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ųŨİŝŨ1.1
�ŹŤŴǜē�ŗŴĴĩŤē�ŦũĩŻ�ĳĔŁĝĬē�ŵűŴȕųżšŻĴŨǘē�ęİĩĝũŤē�ěĔŻǘŵŤē�ŽŘ� ƻĚŻēİĖ�ŽũżťőĝŤēSTEM�ĦŨĔŬĴĖ�ĴŲŌ
�ĔżĤŵŤŵŭšĝŤēŴ�ŧŵťőŤē�ȕ�Science, Technology, Engineering and Mathematics��ŒżńēŵŨ�ŮŨ
�įēŵũťŤ �ųťŻŵň �ěēŵŭĸ �ŶİŨ �ŹťőĜēĳĔėĝĬǞē �ŮŨ �ĴżġšŤē �ŧĔżŜ �İőĖ �ŢŤıŴ �ȕěĔżńĔŻĴŤēŴ �ĚĸİŭŲŤēŴ
�ĞŁĭťĜ�ĢżĨȕŮżřŌŵũŤēŴ�ĚėťŉŤē�ŮŨ�ůĴżėŠ�ųėĹŬ�ĔŲŤ�ŒŅĬ�ŽĝŤēŴ�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē� ƻĚŀĔĬ�ȕųżĸēĳİŤē
�ĔżĤŵŤŵŭšĝŤēŴ �ŧŵťőŤē �įēŵŨ �ŽŘ�ŮżřŌŵũŤēŴ �ųėťŉŤē �ŶİŤ �ŧĔŐ �Śőń�įŵĤŵĖ �ěĔĸēĳİŤē �ůĲű�ĦĐĔĝŬ
�ųżťũőŤē �ůĔżĩŤēŴ �ŧŵťőŤē �ůĲű�ŮżĖ �ŊĖĴŤē �ŽŘ�ŧĔŐ�Śőń�įŵĤŴ�ŹŤč � ƻĚŘĔńč �ěĔżńĔŻĴŤēŴ �ųĸİŭŲŤēŴ
�ŹťŐ �ųżŤĔŐ �ųĤĳį �ŧŵťőŤē �ŪżťőĝŤ �ųżšŻĴŨǜē �ųżŭňŵŤē �ĴżŻĔőũŤē �ĚĹĸČŨ �ĞŉŐĉ �ȕ1996 �ŧĔŐ �ŽŘ
�ĳĔĹřĝĸǞē �ŹťŐ �ŪĐĔŝŤē �Ū ǎťőĝŤē �ĚŻĴōŬ �ŹťŐ � ƻĆĔŭĖ �ŒŻĳĔĽũŤē �ŽŘ �ĚėťŉŤē �şēĴļč �ţǙĬ �ŮŨ �ŧŵťőŤē
�ěĔżńĔŻĴŤē �ŽũťőũŤ �ŽŭňŵŤē �ĺťĥũŤē �ŧĔŜ �İŜŴ �ȕŽũżťőĝŤē �ŧĔōŭŤē �ŽŘ �ųżĸĔĸĉ �ųřĹťŘ �ĔŲťőĤŴ
�ȕěĔżńĔŻĴŤē �ŪŲŘ �ųĤŴĉ �İŻİĩĜŴ �ųŻŵŬĔġŤē �ųťĨĴũŤē �ĴżŻĔőũŤ � ƻĔŝŘŴ �ěĔżńĔŻĴŤē �ęįĔŨ �ŽĸĳİŨ �įĔļĳĎĖ
ųżŤŴİŤē �ŮżżĤŵŤŵŭšĝŤēŴ �ŮżĸİŭŲũŤē �ĚũōŭŨ �ĞŨĔŜŴ �ȕěēĳĔŲũŤĔĖ �ŧĔũŤǞēŴ �ȕĚŘĴőũŤē �şēĳįč
�International Tech  nology and Engineering Educator Association ITEEA
�ŽĝŤē �ųżŲżĤŵĝŤē �ďįĔėũŤē �ůĲŲťŠ ��ųżĤŵŤŵŭšĝŤē �ų ǁżŨǜē �ŵĩũŤ �ųũ ǁżŜ �ĴżŻĔőŨ �ŒũĥĖ
�įēİőĝĸǞē �ŮŨ �ĳİŜ �ŹťŐ �ųėťň �ģĔĝŬǞ �ų ǁżřŁŤē �ųťšżŲŤē �ŧİĭĝŤ �İ ǁżĤ �ŦšĽĖ �Ğżŭ ƿĖ
�ěĔżńĔŻĴŤēŴ �ųĸİŭŲŤēŴ �ĔżĤŵŤŵŭšĝŤēŴ �ŧŵťőŤē �ţĔĥŨ �ŽŘ �ŚĐĔŌŴ �ţĔŕļǞ
�ȕůİĩĝũŤē �ěĔŻǘŵŤē �ŽŘ �ŹŁĩĜ �ǘŴ �İőĜ �ǘ �ŽĝŤē �ĴżŻĔőũŤēŴ �ŪżťőĝŤē �ħǙŀč �ŮŨ �ěēŵŭĸ �İőĖ �Ŵ �
�ĔżĤŵŤŵŭšĝŤēŴ�ŧŵťőŤē �ĦŨİĖ�ŽńĔũŤē �ūĴŝŤē �ŮŨ�ěĔżŭżőĹĝŤē �ŽŘ�ŧŵťőťŤ�ų ǁżŭňŵŤē �ųĹĸČũŤē�ĞŨĔŜ
�ĘťŕĝŤē �ĚĖŵőŀ �ěİĝŨē �ŮżĨ �ŽŘ ��³STEM´ �ůŵũĸĉ �ĳĔŁĝĬĔĖ � ƻĔőŨ �ųőũĝĥŨ �ěĔżńĔŻĴŤēŴ �ĚĸİŭŲŤēŴ
 2003 �ŧĔŐ �Žũĸĳ �ŦšĽĖ �ĦŨĔŬĴėŤĔĖ �ŦũőŤē � ǍŪĜȕů ǁİŐ �ěēŵŭĹŤ �ĪťŉŁũŤē �ēĲű �ŽŘ �şĔėĜĳǞē �ŹťŐ
� ƻĔŐŵżļ�ĴġŠĉ�Īėŀĉ�ŧŵżŤē�ųŭšŤ�ȕşēĲŬć��STEM�ŵű�ĔũĖ�ųŘĴőŨ�ŹťŐ�ķĔŭŤē�ŮŨ�ŦżťŜ�įİŐ�ūĔŠ�ŮšŤŴ
�ŽŕėŭŻ�ǘŴ�ŮšũŻ�ǘ�ěĔŐŵńŵũŤē� Ǎūĉ�ų ǁżńĔũŤē�ěēŵŭĹŤē�ŶİŨ�ŹťŐ�ğĔĩĖǜē�ĦĐĔĝŬ �ŮŨ�şĳİŬ�Ĕŭĩėŀĉ
�ę ǁŵĤĴũŤē �ĦĐĔĝŭŤē �ŹŤč �ţŵŀŵťŤ �ų ǁżťŨĔšĜ �ųŝŻĴŉĖ �ĔŲńĴŐ �ĘĥŻ �ŦĖ �ȕųŤĶőŭŨ �ůĳŵŁĖ �ķ ƾĳİ ƿĜ �ūĉ �ĔŲŤ
��ħĔĥŭŤē �ŞżŝĩĝŤ �ųŨĵ ǁǙŤē �ŒżńēŵũŤē �ŮżĖ � ǁŧĔĝŤē �ŦŨĔšĝŤē �İĹĥżŤ �ĦŨĔŬĴėŤē �ēĲű �ĴŲōŘ �ȕŪżťőĝŤē �ŮŨ
�ĺťĥŨ�ŦėŜ�ŮŨ�ŗ ǏĴ ƿŐŴ�ȕĚżšŻĴŨǘē�ůİĩĝũŤē�ěĔŻǘŵŤē�ŽŘ�ĴżėŠ�ŦšĽĖ�STEM�ŧēİĭĝĸĔĖ�ŪżťőĝŤē�ĴĽĝŬē��
�ēŴį ǁİĨ�ȕų ǁżšŻĴŨǜē�ķĳēİũŤē�ŽŘ�ħĔĥŭŤē�ŹŜǘ�ĴŻĴŝĝĖNational Research Center  NRC�ųżŭňŵŤē�ğŵĩėŤē
�ŪżűĔřũŤē�ŪŲŘŴ�ĚŘĴőŨ�ŹťŐ�ŧŵŝżŻĲŤē�ěĔżńĔŻĴŤēŴ�ųĸİŭŲŤē�ȕĔżĤŵŤŵŭšĝŤē�ȕŧŵťőŤē�ŽŘ�ţĔ ǁőřŤē�ĦŲŭŤē�ųżŘ
�ŗĔĽĝŠĔŸŤč �źįČŻ �ēĲűŴȕųżĜĔżĩŤē �ěĔŝżėŉĝŤē �ŒŨ �ĔŲĥŨįŵŲĖŵťŉũŤē �ų ǁżńĔŻĴŤēŴ �ų ǁżũťőŤē �ěĔżťũőŤēŴ
�ŪŨǜē�ĚŅŲŬ�Ŵ�źįĔŁĝŜǞē�ŏĔŉŝŤē�Ž ǁũŭĜ�ěĔŐēĴĝĬĎĖ�ųŤŴİŤē�İŘĳ�ŹťŐ�ūŵťũőŻ�ŮżŐĴĝĭŨŴ�ŮżŐİėŨ
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STEM�ĦŨĔŬĴėĖ�ŚŻĴőĝŤē�2.1
�ųŻİżťŝĝŤē �ųŝŻĴŉŤē �ŮŨ �łťĭĝťŤ �ŹőĹŻ �ěĔŁŁĭĝŤē �įİőĝŨ �ĦŲŬ �ŵű �STEM �ŧēİĭĝĸĔĖ �ŪżťőĝŤē
�įĴřŭŨ �ŦšĽĖ �ĚĸİŭŲŤēŴ �ȕĔżĤŵŤŵŭšĝŤē �ȕěĔżńĔŻĴŤē �ȕŧŵťőŤĔĜĔŁŁĭĜ �ŮŨ �ŦŠ �ŪżťőĜ �ŽŘ �ůįĴřŭũŤē
�ĔŨ �ŒũĥĜ �ěĔŜĔżĸ �ŽŘ �ųżťũőŤē �ěēĴėĭŤēŴ �ŽťũőŤē �ŒŜēŵŤē �ŒŨŴ �ņőėŤē �ĔŲŅőĖ �ŒŨ �ĔŲŉĖĴŻ �Ŵ
�ţĔĥũŤē �ĪżĝŻ �ĔũŨ �ĔűĴżŔŴ �ĚżũŤĔőŤē �ŒŻĳĔĽũŤēŴ �ȕŦũőŤēŴ �ȕŽťĩũŤē �ŒũĝĥũŤēŴ �ųĸĳİũŤē �ŮżĖ
�İŻİĥŤē �įĔŁĝŜǞē �ŽŘ �ųĹŘĔŭũŤē �ŹťŐ �ůĳİŝŤē �ĕĔĹĝŠčŴ �ŪżťőĝŤē �ĺĸĉ �ĴŻŵŉĜŴ �ĚŘĴőũŤ
�ŮżżńĔŻĳ �ēŵĩėŁżŤ �ųėťŉŤē �ŪżťőĜ �ĺżŤ �STEM �ĦŨĔŬĴĖ �ŧēİĭĝĸĔĖ �Ū ǁťőĝŤē �ŮŨ �ŽĹżĐĴŤē �ŗİŲŤē
�ŹťŐ �ŮŻĳįĔŜ �ųėťŉŤē �ūŵšŻ �ūĉ �ŵű �ŗİŲŤē �ĔũŬčŴ �ȕŮżĸİŭŲŨ �Ŵĉ �ŮżżĤŵŤŵŭšĜ �Ŵĉ �ŮżżũťŐ �Ŵĉ
�ŹťŐ �ŮŻĳįĔŜ �ēŵĩėŁŻ �Ŵ �ȕ ƽţĔŐ �ŶŵĝĹũĖ �ŽĤŵŤŵŭšĝŤēŴ �ŽŭŝĝŤē �ŪŤĔőŤē �ŽŘ �ŇēĴĭŬǞēŴ �ŦũőŤē
�ŮšũŻ �ǘ �ų ǁŬĉ � �ĘėĹŤēŴ �ȕųőũĝĥŨ �ĔŲĖ �ŦũőŤēŴ �ņőėŤē �ĔŲŅőĖ �ŒŨ �ŧŵťőŤē �ůĲű �ŚżŌŵĜ
�� �ųťŁŘ �ŮšũŻ �ǘ �ĔũŲŭżĖ �ŇĔėĜĳǞē � ǁūĉŴ � �ĔŲĽżőŬ �ŽĝŤē �ų ǁżťũőŤē �ůĔżĩŤē �ŮŐ �ŧŵťőŤē �ēĲű �ŦŁŘ
�şĔŭű�ūĔŠ �ēĲŲŤŴ �ķĳēİũŤē �ŽŘ�ųŁŁĭĝŨ�ĦűĔŭũŠ �ħĴŉ ƿĜ �ŪŤ �ųĸİŭŲŤē �ŧŵťŐŴ �ĔżĤŵŤŵŭšĝŤē �ŧŵťŐ �
�ůĴōŭŤē �ĞŬĔŠ �ĢżĨ�ȕųėťŉŤēŴ �ĿĔĭļǜē�ŮŨ�ĴżġšťŤ �ųėĹŭŤĔĖ �ŧŵťőŤē �ůĲű�ĕĔőżĝĸē �ŽŘ�ŧĔŐ�Śőń
�ŊėĜĴŻŴ �łĝĭŻ �ĔŨ �ŦŠ�ĔŲ ǁŬĉ �ŹťŐ �ĿĔĭļǜē �ŮŨ�ĴżġšŤē �İŭŐ � �STEM �ĳŵŲŌ�ŦėŜ �ĔżĤŵŤŵŭšĝťŤ �ųŨĔőŤē
�ĔũŭżĖ�ȕŦŻĔĖŵũŤēŴ�ĴĜŵżėũšŤē�ęĶŲĤĉ�ŦĝŨ�ůĔżĩŤē�ŽŘ�ŧİĭĝĹĜ�ŽĝŤē�ųżŭŝĝŤē�ĚżŤĔŐ�ųżŬŴĴĝšŤǞē�ůĶŲĤǘĔĖ
�ųėĹŭŤĔĖ�ŽŲŘ�ųĸİŭŲŤē�ŧŵťŐ�Ĕ ǁŨĉ��ěĔżťũőŤēŴ�ųũōŬǜēŴ�ěĔĥĝŭũŤē�ŮŨ�ĴżġšŤĔĖ�ŹŭőĜ�ŒŜēŵŤē�ŽŘ�Žű
�łĝĭŻ�ĔŨ�ŦŠ�Ŵĉ�ŧŵťőŤēŴ�ěĔżńĔŻĴŤē�ŽŘ�ŮżŜŵřĝũŤĔŲėťŉŤē��ŢđŤŴĊĖ�ŊėĜĴĜ�ĞŬĔŠ�ĿĔĭļǜē�ŮŨ�ĴżġšťŤ
�ŒŻĳĔĽũŤē�ęĳēįčŴ�ěǙšĽũŤē� ǁŦĨ�ŽŘ�ĔŲĝżũűǜ�şēĳįč�ĴżŔ�ŮŨ�ųżšżĜĔŨŵĜǜēŴ�ųżšżŬĔšżũŤē�ěĔŐĔŭŁŤĔĖ
�įİŐ�įēįĶŻ�ĢżĩĖ�ŵũ ǁŭťŤ�ŒŘİŤē�ŵű�ĦŨĔŬĴėŤē�ēĲű�ŞŻĴň�ŮŐ�ŪżťőĝťťżĸĔĸǜē�ŒŘēİŤē�ūŵšŻ�ŢŤı�ŹťŐ�ĆĔŭĖŴ���
�ŚżŌŵĜŴ�ĘŻĳİĜŴ�ĴżŘŵĜ�ţǙĬ�ŮŨ�ŧĔŨǝŤ�įĔŁĝŜǞē�ŒŘį�ŽŤĔĝŤĔĖŴ�ţĔĥũŤē�ēĲű�ŽŘ�Ůżũ ǁťőĝũŤēŴ�ĆēĴėĭŤē
�ŪŲĝũŲŨ�ūŵšĝĸ�ŮŻĲŤēŴ�ĦŨĔŬĴėŤē�ēĲű�ŪżťőĜ�ŹťŐ�ŮżťűČŨŴ�ŮŻĳįĔŜ�ēŵŬŵšżŤ�ĿĔĭļǜē�ŮŨ�İŻİőŤē
�ŪżűĔřŨ�ķĴŔ�ŹŤč�ųŘĔńǞĔĖ�ķĳēİũŤē�ŽŘ�ŧŵťőŤēŴ�ěĔżńĔŻĴŤē�ŮŻĳĔũĜ�ěĔėťŉĝŨ�ęįĔŻĵ�Žű�ŪżťőĝŤē�ŽŘ
�ģĔŨİŬǟŤ�įēİőĝĸǞē�ŮŨ�ŦŨĔŠ�ĳİŜ�ŹťŐ�ĚėťŉŤē�ūŵšŻ�ŢŤĲĖŴ��ųėťŉŤē�ŶİŤ�ųĸİŭŲŤēŴ�ĔżĤŵŤŵŭšĝŤē
�ĚŻĔŲŭŤē �ŽŘ���STEMŗēİűĉŴ�ŧŵŲřũĖ�ĚŀĔĭŤē �ŚĐĔŌŵŤē �ţĔŕļčŴ�ŧİŝĝũŤē �ŪżťőĝŤē �ŽŘ�ŇēĴĭŬǞēŴ
6FL� �ĚőĖĳǜē�ěǘĔĥũŤē�ŽŘ�ŪżťőĝŤē�ŶŵĝĹŨ�ŒŘĳ�ĢżĨ�ŮŨ�ŢŤıŴ�ůİżĤ�ĦĐĔĝŬ�ŹťŐ�ţŵŁĩŤē�ŪĝŻ�ŗŵĸ(
�ȕĦŨĔŬĴėŤē�ēĲű�ŪżťőĝĖ�ĔŲŉĖĳ�ŞŻĴň�ŮŐ��ence, Technology, Engineering and Mathematics
�ųŉėĜĴũŤē�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē�ŮżŬēŵŝĖ�ĚŻēĳįŴ�ŪťŐ�ŹťŐ�ĔżĤŵŤŵŭšĝŤē�ţĔĥŨ�ŽŘ�łŁĭĝũŤē�ĪėŁŻ�ĢżĩĖ
�ųŘĴőŨ�ŹťŐ�ūŵšŻ�ŗŵĸ� ƻĔŅŻĉ�ŶĴĬĉ�ĚżĨĔŬ�ŮŨŴ�ȕĔŲťŁŘ�ŮšũŻ�ǘ�ŽĝŤēŴ�ĔżĤŵŤŵŭšĝŤē�ŽŘ�ŦŨĔŠ�ŦšĽĖ
�ųżĸİŭŲŤē�ěĔŻĴōŭŤēŴ�ŮżŬēŵŝŤē�ŧēİĭĝĸĔĖ�ĔŲőŨ�ŦŨĔőĝŤē�ĚżřżŠŴ�ŦŠĔĽũŤē� ǁŦĨ�ŹťŐ�ůĳİŝŤĔĖ�ĚťŨĔŠ
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STEM�ĦŨĔŬĴĖ�ěǘĔĥŨ �3.1
�ŪŻİŝĜ�ŦĤĉ�ŮŨ�ȕĔŲŅőĖ�ŒŨ�ŦŨĔšĝĝŤ�ĔŲŭŨ�ŚŤĊĝŻ�ŽĝŤē�ųőĖĳǜē�ěǘĔĥũŤē�ěēĳİŜ�ĦĹŬ�ŹťŐ�´��STEM´�ĦŲŬ�ŦũőŻ
�ųėťŉŤē�ĕĔĹŠē�ŹťŐ�ŦũőŻ�ěĔŁŁĭĝŤē�ůĲű�ŮŨ�İĨēŴ�ŦŠ��ų ǁżťũőŤē�ůĔżĩŤē�ěĔėťŉĝŨ�ŒŨ�ŹļĔũĝĜ�ų ǁżŤŵũļ�ůĴōŬ

�ŮŨ�įŵĽŭũŤē�ŗİŲŤē�ŹŤč�ţŵŀŵťŤ�łŁĭĝŤē�ēĲű�ŶŵĝĩũŤ� ƻĔőėĜ�ěēĳİŝŤē�ņőĖ�ŪŲŻİŤ�ĵĶőŻŴ�ěēĳĔŲũŤē�ŮŨ�ųŐŵũĥŨ
�ĦŨĔŬĴėŤē

��ŧŵťőŤē��
�ȕųėťŉŤē�ŶİŤ�ěĔŻĴōŭŤēŴ�ŮżŬēŵŝŤēŴ�ŪżűĔřũŤēŴ�ŞĐĔŝĩŤē�ĪżĜĔřŨ�ĚŘĴőŨ�ĚżũŭĝŤ�ŧŵťőŤē�ęįĔŨ�ŹťŐ�ĦŨĔŬĴėŤē�İŭĝĹŻ
�ŮŨ�ŚżġšĝŤē�ŧŵťőŤē�ęįĔŨ�ĘťŉĝĜ�ĢżĨ��ĳĔšŘǜē�ůĲű�ŊĖĳ�ŹťŐ�ŪŲŻİŤ�ůĳİŝŤē�ŒŘĳ�ŮŨ�ůįĔũŤē�śĔżĸ�ŪŲŭ ǁšũŻ�ĔũŠ

�ŽťũőŤēŴ�ŽőŜēŵŤē�ŪŤĔőŤē�ŽŘ�ųėťŉŤē�ĚŘĴőŨ�İŻĶĜ�ŽĝŤē�ĴżšřĝŤē�śĴňŴ�ŮŻĳĔũĝŤē
*UHDW�([SORUD� �ěĔżńĔŻĴŤē�Ŵ�ŧŵťőŤē�ŽŘ�ůĴżėšŤē�ěĔŘĔĽšĝĸǞē�ĦŨĔŬĴĖ�ŹťŐ�ħŴĴŉũŤē�ŧŵťőŤē�ģĔŲŭŨ�ŽŘ�ĶšĜĴŬ�
�ŪżűĔřũŤ�ų ǁżťũőŤē�ųĸĳĔũũŤēŴ�ŗĔĽĝŠǞē�ŹťŐGEMS�ĦŨĔŬĴĖ�İũĝőŻ�ĢżĨ��WLRQ�RI�0DWK�DQG�6FLHQFH��*(06

�ŪżťőĜ�ŽŘ�ŽťŨĔšĝŤē�ŹĩŭũŤē�ĦŨĔŬĴėŤē�ĔŲŤŴĔŭĝŻ�ŽĝŤē�ų ǁżũżťőĝŤē�ĘĐĔŝĩŤēŴ�ĦűĔŭũŤē�ĺšőĜŴ�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē
�ųėťŉťŤ�ŽĜēĲŤē�Ū ǁťőĝŤēŴ�ĘŻĴĥĝŤēŴ�ŗĔĽšĝĸǘēŴ�ĆĔŁŝĝĸǘē�ěĔżťũŐ�ŽŘ�ųėťŉŤē�ěēĳĔŲŨ�ĚżũŭĜ�ŹťŐ�ĶŠĴĜŴ�ȕŧŵťőŤē

��ŽĸĔĸǜē�ĴļĔőŤē�ŚŁŤē�ŹĝĨ�ţĔřňǜē�ŃĔŻĳ�ĚťĨĴŨ�ŮŨ
 GEMS Teacher’s Guides����ŪťőũŤē�ĚŤįĉ�ŹťŐ�ěĔżńĔŻĴŤēŴ�ŧŵťőťŤ�ĺũżĤ�ĦŨĔŬĴĖ�ŦũĽŻ

�ŮŨ�ĴġŠĉ�İĤŵŻŴ�ȕĔűĲżřŭĝŤ�ųŻŵŜ�ųżũťŐ�ųżřťĬ�ŹŤē�ģĔĝĩĜ�ǘŴ�ŪťőũŤē�ŦėŜ�ŮŨ�ŧēİĭĝĸǞē�ĚťŲĸŴ�ųĩńēŴ�ŽűŴ�
�ųŨĵǙŤē�įēŵũŤē�ŒżũĤ�ŹťŐ�źŵĝĩĜ��GEMS Kits��ĺũżĤ�ěēŴįĉŴ�ȕųřťĝĭũŲżũťŐ�ŒżńēŵŨ�ŽŘ�ŪťőŨ�ŦżŤį�Ůżőėĸ

�ųżřŁŤē�ųŘĴŕŤē�ŽŘ�ŧēİĭĝĸǞē�ĚťŲĸŴ�ųŭŨć�ŽűŴ�ĺũżĤ�ěēİĨŴ�ĲżřŭĝŤ
�ŧŵťőťŤ�ĺŬĳŵŤ�ĶŠĴŨŴ�ŮżĹĩŤē�ŢťũŤē�ĚĹĸČŨ��źŵĖĴĝŤē�ĶżũĝťŤ�ŦżĖŵżŤē�ĶŠĴŨ�ŮżĖ�ĚŨĴėŨ�ūŴĔőĜ�ĚżŜĔřĜč�şĔŭű

���źŵĖĴĝŤē�Ķ ǁżũĝťŤ�ŦżĖŵżŤē�ĶŠĴŨ�įĔũĝŐē�ĔŲėĤŵũĖ�ŪĜ�ŽĝŤēŴ��ŽťŠĴżĖ��ĔżŬĳŵřżŤĔŠ�ĚőŨĔĤ��LHS GEMS��ěĔżńĔŻĴŤēŴ
�ųżĖĴőŤē�ţŴİŤēŴ�ūįĳǜē�ŽŘ�ĦŨĔŬĴėŤē�ŞżėŉĜŴ�ĴĽŭŤ� ƻĔżũĸĳ�ůİũĝőŨ�ųŲĤ�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē�ęİĨŴ

ĔżĤŵŤŵŭšĝŤē�
�ȕŢŤı�ŒŨ��ųĜĔėŔĳŴ�ūĔĹŬǞē�ěĔĤĔĨ�ĆŦũŤ�ůĔżĩŤē�Ěőżėň�ŹťŐ�ĴŻŵŉĜ�źĉ�ĔŲŬĉ�ŹťŐ�ŗ ƾĴő ƿĜ�ŒĸēŵŤē�ŹŭőũŤĔĖ�ĔżĤŵŤŵŭšĝŤē
�ĴżšřĝŤē�ĔŭŬĔšŨĎĖ��ŧŵżŤē�ŪŤĔőŤē�ǝũĜ�ŽĝŤē�ųżĤŵŤŵŭšĝŤē�ųũōŬǜē�ŦŨĔŠ�ŃĴőŤ�ŚŁŭŨ�ĴżŔ�ĴėĝőŻ�ĴżŁŝŤē�ŚŻĴőĝŤē�ēĲű
�ųŻĳĔŭŤē�ěĔĤēĳİŤēŴ�ěēĳĔżĹŤē�ŮŨ�ŮżŻǙũŤēŴ�ŮřĹŤē�Ŵ�ěēĴĐĔŉŤē�ŗǘć�ŦĖ�ěĔđŨ�ŦũĽŻ�źĲŤē�ŽũŤĔőŤē�ŦŝŭŤē�ŧĔōŭĖ
�ų ǁżĩŁŤē�ųŻĔŐĴŤē�ŏĔŉŜ�ŽŘ�ŽŤŴİŤē�ŧĔōŭŤē�Ŵĉ�ȕĆēĲŕŤē�ŦŝŬŴ�ģĔĝŬǞ�ŽũŤĔőŤē�ŧĔōŭŤē�ŹŤč�ĔŬĴōŬ�ēıč�Ŵĉ�ȕųżĐēŵŲŤē�Ŵĉ
�ĔűĴżŔŴ�ěĔżŤİŁŤēŴ�ų ǁżėŉŤē�İűĔőũŤēŴ�ķĳēİũŤēŴ�ěĔńĴũũŤēŴ�ŮżńĴũũŤēŴ�ĆĔėňǜēŴ�ěĔżřĽĝĹũŤē�ŦũĽŻ�źĲŤē
�ůĔżŨ�ŒŻĵŵĜŴ�ųŜĔňŴ�ųżŭŝĜŴ�ŦŝŬ�ŮŨ�ůİŝőũŤē�ųũōŬǜē�ůĲű�ŦŠ��ŽėŉŤē�įĔŁĝŜǞē�ŽŘ�ųřťĝĭũŤē�ěĔŐĔŉŝŤē�ŮŨ
�ŪżżŝĜŴ�ĕĔőżĝĸēŴ�ęĳēįēŴ�ŧēİĭĝĸē�ŹťŐ�ůĳİŝŤē�ŵű�ĔżĤŵŤŵŭšĝŤē�Ū ǎťőĜ��ţŴİŤē�ŽŭėĜ�ŽŤĔĝŤĔĖŴ�ūİũŤē�ŽŭėĜ�ĔűĴżŔŴ

�ųżĤŵŤŵŭšĝŤē�ųũōŬǜē�ůĲű
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�ůİŝőũŤē�ųũōŬǜē�ŹŤē�ųŜĳŵŤēŴ�ŪťŝŤē�ŦġŨ�ųżŐĔŭŁŤē�ěĔĤĔĝŬǞē�ŊĹĖĉ�ŮŨ�İĝũŻ�ěĔżĤŵŤŵŭšĝŤē�śĔŉŬ� ǍūĎŘ�ŽŤĔĝŤĔĖ
�ųżĝĩĝŤē�ųżŭėŤē� ƻĔŅŻĉ�ŦũĽĜŴ�ȕĔűĴżŔŴ�ĞŬĴĝŬǞēŴ�ĞŻǘĔĝĹŤēŴ�ųżĐĔĖĴŲšŤē�ųŜĔŉŤē�ěĔšėļŴ�ųżŤĔőŤē�ųżŭĖǜēŴ�ūİũŤē�ŦĝŨ

�ųżĤŵŤŵŭšĝŤē�ěĔŐĔŭŁŤē�ůĲŲŤ�ħǙŀč�ęįĔŐčŴ�ŦũŐŴ�ųŐĔŭŀŴ�ŪżũŁĜ�ŮŨ
�ŪŲŻİŤ�ūŵšŻŴ�ĔűĳŵŉĜ�ĚżřżŠ�ēŵėŐŵĝĹŻŴ�ůİŻİĥŤē�ĔżĤŵŤŵŭšĝŤē�ůĲű�ŧēİĭĝĸē�ĚżřżŠ�ēŵŘĴőŻ�ūĉ�ųėťŉŤē�ŹťŐ�ĘĥŻ�

�ŪŨǜēŴ�ěĔőũĝĥũŤēŴ�ĿĔĭļǜē�ŹťŐ�ĔżĤŵŤŵŭšĝŤē�ůĲű�ĴżĠĊĜ�ŦżťĩĝŤ�ěēĳĔŲũŤē
�ųėťŉŤē�ŧŵŝŻ�ĢżĨ�ȕ�Robotics�ěĔĜŵĖŴĴŤē�ŪťŐ�ŧēİĭĝĸē�ŞŻĴň�ŮŐ�STEM�ĦŨĔŬĴĖ�ŽŘ�ĔżĤŵŤŵŭšĝŤē�ŦżġũĜ�ŮšũŻ

�ŮŨ� ƻĔĖēĲĥŬč�ŽŜǙĜ�ŽĝŤē�Ŵ�ěĔĜŵĖŴĴŤē�ŮŨ�ŚťĝĭŨ�ŏēŵŬĉ�ŧēİĭĝĸē�ŮũšŻ�ĔũŠ�ȕųŭżőŨ�ěĔũŲũĖ�ŧĔżŝťŤ�ěŵĖŴĴŤē�ĚĥŨĴėĖ
��ĔűĴŘŵĜ�ŽĝŤē�ųőĝũťŤ� ƻēĴōŬ�ųėťŉŤē

ųĸİŭŲŤē��
�ĳĴšĝŨŴ��Ū ǁōŭŨ�ŹĩŭũĖ�ŽĸİŭŲŤē�ŪżũŁĝŤē�ĚżťũŐ�ŞżėŉĜ�ţǙĬ�ŮŨ�ŗēİűǜē�ĵĔĥŬčŴ�ŦŠĔĽũŤē�ŦĨ�ŹťŐ�ůĳİŝŤē�Žű�

�ŪŲĜēįēĳčŴ�ķĔŭŤē�ěĔżĤĔĨ�ĚżėťĝŤ�Ū ƿōŭŤēŴ�ěĔżťũőŤēŴ�ěēŴįǜē�ŪżũŁĝŤ
�ĔŅŻĉ�ŮŻĳįĔŜŴ�ęİŻİĥŤē�ŗŴĴōŤē�ŹťŐ�ų ǁżĸİŭŲŤē�ŮŻĳĔũĝŤē�ŞżėŉĜ�ŹťŐ�ęĳİŝŤē��ŪŲŻİŤ�ūŵšŻ�ūē�ĚėťŉŤē�ŹťŐ�ĘĥŻ�
�ŹťőŘ��ųŭšũũŤē�ţŵťĩŤē�ĳĔėĝĬčŴ�ģĔĝŬč�ŹťŐ�ŪŲĜĳİŝŨ�ŹŤč�ųŘĔńǞĔĖ�ȕ ǁŦĩťŤ�ųťĖĔŝŤē�ŦŠĔĽũŤē�İŻİĩĜŴ�ĚŘĴőŨ�ŹťŐ
�ųŐŵũĥŨ�ţǙĬ�ŮŨ�ŢŤıŴ�ěĔŅŻĔŝŨ�Œŭŀ�ŽŘ�ŪżũŁĝŤē�ĴżżŕĜ�ĚżřżŠ�ĚŘĴőŨ�ŹťŐ� ƻĔŅŻĉ�ŮŻĳįĔŜ�ēŵŬŵšŻ�ūĉ�ųėťŉŤē
�ŮũŅĝŻ�ŽĸİŭŲŤē�ŪżťőĝŤē��ŽŤĔġũ ǁťĨ�ŹŤē�ţŵŀŵťŤ�ųżŤĔũĥŤēŴ�ĚŻįĔŁĝŜǞēŴ�ĚżŜǙĬǜēŴ�ĚżřżŌŵŤĔĜēĳĔėĝŐǘē�ŮŨ

�ŦŐĔřĝŤēŴ�ĕŴĔĥĝŤē�ŽŘ�ŮżĸİŭŲũŤē�ĔŲőėĝŻ�ŽĝŤē�ųŝŻĴŉŤēŴ�ȕųĸİŭŲŤēŴ�ŮřŤēŴ�ŧŵťőŤē�ŮżĖ�ųżŬŴĔőĝŤē�ųŜǙőťŤ�şēĳįǞē
�ųżĤŵŤŵŭšĜ�ěēĴżżŕĜ�ţĔĬįĎĖ�ŒũĝĥũŤē�ěĔėťŉĝũőŨ

�Electronics��ěĔżŬŴĴĝšŤǞē�ĔŲŭŨ�ĚżĸİŭŲŤē�ěǘĔĥũŤē�ŽŘ�ŦĬİĜ�ěēŴįĉ�ęİŐ�ŞŻĴň�ŮŐ�ŪĝŻ�ĦŨĔŬĴėŤē�ŞżėŉĜ� Ǎūč
�ųżŐēİĖǘē�ůĳİŝŤē�ĚżũŭĝŤ�ĦŨēĴėŤē�ŮŨ�ųŐŵũĥŨ�ūŵŝťĝŻ�ĚėťŉŤē�� Ǎūĉ�ĢżĨȕĚĥŨĴėŤē�ďįĔėŨŴ�ŽĸİŭŲŤē�ŪżũŁĝŤēŴ

�ŽŘ�ųĜēĳĔŲŨ�ŮŨ�ĳŵŉŻ�ĢżĩĖ�ĞŜŵŤē�ţǙŕĝĸēŴ�ŦŠĔĽũťŤ�ųżŠı�ţŵťĨ�įĔĥŻč�śĴňŴ�ŦĹťĹĝũŤēŴ�ŽŝŉŭũŤē�ĴżšřĝŤēŴ
� ƻĚŘĔńč�ųŭŨǚēŴ�ų ǁŁĝĭũŤē�ųżŬŴĴĝšŤǞē�ĘĐĔŝĩŤē�Žű�ţĔĥũŤē�ēĲű�ŽŘ�ĚŨİĭĝĹũŤē�ěēŴįǜē�ŮŨŴ�ŽĸİŭŲŤǘĔĥũŤē

�ųřťĝĭŨ�ŧĔŲũĖ�ŧĔżŝťŤ�ĔŲĝĥŨĴĖŴ�ěĔĜŵĖŴĴŤē�ŪżũŁĜ�ŹŤč

�ěĔƸƸżńĔŻĴŤē��
�ūŵżńĔŻĴŤē�ųėťŉŤē�ȕŪŤĔőŤē�ŽŘ�ěĔżńĔŻĴŤē�ųėőťŻ�źĲŤē�ĳŴİŤē�ĕĔőżĝĸēŴ�İŻİĩĜ�ŹťŐ�įĴřŤē�ęĳİŜ�ŵű�ěĔżńĔŻĴŤē�Ū ǎťőĜ

�ěĔżńĔŻĴŤē�ŧēİĭĝĸē�ŹťŐ�ŪŲĜĳİŜ�ŹŤč�ųŘĔńǞĔĖ�ȕųũżťĸ�ĺĸĉ�ŹťŐ�Ě ǁżŭėŨ�ŧĔšĨĉ�ĆĔŉŐč�ŹťŐ�ůĳİŝŤē�ŪŲŻİŤ
�ĳĔšŘǜē�ŮŐ�ĴżėőĝŤē�ŹťŐ�ūŴĳįĔŜ�ūŵżńĔŻĴŤē�ĿĔĭļǜĔŘ�ȕųŻįĴřŤē�ęĔżĩŤē�ěĔĤĔżĝĨč�ŞŝĩĜ�ųŭżőŨ�śĴŉĖ�ųżŘ�ŇēĴĭŬǞēŴ
�ųżŨŵżŤē�ůĔżĩŤē�ŽŘ�ųżńĔŻĴŤē�ěēĳĔŲũŤēŴ�ŪżűĔřũŤē�ŞżėŉĜŴ�ěĔżńĔŻĴŤē�ŮŐ�ěĔļĔŝŬ�ŽŘ�ēŵŠĳĔĽżŤ�ěĔũťšŤĔĖ�ųżńĔŻĴŤē
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�ųĹĸĉ�ĢżĨ�ȕ�Math and Chess��ĦŬĴŉĽŤēŴ�ěĔżńĔŻĴŤē�ĦŨĔŬĴĖ�ţĔĥũŤē�ēĲű�ŽŘ�ĚŨİĭĝĹũŤē�ĦŨēĴėŤē�ŮŨ�Ŵ
�2004�ŧĔŐ�ĚŀĔĬ�łżĬēĴĝĖ�ŪŤĔőŤē�ŽŘ�ĦŨĔŬĴėŤē�ĳĔĽĝŬē�ĉİĖŴ�1995��ŧĔŐ�ēİŭŠ�ŽŘ��Frank Ho��ŵű�ŢŬēĴŘ�ıĔĝĸǜē

1DWLRQDO�(GXFDWLRQDO�&HQWHU�IRU�5RERW� ŵĖŴĴŤē�ŪżťőĝŤ�ŽŭňŵŤē�ĶŠĴũŤē���źŵĖĴĝŤē�ĶżũĝťŤ�ŦżĖŵżŤē�ĶŠĴŨ�ŦŁĨě
�ŽĝŤē�ūŵĠǙĠ�ŪŜĳ�ĚŤŴİŤē�ūįĳǜē�ĞŬĔŠŴ�ȕūįĳǜē�ŽŘ�ĦŨĔŬĴėťŤ�ŦġũũŠ�2010�ŧĔŐ�ŽũĸĴŤē�łżĬĴĝŤē�ŹťŐ��LFV�1(&5

�ĦŨĔŬĴėŤē�ēĲű�İũĝőĜ
�ȕĚőĝŨ�ĚŤĔĨ�ŽŘ�ēŵŬŵšŻ�ĔŨİŭŐ�ŦŅŘĉ�ŦšĽĖ�ěĔżńĔŻĴŤē�ūŵũťőĝŻ�ţĔřňǜē� Ǎūĉ�ŹťŐ�ĦŨĔŬĴėŤē�ĚřĹťŘ�ŧŵŝĜ�ĢżĨ
�ĦŬĴŉĽŤēŴ�ěĔżńĔŻĴŤē�ųżŘ�Ħ ǀŨ ƿį�ŦŨĔšĝŨ�ģĔŲŭũĖ�ĦŬĴŉĽŤēŴ�ěĔżńĔŻĴŤē�ĦŨĔŬĴĖ�ŹĜĉ�ųĨĴŨ�ĚżũżťőĜ�ĚđżĖ�ĴżŘŵĝŤŴ

�ęİĨēŴ�ĚŜĳŴ�ŽŘ�ęİżřŨ�ųőĝũŨ�ųżťŨĔšĜ�ųŝŻĴŉĖ�ĵĔŕŤǜēŴ
�ĶŠĴĝĜŴ�ȕųżĸĔĸǜē�ųťĨĴũŤē�ĚėťŉŤ�ĳŵŨǜē�ĆĔżŤŴĉŴ�ŪżťőĝŤē�ţĔĥŨ�ŽŘ�ŮżťŨĔőŤē�Ūű�ĦŨĔŬĴėŤē�ŮŨ�ųŘİŲĝĹũŤē�ųđřŤēŴ

�ŮĹĩĜŴ�ŦĐĔĹũŤē�ŦĨ�ŽŘ�ųėťŉŤē�ęĳİŜ�ĴŻŵŉĜŴ�ȕ ǁŧĔŐ�ŦšĽĖ�ĴżšřĝŤē�ŹťŐ�ęĳİŝŤē�ĚżũŭĜ�ŹťŐ�ĦŨĔŬĴėŤē�ŗēİűĉ
�ŞżėŉĜ�ŪĝŻ�ūĉ�ŮšũŻ�ĔũŠ�ĦŬĴŉĽŤē�ĚėőŤ�ŽŘ�ųŝũőĝŨ�ųŘĴőŨŴ�ȕųżĸĳİũŤē�ěĔżńĔŻĴŤē�ěĔŨǙŐ�ŽŘ�ķŵũťŨŵ ƽŤĔŐ

�ųżŭűĲŤē�ĕĔőŤǜē�ŮŨ�İŻİőŤē�ĔűĴżŔŴ�ŵŭżŨŴİŤēŴ�ŵŠŴįŵĹŤē�ŦġŨ�ĚėőŤ�ŮŨ�ĴġŠĉ�ŧēİĭĝĸĔĖ�ĦŨĔŬĴėŤē

�ŽũżťőĝŤē�STEM�ĦŨĔŬĴĖ�ŗēİűĉ�4.1

�ŪōőŨ� Ǎūĉ�ĢżĨ�ȕų ǁżřŁŤē�ŗĴŕŤē�ŽŘ�ĔŲŝżėŉĜ�ĚżřżŠŴ�ŧŵťőŤē�Ěőżėň�ţŵĨ�ĳŵŲōŤē�ŽŘ�ůİŻİĥŤē�ůĴōŭŤē�ěĉİĖ
 STEM�ĦŨĔŬĴėŘ��ŞĐĔŝĩŤē�ŮŨ�ųŐŵũĥŨ�ĔŲŬŵŠ�įĴĥŨ�ŮŨ�ĴġŠĉ�ŧŵťőŤē� ǁūĊĖ�ēŵŠĳİŻ�ēŵĩėŀĉ�ŮżżŭšũĝũŤē�ŮżũťőũŤē
�ŪŲĜēĳİŜ�ŮŨ�İŻĶŻ�Ŵ�ȕųėťŉŤē�ŶİŤ�ųėĹĝšũŤē�ųŘĴőũŤē�ųżťŐ�ūŵšĜ�ūĉ�ĘĥŻ�źĲŤē�ŶİũŤē�ĪńŵŻ�İŻİĤ�ųĤŵĜ�Ŧ ǁġũŻ

�ůĳŵŁĖ�ųŤ�ĴōŭŤē�ŮŨ�ĴŉĬ�ŢŤĔŭű� ƻĔũĐēį�ȕųőĖĳǜē��STEMěǘĔĥŨ�ŮŨ�ĆĶĤ�ŹťŐ�Ĕŭőť ǁňč�ēıč��ųŘĴőũŤē�ůĲű�ŞżėŉĜ�ŹťŐ
�ěǘĔĥũŤē�ŒżũĤ�ŮżĖ�ŊĖĴŤē�ŮŨ�ŽĜĊĜ�STEM�ŪżťőĜ�ŽŘ�ųżŝżŝĩŤē�ůŵŝŤē� ǍŮšŤŴ�ȕųżťŨĔšĝŤē�ůĴōŭŤē�ŮŨ� ƻǘİĖ�ůįĴřŭŨ

�ĔŲĝŻŵŝĜŴ�ĔŲũŐį�ĚżřżŠŴ
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�ŪĝŻ�ūĉ� ƻĔőŜŵĝŨ�ĺżťŘ�ȕŧēŵŐĉ�İőĖ�ųėťŉŤē�ŮŨ�ųőŜŵĝũŤē�ůĳİŝŤē�ĚżũŭĜ�ŽŘ��STEMĦŨĔŬĴĖ�ŗēİűĉ�łĭťŬ�Ĕŭű
�ęįĔŐ´�ĴŻŵŉĜ�Ŵ�ĆĔŭĖ�ĚżŕĖ�ŶĴĬǜ�ųŭĸ�ŮŨ�ųőĖĔĝĝŨ�ųżťũőĖ�ŮšŤŴ�İĨēŴ� ƽŧĔŐ�ŽŘ�ĦŨĔŬĴėŤē� ǁłĭŻ�ĔŨ�ŦŠ�ųėťŉŤē�ŪżťőĜ

�ŪŲĜēĴėĬ�ěįēįĵē�Ŵ�ŪŲĥŅŬ�ĴėŠŴ�ēŴĴėŠ�ĔũťŠ�ŪŲŻİŤ�³ĴżšřĝŤē
ųťšĽũŤē�ŚŻĴőĜ�Ŵ�ųťđĸǜē�ħĴň�ŹťŐ�ųėťŉŤē�ěēĳİŜ�ĚżũŭĜ��

�Ž ǁũŭĜ�ĔŨ� ƻęįĔŐ��ųťđĸǜē�ůĲű�ŮŐ�ųĖĔĤǟŤ�ųėŔĴŤē�ŪŲżŘ�ĴżġŻ�Ŵ�ŪŲĝťđĸĉ�ħĴň�ŹťŐ�ųėťŉŤē�STEM�ĦŨĔŬĴĖ�ŒĥĽŻ
�ŪŻİŝĜ�ųėťŉŤē�ţŴĔĩŻ�Ŵ�ȕĔŲĝĸēĳį�įēĴũŤē�ůĴűĔōŤē�Ěőżėň�ţŵĨ�ųťđĸǜē�ħĴŉĖ�ĉİėĜ�ŽŲŘ�ŗİŲŤē�ēĲű�ŧŵťőŤē�ęįĔŨ

�ĶżřĩĜ�Ŵ�ȕĔŲĜĔĤĔżĝĨč�İŻİĩĜ�Ŵ�ȕųťšĽũŤē�ĚĸēĳİĖ�ĉİėĝŘ�ųĸİŭŲťŤ�ųėĹŭŤĔĖ�Ĕ ǁŨĉ��ųĨŴĴŉũŤē�ųťđĸǜē�ůĲŲŤ�ųĖĴĥŨ�ěĔĖĔĤč
�įŵżŜ�Ě ǁŻĉ�ŚŻĴőĜ�Ŵ�ȕųĩĤĔŬ�ţŵťĩŤ�ĴżŻĔőũŤē�İŻİĩĜ�Ŵ�ųťšĽũťŤ�ŦŅŘĉ�ŚŻĴőĜ�ŪŻİŝĝŤ�ųťđĸĉ�ŞťĭŤ�ųėťŉŤē�ŶİŤ�ųėŔĴŤē

� ǁŪĠ�ȕ ǁŦĩťŤ�ŦĬēİŨ�ŮŐ�ūŵġĩėŻ�Ŵ�ųťšĽũŤē�Žű�ĔŨ�ŪŲĹřŬǜ�ūŵĨĴĽŻ�ųėťŉŤē�ĉİėŻ�ĢżĨ��ĔŲĤĔĝĩŬ�İŜ�ěēįİĩŨ�Ŵĉ
�ŦġŨǜē� ǁŦĩŤē�ŹŤč�ēŵťŁŻ�ŹĝĨ�ųťđĸǜē�ħĴň�ēŵőĖĔĝŻ�Ŵ�ěĔĖĔĤǞē�ŮŨ�ēŴİŠĊĝŻ

ĔŲŨēİĭĝĸē�Ŵ�ģıĔũŭŤē�ĳĔšĝĖč�ŹťŐ�ųėťŉŤē�ęĳİŜ�ŮżĹĩĜ��
�ȕĆĔŭėŤēŴ�ųťšżŲŤē�ęĴšŘ�ŧĔŐ�ŦšĽĖ�ŮũŅĝĜ�ŧŵťőŤĔŘ�ȕų ǁżũťőŤē�ěēŴįǜē�ŧēİĭĝĸē�ŽŘ�ųėťŉŤē�ěēĳĔŲŨ�ĦŨĔŬĴėŤē�ĳ ǁŵŉŻ
�ěĔĨŴĴĽŤē�ĴŻŵŉĜŴ�ȕĳĔėĝĬǟŤ�ųťĖĔŝŤē�ěĔőŜŵĝŤē�ŪŻİŝĜ�ŹťŐ�ůİŐĔĹũťŤ�ůĔŠĔĩũŤē�ŧēİĭĝĸēŴ�ȕģıĔũŭŤē�ŧēİĭĝĸēŴ
�ųũōŬǜē�ŦżťĩĝŤ�ůĔŠĔĩũŤēŴ�ģıĔũŭŤē�ŧēİĭĝĸč�ŹťŐ�STEM�ĦŨĔŬĴĖ�ŽŘ�ųĸİŭŲŤē�ŦũőĜ��ųĸŴĳİũŤē�ůĴűĔōŤē�ţŵĨ

�ųĨŴĴŉũŤē�ţŵťĩŤē�ĳĔėĝĬēŴ�ěǙŻİőĝŤē�ŗĔĽĝŠčŴ�ůįŵĤŵũŤē

ŗĔĽšĝĸǞē�Ŵ�ŊżŉĭĝŤē�ŽŘ�ųėťŉŤē�ěēĳĔŲŨ�ĴŻŵŉĜ��
�ĔŲŐĔŅĬǞ�ĕĳĔĥĝŤē�ĴżŅĩĜ�ĔŲżŘ�ŪĝŻ�ŽĝŤē�ŧŵťőŤ�ęįĔŨ�ţǙĬ�ŮŨ�STEM�ĦŨĔŬĴĖ�ŽŘ�ěēĳĔŲũŤē�ůĲű�ųėťŉŤē�ĘĹĝšŻ
�ŇŴĴĽŤēŴ�ěēĴżŕĝũŤē�ŚŻĴőĜ�Ŵ�ȕŗĔĽĝŠǞē�ĚżťũŐ�Ĵżĸ�ŦĹťĹĜ�İŻİĩĜ�Ŵ�ȕųťđĸǜē�ŹťŐ�ųĖĔĤǞē�ŗİŲĖ�ŗĔĽĝŠǟŤ
�įēĴũŤē�ųťšĽũŤē�ţŵĨ�ĴġŠĉ�ųĸēĳį�ŪŻİŝĝŤ�ĕĳĔĥĝŤē�įİĩĝŘ�ųĸİŭŲŤē�Ĕ ǁŨĉ��ĦĐĔĝŭŤē�ŦżĥĹĜ�ĚżřżŠ�ŮżėĜŴ�ĔŲĝĖĴĥĜ�ŧĵǙŤē
�ůĴżŕĝũŤē�ŇŴĴĽŤē�ūŵĸİŭŲũŤē�ĴėĝőŻŴ�ȕųĨŴĴŉũŤē�ţŵťĩŤē�ĘŻĴĥĜŴ�ĦĐĔĝŭŤē�ŹťŐ�ůĴĠČũŤē�ŦŨēŵőŤē�ŚŻĴőĜ�Ŵ�ȕĔŲťĨ

�ųťšĽũŤē�İŻİĩĜ�ĳĔōŭŨ�ŮŨ�įŵżŝŤē�ųĤēŵũŤ�ĳŵŉĝŤēŴ�ŃŵŲŭŤē�ĚĤĳį�ŒŘĴŤ� ƻǙŨĔŐ

ĦĐĔĝŭŤē�ĚũĤĴĜ�Ŵ�ŦżťĩĜ�ŽŘ�ųėťŉŤē�ęĆĔřŠ�ĶŻĶőĜ��
�ŮŨ�ųŐŵũĥŨ�ūĔŨİĭĝĹŻ�ŧŵťőŤē�Ŵ�ųĸİŭŲŤē�ŮŨ�ŦšŘ�ȕSTEM�ĦŨĔŬĴĖ�ĆĔŭĠĉ�ųėťŉŤē�İŭŐ�ěēĳİŝŤē�ůĲű�ŒřĜĴĜ

�ĔŲőũĤ�ŪĜ�ŽĝŤē�ěĔŨŵťőũŤē�ŃĴŐŴ�ůĴĠČũŤē�łĐĔŁĭŤĔĖ�ŚŻĴőĝťŤ�ěĔżĐĔŁĨǞēŴ�ųżŬĔżėŤē�ŧŵĸĴŤēŴ�ţŴēİĥŤĔŠ�ěēŴįǜē
�ěĔŘĔĽĝŠǞē�ŮŨ

ěĔŬĔżėŤē�ŦżťĩĜ�ŽŘ�ųŨēİĭĝĸē�Ŵ�ŽĖĔĹĩŤē�Ŵ�ŽńĔŻĴŤē�ĴżšřĝŤē�ĚżũŭĜ��
�ŒŨ�ĔũŲĝŜǙŐŴ�ųżĐĔŻĶżŘ�ěēĴżŕĝŨ�ŪŻİŝĝŤ�ųżĸĔĸĉ�ůēįĊŠ�ĕĔĹĩŤēŴ�ěĔżńĔŻĴŤē�ūŵŨİĭĝĹŻ�ūŵĸİŭŲũŤēŴ�ĆĔũťőŤē
�ĴżšřĜ�ĴŻŵŉĜ�ŹťŐ�STEM�ŦũőŻ��ěĔŬĔżėŤē�ŦżťĩĜŴ�ŦżĥĹĜ�Ŵ�ůĔŠĔĩũŤē�ĆĔŭėŠ�ŧĔŲũŤē�ŮŨ�ųŐŵũĥŨ�ŦĩŤ�ĔũŲŅőĖ

�İŨǜē�ęİżőĖ�STEM�ĚŻĔŔ�Žű�ůĲű�Ŵ�ŪŲĜĔĤĔĝŭĝĸē�ĆĔŭĖ�Ŵ�ĆĔũťőŤē�ĴżšřĜ�ĚŝŻĴň�ŹŤč�ţŵŀŵťŤ�ųėťŉŤē
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ţŵťĩŤē�ŪżũŁĜ�Ŵ�ěĔĨŴĴĽŤē�ĆĔŭĖ�ŽŘ�ŪŲĜĔżŬĔšŨē�ŒŘĳŴ�ųėťŉŤē�ŶİŤ�ŏēİĖǞē�ŞťĬ��
�ŽřŘ��Ů ǁżőŨ�ŏŵńŵŨ�ŽŘ�ěĔŘĔĽĝŠǞē�įĔĥŻč�ĺšőĜ�ŽĝŤē�ěĔĨŴĴĽŤē�ĆĔŭĖ�ŹťŐ�ųėťŉŤē�ĚŜĔň�STEM�ĦŨĔŬĴĖ�ŪŐİŻ

�ůįŵĤŵũŤē�ĴżŻĔőũŤēŴ�ěēįİĩũťŤ� ƻĔŝŘŴ�ųťšĽũŤē�ŚŻĴőĝŤ�ţŵťĨ�ęİŐ�Ŵĉ� ǁŦĨ�ŪŻİŝĜ�ŵű�ŗİŲŤē�ȕųĸİŭŲŤē�ţĔĥŨ

ŦżŤİŤĔĖ�ųżńĴřŤē�ŊĖĳ�ĚżřżŠ�ųėťŉŤē�ŪżťőĜ��
�ŦŅŘĉ�įĔĥŻǞ�ūĔżĸĔĸĉ�ųżńĴřŤēŴ�ĴšřĝŤē�ŧŵťőŤē�ŽřŘ�ȕųŐŵńŵũŤē�ųżńĴřŤĔĖ�ŦżŤİŤē�ŊĖĳ�ĉİėŨ�ĦŨĔŬĴėŤē�ĵĶőŻ

�ŦĨ�ŦŅŘĉ�ŚŻĴőĜ�ŪŻİŝĝŤ�ūĔŨİĭĝĹĜ�ųŻĴōŭŤēŴ�ĴšřĝŤē�ųĸİŭŲŤē�ŽŘ��ųĸŴĳİũŤē�ůĴűĔōťŤ�ĚżőżėŉŤē�ěēĴżĹřĝŤē
�ŶĴĬĉ�ŹťŐ�ųżŀĔĬ�ĪżĤĴĜŴ�ųťŻİėŤē�ţŵťĩŤē�ĚŬĳĔŝũŤ�ųũōŭŨ�śĴň�ŧēİĭĝĸĔĖ�ūŵĸİŭŲũŤē�ŧŵŝŻ�ĢżĨ�ȕųťšĽũťŤ

�ŦġŨǜē� ǁŦĩŤē�ŹŤč�ţŵŀŵťŤ

ěĔŨŵťőũŤē�ŊĖĳ�Ŵ�ĦĐĔĝŭŤē�ŪżżŝĜ�ŹťŐ�ŪŲĜİŐĔĹŨ�Ŵ�ųėťŉŤē�ěēĳİŝĖ�ŃŵŲŭŤē��
�ŦšĽĖ�ĔŲũŻİŝĜŴ�ŒŭŝŨŴ�ĪńēŴ�ŦšĽĖ�ŪŲĜĔŝżŝĩĜ�ěĔĤĴĭŨ�ŊĖĳ�ŹťŐ�ŮŻĳįĔŜ�ēŵŬŵšŻ�ūĉ�ŹťŐ�ųėťŉŤē�ĦŨĔŬĴėŤē�ĶřĩŻ

�ůĳİŝŤē�ūŵĤĔĝĩŻ�ūŵĸİŭŲũŤēŴ�ĆĔũťőŤē�ěǘįĔőũŤēŴ�ųżŬĔżėŤē�ŧŵĸĴŤēŴ�ţŴēİĥŤē�ŧēİĭĝĸĔĖ�ĕŵĝšŨ�Ŵĉ�ŽŲřļ
�ŪżżŝĝŤ�ěēĴńĔĩŨ�Ŵĉ�ĞŬĴĝŬč�ŒŜŵŨ�Ŵĉ�ųżũťŐ�ųŜĳŴ�ŢŤēı�ūĔŠ�Ćēŵĸ�ŽũťőŤē�łŭŤē�ŮŨ�ŹŭőũŤē�ŇĔėŭĝĸēŴ�ĆĔŁŝĝĸǞ

