
CʾŏȒɔȀƚࡇ Úɟȩȩǀ ųʿ ǞȘƇʕżɾǞȩȘ

_ȩɟ ŏȀȀ ǞȘɾƚǃƚɟɯ ȗ ≥ ࡈߤ ȗż żŏȘ ųƚ ȩųɾŏǞȘƚƇ ʕɯǞȘǃ żߟ ŏȘƇ żߡ żȩǞȘɯࡏ

$ŏɯƚ +ŏɯƚࡇ _ȩɟ ȗ = ࡈߤ żߤ = +żߟ ࡏżߡ

vȘƇʕżɾǞʲƚ ëɾƚɔࡇ ëʕɔɔȩɯƚ ɾǕŏɾ ȑż żŏȘ ųƚ ȩųɾŏǞȘƚƇ ʕɯǞȘǃ żߟ ŏȘƇ żߡ żȩǞȘɯ
ǀȩɟ ŏȘʿ ȑ ≥ ࡏߤ Ħƚ Ȓʕɯɾ ɯǕȩʶ ɾǕŏɾ (ȑ+ ż(ߝ żŏȘ ųƚ ȩųɾŏǞȘƚƇ ʕɯǞȘǃ żߟ ŏȘƇ
żߡ żȩǞȘɯࡏ

+ȩȘɯǞƇƚɟ żŏɯƚɯ

÷Ǖƚɟƚ Ǟɯ ŏ żߡ żȩǞȘ ŏȒȩȘǃ ɾǕȩɯƚ ʕɯƚƇ ɾȩ ȒŏǺƚ ʕɔ ɾǕƚ ȑżࡏ
áƚɔȀŏżƚ ɾǕƚ żߡ żȩǞȘ ʶǞɾǕ ɾʶȩ żߟ żȩǞȘɯࡏ Ħƚ ȩųɾŏǞȘ (ȑ+ ࡏż(ߝ

÷Ǖƚɟƚ Ǟɯ Șȩ żߡ żȩǞȘ ŏȒȩȘǃ ɾǕȩɯƚ ʕɯƚƇ ɾȩ ȒŏǺƚ ʕɔ ɾǕƚ ȑżࡏ
÷Ǖƚɟƚ ŏɟƚ ɾǕɟƚƚ żߟ żȩǞȘɯ ȑ࡫ ≥ ࡏ࡬ߤ

áƚɔȀŏżƚ ɾǕƚ ɾǕɟƚƚ żߟ żȩǞȘɯ ʶǞɾǕ ɾʶȩ żߡ żȩǞȘɯ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߡߡ ࡕ ߞߣ
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CʾŏȒɔȀƚࡇ Úɟȩȩǀ ųʿ ǞȘƇʕżɾǞȩȘ

_ȩɟ ƚʲƚɟʿ ǞȘɾƚǃƚɟ ȗ ≥ ࡈߟ ȗߠ > ࡏߞ+ȗߞ

$ŏɯƚ +ŏɯƚࡇ ÷ŏǺƚ ȗ = ࡏߟ ÷ǕƚȘ ȗߠ = ߟߠ = ࡏߠߢ �Ȁɯȩࡈ ߞ+ȗߞ = ߡߞ = ࡏߞߟ ëȩ
ȗߠ > ࡏߞ+ȗߞ

vȘƇʕżɾǞʲƚ ëɾƚɔࡇ _ȩɟ ŏȘʿ ȑ ≥ ࡈߟ ŏɯɯʕȒƚ ɾǕŏɾ ɾǕƚ ɯɾŏɾƚȒƚȘɾ ȑߠ > ߞ+ȑߞ Ǟɯ
ɾɟʕƚࡏ ǕǞɯ÷࡫ Ǟɯ żŏȀȀƚƇ ɾǕƚ ǞȘƇʕżɾǞʲƚࢅ ǕʿɔȩɾǕƚɯǞɯ࡬ࡏࢆ �ȩʶ żȩȘɯǞƇƚɟ ȗ = ȑ+ ࡏߝ
Ħƚ Ȓʕɯɾ ɯǕȩʶ ɾǕŏɾ ߝ+ȑߠ > ߞ+(ߝ+ȑ)ߞ = ࡏߟ+ȑߞ

mƚɟƚ Ǟɯ ɾǕƚ żŏȀżʕȀŏɾǞȩȘࡏ ߝ+ȑߠ = ×ߠ ࡏȑߠ $ʕɾ ųʿ ɾǕƚ ǞȘƇʕżɾǞʲƚ ǕʿɔȩɾǕƚɯǞɯࡈ
×ߠ ȑߠ > ×ߠ ࡏߞ+ȑߞ _ǞȘŏȀȀ ʿࡈ

