'? 1,6,? Ó³a-[e-^·P"GÔ< $ 1,2,4,? ,59*.- 
:' $*# $,d?,;:,*29 6$>f c9c 9,2#1 [8]. z*5, %d,$.:9# ,214'2,j, 54,#12. 5,d$, 9 , *,14.292% $4#?7 :. 4.d4.c,21> 
54,#12.@ 

}49 ,;#:9# 4#. 9d>#2 ?.41#4:>  AR-*9*2#?>< j6# 549 4.*5,d:.$.:99 *5#l9. %:,j, o.c ,:. §?.41#4. Hiro) 
,2,c4.;.#2*7 3D-?,6# %< d.j4>;#::.7 $ k,4?.2# OBJ * *,5>2*2$> 89?9 ?.2#49. .?9 MTL.  ´4f92#12>4. 4#o#:97 
5,*24,#:. :. $d.9?,6#h*2$99 :#*1, %19f 1  !#$'f 1,?5,:#:2,$/ ?,6> 7 24#19:j. ?.41#4,$< *9*2#?' 4#:6#49:j. 
24#f?#4:,h j4.k919 9 ?#f.:9d?. j#:#4.l99 5#4*,:. %:'f 54,?,1,6,$@ 

,6 54#6*2.$ 7#2 *,c,h HTML -6,1>?#:2 * 5,61  !#::'?9 c9c 9,2#1.?9 Three.js 9 JSARToolKit5, . 2.1;# 
$*5,?,j.2# %:'?9 ?,6> 7?9 6 7 d.j4>d19 3D-?,6# #h (OBJLoader, MTLLoader). u4.j?#:2 1,6. * 5,61  !#::'?9 
c9c 9,2#1.?9 54#6*2.$ #: :. 49*@W@ 

w53] 6. u4.j?#:2 1,6. * 5,61  !#::'?9 c9c 9,2#1.?9 

z:9l9. 9d94>#2*7 *l#:. Three.js, 1.?#4. 9 4#:6#4#4@ ¿ 7 4.c,2' * 6,5, :#::,h 4#. %:,*2%  9*5, %d>#2*7 
THREEx.ArToolkitSource §d.f$.2 $96#, * 1.?#4'¨ 9 THREEx.ArToolkitContext §,c4.c,21. ?.41#4,$¨@ u4.j?#:2 1,6. 
* 9:9l9. 9d.l9#h *l#:' 54#6*2.$ #:. :. 49*@£@ 

w53] 7. u4.j?#:2 1,6. * 9:9l9. 9d.l9#h *l#:' 

¶,6# % d.j4>;.#2*7 $ k,4?.2# OBJ 9 MTL  9 549$7d'$.#2*7 1 ?.41#4>@ },d9l97 9 ?.*o2.c ?,6# 9 :.*24.9- 
$. 2*7 54,j4.??:,@ u4.j?#:2 1,6. * d.j4>d1,h 3D-?,6# 9 54#6*2.$ #: :. 49*@V@ 
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w53] 8. u4.j?#:2 1,6. * d.j4>d1,h 3D-?,6# 9 

}49 d.j4>d1# *24.:9l' j#:#494>#2*7 >:91. %:'h 54,?,1,6 :. ,*:,$# ID >*24,h*2$.< 1,2,4'h *,f4.:7#2*7 
$ localStorage. u4.j?#:2 1,6. * j#:#4.l9#h 54,?,1,6. 54#6*2.$ #: :. 49*@U@ 

w53] 9. u4.j?#:2 1,6. * j#:#4.l9#h A-:B:$:;! 

u>:1l99 update() 9 render() ,c:,$ 7 2 5,d9l9  ?.41#4. 9 ,249*,$'$. 2 *l#:>@ x91 d.5>*1.#2*7 !#4#d 
requestAnimationFrame. u4.j?#:2 1,6. * l91 ,? 4#:6#49:j. 54#6*2.$ #: :. 49*>:1# 10. 

w53] 10. u4.j?#:2 1,6. * l91 ,? 4#:6#49:j. 

¿.::.7 *$7d1. 5,1.d. . f,4,o9# 4#d> %2.2' $ 2#*2.f 14,**5 .2k,4?#::,*29 9 $,d?,;:,*29 1.*2,?9d.l99@ 
È .$:'? :#6,*2.21,? $#c-549 ,;#:97 7$ 7#2*7 ?#4l.:9# 9 9*1.;#:9# 3D-?,6# 9< !2, :#j.29$:, *1.d'$.#2*7 :. 
5, %d,$.2# %*1,? ,5'2#@ ¿ 7 9*54.$ #:97 ,o9c,1 24#c>#2*7 4>!:.7 ,529?9d.l97 3D-?,6# 9@ q. 49*@ 11 54#6*2.$- 
#: *149:o,2 4.c,!#j, 9:2#4k#h*. $#c-549 ,;#:97@ 
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w53] 11. i149:o,2 4.c,!#j, 9:2#4k#h*. $#c-549 ,;#:97 

}  *' Three.js 9 JSARToolKit5: 
-  

-  

-  

-  

14,**5 .2k,4?#::,*2%/ 4.c,2.#2 $, ?:,j9f c4.>d#4.f :. >*24,h*2$.f iOS 9 Android; 
5,66#4;1. * ,;:'f 3D-?,6# #h< ?.2#49. ,$ 9 ,*$#8#:97¬ 
*2.c9 %:,# 4.*5,d:.$.:9# ?.41#4,$¬ 
,214'2'h 9*f,6:'h 1,6< !2, 5,d$, 7#2 ?,69k9l94,$.2% 54,#12 5,6 4.d 9!:'# 

d.6.!9@ 
¶9:>*' Three.js 9 JSARToolKit5: 

-  

-  

2, %1, ?.41#4:.7 AR; 
,j4.:9!#::.7 54,9d$,692# %:,*2% 9 :#*2.c9 %:,*2% ,2,c4.;#:97/ 3D-?,6# 9 ?,- 

j>2 9*1.;.2%*7¬ 
-  

-  

d.$9*9?,*2% ,2 ,*$#8#:97/ *:9;#:9# 2,!:,*29 549 * .c,? *$#2#¬ 
:#,cf,69?,*2% 4>!:,h ,529?9d.l99 3D-?,6# #h@ 

b'$,6/ 6.::,# 4#o#:9# ,529?. %:, 6 7 54,2,295,$ 9 ,c4.d,$.2# %:'f 54,#12,$@ r4#c>#2 6,4.c,2,1 9 ,529- 
?9d.l99 6 7 9*5, %d,$.:97 $#c-549 ,;#:97 $ 1,??#4!#*19f 9 ?.41#29:j,$'f l# 7f@ 

r4#29h 54,#12 c' 4#. 9d,$.: * 5,?,8%  1,:*24>12,4. AR Studio. AR Studio y 02, 54,k#**9,:. %:.7 
5 .2k,4?. 6 7 *,d6.:97 AR-54,#12,$ 5,6 ?,c9 %:'# >*24,h*2$.< 9*5, %d> 8.7 $9d>. %:'h 4#6.12,4 9 JavaScript- 
*149529:j 6 7 4.d4.c,219 9:2#4.129$:'f *l#:.49#$ * 5,66#4;1,h face-tracking, world-tracking 9 ?.41#4:'f 2#f:, ,- 
j9h@ ,:*24>12,4 54#6,*2.$ 7#2 $,d?,;:,*2% *,d6.2% 10 54,#12,$ c#*5 .2:,@ 

} .2k,4?. 9?##2 >6,c:'h 9 5,:72:'h 9:2#4k#h*< !2, 6# .#2 ## 54,*2,h $ 9d>!#:99@ r.1;# 6 7 *,d6.:97 
54,#12. :# 24#c>#2*7 d:.:9h $ 54,j4.??94,$.:99< !2, 5,d$, 7#2 *,d6.2% 1.!#*2$#::'h 54,#12 $ 1,4,219# *4,19@ 

¿ 7 *,d6.:97 AR-54,#12. c' , 6,*2.2,!:, d.j4>d92% 3D-?,6# % $ k,4?.2# GLB 9 ,24#6.1294,$.2% ## 4.d?#4 
9 5, ,;#:9#< . 2.1;# $1  !92% .:9?.l9 @ ¿ 7 .129$.l99 54,#12. $ c4.>d#4# 9*5, %d>#2*7 9c, **' 1.< 9c, QR- 
1,6 :. *.h2@ 

i9*2#?. 54,?,1,6. $$#6#:. !#4#d 3D-2#1*2 :#5,*4#6*2$#::, $ *l#:#< ,: c>6#2 ,c89? 6 7 $*#f 5, %d,$.2# #h@ 
r.1,h 5,6f,6 :# >!92'$.#2 9:69$96>. %:>  .129$:,*2% 5, %d,$.2# #h/ k.12. 5,*#8#:97 c9c 9,2#19 9 9 $d.9?,- 
6#h*2$97 * AR-*l#:,h@ r.1;# ,2*>2*2$>#2 1,:24, % d. 4.*54,*24.:#:9#? 54,?,1,6.< 02, 549$#6#2 1 :#,54.$6.::'? 
d.24.2.?< 1,j6. *1961> 5, >!.2 6.;# 2#< 12, :# c' $ c9c 9,2#1# 9 :# *1.:94,$. AR-?#21>@ q. 49*@T¡ 54#6*2.$ #: 
54,#12< *,d6.::'h $ AR Studio. i149:o,2 9:2#4k#h*. $#c-549 ,;#:97 :. AR Studio 54#6*2.$#: :. 49*@Tª@ 
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w53] 12. }4,#12< *,d6.::'h $ AR Studio w53] 13. i149:o,2 9:2#4k#h*. $#c-549 ,;#:97 :. AR 
Studio 

}  *' AR Studio: 
-  

-  

-  

-  

9:2>929$:'h 9:2#4k#h*< d. *!#2 !#j, *:9;.#2*7 5,4,j $f,6. 6 7 4.d4.c,2!91,$¬ 
5,66#4;1. ?.41#4:'f< c#d?.41#4:'f 2#f:, ,j9h¬ 
,529?9d.l97 5,6 ?,c9 %:'# >*24,h*2$. iOS 9 Android; 
5,66#4;1. .:9?.l99¬ 

-  c'*24,# 9 c#*5 .2:,# 4#o#:9# 6 7 ?.41#29:j,$,h 1,?5.:99@ 
¶9:>*' AR Studio: 

-  

-  

-  

:9d1.7 1.*2,?9d.l97¬ 
,j4.:9!#::'# k,4?.2' 3D-?,6# #h/ 5,66#4;1. 2, %1, glTF/GLB;  
,j4.:9!#::'# c#*5 .2:'# $,d?,;:,*29@ 

b'$,6/ AR Studio ,529?. #: 6 7 ?.41#29:j,$'f 1.?5.:9h< :, :#549j,6#: 6 7 * ,;:'f 54,#12,$< 24#c> - 
89f :9d1,>4,$:#$,j, 1,:24, 7 9 1.*2,?9d.l99 $#c-549 ,;#:97@ 

«#d> %2.2' 2#*2,$ ,24.;#:' $ *4.$:92# %:,h 2.c 9l# :. 49*@T°@ 

w53] 14. «#d> %2.2' 2#*2,$ 

q. ,*:,$# *4.$:#:97 24#f 2#f:, ,j9h ?,;:, *6# .2% * #6> 89h $'$,6/ >!o9? $.49.:2,? 6 7 ?.41#29:- 
j,$,h 1,?5.:99 2#.24. Ó_-FPGG+C Ï-IGÔ 7$ 7#2*7 AR Studio, 2.1 1.1 $ 54,#12# $.;:. *1,4,*2% 9 $9d>. %:.7 0kk#1- 
29$:,*2%@ Three.js 9 JSARToolKit5 c>6#2 54#65,!292# %:## $ 54,#12.f< j6# 24#c>#2*7 5, :'h 1,:24, % :.6 $#c-549- 
,;#:9#?/ ,2 $:#o:#j, $96.< 6, 9:2#j4.l99 6,5, :92# %:'f k>:1l9h@ AR.js 9 A-Frame 5,6,h6#2 6 7 2#*294,$.:97 

1,:l#52,$< :, :# 6 7 ?.41#29:j,$'f 9 1,??#4!#*19f 54,#12,$@ 
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u9:. %:'? 02.5,? 4.d4.c,219 54,#12. 7$ 7#2*7 $:#64#:9# ,*2. %:'f 6$>f 3D-?,6# #h :. 5 .2k,4?> AR 
Studio, . 2.1;# 69d.h: ?.41#4,$ 6 7 *2#:6,$ $ c9c 9,2#1#@ ¶.41#4' AR-*l#: 54#6*2.$ #:' :. 49*@ 15. 

w53] 15. ¶.41#4' AR-3g+" 

q. ,*:,$# 9** #6,$.:97 ?,;:, *6# .2% $'$,6< !2, AR-2#f:, ,j99 9?# 2 $'*,1>  0kk#129$:,*2% $ ?.4- 
1#29:j#@ ¿,5, :#::.7 4#. %:,*2% 6#?,:*2494>#2 *5,*,c:,*2% 5,$'o.2% $,$ #!#::,*2% .>692,499 !#4#d 9:2#4.1- 
29$:'h 9 5#4*,:. 9d94,$.::'h 1,:2#:2@ i4.$:92# %:'h .:. 9d 4.d 9!:'f 4#o#:9h (AR.js 9 A-Frame, Three.js 
9 JSARToolKit5, AR Studio) 5,1.d. < !2, $'c,4 2#f:, ,j99 d.$9*92 ,2 1,:14#2:'f d.6.!/ AR Studio ,529?. #: 6 7 
c'*24,j, *,d6.:97 0kk#12:'f ?.41#29:j,$'f 54,#12,$< Three.js 9 JSARToolKit5 Ö 6 7 1.*2,?:'f 54,#12,$ * >:9- 
1. %:,h ,j91,h< 2,j6. 1.1 AR.js 9 A-Frame 5,6f,692 6 7 54,2,29594,$.:97@ «.d:,,c4.d9# 6,*2>5:'f 9:*24>?#:2,$ 
5,d$, 7#2 j9c1, $:#6472% AR, .6.5294>7 #j, 5,6 c 6;#2< *4,19 9 2#f:9!#*19# 24#c,$.:97@ s2, 6# .#2 6,5, :#::>  
4#. %:,*2% ?,8:'? 9:*24>?#:2,? $ *,$4#?#::,? l9k4,$,? ?.41#29:j#@ 

},* # 4#. 9d.l99 AR-54,*24.:*2$. 2#.24 5, >!92 *,$4#?#::'h l9k4,$,h 9:*24>?#:2 6 7 549$ #!#:97 :,- 
$,h .>692,499@ s2, 4#o#:9# >$# 9!92 $,$ #!#::,*2% d492# #h< *,d6.*2 6,5, :92# %:'h 1.:. 54,6$9;#:97 9 5,$'- 
*92 ,7 %:,*2% .>692,499@ 
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The article discusses the possibility of cooperation between a UI/ UX designer and artiýcial intelligence. During the study, an analysis was 

made that showed that joint work has a positive *X*2W on the development of the project, namely the implementation of the design of prototypes of mobile 
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The article examines the impact of aUWSl2S [ intelligence on education. A number of advantages of its use in the learning process are 
highlighted, in particular for teachers. The current  UWSl2S [ intelligence-based services that are already actively used by universities are reviewed, as well 
as an analysis of research, which SV*@WSl*V key aspects related to the *X*2WS\*@*TT of integrating  UWSl2S [ intelligence into education and the willingness 
of participants in the educational process to retrain and master new technologies and approaches in education. 

Keywords:  -FDBß)B-P intelligence, neural networks, teachers, education, integration, chatbots, Chat-GPT. 
i24#?92# %:,# 4.d$929# 2#f:, ,j9h $ ,c .*29 9*1>**2$#::,j, 9:2# #12. 1,*:> ,*% >;# 54.129!#*19 $*#f 

*k#4 :.o#h ;9d:9< 9 02, :# ?,j , :# 5,247*29 ,c8#*2$,@ 
r,< !2, #8¼ :#6.$:, 1.d. ,*% :#$,d?,;:'?< :. *#j,6:7o:9h 6#:% 7$ 7#2*7 4#. %:,*2% < 9 ?,;:, 2, %1, 

54#65, .j.2%< 1.19# 5#4*5#129$' ,214, 2*7 6 7 :.* $ c>6>8#?@ z 2#*:, *$7d.::.7 * ;9d:%  ,c8#*2$. *k#4. ,c4.- 
d,$.:97 2.1 ;# 54#2#45#$.#2 9d?#:#:97 5,6 $,d6#h*2$9#? 9*1>**2$#::,j, 9:2# #12.< . * :,7c47 2022 j,6.< 1,j6. 
1,?5.:9#h OpenAI c' d.5>8#: iR-DÁEQ< #j, 9*5, %d,$.:9# *24#?92# %:, $,d4,* ,< !2, *>8#*2$#::, 5,$ 97 , :. 
9d?#:#:97 $ ,c4.d,$.2# %:,? 54,l#**#@ b:#64#:9# 9*1>**2$#::,j, 9:2##12. ,1.d'$.#2 d:.!92# %:,# $ 97:9# 1.1 
:. *2>6#:2,$< 2.1 9 :. 54#5,6.$.2# #h 9 5,4,;6.#2 l# 'h 476 1.!#*2$#::'f 54#9?>8#*2$< 1,2,4'?9 ?,j>2 $,*5, %- 
d,$.2%*7 $*# >!.*2:919 $'*o#j, ,c4.d,$.:97@ z*5, %d,$.:9# 9*1>**2$#::,j, 9:2# #12. $ 54,l#**# ,c>!#:97 24#c>#2 
,2 54#5,6.$.2# #h >*9 #::,h 5#4#5,6j,2,$19@ s2, 9 *,d6.:9# :,$'f 5,6f,6,$ 9 ?#2,691 ,c>!#:97< . 2.1;# j,2,$- 
:,*2% .6.5294,$.2%*7 1 4.c,2# * :,$'?9 9:*24>?#:2.?9 9 5 .2k,4?.?9@ b.;:, 2.1 ;# 5,:9?.2%< !2, 9*5, %d,$.:9# 
9*1>**2$#::,j, 9:2# #12. $ ,c4.d,$.:99 :# ,d:.!.#2 5, :>  d.?#:> 4#. %:,j, 5#6.j,j. :#h4,*#27?9< 1.1 9:,j6. 
02, $,*549:9?.#2*7 ,c8#*2$,?< 9 $'d'$.#2 :#,6:,d:.!:,#< . !.*2, 9 :#j.29$:,# ,2:,o#:9# 1 549?#:#:9  9*1>*- 
*2$#::,j, 9:2# #12. $ 6.::,h ,c .*29@ nc 02,? j,$,472 9 4#d> %2.2' ,6:,j, 9d 9** #6,$.:9h< 1,2,4,# 54,$,69 ,*% 
*4#69 5#6.j,j,$ 9 *2>6#:2,$ $ z:699< i¢´< È4#l99 9 j@ .2.4@ ¿.::,# 9** #6,$.:9# c' , ,5>c 91,$.:, $ ;>4:. # 
Ó}4#5,6.$.2# % XXI  $#1Ô $ 2023 j,6> [1]. z2,j9 54,$#6¼::,j, ,54,*. 5,1.d. 9 $#*%?. :#,6:,d:.!:'# ?:#:97 54#- 
5,6.$.2# #h ,2:,*92# %:, 9*5, %d,$.:97 9*1>**2$#::,j, 9:2# #12. $ ,c4.d,$.2# %:,? 54,l#**# (89% $'*2>59 9 
1.2#j,49!#*19 54,29$ 9*5, %d,$.:97 zz< 10% *,?:#$. 9*%¨< 9 02, :# >69$92# %:,< $#6% 2,< 1.1 :,$'# 2#f:, ,j99 
c>6>2 9:2#j494,$.2%*7 $ 02,? *#12,4# 5, ?#4# *$,#j, 4.d$9297< 9 * 1.19?9 49*1.?9 5496¼2*7 *2, 1:>2%*7< 5,1. :# 
5,:72:, [2]. 

i #6>#2 2.1 ;# ,2?#292%< !2, *.?. 2#f:, ,j97 9*1>**2$#::,j, 9:2# #12. :#h24. %:. 9 f.4.12#4 #¼ $ 97:97 
:. ,c4.d,$.2# %:'h 54,l#** d.$9*92 9o% ,2 2,j,< :. 6,*29;#:9# 1.19f l# #h ,:. :.54.$ #:.@ z*1>**2$#::'h 9:2#- 
#12 ?,;#2 1.1 $4#692% ,c4.d,$.2# %:,?> 54,l#**>< 2.1 9 5,?,j.2% $*#? #j, >!.*2:91.?@ 

n 5, ,;92# %:,? $ 97:99 9*1>**2$#::,j, 9:2# #12. j,$,472 64>j9# 9** #6,$.:97@ 
q.549?#4< 9** #6,$.:9#< 54,$,69?,# $ 1, #6;# ?94,$,h 01,:,?919 9 5#4#6,$'f 2#f:, ,j9h< $ f,6# 1,2,- 

4,j, c' 54,$#6¼: ,54,* *4#69 54#5,6.$.2# #h 1, #6;.< * l# %  $'7*:#:97 ,2:,o#:97 54#5,6.$.2# #h 1 $:#64#- 
:9  9*1>**2$#::,j, 9:2# #12. $ 54,l#** ,c>!#:97@ b 54,$,69?,? .:1#294,$.:99 549:7 9 >!.*29# 15 54#5,6.$.2#- 
#h 1, #6;. [3]. 

zd:.!. %:, 4#*5,:6#:2.? d.6.$. *7 $,54,* , 2,?< d:.1,?' 9 ,:9 >;# * 1.19?9- 9c, *#4$9*.?9 :. c.d# 9*- 
1>**2$#::,j, 9:2# #12.< *4#69 1,2,4'f ?,;:, c' , $'6# 92% :.9c, ## 5,5> 74:'#< :.549?#4 Ù.2 GPT, Photoroom, 
YandexGPT. b 4#d> %2.2# .:1#294,$.:97< 12 !# ,$#1 ,2?#29 9< !2, >;# d:.1,?' * :#1,2,4'?9 2.19?9 *#4$9*.?9 ·-53] 1). 

«9*@ 1. n2$#2' :. $,54,* , 2,?< d:.1,?' 9 4#*5,:6#:2' * 1.1,h- 9c, :#h4,*#2%  

¿. ##< 4#*5,:6#:2.? 54#6 .j. ,*% ,2$#292% :. $,54,*'< *$7d.::'# * $ 97:9#? 9*1>**2$#::,j, 9:2# #12. 
:. >*5#$.#?,*2% $ ,c4.d,$.2# %:,? 54,l#**#< . 2.1;# , $,d?,;:,*29 549?#:#:97 *#4$9*,$ :. c.d# zz $ *$,#h ,c4.d,- 
$.2# %:,h 4.c,2#@ b 4#d> %2.2# ,54,*.< 14 !# ,$#1 6. 9 5, ,;92# %:'h ,2$#2 ·-53] 2). 
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«9*@ 2. n2$#2' :. $,54,*' , $ 97:99 9*1>**2$#::,j, 9:2# #12. :. >*5#$.#?,*2% 9 , $,d?,;:,*29 #j, 
9*5, %d,$.:97 $ *$,#h 4.c,2# 

¿. ##< 4#*5,:6#:2.? 54#6 .j. ,*% 5,6>?.2% 9 ,2$#292%< $,d?,;:, 9 * 5,?,8%  9*1>**2$#::,j, 9:2# #1- 
2. ,l#:9$.2% >*5#f9 9 54,c #?' $ ,c>!#:99 *2>6#:2,$@ }, 4#d> %2.2.? ,54,*.< 13 !# ,$#1 ,2$#29 9 5, ,;92# %:,< 
3 ,249l.2# %:, ·-53] 3). 

«9*@ 3. n2$#2' :. $,54,* , $,d?,;:,*29 9*5, %d,$.:97 9*1>**2$#::,j, 9:2# #12. 6 7 ,l#:19 >*5#$.#?,*29 

q. $,54,* , 2,?< 5,?,;#2 9 9*1>**2$#::'h 9:2# #12 54#5,6.$.2#7? :.h29 :,$'h 9:2#4#*:'h 5,6f,6 
1 ,c>!#:9 < $*# ,54,o#::'# ,2$#29 9 5, ,;92# %:,@ 

}, 4#d> %2.2.? 54,$#6¼::,j, 9** #6,$.:97 ?,;:, *6# .2% .a.STa, !2, c, %o9:*2$, 54#5,6.$.2# #h 
54,7$ 7 2 5, ,;92# %:,# ,2:,o#:9# 1 $:#64#:9  9*1>**2$#::,j, 9:2# #12. $ ,c4.d,$.2# %:'h 54,l#** 9 * j,- 
2,$:,*2%  :.*24,#:' :. 54,$#6#:9# 01*5#49?#:2,$ 9 9** #6,$.:9h 02,j, :.54.$ #:97 $ *$,#h 54,k#**9,:. %:,h 
6#72# %:,*29@ 

q#*?,247 :. $,d?,;:'# 49*19< 4, % :#h4,*#2#h $ ,c4.d,$.:99 c>6#2 2, %1, $,d4.*2.2%< 5,02,?> 14.h:# $.;- 
:, :.>!92%*7 0kk#129$:, 9*5, %d,$.2% 9f 5,2#:l9. < !2,c' *6# .2% 54,l#** ,c>!#:97 c, ## 54,*2'? 9 54,6>129$- 
:'? 6 7 $*#f >!.*2:91,$ ,c4.d,$.2# %:,j, 54,l#**.@ 

´:. 9d $:#64#:97 9*1>**2$#::,j, 9:2# #12. $ *9*2#?> ,c4.d,$.:97 5,d$, 7#2 $'6# 92% 476 54#9?>8#*2$ 
#j, 9*5, %d,$.:97@ 

´$2,?.29d.l97 4>29::,h 4.c,2' 
n*$,#:9# 9*1>**2$#::,j, 9:2# #12. 54#5,6.$.2# 7?9 5,?,;#2 *:9d92% >4,$#:% 9f d.j4>;#::,*29< ,*$,c,- 

69$ ,2 4>29::'f d.6.!@ i 5,?,8%  9*1>**2$#::,j, 9:2# #12. ?,;:, .$2,?.29d94,$.2% 54,l#** ,l#:9$.:97 4.c,2 
,c>!. 89f*7< !2, ?,;#2 5,$'*92% 2,!:,*2% 9 ,c½#129$:,*2% ,l#:19< . 2.1;# $'7$ 72% 54,c #?:'# d,:' 9 6.$.2% 
4#1,?#:6.l99 5#6.j,j.? $ 1,44#1294,$1# 9f 54#5,6.$.2# %*1,h 6#72# %:,*29@ Ä8¼ ,6:9? 54#9?>8#*2$,? 7$ 7#2*7 
$,d?,;:,*2% * 5,?,8%  :#h4,*#2#h *,d6.$.2% 4.d 9!:'# 2#*2' 9 >!#c:'# ?.2#49. '< . 2.1;# $*#$,d?,;:'# ,2!¼2' 
9 :#,cf,69?>  6,1>?#:2.l9  [4]. 

´$2,?.29d94>7 476 4>29::'f d.6.!< 54#5,6.$.2# % *?,;#2 c, %o# $4#?#:9 >6# 72% $d.9?,6#h*2$9  *, 
*2>6#:2.?9@ 

}#4*,:. 9d94,$.::,# ,c>!#:9# 
i 5,?,8%  9*1>**2$#::,j, 9:2# #12. ?,;:, $'7$ 72% *9 %:'# 9 * .c'# *2,4,:' ,c>!. 89f*7< *,d6.- 

$.7 6 7 1.;6,j, 5#4*,:. %:>  ,c4.d,$.2# %:>  24.#12,49 < >!92'$.7 ,*,c#::,*29 ,*$,#:97 ?.2#49. . 9 9!:'# 
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9:2#4#*'@  ́:. ,*:,$# .:. 9d. >*5#$.#?,*29 ?,;:, *,d6.$.2% >!#c:'# 5 .:'< 54#6 .j.7 d.6.:97 4.d 9!:,h *2#5#:9 
* ,;:,*29@ 

r.1.7 $,d?,;:,*2% c>6#2 5, #d:.< 1.1 6 7 *.?9f *2>6#:2,$< 2.1 9 6 7 54#5,6.$.2# #h@ 
¿,*2>5 1 4#*>4*.? 9 9:k,4?.l99 
«.d 9!:'# c,2' 9 .**9*2#:2' :. c.d# 9*1>**2$#::,j, 9:2# #12. ?,j>2 c'*24, 54#6,*2.$92% 6,*2>5 1 9*2,!- 

:91.? :#,cf,69?,h 9:k,4?.l99< >!#c:'? ?.2#49. .?< *54.$,!:'? 4#*>4*.?< . 2.1;# 5,?,!% 54#5,6.$.2# 7? 5, >- 
!.2% .12>. %:>  9:k,4?.l9  $ *k#4# ,c4.d,$.:97< !2, 5,d$, 92 9? 1,44#1294,$.2% >!#c:'# ?.2#49. ' $ *,,2$#2- 
*2$99 * 9d?#:#:97?9@ 

Ù.2-c,2' 6 7 5,66#4;19 *2>6#:2,$ 
b, ?:,j9f >!#c:'f d.$#6#:97f >;# 54.1291> 2 9*5, %d,$.:9# !.2-c,2,$< 6 7 2,j, !2,c' 5,?,j.2% *2>6#:2.? 

,2$#!.2% :. 9f $,54,*'< :.549?#4< , 5,*2>5 #:99< . 2.1;# 6 7 4.**' 19 :.5,?9:.:9h , 54#6*2,789f 01d.?#:.f 9 9 
, *6.!# 54.129!#*19f 4.c,2@ r.1,h 5,6f,6 5,d$, 7#2 5,$'*92% 6,*2>5:,*2% ,c4.d,$.2# %:,h 5,?,89 9 $,$ #!#:- 
:,*2% *2>6#:2,$@ 

i,d6.:9# ,c>!. 8#j, 1,:2#:2. 
b,d?,;:,*29 9*1>**2$#::,j, 9:2# #12. 5,?,j. 2 54#5,6.$.2# 7? c'*24, *,d6.$.2% 9:2#4#*:'h 9 1.!#- 

*2$#::'h ?.2#49. 6 7 54,$#6#:97 d.:729h@ z*5, %d>7 4.d 9!:'# :#h4,*#29< ?,;:, .$2,?.29d94,$.2% *,d6.:9# 
54#d#:2.l9h< $:#6492% ,c4.d,$.2# %:'# 9j4'@ 

b 1.!#*2$# 549?#4,$ 4.**?,249? 1,?5.:99< 1,2,4'# $d.9?,6#h*2$> 2 * $>d.?9 4.d:'f *24.:< 9 >;# $:#649$- 
o9# k>:1l99 9*1>**2$#::,j, 9:2# #12. $ 54,l#** ,c>!#:97@ n69: 9d 2.19f 549?#4,$ ·-53]ÅÃ, 02, 5,5> 74:'h 4#*>4* 
6 7 ,: .h:-9d>!#:97 9:,*24.::'f 7d'1,$ y Duolingo. 

«9*@ 4. nc4.d,$.2# %:'h 4#*>4* :. c.d# zz - Duolingo 

} .2k,4?. 54#6,*2.$ 7#2 Ó9:69$96>. %:'h 5,6f,6 1 ,c>!#:9  9 *5,*,c:. *.?,*2,72# %:, ,54#6# 92% >4,- 
$#:% 5,6j,2,$19 ,c>!. 89f*7< 9 54#6,*2.$92% :#,cf,69?'h 6 7 ,c>!#:97 ?.2#49. < 6 7 *,$#4o#:*2$,$.:97 9?# - 
89f*7 d:.:9hÔ [5]. ´:. 9d94>7 ,2$#2' ,c>!. 89f*7 :. 5,*2.$ #::'# $,54,*'< 5 .2k,4?. $'7$ 7#2 9:2#4#*' *$,9f 
>!#:91,$ 9 1,44#1294>#2 d.6.:97< $ *,,2$#2*2$99 * :>;:'? >4,$:#? * ,;:,*29< ?#:77 2#?'< $ d.$9*9?,*29 ,2 $'7$- 
#::'f 9:2#4#*,$@ b 5 .2k,4?> 2.1 ;# $*24,#: !.2-c,2< 1,2,4'h 5,d$, 7#2 54.1291,$.2% 4.dj,$,4:>  4#!%< 9?9294>7 

,c8#:9# * ;9$'? !# ,$#1,?@ 
Ä8¼ ,6:9? 549?#4,? 549?#:#:97 9*1>**2$#::,j, 9:2# #12. 7$ 7#2*7 $:#64#:9# 2#f:, ,j99 ÓÀ"IF+ ³CJ"PÔ 

$ ¶,*1,$*1,h k9:.:*,$,- 4969!#*1,h .1.6#?99 ·-53] 5). 
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BIOMIMETICS  OF FEAR: DEVELOPING  PRINCIPLES  FOR CONSTRUCTING  DISTURBING  

SHAPES BASED ON NATURAL  STRUCTURES  
The article explores the principles of creating unsettling visual images in virtual fashion using biomimetics. It analyzes natural structures that 

evoke discomfort in humans and their mathematical characteristics, such as fractal geometry, topological distortions, and geometric anomalies. The study 
aims to identify patterns that enable the deliberate construction of eerie shapes, textures, and silhouettes. The formalized principles can be applied to 
digital clothing design, as well as in animation, the gaming industry, and conceptual design. 
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¥9,?9?#291. Ö 02, ?#;69*l95 9:.4:'h 5,6f,6< ,*:,$.::'h :. 9d>!#:99 5494,6:'f k,4?< 54,l#**,$ 9 *9- 
*2#? * l# %  9f .6.52.l99 9 549?#:#:97 $ 9:;#:#499< 69d.h:#< .4f92#12>4#< ?,6# 9 64>j9f *k#4.f@ r#4?9: 54,9*- 
f,692 ,2 j4#!#*19f * ,$ äHB+Gå §;9d:%¨ 9 ä^B^"GBGå §5,64.;.:9#¨ [1]. ¥9,?9?#291. 4.**?.249$.#2 5494,6> 1.1 $'*,- 
1,0kk#129$:>  ?,6# % 6 7 4#o#:97 5491 .6:'f d.6.!< 5,*1, %1> ;9$'# ,4j.:9d?' 9 9f *24>12>4' k,4?94,$. 9*% 
$ 54,l#**# 6 92# %:,h 0$,  l99 9 !.*2, 6#?,:*2494> 2 ,529?. %:'# 4#o#:97 $ 5 .:# 54,!:,*29< .6.529$:,*29< 
0:#4j,0kk#129$:,*29 9 k>:1l9,:. %:,*29 [2]. b 1,:2#1*2# l9k4,$,j, 69d.h:. 9 $942>. %:,h ?,6' 5,6f,6 5,d$, 7#2 
$'7$ 72% 9 *9*2#?.29d94,$.2% f.4.12#49*2919< 54,$,l94> 89# ,8>8#:9# 24#$,j9@ }49?#4.?9 2.19f *24>12>4 ?,j>2 
c'2% f929:,$'# 5,14,$' ! #:9*2,:,j9f< k,4?' 5.4.d92,$< c9, ,j9!#*19# ?>2.l99 9 .:,?. 99 4.d$9297@ zf ?.2#?.- 
29!#*1,# ,59*.:9# Ö !#4#d k4.12. %:'# ?,6# 9< 2,5, ,j9!#*19# :.4>o#:97 9 j#,?#249!#*19# .:,?. 99 Ö *,d6.¼2 
,*:,$> 6 7 ,*,d:.::,j, 549?#:#:97 5>j. 89f ,c4.d,$ $ l9k4,$,h *4#6#@ 

b,*549729# 24#$,;:'f ,c4.d,$ ,*:,$.:, :. $4,;6¼::'f 9 549,c4#2¼::'f ?#f.:9d?.f 4#.1l99 :. 5,2#:l9- 
. %:>  >j4,d>@ z**#6,$.:97 1,j:929$:,h 5*9f, ,j99 5,62$#4;6. 2< !2, :.4>o#:9# *9??#2499< 4#d19# 1,:24.*2'< 
.j4#**9$:'# 2#1*2>4' 9 *5#l9k9!#*19# l$#2,$'# *,!#2.:97 *5,*,c:' $'d'$.2% !>$*2$, 24#$,j9@ b9d>. %:'# 0 #?#:- 
2'< :.5,?9:. 89# 5,$4#;6#:97 21.:#h< 76,$92'f *>8#*2$ 9 9 5.2, ,j9!#*19# ,c4.d,$.:97< $,*549:9?. 2*7 1.1 
*9j:. ' ,5.*:,*29< !2, ?,;#2 c'2% 9*5, %d,$.:, 549 54,#1294,$.:99 l9k4,$'f ,c4.d,$ [3]. 
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i,$4#?#::'# 69d.h:#4' 9 f>6,;:919 .129$:, 9*5, %d> 2 24#$,;:'# ,c4.d' $ .:9?.l99< 19:#?.2,j4.k#< 
9j4,$,h 9:6>*2499 9 l9k4,$,? 69d.h:#@ b9d>. %:'# 0kk#12' 24#$,j9 6,*29j. 2*7 d. *!¼2 :.4>o#:97 549$'!:'f 
54,5,4l9h< 9*5, %d,$.:97 2#1*2>4< 9?9294> 89f c9, ,j9!#*19# 5,$4#;6#:97< 9 k4.12. %:'f *24>12>4@ }49 02,? 
*9*2#?:'h :.>!:'h .:. 9d d.1,:,?#4:,*2#h k,4?94,$.:97 5>j. 89f ,c4.d,$ ,*2.¼2*7 :#6,*2.2,!:, 4.d4.c,2.:- 
:'?< !2, ,j4.:9!9$.#2 $,d?,;:,*29 l# #:.54.$ #::,j, 54,#1294,$.:97 24#$,;:'f k,4? $ $942>. %:,h ?,6#@ 

b,*549729# *24.f. !.*2, *$7d.:, * 0$,  l9,::, d.14#5 ¼::'?9 4#.1l97?9 :. 5,2#:l9. %:'# >j4,d'@ 
b 5494,6# ?:,;#*2$, *>8#*2$ ,c .6. 2 k,4?.?9 9 2#1*2>4.?9< $'d'$. 89?9 > !# ,$#1. 24#$,;:'# ,8>8#:97@ Ù #- 
:9*2,:,j9#< $1  !.7 5.>1,,c4.d:'f< :.*#1,?'f 9 ?:,j,:,;#1< 7$ 7 2*7 ,6:9?9 9d :.9c, ## !.*2, $*24#!. 89f*7 
5494,6:'f 9*2,!:91,$ $9d>. %:,j, *24.f. 9 ,2$4.8#:97@ zf ?,4k, ,j97 f.4.12#49d>#2*7 $'4.;#::,h *#j?#:294,- 
$.::,*2%  2# .< ?:,;#*2$,? 1,:#!:,*2#h< ,*24'?9 *,! #:#:97?9 9 4#d19?9 >j ,$.2'?9 k,4?.?9< 1,2,4'# $'f,672 
d. 4.?19 549$'!:'f !# ,$#1> *9??#249h 9 54,5,4l9h [4]. 

n*,c#::, *9 %:,# c#*5,1,h*2$, $'d'$. 2 2.19# ,*,c#::,*29< 1.1 :#54,5,4l9,:. %:, >$# 9!#::'# ,4j.:' 
Ö j95#424,k94,$.::'# k.*#2,!:'# j .d. > 1,?.4,$< ?.**9$:'# ;$. ' > ?>4.$%¼$ 9 9 1 #8#h< 9 5.:l94:'# $'*2>5' 
:. 2# #@ 4' %7 :.*#1,?'f * 9f 5, >54,d4.!:,h *24>12>4,h< ?#4l. 89?9 5#4# 9$.?9 9 4#d19?9 >j .?9 $,*549:9- 
?. 2*7 1.1 $9d>. %:, f4>519#< :, 549 02,? 5,6$9;:'# 0 #?#:2'< *,d6. 89# :.547;#:9#@ ²9!9:19< :.f,6789#*7 
$ 5#4#f,6:'f *2.697f 4.d$9297< ,*,c#::, *9 %:, :.4>o. 2 $9d>. %:'# :,4?'/ 9f f.,29!:,# 5,$#6#:9#< 9d$9$. - 
89#*7 k,4?'< ,2*>2*2$9# !¼21,h *9??#2499 9 5, >54,d4.!:,*2% !.*2, 54,$,l94> 2 !>$*2$, c#*5,1,h*2$. :. 9:2>9- 
29$:,? >4,$:# §49*>:,1 1, .¨@ ¿$9;#:97 ! #:9*2,:,j9f 9j4. 2 $.;:>  4, %/ 4#d19# 4'$19< :##*2#*2$#::.7 24.#12,- 
497 9 $'*,1.7 *1,4,*2% *?#:7 2*7 d.?94.:9#? 9 9 $9c4.l9#h< !2, *,d6.¼2 0kk#12 :#54#6*1.d>#?,*29 9 >j4,;. 8## 
$5#!.2 #:9#@ },6,c:'# d492# %:'# *29?> ' $,d6#h*2$> 2 :. j >c9::'# ?#f.:9d?' $,*5497297< .129$94>7 d,:' 
?,dj.< *$7d.::'# * 9:*29:129$:'? 4.*5,d:.$.:9#? >j4,d< 9 5,02,?> 7$ 7 2*7 ?,8:'? 9*2,!:91,? ?.2#49. . 6 7 
4.d4.c,219 24#$,;:'f $9d>. %:'f ,c4.d,$ $ l9k4,$,? 69d.h:#@ 

}.4.d929!#*19# ,4j.:9d?'< 1.1 54.$9 ,< $'d'$. 2 ,*24,# !>$*2$, 24#$,j9 9 ,2$4.8#:97< 5,*1, %1> .**,- 
l994> 2*7 * :.4>o#:9#? j4.:9l 2# .< c, #d:7?9 9 *14'2,h >j4,d,h@ b9d>. %:, ,:9 !.*2, $'j 7672 !>;#4,6:,/ 9f 
k,4?' :#549$'!:' Ö $'27:>2'#< * 9d9*2'#< 9o¼::'# !¼21,h *9??#2499 9 9 :.,c,4,2< 5>j. 8# >5,476,!#::'# 
§49*>:,1 1, c¨@ n4j.:9d?'< 1.1 :.549?#4< j, ,$:'# 9 #:2,!:'# !#4$9< 9?# 2 5 .$:'#< 9d$9$. 89#*7 6$9;#:97< 
1,2,4'# >*9 9$. 2 .**,l9.l99 * !#?-2, ,5.*:'? 9 :#1,:24, 94>#?'?@ q#1,2,4'# 5.4.d92' ,c .6. 2 5, >54,- 
d4.!:,h 1,;#h< !#4#d 1,2,4>  54,*$#!9$. 2 $:>24#::9# *24>12>4'< 9 9 :##*2#*2$#::, c #*278#h 5,$#4f:,*2% < *,d- 
6. 8#h 0kk#12 Ó?#42$,hÔ ?.2#499 [5]. n*,c'h 69*1,?k,42 $'d'$.#2 $969?,*2% :#d.$#4o¼::,*29 9 9 6#k,4?.l99 
2# . Ö 1.1< :.549?#4< > 9!9:,1 ,$,6,$ 9 9 9!9:,1 ?>f< 4.d$9$. 89f*7 $:>249 ;9$,j, ,4j.:9d?.@ zf $9d>. %:'# 
,*,c#::,*29 Ö ,2 l91 9!#*19f *5.d?,$ 9 *,14.8#:9h 6, *5,*,c:,*29 54,:91.2% *1$,d% 21.:9 ,4j.:,$ Ö 5,6*5>6:, 
$,*549:9?. 2*7 1.1 >j4,d. l# ,*2:,*29 2# . :.c  6.2# 7@ 

È >c,1,$,6:'# ,4j.:9d?'< ,c92. 89# $ >* ,$97f 01*24#?. %:,j, 6.$ #:97< 2#?:,2' 9 :#f$.219 5989< 6#- 
?,:*2494> 2 o94,19h *5#124 ?,4k, ,j9!#*19f 9 2#1*2>4:'f .:,?. 9h< 1,2,4'# ?,j>2 $'d'$.2% > :.c  6.2# 7 !>$- 
*2$, 24#$,j9 9 d ,$#8#j, §49*>:,1 1, $¨@ b:#o:9h $96 9f !.*2, $1  !.#2 $ *#c7 j95#424,k94,$.::'# !.*29 2# . Ö 1.1< 
:.549?#4< j9j.:2*19# 5.*29 * ,*24'?9< 9d,j:>2'?9 $ f.,29!:'f :.54.$ #:97f d>c.?9 §5# 91.:,$96:'h c, %o#4,2< 
!¼4:'h >69 %891¨< $'27:>2'# 2# . * :##*2#*2$#::'?9 54,5,4l97?9< . 2.1;# 5, :>  9 9 !.*29!:>  54,d4.!:,*2%< 
1,2,4.7 :.4>o.#2 549$'!:,# $,*549729# j4.:9l ,c½#12. [6]. ¶.2#?.29!#*19 9f k,4?' ?,j>2 c'2% ,59*.:' !#4#d 
2,5, ,j9!#*19# :.4>o#:97< 2.19# 1.1 ,2*>2*2$9# !¼21,h *9??#2499 9 9 :. 9!9# ?:,;#*2$#::'f ,*#h *9??#2499@ 
nc½¼?' 549 02,? :#4#61, $'j 7672 :#*2.c9 %:'?9 9 6#k,4?94,$.::'?9@ Ù.*2, :.c  6.#2*7 f.,29!#*1.7 j#,?#- 
2497 9 k4.12. %:'# *24>12>4'< 1,2,4'# 54,7$ 7 2*7< :.549?#4< $ 4.d$#2$ ¼::'f *$#2789f*7 $'4,*2.f 9 9 $ f.4.1- 
2#4# 4.*54#6##:97 1,  !9f 2#1*2>4@ ¥9,  ?9:#*l#:2:'# >!.*219 2# .< !.*2, 4.*5, .j. 89#*7 $ :#54#6*1.d>#?,? 
5,4761#< ?,j>2 c'2% 4.**?,24#:' * 5,d9l9h :# 9:#h:,h 69:.?919 9 * >!.h:,j, 4.*54#6# #:97 *$#2.< !2, :.4>o.#2 
,;96.:97 d492# 7 9 $'d'$.#2 6#d,49#:2.l9 @ 

Z  ̂ . 

