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8BUFS�+FU�1SPQVMTJPO�ĊéšçñþèèùçĄĒÕåăĒåÿĒõČóÏçėĀïĀčØŚčçñþèèÐÿèĊÒóąĒûçĊñąûûðřĀÕċìñřùóĀð�

øėĀùñÿèÏûÕåÿìĊñąûĎåðçÿēçïÿÏÒĆŚçùćÏÿèÒėĀõřĀ� įĊÒñąĒûÕìřççēėĀİ� ãŚçÏėĀĊçĂâÐûÕñþèèÐÿèĊÒóąĒûç�

ċèèõûĊãûñŝĊÖđåçÿēç�ĎâŚïăÏĀñûŚĀÕûĂÕĎõŚ�ĊïąĒûéő�Ò�ö��ěĠĠě�ČâðçĀð�5PPHPPE�ċóþçĀð�)BZFTě�

ĎâŚûæĂèĀðÐûÕùóÿÏÏĀñÐûÕĊñąûåăĒïăØřûÕåĀÕçēėĀèñĂĊõáøřõçÏóĀÕ� ÙĄĒÕĎâŚãĂâãÿēÕéşŤïçēėĀċèèóćÏøćèùñąû

éşŤïċèèċñÕĊùõăĒðÕ�ìèõřĀċñÕâÿççēėĀøĀïĀñäåăĒÖþøñŚĀÕċñÕêóÿÏčùŚĊñąûĊÒóąĒûçåăĒĎâŚ�ċóþčçØřõÕĊõóĀãřûïĀ�

ùóÿÏÏĀñâÿÕÏóřĀõĎâŚïăÏĀñìÿàçĀċóþïăÏĀñçėĀïĀčØŚÕĀçïĀÏÐĄēç� ČâðĊ×ìĀþčçĊñąûåăĒčØŚÒõĀïĊñđõ

øćÕÐçĀâĊóđÏ� ċóþïăÏĀñéñþðĆÏãŝčØŚÕĀçÏÿèĊñąûÐçĀâčùÛřïĀÏÐĄēç� âÿÕñćéåăĒ� ě� Ċéšç� 8BUFSKFU�

ÐûÕèñĂ÷ÿå�)BNJMUPO+FU�åăĒïăÏėĀóÿÕøćÕÐçĀâ�ğ
ğĚĚ�L8� 	ġ
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éñþĊîå�-$4�ÐûÕéñþĊåöøùñÿÞûĊïñĂÏĀ�ïăçĀïĊñăðÏÐĀçõřĀ�*OEFQFOEFODF�ñþõĀÕÐÿèçēėĀÐçĀâ
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ùóÿÏÏĀñåėĀÕĀç

ñþèèÐÿèĊÒóąĒûçċèè� 8BUFSKFU� ĊéšçéşŤï� 	1VNQ
� ØçĂâ� ˧JYFE� 'MPX� åăĒčØŚùóÿÏÏĀñ�

ÏĀñåėĀÕĀçÐûÕéşŤï�ÏóřĀõÒąû�ĊïąĒûïûĊãûñŝùñąûĊÒñąĒûÕðçãŝåėĀÕĀçÖþåėĀčùŚčèìÿâçēėĀäćÏùïĆç�øřÕêóčùŚçēėĀ�

äćÏâćâĊÐŚĀïĀåĀÕåĀÕâćâçēėĀêřĀçčèìÿâ� çēėĀĊÐŚĀøćřÒñăèêÿççēėĀ� čçèñĂĊõáçăēçēėĀÖþäćÏåėĀčùŚĊÏĂâċñÕâÿç

øćÕÐĄēçċóŚõĎùóêřĀçĊÐŚĀøćřùÿõìřççēėĀåăĒïăìąēçåăĒåĀÕûûÏóâóÕ�åėĀčùŚçēėĀåăĒìřçûûÏïĀèñĂĊõáåŚĀðĊñąûÖþïă

ÒõĀïĊñđõøćÕ�ÒõĀïċãÏãřĀÕÐûÕÒõĀïĊñđõçēėĀåĀÕĊÐŚĀċóþåĀÕûûÏåėĀčùŚĊÏĂâČïĊïçãÿï�øñŚĀÕċñÕêóÿÏ

	5SVTU
�åėĀčùŚĊñąûøĀïĀñäĊÒóąĒûçåăĒĎéÐŚĀÕùçŚĀâŚõðÒõĀïĊñđõøćÕ� ĊïąĒûãŚûÕÏĀñóâÒõĀïĊñđõ�ùðĆâĊñąû

ùñąûäûðùóÿÕ� øĀïĀñäåėĀĎâŚČâð� ÏĀñĊÒóąĒûçãÿõ� 3FWFSTF� #VDLFU� óÕïĀÐõĀÕåĀÕìřççēėĀÐûÕùÿõ

ìřççēėĀ�ùÿõìřççēėĀìÿèóÕïĀãĒėĀïĀÏĊåřĀčâ�ðĂĒÕåėĀčùŚĊñąûĊÏĂâċñÕãŚĀçĊìĂĒïïĀÏÐĄēç�ÖçøĀïĀñäùðĆâĊñąû

ùñąûäûðùóÿÕĎâŚ�čçøřõçÐûÕ�%FȽFDUPS�ĊéñăðèĊøïąûçùĀÕĊøąû�Òąû�ïăùçŚĀåăĒĊéóăĒðçåĂöÏĀñĊÒóąĒûçåăĒ

ÐûÕĊñąûÖĀÏÏĀñùÿÏĊùÏĀñĎùóÐûÕçēėĀåăĒìřçûûÏïĀÖĀÏùÿõìřççēėĀ�âÿÕñćéåăĒ�ĝ
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ñþèèÐÿèĊÒóąĒûçċèè�8BUFSKFU� ïăøřõçéñþÏûèùóÿÏĐ� âÿÕçăē� ě�� åĀÕâćâçēėĀ	*OUBLF�%VDU
��

Ĝ��čèìÿâ�	1VNQ�*NQFMMFS
��ĝ��ÒñăèêÿççēėĀ�	4UBUPS
�Ğ��ùÿõìřççēėĀ�	0VUMFU�/P[[MF
�ğ��3FWFSTF�

#VDLFU�Ġ��%FȽFDUPS�âÿÕñćéåăĒ�Ğ
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¸

ÒĆáøïèÿãĂìĂĊö÷ÐûÕĊÒñąĒûÕ�8BUFSKFUğ

Ĵ�8BUFSKFU� ĎïřïăÒõĀïÖėĀĊéšçãŚûÕïăčèÖÿÏñûðćřčãŚåŚûÕĊñąû� åėĀčùŚĎïřĊÏĂâÏĀñÏñþåèÏÿèõÿãäĆ�

čãŚçēėĀ�ċóþóâéşÛùĀûĆèÿãĂĊùãĆåĀÕçēėĀĎâŚčçÏñáăåăĒïăÒçûðćřčçèñĂĊõáčÏóŚĐ

Ĵ�øĀïĀñäċóřçčççēėĀãąēçĎâŚ� ĊçąĒûÕÖĀÏãÿõĊñąûÏĂççēėĀãąēçċóþĎïřïăøřõçåăĒðąĒçûûÏÖĀÏãÿõĊñąû� ÖĄÕ

ïăÒõĀïãŚĀçåĀçãÿõĊñąûåăĒãĒėĀ

Ĵ�øĀïĀñäèÿÕÒÿèåĂöĎâŚåĆÏûÿãñĀĊñđõÏĀñĊÒóąĒûçåăĒÐûÕĊñąûĊéšçĎéûðřĀÕñõâĊñđõċóþøĀïĀñä

ùðĆâÏĀñĊÒóąĒûçåăĒĎâŚåÿçåăåăĒãŚûÕÏĀñ

Ĵ�ÏĀñâćâÙÿèÏėĀóÿÕÐûÕãÿõĊÒñąĒûÕ�8BUFSKFU�ĎïřïăêóÏñþåèÏÿèÒõĀïĊñđõÐûÕãÿõĊñąû

Ĵ�ïăÒõĀïøÿĒçøþĊåąûççŚûðċóþĊÏĂâøÿÛÛĀáĊøăðÕčãŚçēėĀãĒėĀ

Ĵ�øĀïĀñäûûÏĊĊèèñþèèÐÿèĊÒóąĒûçĎâŚČâðûĂøñþÖĀÏÒõĀïøÿïìÿçæŝñþùõřĀÕãÿõĊñąû�čèÖÿÏñ�

ĊĊñÕèĂâĊÒñąĒûÕðçãŝĎâŚ



Ä5?RCP�(CR�.PMNSJQGMLÅ������¤���ij���Ò��Ä¤l�ï��o�Ò��Ó±�Å�

ěğĜ

ĊåÒČçČóðă�8BUFSKFU�ĊĊóþÕĀçõĂÖÿðåăĒĊÏăĒðõÐŚûÕĠ

Ċïą ĒûĊéñăðèĊåăðèÏÿçñþùõĒĀÕñþèèÐÿèĊÒóą Ēûç8BUFSKFU� ċóþ� 1SPQFMMFS� ÖþìèõĒĀ�

éñþøĂåæĂîĀìÐûÕ� � 8BUFSKFU� ÖþïăÒřĀøćÕÐĄēçĊïąĒûĊñąûïăÒõĀïĊñđõøćÕÐĄēçċóþÖþïăÒřĀçŚûðóÕĊïąĒûĊñąû

ïăÒõĀïĊñđõóâãĒėĀóÕ� åÿēÕçăē� ĊïąĒûĊñąûïăÒõĀïĊñđõãĒėĀ� � ÒřĀ� ˧PNFOUVN� &ȾDJFODZ� ÖþïăÒřĀãĒėĀĊØřçÏÿç

ĊçąĒûÕÖĀÏĎïřøĀïĀñä�0QUJNJ[F�ÒõĀïċãÏãřĀÕÒõĀïĊñđõÐûÕÐûÕĎùóåăĒ�*OMFU�ċóþ�0VUMFU�ĎâŚ�×þçÿēç

ÖþïăÒõĀïĊùïĀþøïÏõřĀ� äŚĀÖþčØŚñþèèÐÿèĊÒóąĒûç� 8BUFSKFU� ÏÿèĊñąûåăĒéÏãĂčØŚÏÿèÕĀçÙĄĒÕãŚûÕÏĀñ

ÒõĀïĊñđõåăĒøćÕĊÏĂçÏõřĀ�Ĝğ�çśûã�ĊìñĀþéñþøĂåæĂîĀìÐûÕ�8BUFSKFU�ÖþĎïřóâóÕĊùïąûçÏÿèñþèèÐÿè

ĊÒóąĒûçÙĄĒÕčØŚ�čèÖÿÏñùñąû�1SPQFMMFS

éşÖÖĆèÿççăē� ĊåÒČçČóðăÏĀñçėĀ� 8BUFSKFU� ïĀčØŚÏÿèĊñąûĊñđõØçĂâãřĀÕĎâŚïăÐĄēçûðřĀÕċìñřùóĀð

� ċóþÏėĀóÿÕÏŚĀõùçŚĀĎéûðřĀÕñõâĊñđõ� ČâðĊ×ìĀþčçãřĀÕéñþĊåö� ĊØřç� éñþĊåöûûøĊãñĊóăð� ċóþ��

çĂõÙăĊĊóçâŝ� ïăÏĀñöĄÏ÷ĀċçõåĀÕčçÏĀñìÿàçĀéñÿèéñĆÕéñþøĂåæĂîĀìûðřĀÕãřûĊçąĒûÕ� ČâðĊ×ìĀþ�

čçøřõçÐûÕ� *OUBLF�%VDU� ÐûÕãÿõĊñąûç�8BUFSKFU�çÿēçïăÒõĀïøėĀÒÿÛûðřĀÕïĀÏåăĒÖþãŚûÕ�ûûÏċèè�

čùŚïăÏĀñĎùóÐûÕ�'MPX�åăĒïă�5VSCVMFODF�åăĒĊùïĀþøï�ĊìñĀþ�*OUBLF�%VDU�ĊéšçÖĆâĊñĂĒïãŚçÐûÕ�'MPX�

ÙĄĒÕÖþäćÏøřÕãřûĊÐŚĀøćřøřõçûąĒçÐûÕñþèèĊØřç� ãÿõ� *NQFMMFS� ċóþ� 4UBUPS� ÖçìřçøćřîĀðçûÏêřĀç� &YJU�

/P[[MF�čçåăĒøĆâ�óÿÏ÷áþÏĀñĎùóÐûÕ�'MPX�êřĀç�*OMFU�%VDU�ÖĄÕĊéšçãÿõċéñãÿõùçĄĒÕåăĒøėĀÒÿÛčçÏĀñ

ÏėĀùçâÒřĀéñþøĂåæĂîĀìÐûÕñþèèÐÿèĊÒóąĒûçċóþĊñąû��

ïùĀõĂåðĀóÿðåĀøïĀĊçăð�	6OJWFSTJUZ�PG�5BTNBOJB
�ċùřÕéñþĊåöûûøĊãñĊóăð�ĎâŚåėĀÏĀñ

õĂÖÿðÙĄĒÕĊÏăĒðõÐŚûÕÏÿèĊñąĒûÕçăēČâðãñÕ��ÏóřĀõÒąû�óÿÏ÷áþ�/PO�VOJGPSN�'MPX�åăĒĊÏĂâÐĄēç�á�ãėĀċùçřÕ�

8BUFSKFU�*OUBLF�ÏřûčùŚĊÏĂâêóÏñþåèČâðãñÕãřûéñþøĂåæĂîĀì�ÐûÕ�+FU�ûăÏåÿēÕðÿÕåėĀčùŚĊÏĂâÏĀñøÿĒç

øþĊåąûçÖĀÏ�$ZDMJDBMMZ�7BSZJOH�-PBET�ċóþ�-PDBM�$BWJUBUJPOT�á�*NQFMMFS�ċóþûĀÖÖþøřÕêó

čùŚĊÏĂâ� 'BUJHVF� åăĒĊçąēûČóùþĎâŚĊØřçÏÿç� ÒáþõĂÖÿðÐûÕïùĀõĂåðĀóÿðĎâŚĊøçûõĂæăċÏŚĎÐéşÛùĀÏĀñĊÏĂâ�

'MPX�%JTUPSUJPO� ĊØřççăēČâðÏĀñ�ãĂâãÿēÕ�7PSUFY�(FOFSBUPS�îĀðčç� *OUBLF� ĊìąĒûéñÿèéñĆÕ�'MPX�

6OJGPSNJUZ� ČâðčØŚ� $'%� 	$PNQVUBUJPOBM� 'MVJE� %ZOBNJDT
� čçÏĀñöĄÏ÷ĀõĂĊÒñĀþùŝãėĀċùçřÕ

åăĒĊùïĀþøïåăĒøĆâÐûÕ�7PSUFY� HFOFSBUPS� ċóþčØŚ�$BWJUBUJPO�5VOOFM� čçÏĀñåâóûÕĊìąĒûÏėĀùçâ�

7BMJEBUJPO�
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ÒáþõĂÖÿðåăĒ�5BTNBOJB�6OJWFSTJUZ�ĊØąĒûõřĀÏĀñãĂâãÿēÕ�ûĆéÏñáŝØĂēççăēĊÐŚĀĎé�á�ÖĆâ�*OUBLF�ÐûÕ�

8BUFSKFU�ûðřĀÕĊùïĀþøï�ĊéšçċçõåĀÕčçÏĀñĊìĂĒïéñþøĂåæĂîĀìÐûÕ�8BUFSKFU�ċçõåĀÕùçĄĒÕ�ÙĄĒÕ

čØŚãŚçåĆçãĒėĀ�ċóþøĀïĀñäóâéşÛùĀÏĀñĊÏĂâ�5VSCVMFODF�ċóþ�$BWJUBUJPOĎâŚ� �éÏãĂċóŚõ�7PSUFY�

(FOFSBUPS�ÖþĊéšçåăĒñćŚÖÿÏïĀÏčçÕĀçåăĒĊÏăĒðõÐŚûÕÏÿèõĂöõññïûĀÏĀöðĀç�ĊéšçøřõçùçĄĒÕåăĒãĂâãÿēÕåăĒéőÏ

ĊÒñąĒûÕèĂç�ĊìąĒûØřõðčùŚÏĀñĎùóÐûÕûĀÏĀö�ïăóÿÏ÷áþ�Ċéšç�6OJGPSN�ïĀÏðĂĒÕÐĄēç�óâÏĀñĎùóêřĀçÐûÕ

ûĀÏĀöċèèéşŢçéŔõçùñąû�5VSCVMFOU�ȽPX��ĊĊóþØřõðØþóûÏĀñĊÏĂâ�#PVOEBSZ� MBZFS�TFQBSBUJPO�

�á�5SBJMJOH�FEHF

åò÷ÝăåăĒĊÏăĒðõÐŚûÕ
Ĵ�ÒĆáóÿÏ÷áþÏóöĀøãñŝÐûÕĎùóÐûÕñþèèõûĊãûñŝĊÖđãĢ�

� øïÏĀñøėĀùñÿèøïññäçþċóþċñÕêóÿÏÐûÕĊÒñąĒûÕøćèçēėĀÖþäćÏčùŚčØŚĊéšçÒõĀïĊñđõÖėĀĊìĀþ�

	4QFDJȼD

7FMPDJUZ
�øăĒÒõĀïĊñđõùóÿÏåăĒãřĀÕÏÿçåăĒčØŚčçÏĀñÒėĀçõáĊéšçĎé�âÿÕñćéåăĒ�ğ�âÿÕçăē

� ě��ÒõĀïĊñđõĊñąû�	4IJQ�4QFFE
�Vship


� Ĝ��ÒõĀïĊñđõåĀÕĊÐŚĀéĀÏåřû�	Vin

� ĝ��ÒõĀïĊñđõÏřûçĊÐŚĀčèìÿâčçċçõċÏçĊìóĀ�	Vpump


� Ğ��ÒõĀïĊñđõåĀÕûûÏ�	Vout


�¡���¬�¹�¥�|oi��i±���|}��¥��l���¤�«��9¹;
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•� ������*������#�&�	��#�(� ( Inlet Velocity Ratio) 
�"+�3�9"�:'�3�;+6��*�6�4�"4��3�!+ ( ) %+�+��3�.��3�N�%��+�7�J�*��.;  
  

          

 
�.:	/:�  �0' ��-�+���+�7&!�I+�3��0:'�%2��;, 4!) D����� �0' ��+�3%J��I+�#2��L�!+��.:�J+��2��'�3��0:'�
%2��;, �"+�3�9"�.;3�N��*"4���.:%,�*
�.:'�-�+���+���+��+�7&!6��+�3�;+ �.:�"+�3�9"3�!.:���+��"+�3�9"
3�0'3�N��"+�3�9"�+�3�;+3��0:'�%2��;, �"+�3�9"3��0:'�%2��;,�)�2��*�6&J�+%*��*��L�*��"+�3�9"3�0'�I+�%��+� 
'*��+�"+�3�9"�+�3�;+ (Inlet Velocity Ratio, IVR)  

        

 

•� ������*������*� (Jet Velocity Ratio) 

�"+�3�9"�+�''� ����  Nozzle �'�"'3�'�L3�9��2��*��+�,�"+�%*��*��L�*���-�+���+�7&!�.:�I+�3��0:'�
%2��;,4!)3%J��I+�#2��L�!+� Nozzle �*��.;  

  

�"+�3�9"�+�''��2��*��+%*��*��L�*��"+�3�9"�+�3�;+ �J"�'*��+%I"��"+�3�9"�I� 	 �*��.; 

    

�+��,�"��:+�,!*��*�3�!0:'� (Propulsion Power) %+�+��&+7�J�+� 
    
 

�,!*��.:�MP��J'�6�;6��+��,�+�%+�+���-�+��+7�J �*��.; 

    

 
��)%-��-�+��'�3��0:'� waterjet �/�%+�+���,�"�7�J �*��.; 
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•� ������*������#�&�	��#�(� ( Inlet Velocity Ratio) 
�"+�3�9"�:'�3�;+6��*�6�4�"4��3�!+ ( ) %+�+��3�.��3�N�%��+�7�J�*��.;  
  

          

 
�.:	/:�  �0' ��-�+���+�7&!�I+�3��0:'�%2��;, 4!) D����� �0' ��+�3%J��I+�#2��L�!+��.:�J+��2��'�3��0:'�
%2��;, �"+�3�9"�.;3�N��*"4���.:%,�*
�.:'�-�+���+���+��+�7&!6��+�3�;+ �.:�"+�3�9"3�!.:���+��"+�3�9"
3�0'3�N��"+�3�9"�+�3�;+3��0:'�%2��;, �"+�3�9"3��0:'�%2��;,�)�2��*�6&J�+%*��*��L�*��"+�3�9"3�0'�I+�%��+� 
'*��+�"+�3�9"�+�3�;+ (Inlet Velocity Ratio, IVR)  

        

 

•� ������*������*� (Jet Velocity Ratio) 

�"+�3�9"�+�''� ����  Nozzle �'�"'3�'�L3�9��2��*��+�,�"+�%*��*��L�*���-�+���+�7&!�.:�I+�3��0:'�
%2��;,4!)3%J��I+�#2��L�!+� Nozzle �*��.;  

  

�"+�3�9"�+�''��2��*��+%*��*��L�*��"+�3�9"�+�3�;+ �J"�'*��+%I"��"+�3�9"�I� 	 �*��.; 

    

�+��,�"��:+�,!*��*�3�!0:'� (Propulsion Power) %+�+��&+7�J�+� 
    
 

�,!*��.:�MP��J'�6�;6��+��,�+�%+�+���-�+��+7�J �*��.; 

    

 
��)%-��-�+��'�3��0:'� waterjet �/�%+�+���,�"�7�J �*��.; 
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•� ������*������#�&�	��#�(� ( Inlet Velocity Ratio) 
�"+�3�9"�:'�3�;+6��*�6�4�"4��3�!+ ( ) %+�+��3�.��3�N�%��+�7�J�*��.;  
  

          

 
�.:	/:�  �0' ��-�+���+�7&!�I+�3��0:'�%2��;, 4!) D����� �0' ��+�3%J��I+�#2��L�!+��.:�J+��2��'�3��0:'�
%2��;, �"+�3�9"�.;3�N��*"4���.:%,�*
�.:'�-�+���+���+��+�7&!6��+�3�;+ �.:�"+�3�9"3�!.:���+��"+�3�9"
3�0'3�N��"+�3�9"�+�3�;+3��0:'�%2��;, �"+�3�9"3��0:'�%2��;,�)�2��*�6&J�+%*��*��L�*��"+�3�9"3�0'�I+�%��+� 
'*��+�"+�3�9"�+�3�;+ (Inlet Velocity Ratio, IVR)  

        

 

•� ������*������*� (Jet Velocity Ratio) 

�"+�3�9"�+�''� ����  Nozzle �'�"'3�'�L3�9��2��*��+�,�"+�%*��*��L�*���-�+���+�7&!�.:�I+�3��0:'�
%2��;,4!)3%J��I+�#2��L�!+� Nozzle �*��.;  

  

�"+�3�9"�+�''��2��*��+%*��*��L�*��"+�3�9"�+�3�;+ �J"�'*��+%I"��"+�3�9"�I� 	 �*��.; 

    

�+��,�"��:+�,!*��*�3�!0:'� (Propulsion Power) %+�+��&+7�J�+� 
    
 

�,!*��.:�MP��J'�6�;6��+��,�+�%+�+���-�+��+7�J �*��.; 

    

 
��)%-��-�+��'�3��0:'� waterjet �/�%+�+���,�"�7�J �*��.; 
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•� ������*������#�&�	��#�(� ( Inlet Velocity Ratio) 
�"+�3�9"�:'�3�;+6��*�6�4�"4��3�!+ ( ) %+�+��3�.��3�N�%��+�7�J�*��.;  
  

          

