
+ëࡷĆĮ ࡇߟߢߡߠ �ƚżɾʕɟƚ ߥߝ
+ȩȘʲȩȀʕɾǞȩȘŏȀ �ƚʕɟŏȀ �ƚɾʶȩɟǺɯ

�ĮĆ ÷ŏȘƇȩȘ ëżǕȩȩȀ ȩǀ CȘǃǞȘƚƚɟǞȘǃࡈ Úɟȩǀࡏ +ǕɟǞɯɾȩɔǕƚɟ �ʕɯżȩ

ߝ



̐Ύϟξχ̥ ͱΎ͇͖χϑ͖̐χ

ࡄ v ʶǞȀȀ ųƚ ɟƚʲǞƚʶǞȘǃ ɔɟȩǲƚżɾ ɔɟȩɔȩɯŏȀɯ ȩʲƚɟ ɾǕƚ Șƚʾɾ ǀƚʶ
Ƈŏʿɯࡏ vǀ ʿȩʕ ȘƚƚƇ ǀƚƚƇųŏżǺ ɯȩȩȘƚɟࡈ ɔȀƚŏɯƚ ƚȒŏǞȀ
ɯƚɔŏɟŏɾƚȀʿ ɾȩ ɯƚɾ ʕɔ ŏ ȒƚƚɾǞȘǃࡈ ȩɟ ɯɾȩɔ ųʿ ȩǀ˙żƚ Ǖȩʕɟɯࡏ

ࡄ ĦɟǞɾɾƚȘ mȩȒƚʶȩɟǺ ߠ Ƈʕƚ Șƚʾɾ �ȩȘƇŏʿࡏ
ࡄ ĦȩɟǺ ɾǕɟȩʕǃǕ ��ÈÐϡ�ÐÉúÐÂïê°ÐÉãϙ°ÜāÉࡈ� Șȩʶ ȩȘ
żȩʕɟɯƚ ʶƚųɯǞɾƚࡏ

ߞ



̐Ύ;ϻΎͱϟϑ͖Ύ;˨ͱ ̥͂˨ϑϟξ̥ ̥Ѕϑξ˨̐ϑ͖Ύ;

�ŏɯɾ Ȁƚżɾʕɟƚࡇ +ȩȘʲȩȀʕɾǞȩȘ ǞȘ ࡈߝ ࡈߞ ŏȘƇ 4ߟ Ǟɯ ŏ ɔȩʶƚɟǀʕȀ ǃƚȘƚɟǞż
ɾȩȩȀ ǀȩɟ ƇƚɯǞǃȘǞȘǃ ȘŏɾʕɟŏȀ ǀƚŏɾʕɟƚ ɾɟŏȘɯǀȩɟȒŏɾǞȩȘɯ ǀȩɟ
ɾǞȒƚࡷɯƚɟǞƚɯ Ƈŏɾŏࡈ ŏʕƇǞȩ Ƈŏɾŏࡈ ȩɟ ǞȒŏǃƚɯࡏ
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̙ߞ ̐Ύ;ϻΎͱϟϑ͖Ύ;
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˨θθͱ͖̐˨ϑ͖Ύ; ࡇߝ χͻΎΎϑ͖͑;͇

� ʕȘǞǀȩɟȒ ȩɟ bŏʕɯɯǞŏȘ ˙Ȁɾƚɟ żŏȘ ųƚ ʕɯƚƇ ɾȩ ɯȒȩȩɾǕ ǞȘɔʕɾ Ƈŏɾŏࡇ

ߡ



˨θθͱ͖̐˨ϑ͖Ύ; ࡇߞ θ˨ϑϑ̥ξ; ͻ˨ϑ͖̐͑;͇

+ȩȘʲȩȀʕɾǞȩȘ żŏȘ ųƚ ʕɯƚƇ ɾȩ ˙ȘƇ ȀȩżŏȀ ɔŏɾɾƚɟȘɯ ǞȘ ǞȒŏǃƚɯࡇ
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χ͖̙̥ ;Ύϑ̥

bȩȩƇ ɛʕƚɯɾǞȩȘ ǀɟȩȒ ÚǞŏˌˌŏࡇ ĦȩȘ࢈ɾ ɾǕǞɯ ˙Ȁɾƚɟ ʿǞƚȀƇ Ȁȩɾɯ ȩǀ ǀŏȀɯƚ
ɔȩɯǞɾǞʲƚɯࡐ
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χ͖̙̥ ;Ύϑ̥

ÚȩɯɯǞųȀƚ ˙ʾ ɾǕŏɾ ƇȩƚɯȘ࢈ɾ ɟƚɛʕǞɟƚ ǞȒŏǃƚ ȘȩɟȒŏȀǞˌŏɾǞȩȘࡇ

ߤ

!