×ߠ ߞ+ȑߞ > ×ߞ ߞ+ȑߞ = .ߟ+ȑߞ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߢߡ ࡕ ߞߣ



Foray define tfnxl
,

n a a natural number

H ! -1×2×3 ... × n

4amp1es_ I!= 1

I ! = 1×2=2

31
.

= 1×2×3=6

4 ! = 1×2×3×4 - 24

.  . -
-



def faccn ) : State-run :

if n==L :

V. natural n > 1
return 1

faces computes n !
else :

Proof We prove this statement
return h*fae(nD

by mathematical induction

Baste : h=I then faccut faded -1=1 !

Inductrueslep
-

Assume That faccu )=w , for some n= m
.

We need to show that fadn )=n ! for n=mH
.

faccm )=M !

faccmti )= @+1) * fac( m )
.

By induction hypothesis
,

1



face ( Mti )= ( Mti ) * m ! = ( MH ) * 1*2 .
. .  .

* m =

1*4 .
.  .

* M * ( MH ) = (MTD !

So
,

faccnl computes n !



ĆɯǞȘǃ ǞȘƇʕżɾǞȩȘ ɾȩ ɯǕȩʶ ɾǕŏɾ ŏ ɔɟȩǃɟŏȒ Ǟɯ żȩɟɟƚżɾ

ĦǕŏɾ Ƈȩƚɯ ɾǕƚ ǀȩȀȀȩʶǞȘǃ ɔɟȩǃɟŏȒ Ƈȩࡐ

Ǟ ࣌ ߜ
� ࣌ ߜ
ȒʿȀǞɯɾ ࣌ ࡈߝ࡟ ࡈߞ ࡈߢ ࡈߟ ࡈߠ ࡠߡ
ʶǕǞȀƚ Ǟ ࣔ ȀƚȘ࡫ȒʿȀǞɯɾࡇ࡬

� ࣌ Ȓŏʾࡈ�࡫ ȒʿȀǞɯɾ࡟Ǟ࡬ࡠ
Ǟ ࣌ Ǟ ࣹ ߝ

ɔɟǞȘɾ �

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߣߡ ࡕ ߞߣ
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ĆɯǞȘǃ ǞȘƇʕżɾǞȩȘ ɾȩ ɯǕȩʶ ɾǕŏɾ ŏ ɔɟȩǃɟŏȒ Ǟɯ żȩɟɟƚżɾ

Ǟ ࣌ ߜ
� ࣌ ߜ
ȒʿȀǞɯɾ ࣌ ࡈߝ࡟ ࡈߞ ࡈߢ ࡈߟ ࡈߠ ࡠߡ
ʶǕǞȀƚ Ǟ ࣔ ȀƚȘ࡫ȒʿȀǞɯɾࡇ࡬

� ࣌ Ȓŏʾࡈ�࡫ ȒʿȀǞɯɾ࡟Ǟ࡬ࡠ
Ǟ ࣌ Ǟ ࣹ ߝ

ɔɟǞȘɾ �

Úɟȩɔƚɟɾʿࡇ �ǀɾƚɟ ɾǕƚ ɯɾŏɾƚȒƚȘɾ � ࣌ Ȓŏʾ࡫� ࡈ ȒʿȀǞɯɾ࡟Ǟ࡬ࡠ ǃƚɾɯ ƚʾƚżʕɾƚƇࡈ ɾǕƚ
ʲŏȀʕƚ ȩǀ � Ǟɯ Ȓŏʾ࡫ȒʿȀǞɯɾࡈࡊࡈࡠߜ࡟ȒʿȀǞɯɾ࡟Ǟࡏ࡬ࡠ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߤߡ ࡕ ߞߣ
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Úɟȩȩǀ ųʿ ǞȘƇʕżɾǞȩȘ

