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̬ǵ ӴǱЊ 2007  

1ᶥ/Ћ 5ᶥ 

ĚĚ ɛɄɱȵɡɩȦɋɩȬɶǵǑ Ǟ ĚĚ 
A LIFE COM.  ɎȢȨ Ὑ 

ὰ῎ᴇ˲ 

 1. ȅǏǓǔ 

ĚĚ PDF ǵЋ ᶥǑȏǺ Option ǲǑǋǭǶƼ ƽǶƼ ̬ǵ ӴǱЊ 2007ƽș ǠȒװ ĚĚǶᶥ
ɵ ɵ

Ǯǵ ̬ǵ ӴǱЊ ɪɗɩș ὑǞǭ ǞǭǋȒ ǚǵȏǍǱ ὑǒȐ ǵКὦǶ ǲḨǬǋǦ

ǲǱǪǭǋȒ ǵЋ ᶥǑȏǺ Option Ƕ Ǔ ǞǭǋȒⱲ ǵᶥ ɠɅɩ 1 2 3 4 5 ǵ֓

ǯǞǭ̸ ǞǭǋȒ ǤǵⱲ ǵᶥ ɠɅɩ ǮǶ, ᶥ șꜘ ǞǭɐɆǵⱲ șƼⱲ

ǵᶥ ɠɅɩƽ the circuit model of the cardiovascular system Ǯ Ǟǭ Ǥǵᶥ ɠɅɩș ǠȒ ǤǵȏǍǱ

Ǯ Ǎ ᶪǲǶ Ǥǵ Ǯ♬Ǧ ǵꜘ ș ǠȒǚǯȉדȚǮǋȒ ǤǞǭ ǵᾍ ǲǶⱲ

ǓדȅȓȒ Ⱳ ǵ ѝ ǮǶӣἶǑȏǺ ἶǮȉ Ǳ ҲǓǉȒǚǯǶק ǮǉȒ Ƕ Ⱳ

ǵ ș›ἶѝ Ǯ ǪǭǋȒ ₴ ᷀ǵ ǵ ǞǭǋȒⱲ ǵᶥ ɠɅɩ ǲǶ

ǲǶӣἶșᾚЊǞǭǋǱǋ ǵ ǵ Ƕ ἶǑȏǺ ἶșḨ ǯǞǭǋȒ ₴ ᷀ȅǮǶ

ȂǯȚǰӣἶș̓ ǞǱǋǮ ș ǞǭǋȒ ʣ ǵ ǒȐ ȐǒǱȏǍǲ ǵⱲ ǵᶥ ɠɅɩ

ǮǶ ʝ ǵ ᶥ ǑȏǺ ἧᶥ ǓḨ Ǳ ǲדȅȓȒ ǚǵȏǍǱḨ Ǳ ǲדȅȓȒ ǵᶥ

ǵ ̬ș ǵⱲ ǵᶥ ɠɅɩ ǮǶ Ⱳ ǑȏǺ Кǲ̸ ǠȒКᶿǲᾍꜘ ͜șʦǏǭǋȒ ǤǵК

ᶿș ᶿǑȏǺẎ ᶿǮ ǞǦ ǚǵǦȈǲ ǵⱲ ǵᶥ ɠɅɩ ǮǶ ᶥ network ǉȒǋ

Ƕ ǯǞǭⱲ ș ǠȒ ǲǶǦǺǦǺ ̬ș̓ ǠȒ Кᶿǵ ǋ̬ ǒȐКᶿǵ̭ǋ̬ ǲ Ǔ

ȓȒǚǯǶ ǵᶥ ɠɅɩѝ ǮǶǯǭȉ Ǳ˗ ǮǉȒ Ǥǵ˗ ș ǠȒ ǲКᶿș̓ ǠȒǚǯǓǉ

Ȓ ǤǵȏǍǱⱲ ǵᶥ ɠɅɩǵКᶿǲǶ ̬ǲᾍꜘ ͜șʦǏǭǋȒ ǵ ǵǹǯǫǲ

Ǔ ǲʦǏǭǋȒƼ ǵὑ ƽ șʺ█ǞǭǋȒ ș ǠȒ ǲǶ Ⱳ ǑȏǺ Кǵ ǵ

Ҳș ǠȒǚǯǓǉȒ ǚǵȏǍǱ ǵ ҲǮǶ Ƽ ǵ 2 ƽșר ₴ ᷀ǵ ἶǮ ǍǚǯǓǮ

ǔȒ ǚǵȏǍǱ ǮǶ ḹǑȏǺ ҘḹǮǵƼ ǵẀӓƽș ǮǔȒ ǚǵȏǍǱ ǮǶ Ƽ ƽǯǞ

ǭǵ ǮǶǱǖ ἧǑȏǺ ǯǞǭǵר Ǯǵ ǮǉȒ ǚǵȏǍǱ ǵ ǵר Ǯȉ ǵ ǮǶ

̬ș̓ ǠȒ ǵКὦǶ ǚǵȏǍǲ ̬ǑȏǺ ̬ș Ǎ ǵⱲ ǵᶥ ɠɅɩ Ǯ Ǎ ǵᶥ

ǲǫǋǭ șǞǭǋȒ  

ʣ ǵȏǍǱ֓ ǯǞǭ ǵ ̬ǵ Ƕ ǵᶥ ǵ ᶿǲǫǋǭ ǠȒǦȈǲ̸ ǞǦ Ƕ

ἶǵʝ ǯǞǭǵ șǞǭǶǋǱǋ ǵᶥ ĚĚ ɵ ἧ›ἶѝ ǵᶥ ǮǉȒ ĚĚǵ ᶿǵ

ǯǞǭ ș̸ ǞǭǋȒ ǵ › Ẏἶǵ 1 ₴ ǵ ᶥ ǯ ǠȒǯ ᶥ ǵ ᶿǵ ǯǞǭǶ Ǟǋ

ȉǵǮǉȒǯ Ƕ ǏȒ ǦǧǞ ǵ › Ẏἶǵ 1 ₴ ↓ǵ ἶǯ ἶǵἶ Ƕ ˓ǞǭǋȒǚǯș

ǵ ὑǵ ὄǯǞǭǋȒ  

₴ ᷀ ǵЋ̱ǲǑǘȒ ǯǱȒЋ 5ᶥǲ Option șқǏǦ ǫǵ PDF Ǯ ș ǠȒ ֺᶥ

ǵ҇ Ƕ̊ʤǵȏǍǲǱǪǭǋȒ ǶЋ̱ǯǞǭǶ›ἶǵᶥ ǯǞǭ ǞǭǋȒ ǦǧǞ ᶥ ᶥ

ȅǮǶ ἶǵ ἶ Ǳ Ǯǉȑ ᶥ Ƕ›ἶǵᶥ Ǳ ǮǉȒ Option ǵКὦǶ ̬Ǒȏ

Ǻ ̬ǲǫǋǭǵ ₴ ᷀ǵ ǵ ǯǞǭǵКὦǲǱȒ  
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ᶥ ɛɄɱȵɡɩȦɋɩȬɶǵǑ Ǟ  

ᶥ ɛɄɱȵɡɩȦɋɩȬɶǵǑ Ǟ  

ᶥ ̬ǵὑ ǵǑ Ǟ 

ᶥ ̬ǵǑ Ǟ 

ᶥ ǵᶥ Ǯ̓ ǠȒ ᶿǵǑ Ǟ 

Option ǵ ̬ǵὑ ǑȏǺ̀ ǵ ̬ǵὑ ǵ ǲǫǋǭǵ ǵ  

ᶥǮǶͪἭҘǑȏǺɛɄɱȵɡɩȦɋɩȬɶǵ șǠȒ ᶥǵɛɄɱȵɡɩȦɋɩȬɶ ǵὑ Ƕ Ǔ

ǲ ǞǦȉǵǮǉȒ ǵ ǮǶ ₴ ᷀ȅǮǵ ᶮКǮ̓ ǜȓǭǋȒʝ Ǳ ἶ Ǯ

ǵɛɄɱȵɡɩȦɋɩȬɶǵὑ ǯǶ ǱȒ ǜȐǲ ǵ ǮǶ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǑȏǺǤǵ

ͪἭҘǵǱǠ˿˗ ǯǵ ͜ȉ ₴ ᷀ȅǮǵ ᶮКǵʝ Ǳ ἶ ǮǵᾚЊ ǯǶ ǱȒ ᶥ

ǮǶ ҲȦɋɩȬɶǑȏǺ˿˗ -ȦɋɩȬɶԍ ǵ șǠȒ ҲȦɋɩȬɶǶ ɉɣɶɆɱǵ Ҳ ╛ș̓ Ǟ

ǭᾚїǞǭǋȒ ɉɣɶɆɱǵ Ҳ ╛ǮǶ ǲ̸ ǞǭǋȒֻҘș ר ǑȏǺқ ↓Ǯ ǠȒ Ǔ

ἶ ̈ǲ ἶǵᾐ Ǯ ȚǧȉǵǲǶ ɉɣɶɆɱǵ Ҳ ╛Ǯ ǲ̸ ǠȒҘș ǠȒǚǯș Ǟǭ

ǋǦ ǚǵ ǮǶ ʥ ўǮǉȒȉǵǯ Ƕ ǏǭǋȒ ǲ̸ ǠȒֻҘǶ ǲ̸ ǠȒҘǵ ᴇǮǉȒ

ֻҘǶ ҘǯǶ Ǔװ ǱȒ ǚǵ Ǯװ Ǯǵ ҲȦɋɩȬɶǶᴇ ǵᾐ ǯǶ ǱȒȉǵǯ ǲǶ Ǔ

ǉȒ ˿˗ -ȦɋɩȬɶԍ ș̓ ǞǭҘἶ ȦɋɩȬɶͪἭǵ ѸșᾚїǠȒ ɛɄɱȵɡɩȦɋɩȬɶ ҲȦɋ

ɩȬɶ ˿˗ -ȦɋɩȬɶԍ ǑȏǺҘἶ ȦɋɩȬɶͪἭǵ ѸǶ ǵʴǮǦǺǦǺ̓ ǠȒ ͪἭҘǑȏǺɛ

ɄɱȵɡɩȦɋɩȬɶǶ ᶥǮ ɛɄɱȵɡɩȦɋɩȬɶș ǠȒ ǲ̓ ǠȒ Ǥǵ ɛɄɱȵ

ɡɩȦɋɩȬɶǶ ȭɶɫɱǵ Ѹș̓ Ǟǭ ǠȒ ȭɶɫɱǵ Ѹș ǠȒ ǲ ǵͪἭǲǫǋǭȉ

Ӵǲ ȓǦ ᶥǮǶ ḹКǮǵҘἶ ȦɋɩȬɶͪἭǵ ѸǑȏǺ ǵȦɋɩȬɶͪἭѸș̓ Ǟǭ ҲȦɋɩ

ȬɶǵẀӓ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǑȏǺẆҘǵ ͜ș ǠȒ ɛɄɱȵɡɩȦɋɩ

ȬɶǶ ᶥǮ ̬ 12 șὑ ǠȒǵǲ̓ ǠȒ ᶥǵ ̬ǵὑ Ƕ ˿˗ Ǯὑ ǠȒȉǵǯǶ ǱȒ ˿˗

ș̓ Ǟǭ ̬ș ǠȒ Ƕ ̬ș Ȓ ǯǞǭ șǞǭǉȒ ȅǦ ̬ǵ ǴֻȖǢǵԍ ǵᾚїǑȏ

Ǻ șǠȒ ɛɄɱȵɡɩȦɋɩȬɶǶ Ǯ ǍȉǵǮǉȑ ɛɄɱȵɡɩȦɋɩȬɶǮ ǵȦɋɩȬɶͪ

ἭѸș̓ ǞǦ όș ᶥǮǶ ǟȒ ᶥǮὑ ǞǦ ̬Ǯ ᶥǵ ̬șὑ ǠȒ ̬ǵ ǴֻȖǢǵԍ

ș̓ Ǟǭ ̬ǵẀӓǲǫǋǭ ȓǭǋȒ ǤǵȏǍǱ ̬ǵẀӓǶ ᶥ КǮ ǟȒ ̬ǵẀӓș

ǠȒǵǲꜘ ǮǔȒȉǵǯ Ƕ ǏǦ ̬ǯ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǯǵ ͜ș ǞǦ

ǚǵ ͜ǵ ǮǶ ̬ǯ ɛɄɱȵɡɩȦɋɩȬɶǯǵ ͜ȉ ǞǦ ǚȓȐǵ ͜Ƕ ̬ǑȏǺ ̬

ș̓ Ǟǭ ǑȏǺᶥ ǵ ɛɄɱȵɡɩȦɋɩȬɶǲǫǋǭ ǏȒ ǲ̓ ǮǔȒ ǵ Ҳ Ḹǯ

ḹɗȭɆɩǒȐ ɛɄɱȵɡɩȦɋɩȬɶǑȏǺǤǵẀӓ ș ȒǚǯǓǮǔȒ ǲǫǋǭǵ șǞǦ

ǤǞǭ ǤǵȏǍǱ ɛɄɱȵɡɩȦɋɩȬɶǵ όǯ Ǟǭ ǵ Ҳ Ḹǯ ḹɗȭɆɩǒȐ ̬Ǒ

ȏǺ ̬ș Ȓ ǲǫǋǭǵ șǞǦ ǤǵȏǍǱ ɛɄɱȵɡɩȦɋɩȬɶǯ ̬ș ȒǚǯǓǮǔ

Ȓ ǮǶ ̬ǵ ̭ǒȐ Ǔ ҲǠȒ ׄș ǮǔȒ ǚǵȏǍǱ ǵ Ҳǯ ̬ǯǵ ͜Ƕ ǵᶥ К

Ǯ Ǔ ҲǠȒǚǯș ǠȒ ǲ̓ ǮǔȒ ḹǒȐ ɛɄɱȵɡɩȦɋɩȬɶș ǠȒ╛ș̓ Ǟ

ǭ ḹɗȭɆɩǵ ׄǯ ǵ Ҳ ׄǯǵ ͜ǲǫǋǭǵ ̬ ǯᴀǷȓȒ ѩǱ ǵ șǠȒ ǜȐǲ

ɛɄɱȵɡɩȦɋɩȬɶǑȏǺ ̬ș̓ Ǟǭ ̬ǒȐ ḹș ǠȒ ǲǫǋǭ șǠȒ Ǥǵ

ǮǶ ḹɗȭɆɩǵẎǔǜǯ ̬ǯǵ ͜ș ǠȒ ɛɄɱȵɡɩȦɋɩȬɶǲǫǋǭ ǏǭǔǦ

ǵǮ ǲ ḹКǮǵ ǵ ҲȦɋɩȬɶǯ ̬ǯǵ ͜ș όǠȒ ǚǵ όǮǶ ḹКǮǵҘἶ Ȧɋ

ɩȬɶͪἭǵ Ѹș̓ ǠȒ ᶥǮǶᾚ̱Ǯǵ ̬ǲǫǋǭȉ șǠȒ ǤǞǭ ᾚ̱ ǵƼʝ ƽǑȏǺר
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Ƽ ǴֻȖǢǵԍ ƽș ǠȒ ǚǵ ǴֻȖǢǵԍ ș̓ Ǟǭ ɛɄɱȵɡɩȦɋɩȬɶșἴ ᾚ̱Ǒ