 
�.:	/:�  �0' ��-�+���+�7&!�I+�3��0:'�%2��;, 4!) D����� �0' ��+�3%J��I+�#2��L�!+��.:�J+��2��'�3��0:'�
%2��;, �"+�3�9"�.;3�N��*"4���.:%,�*
�.:'�-�+���+���+��+�7&!6��+�3�;+ �.:�"+�3�9"3�!.:���+��"+�3�9"
3�0'3�N��"+�3�9"�+�3�;+3��0:'�%2��;, �"+�3�9"3��0:'�%2��;,�)�2��*�6&J�+%*��*��L�*��"+�3�9"3�0'�I+�%��+� 
'*��+�"+�3�9"�+�3�;+ (Inlet Velocity Ratio, IVR)  

        

 

•� ������*������*� (Jet Velocity Ratio) 

�"+�3�9"�+�''� ����  Nozzle �'�"'3�'�L3�9��2��*��+�,�"+�%*��*��L�*���-�+���+�7&!�.:�I+�3��0:'�
%2��;,4!)3%J��I+�#2��L�!+� Nozzle �*��.;  

  

�"+�3�9"�+�''��2��*��+%*��*��L�*��"+�3�9"�+�3�;+ �J"�'*��+%I"��"+�3�9"�I� 	 �*��.; 

    

�+��,�"��:+�,!*��*�3�!0:'� (Propulsion Power) %+�+��&+7�J�+� 
    
 

�,!*��.:�MP��J'�6�;6��+��,�+�%+�+���-�+��+7�J �*��.; 

    

 
��)%-��-�+��'�3��0:'� waterjet �/�%+�+���,�"�7�J �*��.; 
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ÙĄĒÕ� Òąû� éñĂïĀãñÏĀñĎùóêřĀçĊÒñąĒûÕøćèçēėĀ� ċóþ�

•� ������*������#�&�	��#�(� ( Inlet Velocity Ratio) 
�"+�3�9"�:'�3�;+6��*�6�4�"4��3�!+ ( ) %+�+��3�.��3�N�%��+�7�J�*��.;  
  

          

 
�.:	/:�  �0' ��-�+���+�7&!�I+�3��0:'�%2��;, 4!) D����� �0' ��+�3%J��I+�#2��L�!+��.:�J+��2��'�3��0:'�
%2��;, �"+�3�9"�.;3�N��*"4���.:%,�*
�.:'�-�+���+���+��+�7&!6��+�3�;+ �.:�"+�3�9"3�!.:���+��"+�3�9"
3�0'3�N��"+�3�9"�+�3�;+3��0:'�%2��;, �"+�3�9"3��0:'�%2��;,�)�2��*�6&J�+%*��*��L�*��"+�3�9"3�0'�I+�%��+� 
'*��+�"+�3�9"�+�3�;+ (Inlet Velocity Ratio, IVR)  

        

 

•� ������*������*� (Jet Velocity Ratio) 

�"+�3�9"�+�''� ����  Nozzle �'�"'3�'�L3�9��2��*��+�,�"+�%*��*��L�*���-�+���+�7&!�.:�I+�3��0:'�
%2��;,4!)3%J��I+�#2��L�!+� Nozzle �*��.;  

  

�"+�3�9"�+�''��2��*��+%*��*��L�*��"+�3�9"�+�3�;+ �J"�'*��+%I"��"+�3�9"�I� 	 �*��.; 

    

�+��,�"��:+�,!*��*�3�!0:'� (Propulsion Power) %+�+��&+7�J�+� 
    
 

�,!*��.:�MP��J'�6�;6��+��,�+�%+�+���-�+��+7�J �*��.; 

    

 
��)%-��-�+��'�3��0:'� waterjet �/�%+�+���,�"�7�J �*��.; 
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� Òąû� ÐçĀâĊøŚçêřĀçöćçðŝÏóĀÕåăĒ

âŚĀçâćâÐûÕĊÒñąĒûÕøćèçēėĀ� ÒõĀïĊñđõçăēĊéšçãÿõċéñåăĒøėĀÒÿÛåăĒûæĂèĀðéñĀÏÝÏĀñÏĀñĎùóčçåĀÕĊÐŚĀ��

åăĒÒõĀïĊñđõĊéóăĒðçÖĀÏÒõĀïĊñđõĊñąûĊéšçÒõĀïĊñđõåĀÕĊÐŚĀĊÒñąĒûÕøćèçēėĀ� ÒõĀïĊñđõĊÒñąĒûÕøćèçēėĀÖþäćÏÖÿè�

čùŚïĀøÿïìÿçæŝÏÿèÒõĀïĊñđõĊñąûêřĀçøïÏĀñ

ûÿãñĀÒõĀïĊñđõåĀÕĊÐŚĀ�	*OMFU�7FMPDJUZ�3BUJP
�*73

Ĵ�ûÿãñĀøřõçÒõĀïĊñđõåĀÕĊÐŚĀ�	�*OMFU�7FMPDJUZ�3BUJP


Ĵ�ûÿãñĀøřõçÏĀñìřç�	+FU�7FMPDJUZ�3BUJP


ÒõĀïĊñđõåĀÕûûÏ�

•� ������*������#�&�	��#�(� ( Inlet Velocity Ratio) 
�"+�3�9"�:'�3�;+6��*�6�4�"4��3�!+ ( ) %+�+��3�.��3�N�%��+�7�J�*��.;  
  

          

 
�.:	/:�  �0' ��-�+���+�7&!�I+�3��0:'�%2��;, 4!) D����� �0' ��+�3%J��I+�#2��L�!+��.:�J+��2��'�3��0:'�
%2��;, �"+�3�9"�.;3�N��*"4���.:%,�*
�.:'�-�+���+���+��+�7&!6��+�3�;+ �.:�"+�3�9"3�!.:���+��"+�3�9"
3�0'3�N��"+�3�9"�+�3�;+3��0:'�%2��;, �"+�3�9"3��0:'�%2��;,�)�2��*�6&J�+%*��*��L�*��"+�3�9"3�0'�I+�%��+� 
'*��+�"+�3�9"�+�3�;+ (Inlet Velocity Ratio, IVR)  

        

 

•� ������*������*� (Jet Velocity Ratio) 

�"+�3�9"�+�''� ����  Nozzle �'�"'3�'�L3�9��2��*��+�,�"+�%*��*��L�*���-�+���+�7&!�.:�I+�3��0:'�
%2��;,4!)3%J��I+�#2��L�!+� Nozzle �*��.;  

  

�"+�3�9"�+�''��2��*��+%*��*��L�*��"+�3�9"�+�3�;+ �J"�'*��+%I"��"+�3�9"�I� 	 �*��.; 

    

�+��,�"��:+�,!*��*�3�!0:'� (Propulsion Power) %+�+��&+7�J�+� 
    
 

�,!*��.:�MP��J'�6�;6��+��,�+�%+�+���-�+��+7�J �*��.; 

    

 
��)%-��-�+��'�3��0:'� waterjet �/�%+�+���,�"�7�J �*��.; 
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�/P[[MF�ÐûÕõûĊãûñŝĊÖđãäćÏÖÿèïĀåėĀÒõĀïøÿïìÿçæŝÏÿèéñĂïĀãñÏĀñĎùó

åăĒêřĀçĊÒñąĒûÕøćèçēėĀċóþĊøŚçêřĀçöćçðŝÏóĀÕ�/P[[MF�âÿÕçăē
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•� ������*������#�&�	��#�(� ( Inlet Velocity Ratio) 
�"+�3�9"�:'�3�;+6��*�6�4�"4��3�!+ ( ) %+�+��3�.��3�N�%��+�7�J�*��.;  
  

          

 
�.:	/:�  �0' ��-�+���+�7&!�I+�3��0:'�%2��;, 4!) D����� �0' ��+�3%J��I+�#2��L�!+��.:�J+��2��'�3��0:'�
%2��;, �"+�3�9"�.;3�N��*"4���.:%,�*
�.:'�-�+���+���+��+�7&!6��+�3�;+ �.:�"+�3�9"3�!.:���+��"+�3�9"
3�0'3�N��"+�3�9"�+�3�;+3��0:'�%2��;, �"+�3�9"3��0:'�%2��;,�)�2��*�6&J�+%*��*��L�*��"+�3�9"3�0'�I+�%��+� 
'*��+�"+�3�9"�+�3�;+ (Inlet Velocity Ratio, IVR)  

        

 

•� ������*������*� (Jet Velocity Ratio) 

�"+�3�9"�+�''� ����  Nozzle �'�"'3�'�L3�9��2��*��+�,�"+�%*��*��L�*���-�+���+�7&!�.:�I+�3��0:'�
%2��;,4!)3%J��I+�#2��L�!+� Nozzle �*��.;  

  

�"+�3�9"�+�''��2��*��+%*��*��L�*��"+�3�9"�+�3�;+ �J"�'*��+%I"��"+�3�9"�I� 	 �*��.; 

    

�+��,�"��:+�,!*��*�3�!0:'� (Propulsion Power) %+�+��&+7�J�+� 
    
 

�,!*��.:�MP��J'�6�;6��+��,�+�%+�+���-�+��+7�J �*��.; 

    

 
��)%-��-�+��'�3��0:'� waterjet �/�%+�+���,�"�7�J �*��.; 
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•� 	����#�� '���"��(�	�'�%
 

  
 %�����)�'3��0:'�%2��;,%+�+��4%��6��2��'��!1I��*"4��7�J&�I"� %�����)�2�4%��6�3�'�
�'�'*��+�+�7&! �"+�%2�&*"�;, 4!)� �-�����+"-3��*:� 6��2�4��7�J&�I"� '*��+�+�7&!�I+�3��0:'�%2�
�;,�2��,&��6&J3�N� %*���)%-��-<'*��+�+�7&! �*��.;   

        

 
%*���)%-��-<�"+�%2�&*"�;,  �2��,&��7"J�*��.;   

                                                                         

 
 3�0:'   �0' '*��+�+�7&!&�I"� [m3/s] 
   �0' �"+�3�9"�'�6��*�� [rad/s] 
   �0' 3%J��I+#2��L�!+�6��*�� [m] 
   �0'�"+�%2�&*"�;, [m] 
 
�+��*"4��7�J&�I"��;+��J��)�,6&J�,7�%2I�-�+��'��"+�3�9"�,3�+)  (Specific Speed)  	/:�3�N��:+
%,�*
6��+�''�4���MP�&�0'3!0'��+�6�;�+�6&J3&�+)%� 	/:��MP�4�I!)��-��)�.�:+�"+�3�9"�,3�+)  
(Specific Speed) 7�I3�I+�*� �*�4%��6��+�+��.: 1 5���"+�3�9"�,3�+)�)%'��!J'��*��1���)%-��-�+�
%2�%1� �0' 

        

 
 
%+�+��!��2��*:"7�7�J �0' 

 

                                                                                   

  
 	/:�    �0' �"+�3�9"�'�6��*�� [rad/s] 
    �0' '*��+�+�7&! [m3/s] 
   �0' �"+�%2�&*"�;, [m] 
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 %�����)�'3��0:'�%2��;,%+�+��4%��6��2��'��!1I��*"4��7�J&�I"� %�����)�2�4%��6�3�'�
�'�'*��+�+�7&! �"+�%2�&*"�;, 4!)� �-�����+"-3��*:� 6��2�4��7�J&�I"� '*��+�+�7&!�I+�3��0:'�%2�
�;,�2��,&��6&J3�N� %*���)%-��-<'*��+�+�7&! �*��.;   

        

 
%*���)%-��-<�"+�%2�&*"�;,  �2��,&��7"J�*��.;   

                                                                         

 
 3�0:'   �0' '*��+�+�7&!&�I"� [m3/s] 
   �0' �"+�3�9"�'�6��*�� [rad/s] 
   �0' 3%J��I+#2��L�!+�6��*�� [m] 
   �0'�"+�%2�&*"�;, [m] 
 
�+��*"4��7�J&�I"��;+��J��)�,6&J�,7�%2I�-�+��'��"+�3�9"�,3�+)  (Specific Speed)  	/:�3�N��:+
%,�*
6��+�''�4���MP�&�0'3!0'��+�6�;�+�6&J3&�+)%� 	/:��MP�4�I!)��-��)�.�:+�"+�3�9"�,3�+)  
(Specific Speed) 7�I3�I+�*� �*�4%��6��+�+��.: 1 5���"+�3�9"�,3�+)�)%'��!J'��*��1���)%-��-�+�
%2�%1� �0' 

        

 
 
%+�+��!��2��*:"7�7�J �0' 

 

                                                                                   

  
 	/:�    �0' �"+�3�9"�'�6��*�� [rad/s] 
    �0' '*��+�+�7&! [m3/s] 
   �0' �"+�%2�&*"�;, [m] 
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 %�����)�'3��0:'�%2��;,%+�+��4%��6��2��'��!1I��*"4��7�J&�I"� %�����)�2�4%��6�3�'�
�'�'*��+�+�7&! �"+�%2�&*"�;, 4!)� �-�����+"-3��*:� 6��2�4��7�J&�I"� '*��+�+�7&!�I+�3��0:'�%2�
�;,�2��,&��6&J3�N� %*���)%-��-<'*��+�+�7&! �*��.;   

        

 
%*���)%-��-<�"+�%2�&*"�;,  �2��,&��7"J�*��.;   

                                                                         

 
 3�0:'   �0' '*��+�+�7&!&�I"� [m3/s] 
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Pump type  Approximate NS (rad) 
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Waterjet Propulsion �#,*�-� 
*
������'�$�+�� 
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ûæè�ûñ�� ČâðõĂæăÏĀñåėĀõĂöõÏññïðŚûçñûð� 	3FWFSTF� &OHJOFFSJOH
� ĊéšçêóøėĀĊñđÖ� Čâð� åřĀç�

ìó�ñ�û�ûĆâïøõÿøâĂĖ� ĊûÏîćïĂ� çÿèĊéšçÏŚĀõøėĀÒÿÛåăĒåėĀčùŚĊÏĂâÏĀñìÿàçĀøñŚĀÕøĀðÏĀñêóĂãûðřĀÕ�

ãřûĊçąĒûÕÖõèÖçäĄÕõÿççăē�âÿÕñćéåăĒ�ģ

�¡���¬�½�����j��¤l�ï��¥���5?RCPHCR�� Ò��(?ASXXG�µ¸7(���¬��Ó�o¦|�¦�oo����Ò�������������

ÏñþèõçÏĀñõĂöõÏñññïðŚûçñûð�8BUFSKFU�ÐûÕÏñïûćřåùĀñĊñąûģ�
ÏñþèõçÏĀñõĂöõÏññïðŚûçñûðĊÒñąĒûÕìřççēėĀ�˧BSJOF� +FU� ñĆřç�ěĞ�:+�ÖėĀĊéšçãŚûÕåėĀÏĀñ

öĄÏ÷ĀÐŚûïćóÖĀÏãŚçċèè�ĎïřõřĀÖþĊéšçÐçĀâ�	ïĂãĂ
�ØçĂâõÿøâĆ�ûĆéÏñáŝåăĒĊÏăĒðõÐŚûÕåÿēÕùïâ�åăĒéñþÏûè

ÐĄēçïĀĊéšçĊÒñąĒûÕìřççēėĀ� ċóþçėĀïĀöĄÏ÷ĀĊìąĒûøñŚĀÕÐĄēçčùïřčùŚøĀïĀñäåėĀÕĀçĎâŚĊØřçĊâĂï� Čâð

øĀïĀñäÏėĀùçâÐÿēçãûçÏĀñâėĀĊçĂçÏĀñ�ĎâŚċÏř

ě��öĄÏ÷ĀãŚçċèèĊÒñąĒûÕìřççēėĀÖĀÏãřĀÕéñþĊåö

Ĝ��ċðÏØĂēçøřõçéñþÏûèåÿēÕùïâ�ĊìąĒûãñõÖøûèÒĆáóÿÏ÷áþČóùþ

ĝ��ãñõÖøûèïĂãĂċóþĊÐăðçċèè

Ğ��ÖÿâåėĀċèèùóřûâŚõðĎïŚċèè

ğ��ÖÿâøñŚĀÕċïřìĂïìŝċèèåñĀð

Ġ��ùóřûÐĄēçñćéĊÒñąĒûÕìřççēėĀ

ġ��ÏóĄÕ�Ïÿâ�ãÿâ�Ďø�ĊìąĒûčùŚĎâŚÐçĀâĊåăðèĊåřĀãŚçċèè

Ģ��ãñõÖøûèÐçĀâċóþÒĆáóÿÏ÷áþČóùþ
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ěĠĝ

�¡���¬�µ´�i�����i������i����Ó�����¤l�ï�o�Ò��Ó±��+?PGLC�(CR�� Ò��µ¸�7(�¦|��i���¡Ò����¤���

ÏñïûćřÏÿèÏĀñìÿàçĀÕĀçõĂÖÿð�ïĆřÕøćřøĀðÏĀñêóĂãûðřĀÕïăÒĆáîĀì
øąèĊçąĒûÕÖĀÏêóÏĀñĊÏđèÐŚûïćóÏĀñčØŚñþèèÐÿèĊÒóąĒûçċèè�8BUFSKFU�ÐûÕĊñąû�1#3�çÿēç�ìèõřĀ�

ñþèèÐÿèĊÒóąĒûçċèè� 8BUFSKFU� åăĒêóĂãÖĀÏûþóćïĂĊçăðïČâðÏñïûćřåùĀñĊñąû� ïăûĀðĆÏĀñčØŚÕĀççŚûð

ÏõřĀÖĀÏãřĀÕéñþĊåö�ĊìăðÕċÒřĎïřäĄÕ�Ĝ
ĚĚĚ�ØÿĒõČïÕùñąûéñþïĀá�Ĝ�éő�ÙĄĒÕãĒėĀÏõřĀñþèèÐÿèĊÒóąĒûç

ċèè� 8BUFSKFU� åăĒçėĀĊÐŚĀÖĀÏãřĀÕéñþĊåöåăĒûŚĀÕĎõŚ� ĝ
ğĚĚ� ØÿĒõČïÕěĚ� åėĀčùŚÏĀñéÝĂèÿãĂîĀñÏĂÖÐûÕ�

çñÐ�� ïăÒõĀïĊøăĒðÕåĀÕðĆåæÏĀñċóþĊéšçîĀñþÕĀçåăĒïĀÏðĂĒÕÐĄēçãřûùçřõðÙřûïåėĀ� éşÖÖĆèÿç� ûñ��

ĎâŚâėĀĊçĂçÏĀñċÏŚéşÛùĀâÿÕÏóřĀõâŚõðÏĀñÖÿâùĀÖĀÏãřĀÕéñþĊåöĊìĂĒïïĀÏÐĄēç� ċóþêóĂãØĂēçøřõçåăĒ

ØėĀñĆâøėĀñûÕÒóÿÕïĀÏÐĄēçåĆÏéő�âÿÕñćéåăĒ�åÿēÕçăēČâðïăÏĀñøřÕÙřûïéőùçĄĒÕĎïřãĒėĀÏõřĀ�ěĚ�ĊÒñąĒûÕ�ûăÏåÿēÕøřÕ

ĊÖŚĀùçŚĀåăĒĎééñþÖėĀÏĀñåăĒ�çñÐ��øėĀùñÿèñûÕñÿèÏĀñøÿèĊéóăĒðçċóþÙřûïåėĀÏñáă×ĆÏĊ×ĂçĊìąĒûóâÒõĀï

ĊøăĒðÕåĀÕðĆåæÏĀñ�âÿÕñćéåăĒ�ěě
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ěĠĞ

�¡���¬�µµ�����j��¤l�ï��¥���5?RCPHCR�(?ASXXG�µ¸7(���¬���}¦|�i���¡Ò����¤���

óÿÏ÷áþÏĀñøĄÏùñûÐûÕøřõçéñþÏûèčçñþèèÐÿèĊÒóąĒûçċèè�8BUFSKFU�åăĒãñõÖìèĊÏĂâÖĀÏ

ØçâŚõðÐûÕĊùóõċóþûçĆîĀÒÐûÕċÐđÕčçÐûÕĊùóõ�	4MVSSZ�&SPTJPO
�ÒõĀïâÿçÖĀÏÒõĀïĊñđõçēėĀïăÒřĀ

øćÕïĀÏÖçĊÏĂç�ÖĆâÒñĀÏ�	:JFME�4USFOHUI
�ċóþĊïąĒûïăÏĀñãÏÏñþåèÙēėĀĐ�ÖĄÕĊÏĂâÏĀñøĄÏùñû�Čâð

êĂõÐûÕõÿøâĆåăĒĊøăðùĀðÖþïăóÿÏ÷áþĊéšçùóĆï� ĊéšçñûðùðÿÏċóþïăðûâÒóŚĀðíşçĊóąĒûð� çûÏÖĀÏçăēïă

óÿÏ÷áþÏĀñÏÿâÏñřûçñřõïâŚõð� 	&SPTJPO�$PSSPTJPO
� åėĀčùŚÏĀñøĄÏùñûïăÒõĀïñĆçċñÕïĀÏðĂĒÕÐĄēç

�âÿÕñćéåăĒ�ěĜ

�¡���¬�µ¶���i�{�i����i��Ò�j�o�Ò�����i������j��¤l�ï��¥���5?RCPHCR
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ěĠğ

ÏĀñøñŚĀÕċèèØĂēçÕĀç�
åăïõĂÖÿðý� ÏñïûćřåùĀñĊñąûĎâŚâėĀĊçĂçÏĀñøñŚĀÕċèèéñÿèéñĆÕċèèØĂēçøřõçÐûÕ� 8BUFSKFU�

ĊçąĒûÕÖĀÏĊñĀĎïřïăċèèåăĒçėĀïĀčØŚÕĀçčçÏñþèõçÏĀñċïřìĂïìŝùóřû� ÕĀçÏóĄÕ� ċóþÕĀçéñþÏûè��

âÿÕçÿēçÏñþèõçÏĀñåăĒïăÒõĀïÒóĀâĊÒóąĒûççŚûðåăĒøĆâÒąûÏĀñåėĀ� �%�4$"/� ČâðïăÐÿēçãûçøėĀÒÿÛ

ûĀåĂĊØřç�ÏĀñÏėĀùçâÖĆâûŚĀÕûĂÕ�	(SJE�1PJOU
�èçêĂõÐûÕØĂēçÕĀçãŚçċèè�ĊìąĒûčùŚ�-BTFS�4DBOOFS�

øĀïĀñäûŚĀÕûĂÕĊÙãÐûÕÖĆâčçñþèèÒûñŝûûâĂĊçãčçóÿÏ÷áþ� ĝ� ïĂãĂĎâŚ� âÿÕċøâÕčçñćéåăĒ� ĝ�Ğ��

ČâðéÏãĂÒõĀïøÿïìÿçæŝčçñþèèìĂÏÿâÐûÕ�9:;�ÖþäćÏčØŚĊéšçãÿõċåçÐûÕìąēçêĂõîĀðçûÏÐûÕõÿãäĆ�ĊìąĒû

øñŚĀÕÏóĆřïĊïÔÖĆâ�	1PJOU�$MPVE
�ÏřûçåăĒÏóĆřïĊïÔÖĆâÖþäćÏċéóÕčùŚûðćřčçñćéÐûÕċèèÖėĀóûÕìąēçêĂõ�

	4VSGBDF�˧PEFM
�čçóÿÏ÷áþċèèÖėĀóûÕČÒñÕÐřĀð�	˧FTI�˧PEFM
�ĊìąĒûåăĒÖþçėĀċèèÖėĀóûÕìąēçêĂõ�

âÿÕÏóřĀõåăĒĎâŚĎéÐĄēçċèè� 	%SBXJOH
� ĊìąĒûčØŚčçÏĀñêóĂãùñąûĊéñăðèĊåăðèãřûĎé� ÏĀñâėĀĊçĂçÏĀñ�

âÿÕñćéåăĒ�ěĝ

�¡���¬�µ·�i�����i���±�

��"�1!�,�¤�ï���Ó�o¥��

r�­��Ò��j�o�����5?RCPHCR
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ěĠĠ

čçñþèèÐÿèĊÒóąĒûçċèè� 8BUFSKFU� ìèõřĀïăØĂēçøřõçåăĒĊÏĂâØėĀñĆâĊøăðùĀðèřûðÒñÿēÕČâðĊ×ìĀþ

