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ᾍר ǵȦɋɩȬɶǵẀ ǯ ǵẀ  

ĚĚȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵẀ ǵᾚїĚĚ 

A LIFE COM. ɎȢȨ Ὑ 

ὰ῎ᴇ˲ 

1 ȅǏǓǔ 

ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ ǵẀ ǑȏǺȦɋɩȬɶǵẀ ǵᾚїș Ǡǚǯș ǵ ǯ

ǞǭǋȒ ǮǶ ǵẀ ǵᾚїș Ǡ ǮȦɋɩȬɶǵẀ șᾚїǞǦ  

ɉɣɶɆɱǵ ǫǵ Ҳ ѸǮǉȒ ǵר Ѹ Ҳǵ ѸǑȏǺ̸ ̸֚ ǵ ѸǲǫǋǭǶ ǵǚǯǯǞǦ Ƞ

ȢɱȵɣȽȢɱǵ ᾍר ǮᾚїǮǔȒɫɶɪɱɂẀ ᾍ ǑȏǺȦɋɩȬɶǵ╛ǲǫǋǭǶ Ǯ

ӴǱ șʦǏǦ ǞǒǞ ǮǶǤȓȐǵ Ǳ Ƕ ǞǭǋǱǋ ǮǶ Ǯ Ǔ ǲὑ ǞǦ

ǵὑ ╛șʦǏǦ ǵ ᾍר Ƕ ȠȢɱȵɣȽȢɱǵ ᾍר ș̓ Ǟǭ Ǔ ǲ ǞǦ

ȉǵǯǱȒ ǚǵ ǮǶ ̀ǵᾐ Ǯ ǞǭǋȒʝ ǱȉǵǯǶ ǱȒ ǵὑ șʦǏȒ ǲ̓ ǠȒ

ș Ǯ̌ὑǞǦ Ǥǵ ǑȏǺ ǵȦɋɩȬɶǵ╛ș̓ Ǟǭ ǤȓȐǵẀ șᾚїǠȒ Ǯ̓ ǠȒ ͜╛

șᾚїǠȒ ǮǶ ǵẀ ǑȏǺȦɋɩȬɶǵẀ șᾚїǠȒ ǵ ǵẀ șᾚїǠȒ ǮǶȦɋɩȬ

ɶǵẀ ș̓ ǠȒ ǮǶ ǮᾚїǞǦ ǵẀ ǑȏǺȦɋɩȬɶǵẀ ș όǞǦ ǮǶ Ҳ ǑȏǺ

ȦɋɩȬɶǮ ǮǔȒẀ șᾚїǞǦ ȅǮǶ Ǯ ǠẀ ǵ ӴǱᾚїǲǫǋǭ ǞǦ ǒȐǶ

Ǔ ǲʦǏǦ ǵ ᾍר ș̓ Ǟǭ ǑȏǺ ǲǫǋǭ όșǞǭǋȒ ʝ Ǳ Ǯǵ

ᾍר ǵ ǮǶ ʴǵϽǵ Ƕ ǮǉȒȉǵǯ ǏǭǋȒ ǯǱȒ ǵΙǓǰǵȏǍǲᾚїǮǔ

ȒǒǶ ₴ ᷀ȅǮǵ ǵ ǮǶӦѝǱ ǶǱǋȏǍǮǉȒ ʴǵϽǵ ǜǮ ҲǠȒ ǮǶ ᾍ

ǵѝ Ǔ ǲǱǪǭǞȅǍ ѝ Ǔ ǲǱǪǭǞȅǍǵǮ ѝἧǓ ǮǉȒǯǋǍȏǍǱ ἶș ǞǭǋȒǯ

ȉדǏȒ ș Ƕ֞ǘЊȓǭǋǱǋ ʴǵϽǵ ǜǮǵ ᾍ ǵ Ιș Ǟǭ Ǔ ʴǵϽǵ

ǜǮ ҲǠȒǚǯș ǮǔǱǋ ǮǶϽǵ ἧǯǞǭǵ Ȓ ǋș ǮǔǱǖǱȒǚǯǓ ꜠ǜȓȒ ǤǵȏǍ

Ǳ ȉ Ƕ ǋǖȉǵǯǞǭǶ֞ǘЊȓǭǋǱǋ ǵ ᾍר ǮǶ Ͻǵ ἧǓ ʴǵϽǵ ǜǮ

ҲǞǭǋȒḹֻǮ ș ǮǔȒȏǍǲὑ ǞǦ ǤǵȏǍǱ ʴǵϽǵ șὑ ǠȒ ǲ ↔ר ǵ

ǵ Ǔ ͜ǠȒ ș Ȓǵǲ̓ ǠȒ ș ǮǶᾚЊǠȒ Ǥǵ ș̓ Ǟǭ ʴǵϽǮ Ҳ

ǠȒ ↔ר ș̌ὑǞǭ ʴǵϽǵ ǲǫǋǭ όǞǦ ǵ Ǯ ǞǦɫɶɪɱɂẀ ǮǶ ↔ר

Ǔ ʴǵϽǵ ǜǮ ҲǠȒḹֻǶ̓ ǮǔǱǋ ǚǵǚǯǮ Ǯ̌ὑǞǦ Ǯ ș ȒǚǯǲǞǦ

ǮǶ ʴǵϽǵ ǜǮ ҲǠȒ ǵ ǑȏǺ ǲǫǋǭ όǞǭǋȒ Ǥǵ όǮǶ ǵ Ƕ

ǜǵ ǲǱȒǚǯș̌ὑǞǦ ǤǵȏǍǲ̌ὑǞǦ Ƕ șὑ ǠȒ ǲ̓ ǠȒ Ǯ̌ὑǞǦ

ș̓ ǞǦ ἶ ǵ șꜘ Ǟǭ ɨɶɜɱΩ̲ἶǵ Ǯ ǠȒ Ϸ șᾚЊǞǭǋȒ Ǥǵ Ϸ

ǮǵʥẀ ǯǱȒ ͜╛ǒȐ ǵⱨѝ͜ șᾚїǞǭ ʴǵϽǵ ǜǮ ҲǠȒ ǵ ǑȏǺ ǲǫǋ

ǭ όǞǭǋȒ ǮǶ Ҳ Ҳ ╛ǑȏǺ ǵȦɋɩȬɶǲǫǋǭǵ όǮǉȒ Ǯ̌ὑǞ

Ǧ Ǯ ǠȒ Ҳ șɉɣɶɆɱҘἶǵ Ҳ ǲ ǞǭǋȒ Ҳ ǒȐ Ҳ ╛ǲ ș Ȉǭ ǵ Ǯ

ǵ Ҳ ╛Ǔ ᾍ Ǯ ǮǔȒ Ҳ ╛ǯǶ ǱȒǚǯș ǞǭǋȒ Ҳ ╛ș̓ Ǟǭ ǵȦɋ

ɩȬɶș› Ǯ ǞǭǋȒ Ǥǵ› Ǯ ǞǦ ǵȦɋɩȬɶǓ ʴǵϽǵ ǜǵḹֻǮȉ̓ ǮǔȒǚǯș

ǞǦ ǵȦɋɩȬɶǯ ǵֻҘǯǵ ͜Ǔ› ǮʦǏȐȓȒǚǯș Ǡǵǲȉ Ǔ ǲὑ ǞǦ ǵ

ὑ ș̓ ǞǭǋȒ ǮǶ ǵὑ ǲ̓ ǞǦ╛șᾚїǞǭǋȒ ǵὑ ǵ╛șᾚїǞǦǉǯ
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ǲ Ҳ ǯȦɋɩȬɶǵ ͜╛ș ɨɶɜɱΩ̲ἶǵɗȭɆɩǵ ͜╛ǮʦǏǭǋȒ Ǥǵ ͜╛ș̓ ǞǭᾚїǞǦ

ʴǵϽǵ Ҳ ǯȦɋɩȬɶǵ ͜╛Ǔ ἶǒȐᾚїǜȓȒϽǵ Ҳ ǵ ǲ Ǟǋ ǮǉȒǚǯș Ǟ

Ǧ ǮǶ ǮᾚїǞǦ ǵẀ ǑȏǺȦɋɩȬɶǵẀ ȏȑȉʝ Ǳ ǵ ǵẀ ǑȏǺȦɋɩȬ

ɶǵẀ șᾚїǞǭǋȒ  

ǵȂǯȚǰǵɘɶȶ Ƕ ǒȐ ǲҊǒȓǭǋȒ ǚǵǚǯǶ ǲ ȓǦȏǍǲ ʴǵϽǵ ǜǵ

ș ǠȒǵǲ ᾍ ǵѝ ǵ ș ǖȉǵǓǉȒǚǯǲ ͜ǠȒ Ǔᾐ ǯǞǭǋȒⱦ ǵᶥ ɠ

Ʌɩǵ ǲѝ Ǔ ǲǱȒȉǵǓ ǑȏǺ ǲ ǜȓǭǋǦǚǯș ₴ ᷀ǵ Ƕ ǞǭǋȒ Ǔ

ǲ ǞǦⱦ ǵᶥ ɠɅɩ ǮǶ ǤǵȏǍǲѝ Ǔ ǲǱȒȏǍǱ șǞǱǋǮ ὑΙǲὈЋǲʝ ǠȒǚ

ǯș ǮǔǦ ѝ Ǔ ǲǱȒ șǠȒǚǯǶᾛἶ ǮȉȋȐǱǋȉǵǯ ǵ ǲǉȒ ǵ ǲǶ

Ƕ ǏȒȉǵǮǉȒ ǞǒǞ ›ἶӵṲǉȒǋǶӣἶӵṲǓ ǠȒⱦ ǵᶥ ɠɅɩ ǲǶ ѝ Ǔ ǲǱȒȉǵ

ǯ ǢǝȒ ǏǱǋǚǯș Ǔ ǏȒ Ǔ ǪǦ ǰǍǞǭѝ Ǔ ǲǱȒ Ǔ ȋ ǲǱȒȉǵǒ Ǥǵ

Ƕ ₴ ᷀ǵ ǲȉʥ ǮǉȒ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ ѝ Ǔ ǲǱȒ Ǔ ǠȒȉǵ

ǯ ǜȓǭǋȒḹֻǶǱǋȉǵǒǯ ꜠ǠȒǚǯȉǉȒ ǤǵȏǍǱ ǓḨ ἶ ǲᾍǞǭἭ᷀ǠȒǚǯǮʝ

ǵ›ἶǑȏǺӣἶǵἶ ǉȒǋǶ ǵѝ Ǔ ǱȒ ǲ◙ ș֗ȃǞǭǋȒȉǵǒǶ ₴ ᷀ǵ ǲ

Ƕʥ ǮǉȒ ǮǶ ǤǵȏǍǱ ș ȐǠǚǯǓǮǔǱǋȉǵǒǯȉ Ǐǭ ̊ ǵ ǵ ˺ș ȆǭǋȒ

ǤǵȏǍǱ ǵᾐ ǮǉȒⱦ ǵᶥ ɠɅɩǵѝ ǵᵂ ǲ◙ ș֞ǘǭǋȒ ǵΉ˲ Ǳ ꜠ǒȐ ǟǦҘǭ

ǒȐ ȅǮǵɘɶȶ ș ȉ ǖ̓ǍǚǯǓǮǔǦ  

̂ ĵǮǶ ǮȦɋɩȬɶǵẀ ș̓ ǞǭᾚїǞǦ ǵẀ ș ȦɋɩȬɶǵẀ ș̓ ǞǱǋ ǮᾚїǞ

Ǧ ̂ ĶǮǶ ǮᾚїǞǦ ǵẀ ǑȏǺȦɋɩȬɶǵẀ ǲᾍꜘǠȒ Ẁ șᾚїǞǦ ̂ Ķǵᾚї Ƕ

ȦɋɩȬɶǵẀ ǲᾍꜘǠȒ Ẁ ș̓ Ǟǭ ǵẀ ǲᾍꜘǠȒ Ẁ ș Ǯǵ ǮᾚїǞǦ ̂ ķǮǶ

ǵЋȦɋɩȬɶǑȏǺ ר ǵ ͜ǲǫǋǭ όǞǭȦɋɩȬɶǵͪἭǑȏǺ ǵͪἭǲǫǋǭ ǟǭǋȒ ̂

ĸǮǶ ʴǵϽǵ ǜǮ ҲǠȒ ǵ ↓ǵẀ ș ǞǦ ̂ ĹǮǶ Ǔ ǲ ǏǦ Ǯ ʴǵϽ

ǵ ǑȏǺק ǵẀ șᾚїǞǦ  

ǮǶ ↓ș̓ ǞǭǋȒ ↓ǵὑ ǲǫǋǭǶ ǮʦǏǦ Ǯ̓ ǞǭǋȒ 3 Ϸǵ ↓Ƕ ș

̓ Ǟǭὑ ǞǦ ↓ș̓ ǞǭǋȒ Ƕ ǓȠȢɱȵɣȽȢɱǵ ᾍר șἶȚǧ ǮǉȒ ș

̸ ǠȒǦȈǵ Ǯȉ ǯǭȉ֓ ǲǱǪǦ ǮǉȒ Ƕ ᾍר ʝ ᾍר ǵ ǑȏǺǤ

ȓȐǲ ǠȒΩǫǒǵ ș Ǯ ǞǦȉǵǓ ǪǭǋȒ ǯǞǭ ȖȓȒȉǵǮǉȒ ǚȓȐǵ ș֓ ǲǠ

Ȓ ǲǶ ǵ ș̓ ǞǦ Ƕ Ҳ ǑȏǺɉɣɶɆɱǵ Ҳ ╛ǵ ͜ș֓ ǲǞǦ ǮǉȒ

Ƕ CODATA ǵɓȟȢɩǮǉȑ ȢɱȽɶɋɁɆʣǮȾȤɱɫɶɇǮǔȒ Ϭǵ PDF Ǯ ͑ǜȓǭǋǦȉǵ

ǮǉȒ ǮǶ ǵ ʴǵϽǵ ǜǵΙș̓ ǞǦ CODATA ǲǫǋǭǶ ǵȅǏǓǔǮ Ӵǲ șǞ

ǭǋȒ  

₴ ᷀ǵ ǵᾐ Ƕ ⱦ ǵᶥ ɠɅɩǮǉȒ Ƕ ǵȢɱȽɶɋɁɆʣǮǵ Ḹ ͑ ҲǮ̓

ǠȒĚĚⱦ ǵᶥ ɠɅɩǵ֓ ǮȉǉȒ ĚĚ ϬǵɓȟȢɩǯǞǭ̸ ǞǭǋȒ Ƕ ₴ ǵ

ǵ ĚĚⱦ ǵᶥ ɠɅɩǵ ǵ ǮǉȒ ĚĚǵʺǱ șḸףǞǦɓȟȢɩǮǉȒ Ƕ

ǵ ǞǭǋȒⱦ ǵᶥ ɠɅɩ Ǯ̓ ǠȒ ǵὑ ǲǫǋǭǵ ǮǉȒ ǵ ǞǭǋȒⱦ

ǵᶥ ɠɅɩ ǮǶ ǵᶥ ș̓ ǞǭɐɆǵⱲ ǵᶥ ɠɅɩǯǞǭⱲ ǲǫǋǭ ǠȒǚ

ǯș ȆǭǋȒ Ǥǵᶥ ɠɅɩǮǶ Ǯ Ǔ ǲὑ ǞǦȱɱɕɧȢȠɱȷǑȏǺ ȓǵ ș ᶥ

ǵȱɱɅɱȳǑȏǺȨɶɞǵ Ѹǲ♫Ǎ ǲᾍꜘ ͜șʦǏǭǋȒ ǤǞǭ Ǯ Ǔ ǲὑ ǞǦⱦ
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ǵᶥ ɠɅɩǵȢɱȾȭȽɱȷǲ ᶥ ǵȢɱȾȭȽɱȷșᾍꜘǜǢǭǋȒ Ǯ Ӵǲ ș ᶥ

ǵ ǲᾍꜘǜǢǦ Ǥǵ ș Ǔ ǲ ǮǶ ȏȑȉԝὭǲὑ ǞǦ ǤǵȏǍǱⱦ ǵᶥ ɠɅ

ɩ ǵ ǑȏǺȢɱȾȭȽɱȷșὑ ǠȒ ǲǶ Ǔ ǲʦǏǦ ǵὑ ș̓ ǞǦ Ǥǵ ǵὑ Ƕ

ǲ șǞǭǉȒ Ƕ Ǔⱦ ǵᶥ ɠɅɩǵѧⱲ ׄǘǲ̸ ǞǦɓȟȢɩǮǉȒ ǚ

ȓȐǵɓȟȢɩǶ ϬǮǉȒ Ƕ Ǔ ǲ ǞǭǋȒⱦ ǵᶥ ɠɅɩ Ǯ̓ ǞǦ

ǵᶥ ǵ șǞǭǋȒɓȟȢɩǮǉȒ ǮǶ Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ ǵȦɋɩȬɶͪἭѸ

ǑȏǺ ǵЋȦɋɩȬɶǲǫǋǭ ǞǭǋȒ ǮǶ Ǔ ǞǭǋȒ ̬ǵὑ ǯ̀ ǵ Ǔ

ǞǭǋȒ ̬ǵ ǲǫǋǭǵ ǵ ș ǞǭǋȒ  

ǮǶě ȑĜǓǱǋǚǯșͪ ǶǞǱǋ ǵ ǵ̸ Ƕ˹♥ȉ Ǎ˔ὑǮǉȒ ǵě ȑĜǓ ǫǒǪ

Ǧ ǲǶʥὑ ǲ ș ǋ ǠȒ˔ὑǮǉȒ  
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 ᾍר ǵȦɋɩȬɶǑȏǺ ᾍ  

ǮǶ ȠȢɱȵɣȽȢɱǵ ᾍר ǵȦɋɩȬɶǵẀ ǑȏǺ ᾍ ǵẀ șᾚїǠȒ ǮǶ

Ǥǵ ǲ̓ ǠȒ Ҳ ǑȏǺȦɋɩȬɶǵ╛ǵ șǠȒ  

ǮǶᶫ 2.1 ǵ ǫǵ ↔ר ș̌ὑǠȒ ᶫ 2.1 ǵ ↔ר SǲǶ ↓ 2.1 ș̌ὑǞǭǋȒ ↓ 2.1

Ƕ ᶫ 2.1 ǵ ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ǮǉȒ ᶫ 2.1 ǵ ↔ר S ǲ

Ƕ ↓ 2.2 ș̌ὑǞǭǋȒ ↓ 2.2 Ƕ ᶫ 2.1 ǵ ↔ר Sǵ x ѝǑȏǺ t ѝǮ ǞǦ ↔ר

S1ǵ ↓ǮǉȒ  

( ) ( )1.2 const.,11_ 3=-= uuSS iu ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 

( ) ( )2.2 const.,_1 3== uuSS iu ↔ר Sǵ x ѝǑȏǺ t ѝǮ ǞǦ ↔ר S1ǵ ↓ 

 

ᶫ 2.1 ǵ ↔ר Sǵ ǑȏǺ ↔ר S ǵ Ƕֿǟ ʣǲ᷀Ȓȉǵǯ̌ὑǠȒ ↔ר Sǵԍ O

ǑȏǺ ↔ר S1ǵԍ O1Ǔʝ ǞǭǋȒǯǔǶ 2.3 ǑȏǺ 2.4 Ǔ ǠȒǚǯș̌ὑǞǭǋȒ ǦǧǞ 2.3

ǑȏǺ 2.4 ǵ‼ ǵ ֵǶ Ǥȓǥȓ ↔ר SǑȏǺ S ǵֺ ǵẀ ǯǠȒ  

( )( ) ( )3.20,0,0,0,,, 3=tzyx ↔ר Sǵ ǑȏǺ ǵ ѝǮʦǏǦ↔  

( )( )( )4.20,0,0,0,,,
1111

3=tzyx ↔ר S1ǵ ǑȏǺ ǵ ѝǮʦǏǦ↔  

↔ר SǑȏǺ ↔ר S ǮǶ 2.5 Ǔ₡ǲ ǠȒȉǵǯ̌ὑǠȒ 2.5 ǵֳ ǵ 2.6 Ƕ ʴǵϽǵ

ǜǮǉȒ ǮǶ ʴǵϽǵ ǜǵΙǶ 2.7 ĚĚCODATA Ǯ їǞǭǋȒΙǮǉȒ ĚĚǲǱȒ  

( )5.2
2

1

2

1

2

1

2

1

222222 3zyxtczyxtc ++-Ö=++-Ö  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

( )2.7
s

m
 458 792 299 3=c  

ǮǶ ȠȢɱȵɣȽȢɱǵ ᾍר ǵЏ ǯǞǭ ᾍרԍ ǑȏǺϽ ↓ǵʥẀǵԍ ș̓ ǠȒ

↔ר Sǵԍ O ǑȏǺ ↔ר S1ǵԍ O1ǲ Ͻ ș̌ὑǠȒ ǤǞǭ ↔ר Sǵԍ O ǑȏǺ

↔ר S1ǵԍ O1Ǔʝ ǞǭǋȒǯǔǲ ǤǵϽ ǒȐ ᾑǜȓǦϽǵ ǵ ╛ǒȐ 2.5 șʥẀǵ ͜ǲǠ

ȒǚǯǓǮǔȒ ǚǵ 2.5 Ƕ ᾍרԍ ǑȏǺϽ ↓ǵʥẀǵԍ ș ǠȒ ȠȢɱȵɣȽȢɱǵ ᾍר

Ǯ̓ ǠȒɫɶɪɱɂẀ Ƕ 2.5 ș ǠȒǚǯǮᾚїǠȒǚǯǓǮǔȒ ǲ ǤǵɫɶɪɱɂẀ ș Ǡ

ᶫ ↔ר 2.1  

x x1 

y y1 

z z1 

u Sǵ x ѝǑȏǺ t ѝǮ ǞǦS1ǵ ↓ 

 

↔ר S ר↔ S1 

ԍ O ԍ O1 
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Ȓ  

ᾍרԍ ǠȀǭǵ ↔ר Ǯ ѸǶֿǟǮǉȒ  

Ͻ ↓ǵʥẀǵԍ ǠȀǭǵ ↔ר Ǯ ʴǵϽǵ ǜǶǤǵϽ ǵ Ҳǵ Ǯ ὑǞǱǋǮὑ Ǯǉȑ

ʴǵϽǵ ↓Ƕ ↓ǮǉȒ  

Ͻ ↓ǵʥẀǵԍ ǮǶ ǠȀǭǵ ↔ר Ǯ ʴǵϽǵ ↓Ƕ ↓ǮǉȒ Ͻ ǵ Ҳ Ǔ ↔ר К

ǮϽ ǒȐ ᾑǜȓȒ ʴǵϽǵ ↓ǵׄǔș ὑǠȒ֯ Ƕר ǏȐȓȒ  

 

Ǯ̓ ǠȒȠȢɱȵɣȽȢɱǵ ᾍר ǵɫɶɪɱɂẀ Ƕ 2.8 2.11 ǮǉȒ 2.8 ǑȏǺ 2.11

ǲǶ͜ 2.12 ș ǞǭǋȒ ͜ 2.12 Ƕ 2.13 ș ǠȒ ʝ ǲǶ ͜ 2.12 ǶӢ 2.14 Ǯὑ

ǜȓǭǋȒ ǤǞǭ ͜ 2.12 ǶӢ 2.15 КǵΙǲǱȒ ɫɶɪɱɂẀ 2.8 2.11 ǮǶ 2.5 Ǔ

ǠȒ ᾍרԍ ǮǶ ɫɶɪɱɂẀ ǮʥẀǵ ǲǱȒ Ҳ ╛ǵ șⱳ ǯǠȒ 2.5 ǑȏǺɫɶɪ

ɱɂẀ 2.8 2.11 ș̓ Ǟǭ  ɫɶɪɱɂẀ ǮʥẀǵ ǲǱȒ Ҳ ╛șᾚїǮǔȒ ǮǶ Ǥǵ

Ҳ ╛ǲ ǜȓȒ ș̓ Ǟǭ ǵẀ șᾚїǠȒ Ǥǵ ǵẀ șᾚїǠȒ ǲ ȠȢɱȵɣȽȢɱǵ

ᾍר ǒȐᾚїǮǔȒȦɋɩȬɶǵ╛ș̓ ǞǭȦɋɩȬɶǵẀ șᾚїǠȒ  

( ) ( )8.2 
1

3tuxx Ö-Ö=g  

( )9.2 
1

3yy =  

( )10.2 
1
3zz =  

( )11.2
21
3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

( )13.2 3cu¸  

( )14.2 3cuc <<-  

( )15.2 1 3¤<¢g  

↔ר SКǲ ș̌ὑǠȒ Ǥǵ ǵ ↓ș 2.16 Ǯ ǠȒ ǚǵ ǲǶ 2.17 2.19 ș ѝǯ

Ǟǭ ǏȒֻҘǓ̸ ǞǭǋȒȉǵǯ̌ὑǠȒ ֻҘǵ ѝ 2.17 2.19 ǵֳ ǲ ǞǦ 2.20 2.22 Ƕ

Ҳ ǵ ѝǮǉȒ Ҳ ǵ ѝ 2.20 2.22 ǵֳ ǲǶ ᾍ 2.23 ș ǞǭǋȒ 2.17 2.22

ǵ ǏἬǶֺ ǵ ѝș ǠȒȉǵǯǠȒװ 2.17 2.19 ǲǫǋǭǶ Ǯȉ șǞǭǋȒ  

( )16.2 )( 3kjiv zyx vvvt ++=  

( )17.2
d

d
3

t

p
F x

x
=  

( )18.2
d

d
3

t

p
F

y

y
=  

( )19.2
d

d
3

t

p
F z

z
=  

( )20.23
xx

vmp Ö=  

( )21.23yy vmp Ö=  
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( )22.23
zz

vmp Ö=  

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

↔ר SКǮǵ ᾍ 2.23 Ƕ ↓ 2.16 ǵ ǜ 2.24 Ǯ ҲǠȒ ǵ ǮǉȒ ᾍ

2.23 ǵѝἧǶ ǜǓ ǮǉȒ ǵ Ǯǉȑ ↔ר SКǮǵ ǯᴀǷȓǭǋȒȉǵǮǉȒ ᾍ

2.23 ǵѝ ǲǶ ʴǵϽǵ ǜ 2.6 ǑȏǺ ↓ 2.16 ǵ ǜ 2.24 ș ǞǭǋȒ ʝ ǲǶ

ᾍ 2.23 ǵֳ ǵ ǒȐ ǜ 2.24 ǶӢ 2.25 КǵΙǲǱȒ ᾍ 2.23 ǮǶ Ӣ 2.25

ǵ ǒȐ ǵ ↓ 2.16 ǵ ǜ 2.24 Ƕ ʴǵϽǵ ǜ̊ʣǲǶǱȐǱǋǚǯǲǱȒ   

( )( )24.20, 3²Í= vv Rv  

( )25.2 0 3cv<¢  

ʴǵϽǵ ǜǮ ҲǠȒ ǲǫǋǭǶ ǑȏǺ ǲ ș ǋǭ ̊ Ǯ όșʦǏǦ ǮǶ

Ǔ ǲʦǏǦ Ǯ Ǎ ǵὑ ș̓ ǠȒ Ǥǵ ǵὑ Ƕ Ǯ Ǡ ǮǶ Ǥǵ

ǵὑ ╛ǲǱȒȉǵșᾚїǞǭǋȒ ǤǵȏǍǱ ǵὑ ǮǶ ᾍ ǯǶ ǱȒ ș̌ὑǞǭǋȒ  

2.26 Ƕ ȠȢɱȵɣȽȢɱǵ ᾍר ǒȐᾚїǮǔȒȦɋɩȬɶǵ╛ǮǉȒ 2.26 ǵֳ ǲǶ ʴǵϽ

ǵ ǜ 2.6 ǑȏǺ ᾍ 2.23 Ǔ ǜȓǭǋȒ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ĚĚ ↔ר

SКǮǵ ǮǉȒ ĚĚ ǜ 2.24 Ǯ ҲǞǭǋȒ ǶȦɋɩȬɶ 2.26 ș ǫ ↔ר SКǮǵȦɋɩȬ

ɶ 2.26 ș ǵЋȦɋɩȬɶǯᴀǽǚǯǓǉȒ ᾍ 2.23 ș̓ ǠȒǯ ↔ר SКǮǵȦɋɩȬ

ɶ 2.26 Ƕ 2.27 ǲ ǮǔȒ ȦɋɩȬɶ 2.27 ǵֳ ǵ ʴǵϽǵ ǜ 2.6 Ƕ ͜ ǮǉȒ ᾍ

2.23 ǵ Ƕ ȦɋɩȬɶ 2.27 ș ǫǚǯșȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ǠȒװ  

( )26.2

1

2

2

2

0 3c

c

v

m
E ³

-

=  

( )27.223cmE ³=  

↔ר SКǲ̌ὑǞǦ ș ↔ר S Кǲ̌ὑǠȒ Ǥǵ ǵ ↓ș 2.28 ǯǠȒ ֻҘǵ ѝ 2.17

2.19 ǯֿ ǲ ↔ר S Кǵ ǲֻҘǵ ѝ 2.29 2.31 ș ǮǔȒ ֻҘǵ ѝ 2.29 2.31

ǵֳ ǲǶ Ҳ ǵ ѝ 2.32 2.34 ș ǞǭǋȒ Ҳ ǵ ѝ 2.32 2.34 ǵֳ ǲǶ ᾍ

2.35 ș ǞǭǋȒ 2.29 2.34 ǵ ǏἬǶֺ ǵ ѝș ǠȒȉǵǯǠȒװ 2.29 2.31 ǲǫǋǭ

Ƕ Ǯȉ șǞǭǋȒ  

( )28.2 )( 11111111 3kjiv zyx vvvt ++=  

( )29.2
d

d

1

1

1
3

t

p
F x

x
=  

( )30.2
d

d

1

1

1
3

t

p
F

y

y
=  

( )31.2
d

d

1

1

1
3

t

p
F z

z
=  

( )32.2
111
3

xx
vmp Ö=  

( )33.2111 3yy vmp Ö=  
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( )34.2
111
3

zz
vmp Ö=  

( )35.2

1
2

2

1

0

1
3

c

v

m
m

-

=  

↔ר S КǮǵ ᾍ 2.35 Ƕ ↓ 2.28 ǵ ǜ 2.36 Ǯ ҲǠȒ ǵ ǮǉȒ 2.35 ǵѝἧ

Ƕ ↔ר S КǮǵ ǮǉȒ ʝ ǲǶ ᾍ 2.35 ǵֳ ǵ ǒȐ ǜ 2.36 ǶӢ 2.37

КǵΙǲǱȒ ᾍ 2.35 ǮǶ Ӣ 2.37 ǵ ǒȐ ǵ ↓ 2.28 ǵ ǜ 2.36 Ƕ ʴǵϽ

ǵ ǜ̊ʣǲǶǱȐǱǋǚǯǲǱȒ  

( )( )36.20, 111 3²Í= vv Rv  

( )37.2 0
1
3cv <¢  

↔ר S КǮǵ 2.38 ĚĚ ↔ר S1КǮǵ ǮǉȒ ĚĚǶ ȠȢɱȵɣȽȢɱǵ ᾍר ǒȐ

ᾚїǮǔȒȦɋɩȬɶǵ╛ǮǉȒ ↔ר S КǮǵ ᾍ 2.35 ș̓ ǠȒǯ ȦɋɩȬɶ 2.38 Ƕ 2.39

ǲ ǮǔȒ  

( )38.2

1

2

2

2

1

0

1
3c

c

v

m
E ³

-

=  

( )39.22

11
3cmE ³=  

 ǵẀ șᾚїǠȒǵǲ̓ ǠȒ ↓ǵ ͜╛ 

ǮǶ ǮᾚїǠȒȦɋɩȬɶǵẀ ǑȏǺ ǵẀ șᾚїǠȒ ǲ̓ ǠȒ ͜╛șᾚїǠȒ ǮʦǏ

Ǧ ͜╛ș̓ Ǟǭ ǮᾚїǠȒ ͜╛ș ǠȒ  

↔ר SКǲ̌ὑǞǦ ǵȦɋɩȬɶ 2.26 ǵ‼ ș 3.1 ǵȏǍǲ ↓ 2.16 ǵ ǜ 2.24 ǵ ǯ

Ǟǭ ǠȒ ǜ 3.2 șȦɋɩȬɶ 3.1 ǵֳ ǲ̈ЊǠȒǯ 3.3 ǲǱȒ ȦɋɩȬɶ 3.3 Ƕ ǞǭǋȒ

ĚĚ ǜ 3.2 ǵǚǯǮǉȒ ĚĚ ǵ ǫȦɋɩȬɶǮǉȑ ȦɋɩȬɶǯᴀǷȓǭǋȒ ǑȏǺ Ǯǵ

Ẁ ǵᾚїǮǶ 3.1 ǵ‼ ǵ Ƕ a.3.1 ǵȏǍǱ ǵЋȦɋɩȬɶǲȉ̓ ǠȒǚǯș̌ὑǠȒ  

( )1.3

1

)( 2

2

2

0 3c

c

v

m
vE ³

-

=  

( )2.303=v  

( )3.3)0( 2

0
3cmE ³= ȦɋɩȬɶ 

↔ר S Кǲ̌ὑǞǦ ǵȦɋɩȬɶ 2.38 ǵ‼ ș 3.4 ǵȏǍǲ ↓ 2.28 ǵ ǜ 2.36 ǵ ǯ

Ǟǭ ǠȒ ǜ 3.5 șȦɋɩȬɶ 3.4 ǵֳ ǲ̈ЊǠȒǯ 3.6 ǲǱȒ ȦɋɩȬɶ 3.6 Ƕ ǞǭǋȒ

ĚĚ ǜ 3.5 ǵǚǯǮǉȒ ĚĚ ǵ ǫȦɋɩȬɶǮǉȑ ȦɋɩȬɶǯᴀǷȓǭǋȒ ǑȏǺ Ǯǵ

Ẁ ǵᾚїǮǶ 3.4 ǵ‼ ǵ Ƕ a.3.3 ǵȏǍǱ ǵЋȦɋɩȬɶǲȉ̓ ǠȒǚǯș̌ὑǠȒ  

( )4.3

1

)( 2

2

2

1

0

11
3c

c

v

m
vE ³

-

=  

( )5.30
1
3=v  

( )6.3)0( 2

01
3cmE ³= ȦɋɩȬɶ 
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↔ר SКǲ̌ὑǞǦ ș ↔ר S Кǲ̌ὑǞǦ ↔ר SǑȏǺ ↔ר S Ǯ Ǥǵ Ǔ Ǟ

ǭǋȒḹֻǵ ȦɋɩȬɶǶ 3.3 ǑȏǺ 3.6 ǵȏǍǲ Ǟǋ ǚǵǚǯǶ ↔ר SКǮǵ 3.1 ǑȏǺ

↔ר S КǮǵ 3.4 Ǯ Ǔ Ǟǋȉǵǯ̌ὑǞǦǚǯǲ ᶦǠȒ ǵ ȦɋɩȬɶǯǱȒ 3.3 Ǒȏ

Ǻ 3.6 Ƕ 3.1 ǑȏǺ 3.4 ǵֳ ǲ ǜȓǭǋȒ  

 

ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ Ǯ ǞǦȏǍǲϽ ↓ǵʥẀǵԍ șЏ ǵǹǯǫǯǠȒ Ͻ ↓ǵʥ

Ẁǵԍ ș̓ ǠȒǚǯǮ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒ ↔ר ș̌ὑǞǭȉǤǵ ↔ר Ǯ ʴǵϽǶ

2.6 Ǯ ҲǠȒ ǚǵǚǯǮǶ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ 2.6 Ǯ ҲǠȒ ș Ǟǭ Ǯǔ

Ȓ ↔ר Ǔ ǵɫɶɪɱɂẀ ǵȏǍǲʦǏȐȓǭǋǱǋȉǵǯ ǮǔȒ̵᷂ȉǉȒ ǚǵǦȈǲ 2.6 Ǯ

ҲǠȒ ǵ ǲǫǋǭǵᵂ Ǔ ǟȒ ǤǵȏǍǱ όǶ ̊ ǮʦǏǦ  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

Ǯǵ Ƕ 3.7 Ǯὑ ǠȒ 3.7 ǮǶ ǵ 3.8 ș̌ὑǞǭǋȒ ǵ 3.8 Ƕ

a.3.1 Ǯ ǏȒǚǯǓǮǔȒ ǮǶ 3.8 Ƕὑ ǞǱǋ Ǯ 3.7 șᾚїǠȒ 3.7 ǵ

ǮǶ ǵὑ 3.7 ș
ɵ ɵ

ǵ
ɵ

Ẁ
ɵ ɵ

ǯǞǭ ǏȒǚǯǓǮǔȒ  

() ( )( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

()( )( )8.30, 3cvvm ¢¢  

3.7 ș̓ Ǟǭ ȦɋɩȬɶ 3.6 ǵֳ Ƕ 3.9.a ǲ ǮǔȒ ֿ ǲ ȦɋɩȬɶ 3.3

ǵֳ Ƕ 3.9.b ǲ ǮǔȒ  

( )a.9.31)( 2

02

2

1
11 3cm

c

v
vE ³=-³  

( )b.9.31)( 2

02

2

3cm
c

v
vE ³=-³  

ǚǚǮ ǵὑ 3.7 ș̓ ǠȒǯ 3.9.a ǑȏǺ 3.9.b ș̓ ǮǔȒӢ Ƕ 3.10 ǑȏǺ 3.11 ǲǱ

Ȓ ǵ̊ʤǵ ǮǶ 3.10 ǑȏǺ 3.11 ș Ǟǭ ȦɋɩȬɶ 3.9.a ǑȏǺ ȦɋɩȬɶ 3.9.b

ș̓ ǠȒ  

( )10.3 0 1 3cv ¢¢  

( )11.3 0 3cv¢¢  

ᾍ Ǯ ǞǦ ǵЋȦɋɩȬɶ 3.1 Ƕὑ Ӣ ș 2.25 ǯǞǭǋȒ ǚǵǦȈǲ 3.1 Ƕ ↔ר

SКǵ ǵ ǜǶ ʴǵϽǵ ǜ 2.6 ǵḹֻǶ̓ ǮǔǱǋ ᾍ Ǯ ǞǦ ǵЋȦɋɩȬɶ 3.4

Ƕὑ Ӣ ș 2.37 ǯǞǭǋȒ ǚǵǦȈǲ 3.4 Ƕ ↔ר S Кǵ ǵ ǜ 2.6 Ƕ ʴǵϽǵ ǜǵḹ

ֻǶ̓ ǮǔǱǋ  

( )25.2 0 3cv<¢  

( )37.2 0
1
3cv <¢  

ȦɋɩȬɶ 3.9.a ǑȏǺ ȦɋɩȬɶ 3.9.b ǵֳ Ƕ ǞǋǵǮ 3.12 ș ǮǔȒ 3.12 șȦɋɩ

Ȭɶ 3.13 ǲ ǔ Ǡ 3.13 ǶӢ 2.25 Ǯ̓ ǠȒǚǯǲǱȒ ǮᾚїǠȒȦɋɩȬɶǵẀ ǮǶ 3.12

ș ʴǵϽǵȦɋɩȬɶǵẀ ǲ ǔ Ǡǚǯș ǏȒ ǤǵǦȈǲ 3.12 ǒȐ ʴǵϽǵ ǜǮ̓ ǮǔȒȦɋ



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

10 

ɩȬɶǵẀ șᾚїǠȒⱳ ǓǉȒ  

( )12.31)(1)(
2

2

2

2

1
11 3

c

v
vE

c

v
vE -³=-³  

( ) ( )13.30,

1

1

)()(

2

2

2

2

1

11 3cv

c

v

c

v

vEvE <¢

-

-

³=  

ʝ ȦɋɩȬɶ 3.13 ǵֳ ǲǶ ↔ר S Кǵ ǵ ǜ 2.36 ǑȏǺ ↔ר SКǵ ǵ ǜ 2.24

ș ǞǭǋȒ ǚǵǦȈǲ 3.13 ǵֳ ǲ ǞǦ 3.14 ș ↔ר S Кǲ̌ὑǞǦ ǵ ǜ 2.36 Ǒȏ

Ǻ ↔ר Sǵ ↓ 2.1 ǵ ѝǮ ǠȒǚǯș ǏȒ ǚǵǚǯǮ ȦɋɩȬɶǵẀ 3.13 ǵֳ ș ↔ר

S Кǲ̌ὑǞǦ ǵ ǜ 2.36 ǑȏǺ ↔ר Sǵ ↓ 2.1 ǵ ѝǵȆǮ ǮǔȒ  

( )14.3

1

1

2

2
3

c

v
-

 

( ) ( )1.2 const.,11_ 3=-= uuSS iu ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 

3.15 3.17 Ƕ ↓ǵẀ ǵ╛ĚĚ ↓ǵẀ ǲǫǋǭǶ Ǯ ǤǵᾚїǑȏǺ șǞǭǋȒ ĚĚǮ

ǉȒ 3.15 ǵ‼ Ƕ ↓ 2.16 ǵ ѝǮǉȒ 3.15 ǵֳ ǲǶ ↓ 2.28 ǵ ѝș ǞǭǋȒ 3.16

ǵ‼ Ƕ ↓ 2.16 ǵ ѝǮǉȒ 3.16 ǵֳ ǲǶ ↓ 2.28 ǵ ѝș ǞǭǋȒ 3.17 ǵ‼ Ƕ

↓ 2.16 ǵ ѝǮǉȒ 3.17 ǵֳ ǲǶ ↓ 2.28 ǵ ѝș ǞǭǋȒ ↓ǵẀ 3.15 3.17

ǮǶ 3.18 ș̌ὑǞǭǋȒ 3.18 ǮǶ 3.19 ș ǠȒ  

( )3.15 

1

)(

2

1

1 3Ö
Ö

+

+
=

c

vu

uv
tv

x

x
x ↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )3.16 

1

)(
)(

2

1

11
3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

y

y

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )3.17 

1

)(
)(

2

1

11 3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

z
z

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )16.2 )( 3kjiv zyx vvvt ++=  

( )28.2 )( 11111111 3kjiv zyx vvvt ++=  

( )3.18 01
2

1 3Ö¸
Ö

+
c

vu x  

( )3.19)( 2

1 3ctvu x -̧Ö  

3.14 ǲ ǞǭǉȒ 3.20 ș ǠȒ 3.20 ǵֳ ǲ ↓ǵẀ 3.15 3.17 ș̈ЊǠȒǯ 3.21

ǲǱȒ  

( )20.3
2222 3zyx vvvv ++=  
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( )21.3

1

1

1

1

1

2

12

2

2

1

2

12

2

2

1

2

12

12222 3

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

Ö+

-

Ö+

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

Ö+

-

Ö+

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

Ö+

+
=++=

x

z

x

y

x

x
zyx

v
c

u

c

u

v

v
c

u

c

u

v

v
c

u

uv
vvvv  

3.21 ǵֳ ǵѝ ǶǠȀǭ Ǟǋ 3.21 ǵֳ Ƕ 3.22 ǲ ǮǔȒ  

( )
( )22.3

1

11

2

12

2

2
2

12

2
2

1

2

1

2 3

ö
÷

õ
æ
ç

å
Ö+

ö
ö

÷

õ
æ
æ

ç

å
-Ö+ö

ö

÷

õ
æ
æ

ç

å
-Ö++

=

x

zyx

v
c

u

c

u
v

c

u
vuv

v  

3.22 ǵֳ ǵѝἧǲ ǞǦ ș᾽ ǠȒ ǜȐǲ 3.22 ǵֳ ǵѝἧǲ ǞǦ ǑȏǺ șВ

ǵ͜ ǮȅǯȈȒ ǚȓȐǵ ǒȐ 3.22 ș 3.23 ǲ ǮǔȒ  

( )( )
( )23.3

1

12

2

12

2

2
2

1

2

1

2

1

2

1

2 3

ö
÷

õ
æ
ç

å
Ö+

ö
ö

÷

õ
æ
æ

ç

å
-Ö++++

=

x

zyxx

v
c

u

c

u
vvuuvv

v  

3.23 ǵֳ ǵѝἧǵ ǵ͜ ș Ǟǭ 3.23 ș 3.24 ǲ ǠȒ 3.24 ǵѝἧǑȏǺѝ ǲ ʴǵ

Ͻǵ ǜ 2.6 ǵ ˆș ǘǭ 3.24 ǵѝ ǑȏǺѝἧș ǠȒǯ 3.25 ǲ ǮǔȒ  

( )( )( )
( )24.3

1

2

2

12

2

222

1

2

1

2

1

2

1

2

2 3

ö
÷

õ
æ
ç

å
Ö+

-Ö++++Ö
=

x

zyxx

v
c

u
c

ucvvuuvvc
v  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

( ) ( )( )
( )

( )25.3
2

2

1

2

222

1

2

1

22

1

2

1

4

2 3

x

zyxx

vuc

ucvvcuuvvc
v

Ö+

-Ö+Ö+++Ö
=  

3.26 ǵ‼ ș ǠȒ 3.25 ș 3.26 ǵ‼ ǵ ǲ̈ЊǠȒǯ 3.26 ǵֳ ș ǮǔȒ 3.26 ǵ

ֳ Ǯѝ ș ǞǖǞǭ ǔ Ǡǯ 3.27 ǵֳ ǲǱȒ  

( ) ( )( )
( )

( )26.3
2

2

1

2

222

1

2

1

22

1

2

1

4

222 3

x

zyxx

vuc

ucvvcuuvvc
cvc

Ö+

-Ö+Ö++ÖÖ+Ö
-=-  

( )
( )

( ) ( )( )
( )

( )27.3
2

2

1

2

222

1

2

1

22

1

2

1

4

2

1

2

2

1

22
22 3

x

zyxx

x

x

vuc

ucvvcuuvvc

vuc

vucc
vc

Ö+

-Ö+Ö++ÖÖ+Ö
-

Ö+

Ö+Ö
=-  

ʴǵϽǵ ǜ 2.6 ǵ ˆǮ 3.27 ǵֳ ǵ ș Ǟǭ 3.28 ș ǠȒ ǤǞǭ ʴǵϽǵ ǜ

2.6 ǵ ˆǮ 3.28 ǵֳ ǵѝἧș ǠȒǯ 3.29 ǲǱȒ  

( ) ( )( )( ){ }
( )

( )28.3
2

2

1

2

222

1

2

1

2

1

2

1

222

1

22

22 3

x

zyxxx

vuc

ucvvuuvvccvucc
vc

Ö+

-Ö+++ÖÖ+ÖÖ-Ö+Ö
=-  

( ) ( )( )( ){ }
( )

( )29.3
2

2

1

2

222

1

2

1

2

1

2

1

22

1

2

222 3

x

zyxxx

vuc

ucvvuuvvcvuc
cvc

Ö+

-Ö+++ÖÖ+Ö-Ö+
³=-  

3.29 ǵֳ ǵѝἧǲ ǞǦ ș᾽ Ǟǭ 3.30 ș ǠȒ ǲ 3.30 ǵֳ ǵѝἧǲ ǞǦʴ ╩

Кǵ ș ʴǵϽǵ ǜ 2.6 ǵ ˆǑȏǺ ↔ר ǵ ѝǵ ˆǮ ǠȒǯ 3.31 ș ǮǔȒ  
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( )( )( ){ }
( )

( )30.3
2)(2

2

1

2

222

1

2

1

2

1

2

1

22

11

24

222 3

x

zyxxxx

vuc

ucvvuuvvcvuvucc
cvc

Ö+

-Ö+++ÖÖ+Ö-Ö+ÖÖÖ+
³=-  

( )( ) ( ){ }
( )

( )31.3
2)(2

2

1

2

22

1

2

1

22

1

2

1

2

1

2

1

22

11

24

222 3

x

zyzyxxxx

vuc

uvvcvvuuvvcvuvucc
cvc

Ö+

Ö+-Ö+++ÖÖ+Ö-Ö+ÖÖÖ+
³=-  

3.31 ǵʴ ╩Кș 3.32 ǵֳ Ǯ Ǟǭ 3.33 ș ǠȒ 3.32 ǵ‼ ș̓ ǠȒǯ 3.33 ǵֳ Ƕ 3.34

ǵֳ ǵȏǍǲ ǮǔȒ  

( )32.3
2

1

2

1

2

1

2

1 3zyx vvvv ++=  

( ) ( )( ){ }
( )

( )33.3
2)(2

2

1

2

22

1

2

1

2

1

22

1

2

1

2

1

22

11

24

222 3

x

zyxzyxxx

vuc

uvvuuvcvvvcvuvucc
cvc

Ö+

Ö+-+ÖÖÖ+++Ö-Ö+ÖÖÖ+
³=-  

( )( ){ }
( )

( )34.3
2)(2

2

1

2

22

1

2

1

2

1

2

1

22

11

24

222 3

x

zyxxx

vuc

uvvuuvvcvuvucc
cvc

Ö+

Ö+-+ÖÖ+Ö-Ö+ÖÖÖ+
³=-  

3.34 ǵֳ ǵʴ ╩șẆǞǭ 3.35 ș ǠȒ 3.35 ǵֳ ǵѝἧǲ ǞǦ ǑȏǺ ǵ ╩șẆ

Ǟǭ 3.36 ș ǠȒ  

( )( )
( )

( )35.3
2)(2
2

1

2

22

1

2

1

2

1

2

1

22

11

24
222 3

x

xxxx

vuc

uvvuuvvcvuvucc
cvc

Ö+

Ö-++ÖÖ+Ö-Ö+ÖÖÖ+
³=-  

( )
( )

( )36.3
22

2

1

2

2

1

222

1

2

1

2

1

22

1

2

1

24
222 3

x

xxxx

vuc

vuuvuuvvcvuvucc
cvc

Ö+

Ö-Ö++ÖÖ+Ö-Ö+ÖÖÖ+
³=-  

3.36 ǵֳ ǵ ǑȏǺ Ƕ˛ǋǲ Ǩ ǞǉǍ ǚǵǚǯǒȐ 3.36 Ƕ 3.37 ǲ ǮǔȒ  

( )
( )

( )37.3
22

2

1

2

22

1

2

1

2

1

2

1

24
222 3

x

xx

vuc

uvuuvvcvucc
cvc

Ö+

Ö++ÖÖ+Ö-ÖÖÖ+
³=-  

3.37 ǵֳ ǵѝἧǲ ǞǦ Ƕ ╩Кǵ ǯ˛ǋǲ Ǩ ǞǉǍ ǚǵǚǯǒȐ 3.37 Ƕ 3.38 ǲ

ǮǔȒ  

( )
( )

( )38.3
2

1

2

22

1

22

1

24
222 3

xvuc

uvuvcc
cvc

Ö+

Ö++Ö-
³=-  

3.38 ǵֳ ǵ ╩șẆǞǭ 3.32 ǲǫǋǭ ǠȒǯ 3.39 ș ǮǔȒ 3.39 ǵֳ ǵѝἧǲ ǞǦ

ǑȏǺ ǵ ʴǵϽǵ ǜ 2.6 ǵ ˆǲǫǋǭ Ǟǭ 3.40 ș ǠȒ  

( )
( )

( )39.3
2

1

2

222

1

224
222 3

xvuc

cuvucc
cvc

Ö+

-Ö+Ö-
³=-  

( ) ( )
( )

( )40.3
2

1

2

222

1

222
222 3

xvuc

cuvucc
cvc

Ö+

-Ö+-Ö
³=-  

3.40 ǵֳ ǵѝἧǶВ ᶦ ǮȅǯȈȒǯ 3.41 ǲ ǮǔȒ 3.41 ș 3.42 ǲ ǠȒ 3.42 ǵʰ ș

ʴǵϽǵ ǜ 2.6 ǵ ˆǮҊǪǭ 3.43 ș ǠȒ  

( )( )
( )

( )41.3
2

1

2

222

1

2
222 3

xvuc

ucvc
cvc

Ö+

-Ö-
³=-  

( )( )
( )

( )42.3
2

1

2

222

1

22
22 3

xvuc

ucvcc
vc

Ö+

-Ö-
=-  

( )( )
( )

( )43.31
2

1

2

222

1

2

2

2

3

xvuc

ucvc

c

v

Ö+

-Ö-
=-  
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3.43 ǵֳ ș ʴǵϽǵ ǜ 2.6 ǵ ˆǮ ǠȒǯ 3.44 ǲ ǮǔȒ 3.44 ǵֳ ș ǠȒǯ 3.45

