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�
CC'&>�?�& C&8�?'?��&? C&C>&:�=? 8&U�&C
 C=�>?^
 >?f�&�&X=�?CB=f `?U&�?B = U�&`?CC&8 8 �
'-
B
f C=C>?' 
8>&'
>=^=�&8
��&X& U�&?B>=�&8
�=: >?f�&�&X=�?CB=f U�&`?CC&8. 	�U&��?� 
�
�=^ 
U�d�=B
`=� U& �?^��_>
>
' C&8�?'?���f =CC�?7&8
�=�, �
CC'&>�?�� &C&d?��&C>= 
B>�
�_��f 
U�&X�
''��f C=C>?' U�&?B>=�&8
�=:. o
�
 B�
CC=A=B
`=: 4
�� >?f�&�&X=�?CB=f U�&`?CC&8 U& 
&>�
C�?8&'� = `?�?8&'� �
^�
�?�=� C ���>&' �&8&X& �
U�
8�?�=: 8 '?7=`=�?, 
 >
B�? B�
CC=A=-
B
`=: '?>&7&8, U�='?�:?'�f 8 4
��. �&B
^
�&, �>& 7&C>=X��>�� C&8�?'?���� ��&8?�_ >?&�== 
U&B
 �? U&^8&�:?> C&^7
>_ ��=8?�C
�_��� >?f�&�&X=� C=�>?^
, ?7=��� 7�: 8C?f U�=B�
7��f 
�
U�
8�?�=�. �?�CU?B>=8� �?T?�=: 8&U�&C
 C8:^�8
�>C: C U&C>�&?�=?' =�>?��?B>�
�_��f C=-
C>?' 
8>&'
>=^=�&8
��&X& U�&?B>=�&8
�=:, �?
�=^���=f �
=d&�?? &d�=� U&7f&7 B C=�>?^� �
 
&C�&8? ='=>
`== 7?:>?�_�&C>= �
^�
d&>�=B&8 = U�?7�
^�
�?���f 7�: U&77?��B= �
���&-
>?f�=�?CB=f = >?f�&�&X=�?CB=f �?T?�=� 8 U�=&�=>?>��f �
U�
8�?�=:f �
�B= = >?f�=B=. ��=8?-
7?�
 &d�
: Cf?'
 '�&X&��&8�?8&X& =>?�
`=&��&X& U�&`?CC
 C=�>?^
 �
 &C�&8? d
^ ^�
�=�, f�
�:-
�=f U�?`?7?�>�, U�&`?7��� 8�d&�
, �
C>�&�B= = &`?�=8
�=: 8
�=
�>
. 	 C���
? &>C�>C>8=: U&7-
f&7:�?X& &d�
^`
 8 d
^? U�&8&7=>C: U�:'&� C=�>?^ �&8&X& >?f�&�&X=�?CB&X& U�&`?CC
 C U�='?�?-
�=?' &7�&X& =^ 8&^'&���f A&�'
�_��f U&7f&7&8. 
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&���
������: :��
��	, :.<. 
�
�=^ C=C>?' U�&?B>=�&8
�=: >?f�&�&X=�?CB=f `?U&�?B = U�&`?C-
C&8 / 
.�. 
X�&�=B, 
.
. �
�
�
?8, 	.�. a�
�?�B&, 	.R. �
��'&8, �.�. �=TB=� // ��>&�&X=: 
U�&?B>=�&8
�=:. – 2016. – �. 6, %3(21). – 4. 255-269. – DOI: 10.18287/2223-9537-2016-6-3-255-269. 

�������� 
�^8?C>?� �:7 B&�`?U>�
�_��f U&7f&7&8 B �?T?�=� U�&d�?'� C=�>?^
 C>��B>�� >?f�&�&-

X=�?CB=f U�&`?CC&8 (��). �7�
B&, B
�7�� =^ �=f &d�
7
?> �:7&' U�=�`=U=
�_��f �?7&-
C>
>B&8, B&>&��? 7?�
�> �?8&^'&���' C&^7
�=? �
 =f &C�&8? pAA?B>=8�& �
d&>
��=f C=-
C>?' 
8>&'
>=^=�&8
��&X& U�&?B>=�&8
�=:. ��
8��'= =^ �=f :8�:�>C: �?8&^'&��&C>_ 
8-
>&'
>=�?CB&X& A&�'=�&8
�=: �� =�= ?X& �
C>=, �?7&C>
>&��
: ��=8?�C
�_�&C>_ = C�
d
: =�-
>?X�
`=: 8 ?7=�&? =�A&�'
`=&��&? U�&C>�
�C>8&. �?&df&7='& C&^7
�=? �&8�f '?>&7&8, '&-
7?�?� = =�C>��'?�>
�_��f C�?7C>8, U�?7�
^�
�?���f 7�: U&C>�&?�=: &U>='=^=�&8
���f 
>?f�&�&X=�?CB=f `?U&�?B (��) = �� �
 &C�&8? d
^ ^�
�=�, 
8>&'
>=�?CB&X& C=�>?^
 U�
�&8 = 
>?f�&�&X=� =�>?��?B>�
�_�&X& �U�
8�?�=:. o&��?� d�>_ 8�U&��?� 
�
�=^ ='?��?X&C: 
�
���&X& ^
7?�
, 7
�& &d&d�?�=? '=�&8�f 7&C>=�?�=� 8 &d�
C>= =�>?��?B>�
�_��f '?>&7&8 
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U&C>�&?�=: >?f�&�&X=� = U�?7�&�?�� �&8�? '?f
�=^'� C=�>?^
 �
���&->?f�=�?CB=f �?T?-
�=�, &C�&8
���? �
 C&^7
�== = U�='?�?�== d
^ ^�
�=�. 

	 C8:^= C �
�
C>
��?� C�&��&C>_� �� C>
�&8=>C: 
B>�
�_�&� ^
7
�
 
8>&'
>=�?CB&X& 
U&C>�&?�=: B
B &>7?�_��f ��, >
B = &d&d�����f Cf?' �� �
 =f &C�&8? C U�='?�?�=?' �
^-
�=���f =�C>��'?�>
�_��f C�?7C>8 =CB�CC>8?��&X& =�>?��?B>
. 4&^7
�=? C=C>?' 
8>&'
>=-
�?CB&X& C=�>?^
 �� �
 &C�&8? B&�C>��B>=8�&->?f�&�&X=�?CB=f U
�
'?>�&8 &d­?B>
 U�&?B>=-
�&8
�=: :8�:?>C: &7�&� =^ �?�?T����f U&B
 U�&d�?'. ��
8�&� U�=�=�&� p>&X& :8�:?>C: &>-
C�>C>8=? &d�?X& �?T?�=: U�&d�?'� 
8>&'
>=�?CB&X& C=�>?^
 �� U�= �C�&8== =�8
�=
�>�&-
C>= B B�
CC
' &d­?B>&8. �7�=' =^ U?�CU?B>=8��f U�>?� �?T?�=: p>&� C�&��&� ^
7
�= :8�:-
?>C: C&^7
�=? pBCU?�>��f C=C>?', C�
d�����f '?>&7
'= =�>?��?B>�
�_�&X& U�
�=�&8
�=: 
C=>�
`== = '&���' 
UU
�
>&' &U>='=^
`==. ��&`?CC U�=�:>=: �?T?�=: 7&��?� &U=�
>_C: 
�
 '
>?'
>=�?CB=? '&7?�= C&&>8?>C>8���=f U�&`?CC&8 = A&�'
�=^&8
���? '?>&7� �
d&>� 
C �='=, U&^8&�:��=? C ���>&' U
�
'?>�&8, f
�
B>?�=^���=f =�7=8=7�
�_�&C>_ U�&`?CC
, 
C=�>?^=�&8
>_ C&&>8?>C>8����� &U>='
�_��� C>�
>?X=�. 

	 �
C>&:�?? 8�?': &>C�>C>8��> '?>&7=�?CB=? �
d&>�, C8:^
���? C &U>='=^
`=?� 8�d&�
 
�� 7�: B&�B�?>�&X& U�=�&�?�=: �
 &C�&8
�== '
>?'
>=�?CB&� '&7?�=, 
 >
B�? �
^�
d&>B= 
?7=�&X& '?f
�=^'
 X?�?�
`== = &`?�B= ��. � U�=&�=>?>��' U�?7'?>��' &d�
C>:' (���) 
'&��& &>�?C>=:  
�� 
8>&'
>=�?CB&? U�&?B>=�&8
�=? '
T=�&C>�&=>?�_��f =^7?�=� = U�=d&�&8, 8 >&' �=C�? 

