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ÏÕ  Ð �¾Â¦ ���Áſƌ�âſƽŦ�ƿƭŧƘ��æ�Ũ°ţƹƌ�ÀǃƸ±¡

ÏÖ  Ò �¾Â¦ ��Áſƌ�âſƽŦ�ƿƭŧƘ��ç�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÍ  Ô �¾Â¦ ��ÁſƍƼ�âſƽŦ�ƿƭŧƘ��è�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÎ  Ö �¾Â¦ ��ÁſƍƼ�âſƽŦ�ƿƭŧƘ��é�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÏ  ÎÎ �¿Â® ��Áſƌ�âſƽŦ�ƿƭŧƘ��ê�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÑ  ÎÐ �¿Â® ��Áſƌ�âſƽŦ�ƿƭŧƘ��ë�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÒ  ÎÒ �¿Â® ��Áſƌ�âſƽŦ�ƿƭŧƘ��ì�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÓ  ÎÔ �¿Â® ��Áſƌ�âſƽŦ�ƿƭŧƘ��í�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÕ  ÏÍ �¿Â® ��ÁſƍƼ�âſƽŦ�ƿƭŧƘ��î�Ũ°ţƹƌ�ÀǃƸ±¡

ÐÖ  ÏÏ �¿Â® ��ÁſƍƼ�âſƽŦ�ƿƭŧƘ��æå�Ũ°ţƹƌ�ÀǃƸ±¡

ÑÍ  ÏÑ �¿Â® ��ÁſƍƼ�âſƽŦ�ƿƭŧƘ��ææ�Ũ°ţƹƌ�ÀǃƸ±¡

ÑÏ  ÏÓ �¿Â® ��ÁſƍƼ�âſƽŦ�ƿƭŧƘ��æç�Ũ°ţƹƌ�ÀǃƸ±¡

ÑÑ    ÀţŹŭƸ¦�ťƌ�â¦ƃŦ�ÜǃŬ�ũƸţƼ�²°®

��ūƈ¦�Áſƌ�ƳǉƱƍŬ�ƃǈ±�©°ǃƐ�ƿŦ�ķƵƐ¦�ūƹƉƬ�é�±¦�Ʒǀ® ķƔţǈ°��1��įǈƅǉƨ�ÀţŹŭƸ¦�ťƌ�§ţŭư
�®ǃƌ�ķƸ�ƷǉƉƭŬ�ūƹƉƬ�Â®�ƿŦ�³®ǃż�ƿư�ūƈ¦�¾Â¦�ūŦǃƼ�ůŸţŧƸ�ƿŦ�¶ǃŦƃƸ�§ţŭư�ƻǈ¦�é�ţŬ�æ�Ũ°ţƹƌ�âţǀ�ÀǃƸ±¡��¾Â¦�ūŦǃƼ�âţǀ�ÀǃƸ±¡��1

�ƃǀ�ÀſƼ¦ǃż�±¦�ƇĢ�ſǉƼ¦ǃŬ�ķƸ�ķŭŸ¦°�ƿŦ�ţƹƌ�ƻǈ¦ƃŦţƽŦ��Ʒǈ¦�Á®ƃư�âſƽŦ�ƿƭŧƘ�ƳƑƨ�ƿŦ�ƳƑƨ�¦°�ç�Â�æ�Ũ°ţƹƌ�âţǀ�ÀǃƸ±¡��Áſƌ�âſƽŦ�ƿƭŧƘ�âţǀ�ÀǃƸ±¡��Ƨƴ¦
��Áſƌ�âſƽŦ�ƿƭŧƘ�âţǀ�ÀǃƸ±¡�°®��ſƽŭƉǀ�ƳƸţư�ÀǃƸ±¡�įǈ�ƳűƸ�Â�â¦�ÁƃƹƼçå�ţǀ�ÀǃƸ±¡�ƻǈ¦�ſƌţŦ�Àţŭƈ¦ǃŸ��ſǉƽư�ķƈ°ƃŦ�¦°�¾¦śƈ�â®¦ſơŬ�ƿƸţƼ�²°®�±¦�ƳƑƨ

�Ʒǈ¦�Á®°Â¡�ƅǉƼ�â¦�Á°ÂţƍƸ�©ţŹǉƔǃŬ�©ǐ¦śƈ�°ţƽư�°®��Á®ǃŦ�¿±ǐ�ƿư�ţŴ�ƃǀ
���ūƨƃĴ�ſǀ¦ǃż�ţƹƌ�±¦�ÀţŭƹƵơƸ�ƿư�ſƌţŦ�ķƼǃƸ±¡�ƿŦţƍƸ��¾Â¦�ūŦǃƼ�ÀǃƸ±¡�Â®�ţŬ�Ʒǈ¦�Á®ƃƱƼ�âſƽŦ�ƿƭŧƘ�¦°�é�Â�è�Ũ°ţƹƌ�âţǀ�ÀǃƸ±¡��ÁſƍƼ�âſƽŦ�ƿƭŧƘ�ÀǃƸ±¡��§
�®ǃƌ�ķƸ�ƷǉƉƭŬ�ƋŽŦ�ç�ƿŦ�³®ǃż��Ʒǀ�ūƹƉƬ�ƻǈ¦��ſƼ¦�Áſƌ�¬ƃƘ�¾ţƈ�ÀţǈţĢ�ÀţŹŭƸ¦�ƫŦţƙƸ�Â�§ţŭư�Ƴư�±¦�æç�ţŬ�ê�Ũ°ţƹƌ�âţǀ�ÀǃƸ±¡��¿Â®�ūŦǃƼ�âţǀ�ÀǃƸ±¡��2
�±¦�ƇĢ�ſǉƼ¦ǃŬ�ķƸ�Ʒǀ�±ţŦ�°ţư�ƻǈ¦�ţŦ��Ʒǈ¦�Á®ƃư�âſƽŦ�ƿƭŧƘ��ſƼ¦�Áſƌ�¬ƃƘ�¿Â®�ūŦǃƼ�â¦ƃŦ�ƿư�¦°�í�ţŬ�ê�Ũ°ţƹƌ�âţǀ�ÀǃƸ±¡��Áſƌ�âſƽŦ�ƿƭŧƘ�âţǀ�ÀǃƸ±¡��Ƨƴ¦
��ſǉƽǉŦ�ķƸ�¦°�ƳƸţư�ÀǃƸ±¡�é�ţƹƌ��ƋŽŦ�ƻǈ¦�°®�ƟƬ¦Â�°®�ſƼ°¦®�ÁƃƹƼ�çå��Ʒǀ�ţǀ�ÀǃƸ±¡�ƻǈ¦�±¦�¿¦ſư�ƃǀ��ſǉǀ®�ŻƈţĢ�¦°�ƗŧŬƃƸ�¾¦śƈ�â®¦ſơŬ�ƳƑƨ�ƃǀ�ÀſƼ¦ǃż

�Ʒǈ¦�Á®°Â¡�©ǐ¦śƈ�°ţƽư�°®�¦°�â¦�Á°ÂţƍƸ�©ţŹǉƔǃŬ��Á®ǃŦ�¿±ǐ�ţŴ�ƃǀ��Ʒǀ�ţǀ�ÀǃƸ±¡�ƻǈ¦�°®
�ÀţǈţĢ�ÀǃƸ±¡� ÊƿŦţƍƸ��¿Â®�ūŦǃƼ�ÀǃƸ±¡�é�ţŦ�ƋŽŦ�ƻǈ¦�°®��ƇĢ��Ʒǈ¦�Á®ƃƱƼ�âſƽŦ�ƿƭŧƘ�¦°�æç�ţŬ�î�Ũ°ţƹƌ�âţǀ�ÀǃƸ±¡��ÁſƍƼ�âſƽŦ�ƿƭŧƘ�âţǀ�ÀǃƸ±¡��§

��ſƌ�ſǉǀ¦ǃż�ƿŴ¦ǃƸ�ÀţŭƹƵơƸ�¾ţƈ
�Ʒǈ¦�ƿŭƌǃƼ�Àţŭǈ¦ƃŦ��ſǉƽư�ťƉư�ƳƸţư�ŨƃƹƼ�ţŬ�ſǉƉǈǃƽŦ�ÀţŹŭƸ¦�°®�ſǈţŦ�ţƹƌ�ƿư�¦°�ƿĪ�À¡�¿ţƹŬ�ţǀ�ÀǃƸ±¡�ķŹǈƃƍŬ�ŻƈţĢ�°®��ţǀ�ÀǃƸ±¡�ķŹǈƃƍŬ�ũƸţƼ�ŻƈţĢ��3

�ƿư�¦°�ƿĪ�À¡�¿ţƹŬ�ūƹƉƬ�ƻǈ¦�°®� ſƽƼ¦ǃż�ķƹƼ�¦°�§ţŭư�ƻǈ¦�ƿư�ūƈ¦�ķƼţƉư�ƿŦ�ūŧƉƼ�ţƹƌ�ŨſƼƃŦ�áƃŦ�ūƹƉƬ�ƻǈ¦��ķƼţŹŭƸ¦�ťƌ�ƳƸţư�ũƸţƼ�²°®��4
��ſǈƃŧŦ�¦°�ƋŬƁƴ�Â�ſǉƼ¦ǃŽŦ��Ʒǈ¦�Á®°Â¡�ƿŹƩƐ�çæ�°®�ţǁƽŬ��ſǈ°¦®�±ţǉƼ�ķƔţǈ°��æ��įǈƅǉƨ�ÀţŹŭƸ¦�°®�ķƴţƠ�ŨƃƹƼ�ƻŭƨƃĴ�â¦ƃŦ�ţƹƌ

�ƳƑƨ
¾Â¦�ūŦǃƼ¿Â®�ūŦǃƼ
�â¦ǃŭŹƸ
âƃƝƼ

�Â�ūǉƴţơƨ
ƋǈţƸ±¡

�â¦ǃŭŹƸ
âƃƝƼ

�Â�ūǉƴţơƨ
ƋǈţƸ±¡

¾Â¦ÑÎ/ÒÎ/ÏÒÍ/Ò
¿Â®ÓÏÏ/ÏÒÎ/ÏÒ
¿ǃƈÓÍ/ÒÏ/Òº
¿°ţǁĪººÒ/ÔÒÎ/ÔÒ

ƷŵƽĢººÑ/ÏÒÍ/Ò

ƟƹŴÎÓÑÎÓÑ
ÏÍÏÍ



(1��įǈƅǉƨįǈƅǉƨ�ķƔţǈ°��ƿŭƌ°ƿƭǉƬ®�120��ÀǃƸ±¡�©ſƸkheilisabz.com

Ƨǈ®°¿Â®�ũƙƈǃŭƸ�Ũ°Â®�Ʒǀ®�ũǈţĢ�¾Â¦�ūŦǃƼÁƃƹƼ

1�ſǉƽư�ƳƸţư�ťƈţƽƸ�©¦°ţŧƠ�ţŦ�¦°�ķƴţż�âţǀţŴ
�ƷǉƸţƼ�ķƸ�����������������¦°�®¦ſǈÂ°�įǈ�ÀţǈţĢ�Â�¸Âƃƌ�ƻǉŦ�ÀţƸ±�©ſƸ��Ƨƴ¦

�®±¦®ƃĢ�ķƸ�ţǀ�À¡�ƃŦ�®°¦Â�âţǀÂƃǉƼ�Â�¿ţƉŴ¦�ūưƃŸ�ķƈ°ƃŦ�ƿŦ�À¡�°®�ƿư�ūƈ¦�įǈƅǉƨ�âţǀ�ƿżţƌ�±¦�ķƱǈ������������������§
�®ǃƌ�ķƸ�ÁſǉƸţƼ�ƿƵǉƈÂ�À¡�����������������«°ſƸ�âƃǉĴ�Á±¦ſƼ¦�°¦ƅŦ¦�ƃǀ�âſƽŦ�ƿŴ°®�ũƽǉƹư��Ü

�ūƈ¦�ƃŦ¦ƃŦ�����������������įǈ�ţŦ�ÀÂƃƱǉƸ�įǈ��©
�ſǀ®�ķƸ�ÀţƍƼ�¦°�Á®ţƸ�À¡�����������������Á®ţƸ�įǈ�ƷŵŸ�ťƉŸ�ƃŦ�¿ƃŴ�°¦®ǃƹƼ�ťǉƌ��ª

�ƷǉƸţƼ�ķƸ�����������������įǈ�¦°�âſǉƌ°ǃż�±Â°�ƻǉĵƼţǉƸ� 1

86400
�ķƹǈſƬ�ƧǈƃơŬ�įǈ�ƫŧƘ��«

1/5

2�ſǉƉǈǃƽŦ�ķƹƵƠ�â°¦ƁĴ®ţƹƼ�©°ǃƐ�ƿŦ�¦°�ŻƈţĢ��ſǉƍư�ſǀ¦ǃż�¾ǃƘ�ƿǉƼţŰÂƃƱǉƸ�ſƽĪ�ţƹƌ�ÀǃƸ±¡��ūƈ¦�ƿƭǉƬ®� 120 ţƹƌ�ÀǃƸ±¡�ÀţƸ±0/75

3�ūƈ¦�¿ƃĴ�ſƽĪ�ÅţŧǈƃƭŬ�ƁƤţư�ƻǈ¦�±¦�ķĴƃŦ�íå�ŨÂƅŴ�įǈ�¿ƃŴ��ūƈ¦�¿ƃĴǃƵǉư� 2 5/ ţŦ�ƃŦ¦ƃŦ�A4�ƁƤţư�ķǈţŬ�êåå�ũŭƉŦ�ƃǀ�¿ƃŴ0/75

4�®°¦®�ķŧǉƠ�ƿĪ�Â�ūǈƅƸ�ƿĪ��Ʒǉƽư�Á®ţƩŭƈ¦�®ǃż�ƓŧƼ�ÀţŦƃƔ�±¦�ÀţƸ±�âƃǉĴ�Á±¦ſƼ¦�â¦ƃŦ�ƃĴ¦1

5��ſǉƽư�ƿŧƈţŹƸ�¦°�®°¦®�°¦ƃƬ�ťơƱƸ�ÀÂ°®�ƿư�â¦�ÁƃƩŸ�ƷŵŸ��ūƈ¦�¿ƃĴ�5 7 10
2/ ´́ ¿ƃŴ�â¦°¦®�ƃŭƸ�ķŭƼţƈ�ê�Â�é�è®ţơŦ¦�ƿŦ�ÁƃƭƼ�ƇƽŴ�±¦�ķƵǉƙŭƉƸ�ťơƱƸ

( / / )rr½o£º == 10 5
3g cm

1/5

6�ſǉƽư�ƻǉǉơŬ�¦°�ƃǈ±�©ǑƹŴ�ķŭƈ°®ţƼ�ţǈ�ķŭƈ°®
�ūƈ¦�ƿŦ¯ţŴ�Á°¦ǃƹǀ�ķŧƉĪ�Ʒǀ�âÂƃǉƼ��Ƨƴ¦

�ſƽư�ķƸ�ƃŭƍǉŦ�¦°�ƋŽĢ�ŨſǈſĢ�ūƠƃƈ�ţƸ®�Ƌǈ¦ƅƨ¦��§
�®°¦®�ķĵŭƉŦ�®ǃƌ�ķƸ�®°¦Â�À¡�ƿŦ�°ţƍƨ�ƿư�ķŹƙƈ�âƃǉĴ�ūǁŴ�ƿŦ��ƟǈţƸ�įǈ�±¦�ƻǉơƸ�ƫƹƠ�įǈ�°®�°ţƍƨ��Ü

0/75

7�ſŦţǈ�ķƸ�Ƌǀţư�¦ǃǀ�°ţƍƨ��ƷǈÂ°�ķƸ�ƃŬǐţŦ�ƻǉƸ±�ŷƙƈ�±¦�ƿĪ�ƃǀ�¦ƃĪ��Ƨƴ¦
�ūƉǉƼ�ķƙż�°¦®ǃƹƼ�ƻǈ¦�¦ƃĪ�ſǉǀ®�ŷǉƔǃŬ�Â�ſǉƽư�Ʒƈ°�¦°�¸ţƩŬ°¦�ťƉŸƃŦ�¦ǃǀ�°ţƍƨ�ķƩǉư�°¦®ǃƹƼ��§

0/5
0/75

8�®ǃż�ƳŸ�Á¦°�â¦ƃŦ��ſǉƽư�ķƸ�®ţǁƽƍǉĢ�ķƵŸ�Á¦°�ƿĪ��ƷǉƼţŧƉīŦ�Ʒǀ�ƿŦ�¦°�ƿơƙƬ�Â®�ƻǈ¦�ťƉĪ�±¦�Á®ţƩŭƈ¦�ÀÂſŦ�Ʒǉǀ¦ǃż�ķƸ��ūƈ¦�Áſƌ�ƿŭƉƱƌ�â¦�ƿƍǉƌ�¿ţŴ�įǈ
�ſǈ°ÂţǉŦ�Ƴǉƴ®

1

9�Àǃŭƈ�°®�ţǀ�ūǉơƔÂ�±¦�įǈ�ƃǀ�À®¦®�­°�¶ƃƌ��ūƈ¦�Áſƌ�«°®�nƧƴ¦~�Àǃŭƈ�°®�ƿư�ſǀ®�­°�ūƈ¦�ƻƱƹƸ�ūǉơƔÂ�°ţǁĪ�®ƃǉĴ�ķƸ�°¦ƃƬ�â¦�Á°ţƌ�ÀÂ°®�ķƹƉŴ�ķŭƬÂ
�ſƌţŦ�°¦ƃƬƃŦ�ſǈţŦ�¶ƃƌ�¿¦ſư�ƻƱƹƸ�âţǀ�ūǉơƔÂ�±¦�įǈ�ƃǀ�À®¦®�­°�â¦ƃŦ��ūƈ¦�ÁſƸ¡�n§~

