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.4 – � #7%&2 3&!&(&. 	*4(%# #��&%�(�+&6��2 '3$�.� .���&.� � � �#($&.� ��%,�#%�3&-��
+ �����.� [3]. � ��#����(��$#) � "�&$��(��$#) �#(�$ 3��%�2 0�� "�#* �.4 #*=2�%26��2 3&$#-
%#. �.!& & � '%�+���& 1%#) .#!� 16 .&�/�&*��#+&%�2 �6%���& ��) &.  

�&* 6!�%�� �7�%& �.!& & – '+� �(�%�� "�#�3+#!��� 1%#���, !#����&�.#� %�$#�#�4.
'�#+��/�%��+#+&%��., #��&%�(�%# "#���* 2�.#) '�#+��/�%��+#+&%%4. $#."#%�%�#. !# �) #*-
8��# +��.�%� +4"# %�%�2 [4]. �%&(� �#+#�2, "#+4/�%�� "�#�3+#!��� 1%#��� "�#"#�-�#%& 1%#
!# �, 3&%�.&�.#) ' '(/&�.4. $#."#%�%�#+ + "�#-���� +4"# %�%�2 "�#��&..4. ��$#��%�� +4-
"# %�%�2 "�#��&..4 3& �(9� �&�"&�&  � �+&%�2 �9 �%���'$-�) %& .%#7���+� +4(�� ��� �) #��&-
%�(�%# +��.�%�., %�#*,#!�.4. ! 2 +4"# %�%�2 �9 "#� �!#+&�� 1%4, �%���'$-�). �&$#% �.!& &
#*=2�%2��, "#(�.' �#��&+ 268�� +��.�%� #�$ �$& � �!'�� �&��.&���+&�1 + "#�2!$� '*4+&%�2 [5]. 
� ��&$��+%4, �����.&, '�$#��%�� +4"# %�%�2 "�#��&..4 !#����&���2 %� �# 1$# 3& �(�� �&�"&-
�&  � �+&%�2, & * &�#!&�2 #��'���+�6 * #$��'68�, ++#!&-+4+#!&. ��"# 13#+&%�� %�* #$��'6-
8��# ++#!&-+4+#!&, "#3+# �� .�%�.�3��#+&�1 +��.2, $#�#�#� "#�#$� ��&�2� %& #7�!&%��
3&+��/�%�2 #"��&-�) ++#!&-+4+#!&. 
# �� 055�$��+%#� ��"# 13#+&%�� "#�#$#+ �%�7&�� +��#2�-
%#��1 "�# #!&%�2" "#�#$#+ � '+� �(�+&�� "�#�3+#!��� 1%#��1 ���+��&. 

���!��+# ��&$��+%4, �����. «	*.�% �##*8�%�2.�» – &�,���$�'�& �����.4 #�%#+&%&
%& #*.�%� �##*8�%�2.�. �&$#) "#!,#! "#3+# 2�� ���+��&. �&*#�&�1 %�3&+���.# !�'� #� !�'-
�&, *�3 %�#*,#!�.#��� 3%&�1 # �#��#2%�� � � !#��'"%#��� !�'��, ���+��#+. 	!%&$# ��&$��+-
%&2 �����.& .#7�� *4�1 #�%#+&%& � %& �#*4��)%#-#���%���#+&%%4. "#!,#!�.

� !&%%#) �&*#�� *4 # !&%# "#%2��� ��&$��+%#�# "�#��&..��#+&%�2. �#$&3&%# $&$ 0 &-
���(%#��1, #�$&3#'��#)(�+#��1 � +3&�.#!�)��+�� � ��"# 13#+&%�� �##*8�%�) "#.#�&6� !#-
���(1 #�34+(�+#���. �&��.#���%& 5#�.' ��#+$& 3&$#%& �7�%& �.!& & #� 1967 �.