U�&?B>=�&8
�=? &U>='=^=�&8
���f �
CU=C
�=� �
d&>� >?f�=�?CB=f �C>�&�C>8 = C=�>?^ 

�X&�=>'&8 8 C=C>?'
f 
8>&'
>=^=�&8
��&X& U�&?B>=�&8
�=: CU?`=
�=^=�&8
�-
��f �C>�&�C>8; 

�� 
8>&'
>=�?CB&? �U�
8�?�=?, �
U�='?�, �U�
8�?�=? >�
?B>&���' 78=�?�=?' �&d&>=^=�&-
8
��&� C=C>?'� 8 `?�&' =�= ?� '?f
�=^'
'= 8 &>7?�_�&C>=; 

�� A&�'=�&8
�=? U�&`?CC
 �
d&>� =�>?��?B>�
�_�&X& X?�?>=�?CB= &d��
?'&X& 
8>&'
>
 8 
C=C>?'
f ^
�=>�; 

�� C=�>?^ '?7=`=�CB=f >?f�&�&X=�?CB=f U�&`?CC&8, &U>='=^=�&8
���f U&7 �?�?�=? B&�-
B�?>��f U
`=?�>&8. 

1 �6������ 7��4��4 � �7
�������4 
�&7 >?f�&�&X=�?CB&� `?U&�B&� (=�= >�
?B>&�=?�) d�7?' U&�='
>_ B&�?���� =�= `=B�=-

�?CB�� U&C�?7&8
>?�_�&C>_ «7?�C>8=�» (&U?�
`=�, p>
U&8, �
d&>, 7?�C>8=�, U?�?'?�?�=� = 
>.7.), �
U�
8�?���� �
 7&C>=�?�=? U&C>
8�?��&� `?�= 8 =CC�?7�?'&� ���. 	 C&&>8?>C>8== C 
��4� 3.1109-82 «�?�'=�� = &U�?7?�?�=: &C�&8��f U&�:>=�» >?f�&�&X=�?CB=� U�&`?CC – 
«�
C>_ U�&=^8&7C>8?��&X& U�&`?CC
, C&7?��
�
: `?�?�
U�
8�?���? 7?�C>8=: U& =^'?�?�=� 
= (=�=) &U�?7?�?�=� C&C>&:�=: U�?7'?>
 >��7
». �� C&7?��=> �? '?�?? &7�&� ��, B&>&��? 
'&X�> d�>_ 8^
='&C8:^
��, &d�
^�: U
�
��?�_��?, U
�
��?�_�&-U&C�?7&8
>?�_��? = B&�8?�-
?���? B&�C>��B`==. 4�&���� �� U�
8=�_�& �
CC'
>�=8
>_ B
B C
'&C>&:>?�_��� U�&`?CC, 
C&C>&:�=� =^ �
C>��f �� = CU?`=A=�?CB=f 7?�C>8=�, B&>&��? �
^�8
�>C: >?f�&�&X=�?CB=-
'= &U?�
`=:'=. 4&8�?'?��&? C&7?��
�=? U&�:>=: «>?f�&�&X=:» '�&X&X�
��& = 8B���
?> 
U�&`?CC� &d�
d&>B= = U?�?�
d&>B= '
>?�=
�&8, &U=C
�=? U�&`?CC&8, =�C>��B`== U& =f 8�-
U&��?�=�, 8C?8&^'&���? U�
��, X�
A=B=, �?�>?�=, =^&d�
�?�=: �� = >�?d&8
�=: B �=', 
B&�>�&�_ ^
 U�&`?CC
'= (�C��X
'=) = =f B
�?C>8&', C&8&B�U�&C>_ '?>&7&8 U&���?�=:, &d�
-
d&>B= =�A&�'
`== 8 �
^�=���f &d�
C>:f 7?:>?�_�&C>= �?�&8?B
. �?f�&�&X=: B
B �
�B
 =^�-
�
?> U�&`?CC� U�?&d�
^&8
�=: �?B&>&��f U?�8=���f C���&C>?� 8 C���&C>=, �7&8�?>8&�:-
��=? U&>�?d�&C>= �?�&8?B
. ��
 &U=�
?>C: �
 C&8&B�U�&C>_ ^�
�=� & CU&C&d
f = C�?7C>8
f 
U&C>�&?�=: ��. 
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�&�
X
?', �>& �� = �� :8�:�>C: �?^��_>
>&' 
8>&'
>=�?CB&X& U�
�=�&8
�=: (X?�?�
-
`==) 7=CB�?>��f «7?�C>8=�», &C��?C>8�:?'�f 8 C&&>8?>C>8== C �
d&�&' �?B&>&��f U�
8=� C 
���>&' >?'U&�
�_��f 
CU?B>&8 ���. �U�?7?�?�=? �� '&�?> d�>_ U�?7C>
8�?�& 8 >?BC>&8&' 
8=7?, X�
A=�?CB=' &U=C
�=?', 7?B�
�
`=?� �
 �?B&>&�&' A&�'
�_�&' :^�B?. o�: &U=C
�=: 
�� '&X�> d�>_ =CU&�_^&8
�� '&7?�= U&>&B&8 �
d&> (workflow) = 7
���f (dataflow). 4=C>?'� 
�U�
8�?�=: U&>&B
'= �
d&> &d?CU?�=8
�> >�?d�?'�� U&C�?7&8
>?�_�&C>_ 7?�C>8=� C �?C��-
C
'=. �
�7
: >?f�&�&X=�?CB
: &U?�
`=: = 8?C_ �� 8 `?�&' f
�
B>?�=^��>C: ^�
�?�=:'= U&-
>�?d�:?'&X& �?C��C
 (&d­�' U
':>=, �=C�& =CU&��=>?�_��f �?C��C&8, 8�?': 8�U&��?�=: = 
7��X='= U
�
'?>�
'=), �>& U&^8&�:?> U�&8&7=>_ &`?�B� U�&`?CC&8 = =f C�
8�?�=?. 
�
=d&�_T=� =�>?�?C U�?7C>
8�:?> C=�>?^ &U>='=^=�&8
���f U& ^
�
�?? �C>
�&8�?���' 
B�=>?�=:' �� = ��, U&���
?'�f 8 �?^��_>
>? X?�?�
`== U�
�&8 =�>?��?B>�
�_��'= U�
�=-
�&8�=B
'=, �
d&>
��='= C =�>?X�=�&8
���'= d
^
'= ^�
�=�/7
���f. �>'?>=', �>& 8 
�
C>&:�?? 8�?': ^
7
�
 
8>&'
>=�?CB&X& C=�>?^
 �� :8�:?>C: �?�?T���&� 7& B&�`
 8 >?&�?-
>=�?CB&' U�
�?. 	�U&��?���� 
�
�=^ =C>&��=B&8 U&^8&�=� 8�:8=>_ �&8�? =�= '&7=A=`=-
�&8
���? '?>&7� = U&7f&7�, &C�&8
���? �
 U�='?�?�== d
^ ^�
�=� = U�
�=�&8
�==. 

2 ��6������9�!�4 � ���66�:���!�4 6�6��� ����
�!�� ��;��������6��; 
!�7���� � 7
�!�66�� 
��
CC=A=B
`=� B�
CC=�?CB=f C=C>?' 
8>&'
>=^=�&8
��&X& U�&?B>=�&8
�=: (4
��) 

'&��& C�=>
>_, 8 &C�&8�&', �C>&:8T?�C: �
 &C�&8? 
�X�&:^����f >?�'=�&8, U�='?�:?'�f 
7�: B�
CC=A=B
`== U�&X�
''��f U�=�&�?�=� = C�?7C>8 
8>&'
>=^
`== U& &>�
C�?8&'� = 
`?�?8&'� �
^�
�?�=� [1, 2]. �7?C_ 8�7?�=' &C&d& >
B&? �
U�
8�?�=? B
B CAPP (Computer-
Aided Process Planning) – C�?7C>8
 
8>&'
>=^
`== U�
�=�&8
�=: ��, B&>&�&'� C&&>8?>C>8�?> 
&>?�?C>8?��&? �
^8
�=? 4
�� ��. R�&X=? 4
�� C&8'?�
�> �?T?�=? ^
7
�, &>�&C:�=fC: B 
�
^�=���' 
CU?B>
' U�&?B>=�&8
�=:, = :8�:�>C: B&'U�?BC��'= (CAD/CAM, CAD/CAE, 
CAD/CAE/CAM). �7�
B&, &>�&C=>?�_�& �?7
8�& U&:8=�&C_ = d�C>�& C>
�& U&���
>_ �
^8=-
>=? >
B&? �
U�
8�?�=? B
B '?7=`=�CB=? >?f�&�&X=�?CB=? U�&`?CC� (R��) [3-5]. 
�
�=^ ��-
>?��?> = d=d�=&>?���f �?C��C&8 U&B
^
�, �>& 8 '=�? �7?�:?>C: d&�_T&? 8�='
�=? 8�?7�?-
�=� >?f�&�&X=� �U�
8�?�=: R��. �>'?>=' U�d�=B
`=&���� 
B>=8�&C>_ U&C�?7�=f �?> ^
 