CUW. 1. 51¯-Wi.ZN .aea.Zl¯U- id-.Sk1: 
Z ± [ZW-2Sfa-, ! #:9*2,:,j9# 9 9!9:19¬ c y bZdZeUia; $ y kX1^S2S.ST[a- SdkZ[Uefa 
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}4#*?'1. 89#*7< ,*,c#::, d?#9< 78#49l' 9 14,1,69 '< o94,1, 9*5, %d> 2*7 $ $9d>. %:,h 1> %2>4# 1.1 
9*2,!:91 5>j. 89f ,c4.d,$ c .j,6.47 476> c9, ,j9!#*19f 9 5,$#6#:!#*19f f.4.12#49*291< 1,2,4'# $'d'$. 2 
> !# ,$#1. 5,6*,d:.2# %:,# :.547;#:9# §49*>:,1 2, .¨@ zf !#o>h!.2'# 5,$#4f:,*29 ,c .6. 2 * ,;:,h j#,?#249#h< 
!.*2, 5,6!9:¼::,h 1$.d95#49,69!#*19?< 5,$2,47 89?*7 !#4#d * >!.h:'# 9:2#4$. '< 9 9 k4.12. %:'? *24>12>- 
4.?< 1,2,4'# 24>6:, 9:2#454#294,$.2% d492# %:, 9 ?,j>2 $'d'$.2% ,8>8#:9# 4.d64.;. 8#h :#,54#6# ¼::,*29@ 
q#1,2,4'# $96' 6#?,:*2494> 2 j .61> < c #*278>  2#1*2>4>< 9?9294> 8>  ?#2. 9!#*1>  9 9 ?¼42$>  5,$#4f- 
:,*2%< >*9 9$.7 $9d>. %:'h 0kk#12 Ó:#;9$,j, ;9$,j,Ô@ i5,*,c:,*2% 54#*?'1. 89f*7 d.?94.2% :. 54,6, ;92# %- 
:,# $4#?7< *,d6.$.7 9  d9  5, :,h :#5,6$9;:,*29< . d.2#? *,$#4o.2% ?, :9#:,*:'#< 4#d19# 6$9;#:97 :.4>o.#2 
,;96.#?>  19:#?.29!#*1>  ,j91> 9 $,*549:9?.#2*7 1.1 >j4,d.@ s29 5,$#6#:!#*19# ,*,c#::,*29 ?,j>2 c'2% ,59- 
*.:' * 9*5, %d,$.:9#? 69*14#2:'f ?,6# #h 5,$#6#:97 9 1,:24.*2:'f 69:.?9!#*19f 5.22#4:,$< 5,6!¼419$. 89f 
:#54#6*1.d>#?,*2%@ 

n*,c,j, $:9?.:97 d.* >;9$. 2 ?#f.:9d?' ?9?91499< 549 1,2,4'f $:#o:,*2% ;9$,2:'f 9?9294>#2 76,- 
$92'# 9 9 ,5.*:'# k,4?' Ö :.549?#4< >d,4'< :.5,?9:. 89# j .d. f98:91. 9 9 4.*l$#21> *?#42# %:, ,5.*:'f 
$96,$ §49*>:,1 2, c¨@ r.19# $9d>. %:'# ?.41#4' ?,j>2 c'2% ?.2#?.29!#*19 ,59*.:' !#4#d 5.22#4:' 1,:24.*2:,h 
*9??#2499< ,529!#*19# 9  d99< :.4>o. 89# j >c9::,# $,*549729# k,4?' 9 4.**2,7:97@ b l9k4,$,? 69d.h:# 029 
,*,c#::,*29 ?,;:, .6.5294,$.2% 6 7 *,d6.:97 24#$,;:'f $9d>. %:'f 0kk#12,$< $1  !.7 .j4#**9$:>  ?.*194,$1>< 
k,4?> 9 2#1*2>4>< $'d'$. 89# 9:*29:129$:>  :.*2,4,;#::,*2% > d492# 7@ ¶.2#?.29!#*19 5,6,c:'# 0kk#12' 4#.- 
9d> 2*7 * 5,?,8%  j#:#4.l99 54,l#6>4:'f 2#1*2>4< . j,492?,$ *9??#249!:,h 6#k,4?.l99 9 .:. 9d. d492# %:,j, 

$,*5497297 !#4#d ?,6# 9 4.*5,d:.$.:97 k,4? 9 j4.:9l@ 
q#1,2,4'# 54#6*2.$92# 9 j49c,$ 9 k ,4' * >;.2 9*2,!:91,? $9d>. %:,j, c#*5,1,h*2$.< ,*,c#::, c .j,6.- 

47 *$,#h ?,4k, ,j99< 1,2,4.7 4#d1, ,2 9!.#2*7 ,2 549$'!:'f k,4?< $*24#!. 89f*7 $ 5,$*#6:#$:,h *4#6# §49*>:,1 
2, $¨@ È49c'< 2.19# 1.1 Clathrus archeri §5. %l' 6%7$, .¨< Hydnellum peckii §14,$,2,!.89h d>c¨ 9 64>j9# 54#6*2.$92#9 
*#?#h*2$. * 9d#$91,$< ,c .6. 2 .2959!:'?9 2#1*2>4.?9< 741, $'4.;#::,h $ .;:,*2% < c #*278#h 5,$#4f:,*2%  
9 f.,29!:'?9 $#2$789?9*7 k,4?.?9 [7]. zf ,4j.:9!#*1.7 *24>12>4. :#4#61, 5,6!9:#:. 5*#$6,k4.12. %:,h ,j91#< 
j6# :.c  6.#2*7 ?:,;#*2$#::,*2% 5,$2,47 89f*7 0 #?#:2,$< :, c#d *24,j,h *9??#2499< !2, >*9 9$.#2 ,8>8#:9# 
24#$,j9 9 :.4>o#::,h d.1,:,?#4:,*29@ 

. c $ 

CUW$ 2. }>j. 89# ,c4.d'/ 
Z ± bd-Wfa2Zl¯UQWg; c y f-QZ[UefS. fUfU2dUU; $ y kdU^S. U ÉXSda 

©:.!92# %:,# 1, 9!#*2$, j49c,$ 9 4.*2#:9h 6#?,:*2494> 2 2495,k,c:'# *24>12>4' Ö 5,$2,47 89#*7 ,2- 
$#4*297< 5,4'< $'5>1 ,*29< 1,2,4'# ?,j>2 $'d'$.2% > d492# 7 !>$*2$, ,2$4.8#:97 9 69*1,?k,42.@ }49?#4.?9 2.19f 
*24>12>4 ?,j>2 * >;92% o 7519 j49c,$ * 5,49*2,h :9;:#h 5,$#4f:,*2%  §:.549?#4< > Boletus), 5 ,6,$'# 2# .< . 2.1- 
;# 5,$#4f:,*29 :#1,2,4'f 1.12>*,$ 9 l$#21,$@ i :.>!:,h 2,!19 d4#:97 2.19# $9d>. %:'# 0kk#12' ?,j>2 c'2% ,59*.- 
:' !#4#d 1 .*2#49d.l9  96#:29!:'f j#,?#249!#*19f k,4? * :.4>o#::,h 4#j> 74:,*2%  Ö *24>12>4.< ,6:,$4#?#::, 
5,$2,47 8.7*7 9 f.,29!:.7< $'d'$. 8.7 :.547;#:9# d. *!¼2 5#4#j4>d19 $9d>. %:,j, 5, 7@ 

b 6,5, :#:9# :#1,2,4'# 4.*2#:97 6#?,:*2494> 2 .:.2,?9!#*19# .:,?. 99 Ö :.549?#4< j95#424,k94,- 
$.::'# *,l$#297< 1,  !9# 9 9 5,14'2'# :. ¼2,? 9*2%7< .j4#**9$:>  ,14.*1>< :.5,?9:. 8>  *9j:. %:'# l$#2. 
$ 5494,6#@ s29 ,*,c#::,*29 ?,j>2 c'2% 9:2#454#294,$.:' 1.1 $9d>. %:'# ?.41#4' >j4,d'< 9 9f j#,?#249!#*1,# ?,- 
6# 94,$.:9# $,d?,;:, !#4#d k4.12. %:'#< 2,5, ,j9!#*19# 9 9 *2,f.*29!#*19# ?#2,6'< !2, 6# .#2 9f 5, #d:'?9 6 7 
. j,492?9!#*1,h j#:#4.l99 24#$,;:'f $9d>. %:'f 5.22#4:,$ $ l9k4,$,? 69d.h:#@ i2,f.*29!#*19# ?#2,6' Ö 02, 
?#2,6'< ,*:,$.::'# :. 9*5, %d,$.:99 $#4,72:,*2#h 9 * >!.h:'f $# 9!9: 6 7 .:. 9d.< ?,6# 94,$.:97 9 9 4#o#:97 
d.6.!@ b ,2 9!9# ,2 6#2#4?9:94,$.::'f ?#2,6,$< 1,2,4'# 54#65, .j. 2 2,!:'h< 54#6*1.d>#?'h 4#d> %2.2< *2,f.- 
*29!#*19# ?#2,6' >!92'$. 2 0 #?#:2 * >!.h:,*29 9 :#,54#6# ¼::,*29@ 

±!.*2:919 l9k4,$,h *4#6' *1 ,::' :.f,692% *9??#249!:'# k,4?' c, ## 549$ #1.2# %:'?9< 2,j6. 1.1 
.*9??#2497< 4.d4'$' $ *24>12>4# 9 .:,?. %:'# 54,5,4l99 .**,l994> 2*7 * 5.2, ,j97?9 9 >j4,d,h@ ¿#k,4?.l97< 
,*,c#::, :.5,?9:. 8.7 24.$?' 9 9 ?>2.l99< >*9 9$.#2 0kk#12 *24.f. 9 ?,;#2 549?#:72%*7 $ l9k4,$,h ?,6# 6 7 
*,d6.:97 24#$,;:'f ,c4.d,$@ i24.f 5#4#6 ,54#6# ¼::'?9 5494,6:'?9 k,4?.?9 !.*2, *$7d.: * 0$,  l9,::'?9 
?#f.:9d?.?9 $';9$.:97@ n4j.:9d?'< *5,*,c:'# 549!9:92% $4#6 9 9 *9j:. 9d94,$.2% ,c ,5.*:,*29< $'d'$. 2 
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9:*29:129$:>  :.*2,4,;#::,*2%@ b l9k4,$,? 69d.h:# 2.19# *24>12>4' 9*5, %d> 2*7 6 7 *,d6.:97 24#$,;:'f $9d>- 
. %:'f 0kk#12,$@ 

«.d4.c,21. 5>j. 89f $9d>.%:'f ,c4.d,$< ,*:,$.::'f :. 5494,6:'f 9*2,!:91.f 24#$,;:,*29< 24#c>#2 :# 
2, %1, 0*2#29!#*1,j, .:. 9d.< :, 9 *24,j,j, *24>12>4:,j, 5,6f,6.@ ¥9,?9?#291. $ 6.::,? 1,:2#1*2# 5,d$, 7#2 9:- 
2#454#294,$.2% * ,;:'# ,4j.:9!#*19# k,4?' 1.1 *9*2#?'< 5,66. 89#*7 ?.2#?.29!#*1,?> ,59*.:9 @ }494,6:'# 
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BENEFITS OF UTILI ZING MEMES IN EDUCATIONAL CONTEXT 
The article explores the potential of using internet memes as a tool for visualizing information within educational environments. The focus is 

placed on the cognitive characteristics of information perception among Generation Z and Generation Alpha, who are marked by clip-thinking style. The 
advantages of memes are substantiated from the perspective of gestalt psychology? Emotional engagement, and the reduction of cognitive load. Practical 
examples of memes usage in educational projects are provided. 
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140 



 
  

 
 

n6:.1, :. 6.::,? 02.5# zz :# d.?#:7#2 !# ,$#1.< :.54,29$< ,: >!o# $*#j, 4.c,2.#2 $ 1.!#*2$# $*5,?,j.2# %:,j, 
*4#6*2$. 549 :#,cf,69?,*29 5,*2,7::,j, 1,:24, 7 *, *2,4,:' 4.d4.c,2!91.@ 

q.>!:'h 4>1,$,692# %/ *2.4o9h 54#5,6.$.2# % 1.k#64' l9k4,$'f 9 .66929$:'f 2#f:, ,j9h< i .$:91,$. 
¶.497 ´ #1*.:64,$:.@ 
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LIQUIBASE   (  3=5AC ¶7=A +> (;A9¶(A3¼(¿33 
¶3*C(¿3¹ Á(¼ (==JL ; 59;C7¶7==JL 
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W Z2i1ZX_[afU 2S[21dUd1l¯UfU i-Q[SXSkUgfU$ FdU.-T-[ bdUf-d UWbSX_eS.Z[Ug liquibase 
. bdST12iS.S] Wd-T-$ «.**?,24#:' 1  !#$'# 54#9?>8#*2$. Liquibase, $1  !.7 5,66#4;1> ?:,;#*2$. i±¥¿< 
.$2,?.29d.l9  ?9j4.l9h 9 ,c#*5#!#:9# *,j .*,$.::,*29 6.::'f $ 4.d 9!:'f *4#6.f@ }49$#6#: 549?#4 >*5#o:,j, 
9*5, %d,$.:97 Liquibase $ 54,6>12,$,h *4#6# :. 549?#4# 549 ,;#:97 Quarkus. ̨ ̐̉̒ ̜́̎ ̐ ̜̑̏̂̌̆̍, ̒  ̋ ̜̏̓̏̑̍̉ 
3&:D$"0D53= 
-!G-!.:&e5$5f :&30&3&<5+ 353&+B? $:"&-:DN <+-357 ;DN 3F+B? .!G? ;!""?FL 3D:t":3&= -0e":1: 0A-!<D+"5N B51-!g5NB5L "+:.F:;5B:3&= 
:.-!.:&$5 :C5.:$ < SQL-̒ ̖̋̑̉̐̓́ ̉  ̏ ̂̆̒ ̘̐̆̆̎̉̆ ̋ ̏̑̑̆̋̓̎̏̄ ̏ ̐ ̠̏̑̅̋́ ̃ ̜̠̐̏̌̎̆̎̉ 
3$-5A&:<] º"+;-+"5+ Liquibase A:G<:D5D: G"!e5&+D=": 
0A-:3&5&= A-:g+33 0A-!<D+"5N 5GB+"+"5NB5L 03$:-5&= B51-!g55 G! 3e+& 53$Dse+"5N A:<&:-":1: <?A:D"+"5N 3$-5A&:< 5 5"&+1-!g55 
3 Continuous Integration (CI). n*,c,# $:9?.:9# >6# #:, $.;:,*29 5 .:94,$.:97 *9*2#?' >54.$ #:97 9d?#:#:97?9 
:. 4.::9f 02.5.f 4.d4.c,219 c.d' 6.::'f@ b:#64#:9# 9:*24>?#:2,$ 1,:24, 7 $#4*9h< 2.19f 1.1 Liquibase, $ >;# 
*>8#*2$> 8>  * ,;:>  *f#?> c.d' 6.::'f 24#c>#2 d:.!92# %:'f >*9 9h< 5,02,?> 4#1,?#:6>#2*7 d.6>?.2%*7 ,c 
02,? :. :.!. %:'f 02.5.f 54,#1294,$.:97@ i2.2%7 c>6#2 5, #d:. 4.d4.c,2!91.?< .4f92#12,4.? 9 DevOps-9:;#:#4.?< 
1,2,4'# *2. 19$. 2*7 * d.6.!.?9 >54.$ #:97 ?9j4.l97?9 c.d 6.::'f $ *,$4#?#::'f backend-549 ,;#:97f< ,*,c#::, 
$ 1,:2#1*2# ?914,*#4$9*:,h .4f92#12>4' 9 .$2,?.29d.l99 54,l#**,$@ 

 !#$'# * ,$.: Java, Liquibase, Quarkus, Spring Boot, Kafka, ?914,*#4$9*'< *,j .*,$.::,*2% 6.::'f< 
?9j4.l99 c.d 6.::'f< >54.$ #:9# 9d?#:#:97?9< .$2,?.29d.l97< Continuous Integration, Oracle, F lyway, Alembic, 
4.*54#6# #::'# *9*2#?'< DevOps, *f#?' c.d 6.::'f< $#4*9,::'h 1,:24, %< ,c4.c,21. ,o9c,1< SQL-*14952'< 
54,9d$,692# %:,*2%< ?.*o2.c94>#?,*2% 

V. V. Semenov, A.M. Smirnov  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
LIQUIBASE  AS A TOOL  FOR AUTOMATING  DATABASE MIGRATIONS  IN  MODERN  BACKEND  

APPLICATIONS  
This article analyzes the data schema migration tool and compares it with current competing technologies. An example of using liquibase 

in a product is given, and the key advantages of Liquibase are considered, including support for multiple databases, migration automation, and data 
consistency in various environments. An example of successful use of Liquibase in a product environment is given using the Quarkust application as an 
example. The problems faced by the developers are described: the lack of a version control system for the database schema, the VSÒ24[W/ of manually 
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managing migrations, the need to handle errors in SQL scripts and ensure the correct order of script execution. The implementation of Liquibase has 
TSb@Sl2antly TS%,[Sl*V the change management process, accelerated migrations by eliminating script re-execution and integrating with Continuous 
Integration (CI). Special attention is paid to the importance of planning a change management system at the early stages of BA development. 

Keywords:  Java, Liquibase, Quarkus, Spring Boot, Kafka, microservices, data consistency, database migrations, 
change Management, Automation, Continuous Integration, Oracle, F lyway, Alembic, distributed systems, DevOps, database 
schemas, versioning, error handling, SQL scripts, performance, scalability. 

;.-T-[U- 
i 4.d$929#? $#c-549 ,;#:9h 9 >$# 9!#:9#? * ,;:,*29 *,$4#?#::'f *9*2#?< >54.$ #:9# 9d?#:#:97?9 

$ c.d.f 6.::'f *2.:,$92*7 ,6:,h 9d 1  !#$'f d.6.! 6 7 4.d4.c,2!91,$< 9 6#$,5* 9:;#:#4,$@ n6:,h 9d ,*:,$:'f 
54,c #?< * 1,2,4,h *2. 19$. 2*7 1,?.:6'< 7$ 7#2*7 5,2#47 $.;:'f 6.::'f 9d-d. :#d.k91*94,$.::'f 9d?#:#:9h 
$ 1,6#< 2.19f 1.1 *,d6.:9#< >6. #:9# 9 9 4#6.1294,$.:9# *24>12>4' c.d' 6.::'f 549 *,d6.:99 :,$,j, k>:1l9,:. . 
$ 4.?1.f *549:2. 9 9 9*54.$ #:9# 6#k#12,$@ ¿ 7 5,66#4;.:97 .12>. %:,*29 $#4*99 c.d' 6.::'f 9 ,c#*5#!#:97 
*,j .*,$.::,*29 6.::'f c' 9 4.d4.c,2.:' *5#l9. 9d94,$.::'# 9:*24>?#:2'< *4#69 1,2,4'f ,*,c,# ?#*2, d.:9?.#2 
Liquibase [1]. ¶9j4.l97 c.d' 6.::'f Ö 02, * ,;:'h 54,l#**< $1  !. 89h 5#4#:,* 6.::'f 9 4.c,!9f :.j4>d,1 
* ,6:,h 5 .2k,4?' :. 64>j> @ s2,2 54,l#** *,*2,92 9d ?:,;#*2$. 02.5,$< 2.19f 1.1 ,l#:1.< 54#,c4.d,$.:9# *f#?' c.d' 
6.::'f< ?9j4.l97 6.::'f< k>:1l9,:. %:,# 2#*294,$.:9# 9 :.*24,h1. 54,9d$,692# %:,*29@ ,?5.:99 549c#j. 2 
1 ?9j4.l99 5, 4.d 9!:'? 549!9:.?/ ,2 *,14.8#:97 d.24.2 :. zr 6, ,c:,$ #:97 6, c, ## 54,9d$,692# %:'f *9*2#? 
f4.:#:97 6.::'f< ,c:,$ #:9# *,c*2$#::'f *2#:6,$ $ $96# dev, test, preprod, prod 6, c, ## :,$'f $#4*9h< $1  !.7 
,c:,$ #:97 9 *, *2,4,:' 9:2#j494>#?'f $ *9*2#?> api [2]. b d.$9*9?,*29 ,2 24#c,$.:9h 54,#12.< ?9j4.l97 ?,;#2 
,*>8#*2$ 72%*7 5, 6$>? ,*:,$:'? *24.2#j97?/ Óc, %o,h $d4'$Ô 9 Ó*24>h:.7 ?9j4.l97Ô@ .;6.7 9d :9f 9?##2 *$,9 
54#9?>8#*2$. 9 :#6,*2.219< 9 $'c,4 *24.2#j99 d.$9*92 ,2 ?:,;#*2$. k.12,4,$< 2.19f 1.1 4.d?#4 c.d' 6.::'f< 
*,$?#*29?,*2% *9*2#? 9 c9d:#*-24#c,$.:97@ Liquibase 54#6*2.$ 7#2 *,c,h ?,8:'h 9:*24>?#:2 6 7 >54.$ #:97 
?9j4.l97?9 c.d 6.::'f< 1,2,4'h 5,d$, 7#2 .$2,?.29d94,$.2% 54,l#** 9d?#:#:9h< ?9:9?9d94,$.2% 49*19 5,2#49 
6.::'f 9 ,c#*5#!92% *,j .*,$.::,*2% ?#;6> 4.d 9!:'?9 *4#6.?9< !2, ,c#*5#!9$.#2 :.6#;:,*2% *9*2#?'< . 2.1;# 
*,14.8#:9# 4.*f,6,$ :. 9*54.$ #:9# 6#k#12,$ $ 1,6#@ n*:,$:'?9 5,:7297?9 $ Liquibase 7$ 7 2*7 databaseChangeLog 
9 *R-CJ"G"D@ DatabaseChangeLog Ö 02, k.h < *,6#4;.89h :.c,4 9d?#:#:9h< 1.;6,# 9d 1,2,4'f ,59*'$.#2 *,d6.:9# 
9 9 ?,69k91.l9  ,c½#12,$ c.d' 6.::'f< 2.19f 1.1 2.c 9l'< 9:6#1*' 9 9 54.$. 6,*2>5.@ .;6'h changeset 9?##2 
>:91. %:'# .249c>2' author 9 id, !2, 5,d$, 7#2 ,2* #;9$.2% 9 549?#:72% 2, %1, :,$'# 9d?#:#:97@ }49 5,5'21# 
d.5>*292% 549 ,;#:9# * ?9j4.l9#h * 64>j9? id ?' 5, >!9? runtime ,o9c1>@ }49 d.5>*1# ?9j4.l99 Liquibase *,d6.#2 
6$# 2#f:9!#*19# 2.c 9l'/ DATABASECHANGELOG 9 DATABASECHANGELOCK, 1,2,4'# ,c#*5#!9$. 2 1,:24, % 
:.6 549?#:#::'?9 9d?#:#:97?9 9 54#6,2$4.8. 2 1,:k 912' 549 5.4. # %:'f ?9j4.l97f@ z:2#j4.l97 Liquibase 
$ *,$4#?#::'# backend-549 ,;#:97< 2.19# 1.1 Spring Boot, d:.!92# %:, >54,8.#2 54,l#** >54.$ #:97 9d?#:#:97?9 
[3]. ¿ 7 02,j, 6,*2.2,!:, 6,c.$92% d.$9*9?,*2% $·+^@e^P< #* 9 9*5, %d>#? Maven *c,4891 54,#12,$< >1.d.2% 
5>2% 1 k.h > 9d?#:#:9h $ 1,:k9j>4.l99 549 ,;#:97@ s2, 6# .#2 Liquibase :#d.?#:9?'? 9:*24>?#:2,? $ .4*#:. # 
4.d4.c,2!91,$< ,*,c#::, $ >* ,$97f ?914,*#4$9*:,h .4f92#12>4'< j6# .$2,?.29d.l97 54,l#**,$ ?9j4.l99 *2.:,$92*7 
14929!#*19 $.;:,h 6 7 ,c#*5#!#:97 *,j .*,$.::,*29 9 :.6#;:,*29 *9*2#?'@ ́ 12>. %:,*2% 2#?' ,c>* ,$ #:. 4,*2,? 
* ,;:,*29 *,$4#?#::'f *9*2#? 9 :#,cf,69?,*2%  !.*2'f ,c:,$ #:9h@ i,$4#?#::'# *9*2#?' ?,j>2 6,*29j.2% 
*,2:9 ?914,*#4$9*,$ 9 5,66#4;.:9# 1,:*9*2#:2:,*29 6.::'f< ,594. 8##*7 :. :.$'19 4.d4.c,2!91,$ 9 ,c8#h 
6,j,$,4#::,*29:#?,;#2*>8#*2$,$.2%@b >* ,$97f<1,j6.549 ,;#:974.d4.c.2'$. 2*7:.4.d 9!:'f2#f:, ,j9!#*19f 
*2#1.f< .$2,?.29d.l97 ?9j4.l9h *2.:,$92*7 :#,2½#? #?,h !.*2%  DevOps-54.1291@ Liquibase, c .j,6.47 *$,#h 
j9c1,*29 9 5,66#4;1# ?:,;#*2$. i±¥¿< 9j4.#2 1  !#$>  4, % $ *,$4#?#::'f backend-549 ,;#:97f< ,c#*5#!9$.7 
>*2,h!9$,*2% 9 j9c1,*2% *9*2#?'@ b 6.::,h *2.2%# 54,$,692*7 .:. 9d 9:*24>?#:2. Liquibase, 4.**?.249$. 2*7 #j, 
1  !#$'# ,*,c#::,*29 9 54#9?>8#*2$.< . 2.1;# 549$,672*7 549?#4' #j, 9*5, %d,$.:97 $ 4#. %:'f 54,#12.f@ n*,c,# 
$:9?.:9# >6# #:, 9:2#j4.l99 Liquibase $ Quarkus 9 #j, 4, 9 $ ?914,*#4$9*:,h .4f92#12>4#@ 

n*:,$:'# 5,:7297 9 549:l95' 4.c,2' Liquibase  
Liquibase Ö 02, 9:*24>?#:2 6 7 >54.$ #:97 9d?#:#:97?9 $ c.d.f 6.::'f< 1,2,4'h 5,d$, 7#2 

.$2,?.29d94,$.2% 54,l#** ?9j4.l9h 9 ,c#*5#!9$.2% *,j .*,$.::,*2% 6.::'f@ n*:,$:'?9 5,:7297?9 $ Liquibase 
7$ 7 2*7/ databaseChangeLog, changeset, DATABASECHANGELOG, DATABASECHANGELOCK.  databaseChangeLog 
- k.h < 1,2,4'h *,6#4;92 :.c,4 9d?#:#:9h (changeset), 549?#:7#?'f 1 c.d# 6.::'f@ u.h databaseChangeLog ?,;#2 
c'2% :.59*.: $ 4.d 9!:'f k,4?.2.f< 2.19f 1.1 XML,  JSON, YAML 9 9 SQL. b:>249 databaseChangeLog ,59*'$. 2*7 
9d?#:#:97< 1,2,4'# :#,cf,69?, 549?#:92% 1 c.d# 6.::'f< :.549?#4< *,d6.:9# 2.c 9l< 9d?#:#:9# *2, cl,$ 9 9 
6,c.$ #:9# 9:6#1*,$@ }49?#4 $ k,4?.2# XML:  

<?xml L"FGB+C¯åT@Tå "C)+OBCJ¯åKQ¸-Vå GD-CO-P+C"¯åC+åÝá 
<databaseChangeLog 
e^PCG¯åRDD·/¤¤```@PBÐIBH-G"@+FJ¤e^P¤CG¤OH)R-CJ"P+Jå 
e^PCG/eGB¯åRDD·/¤¤```@`ª@+FJ¤¡  T¤ãY®A)R"ma-BCGD-C)"å 
e^PCG/"eD¯åRDD·/¤¤```@PBÐIBH-G"@+FJ¤e^P¤CG¤OH)R-CJ"P+J-"eDå 

eGB/G)R"^-®+)-DB+C¯åRDD·/¤¤```@PBÐIBH-G"@+FJ¤e^P¤CG¤OH)R-CJ"P+J https://www.liquibase.org/xml/ns/ 
dbchangelog/dbchangelog-latest.xsd 

http://www.liquibase.org/xml/ns/dbchangelog-ext https://www.liquibase.org/xml/ns/dbchangelog/ 
dbchangelog-"eD@eGOåá 

<!-- ChangeSet 6 7 *,d6.:97 1, #1l99 products --> 
<changeSet BO¯åTå -IDR+F¯å¾¾A"^"C+Låá 
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<!-- i,d6.:9# 1, #1l99 products --> 
<ext:createCollection )+PP")DB+CÀ-^"¯å·F+OI)DGå¤á 
<!-- i,d6.:9# 9:6#1*. 6 7 5, 7 name --> 
<ext:createIndex )+PP")DB+CÀ-^"¯å·F+OI)DGåá 

<ext:keys>{name: 1}</ext:keys> 
<ext:options>{name: äC-^"NOeå}</ext:options> 

</ext:createIndex> 
<!-- b*2.$1. 2#*2,$'f 6.::'f --> 
<ext:insertOne )+PP")DB+CÀ-^"¯å·F+OI)DGåá 

<ext:document>{äBOå/ äTå< äC-^"å/ ä®-·D+·å< ä·FB)"å/ 999.99, äÐI-CDBD=å/ 10}</ext:document> 
</ext:insertOne> 
<ext:insertOne )+PP")DB+CÀ-^"¯å·F+OI)DGåá 

<ext:document>{äBOå/ ä¡å< äC-^"å/ äA^-FD·R+C"å< ä·FB)"å/ 499.99, äÐI-CDBD=å/ 20}</ext:document> 
</ext:insertOne> 
<ext:insertOne )+PP")DB+CÀ-^"¯å·F+OI)DGåá 

<ext:document>{äBOå/ äªå< äC-^"å/ äQ-HP"Då< ä·FB)"å/ 299.99, äÐI-CDBD=å/ 15}</ext:document> 
</ext:insertOne> 

</changeSet> 
</databaseChangeLog> 
Changeset - c.d,$'h c ,1 9d?#:#:9h $ Liquibase. .;6'h changeset *,6#4;92 ?#2.6.::'# §:.549?#4< 

96#:29k91.2,4 9 .$2,4.¨ 9 9:*24>1l99 6 7 9d?#:#:97 c.d' 6.::'f@ ¶,;#2 $1  !.2% ,6:, 9 9 :#*1, %1, .2,?.4:'f 
9d?#:#:9h< 2.19f 1.1 *,d6.:9# 2.c 9l< 9d?#:#:9# *2, cl,$ 9 9 $*2.$1. 6.::'f@ }49?#4 $ k,4?.2# XML:  

<changeSet BO¯å)F"-D"ÌD-HP"ÌIG"FGå -IDR+F¯å¾¾A"^"C+Låá 
<createTable D-HP"À-^"¯åIG"FGåá 

<column C-^"¯åBOå D=·"¯åIIBOå¤á 
<column C-^"¯åDBDP"å D=·"¯åL-F)R-F§¡~~¨å¤á 

</createTable> 
</changeSet> 
DATABASECHANGELOG - 2#f:9!#*1.7 2.c 9l.< *,d6.$.#?.7 Liquibase 549 5#4$,? d.5>*1#@ n:. f4.:92 9:- 

k,4?.l9  , $*#f >*5#o:, 549?#:#::'f 9d?#:#:97f@ .;6.7 *24,1. $ 02,h 2.c 9l# *,6#4;92 6.::'# , changeset, 
2.19# 1.1 96#:29k91.2,4< .$2,4< 9?7 k.h .< 1,:24, %:.7 *>??. (checksum) 9 6.2. $'5, :#:97@ s2. 2.c 9l. 5,d$,- 
7#2 Liquibase ,2* #;9$.2%< 1.19# 9d?#:#:97 >;# c' 9 549?#:#:'< 9 9dc#j.2% 5,$2,4:,j, $'5, :#:97 ,6:9f 9 2#f 

;# 9d?#:#:9h< !2, $ *$,  ,!#4#6% 5,d$, 7#2 *,f4.:72% 1,:*9*2#:2:,*2% 6.::'f 9 54#6,2$4.8.2% ,o9c19 $4#?#:9 
$'5, :#:97@ 

DATABASECHANGELOCK  - $2,4.7 2#f:9!#*1.7 2.c 9l.< *,d6.$.#?.7 Liquibase. n:. 9*5, %d>#2*7 6 7 54#- 
6,2$4.8#:97 ,6:,$4#?#::,j, 9d?#:#:97 c.d' 6.::'f :#*1, %19?9 5, %d,$.2# 7?9@ ¿.::.7 2.c 9l. ,*,c#::, :>;- 
:. $ 54,6>12,$,h *4#6#< 2.1 1.1 1, 9!#*2$, d.5>8#::'f 4#5 91 549 ,;#:97 c>6#2 54#$'o.2% #69:9!:,# 1, 9!#*2$,@ 
r.c 9l. c ,194>#2 c.d> 6.::'f :. $4#?7 $'5, :#:97 ?9j4.l99< !2,c' 9dc#;.2% 1,:k 912,$@ 

¿ 7 9*5, %d,$.:97 6.::,h 2#f:, ,j99 6,5>*29? *, k4#h?$,41,? Quarkus :#,cf,69?, 5,61  !92% d.$9*9- 
?,*2%< 6,5>*29? 6 7 *c,4891. gradle: implementation óio.quarkus:quarkus-liquibase-^+CJ+OHÜ@ b 5.51# resource :#,cf,- 
69?, *,d6.2% 5.51> db 9 $ :#? master k.h changeLog.xml. ¿.::'h k.h ?,;:, 9*5, %d,$.2% 1.1 $f,6:>  2,!1> 9 4.d- 
6# 92% changeSet :. k.h ' * 9*5, %d,$.:9#? 64,c #:97 5, 5.51.? * 6.2.?9 ?9j4.l99@ 

¶9j4.l99 $ ?914,*#4$9*:,h .4f92#12>4# 
b ?914,*#4$9*:,h .4f92#12>4#< j6# 1.;6'h *#4$9* ?,;#2 9?#2% *$,  c.d> 6.::'f< Liquibase 5,?,j.#2 >54.$- 

72% 9d?#:#:97?9 $ 1.;6,h 9d :9f< ,c#*5#!9$.7 *,j .*,$.::,*2% 6.::'f@ L iquibase 9:2#j494>#2*7 * *9*2#?.?9 :#54#- 
4'$:,h 9:2#j4.l99 9 6,*2.$19 (CI/CD),  2.19?9 1.1 Jenkins 9 9 GitLab CI, !2, 5,d$, 7#2 .$2,?.29!#*19 549?#:72% 
9d?#:#:97 1 c.d# 6.::'f 549 1.;6,? ,c:,$ #:99 1,6.@ 

i4.$:#:9# liquibase * 64>j9?9 9:*24>?#:2.?9 6 7 >54.$ #:97 ?9j4.l97?9@ 
b *,$4#?#::,h 4.d4.c,21# 54,j4.??:,j, ,c#*5#!#:97 *>8#*2$>#2 ?:,;#*2$, 9:*24>?#:2,$ 6 7 >54.$ #:97 

?9j4.l97?9 c.d 6.::'f< *4#69 1,2,4'f :.9c, ## 5,5> 74:'?9 7$ 7 2*7 Liquibase, F lyway, MyBatis, JPA/Hibernate 
Schema Generation [4]. b 54,6>12,$,h *4#6# c, %o# 54#65,!92.#2*7 9*5, %d,$.2% liquibas"¤Ò=`-=< 2.1 1.1 MyBatis [5] 
9?##2 ?#:## >:9$#4*. %:'h 9 *24>12>494,$.::'h *9:2.1*9* 9 ?#:%o>  5,66#4;1> 4.d4.c,2!91,$< . JPA/Hibernate 
Schema Generation 9?##2 ,*,c#::,*29 *$7d.::'# * 5#4#j#:#4.l9#h *f#?'@ ¿,5>*29? 549 5#4#9?#:,$.:99 2.c 9l' 
c>6#2 *,d6.:. #8# ,6:. 2.c 9l.< ,*2.$9$ d. *,c,h 54#6'6>8>  y 6.::'# :# c>6>2 5#4#:#*#:' $ :,$>  2.c 9l>@ r.19# 
$,d?,;:,*29 ,c'!:, :# :>;:' 6 7 54,6>12,$,h *4#6'< j6# 1.;6.7 *24,1. 9:k,4?.l99 $.;:. 6 7 5,24#c92# 7@ },- 
02,?> :.9c, ## 54#65,!292# %:'?9 7$ 7 2*7 liquibase 9 Ò=`-=@ nc. 9:*24>?#:2. 4#o. 2 *f,;9# d.6.!9< :, 9?# 2 
*$,9 ,*,c#::,*29< 1,2,4'# 6# . 2 9f c, ## 5,6f,6789?9 6 7 ,54#6# #::'f *l#:.49#$@  ,*:,$:'? ,*,c#::,*27? 
Liquibase: ,2:,*92*7 j9c1,*2% k,4?.2,$/ 5,66#4;9$.#2 4.d 9!:'# k,4?.2' k.h ,$ 6 7 ,59*.:97 9d?#:#:9h< 2.19# 
1.1 XML,  JSON, YAML 9 SQL. s2, 5,d$, 7#2 4.d4.c,2!91.? $'c94.2% :.9c, ## >6,c:'h 6 7 :9f k,4?.2@ r.19? ,c- 
4.d,? ?,;:, $'c4.2% :.9c, ## 4.*54,*24.:#::'h k,4?.2 *4#69 4.d4.c,2!91,$ 9 5,66#4;9$.2% #j,@ r.1;# liquibase 
5,66#4;9$.#2 ?:,;#*2$, i±¥¿/ $1  !.7 Oracle, PostgreSQL, MySQL, SQL Server 9 64>j9#@ s2, 6# .#2 #j, >:9$#4- 
*. %:'? 9:*24>?#:2,? 6 7 54,#12,$ * 4.d 9!:'?9 2#f:, ,j9!#*19?9 *2#1.?9@ }49 :.59*.:99 ?914,*#4$9*,$ 6.:- 
:'h 5, ,;92# %:'h .*5#12 5,d$, 7#2 9*5, %d,$.2% 6.::>  2#f:, ,j9  * 4.d:'?9 k4#h?,41.?9 9 7d'1.?9< $1  !.7 
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Quarkus, Spring Boot, Micronaut. n2?#29? ,2* #;9$.:9# 9d?#:#:9h/ 6.::'h 9:*24>?#:2 *,d6.#2 6$# 2#f:9!#*19# 2.- 
c 9l' $ c.d# 6.::'f/ DATABASECHANGELOG 9 DATABASECHANGELOCK.  }#4$.7 2.c 9l. f4.:92 9:k,4?.l9  
, $*#f >*5#o:, 549?#:#::'f 9d?#:#:97f< . $2,4.7 54#6,2$4.8.#2 1,:k 912' 549 5.4. # %:'f ?9j4.l97f@ r, #*2% 
?' ?,;#? :.6#;:, 4.d$,4.!9$.2% :.o> 9:k4.*24>12>4> $ ,c .1#< :# ,j4.:9!9$.7*% ,6:9? 01d#?5 74,? 549 ,;#:97@ 
n21.2 9d?#:#:9h/ Liquibase 54#6,*2.$ 7#2 $,d?,;:,*2% ,21.2. 9d?#:#:9h 6, ,54#6# #::,h $#4*99< !2, ?,;#2 c'2% 
5, #d:, $ * >!.# ,o9c,1 9 9 :#,cf,69?,*29 $#4:>2%*7 1 54#6'6>8#?> *,*2,7:9  c.d' 6.::'f@ 

b 5, %d> Flyway 9*5, %d,$.:97 $ 54,6>12,$,# *4#6# ?,;:, ,2:#*29 54,*2,2> 9*5, %d,$.:97 y 9*5, %d>#2 
SQL-*14952' 6 7 ,59*.:97 9d?#:#:9h< !2, 6# .#2 #j, c, ## 54,*2'? $ 9*5, %d,$.:99 6 7 4.d4.c,2!91,$< 
1,2,4'# 54#65,!92. 2 4.c,2.2% :.547?>  * SQL. n6:.1, *2,92 d.?#292%< !2, Liquibase 2.1;# ,c .6.#2 6.::'? 
54#9?>8#*2$,?< $#6% :912, :# ?#o.#2 *,d6.2% xml k.h < $ 1,2,4'h ?' $:#649? k.h sql y 2, #*2% $ :.o changeset. 
Flyway .$2,?.29!#*19 ,2* #;9$.#2 $#4*99 c.d' 6.::'f * 5,?,8%  2.c 9l' Ò=`-=ÌG)R"^-ÌRBGD+F=< 1,2,4.7 f4.:92 
9:k,4?.l9  , $*#f 549?#:#::'f ?9j4.l97f@ s2, 5,d$, 7#2 #j1, >54.$ 72% 9d?#:#:97?9 9 54,$#472% .12>. %:,*2% 
c.d' 6.::'f@ 

}49 *4.$:#:99 *2,92 >1.d.2% !2, Liquibase ,c .6.#2 54#9?>8#*2$. 5, 1, 9!#*2$> 5,66#4;9$.#?'f k,4?.2,$/ 
2, #*2% 9*5, %d>#2 XML,  JSON, YAML, SQL, ,6:.1, Ò=`-= 9*5, %d>#2 9o% sql. r.1 1.1 *#h!.* ?' :.c  6.#? 
.129$:,# 4.d$929# ,c .!:,h 9:k4.*24>12>4> 9 4.d$929# ?.*o2.c94,$.:97 j,49d,:2. %:, :#,cf,69?, >!92'$.2% 
5  *' liquibase y lock :. :.1.2'$.:9# 6.::'f< $,d?,;:,*2% 9*5, %d,$.:97 ?:,;#*2$. 01d#?5 74,$ 9d 1,4,c19@ 

¼Z2Xl/-[U- 
b 6.::,h *2.2%# c' 54,$#6#: .:. 9d 9:*24>?#:2. Liquibase 6 7 >54.$ #:97 ?9j4.l97?9 c.d 6.::'f 

$ *,$4#?#::'f backend-549 ,;#:97f@ «.**?,24#:' 1  !#$'# ,*,c#::,*29 9 54#9?>8#*2$. Liquibase, 2.19# 1.1 
5,66#4;1. ?:,;#*2$. k,4?.2,$ (XML,  JSON, YAML, SQL), .$2,?.29d.l97 ?9j4.l9h< ,2* #;9$.:9# 9d?#:#:9h 
9 $,d?,;:,*2% ,21.2. 9d?#:#:9h@ n*,c,# $:9?.:9# >6# #:, 9:2#j4.l99 Liquibase 9 #j, 4, 9 $ ?914,*#4$9*:,h 
.4f92#12>4#<j6#>54.$ #:9#9d?#:#:97?9$ 4.*54#6# #::'f*9*2#?.f*2.:,$92*714929!#*19$.;:'?6 7,c#*5#!#:97 
*,j .*,$.::,*29 9 :.6#;:,*29 6.::'f@ 

Liquibase 54#6,*2.$ 7#2 4.d4.c,2!91.? ?,8:'h 9:*24>?#:2 6 7 .$2,?.29d.l99 54,l#**,$ ?9j4.l99< !2, 
,*,c#::, .12>. %:, $ >* ,$97f ?914,*#4$9*:,h .4f92#12>4'< j6# 1.;6'h *#4$9* ?,;#2 9?#2% *$,  c.d> 6.::'f@ 
z*5, %d,$.:9# Liquibase 5,d$, 7#2 ?9:9?9d94,$.2% 49*19 5,2#49 6.::'f< >54,*292% 54,l#** 4.d$#42'$.:97 
9 ,c#*5#!92% *,j .*,$.::,*2% ?#;6> 4.d 9!:'?9 *4#6.?9@ r#f:9!#*19# 2.c 9l' DATABASECHANGELOG 
9 DATABASECHANGELOCK,  *,d6.$.#?'# Liquibase, ,c#*5#!9$. 2 1,:24, % :.6 549?#:#::'?9 9d?#:#:97?9 
9 54#6,2$4.8. 2 1,:k 912' 549 5.4. # %:'f ?9j4.l97f@ 

i4.$:#:9# Liquibase * 64>j9?9 9:*24>?#:2.?9< 2.19?9 1.1 F lyway, 5,1.d. ,< !2, Liquibase ,c .6.#2 c, %o#h 
j9c1,*2%  c .j,6.47 5,66#4;1# ?:,;#*2$. k,4?.2,$ 9 i±¥¿@ n6:.1, F lyway, $ *$,  ,!#4#6%< 54#6 .j.#2 c, ## 
54,*2,h 5,6f,6 1 >54.$ #:9  ?9j4.l97?9 !#4#d SQL-*14952'< !2, ?,;#2 c'2% 54#65,!292# %:'? 6 7 1,?.:6< 
1,2,4'# 54#65,!92. 2 4.c,2.2% :.547?>  * SQL. 

n*,c,# $:9?.:9# $ *2.2%# >6# #:, $.;:,*29 5 .:94,$.:97 *9*2#?' >54.$ #:97 9d?#:#:97?9 :. 4.::9f 
02.5.f 4.d4.c,219 c.d' 6.::'f@ b:#64#:9# 9:*24>?#:2,$ 1,:24, 7 $#4*9h< 2.19f 1.1 Liquibase, $ >;# *>8#*2$> 8>  
* ,;:>  *f#?> c.d' 6.::'f 24#c>#2 d:.!92# %:'f >*9 9h< 5,02,?> 4#1,?#:6>#2*7 d.6>?.2%*7 ,c 02,? :. :.!. %:'f 
02.5.f 54,#1294,$.:97@ 

b eZ2Xl/-[U- ?,;:, ,2?#292%< !2, Liquibase 9j4.#2 1  !#$>  4, % $ *,$4#?#::'f backend-549 ,;#:97f< 
,*,c#::, $ 1,:2#1*2# ?914,*#4$9*:,h .4f92#12>4' 9 :#,cf,69?,*29 .$2,?.29d.l99 54,l#**,$@ Äj, j9c1,*2%< 
5,66#4;1. ?:,;#*2$. i±¥¿ 9 $,d?,;:,*2% 9:2#j4.l99 * CI/CD -*9*2#?.?9 6# . 2 #j, :#d.?#:9?'? 9:*24>?#:2,? 
6 7 4.d4.c,2!91,$< .4f92#12,4,$ 9 DevOps-9:;#:#4,$< 1,2,4'# *2. 19$. 2*7 * d.6.!.?9 >54.$ #:97 ?9j4.l97?9 
c.d 6.::'f@ 

¿. %:#ho## 4.d$929# 9:*24>?#:2,$ >54.$ #:97 ?9j4.l97?9< 2.19f 1.1 Liquibase, ?,;#2 c'2% :.54.$ #:, 
:. > >!o#:9# 9:2#j4.l99 * ,c .!:'?9 5 .2k,4?.?9 9 5,$'o#:9# 54,9d$,692# %:,*29 $ >* ,$97f ?.*o2.c94>#?'f 
4.*54#6# #::'f *9*2#?@ r.1;# .12>. %:,h d.6.!#h 7$ 7#2*7 4.d4.c,21. >6,c:'f 9:2#4k#h*,$ 6 7 4>!:,j, >54.$ #:97 
?9j4.l97?9< !2, >54,*292 4.c,2> .6?9:9*24.2,4,$ 9 j4>55 *,54,$,;6#:97@ 
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i2.2%7 5,*$78#:. ,c*>;6#:9  1  !#$'f .4f92#12>4:'f 5.22#4:,$< 9*5, %d>#?'f 549 4.d4.c,21# 
?914,*#4$9*,$ :. 7d'1# Java, 3 !$g+"&:B "! 5F A-!$&5e+3$0s -+!D5G!g5s CQRS. ˝́̒ ̒ ̟̍́̓̑̉̃́̓̒ ̠ ̓́̋̉̆ 
A:;F:;?L $!$ Circuit 
Breaker 6 7 54#6,2$4.8#:97 1.*1.6:'f *c,#$< Retry 6 7 ,c4.c,219 $4#?#::'f ,o9c,1< API Gateway 1.1 #69:.7 2,!1. $f,6. 
6 7 1 9#:2*19f d.54,*,$, Transactional Outbox 6 7 ,c#*5#!#:97 *,j .*,$.::,*29 6.::'f $ 4.*54#6# #::'f 24.:d.1l97f 
9 Service Discovery 6 7 .$2,?.29!#*1,j, ,c:.4>;#:97 *#4$9*,$ $ 69:.?9!#*1,h *4#6#, CQRS 6 7 4.d6# #:97 ,5#4.l9h 
d.59*9 9 !2#:97 6.::'f 6 7 ,529?9d.l99 54,9d$,692# %:,*29< Event Sourcing 6 7 f4.:#:97 9d?#:#:9h *,*2,7:97 1.1 
5,* #6,$.2# %:,*29 ,*c'29h< DDD 6 7 k,1>*. :. c9d:#* 6,?#:' 6 7 54,#1294,$.:97 ?914,*#4$9*:,h .4f92#12>4'< 
Health Check API 6 7 ?,:92,49:j. *,*2,7:97 *#4$9*,$, Backends for Frontends 6 7 4#. 9d.l99 *5#l9. 9d94,$.::'f 
API 5,6 1,:14#2:'# 19#:2'< Saga 6 7 ,41#*24.l99 4.*54#6# #::'f 24.:d.1l9h. d! A-5B+-+ ¿-+7B<:-$:< Spring Boot 
6#?,:*2494> 2*7 02.5' :.*24,h19 9 9:2#j4.l99 5.22#4:,$ $ 4#. %:'# 549 ,;#:97@ n*,c,# $:9?.:9# >6# #:, 
$'c,4> 9:*24>?#:2,$ 9 1,:k9j>4.l99< !2, 5,d$, 7#2 4.d4.c,2!91.? c. .:*94,$.2% ?#;6> j9c1,*2%  .4f92#12>4' 
9 * ,;:,*2%  #¼ 5,66#4;19@ i2.2%7 c>6#2 5, #d:. .4f92#12,4.? 9 9:;#:#4.?< *24#?789?*7 ,529?9d94,$.2% 
?914,*#4$9*:'# *9*2#?' 6 7 ,c#*5#!#:97 9f :.6#;:,*29< ?.*o2.c94>#?,*29 9 ,21.d,>*2,h!9$,*29. 

 !#$'# * ,$.: Java, Spring Boot, Microservices, Kafka, ?914,*#4$9*'< *,j .*,$.::,*2% 6.::'f< 
4.*54#6# #::'# *9*2#?'< ,c4.c,21. ,o9c,1< 54,9d$,692# %:,*2%< ?.*o2.c94>#?,*2%< .4f92#12>4:'# 5.22#4:'< 
Spring Cloud, Circuit Breaker, Retry, API Gateway, Service Discovery, Transactional Outbox, 4.*54#6# #::'# 24.:d.1l99< 
,21.d,>*2,h!9$,*2%< Event Sourcing, CQRS, Spring Retry, Spring Cloud Gateway, .*9:f4,::,#@ V. V. Semenov, A.M. Smirnov  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
MICROSERVICES:  HOW  DO I CHOOSE  PATTERNS FOR ARCHITECTURE ? IMPLEMENTATION 

OF THE CQRS PATTERN  
The article discusses the key architectural patterns used in the development of microservices in Java, with an emphasis on their practical 

implementation of CQRS. Approaches such as Circuit Breaker to prevent cascading failures, Retry to handle temporary errors, API Gateway as a single 
entry point for client requests, Transactional Outbox to ensure data consistency in distributed transactions and Service Discovery to automatically 
detect services in a dynamic environment, CQRS to separate data writes and reads to optimize performance, Event Sourcing for storing state changes 
as a sequence of events, DDD for focusing on business domains for designing microservice architecture, Health Check API for monitoring the status of 
services, Backends for Frontends for implementing specialized APIs for T,*2Sl2 clients, Saga for orchestrating distributed transactions. Using the example 
of Spring Boot frameworks, demonstrate 

Keywords:  Java, Spring Boot, Microservices, Kafka, Microservices, Data Consistency, Distributed Systems, Error 
Handling, Performance, Scalability, Architectural Patterns, Spring Cloud, Circuit Breaker, Retry, API Gateway, Service Discovery, 
Transactional Outbox, Distributed Transactions, Fault Tolerance, Event Sourcing, CQRS, Spring Retry, Spring Cloud Gateway, 
asynchronous. 
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b >* ,$97f *24#?92# %:,j, 4,*2. 24#c,$.:9h 1 j9c1,*29 9 ?.*o2.c94>#?,*29 54,j4.??:'f *9*2#? 

