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J�� ?�?@� A ?�?B� A ?�?C� Fɧɕɧȷ ἧƲɧɕɧȵȠɱG�
�K � � L���J� A MF@� B� CGFɍɝɩɆɱ ἧƲɍɝɩɆɉȠɱG

ǯǞǭƲ ǵȏǍǲ ǠȒǚǯȉǉȒ

�KIF@� B� CG � (IF@� B� CG
ɍɝɩɆɱ ἧǵ Ƕ ҲȦɋɩȬɶș ȈȒ ἧǮƲ ǶɛɄɱȵɡɩȦɋɩȬ

ɶǲᾍꜘǞǭǋȒƳ ǫǵȦɋɩȬɶșқǏȒǯЋȦɋɩȬɶǲǱȒǓƲŪǵֳ ǵ EǶǤǵ

ЋȦɋɩȬɶǮǉȒƳǫȅȑƲɍɝɩɆɉȠɱǶƲЋȦɋɩȬɶș ȈȒ ἧǮǉȒƳ 

ἧș̓Ǫǭὕ ǲȦɋɩȬɶǵΙș ȈȒǚǯș ǏȏǍƳ Ҳ Iǵ В☻INșū
ǵ‼ζǒȐǒǘǭ ѝșǯȒǯƲ 

O IP
;P >� 5���> ?�?@� A ?�?B� A ?�?C�D A EDIQ@QBQC � O IN(P

;P IQ@QBQC � (O INIQ@QBQCP
;P

� (O RIR�Q@QBQCP
;P  

ǯǱȒƳǚǵS RIR�Q@QBQCP;P ǓǰǵȏǍǱ ș ǠǒǶ ἶʣǵ ˕ǓǉǪǦǓƲɚɩ

ɱǲȏǪǭƲ КǵǉȒ ǲ ἧǓἭ᷀ǠȒ ș Ǡǯ ǜȓȒȏǍǲǱǪǦƳǞǦǓǪ

ǭƲ 

O RIR�Q@QBQCP
;P � � 
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ǲǫǋǭǶƲ ӴǱ͈ǯǞǭƲ ϷǒǫɛɄɱȵɡɩM � �ǵḹֻǵ Ҳ ǵᾚїș ǲ

ǠǵǮ֓ ǜȓǦǋƳ

 

Ʀ ԍἧǵ Ҳ  

ǮǶƲȵɣɪɶɅȡɱȪɶ ╛ș ϷǒǫɛɄɱȵɡɩM � �ǯǋǍ ̏ǵʤǮ Ǐ

ǦǓƲὕ ǵ ԍἧǵʴǵ ἧǲǫǋǭǶ ǵȏǍǲǱȒ  

T� L���U� � 
�	47�9V IF9� W� XG � (IF9� W� XG 
ǚǚǮƲ� 0Y�Z[\]Ƕ ǯ ἧǵȭɶɫɱ ˛̸ ǲȏȒɛɄɱȵɡɩȦ

ɋɩȬɶș Ǡ(ǚȓǶɚɶȠǵɠɅɩǮȉֿǟǮǉȒ)ƳȅǦƲF9� W� XG
Ƕ ἧǵ↔ ǵ ↔ ǮǉȑƲǤȓǥȓ[0,�)Ʋ[0,�]Ʋ[0,2�]ǵӢ

ǮẀӓǠȒƳǚǵȵɣɪɶɅȡɱȪɶ ╛ș ǋǭ♬ȐȓȒ Ҳ

ǶƲ 

I)�^�,F9� W� XG � $)�^F9G_̂ �,FW� XG $)�^F9G`Ҳ♄ ѝƲ_̂ �,FW� XG` ↓ ѝ 

ǯǱȒ(ǚȓǵᾚї ǲǫǋǭǶ ǞǋǵǮ ǠȒ)Ƴǚǵ╛ǲǑǋǭƲ ǫǵ ἧ n,l,m

Ǔ ȓǭǋȒǓƲǚȓǶԍἧǓ ϷǮǉȒǚǯș ǏȒǯ ♬ǮǔȒƳȅǦƲ Ҳ ǧǘǮ

ǱǖȦɋɩȬɶᶭ Ι EȉȹɁɆǮ ȅȑƲǤǵΙǶƲ ᶥǮ ǞǦȏǍǲ 
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ǯǱȒƳ 

Ҳ ǲ ȓȒ ἧ ǶƲn(ʺ ἧ )Ǔ ǵ ǑȏǺ ǵȦɋɩȬɶ ̬șƲl( ̬

ἧ )ǓẎȅǒǱ ǵ◐( ↓ ѝǲǉȒ ǵ )șƲm( ἧ )Ǔ ǵׄǔ( ƲxyzǱ

ǰ)ș ȈǭǋǭƲǤȓȐǵΙǲȏǪǭ ǵȏǍǲ ǵ׀ Ǔ ȅȒ  

n l m ׀  n l m ׀  

1 0 0 1s 3 0 0 3s 

2 0 0 2s 3 1 -1,0,1 3p 

2 1 -1,0,1 2p 3 2 -2,-1,0,1,2 3d 

 (̊ʤ ) 

ǚǚǮƲn,l,mǶ ǮǉȑƲ! � ������ �Ʋ/ � ������ � � F! � �GƲ� � �/� �F/ � �G� � � F/ � �G� /ǵ
ᶪǮ ἧ Ǔ ȈȐȓȒǚǯǲ ǠȒƳ ǲǤȓǥȓǵ ǵ ◐ș Ǡ(‼ʣ s Ʋֳ

ʣ p Ʋʤ d ) 

                  



��

�

 

 
ȉǨȔȚǚǵ ǵᶫǵẆζǲȉ ἧǓἭ᷀ǠȒ ǶǉȒǓƲКζǲ ἧǓѝ⁹ǠȒ Ǔ

ǋƳ̋ ἧ n=1,2,3,Ģǵǯǔǵ ǓƲǤȓǥȓ K ƲL ƲM ĢǲᾍꜘǞǭǋȒƳȅǦƲ

p Ʋd ƲĢǲǶ ἬǓǉȒǓƲǤȓȐǵȦɋɩȬɶ ̬Ƕ ǞǖƲǤǵȏǍǱ șƼ

ƽǯǋǍƳ 

ǲƲ1s~3d ǵ Ҳ ș Ǡ  
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ǚǚǮƲʣǶIǵȮɧɓƲʤǶ	a9�I�
ǵȮɧɓǮǉȒƳ♥ Ƕ ↔ Ǯ ǒȐǵ r~r+dr

ǵ ᶪ(̱ 	a9�Q9ǵ )ǲ ἧǓἭ᷀ǠȒ Ʋǫȅȑ ǵקȑǵ ἧǵҲ♄ѝ⁹ș Ǟǭǋ

ȒƳ ǲƲ1s ǵ ἧǓ ǒȐǰǵ ǲǋȒ Ǔ ẎǮǉȒǒș їǠȒǯɚɶȠӭ♄

ǲʝ ǠȒƳȅǦƲǤȓǥȓǵ ǵ ⱪǯǞǭǶƲ 

 

ɵ1sƲ2sƲ3s Ҳ Ƕǋǡȓȉ ᾍ (rǵȆǲ͒ἭǞƲb� cǲ͒ἭǞǱǋ)ǮǉȒƳʝ ƲI � �ǯǱ
Ȓ ( )ǵ Ǔ ǱȒ(1sǮǶ2 � dǵ ǫǮǉȒǓƲ2sǮǶȉǍ ǫƲ3sǮǶǜȐǲȉǍ ǫǉ

Ȓ)Ƴ 

ɵ2sƲ2p Ҳ Ƕʺ ἧ Ǔ ǞǖƲȦɋɩȬɶǓֿʝ(ẉ ἧԍἧǮǶ ǱȒǚǯǲ )

ǮǉȒƳʝ Ʋ2s ǵ Ƕԍ ș ȐǱǋ (Ҳ♄ )ǮǉȒǵǲᾍǞƲ2p ǵ Ƕ

ԍ ș Ȓ₳ ( ̬ )ǮǉȒƳ 

 

ǱǰǓ ǙȐȓȒƳ 

�

Ϸ ǵק ר

Ʀẉ ἧԍἧǵ ἧ

ǚǚȅǮƲ ԍἧǵ ȋȦɋɩȬɶǲǫǋǭ ȀǭǔǦǓƲὕǶ ԍἧǲ ȐǡƲ�
eȋfg�eǱǰƲ ǵ ȋ Ǔ ǱȒǧǘǵ ἧԍἧǶƲȵɣɪɶɅȡɱȪɶ ╛ș ǖǚǯ