Úɟȩɔƚɟɾʿࡇ �ǀɾƚɟ ɾǕƚ ɯɾŏɾƚȒƚȘɾ � ࣌ Ȓŏʾࡈ�࡫ ȒʿȀǞɯɾ࡟Ǟ࡬ࡠ ǃƚɾɯ ƚʾƚżʕɾƚƇࡈ ɾǕƚ ʲŏȀʕƚ
ȩǀ � Ǟɯ Ȓŏʾ࡫ȒʿȀǞɯɾࡈࡊࡈࡠߜ࡟ȒʿȀǞɯɾ࡟Ǟࡏ࡬ࡠ

$ŏɯƚ +ŏɯƚࡇ ÷ŏǺƚ Ǟ࣌ࡏߜ $ƚǀȩɟƚ ɾǕƚ ɯɾŏɾƚȒƚȘɾࡈ ࡈߜ࣌� ɯȩ ɾǕƚ ɯɾŏɾƚȒƚȘɾ
ŏɯɯǞǃȘɯ � ɾȩ ųƚ ɾǕƚ ȒŏʾǞȒʕȒ ȩǀ ߜ ŏȘƇ ȒʿȀǞɯɾࡈࡠߜ࡟ ʶǕǞżǕ Ǟɯ ȒʿȀǞɯɾࡏࡠߜ࡟

vȘƇʕżɾǞʲƚ ëɾƚɔࡇ �ɯɯʕȒƚ ɾǕŏɾ ɾǕƚ ɯɾŏɾƚȒƚȘɾ Ǟɯ ɾɟʕƚ ǀȩɟ Ǟ࣌Ȓ ǀȩɟ ɯȩȒƚ Ȓ≥
ࡏߜ �ȩʶ żȩȘɯǞƇƚɟ Ǟ࣌Ȓࣹࡏߝ ÷Ǖƚ ɯɾŏɾƚȒƚȘɾ ŏɯɯǞǃȘɯ � ɾȩ ųƚ ɾǕƚ ȒŏʾǞȒʕȒ ȩǀ
ȒʿȀǞɯɾ࡟Ȓࣹࡠߝ ŏȘƇ Ȓŏʾ࡫ȒʿȀǞɯɾࡈࡊࡈࡠߜ࡟ȒʿȀǞɯɾ࡟Ȓࡈ࡬ࡠ ɯȩ ŏǀɾƚɟ ɾǕƚ ɯɾŏɾƚȒƚȘɾࡈ � Ǟɯ
Ȓŏʾ࡫ȒʿȀǞɯɾࡈࡊࡈࡠߜ࡟ȒʿȀǞɯɾ࡟Ȓࣹࡏ࡬ࡠߝ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߥߡ ࡕ ߞߣ



ëɾɟȩȘǃ ǞȘƇʕżɾǞȩȘ

Úɟȩʲƚ ɾǕŏɾ ɾǕƚ ɔɟȩɔƚɟɾʿ ǕȩȀƇɯ ǀȩɟ ɾǕƚ ȘŏɾʕɟŏȀ ȘʕȒųƚɟ ȗ = ࡏߜ
Úɟȩʲƚ ɾǕŏɾ Ǟǀ ɾǕƚ ɔɟȩɔƚɟɾʿ ǕȩȀƇɯ ǀȩɟ ȗ = ,ߜ ,ߞ . . . ,ȑ ŏȘƇ࡫ Șȩɾ ǲʕɯɾ ǀȩɟ
ȑ࡬ࡋ ɾǕƚȘ Ǟɾ ǕȩȀƇɯ ǀȩɟ ȗ = ȑ+ ࡏߝ

+ŏȘ ŏȀɯȩ ųƚ ʕɯƚƇ ɾȩ ɔɟȩʲƚ ŏ ɔɟȩɔƚɟɾʿ ǀȩɟ ŏȀȀ ǞȘɾƚǃƚɟɯ ǃɟƚŏɾƚɟ ɾǕŏȘ ȩɟ ƚɛʕŏȀ
ɾȩ ɯȩȒƚ ɔŏɟɾǞżʕȀŏɟ ȘŏɾʕɟŏȀ ȘʕȒųƚɟ ų

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߜߢ ࡕ ߞߣ
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CʾŏȒɔȀƚࡇ Úɟȩȩǀ ųʿ ɯɾɟȩȘǃ ǞȘƇʕżɾǞȩȘ