ØĂēçøřõçåăĒêóĂãÖĀÏûóćïĂĊçăðï� ÒáþåėĀÕĀçõĂÖÿðý� ÏñïûćřåùĀñĊñąû� ĎâŚâėĀĊçĂçÏĀñéñÿèéñĆÕčçâŚĀç

õÿøâĆčùŚĊéšçĎéãĀïĊûÏøĀñéñþÖėĀĊÒñąĒûÕåăĒèñĂ÷ÿåêćŚêóĂãñþèĆĎõŚěě��ċóþčùŚïăÏñþèõçÏĀñûèØĆèČóùþ�

ČâðčùŚĊéšçĎéãĀïïĀãñÞĀç�"4˧�	"NFSJDBO�4PDJFUZ�PG�˧FUBMT
�"ĝğĠ5Ġ�ÙĄĒÕãĀïïĀãñÞĀç

ĎâŚÏėĀùçâøřõçêøïåĀÕĊÒïă�ĊéšçĎéãĀïãĀñĀÕåăĒ�Ĝ�

   
 

   
 

�2��.: 13 ��)�"��+��, 3D-SCAN 3�0:'%�J+�4���-;�%I"��'��)�� waterjet 
 

 6��)���*�3�!0:'�4�� Waterjet ��"I+�.�-;�%I"��.:3�-��,�1�3%.�&+��I'���*;�5��3��+)�-;�%I"��.:
�!-��+�'!2�-3�.�� ��)�,�+�"-�*�( ���'2I�&+�3�0' 7�J�,3�-��+���*���1�6��J+�"*%�16&J3�N�7��+�
3'�%+���)�,3��0:'��.:��-$*��2J�!-��)�17"J11 4!)6&J�.��)�"��+�'��1�5!&) 5��6&J3�N�7��+��+��
+� 
ASM (American Society of Metals) A356T6 	/:��+��+��
+�7�J�,&��%I"��%��+�3��. 3�N�7��+�
�+�+��.: 2  
 
�+�+��.: 2 %I"��%��+�3��.�'� A356 �+��+��
+� (�J'�!)5���;,&�*�)12 

Si(%) Al(%) Mn(%) Ti(%) Fe(%) Zn(%) Cu(%) Mg(%) 
6.5-7.5 80 0.1 0.2 0.2 0.1 0.2 0.25-

0.45 
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		�QhrYe���mbF`e[U[cJfmH[jrbI�%/-283-+6��809;7+=398��+->CC3��+;38/��/=�	�)��
	
��$���� ��!!��'96>7/
�";9:/;=3/<�+8.�$/6/-=398��� 980/;;9><��669B<�+8.�$:/-3+6�">;:9</��/=+;3+6���"+1/�
��

� � � � � �

}���o��¬�¶��Ò�������o¤l��j�o��·¹º�}����}�x�����Ó����¦|��Ó±����i�
µ¶

ÏĀñâėĀĊçĂçÏĀñčçâŚĀçÕĀçùóřûĊéšçÏñþèõçÏĀñùçĄĒÕåăĒøėĀÒÿÛ� ÙĄĒÕÖþãŚûÕÒõèÒĆïøřõçêøï

čùŚĊéšçĎéãĀïïĀãñÞĀçåăĒÏėĀùçâċóŚõ� ÖėĀĊéšçãŚûÕûĀöÿðÒõĀïĊØăĒðõØĀÛċóþØėĀçĀÛÐûÕèĆÒóĀÏñ

øėĀùñÿèÕĀçùóřûØĂēçøřõç� 8BUFSKFU� ĊéšçõÿøâĆÏóĆřïûóćïĂĊçăðï� ÙĄĒÕÖþåėĀéÝĂÏĂñĂðĀÏÿèûûÏÙĂĊÖçĊÏĂâ

íŐóŝïûûÏĎÙçŝĎâŚÕřĀð� ČâðčçÐáþÏĀñĊåùóřûçÿēçùĀÏĊÏĂâÏĀñĎùóċèèéşŢçéŔõçÖþåėĀĊÏĂâčùŚíŐóŝï

ûûÏĎÙâŝåăĒêĂõùçŚĀÐûÕČóùþĊùóõĊÏĂâÏĀñïŚõçåÿè� 	GPME
� ĊÐŚĀĎéčçĊçąēûČóùþĊùóõ� íŐóŝïûûÏĎÙâŝ�

åăĒäćÏïŚõçåÿèĎéçăēÖþÏóĀðĊéšçċùóřÕÏėĀĊçĂâÐûÕñćìñĆç�	QPSF�OVDMFBUJPO�TJUF
�ĎâŚěĝ

ÏĀñìÿàçĀċóþéñÿèéñĆÕÏñþèõçÏĀñùóřû� ÒáþõĂÖÿðĎâŚçėĀĊåÒçĂÒãřĀÕĐ� ïĀïĀÏïĀð�

ïĀéñþðĆÏãŝčØŚ� ĎâŚċÏř� ÏĀñčØŚĊåÒçĂÒÏĀñĊãĂïøĀñéñÿèøîĀìĊÏñçóþĊûăðâ� ĊìąĒûéñÿèČÒñÕøñŚĀÕÙĄĒÕ

ÖþøřÕêóčùŚõÿøâĆïăÒõĀïċÐđÕċñÕïĀÏðĂĒÕÐĄēç� ÏĀñãĂâãÿēÕíŐóĊãûñŝåĀÕĊÐŚĀçēėĀČóùþĊìąĒûÏñûÕøĂĒÕøÏéñÏċóþ�

óâÏĀñĊÏĂâÏĀñĎùóċèèéşŢçéŔõç�ÏĀñçėĀåĆřçĊðđç�	$IJMM
�ĊìąĒûċÏŚéşÛùĀÏĀñĊÏĂâČìñÕùâãÿõ�	TISJOLBHF�

QPSPTJUZ
� ċóþÏĀñÒõèÒĆïûĆáùîćïĂċóþÒõĀïĊñđõčçÐáþĊå� ĊéšçãŚç�âÿÕñćéåăĒ� ěĞ�êóÏĀñâėĀĊçĂçÏĀñ

ìèõřĀøĀïĀñäċÏŚĎÐÏĀñĊÏĂâñćìñĆçĎâŚĊéšçûðřĀÕâăĊïąĒûĊéñăðèĊåăðèÏÿèÏñþèõçÏĀñĊâĂï� óâéşÛùĀ

ÏĀñåėĀÕĀçÙēėĀÙŚûçĎâŚĊéšçûðřĀÕïĀÏ
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øřõçùçĄĒÕåăĒïăÒõĀïøėĀÒÿÛ� ÒąûÏñþèõçÏĀñûèØĆèåĀÕÒõĀïñŚûç� 	)FBU� 5SFBUNFOU
� åăĒĎâŚ

ÏėĀùçâĎõŚčç�"4˧�ČâðñþèĆčùŚĊéšç�5Ġ�çÿēçÒąûÏĀñÏĀñåėĀ�4PMVUJPO�)FBU�5SFBUNFOU�
�2VFODIJOH�

ċóŚõåėĀ� "SUJȼDJBMMZ� "HFE� ÙĄĒÕÏñþèõççăēïăÖþïăÒõĀïøėĀÒÿÛčçÏĀñĊéóăĒðçċéóÕÒĆáøïèÿãĂõÿøâĆ�

õÿãäĆéñþøÕÒŝ�ĊìąĒûčùŚïăÒõĀïûřûçãÿõøćÕ�ÐĄēçñćéĎâŚÕřĀð�ïăÒõĀïċÐđÕøćÕ�ĊìąĒûåçÏĀñĊøăðâøă�ïăÒõĀïĊùçăðõ�

øĀïĀñäčØŚÕĀçåăĒïăċñÕÏñþċåÏċóþèĂâãÿõøćÕĎâŚ� ÏĀñâėĀĊçĂçÏĀñÖþĊéšçÏĀñûèØĂēçÕĀçčçĊãĀûè

åăĒûĆáùîćïĂċóþñþðþĊõóĀåăĒÏėĀùçâ� ċóþĊÕąĒûçĎÐÏĀñĊðđçãÿõ� åĀÕåăïõĂÖÿðĎâŚûŚĀÕûĂÕãĀïïĀãñÞĀç�

"4˧�ČâðõÿøâĆĊéšç�"ĝğĠ5Ġ�âÿÕñćéåăĒ�ěğ��

�¡���¬�µ¸�i�����i��¤���Ò�r�­�o����¡��¤����j�or�­��Ò�������5?RCPHCR
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ěĠĢ

èåøñĆé
ĊñąûÙĄĒÕčØŚñþèèÐÿèĊÒóąĒûç� 8BUFSKFU� ïăÐŚûâăùóĀðéñþÏĀñ� ĊØřç� øĀïĀñäċóřçčççēėĀãąēçĎâŚ��

ïăÒõĀïÒóřûÕãÿõøćÕ� øĀïĀñäùðĆâ×ĆÏĊ×ĂçĎâŚ� ċóþïăÒõĀïéóûâîÿðøćÕ� ïăéñþøĂåæĂîĀìøćÕåăĒÒõĀïĊñđõøćÕ�

ĊéšçãŚç�âŚõðĊùãĆçăēÏûÕåÿìĊñąûÖĄÕčØŚñþèèÐÿèĊÒóąĒûçĊñąûØçĂâçăēčçĊñąûãñõÖÏĀñáŝóėĀçēėĀéÝĂèÿãĂùçŚĀåăĒ

ûðćřãĀïØĀðëşŢÕċïřçēėĀ� ĊìąĒûâćċóñÿÏ÷ĀÒõĀïïÿĒçÒÕÐûÕéñþĊåö� ÖĀÏÏĀñóÿÏóûèÏñþåėĀêĂâÏÜùïĀð�

ċóþéşÖÖĆèÿçïăÏĀñçėĀñþèèÐÿèĊÒóąĒûç� 8BUFSKFUïĀčØŚÕĀçÏÿèîĀñÏĂÖčçÏûÕåÿìĊñąûïĀÏÐĄēç��

ÙĄĒÕÖþĊùđçõřĀñþèèÐÿèĊÒóąĒûç8BUFSKFU� åăĒčØŚÕĀçïăÒõĀïùóĀÏùóĀð� ïăÏĀñìÿàçĀñćéċèèċóþ
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%FQBSUNFOU�èÿçåĄÏÐŚûïćóãřĀÕ�Đ�ĊñăðèñŚûðċóŚõÏđÖþøřÕčùŚÏÿè�"DDVSBDZ�$POUSPM���&OHJOFFSJOH�

%FQBSUNFOU�ĊìąĒûãñõÖøûèÒñÿēÕøĆâåŚĀðûăÏÒñÿēÕ�

� "DUJPO�Ī�ĊéšçÏĀñãñõÖøûèÏĀñãñõÖõÿâïĂãĂãřĀÕ�Đ�ÖĀÏÏĀñøñŚĀÕ�#MPDL�åăĒĊÏĂâÐĄēç�ċóþ

õĂĊÒñĀþùŝêóÕĀçÏĀñøñŚĀÕ�#MPDL�ÐûÕëŔĀðøñŚĀÕ�õřĀïăÐŚûèÏìñřûÕåăĒåėĀčùŚĊÏĂâÒõĀïêĂâìóĀâûðřĀÕĎñ�

ċóþÖÿâåėĀèåĊñăðç�	âŚĀçïĂãĂ
�ĊìąĒûçėĀĎééñþðĆÏãŝčØŚÏÿèÏĀñøñŚĀÕĊñąûÒñÿēÕãřûĎé

ĊûÏøĀñåăĒãŚûÕÖÿâåėĀčçÏĀñøñŚĀÕĊñąûÐûÕ�"DDVSBDZ�$POUSPM���&OHJOFFSJOH�

%FQBSUNFOU
čçÐèõçÏĀñøñŚĀÕĊñąûċãřóþČÒñÕÏĀñÐûÕ�%4˧&�åăĒĊÏĂâÐĄēç�"$���&%�ïăÕĀçĊûÏøĀñåăĒãŚûÕ

âėĀĊçĂçÏĀñÖėĀçõç�ğ�ÕĀç�ĎâŚċÏř�

ě
�8FMEJOH�4ISJOLBHF�%SBXJOH

Ĝ
�3FWFSTF�ěĚĚ�ğĚ�˧BSL�-JOF�

ĝ
�"DDVSBDZ�$IFDL�4IFFU

Ğ
�1FOEJOH�8FME�ÐûÕċãřóþ�#MPDL

ğ
�1BJOUJOH�˧BSLJOH�ÐûÕċãřóþ�#MPDL
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åÿēÕçăēĊûÏøĀñãĒĀÕ�Đ�ïăÐēûøÿÕĊÏã�âÿÕçă ē

8FMEJOH�4ISJOLBHF�%SBXJOH�

ĊéšçĊûÏøĀñåăĒÖþċøâÕčùŚëŔĀðøñŚĀÕåñĀèõřĀčçÏĀñĊØąĒûï� #MPDL� ċãřóþ� #MPDL� ĊÐŚĀâŚõðÏÿç��

ãĀïÐèõçÏĀñĊØąĒûïÖþĊÏĂâÏĀñùâãÿõÐûÕċêřçĊùóđÏèñĂĊõáåăĒĊØąĒûïĎéĊåřĀĎñ� ÐŚûïćóçăēÖþäćÏçėĀĎéčØŚ�

ĊìąĒûÏĀñûûÏċèèãÿâċêřçĊùóđÏ� ÏĀñÒõèÒĆïÒĆáîĀìÏĀñĊØąĒûï� ċóþÏĀñÒõèÒĆïïĂãĂÐûÕ� #MPDL��

îĀðùóÿÕÏĀñĊØąĒûï�ÖĀÏÏĀñøûèäĀïìèõřĀ�%4˧&�ïăÐŚûïćóÒõĀïñćŚåăĒĎâŚÖĀÏÏĀñøþøïéñþøèÏĀñáŝ

čçÏĀñøñŚĀÕĊñąûïĀûðřĀÕãřûĊçąĒûÕ� ÖçĎâŚÐŚûïćóÏĀñùâãÿõÐûÕċêřçĊùóđÏÐçĀâÒõĀïùçĀãřĀÕ� Đ��

åăĒĊÏĂâÖĀÏÏĀñĊØąĒûï� ċóþĎâŚñõèñõïĎõŚĊéšçĊûÏøĀñ� 	8FMEJOH� 4ISJOLBHF� ˧BOVBM
� øėĀùñÿèčØŚ

ÕĀçîĀðčçèñĂ÷ÿå�ãóûâÖç�%4˧&�ðÿÕïăÐŚûïćóåăĒĎâŚÖĀÏÏĀñøñŚĀÕĊñąûéñþĊîåĊâăðõÏÿçïĀéñþÏûè

čçÏĀñÖÿâåėĀûăÏâŚõð� ĊØřç� ĊñąûíñĂĊÏãÐûÕ� åñ�� Ďåð� ÖþĎâŚÐŚûïćóÖĀÏÏĀñøñŚĀÕĊñąûíñĂĊÏãÐûÕ� åñ��

ĊÏĀùóăčãŚ� ÙĄĒÕÏėĀóÿÕâėĀĊçĂçÏĀñøñŚĀÕûðćřčçÐáþçÿēç� ïĀĊéšçÐŚûïćóéñþÏûèĊìąĒû� 6QEBUF� ÐŚûïćóûðćř

ãóûâĊõóĀ�åÿēÕçăēĊûÏøĀñ�8FMEJOH�4ISJOLBHF�˧BOVBM�çăēĊéšçĊûÏøĀñîĀðčçÐûÕ�%4˧&�ċóþ�

ĎïřûçĆÛĀãčùŚåėĀÏĀñÒÿâóûÏùñąûäřĀðñćé�

ĊûÏøĀñ��8FMEJOH�4ISJOLBHF�%SBXJOH�ÖþĊñĂĒïãŚçÏĀñÖÿâåėĀČâðčØŚÐŚûïćóâÿÕãřûĎéçăē

Ĵ�ĊûÏøĀñ�#MPDL�%JWJTJPO�åăĒåĀÕ�1SPEVDUJPO�&OHJOFFSJOH�%FQBSUNFOU�ĊéšçêćŚÖÿâåėĀ�

Ĵ�ĊûÏøĀñ�%FUBJM�"TTFNCMZ�1SPDFEVSF� 	%�"�1
� ĊìąĒûãñõÖøûèõřĀÏĀñéñþÏûèØĂēçøřõç�

	$PNQPOFOU
�čçċãřóþØřõÕčØŚÏĀñĊØąĒûï�	8FMEJOH
�ċèèčâ

Ĵ�ĊûÏøĀñ�)VMM�4USVDUVSF�%FTJHO�%SBXJOH�ĊìąĒûãñõÖøûèõřĀċêřçĊùóđÏåăĒčØŚčçċãřóþØřõÕ

ÐûÕČÒñÕøñŚĀÕĊñąûïăÐçĀâûðřĀÕĎñ�ïăÏĀñûûÏċèè�4QBDJOH�ñþùõřĀÕ�(JSEFS�ĊåřĀĎñ�4IFMM�5IJDL�

OFTT�ÐûÕċãřóþ�#MPDL�ĊéšçûðřĀÕĎñ�ýóý

Ĵ�4QFDJȼDBUJPO�ÐûÕûĆéÏñáŝãřĀÕ�Đ�åăĒÖþãĂâãÿēÕčçċãřóþ�#MPDL�

ČâðÐŚûïćóĊùóřĀçăēÖþäćÏçėĀïĀĊìąĒûÖÿâåėĀ� 8FMEJOH� 4ISJOLBHF� %SBXJOH� ĊìąĒûčùŚÐŚûïćó�

ÒõĀïĊéšçĎéĎâŚ��čçÏĀñùâãÿõÐûÕċêřçĊùóđÏčçØřõÕÏĀñøñŚĀÕ�ĊìąĒûçėĀĎéčØŚčçÏĀñõĀÕċêçĊìąĒûÏĀñøñŚĀÕ�

#MPDL�ċãřóþ�#MPDL���ÏĀñéñþÏûèĊñąû�	&SFDUJPO
�ĊñąûåÿēÕóėĀãřûĎé
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�¡��¸�#PCARGML�1FPGLI?EC�1WK@MJ

ÐŚûøÿÕĊÏã

Ĵ�ÒřĀ�8FMEJOH�4ISJOLBHF�ÐûÕ�%4˧&�ÖþûðćřñþùõřĀÕ�Ě�Ğ�Ī�Ě�Ģ�ïï��øėĀùñÿèČÒñÕøñŚĀÕ

åăĒĊéšçĊùóđÏ�åÿēÕçăēčçèĀÕãėĀċùçřÕäĄÕċïŚÖþĊéšçĊùóđÏÐçĀâĊâăðõÏÿçÏđÖþïăÒřĀ��8FMEJOH�4ISJOLBHF�

ĎïřĊåřĀÏÿç

Ĵ�4JEF� 8BMM� &MFWBUJPO� ÐûÕĊøĀÏñþČâÕčùŚÒřĀ� 8FMEJOH� 4ISJOLBHF� ĎõŚĊìăðÕ� Ě�Ĝ� ïï���

ûĀÖÖþĊéšçĊìñĀþčØŚõÿøâĆûóćïĂĊçăðï

Ĵ�ÖĀÏÏĀñûèñïìèõřĀ�%4˧&�ðûïčùŚïăÒřĀ�5PMFSBODF�ÐûÕ�'PVOEBUJPO�ĎâŚåăĒ�����ğ�ïï��

åÿēÕ�%JNFOTJPO�ċóþ�-FWFM�čçÏĀñãñõÖøûèċóþèÿçåĄÏêóčç�"DDVSBDZ�$IFDL�4IFFU

Ĵ�%4˧&�ïăĊûÏøĀñ�8FMEJOH�4ISJOLBHF�˧BOVBM�øėĀùñÿèčØŚîĀðčçèñĂ÷ÿå� ČâðĊéšçÏĀñ

ñõèñõïÐŚûïćóåăĒĎâŚÖĀÏÏĀñøñŚĀÕĊñąûåăĒêřĀçïĀ� åĀÕÒáþñÿèÏĀñäřĀðåûâ� ý� ĎâŚñŚûÕÐûĊûÏøĀñ�

âÿÕÏóřĀõïĀĊìąĒûåėĀÏĀñöĄÏ÷Ā� ċãřèñĂ÷ÿå� %4˧&� éÝĂĊøæåăĒÖþčùŚ� ČâðûŚĀÕõřĀĊéšçÒõĀïóÿèÐûÕ�

åĀÕèñĂ÷ÿå�ûðřĀÕĎñÏđãĀïùĀÏïăùóÿÏøćãñûąĒç�Đ�åăĒÖþãŚûÕĊÏăĒðõÐŚûÕÏÿèÏĀñĊØąĒûï�ÏđÒõñåăĒÖþùĀČûÏĀø

öĄÏ÷ĀĊûÏøĀñâÿÕÏóřĀõâŚõð
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�¡��¹�1FCJJ�#VN?LQGML�1FPGLI?EC�"P?UGLE

�¡��º�5CJBGLE�1FPGLI?EC�"P?UGLE�j�o� JMAI�µ´·
�µ´¸�¥���µ´¹
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�¡��»�2WN�MD�1FPGLI?EC�j�o�"1+#

3FWFSTF�ěĚĚ�ğĚ�˧BSL�-JOF�
ĊéšçĊøŚçåăĒčØŚøėĀùñÿèÒõèÒĆïċçõ� 	"MJHONFOU
� čçÏĀñĊØąĒûïéñþÏûè� #MPDL� øûÕ� #MPDL��

ĊÐŚĀâŚõðÏÿç�Čâð�%4˧&�ÏėĀùçâčùŚóĀÏĊøŚç�3FWFSTF�ěĚĚ�ğĚ�˧BSL�-JOF�ÐçĀçĎéÏÿè�˧PME�

-JOF�øėĀùñÿèĊØąĒûïċêřç�4UJȻFOFS�-POHJUVEJOBM�(JSEFS�èçċêřç�1MBUF�ČâðÏĀñ�˧BSL�ĊøŚç�ěĚĚ

�-JOF�ÖþÏñþåėĀåÿēÕøûÕâŚĀç�åÿēÕçăēĊøŚçĊØąĒûïåÿēÕâŚĀçùçŚĀċóþùóÿÕ�3FWFSTF�ěĚĚ�˧BSL�-JOF�Öþïă

éñþČðØçŝøėĀùñÿè�

ě
�õÿâċçõ�	"MJHONFOU
�ÐûÕÏĀñĊØąĒûïċêřç�4UJȻFOFS�-POHJUVEJOBM�(JSEFS�õřĀĎâŚċçõùñąûĎïř�

Ĝ
� čØŚøėĀùñÿèĊéšçċçõøėĀùñÿèÏĀñĊØąĒûïċêřç� 4UJȻFOFS�-POHJUVEJOBM� (JSEFS� ÐûÕ� #MPDL��

åăĒÖþïĀĊØąĒûïãřûÏÿèċêřçċñÏõřĀ�˧PME�-JOF�ûðćřåăĒčâ���

ÖĀÏÏĀñĊâĂçãñõÖøûèčçČñÕÕĀçñřõïÏÿèêćŚøûçìèõřĀÏĀñ� ˧BSL� ċçõĊùóřĀçăē� %4˧&��

čØŚĊÒñąĒûÕ�"VUPNBUJD�˧BSLJOH�˧BDIJOF�čçČñÕÕĀçøñŚĀÕ�#MPDL�čçÏĀñâėĀĊçĂçÏĀñ�ČâðÖþïăÏĀñ

ãñõÖøûèÒõĀïäćÏãŚûÕÐûÕÏĀñ�˧BSL�ÏřûçÏĀñĊØąĒûï
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�¡��¼�+MJB�*GLC�¥���µ´´�+)�*GLC

�¡��½�i����|�+MJB�*GLC�¥���µ´´�+)�*GLC
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"DDVSBDZ�$IFDL�4IFFU
ĊéšçĊûÏøĀñåăĒčØŚøėĀùñÿèãñõÖøûèïĂãĂÐûÕ� 4VCĪ#MPDL� "TTFNCMZ� ùñąû� #MPDL� õřĀïăïĂãĂ�

äćÏãŚûÕ�������ĎâŚÐçĀâãĀïåăĒûûÏċèèĎõŚùñąûĎïř��ïăñþâÿè�	-FWFM
�ĊéšçûðřĀÕĎñ�åÿēÕçăēĊûÏøĀñ�"DDVSBDZ�

$IFDL�4IFFU������ÖþÖÿâåėĀčçñćéÐûÕ��%�ċóþ��%�%SBXJOH�ċóþÏėĀùçâÖĆâøėĀùñÿèÏĀñãñõÖõÿâ

ĎõŚčùŚêćŚõÿâĎâŚâėĀĊçĂçÏĀñ�

ČâðĊûÏøĀñ� "DDVSBDZ� $IFDL� 4IFFU� ÖþïăÒřĀïĀãñÞĀç� 	ÒřĀûûÏċèè
� ÏėĀùçâĎõŚĊéšç

ÐŚûïćóûŚĀÕûĂÕ� ñõïåÿēÕÒřĀ� 5PMFSBODF�åăĒðûïñÿè� ĎâŚÏėĀùçâĎõŚâŚõð� åÿēÕçăēčçÏĀñãñõÖõÿâ� êćŚãñõÖõÿâ�

ÖþãŚûÕóÕÐŚûïćóÐûÕĊÒñąĒûÕïąûåăĒãñõÖõÿâøėĀùñÿèÏĀñøûèÏóÿè�	5SBDUBCJMJUZ
�âŚõð�ČâðêćŚøñŚĀÕ�#MPDL�

ãřĀÕ�Đ�	1SPEVDUJPO�%FQBSUNFOU�Ī�#MPDL�"TTFNCMZ�4IPQ
�ÖþĊéšçêćŚèÿçåĄÏêó��%4˧&�ĊñăðÏõřĀ�

1SPEVDUJPO�"DDVSBDZ�$POUSPM�ċóþĊïąĒûèÿçåĄÏêóċóŚõĊøñđÖÖþøřÕ�"DDVSBDZ�$IFDL�4IFFU�ïĀðÿÕ�

"DDVSBDZ�$POUSPM���&OHJOFFSJOH�%FQBSUNFOU� 	"$�&%
� ĊìąĒûåėĀÏĀññõèñõï� õĂĊÒñĀþùŝêó�

ċóþãñõÖøûèÒõĀïäćÏãŚûÕãřûĎé� åÿēÕçăēÏĀñãñõÖõÿâčçċãřóþØřõÕĊõóĀÐûÕÏĀñøñŚĀÕĊñąû� 	#VJMEJOH�

4UBHF
�ÖþïăÐŚûïćóøėĀÒÿÛåăĒãŚûÕèÿçåĄÏâÿÕçăē����

�¡��µ´�4GR?J�.MGLR�§�i�������ilÒ�§�¥}Ò���QR?EC�j�o��AASP?AW�!FCAI�1FCCR
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APCPCWM_4828539:WP_0000045WP_0000045

A
P

C
P

C
W

M
_4

82
85

39
:W

P
_0

00
00

45
W

P
_0

00
00

45


����������
����䏭㍌㉔㇠㛹Ḵ⫠⺴㢨ᷱ⫰�������������	��

�������������������	�
��		���
��	����
	��

��3.3 Accuracy check sheet
3.3.4 Two/Three Dimension

Two-Dimension (2D)Two-Dimension (2D) Three-Dimension (3D)Three-Dimension (3D)
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1FOEJOH�8FME

�¡��µ¶�"1+#�.CLBGLE�

5CJB�1R?LB?PB

ĊéšçÏĀñÏėĀùçâõřĀċêřç�-POHJUVEJOBM�5SBOTWFSTF�4UJȻFOFS�ÖþéóřûðñþðþùřĀÕâŚĀçéóĀð

ċêřçåăĒĎïřãŚûÕĊØąĒûï� 	1FOEJOH� 8FME
� ĎõŚøėĀùñÿèÏĀñéñÿèċãřÕčçÐÿēçãûçÐûÕÏĀñ� 1SFĪ&SFDUJPO�

ùñąû�&SFDUJPO�ÐûÕ�#MPDL�ĎõŚĊåřĀĎñ�%4˧&�ĎâŚÏėĀùçâÒřĀĎõŚčØŚĊéšçïĀãñÞĀçâÿÕçăē

1BJOUJOH�˧BTLJOH
ĊéšçÏĀñÏėĀùçâčùŚČñÕÕĀç�#MBTUJOH���1BJOUJOH�åñĀèõřĀÖþïăċçõĊØąĒûïûðćřèñĂĊõáčâĊìąĒûåăĒ

ÖþĎâŚåėĀÏĀñãĂâċäèéŕûÕÏÿçčçÐÿēçãûçÏĀñåėĀøă

�¡��µ·�i���±��.?GLRGLE�+?QIGLE
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#MPDL�"TTFNCMZ�"DDVSBDZ�$POUSPM

Ĵ�ċèřÕĊéšçøĀïØřõÕÒąû�4VCĪ"TTFNCMZ
�6OJU�"TTFNCMZ�ċóþ�(SBOE�"TTFNCMZ�

Ĵ�ØřõÕ�4VC�Ī�"TTFNCMZ�ÖþãñõÖøûèïĂãĂ�ċóþ�"MJHONFOU�

Ĵ�ØřõÕ�6OJU�"TTFNCMZ�ÖþãñõÖøûè�4ISJOLBHF
�-FWFM
�%JNFOTJPO
�5PMFSBODF�

Ĵ�ØřõÕ�(SBOE�"TTFNCMZ�ÖþãñõÖøûèåÿēÕùïâ

ÏĀñãñõÖøûè� #MPDL� "TTFNCMZ� "DDVSBDZ� $POUSPM� ĊéšçÕĀçùóÿÏåăĒčØŚÏĀñãñõÖøûè�

âŚõðûĆéÏñáŝùóÿÏÐûÕ� %4˧&� ÒąûÏóŚûÕùĀñþâÿè� 	-FWFM� ˧FBTVSFNFOU
� ċóþÏóŚûÕ��

5PUBM�4UBUJPO�

�¡��µ¸�i��}��p���� JMAI��QQCK@JW�§�¦�oo��

�¡��µ¹�i�Ó�o����|�����SRMK?RGA�*CTCJGLE�

�¡��µº�2MR?J�1R?RGML









TURBULO
Bilge Water Separator

MIL-SPEC 
Reverse 
Osmosis

Natural Products with Countless Solutions

48/5-6 �´Ê��5 °µ�µ¦�¦̧�µ�°¤Á¡¨È��r��°¥¦́��µ£·Á¬��20 Â�ª�­µ¤Á­��°��Á��®oª¥�ªµ����¤��10310

Á�°¦r�·��n°���065-789-������(PDLO��LQIR#YDUFKLUDGKRUQ�FR�WK��,'�/LQH��EPQ2003
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COMPAC Seawater Lubricated
Propeller Shaft Bearings

used by over 40 Navies and Coast Guards

With over 35 years of bearing experience using the proven
principles of seawater lubrication, Thordon’ s propeller shaft
bearing systems are simple, reliable and oil-free for newbuilds
and conversions

wwwwww..TThhoorrddoonnBBeeaarriinnggss..ccoomm

• Proven Performance
• No Catastrophic Failure
• Low Accoustic Signature
• COMPAC Seawater Lubricated Propeller
Shaft Bearing System
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ÏĀñÒõèÒĆïÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąûĊÏăĒðõÐŚûÕÏÿèĊñąĒûÕ� ÐÿēçãûçčçÏĀñøñŚĀÕĊñąûÐûÕ

ûćřãřûĊñąû�ØřõÕĊõóĀøėĀÒÿÛčçÏĀñãřûĊñąû�	˧JMFTUPOF
�ċêçùóÿÏčçÏĀñøñŚĀÕĊñąû�	1SPEVDUJPO�˧ BTUFS�

4DIFEVMF
� ÒõĀïùïĀðÐûÕøřõçéñþÏûèãÿõĊñąû� 	0VUȼUUJOH
� ØřõÕĊõóĀåăĒÖþãĂâãÿēÕ� 	4UBHF
� ċóþ

ċêçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąûčçØřõÕãřĀÕĐ���
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ěģĝ

ě��ÐÿēçãûçčçÏĀñøñŚĀÕĊñąû�	$POTUSVDUJPO

ÏĀñøñŚĀÕĊñąûċãřóþóėĀÐûÕèñĂ÷ÿå�%4˧&�çÿēç�ïăÏñþèõçÏĀñåăĒĊÏăĒðõÐŚûÕùóĀÏùóĀðÐÿēçãûç

ĊØřç� ÏñþèõçÏĀñčçÏĀñûûÏċèè� 	%FTJHO
� ÏñþèõçÏĀñčçÏĀñøñŚĀÕĊñąû� 	$POTUSVDUJPO
� ÙĄĒÕ

ÏñþèõçÏĀñčçÏĀñøñŚĀÕĊñąûðÿÕøĀïĀñäċèřÕĊéšçÐÿēçãûçðřûðĐ�ĎâŚâÿÕçăē

ě�ě�ÏĀñÖÿâùĀìÿøâĆ�	˧BUFSJBM


ě�Ĝ�ÏĀñÐçøřÕìÿøâĆïĀðÿÕûćřãřûĊñąû�	6OMPBEJOH


ě�ĝ�ÏĀñÖÿâĊÏđèċóþÏĀñĊñăðÕċêřçĊùóđÏãřûĊñąûåăĒûćřý�	4UFFM�4UPDL


ě�Ğ�ÏĀñĊãñăðïċêřçĊùóđÏ�	5SFBUNFOU��)FBUJOH
�#MBTUJOH
�4QBZ
�%SZ


ě�ğ�ÏĀñãÿâċêřçĊùóđÏ�	$VUUJOH


ě�Ġ�ÏĀñâÿâċêřçĊùóđÏċóþČÒñÕøñŚĀÕ�	$VSWFE�1MBUF��3PMMJOH
�#FOEJOH
�1SFTT���

,OVDLMF


ě�ġ�ÏĀñêóĂãØĂēçøřõçðřûð�	"TTFNCMZ��5�CBS
�4NBMM�BTTFNCMZ
�DPNQPOFOUT


ě�Ģ�ÏĀñøñŚĀÕèóđûÏ�	#MPDL�'BCSJDBUJPO
�

ě�ģ�ÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąûóřõÕùçŚĀ�	1SF�0VUȼUUJOH


ě�ěĚ�ÏĀñåėĀÒõĀïøþûĀâìąēçêĂõèóđûÏ�	#MPDL�#MBTUJOH


ě�ěě�ÏĀñåėĀøăèóđûÏ�	#MPDL�1BJOUJOH


ě�ěĜ�ÏĀñéñþÏûèèóđûÏčùÛř�	1SF�&SFDUJPO


ě�ěĝ�ÏĀñéñþÏûèãÿõĊñąû�	&SFDUJPO
�

ě�ěĞ�ÏĀñéóřûðĊñąûóÕçēėĀ�	-BVODIJOH


ě�ěğ�ÏĀñãĂâãÿēÕûĆéÏñáŝèçĊñąûèñĂĊõáùçŚĀåřĀĊñąû�	2VBZ


ě�ěĠ�ÏĀñåâøûèåâóûÕčçåþĊó�	4FB�5SJBM


ě�ěġ�ÏĀñøřÕïûèĊñąû�	%FMJWFSZ
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ěģĞ

Ĝ��ØřõÕøėĀÒÿÛčçÏĀñøñŚĀÕĊñąû�	˧JMFTUPOF

ÏñþèõçÏĀñčçÏĀñøñŚĀÕĊñąûãĀïÐŚûåăĒ� ě� çÿēç� ïăÐÿēçãûçâėĀĊçĂçÏĀñÖėĀçõçïĀÏ� âÿÕçÿēç�

ĊìąĒûÖþčùŚêćŚĊÏăĒðõÐŚûÕøĀïĀñäïûÕîĀìñõïûðřĀÕøþâõÏ� øĀïĀñäåėĀĎâŚČâðÏėĀùçâØřõÕøėĀÒÿÛčç

ÏĀñøñŚĀÕĊñąû�	˧JMFTUPOF
�ċóþñõïÐÿēçãûçÏĀñøñŚĀÕĊñąûĎâŚâÿÕçăē

Ĝ�ě�4UFFM�$VUUJOH�	4�$
�ÖĆâĊõóĀåăĒĊñĂĒïãÿâċêřçĊùóđÏċêřçċñÏ�ãĀïÐÿēçãûçåăĒ�ě�ğ

Ĝ�Ĝ�,FFM�-BZJOH�	,�-
�ÖĆâĊõóĀåăĒĊñĂĒïéñþÏûèãÿõĊñąû�	&SFDUJPO
�ãĀïÐÿēçãûçåăĒ�ě�ěĝ

Ĝ�ĝ�-BVODIJOH�	-�$
�ÖĆâĊõóĀåăĒĊñĂĒïçÿèÖĀÏÏĀñéóřûðĊñąûóÕçēėĀ�	-BVODIJOH
��ãĀï�

ÐÿēçãûçåăĒ�ě�ěĞ

Ĝ�Ğ�%FMJWFSZ�	%�-
�ÖĆâĊõóĀåăĒĎâŚøřÕïûèĊñąû�	%FMJWFSZ
�ãĀïÐÿēçãûçåăĒ�ě�ěġ

èñĂ÷ÿåý� ÖþéñþïĀáÏĀñĊõóĀčçÏĀñøñŚĀÕĊñąûÖĀÏéñþøèÏĀñáŝčçÏĀñøñŚĀÕĊñąûåăĒïăóÿÏ÷áþ

čÏóŚĊÒăðÕÏÿç�ãÿõûðřĀÕĊØřç�ÖþčØŚĊõóĀÖĀÏ�4UFFM�$VUUJOH�	4�$
�äĄÕ�,FFM�-BZJOH�	,�-
�éñþïĀá�

Ģ�Ċâąûç�ÖþčØŚĊõóĀÖĀÏ�,FFM�-BZJOH�	,�-
�äĄÕ�-BVODIJOH�	-�$
�éñþïĀá�Ģ�Ċâąûç�ċóþÖþčØŚ

ĊõóĀÖĀÏ�-BVODIJOH�	-�$
�äĄÕ�%FMJWFSZ�	%�-
�éñþïĀá�ěğ�Ċâąûç�âÿÕçÿēçÖþčØŚĊõóĀčçÏĀñøñŚĀÕ

ĊñąûãÿēÕċãřĊñĂĒïãÿâċêřçĊùóđÏÖçäĄÕÏĀñøřÕïûèĊñąûčØŚĊõóĀéñþïĀá�ĝě�Ċâąûç

�¡���¬�µ�rÒ�o�±�l�u§�i����Ó�o¤���
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ěģğ

ĝ��ċêçÏĀñøñŚĀÕĊñąû�1SF�QMBO�ċóþ�1PTU�QMBO

ĊïąĒûåñĀèØřõÕĊõóĀøėĀÒÿÛ�	˧JMFTUPOF
�čçÏĀñøñŚĀÕĊñąûãĀïÐŚû�Ĝ�ċóŚõ�ÖþčØŚÐŚûïćóâÿÕÏóřĀõ

čçÏĀñÖÿâåėĀ�ċêçùóÿÏčçÏĀñøñŚĀÕĊñąû�	1SPEVDUJPO�˧ BTUFS�4DIFEVMF
�ČâðċêçâÿÕÏóřĀõÖþċèřÕ

ÏĀñøñŚĀÕĊñąûĊéšçċèèìąēçåăĒ�	;POF
�éñþÏûèĎéâŚõð�4VQFS�4USVDUVSF�;POF
�'8%�)VMM�;POF
�

$PNCBU�˧BOBHFNFOU�4ZTUFN���˧BKPS�&RVJQNFOU�;POF
�&OHJOF�3PPN�"SFB�;POF
�ċóþ�

"'5� )VMM� ;POF� ÖĀÏçÿēçÖþčØŚċêçùóÿÏčçÏĀñøñŚĀÕĊñąûçăēĊéšçÐŚûïćóčçÏĀñÖÿâåėĀċêç� 1SF��

1SPEVDUJPO� 4DIFEVMF� 	1SF�QMBO
� ċóþ� 1PTU�1SPEVDUJPO� 4DIFEVMF� 	1PTU�1MBO
� ÙĄĒÕÖþ

ĊÏăĒðõÐŚûÕČâðãñÕčçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû

Čâð�1SF�QMBO�ÖþèûÏäĄÕÏĂÖÏññï�	"DUJWJUJFT
�ÐûÕÐÿēçãûçåăĒ�ě�ě���ě�ěĜ�ùñąûÖĀÏ�4UFFM�

$VUUJOH� 	4�$
� äĄÕ� ,FFM� -BZJOH� 	,�-
� ÙĄĒÕĊéšçÏĂÖÏññïčçÏĀñøñŚĀÕĊñąûÏřûçõĀÕÏñþâćÏÕć� øřõç�

1PTU�QMBO�çÿēçÖþèûÏäĄÕÏĂÖÏññïÐûÕÐÿēçãûçåăĒ�ě�ěĝ���ě�ěġ�ùñąûÖĀÏ�,FFM�-BZJOH�	,�-
�äĄÕ�

%FMJWFSZ� 	%�-
� ÙĄĒÕĊéšçÏĂÖÏññïčçÏĀñøñŚĀÕĊñąûùóÿÕÖĀÏÏĀñõĀÕÏñþâćÏÕćÖçĎéäĄÕÏĂÖÏññïčçÏĀñ

øřÕïûèĊñąû

ÏĀñċèřÕċêçý�ûûÏĊéšç�1SF�QMBO�ċóþ�1PTU�QMBO�çÿēç�ìèõřĀïăéñþČðØçŝÏÿèêćŚéÝĂèÿãĂÕĀç

ċóþêćŚÒõèÒĆïÏĀñéÝĂèÿãĂåăĒĊÏăĒðõÐŚûÕčçÏĀñøñŚĀÕĊñąûĊéšçûðřĀÕïĀÏ� ĊçąĒûÕÖĀÏ� 1SF�QMBO� ÖþñþèĆõřĀ

ÏĂÖÏññïåăĒãŚûÕâėĀĊçĂçÏĀñÖþãŚûÕâėĀĊçĂçÏĀñÏÿèèóđûÏùïĀðĊóÐĊåřĀĎùñř� ĊïąĒûêćŚéÝĂèÿãĂÕĀçåñĀèõřĀ�

ãçĊûÕãŚûÕĎééÝĂèÿãĂÕĀçåăĒèóđûÏčâ� ÏđÖþãñõÖøûèÖĀÏñþèèĎâŚåÿçåăõřĀÐáþçăēèóđûÏâÿÕÏóřĀõ�

ãÿēÕûðćřèñĂĊõáĎùçÐûÕûćřý� åėĀčùŚóâéşÛùĀÒõĀïøÿèøçčçÏĀñĊÐŚĀĎééÝĂèÿãĂÕĀç� ĊçąĒûÕÖĀÏèóđûÏ

ċãřóþèóđûÏÖþïăÏĀñĊÒóąĒûçðŚĀðĎéðÿÕãėĀċùçřÕåăĒãŚûÕéÝĂèÿãĂÕĀçčçċãřóþÐÿēçãûçûðćřĊéšçéñþÖėĀ�

ñõïäĄÕìÿøâĆãřĀÕ� Đ� ÏđÖþäćÏñþèĆõřĀĊéšçÐûÕèóđûÏčâåėĀčùŚóâéşÛùĀÏĀñãĂâãÿēÕûĆéÏñáŝêĂâèóđûÏ

ĎâŚĊéšçûðřĀÕâăøėĀùñÿèêćŚÒõèÒĆïÏĀñéÝĂèÿãĂøĀïĀñäãñõÖøûèÒõĀïÏŚĀõùçŚĀčçÏĀñøñŚĀÕĊñąûÖĀÏ

ĊéûñŝĊÙđçãŝÐûÕøřõçéñþÏûèãÿõĊñąûåăĒãĂâãÿēÕċóŚõĊøñđÖčçċãřóþèóđûÏ

øřõç�1PTU�QMBO� ĊéšçÏĀññþèĆÏĂÖÏññïÐûÕÐÿēçãûçåăĒ� ě�ěĝ� Ī�ě�ěġ�çÿēç� Òąû� ĊïąĒûèóđûÏ�

ĊñĂĒïäćÏéñþÏûèĊÐŚĀĊéšçóėĀĊñąûċóŚõ�ÏĀñûŚĀÕûĂÕèñĂĊõáìąēçåăĒéÝĂèÿãĂÕĀçČâðÏĀññþèĆèóđûÏûðřĀÕĊâăðõ

ĊñĂĒïĎïřĊìăðÕìû�ĊçąĒûÕÖĀÏÏĀññþèĆãėĀċùçřÕèóđûÏĊñĂĒïðĀÏÐĄēç�âÿÕçÿēçÖĄÕĊìĂĒïñþèè�;POF�ÐĄēçïĀØřõð�

ČâðÏĀñċèřÕìąēçåăĒãÿõĊñąûåÿēÕóėĀûûÏĊéšçøřõçĐ� 	;POF
� åėĀčùŚêćŚéÝĂèÿãĂÕĀçøĀïĀñäùĀãėĀċùçřÕÏĀñ

éÝĂèÿãĂÕĀçĎâŚñõâĊñđõÐĄēç� õřĀãçĊûÕÖþãŚûÕĊÐŚĀĎééÝĂèÿãĂÕĀçčç� ;POF� ĎùçċóþèóđûÏûþĎñ� ûăÏåÿēÕ

ÕĀçèĀÕéñþĊîåÖėĀĊéšçãŚûÕãĂâãÿēÕčçìąēçåăĒãřûĊçąĒûÕÐûÕèóđûÏãřĀÕĐ� ÏĀñåėĀÕĀçñþèè� ;POF� ÖĄÕïă

ÒõĀïÖėĀĊéšçïĀÏðĂĒÕÐĄēç
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ěģĠ

Ğ��ÒõĀïùïĀðÐûÕ�0VUȼUUJOH

èñĂ÷ÿå�%4˧&�ĎâŚċèřÕéñþĊîåÐûÕøřõçéñþÏûèãÿõĊñąû�	0VUȼUUJOH
�ûûÏĊéšç�Ğ�øĀÐĀ�ĎâŚċÏř�

)VMM�PVUȼUUJOH
�1JQJOH
�˧BDIJOFSZ�ċóþ�&MFDUSJDBM�øřõçøĀÐĀ�$PNCBU�4ZTUFN�ċóþ�8FBQPOT�

ÖþĊéšçÏĀñåėĀÕĀçñřõïÏÿçÏÿèêćŚåăĒÖþĊÐŚĀïĀãĂâãÿēÕñþèèâÿÕÏóřĀõ� øñĆéĎâŚõřĀåĆÏûðřĀÕîĀðčçĊñąû�

ðÏĊõŚçČÒñÕøñŚĀÕãÿõĊñąûċóþċêřçĊùóđÏĊéóąûÏĊñąû� åÿēÕùïâäćÏÖÿâĊéšçøřõçéñþÏûèãÿõĊñąû� ùñąûåăĒ