Ƨƴ¦§

â°Âţƽƌ��Î
â°Â�ƿƘǃƤ��Ï
ƻŭƨ°Âƃƨ��Ð
ÀſƸ¡ǐţŦ��Ñ

â°Âţƽƌ�âÂƃǉƼ� !! À±Â��Ƨƴ¦
â°Âţƽƌ�âÂƃǉƼ� �� À±Â��§
â°Âţƽƌ�âÂƃǉƼ�   À±Â��Ü

1

10�ſǉƉǈǃƽŦ�¦°�ķƴǃƼƃŦ�ƳƐ¦��Ƨƴ¦
�įǈ�±¦ �ƷǉƼţƈƃŦ �32m s/ ƿŦ �¦° �§¡�ūƠƃƈ�ƿư�À¡�â¦ƃŦ ��ūƈ¦� 2m s/ ĳƽƵƌ�įǈ�°®�§¡�ūƠƃƈ��§

�ſƌţŦ�ĳƽƵƌ�ƃƙƬ�ƃŦ¦ƃŦ�ſƽĪ�ſǈţŦ�ƳǈſŧŬ�ķŴÂƃż�ƃƙƬ��Ʒǉƽư�ķƸ�Á®ţƩŭƈ¦�ƳǈſŧŬ

0/5
0/75

�Ţſ¦�ÁŶƃ�ƶŤƟźĭ�§ŚŤĩ�ç-æ�Ƃſźě�±¦�¾¦Œſ�Ʋƿ¦�şŶƿ¦

��ƲǀƴǀŞŝ �§ŚŤĩ �ç-ç�Ƃſźě�ƺţ�ƲǀƳƺţ�İƯ�Â°�¾¦Œſ�Ʋƿ¦�¬źƏ�şŶƿ¦
�ƲƿźǀĮƳ�Ʈĩ�Ţſ®�Â°�§ŚŤĩ�ƲŤƯ�âŚƷ�Ƃſźě

�Ĩƿ �ŜƫŚƣ �°® �§ŚŤĩ �ë-ç �Ƃſźě �¿ƺƸƠƯ �ƶĩ �ƶĮƿ® �ŶƷŚƃ �ƶƿ �Ʈƴƿ¦
�âŚƷ�Ƃſźě�±Śŝ �ǇŚů ��ÁŶƯÂ¦ �ÀŚŰŤƯ¦ �âƺţ�nƎŞţźƯ�©¦°ŚŞƗ~�¾¦Œſ

�ƲƿźǀĮŝ�Ʈĩ�Ţſ®�Â°�§ŚŤĩ

�°¦źƣ �ĬƳ°�żŞſ �°®Śĩ �ƪų¦® �§ŚŤĩ �ƺţ �ƶĩ �İţ¦°ŚŞƗ ���ƞƫ¦� �Ţưƀƣ
�Â�ƞƿ°ŚƘţ�ƪƯŚƃ�Śƿ�Â�»¦źĭ¦°Śě�Ŷƴģ�Śƿ�Ĩƿ�ŠŬǀŤƳ�Ɩƣ¦Â�°®��ŶƳ¦�ƶŤƟźĭ
�ÀƺƄƸŝ �İƬǀų �žě ��İƫƺƳźŝ �ƪƇ¦ �ƲǀưƷ �ƪŨƯ ��ŶƴŤƀƷ �ƮƸƯ �Ǝŝ¦Â°

�Ʋǀƴĩ�ƶūƺţ

è



(1��įǈƅǉƨįǈƅǉƨ�ķƔţǈ°��ƿŭƌ°ƿƭǉƬ®�120��ÀǃƸ±¡�©ſƸkheilisabz.com

Ƨǈ®°¿Â®�ũƙƈǃŭƸ�Ũ°Â®�Ʒǀ®�ũǈţĢ�¾Â¦�ūŦǃƼÁƃƹƼ

11��®ǃƌ�ķƸ�®°¦Â�ƿƴǃƴ�Ƨƭƈ�ƃŦ�ķǈÂƃǉƼ�ƿĪ�ƟǈţƸ�»ƃƘ�±¦��ſƌţŦ�5 2cm ūƈ¦°�ūƹƈ�ũƴǃƴ�ƟƙƭƸ�ŷƙƈ�ƃĴ¦��ūƈ¦�§¡�»ƃƜ�Ƴż¦®��ƳŦţƭƸ�ƳƱƌ�°®
( / , , / )rrJA  == ==10 10 10

3 3
0

5 2kg m P Pa g m s�

 

1/5

12�ūƈ¦�ƃŭƸ�ſƽĪ�±ţǉƼ�®°ǃƸ�ũƴǃƴ�¾ǃƘ�ƳƬ¦ſŸ��Ʒǉƽư�Á®ţƩŭƈ¦�§¡�±¦�ÁǃǉŴ�âţŴ�ƿŦ�ķƵīǈ°ǃŬ�ƋǈţƸ±¡�°®�Ʒǉǀ¦ǃŽŦ�ƃĴ¦
( , / , / )P Pa kg m g m s0

5 3 3 2
10 10 10== ==rrJA �  

1

13�ſǉƽư�§ţŽŭƼ¦�ƅŭƼ¦ƃĢ�Ƴż¦®�±¦�¦°�ťƈţƽƸ�©°ţŧƠ
�ūƈ¦��À¦ǃŬ�º�âÞƃƼ¦��âţƱǈ�°ţŽŦ�ťƈ¦��Ƨƴ¦
�ūƈ¦��â°¦®ƃŦ�º�â¦�Á®ƃƼ��ķŭǉƹư�°ţư��§

�ſƼţƸ�ķƸ�ūŦţŰ�ƷƉŴ��ķƱǉƼţƱƸ��º�ķƍŧƽŴ��âÞƃƼ¦��ſƽƌţŦ�À±¦ǃŭƸ�ƷƉŴ�įǈ�ƃŦ�®°¦Â�âţǀÂƃǉƼ�ƃĴ¦��Ü
��®°¦ſƼ�º�®°¦®��ķĵŭƉŦ�À¡�ūưƃŸ�ūǁŴ�ƿŦ�ƷƉŴ�įǈ�ķƍŧƽŴ�âÞƃƼ¦��©

1

14��ūƈ¦�Áſƌ�¿ƃĴ�âƃĵǈ®�±¦�ƃŭƍǉŦ�ţǀ�À¡�±¦�ķƱǈ�Ʒǈǃƌ�ķƸ�ƿŴǃŭƸ�ķŬſƸ�±¦�ƇĢ��ſƽƽư�ķƸ�°ţư�ƿŦ�¸Âƃƌ�ÀţƸ±�Ʒǀ�°ǃƘ��ƿŦ�ƿŦţƍƸ�â®Â°Â�À¦ǃŬ�ţŦ�ķƬƃŦ�ūƌǃĴ�­ƃĪ�Â®
�¦ƃĪ��ūƈ¦�ƃŭƍǉŦ�ūƌǃĴ�­ƃĪ�¿¦ſư�Á®±ţŦ

0/75

15�Ƴǉƴ®��ſƌ�ſǀ¦ǃż�ƃŭƍǉŦ�ƿƴǃƵĴ�¿¦ſư�âſƽŬ��ſƌţŦ�ÀţƉƱǈ�ţǀ�ƿƴǃƵĴ�ƿŦ�Áſƌ�ƳƭŭƽƸ�âÞƃƼ¦�ƃĴ¦��Ʒǉǀ®�ķƸ�ƳÉǀ�ūƈ®�ţŦ�¦°�©ÂţƩŭƸ�âţǀ�¿ƃŴ�ţŦ�ƻưţƈ�ũƴǃƵĴ�Â®��Ƨƴ¦
�ſǉƽư�ÀţǉŦ�ķƍŧƽŴ�âÞƃƼ¦�ũƙŦ¦°�±¦�Á®ţƩŭƈ¦�ţŦ�¦°�®ǃż�ŻƈţĢ

�ſǉƽư�ƿŧƈţŹƸ�ƿƵĢ�±¦�ƻŭƨ°ǐţŦ�°®�¦°�®ǃż�À¦ǃŬ�ſǉƼ¦ǃŬ�ķƸ�ƿƼǃĵĪ��§

0/5

0/5

16��ſǉƽư�ƃƝƼ�»ƃƐ�ƃǉƉƸ�àţƱƙƐ¦�±¦���ūƈ¦�°ſƬ�ƿĪ�B�ũƙƭƼ�±¦�°ǃŧƠ�¿ţĵƽǀ�À¡�ūƠƃƈ��ſƽư�ķƸ�°ǃŧƠ� 6m s/ ūƠƃƈ�ţŦ�A�ũƙƭƼ�±¦�ƳƱƌ�ƫŦţƙƸ�â¦�ƿƴǃƵĴ

 

1/5

17 2 2 10
3/ ´́ kg °ǃƉƼţƈ¡�įƬţŬ¦�Â�À¦ƃƨţƉƸ�¿ƃŴ�ƃĴ¦��ſƼţƈƃŦ�«ƃŦ�ķǈǐţŦ�©ţƭŧƘ�ƿŦ�¦°�ÀţĴſƽƽư�ſǈ®±ţŦ�7m s/ âſƽŬ�ţŦ�ſƼ¦ǃŬ�ķƸ�®ǑǉƸ�«ƃŦ�âţǀ°ǃƉƼţƈ¡�±¦�ķƱǈ

( / )g m s� 10 2 ��®ǃƌ�µƃƨ
�ūƈ¦�©¦ÂǃƵǉư�ſƽĪ�°ǃƉƼţƈ¡�À¦ǃŬ��Ƨƴ¦

�®ǃƌ�ķƸ�»ƃƑƸ�ķƱǈƃŭƱƴ¦�âÞƃƼ¦�¾ÂÞ�ſƽĪ�ƿǉƼţŰ�ƃǀ�°®��ſƌţŦ�ſƐ°®� 64 °ǃƉƼţƈ¡�ƻǈ¦�Á®±ţŦ�ƃĴ¦��§

0/75

0/5

18�®ǃƌ�ƧƬǃŭƸ� 4 2/ mūƨţƉƸ�ķƘ�±¦�ƇĢ�ƃĴ¦��®ǃƌ�ķƸ�§ţŬƃĢ�ķƭƨ¦�ķŹƙƈ�âÂ°�8m s/ âſƽŬ�ţŦ� 2 10
2´́ g ¿ƃŴ�ƿŦ�ķŦǃĪ�ũơƙƬ�įǈ

�ſǉƽư�ƿŧƈţŹƸ�¦°�àţƱƙƐ¦�âÂƃǉƼ�°ţư��Ƨƴ¦
�ſǈ°Â¡�ūƈ®�ƿŦ�¦°�àţƱƙƐ¦�âÂƃǉƼ�ķĴ°ƅŦ��§

0/75
0/5

©¦ƃƹƼ�ƟƹŴ  ſǉƌţŦ�ƫƨǃƸ  20

�ƶŝ �§ŚŤĩ �ê-ç�Ƃſźě ��ÀƺƯ±¡ �Ĩƿ�°® �°Śŝ �ƲǀƯŶƴģ �â¦źŝ �ƮƷ�Ʋƿ¦
�ÁŶƃ�Á®¦®�ÀŚŰŤƯ¦�°®�Â�ÁŶƯÂ¦�°®�ƶƬŘƀƯ�©°ƺƇ

��ÁŶƃ�ƶŤƟźĭ��è�ƪƈƟ�źų¡�çæ�¾¦Œſ�±¦�¾¦Œſ�Ʋƿ¦��§��Ţưƀƣ�şŶƿ¦
�ŶƿŚŝ��İƯƺƸƠƯ�¾¦Œſ�Ʋƿ¦�ŚƯ¦�ŢƀƷ�â®ŶƗ�ŠƬŘƀƯ�¾¦Œſ�ÀÂ¦�ƎƤƟ
�ƶŝ �ƶĩ �À°¦® �ƺƴƿ¦ �ƪǀƀƳŚŤě �ƪƈƟ �źƷ �ÀŚƿŚě �©Ǉ¦Œſ �ƶƃŚŝ �ÀƺƯ®Śƿ

�ƲƄŝ�¬źƐƯ�ÀŚŰŤƯ¦�âƺţ�ƞƬŤŴƯ�âŚƷ�ƪĪƃ

é



(1��įǈƅǉƨįǈƅǉƨ�ķƔţǈ°��ƿŭƌ°ƿƭǉƬ®�120��ÀǃƸ±¡�©ſƸkheilisabz.com

Ƨǈ®°¿Â®�ũƙƈǃŭƸ�Ũ°Â®�Ʒǀ®�ũǈţĢ�¿Â®�ūŦǃƼÁƃƹƼ

1�ſǉƽư�§ţŽŭƼ¦�ƅŭƼ¦ƃĢ�Ƴż¦®�±¦�¦°�ťƈţƽƸ�âţǀ�ƿƹƵư
�ūƈ¦�ƃŭƸ�ķƵǉƸ� ( /0 5 �º� 1) âƃŭƸ�ķƵǉƸ�Ƌư�Ɨż�įǈ�âƃǉĴ�Á±¦ſƼ¦�ūƬ®��Ƨƴ¦

�®ǃƌ�ķƸ�®°¦Â��ƻǉǈţĢ�º�ǐţŦ��ƿŦ�Â°�ķǈÂƃǉƼ�Á°ţƌ�»ƃƘ�±¦��Á°ţƌ�įǈ�°®�°Âţƽƌ�ƷƉŴ�ƃŦ���§
�ſŦţǈ�ķƸ��Ƌǈ¦ƅƨ¦�º�ƋǀţǗ��§¡�ķƴţĵĪ�ſŦţǈ�ķƸ�Ƌǈ¦ƅƨ¦�²ǃǉƉƵƈ�ũŴ°®� 4 ţŬ�ƃƩƐ�±¦�§¡�âţƸ®�ķŭƬÂ��Ü

�ūƈ¦�ƃŦ¦ƃŦ��ƻǈǃƵư�º�ūǈţǁƼ°ţƨ��²ţǉƭƸ�°®�ţƸ®�ƃǉǉƥŬ�ţŦ�²ǃǉƉƵƈ�²ţǉƭƸ�°®�ţƸ®�ƃǉǉƥŬ��©
�ſŦţǈ�ķƸ�Ƌǀţư�ţƸ®��°ţƍƨ�Ʒǀ�º�Â°°®�ķŦ��¶ţƉŧƼ¦�įǈ�°®��ª

�ūƈ¦��ķƽǈƅƽŦ�âţǀ°ǃŬǃƸ�º�°ţŽŦ�ƻǉƌţƸ��°®�Áſƌ�¿ţŵƼ¦�âţǀſƽǈ¦ƃƨ�Ũſƽƽư�ƧǉƐǃŬ��ƻǉƱƼ¦°�ũżƃĪ��«

1/5

2�ſǉƽư�ƻǉǉơŬ�¦°�ƃǈ±�âţǀ�ƿƵƹŴ�ķŭƈ°®ţƼ�ţǈ�ķŭƈ°®
�®ǃƌ�ķƸ�ķƈ°ƃŦ�ƋǈţƸ±¡�ũƵǉƈÂ�ƿŦ�ķƱǈƅǉƨ�âţǀ�ƿǈƃƝƼ�Â�ƻǉƼ¦ǃƬ�ķŭƈ°®��Ƨƴ¦

�ſŵƽƈ�ķƸ�¦°�ƿƵǉƈÂ�À¡�ƗƈǃŬ�°ţư�¿ţŵƼ¦�ūƠƃƈ��ƿƵǉƈÂ�įǈ�À¦ǃŬ��§
�ſǀ®�­°�ſƼ¦ǃŬ�ķƸ�ķǈţƸ®�ƃǀ�°®�ƃǉŽŧŬ��Ü

�ūƈ¦�ƃŬ�Ʒư�ķƽǈƅƽŦ�âţǀ°ǃŬǃƸ�±¦�ķƴƅǈ®�âţǀ°ǃŬǃƸ�Ʒư¦ƃŬ�ūŧƉƼ��©

1

3�ſǉƉǈǃƽŦ�¦°�ťƈţƽƸ�âţǀţƱǈ�ķĴĭǈÂ�Â®��Ƨƴ¦
�¿±ǐ�ÀţƸ±�ÀƃƬ�ſƽĪ�ÅţŧǈƃƭŬ�ſǉƽư�ƿŧƈţŹƸ��Ʒǉƽư�³°ţƹƌ�¦°�ƻǉƸ±�¿ƃŴ�±¦�¿ƃĴǃƵǉư�®°ţǉƵǉƸ�°¦ƅǀ�ƷǉƼ¦ǃŭŦ�ƿǉƼţŰ�ƃǀ�°®�ſǉƽư�µƃƨ��ūƈ¦�6 10

24´́ kg ƻǉƸ±�¿ƃŴ��§
�®ǃƌ�³°ţƹƌ�ƻǉƸ±�¿ƃŴ�Ƴư�ţŬ�ūƈ¦

0/5
1

4�ſǉƉǈǃƽŦ�ÁţŬǃư�Ƴǉƴ®�įǈ�ƃǈ±�âţǀ�ÁſǈſĢ�±¦�įǈ�ƃǀ�â¦ƃŦ
¼ţŬ¦�°®�ƃƙƠ�âǃŦ�Àſƌ�ƋŽĢ��Ƨƴ¦
§¡�ƗƈǃŬ�¿ţƉŴ¦�ŷƙƈ�ÀſƌƃÈŬ��§