?914,*#4$9*:.7 .4f92#12>4. *2. . ,6:9? 9d 1  !#$'f 24#:6,$ $ 4.d4.c,21#@ n6:.1, #¼ $:#64#:9# *,547;#:, * 476,? 
$'d,$,$/ ,c#*5#!#:9# ,21.d,>*2,h!9$,*29< >54.$ #:9# 4.*54#6# #::'?9 24.:d.1l97?9< ,4j.:9d.l97 $d.9?,6#h*2$97 
?#;6> *#4$9*.?9 9 1 9#:2.?9@ «#o#:9# 029f d.6.! 24#c>#2 j4.?,2:,j, $'c,4. .4f92#12>4:'f 5.22#4:,$< 1,2,4'# :# 
2, %1, >54,8. 2 54,#1294,$.:9#< :, 9 ?9:9?9d94> 2 49*19 *c,#$@ ød'1 Java [1], c .j,6.47 *$,#h d4# ,h 01,*9*2#?# 
9 5,66#4;1# *,$4#?#::'f k4#h?$,41,$ (Spring Boot, Spring Cloud, Quarkus, Micronaut), ,*2.#2*7 ,6:9? 9d :.9c, ## 
$,*24#c,$.::'f 9:*24>?#:2,$ 6 7 4#. 9d.l99 ?914,*#4$9*,$@ «.**?,249? ,*:,$:'# 5.22#4:' 54,#1294,$.:97/ 
Circuit Breaker Ö 6 7 9d, 7l99 *c,#$ 9 d.892' *9*2#?' ,2 1.*1.6:'f ,o9c,1¬ Retry Ö 6 7 .$2,?.29!#*1,j, 
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5,$2,4:,j, $'5, :#:97 ,5#4.l9h 549 $4#?#::'f 54,c #?.f¬ API Gateway Ö 6 7 l#:24. 9d,$.::,j, >54.$ #:97 
d.54,*.?9 9 ?.4o4>29d.l99¬ rF-CG-)DB+C-P Outbox Ö 6 7 j.4.:294,$.::,h 6,*2.$19 *,c'29h $ 4.*54#6# #::'f 
24.:d.1l97f¬ Service Discovery Ö 6 7 69:.?9!#*1,j, ,c:.4>;#:97 *#4$9*,$ $ ,c .!:,h *4#6#@ n*,c,# ?#*2, *4#69 
2.19f5.22#4:,$d.:9?.#2\ìaA§\+^^-COìI"F=a"G·+CGBHBPBD=A"JF"J-DB+C¨@s2,25,6f,6<.:. ,j9!:,Y¾\<4.d6# 7#2 
1,?5,:#:2' *9*2#?'< :, k,1>*94>#2*7 :. 4.d6# #:99 ,5#4.l9h !2#:97 (Query) 9 d.59*9 (Command). CQRS 5,d$, 7#2 
,529?9d94,$.2% 54,9d$,692# %:,*2% d. *!#2 9*5, %d,$.:97 ,26# %:'f ?,6# #h 6.::'f 6 7 !2#:97 9 ,c:,$ #:97< 
!2, ,*,c#::, 14929!:, $ $'*,1,:.j4>;#::'f 4.*54#6# #::'f *9*2#?.f@ q.549?#4< $ ?914,*#4$9*:,h .4f92#12>4# 
4.d6# #:9# 1,?.:6 9 d.54,*,$ >54,8.#2 ?.*o2.c94,$.:9#/ *#4$9*'< ,2$#!. 89# d. d.59*%< ?,j>2 9*5, %d,$.2% 
*24,j>  *,j .*,$.::,*2%< . *#4$9*' !2#:97 Ö 4#5 91.l9  6.::'f 6 7 >*1,4#:97 ,c4.c,219@ 4,?# 2,j,< CQRS 
!.*2, 549?#:7#2*7 $ *,!#2.:99 * Event-Driven Architecture (EDA) 9 Event Sourcing, j6# 9d?#:#:97 *,*2,7:97 *9*2#?' 
k91*94> 2*7 1.1 5,* #6,$.2# %:,*2% *,c'29h@ s2, ,c#*5#!9$.#2 54,d4.!:,*2% .>692.< >54,8.#2 $,**2.:,$ #:9# 
6.::'f 9 5,66#4;9$.#2 .*9:f4,::>  1,??>:91.l9  ?#;6> *#4$9*.?9 !#4#d ,!#4#69 *,,c8#:9h@ b 01,*9*2#?# Java, 
c .j,6.47 k4#h?$,41.? $4,6# Axon Framework 9 Spring, 4#. 9d.l97 CQRS *2.:,$92*7 6,*2>5:,h 6.;# 6 7 * ,;:'f 
*l#:.49#$< 2.19f 1.1 ,c4.c,21. 24.:d.1l9h $ 4#. %:,? $4#?#:9 9 9 9:2#j4.l97 * 4.*54#6# #::'?9 c.d.?9 6.::'f@ 

FdZ2iU/-W2Zg d-ZXUeZÂUg CQRS: W-d.UW eZ2ZeS. [Z Spring Boot,  Neo4j  ̉  GraphQL 
«#. 9d.l97 CQRS [3] $ ?914,*#4$9*# >54.$ #:97 d.1.d.?9 54#65, .j.#2 !#21,# 4.d6# #:9# ,5#4.l9h/ 

1SfZ[Ta §d.59*% 6.::'f¨/ i,d6.:9# d.1.d,$< 4.*!#2 *>??'< *$7d% * 5,1>5.2# #? 9 2,$.4.?9@ dZbdSWa§!2#:9# 
6.::'f¨/ }, >!#:9# 9:k,4?.l99 , d.1.d.f, 1 9#:2.f 9 2,$.4.f@ ¿ 7 6#?,:*24.l99 9*5, %d,$.: *2#1 2#f:, ,j9h/ 
Spring Boot 3 Ö ,*:,$. 6 7 5,*24,#:97 ?914,*#4$9*.@ Neo4j Ö j4.k,$.7 c.d. 6.::'f< 96#. %:, 5,6f,678.7 6 7 
?,6# 94,$.:97@ Graphql Ö j9c19h API, 5,d$, 7 89h 1 9#:2.? d.54.o9$.2% 2, %1, :#,cf,69?'# 6.::'# [2]. Spring 
Data Neo4j Ö 9:2#j4.l97 * Neo4j !#4#d ,c½#12:,-,49#:294,$.::'h 5,6f,6@ Neo4j 9*5, %d>#2 7d'1 d.54,*,$ Cypher, 
1,2,4'h 5,d$, 7#2 0kk#129$:, $'5, :72% ,5#4.l99 * 6.::'?9< 54#6*2.$ #::'?9 $ $96# $#4o9: 9 *$7d#h@ s2, 
6# .#2 Neo4j 96#.%:'? $'c,4,? 6 7 4#. 9d.l99 1,?.:6:,h !.*29 CQRS [4], j6# :#,cf,69?, c'*24, 9 0kk#129$:, 
,c:,$ 72%< 9 >54.$ 72% 6.::'?9@ }4#6*2.$9? ?,6# 9 6.::'f/ 

@Data 
@À+O"§Ó\IGD+^"FÔ¨ 
public class Customer { 

@Id 
@GeneratedValue 
private Long id; 
private String customerId; 
private String name; 
private String email; 

} 
@Data 
@À+O"§äÂFO"Få¨ 
public class Order { 

@Id 
@GeneratedValue 
private Long id; 
private String orderId; 
private Double totalAmount; 
@Relationship(type = äE®³\[SÌX]å< direction = Relationship.Direction.OUTGOING) 
private Customer customer; 
@Relationship(type = ä\ÂÀQ³NÀAå< direction = Relationship.Direction.OUTGOING) 
private List<Product> products; 

} 
@Data 
@À+O"§äEF+OI)Då¨ 
public class Product { 

@Id 
@GeneratedValue 
private Long id; 
private String productId; 
private String name; 
private Double price; 

} 
z*5, %d>#? #69:'# *>8:,*29 6 7 $d.9?,6#h*2$97 * c6@ ¿ 7 *,f4.:#:97 6.::'f 9 9d$ #!#:9#? c>6#? 

9*5, %d,$.2% 6,5, :#:9# Spring Data Neo4j: 
public interface CustomerRepository extends Neo4jRepository<Customer, Long> { 

Customer ßCOX=\IGD+^"FNO§ADFBCJ customerId); 
} 
public interface OrderRepository extends Neo4jRepository<Order, Long> { 
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Order ßCOX=ÂFO"FNO§ADFBCJ orderId); 
} 
public interface ProductRepository extends Neo4jRepository<Product, Long> { 

Product ßCOX=EroductId(String productId); 
} 
¿ 7 4#. 9d.l99 c9d:#* ,j919 549 ,;#:97< . 9?#::, *,d6.:9# 9 5, >!#:9# d.1.d,$ *,d6.69? 6$. *#4$9*. 

OrderCommandService 9 OrderQueryService: 
@Service 
@RequiredArgsConstructor 
public class OrderCommandService { 

private ßC-P OrderRepository orderRepository; 
private ßC-P CustomerRepository customerRepository; 
private ßC-P ProductRepository productRepository; 
public Order createOrder(String customerId, List<String> productIds) { 

Customer customer = )IGD+^"Fa"·+GBD+F=@ßCOX=\IGD+^"FNd(customerId); 
List<Product> products = productIds.stream() 
@^-·§·F+OI)Da"·+GBD+F=//ßCOX=EF+OI)DNO¨ 
.toList(); 

Order order = new Order(); 
order.setOrderId(UUID.randomUUID().toString()); 
order.setCustomer(customer); 
order.setProducts(products); 
order.setTotalAmount(products.stream().mapToDouble(Product::getPrice).sum()); 
return orderRepository.save(order); 

} 
} 
@Service 
@RequiredArgsConstructor 
public class OrderQueryService { 

private ßC-P OrderRepository orderRepository; 
public Order getOrder(String orderId) { 

return +FO"Fa"·+GBD+F=@ßCOX=ÂFO"FNO§+FO"FNO¨¬ 
} 
public List<Order> getOrders() { 

return +FO"Fa"·+GBD+F=@ßCO³PP§¨¬ 
} 

} 
¶914,*#4$9*:.7 .4f92#12>4. !.*2, 24#c>#2 j9c19f 9 0kk#129$:'f *5,*,c,$ $d.9?,6#h*2$97 ?#;6> *#4$9*.?9@ 

n6:9? 9d 2.19f *5,*,c,$ 7$ 7#2*7 9*5, %d,$.:9# GraphQL, 1,2,4'h ?,;#2 d:.!92# %:, >54,*292% 54,l#** d.54,*. 
9 5#4#6.!9 6.::'f@ GraphQL, 4.d4.c,2.::'h Facebook, 54#6*2.$ 7#2 *,c,h 7d'1 d.54,*,$< 1,2,4'h 5,d$, 7#2 
1 9#:2.? d.54.o9$.2% 9?#::, 2# 6.::'#< 1,2,4'# 9? :#,cf,69?'< 9dc#j.7 9dc'2,!:,*29 9 :#5, :,j, 9d$ #!#:97 
6.::'f< !2, !.*2, $*24#!.#2*7 $ REST API. s2, ,*,c#::, 5, #d:, $ ?914,*#4$9*:,h .4f92#12>4#< j6# 1.;6'h *#4$9* 
?,;#2 54#6,*2.$ 72% *$,9 6.::'#< . GraphQL 5,d$, 7#2 ,c½#69:92% 9f $ #69:'h d.54,*@ }4#6*2.$9? *f#?> graphqls 
:.o#j, 549 ,;#:97/ 

type Order { 
id: ID! 
orderId: String! 
totalAmount: Float! 
customer: Customer! 
products: [Product!]! 

} 
type Customer { 

id: ID! 
customerId: String! 
name: String! 
email: String! 

} 
type Product { 

id: ID! 
productId: String! 
name: String! 
price: Float! 

} 
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type Query { 
getOrder(orderId: String!): Order 
getOrders: [Order!]! 

} 
type Mutation { 

createOrder(customerId: String!, productIds: [String!]!): Order 
} 
r#5#4% 54#6*2.$9? ,*:,$:,h resolver, 1,2,4'h c>6#2 549:9?.2% d.54,*' 1 9#:2./ 
@Controller 
@RequiredArgsConstructor 
public class OrderResolver { 

private ßC-P OrderQueryService orderQueryService; 
private ßC-P OrderCommandService orderCommandService; 
@QueryMapping 
public Order getOrder(@Argument String orderId) { 

return orderQueryService.getOrder(orderId); 
} 
@QueryMapping 
public List<Order> getOrders() { 

return orderQueryService.getOrders(); 
} 
@MutationMapping 
public Order createOrder(@Argument String customerId, @Argument List<String> productIds) { 

return orderCommandService.createOrder(customerId, productIds); 
} 

} 
¼Z2Xl/-[U- 
«#. 9d.l97 5.22#4:. CQRS [5] $ ?914,*#4$9*:,h .4f92#12>4#< 54,6#?,:*2494,$.::.7 :. 549?#4# *#4$9*. 

d.1.d,$< 5,62$#4;6.#2 #j, 0kk#129$:,*2% 6 7 $'*,1,:.j4>;#::'f 4.*54#6# #::'f *9*2#?@ «.d6# #:9# ,5#4.l9h 
!2#:97 9 d.59*9< 5,614#5 #::,# 9:2#j4.l9#h * GraphQL 9 Neo4j, ,c#*5#!9$.#2 j9c1,*2% API 9 0kk#129$:,# 
?,6# 94,$.:9# * ,;:'f *$7d#h ?#;6> 6.::'?9@ n6:.1, 1  !#$'? k.12,4,?< >*9 9$. 89? 5,2#:l9. CQRS, 
7$ 7#2*7 #j, *9:#4j97 * WS^aiU][S-SdU-[iUdS.Z[[S] ZdQUi-2i1dS] (EDA) 9 9:*24>?#:2.?9 .*9:f4,::,h 
1,??>:91.l99< 2.19?9 1.1 Apache Kafka 9 9 RabbitMQ. z*5, %d,$.:9# GraphQL 5,d$, 9 , 1 9#:2.? d.54.o9$.2% 
2, %1, :#,cf,69?'# 6.::'#< ?9:9?9d94>7 :.j4>d1> :. *#4$9*@ Neo4j * #j, j4.k,$,h ?,6# %  >54,*29 ,c4.c,21>< !2, 
14929!:, 6 7 1,?.:6:,h !.*29 CQRS. b 2#1>8#h 4#. 9d.l99 *9:f4,::,# *,f4.:#:9# 6.::'f $ Neo4j ,c#*5#!9$.#2 
*24,j>  *,j .*,$.::,*2%@ ¿ 7 4.*54#6# #::'f *l#:.49#$ 4#1,?#:6>#2*7 6,c.$92% Transactional Outbox 9 Event 
Sourcing, !2,c' j.4.:294,$.2% 6,*2.$1> *,c'29h@ «.d6# #:9# *#4$9*,$ 5,d$, 7#2 :#d.$9*9?, ?.*o2.c94,$.2% 
1,?5,:#:2'@ q.549?#4< *#4$9* !2#:97 ?,;#2 9*5, %d,$.2% 4#5 919 Neo4j 9 9 10o94,$.:9# !#4#d Redis, . *#4$9* 
d.59*9 Ö k,1>*94,$.2%*7 :. 24.:d.1l9,::,h l# ,*2:,*29@ 
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 !#$'# * ,$.: Java, Spring Boot, Microservices, ?914,*#4$9*'< 4.*54#6# #::'# *9*2#?'< ,c4.c,21. 
,o9c,1< 54,9d$,692# %:,*2%< ?.*o2.c94>#?,*2%< .4f92#12>4:'# 5.22#4:'< Spring Cloud, Circuit Breaker, Retry, 
,21.d,>*2,h!9$,*2% Spring Retry. 

V. V. Semenov, A.M. Smirnov  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
IMPROVING  THE  FAULT  TOLERANCE  OF MICROSERVICES:  CIRCUIT  BREAKER,  RATE 

LIMITING AND RETRY  IN PRACTICE  
The implementation of a microservice architecture requires special attention to issues of fault tolerance, since failures in one service can lead to 

cascading failures of the entire system. This article discusses key patterns for increasing the resilience of microservices.: Circuit Breaker, Rate Limiting, 
and Retry. Circuit Breaker, as one of the most common approaches, allows you to isolate failures and prevent their spread, however, research in this 
area remains limited compared to other aspects of microservices. Based on the analysis of modern research and practical experience, the article provides 
a conceptual overview of the application of these patterns, as well as discusses ways to improve them, including the use of proxy solutions for Circuit 
Breaker. Special attention is paid to the practical implementation of these patterns in the microservice architecture, which allows not only to increase the 
fault tolerance of the system, but also to optimize the use of resources. The article also considers 

Keywords:  Java, Spring Boot, Microservices, Microservices, Distributed systems, Error handling, Performance, 
Scalability, Architectural Patterns, Spring Cloud, Circuit Breaker, Retry, Spring Retry fault tolerance. 

;.-T-[U- 
¶914,*#4$9*:.7 .4f92#12>4. (MSA) 54,6, ;.#2 :.c94.2% 5,5> 74:,*2% c .j,6.47 *$,#h *5,*,c:,*29 

54#,6, #$.2% ,j4.:9!#:97 24.69l9,::'f ?,:, 92:'f *9*2#?@ n:. ,c#*5#!9$.#2 j9c1,*2%< ?.*o2.c94>#?,*2% 
9 :#d.$9*9?,*2% *#4$9*,$< !2, 6# .#2 #¼ 549$ #1.2# %:,h 6 7 *,$4#?#::'f c9d:#*-4#o#:9h@ n6:.1, * >$# 9!#:9#? 
* ,;:,*29 ?914,*#4$9*:'f *9*2#? $,d:91. 2 :,$'# $'d,$'< 2.19# 1.1 >54.$ #:9# ,21.d,>*2,h!9$,*2% < 
?,:92,49:j< 2#*294,$.:9# 9 9:2#j4.l97@ n6:,h 9d 1  !#$'f 54,c #? 7$ 7#2*7 ,c#*5#!#:9# >*2,h!9$,*29 *9*2#?' 
1 *c,7?< 1,2,4'# ?,j>2 549$#*29 1 1.*1.6:'? ,21.d.? 9 6#j4.6.l99 54,9d$,692# %:,*29@ b 1,:2#1*2# ?914,*#4$9*,$ 
,21.d,>*2,h!9$,*2% 4.**?.249$.#2*7 * 6$>f 5#4*5#129$/ *, *2,4,:' 1 9#:2.< 1,2,4'h $d.9?,6#h*2$>#2 * *#4$9*.?9< 
9 *, *2,4,:' 5,*2.$891. >* >j@ b ,2 9!9# ,2 ?,:, 92:'f *9*2#?< j6# 1 9#:2 :.547?>  $d.9?,6#h*2$>#2 * *#4$9*,?< 
$ ?914,*#4$9*:,h .4f92#12>4# 02. *$7d% ,5,*4#6,$.:.< !2, 24#c>#2 c, ## * ,;:'f ?#f.:9d?,$ 6 7 ,c#*5#!#:97 
>*2,h!9$,*29@ }.22#4:' Circuit Breaker, Rate Limiting 9 Retry *2.:,$72*7 $.;:'?9 9:*24>?#:2.?9 6 7 4#o#:97 
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029f d.6.!@ Circuit Breaker §.$2,?.29!#*19h $'1  !.2# %¨ c' $5#4$'# ,59*.: $ c ,j# ¶.429:. u.> #4. 9 * 2#f 5,4 
o94,1, 9*5, %d>#2*7 6 7 54#6,2$4.8#:97 1.*1.6:'f *c,#$ [1]. n: 5,d$, 7#2 9d, 94,$.2% *c,9< c'*24, ,c4.c.2'$.2% 
,o9c19 9 54#6,2$4.8.2% 5#4#j4>d1> *#4$9*,$@ Rate Limiting §,j4.:9!#:9# !.*2,2' d.54,*,$¨ 5,?,j.#2 1,:24, 94,$.2% 
:.j4>d1> :. *#4$9*'< 54#6,2$4.8.7 9f 5#4#j4>d1>@ Retry §5,$2,4:'# 5,5'219¨ ,c#*5#!9$.#2 .$2,?.29!#*1,# 
5,$2,4#:9# d.54,*,$ 549 $4#?#::'f *c,7f< !2, 5,$'o.#2 :.6#;:,*2% *9*2#?'@ q#*?,247 :. o94,1,# 9*5, %d,$.:9# 
029f 5.22#4:,$< 9** #6,$.:97< 5,*$78#::'# 9f 6#2. %:,?> .:. 9d> 9 ,529?9d.l99< ,*2. 2*7 ,j4.:9!#::'?9@ 
¥, %o9:*2$, 4.c,2 >5,?9:. 2 Circuit Breaker [2] 1.1 :#,cf,69?'h 1,?5,:#:2 6 7 ,c#*5#!#:97 >*2,h!9$,*29< 
:, 9o% :#?:,j9# 4.**?.249$. 2 #j, $:>24#::   *24>12>4>< *24.2#j99 >54.$ #:97 9 $,d?,;:,*29 > >!o#:97@ 
b 6.::,h *2.2%# ?' 54#6 .j.#? 54.129!#*19h 5,6f,6 1 4#. 9d.l99 029f 5.22#4:,$ $ ?914,*#4$9*:,h .4f92#12>4#< 
4.**?.249$.7 9f 4, %< *24.2#j99 $:#64#:97 9 >54.$ #:9# $ 4.*54#6# #::'f *9*2#?.f@ 

n*:,$:'# 1,:l#5l99 9 54,c #?' ,21.d,>*2,h!9$,*29 
¶914,*#4$9*:.7.4f92#12>4.§YA³¨54#6 .j.#2?:,;#*2$,54#9?>8#*2$<2.19f1.1j9c1,*2%<?.*o2.c94>#?,*2% 

9 :#d.$9*9?,*2% *#4$9*,$@ n6:.1, * >$# 9!#:9#? * ,;:,*29 *9*2#?' $,d:91. 2 :,$'# $'d,$'< *$7d.::'# 
* ,c#*5#!#:9#? ,21.d,>*2,h!9$,*29@ b ,2 9!9# ,2 ?,:, 92:'f *9*2#?< j6# *c,9 ?,j>2 c'2% ,1. 9d,$.:' 9 >*24.:#:' 
,2:,*92# %:, 54,*2,< $ ?914,*#4$9*:,h .4f92#12>4# *c,9 $ ,6:,? *#4$9*# ?,j>2 549$#*29 1 1.*1.6:'? ,21.d.?< !2, 
:#j.29$:, *1.d'$.#2*7 :. $*#h *9*2#?#@ }4#6*2.$9? ,*:,$:'# *c,9 $,d?,;:'# 549 4#. 9d,$.::,h ?914,*#4$9*:,h 
.4f92#12>4#@ ZW2ZT[a- W^S-.: n69: 9d 1  !#$'f 49*1,$ $ MSA Ö 02, $,d?,;:,*2% 1.*1.6:'f *c,#$< 1,j6. 
*c,h $ ,6:,? *#4$9*# 4.*54,*24.:7#2*7 :. 64>j9#< $'d'$.7 l#5:>  4#.1l9 @ q.549?#4< #* 9 *#4$9* ,c4.c,219 
5 .2#;#h *2.:,$92*7 :#6,*2>5:'?< 02, ?,;#2 5,$ 972% :. *#4$9* c4,:94,$.:97< !2, $ *$,  ,!#4#6% d.24,:#2 *#4$9* 
>$#6,? #:9h@ baWS2Zg [Zkd1e2Z [Z W-d.UWa: b >* ,$97f $'*,1,h :.j4>d19 *#4$9*' ?,j>2 5#4#*2.2% ,2$#!.2% 
:. d.54,*'< !2, 549$,692 1 6#j4.6.l99 54,9d$,692# %:,*29 $*#h *9*2#?'@ bd-f-[[a- W^SU: b4#?#::'# *c,9< 
2.19# 1.1 *#2#$'# d.6#4;19 9 9 14.21,$4#?#::.7 :#6,*2>5:,*2% *#4$9*.< ?,j>2 $'d'$.2% ,o9c19< 1,2,4'# ?,;:, 
>*24.:92% * 5,?,8%  5,$2,4:'f 5,5'2,1@ }4#6*2.$9? ,*:,$:'# 5.22#4:' 549?#:7#?' 6 7 4#o#:97 5#4#!9* #::'f 
54,c #?@ Circuit Breaker, Rate Limiting 9 Retry, 1,2,4'# 5,?,j. 2 5,$'*92% >*2,h!9$,*2% *9*2#?' 1 *c,7?@ iBF)IBD 
Breaker §´$2,?.29!#*19h $'1  !.2# %¨/ s2,2 5.22#4: 54#6,2$4.8.#2 1.*1.6:'# *c,9< 9d, 94>7 *c,9 $ ,6:,? *#4$9*# 
9 54#6,2$4.8.7 9f 4.*54,*24.:#:9# :. 64>j9# 1,?5,:#:2' *9*2#?'@ Circuit Breaker 9?##2 249 *,*2,7:97/ ©Z2daiS- 
(Closed): b*# d.54,*' 5#4#6. 2*7 l# #$,?> *#4$9*>@ ni2daiS- (Open): ©.54,*' c ,194> 2*7< 9 *9*2#?. $,d$4.8.#2 
,o9c1> 9 9 $'5, :7#2 . %2#4:.29$:'# 6#h*2$97@ }SX1Si2daiS- (Half-Open): i9*2#?. 5#49,69!#*19 54,$#47#2 
6,*2>5:,*2% *#4$9*.< !2,c' ,54#6# 92%< ?,;:, 9 *:,$. 5#4#$#*29 Circuit Breaker $ d.14'2,# *,*2,7:9#@ q9;# 
549$#6#: k4.j?#:2 1,6.< 4#. 9d.l97 ,214'2,j, *,*2,7:97 5.22#4:. Circuit Breaker UWbSX_e1g Éd-]f.Sd2 Spring 
Boot [3] U TSbSX[-[U- spring-cloud-starter-circuitbreaker-resilience4j: 

@Á"DY-··BCJ§ä¤)BF)IBD-HF"-Z"Få¨ 
@CircuitBreaker(name = ä^=\BF)IBDXF"-Z"Få< fallbackMethod = äM-PPH-)Z\BF)IBDXF"-Z"Få¨ 
public String circuitBreakerEndpoint() { 

if (Math.random() > 0.5) { 
throw new aICDB^"[e)"·DB+C§Óno9c1. 549 $'5, :#:99 d.54,*.Ô¨¬ 

} 
return ä\BF)IBD Breaker >*5#o:, $'5, :#:Þå¬ 

} 
public String fallbackCircuitBreaker(Exception ex) { 

return ä¸-PPH-)Z 6 7 Circuit Breaker: ä + ex.getMessage(); 
} 

Rate Limiting ®9kdZ[U/-[U- /ZWiSia eZbdSWS.°~ s2,2 5.22#4: 1,:24, 94>#2 1, 9!#*2$, d.54,*,$< 
1,2,4'# ?,j>2 c'2% ,254.$ #:' 1 *#4$9*> d. ,54#6# ¼::'h 5#49,6 $4#?#:9@ s2, 5,?,j.#2 54#6,2$4.292% 5#4#j4>d1> 
*#4$9*,$ 9 ,c#*5#!9$.#2 *2.c9 %:>  4.c,2> *9*2#?' 6.;# $ >* ,$97f $'*,1,h :.j4>d19@ }4#6*2.$9? 549?#4 2.1;#< 
9*5, %d>7 Spring Boot: 

@Á"DY-··BCJ§ä¤F-D"-PB^BD"Få¨ 
@RateLimiter(name = ä^=a-D"®B^BD"Få< fallbackMethod = äM-PPH-)Za-D"®B^BD"Få¨ 
public String rateLimiterEndpoint() { 

if (!rateLimiterService.allowRequest()) { 
throw new aICDB^"[e)"·DB+C§ä}4#$'o#: 9?92 d.54,*,$å¨¬ 

} 
return äa-D" Limiter >*5#o:, $'5, :#:Þå¬ 

} 
@Service 
public class RateLimiterService { 

@Autowired 
private RedisTemplate<String, String> redisTemplate; 
private static ßC-P String RATE_LIMIT_KEY  = äF-D"ÌPB^BDÌZ"=å¬ 
public boolean allowRequest() { 

Long currentCount = redisTemplate.opsForValue().increment(RATE_LIMIT_KEY); 
if (currentCount == 1) { 

redisTemplate.expire(RATE_LIMIT_KEY, 1, TimeUnit.SECONDS); 

150 



 
  

 
 

} 
return currentCount != null && currentCount <= 5; 

} 
} 
Retry ®FS.iSd[a- bSbai2U°~ s2,2 5.22#4: .$2,?.29!#*19 5,$2,47#2 d.54,*' 549 $4#?#::'f *c,7f< 

2.19f 1.1 *#2#$'# ,o9c19 9 9 14.21,$4#?#::.7 :#6,*2>5:,*2% *#4$9*. [4]. s2, 5,d$, 7#2 *9*2#?# *54.$ 72%*7 
* $4#?#::'?9 54,c #?.?9 c#d $?#o.2# %*2$. 5, %d,$.2# 7@ }49?#4 2.1;# 549$#6#? 6 7 >;# *,d6.::,j, *#4$9*./ 

@Á"DY-··BCJ§Ó¤F"DF=Ô¨ 
@Retry(name = Ó^=a"DF=Ô< fallbackMethod = ÓM-PPH-)Za"DF=Ô¨ 
public String retryEndpoint() { 

if (Math.random() > 0.5) { 
throw new aICDB^"[e)"·DB+C§Óno9c1. 549 $'5, :#:99 d.54,*.Ô¨¬ 

} 
return äa"DF= >*5#o:, $'5, :#:Þå¬ 

} 
public String fallbackRetry(Exception ex) { 

return ä¸-PPH-)Z 6 7 Retry: ä + ex.getMessage(); 
} 

@RestController 
@a"ÐI"GDY-··BCJ§ä¤-·B¤LT¤D+O+Gå¨ 
public class TodoController { 

private ßC-P TodoService todoService; 
@Autowired 
public TodoController(TodoService todoService) { 

this.todoService = todoService; 
} 
@E+GDY-··BCJ§äå¨ 
public String saveTodo(@RequestBody Todo todo) throws SaveTodoException, IllegalArgumentException { 

return todoService.saveTodo(todo); 
} 

} 
@Service 
@Slf4j 
public class TodoService { 

@Retryable( 
retryFor = { SaveTodoException.class, IllegalArgumentException.class }, 
maxAttempts = 10, 
H-)Z+É = @X-)Z+É§O"P-= = 800)) 

public String saveTodo(Todo todo) throws SaveTodoException, IllegalArgumentException { 
if §D+O+@J"D\+CD"CD§¨@"ÐI-PG§äA-L"Q+O+[e)"·DB+Cå¨¨ { 
P+J@"FF+F§ä[FF+F when todo saving. vA-L"Q+O+[e)"·DB+Cwå¨¬ 
throw new A-L"Q+O+[e)"·DB+C§äQ+O+ did not G-L"å¨¬ 

} else if §D+O+@J"D\+CD"CD§¨@"ÐI-PG§äNPP"J-P³FJI^"CD[e)"·DB+Cå¨¨ { 
P+J@"FF+F§ä[FF+F when todo saving. vNPP"J-P³FJI^"CD[e)"·DB+Cwå¨¬ 
throw new NPP"J-P³FJI^"CD[e)"·DB+C§äQ+O+ did not G-L"å¨¬ 

} 
return äD+O+ G-L"O@å¬ 

} 
@Recover 
public String recoverSaveTodo(SaveTodoException e, Todo todo){ 

log.info(todo.getContent()); 
return äF")+L"F save todo vA-L"Q+O+[e)"·DB+Cwå¬ 

} 
@Recover 
public String recoverSaveTodo(IllegalArgumentException e, Todo todo){ 

log.info(todo.getContent()); 
return äF")+L"F save todo vNPP"J-P³FJI^"CD[e)"·DB+Cwå¬ 

} 
} 
@\+CßJIF-DB+C 
@EnableRetry 
public class AppConf { 
} 
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¶914,*#4$9*:.7 .4f92#12>4. (MSA) 54#6*2.$ 7#2 *,c,h ?,8:'h 9:*24>?#:2 6 7 *,d6.:97 j9c19f 

9 ?.*o2.c94>#?'f *9*2#?< ,6:.1, #¼ >*5#o:.7 4#. 9d.l97 24#c>#2 28.2# %:,j, 5,6f,6. 1 ,c#*5#!#:9  
,21.d,>*2,h!9$,*29@ b 6.::,h *2.2%# ?' 4.**?,24# 9 1  !#$'# 5.22#4:'< 2.19# 1.1 Circuit Breaker, Rate Limiting 
9 Retry [5], 1,2,4'# 9j4. 2 $.;:>  4, % $ 5,$'o#:99 >*2,h!9$,*29 ?914,*#4$9*,$ 1 *c,7?@ s29 5.22#4:' :# 2, %1, 
5,?,j. 2 54#6,2$4.292% 1.*1.6:'# ,21.d'< :, 9 ,c#*5#!9$. 2 *2.c9 %:>  4.c,2> *9*2#?' $ >* ,$97f $'*,1,h 
:.j4>d199 $4#?#::'f*c,#$@\BF)IBDXF"-Z"F7$ 7#2*7,6:9?9d:.9c, ##0kk#129$:'f9:*24>?#:2,$6 79d, 7l99*c,#$@ 
n: 5,d$, 7#2 54#6,2$4.292% 5#4#j4>d1> *#4$9*,$< c ,194>7 d.54,*' 1 :#4.c,2. 89? 1,?5,:#:2.? 9 54#6,*2.$ 77 
. %2#4:.29$:'# 4#o#:97@ Rate Limiting 1,:24, 94>#2 1, 9!#*2$, d.54,*,$< 54#6,2$4.8.7 5#4#j4>d1> *#4$9*,$ 
9 ,c#*5#!9$.7 4.$:,?#4:,# 4.*54#6# #:9# :.j4>d19@ Retry .$2,?.29!#*19 5,$2,47#2 d.54,*' 549 $4#?#::'f *c,7f< 
!2, 5,$'o.#2 :.6#;:,*2% *9*2#?' 9 >?#:%o.#2 $#4,72:,*2% ,o9c,1< $'d$.::'f 14.21,$4#?#::'?9 54,c #?.?9@ 
r4.69l9,::'# 5,6f,6'< 2.19# 1.1 1 9#:2*1.7 9 9 *#4$#4:.7 4#. 9d.l97< 9?# 2 *$,9 ,j4.:9!#:97@ b !.*2:,*29< 
1 9#:2*1.7 4#. 9d.l97 24#c>#2 6>c 94,$.:97 ,j919 :. 1.;6,? 1 9#:2#< !2, >* ,;:7#2 >54.$#:9#< . *#4$#4:.7 
4#. 9d.l97 ?,;#2 c'2% :#6,*2>5:. 9d-d. ,j4.:9!#:9h< :.1 .6'$.#?'f 5,*2.$891,? >* >j@ b.;:'? .*5#12,?< 
d.24,:>2'? $ *2.2%#< 7$ 7#2*7 2.1;# 69:.?9!#*1.7 :.*24,h1. 5.4.?#24,$ 5.22#4:,$@ i,$4#?#::'# *9*2#?' 24#c> 2 
.6.52.l99 1 9d?#:7 89?*7 >*,$97?< 2.19? 1.1 :.j4>d1. :. *#4$9*' 9 9 $4#?#::'# *c,9@ b:#64#:9# ?#f.:9d?,$ 
.$2,?.29!#*1,h :.*24,h19 5.4.?#24,$< 2.19f 1.1 $4#?7 ,;96.:97 (timeout) 9 9 5,4,j ,o9c,1< ?,;#2 d:.!92# %:, 
5,$'*92% 0kk#129$:,*2% 4.c,2' *9*2#?'@ q#*?,247 :. ,!#$96:'# 54#9?>8#*2$. 9*5, %d,$.:97 5.22#4:,$ 
Circuit Breaker, Rate Limiting 9 Retry, 9** #6,$.:97 $ 02,h ,c .*29 ,*2. 2*7 ,j4.:9!#::'?9@ b eZ2Xl/-[U- 
?,;:, ,2?#292%< !2, 9*5, %d,$.:9# 5.22#4:,$ Circuit Breaker, Rate Limiting 9 Retry 7$ 7#2*7 $.;:'? o.j,? 6 7 
5,$'o#:97 ,21.d,>*2,h!9$,*29 ?914,*#4$9*,$@ n6:.1, 6 7 6. %:#ho#j, > >!o#:97 029f ?#f.:9d?,$ :#,cf,69?' 
6,5, :92# %:'# 9** #6,$.:97< ,*,c#::, $ ,c .*29 >54.$ #:97 *,*2,7:9#? Circuit Breaker, 69:.?9!#*1,h :.*24,h19 
5.4.?#24,$ 9 9:2#j4.l99 * 64>j9?9 1,?5,:#:2.?9@ i2.2%7 54#6 .j.#2 54.129!#*19# 4#1,?#:6.l99 6 7 4.d4.c,2!91,$ 
9 .4f92#12,4,$< *24#?789f*7 5,$'*92% :.6#;:,*2% 9 0kk#129$:,*2% *$,9f ?914,*#4$9*:'f *9*2#?< . 2.1;# ,214'$.#2 
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St. Petersburg Petersburg State University of Technology and Design 
18 Bolshaya Morskaya Street, Saint Petersburg, Russia, 191186 
PROCESSING OF SOLUTIONS OF UNDERGROUND LEACHING OF CARNALLITE ORES 
Precipitation of magnesium phosphate and potassium magnesium phosphate from model solutions of underground leaching of carnallite 

ores of VSX*U*@W compositions at a rate of 15-55% trisodium phosphate and a temperature of 40-70 Ј C. An elemental analysis of the composition 
was performed using a Tescan VEGA 3 electron microscope. It has been established that the main component precipitating is magnesium phosphate. 
Depending on the dynamics of the supply of trisodium phosphate to a brine containing magnesium, potassium and sodium chlorides, a double salt of 
potassium and magnesium phosphates may be released. 

Keywords : underground leaching, carnallite ore, potassium chloride, magnesium chloride, sodium chloride, trisodium 
phosphate, magnesium phosphate, ßPDF-DB+C 
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f ,496. 1. 97 :. 90y92 %, . j. >4j9!#*1.7 5#4#4.c,21. :. 95y98 %. ¶#2,6 5,6d#?:,j, $'8# .!9$.:97 o94,1, 5,1. 
:# 9*5, %d>#2*7< :, 7$ 7#2*7 6,*2.2,!:, 5#4*5#129$:'?@ b ,*:,$# 02,j, ?#2,6. #;92 c>4#:9# *1$.;9:< 4.*2$,4#:9# 
4>6' 5,6 d#? ¼h * 5,?,8%  $,6'< 9 ,21.!1. 5, >!#::,j, 4.**, .@ q.f,;6#:9# *5,*,c. 5#4#4.c,219 2.19f 4.**, ,$ 
:. ,26# %:'# 5, #d:'# $#8#*2$. 5,d$, 92 $ 5, :,h ?#4# ,*$,92% 6.::'h ?#2,6 6,c'!9 1. 9h:'f 4>6@ ¿,*2,9:*2$. 
6.::,j, ?#2,6. d.1  !. 2*7 $ ,2*>2*2$99 ,2f,6,$ 54,9d$,6*2$.< *,14.8#:99 *2.69h 5#4#4.c,219 4>6' 9 5,$'o#:9# 
c#d,5.*:,*29 6,c'!9@ [4], [5]. 

(2i1ZX_[SWi_ 6.::,h 4.c,2' d.1  !.#2*7 $ 5#4#4.c,21# 1.4:. 92,$'f 4>6 :. ?9:#4. %:'# >6,c4#:97 
k,*k.2 ?.j:97 9 f ,496 1. 97< . 2.1;# 1. 9h?.j:9hk,*k.2@ 

¿-XgfU TZ[[S] dZ^Sia 7$ 7 ,*% 9d$ #!#:9# ?.j:97 9d 4.*2$,4,$ 5,6d#?:,j, $'8# .!9$.:97 1.4:. 9- 
2,$'f 4>6 9 5, >!#:9# 4.**, . f ,496,$ 1. 97 9 :.2497, 549j,6:,j, 6 7 j. >4j9!#*1,h 5#4#4.c,219 9c, 5, >!#:9# 
6$,h:,h *, 9 §1. 9h?.j:9hk,*k.2.¨ 9 4.*2$,4. f ,496. :.2497 
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b 6.::,h 4.c,2# 54#6*2.$ #:' 4#d> %2.2' 9** #6,$.:9h 5, ,*.;6#:9  ?.j:97 249:.249hk,*k.2,? §rqu¨ 
9d ?,6# %:'f 4.*2$,4,$ 5,6d#?:,j, $'8# .!9$.:97 1.4:. 92,$'f 4>6@ ¶,6# %:'# 4.*2$,4'< 1,2,4'# 549?#4:, 
*,,2$#2*2$,$. 9 4#. %:'? 4.*2$,4.?< 5, >!#::'? :. }´n ÓÈ. >4j97Ô 549 f, ,6:,? 9 j,47!#? 5,6d#?:,? $'8# .- 
!9$.:99@ b 4.*2$,4.f f, ,6:,j, $'8# .!9$.:97 *,6#4;. ,*% 5 % KCl, 6,4 % MgCl , 1,5 % NaCl, . j,47!#j, $'8# .- 2 

!9$.:97 y 8 % KCl, 9 % MgCl , 12 % NaCl. n*.;6#:9# k,*k.2. ?.j:97 54,$,69 9 549 2#?5#4.2>4.f 40 Õi 9 70 Õi@ 2 

zd?#:7 9 :,4?> k,*k.2. :.2497 ,2 25 % 6, 55 % 549 149*2. 9d.l99 Mg (PO ) 6 7 4.*2$,4,$ f, ,6:,j, $'8# .- 3 4 2 

!9$.:97 9 ,2 20 % 6, 45 % 6 7 4.*2$,4,$ j,47!#j, $'8# .!9$.:97 5,6d#?:'f 1.4:. 92,$'f 4>6@ }49 :,4?# rqu 
c, %o# 50 % :.c  6. ,*% *f$.2'$.:9# *>*5#:d99 9d-d. $'*,1,h j9j4,*1,59!:,*29 5, >!.#?'f ,*.61,$@ 

s1*5#49?#:2' 54,$,69 9*% * #6> 89? ,c4.d,?@ È,2,$9 9 ?,6# %:'# 4.*2$,4' 9d *?#*9 f ,496,$ ?.j:97< 
:.2497 9 1. 97< 1,2,4'# 2#4?,*2.294,$. 9 $ 2#!#:9# 15 ?9:>2< 9 4.$:,?#4:, $$,69 9 4.*2¼42'h rqu $ 1, 9!#*2$#< 
*,,2$#2*2$> 8#? :,4?# 5, >4.$:#:9  ,c?#::,h 4#.1l99 ?#;6> f ,496,? ?.j:97 9 rqu< 6. ## 5, >!#::>  *>*5#:- 
d9  549 5#4#?#o9$.:99 (400 ,c¤?9:¨ $'6#4;9$. 9 $ 2#!#:9# !.*.@ «.d6# 7 9 j,47!>  *>*5#:d9  :. 1#4.?9!#*1,h 
k9 %24,$. %:,h $,4,:1# §:>2!-k9 %24#¨ * c>?.;:'? k9 %24,? *9:77 #:2.< d.?#477 $4#?7 k9 %24,$.:97@ n*.6,1 
54,?'$. 9 $,6,h< .l#2,:,? 9 *>o9 9 549 2#?5#4.2>4# 75 Õi@ n54#6# 7 9 ?.**> *>f,j, 9 $ .;:,j, ,*.61. 6 7 4.*- 
!¼2. $ .j,*,6#4;.:97 ,*.61.< d.?#47 9 ?.**> k9 %24.2.@ u9 %24.2 9 ,*.6,1 .:. 9d94,$. 9 :. *,6#4;.:9# ?.j:97< 
1. 97< ,c8#j, 9 >*$,7#?,j, k,*k,4.@ r.1;# ,54#6# 7 9 149*2. 9d.l9,::>  $,6> $ ,2?'2,? 9 $'*>o#::,? ,*.61# 
549 2#?5#4.2>4# 300 Õi@ 

}49 6,c.$ #:99 15 % :,4?' rqu $ 4.**, f, ,6:,j, $'8# .!9$.:97 549 2#?5#4.2>4# 40 ,i ,c4.d>#2*7 
k,*k.2 ?.j:97< !2, 5,62$#4;6.#2*7 f9?9!#*19? .:. 9d,? ,*2.2,!:,j, *,6#4;.:97 ,1*96. ?.j:97 $ ;961,h 
k.d# 9 ?, %:'? *,,2:,o#:9#? MgO/ «¡n~,c8 $ 2$¼46,h k.d# §2.c 9l. 1). s #?#:2:'h *,*2.$ 2$¼46,h k.d' :. 
0 #124,::,? ?914,*1,5# Tescan VEGA 3 2.1;# 5,62$#469 02, >2$#4;6#:9# §2.c 9l. 2). }49 >$# 9!#:99 :,4?' 
$ 1,67 4.d. *92>.l97 5, *,*2.$> ;961,h 9 2$¼46,h k.d :# ?#:7 .*% 9 $'6# 7 *7 k,*k.2 ?.j:97@ z6#:29k91.l97 
2$¼46,h k.d' :# 54#6*2.$ 7 . * ,;:,*2%< 5,*1, %1> ,*.6,1 f,4,o, c' ,2?'2 ,2 f ,4-9,:.< *,6#4;.:9# 1,2,4,j, 
*,*2.$ 7 , 2,51 % 9 5, :,*2%  *,,2$#2*2$,$. , 1.29,::,? *,*2.$> ,*2.$o9f*7 *, #h@ b 24#2%#? ,5'2# §:,4?. 35 %) 
5, >!#::'h ,*.6,1 c' :# ,2?'2 ,2 f ,496,$< 1,:l#:24.l97 1,2,4'f *,*2.$ 7 . 13,75 %. ¶, %:,# *,,2:,o#:9# 

Mg/P >$# 9!9 ,*% 6, 1,7 $ 4#d> %2.2# c, %o,j, 1, 9!#*2$. :# ,2?'2,j, f ,496. ?.j:97 $ ,*.61#@ ¿. %:#ho## 
5,$'o#:9# 1, 9!#*2$. rqu 6, 55 % ,2 *2#f9,?#2499 :. ,c4.d,$.:97 k,*k.2. ?.j:97 *5,*,c*2$,$. , ,c4.d,$.:9  
6$,h:,h *, 9 YJEÂ°@ }, 5, >!#::,?> *5#124> ,*.61. :. 0 #124,::,? ?914,*1,5# ,54#6# ¼: 9dc'2,1 1.29,:,$ 
549 ,54#6# #:99 4.d:,*29 f ,4-9,:,$ $ ,*.61# 9 2#,4#29!#*19? 1, 9!#*2$,? $ f ,496.f 1. 97 9 :.2497@ 

r.c 9l.@ 1. b 97:9# :,4?' rqu 9 2#?5#4.2>4' :. *,*2.$ ;961,h 9 2$¼46,h k.d 549 ,c4.c,21# 4.**, . f, ,6:,j, 
$'8# .!9$.:97 (5 % iP< 6,4 % MgCl2, 1,5 % NaCl) 

q,4?. 
rqu :. 
MgCl2, % 

r#?5#4.2>4.< ,i i,6#4;.:9#< % 

$ ;961,h k.d# 

¶, %:,# 
*,,2:,o#:9# $ 2$#46,h k.d# 

 -gO  -gO >2 5̨ MgO/>  ̨
2 5 

& $)I(# 

2,6 2,138 

1,331 

1,107 

1,020 

3,130 

2,837 

2,635 

2,586 

2,25 

1,84 

1,49 

1,23 

2,45 

1,95 

1,60 

1,28 

0,93 

2,55 

4,62 

3,28 

6,81 

1,96 

9,57 

2,95 

28,84 

29,00 

21,85 

27,75 

20,94 

29,29 

16,10 

26,96 

39,92 

36,7 

15 

25 

35 

55 

15 

25 

35 

55 

40 

40 

40 

40 

70 

70 

70 

70 

2,8 

34,97 

36,38 

36,16 

37,78 

32,61 

39,14 

2,2 

2,7 

2,1 

2,7 

1,8 

2,4 

}49 2#?5#4.2>4# 40 ,i 9 549 $*#f :,4?.f rqu 149*2. 9d.l9,::.7 $ .j. c' . ?#:%o# 2.1,$,h $ 5729$,6- 
:,? 149*2. ,j964.2# k,*k.2. ?.j:97 §2.c 9l. 3) 9d-d. :. 9!97 :# ,2?'2'f *, #h $ 2$¼46,h k.d#@ u9 %24> 89# 
*$,h*2$. ,*.61,$< ,*.;6¼::'f 549 2#?5#4.2>4# 40 ,i< 9?# 2 01*24#?>?@ }49 9d?#:#:99 :,4?' rqu ,2 15 % 6, 35 
% >$# 9!9$.#2*7 *½#? 2$¼46,h k.d' ,2 188 6, 913 1j¤§?¡é!¨< . 549 6. %:#ho#? 5,$'o#:99 :,4?' 6, 55 % *:9;.#2*7 
$ 1,7 4.d. §2.c 9l. 4). 
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r.c 9l.@ 2. s #?#:2:'h *,*2.$ 2$¼46'f k.d< ,*.;6¼::'f 9d 4.*2$,4. f, ,6:,j, $'8# .!9$.:97 9 ,54#6# #::'f 
:. 0 #124,::,? ?914,*1,5# 

q,4?. r#?5#4.2>4.<,i i,6#4;.:9# 0 #?#:2. $ ,*.61#< % ?.** 
rqu :. 