ȏǺᾚ̱ ǲ ǋǭ ǠȒ ȅǦ ᾚ̱ǵ ǮǶȪȤȷǵ Ѹș̓ Ǟǭ ḹș ǠȒ Ǥǵ ḹș̓ Ǟ

ǭ ̬ș ǠȒ ǜȐǲ ὦ șᾚЊǠȒ ǚǵ ὦ ș̓ ǞǭȱɱɅɱȳǵ ὦ ǑȏǺ ɛ

ɄɱȵɡɩȦɋɩȬɶș ǠȒ ᶥȅǮǶ ʺǲ ḹǮǵ ǮǉȒ ᶥǒȐǶ Ҳ Ǳ ḹǵ șǠ

Ȓ Ҳ Ǳ ḹǶ ǲ ͜ǠȒ ᶥǮǶ ǵᶥ Ǯ̓ ǠȒ ᶿǲǫǋǭ ǠȒ ǵ ǮǶ

ᶥǮ̓ ǞǦⱨѝ Ƕ ₴ ᷀ȅǮǵ ᶮКǮ̓ ǜȓǭǋȒʝ ǱȉǵǯǶ ǱȒ ǚǵⱨѝ ǵ

ᾚЊȉ ǵ ǵѨ Ǯ ǪǦ ǤǞǭ ǚǵⱨѝ ș̓ ǞǦ ǵὑ
ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ

ș ᶥǮǶ ǞǭǋȒǚǯȉ

ǵ ⱪ
ɵ ɵ ɵ ɵ ɵ

ǯǱȒ ᶥǮ ᶿ Ҙ Ҙ ȢɱȾȭȽɱȷ ȫɩɐəɁɓǵ ѸǑȏ

ǺȫɩɐəɁɓǵ Ѹǲǫǋǭǵ șǠȒ ǚǵȏǍǱȉǵș ǠȒǵǲ Ǥǵⱨѝ șꜘ ǞǭǋȒ

Ҙ electromotive force ǵὑ șʦǏǭǋȒ Ǔἶ ̈ǲ Țǧᴇ ǵᾐ ǮǶ ᶥ ᶫǮ ҘǓ ᶿ

ǲ ǜȓǭǋǦ ǤǵȏǍǱᾐ ǮǶ Ҙșὑ ǠȒǰǚȔǒ Ǡ
ɵ

Ȑ
ɵ

ǒǪǦ ᶥǮǶ Ǔ ǲ

Ҙǵὑ șʦǏǭ Ǥǵ ἶǮǵ ș ǞǭǋȒ ǵὑ ǮǶ Ǔ ǲ ǵװ șὑ Ǟǭǋ

Ȓ Ǔὑ ǞǦ ǵװ Ƕ ȭɶɫɱǵ Ѹǵ ǯǶ
ɵ

Ǳ
ɵ

Ȓ
ɵ

ȉ
ɵ

ǵ
ɵ

ǯǞǭὑ ǞǭǋȒ Ǥǵ ǵװ

ș̓ Ǟǭ ᶮ Ӵ̬ ǮǉȒ SI Ǯǵ ǵӴ̬ǵΙǵ їșǞǭǋȒ ᶮ Ӵ̬ ǵ ӴǱ ǲȉ ȓǦ ȫɩ

ɐəɁɓǵ 1 ѸǲǫǋǭǶ ᶥǮ șǠȒ ǵͪἭș̓ Ǟǭ ǠȒ ȫɩɐəɁɓǵ Ѹǲǫǋ

ǭǶ 1 ᶥǵ̂ Ǯ șǠȒ ǵȦɋɩȬɶͪἭѸǮ όșǠȒ Ȩɶɞǵ Ѹǲ♫Ǎ ǮǶ Ҙἶ ǲǫ

ǋǭ Ӵǲ ȓȒ ǵʰ ǲ ǟȒ ᶿǑȏǺὑ₡ Ǔ ͈ ͜ǲǱȒǚǯǶ Ȩɶɞǵ ѸǮ
ɵ

Ƕ
ɵ

Ǳ
ɵ

ǋ
ɵ

ȉǵ

ǯ Ǎ ǚǵȏǍǱ ͈ ͜Ƕ Ȩɶɞǵ Ѹǲ♫Ǎ ǵʝ
ɵ ɵ

ǵ
ɵ

ǮǉȒ ǚǵ Ǯװ ᶥǵȨɶɞǵ

Ѹǵ Ƕ Ǔἶ ̈ǲᴇ ǵᾐ Ǯ ȚǧȉǵǯǶ ǱȒ ǓǉȒ ȅǦ ȪȤȷǵ Ѹ ǵ╛ ɜ

ȭȷȤȥɩǓʹ ǞǦȠɱɘɶɩǵ ѸǑȏǺɓȟɧɅɶǵ Ѹș̓ ǠȒ ǦǧǞ ǮǶ Ƽ ƽǵ Ǯ

Ǔ ǜȓǭǋǱǋȉǵǯǞǭ Ǎ ǚȓȐǵ╛ș ʴǵɜȭȷȤȥɩǵ ╛ Maxwellõs equations ǯǞǭ

ǠȒ ᶥǮǶ ɜȭȷȤȥɩǵ ╛ șҲ ḹǑȏǺ ḹǵ Ǯʺǲ̓ ǠȒ ḹǵҘǮǶ ḹ Ҳ

ḹǑȏǺ ḹǵҘș ǠȒǦȈǲɫɶɪɱɂҘǵ╛ș ǠȒ ǵᶥ Ǯᶥ ᶫșʦǏȒǦȈǲ ᶥ ᶫǮ

̓ ǠȒᶥ ἧ circuit element ǵ ֵǲǫǋǭǵ șǞǦ ǚǚǮ ǞǦᶥ ἧǵ ֵș̓ Ǟǭ Ѧ RCL

ᶥ șʦǏȒ ǚǵ Ѧ RCL ᶥ ș̓ Ǟǭ ӴǱᶥ ș Ǎ Ǥǵᶥ ș̓ Ǟǭ ȫɩɐəɁɓǵ 2 Ѹș

ǵȦɋɩȬɶͪἭѸș̓ Ǟǭ όǞǭǋȒ ǚǚǮǵᶥ ǮǶȢɱɒɶȾɱȷǑȏǺ ǵ ẎΙș їǠȒ

ǵ ǶǚǚȅǮǯǞǭǋȒ ǚǵ ᶥǵ♥ǲǶ Option șқǏǭ ̬ǵὑ ǲǫǋǭǵ ǵ ș ǟȒ

ǚǚǮǶ ̬ș˿˗ Ǯὑ ǞǱǒǪǦ ș ǠȒ  

ᶥǶ ǮͪἭҘș ǞǭǋȒ ǵ ѧǵ ǲʦǏǦ ḹǵὑ Ƕ ǵἶ ǵ ǲ ᶮКǮʝ

ǲ̓ ǜȓǭǋǦ ḹɗȭɆɩǵὑ ǮǉȒ ǵ ♥ǵ ǲʦǏǦ ḹɗȭɆɩǵὑ Ƕ Ǔ ǲʦǏ

ǦȉǵǮǉȑ Ѽ ǵȉǵȏȑȉϮȓǭǋȒȉǵǯ ₴ ᷀ǵ Ƕ ǏǭǋȒ ǵ ǮǶ ǵ ѧ

ǲ ǞǦ ḹǵὑ ǮȉӦѝǱȉǵǯ ₴ ᷀ǵ Ƕ ǏǭǋȒ ₴ ᷀ǲ̂ǘқǏǦ ǵ

♥ǵ Ǯǵ ḹǵ Ƕ Ҳ Ǳ ḹǑȏǺ Ҙḹǲ ͜ǓǉȒѧ Ǳ ǮǉȒ ǚǵ Ƕ ᾍר

ǵꜘ șǠȒḹֻǓǉȒ ǵ Ǯ̂ǘқǏǭǋȒ ǮǶɛɄɱȵɡɩȦɋɩȬɶș ǞǭǋȒ ǵ

ǮǶ ǵɛɄɱȵɡɩȦɋɩȬɶǵὑ Ƕ ₴ ᷀ȅǮǵ ᶮКǵẉǖǵ ἶ Ǯȉ ǞǭǋǱǋ

ȉǵǯ ǏȒ ȅǦ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǑȏǺǤǵͪἭҘǵǱǠ˿˗ ǵ ͜╛ǲǫǋǭȉֿ ǯ

Ƕ ǏȒ ǚȓȐǵ Ƕ ǵʴǮǦǺǦǺ̓ ǠȒȉǵǮǉȒ ɉɣɶɆɱǵ Ҳ ╛ș̓ Ǟǭ ҲȦɋɩ

ȬɶșᾚїǞǭǋȒ ҲȦɋɩȬɶǑȏǺɛɄɱȵɡɩȦɋɩȬɶș̓ Ǟǭ Ҙἶ ȦɋɩȬɶͪἭǵ ѸǮɛɄ

ɱȵɡɩȦɋɩȬɶǵẀӓ ǲǫǋǭ ǞǭǋȒ ᶥǵ ̬ǵὑ ǵǦȈǲ ɛɄɱȵɡɩȦɋɩȬɶǵ ș
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ǠȒ ɛɄɱȵɡɩȦɋɩȬɶǵ ǲͪἭҘǵ ș̓ ǠȒǦȈǲ ǮͪἭҘș ǞǦ ǮǶ ᾍ