ǲȏǪǭȦɋɩȬɶǓ ȅȒƳǞǒǞƲẉ ἧԍἧǵḹֻƲ ἧ ǵ֚ Ҙș ǞǱǘȓǷǱ

Ȑǡ'ẉ̱ᵂ (Ʋ ╛șԝὭǲ ǋǭȦɋɩȬɶǵ ǱΙș ȈȒǚǯǶǮǔǱǋƳ

ἧ ǵ֚ ǲǫǋǭȉǍᾜǞ ǏǭȆȏǍƳ͈ǏǷƲGdǵ 0r ȦɋɩȬɶǯ�
eǵ0r
ȦɋɩȬɶǵ ǋǶ ἧ ǵ֚ ǲȏȒǓƲ șẀǏȓǷƲǉȒ ἧǓ◙ ș֞ǘȒԍἧ

ǵ ǵΙǓƲѩǵ ἧǲȏǪǭᾛǜǖǱȒǚǯǲ ᶦǠȒǯȉ ǏȐȓȒƳֿ ǲƲ ǱȒ

ǵ ἧǮǶƲẆζǲǉȒ ἧ'ʺ ἧ mẎ(ǶƲКζǲǉȒ ἧ'mᾛ(ǲȏǪǭƲǉȒǋǶ

ֿǟʺ ἧ ǵ ǮǉǪǭȉƲԍἧ ǵȏȑ ǖǲἭ᷀ǠȒ֯ ǵר ǋ ' ̬ ἧ k

ᾛ(ǲȏǪǭ Ǔ ǜȓǭǞȅǍ Ƴ ἧԍἧǮǶ mǓֿǟǮ k Ǔ ǱȒ Ƕ

ǞǭǋǦǓƲǚǵ ҧ ǲȏȑƲẉ ἧԍἧǮǶǤȓȐǶ ǱȒȦɋɩȬɶΙșǯȒƳ

ǤȓǮǶƲ ἧǶ ǵʴǮǰǵȏǍǲἭ᷀ǞǭǋȒǵǧȔǍǒƳȅǡƲ ἧǶȦɋɩȬɶǵ̭

ǋ ǒȐ ǲǫȅǪǭǋǖƳǞǒǞƲǉȒ ἧ ǵ ȆֻȖǢ'n,l,m(Ǯ ǜȓȒ ǲ ἧǶ

ΉȅǮǞǒЊȒǚǯǓǮǔǱǋ'ɏȤɨǵ ̀ԍ Ū(ƳȅǦƲ ἧƲ ἧƲʴרἧǱǰǶƲȷ

ɒɱǯᴀǷȓȒ ἧҘἶ Ǳ ↓ș ǪǭǋǭƲȷɒɱǵ ǫǵ șȷɒɱ ἧhF� i�j�GǮ Ǡ'Ǳǣӭ ǱǵǒǲǫǋǭǶ ǞǋǵǮ ǠȒ(ƳȅǦƲȷɒɱǶǤǵ

ǲᾍꜘǞǭ ǫǵ ׄș ǪǭǋǭƲǚȓșŀłǮ ǠƳ ǫǵ ǲЊȒ ǫǵ ἧǶ ǱȒ

ȷɒɱǵׄǔșȉǫ'ɏȤɨǵ ̀ԍ ū(ƳǤǞǭƲ ǞǦ ǵ ǲ ǵ ἧǓ ǜ

ȓȒǯǔƲ ἧǶǱȒȀǖ ǱȒ ǲƲȷɒɱǵׄǔș ǏȒȏǍǲǞǭ ǜȓȒ'ɓɱɆ

ǵ Ѹ(Ƴ
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̊ʣǵԍ ǲ♫Ǫǭ ἧǓ ǲ ǜȓƲǚȓș ԍ ǯǋǍƳ

ǱǑƲ ѧǲȷɒɱǓ ǜȓǦǯǔƲȷɒɱǶ ἧǵ ǮǉȒǯ ǏȐȓǦǓƲὕ ǶǤ

ǵȏǍǱȢɟɶȶǶ ǞǖǱǋƳ ἧǶƲֿǟ ἧ n,l,m ǵǯǔǲǶȷɒɱ ἧ Ǔ ǱȒƳ

ǠǱȖǨƲ ἧǶֿǟ ἧ ǵ 'n,l,m,s(șǯȒǚǯǓǮǔǱǋƳȅǦƲȷɒɱǶ ἧǵ ǯ

Ǟǭǵר ǯ ǞǭǋǭƲŀǯłǵ Ǔ ǞǖǱǋǯǔƲǤǵԍἧǶ₡ ǯǱȒƳ̱ר

ƦϷ ǵק ♣

ǚȓȅǮ ȀǭǔǦȏǍǲƲԍἧǵʴǵ ἧǶƲ᷈ ʝǱר șȉǫȖǘǮǶǱǖƲ ῁ ș

ǱǞǭǋȒƳǠǱȖǨƲ ἧǶ ἧ ǯȏǷȓȒȮɩɶɕș◐ ǞǭǋȒƳ ἧ ǶȦɋɩȬɶ

ǵ ǋȉǵȂǰẆζǲ̬ ǞƲ Ẇ ǲǉȒ ἧ'͔ ἧ(Ƕ̀ǵԍἧǯǵ ֻǲǑǋǭ Ǳ☻

ҊșȉǫƳǞǦǓǪǭƲ͔ ἧǵ ǵ˿ Ƕԍἧǵר ǯὭ ǲ ȖǪǭǑȑƲֿ ǟȏǍǱ͔

ἧǵ Ѧș ǠȒԍἧǶֿǟȏǍǱר ș ǠƳǚǵȏǍǱ ǮƲϷ ǵק ♣Ǔ ǠȒ

ȖǘǮǉȒƳ

ǜǭƲ ԍ ǲ♫ǪǦԍἧǵ ἧ Ƕ ǵȏǍǲǱȒ

G Gd

Kh Ad

A B M N

̊ʤMdȅǮƲ1oǓʝ ǲǱȒȅǮȷɒɱʤׄǔǵ ἧǓǫȅǪǭǋǖƳKh ǒȐ Md ȅǮǵ7

Ϸ ǒȐǱȒק ș ק ǯǋǍƳ
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@q J B`

ֿ ǲƲ@q ȅǮ ἧǓǫȅǪǭǋǖǓƲJƲB` ǮǶ 2c ǯ 3r

ǵȦɋɩȬɶǓ ǞǭǋȒǚǯǲ ǠȒƳǚǵ Ƕ◙

ș֞ǘȒ ǵ ǋǲȏȒƳԍἧ ǲ ἧǓǫȅǪǭǋǖ ἧ

ǶḨ ǲ‼ǵȏǍǮǉȒƳ

Rb Sh U

RbƲShƲUǮǶ 2c ǯ 3r ǵȦɋɩȬɶǓϷǲ ǪǭǋȒƳǲȉǒǒȖȐǡ ȦɋɩȬɶǵ3r

ǲ ἧǓӸ ǜȓǭǋȒǵǶƲǤǵ Ǔ ἧ ǵ֚ ǓᾜǱǖὄὑǲǱȒǒȐǮǉȒƳ

Bq Lm Bt

ǞǒǞƲUǵ ǵBq ǮǶƲ3rǒȐ ἧǓ╠ǔ ǒȓǭ2cǲ֛ὦǜȓȒƳǚȓǶƲ3rǲ ǫƲ

2c ǲ ǫǵ ἧǓЊȒȏȑȉƲ2c ǲ ǫǵ ἧș ǏǦȂǍǓὄὑǧǒȐǮǉȒƳǤǵ♥Ʋ

Lm ǮǶ 3r ǲ ἧǓЊȑƲ̊ 2c ǲЊǪǭǋǖǓƲֿ ǵ ǲȏȑ Bt ǮǶ 3r ǒȐ ἧ

Ǔ╠ǔ ǒȓȒƳ ǵ Ym ǮǶ 3r ǓƲF` ̊ Ǯ 3o ǓӸ ǜȓƲJq Ǯ ǯǱȒƳ

JǒȐJqȅǮǵ07Ϸ ǒȐǱȒק ș ק ǯǋǍƳǤǵ♥ƲQaǒȐWdȅǮǶֿ ǲ4rƲ
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3cƲ4o ǓӸ ǜȓǭֿǟȏǍǱק ș◐ ǠȒǓƲǤǵ ǵק ǮǶ3eƲ4e ǓӸ