�ĕŵťŉũŤē�įĔĥŻǞ�ĔŲŅőĖ�ŒŨ�ěĔŨŵťőũŤē�ŦŨĔšĜ�Ŵ�ĔűĳİŁŨ�ŮŨ�ěĔŨŵťőũŤē�ůĲű�ĚżĨǙŀ

�ŒũĝĥũŤē�ĔŲżťŐ�İũĝőŻ�ŽĝŤē�ŽĤŵŤŵŭšĝŤē�ŧĔōŭŤē�ŽŘ�ĞŬĴĝŬǞē�Ěšėļ�ŧēİĭĝĸē�ŮŨ�ųėťŉŤē�ŮżšũĜ��
�ųżũŜĴŤē�ěēŴįǜēŴ�ĴĜŵżėũšŤē�ţŵĨ�ūŵšŻ�ŪŲŻİŤ�ŧĔőŤē�ĳŵŁĝŤĔŘ�ȕĔżĤŵŤŵŭšĝŤē�ĪťŉŁũĖ�ĴšřĜ�ĔŨİŭŐ�ķĔŭŤē�ŪōőŨ
�ĆİėŤē�ŪŲŻİŤ�ųŘŵŤĊŨ�İőĜ�ŽĝŤē�ůĔżĩŤē�ĘŬēŵĤ�ŮŨ�ĘŬĔĤ�źĉ�ŒŨ�ŦŐĔřĝŤēŴ�ŇēĴĭŬǞē�ŦėŜ�ųėťŉťŤ�ŪŲũŤē�ŮŨ� ƻĔŨŵũŐ
�ĆİėťŤ�ĚŘŵŤĊŨ�İőĜ�ŽĝŤē�ŪŤĔőŤē�ŮŨ�ĘŬēŵĤ�ŒŨ�ĆİėťŤ�ųėťŉťŤ�ŪŲũŤē�ŮŨ��ūĔĹŬǞē�ŦėŜ�ŮŨ�ĞŐĴĝĬē�ĔŲ ǁŬĉ�şēĳįč�ŽŘ
�ĴėĝőĜ��ųżĤŵŤŵŭšĜ�ěēŴįĉ�ĴėĝőĜ�ŽŤĔĝŤĔĖŴ�ųĜĔėŔĳŴ�ųĜĔĤĔĨ�ĚżėťĜŴ�ųĝŨİĭŤ�ūĔĹŬǞē�ŦėŜ�ŮŨ�ĞŐĴĝĬĉ�ĔŲŬĉ�şēĳįč�ŽŘ
�ĔũŠ�ȕŪŲĖ�ųŉżĩũŤē�ĔżĥŤŵŭšĝťŤ�ĴōŭŤē�ŽŘ�ĆİėŤē�ŹťŐ�ųėťŉŤē�İŐĔĹĜ�ūĉ�ŹťŐ�ůĳįĔŜ�ĴżšřĝŤē�ŦġŨ�ěĔňĔĽŭŤē�ņőĖ
�ĔŭĜĔżĨ�ŧİĭĜ�ŽĝŤē�ůİŝőũŤē�ųżĤŵŤŵŭšĝŤē�ųũōŬǜē�ŹŤč�ŪũűĔėĝŬē�ųżĤŵĝŤ�ųřťĝĭŨ�ěĔňĔĽŭĖ�ŪűĆēĴĠč� ƻĔŅŻĉ�ŮšũŻ
�ěǙĥũŤē�ŒżũĤ�ŽŘ�ĕŵĸĔĩŤē�ŧēİĭĝĸē�ĚżřżŠ�ųėťŉŤē�ŪżťőĝŤ�ĴżĽŻ�ŧŵżŤē�ķēĳİũŤē�ŽŘ�ŽĤŵŤŵŭšĝŤē�ŪżťőĝŤē

�ĆĔũťőŤē�ĔŲŨİĭĝĹŻ�ĔũŠ�ĘżĸēŵĩŤē�ŧēİĭĝĸč�ŹŤč�ěĔŨŵťőũŤē�ĳįĔŁŨ�ŞżŜİĜ�Ŵ�įĔĥŻč�ŮŨ� ƻēĆēİĝĖē�ȕųŐŵŭĝŨ�ŗēİűǜ
�ůĴżŕĝŨ�ĔŲŬĉ�ĔżĤŵŤŵŭšĝŤē�ŽŘ�ųżĸĔĸǜē�ųżŀĔĭŤē��ųżŬĔżĖ�ŧŵĸĴĖ�ěĔŨŵťőũŤē�ŃĴŐŴ�ěĔŬĔżėŤē�ŒũĤŴ�ěĔĸĔżŝŤē�ĆēĴĤǞ
�ĴżŅĩĜ�ŒżŉĝĹŬ�ǘ� ƻĔżťőŘ�ĔŭŬǜ�ȕ ƽŗĔŠ�ĴżŔ�İőŻ�ŧŵżŤē�ůįŵĤŵũŤē�ěēŴįǜē�ŧēİĭĝĸē�ĚżřżŠ�ųėťŉŤē�ŪżťőĜ�ŢŤĲŤ�ȕ ƻĔũĐēį
�ĚŨĆǙũŤ�ųėťŉŤē�ĶżŲĥĝŘȕĔŲżťŐ�ūŵšĝĸ�ŽĝŤē�ůĳŵŁŤē�ŪťőŬ�ǘ�ųňĔĹėĖ�ĔŭŬǜ�İŕŤē�ĔżĤŵŤŵŭšĝŤ�ŦŨĔŠ�ŦšĽĖ�ųėťŉŤē
�ěēŴįǜē�ĳĔżĝĬč�ŗİŲĖ�ĔżĤŵŤŵŭšĝŤē�Ū ǁťőĜ�ĚżřżŠ�şēĳįǞ�ŪŲĜİŐĔĹŨ�Ĕ ǁŭŨ�ģĔĝĩĜ�ŪŤĔőŤē�ŽŘ�ĔżĤŵŤŵŭšĝŤē�ěēĴżŕĜ

��ůĔŉőũŤē�ųũŲũťŤ�ųėĸĔŭũŤē�ųżĤŵŤŵŭšĝŤē
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�ūĔŠ�ȕ ƻǙġŨ��ųŘŴĴőũŤē�ŧŵťőŤē�ĮŻĳĔĜ�łŁŜ�ţǙĬ�ŮŨ� ƾēİĤ�ĪńēŴ�ųŨİŝĝũŤē�ųĸİŭŲŤēŴ�ŧŵťőŤē�ŽŘ�ĔżĥŤŵŭšĝŤē�ĳŴį
�ĔżĤŵŤŵŭšĝŤē�ŹťŐ�ůĶŲĤǜē�İũĝőĜ�ŧŵżŤē�Ŵ��ĕŵšĹťĝŤē�ūŴİĖ�ĴũŝŤē�Ŧ ǎšĽĜ�Ŵ�ţĔėĥŤē�ŵżťżŤĔŔ�ŎĨǙŻ� ǁǘĉ�ŮšũũŤē�ŮŨ
��ůİŻİĤ�ųŻŴįĉ�įĔĥŻč�ŗİŲĖ�ųżŭżĥŤē�ųĸİŭŲŤē�ŞėŉĜ�ŽĝŤē�ųżėŉŤē�ğŵĩėŤēŴ�ĆĔŅřťŤ�ŦĖĔű�ĕŵšĹťĜ�ŦġŨ�ųŨİŝĝũŤē

�ĔŭĝŘĴőŨ�ĴŻŵŉĜ�ŽŘ�ųżũűǜē�ŮŨ� ƽţĔŐ�ĳİŜ�ŹťŐ�ųżĤŵŤŵŭšĝŤē�ųũōŬǜēŴ�ůĶŲĤǜē�ūŵũũŁŻ�ŮŻĲŤē�ūŵĸİŭŲũŤē
�ŮżĸİŭŲũŤē�ŦũŐ�ĴŻŵŉĜ�ŽŘ�İŐĔĹĜ�ĔŅŻĉ�ŧŵťőŤē� Ǎūǜ�ȕĔŲŬŵŨİĭĝĹŻ�ŮŻĲŤē�ĆĔũťőŤĔŠ�ůĔżĩŤē�ĚőżėŉĖ

�įēŵũŤē�ūŵŝėŉŻŴ�ȕĆĔŅřŤē�ŹŤč�ĞŻǙĝĹŤē�śǙňǞ�ŮŻĔĝĽŭŻćŴ�ŮĜŵżŬ�ěĔŘĔĽĝŠē�ūŵŝėŉŻ�ĆĔŅřŤē�ŪťŐ�ŽĸİŭŲŨ
�ūŵũũŁŻ�ūŵĸİŭŲũŤē��ųŜǙũőŤē�ěĔŻĔŭėŤēŴ�ĳŵĹĥŤē�ĆĔŭėŤ�ĔŲĤĔĝĩŬ�łĐĔŁĭĖ�İŻİĩŤē�ĚŐĔŭŁŤ�ĆĔżũżšŤē�ŽŘ�ų ǁżũťőŤē

�ĔŲŬŵĥĝĩŻ�ŽĝŤē�ųŘĴőũŤē�ŮżĸİŭŲũťŤ�ūŵŨİŝŻ�ĆĔũťőŤēŴ�ȕŧŵťőŤĔĖ�ŃŵŲŭťŤ�ĔŲŬŵŨİĭĝĹŻ�ĆĔũťőŤēŴ�ĔżĤŵŤŵŭšĝŤē
�ųřťĝĭũŤē�ĔżĤŵŤŵŭšĝŤē�ŪżũŁĜ�ŦĤĉ�ŮŨ�ůĔżĩŤē�ĚőżėŉŤ

ŮŻĴĬǛŤ�İŜĔŭŤē�ĴżšřĝŤē�Ŵ�ŞżėŉĝťŤ�ųťĖĔŝŤē�ěĔŻĴōŭŤē�ĆĔŭĖ�ŽŘ�ųėťŉŤē�ěĔżŬĔšŨč�ĆĔũŬč��
�ŮżũĭĝŤē�ūŵŨİĭĝĹŻŴ�ȕŚŜēŵũŤē�ēŵťťĩŻŴ�ēŴĴšřŻŴ�ēŵŠĳİŻ�ūĉ�ŹťŐ�ŮŻĳįĔŜ�ēŵŬŵšŻ�ĢżĩĖ�ųėťŉŤĔĖ�ŃŵŲŭŤē

�ūŴĳĴŝŻ�ȕŮŻĴĬǚĔĖ�ųŀĔĭŤē�ěĔŻĴōŭŤē�ūċĴŝŻŴ�ūŵőũĝĹŻ��ŪűĴżšřĜ�ĚŝŻĴň�ŪŐİĜ�ųėŜĔőĝŨ�ųżŝŉŭŨ�ěĔĤĔĝŭĝĸēēŵŭėżŤ
�ŪŲĜĔŻĴōŬ�ĴŻŵŉĜŴ�ĪżńŵĝŤ�ůİżřŨ�ųťđĸĉ�ŪŲĹřŬĉ�ŹťŐ�ūŵĨĴŉŻŴ�ŹŭőŨ�ĔŲŤ�ěĔŻĴōŭŤē�ůĲű�ĞŬĔŠ�ĔŨ�ēıč

ųėťŉŤē�ŶİŤ�ųėĸĔŭũŤē�ųżĥżĜēĴĝĸǞē�ěēŴįǜē�ŧēİĭĝĸē�ĚżřżŠŴ�ųŜİŤēŴ�ųŲŻİėŤē�ĚŐĴĸ�ĴŻŵŉĜ��
�ųżĤŵŤŵŭšĝŤē�ěēŴįǜē�ŧēİĭĝĸē�ŹťŐ�ŮŻĳįĔŜ�ēŵŬŵšŻ�ĢżĩĖ�ŦŠĔĽũŤē�ŦĩŤ�ųřťĝĭũŤē�ěēŴįǜē�ĚėťŉŤē�ŧİĭĝĹŻ

�ĕĔĹĩŤēŴ�ȕŮŻĴĬǚē�ŒŨ�ŦŀēŵĝŤē�ŹťŐ�ųėťŉŤē� ƻēİŻİĩĜ�ěĔżńĔŻĴŤē�İŐĔĹĜ��ŪżűĔřũŤē�şēĳįč�ŽŘ�ŞũőĝŤēŴ�ŗĔĽĝŠǟŤ
�ŪŲŬĉ�ĔũŠ�ȕųŜİŤē�ŮŨ�ųżŤĔŐ�ųĤĳİĖ�ųżũŜĴŤē�ěĔĖĔĤǞē�ēŵřŁŻ�ūĉ�ŹťŐ�ŮŻĳįĔŜ�ēŵĩėŁŻ�ŽŤĔĝŤĔĖ�Ŵ�ȕųżŤĔőŘŴ�ųŜİĖ

�Ŵ�ŦŅŘĉ�ŪŲřŤ� ƻĔőŨ�ųőũĝĥŨ�ĔŲŭšŤ�ųřťĝĭŨ�įēŵŨ�ĚŐŵũĥũŠ�Ŵĉ�ůİĨēŴ�ůįĔũŠ�ůİŝőũŤē�ĳŵŨǜē�ĚŻċĳ�ūŵőżŉĝĹŻ
�ųėőŁŤē�ŦŠĔĽũťŤ�ŦĨ�ŪŻİŝĜ
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 STEM�ěǘĔĥŨ�ŮżĖ�ŊĖĴŤē �5.1

�ȕŧŵťőŤē�ȕ ƻǙġũŘ��ĔŲŭżĖ�ĔũżŘ�ŦŨĔšĝŤē�Ŵĉ�ųĖĔĽĝŤē�ŶİŨ�Ů ǁżėĜ�Ŵ�Ī ǁńŵĜ�ųŝŻĴŉĖ�ųėĜĴ ƿŨ�STEM�ųĤŴĉ�ģĳİŻ�ŽĜǚē�ţŴİĥŤē

�ųėťŉŤē�ŮŨ�ūĔĤĔĝĩĜ�ěĔżńĔŻĴŤēŴ�ųĸİŭŲŤē�ŮŨ�ŦŠ��ģıĔũŭŤē�ŧēİĭĝĸē�ŮũŅĝĜ�ĔŲőżũĤ�ěĔżńĔŻĴŤēŴ�ųĸİŭŲŤē

�ĔũŭżĖ�ȕěĔŻĴōŭŤē�ĆĔŭĖ�Ŵ�ŊĖĳ�ĚżřżŠ�ĚŘĴőŨ�ųėťŉŤē�ŮŨ�ģĔĝĩĜ�ěĔżńĔŻĴŤēŴ�ųĸİŭŲŤē�ȕŧŵťőŤē��ŦŠĔĽũťŤ�ţŵťĨ�įĔĥŻč

�ŹťŐ�ůĳİŝŤē�ĴėĝőĜ�ŮżĨ�ŽŘ�ȕůĳĔŲũĖ�ĔżĤŵŤŵŭšĝŤē�ěēŴįĉ�ŧēİĭĝĸē�Ū ǎťőĜ�ųėťŉŤē�ŮŨ�ūĔėťŉĝĜ�ěĔżńĔŻĴŤē�Ŵ�ĔżĤŵŤŵŭšĝŤē

�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē�ŽŘ�ěĔŬĔżėŤē�ĚũĤĴĜŴ�ŦżťĩĜ�Ŵ�ěĔŘĔĽšĝĸǞē�ŽŘ� ƻĔżĸĔĸĉ� ƻēĴŨĉ�ěēŴįǜē�ŧēİĭĝĸē

ųťđĸǜē�ħĴň

ģıĔũŭŤē�ŧēİĭĝĸēŴ�ĴŻŵŉĜ

ěĔŝżŝĩĝŤē�ĶżŲĥĜ�Ŵ�ŊżŉĭĜ

ěĔŬĔżėŤē�ĚũĤĴĜ�Ŵ�ŦżťĩĜ

�ŽĖĔĹĩŤē�ĴżšřĝŤē�ŧēİĭĝĸē

ŽńĔŻĴŤēŴ

ěĔĨŴĴĽŤē�ĆĔŭĖ

ųŤįǜē�ŮŨ�ěĔŻĴōŭŤē�ŮżĖ�ŊĖĴŤē

�ŊĖĳ�Ŵ�ŪżżŝĜ�Ŵ�ĆĔĽŬč

ěĔŨŵťőũŤē

ųťšĽũŤē�ŚŻĴőĜ

ģıĔũŭŤē�ŧēİĭĝĸē�Ŵ�ĴŻŵŉĜ

ěĔŝżŝĩĝŤē�ĶżŲĥĜ�Ŵ�ŊżŉĭĜ

ěĔŬĔżėŤē�ĚũĤĴĜ�Ŵ�ŦżťĩĜ

�ŽĖĔĹĩŤē�ĴżšřĝŤē�ŧēİĭĝĸē

ŽńĔŻĴŤēŴ

ţŵťĩŤē�ŪżũŁĜ

ųŤįǜē�ŮŨ�ěĔŻĴōŭŤē�ŮżĖ�ŊĖĴŤē

�ŊĖĳ�Ŵ�ŪżżŝĜ�Ŵ�ĆĔĽŬč

ěĔŨŵťőũŤē

�ĞŬĴĝŬǞē�Ěšėļ�ŮŨ�Ů ǎšũĝŤē

�ŽĝŤē�ŽĤŵŤŵŭšĝŤē�ŧĔōŭŤē�ŽŘ

ŒũĝĥũŤē�ĔŲżťŐ�İũĝőŻ

�ŧēİĭĝĸē�ĚżřżŠ�Ū ǎťőĜ

ĔŲĝĨĔĜč�įĴĥũĖ�ĔżĤŵŤŵŭšĝŤē

�ųėőťĜ�źĲŤē�ĳŴİŤē�şēĳįč

ěĔżńĔŻĴŤē�ŽŘ�ĔżĤŵŤŵŭšĝŤē

ųŨİŝĝũŤē�ŧŵťőŤēŴ

�ţŵĨ�ųőťŉŨ�ěēĳēĴŜ�ĲĬĉ

�ĔŲĝŜǙŐŴ�ȕĔżĤŵŤŵŭšĝŤē

ųŉżĩũŤē�ųđżėŤē�Ŵ�ŒũĝĥũŤĔĖ

�ųťšĽũŤē�ŚŻĴőĜ

ĔŲťĨ�ŽŘ�ůĴĖĔġũŤēŴ

�ŧēİĭĝĸĔĖ�ģıĔũŬ�ĆĔŭĖ

ěĔżńĔŻĴŤē

�ųżĥżĜēĴĝĸč�ěēŴįĉ�ŧēİĭĝĸč

ųėĸĔŭŨ

ųŜİŤēŴ�ųŲŻİėŤē�ĚŐĴĸ

ų ǁżũšŤē�Ŵ�ůįĴĥũŤē�ĕĔėĸǜē

ųťšżŲŤē�ŧēİĭĝĸē�Ŵ�ĢĩėŤē

�ŞżėŉĝťŤ�ųťĖĔŜ�ěĔŻĴōŬ�ĆĔŭĖ

ŮŻĴĬǛŤ�ĕĔėĸǜē�İŝŬŴ

�ŽŘ�ŒŻĴĹŤē�ŧĔōĝŬǞē�Ŵ�ĢĩėŤē

ĳĴšĝũŤē�ĴżšřĝŤē

ěĔżńĔŻĴŤē������������� �����ĔżĤŵŤŵŭšĝŤē������������������������ĚĸİŭŲŤē���������������� �ŧŵťőŤē
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STEM��ģĔŲŭŨ�ĆĔŭĖ�ķĔĸĉ�6.1
  

�ĺŻĳİĝŤē�ŽŘ�ųŻİżťŝĝŤē�śĴŉŤē�ŮŨ�łťĭĝŤē�ŹťŐ�ŧŵŝŻ�ŪżťőĝťŤ�łŁĭĝŨ�ĦŲŬ�ŵű��STEM ǁūĉ�ȕ ƻĔŝĖĔĸ�ĔŬĴŠı�ĔũŠ

�ŹťŐ�İũĝőŻ�ŢŤıŴ�ųťŁřŭŨ�ųŝŻĴŉĖ�ŒżńēŵũŤē�ůĲű�ŹŤč�ūŴĴōŭŻ�ųėťŉŤē��ųőĖĳǜē�ěĔŁŁĭĝŤē�ŮżĖ�ĶĤēŵĩŤē�ĚŤēĵčŴ

�ŽŘ�ųėťŉŤē�ěēĳİŜ�ĚżũŭĜ�ŹťŐ�ŦũőĜ�ŽĝŤēŴ�ȕņőėŤē�ĔŲŅőĖ�ŮŐ�ŒżńēŵũŤē�ůĲű�ŦŁřĖ�ųŨİĭĝĹũŤē�ŪżťőĝŤē�ĚŝŻĴň

�ņőėŤē�ĔŲŅőĖ�ŹŤč�ĔŲŐŵĤĳ�ĴżŔ�ŮŨ�ůįĴřŭŨ�ųŝŻĴŉĖ�ěĔŁŁĭĝŤē�ůĲű

�ŢŤıŴ�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē�ŽŁŁĭĜ�ŮżĖ�ŽŭĖ�źĲŤē�œēĴřŤē�ēĲű�ĴĹŠ�Žű�ȕŪżťőĝŤē�ŽŘ�STEMĕŵťĸĉ�ĔŻēĶŨ�Ūűĉ�İĨĉ�

�ų ǁżťũőŤēŴ�ų ǁżũťőŤē�ůĔżĩŤē�ŒŨ�ųťŨĔšĝŨ�ĦűĔŭũŤē�ūŵšĜ�ĢżĩĖ�ķĳēİũŤē�ŽŘ�ųĸİŭŲŤēŴ�ĔżĤŵŤŵŭšĝŤē�ŽŁŁĭĜ�ĚŘĔńĎĖ

�ųżĐĔŭėŤē�ųŻĴōŭŤē�ŹťŐ�ĶšĜĴŻ�ŧĔōŬ�ŵű�ěĔŁŁĭĝŤē�ŦŨĔšĝŘ��ħĔĥŭŤē�ŞżŝĩĜ�ŹťŐ�ŪŲĜĳİŜ�ŒŘĳŴ�ųėťŉŤē�ŪŲŘ�ŞżũőĜŴ

�Śńĉ��ĚżńĔŻĴŤē�ŦĐĔĹũŤē�ŦĨŴ�ųżũťőŤē�ěĔżťũőŤĔĖ�ųŀĔĭŤē�ĚżŠēĳįǞē�ŧĔŲũŤē�ŽŘ�ĚėťŉŤē�ŦżŁĩĜ�ŮĹĩĜ�ĞėġŻ�ĔŨ�ŵűŴ

��ĚżőŜēŵŤē�ěĔŝżėŉĝŤē�ŒŨ�ŮŻĴĽőŤēŴ�źįĔĩŤē�ūĴŝŤē�ěĔżŠŵťĸŴ�ěēĳĔŲŨ�ŧēİĭĝĸĔĖ�ūŵŨŵŝŻ�ŮżũťőũŤē� Ǎūĉ�ŢŤı�ŹŤč

��ŦŠĔĽũŤē�ŦĨ�ěĔżĥżĜēĴĝĸē�ĆĔŭėŤ

�ŹťŐ�ųėťŉŤē�İŐĔĹŻ�ĔũŨ�ųřťĝĭŨ�śĴň�ęİőĖ�İĨēŴ�ŏŵńŵŨ�ŪżťőĜ�ŹŤč�İũőŻ�STEM�ĦŲŭŨ� ǁūĎŘ�ȕŞėĸ�ĔũŤ� ƻĔőėĜ�Ŵ�

�źŵŉŭŻ�ų ǁŬĉ� ǁǘč�ȕųŉėĜĴŨ�ěĔŜĔżĸ�ŽŘ�ěēĳĔŲũŤē�ůĲű�ŞżėŉĜŴ�ůįİőĝŨ�ěǘĔĥŨ�ţǙĬ�ŮŨ�ĔŲŅőĖ�ŒŨ�ĳĔšŘǜē�ŊĖĳ

�ţŵĨ�ĳŵĩũĝĜ�ĢżĩĖ�ų ǁżĸēĳİŤē�ĦűĔŭũŤē�ŪżōŭĝĖ�STEM�ŪżťőĜ�ķĔĸĉ�ŧŵŝŻ�ųŝĸĔŭĝŨ�ĴżŔ�ĪėŁĜ�ūĉ�ŽŘ�ĴŉĬ�ĔŲżťŐ

�ŪŲĝŘĴőŨ�ŞżėŉĜŴ�ŪŲĖ� ǁĿĔĭŤē�ŪżťőĝŤē�ēŴĲĬĊŻ�ūĉ�ųėťŉŤē�ŮŨ�ĘťŉŬ�ĦŲŭŤē�ēĲű�ŽŘ�ȕŪŲĜĔŨĔũĝűčŴ�ųėťŉŤē�Ěťđĸĉ

�ĚŘĴőũŤē�ŧēİĭĝĸē�ŹťŐ�ŪŲĜĳİŝŨ�ĵēĴĖčŴ�ųėťŉŤē�ŪťőĜ�ĪėŁżĸ�ŢŤı�ŮŨ�Ŵ�ȕŽőŜēŵŤē�ŪŤĔőŤē�ĘŬēŵĤ�ŽŘ�ŪŲĜēĳĔŲŨŴ

�ĆĔŭėŤē�ēĲŲŤ��ųŻĳŵĩũŤē�ĚŉŝŭŤē�ŵű�ŽťũőŤē�ŒŜēŵŤē�ŽŘ�ĔŲŝżėŉĜŴ��ĔűŵėĹĝŠē�ŽĝŤē

ų ǁżťėŝĝĹŨ�ůĴōŬ�7.1

�įēŵũŤē�Ğőũ ƿĤ�ĢżĨ�ȕŪŤĔőŤē�ŽŘ�ŽũżťőĜ�ĦŲŭũŠ�ųőĸēŴ�ůĳŵŁĖ�ţŵėŝŨ�ŽũżťőĝŤē�STEM�ĦŨĔŬĴĖ�Īėŀĉ�ȕūǚē

�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē�ŞżėŉĜ�ūǚē�ųėťŉŤē�ŒżŉĝĹŻ��ŽťőřŤē�ŒŜēŵŤē�ŽŘ� ƻĔőŨ�ųĥŨİŭŨ�ūŵšĝŤ�ůįĴĥũŤē�ųżũżťőĝŤē

�ĲżřŭĜ�ŽŘ�ŹĝĨ�Ŵ�ŦũőŤē�Ŵ�ŒũĝĥũŤē�Ŵ�ȕųĸĳİũŤē�Ŵ�ȕĦűĔŭũŤē�ŮżĖ�ŊĖĴŤē�śĔżĸ�ŽŘ�ųĸİŭŲŤēŴ�ĔżĤŵŤŵŭšĝŤēŴ

�ŪŲŬēİťĖ�ūŴį ǁŴĶŻ�ŮżŐĴĝĭŨ�ŞťĬ�ůĳİŝŤē�ĪŭũŻŴ�STEM�ĦŨĔŬĴĖĴŻŵŉĜ�ŮŨ�ĴġŠĉ�Ů ǁšũżĸ�ēĲű�ȕųżũŤĔőŤē�ŒŻĳĔĽũŤē

�ųżŐĔŭŁŤē�ěǘĔĥũŤē�ŒżũĤŴ�ŽĤŵŤŵŭšĝŤēŴ�źįĔŁĝŜǞē�ţĔĥũŤē�ŹťŐ�ĺšőŭĜ�ěĔŐēĴĝĬč�Ŵ�ěēĳĔšĝĖĔĖ
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�ĚżũżűĔřũŤē�ĚŉŻĴĭŤē�1.2

����ūĔĹŬǞē�ĮŨ
�ĴĹŻĉ�ĮŨ�Ŵ�ŮũŻĉ�ĮŨ���ŮżŻŴĔĹĝŨ�ŮżũĹŜ�ŹŤč�ŧŵĹŝŨ
�ĔŲĖ�ŧŵŝŻ�ŽĝŤē�ĔűĴżŔŴ�ěĔŠĴĩŤē�ŽŘ�ŪšĩĝŻ�ŮżĭũŤē�ǙŠ

�ţŵđĹŨ�ŮũŻǜē�ĮũŤē�ūē�ŹŭőũĖ�����ĚżĹšŐ�ęĳŵŁĖ�ūĔĹŬǞē
�ŮŨ�ŶĴĹżŤē�ĚŲĥŤē�ŽŘ�ęįŵĤŵũŤē�ŦĤĳŴ�İŻ�ŮŨ�ĆĔŅŐǜē�ŮŐ
�ĆĔŅŐǜē�ŮŐ�ţŵđĹŨ�ĴĹŻǜē�ĮũŤē�Īżĩŀ�ĺšőŤēŴ�ūĔĹŬǞē

����ŮżũżŤē�ĚŲĤ�ŽŘ�ęįŵĤŵũŤē

�Ŧšļ�ŦġŨ�ĮũŤē�ĔŻǙĬ�ŦšļŴ�ȕ�ĔőŨ�ĴĹŻǜēŴ�ŮũŻǜē�ŦŝőŤē�ŦŕĽĜ�ŽűŴ�ēĴżġŠ�ŦŝőŤē�ĔŲŤ�ħĔĜĴŻ����ĚżŭűĲŤē�ĚŉŻĴĭŤē�ūē
�ĔŭŤŵĨ�ĆĔżļǜē�ŮŨ�ĴżġšŠŴ�ĳĔĥļǜĔŠ�ŵŲŘ�ĚőżėŉťŤ�ŞŘēŵŨŴ�ĚżėŁőŤē�ĔŻǙĭťŤ�ŞŘēŵŨ�ŪťőŤē�ēĲŲŘ�ĚżŭűĲŤē�ĚŉŻĴĭŤē

���ĚőżėŉŤē�ŒŨ�ŪŔĔŭĝŨŴ�ŏŴĴŘ�ųŭŨŴ�Ŧŀē�ŵŲŘ

��ŦŝőŤē�ŚĐĔŌŴ

��ĮũŤē�ŮŨ�ŮũŻǜē�ĆĶĥŤē���ĉ
ĚōŝżŤē�ŧǙĨĉ�
 �ŪĸĴŤē�
 � �įĔőĖǜē�
 �ŞĸĔŭĝŤē�
 ��ūēŵŤǜē�
 � �ţĔżĭŤē�


ĘĩŤē�
 �ĴŐĔĽũŤē�
 �ŹŝżĸŵũŤē�
 � �ūĔĩŤǜēŴ�ěēŵŀǜē�

��ĮũŤē�ŮŨ�ĴĹŻǜē�ĆĶĥŤē���ĕ

�ŦżťĩĝŤē�
 �ĘżĜĴĝŤē�
���ĴżšřĝŤē�
 �ŧĔŜĳǜē�
 �ŞŉŭũŤē�
 �ěĔĖĔĹĩŤē�
 ��ěĔũťšŤē�
 �ŪĐēŵŝŤē�

�ŵű�ųŻİŤ�ŮũŻǜē�ĆĶĥŤĔŘ�ěĔŨŵťőũŤē�ŦŠ�ŦėŝŻ��ĔũĐēį�ĳĔĹżŤē�ůİŻ�ŧİĭĝĹŻ�źĲŤē��ŪĹŐǜē�Ŵĉ�ĴĹŐǜē���ĚōĨǙŨ

ĺšőŤē�Ŵ�ĴĹŻǜē
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ĚżŭűĲŤē�ĚŉŻĴĭŤē�Žű�ĔŨ

��ŽűŴ�ŪűĴżŔŴ�ŽŐĔŘĴŤē�ĘżĥŬ�į�Ŵ�ūĔũġŐ�ųťŤēİėŐŴ��ūēĵŵĖ�ŽŬŵĜ�ŚŻĴőĜ�ĔŲŭŨ�ęİŐ�ěĔřŻĴőĜ�ĔŲŤ
�ŦŝőŤē�ěēĳĔŲŨ�ĘťŔē�ĴżĭĹĝĖ�ŢťŝŐ�ĚŜĔň�ŧēİĭĝĸē�ŹťŐ�şİŐĔĹĜ�ĪżĜĔřũĖ�şįŴĶĜ�ĚŻŵŜ�ĚżŨŵĸĳ�ĚżŭŝĜ�Žű
�ŚťĝĭŨ�ŽŘ�ŧİĭĝĹĜ�ūē�ŮšũŻ�ĚżŭűĲŤē�ĚŉŻĴĭŤē����ęĴŨ�ŦŠ�ŽŘ�ȕ�ŏĔŝŻč�ȕ�ūēŵŤĉ�ȕ�ŞŉŭŨ�ȕ�įİŐ�ȕ�ęĳŵŀ�ȕ�ĚũťŠ�ƸĖ

��źĴĽĖ�Ćēįĉ�ŮĹĨĊĖŴ�ĚŝŻĴň�ĪńŴĊĖŴ�şĴżšřĜŴ�ŢũťőĜ�ŮżĹĩĜ�ŽŘŴ�ęĔżĩŤē�ěǘĔĥŨ
�ĚŐĔŉĝĸǘē�ĳİŜ�ĔŲżŘ�ţŴĔĩĜ�ŪōŭŨ�ŦšĽĖ�ęİĨēŴ�ųŜĳŴ�ŽŘ�ůİŻĴĜ�ĔŨ�ŦŠ�Ūĸĳ�ŹťŐ�İũĝőĜ�ĚőĐēĳ�ĚŝŻĴň�ŽűŴ

�ęĴŁĝĭŨŴ�ęĶŠĴŨ�ĚŝŻĴŉĖ�ęİĨēŴ�ĚŜĳŴ�ŽŘ�İŻĴĜ�ĔŨ�ŦŠ�ŒńŴ�ŒżŉĝĹĜ�ĢżĩĖ�ĔŲżťŐ�ţİĜ�ųũĸĴĖ�ěĔũťšŤē�ţēİėĝĸē
��ŢŤ�ĚėĹŭŤĔĖ�ĴŠĲĝŤē�ĚťŲĸŴ

ĚżŭűĲŤē�ŊĐēĴĭťŤ�ĚżũżťőĝŤē�ĚżĥżĜēĴĝĸǘē

�ūĔőŨčŴ�ŪŲřĝĖ�ŽũżťőĝŤē�ŶŵĝĩũŤē��ķĳİŤē�ĉĴŜē��1

��ĚżŐĴřŤē�ĚŻŵŬĔġŤē�ĳĔšŘǜēŴ�ŽũżťőĝŤē�ŶŵĝĩũŤē�ĔŲżťŐ�ŦũĝĽŻ�ŽĝŤē�ĚĹżĐĴŤē�ĳĔšŘǜē�įİĨ���2

�ņőėĖ�ĔŲŅőĖ�ĳĔšŘǜē�ůĲű�ŮżĖ�ŊĖĴĜ�ŽĝŤē�ěĔŜǙőŤē�įİĨ��3

�ņőėĖ�ĔŲŉĖĴĜ�ŽĝŤē�ĚŜǙőŤē�ĪżńŵĝŤ�ĔŲŭżĖ�ŦŁĜ� ƻĔňŵŉĬ�ŪĠȕĚŻŵŬĔġŤēŴ�ĚĹżĐĴŤē�ĳĔšŘǜē�ůĲű�ĳŵŁĜ��ĚŉŻĴĬ�� ƻǙšļ�Ūĸĳē��4

�ĔŲĝŻĔŲŬ�Ŵĉ�Ū ǁťőĝŤē�ĚżťũŐ�ĚŻēİĖ�ŽŘ�ĕǙŉŤē�ŹťŐ��ĚŉŻĴĭŤē�ŦšĽŤē�ēĲű�ŃĴŐē��5
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��ĚżŭűĲŤē�ŊĐēĴĭŤē�İĐēŵŘ

�ęĴżėšŤē�ŒżńēŵũťŤ�ĚťŨĔļ�ęĴōŬ�ŢĐĔŉŐč�

ĘűĲĜ�ŮŻĉ�ŹŤč�Ŵ�ĞżĜĉ�ŮŻĉ�ŮŨ�ěēĳĔżĝĬē�ŦũŐ���śĴň�ŊżŉĭĜ�ŮŨ�ŢŭšũĜ�


ěĔŬĔżėŤēŴ�ěĔŨŵťőũŤē�ŮŨ�ĳİŜ�ĴėŠē�ŒũĤ�

ĚŐŵŭĝŨ�ţŵťĨŴ�ĚřťĝĭŨ�śĴň�ŃĴőĖ�ĚťšĽũŤē�ŦĨ�ŹťŐ�ŢőĥĽĜ�


ĚżŤĔőŘ�ĴġŠĉ�ūŵšĝŤ�şİŐĔĹĜ�

�ęĴŠēĲũŤēŴ�ŦŨĊĝŤē�Ŵ�ęĆēĴŝŤēŴ�ĴōŭťŤ�ŒĝũŨ�ŦšĽŤē�ūŵšŻ�


ŦŝőťŤŴ�ŮżőťŤ�ĪŻĴŨŴ�ĕēĲĤ�Ŧšļ�

ĞŜŵŤē�ĺřŬ�ŽŘ�ŦżŀĔřĝŤēŴ�ĚťŨĔšŤē�ęĳŵŁŤē�ęİűĔĽũĖ�ŢŤ�ĪũĹĜ�


�ȗ�ĚżŭűĲŤē�ĚŉŻĴĭŤē�ŧēİĭĝĸĔĖ�ŞŝĩĜ�ēıĔŨ

ěĔũŲũŤē�ĳĔŁĝĬē�

ŪżōŭĝŤē�ŽŘ�ĚŤŵŲĹŤē�


��ūēŵŤǜĔĖŴ�ěĔŨŵĸĳ�Ŵ�ţĔšļĉ�ŹťŐ�İũĝőĜ�ĔŲŬǜ���ĚżťĹĝŤē�

�ĚŨŵťőũŤē�ĚŻĳēĴũĝĸē�


�Žļ�ŦŠ�ŽŘ�ŪōŭŨ�ūŵšĜ�ŗŵĸ�ĔŲżťŐ�įŵőĝŤē�İőĖ���ŪżōŭĝŤē�

�ĴŠĲĝŤē�ĚŐĴĸ�


ĶżŠĴĝŤē�
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ĴŁĝĭŨ�ŦšĽĖ�ĚżŭűĲŤē�ĚŉŻĴĭŤē�ŮżŬēŵŜ

�ĆĔŅżĖ�ĚŜĳŴ�źĉ�ţĔũőĝĸē�Ŵĉ��³����õ³�����Ƹ�A3�ŦŅřũŤē�ŏŵŭŤē�Ŵĉ��³���õ³�����Ƹ�A4�ķĔŝŨ�ĚŜĳŴ�ĴŅĨē��1

��ŃĴőŤĔĖ�ĔŲťőĤēŴ

ĚőżŘĳ�ŪĠ�ĚŉĸŵĝŨ�ŪĠ�ĚŅŻĴŐ�ŇŵŉĬ�ŦũŐ�ŦĤē�ŮŨ�ūēŵŤĉ�3�ŦŜǜē�ŹťŐŴ�ĚĖĔĝšŤē�ŦĤē�ŮŨ�ūēŵŤĉ�ĴŅĨē��2

��ųŁĭťĜ�ūĉ�İŻĴĜ�ŏŵńŵŨ�Ŵĉ�ųŤ�ŊŉĭĜ�ĔŨ�Ŵĉ�ĚťšĽũŤē�Ŵĉ�ŏŵńŵũŤē�įİĨ��3

��ųťĤē�ŮŨ�ĚŉŻĴĭŤē�ŦũőĜ�ūĉ�İŻĴĜ�źĲŤē�ŮŐ�ĚżŘĔńč�ěĔŨŵťőŨ�Ŵĉ�ğŵĩĖ�Ŵĉ�įēŵŨ�źĉ�ŒũĤē��4

�ĚŤĔĨ�ŽŘ�Ūĸ�10�ŏĔřĜĳĔĖ�Ŵĉ�Ūĸ�4�ŃĴőĖŴ�Ūĸ�6�ŏĔřĜĳĔĖ�ĔėŻĴŝĜ���ĳĔňč�ūŴİĖ�ęĳŵŁĖ�ĶŠĴũŤē�ŽŘ�ūŵšĜ�ĚŻēİėŤē��5

��A3�ĚŜĳŴ�ŧēİĭĝĸē

�ŏŵńŵũťŤ�ĚżŐĴřŤēŴ�ĚĹżĐĴŤē�ěĔŬŵšũŤē�ŮŨ�ŦšŤ�ĚżĨĔĝřũŤē�ěĔũťšŤē�ŧİĭĝĸē��6

ęĴŠēĲŤē�ęİŐĔĹŨŴ�ůĔėĝŬǘē�ĕĲĤ�ŦĤē�ŮŨ�ŦŜǜē�ŹťŐ�ūēŵŤĉ�ğǙġĖŴ�įĔőĖǞĔĖ�ęĳŵŀ�ŧİĭĝĸē���

�ŹťŐ�ŦũŐē���ŏŵńŵũťŤ�ĚżŝĐǙőŤē�ĚšėĽŤē�ŦŨĔšĜŴ�ţŵũĽŤ�İĨēŵŤē�İőėŤē�ůĔĥĜĔĖ�ĺżŤŴȕįĔőĖǜē�ĚżĠǙĠ�ĚŝŻĴŉĖ�ĴšŘ��8

�ęİĨēŴ�ĚŲĤ�ŽŘ�ĺżŤŴ�ĚŉŻĴĭŤē�ŽėŬĔĤ

��ŏŴĴřŤē�ŦġũĜ�ŽĝŤē�ŇŵŉĭŤē�śŵŘ�ŮŻŴĔŭŐ�Œń���ģŵũĝŨ�ŦšĽĖŴ�ŃĴŐē�ŦšĽĖŴ�ŊĸŵŤē�ŹŤč�ĕĴŜē�ŏŴĴřŤē�ŦőĤē��9

���Ěżũűĉ�ĴġŠǜē�ŵű�ĕĴŜǜēŴ���ĔŲżťŐ�ěĔŨŵťőũŤē�ŒŻĵŵĝŤ�ĚŻĔŲŭŤē�ŮŨ�Śőńē�ŇŵŉĬ�ŏĴřĝĜ��10

��źĔļ�ĕŵŠ�ęĳŵŀ�Œń�Ŵ�Ūĸĳē�źĔĽŤē�ţŴĔŭĝŤ�Ęűıē�ĘĝšĜ�ūĉ�ţİĖ����ŦŅŘĉ�ŦšĽĖ�ĳŵŁŤē�Ŧũőĝĸē��11

��ŊĭŤē�śŵŘ�ĔũĐēį�ūŵšĜ�ūĉ�ĘĥŻ�ĚũťšŤē�Ŵĉ�ęĳŵŁŤē��12

�ţŴĔĨ���ŦũĤĉ�ŦšĽĖ�ĚŉŻĴĭŤē�ŦőĥŤ�ŢŤıŴ�ĮŻĳēŵĝŤē�ȕ�ŒżńēŵũŤē�ȕ�ķĔŭŤē�ƸťŤ�ŢŤıŴ�ĿĔĬ�ŦšĽĖ�ūēŵŤǜē�Ŧũőĝĸē��13

����ŽŁĭļ�Ŵ���ħĴŨ���ŽŭŘ���ĕŵťĸĊĖ�ĔűĴŲōĜ�ūĉ�ĚŐĔŉĝĸǘē�ĳİŜ

�����ĴġŠĉ�ĪżńŵĜŴ�ŒĸŵĝĖŴ�ŦũĤĉ�ŦšĽĖ�ĘżĜĴĝŤē�İżŐĉŴ�ţİŐ�ŪĠ���ŮŻĴĬǚē�ĳĔšŘĉ�Ŵĉ�şĳĔšŘĉ���ĳĔšŘǜē�ŦŠ�įĴĸē��14

��ĴżšřĝŤē�ŮŨ�ĚżŬĔĠ�ĚťĨĴũƸŠ

��ĔŲőŨ�ŦŝőŤē�ŦŨĔőĜ�ĚŝŻĴň�ŞŘēŵĜ�ŹĝĨ����ĳĔĹżŤē�ŹŤč�ŮżũżŤē�ŮŨ�ĚŉŻĴĭŤē�ěĔŐĴřĜ�ŪĸĴĖ�ĉİĖē��15

��ĚŉŻĴĭŤē�ŦũŐ�ŽŘ�ĿĔĭŤē�ŢĖŵťĸĉ�ŢŤ�ŦőĤĉ��16

��ĚŜŵĽŨ�ĚĖǙĬ�ĚżŭŘ�ĚĨŵŤ�ĔŲŭŨ�ŦőĤē����
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ŇĔĽŬ
ĚŭĹŤē�ţŵŁŘ

 

�ŚżŁŤē�ŦŁŘ���ŒżĖĴŤē�ŦŁŘ���ĆĔĝĽŤē�ŦŁŘ���ŚŻĴĭŤē�ŦŁŘ��ĚĹżĐĴŤē�ĳĔšŘǜē

�ĚżŐĴřŤē�ĳĔšŘǜē�

�ŚŻĴĭŤē�ŦŁŘ�ŽŘ�ĴĥĽŤē�śēĳŴĉ�ŊŜĔĹĝĜ��

�ĆĔĝĽŤē�ŦŁŘ�ŽŘ�ĳĔŉŨǜē�ŦŉŲĜ��

�ĆĔĝĽŤē�ŦŁŘ�ŽŘ�ĳŵűĶŤē�ĪĝřĝĜŴ�ĳĔĥļǜē�śĳŵĜ��

�ŚżŁŤē�ŦŁŘ�ŽŘ�ĳĔũġŤē�ĦŅŭĜ��

 
�ĚŻŵŬĔġŤē�ĳĔšŘǜēŴ�ĚĹżĐĴŤē�ĳĔšŘǜē�ŊĖĴĜ�ŽĝŤē�ěĔŜǙőŤē

�ĚżŤĔĝĝŨ�ĚőĖĳǜē�ţŵŁřŤē��

ŦŁŘ�ŦŠ�ŽŘ�ĚřťĝĭŨ�ęĳēĴĩŤē�ěĔĤĳį��

�ĚżŭűĲŤē�ĚŉŻĴĭŤē�ĴŀĔŭŐ
�ĴōŭŤē�ĴĹĜŴ�ęĴŠēĲŤē�ęĆĔřŠ�ŮŨ�İŻĶĜŴ�ŮũŻǜē�ĮũŤē�ĶřĩĜ���ūēŵŤǜē�


�ĴŠĲĝŤē�ĚżťũŐ�ŹťŐ�İŐĔĹĜ��ĳŵŁŤē�


�ĴĹŻǜē�ĮũŤē�ĶřĩĜ��ŧĔŜĳǜē�


�ŇŵŉĭŤē�ŹťŐ�ūĶĭĜ�ĮũŤē�ĔŻǙĬ�ŽŘ�ěĔŨŵťőũŤĔŘȕŪĸĴŤē�ŽŘ�ĚżŭűĲŤē�ĚŉŻĴĭŤē�ųĖĔĽĜ�ĮũŤē�ĔŻǙĬ�ūĉ�ĔũĖ��ŇŵŉĭŤē


�ĔŲĹřŬ�ĔŻǙĭŤē�ŽŘ�ĺżŤŴ

�ŪżŝĝĹũŤē�ĺżŤŴ�ŦĐĔũŤē�ĆŽĽŤē�ĘĩŻ�ĮũŤē�ŮŨ�ŮũŻǜē�ĆĶĥŤē��ĚťĐĔũŤē�ŇŵŉĭŤē�
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: )STEAM���ĦŲŬ�ŽŘ�ĚőėĝũŤē�ěĔżĥżĜēĴĝĸǘē�ņőĖ
 

��ŏŴĴĽũŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē��

��ĆĔŁŝĝĸǘē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē��

���ĚťšĽũŤē�ŦĨ�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē��

 

�ĢżĩĖ�ĚŉĖēĴĝŨ�ĔűİĥĝŘ�ĔŲŅőĖ�ŮŐ�ěĔżĥżĜēĴĝĸǘē�ęĲű�ŦŁŘ�ĘőŁŤē�ŮŨ�ųŬĊŘ�ęİŝőŨ�ĚżťũŐ�ŪżťőĝŤē�ūǞŴ�

�ĚĨŵĝřŨ�Ěťđĸǜ�ěĔĖĔĤē�įĔĥŻē�ţǙĬ�ŮŨ�ĔŨ�ŏŵńŵŨ�ţŵĨ�ŪżűĔřũŤē�ŮŻŵšĝĖ�ĆĔŁŝĝĸǘē�ŹťŐ�ŪĐĔŝŤē�ŪżťőĝŤē�ŪĝŲŻ

�įēĴŘēŴ�ŪťőũŤē�ŧŵŝżŤ�ŏŴĴĽũŤē�ŹťŐ�ŪĐĔŝŤē�ŪżťőĝŤĔĖ�łĝĭŻ�źĲŤē�ŽĐĔŲŭŤē�ĦĝŭũŤēįĔĥŻǘ�Ěťđĸǜē�ŮŨ�İŻĶũŤē�ħĴňŴ

�ŽũťőŤē�ĢĩėŤĔĖ�ĚŝťőĝũŤē�ĚżŘĴőũŤē�ěĔżťũőŤē�ŮŨ�ĚŐŵũĥŨ�ŞŻĴň�ŮŐ�ĳİŁŻ�źĲŤē�ŽĐĔŲŭŤē�ĦĝŭũŤē�ŪżżŝĝĖ�ŒũĝĥũŤē

���ĚťšĽũŤē�ŦĨ�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē�ŞŻĴň�ŮŐ�ŢŤı�ŹŤē�ĔŨŴ�ţŵťĩŤē�įĔĥŻēŴ

��ŏŴĴĽũŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē�ŦĨēĴŨ

�ĚŭżőŨ�ŇĔŝŬ�ŮŐ�ĳĔĹřĝĸǘē�ŽŘ�ĆİėťŤ�ęĶżřĩĜŴ�ĚťšĽũŤē�ŹťŐ�ĘŤĔŉŤē�ŏǙňē���ŦŨĊĝŤē��

�ĔŲżŉőŻ�ŧŵťőŤē�ęįĔŨ�ŽŘ�ķŴĳį�Ŵĉ�ȕĘŤĔŉŤē�ĔŲŻĴĥŻ�ğĔĩĖĉ�Ěđżű�ŹťŐ�ĚżŬĔġŤē�ĚťĨĴũŤē�ŽĜĊĜ�İŜ�����ŦżĭĝŤēŴ���ĢĩėŤē��

�ĚťŁŤē�ěēı�ĳįĔŁũŤēŴ�ěĔŨŵťőũŤē�ŒũĥŤ�ĚŨİĭĝĹũŤē�ĘżŤĔĸǜē�ŮŨ�ĔűĴżŔ�Ŵĉ�ȕęĔŝĝŭŨ�ěēĆēĴŜ�Ŵĉ�ȕŪťőũŤē

�ūŵšŻ�ĢżĨ�ŪŲŻİŤ�ĚũŲėŨ�ţēĶĜ�ǘ�ŽĝŤē�ĆĔżļǜē�ĔŨ�ĚŘĴőũŤ�ĚťĨĴũŤē�ęĲű�ŽŘ�ęįĔżŝŤē�ĕǙŉŤē�ŹŤŵĝŻ���ŗĔĽĝŠǘē��

���ęŵŝŤē�ŇĔŝŬ�ŮŨ�ęįĔřĝĸǘēŴ�ūŴĔőĝŤē�ŒżĥĽĜŴ�ţŵťĩŤē�ŮŨ�ĴėŠĉ�įİŐ�įĔĥŻǞ�ěĔŐŵũĥŨ�Ŧšļ�ŹťŐ�ĕǙŉŤē

���ŽŕėŭŻ�ĔũŠ�ĚťšĽũŤē�ŒŨ�ŦŨĔőĝŻ�ŦĨ�ĚŔĔżŀ�ŵű�ŞżėŉĝŤē�ĚťĨĴŨ�ŮŨ�ŗİŲŤē����ĳĔšĝĖǘēŴ�ŞżėŉĝŤē��

�ŒũĝĥũŤēŴ�ūēĴŜǘĉ�ŹťŐ�ŦĩŤēŴ�ģıŵũŭŤē�ŃĴŐ�ŵű�ŏŴĴĽŨ�źĉ�ŮŨ�ęĴżĬǜē�ĚťĨĴũŤē����ĚŠĳĔĽũŤēŴ�ŦŀēŵĝŤē��
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�ȗ�İżĤ�ŏŴĴĽŨ�ŦŠ�ĚĤĔĝĩŻ�źĲŤē�ĔŨ
���ŗįĔŲŤē�ŶŵĝĩũŤē��

�ĚŜǙŐ�ųŤ�ŏŴĴĽũŤē�ūŵšŻ�ūĉŴ�ŽũżťőĝŤē�ĦŲŭũŤē�ŽŘ�ŒżńēŵũŤĔĖ�ĚŜǙŐ�ĔŲŤ�ŏŴĴĽũŤē�ĳĔżĝĬē�ĴżŻĔőŨ�ŮŨ�ūŵšĜ�ūĉ

���ŪŲĜĔżĨ�ŹťŐ�ķŵũťŨ�ĴżĠĊĜŴ

�ęĴġšĖ�İĤēŵĝĜ�ĚŝżŜİŤē�ěĔŭĐĔšŤĔĖ�ĚŀĔĭŤē�ĴżŻĔőũŤēȕ�ūĔĹŬǘē�ĴŅĜ�ūĉ�ŮšũŻ�ŽĝŤēŴ�ůĔżũŤē�ĔŲťŝŭĜ�ŽĝŤē�ĔŻĴżĝšėŤē���ţĔġŨ

ĚżĸēĳİŤē�įēŵũŤē�ŽŘ

���ĕǙŉŤē�ŪŲŻ�źĳŴĴń�ŏŵńŵŨ�ųŬĉ�ĔũŠ

���ĚŘĴőũŤē�ŹŤē�ĚĤĔĩŤē��
��ěǘŴċĔĹĝŤē�ĉİėŻŴ�ĕǙŉŤē�ŧĔũĝűē�ĴżġŻ�ŚŜŵŨ�Ŵĉ�ğİĨ�Ŧšļ�ŹťŐ�ĚŨİŝŨ�ūŵšĜ

�ĔŻĴżĝšėŤē�įŵĤŵŤ�ŞťŕŨ�ĒňĔĽŤē�ęĳĔėŐ�İĤŵŻ�ŵŻİżřŤē�ĚŻĔŲŬ�ŽŘŴ�ŦżũĤ�ĒňĔĽŤ�ŵŻİżŘ�ŃĴőĖ�ŪťőũŤē�ŧĔŜ�ŵŤ�ēıĔŨ

�ĚťĨĳ�Ŵĉ�ŏŵńŵũŤē�ŮŐ�ğİĩĝŻ�ĴżėĬ�Śżń�Ŵē�ğİĨ�Ŵĉ�ŵŻİżŘ�Ŧšļ�ŹťŐ�ĚŨİŝũŤē�ūŵšĜ�ūĉ�ŮšũŻ�ŢŤĲŤ�ůĔżũŤē�ŽŘ

���ęĴĬĔĸ�ĚŤĔĸĳ�Ŵĉ�ĚżŬēİżŨ

�ĚŻĶżřĩĜ�Ěťđĸĉ���

�ŪűĳĔżĝĬēŴ�ĕǙŉŤē�ěŵŀ��

��ŮŻĴĽőŤēŴ�İĨēŵŤē�ūĴŝŤē�ěēĳĔŲŨ��

�ĳĔšĝĖǘēŴ�ŽŁŝĝŤē��

�ĚőĤēĴŤē�ĚŻĲŕĝŤē��

��ĦĝŭũŤē��

�ĚũōŬĉ�ŦŅŘĉ�ŪżũŁĜŴ���ŮżŬēŵŝŤē�Ůĸ���ŦġŨ�ŽŭűĲŤē�ŚŁőŤē�ŞŻĴň�ŮŐ�ĕǙŉŤē�ŮŨ�ĚŭšũũŤē�ţŵťĩŤē�įĔĥŻē�İőĖ��

�ŪűįŵŲĤ�ŹťŐ�ĶżŠĴĝťŤ�ĚŻĶżřĩĜ�Ěťđĸĉ�ħĴňŴ�ůĔżũŤē�ğŵťĜ�ŮŨ�ŦżťŝĝťŤ�ĚĤĔĩŤē�ūĊĽĖ�ŽŐŵŤē�ŒŘĳŴ�ůĔżũŤē�ĚĥŤĔőũŤ
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��ţĔġŨ
�ȗ�ĒňĔĽŤē�ŞťŔ�ŧĔŻē�įİŐ�ŦżťŝĜ�ĔŭŭšũŻ�ŚżŠ�

�ŗİŲŤēŴ�źİĩĝŤĔĖ�ēĳŵőļ�ĕǙŉŤē�ĪŭũŻ�ĔũŨ�ęĴĨĔĸŴ�ĚĩńēŴ�ĚŕťĖ�ŏŴĴĽũŤē�ĴűŵĤ�ŹťŐ�ĶŠĴŻ�źĶżřĩĝŤē�ţēČĹŤē

���ēİŝőŨŴ�ĔŝťŉŨŴ�ţİĥťŤ�ēĴżġŨ�ţēČĹŤē�ūŵšŻ�ūĉ�ĘĥŻŴ

ȗ�ĕĴĽťŤ�ĚĩŤĔŀ�ĔŭĖ�ĚŀĔĭŤē�ůĔżũŤē�Ŧű

���ĳĔšĝĖǘēŴ�ŽŁŝĝŤē��
��ĔżŝżŝĨ�ĔġĩĖ�ŴĴĤē�ēıē�ęİĐĔŘ�ĴġŠē�ŏŴĴĽũŤē�ĕǙŉŤē�İĥŻ

�ĘĝšŤēŴ�ŪŲĝĸĳİŨ�ŮŨ�ţŵťĩŤēįĔĥŻĔĖ�śĴřŤē�ĞŨĔŜŴ�źĶżřĩĜ�ţēČĸ�ĳĔżĝĬēŴ�ğŵťĝŤē�ěǙšĽŨ�ĚĽŜĔŭŨ�İőĖ��

���ŪŲťũŐ�ŪŻİŝĜ�ŽŘ�ĔűŵŨİĭĝĸēŴ�ěĔŨŵťőũŤē�ĕǙŉŤē�ĦŨįŴ�ěǘĔĥũŤēŴ�ěǘĔŝũŤēŴ

���ĚőĤēĴŤē�ĚŻĲŕĝŤē���
���ĚėĸĔŭũŤē�ěǙŻİőĝŤē�Ćēĳǘ�ŪŲŅőėŤ�ĕǙŉŤē�ŪŻŵŝĜŴ�ņőėŤ�ŪŲŅőĖ�ĕǙŉŤē�ŪŻŵŝĜ

���ŽĐĔŲŭŤē�ĦĝŭũŤē��
��ĘŤĔŉŤē�Ŵē�ŪťőũťŤ�ĚũŻİŝĜ�ūŵšŻ�ǘ�ĔŨİŭŐ�ĚũżŜ�ĴġŠē�ŏŴĴĽũŤē�ūŵšŻ
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³ĮũŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē³Ŵ�³ĚŻŵżŭėŤē�ĚŻĴōŭŤē´
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y +P7'GP4*1�$