ר Ǯ̓ ǠȒ Ҳ ╛ǮǵȦɋɩȬɶǵͪἭѸǲǫǋǭ ǞǭǋȒ ȦɋɩȬɶǵͪἭѸǶ Ǯ ǞǦ

Ҙἶ ȦɋɩȬɶͪἭǵ Ѹș̓ Ǟǭ ǵḹֻǲ ȓǭǋȒ Ҳ ╛ǲǫǋǭǶ Ǔἶ ǵ ǲ Ț

ǧ ἶ ǵ Ǔʥ ўǮǉǪǦȉǵș ǞǭǋȒ ר ǑȏǺқ ↓ǵ Ǯ ǠȒɉɣɶɆɱǵ Ҳ ╛

Ƕ Ǥǵ ǲ̸ ǞǭǋȒֻҘș ǠȒ Ẏἶ ǵ ǵ Ǔ Țǧ ἶ ǲǶ ֻҘǮǶǱǖҘș ǠȒȉ

ǵǯ ᾚǞǭǋǦ ǓǉȒ  

̂ ĵǮǶɛɄɱȵɡɩȦɋɩȬɶǮ̓ ǠȒ ֵǑȏǺ ₴̈ǵ ᶮКǵʝ Ǳ ᾚǲǫǋǭ Ӵǲ

ȓǭǋȒ ǚǚǮǶ
ɵ ɵ

ǲ
ɵ

Ƕ
ɵ

█ǪǭǋȒȏǍǲ ǏȒᴇ ǵᾐ ǵ ǯǶ ǱȒ
ɵ ɵ

ǵ
ɵ ɵ ɵ

ǯǵ ș

Ӵǲ ǪǭǋȒ ɛɄɱȵɡɩȦɋɩȬɶș Ǔ ǫȉǵǯ ǍǚǯǶ ʥ ўǮǉȒǚ
ɵ

ǯ
ɵ

ș ǞǭǉȒ  

̂ ĶǮǶК ȦɋɩȬɶ ǵȦɋɩȬɶͪἭѸǑȏǺ Ҙἶǵ 1 ѸĚĚ Ҙἶǵ 1 ѸȉȦɋɩȬɶǵͪ

ἭѸǮǉȒ ĚĚș ǞǦ К ȦɋɩȬɶǶ ǵȦɋɩȬɶͪἭѸǑȏǺ Ҙἶǵ ѸșᾚЊǠȒ ǲ̓ Ǡ

Ȓ ǵȦɋɩȬɶͪἭѸǶ ǵ ᶥǵȱɱɅɱȳǵ ɛɄɱȵɡɩȦɋɩȬɶǲǫǋǭǵ όǑȏǺ

ᶥǮǵȫɩɐəɁɓǵ ᶿ₳ ǵ Ѹș ǠȒ ǲ̓ ǠȒ Ҙἶǵ ѸǶ ǵ ǮǶᶥ ἧǵ

ǲ ǠȒ ǮǉȒ  

̂ ķǮǶ ᾍר ǑȏǺ ἧ ǮǵȦɋɩȬɶǲǫǋǭǵ șǞǦ Ǯ ǞǦɛɄɱȵɡɩȦɋɩ

ȬɶǑȏǺ ҲȦɋɩȬɶǶ ֦Ж ǵɉɣɶɆɱҘἶǵ ǵʴǮǵ șǞǭǋȒ ̂ ķǮǶ ǤǵȏǍǱ֦Ж

Ǯǵ ǯǶ ǱȒȦɋɩȬɶǲǫǋǭ ǞǦ ᾍר șḨ ǯǞǭȦɋɩȬɶǲǫǋǭ ǞǭǋȒ

̂ Ķǵ ǵȦɋɩȬɶͪἭѸș̓ ǞǭǋȒ Ͻἧǵ ἧȦɋɩȬɶǲǫǋǭȉ ǞǭǋȒ ǮǶ

ᾍר ǑȏǺ ἧȦɋɩȬɶǲǫǋǭȉ̓ ǠȒ ǓǉȒ Ǯ ǵ ǵ ǮǉȒ

ЛǮ ǞǭǋȒⱲǵɠɅɩǲǫǋǭȉ ȦɋɩȬɶ ҘǑȏǺ Ҙǵ ǒȐ Ӵǲ ȓǭǋȒ ǚǵⱲǲ

ǫǋǭǵ Ƕ ǑȏǺ ǲ ͜ǠȒ  

̂ ĸǮǶ ɫɶɪɱɂẀ ǑȏǺȪɨɪȢẀ ǲǫǋǭ ǞǭǋȒ ɉɣɶɆɱҘἶǮǶ ᾍ ǑȏǺ ᾍ

ș̓ ǞǭȪɨɪȢẀ șᾚїǞǭǋȒ ᾍר ǮǶ ɫɶɪɱɂẀ șᾚїǞǭ ᾍ ǑȏǺ ᾍ

șבὑǞǭǋȒ ǚǵǚǯǮǶ ἶǵ ↔ר ǲɫɶɪɱɂẀ ș̓ ǠȒǵǮ̂ ĸș ₴

᷀ǲ қǞǦ ɫɶɪɱɂẀ ș̓ ǠȒǯ ᾍ ǑȏǺ ᾍ șבὑǮǔȒ ʴǵϽǵ ἧș̓ Ǟǭ

ǵר Ѹș ǮǔȒ Ͻǵ ἧǵ ҲȦɋɩȬɶǵẀӓǮ Ͻǵ ἧǲ̸ ǠȒֻҘǓẀӓǠȒ ǚǵǚǯǮǶ

ǵר Ѹș ǮǔȒ ǚǵ ǵר ѸșɫɶɪɱɂẀ Ǯ̓ Ǟǭ ᾍ ǑȏǺ ᾍ șבὑǮǔȒ ǚǵ

ǚǯǶ ɉɣɶɆɱҘἶǮǶ ǮǔǱǋ ↓ǵ ᾍרǑȏǺқ ↓ǵ ᾍרș ǠȒǵǲ ǮǉȒǵǮ

₴ ǲ қǞǦ  

̂ ĹǮǶƲ ǲǫǋǭר ǞǦ Ƕר ἧ Ǯǵ ǮǉȒ ǚǵ ǮǶ Ǔ ἧǑȏǺ ǵ

ǫǵר Ǯ ǮǔȒ ǵ ȓǶ Ǯ ǮǔȒ Ǥǵ ǵ ǵ ѝǵ ș ἶǮ ǠȒ

ǲ ₴ ᷀ǮǶ șר ǏȒǚǯǓǮǔȒ Ǔ ȓȒ ǲ ȦɋɩȬɶ ǓẀӓǠȒ ǤǵȦɋ

ɩȬɶ ǵẀӓǲǶ ȦɋɩȬɶǵ ἧӓǮ ǲẀӓǠȒḹֻș ǮǔȒ ǵ Ƕ Ǯ ҲǠȒ

ǵẀӓș ȒǵǲḨ ǯǱȒ ǚǵȏǍǱ ǮǵȦɋɩȬɶ ǵẀӓǶ Ⱳ ǑȏǺ ǲǶ ǱẀӓ

ǮǉȒȉǵǯ ₴ ᷀ǵ Ƕ ǏǭǋȒ Ⱳ Ǔ ǲẀӓșʦǏȒǚǯǲǶ ƼⱲƽǿǵ̸ ș̌

ὑǮǔȒ ǚǵȏǍǱ̸ ǮǶ Ⱳǯ̱ǵ ˛̸ ș̌ὑǮǔȒȉǵǯ ₴ ᷀ǵ Ƕ ǏȒ ȦɋɩȬ

ɶ Ƕ ̱ȵȷɄɞǵẆ ǒȐǵҘǓ̸ ǠȒǚǯǮẀӓǓ֯ ǮǉȒȉǵǯ̌ὑǮǔȒ ǚǵǚǯǮǶ ⱲǑȏǺ

̱ȵȷɄɞǯǵ ˛ ͜ǲ ǏȒǚǯǓǮǔȒ ₴ ᷀ǵ ƵǓ ̱ȵȷɄɞș ǠȒǵǲ ʺǲǶ

ҘǑȏǺ Ҙș̓ ǠȒ ἶǶ ̱ȵȷɄɞș ǠȒ ǲȉḨ ǯǱȒ  
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̂ ĺǮǶ ̬ǵὑ ǲǫǋǭ ӴǱ șʦǏǦ ₴ ᷀ǵ Ǔ ̬ǵὑ Ǯ̂ ĵǲ ǠȒ

ǚǯș ǞǭǉȒ Ƕ ̬ǵὑ ǲǫǋǭ ǟǭǋȒ ǮǉȒ ǵⱲ ǵᶥ ɠɅɩǶ ᶥ

șḨ ǯǞǭ Ǔ ǲ ǞǦɠɅɩ ǮǉȒ ǤǵɠɅɩ ș ǠȒ֓ ǯǞǭ ș̸ Ǟǭ

ǋȒ Ǔ Ȓ ǵẎἶ ₴ ȅǮǵḨ ἶǑȏǺⱨѝ ѝἶǮǶ Ǔ ǞǦⱲ ǵᶥ ɠɅɩ

ș ǠȒǚǯǶ Ǟǋ ǚǵǚǯǲǶ Ǥǵ ǵ ǵКὦǓʥ ўǮǉȒǚǯș Ƕ ǲǠȒ

Ƕ ǤǵȏǍǱʥ ўǮǉȒȉǵǯ Ǔ ǏǭǋȒʝ ǲ Ǔ ǲὑ ǞǦ ș̓ Ǟǭ̱ ș ǠȉǵǮǉ

Ȓ ̬Ƕ ǲⱲ ǵᶥ ɠɅɩǮȉ ǮǉȒ ǚǵǦȈǲ ̬ǵὑ ǑȏǺ ̬ǵὑ ǲǫǋǭ

ǞǱǓȐ̀ǵ ǲǫǋǭȉ Ǔὑ ǞǦȉǵș ǞǭǋȒĚĚɛɄɱȵɡɩȦɋɩȬɶ ǑȏǺ ҘǱǰ

Е̱ ǲǶʣ Ǯ ǲ Ӵǲ ȓǦ ĚĚ ̂ ĺǮȉ 3 ǮǵɛɄɱȵɡɩȦɋɩȬɶǶǯǭȉ ǮǉȒ  

̂ ĻǮǶ ɉɣɶɆɱҘἶǵ ↔ר ǑȏǺқ ↓Ǯǵ ᾍרǵ șǞǦ ɉɣɶɆɱҘἶǵ ↔ר ǮǶ

ḹș ǮǔǱǋ ǚǵǦȈǲ ȠȢɱȵɣȽȢɱǵ ᾍר ǵ ↔ר Ǯ ḹș ǠȒ Ǥǵ

ᾍר ǵ ↔ר ǮǶ ɉɣɶɆɱǵʠ ╠Ҙǵ ѸșᾚїǮǔǱǋ ǚǵǚǯǮǶ ҘǓ ǮǔǱǖǱȒ

Ҙș ǠȒǦȈǲ ȠȢɱȵɣȽȢɱǵʝ ᾍר ș̓ ǠȒ ǚǵǚǯǮ ɉɣɶɆɱǵʠ ╠Ҙǵ Ѹȏ

ȑȉԝὭǱ Ҙ ș♬Ȓ ʝ ᾍר ǮǶ қ ↓Ǯ Ҙș ǠȒ ǚǵқ ↓Ƕ ɉɣɶɆɱҘἶǵқ ↓

ǯǶ ǱȒ ɉɣɶɆɱҘἶǵ ↔ר ǵқ ↓Ƕ ᾍқ ↓ǮǉȒ ɉɣɶɆɱҘἶǮǶ ᾍ ș̓ Ǟǭ

↔ר ș ǠȒ ǤǵȏǍǱ ↔ר ǵ ↓Ƕ ᾍ ↓ș̓ Ǟǭ ǠȒ ǚǵ Ƕ ᾍ ȉ̓

ǞǭǋȒ ᾍר Ǯ ɉɣɶɆɱҘἶǮǶ ǮǔǱǋ ↓ǵ ᾍרș ǮǔȒ ʝ ᾍר Ǯ ɉɣ

ɶɆɱҘἶǮǶ ǮǔǱǋқ ↓ǵ ᾍרș ǮǔȒ ǚǵȏǍǱ ᾍרș ǮǔǱǋɉɣɶɆɱҘἶǵ ↔ר

ǑȏǺқ ↓ǲǫǋǭ ǞǦ ὂὐǲ їǠȒ ǲǶ ↓ǑȏǺқ ↓ș̓ ǠȒ ǚǵ ↓ǑȏǺқ ↓ș

ǏȒǵǲɫɶɪɱɂẀ ș̓ ǠȒǵǮ̂ Ļș ₴ ᷀ǲ қǞǦ  

Ƕ Ǔ ǲ ǞǭǋȒƼⱲ ǵᶥ ɠɅɩ ƽǲǫǋǭǵ Ϭǵ PDF ǮǉȒ

Ƕ ₴ Ǯǵ ǵ ǵʺ Ǳ ѝșȅǯȈǦ ǮǉȒ ǮǶ Ǔ ǲὑ ǞǦƼȱɱɕ

ɧȢȠɱȷƽ compliance ǑȏǺƼ ȓǵ ƽșⱲ ǵᶥ ɠɅɩǵᶥ ἧǯǞǭ̓ ǞǭǋȒ

₴ ᷀ǮǶ ǚȓȐǵ ἧș ǵ ǵ ἧǯǞǭ Ƕ ǪǭǋȒ ǮǶ ȱɱɕɧȢȠɱȷǶȱɱɅɱȳ

ǲᾍꜘ ͜șʦǏǦ ֿ ǲ ȓǵ ǶȨɶɞǵ Ѹǲ♫Ǎ ǲᾍꜘ ͜șʦǏǦ ʣ ǵȏǍǲ ǵ

ᶥǮǶȱɱɅɱȳǵ șǞǭǑȑ ᶥǮǶȨɶɞǵ Ѹǲ♫Ǎ ǵ șǞǭǋȒ Ƕ Ⱳ

ǵᶥ ɠɅɩǮ̓ ǠȒ ǵὑ ǲǫǋǭǵ ǮǉȒ Ǯ ǵὑ șʦǏǭǋȒ Ǯ

ӴǲʦǏǦ șʹ Ǟǭ ǮǶ ǵ ǵ ǯǞǭὑ ǞǦ Ǥǵ ǮǶ Кǵ ˧ Ǔ

ǲᾍǞǭẀӓǠȒḹֻǮȉ ╛Ǯǵ ǓǮǔȒ ǤǵȏǍǱ ǵὑ șʦǏȒǵǲ ǵὑ ș̓ ǞǦ

Ǥǵ ǵὑ Ƕ Ǔ ǲ ǵ ᶥǮʦǏǦȉǵǮǉȒ ǓẎἶ ǵǚȔǲἶȚǧ ǵὑ ǯǶ ǱȒ

ѝǓǉȑ Ǔ ǲʹ șʦǏǦȉǵǮǉȒ ǤǞǭ ǤǵȏǍǲὑ ǞǦ ș̓ ǞǭⱲ ǵᶥ

ɠɅɩ Ǯ̓ ǠȒƼȢɱȾȭȽɱȷƽș Ǔ ǲὑ ǞǦ ₴ ᷀ ǤǵȢɱȾȭȽɱȷș ǵ

ǵȢɱȾȭȽɱȷǯǞǭ Ƕ ǪǭǋȒ ǮǶⱲ ǵᶥ ɠɅɩǵȢɱȭȾȽɱȷș ᶥ ǵ

ȢɱȾȭȽɱȷǲᾍꜘ ͜șʦǏǦ ᶥ ǵȢɱȾȭȽɱȷǲǫǋǭǵ Ƕ ʣ ǵȏǍǲ ǵ ᶥǮʦ

ǏǦ ǮǶ ș ǑȏǺ Ҙἶ ǯǞǭ ǪǭǋȒ ǓǉȒ ǮǶ ǵȦɋɩȬɶͪἭѸș̓

ǞǦ Ҙἶ ǮǶ Ҙἶǵ Ѹș̓ ǞǦ ǵȦɋɩȬɶͪἭѸǑȏǺ Ҙἶǵ Ѹǲǫǋǭ̂ ĶǮ

ǞǦǚǯǶʣ ǵǯǑȑǮǉȒ Ǔ ǞǭǋȒⱲ ǵᶥ ɠɅɩ ǵ ⱪǯǞǭǶ ǵȏǍǱ

ȉǉȒ ǵɠɅɩ ǮǶ
ɵ

̬
ɵ

ș
ɵ

Ⱳ ǑȏǺ Кǲ̸ ǞǭǋȒК
ɵ

ᶿ
ɵ

ǲ
ɵ

ᾍ
ɵ

ꜘ
ɵ

ǜǢȒ ͜șʦǏǭǋȒ ̀ ǵ

Ⱳ ǵᶥ ɠɅɩ ǮǶ ᶿș ᶿǲᾍꜘǜǢǭǋȒȉǵǓǉȒ ǚǵ ᶿș ᶿǲᾍꜘǜǢȒ̀ ǵ
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ǮǶ ѝ Ǔ ǲǱȒḹֻǓ ό֯ Ǯǉȑ Ǔ ǞǭǋǱǋ ǵǹǯǫǮǉȒ ǜȐǲ ǤǵȏǍǱⱲ