Cʲƚɟʿ ȘŏɾʕɟŏȀ ȘʕȒųƚɟ ȗ ≥ ࡈߞ Ǟɯ ŏ ɔɟǞȒƚ ȩɟ ŏ ɔɟȩƇʕżɾ ȩǀ ɔɟǞȒƚɯࡏ

$ŏɯƚ +ŏɯƚࡇ ÷ŏǺƚ ȗ = ࡏߞ ÷ǕƚȘ ȗ Ǟɯ ŏ ɔɟǞȒƚ ȘʕȒųƚɟࡏ

vȘƇʕżɾǞʲƚ ëɾƚɔࡇ �ɯɯʕȒƚ ɾǕŏɾ ɾǕƚ ɔɟȩɔƚɟɾʿ ǕȩȀƇɯ ǀȩɟ ȗ = ȑ ɯȩ ƙʮƙɛʻ
ȘʕȒųƚɟ ǝ ɯࡏɾࡏ ߞ ≤ ǝ ≤ ȑ Ǟɯ ŏ ɔɟǞȒƚ ȩɟ ŏ ɔɟȩƇʕżƚ ȩǀ ɔɟǞȒƚɯࡏ �ȩʶ żȩȘɯǞƇƚɟ
ȗ = ȑ+ ࡏߝ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߝߢ ࡕ ߞߣ

k C

-

# : MH is prime
12 's 4 's !

...

in '

me ,

There is nothing to prove

Cate Mtl is composite
.

Then there exist K
,

l

natural numbers
,

K > 1
,

l > I

Then K is either Prime
or

a product of primes



l is either prone or a product of
pr.my .

But then KC s a product
of prong ,



CʾŏȒɔȀƚࡇ �ʕȒųƚɟ ȩǀ ȒʕȀɾǞɔȀǞżŏɾǞȩȘɯ

_ȩɟ ŏȘʿ ǞȘɾƚǃƚɟ ȗ ≥ ࡈߝ Ǟǀ ࡈߝʺ ࡈࡊࡈߞʺ ʺȗ ŏɟƚ ȗ ȘʕȒųƚɟɯࡈ ɾǕƚȘ Șȩ Ȓŏɾɾƚɟ Ǖȩʶ ɾǕƚ
ɔŏɟƚȘɾǕƚɯƚɯ ŏɟƚ ǞȘɯƚɟɾƚƇ ǞȘɾȩ ɾǕƚǞɟ ɔɟȩƇʕżɾࡈ ɾǕƚ ȘʕȒųƚɟ ȩǀ ȒʕȀɾǞɔȀǞżŏɾǞȩȘɯ
ʕɯƚƇ ɾȩ żȩȒɔʕɾƚ ɾǕƚ ɔɟȩƇʕżɾ Ǟɯ ȗ− ࡏߝ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߞߢ ࡕ ߞߣ

#, * xD* xD*xD ...

*xD
( - . ) * ( .  -
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$ŏƇ ɔɟȩȩǀɯࡇ �ɟǃʕǞȘǃ ǀɟȩȒ ƚʾŏȒɔȀƚ

�Ș ǞȘżȩɟɟƚżɾ ࢆɔɟȩȩǀࢅ ȩǀ ɾǕƚ ǀŏżɾ ɾǕŏɾ ɾǕƚ ɯʕȒ ȩǀ ŏȘʿ ɾʶȩ ƚʲƚȘ ǞȘɾƚǃƚɟɯ Ǟɯ
ƚʲƚȘࡏ

îǔǝɫ ǝɫ ɺɛʑƙ ųƙżŏʑɫƙ ǝƿ ȑ = ߠߝ ŏȗƆ ȗ = ࡌߢ ʲǔǝżǔ ŏɛƙ ųȧɺǔ ƙʮƙȗࡌ
ɺǔƙȗ ȑ+ ȗ = ࡌߜߞ ʲǔǝżǔ ǝɫ ŏǿɫȧ ƙʮƙȗࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߟߢ ࡕ ߞߣ