ÀſǉƱƸ�¿ţĵƽǀ�ķƼ�±¦�ƿŦţƌǃƼ�ƻŭƨ°ǐţŦ��Ü

1/5

5( / / , g / / )rr½¼Ã] == ´́ ==1 35 10 9 84
4 3 2kg m m s ��ūƈ¦�6 2 10

2/ ´́ mm ƿƴǃƴ�°®�ÁǃǉŴ�Àǃŭƈ�¾ǃƘ��â¦�ÁǃǉŴ�ųƽƈǃŴ�įǈ�°®
�ſǉƽư�ƿŧƈţŹƸ�¾ţƱƈţĢ�ťƉŸƃŦ�¦°�ƿƭƙƽƸ�ƻǈ¦�°®�¦ǃǀ�°ţƍƨ��Ƨƴ¦

��¦ƃĪ��ſƽư�ķƸ�âƃǉǉƥŬ�ƿĪ�ƿƴǃƴ�°®�ÁǃǉŴ�¸ţƩŬ°¦�Ʒǉǀ®�Ƌǈ¦ƅƨ¦�¦°�ƿƴǃƴ�ƃƙƬ�ƃĴ¦��§
0/75
0/5

6�ūƈ¦�ƃƩƐ�ķǈţǀ�ūƴţŸ�ƿĪ�°®�ÂƃǉƼ�įǈ�°ţư��Ƨƴ¦
�¦ƃĪ��ÀǃƼţƬ�ţǈ�ūƈ¦�ƳƐ¦�įǈ�ķƱǉƼţƱƸ�âÞƃƼ¦�ķĵŭƉǈţĢ��§

0/5
0/5

7�ƃĴ¦��®ƅƥƴ�ķƸ�Á®ţŴ�ŷƙƈ�ƃŦ�ƳǉŧƸǃŬ¦�Â�®ǃƌ�ķƸ�ƳƩƬ�ţǀ�­ƃĪ��ſƽư�ķƸ�ƅƸƃŬ�ÀţǁĴţƼ�ƿư�ūƈ¦�ūưƃŸ�¾ţŸ�°®�30m s/ �âſƽŬ�ţŦ� 1 2 10
3/ ´́ kg ¿ƃŴ�ƿŦ�ķƵǉŧƸǃŬ¦

�®ǃƌ�ƧƬǃŭƸ� 25mūƨţƉƸ�ķƘ�±¦�ƇĢ�ƳǉŧƸǃŬ¦
�ſǉƽư�ƿŧƈţŹƸ�¦°�àţƱƙƐ¦�âÂƃǉƼ�°ţư��Ƨƴ¦

�ſǉƽư�ƿŧƈţŹƸ�¦°��À®ǃŦ�ūŦţŰ�µƃƨ�ţŦ��àţƱƙƐ¦�âÂƃǉƼ�ķĴ°ƅŦ��§
0/75
0/5

8�ſǈƃŧŦ�¿ţƼ�ſƼ¦�Áſƌ�ƿŭƨƃǈƁĢ�°ţǉơƸ�âţǀ�ųƽƈţƸ®�À¦ǃƽƠ�ƿŦ�ƿư�¦°�ųƽƈţƸ®�ƿƈ��Ƨƴ¦
�ſǈ°Â¡�ūƈ®�ƿŦ�ūǈţǁƼ°ţƨ�Â�ƻǈǃƵư�ťƉŸƃŦ�¦°�ţƸ®�ƻǈ¦��ūƈ¦�357 DC ÁǃǉŴ�³ǃŴ�ũƙƭƼ��§

0/75
0/5

9 ( )aa == ´́ --
25 10

16

K ��ſŦţǈ�Ƌǈ¦ƅƨ¦�ſƐ°®� 1À¡�¾ǃƘ�ţŬ�Ʒǉǀ®�Ƌǈ¦ƅƨ¦�²ǃǉƉƵƈ�ũŴ°®�ſƽĪ�¦°�âƅƵƨ�ũƵǉƸ�įǈ�âţƸ®1

10�ƃĴ¦ ��Ʒǈ±¦ſƼ¦�ķƸ�ūƈ¦ � 40 DC§¡�¿ƃĴǃƵǉư � 0 5/ âǃŭŹƸ�ƿư � 180 J K/ ķǈţƸƃĴ�ūǉƨƃƜ�ţŦ �ųƽƈţƸƃĴ�įǈ�°® �¦° � 160 DC âţƸ®�Â � 200 g ¿ƃŴ�ƿŦ �ƅƵƨ�ƿơƙƬ �įǈ
(c

.
)JA == °°4200

J
kg C

� ��®ǃƌ� 42 DC¾®ţơŬ�âţƸ®
�ſǉƽư�ƿŧƈţŹƸ�¦°�ƅƵƨ�ŨĭǈÂ�âţƸƃĴ��Ƨƴ¦

��¦ƃĪ��ƃŭƍǉŦ�ţǈ�ūƈ¦�ƃŬ�Ʒư�ÁſƸ¡�ūƈ®�ƿŦ�°¦ſƭƸ�±¦�ƅƵƨ�ŨĭǈÂ�âţƸƃĴ�ķơƬ¦Â�°¦ſƭƸ�ţǈ¡��§
1/25
0/5

11 (L / / ,
.
)F J kg c J

kg C
== ´́ ==3 34 10 4200

5
JA D ��ſƽư�ķƸ�§Â¯�¦°�²ǃǉƉƵƈ�ũŴ°®�ƃƩƐ�Żǈ�¿ƃĴ�ſƽĪ�50 DC§¡�¿ƃĴǃƵǉư�æ1

12�¦ƃĪ��®ǃƌ�ķƸ�ƿŭŽĢ�ƃŬ®Â±��Ʒǈ±¦ſƽǉŦ�ƋŬ¡�ÀÂ°®�¦°�À¡�Â�Ʒǉǀ®�°¦ƃƬ�âƅƵƨ�įĪǃư�Żǉƈ�ſƽĪ�ķƽǉƸ±�ťǉƈ�Ƴż¦®�ƃĴ¦��Ƨƴ¦
�ūƈ¦�ƃŭǁŦ�ƿǉƐǃŬ�ƻǈ¦�²ţƈ¦ƃŦ��ūƉǉĪ�ƿǉƐǃŬ�ƻǈ¦�ūƵƠ��®ǃƍƼ�Á®¦®�°¦ƃƬ�ſǉƌ°ǃż�°ǃƼ�µƃơƸ�°®�ƿư�ūƈ¦�Áſƌ�ƿŭƌǃƼ��ţǀ�âƃģƈ¦��ţǀ�ƿƼţƍƨ¦�±¦�ķżƃŦ�âÂ°�ƃŦ��§

�¦ƃĪ��ƻƌÂ°�ţǈ�ſƌţŦ�ÁƃǉŬ�ţǀ�âƃģƈ¦�ƻǈ¦�ũƼſŦ�ĳƼ°

0/5
1

çå



(1��įǈƅǉƨįǈƅǉƨ�ķƔţǈ°��ƿŭƌ°ƿƭǉƬ®�120��ÀǃƸ±¡�©ſƸkheilisabz.com

Ƨǈ®°¿Â®�ũƙƈǃŭƸ�Ũ°Â®�Ʒǀ®�ũǈţĢ�¿Â®�ūŦǃƼÁƃƹƼ

13�ſǉƽư�ƧǈƃơŬ�¦°�ūƴţŸ�ũƴ®ţơƸ��Ƨƴ¦
�ūƈ¦� | | | |Q W== �ƿżƃĪ�įǈ�°®�ſǉǀ®�ÀţƍƼ��§

0/5
0/5

14�¾ţīŽǈ�įǈ�ţǈ�ūƈ¦�ķǈţƸƃĴ�ƻǉƌţƸ�įǈ�°ţư�²ţƈ¦�Â°�ƿŦÂ°�ƳƱƌ��Ƨƴ¦
�ſǉƽư�ƳƸţư� ( , , )W Q QH L ©¦°ţŧƠ�ţŦ�¦°�ƳƱƌ�âÂ°�ķƴţż�âţǀţŴ��§

 

0/25
0/75

15���ſƌţŦ�6300 J ��bc�ſƽǈ¦ƃƨ�°®�Áſƌ�ƿƴ®ţŧƸ�âţƸƃĴ�ƃĴ¦��ūƈ¦�ƳƸţư�±ţĴ�â°¦ſƭƸ�ƿŦ�¶ǃŦƃƸ�ƳŦţƭƸ�ƳƱƌ�ũżƃĪ
�ſǉƽư�ƿŧƈţŹƸ�¦°�bc ſƽǈ¦ƃƨ�°®�Áſƌ�ƿƴ®ţŧƸ�°ţư��Ƨƴ¦

�ſǉƽư�ƿŧƈţŹƸ�¦°� ab ſƽǈ¦ƃƨ�°®�±ţĴ�ķƼÂ°®�âÞƃƼ¦�ƃǉǉƥŬ��§
0/25
0/75

16�ķǈţƸƃĴ�ƻǉƌţƸ�ƻǈ¦��ūƈ¦�ſƐ°®�éå�À¡�Á®±ţŦ�Â� 1 5/ kW ķǈţƸƃĴ�ƻǉƌţƸ�įǈ�ſǉƩƸ�À¦ǃŬ
�ſǀ®�ķƸ�¿ţŵƼ¦�°ţư�°¦ſƭƸ�ƿĪ�ƿƭǉƬ®�ƃǀ�°®��Ƨƴ¦

�ſƽư�ķƸ�ūƨţǈ°®�¿ƃĴ�ƟŧƽƸ�±¦�ţƸƃĴ�¾ÂÞ�ſƽĪ�ƿƭǉƬ®�ƃǀ�°®��§
�ſǀ®�ķƸ�®ƃƈ�ƗǉŹƸ�ƿŦ�ţƸƃĴ�¾ÂÞ�ſƽĪ�ƿƭǉƬ®�ƃǀ�°®��Ü

0/5
0/5
0/5

©¦ƃƹƼ�ƟƹŴ �ſǉƌţŦ�ƫƨǃƸ  20

çæ



1 -�âƃǉĴ�Á±¦ſƼ¦�ūƬ®��Ü �įǉƼţƱƸ��§ �ķƼţƸ±�Ũ±ţŦ��Ƨƴ¦
ƿǉƼţŰ��« �ķƴţĵĪ��ª �ƃŭƸÂƃƱǉƸ��©

 -2 120 60
1

7200
10

7200 106
6min

min
´ = ´ = ´

-
s s s

s
sm m   

 = ´ ´ = ´7 2 10 10 7 2 103 6 9/ /m ms s  
3 -�Ʒǈ°Â¡�ķƸ�ūƈ®�ƿŦ�ķŧǈƃƭŬ�©°ǃƐ�ƿŦ�¦°�A4�ƁƤţư�áƃŦ�ƃǀ�¿ƃŴ�¦ſŭŦ¦

ƁƤţư�áƃŦ�ƃǀ�ķŧǈƃƭŬ�¿ƃŴ = = =2 5
500

2500
500 5/ kg g g  

�Ʒǉƽư�ķƸ�ƿŧƈţŹƸ�¦°�ķĴƃŦ�íå�ŨÂƅŴ�ķŧǈƃƭŬ�¿ƃŴ�ǐţŸ
ķĴƃŦ�íå�ŨÂƅŴ�ķŧǈƃƭŬ�¿ƃŴ = ´ =80 5 400( )g g  

4 -�Ɨǈ¦ƃƌ�°®�ƿư�ūƈ¦�ƻǈ¦ ��À¡�ťǉƠ�ţƸ¦ ��ūƈ¦�²ƃŭƈ®�°®�Á°¦ǃƹǀ�ƿư�ūƈ¦�ƻǈ¦ ��À¡�ūǈƅƸ
������ţǈ�Â�³±°Â�ţǈ�§¦ǃż�ƳűƸ��®°¦®�°¦ƃƬ�À¡�°®�ÀţƉƼ¦�ƿư�ķŭƴţŸ�ţǈ�Â�ţǀ�ÀţƉƼ¦�ƻƈ�ƃƝƼ�±¦�ƧƵŭŽƸ

�ūƈ¦�©ÂţƩŭƸ�ƓŧƼ�ÀţŦƃƔ�ÀţƸ±
5 -�ūƈ®�ƿŦ�À¡�À®ǃŦ�ƃĢǃŬ�µƃƨ�ţŦ�¦°�ťơƱƸ�¿ƃŴ�Ƈģƈ�Â�Ʒǉƽư�ķƸ�ƿŧƈţŹƸ�¦°�ťơƱƸ�ƷŵŸ

 V cm cm cm cm= ´ ´ =3 4 5 60 3 ��Ʒǈ°Â¡�ķƸ
Þ = ´ = ´m cm g cm g60 10 5 6 3 103 3 2/ / /  

 r = Þ =m
V

g cm m
cm

10 5
60

3
3/ /

�ƃƘţż�ƿŦ� ( / )5 7 102´ g ķƴţżǃŬ�ūƴţŸ�Â� ( / )6 3 102´ g ƃĢǃŬ�ūƴţŸ�°®�ťơƱƸ�¿ƃŴ�©ÂţƩŬ
�ūƈ¦�ƃŦ¦ƃŦ�Áſƌ�«°ţż�ŨƃƭƼ�¿ƃŴ�ƻǈ¦ƃŦţƽŦ��ūƈ¦�Áſƌ�«°ţż�ÁƃƩŸ�ÀÂ°®�±¦�ƿư�ūƈ¦�â¦�ÁƃƭƼ�°¦ſƭƸ
 Dm g g g= ´ - ´ = ´( / ) ( / ) /6 3 10 5 7 10 0 6 102 2 2 ��ţŦ

�ţŦ�ūƈ¦�ƃŦ¦ƃŦ�ūƈ¦�ÁƃƩŸ�ƷŵŸ�ƃŦ¦ƃŦ�ƿư�ÁƃƭƼ�°¦ſƭƸ�ƻǈ¦�ƷŵŸ�ƇĢ

 r = Þ = ´Dm
V

g
V

10 5 0 6 103
2

/ g/ cm /  Þ = ´V g
g cm

cm0 6 10
10 5

6
2

3
3/

/ /
�  

6 -�ƿơƨ¦®�ķŧƉĪ�Ʒǀ�âÂƃǉƼ�ſƼǃƌ�įǈ®ƅƼ�Ʒǀ�ƿŦ�Á±¦ſƼ¦�±¦�ƋǉŦ�ţǀ�¾ǃƱƴǃƸ�ƃĴ¦�º�ūƈ°®ţƼ��Ƨƴ¦
��®ǃƌ�ķƸ�ƃĵǈſƱǈ�ƿŦ�ţǀ�À¡�ÀſƌƃŬ�įǈ®ƅƼ�ƟƼţƸ�Â�Á®ǃŦ

�ŨſǈſĢ�ūƠƃƈ�Ƌǈ¦ƅƨ¦�ƿŵǉŭƼ�°®�Â�ţǀ�¾ǃƱƴǃƸ�ƃŬ�Ɵǈƃƈ�ūưƃŸ�ťŴǃƸ�ţƸ®�Ƌǈ¦ƅƨ¦�º�ūƈ°®��§
�®ǃƌ�ķƸ�ƋŽĢ

�Â �®°¦® �ķĵŭƉŦ �ƟǈţƸ �ķƴţĵĪ�Â �ŷƙƈ�ƫƹƠ�ƿŦ �ţǁƽŬ ��ŷƙƈ�įǈ�ƃŦ �®°¦Â �°ţƍƨ �º �ūƈ°®ţƼ ��Ü
���®°¦ſƼ�âƃǉŰřŬ�°ţƍƨ�Ũ±¦ſƼ¦�°®�ŷƙƈ�âƃǉĴ�ūǁŴ

7 -�ƻǉƸ±�ŷƙƈ�±¦�ƿĪ�ƃǀ�Â�ūƈ¦�ƿŭƨƃĴ�ƃŦ�°®�¦°�ƻǉƸ±�»¦ƃƘ¦�ķƈǃƼţǉƬ¦�ſƽƼţƸ�¦ǃǀ�¦ƃǈ±��Ƨƴ¦
�ſŦţǈ�ķƸ�Ƌǀţư�À¡�À±Â�±¦�ƳƐţŸ�°ţƍƨ�ƿŵǉŭƼ�°®�Â�ţƸ�Êƃƈ�âǐţŦ�â¦ǃǀ�¸ţƩŬ°¦��ƷǈÂƃŦ�ƃŬǐţŦ

�¸ţƩŬ°¦ �ƿĪ �ƃǀ �ƿư �ūƈ¦ �ƻǈ¦ �°¦®ǃƹƼ �À®ǃŧƼ�ķƙż �ūƵƠ ��§
�ƫŧƘ�ƿŵǉŭƼ�°®�Â�ſŦţǈ�ķƸ�Ƌǀţư�¦ǃǀ�ķƴţĵĪ�®ǃƌ�ķƸ�ƃŭƍǉŦ
�°ţƍƨ �ūƨ¦ �ƻǉơƸ �¸ţƩŬ°¦ �ƃǉǉƥŬ �â¦±¦ �ƿŦ � D DP g h= r ũƙŦ¦°