ȗ�ŪťőĝŤē�ğİĩŻ�ŚżŠ

���ĚŻŵżŭėŤē�ĚŻĴōŭŤē�ďįĔėŨ

�ŹťŐ�ĆĔŭĖ�ęİŻİĤ�ĚŨŵťőŨ�źē�ŪťőĝũŤē�ŽŭėŻ�ĢżĨ�ŪťőĝũŤē�ŦėŜ�ŮŨ�ŊĽŬ�ŽťŝŐ�įŵŲĥũĖ�İŻİĤ�ŪťőĜ�źē�ŦšĽĝŻ��

�ĆĔŐİĝĸǘ�śĴň�įĔĥŻē�ŪťőũŤē�ŹťŐ�ĘĥŻ�ŢŤĲŤŴ�ĚŝĖĔĹŤē�ŗĳĔőũŤē�Ěżũűē�ŹťŐ�ţİŻ�ēĲűŴ��ĚŝĖĔĹŤē�ųĜēĴėĬŴ�ĚŘĳĔőŨ

�ŞŻĴň�ŮŐ�Ŵĉ�ŽŭűĲŤē�ŚŁőŤē�ŞŻĴň�ŮŐ�Ŵĉ�ęĴļĔėũŤē�Ěťđĸǜē�ŞŻĴň�ŮŐ�ĔŨē�ĚŝĖĔĹŤē�ěēĴėĭŤēŴ�ěĔŨŵťőũŤē�ęĲű

����ŪżűĔřũŤēŴ�ŽŬĔőũŤē�ŊĐēĴĭŤē�Ūĸĳ

�ĘĥŻ�ŢŤĲŤ���ěǙšĽũŤē�ŦĨŴ�ěĔŻİĩĝŤē�ŒńŴ�ŽŘ�ŪťőĝũŤē�ŒńŴ�ţǙĬ�ŮŨ�ŢŤı�ŪĝŻŴ�ŽĖĔĥŻēŴ�ŊĽŬ�ŪťőĝũŤē��

���ĕǙŉŤē�ěēĳĔŲŨ�ęĳĔġĝĸē�ŪĝżŤ�ĚėĸĔŭũŤē�ĚŉĽŬǜē�įēİŐē�ŪťőũŤē�ŹťŐ

�ŪťőũŤēŴ�ŪťőĝũŤē�ŮżĖ�ĻĔŝŭŤēŴ�ŦũőŤē�ěĔŐŵũĥŨ�ţǙĬ�ŮŨ�ŢŤıŴ�ŽŐĔũĝĤē�śĔżĸ�ŽŘ�ğİĩŻ�ŪťőĝŤē�ŮŨ�ĴżġšŤē��

�ŮżũťőĝŤē�ŮŨ�ĚŬēĴŜēŴ��ŪťőĝũŤēŴ

���ŪťőĝŤē�ŽŘ�şĳĔĽŨŴ�ĚżũżťőĝŤē�ĚżťũőťŤ�İļĴŨŴ�ĴĹżŨ�ŪťőũŤēĳŴį��
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���ĚŻŵżŭėŤē�ĚŻĴōŭŤē��ŹťŐ�ŪĐĔŝŤē�ĺŻĳİĝŤē�ģıŵũŬ
�ŦżĥĹĜŴ�ķĳİťŤ�ĚżĹżĐĴŤē�ĳĔšŘǜĔĖ�ĚŉėĜĴũŤē�Ěťđĸǜē�ņőĖ�ŃĴőĖ�ŪťőĝũŤē�ŧŵŝŻ�ĢżĨ�ĚŝėĹũŤē�ĚŘĴőũŤē�İŻİĩĜ��

��ĕǙŉŤē�Ćēĳē
�ŧĔŲũŤē�ŒŻĵŵĝĖ�ŧŵŝŻŴ�ĕǙň�Ğĸ�ŹŤē�ĚőĖĳē�ŮŨ�ĚŐŵũĥŨ�ŦŠ�ěĔŐŵũĥŨ�ŹŤē�ĕǙŉŤē�ŪżĹŝĝĖ�ŪťőũŤē�ŧŵŝŻ��

��ŽŐĔũĥŤē�ŦŐĔřĝŤēŴ�ĳēŵĩŤē�ţǙĬ�ŮŨ�ŪĝŻ�ŢŤı�ŦŠŴ�ŪŲżťŐ
�ŽŉőŻ�ūĉ�ŮšũŻŴ�ĳēŵĩŤē�ŽťŐ�ěĔŐŵũĥũŤē�ŒżĥĽĜŴ�ěĔŐŵũĥũŤē�ĚōĨǙŨŴ�įĔļĳǞēŴ�ųżĤŵĝŤĔĖ�ŪťőũŤē�ŧŵŝŻ��

��ĔŲĜĔũŲŨ�Ćēįĉ�ŽŘ�ęĴġőĝũŤē�ěĔŐŵũĥũŤē�İŐĔĹĜ�ŽĝŤē�ěĔĩżũťĝŤē�ņőĖ
�±�ĔŲżŤč�ĞťŀŵĜ�ŽĝŤē�ěēĴżĹřĝŤēŴ�ĦĐĔĝŭŤēŴ�ţŵťĩŤē�ŃĴőĖ�ĚŐŵũĥŨ�ŦŠ�ŧŵŝĜ�ěĔũŲũŤē�Ćēįĉ�ŮŨ�ĆĔŲĝŬǘē�İőĖ��

�ŧŵŲřũŤē�ŃĴőĖ�ŪťőũŤē�ŧŵŝŻ�ķĳİŤē�ĚŻĔŲŬ�ŽŘŴ�ĚřťĝĭũŤē�ŦũőŤē�ěĔŐŵũĥŨ�ŮżĖ�ŽŐĔũĝĤē�ĳēŵĨ�ţǙĬ�ŮŨ�ŢŤıŴ
�Ěĩżĩŀ�ĚżũťŐ�ęĳŵŁĖ

KWWSV���\RXWX�EH�-4(LX[�$2]V��źĴĽėŤē�ĮũŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē
�ĚĜĔżťũŐ�ŧĔũĜē�ĚżŬĔšŨē�ĮũťŤ�ħĔĝĜ�ĔŨİŭŐ�ğİĩŻ�ŪťőĝŤĔŘ�ĚĝřżŌŴŴ�ĮũŤē�ĚżŭĖ�ŹťŐ�ēįĔũĝŐē�ŪťőĝŤē�ĚżťũŐ���

ĚżőżėŉŤē
�şǙĝŨē�ŮŨ�ĆĔũťőŤē�ŮšũĜŴ�ĕĔŁŐǜē�ŪťŐ�ŽŘ�ęĳŵĠ�ĞĠİĨ�ıč�ȖœĔŨİŤē�İŝŐ�ŮŻĴĽőŤē�ūĴŝŤē�ŮŨ�ĴżĬǜē�İŝőŤē�İőŻ��

�ĕĔŁŐǜē�ŪťŐ�ĴĐēŴį�Ůũń�ŪŲĠĔĩĖĉ�ĦĜēŵŬ�ŮŐ�ūŵŭťőŻ�ēŴĲĬĉŴ�ȕœĔŨİŤē�ŦżűĔĥŨ�ŗĔĽĝŠē�ŮŨ�ŪŲĝŭšŨ�ŗĳĔőŨ
�ţŵĥĝŤē�ŽŘ�ŪŲũťĨ�ēŵŝŝĨ�ĢżĨ���ĺřŭŤē�ĆĔũťŐ�ŢŤı�ŮŨ�įĔŘĉ�İŜŴ�ĚŜǙőŤē�ěēı�ĚżĤŵŤŵżĹřŤēŴ�ĚżėŉŤē�ŧŵťőŤēŴ

�ŦĨŴ�ęĆēĴŝŤēŴ�ĺũťŤēŴ�śŴĲŤēŴ�ŪĽŤēŴ�ŒũĹŤēŴ�ĚŻċĴŤĔĖ�įĴřŤē�ŧĔżŜ�ĆĔŭĠĉ�ųřĐĔŌŴ�źįČŻ�ŵűŴ�œĔŨİŤē�ŦĬēį
���Ćēŵńĉ�Ŵĉ�ūēŵŤĉ�Ŧšļ�ŹťŐ�œĔŨİŤē�ŽŘ�ĚżŘĴőũŤē�ĚżťũőŤē�ĴĠć�ęİűĔĽŨ�ĚżŬĔšŨč�ůĔŭőŨ�ēĲűŴ�ȕ�ěǙšĽũŤē

�ĔŲŭŨŴ�ȕŞĐĔŝĨ�ĚŐŵũĥŨ�ŹŤč�œĔŨİŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝťŤ�ĚĹżĐĴŤē�ďįĔėũŤē�ĴżĽĜŴ��
�śŴĲĝŤē�ŦġŨ�İĨēŴ�ūć�ŽŘ�ěĔňĔĽŬ�ęİŐ�ĲżřŭĜ�ŒżŉĝĹŻ�ųŬĉ�źĉ�ŮŨēĶĝŨ�ŦšĽĖ�ŚĐĔŌŴ�ęİőĖ�œĔŨİŤē�ŧŵŝŻ��

�ŚżŠŴ�ȕŪťőĝŤē�ĚżťũőŤ�ĚũŲŨ�ěǘĔőřŬǘē�ūĉ�ıč�ȖųĜǘĔőřŬē�ĴŻİŻ�ŚżŠŴ�ŪťőĝũŤē�ĚżŁĭĽĖ�ŪťőĝŤē�ŊėĜĴŻ�ĔũŠ�ȕŪĽŤēŴ
�ěĔŨŵťőũŤē�ŮŐ�ĢĩėŻ

�ŽĝŤēŴ�ŎřĩŤē�ęĴŠēıŴ�ȕĚżĹĩŤē�ěēĴėĭŤē�ŦėŝĝĹŬ�ŽĝŤēŴ�ĚżŬĔšũŤē�ęĴŠēĲŤē��ĔŲŨ�ęĴŠēĲŤē�ŮŨ�ŮżŐŵŬ�ūĔĹŬǞē�ŢťĝũŻ��
���ěēĳĔŲũŤē�ŦżťĩĜŴ�ŞĐĔŝĩŤĔĖ�ŪĝĝŲĜ

ęİŻĴŘ�ĚŤĔĨ�ĕĴĝőŻ�œĔŨį�ŦŠ��
�İŻİŲĝŤē�ŮŨ�ŦżťŝĝŤēŴ�ŽĹřŭŤē�ŮŨǜē�źĴŘŵĜ��

��Žű�ȕŦĨēĴŨ�ĺũĬ�ŮŨ�ūŵšĝŻ�ŽŝŉŭŨ�ŒĖĔĝĜ�ŽŘ�ĴżĹĜ�œĔŨİŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē�ĚŻĴōŬ��

���ĚŝĖĔĹŤē�ěĔŨŵťőũťŤ�ŃĴőĝŤēŴ�įēİŐǘē�ĚťĨĴŨ���ŹŤŴǜē�ĚťĨĴũŤē��
��ěĔŁĭťũŤēŴ�śēĳŴǜē�ţǙĬ�ŮŨ�ĔŲŝżŝĩĜ�ŮšũŻŴ�ĕĔĹĝŠǘē�ĚťĨĴŨ���ĚżŬĔġŤē�ĚťĨĴũŤē��

�ħĴĽŤē�ĚťĨĴŨ���ĚġŤĔġŤē�ĚťĨĴũŤē��
��ęĴŠēĲŤē�ŮŻŵšĜ�ĚťĨĴŨ���ĚőĖēĴŤē�ĚťĨĴũŤē��

�ŽřżŌŵŤē�ŒżũĥĝŤē�ĚťĨĴŨ���ĚĹŨĔĭŤē�ĚťĨĴũŤē��
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źĴĽėŤē�ĮũŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē�ďįĔėŨ
����ĴĬē�ĮŨ�źē�ŮŐ�ŚťĝĭŨ�ŦšĽĖŴ�ĚũōŭŨ�ĚŝŻĴŉĖ�ŞťĬ�ĮŨ�ŦŠ��

�įŵőŻ�ŗǙĝĬǘē�ĘėĸŴ�ĔŭŅőĖ�ŮŐ�ŮżřťĝĭŨ�ĞŜŵŤē�ĺřŬ�ŽŘ�ĔŬİĥĜ�ŮšŤŴ�ĚżťŝőŤē�ĚũōŬǜē�ĺřŬ�ĔŭŻİŤ�ĔŭőżũĤ��

�����ŪťőĝŤē�ěĔđżĖŴ�ěēĴėĭŤē�ŽŘ�ŗǙĝĬē�Ŵĉ�ěĔŭżĥŤē�ŽŘ�ŗǙĝĬē�ŹŤē

��İŻİŲĝŤē�ŞŻĴň�ŮŐ�śĔőŻŴ�źİĩĝŤē�ŞŻĴň�ŮŐ�ŵũŭŻŴ�ŪťőĝŤē�ĳŵŉĝŻ��

���ŦŜĉ�İŻİŲĜŴ�ţĔŐ�İĩĜŴ�ĆĔĬĴĝĸǘēŴ�ĴĜŵĝŤē�ŮżĖ�ĚŬĵēŵĝŨ�ĚđżĖ�ĘťŉĝŻ�ēĲűŴ��

�ŮŐ�ŮšŤŴ�ĚŻĔũĩŤēŴ�ĆēĲŕŤĔĖ�ŊŝŘ�ŵũŭŻ�ǘ�ĮũŤēŴ�ĴżżŕĝŤē�ŦŲĸŴ�ūĴŨ�ĮũŤē�ūǜ�ĳŵŉĝŤēŴ�ĆĔũŭŤē�Ěřŀ�ųŤ�ŪťőĝŤē��

����ĚżũżťőĝŤēŴ�ĚżťũőŤē�ěēĴėĭŤē�ŞŻĴň

���ęĴŠēĲŤē�ŪżōŭĝŤ�ūĔĝŝŻĴň�şĔŭű��

���ĘĸĔŭŨ�ŦšĽĖ�ěǘĔőřŬǘē�ţǙŕĝĸē��

���ŪŲũżťőĝĖ�ŪŜ�ŪĠ�ŮŨŴ�ĕǙŉŤē�Ŋėńē���ŪŻİŝŤē�ŦġũŤē�ţŵŝŻ

���ĕĔőŤǜēŴ�łŁŝŤē�įĴĸŴ�ŹŝżĸŵũŤē�ŞŻĴň�ŮŐ�ĘĸĔŭũŤē�ŦšĽŤĔĖ�ěǘĔőřŬǘē�ţǙŕĝĸē�ŪĝŻŴ

���ĚżŐĔũĝĤē�Ěőżėň�Ŵı�ĮũŤē��

�źĴĽėŤē�ĮũŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē�ģıŵũŬ

���ĚŻįĔũŤē�ŪťőĝŤē�ĚđżĖ�įēİŐē���ŪťőĝťŤ�ŽťŐĔřĝŤē�īĔŭũŤē�įēİŐē���ŪťőĝťŤ�ĚżťŐĔřĝŤē�ĚđżėŤē�įēİŐē��

�ŽĝŤē�ěĔĸĳĔżũũŤē�ŮŨ�łťĭĝŤē�ŹťŐ�ŦũőŻ�ūēŴ�İŁŜ�ŮŐ�ĕǙŉťŤ�ĚżĖĔĥŻǘē�ěĔŠŵťĹŤē�ħİũŻ�ūĉ�ŪťőũŤē�ŹťŐ�ĘĥŻ��

���łŁŝŤē�įĴĸ���ŦġŨ�����ĚżĖĔĥŻǞē�ěǘĔőřŬǘē�ŽũŭĜ�ŽĝŤē�ěĔżĥżĜēĴĝĸǘē�ŧİĭĝĹŻ�ūĉŴ���ĕǙŉŤē�İŻİŲĜ�ŹťŐ�ŦũőĜ

���ŊĖēŴĴŤēŴ�Ěťđĸǜē�ħĴň���ęĔŠĔĩũŤēŴ�ĚĹŘĔŭũŤēŴ�ţİĥŤē���ĳŴİŤē�ĘőŤ

�ĚŘĴőũŤĔĖ�ĔŲŉĖĴŤ�ĚżŐĴřŤēŴ�ĚżĹżĐĴŤē�ĳĔšŘǜē�ĕǙŉťŤ�ŪťőũŤē�ŧİŝŻ�ĚťĨĴũŤē�ęĲű�ŽŘ����ŪťőĝŤē�ęĴėĬ�ŪżũŁĜ��

���ęİŻİĥŤē�ĚŘĴőũŤē�ŮŻŵšĜŴ�ĚżťėŝŤē

�ŪťőũŤē�ŧİĭĝĹŻ�İŜŴ����ĮũŤē�ŹťŐ�ŪĐĔŝŤē�ŪťőĝŤē�ŦĨēĴŨ�ţŵňĉ�ŮŨŴ�ĕĔĹĝŠǘē�ęĴĝŘ���ĚŘĴőũŤē�ŦĤĉ�ŮŨ�ĺŻĳİĝŤē��

�����ŽŬŴĔőĝŤē�ŪťőĝŤē���źįĴřŤē�ŪťőĝŤē���ğİĩĝťŤ�ĴĐēĵ�ęŵŐį���ĚżŬēİżŨ�ĚťĨĳ���ŦġŨ�ĘżŤĔĸǜē�ŮŨ�İŻİőŤē�ĚťĨĴũŤē�ęĲű�ŽŘ

�����ěǙšĽũŤē�ŦĨŴ�ĔżťőŤē�ĴżšřĝŤē�ěēĳĔŲŨ�ĚŉĽŬĉ����ĚŘĴőũŤē�ŧēİĭĝĸēŴ�ĺŻĳİĝŤē�ŽŘ�ŒĸŵĝŤē��

�ıĔĭĜǞ�ŪťőũŤēŴ�ŪťőĝŤē�ěēįĔŐ�ŦŻİőĜ�ŮŨ�ŪťőĝũŤē�ŮšũĝżŤ����ŪťőĝũŤē�Ćēįē�ţŵĨ�ĚőĤēĳ�ĚŻĲŕĜ���ŪťőĝŤē�ŪŻŵŝĜ��

�����ĚũżťĹŤē�ĺŻĳİĝŤē�ěēĆēĴĤē
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��ěĔŐĔřĜĳǘē�ķĔżŝŤ�ŊżĹĖ�ĵĔŲĤ�Œŭŀ���ŇĔĽŬ
�ĳĔšĝĖǘēŴ�ŦŀēŵĝŤē�Ŵ�ěǙšĽũŤē�ŦĨŴ�İŜĔŭŤē�ĴżšřĝŤē�ěēĳĔŲũĖ�ŚŻĴőĝŤē���ŇĔĽŭŤē�ŮŨ�ŗİŲŤē
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STEM tools
 ) STEM���ŞŝĩĜ�ěēŴįĉ

�ěĔĜŵĖŴĴŤē��1

�ŵŭŻŴįĳǘē��2

�ŦŻĔĖŵũŤē�ěĔŝżėŉĜ��3

�ŽŐĔŭŉŀǘē�ĆĔŠĲŤē��4
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ěĔĜŵĖŴĴŤē�1

�ĞťũĨ�ŽĝŤē�ŢżĖĔĽĜ�ţĳĔŠ�ŽšżĽĝŤē�ŽĨĴĹũŤē�ĘĜĔšŤē�ĚżĨĴĹŨ�ŽŘȕ1920�ŧĔŐęĴŨ�ţŴǜ�´�ěŵĖŴĳ�´�ĚũťŠ�ěĴŲŌ
�ĚŝĝĽŨ�ĔŲŬĉ�ıč�śĔĽŤē�ŦũőŤē�ŹŤč�ĚżšżĽĝŤēĚŕ ǁťŤē�ŽŘ�³ěŵĖŴĳ´�ĚũťŠ�ĶŨĴĜȕ�ĚżũŤĔőŤē�ĚżŤǚē�ŧŵĸŴĳ�ţĔĤĳ�´�ūēŵŭŐ
�ĘĜĔšŤē�īĉȕŢżĖĔĽĜ�ŚŻĵŵĤ�ŵű�ĚũťšŤē�ůĲűĴšĝėŨŴȕ�źĳĔėĤǞē�ŦũőŤēŴĉ�ęĴĭ ƿĹŤē�ŽŭőĜ�ŽĝŤē�³Robata´�ĚũťŠ�ŮŨ
�ŽŘ�Ě ǁżĩŤē�ěǘǛŤ�ĔŨ�Ūĸē�ĳĔšĝĖē�ŹťŐ�ųżĬĉ�ęİŐĔĹũŤ�ųŭŨ�ĚŤŴĔĩŨ�ŽŘ�ĔŲŐİĝĖē�źĲŤēŴȕ�ĴŠĲŤē�ŞĖĔĸ�ŽĨĴĹũŤē
�ĞŨİŜ�ŽĝŤē�ŽũťőŤē�ţĔżĭŤē�ŧǙŘĉŴ�ĘĝŠ�ŽŘ�ĴĽĝŭĜ�ĚũťšŤĔűĲű�ěĉİĖȕĮŻĳĔĝŤēēĲű�ŮŨ ƻēĆİĖŴ��ŽĨĴĹũŤē�ŦũőŤē

�śĔŘć�ĪĝřŻ�ūĉ�ųŬĊļ�ŮŨ�ūĔŠ�źĲŤēĴŨǜēȕ�ūĔĹŬǞĔĖ�ĔŲĝŜǙŐŴ�ěǘǚē�ŢťĝŤ�ěēĳŵŁĝŤēŴ�ĳĔšŘǜē�ŮŨ�įİŐ�ěēŵŭĹŤēĴėŐ
�ţŴĉ�ŗŵũżĸĉ�şēĶŻč�ŽšŻĴŨǜē�ŽũťőŤē�ţĔżĭŤē�ĘĜĔŠ�ūĔŠ�ğ�ŽĨ��ĔŲŭũŭšŨĉ�ĔŨ�ēŴĳŵŉŻŴ�ēŴĴšĝėżŤ�ŮżŐĴĝĭũťŤ�ęĴżėŠ
�´�ěŵĖŴĴŤēŴ�ĔŬĉ�´�ęĴżŲĽŤē�ĚżŁŁŝŤē�ųĝŐŵũĥũżŘ�ĚĠǙġŤēĚżĜŵĖŴĴŤē�ŮżŬēŵŝŤēŴ�ěĔĜŵĖŴĴŤē�ŪťŐ�ĪťŉŁŨ�ŧİĭĝĸē�ŮŨ

�Ūĸǘē�ĺřŭĖ�ŽĐĔũŭżĸ�ŪťżŘ�ŹŤē�ĞŤŵĩĜ�ŽĝŤēŴȕ1950�ŧĔŐ
�ŮŨ�ĵĔőŻĎĖ�Ŵĉ�ūĔĹŬǞē�ŮŨ�ůĴļĔėŨ�ůĴŉżĸŴ�ĵĔőŻĎĖ�ĔŨčȕ ƻĔŝėĹŨ�ĚĥŨĴėŨ�ţĔũŐĊĖ�ŧĔżŝŤē�ŹťŐ�ůĳįĔŜ�ųŤć�ŵű�ěŵĖŴĴŤē�
�ŦġŨ�ȕųŝżŜį�Ŵĉ�ůĴżŉĬ�Ŵĉ�ųŜĔļ� ƻǘĔũŐĉ�ĔűĆēįĉ�ŹťŐ�ųŤĔĹŬǞē�ĦŨĴėĜ�ŽĝŤē�ţĔũŐǜē�ūŵšĜ�ĔŨ� ƻĔėŤĔŔ��ĚżĖŵĸĔĨ�ĦŨēĴĖ

�ŪťŐ�ŵŲŘ�ěĔĜŵĖŴĴŤē�ŪťŐ�ĔŨĉ��ųŜİŤē�ŽŘ�ųŻĔŔ�ųżŐĔŭŀ� ƻǘĔũŐĉ�Ŵĉ�ȕĚőĽũŤē�ěĔŻĔřŭŤē�ŮŨ�łťĭĝŤēŴ�ŧĔŕŤǜē�ŮŐ�ĢĩėŤē
�Ćēįǚ�ĔŲĝĥŨĴĖ�ŮšũŻ�ěĔżŤć�ŪżũŁĜ�ŽŘ�ųżšżŬĔšżũŤē�ųĸİŭŲŤēŴ�ĴĜŵżėũšŤē�ŧŵťŐŴ�ŽŐĔŭŁŤē�ĆĔŠĲŤē�ŪōŬ�ŧēİĭĝĸē

�ęįİĩŨ�ţĔũŐĉ
� ƻĔőŻĴĸ� ƻĔŨİŝĜ�ĞŝŝĨ�İŜŴ�ȕųŨİŝĝũŤē�ŪŤĔőŤē�ţŴį�ŮŨ�İŻİőŤē�ŽŘ�ĴżėŠ�ŧĔũĝűĔĖ� ƻĔżŤĔĨ�ěĔĜŵĖŴĴŤē�ĔżĤŵŤŵŭšĜ�ŹōĩĜ

�ěēĳĔżťŨ�ĔŲżŘ�ĴũġĝĹĜ�ųŐĔŭŀ�ěĔĜŵĖŴĴŤē�Ğĩėŀĉ�İŜŴ��ĚżŨŵżŤē�ęĔżĩŤē�ěǘĔĥŨ�Ź ǁĝļ�ŽŘ� ƻĔėŻĴŝĜ�ŦĬİĜ�ěĉİĖŴ
�ĔŻįĔŁĝŜĎŲĹŘĔŭũŤē�ūŵšĝĸŴ�ȕųżŐĔŭŁŤē�ųŤŴİŤē�ęŵŜ�ķĔżŝŤ�ēĳĔżőŨ�ěĔĜŵĖŴĴŤē�ĴŻŵŉĜ�ŶŵĝĹŨ�ĪėŀĉŴ�ȕěēĳǘŴİŤē

�ŧĔżŝŤē�İŻĴŻ�ǘ�Ŵĉ�ūĔĹŬǞē�ŒżŉĝĹŻ�ǘ�ŧĔŲŨ�şĔŭű� ǍūǜŴ�ěĔĜŵĖŴĴťŤ� ƻĔŨēİĭĝĸēŴ�ųŘĴőŨ�ĴġŠǜē�ţŴİŤē�ĚĩťŁũŤ
�ĔŲŭŨ�ůİŻİĤ�ěǘĔĥŨ�ŽŘ�ŶĴĬĉ�ěĔŝżėŉĜ�Ŵ�ȕųŐĔŭŁŤē�ţĔĥŨ�ŽŘ�ȕěĔĜŵĖŴĴťŤ�ęįİőĝŨ�ěĔŝżėŉĜ�ěĴŲŌ�İŝŘȕĔŲĖ

�ųżŤĶŭũŤē�ţĔũŐǜēŴ�źĴšĹőŤē�ţĔĥũŤēŴ�ĆĔŅřŤēŴ�ĘŉŤē
�ĴżėŠ�ĴĠĉ�ŮŨ�ųŤ�ĔũŤ��STEMŪżťőĝŤē�ĦŲŬ�ŽŘ�ěĔŝżėŉĝŤē�Ūűĉ�ŮŨ�ūĔŠ�ĢżĨ�ȕŪżťőĝŤē�ţĔĥŨ�ŽŘ�ěŵĖŴĴŤē�ŧİĭĝĸĉ

�Ěđżű�ŹťŐ�ŦŀēŵĝŤē�ŹťŐ�ţĔřňǜē� ǁĢĨ�ŢŤĲŠ�ȕŽĩŁŤē�ŇĔĽŭŤē�ŒżĥĽĜŴ�ĚżőżėŉŤē�ŧŵťőŤē�ŽŘ�ŧĔũĝűǞē�ęĳĔĠč�ŽŘ
�ĴŻŵŉĜ�Ŵ�ěĔŐŵũĥŨ�ŊĸŴ�ŦũőŤē�ŹťŐ�ŗĴőĝŤēŴ�ĚżŐĔũĝĤǘē�ěēĳĔŲũŤē�ĴŻŵŉĝŤ�ĚżŐĔũĤ�ěĔĽŜĔŭŨ�ŽŘ�ĚũōŭŨ

�ĚżĸİŭŲŤē�įĔőĖǜē�ŮŨ�ĴżġšŤē�ųŤ�ūĉ�ĢżĨȕěĔżńĔŻĴŤēŴ�ĚĸİŭŲŤē�ȕĔżĤŵŤŵŭšĝŤē�ȕŧŵťőŤē�ěǘĔĥŨ�ŽŘ�ųėťŉŤē�İŭŐ�ŪťőĝŤē
�ŞżėŉĝĖ�ěĔżńĔŻĴŤēŴ�ŧŵťőŤē�ŽŤĔĥŨ�ŽŘ�įĔőĖĉ�ųŤ�ūĉ�ĔũŠ�ȕŦżŕĽĜŴ�ĚĥŨĴĖŴ�ŒżũĥĜŴ�ŪżũŁĜ�ŮŨ�ĚżĤŵŤŵŭšĝŤēŴ
�Ś ǁżšĜ�ŽŘ�ěĔĜŵĖŴĴŤē�ŪťŐ�1ĺŻĳİĜ�ŮŨ�ŗİŲŤē�ŦġũĝŻ��ųĝĥŨĴĖ�ŽŘ�ĚżĐĔŻĶżřŤē�łĐĔŁĭŤēŴ�ĚżńĔŻĴŤē�ěǘįĔőũŤē

�ěĔżŬŴĴĝšŤǞēŴ�ĚżšżŬĔšżũŤē�ěǘǚē�ŧēİĭĝĸĔĖ�ĚŝťőĝũŤē��ĚĝũĜǜē�ěĔżŭŝĜ� Ǎūĉ�ĢżĨ�ȕĚżŤĔĩŤē�ģĔĝŬǞē�ěĔżťũŐ�ŒŨ�ųėťŉŤē
��ŽŤĔĩŤē�ĴŁőŤē�ŽŘ�ĚŻĔŕťŤ�Ĕ ƻũŲŨ�ē ƻĳŴį�ĘőťĜ��ųżŘ�ŪšĩĝŤēŴ�ģĔĝŬǞē�ŦżŕĽĜ�ŽŘŴ�ŽťĩũŤē�ĕŵĸĔĩŤēŴ

�ŮŨ�ěŵĖŴĴŤē�ĳŴį�įİĩ ƿŻŴ�ȕŒŜēŵŤē�Ńĳĉ�ŹťŐ�ųĐĔĽŬǞ�ěēİőŨŴ�ěǙŀŴ�ŧēİĭĝĸĔĖ�ěŵĖŴĴŤē�ŪżũŁĜ�ęĴšřĖ�ĴŨǜē�ĉİėŻ��
�ĴŲōĜŴ��ĚĩŝŭũŤē�ĆĔżļǜē�Ŵĉ�ŒżńēŵũŤē�ŹťŐ�ţŵŁĩŤē�ŦġŨ��ęįİĩŨ�ęĴżŕŀ�ŧĔŲŨ�łŁĭŻ�İŜ�źĲŤē�ȕĕŵĸĔĩŤē�ţǙĬ

�ŧēİĭĝĸĔĖ�ĔŲżŘ�ŏĴĽŬ�ŽĝŤēŴ�ȕĘżĜĴĝŤē�ęįĔŐčŴ�ĚŤēĵǞē�ĚťĨĴŨ�ŢŤı�ŽťŻ��ěŵĖŴĴŤē�ēĲű�ŦũŐ�ĚŝŻĴň�ĚļĔĽŤē�ŹťŐ
�ĚżŝżŝĨ�ĚŝŻĴŉĖ�ůĲżřŭĝŤ�įēŵũŤē
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 STEM�ŪżťőĝŤē�ĦŲŬ�ŽŘ�ěŵĖŴĴŤē�1.1

�ĔŬĴŁŐ�ŽŘ�ĴĜŵżėŨŵšŤē�Ěżũűĉ�ěŵĖŴĴŤē�ųżŘ�Ŧġ ƿũŻ�ĴŁŐ�ŹťŐ�ŦėŝŬ�ĔŭŬŵŠ�Ŵ�ĳŵŉĝŨ�Ŵ�ŧįĔŜ�Ŵ�ŽťėŝĝĹŨ�ŪťŐ�Ŧ ǁġũŻ�ěŵĖŴĴŤē�ūŵŠ
�ĔŲŲĤŴĉ�ŚťĝĭũĖ�ŧŵťőŤē�ŮżĖ�ŦŨĔšĝťŤ�ŽĨ�ţĔġŨ�ĳ ǁŵŁŻ�ŵŲŘ�ȕųŨİŝĝũŤē�ţŴİŤē�ŽŘ� ƻĔŨŵũŐ�ŪżťőĝŤē�ţĔĥŨ�ŹŤč�ŦĬįĉ�İŝŘ�ȕŽŤĔĩŤē
ŗȕĚŻĴŁőŤēęĔżĩŤĔėŬēŵĥőżũĥżŘ�ŹŅŨ�ĞŜŴ�źĉ�ŮŨ�ŏĴĸĉ�ĔżĤŵŤŵŭšĝŤē�ĳŵŉĜ�ŒŨŴ��ěĔżńĔŻĴŤē�Ŵ�ĔżĤŵŤŵŭšĝŤē�Ŵ�ųĸİŭŲŤē�Ŵ
�ŋĔřĩŤ�ǙĤĊŭŨ�ŧŵťőŤē�ŮżĖ�ŦŨĔšĝŤē�ŧŵŲřŨŴĚĥŨĴėŤēŵĜĔżŬŴĴĝšŤǞēŵũżũŁĝŤĔŭőŬĔšŨǞēĳİŝŘĴőżŬĉ�ŧįĔŝŤǙżĥťťũŲũŤĔŭŨ
�ŪżťőĝŤē�ěĔŻŵĝĹŨ�ŒżũĤ�ŽŘ�ęİŻēĶĝŨ�Ěżũűĉ�ěēĲĜē�ěŵĖŴĴŤē�Ğĩėŀĉ�ĘėĹŤē�ēĲŲŤ�Ŵ��ĔŲĖ�ŃŵŲŭŤē�Ŵ�ĚżĹŘĔŭĝŤē�ůĳİŜ�ŹťŐ
�ĚżŬŴĔőĝŤēŴ�ĚżũťőŤēŴ�ĚżŐĔũĝĤǞē�ĚżĨĔŭŤē�ŮŨ�ĚėťŉŤē�ŹťŐ�ĚżĖĔĥŻč�ĳĔĠć�ŮŨ�ųŤ�ĔũŤ�STEM�ŪżťőĝŤē�ĦŲŬ�ŹťŐ�ěŵĖŴĴŤē�ŦĬįĉ
�ŮŨ �İŻĶżĜēĲŤē �ŗĔĽĝŠēŴ �Ū ǁťőĝŤē �ŮŨ �ĆĶĤ �ĊŉĭŤē � Ǎūč �ĢżĨ �ȕĕĳĔĥĝŤē �ŹťŐ � ǁĢĩŤēŴ �ŪżōŭĝŤē �ŮŨ �ĴżėŠ �ĳİŜ �ĴżŘŵĜĔŲŭŨŴ
� ƻǙũĩĜ�ĴġŠĉ�ēŵŬŵšŻ�ūĉ�ĚėťŉŤĔũ ǁťőŻ�ųŬĉ�ĔũŠŴ�ŏŴĴĽũŤē�ŹťŐ�ŽŭėũŤē�Ū ǁťőĝŤē�ĚżĥżĜēĴĝĸē�Ž ǁũŭŻ�Ŵ�źŴİżŤē�ŦũőŤē�ěēĳĔŲŨ
�ěĔŬĔżėŤē�İŀĳ�ŽŘ�ĚżŐēİĖǞē�ŪŲĜēĳİŜ�ĴŻŵŉĜ�Ŵ�ŽŐĔũĝĤǞē�ŦŀēŵĝŤĔĖ�ŪŲŤ�ħĔũĹŤēŴ�ŪŲĝŘĴőŨ�ĴŻŵŉĜ�Ŵ�ĚżŤŴČĹũťŤ
�ŧēİĭĝĸē�Ŵ�ĘŤĔŉŤē�ţŵĨ�ĶŠĴũĝũŤē��ŪżťőĝŤē�ĚŻĴōŬ�ŞżėŉĜ�ŹťŐ�ŪťőũŤē�İŐĔĹŻ�ų ǁŬĉ�ŹŤč�ųŘĔńč�ȕĳĔšĝĖǞēŴ�ŗĔĽšĝĸǘēŴ
�ųėťŉŤē�ŦėŜ�ŮŨ�ųĖŵŔĴŨŴ�ųőĝũŨŴ�ųřŻĴŌ�ųŝŻĴŉĖ�ŪťőĝŤē�ĳŵŉŻŴ�ĔũŠ�ȕŪżťőĝŤē�ŽŘ�źİĩĝŤē�Ŵ�ųĹŘĔŭũŤē�ĚżĥżĜēĴĝĸē
�ĘĹŭŤēŴ�ěēİĨŵŤē�ŦŻŵĩĜŴ�ĚżšżŬĔšżũŤē�ěēĶżũũŤē�ŃĴőŤ�ųŨēİĭĝĸē�ŮšũŻ��ēĲű�ĔŬĴŁŐ�ŽŘ�ŪżťőĝťŤ�ţŴǜē�Ū ǁũĝũŤē�ŵű�ěŵĖŴĴŤē
�ĚĥŨĴėŤēŴ�ěĔżŬŴĴĝšŤǞē�ďįĔėŨŴ�ĚĸİŭŲŤēŴ�ĴėĥŤēŴ�ūĵēŵĝŤēŴ�ůĶŲĤǜēŴ�ŽĸİŭŲŤē�ŪżũŁĝŤēŴ�ŽũťőŤē�ŧİŝĝŤēŴ�ĘĸĔŭĝŤēŴ
�ĔżĤŵŤŵŭšĝŤēŴ�ŧŵťőŤē�ěǘĔĥŨ�ŽŘ�ųėťŉŤē�ěēĳİŜ�ĚżũŭĜ�ěŵĖŴĴŤē�ŪżťőĜ�ŗİŲĝĹŻ�ų ǁżũťőŤē�ŒżńēŵũŤē�ŮŨ�ŢŤı�ĴżŔ�ŹŤč
�ųőũĝĥŨ�ĚőĖĳǜē�ěǘĔĥũŤē�ŹŤč�ģĔĝĩĜ�ěŵĖŴĴŤē�ŦżŕĽĜ�Ŵ�ĚĥŨĴĖŴ�ĆĔŭĖŴ�ŪżũŁĜ�ĚżťũŐ�ūĉ�ĢżĨ�ȕěĔżńĔŻĴŤēŴ�ųĸİŭŲŤēŴ

�ūĉ�İĥŬŴ� ǁǘč�ūǚē�ŪťŐ�ĴŠĲŻ�įĔšŻ�ǙŘȕěŵĖŴĴŤē�ųŝŝĩŻ�źĲŤē�ŧŵťőŤē�ŮżĖ�ŦŨĔšĝŤē�ŧŵŲřŨ�ŹŤč�Ĕŭű�ęĳĔļǞē�ŪŲũŤē�ŮŨ
�ųżĸĔĸǜē�ĳŵŨǜē�ŮŨŴ�ȕŮżőŨ�ěŵĖŴĳ�ĴŻŵŉĜŴ�ŪżũŁĜ�ŽŘ�ŪťőŤē�ēĲű�ŮŨ�ůįĔřĝĸǘē�ŪĜ�ųŬĉ�Ŵĉ�ųżŘ�ŦĬį�İŜ�ěŵĖŴĴŤē
ĚżŤĔĝŤē �ŧŵťőŤē �ŮŨ �ęįĔřĝĸǘē �ŹŤč �ŦŜǜē �ŹťŐ �ūŵĤĔĝĩŻ �ěŵĖŴĴŤ �ŪŲĤĔĝŬč �ĆĔŭĠĉŴ �ųėťŉŤē �ūĉ �ŵű �ĔŲĝŘĴőŨ �ĘĤēŵŤē
�ŽŘ�ūŵŁŁĭĝŨ�ųėťŉŤē�ūŵšŻ�ūĉ�İŁŝŬǘ�ĔŭűŴ����ŧĔŐ�ŦšĽĖ�ŧŵťőŤē�Ŵ�ȕ�ĚĥŨĴėŤē�ȕěĔżŬŴĴĝšŤǞē�ȕěĔżńĔŻĴŤē�ȕĆĔŻĶżřŤē���
�ŦŠ�ŮŨ�źįĔőŤē�ĘŤĔŉŤē�ĚŘĴőũŤē�ŶİŨ�ŽŐēĴĜ�ěŵĖŴĴťŤ�ĚŐŵńŵũŤē�ĦűĔŭũŤē�ūĉ�ŹŤč�ůĳĔļǞē�ĳİĥŻ�ĔũŬčŴ�ţĔĥũŤē�ēĲű
�ěǘĔĨ�ŽŘ� ǁǘč��ųŝėĹũŤē�ųĝŘĴőŨ�ŶİŨŴ�ĘĸĔŭĝŻ�ǘ�İŜ�ŏŴĴĽŨ�ųżťŐ�ħĴŉŻ�ǘ�ŢŤĲĖŴ�ȕųŻĴũŐ�ųđŘ�źĉ�ŮŨ�Ŵĉ�Śŀ
�ŏŴĴĽŨ�ŽŘ�ĚėťŉŤē �ŦũŐ�ţǙĬ�ŮŨŴ�Ĕŭű �ŮŨŴ�ȕŮżŜŵřĝũŤēŴ �ŮżĖŵűŵũŤē �ųėťŉŤē �Ūű�ĔŲżŘ �ŮżżŭőũŤē �ūŵšŻ �ųŀĔĬ
�ęĆĔńǞē �ķĔšőŬē �ęİļ �ķĔżŜŴ �ĆŵŅŤē �ĺĥŨ � ƻĔŀŵŁĬŴ �ěĔĹĥũŤē �ŹťŐ �ŗĴőĝŤē �ŹŤč �ūŵĤĔĝĩżĸ �ěŵĖŴĴŤĔĖ �ĿĔĬ
�ĚżŬŴĴĝšŤǞē �ĚżĨĔŭŤē �ŮŨ �ūŵĤĔĝĩżĸ �ĔũŠ �ȕūēĳŴİŤēŴ �ŧĶőŤēŴ �şĔšĝĨǞēŴ �ĚŘĔĹũŤēŴ �ĚŐĴĹŤē �ŮżŬēŵŜ �ŹŤč �ĚŘĔńǘĔĖ
�ěĔĹĥũŤē �ĚĥŨĴĖ �ĚżřżŠ �ŹťŐ �ŗĴőĝŤē �ųėťŉŤē �ŮŨ � ƻĔĖŵťŉŨ �ūŵšżĸ �ȕųťũŐ �ĚżřżŠŴ �ĆŵŅŤē �ĺĥŨ �ĘżŠĴĜ �ĚŘĴőũŤ
�ĚżŤćŴ �ĔšżŬĔšżũŤĔĖ �ŞťőĝũŤē �ŪĹŝŤē � �ŹŤč �ųŘĔńǞĔĖ �ēĲű ��ųőĤēĴŤē �ųŻĲŕĝŤē �ŮŨ �ůįĔřĝĸǞēŴ �ĔŲťżťĩĜŴ �ĔŲĜĆēĴŜ �ĲĬĉŴ
�ŹťŐ�ŗĴőĝťŤ�ųėťŉŤē�ģĔĝĩżŘ�ȕęĳĔżĸ�Ŧšļ�ŹťŐ�ěŵĖŴĳ�ŪżũŁĜ�ŪĝŻ�ĔũĖĳŴ�ěŵĖŴĴŤē�ŪĹĤ�ŪżũŁĝŤ�ūēĳŴİŤēŴ�ųŠĴĩŤē
�İŐĔĹżĸ�ŢŤı�ŦŠ��ěĔŨŵťőŨ�ŮŐ�ĢĩėťŤ�ĞŬĴĝŬǘē�ŹŤč�ŪŲĝĤĔĨ�ŹŤč�ųŘĔńǘĔĖ�ĔŲŭżĖ�ĘĹŭŤēŴ�ĔŲťũŐ�ĚżřżŠŴ�ěĔŭŭĹũŤē
�ĚżŘĴőũŤē �ŧŵťőŤē �ŦŨĔšĜŴ �ĦŨį �ĚżřżŠ �ŮŐ �ĚżťũŐ �ęĴšŘ �ŪŲżŉőżĸŴ �ŦŅŘĉ �ŦšĽĖ �ŧŵťőŤē �ŪŲŘ �ŹťŐ �ĚėťŉŤē
�� ƻǙėŝĝĹŨ�ŮżŐĴĝĭŨŴ�ŮŻĴšĝėŨ�ēŵŬŵšŻ�ūĉ�ŹťŐ�ŪűİŐĔĹżĸ�ĔũŨ�İżřŨ�ĵĔŲĤ��ģĔĝŬč�Ŧżėĸ�ŽŘ�ĚżũťőŤēŴ�ĚżŬĔĹŬǞēŴ
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�ŮŨ �ĴżġšŤē �ŹŤč �ģĔĝĩĜ �ěŵĖŴĴŤē �ĚŠĴĨŴ �ȕųżĐĔŻĶżřŤē �łĐĔŁĭŤē �ŮŨ �ĴżġšŤē �ųėĹšĜ �ųŠĴĩŤē �ŹťŐ �ěŵĖŴĴŤē �ęĳİŜ

�ĲĬĊŬ �ūĉ �ěŵĖŴĴŤē �ĚĥŨĴĖŴ �ĆĔŭĖ �İŭŐ �ĔŭżťŐ �ĘĤŵĝŻ �ēĲŤ ��ŪĝĜ �ŹĝĨ �ųżĐĔŻĶżřŤē �ěēŴįǜēŴ �ŪżűĔřũŤēŴ �ŮżŬēŵŝŤē

��ěǙĥőŤē �ŪĥĨŴ �ěēĴšėŤēŴ �ěĔŭŭĹũŤē �ŦġŨ �ĆĔŭėŤē �ŽŘ �ųėĸĔŭŨ �ŦŀŴ �ěēŴįĉ �ĳĔĝĭŬ �ĢżĩĖ �ȕĳĔėĝŐǘē �ŮżőĖ �ēĲű

�ĴżŕĝŤēŴ �ěĔėġŤĔšŲżũťőŤē �ŪżűĔřũŤē �ŮŨ �źĉ �ħĴĽŤ �ěŵĖŴĴŤē �ŪťŐ �ŧİĭĝĹŻ �ūĉ �ŧŵťőŤē �ıĔĝĸǜ �ĔŅŻĉ �ŮšũŻŴ

�ųťġŨǜēŴ �ŦżŤİŤēŴ �ŪżōŭĝŤēŴ �ĘżĜĴĝŤēŴ �ŧĔōŭŤē �ŹŤč �ųŘĔńǞĔĖ �ȕųřżŌŵŤĔĖ �ŦšĽŤē �ĚŜǙŐ �Ŵĉ �ūĵēŵĝŤēŴ �ěĔĸĔżŝŤēŴ

�ŧēİĭĝĸĔĖ � ƻĔżĖŵĸĔĨ �ųĝĥŨĴĖ �ŞŻĴň �ŮŐ �ĔŲĖ �ŧŵŝżĸ �ŽĝŤē �ěĔũŲũŤēŴ �ŚĐĔŌŵŤē �ĴŨēŴĉ �ěŵĖŴĴŤē �ŹŝťĝŻ

�ųėťŉŤē �Ů ǁšũŻ �źĲŤē �ŽĤŵŤŵŭšĝŤē �ŒĖĔŉŤē �ĘĹĝŠē �İŜ �ěŵĖŴĴŤē �ūŵšŻ �ŢŤĲĖŴ �ųĖ �ųŁŁĭĝŨ �ěĔżĥŨĴĖ

�ųżĨĔŭŤē �ŮŨ �ŪŲĜēĳİŜ �Ž ǁũŭŻ �ų ǁŬĉ �ŹŤč �ųŘĔńǞĔĖ �ųżĥŨĴėŤē �ŪŲĜēĳİŜ �ĚżũŭĜŴ �ĔżĤŵŤŵŭšĝŤē �ŧēİĭĝĸē �ŮŨ

�ůįŵĤŵŨ �ĴżŔŴ �ęİŻİĤ �ĚżšżŬĔšżŨ �ŪżŨĔŁĜ �ŦũőĖ �ŧĔżŝŤē �ŹťŐ �ųėťŉŤē �Ķřĩĝĸ �ŽĝŤē �ųżšżŬĔšżũŤē

�ųżŤĔũĥŤēŴ�ųżšżŬĔšżũŤē�ųżĨĔŭŤē�ęĔŐēĴŨ�ĘĥŻ�ųŬĉ�ĢżĨ�ȕųżĸİŭŲŤē�ěēĳĔŲũŤē�ŮŨ�ĴżġšŤē�ĘťŉĝĜ�ěŵĖŴĴŤē�ŪżũŁĜŴ�ĆĔŭĖ�ĚżťũŐ

�ĚżũŭĜŴ�ěǙšĽũŤē�ŦĨŴ�ŒŻĳĔĽũŤē�ęĳēįčŴ�ĆĔĽŬč�ŹťŐ�ęĳİŝŤē�ĚėťŉŤē�ŪťőŻ�ųŬĉ�ĔũŠ��ŪżũŁĝŤēŴ�ĆĔŭėŤē�İŭŐ�ųżťũőŤē�Ŵ

�ĔŲŤįĔėĜŴ�ĳĔšŘǜē�ĚŠĳĔĽŨŴ�ĆĔŭėŤēŴ�ŪżũŁĝŤē�ŹťŐ�ŞŻĴřŤē�ħŴĴĖ�ŦũőŤēŴ�ŪżŨĔŁĝŤē�ĳĔżĝĬē�ŽŘ�ĚėťŉŤē�ŮżĖ�ųżŬŴĔőĝŤē�ħŴĴŤē

�ųżťũőŤē�ěĔĸĔżŝŤēŴ�ĳŵĹšŤēŴ�ųŻĴĽőŤē�ŧĔŜĳǜē�ŹťŐ�ĕǙŉŤē�ū ǁĴũżŤ�ěŵĖŴĴŤē�ŪťŐ�ŧİĭĝĹŻ�ūĉ�ěĔżńĔŻĴŤē�ıĔĝĸǜ�ŮšũŻ�

�ŮŨ�śĴň�ęİŐ�ţǙĬ�ŮŨ�ųżũżťőĝŤē�ųżťũőŤē�ŽŘ�ěŵĖŴĴŤē�ŧŵťŐ�ŮŨ�ęįĔřĝĸǞē�ŮšũŻ�ĔũŠ�ĘĸĔŭĝŤēŴ�ĚėĹŭŤēŴ�ųĸİŭŲŤēŴ

�ęİőĖ�ĔŲőŨ�ŦŨĔőĝŤē�ŮŨ�ŪŲŭ ǁšũĜ�ĢżĩĖ�ŪŲŤŵŁŘ�ŦĬēį�ųėťŉťŤ�ůĶűĔĥŤē�ųżũżťőĝŤē�ěĔĜŵĖŴĴŤē�ŮŨ�ųŐŵũĥŨ�ĴżŘŵĜ�ĔŲũűĉ

�ěĔĜŵĖŴĳ�ģĔĝŬč�ĚżřżŠ�Ū ǁťőĜ�ŮŨ�ųėťŉŤē�ŮšũĝŻ�ĢżĩĖ�ķĳēİũŤē�ŦĬēį�ŽũżťőĝŤē�ěŵĖŴĴťŤ�ěēĴėĝĭŨ�ĶżŲĥĜŴ�ĴżŘŵĜŴȕśĴň

�ĚŤŴĔĩŨ�ŪĠ�ŮŨŴ�ųŭżőŨ�ŧĔŲŨ�Ćēįĉ�ŹťŐ�ůĳįĔŜ�ūŵšĜ�ŽĝŤē�ěĔĜŵĖŴĴŤē�ůĲű�ģĔĝŬǞ�ųřťĝĭũŤē�ųżũżťőĝŤē�ŦĨēĴũŤĔĖ�ĳŴĴũŤēŴ

�ĴżŘŵĜ�ūĉ�ĢżĨ�ųżŬĔġŤē�Žű�ţĔĥũŤē�ēĲű�ŽŘ�ŦŅŘǜē�ųŝŻĴŉŤē�ūĉ� ǁǘč�ŮżĝŝŻĴŉŤē�Ěżũűĉ�ŒŨŴ��ųżũťŐ�ŃēĴŔǜ�ĔŲĝĥŨĴĖ

�ĚėťŉťŤ�ŦŅŘĉ�ĦĐĔĝŬ�ŞŝĩŻ�ųŬĉ�ŹŤč�ĚŘĔńǞĔĖ�ŹŤŴǜē�ĚŝŻĴŉŤē�ųőŨ�ĦŨİŻ�ūĉ�ŮšũŻ�ķĳēİũŤē�ŦĬēį�ěŵĖŴĴťŤ�ěēĴėĝĭŨ
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ĚżŐēİĖǘē�ĚėťŉŤē�ěēĳİŜ�ĚżũŭĜ�ŽŘ�ůĳŴįŴ�ěŵĖŴĴŤē�ŪťŐ�Ěżũűĉ��1.2

ųżĐĔŻĶżřŤē�ĔŲĐįĔėŨŴ�ěŵĖŴĴŤē�ŪżũŁĜ�ŽŘ�ųŨİĭĝĹũŤē�ěēŴįǜē�1.3

�ĆĔĽŬēŴ�ŪżũŁĝĖ�ēŵŨŵŝŻ�ĢżĩĖ�İĨēŴ�ŞŻĴŘ�Ůũń�ūŴĔőĝŤēŴ�ŦũőŤē�ĚėťŉťŤ�ĪżĝŻ�ĚĸĳİũŤē�ŽŘ�ěŵĖŴĳ�ĴėĝĭŨ�ĆĔĽŬč
�ĚżũťőŤē�ĚŘĴőũŤē�ŮŨ�İŻĶũŤē�ŪŲėĹšżĸ�ĚėťŉŤē�ųĖ�ŧŵŝŻ�ěŵĖŴĳ�ŏŴĴĽŨ�ŦŠŴ��ŶĴĬēŴ�ęĴĝŘ�ŮżĖ�ěŵĖŴĳ�ŏŴĴĽŨ
�ěēĳĔŲŨ�ĚżũŭĜ�ŹťŐ�ŦũőŻ�İĨēŴ�ŞŻĴŘ�Ůũń�ŦũőŤē� ǁūĉ�ŹŤč�ĚŘĔńǞĔĖ��ŽőŜēŵŤē�ŽťũőŤē�ţĔĥũŤē�ŽŘ�ĚżŝżėŉĝŤēŴ
�İŻĶĜ�ųėťŉŤē�ŮżĖ�ųŘĴőũŤē�ţįĔėĜ�ĚżťũŐ�ūĉ�ĔũŠ��źįĴřŤē�ŦũőŤē�ŒĖĔň�ŽřĝĭŻ�ĢżĩĖ�ųėťŉŤē�ŮżĖ�ūŴĔőĝŤēŴ�ţĔŁĜǞē
�ŽĜŵĖŴĳ�ŏŴĴĽŨ�ŦŠ�ūŵšĝŻ�ĳĔšĝĖǘēŴ�ŏēİĖǘē�ŹťŐ�ųėťŉŤē�ęĳİŜ�ŮŨ�İŻĶŻŴ�ĦĝŭũŤē�ĴżšřĝŤē�ŹťŐ�ųėťŉŤē�ęĳİŜ�ŮŨ

�ĚđżĖ�ŽŘ�ŪĝŻ�ŢŤı�ŦŠŴ��ĚŭżőŨ�ĴŨēŴĉ�ĲżřŭĝŤ�ĦŤĔőũŤē���ĚĥŨĴĖŴ���ěŵĖŴĴŤē�ŪĹĥŤ��ŪżũŁĝŤē�ĔŲũűĉ�ĳŵŨĉ�ęİŐ�ŮŨ
�ųĹťĥŤē�ŮŨ�ųŻĔŕŤē�ŞŝĩĜŴ�ŪŲŘēİűĉ�ŹŤč�ţŵŀŵŤē�ŹťŐ�ųėťŉŤē�İŐĔĹĜ�ŽũťŐ�ŦšĽĖ�ůĶŲĥŨŴ�ųđżŲŨ�ųżĩŀ�ųżũżťőĜ
�ŒŻĳĔĽũŤē�ęĳēįčŴ�ȕųũōŬǜē�ŦżťĩĜŴ�ȕĳįĔŁũŤē�İŻİĩĜŴ�ȕĞŜŵŤē�ŪżōŭĜŴ�ęĳēįč�ŹťŐ�ųėťŉŤē�ŪťőĜ�ĔŲŬĉ�ĔũŠ��ųżũżťőĝŤē

�ųżťũőŤē�ŪŲĜĔżĨ�ŽŘ�ųėťŉŤē�ĔŲĤĔĝĩŻ�ŽĝŤē�ěēĳĔŲũŤē�ŮŨ�ĔűĴżŔŴ

�ŪŲŘ�ĶŻĶőĜ�ŹťŐ�ěŵĖŴĴŤē�ĚĥŨĴĖ�İŐĔĹĝĸ�ĢżĨ�ȕěŵĖŴĴŤē�ŪżũŁĝżŘ�ųŨİĭĝĹũŤē�ěēŴįǜē�ņőĖ�ŹťŐ�ŗĴőĝŭĸ
�ďįĔėũŤē�ĴėĝőĜ��ųŭ ǁżőŨ�ŧĔŲŨ�Ćēįǜ�ĔŲřżŌŵĝŤ�ŪŲĝĤĔĨ�ŹťŐ� ƻĆĔŭĖ�ĔŲŤ�ŪŲŨēİĭĝĸǘ� ƻēĴōŬ�ďįĔėũŤē�ůĲŲŤ�ųėťŉŤē

� ǁūǜȕěēĴšėŤē�Ŵ�ěĔŭŭĹũŤē�Ŵ�ěǙĥőŤē�ŮŨ�ŦŠ�ŦũŐ�ĉİėŨ�ĔŲŭũń�ŮŨ�ģĳİŭŻ�ŽĝŤēŴ�ųĖŵťŉũŤē�ďįĔėũŤē�Ūűĉ�ų ǁżŠĴĩŤē
�ŒŻĵŵĝŤ�ŢŤı�Ŵ�ŽšżŬĔšżũŤĔŲŨĔōŬ�ŽŘ�ŽĸĔĸĉ�ĆĶĥŠ�ȕěēĴšėŤē�Ŵ�ȕěĔŭŭĹũŤēŴ�ȕěǙĥőťŤ�ģĔĝĩŻ�şĴĩĝũŤē�ěŵĖŴĴŤē

�ĔŲĖ�ŪšĩĝŤēŴ�ĚżŠĴĩŤē�ĚŜĔŉŤē

ķŴĴĝŤē��
�Ŵĉ�ųŐĴĹŤē�ęįĔŻĵŴ�ůŵŝŤē�ŦŝŭŤ�ěĔŭŭĹũŤē�ŧİĭĝĹĜ��ĚŉżĹėŤē�ěǘǚē�İĨĉ�İőŻ�Ŵ�ȕųŉżĩŨ�ŹťŐ�ūĔŭĸĉ�ųŤ�ĕǘŴį�ŵű