ǲ ǮǔȒ 3.45 Ƕ 3.46 ǲ ǮǔȒ 3.46 ș̓ Ǟǭ ǮȦɋɩȬɶǵẀ șᾚїǠȒ  

( )44.3

1

11

1
2

2

14

2

2
2

2

2

12

2

2

3

ö
÷

õ
æ
ç

å Ö
+Ö

ö
ö
÷

õ

æ
æ
ç

å
-ÖÖ

ö
ö

÷

õ

æ
æ

ç

å
-Ö

=-

c

vu
c

c

u
c

c

v
c

c

v

x

 

( )45.3

1

11

1
2

2

1

2

2

2

2

1

2

2

3

ö
÷

õ
æ
ç

å Ö
+

ö
ö
÷

õ

æ
æ
ç

å
-Ö

ö
ö

÷

õ

æ
æ

ç

å
-

=-

c

vu

c

u

c

v

c

v

x

 

( )46.3

1

11

1

2

1

2

2

2

2

1

2

2

3

c

vu

c

u

c

v

c

v

xÖ+

-Ö-

=-  

3.46 Ƕ 3.14 ǵѝ ǲ ǜȓǭǋȒ ǚǵǚǯǒȐ 3.46 ș̓ Ǟǭ 3.14 ș 3.47 Ǯ ǮǔȒ  

( )47.3

11

1

1

1

2

2

2

2

1

2

1

2

2
3

c

u

c

v

c

vu

c

v

x

-Ö-

Ö
+

=

-

 

3.47 ǮǶ 3.48 3.50 ș ǠȒ ǤǞǭ 3.47 ǮǶ ʝ ǲǶȠȢɱȵɣȽȢɱǵ ᾍר Ǯ 3.51

3.53 Ǔ ǠȒ 3.51 ș ǠȒ ǜ 2.24 ǵӢ Ƕ 2.25 ǲǱȒ 3.52 ș ǠȒ ǜ 2.36 ǵӢ

Ƕ 2.37 ǲǱȒ 3.53 ș ǠȒ ↔ר Sǵ ↓ 2.1 ѝǵӢ Ƕ 2.14 ǲǱȒ  

( )48.301
2

2

3¸-
c

v
 

( )49.301
2

2

1 3¸-
c

v
 

( )50.301
2

2

3¸-
c

u
 

( )51.301
2

2

3>-
c

v
 

( )52.301
2

2

1 3>-
c

v
 

( )53.301
2

2

3>-
c

u
 

( )( )24.20, 3²Í= vv Rv  

( )25.2 0 3cv<¢  

( )( )36.20, 111 3²Í= vv Rv  

( )37.2 0
1
3cv <¢  
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( )14.2 3cuc <<-  

 ȦɋɩȬɶǵẀ ǑȏǺ ǵẀ ǵᾚї 

ǵᾚїǒȐǮǶ 3.12 ǵ vǑȏǺ 1v Ƕ ʴǵϽǵ ǜǮȉ̓ ֯ ǮǉȒ 3.12 ǵֳ ǲ 3.46 ș̈ЊǠ

Ȓ 3.46 ǮǶ 3.18 ș̌ὑǞǭǋȒ 3.18 Ƕ 1v Ǔ ʴǵϽǵ ǜǵḹֻǮȉ ǠȒ  

( )12.31)(1)(
2

2

2

2

1
11 3

c

v
vE

c

v
vE -³=-³  

( )46.3

1

11

1

2

1

2

2

2

2

1

2

2

3

c

vu

c

u

c

v

c

v

xÖ+

-Ö-

=-  

( )3.18 01
2

1 3Ö¸
Ö

+
c

vu x  

4.1 Ƕ 3.46 ș 3.12 ǵֳ ǲ̈ЊǞǦȉǵǮǉȒ 4.1 ș 4.2 ǲ ǔ ǏȒ  

( )1.4

1

11

)(1)(

2

1

2

2

2

2

1

2

2

1
11 3

c

vu

c

u

c

v

vE
c

v
vE

xÖ+

-Ö-

³=-³  

( )2.40

1

11

)(1)(

2

1

2

2

2

2

1

2

2

1
11 3=

Ö
+

-Ö-

³--³

c

vu

c

u

c

v

vE
c

v
vE

x

 

╛ 4.2 ǵ‼ Ƕ 4.3 ǲ ǔ ǏȒǚǯǓǮǔȒ 4.3 ǒȐ 4.4 șᾚїǮǔȒ  

( )3.401

1

1

)()(
2

2

1

2

1

2

2

11 3=-³

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

Ö
+

-

³-
c

v

c

vu

c

u

vEvE
x

 

( )4.40

1

1

)()(

2

1

2

2

11 3=
Ö

+

-

³-

c

vu

c

u

vEvE
x

 

4.4 ș 4.5 ǲ ǔ ǏȒǚǯǓǮǔȒ 4.5 ǵֳ ǲǶ 1v ǵ ѝǓ ǜȓǭǋȒ ǮᾚїǞǦǋȦɋɩ

ȬɶǵẀ Ƕ ǫǵ ↔ר ǮǵȦɋɩȬɶǵẀ ǮǉȒ ǹǯǫǵ ↔ר Ǯ ǞǦ ǵЋȦɋɩȬɶǒ

Ȑ̀ ǵ ↔ר Ǯ ǞǦ ǵЋȦɋɩȬɶǲẀ ǠȒ╛Ǔ ǮᾚїǠȒȦɋɩȬɶǵẀ ǮǉȒ 4.5 ș

4.6 ǲ ǔ ǏȒǚǯǮ ǤǵȦɋɩȬɶǵẀ ǲǱȒ  

( )5.4

1

1

)()(

2

1

2

2

11 3

c

vu

c

u

vEvE
xÖ+

-

³=  
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( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

°̧

-

Ö
+

³=  

4.6 ǮǶ ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 2.1 ǵ ǜǶ ʴǵϽǵ

ǜǲǶǮǔǱǋ 4.6 ǵֳ ǵ Ḹ )( 11 vE 1xv uǑȏǺ cǶ ↔ר S1КǮ ǞǦȉǵǯǞǭ ǏȒ  

( ) ( )1.2 const.,11_ 3=-= uuSS iu ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 

4.7 ș̓ Ǟǭ ȦɋɩȬɶǵẀ 4.6 ǮǵϽǵȦɋɩȬɶǲǫǋǭǵ όșǠȒ 4.7 ǵֳ ǵ 1xq Ƕ ר

↔ S1ǵ x1 ǯ ↓ɗȭɆɩ 2.28 ǯǵ ↓ǮǉȒ  

( )7.4cos 111 3xx vv qÖ=  

( )28.2 )( 11111111 3kjiv zyx vvvt ++=  

4.7 ș 4.6 ǵֳ ǵѝἧǲ̈ЊǠȒǯ 4.8 ǲǱȒ 4.9 ǮǶ ↔ר S1КǮ Ǔ ʴǵϽǵ ǜǮ

ҲǠȒǚǯș Ǡ 4.9 ǓȠȢɱȵɣȽȢɱǵ ᾍר Ǯ ǠȒǚǯǶ̂ ĸǮᾚїǞǭǋȒ  

( )8.4

1

cos
1

)()(

2

2

2

11

11 3

c

u

c

vu

vEvE

x

-

ÖÖ
+

³=

q

 

( )9.41 3cvv ==  

4.9 ș 4.8 ǵֳ ǵѝἧǲ̈ЊǠȒǯ 4.10 ǲǱȒ 4.10 ǵֳ ș ǠȒǯ 4.11 ǲǱȒ  

( )10.4

1

cos
1

)()(

2

2

2

1

1 3

c

u

c

cu

cEcE

x

-

ÖÖ
+

³=

q

 

( )11.4

1

cos1

)()(

2

2

1

1 3

c

u

c

u

cEcE
x

-

Ö+

³=

q

 

4.11 ǮǶ ↔ר S1КǮ Ǔ ʴǵϽǵ ǜǮ ҲǠȒǵǮ ʴǵϽǵȦɋɩȬɶǵẀ ǯǞǭ Ǯǔ

ȒḹֻǓǉȒ ǚǵḹֻǮǶ )(1 cE Ƕ ↔ר S1КǮ ǞǦ ʴǵϽǵȦɋɩȬɶǮǉȒ  

↔ר Sǲ̌ὑǞǦ ǵȦɋɩȬɶ 2.27 ǑȏǺ ↔ר S ǲ̌ὑǞǦ ǵȦɋɩȬɶ 2.39 ș̓ Ǟ

ǭ ǵẀ șᾚїǠȒ ǦǧǞ 2.27 ǑȏǺ 2.39 Ǯ̓ ǞǭǋȒ Ƕ 2.27 ǑȏǺ 2.39 ǵὑ Ӣ К

Ǯǵ ǵ 3.8 ǮǉȒȉǵǯ̌ὑǠȒ ǵ̊ʤǵ Ƕ a.3.1 ș̓ Ǟǭȉ֯ ǮǉȒ ȦɋɩȬɶǵẀ

4.6 ǵʰ ǲ ǜȓǭǋȒ ǵǤȓǥȓǵȦɋɩȬɶǲ 2.27 ǑȏǺ 2.39 ș̈ЊǠȒǯ 4.12 ș Ǯ

ǔȒ  

( )27.223cmE ³=  

( )39.22

11
3cmE ³=  

()( )( )8.30, 3cvvm ¢¢  



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

16 

( )12.4

1

1

2

2

2

12

1

2 3

c

u

c

vu
cm

cm

x

-

ö
÷

õ
æ
ç

å Ö
+³³

=³  

ȦɋɩȬɶǵẀ 4.12 ș 4.13 ǲ ǠȒ ȦɋɩȬɶǵẀ 4.13 ș 4.14 ǲ ǔ Ǡ  

( )13.4

1

1
2

2

2

2

1
1

2 3c

c

u

c

vu
m

cm

x

³

-

ö
÷

õ
æ
ç

å Ö
+Ö

=³  

( )14.40

1

1
2

2

2

2

1
1

2 3=³

-

ö
÷

õ
æ
ç

å Ö
+Ö

-³ c

c

u

c

vu
m

cm

x

 

╛ 4.14 ǶВ ᶦ ǯǱȒ ʴǵϽǵ ǜ 2.6 ǵ ˆǯǱȒὑ ș̓ ǠȒǯ 4.15 ǲ ǮǔȒ

ʴǵϽǵ ǜ 2.6 ǵ ˆǶ 4.16 ș ǠȒ 4.16 Ǔ ǞǭǋȒǵǮ ╛ 4.15 Ǔ ǠȒǦȈǲǶ 4.17

Ǔ ǠȒǚǯǲǱȒ  

( )15.40

1

1
2

2

2

2

1
1

3=³

î
î

ý

î
î

ü

û

î
î

í

î
î

ì

ë

-

ö
÷

õ
æ
ç

å Ö
+Ö

- c

c

u

c

vu
m

m

x

 

( )16.402 3¸c  

( )17.40

1

1

2

2

2

1
1

3=

-

ö
÷

õ
æ
ç

å Ö
+Ö

-

c

u

c

vu
m

m

x

 

╛ 4.17 Ƕ 4.18 ǲ ǔ ǠǚǯǓǮǔȒ 4.18 Ƕ ǵẀ ǮǉȒ  

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

= ǵẀ  

ǵẀ 4.18 ǵ‼ Ƕ ↔ר SКǲ̌ὑǞǦ ǵ 3.8 ǮǉȒ ǵẀ 4.18 ǵֳ ǲǶ ר

↔ S ǲ̌ὑǞǦ ǵ ǑȏǺ ǵ ǜș ǞǭǋȒ ǮǶ ǵẀ 4.18 ǵֳ ǲǶ ↔ר

S1Кǵ ѝǮ ǞǦ ↔ר Sǵ ↓ 2.1 ǵ ѝǓ ǜȓǭǋȒȉǵǯ Ǎ  

ʝ ǲ ᾍ ǯǶ 2.23 ǑȏǺ 2.35 ǵ ǵ ǲᾍǞǭ̓ ǠȒᴀ ǮǉȒ ʴǵϽǵ ǜǮ Ҳ

ǠȒ ǲǶ 2.23 ǑȏǺ 2.35 ș̓ ǮǔǱǋ ἶǑȏǺ 3.7 ș̓ Ǟǭ ʴǵϽǵ ǜǮ

ҲǠȒ ǲǶ a.3.1 Ǔ ǠȒǚǯș ǮǔȒ ǮǶ 3.8 ǒȐᾚїǞǦ 4.18 Ƕ ǵẀ ǯᴀ

ǽǚǯǲǠȒ  
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( )23.2

1
2

2

0 3

c

v

m
m

-

=  

( )35.2

1
2

2

1

0

1
3

c

v

m
m

-

=  

() ( )( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

̂ ĵǮǶ ȦɋɩȬɶǵẀ 4.6 ș̓ ǞǱǋǮ ǵẀ 4.18 ǵᾚїș ǞǦ ̂ ĶǮǶ ǵẀ

4.18 ǲᾍꜘǠȒ Ẁ șᾚїǞǦ Ǥǵ Ẁ șᾚїǠȒ Ǯ ȦɋɩȬɶǵẀ 4.6 ǲᾍꜘǠȒ Ẁ șᾚї

ǞǦ  

 ȦɋɩȬɶǵẀ ǑȏǺ ǵẀ ǵ ό 

ǮǶȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 ǲǫǋǭ όǠȒ ȦɋɩȬɶǵẀ 4.6 ǑȏǺ

ǵẀ 4.18 Ƕ ȠȢɱȵɣȽȢɱǵ ᾍר ǒȐᾚїǮǔǦȉǵǮǉȒ ǚǵᾚїǲǶ ǲ ǞǦȏǍǲ

Ωǫǒǵ̌ὑșʦǏǭǋȒ ǚȓȐǵ̌ὑǲǫǋǭȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 ș όǠȒ  

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

¸

-

Ö
+

³=  

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=  

ȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 șᾚїǠȒ ǲǶ 3.8 ș̓ ǞǭǋȒ ᾍ Ǯ

Ƕ 2.25 ǑȏǺ 2.37 ș̌ὑǞǭǋȒ ȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 ǮǶ ↔ר SКǮ

ǵ 3.1 ǑȏǺ ↔ר S КǮǵ 3.4 Ǯ Ǔ Ǟǋȉǵǯ̌ὑǞǭᾚїǞǦ ǚǵǚǯǒȐ Ǥȓǥȓǵ

↔ר Ǯ ǱȒ ǮǉȒḹֻǲǶ 4.6 ǑȏǺ 4.18 ǵʣ ǵᾚї Ƕ̓ ǮǔǱǋ ̂ ĵǮ̓ ǞǦ

4.18 ǵᾚї ȉ̓ ǮǔǱǋǚǯǶ ȐǒǮǉȒ  

( )25.2 0 3cv<¢  

( )37.2 0
1
3cv <¢  

↓ǵẀ 3.15 3.17 ǮǶ 2.25 ǑȏǺ 2.37 ǵ̌ὑș ǠȒ ↓ǵẀ 3.15 3.17 ș̓ Ǟ

ǭ ȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 șᾚїǞǦ ȉǞ ↓ǵẀ 3.15 3.17 Ǔ ǞǱǋ

̌ὑș ǠȒǱȐǷ ǲ Ǯ ǞǦȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 ǵᾚї Ƕ̓ ǮǔǱ

ǋ  

( )3.15 

1

)(

2

1

1 3Ö
Ö

+

+
=

c

vu

uv
tv

x

x
x ↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

18 

( )3.16 

1

)(
)(

2

1

11
3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

y

y

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )3.17 

1

)(
)(

2

1

11 3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

z
z

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

↓ǵẀ 3.15 3.17 ǮǶ ǵⱨѝ͜ 5.1 Ǔ֛ ǞǭἭ᷀ǠȒǚǯș̌ὑǞǭǋȒ ɫɶɪɱɂẀ 2.8

2.11 ș̓ Ǟǭ ǵⱨѝ͜ 5.1 ș ǠȒǯ 5.2 ǲǱȒ Ι 5.1 ǵ֛ ǑȏǺ ↓ǵẀ 3.15

3.17 ǯǵ ͜Ƕ ǲ șǞǦ  

( ) ()
( )1.5lim)( 11

0
1

3
h

tthtt
tt

h

-+
¹

¡
­

 

( )2.5)(1)(
21

3ö
÷

õ
æ
ç

å
Ö-Ö=

¡
tv

c

u
tt

x
g  

ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵⱨѝ 5.2 ǮǶ ʝ ǲǶ 5.3 ǵḹֻǲǶ Ι 5.2 Ǔ Ǟǭ

Ǟȅǋ Ι 5.1 Ǔ֛ ǞǱǋȉǵǯ ǏȒ ǚǵǚǯǮ Ι 5.1 ǶἭ᷀ǞǱǋȉǵǯǞǭ ǍǚǯǲǱȒ  

( )3.5)( 3¤­tv
x

 

Ι 5.1 ǓἭ᷀ǞǱǋǵǮ ↓ǵẀ 3.15 3.17 Ǔ̓ ǮǔǱǋ ̌ὑ 5.3 ǮǶȦɋɩȬɶǵẀ 4.6

ǑȏǺ ǵẀ 4.18 Ƕ ǵ ǵȏǍǲǶᾚїǮǔǱǋ ʝ ǲǶ ₴ ᷀Ƕ̌ὑ 5.3 ǮǶȠȢɱ

ȵɣȽȢɱǵ ᾍר ș ǍǚǯǶǮǔǱǋ ₴ ᷀ǵʝ Ǳ ǵẎἶ ǵ ἶǮǶ ̌ὑ 5.3

Ǯ ɉɣɶɆɱǵ ǫǵ Ҳ Ѹș̓ ǠȒǚǯș ǏȒǚǯǲǱȒ ɉɣɶɆɱǵ ǫǵ Ҳ ѸǯǶ ǵר Ѹ

Ҳǵ ѸǑȏǺ̸ ̸֚ ǵ ѸǵǚǯǮǉȒ ǚǵɉɣɶɆɱǵ ǫǵ Ҳ ѸǮǶ Ƕὑ Ǯǉȑ Ǥǵ

Ƕ ↔ר Кǵ ǵ ǜǲǶ ͜ǱǋȉǵǯǞǭ ȖȓǭǋȒ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ǵȦɋ

ɩȬɶǲǶ 2.27 ǑȏǺ 2.39 ǵȏǍǲ ǓȦɋɩȬɶǲᾍꜘǠȒǚǯșᾚїǮǔȒ ǞǒǞ ȠȢɱȵɣȽȢɱ

ǵ ᾍר ș ǍǚǯǓǮǔǱǋḹֻǶ Ǥǵ Ǯ Ǎḹֻǵ 2.27 ǑȏǺ 2.39 ș ǍǚǯǶǮǔǱǋ  

( )27.223cmE ³=  

( )39.22

11
3cmE ³=  

̌ὑ 5.3 șǞǱǋǮ 5.4 ș̌ὑǠȒ ̌ὑ 5.4 ǮǶ ʴǵϽǵ ǜ 2.6 ș̓ ǞǭǋȒ Ǯ̌ὑ 5.4

ǵ Ιș ǠȒḹֻǶ ʴǵϽǵ ǜșẀ ǯǞǭ ǋ ǞǭǋȒ ǤǞǭ ̀ǵẀ Ƕὑ ǯǞǭᶭὑǞǭ

ǪǭǋȒ  

( )4.53¤­c  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

ȠȢɱȵɣȽȢɱǵ ᾍר ǒȐɫɶɪɱɂẀ 2.8 2.11 șᾚїǮǔȒ ɫɶɪɱɂẀ 2.8 2.11

ǮǶ ǠȀǭǵ ↔ר Ǯ ʴǵϽǵ ǜ 2.6 ǶֿǟΙĚĚϽ ↓ǵʥẀǵԍ ĚĚǮǉȒ  ǤǞǭ ʴ

ǵϽǵ ǜ 2.6 ș ΙǯǱȒὕ ΙǮʦǏǦ ̌ὑ 5.4 Ƕǚǵ ΙǮǉȒ ʴǵϽǵ ǜǮǶǱǋȉǵș̌

ὑǞǭǋȒ ǚǵǚǯǮǶ ̌ὑ 5.4 ǮǶȠȢɱȵɣȽȢɱǵ ᾍר ǒȐᾚїǮǔȒɫɶɪɱɂẀ 2.8

2.11 ș̓ ǠȒǚǯǶǮǔǱǋ  

ǚǚǮǶ ɫɶɪɱɂẀ 2.8 2.11 ș ἶǮǵẀ ǯǞǭ ǋ ̌ὑ 5.4 ǮɫɶɪɱɂẀ 2.8 2.11
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ș όǠȒ 2.12 ǶɫɶɪɱɂẀ 2.8 ǑȏǺ 2.11 ǲ̓ ǞǭǋȒ͜ ǮǉȒ ͜ 2.12 ǲ 5.5 ǵȏǍ

ǲ Ιș ǏǭȆȒǚǯǲǠȒ  

( ) ( )8.2 
1

3tuxx Ö-Ö=g  

( )9.2 
1

3yy =  

( )10.2 
1
3zz =  

( )11.2
21
3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

( ) ( )5.5 , ,1 3ǵǯǔƱ RÍ¤­­ ccg  

5.6 5.9 ǶȪɨɪȢẀ ǯᴀǷȓȒȉǵǮǉȒ ȪɨɪȢẀ 5.6 5.9 ǶɉɣɶɆɱǵ ǫǵ Ҳ ѸǮ

̓ ǠȒẀ ǮǉȒ ɫɶɪɱɂẀ 2.8 2.11 ǲ 5.4 ǵ Ιș ǮǔȒǚǯș̌ὑǠȒǯ ȪɨɪȢẀ

5.6 5.9 ǵֳ ș ǮǔȒ  

( )6.5 
1

3tuxx Ö-= ȪɨɪȢẀ ǵ̬ ǵ╛ 

( )7.5 
1

3yy = ȪɨɪȢẀ ǵ̬ ǵ╛ 

( )8.5 
1
3zz = ȪɨɪȢẀ ǵ̬ ǵ╛ 

( )9.5
1
3tt = ȪɨɪȢẀ ǵ ǵ╛ 

ȪɨɪȢẀ 5.6 5.9 ǒȐᾚїǮǔȒ ↓ǵẀ Ƕ 5.10 5.12 ǮǉȒ ȪɨɪȢẀ ǒȐᾚїǮǔȒ

↓ǵẀ 5.10 5.12 ǮǶ 5.13 ș ǠȒ 5.13 ǮǶ 5.3 ǵ ș̓ ǮǔȒ ǚǵǦȈǲ ʝ Ǳ

₴ ᷀Ǯǵ ǵẎἶ ǵ ἶǮǶ 5.13 ǮǶɉɣɶɆɱǵ ǫǵ Ҳ Ѹș̓ ǠȒǚǯǲǱȒ  

( )10.5
1

3uvv
xx
-=  

( )11.5 1 3yy vv =  

( )12.5 
1

3
zz

vv =  

( )( )13.5 ,,
1

3ǵǯǔRÍ¤­¤­
xxx

vv  

ʝ ɫɶɪɱɂẀ 2.8 2.11 ǵ ↓ǵẀ Ƕ 5.14 5.16 ǮǉȒ ↓ǵẀ 3.15 3.17 Ƕ

↓ǵẀ 5.14 5.16 ǵ Ẁ ǮǉȒ 5.4 ǵ Ιș ↓ǵẀ 5.14 5.16 Ǯ ǠȒǯ 5.10

5.12 ǵֳ ǵ ǲ ǞǖǮǔȒ Ǥǵ Ιǲ 5.13 ǵ Ιș ǠȒǚǯǓǮǔȒ ↓ǵẀ 5.14

5.16 Ƕ ǵ ǮᾚїǞǦ  

( )14.5 

)(1

)(
)(

2

11
3

tv
c

u

utv
tv

x

x

x

Ö-

-
=  

( )15.5 

)(1

)(
)(

2

11
3

ö
÷

õ
æ
ç

å
Ö-Ö

=

tv
c

u

tv
tv

x

y

y

g

 

( )16.5 

)(1

)(
)(

2

11
3

ö
÷

õ
æ
ç

å
Ö-Ö

=

tv
c

u

tv
tv

x

z

z

g
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ȉǞ ̌ὑ 5.4 Ǯ ǵ ȅǮǵ Ǔ ἶ ǲ ǠȒȉǵǯ̌ὑǠȒǯ 5.17 ǑȏǺ 5.18 Ǔ ǠȒ 5.17

ǑȏǺ 5.18 Ƕ ǵẀ 4.18 ǑȏǺȦɋɩȬɶǵẀ 4.6 ș̓ Ǟǭ̌ὑǞǦ ΙǮǉȒ  

( )( )17.5 ,,
1

3ǵǯǔRÍ¤­­ ccmm  

( ) ( )5.18 ,),()(
11

3ǵǯǔƱRÍ¤­­ ccvEvE  

ǚǚǮ ᾍ 2.23 ǑȏǺ ᾍ 2.35 ǲ̌ὑ 5.4 ǵ ΙǓἭ᷀ǠȒǚǯș̌ὑǠȒ ǚǵ

Ιș̌ὑǠȒǯ 5.17 ǶɉɣɶɆɱǵ ǫǵ Ҳ Ѹǵḹֻǵὑ ǯǱȒ ǲ ǋȉǵǯ ǮǔȒǚǯǓǉȒ  

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

( )35.2

1
2

2

1

0

1
3

c

v

m
m

-

=  

5.18 ǵ ΙǶ 2.27 ǑȏǺ 2.39 ș ἶ ǲ̌ὑǞǭ όǞǭǋȒ 2.27 ǑȏǺ 2.39 Ǔ ǞǱǋḹֻ

ǮǶ 5.18 Ƕ ǞǱǋ  

( )27.223cmE ³=  

( )39.22

11
3cmE ³=  

ȦɋɩȬɶǵẀ 4.6 ǮǶ ֺ ↔ר КǮ ǞǦȦɋɩȬɶ 2.27 ǑȏǺȦɋɩȬɶ 2.39 Ƕʝ ǲ

ǱȒȉǵǯǞǭ ǞǭǋȒ ֿ ǲ ᾍ ǵẀ 4.18 ǮǶ ᾍ 2.23 ǑȏǺ ᾍ 2.35

Ƕ ʝ ǲ ǱȒȉǵǯǞǭ ǞǭǋȒ ǵẀ 4.18 Ǯȉֿ ǲֺ ↔ר 3.8 Ƕʝ ǲ ǱȒΙǲǱ

Ȓ  

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

¸

-

Ö
+

³=  

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=  

4.6 ǑȏǺ 4.18 ǵֳ ǲǶ ↓ 2.28 ǵ ѝǮǉȒ 5.19 ș ǞǭǋȒ ǤǞǭ 4.6 ǑȏǺ 4.18

ǵֳ ǲǶ ↓ 2.28 ǵ ѝǑȏǺ ѝǶ ǜȓǭǋǱǋ  

( )28.2 )( 11111111 3kjiv zyx vvvt ++=  

( )19.5
1
3

x
v  

ǜȐǲ 4.6 ǑȏǺ 4.18 ǵֳ ǲǶ ↔ר Sǵ ↓ 2.1 ǵ ѝǓ ǜȓǭǋȒȉǵǯ ǏȒ Ȧɋɩ

ȬɶǵẀ 4.6 ǵ‼ ǑȏǺ 4.18 ǵ‼ Ƕ 2.1 ǵ ѝǑȏǺ 5.19 ǮΙǓ ὑǠȒ ǦǧǞ ↔ר

S Кǵ Ǔ ὑǞǭǋȒǚǯș̌ὑǠȒ  

( ) ( )1.2 const.,11_ 3=-= uuSS iu ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 

↓ 2.28 ǵ ѝǮǉȒ 5.20 ș̌ὑǠȒ ↓ǵẀ 3.15 3.17 ǲ 5.20 ș̈ЊǠȒǯ ↔ר

SКǵ ǵ ↓ 2.16 ǵֺ ѝǶ 5.21 5.23 ǲǱȒ  
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( )20.50
1
3=

x
v  

( )16.2 )( 3kjiv zyx vvvt ++=  

( )5.21 )( 3Ö=utv
x

  

( )5.22 
)(

)(
11
3

g

tv
tv

y

y
=  

( )5.23 
)(

)( 11 3
g

tv
tv z

z
=  

ʝ 5.20 șȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 ǲ̈ЊǠȒǯ 5.24 ǑȏǺ 5.25 ǲǱȒ 5.24

ǑȏǺ 5.25 ǵֳ ǵѝ ǲǶ ↔ר Sǵ ↓ 2.1 ǵ ѝș ǞǭǋȒ ǤǞǭ ȦɋɩȬɶǵẀ 4.6

ǑȏǺ ǵẀ 4.18 ǲǶ ↔ר SКǮǵ ǵ ↓ 2.16 ǵ ǜǑȏǺ ↔ר S КǮǵ ǵ ↓ 2.28

ǵ ǜș ǞǭǋȒ  

( )24.5

1

)(
)(

2

2

11 3

c

u

vE
vE

-

=  

( )25.5

1

)(
)(

2

2

11 3

c

u

vm
vm

-

=  

ǚǚǮ 5.26 ǑȏǺ 5.27 ș̌ὑǠȒ 5.21 5.26 ǑȏǺ 5.27 ș̓ ǠȒǯ ↓ 2.16 Ƕ 5.28

ǲ ǮǔȒ ↓ 5.28 ǵ ǜǶ 5.29 ǲǱȒ ↔ר SКǵ ǵ ǜ 5.29 ǮǶ Ǥǵ ș ↔ר

SКǮ ↔ר S ǵ ǜǮ ҲǞǭǋȒȉǵǯ ǏȒ  

( )5.26 0)( 3=tvy  

( )5.27 0)( 3=tv
z

 

( )28.5 00)( 3kjiv ++=ut  

( )29.5 3uv=  

5.26 ș 5.22 ǵ‼ ǲ̈ЊǠȒǯ 5.30 ǲǱȒ 5.27 ș 5.23 ǵ‼ ǲ̈ЊǠȒǯ 5.31 ǲǱȒ 5.20

5.30 ǑȏǺ 5.31 ș̓ ǠȒǯ ↓ 2.28 Ƕ 5.32 ǲ ǮǔȒ ↓ 5.32 ǵ ǜǶ 5.33 ǲǱȒ

↔ר S Кǵ ǵ ǜ 5.33 Ƕ Ǯ Ǥǵ ș ↔ר S КǮ ǞǭǋȒȉǵǯ ǏȒ  

( )5.30 0)( 11 3=tvy  

( )5.31 0)(
11

3=tv
z

 

( )32.5 000)(
11111
3kjiv ++=t  

( )33.5 0
1
3=v  

ᾍ 2.35 ǲ ǜ 5.33 ș̈ЊǠȒǯ 5.34 ǲǱȒ ᾍ 5.34 ǵֳ Ƕ ǵ

ǮǉȒ  

( )35.2

1
2

2

1

0

1
3

c

v

m
m

-

=  

( )34.5
01
3mm =  

ᾍ 2.23 ǲ ǜ 5.29 ǑȏǺ 5.34 ș̈ЊǠȒǯ 5.35 ǲǱȒ ǜ 5.29 ǜ 5.33
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ǑȏǺ 5.34 ș ȦɋɩȬɶǵẀ 5.24 ǲ̈ЊǠȒǯ 5.36 ǲǱȒ  

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

( )35.5

11
2

2

1

2

2

0 3

c

u

m

c

v

m
m

-

=

-

=  

( )36.5

1

)0(
)(

2

2

1 3

c

u

E
uE

-

=  

5.37 ș̓ ǠȒǯ 5.38 ș ǮǔȒ ǚǵǚǯș̓ ǠȒǯ ȦɋɩȬɶǵẀ 5.36 ǲ 5.37 ș̈ЊǞ

ǭ 5.36 ǶȦɋɩȬɶǵẀ 5.39 ǲǱȒ ֿ ǲ 5.38 ș̓ ǠȒǯ 5.34 ǑȏǺ 5.35 ǒȐ ר Ǯ

ǉȒ 5.40 ș ǮǔȒ  

( )37.503=u  

( )38.511
2

2

3=-
c

u
 

( )39.5)0()0(
1
3EE =  

( )40.5
01
3mmm ==  

5.37 ș̓ ǠȒǯ 2.1 ǑȏǺ 2.2 Ƕ 5.41 ǑȏǺ 5.42 ǲǱȒ 5.41 ǑȏǺ 5.42 ǮǶֺ ↔ר

Ƕ ǞǭǋȒȉǵǯ ǏȒ ǚǵȏǍǲ ǞǭǋȒ ↔ר SǑȏǺ ↔ר S КǮǶ ȦɋɩȬɶ 5.39 Ǒ

ȏǺ 5.40 Ǔ ǠȒ ǦǧǞ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶɉɣɶɆɱҘἶǵȏǍǲ ᾍ ǲ

ǞǭǋȒ ↔ר ș ȈǭǶǋǱǋȉǵǯʝ ǲ Ǎ ǚǵǚǯǮǶ Ǯ ӴǱ όșǠȒ  

( ) ( )41.5 const.,0 11_ 3== uSS iu  

( ) ( )42.5 const.,0_1 3== uSS iu  

5.43 ș̌ὑǠȒ 5.43 Ǔ ǠȒǚǯǮ 5.44 ǑȏǺ 5.45 Ǔ ǠȒȉǵǯǠȒ 5.44 ǑȏǺ 5.45

ș̓ ǠȒǯ 4.6 ǑȏǺ 4.18 ǒȐ 5.46 ǑȏǺ 5.47 Ǔ ǠȒḹֻǓǉȒ ǦǧǞ 5.44 5.47 Ƕ

̧ǵ╛ș ǠȒװ  

( )43.53cuš  

( )44.511
2

1 3Ŝ
c

vu
x
Ö

+  

( )45.511
2

2

3Ŝ
c

u
-  

( )46.5)()(
11
3vEvE º  

( )47.5
1
3mmº  

̌ὑ 5.43 Ƕ ɉɣɶɆɱǵ ǫǵ Ҳǵ ѸǓ ǠȒȉǵǯ ȖȓǭǋȒ ↔ר ǵ ǜǮǶ ǠȒ

₴ ᷀ǮǶɉɣɶɆɱǵ ǫǵ Ҳǵ ѸǮ̓ ǠȒ Ƕὑ ǯǱȑ ֺ ↔ר КǮ ǞǋȉǵǯǞǭ ȖȓȒ

5.47 ǵʰ ǵ Ƕ ᾍ ǮǉȒ ᾍ Ƕ ǵ ǜǲᾍꜘǞǭ ǱȒΙǲǱȒ ǚǵȏǍǲ ᾍ

ǓẀӓǠȒȏǍǮǶ ɉɣɶɆɱǵ 3ǫǵ Ҳǵ ѸǮ̓ ǠȒ ǯǶ ǱȒȉǵǮǉȒ  
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ǚǚǮ 5.48 ǑȏǺ 5.49 ș̌ὑǠȒ 5.48 ǒȐ 5.50 Ǔ ǠȒȉǵǯǠȒ ֿ ǲ 5.49 ǒȐ

5.51 Ǔ ǠȒȉǵǯǠȒ 5.50 ș̓ ǠȒǯ ᾍ 2.23 ș 5.52 ǲ ǮǔȒḹֻǓǉȒ ֿ

ǲ ᾍ 2.35 ș 5.53 ǲ ǮǔȒḹֻǓǉȒ ǦǧǞ 5.50 5.53 Ƕ ̧ǵ╛ș ǠȒװ  

( )48.53cvš  

( )49.5
1

3cv š  

( )50.511
2

2

3Ŝ
c

v
-  

( )51.511
2

2

1 3Ŝ
c

v
-  

( )52.5
0
3mmº  

( )53.5
01
3mm º  

ᾍ 5.52 ǑȏǺ ᾍ 5.53 ǵֳ Ƕ ǮǉȒ 5.52 ǑȏǺ 5.53 ǮǶ ֺ

↔ר Кǵ ᾍ ș ǲ ̧ǞǭǋȒ ǤǞǭ ʝ Ǳ ǮǶ ɉɣɶɆɱǵ 3ǫǵ Ҳǵ ѸǮ

̓ ǠȒ Ƕ ᾍ ǵ ǯǞǭ ȖȓȒǚǯǓǉȒ ǚǵȏǍǱ ǮǶ 5.52 ǑȏǺ 5.53 ǵ

‼ ǵ ᾍ Ƕ ɉɣɶɆɱǵ 3ǫǵ Ҳǵ ѸǮ̓ ǠȒ ǲ ̧ǞǭǋȒ  

̌ὑ 5.48 ǑȏǺ̌ὑ 5.49 Ƕ ɉɣɶɆɱǵ ǫǵ Ҳǵ ѸǓ ǠȒȉǵǯ ȖȓǭǋȒ ↔ר ǵ ǜǮ

Ƕ ǠȒ 5.52 ǑȏǺ 5.53 Ǔ ǠȒ ᾍ ǵẀ 5.47 Ƕ ɉɣɶɆɱǵ 3ǫǵ Ҳǵ ѸǮ̓ Ǡ

Ȓ ǵẀ ǲ ̧ǞǭǋȒḹֻǓǉȒ ǦǧǞ ʣ Ǯ șǞǦȏǍǲɉɣɶɆɱҘἶǵȏǍǱ ᾍ ǲ Ǟǭǋ

Ȓ ↔ר șȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ȈǭǋǱǋ 5.52 ǑȏǺ 5.53 Ǔ Ǟǭǋǭȉ ǚǵȏ

ǍǱ ↔ר ǲᾍǠȒ Ǐ Ǔ ǱȒǚǯǶ ⱪ Ǳ ǵǹǯǫǮǉȒ  

 Ҳ ǵẀ ǑȏǺ Ҳ ǵ ѝ-ȦɋɩȬɶǵẀ ǵᾚї 

ȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 ș̓ Ǟǭ Ҳ ǑȏǺȦɋɩȬɶǵẀ șᾚїǮǔȒ Ǯ

Ƕ ǫǵẀ șᾚїǠȒ ѧǲ Ҳ ǵẀ șᾚїǠȒ ♥ǲ Ҳ ǵ ѝɵȦɋɩȬɶǵẀ șᾚїǠȒ ǚȓȐ

ǵᴀ Ƕ Ǔ Ǯ̓ ǠȒǦȈǲʦǏǦ  

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

¸

-

Ö
+

³=  

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=  

4.6 ǑȏǺ 4.18 ǮǶ ʴǵϽǵ ǜǮȉ̓ ǮǔȒᾚїșǞǭǋȒ a.3.2 ǑȏǺ a.3.4 ș̓ ǠȒǚǯ

Ǯ ʴǵϽǵ ǜǮ ҲǠȒ ǵ ș ǮǔȒ ǵ̊ʤǵ Ǯ̓ ǞǭǋȒȦɋɩȬɶǑȏǺ Ƕ

a.3.1 a.3.4 ǮʦǏȒǚǯǓǮǔȒȉǵǯ̌ὑǠȒ ǤǞǭ ǮʦǏǦ ǑȏǺȦɋɩȬɶǵ ֵș̓ Ǡ

Ȓ Ҳ ǵ ֵǶ Ǯ 2.20 2.22 ǑȏǺ 2.32 2.34 ǮʦǏǦ ǵЋȦɋɩȬɶǵ ֵǶ ᾍ

ș̓ ǞǦȉǵǮ 2.27 ǑȏǺ 2.39 șʦǏǦ  

( )20.23xx vmp Ö=  
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( )21.23yy vmp Ö=  

( )22.23
zz

vmp Ö=  

( )32.2111 3xx vmp Ö=  

( )33.2111 3yy vmp Ö=  

( )34.2
111
3

zz
vmp Ö=  

( )27.223cmE ³=  

( )39.22

11
3cmE ³=  

Ǯǵ Ҳ ǵẀ șᾚїǠȒǵǲ ↓ǵẀ 3.15 3.17 ș̓ ǠȒ 3.15 Ƕ ↔ר SǮǵ ↓ɗȭ

Ɇɩǵ ѝǮǉȒ 3.16 Ƕ ↔ר SǮǵ ↓ɗȭɆɩǵ ѝǮǉȒ 3.17 Ƕ ↔ר SǮǵ ↓ɗ

ȭɆɩǵ ѝǮǉȒ  

( )3.15 

1

)(

2

1

1 3Ö
Ö

+

+
=

c

vu

uv
tv

x

x
x ↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )3.16 

1

)(
)(

2

1

11
3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

y

y

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )3.17 

1

)(
)(

2

1

11 3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

z
z

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

ǵẀ 4.18 ǵʰ ǲ 3.15 ǵ‼ ș ǘȒǚǯǮ 6.1 ș ǮǔȒ 6.1 ǵֳ ǲ 3.15 ǵֳ ș

̈ЊǠȒǯ 6.2 ǲǱȒ  

( )1.6)(

1

1

)(

2

2

2

1
1

3tv

c

u

c

vu
m

tvm x

x

x Ö

-

ö
÷

õ
æ
ç

å Ö
+Ö

=Ö  

( )2.6

11

1

)(

2

1

1

2

2

2

1
1

3

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

Ö
+

+
Ö

-

ö
÷

õ
æ
ç

å Ö
+Ö

=Ö

c

vu

uv

c

u

c

vu
m

tvm
x

x

x

x  

6.2 ǵֳ ș ǠȒǯ 6.3 ǲǱȒ 6.3 ǵֳ ǵѝἧș᾽ ǠȒǯ 6.4 ǲǱȒ  

( )
( )3.6

1

)(

2

2

11 3

c

u

uvm
tvm x

x

-

+Ö
=Ö  

( )4.6

1

)(

2

2

111 3

c

u

umvm
tvm x

x

-

Ö+Ö
=Ö  

6.4 ǵֳ ș 6.5 ǲ ǔ ǏȒ ȦɋɩȬɶ 2.39 ș̓ ǠȒǯ 6.5 ǵֳ Ƕ 6.6 ǲ ǔ ǏȒǚǯǓǮǔ

Ȓ  
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( )5.6

1

)(

2

2

2

2

1
11

3

c

u

c

ucm
vm

tvm
x

x

-

ÖÖ
+Ö

=Ö  

( )39.22

11 3cmE ³=  

( )6.6

1

)(

)(

2

2

2

11
11

3

c

u

c

uvE
vm

tvm
x

x

-

Ö
+Ö

=Ö  

6.6 ǵ‼ ǲ Ҳ 2.20 ș̈ЊǞǭ 6.6 ǵֳ ǲ Ҳ 2.32 ș̈ЊǠȒǯ 6.7 ǲǱȒ 6.7 Ƕ Ҳ

ǵẀ ǵ ѝǵ╛ǮǉȒ  

( )20.23xx vmp Ö=  

( )32.2111 3xx vmp Ö=  

( )7.6

1

)(
)(

)(

2

2

2

11
11

3

c

u

c

uvE
tp

tp
x

x

-

Ö
+

=  

3.16 ǵ‼ ș ǵẀ 4.18 ǵʰ ǲ ǘȒǚǯǮ 6.8 ș ǮǔȒ 6.8 ǵֳ ǲ 3.16 ǵֳ ș̈

ЊǠȒǯ 6.9 ǲǱȒ  

( )3.16 

1

)(
)(

2

1

11
3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

y

y

g

 

( )8.6

1

1

2

2

2

1
1

3y

x

y v

c

u

c

vu
m

vm Ö

-

ö
÷

õ
æ
ç

å Ö
+Ö

=Ö  

( )9.6

1

)(

1

1

2

1

11

2

2

2

1
1

3

ö
÷

õ
æ
ç

å Ö
+Ö

Ö

-

ö
÷

õ
æ
ç

å Ö
+Ö

=Ö

c

vu

tv

c

u

c

vu
m

vm
x

y

x

y

g

 

6.9 ǵֳ ș ǠȒǯ 6.10 ǲǱȒ 6.10 ǵֳ ǲ 2.12 ș̈ЊǠȒǯ 6.11 ǲǱȒ  

( )10.6
)(

1

11

2

2

1 3
g

tv

c

u

m
vm

y

y Ö

-

=Ö  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

26 

( )11.6)(1

1

112

2

2

2

1 3tv
c

u

c

u

m
vm yy Ö-Ö

-

=Ö  

6.11 ǵֳ ș ǠȒǯ 6.12 ǲǱȒ Ҳ 2.21 ǑȏǺ Ҳ 2.33 ș 6.12 ǵʰ ǲ̈ЊǠȒǯ 6.13

ǲǱȒ 6.13 Ƕ Ҳ ǵẀ ǵ ѝǵ╛ǮǉȒ  

( )12.6)( 111 3tvmvm yy ÖÖ=Ö  

( )21.23yy vmp Ö=  

( )33.2111 3yy vmp Ö=  

( )13.6)()( 11 3tptp yy =
 

ǵẀ 4.18 ǵʰ ǲ 3.17 ǵ‼ ș ǘȒǚǯǮ 6.14 ș ǮǔȒ 3.17 ǵֳ ș 6.14 ǵֳ ǲ

̈ЊǠȒǚǯǮ 6.15 ș ǮǔȒ  

( )3.17 

1

)(
)(

2

1

11 3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

z
z

g

 

( )14.6

1

1

2

2

2

1
1

3z

x

z v

c

u

c

vu
m

vm Ö

-

ö
÷

õ
æ
ç

å Ö
+Ö

=Ö  

( )15.6

1

)(

1

1

2

1

11

2

2

2

1
1

3

ö
÷

õ
æ
ç

å Ö
+Ö

Ö

-

ö
÷

õ
æ
ç

å Ö
+Ö

=Ö

c

vu

tv

c

u

c

vu
m

vm
x

z

x

z

g

 

6.15 ǵֳ ș ǠȒǯ 6.16 ǲ ǮǔȒ 6.16 ǵֳ ǲ 2.12 ș̈ЊǠȒǯ 6.17 ǲǱȒ  

( )16.6
)(

1

11

2

2

1 3
g

tv

c

u

m
vm z

z Ö

-

=Ö  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

( )17.6)(1

1

112

2

2

2

1 3tv
c

u

c

u

m
vm zz Ö-Ö

-

=Ö  

6.17 ǵֳ ș ǠȒǯ 6.18 ǲǱȒ Ҳ 2.22 ǑȏǺ Ҳ 2.34 ș 6.18 ǵʰ ǲ̈ЊǠȒǯ 6.19

ǲǱȒ 6.19 Ƕ Ҳ ǵẀ ǵ ѝǵ╛ǮǉȒ  

( )18.6)()( 111 3tvmtvm zz Ö=Ö  

( )22.23
zz

vmp Ö=  

( )34.2111 3zz vmp Ö=  

( )19.6)()( 11 3tptp zz =  



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

27 

2.39 ș̓ Ǟǭ ȦɋɩȬɶǵẀ 4.6 ǵֳ ș 6.20 ǲ ǔ Ǡ 6.20 ǵֳ ș ǠȒǯ 6.21 ǲ

ǱȒ  

( )39.22

11 3cmE ³=  

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

¸

-

Ö
+

³=  

( )20.6

1

)(

)(

2

2

2

12

111

3

c

u

c

vu
cmvE

vE

x

-

Ö
ÖÖ+

=  

( )21.6

1

)(
)(

2

2

1111 3

c

u

uvmvE
vE x

-

ÖÖ+
=  

Ҳ 2.32 ș 6.21 ǵֳ ǲ̈ЊǠȒǯ 6.22 ǲǱȒ 6.22 Ƕ Ҳ ǵ ѝɵȦɋɩȬɶǵẀ ǮǉȒ  

( )32.2111 3xx vmp Ö=  

( )22.6

1

)()(
)(

2

2

1111 3

c

u

utpvE
vE x

-

Ö+
=  

ǮǶ ̊ʤǵẀ șᾚїǞǦ 6.7 6.13 ǑȏǺ 6.19 Ƕ Ҳ ǵẀ ǮǉȒ 6.22 Ƕ Ҳ ǵ ѝɵȦ

ɋɩȬɶǵẀ ǮǉȒ ǵᾚїǮǶ ʴǵϽǵ ǜǵḹֻǮȉ̓ ǮǔȒ  

( )7.6

1

)(
)(

)(

2

2

2

11
11

3

c

u

c

uvE
tp

tp
x

x

-

Ö
+

=  

( )13.6)()( 11 3tptp yy =  

( )19.6)()( 11 3tptp zz =  

( )22.6

1

)()(
)(

2

2

1111 3

c

u

utpvE
vE x

-

Ö+
=  
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 ǯ ǵẀ ǲǫǋǭǵ ό 

ǵ Ћ̱ǮǶ ǮᾚїǞǦȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18 ȏȑȉʝ Ǳ ǵȦɋ

ɩȬɶǵẀ ǑȏǺ ǵẀ șᾚїǠȒ ǮǶ ș 3.7 Ǯὑ ǞǦ ǤǵȏǍǱ ǵὑ 3.7

șʦǏǭ ș ǠȒǚǯǶ ʝ Ǳ ᾍר ǵ ᾚǲǶʝ ǞǱǋȉǵǯ Ƕ ǒȐѨ ǠȒ  

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

¸

-

Ö
+

³=  

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=  

() ( )( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

ǵὑ 3.7 ǮǶ ʴǵϽǵ ǜ 2.6 Ǯ̓ ǮǔȒ 3.8 ș̌ὑǞǭǋȒ ǚǵǚǯǮ ș

ʴǵϽǵ ǜ 2.6 Ǯ ǮǔȒǚǯǲǱȒ ǜȐǲ ʴǵϽǵ ǜǵḹֻǮǵ ǵ ș̓ Ǯǔ ǵ

ЋȦɋɩȬɶǑȏǺ Ҳ ș ǏȒǚǯǓǮǔȒ ǚȓȐǵǚǯǮ ȦɋɩȬɶǵẀ 4.6 ǑȏǺ ǵẀ 4.18

ș ʴǵϽǵ ǜǮ̓ ǮǔȒȏǍǲǱȒ 3.8 ș̌ὑǠȒǚǯǶ Ǯ όǞǭǋȒ  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

()( )( )8.30, 3cvvm ¢¢  

ǚǵȏǍǱǚǯǒȐȉ ǵ ǵ ȆǯǞǭǵ ǵ ǮǶ ǵ ǋ șᵂ ǯǠȒ ǲǫǋ

ǭ όǠȒ Ǯ ǮǉȒɉɣɶɆɱҘἶǯ Ǟǭ ᾍר ǵ Ҳ ǲ ș ǋǭ όșǠȒ  

 

ɉɣɶɆɱҘἶǮǶ ᾍ ǯᴀǷȓȒȉǵș̌ὑǞǭǋȒ ᾍ ǶẆ ǒȐǵ◙ șʝў֞ǘǱǋ Ǯǉȑ

ǠȀǭǵ Ǯ Ǟǋȉǵǯ ǍǚǯǓǮǔȒ ǚǵǚǯǒȐ ɉɣɶɆɱҘἶǮǶ ᾍ ǑȏǺǠȀǭǵ ↔ר

ǵֺ̬ ǲ̌ὑǮǔȒ ǵ ǵ Ȇǵ ǜǶ Ǟǋȉǵǯ ǍǚǯǓǮǔȒ ᾍ ǠȒǚǯș̌ὑǠȒǚǯǮǶ

ᾍǲҲǒǱǋǚǯș̌ὑǞǭǋȒ ↓șὑ ǠȒǚǯǶǞǱǋǮ ᾍǲҲǒǱǋǚǯș̌ὑǠȒ ș̓ Ǟǭ

ᾍ ș ǟǭǋȒ ↓Ƕ ↔ ǵ↔ ș̓ Ǟǭὑ ǜȓȒȉǵǮǉȑ ↔ ș̌ὑǠȒ ᾍ ș̌ὑǠȒѼ

ǲ ↓șᾚЊǠȒǚǯǶǮǔǱǋ ǚǵǦȈǲ ǵ Ȇǵ ǜǶᵂ ǲǠȒǚǯǱǖ ᾍ ș̌ὑǠȒǚǯǲǱȒ

ᾍר ǮǶ ᾍ ș̌ὑǞǭǋǭȉ ᾍ ș̌ὑǠȒⱳ ǶǱǋ  

ᾍר ǮǶ ǑȏǺ ᾍ ș̌ὑǞǭǋȒ ǚȓȐǵ̌ὑǶ ᾍרԍ ǑȏǺϽ ↓ǵʥẀǵԍ

șʦǏȒ ǲᾚЊǜȓǭǋȒȉǵǯ ǏȒǚǯǓǮǔȒ ᾍ Ƕ ₴ ᷀ǵɉɣɶɆɱҘἶǵʝ ǮǶ

ἶ ὑǜȓȒבǯǞǭὕ᷀ǠȒǚǯǶװ ǚǵȏǍǲבὑǜȓȒ ᾍ Ƕ ǵר ѸǓ ǠȒ↔ ǯǞǭʦ

ǏȒ ↔ר șὑ ǠȒ ǲ̓ ǮǔȒ ɉɣɶɆɱҘἶǮ̓ ǠȒ ↔ר Ƕ ↓ ҲșǠȒ Ǔ ↓

ҲǠȒǚǯǶ ↔ Ǯ ǠȒǚǯǮ ȈȒǚǯǲǱȒ ˛ǋǲ Ǟǋқ ↓Ǯ ҲǞǭǋȒ ǫǵ Ƕ˛ǋǲ

ǉȒǋǶ ↓ ҲǞǭǋȒǚǯșɉɣɶɆɱҘἶǮǶ ǮǔȒ ₴ ᷀ǵɉɣɶɆɱҘἶǵ Ǯὑ ǠȒ

↓ ҲǮǶ Ǔ ᾍ ǲ ↓ ҲǞǭǋȒǚǯș ǟȒ ǲ ᾍǲҲǒǱǋ ↔ר Ǔⱳ ǲǱȒȉǵǯ
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ǏȒ ǤǵȏǍǲ̓ ǠȒ ᾍǲҲǒǱǋ ↔ר șɉɣɶɆɱҘἶǮǵ ᾍ Кǲ̌ὑǞǭǋȒȉǵǯ ǍǚǯǓ