�ūƌ¦®�Ʒǉǀ¦ǃż�âƃŬ�Ʒư
8 -�Â®�ƷǉƼ¦ǃŬ�ķƸ�ÁţĴ�À¡��®ǃƌ�¿ƃƼ�ƿƍǉƌ�ţŬ�Ʒǉƽư�ķƸ�¿ƃĴ�°ſƬ�À¡�¦°�ƿơƙƬ�Â®�ķĵŭƉƱƌ�ƳŹƸ

�Àſƌ�¿ƃƼ�Â�À®ƃư�¿ƃĴ�ţŦ��ſƽŭƉǀ�®ƃÉŦ�ÁţŬǃư�ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ�ÀǃĪ��ƷǉƼţŧƉīŦ�Ʒǀ�ƿŦ�¦°�ƿơƙƬ
�ƻǉŦ�ķĴſƽŧƉĪ�âÂƃǉƼ�Â�ſƼǃƌ�ķƸ�įǈ®ƅƼ�Ʒǀ�ƿŦ�ķƨţư�Ũ±¦ſƼ¦�ƿŦ�ţǀ�¾ǃƱƴǃƸ��â¦�ƿƍǉƌ�ũơƙƬ�Â®

�®°¦®�ƿĵƼ�Ʒǀ�°ţƽư�°®�¦°�ƿơƙƬ�Â®�ſƼ¦ǃŬ�ķƸ�ţǀ�¾ǃƱƴǃƸ
9 -(Ü�  ç ,æ)�â°Â�ƿƘǃƤ�Â�â°Âţƽƌ� Ü â°Âţƽƌ�âÂƃǉƼ� = À±Â��ƃĴ¦

(Ƨƴ¦�  é)�ÀſƸ¡�ǐţŦ� Ü â°Âţƽƌ�âÂƃǉƼ� > À±Â��ƃĴ¦
(§�  è)�ƻŭƨ°Âƃƨ� Ü â°Âţƽƌ�âÂƃǉƼ� < À±Â��ƃĴ¦

10 -� ��ſŦţǈ�ķƸ�Ƌǀţư�À¡�°ţƍƨ��Á°ţƌ�âſƽŬ�Ƌǈ¦ƅƨ¦�ţŦ��Á°ţƌ�ūưƃŸ�ƃǉƉƸ�°®��Ƨƴ¦
 A v A v

v
v

A
A1 1 2 2

2
1

1
2

= Þ = ��ķĵŭƈǃǉĢ�ũƴ®ţơƸ�ƫŧƘ��§

 v
v

R
R

2
1

1
2

2= ( ) ���ƷǉƉǈǃƽŦ�ƷǉƼ¦ǃŬ�ķƸ��ūƈ¦�ťƈţƽŭƸ�¸ţơƌ�°ÂƁŵƸ�ţŦ�ƟƙƭƸ�ūŸţƉƸ�ÀǃĪ�ķƨƃƘ�±¦
�Ʒǈ°¦®� v2 Â� v1âţŴ�ƿŦ�â°¦ƁĴ®ſƠ�ţŦ

 ( / )
( / )

( ) ( )32
2 16 4 41

2

2 1
2

2 1
2

1 2
m s
m s

R
R

R
R

R
R

R R= Þ = Þ = Þ =  

Þ =R R2 1
1
4
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11 -�Ƨƭƈ�ƃŦ�®°¦Â�°ţƍƨ�Â�ƷǈƃǉĵŦ�ƃƝƼ�°®�°ţƍƨ�Ʒǀ�¦°� B Â� A ũƙƭƼ�Â®�ƷǉƼ¦ǃŬ�ķƸ�ƳƱƌ�ƫŦţƙƸ
�Ʒǉƽư�ƿŧƈţŹƸ�¦°�ƿƴǃƴ

P P P gh PA B B= ⇒ = +ρ D

Þ = ´

´ +

P kg m m s

m Pa
B ( / ) ( / )

( / ) ( )

10 10

0 4 10

3 3 2

5

Þ = ´ +P Pa PaB ( ) ( )4 10 103 5

Þ = ´ + ´

= ´

P Pa Pa

Pa
B ( / ) ( )

/

0 4 10 10 10

10 4 10

4 4

4

 
 

�Ƨƭƈ�ƃŦ�®°¦Â�âÂƃǉƼ�ƿŧƈţŹƸ�â¦ƃŦ�ţƸ¦�Â
 P F

A
F PA Pa m N= Þ = = ´ ´ ´ =-( / ) ( )10 4 10 5 10 524 4 2  

12 -�ţŴ�ƻǈ¦�°®�ƇĢ��ūƈ¦�ƃŦ¦ƃŦ�ƗǉŹƸ�â¦ǃǀ�°ţƍƨ�ţŦ�ƿƴǃƴ�°®�ƟǈţƸ�Àǃŭƈ�°ţƍƨ�ķƵīǈ°ǃŬ�ƋǈţƸ±¡�°®

 
rgh P kg m m s h Pa

h Pa
kg m

= Þ ´ ´ =

Þ =
´

0
3 3 2 5

5

3 3

10 10 10

10
10 10

( / ) ( / ) ( )

( / ) ( mm s
m

/ )2
10=

 

13 -�©¦Â� 746 ţŦ�ūƈ¦�¾®ţơƸ�ƿư�ūƈ¦�À¦ǃŬ�âţƱǈ�°ţŽŦ�ťƈ¦��Ƨƴ¦
�ūƈ¦�â¦�Á®ƃƼ�ķŭǉƹư�°ţư��§

�ƃǉǉƥŬ�ƷƉŴ�âſƽŬ��ſƽƌţŦ�À±¦ǃŭƸ�ƷƉŴ�įǈ�ƃŦ�®°¦Â�âţǀÂƃǉƼ�ƃĴ¦�ÀǃŬǃǉƼ�¾Â¦�ÀǃƼţƬ�ƫŧƘ��Ü
�ſƼţƸ�ķƸ�ūŦţŰ�ƷƉŴ�ķƍŧƽŴ�âÞƃƼ¦�ƇĢ��ſƽư�ķƹƼ

�®°¦ſƼ�ķĵŭƉŦ�À¡�ūưƃŸ�ūǁŴ�ƿŦ�ƷƉŴ�įǈ�ķƍŧƽŴ�âÞƃƼ¦��©
14 -�âÞƃƼ¦��ſǉƩƸƃǉƤ�âÞƃƼ¦��ūƈ¦�Áſƌ�¿ƃĴ�ƃŭƍǉŦ�ƿư�ķŭƌǃĴ�­ƃĪ�ÀţƉƱǈ�â®Â°Â�âÞƃƼ¦�â¦±¦�ƿŦ

��ūƈ¦�ƃŬ�Ʒư�À¡�Á®±ţŦ�ƇĢ��ūƈ¦�ƿŭƌ¦®�âƃŬ�Ʒư�ſǉƩƸ�°ţư�ƿŵǉŭƼ�°®�Â�ƃŭƍǉŦ��ķƼÂ°®
15 -�ƿư�â¦�ƿƴǃƵĴ��ſƌţŦ�ÀţƉƱǈ�ƷƉŴ�Â®�â¦ƃŦ� K ƃĴ¦� K mv= 1

2
2 ũƙŦ¦°�ƿŦ�ƿŴǃŬ�ţŦ ��Ƨƴ¦

�°ÂƁŵƸ�ţŦ�ƷƉŴ�¿ƃŴ��ƃǈ±�ũŧƈţŹƸ�ƫŧƘ�¦ƃǈ±��ūƌ¦®�ſǀ¦ǃż�âƃŭƍǉŦ�âſƽŬ�®°¦®�ƃŬ�Ʒư�¿ƃŴ
�®°¦®�ƇƱƠ�ūŧƉƼ�âſƽŬ

 K K m v m v
m
m

v
v1 2 1 1

2
2 2

2 1
2

2
2

1
2

1
2

1
2= Þ = Þ =  

�°® �¦° �ţǀ�ƿƵĢ �®¦ſơŬ �Ƈģƈ�� ( )t ƷǈƃǉĴ�ķƸ�Á±¦ſƼ¦ �¦° �ƿƵĢ �ķƑŽƍƸ�®¦ſơŬ �±¦ �ƻŭƨ°ǐţŦ �ÀţƸ± ��§
ũƙŦ¦°�±¦�ÁţĴ�À¡�� ( )h ®ǃƌ�ƏŽƍƸ�Áſƌ�ķƘ�âţǀ�ƿƵĢ�Ƴư�¸ţƩŬ°¦�ţŬ�Ʒǉƽư�ķƸ�§ƃƔ�ƿƵĢ�ƃǀ�¸ţƩŬ°¦

�¿ƃŴ m ¼ǃƨ�ũƙŦ¦°�°®���Ʒǉƽư�ƿŧƈţŹƸ�¦°�ƿƵĢ�±¦�ƻŭƨ°ǐţŦ�À¦ǃŬ�ƷǉƼ¦ǃŬ�ķƸ� P W
t

mgh
t

= =

��ūƈ¦�ÀţƸ®ǃż
16 -�ƻǈ¦ƃŦţƽŦ��ſƼţƸ�ķƸ�ƿŭƉǈţĢ�ķƱǉƼţƱƸ�âÞƃƼ¦��ūƈ¦�Áſƌ�ƃƝƼ�»ƃƐ�ƃǉƉƸ�àţƱƙƐ¦�±¦�ÀǃĪ

 E E K U K UB A B B A A= Þ + = +  
 Þ + = +1

2
1
2

2 2mv mgh mv mghB B A B  
�Ʒǈ°¦®�®¦ſƠ¦�ķƽǈƅĵǈţŴ�Â�ƿƙŦ¦°�ƻǉƨƃƘ�±¦�m�»ƁŸ�ţŦ

 12 10 5 1
2 6 10 42 2 2 2v m s m m s m s mB + ´ = +( / ) ( ) ( / ) ( / )( )  

 Þ + = +1
2 50 18 402vB  

 Þ = - = Þ = Þ =1
2 58 50 8 1

2 8 162 2 2v v vB B B Þ =v m sB 4 /  

çí



çî

17 -�ƃĴ¦��®Â°�ķƸ�ǐţŦ�ƃŭƸ�ì�Ũ±¦ſƼ¦�ƿŦ�1s ©ſƸ�°®�ÅǑűƸ��ūƈ¦� 7 m s/ °ǃƉƼţƈ¡�âſƽŬ��Ƨƴ¦
�®Â°�ǐţŦ�ūŦţŰ�âſƽŬ�ţŦ�°ǃƉƼţƈ¡

 W W K W W
·p» n¼vºIwA n¼vºIwA ·p»

+ = ⇒ = −Δ
0
N = − × × = +

−

mg h mghcos180
1

�
��� ��  

 Þ = ´ ´ = ´W kg m s m J
n¼vºIwA

( ) ( / ) ( ) /2200 10 7 1 54 102 5  

 P W
t

J
s

W kW= = ´ = ´ = ´n¼vºIwA 1 54 10
1 1 54 10 1 54 10

5 5 2/ / ( ) / ( )  

 ½jpIM
kÃÿ¶ nI¨

Áj»n» ÁroºH
= ´ Þ = ´ ´
( )
( )

( / )W
E

J
E

100 64 1 54 10 100
5

��§

 Þ = ´ ´ ´E J J( / ) / ( )1 54 10 100
64 2 41 10
5

5�  
18 -��Ʒǈ°¦®�ķƍŧƽŴ�âÞƃƼ¦�º�°ţư�ũƙŦ¦°�ƫŧƘ��Ƨƴ¦

 

W W W KN¥I§õÅH ·p»
+ + = Δ

      
�ƃǉƉƸ�ƃŦ�ÂƃǉƼ�Â®�ƻǈ¦�ÀǃĪ��ūƈ¦�ƃƩƐ�ŷƙƈ�â®ǃƹƠ�Â�À±Â�âÂƃǉƼ�°ţư��ƳƱƌ�ƫŦţƙƸ�ķƨƃƘ�±¦

�ƇĢ��ſƽŭƉǀ�®ǃƹƠ�ķǈţŴ�ƿŦţŴ
 W K K mv

¥ I§õÅH
= - = -2

0
1 1

21
2  = - ´ ´ ´ = --1

2 2 10 8 6 41 2( ) ( / ) /kg m s J  
�Ʒǈ°¦®�°ţư�ũƙŦ¦°�±¦�Á®ţƩŭƈ¦�ţŦ��§

 W f d J f m
¥ I§õÅH

= Þ - = ´ ´
-

cos ( / ) ( / ) cos
/

a 6 4 4 2 180
1 00

�
��� ��  

 Þ = -
-

f J
m

N6 4
4 2 1 5/
/

/�  
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1 -1mm �Ƨƴ¦
ǐţŦ��§

�Ƌǀţư�ƷŵŸ��ţƸ®�Ƌǈ¦ƅƨ¦�ţŦ��²ǃǉƉƵƈ�ũŴ°®� 4 ţŬ�ƃƩƐ�±¦�§¡�â®ţƠƃǉƤ�¶ţƉŧƼ¦�Ƴǉƴ®�ƿŦ��Ü
�ſŦţǈ�ķƸ�Ƌǈ¦ƅƨ¦�ķƴţĵĪ�Â

ƻǈǃƵư��©
 Δ

Δ Δ
U W
W

U T
=
<

⎧
⎨
⎩

⇒ < ⇒ <
0

0 0 ��¦ƃǈ±��ſŦţǈ�ķƸ�Ƌǀţư�ţƸ®�Â°°®�ķŦ�¶ţƉŧƼ¦�°®��ª
°ţŽŦ�ƻǉƌţƸ��«

2 -ūƈ°®��§ �ūƈ°®��Ƨƴ¦
ūƈ°®ţƼ��© �ūƈ°®��Ü

3 -�ſƌţŦ�²ƃŭƈ®�°®�Á°¦ǃƹǀ��ç��ſƽƱƼ�ƃǉǉƥŬ�ƧƵŭŽƸ�ķƱǈƅǉƨ�Ɨǈ¦ƃƌ�°®�ſǈţŦ��æ�ťƈţƽƸ�âţƱǈ��Ƨƴ¦
�¦°�ƻǉƸ±�¿ƃŴ�±¦�1012 kg ķƽơǈ�¿ƃĴǃƵǉư�®°ţǉƵǉƸ�°¦ƅǀ�ƷǉƼ¦ǃŭŦ�ƿǉƼţŰ�ƃǀ�°®�ƿư�ūƈ¦�°¦ƃƬ��§

�ţŦ�ūƈ¦�ƃŦ¦ƃŦ�±ţǉƼ�®°ǃƸ�âţǀ�ƿǉƼţŰ�®¦ſơŬ�ƇĢ����Ʒǈ°ţƹƍŦ

ƿǉƼţŰ�ťƉŸƃŦ�±ţǉƼ�®°ǃƸ�ÀţƸ± =
´

= ´
6 10

10

6 10

24

12

12kg
kg

s  

�ūƈ¦�ÀƃƬ�ſƽĪ 6 10
12´ s ƿư�Ʒǉƽư�ķƸ�ƿŧƈţŹƸ�â¦�ÁƃǉŵƼ±�ƳǈſŧŬ�³Â°�ƿŦ�ǐţŸ

 6 10
1

3600

1

24

1

365

1

100

12´ ´ ´ ´ ´s h
s

day
h

year
day year

 ·o¤
 

 = ´ ´ = ´ =-
1 9 10 10 1 9 10 1900

9 12 3/ /  ·o¤ ÀƃƬ �
���ūƉǉƼ�ťǉŵƠ�ƿŵǉŭƼ

4 -�ſƽƼ±�ķƸ�ƃƙƠ�âţǀ�¾ǃƱƴǃƸ�ƿŦ�ƿư�ķǈţǀ�ƿŦƃƔ�Â�¦ǃǀ�âţǀ�¾ǃƱƴǃƸ�ƷƝƽƸţƼ�ūưƃŸ��Ƨƴ¦
§¡�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪ�Ʒǀ�âÂƃǉƼ�ƃŦ�§¡�Â�¿ţƉŴ¦�ŷƙƈ�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪƃĴ®�âÂƃǉƼ�ũŧƵƤ��§

�ſƼ¦°�ķƸ�Àţǀ®�ūƹƈ�ƿŦ�¦°�ƟǈţƸ��Àţǀ®�Ƴż¦®�Â�ƗǉŹƸ�â¦ǃǀ�ƻǉŦ�°ţƍƨ�»Ǒŭż¦��Ü
5 -�ūƈ¦�ƃŦ¦ƃŦ�ÁǃǉŴ�¸ţƩŬ°¦�°ţƍƨ�ţŦ�¦ǃǀ�°ţƍƨ��Ƨƴ¦

 P gh kg m m s m= = ´ ´ ´ ´ ´ -r ( / / ) ( / / ) ( / )1 35 10 9 84 6 2 10 104 3 2 2 3  
 Þ ´P Pa� 8 24 104/  
ſǈţŦ�ÁǃǉŴ�Àǃŭƈ�¾ǃƘ�¾ţŸ�ƃǀ�°®�¦ƃǈ±��ſƽư�ķƹƼ�âƃǉǉƥŬ�ÁǃǉŴ�¸ţƩŬ°¦��ƿƴǃƴ�ƃƙƬ�Ƌǈ¦ƅƨ¦�ţŦ��§

�®ǃƌ�ƃŦ¦ƃŦ�ƿƭƙƽƸ�À¡�°®�¦ǃǀ�°ţƍƨ�ţŦ�À¡�±¦�ķƌţƼ�°ţƍƨ�ţŬ�ſƌţŦ�ƃŭƸ�ķƵǉƸ� 620
6 -�ſƌţŦ�®ǃƹƠ�ķǈţŴ�ƿŦţŴ�ƃŦ�ÂƃǉƼ��ç���®ǃƍƼ�ţŴ�ƿŦţŴ�ƷƉŴ��æ��Ƨƴ¦