�ųżŬēĳŴİŤē�ųŠĴĩŤē�ĚŲĤ�ĴżżŕĝŤŴ���ĔŲŅżřĭĜ

�Ŵĉ�ūēĳŴİŤē�ĚŐĴĸ�ņżřĭĜ�Ŵĉ�ęįĔŻĶŤ�ĴĬć�ŹŤč�ĳŵĩŨ�ŮŨ�ūēĳŴİŤē�ŧĶŐ�ŦŝŬ�ŽŘ�ęįĔŐ�ųŭŭĹũŤē�ķŴĴĝŤē�ŦũőĝĹĜ

�ųŠĴĩŤē�ĴżżŕĝŤ�Ŵ�ŚťĝĭŨ�ūēĳŴį�ĳŵĩŨ�ŹŤč�ųżŬēĳŴİŤē�ųŠĴĩŤē�ŦŝŭŤ�ŧİĭĝĹĜ�ĔũŠ�ūēĳŴİŤē�ůĔĥĜē�ĺšőŤ�ŵŬēĳŴİŤē�ŧĶŐ

�ūēĳŴİŤē�źĳŵĩŨ�ĚŠĴĨ�ŮŨēĶĜ�Ŋėń�Ŵ�ųżŉĬ�ųŠĴĨ�ŹŤč�ųżŬēĳŴİŤē
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�Ŵĉ�ķŴĴĝŤē�ŧİĭĝĹŬ�ūĉ�ģĔĝĩŬȕęİżĤ�ĺĸĉ�ŹťŐ�ŽŭėũűĆĔŭĖŴ�ųũżũŁĜ�İŻĴŬ�źĲŤē�ěŵĖŴĴŤē�ūŵšŻ�ŹĝĨ
�ŦėŜ��ĔŲŨēİĭĝĸē�ŮŨ�ŗİŲŤē�Ŵĉ�ŦšĽŤē�Ŵĉ�ūĔŭĸǜē�įİŐ�ĘĹĨ�ŹũĹĜŴ�ųũŲŨ�ěĔŨēİĭĝĸē�ĔŲŤ�ŽĝŤēŴȕěĔŭŭĹũŤē
�ůĲű�ŦũŐ�ĉİėŨ�ŽŘ�ŦĬİĜ�ŽĝŤē�ųżĐĔŻĶżřŤē�ěĔĩťŉŁũŤē�ņőĖ�ŹťŐ�ŗĴőĝŬ�ūĉ�ĘĥŻ�ķŴĴĝŤē�ŏēŵŬĉ�ņőėŤ�śĴŉĝŬ�ūĉ
�Īżĩŀ�ŦšĽĖ�ĔŲŨēİĭĝĸē�ĚżřżŠŴ�ķŴĴĝŤē�ěĔżĸĔĸĉ�ŮŐ�ĔŅŻĉ�ğİĩĝŬ�ŗŵĸŴ��ūēĳŴİŤē�ŧĶŐŴ�ųŐĴĹŤē�ŦġŨ�ķŴĴĝŤē
��ŮŨ�ĔŭŭšũĜ�ųřťĝĭŨ�ĳĔŉŜĉ�ŧēİĭĝĸē�ŽŭőŻ�ēĲűŴ�ȕųżšżŬĔšżũŤē�ůĶżũŤē�ĉİėŨ�ŹťŐ�ķŴĴĝŤē�ŦũőĜ�ųŉżĹĖ�ěǘįĔőŨ�ŒŨ

�ŧĶőŤēŴ�ų ǁŻŴēĶŤē�ųŐĴĹŤē�ŮżĖ�ŦŻİėĝŤē
�ĚŤĔĨ�ŽŘ�ŮšŤ��ųĖ�ĚŀĔĭŤē�ěĔŬĔżėŤē�ĚŜĳŴ�ţǙĬ�ŮŨ�ūēĳŴİŤē�ŧĶŐŴ�ųŐĴĹŤē�İŻİĩĜ�ŢŭšũŻ�ěĔŠĴĩũŤē�ŒżũĤ�ŽŘ
�ūēĳŴį�ŧĶŐŴ�ĚŐĴĸ�įİĩĜ�ǘ��ůĴŘŵĝũŤē�ųŻĳĔĥĝŤē�ěĔŠĴĩũŤē�ūǜ�ūēĳŴİŤē�ŧĶŐ�Ŵ�ųŐĴĹŤē�İŻİĩĜ�ŮšũŻ�ǘ�ěŵĖŴĴŤē

�ŮżŭżőŨ
�ųŤįĔőũťŤ� ƻĔŝŘŴ�ŢŤıŴ�ķŴĴĝŤē�ŽŘ�ēİĤ�ųťŲĸ�ųŝŻĴŉĖ�ūēĳŴİŤē�ŧĶŐŴ�ųŐĴĹŤē�ŮżĖ�ĴżżŕĝŤē�ŮšũŻ

ĚżŬĔġŤē�ĚŐĴĹŤē�
�ŽŬĔġŤē�ŧĶőŤē� �ŹŤŴǜē�ųŐĴĹŤē�
�ţŴǜē�ŧĶőŤē
�ķĴĝŤē�ȕķŴĴĝŤē�ŮŨ�ģŴĵ�źĉ�ŽŘ��ĴŉŝŤē�ŽŘ�ŮżřťĝĭŨ�ŮżĸĴĜ�ĘżŠĴĜ�ŞŻĴň�ŮŐ�ŧĶőŤēŴ�ųŐĴĹŤē�ŮżĖ�ŦŻİėĝŤē�ĔŭŭšũŻ

�ĴėŠĉ�ūēĳŴį�ŧĶőĖ�şĴĩĝŻ�ųŭšŤ�ȕĴŕŀǜē�ķĴĝŤē�ŮŨ�ŦŜĉ�ųŐĴĹĖ�şĴĩĝŻ�ĴėŠǜē

�����ƸĖ�ųŐĴĹŤē�ĕĴŅŬŴ�����ƸĖ�ŧĶőŤē�ĕĴŅĖ�ŧŵŝŬ�ŢŤĲĖ�����źŴĔĹĜ�ŮżĸĴĝŤē�ŮżĖ�ųėĹŭŤē�ūĉ�ŃĴřŭŤ
�ŮżĸĴĜ�ŧİĭĝĹĝĸ�1�ƸŤ�2�ĚėĹŭŤē�ūŵšĜ�ūĉ�ěįĳĉ�ēıč ƻǙġũŘ�ȕ ƻēİĤ�ŊżĹĖ�ĴŨĉ�ŮżĸĴĜ�ŮżĖ�ųŭżőŨ�ųėĹŬ�ŞżŝĩĜ� ǍūĎŘ�ēĲŤ
�Śőń�źŴĔĹŻ�ţŴǜē�ķĴĝťŤ�ĴŉŝŤē�ţŵň�ūĉ�ŵű�ŪĥĩŤĔĖ�įŵŁŝũŤē��ŚőŅŤē�ĳēİŝũĖ�ŽŬĔġŤē�ŮŨ�ĴėŠĉ�ūŵšŻ�ţŴǜē

�ŽŘ�ĴġŠĉ�ĚŜİŤŴ�ĔŲżťŐ�ţŵŁĩŤē�İŻĴĜ�ĚėĹŬ�źĉ�ŹťŐ�ęİŐĔŝŤē�ůĲű�ŞėŉŭĜ�ūĉ�ŮšũŻŴ�ŽŬĔġŤē�ķĴĝťŤ�ĴŉŝŤē�ţŵň�įİŐ
�ŽŬĔġŤē�ķĴĝŤē�ūĔŭĸĉ�įİŐ�ūĎŘ�28�źŴĔĹĜ�ţŴǜē�ķĴĝŤē�ūĔŭĸĉ�įİŐ�ūĔŠ�ēıčȕķŴĴĝŤē�ūĔŭĸĉ�įİŐ�ĘĹĩŬ�ȕĕĔĹĩŤē

�14�źŴĔĹĜ

ĚŐĴĹťŤ�ųőŘēĴŤēŴ�ĚŅŘĔĭŤē�ķŴĴĝŤē
�ĔŨİŭŐ�įĔŝ ƿũŤē�ŮŭĹũŤē�ŹũĹŻŴ�ĴĬǚē�ŮŭĹũŤē�ūēĳŴį��İĐĔŝŤē�ŮŭĹũŤē�ŹũĹŻŴ��şİżĖ�ůĴŻİĜ�źĲŤē�ŮŭĹũŤē�ĘėĹŻ

�ųőŘēĳ�ěĔŭŭĹũŤē�ůĲű�ūŵšĜ�ēĲŲĖŴ�ŏĴĸĉ�ūŵšŻ�ĴżŕŁŤē�ŮŭĹũŤē� ǍūĎŘ�ĴżėšŤē�ŮŭĹũŤē�ŵű�İĐĔŝŤē�ŮŭĹũŤē�ūŵšŻ
��ěēĳŴį�ęİŐ�ĳŴİŻ�ĴżŕŁŤē�įĔŝũŤē�ŮŭĹũŤē�ŦőĥŻ�ųŬĎŘ�ůİĨēŴ�ůĳŴį�ĴżėšŤē�İĐĔŝŤē�ŮŭĹũŤē�ĳŴİŻ�ĔŨİŭŐŴ��ųŐĴĹťŤ
�ȕůŵŝŤē�ŦťŝĜ�ĔŲŭšŤ�ūēĳŴİŤē�ĚŐĴĸ�ųőŘēĴŤē�ěĔŭŭĹũŤē�İŻĶĜŴ��ĚőŘēĴŤē�ěĔŭŭĹũŤĔĖ�ůĲű�ěĔŭŭĹũŤē�ĚėżŠĴĜ�ŹŐİĜŴ

�ŹŐİĜ�ēĲŲĖŴ�ůİĨēŴ�ůŴį�ĴżėšŤē�ŮŭĹũŤē�ŢŻĴĩĝŤ�ěēĳŴį�ęİŐ�ĳŴİŻ�ųŬĎŘ�İĐĔŝŤē�ŵű�ĴżŕŁŤē�ŮŭĹũŤē�ūŵšŻ�ĔŨİŭŐŴ
�ųŅŘĔĭŤē�ěĔŭŭĹũŤĔĖ�ųėżŠĴĝŤē�ůĲű

�ŮżĸĴĜ�ūēĳŴį�İŭőŘ��ųŬēĳŴį�ůĔĥĜē�ĴżżŕĜ�ĚżřżŠŴ�ķĴĝŤē�ĚŠĴĨ�ĚżřżŠ�ĕĔőżĝĸē�ĘĥŻ�ķŴĴĝŤē�ĘżŠĴĜŴ�ŪżũŁĜ�İŭŐ
�ĴĬǚē�ūĎŘ�ĚŐĔĹŤē�ĕĳĔŝŐ�ŒŨ�ĔũűİĨĉ�şĴĩĜ�ēıč�ųŬĊĖ�ŽŭőŻ�ēĲűŴ�ȕŮżĹŠĔőĝŨ�ŮżűĔĥĜĔĖ�ūĔŠĴĩĝŻ�ĔũŲŬĎŘ�ŮżĹŨǙĝŨ

�ķĴĝŤē�ūĎŘ�źįĴřŤē�įİőŤē�ĚŤĔĨ�ŽŘ�ȕŮżŭĠē�ŮŨ�ĴġŠĉ�ěĔŭŭĹũŤē�įİŐ�ūĔŠ�ēıč�Ĕ ǁŨĉ�ĚŐĔĹŤē�ĕĳĔŝŐ�ĺšőĖ�şĴĩĝżĸ
�ţŴǜē�ķĴĝŤē�ůĔĥĜē�ĺřŬ�ŽŘ�ĳŴİŻ�ĴżĬǜē
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�ĴżĬǜē�ķĴĝŤē�ůĔĥĜē�ĺšőĖ�ĳŴİŻ�ĴżĬǜē�ķĴĝŤē�ūĎŘ�ŽĤŴĶŤē�įİőŤē�ĚŤĔĨ�ŽŘŴ

)Compound Gears��ĚėŠĴũŤē�ķŴĴĝŤē
�ŮżĸĴĝŤē�ūĔŠ�ēıč�ĚŘĴőŨ�ŦŲĹŤē�ŮŨ��ŽŤĔĝŤē�ŦšĽŤē�ŽŘ�ĔũŠ�ĪŨĴŤē�ĺřŬ�ŹťŐ�ŮżĝėġŨ�ķŴĴĝŤē�ŮŨ�ŮżŭĠē�ūŵšŻ�ūĉ�ŵű

�ĚżŤĔĝŤē�ĚŤįĔőũŤē�ţǙĬ�ŮŨ�ŢŤıŴ�ĚŻŴĔĹĝŨ�ĔũŲżĝŐĴĸ�ūĊĖ�ĪŨĴŤē�ĺřŬ�ŹťŐ�ŮżĝėġŨ

ŽŬĔġŤē�ķĴĝŤē�ŧĶŐ�
�ŽŬĔġŤē�ķĴĝŤē�ĴŉŜ�ŚŁŬ� �ţŴǘē�ķĴĝŤē�ŧĶŐ�
�ţŴǘē�ķĴĝŤē�ĴŉŜ�ŚŁŬ
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ķŴĴĝŤē�ŏēŵŬĉ
�ųũŲŨ�ĵĔĥŬč�ŽŘ�ŧİĭĝĹŻ�ķŴĴĝŤē�ŮŨ�ŏŵŬ�ŦŠ�ŮšŤ�ȕĔŝĖĔĸ�ěĴŠı�ŽĝŤē�ďįĔėũŤē�ĺřŭĖ�ŦũőĜ�ķŴĴĝŤē�ŏēŵŬĉ�ŒżũĤ
�ĔũżŘ��ųřťĝĭŨ�ĔŻēŴĶĖ�ŦũőŻ�ĔŲŅőĖŴ�ųżŤĔŐ�ĘĹŬ�ĔŲŤ�ĔŲŅőĖŴ�ųżŤĔŐ�ĔŲĜĆĔřŠ�ķŴĴĝŤē�ņőėŘ�ȕŮżőŨ�ŃĴŔ�Ŵĉ�ĚŭżőŨ

�ůĴġšĖ�ųŨİĭĝĹũŤē�ķŴĴĝŤē�ŏēŵŬĉ�ņőĖ�ŽťŻ

)Spur Gear��ŮŭĹũŤē�źįĔőŤē�ķĴĝŤē
�ųŠĴĩŤē�ŽŝėŻŴįĔĝőŤē�ŏēŵŬĉ�ŒżũĤ�ŮŨ�ųŭšũŨ�ůĆĔřŠ�ŹťŐĉ�ĔŲŻİŤ�ūĉ�Ŵ�ĔŲĝňĔĹĖ�ĘėĹĖ�ķŴĴĝŤē�ŮżĖ�ĔŐŵżļ�ĴġŠǜē�Žű

�ĴėŠĉ�ųŤŵŲĹĖ�ĔűĴĹŠ�ŮšũŻ�ūĔŭĸǜē�ūĉ�ĔũŠ� ƻēİĤ�ųżŤĔőŤē�ţĔũĨǝŤ�ųŨēİĭĝĸĔĖ�ŹŀŵŻ�ǘ�Ŵ�ųĹřŬ�ŶŵĝĹũŤē�Ůũń
�90%�ĕĳĔŝŻ�ĔŨ�ųĜĆĔřŠ

)Helical Gears��ŽŬŴĶťĩŤē�ķĴĝŤē
�ĢżĩĖ�ķŴĴĝŤē�ůĲű�Ğũũŀ�ĔŲżťŐ�ųŝėŉũŤē�ěĔżťũőŤē�ŽŘ�ųĸǙĸ�ĴġŠĉ�ĔŲŭšŤŴ�ȕźįĔőŤē�ķĴĝŤē�ŦġŨ� ƻĔŨĔũĜ�ŦũőĜ

�ĴġŠĉ�ūŵšĜ�ĔŨ� ƻęįĔŐ�ĔŲŬĎŘ�İŝőũŤē�ĔŲťšļ�ĘėĹĖ�ŮšŤŴ��ĴėŠĉ�ůŵŜ�ĔŭżŉőĜ�ŹĝĨ�ŢŤıŵťĐĔŨ�ŦšĽĖ�ĔŲŬĔŭĸĉ�ūŵšĜ
��80%�ĕĳĔŝŻ�ĔŨ�ŹŤē�ĔŲĜĆĔřŠ�ŦŁĜŴ��ųřťšĜ
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) Crown Gear��ŽĤĔĝŤē�ŮŭĹũŤē�ķĴĝŤē
�ųŬēĳŴį�ĳŵĩŨ�ŹťŐ�źįŵŨĔŐ�ĳŵĩŨ�ŹŤč�ųŠĴĩŤē�ŦŝŭĖ�ŧŵŝŻ

)Bevel Gear��ŦĐĔũŤē�ķĴĝŤē
�ųėĽŻŴ�ūēĳŴİŤē�ĚŻŴēĵ�ĴżżŕĜ�ĘťŉĜ�ŽĝŤē�ěǘĔĩŤē�ŽŘ�ķŴĴĝŤē�ůĲű�ŧİĭĝĹĜ

�ēĲű�ŧēİĭĝĸē�ĘŭĥĜ�ĔŭżťŐ�ĘĥŻ�ŮšŤŴ�� ƻĔżėŬĔĤ�ųŠĴĩŤē�ŦŝŭŻ�ųŬĉ�ŽŘ�ŽĤĔĝŤē�ķĴĝŤē
�ĔŨ�ĔŐŵŬ�ųŅřĭŭŨ�ūŵšĜ�ŧēİĭĝĸǘē�ŽŘ�ųĜĆĔřŠ�ūǜ�ŏŵŭŤē

)Worm Gear��źįŴİŤē�ķĴĝŤē
�ŮŐ�ĴėőŻ�ųżńĔŻĴŤē�ěĔĖĔĹĩŤē�ŽŘ�ųŬĉ�ıč�ķĴĝŤē�ēĲű�ŽŘ�ųżŤĔŐ�ųėĹŭŤē�ūŵšĜ

�ŦĖĔŜ�ĴżŔ�ųŬĊĖ�ųŁĐĔŁĬŴ�ůİĐēŵŘ�ŮŨŴ��İĨēŴ�ŮĹĖ�ķĴĜ�ųŬĉ�Ŵĉ�ŊŝŘ�İĨēŴ�Ůĸ
�ēĲű�ūĎŘ� ƻǙżŝĠ� ƻĔđżļ�ŦũĩŻ�ěŵĖŴĴŤē�ūĔŠ�ēıč�ųŬĉ�ŽŘ�İżřŻ�ēĲűŴ�ȕŚťĭťŤ�ęįĔżŝťŤ

�ųŜĔŉťŤ�įİėŨ�ūŵšŻ�ǘ

)Rack and Pinion��ŦżŉĝĹũŤē�ķĴĝŤē�Ŵĉ�ħĔŭĥŤēŴ�ŗĴŤē�ķĴĜ
�ıč���ęĳĔżĹŤē�įŵŝŨ��ųżĤŵĝŤē�ĚũōŬĉ�ŽŘ�İĤŵŻ�ķŴĴĝŤē�ŮŨ�ŏŵŭŤē�ēĲű�
�źĉȕųżŤĔŝĝŬē�ųŠĴĨ�ŹŤĎŲżŬēĳŴİŤē�ųŠĴĩŤē�ŦŻŵĩĜ�ŽŘ� ƻēİĤ�İżřŨŴ�İżĤ�ųŬĉ
�ŽŘ�ųũŲŨ�ěĔŨēİĭĝĸē�ųŤŴ�ųżŉĬ�ųŠĴĨ�ŹŤč�ųŻĴĐēİŤē�ųŠĴĩŤē�ŦŻŵĩĝŤ

�ųżĤŵĝŤē�ŧĔōŬ�Ŵ�ųżŠŵĽŤē�ųőŘēĴŤē�ŦġŨ�ųżšżŬĔšżũŤē�ųũōŬǜē
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)Planetary Gears��ĚżėŠŵšŤē�ķŴĴĝŤē
�ǘŴ�ĶűĔĤ�ķŴĴĝŤē�ŮŨ�ŏŵŭŤē�ēĲű��ůĔĥĜǘē�ĺřŬ�ŽŘ�ūēĳŴİŤē�ĚżŀĔĬ�ĔŲŤ

�ŮŨ�Ĵőĸ�ŹťŐĉ�ŢťĝũŻ�ēĲŲŤŴ�ŊŝŘ�ųėżŠĴĜ�Ŷŵĸ�ŢżťŐ�ĔŨ�ĆĔŭĖ�ŹŤē�ģĔĝĩŻ
�ķŴĴĝŤē�ŮżĖ

)Sprocket Gears with Chains��ųťĹťĹŤē�Ŵĉ�ŧĶĩŤē
�ŒńŴ�ĚżŬĔšŨčŴ�ūĵŵŤē�ŚżřĭĜ�Žű�ųťĹťĹŤē�Ŵĉ�ŧēĶĩŤē�ŧēİĭĝĸē�ęİĐĔŘ

.�ķŴĴĝŤē�ŮżĖ�ųŘĔĹŨ

) Differential Gear���ŽťńĔřĝŤē�ĚŠĴĩŤē�ŦŜĔŬ
�ŮżĝŐĴĹĖ�ūēĳŴİŤē�ĔũŲŭŨ�ŦšŤ�ŮšũŻ�ŽŤĔĝŤĔĖ�Ŵ�ŮŻĳŵĩũťŤ�ĚŠĴĩŤē�ĚżŤǙŝĝĸē�ŮŨČŻ�İŝőŨŴ�ĿĔĬ�ŽšżŬĔšżŨ�ŧĔōŬ�ŵű

�İĨēŴ�şĴĩũĖ�ĔũŲťŀŴ�ŪĜŵŤ�ŹĝĨ�ŮżĝřťĝĭŨ
�Gearbox��ķŴĴĝŤē�śŴİŭŀ

�ŮŨ�ģŴĵ�ŮŨ�ĴġŠĉ�ŧēİĭĝĸē�İŭŐ�ĚŀĔĬ�ȕųŭŭĹũŤē�ķŴĴĝŤē�ĘżŠĴĜ�ĚżřżšĖ�ŧĔũĝűǞē�ĘĥŻ�ěŵĖŴĴŤē�ŪżũŁĜ�İŭŐ
�ņőĖ�ŢżŤč�Ŵ��ěŵĖŴĴŤē�ŗİŲŤ�ĘĸĔŭũŤē�ųżĤŵĝŤē�Ŵĉ�ųŠĴĩŤē�ŦŝŬ�Ŵĉ�ŧĶőŤē�Ŵĉ�ųŐĴĹŤē�ŹťŐ�ţŵŁĩťŤ�ŢŤıŴ�ķŴĴĝŤē

��ķŴĴĝŤē�śŴİŭŀ�ŪżũŁĝĖ�ĚŀĔĭŤē�ěĔōĨǙũŤē

�ŮżŘĴŉŤē�ŮŨ�ēİżĤ�ųĝėġŨ�ķŴĴĝťŤ�ųŻŴĔĩŤē�ĳŴĔĩũŤē�ūĉ�ŮŨ�İŠĊĝŤē�ĘĥŻ�1
�ųŜĔŉŤē�ŏĔżń�ŹťŐ�ŦũőĜ�şĔšĝĨē�ęŵŜ�İŤŵĝĜ�ŗŵĸ�ǘčŴ�śŴİŭŁŤē�ŽŘ�ųŠĴĩŤē�ůĴĨ�ķŴĴĝŤē�ūĉ�ŮŨ�İŠĊĝŤē�ĘĥŻ�2

��ųŠĴĩŤē�ĚŜĔŐč�Ŵĉ
��ĔŲŬēĳŴį�İŭŐ� ƻĔĜŵŀ�ğ ǀİĩ ƿĜ�ǘ�ĢżĩĖ�ĪŻĴŨ�Ŵ�ŦŨĔŠ�ŞżĽőĜ�Ŵĉ�ĘŠēĴĜ�ŽŘ�ĔŲőżũĤ�ķŴĴĝŤē�ūĉ�ŮŨ�İŠĊĝŤē�ĘĥŻ�3

���ŪżũŁĝŤē�ŽŘ�ųŕŤĔėũŤē�ŧİŐŴ�ųňĔĹėŤē�ęĔŐēĴŨ�Ŵ�ķŴĴĝŤē�śŴİŭŀ�ŮŨ�ŗİŲŤē�ŹŤč�ůĔėĝŬǘē�ĘĥŻ�4

�ķŴĴĝŤē�śŴİŭŀ�ŽŘ�ģĴĭũŤēŴ�ŦĬİũŤē
'ULY���İĐĔŝŤē�ĳŵĩũŤĔĖ�ŊėĜĴũŤē�ķĴĝŤē�ŹũĹŻ�Ŵ�şĴĩũŤĔĖ�ŊėĜĴũŤē�ĳŵĩũŤē�ŵűŴ���Input �ŦĬİŨ�ķŴĴĜ�śŴİŭŀ�ŦšŤ(

��Follower���ŒĖĔĝŤē�ŹũĹżŘ�ųĖ�ŊėĜĴũŤē�ķĴĝŤē�ĔŨĉŴ�ģĴĭũŤē�ŹũĹżŘ�ěǙĥőŤē�ŽŘ�ŊėĜĴũŤē�ĳŵĩũŤē�ĔŨĉ��er
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 )Polly�ěēĴšėŤē�Ŵ�ĚŨĶĨǜē�1.4 
�ĴżżŕĜ�Ŵ�ųŠĴĩŤē�ŦŝŭŤ�ŧİĭĝĹĜ�Ŵ�ŽňĔŉŨ�ŧēĶĨ�ĞżėġĝŤ�ĔŲŉżĩŨ�ţŵĨ�śİŭĬ�ĔŲŤ�ųŻĴĐēį�ěǙĥŐ�ŮŐ�ůĳĔėŐ�ěēĴšėŤē

�ĚŝŻĴň�ĺřŭĖ�ĔŲżŘ�ŧĶőŤēŴ�ųŐĴĹŤē�ŦŻŵĩĜ�ĘĹŬ�ĘĹĩĜŴ��ųŭŭĹũŤē�ķŴĴĝŤē�ŽŘ�ĔũŠ�ŧĶőŤē�Ŵĉ�ūēĳŴİŤē�ĚŐĴĸ
�ŮŨ�ĴġŠĉ�ĴŻİĜ�ŽĝŤē�ųťĹťĹŤē�Ŵĉ�ȕŧēĶĨ�ȕŦėĨ�ūŵšŻ�ūĉ�ŮšũŻ�ůĴšėŤē�ŧĔōŭŤ�şĴĩũŤē�ĴŁŭőŤēŴ��ųŭŭĹũŤē�ķŴĴĝŤē�ĕĔĹĨ
�ŽŘ�ĔũŠ�ŮżũżŤē�ŮŨ�ųėĜĴŨ��2�ȕ3�ȕ��ȕ11��Žű�ěēĴšėŤēĴŉŝŤ�ųżėĹŬ�ěĔĸĔżŜ�ĚőĖĳĉ�şĔŭű�ěŵĖŴĴŤē�ĴėĝĭŨ�ŽŘŴ�ůĴšĖ

�ĴŉŜ�ŹťŐ�ŦĬİũŤē�ęĴšĖ�ĴŉŜ�ĚũĹŝĖ�ěĔŭŭĹũŤē�ŽŘ�ĔũŠ�ŧĶőŤē�Ŵ�ųŐĴĹŤē�ŦŻŵĩĜ�ĘĹŬ�ĕĔĹĨ�ŪĝŻŴ�ŽŤĔĝŤē�ŦšĽŤē
��ģĴĭũťŤ�ŮżĜĳŴį�ŹŤč�ŦĬİũťŤ�ęĳŴį�11�Žű�ųŐĴĹŤē�ĚėĹŬ�ūŵšĜ�ųŭżėũŤē�ęĳŵŁŤē�ŽŘŴ�ģĴĭũŤē�ęĴšĖ

�ĴėŐ�ųŐĴĹŤē�Ŵĉ�ȕůŵŝŤē�ţĔŁŻč�ŹťŐ�ēĲű�İŐĔĹŻ��ŧēĶĩĖ�ŮżĝŉėĜĴŨ�ĴġŠĉ�Ŵĉ�ŮżĜĴšĖ�ųŬŵšĖ�ŚŀŵŻ�ŧēĶĩŤēŴ�ůĴšėŤē�ŧĔōŬ
�ůĴšėŤē�ĚũōŬĉ��ŽšżŬĔšżŨ�ĪĖĳ�ŞżŝĩĜ�ŹťŐ� ƻĔŅŻĉ�İŐĔĹĜ�ȕųřťĝĭŨ�ĳĔŉŜĉŴ�ŧĔĥĨĉ�ěēı�ěēĴšėŤē�ĞŬĔŠ�ūčŴ�ȕĳŴĔĩũŤē

�98%�ŦŁĜ�İŜ�ųĜĆĔřšŘ�ȕ ƻēİĤ�ůĆĞřšŤē�ĚżŤĔŐ�ŧēĶĩŤēŴ
ěēĴšėŤē�ŽŘ�ųũōŬǜē�ŏēŵŬĉ

ěēĴšėŤē�ĚũōŬǜ�ĚřťĝĭũŤē�ŏēŵŬǜē�ŮŨ�İŻİőŤē�şĔŭű
�şĴĩĝŻ�ǘŴ�ųŬĔšŨ�ŽŘ�Ķ ǁŠĴŨ�ĞĖĔĠ�ĳŵĩŨ�ęĴšėťŤ�ūĉ�źĉ��ĞĖĔġŤē�ŧĔōŭŤē��

�œēĴřŤē�ŽŘ�şĴĩĝŻ�ūĉ�ŮšũŻ�ĴĨ�ĳŵĩŨ�ĔŲŤ�ęĴšėŤē�ūĉ�źĉ��şĴĩĝũŤē�ŧĔōŭŤē��
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�şĴĩĝũŤēŴ�ĞĖĔġŤē�ŮżŨĔōŭŤē�ŏŵũĥŨ�ŵű��İŝőũŤē�ŧĔōŭŤē��
�ŧēİĭĝĸē�ųżŘ�ŪĝŻ�ěēĴšėťŤ�İŝőŨ�ŧĔōŬ�ŵű��ĚŔŴēĴũŤēŴ�ŦŝġŤē��

�ŽšżŬĔšżũŤē�ĪĖĴŤē�ęįĔŻĶŤ�ȕĳŵĩŨ�ŦŠ�ŹťŐ�ěēĴšĖ�ęİŐ

�ŽťŻ�ĔũĖ�ěĔŭŭĹũŤē�ŮŐ�ěēĴšėŤē�ŚťĝĭĜ
�ųĹřŬ�ůĔĥĜǞē�ŵű�ěēĴšėŤē�ŽŘ�ĔũŭżĖ�ȕŦĬİũŤē�ĺšőĖ�ěĔŭŭĹũŤē�ģŴĵ�ģĴĭŨ�ŽŘ�ųżŬēĳŴİŤē�ųŠĴĩŤē�ůĔĥĜē�1

�ŹŤč�źįČŻ�ĔũŨ�ŇĔŉũŤē�ŧēĶĨ�ŹťŐ�ŪŠēĴĝŻ�İŜ�ĔũŬčŴ�ȕİĐēĶŤē�ŦżũĩĝŤē�ĚŤĔĨ�ŽŘ�ģĴĭũŤē�ŹŤč�ĚŠĴĩŤē�ŦŝĝŭĜ�ǘ�İŜ�2
��ųĖ�ħŵũĹũŤē�ūēĳŴİŤē�ŧĶŐ�İŻİĩĜ�ŽŘ� ƻĔŬĔżĨĉ�ĚżŀĔĭŤē�ůĲű�ŮŨ�įĔřĝĹŻŴ�ȕųŠĴĩťŤ�ŦŝŬ�ūŴį�ůĴšėŤē�ţŵĨ�ųŜǘĶŬē

�ĘĸĔŭĜ�ŧİŐ�ĘėĹĖ�ěĔŭŭĹũŤē�ŧēİĭĝĸē�ĔűİŭŐ�ĳĲőĝŻ�ŽĝŤē�ŮŠĔŨǜē�ŽŘ� ƻĔėŤĔŔ�ųŠĴĩŤē�ŦŝŬ�ŽŘ�ěēĴšėŤē�ŧİĭĝĹĜ�3
�ĳŴĔĩũŤē�įĔőĖĉ

ěǙĥőŤē�
�ĳĔňǞē�ĴŉŜ�ŚŁŬŴ�ŦšļŴ�ŪĥĨ�ūǜȕųĝũŲŨ�ħĔĥŬ�ŹťŐ�ĴļĔėŨ�ŦšĽĖ�ĴĠČŻ�ěŵĖŴĴŤē�ěēĳĔňǞ�ĪżĩŁŤē�ĳĔżĝĬǘē�ūč

�ĺŻĳĔŅĜ�ŒŨ�ŦŨĔőĝťŤ�ųżťĖĔŝŤē�ŽŉőĜ�ěēĳĔňǞē�ūĉ�ĔũŠ�ȕųĝũŲŨ�ĚŜįŴ�ųĜĳİŜ�Ŵ�ųĝŐĴĹĖ�ĴļĔėŨ�ŦšĽĖ�ŊėĜĴŨ
�ŞŻĴŉŤē

şĔšĝĨǘē�ęŵŜ
�ŦőŘ�įĳ�ŦőřĖ�İŤŵĝĜ�ŽĝŤē�ŽűŴ�şĔšĝĨǞē�İĐēŵŘ�ŶİĨč�ŒŨ�ŦŨĔőĝŤē�ŮšũŻŴ�ȕůĴżġŠ�ĳĔŅŨ�Ŵ�İĐēŵŘ�şĔšĝĨǘē�ęŵŝŤ

�ŒŘį�ŹŤč�źįČŻ�ŢŤıŴ���ĢŤĔġŤē�ŮĜŵżŬ�ūŵŬĔŜ���ųżťŐ�ĳĔňǞē�ĚŠĴĨ�ĚĥżĝŬ�ŞŻĴŉŤē�ŹťŐ�ůĴĠČũŤē�ųżĸĔũũŤē�ůŵŝŤē
��ůĴŉŜ�ŚŁŬŴĳĔňǞē�ĚŐĴĸ�ŹťŐ�İũĝőĜ�ůŵŝĖ�ŧĔŨǝŤ�ěŵĖŴĴŤē
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ĳĔňǞē�įĔőĖĉ
�ĚżĤĳĔĭŤē�ųĝŘĔĨŴĳĔňǞē�ĳŵĩŨ�ŮżĖ�ĚŘĔĹũŤē�ŵű��ĳĔňǞē�ĴŉŜ�ŚŁŬ��1

�ĴŉŝŤē�ŚŁŬ�Śőń�źŴĔĹŻ�Ŵ�ųżĤĳĔĭŤē�ĳĔňǞē�ŽĝŘĔĨ�ŮżĖ�ĚŘĔĹŨĴėŠĉŵű�ĳĔňǞē�ĴŉŜ��2
� ƻĔĖŴĴŅŨ�ĳĔňǞē�ĴŉŜ�źŴĔĹŻ�Ŵ�ųżĤĳĔĭŤē�ĳĔňǞē�ĚŘĔĩŤ�ĺŨǙũŤē�ŞťŕũŤē�źĴĐēİŤē�ĳĔĹũŤē�ţŵň�ŵű��ĳĔňǞē�ŊżĩŨ��3

������ĞĖĔġŤē�ŽŘ

�İĨēŴ� ƽĳĔňč�ŊżĩŨ�źŴĔĹĜ�ųŐŵŉŝũŤē�ųŘĔĹũŤē�ūĎŘ�ůİĨēŴ�ůĳŴį�ěŵĖŴĴŤē�ĳĔňč�ĳēį�ēıč�ųŬĉ�ŹŭőũĖ
ěĔőŘēĴŤē�

�ȕİŲĥŤē�ĕĲĤ�Ŵĉ�ŒŘį�ŹŐİŻŴ��ĕĲĥŻ�Ŵĉ�ŒŘİŻ�ĔŨİŭŐ�ūēĳŴİŤē�ĳŵĩŨ�ŹŐİĜ�ųŉŝŬ�ţŵĨ�ĳŴİŻ�ĘżŅŜ�Žű�ųőŘēĴŤē
�ŹťŐ�ţŵŁĩťŤ�ųŠĴĩťŤ�ųťĖĔŜ�ŶĴĬĉ�ŒŨ�ųĝĖĔĠ�ěēĴšĖ�ŧēİĭĝĸē�ŮšũŻŴ��ųťżŝġŤē�ţĔũĨǜē�ŒŘĴŤ� ƻĔėŤĔŔ�ěĔőŘēĴŤē�ŧİĭĝĹĜŴ

��ůĴżėŠ�ůŵŜ

�ĚŝĖĔĹŨŴ�ŊĭŤē�ŒėĝĜ�ĚŝĖĔĹŨ�ȕ�ŵŨŵĹŤē�ĚŝĖĔĹŨ�ȕ�ŵŕżŤ�ĞĸĴżřŤē�ĚŝĖĔĹŨ��ĔŲŭŨ�ěŵĖŴĴťŤ�ěĔŝĖĔĹũŤē�ŮŨ�İŻİőŤē�ŧĔŝĜ

�ŞŻĴřŠ�ŦũőŤēŴ�ŪťőĝŤē�ŹťŐ�ĚėťŉŤē�ŒżĥĽĜ�ŹťŐ�ŦũőĜ�ĔŲŬĉ�ěĔŝĖĔĹũŤē�ůĲű�ŮŨ�ŗİŲŤēŴ��ěēĴšŤĔőŨĔĤ�ěŵĖŴĴŤē

�ȕųżĤŵŤŵŭšĜ�ųŅŲŬ�ęįĔżŝŤ�ųťűČŨ�ųđżĖ�ŞťĭŤ�ųżũťőŤē�ěēĆĔřšŤē�ĴŻŵŉĜ�ŽŘ�ĚũűĔĹũŤēŴ�ĚżŝżėŉĝŤē�ŧŵťőŤĔĖ�ŧĔũĝűǞēŴ

ŽėũšŤēȕĆĔĖĴŲšŤē�ŦġŨ�ěŵĖŴĴŤē�ĔżĤŵŤŵŭšĝėŲŉėĜĴũŤē�ěēĳĔŲũŤēŵŨŵťőŤē�ŮŨ�İŻİőŤē�ŹťŐ�ųėťŉŤē�ĘŻĳİĜ�ŹŤč�ųŘĔńǞĔĖ

�įēŵũŤē �ŮżĖ �ŊĖĴŤē �ŹŤč �ŹőĹĜ �ųŝĖĔĹũŤē �ūĉ �ĔũŠ ��ĔűĴżŔŴ �ŽĸİŭŲŤē �ŪżũŁĝŤē �ȕĚĥŨĴėŤēȕĔšżŬĔšżũŤēȕěĔżŬŴĴĝšŤǞēȕĴĜŴ

�ŽŐēİĖǞē �ĴżšřĝŤē �ěēĳĔŲŨ�ĚżũŭĜŴ �ěĔĜŵĖŴĴŤē �ĚĥŨĴĖŴ �ŪżũŁĜ �ŹťŐ �ųėťŉŤē �ĘŻĳİĜŴ �ųżũťőŤē �ěĔŝżėŉĝŤēŴ �ųżĸēĳİŤē

�ŹŤč�ĚŘĔńǞĔĖ�ȕĳēĴŝŤē�ıĔĭĜēŴ�ĚťšĽũŤē�ŦĨ�ěēĳĔŲŨ�ĚżũŭĜŴ�ųėťŉŤē�ŶİŤ�ųżŤŴČĹũŤē�ĺĨŴ�ŽũťőŤē�ĢĩėŤēŴ�ŃĴőŤēŴ

�ŮŨ�ůįĔřĝĸǘē�ĚżřżŠ�ŹťŐ�ŪŲėŻĳİĜŴ�ŪŲżťŐ�ųżũťőŤē�ůİĐĔřŤĔĖ�įŵőŻ�ĔũĖ�ĚėťŉŤē�ŮżĖ�ĺŘĔŭĝŤēŴ�źİĩĝŤē�ŮŨ�ŵĤ�ŞťĬ

�ĔŲĝőĖĔĝŨŴ�ĔŲĝżũŭĜŴ�ŮŻĶżũĝũŤē�ųėťŉŤē�ĘűēŵŨŴ�ěēĳİŜ�ŗĔĽĝŠēŴ�ŒũĝĥũŤē�ĚŨİĭŤ�ĔűĴżĭĹĜŴ�ůĴŘŵĝũŤē�ĳįĔŁũŤē

ěŵĖŴĴŤē�ěĔŝĖĔĹŨ�1.5

 �
�ĴŉŝŤē�ŚŁŬ�
�2� �ŊżĩũŤē



41

�ŮšũŻ�ǘŴ�ęįİőĝŨ�ŽŲŘ�ĔŲĜĔŨēİĭĝĸē�ĔŨĉ�ȕŏŵŭŤē�ĘĹĨ�Ŵĉ�ŪĥĩŤē�ĘĹĨ�ĔŲřżŭŁĜ�ŪĝŻ�ěĔĜŵĖŴĴŤē�ŏēŵŬĉ�ŮŨ�İŻİőŤē�şĔŭű
��ŴĔŬŴ�ŵũżĸĉ�ŦġŨ�ūĔĹŬǞē�ŽŠĔĩĜ�ŽĝŤē�ěĔĜŵĖŴĴŤēŴ�ųŻĴĩėŤēŴ�ųżĐĔŅřŤēŴ�ųżĖĴĩŤēŴ�ųżũżťőĝŤēŴ�ųżŐĔŭŁŤē�ĔŲŭũŘ�ĔűĴŁĨ
�ŽŐēİĖǞēŴ�źĳĔšĝĖǘē�ĴšřŤē �ĴŻŵŉĜ�ŹťŐ�ĴĠĉ �ŮŨ�ĔŲŤ�ĔũŤ�ĚżũżťőĝŤē �ěĔĜŵĖŴĴŤē �ŧēİĭĝĸĔĖ� �STEMŪżťőĝŤē �ĦŲŬ�Ūĝűē�
�ƸŤēŴ��5&;�ȕ1;7�ȕ�(9�ĔŲŭŨ�ų ǁżũżťőĝŤē�ěĔĜŵĖŴĴŤē�ŮŨ�ĚťĹťĸ�ģĔĝŬĎĖ�ĶŨĳŵĝĸ�İŭŻĔŨ�ŵŕżŤ�ĚŠĴļ�ĞŨĔŜ�ĢżĨ��ųėťŉťŤ
�ŦŲĸĉŴ�ŦŅŘĉ�ŦšĽĖ�ųżũżťőĝŤē�ų ǁżťũőŤē�ŧİĭŻ�ĢżĩĖ�ůĴŻŵŉĝĖ�ĞŨĔŜ�ĢżĨ�ŵŕżŤ�ĚŠĴĽŤ�ĴżĬǜē�ĳēİŀǞē�ŵű��(9�
�ŽũżťőĜ�ĦŨĔŬĴėŠ�STEM�ĦŲŬ�ţĔĬįǞ�ųĥżĝŬ�Ŵ�ȕųėťŉŤē�ŶİŤ�şēĳįǞē�Ŵ�ŽŐŵŤē�ęįĔŻĶŤ�ų ǁżũżťőĝŤē�ěĔĜŵĖŴĴŤē�ŮŨ�İŻİőŤē�ĞĥĝŬ ƿĉ
�ųŬŵŠ�ĦŨĔŬĴėŤē�ēĲŲŤ�ěĔŝżėŉĝŤē�Ūűĉ�İĨĉ�ěŵĖŴĴŤē�ūĔšŘ�ȕųĸİŭŲŤēŴ�ĔżĤŵŤŵŭšĝŤēŵĜĔżńĔŻĴŤēŴ�ŧŵťőŤē�ŦŨĔšĜ�ŹťŐ�ŽŭėŨ
�İŝŘ�ȕųżũżťőĝŤē�ěĔĜŵĖŴĴŤē�ţĔĥũĖ�ůİĐēĳLego mindstorms�ĚŠĴļ�ĴėĝőĜ��ųőĖĳǜē�ěǘĔĥũŤē�ŮżĖ�ųťũŐ�ĉİėŨ�ŽŘ�ŒũĥŻ
�ŽĝŤē�ųżŤŴİŤē�ěĔŝĖĔĹũŤē�ŮŨ�ųŐŵũĥŨ�İŝŐ�ŞŻĴň�ŮŐ� ƻĚŀĔĬ�ěĔĜŵĖŴĴŤē�ůĲű�ĳĔĽĝŬč�ŽŘ�ĴĠČŨ�ŦšĽĖ�ųŠĴĽŤē�ĞũűĔĸ
�ĔŲŁĐĔŁĬ�Ŵ�ų ǁżũżťőĝŤē�ěĔĜŵĖŴĴŤē�ŏēŵŬĉ�ņőĖ�ĵĔĥŻĎĖ�ŃĴőĝĹŬ�ŽťŻ�ĔũżŘ��ųĹŘĔŭũŤē�ŶŵĝĹŨ�ŪŲŻİŤ�ŒŘĴĜ�Ŵ�ųėťŉŤē�ĶřĩĜ

�ŦũĽŻ �ȕųżťĬēį �ųŻĶŠĴŨ �ųĥŤĔőŨ �ęİĨŵŠbits8 �ŪšĩĝŨ �ŹťŐ �RCX �źŵĝĩŻ
�ĚĥŨĴĖ �ŪĝĜ ��ųŨİĭĝĹũŤēŴ �ųĝĖĔġŤē �ĦŨēĴėŤē �ŮŻĶĭĝŤ �K 32ŪĥĩĖ �ůĴŠēı �ŹťŐ
�ěĔŕŤ�ŮŨ�ęİĨēŴ�ŧēİĭĝĸĔĖ�ĕŵĝšŨ�ĦŨĔŬĴĖ�ŦżũĩĜ�ŞŻĴň�ŮŐ�ěŵĖŴĴŤē�ŦŝŐ
�ŞŻĴň�ŮŐ�ěŵĖŴĴŤĔĖ �ųŀĔĭŤē �ųŭėťŤē �ŹŤč �ĴĜŵżėũŠ�ĵĔŲĤ�ŹťŐ�ųĨĔĝũŤē �ĚĥŨĴėŤē
�ŦżũĩĜ�ŧİĭĝĹũŤē�ŽŲŭŻ�ūĉ�İőĖ��ĿĔĬ�ŦĬİŨ�ĴėŐ��IR��ĆēĴũĩŤē�ĞĩĜ�ųőļǜē
�ěēĶřĩũŤē�ŹťŐ�ĆĔŭĖ�ȕųĹřŬ�ĆĔŝťĜ�ŮŨ�ĔŨĔũĜ�ŦũőŻ�ūĉ�RCX�ŦŤ�ŮšũŻ�ȕĦŨĔŬĴėŤē
��ŮŨ �ĴġŠĉ �Ŵĉ �ŮżŭĠǘ �ŮšũŻ ��ųĥŨĴėũŤē �ěĔũżťőĝťŤ �ĔŝŘŴ �ĚżĤĳĔĭŤēŴ �ĚżťĬēİŤē
�ȕĆēĴũĩŤē�ĞĩĜ�ųőļǜē�ţǙĬ�ŮŨ�ņőėŤē�ĔŲŅőĖ�ŒŨ�ŦŀēŵĝŤē�RCX �ěĔĜŵĖŴĳ
�ŹŤč �ųŘĔńǞĔĖ �ȕĔŲŭżĖ �ĔũżŘ �ųĹŘĔŭũŤē �Ŵĉ �ěĔĜŵĖŴĴŤē �ŮżĖ �ūŴĔőĝŤē �ĪżĝŻ �ĔũŨ
�ŦĬēİŨ �ĚĠǙĠ �ŹťŐ �ŧĔōŭŤē �ŦũĽŻŴ �ȕĆēĴũĩŤē �ĞĩĜ �ųőļǜĔĖ �ĿĔĭŤē �ŦĬİũŤē
�ŧİĭĝĹĜ�ūĉ�ŮšũŻ�ŽĝŤēŴ�ěĔŠĴĩũťŤ�ŶĴĬĉ�ŦĬēİŨ�ĚĠǙĠ�Ŵ�ĳĔőĽĝĸǞē�ęĶŲĤǜ
� ƻĔŅŻĉ �RCX �ŦũĽŻ �Ŵ �ȕĪżĖĔŁũŤē �ŦġŨ �ŶĴĬǜē �ĚżĐĔĖĴŲšŤē �ęĶŲĤǜē �ŒŘİŤ �ĔŅŻĉ
�ţĔĬįǞē�ŦĬēİŨ�ĚŤĔĨŴ�ȕųŻĳĔŉėŤē�ŽŘ�ųŜĔŉŤē�ŶŵĝĹŨ�ŃĴőŤ�LCD�ĚļĔļ�ŹťŐ
��ěĔŨŵťőũŤē �ŮŨ �ĔűĴżŔŴ �ĕŵĝšũŤē �ĦŨĔŬĴėŤē �ĔűįİĩŻ �ŪĝŻ �ŽĝŤē �ģēĴĬǞēŴ

ěĔĜŵĖŴĴŤē�ŏēŵŬĉ�1.6

 RCX Robotic Command Explorer�ěŵĖŴĳ
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Next Explorers Step NXT��ěŵĖŴĳ

VEX�ěŵĖŴĳ

�ĴŲŌ�İŝŘ�ų ǁżũżťőĝŤē �ěĔĜŵĖŴĴŤē �ŮŨ�ŽŬĔġŤē �ŦżĥŤē �ěŵĖŴĴŤē �ēĲű�ĴėĝőŻ
�ŒŨ�ŽĜĊŻŴ��1H[W�([SORUHUV�6WHS��1;7�ŪĸĔĖ�2006�ŧĔŐ�įŵĤŵťŤ
�ěĔŕťŤē �ŮŨ�ĚŐŵŭĝŨ �ĚŐŵũĥŨ�ŧēİĭĝĸĔĖ �Ŵĉ �ȕ1;7�*�ĚżĥŨĴĖ �ĦŨĔŬĴĖ
�ųĭĹŭŤē�Ĳű�ĶżũĝĜŴ��52%27&�Ŵ�NXC�ŦġŨ�ȕęįŵĤŵũŤē�ĚżũĸĴŤē�ĴżŔ
�ěĔĜŵĖŴĳ�ŽŘ�ŽĹżĐĴŤē �ĴŁŭőŤē ��ĔŲĝŝĖĔĸ�ŮŐ� ƻēİżĤ�ůĳ ǁŵŉũŤē�ěēĶżũŤĔĖ
�ĚŭėťĖ �ŹũĹĜ �ĚŭėŤ �Ŧšļ �ŹťŐ �ĴĜŵżėũŠ �ĵĔŲĤ �ŵű �ĚŐŵũĥũŤē �ůĲű
�ȕųėŜēĴŨŴ �ĳĔőĽĝĸē �ęĶŲĤĉ �ĚőĖĳĉ �ĔŲżŤč �ŦŁŻ �ūĉ �ŮšũŻ ��ųżŠĲŤē �NXT
�ěǙĖĔŠ �ŞŻĴň �ŮŐ �ĔũŲŭŨ �ŦšĖ �ųŀĔĬ �ŦĬēİŨ �ĴėŐ �ěĔŠĴĩŨ �ĚĠǙĠ �Ŵ
�źŵĝĩŻ ��ĔŲťġŨ �ĞĹżŤ �ĔŲŭšŤŴ �5-�� �ŚĜĔŲŤē �şǙĸĉ �ųėĽĜ � �ȕ5-��
�ŮšũŻ �ĳēĳĵĉ �ĚőĖĳĉŴ �ūŵ ǁťŤē �ĚŻįĔĨĉ �LCD �ŃĴŐ �ĚļĔļ�ŹťŐ �NXT �ŦŝŐ
�ĦŤĔőŨ �ĔŲŻİŤ ��ųļĔĽŤē �ĚŲĤēŴ �ěĔŻŵĝĩŨ �ŮżĖ �ŦŝŭĝťŤ �ĔŲŨēİĭĝĸē
�ţŵŀŵŤē�ęĴŠēı�ŮŨ�.%��Ŵ�ĻǙŘ�ęĴŠēı�.%����ŒŨ�0+]���ĚŐĴĹĖ
�ĚżŭŝĝĖ �ůįŴĶŨ �ĔŲŬĉ �ĔũŠ �ȕİŐĔĹŨ �ĦŤĔőŨ �ŹŤč �ĚŘĔńǞĔĖ �ȕŽĐēŵĽőŤē
��ěŵŁŤē �ěĔřťŨ �ŦżŕĽĜ �ŮšũŻŴ �ěĔŐĔ ǁũĸ �ĔŲŻİŤ �ūĉ �ĔũŠ ��ğŵĜŵťėŤē
�ŮĩĽŤē �ęįĔŐǞ�ųťĖĔŜ �ěĔŻĳĔŉĖ �Ŵĉ �ěĔŻĳĔŉĖ �ŧēİĭĝĸĔĖ �ĔŲťżŕĽĜ �ŪĝŻ

�ĶŠĴĝŻ��ěĔĜŵĖŴĴŤē�ŪŤĔŐ�ŽŘ�ĳĔėšŤē�ŮŐ� ƻǙŅŘ�ĕǙŉŤē�ŚŻĴőĜ�ŹŤč�ŗİŲĜ�ųżĜŵĖŴĳ�ųŐŵũĥŨ�ŵű�9(;�ěĔĜŵĖŴĴŤē�ŪżũŁĜ�ŧĔōŬ
�ĆēĶĤĉŴ�ȕěĔŭŭĹŨ�ȕěǙĥŐ�ĚőĖĳĉŴ�ȕĚżĐĔĖĴŲŠ�ěĔŠĴĩŨ�ĚőĖĳĉ�ŒŨ�ųėżŝĩŤē�ůĲű�ŽĜĊĜ�ȕųėżŝĨ�ŹťŐ�ěĔĜŵĖŴĴŤē�9(;�ŧĔōŬ�ŪżũŁĜ
�ĚżĥŨĴĖŴȕ�ěĔűĔĥĜǞē�ęįİőĝŨ�ȕĚŻįĔőŤē��ěǙĥőŤē�ŮŨ�ŏēŵŬĉ�ęİŐŴ�ȕĳĔőĽĝĸē�ęĶŲĤĉ�ŹŤč�ųŘĔńč�ȕěŵĖŴĴŤē�ĆĔŭėŤ�Ěżťšżű
�ŮĩĽŤē�ęįĔŐǞ�ųťĖĔŜ�ųŻĳĔŉĖ�ŵĜŵĖŴĴŤē�ĆĔŭėŤ�ŶĴĬĉ�ěǙũšŨ�ŹŤč�ųŘĔńč��HDV\&ȕ�52%27&ȕ�03/$%��ŦġŨ�ěŵĖŴĴŤē�ĚĥŨĴėŤ
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TETRIX�ěŵĖŴĳ

EV3/ Evolution 3 ěŵĖŴĳ

�ŞżŝĩĝŤ�ŧŵżŭũŤǜē�ŮŨ�ĚŐŵŭŁŨ�ųťżŝĠ�ĴŀĔŭŐ�TETRIX�ěŵĖŴĳ�ŧİĭĝĹŻ
�ĿēĴŜǜĔĜĔŠĴĩŨ �ŧİĭĝĹŻŴ �ųżŜŵĠŵũŤēŴ �ĳēĴŝĝĸǞē �ŮŨ �ĳİŜ �ŹŁŜĉ
�ŮšũŻ �ĔũŠ ��TETRIX �ěĔĜŵĖŴĳ �ěēĳİŜ �ĴżėŠ �ŦšĽĖ �İŻĶĜ �ŽĝŤē �ųŻŵŝŤē
�ȕůĳŵŉĝŨ �ěĔĜŵĖŴĳ �ĆĔŭėŤ �/(*2� 0,1'672506ěĔĥĝŭŨ �ŒŨ �ĔŲĥŨį
�ŒŨ �ŦŨĔőĝŤē �ŹťŐ �ůĳįĔŜ �ūŵšĜ �ŽĝŤēŴ �ěǘĔũőĝĸǘē �ęįİőĝŨŴ
�ŽŘ �ųŬŴĴũŤĔĖ �ěŵĖŴĴŤē �ēĲű �ĶżũĝŻ�ŦŝĝĹŨ �ŦšĽĖ �ůİŝőũŤē �ŧĔŲũŤē
ųżŘĔńč �įēŵŨ �ŧēİĭĝĸĔĖ �ŪżũŁĝŤē �ŒżĸŵĜ �ŮšũŻŴ �ĆĔŭėŤē �ŪżũŁĜ
�ŪšĩĝŤēŴ �ȕĔšżŬĔšżũŤē �ŪżűĔřŨ �ūĔŝĜǞ �ųŀĴřŤē �ŮżŨİĭĝĹũŤē �ŽŉőŻŴ
�ŒńŴ �ŪŲũťőŻŴ �ųėťŉŤē �ŮżĖ �ţĔżĭŤēŴ �ŏēİĖǞē �ĵĶőŻ �Ŵ �ȕěĔŠĴĩũŤē �ŽŘ
�ŪŲŻİŤ �ųťšĽũŤē �ŦĨ �ěēĳĔŲŨ �ŮŨ �ĳŵŉŻ �Ŵ �ųŘĴĝĩŨ �ųżĸİŭű �ěēŵŉĬ

�ĴŲōŻ�ŽŤĔĝŤē�ŦšĽŤē�ȕŦżŁřĝŤĔĖ�ųĜĔŝżėŉĜŴ�ųĝżĥŨĴĖŴ�ųĜĔŬŵšŨȖ(9�ěŵĖŴĴŤē�ĚėżŝĨ�ŮŐ�ğİĩĝŭĸ�ĆĶĥŤē�ēĲű�ŽŘ

��(9��ţ�Ū ǁũŁŨ�ŪĹĥŨ

�ēĲű�ĪũĹŻ�ȕŹťŐĉ�ųżťżŕĽĜ�ųŐĴĸŴ�ĴėŠĉ�ůĴŠēĲĖŴ�ųżŝĖĔĸ�ŮŨ�ĴėŠĉ�ųĥŤĔőŨ�ĚŐĴĸ�ųŤ�ūĊĖ�ěŵĖŴĴŤē�ēĲű�ĵĔĝũŻ

�ŽŘ�ŦŲĸĉ�ĔŲŬĊĖ�ěĔŠĴĩũŤē�ůĲű�ĵĔĝũĜŴ�ěĔŠĴĩŨ�ĚőĖĳĉ�ŹŤē�ŦŁĜ�ěĔŠĴĩũŤē�ŮŨ�ĴėŠĉ�įİŐ�ŧēİĭĝĸĔĖ�ěŵĖŴĴŤē

�ĚđżŅŨ�ĳēĳĵĉ�ųŤŴ�ȕųżŘĔńč�ęĴŠēı�ŧİĭĝĹŻŴ��WiFiŊŜǘ�ŦżŀŵĝĖ�ĪũĹŻ�ĔũŠ�ȕĘżŠĴĝŤē
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EV3�ěŵĖŴĴŤē�ĚėżŝĨ���� 

)Brain��ěŵĖŴĴŤē�ŦŝŐ
/,� żŕĽĝŤē �ŧĔōŭĖ �ŦũőŻ �ȕěŵĖŴĴŤē �ŽŘ �ųżŠĲŤē �ųżĸĔĸǜē �ųŭė ǁťŤēŦ
�ųżťŐ �ŽŭĖ �źĲŤē �ŧĔōŭŤĔĖ �Ŵĉ �ěĔŠĴĩũŤĔĖ �ŪšĩĝŤē �ųĝřżŌŴ �� �NUX
�ĚőĖĳĉ �ŹťŐ �źŵĝĩŻ ��ųŤǙĬ �ŮŨ �ěŵĖŴĴŤē �ŦżŕĽĜ �ŪĝŻ �Ŵ �ěŵĖŴĴŤē
��23� �ŦšĽŤē�ŽŘ�ĔũŠ�$���%���&���'ĆĔũĸǜē�ŦũĩĜ�ěĔŠĴĩũťŤ�ĲŘĔŭŨ

