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�����. ��	
�� ��
	����� ��	�� �������� 
���	
���������. ���	 ������

���������!�" ����#$��%&'() *%+'��(���. +� 
�/+(&'(4 "$(��+%* +�. +���%+5/''. �&'�#� +'� 
% ��5/ 67�( *(!�$(���'() * ����������#%8 +�. 
��$(��''. 9�6$�5/''. �%�!%*!( �!�. 

�($�6'(!( *+��!�'��(�( �$�+(;%)'() +9/$-
!���'() ���������!�" 9 7$�47*�''.� *�%4 )�#� 
'/+��%!%*. ���"( $�95�$<*�''., .!% $�'%=/ *(-
!�$(���*7*��(�. * .!���% +5/$/�� �*%���, 9�$�9 
9��%'<<���. '� #���#/'�*% �6� !�/'�'�*%. ��*+.-
!( ;���7 *+����. �7��>*� 96%��=(�( $%*/'� ��*%�-
�/'���% % "$�+�*5(�( �/$�%' ��756( $7&'�#� 
���������!�"�. �%��=/ ��#�, �*%��� #���#/'�*(4 
% !�/'�'�*(4 ���" '/ �"��*�$<> !����$7 % +�-
9*��.> ��$(���( �+/!*��'/ 9�6$�5/''., ?� +75/ 
*�5�(*� +�. ��&'���% +%�#'�97. 

��. 96/$/5/''. "�*'�8 .�!$�*���% % $%*'�-
�%$'���% ��*%��/''. 9������*7<�� �"��*���!�''% 
�/4'���#%8, � +�. "��’.!=/''. �*%���*�#� "���-
!7 % 7�7'/''. $�#%*!�*�#� *%+6�(�!7 - "��.$(9�-
;%)'() �%���$. �/4�'%9� "��*'�#� $/#7�<*�''. 
.�!$�*���% +�9*��.> 7'(!'7�( /�/!�� 9���%"�/'-
'. % 9$�6(�( "$�;/+7$7 �#�.+7 6%��= !����$�-
'�< +�. "�;%>'��. 

@/ �+'(� ���'+�$��� +�. �7&��'�#� +9/$-
!���'�#� ���������!�"� ����� 9�����7*�''. * 
)�#� !�'��$7!;%8 9/�/'�#� («6/9&/$*�'�#�») �%��-
�$�. �� $�47'�! "�#�('�''. &/$*�'(4 "$��/'%* 
*%' "��(�<> !�'�$���'%��� % +�> ��5�(*%��� $�9-
#�.'7�( "�$7=/''. �7+(''�8 �(��/�( �!�, "�6�-
&(�( '� "�&��!�*%) ���+%8 9�%'( * 5�*�%) "�.�%. 
�/$*�'% �%���$( +�"���#�<�� *(.*(�( "%#�/'�'% 
�'����%8. ��6�����*() (�('%)) �%���$ * "�>+'�''% 

9 �(��'(�( �%'9��( 9�6/9"/&7> *(.*�/''. ��<�-
$/�;/';%8 "�=!�+5/'�8 $�#%*!( % "$�*/+/''. 
��<�$/�;/8'�*�8 "$�6(.


7&��'() ���������!�" +�9*��.> 9+%)�'<-
*��( +%�#'���(&'() �#�.+ �&'�#� +'� 6/9 "�"/-
$/+'��#� =�7&'�#� $�9=($/''. 9%'(;%. ����7 
�"$(.> �"/;%���'� !��!�%���'� (�"%**%�'�) !�'-
��$7!;%. "$(��+7. 

��)6%��= $�9"�*�<+5/'() $%9'�*(+ "$(��-
+7 - $7&'() ���������!�". K�#� #���*!� !$%"(��-
�. '� $7!�.�!7, .!� �%��(�� +5/$/�� /�/!�$(&'�#� 
5(*�/''.. ��)6%��= 9$7&'� 6/9+$���*� $7!�.�!� 
9 �%�%)-%�''(� �!7�7�.��$��: *%' =*(+!� 9�$.-
+5�>���. % +�*#� "$�;<>. ��. $7!�.�!( 9 !�6/�/� 
+�+��!�*� "��$%6/' �$�'���$����$. �! "$�*(��, 
+9/$!���'() $7&'() ���������!�" �7�%�'() 9 
7�%�� �("��( $7!�.��!. 