˨θθͱ͖̐˨ϑ͖Ύ;χ Ύ͂ ̐Ύ;ϻΎͱϟϑ͖Ύ;

�ɔɔȀǞżŏɾǞȩȘ ࡇߟ CƇǃƚ ƇƚɾƚżɾǞȩȘࡏ

+ȩȘɯǞƇƚɟ ŏ 4ߞ ƚƇǃƚ ƇƚɾƚżɾǞȩȘ ˙Ȁɾƚɟࡇ
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˨θθͱ͖̐˨ϑ͖Ύ;χ Ύ͂ ̐Ύ;ϻΎͱϟϑ͖Ύ;

ëȩųƚȀ ˙Ȁɾƚɟ Ǟɯ Ȓȩɟƚ żȩȒȒȩȘȀʿ ʕɯƚƇࡇ
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̙͖ξ̥̐ϑ͖Ύ;˨ͱ ̥̙͇̥ ̙̥ϑ̥̐ϑ͖Ύ;

+ŏȘ Ƈƚ˙Șƚ ƚƇǃƚ ƇƚɾƚżɾǞȩȘ ˙Ȁɾƚɟɯ ǀȩɟ ŏȘʿ ȩɟǞƚȘɾŏɾǞȩȘࡏ

ߝߝ
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̥̙͇̥ ̙̥ϑ̥̐ϑ͖Ύ;

mȩʶ ʶȩʕȀƇ ƚƇǃƚ ƇƚɾƚżɾǞȩȘ ŏɯ ŏ ǀƚŏɾʕɟƚ ƚʾɾɟŏżɾȩɟ ǕƚȀɔ ʿȩʕ
żȀŏɯɯǞǀʿ ǞȒŏǃƚɯ ȩǀ żǞɾʿࡷɯżŏɔƚɯ ʲɯࡏ ǞȒŏǃƚɯ ȩǀ ȀŏȘƇɯżŏɔƚɯࡐ

ߞߝ



̥̙͇̥ ̙̥ϑ̥̐ϑ͖Ύ;

È��É(v*) = ߤߜߝ. ʲɯࡏ È��É(v�) = ߟߞߝ.

÷Ǖƚ ǞȒŏǃƚ ʶǞɾǕ ǕǞǃǕƚɯɾ ʲƚɟɾǞżŏȀ ƚƇǃƚ ɟƚɯɔȩȘɯƚ ǞɯȘ࢈ɾ ɾǕƚ żǞɾʿࡷɯżŏɔƚࡏ
ߟߝ
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̥̙͇̥ ̙̥ϑ̥̐ϑ͖Ύ; ࣹ θ˨ϑϑ̥ξ; ͻ˨ϑ͖̐͑;͇

_ƚƚƇ ƚƇǃƚ ƇƚɾƚżɾǞȩȘ ɟƚɯʕȀɾ ǞȘɾȩ ɔŏɾɾƚɟȘ ȒŏɾżǕƚɟ ɾǕŏɾ ȀȩȩǺɯ ǀȩɟ
ȀȩȘǃ ʲƚɟɾǞżŏȀ ȀǞȘƚɯࡏ

ߠߝ
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͖̥͑ξ˨ξ͖̐͑̐˨ͱ ̐Ύ;ϻΎͱϟϑ͖Ύ;˨ͱ ̥͂˨ϑϟξ̥χ

È��É(ģ*) = ߞߢߜ. ʲɯࡏ È��É(ģ�) = ߠߡߜ.