��d?�&' 8 &d�
C>= C=�>?^
 R�� [6-8]. 	 �8�&U? 8?7�>C: �
d&>
 U& 8�?7�?�=� C=C>?' �U�
8-
�?�=: �?�?d�&-7=
X�&C>=�?CB='= U�&`?CC
'=, 8 >&' �=C�? 8 �&CC== �
^8=8
�>C: &�>&�&X=-
�?CB=� = =�A&�'
`=&��&-
�
�=>=�?CB=? U&7f&7� B &U=C
�=� R��. �7�&� =^ &C�&8��f ^
-
7
�, �?T?�=? B&>&�&� U&^8&�=> C��?C>8?���' &d�
^&' ����T=>_ B
�?C>8& '?7=`=�CB&� U&-
'&�=, :8�:?>C: U&C>�&?�=? '&7?�?� = U�
�&8 =�7=8=7�
�_�&X& �?�?�=: U
`=?�>&8 C �
^�=�-
��'= �&^&�&X=:'= [9-10]. �'?��=?C: �
^�
d&>B= U&B
 �? U&^8&�:�> U�&8&7=>_ X��d&B�� 
A&�'
�=^
`=� R��. ��?7U&�
X
?>C: �
^�
d&>
>_ '?>&7� = =�C>��'?�>
�_��? C�?7C>8
, B&-
>&��? U&^8&�:> 8�U&��=>_ 
8>&'
>=�?CB=� C=�>?^ &U>='=^=�&8
���f R�� �
 &C�&8? C>
�-
7
�>&8 �?�?�=: = �
B&U�?���f ^�
�=� &d =Cf&7
f �?�?�=:. 

�C&d&? '?C>& 8 B�
CC=A=B
`== ^
�='
�> =�>?��?B>�
�_��? 4
�� (�4
��), 8 B&>&��f 
='=>=��?>C: 7?:>?�_�&C>_ >?f�&�&X
. ��
CC=A=B
`=: 4
�� C ���>&' �&8�f �
U�
8�?�=� 
U�=8?7?�
 �
 �=C��B? 1.  

o�: U�?7C>
8�?�=: C&8�?'?��&X& C&C>&:�=: ��� U�=8?7�' &d^&� �?B&>&��f �
d&>. 	 �
-
d&>? [11] �
CC'&>�?�� '?>&7� = C&8�?'?���? 4
�� ��, U�&=^8?7�� 
�
�=^ �
=d&�?? �
C-
U�&C>�
�����f U�&X�
'' 7�: U�&?B>=�&8
�=: ��. 	 U?�8�� &�?�?7_ U�?7C>
8�:�> =�>?�?C 
'?>&7� X?�?�
`== ��, �
CC'
>�=8
?'�? 8 4
�� ��. 4��?C>8��> >�= &C�&8��f '?>&7
 
8-
>&'
>=^=�&8
��&X& U�&?B>=�&8
�=: ��: =�7=8=7�
�_�&? U�&?B>=�&8
�=?; U�&?B>=�&8
�=? 
�
 &C�&8? X��UU&8&X& ��; U�&?B>=�&8
�=? �� '?>&7&' C=�>?^
 (C'. �=C��&B 2). 
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#

 

 
�=C��&B 1 – ��
CC=A=B
`=: 4
�� 

 
�=C��&B 2 – ��
CC=A=B
`=: '?>&7&8 U�&?B>=�&8
�=: �� 

R?>&7 =�7=8=7�
�_�&X& U�&?B>=�&8
�=: ^
B���
?>C: 8 B&'U&�&8B? �?&df&7='&� U&C�?-
7&8
>?�_�&C>= &U?�
`=� = U?�?f&7&8 C =CU&�_^&8
�=?' ='?��?�C: d
^� 7
���f. ��?7U&�
-
X
?>C: �
^�
d&>B
 �� �
 &C�&8? U�&`?CC
-
�
�&X
, >.?. �
^�
d&>
���f �
�?? ��-U�?`?7?�>&8. 
��&?B>=�&8
�=? �
 &C�&8? X��UU&8&X& ��, B&>&��� =CU&�_^�?>C: 8 B
�?C>8? �
C>�
=8
?'&X& 
T
d�&�
. R?>&7 C=�>?^
 �� C&C>&=> 8 
�X&�=>'=�?CB&' A&�'=�&8
�== ��. 	 �
C>&:�?? 
8�?': p>&> '?>&7 �
f&7=> &X�
�=�?��&? U�='?�?�=?, U&CB&�_B� >�?d�?> C>�&X&X& '
>?'
>=-
�?CB&X& &U=C
�=: A&�'=�&8
�=: C>��B>��� ��.  

��7=8=7�
�_��? 4
�� CU?`=
�=^=�&8
�� �
 &U�?7?�����? B�
CC� 7?>
�?� = U&7 B&�-
B�?>��? U�?7U�=:>=:. 	�C&B
: C>?U?�_ 
8>&'
>=^
`== 8 �=f 7&C>=X
?>C: ^
 C��> =CU&�_^&8
-
�=: 
�X&�=>'&8 U�&?B>=�&8
�=:, &>�
�
��=f ^�
�=: >?f�&�&X=�?CB=f �
�B = &U�> pBCU?�-
>&8->?f�&�&X&8, ��
C>8���=f 8 �
^�
d&>B? C=C>?' = f&�&T& ^�
��=f B&�B�?>��? U�?7U�=-
:>=:. 
7
U>
`=: >
B=f C=C>?' B �C�&8=:' 7��X=f U�?7U�=:>=:f &B
^�8
?>C: 8?C_'
 C�&��&� 
= >�?d�?> ^�
�=>?�_��f >��7&^
>�
>. 

��&?B>=�&8
�=? �
 &C�&8? X��UU&8&X& �� d
^=��?>C: �
 �
^�
d&>B? X��UU&8&X& T
d�&�
, 
B&>&��� �
C>�
=8
?>C: �
 U
�
'?>�� B&�B�?>�&X& ��. ��='?�&' U&7&d�&X& U&7f&7
 C���=> 
�
d&>
 [12], 8 B&>&�&� U�=8?7?�� &C�&8��? '?>&7� =�>?X�=�&8
���f 4
��, =CU&�_^�?'�? 
7�: U�&?B>=�&8
�=: 7?>
�?�, �^�&8 = 
X�?X
>&8 B&�C>��B`== B&C'=�?CB&X& 
UU
�
>
. �
 &C-
�&8
�== >=U&8�f �� A&�'=��?>C: �
d&�=� �� = �
CC�=>�8
�>C: U&B
^
>?�=. ��= p>&' 8�-
U&��:?>C: &U>='=^
`=:, &d?CU?�=8
��
: >?f�&�&X=��&C>_ B&�C>��B`==. �d�=' �?7&C>
>-
B&' X��UU&8&X& U�&?B>=�&8
�=: �� :8�:?>C: ��?^'?��&? �8?�=�?�=? 8
�=
�>&8 >?f�&�&X=-
�?CB=f �?T?�=�, �>& 7?�
?> '?>&7 X�&'&^7B=', �C�&��:: �
d&>� U&�_^&8
>?�?�. 

	&^'&��&C>= 
8>&'
>=^
`==, U�?7&C>
8�:?'�? '?>&7
'= =�7=8=7�
�_�&X& = X��UU&8&X& 
U�&?B>=�&8
�=:, U�
B>=�?CB= =C�?�U
��. �&p>&'� 8&^�=B
?> �?&df&7='&C>_ 8 �
^�
d&>B? 

��
CC=A=B
`=: '?>&7&8 4
�� �� 

L���#��*�� �!� =>:  
������
: B&'U&�&8B
 
�
C>�&X& �� 
��=CU&�_^&8
�=? 
�
�&X
 
= ='?��?�C: d
^� 7
�-
��f 

B�*""
#!� =>:  
��A&�'=�&8
�=? d
^� 7
���f 
= ^�
�=� 
��8�d&� 8
�=
�>
 = �
C��> 
U&B
^
>?�?� 8 C&&>8?>C>8== C 
B�=>?�=:'= 
��&U>='=^
`=: �� 

@��
�! �����N� (������
��) =>:  
��
�X&�=>'=�?CB=� 
��'
>?'
>=�?CB&� �&X=B= 
��>?&�== p�?'?�>&8 
��'�&X&��&8�?8�� =>?�
`=&���� 
��C?'
�>=�?CB=� 

��
CC=A=B
`=: 4
�� U& &>�
C�?8&'� = `?�?8&'� 
�
^�
�?�=� 

9�����'��	��:  
MCAD (mechanical computer-aided design) 
EDA (electronic design automation) 
CAAD (computer-aided architectural design) 
CAD (computer-aided design/drafting) 
CAE (computer-aided engineering) 
CAM (computer-aided manufacturing) 
CAPP (computer-aided process planning) 

�&8�? �
U�
8�?�=: 

R�� �4
�� 

L�������
#���!�:  
CAD /CAM 
CAD/CAE 
CAD/CAE/CAM 
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4
�� ��, A��B`=&�=����?� �
 &C�&8? '?>&7
 C=�>?^
 �� = B&'d=�=�&8
���f '?>&7&8. 
R?>&7 C=�>?^
 C&C>&=> 8 
�X&�=>'=�?CB&' A&�'=�&8
�== �� �
 &C�&8? '
>?'
>=�?CB=f '&-
7?�?�, U�?&d�
^&8
�=� A&�' U�?7C>
8�?�=:, >&��&C>?� &U=C
�=� = 7��X=f U
�
'?>�&8 8 C&-
&>8?>C>8== C �C>
�&8�?���'= B�=>?�=:'= B
�?C>8
. R?>&7 �
f&7=>C: 8 C&C>&:�== >?&�?>=-
�?CB&� U�&�
d&>B= U&C>�&?�=: ��=8?�C
�_�&X& U&7f&7
 B U�&?B>=�&8
�=� ��.  