ǮǔȒ ᾍ ǶẆ ǒȐǵ◙ ș֞ǘǱǋȉǵǮǉȒ ᾍ ǓẆ ǒȐǵ◙ șʝў֞ǘǱǋǚǯǒȐ ᾍ

ǲ Ǟ ǘȒֺ↔ ʣǵ ǜǶẀӓǠȒǚǯǶǱǋȉǵǯ ǏȐȓȒ ǚǵ ᾍ Кǲ̌ὑǞǦ Ǟ ǘȒ

↔ר ǵֺ ǵ ǜǶ ȇǚǯǱǖʝὑǵ ǜǮǉȒ Ǥǵ ᾍ ʣǮ Ǔ ↓ ҲǞǭǋȒǚǯș̌ὑǞǭ

↓ ҲǠȒ ↔ר șὑ ǠȒ Ȓ ↔ר ǒȐ̀ǵ ↔ר ș ǠȒǯ ↓ ҲǞǭǋȒǚǯș

ǮǔȒ Ȓ ↔ר ǒȐֿǟ ↓ ҲǠȒ̀ǵ ↔ר ș ǠȒǯ ǞǭǋȒȉǵǯ ǮǔȒ ǚǵȏǍ

ǲ ↓ ҲǞǭǋȒ ↔ר ș̓ ǞǦ όǮǶ Ƕ ǫǵ ↔ר Ǯǵ ᾍ Ǳ ǮǉȒ ǚǵǚǯǒȐ

ᾍ ǵȏǍǲ ᾍǲҲǖǚǯǓǱǋ ᾍ Ǳ ș̌ὑǠȒǚǯǶɉɣɶɆɱҘἶʣǮǶὕ᷀ǞǱǋ ǮǉȒȉǵ

ǯ ǏȒǚǯǓǮǔȒ ʣ ǵȏǍǲ ᾍ ǲ ↓ ҲǞǭǋȒǚǯș̌ὑǠȒǦȈǲ ᾍ șᾚЊǠȒⱳ Ǔר

ǟǭǑȑ ᾍ ș ǞǔȓǱǋǚǯǓ ǟǭǋȒ ᾍ ǲ ↓ ҲǞǭǋȒǚǯș̌ὑǠȒǦȈǲ ᾍ ǲ

ᾚЊǞǦ ↔ר ǵⱳ Ƕר ↓ǵὑ ǲ͒ἭǞǭǋȒ ↓ǵὑ ș ǵě ǜĜǑȏǺě ĜǵȆǮʦ

ǏȒǱȐǷ ᾍ КǮ ↓ș ǠȒ ǜș ȒɟȶɡɶǑȏǺ ș Ȓ ǵȆǮ ↓ Ҳș ǮǔȒ

ʝ ǵ ἶ ǮǶ ↓șὑ Ǟǭ ↓șὑ ǠȒ ǤǵȏǍǱʝ ǵ ↓ǵὑ Ƕ ↔ר ș̌ὑǞǭʦǏǭ

ǋȒȉǵǮǉȒ ǚǵǦȈǲ ᾍ ǲ ↔ר ș̌ὑǠȒⱳ Ǔ ǟȒ  

 

ᾍרԍ ǠȀǭǵ ↔ר Ǯ ѸǶֿǟǮǉȒ  

Ͻ ↓ǵʥẀǵԍ ǠȀǭǵ ↔ר Ǯ ʴǵϽǵ ǜǶǤǵϽ ǵ Ҳǵ Ǯ ὑǞǱǋǮὑ Ǯǉȑ

ʴǵϽǵ ↓Ƕ ↓ǮǉȒ  

 

ɉɣɶɆɱҘἶǮǵ ᾍרԍ Ƕ ᾍ ș̓ ǠȒǦȈǲ ᾍר ǮǶ̓ ǮǔǱǋǚǯǲǱȒ ᾍ

ר ǮǶ ɉɣɶɆɱҘἶǵ ᾍרԍ ǵ̈Ȗȑǲ ᾍרԍ șᾚЊǠȒ ᾍרԍ ǮǶǠȀǭǵ ↔ר

Ǯ ѸǶֿǟǮǉȒǚǯș̌ὑǞǭǋȒ ǚǵȏǍǲ Ѹș ᾍרԍ ǮǶᾚЊǞǭǋȒǵǮ ȉ̌ὑ

ǞǭǋȒǚǯǲǱȒ ᾍרԍ ǒȐ ᾍר Ǯ̓ ǠȒ ↔ר ǵֺ Ǔ ȇǚǯǵǱǋǚǯș̌ὑǠȒ

ᾍרԍ Ǯ̓ ǠȒ ↔ר ǲȉ ↓Ǯ ҲǠȒǚǯș̌ὑǞǭǋȒ ↔ר Ǔ ↓Ǯ ҲǞǭǋȒǚ

ǯǶ ɉɣɶɆɱҘἶǵ όǯֿ ǲ ᾍ ș̓ Ǟǭ̌ὑǠȒǚǯǓǮǔȒ ᾍרԍ ș̓ ǠȒǯʣ ǵȏ

Ǎǲ ᾍ ǲ ↔ר ș̌ὑǠȒⱳ Ƕ ǟȒ ↓ ҲǶ ʣ ǵȏǍǲě ǜĜǑȏǺě ĜǮ ǠȒǚ

ǯǶǮǔȒ ǚǵǚǯǒȐ ᾍר ǮǶ ᾍרԍ ș̓ ǞǱǋǮ ᾍ ǲ ↓ǵ ǏșᾚЊǠȒ

ș ǠȒǱȐǷ ᾍ ǲ ↔ר ș̌ὑǠȒⱳ ǶǱǋ Ǥǵ ᾍ Ǯǵ ↓ǵ ǏǶ ᾍרԍ șᾚ

ЊǠȒ ǲǶ Ǟǭ ᾍרԍ Ǯ ǮǔȒ ↓ǵὑ ș ǠȒǚǯǲǱȒ ᾍרԍ ǮǶ ↔ר

ǲ̓ ǠȒ ǵ Ȇǵ ǜș ὑǮǔǱǋ ᾍר ǮǶɉɣɶɆɱҘἶǲǶἭ᷀ǞǱǒǪǦԍ ǯǞǭϽ ↓

ǵʥẀǵԍ șᾚЊǞǭǋȒ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǯ ᾍר Ǯ̓ ǠȒ Ǯǵ ǵ Ȇǵ ǜș

ὑǮǔȒ ǚȓȐǵǚǯǒȐ ᾍר Ǯ̓ ǠȒ Ϸǵ Ƕ ȇǚǯǵǱǋ ǮǉȒǚǯǲǱȒ  

ǚǵȏǍǱ Ϸǵ ǮǶɫɶɪɱɂẀ ș̓ Ǟǭֺ ↔ר Ǯǵ ǵẀ ș ǮǔȒ ɉɣɶɆɱҘἶ

ǮǶȪɨɪȢẀ ș̓ Ǟǭֺ ↔ר Ǯǵ ǵẀ ș ǮǔȒ ₴ ᷀ǮǶ ȠȢɱȵɣȽȢɱǵ

ᾍר ǑȏǺɉɣɶɆɱҘἶǮȉ ᾍ Кǲ̌ὑǞǭǋȒ ᾍ ǞǦ ↔ר Ƕὕ᷀ǞǱǋȉǵǯ Ǎ ǚ

ǵȏǍǱ Ǯ ɫɶɪɱɂẀ ǑȏǺȩɨɪȢẀ ǮǶ ᾍ ǞǦ ↔ר ǶẀ ǠȒᾍ ǯǱȒ ↔ר ǲǶ

ȅǱǋד ǋșǠȒǚǯǓǮǔȒ  

ɉɣɶɆɱҘἶǮǶ ᾍ ǑȏǺ ᾍ ș̓ ǞǭȪɨɪȢẀ Ǔ ǠȒ ↔ר ș̓ ǠȒ ȪɨɪȢẀ
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ǮǶǠȀǭǵ ↔ר Ǯқ ↓ǶʥẀ ǮǉȒ ǤǵȏǍǱқ ↓ǮɉɣɶɆɱҘἶǵ ǵ ↓ș ǮǔȒ Ǥ

ǵ ǵқ ↓ș̓ Ǟǭ ↔ר ǵ ↓ș ǠȒǚǯǲǱȒ ǚǵ ǏǮǶ ɉɣɶɆɱҘἶǮǶֺ ↔ר ǵ

↓ǵ ǜǶ Ẏǵ ǜȅǮ ὦǠȒ ǤǵȏǍǱɉɣɶɆɱҘἶǵқ ↓ǑȏǺ ↓ǵ◙ ș ᾍ Ƕ֞ǘȒǚ

ǯǶǱǋ ǚǵ ǮǶװ ǠȀǭǵ ↔ר ʣǮ ǵǰǵȏǍǱ ҲǲᾍǞǭȉֿǟ ǵ Ȇș ᾍ ǲǶͪ

ǞǭǋȒ ᾍר ǮǶқ ↓Ƕֺ ↔ר ǮǵʥẀ ǲǶǱȐǱǋ ᾍר Ǯ̓ ǠȒᶫ 7.1.1 ǵ

Ǯ ǠȒ ǵ Ȇǵ ǜǶɫɶɪɱɂẀ ǵ ǵ╛ǒȐȉ ȐǒǱȏǍǲ ǵ Ҳǵ◙ ș֞ǘȒ ɫɶɪɱ

ɂẀ ǮǶ ʴǵϽǵ ǜș ǏȒǚǯș̌ὑǠȒǯ ɫɶɪɱɂẀ ǵ͜ 2.12 ǲ Ǔ ȓȒ ǚǵǦȈǲ

ʝ ǲǶɫɶɪɱɂẀ ș̓ ǞǦ ᾍר ǮǶ ǵ ǜǶ ʴǵϽǵ ǜș ǏȒǚǯǶǮǔǱǋȉǵǯ

ȖȓȒ  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

ǵ ǜǓ ʴǵϽǵ ǜș ǏȒǚǯǓǮǔǱǋǚǯǮ ↔ר ǵ ǜȉ ʴǵϽǵ ǜș ǏǱǋȉǵǯǱ

Ȓ ʴǵϽǵ ǜǮ ҲǠȒ ↔ר ș̌ὑǞǭȉ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǯ ʴǵϽǓ ǮǔȒ

↔ר Ƕ̌ὑǮǔǱǋ Ͻ ↓ǵʥẀǵԍ ǵᾚЊǮ
ɵ ɵ

ǵ
ɵ ɵ ɵ

ǵ
ɵ

Ȇ
ɵ ɵ

ǵ
ɵ

ǜ
ɵ ɵ

ș ʴǵϽǵ ǜǑȏǺ ʴǵϽ

ǵ Ҳ ș̓ Ǟǭ 7.1 Ǯ ὑǠȒǚǯǲǱȒ ǤǵϽǵ Ҳ 7.1 Ƕ ȅǱǋ Ϸǵ Ǯǵ ↔ר

Кǵ Ҳ ǮǉȒ Ͻ ↓ǵʥẀǵԍ ș ǠȒǚǯǒȐ ʴǵϽǵ Ҳ Ǔ 7.2 ǲǱȒǚǯǮ 7.3 ș

ǮǔȒ 7.3 ǒȐ 7.4 ș♬Ȓ 7.4 ǮǶ Ǔ ǲǱȑ ǵ ȆǓ ǋǚǯș ǞǭǋȒȉǵǯ ǏȒǚ

ǯǓǮǔȒ ȉǞ
ɵ ɵ

ר
ɵ ɵ

↔
ɵ ɵ ɵ ɵ

Ǔ
ɵ ɵ

ʴ
ɵ ɵ

ǵ
ɵ

Ͻ
ɵ

ǵ
ɵ

ǜ
ɵ ɵ

Ǯ
ɵ

Ҳ
ɵ ɵ

ǠȒǯ Ǥǵ ↔ר Кǵֺ̬ ǲ ǞǭǋȒȉǵ

ǯ̌ὑǜȓǭǋȒ ȉʝ ǲ ҲǠȒ Ǥǵ ҲǵǦȈǲֺ Ƕ ʴǵϽǵ ǜǮ ҲǠȒ Ǥǵ Ǔ ҲǠȒ

↔ר КǮǶϽǶ ǒȐ ȑїǜȓǦ ׄǲ ↓ǵ ѝș ǫǚǯǲǱȒ ǚǚǮ ↔ר КǮǶϽǶ

ǵ Ҳ ׄĚĚ ₳ ׄǲǱȒȉǵǯǠȒ ĚĚǲ ʴǵϽǵ ǜș Ǩ ǒȐ ȑїǜȓǦ ׄĚĚḉ ׄ

ǲǱȒȉǵǯǠȒ ĚĚǲȉ ↓ǵ ѝș ǫǚǯș̌ὑǠȒ Ǥǵ ↔ר КǮϽǶ ʴǵϽǵ ǜǮ ҲǠȒ

ǚǯǓǮǔǱǋ ǚǵ̌ὑǮǵ ₳ ׄǑȏǺḉ ׄǵֺ ↓ɗȭɆɩǵ ѝǵɗȭɆɩᴇǵẎǔǜș ǠȒǯ

ʴǵϽǵ ǜȏȑẎǔǖǱȒ ǚǵǦȈǲ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǯ ǒȐǶϽǓ ȑїǜȓǱǋǚǯǮ

7.2 ș ǮǔȒ ǚǵḹֻǮǶ Ǥǵ ǮǶ 7.2 ș Ǟǭ 7.4 ǲǱȒ  

( )1.73rtc D=DÖ ʴǵϽǵ Ҳ  

( )2.703=Dr  

( )3.703=DÖtc  

( )4.703=Dt  

ʴǵϽǵ ǜǶὑ ǮǉȒ ǚǵǚǯǒȐ Ǥǵ Ǯ ǠȒ ǵ╛Ƕ 7.5 Ǯ ǮǔȒ 7.5 Ƕ 7.1

ș ǔ ǠǚǯǮ♬Ȓ ʴǵϽǓ ǒȐ ȑїǜȓǱǖǭȉ ǮǶ 7.5 Ǯ ș ǠȒȉǵǯ̌ὑǠȒ

ǚǵǦȈǲ 7.2 ǵḹֻǲ 7.3 ș ǮǔȒ ǚǵ ǮǶ Ǥǵ КǮǵϽǵ Ҳ Ƕ 7.6 Ǯ Ǯ

ǔȒḹֻș̌ὑǞǭǋȒ  

( )5.73
c

r
t
D
=D  

() ( ) ( )6.7
2
3tctr Ö=  
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ʴǵϽǓ ǠȒ ↔ר ș♬ȐȓǱǋǚǯǮ ǤǵϽǵ șʦǏȒǚǯǶᶩ ǲǱȒ ʝ ǲǶ

ᾍר ǵ Ƕ Ǔ ǞǭǋȒ↔ Ǯ ǠȒ ר ǯǱȒ ↔ר ʣș ʴǵϽǵ ǜǮ Ҳ

ǠȒ ↔ר ǵ ǵ ȆǓ ǋǱȐǷ ȦɋɩȬɶș ǠȒ ǲ ș̓ ǮǔǱǋǚǯǓ ǏȐȓȒ Ǥ

ǵȏǍǲ ȦɋɩȬɶǓ ǮǔǱǋḹֻǮ ʴǵϽǵ ǜǮ ҲǠȒ ǵ ǵΙș ὑǠȒ ș Ǐ

ȒǚǯǲǱȒ ǵ ᾍר ǮǶ ʴǵϽǵ ǜǮ ҲǠȒ ǵ șὑ ǠȒǚǯș ȆǦ
ɵ ɵ ɵ

3.7

Ƕ Ǥǵ ǵὑ ǮǉȒ 3.7 Ƕ șὑ ǞǭǋȒȉǵǮǶǱǋ Ƕ 3.8 Ǯ̌ὑǞǭǑȑ ǵ

ᾍר ǮǶὑ ǞǭǋǱǋ ǮǶ ǵЋȦɋɩȬɶ a.3.1 ș̓ Ǟǭ a.3.2 ș ǠȒ Ǥǵȏ

ǍǲᾚїǮǔȒ a.3.2 ș 3.8 ǯǞǭ ǋ 3.7 șὑ ǞǭǋȒ ǚǵȏǍǱ 3.7 Ƕ 3.8

ș ǲẀ ǠȒ╛ǮǉȒȉǵǯ ǮǔȒ ϽǵȦɋɩȬɶș ǠȒ ǲ ș̓ ǠȒǚǯǲǫǋǭǵ όǶ

ǵ ♥ǵ Ǯ șǠȒ  

() ( )( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

()( )( )8.30, 3cvvm ¢¢  

3.7 ǵȏǍǲ șὑ ǠȒǚǯǮ ǵẀ ǑȏǺȦɋɩȬɶǵẀ ș ʴǵϽǵ ǜǮ ҲǠȒ ǲ

ȉ̓ ǮǔȒȉǵǯ Ƕ ₴ ᷀ ǏǭǋȒ ǜȐǲ ᾍר Ǯǵ Ҳ ǑȏǺ Ҳ ╛ș ʴǵ

Ͻǵ ǜǮ ҲǠȒ ǲ̓ ǮǔȒȉǵǯ Ƕ ǏǭǋȒ ǵ ǮǶ ǤȓȐǵ╛Ǔ ʴǵϽǵ ǜǮ Ҳ

ǠȒ ǲǶ Ȑǒǲ̓ ǮǔǱǋᾚїșǞǭǋȒȉǵǓǉȒ ǤǵȏǍǱᾚїǮǵʣ ǵ╛ǮǶ ʴǵϽǵ ǜș̓

ǠȒǯѝ Ǔ ǲǱǪǭǞȅǍǚǯș Ƕ ǏǭǋȒ ѝ Ǔ ǲǱȐǱǋǮ ǤȓȐʣ ǵ╛Ǔ̓ ǮǔȒᾚї

ș ǵ όǮ ǲʦǏǦ ǚǵȏǍǱ ǮǶ ǵǤǵȏǍǱ ѝǶ
ɵ ɵ

ǵ
ɵ

Ȇ
ɵ ɵ

ǮǉȒ  

ǮǶ ᾍר Ǯ̓ ǠȒ ǲǫǋǭ όǞǭʣ ǵ ǵ Ȇǵ ǜǲǫǋǭ ǏȒ ǮǶ

Ϸǵ Ǯ ǮǔȒ ǵ ᾍרǲǫǋǭ όǠȒ ǮǶ ǵὑ 3.7 ș̓ ǞǦ Ҳ ǲǫ

ǋǭǵ όșǠȒ ǮǶ ᾍר Ǯǵ Ϸǵ ǵ↔ ș̓ ǞǦ Ҳ ǑȏǺȦɋɩȬɶǵ ͜ǲ

ǫǋǭ όǠȒ ǚǚǮǶ ǵ╛ 3.7 șᾚїǠȒ 7 ǮǶ ǵ ș̓ ǞǭȦɋɩȬɶǵẀ

ǑȏǺ ǵẀ șᾚїǠȒ ǵẀ Ƕ ǮᾚїǞǦẀ ȏȑȉʝ ӓǞǦȉǵǮǉȒȉǵǯ Ƕ Ǐǭ

ǋȒ  

7.1 ᾍר Ǯǵ ↔ר Ǯ̓ ǠȒ  

ǮǶ ᾍר Ǯ̓ ǠȒ ǲǫǋǭ όǠȒ ǚǵ όǮ̓ ǠȒ Ƕ ǵȢɟɶȶǮҍ

ǞǦȉǵǮǉȒ  

ᶫ 7.1.1Ƕ ǵ ᾍר ǵ ǵᶫǮǉȒ ᶫ 7.1.1ǵ Ƕ ┴ ǤǵʴǲǉȒ ͬ ǑȏǺ֞ͬ

Ǯ ǜȓȒǚǯș̌ὑǠȒ ᶫ 7.1.1 ǲǶ֞ͬ ǵ Ƕ ǋǭǋǱǋ ͬ Ƕ ┴ КǵЛ ǵȉǵǮǉȒ

Ǥǵ ͬ ǒȐϽǓ ʴǵϽǵ ǜǮ ȑїǜȓȒȉǵǯǠȒ ᶫ 7.1.1 ǵ ₳ ׄș ǯǞ ḉ ׄș ǯ

ǠȒ ┴ ǵʴǶ ǮǉȒȉǵǯ̌ὑǠȒ Ͻș ͬ ǒȐ ȑїǠ ↓Ƕ ᶫ 7.1.1 ǵ┴ ǵ⅛ʣǮ ǵ

ǵ ׄǲǱȒ̬ ǒȐ Ǫǭ ¡ǒȐ ¡ȅǮ ǲ ǮǔȒȉǵǯǠȒ ǲᶫ 7.1.1 ǵ Ǯ ș Ȓ

ǲǶ ¡ǵׄǔǯǱȒḉ ʣ ǲϽș ȑїǠȉǵǯǠȒ  
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ᶫ 7.1.1ǵ ͬ ǒȐϽǓ ʴǵϽǵ ǜ 2.6 Ǯḉ ʣ ǲ ȑїǜȓǦ ǲ ǤǵϽǓḉ ʣ ǲ ҲǞǦ

ș 7.1.1 Ǯ ǠȒ ǤǵϽǓ 7.1.1 ǧǘ ҲǠȒ ș 7.1.2 Ǯ ǠȒ 2.6 7.1.1 ǑȏǺ 7.1.2

ǵ ͜Ƕ 7.1.3 ǲǱȒ 7.1.3 Ƕ 7.1.4 ǲ ǔ ǠǚǯǓǮǔȒ 7.1.4 ǵ‼ Ƕ ʴǵϽȑǵ Ҳ 7.1.2

ǮǉȒ  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

( )1.1.73yD ʴǵϽǵ Ҳ  

( )2.1.73tD ʴǵϽǓ ҲǠȒ  

( )3.1.73tcy DÖ=D ʴǵϽǵ Ҳ ǯ ǵ ͜ 

( )4.1.73
c

y
t
D
=D ǵ  

7.1.4 ǮǶ ┴ ǵʴǓ ǮǉȒǵǮϽǶ 2.6 Ǯ ͬǜȓȒǚǯș ǠȒװ 2.6 Ƕ Ǯ Ǡ ș

ǠȒǦȈǵ╛ǯǞǭ Ǎ ᶫ 7.1.1 ǵ ǯǱȒ┴ ǵʴǵֺ̬ ǲǶ ǏǱǋ֞ͬ ǓǉȒȉǵǯ̌ὑǠȒ Ͻ

Ǔ┴ ǵʴǵֺ̬ ǲѮ ǞǦ Ǯ Ǥǵ┴ ǵʴǲ᷀Ȓֺ֞ͬ ǮϽǓѮ ǞǦǚǯș֞ͬǠȒ ֞ͬ ǵ᷀

Ȓ↔ ș̓ Ǟǭ ᶫ 7.1.1 ǵ Кǵḉ ׄǮǵ 7.1.1 șɤɶȭɨɁɇ Ǯǵ ǵ ǯǠȒ ḉ

ׄǮǵ 7.1.1 ǵΙș̓ Ǟǭ 7.1.4 ǒȐ┴ ǵʴǵֺ̬ ǲϽǓѮ ǞǦ ș ǠȒ  

ᶫ 7.1.1 ǵ Ƕ ᾍר Ǯ̓ ǠȒ Ϸ ǵ ǵ ȆǯǶ ǞǭǋȒȉǵǮǶǱǋ Ǥǵ Ϸ

ǵ ǵ Ǧȑș ǠȒװ Ƕ КǵϽǓ ҲǞǱǋǚǯǮǶ ǲǱȒ ʴǵϽǵ ǜǲ֚ ͈Ǟǭ

ʴǵϽǓ ҲǠȒ ǵ Ƕ ὑǠȒ ʴǵϽǓ ҲǠȒ ǵ Ƕ Ǥǵ Ϸ ǵ ǵ ǲǱȒ

ᶫ 7.1.1 ǵ Ƕ ₳ ׄĚĚ ׄǵǚǯ ĚĚǵȆǲ ҲǮǔȒȉǵǯǠȒ ǚǵ Ҳ ׄǵǦȈǲ ḉ ׄ

ǵ↔ ǵ ĚĚy ׄǵ ǵǚǯ ĚĚǶ ׄǿǵ ǵ Ҳ ↓ǵ◙ ǮẀӓǠȒǚǯǶǱǋȉǵǯ Ǐ

Ȓ ǮǶ Ͻǵ ↓ɗȭɆɩș ǏȒǚǯǶϽș ǯǞǭ Ǎǚǯș ǠȒװ ἶǵ Ǯ Ͻǵ Ҳ

ș ǮǔȒ ǚǵǚǯǒȐȉ ʣǶϽș ǯǞǭ ǏȒǚǯǶǮǔȒ  

ǲ Ͻș ǯǞǭ Ǐǭ ʴǵϽǵ 7.1.5 ș Ǎ  ǚǚǮ̌ὑǞǭǋȒϽǵ ǲǶ Ҳ 7.1.6 ș

̌ὑǠȒ Ͻǵ Ƕ ʴǵϽǵ ǜǮ̟ ǠȒǚǯǒȐ 7.1.7 ǵ ͜ș ǠȒ 7.1.6 ǵ Ҳ ǒȐ ǤǵϽ

ǵ ǵק Ƕ 7.1.8 ǲǱȒ  

( )5.1.73l ʴǵϽǵ  

( )6.1.73n ʴǵϽǵ Ҳ  

ᶫ 7.1.1 ┴ ͬ ǑȏǺ֞ͬ Ǯ ǞǦ  

ͬ  

 

 

Ͻǵ Ҳǵ ׄ 



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

33 

( )7.1.73lnÖ=c  

( )8.1.7
1
3
n
=T  

ᶫ 7.1.1ǵ ǵϽǓ ѝǵ ǧǘ ҲǠȒǚǯș̌ὑǠȒ ǚǵǚǯǶ 7.1.9 Ǯ ǮǔȒ 7.1.9 ș 7.1.4

ǵѝἧǲ̈ЊǠȒǯ 7.1.10 ș ǮǔȒ  

( )9.1.73l=Dy  

( )10.1.73
c

t
l
=D  

7.1.10 ǵѝ ǲ 7.1.7 ș̈ЊǠȒǯ 7.1.11 ǲǱȒ 7.1.11 Ƕ 7.1.12 ǲ ǮǔȒ 7.1.8 ș̓ Ǡ

Ȓǯ 7.1.12 ǶϽǵ ǵק 7.1.13 ǲ ǔ ǢȒ  

( )11.1.73
ln

l

Ö
=Dt  

( )12.1.7
1
3
n
=Dt  

( )13.1.73Tt=D  

7.1.12 ǒȐǶ Ͻǵ Ҳ ǓᾛǜǖǱȒǯ 7.1.12 ǶẎǔǖǱȒ ǚǵǚǯǶ ǵϽ
ɵ

ǵ
ɵ

ק
ɵ ɵ

7.1.8

ǓẎǔǖǱȒǚǯș ǠȒװ ᶫ 7.1.1ǵ ǵʴǶ ǮǉȒǵǮ Ͻǵ ǜǶ ʴǵϽǵ ǜ 2.6 Ǯὑ Ǯǉ

Ȓ 7.1.7 ǒȐ Ҳ ǓᾛǜǖǱȒǱȐǷ Ǔ ǖǱȒȉǵǯ ǏȒǚǯǓǮǔȒ 7.1.9 Ǯ ǞǦȏǍǲϽǓ

ȇ ǓẎǔǖǱȒǚǯǮ ϽǓ ҲǠȒ 7.1.13 Ǔ ǖǱȒǚǯǶ ȐǒǮǉȒ Ͻǵ Ҳ Ǔ 7.1.14 ǵ

ȏǍǲ ǱȒḹֻǮȉ 7.1.15 ǵ ͜ș ǠȒ ʴǵϽǵ 7.1.15 ǵѝ ǲ 7.1.14 ș̈ЊǠȒǯ 7.1.16

ǲǱȒ 7.1.16 ǵѝἧǲ 7.1.7 ș̈ЊǠȒǯ 7.1.17 ǲǱȒ 7.1.17 Ƕ ʴǵϽǵ 7.1.18 ǲ ǔ

ǠǚǯǓǮǔȒ Ҳ 7.1.14 ǓaΊǲǱȒǯ ǤǵϽǵ Ƕ 7.1.18 ǵȏǍǲǱȒ ͜ 7.1.7 șͪἭǠ

ȒǦȈǲ 7.1.14 ǑȏǺ 7.1.18 ǵ ͜Ǔ ǟȒǚǯǒȐ ᶫ 7.1.1ǵϽǶ ὑǵ Ҳ ǮǉȒⱳ ǶǱǋ  

( )14.1.71 3nan Ö=  

( )15.1.7
1

1 3
n

l
c

=  

( )16.1.71 3
na

l
Ö

=
c

 

( )17.1.71 3
na

ln
l

Ö

Ö
=  

( )18.1.71 3
a

l
l=  

ᶫ 7.1.1 ǵ Ƕ ͬ ǒȐ ȑїǠϽǵ Ҳ ǑȏǺ ǲ ͜Ǳǖ ș ǮǔȒ Ͻ ↓ǵʥẀǵԍ ș

̓ ǠȒǚǯǮ ʴǵϽǵ ǜǶ ʴǵ ǵ ǵ ǲǶ◙ ș֞ǘǡǲʝὑǮǉȒ ʴǵϽǵ Ҳ

Ǔ ǱȒǚǯǮ ʴǵϽǵ Ҳ Ǔ ǱȒ ǚǵȏǍǲ ʴǵϽǵ ѝǵ Ҳ Ǔ ǱȒǚǯǮ

ʴǵϽǵ Ǔ ǱȒǚǯș ǮǔȒ ɫɶɪɱɂẀ ǵ ǵẀ 2.11 ǮǶ ǵẀ ș ǮǔȒ  

( )11.2
21 3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  
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ᶫ 7.1.1ǵ Ǯ ǲ ș ǠȒǲǶ ᶫ 7.1.1ǵ┴ ǵ⅛ǲᾍǞǭḉ ׄǲϽș ȑїǠⱳ ǓǉǪǦ ȉ

Ǟ ǤǵȏǍǱḉ ׄǒȐ ͬ Ǯ ȑїǠϽǵ ↓ǓǡȓȒǱȐǷ ʴǵϽǵ Ҳ ǵ Ǔ ǱȒ Ǥ

ǵȏǍǲ ǱȒ Ƕ ᶫ 7.1.1 ǵ ǮǶ┴ ǵ⅛ǒȐḉ ׄǵ ѝǯǱȒ ǮϽǵ Ҳ ș ǠȒǦȈ

ǮǉȒ ϽǓ ȇ ↓Ƕֺ ↔ר Ǯ ǱȒ ↓ǲǱȒǚǯșɫɶɪɱɂẀ ǵ ǵẀ 2.11 ș̓ Ǟǭᾚї

ǮǔȒ ᶫ 7.1.1 ǵ ǵ ͬ ǒȐ ȑїǜȓǦϽǵ ↓Ƕ̀ǵ ↔ר Ǯǵ ↓ǲẀ ǜȓȒ ǚǵǚǯǮ ̀

ǵ ↔ר КǮ ǞǭǋȒᶫ 7.1.1 ǵ ǵ ͬ ǒȐ ȑїǜȓȒϽǵ ↓ș ǤǵẀ ǮʦǏȐȓȒ ↓ǲʝ

ǜǢȒ ǤǵȏǍǲḉ ׄǒȐǡȓǦ ׄǲϽș ȑїǠǚǯǶ Ǥǵ ȑїǜȓǦϽǵ Ҳ ǯǶ ǱȒϽǵ

ḉ ׄǵ Ҳ ș ǠȒǚǯș ǠȒװ ǤǵȏǍǱ Ҳ ǵ ǮǵǡȓǶ ʴǵϽǵ ╨ǵẀ ǮẀ

╛ǯǞǭ ǮǔȒ ǚǵǚǯǮǶ ֺ ↔ר Ǯ ǮǔȒϽǵ Ǔ ǱȒǚǯșᾚїǮǔȒ Ǔ ǲʦ

ǏǦ̂ Ĺǵ ǲǫǋǭǵ όǮ ǤǵȏǍǱ ș Ǟǭ ǵẀ ǵ╛șᾚїǞǭǋȒ ̂ ĹǮǶ ʴ

ǵϽǵ ╨ǵẀ șɫɶɪɱɂẀ ǵ ǵẀ ǒȐᾚїǞǭǋȒ  

 

Ͻǵ Ҳ ș Ǎ ǲǶ Ͻș ǯǞǭ ǍǚǯǓⱳ ǮǉȒ ₴ ᷀ǵʝ Ǳ ἶǮǶ Ͻș

ǞǭǋȒ ἧș ǠȒǲǶȠȢɱȵɣȽȢɱǓ ǞǦȉǵǯḸףǜȓȒϽἧș̓Ǎ ἶǮ ǮǔȒϽǵ

Ҳ Ƕ ǤǵϽἧșᾚЊǠȒǚǯǮϽǵ ἧǵ Ҳ ǮἭ᷀ǠȒȉǵǯ ǏȒ Ͻἧǵ Ƕ ᾍר Ǯǵ

ǒȐᾚїǜȓǦȉǵǮǶǱǋ ǚǚǮǶ ǤǵϽἧșᾚЊǞǦ ș ǋϽǵ Ҳ Ǔ ↔ר Ǯ ǱȒǚǯș

Ǡ ǚǵǚǯǮǶ ǵẀ ș Ǡȉǵǯ ǏȒ ǤǵȏǍǱ Ҳ ǵẀ ș ᾍר ǒȐᾚїǠȒʝ Ǳ

Ƕ ǮǶ ȖǱǋ ̂ Ĺǵ όǮ ǓᾚїǞǦ ǵẀ ǒȐ Ҳ ǵẀ ȉᾚїǮǔȒǚǯș Ǟǭ

ǋȒ  

ϽἧșϽǵȦɋɩȬɶǓ ʴǞǭ ᾛǜǱḿǯǞǭ Ȓ Ǎ ἧǯǞǭ Ǎ Ͻἧǵ ǫȦɋɩȬɶǶ 7.1.19 Ǯ

ǮǔȒ ǚǚǮǵ ǮǶ 7.1.19 ǵȦɋɩȬɶǶϽἧǵ ǫЋȦɋɩȬɶǯǞǭ ǍǚǯǓǮǔȒǚǯș̌ὑ

ǠȒ 7.1.19 ǵϽἧǶ Ҳ 7.1.6 ǵϽǵ ἧǮǉȒ ֿ ǲ Ҳ 7.1.14 ǵϽǵ ἧǮǶ ЋȦɋɩȬ

ɶ 7.1.20 ș ǫȉǵǯ ǏȒ 7.1.19 ǑȏǺ 7.1.20 ǵֳ ǲ ǞǭǉȒὑ Ƕɕɧɱȭὑ 7.1.21 ǯᴀ

ǷȓȒȉǵǮǉȒ Ǯ ϽἧǲǫǋǭǶ șǞǦ  

( )19.1.7)( 3nÖ=hcE Ͻἧǵ ǫȦɋɩȬɶ 

( )20.1.7)( 11 3nÖ=hcE Ͻἧǵ ǫȦɋɩȬɶ 

( )7.1.21s J 1062606896.6 34 3-³=h ɕɧɱȭὑ  

7.1.19 Ƕ ↔ר SĚĚᶫ 7.1.1ǵ Ǔ ҲǞǭǋȒ ↔ר ǵǚǯǮǉȒ ĚĚǮ ǞǦ ǵ ǫЋȦ

ɋɩȬɶǮǉȒ 7.1.20 Ƕ ↔ר S1ĚĚᶫ 7.1.1ǵ Ǔ ǞǭǋȒ ↔ר ǵǚǯǮǉȒ ĚĚǮ Ǟ

ǦȉǵǮ ǵ ǫЋȦɋɩȬɶǉȒ 4.11 ǲǶϽǵȦɋɩȬɶǵẀ ǯǞǭ șǞǦ 4.11 ǵʰ ǲ 7.1.19

ǑȏǺ 7.1.20 ș̈ЊǠȒǯ 7.1.22 ǲǱȒ  

( )11.4

1

cos1

)()(

2

2

1

1 3

c

u

c

u

cEcE
x

-

Ö+

³=

q
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( )22.1.7

1

cos1

2

2

1

1 3

c

u

c

u

hh
x

-

Ö+

³Ö=Ö

q
nn  

7.1.22 ǵʰ ǲǶɕɧɱȭὑ 7.1.21 ș ǞǭǋȒ Ǥǵɕɧɱȭὑ Ƕ 7.1.19 ǑȏǺ 7.1.20 ǮǶВ

ǵὑ ǮǉȒ ǤȓǥȓǵϽǵȦɋɩȬɶș ὑǠȒǵǶ 7.1.19 ǑȏǺ 7.1.20 ǮǶ Ҳ ǮǉȒǚǯǶ Ȑǒ

ǮǉȒ ǚǵȏǍǱ ǏǮǶ ȦɋɩȬɶǵẀ 7.1.22 ǒȐ Ҳ ǵẀ 7.1.23 șᾚїǮǔȒ  

( )23.1.7

1

cos1

2

2

1

1 3

c

u

c

u
x

-

Ö+

³=

q
nn Ͻǵ Ҳ ǵẀ  

ᶫ 7.1.1 ǵ Кǵ ͬ ǒȐ ȑїǜȓȒϽǓ ǲᾍǞǭ ǲǱȒ ׄǲ ȑїǜȓȒȉǵǯ̌ὑǠȒ ǚ

ǵ ̏Ƕ 7.1.24 ǲǱȒ 7.1.24 ǮǶ̵╨ 7.1.25 ǲǱȒ 7.1.25 ș 7.1.23 ǲ̈ЊǠȒǯ 7.1.26 ș

ǮǔȒ ↔ר SǮǵϽǵ Ƕ 7.1.7 ș Ǟ ↔ר S1ǮǵϽǵ Ƕ 7.1.27 ș ǠȒǚǯș̌ὑǠ

Ȓ  

( )24.1.7
2

1 3
p

q =x  

( )25.1.70cos 1 3=xq  

( )26.1.7

1

1

2

2
1 3

c

u
-

³=nn  

( )7.1.73lnÖ=c  

( )27.1.711 3lnÖ=c  

7.1.7 ǑȏǺ 7.1.27 ǵ Ҳ ș 7.1.26 ǵʰ ǲ̈ЊǠȒǯ 7.1.28 ș ǮǔȒ 7.1.28 ǒȐ 7.1.29

ș♬Ȓ 7.1.29 ǮǶ ҲǞǭǋȒ ǵ ͬ ǒȐ ȑїǜȓǦϽǵ Ƕ֛ ǠȒǚǯș ǞǭǋȒ  

( )28.1.7

1

1

2

2
1

3

c

u

cc

-

³=
ll

 

( )29.1.71
2

2

1 3
c

u
-Ö=ll ҲǞǭǋȒ ǵϽǵ Ƕ֛ ǠȒ  

ʣ ǵȏǍǲ ↔ר S1ǑȏǺ ↔ר SǮǵᶫ 7.1.1ǵ ǵϽǶ ʝ ǲǶ ǱȒ ǯǞǭ ǏȒǚǯǓǮ

ǔȒ Ǥȓǥȓǵ ↔ר ǮǵϽǶ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǦȈǲ ↓ ҲșǠȒ ǯǞǭ Ǎǚǯǲ

ǱȒ ר ҲǯȆǱǢȒϽǵ ↓ Ҳǲǫǋǭ όǞǭֺ ↔ר ǵ ǲǫǋǭ όǠȒ  

ᶫ 7.1.2.a ǒȐᶫ 7.1.2.cǵ ⅜Ǯ ᶫ 7.1.1 ǵ ǵ ͬ ǒȐϽǓ ȑїǜȓǦ♥ǵϽǵ ר Ҳș ǞǭǋȒȉ

ǵǯǠȒ ᶫ 7.1.2.d Ǯ ʴǵϽǵ ↓ɗȭɆɩș ǠȉǵǯǠȒ ᶫ 7.1.2.d ǵɗȭɆɩǵẎǔǜǶ 2.6 ǮǉȒ

ᶫ 7.1.2.dǵϽǵ ↓ɗȭɆɩș ᶫ 7.1.2.aǒȐᶫ 7.1.2.cǲ ǞǦ ᶫ 7.1.2.aǒȐᶫ 7.1.2.cǮǵϽǵ ↓ɗȭɆɩǵ

ᴇǶᶫ 7.1.2.eǵȏǍǲ ǠǚǯǓǮǔȒ  
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( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

ᶫ 7.1.1ǵ ǵ ͬ ǒȐ ȑїǜȓǦϽǵ̬ Ƕᶫ 7.1.2.aǒȐᶫ 7.1.2.cǲ ǞǭǉȒᶫ 7.1.2.dǵɗȭɆɩǵỒ

ǵ ʸǮ ǠȉǵǯǠȒ КǵϽǓᶫ 7.1.2.aǒȐᶫ 7.1.2.cǵϽǵ̬ ȅǮ ҲǠȒ Ƕ 7.1.30 Ǯ ǠȒ  

( )30.1.7s 1 3stD  

Ͻ ↓ǵʥẀǵԍ ǒȐ КǵϽǶ ʴǵϽǵ ǜ 2.6 Ǯ ↓ ҲșǠȒ ᾍרԍ ș̓ ǠȒǯ Ǥ

ǵϽǵ ׄǵ Ҳ Ƕ 7.1.31 Ǯ ǮǔȒ  

( )31.1.7m 11 3ss tcr D³=D ׄǵϽǵ Ҳ  

ʴǵϽǵ Ҳ 7.1.31 ș ʴǵϽǵ Ҳ 7.1.32 ǲ ǔ ǠǚǯǓǮǔȒ ᶫ 7.1.1ǵ ǮǶ 7.1.32

ș̓ Ǟǭ ș ǠȒǚǯǲǱȒ  

( )7.1.32s 3
c

r
t c
c

D
=D  

Ͻ ↓ǵʥẀǵԍ ǒȐϽǵ Ҳ 7.1.32 ǶϽǵ Ҳ 7.1.31 ǵΙǮ ὑǠȒǚǯǲǱȒ Ͻǵ Ҳ

Ǔ ǱȒΙǲǱȒḹֻǶ Ͻǵ Ҳ 7.1.32 Ƕ ǱȒΙǲǱȒǚǯǶ ȐǒǮǉȒ ǤǵϽǵ Ҳ 7.1.32

Ǔ ǱȒΙǲǱȒǚǯǮ ǵ Ƕ ǱȒ ș Ǡȉǵǯ ǏȒǚǯǓǮǔȒ  

↔ר SКǮᶫ 7.1.1ǵ Ǔ ↓ ҲǞǭǋȒȉǵǯ̌ὑǠȒ Ǥǵ ↓ǵẎǔǜǶ 7.1.33 ǮǉȒ

Ƕ ↔ר S Кǲ ǞǭǋȒȉǵǯǠȒ Ǥǵ Ƕ ↔ר S ǵ ↓ ҲǮ ↔ר SКș ҲǠȒ

ᶫ 7.1.3.aǒȐᶫ 7.1.3.bǵ ⅜Ǯ ↔ר SКǮǵᶫ 7.1.1ǵ Кǵ ͬ ǒȐ ȑїǜȓǦϽǵ ר Ҳș Ǟ

ǭǋȒȉǵǯǠȒ ᶫ 7.1.2.d ǵḹֻǯֿ ǲᶫ 7.1.3.cǵ ʸǮϽǵ̬ ș ǠȉǵǯǠȒ Ͻ ↓ǵʥẀǵԍ ș̓

ǠȒǯ ᶫ 7.1.3.cǵɗȭɆɩǵẎǔǜǶ ʴǵϽǵ ǜ 2.6 ǮǉȒ ᶫ 7.1.3.d ǮǶ ᶫ 7.1.3.cǵ ↓ɗȭɆ

ɩǵ ѝș ǞǭǋȒ ᶫ 7.1.3.dǮǶ ׄǵ ↓ɗȭɆɩǶ ↔ר S ǵ ↓ɗȭɆɩǮǉȒ ᶫ 7.1.3.d

ǵֺɗȭɆɩǲǶɒȽȲɧȷǵὑ 7.1.34 ș ǮǔȒ ɒȽȲɧȷǵὑ 7.1.34 ǒȐ y ׄǵϽǵ ǜǶ

ᶫ 7.1.2.a ǞǦ ǵϽǵ Ҳ ᶫ 7.1.2.b ǞǦ ǵϽǵ Ҳ ᶫ 7.1.2.c ǞǦ ǵϽǵ Ҳ 

ᶫ 7.1.2.d Ͻǵ ↓ɗȭɆɩ ᶫ 7.1.2.e Ͻǵ ↓ɗȭɆɩǵᴇ 

c ʴǵϽǵ ↓ɗȭɆɩǵẎǔǜ 
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7.1.35 Ǯ ǮǔȒ  

( )33.1.73xv ↔ר SКǮǵ ׄǵϽǵ ǜ 

( )34.1.7
222 3yx vvc +=  

( )35.1.7
22 3xy vcv -= ↔ר SКǮǵ ׄǵϽǵ ǜ 

ᶫ 7.1.3.eǮǶ ᶫ 7.1.3.aǒȐᶫ 7.1.3.bȅǮǵ ↓ɗȭɆɩǵᴇș ǞǭǋȒ ᶫ 7.1.3.eǵ x ׄǵɗȭɆɩǵẎ

ǔǜǶǠȀǭ 7.1.33 ǮǉȒ ᶫ 7.1.3.eǵ ׄǵɗȭɆɩǵẎǔǜǶǠȀǭ 7.1.35 ǮǉȒ  

 

ḉ ׄǲϽș ȑїǠ ͬ Ǔ ǞǭǋȒᶫ 7.1.1ǵ┴ ĚĚ ↔ר S1КǲἭ᷀ǠȒ ĚĚǵʴǮǶ Ͻ

↓ǵʥẀǵԍ ǒȐǤǵϽǶḉ ׄǲ ↓ ҲșǠȒ Ǥǵ┴ Ǔ ₳ ׄǲ ǜ 7.1.33 Ǯ ↓ ҲǞ

ǭǋȒ ↔ר S КǮǶ ϽǶ ₳ ׄǲ┴ ǯֿǟ ǜ 7.1.33 Ǯ ҲǞǭǋȒ ǤǵϽǶ ͬ ǒȐḉ ʣ

ǲ ȑїǜȓǦȉǵǮǉȒǵǮḉ ʣ ǲ 7.1.35 Ǯ ҲǞǭǋȒ ǤǞǭ ǤǵϽǵ ₳ ׄǵ ↓ǯϽǵḉ

ʣ ǵ ↓ǯǵɗȭɆɩᴇǓ ǠȒǚǯǓᶫ 7.1.3.dǮ ǮǔȒ Ͻ ↓ǵʥẀǵԍ ǒȐ ↔ר SКǮǶǤ

ǵɗȭɆɩᴇǮ ǠȒ ↓ǵϽǶᶫ 7.1.3.eǵȏǍǲֳʣǵ Ȉ ׄǲ ʴǵϽǵ ǜǮ ↓ ҲǠȒ  

↔ר SКǮǵ ǵ ͬ ǒȐ ȑїǜȓǦϽǵ Ҳ ș 7.1.36 Ǯ ǠȒ 7.1.36 Ƕ ↔ר S

Кǵֺ̬ Ǯ Ǟ ǘǭǋȒᶫ 7.1.1 ǵ ǵ ǮǉȒȉǵǯǠȒ ↔ר Кǵֺ̬ ǲ Ǟ ǘǭǋȒ

Ƕ Ǥȓǥȓֿ ǓǯȐȓǭǑȑʝ ǠȒ ǑȏǺ ș ǠǚǯǓǮǔȒȉǵǯ̌ὑǠȒ ǚǵ̌ὑǮǶ Ǥǵ

↔ר ǵֺ̬ Ǯ Ǟ ǘǭǋȒᶫ 7.1.1 ǵ ǵḉ ׄǮ ǮǔȒ ʴǵϽǵ Ҳ ǶǠȀǭ Ǟǋ

ȉǵǯǞǭ ǍǚǯǲǱȒ ǚǵǚǯǒȐ ᾍר Ǯ ׄǲ ↓ ҲǠȒ ↔ר ǮǶ ǑȏǺ

Ƕ ȅǱǋ ǮǉȒȉǵǯ ǍǚǯǲǱȒ ǤǵȏǍǱ ׄǲ ↓ ҲǠȒ ↔ר Ǯ ǫǵ șǤȓǥ

ȓ ǴǦḹֻș̌ὑǠȒ ǤǵḹֻǮǶ ǫǵ˛ǋǲ ȅǱǋ ĚĚᶫ 7.1.1 ǮǶ y ǰǍǞǮ ǏȒ ĚĚʣǵֺ

ᶫ 7.1.3.a Ǔ ҲǞǭǋȒ

↔ר S ǒȐ ǞǦϽǵ

↓ɗȭɆɩ 

ᶫ 7.1.3.b Ǔ ҲǞǭǋȒ

↔ר S ǒȐ ǞǦϽǵ

↓ɗȭɆɩ 

ᶫ 7.1.3.c ר↔ SǒȐ

ǞǦϽǵ ↓ɗȭɆɩ 

ᶫ 7.1.3.d ר↔ SǮǵ

Ͻǵ ↓ɗȭɆɩǵ ѝ 

ᶫ 7.1.3.e ר↔ SǒȐ

ǞǦϽǵ ↓ɗȭɆɩǵᴇ 

ʴǵϽǵ ↓ɗȭɆɩǵẎǔǜ c

↔ר S1 ǵϽ

ǵ ↓ɗȭɆɩǵ

ѝ 

 

↔ר S1 ǵϽ

ǵ ↓ɗȭɆɩǵ

ѝ 

 xv

22

xvc -

↔ר S1ǵ 

↓ɗȭɆɩ 

 

xv xv

xv
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Ǔ˛ǋǲ ǞǭǋȒǱȐǷ ǤȓȐǵ ʣǵ 2 ǵ Ƕ Ǟǋȉǵǯ ǮǔȒ ᶫ 7.1.1 ǵ ǮǶ ǫ

ǵ ↔ר ǵ y ׄǮǵ Ǔ ǞǖǱȒǚǯǮ ș ǠȒǵǲꜘ ǮǔȒ ǲǫǋǭǶ ǵȏǍǲ Ǐ

ȒǚǯǓǮǔȒ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǚǯǮ ʴǵϽǵ Ҳ Ǔ ǞǋǚǯǮ ʴǵϽǵ Ҳ