È��É(ģ* · ģ*) = ߞߠߜ. ʲɯࡏ È��É(ģ� · ģ�) = ߤߝߜ.

÷Ǖƚ ǞȒŏǃƚ ʶǞɾǕ ǕǞǃǕƚɯɾ ŏʲƚɟŏǃƚ ɟƚɯɔȩȘɯƚ ɾȩ ƚƇǃƚ Ƈƚɾƚżɾȩɟ ࣹ
ʲƚɟɾǞżŏȀ ɔŏɾɾƚɟȘ Ǟɯ ɾǕƚ żǞɾʿ ɯżŏɔƚࡏ

ȒƚŏȘ(ģ) Ǟɯ ŏȘ ƚʾɾɟŏżɾƚƇ ɯżŏȀŏɟ ǀƚŏɾʕɟƚ ʶǕǞżǕ żȩʕȀƇ ųƚ ʕɯƚƇ ǀȩɟ
żȀŏɯɯǞǀʿǞȘǃ żǞɾʿɯżŏɔƚɯ ǀɟȩȒ ȀŏȘƇɯżŏɔƚɯ ʕɯǞȘǃ ŏ ȀǞȘƚŏɟ żȀŏɯɯǞ˙ƚɟࡏ

ߡߝ

•
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͖̥͑ξ˨ξ͖̐͑̐˨ͱ ̐Ύ;ϻΎͱϟϑ͖Ύ;˨ͱ ̥͂˨ϑϟξ̥χ

mǞƚɟŏɟżǕǞżŏȀ żȩȒųǞȘŏɾǞȩȘɯ ȩǀ ɯǞȒɔȀƚ żȩȘʲȩȀʕɾǞȩȘ ˙Ȁɾƚɟɯ ŏɟƚ
ʲƚɟʿ ɔȩʶƚɟǀʕȀ ǀȩɟ ʕȘƇƚɟɯɾŏȘƇǞȘǃ ǞȒŏǃƚɯࡏ

vȘ ɔŏɟɾǞżʕȀŏɟࡈ ƚƇǃƚ ƇƚɾƚżɾǞȩȘ ɯƚƚȒɯ ȀǞǺƚ ŏ żɟǞɾǞżŏȀ ˙ɟɯɾ ɯɾƚɔࡏ

�ȩɾɯ ȩǀ ƚʲǞƇƚȘżƚ ǀɟȩȒ ųǞȩȀȩǃ ʿࡏ

ߢߝ



ϻ͖χϟ˨ͱ χІχϑ̥ͻ

�ǞǃǕɾ żȩȒƚɯ ǞȘɾȩ ɾǕƚ ƚʿƚ ɾǕɟȩʕǃǕ ɾǕƚ ȀƚȘɯ ŏȘƇ Ǟɯ ƇƚɾƚżɾƚƇ ųʿ ŏȘ
ŏɟɟŏʿ ȩǀ ɔǕȩɾȩɯƚȘɯǞɾǞʲƚ żƚȀȀɯ ǞȘ ɾǕƚ ɟƚɾǞȘŏࡏ

áȩƇ żƚȀȀɯ ŏɟƚ ɯƚȘɯǞɾǞʲƚ ɾȩ ŏȀȀ ȀǞǃǕɾࡈ Ȁŏɟǃƚɟ żȩȘƚ żƚȀȀɯ ŏɟƚ ɯƚȘɯǞɾǞʲƚ ɾȩ
ɯɔƚżǞ˙ż żȩȀȩɟɯࡏ Ħƚ Ǖŏʲƚ ɾǕɟƚƚ ɾʿɔƚɯ ȩǀ żȩȘƚɯࡇ

ߣߝ

Meteor

olighti s = 3 o ,o o
# o

O

-

B G B



ϻ͖χϟ˨ͱ χІχϑ̥ͻ

ëǞǃȘŏȀ ɔŏɯɯƚɯ ǀɟȩȒ ɾǕƚ ɟƚɾǞȘŏ ɾȩ ɾǕƚ ɔɟǞȒŏɟʿ ߝģ ʲǞɯʕŏȀ żȩɟɾƚʾࡈ ʶǕǞżǕ
Ǖŏɯ ȘƚʕɟȩȘɯ ɾǕŏɾ żȩȘȘƚżɾ ɾȩ ǕǞǃǕƚɟ ȀƚʲƚȀ ɔŏɟɾɯ ȩǀ ɾǕƚ ųɟŏǞȘࡏ