Mg P ¶, %:,# 
*,,2:,o#:9# 
¶J¤E 

Na/CIp * K/CIp * \P,c8 MgCI
2
, % 

15 

25 

35 

55 

15 

25 

35 

55 

40 

40 

40 

40 

70 

70 

70 

70 

27,03 

25,57 

22,72 

23,79 

21,02 

25,12 

17,45 

23,59 

22,90 

22,15 

17,18 

22,00 

15,34 

22,22 

12,28 

21,22 

1,52 

1,50 

1,70 

1,40 

1,77 

1,46 

1,83 

1,43 

0,57/0,88 

0,93/0,86 

2,67/4,11 

3,24/5,0 

0,57/0,52 

2,56/2,33 

4,66/4,24 

3,27/2,97 

6,87/6,25 

1,87/1,70 

9,70/8,83 

2,95/2,68 

1,27 

2,51 

13,75 

1,82 

1,61/2,48 

1,02/1,57 

3,65/5,62 

2,05/3,16 

19,44 

3,82 

26,32 

5,94 
FdUf-/Z[U-$ * · ̑ ́̒ ̧̘̓̎̏̆ ̒ ̏̅̆̑̇́̎̉̆ ̖ ̌̏̑-̉ ̏̎́ ̃  ̖ ̌̏̑̉̅̆ ̎ ̠́̓̑̉ 
U 2ZXUg 

r.c 9l.@ 3. «.*!¼2:'h *,*2.$ 149*2. ,j964.2,$ k,*k.2. ?.j:97 §?, %:,# *,,2:,o#:9# 
MgO/P  O 4.$:, 3, . Mg/P y 1,5) 2 5 

, 9!#*2$, ?, #h ,?5,:#:2:'h *,*2.$< % 
149*2. 9d.l9,::,h $,6' 
$ k,*k.2# ?.j:97 

MgO P
2
O Mg P H

2
O 149*2@ 5 

3 

4 

5 

6 

8 

37,97 

35,93 

34,09 

32,43 

29,56 

44,94 

42,51 

40,34 

38,38 

34,98 

22,78 

21,56 

20,45 

19,46 

17,73 

19,62 

18,56 

17,61 

16,76 

15,27 

17,09 

21,56 

25,57 

29,19 

35,47 

r.c 9l.@ 4. b 97:9# :,4?' rqu 9 2#?5#4.2>4' :. *,*2.$ 9 k9 %24> 89# *$,h*2$. ,*.61,$< ,*.;6¼::'f 9d 
4.**, . f, ,6:,j, $'8# .!9$.:97 (5 % iP< 6,4 % MgCl2, 1,5 % NaCI) 

q,4?. 
rqu :. 
MgCl2, % 

r#?5#4.2>4.< 
,i 

i,*2.$ 9 k9 %24> 89# *$,h*2$. ,*.61. 

b .j,*,6#4;.:9#< % i,6#4;.:9# $,6' 
$ 149*2. ,j964.2#< 2$¼46,h 

i½#? i½#? 
;961,h 

% k.d'< 1j¤ k.d'< 1j¤ 
§?2é!¨ 

188 

477 

913 

539 

286 

471 

872 

586 

§?2é!¨ 

1543 

2748 

2305 

2266 

1444 

2249 

1321 

700 

15 

25 

35 

55 

15 

25 

35 

55 

40 

40 

40 

40 

70 

70 

70 

70 

87,2 

87,1 

86,6 

86,0 

86,9 

86,8 

85,7 

83,5 

28,5 

23,6 

23,2 

22,1 

30,4 

25,7 

24,2 

23,1 

n*.;6¼::'h k,*k.2 ?.j:97 549 2#?5#4.2>4# 70 ,i 9 :,4?.f rqu 15 % 9 35 % c' ,2?'2 :#6,*2.2,!:, ,2 
f ,496,$ ?.j:97< :.2497 9 1. 97< !2, 549$,69 , 1 *:9;#:9  ?, %:,j, *,,2:,o#:97 YJÂ¤« n 6, 2,1 9 1,8 *,,2$#2- 2 5 

*2$#::,@ }49 02,? :.6, ,2?#292%< !2,< $969?,< 69:.?91. 5,6.!9 149*2. 9!#*1,j, rqu ?,;#2 549$,692% 1 ,c4.d,- 
$.:9  6$,h:,h *,9 YJEÂ°< 5,*1, %1> $ 9*f,6:,? 4.**, # ?, %:,# *,,2:,o#:9# ?#;6> f ,496,? 1. 97 9 k,*k.- 
2,? :.2497 4.$:, 1:1 9 02,j, 6,*2.2,!:, 6 7 54,f,;6#:97 ,c?#::,h 4#.1l99@ r.1< 549 :,4?# 25 % 9 55 % ?, %:,# 
*,,2:,o#:9# ¶J¤E *,*2.$ 7#2 1,46 9 1,43, !2, >1.d'$.#2 :. $'6# #:9# ,54#6# ¼::,h 6, 9 1. 9h?.j:9hk,*k.2.@ 
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Æ9?9!#*19h .:. 9d 2.1;# >1.d'$.#2 :. ,c4.d,$.:9# *?#*9 k,*k.2. ?.j:97 9 1. 9h?.j:9hk,*k.2.< 5,*1, %1> 549 
:,4?# 25 % 9 55 % ?, %:,# *,,2:,o#:9# YJÂ¤« n *,*2.$ 7#2 2,7 9 2,4 *,,2$#2*2$#::,@ 2 5 

}49 2#?5#4.2>4# 70 ,i 9 9d>!#::'f :,4?.f rqu 149*2. 9d.l9,::.7 $ .j. $ ,*.61.f 9d?#:7 .*% $ 54#6#- 
.f ,2 23 % 6, 30 %, !2, >1.d'$.#2 :. $ 97:9# :# ,2?'2'f *, #h 9 :#c, %o,h 6, 9 149*2. ,j964.2. 6$,h:,h *, 9 

:. 02,2 5,1.d.2# %@ u9 %24> 89# *$,h*2$. ,*.61,$< ,*.;6¼::'f 549 2#?5#4.2>4# 70 ,i 2.1;# 9?# 9 ?.1*9?>?< 1.1 
9 549 2#?5#4.2>4# 40 ,i@ }49 9d?#:#:99 :,4?' k,*k.2. :.2497 ,2 15 % 6, 35 % >$# 9!9$.#2*7 *½#? 2$¼46,h k.d' ,2 
286 6, 872 1j¤§?2é!¨< . 549 6. %:#ho#? 5,$'o#:99 :,4?' 6, 55 % *:9;.#2*7 $ 1,5 4.d.@ 

b 4.**, # j,47!#j, $'8# .!9$.:97 1, 9!#*2$, f ,496. 1. 97 5, ,2:,o#:9  1 f ,496> ?.j:97 *,*2.$ 7#2 113 
% ,2 *2#f9,?#2499 :. ,c4.d,$.:9# 6$,h:,h *, 9 § YJEÂ°Ā6H2O). }49 02,?< #* 9 *,6#4;.:9# 6$,h:,h *, 9 
$ *?#*9 * k,*k.2,? ?.j:97 *,*2.$ 7#2 10 %, 20 %, 30 %, 2, *,,2:,o#:9# Mg/P $ ,*.61# 6, ;:, c'2% 1,45; 1,40; 
1,35 *,,2$#2*2$#::,@ },*1, %1> ,*.619 c' 9 ,2?'2' 6,*2.2,!:, f,4,o,< $ :9f *,6#4;. ,*% ,2 0,12 % 6, 1,68 
% f ,496,$< 2, 5, ?, %:,?> *,,2:,o#:9  Mg/P ?,;:, >*2.:,$92% *1, %1, ,c4.d,$. ,*% 6$,h:,h *, 9@ }49 
2#?5#4.2>4# 40 ,i * >$# 9!#:9#? :,4?' rqu ,2 20 % 6, 45 % :.c  6. ,*% *:9;#:9# *,6#4;.:97 6$,h:,h *, 9 
$ ,*.61# ,2 25 % 6, 15 % §2.c 9l. 5) },*1, %1> :,4?. :. ,c4.d,$.:97 k,*k.2. ?.j:97 $ 1,5 4.d. ?#:%o#< !#? 6 7 
,c?#::,h 4#.1l99 * $'6# #:9#? 6$,h:,h *,9< 2, * >$# 9!#:9#? :,4?' 9 9 1, 9!#*2$. rqu 54#65,!292# %:, 
c>6#2 $'6# 72%*7 k,*k.2 ?.j:97@ ¿.::'# 5, *,6#4;.:9  ?.j:97 9 k,*k,4.< 5, >!#::'# .:. 929!#*19?9 ?#2,6.?9 
9?# 2 d.$'o#::>  ,l#:1> 5, *,6#4;.:9  6$,h:,h *, 9 §2.c 9l. 6). r.1< #* 9 *,6#4;.:9# 6$,h:,h *, 9 $ *?#*9 
* k,*k.2,? ?.j:97 *,*2.$ 7#2 10 %, 20 %, 30 %, 40 %, 2, *,,2:,o#:9# YJn¤E¡n~ $ ,*.61# 6, ;:, c'2% 2,9; 2,8; 

2,7; 2,6 *,,2$#2*2$#::,@ 

r.c 9l.@ 5. s #?#:2:'h *,*2.$ 2$¼46'f k.d< 5, >!#::'f 9d 4.*2$,4. j,47!#j, $'8# .!9$.:97 §k,*k.2 ?.j- 
:97: ?, %:,# ¶JÂ¤E O 4.$:, 3, . Mg/P y 1,5; 1. 9h?.j:9hk,*k.2/ ?, %:,# ¶JÂ¤E O 4.$:, 2, . Mg/P y 1) 2 5 2 5 

q,4?. rqu r#?5#4.2>- 
:. MgCI2, % 4.<,iy 

i,6#4;.:9# 0 #?#:2. $ ,*.61#< % ?.** ¿$,h:,h 
*, 9< % Mg P ¶, %:,# *,,2- 

:,o#:9# ¶J¤E 
À-¤iN·* K/CIp * CI 

,c8 

20 

30 

35 

45 

20 

30 

35 

45 

40 

40 

40 

40 

70 

70 

70 

70 

24,59 

25,75 

25,67 

24,58 

23,74 

26,94 

26,35 

25,62 

23,05 

23,43 

23,03 

20,91 

23,13 

23,40 

23,09 

22,57 

1,38 

1,42 

1,44 

1,52 

1,32 

1,48 

1,47 

1,46 

1,29/1,99 

1,03/1,59 

1,27/1,96 

2,08/3,21 

1,69/2,6 

2,93/2,66 

1,59/1,45 

1,65/1,5 

2,61/2,37 

3,52/3,2 

0,55/0,5 

0,46/0,42 

1,20/1,09 

0,87 

0,12 

0,81 

5,28 

0,97 

0,04 

1,24 

1,68 

25 

15 

12 

y 

35 

3 0,66/1,02 

0,7/1,08 5 

1,29/1,99 7 
FdUf-/Z[U-$ * · ̑ ́̒ ̧̘̓̎̏̆ ̒ ̏̅̆̑̇́̎̉̆ ̖ ̌̏̑-̉ ̏̎́ ̃  ̖ ̌̏̑̉̅̆ ̎ ̠́̓̑̉ 
U 2ZXUg 

r.c 9l.@ 6. b 97:9# :,4?' rqu 9 2#?5#4.2>4' :. *,*2.$ ;961,h 9 2$¼46,h k.d 549 ,c4.c,21# 4.**, . j,47!#j, 
$'8# .!9$.:97 (8 % iN< 9 % MgCI2, 12 % NaCI) 

q,4?. 
rqu :. 
MgCI2, % 

r#?5#4.2>4.< ,i i,6#4;.:9#< % , ¶, %:,# 
*,,2:,o#:9# 

$ ;961,h 
k.d# 

$ 2$¼46,h k.d# 6, 9 MgO/ «2n~,c8 

¶JÂ 

3,25 

2,88 

2,69 

2,19 

4,13 

3,13 

3,08 

2,81 

¶JÂ 

26,69 

27,80 

27,09 

26,94 

27,08 

27,31 

27,43 

27,83 

«2n~,c8 

35,78 

36,31 

36,97 

36,99 

36,82 

36,96 

37,14 

37,73 

20 

30 

35 

45 

20 

30 

35 

45 

40 

40 

40 

40 

70 

70 

70 

70 

0,99 

0,99 

0,98 

0,99 

0,96 

0,97 

0,97 

0,97 

2,65 

2,71 

2,60 

2,58 

2,4 

2,61 

2,62 

2,62 
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b 4.**, .f j,47!#j, $'8# .!9$.:97 $ .j,*,6#4;.:9# 5, >!#::'f ,*.61,$ $ 9d>!#::'f 2#?5#4.2>4:,? 69- 
.5.d,:# 9 :,4?.f rqu 9d?#:7#2*7 ,2 72% 6, 87 % $ c, ## o94,19f 54#6# .f< !#? 02, :.c  6. ,*% 549?#:92# %:, 
1 4.*2$,4.? f, ,6:,j, $'8# .!9$.:97@ u9 %24> 89# *$,h*2$. ,*.61,$< 5, >!#::'f 9d 4.**, ,$ j,47!#j, $'8# .- 
!9$.:97< d:.!92# %:, f>;#< !#? *½#? 2$¼46,h k.d'< ,*.;6¼::,h 9d 4.**, ,$ j,47!#j, $'8# .!9$.:97@ b 02,? * >!.#< 
$969?,< $ 97#2 c, %o## *,6#4;.:9# *, #h $ 4.*2$,4#< 1,2,4,# *1.d'$.#2*7 :. >* ,$97 149*2. 9d.l99 ,c4.d> 89f*7 
*, #h 9 2.1;# 549$,692 1 >$# 9!#:9  $7d1,*29 4.*2$,4.@ }49 2#?5#4.2>4# 40 ,i 9 5,$'o#:99 :,4?' rqu $ 54#6#- 
.f ,2 20 % 6, 35 % :.c  6.#2*7 $,d4.*2.:9# *½¼?. 2$¼46,h k.d' ,2 19 6, 96 1j¤§?¡é!¨@ }49 :,4?# rqu 45 % 54,- 

9*f,692 4#d1,# >$# 9!#:9# 54,9d$,692# %:,*29 k9 %24,$.:97 ,*.61. $ 3,1 4.d.@ },$'o#:9# 2#?5#4.2>4' ,2 40 6, 70 
,i :# 9d?#:7#2*7 2#:6#:l97 *½¼?. 2$¼46,h k.d'@ r.1< 549 :,4?.f rqu 20 %, 30 %, 35 %, 45 % 54,9d$,692# %:,*2% 
k9 %24,$.:97 ,*.61. *,*2.$ 7#2 183, 216, 247, 624 1j¤§?¡é!¨ *,,2$#2*2$#::, §2.c 9l. 7). 

r.c 9l.@ 7. b 97:9# :,4?' rqu 9 2#?5#4.2>4' :. *,*2.$ 9 k9 %24> 89# *$,h*2$. ,*.61,$< ,*.;6#::'f 9d 
4.**, . j,47!#j, $'8# .!9$.:97 (8 % iN< 9 % MgCI2, 12 % NaCI) 

q,4?. 
rqu :. 
MgCI2, % 

r#?5#4.2>4.< 
,i 

i,*2.$ 9 k9%24> 89# *$,h*2$. ,*.61. 

b .j,*,6#4;.:9#< % 49*2. 9d.l9,::.7 
$,6.< % 

i½#? 
2$¼46,h k.d'< 
1j¤§?2é!¨ 

i½#? ;961,h 
k.d'< 1j¤§?2é!¨ 

20 

30 

35 

45 

20 

30 

35 

45 

40 

40 

40 

40 

70 

70 

70 

70 

79,8 

83,8 

83,2 

84,3 

87,6 

81,9 

69,9 

71,7 

23,42 

22,36 

24,54 

24,57 

23,88 

25,86 

22,76 

22,96 

19 190 

69 346 

96 319 

295 

183 

216 

247 

624 

532 

1088 

1524 

1723 

2678 

q. ?914,*1,5# Tescan VEGA 3 ?,;:, *:9?.2% *5#124'< ,54#6# 72% 0 #?#:2:'h *,*2.$ ,c4.dl,$ 9 5, >!.2% 
9f k,2,j4.k99@ u,2,j4.k99 6 7 ,*.61,$< 5, >!#::'f 9d 4.**, ,$ f, ,6:,j, $'8# .!9$.:97 549 2#?5#4.2>4# 70 ,i 
549$#6#:' :. 49*>:,1 1 9 j,47!#j, $'8# .!9$.:97 549 2#?5#4.2>4# 40 ,i y :. 49*>:,1 2. 

1 2 3 4 

«9*@ 1. u,2,j4.k99 ,*.61,$< ,c4.d,$.$o9f*7 549 70 Õi 9d 4.**, ,$ f, ,6:,j, $'8# .!9$.:97 
1 y 15 % rqu¬ 2 y 25 % rqu¬ 3 y 35 % rqu¬ 4 y 55 % rqu 

1 2 3 4 

«9*@ 2. u,2,j4.k99 ,*.61,$< ,c4.d,$.$o9f*7 549 40 Õi 9d 4.*2$,4,$ j,47!#j, $'8# .!9$.:97 
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1 y 20 % rqu< 2 y 30 % rqu< 3 y 35 % rqu< 4 y 45 % rqu 

;a.STa 
1. ¿.::'h *5,*,c 5#4#4.c,219 4.*2$,4,$ 5,6d#?:,j, $'8# .!9$.:97 5,d$, 9 $'6# 92% 

k,*k.2' * *,6#4;.:9#? 5729 ?, #h 149*2. 9d.l9,::,h $,6'@ }4#65,!292# %:, 149*2. 9d,$. *7 k,*k.2 
?.j:97< 5,*1, %1> :,4?. rqu :. ,c4.d,$.:9# 02,h *, 9 $ 1,5 4.d. 54#$'o. . :,4?> :. ,*.;6#:9# 1. 9h- 
?.j:9hk,*k.2.@ b 5, >!#::'f ,*.61.f $ *4#6:#? *,6#4;. ,*% 28,6 % MgO 9 39,4 %. P O }49 02,? k,*k.2' 2 5. 

54.129!#*19 5, :,*2%  :.f,69 9*% $ >*$,7#?,h k,4?#@ 
2. b 4#d> %2.2# *2#f9,?#249!#*1,j, 9 9 10 % 9dc'21. f ,496. 1. 97 $ 4.**, .f $'8# .!9$.- 

:97 :. ,c4.d,$.:9# YJEÂ° 54,9*f,69 , ,*.;6#:9# 02,h *, 9< 549!¼? ?.1*9?. %:,# *,6#4;.:9# 6$,h:,h 
*, 9 *,*2.$ 7 , 30 % 9 #¼ 6, 7 $ 2$¼46,h k.d# >?#:%o. ,*% * 5,$'o#:9#? :,4?' rqu@ 

3. b .j,*,6#4;.:9# ,*.61. *,*2.$ 7 , $ *4#6:#? 85 %, !2, 549$,69 , 1 d.j>*2#$.:9  ,c4.- 
d> 8#h*7 *>*5#:d99 9 :# 5,d$, 7 , >$# 9!92% :,4?> rqu c#d 6,5, :92# %:,j, $$#6#:97 $,6' $ 6.::'# 
4.**, '@ 

4. u9 %24> 89# *$,h*2$. ,*.61,$ *>8#*2$#::, d.$9*# 9 ,2 *, #$,j, *,6#4;.:97 $ 4.**, .f@ 
}49 2#?5#4.2>4# 40 ,i *½#? 2$¼46,h k.d' $ *4#6:#? *,*2.$ 7 529 9 119 1j¤§?2 !¨ 6 7 ,*.61,$< ,*.;6#::'f 
9d 4.**, ,$ f, ,6:,j, 9 j,47!#j, $'8# .!9$.:97 *,,2$#2*2$#::,@ }49 2#?5#4.2>4# 70 ,i 4.d:9l. $ 54,9d- 
$,692# %:,*29 k9 %24,$.:97 ,*.61,$ *,14.29 .*% $ 2,5 4.d.@ 

5bUWS2 XUi-dZi1da 

1. 9*# ¼$ ´@ i@ i9:2#d 9 *$,h*2$. 1. 9#$,j, *24>$92. //  ¶.2#49. ' ¶#;6>:.4,6:,j, ?, ,6¼;:,j, :.>!:,j, 
k,4>?. Ó²n¶nqninb-¡ T°Ô@ ¶@/ ¶´ i }4#**< 2014.54 *@ 

2. ˦#j4,$ °] d] u,*k.2' 6$>f$. #:2:'f ?#2. ,$/ ?,:,j4.k97@ 9#$/ q.>1@ 6>?1.< 1987. 216 *@ 
3. .o1.4,$ ¤] ¼]L i ,1, ,$ ¯] ¼] r#f:, ,j97 1. 9h:'f >6,c4#:9h@ ²/ Æ9?97< 1978. 248 *@ 
4. i, 91.?*19# 1.4:. 92'/ *c,4:91 *2.2#h /  5,6 ,c8@ 4#6@ q@ i@ >4:.1,$.< b@ Ä@ x9k49:,$9!.< i@ z@ b, %k1,$9- 
!.@ i}c/ z:k,4?.l9,::,-9d6.2# %*1,# .j#:2*2$, Ó²z Ô< 2006. 416 *@ 

5. ¶>**1.7 ¤] d]L ¶-0&=$: º]¶]L ¶0D!$ i] ¯] i9:2#d k,*k.2,$ ?.j:97 $ 5, 9?#4:,h ?.249l# //  u9d91,-f9?9!#*19# 
.*5#12' 9d>!#:97 1 .*2#4,$< :.:,*24>12>4 9 :.:,?.2#49. ,$@ r$#4%/ r$#4@ j,*@ >:-2< 2020. b'5@ 12. i@ 128y133. 
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; WiZi_- bd-TWiZ.X-[ [S.a] WbSWS^ 1WidZ[-[Ug Z.ZdU][aQ dZeXU.S. fZe1iZ f-iSTSf eZiS- 
bX-[Ug W bdUf-[-[U-f Â-XXlXSe[S-fU[-dZX_[SkS WSd^-[iZ$ 9Â-[-[a -kS WSd^ÂUS[[a- W.S]Wi.ZN 
Z iZ2h- .XUg[U- dZeXU/[aQ ÉZ2iSdS. [Z bdSÂ-WW S/UWi2U .STa$ C-e1X_iZia T-fS[WidUd1li .aWS- 
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 !#$'# * ,$./ l#  ,d:,-?9:#4. %:'h *,4c#:2< 2,5,!:'h ?.d>2< 5,j ,8#:9#< .$.49h:'# 4.d 9$' :#- 
k2#54,6>12,$< ?#2,6 d.2,5 #:97< *,4cl97 <01, ,j9!#*1.7 ,!9*21.@ 

A.P. Spiridonova 1, A.N.  Grebenkin 1 , A.I. Nuriev 1, An.A. Grebenkin 2 

1 Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
2 OOO Natural Technologies 
195279 St. Petersburg, Industrialny pr., 44, building 1 
INVESTIGATION  OF THE EFFICIENCY  OF SORPTION  OF CELLULOSE -MINERAL  SORBENT  OF 

HEATING  OIL ON THE WATER SURFACE 
The article presents a new method for eliminating accidental fuel oil spills by Ï99VS@b using a cellulose-mineral sorbent. Its sorption properties 

are evaluated, as well as the S@Ï4*@2* of various factors on the water ,4USl2 WS9@ process. The results demonstrate the high *Ò2S*@2/ of the material in 
removing petroleum products from the water surface. 

Keywords:  cellulosic-mineral sorbent, heating oil, absorption, emergency oil spills, Ò++OBCJ method, sorption, 
environmental cleaning. 

15 6#1.c47 2024 j@ $ #4!#:*1,? 54, 9$# 54,9d,o# .$.49h:'h 4.d 9$ ?.d>2. $ 4#d> %2.2# 14>o#:97 6$>f 
2.:1#4,$/ Ób, j,:#k2%-¡T¡Ô 9 Ób, j,:#k2%-¡ªUÔ< :. c,42> 1,2,4'f :.f,69 ,*% c, %o# 9000 2,:: 2,5,!:,j, ?.d>2. 
?.419 ¶T  @ ¿, :#*1, %19f 2'*7! 2,:: ?.d>2. ,1.d. ,*% $ ?,4#@ b,d:91 . 54,c #?. 91$96.l99 .$.49h:,j, 4.d 9$. 
:#k2#54,6>12. 1.1 :. $,6:,h .1$.2,499< 2.1 9 :. c#4#j>@ b 1.!#*2$# ?#2,6. ,!9*219 $,6:,h .1$.2,499 9 !.*29 5,c#4#- 
;%7 $ $96# *1. %:'f $'f,6,$ 9 j. #!:'f 5 7;#h 54#6 .j.#2*7 9*5, %d,$.2% ?#2,6 *,4cl9,::,h ,!9*219@ 

n6:9? 9d ,*:,$:'f 02.5,$ 91$96.l99 4.d 9$,$ :#k2#54,6>12,$ 7$ 7#2*7 549?#:#:9# :#k27:'f *,4c#:- 
2,$ y ?.2#49. ,$< *5,*,c:'f $592'$.2% $ c, %o9f 1, 9!#*2$.f :#k2#54,6>12'< 54#572*2$>7 2#? *.?'? 9f ?9j4.l99 
$ ,14>;. 8#h *4#6# [1]. «.d4.c.2'$. 2*7 :#k27:'# *,4c#:2' 6 7 *c,4. >j #$,6,4,6:'f 54, 9$,$ :. ,*:,$# ,2f,- 
6,$ #*:,h 9 *# %*1,f,d7h*2$#::,h 54,?'o #::,*29@ n:9 ,c .6. 2 $'*,1,h 5,j ,8. 8#h *5,*,c:,*2% < :9d1,h 
*2,9?,*2%  9 6,*2>5:,*2% @ z:2#4#* 1 l#  ,d# *$7d.: * #¼ * ,;:,h *24>12>4,h< j6# ?914,k9c49 ' 9?# 2 .?,4- 
k:,-149*2. 9!#*1,# *24,#:9#@ 49*2. 9!#*19# >!.*219 ,2$#2*2$#::' d. 54,!:,*2%< .?,4k:'# y d. *,4cl9,::>  
*5,*,c:,*2% $, ,1,: [2, 3]. b 1.!#*2$# *,4c#:2. 6 7 4#o#:97 5,*2.$ #::,h l# 9 $'c4.: l#  ,d:,-?9:#4. %':h 
*,4c#:2 ?.419 AG-Sorb, ,c .6. 8#j, :#,cf,69?'?9 5.4.?#24.?9 :#k2##?1,*29 9 *,,2:,o#:9#? l#:'-1.!#*2$.@ 

r#?5#4.2>4> ?.d>2. :. $,6:,h 5,$#4f:,*29 549:9?. 9 4.$:,h 2#?5#4.2>4# ,14>;. 8#h $,6' §:. 54.1291# 
572:, ?.d>2.< :.f,67*% :. *, :l# $*#j6. c>6#2 9?#2% 2#?5#4.2>4> d.?#2:, $'o# 2#?5#4.2>4' $,6'¨@ q.!9:.7 * 2#?5#- 
4.2>4' $*5 '297 6 7 1.;6,j, d:.!#:97 *, #:,*29 $,6' 54,$,69 9*% 9*5'2.:97 5, $d.9?,6#h*2$9  *,4c#:2. * ?.d- 
>2,?@ r#?5#4.2>4. 5,$'o. .*% 6, 30 Õi@ zd?#4#:97 54,$,69 9*% !#4#d 1.;6'# 2 Õi ,2 :.!. . $*5 '297@ } ,2:,*2% 
,c4.dl,$ ,54#6# 7 9 * 5,?,8%  5 ,2:,?#4. Mettler Toledo Excellence D4, 2#?5#4.2>4> $,6' ,54#6# 7 9 * 5,?,8%  
.c,4.2,4:,j, 42>2:,j, 2#4?,?#24. ?.419 InfraRed Thermometer DT-8850 §49*@ 1). 
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«9*@ 1. zd?#4#:9# 2#?5#4.2>4' :. 2$#46,h 5,$#4f:,*29 * 5,?,8%  .d#4:,j, 2#4?,?#24. 

¶.d>2 $ 1, 9!#*2$# 6, 3 j 5,?#8. 9 $ 9*5'2>#?>  #?1,*2% 9 d. 9$. 9 *, #:,h $,6,h d.6.::,h 2#?5#4.2>4' 
§49*@¡¨@ 

«9*@ 2. }4,c. ?.d>2. 549 54,$#6#:99 9*5'2.:9h $ *, #:,h $,6# 

}, >!#::'# 4#d> %2.2' ,54#6# #:97 d.$9*9?,*29 5 ,2:,*29 $,6' 9 ?.d>2. ,2 2#?5#4.2>4' c' 9 ,k,4? #- 
:' $ $96# 2.c 9l' §2.c @ 1). 

r.c 9l.@ 1. ©.$9*9?,*2% 5 ,2:,*29 $,6' 9 ?.d>2. ,2 2#?5#4.2>4' 

} ,2:,*2% 549 2#?5#4.2>4#  i< j¤? 
nc4.d#l 

40 30 20 15 10 5 

¶.d>2 

b,6. 

0,979 

1,005 

0,991 

1,009 

1, 005 

1,011 

1,005 

1,014 

1,013 

1,014 

1,017 

1,015 

¿ 7 9d>!#:97 $d.9?,6#h*2$97 *,4c#:2. * ?.d>2,? 9*5, %d,$. *7 *,4c#:2 ?.419 AG-sorb, 54#6:.d:.!#::'h 
6 7 91$96.l99 .$.49h:'f 4.d 9$,$ :#k29 9 :#k2#54,6>12,$ ?#2,6,? d.2,5 #:97@ n*,c#::,*2%  6.::,j, $96. *,- 
4c#:2. 7$ 7#2*7 *$,h*2$, 2#472% 5 .$>!#*2% 549 :.*'8#:99 :#k2%  9 9 :#k2#54,6>12,? 9d-d. !.*29!:,j, $d.9?,- 
6#h*2$97 * $,6,h@ i,4c#:2 :.:,*9 *7 :. ?.d>2:,# 572:, 549 4.d 9!:'f 2#?5#4.2>4.f *, #:,j, $,6:,j, 4.*2$,4. 
$4>!:>  $ *,,2:,o#:99 * ,c½#?,? ?.d>2. 2:1. q. 49*@ 3 5,1.d.: ?.d>2 * :.:#*#::'? :. #j, 5,$#4f:,*2% *,4c#:2,?@ 
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«9*@ 3. ¶.d>2 $ *, ¼:,h $,6# (18 j¤ ¨ 549 16 Õi * :.:#*#::'? :. :#j, *,4c#:2,? 

q. 49*>:1# 4. 5,1.d.:,< !2, *,4c#:2 5, :,*2%  .6*,4c94>#2 $#*% ?.d>2 :. 5,$#4f:,*29 572:.< :# ,*2.$ 77 
* #6,$@ i,4c#:2< 1,2,4'h :# $d.9?,6#h*2$,$. * ?.d>2,? !#4#d :#*1, %1, ?9:>2 :.*'8.#2*7 $,6,h 9 ,5>*1.#2*7 :. 
6:,@ },*1, %1> 02, :.2>4. %:'h *,4c#:2< *,*2,789h 9d l#  ,d' 9 ?9:#4. . i.in 9 9?# 89h 1 .** ,5.*:,*29 3 

5 :# 54#6*2.$ 7#2 >j4,d' 6 7 ,14>;. 8#h *4#6'< 2, 02, 6,5>*29?,@ n24.c,2.::'h *,4c#:2 * ?.d>2,? ,*2.#2*7 :. 
5,$#4f:,*29 $,6' 9 #j1, ?,;#2 c'2% 9d$ #!#:  c'? 5,6f,6789? ?#f.:9!#*19? *5,*,c,?< , !#? c>6#2 *1.d.:, 
:9;#@ }, 6.::'? $ .c,4.2,499 ?#f.:9!#*19# 1, #c.:97 >$# 9!9$. 2 *1,4,*2% *,4cl99 :#k2#54,6>12. *,4c#:2,?@ 

«9*@ 5. },$#4f:,*2% $,6' 5,* # 9d$ #!#:97 .6*,4c94,$.::,j, ?.d>2. 

}49$#6#::'# 01*5#49?#:2' 5,1.d'$. 2< !2, 9*5, %d,$.:9# *,4c#:2. 6 7 >6. #:97 4.d 9$,$ ?.d>2. * $,6:,h 
5,$#4f:,*29 ?,47 *2.:,$92*7 0kk#129$:'? 549 5#4#f,6# ?.d>2. $ *,*2,7:9# 2#1>!#*29 549 2#?5#4.2>4# $,6' $'o# 
15 Õi@ }49!#? :.c  6.#2*7 5, :,# >6. #:9# ?.d>2. * $,6:,h 5,$#4f:,*29 $?#*2# * >6. #:9#? ,24.c,2.::,j, *,4c#:- 
2.@ q9;# >1.d.::,h 2#?5#4.2>4' 549?#:#:9# *,4c#:2. ?#:## 0kk#129$:,< $ ,2 9!9# ,2 64>j9f :#k2#54,6>12,$ [4,5]. 

².c,4.2,4:'# 9** #6,$.:97 c' 9 54,6, ;#:' $ >* ,$97f $,6:,h .1$.2,499 Ù#4:,j, ?,47< j6# 54#6 ,;#:- 
:'# ?#2,6' 54,6#?,:*2494,$. 9 *$,  0kk#129$:,*2% 549 91$96.l99 4.d 9$,$ ?.d>2.@ 
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USING ARTIFICIAL  INTELLIGENCE  
The article explores methods for evaluating mobile application interfaces. The analysis is carried out after the interface has been %9VSl*V using 

 UWSl2S [ intelligence technologies. The author outlines T,*2Sl2 metrics used to determine usability. Examples are also provided to illustrate how neural 
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Augmented reality technology is becoming one of the fastest growing platforms that allows for a new perspective to be developed in the design 

process, allowing designers and clients to visualize the interior solution in real time. The author analyzes the convenience of using augmented reality 
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d.h: ?,;#2 c'2% 4.d:'h $ d.$9*9?,*29 ,2 !# ,$#1.< 1,2,4'h $,d%?#2*7 d. #j, *,d6.:9#< !2, 9:,j6. 27;# , d.1.d!91>< 
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 ́$,2 :. 49*>:1# 3 5,1.d.:, 9*5, %d,$.:9# 9:2#4.129$:,h 2#f:, ,j99 6,5, :#::,h 4#. %:,*29 1.1 4.d 9 :.- 
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IKEA Place 
}#4$'?9 12, >*5#o:, :.!. 549?#:72% 9 9*5, %d,$.2% AR $ 69d.h:# 9:2#4%#4. d:.!92*7 549 ,;#:9# IKEA  
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9? >!o# 5,:72%< 1.1 ?#c# % c>6#2 $'j 76#2% $ 9f 6,?#@ 

IKEA  Place 5,d$, 7 . 9o% 6,c.$72% $ 5,?#8#:99 4.d:'# 54#6?#2' * 549?#:#:9#? 2#f:, ,j99 6,5, :#:- 
:,h 4#. %:,*29@ }, %d,$.2# 9 ?,j 9 5,*?,24#2%< 1.1 *2> < *2, < o1.k< 14,$.2% 9 64>j9# 2,$.4' 9d 1.2. ,j. ?.j.d9:. 
c>6>2 $'j 76#2% $ 1,?:.2#@ 

«9*@ 4. }49 ,;#:9# IKEA Place 
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IKEA  Kr eativ §49*@ 5) 5,d$, 7#2< 9*5, %d>7 $ 1.!#*2$# ,c½#12,$ 9*5, %d,$.2% *$,  ?#c# % d.:9?.2%*7 :#5,- 
*4#6*2$#::'? 5 .:94,$.:9#? 69d.h:. 9:2#4%#4. 5,6 2# f.4.12#49*2919< 1,2,4'# d.6.*2 6.;# ,c'!:'h 5, %d,$.- 
2# % 9 *.?,# j .$:,#< !2, ?,6:, 9*5, %d,$.2% 2# #k,:. i 5,?,8%  02,h 54,j4.??' $,d?,;:, *6# .2% 1.!#*2$#::'h 
69d.h: :#,cf,69?,j, ,c½#12.@ IKEA  Kreativ 5,d$, 7#2 *6# .2% 5, :>  5#4#*2.:,$1>@ }4,j4.??. $'5, :7#2 *1.:9- 
4,$.:9# 1,?:.2' 9 *,d6.¼2 #¼ 2,!:>  24¼f?#4:>  ?,6# %< * 1,2,4,h ?,;:, $d.9?,6#h*2$,$.2% 4.d:'?9 *5,*,c.?9/ 
>6. 92% *>8#*2$> 8>  ?#c# % 9 6,c.$92%  c>  64>j> @ b.49.:2' 5 .:94,$19 ?,;:, *,f4.:72% 9 6# 92%*7 9?9 
* 64>j9?9  6%?9@ 

«9*@ 5. IKEA Kreativ 

} .2k,4?. Houzz 2.1;# 9*5, %d>#2 AR-2#f:, ,j99 6 7 > >!o#:97 5, %d,$.2# %*1,j, ,5'2.@ }, %d,$.2#9 
6.::,j, 549 ,;#:97 9?# 2 $,d?,;:,*2% 549?#472% 4.d 9!:'# 54#6?#2' 9 6#2. 9 9:2#4%#4. $ *$,#? 54,*24.:*2$# 
§49*@ 6). ́  2.1;# ,26# ,!:'# ?.2#49. ' 2.19# 1.1 ,c,9< 14.*19 9 5,14'297@ s2, 6.#2 $,d?,;:,*2% 5, %d,$.2# 7? 

549:9?.2% c, ## ,c,*:,$.::'# 4#o#:97 9 $6,f:,$ 7#2 9f :. :,$'# 96#9@ 

«9*@ 6. }49 ,;#:9# Houzz 5,d$, 7#2 549?#492% ,26# ,!:'# ?.2#49. ' $ 6,5, :#::,h 4#. %:,*29@ 
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n!#:% ?,c9 %:,h ?' ?,;#? :.d$.2% 549 ,;#:9# 6 7 2# #k,:,$ Housekraft §49*@ 7). n: $ 4#;9?# 4#. %:,j, 
$4#?#:9 547?, $ 1$.4294# 5,*4#6*2$,? 9*5, %d,$.:97 2# #k,:. 5,d$, 7#2 !# ,$#1> >*2.:.$ 9$.2% 2> 9 9 9:>  ?#- 
c# % :. 5>*2'# ?#*2. $ 5,?#8#:99 9 6# .2% 9f 2.19?9< 1.1,h f,2# c' $96#2% !# ,$#1@ 

«9*@ 7. }49 ,;#:9# 6 7 2# #k,:,$ Housekraft 

Ä* 9 *4.$:9$.2% * 24.69l9,::'?9 ?#2,6.?9 69d.h:. 2, ?,;:, $'6# 92% *4.$:#:9# 9d 1,2,4,j, *2.:,$92*7 
$96:,< !2, 9*5, %d,$.:9# 2#f:, ,j9h 6,5, :#::,h 4#. %:,*29 5,?,j.#2 c, %o# $,$ #!#:9  1 9#:2,$ $ 54,l#** 69- 
d.h:. 9f 5,?#8#:97< *1,4,*2%  ,c4.c,219< :#5,*4#6*2$#::, $9d>. 9d.l99 ;# .#?,j,< !2, $ *$,  ,!#4#6% $ 97#2 :# 
2, %1, :. k,4?94,$.:9# 69d.h:.< :, 9 5,?,j.#2 :# ,o9c92%*7 * 2#?9 $'$,6.?9 1 9#:2.< 1,j6. :. :9f ?,;#2 >1.d.2% 
*5#l9. 9*2< 549?#:77 2#f:, ,j9  6,5, :#::,h 4#. %:,*29@ 

r#f:, ,j99 6,5, :#::,h 4#. %:,*29 $*# *24#?92# %:## 4.d$9$. 2*7 9 $:#647 2*7 $ *,$4#?#::,# ,c8#*2$,@ 
¿9d.h:#4' >$#4#::'< !2, $ c>6>8#? AR 2#f:, ,j99 549,c4#2>2 #8# c, ## >*2,h!9$,# 4.d$929# $ 69d.h:# 9:2#4%#- 
4.< !2, 5,?,;#2 9? >*,$#4o#:*2$,$.2% *$,9 :.$'19 9 .129$:, 549?#:72% 9f $ 54,#1294,$.:99 6 7 ?.1*9?. %:,h 
$'j,6' 1 9#:2>@  ́5,1. :#,cf,69?, 2, %1, 5,*,$#2,$.2% 9*5, %d,$.2% *5#l9. 9*2.? 6.::>  2#f:, ,j9  6 7 c, ## 
1,?5 #1*:,h 54,4.c,219 !#42#;#h 9 5 .:,$ 69d.h:. 9:2#4%#4.@ 

AR 69d.h: 9:2#4%#4,$ y 02, 5,-:.*2,78#?> 14#.29$:,# 9 >:91. %:,# :.54.$ #:9# $ *,$4#?#::,? ?94#@ s2, 
9*1>**2$, *,d6.$.2% > 2:'# 9 k>:1l9,:. %:'# 54,*24.:*2$.< 1,2,4'# $6,f:,$ 7 2 9 4.6> 2 j .d@ 

i 4.d$929#? 2#f:, ,j9h AR 54,6, ;92 9j4.2% $.;:>  4, % $ 69d.h:# 9:2#4%#4.@ n;96.#2*7< !2, $ c>6>8#? 
AR-549 ,;#:97 *2.:>2 #8# c, ## 9:2#4.129$:'?9 9 5#4*,:. 9d94,$.::'?9@ ¿9d.h:#4' *?,j>2 9*5, %d,$.2% 9*1>*- 
*2$#::'h 9:2# #12 6 7 *,d6.:97 >:91. %:'f 4#o#:9h< ,*:,$.::'f :. 54#65,!2#:97f 1 9#:2,$ 9 ,*,c#::,*27f 9f 
54,*24.:*2$@ 

d!0e"?7 -0$:<:;5&+D=f $]&]"]L ;:g+"& $!¿+;-? g5¿-:<?F 5 !;;5&5<"?F &+F":D:157 ¼-:.:&0" d]º] 

5bUWS2 XUi-dZi1da 

1. Ù2, 2.1,# 69d.h: 9:2#4%#4.Ý n: .h: 9:*292>2 69d.h:. Vill.  URL: https://blog.vill -institute.com/chto-takoe-dizajn- 
interjera/ §6.2. ,c4.8#:97/ 13.12.2024). 

2. Óq91,j6. :# ?#:##< :91,j6. c, %o#Ô/ d.5,$#69 $# 91,j, 6#1,4.2,4. ´ %c#42. Æ06 9@ URL: https://all4decor. 
ru/dizain-interera/nikogda-ne-menee-nikogda-bolshe-zapovedi-velikogo-dekoratora-alberta-hedli-albert-hadley §6.2. 
,c4.8#:97/ 13.12.2024). 

3. AR 9 9 6,5, :#::.7 4#. %:,*2%@ URL: https://likevr.ru/blog/ar -ili-dop-realnost/ (6.2. ,c4.8#:97/ 13.12.2024 
4. x9k4,$.7 5 .2k,4?. Ó´42#k.12Ô c .j,6.47 :.l54,#12> Ó > %2>4.Ô 6,5, :9 .*% 78 :,$'?9 ?> %29?#69- 
.-j96.?9@ URL: https://culture.gov.ru/press/news/v_tsifrovoy_platforme_artefakt_blagodarya_natsproektu_kultura_ 
poyavilos_78_unikalnykh_multimedia_gid/ §6.2. ,c4.8#:97/ 13.12.2024). 

5. q#:.*2,78## $ :.*2,78#?/ !2, 2.1,# 6,5, :#::.7 4#. %:,*2% 9 j6# #¼ 9*5, %d> 2@ URL: https://practicum. 
yandex.ru/blog/tehnologiya-dopolnennoy-realnosti/ §6.2. ,c4.8#:97/ 13.12.2024/  

6. }49 ,;#:9# Housekraft. URL: https://www.housecraftapp.com/ §6.2. ,c4.8#:97/ 13.12.2024). 

172 



 
  

 
 

References 

1.Chto takoe dizajn BCD"FÜ"F-Ý URL: https://blog.vill -institute.com/chto-takoe-dizajn-interjera/ [What is interior design?] (date 
accessed: 13.12.2024). 
2. ÓÀBZ+Jda ne menee, nikogda H+PÜGR"Ô/ zapovedi velikogo dekoratora ³PÜH"FD- Hjedli. URL: https://all4decor.ru/dizain- 
interera/nikogda-ne-menee-nikogda-bolshe-zapovedi-velikogo-dekoratora-alberta-hedli-albert-hadley väÀ"L"F less, never 
^+F"å/ the commandments of the great decorator Albert Hadley] (data accessed: 13.12.2024). 
3. AR ili dopolnennaja F"-PÜC+GDÜ@ URL: https://likevr.ru/blog/ar -ili-dop-realnost/ [AR or augmented reality] (data accessed: 
13.12.2024) 
4. Cifrovaja platforma Ó³FD"M-ZDÔ blagodarja nacproektu Ó_IPÜDIF-Ô O+·+PCBP-GÜ 78 novymi ^IPÜDB^"OB--gidami. URL:https://  
culture.gov.ru/press/news/v_tsifrovoy_platforme_artefakt_blagodarya_natsproektu_kultura_poyavilos_78_unikalnykh_ 
multimedia_gid/ [The digital platform ä³FDBM-)Då thanks to the national project ä\IPDIF"å has been supplemented with 78 new 
multimedia guides] (data accessed: 13.12.2024). 
5. Nenastojashhee v nastojashhem: chto takoe dopolnennaja F"-PÜC+GDÜ i gde ejo BG·+PÜ¹I×ID@ Ö URL: https://practicum.yandex. 
ru/blog/tehnologiya-dopolnennoy-realnosti/ [Unreal in the present: what is augmented reality and where is it used] (data 
accessed: 13.12.2024/) 
6. Prilozhenie Housekraft. URL: https://www.housecraftapp.com/ [Housekraft application] (data accessed: 13.12.2024). 

  004.5 

($;$ A1dS.N 7$5$  S2SdU[ 

FC3=¿3FJ C(¼C(Á9A 3 SOLID  

M ($;$ A1dS.N 7$5$  S2SdU[N 2025 

!"$&-)+&+-.0-13$57 1:30;!-3&<+""?7 0"5<+-35&+& A-:B?CD+""?F &+F":D:157 5 ;5G!7"! 
191186, !"$&-)+&+-.0-1L M:D=C!N P:-3$!NL 18 

b 6.::,h *2.2%# 4.**?.249$. 2*7 549:l95' SOLID 9 9f 54.129!#*1,# 549?#:#:9# :. 549?#4# 7d'1. C#. 
n*,c,# $:9?.:9# >6# 7#2*7 $ 97:9  1.;6,j, 549:l95. :. .4f92#12>4> 549 ,;#:97< >54,8#:9# 2#*294,$.:97< 5,- 
$'o#:9# >4,$:7 .c*24.1l99 9 *:9;#:9# *$7d:,*29 ?#;6> ?,6> 7?9@ r.1;# 54#6*2.$ #:' 549?#4' 4.*54,*24.:¼:- 
:'f :.4>o#:9h 6.::'f 549:l95,$ *, *5,*,c.?9 9f 9*54.$ #:97@ .;6'h 9d 549:l95,$ Ö #69:*2$#::.7 ,2$#2- 
*2$#::,*2%< ,214'2,*2%¤d.14'2,*2%< 5,6*2.:,$1. ¥.4c.4' ²9*1,$< 4.d6# #:9# 9:2#4k#h*. 9 9:$#4*97 d.$9*9?,*2#h 
Ö *5,*,c*2$>#2 *,d6.:9  ?,6> %:,j,< j9c1,j, 9 #j1, *,54,$,;6.#?,j, 1,6.@ }49?#:#:9# SOLID $ 5,$*#6:#$:,h 
54.1291# *5,*,c*2$>#2 > >!o#:9  1.!#*2$. 54,j4.??:'f 4#o#:9h 9 ,c #j!.#2 1,?.:6:>  4.c,2> :.6 54,#12.?9@ 

G AN'+4' % *+-a e53&?7 $:;L SOLID, :.½+$&":-:-5+"&5-:<!"":+ A-:1-!BB5-:<!"5+L C#, ̖́̑̉̓̆̋̓̔̑́ 
A-:1-!BB":1: 

:.+3A+e+"5NL A-5"g5A? A-:+$&5-:<!"5N] A.V. Turov,  E.S. Kokorin  

Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
DESIGN PRINCIPLES OF CLEAN CODE BASED ON SOLID  
This article examines the SOLID principles and their practical application using examples in the C# programming language. Special 

attention is paid to the impact of each principle on software architecture, simplifying testing, increasing abstraction levels, and reducing module coupling. 
Common violations of these principles are also analyzed along with methods for correcting them. Each principle Ñ single responsibility, open/ closed, 
Liskov substitution, interface segregation, and dependency inversion Ñ contributes to creating modular, Ï*¢S`[*L and maintainable code. Applying SOLID 
in everyday practice improves code quality and facilitates collaborative development. 