�ſƽƼţƸ �ţǀÂƃǉƼ �ķżƃŦ �ƃŰ¦ �±¦ �ƿư �ūƈ¦ �¼®ţƐ �ķƙǈ¦ƃƌ �°® �Ɨƭƨ �ķƱǉƼţƱƸ �âÞƃƼ¦ �ķĵŭƉǈţĢ ��§
�¦° �ţǀ�ÁſǈſĢ �±¦ �â®ÂſŹƸ �ũƽƸ¦® �ÀǃĪ�ƇĢ ��Ʒǉƽư �ƃƝƼ�»ƃƐ�¦ǃǀ �ūƸÂţƭƸ �Â �¬ǃƙƈ�àţƱƙƐ¦

�ÀǃƼţƬ�ƿƼ�ūƈ¦�ƳƐ¦�įǈ��ſǀ®�ķƸ�ŷǉƔǃŬ
7 -�Ʒǈ°¦®�âÞƃƼ¦�º�°ţư�ũƙŦ¦°�±¦��Ƨƴ¦

 
 W K W W W K Kt N W= ⇒ + + = −Δ

¥ I§õÅH

0 0
2
0

1  

�ķƍŧƽŴ�âÞƃƼ¦�Â��ſƼ®ǃƹƠ�ķǈţŴ�ƿŦţŴ�ƃŦ�ÀǃĪ��ūƈ¦�ƃƩƐ�À±Â�Â�ŷƙƈ�ƃŦ�®ǃƹƠ�âÂƃǉƼ�°ţư�ţƸ¦
 W K mv

¥ I§õÅH
= − = −1

21
2

���ƇĢ��®ǃƌ�ķƸ�ƃƩƐ�ƅǉƼ�ƧƬǃŬ�±¦�ƇĢ

 = - ´ ´ ´ = - ´1
2 1 2 10 30 5 4 103 2 5( / ) ( / ) /kg m s J  

�Ʒǈ°¦®�°ţư�ķƵƐ¦�ũƙŦ¦°�±¦��§
 W fd J f m

¥ I§õÅH
= Þ - ´ = ´ ´

-

cos ( / ) ( ) cosa 5 4 10 25 1805

1

�
��� ��  

 Þ = - ´
-

= ´ = ´f J
m

N( / )
( )

/ N /5 4 10
25 0 216 10 2 16 10

5
5 4  

8 -ųƽƈ�ƧŬ��è��ķƽǉŬǑĢ�ūƸÂţƭƸ�ųƽƈţƸ®��ç�â±ţĴ�ųƽƈţƸ®��æ��Ƨƴ¦
 T K T C K( ) ( C)= + Þ = + =273 273 357 630q D D ��§
 F F C F= + Þ = ´ +9

5 32 9
5 357 32 675q ( )� ��  

 -9 D D D� � � � �= Þ = ´ ´ ´-
1 1 1

50 01 2 5 10 1a qT
C

/ ( / )  
 Dq =

´
´ =

-
0 01

2 5 10
4 10 4005

2/
/

� � �C C  

10 -�ţƸƃĴ�À¡�ÀÂ°®�§¡�Â�ųƽƈţƸƃĴ�Â�ſǀ®�ķƸ�ţƸƃĴ�¹¦®�ƅƵƨ�ƿơƙƬ��ķǈţƸƃĴ�©ǐ®ţŧŬ�ƻǈ¦�°®��Ƨƴ¦
�ķƽơǈ��ſƽƽư�ķƸ�ūƨţǈ°®

�ƇĢ��ſƌţŦ�ƃƩƐ�ſǈţŦ�Áſƌ�ƿƴ®ţŧƸ�âţǀţƸƃĴ�¸ǃƹŵƸ��âÞƃƼ¦�ķĵŭƉǈţĢ�ÀǃƼţƬ�ƫŧƘ�Â
 Q Q Q mc m c C1 2 3 0+ + = + ′ ′ ′ + ′ =Δ Δ Δθ θ θ  

 Þ ´ ´ ´ ´ -( ) ( )2 10 1
10

42 1602
3g kg
g

c C CD D  

 + ´ ´ ´ -( / ) ( / J
kg.

) ( )0 5 4 2 10 42 403kg
C

C CD
D D  

+ ´ -( / ) ( )180 42 40J k C CD D  Þ - ´ + + =-236 10 4200 360 01c J J( ) ( )  
 Þ - + + =23 6 4200 360 0/ ( ) ( )c J J Þ = Þc c J

kg C
4560
23 6 193
/ .

� �  

�±¦�ƅǉƼ�ƗǉŹƸ�¦ƃǈ±��ſƸ¡�ūƈ®�ƿŦ�ƿư�ūƈ¦�â°¦ſƭƸ�±¦�ƃŬ�á°ƅŦ��ƅƵƨ�ŨĭǈÂ�âţƸƃĴ�ķơƬ¦Â�°¦ſƭƸ��§
�Ʒǈ¦�Á®ƃƱƼ�®°¦Â�®ǃż�©ţŧƈţŹƸ�°®�¦°�ţƸƃĴ�ƻǈ¦�ţƸ�Â�ſƽư�ķƸ�ūƨţǈ°®�ţƸƃĴ�ƅƵƨ�ƿơƙƬ

11 -�Ʒǉǀ¦ǃż�ķƸ�ÀǃĪ�ūǈţǁƼ�°®�ţƸ¦��ſƽư�ķƸ�ūƨţǈ°®�ţƸƃĴ�ƿŴ°®�ƃƩƐ�Żǈ�Â�ſǀ®�ķƸ�ţƸƃĴ�§¡
�®ǃŦ�ſǀ¦ǃż�ƃƩƐ�¾®ţơŬ�âţƸ®��®ǃƌ�§Â¯�Ɨƭƨ�Żǈ

 

 
Q Q mc m LF1 2 0 0+ = ⇒ + ′ =Δθ

 

( ) (
.
) ( ) ( / / )1 4200 0 50 3 34 10 05kg J

kg C
C C m J kg´ ´ - + ¢´ ´ =D
D D  

 Þ ¢ = ´
´

m kg g2 1 10
3 34 10

0 629 629
5

5
/
/

/� �  

12 -�ūǈ¦ſǀ�ķƽǉƸ±�ťǉƈ�Ƴż¦®�ƿŦ�¦°�ţƸƃĴ�ƻǈ¦ƃŦţƽŦ��ūƈţƸƃĴ�§ǃż�âţƼţƈ°�âƅƵƨ�Żǉƈ��Ƨƴ¦
�®ǃƌ�ķƸ�ķƽǉƸ±�ťǉƈ�Àſƌ�ƿŭŽĢ�ƃŬ®Â±�Â�ƃŭǁŦ�ťŴǃƸ�Â�Á®ƃư

�Â�®ǃƌ�ķƸ�À¡�°ţƍƨ�Ƌǈ¦ƅƨ¦�ťŴǃƸ�âƃģƈ¦�Ƴż¦®�±ţĴ�âţƸ®�Ƌǈ¦ƅƨ¦��ūŦţŰ�ƷŵŸ�°®�¦ƃǈ±��§
�â¦ƃŦ�ƇĢ��ſƽư�ķƸ�§ƁŴ�ƃŬ�Ʒư�¦°�ķǈţƸƃĴ�ƋŦţŬ�ƻƌÂ°�ĳƼ°�ÀǃĪ��ſưƃŭŦ�âƃģƈ¦�ūƈ¦�ƻƱƹƸ

�ūƈ¦�ƃŬ�ťƈţƽƸ�ţǀ�âƃģƈ¦�ƻǈ¦�ƿƼſŦ



èî

13 -�ƷǉƸţƼ�ķƸ�ūƴţŸ�ũƴ®ţơƸ�¦°�ķƱǉƸţƽǈ®ǃƸƃŬ�âţǀƃǉƥŭƸ�ƻǉŦ�ũƙŦ¦°��Ƨƴ¦
�ƇĢ��®®ƃĴ�ķƸ±ţŦ�ƿǉƴÂ¦�ūƴţŸ�ƿŦ�Å¦®ſŵƸ�ſƽǈ¦ƃƨ�ſƽĪ�ķƘ�±¦�ƇĢ�Áţĵŭƈ®�ÀǃĪ�ƿżƃĪ�įǈ�°®��§
�Ʒǈ°¦®�įǉƸţƽǈ®ǃƸƃŬ�¾Â¦�ÀǃƼţƬ�ƫŧƘ��ūƈ¦�ƃƩƐ�ƿżƃĪ�Ƴư�°®�ķƼÂ°®�âÞƃƼ¦�ƃǉǉƥŬ�Â�ţƸ®�ƃǉǉƥŬ
�� ΔU Q W Q W= + ⇒ + =0 �⇒ = − ⇒ =Q W Q W| | | | �

14 -�ţƸƃĴ�ǐţŦ �âţƸ®�ţŦ �ƟŧƽƸ �ƿŦ �Â �®ƃǉĴ�ķƸ�ţƸƃĴ�ƻǉǈţĢ �âţƸ®�ţŦ �ƟŧƽƸ �±¦ �¦ƃǈ± ��¾ţīŽǈ ��Ƨƴ¦
�ſǀ®�ķƸ�ƳǈǃŹŬ

�QH ( )3 ��W ( )2 ��QL ( )1 �§
15 -�ƻǈ¦ƃŦţƽŦ��ūƈ¦�ƷŵŸ�Ʒǀ�bc�ſƽǈ¦ƃƨ��Ƨƴ¦

Wbc =0  
ſƽǈ¦ƃƨ�°®�Â�ūƈ¦�ƃƩƐ�ķƼÂ°®�âÞƃƼ¦�ƃǉǉƥŬ��ūƈ¦�ţƸ®�Ʒǀ�ƿư� ca ſƽǈ¦ƃƨ�°®�Â�ƿżƃĪ�Ƴư�°® �§
� Δ Δ ΔU U Uab bc ca+ + =

0 0 ��ƇĢ�� ΔU Q= �Ʒǈ°¦®� bc

� ΔU Q Wab bc bc+ + =
0 0 �

� Þ = - = -DU Q Jab bc 6300 �

16 -�� P W
t

W= Þ ´ =| | ( / ) |W|
( )

1 5 10 60
3 � Þ = ´| | JW 9 104 ��Ƨƴ¦

� h= Þ = ´| | / ( )W
Q

J
QH H

0 4 9 104 Þ = ´ = ´Q J JH
( )
/

/9 10
0 4 22 5 10

4
4 ��§

� | | | | ( / ) ( )Q Q W J JL H= - = ´ - ´22 5 10 9 104 4 = ´13 5 104/ J ��Ü



�Á®ţƩŭƈ¦ �ķıǈƅǉƨ �âţǀ�ƿǈƃƝƼ �Â �ţǀ�¾ſƸ ��ţǀ�ÀǃƼţƬ �±¦ �ţǀ�ÁſǈſĢ �ŷǉƔǃŬ �â¦ƃŦ �ţǀ�À¦®�įǈƅǉƨ
��ſƼǃƌ�ķƸ�ķƈ°ƃŦ�ƋǈţƸ±¡�ƗƈǃŬ�¿Â¦ſƸ�°ǃƘ�ƿŦ�ƅǉƼ�ţǀ�ƿǈƃƝƼ�Â�ţǀ�¾ſƸ��ţǀ�ÀǃƼţƬ�Â�ſƽƽư�ķƸ
�âƃǈƁĢ�ÀǃƸ±¡��ſƽƽư�ƃǉǉƥŬ�ţǀ�¾ſƸ�Â�ţǀ�ƿǈƃƝƼ�±¦�ķżƃŦ�ÀţƸ±�ūƌƁĴ�ţŦ�ūƈ¦�ƻƱƹƸ�ƻǈ¦ƃŦţƽŦ
�ķƹŬ¦�ũǈƃƝƼ��¾ţűƸ�À¦ǃƽƠ�ƿŦ��ūƈ¦�įǈƅǉƨ�ƷƵƠ�©ǃƬ�ũƙƭƼ�ķıǈƅǉƨ�âţǀ�ƿǈƃƝƼ�¿Â¦ſƸ�¬ǑƐ¦�Â
�©¦ƃǉǉƥŬ�°ţĪ®�ſǈſŴ�âţǀ�ƋǈţƸ±¡�Â�©¦ſǀţƍƸ�ƃŰ¦�°®�ţǀ�¾ţƈ�¾ǃƘ�°®�ƷŬ¦�°ţŭżţƈ�®°ǃƸ�°®
�ſƌ�¬ƃƙƸ�À¦ſƽƹƍƼ¦® �ƗƈǃŬ �ƷŬ¦ �Àţƹŭżţƈ�®°ǃƸ �°® �ķƩƵŭŽƸ�âţǀ�¾ſƸ�Â �ſƌ�â®ţǈ±
��ƷǉǈǃĴ�ķƸ�â±ţƈ�¾�ſƸ�¦°�À¡�ƳǉƵŹŬ�Â�ķƈ°ƃŦ�â¦ƃŦ�ķƱǈƅǉƨ�ŨſǈſĢ�įǈ�â±ţƈ�Á®ţƈ��â±ţƈ�¾ſƸ
��ÜǃŬ�ķƼ¦°Â®�ūưƃŸ�±¦�ķƌǃĢ�ƷƍĪ�ţǈ�ÜǃŬ�ūưƃŸ�°®�¦ǃǀ�ūƸÂţƭƸ�±¦�À®ƃư�ƃƝƼ�»ƃƐ�ƳűƸ

�ƟƬ¦Â �°® ��Ʒǉǀ® �¿ţŵƼ¦ �âƃǉĴ�Á±¦ſƼ¦ �ſǈţŦ �ķƱǈƅǉƨ �âţǀ�ÁſǈſĢ �ķƈ°ƃŦ �Â �ūżţƽƌ �â¦ƃŦ
�įǈ�ƿŦ�¶ǃŦƃƸ�âţǀ�ūǉƹư�ķŭƬÂ�ţŬ�įǈƅǉƨ�°®�Â�ūƈ¦�ƋǈţƸ±¡�Â�ƿŦƃŵŬ�²ţƈ¦��âƃǉĴ�Á±¦ſƼ¦

��Ʒǈ°¦ſƼ�ÁſǈſĢ�À¡�Ũ°ţŦ°®�ķǁŴǃŬ�ƳŦţƬ�©ţƠǑƘ¦��ƷǈƃǉĵƼ��Á±¦ſƼ¦�¦°�ÁſǈſĢ
�±ţǉƼ�ūǉƹư�įǈ�âƃǉĴ�Á±¦ſƼ¦�â¦ƃŦ�Â�®ǃƌ�ķƸ�ÁſǉƸţƼ�ūǉƹİ ��ūƨƃĴ�Á±¦ſƼ¦�¦°�À¡�À¦ǃŭŦ�ƿư�âƅǉĪ�ƃǀ
��ſƽƌţŦ�ƿŭƌ¦®�ķĴĭǈÂ�Â®�ſǈţŦ�âƃǉĴ�Á±¦ſƼ¦�ťƈţƽƸ�âţǀţıǈ��Ʒǈ°¦®�âƃǉĴ�Á±¦ſƼ¦�ťƈţƽƸ�âţǀ ţıǈ �ƿŦ

��ſƽƌţŦ�ſǉƴǃŬ±ţŦ�ƳŦţƬ�ţŴ�ƿƹǀ�°®� ��ſƽƽıƼ�ƃǉǉƥŬ�ƧƵŭŽƸ�Ɨǈ¦ƃƌ�°®�

�ūǉƹİ��®ǃƌ�ƧǉƐǃŬ�À¡�ƿŦ�¶ǃŦƃƸ�âţıǈ�Â�®ſƠ�įǈ�ţŦ�ƿư�¦°�ķŭǉƹư�ƃǀ��ƃƴţƱƈ¦�ūǉƹư��Ƨƴ¦
�À¡�¿ƃŴ��Ʒǉƽư�ķƸ�ÀţǉŦ� 2kg©°ǃƐ�ƿŦ�¦°�ķƹƉŴ�¿ƃŴ�ķŭƬÂ�ÅǑűƸ��ƷǉƸţƼ�ķƸ�ƃƴţıƈ¦�ţǈ�â®ſƠ
�ķƼţƸ±�Ũ±ţŦ�ƻǈ¦��ƷǉƉǈǃƼ�ķƸ� 35s ¦°�®¦ſǈÂ°�įǈ�ÀţƸ±�ķŭƬÂ�ţǈ�Â�Ʒǈ¦�Á®ƃư�ÀţǉŦ�ƳƸţư�°ǃƘ�ƿŦ�¦°�ƷƉŴ
�ſƽŭƉǀ�â¦�Á®ƃƼ�âţǀ�ūǉƹư�ÀţƸ±�Â�¿ƃŴ�ƳűƸ�ķǈţǀ�ūǉƹư�ƇĢ��ūƈ¦�Áſƌ�ƏŽƍƸ�ƳƸţư�°ǃƘ�ƿŦ