1. ��&$��+%4) .&%�5��� . – ��7�. !#��'"&:

�&�& !#��'"&: 23.04.2024. 
2. � "&�#+, �. �. ���.�%�%�� ��&$��+%#�# "�#��&..��#+&%�2 � .#!� � $#." �$�%#)

#*�&*#�$� �#*4��) / �. �. � "&�#+, �. �. �#�#$#+ // ��# 4"�%�$�) +���%�$: 	�+�8�%��
+#"�#�#+ �#-�& 1%#-0$#%#.�(��$�, ��5#�. + �#����. �#. 5, <3/2023: �*. ��. / �#��.: 
�. B. �&.#%�#+&. – �., 2023. – �. 2692–2699. 

3. �#$'$&, 	. ��&$��$& ��&$��+%#�# "�#��&..��#+&%�2 + Spring 5 / 	. �#$'$&,
�. �#3�%�$�). – �. : ��� �����, 2019. – 508 �.

4. �&� �%, �. �%�+���& 1%4) 3&$#% .&�/�&*��'�.#��� (USL) [: �$��#%%4) ���'��] /
�0. �&� �%. – ��7�. !#��'"&: www.perfdynamics.com/Manifesto/USLscalability.html#njg93. –
�&�& !#��'"&: 23.04.2024. 

5. ��  �&", �. Oracle. 	"��.�3&-�2 "�#�3+#!��� 1%#��� / �. ��  �&", �. �# 1�. –
���. � &%� . – ��*. : ��.+# -� 6�, 2006. – 464 �.
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THE INFLUENCE OF GAME SPACE PROPERTIES ON PLAYER ENGAGEMENT 

N.V. Popenya
Belarusian State Technological University, Minsk, Belarus 

����
	���. � ��&�1� �&��.&���+&���2 3%&(�.#��1 ���#+#�# "�#���&%��+& + +�!�#���&,
� ��# + �2%�� %& "# 13#+&�� 1�$�) #"4�. 	"��4+&6��2 $ 6(�+4� ,&�&$�������$� �&$#�#
"�#���&%��+&, +$ 6(&2 '�#+%� .&�/�&*%#���, �� 1%4� -�%��4, ��&%�-4, "#+�#��%�2,
$#%��&�� � 5#�.'. 

�����
�� ���
	: ���#+#� "�#���&%��+#; +#+ �(�%%#��1 ���#$&; �+#)��+& "�#���&%��+&. 
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Annotation. This article examines the significance of game space in video games and its 
impact on user experience. Key characteristics of such space are described, including levels of 
scale, strong centers, boundaries, repetition, contrast, and form. 

Keywords: game space; player engagement; space properties. 

� .��� +�!�#��� ���#+#� "�#���&%��+# 2+ 2���2 $ 6(�+4. 5&$�#�#., #"��!� 268�.
%� �# 1$# #"4� ���#$&, %# � ��# ���"�%1 +#+ �(�%%#��� + ���#+#) "�#-���. ���#+#� "�#-
���&%��+# – 0�# +���'& 1%&2 ���!&, + $#�#�#) ���#$� +3&�.#!�)��+'6� !�'� � !�'�#. � � ��-
�#+4.� 0 �.�%�&.�. 

�8&�� 1%# "�#!'.&%%4) !�3&)% 0�#) ���!4 %&"�2.'6 + �2�� %& "# 13#+&�� 1�$�)
#"4�, #"��!� 22 .#��+&-�6 � #*8�� +"�(&� �%�� #� ���4. �&7%# #�.����1, (�# ���#+#� "�#-
���&%��+# %� �# 1$# �&3+ �$&��, %# � .#7�� �.��1 3%&(��� 1%#� �#-�#$' 1�'�%#�, "��,# #-
��(��$#� � #*�&3#+&�� 1%#� +#3!�)��+�� %& ���#$#+. ��#*,#!�.# "�#&%& �3��#+&�1
#�%#+%4� ,&�&$�������$� ���#+#�# "�#���&%��+&, ��� �!#+&�1 �, +&7%#��1 ! 2 5#�.��#+&-
%�2 %�"#+�#��.#) ���#+#) &�.#�5��4. 	� '�#+%�) .&�/�&*%#��� � ��&%�- !# $#%��&��& �
��&!��%�#+ – $&7!4) &�"�$� ���#+#�# "�#���&%��+& ���&�� �+#6 �# 1 + �#3!&%�� .��& [1]. 