Keywords:  clean code, SOLID, object-oriented programming, C#, software architecture, design principles. 
}4,j4.??94,$.:9# 7$ 7#2*7 6,$, %:, 27;# '? 9 14,5,2 9$'? 54,l#**,? 9 6 7 4.c,2' $ 6.::,h *k#4# :#- 

,cf,69?, 54.$9 %:, 5,6f,692% 1 4.d4.c,21#@ ¥, %o9:*2$, *,$4#?#::'f 7d'1,$ 54,j4.??94,$.:97 7$ 7 2*7 ,c½#1- 
2:,-,49#:294,$.::'?9< !2, 6,c.$ 7#2 $ 02,2 54,l#** c, %o9# $,d?,;:,*29 6 7 4.d4.c,2,1 .4f92#12>4'< :.59*.:97 
4.d 9!:'f . j,492?,$ 9 ?:,j,# 64>j,#@ ¿ 7 54,j4.??9*2. $.;:, !2,c' #j, 1,6 c' *24>12>494,$.:< 5,:72#: 64>j9? 
54,j4.??9*2.?< !2,c' ,: * #j1,*2%  ?,j 5#4#6.$.2% #j, 6 7 6. %:#ho#h 4.d4.c,219 64>j9? *5#l9. 9*2.?. 

b :.!. # 2000-f j,6,$ «,c#42 ¶.429: 54#6*2.$9 572% 1  !#$'f 549:l95,$ 6 7 4.d4.c,219 1.!#*2$#::,j, 
54,#12.@ s29 549:l95' c' 9 54#,c4.d,$.:' $ .cc4#$9.2>4>< j6# 1.;6.7 c>1$. ,d:.!. . :.d$.:9# ,54#6# #::,j, 
549:l95.@ ±;# c, ## 20 #2 549:l95' 7$ 7 2*7 .12>. %:'?9 9 :#9d?#:7#?'?9< 9f :.d$.:9# SOLID. 

q#*?,247 :. 54,*2,2> k,4?> 94,$19< 549:l95' SOLID 24#c> 2 j >c,1,j, 5,:9?.:97 9 $:9?.2# %:,j, 
549?#:#:97@ n:9 k,4?94> 2 54,!:>  ,*:,$> 6 7 5,*24,#:97 .4f92#12>4'< ,*,c#::, $ >* ,$97f c'*24, ?#:7 89f- 
*7 24#c,$.:9h@ z*5, %d,$.:9# SOLID ,*,c#::, .12>. %:, 549 4.d4.c,21# 4.*54#6# ¼::'f *9*2#?< ?914,*#4$9*,$ 
9 1,45,4.29$:'f 549 ,;#:9h< j6# $.;:, ,c#*5#!92% ?.*o2.c94>#?,*2% 9 $,d?,;:,*2% 5,$2,4:,j, 9*5, %d,$.:97 
1,?5,:#:2,$ [1]. 
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}49:l95' SOLID Ö 02, :.c,4 549:l95,$< 549?#:7#?'f $ ,c½#12:,-,49#:294,$.::'f 7d'1.f 54,j4.??9- 
4,$.:97< 1,2,4'# 5,d$, 7 2 *,d6.$.2% *2.:6.429d94,$.::'# 9 5,:72:'#< :.9c, ## j9c19#< 4.*o947#?'# 9 5,66#4- 
;9$.#?'# *9*2#?'@ «.**?,249? 54#9?>8#*2$. 1.;6,j, 9d 549:l95,$ SOLID, 5, *4.$:#:9  * ,c'!:'? 1,6,? :. 
549?#4.f 7d'1. C# [2].  

1. FdU[ÂUb -TU[Wi.-[[S] Si.-iWi.-[[SWiU (Single Responsibility  Principle,  SRP) 

.**> :#,cf,69?, 9?#2% 2, %1, ,6:> 549!9:> 6 7 9d?#:#:97< !2, ,c,d:.!.#2 !2, ,: 6, ;#: *,6#4;.2% 
,j91> $'5, :#:97 2, %1, ,6:,h d.6.!9@ «9*>:,1 1 6#?,:*2494>#2 549?#4 :.4>o#:97 549:l95. #69:*2$#::,h 

,2$#2*2$#::,*29/ 

«9*@ 1. }49?#4 :.4>o#:97 SRP 

.** Report ,2$#!.#2 9 d. j#:#4.l9  ,2!#2.< 9 d. #j, *,f4.:#:9#@ s2, :.4>o.#2 549:l95 #69:*2$#::,h ,2- 
$#2*2$#::,*29 9 $ 6. %:#ho#? 549$#6#2 1 >* ,;:#:9  5,66#4;19 1,6.< 5,2,?> !2, 549 4.*o94#:99 54,#12. 27;# , 
c>6#2 ,49#:294,$.2%*7@ r.1 ;# 2.1,h 1,6 j,4.d6, * ,;:## 2#*294,$.2%< $#6% 5496#2*7 54,59*'$.2% 1,:14#2:'# *l#- 
:.499 9 :# 5, >!92*7 *6# .2% 02, j9c1, 9 .1,:9!:,@ b l# ,?< 6,$, %:, * ,;:, 9*5, %d,$.2% 1 .** * c, %o9? 1, 9- 
!#*2$,? k>:1l9,:. . $ 64>j,? ?#*2#< !2, 2.1 ;# 549$#6#2 1 d.5>2'$.:9  9 d:.!92# %:, >* ,;:92 54,l#** 5,66#4;19 
54,#12.@ z*54.$92% 2.1,h 1,6 ?,;:, 5>2#? *,d6.:97 :,$,j, 1 .**. 9 5#4#:,*. k>:1l9,:. %:,*29 $ :#j,< !2,c' 1.;- 
6'h 1 .** ?,j $'5, :72% ,54#6# #::>  d.6.!> 9 :# c, %o#@ z*54.$ #::'h k4.j?#:2 1,6. 9d,c4.;#: :. 49*>:1# 2: 

«9*@ 2. }49?#4 54.$9 %:,j, 9*5, %d,$.:97 SRP 
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r#5#4% 1.;6'h 1 .** ,2$#!.#2 d. ,6:> d.6.!>< >6,c#: $ 9*5, %d,$.:99 9 54,*2 6 7 !2#:97@ }49:l95 SRP 
2.1;# ,c #j!.#2 :.59*.:9# ?,6> %:'f 2#*2,$< 2.1 1.1 1.;6.7 k>:1l9,:. %:,*2% 9d, 94,$.:. 9 :# d.$9*92 ,2 64>j9f@ 
4,?# 2,j,< ,: *5,*,c*2$>#2 c, ## #j1,?> 4#k.12,49:j> 9 > >!o.#2 !92.c# %:,*2% 1,6.< ,*,c#::, $ c, %o9f 54,#1- 

2.f [2]. 
2. FdU[ÂUb Si2daiSWiU«eZ2daiSWiU (Open/Closed Principle,  OCP) 
± 1 .**,$ 6, ;:. c'2% $,d?,;:,*2% 4.*o9472%*7 9 :# 6, ;:, c'2% $,d?,;:,*29 ?,69k91.l99@ 
«9*>:,1 3 :.j 76:, 5,1.d'$.#2< 1.1 :.4>o.#2*7 549:l95 OCP: 

«9*@ 3. }49?#4 :.4>o#:97 ni« 

}49 6,c.$ #:99 :,$,h k9j>4'< $ k4.j?#:2# 1,6. :. 49*>:1# 3, 549f,692*7 9d?#:72% ?#2,6 CalculateArea. }49 
9j:,494,$.:99 6.::,h 54,c #?'< #*2% 49*1 549 1,2,4,?  c,# 9d?#:#:9# ?,;#2 * ,?.2% *>8#*2$> 8>  k>:1l9,- 
:. %:,*2%< 549 6,c.$ #:99 :,$'f k9j>4 5496#2*7 5#4#59*'$.2% 2#*2'< 9 *.?. .4f92#12>4. 1,6. *2.:,$92*7 * ,;:,h 
6 7 5,66#4;19 9 54,*2,h 6 7 5, ,?19@ z*54.$ #::'h $.49.:2 5,64.d>?#$.#2 4#. 9d.l9  $ ,26# %:,? 1 .**# 9 5#- 
4#j4>d1# ?#2,6. 1.1 :. 49*>:1# 4: 

«9*@ 4. }49?#4 54.$9 %:,j, 9*5, %d,$.:97 ni« 
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r#5#4% *,d6.:9# :,$'f k9j>4 :# d.*2.$ 7#2 $:,*92% 9d?#:#:97 $ >;# *>8#*2$> 89h 1 .**@ «#. 9d.l97 k>:1- 
l99 CalculateArea ,*>8#*2$ 7#2*7 $ 54,9d$,6:'f 1 .**.f< !2, 5,d$, 7#2 $ 6. %:#ho#? >6,c:, 9 54.129!:, $:,*92% 
9d?#:#:97 $ 54,#12@ 

3. FdU[ÂUb bSTWiZ[S.2U ÁZd^Zda +UW2S. (Liskov  Substitution Principle,  LSP) 
nc½#12' $ 1,6# 6, ;:' 9?#2% $,d?,;:,*2% d.?#:72%*7 01d#?5 74.?9 9f 5,6295,$< 549 02,? :# 6, ;:. 9d?#- 

:72%*7 54.$9 %:,*2% 4.c,2' 54,j4.??'@ s2, ,d:.!.#2< !2, > ,c½#12,$ 4,692# %*1,j, 1 .**. #*2% $,d?,;:,*2% d.?#- 
:92% *#c7 ,c½#12.?9 54,9d$,6:,j, 1 .**.< 549 02,? :# 9d?#:77 1,44#12:,*2% 4.c,2' 54,j4.??'@ 

}49?#4 :.4>o#:97 LSP :. 49*>:1# 5: 

«9*@ 5. }49?#4 :.4>o#:97 LSP 

$.64.2 :.4>o.#2 5,$#6#:9# 547?,>j, %:91.< 2.1 1.1 9d?#:#:9# o949:' 9 9 $'*,2' $ 97#2 :. ,c# *2,4,:'@ 

z*54.$ #::'h 549?#4 :. 49*>:1# 6: 
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«9*@ 6. }49?#4 54.$9 %:,j, 9*5, %d,$.:97 LSP 

r#5#4% > 1 .**,$ Square 9 Rectangle ,2*>2*2$>#2 d.$9*9?,*2% 64>j ,2 64>j.@ 
4. FdU[ÂUb dZeT-X-[Ug U[i-dÉ-]WZ (Interface Segregation Principle,  ISP) 

.**' :# 6, ;:' 4#. 9d,$'$.2% 9:2#4k#h*'< 1,2,4'# ,:9 :# 9*5, %d> 2@ 
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«9*>:,1 7 6#?,:*2494>#2 549?#4 :.4>o#:97 ISP: 

«9*@ 7. }49?#4 :.4>o#:97 549:l95. ISP 

.**' :# 6, ;:' *,6#4;.2% ?#2,6'< 1,2,4'# :# c>6>2 9*5, %d,$.2%*7@ .** 6, ;#: 4#. 9d,$.2% 9:2#4- 
k#h* * :>;:'?9 ?#2,6.?9@ r.1 ;# c, %o9# 9:2#4k#h*' 2,;# ?,j>2 c'2% 4.d6# #:' :. c, ## ?# 19# * l# %  >6,c*2$. 
!2#:97 1,6.@ z*f,67 9d 02,j,< 4,c,2 :# 6, ;#: 4#. 9d,$'$.2% ?#2,6 Eat. 

z*54.$ #::'h 549?#4 :. 49*>:1# 8: 

«9*@ 8. }49?#4 54.$9 %:,j, 9*5, %d,$.:97 ISP 

r.1,# 9*5, %d,$.:9# 9:2#4k#h*,$ 4.d6# 7#2 ,j91> ?#2,6. Work 9 Eat, . 1 .**' 4#. 9d> 2 2, %1, :>;:'# 
9? ?#2,6'@ 
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5. FdU[ÂUb U[.-dWUU eZ.UWUfSWi-] (Dependency Inversion  Principle,  DIP)  
¿.::'h 549:l95 d.54#8.#2 d.$9*9?,*2% ?,6> #h $#4f:#j, >4,$:7 ,2 ?,6> #h :9;:#j, >4,$:7@ nc. 295. 

?,6> #h 6, ;:' d.$9*#2% ,2 .c*24.1l9h< . :# ,2 6#2. #h< 5,2,?> !2, 6#2. 9 6, ;:' c'2% d.$9*9?' ,2 .c*24.1l9h@ 

q. 49*>:1# 9 9d,c4.;#: 549?#4 :.4>o#:97 DIP: 

«9*@ 9. }49?#4 :.4>o#:97 DIP 

}49?#:#:9# DIP ,*,c#::, 5, #d:, $ 54,#12.f< 9*5, %d> 89f $:#64#:9# d.$9*9?,*2#h (Dependency Injection), 
!2, 5,d$, 7#2 #j1, 5#4#1  !.2%*7 ?#;6> 4.d 9!:'?9 4#. 9d.l97?9 9:2#4k#h*,$< :.549?#4< 549 2#*294,$.:99 9 9 
?9j4.l99 ?#;6> 2#f:, ,j97?9 [2]. 

.** À+DBß)-DB+C d.$9*92 ,2 1,:14#2:,h 4#. 9d.l99 EmailService, . 6, ;#: c'2% d.$9*9? ,2 .c*24.1l9h@ 
Ä* 9 :# *,c  6.2% 02,2 549:l95< ?,;:, *2, 1:>2%*7 * 54,c #?,h ;#*21,h *$7d.::,*29 !2, 549$#6#2 1 54,c #?.? 
5,66#4;19 54,#12.@ b l# ,? d.$9*9?,*2% ,2 .c*24.1l9h 5,d$, 7#2 4#. 9d,$'$.2% c, ## j9c19# .4f92#12>4:'# d.?'*- 
' $ 54,#12#, !2, d:.!92# %:, 5,$'o.#2 1.!#*2$,< >6,c*2$, 2#*294,$.:97 9 > >!o.#2 $,d?,;:,*29 ?.*o2.c94,$.:97 

54,#12.@ 

z*54.$ #::'h 549?#4 :. 49*>:1# 10: 
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«9*@ 10. }49?#4 54.$9 %:,j, 9*5, %d,$.:97 DIP 

r#5#4% À+DBß)-DB+C d.$9*92 ,2 .c*24.1l99 IMessageService, . :# ,2 1,:14#2:,h 4#. 9d.l99@ 
}49?#:#:9# 549:l95,$ SOLID $ C# 5,?,j.#2 *,d6.$.2% c, ## j9c19#< 5,66#4;9$.#?'# 9 2#*294>#?'# 549- 

,;#:97@ .;6'h 9d 549:l95,$ :.54.$ #: :. > >!o#:9# .4f92#12>4' 1,6. 9 >54,8#:9# #j, 6. %:#ho#j, 4.d$9297@ 
b eZ2Xl/-[U- * #6>#2 ,2?#292%< !2, 549:l95' SOLID :# 7$ 7 2*7 >:9$#4*. %:'? 4#o#:9#? $*#f .4f9- 

2#12>4:'f d.6.!@ n:9 $'*2>5. 2 *1,4## 1.1 ,49#:294'< 1 1,2,4'? * #6>#2 *24#?92%*7< .6.5294>7 9f 1 1,:14#2:,?> 
1,:2#1*2> 54,#12. 9 1,?.:6'@ zf >*5#o:,# 549?#:#:9# 24#c>#2 ,*,d:.::,j, 5,6f,6. 9 5,*2,7::,h 54.12919@ 

d!0e"?7 -0$:<:;5&+D=f ;:g+"& $!¿+;-? g5¿-:<?F 5 !;;5&5<"?F &+F":D:157L $]&]"] :C"5$:< i"&:" ºD!;5B5-:<5e 
k2S*@WSl2 supervisor: Associate Professor, PhD in Engineering Sciences, Department of Digital and Additive Technologies, Anton Vladimirovich 

Soshnikov 
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  004.5 

¾$;$ LZ.ZXUÂN >$7$ +Z¯ß.N 7$5$  S2SdU[ 

C(¼C(Á9A ( ¶9Á3+º=9*9 FC3+9G7=3> +> 95 (;C9C( 
5 35F9+º¼9;(=37¶ QML 3 SAILFISH SILICA  

M ¾$;$ LZ.ZXUÂN >$7$ +Z¯ß.N 7$5$  S2SdU[N 2025 

!"$&-)+&+-.0-13$57 1:30;!-3&<+""?7 0"5<+-35&+& A-:B?CD+""?F &+F":D:157 5 ;5G!7"! 
191186, !"$&-)+&+-.0-1L M:D=C!N P:-3$!NL 18. 

º 3&!&=+ A-+;3&!<D+" :A?& -!G-!.:&$5 "!&5<":1: B:.5D=":1: A-5D:t+"5N ;DN :A+-!g5:"":7 353&+B? ui<-:-!v 3 53A:D=G:<!- 
"5+B QML ̉  ̂ ̉̂̌̉̏̓̆̋̉ Sailýsh Silica. ̋ ́̒ ̒ ̟̍́̓̑̉̃́̓̒ ̠ ̋ ̟̘̜̌̆̃̆ ̞ ̜̓́̐ ̐ ̏̅̄ ̏̓̏̃̋̉ ̒ ̜̑̆̅ 
-!G-!.:&$5L <$Dse!N 03&!":<$0 A!$+&:< 
Aurora SDK, "!3&-:7$0 3.:-:e":7 353&+B? 5 53A:D=G:<!"5+ ¦B0DN&:-! ¤ ] ¤A53!"! !-F5&+$&0-! A-5D:t+"5NL 3&-0$&0-! A-:+$&! 5 -+- 
!D5G!g5N A:D=G:<!&+D=3$:1: 5"&+-¿+73!] ¤3:.:+ <"5B!"5+ 0;+D+": 5"3&-0B+"&!B &+3&5-:<!"5N 5 A-:¿5D5-:<!"5N A-:5G<:;5&+D=":3&5 
"! .!G+ QML Bench. ̋ ́̒ ̒ ̍̏̓̑̆̎́ ̉ ̒ ̠̓̏̑̉ ̑ ̠́̈̃̉̓̉ ̨  ˞Ĩ̱ ̃̑̏̑́ĸ ̉  ̓ ̖̆ ̎̏̌̏̄ ̉̊ QML ̋ ́  ̋
:3":<:A:D!1!s¥+7 AD!&¿:-B? ;DN -!G-!.:&- 
$5] )-5<+;+"! 5"3&-0$g5N A: 03&!":<$+ 3-+;? -!G-!.:&$5 3 A:C!1:<?B5 3$-5"C:&!B5] 

 Xl/-.a- WXS.Z~ ni ´$4,4.< QML,  A-BPßGR Silica, QML  Bench, ?,c9 %:,# 549 ,;#:9#< ,2#!#*2$#::,# 
}n< 9:2#4k#h* 5, %d,$.2# 7@ 

F. V. Khavalits,  Y.E.  Lashchev,  E.S. Kokorin  
Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
DEVELOPMENT  OF A MOBILE  APPLICATION  FOR AURORA OS USING  QML  AND SAILFISH  

SILICA  
The article presents the experience of developing a native mobile application for the Aurora operating system using QML and the Sailýsh 

Silica library. The key stages of preparing the development environment are considered, including installing the Aurora SDK packages, 29@lb4US@b the 
assembly system, and using the OS emulator. The application architecture, project structure, and user interface implementation are described. Special 
attention is paid to QML Bench-based performance testing and proýling tools. The history of the development of the Aurora OS and QML technologies 
as a fundamental development platform is considered. Instructions for installing the development environment with step-by-step screenshots are provided. 

Keywords : Aurora OS, QML, A-BPßGR Silica, QML Bench, mobile application, domestic software, user interface. 
«,*2 9:2#4#*. 1 ,2#!#*2$#::'? ,5#4.l9,::'? *9*2#?.? *29?> 94>#2 4.d$929# 9:*24>?#:2,$ 6 7 *,d6.:97 

*,$4#?#::'f 9 c#d,5.*:'f ?,c9 %:'f 549 ,;#:9h@ ni Ó´$4,4.Ô $'*2>5.#2 $ 4, 9 2.1,h 5 .2k,4?'< 54#6,*2.$ 77 
4.d4.c,2!91.? $*# :#,cf,69?'# *4#6*2$. 6 7 4#. 9d.l99 .12>. %:'f ?,c9 %:'f 4#o#:9h@ b 4.?1.f 6.::,h *2.2%9 
c' , 4.d4.c,2.:, 549 ,;#:9# Ói59*,1 d.6.!Ô< 1,2,4,# 6#?,:*2494>#2 c.d,$>  ,j91> >54.$ #:97 6# .?9 * 9*5, %- 
d,$.:9#? QML 9 1,?5,:#:2,$ A-BPßGR Silica. 

Ó´$4,4.Ô >:.* #6,$. . 2#f:9!#*1>  ,*:,$> ,2 A-BPßGR OS, ,1. 9d,$.$ 9 .6.5294,$.$ #¼ 5,6 4,**9h*19# >*- 
,$97@ } .2k,4?. *,d6.$. .*% 1.1 ,2$#2 :. d.54,* :. :#d.$9*9?>  ?,c9 %:>  *9*2#?> * 549,492#2,? 9:k,4?.l9,:- 

:,h c#d,5.*:,*29 9 ,21.d,? ,2 d.4>c#;:'f d.$9*9?,*2#h [1]. 
n6:9? 9d 1  !#$'f 0 #?#:2,$ 4.d4.c,219 7$ 7#2*7 7d'1 QML  (Qt Modeling Language), $f,6789h $ *,*2.$ 

k4#h?$,41. Qt. QML  54#6,*2.$ 7#2 >6,c:'h 6#1 .4.29$:'h 5,6f,6 1 *,d6.:9  9:2#4.129$:'f 9:2#4k#h*,$ 9 c' 
54#6*2.$ #: $ Qt 4.7 $ 2010 j,6> [2]. b *,!#2.:99 * :.c,4,? 1,?5,:#:2,$ A-BPßGR Silica, *5#l9. %:, .6.5294,$.::'f 
6 7 ?,c9 %:'f >*24,h*2$< QML  ,c#*5#!9$.#2 j9c1,*2% $ 4.d4.c,21# 9:2#4k#h*,$ 9 $'*,1>  54,9d$,692# %:,*2% 
549 ,;#:9h@ 

i4#69 1  !#$'f 02.5,$ 4.d$9297 QML 9 A-BPßsh Silica ?,;:, $'6# 92%/ 
-  

-  

2010 j@ Ö $'f,6 5#4$,h *2.c9 %:,h $#4*99 QML $ *,*2.$# Qt 4.7 [2]; 
2012 j@ Ö *2.42 4.d4.c,219 A-BPßGR OS * .129$:'? 9*5, %d,$.:9#? QML  6 7 ?,c9 %:'f 

549 ,;#:9h [3]; 
-  2019 j@ Ö ,k9l9. %:,# 54#6*2.$ #:9# ni Ó´$4,4.Ô 1.1 4,**9h*1,j, 54,6>12. 6 7 1,45,4.- 

29$:,j, 9 j,*>6.4*2$#::,j, 9*5, %d,$.:97 [1]; 
-  i 2022 j@ Ö .129$:,# 4.d$929# 9:*24>?#:2,$ 4.d4.c,2!91. 9 4.*o94#:9# k>:1l9,:. . SDK 

6 7 *,d6.:97 549 ,;#:9h 5,6 ni Ó´$4,4.Ô [4]. 
¥ .j,6.47 9f 9:2#j4.l99< 4.d4.c,2!919 5, >!9 9 $ *$,¼ 4.*5,47;#:9# ?,8:'h *2#1 2#f:, ,j9h/ .55.4.2:,# 

>*1,4#:9# 4#:6#49:j.< 54,6$9:>2'# 9:*24>?#:2' ,2 .619 9 54,k9 94,$.:97< $1  !.7 QML Bench, !2, ,c#*5#!9$.- 
#2 0kk#129$:'h 9 1,?k,42:'h 54,l#** *,d6.:97 :.29$:'f ?,c9 %:'f 4#o#:9h@ 

b :.!. # 4.d4.c,219 549 ,;#:97 c' . 54,$#6#:. :.*24,h1. *4#6' * 9*5, %d,$.:9#? Qt Creator 9 Aurora 
SDK. q. 49*>:1# 1 5,1.d.:. *24>12>4. 54,#12.< $1  !. 8.7 ,*:,$:'# 694#12,499< 9*f,6:'h 1,6 :. C++,  QML -1,?- 
5,:#:2'< 4#*>4*' 9d,c4.;#:9h 9 1,:k9j>4.l9,::'# k.h '@ 
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«9*@ 1 - i24>12>4. 54,#12. $ Qt Creator 

¿ 7 1,44#12:,h 4.c,2' 54,#12. 54,9d$#6#:. >*2.:,$1. :#,cf,69?'f 5.1#2,$ 6 7 0?> 7l99 ni ́ $4,4.@ ¿ 7 
02,j,/ 

-  

-  

-  

}#4#h692# $ $#4f:## ?#:  Óz:*24>?#:2'Ô  Ó}.4.?#24'Ô¬ 
:.;?92# 1:,51> Ó±54.$ #:9# l# 7?9 *c,419Ô *54.$.¬ 
$ 5,7$9$o#?*7 ,1:# $'c#492# 5,6f,678>  l# % *c,419< *,,2$#2*2$> 8>  .4f92#12>4# 

$.o#j, 54,#12.< :.549?#4/ AuroraOS-5.1.3.185-MB2-x86_64 §4#1,?#:6>#?.7¨¬ 
-  5,*2.$%2# j. ,!1> Ó±54.$ #:9# 54,j4.??:'?9 5.1#2.?9Ô< d.2#? :.;?92# Ó¿. ##Ô@ 

z:*24>1l97 5, >*2.:,$1# :. 49*>:1# 2. 
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«9*@ 2 y b'c,4 >54.$ #:97 54,j4.??:'?9 5.1#2.?9 

},* # :.*24,h19 *4#6' *,d6.¼? :,$'h 54,#12@ 
b Qt Creator $'c#492# *,d6.:9# :,$,j, 54,#12. QML. },* # *,d6.:97 *24>12>4. 54,#12. c>6#2 $1  !.2%/ 

-  

-  

-  

-  

}.51. QML Ö f4.:92 9:2#4k#h* 9 c9d:#*- ,j91> 549 ,;#:97¬ 
res/ Ö 4#*>4*' 54,#12. §91,:19< 9d,c4.;#:97¨¬ 
main.qml Ö j .$:'h k.h 9:2#4k#h*.¬ 
k.h ' C++ §#* 9 9*5, %d> 2*7¨ Ö 6 7 4.*o94#::,h ,j919@ 

±*2.:,$1. 5.1#2,$ - o.j $ 5,6j,2,$1# *4#6' 6 7 4.d4.c,219 :.29$:'f 549 ,;#:9h@ s2,2 :.c,4 9:*24>?#:2,$ 
,f$.2'$.#2 $#*% l91 *,d6.:97 *,k2./ ,2 :.59*.:97 1,6. 6, *c,419< ,2 .619 9 .:. 9d. 54,9d$,692# %:,*29@ 

},* # >*2.:,$19 Aurora SDK 4.d4.c,2!91 5, >!.#2/ 
-  z:*24>?#:2' 6 7 *c,419 9 1,?59 7l99 5,6 l# #$'# .4f92#12>4'@ SDK $1  !.#2 14,**-1,?59 72,- 

4' 9 *c,4,!:'# *4#6*2$.< 5,d$, 7 89# *,d6.$.2% 549 ,;#:97 6 7 4.d 9!:'f 54,l#**,4:'f .4f92#12>4< 2.19f 
1.1 x86_64 9 ARM. s2, j.4.:294>#2 *,$?#*29?,*2% 54,j4.?? * o94,19? *5#124,? >*24,h*2$ 5,6 >54.$ #:9#? 
ni Ó´$4,4.Ô¬ 

-  0?> 7l97 *4#6' ni Ó´$4,4.Ô@ b *,*2.$# SDK 6,*2>5:. $942>. %:.7 ?.o9:.< 0?> 94> 8.7 5,- 
:,l#::>  4.c,2> *9*2#?'@ s2, 5,d$, 7#2 2#*294,$.2% 549 ,;#:97 $ >* ,$97f< ?.1*9?. %:, 549c 9;#::'f 
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1 4#. %:,*29< c#d :#,cf,69?,*29 9?#2% 5,6 4>1,h k9d9!#*1,# >*24,h*2$,@ n*,c#::, 5, #d:, 02, 549 ,2 .61# 
9:2#4k#h*,$ 9 54,$#41# 5,$#6#:97 549 ,;#:97 $ 4.d:'f *l#:.497f 9*5, %d,$.:97¬ 

-  5,66#4;1. QML  9 A-BPßGR Silica. SDK 5,*2.$ 7#2*7 * :#,cf,69?'?9 c9c 9,2#1.?9 6 7 4.c,2' 
* k4#h?$,41,? A-BPßGR Silica 9 7d'1,? QML.  s2, 6.¼2 $,d?,;:,*2% *,d6.$.2% 549 ,;#:97 * :.29$:'? 9:2#4k#h- 
*,?< 1,2,4'h *,,2$#2*2$>#2 *2.:6.42.? 9 4#1,?#:6.l97? 5, 69d.h:> 6 7 ni Ó´$4,4.Ô¬ 

-  54,k9 94,$.:9# 54,9d$,692# %:,*29 * 5,?,8%  QML  X"C)R@z:2#j494,$.::'# 9:*24>?#:2'< 2.19# 
1.1 QML  Bench, 5,?,j. 2 .:. 9d94,$.2% 54,9d$,692# %:,*2% 9:2#4k#h*:'f 1,?5,:#:2,$< 9d?#472% $4#?7 9f 
4#:6#49:j. 9 *$,#$4#?#::, :.f,692% >d19# ?#*2. #8¼ :. *2.699 4.d4.c,219¬ 

-  >54.$ #:9# d.$9*9?,*27?9 9 5.1#2.?9@ Aurora SDK >54,8.#2 4.c,2> * d.$9*9?,*27?9 54,#12./ :#- 
,cf,69?'# c9c 9,2#19 9 1,?5,:#:2' .$2,?.29!#*19 5,61 !. 2*7 549 *c,41#@ s2, d:.!92# %:, >*1,47#2 :.- 
*24,h1> 9 *:9;.#2 49*1 ,o9c,1< *$7d.::'f * :#*,$?#*29?'?9 9 9 ,2*>2*2$> 89?9 ?,6> 7?9@ 
r.19? ,c4.d,?< >*2.:,$1. SDK k,4?94>#2 5, :,l#::>  01,*9*2#?> 6 7 4.d4.c,219 :.6¼;:'f< 54,9d$,69- 

2# %:'f 9 c#d,5.*:'f ?,c9 %:'f 549 ,;#:9h< ,2$#!. 89f $'*,19? 24#c,$.:97? 1 ,2#!#*2$#::,?> 54,j4.??:,?> 
,c#*5#!#:9 @ 

n26# %:,j, $:9?.:97 d.* >;9$.#2 :.*24,h1. ?,6> %:,h *24>12>4' *4#6' 4.d4.c,219@ ¶,6> 9 6,c.$ 7 2 
$ 54,l#** 4.d4.c,219 6,5, :92# %:'# $,d?,;:,*29/ 5,66#4;1> 4.d:'f 7d'1,$ 54,j4.??94,$.:97< *c,4,!:'f *9- 
*2#?< 9:*24>?#:2' 54,k9 94,$.:97 9 4#6.12,4' 9:2#4k#h*,$@ 

¿ 7 4.c,2' :.6 54,#12.?9 5,6 ni Ó´$4,4.Ô ,*,c#::, 5, #d:' * #6> 89# ?,6> 9/ 
-  QML  JSEditor. }, :.7 5,66#4;1. 4.d4.c,219 :. QML  * 5,6*$#21,h *9:2.1*9*.< .$2,6,5, :#:9#? 

9 *2.29!#*19? .:. 9d,? 1,6.¬ 
-  

-  

CMake Project Manager. È9c1.7 :.*24,h1. *c,419 54,#12,$ * 5,?,8%  *9*2#?' CMake; 
Qt Quick Designer. b9d>. %:'h 4#6.12,4 9:2#4k#h*,$< 1,2,4'h >*1,47#2 *,d6.:9# 54,2,295,$ 9 ?.- 

1#2,$ 014.:,$¬ 
-  QML EF+ßP"F §549 :.9!99¨@ ´:. 9d 54,9d$,692# %:,*29 QML -1,6. :. 02.5# 4.d4.c,219¬ 
6,1>?#:2.l97 9 *54.$1.@ ¥'*24'h 6,*2>5 1 *54.$,!:'? ?.2#49. .? 5, ´«˴ 9 $,d?,;:,*27? SDK -  

547?, $ 54,l#**# 4.c,2'@ 
q.*24,h1. ?,6> #h 6# .#2 54,l#** 4.d4.c,219 ?.1*9?. %:, 0kk#129$:'?< ,c #j!.7 1.1 *,d6.:9#< 2.1 9 ,2- 

.61> ?,c9 %:'f 549 ,;#:9h 6 7 5 .2k,4?'@ 
}4,$#41. :. 9!97 9 >*2.:,$1. :#,cf,69?'f ?,6> #h 54,$,692*7 !#4#d ?#:  *4#6' 4.d4.c,219/ 

-  n214'2% 4.d6# Ói54.$1.Ô  Ón ?,6> 7f Ó@ },1.d.:, :. 49*>:1# 3; 

«9*@ 3 y ¶#:  *54.$19 

.:. 9d94,$.2% *59*,1 >*2.:,$ #::'f ?,6> #h< >*2.:,$92% :#6,*2. 89# 6 7 ,c#*5#!#:97 5, :,l#::,h 4.d- 
4.c,219@ },1.d.:, :. 49*>:1# 4. 
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«9*@ 4 y ±*2.:,$ #::'# ?,6> 9 

s2, 5,d$, 7#2/ 
-  

-  

-  

-  

¶9:9?9d94,$.2% $#4,72:,*2% $,d:91:,$#:97 ,o9c,1 $ 54,l#**# *c,419¬ 
,c#*5#!92% 5,66#4;1> $*#f :#,cf,69?'f k,4?.2,$ 9 c9c 9,2#1¬ 
>*1,492% 54,l#** :.59*.:97 1,6. 9 #j, $#49k91.l9  :. 02.5# 4.d4.c,219¬ 
9:2#j494,$.2% 9:*24>?#:2' .:. 9d. 9 54,k9 94,$.:97 54,9d$,692# %:,*29@ 

b.;:,< !2, 1,44#12:, :.*24,#::.7 ?,6> %:.7 *24>12>4. ,c#*5#!9$.#2 c#*o,$:>  9:2#j4.l9  * SDK 9 54,- 
k9 94,$,!:'?9 9:*24>?#:2.?9 QML Bench. 

},* #6:77 54,$#41,h 7$ 7#2*7 .:. 9d 6,*2>5:'f *c,4,!:'f l# #h 54,#12./ 
-  >c#692%*7< !2, l# #$.7 *c,4,!:.7 1,:k9j>4.l97 .129$:. 9 1,44#12:, :.*24,#:. 6 7 

.4f92#12>4' ni Ó´$4,4.Ô@ },1.d.:, :. 49*>:1# 5. 

«9*@ 5 y ¿#?,:*24.l97 *c,4,!:,h 1,:k9j>4.l99 

r.19? ,c4.d,?< :.*24,h1. ?,6> #h *4#6' 4.d4.c,219 $'*2>5.#2 ,*:,$,5, .j. 89? k.12,4,? >*5#o:,j, $'- 
5, :#:97 5,* #6> 89f 02.5,$ 4.d4.c,219 9 2#*294,$.:97 549 ,;#:97@ 

},* # :.*24,h19 *4#6' 4.d4.c,219 9 5,61  !#:97 :#,cf,69?'f ?,6> #h * #6> 89? o.j,? c>6#2 5#4$9!- 
:.7 ,l#:1. 54,9d$,692# %:,*29 549 ,;#:97 * 5,?,8%  QML  Bench. s2,2 9:*24>?#:2 54#6:.d:.!#: 6 7 9d?#4#:97 
*1,4,*29 4.c,2' 9:2#4k#h*:'f 1,?5,:#:2,$ :. QML:  ,: 5,?,j.#2 5,:72%< :.*1,%1, 0kk#129$:, ,249*,$'$. 2*7 
j4.k9!#*19# 0 #?#:2'< 1.1 c'*24, 4#.j94>#2 9:2#4k#h* :. 6#h*2$97 5, %d,$.2# 7< . 2.1;# 5,d$, 7#2 $'7$92% * .c'# 
?#*2. $ 4.c,2# 549 ,;#:97@ 

}4,$#6#:9# 2#*294,$.:97/ 
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-  d.5>*1 9:*24>?#:2. QML  Bench 9d *4#6' 4.d4.c,219 Qt Creator. },1.d.:, :. 49- 
*>:1# 6; 

«9*@ 6 y «.*5, ,;#:9# ni ´$4,4.< d.5>*1. QmLive Bench 

-  5#4$9!:'h d.5>*1 2#*294,$.:97 :. 54,#12# ÓQ+S+³··Ô@ },1.d.:, :. 49*>:1# 7. 

«9*@ 7 y ¿#?,:*24.l97 5#4$9!:,j, d.5>*1. 

i 5,?,8%  QML  Bench ?,;:, 5, >!92% 6.::'# , *4#6:#? $4#?#:9 4#:6#49:j. 9 *1,4,*29 ,21 91. 9:2#4- 
k#h*.@ s29 5,1.d.2# 9 5,?,j. 2 5,:72%< 24#c>#2*7 9 ,529?9d.l97 ,26# %:'f 0 #?#:2,$ 549 ,;#:97 9 9 #j, ,j9- 
19@ n*,c#::, 5, #d:, #j, 9*5, %d,$.:9# :. :.!. %:'f 02.5.f 4.d4.c,219 Ö 02, 5,d$, 7#2 d.4.:## 9dc#;.2% 54,c #? 
* 54,9d$,692# %:,*2%  9 *,f4.:92% $'*,1>  ,2d'$!9$,*2% 9:2#4k#h*.< !2, *,,2$#2*2$>#2 *,$4#?#::'? *2.:6.42.? 
1.!#*2$. 5, %d,$.2# %*1,j, ,5'2.@ 

b*# 0 #?#:2' :. 014.:# 5, %d,$.2# 7 *,d6.:' * 5,?,8%  1,6.< 1,2,4'h ,2$#!.#2 d. 69:.?9!#*1,# k,4?94,- 
$.:9# 9:2#4k#h*. $ 4.?1.f QML.  .;6'h 0 #?#:2 >54.$ 7#2*7 1.1 $9d>. %:,< 2.1 9 ,j9!#*19 !#4#d *$,h*2$. 9 ,c- 
4.c,2!919 *,c'29h@ 

¿,c.$ #:9# 1:,5,1 $'5, :7#2*7 * 5,?,8%  1,?5,:#:2. Rectangle, 5,1.d.:, :. 49*>:1# 8. b *,!#2.:99 * $ ,- 
;#::'?9 0 #?#:2.?9< :.549?#4< Row, Image 9 Text 6 7 ,k,4? #:97@ 
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«9*@ 8 y i,d6.:9# *59*1. d.6.! 

,j6. 5, %d,$.2# % $'c94.#2 ,6:> 9 9 :#*1, %1, d.6.!< 5,7$ 7#2*7 5.:# % >6. #:97@ s2, Rectangle, 1,2,- 
4'h *2.:,$92*7 $969?'? 2, %1, $ 4#;9?# $'c,4. (selectionMode). }49?#4 *,d6.:97 *f,; * 49*>:1,? 8. 

},* # d.5>*1. 549 ,;#:97 :.c  6.#2*7 #j, 014.:< 49*>:,1 9. b :#? 54,9d$,692%*7 $d.9?,6#h*2$9# 5, %d,$.- 
2# 7 * 0?> 72,4,?@ }49 :.;.299 :. 1:,51> Ó¿,c.$92% d.6.!>Ô ,214'$.#2*7 5, # $$,6. * 5,66#4;1,h 1 .$9.2>4' ni@ 
¿,c.$ #:9# d.6.!9 54,9d$,692*7 .$2,?.29!#*19 5,* # $$,6. 9 :.;.297 :. 91,:1> 5,62$#4;6#:97@ 

b 4#;9?# $'6# #:97 d.6.! 5, %d,$.2# % ?,;#2 ,2?#292% :#*1, %1, 0 #?#:2,$< $1  !.7 d.$#4o¼::'# 9 .1- 
29$:'#@ },* # $'c,4. ,2,c4.;.#2*7 :9;:77 5.:# % * 91,:1,h >6. #:97< 5,d$, 7 8#h ?.**,$, >6. 92% $'c4.::'# 

d.6.!9 9d ?,6# 9@ 

«9*@ 9 y s14.:' $d.9?,6#h*2$97 

b 549 ,;#:99 9*5, %d,$.:' 4#.129$:'# 1,?5,:#:2' QML,  69:.?9!#*1.7 ?,6# % 6.::'f 9 1.*2,?:.7 ,- 
j91. >54.$ #:97 *,*2,7:97?9@ z:2#4k#h* $'5, :#: $ #69:,? UI -kit *9*2#?# Ó´$4,4'Ô [5], * .6.529$:'?9 o49k2.?9 
9 91,:1.?9@ 
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b f,6# 4.c,2' c' 5, :,*2%  54,h6#: l91 4.d4.c,219 :.29$:,j, 549 ,;#:97 6 7 ni Ó´$4,4.Ô * 9*5, %- 
d,$.:9#? QML  9 A-BPßGR Silica. b*¼ :.!. ,*% * :.*24,h19 *4#6' 4.d4.c,219/ >*2.:,$1. Aurora SDK 9 6,5, :92# %:.7 
:.*24,h1. ?,6> #h 5,d$, 9 9 *,c4.2% 4.c,!## ,14>;#:9# 9 ,c#*5#!92% *2.c9 %:,*2% 54,#12. :. $*#f 02.5.f@ 

b 4#d> %2.2# >6. ,*% *,d6.2% >6,c:,# 9 j9c1,# 549 ,;#:9# * .6.529$:'? 9:2#4k#h*,? 9 69:.?9!#*19? 
>54.$ #:9#? d.6.!.?9@ z:2#4k#h* 5,66#4;9$.#2 ?:,;#*2$#::'h $'c,4 9 5,d$, 7#2 c'*24, >54.$ 72% d.59*7?9@ 
}4,9d$,692# %:,*2% 549 ,;#:97 c' . 54,2#*294,$.:. * 5,?,8%  QML  Bench Ö 4#d> %2.2' 5,1.d. 9 *2.c9 %:>  
4.c,2>< 5 .$:,*2% .:9?.l9h 9 c'*24'h ,21 91@ 

n*,c,# $:9?.:9# >6# 7 ,*% 2#*294,$.:9  9:2#4k#h*. 9 .:.9d> 54,9d$,692# %:,*29 :. 4.::9f *2.697f< !2, 
5,?,j , 6,c92%*7 $'*,1,j, 1.!#*2$. 5, %d,$.2# %*1,j, ,5'2.@ r.1;# c' . 9d>!#:. 0$,  l97 2#f:, ,j9h Ó´$4,4'Ô< 
QML 9 A-BPßGR Silica, !2, 6. , c, ## j >c,1,# 5,:9?.:9# $,d?,;:,*2#h 029f 9:*24>?#:2,$@ 

}4,$#6¼::.7 4.c,2. 5,62$#469 . 0kk#129$:,*2% $'c4.::'f 2#f:, ,j9h 6 7 4.d4.c,219 5,6 ni Ó´$4,4.Ô 
9 5,1.d. .< !2, ,:9 5,6f,672 6 7 *,d6.:97 c, ## * ,;:'f 9 k>:1l9,:. %:'f 549 ,;#:9h * 9:2#j4.l9#h $:#o:9f 
*#4$9*,$ 9 ,c .!:,h *9:f4,:9d.l9#h 6.::'f 

=Z1/[a] d12S.STUi-X_~ TSÂ-[i 2ZÉ-Tda ÂUÉdS.aQ U ZTTUiU.[aQ i-Q[SXSkU]N 2Z[T$ i-Q[. 
"!0$L :C"5$:< i]º] 

5bUWS2 XUi-dZi1da 

1. n5#4.l9,::.7 *9*2#?. ´$4,4. Ö ,k9l9. %:'h *.h2 vs #124,::'h 4#*>4*w@ URL: https://auroraos.ru §6.2. ,c4.- 
8#:97/ 01.04.2025). 

2. z*2,497 k4#h?$,41. Qt 9 5,7$ #:9# QML vs #124,::'h 4#*>4*w@ URL: https://doc.qt.io/qt -5/qmlapplications.html 
§6.2. ,c4.8#:97/ 03.04.2025). 
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4. SDK 6 7 4.d4.c,2!91,$ ni ´$4,4. vs #124,::'h 4#*>4*w@ URL: https://developer.auroraos.ru/doc/sdk §6.2. ,c4.- 
8#:97/ 05.04.2025). 

5. ́ $4,4. 5 UI-kit vs #124,::'h 4#*>4*w@ URL: RDD·G/¤¤```@ßJ^-@)+^¤O"GBJC¤ÀA¹¡ìaZÐC_\F¹"H¸G¸_ÏDC¤´$- 
4,4.-5-UI -Kit --Aurora-OS---Community-?node-id=8846-37829&p=f&t=mBxgsyLHjL4lbFrq-0 §6.2. ,c4.8#:97/ 
07.04.2025). 

References 

1. Operatsionnaya sistema Avrora Ñ 9lWTS [§@// sayt. URL: https://auroraos.ru [Aurora operating system y o cial website]. (data 
accessed: 01.04.2025). 

2. Istoriya freymvorka Qt i poyavlenie QML. URL: https://doc.qt.io/qt -5/qmlapplications.html [History of Qt framework and 
emergence of QML]. (data accessed: 03.04.2025). 

3. Chto takoe k S[lTR OS? URL: https://wylsa.com/chto-takoe-G-BPßGR-os-i-zachem-ona-nuzhna/ [What is A-BPßGR OS?]. (data 
accessed: 05.04.2025). 

4. SDK dlya razrabotchikov OS Avrora. URL: https://developer.auroraos.ru/doc/sdk [SDK for Aurora OS developers] (data 
accessed: 05.04.2025). 

5. Avrora 5 UI-kit. URL: RDD·G/¤¤```@ßJ^-@)+^¤O"GBJC¤ÀA¹¡ìaZÐC_\F¹"H¸G¸_ÏDC¤´$4,4.-5-UI -Kit --Aurora-OS--- 
Community-?node-id=8846-37829&p=f&t=mBxgsyLHjL4lbFrq-0 [Aurora UI -Kit]. (data accessed: 07.04.2025). 

188 



 
  

 
 

  78.02; 378.78 

¾$;$ LZ.ZXUÂ 

?;9+»¿3> FC9*C(¶¶ +> 59¼ (=3> ¶ ¼J 3~ F Aº FL 
STUDIO  

M ¾$;$ LZ.ZXUÂN 2025 

!"$&-)+&+-.0-13$57 1:30;!-3&<+""?7 0"5<+-35&+& A-:B?CD+""?F &+F":D:157 5 ;5G!7"! 
191186, !"$&-)+&+-.0-1L M:D=C!N P:-3$!NL 18. 