$ŏƇ ɔɟȩȩǀɯࡇ ĆɯǞȘǃ ɾǕƚ ɯŏȒƚ Ȁƚɾɾƚɟ ɾȩ ȒƚŏȘ ɾʶȩ ƇǞǀǀƚɟƚȘɾ ɾǕǞȘǃɯ

+ȩȘɯǞƇƚɟ ɾǕƚ ǀȩȀȀȩʶǞȘǃ ࢆɔɟȩȩǀࢅ ǀɟŏǃȒƚȘɾࡇ

ãʑɑɑȧɫƙ ȑ ŏȗƆ ȗ ŏɛƙ ŏȗʻ ȧƆƆ ǝȗɺƙǂƙɛɫࡒ îǔƙȗ ųʻ Ɔƙ˛ȗǝɺǝȧȗ ȧƿ ȧƆƆࡌ
ȑ = +ǹߞ ߝ ŏȗƆ ȗ = +ǹߞ ߝ ƿȧɛ ɫȧȑƙ ǝȗɺƙǂƙɛ ǹࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߠߢ ࡕ ߞߣ



$ŏƇ ɔɟȩȩǀɯࡇ �ʕȒɔǞȘǃ ɾȩ ŏ żȩȘżȀʕɯǞȩȘ

÷ȩ ǲʕȒɔ ɾȩ ŏ żȩȘżȀʕɯǞȩȘ ȒƚŏȘɯ ɾȩ ŏȀȀƚǃƚ ɾǕƚ ɾɟʕɾǕ ȩǀ ɯȩȒƚɾǕǞȘǃ ʶǞɾǕȩʕɾ
ǃǞʲǞȘǃ ŏȘ ŏƇƚɛʕŏɾƚ ɟƚŏɯȩȘࡏ

ãʑɑɑȧɫƙ ȑ ŏȗƆ ȗ ŏɛƙ ŏȗʻ ƙʮƙȗ ǝȗɺƙǂƙɛɫࡒ $ʻ Ɔƙ˛ȗǝɺǝȧȗ ȧƿ ƙʮƙȗࡌ
ȑ = ɛߞ ŏȗƆ ȗ = ɫߞ ƿȧɛ ɫȧȑƙ ǝȗɺƙǂƙɛɫ ɛ ŏȗƆ ɫࡒ îǔƙȗ
ȑ+ ȗ = +ɛߞ ࡒɫߞ ãȧ ȑ+ ȗ ǝɫ ƙʮƙȗࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߡߢ ࡕ ߞߣ



$ŏƇ ɔɟȩȩǀɯࡇ +ǞɟżʕȀŏɟ ɟƚŏɯȩȘǞȘǃ

÷ȩ ƚȘǃŏǃƚ ǞȘ żǞɟżʕȀŏɟ ɟƚŏɯȩȘǞȘǃ ȒƚŏȘɯ ɾȩ ŏɯɯʕȒƚ ʶǕŏɾ Ǟɯ ɾȩ ųƚ ɔɟȩʲƚƇࡏ

ãʑɑɑȧɫƙ ȑ ŏȗƆ ȗ ŏɛƙ ŏȗʻ ȧƆƆ ǝȗɺƙǂƙɛɫࡒ ĝǔƙȗ ŏȗʻ ȧƆƆ ǝȗɺƙǂƙɛɫ
ŏɛƙ ȑʑǿɺǝɑǿǝƙƆࡌ ɺǔƙǝɛ ɑɛȧƆʑżɺ ǝɫ ȧƆƆࡒ kƙȗżƙ ȑȗ ǝɫ ȧƆƆࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߢߢ ࡕ ߞߣ



$ŏƇ ɔɟȩȩǀɯࡇ +ȩȘǀʕɯǞȩȘ ųƚɾʶƚƚȘʶǕŏɾ Ǟɯ ǺȘȩʶȘ ŏȘƇʶǕŏɾ Ǟɯ ɯɾǞȀȀ ɾȩ ųƚ ɯǕȩʶȘ

ãʑɑɑȧɫƙ ȑ ŏȗƆ ȗ ŏɛƙ ŏȗʻ ȧƆƆ ǝȗɺƙǂƙɛɫࡒ ĝƙ ȑʑɫɺ ɫǔȧʲ ɺǔŏɺ ȑȗ ǝɫ
ȧƆƆࡒ îǔǝɫ ȑƙŏȗɫ ɺǔŏɺ ɺǔƙɛƙ ƙʺǝɫɺɫ ŏȗ ǝȗɺƙǂƙɛ ɫ ɫʑżǔ ɺǔŏɺ