�C&d?��&C>_� C=�>?^
 Cf?'� �� :8�:?>C: A&�'=�&8
�=? U&C�?7&8
>?�_�&C>= U�?&d�
-
^&8
�=: =^7?�=: &> �
�
�_�&X& C&C>&:�=: 7& B&�?��&X&. ��?&d�
^&8
�=? U�&=^8&7=>C: U& 
��&8�:', = B
�7�� ��&8?�_ U�?7C>
8�:?> C&d&� '�&X&8
�=
�>��� C=C>?'�. �?^��_>
>&' 
U�&`?CC
 C=�>?^
 :8�:?>C: U&C>�&?�=? 7?�?8
 8
�=
�>&8, B&>&�&? &>8?�
?> ^
7
���' >?f�&-
�&X=�?CB=' &X�
�=�?�=:' [13].  

R�&X&��&8�?8�� =>?�
`=&���� '?>&7 :8�:?>C: ��=8?�C
�_��' '?>&7&', >.B. C ?X& U&-
'&�_� '&��& CU�&?B>=�&8
>_ �� U�
B>=�?CB= 7�: ��d&� 7?>
�= =�= Cd&�&��&� ?7=�=`�. 
�
 U?�8&' p>
U? U�=�='
?>C: �
=d&�?? &d�?? �?T?�=?, B&>&�&? �>&��:?>C: �
 U&C�?7���=f 
p>
U
f. �B&��
>?�_��� 8
�=
�> &U�?7?�:?>C: �
 U&C�?7�?' p>
U?, �
 U�&'?��>&���f p>
U
f 
8�d=�
?>C: B&'U�?BC �?T?�=�, �
=d&�?? U&��& &>8?�
��=f ^
7
���' B�=>?�=:'. �> p>
U
 
B p>
U� B��X U&=CB
 C��
?>C:. 4f?'
 U�&`?CC
 C=�>?^
 U�?7C>
8�?�
 �
 �=C��B? 3.  

 
�=C��&B 3 – 4f?'
 U�&`?CC
 C=�>?^
 �� 

 

�&=CB = 8�d&�  

�
�&X
 �� 

 
4=�>?^ �� 

�
C>�&�B
  
'&7?�= �� 

R&7?�=�&8
�=? �� 


�
�=^ �?^��_>
>
 
�U>='=^
`=: �� 

�?T?�=? 

�?T?�=? 
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�& �?^��_>
>
' U&=CB
 U�=�='
?>C: �?T?�=?. �C�= 
�
�&X C��?C>8�?>, >& d�&B&' �?T?-
�=: U�&=^8&7=>C: �
C>�&�B
 U�&`?CC
-
�
�&X
 �
 U�&?B>=��?'�� 7?>
�_. �
>?' 
�
�=^=��?>-
C: �?^��_>
> �
 C&&>8?>C>8=? >?f�=�?CB&'� ^
7
�=� = U�&=^8&7=>C: '&7?�=�&8
�=? U&��-
�?��&X& U�&`?CC
. �C�= 
�
�&X �? �
�7?� 8 d
^? 7
���f, >& U?�?f&7:> B 8
�=
�>� C=�>?^
 ��. 
��&?B>=�&8�=B C&^7
�> U?�8&�
�
�_�&? �?T?�=? = U�&=^8&7=>C: '&7?�=�&8
�=? U�&`?CC
. 
�?^��_>
>� '&7?�=�&8
�=: 
�
�=^=���>C: = U�=�='
?>C: �?T?�=? & 8�d&�? �
`=&�
�_�&X& 
8
�=
�>
. �>&> 8
�=
�> &U>='=^=��?>C:, `=B� U&8>&�:?>C:, 8 �?^��_>
>? �?CB&�_B=f =>?�
-
`=� 8�d=�
?>C: &U>='
�_��� 8
�=
�> U& B�=>?�=:' ��. 

��='?�&' '?>&7
 C=�>?^
 �� '&�?> C���=>_ U&7f&7, &U=C
���� 8 [14]. �?&df&7='�' 
�C�&8=?' :8�:?>C: U�?78
�=>?�_�&? ^
U&��?�=? d
^� 7
���f, B&X7
 C>
�&8=>C: 8&^'&���' 

8>&'
>=^=�&8
��&? U�=�:>=? C�&���f �&X=�?CB=f �?T?�=�, C8:^
���f, �
U�='?�, C 8�d&-
�&' C>��B>��� U�&`?CC
 = &U?�
`=�, �
^�
�?�=?' >?f�&�&X=�?CB=f d
^ = 7��X='= U&7&d��-
'= ^
7
�
'=. 	 �
d&>? [15] =^�&�?�� &C�&8� �
^�
d&>B= '?>&7&8 
�
�=^
 = C=�>?^
 C=C>?' 
�U�
8�?�=:, ��=>�8
��=f �
�=�=? &d�
>��f C8:^?�, C�&���� 7=�
'=B� U�&`?CC&8 �U�
8-
�?�=:, A=^=�?CB�� �
^�&�&7�&C>_ �C>�&�C>8 = p�?'?�>&8, '�&X&B�=>?�=
�_�&C>_, �?&U�?7?-
����&C>_ ^
7
8
?'�f U
�
'?>�&8 = 8&^'��
��=f 8&^7?�C>8=�. ��='?�&' 
�X&�=>'=�?CB&X& 
U&7f&7
 B C=�>?^� C���=> �
d&>
 [16], 8 B&>&�&� �
CC'&>�?�
 '?>&7=B
 = U�&`?CC 
8>&'
>=-
�?CB&X& U&C>�&?�=: (X?�?�
`==) Cf?' p�?B>�=�?CB&� C=C>?'�. 

	 �
d&>? [17] �
CC'&>�?�& �&8&? U&B&�?�=? 4
��. �C�&8�
: =7?: – U?�?�&C �&X=B= 8^
-
='&C8:^= >?f�&�&X=�?CB=f &d­?B>&8 =^ '&7?�= �� 8 C?'
�>=�?CB�� '&7?�_ CU�
8&���f 
7
���f. �>& U&^8&�:?>, C &7�&� C>&�&��, �U�&C>=>_ �
C>�&�B� = B&�A=X��=�&8
�=? &d­?B>-
�&� '&7?�= >?f�&�&X==, C 7��X&�, �
CT=�:?> 8&^'&��&C>= C=C>?'� �U�
8�?�=: ^
 C��> B&�-
C&�=7
`== ^�
�=� & U&8?7?�== = 8^
='&7?�C>8== >?f�&�&X=�?CB=f &d­?B>&8. ����?8�' C?�-
8=C&' &�X
�=^
`== 7
���f :8�:?>C: C?'
�>=�?CB=� U&=CB, U�= B&>&�&' 8 B
�?C>8? B�=>?�=?8 
&>d&�
 &d­?B>&8 '&��& ^
7
8
>_ �? >&�_B& =f 
>�=d�>�, �& = 8^
='&C8:^= C 7��X='= &d­?B-
>
'=.  