���#+#� "�#���&%��+# .#7�� �.��1 �&3%4� '�#+%� !��& �3&-��, #� .&$�#'�#+%2
(%&"��.��, #*8�) +�! .��&) !# .�$�#'�#+%2 (%&"��.��, ��$��'�& #*=�$�&). �&7%#, (�#*4
�&3%4� '�#+%� .&�/�&*%#��� *4 � %�"�#��+#��(�+4 � �#3!&+& � #8'8�%�� -� #��%#���
.��& [2]. 	*8�) +�! ���#+#�# .��& �#3!&�� #8'8�%�� .&�/�&*&. ���& 1%#� #�#*�&7�%��
 #$&-�) "#3+# 2�� ���#$&. #���%���#+&�1�2 � +3&�.#!�)��+#+&�1 � #$�'7�%��.. ��#�&*#�$&
.� $�, !��& �), �&$�, $&$ ��$��'�4 #*=�$�#+, !#*&+ 2�� ��& ����(%#��1.

�� 1%4� -�%��4 – 0�# 0 �.�%�4, $#�#�4� "��+ �$&6� +%�.&%�� ���#$#+ � #���%���'-
6� �, + "�#���&%��+�. 	%� .#�'� *4�1 +�3'& 1%4.� (!#.�%��'68�� 0 �.�%�4, "��+ �$&6-
8�� +%�.&%�� ���#$#+), 5'%$-�#%& 1%4.� ( #$&-��, +&7%4� ! 2 �67��& � � ��)." �2) � �
��.+# �(��$�.� (.���& � *#�&�#) ���#���) � � $' 1�'�%4. 3%&(�%��.). ��&%�-4 #"��!�-
 26� "��!� 4 ���#+#�# "�#���&%��+& � .#�'� *4�1 2+%4.� (���%4) � � %�2+%4.� (�3.�%�-
%�2 +  &%!/&5��). ��&%�-4 .#�'� ���&�1 +&7%'6 �# 1 + �#3!&%�� ('+��+& *�3#"&�%#��� � �
#"&�%#���, & �&$7� + %&"�&+ �%�� ���#$#+. �#+�#��%�� 0 �.�%�#+ ���#+#�# "�#���&%��+&
.#7�� �#3!&�1 ('+��+# ���.& � "#�2!$&. �#+�#�268���2 0 �.�%�4 ��"# 13'6��2 ! 2 �#3!&-
%�2 &�,���$�'�%4, &%�&.* �), %&"��.��, #!�%&$#+4� !#.& + 7� #. $+&��& �. �� � �&��.&�-
��+&�1 � �#($� 3��%�2 ��)." �2, �# "#+�#�268���2 3&!&(� � � +����(� � "#,#7�.�
"���#%&7&.�, "#.#�&68�� ���#$&. #�+#��1 .�,&%�$' ���4 [3]. 

�#3���+%#� "�#���&%��+# – 0�# "�#���&%��+#, $#�#�#� 3&%2�# ���#+4.� 0 �.�%�&.�. 
�&7%#, (�#*4 "#3���+%#� "�#���&%��+# *4 # �*& &%���#+&%# � %��&��+%4. "�#���&%��+#.
("'��#�#)) ! 2 �#3!&%�2 +�3'& 1%#�# �%�����&. �'��#� "�#���&%��+# .#7�� ���&�1 �# 1 3#%4
#�!4,&, .���& ! 2 �&3.4/ �%�) � � ��"# 13#+&�1�2 ! 2 �#3!&%�2 055�$�& "�#��#�&. ���#-
+4� 0 �.�%�4 !# 7%4 �.��1 ,#�#/'6 5#�.', (�#*4 *4�1 0�����(��$� "��+ �$&�� 1%4.� �
 ��$# +#�"��%�.&�1�2 ���#$&.�. ��#��4�,  ��$# '3%&+&�.4� 5#�.4 #* ��(&6� +#�"��2���
�%5#�.&-�� � %&+��&-�6 + ���#+#. "�#���&%��+�. ;#�.& 0 �.�%�& .#7�� "#!�$&34+&�1 ��#
%&3%&(�%��, %&"��.��, $%#"$& � �$#%$#) «"'�$».  