 )Motors�ěĔŠĴĩũŤē

�ŹŤč �ųŘĔńǘĔĖ � �86%ŦĬİŨŴ ������ �ŮŨ �ĚũŜĴŨ �ěĔŠĴĩũťŤ �ĲŘĔŭŨ �ĚőĖĳĉ �ŹťŐ �ĔŅŻĉ �źŵĝĩŻ
�İőĖ �ŮŐ �ěŵĖŴĴŤĔĖ �ŪšĩĝŤē �ŮšũŻ �ŢŤĲĖŴ �ȕğŵĜŵťėŤē �ĚżŭŝĝĖ �ŧŵŐİŨ � �(9�� �ųżŘĔńč �ůĴŠēĲŤ � �ŦĬİŨ
�ěŵĖŴĴŤē �ŦżŕĽĝĖ �ŧŵŝŬ �ĢżĨ �ŦżŕĽĝŤē � ǁĳĵ �ŦġũŻ �1 �ŪŜĳ �ĳĶŤē ���23� �ŦšĽŤē �ŽŘ �ĔũŠ �ųŬŵťŨ �ĳēĳĵĉ �ęİŐ �ŮŨ �ūŵšĝŻ
� ǁĳĵ �ŦġũŻ �4 �ŪŜĳ � ǁĳĶŤē �ȕŮżũżŤē �ŹŤč �ţĔŝĝŬǞē �ĳĵ �ŦġũŻ �3 �ŪŜĳ � ǁĳĶŤē �ȕĳĔĹżŤē �ŹŤč �ţĔŝĝŬǞē � ǁĳĵ �ŦġũŻ �2 �ŪŜĴŤē �ȕųŤǙĬ �ŮŨ
�ŗĔŝŻǘē �Ŵĉ �ŏŵĤĴŤē � ǁĳĵ �ŦġũŻ �ŵŲŘ�6 �ŪŜĳ � ǁĳĶŤē �Ĕ ǁŨĉ ��ŹťŐǜē �ŹŤč �ţĔŝĝŬǞē � ǁĳĵ �ŦġũŻ �5 �ŪŜĳ � ǁĳĶŤēŴ �Ŧřĸǜē�ŹŤč �ţĔŝĝŬǞē
�ȕĴŅĬǜē�ūŵ ǁťŤĔĖ�ĳēĳĵǜē�ĆĔŅĜ�ŧēİĭĝĸǟŤ� ƻēĶűĔĤ�ĦŤĔőũŤē�ūŵšŻ�ĔŨİŭŐŴ�ȕĴũĨǜē�ūŵ ǁťŤĔĖ�ĳēĳĵǜē�ĆĔŅĜ�ĦŤĔőũŤē�ŦżŕĽĜ�ĆİĖ�İŭŐ�
�ĒřŉĜ�ŪĠ�ŮŨŴ�ĴũĨǜē�ūŵťŤĔĖ�ĳēĳĵǜē�ĆĔŅĜ�ĦŤĔőũŤē�ŗĔŝŻč�İŭŐŴ�ȕĴŅĬǜē�ūŵťŤĔĖ�ĳēĳĵǜē�ņŨŵĜ�ĦŨĔŬĴĖ�źĉ�ŦżŕĽĜ�İŭŐŴ

�ĴĬć�ŹŤē�ūĔšŨ�ŮŨ�ųŤĔŝĝŬčŴ�ěŵĖŴĴŤē�ĚŠĴĨ�ŽŘ�ŪšĩĝŤē�ŮŐ�ĚŤŴČĹũŤē�Žű
�ůĴżėšŤē�ěĔŠĴĩũŤē�Ĕũű�(9��ěŵĖŴĴŤē�ĚėżŝĨ�ŽŘ�ěĔŠĴĩũŤē�ŮŨ�ūĔŐŵŬ�İĤŵŻ

�ūēĴżėŠ�ūĔŠĴĩŨ�ŹťŐ�ůİĨēŵŤē�ųėżŝĩŤē�źŵĝĩĜŴ�ȕųŉĸŵĝũŤē�ěĔŠĴĩũŤēŴ
�ĚřżŌŵĖ�ŧŵŝŻ�ĢżĩĖ�ĦŨĴėŻ�ěĔŠĴĩũŤē�ŮŨ�ŦŠ�ȕİĨēŴ�ŊĸŵĝŨ�şĴĩŨŴ

�Ūűĉ�ŮŨ�şĴĩũŤē�ĴżŘŵĜ�ĚũŲŨŴ�ěŵĖŴĴŤē�ěĔŬŵšŨ�Ūűĉ�ŮŨ�ěĔŠĴĩũŤē�ųŭżőŨ
�ěŵĖŴĴŤē�ĆĔŭėĖ�ĆİėŤē�ĚżťũŐ�ŦėŜ�ĔŲĖ�ŧĔũĝűǞē�ĘĥŻ�ŽĝŤē�ĆĔżļǜē

�Œńŵżĸ�źĲŤē�ūĔšũŤē�ŗǙĝĬĔĖ�ĔũŲŅőĖ�ŮŐ�ŮżŐŵŭŤē�ŮŨ�ŦŠ�ŚĐĔŌŴ�ŚťĝĭĜ
�ŦŠ�įĔőĖĉ�ŽŘ�ŗǙĝĬǞē�ŹŤĎŲŘĔńǞĔĖ�ȕěŵĖŴĴŤē�ŪĹĥĖ�ųżŘ�ĔũŲŭŨ�ŦŠ

�ŽĝŤē�ěĔũŲũŤē� ǁūĉ�ĢżĨ�ȕĔŲĖ�ŧĔżŝťŤ�ĔũŲŭŨ�ŦŠ�ĦŨĴėŻ�ŽĝŤē�ěĔũŲũŤēŴ�ĔũŲŭŨ
�ůĴżėšŤē�ěĔŠĴĩũŤē�ŊĖĴĜ�ęįĔŐŴ�ĴġŠĉ�ęŵŜ�ŹŤč�ģĔĝĩĜ�ĴżėšŤē�şĴĩũŤē�ĔŲĖ�ŧŵŝŻ
�ĴżėšŤē�şĴĩũŤē�ŦġũŻ��24��ŦšĽŤē��ěŵĖŴĴŤē�ţĔŝĝŬēŴ�ĚŠĴĨ�ĚżťũŐŴ�ěǙĥőŤĔĖ
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�şĴĩũŤĔĖ�ųŀĔĭŤē�ŢťĜ�ŮŨ�ŦŜĉ�ůŵŜ�ģĔĝĩĝŘ�ŊĸŵĝũŤē�şĴĩũŤē�ĔŲĖ�ŧŵŝŻ�ĢżĩĖ�ĦŨĴėĜ�ŽĝŤē�ěĔũŲũťŤ�ųėĹŭŤĔĖ�ĔŨĉ
�ŊĸŵĝũŤē�şĴĩũŤē�ŦġũŻ��25��ŦšĽŤē��ĴżėšŤē

ŮĩĽťŤ�ųťĖĔŜ�ųŻĳĔŉĖ
�ŮšũũŤē�ŮŨ�ųŬĉ�ĢżĨ�ȕųŤ�ŹťřĹŤē�ųŲĥŤē�ŮŨ�ųėŠĴŨ�ūŵšĜ�ěĔŻĳĔŉĖ�ŴĊŲŻĳĔŉĖ�ŮŨ�ųŜĔŉŤē�ěŵĖŴĴŤē�ŦŝŐ�İũĝĹŻ

�ŽĝŤē�ěĔŻĳĔŉėŤē�ŮŨ�ĴĬǚē�ŏŵŭŤē�Ĕ ǁŨĉ��ųėżŝĩŤĔĖ�ĔŅŻĉ�įŴĶŻ�ŮĨĔļ�ŧēİĭĝĸĔĖ�ĔŲŭĩļ�ŪĝŻ�ŽĝŤē�ŧŵżġż ǁťŤē�ųŻĳĔŉĖ�ŧēİĭĝĸē
�ųŻįĔőŤē�ěĔŻĳĔŉėŤē�Žű�ųŜĔŉŤĔĖ�ěŵĖŴĴŤēį ǁŴĶĝŤ�ĔŲŨēİĭĝĸē�ŮšũŻ

 )Sensors��ěĔĸĔ ǁĹĩŤē

)  Gyro Sensor��ūēĳŴİŤē�ķĔ ǁĹĨ�1
�ŮżĖ�ųŠĴĩŤē�ŽŘ�śĴřŤē�ķĔżŜ�ŹťŐ�ķĔĹĩŤē�ęĆēĴŜ�İũĝőĜŴ�ȕİĨēŴ�ĳŵĩŨ�ŹťŐ�ųŠĴĩŤē�ĺżŝŻ�ŽũŜĳ�ķĔĹĨ�ŵűŴ

�ůİĨēŵŤē�ĚżŬĔġŤē�ŽŘ�ųĤĳį�440�ĚŻĔŕŤ�ĴżŕĝŤē�ĳēİŝŨ�ķĔżŜ�ķĔĹĩŤē�ŒżŉĝĹŻŴ�ĚŠĴĩŤē�İőĖŴ�ųŠĴĩťŤ�ųŝĖĔĹŤē�ĚŤĔĩŤē
�ŇĴĝĽŻŴ��ĚĤĳį�90�ŗĔřĝŤǟŤ�ěŵĖŴĴŤē�ĚĥŨĴĖ�ķĔĹĩŤē�ēĲű�ěĔŨēİĭĝĸē�ŮŨŴ�ȕěĔĤĳį�3���?���ĒŉĭŤē�ĚėĹŬ�ŖťėĜŴ

�ųżŬŵšĹŤē�ųŤĔĨ�ŽŘ�ķĔĹĩŤē�ūŵšŻ�ūĉ�ěŵĖŴĴŤē�ŦŝŐ�ŽŘ�ķĔĹĩŤē�ŦżŀŵĜ�İŭŐ
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 )Ultrasonic Sensor��ųŘĔĹũŤē�ķĔ ǁĹĨ�3
�ĢėĖ�ŢŤıŴ�ȕųťĖĔŝũŤē�Īŉĸǜē�ŮŐ�ųŘĔĹũŤē�ķĔżŜ�ŒżŉĝĹŻ�ŽŬŴĴĝšŤč�ķĔĹĨ�ŵű
�ķĔĹĩŤē�ŮŨ�ůĆēĴŝŤē�ūŵšĜŴ�ȕİŻİĤ�ŮŨ�ĔŲŤĔėŝĝĸēŴ�ųŤ�ŦĖĔŝũŤē�ĪŉĹťŤ�ěēĳĔļč

 100�Žű�ĔűĳĔőĽĝĸē�ķĔĹĨǞē�ūĔšŨĎĖ�ųŘĔĹŨ�ĴėŠĉŴ�ȕĴĝżũżĝŭĹŤĔĖ�Ŵĉ�ľŬǞĔĖ�Ĕ ǁŨč
�Ūĸ�1�ĊŉĬ�ĚėĹŭĖŴ��Ūĸ�255��ľŬč

 )Color Sensor��ūŵ ǁťŤē�ķĔ ǁĹĨ��4
�ěǘĔĨ�ĚĠǙĠ�ųŤŴ�ȕůĆĔńǞē�ęİļ�Ŵĉ�ūŵ ǁťŤē�ĺĹĩĜ�ŒżŉĝĹŻ�ŽũŜĳ�ķĔĹĨ�ŵű
�ųġŤĔġŤēŴ�ȕųĹšőŭũŤē�ůĆĔńǘē�ęİļ�ųżŬĔġŤēŴ�ȕūŵťŤē�ĺĹĩĜ�Žű�ŹŤŴǜē�ųřťĝĭŨ

ŽűŴ�ųřťĝĭŨ�ūēŵŤĉ�Ěőėĸ�ķĔĹĩŤē�ĴőĽĝĹŻ�ȕųŉżĩũŤē�ůĆĔńǞē�ęİļ�Žű
�ŧēİĭĝĸē�ŒżĽŻŴ��ȕ�ūēŵŤǜē�ēĴżĬĉ�Ŵ�ŽŭĖ�ȕņżĖĉ�ȕĴũĨĉ�ȕĴřŀĉ�ȕĴŅĬĉ�ȕśĳĵĉ�ȕįŵĸĉ���
�ūŵŤ�ĳĔőĽĝĸē�İŭŐ�įİĩŨ�ŦũőĖ�ŧĔżŝŤē�Ŵĉ�İĨēŴ�ūŵŤ�Ŵı�ŊĬ�ŒėĝĜ�ŽŘ�ųŤĔĩŤē�ůĲű

�ĴĬć

 )Touch Sensor���ĺũ ǁťŤē�ķĔ ǁĹĨ��2
�ųĹėšťŤ�ěǘĔĨ�ĚĠǙĠ�ĺũ ǁťŤē�ķĔĹĨ�ĴőĽĝĹŻ

�ųŤĔĩŤēŴ��Pressed�� ƻĔĸŵėšŨ�ūĔŠ�ēıč�ŹŤŴǜē�ųŤĔĩŤēȕĆēĴũĩŤē
�ĚōĩŤ�ųġŤĔġŤē�ųŤĔĩŤēŴ�ȕ�Released�� ƻēĳĴĩĝŨ�ūĔŠ�ēıč�ųżŬĔġŤē

�ĴġŠĉ�ŮŨŴ�ȕ�%XPSHG�ůĳĴĩĝũťŤ�ųĸŵėšũŤē�ųŤĔĩŤē�ŮŨ�ůĴżŕĜ
�ŹťŐ� ƻēįĔũĝŐē�ŮżőŨ�ŦũőĖ�ŧĔżŝŤē�ķĔĹĩŤē�ēĲű�ěĔŨēİĭĝĸē

ķĔ ǁĹĩŤē�ęĆēĴŜ
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�ęİļ�ĺżŝŻŴ�ĆēĴũĨ�ůĆĔńč�ķĔĹĩŤē�ĳİŁŻ�ųĹšőŭũŤē�ůĆĔńǞē�ęİļ�ĚŤĔĨ�ŽŘŴ
�ȕ�ķĔšőŬǘē�İŻİļ��100�Ŵ��ŪĝőŨ��Ĵřŀ�ŮżĖ�ůĆēĴŝŤē�ūŵšĜŴ�ųĹšőŭũŤē�ůĆĔńǞē
�İŭŐ�ŚŜŵĝŤēŴ�ņżĖĉ�Īŉĸ�ŹťŐ�şĴĩĝŤē�Žű�ųŤĔĩŤē�ůĲű�ěĔŨēİĭĝĸē�ĴġŠĉ�ŮŨŴ

�ŦšĽĖ�ķĔĹĩŤē�ŒńŴ�ĘĥŻ�ŮżĝŤĔĨ�ţŴĉ�ŽŘ�ůĆēĴŜ�ŦŅŘǜ��įŵĸĉ�ūŵŤ�ŹťŐ�ĳŴĴũŤē
��ųĹŨǙŻ�ǘ��ųŭŨ�ĘŻĴŜŴ�ĪŉĹŤē�ŹťŐ�źįŵŨĔŐ

�ęİļ�ķĔĹĩŤē�ĺżŝŻ�ųŉżĩũŤē�ůĆĔńǞē�ęİļ�ŽűŴ�ůĴżĬǜē�ųŤĔĩŤē�ŽŘ�Ĕ ǁŨĉ
�ūŵšĜŴ�ķĔĹĩŤē�ĚŨİŝŨ�ŽŘ�ųĸİőŤē�ţǙĬ�ŮŨ�ķĔĹĩŤē�ŹŤč�ųťĬēİŤē�ůĆĔńǞē

�ųĥŨĴĖ�ŽŘ�ųŤĔĩŤē�ůĲű�ŧİĭĝĹĜŴ�ȕ�ůĆĔńǞē�İŻİļ��100�Ŵ��ŪĝőŨ��0�ŮżĖ�ůĆēĴŝŤē
�ĔŲĐĔřňč�Ŵĉ�ůĆĔńǞē�ŦżŕĽĜ�ŮżĨ�ŮżőŨ�ŦũőĖ�ŧŵŝŻ�ĢżĩĖ�ěŵĖŴĴŤē

)Legos���ŵŕż ǁťŤē�ŒŉŜ���ųżšżŬĔšżũŤē�ŒŉŝŤē

�ěŵĖŴĴŤē�ĆĔŭĖ�ŽŘ�ŒŉŝŤē�ůĲű�ŧİĭĝĹĜ��ŵŕż ǁťŤē�ŒŉŜ�Ŵĉ�ųżšżŬĔšżũŤē�ŒŉŝŤē�ŮŨ�İŻİőŤē�ŹťŐ�ųėżŝĩŤē�źŵĝĩĜ
�ĘĸĔŭũŤē�ěŵĖŴĴŤē�ĆĔŭĖ�ŹťŐ�ųėťŉŤē�İŐĔĹĜ�ĢżĩĖ�ųėżŝĩŤē�ŽŘ�ŒŉŝŤē�ŮŨ�ůįİőĝŨ�ţĔšļĉ�ĴŘŵĝĜ�ĢżĨ

�ĔŲĖ�ŧŵŝżĸ�ŽĝŤē�ĚũŲũťŤ



48

�ŵŭŻŴįĳǘē�Arduino .2

: )Microcontroller���ŞżŜİŤē�ŪšĩĝũŤē

�ęįĔŐē�ŮšũŻ�ģēĴĬē�ţĔĬįē�ěēİĨŴŴ���ęĴŠēı���ĦŤĔőŨ�ŹťŐ�ŶŵĝĩĜ�ĚťŨĔšĝŨ�ęĳēį�ŹťŐ�įŵĤŵŨ�ĴŕŁŨ�ĕŵĸĔĨ�ŵű�

ĔŲĝĥŨĴĖ

)integrated circuits�����ĚťŨĔšĝũŤē�ĴĐēŴİŤē
� ƻĔőŨ�ĔŲŉĖĳŴ�ĔŲőżũĥĜ�ŪĜ�ŽĝŤē�ĴŕŁŤē�ŽŘ�ĚżűĔŭĝũŤē��ĴĐēŴİŤē�ŮŨ�ĚŐŵũĥŨ�ŮŐ�ęĳĔėŐ��Žű�IC�ĕ�ĴŲĝĽĜ�ĔũŠ�Ŵē�

��ĚĥŨĴėŤē�ęįĔŐǘ�ĚťĖĔŜ�ĴżŔ�ŽűŴ�ŊŝŘ�įİĩŨ�ŦũőĖ�ŧĔżŝťŤ�ŗİŲĜ�ŽĝŤēŴ
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�ŵŭŻŴįĳǘē�Arduino .2
 : )Arduino���ŪšĩĝũŤē

�ŒŨ�ĳİŁũŤē�ųĨŵĝřŨ�ĚżŬŴĴĝšŤč�ęĳēį�ŮŨ�ūŵšĝĜ���'HYHORSPHQW�%RDUG��ĚżŬŴĴĝšŤč�ĴŻŵŉĜ�ųĨŵŤ�ŮŐ�ęĳĔėŐ�Žű�
�ĴĜŵżėũšŤē�ŞŻĴň�ŮŐ�ĔŲĝĥŨĴĖ�ŪĝŻ�ęİĨēŴ�ĚĨŵŤ�ŹťŐ�ŞżŜį�ŪšĩĝŨ

�ĚŤŵŲĸ�ĴġŠĉ�ěĔŁŁĭĝŤē��ęįİőĝŨ�ŒŻĳĔĽŨ�ŽŘ�ĚżťŐĔřĝŤē�ěĔżŬŴĴĝšŤǞē�ŧēİĭĝĸē�ĚżťũŐ�ŦőĥŤ�ĚũũŁŨ�ŽűŴ�
�ĆĔŭĖ�ŗİŲĝĹĜ�ŽĝŤē�ŒŻĳĔĽũŤē�Ŵĉ�ĚżťŐĔřĝŤē�ĚżŬŴĴĝšŤǞē�ŒŻĳĔĽũŤē�ŪżũŁĜ�ŽŘ�ųżĸĔĸĉ�ůĳŵŁĖ�ŵŭŻŴįĳē�ŧİĭĝĹŻŴ

�ŵŭŻŴįĳǘē�İũĝőĜŴ���ĮŤē��ŊŕŅŤē�ȕħĔŻĴŤē���ĺũťŤē���ūēŵŤǘē�ȕ�ęĳēĴĩŤē�ěĔĤĳį���ěĔŘĔĹũŤē�ŦġŨ��ĚřťĝĭŨ�ĚżđżĖ�ěĔĸĔĹĨ
�ųŕŤ�ųŲėĽĜ�ĔŲŬĉ�ŵŭŻŴįĳē�ųŕťĖ�ĚŀĔĭŤē�ĦŨēĴėŤē�ĶżũĝĜŴ���ĳİŁũŤē�ųĨŵĝřŨ�ĚĥŨĴėŤē�ĚŕŤ�ŽťŐ�ĔŲĝĥŨĴĖ�ŽŘ

. c programming

���ŵŭŻŴįĳǘē�ěĔĨŵŤ�ŏēŵŬē
�Arduino��ĚĨŵŤ�ŽŘ�ęĴŠēĲťŤ�ŏēŵŬē�ĚĠǙĠ�şĔŭű

�ůĲű�ĚřżŌŴ���bootloader����ęĴŠēĲŤ��ĔŲŭŨ�ŊżĹĖ�ĆĶĤ�ĲĬē�İŜ��32kb��ŵű�ĔŲũĥĨ��Flash Memory���ęĴŠēı���1
��ųĝĖĔĝšĖ�ŧŵŝŬ�źĲŤē�įŵšŤē�ŮŻĶĭĜ�Žű�ęĴŠēĲŤē

�ŧŵŝŻ�ęĴŠēı�ŹŤē�ģĔĝĩŻ�ěĔżťũőŤē�ĆēĴĤĔĖ�ĦŤĔőũŤē�ŧŵŝŻ�ĔŨİŭŐ�źē�ųĝŜČŨ�ěĔżŉőŨ�ęĴŠēı�Žű��SRAM��ęĴŠēı����2
��ĔŲũĥĨ�ūŵšŻŴ�ĦŨĔŬĴėŤē�ĲżřŭĜ�ŮŨ�ŞĨǘ�ĞŜŴ�ŽŘ�ĔŲĤĔĝĩŻ�ŪżŜ�ĔŲżŘ�ŽŝėŻŴ�ěēĴżŕĝũŤēŴ�ĦĜēŵŭŤē�ĔŲżŘ�ŎřĩĖ

���2kb��įŴİĩĖ
�ŵĩũĖ�ŧŵŝĜ��SRAM����ţē�ęĴŠēı�ūĔŘ��Arduino��ĚĨŵŤ�ŮŐ�ĆĔĖĴŲšŤē�ŏĔŉŝŬē�İŭŐ�ųŬē�ŪťőŬ��((3520��ţē�ęĴŠēı���3
�ĲżřŭĜ�ŮŨ�ĞŜŴ�źē�ŽŘ�ĔűįĴĝĹŬ�ěēĴżŕĝŨŴ�ěĔżŉőŨ�ŮŻĶĭĜ�ŹŤē�ģĔĝĩŬ�İŜ�ŮšŤŴ�ěĔŬĔżĖ�źē�ĔŲżŘ�ŹŝėŻǘŴ�ĔŲĹřŬ
�ĆĔĖĴŲšŤē�ŏĔŉŝŬē�İŭŐ�ŹĝĨ�ĔŲĜĔŬĔżĖ�İŝřĜǘ�ŽĝŤē��((3520���ęĴŠēı�ŧēİĭĝĸē�ĘĤŴ�ēĲŤ�ĚĤĔĩŤē�ĘĹĨŴ�ĦŨĔŬĴėŤē

��1kb��įŴİĩĖ��ĔŲũĥĨ�ūŵšŻŴ�ĔŲŭŐ
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  Arduino Uno

 86%�ŦĬİŨŴ�ĚŻĴŌĔŭĜ�ŦĬēİŨ�6�Ŵ�ŽũŜĳ�ĲřŭŨ�14�ŹťŐ�źŵĝĩŻŴ����ATmega328�ĦŤĔőũŤē�ŹťŐ�Ūũŀ�ŪšĩĝŨ�ŵű
��ĶĜĴżű�ĔŕżŨ�16�įįĴĜ�ŹťŐ�ęĴĐēİŤē�ŦũőĜŴ�ȕ

�įİőĜŴ�ȕ�ųőŨ�ĚŝŘēŵĝũŤē�ěĔŝĩťũŤē�ęĴġšŤ�ŢŤıŴ�ȕ� ƻĔŐŵżļ�ŵŭŻŴįĳĉ�ěĔũšĩĝŨ�ĴġŠĉ�ųŬŵšĖ�ŪšĩĝũŤē�ēĲű�ĶżũĝŻ
�ŒŻĳĔĽũŤēŴ�ěĔŝżėŉĝŤē

��ĞŤŵŘ��12�±����ŧēİĭĝĸē�ŦŅŘǘē�ŮŨ�ĞŤŵŘ���20�±�6���ŦĬēİŤē�İŲĥŤē����
���ĴżėŨē�ŽťżŨ��20���ģĳĔĬ�ĳĔżĜ�ęİļ�ŹŁŜē����

����������ŹŁŜē�İĩŠ�ĴżėŨē�ŽťżŨ�50�Žű����Y�ģĳĔĭŨ�ŮŨ�ĔŲėĩĸ�ŮšũŻ�ŽĝŤē�ĳĔżĝŤē�ęİļ����
�Analog�ŗēĴňē�Ěĝĸ�ŹťŐ�źŵĝĩĜ���

��������������������������������������������������������������������������������������ĞŻĔĖ�ŵťżŠ�32�ĚżťšŤē�ĔŲĝũżŜ�ĚżťĬēį�ęĴŠēı�ŹťŐ�źŵĝĩĜ��
����%RRW�ORDGHU�ŦŤ�ĞŻĔĖ�ŵťżŠ������

��ĔĝŜČŨ�ěēĴżŕĝũŤē�ņőĖ�ŮŻĶĭĝĖ�ŧŵŝŻ�ĢżĩĖ�SRAM�ŦŤ�ĞŻĔĖ�ŵťżŠ�2��
��ĚũĐēį�ęĳŵŁĖ�ěēĴżŕĝũŤē�ņőĖ�ŮŻĶĭĝĖ�ŧŵŝŻ�ĢżĩĖ�((3520�ŦŤ�ĞŻĔĖ�ŵťżŠ�1��



51

�ęĳēĴļ�ĳİŁĜ�Ŧżŀŵ ǁĝŤē�ēĲŲŤ� ƻĚĥżĝŬŴ�ȕ ǁŽĐĔĖĴŲšŤē�İŲĥťŤ�ĳİŁũĖ�ĚťŁ ǁĝŨŴ�ĚŜ ǁĴřĝ ƿŨ�Ě ǁżĐĔĖĴŲŠ�şǙĸĉ�ŮŐ�ęĳĔėŐ�Žű
�ĳİŁũŤē�ēĲű�ŮŨ�ĚĥĝŭũŤē�Ě ǁżĐĔĖĴŲšŤē�ĚŜĔ ǁŉŤē� ǁİőĜŴ�ȕ ǁŽĐĔĖĴŲŠ�ĳĔżĜ�ūĔŻĴĸ�Ěė ǁėĹŨ�ĚťŀŵũŤē�şǙĸǜĔĖ� ǁĴũĜ�Ě ǁżĐĔĖĴŲŠ

�ĚřżōŭŤē�ĚŜĔ ǁŉŤē�ŏēŵŬĉ�ŶİĨč
��ęĴĐēİŤē�ŦġŨ�ĚŝťŕŨ�ęĴĐēİŤē�ĞŬĔŠ�ēıč�ǘč�ęĴĐēİŤē�ŽŘ�źĴĹŻ�ǘ�ŽĐĔĖĴŲŠ�ĳĔżĜ�ūǜ�ęĴĐēİǀƸĖ�ĚżĐĔĖĴŲšŤē�ęĳēİŤē�Ğżũĸ

�ĆĔĖĴŲšŤē��ŹťŐ�İũĝőŻ�ĔŲťũŐ�ūǜ�ĚżĐĔĖĴŲšǀƸĖ�ĞżũĸŴ
�ŦũĩĜ�ěĈŻĶĤ�ŽűŴ��ěĔŬŵŻĉ�ĚŠĴĩŤ�ĚĥżĝŬ�ĊĽŭŻ�ĚżŤĴŲšŤē�ŦżŤĔĩũŤēŴ�ěǙŀŵũŤē�ŽŘ�źĴĹŻ�źĲŤē�ŽĐĔĖĴŲšŤē�ĳĔżĝŤē�ūč
�ĔŲżŐŵŭĖ�ěĔŬŵŻǜēŴȕ�ĚťŀŵũŤē�įēŵũŤē�ŽŘ�ĚŠĴĩĝũŤē�ěĔŭĩĽŤē�Žű�ěĔŬŴĴĝšŤǘĔŘ��ĚėĤŵŨ�Ŵĉ�ĚėŤĔĸ�ĚżĐĔĖĴŲŠ�Ěŭĩļ

�ĚŻĳĔŉėŤē�ŦũőĜ�ĔũŠ�ĚżŤĴŲšŤē�ŦżŤĔĩũŤē�ŽŘ�ĚŠĴĩĝũŤē�ěĔŭĩĽŤē�Žű�ĚėĤŵũŤēŴ�ĚėŤĔĹŤē
�ęĴĐēİŤē�ūŵšĜ�ĢżĨ��ĳĔżĝŤē�ĴũżŤ�ĚżĐĔĖĴŲšŤē�ęĳēİŤē�śǙŔč�ŹťŐ�ŦũőŻ�Ŵ�ęĳēİŤē�ĪĝŘ�Ŵē�śǙŔē�ŽŘ�ŪšĩĝŻ�ĳĔżĝŤē�ħĔĝřŨ
�ţŵŝŬŴ�ȕ�ĚŐŵŉŝũŤē�ęĴĐēİŤē�ŽŘ�ŽĐĔĖĴŲšŤē�ĳĔżĝŤē�ĴũŻ�ǙŘ�ĔŲőŉŜ�Ŵĉ�ęĴĐēİŤē�ĪĝŘ�ŹťŐ�ŦũőŻ�Ŵĉ����ĚťŨĔŠ�ĚżĐĔĖĴŲšŤē

�ĚĨŵĝřŨ�ęĳēİŤē�ūĉ

Arduino Uno

��Ě ǁżĐĔĖĴŲšŤē�ęĳē ǁİŤē
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ĚżĐĔĖĴŲšŤē�ĚŨŴĔŝũŤē
��ĚżĐĔĖĴŲšŤē�ĴĐēŴİŤē�ŽŘ�ĚżŬİőũŤē�ěǙŀŵũŤē�ĔŲĖ�ĶżũĝĜ�ĚżĐĔŻĶżŘ�ĚżŀĔĬ�Žű�

��ĔŲżŘ�ŽĐĔĖĴŲšŤē�ĳĔżĝŤē�ĳŴĴŨ�ĚŨŴĔŝũŤ�įēŵũŤē�ĚżťĖĔŜ�ĔŲŬĉ�ŹťŐ�ŗĴőĜ
�ğİĩĜŴ��ĔŲŤǙĬ��ěĔŬŴĴĝšŤǞē��ŽĐĔĖĴŲšŤē�ĳĔżĝŤē�ĳŴĴũŤ�ęįĔũŤē�ĚŜĔŐč�ŽűŴ

�ĴżŔ�Ŵĉ�ěēĶťřŤĔŠ�ěǙŀŵũŤē�ŮŨ�ĞŬĔŠĉ�Ćēŵĸ�ęįĔũŤē�ŽŘ�ĚŜĔŐǞē
�ůĲű�ŹťŐ�ĘťŕĝŤē�ěĔŬŴĴĝšŤǝŤ�ŧĶťŻ��ĚřťĝĭŨ�ěĔĤĳİĖ�ŮšŤŴ�ěǙŀŵũŤē

��ŧŴǜē�Žű�ĚŨŴĔŝũŤē�ęİĨŴŴ���ĚŭĩĽŤē�ŽŘ�ţįĔőĜ�ŹŤč�ţŵŀŵťŤ�ĚŨŴĔŝũŤē

��Ě ǁŻĳĔŉėŤē
�ŹťŐ�ĔŲťũŐ�ĘėĹĖ�İ ǁŤŵũŤē�Ūĸē� ƻĔŅŻĉ�ĔŲżťŐ�Şťŉ ƿŻŴ�Ě ǁżĐĔĖĴŲŠ�Ě ǁżťĬ�ŽűŴ�

�Ě ǁżĐĔĖĴŲšŤē�ęĳē ǁİŤē�ŽŘ�ĚŜĔ ǁŉŤē�śǙňč

�ŽĐŵń�ĢŐĔėŤē�
�ęĳē ǁİŤē�ŦũŐ�ŹťŐ� ǁţİŻ�źĲŤē�Ĵ ǁļČũŤē�Ŧ ǁšĽŻŴ�ȕĆŵŅŤē�śǙňč�ĳİŁŨ�ŵűŴ�

�ĢŐĔėŤē�Ĵżŭżĸ�ĚĩżĩŁŤē�ĚŝŻĴŉŤĔĖ�Ěė ǁŠĴŨ�ęĳē ǁİŤē�ĞŬĔŠ�ēıĎŘ�ȕĚ ǁżĐĔĖĴŲšŤē
�ŗĴŉŤē�ŹťŐ�ĴżŁŝŤē�ŗĴŉŤē�ţİŻ�ĢżĨ��Ĵŭ ƿŻ�ŪŤ�ēıč�ĺšőŤē�ŹťŐŴ�ȕ�ŽĐŵŅŤē

��ĘŤĔĹŤē

��ħĔĝřũŤē
�ţŴČĹũŤē�ĆĶĥŤē�ŵűŴ�ȕŽĐĔĖĴŲšŤē�ĺėŝũŤē�Ŵĉ�ŒňĔŝŤē�ŪĸĔĖ� ƻĔŅŻĉ�ŗĴőŻŴ�

�Ě ǁżĐĔĖĴŲšŤē�ęĳē ǁİŤē�śǙŔčŴ�ĪĝŘ�Ě ǁżťũŐ�ŪżōŭĜ�ŮŐ

��ĚżŬŴĴĝšŤǘē�ĴŀĔŭőŤē�ņőĖ
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��Ě ǁżĐĔĖĴŲšŤē�şǙĸǜē
�ȕņőėŤē�ĔŲŅőĖ�ŒŨ�Ě ǁżĐĔĖĴŲšŤē�ęĳē ǁİŤē�ĴŀĔŭŐ�ŒżũĤ�ŦŀŴ�ŹťŐ�ŦũőĜŴ�

��ĔŲŝŻĴň�ŮŐ�ŽĐĔĖĴŲšŤē�ĳĔ ǁżĝŤē�ĴżĹŻ�ŽŤĔĝŤĔĖŴ

:  )Capacitor��ŚġšũŤē
�ŵűŴ�ȕĚżĐĔĖĴŲšŤē�ĴĐēŴİŤē�ěĔŬŵšŨ�İĨĉ�ŵű�ĚřġšŨ�Ŵĉ�ĚőĹĝŨ� ƻĔŅŻĉ�ųżťŐ�ŞťŉŻ�Capacitor�����ŚġšũŤē�Ŵĉ�ŒĸēŵũŤē�
�ŮżĖ�ū ǁŵšĝŻ�ȕŽĐĔĖĴŲŠ�ţĔĥŨ�Ŧšļ�ŹťŐ�ŮŨĶŤē�ŮŨ�ęĴĝřŤ�ĚżĐĔĖĴŲšŤē�ĚŭĩĽŤē�Ŵĉ�ĚżĐĔĖĴŲšŤē�ĚŜĔŉŤē�ŮŻĶĭĝĖ�ŧŵŝĜ�ęēįĉ

�ŧİĭĝĹ ƿĜ�ŪĠ�ŮŨŴ��ęĳĔļǞē�ŽŘ�ĚĹŠĔőĝŨŴ�ĳēİŝũŤē�ŽŘ�ĚŻŴĔĹĝŨ�ĚżĐĔĖĴŲŠ�Ěŭĩļ�ĔũŲŭŨ�ŦŠ�ŦũĩŻ�ŮżťŀŵŨ�ŮżĨŵŤ
� ƻǙġŨ�ĆēŵŲŤĔŠ��ĚŤĵĔŐ�ęįĔŨ�ŮżĨŵťŤē�ŦŁřŻŴ��ĘĸĔŭũŤē�ĞŜŵŤē�ŽŘ�įİėĝĜ�Ŵĉ�ĚżĐĔĖĴŲšŤē�ĚŭĩĽŤē

�ěĔřġšũŤēŴ��ųŭĩļ�ęįĔŐč�ŮšũŻ�ĔũŠ�ȕĔżōĩŤ�ųżŘ�ĚŬŴĶĭũŤē�ĚŭĩĽŤē�ŖŻĴřĜ�ųŭšũŻ�ĚżĖĴŲŠ�ęĴĐēį�ŽŘ�ųėżŠĴĜ�İŭŐ
�ţŵĨ�ŚťĜ�Ŵĉ�ţĵēŵőŤē�ěĔŝėň�ĔŲŭżĖŴ�ĔŲŅőĖ�śŵŘ�ŒńŵĜ�ĆĔĖĴŲšťŤ�ĚťŀŵŨ�ĚŝżŜĳ�ĚżŬİőŨ�ĪĐĔřŀ�ĔŲŤ�Ěő ǁŭŁũŤē

�ŒĸēŵũŤē�ŪĥĨ�ĴżŕŁĝŤ�ĔŲŅőĖ
�ŚġšũŤē�ŹťŐ�ŞťŉŻ�ĆēŵŲŤē�ŮŨ�ĞŬĔŠ�ēıĔŘ�ȕųĝŐĔŭŀ�ŽŘ�ĚŨİĭĝĹũŤē�ĚŤĵĔőŤē�ęįĔũŤē�ĘĹĨ�ŚġšũŤē�ŏŵŬ�įİĩĝŻŴ
�ĘĹĨ�ēĲšűŴ�ŢżŨēĴżĸ�ŚġšŨ�Ŵĉ�ȕĔšżŨ�ŚġšŨ�Ŵĉ�ȕ�ŢżĝĸǙėŤē�ŮŨ�ĞŬĔŠ�ēıč�ŽšżĝĸǙĖ�Ŵĉ�ȕŽĐēŵű�ŚġšŨ�Ūĸē

�ŽĝżŤŴĴĝšŤǘē�Ŵĉ�źŴĔũżšŤē�ŚġšũŤē� �ĚŤĵĔŐ�ęįĔũŠ�źŴĔũżŠ�ţŵťĩŨ�ŧİĭĝĸē�ēıč��ųĜįĔŨ�ŏŵŬ
��ĔŲŭŨ�ĔŲŨēİĭĝĸēŴ�ĔŲőżŭŁĜ�ĚŝŻĴň�ŹťŐ�İũĝőĜ�ŏēŵŬĉ�ěĔřġšũŤē�Ŵĉ�ěĔőĹĝũŤē

ĚŻŴĔżũšŤē�ěĔřġšũŤē�Ŵĉ�ěĔőĹĝũŤē���ĚżŜĳŵŤē�ěĔřġšũŤē�Ŵĉ�ěĔőĹĝũŤē���
�ĚżĐēŵŲŤē�ěĔřġšũŤē�Ŵĉ�ěĔőĹĝũŤē���

�įēĳĔŘ��ŴĴšŻĔŨ�ęİĨŵĖ�ŚġšũŤē�Ěőĸ�ķĔŝĜ
ĞŤŵŘ�ěēĴĽŐ�ŒŅĖ�ŮŨ�ŚťĝĭŨ�ŽĐĔĖĴŲŠ�İŲĤ�ĞĩĜ�ěĔőĹĝũŤē�ŦũőĜ

ěĔšėļ�ŽŘ�ĔũŠ�ĞŤŵŘ�ŗǘć�ŹŤč�ĚżĐĔĖĴŲšŤēŴ�ĚżŬŴĴĝšŤǞē�ĴĐēŴİŤē�ŽŘ�ĔũŠ�
�ĚżĐĔĖĴŲšŤē�ęĳİŝŤē�

: )Transistor��ŦŝŭŤē�ŧŴĔŝŨ
�ūŵšĜ�ĢżĩĖ�ē ƻİĤ�ĚŝżŜĳ�ęĳŵťĖ�ŹťŐ�źŵĝĩĜ�ūŵšżťżĹŤē�Ŵĉ�ŧŵżŬĔŨĴĥŤĔĖ�ĚũőŉŨ�ŦŀŵŨ�ųėļ�ęįĔŨ�ŮŨ�ęĳŵťĖ�ŵű

�ĚżŐŵŭŤē�ŮŨ�ūĔĝżĤĳĔĭŤē�ūĔĝŝŉŭũŤē�ĔũŲŭżĖ�ęİŐĔŝŤē��ŹũĹĜŴ�ĘŤĔĸ�Ŵĉ�ĘĤŵŨ�ŦŀŵŨ�ųėļ�ĔŲŭŨ�ŹŉĸŵŤē�ĚŝŉŭũŤē
�ĚżŬŴĴĝšŤǞē�ěēĳĔļǞē�ĴżėšĜ�ŹťŐ�ęĴżėŠ�ęĳİŜ�ųŤŴ�ĚřŤĔĭũŤē

�ĔũŭżĖ�ȕĚżĤĳĔĬ�ęĴĐēį�ŹŤč�Œ ǏũĥũŤēŴ�ĢŐĔėŤē�ŊĖĴŻ�ęįĔőŤē�ŽŘ�ȕ�ŗēĴňĉ�ĚĠǙĠŴ��ŮżĝťŀŴ�ĘŉŝŤē�ŽĐĔŭĠ�ŦŝŭŤē�ŧŴĔŝũŤ
��ĚżťĬēį�ęĴĐēİĖ�ęİŐĔŝŤē�ĢŤĔġŤē�ŗĴŉŤē�ŦŁŻ

ĚżĤĳĔĭŤē�ęĴĐēİŤē�ŽŘ�ĚżĝŤŵřŤē�ĳİŁŨ�ŒżŉĝĹŻ�ȕēİĤ�ĚŝżŜĳ�ęİŐĔŝŤē�ĚŝŉŭŨ�ūǜŴ
ĴėŐ�źŵŜ�ĳĔżĜ�źĴĹŻ�ŢŤĲŤ�ĚĥżĝŬŴ��ĔżĹšŐ�ęĵĔĩŭũŤē�ĚťŀŵŤē�ĴėŐ�ěĔŬŴĴĝšŤǞē�ĕĲĤ�
ĳĔżĜ�ūĔŻĴĸ�ŽŘ�ŪšĩĝŤē�ŮšũŻ�ĚŝŻĴŉŤē�ůĲŲĖŴ��ĚżĤĳĔĭŤē�ęĴĐēİŤē�ĴėŐŴ�ĳŵĝĸĶŬēĴĝŤē�

�ęĴżŕŀ�ęĳĔļĎĖ�ęİŐĔŝŤē�İŻŴĶĝĖ�ȕĚżĤĳĔĭŤē�ęĴĐēİŤē�ĴėŐ�źŵŜ�
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 : )Stepper motor���şĴĩŨ
�ŵűŴ��ęŵŉĭĖ�ęŵŉĬ�şĴĩŨ�źē���źŵŉĭŤē�şĴĩũŤē�ĚżĖĴőŤĔĖ�ŹŐİŻŴ
�ŽŘ�ĚŜİŤ�ģĔĝĩĜ�ŽĝŤē�ęĴżŕŁŤē�ěǘǚē�ŽŘ�ŧİĭĝĹŻ�ŽĐĔĖĴŲŠ�şĴĩŨ

ĮŤē����ĳĶżťŤē�ŒňĔŜŴ�ĚőĖĔŉŤē�ŦġŨ�ŪšĩĝŤē
�ĚŐĴĸŴ�įİŐ�ŽŘ�ŪšĩĝŤē�ųŭšũŻ�ųŬē�ŵű�şĴĩũŤē�ēĲű�ěēĶżũŨ�Ūűĉ�ŮŨ

��ĚŜİĖ�ŚŜŵĝŤē�ĚŻŴēĵŴ�ųĜēĳŵĤ

: DC motor�ĴũĝĹũŤē�ĳĔżĝŤē�şĴĩŨ
�ŦũőŻŴ�ĚżŠĴĨ�ĚŜĔň�ŹŤč�ĚżĐĔĖĴŲšŤē�ĚŜĔŉŤē�ţŵĩŻ�ŽĐĔĖĴŲŠ�şĴĩŨ�ŵű�

�şĴĩũŤē�ĚŐĴĸ�ŽŘ�ŪšĩĝŤē�Ūĝĸ�ĢżĨ�ȕĴũĝĹũŤē�ĳĔżĝŤē�ĚũōŬĉ�ŹťŐ�ŊŝŘ
 Serial�ŽťĹťĹĝŤē�ţĔŁĜǘē�ĚļĔļ�ŮŨ�255�Ŵ�0�ŮżĖĔŨ�ŪŜĳ�ţĔĸĳē�ĴėŐ

�Monitor

 )Servo Motor���ŵŘĴżĹŤē�şĴĩŨ
�ŦŜĔŬ�Ŵ�Gear�ķŴĴĜ�ĚėťŐ�ŒŨ�ŽĜĊŻ�şĴĩŨ�ŮŐ�ęĳĔėŐ�ŵű�ŵŘĴżĹŤē�şĴĩŨ

�ēĲű�ŒżŉĝĹŻ�Ŵ���ęĴżėŠ�ĚŜį�Ŵ�ĴėŠĉ� ƻĔŨĶŐ�ĚŠĴĩŤē�ŽŉőŻ�Shaft�ĚŠĴĨ
��ĚĤĳį�360�ŏēŵŬǜē�ņőĖ�ŽŘ�Ŵ�ĚĤĳį180�ŗĔřĝŤǜē�şĴĩũŤē

�ŪšĩĝŨ�ĘŤĔŕŤē�ŽŘ�ūŵšĜ´�ŪšĩĜ�ęĳēį�ŮŨ� ƻĔżťĬēį�ŵŘĴżĹŤē�şĴĩŨ�ūŵšĝŻ
�ŮżőŨ�ŽŭŨĵ�ĞĖĔġĖ�Pulses�ěĔŅėŬ�şĴĩũŤē�ŽŉőŬ�ĔŨİŭŐ�Ŵ���´�ŞżŜį

��ŽŭŨĶŤē�ĞĖĔġŤē�ēĲű�ĘĹĨ�ĚŻŴēĶťŤ�şĴĩũŤē�ĳŴİŻ
�ĚŲĤ�ĘĹĨ�ĴĬǚē�ŹŤč�şĴĩŨ�ŮŨ�ŽŭŨĶŤē�ĞĖĔġŤē�ŚťĝĭŻ�ŏŵŬ�ŦŠ�ŽŘ

��ŵŘĴżĹŤē�şĴĩŨ�ŒŨ�ŽĜĊĜ�ŽĝŤē�ĚżŭřŤē�ęĴĽŭŤē�Ŵ�ŒżŭŁĝŤē

: potentiomete ręĴżŕĝũŤē�ĚżĐĔĖĴŲšŤē�ĚŨŴĔŝũŤē
�ĚżĖĴŲšŤē�ĚŨŴĔŝũŤē�ĴżżŕĝŤ�ęēįĉ�³ěĔĝĸŵŻĴŤē´�Ŵĉ�ęĴżŕĝũŤē�ĚŨŴĔŝũŤē
�Ŧšļ�ŹťŐ�ĚŨŴĔŝŨ�ŮŨ�ĘťŔǜē�ŽŘ�ěĔĝĸŵŻĴŤē�ūŵšĝĜŴ�ęĴĐēİŤē�ŽŘ

�şĴĩĝŨ�ĴĬǜēŴ�ĞĖĔĠ�ĔũűİĨē�ŦżŀŵĝťŤ�ŮżŘĴň�ŹťŐ�źŵĝĩĜŴ�ĚŬēŵŉĸē
�ĚťŀŵŤē�ůĔĥĜĔĖ�ŞŤĶŭũŤē�ŢŻĴĩĝĖ�ȕŚťũŤē�Ţťĸ�ěĔŝťĨ�ĺŨǙŻ�ŞŤĶŭŨ�ŹťŐ

��ęįĔŻĶŤē�Ŵĉ�ūĔŁŝŭŤĔĖ�ĔŨč�ĴżŕĝĜ�ĚŨŴĔŝũŤē�ūĎŘ�ĔŲŭŐ�įĔőĝĖǘĔĖ�Ŵĉ�ĚĝĖĔġŤē
�ęĴĐēİŤē�ŽŘ�ĳĔũŤē�ŽĖĴŲšŤē�ĳĔżĝŤē�ĚũżŝĖ�ŪšĩĝŤē�ŮšũŻ�ĚŤĔĩŤē�ůĲŲĖŴ

�ŽŘŴ�ŽĖĴŲšŤē�ĳŵĜŵũŤē�ĚŐĴĸ�ŽŘ�ŪšĩĝŤē�ŽŘ�ěĔĝĸŵŻĴŤē�ŧİĭĝĹĜŴ
��ěĔŝżėŉĝŤē�ŮŨ�ĔűĴżŔŴ�ĚżŤĶŭũŤē�ęĳĔŬǞē�ŽŘ�ŪšĩĝŤē
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: )Diode��ŽĐĔŭġŤē�ŧĔũŁŤē
��ŊŝŘ�İĨēŴ�ůĔĥĜē�ŽŘ�ĳŴĴũŤĔĖ�ŽĐĔĖĴŲšŤē�ĳĔżĝŤē�ƸŤ�ħĔũĹŤĔĖ�ŧŵŝŻ
�ęĴżėŠ�ĚżŬŴĴĝšŤč�ĘżĖĔŬĉ�ĞŬĔŠ�ěǙŀŵũŤē�ůĔėļĉ�ŗĔĽĝŠē�ŦėŜ

���ěĔŨĔũŀ���ŹũĹĜŴ�ĚũŲũŤē�ůĲŲĖ�ŧŵŝĜ
�İĨēŴ�ůĔĥĜē�ŽŘ�ŽĐĔĖĴŲšŤē�ĳĔżĝŤē��Diode��ŽĐĔŭġŤē�ŧĔũŁŤē�ŦŀŵŻ
�İŲĤ�ųťĬį�ēıč�ŢŤĲŤ���ĴĬǘē�ůĔĥĜǘē�ŽŘ�ţĵĔőŠ�ŦũőŻŴ�ȕ�ŊŝŘ

�ūĔŻĴĸ�ŒŭũŻŴ�İŲĥŤē�ęĳŴį�ŚŁŬ�ŽŘ�ĴżĹŻ�ĳĔżĝŤē�şĴĝŻ�ŵŲŘ�įįĴĝŨ
�ţŵĩŻ�źĉ�ȕŧŵŝũŠ�ŢŤĲĖ�ŦũőŻŴ�ȕŶĴĬǜē�ęĳŴİŤē�ŚŁŬ�ŽŘ�ĳĔżĝŤē

�ĴũĝĹŨ�ĳĔżĜ�ŹŤč�įįĴĝũŤē�ĳĔżĝŤē

: )Arduino��ƸŤ�ĚĥŨĴėŤē�ŞżėŉĜ�ŮŨ�ĚĭĹŬ�ŦżũĩĜ��2
KWWSV���ZZZ�DUGXLQR�FF�HQ�0DLQ�'RQDWH

: )Arduino��ĚĨŵŤ�ŦżŀŵĜ�ĚżťũŐ��3
�ĴŅĬǜē�ŽĐŵŅŤē�ĢŐĔėŤē�ęĆĔńē�ŎĨǙĜ�ŗŵĸ�86%�Ţťĸ�ŧēİĭĝĸĔĖ�ĴĜŵżėũšŤē�ĵĔŲĤ�ŹŤč��Arduino��ĚĨŵŤ�ŦżŀŵĜ

  PWR��ųżťŐ�ŞťŉŻ�źĲŤē�Ŵ�ĴũĝĹŨ�ŦšĽĖ�ĚĨŵťŤē�ŽŘ�LED
:Drivers��ƸŤē�ŦżŕĽĝŤē�ĦŨĔŬĴĖ�ĞżėġĜ��4

 Arduino��Ŵĉ�Arduino Uno��ŏŵŬ�ŧēİĭĝĸē�ĚŤĔĨ�ŽŘ�ĴŻŵŉĝŤē�ĚĨŵŤ�ŪŐİŤ�'ULYHUV�ŦżŕĽĝŤē�ĦŨĔŬĴĖ�ĞżėġĜ�
�:LQGRZV����9LVWD���;3�ĵŴİŬŴ�ŦżŕĽĝŤē�ĚũōŬē�ŒŨ�Mega 2560

�ŦżŕĽĝŤē�ŧĔōŬ�ŧŵŝŻ�ŹĝĨ�ĴōĝŬēŴ�ĕŵĸĔĩŤē�ŒŨ��Arduino��ĚĨŵŤ�ţĔŁŻē�ŦĤē�ŮŨ�86%�ŊĖĴŤē�Ţťĸ�ŧēİĭĝĸē�±
�İŜ�ĚťżťŜ�ěĔōĩŤ�İőĖ��ŦŕĽũŤē�ĞżėġĜ�Ŵ�ųťżŀŵĜ�ŪĜ�źĲŤē�ĵĔŲĥŤē�ŏŵŬ�ŹťŐ�ŗĴőĝŤē�ĚżťũŐ�ŽŘ���Windows

�ŧİĭĝĹũŤē�ŦėżšŤē�ĚŨǙĸ�Ŵ��Arduino��ŦżŀŵĜ�ŮŨ�ŪŔĴŤē�ŹťŐ�ĚżťũőŤē�ůĲű�ŦĽřĜ
�ŪšĩĝŤē�ĚĨŵŤ�ĪĝŘēŴ�ĉİĖē�ĚũĐĔŜ�ŹŤē�Ęűıĉ�±�

ŧĔōŭŤē�ŹťŐ�ĴŝŬē�ĔűİőĖ�System and Security�ŮŨǜēŴ�ŧĔōŭŤē�ŹŤč�ŦŝĝŬē�ȕŪšĩĝŤē�ĚĨŵŤ�ŽŘ�ĞŬĉ�ĔũŭżĖ�±�
'HYLFH�0DQDJHU����ęĶŲĤǜē�ęĳēįč�ęĲŘĔŬ�ĪĝŘē�ŧĔōŭŤē�ęĲŘĔŬ�ŽŘ�Ŵ�System  

�ĦŨĔŬĴėŤē�ĞżėġĜ
: USB��ŊĖĴŤē�Ţťĸ�Ŵ�ŵŭŻŴįĳē�ĚĨŵŤ��1

�ţĔŁŻē�ŽŘ�ŧİĭĝĹũŤē�86%�ŏŵŬ�ŮŨ�ŢťĸŴ��Arduino Uno��ĚĨŵŤ�ŹŤē�ģĔĝĩŭĸ
�ĕŵĸĔĩŤē�ęĶŲĤē�ŒŨ�ěĔőĖĔŉŤē�ŊĖĳŴ
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: )Arduino��ĦŨĔŬĴĖ�ŦżŕĽĜ��5

: )Arduino��ĚĨŵŤ�ŏŵŬ�İŻİĩĜ�6

�ŒŨ�ţĔŁĜǙŤ�ŽťĹťĹĝŤē�ĲřŭũŤē�ĳĔżĝĬē�7
: )Arduino(

�ŽŘ�ĔŲżťŐ�ĶżŠĴĝŤē�ĘĥŻ�ŽĝŤē�ĆĔżļǘē�ŮŨ
�ĲřŭũŤē�İŻİĩĜ�ŵű��Arduino��ĚĥŨĴĖ�ĚżťũŐ
�ţĔŁĜǘē�ĔŲŤǙĬ�ŮŨ�ŪĝŻ�ŽĝŤē�Ŵ�ŽťĹťĹĝŤē

��Arduino��ĚĨŵŤ�ŒŨ
�ĴĝĬē�ŪĠ�ŮŨ�Ŵ�ěēŴįĉ�ĚũĐĔŜ�ŹŤē�Ęűıē

�ĪĤĴũŤē�ŮŨŴ�serial ports��ĲřŭũŤē�ĚũĐĔŜ
�źĲŤē�Ŵ�ŽńēĴĝŘǘē�ĲřŭũŤē�&20��ūŵšŻ�ūĉ

 &20��Ŵĉ�ĚżťĹťĹĝŤē�ĲŘĔŭũťŤ�ĵŵĥĩŨ�ūŵšŻ
 ��&20�
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ĲŘĔŭũŤē�ĚũĐĔŜ�Ůũń�ŮŨ�ĢĩĖē�'HYLFH�0DQDJHU�ęĲŘĔŬ�ŽŘ�±�
 $UGXLQR�812���ŹŐİŻ�ħŵĝřŨ�ĲřŭŨ�İűĔĽĜ�ūĉ�ĘĥŻ�Ŵ��&20�	�/37( 

�ĦŨĔŬĴĖ�ĢŻİĩĜ�ĳĔżĝĬēŴ��³$UGXLQR�812´��ĲřŭũŤē�ŹťŐ�ŮũŻǜē�ĳĶŤĔĖ�ĴŝŬē
�ěēĳĔżĭŤē�ŮŨ��8SGDWH�'ULYHU�6RIWZDUH���ŦżŕĽĝŤē

�ŦŕĽũŤē�ŮŐ�ĴĜŵżėŨŵšŤē�ĵĔŲĤ�ŽŘ�ĢĩėŤē�ĴĝĬē�ĔűİőĖ��±
�ŮŨ��%URZVH�P\�FRPSXWHU�IRU�'ULYHU�VRIWZDUH
�+DUGZDUH�XSGDWH�ZL]DUG�ĴŲōĜ�ŽĝŤē�ůĲŘĔŭŤē�Ůũń
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��ĦŨĔŬĴėŤē�įŵŠ�ŦżũĩĜ��8

�ŦżũĩĝŤē�ĳĵ�ŹťŐ�ĴŝŭŤē�ţǙĬ�ŮŨ�Īżĩŀ�ŦšĽĖ�ĦŨĔŬĴėŤē�ĚĖĔĝŠ�İőĖ�ŊżĹĖ�ŦšĽĖ�ŪĝĜ�ĦŨĔŬĴėŤē�ŦżũĩĜ�ĚżťũŐ

�ŗŵĸ����Arduino��ĚĨŵŤ�ŽŘ�TX�Ŵ�RX��ŽĐŵń�ņżŨŴ�İűĔĽĜ�ūĉ�ĘĥŻ�ĔũŠ�ūēŵĠ�ŒŅĖ�ĴōĝŬē�ŦżũĩĝŤē�ĚżťũŐ�ĆĔŭĠē

�ħĔĥŭĖ�ŦżũĩĝŤē�ŪĜ�ĚŤĔĨ�ŽŘ�³ŦżũĩĝŤē�ŪĜ´�ĚŤĔĸĳ�ŢŤ�ĴŲōĜ

�ųĩĝŘŴ�ĦŨĔŬĴėŤē�ŦŻĶŭĜ�İőĖ
���ĚżŤĔĝŤē�ĚŲĤēŵŤē�ůĲű�ĔŭŤ�ĴŲōĜ
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ěēĴżŕĝũŤē