ĊñăðÏõřĀ�0VUȼUUJOH�ČâðċãřóþøĀÐĀÖþïăÐûèĊÐãÐûÕÕĀç�	4DPQF�PG�8PSL
�âÿÕçăē

ĝ�ě� ċêçÏ�)VMM�PVUȼUUJOH�ÖþñÿèêĂâØûèčçÏĀñãĂâãÿēÕ

� ĝ�ě�ě� 4UFFM�0VUȼUUJOH

� � ĝ�ě�ě�ě��˧BDIJOFSZ�'PVOEBUJPO

� � ĝ�ě�ě�Ĝ��(SBUJOH�BOE�)BOESBJM

� � ĝ�ě�ě�ĝ��'JSF�'JHIUJOH�4ZTUFN�4FBUJOH

� � ĝ�ě�ě�Ğ�&UD�

� ĝ�ě�Ĝ� )7"$�TZTUFN

� � ĝ�ě�Ĝ�ě��%VDU

� � ĝ�ě�Ĝ�Ĝ��4VQQMZ���&YIBVTU�'BO

� � ĝ�ě�Ĝ�ĝ��-PVWFS

� � ĝ�ě�Ĝ�Ğ�&UD�

� ĝ�ě�ĝ� (BT�1JQF�TZTUFN

� ĝ�ě�Ğ� "DDPNNPEBUJPO

� � ĝ�ě�Ğ�ě��'VSOJUVSF�GPVOEBUJPO

� � ĝ�ě�Ğ�Ĝ��4BOJUBSZ�FRVJQNFOU�TFBUJOH

� � ĝ�ě�Ğ�ĝ��*OTVMBUJPO

� � ĝ�ě�Ğ�Ğ��&UD�

� ĝ�ě�ğ� %FDL�˧BDIJOFSZ

� � ĝ�ě�ğ�ě��˧PPSJOH���5PXJOH�FRVJQNFOU

� � ĝ�ě�ğ�Ĝ�"ODIPSJOH�TZTUFN

� � ĝ�ě�ğ�ĝ��3"4�'"4�FRVJQNFOU

� � ĝ�ě�ğ�Ğ�&UD�
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ěģġ

ĝ�Ĝ� ċêçÏ�1JQJOH�ÖþñÿèêĂâØûèčçÏĀñãĂâãÿēÕ

� ĝ�Ĝ�ě� 1JQJOH�JOTUBMMBUJPO

� ĝ�Ĝ�Ĝ� 1JQF�PWFSCPBSE���4IJQ�TJEF�WBMWFT

� ĝ�Ĝ�ĝ� 5VCJOH���*OTUSVNFOU�JOTUBMMBUJPO

� ĝ�Ĝ�Ğ� 1JQJOH�)ZESP�UFTU�BOE�1JQJOH�ȽVTIJOH

ĝ�ĝ� ċêçÏ� ˧BDIJOFSZ� ÖþñÿèêĂâØûèčçÏĀñãĂâãÿēÕñþèèÐÿèĊÒóąĒûçåÿēÕùïâ� Čâðïă

ÏėĀùçâÏĀñãĂâãÿēÕûĆéÏñáŝåăĒøėĀÒÿÛñþèĆûðćřčç����˧ BKPS����&RVJQNFOU����;POF���ÐûÕċêçùóÿÏčçÏĀñøñŚĀÕĊñąû�

	1SPEVDUJPO�˧BTUFS�4DIFEVMF


ĝ�Ğ� ċêçÏ�&MFDUSJDBM�ÖþñÿèêĂâØûèčçÏĀñãĂâãÿēÕñþèèĎííŕĀÐûÕĊñąûãĀïìąēçåăĒ�	;POF
�ãřĀÕ�Đ

ĝ�ğ� øĀÐĀ�$PNCBU�4ZTUFN�ċóþ�8FBQPOT�ÖþĊéšçÏĀñåėĀÕĀçÐûÕèñĂ÷ÿåý�ñřõïÏÿçÏÿè�

êćŚåăĒÖþĊÐŚĀïĀãĂâãÿēÕñþèè�ČâðïăÏėĀùçâÏĀñãĂâãÿēÕûĆéÏñáŝåăĒøėĀÒÿÛñþèĆûðćřčç�����$PNCBU�����˧ BOBHFNFOU�

4ZTUFN� �� ˧BKPS� &RVJQNFOU� ;POF� ÐûÕċêçùóÿÏčçÏĀñøñŚĀÕĊñąû� 	1SPEVDUJPO� ˧BTUFS��

4DIFEVMF
�ÙĄĒÕøĀïĀñäċèřÕðřûðĊéšçÕĀçâŚĀçãřĀÕĐ�âÿÕçăē

� ĝ�ğ�ě� $PNBU�4ZTUFN

� ĝ�ğ�Ĝ� 4POBS�4ZTUFN

� ĝ�ğ�ĝ� 8FBQPOT�4ZTUFN

ĊçąĒûÕÖĀÏøřõçéñþÏûèãÿõĊñąû� 	0VUȼUUJOH
� çÿēç� ïăñĀðÏĀñåăĒãŚûÕãĂâãÿēÕĊéšçÖėĀçõçïĀÏ��

ÏĀñõĀÕċêçċóþÏĀñÒõèÒĆïÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû� 	$POUSPM� PG� 0VUȼUUJOH�8PSLT
� çÿēç��

êćŚåėĀùçŚĀåăĒõĀÕċêçÖĄÕãŚûÕïăÒõĀïĊÐŚĀčÖčç� ÐÿēçãûçčçÏĀñøñŚĀÕĊñąûÐûÕûćřãřûĊñąûçÿēçĐ� ØřõÕøėĀÒÿÛ

ÐûÕÏĀñøñŚĀÕĊñąû�	˧JMFTUPOF
�ċêçùóÿÏčçÏĀñøñŚĀÕĊñąû�	1SPEVDUJPO�˧ BTUFS�4DIFEVMF
�ãóûâÖç�

ċêç�1SF�1SPEVDUJPO�4DIFEVMF�	1SF�QMBO
�ċóþ�1PTU�1SPEVDUJPO�4DIFEVMF�	1PTU�1MBO
�

ûăÏåÿēÕãŚûÕĊÐŚĀčÖÏĀñċèřÕØřõÕñþðþĊõóĀčçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû�	4UBHF
�ûðřĀÕóþĊûăðâ
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ěģĢ

ğ��ÏĀñċèřÕØřõÕñþðþĊõóĀ�	4UBHF
�čçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû
ØřõÕñþðþĊõóĀ�	4UBHF
�čçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû�ÖþøûâÒóŚûÕÏÿèØřõÕñþðþĊõóĀčç

ÏĀñøñŚĀÕèóđûÏ�ČâðïăÏĀñċèřÕØřõÕñþðþĊõóĀčçÏĀñãĂâãÿēÕý�åăĒøėĀÒÿÛâÿÕçăē

ğ�ě�)�4UBHF��ĊéšçØřõÕĊõóĀčçÏĀñãĂâãÿēÕý�ĊïąĒûÏĀñêóĂãØĂēçøřõçðřûð�	"TTFNCMZ��5�CBS
�

4NBMM� BTTFNCMZ
� DPNQPOFOUT
� ċóŚõĊøñđÖ� ČâðÖþĊñĂĒïãĂâãÿēÕøřõçéñþÏûèãÿõĊñąûčçÏóĆřï� 4UFFM�

PVUȼUUJOH�ČâðÖþãĂâãÿēÕ�(FOFSBM�1JQF���4VQQPSU�øřõçčùÛřÖþĊéšçÏĀñãĂâãÿēÕčçèóđûÏåŚûÕĊñąû�

ğ�Ĝ�#�4UBHF�� ĊéšçØřõÕĊõóĀčçÏĀñãĂâãÿēÕý� ĊïąĒûÏĀñøñŚĀÕèóđûÏ� 	#MPDL� 'BCSJDBUJPO
��

ċóŚõĊøñđÖ�ČâðèóđûÏÖþäćÏĊÒóąĒûçðŚĀðĎéČñÕ�1SF�0VUȼUUJOH�ĊìąĒûãĂâãÿēÕý�1JQF���4VQQPSU
�%VDU���

4VQQPSU
�ċóþ�$BCMF�USBZ���4VQQPSU

ğ�ĝ�5�4UBHF��ĊéšçÏĀñêóĂãèóđûÏĊìąĒûãĂâãÿēÕûĆéÏñáŝèçâĀâíŕĀÐûÕèóđûÏçÿēç�Đ

ğ�Ğ�1�4UBHF�� ĊéšçØřõÕĊõóĀčçÏĀñãĂâãÿēÕý�ĊïąĒûÏĀñéñþÏûèèóđûÏčùÛř� 	1SF�&SFDUJPO
�

ċóŚõĊøñđÖ�ČâðÖþãĂâãÿēÕûĆéÏñáŝèçâĀâíŕĀ�	6QQFS�EFDL�PVUȼUUJOH
�ċóþûĆéÏñáŝåăĒĊØąĒûïãřûñþùõřĀÕ

èóđûÏ�	1�&��+PJOU
�

ğ�ğ� %� 4UBHF�� ĊéšçØřõÕĊõóĀčçÏĀñãĂâãÿēÕý� ÐáþåăĒĊñąûÏėĀóÿÕâėĀĊçĂçÏĀñéñþÏûèãÿõĊñąû�

	&SFDUJPO
�èç�4LJE�8BZ�ùñąûčçûćřċùŚÕ�ČâðèñĂĊõáìąēçåăĒãĂâãÿēÕøřõçčùÛřĊéšçìąēçåăĒâŚĀçèçèóđûÏ

ùŚûÕĊÒñąĒûÕåăĒÖþĊéŐâČóřÕĊùïĀþøėĀùñÿèÏĀñçėĀĊÒñąĒûÕÖÿÏñ�ûĆéÏñáŝ�ĊÐŚĀâėĀĊçĂçÏĀñãĂâãÿēÕ�

ğ�Ġ�2�4UBHF��ĊéšçØřõÕĊõóĀčçÏĀñãĂâãÿēÕý�ùóÿÕÖĀÏåăĒéóřûðĊñąûóÕçēėĀċóŚõ�
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ěģģ

Ġ��ċêçÏĀñãĂâãÿēÕ�0VUȼUUJOH
ÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû� 	0VUȼUUJOH
� çÿēç� ċçõåĀÕÏĀñéÝĂèÿãĂÒąûÖþìðĀðĀïãĂâãÿēÕ�

čçċãřóþØřõÕĊõóĀÏĀñøñŚĀÕĊñąûčùŚĎâŚïĀÏåăĒøĆâ�ÙĄĒÕċèřÕĊéšçØřõÕÏĀñãĂâãÿēÕĎâŚâÿÕçăē

Ġ�ě� 1SF� �� 0VUȼUUJOH� ĊéšçØřõÕċñÏÐûÕÏĀñĊñĂĒïãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû� ČâðÖþĊñĂĒïãŚç�

ãĂâãÿēÕčçØřõÕ� )� 4UBHF� ċóþ� #� 4UBHF� ČâðčçÐÿēççăēèóđûÏåăĒäćÏøñŚĀÕĊøñđÖÖþäćÏĊÒóąĒûçðŚĀðïĀåăĒ�

ČñÕãĂâãÿēÕ�1SF�0VUȼUUJOH�ĊìąĒûåėĀÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû�øřõçØřõÕ�5�4UBHF�ċóþ�1�4UBHF�

èóđûÏÖþäćÏĊÒóąĒûçðŚĀðĎéðÿÕèñĂĊõá� 4LJE�8BZ� ÙĄĒÕ� 1SF� Ī� 0VUȼUUJOH� ÖþïăñĀðóþĊûăðâÐÿēçãûç�

čçÏĀñâėĀĊçĂçÏĀñãĂâãÿēÕâÿÕçăē

� Ġ�ě�ě� 3FWJFX� PG� ˧BUFSJBM� ĊéšçÏĀñãñõÖøûèñĀðÏĀñìÿøâĆåăĒÖþãĂâãÿēÕèçèóđûÏ

ãřĀÕĐ�ČâðÖþċðÏãĀïéñþĊîåÐûÕìÿøâĆãĀïøĀÐĀ�Òąû�)VMM�PVUȼUUJOH
�1JQJOH
�˧BDIJOFSZ�ċóþ

�&MFDUSJDBM�ĊïąĒûĎâŚÖėĀçõçÐûÕċãřóþñĀðÏĀñċóŚõÏđÖþĊéšçÏĀñÒėĀçõáÖėĀçõçċñÕÕĀç�	˧BO�IPVS
�

åăĒÖþčØŚčçÏĀñãĂâãÿēÕ

� Ġ�ě�Ĝ�$POȼSN�ESBXJOH�BOE�SFWJTJPO�ĊéšçÏĀñãñõÖøûèċèèåăĒÖþčØŚčçÏĀñãĂâãÿēÕ

øřõçéñþÏûèãÿõĊñąû�	*OTUBMMBUJPO�%SBXJOHT
�ċðÏãĀïøĀÐĀãřĀÕĐ�ČâðêćŚåăĒñÿèêĂâØûèčçÏĀñãĂâãÿēÕ

ÖþãŚûÕãñõÖøûèÖĀÏñþèèÒûïìĂõĊãûñŝÐûÕèñĂ÷ÿåý�õřĀċèèãĂâãÿēÕåăĒãçĊûÕïăĊéšçċèèóřĀøĆâùñąûðÿÕ

� Ġ�ě�ĝ� (P� PWFS� TFU�VQ� NFUIPE� CZ� �%� NPEFMMJOH� ĊéšçÏĀñãñõÖøûè� �%��

NPEFMMJOH� ÐûÕñćéċèèÏĀñãĂâãÿēÕûĆéÏñáŝéñþÏûèãÿõĊñąûčçñćéċèè� ĝ� ïĂãĂ� čçèóđûÏåăĒÖþĊÐŚĀ�

âėĀĊçĂçÏĀñãĂâãÿēÕ� ĊìąĒûčùŚêćŚãĂâãÿēÕĎâŚĊùđçîĀìÕĀçãĂâãÿēÕčçċãřóþÕĀçĎâŚØÿâĊÖçïĀÏðĂĒÕÐĄēç� çûÏÖĀÏçÿēç

ðÿÕØřõðčçÏĀñõĀÕċêçóėĀâÿèčçÏĀñãĂâãÿēÕý

� Ġ�ě�Ğ�$IFDL�QSFQBSFE�NBUFSJBM�ĊéšçÏĀñãñõÖøûèìÿøâĆåăĒÖþäćÏçėĀĎéãĂâãÿēÕ�Čâð

ÏĀñċèřÕċðÏãĀïèóđûÏ
�4UBHF
�ċóþãĀïéñþĊîåÐûÕìÿøâĆåăĒÖþãĂâãÿēÕ� ĊìąĒûãñõÖøûèÒõĀïìñŚûï

ÏřûçÏĀñãĂâãÿēÕ

� Ġ�ě�ğ�$IFDL�JOTUBMMBUJPO�SBUF�ĊéšçÏĀñãñõÖøûèÒõĀïÏŚĀõùçŚĀčçÏĀñãĂâãÿēÕìÿøâĆ

ãĀïèóđûÏ
�4UBHF
�ċóþãĀïéñþĊîåÐûÕìÿøâĆåăĒĊéšçéşÖÖĆèÿçĎâŚãĂâãÿēÕĎéċóŚõĊéšçÏăĒĊéûñŝĊÙđçãŝ

� Ġ�ě�Ġ�)BOE�PWFS�NBUFSJBMT� ĊéšçÏĀñøřÕïûèìÿøâĆåăĒðÿÕĎïřĎâŚñÿèÏĀñãĂâãÿēÕčçèóđûÏçÿēçĐ�

čùŚÏÿèêćŚñÿèêĂâØûèčçÏĀñãĂâãÿēÕčç�4UBHF�äÿâĎé��

Ġ�Ĝ�0O�#PBSE�0VUȼUUJOH�ĊéšçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû�čçØřõÕéñþÏûèèóđûÏãřĀÕ�Đ�

ĊÐŚĀĊéšçãÿõĊñąû� 	#MPDL� FSFDUJPO
� ČâðÖþĊéšçÏĀñãĂâãÿēÕčçÐÿēç� %� 4UBHF� ñĀðóþĊûăðâÏĀñéÝĂèÿãĂ�

ÖþâėĀĊçĂçÏĀñãĀïÐŚû�Ġ�ě�ě�Ī�Ġ�ě�Ġ
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ĜĚĚ

Ġ�ĝ�'JOBM�0VUȼUUJOH� ĊéšçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû�îĀðùóÿÕÖĀÏéóřûðĊñąûóÕçēėĀċóŚõ�

ñĀðóþĊûăðâÏĀñéÝĂèÿãĂÖþâėĀĊçĂçÏĀñãĀïÐŚû�Ġ�ě�ě�Ī�Ġ�ě�ğ

Construction Milestone Plans Stages Outfitting

1 Material

2 Unloading

3 Steel Stock

4 Treatment

5 Cutting Steel Cutting (S/C) 

6 Curved Plate

7 Assembly H Stage

8 Block Fabrication

9 Pre-Outfitting B - T Stage

10 Block Blasting

11 Block Painting

12 Pre-Erection P Stage Pre-Outfitting

13 Erection Keel Laying (K/L) D Stage On-Board Outfitting

14 Launching Launching (L/C) 

15 Quay Q Stage Final Outfitting

16 Sea Trial

17 Delivery Delivery (D/L)

Pre-Outfitting

Pre-Plan

Post-Plan

ġ��ÏĀñÒõèÒĆïÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû�	$POUSPM�PG�0VUȼUUJOH�8PSL


�¡���¬�¶�¥��i��}�|}�­o�Ò�����i��}��¤����-SRDGRRGLE

ÏĀñõĀÕċêçãĂâãÿēÕøřõçéñþÏûèãÿõĊñąûåÿēÕùïâÖþäćÏõĀÕċêçÏñþÖĀðĎéãĂâãÿēÕčçØřõÕ

�1SF�0VUȼUUJOH
�0O�#PBSE�0VUȼUUJOH�ċóþ�'JOBM�0VUȼUUJOH�Čâð�1SF�0VUȼUUJOH�ÖþÏñþÖĀðĎé

ãĂâãÿēÕčçØřõÕñþðþĊõóĀ�)�Ī�#�Ī�5�4UBHFT�øřõç�0O�#PBSE�0VUȼUUJOH�ÖþãĂâãÿēÕØřõÕñþðþĊõóĀ��

%�Ī�4UBHF�øřõç�'JOBM�0VUȼUUJOH�ÖþãĂâãÿēÕčçØřõÕñþðþĊõóĀ�2�Ī�4UBHF�ČâðÏĀñĊãñăðïÒõĀïìñŚûï

čçÏĀñãĂâãÿēÕý�ÖþâėĀĊçĂçÏĀñÖþâėĀĊçĂçÏĀñãĀïÐŚû�Ġ�ě�ě�Ī�Ġ�ě�Ġ�øėĀùñÿèÒõĀïÏŚĀõùçŚĀčçÏĀñ

âėĀĊçĂçÏĀñÖþÒĂâĊéšçĊéûñŝĊÙçãŝÐûÕÒõĀïøėĀĊñđÖčçÏĀñãĂâãÿēÕøřõçéñþÏûèãÿõĊñąû



ĜĚě
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�+?HMP�#OSGNKCLR�MD�&SJJ�-SRDGRRGLE��
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ûćřÏĀñċèřÕñþèèùóÿÏ�ċóþ�ûĆéÏñáŝåăĒĊÏăĒðõÏÿè�)VMM�0VUȼUUJOH�	˧BKPS�&RVJQNFOU�PG�)VMM�

0VUȼUUJOH
�ûĀÖċèřÕĎâŚ�âÿÕçăē

ě��5SBȾD�BOE�"DDFTT

Ĝ��ñþèèĊÒñąĒûÕùĀÕĊøąû�	4UFFSJOH�(FBS


ĝ��ñþèèñÿè�øřÕÐûÕċóþĊãĂïçēėĀïÿçčçåþĊó�	3"4�ċóþ�'"4


Ğ��ñþèèøïûĊñąû�	"ODIPSJOH�)BOEMJOH


ğ��ñþèèÏĀñìřõÕĊñąû�ċóþ�óĀÏÖćÕ�	˧PPSJOH�BOE5PXJOH


Ġ��ñþèèØřõðØăõĂã�	-JGF�4BWJOH


ġ��ñþèèÏĀññÿèĊüóĂÒûéĊãûñŝ�	)FMJDPQUFS�)BOEMJOH


Ģ��ñþèèÏĀñÐçøřÕûĀõĆæ�	"NNP�)BOEMJOH
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ĜĚĜ

ČâðñĀðóþĊûăðâÐûÕċãřóþñþèèïăâÿÕçăē

ě��5SBȾD�BOE�"DDFTT

ě�ě�ØçĂâÐûÕ�"DDFTT

éñþÏûèĎéâŚõð�éñþãć�)BUDI1BUDI�ċóþ�˧BOIPMF�ñõïäĄÕ�$PBNJOH�ãřĀÕĐ�čçñćéåăĒ�ě

éñþãć�ċóþ�ëĀ�)BUDI�ċèřÕĊéšçØçĂâåăĒĊéŐâ�ċóþéŐâĎâŚĊñđõČâðÏĀñùïĆç�ùñąû�âÿÕåăĒĊéŐâ�

	2VJDL� "DUJOH
� 2�"� 5ZQF
� ċóþØçĂâåăĒãŚûÕĊéŐâøóÿÏċãřóþãÿõĊûÕ� 	˧BOVBM
� %0(� 5ZQF
���

âÿÕċøâÕčçñćéåăĒ�Ĝ

ě�Ĝ�ÏĀñêçĄÏÐûÕéñþãć�)BUDI�ċóþ�˧BOIPMF�	5JHIUOFTT


ÏĀñêçĄÏÐûÕéñþãć�)BUDI�ċóþ�˧BOIPMF�ċèřÕĊéšç

��8BUFS�5JHIU�êçĄÏĎïřčùŚçēėĀêřĀçĊÐŚĀĎâŚ

��"JS�5JHIU�êçĄÏĎïřčùŚûĀÏĀöêřĀçĊÐŚĀĎâŚ

��'VNF�5JHIU�êçĄÏĎïřčùŚĎûãřĀÕĐ�êřĀçĊÐŚĀĎâŚ

��/PO�5JHIU�ĎïřïăÏĀñêçĄÏ

�¡���¬�µ�r��|j�o��AACQQ�

2VJDL�"DUJOH

	2�"


˧BOVBM�

	%0(
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ĜĚĝ

�¡���¬�¶�i�����ij�o���}¡�&?RAF�¥���+?LFMJC

čçñćéåăĒ� Ĝ� îĀðčãŚĊøŚç� 7� MJOF� ÏĀñêçĄÏÖþĊéšçċèè� 8BUFS� 5JHIU� ċóþ� ÏĀñêçĄÏØçĂâ��

8BUFS�5JHIU�ñõïÏÿè�'VNF�5JHIU�ÖþĊéšçĎéãĀïïĀãñÞĀç�˧*-�13'�ěġģĜġ%�åÿēÕçăē�5SBȾD�

ċóþ� "DDFTT� ðÿÕñõïĎéäĄÕëĀĊéŐâÐûÕċåřçãûñŝéŐČâ� 	5PSQFEP� %PPS
� ċóþ� èÿçĎâÐŚĀÕĊñąû��

	"DDPNNPEBUJPO�-BEEFS
�ĊØřçčçñćéåăĒ�ĝ

�¡���¬�·���¤�É|j�o¥�Ò�}��Ö�É¦|��2MPNCBM�"MMP��¥������¨|jÓ�o¤������AAMKKMB?RGML�*?BBCP�
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ĜĚĞ

Ĝ��ñþèèĊÒñąĒûÕùĀÕĊøąû�	4UFFSJOH�(FBS


ñþèèĊÒñąĒûÕùĀÕĊøąûéñþÏûèĎéâŚõðûĆéÏñáŝâÿÕåăĒċøâÕčçñćéåăĒ�Ğ�ïăûĆéÏñáŝùóÿÏÒąû

Ĝ�ě� éşţïĎüâñûóĂÏñþèèĊÒñąĒûÕùĀÕĊøąû� ĊéšçċùóřÕøñŚĀÕÏėĀóÿÕâÿçčùŚçēėĀïÿçĎüâñûóĂÏĊìąĒûčØŚ

čçĊÏăðñŝøėĀùñÿèéñÿèùĀÕĊøąû
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Ĝ�ĝ�˧FDIBOJDBM� 4UPQQFS�åėĀùçŚĀåăĒùðĆâñþèèĊÒñąĒûÕùĀÕĊøąû� ĊìąĒûĎïřčùŚùĀÕĊøąûéñÿèïĆï

ĊÏĂç�ĞĚ�ûÕöĀ
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ĎéïĀãĀïøîĀõþÐûÕÒóąĒç�	4FB�4UBHF
�ĊìąĒûóâÏĀñČÒóÐûÕĊñąû�ċóþ�ØřõðñÿÏ÷ĀåĂöåĀÕÏĀñĊâĂçĊñąû