¾<:Dsg5N A-:1-!BB":1: :.+3A+e+"5N ;DN 3:G;!"5N B0G?$5 G! A:3D+;"5+ ;+3N&5D+&5N G"!e5&+D=": 5GB+"5D! A:;F:;? $ B0- 
G?$!D=":B0 A-:;!$C"0 5 <:3A-5N&5s B0G?$5 < g+D:B] ¤;"5B 5G N-$5F A-5B+-:< &!$:1: -!G<5&5N N<DN+&3N FL Studio Ñ A-:1-!BB!L 
A-:C+;C!N A0&= :& A-:3&:7 AD!&¿:-B? ;DN 3:G;!"5N D0A:< ;: :;":7 5G 3!B?F A:A0DN-"?F 5 ¿0"$g5:"!D="?F g5¿-:<?F !0;5:3&!"g57 
(DAW) < B5-+] º 3&!&=+ -!33B!&-5<!s&3N $Dse+<?+ ¦&!A? -!G<5&5N FL Studio, +Ê <D5N"5+ "! ;:3&0A":3&= B0G?$!D=":1: &<:-e+3&<! 
5 -:D= < &-!"3¿:-B!g55 B0G?$!D=":1: :.-!G:<!"5N] ¤3:.:+ <"5B!"5+ 0;+D+": 5"&+1-!g55 3:<-+B+""?F &+F":D:157L <$Dse!N <5-&0!D=- 
"?+ 5"3&-0B+"&?L AD!15"? ¦¿¿+$&:< 5 53$033&<+""?7 5"&+DD+$&L ! &!$t+ :.30t;!s&3N <?G:<?L 3<NG!""?+ 3 A+-+"!3?¥+"":3&=s 
$:"&+"&:B 5 :A-+;+D+"5+B :-515"!D=":3&5 A-:5G<+;+"57] ):;e+-$5<!+&3NL e&: ¦<:Dsg5N FL Studio :&-!t!+& 1D:.!D="?+ 5GB+"+"5N 
< A:;F:;!F $ 3:G;!"5s B0G?$5L 3<NG!""?+ 3 &+F":D:15e+3$5B A-:1-+33:B 5 $0D=&0-"?B 3;<51:B :& ¦D5&!-":3&5 $ B!33:<:7 ;:3&0A":3&5] 

 Xl/-.a- WXS.Z~ FL Studio, l9k4,$.7 .>69,*2.:l97< ?>d'1. %:'h 54,6.1o:< 9*1>**2$#::'h 9:2# #12< 
?>d'1. %:,# ,c4.d,$.:9#< $942>. %:'# 9:*24>?#:2'< 5 .j9:' 0kk#12,$< 6,*2>5:,*2% 2$,4!#*2$.< 5#4#:.*'8#::,*2% 
1,:2#:2,?< ,49j9:. %:,*2% 54,9d$#6#:9h@ 

F. V. Khavalits  
Saint Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
THE EVOLUTION  OF MUSIC CREATION  SOFTWARE: TH E PATH OF FL STUDIO  
The evolution of music creation software over the past decades has TSb@Sl2 @W[/ changed approaches to music production and the perception 

of music in general. One of the most striking examples of this development is FL Studio, a program that has gone from a simple platform for creating 
loops to one of the most popular and functional digital audio stations (DAW) in the world. The article examines the key stages of the development 
of FL Studio, its impact on the accessibility of musical creativity and its role in the transformation of music education. Special attention is paid to 
the integration of modern technologies, including virtual instruments, *X*2WT plug-ins and  UWSl2S [ intelligence, and the challenges associated with 
oversaturation of content and determining the originality of works are discussed. It is emphasized that the evolution of FL Studio U*Ï*2WT global changes 
in approaches to music creation related to technological progress and the cultural shift from elitism to mass accessibility. 

Keywords : FL Studio, digital audio station, music production, -FDBß)B-P intelligence, music education, virtual 
instruments, "É")DG plug-ins, accessibility of creativity, oversaturation of content, originality of works. 

;.-T-[U- 
«.d$929# l9k4,$'f 2#f:, ,j9h 1.469:. %:, 9d?#:9 , *5,*,c' *,d6.:97< ,c4.c,219 9 4.*54,*24.:#:97 ?>- 

d'19@ }4,j4.??:'# *4#6*2$.< 6,*2>5:'# *#j,6:7 1.;6,?> ,c .6.2#   5#4*,:. %:,j, 1,?5% 2#4.< 54#6,*2.$ 7 2 
$,d?,;:,*29< 1,2,4'# #8¼ :#*1, %1, 6#*729 #29h :.d.6 c' 9 54#4,j.29$,h 54,k#**9,:. %:'f *2>69h@ s2, ,214' , 
:,$'# j,49d,:2' 6 7 ?>d'1. %:,j, 2$,4!#*2$.< *6# .$ #j, 5,-:.*2,78#?> ?.**,$'? 7$ #:9#?@ i,$4#?#::'# l9k4,- 
$'# .>69,*2.:l99 (DAW) 5,d$, 7 2 :# 2, %1, d.59*'$.2% 9 4#6.1294,$.2% d$>1< :, 9 5, :,*2%  *,d6.$.2% ?>d'1. %- 
:'# 54,9d$#6#:97 Ö ,2 :.!. %:,j, d.?'* . 6, k9:. %:,j, ?.*2#49:j.@ i4#69 ?:,;#*2$. 6,*2>5:'f 4#o#:9h ,*,- 
c#::, $'6# 7#2*7 FL Studio Ö 54,j4.??.< 54,o#6o.7 5>2% ,2 54,*2,j, *#1$#:*,4. 6, ,6:,j, 9d 96#4,$ 9:6>*2499@ 

},:9?.:9# 0$,  l99 FL Studio 5,d$, 7#2 :# 2, %1, 54,* #692% 9*2,49  4.d$9297 ?>d'1. %:,j, *,k2.< :, 
9 j >c;# ,*,d:.2%< 1.1 2#f:, ,j99 5,$ 97 9 :. *.?> *>2% ?>d'1. %:,j, 2$,4!#*2$.@ b,54,*' ,c .$2,4*2$#< 4, 9 9:- 
2>9l99 9 2#f:9!:,*29< , *,,2:,o#:99 !# ,$#1. 9 . j,492?. *2.:,$72*7 $*¼ c, ## .12>. %:'?9 :. k,:# *24#?92# %- 
:,j, 4,*2. 9:2#4#*. 1 9*1>**2$#::,?> 9:2# #12> $ *k#4# 1> %2>4'@ n6:.1,< 54#;6# !#? 4.**?.249$.2% *,$4#?#::'# 
$,d?,;:,*29 9 $'d,$'< :#,cf,69?, ,c4.292%*7 1 9*2,1.? l9k4,$,h ?>d'19 Ö 1, $4#?#:9< 1,j6. 5#4$'# 54,j4.??' 
9o% :.!9:. 9 k,4?94,$.2% 9:*24>?#:2.49h :,$,j, 5,1, #:97 1,?5,d92,4,$@ 

3WiS2U~ Si id-2-dS. TS b-d.aQ DAW 
}#4$'# 54,j4.??:'# *4#6*2$. 6 7 *,d6.:97 ?>d'19 5,7$9 9*% $ 1,:l# XX  $#1. 9 c' 9 ,49#:294,$.:' 54#- 

9?>8#*2$#::, :. 2#f:9!#*19 5,6j,2,$ #::'f 5, %d,$.2# #h@ q.9c, ## 4.::9# 9d :9f Ö 24#1#4' 9 MIDI -*#1$#:*,4' 
Ö 54#6*2.$ 7 9 *,c,h 9:2#4k#h*'< 6. #19# ,2 549$'!:'f *,$4#?#::'f *2.:6.42,$@ «.c,2. * :9?9 24#c,$. . 5,:9- 
?.:97 *24>12>4' MIDI -1,?.:6< >?#:97 $4>!:>  54,59*'$.2% 5.4.?#24' 1.;6,h :,2' 9 :.*24,h19 d$>1.@ }4,j4.?- 
?' $4,6# FastTracker, ProTracker 9 64>j9f 5,6,c:'f 4#o#:9h ,*:,$'$. 9*% :. 2.c 9l.f 9 !9* ,$'f d:.!#:97f< !2, 
6# . , 54,l#** *,d6.:97 ?>d'19 *1,4## 54,j4.??94,$.:9#?< !#? 2$,4!#*2$,? $ 549$'!:,? *?'* # [1]. r#? :# ?#:## 
9?#::, ,:9 d. ,;9 9 k>:6.?#:2< :. 1,2,4,? $5,* #6*2$99 $'*24,9 9*% 5, :,l#::'# l9k4,$'# .>69,*2.:l99@ 

b *#4#69:# 9 1,:l# 1990-f j,6,$ :. 4':1# :.!. 9 5,7$ 72%*7 54,6>12'< ,49#:294,$.::'# :. c, ## o94,- 
19h 14>j 5, %d,$.2# #h@ i4#69 :9f ,*,c#::, $'6# 7 .*% 54,j4.??. FruityLoops, $'5>8#::.7 c# %j9h*1,h 1,?5.:9- 
#h Image-Line. b ,2 9!9# ,2 *$,9f 54#6o#*2$#::91,$< ,:. 54#6 .j. . j4.k9!#*19h 9:2#4k#h*< 5,*24,#::'h $,14>j 
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5.22#4:,$ 9 >5,$< !2, 5,d$, 7 , *,d6.$.2% 492?' 9 ?# ,699< :# 549c#j.7 1 * ,;:'? 2#f:9!#*19? ,5#4.l97?@ 
FruityLoops 5,d9l9,:94,$. .*% 1.1 54,*2,h 9 9:2>929$:, 5,:72:'h 9:*24>?#:2< ,*,c#::, >6,c:'h 6 7 :.!9:. 89f 
c92?#h1#4,$ 9 0 #124,::'f ?>d'1.:2,$@ z?#::, 02,2 .1l#:2 :. 6,*2>5:,*2% *2. #¼ 1,:1>4#:2:'? 54#9?>8#*2$,? 
9 ,c#*5#!9 #h *24#?92# %:'h 4,*2 5,5> 74:,*29 $ :.!. # 2000-f j,6,$@ 

i 5,7$ #:9#? FruityLoops 54,l#** *,d6.:97 ?>d'19 *2. :.5,?9:.2% 9j4> * 1,:*24>12,4.?9< j6# ?>d'1. %- 
:'# 96#9 *,c94. 9*% 9d j,2,$'f c ,1,$@ r.1,h 5,6f,6 ,1.d. *7 ,*,c#::, 549$ #1.2# %:'? 6 7 ?, ,6#;9< :# 9?#- 
 8#h k,4?. %:,j, ?>d'1.%:,j, ,c4.d,$.:97< :, ,c .6. 8#h 9:2#4#*,? 1 *.>:6-69d.h:> 9 0 #124,::,h 1> %2>4#@ 
}4,j4.??. c'*24, $'o . d. 4.?19 54,*2,j, *#1$#:*,4.< 9 5, ?#4# :.1,5 #:97 5, %d,$.2# %*1,j, 9:2#4#*. 4.d4.c,2- 
!919 :.!. 9 .129$:, 4.*o9472% #¼ k>:1l9,:. %:,*2%@ z?#::, * 02,j, ?,?#:2. :.!. .*% 24.:*k,4?.l97 FruityLoops 
$ FL Studio Ö ?,8:>  l9k4,$>  *2>69 < *5,*,c:>  1,:1>494,$.2% * k .j?.:.?9 ?>d'1. %:,j, *,k2.@ 

AdZ[WÉSdfZÂUg FruityLoops  
},*2#5#::, FruityLoops >24.!9$.#2 *2.2>*  c92# %*1,j, 9:*24>?#:2. 9 549,c4#2.#2 !#42' 5, :,l#::,h 

l9k4,$,h .>69,*2.:l99@ i 1.;6,h :,$,h $#4*9#h 54,j4.??. 4.*o947#2 *$,9 $,d?,;:,*29/ 5,7$ 7 2*7 ?:,j,1.:. %- 
:'h ?91o#4< 4.*o94#::'h Piano Roll 6 7 2,!:,h 4.c,2' * :,2.?9< 5,66#4;1. *2,4,::9f 5 .j9:,$ k,4?.2. VST, 
. d.2#? 9 *,c*2$#::'h ?.j.d9: * $942>. %:'?9 9:*24>?#:2.?9 9 0kk#12.?9@ s29 ,c:,$ #:97 54#$4.8. 2 #¼ $ j9c- 
19h 9:*24>?#:2< 5,6f,6789h 1.1 6 7 *,d6.:97 0 #124,::,h ?>d'19< 2.1 9 6 7 d.59*9 ;9$'f 9:*24>?#:2,$< .4.:;9- 
4,$19 9 k9:. %:,j, *$#6#:97@ 

zd?#:#:9# :.d$.:97 :. FL Studio *2.:,$92*7 *9?$, 9!#*19? ?,?#:2,? Ö 54,j4.??. c, %o# :# .**,l994>- 
#2*7 9*1  !92# %:, * >5.?9 9 5.22#4:.?9@ n:. 5,d9l9,:94>#2*7 1.1 >:9$#4*. %:.7 5 .2k,4?. 6 7 ?>d'1. %:,j, 
54,6.1o:.@ i4.$:#:9# * 64>j9?9 DAW, 2.19?9 1.1 Ableton Live, Cubase 9 9 Logic Pro, >;# :# *2.$92 FL Studio $ 5, ,- 
;#:9# 6,j,:7 8#j,/ $, ?:,j9f .*5#12.f ,:. ,1.d'$.#2*7 96#4,?< ,*,c#::, $ ,c .*29 >6,c*2$. 4.c,2' * ?# ,697?9 
9 492?,?@ Ä¼ f.4.12#4:'h 9:2#4k#h*< *,!#2. 89h $9d>. %:>  54,*2,2> * k>:1l9,:. %:,h j >c9:,h< *2.:,$92*7 >d- 
:.$.#?'? 9  c9?'? $, $*#? ?94#@ 

n6:9? 9d j .$:'f k.12,4,$ >*5#f. FL Studio *2.:,$92*7 2,< !2, ,:. :# 24#c>#2 ,2 5, %d,$.2# 7 24.69l9- 
,::,j, ?>d'1. %:,j, ,c4.d,$.:97@ q. 9!9# 9:2>929$:,j, 9:2#4k#h*. 9 $9d>. %:'f 9:*24>?#:2,$ 6# .#2 54,l#** 
*,d6.:97 ?>d'19 6,*2>5:'? 6.;# 2#?< 12, :91,j6. :# >!9 *7 :,2:,h j4.?,2#@ b?#*2, 02,j, .1l#:2 *?#8.#2*7 :. 
* >f< 9:2>9l9  9 01*5#49?#:2 Ö 1.!#*2$.< 1,2,4'# !.*2, ,1.d'$. 2*7 $.;:## 2#,4#29!#*19f d:.:9h 549 *,d6.:99 
*,$4#?#::,h 0 #124,::,h ?>d'19@ s2. k9 ,*,k97 Ó6,*2>5:,j, 54,6.1o:.Ô 6# .#2 FL Studio 54,j4.??,h $'c,4. 6 7 
l# ,j, 5,1, #:97 54,6 *#4,$ 9 c92?#h1#4,$ [2]. 

q. k,:# 5,*2,7::,j, 2#f:9!#*1,j, 4.d$9297 5,7$ 7#2*7 01,*9*2#?.< ,14>;. 8.7 *.?> 54,j4.??>/ $:>24#:- 
:9# 9 $:#o:9# 5 .j9:'< c9c 9,2#19 d$>1,$< o.c ,:'< 54#*#2' 9 ,c>!. 89# 1>4*'@ bd.9?,6#h*2$9# * MIDI -1,:24,- 
#4.?9< $,d?,;:,*2% .$2,?.29d.l99 54.129!#*19 $*#f 5.4.?#24,$< 9:2#j4.l97 * $:#o:9?9 >*24,h*2$.?9 Ö $*¼ 02, 

54#$4.8.#2 FL Studio $ 5, :,l#::>  54,9d$,6*2$#::>  5 .2k,4?>< $ 1,2,4,h ?,;:, *,d6.$.2% 1.1 54,*2'# 6#?,< 
2.1 9 5, :,l#::'# 1,??#4!#*19# 24#19@ q. 02,? 02.5# *2.:,$92*7 ,!#$96:,< !2, 54,j4.??. 5#4#4,* . *$,  5#4$,:.- 
!. %:>  :9o> 9 :.!. . k,4?94,$.2% :,$'# *2.:6.42' $ 9:6>*2499 [2]. 

A-Q[SXSkUUN Uef-[U.ÓU- f1ea2ZX_[S- F9 
«.d$929# l9k4,$'f 2#f:, ,j9h d:.!92# %:, 9d?#:9 , .4f92#12>4> 9 k>:1l9,:. %:,*2% ?>d'1. %:'f 54,- 

j4.??@ n6:9? 9d 1  !#$'f :.54.$ #:9h *2. . 9:2#j4.l97 $942>. %:'f 9:*24>?#:2,$ 9 0kk#12,$< !2, 5,d$, 9 , d.- 
?#:92% j4,?,d619# .55.4.2:'# *9:2#d.2,4' 9 ?,6> 9 1,?5.12:'?9 9 j9c19?9 54,j4.??:'?9 4#o#:97?9@ FL Studio 
.129$:, 5,6f$.29 . 02,2 24#:6/ $ :#h 5,7$9 9*% ?,8:'# *9:2#d.2,4' *,c*2$#::,j, 54,9d$,6*2$.< 2.19# 1.1 Sytrus, 
Harmor 9 Flex, . 2.1;# 4.*o949 .*% 5,66#4;1. *2,4,::9f VST-9:*24>?#:2,$< c .j,6.47 !#?> 5, %d,$.2# 9 5, >!9- 
9 6,*2>5 1 2'*7!.? 5 .j9:,$< ,f$.2'$. 89?  c'# *29 9 9 d.6.!9 [3]. 

´$2,?.29d.l97 5.4.?#24,$ *2. . * #6> 89? $.;:'? 02.5,?@ }, %d,$.2# % ?,j d.6.2% 2,!:>  69:.?91> 
9d?#:#:97 j4,?1,*29< k9 %24.< 5.:,4.?' 9 9  c,j, 64>j,j, 0 #?#:2. 24#1.< 2#? *.?'? 5496.$.7 d$>!.:9  ;9$,*2% 
9 $'4.d92# %:,*2%@ s29 k>:1l99< 4.:## 6,*2>5:'# 2, %1, $ 54,k#**9,:. %:'f *2>697f< *2. 9 *2.:6.42,? $ 6,?.o- 
:9f >* ,$97f@ 4,?# 2,j,< FL Studio 54#6 ,;9 . 5, %d,$.2# 7? 9:*24>?#:2 Patcher, 5,d$, 7 89h *,d6.$.2% *,c- 
*2$#::'# *f#?' ,c4.c,219 d$>1. * $,d?,;:,*2%  ?.4o4>29d.l99 9 :.*24,h19 *9j:. %:,j, 5,2,1. Ö k>:1l97< f.4.1- 
2#4:.7 *1,4## 6 7 ?,6> %:'f *9*2#? 9 $'*,1,>4,$:#$'f .>69,4#6.12,4,$ [3]. 

},7$ #:9# ,c .!:'f *#4$9*,$ 9 4.d$929# 9:2#4:#2. *6# . 9 $,d?,;:'? f4.:#:9# 54,#12,$< d$>1,$'f c9- 
c 9,2#1 9 54#*#2,$ $ >6. ¼::,? 6,*2>5#@ s2, >54,*29 , *,$?#*2:>  4.c,2> :.6 ?>d'1,h< . 2.1;# ,c#*5#!9 , 14,**- 
5 .2k,4?#::>  6,*2>5:,*2% ?.2#49. ,$@ FL Studio $:#649 . ,c .!:'# k>:1l99 5,*2#5#::,< $1  !.7 $,d?,;:,*2% 
01*5,42.< 4#d#4$:,j, 1,594,$.:97 9 9:2#j4.l99 * 64>j9?9 *#4$9*.?9@ r.1,h 5,6f,6 ,*,c#::, $.;#: $ >* ,$97f *,- 
$4#?#::,j, 54,6.1o:.< j6# ?,c9 %:,*2% 9 j9c1,*2% $'f,672 :. 5#4$'h 5 .:@ 

q,$'? 02.5,? 4.d$9297 *2. , $:#64#:9# 0 #?#:2,$ 9*1>**2$#::,j, 9:2# #12.@ q#1,2,4'# 5 .j9:' $:>249 
FL Studio >;# ,c .6. 2 k>:1l97?9< 5,d$, 7 89?9 .$2,?.29!#*19 5,6c94.2% .11,46'< 54#6 .j.2% ?# ,699< .:. 9- 
d94,$.2% !.*2,2:'h c. .:* 9 54#6*1.d'$.2% ,529?. %:'# d:.!#:97 5.4.?#24,$ ?.*2#49:j.@ s29 9:2# #12>. %:'# 
5,6*1.d19 :# d.?#:7 2 14#.29$:'h $'c,4 5, %d,$.2# 7< :, *>8#*2$#::, >*1,47 2 4.c,!9h 54,l#**< ,*,c#::, 6 7 
:.!9:. 89f@ r.19? ,c4.d,?< 9*1>**2$#::'h 9:2# #12 :.!9:.#2 9j4.2% 4, % .**9*2#:2. Ö ,: :# *,d6.#2 ?>d'1> d. 
!# ,$#1.< :, 5,?,j.#2 ,4j.:9d,$.2% f.,* 96#h $ *24>12>494,$.::,# d$>!.:9#@ 

s29 9d?#:#:97 6# . 2 FL Studio :# 54,*2, 54,j4.??,h< . 01,*9*2#?,h< j6# *,!#2. 2*7 24.69l99 *2>69h:,h 
4.c,2' * 9::,$.l9,::'?9 5,6f,6.?9@ n:. 5#4#*2.¼2 c'2% 9o% 9:*24>?#:2,? 6 7 :.59*.:97 24#1,$ Ö ,:. *2.:,- 
$92*7 54,*24.:*2$,?< $ 1,2,4,? 2#f:, ,j99 9 2$,4!#*2$, *,*>8#*2$> 2< >*9 9$.7 64>j 64>j.@ 
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5SÂUZX_[a] U 21X_i1d[a] É-[Sf-[ FL Studio  
i 4,*2,? 5,5> 74:,*29 FL Studio #¼ $ 97:9# $'f,692 6. #1, d. 4.?19 2#f:9!#*1,j, 9:*24>?#:2. 6 7 d$>- 

1,d.59*9@ n:. *2.:,$92*7 7$ #:9#? 1> %2>4'< ,*,c#::, $ *4#6# ?, ,6'f ?>d'1.:2,$ 9 :#d.$9*9?'f 54,6 *#4,$@ 
}4,j4.??. 549,c4#2.#2 *2.2>* *9?$, . 6,*2>5:,*29 9 6#?,14.29d.l99 ?>d'1. %:,j, 2$,4!#*2$.@ ¿ 7 ?:,j9f :.!9- 
:. 89f .$2,4,$ 9?#::, FL Studio *2.:,$92*7 5#4$,h 2,!1,h $f,6. $ ?94 *.>:6-69d.h:. 9 c92?#h19:j.@ ¥ .j,6.47 
54,*2,2# ,*$,#:97< ?:,;#*2$> $*24,#::'f k>:1l9h 9 :9d1,?> 5,4,j> $f,;6#:97< ,:. 5,d$, 7#2 *,*4#6,2,!92%*7 :# 
:. 2#f:9!#*19f c.4%#4.f< . :. $,5 ,8#:99 96#h@ 

z:2#4:#2 9j4.#2 $.;:>  4, % $ k,4?94,$.:99 *,,c8#*2$. 5, %d,$.2# #h FL Studio. },7$ 7 2*7 6#*7219 
2'*7! ,c>!. 89f $96#,< k,4>?,$< *249?,$< 1>4*,$ 9 2#?.29!#*19f *,,c8#*2$< j6# >!.*2:919 ,c?#:9$. 2*7 ,5'2,?< 
6# 72*7 54,#12.?9 9 5,66#4;9$. 2 :,$9!1,$@ s2. *4#6. *5,*,c*2$>#2 5,*2,7::,?> ,c>!#:9  9 4.d$929 < *,d6.$.7 
,8>8#:9# *,549!.*2:,*29 1 j ,c. %:,?> 2$,4!#*1,?> 6$9;#:9 @ ±*5#f9 54,6 *#4,$< :.!.$o9f 1.4%#4> * FL Studio 
Ö 2.19f 1.1 Metro Boomin, Martin Garrix, Avicii 9 ?:,j9f 64>j9f Ö k,4?94> 2 $6,f:,$ 7 89# :.44.29$'< 1,2,4'# 
>c#;6. 2/ 54,k#**9,:. %:.7 *2>697 ?,;#2 c'2% 2.?< j6# *2,92 2$,h :,>2c>1@ 

}4,j4.??. 2.1;# 5, >!.#2 549d:.:9# $ ,c4.d,$.2# %:,h *4#6#@ Ä¼ :.!9:. 2 9*5, %d,$.2% $ ?>d'1. %:'f 
o1, .f< 1, #6;.f< >:9$#4*92#2.f 9 :. ,: .h:-1>4*.f 1.1 *4#6*2$, 6 7 ,c>!#:97 ,*:,$.? 1,?5,d9l99< .4.:;94,$- 
19< d$>1,4#;9**>4' 9 l9k4,$,j, 54,6.1o:.@ s2, :# 2, %1, 6# .#2 ?>d'1. %:,# ,c4.d,$.:9# c, ## .12>. %:'?< :, 
9 *5,*,c*2$>#2 4.d$929  14#.29$:,j, ?'o #:97 > *2>6#:2,$< ,c½#69:77 2#f:9!#*19# 9 f>6,;#*2$#::'# 1,?5#2#:- 
l99@ b 1,:2#1*2# l9k4,$,h 24.:*k,4?.l99 ,c4.d,$.:97 FL Studio *2.:,$92*7 549?#4,? 2,j,< 1.1 54,j4.??:,# ,c#- 
*5#!#:9# ?,;#2 c'2% :# 54,*2, 9:*24>?#:2,?< . ,c4.d,$.2# %:,h 5 .2k,4?,h< .6.5294,$.::,h 1 4#. 97? XXI $#1.@ 

> %2>4:,# d:.!#:9# FL Studio 54,7$ 7#2*7 9 $ 2,?< !2, ,:. 9d?#:9 . *.?, $,*549729# 54,k#**99 ?>d'1.:- 
2.@ «.:%o# 5>2% $ ?>d'1. %:>  9:6>*249  c' *$7d.: * 6 92#%:'? ,c>!#:9#?< 6,4,j9? ,c,4>6,$.:9#? 9 6,*2>5,? 
1 54,k#**9,:. %:,h *2>699@ r#5#4% ;# 6,*2.2,!:, ;# .:97< ?9:9?. %:,j, 2#f:9!#*1,j, ,*:.8#:97 9 c.d,$'f d:.- 
:9h< !2,c' :.!.2% 5>2% .$2,4.< 01*5#49?#:2.2,4.< 54,6 *#4.@ s2, *?#*29 , .1l#:2' * k,4?. %:'f 1492#49#$ :. 
9:69$96>. %:,*2%< >:91. %:,*2% d$>!.:97 9 *5,*,c:,*2% 1 *.?,$'4.;#:9 @ 

3W21WWi.-[[a] U[i-XX-2i U f1ea2Z ^1T1¯-kS 
},7$ #:9# 9 *24#?92# %:,# 4.d$929# 9*1>**2$#::,j, 9:2# #12. *2. , ,6:9? 9d *.?'f d:.!9?'f 2#f:, ,- 

j9!#*19f *6$9j,$ $ *k#4# ?>d'1. %:,j, 54,6.1o:.@ z #* 9 4.:## ?>d'1. %:'# 54,j4.??' $'5, :7 9 4, % 9:*24>- 
?#:2,$< 5, :,*2%  >54.$ 7#?'f !# ,$#1,?< 2, 2#5#4% ,:9 *2.:,$72*7 5.42:¼4.?9 5, 2$,4!#*1,?> 54,l#**>@ È#:#4.- 
29$:'# . j,492?'< .:. 9d d$>1,$'f 5.22#4:,$< .$2,?.29!#*1,# *,d6.:9# j.4?,:9h 9 492?9!#*19f *24>12>4 Ö $*¼ 
02, 5,*2#5#::, $:#647#2*7 $ 5, %d,$.2# %*19h ,5'2@ b FL Studio >;# 5,7$ 7 2*7 5 .j9:' 9 ?,6> 9< 1,2,4'# >?# 2 
5,6c94.2% .11,46,$'# 5,* #6,$.2# %:,*29< 54#6 .j.2% ?# ,69!#*19# 4#o#:97< . $ :#1,2,4'f * >!.7f Ö *,d6.$.2% 
l# ,*2:'# ?>d'1. %:'# k4.j?#:2' :. ,*:,$# d.6.::,j, *29 7 [4]. 

r.1.7 .$2,?.29d.l97 5,4,;6.#2 $.;:'# k9 ,*,k*19# 9  4969!#*19# $,54,*'/ j6# d.1.:!9$.#2*7 2$,4!#*19h 
$1 .6 !# ,$#1. 9 :.!9:.#2*7 4.c,2. . j,492?.Ý ¶,;#2 9 ?.o9:. *!92.2%*7 *,.$2,4,?Ý 2, $ .6##2 54.$.?9 :. 
?>d'1>< *,d6.::>  * 9*5, %d,$.:9#? j#:#4.29$:'f ?,6# #hÝ s29 $,54,*' 5,1. :# 9?# 2 ,6:,d:.!:'f ,2$#2,$< :, 
,!#$96:, ,6:, Ö zz 5,*2#5#::, *2.:,$92*7 :#,2½#? #?,h !.*2%  ?>d'1. %:,h 9:6>*2499@ n: ?#:7#2 :# 2, %1, 
2#f:, ,j99< :, 9 $,*549729# *.?,h 96#9 .$2,4*2$.@ 

r#? :# ?#:##< 6.;# *.?'# *,$#4o#::'# . j,492?' ,*2. 2*7 $*5,?,j.2# %:'?9 9:*24>?#:2.?9@ zf 4, % 
Ö >*1,492% 54,l#**< 5,6*1.d.2% 4#o#:9#< 4.*o9492% 5. 924> d$>!.:97@ n6:.1, 1  !#$.7 d.6.!. Ö $'c4.2%< 9:- 
2#454#294,$.2%< ,24#6.1294,$.2% Ö 5,-54#;:#?> ,*2.¼2*7 d. !# ,$#1,?@ ¶>d'1. *,f4.:7#2 *$,  0?,l9,:. %:>  
5494,6>< . 54,j4.??.< 1.1,h c' 9:2# #12>. %:,h ,:. :9 c' .< :# *5,*,c:. 5,!>$*2$,$.2% 1,:2#1*2< :.?#4#:9# 9 9 
1> %2>4:>  ,2*' 1>@ s2, :.5,?9:.#2 $d.9?,6#h*2$9# * ,5'2:'? .**9*2#:2,?/ ,: ?,;#2 54#6 ,;92% $.49.:2'< :, 
k9:. %:,# 4#o#:9# 549:9?.#2 .$2,4@ 

r.19? ,c4.d,?< $:#64#:9# zz :# ,2?#:7#2 4, % 1,?5,d92,4.< . *1,4## 5,6:9?.#2 #¼ :. :,$'h >4,$#:%@ s2, 
4.*o94#:9# $,d?,;:,*2#h< . :# d.?#:.@ z $ 02,? *?'* # FL Studio ,*2.¼2*7 $#4:. *$,#h k9 ,*,k99 Ö 54#6,*2.$92% 
*,d6.2#   ?.1*9?>? *$,c,6'< ,*2.$9$ d. :9? j .$:,#/ 9:2>9l9 < $1>*< $'c,4 [4]. 

SWi1b[SWi_ bdSiU. 2Z/-Wi.Z 
n6:. 9d j .$:'f 24.:*k,4?.l9h< *$7d.::'f * 4.d$929#? FL Studio 9 .:. ,j9!:'f 54,j4.??< Ö 02, 4.69- 

1. %:.7 6#?,14.29d.l97 ?>d'1. %:,j, 2$,4!#*2$.@ r#f:, ,j99 $'$# 9 ?>d'1> d. 54#6# ' *2>69h 9 1,:*#4$.2,49h< 
5,d$, 9$ *,d6.$.2% 9 $'5>*1.2% 24#19 c>1$. %:, 9d *5. %:9@ b*¼< !2, :>;:, Ö 1,?5% 2#4< :.>o:919 9 96#7@ «.:%o# 
2.1,h 6,*2>5 1 54,6.1o:> c' :#$,d?,;#: c#d d:.!92# %:'f $ ,;#:9h< 2#5#4% ;# ,: *2. !.*2%  5,$*#6:#$:,*29@ 
b 02,h 4#. %:,*29 1.;6'h ?,;#2 *2.2% .$2,4,?< 9 j4.:9l. ?#;6> * >o.2# #? 9 *,d6.2# #? 5,*2#5#::, *294.#2*7 [5]. 

n6:.1, 2.1.7 ,214'2,*2% :#*¼2 $ *#c# :# 2, %1, 5  *'< :, 9 $'d,$'@ ¶.**,$,*2% 549$# . 1 5#4#:.*'8#:9  
4':1. Ö #;#6:#$:, $'5>*1. 2*7 2'*7!9 :,$'f 24#1,$< 9 1,:1>4#:l97 *2.:,$92*7 :# 2, %1, 2$,4!#*1,h< :, 9 . j,- 
492?9!#*1,h/ d. $:9?.:9# * >o.2# 7 c,4 2*7 :# 2, %1, ?>d'1.:2'< :, 9 9f ,c ,;19< SEO, ?.41#29:j@ b >* ,$97f 
2.1,j, ,c½¼?. 1,:2#:2. ,49j9:. %:,*2% 2#47#2 4#d1,*2%< . *2.:6.42' 1.!#*2$. *?#8. 2*7@ },7$ 7#2*7 ?:,;#*2$, 
5,f,;9f 64>j :. 64>j. 24#1,$< !.*2, 5,*24,#::'f 5, ,6:9? 9 2#? ;# o.c ,:.?< 9 * >o.2#   *2.:,$92*7 $*¼ * ,;:## 
:.h29 5,-:.*2,78#?> >:91. %:'# 4.c,2'@ 

4,?# 2,j,< *294. 2*7 1492#499 54,k#**9,:. 9d?.@ ¶>d'1. %:,# ,c4.d,$.:9#< *2>69h:'h ,5'2< d:.:9# 
.1>*2919 Ö $*¼ 02, 5#4#*2.¼2 c'2% ,c7d.2# %:'?@ i ,6:,h *2,4,:'< 02, ,214'$.#2 5>2% 6 7 2. .:2,$< 4.:## ,24#d.:- 
:'f ,2 9:6>*2499¬ * 64>j,h Ö ,c,*247#2 54,c #?> Ó?>d'1. %:,j, o>?.Ô< j6# *2.:,$92*7 * ,;:, ,2 9!92% j >c,1>  
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f>6,;#*2$#::>  96#  ,2 * >!.h:,j, :.c,4. d$>1,$@ b 02,h :,$,h 4#. %:,*29 $.;:' :# *2, %1, 2#f:9!#*19# :.$'19< 
*1, %1, 14#.29$:,*2%< f.49d?. 9 >?#:9# 4.c,2.2% * .>692,49#h [5]. 

r#? :# ?#:##< FL Studio $ 02,h 01,*9*2#?# 9j4.#2 1,:*24>129$:>  4, %@ n:. :# 2, %1, 6.¼2 $,d?,;:,*2% 
1.;6,?> 5,54,c,$.2% *#c7 $ ?>d'1#< :, 9 ?,29$94>#2 1 4.d$929 < 01*5#49?#:2.?< ,c>!#:9 @ Ä¼ *24>12>4. 5,*24,#:. 
2.1< !2,c' :# ,j4.:9!9$.2%< . 54,$,l94,$.2% 2$,4!#*19h 5,9*1 Ö ,2 5#4$'f o.j,$ 6, 54,k#**9,:. %:,h 4.c,2'@ 
¥ .j,6.47 02,?> 54,j4.??. *2.:,$92*7 !.*2%  1> %2>4:,j, *6$9j./ ,2 0 92.4:,*29 Ö 1 9:1  d9$:,*29< ,2 *2>69h- 
:'f *2.:6.42,$ Ö 1 9:69$96>. %:'? 5,!#41.?< ,2 9:#h:'f 1.4%#4:'f 5>2#h Ö 1 :# 9:#h:'? 9*2,497? >*5#f.@ 

;a.ST 
z*2,497 FL Studio Ö 02, :# 54,*2, 5>2% ,6:,h 54,j4.??'< . ,24.;#:9# l# ,h 05,f9 9d?#:#:9h $ ?>d'- 

1. %:,? 54,9d$,6*2$#@ n2 54,*2,j, *#1$#:*,4. 6, ?:,j,k>:1l9,:. %:,h 5 .2k,4?'< ,2 ,1. %:,j, 9:*24>?#:2. 6, 
j ,c. %:,j, 1> %2>4:,j, k#:,?#:. Ö #¼ 0$,  l97 9  *2494>#2< 1.1 2#f:, ,j99 ?#:7 2 :# 2, %1, 2#f:9!#*19# 
54,l#**'< :, 9 *.?> *>2% 2$,4!#*2$.@ n:. *2. . ?,*2,? ?#;6> 5,1, #:97?9 ?>d'1.:2,$< ?#;6>  c92# 7?9 9 54,- 
k#**9,:. .?9< ?#;6> 1 .**9!#*19? 5,6f,6,? 9 l9k4,$'? 01*5#49?#:2,?@ 

b 02,? 54,l#**# 54,* #;9$.#2*7 1  !#$,h *6$9j/ ?>d'1. 5#4#*2.¼2 c'2% 01*1  d9$:,h 549$9 #j9#h< 54#$4.- 
8.7*% $ 5, # ,214'2,j, 69. ,j.< j6# 1.;6'h ?,;#2 $'*1.d.2%*7@ FL Studio :# 54,*2, ,2$#!.#2 :. $'d,$' $4#?#:9< 
,:. k,4?94>#2 *.?, $4#?7 Ö d.6.¼2 :,$'# *2.:6.42'< ,214'$.#2 :,$'# 5>29< 4.d4>o.#2 c.4%#4'. z :#*?,247 :. $*# 
$'d,$'< *$7d.::'# * 5#4#:.*'8#:9#?< *2.:6.429d.l9#h 9 $ 97:9#? . j,492?,$< ,*2.¼2*7 54,*24.:*2$, 6 7 *.?,c'2- 
:,*29< 49*1.< 5,9*1.@ 

¥>6>8## ?>d'1. %:,j, 54,6.1o:.< 5, $*#h $969?,*29< c>6#2 *24,92%*7 :. $d.9?,6#h*2$99 !# ,$#1. 9 ?.o9- 
:', :. c. .:*# ?#;6> .$2,?.29d.l9#h 9 9:2>9l9#h< :. *9?c9,d# 2#f:, ,j9h 9 0?,l9,:. %:,j, ,5'2.@ z $ 02,? c>- 
6>8#? FL Studio, 1.1 9 #¼ .:. ,j9< >;# *#j,6:7 d.:9?.#2 l#:24. %:,# ?#*2, Ö :# 54,*2, 1.1 54,j4.??.< . 1.1 *9?$, 
:,$,h ?>d'1. %:,h 05,f9< $ 1,2,4,h j .$:,h *9 ,h ,*2.¼2*7 2$,4!#*1,# $,,c4.;#:9#@ 

q.>!:'h 4>1,$,692# %/ *2.4o9h 54#5,6.$.2# % 1.k#64' l9k4,$'f 9 .66929$:'f 2#f:, ,j9h< i .$:91,$. 
¶.497 ´ #1*.:64,$:.@ 
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6. r4#1#4:.7 ?>d'1. j .d.?9 4.d4.c,2!91.@ URL: https://habr.com/ru/articles/240101/  §6.2. ,c4.8#:97/ 07.04.2025). 
7. z*2,497 *,d6.:97 FL Studio: ,2 f,cc9 6, ?94,$,h 5,5> 74:,*29@ URL: https://dzen.ru/a/Zv 2PvJ-Zuw8_CQ1X 
§6.2. ,c4.8#:97/ 07.04.2025). 

8. FL Studio Version History: From Fruity Loops to Beat-Making Phenomenon! URL: RDD·G/¤¤```@"P")DFBZ×-^@)+^¤Ò-studio- 
version-history/ §6.2. ,c4.8#:97/ 07.04.2025). 

9. i,d6.:9# c92. * 5,?,8%  6$>f :#h4,*#2#$'f 9:*24>?#:2,$ y Loudly AI + Extract stems from sample $ FL Studio ver. 
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b 6.::,h *2.2%# 4.**?.249$. 2*7 k9d9!#*19# ,*:,$' j, ,j4.k99< $1  !.7 549:l95' 9:2#4k#4#:l99 9 69k- 
4.1l99< . 2.1;# 4.d 9!:'# ?#2,6' *,d6.:97 j, ,j4.?? Ö ,2 ,529!#*19f 6, l9k4,$'f@ }4,.:. 9d94,$.:' 2#f:,- 
,j99 $,*54,9d$#6#:97 9d,c4.;#:9h< ,*,c#::,*29 ,c,4>6,$.:97 9 *5,*,c' $d.9?,6#h*2$97 * j, ,j4.k9!#*19?9 

54,#1l97?9@ r.1;# 4.*14'2' 2#f:9!#*19# ,j4.:9!#:97< 2.19# 1.1 $'*,1.7 *2,9?,*2% 9 0:#4j,d.24.2'< 9 ,59*.:' 
5#4*5#129$:'# :.54.$ #:97 4.d$9297< $1  !.7 9*5, %d,$.:9# :,$'f ?.2#49.,$< *#:*,4:'f 9:2#4k#h*,$ 9 9*1>*- 
*2$#::,j, 9:2# #12. 6 7 .6.529$:,h $9d>. 9d.l99@ 

 !#$'# * ,$./ j, ,j4.k97< 3D-9d,c4.;#:9#< l9k4,$.7 j, ,j4.??.< j, ,j4.k9!#*19h 69*5 #h< .d#4:'# 
2#f:, ,j99@ 

A.M. Khairullina  

St. Petersburg State University of Industrial Technologies and Design 
18 Bolshaya Morskaya St., St. Petersburg, 191186. 
TECHNOLOGICAL  ASPECTS OF DEVELOPMENT  AND APPLICATION  OF HOLOGRAPHY  IN  

MODERN TECHNOLOGIES AND PROSPECTS OF ITS USE 
The article considers the physical foundations of holography, including the principles of interference and VSXU 2WS9@L as well as various methods 

of creating holograms, from optical to digital. Image reproduction technologies, equipment features, and ways of interacting with holographic projections 
are analyzed. Technical limitations, such as high cost and energy consumption, are also disclosed, and promising directions of development are described, 
including the use of new materials, sensor interfaces, and  UWSl2S [ intelligence for adaptive visualization. 

Key words:  holography, 3D imaging, digital hologram, holographic display, laser technology. 
È, ,j4.k9!#*19# 2#f:, ,j99 *24#?92# %:, 4.d$9$. 2*7< :.f,67 549?#:#:9# $ 4.d 9!:'f *k#4.f y ,2 ?#69- 

l9:*1,h $9d>. 9d.l99 6, 9:2#4.129$:'f ,c4.d,$.2# %:'f 5 .2k,4? 9 .4f92#12>4:'f 4#o#:9h@ i,$4#?#::'# 4.d4.- 
c,219 5,d$, 7 2 *,d6.$.2% 4#. 9*29!:'# 24¼f?#4:'# 9d,c4.;#:97< ,6:.1, 9f ?.**,$,# $:#64#:9# ,j4.:9!#:, 476,? 
2#f:9!#*19f * ,;:,*2#h< 2.19f 1.1 $'*,1.7 *2,9?,*2% ,c,4>6,$.:97< ,j4.:9!#:97 5, 1.!#*2$> 9d,c4.;#:97 9 :#,c- 
f,69?,*2% * ,;:'f $'!9* 92# %:'f 54,l#**,$@ b *$7d9 * 029? 9d>!#:9# 2#f:9!#*19f ,*:,$ j, ,j4.k99< #¼ 2#1>89f 
$,d?,;:,*2#h 9 5#4*5#129$:'f :.54.$ #:9h 4.d$9297 7$ 7#2*7 .12>. %:,h d.6.!#h@ 

x# %  *2.2%9 7$ 7#2*7 .:. 9d *,$4#?#::'f ?#2,6,$ *,d6.:97 9 ,2,c4.;#:97 j, ,j4.??< 4.**?,24#:9# 2#f- 
:9!#*19f c.4%#4,$< ,j4.:9!9$. 89f 9f 5,$*#?#*2:,# 9*5, %d,$.:9#< . 2.1;# $'7$ #:9# 5#4*5#129$:'f :.54.$ #:9h 
4.d$9297 6.::,h 2#f:, ,j99@ ¿ 7 6,*29;#:97 02,h l# 9 54,$,692*7 9d>!#:9# 4.d 9!:'f 295,$ j, ,j4.??< 4.**?.- 
249$. 2*7 549:l95' 9f 4.c,2' 9 *5,*,c' > >!o#:97 1.!#*2$. 9d,c4.;#:97< . 2.1;# .:. 9d94> 2*7 5#4*5#129$' 
9:2#j4.l99 j, ,j4.k99 $ 4.d 9!:'# ,c .*29 :.>19 9 2#f:919@ 

b f,6# 9** #6,$.:97 4#o. 2*7 * #6> 89# d.6.!9/ ,54#6# #:9# k9d9!#*19f ,*:,$ j, ,j4.k99 9 549:l95,$ 
#¼ k>:1l9,:94,$.:97< 9d>!#:9# *>8#*2$> 89f ?#2,6,$ d.59*9 9 $,*54,9d$#6#:97 j, ,j4.k9!#*19f 9d,c4.;#:9h< 
.:. 9d 2#f:9!#*19f ,j4.:9!#:9h *,$4#?#::'f j, ,j4.k9!#*19f *9*2#?< . 2.1;# 4.**?,24#:9# $,d?,;:'f 5>2#h 9f 
54#,6, #:97@ 4,?# 2,j,< $'7$ 7 2*7 5#4*5#129$:'# 2#f:, ,j99 9 :.54.$ #:97< *5,*,c:'# >*1,492% $:#64#:9# j,- 
,j4.k99 $ ?.**,$'# *k#4' 549?#:#:97@ 

È, ,j4.k97 54#6*2.$ 7#2 *,c,h ?#2,691> d.59*9 9 $,*54,9d$#6#:97 24¼f?#4:'f 9d,c4.;#:9h 5,*4#6*2$,? 
4#j9*24.l99 9:2#4k#4#:l9,::'f 1.429: *$#2,$'f $, :@ r#4?9: Ój, ,j4.k97Ô c' $$#6¼: $ 1947 j,6> c492.:*19? 
k9d91,? $#:j#4*1,j, 54,9*f,;6#:97 ¿#:#o#? È.c,4,?< 1,2,4'h *24#?9 *7 > >!o92% 4.d4#o. 8>  *5,*,c:,*2% 
0 #124,::,j, ?914,*1,5.@ n6:.1, 54.129!#*1,# 549?#:#:9# j, ,j4.k99 *2. , $,d?,;:'? 9o% 5,* # 9d,c4#2#:97 
.d#4. $ 1960 j,6>< ,c#*5#!9$o#j, :#,cf,69?'h >4,$#:% 1,j#4#:2:,*29 *$#2. [1]. 

i ?,?#:2. *$,#j, 5,7$ #:97 j, ,j4.k9!#*19# 2#f:, ,j99 :.o 9 549?#:#:9# $ 4.d 9!:'f *k#4.f@ b 9:6>- 
*2499 4.d$ #!#:9h j, ,j4.??' 9*5, %d> 2*7 6 7 *,d6.:97 $5#!.2 7 89f $9d>. %:'f 0kk#12,$ :. 1,:l#42.f 9 2#- 
.24. %:'f 5,*2.:,$1.f< 5,d$, 77 Ó$,*14#o.2%Ô .429*2,$ 9 9 *,d6.$.2% k.:2.*29!#*19# *l#:'@ b ?#69l9:# j, ,j4.- 
k97 549?#:7#2*7 6 7 $9d>. 9d.l99 * ,;:'f .:.2,?9!#*19f *24>12>4< !2, ,c #j!.#2 69.j:,*291> 9 5 .:94,$.:9# 
f94>4j9!#*19f $?#o.2# %*2$@ b ,c4.d,$.2# %:,h *k#4# j, ,j4.k9!#*19# 54,#1l99 5,?,j. 2 *2>6#:2.? >!o# 5,:9- 
?.2% * ,;:'# 1,:l#5l99< 54#6,*2.$ 77 :.j 76:'# 24¼f?#4:'# ?,6# 9@ b >4c.:9*291# j, ,j4.k9!#*19# 2#f:, ,j99 
9*5, %d> 2*7 6 7 54,#1294,$.:97 9 54#d#:2.l99 .4f92#12>4:'f ,c½#12,$< 5,d$, 77 c, ## 6#2. %:, ,l#:92% c>6>- 
89# 5,*24,h19 $ 1,:2#1*2# *>8#*2$> 8#h j,4,6*1,h *4#6'@ 
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È, ,j4.k97 ,*:,$'$.#2*7 :. 7$ #:97f 9:2#4k#4#:l99 9 69k4.1l99 *$#2.< 5,d$, 77 d.59*'$.2% 9 $,**2.:.$- 
9$.2% 24¼f?#4:'# 9d,c4.;#:97@ }49 *,d6.:99 j, ,j4.??' >! .d#4. 4.d6# 7#2*7 :. 6$. 5,2,1./ ,5,4:'h 9 54#6- 

?#2:'h@ n5,4:'h >! :.54.$ 7#2*7 :#5,*4#6*2$#::, :. *$#2,!>$*2$92# %:>  5 .*29:>< . 54#6?#2:'h ,*$#8.#2 
,c½#12< 5,* # !#j, ,24.;¼::'h *$#2 2.1;# 5,5.6.#2 :. 5 .*29:>@ b 4#d> %2.2# :. ,;#:97 029f 6$>f >!#h ,c4.d>#2*7 
9:2#4k#4#:l9,::.7 1.429:.< k91*94>#?.7 :. k,2,?.2#49. #@ if#?. 2.1,j, 54,l#**. 54#6*2.$ #:. :. 49*>:1# 1. }49 
5,* #6> 8#? ,*$#8#:99 j, ,j4.??' 2#? ;# .d#4,? *,d6.¼2*7 69k4.1l97 *$#2.< $,**,d6. 8.7 5#4$,:.!. %:>  $,- 
:>< c .j,6.47 !#?> :.c  6.2# % $9692 ,c½¼?:,# 9d,c4.;#:9# ,c½#12. [2]. 