 ūǁŴ�ūƈ¦�¿±ǐ�ţıǈ�Â�®ſƠ�ƃŦ�ÁÂǑƠ��À¡�ƧǉƐǃŬ�â¦ƃŦ�ƿư�ķŭǉƹư�ƃǀ��â°¦®ƃŦ�ūǉƹư��§
 10m ķưƃŹŭƸ�ƷǉǈǃĴ�ķƸ�ķŭƬÂ�ÅǑűƸ��®ǃƌ�ķƸ�ÁſǉƸţƼ�â°¦®ƃŦ�ūǉƹİ��Ʒǉƽư�ƏŽƍƸ�ƅǉƼ�¦°�À¡
�ķŭƬÂ�ţǈ�Â�ƷǉƼ¦ſŦ�ƅǉƼ�¦°�ķǈţŴ�ƿŦţŴ�ūǁŴ�ţŬ�ƷǉŭƉǀ�ſƽƸ±ţǉƼ�ķǈţŴ�ƿŦţŴ�ƻǈ¦�à°®�â¦ƃŦ��ſƌ�ţŴ�ƿŦţŴ
�ķƽǉŦ�ƋǉĢ��®®ƃĵƼ�¿ǃƵơƸ�Áſƌ®°¦Â�âÂƃǉƼ�ūǁŴ�ƃĴ¦��Áſƌ�®°¦Â� 50N âÂƃǉƼ�ķƹƉŴ�ƃŦ�ƷǉǈǃĴ�ķƸ
�ſƽŭƉǀ�â°¦®ƃŦ�âţǀ�ūǉƹư�ÂƃǉƼ�Â�ķǈţŴ�ƿŦţŴ�ƳűƸ�ķǈţǀ�ūǉƹư�ƇĢ��ūƉǉƼ�ƻƱƹƸ�ƷƉŴ�ūưƃŸ

�ţǀţƱǈ �ƃǈţƈ �±¦ �ƳƭŭƉƸ �°ǃƘ �ƿŦ �ţǀ�À¡ �âţƱǈ �ƿư �¦° �ķǈţǀ�ūǉƹư ��ķƵƐ¦ �âţǀ�ūǉƹư��Ƨƴ¦
�âţƱǈ��ƷǉƸţƼ�ķƸ�ķƵƐ¦�âţǀ�ūǉƹİ��ūƈ¦�ƿŭƨƃĴ�°¦ƃƬ�ķƵƵƹƴ¦�ƻǉŦ�ƫƨ¦ǃŬ�®°ǃƸ�Â�Áſƌ�ƧǈƃơŬ

�ƷǉǈǃĴ�ķƸ�ķƵƐ¦�âţıǈ�ƅǉƼ�¦°�ţǀ�ūǉƹư�ƻǈ¦
��ķıǈƃŭıƴ¦�ÀţǈƃŴ�©ſƌ��ţƸ®��ÀţƸ±��¾ǃƘ��¿ƃŴ �±¦�ſƼ¦�©°ţŧƠ�ķƵƐ¦�ūǉƹİ 7  

�ķǈţƽƌÂ°�©ſƌ�Â�Á®ţƸ�°¦ſƭƸ
�®ǃƌ�ķƸ�ÀţǉŦ�ķƵƐ¦�âţǀţƱǈ�ťƉŸƃŦ�ţǀ�À¡�âţƱǈ�ƿư�¦°�ķǈţǀ�ūǉƹư��ķƠƃƨ�âţǀ�ūǉƹư��§

��ƷǉǈǃĴ�ķƸ�ķƠƃƨ�âţǀ�ūǉƹİ
�ūǉƹİ��ſƌ�ÀţǉŦ�ƳŧƬ�ũŭıƼ�°®�ƿİ�ķŭǉƹİ�7 �ƅŴ��ƿŦ�ķıǈƅǉƨ�âţǀ�ūǉƹİ�ũƹǀ 

�âÞƃƼ¦�ţǈ�âſƽŬ�ƳűƸ��ſƽŭƉǀ�ķƠƃƨ
��ſƼƃŦ�ķƸ �°ţư��ƿŦ �¦° �ţǀ�À¡ �ÀţǁŴ �ƃƈ¦ƃƈ �°® �À¦ſƽƹƍƼ¦® �ƃŭƍǉŦ �ƿư �ķǈţǀţƱǈ �ũƠǃƹŵƸ �

��®ǃƌ�ķƸ�ÁſǉƸţƼ� ( )SI ţǀţıǈ�ķƵƵƹƴ¦�ƻǉŦ�Áţĵŭƈ®
�ſƼ¦�Áſƌ�ƧǈƃơŬ�ſơŦ�Àǃŭƈ�©°ǃƐ�ƿŦ� (SI) �ţǀţƱǈ�ķƵƵƹƴ¦�ƻǉŦ�Áţĵŭƈ®�°®�ķƵƐ¦�âţǀţƱǈ�±¦�ķżƃŦ
�®ƃư�ƃǉǉƥŬ�ƃǈ±�©°ǃƐ�ƿŦ�ÀţƸ±�¾ǃƘ�°®�ƃŭƸ�ƧǈƃơŬ��ūƈ¦� ( )m ƃŭƸ��¾ǃƘ�®°¦ſƼţŭƈ¦�âţƱǈ��ƃŭƸ

ťƙƬ�ţŬ�¦ǃŭƈ¦�ũƵƐţƨ�ƷǉƼǃǉƵǉƸ�Á®�įǈ�
²ǃǉƉƵƈ�ũŴ°®�ƃƩƐ�âţƸ®�°®�¿ǃǈſǈƃǈ¦�Â�ƻǉŬǑĢ�ƇƽŴ�±¦�â¦�ƿƵǉƸ�âÂ°�ƃŦ�à±ţƼ�Ɨż�Â®�ÀţǉƸ�ũƵƐţƨ�

Ǎż�°®�ƿǉƼţŰ� 1
299792458 ©ſƸ�°®�°ǃƼ�ƗƈǃŬ�Áſƌ�ķƘ�ūƨţƉƸ�

�±¦ �â¦�ƿƼ¦ǃŭƈ¦ �¿ƃŴ �¿ƃĴǃƵǉư �įǈ ��ūƈ¦ � (kg) ¿ƃĴǃƵǉư ��¿ƃŴ �®°¦ſƼţŭƈ¦ �âţƱǈ ��¿ƃĴǃƵǉư
�ūƈ¦�¿ǃǈſǈƃǈ¦�Â�ƻǉŬǑĢ�Þţǉƴ¡�ƇƽŴ

�ūƈ¦�±Â°�ƿƼţŧƌ�ƃǀ� 1
86400 ƿǉƼţŰ�įǈ��ūƈ¦� (s) ƿǉƼţŰ��ÀţƸ±�®°¦ſƼţŭƈ¦�âţƱǈ��ƿǉƼţŰ

�ƃŬ�įĪǃư�°ţǉƉŦ�ţǈ�ƃŬ�á°ƅŦ�°ţǉƉŦ�Áſƌ�ƻǉǉơŬ�®°¦ſƼţŭƈ¦�âţƱǈ�±¦�ƿư�â®¦ſƠ¦�ÀţǉŦ�â¦ƃŦ�
�À¡��10ŷǉŹƐ�âţǀ�À¦ǃŬ�°®�ţƱǈ�À¡�§ƃƔ�ţŦ�ƿư�Ʒǉƽư�ķƸ�Á®ţƩŭƈ¦�ķǈţǀſƼǃƍǉĢ�±¦��ſƽŭƉǀ

�ſƽƽư�ķƸ�ƃŬ�įĪǃư�ţǈ�ƃŬ�á°ƅŦ�¦°�ţǀţƱǈ
�ſƼ¦�ÁſƸ¡�ƃǈ±�¾ÂſŴ�°®�ţǀſƼǃƍǉĢ�ƻǈ¦�±¦�ķżƃŦ�

�Z��±��]�ÕZÅ|¿Â�Ìa�Z���®qÂ¯�ÕZÅ|¿Â�Ìa
|¿Â�Ìa{Z¼¿\Ë��|¿Â�Ìa{Z¼¿\Ë��
ǃŭƱǀ h102ķŭƼţƈ c10 2-

ǃƵǉư k103ķƵǉƸ m10 3-

ţĵƸ M106ÂƃƱǉƸm10 6-

ţĵǉĴ G109ǃƼţƼ n10 9-

¦ƃŬ T1012ǃƱǉĢ p10 12-

�Ũ±¦ſƼ¦�ƿİ�À¡�â¦ƃŦ��ſƌţŦ�Áſƌ�Á®¦®�ķƽǉơƸ�âţıǈ�ťƉŸƃŦ�ūǉƹİ�įǈ�Ũ±¦ſƼ¦�ƃĴ¦ 
�ťǈƃƔ�°®�¦°�ūǉƹİ�Ũ±¦ſƼ¦�ſǈţŦ��Ʒǈ°Â¡�ūƈ®��ƿŦ�âƃĵǈ®�âţıǈ�ťƉŸƃŦ�¦°�ūǉƹİ�À¡

 �Ʒǉƽİ�§ƃƔ�ţıǈ�Â®�À¡�ƳǈſŧŬ
�ƿŵǉŭƼ�°®�Â�ūƈ¦�ƃŦ¦ƃŦ�Ʒǀ�ţŦ�À¡�«ƃŽƸ�Â�©°ǃƐ�ƿư�ūƈ¦�ƃƉư�įǈ�ƟƬ¦Â�°®�ƳǈſŧŬ�ťǈƃƔ
 kg âţƱǈ�ƳǈſŧŬ�â¦ƃŦ�ÅǑűƸ��ſǀ®�ķƹƼ�ƃǉǉƥŬ�¦°�ūǉƹư�°¦ſƭƸ�Â�ūƈ¦�ſŸ¦Â�ƃŦ¦ƃŦ�À¡�°¦ſƭƸ

�Ʒǉƽư�ķƸ�Á®ţƩŭƈ¦� 101
3g
kg

ƳǈſŧŬ�ťǈƃƔ�±¦� g ƿŦ
�ſǉǀ®�¿ţŵƼ¦�¦°�Áſƌ�ƿŭƈ¦ǃż�âţǀſŸ¦Â�ƳǈſŧŬ�

�72 km / h ?m/ s== �
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�â®ſƠ�§ƃƔ�ƳƐţŸ�©°ǃƐ�ƿŦ�¦°�®ſƠ�À¡��įĪǃư�°ţǉƉŦ�ţǈ�á°ƅŦ�°ţǉƉŦ�ƃǈ®ţƭƸ�ÀţǉŦ�â¦ƃŦ
��ƷǉƉǈǃƼ�ķƸ�Á®�±¦�ķŹǉŹƐ�âţǀ�À¦ǃŬ�°®����±¦�ƃŬ�įĪǃư�Â�įǈ��ţŦ�âÂţƉƸ�ţǈ��±¦�ƃŬ�á°ƅŦ

��ƷǉǈǃĴ�ķƸ�ķƹƵƠ�®ţƹƼ�¦°�®¦ſƠ¦�ƋǈţƹƼ�³Â°�ƻǈ¦
�Ʒǉƽư�ķƸ�Á®ţƩŭƈ¦�ƃǈ±�âǃĵƴ¦�±¦�ķƹƵƠ�®ţƹƼ�©°ǃƐ�ƿŦ�®¦ſƠ¦�ƻŭƌǃƼ�â¦ƃŦ
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�įĪǃư�°ſƬ�À¡�¦° �®ſƠ��ġĪ�ūƹƈ�ƿŦ �ƅǉƹƸ�ūưƃŸ�ţŦ ��®ǃŦ �ƃŬ�á°ƅŦ �Á®�±¦ �®ſƠ�ƃĴ¦ �
�įĪǃư�¦°�®ſƠ�ƿư�ķƸţƬ°¦�®¦ſơŬ�ƿŦ�Ƈģƈ��®ǃƌ�ƳƐţŸ�10 Â�1ƻǉŦ�â®ſƠ�ţŬ�Ʒǉƽư�ķƸ

�Ʒǉǀ®�ķƸ�°¦ƃƬ�Á®�®ſƠ�â¦ƃŦ�ūŧűƸ�À¦ǃŬ��Ʒǈ¦�Á®ƃư
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�á°ƅŦ �¦° �®ſƠ �°ſƬ�À¡ �ūƈ¦° �ūƹƈ�ƿŦ �ƅǉƹƸ �ūưƃŸ�ţŦ ��®ǃŦ �ƃŬ�įĪǃư�1 ±¦ �®ſƠ �ƃĴ¦ �
�á°ƅŦ�¦°�®ſƠ�ƿư�ķƸţƬ°¦�®¦ſơŬ�ƿŦ�Ƈģƈ�®ǃƌ�ƳƐţŸ�Á®�Â�įǈ�ƻǉŦ�â®ſƠ�ţŬ�Ʒǉƽư�ķƸ

�Ʒǉǀ®�ķƸ�°¦ƃƬ�ķƩƽƸ�À¦ǃŬ�Á®�â¦ƃŦ��Ʒǈ¦�Á®ƃư
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�ſǉƉǈǃƽŦ�ķƹƵƠ�®ţƹƼ�©°ǃƐ�ƿŦ�¦°�ķǈţǁƼ�âţǀ�§¦ǃŴ�ƳŧƬ�¾ţűƸ�°®�

� 20 2 0 10m s m s/ / /== ´́ �
� 0 007 10 7 10 10 7 10

6 3 6 3/ ´́ == ´́ ´́ == ´́--mg mg mg �
� 1600 10 1 6 10 10 1 6 10
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�ūƬ® �À¦ǃŬ�ķƸ �ƃǈ± �âţǀ°ţƱǀ¦° �ţŦ ��ūƈ¦ �Á¦ƃƹǀ �ţƙż �ţŦ �âƃǉĴ�Á±¦ſƼ¦ �Á°¦ǃƹǀ �įǈƅǉƨ �°®
�®¦®�Ƌǀţư�¦°�À¡�âţƙż�Â�Ƌǈ¦ƅƨ¦�¦°�âƃǉĴ�Á±¦ſƼ¦

�ūǉƈţƉŸ�ţǈ �ūƬ® �âƃǉĴ�Á±¦ſƼ¦ �ũƵǉƈÂ �ƃǀ ��ƃŬ�ƫǉƬ® �âƃǉĴ�Á±¦ſƼ¦ �ũƵǉƈÂ�±¦ �Á®ţƩŭƈ¦ ��1
�Â�°¦ƅŦ¦�À¡�âſƽŦ�ƿŴ°®�ƻǈƃŬ�įĪǃư�Áſƌ�âſƽŦ�ƿŴ°®� ÊâƃǉĴ�Á±¦ſƼ¦�âţǀ°¦ƅŦ¦�°®��®°¦®�ķƑŽƍƸ
�Áſƌ�âƃǉĴ�Á±¦ſƼ¦�ƿư�¦°�ķƹƬ°�ƻǈƃż¡�±¦�ſŸ¦Â�įǈ��¾ţŭǉŵǈ®��ķƹƬ°�âƃǉĴ�Á±¦ſƼ¦�ƳǈţƈÂ�°®

��ƷǈƃǉĴ�ķƸ�ƃƝƼ�°®�ƿƵǉƈÂ�âƃǉĴ�Á±¦ſƼ¦�ūƬ®�À¦ǃƽƠ�ƿŦ��ūƈ¦
�ƃŭƸ�ķƵǉƸ�įǈ�âƃǉĴ�Á±¦ſƼ¦�ūƬ®��ūƈ¦�Áſƌ�«°ſƸ�ƃŭƸ�ķƵǉƸ�ťƉŸƃŦ�ƿư�ķƍư�Ɨż�°®�ÅǑűƸ
��®ƃǉĴ�ķƸ��Á±¦ſƼ¦�¦°�²ǃǉƉƵƈ�ũŴ°®�Ʒǀ®�įǈ�ţŬ�ƿư�¾ţŭǉŵǈ®�ųƽƈţƸ®�įǈ�°®�ţǈ�Â�ūƈ¦
�ūƬ®�ţŦ�â°¦ƅŦ¦�±¦�âƃǉĴ�Á±¦ſƼ¦�°®�ƿĪ�ƃǀ�ƇĢ��ūƈ¦�²ǃǉƉƵƈ�ũŴ°®�0 1/ âƃǉĴ�Á±¦ſƼ¦�ūƬ®

�ūƌ¦®�ſǀ¦ǃż�âƃŬ�Ʒư�âţƙż�Â�ƃŭƍǉŦ�ūƬ®�âƃǉĴ�Á±¦ſƼ¦�ũŵǉŭƼ��ƷǈƃŧŦ�ÁƃǁŦ�ƃŭƍǉŦ
�âƃŭƍǉŦ�©°ţǁƸ�ſǀ®�ķƸ�¿ţŵƼ¦�¦°�âƃǉĴ�Á±¦ſƼ¦�ƿư�â®ƃƨ�ƃĴ¦��ƃǉĴ�Á±¦ſƼ¦�ƏŽƌ�©°ţǁƸ��2
�ƿŭƌ¦®��«°ſƸ�ƳǈţƈÂ�ÀſƼ¦ǃż�¿ţĵƽǀ�ťƈţƽƸ�ſǈ®�ũǈÂ¦±�ƳűƸ��âƃǉĴ�Á±¦ſƼ¦�¾ǃƐ¦�ūǈţƠ°�°®

�®ǃŦ�ſǀ¦ǃż�ƃŬ�įǈ®ƅƼ�ķơƬ¦Â�°¦ſƭƸ�ƿŦ�âƃǉĴ�Á±¦ſƼ¦�ũŵǉŭƼ��ſƌţŦ
�įǈ �À¦ǃŬ�ķƸ �âƃǉĴ�Á±¦ſƼ¦ �âţƙż �Ƌǀţư �â¦ƃŦ ��âƃǉĴ�Á±¦ſƼ¦ �©ţơƨ® �®¦ſơŬ �Ƌǈ¦ƅƨ¦ ��3
�À¦ǃƽƠ�ƿŦ�¦°�ÁſƸ¡�ūƈ®�ƿŦ�®¦ſƠ¦�ƻǉĵƼţǉƸ��ūǈţǁƼ�°®�Â�®¦®�¿ţŵƼ¦�°ţŦ�ſƽĪ�¦°�âƃǉĴ�Á±¦ſƼ¦