�'=() $%9'�*(+ "$(��+7 - 9 !$%"�/''.� '� 
�!7�.$( �6� �"/;%���'() =����. �/) ���������-
!�" 5(*(���. *%+ �$�'���$����$� �6� "�$���(*-
'�#� �!7�7�.��$�, .!() 9��/5'� *%+ !�'��$7!;%8 
��5/ 67�( "$(!$%"�/'() +� =����� �6� $/�/'., 
�6� $�9�%?/'() * !(=/'%.

U�9$%9'.<�� ��!�5 ���������!�" "$.�() 
% '/"$.�(). �"�(&'� �(��/�� ���������!�"� 
"$.��#� +�9*��.> "$�*/��( 6/9"��/$/+'%) �#�.+ 
�&'�#� +'�. ��. ;��#� �+'� ���$�'� "$(��+7 "$(-
!��+�>���. +� �!� "�;%>'��, � %'=� - +� �!� �%!�$.. 
�"�(!� '/"$.��#� ���������!�"� �!�'��$7)�*�-
'� %'�!=/. ��'� ��$�7> 9�6$�5/''. �&'�#� +'� 
"�9� ����#� �!�, ?� +�> ��5�(*%��� "$�*�+(�( 
�#�.+ '� +/.!%) *%+���'% *%+ "�;%>'��. �/"$.�() 
���������!�" ��5/ 67�( .! ��'�!7�.$'(�, ��! 
% 6%'�!7�.$'(�. 
/$/+ "$.�(4 �!$/�/ �%�;/ 9�)-

��� 681.32

���������!" #���!$�%!& �'�()�-���)�#�**��� )�*��+ 
�,���/��0)�'� ��" �!��*�0�+��**" 
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��> "�'�$��'() ���������!�" !��"�'(( Welch 
Allyn (
`�). K�#� !�'��$7!;%. 9'�&'� $�9=($<> 
!7� �#�.+7 % 96%��=7> *%+���'� �%5 �%!�$/� % "�-
;%>'���, ?� %����'� "�!$�?7> .!%��� % 9$7&'%��� 
+%�#'���(!(. 

��!�5 ��5'� *%+�%�(�( !��/$7 +�. ����#$��7-
*�''. �&'�#� +'� 6/9 =�7&'�#� $�9=($/''. 9%'(;% 
�%$�( Canon (�"�'%.). �8 ��*�$/''. 67�� 9'�&'(� 
!$�!�� 7 $�9*(�!7 ����!��/$ % "$(��+�*�#� ��'�-
?/''. +�. +(�"�'�/$(9�;%8 '��/�/''. %, '����"/$/+, 
7 6�$���6% 9 ��!(�( 9�4*�$<*�''.�(, .! ��/$��!�/-
$�9, +%�6/�, #%"/$��'%.. ������7*�''. %'�$�&/$*�'�8 
�/4'%!( +�9*��.> ����#$��7*��( �&'/ +'� 6/9 9���-
6%* +�. $�9=($/''. 9%'(;%, ?� 7�7*�> ��5�(*% '/#�-
�(*'% "�6%&'% .*(?�. V$( ����#$��7*�''% * �/�$.*% 
* +���%+57*�'�#� *%+67*�>���. "$($�+'/ $�9=($/'-
'. 9%'(;%, ?� +�9*��.> $�9#�.+��( �&'/ +'� * %'�$�-
&/$*�'(4 "$��/'.4 % *%+�*�$<*��( !�$�('7 +'� '� 
/!$�'% �/�/*%9%)'�#� ��'%��$�.