ȑȗ = +ɫߞ .ߝ

�ǿɫȧ ųʻ Ɔƙ˛ȗǝɺǝȧȗ ȧƿ ȧƆƆࡌ ɺǔƙɛƙ ƙʺǝɫɺ ǝȗɺƙǂƙɛɫ ŏ ŏȗƆ ų ɫʑżǔ ɺǔŏɺ

ȑ = +ŏߞ ߝ �M/ ȗ = +ųߞ .ߝ

îǔƙȗ
ȑȗ = +ŏߞ) +ųߞ)(ߝ (ߝ = +ɫߞ .ߝ

ãȧࡌ ɫǝȗżƙ ɫ ǝɫ ŏȗ ǝȗɺƙǂƙɛࡌ ȑȗ ǝɫ ȧƆƆ ųʻ Ɔƙ˛ȗǝɺǝȧȗ ȧƿ ȧƆƆࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߣߢ ࡕ ߞߣ



`ȧȧƆ ɔɟȩȩǀɯ ǞȘ ɔɟŏżɾǞżƚߞ

ëɾŏɾƚ ʿȩʕɟ ǃŏȒƚ ɔȀŏȘࡏ

� ǂȧȧƆ ɑɛȧȧƿ ųƙǂǝȗɫ ųʻ ƙʺɑǿŏǝȗǝȗǂ ɺǔƙ ǂƙȗƙɛŏǿ ǿǝȗƙ ȧƿ ɛƙŏɫȧȗǝȗǂࡌ
ƿȧɛ ƙʺŏȑɑǿƙࡌ ĝƙࢇ ʑɫƙ żŏɫƙ ŏȗŏǿʻɫǝɫ࢈ ȧɛ ĝƙࢇ ŏɛǂʑƙ ųʻ
żȧȗɺɛŏƆǝżɺǝȧȗࡒ࢈

�ŏɺǔƙȑŏɺǝżɫߞ ƿȧɛ *ȧȑɑʑɺƙɛ ãżǝƙȗżƙ ųʿ Cࡏ �ƚǕȒŏȘࡈ ࡏ_ ࡏ÷ �ƚǞǃǕɾȩȘࡈ ŏȘƇ ࡏ� áࡏ �ƚʿƚɟࡏ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߤߢ ࡕ ߞߣ



`ȧȧƆ ɔɟȩȩǀɯ ǞȘ ÚɟŏżɾǞżƚ

�ƚƚɔ ŏ ȀǞȘƚŏɟ ˚ȩʶࡏ

ãȧȑƙɺǝȑƙɫ ɑɛȧȧƿɫ ŏɛƙ ʲɛǝɺɺƙȗ ǿǝǹƙ ȑŏɺǔƙȑŏɺǝżŏǿ ȑȧɫŏǝżɫࡌ ʲǝɺǔ
Ǳʑǝżʻ ɺǝɺųǝɺɫ ȧƿ ǝȗƆƙɑƙȗƆƙȗɺ ɛƙŏɫȧȗǝȗǂ ɫɑɛǝȗǹǿƙƆ ɺǔɛȧʑǂǔȧʑɺࡒ îǔǝɫ
ǝɫ ȗȧɺ ǂȧȧƆࡒ îǔƙ ɫɺƙɑɫ ȧƿ ŏȗ ŏɛǂʑȑƙȗɺ ɫǔȧʑǿƆ ƿȧǿǿȧʲ ȧȗƙ ŏȗȧɺǔƙɛ
ǝȗ ŏȗ ǝȗɺƙǿǿǝǂǝųǿƙ ȧɛƆƙɛࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߥߢ ࡕ ߞߣ