�¡���¬�¸�����¤l�ï�o��o¤�����1RCCPGLE�%C?P�
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)ZESBVMJD�1VNQ

˧FDIBOJDBM�4UPQQFS"DDVNVMBUPS
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ĝ�Ĝ�ñþèèĊãĂïçēėĀïÿçčçåþĊó�	'"4
�øĀïĀñäñÿèçēėĀïÿçâăĊÙó�ċóþ�çēėĀïÿçûĀÏĀöðĀçĎâŚ�
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��ÏõŚĀçøïû�

	"ODIPS�8JOEMBTT
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�

ċøâÕûðćřčçñćéåăĒ�Ġ
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� ñþèèÏĀñìřõÕĊñąû� ċóþ� óĀÏÖćÕĊñąûãĂâãÿēÕûðćřÏóĀÕóėĀĊñąûåăĒ� ˧BJO� %FDL� ÐŚĀÕČñÕĊÏđè
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�éŐâèÿÕ

ûðćřČâðÖþĊéšçċêÕãĀÐřĀðĊùóđÏ� 	8JSF� ˧FTI
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%BWJU
�ÖþðąĒçûûÏïĀçûÏãÿõĊñąûĊìąĒûùðřûçĊñąû�3*#��âÿÕåăĒċøâÕûðćřčçñćéåăĒ�Ģ
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3$4�4DSFFO�ĊïąĒûïŚõçÐĄēç

&�&�#�%�
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��ČñÕĊÏđèĊüóĂÒûéĊãûñŝ
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ĜěĚ

Ģ��ñþèèÏĀñÐçøřÕûĀõĆæ�	"NNP�)BOEMJOH


ĊéšçñþèèÐçøřÕèññÖĆÖñõâ44˧� 	4VSGBDF� UP� 4VSGBDF� ˧JTTJMF
)BSQPPO� #MPDL� **��

	ñćéåăĒ� ěě
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%4˧&� ñÿèêĂâØûèčçøřõçÐûÕÏĀñãĂâãÿēÕÞĀçûĆéÏñáŝ� øėĀùñÿèÏĀñãĂâãÿēÕûĆéÏñáŝĊØřç� -JGU� ÐçøřÕ

ÖñõâèñĂ÷ÿåêćŚêóĂãûĀõĆæĊéšçêćŚñÿèêĂâØûèčçÏĀñãĂâãÿēÕåÿēÕùïâ
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)BSQPPO�˧JTTJMF�$POUBJOFS
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éñþĊåöøĀæĀñáñÿÞĊÏĀùóă� ČâðčçČÒñÕÏĀñçăē� ĎâŚÖÿâčùŚïăÏĀñëŒÏûèñïÏėĀóÿÕìóčçÏĀññÿèÏĀñ

äřĀðåûâÒõĀïñćŚċóþĊåÒČçČóðăÐÿēçÏĀñøñŚĀÕĊñąûċóþÏĀñèñĂùĀñÖÿâÏĀñ� êćŚĊÐăðçĎâŚïăČûÏĀøĊÐŚĀñÿè

ÏĀñûèñïčçùóÿÏøćãñ�&MFDUSJDBM�ñþâÿè�4UBȻ�ãÿēÕċãř�ġ�ø�Ò�ğģ�äĄÕ�ě�Ï�ð�ĠĚ���ÖĄÕÐûÏóřĀõäĄÕ�

ÏñþèõçÏĀñøñŚĀÕĊñąûÐûÕ�%4˧&�čçøřõçÐûÕ�&MFDUSJDBM�0VUȼUUJOH�ČâðčçèåÒõĀïçăēÖþÏóřĀõäĄÕ

ÏĀñÖÿâûÕÒŝÏñċóþÏĀñèñĂùĀñÖÿâÏĀñčçøřõçÐûÕ� &MFDUSJDBM� 0VUȼUUJOH� ČéñċÏñïøĀñøçĊåöåăĒčØŚ
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ÏĀñÖÿâûÕÒŝÏñċóþÏĀñèñĂùĀñÖÿâÏĀñ

%4˧&� ïăÏĀñÖÿâČÒñÕøñŚĀÕČñÕÕĀçãřĀÕ� Đ� ĊìąĒûñûÕñÿèÏĀñãřûĊñąûčùŚøûâÒóŚûÕÏÿèøîĀì

îćïĂéñþĊåö�ċóþċèřÕãĀïÏóĆřïÕĀçùñąûéñþĊîåÐûÕĊñąû�éñþÏûèâŚõð�ĝ�øřõçčùÛř�Đ�Òąû�

ě��/BWBM�BOE�4QFDJBM�4IJQ�6OJU�ĊéšçÏóĆřïÕĀçøñŚĀÕĊñąûìĂĊö÷�ĊØřç�Ċñąûñè�ĊñąûâėĀçēėĀ�

Ĝ��$PNNFSDJBM�4IJQ�6OJU�ĊéšçÏóĆřïÕĀçøėĀùñÿèøñŚĀÕĊñąûåĀÕìĀáĂØðŝ�ĊØřç�ĊñąûøĂçÒŚĀ�ĊñąûÐçøřÕ

ĝ��0ȻTIPSF�1MBOU�"SFB�6OJU�ĊéšçÏóĆřïÕĀçøñŚĀÕċåřçÐĆâĊÖĀþùñąûČÒñÕøñŚĀÕøėĀùñÿèãĂâãÿēÕ

čçåþĊó

ČâðčçÏĀñÖÿâċèĒÕûÕÒĖÏñîĀðčçøĒõçãĒĀÕ�Đ��ÖþïăóÿÏ÷áþČÒñÕøñēĀÕÒóēĀðÏÿç�ÙĄĒÕãĀï

ċêçîćïĂåăĒ�ě�ÖþċøâÕčùŚĊùđçäĄÕČÒñÕøñŚĀÕÐûÕÏóĆřïÕĀç�/BWBM�BOE�4QFDJBM�4IJQ�6OJU
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ě��ÕĀç�)PU�XPSL�ĊéšçÕĀçåăĒñÿèêĂâØûèĊÏăĒðõÏÿèÏĀñ�ãĂâãÿēÕ�ñĀÕøĀðĎí�ÖĆâĊØąĒûïðĄâøĀðĎí�
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ñĀÕøĀðĎí� ÖĆâĊØąĒûïðĄâøĀðĎí� ÐĀãÿēÕãćŚûĆéÏñáŝĎííŕĀ� ĎéčçÒñĀõĊâăðõÏÿèÏĀñøñŚĀÕèóśûÏ� ĊïąĒû�

ĊØąĒûïèóśûÏãřûÏÿçċóŚõĊøñđÖÖþâėĀĊçĂçÏĀñãĂâãÿēÕñĀÕøĀðĎíåăĒĊØąĒûïñþùõřĀÕèóśûÏîĀðùóÿÕ� Čâðčç

Ðÿēçãûççăē� ÖþâėĀĊçĂçÏĀñãĂâãÿēÕãćŚûĆéÏñáŝĎííŕĀãřĀÕ� Đ� ĎéčçÒñĀõĊâăðõÏÿç� øėĀùñÿèÐŚûÏėĀùçâčç
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�ÖþĊéšçêćŚÏėĀùçâ�

õřĀûĆéÏñáŝčâåăĒÖėĀĊéšçãŚûÕãĂâãÿēÕ�ÏřûçÏĀñĊØąĒûïèóśûÏčçċãřóþèóśûÏ�ĊçąĒûÕÖĀÏèĀÕûĆéÏñáŝïăÐçĀâčùÛř�

ċóþçēėĀùçÿÏïĀÏ� ùĀÏĎïřãĂâãÿēÕóÕčçèóśûÏÏřûçċóŚõ� čçÐÿēçãûçÐûÕÏĀñĊØąĒûïèóśûÏ� ûĀÖÖþïă

éşÛùĀãŚûÕêřĀãÿõĊñąûĊìąĒûãĂâãÿēÕãćŚûĆéÏñáŝ� čçøřõçÐûÕûĆéÏñáŝĎííŕĀûąĒç� Đ� åăĒïăÐçĀâĎïřčùÛřïĀÏ�
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ċóŚõĊøñđÖĎïřçŚûðÏõřĀ�ĢĚ��ÐûÕÕĀçĊâĂçøĀðĎííŕĀåÿēÕùïâ�ÖĄÕÖþâėĀĊçĂçÏĀñéóřûðĊñąûóÕçēėĀĎâŚ

ĝ��$BCMF�UFSNJOBUJPO�ĊéšçÕĀçĊØąĒûïãřûøĀðĎíĊÐŚĀĎéðÿÕûĆéÏñáŝĎííŕĀùñąûãćŚÒõèÒĆïĎííŕĀ
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ĊØąĒûïãřûøĀðĎíĎéðÿÕñþèèĎííŕĀċøÕøõřĀÕ�ãóûâóėĀčùŚċóŚõĊøñđÖ� ĊìąĒûčùŚïăċøÕøõřĀÕčçÏĀñâėĀĊçĂç

ÏĀñãĂâãÿēÕûĆéÏñáŝûąĒç�Đ�ãřûĎé�

ùóÿÕÖĀÏÐÿēçãûçÏĀñĊâĂçøĀðĎíċóþÏĀñĊØąĒûïãřûøĀðĎíĎéðÿÕãćŚûĆéÏñáŝċóŚõĊøñđÖčçċãřóþ

ùŚûÕċóŚõ�,1�ÖþïăùçŚĀåăĒċÖŚÕčùŚëŔĀð�2˧� 	2VBMJUZ�˧BOBHFS
�åñĀè�åÿēÕçăēĊìąĒûčùŚïĀâėĀĊçĂçÏĀñ

ãñõÖøûèċóþÒõèÒĆïÒĆáîĀìčçÏĀñãĂâãÿēÕãřûĎé

øėĀùñÿèÏĀñåėĀÕĀçÐûÕ� %4˧&� čçČÒñÕÏĀñøñŚĀÕĊñąûčùŚÏûÕåÿìĊñąûçÿēç� čçøřõçÐûÕÕĀç

ñþèèĎííŕĀčçĊñąûåĀÕ� %4˧&� ÖþĎïřĎâŚâėĀĊçĂçÏĀñĊûÕåÿēÕùïâ� ċãřÖþčØŚóÿÏ÷áþÏĀñÖŚĀÕèñĂ÷ÿå
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ĜěĞ

îĀðçûÏĊÐŚĀïĀâėĀĊçĂçÏĀñéñþïĀá�ĢĚ��ČâðûðćřîĀðčãŚÏĀñÒõèÒĆïÐûÕõĂöõÏñ�%4˧&�ÙĄĒÕÕĀç

åăĒÖŚĀÕâėĀĊçĂçÏĀñĎâŚċÏř�ÕĀç�

)PU�XPSL
�$BCMF�QVMMJOH�ċóþ�$BCMF�UFSNJOBUJPO�ûăÏ�ĜĚ��ÙĄĒÕĊéšçÕĀçåăĒĊÏăĒðõÐŚûÕÏÿè

ñþèèûĂĊóđÏåñûçĂÏøŝĊéšçøřõçčùÛřÖþâėĀĊçĂçÏĀñČâð�%4˧&�ĊûÕ�øėĀùñÿèÕĀçåăĒÖŚĀÕèñĂ÷ÿåîĀðçûÏ

åĀÕ�%4˧&�ÖþåėĀùçŚĀåăĒãñõÖøûèÒõĀïäćÏãŚûÕÐûÕÕĀçčùŚĊéšçĎéãĀïċèèÏĀñøñŚĀÕĊñąûåăĒÏėĀùçâ�

ãóûâÖçÖÿâċêçÕĀç�ÒėĀçõáØÿĒõČïÕċñÕÕĀçåăĒčØŚ�čùŚĊéšçĎéãĀïċêçÏĀñøñŚĀÕĊñąû

¥���¡����¬�¶���oi���±�o������Ò�o�#JCARPGA�-SRDGRRGLE�N?PR�j�o�"1+#�¥�������������i
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Ĝěğ

êÿÕÏĀñåėĀÕĀçãĀïċêçîćïĂåăĒ�Ĝ�čçøřõçÐûÕ�&MFDUSJD�0VUȼUUJOH�QBSU�ÐûÕ�%4˧&�Öþïă�$˧�

ĊéšçêćŚïăûėĀçĀÖčçÏĀñãÿâøĂçčÖčçÏñþèõçÏĀñøñŚĀÕĊñąûåÿēÕùïâåĆÏøĀÐĀ�Čâðïă��,1�ĊéšçêćŚÒõèÒĆï

ÏĀñéÝĂèÿãĂÐûÕèñĂ÷ÿåîĀðçûÏåÿēÕùïâ� ÙĄĒÕčçøřõçÐûÕÕĀçñþèèĎííŕĀčçĊñąû� %4˧&� ĎâŚõřĀÖŚĀÕ

èñĂ÷ÿå�4BNKFPOH�&/(�ïĀâėĀĊçĂçÏĀñčçøřõçÐûÕÕĀçñþèèĎííŕĀčçĊñąûĎâŚċÏř�ÕĀç�)PU�XPSL
�

$BCMF�QVMMJOH�ċóþ�$BCMF�UFSNJOBUJPO�ČâðøĀðÏĀñéÝĂèÿãĂÕĀçÐûÕ�èñĂ÷ÿå�4BNKFPOH�&/(�Öþïă�

1SPKFDU�˧BOBHFS�åėĀùçŚĀâćċóÕĀçČÒñÕÏĀñåÿēÕùïâ�ÒõèÒĆï�ùÿõùçŚĀÕĀçċóþÒçÕĀç�1SPHSFTT�

˧BOBHFS�åėĀùçŚĀåăĒÒõèÒĆïÐèõçÏĀñåėĀÕĀç�ÒõèÒĆïċêçÕĀçčçÏĀñãĂâãÿēÕÐûÕèñĂ÷ÿå�ČâðÖþċèřÕ

ÒçÕĀçûûÏĊéšçùóĀðÏóĆřï�ĊìąĒûåėĀùçŚĀåăĒčçċãřóþøřõçčùŚâėĀĊçĂçÏĀñĎéìñŚûï�Đ�Ïÿç�

èñĂ÷ÿå�4BNKFPOH�&/(�ÖþÒûðñÿèċêçÏĀñéÝĂèÿãĂÕĀçÖĀÏ�,1�ÐûÕ�%4˧&�čçċãřóþĊâąûç�

ãŚûÕâėĀĊçĂçÕĀçčâèŚĀÕċóþåĆÏõÿçöĆÏñŝåĀÕèñĂ÷ÿå� 4BNKFPOH� &/(� ÖþãŚûÕñĀðÕĀçêóÏĀñéÝĂèÿãĂ

čùŚ� ,1� ñÿèåñĀè� åÿēÕçăēĊìąĒûčùŚ� ,1� ãñõÖøûèØÿĒõČïÕÏĀñåėĀÕĀçċóþâėĀĊçĂçÏĀñÖřĀðÒřĀċñÕãřûĎé�

ČâðéÏãĂċóŚõØÿĒõČïÕÏĀñåėĀÕĀçåăĒèñĂ÷ÿåĊøçûïĀ� ûĀÖÖþøćÕÏõřĀÒõĀïĊéšçÖñĂÕ� ,1� ÖĄÕïăùçŚĀåăĒ

ÒõèÒĆïÖėĀçõçØÿĒõČïÕÏĀñåėĀÕĀçĎïřčùŚĊÏĂçÏñûèåăĒ�$˧�ĎâŚÏėĀùçâĎõŚ�čçÏñáăåăĒĊÏĂâéşÛùĀčçÏĀñ

åėĀÕĀç�ĊØřç�ÏĀñãĂâãÿēÕåřûåĀÕãřĀÕ�Đ�ÏăâÐõĀÕ�ñĀÕøĀðĎíùñąûûĆéÏñáŝĎííŕĀčâ�Đ�'PSFNBO�ÖþãŚûÕ�

ñĀðÕĀçĎéðÿÕ�ùÿõùçŚĀ�'PSFNBO�ÖĀÏçÿēç�ùÿõùçŚĀ�'PSFNBO�ÖþñĀðÕĀçĎéðÿÕ�1SPKFDU�˧BOBHFS�

ÐûÕèñĂ÷ÿåċóþÖþñĀðÕĀçĎéðÿÕ�,1�ÐûÕ�%4˧&�ÙĄĒÕ�,1�ÖþĊÐŚĀïĀċÏŚĎÐéşÛùĀČâðéñþøĀçÏÿèëŔĀð

ûûÏċèè�ĊìąĒûċÏŚĎÐċóþðąçðÿçÒõĀïäćÏãŚûÕÐûÕċèèûăÏÒñÿēÕ

ĊçąĒûÕÖĀÏÖėĀçõçċñÕÕĀçčçøřõçÐûÕ�&MFDUSJD�0VUȼUUJOH�QBSU�åăĒøÿÕÏÿâ�%4˧&�ïăĎïřĊìăðÕìû

åėĀčùŚãŚûÕĊÏĂâÏĀñÖŚĀÕèñĂ÷ÿåîĀðçûÏïĀâėĀĊçĂçÏĀñ�ČâðÖþÒÕÕĀçåăĒøėĀÒÿÛĐ�ĎõŚøėĀùñÿèčùŚ�%4˧&�

âėĀĊçĂçÏĀñĊûÕ�ÙĄĒÕ�%4˧&�ÖþïăùóÿÏÏĀñÖŚĀÕèñĂ÷ÿåîĀðçûÏ�âÿÕçăē

ě�� ÖŚĀÕČâðÏĀñÖřĀðĊéšçØÿĒõČïÕċñÕÕĀç�õĂæăÏĀñçăē�%4˧&�ÖþĊéšçêćŚÏėĀùçâċêçùóÿÏčçÏĀñ

åėĀÕĀçčùŚÏÿèèñĂ÷ÿåîĀðçûÏ� èñĂ÷ÿåîĀðçûÏÖþïăùçŚĀåăĒøřÕċêçÏĀñåėĀÕĀçõÕñûè� Ĝ� øÿéâĀùŝ�

čùŚåĀÕ� ,1� ĊéšçêćŚãñõÖøûèċóþÖþãŚûÕñĀðÕĀçêóÏĀñéÝĂèÿãĂÕĀçéñþÖėĀøÿéâĀùŝčùŚ� ,1� åñĀè

åĆÏõÿçöĆÏñŝ� ĊìąĒû�,1�ÖþĎâŚñõèñõïÖėĀçõçØÿĒõČïÕåėĀÕĀçċóþÖřĀðÒřĀċñÕéñþÖėĀĊâąûçãřûĎé�ÙĄĒÕČâð

øřõçčùÛřċóŚõ� ÖėĀçõçØÿĒõČïÕÏĀñåėĀÕĀçåăĒèñĂ÷ÿåîĀðçûÏñĀðÕĀçčùŚåĀÕ� ,1�åñĀèçÿēç� ÖþĎâŚĎïř

ĊãđïÖėĀçõçãĀïåăĒĊøçû�ČâðåăĒ�,1�ïÿÏÖþÖřĀðÒřĀċñÕčùŚĊìăðÕ�ġĚ��ÐûÕÖėĀçõçØÿĒõČïÕċñÕÕĀçåăĒåėĀ

åÿēÕùïâîĀðčç�ě�Ċâąûç
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ĜěĠ

Ĝ�� ÖŚĀÕČâðÏĀñĊùïĀĊéšçñþèèÕĀç� õĂæăÏĀñçăē� %4˧&� ÖþčØŚóÿÏ÷áþÏĀñÖŚĀÕĊéšçñþèèÕĀç

�ĊØřç�ÖŚĀÕĊùïĀãĂâãÿēÕñĀÕøĀðĎí�ãĀïèóśûÏãřĀÕ�Đ�ùñąûÖŚĀÕĊùïĀĊâĂçøĀðĎíÐûÕñþèèĎííŕĀÏėĀóÿÕ�

ĞĞĚ�Čõóåŝ�ĊéšçãŚç�õĂæăçăēïăÐŚûâăÒąûÖřĀðĊÕĂççŚûðÏõřĀõĂæăÏĀñčçÐŚû�ě�ċãřÐŚûĊøăðÒąûčçèĀÕÕĀçûĀÖÖþ

čØŚĊõóĀïĀÏčçÏĀñåėĀÕĀçåėĀčùŚãŚûÕóřĀØŚĀÏõřĀċêç

čçéşÖÖĆèÿçåĀÕ�%4˧&�ĎâŚêøïêøĀçÏÿèÖŚĀÕåÿēÕ�Ĝ�ċèèĎõŚâŚõðÏÿç�ČâðÒėĀçĄÕäĄÕ�ÒřĀčØŚÖřĀðåăĒ

ĊÏĂâÐĄēçĊéšçùóÿÏċóþ�$˧�ÖþĊéšçêćŚãÿâøĂçčÖõřĀčçċãřóþÕĀçÖþčØŚõĂæăčâĊéšçõĂæăÏĀñÖŚĀÕ

čçøřõçÐûÕèñĂ÷ÿå�4BNKFPOH�&/(�ÖþċèřÕÒõĀïñÿèêĂâØûèÕĀçûûÏĊéšç�ĝ�øřõçâŚõðÏÿç�âÿÕçăē

�� øřõçåăĒ� ě� )05� 803,� 5&"˧� ñÿèêĂâØûèÕĀçċóřçéñþøĀçÏÿèãÿõĊñąûåăĒĊÏăĒðõÐŚûÕÏÿè

ñþèèĎííŕĀåÿēÕùïâ� ĎâŚċÏř� ÞĀçċåřçÐûÕãćŚûĆéÏñáŝĎííŕĀ� 	4&"55*/(
� ñĀÕøĀðĎí� 	$"#-&�

53":
�'-"5�#"3
�ãóûâÖçÕĀçċÏŚĎÐåăĒãŚûÕċóřçéñþøĀçĊÏăĒðõÏÿèñþèèĎííŕĀåÿēÕùïâ

��øřõçåăĒ�Ĝ�$"#-&�16--*/(�5&"˧�ñÿèêĂâØûèÕĀçĊâĂçøĀðĎíåÿēÕùïâ�ÕĀçčøř×çõç

øėĀùñÿèÏĀññŚûðøĀðĎíêřĀçØřûÕêçÿÕãÿõĊñąû�	$"#-&�1&/&53"5*0/
�ÕĀçãĂâãÿēÕĊÐđïÐÿâñÿâøĀðĎí�

	$"#-&�453"1
�

�� øĒõçåăĒ� ĝ� $"#-&� 5&3˧*/"5*0/� 5&"˧� ñÿèêĂâØûèÕĀçĊÐēĀùÿõøĀðĎíåÿēÕùïâ��

ÕĀçčøř×çõçøėĀùñÿèÏĀññŚûðøĀðĎíêřĀçØřûÕãćŚøõĂãØŝèûñŝâ� 	˧6-5*� $"#-&� 53"/4*54
� ÕĀç

ãĂâãÿēÕéŕĀðÏėĀÏÿèøĀðĎí� 	$"#-&�5"(
� ÕĀçãĂâãÿēÕûĆéÏñáŝĎííŕĀåÿēÕùïâ� ĊØřç� ČÒïĎí�øõĂãØŝĎí

ĊéšçãŚç

ČéñċÏñïøĀñøçĊåöåăĒčØŚčçÏĀñèñĂùĀñÖÿâÏĀñÐûÕ�%4˧&
ě�� %4˧&� 1SPKFDU� ˧BOBHFNFOU� 1PSUBM� 4ZTUFN� ĊéšçČéñċÏñïåăĒčØŚčçÏĀñċÖŚÕåĀÕ�

%SBXJOH� 5FBN� ÐûÕ� %4˧&� ĊìąĒûċÖŚÕäĄÕéşÛùĀÏĀñåėĀÕĀçåăĒĊÏĂâÐĄēçÖĀÏÏĀñûûÏċèèêĂâìóĀâ