��. "%+*(?/''. +����*%$'���% +%�#'���7*�''. 
#��7!��( '� $%9'(4 ���+%.4 '��( 67�� "����*�/'� 9�-
+�&� ��*�$/''. ����#$��%&'�#� ���������!�"� +�. 
�%!��;%8 9�6$�5/''. �%�!%*!( �!�, �7'!;%�'���'%��� 
.!�#� 67�� 6 96%��=/'� 9� $�47'�! **/+/''. �*%�-
��+%�+� �� ;(�$�*�8 !��/$(. �� +�"���#�< ��!�#� 
���������!�"� �"���/$%#�& ��5/ �#�.'7�( �%�!%*!7 
�!�, ��*�$(�( "�*'7 !�$�('7 �&'�#� +'�, �+/$5��( 
�� 96/$/#�( 9�6$�5/''. �%�!%*!(, ?� %����'� "�!$�-
?(�� +%�#'���(!7 �� *%+�*�$/''. %���$%8 �&'�8 4*�-
$�6(.

� ;%>< �/��< 67�� $�9$�6�/'� �/��+���#%. 
$�9$�47'!7 �"�(&'�#� !�'��7 ��!�#� ���������-
!�"� '� �"�(!�-/�/!�$�''%) /�/�/'�'%) 6�9%.

����2
V��%! *("$��%'<*�''., ?� '�+4�+(�� 9 *(-

"$��%'<*���'�8 "�*/$4'% +5/$/�� '� *%++��/'7 
��*%��<*�'7 "�*/$4'<, ���'�*(�� [3]:

 ,  (1)

+/ L – .�!$�*%��� *("$��%'<*���'�8 "�*/$4'%;
S�! – "��?� *("$��%'<*���'�8 "�*/$4'%;
S��� – "��?� ��*%��<*�'�8 "�*/$4'%;
�1 – !7� �%5 '�"$.��� $�9"�*�<+5/''. *("$�-

�%'<*�''. �� '�$����< +� *("$��%'<*���'�8 "�-
*/$4'%;

�2 – !7� �%5 '�"$.��� $�9"�*�<+5/''. *("$�-
�%'<*�''. �� '�$����< +� ��*%��<*�'�8 "�*/$4'%;

l – *%+���'� �%5 "�*/$4'.�(.

�!?� ��*%��<*���'� �(��/�� �"$.��*7> *%+-
6(�/ *("$��%'<*�''. * �!� &/$/9 +%�.'!7 9%'(;% 

"��?/< S'+5, �� ;< +%�.'!7 ��5'� $�9#�.+��( .! 
�*%���*("$��%'<<&7 "�*/$4'<, .�!$�*%��� .!�8 
L9' *'���%+�! "/$/4�+7 �*%���*(4 "$��/'%* 9 "�*%-
�$. * �!� "�*’.9�'� 9 .�!$�*%��< +5/$/�� – �*%���-
+%�+� L�+ - ��$�7��< [1, 3]:

  ,           (2)

+/ n��� – 7�/$/+'/'() "�!�9'(! 9�����/''. �&'(4 
�!�'('.

� *$�47*�''.� *($�97 (2) �� !�/�%;%>'�� "$�-
"7�!�''. �"�(&'�8 �(��/�( �!� ��!�, ��$�7�� (1) 
+�. �*%���*�#� "���!7, ?� "��$�"�.> '� �%�!%*!7, 
9�"(=/���. 7 *(#�.+%:

,(3)

+/ S� – "��?� �%�!%*!(;
l�!� – *%+���'� �%5 9%'(;/< �� �%�!%*!�<.

V$( $�9"�*�<+5/''% �*%���*�#� "���!7 *9+�*5 
�"�(&'�8 ��% �!�, .!7 "$()�/�� "/$"/'+(!7�.$-
'�< "��?('�� 9%'(;% �� �%�!%*!( (�1 = �2 = 0), 
��*%��/'%��� �%�!%*!( �!��+/:

,   (4)

�($�9 (4) *%$'() +�. ��*%��/'���% ��&!( �%�!%*-
!(, ?� �/5(�� '� �"�(&'%) ��% �!�. V$��/, ��!%��-
!( �&'/ +'� .*�.> ��6�< ��/$7 �� 9�*+.!( 6�#�-
��$�9�*��7 *%+6(*�''< �*%���*(4 "$��/'%* *�/-
$/+('% �!�, ��5'� **�5��(, ?� ��*%��/'%��� *�%>8 
�%�!%*!( > $%*'��%$'�< �� ��!�<, ?� *(9'�&�>���. 
*($�9�� (4).