«9*@ 1. }49:l95 j, ,j4.k9!#*1,h d.59*9 9:k,4?.l99 

i>8#*2$> 2 6$. ,*:,$:'f 295. j, ,j4.??/ ,24.;. 89# 9 54,d4.!:'#@ nc. $96. 54#6*2.$ #:' :. 49*>:1# 2. n2- 
4.;. 89# j, ,j4.??' *,d6. 2*7 2.19? ,c4.d,?< !2, $,**2.:,$ #::'h *$#2,$,h k4,:2 :.c  6.#2*7 549 ,24.;#:99 *$#2. 
,2 5,$#4f:,*29@ n:9 ,c#*5#!9$. 2 $'*,1>  !¼21,*2% 9d,c4.;#:97 6.;# 549 ,c'!:,? ,*$#8#:99 9 o94,1, 9*5, %d> 2*7 
$ d.892# 6,1>?#:2,$ 9 c.:1:,2@ }4,d4.!:'# j, ,j4.??'< :.54,29$< 24#c> 2 54,*$#!9$. 8#j, *$#2.< 54,f,678#j, !#4#d 
5 .*29:>< !2, 6# .#2 9f 5, #d:'?9 6 7 :.>!:'f 9** #6,$.:9h 9 $'*,1,2,!:'f ,529!#*19f 549c,4,$ [3]. 

. c 
«9*@ 2. n*:,$:'# $96' j, ,j4.??/ 

. y ,24.;. 8.7 j, ,j4.??.¬ c y 54,d4.!:.7 j, ,j4.??. 
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.!#*2$, j, ,j4.??' $, ?:,j,? d.$9*92 ,2 2,!:,*29 k,4?94,$.:97 9:2#4k#4#:l9,::,h 1.429:'@ ¿.;# ?.- 
#ho9# ,21 ,:#:97 $ *2.c9 %:,*29 .d#4:,j, 9*2,!:91. 9 9 $9c4.l99 $, $4#?7 d.59*9 ?,j>2 549$#*29 1 9*1.;#:9  

9d,c4.;#:97@ ¿ 7 5, >!#:97 !¼219f j, ,j4.?? 9*5, %d> 2*7 $'*,1,*2.c9 %:'# .d#4' 9 .:29$9c4.l9,::'# ,5- 
29!#*19# *2, '@ 4,?# 2,j,< $.;:'? 5.4.?#24,? 7$ 7#2*7 4.d4#o. 8.7 *5,*,c:,*2% k,2,?.2#49. .< $ 97 8.7 :. 
6#2. 9d.l9  $,**2.:,$ #::,j, 9d,c4.;#:97@ 

i,$4#?#::'# 2#f:, ,j99 5,d$, 7 2 d:.!92# %:, 5,$'*92% 1.!#*2$, 54,#1l9h j, ,j4.??@ «.d$929# .d#4- 
:'f 9*2,!:91,$ * $'*,1,h 1,j#4#:2:,*2%  9 9*5, %d,$.:9# l9k4,$,h j, ,j4.k99 5,d$, 7 2 *,d6.$.2% 6#2. 9d94,- 
$.::'# 9d,c4.;#:97 * 4#. 9*29!:,h j >c9:,h@ q.549?#4< * 549?#:#:9#? 54,*24.:*2$#::'f *$#2,$'f ?,6> 72,4,$ 
*2. , $,d?,;:'? k,4?94,$.:9# 69:.?9!#*19f j, ,j4.k9!#*19f *l#:< 9*5, %d>#?'f $ ?#69l9:# 9 9:;#:#4:,? ?,6#- 
94,$.:99@ x9k4,$.7 ,c4.c,21. 6.::'f 2.1;# 5,d$, 7#2 1,44#1294,$.2% ,o9c19 d.59*9< 5,$'o.7 !¼21,*2% 9 >*2,h- 

!9$,*2% j, ,j4.?? 1 $:#o:9? k.12,4.? [4]. 
b.;:,*2% 2,!:,*29 54,#1l99 j, ,j4.?? ,*,c#::, .12>. %:. 549 *,d6.:99 9:2#4.129$:'f 9 5, :,l$#2:'f 

j, ,j4.k9!#*19f 69*5 ##$@ ¿ 7 5#4#6.!9 4#. 9*29!:'f $9d>. %:'f 0kk#12,$ 24#c>#2*7 2,!:,# *,j .*,$.:9# k.d,- 
$'f f.4.12#49*291 *$#2,$'f $, :< !2, 6,*29j.#2*7 * 5,?,8%  ?914,*24>12>4:'f j, ,j4.k9!#*19f 4#o¼2,1@ b'*,1.7 
4.d4#o. 8.7 *5,*,c:,*2% 2.19f *9*2#? 5,d$, 7#2 $,*54,9d$,692% ?# %!.ho9# 6#2. 9 ,c½#12,$< !2, 6# .#2 j, ,j4.- 
k9!#*19# 2#f:, ,j99 5#4*5#129$:'?9 $ ?#69l9:#< .4f92#12>4# 9 $942>. %:,h 4#. %:,*29 [5]. 

i,d6.:9# j, ,j4.?? ,529!#*19?9 ?#2,6.?9 24#c>#2 2,!:'f >* ,$9h ,*$#8#:97< *2.c9 %:,h ,529!#*1,h 
*9*2#?' 9 $'*,1,1.!#*2$#::'f 1,?5,:#:2,$@ ².d#4' 9j4. 2 1  !#$>  4, % c .j,6.47 *$,#h *5,*,c:,*29 9d >!.2% 
1,j#4#:2:'h 9 ?,:,f4,?.29!#*19h *$#2< !2, 14929!#*19 $.;:, 6 7 k,4?94,$.:97 9:2#4k#4#:l9,::,h 1.429:'@ 
b 2959!:,h .c,4.2,4:,h >*2.:,$1# 9*5, %d> 2*7 ,529!#*19# 0 #?#:2' Ö 9:d'< d#41. .< 6# 92# 9 5>!1. 9 9:- 
2#4k#4#:l9,::'# 5 .*29:19< ,c#*5#!9$. 89# 54.$9 %:,# :.54.$ #:9# 9 k,1>*94,$1> *$#2,$'f 5,2,1,$< 549?#4 
549$#6¼: :. 49*>:1# 3. «.d 9!:'# 5.4.?#24'< 2.19# 1.1 6 9:. $, :'< 9:2#:*9$:,*2% 9 >j, 5.6#:97 >!#h< 4#j> 9- 

4> 2*7 6 7 5, >!#:97 !¼21,j, j, ,j4.k9!#*1,j, 9d,c4.;#:97@ 

«9*@ 3. ².c,4.2,4:.7 >*2.:,$1. 6 7 d.59*9 j, ,j4.?? 

z:2#4k#4#:l9,::'# 5 .*29:19 54#6*2.$ 7 2 *,c,h *5#l9. %:'# *$#2,!>$*2$92# %:'# ?.2#49. ' §!.8# 
$*#j, :. ,*:,$# *#4#c4. 9 9 k,2,5, 9?#4,$¨< :. 1,2,4'f k91*94>#2*7 1.429:. 9:2#4k#4#:l99@ zf *24>12>4. 5,d$,- 
7#2 2,!:, 4#j9*2494,$.2% 9d?#:#:97 k.d *$#2.< !2, $ 6. %:#ho#? 5,d$, 7#2 $,**2.:,$92% 9d,c4.;#:9#@ «.d$929# 

?.2#49. ,$ 549$# , 1 5,7$ #:9  j, ,j4.k9!#*19f 5 .*29:,1 * 5,$'o#::,h !>$*2$92# %:,*2%  9 4.d4#o#:9#?< !2, 
$.;:, 6 7 54,?'o #::'f 9 :.>!:'f 549?#:#:9h@ s29 ?#2,6' 549?#:7 2*7< :.549?#4< $ .4f9$.l99 54,9d$#6#:9h 
9*1>**2$.< j6# $.;:. *,f4.::,*2% ?# 19f 6#2. #h c#d k9d9!#*1,j, 1,:2.12. * ,c½#12,?@ 

b ,2 9!9# ,2 1 .**9!#*19f ,529!#*19f 2#f:, ,j9h< l9k4,$.7 j, ,j4.k97 9*5, %d>#2 *#:*,4' 9 $'!9* 92# %- 
:>  ,c4.c,21> 6 7 k91*.l99 9 4#1,:*24>1l99 9d,c4.;#:9h@ b 02,? * >!.# 4, % k,2,?.2#49. . $'5, :7#2 *$#2,!>$- 
*2$92# %:.7 ?.249l. §:.549?#4< CCD 9 9 CMOS), 4#j9*2494> 8.7 9:2#4k#4#:l9,::>  1.429:>@ if#?. 4.c,2' 5,- 
6,c:,j, j, ,j4.k9!#*1,j, 69*5 #7 54#6*2.$ #:. :. 49*>:1# 4. },* # d.59*9 6.::'# ,c4.c.2'$. 2*7 54,j4.??:'? 
,c#*5#!#:9#?< *5,*,c:'? $,**2.:,$92% .?5 92>6> 9 k.d> $, :'< 54,o#6o#h !#4#d ,c½#12 9 9 ,24.;¼::,h ,2 :#j,@ 
r.19? ,c4.d,?< 9d,c4.;#:9# ?,;#2 c'2% 54,.:. 9d94,$.:, 9 4#1,:*24>94,$.:, $ 4#. %:,? $4#?#:9< !2, 6# .#2 2#f- 
:, ,j9  >6,c:,h 6 7 69:.?9!#*19f :.c  6#:9h@ 
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«9*@ 4. }4,2,295 3D-j, ,j4.k9!#*1,j, 69*5 #7 :. ,*:,$# ?#2,6. È.c,4. 

s #124,::'# j, ,j4.??' .129$:, 549?#:7 2*7 $ c9,?#69l9:*1,h 69.j:,*291#< ?914,*1,599 9 54,?'o- 
#::,h 6#k#12,*1,599@ ¥ .j,6.47 $'*,1,h 2,!:,*29 $,**2.:,$ #:97 k.d,$'f 9 .?5 92>6:'f f.4.12#49*291 9** #- 

6>#?'f ,c½#12,$< l9k4,$.7 j, ,j4.k97 5,d$, 7#2 54,$,692% 9d?#4#:97 2, 89:'< 2#?5#4.2>4'< $9c4.l99 9 9 6#- 
k,4?.l99 c#d k9d9!#*1,j, $?#o.2# %*2$.@ r.1;# #¼ 54#9?>8#*2$,? 7$ 7#2*7 $,d?,;:,*2% 5,* #6> 8#h ,c4.c,219 
9 f4.:#:97 6.::'f< . 2.1;# .$2,?.29!#*1,j, *4.$:#:97 * 02. ,::'?9 ,c4.dl.?9@ ¶#2,6 5, >!9 4.d$929# c .j,6.- 
47 *,!#2.:9  ,52919< l9k4,$'f 1.?#4 9 ?,8:'f . j,492?,$ $9d>. 9d.l99@ 

i,$4#?#::'# ?#2,6' $'$,6. j, ,j4.k9!#*1,h 9:k,4?.l99 $*¼ !.8# ,594. 2*7 :. 549?#:#:9# 69*5 ##$< 
*5,*,c:'f 69:.?9!#*19 $9d>. 9d94,$.2% j, ,j4.??'@ n6:9? 9d 549?#4,$ 7$ 7#2*7 9*5, %d,$.:9# 54,*24.:*2$#:- 
:'f *$#2,?,6> 72,4,$ (Spatial Light Modulators, SLM), 1,2,4'# >54.$ 7 2 k.d,h *$#2,$,h $, :' $ 1.;6,h 2,!1#< !2, 
5,d$, 7#2 k,4?94,$.2% 24¼f?#4:,# 9d,c4.;#:9#@ if#?. 2.1,h 1,:*24>1l99 54#6*2.$ #:. :. 49*>:1# 5 [6]. r.19# 2#f- 
:, ,j99 549?#:7 2*7 $ 9:2#4.129$:'f 01*5,d9l97f< $'*2.$,!:'f d. .f< . 2.1;# $ 54,2,295.f j, ,j4.k9!#*19f $9- 
6#,d$,:1,$@ b ,2 9!9# ,2 ,c'!:,j, 9d,c4.;#:97< j, ,j4.k9!#*19h 69*5 #h k,4?94>#2 ,c½¼?:>  1.429:>< 1,2,4>  
?,;:, :.c  6.2% 5,6 4.d:'?9 >j .?9 c#d *5#l9. %:'f ,!1,$@ 

«9*@ 5. 
if#?. >*2.:,$19 * 9*5, %d,$.:9#? 54,*24.:*2$#::,j, ?,6> 72,4. 

r.1;# .129$:, 4.d$9$.#2*7 :.54.$ #:9# j, ,j4.k9!#*1,h 54,#1l99 $ *$,c,6:,? 54,*24.:*2$#@ ©6#*% 9*2,!- 
:919 *$#2.< :.549?#4< > %24.d$>1,$'# 4#o¼219 9 9 ?.**9$' ?914,d#41. < 9*5, %d> 2*7 6 7 >54.$ #:97 :.54.$ #- 
:9#? 5>!1,$< *,d6. 89f $9d>. %:'# ,c4.d'< Ó$9*789#Ô $ $,d6>f#@ s2, :.54.$ #:9# 549$ #1.#2 $:9?.:9# 1,?5.:9h< 
4.c,2. 89f $ ,c .*29 4#1 .?'< :.$9j.l99< 9 l9k4,$,j, 69d.h:.@ nj4.:9!#:9#? :. *#j,6:7 ,*2.¼2*7 :#,cf,69?,*2% 
$'*,1,h 2,!:,*29 4.*!¼2,$ 9 6,4,j,$9d:. ,c,4>6,$.:97< ,6:.1, 2#:6#:l97 1 ?9:9.2 49d.l99 9 >6#o#$ #:9  1,?- 
5,:#:2,$ ,214'$.#2 5>2% 1 1,??#4!#*1,?> 9*5, %d,$.:9 @ 

¿ 7 j#:#4.l99 69:.?9!#*19f j, ,j4.?? 549?#:7 2*7 >*24,h*2$. :. ,*:,$# ;961,149*2. 9!#*19f 69*5 ##$ 
(LCD) 9 ?914,d#41. %:'f !95,$ DLP (Digital Light Processing). s29 2#f:, ,j99 5,d$, 7 2 k,4?94,$.2% 9d?#:7 8> - 
*7 9:2#4k#4#:l9,::>  1.429:>< !2, :#,cf,69?, 6 7 ,2,c4.;#:97 6$9;>89f*7 ,c½#12,$ 9 9 .:9?.l9h@ LCD-5.:# 9 
4.c,2. 2 1.1 k.d,$'# ?,6> 72,4'< >54.$ 77 k.d,h 1.;6,j, 591*# 7 $ *,,2$#2*2$99 * 4.*!#2:'? j, ,j4.k9!#*19? 
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>d,4,?@ b *$,  ,!#4#6%< DLP-!95' 9*5, %d> 2 d#41. .< :.1 ,:7 89#*7 5,6 ,54#6# ¼::'? >j ,?< !2,c' 2,!:, :.- 
54.$92% *$#2 :. 014.:< k,4?94>7 :>;:,# 9d,c4.;#:9#@ 

}4#9?>8#*2$, 029f 2#f:, ,j9h Ö $'*,1.7 *1,4,*2% ,c:,$ #:97 9 $,d?,;:,*2% 54,j4.??:,j, >54.$ #:97@ 
n:9 9*5, %d> 2*7 $ :.>!:'f >*2.:,$1.f< $ 4#1 .?:'f j, ,j4.k9!#*19f $9249:.f 9 $ 6#?,:*24.l9,::'f >*24,h- 
*2$.f@ n*,c,# $:9?.:9# >6# 7#2*7 2,!:,*29 *9:f4,:9d.l99 *$#2. 9 ?,6> 72,4.< 5,*1, %1> ,2 02,j, d.$9*92 1,4- 
4#12:,*2% 24¼f?#4:,j, $,*5497297@ «.d$929# ?914,*f#? 9 4,*2 4.d4#o#:97 5.:# #h 5,d$, 7 2 6,c9$.2%*7 $*¼ c, ## 
4#. 9*29!:'f 0kk#12,$ j >c9:'< !2, 4.*o947#2 *5#124 549?#:#:97 69:.?9!#*1,h j, ,j4.k99 $ 9:k,4?.l9,::'f 
2#f:, ,j97f 9 4.d$ #!#:97f@ 

q#*?,247 :. 14>5:,# 4.d$929# j, ,j4.k9!#*1,h ,c .*29 *,$4#?#::'# 2#f:, ,j99 $*¼ #8# *2. 19$. 2*7 * 54,- 
c #?.?9 9 ,j4.:9!#:97?9@ È, ,j4.k9!#*19# *9*2#?' 24#c> 2 9*5, %d,$.:97 *5#l9. 9d94,$.::'f 1,?5,:#:2,$ Ö 
1,j#4#:2:'f 9*2,!:91,$ *$#2. § .d#4,$¨< *$#2,?,6> 72,4,$ $'*,1,j, 4.d4#o#:97< 54#l9d9,::,h ,52919 9 ?,8:'f 
$'!9* 92# %:'f 5 .2k,4?@ }4,9d$,6*2$, 2.19f >*24,h*2$ *,547;#:, * $'*,19?9 d.24.2.?9 :. ?.2#49. '< *c,41> 
9 1. 9c4,$1>@ n*,c#::, 6,4,j, ,cf,672*7 01*5#49?#:2. %:'# >*2.:,$19 9 54,?'o #::'# j, ,j4.k9!#*19# 54,#1- 
2,4'< !2, ,j4.:9!9$.#2 9f ?.**,$,# 4.*54,*24.:#:9#@ i2,9?,*2% 2.1;# $,d4.*2.#2 9d-d. :#,cf,69?,*29 ,c* >;9$.2% 
,c,4>6,$.:9#< 5,66#4;9$.2% *2.c9 %:'# >* ,$97 4.c,2' 9 4#j> 74:, 54,$,692% 1. 9c4,$1> 1,?5,:#:2,$@ 

¶:,j9# *,$4#?#::'# j, ,j4.k9!#*19# *9*2#?'< ,*,c#::, 69:.?9!#*19# 9 ,c½#?:'# 54,#1l99< 5,24#c 7 2 
d:.!92# %:,# 1, 9!#*2$, 0:#4j99@ ².d#4'< 4.c,2. 89# $ :#54#4'$:,? 4#;9?#< . 2.1;# *$#2,?,6> 72,4'< 5,66#4;9- 
$. 89# $'*,1,# 4.d4#o#:9# 9 !.*2,2> ,c:,$ #:97< 24#c> 2 5,*2,7::,j, 592.:97@ s2, ,*,c#::, 14929!:, $ ?,c9 %- 
:'f 9 9 > 9!:'f 9:*2. 7l97f< j6# 9*2,!:919 0:#4j99 ,j4.:9!#:'@ b'*,1,# 0:#4j,5,24#c #:9# 2.1;# 549$,692 
1 5#4#j4#$> 1,?5,:#:2,$< !2, *,14.8.#2 *4,1 * >;c' >*24,h*2$ 9 >$# 9!9$.#2 4.*f,6' :. *9*2#?' ,f .;6#:97@ 

q#*?,247 :. 6,*29;#:97 $ l9k4,$'f 2#f:, ,j97f< *,$4#?#::'# j, ,j4.??' !.*2, >*2>5. 2 5, 1.!#*2$> 
9d,c4.;#:97 549$'!:'? 69*5 #7?@ ¿,c92%*7 $'*,1,j, 4.d4#o#:97 $ j, ,j4.k9!#*1,h 54,#1l99 2#f:9!#*19 * ,;:, 
9d-d. ,j4.:9!#:9h 54,*24.:*2$#::'f *$#2,?,6> 72,4,$ 9 * ,;:,*29 2,!:,j, k,4?94,$.:97 k.d,$,h 9:k,4?.l99@ 
4,?# 2,j,< 9d-d. 4.**#7:97 9 ,j4.:9!#::,h 9:2#:*9$:,*29 .d#4:,j, *$#2. 9d,c4.;#:9# ?,;#2 c'2% :#6,*2.2,!:, 

7419? 9 9 1,:24.*2:'?< ,*,c#::, 549 $:#o:#? ,*$#8#:99@ s2, *1.d'$.#2*7 :. $9d>. %:,h !¼21,*29 9 j >c9:# $,*- 
5497297< 6# .7 j, ,j4.??' ?#:## $5#!.2 7 89?9 $ 4#. %:'f >* ,$97f [7]. 

È, ,j4.k9!#*19# 54,#1l99 !>$*2$92# %:' 1 >* ,$97? ,14>;. 8#h *4#6'@ zd?#:#:97 $ >4,$:# ,*$#8#:97< 
:. 9!9# 547?'f *, :#!:'f >!#h< 5' 9 9 9 $ .j9 ?,j>2 *#4%¼d:, 5,$ 972% :. $969?,*2% 9 !¼21,*2% 9d,c4.;#:97@ 
q. ,214'2,? $,d6>f# 9d,c4.;#:9# ?,;#2 Ó2#472%*7Ô :. k,:# 6:#$:,j, *$#2.< . $ 5,?#8#:97f Ö ,24.;.2%*7 ,2 * >- 
!.h:'f 5,$#4f:,*2#h@ }49 9*5, %d,$.:99 :. ?#4,5497297f 9 9 $ j,4,6*1,h *4#6# 24#c>#2*7 28.2# %:, 54,6>?.::.7 
d.892. 9 9 014.:94,$.:9# ,c,4>6,$.:97< !2, >$# 9!9$.#2 * ,;:,*2% >*2.:,$19 9 *:9;.#2 j9c1,*2% $ 9*5, %d,$.:99@ 

i,$4#?#::'# 9** #6,$.:97 :.54.$ #:' :. 2,< !2,c' *6# .2% $d.9?,6#h*2$9# * j, ,j4.k9!#*19?9 9d,c4.- 
;#:97?9 c, ## 9:2>929$:'? 9 #*2#*2$#::'?@ b?#*2, 9*5, %d,$.:97 k9d9!#*1,j, 1,:24, #4.< 5, %d,$.2# 9 *?,j>2 
>54.$ 72% j, ,j4.??.?9 549 5,?,89 ;#*2,$< 6$9;#:9h j .d 9 9 j, ,*.@ ¿ 7 02,j, 549?#:7 2*7 9:k4.14.*:'# *#:- 
*,4'< 1.?#4' j >c9:' 9 ?914,k,:' * $'*,1,2,!:,h *9*2#?,h 4.*5,d:.$.:97 1,?.:6@ «.d4.c,219 $ 02,h ,c .*29 >;# 
:.f,672 549?#:#:9# $ ?#69l9:*19f *9?> 72,4.f 9 ,c>!. 89f *4#6.f< j6# 24#c>#2*7 c#*1,:2.12:,# 9 2,!:,# >54.$- 
#:9# 24¼f?#4:'?9 $9d>. 9d.l97?9@ s2, ,214'$.#2 :,$'# j,49d,:2' 6 7 j, ,j4.k99 1.1 $ *k#4# ,c4.d,$.:97< 2.1 

9 $ 54,?'o #::,*29 9 ?#69l9:#@ 
«.d4.c,21. :,$'f k,2,5, 9?#4,$< :.:,*24>12>494,$.::'f 5,$#4f:,*2#h 9 ;961,149*2. 9!#*19f ?.2#- 

49. ,$ 5,d$, 7#2 *,d6.$.2% 2,:19#< j9c19# 9 >*2,h!9$'# 1 $:#o:9? $,d6#h*2$97? j, ,j4.k9!#*19# 014.:'@ r.19# 
69*5 #9 ?,j>2 $*24.9$.2%*7 $ ,1:.< *2#:' 9 6.;# 2#1*29 %:'# 5,$#4f:,*29< 4.*o9477 $,d?,;:,*29 .4f92#12>4:,j, 
69d.h:. 9 ?,c9 %:'f 4#o#:9h@ z:2#4#* 2.1;# $'d'$.#2 9*5, %d,$.:9# ?#2.5,$#4f:,*2#h Ö *24>12>4< >54.$ 7#?'f 
:. :.:,>4,$:#< 1,2,4'# *5,*,c:' ?.:95> 94,$.2% *$#2,? * $'*,1,h 2,!:,*2% < k,4?94>7 !¼219# j, ,j4.k9!#*19# 
9d,c4.;#:97 549 ?9:9?. %:'f j.c.492.f ,c,4>6,$.:97@ s2, :.54.$ #:9# *!92.#2*7 ,6:9? 9d 1  !#$'f 6 7 4.d$9- 
297 54,?'o #::,j, 9 5,24#c92# %*1,j, *#12,4. j, ,j4.k99@ 

z*1>**2$#::'h 9:2# #12 *5,*,c#: ,529?9d94,$.2% ,2,c4.;#:9# j, ,j4.?? $ 4#. %:,? $4#?#:9< .6.5294>7 
9f 5,6 >* ,$97 ,*$#8#:97< 5, ,;#:9# 5, %d,$.2# 7 9 1,:2#1*2 d.6.!9@ i 5,?,8%  ?.o9::,j, ,c>!#:97 $,d?,;:, 
54,j:,d94,$.2% 6#h*2$97 5, %d,$.2# 7 9 d.4.:## 5,6*24.9$.2% $9d>. 9d.l9  5,6 #j, :.?#4#:97< *,d6.$.7 0kk#12 
Ó;9$,j,Ô $d.9?,6#h*2$97 * 54,#1l9#h@ s2, ,*,c#::, .12>. %:, $ ?#69l9:*1,h $9d>. 9d.l99< j6# $.;:. 2,!:,*2% 
9 *1,4,*2% 4#.1l99< . 2.1;# $ *k#4# 4.d$ #!#:9h Ö :.549?#4< 6 7 j#:#4.l99 5#4*,:.;#h< 4#.j94> 89f :. 4#!% 9 ?9- 
?91> d492# 7@ 4,?# 2,j,< zz 5,?,j.#2 $ $,**2.:,$ #:99 9 ,c4.c,21# 6.::'f 549 d.59*9 l9k4,$'f j, ,j4.??< 5,- 
$'o.7 !¼21,*2% 9 >*2,h!9$,*2% 9d,c4.;#:97@ 

r.19? ,c4.d,?< $ f,6# 54,$#6¼::,j, 9** #6,$.:97 >6. ,*% 4.*14'2% ,*:,$:'# k9d9!#*19# 549:l95' j, ,- 
j4.k99< $1  !.7 54,l#**' 9:2#4k#4#:l99 9 69k4.1l99< #;.89# $ ,*:,$# *,d6.:97 24¼f?#4:'f 9d,c4.;#:9h@ ¥' 9 
4.**?,24#:' 1  !#$'# ?#2,6' d.59*9 9 $,*54,9d$#6#:97 j, ,j4.?? Ö 1.1 24.69l9,::'# ,529!#*19#< 2.1 9 l9k4,- 
$'# 5,6f,6'. r.1;# 9d>!#:' 2#f:, ,j9!#*19# ,*,c#::,*29 9 4.d 9!97 ?#;6> 295.?9 j, ,j4.??< !2, 5,d$, 9 , 5,- 
:72% d:.!#:9# 2,!:,*29 54,#1l99 9 1.!#*2$. $9d>. 9d.l99 549 4.d4.c,21# *,$4#?#::'f j, ,j4.k9!#*19f >*24,h*2$@ 

n*,c,# $:9?.:9# >6# #:, *>8#*2$> 89? ,j4.:9!#:97?: $'*,1,h *2,9?,*29 ,c,4>6,$.:97< 0:#4j#29!#*19? 
9d6#4;1.? 9 * ,;:,*29 ,c#*5#!#:97 *2.c9 %:,*29 9d,c4.;#:97@ b 2, ;# $4#?7 ,c,d:.!#:' 5#4*5#129$:'# 5>29 9f 
54#,6, #:97< $1  !.7 549?#:#:9# :,$'f ?.2#49. ,$< 4.d$929# j, ,j4.k9!#*19f 69*5 ##$ 9 9*5, %d,$.:9# 9*1>*- 
*2$#::,j, 9:2# #12. 6 7 5,$'o#:97 .6.529$:,*29 $9d>. %:,j, 1,:2#:2.@ r.19? ,c4.d,?< *k,4?> 94,$.:' :.54.$- 
#:97< *5,*,c:'# *5,*,c*2$,$.2% c, ## .129$:,?> $:#64#:9  j, ,j4.k99 $ *k#4> ,c4.d,$.:97< ?#69l9:'< .4f92#1- 

2>4' 9 5, %d,$.2# %*19f 2#f:, ,j9h@ 
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V.A. Tsvetkova,  I.K. Knyazeva  
Saint Petersburg State University of Industrial Technologies and Design 
191186, Saint-Petersburg, Bolshaya Morskaya str., 18 
INFLUENCE  OF RUSSIAN SOCIAL NETWORKS  ON COMPANY  PROMOTION  
The article discusses the concept of social networks. The main factors of S@Ï4*@2* of social networks on company promotion are considered. 
Keywords:  social networks, brands, companies, design, promotion, marketing strategies, business, content. 
;.-T-[U- 
b *,$4#?#::,? ?94# *,l9. %:'# *#29 *2. 9 :#,2½#? #?,h !.*2%  5,$*#6:#$:,h ;9d:9 ?9 9,:,$  6#h@ 

i24#?92# %:,# 4.d$929# l9k4,$'f 2#f:, ,j9h 9 4.*54,*24.:#:9# 9:2#4:#2. *5,*,c*2$>#2 5,7$ #:9  :,$'f 5, %- 
d,$.2# #h $ *,l9. %:'f *#27f 1.;6'h 6#:%@ r.19# 4,**9h*19# 5 .2k,4?'< 1.1 Telegram, Rutube, VK,  n6:,1 .**:919 
9 ¿d#: $:#* 9 :,$'# 5.22#4:' ,c8#:97 9 $d.9?,6#h*2$97 ?#;6> 5, %d,$.2# 7?9< 2#? *.?'? ,214' 9 :,$'# j,49- 
d,:2' 6 7 4.d$9297 c9d:#*.@ ,?5.:99 * 1.;6'? j,6,? :.!9:. 2 $*# !.8# 9*5, %d,$.2% *,l9. %:'# *#29 6 7 54,- 
6$9;#:97 *$,9f 2,$.4,$ 9 >* >j< 1.1 ,69: 9d *5,*,c,$ ,2*24,92%*7 ,2 1,:1>4#:2,$ :. ?94,$,? 4':1#@ 

s2. *2.2%7 :.54.$ #:. :. 9** #6,$.:9# $,54,*. $ 97:97 4,**9h*19f *,l9.%:'f *#2#h :. 54,6$9;#:9# 1,?- 
5.:9h< . 9?#::,/ >d:.$.#?,*2% c4#:6.< $d.9?,6#h*2$9# * 1 9#:2.?9 9 ,c½#? 54,6.;@ n*,c,# $:9?.:9# >6# #:, 4.d- 
9!:'? ?#2,691.? 9 5,6f,6.? c4#:6,$ 6 7 >$# 9!#:97 *2#5#:9 9*5, %d,$.:97 5,2#:l9. . *,l9. %:'f 5 .2k,4?@ 

b >* ,$97f c'*24,j, 54#,c4.d,$.:97 l9k4,$,j, .:6o.k2. 029 54,l#**' *2.:,$72*7 $*# c, ## $.;:'?9 6 7 >*2,h- 
!9$,j, k>:1l9,:94,$.:97 1,?5.:9h $ 21-? $#1#@ 

x# %  :.*2,78#h 4.c,2' 7$ 7#2*7 $'7$ #:9# ,*:,$:'f k.12,4,$< >*5#o:, $ 97 89f :. 9*5, %d,$.:9# c9d- 
:#*,? 4,**9h*19f *,l9. %:'f *#2#h 6 7 54,6$9;#:97< 9 9d>!#:9# 5,2#:l9. %:'f 49*1,$ 9 $'d,$,$< $,d:91. 89f 
6 7 1,?5.:9h $ 02,h *k#4#@ 

FS[giU- WSÂUZX_[aQ W-i-] 

«.d$929# 4,**9h*19f *,l9. %:'f *#2#h ,!#:% .12>. %:, 5,* #6:9# :#*1, %1, #2< :.c  6.#2*7 .129$:'h 4,*2 
5, %d,$.2# #h $ 4.d 9!:'f ?#69. *#4$9*.f@ q. *#j,6:7o:9h 6#:% *,l9. %:,h *#2%  7$ 7#2*7 l9k4,$.7 ,: .h:- 
5 .2k,4?.< j6# 5, %d,$.2# 9 $d.9?,6#h*2$> 2 64>j * 64>j,?< ,c8. 2*7 9 5>c 91> 2 1,:2#:2 $ .$2,?.29d94,$.::,? 

54,*24.:*2$#@ q. 49*>:1# 1 5,1.d.:' 549?#4' 4,**9h*19f *,l9. %:'f *#2#h@ 

«9*@ 1. }49?#4' *,l9. %:'f *#2#h [1] 

«,**9h*19h l9k4,$,h 4':,1 54#6 .j.#2 c, %o,# 1, 9!#*2$, 4.d:,,c4.d:'f $96,$ *,l9. %:'f *#2#h@ 
b *$,  ,!#4#6%< 1.;6.7 9d :9f ,c .6.#2 *$,9?9 >:91. %:'?9 k>:1l97?9< . 2.1;# l# #$,h .>692,49#h@ b*# *,l9. %- 
:'# *#29 ?,;:, 5,64.d6# 92% :. * #6> 89# j4>55'/ 

-  i,l9. %:'# *#29 ,c8#j, :.d:.!#:97 
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},6,c:'# 5 .2k,4?' 54#6:.d:.!#:' 6 7 $d.9?,6#h*2$97 o94,1,h .>692,499< ,c8#:97 9 ,c?#:. 9:k,4?.- 
l9#h@ ¿.::'# 5 .2k,4?' 54#65, .j. 2 :. 9!9# o94,1,j, *5#124. k>:1l9h@ 

n6:,h 9d 2.19f *,l9. %:'f *#2#h 7$ 7#2*7 VK.  n6:. 9d *.?'f 5,5> 74:'f *,l9. %:'f *#2#h $ «,**99< 
1,2,4.7 5,d$, 7#2 5, %d,$.2# 7? *,d6.$.2% 54,k9 9< 6# 92%*7 k,2,j4.k97?9 9 $96#,< ,c8.2%*7 $ !.2.f 9 j4>55.f< 
* >o.2% ?>d'1>< * #692% d. :,$,*27?9 9 5>c 91,$.2% *$,h 1,:2#:2@ q. 49*>:1# 2 5,1.d.:. *,l9. %:.7 *#2% ,c8#j, 
:.d:.!#:97 VK.  

«9*@ 2. i,l9. %:.7 *#2% ,c8#j, :.d:.!#:97 VK [2]  

i #6> 8.7 *,l9. %:.7 *#2% y n6:,1 .**:919 (OK.ru). ¿.::.7 5 .2k,4?. 5, %d>#2*7 c, %o#h 5,5> 74:,- 
*2%  > $d4,* ,h .>692,499 9 9?##2 *f,;9h k>:1l9,:. * *,l9. %:,h *#2%  VK.  }, %d,$.2# 9 02,h *#29 ?,j>2 ,c- 
8.2%*7< 6# 92%*7 1,:2#:2,?< ,c?#:9$.2%*7 k,2, 9 $96#,@ i,l9. %:.7 *#2% 54,6#?,:*2494,$.:. :. 49*>:1# 3. 

«9*@ 3. i,l9. %:.7 *#2% ,c8#j, :.d:.!#:97 n6:,1 .**:919 [3] 

i.?,h >:9$#4*. %:,h 4,**9h*1,h *,l9. %:,h *#2%  ?,;:, :.d$.2% Telegram. s2. :#d.$9*9?.7 5 .2k,4?. 9d- 
:.!. %:, 54#6*2.$ 7 . 9d *#c7 ?#**#:6;#4< 1,2,4'h c'*24, :.c4. 5,5> 74:,*2% > 5, %d,$.2# #h@ q. *#j,6:7o:9h 
6#:% 6.::.7 *,l9. %:.7 *#2% *2. . l# ,h 01,*9*2#?,h< $1  !. 8#h $ *#c7 1.:. '< c,2'< $96#,< *2,49*< 24.:* 7l99@ 
Telegram * 1.;6'? j,6,? :.c94.#2 $*# c, %o>  5,5> 74:,*2% > 5, %d,$.2# #h *, $*#j, ?94.< !2, 6# .#2 02> 5 .2k,4- 
?> 1,:1>4#:2:,*5,*,c:,h :. ?94,$,h l9k4,$,h .4#:#@ },1.d.:. :. 49*>:1# 4. 

«9*. 4. ±:9$#4*. %:.7 *,l9. %:.7 *#2% Telegram[4] 
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-  }4,k#**9,:. %:'# *,l9. %:'# *#29 
Ä8# ,6:9? $96,? 7$ 7 2*7 54,k#**9,:. %:'# *,l9. %:'# *#29 y 02, *,l9. %:'# *#29< 1,2,4'# ,49#:294,- 

$.:' :. 1.4%#4:,# 4.d$929# 9 6# ,$'# *$7d9@ n:9 5,?,j. 2 5, %d,$.2# 7? :.f,692% 4.c,2>< >*2.:.$ 9$.2% 54,k#*- 
*9,:. %:'# 1,:2.12' 9 ,c?#:9$.2%*7 ,5'2,?@ 

}49?#4,? 6.::,j, $96. *,l9. %:'f *#2#h 7$ 7#2*7 TenChat. s2, 4,**9h*1.7 5 .2k,4?. 6 7 54,k#**9,:.- 
,$< j6# ?,;:, *,d6.2% 4#d ?#< 9*1.2% $.1.:*99 9 $d.9?,6#h*2$,$.2% * c9d:#*-*,,c8#*2$,?@ }4,k#**9,:. %:.7 *,l9- 

. %:.7 *#2% TenChat 54,6#?,:*2494,$.:. :. 49*>:1# 5. 

«9*@ 5. b9d>. %:.7 *,l9. %:.7 *#2% [5] 

-  r#?.29!#*19# 9 :9o#$'# 
¿.::'# *,l9. %:'# *#29 *,d6.:' 6 7  6#h< 4.d6# 7 89f >:91. %:'# 9:2#4#*'@ u>:1l9,:. 5,6,c:'f 

*#4$9*,$ !.8# $*#j, 54#6*2.$ 7#2 9d *#c7 *2.2%9< 1.:. '< ?914,c ,j9 * k,1>*,? :. ,c4.d,$.:9#< :,$,*29 9 2$,4!#*2$,@ 
i,l9. %:.7 *#2% ¿d#: ,49#:294,$.:. :. 4.d?#8#:9# 1.1 $96#,< 2.1 9 2#1*2,$,j, 1,:2#:2.@ s2. 5#4*5#129$- 

:.7 5 ,8.61. 5,d$, 7#2 5, %d,$.2# 7? !92.2% c ,j9< *?,24#2% k,2, 9 $96#,< *,d6.$.2% 1,:2#:2< 5,659*'$.2%*7 :. 
.$2,4,$@ i,l9. %:.7 *#2% ¿d#: 54,9  *2494,$.:. :. 49*>:1# 6. 

«9*@ 6. q9o#$.7 *,l9. %:.7 *#2% ¿d#: [6] 

-  i,l9. %:'# *#29 6 7 $96#, 
i,l9. %:'# 5 ,8.619 2.1,j, k,4?.2. 5,d$, 7 2 5, %d,$.2# 7? d.j4>;.2% *$,h 1,:2#:2 $ $96#, k,4?.2#< 

. 2.1;# 54,*?.249$.2% 64>j9# 4.c,2'@ n6:,h 9d *.?'f 5,5> 74:'f *,l9. %:'f *#2#h 6 7 5>c 91.l99 $96#, 1,:2#:- 
2. 7$ 7#2*7 VK  b96#, y c, %o.7 $96#, 5 .2k,4?.< :. 1,2,4,h 5, %d,$.2# 9 ?,j>2 6# 92%*7 $96#, :.  c'# 2#?'@ 
b 5,* #6:9# j,6' 6.::.7 5 ,8.61. *2. . 5,5> 74:,h *4#69 d492# #h  ?,49*29!#*19f o,>< *#49. ,$ 9 k9 %?,$@ 
z  *24.l97 5,1.d.:. :. 49*>:1# 7. 

«9*@ 7. i,l9. %:.7 *#2% VK b96#, [7] 
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´129$:, 4.d$9$. 8#h*7 *,l9. %:,h *#2%  6 7 4.d?#8#:97 $96#, 1,:2#:2. :. 4,**9h*1,? 4':1# 2.1;# *2. . 
5 ,8.61. Rutube. ¿.::.7 *,l9. %:.7 *#2% 54#6 .j.#2 5, %d,$.2# 7? $,d?,;:,*2% 54,*?,24. 2$< k9 %?,$< *#49. ,$ 
9 01*1  d9$:'f 5, %d,$.2# %*19f $96#,@ i,l9. %:.7 *#2% 6 7 $96#, Rutube 54,6#?,:*2494,$.:. :. 49*>:1# 8. 

«9*@ 8. i,l9. %:.7 *#2% Rutube [8] 

¾Z2iSda .XUg[Ug WSÂUZX_[aQ W-i-] [Z bdST.Uh-[U- 2SfbZ[UU 
¶94,$,h c9d:#* *#j,6:7 :#$,d?,;:, 54#6*2.$92% c#d 9*5, %d,$.:97 *,l9. %:'f *#2#h 6 7 4.d$9297 ?.41#- 

29:j,$'f *24.2#j9h@ n6:9? 9d *.?'f 54,*2'f 9 0kk#129$:'f ?#2,6,$ 6 7 54,6$9;#:97 :. 4':1# $'6# 7 2 $d.9- 
?,6#h*2$9# * .>692,49#h !#4#d *,l9. %:'# 5 ,8.619@ }, %d,$.2# 9 *#j,6:7 ?,j>2 $ 972% :. 2, 9 9 9:,# 4#o#:9# 
c4#:6.< !2, 6.#2 c, %o>  $,$ #!#::,*2%< 5,?,j.#2 5,$'*92% 54,6.;9< >$# 9!92% >d:.$.#?,*2% c4#:6.< $'5, :92% 
,2*24,h1> ,2 1,:1>4#:2,$ 9 :. .692% 1,??>:91.l9  * .>692,49#h :. $'*,1,? >4,$:#@ i2,92% ,2?#292%< !2, ?#2,6 
54,6$9;#:97 !#4#d *,l9. %:'# *#29 2.1;# :#*#2 ,54#6# #::'# 49*19 6 7 c4#:6,$@ 

¶,;:, $'6# 92% :#*1, %1, k.12,4,$ $ 97:97 :. 54,6$9;#:9# 1,?5.:99 $ *,l9. %:'f *#27f@ 

n6:9? 9d 2.19f 7$ 7#2*7 9*5, %d,$.:9# *,l9. %:'f *#2#h< 1.1 9:*24>?#:2 6 7 5,$'o#:97 >d:.$.#?,*29 
c4#:6.@ ,?5.:99 2.19? ,c4.d,? ?,j>2 ,f$.292% o94,19h 5 .*2 :,$,h .>692,499 549 ?9:9?. %:'f d.24.2.f@ 
}>c 91.l99 ?j:,$#::, 6,*29j. 2 c, %o,# 1, 9!#*2$, 5, %d,$.2# #h #69:,$4#?#::,@ ¥4#:6' 5,$'o. 2 *$,  
$969?,*2% 549 5,?,89 2.19f 4#1 .?:'h 1.?5.:9h< 1.1 $94>*:'# $96#, 9 9 14#.29$:'# 5,*2'@ b 2024 j,6> ?:,j9# 
1,?5.:99 :.!. 9 9*5, %d,$.2% $ *$,9f *,l9. %:'f *#27f 1,4,219# $#4291. %:'# $96#, * CGI, 2.19# $96#, ,f$.2'- 
$. 2 c, %o,h 5 .*2 .>692,499 9 549$,692 :,$'f 5,659*!91,$ :. .11.>:2' c4#:6,$@ ,?5.:97 OSKELLY 9*5, %- 
d,$. . 02,2 ?.41#29:j,$'h 9:*24>?#:2 6 7 4#1 .?:,h 1.?5.:99< 549>4,!#::,h 1 6:  $*#f $  c #::'f@ Æ>6,;:9- 
19 *,d6. 9 $942>. %:'h 02.; c4#:6. $ 9*2,49!#*1,? d6.:99 ¶,*1$'< 9d 1,2,4,j, $' #2. . k94?#::.7 1,4,c1. :. 

$,d6>o:'f o.4.f $ k,4?# *#46l.< !2, ?,;:, >$96#2% :. 49*>:1# 9. 

«9*@ 9. }4,6$9;#:9# 1,?5.:99 OSKELLY * 5,?,8%  CGI [9]  

i,l9. %:'# *#29 *,d6. 2 $,d?,;:,*29 6 7 547?,j, ,c8#:97 ?#;6> c4#:6.?9 9 9f 1 9#:2.?9@ ,?5.:99 
?,j>2 c'*24, 9 1.!#*2$#::, ,2$#!.2% :. 9:2#4#*> 89# 1 9#:2,$ $,54,*'< 5, >!.2% ,2d'$' :. 2,$.4' 9 4.d4.c.2'- 
$.2% :,$'# 1,:l#5l99 *,$?#*2:, * .>692,49#h@ }49?#4,? 7$ 7#2*7 1,?5.:97 STOBOY y *?# .7 ,6#;6. * .$2,4*19?9 
549:2.?9@ ¿ 7 1,??>:91.l99 * 5,1>5.2# 7?9 c4#:6 9*5, %d>#2 VK  95'< * 5,?,8%  1,2,4,j, 1,?5.:97 5, >!.#2 
,2 .>692,499 96#9 :,$'f 549:2,$ 9 4#o.#2 54,c #?' 1 9#:2,$@ 

i,l9. %:'# *#29 54#6 .j. 2 ?,8:'# 9:*24>?#:2' 6 7 2.4j#294,$.::,h 4#1 .?'< * 5,?,8%  1,2,4'f c9d- 
:#* ?,;#2 ,c4.292%*7 2, %1, 1 d.9:2#4#*,$.::,h 9f 2,$.4.f .>692,499@ } .2k,4?'< 2.19# 1.1 VK  «#1 .?.< ø:6#1* 
¿94#12 5,d$, 7 2 :.*24.9$.2% 5.4.?#24' 2.4j#29:j. 5, 6#?,j4.k9!#*19? 6.::'?< 9:2#4#*.? 9 5,$#6#:9  5, %- 
d,$.2# #h@ i 5,?,8%  .:. 929!#*19f 9:*24>?#:2,$ 6.::'f *#4$9*,$ 1,?5.:99 ?,j>2 ,2* #;9$.2% 0kk#129$:,*2% 
4#1 .?:'f 1.?5.:9h 9 .6.5294,$.2% *24.2#j99 $ 4#. %:,? $4#?#:9@ 
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¿ 7 >*5#o:,j, 54,6$9;#:97 1,?5.:97? $.;:, 5496#4;9$.2%*7 !#21, 54,4.c,2.::,?> 1,:2#:2 5 .:>< 1,- 
2,4'h ?,;#2 $1  !.2% $ *#c7 *2.2%9< $96#,< 9:k,j4.k91>< k,2,j4.k99 9 64>j9# k,4?.2'< 1,2,4'# *?,j>2 549$ #!% 
l# #$>  .>692,49 @ n: .h:-o1, . 5, 9d>!#:9  .:j 9h*1,j, 7d'1. Skyeng *,d6.#2 ,c>!. 89# $96#, 9 4.d$ #1.2# %- 
:'h 1,:2#:2 $ *$,#? *,,c8#*2$# VK  6 7 5 ,8.619 VK  b96#,< !2,c' >6#4;9$.2% $:9?.:9# 5, %d,$.2# #h 9 5,$'- 
o.2% >4,$#:% $,$ #!#::,*29@ }49?#4 1,:2#12. 1,?5.:99 5,1.d.: :. 49*>:1# 10. 