ċóþÐûØÿĒõČïÕÏĀñåėĀÕĀçĊìĂĒï��

Ĝ��%4˧&�"EWBODF�7JFX�	%BWJFX
�ĊéšçČéñċÏñïåăĒëŔĀðøñŚĀÕ�čØŚãñõÖøûèċèèÏÿèëŔĀð

ûûÏċèèčçÏñáăĊÏĂâÐŚûøÕøÿðčçÏĀñãĂâãÿēÕûĆéÏñáŝãřĀÕ� Đ� ċóþċÖŚÕäĄÕéşÛùĀÏĀñåėĀÕĀçåăĒĊÏĂâÐĄēç

ÖĀÏÏĀñûûÏċèèåăĒêĂâìóĀâãÿõČéñċÏñïĊéšçóÿÏ÷áþĊâăðõÏÿèČéñċÏñïéñþĊîå��%�$"%�åăĒĎâŚñÿè�

ÏĀñìÿàçĀĊìąĒûċøâÕîĀìċèè� ĝ� ïĂãĂ� ČâðâĄÕÞĀçÐŚûïćóïĀÖĀÏČéñċÏñï� "WJWB� ˧BSJOF� ċóþ

øĀïĀñäûřĀçĎâŚûðřĀÕĊâăðõĎïřøĀïĀñäċÏŚĎÐĎâŚ�
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Ĝěġ

�����¬�µ�"1+#�.PMHCAR�+?L?ECKCLR�.MPR?J�1WQRCK�QMDRU?PC

ĝ��4ZTUFNT�"QQMJDBUJPOT�BOE�1SPEVDUT� JO�%BUB�1SPDFTTJOH�	4"1
�ĊéšçČéñċÏñï

åăĒ� %4˧&� čØŚèñĂùĀñÖÿâÏĀñåñÿìðĀÏñčçÏĀñøñŚĀÕĊñąû� ČâðãÿõČéñċÏñïïăÒõĀïøĀïĀñäñþèĆäĄÕ

ñĀðÏĀñûĆéÏñáŝåăĒãŚûÕčØŚčçÏĀñøñŚĀÕĊñąû� õÿçåăĒãŚûÕčØŚ� ĊìąĒûčùŚëŔĀðÖÿâÙąēûøĀïĀñäÖÿâÙąēûċóþøřÕÐûÕ

ĎâŚûðřĀÕãñÕĊõóĀċóþðÿÕøĀïĀñäãñõÖøûèĎéäĄÕèñĂ÷ÿåêćŚøřÕøĂçÒŚĀĎâŚ� ãóûâÖçøĀïĀñäãñõÖøûè

õÿçåăĒĊñĂĒïÕĀçċóþõÿçåăĒãĂâãÿēÕûĆéÏñáŝãřĀÕ�Đ�ċóŚõĊøñđÖ�ÖėĀçõçØÿĒõČïÕċñÕÕĀçåăĒãŚûÕčØŚ
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ĜěĢ

ïĀãñÞĀçċñÕÕĀçãřûØÿĒõČïÕ
čçÏĀñéÝĂèÿãĂÕĀçčçÏĀñøñŚĀÕĊñąûÐûÕ� %4˧&� øĂĒÕåăĒøėĀÒÿÛûðřĀÕùçĄĒÕÒąûÖėĀçõçØÿĒõČïÕ

ċñÕÕĀçåăĒčØŚ� ĊçąĒûÕÖĀÏĊéšçâÿØçăØăēõÿâêóÕĀçåăĒĊÏĂâÐĄēçċóþÒřĀčØŚÖřĀðåăĒãŚûÕĊøăðĎé� ÙĄĒÕčçøřõççăē�

%4˧&�ĊûÕĎâŚïăÏĀñÏėĀùçâãĀñĀÕïĀãñÞĀçčçÏĀñåėĀÕĀç�ĊìąĒûčØŚĊéšçïĀãñÞĀçčçÏĀñûŚĀÕûĂÕÏĀñ

ÒėĀçõáÒřĀċñÕÕĀçċóþéñþøĂåæĂîĀìÏĀñåėĀÕĀçÐûÕèñĂ÷ÿåîĀðçûÏ� ãĀïãĀñĀÕåăĒ� ě� ċãřûðřĀÕĎñ�

ÏđãĀïåĀÕ� %4˧&� ÖþïăÏĀñéñÿèéñĆÕãĀñĀÕïĀãñÞĀçčçÏĀñåėĀÕĀçĊøïû� ĊìąĒûčùŚĊùïĀþøïÏÿè

ċãřóþČÒñÕÏĀñ

}���o��¬�µ���}�x��¥�oo��}Ò�r�¬�¦�oj�o�#JCARPGA�-SRDGRRGLE�N?PR�"1+#

D- S ta ge P E - S ta ge B - S ta ge
Less than 20 KG E A 1. 21 0. 85 0. 51

20 -  50 KG E A 2. 33 1. 63 0. 58
50 -  100 KG E A 4. 13 2. 89 1. 73

More than 100 KG E A 9. 02 6. 31 3. 79
Less than 20 KG E A 1. 21 0. 85 0. 51

20 -  50 KG E A 2. 33 1. 63 0. 98
50 -  100 KG E A 4. 13 2. 89 1. 73

More than 100 KG E A 9. 02 6. 31 3. 79
Flat B ar E very S ize E A 0. 60 0. 42 0. 23

Less than 20 KG E A 1. 13 0. 79 0. 47
20 -  50 KG E A 1. 99 1. 39 0. 83

50 -  100 KG E A 3. 52 2. 46 1. 48
More than 100 KG E A 7. 67 5. 37 3. 22

GR P  ( Glass R einforced P O LY E S TE R  
P IP E ) E A 1. 87 1. 31 0. 79

FR P  ( Fibre R einforced P lastic) E A 1. 87 1. 31 0. 79
P enetration MCT( Main Cable Tray) /Coaming E A 3. 38 2. 37 1. 42

Less than 5 KG S E T 1. 00 0. 70 0. 42
5 -  20 KG S E T 2. 02 1. 41 0. 85

20 -  100 KG S E T 4. 13 2. 89 1. 73
100 -  500 KG S E T 13. 52 9. 46 5. 68

More than 500 KG S E T 30. 06 21. 04 12. 62
B us Duct E very S ize P CS 22. 55 15. 79 9. 47

 O D Less than 30 mm Meter 0. 12 0. 12 0. 07
O D 30 -  50 mm Meter 0. 20 0. 20 0. 12
 O D O ver 50 mm Meter 0. 38 0. 38 0. 23

Heat Tracing cable Meter 0. 68 0. 68 0. 41
P ower Cable O D Less than 30 mm P oint 1. 36 1. 36 0. 82

P ower Cable O D 30 -  50 mm P oint 1. 47 1. 47 0. 88
P ower Cable O D O ver 50 mm P oint 2. 98 2. 98 1. 79

High Voltage ( 3. 3 KV) P oint 9. 35 9. 35 5. 61
Instrument Cable Less than 12 pair P oint 2. 30 2. 30 1. 38

Instrument Cable O ver 12 pair P oint 3. 68 3. 68 2. 21
S pecial Cable P oint 2. 50 2. 50 1. 50

E quipment E lectronic E MS /IMC Inspection 1. 76 - -
IR / Megger E lectronic E IR Inspection 1. 30 - -

Cable Inspection Inspection 0. 10 - -

E lectrical 
E quipment

F ina l W o rk

Non Metal Tray

E quipment

P ulling

C AB L E

Termination

W o rk Ty pe Des c riptio n Unit

S eat

S upport

Metal Tray

Ho t W o rk

Ma n/ Ho ur
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Ĝěģ

čçÏñáăïăÕĀçåăĒãŚûÕċÏŚĎÐĊÏĂâÐĄēç� ÖþĊÏĂâÒřĀčØŚÖřĀðåăĒĊìĂĒïÐĄēçčçÏĀñċÏŚĎÐÕĀçčùŚĊéšçĎéãĀï

ċèèÙĄĒÕ� %4˧&� ÖþĊñăðÏõřĀÒřĀ� #BDL� $IBSHF� øėĀùñÿèÒřĀčØŚÖřĀðčçøřõççăēêćŚñÿèêĂâØûèĎâŚċÏřêćŚåăĒ

âėĀĊçĂçÏĀñêĂâ� ĊØřç� ëŔĀðûûÏċèèÖþñÿèêĂâØûèùĀÏûûÏċèèêĂâùñąûĎïřĎâŚøřÕċèèåăĒéñÿèéñĆÕċóŚõ

ĊøñđÖčùŚÏÿèëŔĀðøñŚĀÕ� ùñąûëŔĀðøñŚĀÕÖþñÿèêĂâØûèčçÏñáăåăĒãĂâãÿēÕĎïřĊéšçĎéãĀïċèèùñąûãĂâãÿēÕ�

ĎïřÒñè�ĊéšçãŚç�ČâðÒřĀ�#BDL�$IBSHF�ÖþċøâÕãĀïãĀñĀÕåăĒ�Ĝ

}���o��¬�¶�lÒ�� ?AI�!F?PEC
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ě��èåçėĀ
ãĀïåăĒÒáþñÿÞïçãñăĎâŚûçĆïÿãĂčùŚÏûÕåÿìĊñąûâėĀĊçĂçÏĀñÖÿâùĀĊñąûíñĂĊÏãóėĀčùïřåâċåçóėĀåăĒ

ïăċêçÖþéóâéñþÖėĀÏĀñ�âÿÕçÿēçčçĊâąûçÏñÏÜĀÒï�ì�ö�ĜğğĠ�åñ��ĎâŚóÕçĀïøÿÛÛĀÖŚĀÕøñŚĀÕĊñąû

íñĂĊÏãøïññäçþøćÕÖĀÏ�èñĂ÷ÿå�%BFXPP�4IJQCVJMEJOH���˧BSJOF�&OHJOFFSJOH�$P�
�-UE��ùñąû

�%4˧&�éñþĊåöøĀæĀñáñÿÞĊÏĀùóă�ČâðïăñþðþĊõóĀÏĀñøñŚĀÕìñŚûïÏĀñåâøûèċóþÏĀñäřĀðåûâ

ĊåÒČçČóðăøñŚĀÕĊñąûñõïåÿēÕøĂēçéñþïĀá�ě
ĢĚĚ�õÿç
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ĜĜě

ČÒñÕÏĀñÖÿâùĀĊñąûíñĂĊÏãøïññäçþøćÕçăē� ĎâŚïăÏĀñõĀÕċçõåĀÕÏĀñìÿàçĀûÕÒŝÒõĀïñćŚčùŚċÏř

ÏėĀóÿÕìóÐûÕ�åñ��čçâŚĀçÏĀñãřûĊñąû�ČâðÏĀñäřĀðåûâĊåÒČçČóðăčçÐÿēçÏĀñûûÏċèè�	%FTJHO
�ċóþ

ÐÿēçÏĀñêóĂã�	1SPEVDUJPO
�ãĀïøĀÐĀãřĀÕĐ�čçóÿÏ÷áþÏĀñëŒÏÕĀçùçŚĀÕĀç�	0O�UIF�+PC�5SBJOJOH
�

ùñąû� 0+5� čçùŚõÕÏĀñøñŚĀÕċóþãĂâãÿēÕñþèèãřĀÕĐ� ÐûÕĊñąûĊìąĒûĊéšçÏĀñĊãñăðïÒõĀïìñŚûïøėĀùñÿè

ÏĀñìĄĒÕìĀãçĊûÕčçÏĀñøñŚĀÕĊñąûíñĂĊÏãøïññäçþøćÕóėĀãřûĎéâŚõðëőïąûÐûÕÏėĀóÿÕìó�åñ��ĊûÕčùŚĎâŚ

čçûçĀÒãûăÏâŚõð�

øėĀùñÿèĊñąûíñĂĊÏãøïññäçþøćÕóėĀçăēĎâŚñÿèÏĀñìÿàçĀãŚçċèèïĀÖĀÏĊñąûìĂÔĀãØÿēç��

,XBOHHBFUP�$MBTT�%FTUSPZFS�	,%9�*
�ïăÒĆáóÿÏ÷áþåÿĒõĎéÒąûÒõĀïðĀõãóûâóėĀ�ěĜĞ�ě�Ċïãñ

�ÒõĀïÏõŚĀÕ�ěĞ�Ğ�Ċïãñ�ïăñþõĀÕÐÿèçēėĀĊãđïåăĒ�ĝ
ġĚĚ�ãÿç�ÒõĀïĊñđõïÿæðÿøäŝ�ěĢ�çûã�ÒõĀïĊñđõ

øćÕøĆâĎïřçŚûðÏõřĀ�ĝĚ�çûã�ïăñþðþéÝĂèÿãĂÏĀñøćÕøĆâåăĒÒõĀïĊñđõïÿæðÿøäŝ�Ğ
ĚĚĚ�ĎïóŝåþĊó�ïăñþèè

ÐÿèĊÒóąĒûçĊéšçċèè�$0%"(�	$PNCJOFE�%JFTFM�BOE�(BT�UVSCJOF
�Òąû�ĊÒñąĒûÕÖÿÏñčùÛřâăĊÙó��

Ĝ�ĊÒñąĒûÕ�	ãñĀûÿÏ÷ñ�˧56�ÐçĀâ�ğ
ģĜĚġ�,8
�øĀïĀñäåėĀÕĀçĎâŚìñŚûïÏÿèĊÒñąĒûÕÏÿÕùÿçÏśĀÙ��

ě�ĊÒñąĒûÕ�	ãñĀûÿÏ÷ñ�(&�ÐçĀâ�Ĝě
ĠĚĚ�,8
�ñþèèĊÏăðñŝ�	3FEVDUJPO�(FBS
�ÖėĀçõç�ě�ñþèè�

	ãñĀûÿÏ÷ñ�3&/,
�čèÖÿÏñċèè�$11�ïăĊìóĀčèÖÿÏñÖėĀçõç�Ĝ�ĊìóĀ�	ãñĀûÿÏ÷ñ�3PMMT�3PZDF
�

ïăûÿãñĀÏėĀóÿÕìó�ěĞě�çĀð�øĀïĀñäéÝĂèÿãĂÏĀñčçåþĊóĎâŚûðřĀÕãřûĊçąĒûÕČâðĎïřãŚûÕïăÏĀñøřÕÏėĀóÿÕ

èėĀñĆÕäĄÕ�Ĝě�õÿç�

čçøřõçÐûÕÏĀñäřĀðåûâĊåÒČçČóðăÐÿēçÏĀñêóĂãøĀÐĀãÿõĊñąû� 	)VMM� 1SPEVDUJPO
� ĊéšçÏĀñ

ûèñïčçóÿÏ÷áþ�0+5�ïăõÿãäĆéñþøÕÒŝ�	0CKFDUJWFT
�ĊìąĒûčùŚÏėĀóÿÕìóïăûÕÒŝÒõĀïñćŚøėĀùñÿèÏĀñøñŚĀÕ

ãÿõĊñąû�	)VMM
�ïăÐûèĊÐãÐûÕÏĀñûèñï�	4DPQF�PG�4UVEZ
�ĝ�øřõç�ĎâŚċÏř�ÏĀñöĄÏ÷ĀÏñþèõçÏĀñ

ãÿâċêřçĊùóđÏ� 	$VUUJOH� 4UFFM
� ÏñþèõçÏĀñéñþÏûèèóđûÏãÿõĊñąû� 	"TTFNCMJOH� #MPDL
� ċóþ

ÏñþèõçÏĀñéñþÏûèóėĀĊñąû� 	&SFDUJPO
� ČâðĊñąûóėĀçăēçûÏÖĀÏĎâŚñÿèÏĀñûûÏċèèċóþøñŚĀÕãĀï

ùóÿÏÏĀñøñŚĀÕĊñąûøĀÏóåÿĒõĎéċóŚõðÿÕøñŚĀÕãĀïïĀãñÞĀçåĀÕåùĀñÐûÕÏûÕåÿìøùñÿÞûĊïñĂÏĀċóþ

ïĀãñÞĀçÏûÕåÿìĊñąûĊÏĀùóăčãŚ� ÙĄĒÕÏñþèõçÏĀñøñŚĀÕãÿõĊñąûçÿēçïăñĀðóþĊûăðâåăĒçřĀøçčÖċóþØřõð

ĊìĂĒïìćçåÿÏ÷þčçâŚĀçÏĀñøñŚĀÕĊñąûčùŚÏÿèÏėĀóÿÕìóÐûÕÏûÕåÿìĊñąûĎâŚĊéšçûðřĀÕâă
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ĜĜĜ

Ĝ��ÏñþèõçÏĀñøñŚĀÕãÿõĊñąûċèèåÿĒõĎé
çÿèãÿēÕċãřùóÿÕøÕÒñĀïČóÏÒñÿēÕåăĒøûÕĊéšçãŚçïĀÏññïõĂæăčçÏĀñøñŚĀÕĊñąûĎâŚïăõĂõÿàçĀÏĀñ

ĊéóăĒðçĎéÖĀÏĊâĂïûðřĀÕïĀÏĊçąĒûÕÖĀÏøîĀõþċõâóŚûïåĀÕÏĀñċÐřÕÐÿçåĀÕĊöñ÷ÞÏĂÖÐûÕČóÏĊéšç

ċñÕêóÿÏâÿçåăĒøėĀÒÿÛÖçåėĀčùŚĊÏĂâìÿàçĀĊåÒČçČóðăčçâŚĀçûĆãøĀùÏññïãřĀÕ�Đ�čùŚïăÒõĀïĊÖñĂÛ

ÏŚĀõùçŚĀÐĄēç� ĊØřç� ÏĀñĊØąĒûïČóùþ� ÏĀñêóĂãċêřçĊùóđÏóŚõçøřÕêóČâðãñÕøćřÏĀñìÿàçĀÏñþèõçÏĀñ

øñŚĀÕĊñąûÙĄĒÕãŚûÕûĀöÿðĊåÒČçČóðăÏĀñĊØąĒûïČóùþåăĒïăéñþøĂåæĂîĀìĊéšçûÕÒŝéñþÏûèøėĀÒÿÛ� čçÐÿēçãûç

ÏĀñøñŚĀÕĊñąûçÿēç� ÏñþèõçÏĀñčçÐÿēçÏĀñêóĂãåăĒïăÒõĀïøėĀÒÿÛĊñĂĒïãÿēÕċãřÏñþèõçÏĀñãÿâċêřçĊùóđÏ

ĊéšçøřõçéñþÏûèðřûðãřĀÕ� Đ� ÐûÕãÿõĊñąû� ÏřûçåăĒÖþäćÏçėĀĎééñþÏûèĊéšçøřõçéñþÏûèèóđûÏ�

ãÿõĊñąûåăĒčùÛřÐĄēçČâðčØŚĊåÒČçČóðăâŚĀçÏĀñĊØąĒûï� ÖçÏñþåÿēÕäĄÕÐÿēçãûçåăĒċãřóþèóđûÏäćÏçėĀĎé�

éñþÏûèĊéšçóėĀĊñąûåăĒøïèćñáŝčçåăĒøĆâ� ĊñăðÏõĂæăÏĀñĊùóřĀçăēõřĀ� õĂæăÏĀñøñŚĀÕãÿõĊñąûċèèèóđûÏ�

	)VMM� #MPDL� $POTUSVDUJPO� ˧FUIPE
� 	åñÕöÿÏâĂĖ
� ĜğĝĢ
� čçéşÖÖĆèÿçûćřãřûĊñąûØÿēççėĀÐûÕČóÏ�

ĎâŚçėĀÏñþèõçÏĀñøñŚĀÕĊñąûåÿĒõĎé�	(FOFSBM�$POTUSVDUJPO�1SPDFTT
�	)FFNPPO
�+BOHIB�BOE�

4VOHTPP
�ĜĚĚĜ
�ïĀčØŚčçÏĀñøñŚĀÕĊñąûÙĄĒÕéñþÏûèâŚõðÐÿēçãûçùóÿÏ�ěĚ�Ðÿēçãûç�âÿÕñćéåăĒ�Ĝ�ě

�¡���¬�¶�µ�i�����i����Ó�o¤�����¬�¨���%CLCP?J�!MLQRPSARGML�.PMACQQ�

ÖĀÏñćéåăĒ�Ĝ�ě�ÏñþèõçÏĀñøñŚĀÕĊñąûåÿĒõĎé�	(FOFSBM�$POTUSVDUJPO�1SPDFTT
�ïăÐÿēçãûç

ùóÿÏĎâŚċÏř

Ĝ�ě�ÏĀñóÕçĀïøÿÛÛĀ�	$POUSBDU�4JHOJOH
�ĊéšçÐŚûãÏóÕčçÏĀñøñŚĀÕĊñąûñþùõřĀÕÒćřøÿÛÛĀ

Ĝ�Ĝ�ÏĀñûûÏċèè�	%FTJHO
�ÒĆáóÿÏ÷áþċóþÒõĀïãŚûÕÏĀñâŚĀçðĆåæÏĀñåăĒêćŚčØŚãŚûÕÏĀñ�



i�����i����Ó�o}��¤���¥����¬�¨��i��¤������¤i}����~���¡o�

ĜĜĝ

Ĝ�ĝ� ÏĀñãÿâċêřçĊùóđÏ�	$VUUJOH�4UFFM


Ĝ�Ğ� ÏĀñéñþÏûèèóđûÏ�	"TTFNCMJOH�#MPDL


Ĝ�ğ� ÏĀñéñþÏûèåřûåĀÕċóþûĆéÏñáŝðřûðîĀðčçèóđûÏ� 	0VUȼUUJOH
� ĊØřç� ñþèèåřûåĀÕ�

ñĀÕøĀðĎí�ĊéšçãŚç

Ĝ�Ġ� ÏĀñåėĀøă� 	1BJOUJOH
� ĊéšçÏĀñçėĀèóđûÏĎéĊÐŚĀøćřÏñþèõçÏĀñĊãñăðïìąēçêĂõ� ÏĀñìřç

ċóþĊÒóąûèøă�

Ĝ�ġ� ÏĀñéñþÏûèóėĀĊñąû�	&SFDUJPO
�

Ĝ�Ģ� ÏĀñéóřûðĊñąûóÕçēėĀ�	-BVODIJOH
�

Ĝ�ģ� ÏĀñåâøûèåâóûÕċóþãĂâãÿēÕñþèèåăĒøėĀÒÿÛãřĀÕĐ�ùçŚĀåřĀĊåăðèĊñąû�	2VBZ
�ĊØřç�ñþèè�

ûĀõĆæðĆåČæéÏñáŝãřĀÕĐ�ÕĀçéñþÏûèøĀðĎíøĀðøÿÛÛĀá�ÏĀñåâøûèñþèèĎííŕĀ�ýóý�ĊéšçãŚç�

Ĝ�ěĚ�ÏĀñøĒÕïûèĊñąû�	%FMJWFSZ
�čùēÏÿèêćēõĒĀÖēĀÕãĀïÐēûÏėĀùçâ�ãĀïÒĆáóÿÏ÷áþÏĀñ

ûûÏċèè�ïĀãñÞĀç�

ÏñþèõçÏĀñøñŚĀÕĊñąûãĀïùóÿÏøĀÏóåÿēÕ� ěĚ� Ðÿēçãûççăē� čçøřõçÐûÕÕĀçøñŚĀÕãÿõĊñąûÐÿēçÏĀñ

êóĂãéñþÏûèĎéâŚõð�ĝ�øřõç�ĎâŚċÏř�ÏĀñãÿâċêřçĊùóđÏ�	$VUUJOH�4UFFM
�ĊñĂĒïãÿēÕċãřÏĀñçėĀĊÐŚĀùñąûÖÿâùĀ

ċêřçĊùóđÏÙĄĒÕĊéšçÏñþèõçÏĀñÖÿâÙąēûÖĀÏåÿēÕčçéñþĊåöċóþãřĀÕéñþĊåö� ùóÿÕÖĀÏçÿēçċêřçĊùóđÏ�

ÖþãēûÕäćÏçėĀĎéêĒĀçÏñþèõçÏĀñéñÿèéñĆÕÒĆáîĀìÏĒûçÏĀñãÿâ� âÿâ� ïēõçċóþÐĄēçñćéĊéđçøĒõç

éñþÏûèðřûðãřĀÕĐ� ÖĀÏçÿēçÖĄÕĊÐŚĀøćřÐÿēçãûçÏĀñçėĀøřõçéñþÏûèðřûðïĀéñþÏûèÐĄēçñćéĊéšçèóđûÏ