U%*'��%$'� ��*%��/'� �%�!%*!� �!� +(�79'� *%+-
6(*�<&( �*%���*() "��%!, ?� "�+�> '� '/8, .*�.> 
��6�< *��$(''/ +5/$/�� �*%���, .�!$�*%��� .!�#� 
67+/ +�$%*'<*��(:

,  (5)

+/ � – !�/�%;%>'� +(�79'�#� *%+6(*�''..

��*%��/'%��� 9�6$�5/''. �%�!%*!(, ?� 67+7>��-
�. �"�(&'�< �(��/��< '� �������$(;% [1]:

,  (6)
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+/ ��� – !�/�%;%>'� "$�"7�!�''. �"�(&'�8 �(�-
�/�(;

n' – "�!�9'(! 9�����/''. �/$/+�*(?� 7 "$�-
���$% 9�6$�5/'� (n' = 1);

n – "�!�9'(! 9�����/''. �/$/+�*(?� 7 "$�-
���$% "$/+�/�%* (n = n�!�);

D – +%��/�$ *4%+'�8 9%'(;% �"�(&'�8 �(��/�(;
f � – ��!7�'� *%+���'� �"�(&'�8 �(��/�(;
r$ – �%'%)'/ 96%��=/''. �"�(&'�8 �(��/�( * 9%-

'(;.4;
r – �%'%)'/ 96%��=/''. �"�(&'�8 �(��/�(.

'�	���
�	 ��	
��	3�4
V����*�/'� 9�+�&� *($%=7>���. �(�, ?� 7 ��-

��#$��%&'() ���������!�", .!() ��>  +%��$�#�7 
�� 6%�() �*%���+%�+ * .!���% ��*%��<*�&�, **/+/'� 
+*� +9/$!���, !�'+/'��$, .!% $�9�� 9 +%��$�#��< 
7�*�$<<�� �"�(&'7 �(��/�7, � ��!�5 �6’>!�(* 
% ���$(;< ;(�$�*�8 !��/$(, ?� $/>��$7> 9�6$�-
5/''. �%�!%*!( �!� "�;%>'��. �� $(�. 1 "�+�'� �4/-
���(&'/ 9�6$�5/''. 4�+7 "$��/'%* 7 !�'��$7!;%8 
��!�#� ���������!�"�.

����#$��%&'() ���������!�" "$�;<> '���7"-
'(� &('��. U�9�%.'/ �*%��� *%+ 6%��#� �*%���+%�+� 
6 &/$/9 +%��$�#�7 7 ��!7�7>���. 9� +�"���#�< 
�(��/�( +9/$!�� 8, 10 % !�'+/'��$� 9, ��, "$�4�+.-
&( &/$/9 9%'(;< 2 �� !$(=���(! 3 �!� 1, ��*%��<> 
�&'/ +'�. �"�(&'� �(��/��, .!� �!��+�>���. %9 +%�-
�$�#�( 7, +9/$!�� 8 % 10 % !�'+/'��$� 9, "��%?/'� 
7 !�$"7� �"�(&'�8 '���+!( 4. �%+6(�/ 9�6$�5/''. 
�&'�#� +'� "$�4�+(�� &/$/9 �"�(&'7 �(��/�7 �!� 
1 % "�$��/��'(� "$��/'/� "��$�"�.> '� �6'>!�(* 
11, ?� �%��(���. * ;(�$�*%) ����!��/$% 5, +/ 
��$�7>���. 96%��=/'/ 9�6$�5/''. �%�!%*!( �!�, 
.!/ $/>��$7>���. 9� +�"���#�< ;(�$�*�8 ���$(-

;% 12 +�. "�+���=�#� �'��%97 �%!�$/�. �� $�47'�! 
**/+/''. 6%��#� �*%���+%�+�, +9/$!��, !�'+/'��$�, 
�6’>!�(*� �� ���$(;% ;(�$�*�8 !��/$( 96%��=7-
>���. �7'!;%�'���'%��� ���������!�"�, ?� '�-
+�> ��5�(*%��� �%!�$< "�!$�?(�( +%�#'���(!7 
�&'(4 4*�$�6, 9�!$/�� #��7!��(, �� *%+�*�$<*��( 
%���$%< 4*�$�6(.