ș Ǟǖ ǮǔȒ ǤǵȏǍǱ ʴǵϽș̓ Ǟǭ ↔ר Ǯǵ ʣǵ ȑǵ ǜș Ȓǯ Ǥǵ Ƕ

ȅǱǋǚǯǓ ᾍר ǮǶ ȐǒǮǉȒ Ǥȓǥȓǵ̬ ǲ ǞǭǋȒ ǵ ȆǓǷȐǷȐǮ ǵֿ Ǔ

֝ȓǭǋǱǋḹֻȋϽ ↓ǵʥẀǵԍ Ǔ ǞǱǋḹֻǮǶ ǵ Ȇș Ǡ Ǔ ǟȒ  

ǤǵȏǍǲ ׄǵ ǜǓʥẀǮǉȒḹֻșꜘ Ǟǭ ǵȏǍǲ ͜ș ǮǔȒ ᾍרԍ ș̓ Ǡ

Ȓǯ ↔ר SКǮὑ ǮǉȒ ׄǵ ǜ 7.1.35 Ǯ ҲǞǭǋȒϽǵ Ҳ Ƕ 7.1.37 Ǯ ǮǔȒ  

( )36.1.73stD ↔ר SКǮ ↓ ↓ǞǭǋȒ ǵϽǵ Ҳ  

( )37.1.7
22 3sxs tvcr DÖ-=D ↔ר SКǮǵ ׄǵ Ҳ  

↔ר S Ƕ ↔ר Кș ׄǲ ↓Ǯ ҲǞǭǋȒǵǮ ǑȏǺ ׄǵ↔ ʣǵ ǜǶ ↔ר

SǑȏǺ ↔ר S ǮǶʣ ǵȏǍǲ Ǟǋ ǚǵǚǯș̓ ǠȒǯ 7.1.38 Ǔ ǠȒ 7.1.38 ǵ‼

ǲ 7.1.31 ș̈ЊǞǭ 7.1.38 ǵֳ ǲ 7.1.37 ș̈ЊǞǭ 7.1.39 ș ǮǔȒ  

( )38.1.713ss rr D=D  

( )39.1.71

22 3ssx tctvc DÖ=DÖ-  

7.1.39 Ƕ 7.1.40 ǲ ǔ ǠǚǯǓǮǔȒ 7.1.40 ș 7.1.41 ǲ ǠȒǚǯǓǮǔȒ 7.1.41 ǵ‼ Ƕ

↔ר S КǮǵ ǵϽǵ Ҳ ǮǉȒ 7.1.41 ǮǶ ↔ר S КǮǵ ǵϽǵ Ҳ Ƕ ↔ר

SКǮǵ ǵϽǵ Ҳ ǯǶ ǱȒǚǯș ǞǭǋȒ  

( )40.1.71
22

3s

x

s t
vc

c
t DÖ

-
=D  

( )41.1.7

1

1
1

2

2
3s

x

s t

c

v
t DÖ

-

=D  

7.1.41 Ǯ ǠȒȏǍǲֺ ↔ר Ǯ ʴǵϽǵ Ҳ Ǔ ǱȒǚǯǮ ֺ ↔ר Ǯǵ ǵ Ǡ

Ǔ ǱȒǚǯǲǱȒ  ʝ
ɵ ɵ ɵ

Ǳ
ɵ

ǵẀ ǯǞǭ ǍǚǯǓǮǔȒ╛ǶɫɶɪɱɂẀ ǮᾚїǮǔȒ ǤǵȏǍǱ

ǵẀ Ƕ ǵ Ҳ ș ǞǦȉǵǮǉȒǚǯǶɫɶɪɱɂẀ ǵ ǵ╛ǒȐȉ ȐǒǮǉȒ   

ᶫ 7.1.2.eǵɗȭɆɩǵẎǔǜǶᶫ 7.1.3.eǵɗȭɆɩǵẎǔǜǯǶ ǱȒ ǚǵ ǵǦȈǲ ᶫ 7.1.3.dșᶫ 7.1.4

ǵȏǍǲ ǔ Ǡ ᶫ 7.1.3.eǵɗȭɩǵẎǔǜǶ 7.1.42 Ǯ ǮǔȒȉǵǯǠȒ ᶫ 7.1.4ǵḉ ѝǶ 7.1.42

ș̓ ǠȒǯ 7.1.43 Ǯ ǮǔȒ 7.1.43 ǵ‼ ǵ ╨Ƕ 7.1.44 ǲǱȒǚǯǶᶫ 7.1.4ǒȐ ȐǒǮǉȒ 7.1.43

ǵֳ ș ǠȒǯ 7.1.45 ǲ ǮǔȒ 7.1.39 ș̓ ǠȒǯ 7.1.45 Ƕ 7.1.46 ǲ ǮǔȒ  

( )42.1.73stc DÖ ↔ר SКǮǵϽǵֳ Ȉʣ ǿǵ Ҳ  

( )43.1.7sin

22

3
c

vc
tctc

x

ss

-
ÖDÖ=ÖDÖ q  

( )44.1.7sin

22

3
c

vc x-
=q  



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

39 

( )45.1.7sin
22 3sxs tvctc DÖ-=ÖDÖ q  

( )46.1.7sin 13ss tctc DÖ=ÖDÖ q ↔ר S КǮǵϽǵḉ ʣ ǿǵ Ҳ  

ᶫ 7.1.4ǮǶ 7.1.44 Ƕ 7.1.47 ǵ ᶪКǮǵẀӓǮǉȒȉǵǯ ǏȒ 7.1.47 ǒȐ ↔ר SКǵϽǵ Ҳ

7.1.42 Ƕ ↔ר S КǵϽǵ Ҳ 7.1.46 ̊ʣǲ ǋǚǯǶ ȐǒǮǉȒ  

( )47.1.71sin0 3¢¢ q  

 

7.1.46 ǲ ̧ǵ Ǯ 7.1.48 ǵȏǍǲ ↔ר S КǵϽǵ 1lǑȏǺǤǵ ↔ר SКǵϽǵ l

ș ǮǔȒȉǵǯǠȒ 7.1.48 ǵȏǍǱ ͜șꜘ ǠȒǚǯǮᶫ 7.1.1 ǵ ǒȐ 7.1.29 șᾚїǮǔȒ ǚǵ

ǚǯǶ ̂ ĹǮ șǞǦ  

( )48.1.7sin1 3qll Ö=  

( )29.1.71
2

2

1 3
c

u
-Ö=ll ҲǞǭǋȒ ǵϽǵ Ƕ֛ ǠȒ  

ᶫ 7.1.1ǵ Ǔ ↔ר Sʣǵԍ OǲǉȒȉǵǯ̌ὑǠȒ ԍ Oǲ PǓʥҲǮ᷀Ȓȉǵǯ̌ὑǠȒ ʰ

↔ר ǵ Ǔ ǵǯǔǲǶ Ǥǵԍ Oǲ ↔ר S1ʣǵԍ OS Ǔʝ ǞǭǋȒȉǵǯ̌ὑǠȒ ↔ר

S Ǔ ↔ר Sʣș ǜ 7.1.33 Ǯ x ǵ ǵ ׄǲ ↓ ҲǞǭǋȒ ↔ר S ʣǒȐ ↔ר S

ʣǵԍ Oǲ᷀Ȓ Pș ǠȒǯ PǶ ↓ 7.1.49 ǮS1ǵ x ǵ ǵ ׄǲ ↓ ҲǞǭǋȒ ǦǧǞ 7.1.49

ǵɗȭɆɩ i Ƕ ↔ר S1ǵ x ǵӴ̬ɗȭɆɩǮǉȒ  

( )49.1.71 3ii Ö-=Ö xx vv  

↔ר Sʣǵԍ Oǲ᷀Ȓ PǒȐ Ǔ 7.1.36 Ǯ ҲǞǦ Ƕ 7.1.50 Ǯ ǮǔȒ ↔ר

S КǮ ĚĚԍ OS ǵ̬ ǲ᷀Ȓ ĚĚǒȐ PǓ 7.1.30 Ǯ ȓǦ Ƕ 7.1.51 Ǯ ǮǔȒ  

( )50.1.73sx tvx DÖ=D ↔ר SʣǮǵᶫ 7.1.1ǵ ǵ ҲǞǦ  

( )51.1.711 3sx tvx DÖ-=D ↔ר Sʣǵ PǓ ↔ר S1ʣǮ ҲǞǦ  

ǵẀ 7.1.41 Ǔ ǠȒǵǮ 7.1.50 ǑȏǺ 7.1.51 ǲǶ ͜ 7.1.52 Ǔ ǠȒ 7.1.52 Ƕ 7.1.53

ǲ ǮǔȒ 7.1.50 ǑȏǺ 7.1.51 ș̓ ǠȒǯ 7.1.53 Ƕ 7.1.54 ǲ ǔ ǠǚǯǓǮǔȒ 7.1.54 Ǯ

Ƕ ↔ר SʣǮǵ ǵ Ҳ 7.1.50 Ƕ ↔ר S1ʣǵ Pǵ Ҳ 7.1.51 ǲǶ ǞǖǱǋ

↔ר S ʣǮǵ Pǵ ǜǶ ↔ר SʣǮǵ ǵ ǜǲ Ǟǋ ǫǵ ↔ר ǵ ǲǶẀ 7.1.41

Ǔ ǠȒ ǚǵǚǯǮ Ǥȓǥȓǵ ↔ר Ǯǵ Ǔ ǱȒǚǯǒȐ ׄǮǵ ↔ר Sʣǵ ǵ Ҳ

ǑȏǺ ↔ר S ʣǵ Pǵ Ҳ Ǔ ͜ 7.1.54 ș ǠȒǚǯǲǱȒ ʝ ǫǵ ↔ר ǵ

ǑȏǺ ʣǵ ǜǓ ǞǋǚǯǶ ǲ șǞǦ ↔ר ʣǮǵ Ҳ ǮǉȒ 7.1.50 ǑȏǺ 7.1.51 ǵ

Ǔ ǱȒǚǯǶ ǵ ǵȆǮǶ ǮǔǱǋ ᾍרԍ Ǯ̓ ֯ ǲǱȒ Ѹǲ Ͻ ↓ǵʥẀ

q

c
22

xvc -

xv

ᶫ ↔ר 7.1.4 S ǮǵϽǵ ↓ɗȭɆɩǑȏǺ ↓

Æ 
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ǵԍ Ǯ ǟȒě ↓ ҲǠȒ КǵʥẀ ǯǱȒ ĜǑȏǺě ǵẀ Ĝș̓ ǠȒǚǯǮ Ҳ ǮǉȒ

7.1.50 ǑȏǺ 7.1.51 Ǔ ǱȒǚǯș ǮǔȒ  

( )52.1.7

1

1
1

2

2
3s

x

xsx t

c

v
vtv DÖ

-

Ö-=DÖ  

( )53.1.7

1
2

2

1
3

c

v

tv
tv

x

sx

sx

-

DÖ-
=DÖ  

( )54.1.7

1
2

2

1 3

c

v

x
x

x-

D
=D ᾍר ǮǶ ↓ ҲǞǭǋȒ ׄǵ ̱ǵ ǜǓ֛ ǠȒȉǵǯ ǮǔȒ  

7.1.48 ǑȏǺ 7.1.54 ǮǶ ǜǓ֛ ǠȒḹֻǵ ↔ר Ǔ˛ǋǲ ǲǱȒ ǚǵǚǯǲǫǋǭǶ Ǔ

ʴǵϽǮǉȒḹֻǯǤǍǮǱǋḹֻǮǉȒǚǯǮ ǮǔȒ ᾍר ǮǶ ʴǵϽǵ Ҳ ș̓ Ǟ

ǭᶫ 7.1.1ǵ Ǯ ș ǠȒ ǚǵȏǍǱϽǵ Ҳ Ƕ ᶫ 7.1.1Ǯǵ ǵ┴ ǵ⅛ǒȐḉ ʣ ǵ Ǯ

ǉȒ ↔ר КǵϽǵ Ҳ ș ǠȒ ǲ̓ ǠȒ Ƕ ǚǵᶫ 7.1.1Ǯǵ ǵϽǵ Ҳ ǒȐ Ǡ

Ȓ ǮǉȒ ǚǵ ǮǶװ ᶫ 7.1.1ǵ Ǯ Ǳ ș ǠȒǵǲ̓ ǞǦ ׄǵϽǵ Ҳ Ƕ ↔ר

Кș̑ ǵ ׄǲ ȚǮǋȒ ʴǵϽǵ Ҳ ǲ Ǟǋⱳ ǓǉȒ ǤǵȏǍǱḉ ʣ ǵ ʴǵϽǵ Ҳ

Ǯ ǞǦȉǵǓ 7.1.48 ǮǉȒȉǵǯ ǏȒǚǯǓǮǔȒ 7.1.54 Ƕ ׄǲ₳ Ǳ ↓ ҲșǞǭǋ

Ȓ Ǯ ǮǔȒ ɫɶɪɱɂẀ ǵ ǵ╛ǮᾚїǮǔȒ ǵẀ ǵ╛Ƕ Ҳ
ɵ ɵ

ׄ
ɵ ɵ

ǵ
ɵ

◙
ɵ ɵ

Ǔ֚ ǜȓǦ ǲ

ǱȒ ɫɶɪɱɂẀ ǵ ǵ╛ 2.11 ș̓ ǠȒǯ ǵẀ 7.1.55 șᾚїǮǔȒ 7.1.55 ǵֳ ǲǶ

ѝș ǠȒ ǓǉȒ Ǥǵ ѝǶ̵╨ș̓ ǠȒǚǯǮ ╨ǯ ͜șʦǏȒǚǯǓǮǔȒ ╨Ƕ

ׄǵ ѝș ǠȒǵǲ̓ ǮǔȒ ǚǵǚǯǮ ѝǑȏǺ ѝș ǵẀ ǲ ̂͜ǘȒǚǯǓǮǔȒ

ʴǵϽǵ ֗Ǻק ș ǠȒǲǶ ᶫ 7.1.1ǵ ǵ ͬ ǒȐ ȑїǜȓǦ ʴǵϽǵ Ҳ ǵ

ѝș̓ ǠȒ ʴǵϽǮǵ ╨ ǵẀ Ǯ ʴǵϽǵ Ҳ ș ǠȒ y ѝǲǶ ʴǵϽǵ ǜǮǱ

ǋḹֻǵ ר ҲșǠȒ ǵ y ѝǯǶ ǱȒ ǋșǠȒ  

( )11.2
21
3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  

( )55.1.7
21 3ö
÷

õ
æ
ç

å DÖ
-DÖ=D

c

xu
tt g  

ȉǞ Ǔ ׄǵȆǲ ҲǞǭǋȒǱȐǷ ׄǵ ǵ Ҳ 7.1.56 Ǔ ǠȒ 7.1.56 ș ǵ

Ẁ 7.1.55 ǵֳ ǲ̈ЊǠȒǯ ǵẀ 7.1.57 ǲǱȒ  

( )56.1.703=Dx  

( )57.1.7

1

1

2

2
1 3t

c

u
t DÖ

-

=D  

ǲ ǵ ׄǵ ↓ǵ ѝǓ 7.1.58 ǲǱȒḹֻș ǠȒ ǵẀ 7.1.55 ș 7.1.59 ǲ ǔ Ǐ

Ȓ 7.1.58 ș ǵẀ 7.1.59 ǵֳ ǲ̈ЊǠȒǯ 7.1.60 ǲǱȒ 7.1.60 ș ǠȒǯ ǵẀ 7.1.61
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ǲǱȒ  

( )58.1.73u
t

x
=

D

D
 

( ) ( )59.1.70,1
21 3¸Dö

÷

õ
æ
ç

å

D

D
Ö-ÖDÖ=D t

t

x

c

u
tt g  

( )60.1.71

1

1
2

2

2

2
1 3öö

÷

õ

æ
æ

ç

å
-ÖDÖ

-

=D
c

u
t

c

u
t  

( )61.1.71
2

2

1 3
c

u
tt -ÖD=D  

ǵẀ 7.1.57 ǑȏǺ ǵẀ 7.1.61 ǮǶ Ǔ ǖǱȒǚǯș ǮǔȒ ↔ר Ǔ˛ǋǲ ǮǉȒ

ʴǵϽș ǯǞǭ Ǎ ǲ ǹǯǫǵ ↔ר ʣǮק ǯǞǭ ǮǔǦ ș̀ ǵ ↔ר ǵ ǲẀ

ǞǦȉǵǓק ǮǉȒǚǯșʣ ǵ ǮǶͪ ǞǭǋǱǋ ǚǵȏǍǱ ǵẀ ǲǫǋǭǵ όș̂ ĹǮʦǏǦ

ʴǵϽǮǶǱǋ ǵ ↓ Ҳǵ ǮǶ 7.1.57 ǑȏǺ 7.1.61 ǵ ǵẀ Ƕ ᾍרǯǞǭֿǟ ș

ǪǭǋȒȉǵǯ ǏȒǚǯǓǮǔȒ ʝ ǲ ʴǵϽǵ Ҳ ׄǵ ѝș ǠȒ̵╨Ǔ 1cos °=q ǮǱǋḹ

ֻǮǶ ֺ ↔ר Ǯǵ ʴǵϽǵ ↓ǶֿǟȉǵǲǶǮǔǱǋ ǚǵǚǯǶ 2.1 ǑȏǺ 2.2 ǵȏǍǲ ר

↔ ǵ ѝǵ ֵǓ ǲǱȒǚǯǑȏǺ x ѝș ǠȒ̵╨ǵ ↓ș ǠȒỒ Ǔ ǵ ǵ ׄǲʦǏ

ȐȓȒǚǯǒȐ ǮǔȒ Ǥǵ ↓ǵ ǵ ׄǶ ǯǶ ׄǔǵ‼ᶥȑǯǠȒ ᶫ 7.1.1ǵ ǮĚĚ ǲ

ș ǠȒǦȈǲḉ ʣ ǵ ↓ș̓ ǞǦ ĚĚḉ ʣ ǯǶ ǱȒ ↓Ǯᶫ 7.1.1ǵ ͬ ǒȐ ʴǵϽǓ ȑ

їǜȓǦḹֻǮȉ Ǥǵ ʴǵϽǶ ׄǵ Ҳ ǵ ѝșȉǫȉǵǯ ǏȒ ǦǧǞ ᶫ 7.1.1ǵ┴ ǵ⅛

ǲ ₳ĚĚʣ ǵ 1cos °=q ǵḹֻǵǚǯ ĚĚǱ ׄǲ ͬ ǒȐ ȑїǞǦḹֻǶ ѝǵ Ҳ Ƕ ǯǱȒ  

( ) ( )1.2 const.,11_ 3=-= uuSS iu ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 

( ) ( )2.2 const.,_1 3== uuSS iu ↔ר Sǵ x ѝǑȏǺ t ѝǮ ǞǦ ↔ר S1ǵ ↓ 

↔ר ʣǵϽǓǰǵ
ɵ ɵ

ȏǍ
ɵ ɵ

Ǳ
ɵ

ׄǔ
ɵ ɵ

Ǯ ȚǮǋȏǍǯȉ Ǥǵ ʴǵϽǵ Ҳ Ƕᶫ 7.1.1ǵ ǵ ͬ ǒȐ

ȑїǜȓǦ ʴǵϽǵ ׄǮǵ Ҳ ǲʝ ǠȒȉǵǯ ǏȒ Ǥǵ ׄǮǵ ʴǵϽǵ Ҳ Ƕ

ʴǵϽǮǵ ╨ǵẀ ș̓ ǠȒǯ ǫǵ ↔ר Ǯǵ ǵẀ ǲ ǮǔȒʄʄ̂ ĹǮ șǞǦ ĚĚ

ǚǵȏǍǲ Ҳ Ǔ ׄǵȆǮʦǏȐȓȒǚǯǶ 7.1.54 ǵȏǍǱ ׄǲ ҲǠȒ ǵ ǯǶ ⱪ

ǲ ǱȒ ʴǵϽǮǵ ╨ǵẀ Ƕ ↔ר Ǯ ʴǵϽǓ ȚǮǋȒ ↓Ǯ ὑǠȒ ʝ ǲ Ǥǵ ↓Ƕ̑

ǲ ǮǔȒ Ǥǵ ╨ǵẀ ǲ ǞǦ ╨Ǯᶫ 7.1.1ǵ ǵ ͬ ǒȐ ȑїǜȓǦ ʴǵϽǵ y ׄǮ

ǵ Ҳ ș ǠȒ ׄǵ Ҳ ǵ ͜╛ș ǮǔȒ ʴǵϽǮǵ ╨ǵẀ Ƕ ʴǵϽ ↓Ǯǵ

ѝǵ◙ ș֞ǘȒȉǵǯ ǏȒǚǯǓǮǔȒ Ǥǵ ╨ǵẀ ǶɫɶɪɱɂẀ Ǯǵ ǵẀ ǯǶ ǱȒ

Ǯ x ѝș̓ ǠȒ ǤǵȏǍǲ x ѝș ǠȒ Ǔ ǱȒǚǯǶ 7.1.48 ǑȏǺ 7.1.54 ǵ ǵ ǱȒ

ǯǞǭ ⱪ ǮǉȒ Ǥǵ ⱪ Ǳ 7.1.48 ǵ Ƕ ↓ǵẀ ǵ ѝǮ ǮǔȒ ʴǵϽǵ ǜǲ

ǶϽ ↓ǵʥẀǵԍ Ǔͪ ǜȓȒ 7.1.48 ǑȏǺ 7.1.54 ǮǶ ǜǓ֛ ǠȒḹֻǵ ↔ר Ǔ˛ǋǲ ǲǱ

ȒǚǯǶ ↓ǵẀ Ǯ ǮǔȒ ǵ ↓ ѝǮ ǏȒǚǯǓǮǔȒʄʄ̂ ĹǮ șǞǦ ĚĚ ʴǵϽǮ

ǵ ╨ǵẀ Ƕ ↓ǵẀ ǒȐᾚїǮǔȒ ↓ǵẀ Ƕ ǮᾚїǞǭǋȒ  

 

7.1.48 Ƕ ǫǵ ↔ר ǒȐ ʴǵϽǵ Ҳ ș ǞǦ ǮǉȒ ᶫ 7.1.1ǵ Ǯǵ ǵ Ƕ
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ʴǵϽș Ǟǭ♬ȒȉǵǮ Pș ǠȒⱳ ǶǱǋȉǵǯ ǮǔȒ 7.1.54 Ƕ ↔ר SǮǶ ǵ

̬ ș Ǟǭ ↔ר S ǮǶ P ș ǞǦ Ҳ ǵ ǮǉȒ ↓ ҲșǠȒ P ǵ Ҳ Ƕ ר◐

ș Ǡ Ҳ 7.1.54 ǶɫɶɪɱɂẀ ǒȐᾚїǮǔȒȉǵǯ ǏȒǚǯǓǮǔȒ P ǮǶ ʰ ↔ר ǵ

ѧ ǵ Ǔ ǮǉȒ ǲԍ OǑȏǺԍ OS Ǔʝ ǠȒǚǯș Ǡǵǲ̓ ǠȒǚǯș̌ὑǞǦ Ǥǵ̌ὑșʦǏ

Ǧ PǑȏǺɫɶɪɱɂẀ ǵ͜ Ƕὑ ǮẀ ǵ Ƕ ǮǉȒǚǯș̓ Ǟǭ șר◐ ǠɫɶɪɱɂẀ 2.8

2.11 șᾚїǮǔȒ ɫɶɪɱɂẀ 2.8 2.11 ǮǶ ǑȏǺ Ϸ Ƕ ᾍרșֺ ╛Ǯ Ǡȉ

ǵǯ ǍǚǯǓǮǔȒ ɫɶɪɱɂẀ ǵ 2.8 ǑȏǺ 2.11 ǲǶ ͜ 2.12 ș ǞǭǋȒǵǮ ↔ר Ǔ

ʴǵϽǵ ǜǮ ↓ ҲǠȒḹֻǲǶ̓ ǮǔǱǋǚǯǶ ȐǒǮǉȒ ʴǵϽǓ ǮǔȒ ↔ר ș

ǏȒḹֻǲ ʴǵϽǵ ǜǮ ҲǠȒ ↔ר ș ǏȒǚǯǮǶɫɶɪɱɂẀ 2.8 2.11 ș̓ ǠȒ

ǚǯǶǮǔǱǋ  

( ) ( )8.2 
1

3tuxx Ö-Ö=g  

( )9.2 
1

3yy =  

( )10.2 
1
3zz =  

( )11.2
21
3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

ȉǞ ↔ר S1ǵ ↓ǵ ǜǓ ʴǵϽǵ ǜ 7.1.55 ǮǉȒǱȐǷ ᶫ7.1.1ǵ КǵϽǵ ǜǶ 7.1.35

ș̓ ǠȒǯ 7.1.56 ǲǱȒ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǦȈǲ ᶫ 7.1.1ǵ Кǵ ͬ ǒȐϽǓ ȑїǢǱ

ǋȉǵǯ ǮǔȒ ᶫ 7.1.1 ǵ КǵϽǵ Ҳ Ǯ ș ǠȒǵǮ Ͻǵ Ҳ Ǔ ǮǉȒǱȐǷ

7.1.32 ǵΙǶ ǲǱȒ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶϽ ↓ǵʥẀǵԍ șЏ ǵǹǯǫǯǠȒǦȈǲ

ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒǚǯș̌ὑǞǦ ↔ר КǮ ʴǵϽǶ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒ

ǚǵǚǯǶ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒ ǯǞǭ ǏȒϽș Ǟ

ǭ ǮǔȒ ↔ר ǓʦǏȐȓǭǋǱǋȉǵǯ ǮǔȒ ǚǵǦȈǲ ↓ ҲǠȒ ʴǵϽǵ ș

ǤǵȏǍǱ ↔ר Ǯ ǮǔǱǋ  

( )55.1.73cvx =  

( )56.1.7022 3=-= ccvy  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

ș̓ ǠȒǚǯǮϽǵ ǵ Ҳ ș ǠȒǚǯǓǮǔȒ ǤǵϽǵ Ҳ ș̓ ǞǭϽǵȦɋɩȬɶș Ǯǔ

ȒǚǯǶϽἧș̓ Ǟǭ ǲ șǞǦ ǤǵȏǍǱϽἧǵȦɋɩȬɶș ǠȒǚǯǮ Ͻǵ ȦɋɩȬɶș

ǮǔȒǚǯǶͪ ǮǔǱǋ Ͻǵ Ǔ̟ ǞǭǋȒǚǯǮϽǵ ǲ ǑȏǺ Ҳ ș̌ὑǮǔȒ Ͻǵ Ҳ ǵẀ

7.1.26 ǮǶ ↔ר Ƕ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒǚǯǶ ǜȓǭ
ɵ ɵ ɵ ɵ

ǋǱǋ
ɵ ɵ ɵ

 

( )26.1.7

1

1

2

2
1 3

c

u
-

³=nn  
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ǚǚǮ ʴǵϽǵ ǜ 2.6 Ǯ ↔ר Ǔ ↓ ҲǠȒǚǯș̌ὑǞǭ Ǥǵ ↔ר ʣǵϽἧǵ Ҳ ș

όǠȒ 7.1.26 ș 7.1.57 ǲ ǔ Ǡ ǚǚǮ ↔ר ǵ ǜș 7.1.58 Ǯ̌ὑ
ɵ ɵ

ǠȒ 7.1.58 ș 7.1.57

ǵֳ ǲ̈ЊǠȒǯ 7.1.59 ǲǱȒ 7.1.59 ǮǶ ǜ 7.1.58 Ǯ ↓ ҲǠȒ ↔ר ʣǮǶϽἧǵ Ҳ

Ƕ 7.1.59 ǲǱȒ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǯ ↔ר ʣǮǶϽǶ ↓ ҲșǠȒ ǤǵȏǍǲ

Ǯ ǏǦϽǶ ǯǞǭ ʴǵϽǵ ǜǮ̟ ǠȒȉǵǯ ǍǚǯǓǮǔȒ ʴǵϽǵ ǜǮ ҲǠȒϽǵ

ǵ Ҳ Ƕ 7.1.59 ǲǱȐǱǋǚǯǶ ȐǒǮǉȒ Ҳ Ƕ ș̓ Ǟǭ ǮǔȒ 7.1.56 ǮǶ ʴǵϽ

ǵ ǜ 2.6 Ǯ ↓ ҲǠȒ ǵ Ƕ ǲǱȒǚǯș ǞǦ Ǔ ǮǉȒǚǯǮǶ Ҳ ș ǮǔǱǋ

ǤǵȏǍǲ Ҳ Ǔ ǮǔǱǋǚǯǮ 7.1.59 ș ǏȒǱȐǷ 7.1.59 Ƕ 7.1.58 ș̌ὑ
ɵ ɵ

ǞǭᾚїǞǦΙǮǉ

ȑ ȉǞ 7.1.59 ș̓ ǠȒǱȐǷ Ǧǲ ǲὑ ǠȒⱳ Ǔר ǟȒ  

( )57.1.71
2

2

1 3
c

u
-=nn  

( )58.1.73cvu x == ̌ὑ 

( )59.1.701
2

2

1 3=-=
c

c
nn  

Ҳ 7.1.59 ș̓ ǞǭϽἧǵȦɋɩȬɶș ǠȒǯ 7.1.60 ǲǱȒ 7.1.60 șϽἧǵ ȦɋɩȬɶ 7.1.61

ǯǞǭ ǠȒǯ 7.1.62 ǲǱȒ 7.1.62 ǵֳ ǵΙǶ ǵ ǵὑ 3.7 ș̓ Ǟǭ Ǯ

ǔȒ 7.1.63 ǵֳ ǵΙǲ ǞǖǱȒ 7.1.63 ǮǶ Ͻἧǵ ǜǯǞǭ ʴǵϽǵ ǜ 7.1.64 ș̌ὑǞǭǋ

Ȓ 7.1.63 ǶϽἧǓ ǞǭǋȒǚǯș̌ὑǞǦ ǮǉȒ ǚǵǚǯǮǶ Ͻ ↓ǵʥẀǵԍ ǮǶϽ

ἧǓ ǮǔȒ ↔ר șʦǏǭǋȒȉǵǯǶ ǮǔǱǋ ᾍר Ǯ ǮǔǱǋΙǯǞǭ ʴǵϽǵ

7.1.62 ș Ǎǚǯș Ƕ ǏȒ ǚǵ όǮǵ 7.1.62 ǵ ǋǶᾚї Ǔ ǱȒǚǯǮ 7.1.63 ǯ

Ƕ ǱȒȉǵǯǞǭǋȒ  

( )60.1.7011 3=Ö= nhE  

( )61.1.702

011 3=Ö= cmE  

( )62.1.7001 3=m  

() ( )( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

() ( )63.1.701
2

2

0 3=-Ö=
c

c
cmm  

( )64.1.73cv=  

ᶫ 7.1.1 ǵ ǮǶ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǯ ʴǵϽǵ ǜǮ ↓ ҲǠȒ ↔ר ǵ Ǔ Ǯ

ǔǱǖǱȒ ǚǵǚǯǒȐ Ǥǵ ↔ר Ǯǵ ↓ș ǮǔǱǖǱȒȉǵǯ ǮǔȒ ↓ǵ ǓǮǔǱǋǚ

ǯǮ Ͻǵ̟ ș ǠȒ ǵ Ҳ ǑȏǺ ǜș ǮǔǱǖǱȒ ǚǵǚǯǮ Ͻǵ ș ǮǔǱǖǱȒȉǵǯ

ǏȒǚǯǓǮǔȒ Ͻǵ Ǔ ǮǔǱǋǱȐǷ ǵȦɋɩȬɶș ǮǔǱǖǱȒȉǵǯ ǏȒǚǯǓǮǔ

Ȓ Ҳ Ǔ ǮǔǱǋǱȐǷϽἧǵȦɋɩȬɶ 7.1.20 ĚĚǉȒǋǶ 7.1.19 ĚĚș ǮǔǱǋ ǚǵǚǯǮ

Ƕ a.3.3 ĚĚǉȒǋǶ a.3.1 ĚĚș ǵȦɋɩȬɶǉȒǋǶϽἧǵȦɋɩȬɶǮ ǮǔǱǋȉǵǯ Ǯ

ǔȒ ᾍר Ǯ̓ ǠȒᶫ 7.1.1 ǵ ǵ ǮǶ ǮǔǱǋ ǮǉȒȉǵǯ ǏȒϽǵ ș̌ὑ

Ǟǭ ǲὑ ǠȒǚǯǓ ǜȓȒ̵᷂Ǔ Ȓ  
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ʝ ǲǶ ᾍר ǮǶ ↔ר SКǮ ҲǠȒ ↔ר S1ǵǹǯǫǵ Ǯ ǠȒ șproper t ime

ǯᴀǽ ǮǶᶭ ǉȒǋǶᶭ ǯᴀǷȓȒǚǯǓǉȒ ǮǶ ǤǵȏǍǱἶ Ƕ̓ ǞǱǋǮ̊

ǵ șǞǭǋȒ  

↔ר 7.2 ǑȏǺ ǯǵ ͜ 

ᾍר Ǯ̓ ǠȒ ↔ר Ƕ ȅǱǋ ǮǉȒǚǯș̌ὑǞǭǋȒ ᾍרԍ ǮǶ ↔ר

ǵ Ҳș ὑǠȒ ἶǵ ѸǶǱǋȉǵǯ ǮǔȒ Ͻ ↓ǵʥẀǵԍ ș̓ ǠȒǚǯǮ ↔ר ǵ ҲǓ

↓ Ҳǲ ὑǜȓȒȉǵǯ ǮǔȒ ʝ ᾍר ǮǶ қ ↓ Ҳǵқ ↓Ǯ ҘḹǓ ǟȒȉǵǯ̌ὑǠ

ȒǚǯǮ ʴǵϽǵ ǜǓὑ ǮǱǖǱȒ ǚǵǚǯǮ Ҙḹǵ◙ ǮϽǵ̬ ɗȭɆɩǵ Ǔ ș ǖǚ

ǯǲǱȒ ǚǵȏǍǲ ʴǵϽǵ ҲǓ ↓ǮǱǖǱȒǚǯǶϽ ↓ǵʥẀǵԍ ǮǶ ǮǔǱǋǚǯǲǱȒ

ǤǵȏǍǱ Ҙḹș̌ὑǞǱǋǮ ᾍר ǮǶ ʴǵϽǵ Ҳș ↓ ҲǮ ǠȒ Ͻ ↓ǵʥẀǵԍ

Ǯ ↓ ҲǠȒ ↔ר ș̓ ǠȒǚǯǲǱȑ Ǥǵ Ϸǵ ǵ ἶ ר ș ǠȒΩ̲ἶǓ ὑǠȒ

₴ ᷀ǮǶ ǤǵΩ̲ἶǶ ɨɶɜɱΩ̲ἶĚĚpseudo-Riemannian geometry ĚĚǯᴀǷȓǭǋȒ ǤǵΩ

̲ἶǮὑ ǞǭǋȒ ǲ ɨɶɜɱ ĚĚpseudo-Riemannian metrics ĚĚǯᴀǷȓȒȉǵǓǉȒ ᾍר

Ǯ Ϸ ǯᴀȚǮǋȒ Ƕ ɨɶɜɱΩ̲ἶǮ̓ ǠȒ ǯǞǭ ȖȓȒ ӴǲǶ Ǥǵ ǯǱȒ

Ǯ Ǎ ἶ Ǳ ǯǞǭ ɨɶɜɱ ș ǏȒǚǯǓǮǔȒ ʝ ǲǶ ᾍר Ǯǵ ר ҲǶ ↓ Ҳ

ș ǠȒǵǮװ ר Ҳǵ̬ ɗȭɆɩǵ Ƕ ʣǲ ǏȒǚǯǲǱȒ ᾍר ǮǶ ר ҲșǠȒ

ǲֻҘĚ- ǮǱǋֻҘ ĚĚǓ̸ ǠȒǯ Ǥǵ Ƕ ר Ҳșʝ ǲ ǘȒǚǯǓǮǔǱǋ ↔ר Кș

ҲǠȒ ǵֻҘǶ Ҳ ╛Ǯ ǮǔȒ Ǥǵ Ҳ ╛ǶȠȢɱȵɣȽȢɱǓʹ ǞǦɉɣɶɆɱǵ Ҳ ╛

ǮǉȒ ɫɶɪɱɂẀ 2.8 2.11 Ǯ̓ ǠȒ ↔ר ʣǮǵқ ↓ ҲǮ Ǥǵ Ҳ ╛ǵқ ↓ Ҳș

ǮǔȒ Ǥǵ Ҳ ╛ǮǶ ǲ̸ ǠȒֻҘǶǤǵ ǵқ ↓ ҲǮ ǠȒ ᾍר ǮǶ

↔ר ʣǮǵ ǵқ ↓Ƕ ̀ǵ ↔ר ʣǮǵқ ↓ǲẀ ǮǔȒ ǚǵȏǍǱẀ ǲǫǋǭǶ ↓ǲᾍǞǭ

ȉֿ ǮǉȒĚ- ĚĚ ᾍר Ǯǵ ↔ר ʣǮǶ ↓ ҲǞǭǋȒ Ƕ̀ǵ ↔ר ʣǮ

ǞǭǋȒ ǯǞǭ ǮǔȒ ᾍר Ǯǵқ ↓ǲǫǋǭǶ ↔ר ʣǮқ ↓ ҲǞǭǋȒ Ǔ

Ǟ ǘȒǹǯǫǵ ↔ר ǶἭ᷀ǞǱǋǚǯǲǱȒ ǚǵ ǮǶ ᾍר ǮǶ ↓ǵ ᾍרș Ǯ

ǔȒǓқ ↓ǵ ᾍרș ǮǔǭǋǱǋ ǤǵȏǍǱқ ↓ǵ ᾍרǶʝ ᾍר Ǯ ǠȒǚǯǲǱȒ

ᾍר Ǯǵқ ↓ ҲǮ Ƕ ʴǵϽǵ ǜȏȑǶ ǖǶǱȓǱǋȉǵǯʝ ǲ ǜȓǭǋȒ ɫɶɪɱ

ɂẀ 2.8 2.11 ǮǶ͜ 2.12 ș̓ ǞǭǋȒ ɫɶɪɱɂẀ 2.8 2.11 ǵὑ Ӣ 2.14 ǒȐ

͜ 2.12 ǲ 2.13 Ǔ ǠȒ ǚǵὑ Ӣ 2.14 ǒȐ͜ 2.12 ǲǶ 2.15 Ǔ ǠȒ 2.14 ǮǶ

ɫɶɪɱɂẀ Ǯ̓ ǠȒ ↔ר ǵ ↓ǵ ǜǶ ʴǵϽǵ ǜ 2.6 ȏȑȉ ǋǚǯș ǞǭǋȒ  

( ) ( )8.2 1 3tuxx Ö-Ö=g  

( )9.2 1 3yy =  

( )10.2 1 3zz =  

( )11.2
21 3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

( )13.2 3cu¸  
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( )14.2 3cuc <<-  

( )15.2 1 3¤<¢g  

ɫɶɪɱɂẀ 2.8 2.11 ǮǶ ʴǵϽǵ ǜ 2.6 Ǯ ↓ ҲǠȒ ↔ר ǯǵẀ ǶǮǔǱǋ

ᾍר Ǯ̓ ǠȒ Ϸ Ǯǵ ἶ
ɵ ɵ

ǵ
ɵ

ὑ ʣ
ɵ ɵ ɵ

ǮǶ ɨɶɜɱ ș ʴǵϽǵ ǜǮ ǠȒǚǯǓǮǔ

Ȓ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ↔ר Кș ʴǵϽǓ ҲǠȒǚǯș̌ὑǞǭɫɶɪɱɂẀ ș

ᾚїǞǭǋȒ ᾍ 2.23 Ě-ǉȒǋǶ 2.35 ĚĚǮǶ ʴǵϽǵ ș ǮǔǱǋ ǚǵǚǯǶ

ᾍ 2.23 ǵὑ Ӣ Ǔ 2.25 ĚĚǉȒǋǶ 2.37 ĚĚǮǉȒǚǯǒȐ ȐǒǮǉȒ  

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

( )25.2 0 3cv<¢  

( )35.2

1
2

2

1

0

1
3

c

v

m
m

-

=  

( )37.2 0
1
3cv <¢  

ᾍ 2.23 Ǯ ǠȒ Ҳ ╛ 2.17 2.19 Ƕ ↔ר Кș ҲǠȒ ǵ ↓ǲ Ǟǋ ↔ר

ș̌ὑǞǭ Ǥǵ Ҳ ╛ș ǮǔȒ 2.23 ǑȏǺ 2.35 Ƕ ǜǵ Ǯǉȑ Ǔ ǜǮẀӓǠȒ

ǚǵȏǍǱ Ƕ ɉɣɶɆɱҘἶǵὑ ǯǞǭ Ǎ ǯǶ ǱȒ  

( )17.2
d

d
3

t

p
F x

x
=  

( )18.2
d

d
3

t

p
F

y

y
=  

( )19.2
d

d
3

t

p
F z

z
=  

ʝ ǲǶ ᾍר ǮǶϽș ǯǞǭ ǋ Ǥǵ ǵ ר Ě- a.3.2 ǑȏǺ a.3.4 ǵǚǯ ĚĚș

˔ ǞǭǋȒ ר ǓϽǵȦɋɩȬɶǮ ǱȒǚǯǶ ᾍר ǑȏǺ ἶǵǤȓǥȓǵ Ǯ όǠ

ȒǚǯǓǮǔȒ ȦɋɩȬɶǓ ǠȒ ↔ר Ǯ ǱȒΙǲǱȒǚǯǶɉɣɶɆɱҘἶǮȉ ǮǔȒ Ͻǵ

Ǔ ↔ר ǵ ↓ǵ ׄǮ 7.1.29 ǵȏǍǲ ǱȒǱȐǷ Ǥǵ Ҳ ȉ ǱȒǚǯș ǲ șǞǦ Ͻἧǵ

ȦɋɩȬɶǶ Ҳ Ǯ ὑǠȒ ǚǵǚǯǒȐ ϽǵȦɋɩȬɶǶ ǠȒ ↔ר Ǯ ǱȒǚǯǲǱȒ ǜȐǲ

Ͻǵ ר Ǔ ǠȒ ↔ר ǵ ↓Ǯ ǱȒΙǲǱȒǚǯș ǠȒװ ǚȓȐǵǚǯǒȐ ר Ǔ ǜǵ

ǮǉȒǚǯș ǏȐȓȒ ǚǵȏǍǲ ר Ǔ ǜǵ 3.8 ǮǉȒǚǯǮ Ǔ ǞǭǋȒḹֻǵ

ș Ǐὑ ǯǞǭ Ǎ ǯǞǭ̌ὑǮǔȒ ǮǶ ᾍר ǲ ר 3.8 ș̌ὑǠȒǚǯǮ ɉɣ

ɶɆɱҘἶǯǶ ǱȒ șᾚЊǠȒ  

( )29.1.71
2

2

1 3
c

u
-Ö=ll ҲǞǭǋȒ ǵϽǵ Ƕ֛ ǠȒ  

()( )( )8.30, 3cvvm ¢¢  

3.8 ș̓ ǞǭϽǵ Ҳ ș ǏȒǚǯǓǮǔȒ Ͻǵ Ҳ ǲǫǋǭǶ ἶǒȐȉᾚїǮǔȒ ȠȢ

ɱȵɣȽȢɱǵϽǵ ר ǑȏǺϽἧǵ˔ Ƕ ἶȏȑȉ ǲϽǵ Ҳ ș ǟȒǚǯǓǮǔȒ Ǥǵȏ
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ǍǱϽǵ Ҳ Ƕ ᾍ ĚĚ 2.23 ǑȏǺ 2.35 ǵǚǯ ĚĚǯǯȉǲ Ҳ ǵͪἭǵ Ѹș̓ ǮǔȒǚ

ǯș̌ὑǮǔȒ ɨɶɜɱ Ǔὑ ǜȓǦ Ϸ Ǯ ǵ Ҳ ɗȭɆɩș ǠȒ Ϸ Ǯǵ Ҳ

ɗȭɆɩǵ ɨɶɜɱ ǓʥẀ ǲǱȒǚǯǮ 3.7 șᾚїǠȒǚǯǓǮǔȒĚĚ Ǯ șᾚ

їǠȒĚĚ Ƕ ר ǵ ǒȐ ǮǔȒȉǵǯ Ǐ ʝ ǲǶ ǜǵ ǯǱȒ ר 3.8 ș̌ὑ

ǠȒǚǯǮ ș Ǎ ǮǶ 3.7 ș̓ ǞǭϽǵ șὑ ǞǦ ǵὑ 3.7

Ƕ ǵ ǜǵ ˆǑȏǺ ǵ ǯǵ ͜ș ǞǭǋȒ Ǥǵ ͜ș ǞǭǋȒʝ Ƕ ᾍר Ǯ̓

ǠȒ ɨɶɜɱΩ̲ἶǵ Ϸ Ǯ̓ ǠȒ ɨɶɜɱ ǮᾚїǮǔȒ ǵẀ ǵ╛ǮǉȒ Ǥǵ ǵẀ

╛Ƕ ǮᾚїǠȒ ǮǶ Ҳ ǲǫǋǭ ș̓ Ǟǭ όǞǭǋȒ Ҳ ș ǠȒ ǲ Ǔ

ǞǭǋȒ ↔ר ǵ ș̓ ǠȒǚǯǓǉȒ ǤǵȏǍǱ ᾍר ǵ ǲǫǋǭǶ ɉɣɶɆɱҘἶǯ

Ƕ ǱȒ Ǔ ⱪǵǹǯǫǲǱȒ Ǥǵ ǵ ⱪǲǫǋǭȪɨɪȢẀ Ǔὑ ǜȓǦ ǑȏǺ ɨɶɜɱ Ǔ

ὑ ǜȓǦ ș̓ Ǟǭ όǞǭǋȒ ǮǶ ǑȏǺȦɋɩȬɶǵ ͜ǲǫǋǭ ӴǱ όșǞǭ

ǋȒ Ǥǵ όǮǶ 3.7 șᾚїǞǭ a.3.1 ǑȏǺ a.3.3 Ǔ Ҳ ǯ ͜șȉǫ╛ș ɨɶɜɱ Ǯ

ʦǏȐȓȒǚǯș ǟǭǋȒ ǤǵȏǍǱ ͜╛ǮǶ ǑȏǺȦɋɩȬɶǶ ǯ ↔ר ǵ Ϸǵ ѝ

ǯǵ ͜ǯǞǭʦǏȐȓȒ ̬ ǑȏǺȦɋɩȬɶș Ϸ Ǯǵ ͜╛Ǯ ǏȒǚǯǓǮǔȒ ȅǱǋǤ

ȓǥȓǵ Ǯ ↔ר Кǵ ǵЋȦɋɩȬɶș 2 ǮᾚїǠȒ ǵẀ Ǯ ǵẀ ǲ ǔ ǠǚǯǓ

ǮǔȒ КǮ ǠȒɗȭɆɩǶ КǮ ș ǖǚǯǓǮǔȒ ʝ ǲ Ǥǵ Ƕ ș ǖȉǵǯ ǏȒ

Ǯ ș ǖǚǯǓǮǔȒ Ǥǵ ș Ϸ Ǯ όǮǔȒ ǵ ἶ ר Ƕ ș̓ Ǟǭ ǏȒǚǯ

ǓǮǔȒ ᾍר ǵ Ϸ ǵ Ƕ Ͻ ↓ǵʥẀǵԍ ǒȐ ǮǔȒ ǑȏǺ ǵ ǵɗȭɆ

ɩǮ ǏȒǚǯǓǮǔȒ  

() ( )( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

 

Ǔ ҲǞǭǋȒ ↔ר Кǵ ș 7.2.1 Ǯ ǠȒ 7.2.1 Ƕ 7.1.41 ǵ‼ ǵ ș Ǟǭ

ǋȒ ǮǉȒ Ǥǵ Ǔ ǞǭǋȒ ↔ר Кǵ ș 7.2.2 Ǯ ǠȒ 7.2.2 Ƕ 7.1.41 ǵֳ

ǵ ș ǞǭǋȒ ǮǉȒ ǚȓȐ ǫǵ ↔ר Кǵ ǵ ͜ș 7.2.3 Ǯ ǠȒ  

( )1.2.73t  

( )41.1.7

1

1
1

2

2
3s

x

s t

c

v
t DÖ

-

=D  

( )2.2.713t  

() ( )3.2.71 3tt  

ᶫ 7.1.1ǵ Ǔ ʴǵϽǵ ǜǮ ↓ ҲǞǦḹֻǲǶ Кǵ ĚĚ 7.1.41 ǵֳ ǵ ǵǚǯǮǉȒ

ĚĚǶ ǲǱǪǦ ᶫ 7.1.1 ǵ Ǔ ↓ ҲǞǭǋȒ ↔ר Кǵֺ̬ ǲ Ǟ ǘǭǋȒ ǵ ĚĚ

7.1.41 ǵ‼ ǵ ǵǚǯǮǉȒ ĚĚǶ ǮǔȒǵǮ Ǥǵ ǵ 7.2.1 ǲᾍǞǭ ↓ ҲǞǭǋȒ

ǵ 7.2.2 Ǔ ǲᾍꜘǠȒ 7.2.3 ș ǮǔȒ  

7.1.41 Ƕ 7.2.4 ǲ ǔ ǠǚǯǓǮǔȒ ᶫ 7.1.1ǵ Ƕ ↓ ҲșǞǭǋȒǵǮ 7.2.4 ǵֳ ǮǶ

↔ר Sǵ tDǵȆǓẀ ǮǉȒ  
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( )4.2.71
2

2

1 3ÖDÖ-=D t
c

v
t x  

ɫɶɪɱɂẀ ǵ ǵ ĚĚר◐ Ǯ όǠȒ ĚĚș ǠȒǚǯǮ ↔ר Sǵ Ǔ ǵḹֻǶ

↔ר S ǵ Ǔ ǮǉȒ ǤǵȏǍǱ șר◐ Ǡ 7.2.4 ǵⱨѝ͜ ș 7.2.5 Ǯ ǮǔȒ  

( )5.2.71
)()(

lim
2

2

11

0
3

c

v

h

tthtt x

h
-=

-+

­
 

7.2.3 ǵⱨѝǶ 7.2.6 Ǯ ǮǔȒ 7.2.1 ǵⱨѝǶ 7.2.7 Ǯ ǮǔȒ  

() ( )6.2.7
)()(

limd 11

0
1 3h

h

ttht
tt

h
Ö

-+
=
­

 

( )7.2.7d 3ht =  

ⱨѝ͜ 7.2.5 ǑȏǺ ǵⱨѝ 7.2.7 ș̓ ǠȒǯ ǵⱨѝ 7.2.6 Ǯ 7.2.8 ș ǮǔȒ ǵⱨ

ѝ 7.2.8 ǮǶ ǵ x ׄǵ ǜǶ ↔ר S ǵ ↓ǵ ѝǯǞǭuǮ ǞǦ ǵⱨѝ 7.2.8 Ƕ

7.2.9 ǲ ǔ ǠǚǯǓǮǔȒ  

() ( )7.2.8d1d
2

2

1 3t
c

u
tt Ö-=  

()
( ) ( )7.2.90d,1

d

d
2

2
1 3¸-= t

c

u

t

tt
 

ǵⱨѝ 7.2.8 Ƕ ǵẀ ș ǞǭǋȒ 7.2.8 Ƕ ↔ר S КǮǵᶫ 7.1.1 ǵ ǵ ↓ Ҳș̌ὑǞ

ǭᾚїǞǦȉǵǮǉȒ 7.2.9 ǶɫɶɪɱɂẀ ǵ ǵⱨѝ͜ ǒȐȉᾚїǮǔȒ 7.2.9 ǵȏǍǱⱨѝ͜ ǯǱ

Ȓ╛Ƕ ș ǮᾚїǠȒ ǲ̓ ǠȒ ǮǶ ʣ ǵᾚїȏȑȉʝ Ǳ Ǯ Ǥǵ╛șᾚї

ǠȒ Ǥǵᾚї ǮǶ ᾍר Ǯ ɨɶɜɱ ǓʥẀ ǲǱȒǚǯș̓ ǠȒ ǤǵȏǍǱᾚїșǠȒѼ

ǲ ɫɶɪɱɂẀ Ǯ 7.2.9 ǲǫǋǭ όǠȒ  

ᾍר Ǯǵ Ϸ ș ǫ̌ὑǠȒ ↔ר S ǵ ǵɗȭɆɩș 7.2.10 Ǯ ǠȒ ↔ר

S ǵ ǵɗȭɆɩș 7.2.11 Ǯ ǠȒ  

( ) ( )10.2.7,,, 3tczyx Ö  

( ) ( )11.2.7,,, 1111 3tczyx Ö  

ɫɶɪɱɂẀ 2.8 2.11 ǵ Ẁ ǯǞǭ 7.2.12 7.2.15 șᾚїǮǔȒ Ǯ ɫɶɪɱɂẀ 7.2.12

7.2.15 șᾚїǞǭǋȒ  

( ) ( )7.2.12 11 3tuxx Ö+Ö=g  

( )7.2.13 13yy=  

( )7.2.14 13zz=  

( )7.2.15121 3ö
÷

õ
æ
ç

å
Ö+Ö= x

c

u
tt g  

7.2.15 ǵⱨѝ͜ ș 7.2.16 Ǯ ǮǔȒ ↓ǵ ǵ ѝ 7.2.17 ș̌ὑǠȒǯⱨѝ͜ 7.2.16 Ƕ 7.2.18

ǲ ǮǔȒ ⱨѝ͜ 7.2.18 ș̓ ǠȒǯ ↔ר Sǵ ǵⱨѝ 7.2.19 ș ǮǔȒ ↔ר S

Ǯǵ Ƕ ǵⱨѝ 7.2.20 ǯǞǭ ǮǔȒ ǵⱨѝ 7.2.19 Ƕ ǵẀ ș ǠȒװ ǵẀ 7.2.19

Ƕ ↔ר S Кș Ǔ ҲǞǭǋȒḹֻșדȈǭ ǞǭǋȒ  
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()
( )7.2.16

d

d
1

)()(
lim

1

11

2
1

111

01

3öö
÷

õ
æ
æ
ç

å
Ö+Ö=

-+

­ t

tx

c

u

h

tthtt

h
g  

()
()