ǜȓȒ ѝǓǉȑƲǤǵ ѝǲιǠȒϷ șǤȓǥȓɧɱȽɌȢɇƲȠȭȿɌȢɇǯᴀǽƳe

ǓὈЋǲӸ ǜȓȒǯ͔ ἧǯǞǭǵϐǔǓ▀ǖǱȑƲǤȓ̊ ǶǤǵѼǵק ǵ c Ǔ

Ӹ ǜȓǭǋǖ ѝǵϷ ǯֿǟȏǍǱר ș ǠȏǍǲǱȒƳ̊ʣǵȏǍǱק ♣ǲȏǪǭƲ

Ϸ ǵȢȨɱӓȦɋɩȬɶƲ ἧ ᴇҘƲӴ̱ǵ ӓ Ǳǰǵר Ǔק ǲ ȓǭǖȒǵǮǉ

ȒƳ

ѝἧǵ◐

ӓἶ ֻǯǶ̲ǒ

Ʀѝἧ

ǚȓȅǮƲԍἧǵ ἧ ǲǫǋǭ όǞǭǔǦǓƲ˹ ↓ǶǤǵԍἧֿṲǵ ֻƲ ǲВ

ֻǲǫǋǭ ǏǭȆȏǍƳӓἶ ֻǵ ǯǞǭƲ̋ ǲѝἧ ǯԍἧ͔ ֻ ǵ ǫǓǉ

ȑƲȅǡǶѝἧ ǲǫǋǭ ȀȒ

ѝἧ ǯǶƲԍἧ Ǔ ǱǪǭǮǔǦƲѝἧЋ̱ǲⅎǓȒƼѝἧ ƽș ǋǭѝἧК

ǵ ἧǵ ș Ǡ ǮǉȒƳѝἧ ǶƲԍἧ ǵ ◐ ֻ'KB@N9 Khmd`q

Bnlahm`shnm ne @snlhb Nqahs`kr(Ǯ ̧ ǲ ȈȒǚǯǓǮǔȒƳ

ȅǡƲ ѝἧǵ◐ ș ǏȏǍƳ ἧ ǵ ḹǲȏȓǷƲ ἧǶ ǯǞǭǵר șȉǫǵǮƲ

̬ ǓἭ᷀ǠȒƳ Ǔֿ̬ Ǯ ǱȒǯƲ˛ǋǲ▌ȈֻǪǭԍἧ ǵ ἧὭ↓ǓẎǔǖǱȒƳ

ԍἧ ǲ ἧǓǦȅȒǯǤǵ ἧǶʰ ǵ ἧǯ▌ǖ ˛̸ ǮǔȒǦȈƲѝἧǵȦɋɩȬɶ

Ƕֺ ἧǓѩƵǵԍἧǲǉǪǭ Ήǵԍἧ ǯǧǘ▌ǖ ˛̸ ǮǔȒḹֻǵȦɋɩȬɶȏȑ

ȉ̭ǖǱȑƲὄὑӓǠȒƳǚǵǯǔƲ ἧǶԍἧֿṲș ǺǫǘȒ☻ҊșǞƲǤǵȏǍǱ ș

רֻ ǯǋǍƳʝ Ʋ Ǔ ̬ Ǯ ǱȒǯƲ˛ǋǲ Ǩ ǞǉǪǭԍἧ ǵ ἧὭ↓Ǔ

ᾜǞƲ ἧǓЋǖἭ᷀ǮǔǱǋ ǓἭ᷀ǠȒǚǯǲǱȒƳ ἧǶ ḢǒȐ ǜȓȒǦȈ

ǲʺǲ ֻ ḢǵẆζǲѝ⁹ǠȒƳǚǵǦȈƲ ἧǶẆζǒȐԍἧ ș╠Ǫ█Ǫǭ╠ǔ ǤǍǯ

ǞƲǜȐǲԍἧ ֚ ǵҧ ȉ ȆֻȖǜǪǭƲֺ ἧǓѩƵǵԍἧǲǉȒḹֻȏȑȉȦɋɩ

Ȭɶ ǲʥὄὑǲǱȒƳǚǵǯǔǵ ș֚ רֻ ǯǋǍƳǚǚǮ ǏǦȏǍǱƲԍἧș

ǽ ' ֻ (ǵȅȖȑǲЛ ◐ǵᾍ șȉǫѝἧ Ƕ ׄǒȐ ȈȒǯr ǲ̧ǭǋȒǵ

ǮƲ ǵȬɨȵɡ ἬǮǉȒÐș̓ǪǭƲÐ ǯȏǽƳǤȓǲᾍǞƲ ֻ ǲǫǋǭ ᾍ

Ǳѝἧ ǶƲ ׄǒȐȆȒǯ o ǲ̧ǭǋȒǵǮƲo ǵȬɨȵɡ Ἤ Î ș̓Ǫǭ Î

ǯȏǽƳ

ԍἧǶ Ήǵ 0r ǲ Ήǵ ἧșȉǪǭǋȒƳ0r ǯ 0r ǵ Ǳȑǲȏȑ

ǞǭǋǦ ̬Ǔ רֻ 0Ð'0kl f ᾍ fdq`cd(ǯ֚ רֻ 0Ð

)

'0km t ᾍ

tmfdq`cd(ǲѝ ǠȒƳɏȤɨǵ ̀♣ǲȏȑƲ רֻ ǲ Ήǵ ἧǓЊȒƳ ֻǲȏǪ

ǭЋ̱ǵȦɋɩȬɶǶ ª ǧǘᾛǜǖǱȑƲ ԍἧǯǞǭἭ᷀ǠȒȏȑȉ ѝἧǮǋǦȂ

ǍǓ♬ǯǋǍǚǯǲǱȒǦȈƲὄὑǱ ѝἧǯǞǭἭ᷀ǠȒƳ



���
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ǚǚǮƲ ֻǵὄὑרș ǠΙǯǞǭƲ ֻ ǯǋǍȉǵǓǉȒ

ֻ � רֻ ǵ ἧ �֚ רֻ ǵ ἧ�
ǚȓǶƲԍἧ ǵ ֻǵ ș ǞǭǋȒƳὕ Ʋ��ѝἧǵ ֻ ǶƲ

�;�� � �
ǮǉȑƲ ԍἧǰǍǞǓӴ ֻǞǭǋȒǚǯș ǞǭǋȒƳ

ǚǚǮƲ��ѝἧǶἭ᷀ǠȒǵǲᾍǞƲ�
�ѝἧǶǱǣἭ᷀ǞǱǋǵǒƲǯǋǍǚǯǲǫǋǭ
ǏǭȆȏǍƳ�
�ѝἧǓȉǞἭ᷀ǠȒǱȐƲGd ԍἧǵ 0r ֿṲǓ ǱǪǭǮǔǦÐ רֻ

ǯÐ֚ רֻ ǵǰǨȐǲȉ ἧǓ ǫЊȒǚǯǲǱȒƳȏǪǭѝἧǮǉȒȏȑȉԍἧǵ

ȅȅǵ ǓȦɋɩȬɶ ǲὄὑǯǱȑƲ�
�ѝἧǶἭ᷀ǮǔǱǋȖǘǮǉȒƳǨǱȆǲ�
�ѝἧ
ǵ ֻ ǶƲ

�;�� � �ǯǱȒƳ
ǲƲ ѝἧǵ◐ ǲǫǋǭ ǏǭȆȏǍƳ ԍἧǵ ἧ Ƕ�n��n��o�ǮǉȑƲǚǵǍ

ǨẆζǲǉǪǭ ֻǲ ʦǠȒ Ƕ 1rƲ1o ǮǉȒ'ǦǧǞ 1r ȉЋ̱ǯǞǭǶ ֻǲ ʦǞ

Ǳǋ(ƳǚȓȐǵ ǵ ǴֻȖǢș ǏȒ

�h �h 'ʣ(�kl 'ʤ(�km

�op �op 'ʣ(�kl 'ʤ(�km

�oq �oq 'ʣ(�4l 'ʤ(�4m
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�or �or 'ʣ(�4l 'ʤ(�4m
Î ǶֿǟȉǵǓ ΉǡǫǉȒƳǚǵȏǍǱ ǴֻȖǢǲȏȑƲ ǵȏǍǱѝἧ Ǔ◐ ǜ

ȓƲ ἧǓЊǪǭǋǖ

'ʣǒȐ�kmƲ�4mƲ�4lƲ�klƲ�kmƲ�klƲ�kmƲ�kl ƳǱǑǚǵ ǵ ἬǶїǭǖȒ ș

ǠȉǵǮǉȑƲ1sƲ2sƲ2pǵ ἬǯǶ ͜ǓǱǋƳ(

ѝἧǵ ֻ Ƕ

��;�� � �ǮǉȑƲǚȓǶ ѝἧǓ1 ֻșǱǞǭǋȒǚǯș ǠƳȅ

ǦƲ�4m ǲ ǠȒǯƲȷɒɱǵׄǔǓֿǟʥᾍ ἧǓ ǫǉȒƳǚȓǶ ѝἧǓ ɠ

ɶɟɱɆșȉǫǚǯș ǞǭǋǭƲǤǵǚǯǒȐ ǵ₡ 'ר ̱ ǲ ș ǬǘȒǯ╠

ǔὫǢȐȓȒ(Ǔ ǜȓȒƳǨǱȆǲȷɶɏɶȨȫȵɇ' ר (s�;ǮǶƲ֚ רֻ Ǯǉ

Ȓ�4m ǲ ἧǓȉǍ ǫЊȒǦȈƲ ֻǶ▀ǖǱȑƲǞǦǓǪǭ ֻ ȉs�ǲ Ȁǭ ǖ

ǱȒƳ

Ʀԍἧ͔ ֻ

ѝἧǵ◐ ǵ ἧș ǏȒ ǯǞǭƲ ǶƼԍἧ͔ ֻ ƽǲǫǋǭ ȀȒƳ ἧǓѝἧЋ

̱ǲⅎǓǪǦ' ᾯ᷀ӓǞǦ(ѝἧ ʣǲἭ᷀ǠȒǚǯǮ ֻǓ◐ ǜȓȒǯ ǏȒѝἧ

ǲᾍǞƲԍἧ͔ ֻ ǮǶƲ ǫǵԍἧ ǵ ֻșƲֺ ԍἧǲᾯ᷀ӓǞǦԍἧ ǵ Ǳȑֻ
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ǋǲȏǪǭ ǠȒƳ