ǵᶥ ɠɅɩǮǶ
ɵ

ᶿ
ɵ

Ǯ
ɵ

ǓⱲ Кșⱦ ǞǭǋȒȏǍǲ șǞǭǋȒȉǵǯ ǲǶѨ ǮǔȒ

ǵ Ȓ ȑǮǶ Ⱳ ǑȏǺ КǮ̸ ǞǭǋȒК
ɵ

ᶿ
ɵ

Ǯ
ɵ

ʺǲⱲ КǮǵ Ƕⱦ ǞǭǋȒȉǵǯ Ǯǔ

Ȓ ǚǵȏǍǲⱲ ǑȏǺ Кǵ șⱦ ǜǢǭǋȒᶿҘǓ ǱȒ ǲǱȒǚǯȉ Ǔ ᶿș ᶿǲᾍꜘǜ

ǢȒ ͜ș ǞǱǋ ǵǹǯǫǮǉȒ ǚǚǮ̓ ǞǭǋȒƼКᶿƽǶƼ ᶿƽǯ ǱȒȉǵǮǉȒ ǚǵǚǯǶ

Ǯ șǞǭǋȒ ǜȐǲ ǵⱲ ǵᶥ ɠɅɩǮǵⱲὙǑȏǺⱲ ǲ►ǦȒ ѝǲ Ǔ ǲὑ

ǞǦɕɪɁȵɡəɫɭș ǞǭКᶿѰⱣКᶿ șὑ ǞǭǋȒ ǚǵКᶿѰⱣКᶿ ǮǶ ⱲὙǑȏǺⱲ ǲἭ᷀

ǠȒ șⱲὙǑȏǺⱲ ǲ̸ ǠȒКᶿǮⱦ ǜǢȒǚǯș ǠȒ Ǥǵⱦ ǜǢȒКᶿǵѰⱣǲ Ǔ ͜

ǠȒ ǤǵȏǍǱ ǯǵⱲ ǯǵ ǲǶ КᶿѰⱣКᶿ Ǯ ǠȒ Ǔ Țǧ̀ ǵᶥ ɠɅɩ

ǮǵⱲ ǵ ǵⱦ Ƕ ⱲὙǑȏǺⱲ Кǲ șЊȓȒǧǘǮⱦ ǠȒȉǵǯ șǞǭǋȒǚǯș

ǲǶ Ǔ Ȓ ⱲὙǑȏǺⱲ Кǲ Ǔ ȒǧǘǮ Ⱳ Ǔ șⱦ ǜǢȒǚǯǶ Ǔ ȒʣǮȉ ἶǑȏ

Ǻ ἶǵ ǯǶʝ ǞǱǋ ǮⱲ ǵКᶿǵѰⱣș ǍǚǯǮǶ ǤǵȏǍǱ ᶥ ɠɅɩș̌ὑǠȒ

Ǥǵ ᶥ ɠɅɩșКᶿѰⱣКᶿ ǲ Ǟǭ КᶿǵѰⱣșǞǭⱲ Кǵ șⱦ ǜǢȒǚǯș̌ὑǮǔ

Ȓⱨѝ ╛ ǵᾚїǓ֯ ǮǉȒ ǤǵȏǍǱ ǵⱲ ǵᶥ ɠɅɩǮ Ι șǞǦɐɆǵ‼ⱲὙǵКᶿ

ǑȏǺὦ Ƕ ὑΙǯᾛ ̊ʤ 1 ǮὈЋǲʝ ǠȒǚǯș Ǯ ǞǦ ǜȐǲ ǵᶥ ɠɅɩǮǶ

ȢɱȾȭȽɱȷșᾚЊǞǭ ǵɠɅɩȏȑȉὕ ǵɐɆǵⱲ ǲʝ ǞǦȉǵǯ Ǎ ș қǮǔǦ

ǚǵȏǍǲ ʝ ǠȒȉǵǯ ǏȒ ȉ ǵⱲ ǵᶥ ɠɅɩ ǯ̀ ǵ ǯǵ ǱȒ Ǯǵ ⱪ

Ǳ ǮǉȒȉǵǯ Ƕ ǏȒ ʣ ǵȏǍǲ ǵ ǵ ǯǞǭǵ ⱪș ₴ ᷀ǵ ǵⱲ

ǵᶥ ɠɅɩ ǲ Ƕ ǏȒ Ƕ ǓѧⱲ ׄǘǲ̸ ǞǦⱲ ǵᶥ ɠɅɩǵ֓

ǮǉȒ ǚȓȐ ǫǵ ǮǶ ǑȏǺ Ǯ̓ ǞǦѧ ǒǫḨ Ǳ ѝǮǵ șǠȒ  

Ƕ ǵ ᶥ Option ȅǮǵ Ϭǵ PDF ǮǉȒ Ƕʥὑ ǲ șǞǭ ǠȒǚǯ

ǓǉȒ ǚǵȏǍǱ ǵȵȷɄɞǵǦȈǲ ֺ PDF ǵКὦǓʝ ǞǱǋ ȉ ǠȒǚǯȉ ǏȐȓȒ ֺ

PDF ǵ ♥ǵȂǍǲ̸ ǑȏǺ ș ǞǭǋȒ ǚȓȐǵ Ḹș֓ ǲ ǵКὦǵʝ

ǞǱǋ ѝǲǶᾍꜘșǯȓȒǚǯȉ Ƕ ǏǭǋȒ ǑȏǺ șʺǱ֓ ǯǞǭ ǵЋ̱ș

̸ ǞǭǋȒ ș ǵ˿˗ ǑȏǺ˿˗ -ȦɋɩȬɶԍ ǵ ș̸ ǠȒǦȈǲ֓ ǲǞǦ ǜȐǲ

ȉ ἶǵ ǑȏǺ˿˗ -ȦɋɩȬɶԍ ǲǫǋǭ֓ ǲǞǭ ᶥǵ ș̸ ǞǭǋȒ Ƕ̂

Ķǵ ↓ǲǫǋǭ֓ ǲǞǦ ǮǉȒ Ƕ SI ǲǫǋǭǵ ǮǉȒ SI ǲǫǋǭǶ ǵ ᶥĚĚ

ǵǚǯ ĚĚǮ șǞǭǉȒ ǶȠȢɱȵɣȽȢɱǵ ᾍר ǲ ͜ǠȒ ǲǫǋǭ Ǯȅǯ

ȈǦ ǮǉȒ ȠȢɱȵɣȽȢɱǵ ᾍר Ƕ̂ ķǮ̓ ǞǭǋȒ ǵ OptionĚĚ ǵǚǯ ĚĚ

ǮȉȠȢɱȵɣȽȢɱǵ ᾍר ǵ Ҳ ╛ǲǫǋǭ ǪǭǋȒ Ƕ ̂ ķǮ̓ ǞǦ ὑ ș

ǞǭǋȒ CODATA ǵ PDF ǮǉȒ CODATA ǲǫǋǭǶ Ǯ ǞǦ ǶȠȢɱȵɣȽȢɱ

ǵ ᾍר Ǯǵ ↓ǵẀ ǲǫǋǭ ǞǦ PDF ǮǉȒ ǲ ↓ǵὑ ǑȏǺ ↓ǵẀ ǲǫǋǭ

ǵ șʦǏǦ ↓ɗȭɆɩǶ ǵ ᶥǵ Ǯȉ̓ ǞǭǋȒ ǵ OptionĚĚ ǵǚǯ ĚĚǮ

Ӵǲ ↓ǲǫǋǭ șǞǭǉȒ ǑȏǺ Option Ǯǵ ↓ǵὑ Ƕ ᾍר ǵ ↔ר ʣǮǵὑ

ǮǉȒ ǚǵ ↔ר ǮǶ ᾍ ǑȏǺ ᾍ Ƕ̓ ǞǭǋǱǋ ɉɣɶɆɱҘἶǵ ↔ר Ƕ ᾍ

ǑȏǺ ᾍ ș̓ ǞǭǋȒ ǚȓǵ ǲǫǋǭǶ ̂ ĸǑȏǺĻǮ ǞǭǉȒ Ǔἶ ̈ǲ Țǧᴇ

ǵᾐ ǮǶ ɉɣɶɆɱҘἶǵ ↔ר Ǯǵ ↓ǵ ǮǉǪǦ Ǔ Ȓ ǤǵȏǍǱ ↓ǵ ǮǶ Ǯ

↓ș ĚĚ ↓ǵὑ ǯȉ ǏȒȉǵș ǲ Ǡ ĚĚǞǦȉǵȉǓǉȒ ↓ǑȏǺқ ↓Ƕ ɉɣɶɆɱҘἶ

Ǯȉ ᾍר Ǯȉ
ɵ ɵ

Ǯ
ɵ

ὑ ǠȀǔȉǵǮǉȒǚǯș ₴ ᷀ǵ Ƕ ǏȒ ǚǵȏǍǱ Ƕ
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ǵ ↓ǑȏǺқ ↓ǵ Ǯ ⱪǯǱȒ ǮǶȠȢɱȵɣȽȢɱǵ ᾍר ǮǵȦɋɩȬɶǵẀ Ǒȏ

Ǻ ᾍ ǵẀ ǵᾚїʱǺǲ șǞǦ ǮǉȒ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǵȦɋɩȬɶǑȏǺ

ᾍ Ƕ̂ ķǮ șǞǦ ǮǶ̂ ķǵ ἧ ǲǫǋǭ֓ ǲǞǦ ̂ ķǵ ἧ ǶȂǯȚǰ

ǑȏǺ ǵ ᾚșḨ ǲǞǭ̸ ǞǦ ἧ ǲǫǋǭǶ ǵ ᶥǵ̂ Ǯ ǍɚɶȠ Ǯ̓

ǠȒ Ƕ ̂ ķǮ șǠȒϽ ἧǵȠȢɱȵɣȽȢɱϼ ǵ ǲǫǋǭ ǞǭǋȒ ǮǉȒ  

Ƕ Ǔ ǲ ǞǭǋȒ ǵ ǮǉȒ ǵᾐ ǮǉȒⱲ ǵᶥ ɠɅɩǮǶ

Ⱳ ǵКᶿǑȏǺὦ ǵ șר ǠȒǵǲ ș̓ ǠȒ ǤǵȏǍǱ ș ǠȒ ǲǶ ɓɶɨȦ ĚĚ

ǑȏǺ ǵ̂ Ǯ șǞǭǉȒ ĚĚș Ǟǭ ǵḨ ș ǞǦ ǚǵǚǯǮǶ ╨ ǯ

Ǟǭ ╨ șꜘ ǠȒ ╨ ș ἶǮ̓ Ǟǭǋǭȉ Ƕ ╨ ǵὑ șἶȚǧ ǓǱǋ ǚǵǚǯ

ȉǉȑ Ǔ ǲ ╨ ǵὑ șʦǏȒǚǯș ȆǦ ǮǶ ǵὑ ș Ǔ ǲʦǏǭǋȒ

ș ǏȒǚǯǶ͛ὓ Ǳ ǮǉȒȉǵǯ ₴ ᷀ǵ Ƕ ǏǭǋȒ ԝὭǲǶ ș ǞǭǋȒ

ǵ Ҳș ǲ ǮǔȒǚǯǮ ̱Кǵ șȏȑ ὕǲ ǋȉǵǯǞǭ ǮǔȒȏǍǲǱȒȉǵǯ ǏǭǋȒ

ǤǵȏǍǱ ǵ șǠȒǲǶ ᾍ ǑȏǺ ᾍ ș̓ ǞǱǋǮ ǠȒǚǯǲǱȒ ǜȐǲ șר

ǠȒǚǯǮ ̱Кǵ ǵר ǑȏǺ ǵר ș ǮǔȒȏǍǲǱȒ ǚǵȏǍǱǚǯǮǶ ↓ǑȏǺқ ↓ǵ

ὑ Ǔ ᾍ ǑȏǺ ᾍ ǮʦǏȐȓȒȉǵǮǶ̓ ǮǔǱǋ ᾍ ǑȏǺ ᾍ șבὑǮǔȒ ἶǵ

Ƕ ȠȢɱȵɣȽȢɱǵ ᾍר ǮʦǏȐȓǦ ᾍר Ƕ Ҙș Ǎ ǮǉȒ ᾍר

ǮǶ Ҙș ǠȒʠ ╠Ҙǵ ѸșᾚїǮǔǱǋ ǚǵǚǯǮǶ ȠȢɱȵɣȽȢɱϼ ǵ Ҙ ǯǞǭʝ

ᾍר ș Ǎ ɉɣɶɆɱҘἶǵʠ ╠Ҙǵ ѸǶ ȠȢɱȵɣȽȢɱϼ ǵ Ҙ Ǯǵ ̧ǵ ѸǯǞǭ ᾚǜ

ȓǭǋȒ ₴ ᷀ǮǉȒȉǵǯ Ƕ ǞǭǋȒ Ǥǵʝ ᾍר ǮǶ ᾍר ǵ ↔ר

șꜘ Ǟǭқ ↓↔ șὑ ǠȒ Ǥǵ ↔ר ǮǶ ҘǓ ǏǱǋǚǯǮ ̱Кǵ ǵ Ҳș ǠȒǚ

ǯǓǮǔǱǋᵂ ǓǉȒ ɉɣɶɆɱҘἶǵ Ƕ ᾍר ǵ ↔ר ʣǮ ̧ǮǔȒḹֻǓǉȒ ǚǵǚ

ǯșꜘ Ǟǭ ᾍ ǑȏǺ ᾍ ș̓ ǞǱǋǮ ḹǑȏǺ ҘḹșʺǱḹǯǞǦ ǵ ș ǮǔȒ

ș Ǔ ǲ ǠȒǚǯș ȆǭǋȒ ₴ ᷀ǮǉȒ ǚǵȏǍǱ↔ ș̓ ǞǦḨ ǵ

ἶǵ̱ Ƕ Ǔ ǲ ǞǭǋȒ ǵ ǯǶֿǟȉǵǮǶǱǋ Ǔ ǲ ǞǭǋȒ ǵ Ǯ̓ Ǡ

Ȓ ǵḨ ἶǵ̱ ǮǉȒ șꜘ ǠȒǚǯǮ ȦɋɩȬɶǵ ἧӓș ǮǔȒ ȦɋɩȬɶǵ ἧӓǮǶ

Ҳ ș̓ ǠȒ Ҳ ǮǶק ș ǮǔȒ ק Ƕ ǮǉȒ ǑȏǺȦɋɩȬɶș ̂͜ǘȒǚǯǓǮǔ

Ȓ ǑȏǺȦɋɩȬɶǮǶ ș ǍǚǯǲǱȒ Ǯ ƵǶ ̱ș ǫ ̱ǮǶ ǑȏǺⱲ șʴ ǯǞ

ǭ Ǎǚǯșἶ ̈ǲ Țǧ ǓǉȒ ǲ ƵǵⱲș ̂͜ǘȒǚǯǶ ӣἶ Ⱳ ἶǑȏǺ›ἶǮ ᾚǜȓǭ

ǋȒ ǚǵǚǯǶ ǞǖǶǱǋ ǤǵȏǍǱ ǮǶ ⱲǶ ̱Ǔ ˥ǠȒǚǯǮⱲȉ ǠȒȉǵǯ ǏȒǚǯǶ

ὦ ǮǉȒ ǚǵȏǍǱ ǏǶ ǮⱲǓ ǮǔȒǚǯǵ ǲᶦȒ Ǔ ǳǚǯǮ ⱲǓἭ᷀ǠȒ

ǚǯȉ ǮǔǱǖǱȒ Ƕ Ⱳ ǑȏǺ̀ǵ ᶅǯ ǺǫǋǭǋȒ Ⱳ ǵ Ǔר ǯ

ǺǫǖǚǯǮ Ⱳǯǵ ͜ș ǏȒǚǯǶʣ ǵȏǍǲ֯ ǮǉȒ ǤǵȏǍǱⱲǵ ǮǶ ƵǓ ȅȓȒѼǵ

ƵǵⱲǲǫǋǭȉ ǮǔǭǋǱǋ Ƕ Ⱳ ǵᶥ ɠɅɩș ӴǱɠɅɩǯǞǭ ǞǦ Ⱳ

ǮǶ ̱Ǔⱦ ǠȒ Ǥǵ ̱Ǯ ǑȏǺ ∕ ǵ șǞǭǋȒȉǵǯ ἶǑȏǺ ἶǮἶȚǧ Ǔ

ǉȒ ǮǶ Кǵ ̱ǵȢȨɱǓ ҲǠȒǚǯǮ Кǵ Ǔ ǟȒǚǯșӣἶǑȏǺ ἶ

ǮἶȚǧ ǚǵȏǍǱ Кǵ ǵ Ḹы Ƕ ̱ș̓ ǞǭǋȒ Ⱳ Ǯ ̱ș̓ ǞǦ Ḹы ǵ

ᶥ ɠɅɩș Ǟǭ ɵ ἧᶥ ǵ șꜘ ǞǦ ǑȏǺ ǵḨ ǓǉȒ ǲ ǵḨ

Ǯ̓ ǞǦᶥ șꜘ Ǟǭ Ǔ ǲ ǵɠɅɩș Ǟǭ ǞǭǋȒ ǚǵǚǯǮǶ ̱ș

̓ ǞǦ Ḹы ǮⱲ ǑȏǺ ǵᶥ ɠɅɩș ǞǭǋȒ ǚȓȐǵɠɅɩǮǶ ⱲȅǮǶ Ǯǔǭ
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ǋǱǋ Ƕ ǲƼⱲǵɠɅɩƽș ǵɠɅɩǯǞǭ ǞỒȈǭȆǦ ǤǵⱲǵɠɅɩǮǶ
ɵ ɵ ɵ ɵ