�ūƨƃĴ�ƃƝƼ�°®�âƃǉĴ�Á±¦ſƼ¦�ũŵǉŭƼ
�â¦�ƿƝŸǑƸ�ƳŦţƬ�©ÂţƩŬ�ţǀ�âƃǉĴ�Á±¦ſƼ¦�ƃǈţƈ�ƿŦ�ūŧƉƼ�ƿİ�¦°�â®¦ſƠ¦��³Â°�ƻǈ¦�°® 

�Ʒǉƽİ�ķƸ�»ƁŸ�âƃǉĴ�ƻǉĵƼţǉƸ�±¦�ſƽƌţŦ�ƿŭƌ¦®

�ƷǉƉƭŬ�±¦�ƿư�ūƈ¦�Á®ţƸ�ƃǀ�ƷǁƸ�âţǀ�ķĴĭǈÂ�±¦�ķƱǈ�ķƴţĵĪ
rr == mV ��ſǈ¡�ķƸ�ūƈ®��ƿŦ�Á®ţƸ�À¡�ƷŵŸ�ƃŦ�¿ƃŴ

�ťƉŸƃŦ�ķƴţĵĪ��ſƌţŦ�ťơƱƸ�ƃŭƸ�ťƉŸƃŦ�ƷŵŸ�Â�¿ƃĴǃƵǉư�ťƉŸƃŦ�¿ƃŴ�ƃĴ¦�¼ǃƨ�ũƙŦ¦°�°®
�Â�¿ƃĴ�ťƉŸƃŦ�¿ƃŴ�ƃĴ¦�ţƸ¦��ūƈ¦� SI °®�ķƴţĵĪ�âţƱǈ�ƿư�®ǃŦ�ſǀ¦ǃż�ťơƱƸƃŭƸ�ƃŦ�¿ƃĴǃƵǉư
�®ǃŦ�ſǀ¦ǃż�ťơƱƸ�ƃŭƸ�ķŭƼţƈ�ƃŦ�¿ƃĴ�ťƉŸƃŦ�ķƴţĵĪ��ſƌţŦ�ťơƱƸ�ƃŭƸ�ķŭƼţƈ�ťƉŸƃŦ�ƷŵŸ

�ķƽơǈ��ūƈ¦� 103 ţŦ�ƃŦ¦ƃŦ�kg m/ 3 ƿŦ� g cm/ 3 ƳǈſŧŬ�ťǈƃƔ�
rr rr( / ) ( / )g cm kg m3 10
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�ſƽŭƉǀ�ķƴţĵĪ�¾Â¦ſŭƸ�âţǀţıǈ�±¦�ƅǉƼ�ƃŭǉƴ�ƃŦ�¿ƃĴǃƵǉİ�Â�ƃŭǉƴ�ƃŦ�¿ƃĴ�
�ſƽŭƉǀ�¾®ţơƸ�kg m/ 3âţƱǈ�ţŦ� g / L âţƱǈ�ſǉǀ®�ÀţƍƼ�

�Ʒǈ°¦®�â¦�ÁƃǉŵƼ±�ƳǈſŧŬ�³Â°�±¦�Á®ţƩŭƈ¦�ţŦ�
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��ūƈ¦�kg ſƽĪ�ƃŭƸ�ķŭƼţƈ� 10 ®ţơŦ¦�ƿŦ�ķƽǀ¡�ťơƱƸ�įǈ�¿ƃŴ�
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��Ʒǈ±¦ſƽǉŦ�ūƈ¦�Áſƌ�ƃÉĢ�ƳƱƴ¦�±¦�ÅǑƸţư�ƿư�ķƨƃƜ�ÀÂ°®�¦°�ƳŧƬ�¾ţűƸ�ķƽǀ¡�ťơƱƸ�ƃĴ¦�
( / / )rr®§²H == 0 8

3g cm ��ūƈ¦�¿ƃĴǃƵǉư�ſƽĪ��®ƅǈ°�ķƸ�ÀÂƃǉŦ�ƿư�ķƵƱƴ¦�¿ƃŴ
V m= -10 3 3  ��ƇĢ��ūƈ¦�ƃŦ¦ƃŦ�ťơƱƸ�ƷŵŸ�ţŦ�®ƅǈ°�ķƸ�ÀÂƃǉŦ�ƿư�ķƵƱƴ¦�ƷŵŸ�
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Þ m m kg m m kg= ´ ´ Þ =-( ) ( / / ) /10 0 8 10 0 83 3 3 3  
�ƷŵŸ��ţƸ®�Ƌǈ¦ƅƨ¦�ţŦ�ÅǐǃƹơƸ��®°¦®�ķĵŭƉŦ�Á®ţƸ�À¡�âţƸ®�ƿŦ�Á®ţƸ�įǈ�ķƴţĵĪ�

�ſŦţǈ�ķƸ�Ƌǀţİ�À¡�ķƴţĵĪ�Â�Ƌǈ¦ƅƨ¦�Á®ţƸ

�ƿŭŧƴ¦��ſƼ¦�Áſƌ�ƳǉƱƍŬ� ( )10 10- m �¿ÂƃŭƉĵƼ¡�®ÂſŸ�®ţơŦ¦�ţŦ�¾ǃƱƴǃƸ�ţǈ�Àǃǈ��ƷŬ¦�±¦�®¦ǃƸ�ũƹǀ�
�ſƈ°�ķƸ�¿ÂƃŭƉĵƼ¡�1000 ®ÂſŸ�ƿŦ��ţǀ°ţģƉŦ��ţǀƃƹǉƵĢ�ſƽƼţƸ�ţǀ�¾ǃƱƴǃƸ�ūƌ°®�ķżƃŦ�Ũ±¦ſƼ¦
�ƿư�®ǃƌ�ķƸ�ůƠţŦ�ţǀ�À¡�ƻǉŦ�âÂƃǉƼ�Ũ±¦ſƼ¦�Â�ţǀ�À¡�ūưƃŸ�ķĵƼǃĵĪ��©¦°¯�ƻǈ¦�ƻǉŦ�ũƵƐţƨ

�ſƼǃƌ�ūƨţǈ�ūƴţŸ�°ţǁĪ�°®�®¦ǃƸ
�ſƼ°¦®�°¦ƃƬ�ƃĵǈſƱǈ�°ţƽư�°®�ķƱǈƃŭƱƴ¦�ÅţŬſƹƠ�âţǀÂƃǉƼ�ƗƈǃŬ�ţǀ�ƷŬ¦�ſƸţŴ�®¦ǃƸ�°®��ſƸţŴ��1

�ſƽǀ®�¿ţŵƼ¦�ķƱĪǃư�ķƼţƈǃƼ�ūưƃŸ�®ǃż�âţŴ�ƃƈ�ſƽƼ¦ǃŬ�ķƸ�ţǁƽŬ�Â
�ſƼ¦�̧ ǃƼ�Â®�ƃŦ�®ǃż�ţǀſƸţŴ

�°®�Â�ſƽǈ¡�ķƸ�®ǃŴÂ��ƿŦ�©ţơǈţƸ�ķŵǈ°ſŬ�Â�ƿŭƉǀ¡�À®ƃư�®ƃƈ�±¦��ƻǈ°ǃƵŦ�âţǀſƸţŴ�
������Â�²ţƹƴ¦��©¦ƅƵƨ�ſƽƼţƸ��ſƼƃǉĴ�ķƸ�°¦ƃƬ�ÁſƼǃƌ�°¦ƃƱŬ�ƷƝƽƸ�âţǀ�¬ƃƘ�°®�ţǀ�ƷŬ¦�ţǀ�À¡

�ţǀ�ƷŬ¦�Â�ſƽǈ¡�ķƸ�®ǃŴÂ��ƿŦ�©ţơǈţƸ�Ɵǈƃƈ�À®ƃư�®ƃƈ�±¦���»°ǃƸ¡��Ƴıƌ�ķŦ�âţǀſƸţŴ�
������Â�ƿƍǉƌ�ſƽƼţƸ��ſƼ°¦®�°¦ƃƬ�Ʒǀ�°ţƽư�°®�ƷƝƽƸţƼ�°ǃƘ��ƿŦ

�ƃŦ�ſƽƼ¦ǃŬ�ķƸ�Â�ſƼ°¦®�°¦ƃƬ�Ʒǀ�°ţƽư�°®�ƷƝƽƸţƼ�©°ǃƐ�ƿŦ�ţǀ�¾ǃƱƴǃƸ�©ţơǈţƸ�°®��ƟǈţƸ��2
�ſƼƅƥƵŦ�Ʒǀ�âÂ°

�ūƈ¦�ÀţƉıǈ�Â®�ƃǀ�°®�ţǀ�¾ǃıƴǃƸ�ƻǉŦ�ũƵƐţƨ��©¦ſƸţŴ�Â�©ţơǈţƸ�ūǀţŧƌ 
�ūƈ¦�ƃŭƍǉŦ�©ţơǈţƸ�°®�ţǀ�¾ǃıƴǃƸ�ūİƃŸ�â®¦±¡��©¦ſƸţŴ�Â�©ţơǈţƸ�©ÂţƩŬ

�ţǀ�¾ǃƱƴǃƸ�Â�ūƈ¦�®ţǈ±�ţǀ�¾ǃƱƴǃƸ�®ţơŦ¦�ţŦ�ƿƉǈţƭƸ�°®�ţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ũƵƐţƨ�ţǀ±ţĴ�°®��±ţĴ��3
�ſƼǃƌ�ķƸ�ţŴ�ƿŦţŴ�ƷƝƽƸţƼ�Â�Ɵǈƃƈ��ƿƼ¦®¦±¡�©°ǃƐ�ƿŦ

�ţƹƈǑĢ�À¡�ƿŦ�ƿư�ſǈ¡�ķƸ�®ǃŴÂ��ƿŦ�Á®ţƸ�±¦�âſǈſŴ�ūƴţŸ�ǐţŦ�°ţǉƉŦ�âţǀţƸ®�°®��ţƹƈǑĢ��4
�®°¦®�®ǃŴÂ�ţƹƈǑĢ�ķŦţŭǁƸ�âţǀ�ġƸǐ�ũƴǃƴ�ÀÂ°®�Â�ƋŬ¡��ÀţĴ°ţŭƈ�ƻǉŦ�âţƕƨ�ƃŭƍǉŦ�°®��ƷǉǈǃĴ
�ūưƃŸ�Ũſƽǀ®�ÀţƍƼ�ƿư�¦°�§¡�°®�����Â�ƃǀǃŴ�ţǈ�ƃƱƌ�âţǀ�¾ǃƱƴǃƸ�Àſƌ�ƋŽĢ��ƋŽĢ�ŨſǈſĢ

�ƷǉƸţƼ�ķƸ� ƋŽĢ�ŨſǈſĢ �ūƈ¦�ƟǈţƸ�âţǀ�¾ǃƱƴǃƸ�ƷƝƽƸţƼ
�ūƈ¦�ƟǈţƸ�âţǀ�¾ǃƱƴǃƸ�ƷƝƽƸţƼ�Â�â¦�Á°ǃŬţư�ūưƃŸ�ƋŽĢ�ŨſǈſĢ�ūƵƠ
�®ǃƌ�ķƸ�ƋŽĢ�ŨſǈſĢ�ūƠƃƈ�Ƌǈ¦ƅƨ¦�ťŴǃƸ�ţƸ®�Ƌǈ¦ƅƨ¦�

�ſƼ¦�̧ ǃƼ�Â®�ƃŦ�ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ
�ƷǉƸţƼ�ķƸ�ķŧƉĪ�Ʒǀ�âÂƃǉƼ�¦°�Á®ţƸ�įǈ�±¦�ÀţƉƱǈ�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�âÂƃǉƼ��ķŧƉĪ�Ʒǀ�âÂƃǉƼ��1
�ƷǉƸţƼ�ķƸ�ķŧƉĪƃĴ®�âÂƃǉƼ�¦°�ƇƽŴ�ƷǀƃǉƤ�Ũ®ţƸ�Â®�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�âÂƃǉƼ��ķŧƉĪƃĴ®�âÂƃǉƼ��2

ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ�®°ǃƸ�°®�ķǈţǀ�ƿŭƱƼ
�®ǃŦ�ſƽǀ¦ǃż��ƿŦ̄ ţŴ��ķƍǈţŦ°�ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ��ſƼǃƌ�ƃŬ°Â®�ķƽǉơƸ�ſŸ�±¦�ţǀ�¾ǃƱƴǃƸ�ƃĴ¦�
�®ǃŦ�ſƽǀ¦ǃż��ƿơƨ¦®��ķƍƼ¦°�ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ��ſƼǃƌ�ƃŬ�įǈ®ƅƼ�ķƽǉơƸ�ſŸ�±¦�ţǀ�¾ǃƱƴǃƸ�ƃĴ¦�

�ſƽƽư�ķƸ�ƷǉƝƽŬ�¦°�ţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ũƵƐţƨ�ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ�
�ſƽĪ�±¦�ƋǉŦ�ţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ũƵƐţƨ�ƃĴ¦�ķƽơǈ��ſƽŭƉǀ�®ƃŦ�ÁţŬǃư�ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ�

�ſƼǃƌ�ķƸ�ƃƩƐ�ÅţŧǈƃƭŬ�ţǀÂƃǉƼ�ƻǈ¦��ſƼǃƌ�ţǀ�¾ǃƱƴǃƸ�Ũ±¦ſƼ¦�ƃŦ¦ƃŦ
�®ǃƌ�ķƸ�ķƴǃƱƴǃƸ�ƻǉŦ�âÂƃǉƼ�Ƌǀţư�ťŴǃƸ�ţƸ®�Ƌǈ¦ƅƨ¦�
ķƴǃƱƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ�ƿŦ�¶ǃŦƃƸ�âţǀ�ÁſǈſĢ�±¦�ķżƃŦ

�â¦�ƿơƨ¦®�âÂƃǉƼ��ſƼǃƌ�ķƸ�įǈ®ƅƼ�Ʒǀ�ƿŦ�ſŸ�±¦�ƋǉŦ�ţǀ�¾ǃƱƴǃƸ�ķŭƬÂ��©ţơǈţƸ�âƃǈƁĢţƼ�Ʒư¦ƃŬ��1
�®ƃư�Ʒư¦ƃŭƸ�¦°�©ţơǈţƸ�À¦ǃŭƼ�ƿư�®ǃƌ�ķƸ�ťŴǃƸ�¼ţƩŬ¦�ƻǈ¦��®ǃƌ�ķƸ�®ţŵǈ¦�ţǀ�¾ǃƱƴǃƸ�ƻǉŦ
�©ţơǈţƸ�ŷƙƈ�ƃŦ�ſƽƼ¦ǃŬ�ķƸ�����Â�À±ǃƈ��©¦ƃƍŸ�ſƽƼţƸ�įŧƈ�¿ţƉŴ¦��ķŹƙƈ�Ƌƍư��2
�ƻǉŦ �ķŧƉĪ�Ʒǀ �âÂƃǉƼ �À¡ �ūƵƠ �Â �ſƽƸţƼ�ķƸ �ķŹƙƈ�Ƌƍİ �¦° �ÁſǈſĢ �ƻǈ¦ ��ſƼǃƌ �°Âţƽƌ
�ƳƹƠ�Áſǉƍư�ũŭƈǃĢ�įǈ�ſƽƼţƸ�ƟǈţƸ�ŷƙƈ�®ǃƌ�ķƸ�ůƠţŦ�ƿư�ūƈ¦�ƟǈţƸ�ŷƙƈ�âţǀ�¾ǃƱƴǃƸ

�ūƈ¦�ūƵƠ�ƻǉƹǀ�ƿŦ�ƅǉƼ�§¡�©¦ƃƙƬ�Àſƌ�âÂƃư�Â�§ţŧŸ�ƳǉƱƍŬ��ſƽư

éê



�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪƃĴ®�âÂƃǉƼ�ƃĴ¦��®ƅǈ°�ķƸ�ķŹƙƈ�âÂ°�ķơǈţƸ�ķŭƬÂ��ķĴſƼǃƌƃŬ��3
�ƟǈţƸ�âţǀ�¾ǃƱƴǃƸ��ſƌţŦ�ƟǈţƸ�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪ�Ʒǀ�âÂƃǉƼ�±¦�ƃŬ�á°ƅŦ��ŷƙƈ�Â�ƟǈţƸ

�ſƽƽư�ķƸ�ƃŬ�¦°�ŷƙƈ�Â�ſƽŧƉĪ�ķƸ�ŷƙƈ�ƿŦ
�ƟǈţƸ�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪƃĴ®�âÂƃǉƼ�±¦�ƃŭƍǉŦ�ƟǈţƸ�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪ�Ʒǀ�ƃĴ¦�ţƸ¦

�ſƽƽư�ķƹƼ�ƃŬ�¦°�ŷƙƈ�Â�ſƽŧƉĪ�ķƸ�Ʒǀ�ƿŦ�ƟǈţƸ�âţǀ�¾ǃƱƴǃƸ��ſƌţŦ�ŷƙƈ�Â
ƃĴ¦���ķŧƉĪƃĴ®�âÂƃǉƼ� > �ķŧƉĪ�Ʒǀ�âÂƃǉƼ� Þ �ſƽư�ķƸ�ƃŬ�¦°�ŷƙƈ�ƟǈţƸ���ƿƐǑż�°ǃƘ��ƿŦ