( )7.2.17
d

d

1

11
11 3

t

tx
tvx =  

() ( )7.2.181
)()(

lim 112
1

111

01

3ö
÷

õ
æ
ç

å
Ö+Ö=

-+

­
tv

c

u

h

tthtt
x

h
g  

() () ( )7.2.191d 11121 3htv
c

u
tt x Öö

÷

õ
æ
ç

å
Ö+Ö=g  

( )7.2.20d 11 3ht =  

↔ר S ǵ ǵⱨѝ 7.2.20 ǑȏǺ͜ 2.12 ș̓ ǠȒǯ ⱨѝ͜ 7.2.18 Ƕ 7.2.21 ǲ Ǯǔ

Ȓ ⱨѝ͜ 7.2.21 Ƕ ↔ר Ǔ ʴǵϽǵ ǜǮ ҲǞǭǋȒḹֻǶ̓ ǮǔǱǋǚǯǶ͜ 2.12 ǒȐ

ȐǒǮǉȒ  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

() ()
( ) ( )7.2.210d,,

1

1

d

d
1

2

2

112

1

1 3¸°̧

-

Ö+

= tcu

c

u

tv
c

u

t

tt x

 

Ǔ ↔ר S Ǯ ׄǲǶ ҲǞǭǋǱǋǚǯș̌ὑǠȒǯ 7.2.22 ș ǠȒ 7.2.22 ǑȏǺ 2.12

ș̓ ǠȒǯ ↔ר Sǵ ǵⱨѝ 7.2.19 Ƕ 7.2.23 ǲǱȒ 7.2.22 ș̓ ǠȒǯ ⱨѝ͜ 7.2.21

Ƕ 7.2.24 ǲǱȒ  

() ( )22.2.7011 3=tvx  

() ( ) ( )7.2.23,

1

1
d 1

2

2
1 3cuh

c

u
tt °̧Ö

-

=  

()
( ) ( )7.2.24,

1

1

d

d

2

2
1

1 3cu

c

ut

tt
°̧

-

=  

ǵẀ 7.2.23 Ƕ ↔ר S Кǵ Ǔ ǞǭǋȒḹֻǮ̓ ǮǔȒ ǚǵǚǯǶ ǵẀ 7.1.41

ǯֿ Ǳ̌ὑǮǉȒ 7.2.23 Ƕ Ǔ ↔ר S Кș ׄǲ ҲǞǱǋǮ ׄǑȏǺ z ׄǲ Ҳ

ǞǭǋȒḹֻǮȉ ǠȒ ǵẀ ǵ╛ǮǉȒ ǚǵȏǍǱ ҲǶ ǵẀ 7.1.41 șᾚїǞǦǯǔǲ̓ ǞǦ

ᶫ 7.1.1ǵ ǵ ҲǯǶ Ȑǒǲ ǱȒ ↔ר ǵ ǵẀ ǲ ǜȓǱǋ ↔ר S ǵ̬ Ǯ ǠȒ

ǵ ↓ǵ ѝǵ◙ Ƕⱨѝ͜ 7.2.24 ǲ ǜȓǱǋ  

 

ɨɶɜɱ ș̓ Ǟǭ ǵẀ șᾚїǠȒ ᾍר Ǯ̓ ǠȒ 4 Ϸ ǮǶ ɨɶɜɱ ǓʥẀ

ǲǱȒḹֻǮ ȦɋɩȬɶ Ҳ ╛ǑȏǺ› Ǳǰș ǠȒǚǯǓǮǔȒ ɨɶɜɱ șὑ Ǟ

Ǧ Ϸ Ƕ Ҙḹș όǠȒǵǲ̓ ǮǔȒ 2.27 2.39 a.3.1 ǑȏǺ a.3.3 Ǯ ǞǦ ǵЋ
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ȦɋɩȬɶǵ ר Ƕ Ҙḹș ǞǭǋǱǋ ᾍר ǮᾚїǮǔǦȉǵǮǉȒ ҘḹǮǵ Ǒȏ

Ǻ Ǔ ᾍר ǵȉǵǯǶ ǱȒ șʝ ᾍר Ǯ ǮǔȒ ʝ ᾍר Ǯǵ Ϸ ǵר

Ƕ ἶ ǲǶ ȇ Ǯǉȑ ᾍר Ǯǵ ȅǱǋ Ϸ ǯǶ ǱȒ ǤǵȏǍǱ ȇ 4 Ϸ ș ό

ǠȒ ǲ ɨɶɜɱ ș̓ Ǟǭ ӴǱ όșǠȒǚǯȉǉȒ Ǥǵ Ҙḹǵ Ϸ ǵ ǑȏǺ ǲǫǋ

ǭ όǠȒǵǲ ɨɶɜɱ șὑ ǞǦ Ϸ ș̓ ǠȒǚǯȉǉȒ ǤǵȏǍǱ όșǠȒ ǲⱳ Ǳ ɨɶ

ɜɱ șὑ ǞǦ Ϸ Ǯǵ ș ǵ̊♥ǵ ǮǶ ǠȒ  

 

↔ר SǑȏǺ ↔ר S ș̌ὑǠȒ ↔ר S Ƕ ↔ר SКș ↓ ҲǞǭǋȒȉǵǯ̌ὑǠ

Ȓ ↔ר S ǲ ǑȏǺᶫ 7.1.1ǵ Ǔ ǞǭǋȒȉǵǯǠȒ Ǥȓǥȓǵ ↔ר ǲ Ϸ ș̌ὑ

ǠȒ ↔ר Sǵ Ϸ ǲǶɗȭɆɩ 7.2.25 ǑȏǺɗȭɆɩ 7.2.26 Ǔ ǠȒȉǵǯ̌ὑǠȒ ↔ר

S ǵ Ϸ ǲǶɗȭɆɩ 7.2.27 ǑȏǺɗȭɆɩ 7.2.28 Ǔ ǠȒȉǵǯ̌ὑǠȒ ɗȭɆɩ 7.2.25

ɗȭɆɩ 7.2.28 ǮǶ ʴǵϽǵ ǜ 2.6 ș ǞǭǋȒ  

( )( )( )25.2.7),(),(),(,,, 1111 3tctztytxtczyx Ö=Ö  

( )( )( )26.2.7)(),(),(),(,,, 2222 3htchtzhtyhtxtczyx +Ö+++=Ö  

( )( )( )27.2.7),(),(),(,,, 11111111

1

1

1

1

1

1

1 3tctztytxtczyx Ö=Ö  

( )( )( )28.2.7)(),(),(),(,,, 111111111111

2

1

2

1

2

1

2 3htchtzhtyhtxtczyx +Ö+++=Ö  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

7.2.29 Ƕ ɨɶɜɱ ǯᴀǷȓȒȉǵǮǉȒ ᾍר Ǯ̓ ǠȒ Ϸ ǲǶ ɨɶɜɱ 7.2.29

Ǔὑ ǜȓǭǋȒ ɨɶɜɱ 7.2.29 ǵֳ ǲǶ ʴǵϽǵ ǜ 2.6 ș ǞǭǋȒ  

( ) ( ) ( ) ( ) ( ){ } ( )29.2.7
21221221221222
3zzyyxxttcs -+-+---Ö=D  

ᾍרԍ ș̓ ǠȒǯ ǤȓȐǵ 4 Ϸ Кǵ↔ ѝǮ Ѹș ǮǔȒ Ϸ ǵ Ƕ Ǥȓ

ǥȓǵ ↔ר ǵ ǲǱȒ ֺ ǶẀ ╛Ǯ ͜șʦǏȒǚǯǓǮǔȒ ǤǵȏǍǱ ǵẀ ǵ ѩǱḹֻǶ

Ǔ ǞǭǋȒ ↔ר S ǵ 4 Ϸ Ǯǵ ɨɶɜɱ ǲ ↔ר Sǵ 4 Ϸ Ǯǵ ɨɶɜɱ

Ǔ ǞǋǚǯǮᾚїǮǔȒ ↔ר S ǲ Ǔ ǞǭǋȒǵǮ Ǥǵ ǵ ↔ר S ʣǵ↔ ѝǶὑ

ǮǉȒ ǚǵǚǯǮ 7.2.30 Ǔ ǠȒ 7.2.30 ș ɨɶɜɱ 7.2.29 ǲ̈ЊǠȒǯ 7.2.31 ǲǱȒ  

( )30.2.70,0,0 121212 3=-=-=- zzyyxx  

( ) ( ) ( )31.2.7
21222
3ttcs -Ö=D  

↔ר S КǮ ǞǭǋȒᶫ 7.1.1 ǵ ș̓ Ǟǭ ǏȒ ɨɶɜɱ Ǯ ǞǦ 7.2.31 ǵֳ Ƕ ᶫ

7.1.1ǵ Кǵ ʴǵϽǵ y ׄǵ Ҳ 7.1.31 ǲ Ǟǋ ǮǉȒ ᶫ 7.1.1ǵ Кǵ Ƕ 7.1.32

Ǯ ǮǔȒ  

( )31.1.7m 11 3ss tcr D³=D ׄǵϽǵ Ҳ  

( )7.1.32s 3
c

r
t c
c

D
=D  

↔ר SКș ↔ר S Ǔ ↓ ҲǞǭǋȒǚǯǮ ↔ר SКǮǵ y ׄǵ ʴǵϽǵ ǜ

ș 7.1.35 ǲ ǞǦ ↔ר SКǮǵ y ׄǵ ʴǵϽǵ Ҳ ș 7.1.37 Ǯ ǞǦ  
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( )35.1.7
22 3xy vcv -= ↔ר SКǮǵ ׄǵϽǵ ǜ 

( )37.1.7
22 3sxs tvcr DÖ-=D ↔ר SКǮǵ ׄǵ Ҳ  

7.1.31 ǵ ׄǵ Ҳ Ƕ 7.1.37 ǵ y ׄǵ Ҳ ǲ ǞǋǚǯǮ 7.1.39 ș ǞǦ ↔ר

SКǮǶ ↔ר S Ǔ x ׄǲ ↓ ҲǞǭǋȒǵǧǒȐ ɨɶɜɱ Ƕ 7.2.32 ǲ ǮǔȒ ɨ

ɶɜɱ 7.2.32 Ƕ 7.2.33 ǲ ǮǔȒ 7.2.33 ș ǠȒǯ 7.2.34 ǲ ǮǔȒ ↔ר S К

ǲ ǞǭǋȒᶫ 7.1.1ǵ Ƕ ↔ר SКș ׄǲ ↓ ҲǞǭǋȒ 7.2.34 ǵֳ Ƕ 7.1.37 ǵֳ

ǵȏǍǲ Ǯǔ Ǥǵ Ƕ ἶǮǶ ↔ר SКǮǵᶫ 7.1.3ǵ ʴǵϽǵ y ׄǿǵ Ҳ ǮǉȒ

ȉǵǯ ǮǔȒ  

( )39.1.71

22 3ssx tctvc DÖ=DÖ-  

( ) ( ) ( ) ( ) ( ){ } ( )32.2.700
212212212221222
3ttttttvttcs x -Ö+-Ö+-Ö--Ö=D  

( ) ( ) ( ) ( )33.2.7
212221222
3ttvttcs x -Ö--Ö=D  

( ) ( )( ) ( )34.2.7
212222
3ttvcs x -Ö-=D  

Ȉǭ ↔ר S Кǵ ǵ ֵ 7.2.2 Ǯ 7.2.31 ș ǔ Ǡǯ 7.2.35 ǲǱȒ 7.2.35 ǵֳ Ƕ 7.1.31

ǯֿǟȏǍǲ Ǯǔ Ǥǵ Ƕ ἶǮ ʴǵϽǵ Ҳ ș ǠȒװ ᶫ 7.1.1ǑȏǺᶫ 7.1.3Ǯǵ ǵ

ǮǶ 7.2.34 ǵ‼ Ƕ 7.2.35 ǵ‼ ǲ Ǟǋȉǵǯ ǏȒ ǚǵǚǯǒȐ 7.2.36 ș ǮǔȒ 7.2.36 Ƕ

7.2.37 ǲ ǔ ǠǚǯǓǮǔȒ 7.2.37 Ƕ 7.1.39 ǯֿ ǲ ǮǔǭǋȒ 7.2.37 ǮǶ ɨɶɜɱ Ǔ

ʥẀ ǯǱȒǚǯș ǞǭǋȒ  

( ) ( ) ( )35.2.7
2

1

1

1

222
3ttcs -Ö=D  

( )( ) ( ) ( )36.2.7
2

1

1

1

2221222 3ttcttvc x -Ö=-Ö-  

( ) ( )( )37.2.71

1

1

21222 3ttcttvc x -Ö=-Ö- ɨɶɜɱ ǵʥẀ  

↔ר Sǵ ׄǵɗȭɆɩǶ ̀ǵ ↔ר ǵ ǑȏǺ Ǯ ǠȒɗȭɆɩǮ ѝ ǮǔȒ

ǚǵǚǯǒȐȉ ʣ ǵ 7.2.32 ǵ ׄǮǵ ↔ר S ǵ ↓ǵẎǔǜǶ ǑȏǺ ׄǵǥ

ȓǥȓǵ ǜǮ ǮǔȒ ↔ר ȉ̌ὑǮǔȒ ǚǵǚǯǮǶ ʥẀ 7.2.37 ǵȏǍǱ ɨɶɜɱ Ƕ 7.2.38

ǲ ǮǔȒ  

( ) ( ) ( ) ( ) ( ){ } ( ) ( )38.2.7
2

1

1

1

2221221221221222
3ttczzyyxxttcs -Ö=-+-+---Ö=D  

Ǔ ǞǭǋȒ ↔ר S ǵ ș̓ Ǟǭ ᾍר Ǯ̓ ǠȒǠȀǭǵ ↔ר ǵ Ϸ ǵ

ɨɶɜɱ Ƕ 7.2.39 ǲ ǮǔȒ ǚǵǚǯǮ ʝ ǲ ᾍר ǵ Ϸ ǵ ɨɶɜɱ ǮʥẀ

7.2.40 ș ǮǔȒ  
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( ) ( ) ( ) ( ){ } ( ) ( )39.2.7
2

1

1

1

222122122122122 3ttczzyyxxttc -Ö=-+-+---Ö  

( ) ( ) ( ) ( ) ( ){ } ( ) ( ) ( ) ( ){ } ( )40.2.7
2

1

1

1

22

1

1

1

22

1

1

1

22

1

1

1

2221221221221222
3zzyyxxttczzyyxxttcs -+-+---Ö=-+-+---Ö=D  

Ͻ ↓ǵʥẀǵԍ ǒȐ ʴǵϽǵ Ҳ ǲ ↔ר SǮǶ 7.2.41 Ǔ Ǟ ↔ר S ǮǶ ʴǵϽ

ǵ Ҳ 7.2.42 Ǔ ǠȒ ʴǵϽǵ Ҳ 7.2.41 Ƕ 7.2.43 ǲ ǔ ǢȒ ʴǵϽǵ Ҳ

7.2.42 Ƕ 7.2.44 ǲ ǔ ǢȒ 7.2.43 ǵֳ Ƕ 7.2.44 ǵֳ ǲ ǞǋǵǮ 7.2.45 ș ǮǔȒ

2.5 Ƕ 7.2.45 ǒȐᾚїǮǔȒ  

( ) ( ) ( ) ( ) ( )41.2.7
2122212212212 3ttczzyyxx -Ö=-+-+-  

( ) ( ) ( ) ( ) ( )42.2.7
2

1

1

1

222

1

1

1

22

1

1

1

22

1

1

1

2 3ttczzyyxx -Ö=-+-+-  

( ) ( ) ( ) ( ){ } ( )43.2.70
2122122122122 3=-+-+---Ö zzyyxxttc  

( ) ( ) ( ) ( ){ } ( )44.2.70
2

1

1

1

22

1

1

1

22

1

1

1

22

1

1

1

22 3=-+-+---Ö zzyyxxttc  

( ) ( ) ( ) ( ){ } ( ) ( ) ( ) ( ){ } ( )45.2.7
2

1

1

1

22

1

1

1

22

1

1

1

22

1

1

1

222122122122122 3zzyyxxttczzyyxxttc -+-+---Ö=-+-+---Ö  

( )5.2
2

1

2

1

2

1

2

1

222222 3zyxtczyxtc ++-Ö=++-Ö  

Ͻ ↓ǵʥẀǵԍ ș ǠȒȏǍǲ ɫɶɪɱɂẀ ǮǶ 7.2.45 Ǔ ǠȒ Ͻ ↓ǵʥẀǵԍ ǑȏǺɫɶɪ

ɱɂẀ Ǯ ǠȒʥẀ 7.2.45 ǮǶ ↔ר Кǵ ǵ ǜĚĚ ↔ר S ǵ ǜǮȉǉȒ ĚĚǶ 7.2.46

ș ǠȒ  

( )46.2.70 3cv¢¢  

ʥẀ 7.2.39 ș̓ ǠȒǦȈǲ ↔ר SǑȏǺ ↔ר S ș̌ὑǠȒ ʥẀ 7.2.39 ș 7.2.47

ǲ ǔ Ǡ ʥẀ 7.2.47 ǵẀ Ƕ 7.2.1 ș Ẁ ǯǠȒ ǮǉȒȉǵǯ̌ὑǠȒ  

() ( ) ( ) ( ){ } ( ) ( )47.2.7
2

1

222222 3tczyxtc DÖ=D+D+D-DÖ  

↔ר Sǵֺ ǮǶ 7.2.48 7.2.50 Ǔ ǠȒǚǯș̌ὑǠȒ 7.2.48 7.2.50 ǮǶ tǶὑ

Ǯǉȑ hǓẀ ǮǉȒ 7.2.48 7.2.50 ǵֳ ǵⱨѝ͜ Ƕ ↔ר SКǵ ǵ ↓ɗȭɆɩș

ǠȒֺ ǵ ѝș ǠȒװ  

( ) () () ()( )( )48.2.7 ,0, 3ǵǯǔtRÍ+­+Ö=-+ hthhohtvtxhtx x  

( ) () () ()( ) ( )49.2.7,0, 3ǵǯǔtRÍ+­+Ö=-+ hthhohtvtyhty y  

( ) () () ()( ) ( )50.2.7 ,0, 3ǵǯǔtRÍ+­+Ö=-+ hthhohtvtzhtz z  

↔ר Sǵ Ƕ 7.2.51 ǵȏǍǲ ǮǔȒ 7.2.51 Ƕ 7.2.52 ǲ ǮǔȒ  

( )()( )51.2.73thtt -+=D ↔ר Sǵ  

( )52.2.73ht=D  

↔ר S ǵ Ƕ 7.2.53 Ǯ ǮǔȒ 7.2.53 ǮǶ tǶὑ Ǯǉȑ hǓẀ ǮǉȒ  

( ) () ()( ) ( )53.2.7 ,0,)(111 3ǵǯǔƱtRÍ+­+Ö
¡

=-+ hthhohtttthtt  
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↔ר S ǵ 7.2.53 ǵ‼ ș 7.2.54 Ǯ ǠȒ 7.2.54 ǵ‼ ș 7.2.53 ǵ‼ ǲ̈ЊǠȒǯ 7.2.55

ǲǱȒ  

( ) () ( )54.2.7111 3tthttt -+=D ↔ר S ǵ  

()( ) ( )55.2.7 ,0,)(11 3ǵǯǔƱtRÍ+­+Ö
¡

=D hthhohttt  

7.2.53 ǵ₳᷈Ẁӓ ș 7.2.56 Ǯ ǮǔȒ ₳᷈Ẁӓ 7.2.56 Ƕ 7.2.57 ǲ ǮǔȒ  

( ) ()
( )() ( )()

()
( )()

( ) ( )56.2.7 ,0,)(1
11 3ǵǯǔƱtRÍ+­

-+
+

-+
Ö

¡
=

-+

-+
hth

tht

ho

tht

h
tt

tht

tthtt
 

( ) () ()
( ) ( )57.2.7 ,0,)(1

11 3ǵǯǔƱtRÍ+­+Ö
¡

=
-+

hth
h

ho

h

h
tt

h

tthtt
 

₳᷈Ẁӓ 7.2.57 ǵʰ ǵ Ιș 7.2.58 Ǯ ǠȒ Ι 7.2.58 ǵֳ ǵ 2 Ƕ 7.2.59 ǲǱȒ  

( ) () ()
( ) ( )58.2.7 ,0,lim)(limlim

0
1

0

11

0
3ǵǯǔƱtRÍ+­+ö

÷

õ
æ
ç

å
Ö

¡
=

-+

­­­
hth

h

ho

h

h
tt

h

tthtt

hhh
 

()
( )59.2.70lim

0
3=

­ h

ho

h
 

7.2.59 ș̓ Ǟǭ 7.2.58 ș ǠȒǯ 7.2.60 ș ǮǔȒ Ι 7.2.60 ș ǠȒǯⱨѝ͜ 7.2.61

ș ǮǔȒ  

( ) ()
( )60.2.7lim)(lim

0
1

11

0
3ö
÷

õ
æ
ç

å
Ö

¡
=

-+

­­ h

h
tt

h

tthtt

hh
 

( ) ()
( )61.2.7lim)( 11

0
1 3

h

tthtt
tt

h

-+
=

¡
­

 

7.2.48 ǵ‼ ș 7.2.62 Ǯ ǠȒ 7.2.62 ǵ‼ ș 7.2.48 ǵ‼ ǲ̈ЊǠȒǯ 7.2.63 ǲǱȒ  

() ( ) ()( )62.2.73txhtxtx -+=D  
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ǲǱȒ 7.2.122 ș̓ Ǟǭ 7.2.120 ș 7.2.123 ǲ ǔ ǏȒ 7.2.122 ș̌ὑǞǭǋȒǵǮ 7.2.123 ǵ

ֵǲǱȒ 7.2.123 ǒȐⱨѝ͜ ǵ ֵ 7.2.119 ș ǮǔȒ  

() ()
( )120.2.70

d

d

d

d

1

11 3<-=
t

tx

t

tx
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() ( )121.2.70d 11 3<tx  

() ( )122.2.70d 3>tx  

()
()

( )123.2.70
d

d

d

d 111 3<-=
t

t

tx

tx
 

( )119.2.70
d

d 1 3>
t

t
 

7.2.124 ǵ‼ Ƕ ↔ר S Кș ↓ ҲǠȒ ↔ר S ǵ ↓ɗȭɆɩǵ ѝǮǉȒ 7.2.124

ǵֳ ǵẀ Ƕ ↔ר SКș ↓ ҲǠȒ ↔ר S ǵ ↓ɗȭɆɩǵ ѝǮǉȒ  

( )124.2.71 3yy vv -=  

7.2.124 ǵʰ Ƕ 7.2.125 ǲ ǔ ǠǚǯǓǮǔȒ 7.2.125 ǲ 7.2.126 ș̌ὑǠȒ
 

() ()
( )125.2.7

d

d

d

dy

1

11 3
t

ty

t

t
-=  

() ()
( )126.2.70

d

d

d

d

1

11 3>-=
t

ty

t

ty
 

ʝ ǲǶ 7.2.127 Ǔ ǠȒ 7.2.127 Ǔ ǠȒǱȐǷ 7.2.126 ǒȐ 7.2.128 ǲǱȒ  

() ( )127.2.70d 11 3>ty  

() ( )128.2.70d 3>- ty  

7.2.128 ǒȐ 7.2.129 șᾚїǮǔȒ 7.2.129 ș̓ Ǟǭ 7.2.125 ș 7.2.130 ǲ ǔ ǏȒ  

() ( )129.2.70d 3<ty  

()
()

( )130.2.7
d

d

d

d 111 3
t

t

ty

ty
-=  

7.2.127 ș̌ὑǞǭǋȒǵǮ 7.2.130 ǵ ֵǶ 7.2.131 ǲǱȒ 7.2.131 ǒȐⱨѝ͜ ǵ ֵ 7.2.119 ș

ǮǔȒ  

()
()

( )131.2.70
d

d

d

d 111 3<-=
t

t

ty

ty
 

( )119.2.70
d

d 1 3>
t

t
 

ǲ 7.2.132 ș̌ὑǠȒ ʝ ǲǶ 7.2.133 Ǔ ǠȒ 7.2.133 Ǔ ǠȒǱȐǷ 7.2.132 ǒȐ 7.2.134

ǲǱȒ 7.2.134 ș̓ Ǟǭ 7.2.132 ș 7.2.135 ǲ ǔ ǏȒ 7.2.133 ș̌ὑǞǭǋȒǵǮ 7.2.135 ǵ

ֵǲǱȒ 7.2.135 ǒȐⱨѝ͜ ǵ ֵ 7.2.119 ș ǮǔȒ  

() ()
( )132.2.70

d

d

d

d

1

11 3<-=
t

ty

t

ty
 

() ( )133.2.70d 11 3<ty  

() ( )134.2.70d 3>ty  

()
()

( )135.2.70
d

d

d

d 111 3<-=
t

t

ty

ty
 

( )119.2.70
d

d 1 3>
t

t
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7.2.136 ǵ‼ Ƕ ↔ר S Кș ↓ ҲǠȒ ↔ר S ǵ ↓ɗȭɆɩǵ ѝǮǉȒ 7.2.136

ǵֳ ǵẀ Ƕ ↔ר SКș ↓ ҲǠȒ ↔ר S ǵ ↓ɗȭɆɩǵ ѝǮǉȒ  

( )136.2.71 3zz vv -=  

7.2.136 ǵʰ Ƕ 7.2.137 ǲ ǔ ǠǚǯǓǮǔȒ 7.2.137 ǲ 7.2.138 ș̌ὑǠȒ  

() ()
( )137.2.7

d

d

d

d

1

11 3
t

tz

t

tz
-=  

() ()
( )138.2.70

d

d

d

d

1

11 3>-=
t

tz

t

tz
 

ʝ ǲǶ 7.2.139 Ǔ ǠȒ 7.2.139 Ǔ ǠȒǱȐǷ 7.2.138 ǒȐ 7.2.140 ǲǱȒ  

() ( )139.2.70d 11 3>tz  

() ( )140.2.70d 3>- tz  

7.2.140 ǒȐ 7.2.141 șᾚїǮǔȒ 7.2.141 ș̓ Ǟǭ 7.2.137 ș 7.2.142 ǲ ǔ ǏȒ  

() ( )141.2.70d 3<tz  

()
()

( )142.2.7
d

d

d

d 111 3
t

t

tz

tz
-=  

7.2.139 ș̌ὑǞǭǋȒǵǮ 7.2.142 ǵ ֵǶ 7.2.143 ǲǱȒ 7.2.143 ǒȐⱨѝ͜ ǵ ֵ 7.2.119 ș

ǮǔȒ  

()
()

( )143.2.70
d

d

d

d 111 3<-=
t

t

tz

tz
 

( )119.2.70
d

d 1 3>
t

t
 

ǲ 7.2.144 ș̌ὑǠȒ ʝ ǲǶ 7.2.145 Ǔ ǠȒ 7.2.145 Ǔ ǠȒǱȐǷ 7.2.144 ǒȐ 7.2.146

ǲǱȒ 7.2.146 ș̓ Ǟǭ 7.2.144 ș 7.2.147 ǲ ǔ ǏȒ 7.2.145 ș̌ὑǞǭǋȒǵǮ 7.2.147 ǵ

ֵǲǱȒ 7.2.147 ǒȐⱨѝ͜ ǵ ֵ 7.2.119 ș ǮǔȒ  

() ()
( )144.2.70

d

d

d

d

1

11 3<-=
t

tz

t

tz
 

() ( )145.2.70d 11 3<tz  

() ( )146.2.70d 3>tz  

()
()

( )147.2.70
d

d

d

d 111 3<-=
t

t

tz

tz
 

( )119.2.70
d

d 1 3>
t

t
 

7.2.119 ș̓ ǠȒǯ 7.2.110 Ƕⱨѝ͜ 7.2.148 ǲ ǮǔȒ 7.2.148 ș̓ ǠȒǯ ǵⱨѝ 7.2.149

ș ǮǔȒ  

()( ) ()
( )110.2.7

d

d
1

2

1

2

2

3ö
÷

õ
æ
ç

å
=-

t

tt

c

tv
 

()( ) ()
( )148.2.7

d

d
1 1

2

2

3
t

tt

c

tv
=-  
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()
()( )

( )149.2.7d1d
2

2

1 3t
c

tv
tt Ö-=  

7.2.52 Ƕ ↔ר S ǵ ǮǉȒ ǚǵ 7.2.52 Ƕ ǵⱨѝ 7.2.149 ǵ Ẁ ǯǱȒ ǮǉȒ

ǚǵǚǯǮ Ẁ ǯǱȒ ↔ר Sǵ ǵⱨѝș 7.2.7 Ǯ ǮǔȒ  

( )52.2.73ht=D  

( )7.2.7d 3ht =  

7.2.7 ș 7.2.149 ǵֳ ǲ̈ЊǠȒǯ ↔ר S ǵⱨѝ 7.2.150 ǲǱȒ ↔ר Sǵ 7.2.52

ǵ‼ ș̓ ǠȒǯ ↔ר S ǵⱨѝ 7.2.150 Ƕ 7.2.151 ǲ ǮǔȒ ⱨѝǵὑ ǮǶ ↔ר S1

ǵ ǵⱨѝǶ 7.2.6 Ǯ ǮǔȒ 7.2.150 ș 7.2.152 ǯ ǠȒǯ ⱨѝ͜ 7.2.61 Ƕ 7.2.152 Ǯ

ǮǔȒǚǯǓȖǒȒ  

()
()( )

( )150.2.71d
2

2

1 3h
c

tv
tt Ö-=  

()
()( )

( )151.2.71d
2

2

1 3t
c

tv
tt DÖ-=  

() ( )6.2.7
)()(

limd 11

0
1 3h

h

tthtt
tt

h
Ö

-+
=
­

 

( ) ()
( )61.2.7lim)( 11

0
1 3

h

tthtt
tt

h

-+
=

¡
­

 

( ) () ()( )
( )152.2.71lim

2

2

11

0
3

c

tv

h

tthtt

h
-=

-+

­
 

ⱨѝ͜ 7.2.152 ǵ‼ Ǔ 7.2.153 ǮǉȒḹֻș ǏȒ 7.2.152 ǵֳ ș̓ ǠȒǯ 7.2.153 ǮǶ 7.2.154

ș ǮǔȒ  

( ) ()
( )153.2.70lim 11

0
3=

-+

­ h

tthtt

h
 

()( )
( )154.2.701

2

2

3=-
c

tv
 

7.2.154 ǒȐ 7.2.155 șᾚїǮǔȒ Ǔ ↔ר SКș ʴǵϽǵ ǜ 7.2.156 Ǯ ҲǠȒǯⱨѝ͜

7.2.157 ǲǱȒ 7.2.157 ǮǶ Ιș ǠȒװ  

( )155.2.7
d

)(d

d

)(d

d

)(d
)( 2

222

2 3c
t

tz

t

ty

t

tx
tv =ö

÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å
=  

( )156.2.7)( 3ctv =  

()
( )157.2.70

d

d 1 3=
t

tt
 

7.2.157 ǮǶ 7.2.154 ș̌ὑǞǦ 7.2.154 ǮǶ ↔ר Sǵ 7.2.52 Ǔ 7.2.158 ǮǉǪǭȉ 7.2.157

Ƕ ǠȒ  

( )158.2.703¸h  

ᾍר ǵ ǲǶ̊ʤǵȏǍǱᵂ ș Ƕ ǏȒ ǤǵȏǍǱᵂ Ǔ ǮǶ ǞǭǋȒᶫ

7.1.1ǵ Кǵ ͬ ǒȐϽǓ ȑїǜȓǱǋǚǯșͪ ǮǔǱǋȉǵǯ ₴ ᷀ǵ Ƕ ǏȒ Ͻ ↓ǵʥ
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Ẁǵԍ ǮǶ ǠȀǭǵ ↔ר ʣǮǶ ʴǵϽǶ ʴǵϽǵ ǜ 2.6 Ǯ ↓ ҲșǠȒ ↔ר SК

Ǯ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒᶫ 7.1.1ǵ Ƕ ʴǵϽǮǶǱǋ ǚǵǚǯǒȐ ȉǞ ↔ר S Ǔ

ʴǵϽǵ ǜ 2.6 Ǯ ↔ר S Кș ↓ ҲǞǭǋȒǱȐǷ ᶫ 7.1.1 ǵ Ƕ ↔ר S КǮ Ǟ ǘ

ȐȓȒȉǵǯ ǏȒ ↔ר SКǮ ʴǵϽǵ ǜ 2.6 Ǯ ↓ ҲǠȒᶫ 7.1.1ǵ ș ǠȒǯ Ͻ

↓ǵʥẀǵԍ ǵǦȈǲ Ǯ ǲ ǞǦȏǍǲϽǓᶫ 7.1.1 ǵ y ׄǲ ↓ș ǦǱǋ ǲǱȒ ᶫ

7.1.1ǵ ǲ ǮǱǋ ș̌ὑǞǭȉ ǵὑ 3.7 ǮǶ 7.2.156 ș̓ ǠȒǯ ǮǉȒ

7.1.63 ǲǱȒ 7.1.63 Ƕ ǮϽǵ ș όǞǦǯǔǲ ǞǦȉǵǮǉȒ ǵὑ

3.7 ǮǶ ʴǵϽǵ ǜ 7.2.156 Ǯ ҲǠȒ ǵ 7.2.59 Ǔ ΙǲǱȒǚǯș̌ὑǠȒǯ Ǥǵ

ȏǍǱ ǵ Ƕ₡ǲ ǲǱǪǭǞȅǍ ǚǵǚǯǶ Ǥǵ Ǔ ↔ר SКș 7.2.160 Ǯ ҲǞǭ

ǋȒḹֻǮ ǞǦ 3.2.161 ǯǶ ǱȒ Ǔ ǞǦ ǵ ǮǶ ʴǵϽǵ ǜǮ ҲǠȒ

ǵ Ƕ ǮǉȒȉǵǯ̌ὑ
ɵ ɵ

ǞǭǋȒ ǚǵǚǯǮǹǯǫǵ ǵ ǜǓ ʴǵϽǵ ǜȅǮẀӓǠȒḹֻș

ǏȒ ǚǵḹֻǮǶ 7.1.63 Ǔ 3.2.161 ǲʝ ǞǱǋǚǯǮ ǵ șὑ ǲ̌ὑǞǦ

ǚǯǲ ֻǞǭǋǱǋȉǵǯ ǮǔȒ  

() ( ) ( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

() ( )63.1.701
2

2

0 3=-Ö=
c

c
cmm  

() ( )159.2.73cm  

() ( )( )160.2.7,0 3cvvm ¸¸ ʴǵϽǵ ǜǮ ҲǞǭǋǱǋ ǵ  

() ( ) ( )161.2.3,1
2

2

0 3cv
c

v
vmm ¸-Ö= ʴǵϽǵ ǜǮ ҲǞǭǋǱǋ ǵ  

ᾍר ǮǶ ʴǵϽǵ ǜǮ ҲǠȒ ǵ 7.2.159 Ǔʥ ǮǉȒǱȐǷ 3.7 ǵ

ǓǮǔǱǋ ǵὑ 3.7 ș̓ ǠȒǦȈǵ ̏ǲ ǵ ĚĚ a.3.2 ǑȏǺ a.3.4 ǵǚǯǮǉȒ

ĚĚǑȏǺ ǵ ǜ vș̌ὑǞǭǋȒ a.3.2 ĚĚǉȒǋǶ a.3.4 ĚĚǵ ǵ Ƕ a.3.1 ĚĚǉȒǋǶ a.3.3

ĚĚǵ ǵЋȦɋɩȬɶș̌ὑǞǭǋȒ ʴǵϽǵ ǜǮ ҲǠȒ ǵЋȦɋɩȬɶș ǮǔȒǱȐǷ Ǥ

ǵ ǵ 7.2.159 ș ǮǔȒ Ǥǵ 7.2.159 ș̓ Ǟǭ ș 3.7 Ǯ ǮǔȒ Ǥǵ

ǞǦ Ǔ ὕ ǲ ǮǔȒ ǲʝ ǠȒǒǶ ₴ ᷀ǵ ǲǶʥ ǮǉȒ ǵ ǜ 2.24

Ǔ ᾍ 2.23 ǵὑ Ӣ Кǵὕ ǮǉȒǱȐǷ ǵ ǜǶ ʴǵϽǵ ǜǲǶǱȐǱǋ ʴǵϽ

ș ǯǞǭ Ǎ ǲǶӢ 2.25 ǒȐẆȓȒǚǯǶ Ͻ ↓ǵʥẀǵԍ ǒȐ ȐǒǮǉȒ  

( )( )24.20, 3²Í= vv Rv  

( )25.2 0 3cv<¢  

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

ǚȓȐǵ ș ǠȒ ǲ ǟȒᵂ ǲ ȐǒǱ ș ₴ ᷀ǵ ǶʦǏȒǚǯǶǮǔǱǋ ǚǵǚǯǒ

Ȑȉ ǮǶ ǵ Ƕ a.3.2 ĚĚǉȒǋǶ a.3.4 ĚĚș̌ὑǞǭ 3.7 șὑ ╛ǯǞǭᾚЊǞǦ

ǚǵ ᾍר Ǯǵᵂ ǲǶ ǲ ʴǵϽǵ ǜǮ ҲǠȒ ș Ǎ ǲǶ ǠȒǚǯǲǱȒ  

ǲ ↓ǵ◙ ǮẀӓǠȒǚǯș̌ὑǞǦ ǤǵǚǯǮ șὑ ǯǞǭ Ǎḹֻș̌ὑǞǦ ǚǵȏǍǱ
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ǶɉɣɶɆɱҘἶǵ ǯǶ ǱȒ ǤǵȏǍǱ Ǟǋ ǵ ǏșᾚЊǞǭ Ҳ șǰǵȏǍǲ ǍȀǔǒș

Ǯ όǠȒ Ǯ όǞǦȏǍǲ Ǔ ↔ר Ǯ ǞǭǋȒḹֻǵ Ƕὑ ǯǞǭ ȖȓȒ

Ǔ ǞǭǋȒ Ϸ ǵ Ƕ Ǥǵ Ǔ ҲǞǭǋȒ Ϸ ǵ ǯǶ ǱȒ ǚǵǚǯǮǶ

ǵẀ ǓɉɣɶɆɱҘἶǮ̓ ǞǦȪɨɪȢẀ ǯǶ ǱǪǦ ǤǵȏǍǲ ǵẀ Ǔ ǱȒǚǯǮ Ҳ ǲ̓ Ǡ

Ȓ ș ǠȒǚǯǓ ǟȒ ǮǶɉɣɶɆɱҘἶǮǵ ǲǫǋǭ ǏǱǓȐ ᾍר Ǯ̓ ǠȒ

Ҳ ǲǫǋǭ όǠȒ  

7.3 ɉɣɶɆɱҘἶǮǵ ↔ר ǑȏǺ ᾍר Ǯǵ ↔ר Ǯǵ Ҳ ǵ ό 

ɨɶɜɱ Ǔὑ ǜȓǦ Ϸ ǵɗȭɆɩǮǉȒ 7.2.10 ǑȏǺ 7.2.11 ș̓ ǠȒ ǚǵ ǮǶɗȭ

Ɇɩ 7.2.10 ǵ Ϸ Ƕ ↔ר Sǵ ǑȏǺ Ǯ ǞǭǋȒȉǵǯǠȒ ɗȭɆɩ 7.2.11 ǵ Ϸ

Ƕ ↔ר S ǵ ǑȏǺ Ǯ ǞǭǋȒȉǵǯǠȒ  

( ) ( )10.2.7,,, 3tczyx Ö  

( ) ( )11.2.7,,, 1111 3tczyx Ö  

ǮȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ƕὑ ǮǱǖ 3.8 ǵȏǍǱ ǲǱȒǚǯș̌ὑǞǦ

↔ר SКǵ ǵ Ǔ 3.8 Ǯ Ǥǵ ǵ ↓ɗȭɆɩǓ 2.16 ǮǉȒḹֻǮǶ ɉɣɶɆɱҘἶǵ Ҳ

ǵȏǍǲ ǑȏǺ ↓ɗȭɆɩș ǘȒǚǯǮ 7.3.1 ș Ҳ ǯǞǭ ǏȒǚǯǓǮǔȒ 7.3.1 Ƕ ᾍ

ר Ǯ̓ ǠȒ Ҳ ǮǉȒ  

()( )( )8.30, 3cvvm ¢¢ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ  

( )16.2 )( 3kjiv zyx vvvt ++=  

() ( ) ( )1.3.70),( 3cvtvm ¢¢Öv ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ  

ǲ ɗȭɆɩ 7.2.10 ǵ ǵ ѝ 7.3.2 ǵ ʣǮǵ ǵ Ҳ Ƕ 7.3.1 ǵȏǍǲ 7.3.3 Ǯ ǠȒ

ǵЋȦɋɩȬɶș ǠȒǵǲ ǵ ѝǵ Ҳ 7.3.3 Ƕ Ǯ̓ ǠȒ  

( )2.3.73tcÖ  

() ( )( )3.3.70, 3cvcvm ¢¢Ö  

 

↔ר ǮǶ ǵר ѸǓ ǠȒǚǯș̌ὑǞǭǋȒ ɉɣɶɆɱҘἶǵ ↔ר ǶȠȢɱȵɣȽȢɱǵ

ᾍר ǵ ↔ר ǯǶ ǱȒǚǯș ǲ ǞǭǋȒ ɉɣɶɆɱҘἶǵ ↔ר ǵ Ƕ ᾍ ș̌ὑ

ǞǭǋȒǚǯǮ ᾍר ǵ ǯǶ ǱǪǦ ɉɣɶɆɱҘἶǮǶ ᾍ ș ᾍ Ǯ̓ ǞǭǋǦ ǵר

ѸǓ ǠȒ↔ ș ↔ר ǯǞǭ ǱǠǱȐǷ ᾍ ǞǭǋȒ ᾍ Кǲ ᾍ ǞǭǋȒɤɶȭɨɁ

ɇ ǮǉȒ↔ ș̌ὑǞǭȉ ↔ר ǮǉȒȉǵǯ ǏȒ ɉɣɶɆɱҘἶǵ ↔ר Ǯ̓ ǞǭǋǦ Ҳ

ǒȐȠȢɱȵɣȽȢɱǵ ᾍר ǵ ↔ר Ǯ̓ ǮǔȒ Ҳ ș όǠȒ  

ɉɣɶɆɱҘἶǮǶ ҲǞǭǋȒ ǵ 7.3.4 Ƕὑ ǮǉȒ ɉɣɶɆɱҘἶǮǵ Ҙ ǑȏǺ ר

ǶǤȓǥȓὑ ǯǞǭ ȖȓȒ Ҙ Ǔ ר ǲ ǞǖǱǋǱȐǷ ɉɣɶɆɱҘἶǮǶǤȓȐǵ ǫǵ ș

ǍǚǯǲǱȒ ʝ ǲǶ ɉɣɶɆɱҘἶǮǵ Ҙ ǑȏǺ ר Ƕ Ǟǋȉǵǯ ȖȓȒ Ǥǵ ǋǮǶ

ǶǹǯǫǵΙǲ ὑǠȒȉǵǯ ǏȐȒǚǯȉǉȒ Ҙ ș ǠȒǲǶʠ ╠Ҙǵ Ѹș̓ ǠȒǚǯǓǮǔ

Ȓ ʠ ╠Ҙș̓ ǞǦ Ƕ Ǥǵ Ǯ ǱȒ ǲǱȒǚǯǓ ǒȐ ǮǔȒ ǚǵǚǯǶ

ǯǞǭǵ Ҙ ǵὑ șדȈǭ Ҙ ǵΙǓǹǯǫǲ ὑǮǔǱǋᵂ ș ǟǜǢȒ ɉɣɶɆɱҘἶǵ

Ǯ Ҙ ǵΙǓ̌ὑǮǔǭȉ Ǯǵ Ҙ Ƕ ș ǟǦ ǮǉȒ ɉɣɶɆɱҘἶǵ Ҙ Ǯ

Ƕ ǮǔǭǋǱǋ ǵ◙ Ǔ ǲ֚ ǜȓǭǋȒḹֻǲǶ ɉɣɶɆɱҘἶǵ ΙǶ ȏȑȉԝὭ
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Ǳ Ҙ ǵΙǲǶǱȐǱǋ̵᷂Ǔ ǟȒ ǚǵǚǯǶ ר ș ǠȒ ǲ̓ ǠȒɉɣɶɆɱǵ Ҳ ╛Ǯ

̓ ǠȒֻҘǵ ǲȉֿ ǵǚǯǓ ǏȒ Ҙ ǑȏǺ ר ǵʰ Ǯ ǋǖǫǒǵ ǵΙǓ

ǯǞǭ♬ȒǚǯǮǶ ǵΙșɉɣɶɆɱҘἶǵ Ǯὑ ǯǱȒǹǯǫǲ ὑǮǔǱǋ ʝ ǲ ɉɣɶɆɱҘἶǵ

ǮǶὑ ǮǹǯǫǵȆǲ ὑǠȒ Ǔὑ ǜȓǭǋǱǋ  

( )4.3.70N 3m ɉɣɶɆɱҘἶǮ̓ ǠȒὑ ǯǱȒ  

ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ Ƕ a.3.3 Ǯ ΙșʦǏȒǚǯǓǮǔȒ a.3.3 ǮǶ ǵЋȦ

ɋɩȬɶ a.3.1 ǒȐΙș ὑǮǔȒ ǵЋȦɋɩȬɶ a.3.1 ǓẀӓǠȒǱȐǷ a.3.3 ǵΙȉẀӓǠȒ

ǚǯǲǱȒ ᾍר ǮǶ ҘḹǶ̌ὑǜȓǭǋǱǋǵǮ Ҙ ș ǠȒ șʦǏǭǋǱǋ ǚǵǚǯ

ǮǶ ᾍר ǮǶ ר ǵȆș ǪǭǋȒǚǯș ǠȒװ ǵЋȦɋɩȬɶ a.3.1 ǲǶ ҲȦɋɩȬ

ɶǓדȅȓǭǋȒ ҲȦɋɩȬɶǶ ǵ ǜǮẀӓǠȒ ǚǵǚǯǒȐȉ ר a.3.3 Ǔὑ ǮǶǱǋǚǯ

ș ǠȒװ ɉɣɶɆɱǵ Ҳ ╛ǒȐ ǠȒ ר Ƕқ ↓ ҲǞǭǋȒ ǵ ș ǠȒȉǵǮǉȒ

ǚǵǚǯǮǶ Ẁ ǯǱȒ ș Ǎ ᾍר ǵ ר 3.8 ǶɉɣɶɆɱҘἶǵ ר 7.3.4 ǯǶʝ

ǞǱǋǚǯș ǮǔȒ ǚǵʥʝ 7.3.5 ǮǶ ɉɣɶɆɱҘἶǵ ר Ƕ ᾍר ǵ ǮǉȒȉ

ǵǯǶ ǍǚǯǶǮǔǱǋ  

() ( )5.3.70N 3vmm ¸  

ǲǫǋǭǶ 3.7 ǵֳ ǲ ǞǭǉȒⱨѝ͜ 7.2.148 Ǔ 5.50 ș ǠȒḹֻǮ 3.8 Ƕ

3.7 ǯǶ ̧ǵΙǲǱȒǚǯș 7.3.6 ǵȏǍǲᾚїǮǔȒ 7.3.6 ǮǶ 7.3.7 ǲ ǔ ǠǚǯǓǮǔ

Ȓ  

() ( ) ( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

()( ) ()
( )148.2.7

d

d
1 1

2

2

3
t

tt

c

tv
=-   

( )50.511
2

2

3Ŝ
c

v
- ̌ὑ 

() () ( )6.3.71
2

2

3
c

v
vmvm -Öº  

() ( )7.3.70 3vmm º ᾍר Ǯǵ ǵ ̧╛ 

ʝ ǲǶ ᾍר ǵ ǶɉɣɶɆɱҘἶǵὑ ǯǱȒ ǯǶ Ǟǋȉǵǲ ǍǚǯǓǮǔǱǋ ɫɶ

ɪɱɂẀ ǓȪɨɪȢẀ ǲ ̧ǮǔȒ ǵ ǜǵḹֻǶ 5.50 ș ǠȒȉǵǯ ǏȒ 5.50 ș ǠȒḹ

ֻǶ 7.3.7 ǲ ǮǔȒ 7.3.7 ǵ‼ Ƕ Ǔ ↔ר S Ǯ ǞǭǋȒḹֻǵ ǮǉȒ ɉɣɶɆ

ɱҘἶǮǵ Ҙ Ƕ ↔ר Кǵ Ǔ ǞǭǋȒǚǯǮȉ ǮǔȒ ǮǉȒ ǚǵ ǮǶװ Ҙ Ƕ

ǮǉȒȉǵǯ ǏȒǚǯǓǮǔȒ ɉɣɶɆɱҘἶǵ Ҙ ǲǶʣ ǵȏǍǲǹǯǫǵΙǲὑ ǮǔȒ

ǓʦǏȐȓǭǋǱǋ ר ș ǠȒ ǲ 5.50 ș ǠȒқ ↓ ҲǞǭǋȒ ǵ 3.8 ǶǹǯǫǵΙ

ǲὑ ǮǔǱǋ ǚǵȏǍǲ ɉɣɶɆɱҘἶǮǵ ǶǹǯǫǵΙǲὑ ǮǔȒ ᾍר ǵ ǯǶ 5.50

ș ǠȒǯ 7.3.8 ǵȏǍǲ ̧ǵΙǲǱȒȉǵǯʝ ǲ ǏȒǚǯǓǮǔȒ ɉɣɶɆɱҘἶǵ ǓǹǯǫǵΙ

ǲὑ ǮǔǱǋǚǯǮ ǟȒǡȓǵǦȈǲ 7.3.8 Ƕ₡ǲ ǠȒǚǯǶ ǮǔǱǋ ǤǞǭ ǲ Ǟǖ

ǱȒḹֻș 7.3.9 ǵȏǍǲ ǏȒǚǯǓǮǔȒ  

( )8.3.700N 3mm º ɉɣɶɆɱҘἶǮǵ 7.3.4 ǑȏǺ ᾍר Ǯǵ 3.7 ǵ ̧╛ 
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( )9.3.700N 3mm = ̌ὑ 