	 [18] U�?7C>
8�?� &d^&� 4
�� �� ('?>&7� U�&?B>=�&8
�=:, C&8�?'?���? C=C>?'� 
8-
>&'
>=�?CB&X& U�&?B>=�&8
�=: = 7�.), �
CC'&>�?�� 78
 '?>&7
 U�&?B>=�&8
�=: ��: '?>&7 
C=�>?^
 = '?>&7 U�&`?CC
`==. R?>&7 C=�>?^
 ('�&X&��&8�?8��, =>?�
`=&���� '?>&7 U�&?B-
>=�&8
�=:) :8�:?>C: ��=8?�C
�_��' '?>&7&', U&^8&�:��=' U�&?B>=�&8
>_ 7&C>
>&��& 
C�&���? ��, &C�&8
� �
 
BC=&'
>=�?CB&' U&7f&7? = �?
�=^&8
� B
B C=C>?'
 U�&?B>=�&8
-
�=: 8 B�
CC? C=C>?' «=CB�CC>8?���� =�>?��?B>». ��&?B>=�&8
�=? &U?�
`=� 8?7�>C: &> U&-
C�?7�?� B U?�8&� &U?�
`== ('?>&7 «&d�
>�&X& U�
�=�&8�=B
»). R?>&7 U�&`?CC
`== &C�&8�-
8
?>C: �
 C&^7
�== �
d&�=f �� U�>�' �
C>�&�B= ��=A=`=�&8
���f (>=U&8�f =�= X��UU&-
8�f) �� �
 B&�B�?>��? 7?>
�=. R?>&7 U&^8&�:?> =CU&�_^&8
>_ 8C? U�?='��?C>8
 X��UU&8&� 
>?f�&�&X==. 	 �
C>&:�?? 8�?': &d
 '?>&7
 =^-^
 =f 8�C&B&� C�&��&C>= �? �?
�=^&8
�� 8 
U&��&� '?�?. 	 �
C>�&C>=, �? �?T?�� ^
7
�= 
8>&'
>=�?CB&X& A&�'=�&8
�=: '
�T��>
 U�&-
`?CC
, &U�?7?�?�=: C>��B>��� &U?�
`==, d
^=�&8
�=: ^
X&>&8&B, U&=CB
 U�=CU&C&d�?�=� = 
�:7 7��X=f =�>?��?B>�
�_��f ^
7
�. 

�>7?�_�& &>'?>=' >?&�?>=�?CB= U�&�
d&>
���� 4
�� [19, 20], 8 B&>&�&� d��= C7?�
�� 
U?�8�? U&U�>B= 
8>&'
>=�?CB&X& C=�>?^
 �� U�='?�=>?�_�& B '
T=�&C>�&=>?�_��', �
-
7=&p�?B>�&���', C>�&=>?�_��' = 7��X=' =^7?�=:', CA&�'��=�&8
�
 &d�
: >?&�=: A&�-
'
�_�&X& C=�>?^
 C>��B>�� =�>?�
B>=8��f C=C>?'. �C�&8�
: =7?: C=�>?^
 C>��B>�� ^
B���
-
�
C_ 8 C&^7
�== C?>?8&� '&7?�= =�>?�
B>=8��f C=C>?' �
 &C�&8? 
�X&�=>'
 A��B`=&�=�&8
-
�=: = 8&^'&���f 8^
='&C8:^?� A&�'
>&8 7
���f C �
^�=���'= �?
�=^
`=:'= &>7?�_��f 
d�&B&8, 
 >
B�? U&C�?7���?X& A&�'
�_�&X& 8�d&�
 ���T?� �?
�=^
`== 8 8=7? &U�?7?�?�=: 
B�
>�
�T?X& U�>= �
 C?>?8&� '&7?�=.  
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��='?� U�
B>=�?CB&� 4
��, �
d&>
��?� �
 C>�B? X��UU&8�f >?f�&�&X=� = >?f�&�&X=� 
C=�>?^
, &U=C
� 8 �
d&>? [21], 8 B&>&�&� U�?7C>
8�?�
 U&��&A��B`=&�
�_�
: C=C>?'
 >?f�&-
�&X=�?CB&X& U�&?B>=�&8
�=:, &d�
7
��
: X=dB='= C&8�?'?���'= C�?7C>8
'= �
^�
d&>B= 
>?f�&�&X=�?CB=f U�&?B>&8 ��d&� C�&��&C>=. 4=C>?'
 U&^8&�:?> C=�>?^=�&8
>_ 8
�=
�>� 
C=C>?'� =^ B&'U&�?�>&8 (d�&B&8) = &`?�=8
>_ 8
�=
�>� U�= =f �
C>=��&' U?�?d&�? C U�?7-
8
�=>?�_��' U�&X�&^=�&8
�=?' f
�
B>?�=C>=B B&'U&�?�>&8. W�&��&-=?�
�f=�?CB=� U&7f&7 
B U�&?B>=�&8
�=� &C�&8
� �
 7?B&'U&^=`== C�&���f &U=C
�=� &d­?B>&8 = C�?7C>8 =f C&-
^7
�=: �
 =?�
�f=�?CB=? ��&8�=, 88&7=> U&�:>=? C>=�: U�&?B>=�&8
�=:, �C>
�
8�=8
?> C8:^_ 
'?�7� U
�
'?>�
'= C&C?7�=f =?�
�f=�?CB=f ��&8�?�. 	C: =�A&�'
`=:, �?&df&7='
: 7�: 
U�&?B>=�&8
�=: ��, f�
�=>C: 8 CU�
8&��=B
f B&'U�?BC
 T-FLEX. 4&^7
�>C: d=d�=&>?B
 
>?f�&�&X=�?CB=f �?T?�=�, 8 B&>&��� ^
�&C:>C: U�&A?CC=&�
�_��? ^�
�=: (&U?�
`== C U?�?-
f&7
'=, &C�
�?�=?', =�C>��B`=:'= = >.U.). 4A&�'=�&8
��
: >
B=' &d�
^&' d
^
 ^�
�=� C>
-
�&8=>C: 8
���' =�A&�'
`=&���' �?C��C&' U�?7U�=:>=:. �& 8�d�
���' B�=>?�=:' '&��& 
�
�>= 
�
�&X=���� �� = �
 ?X& &C�&8? CU�&?B>=�&8
>_ �&8��. ��= =CU&�_^&8
�== �
 U�?7-
U�=:>== >=U&8�f =�= X��UU&8�f �� &d?CU?�=8
?>C: 8&^'&��&C>_ =f U
�
'?>�=^
`==. 	 >
-
B=f U
�
'?>�=�?CB=f �� '&X�> 
8>&'
>=�?CB= U?�?C�=>�8
>_C: ^�
�?�=: U
�
'?>�&8 U& 
8C?'� ��, 
 ^
>?' U�&=^8&7=>_C: 
8>&'
>=�?CB=� U&7d&� &C�
�?�=:. 

��='?�
'= C&8�?'?���f ^
��d?���f U�&X�
''��f �?T?�=�, �
U�
8�?���f �
 U&7X&-
>&8B� ��, :8�:�>C:: U�&X�
''
 Allplan B&'U
�== Nemetschek [22], U�?7�
^�
�?��
: 7�: 
U&77?��B= 8C?f A
^ �=^�?��&X& `=B�
 U�&?B>
; U�&X�
''
 CADdy B&'U
�== ZIEGLER-
Informatics GmbH [23], U�?7�
^�
�?��
: 7�: 
8>&'
>=^
`== B&'U�?BC��f =�>?X�=�&8
���f 
>?f�&�&X=� &> C>
7== U�&?B>=�&8
�=: 7& C>
7== U�&=^8&7C>8
; C=C>?'
 
8>&'
>=^=�&8
��&-
X& U�&?B>=�&8
�=:, =��?�?��&X& 
�
�=^
 = U&7X&>&8B= U�&=^8&7C>8
 SolidWorks B&'U
�== 
SolidWorks Corporation [24]. ��='?�
'= &>?�?C>8?���f U�&X�
'' 7�: U�&?B>=�&8
�=: �� 8 
'
T=�&C>�&?�== :8�:�>C: «T-Flex �?f�&�&X=:» [21], «	?�>=B
�_» [25] = «�?f�&��&» [26]. 
o
�? 8 p>&� �
=d&�?? �
^8=>&� &d�
C>= 8&U�&C U&��&C>_� 
8>&'
>=�?CB&� X?�?�
`== >?f�&-
�&X== =^X&>&8�?�=: &d­?B>
 U&B
 &C>
�>C: &>B��>�'. 

	8=7� �?7&C>
>B&8 U?�?�=C�?���f 8�T? '?>&7&8 4
�� �� 8C� d&�_T?? �
^8=>=? U&��-
�
�> =�>?��?B>�
�_��? C=C>?'� – �4
��. �C�&8��? B&�`?U`== �4
�� U�?7C>
8�?�� 8 
�
d&>? [27]. 

��>?��?B>�
�=^
`=: 4
�� 8&^'&��
 >�?': CU&C&d
'= [28]. 
1.�	�?T�:: ��=8?�C
�_�
: =�>?��?B>�
�=^
`=: C U&'&�_� U&7B���?�=: =�C>��'?�-

>
�_��f C�?7C>8, �
C>�&?���f �
 C&&>8?>C>8����� ��� (B&�C>��=�&8
�=?, >?f�&�&X=: = 
>.7.). 	 B
�?C>8? >
B=f C�?7C>8 '&X�> 8�C>�U
>_ &d&�&�B= pBCU?�>��f, 7=
�&X&8�f = &d��
-
��=f C=C>?'. 