ἶ
ɵ

Ǯ
ɵ

ǵ

όǒȐⱲǶƼ Ồ ƽǮἭ᷀ǠȒǚǯș̌ὑǞǭǋȒ ǚǵ ǮǶװ ƵǓ ᷀ ǪǭǋȒ ̱ȏȑϼǲ Ƶǵ

ⱲǓἭ᷀ǞǭǋȒ ̱Ǔ Țǧ♥ȉ ƵǵⱲǶἭ᷀ǠȒǚǯș̌ὑǞǭǋȒǚǯǲǱȒ ǚǵȏǍǲ ƵǵⱲș Ǐ

ȒǚǯǮǶ ǑȏǺ Ƕ Ƶǵ ̱Ǔ Țǧ♥ȉ ƵǵⱲǲ ǏȒǚǯǓǮǔȒ ǓǱǖǭȉ Ҙș

ǫ ƵǵⱲș̌ὑǮǔȒ ǚǵ ǮǶװ ɉɣɶɫɱǵɋɁɆɭɶȭǮ Ƶǵ Ҙș ǏȒȉǵǮǶǱǖⱲǮ Ҙș

ǫȉǵǯ̌ὑǮǔȒ ǤǵȏǍǱ ҘǶ ǰǵȏǍǲʦǏȐȓȒȉǵǒǶ ᾍ ǮǉȒ  

Ⱳǲ Ҙș ǏȒǚǯǶ ˽ ǵ Ǐǲȉ Ȓ ˽ Ƕ ʢӧ₴Ѽǲ ẏǵӽ↓ĚĚ ǯȉǋǍḹֻǓǉȒ ǵ

ᶮǮǉȒ ĚĚǮ ǒȓ Ǥǵ 1 ₴♥ǲʴᶮǲ ȑ ₴Ѽǲ Ӕǵ ĚĚ ǵᶮǮǉȒ ĚĚǵẎ

ǲ˽ ǵ ЖǓ ʣǜȓǭǋȒȉǵǯ ₴ ᷀ǵ Ƕ ǏȐȓǦ Ǔ Ȓ ᾗǓӽ↓Ǯ ǞǭǋȐǪǞ

ȊȒ Ƕ ₴ ǮǉȒǯ ǏȐȓȒ Ǥǵ ₴ ǮǶ ₴ Ƕ ὕǓ ǜȓǡĚĚ˽ Ǯ ͛ǯᴀǷ

ȓȒȉǵǮǉȒ ĚĚ♥ӭǵ ₴ Ǯ ǮǉȒ ὕǵ ǏǲǱȒ˽ǵ ǵⱣ Ǔ ǔ ǜȓǦȉǵǯ ˽ ș

ͬ ǠȒǚǯǓ Ȓ ǚǵȏǍǱ ǮǶ ˽ Ƕ♥ӭǵ ₴ Ǯ ǒȓǦ ӽǵ ὕǵ ǏǲǱȒ Ǥǵ ὕǵ

Ǐǵ̱ ǮǶ ὕǵ Ǐȏȑȉ ͛ǵ ǏǶҜȒȉǵǯǞǭǹǯǫǵ˽ ǮǉȒʝ˽ˆǲǱȒ ȉǵǯͬⱲș ǖ ϑ

̈ȅǮǵʝ˽ˆǵⱣ ᾗș ǲ Ǐ ǵʝ˽ˆǵⱣ ᾗș ǲ ǏȒ ǲ ȇ ǵϽ Ƕ ǒȐ Ȓ

ǵϽ ǮǉȒ ǚǯș ǏǮ Ǡ ǲ ȇ ǵϽ Ƕ ǒȐ ǲׄǒǍ ǒȐ Ȓ ǵϽ Ƕ ǒȐ

ǲׄǒǍ ǲ ǏȐȓȒϑ ̈ȅǮǵ˽ Ƕ ẏǒȐ ǵ ǲ ǜȓȒ ǒȐ Ȓ ǲ ǏȐȓ

Ȓ ǵ˽ Ǔ ǿׄǒǍǚǯǶ ̱ǵ᷂ Ǯǵ ǮǶ ǯȉדǏȒȉǵǮǉȒ ǵʝ˽ˆǵⱣ ᾗǶ

Ồ ǮἭ᷀ǠȒ ὕǵʝ˽ˆǵⱣ ᾗǮǉȒȉǵǯ ǏȐȓȒ Ǔ ǲǶ Ȓ ǵʝ˽ˆǵⱣ ᾗǒȐ
ǒǋǟȎǍ

˽
ǽǫǰǍ

ǵ˽ ș̮ыǯǠȒⱣ ˽Ǔ ǜȓȒȉǵǯ ǏȐȓȒ ǵʝ˽ˆǵⱣ ᾗǒȐ˽ Ǔ ȓȒȉǵǯ ǏȐȓ

˽ ǒȐˉ Ǔ ǟȒȉǵǯ ǏȐȓȒ ǹǯǫǵ˽ ǵ ǏǮǶ ƵǵⱲǶ Ồ ǮἭ᷀ǠȒ ǚǯș ǋǭǋȒ

ȉǵǯ ǲǶ Ǔ Ȓ ǚǵǚǯǮǶ Ǔ ǲ ἶǒȐᾚїǠȒƼ Ồ ǮἭ᷀ǠȒⱲƽǲʝ Ǡ

Ȓ ǚǵȏǍǱ ֲǲǶ ǓǉȒ ǵ ș ₴ ǯǠȒǚǯǮǶ ʝ̈
ǞȎǍǕȎǍ

₴ ǯ ǒȓǭǋȒ˽

ǯͬ ǜȓǭǋȒ ǵ ᾚǓ Ȓ ᶤӦ̵₴ Ƕ ǧ ὕș ǞǭǋǱǋǚǯ ș ǖ˽ ǮǉȒȉǵǯͬ ǜȓǭ

ǋȒ Ǔ Ȓ ˽ǵƼЎӦЊ ƽǶ˽ ǮǉȒȉǵǯͬ ǜȓǭǋȒ ǵ ᾚǓ Ȓ ǮⱣЊ ǞǭǋȐǪ

ǞȊȒȉǵǯͬ ǠȒǯ ǵ ș ₴ ǯǠȒǚǯǮǶ Ǯ ǞǭǋȐǪǞȊȒȉǵǯͬ ǮǔȒ ᾛ

ˆǶ ₴ ǑȏǺ ẎˆǶ ₴ ǮǤȓǥȓ ǞǭǋȐǪǞȊȒ ǮǶ ƼᶤӦ̵₴ƽǶ ₴ ǯǞǭ Ǯ

ǔȒ ₴ ǵʝ̈ Ǯ ὕș ǞǭǋǱǋ ₴ șǞ╠ǖǚǯǮ ₴ ș їǮǔȒ Ǥǵ ₴ ǮὕẎˆ

ǵ ὕǵ ǏǮǉȒƼ˽ ƽș ǋǭǋȐǪǞȊȒȉǵǯ ǮǔȒ ˽╥ἧǯǞǭʺ█ǠȒǚǯǮǶ ˽ ǲ♫Ǎȉ

ǵǯ ǏȒ ˽ ǮǶ ͛ș ǋǭᵶǶǱǞǯ ᾚǠȒȉǵș ǲǶ Ǔ Ȓ ˽ ǵ ֲǵ ǲǶ̊ʣǵȏ

Ǎǲ˽ ǵ ᾚǓ Ȓ  

ʣ ǵȏǍǲ ǵⱲǵɠɅɩǲǶ Ồ ǮἭ᷀ǠȒⱲǲ Ҙș̌ὑǞǭǋȒ Ồ ǮἭ᷀ǠȒⱲǶ ʣ

ǵ˽ Ǯ ʢӧ₴Ѽǲ ǒȓǭǋȒǚǯș ǏȐȓȒ ʝ˽ˆǮǉȒ˽ ǮǶ ẎⱣ ᾗǓǹǯǫǮǉȒ ǤǵẎⱣ

ᾗǒȐʝўǓ ǟȒȉǵǯͬ ǠȒǚǯș ₴ ᷀ǵ ǲǶ Ǔ Ȓ ˽ Ƕ ǤǵẎⱣ ᾗǯʝ̱Ǯ

ǉȒ Ồ ǮἭ᷀ǠȒẎⱣ ᾗǒȐ ǟȒ˽ ǵ ǓǉȒǓ ẎⱣ ᾗȉ˽ ȉ Ồ ǮἭ᷀ǠȒ ǵ˽Ƕ

ș ǟȒǚǯǮ ˽ǠȒ ˽ǠȒǚǯǶ ̱ǮǉȒὕ
ǟǫ

˽
ǽǫ

ǲǱȒǚǯș ǠȒװ ὕ˽Ƕ ʝ
ǋǪ

̱
Ǧǋ

Ǯʢ
ǜȚǟȚ

ǮǉȒ

ȉǵǯ ǏȐȓȒ ʢ ǯǶ Ḹ
ȂǍǞȚ

Ẽ ɵ
ȂǪǞȚ

Ẽ ɵꜘ
ǑǍǟȚ

Ẽ ǮǉȒȉǵǯ ǲǶ Ǔ Ȓ Ḹ Ẽ ǵʺǵⱩ

Ẽ ǵ ǵⱩǑȏǺꜘ Ẽ ǵ₉ǵⱩșὕ˽Ƕ Ǡȉǵǯ ǏȐȓȒ ὕ˽ǲ ˽ǠȒǚǯǶ
Ǣǋ

ὼ
Ǜ

ǵǚǯĚĚὼ
ǜǯ

Ȓ

ǚǯǮǉȒ ĚĚǮǉȒǯ ǲǶ Ǔ Ȓ ˉ ǮǵǚǯǶ ẌǵǚǯǮǉȒȉǵǯ ǏȐȓȒ Ǔ Ȓ ˉ

Ƕ ɵ ɵṶ ɵẏ ɵ˲ ɵʹ ɵ ɵ ɵ᷂ ǵǚǯǮǉȒ ˽ ǮǶ
ǞȎǍ

˲
ǲȚ

ǯᴀǽḹ
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ֻǶ˽ ǒȐṶ ȅǮș ǠǚǯǓǉȒ ẏ ǒȐ᷂ ǶА ǯᴀǽ А ǒȐ ǮǔǡǲА ș ┼ǠȒǚǯ