`ȧȧƆ ɔɟȩȩǀɯ ǞȘ ɔɟŏżɾǞżƚ

� ɔɟȩȩǀ Ǟɯ ŏȘ ƚɯɯŏ ʿࡈ Șȩɾ ŏ żŏȀżʕȀŏɾǞȩȘࡏ

�ŏȗʻ ɫɺʑƆƙȗɺɫ ǝȗǝɺǝŏǿǿʻ ʲɛǝɺƙ ɑɛȧȧƿɫ ɺǔƙ ʲŏʻ ɺǔƙʻ żȧȑɑʑɺƙ
ǝȗɺƙǂɛŏǿɫࡒ îǔƙ ɛƙɫʑǿɺ ǝɫ ŏ ǿȧȗǂ ɫƙɗʑƙȗżƙ ȧƿ ƙʺɑɛƙɫɫǝȧȗɫ ʲǝɺǔȧʑɺ
ƙʺɑǿŏȗŏɺǝȧȗࡌ ȑŏǹǝȗǂ ǝɺ ʮƙɛʻ ǔŏɛƆ ɺȧ ƿȧǿǿȧʲࡒ îǔǝɫ ǝɫ ųŏƆࡒ � ǂȧȧƆ
ɑɛȧȧƿ ʑɫʑŏǿǿʻ ǿȧȧǹɫ ǿǝǹƙ ŏȗ ƙɫɫŏʻ ʲǝɺǔ ɫȧȑƙ ƙɗʑŏɺǝȧȗɫ ɺǔɛȧʲȗ ǝȗࡒ
ýɫƙ żȧȑɑǿƙɺƙ ɫƙȗɺƙȗżƙɫࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߜߣ ࡕ ߞߣ



`ȧȧƆ ɔɟȩȩǀɯ ǞȘ ɔɟŏżɾǞżƚ

ëɾɟʕżɾʕɟƚ ʿȩʕɟ ɔɟȩȩǀ

÷ǕƚȩɟƚȒࡴ� ʲƚɟʿ ǞȒɔȩɟɾŏȘɾ ɾɟʕƚ ɯɾŏɾƚȒƚȘɾࡏ
ÚɟȩɔȩɯǞɾǞȩȘࡴ� Ȁƚɯɯ ǞȒɔȩɟɾŏȘɾ ųʕɾ ɯɾǞȀȀ ǞȘɾƚɟƚɯɾǞȘǃ ɯɾŏɾƚȒƚȘɾࡏ
�ƚȒȒŏࡴ� ɾɟʕƚ ɯɾŏɾƚȒƚȘɾ ʕɯƚƇ ɾȩ ɔɟȩʲƚ ȩɾǕƚɟ ɯɾŏɾƚȒƚȘɾɯࡏ
+ȩɟȩȀȀŏɟʿࡴ� ɯǞȒɔȀƚ żȩȘɯƚɛʕƚȘżƚ ȩǀ ŏ ɾǕƚȩɟƚȒ ȩɟ ŏ ɔɟȩɔȩɯǞɾǞȩȘࡏ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߝߣ ࡕ ߞߣ



`ȧȧƆ ɔɟȩȩǀɯ ǞȘ ɔɟŏżɾǞżƚ

_ǞȘǞɯǕ

�ɺ ɫȧȑƙ ɑȧǝȗɺ ǝȗ ŏ ɑɛȧȧƿࡌ ʻȧʑࢊǿǿ ǔŏʮƙ ƙɫɺŏųǿǝɫǔƙƆ ŏǿǿ ɺǔƙ ƙɫɫƙȗɺǝŏǿ
ƿŏżɺɫ ʻȧʑ ȗƙƙƆࡒ Úƙɫǝɫɺ ɺǔƙ ɺƙȑɑɺŏɺǝȧȗ ɺȧ ɗʑǝɺ ŏȗƆ ǿƙŏʮƙ ɺǔƙ ɛƙŏƆƙɛ
ɺȧ Ɔɛŏʲ ɺǔƙ ࢈ȧųʮǝȧʑɫࢇ żȧȗżǿʑɫǝȧȗࡒ sȗɫɺƙŏƆࡌ ɺǝƙ ƙʮƙɛʻɺǔǝȗǂ ɺȧǂƙɺǔƙɛ
ʻȧʑɛɫƙǿƿ ŏȗƆ ƙʺɑǿŏǝȗ ʲǔʻ ɺǔƙ ȧɛǝǂǝȗŏǿ żǿŏǝȑ ƿȧǿǿȧʲɫࡒ

­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߝ �ʕȒųƚɟ ëʿɯɾƚȒɯ ŏȘƇ Úɟȩȩǀ ÷ƚżǕȘǞɛʕƚɯ ߞߣ ࡕ ߞߣ