ĦǕŏɾ ɯȩɟɾ ȩǀ ɔɟȩżƚɯɯǞȘǃ ǕŏɔɔƚȘɯ ǞȘ ɾǕƚ ɔɟǞȒŏɟʿ żȩɟɾƚʾࡐ

�ȩɾɯ ȩǀ ƚƇǃƚ ƇƚɾƚżɾǞȩȘࡋ
ߤߝ

u



̥̙͇̥ ̙̥ϑ̥̐ϑΎξχ ͖; ̐˨ϑχ

mʕųƚɟ ࣹ ĦǞƚɯƚȀࡈ ࡇߥߡߥߝ áƚżƚɔɾǞʲƚࢅ ˙ƚȀƇɯ ȩǀ ɯǞȘǃȀƚ ȘƚʕɟȩȘƚɯ ǞȘ ɾǕƚ żŏɾ࢈ɯ
ɯɾɟǞŏɾƚ żȩɟɾƚʾࢆࡏ ĦȩȘ �ȩųƚȀ ɔɟǞˌƚ ǞȘ ࡏߝߤߥߝ

4ǞǀǀƚɟƚȘɾ ȘƚʕɟȩȘɯ ˙ɟƚ ʶǕƚȘ ɾǕƚ żŏɾ Ǟɯ ɔɟƚɯƚȘɾƚƇ ʶǞɾǕ ɯɾǞȒʕȀǞ ŏɾ
ƇǞǀǀƚɟƚȘɾ ŏȘǃȀƚɯࡏ +ȩȩȀ ʲǞƇƚȩ ŏɾ
êêÜãϓϟϟûûûϙāÐïêï��ϙ�ÐÈϟû�ê�ϚúиH$Āq§97Þw΅ࡏ�
ĦǕŏɾࢆ ɾǕƚ _ɟȩǃ࢈ɯ Cʿƚ ÷ƚȀȀɯ ɾǕƚ _ɟȩǃ࢈ɯ $ɟŏǞȘࡈࢆ �ƚɾɾʲǞȘ ƚɾ ŏȀࡏ ࡏߥߡߥߝ _ȩʕȘƇ
ƚʾɔȀǞżǞɾ ƚƇǃƚ ƇƚɾƚżɾǞȩȘ żǞɟżʕǞɾɯ ǞȘ ŏ ǀɟȩǃɯ ʲǞɯʕŏȀ żȩɟɾƚʾࡏ

ߥߝ

17¥

https://www.youtube.com/watch?v=OGxVfKJqX5E


̥Ѕθͱ͖͖̐ϑ ̥͂˨ϑϟξ̥ ̥;͇͖;̥̥ξ͖;͇

ëɾŏɾƚ ȩǀ ɾǕƚ ŏɟɾ ʕȘɾǞȀ ∼ ߜߝ ʿƚŏɟɯ ŏǃȩࡇ

ࡄ +ȩȘʲȩȀʲƚ ǞȒŏǃƚ ʶǞɾǕ ƚƇǃƚ ƇƚɾƚżɾǞȩȘ ˙Ȁɾƚɟɯ ŏɾ ȒŏȘʿ
ƇǞǀǀƚɟƚȘɾ ŏȘǃȀƚɯࡏ

ࡄ mŏȘƇ ƚȘǃǞȘƚƚɟ ǀƚŏɾʕɟƚɯ ųŏɯƚƇ ȩȘ ɾǕƚ ɟƚɯɔȩȘɯƚɯࡏ
ࡄ ëv_÷ ŏȘƇ m°b ǀƚŏɾʕɟƚɯ ʶƚɟƚ ƚɯɔƚżǞŏȀȀʿ ɔȩɔʕȀŏɟࡏ