șА ┼ǯᴀǽ ǯǶ ʹ ǒȐ᷂ ȅǮǮǉȒ ᶤ
Ǟ ǉǖǞȌ

ǯǶ ʹ ǒȐ᷂ ȅǮș Ǡ ʢ ĚĚʢ
ǜȚ

ǞȌ

ǯȉᴀǽ ĚĚǯǶ ǒȐ᷂ ȅǮș Ǡ ǒȐ᷂ ȅǮǶ ˽ ǮǶǱǋ ˽ ǵ ǏǓ ǘȒ

ˉ Ƕ ș ǫȉǵǯ ǏȐȓȒ ˽ Ƕ ȏȑȉẏ᷂ ǵǮҷȓǭǋȒȉǵǯ Ǔ Ȓ ǑȏǺ

Ṷ Ƕ˘ˆǯᴀǽǚǯǓǉȒ Ƕ ˘ˆȏȑȉẏ᷂ ǵǮҷȓǭǋȒȉǵǯ ǏȐȓȒ ˘ˆǵ ˲Ƕẏ

ǵ ș ιǲ ǫ ǚǯș ǏȐȓȒ ẏ ǑȏǺ˲ Ƕᵎș ǠǓ ẏ ǵ Ǔ˲ ȏȑȉ▌ǖᵎș Ǡ

ẏᵎ Ƕ ể ș Ǡȉǵǯ ǏȐȓȒ ể ǲȉרᵎɵר ǓρȖȒǚǯșͬ ǠȒĚĚӦ ˛ЕǲρȖȒȉǵș

ǏȒ ĚĚ ǲǶ ᵎ Ƕ ȅǮǮǉȒǚǯș ǏȐȓǦ Ǔ Ȓ ʝ˽ˆǵẎ ᾗǲₒ͒ǞǱǋ Ƕ

ǲǱȒ ȑểǵ׀ș♬ȒẎⱣ ᾗǵẎ Ẏ ǮǶ Ẏ ₉Ǔ ǖ șẀǟǭ ǯǠȒȏǍǲ ˲Ǔ ˽ǠȒǚǯș

˲ ǵⱣ ᾚǲדǋїǠ ș Ǧǡǲ˜ ș ȓǱǋǮ ˽ǮǔȒ ǚǯș ǏȐȓȒ ˽ ǒȐ᷂ ȉ ǟȒ

᷂ Ǔ˽ ǲ ȒǚǯȉǉȒ ˽ȉ Ƶȉ ǱȒǚǯǱǖ ̱Ƕ˽ǮǉȒȉǵǯͬ ǠȒǚǯǶ ˽ ǵ ǏǲǱȒ

ȉǵǯ ǲǶ Ǔ Ȓ ǚǵ Ǯװ ƵǶ˽ǯ₳ Ǯǉȑ ǱȒȉǵǮǶ ǋǚǯș ǏȐȓȒ ǚǵ₳ Ǯǉ

ȒǚǯǮǶ ˽ Ǔ Ǡ Ƶǵ ̱Ƕ Ǔ ǲ ǔ Ǟǭ șᴕǒǢ ὕǓ ȒǓẼǖ˽ǲ Ǟǖ˽ șͪǫ˽

ǮǉȒȉǵǯ ǮǔȒ ǚǵǯǔǲ ǶӦ ˛ЕșדǋїǠ ᷂ ǒȐ˽ ȅǮǶӦǵ ș ǞǭǋȒӦ
ǟǪǒǋ

Ǯ

ǉȒ ǤǵӦ ǵǤȓǥȓǵ ǲ˽ ǒȐ᷂ ȅǮǵǤȓǥȓǵ ș ǠǚǯșӦ
ǟǪǒǋ

˛
Ǜ

Е
Ǘ

ǯ ǏȐȓȒ Ӧ Ƕ ˽

ǲˉ șқǏǭӦǵ ǮǉȒ Ӧ ǵǤȓǥȓǵ ǲӦǵ ș ǠǚǯǓǮǔȒǵǮӦ ǘȒӦǮ ǵ șᾚǖǚǯ

ǲǱȒǵǓӦ ˛ЕǮǉȒ ƵǓ ˽ǠȒǦȈǲ˽ǵ ꜠ǠȒ ǵ ș ǡȒ ǲǶ ƵǲʺǵⱩ ₉ǵⱩǑ

ȏǺ ǵⱩș Ǡ˽Ǔ Ǯ ӓǞǭǖǧǜȒǚǯș ǏȐȓȒ ƵǓ ǵ ș ӓǜȓȒǲǶ Ǥǵ Ǐș ǋ

ǭǖǧǜȒ˽Ǔ Ồ ǮἭ᷀ǠȒǚǯș˽ ǮǶ ǏȐȓȒ Ồ ǵ˽Ƕ ỒǒȐ ƵǓ ș ǟǭ ˽

ǞǦǯǔǮȉ ʺǮǉȒⱣ ˽ǯǞǭʣ ǮǋȐǪǞȊȒǚǯǲǱȒ ǚǵʣ Ƕʝўǵ˽ǵʣ ǲǱȒⱣ ˽ǮǉȒ

ʝўǵ˽ǵ Ƕ Ǥǵ Ồ ǵⱣ ˽ǵ ǮǉȒȉǵǯ ǏȐȓȒ ƵǓ˽ǲ ὼǞǦǯǔǲȉֺ˽ǯǵ ͜

ǲǶ ι ͜ș ǏȒȉǵǯ ǲ Ȓ ǚǵ ι ͜ǲǶ ₉╥ ͜ș ǏȒǚǯǓǮǔȒ ᾗǵ ιǵ ˽ǲǶ

Ӧ
ǟǪȄǍ

ǵ ᾗǵѝ ˽Ǔ ǒȓǭǋȒ ʿ ǲ ˽ǞǭǋȐǪǞȊȒ ᾗǵ ӓș֞ǘǭǔǦǑ╥ἧǜȚ Ǔ Ǟǭ

˽ǲ ǪǭǋȐǪǞȊȒ˽Жș ǶדǋїǠ ᾗǵ ǑȏǺѝ ˽ǵ Ƕ Ồ ǵ ˽ǵ ǮǉȒ

ǚǯǲǱȒ Ᵽ ˽Ǔ₉Ǯ ᾗǓ╥ἧǮǉȒ ᾗǓ₉ǵḹֻǮǶ ѝ ˽Ǔ╥ἧǮǉȒ Ǥǵѝ ˽ǵ₉Ƕ

Ᵽ ˽ǮȉǉȒ ǵ˽ Ǯ Ᵽ ˽ǵ Ǯ ᾗǯ Ǡǚǯȉ ₴ ᷀ǵ ǲǶ Ǔ Ȓ Ǥǵ Ồ

ǵⱣ ˽ǵ Ǯ ʝ˽ˆǵ Ồ ǲἭ᷀ǠȒ ƵǶ șʦǏȐȓǭǋȒ ǵ ἶǒȐᾚїǠȒ

Ồ ǮἭ᷀ǠȒ ƵǲǶ ̱Ǔ ȚǮȉⱲǶἭ᷀ǠȒǚǯș̌ὑǞǭǋȒ ⱲǓἭ᷀ǠȒǚǯǮ Țǧ♥ǲ ǦǱ

̱ș ǫǚǯș›ἶɠɅɩǮ̌ὑǞǦ ǚǵǚǯǶ ɵרɵ̱șᶮᶽǲ όǮǔȒǚǯǲḨǬǖ ⱲǓ Ồ ǮἭ

᷀ǞǭǋȒǚǯǮ
Ȑǋȓǔ

ș ƵǶͪǪǭǋȒ ⱲǓͪǫ ș ὑǮǔȒǚǯ ș ǲ̌ὑǠȒ Ǥǵ̌ὑǮ ᷀ǵ

Ƕ ֒ǵ ǯ ͜ș ǫǚǯș ǮǔȒ Ǥǵ ǵⱲǵɠɅɩǮǶ Ƕ ɵרɵ̱Ǯ ǮǔȒȉǵǯ̌ὑ

ǞǭǋȒ șͪǫ ƵǵⱲǶ ֒ǒȐǵ șאל ǲ ǮǔȒ Ǔ ὑǞǭǋǖ ǲ ƵǶ ǲאל ȓ

ǭǋȒ ǚǵǚǯǮǶ Ⱳǲ
ɵ ɵ

Ǯ
ɵ

ǵ
ɵ ɵ

אל
ɵ

ǵ Ҙș ǏȒ Ǥǵ ҘǓ ș ὑǠȒǚǯ ș̌ὑǮǔȒ  

ˉ ǓẌǮǉȒǚǯǮǶ ὕǶ˽ ǲǱȒǚǯǮ ὼǞǦ Ƶǵ ̱ǮǉȒ˽Ǔͪǫȉǵǯͬ ǠȒ ὕǮǉȒ

˽ ǒȐˉ Ǔ ǟǭǋȒ ˽ Ƕ ˽ ǵ ǮǉȒ ˽ ǵ ǲ ᵎ ș ǖǚǯǓǮǔȒ ὕǵ ǏǮ ᵎ

ǵѩș ǖ ǚǵǚǯǮ Ӧ ș ǖ ˽ Ǯ Ӧ ˛Еș ǖ ǮǉȒ ὕǵ ǏǮǉȒ˽ ǒȐ ǟ

ȒẌǮǉȒˉ Ƕ ᵶǮǉȒȉǵǯͬ ǠȒ ǤǵᵶǶ ͛ǮǉȒȉǵǯͬ ǠȒ ˜ ǯᴀǷȓȒȉǵǓ Ȓ ʝ

ǲʥ
Ǽ ǢǪǞȎǍǒǋ

˘ǲʥι
ǨȌǍǯǍ

ʢǲʥ ᶤǲʥẾ
ȉǍ Ǜ

ǑȏǺ˜ǲʥ
↓ ǞȌ

ĚĚǉȒǋǶʥ
ǑȚǟȌ

ǮǉȒ ĚĚǮ

ǉȒ ͛ǮǉȒᵶǶ ʥẾ ș Ȓ ǮǶǱǋȉǵǯ ǲǶ Ǔ Ȓ ˉ ǮǉȒˉ ǵ ǏǶ ᵶǮǉȒ
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ǤǵᶤӦ̵₴ǵ ὕș ǞǭǋǱǋ˽ǵ
ɵ

ᵶǵ ǏǶ ʥẾ șͪǫ ͛ǲǱȒ ǤǵȏǍǱᶤӦ̵₴ǵ ǏǶ
ǛȚǔȎǍ

ǯᴀǷȓȒ Ƕ ˽Ǔ ὕǵ Ǐș ǖȅǮǵ ǵ
ǒȑ

ǵ ǏǮǉȒ ᶤӦ̵₴ǲ ǋǦ ǲКὦǓ Ǟǋȉǵ

Ƕ ᶤӦ̵₴ǵ♥ǲ ὕǵ Ǐș ǖʴǮѩǲ ǋǦ Ǐȉ ͛ǵ ǏǮǉȒ ˽ǵ ͛Ƕ ǵᾍ ǲ Ȓ ǲֻ

Ǎ ͛ǮǉȒȉǵ ǯ ǏȐȓǦ Ǔ ǲǶ Ȓ ᶤӦ̵₴ǵѼ♥Ǯ ǟǭǖȒ ĚĚ ₴ ᷀Ƕ

ǮǉȒ Ƕʝʠ₴ǮǉȒǯ ǏȐȓȒ ĚĚȉ ǠȒǚǯǮǶ ˽Ǔ ͛șǤȓǥȓǵ ǲֻȖǢǭ ǋǭ

ǖǧǜȒǚǯǲǱȒ ǚǵǦȈǲ ᶤӦ̵₴ǵ ǲ ὕș ǜǱǋǚǯǮǶ ὕș ǞỒȈǦᶤӦ̵₴ ǒȐǵ ʣ

ǵ˽ ǯǶѩǲ ͛ș ǖǚǯșבὑǠȒȉǵǮǶ ǋȉǵǯͬ ǮǔȒȏǍǮǉȒ ˉ ǵ ǏǶᵶǮǉȑẌʴǵ

ᵎ ǮǉȒ ǚǯș ǋǭǋȒȉǵș ǲǶ Ǔ Ȓ ˽ ǵ ǏǶ ὕǮǉȑ ș ȓǦⱲǮǉȒ ȉǵǯͬ

ǠȒ ș ȓǦⱲǶ Ồ ǵⱲǮǉȒ Ồ ǵⱲǮǉȒǚǯǶ ǵ ǵⱲǵɠɅɩǲ Ǟǋ ˉ

ǵẌʴǵᵎ Ƕ Ế
ȉǍǥǍ

ǯǞǭ ǏȐȓȒ
ǞȎǍ ǟ

ǵẌʴǵᵎ Ƕ Ế ǵᵶǮǉȒ
ȂȔ

ǺȒ ₡ǵ ǏǮǉȒ ǵẌ

ʴǵ ₡Ƕ ș ȓǭǋǱǋǚǯș ǲǮǔȒ ș ȓǦⱲǶ ₡̮ǵⱲǮǉȒ ̱Ǔ ȚǮȉ ₡̮Ǯ

Ồ ǵⱲǮǉȒ ἶǮᾚїǠȒ Ồ ǵⱲǒȐ ș ǟǜǢȒǚǯș̌ὑǞǭǋȒ Ồ ǵⱲǲ

ͪǫ ҘǮ ș ǟǜǢȒǚǯș̌ὑǮǔȒⱲǵɠɅɩș Ǔ ǲ ǞǭǋȒ  

ǑȏǺ ǮǶ ╨ șὑ ǞǭǋȒ ʝ ǵ șɓɶɨȦ Ǯ ǠȒ ɓɶɨȦ Ǯ ╨

ș̓ ǠȒ ǮǶ ǵ ǜș Ǔ ǲὑ ǞǭǋȒ ╨ ǵ ǑȏǺ Ҳ ȉ Ǔ ǲὑ Ǟ

ǭǋȒ ǮǶ Ẁ ǯǱȒ╩↓ǵқ ǵ Ǯǵ ╨ ǑȏǺ̵╨ ǵΙǵ șǞǭǋȒ ǚǵ

ǮǶ Ӵ̬ЛǮǵʢ ◐ǵᶥ ș̓ ǠȒ ǜȐǲ ǵ╩↓ǵ șǠȒ ǤǞǭ ╨ ǵὑ șʦǏǭǋȒ   

ǮǶ Ǔ ǲƼ ƽșὑ ǞǭǋȒ Ǔὑ ǞǦ Ǯ Ǔὑ ǞǦ ╨ ș ǠȒǚǯ

ș όǞǭǋȒ ǜȐǲ Ǔὑ ǞǦ ǮǵⱲǲǫǋǭǵ όșǞǭǋȒ ǚǵ όǮ ƼⱲǶ Ồ ǮἭ᷀Ǡ

Ȓƽǚǯș ἶǒȐᾚїǞǭǋȒ ƼⱲǲǶ ǑȏǺ Ǔ ǋƽǚǯșᾚїǞǭǋȒ ǚǵǚǯǶ ⱲǲǶ

ǑȏǺȦɋɩȬɶǓ ǋ ḢǮǉȒǚǯș̌ὑǠȒ ⱲǵɠɅɩș ǵɠɅɩǮ ǞỒȈǭǋȒ  

ǮǶ Ǔ ǟǦǯǔǲǶ̱ ǑȏǺȦɋɩȬɶș ǪǭǋȒǚǯș̌ὑǞǦ ș ἶǯǞǭ

όǞǭǋȒ ǚǵ όǮǶ Ƽ ǑȏǺȦɋɩȬɶș ǫ ḢƽǑȏǺƼ ǑȏǺȦɋɩȬɶș ǦǱ

ǋ Ḣƽș̌ὑǞǭǋȒ ǑȏǺȦɋɩȬɶǓ ǋ ḢǒȐ Ǔ ǟǭǋȒǚǯș όǞǭǋȒ ›ἶǯ

ǞǭǶ Ƽ Ǯ ǞǦⱲǵɠɅɩƽǮ όșǞǭǋȒ ǚǵ όǮǶ ƼʺǵⱩƽƼ₉ǵⱩƽǑȏǺƼ ǵⱩƽǲǫ

ǋǭǵ όșǞǭǋȒ ⱲǵɠɅɩǮ ƼⱲǑȏǺ Ǔʝ̱ǮǉȒƽǚǯș̌ὑǞǭ ǲǫǋǭ ǞǭǋȒ Ǥǵ

ǮǶ Ǯǵ ǶⱲǓϼǲǉȒǚǯǮ ǟǭǋȒǵǮⱲș ǞǭǋȒ
ȂȚ

ǲ ȒǚǯǮֺⱲǲʣʤ ͜ș̌ὑ

ǮǔȒ ǚǵȏǍǱʣʤ ͜ǲʺǵⱩ ₉ǵⱩǑȏǺ ǵⱩș όǞǭǋȒ  

ǮǶ Ǯ ǠȒ ἶǵ Лǵ ǲǫǋǭ όǞǭǋȒ ЛǮ ╨ ș ǑȏǺ

Ǯὑ ǞǦ ǤǵȏǍǱ ЛǮǶ ˜ ˜Ẏ ˜ ˜ ˜₡ĚĚ˴ɵ ɵ ɵ ɵͬǵǚǯǮǉȒ ĚĚǑȏ

Ǻ˜ Ǳǰș ǍǚǯǓǮǔȒ ǚȓȐǶ ֦ ǒȐȉ ǑȏǺ ǲ ͜ǵǉȒƼ
ȂǍ

ƽǮǉȒ ⱲǮ șǠȒ

ǲ ǲ♫Ǎǚǯș̌ὑǮǔȒ ǲⱲǓ ǜȓȒǵǲ ș ǟǜǢȒ ș ǋȒȉǵǯ̌ὑǮǔȒ ǚǵǚǯǮ

Ƕ ⱲǓ ǜȓȒǵǲ ș ǋȒǚǯș ȈǭǋȒ ǤǵȏǍǲ ș ǋǭǋȒἭ᷀ǲ ʺǵⱩ ₉ǵⱩǑȏǺ

ǵⱩș̌ὑǮǔȒ όșǞǭǋȒ ǚǵȏǍǲⱩș Ǡ ș̌ὑǞǭ Ǥǵ Ǔ ἶǵ ѸǯǶ ǱȒȉǵǯ ό

ǞǭǋȒ ǜȐǲ Лș ǋǭ ╨ șὑ ǞǦ ǚǵǚǯǮ ╨ ǵ╩↓ș ǠȒǵǲ Лș̓ ǠȒ Ǥǵ

ЛǮ ǠȒ╩↓ǲǫǋǭ όșǞǭǋȒ  

ǮǶ Ǔ ǲ ǞǭǋȒ ǵ ǑȏǺ ᾍר ș̓ Ǟǭ șᾚїǞǦר Ǔ

ǲὑ ǞǦ ǲǫǋǭ όǞǭ ɉɣɶɆɱҘἶǵ ᾍ ǑȏǺ ᾍ șבὑǮǔȒ ǲǫǋǭ όǞǦ

ǓρǏȒ Ҳ șᾚїǠȒǚǯǮ Ƕ ǯǞǭ ǮǔȒǚǯș ǞǭǋȒ ǓρǏȒ Ҳ ǮǶ
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Ǔ ǫЋȦɋɩȬɶǶ Ҳ Ǯ ǮǔȒ ȦɋɩȬɶǶ ǵר ǮǉȒ Ҳ Ƕ ǵר ǮǉȒ Ǥǵ Ҳ