ǞǒǞƲӴǱȒ ǵ ǴֻȖǢǧǘǮ ǏȒǯᵂ Ǔ ǟȒƳ͈ǏǷɟȽɱǵ 3 ǵB,G

ֻǓ ͔ǮǉȒǚǯș ǮǔǱǋƳǱǣǱȐƲ ἧǓԍἧ ǲᾯ᷀ӓǞǭǋȒǱȐǷƲ

ǵ 3ǫǵ͔ ἧǵǍǨ 0ǫǵ ἧǶ 1r ǲƲ ȑ 2ǫǶ 1o ǲιǠȒǚǯǲǱȑ

͔ǮǱǋǒȐǮǉȒƳǚǵȏǍǱǯǔǶƲѝἧș◐ ǠȒ ǲ1r ǯ 1o Ǔ ǟȑֻǪ

ǭПѝ ǜȓƲ Ǟǋ 3 ǫǵ ͔Ǳ 'ht� (ș ǟȒǯ ǏȒƳǚǵ Ǟǖ ǟǦ

Ǔ ǯᴀǷȓȒȉǵǮǉȒƳ

��I� � �u� v�n A �oq A �or A �opw
��I� � �u	 v�n � �oq � �or A �opw
��I� � �u� v�n A �oq � �or � �opw��I� � �u� v�n � �oq A �or � �opw

ht� ș Ǡ Ҳ ǵ ȆֻȖǢǶʣǵȏǍǲǱȒƳ0 ǫǵ 1r ǯ 2 ǫǵ 1o

ǵ ◐ ֻǲȏǪǭƲ˛ǋǲ 0/8-4Ȝǵ ↓șǱǠ' (Ʋԍἧǲᾯ᷀ǞǦ Ήǵ ș

ǠȒǚǯǓǮǔȒƳI� I�Ƕ�hƲ�oqƲ�orƲ�opǵ ◐ '˛ǋǮ˛ǋș ǢǱǋ(Ǳ Ȇ

ֻȖǢǮǉȒƳ�hƲ�oqƲ�orƲ�opǵ͜ șǤȓǥȓ ˆǞǭқǏȒǯǰȓȉ ǯǱȒǓƲǚȓ

Ƕx Ҳ x�Ǔ ἧǵἭ᷀ ș Ǡǚǯș ǏȒǯ ♬ǮǔȒƳ

ɟȽɱ̊Ẇǵ ӓ ǵ ǲǫǋǭ ș ǋǭ ǏǭȆȏǍƳ

ȦȽɱǵ ֻǶƲno� ș̓ǪǦ B,B

ǵÐ ֻ'Ӵ ֻ(ǯƲB,G ǵÐ ֻǲȏǪǭ

ǮǔȒƳ

ǰǵ ֻȉƲ ֻ ǒȐ ȓǷ ǲǱǪǭǋȒ

ǒȐƲÐ ֻǮǉȒƳ

ԍἧǵ ǵ ͔Ǳ ֻǵ ș ǠȒǲǶƲ0ǫǵ1r ǯ 1ǫǵ1o ș ȆֻȖ

Ǣǭno� șǫǖȒǯ ǏȒƳ
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I� � �u� �n A y�� �op
��� I� � �u��n � �u��op A �u��oq
��������I� � �u��n � �u��op � �u��oq

ht� ș Ǡ Ҳ ǵ ȆֻȖǢǶʣǵȏǍǲǱȒƳ0 ǫǵ 1r ǯ 1 ǫǵ 1o

ǵ ◐ ֻǲȏǪǭƲ˛ǋǲ01/Ȝǵ ↓șǱǠƲԍἧǲᾯ᷀ǞǦ2Ήǵ ș ǠȒǚǯ

ǓǮǔȒƳǚȓȉ�hƲ�oqƲ�opǵ͜ șǤȓǥȓ ˆǞǭқǏȒǯ ǯǱȒƳǱǑƲ1o Ƕ

1ǫ ȚǮǋȒǵǮ ǫ ǪǭǋȒƳ

Ȧȿɪɱǵ ֻǶƲno� ș̓ǪǦB,B Ʋ

B,G ǵÐ ֻǯƲ ǪǦ1o ș̓ǪǦB,B

ǵÎ ֻǮ ǠǚǯǓǮǔȒƳ

ǪǦ1o ֿṲǵ ֻǶƲ ֻ ǒȐȆȒǯ

o ǵȏǍǲǱǪǭǋȒǒȐƲÎ ֻǮǉȒƳ

ǚǵ ֻǵ ╛ǒȐƲȦȿɪɱѝἧǵЋǭǵԍἧ

Ƕֿʝ₳ ʣǲ ǖǚǯǓǮǔȒ' (Ƴ

ԍἧǵ ǵ ͔Ǳ ֻǵ ș ǠȒǲǶƲ0ǫǵ1r ǯ 0ǫǵ 1o ș Ȇֻ

ȖǢǭht șǫǖȒǯ ǏȒƳ

���������I� � �u� F�n A �opG
������������I� � �u� F�n � �opG

ht ș Ǡ Ҳ ǵ ȆֻȖǢǶʣǵȏǍǲǱȒƳ0ǫǵ1r ǯ 0ǫǵ 1o ǵ

◐ ֻǲȏǪǭƲ˛ǋǲ 07/Ȝǵ ↓șǱǠƲԍἧǲᾯ᷀ǞǦ1Ήǵ ș ǠȒǚǯǓ
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ǮǔȒƳǚȓȉ�hƲ�opǵ͜ șǤȓǥȓ ˆǞǭқǏȒǯ ǯǱȒƳǱǑƲ1o Ƕ 0 ǫ