ǵὑ 3.7 ǵֳ ǲǶⱨѝ͜ 7.2.148 Ǔ ǜȓǭǋȒ ⱨѝ͜ 7.2.148 ǵֳ ș

ǵὑ 3.7 ǵֳ ǲ̈ЊǠȒǯ 7.3.10 ș ǮǔȒ 7.3.10 Ƕ 3.8 ș ǲẀ

ǠȒ╛ǮǉȒȉǵǯ ǮǔȒ  

()
()
( ) ( )10.3.70,

d

d 1
0 3cv

t

tt
vmm ¢¢Ö=  

ǵẀ 7.3.10 ǮǶ ǵⱨѝ͜ 7.2.148 ș̓ ǞǭǋȒ ɉɣɶɆɱҘἶǵ ǲ ̧ǠȒ ᾍר

ǵ 7.3.11 Ƕ ̏ 5.50 ș ǠȒ ǤǞǭ ǵⱨѝ͜ 7.2.148 Ǯ 3.8 șᾛǜǖǠȒ◙ ș

Ẏǔǖ֞ǘǱǋǮ ̧ǵ╛ 7.3.7 ș ǠȒ ᾍר ǵ ǮǉȒ 3.8 ǵӢ КǮ ̏ 5.50 ș

ǠȒẀҲș̌ὑǠȒǯ 7.3.11 ǮǶ 7.3.8 ǉȒǋǶ 7.3.9 ș ǠȒ  

() ( )11.3.70N 3vmm º  

7.3.12 ǶɉɣɶɆɱҘἶǮǵ Ҳ ǮǉȒ ɉɣɶɆɱҘἶǮǵ Ҳ 7.3.12 ǮǶ ǵ ǜǶŎȉ ὦǞǭ

ǋȒ ǚǵǚǯǶ ᾍר ǵ Ҳ 7.3.1 ǯǶ ǱȒ ǵǹǯǫǮǉȒ  

( ) ( )12.3.70),(0N 3vtm ¢Öv ɉɣɶɆɱҘἶǮǵ Ҳ  

() ( )( )1.3.70),( 3cvtvm ¢¢Öv ᾍר Ǯǵ Ҳ  

↔ר SǮ ̏ 5.50 ș ǠȒ ǵ ǜǵ ẎΙǶ 7.3.13 Ǯ Ǡ ̧╛ 3.3.7 ș ǠȒḹֻǲǶ

Ҳ 7.3.1 ș 7.3.14 Ǯ 7.3.15 ǵȏǍǲ ̧ǮǔȒ 7.3.15 ǵ‼ ǮǶ ↔ר SКǮ ҲǠȒ

ǵ ↓ɗȭɆɩǓ ↔ר S КǮ ǠȒǤǵ ǵ ǲ ǘȐȓǭǋȒ 7.3.11 Ǔ ǠȒḹֻǲǶ

Ҳ ș 7.3.16 ǵȏǍǲ ̧ǮǔȒ ʝ ǲǶ 7.3.8 ǉȒǋǶ 7.3.9 ǵḹֻǮǶ 7.3.16 ș ǮǔȒ  

( )13.3.73cv  

( ) ( )14.3.70),(0 3cvvtm ¢¢Öv Ǯ ǞǦ ᾍר Ǯǵ Ҳ  

() ( ) ( )15.3.70),()(0 3cvvtvmtm ¢¢ÖºÖ vv  

() ( ) ( )16.3.70),()(0N 3cvvtvmtm ¢¢ÖºÖ vv  

7.3.15 ǵֳ Ƕ ᾍר ǮᾚЊǞǦ Ҳ ǮǉȒ Ǥǵ Ƕ ǮǶ 3.8 Ǯ̌ὑǞǦ 7.3.16

ǵ‼ ǵɉɣɶɆɱҘἶǮǵ Ҳ ǵȏǍǲ 7.3.15 ǵ‼ Ƕὑ ǯǞǭ Ǎ ș̓ ǞǭǋȒ 7.3.15

ǑȏǺ 7.3.16 ǮǶ ɉɣɶɆɱҘἶǵ Ҳ 7.3.12 ǲ ̧ǞǭǋȒ Ҳ ǯǞǭ 7.3.14 ș 7.3.17 ǵ

ȏǍǲ ǍǚǯǓʝ ǲǮǔȒ ǮǶȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ 7.3.1 ș ό

ǠȒ ǲ 7.3.14 ș̓ ǠȒǚǯǓǉȒ  

( )( )17.3.70),()( 00N 3cvvtmtm ¢¢ÖºÖ vv  

ɉɣɶɆɱҘἶǵ ǶǠȀǭǵ ↔ר Ǯ Ǟǋǚǯș̌ὑǞǭǋȒ ǚǵǚǯǶ ᾍר ǵ ǯ

Ƕ Ǟǖ ǱȒ ǮǉȒ Ǔ ǞǭǋȒ ↔ר S ǵ ǵⱨѝ 7.2.151 Ƕ Ǔ ҲǞǭǋȒ

↔ר Sǵ ǯǵẀ ș ǞǭǋȒ ǚǵȏǍǱ ǯǵẀ ǮǶ ↔ר S ǵ ǵⱨѝǶ ↔ר

Sǵ ǲ ̧ǞǦΙș ǠḹֻǓǉȒ ǤǵḹֻǮǶ ̏ 5.50 Ǔ Ǟǭ ᾍר ǵ ǵẀ

ǶɉɣɶɆɱҘἶǵ ǵẀ ǲ ̧ǞǭǋȒǚǯș♥Ǯ ǠȒ ̏ 5.50 ǮǵɉɣɶɆɱҘἶǵ Ҳ

7.3.12 Ƕ ᾍר ǵ Ҳ 7.3.1 ǯǶ ̧ǵΙǲǱȒǚǯș ǢǦ ɉɣɶɆɱҘἶǮǵ 7.3.4

ǓǹǯǫǵΙǲὑȅȐǱǋǚǯș ǮǔǦ ɉɣɶɆɱҘἶǵ Ҳ 7.3.12 ǓǹǯǫǲὑȅȐǱǋǚǯǮ

ᾍר ǵ Ҳ 7.3.1 ǯǵǡȓǦΙǵѝǲᾍǠȒ ǋǶʥ ǮǉȒ ᾍר ǵ Ҳ 7.3.1

ǵ Ǔὖ ǵר ǋ ἬǮǉȒȉǵǯ ǏȒǚǯǶǮǔȒ ǫǵ ↔ר ǮǵǤȓǥȓǵ Ǔ ̧ǞǭǋȒ
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ḹֻǮ ǏȒ Ҳ 7.3.14 ǒȐ ᾍר ǮǵȆ ǏȒ Ҳ 7.3.1 ǿǯ όș ȈȒǚǯǲǠȒ  

()
()( )

( )151.2.71d
2

2

1 3t
c

tv
tt DÖ-=  

 

ɉɣɶɆɱҘἶǮǵ Ƕ Ҙș̓ Ǟǭ 7.3.4 ș ὑǠȒǵǲ ̱Ǔ Ǟ ǘǭǋȒ Ǯ ὑǓǮǔȒ

Ǔ Ǟ ǘȒǚǯǮǶ ǵר Ѹș ǠȒⱳ ǓǉȒ ɉɣɶɆɱҘἶǮǵ ↔ר ǮǶ Ǥǵ ↔ר

КǮǵ ǵ ↓ș̌ὑǞǭǋȒ ɉɣɶɆɱҘἶǮǵ ↔ר ǵ ǮǶȪɨɪȢẀ ǵ ǵ╛ 7.3.18 ș̓

ǠȒ ǵ ǮǶ ɉɣɶɆɱҘἶǮǵẀ ǵ╛ǲǶ 7.3.19 ǯǞǭ ǠȒ ȉǉȒ ǚǚǮǶ 7.3.19

ǵֳ ǵ 7.3.20 ǲǫǋǭ ǏȒ ȪɨɪȢẀ ǵ ǵ╛ 7.3.18 ǮǶ ǵר ѸǓ ǠȒ ↔ר

ʣǮǵ ǵ Ǔ̀ǵ ↔ר ʣǮǶ ↓ ҲǠȒǚǯș ǮǔȒ  

( )18.3.71 3tt = ȪɨɪȢẀ ǵ ǵ╛ 

( )19.3.71 3tatt +=  

( )20.3.73ta  

ɉɣɶɆɱҘἶǵ ↔ר S Кș ↔ר S Ǔ ׄǲ ↓ǵ ǜ vǮ ҲǞǭǋȒǚǯș̌ὑǠȒ

7.3.21 ǶȪɨɪȢẀ ǵ ǵ╛ǮǉȒ 7.3.22 ǶȪɨɪȢẀ ǵ ǵ╛ǮǉȒ 7.3.23 ǶȪɨɪȢẀ ǵ

ǵ╛ǮǉȒ  

( )21.3.71 3tvxx Ö-= ȪɨɪȢẀ ǵ x ǵ╛ 

( )22.3.71 3yy = ȪɨɪȢẀ ǵ ǵ╛ 

( )23.3.71 3zz = ȪɨɪȢẀ ǵ ǵ╛ 

ᾍ Ǯǵ ǶẆ ǒȐǵ◙ ș֞ǘǱǋ ᾍ ǮʦǏȒ ǮǉȒ ᾍ ǵ ǶẆ ǒȐǵ◙ ș֞ǘ

ǱǋǵǮ ǵ ȆǶ₡ǲ Ǟǋ ̀ǵ ↔ר ǵ ǯǵ⁪Ƕҷ ǲʦǏȒǚǯǮ ֺ ↔ר ǵ ǵǡ

ȓ 7.3.20 Ǔʝ ǲὑȅȐǱǖǱȒ 7.3.19 ș 7.3.24 ǲ ǔ ǏȒ ↔ר Sǯ ↔ר S ǵ ǵǡ

ȓș 7.3.25 Ǯ̌ὑǠȒ ǚǵǡȓ 7.3.25 ǲǶ 7.3.26 Ǔ ǠȒǚǯș̌ὑǠȒ ǡȓ 7.3.25 Ƕ ǡȓ 7.3.20

ǯǶ ǱȒǚǯș 7.3.26 ǮǶ ǠȒװ 7.3.25 ș̓ ǠȒǯɉɣɶɆɱҘἶǮǵ ǵẀ ǵ╛Ƕ 7.3.27 Ǯ

ǮǔȒ   

( )24.3.71 3tat t =-  

( )25.3.713ta  

( )26.3.713tt aa ¸  

( )27.3.711 3tatt +=  

7.3.27 ș 7.3.28 ǲ ǔ ǏȒ 7.3.24 ǑȏǺ 7.3.28 ǵֳ Ƕ ↔ר Sǵ ǮǉȒ ǚǵǚǯǮ 7.3.29

ș ǮǔȒ 7.3.29 ǒȐ 7.3.30 șᾚїǮǔȒ 7.3.30 Ƕ̌ὑ 7.3.26 ǲǶʝ ǞǱǋ 7.3.30 ǮǶ

↔ר Sǯ ↔ר S ǵ ǵǡȓǶ Ǟǖ 7.3.20 ǲǱȒǚǯș ǠȒװ 7.3.26 Ǔ ǠȒḹֻǶ ר

↔ S ǵ 1t ǓǹǯǫǵΙǲὑȅȒǱȐǷ 7.3.24 ǵ‼ Ƕ 7.3.28 ǵ‼ ǲǶ ǞǖǱǋǚǯǶ ȐǒǮǉ

Ȓ ǚǵǚǯǶ ↔ר S ǵ tǵΙǓ ǫʦǏȐȓȒǚǯǲǱȒ ǚǵǚǯǶɉɣɶɆɱҘἶǵ ǵẀ Ǔ

ᾍ ǮʦǏȐȓȒǚǯǲ֚ǠȒ ǚǚǮǶ ǹǯǫǵ ↔ר ǵ ǲ ǵǡȓș̌ὑǠȒǚǯǶ ᾍ ǵ

Ǔ Ἥ᷀ǠȒǚǯș ǠȒװ ǚǵǚǯǶ ᾍ ǵ̌ὑǲ֚ǠȒ  

( )28.3.711 3tat t =-  

( )29.3.7111 3tt atat -=-  
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( )30.3.713tt aa =  

ɉɣɶɆɱҘἶǵǹǯǫǵ ↔ר ǲ ǵ ǓᾍꜘǠȒǚǯș̌ὑǠȒǯ ǵר ѸǓ ǞǱǖǱȒǚǯș

ǵȏǍǲ ǮǔȒ ͈ǏǷ ↔ר Sǲ 7.3.31 ș ǠȒ 2t ș̌ὑǠȒ ↔ר Sǲ ǵẀ

7.3.32 ș̌ὑǠȒ 7.3.32 ǵֳ ǵ Ǔ̌ὑǜȓȒǯ ǵẀ 7.3.33 ș ǮǔȒȉǵǯ̌ὑǠȒ  

( )31.3.723tt¸  

( )32.3.721 3tatt +=  

( )33.3.721 3tvxx Ö-=  

7.3.19 ǵʰ ǵ ǲⱨѝ 7.3.34 ș ǮǔȒ 7.3.32 ǵʰ ǵ ǲⱨѝ 7.3.35 ș ǮǔȒ 7.3.34

ǑȏǺ 7.3.35 ș̓ ǠȒǯ ⱨѝǵ ͜ 7.3.36 șᾚїǮǔȒ  

( )34.3.7dd 1 3tt =  

( )35.3.7dd 21 3tt =  

( )36.3.7dd 23tt=  

7.3.21 ǒȐ ↓ɗȭɆɩǵ ǵ ѝș 7.3.37 Ǯ ǮǔȒ 7.3.33 ǒȐ ↓ɗȭɆɩǵ ǵ ѝș 7.3.38

Ǯ ǮǔȒ 7.3.37 ǑȏǺ 7.3.38 ǵ‼ Ƕ ǞǋǵǮ 7.3.39 ș ǮǔȒ 7.3.36 ș̓ ǠȒǯ 7.3.39

Ƕ 7.3.40 ǲ ǔ ǢȒ 7.3.40 ǮǶ ǹǯǫǵ ↔ר SʣǮǵ ǱȒ ǫǵ ǲֿǟ ↓șȉǫǚǯǲǱ

Ȓ ǱȒ ǫǵ ǲǤȓǥȓ̀ǵ ǱȒ ǓᾍꜘǠȒǚǯǲǱȒ ǤȓȐǵ̀ǵ ǱȒ ǲȉ 7.3.40 Ǔ

ǠȒ ǹǯǫǵ Ǔқ ↓ ҲǞǭǋȒḹֻǶ Ǥǵ Ƕֿǟ ↓ǮǶʝ ǲǶ ҲǞǱǋ ǚǵǚǯǶ ǹǯ

ǫǵ Ǔֿ ǲ 7.3.40 ǵ ↓ǑȏǺ̀ǵ ↓Ǯ ҲǠȒǚǯș ǠȒḹֻǲȉװ ǮǔȒ ǵ Ǟǭǋ

Ȓ ↓ǵὑ ǮǶ ɉɣɶɆɱҘἶǮǶǹǯǫǵ ǲ ǫ̊ʣǵ ↓șֿ ǲὑ ǠȒǚǯǶǮǔǱǋ ʝ ǲ ǹ

ǯǫǵ Ǔֿ ǲֿǟ x ʣǵ ǱȒ ǫ̊ʣǵ̬ ǲἭ᷀ǠȒǚǯǶɉɣɶɆɱҘἶǮǶ ǮǔǱǋ ↓

ҲǞǭǋȒ Ƕ ǱȒ ǲֿǟ ↓Ǯ ҲǞǭǋȒǚǯǶ ȐǒǮǉȒ  

( )37.3.7
d

)(d

d

)(d

1

11 3v
t

tx

t

tx
-=  

( )38.3.7
d

)(d

d

)(d

2

2

1

11 3v
t

tx

t

tx
-=  

( )39.3.7
d

)(d

d

)(d

2

2 3
t

tx

t

tx
=  

( )40.3.7
d

)(d

d

)(d 2 3
t

tx

t

tx
=  

↓ɗȭɆɩǵ x ѝǵẀ 7.3.37 ǒȐқ ↓ɗȭɆɩǵ x ѝǵẀ 7.3.41 șᾚїǮǔȒ ↓ɗȭɆɩ

ǵ x ѝǵẀ 7.3.38 ǒȐқ ↓ɗȭɆɩǵ x ѝǵẀ 7.3.42 șᾚїǮǔȒ 7.3.41 ǑȏǺ 7.3.42

ǵ‼ Ƕ ǞǋǵǮ 7.3.43 ș ǮǔȒ 7.3.36 ș̓ ǠȒǯ 7.3.43 ș 7.3.44 ǲ ǔ ǠǚǯǓǮǔȒ

7.3.44 ǮǶ ǹǯǫǵ ↔ר ʣǮǵ ǱȒ ǫǵ ǲֿǟқ ↓ș ǓȉǫǚǯǲǱȑ ʝ ǵ ǵ

Ҳș ǠȒǚǯǶǮǔǱǋ ↔ר КǮǵǹǯǫǵ ǵ Ҳǵқ ↓ǓẀ ╛ǵқ ↓ǲʝ ǞǱǋǚǯș

ǠȒװ ǚǵ ǫǵқ ↓Ǯֿ ǲǹǯǫǵ Ǔ ҲǠȒḹֻș ǠȒǚǯȉǉȒװ ǚǵǚǯǮǶ Ǔ ↓

ҲǞǭǋȒ ǲ қ ↓ ҲȉǞǭǋȒǚǯș ǠȒǚǯǠȐװ ǏȐȓȒ ǚǵȏǍǱǚǯǶ ǵר Ѹș

ǞǭǋǱǋ ǵ ǞǭǋȒқ ↓ǵὑ ǮǶ ɉɣɶɆɱҘἶǮǹǯǫǵ ǲ ǫ̊ʣǵқ ↓șֿ ǲὑ

ǠȒǚǯǶǮǔǱǋ  
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( )41.3.7
d

)(d

d

)(d
2

2

2

1

11

2

3
t

tx

t

tx
=  

( )42.3.7
d

)(d

d

)(d
2

2

2

2

2

1

11

2

3
t

tx

t

tx
=  

( )43.3.7
d

)(d

d

)(d
2

2

2

2

2

2

3
t

tx

t

tx
=  

( )44.3.7
d

)(d

d

)(d
2

2

2

2

2

3
t

tx

t

tx
=  

7.3.21 ǵ‼ ǑȏǺ 7.3.33 ǵ‼ Ƕ Ǟǋ̬ ș ǞǭǋȒ ǚȓȐǵ ╛ǒȐ 7.3.45 ș ǮǔȒ 7.3.45

ǮǶ 7.3.46 șᾚїǮǔȒ 7.3.46 Ƕ 7.3.31 ǲ֚ǠȒ 7.3.46 Ǔ ǠȒǱȐǷ ↔ר SǮ̓ ǮǔȒ

ǶǹǯǫǵȆǮǉȒ 7.3.31 ǮǶ ǫǵ ș̌ὑǞǭǋǦ 7.3.31 Ǯ ǫǵ ș ὑǠȒ șʦǏǭǋ

Ǳǋ ǤǞǭ ǫǵ șʦǏȒ ǲẆ ǵ◙ ș֞ǘȒ ǓʦǏȐȓȒ̵᷂ǓǉȒ ǚǵǚǯǶ ᾍ ǵ̌

ὑǲ֚ǠȒ  

( )45.3.723tvxtvx Ö-=Ö-  

( )46.3.723tt =  

ǚǵȏǍǱɉɣɶɆɱҘἶǵ ǵẀ ǲǫǋǭǵ όǮǶ ↔ר S ǵ tǶǹǯǫǵȆǮǉȑ ɉɣɶɆɱ

Ҙἶǵ ǵẀ Ǯǵǡȓ 7.3.20 ǲǶ 7.3.47 ș̌ὑǠȒǚǯǮ ǠȒ ʝ ǲǶ ɉɣɶɆɱҘἶǮ̓ ǠȒ

↔ר ǮǶȪɨɪȢẀ ǵ ǵ╛ 7.3.18 Ǔ ǵẀ ǲǱȒ  

( )47.3.703=ta  

( )18.3.71 3tt = ȪɨɪȢẀ ǵ ǵ╛ 

7.3.18 Ǔ ǠȒǱȐǷ 7.3.48 ș ǮǔȒ ȪɨɪȢẀ ǵ ǵ╛ 7.3.18 ș̓ ǠȒֺ ↔ר ǵ

Ƕֿ ǞǭǑȑ₡ǲ 7.3.18 ǑȏǺ 7.3.48 Ǔ ǠȒ ǚǵǚǯǶȪɨɪȢẀ ǵ ǒȐȉר◐ Ǯ

ǔȒ 7.3.18 Ƕ2ǫǵ ↔ר ǵ Ǔ Ǟǋǚǯș ǞǭǋȒ ǵ ͜ 7.3.18 ș̓ ǠȒǯⱨѝ͜ 7.3.49

șᾚїǮǔȒ 7.3.49 ș̓ ǠȒǯ ↔ר S ǵ ǵⱨѝ 7.3.50 ș ǮǔȒ 7.3.48 ǑȏǺ 7.3.50

ș̓ ǠȒǯ 7.3.51 ș ǮǔȒ 7.3.51 ǮǶ ↔ר S ǵ ǵⱨѝǶ ǲ Ǟǋǚǯș ǞǭǋȒ  

( )48.3.71 3tt D=D  

( )49.3.71
)()(

lim 11

0
3=

-+

­ h

tthtt

h
 

( )50.3.7d 1 3tt D=  

( )51.3.7d 11 3tt D=  

 

ǤǵȏǍǱ ǑȏǺ ↔ר ǵ̬ ǵ Ḹș̓ ǞǦɉɣɶɆɱҘἶǵ Ҳ 7.3.12 ǯǞǭ 7.3.14 ș Ǎ

ǚǯǶ ɉɣɶɆɱҘἶǮǵ Ҳ ǵʝ Ǳ ǮǶ֯ ǮǉȒȉǵǯ Ƕ ǏȒ ǤǵȏǍǱɉɣɶɆɱҘἶǮ

ǵ ǮǶ Ҳ ǲ 7.3.17 ǵ ̧ǵ ͜ș ǞǱǋǮ 7.3.14 ǲ ǞǋȉǵǯǞǭ ǍǚǯȉǮǔȒ ὕ

ɉɣɶɆɱҘἶǮǵ Ǔ Ǯʝ ǲὑȅȐǱǋ  

( ) ( )12.3.70),(0N 3vtm ¢Öv ɉɣɶɆɱҘἶǮǵ Ҳ  

( ) ( )14.3.70),(0 3cvvtm ¢¢Öv Ǯ ǞǦ ᾍר Ǯǵ Ҳ  

( )( )17.3.70),()( 00N 3cvvtmtm ¢¢ÖºÖ vv  
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ʝ ᾍר ǑȏǺɉɣɶɆɱҘἶǮȉ Ҙ Ǔ ר ǲ Ǟǋḹֻș ǞǭǋȒ ǚǵǚǯșᾚЊǠȒǚǯ

Ǯ Ǥǵ Ҙ ș ר ǯǞǭ ǍǚǯǓǮǔȒ ǤǞǭ Ǥǵ Ҙ ș 7.3.52 ǯǞǭ ǱǠǚǯ

Ǯ 7.3.52 șɉɣɶɆɱҘἶǮǵ 7.3.4 ǯǞǭ ǱǠǚǯǓǮǔȒ ǚǵḹֻǮǶ 7.3.9 Ǔ Ǟ

ǭǋȒǚǯǲǱȒ 7.3.52 Ƕ 7.3.53 Ǯ ǮǔȒ 7.3.53 ǵֳ ǮǶ ⱨѝ͜ 7.2.148 ș ǞǭǋȒ  

() ( ) ( )52.3.70,1
2

2

0 3cvv
c

v
vmm ¢¢-Ö=  

( )4.3.70N 3m ɉɣɶɆɱҘἶǮ̓ ǠȒὑ ǯǱȒ  

( )9.3.700N 3mm = ̌ὑ 

()
()
( ) ( )53.3.70,

d

d 1
0 3cvv

t

tt
vmm ¢¢Ö=  

()( ) ()
( )148.2.7

d

d
1 1

2

2

3
t

tt

c

tv
=-  

ȠȢɱȵɣȽȢɱǵ ᾍר ǵ 7.2.148 ǮǶ Ǔ ǞǭǋȒ ↔ר ǵ Ƕ Ǔ ҲǞǭǋȒ

↔ר ǵ ǯǶ ǱȒȉǵǯǞǭ ǍǚǯǓǮǔȒ ɉɣɶɆɱҘἶǮǶ 7.3.18 ǵȏǍǲǠȀǭǵ ↔ר

ǵ șʝ ǜǢȐȓȒǚǯǒȐ ᾍר ǵ ǯǶ ǱȒǚǯǶ ȐǒǮǉȒ ǚǵǚǯǶ  ɫɶɪɱɂẀ

ǵ ǵ╛ 7.3.54 ǓȪɨɪȢẀ ǵ ǵ╛ 7.3.18 ǯǶ ǱȒǚǯǒȐȉ ȐǒǮǉȒ Ǔ ↔ר S

Кș ҲǞǭǋȒ tDǶ 7.2.151 ǵȏǍǲ Ǥǵ Ǔ ǞǭǋȒ ↔ר S ǵ ǵⱨѝș ǮǔȒ

ʝ ǲ 5.50 Ǔ ǠȒḹֻǮǶ 7.2.151 Ƕ 7.3.55 ǲ ǮǔȒ 7.3.55 ș̓ ǠȒǯ 7.3.56 ș Ǯ

ǔȒ 7.3.56 ǮǶ ↔ר S ǵ Ƕ ↔ר Sǵ ǲ ̧ǞǭǋȒǚǯș ǞǭǋȒ  

( )54.3.7444342411 3tazayaxat Ö+Ö+Ö+Ö= ɫɶɪɱɂẀ Ǯǵ ǵ╛ 

()
()( )

( )151.2.71d
2

2

1 3t
c

tv
tt DÖ-=  

( )50.511
2

2

3Ŝ
c

v
- ̌ὑ 

() ( )55.3.7d 1 3ttt Dº  

( )56.3.71 3tt º  

 

ᾍר ǵ Ҳ 7.3.1 ǵ x ѝș 7.3.57 Ǯ ǠȒ Ҳ ǯǞǭ Ǎ 7.3.14 ǵ ѝș 7.3.58

Ǯ ǠȒ 7.3.57 ǑȏǺ 7.3.58 ș̓ ǠȒǯ ̧╛ 7.3.15 ǵ x ǵ ѝǶ ̧╛ 7.3.59 ǯǞǭ Ǯ

ǔȒ  

() ( ) ( )1.3.70),( 3cvtvm ¢¢Öv ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ  

() ( )57.3.7
d

)(d
3

t

tx
vm Ö  

( ) ( )58.3.70,
d

)(d
0 3cvv

t

tx
m ¢¢Ö  

() ( ) ( )15.3.70),()(0 3cvvtvmtm ¢¢ÖºÖ vv  

() ( ) ( )59.3.70,
d

)(d

d

)(d
0 3cvv

t

tx
vm

t

tx
m ¢¢ÖºÖ Ҳ ǵ ̧╛ 
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7.3.59 Ǔ ǠȒ ǜǵӢ КǮ 7.3.9 ș̌ὑǞǭ Ҳ ǯǞǭ 7.3.60 ș ǮǔȒȉǵǯǠȒ Ҳ

7.3.60 ǵ ǵ ѝǶ 7.3.61 ǲ ǮǔȒ  

( )9.3.700N 3mm = ̌ὑ 

( )( )60.3.70),()( 00N 3cvvtmtm ¢¢Ö=Ö vv  

( ) ( )61.3.70,
d

)(d

d

)(d
00N 3cvv

t

tx
m

t

tx
m ¢¢Ö=Ö  

7.3.61 ǵ‼ ǶɉɣɶɆɱҘἶǵ Ҳ ǮǉȒ 7.3.61 ǵȏǍǲɉɣɶɆɱҘἶǵ Ҳ ǲ Ǟǋȉǵǯ Ǐ

Ȓ ᾍר ǵ ș̓ ǞǦ Ҳ ǵ όșǠȒ ǵὑ 3.7 ș̓ ǠȒǯ 7.3.52 Ƕ Ҳ

ǵ ͜╛ 7.3.61 Ǔ ǠȒ ǵ ǜǵӢ Ǯǵ ǮǉȒ  

() ( ) ( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

() ( ) ( )52.3.70,1
2

2

0 3cvv
c

v
vmm ¢¢-Ö=  

7.3.61 ǵֳ ǵ Ҳ ǲ 7.3.62 ǵֻ ǵⱨѝ ș̌ὑǠȒ 7.3.62 ǵ‼ ǲ 7.3.52 ș̈ЊǠ

Ȓǯ 7.3.63 ș ǮǔȒ  

( ) ( )62.3.70,
d

)(d

d

)(d

d

)(d 1

1

1
00 3cvv

t

tt

t

tx
m

t

tx
m ¢¢ÖÖ=Ö  

() ( ) ( )63.3.70,
d

)(d

d

)(d

d

)(d
1 1

1

1
02

2

3cvv
t

tt

t

tx
m

t

tx

c

v
vm ¢¢ÖÖ=Ö-Ö  

7.3.63 ǵֳ ǲǶⱨѝ͜ 7.2.148 ǵֳ Ǔ ǜȓǭǋȒ 7.3.63 ǵֳ ǲⱨѝ͜ 7.2.148 ǵ‼ ș

̈ЊǠȒǯ 7.3.64 ǲǱȒ 7.3.64 Ƕ 7.3.65 ǲ ǔ ǠǚǯǓǮǔȒ ╛ 7.3.66 Ǔ₡ǲ ǠȒǱȐǷ

╛ 7.3.65 Ǔ₡ǲ ǠȒ  

()( ) ()
( )148.2.7

d

d
1 1

2

2

3
t

tt

c

tv
=-  

() ( ) ( )64.3.70,1
d

)(d

d

)(d
1

2

2

1

1
02

2

3cvv
c

v

t

tx
m

t

tx

c

v
vm ¢¢-ÖÖ=Ö-Ö  

() ( ) ( )65.3.70,01
d

)(d

d

)(d
2

2

1

1
0 3cvv

c

v

t

tx
m

t

tx
vm ¢¢=-Öö

ö
÷

õ
æ
æ
ç

å
Ö-Ö  

() ( ) ( )66.3.70,0
d

)(d

d

)(d

1

1
0 3cvv

t

tx
m

t

tx
vm ¢¢=Ö-Ö  

╛ 7.3.66 ǒȐ 7.3.67 șᾚїǮǔȒ 7.3.67 ǵ‼ Ƕ ᾍר ǵ Ҳ 7.3.1 ǵ x ѝǮǉȒ

ǦǧǞ Ҳ 7.3.1 ș̓ ǠȒ ǜǵӢ Ǔ ǱȒ  

() ( ) ( )67.3.70,
d

)(d

d

)(d

1

1
0 3cvv

t

tx
m

t

tx
vm ¢¢Ö=Ö  

() ( ) ( )1.3.70),( 3cvtvm ¢¢Öv ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ  

7.3.61 ǵֳ ǲǶ 7.3.52 ș ǞǭǋȒ 7.3.68 Ƕ Ǔ ǞǭǋȒ ↔ר S ǵ ș̓

Ǟǭ ǞǦ ↔ר Sǵ ↓ɗȭɆɩǵ x ѝǯǞǭ ǮǔȒ ǯ ↓ɗȭɆɩș ǘǭǑȑ 7.3.67

ǵ‼ Ƕ Ҳ ș ǞǭǋȒǵǮ 7.3.67 ǵֳ ș Ҳ ǯǞǭ ǏȒǚǯǓǮǔȒ  
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( )68.3.7
d

)(d

1

1 3
t

tx
 

7.3.68 ș̓ Ǟǭ ǤǵȏǍǱ ↓ɗȭɆɩș̌ὑǠȒǯ 7.3.69 Ǯ ǮǔȒ 7.3.62 ǵֳ ǲ Ǟǭǋ

Ȓⱨѝ͜ 7.2.148 ǵ Ƕ 7.3.70 Ǯ ǮǔȒ 7.3.70 ǵֳ ǵѝ ǲ 7.2.148 ș̈ЊǠȒǯ 7.3.71

ǲǱȒ  

( )69.3.7  
d

)(d
,

d

)(d
,

d

)(d
)(

1

1

1

1

1

1
1 3öö

÷

õ
æ
æ
ç

å
=

t

tz

t

ty

t

tx
tsv  

( ) ( )62.3.70,
d

)(d

d

)(d

d

)(d 1

1

1
00 3cvv

t

tt

t

tx
m

t

tx
m ¢¢ÖÖ=Ö  

()
( ) ( )70.3.70,

d

)(d

1

d

d

11

1 3cvv

t

ttt

tt
¢¢=  

()

()( )
( ) ( )71.3.70,

1

1

d

d

2

2
1

1 3cvv

c

tvt

tt
¢¢

-

=  

7.3.62 ǵȏǍǱֻ ǵⱨѝ Ǔ ǠȒǚǯș̌ὑǞǭǋȒǵǮ 7.3.67 ǵֳ ǵ Ҳ Ƕ 7.3.72 Ǯ

ǮǔȒ 7.3.72 ǵʰ ǲǶ ș ǞǭǋȒ Ҳ ǵ x ѝ 7.3.72 ǒȐ ↓ɗȭɆɩǵ ѝ 7.3.73

ș ǮǔȒ 7.3.73 ǵȏǍǱֻ ǵⱨѝ Ǔ ǠȒǚǯș̌ὑǠȒǯ 7.3.69 Ƕ 7.3.74 Ǯ ǮǔȒ

↓ɗȭɆɩ 2.16 Ƕ 7.3.75 Ǯ ǮǔȒ ↓ɗȭɆɩ 7.3.75 ș̓ ǠȒǯ ↓ɗȭɆɩ 7.3.74 Ƕ 7.3.76

Ǯ ǮǔȒ  

()
( ) ( )72.3.70,

d

d

d

)(d

d

)(d

1

1
0

1

1
0 3cvv

t

tt

t

tx
m

t

tx
m ¢¢ÖÖ=Ö  

()
( ) ( )73.3.70,

d

d

d

)(d

d

)(d

1

1

1

1 3cvv
t

tt

t

tx

t

tx
¢¢Ö=  

( )74.3.7  
d

)(d
,

d

)(d
,

d

)(d

d

)(d
)(

1

1
1 3ö

÷

õ
æ
ç

å
Ö=

t

tz

t

ty

t

tx

t

tt
tsv  

( )16.2 )( 3kjiv zyx vvvt ++=  

( )75.3.7 
d

)(d
,

d

)(d
,

d

)(d
)( 3ö

÷

õ
æ
ç

å
=

t

tz

t

ty

t

tx
tv  

( )76.3.7 )(
d

)(d
)(

1

1
1 3t

t

tt
ts vv Ö=  

ǮǶ 7.3.76 ș̓ Ǟǭ ǵ♥ӭǮ ǵЋȦɋɩȬɶș ǠȒǵǲ̓ ǠȒ 7.3.56 ș̌ὑǞǭ

7.3.69 7.3.74 ǑȏǺ 7.3.76 ǮǶ ↔ר S КǮǶ Ƕ ǞǭǋȒǚǯș̌ὑǞǭǋȒ  

( )56.3.71 3tt º  

ⱨѝ͜ 7.3.71 ǵὑ Ӣ ș █Ǟǭ 7.3.77 ș ǠȒǚǯǓǮǔȒ 7.3.77 ǵὑ Ӣ ǵ ǮǶ 2.24

ș̓ ǞǭǋȒ  

()
( ) ( )77.3.70,

d

d

1

1 3cv
t

tt
<¢¤<  
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( )( )24.20, 3²Í= vv Rv  

7.3.77 ǵ ǜǵӢ Ǯ ₴ ᷀ǵ ἶ ǑȏǺ ἶ ǮǶ Ҳ ɗȭɆɩ 7.3.78 ș̌ὑǮǔȒ

Ҳ ɗȭɆɩ 7.3.78 ǮǶ 7.3.72 ǵȏǍǱֻ ǵⱨѝ Ǔ ǠȒǚǯș̌ὑǞǭǋȒ Ҳ ɗȭɆɩ

7.3.78 ǵ x ѝǶ 7.3.79 Ǯ ǮǔȒ ʝ ǲ 7.3.79 Ƕ 7.3.80 Ǔ ǠȒḹֻǲ ֯ ǮǉȒ  

( ) ( )78.3.70),( 10 3cvtm s <¢Öv  

() ( ) ( )79.3.70,
d

)(d

d

)(d

1

1
0 3cv

t

tx
m

t

tx
vm <¢Ö=Ö  

()
( )80.3.70

d

d 1 3¸
t

tt
 

7.3.80 ș̌ὑǞǭ 7.3.79 ǒȐ Ҳ 7.3.81 ș ǮǔȒ 7.3.81 Ƕ ↔ר SКǵ ǵ Ҳ ǯǞ

ǭ ǞǭǋȒ 7.3.81 ǵֳ ǵ Ƕ Ǥǵ Ǔ ǞǭǋȒ ↔ר S ǵ ǮǉȒ ↔ר S КǮ

Ǥǵ ǵ Ƕ 7.3.81 ǵֳ ǵ ǲǱȒ 7.3.81 ǵֳ ǵ ǵ ǜǵ ᶪǮǶ ǶɉɣɶɆ

ɱҘἶǵ ǯǶ ǞǋȉǵǯǶʝ ǲǶ ǏǱǋ 7.3.81 ǵֳ ǵ Ҳ Ƕ 7.3.81 ǵ‼ ǵ Ҳ ǲ Ǟǋȉ

ǵǮ ᾍר Ǯ̓ ǠȒ 7.3.82 ǵ Ҳ ǮǉȒ  

() ( )( )81.3.70),()( 10 3cvtmtvm s <¢Ö=Ö vv  

() ( )( )82.3.70),( 3cvtvm <¢Öv ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ  

Ҳ 7.3.82 Ƕ Ҳ 7.3.1 ǵȏǍǲ ʴǵϽǵ ǜǵḹֻǲǶ̓ ǮǔǱǋ Ǔ ʴǵϽǵ ǜǮǉ

ȒḹֻǲǶ̌ὑ 7.3.80 ș ǞǱǖǱȒ ǚǵǚǯǮ 7.3.81 ǵֳ ǵ ↓ɗȭɆɩș ǮǔǱǖǱȒ  

() ( ) ( )1.3.70),( 3cvtvm ¢¢Öv ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ  

Ҳ 7.3.81 ǵֳ Ǯǵ ↓ǵ Ƕ Ǔ ǞǭǋȒ ↔ר S ǵ̬ ǵ ǵ ǮǉȒ ȪɨɪȢẀ

ǵ 7.3.18 ǶǠȀǭǵ ↔ר Ǯֿ Ǟǭǋǭʝ ǞǭǋȒǚǯǶ ǲ șǞǦ ǠȀǭǵ ↔ר Ǯ

Ǔֿ ǞǭǋȒǚǯǮ ɉɣɶɆɱҘἶǵ ↔ר ǮǶǹǯǫǵ ǓǉȒǚǯǮ ș ǠȒǚǯǓǮǔȒ

ʝ ᾍר Ǯǵ Ǔ ǞǭǋȒ ↔ר S ǵ ǵ Ƕ ǵ ǞǭǋȒ̬ ǵǹǯǫǵ ǵ

ǮʦǏȒǚǯǓǮǔȒ ♥ ǮǶǚǵ ǵ ș̌ὑǞǭǋȒǚǯǓ Ѽ ǲǱȒɉɣɶɆɱҘἶǵ ↔ר

ǵ ǵ ǯǶ ǱȒ ǚǵȏǍǱ ↔ר ǵ ǵʦǏ Ǔ Ҳ 7.3.81 ǵֳ ǵ ǮɉɣɶɆɱҘἶ

ǵ Ҳ ǯǶ ǱȒ ǮǉȒ ȪɨɪȢẀ ǵ ǵ╛ 7.3.18 ǲ ̧ǠȒḹֻǶ 7.3.76 Ǯ ǵ ̧╛ 7.3.56

ș̌ὑǞǭ ǞǦ  

( )18.3.71 3tt = ȪɨɪȢẀ ǵ ǵ╛ 

ⱨѝ͜ 7.2.148 ǵ Ιș ǠȒ 7.3.83 ǵḹֻǶ Ǥǵ ΙǶ 7.3.84 ǲǱȒ 7.3.84 ǵ Ι

ǵḹֻǮǶⱨѝ͜ 7.2.148 ǵ‼ ǒȐ̌ὑ 7.3.80 ș ǠȒǚǯǶ ȐǒǮǉȒ  

()( ) ()
( )148.2.7

d

d
1 1

2

2

3
t

tt

c

tv
=-  

( )83.3.7 3cv­  

()
( )84.3.7 0

d

d
lim 1 3=
­ t

tt

cv
 

7.3.83 ǵḹֻǮǵ Ҳ 7.3.79 ǵ Ιș όǠȒ 7.3.83 ǵḹֻǮǶ Ƕ ↔ר SКș ʴǵ

Ͻǵ ǜǲ ȑǱǖ ǋ ǜǮ ҲǞǭǋȒȉǵǯǠȒ ǤǵȏǍǱḹֻǮǶ 7.3.79 ǵ‼ ǲ ǞǦ ǵ ↓

ɗȭɆɩǵ x ѝǶ 7.3.85 ș ǠȒ   



A LIFE COM.  
”ₔ⅜⌂₥╒” ‗ ”  

 
 

71 

() ( ) ( )79.3.70,
d

)(d

d

)(d

1

1
0 3cv

t

tx
m

t

tx
vm <¢Ö=Ö  

( )85.3.7
d

)(d
lim,0

d

)(d
lim 3¤̧¸

­­ t

tx

t

tx

cvcv
̌ὑ 

7.3.79 Ǯǵ 7.3.83 ǵ Ιș ǠȒǯ 7.3.86 ǲǱȒ ↔ר SКǵ ǯǞǭ ǍϽǓ ʴǵϽǵ

ǜǮ ҲǠȒḹֻǶ ǤǵϽǵȦɋɩȬɶș a.3.1 Ǯ ǮǔȒ ǤǵϽǵ ר Ƕ a.3.2 Ǯ ǮǔȒ Ǥ

ǵ Ƕ ΙǮǉȒȉǵǯʝ ǲ ǏȒĚĚǦǯǏǷ ϽἧǵȦɋɩȬɶ 7.1.19 ǮʦǏȒǚǯǓǮǔȒĚĚ  

() ( ) ( )86.3.70,
d

)(d
lim

d

)(d
lim

1

1
0 3cv

t

tx
m

t

tx
vm

cvcv
<¢ö

ö
÷

õ
æ
æ
ç

å
Ö=ö

÷

õ
æ
ç

å
Ö

­­
 

( )19.1.7)( 3nÖ=hcE Ͻἧǵ ǫȦɋɩȬɶ 

7.3.86 ǵ‼ Ƕ Ιǵ ǑȏǺ Ιǵ ↓ǵ x ѝǮǵ ǮǉȒǵǮ 7.3.87 ǵȏǍǱ ΙǲǱȒȉǵ

ǯ̌ὑǮǔȒ 7.3.87 Ǔ ǠȒǱȐǷ 7.3.86 ǵֳ Ƕ 7.3.88 Ǯ ǮǔȒ  

() ( ) ( )87.3.70,,0,
d

)(d
lim 3¸¤<<¢=ö

÷

õ
æ
ç

å
Ö

­
cxcxcx

cv
ppcvp

t

tx
vm  

( ) ( )88.3.70,0
d

)(d
lim

1

1
0 3cv

t

tx
m

cv
<¢ö̧

ö
÷

õ
æ
æ
ç

å
Ö

­
 

7.3.88 ǵ‼ ǵ ↓ɗȭɆɩǓ 7.3.89 ș ǠȒȉǵǯ̌ὑǠȒǯ 7.3.88 ǵ‼ ǵ Ƕ 7.3.90 ǲ

ǱȒȉǵǯ ǏȒǚǯǓǮǔȒ 7.3.88 ǵ‼ ǮǶǓŎǯ Ιǵ 0Ǯǵ ǮǉȒǵǮʥὑ◐ǮǉȒȉǵǯ Ǎǚǯ

ǲǱȒ 7.3.87 Ǔ ǠȒǱȐǷ 7.3.88 Ƕ ΙǲǱȒȉǵǯ ǏȒ ǚǵǚǯǮǶ 7.3.89 ǑȏǺ 7.3.90

ș̌ὑǠȒǚǯǶ ǯ șרֻ ȒǚǯǓǮǔȒ  

( ) ( )89.3.70,
d

)(d
lim

1

1 3cv
t

tx

cv
<¢¤=

­
 

( )90.3.70lim 0 3=
­

m
cv

 

7.3.83 Ǯǵ Ιș ǵ ǵὑ 3.7 Ǯ ǠȒǯ 7.3.91 ǲǱȒ 7.3.91 Ƕ 7.3.90 ǲʝ Ǡ

Ȓ ǮǉȒ 7.1.64 ǵḹֻǶ 7.1.63 ǲǱȒǚǯǶ ǲ șǞǦ  

() ( ) ( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

() ( ) ( )91.3.70,01limlim
2

2

0 3cv
c

v
vmm

cvcv
<¢=

ö
ö

÷

õ

æ
æ

ç

å
-Ö=

­­
 

( )64.1.73cv=  

() ( )63.1.701
2

2

0 3=-Ö=
c

c
cmm  

 

 

ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ 3.8 ǶɉɣɶɆɱҘἶǵ 7.3.4 ǯǶ ǱȒ Ǔ Ǳ

ȒǚǯǮ Ǥȓǥȓǵ Ǯǵ Ҳ Ǔ ǱȒǚǯș Ǯ όǞǭǔǦ ɉɣɶɆɱҘἶǵ Ҳ 7.3.12 Ƕ
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ș̓ ǞǦ Ҳ ǯǶ 7.3.17 ǉȒǋǶ 7.3.60 Ǯ ǮǔȒḹֻș ǲ ǞǦ ǤȓȐǵ Ҳ ș̓

ǞǭɉɣɶɆɱҘἶǮ̓ ǠȒ Ҳ ╛ș Ǟǭ ǲ̸ ǠȒֻҘș ǮǔȒǚǯǶ ȐǒǮǉȒ Ǥǵȏ

ǍǱ Ҳ ǮǶ ǵ ǜǶӢ cvv¢¢0 КǲדȅȓȒⱳ ǓǉȒ  

()( )( )8.30, 3cvvm ¢¢ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ  

( )4.3.70N 3m ɉɣɶɆɱҘἶǮ̓ ǠȒὑ ǯǱȒ  

( ) ( )12.3.70),(0N 3vtm ¢Öv ɉɣɶɆɱҘἶǮǵ Ҳ  

() ( ) ( )1.3.70),( 3cvtvm ¢¢Öv ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ  

( )( )17.3.70),()( 00N 3cvvtmtm ¢¢ÖºÖ vv  

( )( )60.3.70),()( 00N 3cvvtmtm ¢¢Ö=Ö vv  

ᾍר ǮǶ ʴǵϽǵ ǜȅǮ ǵ ǜș ǠȒǚǯǓǮǔȒ ǚǵǚǯǶ ɉɣɶɆɱҘἶǵ

ǵ ǜǓŎȅǮ ὦǜȓȒǵǲᾍǞǭǶ Ǟǖ ⱪ Ǳ ǮǉȒ ǤǵȏǍǱ ǵ ǜǵʝ ǵӢ cvv¢¢0 КǮ

ǵȆɉɣɶɆɱҘἶǯֿ ǵ Ҳ ╛ǵ Ǯǵ ǓǮǔȒǚǯǮ ᾍר ǵ Ҳ ╛ǲ ̧ǵ ͜ș

ǏȒǚǯǲǱȒ ʴǵϽǵ ǜșדȅǱǋ ǵ ǜǵӢ КǮ 7.3.79 Ǔ ǠȒǚǯǶ ᾍר ʣ

ǮǶᾚїǮǔǦ  

() ( ) ( )79.3.70,
d

)(d

d

)(d

1

1
0 3cv

t

tx
m

t

tx
vm <¢Ö=Ö  

ʝ ǲȠȢɱȵɣȽȢɱǓʹ ǞǦɉɣɶɆɱǵ Ҳ ╛Ƕ 7.3.79 ǵ ǜǵӢ КǮǵ ǮǉȒ ǵ

ȑǮǶ ǤǵȏǍǱ ǜǵӢ КǮǵ ᾍר ǵ Ҳ ╛ǵ ǲǫǋǭ όǠȒ ǤǞǭ ǵЋȦɋ

ɩȬɶǯǵ ͜șᾚїǠȒ  

ɉɣɶɆɱҘἶǵ Ҳ ╛ǯǵʥʝ ǒȐ ᾍר ǵ Ҳ ╛ǵᾚїș ǏȒǚǯǲǱȒ Ҳ ǵ

ǲᾍǠȒẀӓ Ǯὑ ǠȒ Ҳ ╛Ƕ ȠȢɱȵɣȽȢɱǵ ᾍר ǮȉǠȀǭǵ ↔ר Ǯֿ ǲ Ǯ

ǔȒ
ɵ ɵ

ǮǉȒ ɉɣɶɆɱҘἶǮǶ ș ǠȒ ǲǶ Ҳ ╛ș̓ ǠȒ ĚĚ ר ș ǠȒ

ĚĚǯʠ ╠Ҙǵ Ѹș̓ ǠȒ ĚĚ Ҙ ș ǠȒ ĚĚǓʦǏȐȓǭǋȒ ɉɣɶɆɱҘἶǵ Ҳ

7.3.92 ș̓ ǠȒǯɉɣɶɆɱǵ Ҳ ╛Ƕ 7.3.93 Ǯ ǮǔȒ қ ↓ɗȭɆɩ 7.3.94 ș̓ ǠȒǯɉ

ɣɶɆɱǵ Ҳ ╛ 7.3.93 Ƕ 7.3.95 Ǯ ǮǔȒ ɉɣɶɆɱǵ Ҳ ╛ 7.3.95 ǵқ ↓ 7.3.94 Ƕ

ȪɨɪȢẀ ǮǶֺ ↔ר Ǯ Ǟǋǚǯș ǲ ǞǦ ɉɣɶɆɱǵ Ҳ ╛ 7.3.95 ǮǶқ ↓ 7.3.94

Ǯ ҲǞǭǋȒ ǵ ר Ǔ ǱȒǚǯǮֻҘ Nf Ƕ ǱȒ  

( )( )92.3.70),()( 0NN 3vtmt ¢Ö= vp  

( ) ( )93.3.70,
d

)(d N
N 3v

t

t
¢=

p
f ɉɣɶɆɱǵ Ҳ ╛ 

( ) ( )94.3.70,
d

)(d
N 3v

t

t
¢=

v
a  

( ) ( )95.3.70,N0NN 3vm ¢Ö= af  

ǵȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ Ҳ Ǔ 7.3.96 ǮǉȒǵǮ Ҳ ╛ș 7.3.97 Ǯ ǮǔȒ

Ҳ ╛ 7.3.97 Ƕ ᾍ 2.23 ș̓ ǞǦ Ҳ 2.20 2.22 Ǯ ǠȒ Ҳ ╛ǯǶ ǱȒ

ǤǵȏǍǱ Ҳ ╛ǮǶ Ҳ 2.20 2.22 Ƕ ʴǵϽǵ ǜ 2.6 ǵḹֻșדȚǮǋǱǋ ǚǵǚǯǶ

ᾍ 2.23 ǵὑ Ӣ 2.25 ǲ ʴǵϽǵ ǜǓדȅȓǭǋǱǋǚǯǮ ȐǒǮǉȒ ǵ ǮǶ

ʝ ǱȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ ╛Ƕ ᾍ 2.23 ș̓ ǞǦȉǵǮǉȒ  
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() ( )( )96.3.70),()(S 3cvtvmt ¢¢Ö= vp  