ǵ Ƕ ș ǮǔȒ Ƕ Ҳ Ǯ ǮǔȒǚǯșᾚїǞǭǋȒ Ҳ Ƕ ǵר ǮǉȒ Ƕ

ǵר ǮǉȒ ǚǵ șᾚїǠȒǵǲר Ǔ ǲὑ ǞǦ ǵ ș̓ ǞǦ ǚǵ ǵὑ ǮǶ

ș ǠȒ ǲ ǑȏǺ Ƕ ʣѝ ǜǢ ἶǵֺ Ǯ ǯǞǭʝ̱ǲ ǠȒ ǚǵȏǍǱ

ǵ ǮǶ Ƕ ╨ Ǯ ǞǭǋȒǵǮȦɋɩȬɶǲǶ ᾍר Ǯ ̂͜ǘǭǋȒ  

ǮǶ ǮᾚїǞǦ șɉɣɶɆɱҘἶǲר ̧ǮǔȒ ǵ ↓ǵ ǜǮ ǞǭǋȒ Ǥǵ

ǮǶ ɉɣɶɆɱҘἶǵ ↔ר ʣǵ ר Ǯ ᾍר ǵ ↔ר ʣǵ șר ̧Ǯ ǮǔȒ

ḹֻșᾚїǞǭǋȒ ɉɣɶɆɱҘἶǵ ↔ר Ƕ ἶǵ ↔ר ǯǶ ǱȒ ἶǵ ↔ר ǲǶ

₴ ᷀ǮǶȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ↔ר ș̓ ǞǭǋȒ ɉɣɶɆɱҘἶǮǵқ ↓↔

Ƕ ȠȢɱȵɣȽȢɱǵʝ ᾍר Ǯǵқ ↓↔ ǯǶ ǱȒ Ҙș ǠȒǵǲ ᾍר ǵ

↔ר ș̓ ǠȒ Ҙș ǠȒǵǲʝ ᾍר ǵқ ↓↔ ș̓ ǠȒ ᾍר ǵ ↔ר

ǑȏǺʝ ᾍר ǵқ ↓↔ ș̓ ǞǭḨ ἶǵ̱ șʦǏǦ ǵ ǵḨ ἶǲǫǋǭ Ǟǭ

ǋȒ ǚǵǚǯǮǶ ᾍ ǑȏǺ ᾍ ș̓ ǞǱǋǮ ǏǭǋǖǚǯǓǮǔȒ  

Ƕ membrane ǵɠɅɩș ǞǦḸף ǮǉȒ Ǯ̓ ǞǦᶥ șꜘ Ǟǭ

ǵᶥ ɠɅɩș ǞǭȆǦȉǵǮǉȒ Ǔἶ ̈ǲ Țǧ ἶ ǮǶ ǵȢȨɱǲᾍǠȒ ר

Ǔ ǜȓǭǋǦ ǵֺἩǵ ǑȏǺ ǵԌǜș̓ Ǟǭ ᶥ Ǯǵ ǲ►ǦȒȉǵș όǞǭǋ

Ȓ ǦǧǞ ʝ ǵ╛ǲǶ Ǫǭ ǜȓǭǋȒΉ ǓǉȒ Ƕ ǮǉȒ ǵ ᶥǮ ǞǭǋȒ  

Ƕ Ǔ ǵ ἶș֓ ǲǠȒǵǲ̓ ǞǭǋȒȉǵǮǉȒ ₴ ᷀ǵ ǵ ἶ

ǵ ǮǶ ֦ǋ ᾚǓẉǖ ǞǭǉȒ ǮǉȒ Ƕ ǞǭǋǱǋ ἶǵ ᾚǯǞǭ ǪǭǋȒ 1

ᶥǮǶ ̂ ĵǑȏǺ̂ ĺǮ ἶǵ ֵǲǫǋǭ֓ ǲǞǦȉǵǮǉȒ  

Ƕ ₴ ᷀ǵ Ǯ ǞǦɕɧɱȭὑ ǵΙș ǞǭǉȒ CODATA ǵ PDF

ǮǉȒ ₴ ᷀ǵ ǮǶ ǵ CODATA ǵ PDF ș̓ ǞǦ ♥ǲ ɕɧɱȭ

ὑ ǵΙǓẀ ǞǭǉȒǵǮ ǵ PDF ǲ ǞǭǉȒɕɧɱȭὑ ǵΙș̓ ǞǭǋȒ  

Ƕ ʝ ᾍר ǵқ ↓Ǯ Ҙǵ șǞǭǋȒ Ǥǵ ǵ ǲ ɉɣɶɆɱҘἶǵ Ҙǲǫǋǭר

ȉ ȓǭǋȒɓȟȢɩǮǉȒ ҘǶר ɉɣɶɆɱҘἶǵқ ↓↔ Ǯ̌ὑǠȒ Ǥǵқ ↓↔ ǮǶ қ ↓

ǵ ᾍרș ǮǔǱǋ ȠȢɱȵɣȽȢɱǵʝ ᾍר ǵқ ↓↔ ǮǶ қ ↓ǵ ᾍרș ǮǔȒ ǚ

ǵқ ↓↔ ǵ ǲǫǋǭ Ӵǲ șǞǭǋȒ ʝ ᾍר ǮǶ ר ǑȏǺ Ҙ ǵ șᾚїר͔

ǞǭǋȒ ǚǵ ǵᵂר͔ Ƕ ɉɣɶɆɱҘἶǒȐǵ ǮǉǪǦǓȠȢɱȵɣȽȢɱϼ Ǔ ǞǦȉǵǯ ǏȐ

ȓǭǋȒ ʝ ᾍר ǮǶ ͔ԍ șᾚЊǠȒ Ǥǵ ͔ԍ șꜘ Ǟǭ қ ↓ǵ ᾍרșᾚЊǮǔȒ

ᾍר ǮǶ ↓ǵ ᾍרșᾚЊǮǔǦǓқ ↓ǵ ᾍרǶᾚїǮǔǭǋǱǒǪǦ ǚǵ ᾍר ǵ ↓ǵ

ᾍרǮǶ ↔ר ǵȆș ǪǦ ʝ ᾍר ǮǶ қ ↓↔ ș ǍǚǯǓǮǔȒȏǍǲǱǪǦ Ǥǵқ

↓↔ Ǯ Ҙș ǍǚǯǓǮǔȒ ǚǵ ҘǮ Ҙ ǲǫǋǭ ǏȒǚǯǓǮǔȒ ᾍר Ǯ

Ҙș ǋ ʝ ᾍר Ǯ Ҙș Ǎ Ǥǵқ ↓↔ Ǯ ǠȒ ͔ԍ ǵᾚЊǮǶ ᾍר ǮᾚЊǞ

ǦϽ ʥẀǵԍ ǓǰǵȏǍǲͪǦȓǭǋȒǒș ǏȒǚǯǲǱȒ ǚǵқ ↓↔ ǵ ǲǫǋǭǵ șǞǭǋ

Ȓ ǚǵȏǍǱқ ↓↔ ș ǞǦ ǵҲ ǵǹǯǫǲ Ẏἶ 1 ₴ ǵḨ ἶǵ̱ ǵ ǲǉȒ

Ǯ ǞǦ ǮǶ ᾍר șẎἶ ₴ ǵḨ ἶǲᾚЊǠȒǚǯǮʝ ᾍר ǵѧ Ǳ ѝ

ȉẎἶ 1 ₴ ǵḨ ἶǲᾚЊǮǔȒȉǵǯ Ƕ ǏȒ ǚǵǚǯǲқǏǭ ǵĝ ἶǮǵ ǵ

ĞǮᾚїǞǦ ̏ǮǶ ᾍר ǵ ↔ר ʣǮɉɣɶɆɱҘἶǵ ↔ר ǲ ̧ǮǔȒǚǯș Ǟǭǋ

Ȓ ǚǵǚǯǮǶ Ǔ ǲ ǵ ᾍר ǮᾚїǞǦ șɉɣɶɆɱҘἶǲר ̧ǠȒ ǲᾚЊ
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ǮǔȒȉǵǯ ₴ ᷀ǵ Ƕ ǏǦ ǚǵȏǍǱᾚЊǮ Ḩ ἶǵ ǵ ѧǒȐʝ ᾍר ǵқ

↓↔ Ǯ ǮǔȒ ↓ǵὑ ǑȏǺқ ↓ǵὑ șʦǏȒ ǤǵȏǍǲʝ ᾍר ǵқ ↓↔ Ǯ șỒ
ɵ

Ȉ
ɵ

Ȓ
ɵ

Ḩ ἶǵ̱ ǵḨ ș♬Ȓȉǵǯ Ƕ ǏȒ ǚǵȏǍǱḨ ἶǵ̱ ǮǶ ₴ ǮḨ ἶǵἶ

șʝ ᾍר ǵѧ ǱΉ ĚĚ ǵКὦǶדȇȉǵǯǠȒ ĚĚǲȅǮ ẎǜǢȒ ₴ ̊ ǵἶ

Ǯὂὐǲ їǠȒǦȈǵ ἶșἶǽ ǲǶ ₴ ȅǮǲʝ ᾍר ǵ Ҙ ș ǜȓȒḹֻȉ Ƕ ǏȒ

ὂὐ їǶ Ƶǵ Ҳ ᶪș ẎǜǢȒ ǚǵ Ҳ ᶪǵ ẎǲǶ ș᷂ ǵẆǒȐ♬Ȓǚǯșǹǯǫǵ ǲ

ǠȒǚǯș ǏȒ ὂὐǵ ҲǲǶ ǑȏǺ Ǳǰǵ̮ᾱǵ ǵ ș ǠȒǚǯȉǉȒ ὂὐǮǶ ᷂ ǯ

ǵ Ҙǵ Ǔ Ƶǵ̱ǲ◙ șʦǏȒ ǚǵǚǯǮǶ Ҙǵ ̸Ƕǹǯǫǵ ǲǱȒ ǚǵȏǍǱ Ҙǵᵂ Ǯ

Ƕ ɉɣɶɆɱҘἶǵʠ ╠Ҙǵ ѸǮӦѝǱḹֻǯʝ ᾍר ǵ Ҙ Ǔ ǜȓȒḹֻǲѝǘȒǚǯǓ̌ὑ

ǮǔȒ ǤǵȏǍǱǚǯǮǶ ᾍ ǑȏǺ ᾍ ș̓ ǞǱǋ ↔ר ǵ ̧ǵ ˗ ǶḨ Ǳȉǵǯ

ǏȒ ᷂ ǵקȑǵ ҘḹǶẐ ǯǵȉǵǓ▌ǖ ǟǭǋȒ ҘǓ̸ ǠȒǚǯǶ Ǯ ǠȒ ǮǶ Ȧ

ɋɩȬɶș ǮǔȒ ҘǵȆǵ ʤ ҲǮǶ ǲ ͜ǲ Ǟǋқ ↓ ҲșǠȒ ǮȉǉȒ

ʴǵϽǵ ҲȦɋɩȬɶǓ ҘḹКǵ ǵɛɄɱȵɡɩȦɋɩȬɶǲẀ ǜȓȒ ҘǑȏǺ ҘǮ ǵ

Ƶǵ ǲ ǏȒ ǵ Ҳș ǮǔȒ ѝǓẉǖǉȒ Ẑ ǵȦɋɩȬɶǵ Ǯ ἬǒȐ ǟȒĚĚ ἬǶ

ǵ ǲ ǮǔȒ ĚĚҘǵ Ƕ ǵϽ ǵᶦ ǒȐǵ ֒ɵ ᷀ɵ ǲ ǏȐȓȒ ǵϽǮ Ἤș ȇ

ǚǯǮ ș꜠ǟǭ׀ ș♬Ȓ ǚǵ ǵⱩĚĚểǱȒ ǒȐ ǟȒⱩǮǉȒ ĚĚș Ҙǵ̸ ǠȒᶦ ǲ Ǡ Ἤ

ș ȚǮ ș♬Ȓ ǵϽǮ Ǟǋ ǲʥҲǲὑȅȒǚǯǮǶ ʥ ș ǏȒ ʥ ǮǶ Ồ ǲἭ᷀Ǡ

ȒⱲș̌ὑǠȒ Ồ ǵⱲǲ Ǯǵ Ἤș ͜ǜǢȒǚǯǮǶ Ǯᵎ ǵӢѩșǠȒ Ƕ ⱲǑȏǺ

ǲ ǏȒ ǮǶ Ἤǲ ș֛ȈǭⱲǲ ǖǚǯș̌ὑǠȒ Ⱳǲ̸ ǠȒ ǵҘǵ̸ Ǯ ǵḸǋǓ

ǱȒǚǯș̌ὑǮǔȒ ₴ ᷀ǵ ἶǮ ǠȒ ǵ Ƕ ȦɋɩȬɶǵѝ⁹Ǯ ὑǠȒ ẎǱȦ

ɋɩȬɶ ǓẐ ǒȐʦǏȐȓȒ Ǥǵ ẎǱȦɋɩȬɶ șḨ ǯǞǦ ǵ Ƕ Ƶǵ ǲ ǏȒ ǤǞǭ

Ǥǵ ǏǓ ἶǲ ǜȓȒ ǑȏǺ ǲǶ Ͻș̓ ǠȒ ǲ ǵϽǯǵ ͜ș ȒǚǯǓǮǔȒ

ǵḸǋǓ ǵ ǲ ǟǭǋȒȉǵǯ ǏȒ ὂὐǲ̌ὑǮǔȒ ẎǱȦɋɩȬɶǵ ǲ ϽǑȏǺ ǯǵ

͜ǵ ǲ☻ ǫ Ḹș♬Ȓǚǯș ₴ ᷀ǵ Ƕ ♅ǠȒ ǚǵȏǍǱ Ƕ ⱲǑȏǺ ǯǵ ͜ǵ

ǲȉǱȒ Ồ Ǯ ƵǵⱲǓἭ᷀ǠȒǚǯǓ̌ὑǮǔȒǚǯǮǶ ὂὐǓ ǟȒѼǲ ƵǵⱲǓἭ᷀ǠȒǚǯ

ǲǱȒ Ǥǵ ǟǦὂὐǓ ǞǦ♥ǲȉ ƵǵⱲǶἭ᷀ǠȒǚǯǲȉǱȒ  

 