�#$& 1%4� ��..����� �#3!&�� ('+��+# "#�2!$& � �&�.#%�� + ���#+#. "�#���&%��+�. 
�#+�#��%�� ��..����(%4, 0 �.�%�#+ �#3!&�� +�3'& 1%4) ���., !� &68�) "�#���&%��+#
*# �� !�%&.�(%4.. ���..����(%4� 0 �.�%�4 %& 5#%� ��..����(%#) ���'$�'�4 .#�'� ��&�1
&$-�%�&.�, "��+ �$&68�.� +%�.&%��. ���#+#� "�#���&%��+# !# 7%# *4�1 �"�#�$���#+&%#
�&$�. #*�&3#., (�#*4 + %�. *4 � � '*#$�� +3&�.#�+23� .�7!' ��# 0 �.�%�&.�. :�# "�#��-
,#!�� �#�!&, $#�!& !+� +�8� "���" ��&6��2 .�7!' �#*#) %&��# 1$# * �3$#, (�# #%� %&(�%&-
6� #"��!� 2�1 !�'� !�'�&.

�#%��&�� .�7!' �&3 �(%4.� 0 �.�%�&.� ���#+#�# "�#���&%��+& .#7�� �!� &�1 ��# *#-
 �� +�3'& 1%# �%�����%4.. ��"# 13#+&%�� $#%��&��%4, -+��#+, #�+�8�%�2 � ��$��'� "#3+#-
 2�� +4!� ��1 +&7%4�, #*=�$�4, & �&$7� �#"#��&+ 2�� #*=�$�4 �&3%#�# �&3.��& ! 2
'�� �%�2 .&�/�&*%#��� ���#+#�# .��&. ��&!��%�4 .#�'� *4�1 ��"# 13#+&%4 ! 2 �#3!&%�2
" &+%4, "���,#!#+ .�7!' �&3 �(%4.� 0 �.�%�&.� ���#+#�# "�#���&%��+&. �#���"�%%#� �3-
.�%�%�� -+��& � � #�+�8�%�2 �#3!&�� � '*�%' � ��& ����(%#��1 #$�'7�%�2.
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���#,#+&�#��1 – 0�# %�*# 1/�� %��#+%#��� � %��#+��/�%��+& + ���#+#. "�#���&%��+�. 
��*# 1/��, %# 3&.��%4� !��& �, �&3�'/&6� .#%#�#%%#��1 � #7�+ 26� "�#���&%��+#.  :,# – 
0�# %�$�� '%�5�-��#+&%%4� "#+�#��%�2 + ���#+#. "�#���&%��+�. �&$�� 0 �.�%�4 .#�'� �#-
3!&+&�1 �  63�6 "�#!# 7�%�2 "�#���&%��+& 3& +�!�.4.� ��&%�-&.� �'��#�& – 0�# #��'�-
��+�� ���#+4, 0 �.�%�#+ + "�#���&%��+�. 	%& .#7�� *4�1 ��"# 13#+&%& ! 2 �#3!&%�2
('+��+& �3# 2-�� � � #!�%#(���+&, & �&$7� ! 2 "#!(��$�+&%�2 !�'��, 0 �.�%�#+ ���4. 	�-
�'���+��  �/%�, !��& �) "#3+# 2�� ���#$&. �#���!#�#(��1�2 %& +&7%4, 0 �.�%�&,. ���#+#�
"�#���&%��+# !# 7%# *4�1 �"�#�$���#+&%# �&$�. #*�&3#., (�#*4 #%# *4 # "�#��4. � "#-
%2�%4. ! 2 ���#$#+. �#(��&%�� 0 �.�%�#+ "�#���&%��+& �&$�. #*�&3#., (�#*4 ���#$ ('+-
��+#+& ��*2 $#.5#��%# � �&�� &* �%%#, "#3+# 2�� "#��'3��1�2 + ���'.