«9*@ 10. }4,6$9;#:9# 1,?5.:99 Skyeng :. 5 ,8.61# VK b96#, [10] 

b,$ #!#:9# 1 9#:2,$ $ *,d6.:9# 1,:2#:2. (UGC) *5,*,c*2$>#2 k,4?94,$.:9  .129$:,j, *,,c8#*2$. $,14>j 
c4#:6.@ }, %d,$.2# 9 6# 72*7 *$,9?9 $5#!.2 #:97?9 , 54,6>12.f< *,d6. 2 k,2, 9 $96#, * 9*5, %d,$.:9#? 2,$.- 
4,$ 1,?5.:99@ s2, :# 2, %1, >14#5 7#2 6,$#49# 1 c4#:6>< :, 9 *,d6.#2 0kk#12 Ó*,,c8#*2$.Ô@ }49?#4,? ?,;#2 * >- 
;92% 1.?5.:97 SuperStep, 1,2,4.7 4.d?#*29 . 54,*24.:*2$, 6 7 1.*2,?. 14,**,$,1 $ *$,#? k .j?.:*1,? ?.j.d9:# 
$ i.:12-}#2#4c>4j#@ ¿.::.7 4#1 .?:.7 1.?5.:97 c' . .:,:*94,$.:. $ *,l9. %:,h *#29 VK.  },1>5.2# 9 ?,j>2 *6#- 
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K.A. Shurygin  

St. Petersburg State University of Industrial Technologies and Design 
191186, St. Petersburg, Bolshaya Morskaya, 18 
FEATURES OF LAYOUTS  CREATING  FOR LARGE-FORMAT  PRINTING IN ADOBE ILLUSTRATOR  
The original layout preparing features in the graphic editor Adobe Illustrator are discussed in the article. The fundamental stages of layout 

development for large format printing are considered. The process of image banner design creation is described. 
Keywords:  vector graphics, Adobe Illustrator, large-format printing, layouts 
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:#:97 7$ 7 2*7 * #6> 89#/ 

Ö j4.k9!#*19h 69d.h: Ö *,d6.:9# ,j,295,$< k94?#::,j, *29 7< $9d92,1< 5 .1.2,$¬ 
Ö 9  *24.l97 Ö 5,6j,2,$1. $#12,4:'f 49*>:1,$ 6 7 1:9j< 1,?91*,$< 4#1 .?'¬ 
Ö 295,j4.k91. Ö 4.d4.c,21. 69d.h:. o49k2,$< ,k,4? #:9# 2#1*2,$'f 1,?5,d9l9h¬ 
Ö 69d.h: >5.1,$19 Ö *,d6.:9# ?.1#2,$ 0291#2,1< 1,4,c,1< POS-?.2#49. ,$¬ 
Ö $#c-69d.h: Ö 1,:*24>94,$.:9# 91,:,1< 9:2#4k#h*:'f 0 #?#:2,$< SVG-j4.k919@ 
«.**?,249? 54,j4.??:,# ,c#*5#!#:9# 6 7 *,d6.:97 9 4#6.1294,$.:97 9d,c4.;#:9h< 1,2,4,# 7$ 7#2*7 . %- 

2#4:.29$,h j4.k9!#*1,?> 4#6.12,4> Adobe Illustrator. 
È4.k9!#*19h 4#6.12,4 CorelDRAW 54#6:.d:.!#: 6 7 4.c,2' * $#12,4:,h j4.k91,h 9 o94,1, 9*5, %d>#2*7 

$ *k#4# 4#1 .?' 9 5, 9j4.k99@ u>:1l9,:. %:'# $,d?,;:,*29 CorelDRAW, $1  !. 89# 2,!:'# *4#6*2$. 4.c,2' 
* $#12,4:'?9 ,c½#12.?9< 5,d$, 7 2 *,d6.$.2% ?.1#2' 6 7 o94,1,k,4?.2:,h 5#!.29@ b :#? 4#. 9d,$.:. 5,66#4;1. 
?:,j,*24.:9!:'f 6,1>?#:2,$< :#,cf,69?.7 549 4.d4.c,21# *#49h:'f 4#1 .?:'f ?.2#49. ,$< 2.19f 1.1 c.::#4:'# 
1,:*24>1l99 9 9 1,?5 #12' $'$#*,1@ È4.k9!#*19h 4#6.12,4 CorelDRAW 54#6,*2.$ 7#2 c, %o## 1, 9!#*2$, 9:*24>- 
?#:2,$ 6 7 49*,$.:97 5, *4.$:#:9  * Adobe Illustrator, ,6:.1, 5,* #6:9h 9?##2 c, ## o94,19h *5#124 $#12,4:'f 
9 4.*24,$'f 0kk#12,$@ q#6,*2.21.?9 CorelDRAW 7$ 7 2*7 54#,c4.d,$.:9# 6,1>?#:2,$ $, $:>24#::9h k,4?.2< * ,;- 
:,*29 * 4.*5,d:.$.:9#? PDF k.h ,$< 1,2,4'# !.8# $*#j, 9*5, %d> 2*7 6 7 5#!.29 [2]. 

«#6.12,4 $#12,4:,h j4.k919 A nity Designer Ö 14,**5 .2k,4?#::'h 4#6.12,4< *,!#2. 89h $#12,4:'# 
9 4.*24,$'# 9:*24>?#:2' $ ,6:,? 4.c,!#? 54,*24.:*2$#@ «#6.12,4 9?##2 $'*,1>  54,9d$,692# %:,*2% 549 4.c,2# 
* ?:,j,* ,h:'?9 * ,;:'?9 54,#12.?9@ A nity Designer 5,66#4;9$.#2 PSD-k.h '< 9?##2 *5#l9. %:'# 9:*24>?#:2' 
6 7 4.c,2' * 149$'?9< $1  !.7 :#4.d4>o. 89# $#12,4:'# 0kk#12'@ b ,c .*29 54,k#**9,:. %:,h 5#!.29 ,: >*2>5.- 
#2 Illustrator $ 4.c,2# * l$#2,$'?9 54,k9 7?9 9 6,5#!.2:,h 5,6j,2,$1,h@ 

b#12,4:'h j4.k9!#*19h 4#6.12,4 Inkscape Ö c#*5 .2:'h 4#6.12,4 * ,214'2'? 9*f,6:'? 1,6,?< 54#6 .j.- 
 89h c.d,$'h :.c,4 $#12,4:'f 9:*24>?#:2,$ §149$'# ¥#d%#< j4.69#:2'< 4.c,2. * 2#1*2,?¨@ },66#4;9$.#2 SVG 1.1 
,*:,$:,h k,4?.2< !2, 6# .#2 #j, >6,c:'? 6 7 $#c-69d.h:.@ È .$:'# :#6,*2.219 Ö ,j4.:9!#::.7 5,66#4;1. CMYK,  
,2*>2*2$9# 54,6$9:>2'f 295,j4.k9!#*19f 9:*24>?#:2,$ 9 :#*2.c9 %:.7 4.c,2. * c, %o9?9 k.h .?9@ z*5, %d,$.:9# 
4#6.12,4. Inkscape $ 54,k#**9,:. %:,h 5, 9j4.k99 ,!#:% ,j4.:9!#:, [3]. 

b#c-549 ,;#:9# Figma Ö ,c .!:'h j4.k9!#*19h 4#6.12,4< ,49#:294,$.::'h :. *,d6.:9# 9:2#4k#h*,$ 
9 54,2,29594,$.:9#@ z?##2 >6,c:'# 9:*24>?#:2' 6 7 *,$?#*2:,h 4.c,2' $ 4#. %:,? $4#?#:9< c.d,$'# $#12,4:'# 
k>:1l99 9 *9*2#?> 1,?5,:#:2,$@ n6:.1, 4#6.12,4 :# 549*5,*,c #: 6 7 5#!.29/ ,2*>2*2$>#2 5,66#4;1. l$#2,$,h ?,- 
6# 9 CMYK,  4.d4#o#:9# 01*5,42. ,j4.:9!#:, 2x, ,2*>2*2$> 2 6,5#!.2:'# 54,$#419@ ¿.::'h j4.k9!#*19h 4#6.12,4 
54#6:.d:.!#: 6 7 *,d6.:97 l9k4,$'f 54,6>12,$@ 
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«#6.12,4 Adobe Photoshop 7$ 7#2*7 4.*24,$'? 4#6.12,4,? 9< 1.1 ,2?#!. ,*% $'o#< !.*2, 9*5, %d>#2*7 
$ *$7d1# * $#12,4:'?9 54,j4.??.?9 6 7 5,6j,2,$19 j4.k919 1 5#!.29@ «#6.12,4 5,d$, 7#2 ,c4.c.2'$.2% k,2,j4.k99< 
*,d6.$.2% * ,;:'# 2#1*2>4' 9 0kk#12'< 1,2,4'# d.2#? 9:2#j494> 2*7 $ $#12,4:'# ?.1#2'@ },66#4;9$.#2 CMYK,  
Pantone, 9?##2 9:*24>?#:2' l$#2,1,44#1l99 [4]. 

«.**?,24#::'# $'o# j4.k9!#*19# 4#6.12,4' 9?# 2 *$,9 ,*,c#::,*29 9 ,j4.:9!#:97< 5,02,?> $'c,4 54,- 
j4.??' 6 7 *,d6.:97 9 4#6.1294,$.:97 9d,c4.;#:9h ,54#6# 7#2*7 l# 7?9 9 d.6.!.?9 1,:14#2:,j, 54,#12.@ 

}49 4.d4.c,21# ?.1#2,$ ,5#4.29$:,h 5,9j4.k99 9 *,d6.:99 49*>:1,$ $,d?,;:, 9*5, %d,$.2% j4.k9!#*19h 
4#6.12,4 CorelDRAW. b#c-549 ,;#:9# Figma >6,c:, 6 7 69d.h:. l9k4,$'f 9:2#4k#h*,$ 9 ,4j.:9d.l99 *,$?#*2:,h 
4.c,2'@ «#6.12,4 $#12,4:,h j4.k919 A nity Designer 549?#:7#2*7 6 7 *,d6.:97 4.*24,$'f 9 $#12,4:'f j4.k9!#*19f 
54,#12,$< ,6:.1, 5, *4.$:#:9  * Adobe Illustrator ,: 9?##2 ?#:%o9h k>:1l9,:. < 54,c #?' * RIP-*9*2#?.?9 (Raster 
Image Processor) 9 ,j4.:9!#:97 $ l$#2,5#4#6.!# $ k,4?.2.f CMYK/Pantone. 

b 4.?1.f 6.::,j, 9** #6,$.:97 4.**?.249$.#2*7 2#f:, ,j9!#*19h 54,l#** 4.d4.c,219 c.::#4. 4.d?#4,? 
WôT ? 6 7 IT -9:*292>2. ±k9?*1,j, j,*>6.4*2$#::,j, :#k27:,j, 2#f:9!#*1,j, >:9$#4*92#2.< 5,d$, 7 89h $'7$92% 
,529?. %:'# ?#2,6' 5,6j,2,$19 ?.1#2,$ 1 54,?'o #::,h 5#!.29@ ¿ 7 *,d6.:97 ?.1#2. c.::#4. c' $'c4.: $#1- 
2,4:'h j4.k9!#*19h 4#6.12,4 Adobe Illustrator, 2.1 1.1 ,: 5,66#4;9$.#2 24#c>#?'# 6 7 5#!.29 PDF k.h '< 2,!:, 
$,*54,9d$,692 l$#2,$'# 54,k9 9 Pantone/CMYK, :#,cf,69?'# 6 7 5#!.29 k94?#::'f l$#2,$< 9 *,f4.:7#2 !#21,*2% 
1,:2>4,$ 549  c,? ?.*o2.c94,$.:99< !2, 5,d$, 7#2 *,d6.$.2% ?.1#2' 6 7 5#!.29 :. c, %o9f k,4?.2.f@ 

}49 5,6j,2,$1# ?.1#2. 1 o94,1,k,4?.2:,h 5#!.29 :#,cf,69?, >!92'$.2% 295 l$#2,$,j, 54,k9 7< k,4?.2 
k.h .< 24#c,$.:97 1 4.d?#4.? 4.c,!#j, 5, 7 9 0 #?#:2.? ?.1#2.@ «.**?,249? ,*:,$:'# 02.5' *,d6.:97 ?.1#2. c.:- 
:#4. * 9*5, %d,$.:9#? j4.k9!#*1,j, 4#6.12,4. Adobe Illustrator. 

q. 5#4$,? 02.5# :#,cf,69?, *,d6.2% 9*f,6:'h k.h * >!#2,? 4#. %:'f 4.d?#4,$ ?.1#2. 9 24#c>#?,j, 4.d- 
4#o#:97 549 5#!.29@ ¿ 7 02,j, * #6>#2 ,214'2% $1 .61> Óq,$'h k.h Ô $ j .$:,? ,1:# 54,j4.??'@ q#,cf,69?'# 
4.d?#4' c.::#4. 6 7 6.::,j, 54,#12. *,*2.$ 7 2 6 ?#24,$ :. 1 ?#24@ b'c,4 4.d4#o#:97 k.h . (ppi Ö 1, 9!#*2$. 
591*# #h :. 6 h?¨ d.$9*92 ,2 24#c>#?,j, 4.d4#o#:97 549 5#!.29 :. c, %o,? k,4?.2#@ ¿ 7 54,#12,$< 1,2,4'# c>6>2 
9*5, %d,$.2%*7 2, %1, :. $#c-:,*92# 7f< 6,*2.2,!:, 4.d4#o#:97 72 591*# . :. 6 h?@ ¿ 7 54,#12,$< 24#c> 89f $'- 
*,1,j, k,2,j4.k9!#*1,j, 1.!#*2$.< :#,cf,69?, $'c94.2% 300 591*# #h :. 6 h?< !2, c>6#2 *,,2$#2*2$,$.2% 1.!#*2$> 
5#!.29 1440 dpi §2,!#1 :. 6 h?¨@ ¿ 7 *,d6.:97 c.::#4. c' , $'c4.:, 4.d4#o#:9# 300 ppi. 

q. $2,4,? 02.5# * #6>#2 $'c4.2% l$#2,$,h 54,k9 % RGB 9 9 CMYK.  ¿ 7 2,!:,h l$#2,5#4#6.!9 9d,c4.;#- 
:97 :. 014.:# :#,cf,69?, 9*5, %d,$.2% .66929$:>  l$#2,$>  ?,6# % RGB. u,4?94,$.:9# l$#2. $ RGB 54,9*f,692 
5>2#? * ,;#:97 741,*2#h 24#f ,*:,$:'f l$#2,$'f 1,?5,:#:2 Ö 14.*:,j, (R), d# #:,j, (G) 9 *9:#j, (B). s2,2 k,4?.2 
549?#:7#2*7 549 *,d6.:99 l9k4,$'f 54,#12,$/ ?,c9 %:'f 549 ,;#:9h< $#c-69d.h:. 9 54,j4.??:,j, 9:2#4k#h*.@ 

¿ 7 *,d6.:97 ?.1#2. 5#!.2:,h 54,6>1l99 9*5, %d>#2*7 $2,4,h l$#2,$,h 54,k9 % Ö CMYK.  s2, *>c24.1- 
29$:.7 l$#2,$.7 ?,6# %< 1,2,4.7 ,*:,$.:. :. $'!92.:99 §5,j ,8#:99 14.*1,h¨ 5#4$9!:'f l$#2,$ §14.*:,j,< d# #:,j, 
9 *9:#j,¨ 9 5, >!#:99 24#f 6,5, :92# %:'f l$#2,$/ j, >c,j, (C), 5>45>4:,j, (M) 9 ;# 2,j, (Y). }49 5#!.29 9*5, %- 
d>#2*7 6,5, :92# %:.7 !#4:.7 14.*1. 6 7 *,d6.:97 c, ## j >c,19f :.*'8#::'f ,22#:1,$@ b 6.::,? 54,#12# 9*5, %- 
d,$. .*% l$#2,$.7 ?,6# % CMYK. ¿ 7 02,j, $ $1 .61# Óx$#2,$,h 4#;9?Ô c' $'c4.: *,,2$#2*2$> 89h 54,k9 %@ 

i #6> 89h 02.5 4.c,2' d.1  !. *7 $ :#5,*4#6*2$#::,? *,d6.:99 ?.1#2. c.::#4.@ n*:,$:'?9 0 #?#:2.?9 
?.1#2. 7$ 7 9*% k,:< >d,4 :. k,:#< ,j,295 9 * ,j.:@ ²,j,295 9:*292>2. c' 6,*2>5#: $ $#12,4:,? k,4?.2#< 5,02,?> 
c#d 54,c #? c' 9?5,4294,$.: $ Illustrator. 

i #6>#2 ,2?#292%< !2, 4#6.12,4 Adobe Illustrator 5,d$, 7#2 54#,c4.d,$'$.2% 4.*24,$'# 9d,c4.;#:97 $ $#1- 
2,4:'#< 5,02,?> 9?5,4294>#?'# k.h ' 6 7 *,d6.:97 ?.1#2. ?,j>2 9?#2% :# 2, %1, $#12,4:'h< :, 9 4.*24,$'h k,4- 
?.2@ r.1,h 5#4#$,6 9d,c4.;#:97 ?,;:, ,*>8#*2$92% * 5,?,8%  $*24,#::,h k>:1l99 Ór4.**94,$1. 9d,c4.;#:97Ô@ 
b * >!.7f< 1,j6. $ 4#d> %2.2# 54#,c4.d,$.:97 $ $#12,4:'h k,4?.2 5,7$ 7 2*7 .42#k.12' §:.549?#4< 9*1.;#:9# j4.- 
:9l 9d,c4.;#:97¨< ?,;:, 9*5, %d,$.2% $.49.:2 54#,c4.d,$.:97 9d,c4.;#:97 9d 4.*24,$,j, k,4?.2. $4>!:> < 9*- 
5, %d>7 *,,2$#2*2$> 89# 149$'#< 9 9 $,*5, %d,$.2%*7 *2,4,::9?9 *#4$9*.?9@ 

}49 4.d4.c,21# 69d.h:. ?.1#2. $.;:, c' , 9*5, %d,$.2% k94?#::'h l$#2 9:*292>2. §,4.:;#$'h¨ 9 k94- 
?#::'h o49k2 (Mont). b :.!. # 1,:*24>94,$.:97 :. $#*% f, *2 c' *,d6.: k,: Ö :9;:9h * ,h ?.1#2.@ ¿ 7 02,j, 
9*5, %d,$. *7 547?,>j, %:91 $ 4.d?#4 ?.1#2.< 9 c' $'c4.: l$#2 k,:. Ö ,4.:;#$'h@ q9;:9h * ,h :#,cf,69?, 
c' , d.14#592% :. 9:*24>?#:2. %:,h 5.:# 9 Ói ,9Ô< !2,c' $ 6. %:#ho#? ,: :# ?#o. 549 4.*5, ,;#:99 64>j9f 
0 #?#:2,$ c.::#4.@ 

b2,4'? o.j,? c' *,d6.: Ó$, :,$,hÔ >d,4 :. k,:#@ ¿ 7 02,j, * 5,?,8%  9:*24>?#:2. Ó .4.:6.oÔ :. #$,h 
5.:# 9 §9 9 * 5,?,8%  j,47!#h 1 .$9o9 N) c' , :#,cf,69?, :.49*,$.2% 6$# 54,9d$, %:'# 9:99 4.d:'f l$#2,$< 
5,* # !#j, $'6# 92% 9f 9 $,*5, %d,$.2%*7 9:*24>?#:2,? Ó}#4#f,6Ô §j,47!.7 1 .$9o. W). },* # 02,j, :. 014.:# 
5,7$92*7 5 .$:'h 5#4#f,6 ,2 ,6:,h 9:99 1 64>j,h@ ¿ 7 2,j,< !2,c' *6# .2% 5#4#f,6 ?#:## 5 ,2:'? 9 $9d>. 9d94,- 
$.2% ,26# %:'# 9:99< c' , :#,cf,69?, :.*24,92% 0kk#12 5#4#f,6.@ ¿ 7 02,j, * #6,$. , $'6# 92% 5, >!9$o9h*7 
j4.69#:2 9 ,214'2% 69. ,j,$,# ,1:, 9:*24>?#:2. Ó}#4#f,6Ô@ b ,214'$o9?*7 ,1:. $ 4.d6# # Óz:2#4$. 'Ô c' , :#- 
,cf,69?, $'c4.2% $1 .61> Ó©.6.::,# !9* , o.j,$Ô< >1.d.2% 24#c>#?,# d:.!#:9#< :.549?#4< 30 9 :.;.2% Ón1Ô@ },* # 
*,d6.:97 >d,4. $ #$>  !.*2% c.::#4. c' 9?5,4294,$.: ,j,295 9:*292>2.@ 

q. 5,* #6:#? o.j# *,d6.:97 69d.h:. ?.1#2. c' , :#,cf,69?, 6,c.$92% 2#1*2 Ób ?94# >!o# :# :.h- 
29 Ö $ *#46l# 9:*292>2 NQÞÔ@ ¿ 7 4.d?#8#:97 * ,j.:. c' 9*5, %d,$.: 9:*24>?#:2 Ór#1*2Ô §j,47!.7 1 .$9o. T), 
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9 $ 4.c,!#? 5, # c' 6,c.$ #: :>;:'h 2#1*2@ ¿. ## c' $'c4.: k94?#::'h o49k2 Mont !#4#d $1 .61> Ói9?$, Ô :. 
$#4f:#h 5.:# 9 4#6.12,4.@ q. 02,? 02.5# 4.d4.c,21. 69d.h:. ?.1#2. c.::#4. c' . d.$#4o#:.@ 

q. 49*@ 1 54#6*2.$ #: 4.d4.c,2.::'h ?.1#2 $ 0 #124,::,? $96#< :. 49*@ 2 Ö k,2,j4.k97 j,2,$,j, c.::#4. 
z:*292>2. l9k4,$'f *9*2#?< .$2,?.29d.l99 9 0:#4j#2919@ 

«9*@T@ ¶.1#2 c.::#4. :. 014.:# ?,:92,4. 

b.;:'? 02.5,? 4.c,2' :.6 54,#12,? 7$ 7 *7 5,9*1 ,o9c,1< $,d:91o9f 549 4.d4.c,21# ?.1#2.< 9 9f >*24.- 
:#:9#< . 2.1;# 54,$#41. *,,2$#2*2$97 ?.1#2. d.6.::'? >* ,$97?@ q. 02,? 02.5# :#,cf,69?, c' , >c#692%*7 $ ,2- 
*>2*2$99 9o:9f ,c4#d:'f ?#2,1< * >!.h:'f ,c½#12,$ d. 54#6# .?9 ?.1#2. 9 4.*24,$'f 9d,c4.;#:9h * :9d19? 
4.d4#o#:9#?@ 

},* # d.$#4o#:97 4.c,2' :.6 69d.h:,? ?.1#2. c' , :#,cf,69?, 5#4#$#*29 2#1*2 $ $#12,4:'h k,4?.2 §$ 149- 
$'#¨@ s2, ?,;:, *6# .2% !#4#d $1 .61> Ór#1*2Ô 9 9 * 5,?,8%  *,!#2.:97 1 .$9o Ctrl+Shift+O.  }#4#$,6 2#1*2. $ 149- 
$'# :#,cf,69? 6 7 2,j,< !2,c' o49k2 $,d?,;:, c' , $,*54,9d$#*29 549 ,214'299 k.h . :. 64>j9f >*24,h*2$.f@ 

©.1  !92# %:'? 02.5,? 4.c,2' :.6 ?.1#2,? 7$ 7 ,*% *,f4.:#:9# k.h . $ k,4?.2# Adobe Illustrator .ai, . 2.1- 
;# 01*5,42 k.h . $ k,4?.2' .pdf 9¤9 9 @DBÉ< !2, ,54#6# 7#2*7 24#c,$.:97?9 1,:14#2:,h 295,j4.k99@ u,4?.2 PDF 
5,d$, 7#2 *,f4.:92% * ,9 9 $#12,4:'# 0 #?#:2'< !2, >54,8.#2 6. %:#ho>  ,c4.c,21> $ RIP-54,j4.??.f 6 7 o94,- 
1,k,4?.2:'f 549:2#4,$@ i,d6.::'h k.h c 54,#12,? c.::#4. $ k,4?.2# .pdf 9?# 4.d?#4 :# c, ## 500 Yc@ Æ, *2 
2.1,j, ;# 4.d?#4.< *,d6.::'h $ 4.*24,$,h j4.k91#< :.549?#4< $ Photoshop, d.:9?. c' :. 5,476,1 c, %o# 5.?729@ 

}4.129!#*1.7 4#. 9d.l97 54,#12. 5,62$#469 . 0kk#129$:,*2% 54#6 ,;#::,h ?#2,6919@ }, >!#::.7 54,- 
6>1l97 6#?,:*2494>#2 2,!:,*2% l$#2,5#4#6.!9< !#21,*2% j4.k9!#*19f 0 #?#:2,$ 9 *,,2$#2*2$9# 2#f:9!#*19? 
24#c,$.:97?@ 

«9*@¡@ ¥.::#4 z:*292>2. l9k4,$'f *9*2#?< .$2,?.29d.l99 9 0:#4j#2919 

5bUWS2 XUi-dZi1da 
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3. Adobe Illustrator: 12 c#*5 .2:'f . %2#4:.29$ 6 7 69d.h:#4,$ vs #124,::'h 4#*>4*w //  Skillbox Media. y 2023. y 
URL: https://skillbox.ru/media/design/adobe-alternatives/ §6.2. ,c4.8#:97/ 17.04.2025). 
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NAVIGATION  PATTERNS IN MOBILE APPLICATIONS  RESEARCH 
It is an article about modern navigation patterns in mobile applications, their strengths and weaknesses and examples of their implementation. 
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$ Wildberries, ic#4¥.:1< ø:6#1* ¶>d'1. Ö 549 ,;#:97< 1,2,4'# :#4#61, 9*5, %d> 2*7 :. f,6>@ q# *2,92 9*5, %- 
d,$.2% 02,2 5.22#4: 6 7 >*24,h*2$ * c, %o9?9 014.:.?9 9 $ 549 ,;#:97f * ,6:,h ,*:,$:,h k>:1l9#h Ö 2.19# 1.1 
5,!2,$'# 1 9#:2' 9 !.2'@ 

Ä* 9 c' , 549:72, 4#o#:9#< !2, c>6#2 9*5, %d,$.2%*7 :9;:77 :.$9j.l97< :>;:, 4#o92%< 1.1 ,:. c>6#2 4.c,- 
2.2% 9 $ 1.19f * >!.7f ,2,c4.;.2%*7@ «.**?,249? 1 .**9!#*19# 549?#4' [8]. ¶,;:, ,2,c4.;.2% 2, %1, :. ,*:,$:'f 
014.:.f< !2, 5,d$, 7#2 :# d.:9?.2% ?#*2, :. $:>24#::9f *24.:9l.f 9 :# ,2$ #1.2% ,2 1,:2#:2.< ,6:.1, ?,;:, Ó5,2#- 
472%*7Ô< #* 9 * 9o1,? j >c,1, 5,j4>d92%*7 $ *l#:.49h@ Ä8# ,69: !.*2, 9*5, %d>#?'h 9 6,$, %:, >6,c:'h *l#:.49h< 
> 1,2,4,j, :#2 ,!#$96:'f ?9:>*,$ Ö :.$9j.l97 $96:. $#d6#< :, :. $:>24#::9f *24.:9l.f 549 54,14>21# $:9d ,:. 
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54,5.6.#2@ r.1 ;# #*2% >;# 6,$, %:, :#4.*54,*24.:¼::.7< :, $*# #8# 9:,j6. $*24#!. 8.7*7 54.1291. 5,1.d'$.2% 
2.cc.4 $#d6#@ n:. d.:9?.#2 5,4,h * 9o1,? ?:,j, ?#*2.< :, d.2, $ :#h 24>6:, Ód.c >692%*7Ô@ 

¿. ## 4.**?,249? :.$9j.l9  ?#;6> 0 #?#:2.?9@ .4>*# 9 9 * .h6#4' 7$ 7 2*7 ,6:9?9 9d *.?'f 5,5> 74- 
:'f 9:*24>?#:2,$ 6 7 1,?5.12:,j, ,2,c4.;#:97 c, %o,j, 1, 9!#*2$. 0 #?#:2,$@ n:9 5,d$, 7 2 5, %d,$.2#   54,- 
9*2'$.2% *,6#4;9?,#< 01,:,?7 ?#*2, :. 014.:#@ s2,2 5,6f,6 ,*,c#::, 0kk#129$#: 6 7 54#d#:2.l99 9d,c4.;#:9h< 

:,$,*2#h 9 9 2,$.4,$@ n6:.1, 2.19# 0 #?#:2' :.$9j.l99 *14'$. 2 !.*2% 1,:2#:2.< !2, ?,;#2 549$#*29 1 54,5>*1> 
$.;:,h 9:k,4?.l99@ Ù2,c' > >!o92% $,*549729# 1.4>*# #h< 4#1,?#:6>#2*7 9*5, %d,$.2% 9:691.2,4' 5, ,;#:97< 
1,2,4'# 5,6*1.d'$. 2 5, %d,$.2#   1, 9!#*2$, 6,*2>5:'f 0 #?#:2,$@ r.1;# *2,92 ,j4.:9!9$.2% 9f 549?#:#:9# 
2, %1, 6 7 $2,4,*2#5#::,j, 1,:2#:2.< 1,2,4'h :# 24#c>#2 ,c7d.2# %:,j, 54,*?,24.@ 

q.$9j.l9  ?#;6> 0 #?#:2.?9 ,c#*5#!9$. 2 2.1;# 1.42,!19@ .42,!19 54#6*2.$ 7 2 *,c,h >:9$#4*. %:'h 
*5,*,c *24>12>494,$.:97 9:k,4?.l99@ n:9 96#. %:, 5,6f,672 6 7 ,2,c4.;#:97 ?,6> %:,j, 1,:2#:2.< :.549?#4 
2,$.4,$ $ 9:2#4:#2-?.j.d9:.f 9 9 d.6.! $ 549 ,;#:99 6 7 5 .:94,$.:97@ ¥ .j,6.47 *$,#h j9c1,*29 1.42,!19 #j1, 
.6.5294> 2*7 5,6 4.d:'# 4.d?#4' 014.:,$ 9 295' 6.::'f@ s2, :.9c, ## .12>. %:, $, $4#?#:.< 1,j6. 1,:2#:2 *2.- 
:,$92*7 $*# c, ## 5#4*,:. 9d94,$.::'?@ n6:.1, 549 c, %o,? 1, 9!#*2$# 1.42,!#1 5, %d,$.2# % ?,;#2 9*5'2'$.2% 
24>6:,*29 * 54,14>21,h< 5,02,?> $.;:, 549?#:72% k9 %24' 9 *,4294,$1>< !2,c' ,c #j!92% :.$9j.l9 @ q.$9j.l97 
?#;6> 0 #?#:2.?9 .129$:, 9*5, %d>#2*7 $ 549 ,;#:97f-k,2,. %c,?.f@ 

q. 49*>:1# 4 ?,;:, $96#2% 549?#4 9*5, %d,$.:97 6.::,j, 5.22#4:. $ Google Photos. 

«9*@ 4. }49?#4 9*5, %d,$.:97 1.42,!#1 [9] 

r.1 ;# #*2% 5.22#4:'< 1,2,4'# * ,;:, $'6# 92% $ ,54#6# #::>  1.2#j,49 < :, 1,2,4'# 2,;# f,!#2*7 ,2?#- 
292%@ ÓØ#*2,$.7 :.$9j.l97Ô [10] *2.:,$92*7 $*# c, ## 5,5> 74:,h c .j,6.47 *$,#h 9:2>929$:,*29@ }, %d,$.2# 9 
?,j>2 $'5, :72% 6#h*2$97 * 5,?,8%  *$.h5,$< >6#4;.:97 9 9 ?.*o2.c94,$.:97@ r.19# ;#*2' 5,d$, 7 2 01,:,?92% 
?#*2, :. 014.:#< 6# .7 $d.9?,6#h*2$9# c, ## #*2#*2$#::'?@ q, 02,2 5,6f,6 9?##2 *$,9 * ,;:,*29/ :# $*# ;#*2' ,!#- 
$96:'< 5,6.$ 7 8## c, %o9:*2$, :#*2.:6.42:, 9 6.;# $ 5,f,;9f 549 ,;#:97f ,69: 9 2,2 ;# ;#*2 ?,;#2 4.c,2.2% 
5,-4.d:,?> §:.549?#4< *?.f9$.:9# 59*%?. $ 5,!2,$,? 7891#¨< 14,?# 2,j,< :,$9!19 ?,j>2 :# d:.2% , :#1,2,4'f $,d- 
?,;:,*27f@ b#6% 5#4$,#< !2, :>;:, d:.2% , ;#*2.f Ö ,:9 $*#j6. *5472.:' 9  69 9?9 4#;# 5, %d> 2*7 §5,64,c:## 
,c 02,? j,$,49 9 $ !.*29 , j.?c>4j#4:,? ?#: ¨@ },02,?> $.;:, *,54,$,;6.2% 2.19# 0 #?#:2' $9d>. %:'?9 5,6*1.d- 
1.?9 9 54#6,*2.$ 72% $,d?,;:,*2% . %2#4:.29$:,j, $d.9?,6#h*2$97 !#4#d *2.:6.42:'# 0 #?#:2' 9:2#4k#h*.@ s2, 
?,;#2 5,?,!% 54,6$9:>2'? 5, %d,$.2# 7?< :# :.$4#69$ c.d,$'?@ Ø#*2,$.7 :.$9j.l97 02, 9:2#4#*:'h 9:*24>?#:2< 
1 1,2,4,?> :>;:, 5,6f,692% * ,*2,4,;:,*2% < $#6% 9d>!#:9# ;#*2,$ 24#c>#2 d:.!92#%:'f >*9 9h@ q, #* 9 02, $.;- 
:'h 0 #?#:2 1,:l#5l99 549 ,;#:97 §1.1 :.549?#4 $ Tinder), 2, 02, ?,;#2 *2.2% ,2 9!92# %:,h ,*,c#::,*2%  549 ,- 
;#:97 9 $,d?,;:,*2%  d.5,?:92%*7@ 

} .$. 8.7 1:,51. 6#h*2$97 549$ #1.#2 $:9?.:9# 1 1  !#$'? k>:1l97? 549 ,;#:97@ n:. 54#6*2.$ 7#2 
*,c,h 14>j 'h 0 #?#:2< 1,2,4'h 5.492 :.6 9:2#4k#h*,? 9 ,c'!:, 9*5, %d>#2*7 6 7 $'5, :#:97 549,492#2:,j, 
6#h*2$97< :.549?#4 *,d6.:97 :,$,h d.?#219 9 9 6,c.$ #:97 0 #?#:2.@ z #* 9 5, %d,$.2# % :# d:.#2< !2, 6# .2%< 
2, 5#4$'? 6# ,? ,: ,c4.292*7 1 02,h 1:,51# Ö ?:,j9# $,*549:9?. 2 ## 1.1 #*2#*2$#::>  5,6*1.d1>< 9*5, %d> 2 
6 7 5,9*1. 5>29@ s2,2 5.22#4: f,4,o, 4.c,2.#2 6 7 54,*2'f 549 ,;#:9h< j6# #*2% ,6:, ,*:,$:,# 6#h*2$9#@ n6:.1, 
5 .$. 8.7 1:,51. ?,;#2 5#4#14'$.2% $.;:'h 1,:2#:2< 5,02,?> $.;:, 4.d?#*292% ## 2.1< !2,c' ,:. :# ?#o. . $,*- 
549729  1,:2#:2.@ 
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n26# %:,# ?#*2, $ ,c*>;6#:99 :.$9j.l99 d.:9?.#2 54,l#** ,:c,469:j.@ s2,2 02.5 $d.9?,6#h*2$97 5, %- 
d,$.2# 7 * 549 ,;#:9#? 2#*:, *$7d.: * :.$9j.l9#h@ n:c,469:j 5,?,j.#2 5, %d,$.2# 7? ,*$,92%*7 $ 549 ,;#:99< 
6#?,:*2494>7 ,*:,$:'# k>:1l99 9 *5,*,c' :.$9j.l99@ n6:.1, 5,6f,6 1 #j, 4#. 9d.l99 6, ;#: c'2% ,*?'* #::'?@ 

}4,d4.!:'# 014.:' * 5,6*1.d1.?9< 1,2,4'# 24.69l9,::, 9*5, %d> 2*7 6 7 ,:c,469:j.< !.*2, :#0kk#1- 
29$:'< 5,*1, %1> 5, %d,$.2# 9 :# d.5,?9:. 2 9 9 *1 ,::' $,$*# 54,5>*1.2% 2.19# 9:*24>1l99 - ,:9 f,272 *1,4## 
:.!.2% 5, %d,$.2%*7 549 ,;#:9#?@ ¥, ## >*5#o:'? $.49.:2,? 7$ 7#2*7 54,j4#**9$:'h ,:c,469:j< j6# 0 #?#:2' 
9:2#4k#h*. ,c½7*:7 2*7 5, ?#4# 9f 9*5, %d,$.:97@ q.549?#4< ,c>!. 89# 5,6*1.d19 ?,j>2 5,7$ 72%*7 2, %1, $ 2,2 
?,?#:2< 1,j6. 5, %d,$.2# % $d.9?,6#h*2$>#2 * 1,:14#2:,h k>:1l9#h@ r.1,h 5,6f,6 :# 2, %1, > >!o.#2 5,:9?.:9# 
9:2#4k#h*.< :, 9 6# .#2 ,c>!#:9# :#:.$7d!9$'? 9 1,:2#1*2>. %:'?@ Ä*2% 2.1;# 549 ,;#:97< 1,2,4'# 9*5, %d> 2 
9:2#4.129$:'# 5,6f,6'< *4.d> 5,j4>;.7 5, %d,$.2# 7 $ 6#h*2$9#< :.549?#4< Duolingo 1,2,4'h :# ,c½7*:7#2< 1.1 4.- 
c,2.#2 549 ,;#:9#< . *4.d> 6.#2 54,h29 2#*2 5, $'c4.::,?> 7d'1>< !2,c' :.>!92% 5, %d,$.2# 7 !#4#d 6#h*2$9#vT w@ 
s2, 5,d$, 7#2 c'*24## ,*$,92% k>:1l9,:.%:,*2% 549 ,;#:97< . 2.1;# 6# .#2 54,l#** >$ #1.2# %:'?@ Ä8# ,69: 
f,4,o9h 549?#4 ,:c,469:j. ?,;:, >$96#2% $ Slack. b 549 ,;#:99 9*5, %d>#2*7 c,2< 1,2,4'h 4.**1.d'$.#2 , k>:1- 
l9,:. %:'f $,d?,;:,*27f< ,2$#!.7 :. $,54,*'@ }49 ,;#:9# Ó4.*14'$.#2 k>:1l99 5,*2#5#::,< $ :>;:,# $4#?7< :# 
d.*2.$ 77 !>$*2$,$.2% *#c7 5#4#j4>;#::'?9Ô [5]. 

b 6.::,h *2.2%# c' 54,$#6¼: .:. 9d *,$4#?#::'f 5.22#4:,$ :.$9j.l99 $ ?,c9 %:'f 549 ,;#:97f@ «.*- 
*?,24#:' 9f ,*:,$:'# 295'/ j.?c>4j#4-?#: < $#4f:9# 9 :9;:9# 5.:# 9 :.$9j.l99< 9 6,5,:92# %:'#/ 1.4>*# 9< 
1.42,!19< ;#*2,$.7 :.$9j.l97 9 5 .$. 8.7 1:,51. 6#h*2$97@ .;6'h 9d 5.22#4:,$ ,c .6.#2 >:91. %:'?9 54#9- 
?>8#*2$.?9 9 :#6,*2.21.?9< 1,2,4'# ,54#6# 7 2 9f l# #*,,c4.d:,*2% $ d.$9*9?,*29 ,2 1,:2#1*2. 9*5, %d,$.:97 
9 24#c,$.:9h 1 549 ,;#:9 @ },6$,67 92,j9< 549$#6#? *$,6:>  2.c 9l> 1 * 4#1,?#:6.l97?9 5, 9*5, %d,$.:9  5.2- 
2#4:,$ :.$9j.l99@ 

r.c 9l. 1. }.22#4:' :.$9j.l99 9 4#1,?#:6.l99 5, 9f 9*5, %d,$.:9  

}.22#4: 
:.$9j.l99 

«#1,?#:6>#2*7 9*5, %d,$.2%< 54#9?>8#*2$. ,j6. :# 4#1,?#:6>#2*7 9*5,%d,$.2%< 
. %2#4:.29$' 

È.?c>4j#4-?#:  b * ,;:'f 549 ,;#:97f * c, %o9? 
1, 9!#*2$,? 4.d6# ,$ 9 :#,cf,69?'f 

¿ 7 5,?#8#:97 $:>24% !.*2, 9*5, %d>#?'f 
k>:1l9h 9 4.d6# ,$ 9 9 1,j6. 24#c>#2*7 
$'*,1.7 *1,4,*2% $d.9?,6#h*2$97@ 
´ %2#4:.29$./ >54,*292% ?:,j,>4,$:#$>  
*24>12>4> 9 9*5, %d,$.2% $ 1,?c9:.l99 * :9;- 
:#h :.$9j.l9,::,h 5.:# % < $'6# 9$ j.?c>4- 
j#4 1.1 ,26# %:'h 2.c@ 

$ ,;#::'f *24>12>4@ ±?#*2:, 6 7 *14'2'f 
9 9 4#61, 9*5, %d>#?'f k>:1l9h@ 

q9;:77 ¿ 7 !.*2'f $d.9?,6#h*2$9h * 3y5 ,*:,$:'?9 b 549 ,;#:97f *, * 9o1,? c, %o9? 
:.$9j.l9,::.7 4.d6# .?9@ },6f,692 6 7 c, %o9:*2$. 1, 9!#*2$,? 4.d6# ,$ 9 9 $ * >!.7f< #* 9 

0 #?#:2' 2.cc.4. ?,j>2 5#4#5>2.2%*7 
* 9:*24>?#:2. %:,h 5.:# %  iOS 9 9 1,j6. 
$.;:## *,f4.:92% ?.1*9?. %:,# 54,*24.:*2$, 
6 7 1,:2#:2.@ 

5.:# % 549 ,;#:9h 2.1 1.1 04j,:,?9!:. 6 7 
?,c9 %:'f >*24,h*2$< :.f,692*7 $ d,:# 
¼j1,j, 6,*2>5.@ 

b#4f:77 q.9c, ## 5,6f,692 6 7 o94,19f 014.:,$ q. ?,c9 %:'f >*24,h*2$.f §9d-d. 24>6:,6,- 
*2>5:,*29 $#4f:#h !.*29 014.:.¨ 9 9 #* 9 
5.:# % 5#4#j4>;#:. 0 #?#:2.?9 9 24#c>#2*7 
54,14>21.@ 

:.$9j.l9,::.7 9 $#c-$#4*9h 549 ,;#:9h@ ±6,c:. 6 7 
5.:# % 549 ,;#:9h * :#c, %o9? 1, 9!#*2$,? 

1  !#$'f k>:1l9h< . 2.1;# 6 7 4.d6# #:97 
:. 1.2#j,499@ 

r.c 9l. 1. §,1,:!.:9#¨ 

}.22#4: :.$9j.l99 

.4>*# %¤* .h6#4 

«#1,?#:6>#2*7 9*5, %d,$.2%< 54#9?>8#*2$. ,j6. :# 4#1,?#:6>#2*7 9*5, %d,$.2%< 
. %2#4:.29$' 

Ä* 9 $.;:'h 1,:2#:2 ?,;#2 c'2% *14'2< 
,j6. 5, %d,$.2# 9 ,;96. 2 #* 9 5, %d,$.2# 7? * ,;:, ,49#:294,$.2%*7 

$ 5,* #6,$.2# %:,*29 0 #?#:2,$ 9 9 #* 9 
1.4>*# % 9*5, %d>#2*7 6 7 :.$9j.l99 5, 
14929!#*19 $.;:'? 4.d6# .?@ 

j,49d,:2. %:>  54,14>21> 9 9 6 7 
1,?5.12:,j, ,2,c4.;#:97 c, %o,j, 
1, 9!#*2$. 0 #?#:2,$ §:.549?#4< 
9d,c4.;#:9h< 2,$.4,$< :,$,*2#h¨@ 
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.42,!19 },6f,672 6 7 *24>12>494,$.:97 Ä* 9 $ 9:2#4k#h*# * 9o1,? ?:,j, 1.42,!#1 
c#d k9 %24.l99 9 *,4294,$19< 2.1 1.1 
$'d'$.#2 * ,;:,*29 * 5,9*1,? :>;:,j, 

9:k,4?.l99 $ $96# ?,6> #h §:.549?#4< 
2,$.4' $ ?.j.d9:#< 5,*2' $ #:2#¨@ È9c19 
9 .6.529$:' 5,6 4.d:'# 4.d?#4' 014.:,$@ 0 #?#:2.@ 

Ø#*2,$.7 :.$9j.l97 }, #d:. 6 7 *14'2'f 6#h*2$9h< 1,2,4'# 
:# d.j4,?,;6. 2 9:2#4k#h*@ },$'o.#2 

,j6. ;#*2' :#,!#$96:' 9 9 ,2 9!. 2*7 
$ 5,f,;9f 549 ,;#:97f< #* 9 5, %d,$.2# 9 
:# d:.1,?' * ,*,c#::,*27?9 >54.$ #:97 
9 #* 9 ;#*2' d.?#:7 2 ,*:,$:'# 
k>:1l99 c#d . %2#4:.29$:,j, *5,*,c. 
$d.9?,6#h*2$97@ 

9:2>929$:,*2% $d.9?,6#h*2$97@ ±6,c:. 
6 7 $'5, :#:97 c'*24'f 6#h*2$9h@ 

} .$. 8.7 1:,51. 
6#h*2$97 

±?#*2:. $ 54,*2'f 549 ,;#:97f * ,6:,h 
,*:,$:,h d.6.!#h@ b'6# 7#2 1  !#$>  
k>:1l9 @ 

Ä* 9 $ 549 ,;#:99 ?:,j, ,*:,$:'f 
6#h*2$9h< 1,:1>494> 89f d. $:9?.:9# 
9 1,j6. 1:,51. ?#o.#2 $,*549729  1,:2#:2.@ 

n:c,469:j b.;:, 6 7 * ,;:'f 549 ,;#:9h< 
24#c> 89f .6.52.l99 5, %d,$.2# 7@ 

Ä* 9 ,c>!#:9# 5#4#j4>;#:, 9:*24>1l97?9< 
1,2,4'# 5, %d,$.2# 9 54,5>*1. 2 9 9 #* 9 
9:2#4k#h* *.? 5, *#c# 9:2>929$:, 5,:72#: 
9 :# 24#c>#2 ,c½7*:#:9h@ 
´ %2#4:.29$. *2.29!#*19? 014.:.?/ 
54,j4#**9$:'h ,:c,469:j §5,6*1.d19 
5, ?#4# 9*5, %d,$.:97¨< 1,2,4'# c>6>2 
0kk#129$:##@ 

z** #6,$.:9# 5,1.d. ,< !2, 54.$9 %:'h $'c,4 5.22#4:. :.$9j.l99 9j4.#2 1  !#$>  4, % $ ,c#*5#!#:99 
9:2>929$:,j, $d.9?,6#h*2$97 5, %d,$.2# 7 * 549 ,;#:9#?@ }49?#:#:9# 5,6f,6789f 4#o#:9h 5,d$,7#2 5,$'*92% 
>6,c*2$, 9*5, %d,$.:97< >?#:%o92% $#4,72:,*2% ,o9c,1 9 >$# 9!92% >6,$ #2$,4¼::,*2% 5, %d,$.2# #h@ n*,c,# $:9- 
?.:9# >6# #:, * #6> 89? .*5#12.?/ ) ,;:,*29 9 54#9?>8#*2$. *14'2,h :.$9j.l99< 1.1 $ * >!.# * j.?c>4j#4-?#: ¬ 
54#9?>8#*2$. :9;:#h :.$9j.l9,::,h 5.:# 9 6 7 > >!o#:97 04j,:,?9!:,*29 :. ?,c9 %:'f >*24,h*2$.f@ 

r.19? ,c4.d,?< 549?#:#:9# *,,2$#2*2$> 8#j, 1,:2#1*2> 5.22#4:. :.$9j.l99 > >!o.#2 5, %d,$.2# %*19h 
,5'2< 5,$'o.#2 ,7 %:,*2% 5, %d,$.2# #h 9 *5,*,c*2$>#2 4,*2> >*5#o:,*29 ?,c9 %:'f 549,;#:9h@ ¿. %:#ho9# 
9** #6,$.:97 $ 02,h ,c .*29 ?,j>2 c'2% :.54.$ #:' :. 9d>!#:9# :.$9j.l9,::'f 5.22#4:,$ $#c-549 ,;#:9h< 6#*1- 
2,5:'f 549 ,;#:9h 9 549 ,;#:9h< :.59*.::'f 6 7 64>j9f 5,42.29$:'f >*24,h*2$@ 
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