ãÿõĊñąû� ĊØřç� ÏĀñéñþÏûèċêřçìąēçĊéóąûÏĊñąû� êçÿÕëĀÏÿēçãĀïèóđûÏãřĀÕĐ� ÏĀñéñþÏûèċêřçĊøñĂï�

ÒõĀïċÐđÕċñÕÐûÕèóđûÏ� ÐÿēçãûççăēĊñăðÏõřĀ� ÏĀñéñþÏûèèóđûÏãÿõĊñąû� 	"TTFNCMJOH� #MPDL
��

ÖĀÏçÿēçÖĄÕĊÐŚĀøćřÐÿēçÏĀñĊØąĒûïéñþÏûèãÿõĊñąûÙĄĒÕäąûĎâŚõřĀïăÒõĀïøėĀÒÿÛïĀÏåăĒøĆâÐûÕÏñþèõçÏĀñ

øñŚĀÕĊñąûåÿēÕùïâ�	5PLPMB
�/JFNJ�BOE�3FNFT
�ĜĚěĝ
�ċóþÏóřĀõĎâŚõřĀÐÿēçãûççăēĊéšç�įÒûÐõâİ�

ÐûÕÏñþèõçÏĀñøñŚĀÕĊñąû� çÿĒçÒąûÐÿēçãûçÏĀñéñþÏûèóėĀĊñąû� 	&SFDUJPO
� ĊéšçÐÿēçãûçåăĒèóđûÏ�

ãÿõĊñąûÖþäćÏçėĀïĀĊØąĒûïéñþÏûèĊÐŚĀâŚõðÏÿçĊéšçóėĀĊñąûåÿēÕóėĀûðřĀÕøïèćñáŝÖçÏñþåÿĒÕøĀïĀñä

ĊãñăðïéóřûðĊñąûóÕçēėĀĎâŚĊéšçÒñÿēÕċñÏ� ĊùãĆêóåăĒäąûõřĀÏĀñéñþÏûèóėĀĊñąûĊéšç� įÒûÐõâİ� ÐûÕ

ÏñþèõçÏĀñøñŚĀÕĊñąûÏđĊçąĒûÕÖĀÏõřĀ� čçÐÿēçãûççăēùĀÏĊÏĂâÒõĀïóřĀØŚĀÐĄēçÖþøřÕêóčùŚÏñþèõçÏĀñ

øñŚĀÕĊñąûåÿēÕùïâĎïřøĀïĀñäâėĀĊçĂçÏĀñéñþÏûèùñąûãĂâãÿēÕøĂĒÕéñþÏûèãÿõĊñąûùñąûðĆåČæéÏñáŝ

ãřĀÕĐ�ĎâŚãĀïċêçÕĀçåăĒõĀÕĎõŚ
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ĜĜĞ

ĝ��ÏñþèõçÏĀñøñŚĀÕãÿõĊñąûíñĂĊÏãøïññäçþøćÕ
ÏñþèõçÏĀñøñŚĀÕãÿõĊñąûãĀïùóÿÏøĀÏóåăĒéñþÏûèâŚõð� ěĚ� Ðÿēçãûç� ÏĀñøñŚĀÕĊñąûíñĂĊÏã

øïññäçþøćÕÐûÕ� åñ�� åăĒâėĀĊçĂçÏĀñČâðûćřãřûĊñąû� %4˧&� ûćřãřûĊñąûØÿēççėĀñþâÿèČóÏçÿēçïăÏñþèõç

øñŚĀÕĊñąûåăĒĎâŚñÿèÏĀñéñÿèéñĆÕìÿàçĀïĀûðřĀÕãřûĊçąĒûÕċóþïăØąĒûĊøăðÕĊéšçåăĒðûïñÿèčçõÕÏĀñ

ûĆãøĀùÏññïãřûĊñąûñþâÿèČóÏ� ïăÐÿēçãûçÏĀñøñŚĀÕĊñąûíñĂĊÏãøïññäçþøćÕčùŚÏÿè� åñ�� ãĀïóėĀâÿè

ÏĀñøñŚĀÕĊñąû�	$POTUSVDUJPO�4FRVFODF
�âÿÕñćéåăĒ�ĝ�ě

�¡���¬�·�µ��±�|��i����Ó�o��!MLQRPSARGML�1COSCLAC��¤������¤i}����~���¡o

ãĀïñćéåăĒ�ĝ�ě�ċøâÕóėĀâÿèÏĀñøñŚĀÕ� 	$POTUSVDUJPO�4FRVFODF
� ĊñąûíñĂĊÏãøïññäçþøćÕ

ĊéšçċçõåĀÕÏĀñøñŚĀÕĊñąûčùŚĎâŚûðřĀÕïăÒĆáîĀìãĀïÏñþèõçÏĀñøñŚĀÕéñþÏûèâŚõð

ĝ�ě�˧BUFSJBM� 1SPDFTTJOH� ĊéšçÏĀñèñĂùĀñÖÿâÏĀñãóûâÖçÏĀñĊãñăðïõÿøâĆċóþåñÿìðĀÏñ

áŝĊñĂĒïãŚçãřĀÕĐ�åăĒĊÏăĒðõÐŚûÕčçÕĀçøñŚĀÕĊñąû� 	%4˧&�
�ĜğğĢ
�ĎâŚċÏř�ÏĀñĊãñăðïõÿøâĆ� 	˧BUFSJBM
�

ČâðĊ×ìĀþċêřçĊùóđÏ�	4UFFM�1MBUFT
�ÐçĀâãřĀÕĐ�ċêřçĊøñĂïÒõĀïċÐđÕċñÕ�èăï�	*�#FBNT
�ĊéšçãŚç�

čØŚõĂæăÏĀñÖÿâùĀ�ÖÿâÙąēûċóþâėĀĊçĂçÏĀñçėĀĊÐŚĀČâðõĂæăÏĀñÐçøřÕåĀÕĊñąûĊéšçùóÿÏÖĀÏçÿēçċêřçĊùóđÏ�

ÖþäćÏçėĀĊÐŚĀČñÕÕĀçãÿâ�	$VUUJOH�4IPQ
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ĜĜğ

�¡���¬�·�¶��i���-DDJM?BGLE���¬�1RCCJ�1RMAI�7?PB

ĝ�Ĝ�ÏĀñ�0ȿPBEJOH�ĊéšçÐÿēçãûçÏĀñøřÕċêřçĊùóđÏ�4UFFM�1MBUF
�"OHMF�
�#FBN�åăĒóėĀĊóăðÕ

ĊÐŚĀïĀðÿÕûćřãřûĊñąûČâðĊñąûÐçøřÕøĂçÒŚĀ�çėĀïĀõĀÕ� 	6OMPBEJOH
�åăĒ�4UFFM�4UPDL�:BSE�ċóþïăĊÒñç

ÐçĀâčùÛř�	6OMPBEJOH�2VBZ���$SBOF
�åėĀùçŚĀåăĒÐçäřĀðċêřçĊùóđÏÖĀÏĊñąûøĂçÒŚĀ�õĀÕèçċåřç

õĀÕċêřçĊùóđÏÐçĀâčùÛř�ùñąû�5SFTUMF�	%4˧&�
�ĜğğĢ


�¡���¬�·�·�¤l��j��|§�uÒ

��3LJM?BGLE�/S?W���

!P?LC���±���Ó���¬j�~Ò��

¥�Ò�¤��«ip�i¤������lÓ�
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ĜĜĠ

ĝ�ĝ�ÏĂÖÏññïèç�4UFFM�4UPDL�:BSE�çăēéñþÏûèâŚõðÏĀñÖÿâĊÏđèċêřçĊùóđÏ� 	4UPDL
�ċóþ

ÏĀñÖÿâĊñăðÕċêřçĊùóđÏ� 	4PSUJOH
� ČâðÏĀñÖÿâõĀÕçăēÖþõĀÕĊéšçÏûÕÙŚûçÏÿçċðÏéñþĊîåċóþÐçĀâ

ÐûÕċêřçĊùóđÏ

ĝ�Ğ� ÐÿēçãûçÏĀñ� 5SFBUNFOU� Òąû� ÐÿēçãûçÏĀñçėĀċêřçĊùóđÏĊÐŚĀøćřÏñþèõçÏĀñéñÿèéñĆÕ

ÒĆáîĀìČâðïăÐÿēçãûçøėĀÒÿÛãĀïñćéåăĒ�ĝ�ğ�

�¡���¬�·�¸��i�pi������1RCCJ�1RMAI�7?PB

�¡���¬�·�¹�j�­�}��i���±�¥�Ò�¤��«i¤jÓ��¡Òi�����i�������� ol {���
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ĜĜġ

ÖĀÏñćéåăĒ�ĝ�ğ�ÏñþèõçÏĀñ�5SFBUNFOU�ċêřçĊùóđÏĊéšçÏĀñĊãñăðïìąēçêĂõĊìąĒûčùŚċêřçĊùóđÏ�

ïăÒĆáøïèÿãĂčçÏĀñéñþÏûèČÒñÕøñŚĀÕãÿõĊñąûùñąûêçÿÕëĀÏÿēçãřĀÕĐ�ÐûÕĊñąû�	%4˧&�
�ĜğğĢ
�ĎâŚċÏř�

ÏĀñčùŚÒõĀïñŚûç� 	)FBUJOH
� ÏĀñÐÿâêĂõùçŚĀ� 	#MBTUJOH
� ÏĀñ×ăâìřçøă� 	4QSBZJOH
� ċóþÏĀñûè�

čùŚċùŚÕ�	%SZJOH
�âÿÕñćéåăĒ�ĝ�Ġ�

�¡���¬�·�º��i�����i���2PC?RKCLR�¥�Ò�¤��«i�

ÖĀÏñćéåăĒ�ĝ�Ġ�ČñÕÕĀçĊãñăðïìąēçêĂõċêřçĊùóđÏĊìąĒûčùŚċêřçĊùóđÏïăÒĆáøïèÿãĂčçÏĀñéñþÏûè

ČÒñÕøñŚĀÕãÿõĊñąûÖĀÏçÿēçċêřçĊùóđÏÖþäćÏøřÕãřûĎéãÿâĊéšçØĂēçøřõçãřĀÕĐ�ãĀïĊøŚçóĀðċèè�	˧PME�MJOF
�

åăĒìĂïìŝóÕèçìąēçêĂõċêřçĊùóđÏÖĀÏČñÕÕĀçĊãñăðïìąēçêĂõâŚõð
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ĜĜĢ

ĝ�ğ�ÏĀñãÿâ� 	$VUUJOH
�øřõçéñþÏûèðřûðãĀïĊøŚçóĀðċèè� 	˧PME� MJOF
� ĊØřç�4USJQQJOH
�

#FBN�ĊéšçãŚç

�¡���¬�·�»��i��}�|��!SRRGLE���Ò�����i���Ò��}��¤�Ó����¥����+MJB�JGLC�

ĝ�Ġ�#MPDL�'BCSJDBUJPO���1SF�PVU�ȼUUJOH�ÏñþèõçÏĀñçėĀċêřçĊùóđÏåăĒêřĀçÏĀñãÿâØĂēçøřõç

ãřĀÕĐ�ãĀïċèèċóŚõ�çėĀïĀĊñĂĒïéñþÏûèĊéšçØĂēçøřõçðřûðùñąû�1SF�Ī�"TTFNCMZ�ãĀïñćéåăĒ�ĝ�Ģ

�¡���¬�·�¼��i�����i���±�r�­��Ò��}Ò�oª������i��r�­��Ò���Ò�������.PC�À��QQCK@JW

ãĀïñćéåăĒ�ĝ�Ģ�ĊéšçÏĀñéñþÏûèØĂēçøřõçðřûð�ùñąû�1SF�Ī�"TTFNCMZ�čç�ĝ�óÿÏ÷áþĎâŚċÏř�

ĝ�Ġ�ě�ÏĀñéñþÏûèØĂēçøřõçðřûðåăĒ�$PNQPOFOU�"TTFNCMZ�4IPQ�ùñąû�$"4�Ċéšç�

ØĂēçøřõçðřûðåăĒïĀéñþÏûèñõïÏÿçĊéšçøřõçéñþÏûèĊóđÏĐ�

ĝ�Ġ�Ĝ� ÏĀñéñþÏûèøřõçéñþÏûèðřûð� 1SF� Ī� "TTFNCMZ� 4IPQ� ùñąû� 1"4� ĊØřç��

øřõçéñþÏûèêçÿÕëĀÏÿēçåăĒïăÏĀñĊØąĒûïÕĀçĊìăðÕâŚĀçĊâăðõ� ÏĀñĊØąĒûïøřõçéñþÏûèåăĒĎïřÙÿèÙŚûçÏóřĀõÒąû

ÕĀçåăĒĎïřÙÿèÙŚûçùïĀðäĄÕ� ĎïřïăÏĀñÏóÿèâŚĀçÐûÕøřõçéñþÏûèçÿēçïĀĊØąĒûïâŚĀçùóÿÕ� ùñąûĊéšçÏĀñ

ĊØąĒûïâŚĀçĊâăðõçÿĒçĊûÕ�
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ĜĜģ

ĝ�Ġ�ĝ�ÏĀñâÿâċêĒçČóùþ� 	#FOEJOH
� ĊéđçÏĀñÐĄēçñćéċêĒçĊùóđÏãÿõĊñąûÐçĀâčùÛĒ�

ãóûâÖçÕĀçĊÖăðñŝóèÒõĀïÒïÐûÕċêřçĊùóđÏ�	(SJOEJOH


ĝ�Ġ�Ğ�ìąēçåăĒõĀÕìÿÏÕĀç�#VȻFS�ĊìąĒûñûÖÿâøřÕĎééñþÏûèèóđûÏ�	"TTFNCMJOH�#MPDL
�ãřûĎé

ĝ�ġ�ÏĀñéñþÏûèèóđûÏ�	"TTFNCMJOH�#MPDL


ÏĀñéñþÏûèãÿēÕċãřéñþÏûèðřûð�	4VC�"TTFNCMZ
�ĎéÖçäĄÕÏĀñéñþÏûèÐĄēçĊéšçèóđûÏčùÛř�

	'JOBM� #MPDL�ùñąû�(SBOE�#MPDL
� 	%4˧&�
� ĜğğĢ
�ïăČñÕÕĀç�ĝ�%JNFOTJPO�#MPDL�4IPQ�

	�%4
�ĊéšçùóÿÏ�ċèřÕûûÏĊéšç�ĝ�#BZ�âÿÕçăē

ĝ�ġ�ě� #BZě� éñþÏûè� 4VC� "TTFNCMZ� èç� 1JO� +JH� åăĒøĀïĀñäéñÿèċãřÕñþðþ�

ÒõĀïøćÕĎâŚ�	"VUP�1JO�KJH
�ċèřÕÕĀçûûÏĊéšç�ĝ�TUBHF�Òąû�4UBHF�ě�åėĀÕĀçøřõçéñþÏûèðřûðċêřç

ČÒŚÕ	$VSWF�#BTF
�øřõçéñþÏûèðřûðèóđûÏ�	#MPDL�#BTF
�ċóþéñþÏûèðřûðċêřçãñÕ�	'MBU�#BTF
��

4UBHF� Ĝ� åėĀÕĀçĊØąĒûïċêřçĊùóđÏ� 	1MBUF
� ÐûÕøřõçéñþÏûèëĀÏÿēç� ċóþ� 4UBHF� ĝ� ÕĀç� 4NBMM��

"TTFNCMZ

ĝ�ġ�Ĝ�#BZĜ�åėĀÐÿēçÏĀñéñþÏûèðřûðĊñăðÏõřĀ�6OJU�"TTFNCMZ�èç�1JO�+JH�éñÿèċãřÕ�

ñþðþÒõĀïøćÕĎâŚ�ñÿèÕĀçåăĒûûÏÖĀÏ�#BZě�ïĀåėĀÏñþèõçÏĀñùóÿÏ�Ĝ�ÕĀçÒąû�ÕĀç�'JUUJOH�8PSL�

ċóþÕĀç� 8FMEJOH� 8PSL� ĎâŚċÏř� ÕĀçĊØąĒûïãĂâãÿēÕ� 'MBU� #BS
� $VSWF� #BS� ÏĀñĊØąĒûïéñþÏûè�

ċêřçĊùóđÏâŚõðõĂæă�'(#�ÏĀñĊØąĒûïãĂâãÿēÕ�4UJȻFOFST�ċóþ�5�#BST�ĊéšçãŚç

ĝ�ġ�ĝ� #BZĝ� åėĀÐÿēçÏĀñéñþÏûèčùÛř� ĊñăðÏõřĀ� (SBOE� "TTFNCMZ� ČâðñÿèÕĀç�

åăĒûûÏÖĀÏ�#BZĜ�ïĀåėĀÏĀñéñþÏûèÐÿēçøĆâåŚĀðÐûÕÏñþèõçÏĀñéñþÏûèèóđûÏãÿõĊñąû�ČâðïăøĂĒÕûėĀçõð�

ÒõĀïøþâõÏčçČñÕÕĀçåăĒøėĀÒÿÛÒąû�1JO�+JH�ċóþĊÒñçÒóřûï�	0WFSIFBE�)PPL�5ZQF�$SBOF


ĝ�Ģ�#MPDL�1BJOUJOH� ĊéšçÏĀñçėĀèóđûÏĎéĊÐŚĀøćřÏñþèõçÏĀñìřçøă� ĊñĂĒïãÿēÕċãřÏĀñĊãñăðïìąēçêĂõ�

ÏĀñìřçøăùñąûĊÒóąûèøă�	%4˧&�
�ĜĚěĝ


ĝ�ģ� ÏĀñéñþÏûèóėĀĊñąû� 	&SFDUJPO
� ÏĀñçėĀèóđûÏÐçĀâčùÛřċóþèóđûÏ� 1&� ïĀĊØąĒûïãřû

ÏÿçÐĄēçĊéšçóėĀĊñąûåăĒøïèćñáŝ�õĂæăçăēĊñăðÏõřĀÏĀñéñþÏûèóėĀĊñąû�	&SFDUJPO
�	%4˧&�
�ĜğğĢ
�âÿÕñćé

åăĒ�ĝ�ģ
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ĜĝĚ
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ÖĀÏñćéåăĒ� ĝ�ģ� èóđûÏĊâăĒðõåÿēÕùïâ� ĠĜ� èóđûÏ� äćÏċèřÕĊéšçèóđûÏãÿõĊñąû� ĝĠ� èóđûÏ� ċóþ

èóđûÏ�1&� ÖėĀçõç�ěĠ�èóđûÏ� ÏřûççėĀïĀĊØąĒûïãřûÏÿçčçÏĀñéñþÏûèóėĀĊñąû� 	%4˧&�
� ĜğğĢ
��

	èóđûÏ�1&�Òąû�ÏĀñĊØąĒûïãřûÏÿçñþùõřĀÕøûÕèóđûÏùñąûùóĀðèóđûÏĊìąĒûčùŚïăÐçĀâčùÛřÐĄēç�ĊñăðÏõřĀ�

ÏĀñ�į1SF�&SFDUJPO�ùñąû�1&İ
�ïăÏĂÖÏññïåăĒøėĀÒÿÛâÿÕçăē�

� ĝ�ģ�ě� #MPDL� 4FUUJOH� ÏĂÖÏññïåăĒøėĀÒÿÛÒąûÏĀñãñõÖøûèÒõĀïäćÏãŚûÕÐûÕÐçĀâïĂãĂÐûÕ

èóđûÏ�	"DDVSBDZ�$IFDLJOH
�ČâðčØŚÏóŚûÕ�5PUBM�4UBUJPO�ùñąû�5IFPEPMJUF�

� ĝ�ģ�Ĝ�ÏĀñ�'JU�VQ�ċóþ�8FMEJOH�ïăâÿÕçăē

ĝ�ģ�Ĝ�ě�ÏĀñ�'JU�VQ�ïăÐÿēçãûçåăĒøėĀÒÿÛÒąû

ě
�ãñõÖøûèñþðþùřĀÕċçõĊØąĒûï�	(BQ�$IFDLJOH


Ĝ
�ãñõÖøûèċçõĊØąĒûïãřûèóđûÏ�	'JMMFU�"MJHO�$IFDL


ĝ
�ãÿâøřõçåăĒĊêąĒûñþðþÐûèèóđûÏ�	˧BSHJO
�ÙĄĒÕ�%4˧&�ïăÐŚûÏėĀùçâåăĒ

ĊéšçïĀãñÞĀçčçÏĀñĊêąĒûñþðþÐûèèóđûÏĎõŚåăĒ�ěĚ�ïï��

Ğ
�ÏĀñéñÿèċãřÕċçõêçÿÕ�	"MJHIU�'JU�VQ
�čùŚûðćřèçĊøŚçóĀðìĂïìŝ��

	˧PME�-JOF


ğ
�ÏĀñĊØąĒûïðĄâùóÿÕċçõĊØąĒûïċêřçĊéóąûÏĊñąû�	#BDL�#FBE�8FMEJOH
�
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�¡���¬�·�µ´��i���$GR�SN�§�i���±�� JMAI�1CRRGLE

ĝ�ģ�Ĝ�Ĝ�ÏñþèõçÏĀñĊØąĒûï�	8FMEJOH�1SPDFTT
�ãĀïïĀãñÞĀç�%BFXPP�4IJQCVJMEJOH�

2VBMJUZ�4UBOEBSE�	%424
�ĜĚěĝ
�ÐŚûÏėĀùçâãĀïïĀãñÞĀçåăĒñþèĆčç�%424�	%4˧&�
�ĜğğĢ
�

ĎâŚċÏř�

� � ě
�ÏĀñĊãñăðïÏĀñÏřûçÏĀñĊØąĒûï�	1SFQBSBUJPO�CFGPSF�8FMEJOH
�ÏĀñãñõÖøûè

åăĒøėĀÒÿÛ�	˧BKPS�$IFDL�1PJOUT
�ĊØřç�ÏĀñêřĀçÒĆáøïèÿãĂëőïąûØřĀÕĊØąĒûï��ÏĀñãñõÖøûèñþðþÐûè�

ïĂãĂċóþñćéñřĀÕÐûÕèóđûÏ��ÏĀññąēûäûçĊøĀÒēėĀċóþ�TUSPOH�CBDL�éŕûÕÏÿçÏĀñ�EFGPSNBUJPO�ĊéšçãŚç

� � Ĝ
�ÏĀñĊØąĒûï� 	8FMEJOH
�ïăÖĆâãñõÖøûèåăĒøėĀÒÿÛ� 	˧BKPS�$IFDL�1PJOUT
� ĊØřç�

ñþðþØřûÕõřĀÕ�	(BQ
�ÏĀñĊØąĒûï

� � ĝ
�ÏĀñãñõÖøûèñûðĊØąĒûï�	*OTQFDUJPO�PO�8FME�1BSUT
�ĊìąĒûñÿèñûÕÒĆáîĀì

ñûðĊØąĒûïãñõÖøûèñûðèÏìñřûÕčçÏĀñĊØąĒûï� ĊØřç� DSBDL
� VOEFSDVU
� DSBUFS� ĊéšçãŚç� ïăõăæă

ÏĀñãñõÖÒąû� ÏĀñãñõÖøûèâŚõðøĀðãĀ� 	7JTVBM� JOTQFDUJPO
� ċóþ� ÏĀñåâøûèČâðĎïřåėĀóĀð��

	/PO�EFTUSVDUJWF�FYBNJOBUJPO
�

ĝ�ěĚ�ÏĀñéóřûðĊñąûóÕçēėĀ�	-BVODIJOH
�ĊéšçÐÿēçãûçùçĄĒÕåăĒøėĀÒÿÛÐûÕÏñþèõçÏĀñøñŚĀÕĊñąû
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čçñþõĀÕóûðçēėĀ� ċóŚõÖĄÕçėĀĊñąûåăĒãřûčùïřĊóąĒûçûûÏĎéÖûâåăĒåřĀĊåăðèĊñąûĊìąĒûâėĀĊçĂçÏĀñÐÿēçãûçãĂâãÿēÕ
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