V%+���*�.<&( *($�9 (5) * ��$�7�7 (6) �� "$()-
��<&( �%'%)'/ 96%��=/''. * 9%'(;.4 r$ = 1, +�. 
��*%��/''. 9�6$�5/''. �%�!%*!( '� �������$(;% 
��$(��>��:

.  (7)

V$()�/��, ?� ��!� = 0,5; �� = 0,9; � = 0,2; l��� = 
24 ��. ��!�(����'� .�!$�*%��� +5/$/�� �*%���, 
?� ��5/ 67�( "/$/'/�/'� "$( "$.���7 �"���/$/-
5/'%, �!��+�> 7500 !+/�2 [2]. ��. ��#�. ?�6 "�;%-
>'� '/ *%+&7*�* +(�!����$�7, * .!���% ��*%��<*�&� 
*(6($�>�� �*%���+%�+, +�. .!�#� L�+ = 7000 !+/�2. 
V$()�/�� ��!�5, ?� "$�/!;%. +5/$/�� '� 9%'(;< 

�!� 9�)��> 50% 88 "��?%. W ;���7 *("�+!7 
"$( +%��/�$% 9%'(;% 6 �� S'+5 = 14,13 ��. 
��. �"$()'.��. 9�6$�5/''. *(!�$(���>-
�� CMOS �������$(;< NOII4SM6600A, 
��'�*'% "�!�9'(!( .!�8 ��!%:

U�9$%9'/''.         2210 4 3002
�"�(&'() ��$���, +<)� 1
�%�"�9�' �"/!�$���'�8 
&7��(*���%, '�        400…1000
�(+(�� &7��(*%���, �/(�!•�) 2,01
�/�'�*() �(#'��, ��/� 3,37

V��$%6'/ �%'%)'/ 96%��=/''. r �"�(&-
'�8 �(��/�( ��5'� *(9'�&(�( 9� �"%**%+'�-
=/''.�, .!/ *%+"�*%+�> 7��*%, 9� .!�< 9�-
6$�5/''. �%�!%*!( 9�)���(�/�� '�)6%��-
=7 &���('7 "��?% �������$(;%:

  ,          (8)

+/ "�� – *(���� �������$(;%;
D� – +%��/�$ �%�!%*!(.

�"�(&'��7 ��$���7 ���$(;% * 1 +<)� *%+"�-
*%+�> $�9�%$ 12,8 x 9,6 ��. �%��/�$ �%�!%*!( �!� 
�<+('( �!��+�> 22 ��. ��+%

  .

V%+���*�.<&( *(9'�&/''% &(�/��'% 9'�&/''. 7 
*($�9 (7), ��$(��>��:

U(�. 1. 
4/���(&'/ 9�6$�5/''. 4�+7 "$��/'%* 7 !�'��$7!;%8 
����#$��%&'�#� ���������!�"�
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       ( 9)

��. "$�*/+/''. "�+���=(4 $�9$�47'!%* *(-
9'�&(�� ��*%��/'%��� �������$(;% 	', "$( .!%) 
9'�&/''. !�$(�'�#� *(4%+'�#� �(#'��7 67+/ "�-
$%*'.'(� 9 �/�'�*(�. �%'%����'7 ��*%��/'%��� 
9�6$�5/''., "$( .!%) *�'� '/ $�9$%9'.>���. '� 
��'% =7�7, 9'�)+/��, *(!�$(���*7<&( &7��(*%��� 
�������$(;% �� 9'�&/''. �/�'�*�#� �(#'��7:

  (�!).