ߜߞ

o



̐Ύ;ϻΎͱϟϑ͖Ύ;˨ͱ ;̥ϟξ˨ͱ ;̥ϑϾΎξͬχ

�ƚʕɟŏȀ ȘƚɾʶȩɟǺ ŏɔɔɟȩŏżǕࡇ �ƚŏɟȘ ɾǕƚ ɔŏɟŏȒƚɾƚɟɯ ȩǀ ɾǕƚ żȩȘʲȩȀʕɾǞȩȘ
˙Ȁɾƚɟɯ ųŏɯƚƇ ȩȘ ɾɟŏǞȘǞȘǃ Ƈŏɾŏࡏ

_Ǟɟɯɾ żȩȘʲȩȀʕɾǞȩȘŏȀ Ȁŏʿƚɟ ǞȘʲȩȀʲƚɯ ȗߝ żȩȘʲȩȀʕɾǞȩȘ ˙Ȁɾƚɟɯ Ħߝ, . . . ,Ħȗࡏߝ
CŏżǕ Ǟɯ ɯȒŏȀȀࡈ ƚࡏǃࡏ ×ߡ ࡏߡ Cʲƚɟʿ ƚȘɾɟʿ ǞȘ Ħǝ Ǟɯ ŏ ǀɟƚƚ ɔŏɟŏȒƚɾƚɟࡇ
∼ ߡߞ · ȗߝ ɔŏɟŏȒƚɾƚɟɯ ɾȩ ȀƚŏɟȘࡏ

ÚɟȩƇʕżƚɯ ȗߝ ȒŏɾɟǞżƚɯ ȩǀ ǕǞƇƇƚȘ ʲŏɟǞŏųȀƚɯࡇ Ǟࡏƚࡏ ŏ ɾƚȘɯȩɟ ʶǞɾǕ ƇƚɔɾǕ ȗࡏߝ

ߝߞ

i±÷÷
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̐Ύ;ϻΎͱϟϑ͖Ύ;˨ͱ ;̥ϟξ˨ͱ ;̥ϑϾΎξͬχ

� ǀʕȀȀʿ żȩȘȘƚżɾƚƇ Ȁŏʿƚɟ ɾǕŏɾ ƚʾɾɟŏżɾɯ ɾǕƚ ɯŏȒƚ ǀƚŏɾʕɟƚ ʶȩʕȀƇ ɟƚɛʕǞɟƚ
ߤߞ) · ߤߞ · ߠߞ · (ߠߞ · ȗߝ = ,ߝߡߠ ߠߤߡ · ȗߝ ɔŏɟŏȒƚɾƚɟɯࡏ

$ʿ ųŏǺǞȘǃࢅ ǞȘࢆ ǺȘȩʶȀƚƇǃƚ ŏųȩʕɾ ʶǕŏɾ ɾʿɔƚ ȩǀ ǀƚŏɾʕɟƚɯ Ȓŏɾɾƚɟࡈ ʶƚ
ǃɟƚŏɾȀʿ ɯǞȒɔȀʿ ɾǕƚ ȘƚɾʶȩɟǺࡏ

CŏżǕ ȩǀ ɾǕƚ ȗߝ ȩʕɔʕɾɯ Ǟɯ ɾʿɔǞżŏȀȀʿ ɔɟȩżƚɯɯƚƇ ʶǞɾǕ ŏ ȘȩȘࡷȀǞȘƚŏɟǞɾʿࡏ
�ȩɯɾ żȩȒȒȩȘȀʿ ŏ áƚżɾǞ˙ƚƇ �ǞȘƚŏɟ ĆȘǞɾʿ ࡇáƚ�Ć ʺ = Ȓŏʾ(¯̋, ࡏ(ߜ

ߞߞ

N o r
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θΎΎͱ͖;͇ ˨;̙ ̙ΎϾ;χ˨ͻθͱ͖;͇

+ȩȘʲȩȀʕɾǞȩȘ ࣹ ȘȩȘࡷȀǞȘƚŏɟǞɾʿ ŏɟƚ ɾʿɔǞżŏȀȀʿ ǀȩȀȀȩʶƚƇ ųʿ ŏ Ȁŏʿƚɟ
ʶǕǞżǕ ɔƚɟǀȩɟȒɯ ɔȩȩȀǞȘǃ ࣹ ƇȩʶȘࡷɯŏȒɔȀǞȘǃࡏ