ȚǮǋȒǵǮ1ǫ ǪǭǋȒƳ

Ƞȹȿɪɱǵ ֻǶƲht ș ǋ

Ǧ B,B ƲB,G ǵÐ ֻǯƲ ȑǵ

1o ș ǋǦ ǫǵÎ ֻǮ Ǡǚ

ǯǓǮǔȒƳ

ǚǵȏǍǲƲѝἧ ǮǶ ἧǓѝἧЋ̱ǲⅎǓȒǯ ǏȒǦȈƲ ἧș Ȓǵǲ Ǟǭǋ

ȒǵǲᾍǞƲԍἧ͔ ֻ ǮǶ ἧǓԍἧ ǲᾯ᷀ӓǞǭǋȒǯ ǏȒǦȈƲ ֻș ǏȒǵǲ

ǞǭǋȒ'ǰǨȐǓ ǞǋǯǋǍȖǘǮǶǱǋƳ Ƕ ֻșǰǵȏǍǱɠɅɩǮ ǏȒǒǮǉ

Ȓ(Ƴ ἧǓǉǪǭ ǓǮǔƲǤǵ Ǔѝἧǵ ș ȈǭǋǖǵǮǉȒƳ

ǤǞǭƲǚǵ ǵ Ǐ ǶƲʣǲ ǙǦѝἧ̊Ẇǲȉ ƵǱѝἧǲ ǮǔȒƳ͈ ǏǷƲno� ș ǋǭƲȨȭȽɱz����ǵȏǍǱ ӓ ǵ ș ǮǔȒƳ

ὕ Ƕ ԍἧǓȶȮȴȮǲʱȚ

ǮǑȑƲǜȐǲֺԍἧș ǵԍἧǯǵ

ֻǵקȑǲǴǟȒǚǯȉǮǔȒƳǤ

ǵǦȈƲ‼ǵȏǍǱ◐ȋֳǵȏǍǱ◐Ʋ

ǉȒǋǶǤǵʴ ǵ ƵǱ◐șǯȑ

ǍȒƳ‼ǵ ǓὄὑǮǉȒǓƲⱳǡǞȉǤǵ ǲǯǰȅȒȖǘǮǶǱǋƳ

ȅǦƲɗɱȺɱǵ ǵѝἧ ȉno� Ǯ ǮǔȒƳ

‼ǵȏǍǲƲǤȓǥȓǵ ԍἧǓ2ǫǵno�
ǮB,B ƲB,G ǵ ֻșǫǖȑƲ ǪǦ o

ǮB,B ǵÎ ֻșǫǖȒƳ

ǚǚǮƲÎ ֻǓǰǵȏǍǲ◐ ǜȓȒǒǲȏǪǭƲ‼ǵȏǍ

Ǳ ǫǵВ Ǔ ǘȒ'ȯȭɪǵ ╛(ǓƲǰǨȐǒʝ ǵ

ǲᶭὑǜȓǭǋȒȖǘǮǶǱǋƳÎ ἧǶѝἧЋ̱ǲ ᾯ᷀

ӓǞƲɗɱȺɱǶВ ̱ǯȏǷȓȒ șǯǪǭǋȒƳǚǵ

ȏǍǱ Ƕ̀ǲȉƲ͈ǏǷ0+2,ɔȽȶȦɱǮȆȒǚǯǓǮǔȒ

B<B,B<B ń B ,B<B,B ń B

*

,B<B,B

,

ń B

,

,B<B,B

*

0+2,ɔȽȶȦɱǲǑǋǭǶƲʰ ǲ֙רȢȨɱǵВ ǓἭ᷀ǠȒƳɗɱȺɱȋ0+2,ɔȽȶ

ȦɱǲȆȐȓȒȏǍǱƲ˘ ֻǯӴ ֻǓ˧˛ǲ ǱǪǦ ֻșВ☻˘ ֻǯǋǍƳ

ǚȓȐǲ̈ ǜȓȒВ ̱ǶƲВ șǯȒǚǯǮȦɋɩȬɶ ǲȏȑὄὑǲǱǪǭǋ
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ȒƳ͈ ǏǷƲɗɱȺɱǶ˘ ֻș2 ǪǭǑȑƲȦȿɪɱǶ˘ ֻș0 ǪǭǋȒƳǤ