��. ��$(��''. #�$'�#� 9�6$�5/''. �%�!%*-
!( ��*%��/'%��� �������$(;% "�*(''� "$('�)�'% 
7 10 $�9%* "/$/*(?7*��( ;/ 9'�&/''., ��5/:

   (�!).

��+% 9 *($�97 (9) +�. #/��/�$(&'�8 �*%����(�( 
�"�(&'�8 �(��/�( ���(�/��:

.    (10).

��. ��#�, ?�6 *(!�$(����( 7�/ "��/ �"�(&'�8 
�(��/�(, 88 *4%+'� 9%'(;. "�*(''� 67�( �7�%?/'� 
9 "��?('�< 9%'(;% �!�. W ;���7 *("�+!7 "����*�< 
+%��$�#��< 67+/ $��!� �������$(;% % "$( *(6$�'�-
�7 7 *%+"�*%+'���% +� *($�97 (8) �%'%)'��7 96%��-
=/''% '� �������$(;% 67+/ ��$�7*��(�. 9�6$�5/'-
'. *�%>8 �%�!%*!(. �%��/�$ *4%+'�8 9%'(;% �"�(&'�8 
�(��/�( D *(6($�>�� $%*'(� 3 ��. W $/97�����%, 

"��?� *4%+'�8 9%'(;% �"�(&'�8 �(��/�( 67+/ +�$%*-
'<*��( 7,065 ��2, ?� �!��+�> 25% "��?% 9%'(;% �!� 
"$( +%��/�$% 9%'(;% 6 ��. ��+% 9 *($�97 (10) +�. ��-
!7�'�8 *%+���'% �"�(&'�8 �(��/�( ��$(��>��:

  (��).

V$( $�9$�47'!7 ��!7�'�8 *%+���'% �"�(&'�8 
�(��/�( 88 �%'%)'/ 96%��=/''. * 9%'(;.4 r$ 67�� 
"$()'.�� $%*'(� 1. �/ *%+"�*%+�> *("�+!7, !��( 
*%+���'� -z� *%+ "/$/+'��#� ��!7�7 �"�(&'�8 �(�-
�/�( +� *4%+'�8 9%'(;% +�$%*'<> "/$/+'%) ��!7�-
'%) *%+���'% �"�(&'�8  �(��/�( ($(�. 2):

  (��).

�%+���'� *%+ "/$/+'��#� ��!7�7 +� �%�!%*!( 
67+/ +�$%*'<*��(:

  (��).

�%+���'� z' *%+ 9�+'��#� ��!7�7 +� 9�6$�5/''. 
�%�!%*!(, ?� 7�*�$<>���. * "��?('% �������$(;%, 
*(9'�&(��, *(!�$(���*7<&( �%'%)'/ 96%��=/''. 
�"�(&'�8 �(��/�( r [1]:

 (��).

��������
U�9$�6�/'� �/��+���#%. $�9$�47'!7 "�$��/-

�$%* �"�(&'�#� !�'��7 ���������!�"� �� )�#� 
$/��%9�;%8 '� �"�(!�-/�/!�$�''%) /�/�/'�'%) 6�9%, 
.!� +�9*��(�� "%+*(?(�( �7'!;%�'���'%��� �� 
+����*%$'%��� +%�#'���7*�''. #��7!��( '� $%9'(4 
���+%.4 9�4*�$<*�''..

U(�. 2. ��!7�'� *%+���'� �"�(&'�8 �(��/�(
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A METHODOLOGY OF REALIZATION OF FUNDUSCOPE OPTO-ELECTRONIC CHANNEL 
FOR DIAGNOSE OF RETINAL EYES DISEASES

Rozhman A.O., Pavlov S.V., Ivasyuk I.D., Tarnowski M.G.

Vinnytsia National Technical University

The basic principles of realization of optical-electronic channel of photographic funduscope for diagnose 
of eye retina pathologies, and his building on the optical-electronic element base are considered.

Keywords: photographic funduscope, diagnose of retina diseases, image treatment.