( ) ( )97.3.70,
d

)(d S 3cv
t

t
¢¢=

p
f ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ Ҳ ╛ 

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

( )20.23
xx

vmp Ö=  

( )21.23
yy

vmp Ö=  

( )22.23
zz

vmp Ö=  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

( )25.2 0 3cv<¢  

ǤǵȏǍǱ Ҳ ╛Ǯ ǍǚǯǶǮǔǱǋ ǵ ǜ 7.1.64 ǵḹֻǮȉ
ɵ ɵ

ǵ Ҳ ╛ 7.3.97 Ƕ ʣǮǶ

̓ ǮǔȒ ǮǶ ר ș 3.8 Ǯ̌ὑǞǭ ș 3.7 Ǯὑ ǞǭǋȒ ר Ƕ ǵЋȦɋɩ

Ȭɶ a.3.1 ǒȐ a.3.2 Ǯ ǠȒ ș ǲ ȦɋɩȬɶǒȐ ǠȒ ǯ ǵὑ 3.7

ǒȐ ǠȒ ș ǏȒǚǯǓǮǔȒ  

( )64.1.73cv=  

()( )( )8.30, 3cvvm ¢¢ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ  

() ( ) ( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

ǚǵȏǍǱ Ƕ Ǔ ǲ ȆǦȉǵǮǉȒ ǚǵȏǍǱ ǮǶ ǵЋȦɋɩȬɶ a.3.1 ș ǠȒ

ǚǯǶʝ ǲᶩ ǮǉȒǓ ἶ Ǯǵֺ ǵ ͜ș ȒʣǮ֓ ǲǱȒȉǵǯ Ƕ ǏȒ ǵȏǍǲ

ǠȒǚǯǮ ᾍר ǮǶ ǵὑ șʦǏȒǚǯǶǮǔǭǋǱǋ ǚǵ ǮǶ ǵὑ șʦǏ

ȒǲǶ̀ǵ ἶ ș̓ ǠȒǚǯǲǱȒȉǵǯ ǏȐȓȒ ǵЋȦɋɩȬɶș ǲ ȒǚǯǶǮǔǱǖǭȉ

ǵȦɋɩȬɶǵͪἭѸș̓ Ǟǭ ǵȦɋɩȬɶǵẀӓ ǒȐ ǵЋȦɋɩȬɶǵẀӓ ș ǮǔȒ

ḹֻǶ ǏȐȓȒ Ǥǵ ǵЋȦɋɩȬɶǵẀӓ ǒȐ ǵ ǵẀӓ ș ʣǶ ǮǔȒ ǚǵȏǍǱǚǯ

Ƕ Ҙἶǵ 1 ѸǒȐȉ ʣǶֿ ǲ ǏȐȓȒ  

ʠ ╠Ҙǵ ѸǶɉɣɶɆɱǵ Ҳ ╛ș̓ ǞǭᾚїǜȓȒȉǵǮǉȒ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ

ǵ ↔ר ǮǶ ʣ ǵȏǍǲɉɣɶɆɱǵ Ҳ ╛Ǔʹ ǜȓǭǋȒǵǮɉɣɶɆɱǵ Ҙ șʦǏȒʠ ╠

Ҙǵ ѸǓ̓ ǮǔǱǋᵂ Ǔ ǟȒ ʠ ╠Ҙǵ ѸǓ̓ ǮǔǱǋǚǯǒȐ ǞǭǋȒ ǵ ș ǠȒ

ǲ Ҙș̓ ǞǦɉɣɶɆɱҘἶǵ Ǔ̓ ǮǔǱǋ ȠȢɱȵɣȽȢɱǵ ᾍר Ƕ ȅǱǋ ↔ר

ἶǑȏǺ ǲǫǋǭǵ ͜ș Ǎ ҲἶĚĚkinematics ĚĚșḨ ǲǞǦ ḸףǮ ǜȓǦ ǮǉȒ

ȠȢɱȵɣȽȢɱǵʝ ᾍר ǮǶ Ҙș ǠȒ ǲқ ↓ ҲǠȒ↔ ș̓ ǠȒ ǤǵȏǍǱ Ҙș

Ǎ ᾍר ǵ ǮǶ ʣ ǵ ҲἶșḨ ǲǞǦ ᾍר Ǯǵ șꜘ ǞǭǋȒ ȠȢɱȵɣȽȢɱǵ

όǮǶ ̌ὑǞǦқ ↓Ǯǵ ↓ǲᾍꜘǠȒ ᾍר ǵ ↔ר ǵ ș̓ Ǟǭ ר ǑȏǺ Ҙ Ǔ

Ǟǋǚǯș ǟǭǋȒ  

 

Ҳ 7.3.79 ș̓ ǞǦ Ҳ ╛ǵ όș ǘȒ ǚǵ Ϸ ǮǶ Ϸ ǵɗȭɆɩǮǉȒ 7.2.10
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ǑȏǺ 7.2.11 ș ǮǔȒ ↔ר S ǮǶ Ƕ Ǟ ǘȒȉǵǯǠȒ  

() ( ) ( )79.3.70,
d

)(d

d

)(d

1

1
0 3cv

t

tx
m

t

tx
vm <¢Ö=Ö  

( ) ( )10.2.7,,, 3tczyx Ö  

( ) ( )11.2.7,,, 1111 3tczyx Ö  

↔ר SǮ̌ὑǠȒ Ϸ ǵɗȭɆɩ 7.2.10 ș ↔ר S Ǯ̌ὑǠȒ Ϸ ǵɗȭɆɩ 7.2.11

ǵ 1t ǮⱨѝșǞǭ 7.3.98 ș ǮǔȒ 7.3.98 ș ↓ɗȭɆɩǯǞǭ Ǎ ↓ɗȭɆɩ 7.3.98 ș 1t

ǮⱨѝșǞǭ 7.3.99 ș ǮǔȒ 7.3.99 șқ ↓ɗȭɆɩǯǞǭ Ǎ  

()
( )98.3.7

d

d
,

d

)(d
,

d

)(d
,

d

)(d

1

1

1

1

1

1

1

1
f1s 3öö

÷

õ
æ
æ
ç

å
Ö=

t

tt
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ǵЋȦɋɩȬɶǵẀӓ 7.3.131 ǯ Ϸ ǵɗȭɆɩǯǵ ͜ǲǫǋǭ όǠȒ Ҳ ɗȭɆɩ

7.3.100 ǵֺ ѝǲὑ ǮǉȒ ʴǵϽǵ ǜș ǘȒǯ 7.3.171 ǲǱȒ  
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ǵẀ ǵ╛ 7.3.10 ș ǔ Ǐǭ 7.3.172 ș ǮǔȒ 7.3.172 ș̓ ǠȒǯ 7.3.171 ǵ 7.3.2 ǵ

ѝǶ 7.3.173 ǵȏǍǲ ǔ ǏȒǚǯǓǮǔȒ  

()
()
( ) ( )10.3.70,

d

d 1
0 3cv

t

tt
vmm ¢¢Ö=  

()
()( ) ( )172.3.70,

d

d

1

1
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t
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( )2.3.73tcÖ  

 ( ) ( )173.3.70,)(,
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)(d
,

d
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,
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)(d 2
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1
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t
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ö
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õ
æ
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å
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↔ר S Ǯǵ ǵ Ҳ Ƕ 7.3.79 ǵȏǍǱ ͜șͪἭǞǭǋȒȉǵǯ̌ὑǞǭǋȒǵǮ 7.3.173 ǵ x

ǑȏǺ z ǵֺ ѝǶ 7.3.174 ǵ x ǑȏǺ z ǵֺ ѝǮ ǮǔȒ 7.3.174 ǵֺ ѝǶ ↔ר

Sǵ tǮ ǮǔȒ ǯǞǭ ǍǚǯǓǮǔȒ  

() ( ) ( )79.3.70,
d

)(d

d

)(d
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1
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tx
m

t

tx
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t
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å
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ᾍ 2.23 ș̓ ǞǦ Ҳ 2.20 2.22 ș̓ ǠȒǯ 7.3.174 Ƕ 7.3.175 Ǯ ǮǔȒ 7.3.175

ǵֺ ѝǵӴ̬ǶȦɋɩȬɶǵӴ̬ǮǉȒ J Ǯ ǮǔȒ 7.3.172 ǑȏǺ ᾍ 2.23 ș̓ ǞǦ

Ҳ 2.20 2.22 ș̓ ǠȒǯ Ҳ ɗȭɆɩ 7.3.100 Ƕ 7.3.176 Ǯ ǮǔȒ  

( )23.2

1
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( )21.23
yy

vmp Ö=  

( )22.23
zz

vmp Ö=  

( )( ) ( )175.3.70,)(,)(,)(,)( 2 3cvcvmctpctpctp zyx <¢ÖÖÖÖ  

( )( ) ( )176.3.70,)(),(),(),( 3cvcvmtptptp zyx <¢Ö Ҳ ɗȭɆɩ 

Ҳ 7.3.79 ǵֳ ǮǶ ֻҘǵɗȭɆɩ 7.3.155 Ǯ ǵЋȦɋɩȬɶǵẀӓ 7.3.170 ǵ ͜șᾚїǮ

ǔǦ ǵ ǮǶ ʝ ǲǶ 7.3.155 ǵȏǍǱֻҘǵ ǶǞǱǋǮ ↔ר Sǵ tș̓ ǞǦ 2.17

2.19 ǵȏǍǱ Ҳ ╛ș̓ ǠȒ  
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7.3.79 ǵֳ ǲǶ Ǔ ǜȓǭǋȒ ǮǶ ș 3.7 Ǯὑ ǞǦ ǮǶ ǵ╛

3.7 șᾚїǠȒ  

() ( ) ( )7.30,1
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2

0 3cv
c

v
vmm ¢¢-Ö¹  

7.4 ᾍר Ǯǵ Ϸǵɨɶɜɱ Ǯ όǠȒ ǵ Ҳ ǑȏǺȦɋɩȬɶș ǞǦ↔  

ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ↔ר S ǑȏǺ ↔ר S ǵǤȓǥȓǲ Ϸ ș ǏȒǚǯǓ

ǮǔȒ Ǥȓǥȓǵ Ϸ ǮǵɗȭɆɩș 7.2.10 ǑȏǺ 7.2.11 Ǯ ǞǦ ǵ♥ӭǮǶ ↔ר

S ǵ 1t Ǯ ↓ɗȭɆɩ 7.3.98 ș ǞǦȉǵș̓ Ǟǭ ǲ̸ ǠȒֻҘǑȏǺǤǵ ǵЋȦɋɩȬɶǵ

Ẁӓ ǯǵ ͜ 7.3.170 ș όǞǦ  
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ǮǶɗȭɆɩ 7.2.10 ǒȐ ↔ר S ǵ tǮⱨѝǞǦ ↓ɗȭɆɩ 7.3.101 ș̓ Ǟǭ

ǵᾚїǲǫǋǭ όǠȒ ǤǵᾚїǮǶ ɗȭɆɩ 7.2.11 ǒȐ ↔ר Sǵ tǮⱨѝǞǦ ↓ɗȭɆɩ 7.3.102

ș̓ Ǟǭ Ϸ ǵ Ҳ ǵʥẀרǲǫǋǭ ǠȒ  
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ǮǶ 3.8 ș̌ὑǞǭ ǟǭǋȒ ↔ר SКǲ 3.8 ǵ ș̌ὑǠȒ Ǥǵ ǵ Ҳ
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ș Ϸ ǵɗȭɆɩǮǶ 7.4.1 Ǯ ǮǔȒ Ҳ ɗȭɆɩ 7.4.1 ǲǶ 7.3.2 ǵ ǵ ѝǲ

Ҳ 7.3.3 Ǔ ǜȓǭǋȒ Ҳ ɗȭɆɩ 7.4.1 Ƕ 3.8 ǯ ↓ 7.3.101 ș ǘǦȉǵǮǉȒ

ǚǵȏǍǱ Ҳ ǵ ǶɉɣɶɆɱҘἶǯ ̧ǮǉȒ 7.4.1 ǮǶ Ƕ ǜǵ 3.8 Ǯǉȑ 7.3.2

ǵ ѝǮǶ Ҳ 7.3.3 șᾚЊǠȒǚǯǮɉɣɶɆɱҘἶǯ ǱȒ ș ǮǔȒ  

()( ) ( )8.30, 3cvvm ¢¢ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ  
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( )2.3.73tcÖ  

() ( )( )3.3.70, 3cvcvm ¢¢Ö  

3.8 Ƕ ʴǵϽǵ ǜǮ̓ ǮǔȒ ǵ Ǯǵʝ Ǳ ᾍר ǮǶ ᾍ 2.23

șὑ Ӣ 2.25 ǮᾚЊǠȒ ᾍ 2.23 Ƕ Ǯ̌ὑǞǦ 3.8 ǯǶ ǱȒ ר ǮǉȒ

ר 3.8 Ƕ ǵ ǜǶ 7.1.64 ǵḹֻȉדȈǭ̌ὑǜȓǦȉǵǮǉȒ ʴǵϽǵ ǜ 2.6 ǵḹ

ֻǮǶ ᾍ 2.23 Ƕ̓ ǮǔǱǋ ǚǵǚǯǶ ר ǮǉȒ 2.23 ǯ 3.8 ǯǵ ǱȒ ǯ

Ǟǭ Ǳ ѝǮǉȒ 7.1.64 Ǯ ᾍ 2.23 ǵѝ ș ǠȒǯѝ Ǔ ǲǱǪǭǞȅǍ ǚǵǚ

ǯșᶥ ǠȒǚǯǮ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒ ǵ ר ș ǠȒⱳ ǓǉȒ  
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ᾍ 2.23 ș ǔ ǏȒǯ 7.4.2 ș ǮǔȒ 7.4.2 ǮǶ Ǔ ʴǵϽ

ǵ ǜǮ ҲǠȒ 7.1.64 ǵḹֻǶ̓ ǮǔǱǋ ǮǶ 7.3.91 ǵȏǍǱ ΙǶ ǮǔǦ 7.4.2

ǮǶ Ι 7.3.91 ǯֿ ǵ ǲǱȒ  
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ʴǵϽǵ ǜ 2.6 Ƕ Ϸ ǵ Ҳ ɗȭɆɩș ǠȒ 7.3.2 ʣǵ ↓ǵ ѝǯǞǭ̓ ǠȒ

ʴǵϽǵ ǜǵ ֵǶ ǮǉȒǵǮ ʝ Ǳ ǵ Ȇ ǮǶ ʣǮǶ Ƕ ǓṔқǠȒ ׄǲׄǒǪǭ

ҲǠȒ ǓṔқǠȒ ׄǶ ǲׄǒǪǭ ҲǠȒȉǵǯ ǮǔȒ ș ǠȒ ǲᶫ 7.1.1 ǵ Ǯ

ʴǵϽǵ ǜș̓ ǞǦ ᶫ 7.1.1 ǵ ǮǶ ʴǵϽǓ ҲǠȒ ș̓ Ǟǭ ș ǠȒ Ϸ ǵ

↓ɗȭɆɩ 7.3.101 ǮǶ ǵ 7.3.2 ʣǮ Ƕ ʴǵϽǵ ǜǮ ҲǠȒǵǮ ʴǵϽǵ Ҳ ș

ǮǔȒ Ǥǵ ǵ Ҳ ș̓ Ǟǭ ᶫ 7.1.1ǵ ╛ 7.1.32 Ǯ ș ǮǔȒ ɨɶɜɱ ǓʥẀ

7.2.47 ǲǱȒȏǍǲ 7.1.32 Ǯ ǮǔȒ ǵ ǵ 7.3.2 ș Ϸ ǲᾚЊǞǦ Ǥǵ ǵ 7.3.2

ș ǑȏǺ ǵȏǍǱ̬ ǑȏǺ ș ǠȒװ ǯǞǭ ǮǔȒ  
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( )2.3.73tcÖ  
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r
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D
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() ( ) ( ) ( ){ } ( ) ( )47.2.7
2

1

222222 3tczyxtc DÖ=D+D+D-DÖ  

ʴǵϽǵ ǜǵ ˆǮǶ 7.3.125 ǵӴ̬ș ǮǔǦ ǵ ǜǵӢ Ǔ 2.25 Ǯ 7.3.171 ǶᾚїǮǔǦ

7.3.171 Ƕ ᾍ 2.23 ș̓ ǞǭᾚїǮǔȒȉǵǮǉȒ ǚǵǚǯǒȐ Ǔ ǭǔǦʝ Ǳ

ᾍר ǒȐǮȉᾚїǮǔȒǚǯǲǱȒ 7.3.171 ǵ 7.3.2 ǵ ѝǮǶ 7.3.124 Ǔ ǜȓǭǋȒ 7.3.124

ǶӴ̬ 7.4.3 șȉǫȉǵǯ ǏȒ 7.3.124 Ƕ 7.3.154 ǲ ǮǔǦ 7.3.2 ǵ ǵ ѝǮ 7.3.154 ǵȏǍ

ǲȦɋɩȬɶǵẀӓ Ǔ ǮǔȒǚǯǶ ʴǵϽǵ ǜ 2.6 Ǯ ș ǠȒ 7.3.2 ǵ ѝǲӴ̬ ►

ǦȑǵȦɋɩȬɶǵӴ̬ 7.3.125 ș ǮǔȒǚǯǮ ǮǔȒ  
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7.4.2 ǑȏǺ 7.3.125 ș̓ ǠȒǯ ȦɋɩȬɶǵẀ ǯǞǭ ǮǔȒ╛ 7.4.4 ș ǮǔȒ

Ӣ 2.25 Ǯȉ ǵЋȦɋɩȬɶ 7.3.153 ǶᾚїǮǔȒ 7.2.108 Ǯ ǮǔȒ ǜǶ tș Ẁ ǯ

ǠȒ ǯǞǭ ǏȒ ǚǵǚǯǮ 7.4.4 ǵֳ Ƕ tș Ẁ ǯǠȒȦɋɩȬɶ 7.3.153 ǯ ǜǵ ˆǵ

7.2.108 Ǯ ǞǭǋȒȉǵǯ ǏȒǚǯǓǮǔȒ ǚǵǚǯǶ 7.4.4 ǵֳ Ƕ tș Ẁ ǯǠȒ

ǯǞǭ ǍǚǯǓǮǔȒ   
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7.3.153 șᾚїǠȒǵǲ 7.3.144 ǑȏǺ 7.3.152 ș̓ ǞǦ Ǯǵ 7.3.144 ǵᾚї Ƕ Ǔ ʴ

ǵϽǵ ǜǮ ҲǠȒḹֻ 7.1.64 Ǯȉ̓ ǮǔȒ Ǥǵᾚї ǮǶ ǵὑ 3.7 ș̓ ǞǦ  
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( )64.1.73cv=  

7.3.154 ǶӢ 2.25 Ǯǵ ǮǉȒ Ǔ ʴǵϽǵ ǜǮ ҲǠȒḹֻ 7.1.64 Ǯȉֿ ǲ ǵ ר

ș ǮǔȒḹֻș ǏȒ Ǔ ȆǮ ǞǦ ǵ ǮǶ 3.8 ș̌ὑǞǭ ᾍ 2.25 ș

̓ ǞǱǖǭȉ Ҳ 7.4.1 ǑȏǺ 3.7 ș ǮǔȒȉǵǯ Ƕ ǏǦ 3.7 Ƕ ᾍ

ǒȐ ǔ ǏǱǖǭȉ 7.1.64 ǵḹֻșדȈǭᾚїǮǔȒǚǯș Ǯ ȐǒǲǠȒ  

7.4.4 ǵ‼ Ƕ ǞǭǋȒ ǵȉǫ ȦɋɩȬɶ 3.3 ǮǉȒȉǵǯ ǮǔȒ ȦɋɩȬɶ 3.3

Ƕ ↔ר SКǲ ǞǭǋȒ ǵȦɋɩȬɶǮǉȒ Ϸ ǮǶ ǑȏǺ ǵ ǵ ǜǶ Ǯ

ȉ ǵ 7.3.2 ѝǶ Ǔ ȚǮǋȒǚǯǒȐ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒǚǯǲǱȒ Ϸ ǵ

↓ɗȭɆɩ 7.3.101 ș̓ ǠȒǯ ↔ר КǮ ǞǭǋȒ ǵ ↓ɗȭɆɩǶ 7.4.5 ǲǱȒ 7.4.2

ǑȏǺ ↓ɗȭɆɩ 7.4.5 ș̓ ǠȒǯ Ҳ ɗȭɆɩ 7.4.6 ș ǮǔȒ Ҳ ɗȭɆɩ 7.4.6 ǵ ǵ 7.3.2

ѝǶӢ 2.25 КǮǵ Ҳ 7.3.3 ș ǞǭǋȒ ʝ Ҳ ɗȭɆɩ 7.4.1 ǮǶ Ǔ ҲǞǭǋȒ

ǯǔǵ ș̓ ǞǦ ǲǱȒ Ҳ ɗȭɆɩ 7.4.1 ǑȏǺ Ҳ ɗȭɆɩ 7.4.6 ǵ ͜șʦǏȒǚǯǮ

7.4.2 ǯ ᾍ 2.5 ǯǵ ͜ș ǮǔȒǚǯǓ ǏȐȓȒ  
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( ) ( )5.4.7,0,0,0 3c  

( ) ( )6.4.7,0,0,0 0 3cm Ö  

() () () () ( )1.4.7,
d

)(d
,

d

)(d
,

d

)(d
3ö
÷

õ
æ
ç

å
ÖÖÖÖ cvm

t

tz
vm

t

ty
vm

t

tx
vm Ҳ ɗȭɆɩ 

ǮǶ ǤǵȏǍǱ ͜șʦǏȒǚǯǮ șᾚїǠȒ șᾚїǞǦ♥ǲǶ ǵЋȦɋɩ

Ȭɶǯ ǵ Ҳ ǯǵ ͜șᾚїǠȒ  

 

ǮǶ Ǔ ↓ɗȭɆɩ 7.3.101 Ǯ ș ҲǞǭǋȒḹֻǶ Ǥǵ ǵ 3.8 ș̌ὑǠȒ ̌ὑ 5.50

Ǔ ǠȒǱȐǷ 7.3.56 Ǔ ǠȒǚǯș Ǯ ǞǦ 7.3.56 ǶɉɣɶɆɱҘἶǮ̓ ǠȒȪɨɪȢẀ

ǵ ǵ╛ǲ ̧ǞǭǋǦ ̌ὑ 5.50 ǮǶ 7.3.7 Ǔ ǞǦ 7.3.7 ǒȐ Ҳ ș ̧ǞǦ 7.3.15 Ǔ

ǮǔǦ ɉɣɶɆɱҘἶǮ̓ ǞǦ Ҳ 7.3.92 ș ̧ǠȒ 7.3.17 ș̌ὑ 5.50 ǮǶ̌ὑǮǔǦ ɉɣɶɆɱ

Ҙἶǵ ǓǹǯǫǲὑȅȐǱǋǚǯǒȐ ̧ǞǭǋȒ 7.3.17 Ƕ ǞǱǋ̵᷂Ǔ ǟǦ ǚǚǮǶ ̌ὑ 5.50

Ǯ Ҳ 7.3.60 Ǔ ǠȒḹֻǮ όșǠȒ 7.3.60 ǵ όǮǶɉɣɶɆɱҘἶǵ Ҳ ș̓ Ǟǭ Ϸ

ǵ Ҳ ɗȭɆɩș ǠȒ  

()( ) ( )8.30, 3cvvm ¢¢  

( )50.511
2

2

3Ŝ
c

v
- ̌ὑ 

( )56.3.71 3tt º  

() ( )7.3.70 3vmm º ᾍר Ǯǵ ǵ ̧╛ 

() ( ) ( )15.3.70),()(0 3cvvtvmtm ¢¢ÖºÖ vv  

( )( )92.3.70),()( 0NN 3vtmt ¢Ö= vp  

( )( )17.3.70),()( 00N 3cvvtmtm ¢¢ÖºÖ vv  
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( )( )60.3.70),()( 00N 3cvvtmtm ¢¢Ö=Ö vv  

7.3.60 ș̓ Ǟǭ 0m Ǯ Ǔ Ϸ ș ҲǞǭǋȒǚǯș̌ὑǠȒ ǚǵǚǯǮ ǵȏǍǱ Ҳ

7.4.7 ș ǏȒǚǯǓǮǔȒ  

( ) ( )7.4.70,,
d

)(d
,

d

)(d
,

d

)(d
,

d

)(d
,

d

)(d
,

d

)(d
00000N0N0N0N 3cvvcm

t

tz
m

t

ty
m

t

tx
mcm

t

tz
m

t

ty
m

t

tx
m ¢¢ö

÷

õ
æ
ç

å
ÖÖÖÖ=ö

÷

õ
æ
ç

å
ÖÖÖÖ  

7.4.2 ș 7.4.7 ǵֳ ǲ̈ЊǠȒǯ 7.4.8 ș ǮǔȒ Ҳ ɗȭɆɩ 7.4.8 ǵֳ Ƕ 7.4.9

ǵֳ ǵȏǍǲ ǔ ǠǚǯǓǮǔȒ   

( ) ( )2.4.70,1
2

2

0 3cv
c

v
mm <¢-Ö=  

() () () () ( ) ( )8.4.70,1,
d

)(d
1,

d

)(d
1,

d

)(d
1

,
d

)(d
,

d

)(d
,

d

)(d

2

2

2

2

2

2

2

2

0000

3cvvc
c

v
vm

t
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c

v
vm

t

ty

c

v
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t
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c

v
vm

cm
t

tz
m

t

ty
m

t

tx
m

¢¢
ö
ö

÷

õ

æ
æ

ç

å
Ö-ÖÖ-ÖÖ-ÖÖ-Ö=

ö
÷

õ
æ
ç

å
ÖÖÖÖ

 

() () () () ( ) ( )9.4.70,,
d

)(d
,

d

)(d
,

d

)(d
1,

d

)(d
,

d

)(d
,

d

)(d
2

2

0000 3cvvcvm
t

tz
vm

t

ty
vm

t

tx
vm

c

v
cm

t

tz
m

t

ty
m

t

tx
m ¢¢ö

÷

õ
æ
ç

å
ÖÖÖÖÖ-=ö

÷

õ
æ
ç

å
ÖÖÖÖ  

7.4.9 Ƕ ᾍ 2.23 ș̓ Ǟǭ ǞǭǋȒ Ǔ ʴǵϽǵ ǜǮ ҲǠȒḹֻ 7.1.64 Ǯȉ̓

ǮǔȒ Ҳ ɗȭɆɩǵ șᾚЊǠȒ 7.4.9 ǵֳ ǵ↔ ѝ ǮǉȒ Ҳ ɗȭɆɩș Ȉǭ Ϸ

ǵ Ҳ ɗȭɆɩ 7.4.10 ǯǞǭʦǏȒ 7.4.10 ǵ Ƕ 3.8 Ǯ̌ὑǞǦȉǵǮǉȒǵǮ 3.7 Ǒȏ

Ǻ ᾍ 2.23 ș̓ ǞǱǖǭȉ ǵ ᾍר ǮǶ 7.4.10 ș ǮǔȒ 7.4.10 ǵֳ Ƕ 7.4.1

ǲ Ǟǋ  

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

( )64.1.73cv=  

( ) () () () () ( ) ( )10.4.70,,
d

)(d
,

d

)(d
,

d

)(d
,,, 3cvcvm

t

tz
vm

t

ty
vm

t

tx
vmpppp tzyx ¢¢ö

÷

õ
æ
ç

å
ÖÖÖÖ=  

()( ) ( )8.30, 3cvvm ¢¢ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ̓ ǠȒ  

̌ὑ 5.50 Ǔ ǞǭǋȒǚǯǮ Ҳ ɗȭɆɩ 7.4.9 Ƕ Ҳ ɗȭɆɩǵ ̧ǵ ͜ 7.4.11 ǲ ǮǔȒ

Ҳ ɗȭɆɩ 7.3.15 ș̓ ǠȒǯ 7.4.11 ș ǮǔȒ Ҳ ɗȭɆɩ 7.4.11 ǵ‼ ǶɉɣɶɆɱҘἶǵ

Ҳ ǮǉȒ ̌ὑ 7.3.17 ǮǶɉɣɶɆɱҘἶǵ Ҳ Ǯ ̧ǵ ͜ 7.4.12 Ǔ ǠȒ  

() () () () ( ) ( )11.4.70,,
d

)(d
,

d

)(d
,

d

)(d
,

d
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,
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,
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t
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ÖÖÖÖºö
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() () () () ( ) ( )12.4.70,,
d

)(d
,
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)(d
,

d

)(d
,

d

)(d
,
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)(d
,

d

)(d
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t
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m
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ÖÖÖÖºö
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õ
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ÖÖÖÖ  

ǵ ǜǵӢ ș Ҳ ɗȭɆɩ 7.4.10 Ǯ ǮǔȒḹֻǮ 3.7 ǵᾚїșǠȒ ɨɶɜɱ

Ǔὑ ǜȓǦ Ϸ Ǯǵ Ҳ ɗȭɆɩ 7.4.10 ǵẎǔǜǵ ˆǶ 7.4.13 Ǯ ǮǔȒ 7.4.13 Ƕ

ǠȒǯ 7.4.14 Ǯ ǮǔȒ  
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()( ) () () () ( ) ( )13.4.70,
d

)(d

d

)(d

d

)(d
222

22 3cv
t
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vmcvms ¢¢ö

÷

õ
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å
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()( ) ()( ) ( ) ( )14.4.70,
d

)(d

d

)(d
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)(d
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2222 3cv
t
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vmcvms ¢¢

îý
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ö
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õ
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å
+ö
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õ
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å
+ö

÷

õ
æ
ç

å
Ö-Ö=  

7.4.14 ǵֳ ǲ 7.4.15 ǵ‼ ș̈ЊǠȒǯ 7.4.16 ǲǱȒ 3.8 ǲǫǋǭ 7.4.16 ș ǠȒǯ 7.4.17

ș ǮǔȒ 7.4.17 ș ʴǵϽǵ ǜǵ ˆǲǫǋǭ ǠȒǯ 7.4.18 ǲǱȒ  

( )15.4.7
d

)(d

d

)(d

d

)(d
222

2 3ö
÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å
+ö

÷

õ
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å
=

t

tz

t
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v  

()( ) ()( ) ( )( )16.4.70,22222 3cvvvmcvms ¢¢Ö-Ö=  

()( )( )( )( )17.4.70,2222 3cvvcvms ¢¢-Ö=  

()( ) ( ) ( )18.4.70,1
2

2
222 3cv

c

v
cvms ¢¢ö

ö

÷

õ

æ
æ

ç

å
-ÖÖ=  

Ҳ ɗȭɆɩ 7.4.10 ǵ Ǔ ǞǭǋȒ ↔ר S ǓἭ᷀ǠȒḹֻș̌ὑǠȒ Ҳ ɗȭɆɩ 7.4.6

ǵẎǔǜǵ ˆǶ 7.4.19 ǲǱȒ 7.4.19 ș ǠȒǯ 7.4.20 ǲǱȒ  

( ) ( )6.4.7,0,0,0 0 3cm Ö  

( ) ( ){ } ( )19.4.7000 2222

0

22

0

2 3--Ö-Ö= mcms  

( ) ( )20.4.722

0

2 3cms Ö=  

Ǯ 7.2.109 ș ɨɶɜɱ ǵʥẀר 7.2.47 ǒȐᾚїǞǦ 7.2.109 ǵֳ Ƕ ↔ר S КǮ

ǞǭǋȒ ǵ ↓ɗȭɆɩ 7.3.102 ǵẎǔǜǵ ˆǮǉȒ 7.2.109 ǵֳ ǲ ǞǦ ʴǵϽǵ ǜǶ

↔ר S КǮ ǞǭǋȒ ǵ ↓ɗȭɆɩ 7.4.5 ǵ 7.3.2 ѝǯǞǭ ǏȒ ʴǵϽǵ ǜǮǉȒ

7.2.109 Ƕ 7.4.21 ǲ ǔ ǠǚǯǓǮǔȒ  

()( )
()

( )109.2.7
d

d
2

1222 3ö
÷

õ
æ
ç

å
Ö=-

t

tt
ctvc  

()
( )102.3.7

d

d
,0,0,0 1 3ö
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õ
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å
Ö

t

tt
c  

() ( ) ( ) ( ){ } ( ) ( )47.2.7
2

1

222222 3tczyxtc DÖ=D+D+D-DÖ  

( )2.3.73tcÖ  

( ) ( )5.4.7,0,0,0 3c  

()( ) ()
( )21.4.7

d

d
1

2
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2

2

2 3ö
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õ
æ
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å
Ö=

îý
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û
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ë
-Ö

t

tt
c

c

tv
c  

7.4.17 ǵֳ ǲ 7.2.109 ș̈ЊǠȒǯ 7.4.22 ǲǱȒ 7.4.22 ǵ‼ Ƕ ↔ר Кș ҲǞǭǋȒ

ǵ ɨɶɜɱ ǮǉȒ 7.4.22 ǵֳ ǮǶ ↔ר S1Ǯ ǞǭǋȒ ǲ 3.8 ǑȏǺⱨѝ͜ 7.2.148

ǵ ˆș ǘǦȉǵǮǉȒ ↔ר S1 КǮǵ ǵ Ҳ ɗȭɆɩǵẎǔǜǵ ˆǶ 7.4.20 ǵֳ ǮǉǪǦ

7.4.22 Ǔ Ҳ ɗȭɆɩǵẎǔǜǵ ˆǮǉȒǚǯǮ 7.4.22 ǵֳ Ƕ ↔ר S КǮ ǞǭǋȒ ǵ

Ҳ ɗȭɆɩǵẎǔǜǵ ˆǮǉȒȉǵǯ ǏȒǚǯǓǮǔȒ 7.4.22 ǵ‼ ǲǶ ǜ 7.4.15 Ǯ ҲǞǭǋȒḹ

ֻǵ Ҳ ɗȭɆɩǵǠȀǭșֿ ǵ Ǯ ǮǔȒǚǯș ǠȒװ ǞǭǋȒ ǵḹֻǶ 7.4.15 ǵֳ

Ƕ ǮǉȒǵǮ 7.4.23 ǲǱȒǚǯǶ ȐǒǮǉȒ 7.4.23 Ƕ 7.4.24 ǲ ǔ ǠǚǯǓǮǔȒ 7.4.22 Ƕ
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Ҳ ɗȭɆɩ 7.4.6 ǑȏǺ Ҳ ɗȭɆɩ 7.4.10 Ǔ Ϸ Ǯǵ ɨɶɜɱ ǮʥẀ ǲǱȒǚǯș Ǟǭ

ǋȒ  

( ) ()( ){ } ( )
()

( )22.4.7
d

d
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122222
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tt
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d
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( ) ( )
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( ) ( )
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( )24.4.7
d

d
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2
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0 3ö
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õ
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ç
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Ö=

t

tt
vmm  

7.4.24 ǵֳ ǲ 7.2.10 ǵ‼ ș̈ЊǠȒǯ 7.4.25 ǲǱȒ  Ƕ 7.4.26 ǵʥ ╛ș ǠȒȉǵǯ

ǍǚǯǓǮǔȒ 7.4.26 ǮǉȒǚǯș̌ὑǠȒǯ 7.4.25 ǒȐ 7.4.27 ș♬Ȓ   

()( ) ()
( )110.2.7

d

d
1

2

1

2

2
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õ
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( ) ( )
()( )

( )25.4.71)(
2

2
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0 3
îý
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-Ö=

c

tv
vmm  

( )26.4.700 3²m  

() ( ) ( )27.4.70,1
2

2

0 3cv
c

v
vmm ¢¢-Ö=  

7.2.148 ș 7.4.27 ǵֳ ǲ̈ЊǠȒǯ 7.4.28 ǲǱȒ 7.4.27 Ƕ 3.7 ǲ Ǟǋ 7.4.28 Ƕ 7.3.10 ǲ

Ǟǋ 7.4.27 șᾚїǮǔǦǚǯǮ 3.7 șᾚїǮǔǦ  

()
( ) ( )28.4.70,

d

d
)( 1

0 3cv
t

tt
vmm ¢¢Ö=  

() ( ) ( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

()
()
( ) ( )10.3.70,

d

d 1
0 3cv

t

tt
vmm ¢¢Ö=  

3.7 șᾚїǮǔǦǚǯǮ ǵ ǜǓ ʴǵϽǵ ǜǵḹֻ 7.1.64 Ǯȉ ǵЋȦɋɩȬɶ 7.3.153

ș ǮǔȒ Ҳ ɗȭɆɩ 7.4.10 ȉ ǵ ǜǓ ʴǵϽǵ ǜǵḹֻ 7.1.64 Ǯ ǮǔȒ Ҳ

ɗȭɆɩ 7.4.10 ǵʰ ǲ ʴǵϽǵ ǜș ǘȒǚǯǮ 7.4.29 ș ǮǔȒ 7.4.10 ǵ‼ ǵ 7.3.2

ǵ ѝǶ 7.4.30 Ǯ ǠȒ  

( )64.1.73cv=  

( )153.3.723cmE Ö=  
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( )2.3.73tcÖ  
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() ( )30.4.73cvmpt Ö=  

7.4.29 ǵ 7.3.2 ǵ ѝǲǶ ǵЋȦɋɩȬɶ 7.3.153 ș ǞǭǋȒ Ǔ ↔ר КǮ Ǟǭǋ

ȒḹֻǮǶ 7.4.29 Ƕ 7.4.31 ǲǱȒ  

( )( )( )31.4.7,0,0,0,,, 2

0 3cmcpcpcpcp tzyx Ö=ÖÖÖÖ  

↔ר Кǵ Ҳ ɗȭɆɩǵẎǔǜǵ ˆș 7.4.32 Ǯ ǠȒ ɗȭɆɩ 7.4.29 ǵẎǔǜǵ 2ˆǶ 7.4.33

ǲǱȒ Ǔ ↔ר КǮ ǞǭǋȒḹֻǮǶ 7.4.33 Ƕ 7.4.34 ǲ ǮǔȒ  

()( ) ( ) ( ) ( ) ( )32.4.7
2222
3zyx ppptp ++=  

( ) ( ) ( ) ( ){ } ( )33.4.7222222
3cpppcps zyxtpc Ö++-Ö=  

()( ) ( )34.4.70
22
3ccmspc ÖÖ=  

Ҳ ǵẎǔǜǵ ˆ 7.4.22 ș 7.4.35 ǲ ǔ Ǡ 7.4.35 ǵʰ ǲ ʴǵϽǵ ǜǵ ˆș ǘȒǚǯǮ

7.4.36 ș ǮǔȒ 7.4.23 ș̓ ǠȒǯ 7.4.36 ǵֳ Ƕ 7.4.37 ǵֳ ǵȏǍǲ ǔ ǠǚǯǶǮǔȒ   

( ) ()( ){ } ( )
()

( )22.4.7
d

d
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122222
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õ
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ÖÖ=-Ö
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()
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1222222
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( ) ( ) ()( ) ( )
()

( )36.4.7
d

d
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14222242
3ö
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å
ÖÖ=ÖÖ-Ö
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tt
cvmctvvmcvm  

( ) ( ) ()( ) ( ) ( )37.4.7)0()()( 4222242
3cmctvvmcvm Ö=ÖÖ-Ö  

ǵЋȦɋɩȬɶ 7.3.153 ǑȏǺ Ҳ ɗȭɆɩǵẎǔǜǵ ˆ 7.4.32 ș̓ ǠȒǯ 7.4.37 Ƕ 7.4.38 ǲ

ǮǔȒ 7.4.26 ș̓ ǠȒǯ 7.4.38 ǒȐ 7.4.39 șᾚїǮǔȒ  

( ) ( ) ( )38.4.7)0()( 42222 3cmctpE Ö=Ö-  

( )39.4.72

0

222 3cmcpE Ö=Ö-  

Ǔ 7.4.40 ǵḹֻǶ 7.4.39 ǒȐ 7.4.41 șᾚїǮǔȒ ᾍר ǮᾚїǞǦ 7.4.41 Ƕ

ἶǒȐᾚїǜȓȒϽǵ Ҳ ǵ ǲ Ǟǋ ǮǉȒ  

( )40.4.700 3=m  

( )41.4.73cpE Ö=  

7.5 Ϸ ǮᾚїǠȒʝ Ǳ ǮǵȦɋɩȬɶǵẀ ǑȏǺ ǵẀ  

ǮǶ ʝ Ǳ Ǯǵ ǵЋȦɋɩȬɶǵẀ ǑȏǺ ǵẀ șᾚїǠȒ ǤȓȐǵẀ șᾚїǠȒ

ǚǯǮ ǵ ǶǠȀǭ ˓ǠȒ  

Ϸ ǵɗȭɆɩ 7.4.29 ǵ 7.3.2 ǵ ѝǲǶ ǵȦɋɩȬɶǓ ǜȓǭǋȒ ǵЋȦɋɩȬɶ

ǮǶ 3.8 ǓẀ ǯǞǭ ǮǔȒ ǮǉȒ  

( ) () () () () ( )29.4.7,
d

)(d
,

d

)(d
,

d

)(d
,,, 2 3ö

÷

õ
æ
ç

å
ÖÖÖÖÖÖÖ=ÖÖÖÖ cvmc

t

tz
vmc

t

ty
vmc

t

tx
vmcpcpcpcp tzyx  

( )2.3.73tcÖ  

3.8 Ƕ ǵẀ 7.3.10 Ǯ ǲẀ ǮǔȒ 7.3.10 ǵʰ ǲ ʴǵϽǵ ǜǵ ˆș ǘ

ȒǚǯǮ 7.5.1 ș ǮǔȒ 7.5.1 Ƕ ǵЋȦɋɩȬɶǵẀ ș ǠȒװ  
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()
()
( ) ( )10.3.70,

d

d 1
0 3cv

t

tt
vmm ¢¢Ö=  

()
()
( ) ( )1.5.70,

d

d 122

0 3cv
t

tt
cvmcm ¢¢ÖÖ=Ö  

7.5.1 ǮǶ ↔ר S Ǯ Ƕ ǞǭǋȒȉǵǯ ǏȒ ʴǵϽǵḹֻǮǶ ʣǶ ǞǭǋȒȉ

ǵǯǶǮǔǱǋǓ ǵ͛ὓʣ ș ǠȒǚǯǲǠȒ ↔ר S ǮǶ Ƕ 7.5.1 ǲ Ǟǭǉ

Ȓ ǜ vǵӢ КǮ ҲǞǭǋȒǚǯș̌ὑǞǭǋȒ ↔ר SКǮǵ ǵЋȦɋɩȬɶș 7.5.2 Ǯ

ǠȒ 7.5.2 ș 7.5.1 ǵֳ ǲ 7.5.2 ǵ‼ ș̈ЊǠȒǚǯǮ 7.5.3 ș ǮǔȒ 7.5.3 ǵֳ ǲ

ǞǭǋȒⱨѝ͜ Ƕ 7.2.148 ǮǉȒ  

() () ( )2.5.723cvmtE Ö=  

()
()
( ) ( )3.5.70,

d

d 12

0 3cv
t

tt
tEcm ¢¢Ö=Ö  

()( ) ()
( )148.2.7

d

d
1 1

2

2

3
t

tt

c

tv
=-  

↔ר S ǮǶ Ƕ ǞǭǋȒȉǵǯ ǏȒ ʴǵϽǵḹֻǮǶ ʣǶ ǞǭǋȒȉǵǯǶǮǔ

ǱǋǓ ǵ͛ὓʣ ș ǠȒǚǯǲǠȒ ↔ר S КǮǵ ǵЋȦɋɩȬɶș 7.5.4 Ǯ

ǠȒ ↔ר S ǮǶ Ƕ 7.5.5 ǲ ǞǭǉȒ ǜ 2v ǵӢ КǮ ҲǞǭǋȒǚǯș̌ὑǞǭǋȒ

7.5.5 Ƕ ǵЋȦɋɩȬɶǵẀ ș ǠȒװ 7.5.5 ǵֳ ǲ ǞǭǋȒⱨѝ͜ Ƕ 7.5.6 ǮǉȒ  

() () ( )4.5.72

2222 3cvmtE Ö=  

()
()
( ) ( )5.5.70,

d

d
2

2

21
22

2

0 3cv
t

tt
tEcm ¢¢Ö=Ö  

()( ) ()
( )6.5.7

d

d
1

2

21

2

2

22 3
t

tt

c

tv
=-  

7.5.3 ǑȏǺ 7.5.5 ǵ‼ Ƕ ↔ר S Кǵ ǵ ȦɋɩȬɶș ǞǭǋȒ ǚǵǚǯǮ 7.5.3 ǵֳ

Ƕ 7.5.5 ǵֳ ǲ ǞǋǚǯǒȐ 7.5.7 ș ǮǔȒ  

() ()
()
( ) ( )7.5.70,

d

d

d

)(d

2

21
22

1 3cv
t

tt
tE

t

tt
tE ¢¢Ö=Ö  

7.5.7 ǵ‼ ǲ ǞǦⱨѝ͜ ǲ 7.5.8 ǵֻ ǵⱨѝ Ǔ ǠȒḹֻș̌ὑǠȒ 7.5.8 ǮǶ 7.5.9

Ǔ ǠȒǱȐǷ 7.5.10 Ǔ ǠȒ 7.5.9 ǑȏǺ 7.5.10 ǮǶ ↔ר Ǔ ʴǵϽǵ ǜǮ ҲǞǭǋ

ȒǚǯǲǱȒ ǚǵǚǯǶ ̂ ĸǮᾚїǞǭǋȒ  

( )8.5.7
d

)(d

d

)(d

d

)(d 2

2

211 3
t

tt

t

tt

t

tt
Ö=  

( )9.5.70
d

)(d

2

21 3=
t

tt
 

( )10.5.70
d

)(d 1 3=
t

tt
 

7.5.7 ǵ‼ ǲ 7.5.8 ǵֳ ș̈ЊǠȒǯ 7.5.11 ǲǱȒ 7.5.11 ǒȐ 7.5.12 șᾚїǮǔȒ 7.5.12 Ƕ

↔ר Sǵ ǵЋȦɋɩȬɶș ↔ר S ǵ ǵЋȦɋɩȬɶǲẀ ǠȒ╛ǮǉȒȉǵǯ ǮǔȒ  
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() ()
()
( ) ( )11.5.70,

d

d

d

)(d

d

)(d

2

21
22

2

2

21 3cv
t

tt
tE

t

tt

t

tt
tE ¢¢Ö=ÖÖ  

() ()( ) ( )12.5.70,
d

)(d
22

2 3cvtE
t

tt
tE ¢¢=Ö  

7.5.7 ǵֳ ǲ ǞǦⱨѝ͜ ǲ 7.5.13 ǵֻ ǵⱨѝ Ǔ ǠȒḹֻș̌ὑǠȒ 7.5.13 ǮǶ 7.5.10

Ǔ ǠȒǱȐǷ 7.5.9 Ǔ ǠȒ 7.5.9 ǑȏǺ 7.5.10 ǮǶ ↔ר Ǔ ʴǵϽǵ ǜǮ ҲǞǭǋ

ȒǚǯǲǱȒ ǚǵǚǯǶ ̂ ĸǮᾚїǞǭǋȒ  

( )13.5.7
d

)(d

d

)(d

d

)(d

2

21

2

21 3
t

tt

t

tt

t

tt
Ö=  

( )10.5.70
d

)(d 1 3=
t

tt
 

( )9.5.70
d

)(d

2

21 3=
t

tt
 

7.5.7 ǵֳ ǲ 7.5.13 ǵֳ ș̈ЊǠȒǯ 7.5.14 ǲǱȒ 7.5.14 ǒȐ 7.5.15 șᾚїǮǔȒ 7.5.15

Ƕ ↔ר S ǵ ǵЋȦɋɩȬɶș ↔ר Sǵ ǵЋȦɋɩȬɶǲẀ ǠȒ╛ǮǉȒȉǵǯ ǮǔȒ  

() () ( ) ( )14.5.70,
d

)(d

d

)(d

d

)(d
2

2

21
22

1 3cv
t

tt

t

tt
tE

t

tt
tE ¢¢ÖÖ=Ö  

() () ( ) ( )15.5.70,
d

)(d
2

2

2
22 3cv

t

tt
tEtE ¢¢Ö=  

ȦɋɩȬɶǵẀ ǮǉȒ 7.5.12 ǑȏǺ 7.5.15 ǒȐ ǵẀ șᾚїǠȒ 7.5.12 ǑȏǺ 7.5.15 ǵ‼ ǲ

Ƕ ǵЋȦɋɩȬɶ 7.5.2 ș ǞǭǋȒ 7.5.12 ǑȏǺ 7.5.15 ǵֳ ǲǶ ǵЋȦɋɩȬɶ 7.5.15

ș ǞǭǋȒ  

() ()( ) ( )12.5.70,
d

)(d
22

2 3cvtE
t

tt
tE ¢¢=Ö  

() () ( ) ( )15.5.70,
d

)(d
2

2

2
22 3cv

t

tt
tEtE ¢¢Ö=  

() () ( )2.5.723cvmtE Ö=  

() () ( )4.5.72

2222 3cvmtE Ö=  

7.5.2 șȦɋɩȬɶǵẀ 7.5.12 ǵ‼ ǲ̈ЊǞǭ 7.5.4 șȦɋɩȬɶǵẀ 7.5.12 ǵֳ ǲ̈Њ

ǠȒǚǯǮ 7.5.16 ǲǱȒ 7.5.16 ș ǠȒǯ ǵẀ 7.5.17 șᾚїǮǔȒ  

() () ( ) ( )16.5.70,
d

)(d
2

2

22

22

2 3cv
t

tt
cvmcvm ¢¢ÖÖ=Ö  

() () ( ) ( )17.5.70,
d

)(d
2

2

2
22 3cv

t

tt
vmvm ¢¢Ö=  

7.5.2 șȦɋɩȬɶǵẀ 7.5.15 ǵ‼ ǲ̈ЊǞǭ 7.5.4 șȦɋɩȬɶǵẀ 7.5.15 ǵֳ ǲ̈Њ

ǠȒǚǯǮ 7.5.18 ǲǱȒ 7.5.18 ș ǠȒǯ ǵẀ 7.5.19 șᾚїǮǔȒ  

() () ( ) ( )18.5.70,
d

)(d 2

22
22 3cvcvm
t

tt
cvm ¢¢Ö=ÖÖ  
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() ()( ) ( )19.5.70,
d

)(d
22

2 3cvvm
t

tt
vm ¢¢=Ö  

ǵ ǑȏǺ̂ ĶǵȦɋɩȬɶǵẀ 4.6 ȦɋɩȬɶǵẀ a.2.35 ǵẀ 4.18 ǑȏǺ

ǵẀ a.2.32 ǶɫɶɪɱɂẀ 2.8 2.11 ș̓ ǞǭᾚїǞǦȉǵǮǉȒ ȦɋɩȬɶǵẀ 4.6

ǲᾍǠȒ Ẁ Ƕ a.2.35 ǮǉȒ ǵẀ 4.18 ǲᾍǠȒ Ẁ Ƕ a.2.32 ǮǉȒ ǚȓȐǵ ǫǵẀ

ǮǶ ↔ר Ƕ˛ǋǲ x ׄǲ ↓ ҲșǞǭǑȑ ǵ ↓ǵ ѝǶ ǵ ѝǵȆș Ǟǭǋ

Ȓ  

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

¸

-

Ö
+

³=  

( )35.2.a

1

1

)()(

2

2

2

11 3

c

u

c

vu

vEvE

x

-

Ö
-

Ö=  

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=  

( )32.2.a

1

1

2

2

2

1 3

c

u

c

vu

mm

x

-

Ö
-

Ö=  

( ) ( )8.2 
1

3tuxx Ö-Ö=g  

( )9.2 
1

3yy =  

( )10.2 
1
3zz =  

( )11.2
21
3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  

ǮǶ ȦɋɩȬɶǵẀ 4.6 ȦɋɩȬɶǵẀ a.2.35 ǵẀ 4.18 ǑȏǺ ǵẀ a.2.32

ȏȑȉʝ ǱẀ ǯǞǭȦɋɩȬɶǵẀ 7.15 ȦɋɩȬɶǵẀ 7.5.12 ǵẀ 7.5.19 ǑȏǺ

ǵẀ 7.5.17 șᾚїǞǦ ȦɋɩȬɶǵẀ 7.5.15 ǲᾍǠȒ Ẁ Ƕ 7.5.12 ǮǉȒ ǵẀ

7.5.19 ǲᾍǠȒ Ẁ Ƕ 7.5.17 ǮǉȒ ǚȓȐǵ ǫǵẀ ǮǶ ǵ ↓ǵ ѝǶ ǜȓǭǋǱǋ   

() () ( ) ( )15.5.70,
d

)(d
2

2

2
22 3cv

t

tt
tEtE ¢¢Ö=  

() ()( ) ( )12.5.70,
d

)(d
22

2 3cvtE
t

tt
tE ¢¢=Ö  

() ()( ) ( )19.5.70,
d

)(d
22

2 3cvvm
t

tt
vm ¢¢=Ö  
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() () ( ) ( )17.5.70,
d