�ŏŵŬŴ�ĚũżŜŴ�Ūĸē�ĔŲŤŴ��ěĔŬĔżėŤē�ŮŨ�ĆĶĤ�ŮŻĶĭĝŤ�ūĔšŨ�Žű�ěēĴżŕĝũŤē
�����declaration��ŹŐİĜ�ĚżŤĔĝŤē�ęĳĔėőŤē�ŢŤı�ŹťŐ� ƻǘĔġŨ

;LQW�SLQ� ���
�ēĲű�ŹŤē�ęĳĔļǞē�ŢŭšũŻ���ĦŨĔŬĴėŤē�ŽŘ�İőĖ�ĔũżŘ���int��ųŐŵŬŴ���13��ųĝũżŜŴ���pin��Ūĸǘē�ŦũĩŻ�źĲŤē�ĴżŕĝŨ�Œŭŀē

��ĔŲŨēİĭĝĸēŴ�ųĝũżŜ�ģēĴĭĝĸē�ŪĝŻ�ŗŵĸ�ŒńŴ�źĉ�ŽŘ���ųũĸē�ĚŉĸēŵĖ�ĴżŕĝũŤē
�ůĔŬįē�ęĳĔėőŤē� ƻǙġŨ

;)pinMode)pin, OUTPUT

���ĴżŕĝũŤē�ŧēİĭĝĸǘ�ųĤĔĩĖ�ĞĹŤ���ĚŤĔĩŤē�ēĲű�ŽŘ���pinMode��ĚŤēİŤē�ţǙĬ�ŮŨ�Ĵũżĸ�źĲŤēSLQ��������ƸŤē�ųũżŜ�ĔŲŬē
�İżĤ�ŦšĽĖ�Ŧũőĝĸ�ęĳĔėőŤē�ůĲű

;)pinMode)13, OUTPUT

�ŢĝŐĔŉĝĸĔĖ�ŮšŤ��ůİĨēŴ�ůĴũŤ���pin��ƸŤē�ŪŜĳ�ĳĔżĝĬē�ŹŤē�ųĤĔĩĖ�ŊŝŘ�ŢŬē�ŵű�ĚŤĔĩŤē�ēĲű�ŽŘ�ĴżŕĝũŤē�İĐēŵŘ
�ěēĴŨ�ůİŐ�ĴżŕĝũŤē�ŧēİĭĝĸē

�ĦŨĔŬĴėŤē�ŽŘ�ůİĨēŴ�ųŉŝŬ�ĴżżŕĝŤ�ųĤĔĩĖ�ŊŝŘ�ĞŬē�pin 12����ƸŤē��ŹŤē����pin13ƸŤē�ŮŨ�ĴżżŕĜ�İőĖ�ĔũżŘ�ěĳĴŜ�ēıē�
��5*%�/('��ŽŘ�ŪšĩĝŻ�źĲŤē�ĦŨĔŬĴėŤē� ƻǙġŨ���ħŵńŴ�ĴġŠē�ĴŨǘē�ŦőĥŤ�ŗŵŀŵŨ�Ūĸē�ųĐĔŉŐč�ŢŬĔšŨĔĖ�ŢŤĲŠŴ�

���redPin,greenPin,bluePin��ŹũĹĜ�ěēĴżŕĝŨ�ŢťĝũŻ�ūē�ŮšũŻ
�įŵĜ�ĞŭŠ�ēıē��ųŨēİĭĝĸēŴ�ųřŻĴőĜ�ŢŬĔšŨĔĖ�ųŬē�ĴĹřŻ�ēĲű���ŗĴőŨ�ĴżŔ�ĴżŕĝŨ�İĤŵŻ�ĔűįĔřŨ�ĊŉĬ�ųŤĔĸĳ�ĴŲōĜ�ĔŨİŭŐ

ŹũĹŻ�ēĲűŴ�ĦŨĔŬĴėŤē�ŹťŐē�ŽŘ�ųřŻĴőĜ�ŢŭšũŻ�ŢĥŨĔŬĴĖ�ŮŨ�ūĔšŨ�źĉ�ŽŘ�ĴżŕĝũŤē�ēĲű�ŧİĭĝĹĜ�ūē
���JOREDOYDULDEOH( 

���ĦŨĔŬĴėŤē�ĚŲĤēŴ�ŽŘ�ĚũŜĴũŤē�ĳēĳĵǜē�ĳēŴįĉ

�ĕŵĝšũŤē��Code��Ěĩŀ�ŮŨ�ŞŝĩĝŤē�ŦĤĉ�ŮŨ�1�ŪŜĳ
�Arduino��ĚĨŵŤ�ŹŤč��Code��ţĔĸĳč�ŦĤĉ�ŮŨ�2�ŪŜĳ

ęİŻİĤ�ęĲŘĔŬ�ĪĝŘ�ŦĤĉ�ŮŨ�3�ŪŜĳ
ĕŵĸĔĩŤē�ŽŘ�įŵĤŵŨ�ŚťŨ�ĪĝŘ�ŦĤĉ�ŮŨ�4�ŪŜĳ

ŚťũŤē�ŎřĨ�ŦĤĉ�ŮŨ�5�ŪŜĳ



60

 : 1�ţĔġŨ
�ŦšĽĖ�ĚżŬĔĠ�ůĆĔřňčŴ��ĚżŬĔĠ�ŽťżŨ�1000��ĚżŬĔĠ�ęİũŤ�ĆŵŅťŤ�ĢŐĔĖ�ŽĐĔŭĠ�ŧĔũŀ�ŦżŕĽĜ�ĚżřżŠ�ţĔġũŤē�ēĲű�ĪńŵŻ�

��ĚŜĔŉŤē�ĳİŁŨ��ŮŐ��Arduino��ĚĨŵŤ�ŦŁŘ�ŪĝŻ�ŹĝĨ�ĴũĝĹŨ

 LQW�SLQ� ���������JOREDOYDULDEOH
���YRLG�VHWXS

{ 
SLQ0RGH��SLQ��287387������(QDEOH�SLQ����IRU�GLJLWDO�RXWSXW

}
���YRLG�ORRS

{
GLJLWDO:ULWH��SLQ��+,*+������7XUQ�RQ�WKH�/('  

�GHOD\������������:DLW�RQH�VHFRQG�������PLOOLVHFRQGV  
GLJLWDO:ULWH��SLQ��/2:������7XUQ�RII�WKH�/('  

GHOD\������������:DLW�RQH�VHFRQG  
}

 : 2�ţĔġŨ
�ęĆĔńē�ŪĝŻ��³1´��ŪŜĴŤē�ţĔĸĳē�ŪĜ�ēıē�ĢżĩĖ�ĕŵĸĔĩŤē�ĵĔŲĤ�ŮŨ�ĴŨĉ�ţĔėŝĝĸē�ŞŻĴň�ŮŐ�ŽĐŵŅŤē�ĢŐĔėŤē�ŦżŕĽĜ

��ŽĐŵŅŤē�ĢŐĔėŤē�ĆĔřňē�ŪĝŻ��³0´��ţĔĸĳē�ŪĜ�ţĔĨ�ŽŘŴ�ŽĐŵŅŤē�ĢŐĔėŤē

�LQW�OHG3LQ ��
�LQW�YDOXH

����YRLG�VHWXS
{

��6HULDO�EHJLQ�����  
��SLQ0RGH�OHG3LQ�287387  

}
���YRLG�ORRS

{
���YDOXH� �6HULDO�UHDG

^��LI��YDOXH�  �µ�¶��^GLJLWDO:ULWH�OHG3LQ�+,*+
^��HOVH�LI��YDOXH�  �µ�¶��^GLJLWDO:ULWH�OHG3LQ�/2:

}
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: 3�ţĔġŨ
�ŦšĽĖ�ĔĜŵťřŨ�ĳĶŤē�ūĔŠ�ēıē�ůĆĔřňčŴ� ƿĔňŵŕŅŨ�ĳĶŤē�ūĔŠ�ĔũŤĔň�ŽĐŵŅťŤ�ĢŐĔėŤē��ŦżŕĽĜ�ĚżřżŠ�ŽŤĔĝŤē�ţĔġũŤē�ĪńŵŻ

ĚŜĔŉŤē�ĳİŁŨ��ŮŐ��Arduino��ĚĨŵŤ�ŦŁŘ�ŪĝŻ�ŹĝĨ�ĴũĝĹŨ
LQW�EXWWRQ3LQ� ���������WKH�QXPEHU�RI�WKH�SXVKEXWWRQ�SLQ

LQW�OHG3LQ� ����������WKH�QXPEHU�RI�WKH�/('�SLQ
LQW�EXWWRQ6WDWH� �������YDULDEOH�IRU�UHDGLQJ�WKH�SXVKEXWWRQ�VWDWXV

�YRLG�VHWXS����^������LQLWLDOL]H�WKH�/('�SLQ�DV�DQ�RXWSXW
�SLQ0RGH�OHG3LQ��287387�������LQLWLDOL]H�WKH�SXVKEXWWRQ�SLQ�DV�DQ�LQSXW  

^��SLQ0RGH�EXWWRQ3LQ��,1387  
���YRLG�ORRS

�UHDG�WKH�VWDWH�RI�WKH�SXVKEXWWRQ�YDOXH����� �̀
��EXWWRQ6WDWH� �GLJLWDO5HDG�EXWWRQ3LQ  
�check if the pushbutton is pressed�����

��if it is, the buttonState is HIGH�����
`��LI��EXWWRQ6WDWH�  �+,*+  

�turn LED on�������
���^���GLJLWDO:ULWH�OHG3LQ��+,*+    

�HOVH�^��������WXUQ�/('�RII      
��GLJLWDO:ULWH�OHG3LQ��/2:    

}  }

: 1�ţēČĸ
�ĢŐĔėŤē�ŪĠ�ŮŨŴ�ĚżŬĔĠ�ęİũŤ�ţŴǘē�ĢŐĔėŤē�ęĆĔńē��ŽŤēŵĝŤĔĖ�ĔŲĝĐĔńē�ŪĝŻ�ĢżĩĖ���leds���3���ĚĥŨĴĖŴ�ŦżŀŵĝĖ�ŪŜ

���������ēĲšűŴ�ĚżŬĔĠ�ęİũŤ�ŽŬĔġŤē

: 2�ţēČĸ
��ĚżĐŵŅŤē�ęĳĔļǘĔŠ�ŦũőŤĔĖ�ŧŵŝĝŤ����leds�±�3��ĚĥŨĴĖŴ�ŦżŀŵĝĖ�ŪŜ

: 3�ţēČĸ
�ĒřŉŻŴ�ţŴǘē�ĳĶŤē�ŹťŐ�ŎŕŅŤē�İŭŐ�ĢŐĔėŤē�ĆŽŅŻ�ĢżĩĖ��SXVK%XWWRQ�±�2��Ŵ�İĨēŴ�ŽĐŵń�ĢŐĔĖ�ŦżŀŵĝĖ�ŪŜ

��ŽŬĔġŤē�ĳĶŤē�ŹťŐ�ŎŕŅŤē�İŭŐ
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: 4�ţĔġŨ
��ŞĖĔĹŤē�ŦšĽŤē�ŪżũŁĜŴ�ŽŤĔĝŤē�ĦŨĔŬĴėŤē�ĚĖĔĝšĖ�ŪŜ

>LQFOXGH��/LTXLG&U\VWDO�K#
��/LTXLG&U\VWDO�OFG��������������������

���YRLG�VHWXS
{

��³�OFG�SULQW�³KHOOR�ZRUOG  
}

����YRLG�ORRS
{

set the cursor to column 13, line 1�����
�QRWH��OLQH���LV�WKH�VHFRQG�URZ��VLQFH�FRXQWLQJ�EHJLQV�ZLWK����������

��OFG�VHW&XUVRU������  
�print the number of seconds since reset�����

��OFG�SULQW�PLOOLV���������  
}

�ĉİĖ�įēİŐ�ŪŜĳ�ĔŲőėĝŻ�ĚļĔĽŤē�ŹťŐ�ĴŲōĜ���µHello World¶��ĚťũĤ�ŶĴĝĸŴ��Arduino��ŪšĩĝŨ�ŹŤč�įŵšŤē�ŒŘĴĖ�ŪŜ
�Ĵřŀ�ŪŜĴŤē�ŮŨ

ĦŨĔŬĴėŤē�ŮŨ�ţŴǜē�ĴŉĹŤē�ŵű�ųĝōĨǙŨ�ŢżťŐ�ĘĤŵĝŻ�źĲŤē�ţŴǜē�ĴŉĹŤē
>LQFOXGH��/LTXLG&U\VWDO�K#  1

���ĚżŤĔĝĸĴšŤē�ĚļĔĽŤē�ĚėĝšŨ�ţĔũőĝĸē��Arduino��ĚĨŵŤ�ŮŨ�ĘťŉŻ�ĴŉĹŤē�ēĲű
ĚļĔĽŤē�ĲŘĔŭŨ�ŒŨ�ŊĖĴťŤ�ĔŲŨēİĭĝĸĎĖ�ĔŭũŜ�ŽĝŤē��Arduino��ĲŘĔŭŨ�ŮŨ�źĉ�ĪńŵŻ�ĴŉĹŤē�ēĲű

��/LTXLG&U\VWDO�OFG��������������������  1
��setup��ţē�ĆĶĤ�ŽŘ

��³�OFG�SULQW�³KHOOR��ZRUOG  
�ĚļĔĽŤē�ŹťŐ�ĘŔĴŬ�ŽĝŤē�ĚťũĥŤē�ĳĔŲŌǞ�ĴŉĹŤē�ēĲű

ŮŻĴŉĸ�ŢŤĔŭű��loop��ĆĶĤ�ŽŘ
1

��OFG�VHW&XUVRU������   2
��OFG�SULQW�PLOOLV�������  
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: LCD�ĚļĔļ�ŦżŕĽĜŴ�ĘżŠĴĜ

�İĩŠ�ŗĴĨ�16�ŹťŐ�ŶŵĝĩŻ�Ĵŉĸ�ŦŠ�ȕ�ŮŻĴŉĸ�ŃĴőĖ�ĪũĹĜŴ�ĚżřťĬ�ęĆĔńē�ŢťĝũĜ��LCD�ĚżŤĔĝĸĴšŤē�ĚļĔĽŤē
��ŹŁŜĉ

����µdigital outputs¶���ĚżũŜĳ�ģĳĔĭũŠ���Arduino��ŮŨ�µdigital pins¶��ĚżũŜĳ�ĲŘĔŭŨ�6�ŹŤč�ģĔĝĩĜ�LCD�ƸŤē�ĚļĔļ
��GND��Žńĳĉ�ģĴĭŨ�Ŵ�9 5��ĚŜĔŉŤ�ģĔĝĩĜ�ĔũŠ

�ĕĳĔĥĝŤē�ħŵŤ�ęēıĔĩũĖ��LCDƸŤē�ĚļĔļ�ŒńŵĖ�ŧŵŝĜ�ūĉ�ŦŅŘǜē�ŮŨ�ŢŤĲŤ�ȕ�ĔŲŉĖĳ�ĔŭżťŐ�ŽĝŤē�ěǙżŀŵĝŤē�ņőĖ�ŢŤĔŭű
�ųŝĖĔĹŤē�ŪżũŁĝŤē�ęĳŵŀ�ŽŘ�ĔũŠ�Īżĩŀ�ŦšĽĖ�ěǙżŀŵĝŤē�ĘŝőĜ�ŮŨ�ŒżŉĝĹĜ�ĢżĩĖ

�ęĴżŕĝũŤē�ĚŨŴĔŝũŤē��LCDƸŤē�ĚļĔĽŤ��pin 3�ĲřŭũĖ�ęĴżŕĝũŤē�ĚŨŴĔŝũŤē�ŊĖĴŻĔŨ�ŵű�ŦŻŵŉŤē�Ĵřŀǜē�ŢťĹŤē�ūĉ�ĴŠĲĜ
�ĚļĔĽŤē�ŏŵŉĸ�ĚĤĳį�ĴżżŕĝŤ�Žű�Ĕŭű�ĔŲĝřżŌŴ
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�ŽĝŤē�ŦũĥŤē�ĴŲōĝĸ�ĢżĨ��ĚļĔĽŤē�ŹťŐ�ĴļČũŤē�įēİŐǞ�ţŴǜē�ĴŉĹŤē
����ĘŔĴŬ

$UGX� �ŹťŐ�ĦŨĔŬĴėŤē�ŦżŕĽĜ�ĉİĖ�ūĉ�ĲŭŨ�ĚżŬĔġŤē�ĆēĶĤĉ�ĳĔŲŌǘ�ŽŬĔġŤē�ĴŉĹŤē�(
����ino

Servo Motor�ŵŘĴżĹŤē�şĴĨ
�ŪĠ�ŮŨŴ�ȕ��ěĔűĔĥĜǘē�ŚťĝĭũĖ�şĴĩũŤē�ŢŻĴĩĜ�ĚżřżŠ�ŪťőĝĖ�ŧŵŝŭĸ

�ųĝżőńŵĖ�ŪšĩĝťŤ�µpot¶�ęĴżŕĝŨ�ĚŨŴĔŝŨ�ĚŘĔńĔĖ�ŧŵŝŭĸ

�ķŴċĳ�ĚĠǙĠ�ųŻİŤ��VHUYR�PRWRU��ŵŘĴżĹŤē�şĴĩŨ
�ŽŭėŤē�Ŵĉ�įŵĸǜē�ūŵťŤē�ȕ��9 5�ĚŜĔŉŤ�ĴũĨǜē�ūŵťŤē�ȕ
�ūŵšŻĔŨ�ęįĔŐ�ĴżĬǜē�ūŵťŤēŴ�ȕ�GND�Žńĳǜē�ģĴĭũťŤ

 digital��ŽũŜĴŤē�ĲřŭũŤĔĖ�ųŉĖĳ�ŪĝŻ�Ĵřŀĉ�Ŵĉ�ŽŤĔŝĜĴĖ
�pin

ŦťĬ�ğŴİĨ�ţĔĨ�ŽŘ
�ŊėĜĴŨ��Arduino��ŪšĩĝŨ�ūŵšŻ�ĔŨİŭŐ�ēĲű�ŦŁĩŻ�İŜŴ��VHUYR�PRWRU��ŵŘĴżĹŤē�ŦũŐ�ĆĔŭĠĉ�ŦťĬ�ğİĩŻ�İŜ

�ņřĭŻ�İŜ�ĔũŨȕşĴĩũŤē�ŦũŐ�ĆİĖ�İŭŐ� ƻĔŀŵŁĬ�ȕųŜĔŉŤē�ŮŨ�ĴżġšŤē�ųĤŵŻ�şĴĩũŤē�ūǜ�ēĲű���86%ƸŤē�ĲŘĔŭŨ�ņőėĖ
ųťżŕĽĜ�ęįĔŐē�ŪĝżŘ�9ROWDJH����$UGXLQR

 �9�����ŮżĖĔŨ����������ųőńŴ�ŪĝŻ�ŹťŐĉ�Ŵĉ��FDSDFLWRU����X)��ŽŤĔŐ�ŚġšŨ�ĚŘĔńē�ĴėŐ�ĚťšĽũŤē�ůĲű�ŦĨ�ŪĝŻ
���*1'

�įŵĤŵũŤē�ĳĔżĝŤē�ĲĬĊĖ�ųťżŕĽĜ�ĆİĖ�İŭŐ�şĴĩũťŤ�ĪũĹŻ�ĢżĨ�ŽĐĔĖĴŲšŤē�ĳĔżĝťŤ�ūēĶĭŠ�ŦũőŻ��capacitor��ŚġšũŤē
��Arduino��ŮŨ�ůĲĬĊĖ�ŧŵŝŻ�źĲŤē�ĳĔżĝťŤ�ĚŘĔńē�ŚġšũŤĔĖ

�ūŵšŻ�ęįĔŐ�ĚėŤĔĹŤē�ĚŻĔŲŭŤē��9ƸĖ�ĔŲŉĖĳ�ĘĥŻ�ŽĝŤēŴ�ĚėĤŵũŤē�ĚŻĔŲŭŤē�Žű��capacitor��ŚġšũťŤ�ţŵňǜē�ĚŻĔŲŭŤē
�ĔŲżťŐ���±���ĚŨǙŐ
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: 5�ţĔġŨ
��ŞĖĔĹŤē�ŦšĽŤē�ŪżũŁĜŴ�ŽŤĔĝŤē�ĦŨĔŬĴėŤē�ĚĖĔĝšĖ�ŪŜ

>LQFOXGH��6HUYR�K#
�LQW�VHUYR3LQ� ��
����6HUYR�VHUYR

LQW�DQJOH� ���������VHUYR�SRVLWLRQ�LQ�GHJUHHV
��YRLG�VHWXS

{
��VHUYR�DWWDFK�VHUYR3LQ  

}

��YRLG�ORRS
{

scan from 0 to 180 degrees�����
�����IRU�DQJOH� ����DQJOH��������DQJOH  

                                  {  
�����������������VHUYR�ZULWH�DQJOH    

���������������������GHOD\���    
}  

now scan back from 180 to 0 degrees�����
�������IRU�DQJOH� ������DQJOH�!����DQJOH  

                                {  
�������������VHUYR�ZULWH�DQJOH    

���������GHOD\���    
}  
}
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��ĚżĥŨĴĖ�ĚėĝšŨ�ĴżŘŵĜ�ŪĜ��ųťŲĸ�ĚżťũőŤē�ŦőĥŤŴ�ȕ�ěĔĖĲĖĲŤē�ŮŨ�ĚťĹťĸ�ĴėŐ���VHUYR�PRWRU��şĴĩũĖ�ŪšĩĝŤē�ŪĝŻ
�ĚŭżőŨ�ĚŻŴēĶŤ�ųżĤŵĝťŤ���VHUYR�PRWRU��ŵŘĴżĹŤē�şĴĩŨ�ųżĤŵĜ�ĚżťũŐ�ŦŲĹżŤ

�ĔŭŬǜ�ŮšŤŴ��Arduino��ĦŨĔŬĴĖ�ŽŘ�ŶĴĬǜē�ĴŨēŴǘĔŠ� ƻĔŨĔũĜ����VHUYR�PRWRU��şĴĩũĖ�ŪšĩĝťŤ�ĚżĥŨĴėŤē�ĴŨēŴǘē
���VHUYR�PRWRU�����şĴĩũĖ�ŪšĩĝŤē�ĴŨēŴē�ĚėĝšŨ�ĆĔŐİĝĸē�ĘĥŻ�ŢŤĲŤ�ȕ�ŒŻĳĔĽũŤē�ŦŠ�ŽŘ�ŪĐēį�ŦšĽĖ�ĔŲŨİĭĝĹŬǘ

��ŽŤĔĝŤē�ĴŨǜē�ĴėŐ�ŢŤıŴ
>include >Servo.h#

�VHUYR3LQ��ĴżŕĝũŤē�ĴėŐ�VHUYR�PRWRU����şĴĩũĖ�ųŉĖĳ�ŪĝŻ�źĲŤē�ĲřŭũŤē�ŚŻĴőĜŴ�İŻİĩĝĖ�ŧŵŝŬ�ęįĔőŤĔŠŴ
�6HUYR�VHUYR 1

�ŵűŴ�ŚŻĴőĝťŤ�ŏŵŬ�ĔŭŤ�ěĴŘŴ�ĚżĥŨĴėŤē�ĚėĝšũŤē�����VHUYR��ŏŵŬ�ŮŨ��VHUYR�PRWRU����şĴĩŨ�ŚŻĴőĝĖ� ƻĔżĥŨĴĖ�ŪŝŭŤ
�µint¶�ŦġŨ�ŶĴĬǘē�ěĔřŻĴőĝŤĔŠ� ƻĔŨĔũĜ��VHUYR(

��Arduino��ĚĨŵťĖ�ųŉėĜĴŨ���VHUYR��ěĔŠĴĩŨ�8�ŹĝĨ�ŗĴőĜ�ūĉ�ŮŨ�ŢŭšũŻ��VHUYR��ŏŵŭŤē�ŚŻĴőĜ�ŧēİĭĝĸĔĖ�ŢŤĲŤ
ŽŤĔĝŤĔŠ�ŪĝŻ�ŚŻĴőĝŤē

1
�6HUYR�VHUYR� 2
�6HUYR�VHUYR�

 
��ŽŤĔĝŤē�ĴŨǜē�ĴėŐ�ŢŤıŴ�ȕ���VHUYR��şĴĩũĖ�Ūšĩĝżĸ�źĲŤē�ĲřŭũŤĔĖ��VHUYR��ĴżŕĝŨ�ŊĖĳ�ĔŭżťŐ�setup�ĆĶĤ�ŽŘ

��VHUYR�DWWDFK�VHUYR3LQ  1
��for loop��ŮżĝŝťĨ�ĔŭŨİĭĝĸē��loop�ĆĶĤ�ŦĬēİĖ���VHUYR��şĴĩũŤ�ĚżŤĔĩŤē�ĚŻŴēĶŤē�İŻİĩĝŤ�ŧİĭĝĹŻ��angle��ĴżŕĝũŤē

��ŶĴĬǜē�ĚŲĥťŤ�ĕĔűĲŤēŴ�ęįŵőŤē�ŪĠ�ĚĤĳį�180�ŹĝĨ�İĨēŴ�ůĔĥĜē�ŽŘ�ĚŻŴēĶŤē�ęįĔŻĶŤ�ŢŤıŴ

DC motor�ĴũĝĹũŤē�ĳĔżĝŤē�şĴĩŨ
�ŢŤıŴ��Arduino��ĚĨŵťĖ��3XOVH�:LGWK�0RGXODWLRQ�±�SZP��źĴŌĔŭĝŤē�ģĴĭũŤē�ĴżżŕĜ�ĚżŀĔĬ�ŧēİĭĝĸĎĖ�ŧŵŝĝĸ

  Serial Monitor�ŽťĹťĹĝŤē�ţĔŁĜǘē�ĚļĔļ�ŮŨ�255��±�0��ŮżĖĔŨ�ŪŜĳ�ţĔĸĳē�ĴėŐ�şĴĩũŤē�ĚŐĴĸ�ŽŘ�ŪšĩĝťŤ
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: 6�ţĔġŨ
��ŞĖĔĹŤē�ŦšĽŤē�ŪżũŁĜŴ�ŽŤĔĝŤē�ĦŨĔŬĴėŤē�ĚĖĔĝšĖ�ŪŜ

�LQW�PRWRU3LQ� ��
��YRLG�VHWXS

{
��SLQ0RGH�PRWRU3LQ��287387  

��6HULDO�EHJLQ�����  
��ZKLOH����6HULDO  

��³6HULDO�SULQWOQ�³6SHHG���WR����  
}

��YRLG�ORRS
{

���LI��6HULDO�DYDLODEOH  
{  

���LQW�VSHHG� �6HULDO�SDUVH,QW    
�LI��VSHHG�! ���		�VSHHG�� ����    

{    
��DQDORJ:ULWH�PRWRU3LQ��VSHHG      

}   }     }    
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 3�ĲřŭŨ�ŧēİĭĝĸĎĖ�ŧŵŝŭĸ���şĴĩũŤē�ĚŜĔŉĖ�ŪšĩĝŤē�ĴėŐ�ŢŤıŴ��switch��ţŵĩũŤē�ĚřżŌŴ�Ĕŭű�Transistor�źįČŻ
���motorPin��Ūĸē�ĞĩĜ��Transistor�ĆĔřňčŴ�ŦżŕĽĝŤ��Arduino��ĚĨŵťŤ

��şĴĩũŤē�ĚŜĔň�ĚũżŜ�ţĔĬįē�ŢŭŨ�ĘťŉĜ�Serial Monitor�ŽťĹťĹĝŤē�ţĔŁĜǘē�ĚļĔļ�ĴŲōĝĸ��ĦŨĔŬĴėŤē�ĆİĖ�İŭŐ
���255�±�0���ŮżĖĔŨ

 Serial�ŽťĹťĹĝŤē�ţĔŁĜǘē�ĚļĔļ�ĴėŐ�ŦĬİũŤē�ŪŜĴŤē�ęĆēĴŝŤ�ŧİĭĝĹŻ��6HULDO�SDUVH,QW��ĴŨǜē�loop�ĆĶĤ�ŽŘ
µ�int¶�ĚżũŜĳ�ĚũżŝŤ�ųťŻŵĩĜŴ�Monitor

 255�±�0����������ŮżĖ�ŪŜĳ�įŵĤŴ�İŭŐ��analogWrite��ĚŻĴŌĔŭĜ�ĚĖĔĝšĖ�ŧŵŝĜ�ųżťŻ�źĲŤē�ĴŉĹŤē�ŽŘ�ĚżňĴĽŤē�if�ĚťũĤ
��ŊŝŘ��

 Transistor�ĳŵĝĸĶŬēĴĝŤē
��Arduino��ĚĨŵťŤ�digital output�ŽũŜĴŤē�ģĴĭũŤē�ųĥĝŭŻ�İŜ�ĔũŨ�ĴėŠĉ�ĚŜĔň�ŢťŲĝĹŻ�ūĉ�ĴżŕŁŤē�şĴĩũťŤ�ŮšũŻ

�ęĴļĔėŨ�şĴĩũŤĔĖ�ĔŲŉĖĴĖ�ĞũŜ�ēıē�ŪšĩĝũŤē�ŗǙĜē�ŪĝŻ�ūĉ�ĴżėŠ�ţĔũĝĨē�şĔŭű�ŢŤĲŤ
�ŮšũŻŴ��Arduino��ĚĨŵŤ�ŮŨ�ĚťżťŜ�ĚŜĔň�ŢťŲĝĹŻ�ţŵĩũŠ�ųŨēİĭĝĸē�ŮšũŻ�PN2222�ŹŐİŻ�Ĵżŕŀ�Transistor

�ĴżŕŁŤē�şĴĩũťŤ�ĴėŠĉ�ĚŜĔň�ĴŘŵŻ�ūĉ
�ēĲű�ŮšŤŴ�ȕ�Emitter��ŹŤč��collector��ŮŨ�ĘűĲŻ�ŽĐĔĖĴŲšŤē�ĳĔżĝŤē�ŪōőŨ���ķŴċĳ�3���ŹťŐ��Transistor�źŵĝĩŻ
��Arduino��ĚĨŵŤ�ŮŨ�ůĴżŘŵĜ�ŪĝŻ�ŦżťŝŤē�ĳĔżĝŤē�ēĲű��%DVH�FRQQHFWLRQ��ĴėŐ�ŦżťŜ�ĳĔżĜ�ĴŻĴũĜ�ŪĜ�ēıč�ŊŝŘ�ğİĩŻ

 Transistor�ŹŤč�ųĤŵũŤē�ĳĔżĝŤē�ŮŨ�ŦťŝŻ�ĔũŨ���ųŨŴĔŝũŤĔĖ�ŊėĜĴŨ��Arduino��ĚĨŵŤ�ŮŨ�3�ĲřŭũŤē
�ŊŝŘ�İĨēŴ�ůĔĥĜĎĖ�ĳĔżĝŤē�ŦŝŭĖ�ĪũĹŻ�źĲŤēŴ�ţŵŀŵŨ��Diode¶�ŽĐĔŭĠ�ŧĔũŀ�İĤŵŻ

'L� �ŽĐĔŭġŤē�ŧĔũŁŤē�ĚřżŌŴ�ȕ�ŵŭŻŴįĳǜē�ŚťĝŻ�İŜ�ĔũŨ��ŽĹšŐ�İŲĤ�įēİĜĳē�ŦŁĩŻ�ȕ�şĴĩũŤē�ŮŐ�ĚŜĔŉŤē�ŦŁŘ�İŭŐ’
�ĳŵŨǘē�ůĲű�ŮŨ�ĚŻĔũĩŤē�Žű�µode
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Stepper Motor�źŵŉĭŤē�şĴĩũŤĔĖ�ŪšĩĝŤē
�ęŵŉĬ�şĴĩŨ�źē���źŵŉĭŤē�şĴĩũŤē�Stepper motor

�ěǘǚē�ŽŘ�ŧİĭĝĹŻ�ŽĐĔĖĴŲŠ�şĴĩŨ�ŵűŴ��ęŵŉĭĖ
�ĚőĖĔŉŤē�ŦġŨ�ŪšĩĝŤē�ŽŘ�ĚŜİŤ�ģĔĝĩĜ�ŽĝŤē�ęĴżŕŁŤē

ĮŤē����ĳĶżťŤē�ŒňĔŜŴ
�ŪšĩĝŤē�ųŭšũŻ�ųŬē�ŵű�şĴĩũŤē�ēĲű�ěēĶżũŨ�Ūűĉ�ŮŨ

�ĚŜİĖ�ŚŜŵĝŤē�ĚŻŴēĵŴ�ųĜēĳŴį�ĚŐĴĸŴ�įİŐ�ŽŘ

: )Temperature sensor��ęĳēĴĩŤē�ķĔĹĨ
�ēĲűŴ���ęĳēĴĩŤē�ĚĤĳį�ķĔżŝŤ�ķĔĹĨ�ŵű�LM 35�ķĔĹĩŤē�

�ņőĖ�ŽŘ�ŦŁĩŻ�ĔũŠ�ęĴŨ�ŦŠ�Ŋėń�ęįĔŐč�ģĔĝĩŻ�ǘ�ķĔĹĩŤē
�������ŮŨ�ħŴēĴĝŻ�ĚĸĔŝũŤē�ęĳēĴĩŤē�ěĔĤĳį�śĔŉŬ���ěĔĸĔĹĩŤē

����������ĚŜİĖ�ĚŻŵđŨ�ĚĤĳį���150��ŹŤč

: 7�ţĔġŨ
�ŽŤĔĝŤē�ĦŨĔŬĴėŤē�ĚĖĔĝšĖ�ŪŜ�ŪĠ��Arduino��ĚĨŵťĖ��ęĳēĴĩŤē�ķĔĹĨ�ŦżŀŵĝĖ�ŪŜ

�ĚťũĥŤē�ŽŘ�ķĔėĝŜǘē�ŽĜĳĔļē�ŮżĖ�ĔŨ�ŵĥŤē�ęĳēĴĨ�ĚĤĳį�ĳĔŲŌĎĖ�ŧŵŝŻ�źĲŤē
�����7HPSHUDWXUH�LV��³��³�GHJUHHV�&��ĚżŤĔĝŤē

��FRQVW�LQW�VHQVRU3LQ� �$�
�int reading

�ÀRDW�WHPSHUDWXUH&
����YRLG�VHWXS

^��6HULDO�EHJLQ�����{
`��������YRLG�ORRS

����UHDGLQJ� �DQDORJ5HDG�VHQVRU3LQ
�WHPSHUDWXUH&� �UHDGLQJ�
������

 
��´��6HULDO�SULQWOQ�³7HPSHUDWXUH�LV

��6HULDO�SULQW�WHPSHUDWXUH&
���³6HULDO�SULQWOQ�³�GHJUHHV�& 

��GHOD\�����
} 
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:  ) Ultrasonic wave��ĚżĜŵŁŤē�śŵŘ�ěĔĤŵũŤē�ķĔĹĨ

�İŭŐŴ����8OWUDVRQLF�ZDYH���ĚżĜŵŀ�śŵŘ�ĚĤŵŨ�ţĔĸĳĔĖ�ķĔĹĩŤē�ŧŵŝŻ�
��ůįŵőŤē���įēİĜĳǘē�ŽŘ�ųĝŜĴŕĝĸē�ŽĝŤē�ŮŨĶŤē�ĕĔĹĨ�ŪĝŻ�ųĤŵũŤē�ůĲű�įēİĜĳē

ĚŐĴĹŤē�x�ŮŨĶŤē� �ĚżťšŤē�ĚŘĔĹũŤē
ğ�ŧ�343�źŴĔĹŻ�Ŵ�ĞĖĔĠ�ĆēŵŲŤē�ŽŘ��ěŵŁŤē�ĚŐĴĸ�ūē�ŗŴĴőũŤē�ŮŨŴ

�ųĤŵũŤē�ĔŲĝőŉŜ�ŽĝŤē�ĚŘĔĹũŤē�ĕĔĹĨ�ĔŭŭšũŻ�ůǙŐē�ųŤįĔőũŤē�ŧēİĭĝĸĔĖŴ
�śŵŘ�ģēŵŨǜē�ĳİŁŨ�ŮŐ�ŪĹĥŤē�İőĖ�İŻİĩĝŤ�Ŵ�ĕĔŻē�Ŵ�³ĔĖĔűı�ĚżĜŵŁŤē�śŵŘ

ūĔŭĠē�ŹťŐ�ųũĹŝŤē�ŮŨ�İĖǙŘ�ĚżĜŵŁŤē
2��ĚŐĴĹŤē�x�ŮŨĶŤē�� �ĚżĜŵŀ�śŵřŤē�ģēŵŨǜē�ĳİŁŨ�ŮŐ�ŪĹĥŤē�İőĖ

: 8�ţĔġŨ
�ĚļĔļ�ŹťŐ�ĔűĳĔŲŌčŴ�ĚŘĔĹũŤē�ķĔĹĨ�ŮŐ�ŧĔĹĤǘē�İőĖ�ĚŘĴőũĖ�ŧŵŝŻ�ŽŤĔĝŤē�ĦŨĔŬĴėŤē

�Serial(
��LQW�WULJ� ���
��LQW�HFKR� ���

��long lecture_echo
�long cm

���YRLG�VHWXS
 {

���SLQ0RGH�WULJ��287387  
���SLQ0RGH�HFKR��,1387  

^���6HULDO�EHJLQ�����  
���YRLG�ORRS

 {
���GLJLWDO:ULWH�WULJ��+,*+  
���GHOD\0LFURVHFRQGV���  
���GLJLWDO:ULWH�WULJ��/2:  

���OHFWXUHBHFKR� �SXOVH,Q�HFKR��+,*+  
��FP� �OHFWXUHBHFKR�����  

���´���6HULDO�SULQW�³'LVWDQFH�HQ�FP  
���6HULDO�SULQWOQ�FP  

���GHOD\�����  
}
}
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:04���ĵĔŕŤē�ķĔĹĨ

�ņőĖ�ŽŘ�ĚřťĝĭŨ�ŦĤĳǜē�ĘżĜĴĜ�ūŵšŻ�İŜ��ĚżŤĔĝŤē�ęĳŵŁŤē�ŽŘ�ĪńŵŨ�ĔũŠ�ŦĤĳĉ�4�ŢťĝũĜ�ĵĔŕŤē�ěĔĸĔĹĨ�ŦŠ
�ěĔŬĔżĖ�ģŴĴĬ�Ŵ��'2�ĚżũŜĳ�ěĔŬĔżĖ�ģŴĴĬ��9&&�ĘĤŵŨ��GND�ĘŤĔĸ�ŮŐ�ęĳĔėŐ�Žű�ĔũĐēį�ŮšŤ�ěǘŵĤĔũŤē

�$2�ĚżťĠĔũĜ
�ĞŤŵŘ�5��ķĔĹĩŤē�ŽŘ�ęįŵĤŵũŤē�ĚťŨĔšĝũŤē�ęĴĐēİŤē�ĚŻĲŕĝŤ�ŵű�ĪńēŴ�ŵű�ĔũŠ�ĘĤŵũŤē�Ŵ�ĘŤĔĹŤē

�ĵĔŕŤē�ĚėĹŬ�ŹťŐ�ģĳĔĭŤē�İŲĥŤē�ĳēİŝŨ�İũĝőŻ�Ŵ�ĔėŻĴŝĜ�ĞŤŵŘ�����ŹŤē�0�ŮŨ�İŲĤ�ŽŉőŻ��$2�ĚżťĠĔũĜ�ěĔŬĔżĖ�ģĴĭŨ
ģĳĔĭŤē�İŲĤ�ĳēİŝŨ�įēįĶŻ�ĵĔŕŤē�ĚėĹŬ�įēĵ�ĔŨ�ŦŠ�ūĉ�źĉ��ĔŻįĴň�ĚřĽŠ�ŪĝŻ�ŽĝŤē

�ŽŘ�ŪšĩĝŤē�ŮšũŻ��ĵĔŕŤē�ĚėĹŬ�ŹťŐ�ŢŤı�İũĝőŻŴ�ĞŤŵŘ�5�ĔŨč�ĞŤŵŘ�0�ĔŨč�İŲĤ�ŢżŉőŻ��'2�ĚżũŜĳ�ěĔŬĔżĖ�ģĴĭŨ
�ţŵĤĔũŤē�ŹťŐ�ęįŵĤŵũŤē�ęĴżŕĝũŤē�ĚŨŴĔŝũŤē�ŞŻĴň�ŮŐ��'2�ĚżũŜĴŤē�ěĔŬĔżĖ�ŧēİĭĝĸē�ţĔĨ�ŽŘ�ĵĔŲĥŤē�ĚżĸĔĹĨ

�ĞŤŵŘ�0�ĪėŁŻ�ĵĔŕŤē�ŮŨ�ĚėĹŬ�źĉ�ŽŘ�Ŵ�ĞŤŵŘ�5�ĪėŁŻ�ģŴĴĭŤē�ĚėĹŬ�źĉ�ŽŘ�ĳĔĝĭĜ�ĞŬĉ�ŽŤĔĝŤĔėŘ

:9�ţĔġŨ
�ĚļĔļ�ŹťŐ�ŵĥŤĔĖ�įŵĤŵũŤē�ĵĔŕŤē�ĚėĹŬ�ĳĔŲŌē�ŹťŐ�ęĳįĔŜ�ęĳēį�ĚĥŨĴĖŴ�ŪżũŁĝĖ�ŪŜ

ĕŵĸĔĩŤē

��FRQVW�LQW�JDV3LQ� �$���
`����YRLG�VHWXS��

��6HULDO�EHJLQ�������
^���

`����YRLG�ORRS��
���6HULDO�SULQWOQ�DQDORJ5HDG�JDV3LQ��

��GHOD\��������
^��
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:10�ţĔġŨ

>LQFOXGH��/LTXLG&U\VWDO�K#

��/LTXLG&U\VWDO�OFG��������������������

�LQW�SRW3LQ� �$�

�LQW�SRW9DOXH� ��

�LQW�EX]]HU� ��

`���YRLG�VHWXS

OFG�EHJLQ������������OFG�URZV�DQG�FROXPQV    

��³OFG�SULQW�³*$6�6(1625    

����SLQ0RGH����287387    
}  

`���YRLG�ORRS

��SRW9DOXH� �DQDORJ5HDG�SRW3LQ    

  

��OFG�VHW&XUVRU�����    

��´� �OFG�SULQW�³9DOXH    

��OFG�SULQW�SRW9DOXH    

��GHOD\�����    

��´�´�OFG�SULQW    

��GHOD\��    

�LI��SRW9DOXH!��

{

��GLJLWDO:ULWH���+,*+    

��GHOD\�����    

}  

}

�ĵĔŕŤē�ĚėĹŬ�ĳĔŲŌē�ŹťŐ�ęĳįĔŜ�ęĳēį�ĚĥŨĴĖŴ�ŪżũŁĝĖ�ŪŜ
�ĵĔŕŤē�ĚėĹŬ�ěĵŴĔĥĜ�ēıēŴ�ĚļĔĽŤē�ŹťŐ�ŵĥŤĔĖ�įŵĤŵũŤē

���ĳēĲŬǙŤ�ěŵŀ�ĳēİŀĔĖ�ęĳēİŤē�ŧŵŝĜ��20��ŵĥŤĔĖ
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��ņőĖ�ŒŨ�ĆēĶĤǜē�ŊĖĳ�ĚżřżŠ�ĪńŵĜ�ĚżŤĔĝŤē�ęĳŵŁŤē
��ĚļĔĽŤē�ŹťŐ�ĚńŴĴőũŤē�ěĔŬĔżėŤē�ħŵńŴ�İŻİĩĝŤ�ęĴżŕĝũŤē�ĚŨŴĔŝũŤē��ŧēİĭĝĸč�ŪĝŻ

: PIR Sensor�ĚŠĴĩŤē�ķĔĹĨ

�ųőļǘē�ěĔŻŵĝĹŨ�ŽŘ�ěēĴżŕĝŤē�ĳĔőĽĝĸē�ţǙĬ�ŮŨ�ųŠĴĩŤē�įŵĤŴ��ŮŐ�ŚĽšŻ��PIR Sensor��ĚŠĴĩŤē�ķĔĹĨ
�ųżĐĔĖĴŲŠ�ůĳĔļǘ�ĔŲŤŵĩŻŴ�ųĖ�ųŉżĩũŤē�ŧĔĹĤǘē�ŮŨ�ųġőėŭũŤē�ĆēĴũĩŤē�ĞĩĜ

�ųėŜ�ųŤ�Ğřżńē��ŽŬēŵĠ�5�ŦŜǘĔŐ�ĴżĬĊĜ�ŮŨĶĖ�ĴĝŨ���ŹŤē��3�ŮŨ�ųŘĔĹũŤ�ųŭŨ�ĕĴŝŤĔĖ�ųŠĴĨ�įŵĤŴ�ĴőĽĝĹŻŴ�ĔũŠ
�ęĳĔļē�ŽŉőŻ�ųŠĴĩŤē�įŵĤŴ�İŭőŘ���ĚĤĳį��110�ųŻŴēĶĖ�ųŠĴĩŤē�įŵĤŴ�ĴőĽĝĹŻŴ�ěĔĤŵũŤē�ĳĔĽĝŬē�ůįĔŻĶŤ�ųżšżĝĸǙĖ

�ŮżĜĴżŕĝŨ�ŮżĝŨŴĔŝŨ�ŞŻĴň�ŮŐ�ųŠĴĩŤē�ŚĽŠ�ųŘĔĹŨŴ�ěēĆēĴŝŤē�ĲĬē�ŮŨĶĖ��ŪšĩĝŤē�ĔŭŭšũŻ�����HIGH��ĚżũŜĳ
�ĚŐĔĹŤē�ĕĳĔŝŐ�ůĔĥĜĔĖ�ŪŲšŻĴĩĝĖ
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: 11�ţĔġŨ
�ŽŘ�ĚŠĴĨ�źĉ�įŵĤŴ�İŭŐ�ŢŤıŴ����ĳēĲŬǙŤ�ěŵŀ�ĳēİŀč�ŹťŐ�ęĳįĔŜ�ęĳēį�ĚĥŨĴĖŴ�ŪżũŁĝĖ�ŪŜ

�����ęĳēİŤē�ŊżĩŨ

�����LQW�SLU3LQ� ��
�LQW�EX]]� ���

`���YRLG�VHWXS
��SLQ0RGH�SLU3LQ��,1387  
��SLQ0RGH�EX]]��287387  

 }

`���YRLG�ORRS

�LI�GLJLWDO5HDG�SLU3LQ��  �+,*+     
{

������GLJLWDO:ULWH�EX]]��+,*+       
}       

�LI�GLJLWDO5HDG�SLU3LQ��  �/2:     
       {     

����GLJLWDO:ULWH�EX]]��/2:       
    }    

}  
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Mobile Applications�ŦŻĔĖŵũŤē�ěĔŝżėŉĜ��3

�� �ĔŲĜĔŝżėŉĜŴ �ĚżŠĲŤē �ŚĜēŵŲŤē � ƻĔŀŵŁĬŴ �ŚĜĔŲŤē �ěĔŨēİĭĝĸē �ěĔżĐĔŁĨč �ěĳŵŉĜ �ŽŤĔĩŤē �ĴŁőŤē �ĚŻēİĖ �ĲŭŨ

� �ĔŲŨēİĭĝĸē �ţǙĬ �ŮŨĔŲżťŐ �ţŵŁĩŤē �ŮšũŻ �ŹĝŤē �ęįĔřĝĸǞē �ŶİŨ �ŹŘ �ęĶżũŨ �ĚŬĔšŨ �ŚĜĔŲŤē �ěĔŝżėŉĜ �ĞťĝĨēŴ

��ĚŤĔőŘ�ŞŻŵĹĜ�ĚťżĸŵŠ�ŚĜĔŲŤ�ĔĜĔŝżėŉĜ�ŧēİĭĝĸč�ŵĩŬ�ůĔĥĜǞēŴ

� ƻēİĤēŵĝŨ�ŹŝėŻ�ŧĔőŤē�ųťšļ�ŹŘ�ŞżėŉĝŤĔŘ��ŧŵżŤē�ěĔŠĴĽŤē�ĔŲőėĝĜ�ŽĝŤē�ĚżŝŻŵĹĝŤē�ĘżŤĔĸǜē�ŶŵŜĉ�ŮŨ�ŚĜĔŲŤē�ěĔŝżėŉĜİőĜ

� �ĔŲŝŻŵĹĜ �ŽŘ�Ěżėűı�ĚŀĴŘ�ŢŤ �ĴŘŵŻ �ŢĜĔŨİĬŴ�ŢĜĔĥĝŭũĖ �ĿĔĬ�ŞżėŉĜ �įŵĤŵŘ�ēĲŤ�ŧŵżŤē �ţēŵň�ŧİĭĝĹũŤē �ŚĜĔű �ŹťŐ

�Windows Phone�ƸŤēŴ�,26�ƸŤēŴ�Android�ŮżĖ �ŏŵŭĝĜ �ŚĜĔŲŤē �ŹťŐ �ĚřťĝĭũŤē �ŽŕĽĝŤē �ĚũōŬĉ �ūĉ �ŗŴĴőũŤē �ŮŨŴ

�ŦżŕĽĝŤē �ĚũōŬĉ �ŮŨ �ųĜĔŝżėŉĜ �śǙňǞ �ĚŁŭŨĴėŠĉİőŻ �źĲŤēŴ �ŦŝĝĹũŤē �ŽŬŴĴĝšŤǞē �ůĴĥĝŨŴ �ųĜĔŝżėŉĜ �ųŤ �ŪŲŭŨ �ŦŠŴ
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�ěĔŝżėŉĜ�ŪŤĔŐ�ŽŘ�ţŵĬİŤē�ŦėŜ�ŽŕėŭŻŴ��ēĲšűŴGoogle PlayİĤŵŻ�Android��ŹŘŴApple StoreİĤŵŻ�,26�ŽŘǙġũŘ
�ĚŀĔĭŤē�ĚĥŨĴėŤēĚŝŻĴň�ēĲű�ŹťŐ�ĘĜĴĝŻŴ��ŢĝŠĴĽĖ�ĿĔĭŤē�ŞżėŉĝŤēĔŲżťŐ�ŒŅĝĸ�ŽĝŤē�ěĔŁŭũŤē�ŪűĉįİĩĜ�ūĉĚżŠĲŤē�ŚĜēŵŲŤē

�ĚřťĝĭũŤē�ŦżŕĽĝŤēĚũōŬĉ�ŒŨ�ŞŘēŵĝżŤ�ŞżėŉĝŤĔĖ
:App Inventor

�ēĲű�ūŵšŻ�ĢżĩĖ�ŢřĜĔű�ŹťŐwebŃĴőĝĹŨ�ŧēİĭĝĸĔĖ�androidŚĜēŵŲŤ�ěĔŝżėŉĝŤēĴŻŵŉĜ�ŢŤ�ĪżĝŻ�ŒŜŵŨ�ŮŐęĳĔėŐŵű
��ĞŜŴ�źĉ�ŽŘ�ĔŲŤĔũšĝĸē�ĚżŬĔšŨēŴ�ŢŤĔũŐē�ŎřĨ�ŢŤ�ĪżĝŻ�ųŬē�ĔũŠ�ĚĖŵťŉũŤē�ŧĔŲũŤē�ĆēįĔĖ�ŧŵŝżŤ�ŢũżũŁĜ�ŮŨ�ŞżėŉĝŤē

$SS�,QYHQWRU�ŽťŐ�ŦũőŤē�ĆİĖ
$SS�,QYHQWRU�ƸŤē�ĆİėŤ

ŽŤĔĝŤē�ŊĖēĴŤē�ŽťŐ�ţŵĬİŤĔĖ�ŪŜ
KWWS���DL��DSSLQYHQWRU�PLW�HGX

�ĕĔĹĩĖ�ŦżĥĹĝŤē�ĘťŉĝŻ�ŢŤıŴ�)Chrome or Firefox( ĪřŁĝũŤē�ţǙĬ�ŮŨ�ĦŨĔŬĴėŤē�ŒŜŵŨ�ŹťŐ�ęĴļĔėŨ�ŦũőŤē�ŮšũŻ
Gmail
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İŻİĤ�ŏŴĴĽŨ�ĆĔĽŬč�ĆİĖ
³start new project´�ĳĔżĝĬč�ŪĠ�´�project�´�ĚũĐĔŜ�ĪĝřĖ�ŢŤıŴ�

 ok�Ŋŕńč�ŪĠ�ĚŻĶżťĥŬǞē�ĚŕťŤĔĖ�ŞżėŉĝťŤ�ĘĸĔŭŨ�Ūĸč�ĳĔżĝĬĎĖ�ŪŜ�ŢŤı�İőĖ



78

DesignerŪżũŁĝŤē�ĚŲĤēŴ
�ŪĸĴŤē�ěēŴįĉŴ�ŪĐēŵŝŤēŴ�ĳēĳĵǜē�ŦġŨ�ŞżėŉĝŤē�ŪżũŁĜ�ŹŘ�ŧİĭĝĹĜ�ŹĝŤē�ěēŴįǜē�ĔŲĖ�ĚũĐĔŜ�ŮŨ�ūŵšĝĜ

�ĘĩĹŤē�ŞŻĴň�ŮŐ�ŧİĭĝĹĜ�ŹĝŤē�ěēŴįǜē�ŮŨ�ŢŤıĴżŔ�Ŵ������������ğŵĜŵťėŤēȕ�ĚżŐĔũĝĤǞē�ŒŜēŵũŤĔĖĚŠĳĔĽũŤēŴĴŻŵŁĝŤēŴ
³Properties´�ţǙĬ�ŮŨ�ęēįĉ�ŦŠ�łĐĔŁĬĴżżŕĜ�ŮšũŻŴ�ĚļĔĽŤē�ŹťŐ�ěǙŘǞēŴ

�łĐĔŁĭŤē�ŮŨ�ĔűĴżŔŴ�ūŵťŤēŴ�ŦšĽŤēŴ�ŊĭŤē�ĢżĨ�ŮŨ�ųŤ�ĚėĸĔŭũŤē�łĐĔŁĭŤē�įēİŐēŴ�ŞżėŉĝŤē�ĚļĔĽŤ�ěĔŬŵšũŤē�ĳĔżĝĬē�İőĖ
ŞżėŉĝŤē�ĚļĔĽŤ�łŁĭũŤē�ūĔšũŤē�ŽŘ�ŞżėŉĝŤē�Ŧšļ�ĔŭŤ�ĴŲōżĸ

�ŹťŐē�ŽŘ�įŵĤŵũŤē��%ORFNV��ĳĵ�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬ�ųőŭŀ�įēĴũŤē�ŞżėŉĝŤē�ŧİĭŻ�źĲŤē�ĘĸĔŭũŤē�ŪżũŁĝŤē�ŮŨ�ĆĔŲĝŬǘē�İŭŐ
��ĚĥŨĴėŤē�ĆĶĥŤ�ŦŝĝŭŭŤ�ĦŨĔŬĴėťŤ�ŹŭũżŤē�ĚŻŴēĶŤē
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Blocks�ĚĥŨĴėŤē�ĚŲĤēŴ�ħĴļ
ĞŤĔŭŨĆĶĥťšŤĚĥŨĴėŤēĴŨēŴĉĆĔŉŐǞ�³%ORFNV �́ĆēĶĤĉŴĊőŉŝėżŠĴĝŸťŐİũĝőŻĔũŬčĚżĥŨĴĖĴŨēŴĉĚĖĔĝšŸŤĎĤĔĝĩŻǙŲŬĊĥŨĔŬĴėŤēēĲŲĜēĶżũũŭŨ

�Şżėň
�ŞżėŉĝŤē�ŧŵŝżŤ��Drag drop��ĚŝŻĴň�ŹťŐ�ĔŲőżũĥĝėŨŵŝĝġżĩŝżėŉĝťŤĚŨĵǙŤē�ĚżĥŨĴėŤē�ĴŨēŴǘĔėżŠĴĜŵőżũĥĝšŭšũżŲŤǙĭŭŨŴ

����Ŵē�ěŵŀ�ĳēİŀē�Ŵē�ŪŜĳ�ţĔĬįē�Ŵē�ŮżőŨ�ĳĵ�ŹťŐ�ŊŕŅŤē�ţĔĨ�ŽŘ�ŧİĭĝĹũŤē�ŒŨ�ŦŐĔřĝŤĔĖ

�ŪĠ�ŞżėŉĝťŤ�ūŵšŨ�ŦšĖ�ĚŀĔĭŤē�ĚżĥŨĴėŤē�ĴŨēŴǘē�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬ�ĚĥŨĴėŤē�ĚŲĤēŴ�ŽŘ
��ĚżĥŨĴėŤē�ĆēĶĤǘē�ŒżũĥĜ�ĚĨĔĹŤ�ŽĥŨĴėŤē�ĴŨǘē�ĘĩĹĖ�ŧŵŝŬŴ�ūŵšũŤē�ēĲŲŤ�ĘĸĔŭũŤē�ŽĥŨĴėŤē�ĆĶĥŤē�ĳĔĝĭŬ
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��ŞżėŉĝŤē�ŦżŕĽĜ

 :L¿�ĚšėļŴ�android�ŧĔōŭĖ�ŦũőŻ�ĵĔŲĤ�ŢŻİŤ�ūĔŠ�ēıč�ęĴļĔėŨ�android�ĵĔŲĤ�ŹťŐ�ŦżŕĽĝŤē�ŪĝŻ
İŻŴĳİŬǜē�ŚĜĔŲŤē�ŹťŐ�MIT AI2 Companion��ŞżėŉĜ�ĞżėġĝĖ�ŪŜ
ŚĜĔŲŤēŴ�ĴĜŵżėũšŤē�ŮŨ�ŦšŤ�ĞŬĴĝŬǞĔĖ�ţĔŁĜč�şĔŭű�ūŵšŻ�ūĉİĖǘ

Al companionĴĝĬčŴ�ĦŨĔŬĴėŤĔĖ�connect�ĚũĐĔŜ�ĪĝŘč
ŚĜĔŲŤē�ŹťŐ�ŞżėŉĝŤē�ŦũőŻ�ŹĝĨ�connect with code�ŪĠ6FDQ�45�FRGH�ŦũőĖ�ŪŜ�ŚĜĔŲŤē�ēĴżŨĔŠ�ŞŻĴň�ŮŐ�ŪĠ
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 : 1�ţĔġŨ
�ųũĸē�ŮżőŨ�ĳĵ�ŹťŐ�ŊŕŅŤē�İŭŐ�´�ŢĖ�ĔėĨĴŨ´�ĚťũĤ�ĳĔŲŌĎĖ�ŧŵŝŻ�ĢżĩĖ��android��ŚĜĔŲŤ�ŞżėŉĜ�ĚĥŨĴĖŴ�ŪżũŁĝĖ�ŪŜ

��³źŵĖĴĝŤē�ĶżũĝťŤ�ŦżĖŵżŤē�ĶŠĴŨ´
�ŞżėŉĝťŤ�ŪżũŁĝŤē�ĆĶĤ�ŽŘ�ĉİėŬ�ŪĠ�ųĝżũĹĜŴ��start new project��ĪĝřĖ�ŧŵŝŬ�ĚŻēİėŤē�ŽŘ�

�ŞżėŉĝŤē�ĚļĔĽŤ�ųėĩĹŬŴ��%XWWRQ��ūŵšũŤē�ĳĔĝĭŬ��1

ĕŵťŉũŤē�Ūĸǘē�ŹŤē�ŞżėŉĝŤē�ĚļĔļ�ŹťŐ�įŵĤŵũŤē�ūŵšũŤē�Ūĸē�ĴżŕĝĖ�ŧŵŝŬ��2
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��%XWWRQ��ūŵšũŤē�ĞĩĜ�ūŵšŻ�ĢżĩĖ�ŞżėŉĝŤē�ĚļĔĽŤ�ųėĩĹŬŴ��Label��ūŵšũŤēĳĔĝĭŬ��3

�ĆĶĤ�ŽŘ�įŵĤŵũŤē��%XWWRQ��ūŵšũŤē�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬŴ��%ORFNV��ĳĵ�ŹŤē�ĕĔűĲŤē�ţǙĬ�ŮŨ�ĚĥŨĴėŤē�ĆĶĤ�ŹŤē�ĘűĲŬ��4
��ĚĥŨĴėŤēĚĨĔĹŸŤĔżŤĔĝŤē�ŦšĽŤē�ŽŘ�ĪńŵũŤē�ŽĥŨĴėŤē�ĴŨǘē�ĘĩĹĖ�ŧŵŝŬ�ŪĠ�ŞżėŉĝŤĔĖ�ĚŀĔĭŤē�ĚżĥŨĴėŤē�ĴŨēŴǘē

�ŽĥŨĴėŤē�ĴŨǘē�ĘĩĹĖ�ŧŵŝŬ�ŪĠ�ŞżėŉĝŤĔĖ�ĚŀĔĭŤē�ĚżĥŨĴėŤē�ĴŨēŴǘē�ĆĶĤ�ŽŘįŵĤŵũŤē��Label��ĳĵ�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬ��5
��ĪńŵũŤē�ūĔšũŤē�ŽŘ�ųőńŴŴ�ŽŤĔĝŤē�ŦšĽŤē�ŽŘ�ĪńŵũŤē
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�ųťĬēİĖ�ĘĝšŬŴ�ĪńŵũŤē�ūĔšũŤē�ŽŘ�ųőńŴŴ�ųėĩĹĖ�ŧŵŝŬŴ�ŽŤĔĝŤē�ĴŨǘē�ųŭŨ�ĳĔĝĭŬŴ��Text��ŽĥŨĴėŤē�ĴŨǘē�ŹŤē�ĘűĲŬ��6
�³źŵĖĴĝŤē�ĶżũĝťŤ�ŦżĖŵżŤē�ĶŠĴŨ´�ĳĵ�ŹťŐ�ŊŕŅŤē�ŪĜ�ţĔĨ�ŽŘ�´�ŢĖ�ĔėĨĴŨ�´�ůĳĔŲŌĎĖ�ĘŔĴŬ�źĲŤē�łŭŤē

Al companionĴĝĬčŴ�ĦŨĔŬĴėŤĔĖconnectĚũĐĔŜ�ĪĝŘč���
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��ĚżŤĔĝŤē�ĚļĔĽŤē�ŢŤ�ĴŲōĝĸ��android�ŢřĜĔű�ŹťŐ�ųĝżėġĝĖ�ĞũŜ�źĲŤēMIT AI2 CompanionŞżėŉĜ�ĪĝŘē�ŪĠ

��ŢřĜĔŲŸťőŝżėŉĝŤǙũőżŸĝĨconnect with codeĴĝĬē�ŪĠ��45��ůĔĥĜĔĖ�ŢřĜĔű�ēĴżŨĔŠ�ųĤŴ�ŪĠ6FDQ�45�FRGHĔŲŭŨ�ĴĝĬē

: 2�ţĔġŨ
�ĚŠĴĨ�ŏĔėĜĔĖ�ęĴšŤē�ŧŵŝĜ�ĢżĩĖ�ĚļĔĽŤē�ŹťŐ�Ćēįŵĸ�ęĴŠĳĔŲŌĎĖ�ŧŵŝŻ�ĢżĩĖ��android��ŚĜĔŲŤ�ŞżėŉĜĚĥŨĴĖŴ�ŪżũŁĝĖ�ŪŜ

�ŚĜĔŲťŤ�ĵēĶĝűē�ĚżťũőĖ�ĔŭũŜ�ţĔĨ�ŽŘ�śĳĵǘē�ūŵťŤē�ŹŤē�ĔŲŬŵŤ�ĴżŕĝĖ�ŧŵŝĜ�ŪĠ���ĔŲĹũŤ�İŭŐ�Œėŀǘē
ŞżėŉĝťŤ�ŪżũŁĝŤēĆĶĤ�ŽŘĉİėŬ�ŪĠ�ųĝżũĹĜŴ��start new project��ĪĝřĖ�ŧŵŝŬ�ĚŻēİėŤē�ŽŘ

ŞżėŉĝŤēĚļĔĽŤ�ųėĩĹŬŴ��rawing and Animation��ĚĩĐǘ�ŽŘ�įŵĤŵũŤē��&DQYDV��ūŵšũŤēĳĔĝĭŬ��1



85

��ŽŤĔĝŤĔŠ�ŞżėŉĝŤēĚļĔļ�ŹťŐįŵĤŵũŤē�ūŵšũŤē�ēĲŲŤ�łĐĔŁĭŤē�ņőĖĴżŕĝĖ�ŧŵŝŬ��2
�Fill Parent��ŹŤē��Width��ĚżŀĔĬ�ĴżżŕĜ
�Fill Parent��ŹŤē��Height��ĚżŀĔĬĴżżŕĜ

�ūŵšũŤē�ŦĬēį�ęĴšŤē�ĪėŁĝŤ�ŞżėŉĝŤēĚļĔĽŤ�ųėĩĹŬŴ���Drawing and Animation��ĚĩĐǙżŘįŵĤŵũŤē��%DOO��ūŵšũŤēĳĔĝĭŬ��3
��ĔŲĖ�ĿĔĭŤē�ĴŉŝŤē�ŚŁŭŤ�ĚũżŝŤē�ĴżżŕĜ�ţǙĬ�ŮŨ�ęĴšŤē�ĴżėšĝĖ�ŧŵŝŬ�ŪĠ��&DQYDV(
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�ŽŘ�ĴŲōżĸ�ĢżĨ�ŞżėŉĝŤēĚļĔĽŤ�ųėĩĹŬŴ��Sensors��ĚĩĐǘ�ŽŘįŵĤŵũŤē��AccelerometerSensor��ūŵšũŤēĳĔĝĭŬ��4
�1RQ�YLVLEOH�FRPSRQHQWV��ŪĹŜ

ēĴŨēŴǘēĆĶĤ�ŽŘįŵĤŵũŤē��&DQYDV���ūŵšũŤē�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬŴ��%ORFNV��ĳĶŸŤ�ĔĖĔűĲŤē�ţǙĬ�ŮŨ�ĚĥŨĴėŤē�ĆĶĤ�ŹŤē�ĘűĲŬ�5
��ĚĥŨĴėŤē�ĚĨĔĸ�ŹŤē�ŽŤĔĝŤē�ŦšĽŤē�ŽŘ�ĪńŵũŤ�ē�ŽĥŨĴėŤēĴŨǘē�ĘĩĹĖ�ŧŵŝŬ�ŪĠ�ŞżėŉĝŤĔĖĚŀĔĭŤēĚżĥŨĴėŤ

�ŮŻĴŨǘē�ĘĩĹĖ�ŧŵŝŬ�ŪĠ�ŞżėŉĝŤĔĖĚŀĔĭŤēĚżĥŨĴėŤēĴŨēŴǘēĆĶĤ�ŽŘįŵĤŵũŤē��%DOO��ūŵšũŤē�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬ�ŢŤı�İőĖ��6
��ĚĥŨĴėŤēĚĨĔĸ�ŹŤē�ŽŤĔĝŤē�ŦšĽŤē�ŽŘ�ŮżĩńŵũŤē�ŮżĥŨĴėŤē
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�ĪńŵũŤē��get heading�ĴŨǘē�ĳĔĝĭŬ�ŪĠ�ŽĥŨĴėŤē�ĴŨǘē�ŹťŐ�įŵĤŵũŤē��heading��ĳĔżĬ�ŹťŐ�ŊŕŅŤē�ūŴį�ĴżļĊĝŤĔĖ�ŧŵŝŬ��
��ĚĥŨĴėŤē�ĚĨĔĹŤ�ųėĩĹŬŴ�ęĳŵŁŤĔĖ

�ĪńŵũŤē��get speed�ĴŨǘēĳĔĝĭŬ�ŪĠ�ŽĥŨĴėŤē�ĴŨǘē�ŹťŐįŵĤŵũŤē��speed��ĳĔżĬ�ŹťŐ�ŊŕŅŤē�ūŴįĳ�ŽļĊĝŤĔĖ�ŧŵŝŬ��8
��ĚĥŨĴėŤēĚĨĔĹŤ�ųėĩĹŬŴęĳŵŁŤĔĖ

�ŪĠ�ŞżėŉĝŤĔĖĚŀĔĭŤēĚżĥŨĴėŤēĴŨēŴǘēĆĶĤ�ŽŘįŵĤŵũŤē��AccelerometerSensor��ūŵšũŤē�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬ�ŢŤı�İőĖ�9
��ĚĥŨĴėŤēĚĨĔĸ�ŹŤē�ŽŤĔĝŤē�ŦšĽŤē�ŽŘ�ĪńŵũŤē�ŽĥŨĴėŤēĴŨǘē�ĘĩĹĖ�ŧŵŝŬ
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�ŽĥŨĴėŤē�ĴŨǘē�ĘĩĹĖ�ŧŵŝŬ�ŪĠ�ŞżėŉĝŤĔĖ�ĚŀĔĭŤēĚżĥŨĴėŤēĴŨēŴǘēĆĶĤ�ŽŘįŵĤŵũŤē��%DOO��ūŵšũŤē�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬ��10
��ĚĥŨĴėŤē�ĚĨĔĸ�ŹŤē�ŽŤĔĝŤē�ŦšĽŤē�ŽŘ�ĪńŵũŤē

�ŽŘ�ĪńŵũŤē�śĳĵǘē�ūŵťŤē�ĘĩĹĖ�ŧŵŝŬ�ŪĠ��%XLOW�LQ�EORFNV��ĆĶĤ�ŽŘįŵĤŵũŤē��Colors��ĴŨǘē�ŹťŐ�ŊŕŅŤĔĖ�ŧŵŝŬ�ŪĠ��11
ĚĥŨĴėŤē�ĚĨĔĸ�ŹŤē�ŽŤĔĝŤē�ŦšĽŤē

��ŽŤĔĝŤĔŠ�ŽĐĔŲŭŤē�ŞżėŉĝŤē�Ŧšļ�ĪėŁżŤ

�Al companion�ĴĝĬčŴ�ĦŨĔŬĴėŤĔĖ�connect�ĚũĐĔŜ�ĪĝŘē���12
��android��ŢřĜĔű�ŹťŐ�ųĝżėġĝĖ�ĞũŜ�źĲŤē�MIT AI2 Companion�ŞżėŉĜ�ĪĝŘē�ŪĠ

��45��ůĔĥĜĔĖ�ŢřĜĔűēĴżŨĔŠ�ųĤŴ�ŪĠ�6FDQ�45�FRGH�ĔŲŭŨĴĝĬē
��ŢřĜĔű�ŹťŐ�ŞżėŉĝŤē�ŦũőŻ�ŹĝĨ�connect with code�ĴĝĬē�ŪĠ
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�ĔŲĖ �ŮšũŻ �ŽĝŤē �ŦėĹŤē �įĔĥŻǞ �ĚŤŴĔĩŨ �ŦġũŻ �ųŬĉ �ĔũŠ �� �ūĔĹŬǘē �ŽŘ �ŽŠĲŤē �şŵťĹťŤ �Ěĸēĳį �ŽŐĔŭŉŀǘē �ĆĔŠĲŤē �İőŻ

�ŹŤē �ŧĔũĝűǘĔĖ �ęĴŻİĤ �ŽŐĔŭŉŀǘē �ĆĔŠĲťŤ �ĚŻĴšřŤē �İĐēŵřŤē �İőĜ �ĔũŠ �� �ĚżŐĔŭŉŀǘē �ěǘǘē �ŹŤē �şŵťĹŤē �ēĲű �ŦġŨ �ţĔĬįč

�ŽŐĔŭŉŀǘē �ĆĔŠĲťŤ �ūĉ �ĔũŠ �ęĴŀĔőũŤē �ěĔŐŵńŵũŤē �ŮŨ �İŻİőťŤ �ĔżũťŐ �ĔŠēĳįč �ŽŐĔŭŉŀǘē �ĆĔŠĲŤē �ŃĴőŻ �ĢżĨ �� �ĴżėŠ �İĨ

�ěēı �ěĔũŲŨ �ĞŬĔŠ �Ŵĉ �ȕŽŝŉŭũŤē �ŦżťőĝŤēŴ �şēĳįǞē �ŦġŨ �ĚŨĔŐ �ŃēĴŔĉ �ěēı �ěĔŝżėŉĜ �ĞŬĔŠ �Ćēŵĸ �ȕęİŻİŐ �ěĔŝżėŉĜ

�ŽŐĔŭŉŀǘē �ĆĔŠĲŤē �ŹŤč �ūŵŲĤŵĝŻ �ĆĔũťőŤēŴ �ĆēĴėĭŤē �ūĎŘ � ƻĔėŤĔŔ ��ŽėŉŤē �łżĭĽĝŤē �Ŵĉ �ĦŬĴŉĽŤē �ĘőŤ �ŦġŨ �ĿĔĬ �ŃĴŔ

�ěĔŲĤŵĝŤē �ŒżũĥŤ �ĪťŁŻ �ŽũŤĔŐ �ţĔĥŨ �ŽŐĔŭŉŀǘē �ĆĔŠĲŤĔŘ ��ŪŲĜĔżĨ �ĔŲĖ �ēŵŅŜ �ŽĝŤē �ŪŲĖĳĔĥĜŴ �ŪŲĜēĴėĬ �ŎřĩŤ

�ŽŐĔŭŉŀǘēĆĔŠĲŤē���4
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��ŗēİűǜē
�ŽŐĔŭŉŀǞē�ĆĔŠĲŤē�ĺĸĉ�ĚŘĴőŨ�ŹťŐ�ęİŐĔĹũŤē��

��ŽŐĔŭŉŀǘē�ĆĔŠĲŤē�ŧŵŲřũŤ�ŞżũőŤē�ŪŲřŤē��
��ŽŐĔŭŉŀǘē�ĆĔŠĲŤē�ĮŻĳĔĜ�ĚŘĴőŨ��

��ěǙšĽũŤē�ŦĩŤ�ĚżŠĲŤē�ţŵťĩŤē�ŪŻİŝĜ��
��ĚŤǘē�ŪťőĜ�ŧŵŲřŨ�ĪżńŵĜ��

��ŞżũőŤē�ŪťőĝťŤ�ŽťũőŤē�ŞżėŉĝŤē��
���Python��ĚĥŨĴėŤē�ĚŕŤ�ūĔŝĜč��

��ŽŐĔŭŉŀǘē�ĆĔŠĲŤē�ěĔżŨĵĳēŵĬ�ŒŨ�İżĥŤē�ŦŨĔőĝŤē��
��ĚżŠĲŤē�ĚżĖŵĸĔĩŤē�ĚũōŬǜē�ĆĔĽŬč��

��ĔŲŭŨ�ęįĔřĝĸǘēŴ�ĔŲōřĨŴ�ěĔŬĔżėŤē�ŧēİĭĝĸē��
��ČėŭĝŤĔĖ�ĚŀĔĭŤē�ěĔėĝšũŤē�ŧēİĭĝĸē��

��ĔŲŭŨ�ŦġŨǜē�ŧēİĭĝĸēŴ�ěĔżŨĵĳēŵĭŤē�ŮżĖ�ĶżżũĝŤē��
��ŞżũőŤē�ŪťőĝŤē�ŽŘ�ĚżėŁőŤē�ěĔšėĽŤē�ŧēİĭĝĸē��

��ĚżŠĲŤē�ĚũōŬǜē�ŧēİĭĝĸĔĖ�ěĔŕťŤē�ŦżťĩĜ��

ŽŐĔŭŉŀǘē�ĆĔŠĲŤē�ĮŻĳĔĜ
�ȕĚġŻİĩŤē�ěĔŐĔŭŁŤēŴ�ĔżĤŵŤŵŭšĝŤē�ĴŁŐ�ŹŤč�ţŵĩĝŻ�ŪŤĔőŤē�ĉİĖ�ȕĴĽŐ�ŮŨĔġŤē�ūĴŝŤē�ŽŘ�ēĴĝťĥŬč�ĔŲĜİŲļ�ŽĝŤē�ĚżŐĔŭŁŤē�ęĳŵġŤē�ĲŭŨ

�ųĜĔżĩĖ�ŒĝũĝŤēŴ�ĚĨēĴťŤ�ęĆĔřŠ�ĴġŠĉŴ�ŹťŐĉ�Ŧėĸ�ŮŐ�ųġĩĖŴ�ųĝżűĔŘĳŴ�ūĔĹŬǞē�ęĔżĨ�ŹťŐ�ĪńēŴ�ŦšĽĖ�ĴŨǜē�ēĲű�ĺšőŬēŴ
�ŮšŤ�ȕēĴĝťĥŬč�ŽŘ�ĞĠİĨ�ŽĝŤē�ŢťĜ�Žű�ŊŝŘ�ęİĨēŴ�ĚżŐĔŭŀ�ęĳŵĠ�įŵĤŵĖ�İŝĝőŻ�ĔŭĝżėŤĔŕŘ�ĚżŐĔŭŁŤē�ęĳŵġŤē�ĚũťŠ�ĴŠĲŬ�ĔŨİŭŐ

��ĚżŐĔŭŀ�ěēĳŵĠ�4�ūǚē�ŹĝĨ�İŲļ�ŪŤĔőŤē
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��ŹŤŴǜē�ĚżŐĔŭŁŤē�ęĳŵġŤē

��ěĔŭżŠĔũŤĔĖ�źŴİżŤē�ŦũőŤē�ţǙĨčŴ�ĳĔĽĝŬē�ĔŲŤǙĬ�ŪĜ�ŽĝŤē�ęĳŵġŤē�ŢťĜ�Žű
�ŪĠ�ȕ�����ŹĝĨŴ������ŧĔŐ�ĲŭŨ�ēĴĝťĥŬč�ŽŘ�ęĳŵġŤē�ůĲű�ěĉİĖ�İŝŘ

�ŮŨŴ��ŪŤĔőŤē�ĆĔĩŬĉ�ŒżũĤ�ŹŤč�ĔŲŭŨŴ�ĔĖŴĳŴĉ�ĕĴŔ�ţŴį�ŹŤč�ĔűİőĖ�ĞťŝĝŬē
�ĚŻĴĽėŤē�ĚťŨĔőŤē�źİŻǜē�ŦĩŨ�ěǘǚē�ţǙĨč�ŵű�ęĳŵġŤē�ůĲű�ĪŨǙŨ�ĵĴĖĉ
�ŒżŭŁĜ�ěĔżťũŐ�ĳĔĽĝŬēŴ�ęİŻİĤ�ĚżĐĔżũżŠ�įēŵŨ�ŒżŭŁĜŴ�ŽĐĶĤ�ŦšĽĖ

�ĚŻĳĔĭėŤē�ĚŜĔŉŤē�ŧēİĭĝĸē�ęįĔŻĵŴ�ĚżĐĔũŤē�ĚŜĔŉŤē�ęĆĔřŠ�ŮżĹĩĜŴ�İŻİĩŤē
ŒŬĔŁũŤē�ŧĔōŬ�ĳŵŲŌŴ
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���ĚġŤĔġŤē�ĚżŐĔŭŁŤē�ęĳŵġŤē
�ĺĸČŨ��įĳŵŘ�źĴŭű�ūĉ�ŹĝĨ�ȕĚťĠĔũĝũŤē�ěĔĥĝŭũŤē�ŮŨ�Ěũĭń�ěĔżũŠ�ĮŅĖ�ŧŵŝĜ�ŒŬĔŁũŤē�ĞŬĔŠ�ŮżĝŝĖĔĹŤē�ŮżĜĳŵġŤē�ŽŘ

�ĔŲżťŐ�ŦŁĩżĸ�ųŬĎŘ�ŦŅřũŤē�ųŬŵťĖ�ęĳĔżĸ�ŹťŐ�ţŵŁĩŤē�ŽŘ�ĘŔĴŻ�ŮŨ�ūč�ţŵŝŻ�ūĔŠ��ěēĳĔżĹŤē�ĚŐĔŭŁŤ�ęĴżŲĽŤē�įĳŵŘ�ĚŠĴļ

�įŵĸǜē�ŵű�ŦŅřũŤē�ųŬŵŤ�ūĉ�ĔũŤĔň

�ĚĥżĝŬ�ŃĔřĭŬǘē�ŽŘ�ĲĬć�ĚřťĝĭũŤē�śēŴıǜē�ĘĸĔŭĜ�ĚŐŵŭĝŨ�ěĔĥĝŭŨ�ŮŨ�ĚťżťŜ�ěĔżũŠ�ģĔĝŬč�ĚřťšĜ�ūĎŘ�ęĳŵġŤē�ůĲű�ŽŘ

�ŽŘ�ęİŻİĤ�ĘżŤĔĸĉŴ�ŞĖĔĹŤē�ŽŘ�ĔűĴŬ�ŮšŬ�ŪŤ�ęİŻİĤ�įēŵŨŴ�ęİŐĔĹŨ�ěǘēŴ�ęĳŵŉĝŨ�ěĔżĥŨĴĖ�ŮŨ�ĚťűĲũŤē�ěĔżŭŝĝŤē

�ĞŬĴĝŬǞē�ěĔŨİĬ�ţǙĬ�ŮŨ�ŒżŭŁĝŤē

��ĚżŬĔġŤē�ĚżŐĔŭŁŤē�ęĳŵġŤē
�ůĲű�ěĉİĖ��ŹŤŴǜē�ĚżũŤĔőŤē�ĕĴĩŤē�ŹĝĨŴ�ĴĽŐ�ŒĸĔĝŤē�ūĴŝŤē�ŚŁĝŭŨ�ĲŭŨ�ęĳŵġŤē�ůĲű�ěĉİĖ��ĚżĤŵŤŵŭšĝŤē�ęĳŵġŤē�ŪĸĔĖ�ŗĴőĜŴ

�ţŴĉ�ĞŬĔŠ�ĚŝŻĴŉŤē�ůĲű��ĴĽŐ�ŒĸĔĝŤē�ūĴŝŤē�ěĔżŭżĝĸ�ŽŘ�³ĴũĹĖ´�ĚŝŻĴň�ŹũĹĜ�ĘťŁŤē�ŒżŭŁĝŤ�ĚŝŻĴň�ŗĔĽĝŠē�ŒŨ�ęĳŵġŤē

�ĚŐĔŭŀ�ŽŘ�ęĳŵĠ�ğİĨĉ�ĔũŨ�ȕĕŵėŁũŤē�ĴŲŁŭũŤē�İŻİĩŤē�ŮŨ�ĘťŁŤē�İŻİĩŤē�ŮŨ�ęĴżėŠ�ěĔżũŠ�ģĔĝŬǘ�ĚřťšŨ�ĴżŔ�ĚżŐĔŭŀ�ĚżťũŐ

�ųĝřťšĜ�ŦżťŝĜŴ�ĘťŁŤē

�ěĔŻǘŵŤē�ŹŤč�ĚŘĔńǞĔĖ�ĔĹŬĴŘŴ�ĔżŬĔũŤĉŴ�ĔżŬĔŉŻĴĖ�ĔŲĸĉĳ�ŹťŐŴ�ĚżĖĴŕŤē�ĔĖŴĳŴĉ�ţŴį�ŽŘ�ŏĳĔĹĝŨ�ŦšĽĖ�ęĳŵġŤē�ůĲű�ěĳŵŉĜ

�ȕěĔĤŵĹŭũŤē�ĚŐĔŭŀŴ�ĳĔĭėŤē�ěĔżŭŝĜŴ�İŻİĩŤē�ţŵĨ�ŹŤŴǜē�ĚżŐĔŭŁŤē�ęĳŵġŤē�ųżŘ�ěĶŠĴũĜ�źĲŤē�ĞŜŵŤē�ŽŘŴ��ūĔĖĔżŤēŴ�ęİĩĝũŤē

�ĚżĐĔżũżšŤē�įēŵũŤēŴ�ĆĔĖĴŲšŤēŴ�ĚŻİŻİĩŤē�ŢšĹŤēŴ�ĘťŁŤē�ĚŐĔŭŀ�ţŵĨ�ĳŴİĜ�ĚżŬĔġŤē�ĚżŐĔŭŁŤē�ęĳŵġŤē�ūĎŘ
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���ĚőĖēĴŤē�ĚżŐĔŭŁŤē�ęĳŵġŤē

�ĚŤǚē�ŪťőĜ

�ŦűĲŨ�ŦšĽĖ�ĳŵŉĜ�ŽŐĔŭŉŀǘē�ĆĔŠĲŤē�ŏŴĴŘ�ĴŲļĉ�ŮżĖ�ŮŨ�İĨēŴ�ŵű�Machine Learning�ŪĸĔĖ�ŗĴőŻ�ĔŨ�Ŵĉ�ĚŤǚē�ŪżťőĜ
�ĆĔĽŬĎĖ�ĔŭŤ�ĪũĹĜ�ĚŝŻĴň�ŦŠ�ŵűŴȕ�³ŪťőĝŤē´�ĚżŀĔĬ�şǙĝŨĔĖ�ĘżĸēŵĩťŤ�ĪũĹĜ�ȕĚŤǚē�ŹťŐ�İũĝőŻ�ųŬǜ�ĚŤǚē�ŪżťőĝĖ�ŽũĸŴ
�ŧŵŝŻ�ĢżĨ���İŻİĤ�ŮŨ�ųĐĔĽŬĎĖ�ĔŭũŜ�Ŵĉ�įŵĤŵŨ�ģıŵũŬ�ŮżĹĩĝĖ�ĔŭũŜ� ƻĆēŵĸ�ęįŵĤŵŨ�ěĔŨŵťőŨ�ŮŨ� ƻĔŜǙŉŬē�ŽŝżŝĨ�ģıŵũŬ

��ĚũĭŅŤē�ěĔŬĔżėŤē�ŮŨ�ĚŨĔŐ�ŧĔšĨĉŴ�İŐēŵŜ�ģĔĝŭĝĸĔĖ
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�ūŵšŻ�ĔŨİŭŐ�ĔűıĔĭĜē�ŪĝŻ�ěĳēĴŝŤē�ůĲű�ȕ�ŽĤĳĔĬ�ŪŐį�źĉ�ūŴį�ŦŝĝĹŨ�ŦšĽĖ�ěēĳēĴŝŤē�ıĔĭĜē�ŮŨ�ĚũōŬǝŤ�ŽŤǘē�ŪťőĝŤē�ĪżĝŻ
�ŧŵŝżŤ�ȕ�ĔŲťżťĩĜŴ�ŇĔũŬǜē�ĚŝĖĔŉŨ�ţǙĬ�ŮŨŴ�ŢŤı�İőĖ���ĔŲżŘ�ĚżĸĔĸǘē�ŇĔũŬǜē�ŪŲŘŴ�ěĔŬĔżėŤē�ŮŨ�ŪťőĝŤē�ŹťŐ�ĳįĔŜ�ĵĔŲĥŤē

��ĚŤǘē�ŪťőĜ�ŹťŐ�ĚťġŨǜē�ŮŨŴ���ĚŝėĹŨ�ĚĥŨĴĖ�ūŴį�ŮżőŨ�ğİĩĖ�ČėŭĝŤĔĖ�ŧĔōŭŤē
�������������������������������������������������������������ĞŬĴĝŬǞē�ĴėŐ�ĆǙũőŤē�ŪŐį�


ĢĩėŤē�şĴĩŨ�ĦĐĔĝŬ�ĚżŝŭĜ�


ĦĝŭũŤē�ěĔżŀŵĜ�


��ŽŐĔũĝĤǘē�ŦŀēŵĝŤē��ŦĐĔĸŴ�ĚŨİĬ���ŪŲŘĴőĜ�İŜ�ĿĔĭļĉ�


�ůŵĤŵŤē�ĶżżũĜ�


��ĚżŠĲŤē�ěŵŁŤē�ěēĴėšŨ�
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�ţēČĹŤē�ȕ�ūǚē���źĴĽėŤē�ŦĬİĝŤē�ūŴį�ĔżĐĔŝťĜ�ŪťőĝŤĔĖ�ĴĜŵżėũšŤē�ęĶŲĤǜ�ħĔũĹŤē�ŵű�ŽŤǚē�ŪťőĝŤē�ŮŨ�ŽĸĔĸǘē�ŗİŲŤē�ūč

�ųĖ�ŧĔżŝŤēŴ�ŪťőĝŤē�ēĲű�ĆİĖ�ŮšũŻ�ŚżŠ�ŵű�ųĹřŬ�ħĴŉŻ�źĲŤē

��śĴň�ęİőĖ�ĔŲőũĤŴ�ěĔŬĔżėŤē�ĚōĨǙŨ�İŭŐ�ĆİėŤē�ĔŭŭšũŻ

�ĲĭĝĜ��ţĔĬįǞē�ēĲű�ŹťŐ� ƻēĆĔŭĖŴȕ� ƻĔŅŻē�ęĴļĔėũŤē�ěēĴėĭŤē�ņőĖ�Ŵĉ�ěĔũżťőĝŤē�Ŵĉ�ĚťġŨǜē�ņőĖ��ŽŘ�ūŵšĜ�ūē�ŮšũŻ�ěĔŬĔżėŤē�ůĲű

��ěĔŬĔżėŤē�ŽŘ�ŇĔũŬǜē�ņőĖ�ŮŐ�ĢĩėŤē�ţǙĬ�ŮŨ�ŦŅŘĉ� ƻēĳēĴŜ�ĚŤǚē

�ĆĔŠĲŤē�ūč��ĔŲšťŲĝĹĜ�ŽĝŤē�ěĔŬĔżėŤē�ŹŤč�ē ƻįĔŭĝĸē���Ćēįǜē�ŮĹĩĜ�Ŵĉ���ŪťőĜ�ŽĝŤē�ĚũōŬǜē�ĆĔĽŬč�ŹťŐ�ĚŤǘē�ŪťőĜ�ĶŠĴŻ�ĔũŠ

�ŽŤǚē�ŪťőĝŤē�ĚĽŜĔŭŨ�ŪĝĜ�ĔŨ�Ĕ ƻėŤĔŔŴ��źĴĽėŤē�ĆĔŠĲŤē�ŽŠĔĩĜ�ęĶŲĤĉ�Ŵĉ�ĚũōŬĉ�ŹŤč�ĴżĽŻ�ŦŨĔļ�ĪťŉŁŨ�ŵű�ŽŐĔŭŉŀǘē

�ŮŨŴ��ųĹřŬ�ĆŽĽŤē�ūǙġũŻ�ǘ�ĔũŲŭšŤŴ�ȕţįĔėĝŤĔĖ�ūĔżĨǜē�ņőĖ�ŽŘ�ěĔĩťŉŁũŤē�ŧēİĭĝĸē�ŪĝŻŴ�ȕĔ ƻőŨ�ŽŐĔŭŉŀǘē�ĆĔŠĲŤēŴ

�ŽŐĔŭŉŀē�ĆĔŠı�ŦŠ�ĺżŤ�ųŬĉ�ǘč�ȕĔ ƻżŐĔŭŉŀē� ƻĆĔŠı�İő ƿĜ�ŽŤǚē�ŪťőĝŤē�ěĔżŭŝĜ�ŒżũĤ�ūĉ�ŮŨ�ŪŔĴŤē�ŹťŐ�ųŬĉ�ĴŠĲŬ�ūĉ�Ĕŭű�ŪŲũŤē

�Ĕ ƻżŤć�Ĕ ƻũťőĜ�ŦġũŻ

�ĞŬĴĝŬǞē�ĴėŐ�śŵĹĝŬ�Ŵĉ�şŵŭėŤē�ŒŨ�ŦŐĔřĝŬ�ĔŨİŭőŘ��ĔŭŤŵĨ�ŮŠĔŨǜē�ŮŨ�İŻİőŤē�ŽŘ�ţĔũŐǜē�ěǘĔĥŨ�ŽŘ�ŽŤǚē�ŪťőĝŤē�İĤŵŻ

�ūč��ĚŭŨćŴ�ĚĹťĸŴ�ĚŤĔ ǁőŘ�ĔŭĝĖĴĥĜ�ŦőĥŤ�Ĕ ƻũŲŨ�ē ƻĳŴį�ŽŤǚē�ŪťőĝŤē�ěĔżŨĵĳēŵĬ�ĘőťĜ�ȕŽŐĔũĝĤǘē�ŦŀēŵĝŤē�ŦĐĔĸŴ�ŧİĭĝĹŬ�Ŵĉ

��ŒŻĴĸ�ŦšĽĖ�ĳŵŉĝĜ�ųŤŵĨ�ęįŵĤŵũŤē�ěĔżĤŵŤŵŭšĝŤēŴ�ŽŤǚē�ŪťőĝŤē
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�ĚŤǘē�ŪťőĜ�ěĔżŨĵĳēŵĬ

�ěĔŜǙőŤē�įĔĥŻĎĖ�ŧŵŝĜŴ�ţĔšļǜē�ĚŘĔšĖ�ĚťĬİũŤē�ěĔŬĔżėŤē�ĚĥŤĔőũŤ�ĚŨĔŐ�İŐēŵŝĖŴ�ŧĔŐ�ŦšĽĖ�ŒńŵĜ�ĦŨēĴėŤē�ŮŨ�ĚŐŵũĥŨ
�ĚŭżőŨ�ěĔĤĴĭŨŴ�ěĔřŁĖ�ĚżŨĵĳēŵĬ�ŦŠ�ŪĹĝĜ�ĢżĨ�ĚżńĔŻĳŴ�ĚżĐĔŁĨē�ěǘįĔőŨ�ŞżėŉĜ�ŞŻĴň�ŮŐ�ěĔŬĔżėŤē�ŽŘ�ŇĔũŬǜēŴ
�ŮŨ�ĚĥĝŭĝĹũŤē�ŇĔũŬǜēŴ�ěĔŜǙőŤē�ŹťŐ�ēĆĔŭĖ�ęİŻİĤ�ěĔŬĔżėŤ�ěĔĤĴĭũĖ�ČėŭĝŤē�Ŵĉ�ĚřťĝĭŨ�śĴŉĖ�ěĔŬĔżėŤē�ŦżġũĜ�ŒżŉĝĹĝŤ

��ĚťĬİũŤē�ěĔŬĔżėŤē
�ěĔżŨĵĳēŵĬ�ŮŨ�ŮżżĹżĐĳ�ŮżŐŵŬ�ŧēİĭĝĸē�ŪĝŻ�ȕŧĔŐ�ŦšĽĖŴ��ŽŤǚē�ŪťőĝŤē�ş ǀĴĩ ƿĜ�ŽĝŤē�ěĔŠĴĩũŤē�Žű�ěĔżŨĵĳēŵĭŤē�İő ƿĜ�ĔũŠ

�ĚŤǚē�ŪťőĜ
�ŗēĴļǟŤ�ŒńĔĭŤē�ŪťőĝŤē���

�ŗēĴļǟŤ�ŒńĔĭŤē�ĴżŔ�ŪťőĝŤē��
�ěĔőŜŵĝŤē�ĆĔĽŬǞ�ěĔŬĔżėŤē�ŮŨ�ĔũŲŭŨ�ŏŵŬ�ŦŠ�ŪťőĜ�ĚżřżŠ�ţǙĬ�ŮŨ�ĔũŲŭżĖ�śĴřŤē�İŻİĩĜ�ŪĝŻŴ�
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ŽŐĔŭŉŀǘē�ĆĔŠĲŤēŴ�ūŵġŻĔĖ

�ĔűċēĴĤč�ŪĜ�ŽĝŤē�ěĔŝżėŉĝŤē�ŮŨ�įİŐ�şĔŭű�ĚŝżŝĩŤē�ŽŘ�ųŬǜ�ȕŦėŝĝĹũŤē�ŽŘ�ěĔżŭŝĝŤē�ğİĨē�ŮŨ�ŽŐĔŭŉŀǘē�ĆĔŠĲŤē�ĴėĝőŻ
�ĔŨ��ŵű�Ĕŭű�ųĹřŬ�ħĴŉŻ�źĲŤē�ŽĹżĐĴŤē�ţēČĹŤē�ŮšŤȕ�ųĖ�ūŵũĝŲŻ�ŮżġĨĔėŤēŴ�ěĔŠĴĽŤē�ŮŨ�İŻİőŤē�Īėŀĉ�ȕ�ēĲŲŤ�ĚĥżĝŬ���ĔŲżťŐ

ȗĔŲżťŐ�ŽŐĔŭŉŀǘē�ĆĔŠĲŤē�ěĔŝżėŉĜ�ĴŻŵŉĜ�ŮšũŻ�ŽĝŤē�ĚĥŨĴėŤē�ĚŕŤ
 3URORJ��&���-DYD�DQG��ŽŐĔŭŉŀǞē�ĆĔŠĲŤē�ěĔŝżėŉĜ�ĴŻŵŉĝŤ�ĔŲŨēİĭĝĸč�ŮšũŻ�ŽĝŤē�ĚĥŨĴėŤē�ěĔŕŤ�ŮŨ�İŻİőŤē�şĔŭű

��ŽŤĔĝŤĔŠ�ĕĔėĸē�ęİőŤ�ĴėŠǜē�ĚżėőĽŤē�ūŵġŻĔĖ�ĚŕŤ�ĞėĹĝŠč�ĔŲŭżĖ�ŮŨŴ��Python
ęĆēĴŝťŤ�ĔŲĝżťĖĔŜŴ�ĔŲżťŐ�ŦŻİőĝŤēŴ�ĔŲũťőĜ�ĚŤŵŲĸ��

��ĚżťŐĔřĜ�ĚĥŨĴĖ�ĚŕŤ��
��ĚżťżťĩĝŤēŴ�ĚŻįİőŤē�ŦŠĔĽũŤē�ŦĩŤ�ĚżŤĔġŨ�ĚŕŤ��

�ĚřťšĜ�ūŴİĖŴ�ĳİŁũŤē�ĚĨŵĝřŨ�ĚŕŤ��
��ĚżĹżĐĴŤē�ŦżŕĽĝŤē�ĚũōŬĉ�ŪōőũŤ�ĚĨĔĝŨ��

���C , C���ŦġŨ�ŶĴĬĉ�ěĔŕŤ�ŒŨ�ŦŐĔřĝŤē�ĔŲŭšũŻ��
�ĔŲżŤē�ěĔėĝšũŤē�ĚŘĔńč�ŢŭšũŻŴ�Extendable��İŻİũĝťŤ�ĚťĖĔŜ��

�ŧēİĭĝĸǘēŴ�ŵũŭŤēŴ�ĳĔĽĝŬǘĔĖ�ŏĳĔĹĝĜ�ĚŕŤ��
�Numpy,Scipy,Matplotlib,Pandas��ĚŁŁĭĝũŤē�ěĔėĝšũŤē�ŮŨ�İŻİőŤē�ĔŲŻİŤ��

�ŽŐĔŭŉŀǞē�ĆĔŠĲŤē�ŒŻĳĔĽũŤ�ĚŁŁĭĝŨ�ęİŻİŐ�ĚżĥŨĴĖ�ěĔėĝšŨ

�ŏēŵŬĉ�ŮŨ�İŻİőťŤ�ĚżĥŨĴėŤē�ěĔėĝšũŤē��ŮŨ�İŻİőŤē�ŹťŐ�źŵĝĩĜ�ĔŲŬĉ�Žű�ŽŐĔŭŉŀǞē�ĆĔŠĲťŤ�ūŵġŻĔĖ�ŧēİĭĝĸǞ�ĚżĹżĐĴŤē�ęĶżũŤē
��ĔűĴŲļĉ�ŮŨŴ�ŽŐĔŭŉŀǞē�ĆĔŠĲŤē�ŒŻĳĔĽŨ

NumPy, SciPy, matplotlib, nltk, SimpleAI
�ŮšũŻ�ĢżĨ�ȕ�ŧēİĭĝĸǘē�ŽŘ�ŒĸēŴ�śĔŉŬ�ŹťŐ�ĚőĐĔļ�ĔŲťőĥŻ�ĔŨ�ēĲű�ĳİŁũŤē�ĚĨŵĝřŨ�ĚĥŨĴĖ�ĚŕŤ�ūŵġŻĔĖ�ĴėĝőĜ�ĔũŠ

��ĚĥŨĴėŤē�ŧĔŲŨ�ŮŨ�ĚőĸēŴ�ĚŐŵũĥũŤ�ūŵġŻĔĖ�ŧēİĭĝĸč
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ȗ�ūŵġŻĔĖ�ěēĶżŨ�Žű�ĔŨ
�ĚŻĶżťĥŬǘē�ěĔũťšŤē�ŧİĭĝĹĜ�ĢżĨ�ȕ�ęĆēĴŝťŤ�ĚťŲĸ�ūŵšĝŤ�ūŵġŻĔĖ�Ğũũ ƿŀ���ĚżťŐĔřĜŴ�ȕ�ęĴĹřŨ�ȕ�ŶŵĝĹũŤē�ĚżŤĔŐ�ĚĥŨĴĖ�ĚŕŤ

�ŶĴĬǘē�ĚżĥŨĴėŤē�ěĔŕťŤē�ŒŨ�ĚŬĳĔŝŨ�ĚťżťŜ�ĚŻŵĩŬ�ĘżŠēĴĜ�ĔŲŻİŤŴ�ȕ�ĚőĐĔĽŤē
��ĔŲĜēĶżŨ�ŮŨŴ

��ĚżŭėŤē�ĚŉżĹĖ�ȕ�ĚżĹżĐĴŤē�ěĔũťšŤē�ŮŨ�ŦżťŝŤē�ŹťŐ�ūŵġŻĔĖ�ĚŕŤ�źŵĝĩĜ�ȕ�ŪťőĝŤē�ĚťŲĸ��
�ĔĨŵńŴ�ĴġŠĉ�ūŵġŻĔĖ�ĚĥŨĴĖ�ĚŕŤ�ĴėĝőĜ�ĢżĨ�±�ęĆēĴŝŤē�ĚťŲĸ��

��ĔŨ�İĨ�ŹŤē�ŦŻİőĝŤē�ĚťŲĸ�ūŵġŻĔĖ�ĚĥŨĴĖ�ĚŕŤ�ĴėĝőĜ�±�ĚŘĔńǞēŴ�ŦŻİőĝŤē�ĚťŲĸ��
��ŦżŕĽĝŤē�ĚũōŬĉ�ŒŨ�ĚŝŘēŵĝŨŴ�ŦŝŭťŤ�ĚťĖĔŜ�ūŵġŻĔĖ�ĘĜĔšŨ�ŮŨ�ĴėŠǘē�ĆĶĥŤē�±�ęįİőĝŨ�ĚżĥŨĴĖ�ěĔėĝšŨ��

�ŪŲĜēŴįĉ�ĚŘĔńč�ŮŨ�ŮżĥŨĴėũŤē�İŐĔĹĜŴ��ūŵġŻĔĖ�ŪĤĴĝŨ�ŹŤč�ņřĭŭŨ�ŶŵĝĹŨ�ěēı�ěēİĨŴ�ĚŘĔńč�ĔŭŭšũŻ�±�İŻİũĝťŤ�ĚťĖĔŜ��
�ęĆĔřŠ�ĴġŠĉ�ūŵšĝŤ�ĔŲŁżŁĭĜ�Ŵĉ

��ĚŐŵŭĝŨ�ěĔŬĔżėŤē�İŐēŵŜ
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ūŵġŻĔĖ�ĞżėġĜŴ�ŦŻĶŭĜ

���ĚżŤĔĝŤē�ěēŵŉĭŤē�ŒėĜē���şĵĔŲĤ�ŹťŐ�ūŵġŻĔĖ�ĚżĥŨĴĖ�ĞżėġĝŤ

ŽŤĔĝŤē�ŊĖēĴŤē�ĪĝŘē��

�KWWSV���ZZZ�DQDFRQGD�FRP�GLVWULEXWLRQ  
�ųťŻĶŭĜ�ŪĜ�źĲŤē�ŚťũŤē�ŦżŕĽĝĖ�ŪŜ��

�ŹĝĨ�ĴōĝŬēŴ�ĚżńēĴĝŘǘē�ěēįēİŐǞē�ţŵėŝĖ��ŪŜ���ŧēİĭĝĸǘē�ŦŲĸ�ŵűŴ�ūŵġŻĔĖ�ĢżėġĜ�ĦŤĔőŨ�ĴŲōżĸ�ŚťũŤē�ēĲű�ĪĝŘ�İőĖ��

�ĞżėġĝŤē�ĆĔŲĝŬē



100

ŽŤǚē�ŪťőĝŤē
�ěĔżŨĵĳēŵĭŤē�ůĲű�ŚżŭŁĜ�ŪĝŻ�ĢżĨ�ȕ�ĴļĔėŨ�ŦšĽĖ�ųĝĥŨĴĖ�ūŴį�ŪťőĝŤē�ŹťŐ�ĴĜŵżėũšŤē�ŧĔōŬ�ŽŤǚē�ŪťőĝŤē�ěĔżŨĵĳēŵĬ�İŐĔĹĜ

��ŗēĴļč�ūŴİĖ�ŪťőĝŤēŴĉ�ŗēĴļǞĔĖ�ŪťőĝŤē�ŹŤč

�ŽŘ�ŗĔŉũŤē�ĚŻĔŲŬ�ŽŘ�İŐĔĹżĸ�ŽŤǚē�ŪťőĝŤē�ĚŘĔńĎŘ��Ĕ ƻőŨ�ŦũőŤē�ŹťŐ�ĿĔĭļǜē�ęĳİŜ�ŧİŐ�ŵű�ůēĴŬ�ĔŨ�ūĉ�ŽőżėŉŤē�ŮŨ

�ĆēĶĤǜ�ħĔũĹŤēŴ�ĚżťũőŤē�ŒŻĴĹĜ�ŽŘ�ĔŲĝũżŜ�ĔŲŤ�ūŴĔőĜ�ęēįĉ�ĔŲŬč��ĔűĴĽŬŴ�ĔŲėŻĳİĜŴ�ůĲű�ěĔŬĔżėŤē�ģıĔũŬ�ĆĔĽŬčŴ�ŦũőŤē�ŪżōŭĜ

ūŵĝŻǙŠ�ľĝŻĳ³�ĴĽŭťŤ�ŦŅŘĉ�ģıĔũŬŴ�ęįŵĤ�ŢĩŭũŻ�ĔũŨ�ȕĔ ƻőŨ�ūŴĔőĝŤĔĖ�ŦũőŤē�ŮŨ�ĚřťĝĭŨ



101

�ŗēĴļǟŤ�ĚőńĔĭŤē�ŽŤǚē�ŪťőĝŤē�ěĔżŨĵĳēŵĬ

�ěĔŬĔżĖ�ĚŐŵũĥŨ�ŮŨ�ĚżŨĵĳēŵĭŤē�ŪťőĜ�ĚżťũŐ�ūǜ�ŗēĴļǞē�ĞĩĜ�ĔŲżťŐ�ŞťŉŻ��ȕ� ƻĔŨēİĭĝĸē�ĴġŠǜē�ĚżŨĵĳēŵĭŤē�ůĲű�ĴėĝőĜ

�ĘŻĳİĝŤē�ěĔŬĔżĖ�ŚżŭŁĜ�ŪĝŻŴ�ŦőřŤĔĖ�ĚŘŴĴőŨ�Ĕŭű�ĦĐĔĝŭŤē�ūŵšĜ��ŪťőĝŤē�ĚżťũŐ�ŹťŐ�ŗĴĽŻ� ƻĔĸĳİŨ�ĔűĳĔėĝŐē�ŮšũŻ�ĘŻĳİĝŤē

��ŽŤĔĝŤē�ŵĩŭŤē�ŹťŐ�ĔŲũŲŘ�ŮšũŻ�ȕĚĩżĩŁŤē�ěĔĖĔĤǞĔĖ
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�ŮżżŤĔĝŤē�ŮżŐŵŭŤē�ŹŤč�ŽĹżĐĳ�ŦšĽĖ�ŗēĴļǞē�ĞĩĜ�ěĔŬĔżėŤē�ŒŨ�ŦŨĔőĝŤē�śĴň�ŪżĹŝĜ�ŮšũŻ

�ȕ�³ņżĖĉ´�ȕ�³įŵĸĉ´�ŦġŨ�ĚřŭŁũŤē�ěĔĤĴĭũŤē�ĔŭŻİŤ�ūŵšŻ�ĔŨİŭŐ�ŚżŭŁĝŤē�ĚťšĽũĖ�ĚťšĽũŤē�ŹũĹĜ���ŚżŭŁĝŤē��1
ĮŤč������³ŦżŤ´���³ĳĔŲŬ´���³ħŵĝřŨ´�ȕ�³ŞťŕŨ´

�ȕ�³ĚŘĔĹũŤē´�ŦġŨ�ĚżŝżŝĨ�ĚũżŜ�ŹŤč�ĕĴŜĉ�ěĔĤĴĭũŤē�ĔŭŻİŤ�ūŵšŻ�ĔŨİŭŐ�ŒŜŵĝŤē�ĚťšĽŨ�ĚťšĽũŤē�ŹũĹĜ���ŒŜŵĝŤē��2
�ĮŤč���������³ĴőĹŤē�´���³ūĵŵŤē´���³ţŵŉŤē´�ȕ�³ŧēĴĤŵťżšŤē´

�ŗēĴļǟŤ�ĚőńĔĭŤē�ŽŤǚē�ŪťőĝŤē�ěĔżŨĵĳēŵĭŤ�ĚťġŨĉ�Žű�ŽĝĹĤŵťŤē�ĳēİĩŬǘēŴ�ĚżĐēŵĽőŤē�ĚĖĔŕŤē�ȕ�ěēĳēĴŝŤē�ęĴĥļ
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�ŗēĴļč�ūŴİĖ�ŽŤǚē�ŪťőĝŤē�ěĔżŨĵĳēŵĬ

�ųżĤŵĝŤē�ŮŨ�ŏŵŬ�źĉ�ŪŻİŝĝŤ�ŗĴĽŨ�źĉ�ĔŲŻİŤ�ĺżŤ�ŽŤǚē�ŪťőĝŤē�ěĔżŨĵĳēŵĬ�ŮŨ�ŏēŵŬǘē�ůĲű�ūĉ�ŽĨŵŻŴ�Ūĸǘē�ĴżĽŻ�ĔũŠ

�ĆĔŠĲŤē�ņőėŤē�ųżũĹŻ�ĔŨ�ŒŨ�ŞżĠŴ�ŦšĽĖ�ŹļĔũĝĜ�ŗēĴļč�ūŴİĖ�ŽŤǚē�ŪťőĝŤē�ěĔżŨĵĳēŵĬ�ūĉ�ŽŘ�ĘėĹŤē�ŵű�ēĲű��ȕ

��ŽŝżŝĩŤē�ŽŐĔŭŉŀǘē

�İļĴŨ�şĔŭű�ūŵšŻ�ŮŤŴ�Ěĩżĩŀ�ĚĖĔĤč�ĔŭżŉőŻ�ŮŤ�ŗēĴļč�ūŴİĖ�ŽŤǚē�ŪťőĝŤē�ūĊĖ��ţŵŝŬ�ūĉ�ŒżŉĝĹŬ�ȕ��ĚŉżĹĖ�ěĔũťšĖ

��ŽŝżŝĨ
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��ŮżŐŵŬ�ŹŤč�ŗēĴļč�ūŴİĖ�ěĔŬĔżėŤē�ŒŨ�ŦŨĔőĝŤē�śĴň�ŪżĹŝĜ�ŮšũŻ

�ŒżũĥĜ�ȕ�ţĔġũŤē�Ŧżėĸ�ŹťŐ�ȕěĔŬĔżėŤē�ŽŘ�ĚťŀĊĝũŤē�ěĔŐŵũĥũŤē�ŗĔĽĝŠē�ŹŤč�ģĔĝĩŬ�ȕ�ŒżũĥĝŤē�ŦŠĔĽŨ�ŽŘ���ŒżũĥĝŤē��1

�ŽĐēĴĽŤē�ŪŲŠŵťĸ�ĘĹĨ�ĆǙũőŤē

�ŹťŐ�ţŵŁĩŤē�ţǙĬ�ŮŨ�ĚĸēĳİŤē�İżŜ�ĚżĐēŵĽőŤē�ěēĴżŕĝũŤē�įİŐ�ŦżťŝĜ�ĚżťũŐ�ŵű�įĔőĖǜē�ņżřĭĜ�ūč���įĔőĖǜē�ņżřĭĜ��2

�ěēĶżũŤē�ģēĴĭĝĸčŴ�ěēĶżũŤē�ĳĔżĝĬč�ŹŤē�ŪĹŝŭĜ�ŢŤı�ŹťŐ� ƻēįĔŭĝĸč�ĚżĹżĐĴŤē�ěēĴżŕĝũŤē�ŮŨ�ĚŐŵũĥŨ
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ěĔżńĔŻĴŤēŴ�ĚĸİŭŲŤēŴ�ĔżĤŵŤŵĝšĝŤēŴ�ŧŵťőŤē�ŽŘ�ţĔũŐǘē�ęįĔŻĳ

STEM
Entrepreneurship 
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�ĢĩėŤē��ěēĆēĴĤē�ŽűŴ��ĪĖĴŤē�ŞżŝĩĜ�ŗİŲĖ�ĔűĴňĔĭŨ�ŮŨ�źĉ�ŦũĩĜŴ�ęİŻİĤ�ĚĹĸČŨ�ĆĔĽŬč�ĚżťũŐ�ŹŤč�ĴżĽĜ�ţĔũŐǜē�ęįĔŻĳ

�Ńĳǜē�ŦġŨ�ěǙĬİũŤē�ĘżĜĴĜŴ�ȕ�ģĔĝŬǞē�ĚřżŌŵĖ�ŧĔżŝŤē�ŦĤĉ�ŮŨ�ȕ�źĳĔĥĜ�ŏŴĴĽŨ�ęĳēįčŴ�ĴŻŵŉĜŴ�ȕ�ģĔĝŬǞēŴ�ĳĔũġĝĸǘē�ĿĴŘ�ŮŐ

�ŏŴĴĽũťŤ�ęİŻİĤ�ĳįĔŁŨ�İŻİĩĜŴ�ȕ�ęİŻİĤ�ěĔĥĝŭŨŴ�ěĔżŭŝĜ�ţĔĬįčŴ�ȕ�ţĔũŤē�ķĉĳŴ�įēŵũŤēŴ�ĚŤĔũőŤēŴ

�Ŵĉ�ŏŴĴĽũŤē�ŹťŐ�ŞťŉŻŴ��ţĔũŐĉ�İĐēĳ�ųŬĊĖ�ųťżŕĽĜŴ�ůĴŻŵŉĝŤ� ƽİĩĜ�ŦŠ�ŮŅĝĩŻŴ�ē ƻİŻİĤ�Ĕ ƻŐŴĴĽŨ�ĒĽŭŻ�źĲŤē�łĭĽŤē�ŗĴő ƿŻŴ

���ŽťŻ�ĔũżŘ�ţĔũŐǘē�ęįĔŻĳ�Ěżũűĉ�ĵĴėĜŴ�ĚĹĸČũŤē�Ūĸē�ţĔũŐǜē�İĐēĳ�ĔűĊĽŬĉ�ȕ�ĚđļĔŬ�ĚŠĴļ�ūŵšĜ�ĔŨ�ęįĔŐ�ŽĝŤē�ȕ�ĚũōŭũŤē

�ĘŻĳİĝŤēŴ�ęĴėĭŤē�ĕĔĹĝŠǘ�ĘťŉŨ�ŽűŴ�ĚřżŌŴ�ĴŘŵĜŴ�ŦũŐ�ĿĴŘ�İŤŵĜ�ţĔũŐǜē�ęįĔŻĳ���ŦũŐ�ĿĴŘ�ŞťĬ��

�ĚĽżőŨ�ŶŵĝĹŨ�ŒŘĳŴ�ȕ�ŢŤı�ŹŤč�ĔŨŴ��ĔżĤŵŤŵŭšĝŤē�Ŵ�ĚĖŵťŉũŤē�ŒťĹŤĔĖ�śŵĹŤē�İŘĴĜ�ęİŻİĤ�ěĔĥĝŭŨ�ŒŻĳĔĽŨ�ĴżŘŵĜ��

�ŒũĝĥũťŤ

�ĴėŠĉ�ŒũĝĥũŤē�ĪėŁŻ���ŒũĝĥũŤē�ĚżũŭĜŴ�ŒũĝĥũŤē�ŹťŐ�ĴżĠĊĝŤē��

�ěēĴżżŕĜ�ğİĩŻ�ųŬč��ĚŐŵŭĝŨŴ�ęĴżėŠ�ŚżŌŵĝŤē�ęİŐĔŜ�ĞŬĔŠ�ēıč

�ŪżťőĝŤē�ŹťŐ�śĔřŬǞē�ęįĔŻĵ�ŦġŨ�ŞŘēĴũŤē�ĵĶőŻŴ�ŒũĝĥũŤē�ŽŘ

�ęĴżŝřŤē�ĆĔżĨǜē�ŮŨ�ŦŜĉ�įİŐŴ�ȕ�ŽĩŁŤē�ŗĴŁŤē�ŮżĹĩĜŴ�ȕ

�ęįĔŻĳ�İŐĔĹĜ�ȕ�ŢŤĲŤ��ţĵĔŭũŤē�ĚżšťŨ�ŮŨ�ŹťŐĉ�ŶŵĝĹŨŴ�ȕ

�ē ƻĳēĴŝĝĸē�ĴġŠĉ�ĚżőũĝĥŨ�ęĔżĨ�ŞżŝĩĜ�ŽŘ�ĚũōŭũŤē�ţĔũŐǜē

�ęįŵĥŤē�ĚżŤĔŐŴ

�łĭĽŤē�ĚĽżőŨ�ŶŵĝĹŨ�ŮżĹĩĜ�ŹťŐ�ţĔũŐǜē�ęįĔŻĳ�İŐĔĹĜ��

�ŽŘ�ęįĔŻĵ�ŽŭőŻ�ĚĽżőũŤē�ŶŵĝĹŨ��ŦĬİŤē�ęįĔŻĵ�ţǙĬ�ŮŨ

�ęĴĝřŤ�ęĴĸǜē�ŦėŜ�ŮŨ�ĚřťĝĭũŤē�ěĔŨİĭŤēŴ�ŒťĹŤē�şǙŲĝĸē

�ĚŭżőŨ

�ŧŵŝŻ�ȕ�ŢŤĲŤ��śŵĹŤē�ŽŘ�ĔŲĨĴň�ŦėŜ��ĳĔėĝĬǘē�Ŵ�ȕ�ĢĩėŤē�ŹŤč�ęİŻİĥŤē�ěĔŨİĭŤēŴ�ěĔĥĝŭũŤē�ģĔĝĩĜ���ĴŻŵŉĝŤēŴ�ĢĩėŤē�ŪŐİĜ��

�ĚżũŭĝŤēŴ�ŧĔőŤē�ĆĔŭėŤēŴ�ĢĩėŤē�ĵĶőŻ�ēĲű��ěĔőŨĔĥŤēŴ�ĢĩėŤē�ěĔĹĸČŨ�ŒŨ�ĴŻŵŉĝŤēŴ�ĢĩėťŤ�ŦŻŵũĝŤē�ŒŻĵŵĝĖ�Ĕ ƻŅŻĉ�ţĔũŐǜē�ŦĤĳ

�įĔŁĝŜǘē�ŽŘ

 ) )Entrepreneurship��ţĔũŐǜē�ęįĔŻĳ��1
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�ĚŻĳĔĥĜ�ŒŻĳĔĽŨ�ęĳēįčŴ�śǙňčŴ�ŪżũŁĜ�ŹťŐ�źŵŉŭĜ�ĔŲŬĉ�ĢżĨ�ȕ�źįĔŁĝŜē�ŇĔĽŬ�Žű�ţĔũŐǜē�ęįĔŻĳ��źįĔŁĝŜǘē�ŇĔĽŭŤē��1

�įĳēŵũťŤ�ŮšũŨ�ŧēİĭĝĸē�ŦŅŘĉ�ūĔũń�ţǙĬ�ŮŨ�ȕ�ħĔĖĳǜē�ŽŭĤ�ŦĤĉ�ŮŨ�ęİŻİĤ

�ŪżżŝĝĖ�ĳēĴũĝĸĔĖ�ţĔũŐǜē�İĐēĳ�ŧŵŝŻ��ţĔũŐǜē�ţĔĥŨ�ŽŘ�ĔŲŝżėŉĜŴ�ęİŻİĤ�ĳĔšŘĉ�ŗĔĽĝŠē�ŦũĽŻŴ��ĳĔšĝĖǘēŴ�ŏēİĖǞē��2

�ĚżŤĔőŘŴ�ęĆĔřŠ�ĴġŠĉ�ŦšĽĖ�ţĔũŐǜē�ŦżŕĽĝŤ�ęİŻİĥŤē�ěĔżŭŝĝŤēŴ�ĘżŤĔĸǜē�İŻİĩĜŴ�ţĔũŐǜē�ęĳēįǞ�ĚżŤĔĩŤē�ŇĔũŬǜē

�ŽĝŤē�ęĴňĔĭũŤēŴ�ĔŲŤĲĖ�ŽĝŤē�įŵŲĥťŤ�ęĊŘĔšŨ�Ĕ ƻŅŻĉ�ųŬč��ĪĖĴŤē�ŞżŝĩĜ�ŵű�İżĨŴ�ŗİŲĖ�ţĔũŐǜē�ęįĔŻĳ�ŇĔĽŬ�ĲżřŭĜ�ŪĝŻ��ĪĖĴŤē��3

�ţĔũŐǜē�İĐēĳ�ĔŲĖ�ŧĔŜ

�ĘėĹĖ�ŢŤı�ğİĩŻ��ĪĥŭŻ�ūĉ�ŮšũŻ�ǘ�ĔŲŬŴİĖ�ŽĝŤē�ţĔũŐǜē�ęįĔŻĳ�ĴűŵĤ�ŵű�³ĴňĔĭũŤē�ŦũĩĝŤ�įēİőĝĸǘē´��ĴňĔĭũŤē�ŦũĩĜ��4

�ǘ�İŜŴ�ĚŻĳŵŘŴ�ĚżĖĔĥŻč�ĚĥżĝŭŤē�ūŵšĜ�İŜ�ŽŤĔĝŤĔĖŴ�ȕ�ęİŠČŨ�ĴżŔ�ĳĔšŘǜē�ůĲű�ŦġŨ�ūŵšĜ�ĔŨ�Ĕ ƻėŤĔŔ��ęİŻİĤ�ĳĔšŘĉ�ĲżřŭĜŴ�ĆĔĽŬč

�ŢŤĲŠ�ūŵšĜ

ţĔũŐǜē�ęįĔŻĳ�ŽŘ�ĚĖŵťŉũŤē�ěēĳĔŲũŤē��3

�ĆĔŭĖŴ�ȕ�ĘŻĳİĝŤēŴ�ȕ�ĚżŭřŤē�ţĔũŐǜē�ęĳēįčŴ�ȕ�ĚżĤĔĝŬǞē�ęĳİŝŤēŴ�ȕ�ŪżōŭĝŤē�ŹťŐ�ęĳİŝŤēŴ�ȕ�źŵřĽŤē�ţĔŁĜǘē��ĚżŭřŤē�ěēĳĔŲũŤē��1

�ŒŨ�ŦŨĔőĝŤē�ěēĳĔŲŨŴ�ȕ�ĚĖĔĝšŤēŴ�ȕ�ŊĽŭŤē�ŏĔũĝĸǘēŴ�ȕ�ęİŻİĥŤē�ěĔűĔĥĜǘē�ŗĔĽĝŠē�ŹťŐ�ęĳİŝŤēŴ�ȕ�ĚėŜēĴũŤē�ĚđżĖŴ�ȕ�ěĔšėĽŤē

�ŮŻĴĬǚē

�ȕ�ĚżŬĔĹŬǞē�ěĔŜǙőŤē�ȕ�ŗēİűǜē�İŻİĩĜ�ȕ�ŃŴĔřĝŤē�ȕ�ĳēĴŝŤē�ıĔĭĜē�ȕ�ĚżŬēĶżũŤē�ȕ�ŊżŉĭĝŤē�ȕ�ČėŭĝŤē��ţĔũŐǜē�ęĳēįč�ěēĳĔŲŨ��2

�ĮŤč�ȕ�ŦŻŵũĝŤē�ȕ�ŞŻŵĹĝŤē

�ȕ�ĳĔšĝĖǘēŴ�ȕ�ĴōŭŤē�İőĖŴ�ȕ�ěēĲŤē�ŹťŐ�įĔũĝŐǘēŴ�ȕ�ęĴĖĔġũŤēŴ�ȕ�ęįĔżŝŤēŴ�ȕ�ĴżżŕĝŤē�ęĳēįč�ŹťŐ�ęĳİŝŤē��ĚżŁĭĽŤē�ěēĳĔŲũŤē��3

�ȕ�ŽřňĔőŤē�ĳēĴŝĝĸǘēŴ�ȕ�ĚŜĔėťŤēŴ�ȕ�ĆĔŠĲŤēŴ�ȕ�ĴėŁŤēŴ�ȕ�śİŁŤēŴ�ȕ�ĺřŭŤĔĖ�ĚŝġŤēŴ�ȕ�ŇĔėŅŬǘēŴ�ȕ�ŽĜēĲŤē�ĴżšřĝŤēŴ�ȕ�ęĴňĔĭũŤēŴ

�ĮŤč

�ĚżŨŵšĩŤē�ŊŉĭŤēŴ�ĦŨēĴėŤē�ŮŨ�ŽđżėŤē�ŧĔōŭŤē�ŚŤĊĝŻ��ţĔũŐǜē�ęįĔŻĳ�ĚđżĖ�ŹũĹŻ�ŽđżĖ�ŧĔōŬ�ŦŌ�ŽŘ�ŦũőĜ�ţĔũŐǜē�ęįĔŻĳŴ

�ŶĴĬǜē�ěĔũōŭũŤēŴ�ȕ�ţĔũŐǜē�įēŴĴŤ�ĚŻĳĔĽĝĸē�ěĔŨİĬ�ŧİŝĜ�ŽĝŤē�ĚżŨŵšĩŤē�ĴżŔ�ěĔũōŭũŤēŴ�ȕ�ţĔũŐǜē�ęįĔŻĳ�ŒĥĽĜ�ŽĝŤē

�ĴļĔėŨ�ĴżŔ�Ŵĉ�ĴļĔėŨ�ŦšĽĖ�ţĔũŐǜē�ęįĔŻĳ�ŪŐİĜŴ�ĵĶőĜ�ŽĝŤē

�İĹŤ�ĚũŲŨ�ęēįĉ�ĔŲŬč��ęŵŉĬ�ŦŠ�ŽŘ�ěĔŻİĩĝŤē�ĚŲĤēŵũĖ�ŞťőĝĜ�ĔŲŭšŤŴ�ȕ�İŻİĤ�źĳĔĥĜ�ŦũŐ�ĆİĖ�ŹťŐ�ţĔũŐǜē�ęįĔŻĳ�ĴŁĝŝĜ�ǘ

�śŵĹŤē�ŹŤč�ęİŻİĤ�ěĔŨİĬŴ�ěĔĥĝŭŨ�ŪŻİŝĜŴ�ęİŻİĤ�ĚĹĸČŨ�ŮŻŵšĜ�ŪĝŻ�ĢżĨ�ȕ�śŵĹŤēŴ�ŪťőŤē�ŮżĖ�ęŵĥřŤē

�ţĔũŐǘē�ęįĔŻĳ�łĐĔŁĬ��2
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�ţĔũŐǜē�ęįĔŻĴŤ�ĚőĖĳǜē�ŏēŵŬǜē���4

ęĴżŕŁŤē�ţĔũŐǜē�ęįĔŻĳ��1

�ĚėĹŭŤĔĖ��ŢŤı�ŹŤč�ĔŨŴ�ȕ�ŽĐĔĖĴŲŠŴ�ȕ�şĔėĸŴ�ȕ�ĳĔĥŬŴ�ȕ�ĳĔĽĝĹŨŴ�ȕ�Ĵřĸ�ŦżŠŴŴ�ȕ�ĚŤĔŝĖ�ĴĥĝŨŴ�ȕ�Ĵőļ�ŚřŁŨ��ŢŤı�ŹťŐ�ţĔġŨ

��ŦŻŵũĜ�ŪĝŻ��ĚŐĔŭŀ�ŹťŐ�ĆǙżĝĸǘē�Ŵĉ��ĴżėŠ�źĳĔĥĜ�ŦũŐ�ĆĔĽŬč�ŧİŐŴ�ŪŲĜǙĐĔŐ�ŧĔőňč�ŹťŐ�ē ƻĳįĔŜ�ĪĖĴŤē�ūŵšżĸ�ȕ�ŪŲŤ

�ĚťĐĔőŤēŴ�ĆĔŜİŀǜē�ŮŨ�ŃŴĴŝŤē�Ŵĉ�şŵŭėŤē�ŮŨ�ęĴżŕŁŤē�ţĔũŐǜē�ŃŴĴŜ�ŞŻĴň�ŮŐ�ŪŲŤĔũŐĉ

ĴŻŵŉĝťŤ�ĚťĖĔŝŤē�ţĔũŐǜē�ęįĔŻĳ��2

�ĿĔĭļǜē��ŮŐ�ŮżġĨĔėŤē�ŮŻĴũġĝĹũŤē��ĕĲĥŻ��ŪŤĔőŤē�ĴżŕĜ�ūĉ�ŮšũŻ�ųĝŻċĳ�ūĉ�ŪťőŻ�ŵűŴ�ŦũőŤē�ēĲű�ďİĝėũŤē�ţĔũŐǜē�ŦĤĳ�ĉİėŻ

��ŮżřŌŵũŤē�ŹŠıĉŴ�ŦŅŘĉ��ŮŐ�ĢĩėŤē�ŪĝŻ�ēĲŤ�ȕ�ĴŻŵŉĝťŤ�ĚťĖĔŜ�ţĔũŐĉ�ģıĔũŬ�ŹťŐ�ĢĩėŤē�ĶŠĴŻ��śŴİŭŁŤē�ģĳĔĬ�ūŴĴšřŻ�ŮŻĲŤē

ęĴżėšŤē�ěĔŠĴĽŤē�ęįĔŻĳ��3

�ęİŻİĤ�ěĔĥĝŭŨ�ŪŻİŝĜ�ţǙĬ�ŮŨ�ĴũĝĹĜŴ�ěĔŠĴĽŤē�ůĲű�ŪōőŨ�ŵũŭĜ��ęĔżĩŤē�ęĳŴį�ĚũĭŅŤē�ěĔŠĴĽŤē�ůĲű�ěįİĨ�İŝŤ

�ŢŤı�ŹŤč�ĔŨŴ�ęİŻİĥŤē�ĚĹŘĔŭũŤēŴ�ĆǙũőŤē�ěǙżŅřĜŴ�ĔżĤŵŤŵŭšĝŤē�ŽŘ�ĴżżŕĝŤē�źįČŻ��ĚżĹżĐĴŤē�ĔŲĜĔĥĝŭŨ�ţŵĨ�ĳŴİĜ�ęĴšĝėŨŴ

��ęİŻİĥŤē�śŵĹŤē�ŽŘ�ĆǙũőŤē�ŮŨ�ęİŻİĤ�ĚŐŵũĥũŤ�ųőżĖŴ�ĴšĝėŨ�ĦĝŭŨ�ĆĔĽŬǞ�ęĴżėšŤē�ěĔŠĴĽŤē�ŹťŐ�ŊŕŅŤē�ęįĔŻĵ�ŹŤč

�Ĕ ƻżťĬēį�ĦĝŭũŤē�ĆĔŭĖ�ĚŤŴĔĩŨ�Ŵĉ�ĳĔšĝĖǘē�ěĔĹĸČŨ�ĆēĴĽĖ�ĔŨč�ĚżŤĔĩŤē�ěĔũōŭũŤē�ŧŵŝĜ�ȕ�ĚőŻĴĹŤē�ĚżĤŵŤŵŭšĝŤē�ěēĴżŕĝŤē�ĚėŠēŵũŤ

ĚżŐĔũĝĤǘē�ŒŻĳĔĽũŤē��4

�ŪűĳĔőļ��ĚżŐĔũĝĤǘē�ŦŠĔĽũŤēŴ�ěĔĤĔżĝĨǘē�ŦĩĜ�ŽĝŤē�ěĔŨİĭŤēŴ�ěĔĥĝŭũŤē�ģĔĝŬč�ŹťŐ�ţĔũŐǜē�ęįĔŻĳ�ŮŨ�ŏŵŭŤē�ēĲű�ĶŠĴŻ

�ħĔĖĳĉ�źĉ�ŞżŝĩĜ�ŧİŐŴ�ŒũĝĥũŤē�ŦĤĉ�ŮŨ�ŦũőŤē�ŵű�İżĨŵŤē�ŪŲŘİűŴ

�ȗ�ŏŴĴĽŨ�ŹŤč�ęĴšřŤē�ţŵĩĜ�ŚżŠ���5

���2014�ȕ�ĵĔėŭĥŤē�İĥŨĉ�įȕ´�ĔŐŴĴĽŨ�ěĳĔŀ�ŽĜĴšŘ´�ĕĔĝŠ�ŮŨ�İŭėŤē�ēĲű�ŽŘ�ĳŵŁŤē�Ŵ�ĳĔšŘǘē�ņőĖ�ķĔėĝŜē�ŪĜ���ĚōĨǙŨ��

�ēıĔŨ�ȕ�ĚŨįĔŝŤē�ŢĜĴšřŤ�ŊżŉĭĝŤĔĖ�ēİėĜ�ūĉ�ĘĥŻ�ĔŐŴĴĽŨ�ĉİėĜ�ūē�ěįĳē�ūč

�ŊżŉĭĝŤē�ŮŐ�ĚżřťĬ�źĉ�ŢŻİŤ�ŮšŻ�ŪŤ�ēıčŴ�ȕ�ȗ�ĉİėĝĸ�ŮŻĉ�ŮŨ�ȕ�ȗ�Ŧőřĝĸ

�ĘĥŻ�ŽĝŤē�Ŵ�ŏŴĴĽũŤē�ŽŘ�ęĴĠČũŤē�ěēĴżŕĝũŤē�ĚżũŠ�şĳİĜ�ŮťŘ�ȕ�ĳĔšŘǙŤ

���ŏŴĴĽũťŤ�ŊżŉĭĝŤē�ŮŐ�ĳĔėĝŐǘē�ŮżőĖ�ĔűĲĬĉ

�ęĳŵŁŤē�ūĎŘ�ĚżĐĔĹŭŤē�ĘĐĔŝĩŤē�ŒżėŤ�ŏŴĴĽŨ�ĪĝřŤ�ŊżŉĭĝŤē�İŭŐ�ȕ�ǙġũŘ

�ŮŨŴ�źĴĝĽũŤē�Ŵ�ĞŬē�ŵűŴ�ŒĐĔėŤē�ŮŨ�ǙŠ�ŪĸĴĜ�ŏŴĴĽũŤē�ēĲŲŤ�ĚŉĹėũŤē

�ųŭŨ�ĔŲĝũżŜ�ŹťŐ�ţŵŁĩŤēŴ�ĘĐĔŝĩŤē�ŒżĖ�ŮšũŻ�ŢŤı�ţǙĬ
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�ēİżŝőĜ�ĴġŠĉ�ŏŴĴĽũŤē�ēĲŲŤ�ĚżŝżŝĩŤē�ęĳŵŁŤē�ŮšŤŴ

�ŹťŐ�ĴĠŵĝĸ�ŶĴĬē�ěēĴżŕĝŨ�şĔŭŲŘ�ȕ�ŢŤı�ŮŨ

�ŏŴĴĽŨ�ŹŤč�źįČżĸ�ĔŲŤĔũűēŴ�ĚżťũőŤē�ŦŨĔŠ

�ȗ�ĘĐĔŝĩŤē�ŹťŐ�ŦŁĩĝĸ�ŮŻē�ŮŨ�ǙġũŘ�ȕ�ŦļĔŘ

�ŢŭŨ�źĴĝĽżĸ�ŮŨȗ�ĘĐĔŝĩŤē�ŢťĜ�Œżėĝĸ�ŚżŠ

�ĚżŤŵũļ�ĴġŠĉ�ęĳŵŀ�ħēĴĝŜē�ŮšũŻŴ�ȗ�ĘĐĔŝĩŤē�ŢťĜ

���ŽťŻ�ĔũŠ�ŢŤı�ŮŐ

���ŦũőŤē�ģıŵũŬ�ŪżũŁĜ

�ŽŘ�ūŵĖĶŤē�ĔűēĴŻ�ŽĝŤē�ĚũżŝŤē�ŽűŴ�ȕ�ĔŲŭŨ�ħĔĖĳē�ŹťŐ�ţŵŁĩŤē�ŪĠ�ŮŨ�Ŵ�ķĔŭŤē�ĔŲŭŨ�İżřĝĹŻ�ĚŘĔŅŨ�ĚũżŜįĔĥŻē�ĚżŤē�Žű

�ĴũŻ�źĲŤē�ŦĨēĴũŤē�ŮŨ�ĚũżŝŤē�ŢťĜ�įĔĥŻē�ŮšũŻē�ĢżĨ�ĚĹŘĔŭũŤē�ŶĴĬǘē�ěĔĥĝŭũŤē�ŮŨ�ůĴżŔ�ŮŐ�ęĳĔĝĭŻ�ųťőĥĜ�źĲŤē�Ŵ�ĦĝŭũŤē

�ĔŭŬĎŘ�ŦũőŤē�ģıŵũŬ�ŪżũŁĜ�İŭŐŴ�ȕ�ŽĐĔŲŭŤē�ĦĝŭũťŤ�ţŵŀŵŤē�ĚōĩŤ�ŹŤč�ŧĔĬ�ęįĔŨ�ĔŲżŘ�ūŵšŻ�ŽĝŤē�ĚōĩťŤē�ŮŨ�ĦĝŭũŤē�ĔŲĖ

���ħĔĖĳǘē�ŮŨ�ĳİŜ�ĴėŠĉ�ŮŨČĜŴ�ŗİŲĝĹũŤē�ĳŵŲũĥťŤ�ĚŘĔŅŨ�ĚũżŜ�ŦŅŘĉ�ŮŨČĜ�ĚŝŻĴň�ŦŅŘĉ�ŮŐ�ĢĩėŤĔĖ�ŧŵŝŬ

�ĚżŤē�ěĔŬĔĭŤē�ŢťĜ�ŮũŅĝĜŴ�ŦũőŤē�ĴŀĔŭŐ�İĨē�ŮŐ�ĳĔŁĝĬĔĖ�ğİĩĝĜ�ĔŲŭŨ�ĚŬĔĬ�ŦŠ�ȕ��ěĔŬĔĬ�ĚőĹĜ�ŹťŐ�ŦũőŤē�ģıŵũŬ�źŵĝĩŻ

�ŪżűĔřũŤē�ŮŨ�ēĴżėŠ�ēĆĶĤ�ŦũőŤē�ģıŵũŬ�ŽŉŕŻ�şĲĖŴ�ŏŴĴĽũŤē�ŹŤēŴ�ŮŨ�ţēŵŨǘē�ĚŠĴĨŴ�ŮŻįĳŵũŤē�ĚťĹťĸŴ�ŞŻŵĹĝŤē

�Ěĩřŀ�ŽŘ�ĳĔšŘǘē�ŒżũĥĜŴ�ŏŴĴĽũŤē�Ěĸēĳį�ĚżřżšŤ�ŪŲŲżĤŵĝŤ�Ćēŵĸ�İĨ�ŹťŐ�ŮżŘĴĝĩũŤē�Ŵ�ŮżĐİĝėũťŤ�ĘĸĔŭŨŵűŴ�ĚŻĳēįǘē

�ęİĨēŴ
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�İőĖŴ�ŏŴĴĽũŤē�ēĲű�ŽŘ�ųĝŨİĬ�Ūĝĝĸ�źĲŤē�ĳŵŲũĥŤē�ŵű�ŮŨ�ĚŘĴőŨ�ųżŘ�ŪĝŻŴ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ĚŬĔĬ�ŮŨ�ĚĸēĳİŤē�ĉİėĜ

�ŦżŀŵĝŤē�ěēŵŭŜ�ľŜĔŭĜ�ŪĠ�ĳŵŲũĥťŤ�ŧİŝĝĸ�ŽĝŤē�Ŵ�ŏŴĴĽũŤē�ŽŘ�ęįŵĤŵũŤē�ěēĶżũŤē�Ŵĉ�ĚŘĔŅũŤē�ĚũżŝŤē�Ěĸēĳį�ŪĝĜ�ŢŤı

�ĆǙũőŤē�ŒŨ�ęĶżũĝũŤē�ĚŜǙőŤē�ĆĔŭĖ�ŦĐĔĸŴ�Ěĸēĳį�ŪĝĜ�ĚżŤĔĝŤē�ęŵŉĭŤē�ŽŘ�Ŵ�ĳŵŲũĥťŤ�ĦĝŭũŤē�ŦżŀŵĝŤ�ĔŲŨēİĭĝĸē�Ūĝżĸ�ŽĝŤē

��ěĔŬĔĭŤē�ŢťĜ�ŽŘ�ĚżŝŻŵĹĝŤē�ěĔżťũőŤē�ŒżũĤ�ĳĔŁĝĬē�ŪĝŻ�ŢŤĲĖŴ�ħĔĖĳǘē�Ŵ�įēĴŻǘē�ĳįĔŁŨ�Ěĸēĳį�ŪĠ

�ĔŲĤĔĝĩŻ�ŽĝŤē�ĚżĹżĐĴŤē�įĳēŵũŤē�Ŵ�ŞŻĴřŤē�ĔŲĖ�ŧŵŝżĸ�ŽĝŤē�ĚżĹżĐĴŤē�ĚŉĽŬǘē�ĚĸēĳİĖ�ĉİėĝŘ�ĚŻĲżřŭĝŤē�ĚżĨĔŭťŤ�ĚėĹŭŤĔĖ�ĔŨĉ

�ŏŴĴĽũŤē�ĔŲĖ�ĘėĹĝżĸ�ŽĝŤē�ŚżŤĔšĝŤē�Ěĸēĳį�ŪĝĜ�ēĴżĬēŴ�ŮżżĤĳĔĭŤē�ĆĔŠĴĽŤē�ŪĠ�ŏŴĴĽũŤē

�ůĴŻŵŉĜŴ�ųŝŻŵĹĜŴ�ĦĝŭũŤē�ĆĔŭėŤ�ųĤĔĝĩżĸ�ĔũŤ�ĚĩńēŴ�ęĳŵŀ�ŞŻĴřŤē�ŶİŤ�ŦšĽĝĝĸ�ȕ�ŦũőŤē�ģıŵũŬ�ĆĔŭĖ�ŮŨ�ĆĔŲĝŬǘē�İőĖŴ

�Ěĸēĳį�ŽŘ�ěĔŨŵťőũŤē�ŧēİĭĝĸē�ŪĝżĸŴ�ŏŴĴĽũŤē�ŮŐ�ęİĨŵŨ�ĚŻċĳŴ�ĚĩńēŴ�ęĳŵŀ�ŦũőŤē�ŞŻĴŘ�İŭŐ�ūŵšĝĝĸŴ�ĚŤŵŲĹĖ

���ĚŻĲżřŭĝŤē�ĚŉĭŤē�Ŵ�ŶŴİĥŤē
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�ȗ�ŦũőŤē�ģıŵũŬ�ĚđėőĜ�ŽŘ�ĉİėŬ�ŮŻĉ�ŮŨ

�ěĔĤĔżĝĨǘ�ŞŘŴŴ�ĔŲżťŐ�ūŵťėŝŻ�ĆǙũőŤē�ŦŲĥĝĸ�ŽĝŤē�ĶżũĝŤē�ŇĔŝŬ�ĚŘĴőŨŴ�ħŵńŵĖ�ĚĨĴĝŝũŤē�ęĴšřŤē�ŚŻĴőĝĖ�ĚżťũőŤē�ĉİėĜ

�ĚũżŝŤē�ŹŤč�ţĔŝĝĜǘē�ŪĠ�ŪŲĜĔĤĔżĝĨē�İŻİĩĜŴ�ŪŲĝŘĴőŨŴ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ĚđėőĝĖ�ĆİėŤē�ŪĠ���ŞŻĴřŤē�ěēĳİŜ�Ŵĉ�śŵĹŤē

���ěĔŬĔĭŤē�ŽŜĔĖ�ŪĠ�ŪŲĜĔĤĔżĝĨē�ŞŘŴ�ĦŭĝũŤē�ŪżũŁĜ�ęįĔŐǘ�ĚŘĔŅũŤē
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�ŦũőŤē�ģıŵũŬ�ĚđėőĜ�ŦżŤį

�ūŵšżĸ�ĢżĨ�ŒńŴ�ŦŅŘǘ�ţŵŀŵťŤ�ŦŻİőĝŤĔĖ�ĳēĴũĝĸǘē�Ŵ�ŦũőŤē�ģıŵũŬ�ĚđėőĝŤ�ŞŻĴřŤē�ĆĔŅŐē�ŮżĖ�Žŭűı�ŚŁŐ�ŦũŐ�ŪĝŻ

�ĚŻįĔŁĝŜǘē�ŶŴİĥŤē�Ŵ�ĚŻĲżřŭĝŤē�ĚŉĭŤē�ĆĔŭėŤ�ķĔĸēŴ�ĶűĔĤ�ŦũőŤē�ģıŵũŬ

�ǘ�ĆǙũőŤē�Ěĸēĳį�ŦżŲĹĝŤŴ�ŏŴĴĽũŤē�ŦėŜ�ŮŨ�ŪŲĝŨİĬ�Ūĝĝĸ�ŮŻĲŤē�įēĴŘǘē�ŮŨ�ĚŐŵũĥŨ�Ūű���ŗİŲĝĹũŤē�ĳŵŲũĥŤē��1

�ĴżŻĔőŨ�ŞŘ�Ŵ�ĚŲĖĔĽĝŨ�łĐĔŁĬ�ĔŲŤ�ĚĩŻĴļ�ŦŠ�ĪĐēĴļ�ŹŤč�ŪŲũżĹŝĜ�ŮŨ�İĖ

�ŽŘēĴŕĥŤē�ŒŻĵŵĝŤē��

�ĔżŘēĴŔŵũŻİŤē��

�ĚżĹřŭŤē�ěĔřŁŤē��

�şĴĝĽũŤē�şŵťĹŤē�Ŵ��

�ĚĸēĳİŤ�śĴŉŤē�ŦŲĸē�ŮŨŴ�ĔŲĝżėťĝĖ�ŧŵŝŭŤ�ĆǙũőŤē�ŮŨ�ĚĩŻĴĽŤē�ŢťĜ�ěĔĤĔżĝĨē�Ěĸēĳį�Žű���ĚŘĔŅũŤē�ĚũżŝŤē���2

�����*DLQ��-REV��3DLQ��ģıŵũŬ�ŵű�ěĔĤĔżĝĨǘē

�ŪŤǘē�Ŵ�ęĔŬĔőũŤē�ŚřĭŬ�ŚżŠ��

�ĆǙũőťŤ�ĘĸĔšŨ�ŞŝĨē�ŚżŠ��

�ĆǙũőŤē�ŹťŐ�ŚĐĔŌŵŤē�ŦŲĸē�ŚżŠ��

�ŪŲőŨ�ŦŀēŵĝŤē�ĚżřżŠŴ�ĦĝŭũŤē�ūŵŘĴőŻ�ĆǙőŤē�ŦőĥĜ�ŽĝŤē�ŦĐĔĸŵŤēŴ�ĆǙũőťŤ�ĦĝŭũŤē�ţŵŀŴ�ĚżřżŠ���ŦŀēŵĝŤē�ěēŵŭŜ���3

��ŦŀēŵĝŤē�ēĲű�ĔŲżŘ�ğİĩżĸ�ěǘĔĨ�ĚĹũĬ�şĔŭűŴ�ȕ�ĚŨĵǙŤē�ĚŻĔŐİŤē�ŦũőŤ

�ĦŻŴĴĝŤē�Ŵ�ĚŻĔŐİŤē�Ŵĉ�ŽŐŵŤē��

�ĚĖĴĥĝŤē�Ŵ�ŪżżŝĝŤē��

�ĦĝŭũŤē�ŮũĠ�ŒŘįŴ�ĆēĴĽŤē�ĚżŤē��

�ŦżŀŵĝŤē�ĚżŤē��

�ŒżėŤē�İőĖ�ŦŀēŵĝŤē��

�ŮŠĔŨĉ�ğǙĠ�ŽŘ�ŢŤı�ŪĝŻŴ�ĚŝġŤē�ĘĹŠŴ�ĆǙũőŤē�ŒŨ�ĚŜǙŐ�ĆĔŭĖ�ĚżťũŐ�ŦŠ�Žű���ĆǙũőŤē�ŒŨ�ěĔŜǙőŤē���4

�ŒżėŤē�ŦėŜ��

�ŒżėŤē�ĆĔŭĠĉ��

�ŒżėŤē�İőĖ��

�ŒżũĤ�įĴĹĖ�ŧŵŝŬ�ĚŬĔĭŤē�ŢťĜ�ŽŘŴ�ȕ�ŏŴĴĽũŤē�ŹťŐ�ħĔĖĳǘē�ĳİĝĸ�ŽĝŤē�ĚżŤǘē�Ŵ�ěĔżťũőŤē�Žű���ħĔĖĳǘē�Ŵ�ěēįēĴŻǘē���5

�įēĴŻǘē�ŪŐİĜ�ŽĝŤēŴ�ĚŝĖĔĹŤē�ěĔŬĔĭŤē�Ŧřĸē�ĚŬĔĭŤē�ŢťĜ�İĤŵĜ�ĢżĨ�ȕ�ĪĖĴŤē�ĳİĝĸ�ŽĝŤē�ěĔżťũőŤē
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�ŏŴĴĽũŤē�ŽŘ�ĔŲĖ�ŧĔżŝŤē�Ūĝżĸ�ŽĝŤēŴ�ĚŉżĹĖ�ĞŬĔŠ�ĔũŲŨ�ĚŉĽŬǘēŴ�ţĔũŐǘē�ŒżũĤ���ĚżĹżĐĴŤē�ĚŉĽŬǘē���6

�ĚŉĽŬǘĔĖ�ŧĔżŝŤē�ŹťŐ�ŞŻĴřŤē�İŐĔĹĜ�ŽĝŤē�Ŵ�ŞŻĴřŤē�ĔŲšťĝũŻ�ŽĝŤē�ŗĳĔőũŤē�Ŵ�ěēĳĔŲũŤēŴ�įēŵũŤē�Žű���ĚżĹżĐĴŤē�įĳēŵũŤē���7

�İŁŝŻ�ǘŴ�ęįİĩŨ�ěĔżŜĔřĜē�ŮũńŴ�ŞŻĴřŤē�ŮŐ�ǘİĖ�ţĔũŐǘĔĖ�ŧŵŝĝĸ�ŽĝŤē�ěĔĹĸČũŤē�Ŵĉ�įēĴŘǘē���ūŵżĹżĐĴŤē�ĆĔŠĴĽŤē���8

�ęĳĔĹĭŤē�Ŵ�ĪĖĴŤē�ĆĔŠĴļ�ŪŲĖ

�ŪĝŻ�ŽĝŤē�Ŵ�ŦżŀĔřĝŤē�ĴŠı�ūŴį�ŏŴĴĽũŤē�ŗĶŭĝĹĜ�ŽĝŤē�ěĔżŤĔőřŤē�Ŵ�ĚŉĽŬǘē�ŒżũĤ�įĴĸ�ŪĝŻ���ŚżŤĔšĝŤē�Ŧšżű���9

�Žű�ěĔŬĔĭŤē�ŢťĜ�ūŵŠ���ĆĔŠĴĽŤē�Ŵȕ�įĳēŵũŤēŴ�ĚżĹżĐĴŤē�ĚŉĽŬǘē���ěĔŬĔĬ�Ŧŝĸē�ĚŬĔĭŤē�ŢťĜ�ŒŝĜŴ�ŶŴİĥŤē�Ěĸēĳį�ŽŘĔűĴŠı

ţēŵšŤē�ĚŝŉŭŨ�ŶĴĹżŤē�ĚĹũĭŤē�ěĔŬĔĭŤē�ŹũĜŴ�ŚżŤĔšĝŤē�ųŤ�ĘėĹĜŴ�ŏŴĴĽũŤē�ŗĶŭĝĹĜ�ŮŨ

���ŽťũŐ�ŞżėŉĜ

�ķĳēİũŤē�ĚėťŉŤ�ŽũżťőĝŤē�ěŵĖŴĴťŤ�ĘŻĳİĜ�ĶŠĴŨ�ĪĝŘ�ŞŻĴřŤē�ŢŤı�ĳĴŜ�ȕ�ŮżŐİėŨ�ğǙĠ�ŮŨ�ūŵšŨ�ěŵĖŴĴŤē�ŽĖĳİŨ�ŮŨ�ŞŻĴŘ

��ŏŴĴĽũŤē�ŢŤĲŤ�ĚŉĬ�ĚŔĔżŁŤ�ŞŻĴřŤē�ŒũĝĤē�ȕ�ĚėŝőŤē�ĚŭŻİŨ�ŽŘ

�ŪŲŭŐ�ĳİŁŻ�ūē�ŒŜŵĝũŤē�Ŵ�ŏŴĴĽũŤē�ŢŤĲŤ�ĚĩńēŵŤē�ĚŔĔżŁŤē�ĘĝŠē��1

�ŒŜŵĝũŤē�ŦũőŤē�ģıŵũŬ�Ūũŀ��2
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ŽũżũŁĝŤē�ĴżšřĝŤē

�ĚŨİŝŨ

�İŻİĩĜ�ĔŲũűĉ�ŮŨ�ȕęĴżġŠ�ěĔĖŵőŀ�ŧĔŨĉ�źĴĽĖ�ūĔżšĖ�ŞťőĝĜ�ĔŨ�ĚťšĽũŤ�ţŵťĩŤē�įĔĥŻĎĖ�ŮżżŭőũŤē�ĿĔĭļǜē�ŮŨ�ĴżġšŤē�ŚŝŻ

�ȕūēİżũŤē�ŽŘŴ�ŒŜēŵŤē�Ńĳĉ�ŹťŐ�ĔŲŝżėŉĜŴ�ţŵťĩŤē�ħĴň�ĚĖŵőŀŴ�ȕŦťĭŤē�Ŵĉ�ĳŵŁŝŤē�ŒńŵŨ�ĚŘĴőŨŴ�ŞżŜį�ŦšĽĖ�ĚťšĽũŤē

�ĔŲĥĐĔĝŬ�ŪżżŝĜŴ�ĚĨĴĝŝũŤē�ţŵťĩŤē�ŢťĜ�ĚėĸĔŭŨ�ŮŨ�İŠĊĝŤē�ĚĖŵőŀ�ŢŤĲŠŴ

�ŦŠĔĽũŤē�ŦĨŴ�ŦżťĩĜ�ŽŘ�ūŵũũŁũŤē�ĔŲőėĝŻ�ŽĝŤē�ĚżťũőŤē�ĘżŤĔĸǜēŴ�ĚĥŲŭũũŤē�śĴŉŤē�ŹŤē�ųŤǙĬ�ŮŨ�ĳĔĽŻ�ĪťŉŁŨŵű

�ŽŘ�ŦŠĔĽũŤē�ŦĨŴ�ŦżťĩĝŤ�ĪĤĔŬ�ĕŵťĸē�ŵű�ŽťżťĩĝŤē�ŊũŭŤē�ēĲű�ŏĔėĜēŴ�ĦŲŭũũŤē�ĴżšřĝŤē�ūĊĖ�ĕĳĔĥĝŤēŴ�ğĔĩĖǜē�ĞĝėĠĉ�İŜŴ

���ęįİőĝŨ�ěǘĔĥŨ

�Ŧšżű�ŪżũŁĜ�Ŵĉ�ȕŢżŘēĴĥŤē�ŪżũŁĜ�ŵű�ĔŲŭŨ�įŵŁŝũŤē�ūĉ�ŪŲř ƿŻ�İŜ��ŽũżũŁĝŤē�ĴżšřĝŤē��ĪťŉŁŨ�ŽŘ��ŪżũŁĝŤē��ĚũťŠ�ūč

�źĳĔšĝĖǘē�ŽŐēİĖǞē�ĴżšřĝŤē�ţǙĬ�ŮŨ�ěǙšĽũťŤ�ţŵťĩŤē�ŪũŁŬ�ūĉ�ŽŭőĜ�Ĕŭű�ŪżũŁĝŤē�ĚũťŠ�ūĉ�ǘč�ȕěĔĥĝŭũŤē�ŦšļŴ

�ůĲű��ŪŲĜĔżĨ�ĕŵťĸĉŴ�ŪŲĝŘĔŝĠŴ�ŪŲĜĔĤĔżĝĨēŴ�ŪŲĜĔŻİĩĜŴ�ŗİŲĝĹũŤē�ĳŵŲũĥťŤ�ŞżũőŤē�ŪŲřŤēŴ�ūĔĹŬǞē�ţŵĨ�ĶŠĴũĝũŤē

�ŹťŐ�Ŵĉ�ȕěĔĥĝŭŨŴ�Œťĸ�ĴŻŵŉĜ�Ŧšļ�ŹťŐ�Ŵĉ�ȕěĔżĥżĜēĴĝĸǘēŴ�ěĔĸĔżĹŤēŴ�ĚũōŬǜē�ŽŘ�ĴżżŕĜ�Ŧšļ�ŹťŐ�ūŵšĜ�İŜ�ţŵťĩŤē

�ĚżĝĩĜ�ĚżŭĖ�ĴŻŵŉĜŴ�ěĔŨİĬ�ŪŻİŝĜ�Ŧšļ

DPD� �ĚŠĴļ�ŦġŨ�ĚżũŤĔőŤē�ěĔŠĴĽŤē�ŶĴėšŤ�ħĔĥŭŤē�ħĔĝřŨŴ�ŧēİĭĝĸǘē�ŒĐĔļ�ęĴżĬǜē�įŵŝőŤē�ŽŘ�ŽũżũŁĝŤē�ĴżšřĝŤē�Īėŀĉ 

�ĚŻĳēįǞēŴ�ĚżũżťőĝŤē�ŪōŭŤēŴ�ěĔĹĸČũŤē�ŶĴėŠ�ŽŘ�ųĝĸĳĔũŨŴ�ųĹŻĳİĜ�ŪĝŻ�ĔũŠ�ȕ«�]RQ�DSSOHȕ�*RRJOHȕ�1HWÀL[ȕ�$LUEQE

ĚżĩĖĴŤē�ĴżŔŴ�ĚżĩĖĴŤē�ĚřťĝĭũŤē�ěǘĔĥũŤē�ŒżũĤ�ŽŘŴ

�ţŵťĨ�įĔĥŻč�ţǙĬ�ŮŨ�ęĔżĩŤē�ŮżĹĩĜŴ�ĴŻŵŉĜŴ�ěǙšĽũŤē�ŦĨŴ�ěĔŻİĩĝŤē�ĚŲĤēŵũŤ�ţĔ ǁőŘ�ģıŵũŬ�ŽũżũŁĝŤē�ĴżšřĝŤē�ūč

�ŪŲĜĔėŔĳŴ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ěĔĤĔżĝĨē�ŪŲŘ�ŹťŐ�ĶšĜĴĜŴ�ūĔĹŬǞē�ţŵĨ�ĳŵĩũĝĜ�ĚŻİżťŝĜ�ĴżŔ�ĚżŐēİĖčŴ�ĚŻĳĔšĝĖē

�ěǘĔŁĜǘē�ĚżŭŝĜ�ĳŵŉĜ�ŽŘ�ŽĹżĐĳ�Ęėĸ�ŵűŴ�ȕŧŵŻ�ŦŠ�ŽŘ�ĔŭŤŵĨ�ŮŨ�ŪŤĔőŤēŴ�ęĔżĩŤē�ęįŵĤ�ŽũżũŁĝŤē�ĴżšřĝŤē�Ů ǁĹĩŻŴ

�įēĴŘǜē�ęĔżĨ�Ğť ǁŲĸŴ�ěĴĹŻ�ŽĝŤē�ěēİőũŤēŴ�ěēŴįǜēŴ�ęĶŲĤǜēŴ�ĚżŐĔŭŁŤēŴ�ĚżĤŵŤŵŭšĝŤē�ęĳŵġŤēŴ�ěĔŨŵťőũŤēŴ

�ŽŤĔĩŤē�ĴŁőŤē�ŽŘ�ĔŲĜŴĳı�İŲĽŬ�ŽĝŤēŴ�ȕěĔőũĝĥũŤēŴ
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�ŽũżťőĝŤē�ŪżũŁĝŤēŴ�ŽũżũŁĝŤē�ĴżšřĝŤē

�ēĲű�ĪńŵŬ�ĔŬŵŐį�ȕĔũŲĜĔŝżėŉĜŴ�ŽũżťőĝŤē�ŪżũŁĝŤē�ŧŵŲřŨŴ�ŽũżũŁĝŤē�ĴżšřĝŤē�ŧŵŲřŨ�ŮżĖ�ĔŨ�ĿĔĭļǜē�ŮŨ�İŻİőŤē�ŊťĭŻ

�ĚŉżĹĖ�ĳŵŉĸ�ŽŘ�ĘŬĔĥŤē

�ŪĝŻ�ȕ��ŪżżŝĝŤē�±�ĲżřŭĝŤē�±�ĴŻŵŉĝŤē�±�ŪżũŁĝŤē�±�ŦżťĩĝŤē��ĚżĹżĐĳ�ŦĨēĴŨ�ĚĹũĬ�ŮŨ�ŽũżťőĝŤē�ŪżũŁĝťŤ�ŧĔőŤē�ģıŵũŭŤē�ūŵšĝŻ

�ĚŘĴőũŤē�±�ĚŻĳĔŲũŤē�ĚŘĴőũŤē�±�ĚżĜĔŨŵťőũŤē�ĚŘĴőũŤē��ĚŘĴőũŤē�ŏēŵŬĉ�İĨĉ�ŽŘ�ĚťšĽŨ�įŵĤŴ�İŭŐ�ģıŵũŭŤē�ēĲű�ŧēİĭĝĸē

�ĳŵŲũĥŤē�ūĉ�źĉ�ȕ�«�ŒũĝĥŨ�±�ŮżżŭŘ�±�ţĔ ǁũŐ�±�ĕǙň�±�ŮżũťőŨ�±�ŮżřŌŵŨ��ķĔŭŤē�ŮŨ�ĚŐŵũĥŨ�ŶİŤ��ĚżŬēİĤŵŤē

�ĚŻĳĔŲũŤē�ěēĴėĭŤē�ŽŘ�Ŵĉ�ȕŪżűĔřũŤēŴ�ěĔŨŵťőũŤēŴ�ŶŵĝĩũŤē�ŪŲŘ�ŽŘ�ĳŵŁŜŴ�łŝŬ�Ŵĉ�ŧēİőŬē�ųŻİŤ�ūŵšŻ�ŗİŲĝĹũŤē

�ŞżŝĩĜ�ŞżőŻ�ĔũŨ��ȕ«ůŵĩŬŴ�ĚżŤŴČĹũŤēŴ�şēĳįǞēŴ�ŽŐŵŤēŴ�ŧĔũĝűǘēŴ�ţŵżũŤēŴ�śǙĬǜēŴ�ŪżŝŤē�ŽŘ�Ŵĉ�ȕĔŲĝĸĳĔũŨŴ

�ůĲű�ŦĨ�ŪĝŻ�ŽŤĔĝŤĔĖŴ�ȕŽŐĔũĝĤǘē�Ŵĉ�ŽĹĸČũŤē�ĳēĴŝĝĸǘēŴ�ĪżĩŁŤē�ůĔĥĜǘē�ŽŘ�ŦũőŤē�ĴżĸŴ�ĔŲŤ�ţŵŀŵŤē�įēĴũŤē�ŗēİűǜē

�Ŵĉ�ĴļĔėŨ�ȕĔŲĤĳĔĬ�Ŵĉ�Ěżĸēĳį�ĚŐĔŜ�ŦĬēį�ȕŽŭŨēĶĜ�ĴżŔ�Ŵĉ�ŽŭŨēĶĜ�ȕŽĹŻĳİĜ�±�ŽėŻĳİĜ�±�ŽũżťőĜ�ĦŨĔŬĴĖ�ŞŻĴň�ŮŐ�ĚťšĽũŤē

�ųũżżŝĜŴ�ůĲżřŭĜŴ�ųũżũŁĜŴ�ĦŨĔŬĴėŤē�ēĲŲŤ�ŊżŉĭĝŤē�ŪĝŻ�ŽũżťőĝŤē�ŪżũŁĝŤē�ŦĨēĴŨ�ţǙĬ�ŮŨŴ�ȕŽŬŴĴĝšŤč

�ŦšĽĖ�ĚťšĽũŤē�İŻİĩĜ�ŹťŐ�ĚĹũĭŤē�ĚżĹżĐĴŤē�ŦĨēĴũŤē�ŞėĹĜ�ŽĝŤē�ĚżŤŴǜē�ěĔżťũőŤē�ţǙĬ�ŮŨ�ŽũżťőĝŤē�ŪżũŁĝŤē�ĔŬİŐĔĹŻ

�ĚŻįĔŨ�ĚťšĽũŤē�ūĉ�ŽũżťőĝŤē�ŪũŁũŤē�İĥŻ�ĔũĖĴŘ��ĚżŘĴőŨ�ĴżŔ�Ŵĉ�ŪżťőĝŤēŴ�ŪťőĝŤĔĖ�ŞťőĝĜ�ĚżŘĴőŨ�ĞŬĔŠ�ēıč�ĔŨ�ŞżŜį

�ģıŵũŬ�Ůũń�ŦĬİĜ�ǘ� ƻǘŵťĨ�ĘťŉĝŻ�ĔũŨ�ȕŦũőŤē�ĚđżĖŴ�ĚżĝĩĝŤē�ĚżŭėŤē�ŽŘ�Ŵĉ�ȕĴŻİŝĝŤēŴ�ĶŘēŵĩŤē�ŽŘ�ĚŻŵŭőŨ�Ŵĉ�ŦĬİŤē�ŽŘ

�ŽũżťőĝŤē�ŪżũŁĝŤē

�įēİŐč�±�ĳĔšŘǜē�ĳĔšĝĖē�±�ĚťšĽũŤē�ŚŻĴőĜ�±�ŚňĔőĝŤē��ĚżŉĬ�ĴżŔ�ŦĨēĴŨ�ĚĹũĬ�ŮŨ�ūŵšĝŻ�ģıŵũŬ�ŵű�ŽũżũŁĝŤē�ĴżšřĝŤē�ĔŨĉ

�ŮŨ�ĚŐŵũĥũĖ�ŞťőĝĜ�ĚťšĽũŤē�ŢťĜ�ĞŬĔŠ� ƻĔŻĉ�ĚżŝżŝĨ�ĚťšĽŨ�įŵĤŵĖ�ĳŵőĽŤē�İŭŐ�ųŨēİĭĝĸē�ŪĝŻŴ���ĚĖĴĥĝŤē�±�ŽŤŴĉ�ģıŵũŬ

�ĚťšĽũŤē�Žű�ĔŨ�ŗĴőŬ�ǘ�ĘŤĔŕŤē�ŽŘ��«ĆǙũŐ�±�ŮĐĔĖĵ�±�ŒũĝĥŨ�±�ūĔ ǁšĸ�±�ţĔřňĉ�±�ţĔ ǁũŐ�±�ĕǙň�±�ūŵřŌŵŨ��ķĔŭŤē

�ĔŲŤ�ţŵťĩŤē�ŦŅŘĉŴ�ĔŲĤǙŐ�śĴňŴ�ĔŲĖĔėĸĉ�ŽűĔŨŴ�ŞżŜį�ŦšĽĖ

�ŹťŐ�ĶšĜĴĜ�ŽĝŤēŴ�ĚŻİżťŝĝŤē�ĴżŔŴ�ĚżŐēİĖǞēŴ�ĚŻĳĔšĝĖǘē�ţŵťĩŤē�įĔĥŻčŴ�śŴİŭŁŤē�ģĳĔĬ�ĴżšřĝŤē�ŹŤč�ŦĨēĴũŤē�ůĲű�ŞżėŉĜ�ĔŬįŵŝŻ

�ŮŨ�ĚŐŵũĥŨ�ŮŨ�ūŵšŨ�ŞŻĴŘ�Ŵĉ�łĭļ�ŽũżũŁĝŤē�ĴżšřĝŤĔĖ�ŧŵŝŻ�ūĉ�ŮšũŻŴ�ȕŪŲĜĔėŔĳŴ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ěĔĤĔżĝĨē

�ĿĔĭļǜē

�ȕ�ĚżŘĴőŨ��ůĴŠı�Şėĸ�ĔũŠ�ĚťšĽũŤē�ĞŬĔŠ�ţĔĨ�ŽŘ�ŽũżťőĝŤē�ŪżũŁĝŤē�ŦĨēĴŨŴ�ŽũżũŁĝŤē�ĴżšřĝŤē�ŦĨēĴŨ�ŮżĖ�ŒũĥŤē�ŮšũŻ

�ŽũżťőĝŤē�ŪżũŁĝŤē�ŦĨēĴŨ�ţǙĬ�ŮŨ�ĚťšĽũŤē�ůĲű�ŦĨ�ŪĝŻŴ�ȕ�ĚżŘĴőŨ��ĚťšĽũŤē�ūĉ�ĔŬİĤŴ�ŽũżũŁĝŤē�ĴżšřĝŤē�ţǙĬ�ŮũŘ
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�ŽũżũŁĝŤē�ĴżšřĝŤē�ŮŨ�ŗİŲŤē

�ŮŨ�ĚżŐĔũĝĤǘēŴ�ĚżĹřŭŤē�ĚżĨĔŭŤē�ŮŨ�ēĳēĴŝĝĸēŴ�ĔńĳŴ�ęįĔőĸ�ĴġŠĉ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ŦőĤ�ŹŤč�ŽũżũŁĝŤē�ĴżšřĝŤē�ŗİŲŻ

�ĴżšřĝŤē�ŗİŲŻ�ĔũŠ�ȕŪŲĜĔżĨ�ĴżĹżĝŤ�ĚŻĳĔšĝĖǘē�ţŵťĩŤē�ŦŅŘĉ�įĔĥŻčŴ�ȕŪŲĜĔėŔĳ�ŞżŝĩĜŴ�ŪŲĜĔĤĔżĝĨē�ĚżėťĜŴ�ŪŲťŠĔĽŨ�ŦĨ�ţǙĬ

�ŽũżũŁĝŤē�ĴżšřĝŤē�ŗİŲŻ�ŢŤĲŠ�ȕĆĔũĝŬǘē�ĶŻĶőĜŴ�ĚżĤĔĝŬǞēŴ�Ćēįǜē�ŮżĹĩĜ�ŹŤč�ĔŲĜēı�İĩĖ�ĚťšĽŨ�įŵĤŴ�ŧİŐ�İŭŐ�ŽũżũŁĝŤē

�ŽĩĖĳ�ĴżŔ�Ŵĉ�ŽĩĖĳ�ŗİŲĖ�ĳŵŲũĥťŤ�ěĔŨİĭŤēŴ�ŒťĹŤēŴ�ěĔĥĝŭũŤē�ĴŻŵŉĜ�ŹŤč

�ŽũżũŁĝŤē�ĴżšřĝŤē�ŦĨēĴŨ

�şĳŵŲũĤ�ŪŲŘē�ľŻĔőĝŤē�Ŵĉ�ŚňĔőĝŤē��1

�ĳŵőĽŤē�ŹťŐ�ęĳİŝŤē�źĉ�ȕĚťšĽũŤē�ĕĔĩŀĉ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ŒŨ�ŚňĔőĝŤē�Žű�ŽũżũŁĝŤē�ĴżšřĝŤē�ŦĨēĴŨ�ŮŨ�ĚťĨĴŨ�ţŴĉ

�ģĔŨİŬǘēŴ�ŪŲŭŨ� ƻēİĨēŴ�ŢŬĊŠ�ŪŲŬĔšŨ�ŢĹřŬ�ŒńŴ�ţǙĬ�ŮŨ�ŪűĳĔšŘĉŴ�ŪŲĜĔŨĔũĝűē�ĚŘĴőŨŴ�ŪŲĝťšĽũĖ�ķĔĹĨǞēŴ�ŪŲĖ

�ŹŤč�ţŵŀŵŤē�ŗİŲĖ�ŢŤıŴ�ȕĔŲĖ�ūŴĴũŻ�ŽĝŤē�ŪŲřŜēŵŨŴ�ĚżŁĭĽŤē�ŪŲŁŁŜ�ŹŤč�ŏĔũĹŤē� ƻĔŅŻĉ�ȕŪŲőŨ�ľŻĔőĝŤēŴ�ŪŲĝđżĖ�ŽŘ

��ŞżŜį�ŦšĽĖ�ĔűİŻİĩĜŴ�ĚťšĽũŤē�şēĳįčŴ�ŪŲĜĔĤĔżĝĨǘ�ŞżũŐ�ŪŲŘ

�ĚťšĽũŤē�įİĨŴ�ĳŵŲũĥŤē�Ŧ ǁťĨ��ĚťšĽũŤē�ŚŻĴőĜ��2

�ěĔŬĔżėŤē�ůĲű�ŦżťĩĜ�ūǚē�ŪĝŻ�ȕŚňĔőĝŤē�ĚťĨĴŨ�ŽŘ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ŮŐ�ĔŲżťŐ�ĞťŁĨ�ŽĝŤē�ěĔŨŵťőũŤē�ţǙĬ�ŮŨ

�ĚťšĽũŤē�ŮŐ�ĴŻĴŝĜ�ĚŔĔżŀ�ĚťĨĴũŤē�ůĲű�ŽŘ�ĔŲĝőũĤ�ŽĝŤē�ěĔŨŵťőũŤē�ŢťĜ�ŹťŐ� ƻĆĔŭĖ�ŞżŜį�ŦšĽĖ�ĚťšĽũŤē�İŻİĩĜ�ĚŤŴĔĩŨŴ

��ĚĩńēŴ�ęĳĔėőĖŴ�ŊżĹĖŴ�įİĩŨ�ĕŵťĸĊĖ�ĚťšĽũŤē�ŚŁĜ�ęĳĔėőĖ�ŽŲĝŭŻ�ĚżŝżŝĩŤē

� ƻĔŻİĩĜ�ŖŀŴ�ţŵťĩŤĔĖ�ĴšŘ��ĳĔšŘǜē�ĳĔšĝĖē��3

�İżŤŵĜ�ĚťĨĴũŤē�ůĲű�ŽŘ�ŪĝŻ�ȕůįēİŐč�ŪĜ�źĲŤē�ĚťšĽũŤē�ĴŻĴŝĜ�ţǙĬ�ŮŨŴ�ȕŞżŜį�ŦšĽĖ�ĔűİŻİĩĜŴ�ĚťšĽũŤē�ĚŘĴőŨ�İőĖ

�ŦŁĜ�ŹĝĨ�ĚŻįĔőŤē�ţŵťĩŤē�ŮŨ�ĚĤĳİĝŨ�ţŵťĩŤē�ůĲű�ūŵšĜ�ūĉ�ţŴĔĨ��ĔŲĝĖĔĝŠŴ�ĚťšĽũŤē�ůĲŲŤ�ţŵťĩŤēŴ�ĳĔšŘǜē�ŮŨ�İŻİőŤē

�ĚŔĔżŀ�ŽŘ�ŗİŲĝĹũŤē�ĳŵŲũĥŤē�ŒŨ�ūŴĔőĝŤē�ęŵŉĭŤē�ůĲű�ŽŘ�ŮšũŻŴ�ȕĚĖŵťŉũŤē�ŽűŴ�ęĴšĝėũŤēŴ�ĚżŐēİĖǞē�ţŵťĩŤē�ŹŤč

�ĕĳĔĥĜ�ŮŨ�ŧĔŲťĝĸǘē�ȕŽŭűĲŤē�ŚŁőŤē��ĳĔšŘǜē�İżŤŵĜ�ŹťŐ�İŐĔĹĜ�ŽĝŤē�ěēŴįǜē�ŮŨŴ��ĔŲŤŵĨ�ŪűĳĔšŘĉ�ŏĔũĸŴ�ţŵťĩŤē�ņőĖ

�ŪĸĴŤē�ȕĚżŭűĲŤē�ŊĐēĴĭŤē�ȕĚĩĤĔŬ

��ŢŤŵťĨ�ĦĝŬĉŴ�Ū ǁũŀ�ŽŤŴĉ�ģıŵũŬ�įēİŐč��4

�įēİŐč�ūǚē�ŪĝŻ�ȕĲżřŭĝťŤ�ĚťĖĔŝŤē�ţŵťĩŤē�ŢťĜ�ŦŅŘĉ�ĳĔżĝĬē�İőĖŴ�ȕĚťšĽũťŤ�ęĴšĝėũŤē�ţŵťĩŤēŴ�ĳĔšŘǜē�ŮŨ�ĚŐŵũĥŨ�ŒńŴ�İőĖ��

�ųťŻİőĜ�ŮšũŻ�ŽŤŴĉ�ģıŵũŭŠ�ųŤ�ĚėĨĔŁũŤē�ěēŴįǜēŴ�ěĔĥĝŭũŤē�ĴŻŵŉĜŴ�ŪżũŁĜŴ�ȕħĴĝŝũŤē�ŦĩŤē�ĲżřŭĜ�ĚŉĭŤ�ŽŤŴĉ�ģıŵũŬ

�ĚĹŨĔĭŤē�ĚťĨĴũŤē�İőĖ�ůĳĔėĝĬēŴ�ŦĩŤē�ĘŻĴĥĜ�ĦĐĔĝŬ�ĘĹĨ�ųŭżĹĩĜŴ�ůĴŻŵŉĜŴ

�ŢŤŵťĨ�ĴėĝĬē�ĚĖĴĥĝŤē���
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