2.�	�?T�:: CU?`=
�=^=�&8
��
: =�>?��?B>�
�=^
`=: C U&'&�_� CU?`=
�_��f U�&-
X�
''��f 7&U&��?�=�, �
d&>
��=f �
 U�=�`=U
f =CB�CC>8?��&X& =�>?��?B>
. 4U&C&d `?�?-
C&&d�
^�& U�='?�:>_ B
B �
^8=>=? U�?7�7��?X& 8 >?f C���
:f, B&X7
 U�?7­:8�:�>C: U&8�-
T?���? >�?d&8
�=: B B
�?C>8� �
d&>� 4
��. �>&> CU&C&d �? >�?d�?> C��?C>8?��&X& =^'?-
�?�=: 8��>�?��?� C>��B>��� = 
�X&�=>'&8 �4
��, U&CB&�_B� C8&7=>C:, B
B U�
8=�&, B 
����T?�=� C?�8=C��f f
�
B>?�=C>=B, 8&^'&��&C>= A&�'��=�&8B= >=U&8&� ^
7
�= U�&?B>=-
�&8
�=: �
 U�?7'?>�&-&�=?�>=�&8
��&' :^�B?, d&�?? d�=^B&' B ?C>?C>8?��&'�. 4&8&B�U-
�&C>_ C�?7C>8 &d�?�=: U&�_^&8
>?�: C 4
�� �
 U�?7'?>�&-&�=?�>=�&8
��&' :^�B? �
^�8
-
?>C: =�>?��?B>�
�_��' =�>?�A?�C&'. 

3.�	��>�?��:: =�>?��?B>�
�=^
`=: C U&'&�_� 8C>�&?���f >?f�&�&X=� =CB�CC>8?��&X& 
=�>?��?B>
. 4U&C&d ^
>�
X=8
?> X��d=���? C8&�C>8
 4
��, 8B���
: ?� A��B`=&�
�_��? 
8&^'&��&C>= U�&?B>=�&8
�=:, 8&^'&��&C>= C=�>?^
, 
7
U>
`==, C
'&&�X
�=^
`==, �
d&>� C 
�?��>B&� A&�'��=�&8B&� ^
7
�=. 
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�=U&8
: C>��B>��
 �4
�� U�?7C>
8�?�
 �
 �=C��B? 4. 
 

 
�=C��&B 4 – 4>��B>��
 �4
�� 

4>��B>����� C=�>?^ �� 8 �4
�� �?
�=^�?>C: C U&'&�_� pBCU?�>��f C=C>?' [29]. W
^
 
^�
�=� �4
�� C&7?��=> �?&df&7='�� =�A&�'
`=� & ���, 8 B&>&�&� �?T
?>C: ^
7
�
 U�&-
?B>=�&8
�=:, 
 >
B�? pBCU?�>��� =�A&�'
`=� & U�?7U&�
X
?'�f U�>:f U�&?B>=�&8
�=:. 
��&?B>=�&8
�=? &U=�
?>C: �
 '?>&7� '&7?�=�&8
�=: = &U�>, �
B&U�?���� U�&?B>=�&8�=-
B
'= = f�
�:�=�C: 8 d
^? ^�
�=�. �
7
�=? �
 U�&?B>=�&8
�=? A&�'=��?>C: C U&'&�_� =�-
>?��?B>�
�_�&X& =�>?�A?�C
 = U?�?8&7=>C: 8 CU?`=
�_�&? 8��>�?��?? U�?7C>
8�?�=? (d
^� 
7
���f). �
>?' ^
7
�
 U?�?7
�>C: �
 8f&7 pBCU?�>�&� C=C>?'� ���, B&>&�
: =�=`=
�=^=��?> 
8��=C�?�=: = U�&=^8&7=> U&=CB �?T?�=:. ��?7C>
8�?���? 8 d
^? ^�
�=� '&7?�= &U?�=���> 
�
d&�&' U�
8=� = �>8?��7?�=�, C�?7�: B&>&��' '&��& U�=�>= &> �
�
�_��f �C�&8=� B �&-
X=�?CB=' 8�8&7
'. 

��= =CU&�_^&8
�== �4
�� U&8�T
?>C: B
�?C>8& U�&?B>=��?'�f &d­?B>&8 d�
X&7
�: 
�8?�=�?�=� �=C�
 U�&C'
>�=8
?'�f 8
�=
�>&8 = 7?>
�_�&C>= U�&�
d&>B=, �'?�_T
?>C: 
8�?': U�&?B>=�&8
�=: ^
 C��> U�='?�?�=: C�?7C>8 ='=>
`=&��&X& '&7?�=�&8
�=: = �=C�?�-
��f '?>&7&8, U&8�T
?>C: pAA?B>=8�&C>_ d�
X&7
�: U�
�=�&8
�=� 8��=C�?�=� = B&�>�&�� 
�?^��_>
>&8. �4
�� �
 7
���� '&'?�> �? U&���=�= T=�&B&X& �
CU�&C>�
�?�=:, U&CB&�_B� 
&>C�>C>8�?> ��=8?�C
�_�&C>_ U&7&d��f C=C>?', �
^�
d&>B
 8?7�>C: C U�=8:^B&� B &U�?7?���-
�&� ��� = �&C=> A�
X'?�>
���� f
�
B>?�. 

 
3 �����
6������ ������ ����������6��� ����
�!��  

��;��������6��; 7
�!�66�� 
W
^&8
: B&�`?U`=: 
�X&�=>'=�?CB&X& 8�U&��?�=: C=C>?' &U?�
`=� �
7 
dC>�
B>��'= = 

A=^=�?CB='= &d­?B>
'= &7�&�&7�&X& = �?&7�&�&7�&X& f
�
B>?�
, U&^=`=&�=��?'
: B
B 
«�d�
: A&�'
�_�
: >?f�&�&X=:» (�a�), U&���=�
 C8&� �
^8=>=? 8 C?�== �
d&> [30-32]. �C-
�&8��? ?� U&�&�?�=: d��= &d&d�?�� 8 '&�&X�
A== [33]. 	
��&, �>& B&�`?U`=: '&�?> d�>_ 
U�='?�?�
 8 >?&�== 
8>&'
>=�?CB&X& U&C>�&?�=: ��=8?�C
�_��f >?f�&�&X=�?CB=f C=C>?' = 
U�&`?CC&8 �
^�=��&X& �
^�
�?�=:. �a� &U=�
?>C: �
 A��7
'?�>
�_��� 
�X?d�
=�?CB�� C=-
C>?'� 8=7
 PFA ��� ,,U , X7? A  – &C�&8�&? '�&�?C>8& C=C>?'�; F�  – '�&�?C>8& &U?�
-
`=�, &U�?7?�����f �
 A ; P�  – '�&�?C>8& U�?7=B
>&8, ^
7
���f �
 '�&�?C>8? A  [34]. 
m>8?��7
?>C: [33], �>& 8C? 7��X=? U�
B>=�?CB= 8
���? '&7?�= :8�:�>C: ?� �
C>��'= C���
-
:'=. 	 �a� U�=�:>� 
�
�&X=���? 
�X&�=>'=�?CB=? C=C>?'� (�
^�8
?'�? «>?f�&�&X=:'=») 

AT FFB ,,T � , X7? B  – '�&�?C>8& �?B&>&��f A=^=�?CB=f &d­?B>&8, :8�:��=fC: =Cf&7��'= 
= B&�?���'= &d­?B>
'=-�?^��_>
>
'= &U?�
`=� '�&�?C>8
 TF , �
^�8
?'�f «B&�C>��B`=:-

��>?��?B>�
�_���  
=�>?�A?�C 

W�&B  
8��=C�?�=� 

�BCU?�>�
:  
C=C>?'
 

W
^
 7
���f / W
^
 ^�
�=� 

W�&B  
U&U&��?�=: 7
���f 

W�&B 8�7
�=  
�?T?�=� 
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'=»; TF  = AF  – B&�?���? '�&�?C>8
 B&�?��&'?C>��f >?f�&�&X=�?CB=f (>=U
 C=�>?^
 = 7?-
B&'U&^=`==) = 
�
�=>=�?CB=f &U?�
`=� �
7 &d­?B>
'= =^ B , U�=��' �= &7�
 =^ &U?�
`=� 8 

TF  = AF  �? '&�?> d�>_ 8��
�?�
 �?�?^ 7��X=?. 
�a� U&^8&�:?> C�
8�=8
>_ U&>?�`=
�_��? 8&^'&��&C>= �
^�=���f >?f�&�&X=�. 	 >
B=f 

'?>
'
>?'
>=�?CB=f C>��B>��
f �?XB& C>�&:>C: '&7?�= U�&X�
''=��?'�f >?f�&�&X=�?CB=f 
C=C>?' U�='?��& �
 >?f �? A&�'
�_��f d
^&8�f U�=�`=U
f. 	 C8&� &�?�?7_, p>= '&7?�= 
U&^8&�:�> =CU&�_^&8
>_ =f 8 B
�?C>8? d
^&8�f U�= U&C>�&?�== U�
B>=�?CB=f ��=8?�C
�_��f 
U�&X�
''=��?'�f >?f�&�&X=�?CB=f C=C>?' 8 C
'�f �
^�=���f &d�
C>:f. 	 C&&>8?>C>8== C 
�a� CA&�'��=�&8
�� &C�&8��? p>
U� �
^�
d&>B= B&�B�?>��f '�&X&`?�?8�f U�&X�
''�& 
�U�
8�:?'�f >?f�&�&X=�?CB=f C=C>?':  
�� �
 &C�&8? 
�
�=^
 �
^�=���f U�&`?CC&8 &d�
d&>B= (U�?&d�
^&8
�=:) &d­?B>&8 8 ^
7
��&� 