�ȩɯɾ żȩȒȒȩȘ ŏɔɔɟȩŏżǕ Ǟɯ ȒŏʾࡷɔȩȩȀǞȘǃࡏ

ߟߞ

-

D D

-



θΎΎͱ͖;͇ ˨;̙ ̙ΎϾ;χ˨ͻθͱ͖;͇

+ȩȘʲȩȀʕɾǞȩȘ ࣹ ȘȩȘࡷȀǞȘƚŏɟǞɾʿ ŏɟƚ ɾʿɔǞżŏȀȀʿ ǀȩȀȀȩʶƚƇ ųʿ ŏ Ȁŏʿƚɟ
ʶǕǞżǕ ɔƚɟǀȩɟȒɯ ɔȩȩȀǞȘǃ ࣹ ƇȩʶȘࡷɯŏȒɔȀǞȘǃࡏ

�ȩɯɾ żȩȒȒȩȘ ŏɔɔɟȩŏżǕ Ǟɯ ȒŏʾࡷɔȩȩȀǞȘǃࡏ

ߠߞ



θΎΎͱ͖;͇ ˨;̙ ̙ΎϾ;χ˨ͻθͱ͖;͇

ࡄ áƚƇʕżƚɯ ȘʕȒųƚɟ ȩǀ ʲŏɟǞŏųȀƚɯࡈ
ǕƚȀɔɯ ɔɟƚʲƚȘɾ ȩʲƚɟࡷ˙ɾɾǞȘǃ
ŏȘƇ ɯɔƚƚƇ ʕɔ ɾɟŏǞȘǞȘǃࡏ

ࡄ mƚȀɔɯ ࢆɯȒȩȩɾǕࢅ ɟƚɯʕȀɾ ȩǀ
żȩȘʲȩȀʕɾǞȩȘŏȀ ˙Ȁɾƚɟɯࡏ

ࡄ vȒɔɟȩʲƚɯ ɯǕǞǀɾࡷǞȘʲŏɟǞŏȘżƚࡏ

ߡߞ

¥ 0 3

%



θΎΎͱ͖;͇ ˨;̙ ̙ΎϾ;χ˨ͻθͱ͖;͇

�ŏȘʿ ɔȩɯɯǞųȀƚ ʲŏɟǞŏɾǞȩȘɯ ȩȘ ɯɾŏȘƇŏɟƇ ߞʾߞ ȒŏʾࡷɔȩȩȀǞȘǃࡏ

ߢߞ



Ύϻ̥ξ˨ͱͱ ;̥ϑϾΎξͬ ˨ξ͖̐͑ϑ̥̐ϑϟξ̥

CŏżǕ Ȁŏʿƚɟ żȩȘɾŏǞȘɯ ŏ 4ߟ ɾƚȘɯȩɟ ȩǀ ʲŏɟǞŏųȀƚɯࡏ �ŏɯɾ ǀƚʶ Ȁŏʿƚɟɯ
ŏɟƚ ɯɾŏȘƇŏɟƇ ǀʕȀȀʿ żȩȘȘƚżɾƚƇ Ȁŏʿƚɟɯࡏ

ߣߞ
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ϟ;̙̥ξχϑ˨;̙͖;͇ ͱ˨І̥ξχ

ĦǕŏɾ ɾʿɔƚ ȩǀ żȩȘʲȩȀʕɾǞȩȘŏȀ ˙Ȁɾƚɟɯ Ƈȩ ʶƚ ȀƚŏɟȘ ǀɟȩȒ ǃɟŏƇǞƚȘɾ
ƇƚɯżƚȘɾࡐ �ȩɾɯ ȩǀ ƚƇǃƚ Ƈƚɾƚżɾȩɟɯ ǞȘ ɾǕƚ ˙ɟɯɾ Ȁŏʿƚɟࡋ