)(d
2

2

2
22 3cv

t

tt
vmvm ¢¢Ö=  

ǵ ↓ǵ ѝș ǠȒǲǶ ǚȓȐǵẀ ǯ ǵ ↓ǵ ѝǯǵ ͜Ƕⱨѝ͜ 7.5.20 ǑȏǺⱨѝ͜

7.5.21 ș ↓ǵ ѝǮ ǠȒ ǲ͒Ȓ  

( )20.5.7
d

)(d

2

2 3
t

tt
 

( )21.5.7
d

)(d 2 3
t

tt
 

 ǉǯǓǔ 

₴ ᷀ǵ ǵ ǮǶ ʴǵϽǵ ǜǮ ҲǞǭǋȒ ǲȉ̓ ǮǔȒ ǵẀ ǑȏǺȦɋ

ɩȬɶǵẀ șᾚїǞǦ ǤǵȏǍǱẀ șᾚїǠȒ ǲ Ǔ ǲὑ ǞǦ ș̓ ǞǦ ǚȓȐǵẀ Ƕ

ᾍ ǵḹֻǮȉ̓ ǮǔȒ  

Ҳ ╛ 2.17 2.19 Ǯ ǞǭǋȒֻҘǵẀ șᾚїǮǔȒ ǚǵֻҘǵẀ ǲǶ Ҳ ╛ 2.29 2.31

Ǯ ǞǭǋȒֻҘȉ̓ ǠȒ ǮᾚїǞǦ ᾍ ǵẀ ș̓ Ǟǭ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯ

ǤǵҘǵẀ șᾚїǠȒǚǯǓǮǔȒ ǵ♥ǲ ǠȒҘǵẀ ǵᾚїș ǠȒ PDF Ǯ ᾍ ǵẀ

ș̓ ǠȒ˔ὑǮǉȒ   

ǵКὦǶ ȠȢɱȵɣȽȢɱǵ ᾍר ǯǞǭ ȖȓȒ ₴ ᷀ǵ ǵẎἶǵʝ Ǳ Кὦǯ

ǞǭǶ Ǥǵʝ ǲᾍꜘǠȒ ǞǒǞ ǵ ǶẎἶǵ›ἶ Ǯ ȖȓȒ Кὦȏȑȉ Ǳ ǲǱǪǭǋȒḹ

ֻȉ ǒȐ Ƕ ǏȒ  

ǵ 10 ₴ ᷀ȅǮǲ ȠȢɱȵɣȽȢɱǵ ᾍר ǵ ↓ǵẀ ǑȏǺ ǵẀ ǵ ǫǵ

PDF ș ǞǦǚǯǲǱȒ ˹♥ǵ˔ὑǮǶ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵқ ↓ǵẀ ǵᾚї ҘǵẀ

ǵᾚї ȪɨɪȢẀ ǵ ǑȏǺ Ҳ ╛ǵᾚїĚĚȦɋɩȬɶǵ╛ǵᾚїșדȇ ĚĚș ǞǦ Ϭǵ PDF

ș ǠȒ˔ὑǮǉȒ ǦǧǞ ǚȓȐǵɓȟȢɩǑȏǺ ǵɓȟȢɩǵКὦșֻȖǢǭȉẎἶ ǵ ᾍר

ǵКὦǯǞǭǶӦѝǱȉǵǯǶ ǶѨ ǞǭǋǱǋ  

̂  

ĵ ȦɋɩȬɶǵẀ ș̓ ǞǱǋ Ǯǵ ǵẀ ǵᾚї 

̂ ĵǮǶ ȦɋɩȬɶǵẀ 4.6 ș̓ ǞǱǋ Ǯ ǵẀ 4.18 șᾚїǠȒ ̂ ĵǵ Ǯȉ ǯֿ

ǵ ǵ ǜǑȏǺ ↔ר ǵ ѝǵӢ ș̌ὑǠȒ  

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

°̧

-

Ö
+

³=

 

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=

 

3.46 ș̓ ǠȒǵǮ Кǵ ǵ ǜǵӢ 3.11 1Кǵ ǵ ǜǵӢ 3.10 ǑȏǺ ǵ ↓ 2.1

ǵ ѝǵӢ 2.14 ș̌ὑǠȒ ǵ Ǯ ǞǦȏǍǲ 3.46 ǮǶ ↓ǵẀ 3.12 3.14 ș̓ Ǯǔ
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Ȓǚǯș̌ὑǞǭǋȒ  

( )46.3

1

11

1

2

1

2

2

2

2

1

2

2

3

c

vu

c

u

c

v

c

v

xÖ+

-Ö-

=- ( )47.3

11

1

1

1

2

2

2

2

1

2

1

2

2
3

c

u

c

v

c

vu

c

v

x

-Ö-

Ö
+

=

-

 

( )11.3 0 3cv¢¢  

( )10.3 0 1 3cv ¢¢  

( ) ( )1.2 const.,11_ 3=-= uuSS iu ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 

( )14.2 3cuc <<-  

ǵὑ 3.7 ș̓ ǠȒǯ a.1.1 ǑȏǺ a.1.2 ș ǮǔȒ ̂ ĵǮǶ 3.46

a.1.1 ǑȏǺ a.1.2 ș̓ Ǟǭ ǵẀ 4.18 șᾚїǠȒ  

() ( )( )7.30,1
2

2

0 3cv
c

v
vmm ¢¢-Ö¹  

( )1.1.a1
2

2

0 3
c

v
mm -Ö=  

( )2.1.a1
2

2

1
10 3

c

v
mm -Ö=  

a.1.1 ǵֳ ǲ 3.46 ș̈ЊǠȒǯ a.1.3 ș ǮǔȒ a.1.3 ș̓ ǠȒǯ

a.1.2 ǒȐ a.1.4 ș ǮǔȒ  

( )3.1.a

1

11

2

1

2

2

2

2

1

0 3

c

vu

c

u

c

v

mm
xÖ+

-Ö-

Ö=  

( )4.1.a1

1

11

2

2

1
1

2

1

2

2

2

2

1

3
c

v
m

c

vu

c

u

c

v

m
x

-Ö=
Ö

+

-Ö-

Ö  

a.1.4 Ƕ ╛ a.1.5 ǲ ǔ ǏȒǚǯǓǮǔȒ a.1.5 ǒȐ a.1.6 șᾚїǮǔȒ  

( )5.1.a01

1

1

2

2

1
1

2

1

2

2

3=-Ö

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

-
Ö

+

-

Ö
c

v
m

c

vu

c

u

m
x

 

( )6.1.a0

1

1

1

2

1

2

2

3=-
Ö

+

-

Ö m

c

vu

c

u

m
x

 

╛ a.1.6 ǒȐ 4.18 șᾚїǮǔȒ 4.18 Ƕ ǵẀ ǮǉȒ  
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( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=  

4.18 ǵʰ ǲ ʴǵϽǵ ǜ 2.6 ǵ 2ˆș ǘȒǯ a.1.7 ș ǮǔȒ a.1.7 ǵֳ ș ǠȒǯ a.1.8

ǲ ǮǔȒ  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

( )7.1.a

1

1
2

2

2

2

1
1

2 3c

c

u

c

vu
m

cm

x

Ö

-

ö
÷

õ
æ
ç

å Ö
+Ö

=Ö  

( )8.1.a

1

1

2

2

2

12

1

2 3

c

u

c

vu
cm

cm

x

-

ö
÷

õ
æ
ç

å Ö
+ÖÖ

=Ö  

a.3.1 ș̓ ǠȒǯ a.1.9 ș ǮǔȒ a.1.9 ǶȦɋɩȬɶǵẀ ǮǉȒ a.1.8 ǒȐ a.1.9 ș ǔ ǏȒ
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5.16 ș̓ ǠȒ ↓ǵẀ 5.14 5.16 ǮǶ a.2.1 ș̌ὑǞǭǋȒ ǜȐǲ ȦɋɩȬɶǵẀ 4.6

ǵ Ẁ șᾚїǠȒ ↓ǵẀ 5.14 5.16 ǵᾚїǶ Ǯ ǞǦ  

( )18.4

1

1

2

2

2

1
1

3

c

u

c

vu
m

m

x

-

ö
÷

õ
æ
ç

å Ö
+Ö

=  

( )14.5 

)(1

)(
)(

2

11
3

tv
c

u

utv
tv

x

x

x

Ö-

-
=  

( )15.5 

)(1

)(
)(

2

11
3

ö
÷

õ
æ
ç

å
Ö-Ö

=

tv
c

u

tv
tv

x

y

y

g

 

( )16.5 

)(1

)(
)(

2

11
3

ö
÷

õ
æ
ç

å
Ö-Ö

=

tv
c

u

tv
tv

x

z

z

g

 

( )a.2.10)(1
2

3¸Ö- tv
c

u
x

 

( ) ( )6.4,

1

1

)()(

2

2

2

1

11 3cu

c

u

c

vu

vEvE

x

¸

-

Ö
+

³=  
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Ḹș̓ Ǟǭ ǵẀ 4.18 ǵ‼ ǮǶǤǵ ǵ ↔ר SКǮǵ ș ȒǚǯǓǮǔȒ ǚǚǮᾚїǠȒ
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ȏǍǲ Ǎ ↔ר Sǲ̌ὑǞǦ ǵȉǫЋȦɋɩȬɶș a.3.1 Ǯὑ ǠȒ ȦɋɩȬɶ a.3.1 ǵֳ ǲ

ǞǭǋȒ ș ̌ὑǞǦ ǵ ↔ר SКǮǵ ǯǠȒ ȦɋɩȬɶ a.3.1 ǵֳ ǲǶ ʴǵϽǵ ǜ 2.6

ș ǞǭǋȒ  

( )a.3.123cmE
S
³¹  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

ȦɋɩȬɶ a.3.1 ǵֳ ǵ Ƕ ᾍ 2.23 Ǯ ǮǔȒǚǯǶͪ ǜȓǱǋ a.3.1 ș̓ ǠȒǯ Ȧ

ɋɩȬɶ a.3.1 ș ǫ ǵ ↔ר SКǮǵ Ƕ a.3.2 Ǯ ǮǔȒ  

( )23.2

1
2

2

0 3

c

v

m
m

-

=  

( )a.3.2
2
3

c

E
m

S
=  

ȉǞ Ǔ ʴǵϽǵ ǜ 2.6 Ǯ ҲǞǭǋȒǱȐǷ ᾍ 2.23 Ƕ̓ ǮǔǱǋ ǚǵḹֻǮ ᾍ

2.23 Ǔ̓ ǮǔǱǋ Ƕ 2.23 ǵὑ Ӣ 2.25 КǒȐ ʴǵϽǵ ǜ 2.6 ǶẆȓǭǋȒǚǯ

ǮǉȒ  

( )25.2 0 3cv<¢  

ʝ ȦɋɩȬɶ a.3.1 ș̓ ǠȒǯ ȦɋɩȬɶ a.3.1 ș ǫ Ƕ ↔ר SКǮ ʴǵϽǵ ǜ 2.6

Ǯ ҲǞǭǋǭȉ a.3.2 ș ǫȉǵǯ ǍǚǯǲǱȒ  

ȦɋɩȬɶ a.3.1 ǯֿ ǲ ↔ר S1ǲ̌ὑǞǦ ǵȉǫЋȦɋɩȬɶș a.3.3 Ǯὑ ǠȒ ȦɋɩȬɶ
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a.3.3 ǵֳ ǲ ǞǭǋȒ ș ̌ὑǞǦ ǵ ↔ר S1КǮǵ ǯǠȒ ȦɋɩȬɶ a.3.3 ǵֳ ǲ

Ƕ ʴǵϽǵ ǜ 2.6 ș ǞǭǋȒ  

( )a.3.32

11
3cmE

S
³¹  

ȦɋɩȬɶ a.3.3 ǵֳ ǵ Ƕ ᾍ 2.35 Ǯ ǮǔȒǚǯǶͪ ǜȓǱǋ a.3.3 ș̓ ǠȒǯ Ȧ

ɋɩȬɶ a.3.3 ș ǫ ǵ ↔ר S1КǮǵ Ƕ a.3.4 Ǯ ǮǔȒ  

( )35.2

1
2

2

1

0

1
3

c

v

m
m

-

=  

( )a.3.4
2

1

1
3

c

E
m

S
=  

ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ a.3.1 ș ǵȏǍǲ ǠȒǚǯǓǉȒ a.3.1 ǮǶ ǵͪἭǑȏǺ

ȦɋɩȬɶǵͪἭǓǹǯǫǵ╛ a.3.1 ĚĚ a.3.3 Ǯȉֿ ǮǉȒ ĚĚǮ ǜȓǭǋȒȉǵǯ ǠȒ a.3.1

ǵֳ ǵ ǓẀӓǠȒǯ a.3.1 ǵ‼ ǵȦɋɩȬɶǓẀӓǠȒ ȉǞ a.3.1 ǵֳ ǵ ǵẀӓ Ǔ Ǯ Ǔ

ͪἭǜȓǭǋȒḹֻǶ a.3.1 ǵ‼ ǵȦɋɩȬɶǵẀӓ ȉ ǮȦɋɩȬɶǓͪἭǜȓǭǋȒȉǵǯ ǏȒǚǯǓǮ

ǔȒ ǚǵǚǯǒȐ a.3.1 ǑȏǺ a.3.3 ǮǶ ǵͪἭǶȦɋɩȬɶǵͪἭǲᾍꜘǠȒȉǵǯ ǮǔȒ  

a.3.1 ǑȏǺ a.3.3 ǮǶ ȦɋɩȬɶǵͪἭǑȏǺ ǵͪἭǵʰ șǤǵȏǍǲ ǮǔȒ ǚǵǚǯǶ Ҙἶ

ȦɋɩȬɶͪἭǵ ѸǑȏǺ ǵȦɋɩȬɶͪἭѸǮǶ ǵͪἭș ǞǭǋǱǋǚǯǒȐ a.3.1 ǑȏǺ a.3.3

ǵ ⱪ Ǳ ǮǉȒ ̂ ķǵ όǮǶ a.3.1 ǑȏǺ a.3.3 ș ǵЋȦɋɩȬɶǯǞǭὑ ǞǦḹֻǯǞǭ

2.26 ǑȏǺ 2.38 ș ǵЋȦɋɩȬɶǯǞǭ Ǎ ǵ̂ ǮǶ a.3.1 ǑȏǺ a.3.3 ǲ ǲǶ

ǺǫǘǱǋǮ 2.26 ǑȏǺ 2.38 ș ǵЋȦɋɩȬɶǯǞǭ Ǎ όșʦǏǦ a.3.1 ǑȏǺ a.3.3 ș ǵ

К ȦɋɩȬɶǯǞǭ ǵȦɋɩȬɶͪἭѸǲꜘ ǠȒ ȉǉȒ Ҙἶ ȦɋɩȬɶͪἭǵ ѸǑȏǺ ǵȦɋɩȬ

ɶͪἭѸǲǫǋǭǶ Ǯ ӴǱ șǞǦ ǚǵȏǍǲ ȦɋɩȬɶǵͪἭǑȏǺ ǵͪἭǵʰ ș ǏȒǚ

ǯǶ 2.26 ǑȏǺ 2.38 Ǯȉֿ ǮǉȒ  

( )26.2

1

2

2

2

0 3c

c

v

m
E ³

-

=  

( )38.2

1

2

2

2

1

0

1
3c

c

v

m
E ³

-

=  

ĸ ʴǵϽǵ ↓ǵẀ ǲǫǋǭ 

↔ר S КǮ ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒ ǵ ǜș ↔ר SКǵ ǜǲẀ ǠȒ ↔ר S

Кǵ ǵ ↓ɗȭɆɩǶ 2.16 Ǯ ǠȒ ↔ר S Кǵ ǵ ↓ɗȭɆɩǶ 2.28 Ǯ ǠȒ ↓ǵẀ

3.15 3.17 ș̓ ǠȒ 3.15 3.17 ǮǶ͜ 2.12 ș̓ ǠȒ  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

( )16.2 )( 3kjiv zyx vvvt ++=  

( )28.2 )( 11111111 3kjiv zyx vvvt ++=  
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( )3.15 

1

)(

2

1

1 3Ö
Ö

+

+
=

c

vu

uv
tv

x

x
x ↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )3.16 

1

)(
)(

2

1

11
3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

y

y

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( )3.17 

1

)(
)(

2

1

11 3

ö
÷

õ
æ
ç

å Ö
+Ö

=

c

vu

tv
tv

x

z
z

g

↓ 2.16 ǵ ѝĚĚ ↓ǵẀ ĚĚ 

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

↔ר S КǮ Ǔ ʴǵϽǵ ǜ 2.6 Ǯ ҲǞǭǋȒǵǮ a.4.1 ș ǮǔȒ ↓ǵẀ 3.15

3.17 ș̓ Ǟǭ ↔ר SКǵ ǵ ǜǵ ˆș a.4.2 Ǯ ǠȒ  

( ) ( ) ( ) ( )1.4.a)()()(
2

1

2

1

2

1

2 3tvtvtvc zyx ++=
 

( ) ( ) ( ) ( )
( ) ( ) ( )

( )2.4.a

1

)(

1

)(

1

)()()()(
2

2

12

2

11

2

2

12

2

11

2

2

1

2

12222
3

ö
÷

õ
æ
ç

å Ö
+Ö

+

ö
÷

õ
æ
ç

å Ö
+Ö

+

ö
÷

õ
æ
ç

å Ö
+

+
=++=

c

vu

tv

c

vu

tv

c

vu

uv
tvtvtvtv

x

z

x

y

x

x
zyx

gg

 

͜ 2.12 ș̓ Ǟǭ a.4.2 ǵֳ Ƕ a.4.3 ǲ ǮǔȒ a.4.3 ǵֳ ǵ 1 ǵѝἧș᾽ ǠȒǯ a.4.4

ǵֳ ǲǱȒ  

( ) ( ) ( ) ( )
( ) ( )

( )3.4.a

1

)(1

1

)(1

11

)(

1

)(

1

2

2

1

2

112

2

2

2

1

2

112

2

2

2

1

2

1

2

2

12

2

11

2

2

12

2

11

2

2

1

2

1 3

ö
÷

õ
æ
ç

å Ö
+

Öö
ö

÷

õ

æ
æ

ç

å
-

+

ö
÷

õ
æ
ç

å Ö
+

Öö
ö

÷

õ

æ
æ

ç

å
-

+

ö
÷

õ
æ
ç

å Ö
+

+
=

ö
÷

õ
æ
ç

å Ö
+Ö

+

ö
÷

õ
æ
ç

å Ö
+Ö

+

ö
÷

õ
æ
ç

å Ö
+

+

c

vu

tv
c

u

c

vu

tv
c

u

c

vu

uv

c

vu

tv

c

vu

tv

c

vu

uv

x

z

x

y

x

x

x

z

x

y

x

x

gg

 

( )
( ) ( ) ( ) ( )

( )4.4.a

1

)(1)(12

1

)(1

1

)(1

1

2

2

1

2

112

2
2

112

2
2

11
2

2

2

1

2

112

2

2

2

1

2

112

2

2

2

1

2

1 3

ö
÷

õ
æ
ç

å Ö
+

Öö
ö

÷

õ

æ
æ

ç

å
-+Öö

ö

÷

õ

æ
æ

ç

å
-++ÖÖ+

=

ö
÷

õ
æ
ç

å Ö
+

Öö
ö

÷

õ

æ
æ

ç

å
-

+

ö
÷

õ
æ
ç

å Ö
+

Öö
ö

÷

õ

æ
æ

ç

å
-

+

ö
÷

õ
æ
ç

å Ö
+

+

c

vu

tv
c

u
tv

c

u
uuvv

c

vu

tv
c

u

c

vu

tv
c

u

c

vu

uv

x

zyxx

x

z

x

y

x

x  

a.4.4 ǵֳ ǲ ǞǦѝἧǵ ǑȏǺ ș᾽ ǠȒǯ a.4.5 ǵֳ ǲǱȒ a.4.1 ǵֳ ș ǮǔȒ

a.4.5 ǵֺ șȅǯȈǭ a.4.6 ǵȏǍǲ ǮǔȒ  

( ) ( )
( )5.4.a

1

2

1

)(1)(12

2

2

1

2

12

2
2

1

2

12

2
2

1

2

1

2

1

2

2

1

2

112

2
2

112

2
2

1

2

1

3

ö
÷

õ
æ
ç

å Ö
+

Ö-+Ö-++ÖÖ+

=

ö
÷

õ
æ
ç

å Ö
+

Öö
ö

÷

õ

æ
æ

ç

å
-+Öö

ö

÷

õ

æ
æ

ç

å
-++ÖÖ+

c

vu

v
c

u
vv

c

u
vuuvv

c

vu

tv
c

u
tv

c

u
uuvv

x

zzyyxx

x

zyxx

 

( )
( )6.4.a

1

2

1

2

2

2

1

2

1

2

12

2
2

1

2

1

2

1

2

1

2

2

1

2

12

2
2

1

2

12

2
2

1

2

1

2

1

3

ö
÷

õ
æ
ç

å Ö
+

Ö+Ö-+ÖÖ+++

=

ö
÷

õ
æ
ç

å Ö
+

Ö-+Ö-++ÖÖ+

c

vu

vv
c

u
uuvvvv

c

vu

v
c

u
vv

c

u
vuuvv

x

zyxzyx

x

zzyyxx
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a.4.6 ǵֳ ǲ ǞǦѝἧǵ 1 ș a.4.7 ǵֳ ǲ ǞǦѝἧǵ ǵȏǍǲ ǠȒ a.4.1

ș̓ Ǟǭ a.4.6 ǵֳ ǲ ǞǦѝἧǵ ș a.4.7 ǵȏǍǲ ǔ ǏȒ  

( ) ( )
( )7.4.a

1

2

1

2

2

2

1

2

1

2

2

2
2

1

2

1

2

2

1

2

1

2

12

2
2

1

2

1

2

1

2

1

3

ö
÷

õ
æ
ç

å Ö
+

Ö-Ö-+ÖÖ+

=

ö
÷

õ
æ
ç

å Ö
+

Ö+Ö-+ÖÖ+++

c

vu

vc
c

u
uuvv

c

vu

vv
c

u
uuvvvv

x

xx

x

zyxzyx

 

a.4.8 ǵֳ ǲ ǞǦѝἧǵ ș᾽ Ǟǭ a.4.8 ǵֳ ǵȏǍǲ ǠȒ a.4.8 ǵֳ ǲ ǞǦѝἧǵ

ǑȏǺ Ƕқ Ǟǭ ǲǮǔȒǵǮ a.4.9 ǵȏǍǲ ǮǔȒ  

( )
( )8.4.a

1

2

1

2

2

2

1

2

12

2
22

1

2

1

2

2

1

2

1

2

2

2
2

1

2

1

3

ö
÷

õ
æ
ç

å Ö
+

ÖÖ+-+ÖÖ+

=

ö
÷

õ
æ
ç

å Ö
+

Ö-Ö-+ÖÖ+

c

vu

v
c

u
uuuvv

c

vu

vc
c

u
uuvv

x

xx

x

xx

 

( )9.4.a

1

2

1

2

2

2

1

2

12

2

1

2

1

2

2

1

2

12

2
22

1

2

1

3

ö
÷

õ
æ
ç

å Ö
+

Ö+ÖÖ+

=

ö
÷

õ
æ
ç

å Ö
+

Ö+-+ÖÖ+

c

vu

v
c

u
uvv

c

vu

v
c

u
uuuvv

x

xx

x

xx

 

a.4.1 ǵ‼ ș a.4.9 ǵֳ ǲ ǞǦѝἧǵ 1 ǲ̈ЊǠȒǯ a.4.10 ǵֳ ǲǱȒ a.4.10 ǵֳ

ș ʴǵϽǵ ǜǵ ˆǮ ǠȒǯ a.4.11 ǵֳ ș ǮǔȒ  

( )10.4.a

1

2

1

2

2

2

1

2

12

2

1

2

2

2

1

2

12

2

1

2

1

3

ö
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õ
æ
ç

å Ö
+

Ö+ÖÖ+

=
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+
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c

vu

v
c

u
uvc

c
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v
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x
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( )11.4.a

1
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1

2

2

2

1

2

14

2

2

1

2

2

2

1

2

12

2

1

2

3

ö
÷

õ
æ
ç

å Ö
+

Ö+
Ö

Ö+

Ö=

ö
÷

õ
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å Ö
+

Ö+ÖÖ+

c
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v
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c
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c

c

vu

v
c

u
uvc

x

x
x

x

xx

 

a.4.11 ǵֳ Ƕ a.4.12 ǵ Țʴǵ ǵȏǍǲ Ǯǔ a.4.12 ǵֳ ǵȏǍǲǱȒ a.4.12 ǮǶ ↔ר S

Кǵ ǵ ǜǶ ʴǵϽǵ ǜǮǉȒǚǯș ǞǭǋȒ a.4.1 ǑȏǺ a.4.12 ș̓ ǠȒǯ ↔ר S Кș

ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒ Ƕ ↔ר SКș ʴǵϽǵ ǜ 2.6 Ǯ ҲǠȒ ǚǵǚǯǶ a.4.13

ș ǮǔȒ  

( )12.4.a

1

1

1

21
2

2

2

1

2

2

1

2

2

2

1

2

14

2

2

1

2 3c

c

vu

c

vu

c

c

vu

v
c

u

c

uv

c

x

x

x

x
x

=

ö
÷

õ
æ
ç

å Ö
+

ö
÷

õ
æ
ç

å Ö
+

Ö=

ö
÷

õ
æ
ç

å Ö
+

Ö+
Ö

Ö+

Ö  

( ) ( ) ( ) ( ) ( ) ( ) ( )13.4.a)()()()()()(
2

1

2

1

2

1

2222 3tvtvtvtvtvtvc zyxzyx ++=++=  
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Ĺ ʴǵϽǵ ǑȏǺק ǵẀ ǲǫǋǭǵ ό 

ǹǯǫǵ ↔ר ǒȐϽș ȑїǠǚǯǓǮǔȒ ↓Ƕ ǲ ὑǮǔȒǚǯș̌ὑǮǔȒ Ǥǵ ↓ǑȏǺ ↔ר

ǵ ↓ 2.2 ǵ ѝ uǮ̀ ǵ ↔ר КǮǵ ș ǮǔȒ Ͻǵ Ҳ Ǔ ǱȒǚǯǮ Ͻǵ Ҳ Ǔ

ǱȒǚǯș ᾍרԍ ǑȏǺϽ ↓ǵʥẀǵԍ ǒȐ ǮǔȒ  

( ) ( )2.2 const.,_1 3== uuSS iu ↔ר Sǵ x ѝǑȏǺ t ѝǮ ǞǦ ↔ר S1ǵ ↓ 

ȉǞ Ͻǵ ѝǵ Ҳ Ǔ ǱȒǱȐǷ Ͻǵ Ҳ ȉ ǱȒȉǵǯ ᾍר ǮǶ ǏȒǚǯǓǮǔȒ Ͻǵ

Ǔ ǱȒǚǯǮǶ Ͻǵק Ǔ ǱȒǚǯș ǠȒװ Ͻǵק Ǔ ǱȒǚǯǶ ѝș ҲǠȒϽǵ Ҳ Ǔ

ǱȒǚǯș ǠȒװ ǹǯǫǵ ↔ר КǮǵϽǵ Ҳ Ƕ̀ ǵ ↔ר КǮǵϽǵ Ҳ ǯǵ ͜╛Ǯ

ǮǔȒ ̂ ІǮǶ Ͻǵ Ҳ ǒȐᶫ 7.1.1 ǵ КǮ ȑїǠϽǵק ǵ ș όǠȒ Ͻǵק ǵ ș ό

ǠȒǚǯǮ Ͻǵ Ҳ ǵ ș όǠȒǚǯǓǮǔȒ  

ᶫ 7.1.1ǵ КǮḉ ׄ̊Ẇǵׄǔǲ ͬ ǒȐϽǓ ȑїǜȓǦḹֻǮǶ ǤǵϽǵḉ ׄǵ Ҳ 7.1.1

Ƕ 7.1.3 ǯǶ ǱȒ ǤǵḹֻǮǶ ᶫ 7.1.1 ǵ ǵ ǲǶḉ ׄǒȐǵǡȓǵѝǵ ⁪Ǔ ȓȒ ᶫ 7.1.1 ǵ

ǮǶ ͬ ǒȐϽș ȑїǠ ↓Ƕ ⁪ș ὑǠȒǹǯǫǵ ᶦǮǉȒ  

( )1.1.73yD ͬ ǒȐ ȑїǜȓǦ ʴǵϽǵḉ ׄǮǵ Ҳ  

( )3.1.73tcy DÖ=D ʴǵϽǵḉ ׄǮǵ Ҳ ǯ ǵ ͜ 

ᶫ 7.1.1 ǵ Ǯ ǠȒ Ƕ 7.1.4 Ǯ ǮǔȒ 7.1.1 Ǔ 7.1.3 ǯǶ ǱȒḹֻǮȉᶫ 7.1.1 ǵ ǮǶ

ș 7.1.4 Ǯ ǠȒ ʝ ǲ ↔ר SКǮ ↓ ҲǠȒᶫ 7.1.1ǵ ǵ Ƕ ↔ר SКǮ Ǟ

ǭǋȒᶫ 7.1.1ǵ ǵ ǯǶ ǱȒ ǤǵȏǍǱ ↔ר SǮ ǠȒ 7.1.36 Ƕ ᶫ 7.1.1ǵ Ǯ Ǡ

Ȓ 7.1.30 ǯǶ 7.1.41 ǵȏǍǲ ǱȒǚǯș Ǯ ǞǦ  

( )4.1.73
c

y
t
D
=D ǵ  

( )36.1.73stD ↔ר SКǮ ↓ ↓ǞǭǋȒ ǵϽǵ Ҳ  

( )30.1.7s 1 3stD  

( )41.1.7

1

1
1

2

2
3s

x

s t

c

v
t DÖ

-

=D  

ᶫ 7.1.4ǮǶ ↔ר SКǮǵϽǵ ↓ɗȭɆɩǵᴇș ǞǦ ᶫ 7.1.1ǵ ǮǶ ͜ 7.1.46 ș ǠȒȏǍ

ǲ ʴǵϽǓ ҲǠȒ 7.1.46 ǮǶ ↔ר S Ǯ ǠȒᶫ 7.1.1ǵ КǮǵϽǵ Ƕḉ ׄǲ ѝș

ǔ ↔ר SКǮǵϽǵ Ƕ Ȉʣ ǲ ѝș ǋǦ ↔ר SКǮ ҲǞǭǋȒᶫ 7.1.1ǵ КǮǵϽǵ

Ҳ ȏȑȉ ǞǭǋȒᶫ 7.1.1ǵ КǮǵϽǵ Ҳ Ǔ ǋǚǯǶ ǲ 7.1.46 Ǯ șǞǦ ↔ר

S ǮǵϽǵ Ҳ ǓϽǵ ѝǲʝ ǞǦ♥ǲ ↔ר S ǮǵϽǵ Ҳ Ǔ ѝǲʝ ǠȒḹֻș 7.1.46

Ǯ ǏȒǚǯǓǮǔȒ ʝ ǲǶ ↔ר S Ǯ ǠȒᶫ 7.1.1ǵ КǮǵϽǵ ѝǵ Ҳ Ǔ ǤǵϽǵ

ǮǉȒ  

( )46.1.7sin 13ss tctc DÖ=ÖDÖ q ↔ר S КǮǵϽǵḉ ʣǿǵ Ҳ  

Ͻǵ Ҳ 7.1 Ǔ ǱȒǚǯǒȐǶ ǠȒϽǵ Ҳ 7.5 Ǔ ǱȒǚǯș̌ὑǮǔȒ ѝǵ Ҳ

a.5.1 ǲ ʴǵϽǵ ǜǯǵ ͜ a.5.2 șʦǏȐȓ Ͻǵ Ҳ ǲϽǵק Tș̓ ǮǔȒ 7.1.46 Ǯ ר

↔ SǑȏǺ ↔ר S Ǯ ǮǔȒǤȓǥȓǵϽǵ ș ǏǦ a.5.2 ǵ‼ ǵ Ǔ ǱȒΙǲǱȒǱȐǷ

a.5.2 ǵֳ ǵק Ǔ ǱȒΙǲǱȒǚǯǶ ȐǒǮǉȒ  
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( )1.73rtc D=DÖ ʴǵϽǵ Ҳ  

( )5.73
c

r
t
D
=D  

( )a.5.13l=Dr  

( )a.5.23TcÖ=l  

 

↔ר SǑȏǺ ↔ר S КǮǵ ʴǵϽǵ Ҳ 7.5 ș ǠȒǦȈǲɫɶɪɱɂẀ ǵ ǵ╛ș

̓ ǠȒ ɫɶɪɱɂẀ 2.8 2.11 ǵ Ẁ Ƕ a.5.3 a.5.6 Ǯ ǮǔȒ ǵ╛ 2.11 ǑȏǺ

Ẁ ǵ ǵ╛ a.5.6 ș̓ Ǟǭ ↔ר SǑȏǺ ↔ר S ǮǵϽǵ Ҳ ș ǮǔȒ  

( ) ( )8.2 
1

3tuxx Ö-Ö=g  

( )9.2 
1

3yy =  

( )10.2 
1
3zz =  

( )11.2
21
3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g  

( ) ( )a.5.3 11 3tuxx Ö+Ö=g  

( )a.5.4 13yy=  

( )a.5.5 13zz=  

( )a.5.6121 3ö
÷

õ
æ
ç

å
Ö+Ö= x

c

u
tt g  

↔ר S ǑȏǺ ↔ר S Ǯǵ ʴǵϽǵ ǜǶ 4.9 ǮǉȒǚǯǶ̂ ĸǮ ǞǦ ϽǓ ↔ר S

ǵ x ǲᾍǞǭ ↓ a.5.7 Ǯ ȇȉǵǯ̌ὑǠȒ ǤǵḹֻǮǵ ↔ר S ǵ ǲᾍǞǭ ↓ a.5.8 Ǯ Ǥǵ

ϽǓ ȇȉǵǯ̌ὑǠȒ  

( )9.41 3cvv ==  

( )a.5.713xq  

( )a.5.83xq  

ǤǵϽǵ ↓ǵ ѝǶ ↔ר S ǮǶ a.5.9 ǮǉȒ ǤǵϽǵ ↓ǵ ѝǶ ↔ר S ǮǶ a.5.10

ǮǉȒ  

( ) ( )a.5.90,const.cos 11

1

1 3¸D=Ö=
D

D
tc

t

x
xq  

( ) ( )a.5.100,const.cos 3¸D=Ö=
D

D
tc

t

x
xq  

ǵ╛ a.5.6 ș̓ ǠȒǯ a.5.11 ș ǮǔȒ a.5.11 ǵֳ ǒȐ a.5.12 ǵֳ șᾚїǮǔ

Ȓ ↔ר S ǮǶ ↓ a.5.7 ǮϽǓ ȑїǜȓȒǚǯǒȐ a.5.12 ǵֳ ǲϽǵ ↓ǵ ѝ a.5.9 ș̈

ЊǠȒǯ a.5.13 ș ǮǔȒ a.5.13 ǮǶ ↔ר SКǮǵϽǵ Ҳ tDǑȏǺ ↔ר S КǮǵϽǵ

Ҳ 1tD ǵ ͜ș ǞǭǋȒ  

( )a.5.11121 3ö
÷

õ
æ
ç

å
DÖ+DÖ=D x

c

u
tt g  
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( ) ( )a.5.120,1 1

1

1

21 3¸Dö
ö
÷

õ
æ
æ
ç

å

D

D
Ö+ÖÖD=D t

t

x

c

u
tt g  

( )a.5.13cos1 121 3ö
÷

õ
æ
ç

å
ÖÖ+ÖÖD=D xc

c

u
tt qg  

͜╛ a.5.13 ǯ ἶǮ ͔Ǳ ș ǵ╛ 2.11 ǒȐᾚїǮǔȒ ǵ╛ 2.11 ș̓ ǠȒǯ a.5.14

ș ǮǔȒ a.5.14 ǵֳ ǒȐ a.5.15 ǵֳ șᾚїǮǔȒ ↔ר S ǮǶ ↓ a.5.8 ǮϽǓ ȑї

ǜȓȒǚǯǒȐ a.5.15 ǵֳ ǲϽǵ ↓ǵ ѝ a.5.10 ș̈ЊǠȒǯ a.5.16 ș ǮǔȒ  

( )14.5.a
21 3ö

÷

õ
æ
ç

å
DÖ-DÖ=D x

c

u
tt g  

( ) ( )15.5.a0,1
21 3¸Dö

÷

õ
æ
ç

å

D

D
Ö-ÖÖD=D t

t

x

c

u
tt g  

( )16.5.acos1
21 3ö

÷

õ
æ
ç

å
ÖÖ-ÖÖD=D xc

c

u
tt qg  

a.5.13 ǑȏǺ a.5.16 Ƕ˛ǋǵ ǲ ǔ ǠǚǯǓǮǔȒ a.5.16 ș a.5.13 ǵֳ ǲ̈ЊǠȒǯ a.5.17

ǲǱȒ a.5.17 Ƕ a.5.18 ǲ ǮǔȒ a.5.18 ǒȐ a.5.19 șᾚїǮǔȒ  

( )a.5.17cos1cos1 122
3ö
÷

õ
æ
ç

å
ÖÖ+ÖÖö

÷

õ
æ
ç

å
ÖÖ-ÖÖD=D xx c

c

u
c

c

u
tt qgqg  

( )a.5.18cos1cos1 122

2 3ö
÷

õ
æ
ç

å
ÖÖ+Öö

÷

õ
æ
ç

å
ÖÖ-ÖÖD=D xx c

c

u
c

c

u
tt qqg  

( )a.5.191cos1cos1 122

2 3=ö
÷

õ
æ
ç

å
ÖÖ+Öö

÷

õ
æ
ç

å
ÖÖ-Ö xx c

c

u
c

c

u
qqg  

a.5.19 Ƕ a.5.20 ǑȏǺ a.5.21 ǲ ǔ ǠǚǯǓǮǔȒ a.5.20 ș̓ ǠȒǯ a.5.13 Ƕ a.5.16 ǲ ǔ

ǠǚǯǓǮǔȒ a.5.21 ș̓ ǠȒǯ a.5.16 Ƕ a.5.13 ǲ ǔ ǠǚǯǓǮǔȒ  

( )a.5.20

cos1

1

1

cos1 2

2

2

2

1

3

x

x

c

u

c

u

c

u

c

u

q

q

Ö-

-

=

-

Ö+

 

( )a.5.21

cos1

1

1

cos1

1

2

2

2

2
3

x

x

c

u

c

u

c

u

c

u

q

q

Ö+

-

=

-

Ö-

 

͜╛ a.5.13 Ƕ a.5.22 ǲ ǔ ǠǚǯǓǮǔȒ ͜╛ a.5.16 Ƕ a.5.23 ǲ ǔ ǠǚǯǓǮǔȒ a.5.22

ǵֳ Ƕ ↔ר ǵ ↓ 2.1 ǵ ѝǑȏǺϽǓ ȑїǜȓȒ ↓ a.5.7 ǮΙș ὑǮǔȒ a.5.23 ǵֳ Ƕ

↔ר ǵ ↓ 2.2 ǵ ѝǑȏǺϽǓ ȑїǜȓȒ ↓ a.5.8 ǮΙș ὑǮǔȒ  

( )a.5.22cos1 1

1

3ö
÷

õ
æ
ç

å
Ö+Ö=

D

D
x

c

u

t

t
qg  

( )23.5.acos11 3ö
÷

õ
æ
ç

å
Ö-Ö=

D

D
x

c

u

t

t
qg  
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( ) ( )1.2 const.,11_ 3=-= uuSS iu ↔ר S1ǵ x1 ѝǑȏǺ t1 ѝǮ ǞǦ ↔ר Sǵ ↓ 

( ) ( )2.2 const.,_1 3== uuSS iu ↔ר Sǵ x ѝǑȏǺ t ѝǮ ǞǦ ↔ר S1ǵ ↓ 

↔ר SКș ↓ ҲǞǭǋȒϽǵק Ǔ ↔ר S1КǮǶ a.5.24 ǮǉȒȉǵǯ̌ὑǠȒ ↔ר S

КǮϽǵ Ҳ Ǔק a.5.24 ǲ ǞǖǱǪǦǯǔǲ ↔ר SКǵ Ҳ Ƕ a.5.25 ǮǉȒȉǵǯ̌ὑǠ

Ȓ  

( )a.5.2413T  

( )a.5.253trtD  

↔ר SКș ↓ ҲǞǭǋȒϽǵק Ǔ ↔ר SКǮǶ a.5.26 ǮǉȒȉǵǯ̌ὑǠȒ ↔ר SК

ǮϽǵ Ҳ Ǔק a.5.26 ǲ ǞǖǱǪǦǯǔǲ ↔ר S Кǵ Ҳ Ƕ a.5.27 ǮǉȒȉǵǯ̌ὑǠȒ  

( )a.5.263T  

( )a.5.2713trtD  

a.5.13 ǲ a.5.24 ǑȏǺ a.5.25 ș̈ЊǠȒǯ a.5.28 ș ǮǔȒ a.5.28 Ƕ a.5.29 ǲ

ǔ ǠǚǯǓǮǔȒ a.5.21 ș̓ ǠȒǯ a.5.29 ș a.5.30 ǲ ǔ ǠǚǯǓǮǔȒ a.5.30 Ƕ a.5.16 ǲ

a.5.24 ǑȏǺ a.5.25 ș̈ЊǞǦȉǵǲ Ǟǋ a.5.28 ǵֳ ǲǶ a.5.22 ș ǞǭǋȒ a.5.30 ǵֳ

ǲǶ a.5.23 ș ǞǭǋȒ  

( )a.5.28cos1 11 3ö
÷

õ
æ
ç

å
Ö+ÖÖ=D xtr

c

u
Tt qg  

( )a.5.29

cos1

1

1

3T

c

u

t

x

tr =

ö
÷

õ
æ
ç

å
Ö+Ö

D

qg

 

( )a.5.30cos11 3ö
÷

õ
æ
ç

å
Ö-ÖÖD= xtr

c

u
tT qg  

a.5.13 ǲ a.5.26 ǑȏǺ a.5.27 ș̈ЊǠȒǯ a.5.31 ș ǮǔȒ a.5.31 Ƕ a.5.32 ǲ ǔ

ǠǚǯǓǮǔȒ a.5.21 ș̓ ǠȒǯ a.5.32 ș a.5.33 ǲ ǔ ǠǚǯǓǮǔȒ a.5.33 Ƕ a.5.16 ǲ a.5.26

ǑȏǺ a.5.27 ș̈ЊǞǦȉǵǲ Ǟǋ a.5.31 ǵֳ ǲǶ a.5.22 ș ǞǭǋȒ a.5.33 ǵֳ ǲǶ a.5.23

ș ǞǭǋȒ  

( )a.5.31cos1 11 3ö
÷

õ
æ
ç

å
Ö+ÖÖD= xtr

c

u
tT qg  

( )a.5.32

cos1

1

1

3tr

x

t

c

u

T
D=

ö
÷

õ
æ
ç

å
Ö+Ö qg

 

( )a.5.33cos11 3ö
÷

õ
æ
ç

å
Ö-ÖÖ=D xtr

c

u
Tt qg  

a.5.28 ǑȏǺ a.5.31 ǲǶ a.5.22 ș ǞǭǋȒ ǚǵǚǯǮǶ a.5.34 ș ǮǔȒ  

( )a.5.34cos111 3ö
÷

õ
æ
ç

å
Ö-Ö=

D
=

D
x

tr

tr

c

u

t

T

T

t
qg  

a.5.30 ǑȏǺ a.5.33 ǲǶ a.5.23 ș ǞǭǋȒ ǚǵǚǯǮǶ a.5.35 ș ǮǔȒ  
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( )a.5.35cos1 1

11

3ö
÷

õ
æ
ç

å
Ö+Ö=

D
=

D
x

tr

tr c

u

T

t

t

T
qg  

a.5.34 ǑȏǺ a.5.35 ǵֳ ǮǶ ʴǵϽǵ ǜ 2.6 Ƕὑ ǮǉȒ ↔ר ǵ ǜǑȏǺϽǓ ȑїǜ

ȓȒ ↓Ǯֺ ↔ר ǵ ǵ ș ὑǮǔȒ a.5.34 ǵֳ ǲ ǞǦ ↓ a.5.8 ǑȏǺ a.5.35 ǵֳ ǲ

ǞǦ ↓ a.5.7 ǶǰǨȐǒʝ Ǔ ὑǠȒǯ̀ Ǔ ὑǠȒ ǚǵǚǯș ǞǦ ͜╛ș ǲᾚїǠȒ  

( ) ( )2.60,0,
1

00

3>¸
³

= cc
Ůɛ

c  

Ǥǵ ͜╛șᾚїǠȒǵǲ a.5.19 ș̓ ǠȒ a.5.19 ǵ‼ ǲǶ 2.12 ș ǞǭǋȒ a.5.19 ǑȏǺ 2.12

ș̓ ǠȒǯ a.5.36 ș ǮǔȒ  

( )a.5.191cos1cos1 122

2 3=ö
÷

õ
æ
ç

å
ÖÖ+Öö

÷

õ
æ
ç

å
ÖÖ-Ö xx c

c

u
c

c

u
qqg  

( ) ( )12.2 const.

1

1

2

2
3=

-

=

c

u
g  

( )a.5.36cos1cos11 12

2

3ö
÷

õ
æ
ç

å
Ö-Öö

÷

õ
æ
ç

å
Ö+=- xx

c

u

c

u

c

u
qq  

a.5.36 Ƕ a.5.37 ǲ ǔ ǠǚǯǓǮǔȒ a.5.37 ș a.5.38 ǵȏǍǲ ǠȒ a.5.38 ǵ‼ Ƕ a.5.38

ǵֳ ǵ ǲ ǞǦ ǫǵ̵╨ǵ ǲ ǘǦ͜ ǲ ǞǋȉǵǯǞǭ ǮǔȒ ǚǵǚǯǮ a.5.38 Ƕ a.5.39

ǵ‼ ǵȏǍǲ ǮǔȒ  

( )a.5.37coscoscoscos11 12

2

12

2

3xxxx
c

u

c

u

c

u

c

u
qqqq ÖÖ-Ö-Ö+=-  

( ) ( )a.5.38coscoscoscos 12

2

12

2

3xxxx
c

u

c

u

c

u
qqqq ÖÖ--Ö=-  

( ) ( ) ( )a.5.39coscos1coscos 112

2

3Ö-Ö=-Ö xxxx
c

u

c

u
qqqq  

a.5.39 ǵʰ ǵ ╩ǲ ǘǦ͜ ǲВ ǲǱȒ
c

u
ǓǉȒǵǮ a.5.40 șᾚїǮǔȒ a.5.40 ǵ‼ ș ǠȒǯ

a.5.41 ș ǮǔȒ  

( ) ( )a.5.40coscos1coscos 11 3xxxx
c

u
qqqq -=-Ö  

( ) ( )a.5.4101coscoscoscos 11 3=-Ö-- xxxx
c

u
qqqq  

a.5.41 ǵ‼ ǵ ș᾽ ǠȒǯ a.5.42 ǲǱȒ a.5.42 ș ↔ר S КǮǵ ↓ a.5.7 ǵ̵╨Ǯ Ǡ

Ȓǯ a.5.43 ǲǱȒ a.5.43 Ƕ a.5.44 ǲ ǔ ǠǚǯǓǮǔȒ a.5.44 ǵ‼ Ƕ ↔ר S КǮǵ ↓ a.5.7

ǵ̵╨ǮǉȒ  

( )a.5.420coscoscoscos 11 3=+ÖÖ--
c

u

c

u
xxxx qqqq  

( )a.5.713xq  
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( )a.5.430coscos1cos 1 3=+-ö
÷

õ
æ
ç

å
Ö-

c

u

c

u
xxx qqq  

( )a.5.44

cos1

cos

cos 1 3

x

x

x

c

u
c

u

q

q

q

Ö-

-

=  

1tan xq a.5.45 ș ǠȒ a.5.44 ș̓ Ǟǭ a.5.46 ș ǮǔȒ a.5.45 ǵֳ ǲ a.5.46 ș̈Њ

ǠȒǯ a.5.47 ǵֳ ǲǱȒ  

( )a.5.45
cos

sin
tan

1

1
1 3

x

x
x

q

q
q =  

( )a.5.46

cos

cos1

cos

1

1

3

c

u
c

u

x

x

x -

Ö-

=

q

q

q
 

( )a.5.47

cos

cos1

sin
cos

sin
1

1

1 3

c

u
c

u

x

x

x

x

x

-

Ö-

Ö=

q

q

q
q

q
 

a.5.47 ǵֳ ǲ ǜȓǭǋȒ 1sinqș ǠȒǵǲ a.5.48 ș̓ ǠȒ a.5.44 ǒȐ a.5.49 ș Ǯǔ a.5.49

ș a.5.48 ǵֳ ǲ̈ЊǠȒǯ a.5.50 ǲǱȒ a.5.48 ǵֳ ǲ a.5.50 ǵֳ ș̈ЊǠȒǯ a.5.51 ș Ǯ

ǔȒ  

( )a.5.48cos1sin 1

2

1

2 3xx qq -=   

( )a.5.49

cos1

cos

cos
2

2

1

2 3

ö
÷

õ
æ
ç

å
Ö-

ö
÷

õ
æ
ç

å
-

=

x

x

x

c

u

c

u

q

q

q  

( )a.5.50

cos1

cos

1cos1
2

2

1

2 3

ö
÷

õ
æ
ç

å
Ö-

ö
÷

õ
æ
ç

å
-

-=-

x

x

x

c

u

c

u

q

q

q  

( )a.5.51

cos1

coscos1

sin
2

22

1

2 3

ö
÷

õ
æ
ç

å
Ö-

ö
÷

õ
æ
ç

å
--ö

÷

õ
æ
ç

å
Ö-

=

x

xx

x

c

u

c

u

c

u

q

qq

q  

a.5.51 ǵֳ ǵѝἧș᾽ ǠȒǯ a.5.52 ǲǱȒ a.5.52 ǵֳ ǵѝἧș ǠȒǯ a.5.53 ǵֳ ǲǱȒ  
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̏ a.5.58 ǵḹֻǶ ʝ ǲ a.5.59 ǑȏǺ a.5.60 Ǔ ǠȒ a.5.58 a.5.59 ǑȏǺ a.5.60 ș̓ Ǡ

Ȓǯ a.5.61 ș ǮǔȒ  

( )a.5.581 3xx qq º  

( )a.5.59sin 11 3xx qq º  

( )a.5.60sin 3xx qqº  

( )a.5.61sinsin 1 3xx qq º  

̏ a.5.58 Ǔ ̏ 5.43 Ǯȉ̓ ǮǔȒḹֻș̌ὑǮǔȒ ǚǵǚǯǶ ǫǵ ↔ר Ǔ˛ǋǲ ǞǭǋȒ

ḹֻǲ ǋǚǯǮɉɣɶɆɱҘἶǒȐ̌ὑǮǔȒ ̏ 5.43 Ǔ ǠȒḹֻǮ a.5.57 Ǯ a.5.61 ș ǠȒǲǶ
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╨ a.5.62 ș 1tan xq a.5.47 ǵֳ ǲ̈ЊǠȒǯ a.5.63 ǲǱȒ a.5.63 ǵֳ ș ǠȒǯ a.5.64 ǲǱȒ

1tan xq a.5.45 ș̓ ǠȒǯ a.5.64 ǮǶ 1tan xq a.5.65 ș ǮǔȒ  
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a.5.69 ș̓ ǠȒǯ ↔ר SКǮǵϽǓ ȑїǜȓǦ ↓ a.5.8 ǵ̵╨ș a.5.70 Ǯ ǮǔȒ ̵╨ a.5.70

Ƕ̵╨ a.5.44 ǲ ̧ǵ ǮǉȒ ǚȓȐǵ ǮǶ ↓ǑȏǺ ↔ר ǵ ↓ǵ ѝș ǠȒǚǯǮֿǟ
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↔ר S Кǵ ↓ a.5.7 ǵ̵╨ a.5.44 ╨ a.5.62 ǑȏǺ a.5.65 ǮǶ ↔ר S Ǯ Ǯǔ

Ȓ 2.2 ǵ ѝǑȏǺ ↓ a.5.8 Ǯ șǞǭǋȒ ↔ר SǮ ǮǔȒ 2.2 ǵ ѝǑȏǺ ↓ a.5.8 Ǔ

ὑǠȒǚǯǮ̵╨ a.5.44 ╨ a.5.62 ǑȏǺ a.5.65 Ǔ ὑǠȒ ǚǵǚǯǮǶ 2.2 Ǯ ↔ר S

ǮǵϽǓ ȇ ↓ a.5.8 Ǔ ὑǠȒǯ ↔ר S ǮϽǓ ȇ ↓ a.5.7 Ǔ ὑǠȒ  

 

 