ǵǦȈӴ ǲ ǏȓǷɗɱȺɱș ӓǞǭȵȭɫɖȫȳɱǲǠȒǯǔǵ ǶȦȿɪɱș

ȦȽɱǲ ӓǠȒǯǔǵ ǵ2ΊǲǱȒǯ ǜȓȒƳǞǒǞὕ ǞǭȆȒǯǚǵΙǶ

˔ ǜȓȒΙǵӭѝ ↓ǞǒǱǋƳǚȓǶɗɱȺɱǵÎ ἧ Ǔἴ ǞǦÎ ἧ ȏȑȉȦɋɩ

ȬɶṶ̌ǋǦȈǯ ǏȐȓȒƳ0+2,ɔȽȶȦɱǲǫǋǭȉֿ ǲǞǭἴ ǞǦÎ ἧ ȏȑȉ

ȦɋɩȬɶṶ̌ǋǚǯǓ ǜȓǦƳȠɟɨȩǵɛɶɨɱȮǶƲǚǵȏǍǱВ☻Î ἧ ǲǫǋ

ǭ ǵВ ǵὫʦǓǉȒȉǵǯ Ǐǭ ș ǱǋƲἴ ǞǦÎ ἧ ȏȑȉȦɋɩȬɶ

Ṷ̌ǖǱȒǚǯș ǞƲǚǵ̵ѝǱὄὑרǓВ ǲȏȒȉǵǮǉȒǚǯǒȐВ ȦɋɩȬɶǯ

ᴀȚǧƳ

ǯǚȔǮƲǚȓȐǵѝἧǵ Ƕԍἧ͔ ֻ Ǯ ǮǔǦǓƲÎ ἧǵ Ƕ͔ ἧǓԍἧ

ǲ ǜȓȒǯǠȒԍἧ͔ ֻ Ǯ ǠȒǵǶȉǶȋ ўǮǶǱǖƲѝἧ Ǯ ǏǱǖǭ

ǶǱȐǱǋƳ

ѝἧǵ◐

Ʀ ӓֻ ǵ ̱ ̱ר

ԍἧֿṲǵ ˛̸ ǲȏǪǭѝἧǓ◐ ǜȓǭǋǖ ἧǓ ǏǭǔǦǓƲѝἧǵ ǵ ǋǲ

ȏǪǭƲӓἶ╛ǓֿǟѝἧǮȉ ǱȒר ș ǫǚǯǓǉȒƳǤǵȏǍǱѝἧș˛ǋǲ Ǯ̱ר

ǉȒǯǋǍƳ ǲǶƲ̱ר ƲnƲlƲoƲὍ ḨǱǰƲ ֻǵ˿ Ǔ ǱȒǚǯǲȏǪ

ǭ ǟȒ ǯƲ̱ר ֻǵ˿ ǶֿǟǮǉȒǓ ԍἧǵ ѦǵȆǓ ǱȒ ̱ ̱ר

ǓǉȒƳ

̱ ǶǜȐǲƲ̱ר ↔ ƲΩ̲̱ר Ʋ̱ר ϑ ǲѝ̱ר ǜȓȒƳ ↔ ǶӴ̱ר ֻ

ǞǭǋȒԍἧ ǵᶥ ǲȏȑ ǟȒ ǮǉȑƲɉɣɶɜɱ̱ר ◙╛ǲȏǪǭӢѩǠȒƳΩ̲

ǶȵȷɶɆɧɱȷ̱ר ǯȉǋǋƲB,Ḇר ǵÎ ֻǵἭ᷀ƲǠǱȖǨ˘ ֻǲȏȒ ̱

ὡ'ᶥ ǮǔǱǋ(ǲȏǪǭ ǟȒƳǚȓǶƲ͈ǏǷ˲ ǵ ǲἭ᷀ǠȒ ǮǉȒɫɇɕ

ȵɱǲȆȒǚǯǓǮǔȒƳ

00,ȵȷ,ɪȿɈɶɩ

ЋɆɧɱȷ,ɪȿɈɶɩ

ɫɇɕȵɱʴǮǶƲ00,ȵȷ,ɪȿɈɶɩǓȽɱɏȭ ǵȠɝɌḨǯ ֻǞǭǋȒƳǤǚǲ֯

ϽǓ►ǦȒǯƲɪȿɈɶɩǵÎ ἧǓҤ ǜȓƲЋɆɧɱȷ,ɪȿɈɶɩǿ ӓǠȒƳǠȒר



���

�

ǯƲקᶪǵȽɱɏȭ ǵ ǓẀȖȑƲƼϽǓ ǦƽǯǋǍ ḸǓ̟ ǜȓȒƳǤǵ♥ƲɆɧɱ

ȷ,ɪȿɈɶɩǶ ǵϐǔǲȏȑ00,ȵȷ,ɪȿɈɶɩǲ ȒƳ

ϑ ȦɈɱȿȨɜɶ(ǶƲʺǲʥ'̱ר ԍἧ' ֻǠȒ ǫǵԍἧȅǦǶԍἧᶧǓЋǭ

ǱȒȏǍǱ ԍἧ(ǵἭ᷀ǲȏǪǭ ǟȒ ǮǉȑƲǤȓȐǶ˛ǋǲ̱ר ϑǵ ͜ǲǉȑƲ

‼ ǯֳ ǵ ͜ǲᾍꜘǠȒǵǮᾍ ̱ǯȉǋǍ'ǨǱȆǲƲ ϑǵ ͜ǲǱǋ șȶȠȷ̱ר

ɄɪȨɜɶǯǋǍ(Ƴᾍ ̱ǶɓȡɁȵɡɶǵ ◙╛ǲȏǪǭӢѩǠȒƳȦɈɱȿȨɜɶǵ

ֻ șɧȹɝ̱ǯǋǍƳȦɈɱȿȨɜɶǶ άϽ' ḹǑȏǺ ḹǵׄǔǓʝὑǵϽ(ǵׄǔ

șẀǏȒר ǓǉȑƲǚǵǚǯșϽἶ ǓǉȒǯǋǍƳר ר ̱ѝἧǵȂǯȚǰǶȦɈɱȿ

Ȩɜɶș ѩǠȒǵǮƲ1ǫǵȦɈɱȿȨɜɶǵ Ƕר ₡ǲ ǱȒǵǓ ǮǉȒƳ͈ Ǐ

ǷƲȳɨɇɜȢɇǵ Q ̱Ƕ Ǳǰǲѫ ǜȓǭǋǦǓƲR ̱ǶσẛרǓǉȒǦȈ ᴜǯǞ

ǭǶѫ ǮǔǱǋƳȅǦƲK,ȮɩȽɝɱ Ƕ װ ѝǮǉȒǓƲC,ȮɩȽɝɱ Ƕ Ǡסșװ

ȒƳ

ѝἧʴǵ ἧ

Ʀ ֻǵ ר

˘ԍἧѝἧǵ ǲǫǋǭ ǏǭȆȏǍƳ

ȅǡƲKhGѝἧǵ◐ ǲǫǋǭ ǏȒƳGԍἧǵ0r Ʋ

Kh ԍἧǵ1r Ʋ0r ǵȦɋɩȬɶǶǤȓǥȓ,02-5dUƲ

,4-2dUƲ,56-4dU'�{M | ��� 8 ��;�}~(ǮǉȒƳ ֿṲǓ

˛̸ ǮǔȒⱳ ̏ǶƲ ǵȦɋɩȬɶ ̬Ǔ ǖƲ

ȅǦ Ǔ ǲ ǱȑșȉǨƲǒǫ ֻ ǲᾍǞǭᶥ

Ǟǭȉֿ ǮǉȒǚǯǮǉȒǒȐƲG ǵ 0r ǯ Kh ǵ 1r

Ǔ ˛̸ ǞǭƲKh ǵ 0r Ƕ רֻ ' ֻǲ

ʦǞǱǋ (ǯǞǭǤǵȅȅ ȒƳǤǵ Ʋ‼ᶫǵȏǍǱ

Ǔ◐ ǜȓȒƳǚǵǯǔƲ ֻ Ƕ0ǮǉȑƲȅǦ

ǦǱѝἧ Ƕ ԍἧǵ ǲ ǠȒ ѝǓẎǔǋǵǮƲ ǵ ǲ ǱάȑǓǉȒǯ

ǋǏȒƳ

ǲƲGE ѝἧǵ◐ ǲǫǋǭ ǏȒƳПǺ ǵȦɋɩȬ

ɶș ǏȒǯƲGԍἧǵ0r ƲE ԍἧǵ1o Ʋ1r

ǵȦɋɩȬɶǶǤȓǥȓ,02-5dUƲ,05-/dUƲ,14dUǮǉȒƳ

ǞǦǓǪǭƲȦɋɩȬɶ ̬ǵ ǋGǵ0r ǯ E ǵ 1o

Ǔ ˛̸ ǞǭƲ‼ᶫǵȏǍǱ Ǔ◐ ǜȓȒƳ

0Ð Ƕ ԍἧǵ0r ǲ ǠȒȉǵǮǉȒƳǱǣǱȐƲ

ʣᶫǒȐȉѝǒȒȏǍǲƲ ԍἧǵ 0r ǵ ǓƲ ԍἧǵ

0r ȏȑȉǶȒǒǲẎǔǱȦɋɩȬɶșȉǪǭǋȒƳ ԍἧ

ǵ 0r ǶК ǮǉȒǒȐƲ ǱⅎǓȑǓ ₡ǲᾛ
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ǜǋƳ Ʋ ԍἧǯ ԍἧǵ ǶȦɋɩȬɶ⁪ǓǉȑƲ ǲ ǱȒǚǯȉǱǋǵ

ǮƲ ˛̸ ș֗ȃǠǚǯǶȂǯȚǰǱǋƳǧǒȐƲʣǵᶫǮǶƲ ԍἧǵ ǶǤǵȅȅƲ

GEǵ 0ÐǯǞǭ ǜȓǭǋȒǵǮǉȒƳ

1Ð ǶƲʰԍἧǵ ˛̸ ǲȏǪǭ◐ ǜȓǭǋȒȉǵǵƲȂǯȚǰ ԍἧǵ1r ǲ

ǠȒȉǵǮǉȒƳ1Ð ǵ ἧὭ↓ǵȂǯȚǰǶƲEԍἧǒȐ ǭGԍἧǵ֚ᾍζǲἭ᷀

ǠȒǦȈƲ ֻǲǶὫʦǞǱǋƳ

2Ð ǶƲ ԍἧǵ0r ǯƲ ԍἧǵ1r Ʋ1op
ǲȏǪǭ◐ ǜȓǭǋȒƳ ԍἧǵ 0r ǯ ԍἧǵ

1op Ƕ˛ǋǲ▌ȈֻǍǵǧǓƲ ₲ ˛̸ ǠȒ ԍἧ

ǵ1r ǯǵ ֻǓ֚ᾍǮǉȒǦȈƲ2Ðǵ ֻҘǿǵὫ

ʦǶǉȅȑẎǔǖǱǋƳ

0Î Ƕ ԍἧ ǵ 1oqǯ 1orǓǤǵȅȅ֝ȑ ǜȓǭ ǪǦȉǵǮǉȒƳ1oqǯ 1orǶ
ǵᾍ ǓֻȖǱǋǦȈƲר ǵ0Î ǯǞǭǤǵȅȅ֝ȑ ǜȓȒǵǮǉȒƳǚȓ

ǓƲϼǲ ȀǦƼ ֻ ǲǫǋǭᶥ Ǟǭȉֿ ƽǮǶǱǋǯǋǍǚǯǮǉȒƳ

3Ð Ƕ ԍἧǵ 0r ǲ ǠȒƲ ȦɋɩȬɶ

ǵ֚ רֻ ǮǉȒƳǞǒǞƲ ἧǶ֛ὦǜȓǭǋǱǋƳ

ᾯƲȂǯȚǰǵ ἧǶ ԍἧǲ ǠȒ ἧ ǲ֛Ȉ

ȐȓǭǋȒǚǯǲǱȒƳǚǵǚǯǒȐƲGE ѝἧǶ ԍἧ

ζǲ ǱάȑșȉǫǚǯǓȖǒȒƳ

KhGȋ GE ǲȆȐȓȒȏǍǱ άȑș ǯǋǋƲВר ֻƲ ǵǉȒВר ֻƲȢȨ

ɱ ֻǵ ǲƲ ֻǵ ǶẎǔǖǱȒƳǤǵר ǵẎǔǜșר Ǡᾩ↓ǯǞǭƲ֙ ἧɠɶɟɱ

ɆǯǋǍɗȭɆɩ șᾚЊǠȒ� � 
Ä/ � ֙ ἧɠɶɟɱɆƲe Ʋq ѝ Ʋl ֻ

ǚǵ╛ș ǋǭ֙ ἧɠɶɟɱɆș ȈȒǚǯǶ ǰǱǋ' ѝ ǯǋǍ ǒȐὕ ǜȓ

Ȓ(ǓƲ ѝ ș ȈȒǵǲ ҧǮǉȒƳ֙ ἧɠɶɟɱɆǶ ǵׄǔƲǫȅȑר ǒȐ

ǲׄǒǍ ӽǮ ǜȓȒ' (Ƴ

ǠȀǭǵ ԍἧѝἧǶƲԍἧ ǵ ǵ⁪ǲȏǪǭ↓ר ѝ Ǔ ǟȒǦȈƲ ѝר
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ἧǮǉȒƳÅ2 ȋ��ǵȏǍǲƲӴԍἧѝἧȋֿǟԍἧǒȐǱȒ ԍἧѝἧǶƲѝ ǞǭǋǱǋǦ