°ɾǕƚɟ Ȁŏʿƚɟɯ ŏɟƚ ǕŏɟƇƚɟ ɾȩ ʕȘƇƚɟɯɾŏȘƇࡏࡏࡏ ųʕɾ ɾǕƚ ǕʿɔȩɾǕƚɯǞɯ Ǟɯ ɾǕŏɾ
ǕǞƇƇƚȘ ʲŏɟǞŏųȀƚɯ Ȁŏɾƚɟ ǞȘ ɾǕƚ ȘƚɾʶȩɟǺ ƚȘżȩƇƚ ǀȩɟ ǕǞǃǕƚɟࢅ ȀƚʲƚȀ
ǀƚŏɾʕɟƚɯࡇࢆ

ߤߞ
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ϟ;̙̥ξχϑ˨;̙͖;͇ ͱ˨І̥ξχ

÷ƚżǕȘǞɛʕƚ ɾȩ ɔɟȩųƚ Ȁŏɾƚɟ ȘƚʕɟȩȘɯࡇ Ćɯƚ ȩɔɾǞȒǞˌŏɾǞȩȘ ɾȩ ˙ȘƇ ǞȒŏǃƚɯ
ɾǕŏɾ Ȓȩɯɾ ɯɾɟȩȘǃȀʿ ࢆŏżɾǞʲŏɾƚࢅ ŏ ǃǞʲƚȘ ȘƚʕɟȩȘ Ƈƚƚɔ ǞȘ ɾǕƚ ȘƚɾʶȩɟǺࡏ

ĆȘƇƚɟɯɾŏȘƇǞȘǃࢅ �ƚʕɟŏȀ �ƚɾʶȩɟǺɯ ÷ǕɟȩʕǃǕ 4ƚƚɔ ģǞɯʕŏȀǞˌŏɾǞȩȘࡈࢆ ĮȩɯǞȘɯǺǞ ƚɾ ŏȀࡏ
ߥߞ

GO

#



ϑξ͖̐ͬχ Ύ͂ ϑ̥͑ ϑξ˨̙̥

$ƚʿȩȘƇ ɾƚżǕǞȘɛʕƚɯ ƇǞɯżʕɯɯƚƇ ǀȩɟ ǃƚȘƚɟŏȀ ȘƚʕɟŏȀ Șƚɾɯ ࡈɔɟȩɔࡷųŏżǺ
ųŏɾżǕ ǃɟŏƇǞƚȘɾ ƇƚɯżƚȘɾࡈ ŏƇŏɔɾǞʲƚ ȀƚŏɟȘǞȘǃ ɟŏɾƚɯ ɾɟŏǞȘǞȘǃ
żȩȘʲȩȀʕɾǞȩȘŏȀ ȘƚɾʶȩɟǺɯ ɟƚɛʕǞɟƚɯ ŏ Ȁȩɾ ȩǀ ࡏࢆɾɟǞżǺɯࢅ

ࡄ $ŏɾżǕ ȘȩɟȒŏȀǞˌŏɾǞȩȘ ŏżżƚȀƚɟŏɾƚ ɾɟŏǞȘǞȘǃࡏ

ࡄ 4ɟȩɔȩʕɾ ɔɟƚʲƚȘɾ ȩʲƚɟࡷ˙ɾɾǞȘǃ

ࡄ áƚɯǞƇʕŏȀ żȩȘȘƚżɾǞȩȘɯ ŏżżƚȀƚɟŏɾƚ ɾɟŏǞȘǞȘǃࡈ ŏȀȀȩʶ ǀȩɟ Ȓȩɟƚ ƇƚɔɾǕ
ࡵ ɯߜߜߝ ȩǀ Ȁŏʿƚɟɯࡏ

�ȘƇ żȩȘʲȩȀʕɾǞȩȘŏȀ ȘƚɾʶȩɟǺɯ ɟƚɛʕǞɟƚ Ȁȩɾɯ ȩǀ ɾɟŏǞȘǞȘǃ Ƈŏɾŏࡏ

ߜߟ



ϑξ˨;χ̥͂ξ ͱ̥˨ξ;͖;͇

ĦǕŏɾ Ǟǀ ʿȩʕ ʶŏȘɾ ɾȩ ŏɔɔȀʿ Ƈƚƚɔ żȩȘʲȩȀʕɾǞȩȘŏȀ ȘƚɾʶȩɟǺɯ ɾȩ ŏ ɔɟȩųȀƚȒ
ʶǕƚɟƚ ʿȩʕ ƇȩȘ࢈ɾ Ǖŏʲƚ ŏ Ȁȩɾ ȩǀ Ƈŏɾŏࡐ