�+#)��+& ���#+#�# "�#���&%��+&, �&$�� $&$ .&�/�&*%#��1, ��&%�-4, "#+�#��%�2, $#%��&��
� !�'��� .#�'� ���&�1 +&7%'6 �# 1 + +#+ �(�%%#��� ���#$#+. ���#+#� "�#���&%��+# !# 7%#
*4�1 -� #��%4. � %�!� �.4.. ��� ��# 0 �.�%�4 !# 7%4 �&*#�&�1 +.����, (�#*4 �#3!&�1 �!�-
%4) � 3&,+&�4+&68�) #"4� ! 2 ���#$#+. ��#*,#!�.# �#* 6!&�1 �#� &�#+&%%#��1 +��, 0 �.�%-
�#+ ���4 (!�3&)%, �67��, 3+'$) ! 2 �#3!&%�2 "�&+!#"#!#*%#�# .��&. ��� �&3�&*#�$� ���#+4,
"�#���&%��+ +&7%# '(��4+&�1 0�� 5&$�#�4, (�#*4 �#3!&�1 ���!', $#�#�&2 *'!�� #!%#+��.�%%#
�%�����%#), ���.' ��'68�) � "��2�%#). �#%�.&%�� �#�#, $&$ �+#)��+& ���#+#�# "�#���&%��+&
+ �26� %& +#+ �(�%%#��1 ���#$#+, 2+ 2���2 .#8%4. �%���'.�%�#. ! 2 �&3�&*#�(�$#+. 

1. ��  KL�7NL��).!�3&)%NL�&$L�#3!&�1L���'KL+L$#�#�'6L*'!'�L���&�1L+��L`
��  NL–L�NLrL� 1"�%&L�&* �/��KLfghyNL–LlxgL�N

2. �aRPJI�L$&$L.' 1��7&%�#+4)L0$�"���.�%�Ls: �$��#%%4)L���'��tNL–L��7�.L!#��'"&r
S[[RUr``H[\NJX`X`ff�gyh-RPHVF]`hw�wgyi-URPJI-zFz-QX][GYSFTJPV_G-IzURIJGQIT[NL –L �&�&L !#��'"&rL
wgNgxNfgfxN

3. ��'!%#���L&!&"�&-��rL"#(�.'L'�#+%�L� #7%#���L+L���&,L�&*#�&6�L%�L�&$KL$&$L� �!'��
s: �$��#%%4)L ���'��tNL L –L ��7�.L !#��'"&rL S[[RUr``H[\NJX`X`ff�gyh-RPHVF]`hw�wgyi-URPJI-zFz-
QX][GYSFTJPV_G-IzURIJGQIT[L–L�&�&L!#��'"&rLwgNgxNfgfxN
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. 6�!#", �.�. 	%��"
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ACOUSTOOPTIC CONVERSIONS OF DISPLACED GAUSSIAN LIGHT BEAMS USING 

ULTRASOUND 

L.A. Tozik, G.V. Kulak
Mozyr State Pedagogical University. I.P. Shamyakina, Mozyr, Belarus 

����
	���. �3'(�%& *�0��#+�$&2 !�5�&$-�2 �.�8�%%4, �&'��#+4, �+��#+4, "'($#+
%& .�! �%%#) �!+��#+#) ' 1��&3+'$#+#) +# %� + $����&  &, "&�&��  '���&, + $#�#�4,
#�'8���+ 2���2 055�$��+%&2 "���$&($& 0%����� "'($& �3 %' �+#�# !�5�&$-�#%%#�# "#�2!$&
+ "��+4). �#$&3&%#, (�# !�5�&���#+&%%4� "'($� �.�6� 5#�.' �.�8�%%4, �&'��#+4,
"'($#+, "�#���&%��+�%%&2 ���'$�'�& $#�#�4, #"��!� 2���2 "&�&.���#. �.�8�%�2
"&!&68��# "'($& � .#8%#��16 ' 1��&3+'$&. 

�����
�� ���
	: $# 1-�+#) �&'��#+ "'(#$, *�0��#+�$&2 !�5�&$-�2 �+��&,
!�5�&$-�#%%&2 055�$��+%#��1, #!%##�%4) ���#��#"%4) $����&  , $����&  "&�&��  '���&. 