Ȉǲ֙ ἧɠɶɟɱɆș ǦǱǋƳȅǦƲzz/�ȋz���ǵ ǲѝἧǵᾍ Ǔר ǋǯƲ ԍἧ

ǵ ֻǲȏǪǭ ѝ ǲǶѝ Ǔ ǟ֙ ἧɠɶɟɱɆǓ◐ ǜȓǭȉƲЋ̱ǯǞǭ Ǩ Ǟǉ

ǍǦȈǲƲѝἧЋ̱ǮǶ֙ ἧɠɶɟɱɆș ǦǱǋƳ

Ͻǯѝἧ

Ͻǵ֛טǯ ї

ƦϽƲ֯ Ͻ ǯ

ʠ ╠Ҙș ǞǦǚǯǮ ǱɉɣɶɆɱǶƲϽǵȷɘȭɆɩǵ׀ ǮȉǉǪǦƳǤȓȅ

Ǯǲȉ֯ Ͻ ǵ ϽǒȐ ǓїȒǚǯǶȖǒǪǭǋǦǓƲɉɣɶɆɱǶᾛἩǒȐ ὙǲЊȒ

ϽșɕɨȸɞǮᾳ ǜǢȒǚǯǮƲ Ʋ Ʋ Ʋ Ʋ Ʋ Ʋ ǵ ǲѝǒȓȒǚǯș

ǞƲǚǵǤȓǥȓǵ ǵₑșȷɘȭɆɩǯᴀǽǚǯș ᴸǞǦ' (ƳǜȐǲƲǚǵ ǵ

ȷɘȭɆɩșֻȖǢȒǯПǺ ϽǲǱȒǚǯȉ ǞǦƳǞǒǞƲɉɣɶɆɱȉǚǵ ̊Ẇ

ǵ ǲ ǏǱǋϽ ǓǉȒǚǯǲǶ ǬǒǱǒǪǦƳ

07// ₴ƲȢȬɨȷǵẏ ἶ ɍɶȵȥɩǶƲǋȔǋȔǱ ǵɓȡɩȽɶș ǞǭẐ ș

όǞǭǋǦǯǚȔƲɓȡɩȽɶș ȒϽǵ ǯ ǲ ǟȒ ǒǜǯǓ ͈ ͜ǲǱǖƲȖǡǒǵ

ϽǞǒ ǞǭǋǱǋǯǔǮǜǏƲ ǒǖ ǟȒǚǯǓǉȒǚǯǲ ǬǋǦƳ ǲȏǪǭ ǽ

ǵ ǓֿǟǮǱǋǯ ǞǦɍɶȵȥɩǶƲ ₑǯ ₑǵẆǲǤȓǥȓ ↓ ș ǔƲֿ ʝ

КǲὙ ǲ ȀǭȷɘȭɆɩǵֺ ѝǮǵ ↓ʣ ǓǰǍ Ǎǒș ǞǦƳ ǒȐ ǵ

ǲǋǖǲǫȓǭʣ ǵ↓ֻǋǶẎǔǖǱǪǦƳǤǞǭƲ ǒȐǶǡȓǦ ѝǲȉ ↓ ș ǋ

ǭȆǦǯǚȔƲǚǚǮȉὙ ȏȑ ↓ǶǒǱȑ ǖǱȒǚǯǓȖǒǪǦƳǤǚǮɍɶȵȥɩǶƲ

ǲǶ ǏǱǋǓ ș̟ǏȒϽ Ǔ ǵϼǲȉᾴǋǭǋȒǯ șʤǞǦƳ

Ͻ' (ǶȦɋɩȬɶ+ � -.F.` Ҳ Gș ǠȒ ǮǉȑƲǤǵǍǨ ǲ ǏȒ ᶪ

'É � Ç����v w �6���v wƲÉ � 	�� 8 �����Ñv w Ç�: 8 �����ÑF GƲΉ˲⁪ǉȑ(ǵȉǵș
֯ Ͻ ǯᴀǽƳ֯ Ͻ ǵ Ƕ ǵȏǍǲ ǲȏǪǭ ǱȒƳ

̱ǓǉȒ ǲ ǏȒǯǋǍ ǲǶ ǫǵḹֻǓǉȒƳ ǫ Ƕ ̱ǓǤǵ ǵϽș Ǟǭ

ǋȒḹֻƲ ǫ Ƕ ̱ǓǤǵ ǵ ǵϽș֛טǞǦ Ʋ֛טǜȓǱǒǪǦ ǵϽǓ ǏȒ

ḹֻǮǉȒƳ

Ͻǵ ǶƲϽǵʢԍ 'QFA(ǵ ֻǮ ǏȐȓȒ'қ (ƳϽǵʢԍ ǓẐ Ͻǲ ǋѝ⁹

Ǯ ֻǠȒǯ ϽǯǱȒƳ
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ǫ ǵḹֻǲǫǋǭ ǞȏǍƳ‼ǵȩɧɶȳɶ

ȭɩǵᾍ ʣǲǉȒ ǶƲ̨ ǋǲ ǵ ͜ǲǉȒƳ

ǉȒ ǓƲ͈ǏǷ ǵϽș֛טǠȓǷƲ֛טǜȓ

ǱǋǮ 'ǉȒǋǶ֚ᾑ(ǞǭǔǦϽș ǭƲ ǦǨǶ

Ǥǵ Ǔ ǧǯ ǟȒȖǘǮǉȒƳǱǑƲϽǵט

֛ǯǋǍ ǲǫǋǭǶ' (Ƴ

Ʀ ̱ ᾑƲԍἧǵ Ͻǯ֛ט

ǫ ǵƲ ̱ǓǉȒ ǵϽș ǠȒḹֻǲǫǋǭ ǞȏǍƳὕǶƲ ̱ǓϽǠǱȖǨ

ș ǠȒ ǲǶ ȑǉȑƲ ǫǓ Ǯȉ ȀǦ ̱ ᾑƲȉǍ ǫǓ ἧǵ

ǲȏȒȉǵǮǉȒƳ

ἧǵ ǲȏȒ ϽǶƲ͈ ǏǷ ֚ꜘǲȆȒǚǯǓǮǔȒƳ ʴǵ ǋȦɋɩȬɶѝ

ἧǲ ǞǭҤ 'ȦɋɩȬɶ ̬ǓϷȏȑ ǋ (ǲǱǪǦԍἧǓƲὄὑǱḨ⅝ ǲ

ǨȒǯǔǲƲǤǵϷ ǵ ǵȦɋɩȬɶ ǲꜘǟǦȦɋɩȬɶșϽǯǞǭ їǠȒƳ

֚ꜘǲ ǞǦ ǋ ǓǉȒƳɈɆɨȤɞɧɱɕǲ ₡ǲ ǋḹ ǮɈɆɨȤɞǵ

֚ꜘș όǠȒǯƲ ǲẆ Ǔ ǖ ǏȒǯǋǍȉǵǮǉȒƳǚǵ Ǔ ǚȒ Ƕ ǵ

ȏǍǮǉȒƳɈɆɨȤɞȢȨɱș ǵʴǲЊȓǭ ֚ꜘș ǚǞǭȉƲǤǵ ǵẆζǮǶ

↓Ṷ̌ǖƲϽǵ їǓǉȅȑ ǚȐǱǋƳǤǚǲƲɈɆɨȤɞǓ֛טǞȋǠǋ ǵϽșї

ǠɈɆɨȤɞɧɱɕș►ǭȒǚǯǮƲ ǵẆζǮǶ ї ̊ʣǲϽș֛טǠȒȏǍǲǱȑƲ ᾍ

ǲ ǖǱǪǦȏǍǲ ǏȒǯǋǍȖǘǮǉȒƳ

ǚȓǯֿ ǵԍ Ǯ ǠȒǵǓƲɓɧȤɱəɶɓȟɶ ǯᴀǷȓȒ ǮǉȒƳɇȢɂǵɓ

ɧȤɱəɶɓȟɶǶƲẐ ϽǵȷɘȭɆɩʴǲẉ ǵ Ǔ ȓȒǚǯș ǞƲ46/ ș Ǐ

Ȓ ǲǫǋǭ ș ὑƲ Ǳ ș ǪǦƳʺ Ǳ ǲ@ǒȐJǵ ֵșǫǘƲ▀ǋ

ǲǫǋǭǶѩǵ ֵșǫǘǦƳǤǵ ƲǤȓǥȓǵ ǓƲẐ ǵʣ῁ǲἭ᷀ǠȒǋȔǋȔǱ

Ϸ ȋ᷂ ǵẎ ʴǵ ǱǰǲȏǪǭ֛טǜȓǦȷɘȭɆɩǮǉȒǚǯǓȖǒǪǦƳ ǲ ׀

ǱǵǶ C ǮƲ478ml ǵ ǵϽǲ ►ǠȒ ǮǉȒƳǚȓǶẐ Ẏ ʴǵɈɆɨȤɞ

ǲȏȒ ǵ֛טǲ ᶦǠȒƳʺǱɓɧȤɱəɶɓȟɶ ǵ ǯԍᶦϷ ș ǲ Ǡ

׀ 'ml( ԍᶦ ׀ ԍᶦ

@ 648-26 N
1

᷂ Ẏ ʴ D 415-845 Ed

A 575-884 N
1

᷂ Ẏ ʴ E 375-023 G

B 545-171 G F 32/-680 Ed+B`

*

C
0

478-483 M` G 285-738 B`

*

C
1

477-887 M` K 271-/33 Ed

ǚǚǮƲB ǯ E Ƕ ǵɎɩɜɶ ѦǮǉȒƳǚǵȏǍǲƲ֛טǠȒϽǵ ǶϷ ǲȏ

Ǫǭ ǱȒǵǮƲɓɧȤɱəɶɓȟɶ șѫ ǠȒǚǯǮẐ Ẏ ʴǵ Ϸ ǵ ↓ǓȖǒȒƳ
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Ʀ ǵ a � 4Ö
ȋ Ǳǰǲ̈ ǜȓȒȏǍǲ ӓֻ ǲǶ ǞǦȉǵǓẉǖἭ᷀ǠȒƳ ǚȓȐǵ