>?f�&�&X=�?CB&� &d�
C>= 8�7?�:�>C: �
=d&�?? �
C>& =CU&�_^�?'�? >=U� >?f�&�&X=�?-
CB=f &U?�
`=�; U&���
��=?C: U�= p>&' �
d&�� >?f�&�&X=�?CB=f = 
�
�=>=�?CB=f &U?-
�
`=� 7&���� &d�
^&8�8
>_ C&8&B�U�&C>= &U?�
`=�, &>8?�
��=f B�=>?�=� U&��&>�; 

�� 
�
�=^=���>C: U&>?�`=
�_��? 8&^'&��&C>= 8
�=
�>&8 '
BC='
�_�& T=�&B&X& B�
CC
 
&d­?B>&8 8 ^
7
��&� >?f�&�&X=�?CB&� &d�
C>=; 8�d=�
?>C: 8
�=
�> U&��&� >?f�&�&X==, 
B&>&��� U&^8&�:?> C=�>?^=�&8
>_ = 
�
�=^=�&8
>_ '
BC='
�_�& T=�&B=� B�
CC &d­?B>&8 
= 7&C>
>&��& U�&C>& �?
�=^�?>C: >?f�=�?CB=; 

�� 8�d=�
?>C: B&�B�?>��� 8
�=
�> C>��B>��� 7�: >?f�=�?CB&� �?
�=^
`==, B&>&��� B&�-
�?B>=��?>C: C ���>&' �?
�_�&X& C&C>
8
 >?f�&�&X=�?CB=f &U?�
`=�. 
�?�?�=C�?���' U�=�`=U
' �a� C&&>8?>C>8�?>, �
U�='?�, ��=8?�C
�_��� '?>&7 

[19, 20], �
T?7T=� U�='?�?�=? 8 4
�� �
7=&p�?B>�&�=B=, '
T=�&C>�&?�=:, U�=d&�&C>�&?-
�=:. �� �C>
�
8�=8
?> 8^
='&C8:^= '?�7� f
�
B>?�=C>=B
'= 
�X&�=>'&8 A��B`=&�=�&8
�=: 
C=C>?' = �?
�=^
`=:'= (
UU
�
>��'=, U�&X�
''��'=) 
�X&�=>'&8, A&�'
�=^�?> U�&`?CC 
X?�?�
`== 8
�=
�>&8 C>��B>���&� &�X
�=^
`== U�&?B>=��?'�f C=C>?'. �C>&��=B
'= C=�>?^
 
:8�:�>C:: &U?�
`== C& C>��B>��
'= 
�X&�=>'&8, 7?B&'U&^=`=: 
�X&�=>'&8 �
 �
C>= = =f 
&d­?7=�?�=?, d
^� U�&X�
''�&� =�= 
UU
�
>�&� �?
�=^
`=� �
C>?� 
�X&�=>'&8, CU&C&d� 
U�?&d�
^&8
�=: f
�
B>?�=C>=B &d­?B>&8 =�A&�'
`== = C=C>?'
>=^
`=: �?
�=^
`=�, B�=>?-
�== &`?�B= 8
�=
�>&8 U&C>�&?�=: C=C>?'. o?B&'U&^=`=� C>��B>�� 
�X&�=>'&8 U�?7�
X
?>C: 
U�&8&7=>_ U& U�=�`=U� C8:^�&C>= &U?�
`=� 8 
�X&�=>'
f. ��?7U&�
X
?>C:, �>& U�&?B>=��?-
'
: C=C>?'
 �
d&>
?> U& ^
7
��&'� 
�X&�=>'� A��B`=&�=�&8
�=: � , B&>&��� f
�
B>?�=^�-
?>C: C�?7���?� >�&�B&� U
�
'?>�&8: �O,,�� � , X7? �  – '�&�?C>8& &d­?B>&8 C=C>?'�, O  
– '�&�?C>8& &U?�
`=� �
7 &d­?B>
'= (&U?�
�7
'=), �  – '�&�?C>8& C8:^?� '?�7� &U?�
`=:-
'=. ��='?�=>?�_�& B C=�>?^� =�A&�'
`=&��&-8��=C�=>?�_��f C=C>?' [20] &d­?B>� 8 C8&� 
&�?�?7_ f
�
B>?�=^�?>C: 78&�B&� �� ,� C , X7? C  – '�&�?C>8& CU&C&d&8 B&7=�&8
�=: &U?-
�
�7&8, �  – '�&�?C>8& >&��&C>?� =f U�?7C>
8�?�=:. o?�C>8=: �
7 ^
7
���' 
�X&�=>'&' 
8�U&��:�>C: U& &U�?7?�����' U�
8=�
'. 

��
8=�& 1. �?�8&�
�
�_�&? �
^7?�?�=? 
�X&�=>'
 �
 �&B
�_��? 
�X&�=>'� (V
) 7�: =f 
�?^
8=C='&� �?
�=^
`== �
 �&B
�_��f C>��B>��
f (V4) 8�U&��:?>C: U�= �
�=�== f&>: d� 
&7�&X& =^ C�?7���=f �C�&8=�: 1) &>C�>C>8=? =�A&�'
`=&��&� C8:^= '?�7� V
, 2) �
�=�=? 
�
^�&� >&��&C>= =/=�= �
^��f CU&C&d&8 B&7=�&8
�=: &U?�
�7&8. 

�&C�? &U?�
`=� �
^7?�?�=: C>��B>��� 
�X&�=>'
 �
 V
 = =f U&B��>=: V4 &d�
^�?>C: 
U?�8�� 8
�=
�> C>��B>��� 
�X&�=>'&8 C=C>?'�, f
�
B>?�=^�?'�� &U�?7?�����'= U&B
^
>?-
�:'= B
�?C>8
, B&>&��� '&�?> d�>_ U&78?�X��> 7
�_�?�T?'� U�?&d�
^&8
�=� U�>�' &d­-
?7=�?�=: V
 8 d&�?? B��U��? C `?�_� &d�
^&8
�=: �&8�f 8
�=
�>&8 �?
�=^
`== C=C>?'�. 
�U?�
`== &d­?7=�?�=: V
 U�&=^8&7:>C: '�&X&B�
>�&. ��= p>&' B
�7&'� V
 C&&>8?>C>8�?> 
8 &d�?' C���
? '�&�?C>8& V4 =^ C&&>8?>C>8���?� d
^� 7
���f. �& '?�? �B��U�?�=: V
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�'?�_T
?>C: B&�=�?C>8& d�&B&8 C>��B>��� = �8?�=�=8
?>C: =f C�&��&C>_. �U?�
`== &d­-
?7=�?�=: U�&8&7:>C: U& C�?7���?'� U�
8=��. 

��
8=�& 2. ��= &d­?7=�?�== �&B
�_��f 
�X&�=>'&8 CU&C&d� B&7=�&8
�=: =�A&�'
`== 
7&���� d�>_ U�=8?7?�� B ?7=�&� A&�'?, U�=��' >&��&C>_ U�?7C>
8�?�=: 7
���f 8 &d&d-
����&' 
�X&�=>'? 8�d=�
?>C: B
B }min{ i�� � , },...,1{ ni	
 , X7? n  – �=C�& &d­?7=�:?-
'�f V
. 

��= &d­?7=�?�== 8&^�=B
?> �&8�� V
, B&>&�&'� C&&>8?>C>8�?> �&8
: V4, ='?��
: 8 
&d�?' C���
? �8?�=�?���� &d­�' U
':>= U& &>�&T?�=� B U?�8&�
�
�_��' V4. �
B=' &d�
-
^&', ^
 C��> &U?�
`=� C 
�X&�=>'
'= X?�?�=��?>C: '�&�?C>8& 8
�=
�>&8 C>��B>���&� &�X
-
�=^
`== U�&?B>=��?'&� C=C>?'�. 

�
 �=C��B? 5 8 B
�?C>8? U�='?�
 U&B
^
�� U&C�?7&8
>?�_�& p>
U� C=�>?^
 8
�=
�>&8 
C>��B>�� =^'?�=>?�_�&� C=C>?'� [20]. 4=C>?'
 U�?7�
^�
�?�
 7�: 8�C&B&>&��&X& =^'?�?�=:, 
�&�'
�=^
`== = 8=^�
�=^
`== 8 7?C:>=��&' B&7? �?>���f U
�
'?>�&8 ��. ��= �?T?�== ^
-
7
�= &U>='
�_�&X& U?�?f&7
 B C>��B>��? C=C>?'� '&��& &X�
�=�=>_C: �
=d&�?? &d�='= 
U&B
^
>?�:'= B
�?C>8
, &U�?7?�:��='= f
�
B>?�=C>=B= �C>�&�C>8
, �?
�=^���?X& C=C>?'� 
V
. � �=' &>�&C:>C: U&B
^
>?�= C�&��&C>= �?
�=^
`==, d�C>�&7?�C>8=: = �
7���&C>=. 