vƇƚŏ ųƚǕǞȘƇ ɾɟŏȘɯǀƚɟ ȀƚŏɟȘǞȘǃࡇ ǀƚŏɾʕɟƚɯ ɾɟŏȘɯǀȩɟȒŏɾǞȩȘɯ ȀƚŏɟȘƚƇ
ʶǕƚȘ ɾɟŏǞȘǞȘǃ ŏ żȀŏɯɯǞ˙ƚɟ ȩȘ ƚࡏǃࡏ vȒŏǃƚȘƚɾ ŏɟƚ ȩǀɾƚȘ ʕɯƚǀʕȀ ǞȘ ȩɾǕƚɟ
ɔɟȩųȀƚȒɯࡈ ƚʲƚȘ ʶǞɾǕ ƇǞǀǀƚɟƚȘɾ ǞȘɔʕɾɯࡈ żȀŏɯɯƚɯࡈ ƚɾżࡏ

ߝߟ



ϑξ˨;χ̥͂ξ ͱ̥˨ξ;͖;͇

ࡄ 4ȩʶȘȀȩŏƇ ɯɾŏɾƚ ȩǀ ɾǕƚ ŏɟɾ ɔɟƚࡷɾɟŏǞȘƚƇ ȘƚɾʶȩɟǺ ࡈ�ȀƚʾȘƚɾ
ģbbࡈ vȘżƚɔɾǞȩȘࡈ ƚɾżࡏ

ࡄ +Ǖȩɔ ȩǀǀ żȀŏɯɯǞ˙żŏɾǞȩȘ Ȁŏʿƚɟࡏ
ࡄ Ćɯƚ ˙ɟɯɾ ɔŏɟɾ ȩǀ ȘƚɾʶȩɟǺ ŏɯ ǀƚŏɾʕɟƚ ƚʾɾɟŏżɾȩɟࡏ
ࡄ ëȩȀʲƚ żȀŏɯɯǞ˙żŏɾǞȩȘ ɔɟȩųȀƚȒ ʕɯǞȘǃ Ȓȩɟƚ ɯżŏȀŏųȀƚ
ȒƚɾǕȩƇɯࡇ ǺƚɟȘƚȀ ëģࡈ� ȀȩǃǞɯɾǞż ɟƚǃɟƚɯɯǞȩȘࡈ ɯǕŏȀȀȩʶ ǀʕȀȀʿ
żȩȘȘƚżɾƚƇ Șƚɾࡈ ƚɾżࡏ

ģƚɟʿ ƚŏɯʿ ɾȩ Ƈȩ ǞȘ ÷ƚȘɯȩɟ˚ȩʶࡕ�ƚɟŏɯࡏ �ŏȘʿ ɔɟƚࡷɾɟŏǞȘƚƇ
ȘƚɾʶȩɟǺɯ ŏɟƚ ȒŏƇƚ ŏʲŏǞȀŏųȀƚࡏ

ߞߟ



̙̥ͻΎχ

÷ʶȩ ƇƚȒȩɯ ɾȩ ųƚ ɟƚȀƚŏɯƚƇ ɯǕȩɟɾȀʿࡇ

ࡄ +ȀŏɯɯǞ˙żŏɾǞȩȘ ȩǀ +v_�áߜߝࡷ Ƈŏɾŏɯƚɾ ʕɯǞȘǃ ߞ Ȁŏʿƚɟ ȘƚʕɟŏȀ Șƚɾɯ
ǞȘ �ƚɟŏɯࡏ Įȩʕ ʶǞȀȀ ȀǞǺƚȀʿ ʶŏȘɾ ɾȩ ʕɯƚ bȩȩǃȀƚ +ȩȀȀŏų ɾȩ
ŏżżƚɯɯ ŏ bÚĆࡏ

ࡄ ÷ɟŏȘɯǀƚɟ ȀƚŏɟȘǞȘǃ ǞȘ �ƚɟŏɯࡏ

ߟߟ