ǓǰǵȏǍǲǞǭ ǟȒǵǒș ǏǭȆȏǍƳ

ӓֻ ǲǶƲ̆ ֻǓʝǫǑǔǲ ǱǪǦВ☻˘ ֻș ǪǦȉǵǓẉǖἭ᷀ǠȒƳǚ

ǵВ☻ Ǔ֛טǠȒϽǵ ǯ▌↓ǲẎǔǱ Ȗȑș ǪǭǋȒƳ̊ʤǲƲВ☻ɛɨȦɱ�F�Ü � Ü�G)�Ǔ֛טǠȒϽǵɒɶȭ ș Ǡ

m ӓֻ 'ml( m ӓֻ

0 Ȧȿɪɱ 054 5 ɇɅȩɖȫȳȦɱ 253

1 ɔȽȶȦɱ 106 6 ɄɆɧɅȩɖɕȽȦɱ 28/

2 ɖȫȳɆɨȦɱ 157 7 ɖȫȳɅȩȨȭȽȦɱ 30/

3 ȨȭȽɄɆɧȦɱ 2/3

4 ɅȩɘɱȽȦɱ 223 0/ ȦȢȱȳɅȩȦɱ 34/

ǚǵɅɶȽǒȐƲВ☻ ǓẎǔǖǱȒȂǰɒɶȭ Ƕ ζǲȵɓɆǠȒǚǯǓѝǒȒƳ

ǚǵ șϽǵȦɋɩȬɶǯ ἧǵ Ҳǯǵ ͜Ǯ ǏǭȆȏǍƳ

ϽǶ ǯ ἧ'Ͻἧ(ǵ˘ǫǵר ș Ǩ ΉǵϽἧǵȉǫȦɋɩȬɶǶ+ � -. � áàâǮ ǜȓ

Ȓ' ɕɧɱȭὑ ƲË Ҳ Ʋb Ͻ ƲÉ (Ƴ֯ Ͻǵ֛טǶ ἧǵ ǲ ͜Ǟ

ǭǋȒƳВ☻ ǵÎ ἧǶѝἧǵ ș◐ǬǖǪǭǋȒÐ ֻǵ ἧȏȑ ᾯ᷀ӓǞȋǠǋƲ

ǠǱȖǨⅎ ᶪǲἭ᷀ǞȋǠǋר șȉǫƳǚǵȏǍǱÎ ἧǲϽἧǓ ǠȒǯƲȦɋɩȬ

ɶǵᾛǜǋϽἧǮǉǪǭȉƲÎ ἧǶ ӴǲȦɋɩȬɶș֛טǞǭҤ ǲ ǠȒƳǜȐ

ǲƲВ☻ ǓẎǔǖǱȓǷǱȒȂǰÎ ἧǶᾛǜǱȦɋɩȬɶǵϽἧǵ◙ ș֞ǘȋǠǖǱȒƳ

ϽἧǵȦɋɩȬɶǓᾛǜǋǯǋǍǚǯǶ

áàâǓᾛǜǋǯǋǍǚǯƲǫȅȑ֛טǠȒϽǵ É Ǔ

Ẏǔǋǚǯș ☻ǞǭǋȒƳǞǦǓǪǭƲВװ Ṳ̌ǺȒǲǫȓǭ ζǲɒɶȭǓ ȓȒǚ

ǯǲǱȒƳ

ǚǵר Ǔ ǲȆȐȓȒǵǓɓȥɌɶɩɓȽɪȢɱǵס ǮǉȒƳ

oG/ 7-1' ( oG7-1 01-/' ( oG01-/ ' (

ר ▀ṊḨר ʴǮǶƲВ☻ Ǔ ǖ֛טϽǶʥ֯ ϽǮǉȒǓƲṊḨר ʴǮǶ Ǔ

ẀӓǞǭВ☻ ǓѝἧЋ̱ǲⅎǓȑƲ ǵ֯ Ͻș֛טǠȒǦȈ ǲס ǠȒƳǜȐǲ▌Ṋ

ḨרǲǱȒǯƲПǺ ǓẀӓǞǭВ☻ Ǔ ǖǱȑƲ ǯǱȒƳ
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Ʀ Ϸ ӓֻ ǵ c,c

Ϸ ӓֻ ǵ ǵʺǱԍᶦǵ ǫǯǞǭƲc ǵѝ Ǔ ǙȐȓȒƳc ǲǶ c
wx

Ʋc
xy

Ʋc
yw

Ʋc
w

1

,x

1

Ʋc
y

1

ǯǋǍ 4 ǫǵ ǱȒ ̬ǵ ǓǉȑƲ ₡ǚ

ȓȐǶ 'ֿǟȦɋɩȬɶ ̬șǯȒ(ǞǭǋȒƳǞǒǞƲ ι ̱Ǯ ȐȓȒȏǍǲƲ

N

1,

ȋNG

,

Ǳǰǵ ̬ἧǓ ιȢȨɱǵקȑǲ ̬ǠȒǯƲ ̬ἧǲȏȒ ḹǵ◙ Ǯ c

ǵ Ǔ ǘƲ ̬ǵ ╛ǲꜘǟǭ ̬Ǔѝ ǠȒ' ̬ἧḹѝ (Ƴ͈ ǏǷ 5Ήǵ ̬

ἧǓ Ў ̱ ǲ ̬ǞǦḹֻƲ2 ǲ ǞǦs
1f

ǯƲ1 ǲ ǞǦd
f

ǲѝ ǠȒƳ

̬ἧǵ ׄǲ ἧǵἭ᷀ Ǔ ǋ c
w

1

,x

1

Ʋc
y

1

Ƕ ̬ἧǲȏȒ ֚ ǵǦȈƲ ǵȦɋɩȬ

ɶǓ ǞʣǙȐȓƲ1 ǲ ǞǦ d
f

ǲǱȒƳȅ

ǦƲ ̬ἧǵ ׄǲ ἧǵἭ᷀ Ṷ̌ǋ c
wx

Ʋ

c
xy

Ʋc
yw

ǶȦɋɩȬɶṶ̌ǖƲ2 ǲ Ǟ

Ǧ s
1f

ǲǱȒƳd
f

ǲ ǔǓǉȒḹֻƲѝ ₦ǲ

ꜘǟǦϽș֛טǠȒǚǯǲȏȑƲs
1f

ǵ ἧǶ d
f

ǲ ǞƲ˲ ǵ ǲǶ֛טǜȓȒϽǵ ǵ

ǲǉǦȒ Ǔ ǏȒƳ֛טǜȓȒϽǵ ǶʴⱲǵ

ιȋ ̬ἧǵ ǲȏǪǭ ǱȒƳ͈ǏǷƲṊӓȱɎɩɆ'HH('Bn'G
1

N(
5

Bk(Ƕ ȋǒǱɒ

ɱȭ șǞǭǋȒƳ

ǚǵȏǍǲƲc ǵ Ǔ ǘǭȦɋɩȬɶ ̬ǲ⁪ǓǮǔȒǚǯǮƲc ǵʴǮ ἧǓ

Ҥ 'c,c (Ǟǭ ǠȒǯ ǏȐȓȒƳʝ Ʋ ̱ǲǑǘȒ ἧ ǲǫǋǭƲ ̬ἧǒȐ

ʴⱲ ιǿƲǉȒǋǶʴⱲ ιǒȐ ̬ἧǿǱǰƲ ǱȒԍἧ Ǯǵ ἧ Ҳș̢Ǎ 'BS

(ș ǏȒǚǯȉǉȒƳ

ѝἧș Ȓ

ƦѝἧȷɘȭɆɩ

ѝἧǵȷɘȭɆɩǶƲԍἧǵȷɘȭɆɩ'͈ǏǷ ԍἧǵȷɘȭɆɩ(ǯ ǋƲ ǮǶǱǖⅎ

ǓǪǦɎɱɇ șȉǫƳǚǵ ǲǫǋǭ ǏǭȆȏǍƳ

ȅǡƲ֛טȷɘȭɆɩǲǫǋǭ ǏȒƳ'ǚǚǮ֛טȷɘȭɆɩǯǶƲѴ ǯǞǭ ș

ǋƲ ǲᾍǞ֛ט▌↓ș ǞǦȉǵǮǉȒƳ( ѝἧКǮǶ ₡Ʋ ἧḨ⅝ ǒȐ ἧҤ

ǿǵ Ǔ ǚȑƲǤȓǓ֛טȷɘȭɆɩǯǞǭ ǜȓȒƳǞǒǞƲѝἧКǲǑǋǭƲ

ἧǵȦɋɩȬɶǶ ǛǯǲᶭὑǜȓǭǋȒȖǘǮǶǱǋƳѝἧǶ ҲƲᶥ șǞǭǋǭƲ ֻ

Ƕ̤Ǻ ȆǞƲȅǦ ֻ ȉẀӓǞǭǋȒƳ ἧҤ ǲǶẉ ǵ ҲҤ ȋᶥ Ҥ

ǓǉȑƲǤȓǥȓǵ ȆֻȖǢǲȏȑƼ ἧḨ⅝ɵ Ҳɵᶥ Ḩ⅝ ƽǒȐǵ ǓẀ

ȖȒƳǤǵǦȈƲ֛טǶẉǖǵ ǵƼ ἧҤ ɵ Ҳɵᶥ Ҥ ƽ ǿǵ ǵ ȅȑǲǱ

ȑƲȷɘȭɆɩǓ₦ș ǫȏǍǲǱȒƳ ϽȷɘȭɆɩǮȉԍ ǶֿǟǮǉȒƳ

ǮǶƲȅǡѝἧǵ Ҳǲǫǋǭ ǏǭȆȏǍƳ̆ ԍἧѝἧǲǑǋǭƲ ֻǞǭǋȒԍἧǵ Ҳ
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