 

) d) 

 
8) 

 
X) 

 

7) 

 

�=C��&B 5 – �?B&>&��? 8
�=
�>� C=�>?^=��?'&� =^'?�=>?�_�&� C=C>?'� 

	
�=
�> (
) C&&>8?>C>8�?> U?�8&�
�
�_�&'� �
^d=?�=� &d�?X& 
�X&�=>'
 A��B`=&�=�&-
8
�=: C=C>?'� �
 V
 = =f U&B��>=? V4. �� C&7?��=> �?>��? �?^
8=C='�f B
�
�
 =^'?�?-
�=: = 8=^�
�=^
`== �
C>&>��f C=X�
�&8. �
�7�� B
�
� C&7?��=> C�?7���=? d�&B=: U�?&d-
�
^&8
>?�_ �
C>&>�&X& C=X�
�
 {F} 8 ��=>
���� {Y}-B&7 
�X&�=>'
 
1; �?8?�C=8��� C��>�=B 
='U��_C&8 {Y}-B&7
 C U�?&d�
^&8
�=?' U
�
��?�_�&X& {P}-B&7
 8 ��=>
���� {Y}-B&7, 7�: �?-

�=^
`== 
2; 78&=��&-7?C:>=���� C��>�=B C 8�8&7&' �=C�
 8 {P}-B&7? 7�: U&C�?7���?X& 
U�?&d�
^&8
�=: 8 7?C:>=���� B&7 C `?�_� 8=^�
�=^
`== =^'?�:?'&X& U
�
'?>�
 (7�: �?
�=-
^
`== 
3). �
�
� �
^7?��� �
 >�= �
C>= 8 C&&>8?>C>8== C 
�X&�=>'
'=: iA1 , iA2 , iA3 , U&CB&�_-

B� &�= &>�=�
�>C: CU&C&d
'= B&7=�&8
�=:. 	 
�X&�=>'? iA1 =CU&�_^�?>C: 
�
�&X&8�� �
-
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C>&>��� C=X�
�, 8 iA2  – 78&=���� B&7, 8 iA3  – 7?C:>=���� B&7. a&�'
 U?�?7
�= U�&'?��>&�-
�&� =�A&�'
`== '?�7� �&B
�_��'= 
�X&�=>'
'= 8�d�
�
 8 8=7? ��=>
��&X& 78&=��&X& 
{Y}-B&7
. 	C? U&C�?7���=? 8
�=
�>� U&B
^
�� A�
X'?�>
��&, = 8 �=f '&�?> U�='?�:>_C: 
B
B 78&=��&? B&7=�&8
�=?, >
B = 7?C:>=���� B&7 {G}-B&7. �&C�?7�=� 8
�=
�> (7) C&&>8?>-
C>8�?> &d­?7=�?�=� 8C?f V
 iA1 , iA2 , iA3  U& 8C?' B
�
�
'. �� f
�
B>?�=^�?>C: U
�
��?�_��' 
=^'?�?�=?' �
C>&>�&X& C=X�
�
 U& 8C?' B
�
�
' ^
 B&�&>B=? U�&'?��>B= 8�?'?�=, 7�: �?X& 
=CU&�_^�?>C: d�&B 8�?'?��&X& �
^7?�?�=: ='U��_C&8 &> B
�7&X& 7
>�=B
, &7=� 78&=��&-
7?C:>=���� C��>�=B = �?>��? �?X=C>�
. �
B&U�?��
: 8 �?X=C>�
f =�A&�'
`=: (^
 &d�?? 
8�?': =^'?�?�=:) U�?&d�
^�?>C: 8 7?C:>=���� B&7 = 8=^�
�=^=��?>C:. 

	 7��X&� �
d&>? p>&X& �
U�
8�?�=: [35] d��
 �
CC'&>�?�
 ^
7
�
 &U>='=^
`== C>��B>��-
�&� &�X
�=^
`== U�&X�
''�&X& &d?CU?�?�=: =�>?�
B>=8��f C�?7C>8 3D-C=C>?' X?&'?>�=�?-
CB&X& '&7?�=�&8
�=:, =CU&�_^�?'�f 7�: >�?�
�?�&8 = &d��
��=f C=C>?', C�?7C>8 
8>&'
-
>=^=�&8
��&� �
C>�&�B= C>
�B&8 C ��m = �&d&>&8. ��&?B>=�&8
�=? C�&��&X& =^7?�=: &C�-
�?C>8�:�&C_ ��=8?�C
�_��' '?>&7&' U�>�' X?�?�
`== 8
�=
�>&8 C U&'&�_� &U?�
`=� C& 
C>��B>��
'= 
�X&�=>'&8 8 C&&>8?>C>8== C U�
8=�
'=, ^
B�
7�8
?'�'= 8 d
^� ^�
�=� = U&-
C�?7���=' 8�d&�&' &U>='
�_�&X& U& ^
7
���' B�=>?�=:' 8
�=
�>
. 

&���=����� 

�
�=^ C&8�?'?��&X& C&C>&:�=: U&B
^�8
?>, �>&, �?C'&>�: �
 &d=�=? U�d�=B
`=� U& &>-

7?�_��' �
U�
8�?�=:' C=�>?^
 �� = ��, >?&�?>=�?CB=? =CC�?7&8
�=:, &d­?7=�:��=? �
^-
�=���? U&7f&7� 8 ?7=��� =�>?��?B>�
�_��� >?f�&�&X=�, 7&C>
>&���� 7�: C&^7
�=: C=C>?' 
U&77?��B= U�=�:>=: �
���&->?f�=�?CB=f �?T?�=� 8 U�=&�=>?>��f �
U�
8�?�=:f C&C>
8�:-
�> =f '
��� �
C>_. 4�?7= �=f 8�7?�:?>C: >
B �
^�8
?'
: «�d�
: A&�'
�_�
: >?f�&�&X=:», 
B&>&�
: C&^7
�> >?&�?>=�?CB=? U�?7U&C��B= 7�: U&��&C>_� 
8>&'
>=�?CB&X& U�&?B>=�&8
-
�=:. �U�?7?�����? U?�CU?B>=8� C8:^�8
�>C: >
B�? C 8�?7�?�=?' 8 4
�� '?>&7&8 = >?f�&-
�&X=� =CB�CC>8?��&X& =�>?��?B>
. 	�?7�?�=? �B
^
���f U&7f&7&8 U&^8&�=> U&C>�&=>_ ��=-
8?�C
�_��? 4
��, U�=X&7��? 7�: �
^�=���f ���. 	 p>&' C���
? �� X?�?�=��?>C: C U&'&-
�_� U�
8=�, f�
�:�=fC: 8 d
^? ^�
�=� =�>?��?B>�
�_��f C=C>?' U�= �?��>B=f B�=>?�=:f.  

	������
��6�� 
�
d&>
 8�U&��?�
 U�= A=�
�C&8&� U&77?��B? U�&?B>
 �aa� % 16-29-12839-&A=_' 

«�
^�
d&>B
 '&7?�?�, '?>&7&8 = =�C>��'?�>
�_��f C�?7C>8 7�: C=�>?^
 &U>='=^=�&8
���f 
>?f�&�&X=�?CB=f `?U&�?B = >?f�&�&X=�?CB=f U�&`?CC&8 �
 &C�&8? =�>?X�=�&8
���f d
^ ^�
-
�=� = =�>?��?B>�
�_��f >?f�&�&X=� 
8>&'
>=�?CB&� X?�?�
`== = &`?�B= U�
�&8». 
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Abstract 
The current state of the problem of synthesis of technological chains and processes of the computer-aided systems for 
technological processes designing was reviewed. Some publications on the results of modern research were analyzed; 
features of modern system’s program design were described. A classification of CAD for the technological processes of 
industrial and specific purpose was presented, taking into account new trends in medicine, as well as the classification 
methods, utilized in CAD. It is shown that the achieved level of modern theory does not allow us to create a universal 
synthesis technology that may be common to all subject areas. Prospects to solve the problem are associated with the 
construction of intelligent computer-aided design systems that implement the most common approach to synthesis, 
based on simulation and development activities, designed to support scientific, technical and technological solutions in 
the priority areas of science and technology. A general circuit of multilevel iterative synthesis process built on 
knowledge bases intended for storing precedents, select, configure, and options evaluating is presented. In case of ab-
sence of a suitable sample in the base, a direct synthesis of a new process is performed, using one of the possible formal 
approaches. 

Key words: computer-aided design, technology process, process chain, intelligent systems, process synthesis. 
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