�§¡�ƗƈǃŬ�ƅǉƸ�ŷƙƈ�Àſƌ�ƃŬ�
ƃĴ¦���ķŧƉĪƃĴ®�âÂƃǉƼ� < �ķŧƉĪ�Ʒǀ�âÂƃǉƼ� Þ �ſƽư�ķƹƼ�ƃŬ�¦°�ŷƙƈ�ƟǈţƸ �

�ÁǃǉŴ�ƗƈǃŬ�ƅǉƸ�ŷƙƈ�ÀſƍƼ�ƃŬ�
�ķĵƽǉŠǃƸ�ūǉƐţż��4

�§¡�ŷƙƈ��Ʒǉǀ®�°¦ƃƬ�ķŦ¡�»ƃƜ�ÀÂ°®�¦°��ƻǉŠǃƸ�ũƴǃƴ��â¦�ƿƍǉƌ�įǈ°ţŦ�°ţǉƉŦ�âţǀ�ƿƴǃƴ�ƃĴ¦�
�ƿŭƨ°�Âƃƨ�ƿƴǃƴ�°®�§¡�®¦±¡�ŷƙƈ�Â�®ǃŦ�ſǀ¦ǃż�»ƃƜ�°®�§¡�ŷƙƈ�±¦�ƃŬǐţŦ��ƻǉŠǃƸ�âţǀ�ƿƴǃƴ�ÀÂ°®

��ƃǈ±�ƳƱƌ�ƫŦţƙƸ���®ǃŦ�ſǀ¦ǃż��ÂţǗ�

 
�ƻǉŦ�ķŧƉĪ�Ʒǀ�âÂƃǉƼ�±¦�ƿƍǉƌ�Â�§¡�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪƃĴ®�âÂƃǉƼ�ÀǃĪ�
�®Â°�ķƸ�ǐţŦ�ƿƴǃƴ�°®�Â�ſŧƉĪ�ķƸ�À¡�ƿŦ�Â�Á®ƃư�ƃŬ�¦°�ƿƍǉƌ�ŷƙƈ�§¡��ūƈ¦�ƃŭƍǉŦ�§¡�âţǀ�¾ǃƱƴǃƸ

�ƿİ�ſŦţǈ�ķƸ�ƿƸ¦®¦�ķǈţŴ�ţŬ�ƿƴǃƴ�°®�§¡�ƻŭƨ°�ǐţŦ 
�ſƽƈƃŦ�¾®ţơŬ�ƿŦ�ÁſƸ¡�ǐţŦ�§¡�À±Â�ţŦ�ķƴǃıƴǃƸ�ƻǉŦ�âţǀÂƃǉƼ
�ƃŭƍǉŦ�ƿƴǃƴ�ƃƙƬ�ƿĪ�ƃǀ�ƳŧƬ�ũŭıƼ�ƿŦ�ƿŴǃŬ�ţŦ 
�ţŦ�âţǀ�ƿƴǃƴ�°®��®Â°�ķƸ�ǐţŦ�âƃŬ�Ʒİ�¸ţƩŬ°¦�ţŬ�§¡�ſƌţŦ

 ��®ǃƌ�ķƹƼ�ÁſǀţƍƸ�ķĵƽǉŠǃƸ�ūǉƐţż� ÅǑƹƠ�®ţǈ±�ƃƙƬ
�ūǉƐţż�ūƵƠ�ƿŦ�Àţƹŭżţƈ�ķĢ�±¦�ƷƼ�¯ǃƩƼ�Â�âƁƤţİ�¾ţƹŭƈ®�°®�§¡�ƻŭƨ°�ǐţŦ 

�ſǀ®�ķƸ�­°�ķĵƽǉŠǃƸ
�ķĵƽǉŠǃƸ�ƋǈţƸ±¡�°®�ƃĴ¦�
�ÁǃǉŴ�»ƃƜ�ÀÂ°®�¦°�ƻǉŠǃƸ�ũƴǃƴ
�°® �ÁǃǉŴ �ŷƙƈ ��Ʒǉǀ® �°¦ƃƬ
�°®�ÁǃǉŴ�ŷƙƈ�±¦�ƃŬ�ƻǉǈţĢ�ƿƴǃƴ
�®¦±¡�ŷƙƈ�Â�®ǃŦ�ſǀ¦ǃż�»ƃƜ
�ſƌţŦ�ķƸ ��ÞǃǗ� �ÁſƸ¡ƃŦ �ÁǃǉŴ

 ���ƳƱƌ�ƫŧƘ�
�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪƃĴ®�âÂƃǉƼ�±¦�ÁǃǉŴ�âţǀ�¾ǃƱƴǃƸ�ƻǉŦ�ķŧƉĪ�Ʒǀ�âÂƃǉƼ�ÀǃĪ�
�®ǃƌ�ķƸ�Áſǉƍư�ƻǉǈţĢ�ūƹƈ�ƿŦ�Â�ſŧƉĪ�ķƹƼ�ƿƍǉƌ�Ũ°¦ſŴ�ƿŦ�ÁǃǉŴ��ūƈ¦�ƃŭƍǉŦ�ƿƍǉƌ�Â�ÁǃǉŴ

�ƇĢ��ſƽư�ķƸ�®°¦Â�â®ǃƹƠ�ķǈÂƃǉƼ��ūƈ¦�²ţƹŬ�°®�À¡�ţŦ�ƿư�ķŹƙƈ�ƃǀ�ƃŦ�ƻưţƈ�Ũ°ţƌ�ƃǀ
��ƿŦ� P F

A
= ũƙŦ¦°�±¦�À¡�ƃŦ�®°¦Â�°ţƍƨ��®ƃǉĵŦ�°¦ƃƬ�Á°ţƌ�įǈ�°®� A ūŸţƉƸ�ţŦ�ķŹƙƈ�ƃĴ¦

�ūƈ¦� ¾ţıƈţĢ �°ţƍƨ�âţƱǈ�À¡�°®�ƿư�ſǈ¡�ķƸ�ūƈ®
�ūƈ¦�ƟŦƃƸ�ƃŭƸ�ƃŦ�ÀǃŬǃǉƼ�įǈ�ƃŦ¦ƃŦ�¾ţıƈţĢ�ƃǀ 

ţǀ�Á°ţƌ�°®�°ţƍƨ�ũŧƈţŹƸ�ũƙŦ¦°�©ţŧŰ¦�
�Á°ţƌ�±¦�ūƹƉƬ�ƻǈ¦�ƃŦ��ūƈ¦�Áſƌ�ƿŭƨƃĴ�ƃƝƼ�°®�ƻưţƈ�Ũ°ţƌ�įǈ�±¦�ķƍŽŦ�ƃǈ±�ƳƱƌ�°®

�®ǃƌ�ķƸ�®°¦Â�ÂƃǉƼ�ƿƈ
ƻǉǈţĢ�ūƹƈ�ƿŦ� F PA1 1= âÂƃǉƼ�
ǐţŦ�ūƹƈ�ƿŦ� F P A2 2= âÂƃǉƼ�

ƻǉǈţĢ�ūƹƈ�ƿŦ�Á°ţƌ�±¦�ƋŽŦ�ƻǈ¦�À±Â�âÂƃǉƼ�
�ƇĢ��ūƈ¦�¾®ţơŬ�¾ţŸ�°®�Á°ţƌ�±¦�ƋŽŦ�ƻǈ¦�ÀǃĪ

�ķƽơǈ�ſƌţŦ�ƃƩƐ�ſǈţŦ�ţǀÂƃǉƼ�ſƽǈ¦ƃŦ
ƻǉǈţĢ�ūƹƈ�ƿŦ�âţǀÂƃǉƼ� = �ǐţŦ�ūƹƈ�ƿŦ�âţǀÂƃǉƼ
Þ F F mg P A PA mg2 1 2 1= + Þ = +  

 

 P A PA Ah g2 1= + ( )r ��ūƌ¦®�Ʒǉǀ¦ǃż�¼ǃƨ�ũƙŦ¦°�°®� V Ah= Â�m V= r À®¦®�°¦ƃƬ�ţŦ
P P gh2 1= + r ��Ʒǈ°¦®�ƿƙŦ¦°�ƻǉƨƃƘ�±¦� A »ƁŸ�ţŦ�Â
�ƗǉŹƸ�°ţƍƨ� P1 �ƷǈƃǉĵŦ�ƃƝƼ�°®�ƟǈţƸ�ŷƙƈ�¦°� 1 ũƙƭƼ�Áſƌ�©ţŧŰ¦�ũƙŦ¦°�°®�ƃĴ¦ 
�ƟǈţƸ�±¦�ƿƙƭƼ�ƃǀ�°®�Ƴİ�°ţƍƨ�ƇĢ��Ʒǉǀ®�ķƸ�ƋǈţƹƼ� P0 ţŦ�¦°�À¡�ƿİ�ūƈ¦�ƟǈţƸ�ŷƙƈ�°®
�ũƙƭƼ�ƫƹƠ�h �Á°ţƌ�ķƴţĵĪ� rr ��À¡�°®�ƿİ�ſǈ¡�ķƸ�ūƈ®��ƿŦ� P gh P== ++rr 0 �ũƙŦ¦°�±¦

.ūƈ¦�ƟǈţƸ�ŷƙƈ�°®�ƗǉŹƸ�°ţƍƨ� P0 Â�ƃƝƼ�®°ǃƸ
�ƃŦ�ÁÂǑƠ�Á°ţƌ�įǈ�±¦�ƿƙƭƼ�ƃǀ�°®�°ţƍƨ�ƿİ�ƷǉŦţǈ�ķƸ°®�ÁſƸ¡�ūƈ®�ƿŦ�ũƙŦ¦°�±¦�
�Àǃīƹǀ�ķƵƸ¦ǃƠ�ƿŦ�Â�®°¦®�ķĵŭƉŦ�ƃƝƼ�®°ǃƸ�ũƙƭƼ�ƫƹƠ�Â�Á°ţƌ�ķƴţĵĪ�ƿŦ�ţǁƽŬ�ƗǉŹƸ�°ţƍƨ
�®°¦ſƼ�ķĵŭƉŦ�Á°ţƌ�°¦ſƭƸ�ţǈ�Â�®°¦®�°¦ƃƬ�À¡�°®�Á°ţƌ�ƿİ�ķƨƃƜ�ƟƙƭƸ�ŷƙƈ�ţǈ�Ƴıƌ

��ſƌţŦ�ÁſƸ¡°®�¾®ţơŬ�¾ţŸ�ƿŦ�ƿư�ƻǉơƸ�Ũ°ţƌ�įǈ�°®��±¦ƃŬ�Ʒǀ�¶ţƭƼ�°®�°ţƍƨ�âƃŦ¦ƃŦ�ƳƐ¦
�ſƼ°¦®�ÀţƉƱǈ�âţǀ°ţƍƨ��ſƼ°¦®�°¦ƃƬ�ķƭƨ¦�ŷƙƈ�įǈ�âÂ°�ƿư�ķƘţƭƼ��±¦ƃŬ�Ʒǀ�¶ţƭƼ�¿ţƹŬ
� 1 5

3/ /g cm ķƴţĵĪ�ƿŦ�ķơǈţƸ�ƃŭƸ�ç�®ţơŦ¦�ƿŦ�ƳƱƌ�ťơƱƸ�»ƃƜ�įǈ�°®�
(g / )� 9 8

N
kg �Ʒǈ¦�ƿŭŽǈ°

�ſǉƽư�ƿŧƈţŹƸ�»ƃƜ�Ƨư�°®�¦°�ƟǈţƸ�±¦�ƳƐţŸ�°ţƍƨ�
�ſǉƽư�ƿŧƈţŹƸ�ſƽư�ķƸ�®°¦Â�»ƃƜ�Ƨư�ƃŦ�ƟǈţƸ�ƿư�¦°�ķǈÂƃǉƼ�

�ƳƐţŸ�°ţƍƨ��Ʒǉƽư�ƃĢ�ƟǈţƸ�Àţƹǀ�±¦�¦°�À¡�Â�Á®ƃư�ƃŦ¦ƃŦ�Â®�¦°�»ƃƜ�®ţơŦ¦�ũƹǀ�ƃĴ¦�
�°ǃƘ�ƿĪ�»ƃƜ�Ƨư�ƃŦ�®°¦Â�âÂƃǉƼ��®ǃƌ�ķƸ�ƃŦ¦ƃŦ�ſƽĪ�»ƃƜ�Ƨư�°®�ƟǈţƸ�±¦

��ſǉƽư�ƿŧƈţŹƸ�¦°�»ƃƜ�Ƨư�°®�Ƴư�°ţƍƨ��ſƌţŦ� 9 9 10
4/ ´́ Pa ƗǉŹƸ�°ţƍƨ�ƃĴ¦�

�°ţƍƨ�ţŦ�¦°�ƗǉŹƸ�°ţƍƨ��ūƈ¦�Áſƌ�ƿŭƈ¦ǃż�ƟǈţƸ�±¦�ƳƐţŸ�°ţƍƨ�Ɨƭƨ�ÀǃĪ�  
�ķƽơǈ��Ʒǉƽư�ķƹƼ�ƟƹŴ�ƟǈţƸ

 P gh P= Þ = ´ ´ ´r ( / kg/ m ) ( / N/ kg) ( m)1 5 10 9 8 23 3 = ´2 9 104/ Pa  
�ūƈ¦�»ƃƜ�Ƨư�ūŸţƉƸ�°®��§ƃƔ�°ţƍƨ�ƃŦ¦ƃŦ��»ƃƜ�Ƨư�ƃŦ�®°¦Â�âÂƃǉƼ�

F P A Pa m N= ´ = ´ ´ ´ ´( / ) ( )2 9 10 2 2 12 104 2 4�  
�ƫƹƠ�ƿŦ�Ɨƭƨ�°ţƍƨ�¦ƃǈ±��®ǃƌ�ķƸ�ƃŦ¦ƃŦ� 2 ƅǉƼ�°ţƍƨ��®ǃƌ�ƃŦ¦ƃŦ� 2»ƃƜ�®ţơŦ¦�ũƹǀ�ƃĴ¦�
�®ǃƌ�ķƸ�ƃŦ¦ƃŦ� 2 ƅǉƼ�°ţƍƨ��®ǃƌ�ķƸ�ƃŦ¦ƃŦ�� 2 �¸ţƩŬ°¦�ÀǃĪ�Â�®°¦®�ķĵŭƉŦ�»ƃƜ�ÀÂ°®�ƟǈţƸ
��»ƃƜ�Ƨư�ƃŦ�®°¦Â�âÂƃǉƼ�ţƸ¦��®°¦ſƼ�°ţƍƨ�°®�âƃǉŰřŬ�»ƃƜ�Ƨư�ūŸţƉƸ�Àſƌ�ƃŦ¦ƃŦ� 4 Â
�Àſƌ�ƃŦ¦ƃŦ� 4 Â�°ţƍƨ�Àſƌ�ƃŦ¦ƃŦ� 2 ţŦ��ūƈ¦�»ƃƜ�Ƨư�ūŸţƉƸ�°®�°ţƍƨ�§ƃƔ�ƳƐţŸ�ÀǃĪ

�®ǃƌ�ķƸ�ƃŦ¦ƃŦ� 8 �»ƃƜ�Ƨư�ūŸţƉƸ
��ţŦ�ūƈ¦�ƃŦ¦ƃŦ�»ƃƜ�Ƨư�°®�Ƴư�°ţƍƨ�

P gh P Pa Pa Pa= + = ´ + ´ = ´r 0 2 9 10 9 9 10 12 8 104 4 4( / ) ( / ) /  
�ūƈ°®�¾®ţơŬ �¾ţŸ�°®�Â �ƻİţƈ�âţǀ�Á°ţƌ�ũǉƵİ�â¦ƃŦ � P gh P== ++rr 0 ũƙŦ¦°  

�®ƃŦ�°ţİ��ƿŦ�ƅǉƼ�ţǀ±ţĴ�â¦ƃŦ�¦°�À¡�À¦ǃŬ�ķƸ�ƇĢ��ūƈ¦
�°ţƍƨ�»Ǒŭż¦��ſƌţŦ� Dh �Á°ţƌ�įǈ�±¦�ƿƙƭƼ�Â®��¸ţƩŬ°¦�ţǈ��ƫƹƠ�»Ǒŭż¦�ƃĴ¦ 

�ſǈ¡�ķƸ�ūƈ®��ƿŦ� D DP g h== rr �ũƙŦ¦°�±¦�ƿƙƭƼ�Â®�À¡
�¸ţƩŬ°¦ ��ƷǈƃǉĵŦ �ƃƝƼ �°® � 1 3kg m/ ƃŦ¦ƃŦ �Â �ūŦţŰ �¦° �¦ǃǀ �ķƴţĵĪ �ƃĴ¦ �
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�²ǃŧŹƸ�ƟŦƃƸ�ƃŭƸ�ķŭƼţƈ�çê�ƟƙƭƸ�ūŸţƉƸ�Â�ÀǃŬǃǉƼ �æåå�À±Â�ƿŦ �ķƼǃŭƉǉĢ�ƗƈǃŬ
��A ũƙƭƼ��ÀǃŭƉǉĢ�ƃǈ±�°®�°ţƍƨ��Ʒǉƽư�µƃƨ�¾ţƱƈţĢ� 105 ¦°�¦ǃǀ�°ţƍƨ�ƃĴ¦��ūƈ¦�Áſƌ
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