 

 

 

 

 

 

 

 

 

 

ǮǶƼ ȑƽǓǱǋǚǯșͪ ǶǞǱǋ ǵ ǵ̸ Ƕ˹♥ȉ Ǎ˔ὑǮǉȒ ǵƼ ȑƽǓ ǫǒ

ǪǦ ǲǶʥὑ ǲ ș ǋ ǠȒ˔ὑǮǉȒ  
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 2. ͪἭҘ conservative force  

̬ electric potential șὑ ǠȒǦȈǲǶ ɛɄɱȵɡɩȦɋɩȬɶ potential energy ș̓ ǠȒ ǓǉȒ

ǮǶɛɄɱȵɡɩȦɋɩȬɶș ǟȒǦȈǲ ĚĚ ĚĚǮͪἭҘș ǠȒ ǮǶɛɄɱȵɡɩȦɋ

ɩȬɶș ǠȒ Ǯ ǠȒɛɄɱȵɡɩȦɋɩȬɶș̓Ǫǭ ᶥĚĚ ᶥĚĚǮ ɛɄɱȵɡɩȦɋ

ɩȬɶ electrostatic potential energy ș ǠȒ ᶥǑȏǺ ᶥǮ ̬ǑȏǺ ᶿǲǫǋǭ ǠȒ

ᶿǶ ᶥ ǵȦɋɩȬɶǮ ǟȒᶥ ǵКǵ ἧǑȏǺ ǵר ș Ǡ ǵȦɋɩȬɶș ǪǦ ἧǵ particle 

aspects ǑȏǺȦɋɩȬɶǵẀӓǮ ǟȒ ǵ wave aspects ș ᶿǮ ǏȒǚǯǓǮǔȒ ǚǵȏǍǱ Ƕ

ɇɔɫȢ de Broglie wave ǯǶ ǱȒȉǵǮǉȒ ǲǶ ἶǵ ╨ Ǯ ǠȒ ἶǵ șᾚЊǮǔ

Ȓ Ǔ ǲʦǏǦ ╨ ǵὑ ǲǫǋǭǶ ǑȏǺ Ǯ ǟǭǋȒ ɇɔɫȢ ǲǫǋǭǶ

ǑȏǺ Ǯ ǟǭǋȒ ǑȏǺ ǮǶ șר Ǔ ǲᾚїǞǭ όș

ʦǏǭǋȒȉǵǮǉȑɇɔɫȢ ș ǲ ǞǭǋȒȉǵǮǶǱǋ ǲǫǋǭǶר ̂ ĹǮ ǞǭǉȒ ̂

ĺǮ ̬ǵὑ ǲǫǋǭ ǞǭǉȒ  

ǵ ᶥǮǶ 2.1 Ǯ ḹ electrostatic  fi eld șὑ ǠȒ 2.1 ǵ‼ ǵ ḹǲ charge 2.3

ǵ point charge ș ǋǦǯǔǲ 2.3 ǲ̸ ǠȒ Ҙ electrostatic force ș 2.2 ǯǠȒ Ǥ

ǵ ḹș 2.1 ǵȏǍǲὑ ǠȒ 2.1 ǮǶ ѝ ǵ 2.3 ș ǫ ǵἭ᷀ǠȒ̬ ǵ ḹɗȭɆɩ

ș ǠȒװ ǮǶᶮ Ӵ̬ the Internation al System of Units ǄSIǅ Ǯǵ ǵӴ̬ unit ș ᶥǮ

ǞǭǋȒ 1ᶥǮǶӴ̬ș ǠȒǦȈǲ șǠȒǲǯǰȈȒ ǦǧǞ Ƕ ᶥǮ șǠȒ  

( ) ( )1.20,
C

N
  3¸¹ q

q

F
E  

( )2.2N  3F Ҙ 

( )3.2C  3q  

2.1 ǵ‼ ǵ ḹǲ᷀Ȓ 2.3 ǵ ǲ̸ ǠȒ Ҙ 2.2 Ƕ 2.1 ș̓ Ǟǭ 2.4 Ǯ Ǯ

ǔȒ ǚǵ 2.4 ǵ‼ ǶͪἭҘǮǉȒȉǵǯǠȒ  

( )4.23EF ³=q  

Ҙ 2.4 ǓͪἭҘǮǉȒǚǯǶ˿˗ work ș ǠȒǚǯǮѝǒȒ 2.5 Ƕ Ҙ 2.2 Ǔ̸ Ǟ

ǭǋȒ ǵẀ̬ǵɗȭɆɩ vector ǮǉȒ ˿˗ 2.6 Ƕ Ҙ 2.4 ǑȏǺẀ̬ǵɗȭɆɩ 2.5 ș̓Ǫ

ǭ ǞǭǋȒ ̬ aǒȐ̬ bǿ Ǔ ҲǞǦǯǔǲ Ǥǵ ǲ Ҙ 2.2 Ǔ̸ ǞǭǋȒḹֻǵ Ǥǵ

Ҙ 2.2 ǵǱǠ˿˗Ƕ 2.6 ǵ‼ Ǯ ǮǔȒ ˿˗ 2.6 ǵ‼ ǵ Ҙ 2.2 Ǔ 2.4 Ǯ Ǯǔ

ȒǱȐǷ˿˗ 2.6 ǵֳ Ǔ ǮǔȒ ǵ OptionĚĚ ǵǚǯ ĚĚǵ Ǯ Ӵǲ˿˗ ǵ șǞǭ

ǉȒ ǦǧǞ ǵ Option ǵ˿˗ ǵ Ƕ Ǥǵ Option Ǯ̓ ǠȒ ѝǲǫǋǭǵ ǮǉȒ  

( )5.2m d 3s  

( )6.2J  d d 3ññ Ö³=Ö
b

a

b

a
q sEsF  

ͪἭҘș ǠȒǦȈǲᶫ 2.1ș̓ ǠȒ ᶫ 2.1ǮǶ path1 ǯ path2 ǵ 2ǫǵ șʦǏǭǋȒ ᶫ 2.1ǵ path1

ǯ path2 Ƕ ǱȒ Ǯǉȑ ǒǫ̬ aǯ̬ bșǚȓȐǵ ǲדȇǚǯșѼ ǯǠȒ path1 ǯ path2 ǵǤǵ̀

ǲǫǋǭǶὑȈȒǚǯǱǖ ǮǉȒ ̊ʤǵ 2.7 2.12 ș̓ Ǟǭ ᶫ 2.1ǵ̬ aǒȐ̬ bǿ material 

point Ǔ ҲǞǦ♥ǲ Ǥǵ Ǔ̬ aǿ Ȓḹֻș ǏȒ ǚǵḹֻǮ path1 ǑȏǺ path2 ǵ Ǯ ҲǞǦǯ

ǔǵ˿˗ș ǠȒ  
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ᶫ 2.1 ǵ̬ a ǒȐ̬ b ǿ path ǵ Ǯ Ǔ ҲǞǦḹֻǵ˿˗ș 2.7 Ǯ ǮǔȒ Ǥǵ Ǔ̬ b

ǒȐ̬ aǿ path2 ǵ Ǯ ҲǞǦḹֻǵ˿˗ș 2.8 Ǯ ǮǔȒ ǚǵǯǔǲ ̑ ǵ path1 ǑȏǺ path2 ǵ

ǲᾍǞǭ 2.9 Ǔ ǠȒǱȐǷ 2.7 ǑȏǺ 2.8 ǵֳ ǲ ǞǦҘǶͪἭҘǮǉȒ  

( )7.2d
_1

3ñÖ=
b

aabpath
W sF  

( )8.2d
_2

3ñÖ=
a

bbapath
W sF  

( )9.20
_2_1

3=+
bapathabpath

WW  

ᶫ 2.1ǵ̬ aǒȐ̬ bǿ path2 ǵ Ǯ Ǔ ҲǞǦḹֻǵ˿˗ș 2.10 Ǯ ǮǔȒ Ǥǵ Ǔ̬ bǒ

Ȑ̬ aǿ path ǵ Ǯ ҲǞǦḹֻǵ˿˗ș 2.11 Ǯ ǮǔȒ ǚǵǯǔǲ ̑ ǵ path1 ǑȏǺ path2 ǵ

ǲᾍǞǭ 2.12 Ǔ ǠȒǱȐǷ 2.10 ǑȏǺ 2.11 ǵֳ ǲ ǞǦҘǶͪἭҘǮǉȒ  

( )10.2d
_2

3ñÖ=
b

aabpath
W sF  

( )11.2d
_1

3ñÖ=
a

bbapath
W sF  

( )12.20
_1_2

3=+
bapathabpath

WW  

ͪἭҘǮǉȒǱȐǷ 2.13 ǑȏǺ 2.14 Ǔ ǠȒ ǚǵḹֻǶ 2.13 ǑȏǺ 2.14 ǮǶ ǲȏȐǱǋǮ

Ồ ǯ ǵ̬ ǵȆǮǤǵͪἭҘǵǱǠ˿˗ Ƕ ὑǠȒǚǯș ǞǭǋȒ  

( )13.2
_2_1
3

abpathabpath
WW =  

( )14.2
_1_2
3

bapathbapath
WW =  

Ҙ 2.4 ș̓ Ǟǭ 2.4 ǵֳ ǓͪἭҘǲǱȒḹֻș ᶥĚĚ ᶥĚĚǲ ǠȒ ǦǧǞ ᶥǮ̓

ǠȒ ҘǮǶ 2.4 ȏȑȉЕ̱ ǲὑȅǪǦƼȭɶɫɱǵ Ѹ Coulombõs law ƽǯȏǷȓȒȉǵș ǠȒ  

 

ἶ electromagnetism ǮǶ ḹ electric fi eld ǑȏǺ ḹ magnetic field ǯᴀǷȓȒƼḹƽș Ǎ

ḹǑȏǺ ḹș̓ Ǟǭ ̬ ̬ ᶿǑȏǺ Ǳǰșὑ ǠȒ ᶥ Ǯȉ ǤǵȏǍǱ ḹǑȏǺ ḹ

șꜘ Ǟǭᶥ ș ǠȒ ḹǮǶ ҘǓ șȉǪǦ ̱ǲ̸ ǠȒǚǯș ǏȒ ǚǵǚǯǒȐ

Ҙș̓ Ǟǭ ḹșὑ ǮǔȒ ǤǵȏǍǲҘǲ ș ǋǦ ḹɗȭɆɩǵὑ Ƕ 2.1 ȏȑȉ ǲ ǠȂ

ǍǓϮȓǭǋȒȉǵǯ ₴ ᷀ǵ Ƕ ǏǭǋȒ  

ᶫ 2.1 ͪἭҘǵ  

b 

a 

path1  

path2  
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2.15 ǵ‼ Ƕ ҘǮǉȒ ҘǶ ᶥǮ șǠȒȭɶɫɱҘǮǉȒ 2.15 ǵ‼ ǲ ǞǦʝ

ǵ ḹɗȭɆɩǯǞǭǵ ǮǶ 2.3 ǵ ǲ̸ ǠȒȭɶɫɱҘǵֻҘǯǞǭ ǠȒ ḹК

ǲ 2.3 ǵ ǓἭ᷀ǠȒḹֻǲ Ǥǵ ǲ Ҙ 2.15 Ǔ̸ ǠȒḹǵɗȭɆɩ 2.16 ș ḹ

ɗȭɆɩǯǞǭὑ ǠȒ 2.15 Ǯ ș ǪǦ ǲ̸ ǠȒǤȓǥȓǵȭɶɫɱҘǵֻҘǲᾍǞǭǹǯǫǵ

ḹɗȭɆɩ 2.16 ș ǏȒ ǹǯǫǵ ǲǹǯǫǵȭɶɫɱҘǵȆǓ̸ ǞǭǋȒḹֻǲǶ Ǥǵǹǯǫǵȭ

ɶɫɱҘǵ ḹș̌ὑǮǔȒ  

( )2.153EF ³=q ḹɗȭɆɩǵὑ  

( )2.163E ḹɗȭɆɩ 

2.15 ǵȏǍǱ ḹɗȭɆɩǵὑ Ƕ ᾐ Ǯ Ƕ Țǧ ǓǱǋ ǮǶ ẉǖǵᾐ Ǯ̓ Ǟǭǔ

Ǧȉǵǯ ǏȐȓȒ 2.1 ǵ ḹɗȭɆɩǵὑ ș ǞǦ ǚǵǚǯǶ ǵЊ ɪɗɩǮǵ̓ ǮǶ 2.1

ǵὑ ǮȉӦѝǮǉȒȉǵǯ ₴ ᷀ǵ ǓѨ ǞǦǦȈǮǉȒ ԝὭרǮǶ ḹɗȭɆɩǵὑ 2.15

ǵȂǍǓ ḹɗȭɆɩǵὑ 2.1 ȏȑȉϮȓǭǋȒȉǵǯ ₴ ᷀ǵ Ƕ ǏǭǋȒ  

ḹǶ ǲᾍǞǭʥẀ Ǳ ḹǮǉȒ ḹǓ ǲᾍǞǭҲ ǲẀӓǠȒǚǯȉǉȒ 2.17 ǵȏǍǲ

ḹș ǠȒ Ẁ ǲ̬ xǑȏǺ tș̓ ǠȒ ǚǵȏǍǲ ḹș ǠȒǚǯǶ ѧǲǶ ἶ ǯǞǭ

̓ ǜȓǦȉǵǯ ǶἶȚǧ electromagnetic wave Ǔὕ᷀ǠȒȉǵǯ ǜȓȒǚǯǮ ḹ

electromagnetic fi eld Ǔὕ᷀ǠȒȉǵǯ ǜȓȒ ḹǵ Ǯ ḹĚĚ ḹǮǶ ḹǑȏǺ ḹǮǉȒ

ĚĚǓὕ᷀ǠȒȉǵǯǞǭ ȖȓȒ ḹǵ Ẁ ǮǉȒ ǵ ΙǯǞǭ
ɵ ɵ

Ǳ
ɵ

ḹș̌ὑǮǔȒ ǤǵȏǍǱ

Ǳ ḹș ḹǯᴀǽǚǯǓǮǔȒ Ҳ Ǳ ḹǵ Ẁ ǮǉȒǹǯǫǵ ǵ Ιǵ νǮǵʥ
ɵ

Ẁ
ɵ ɵ

Ǳ
ɵ

ḹ

ǵΙ 2.17 Ƕ ḹǯ
ɵ

Ǟ
ɵ

ǭ
ɵ

ǔ ǠǚǯǓǮǔȒ ǚǵʥẀ Ǳ ḹ ֺ̬ ǮǶ ǱȒΙș ǫǚǯș̌ὑǮǔ

Ȓ ǚǵȏǍǱ̌ὑǮǶ ǵὕ ǵ ș Ǎǚǯȏȑȉ ǵὕ ǵ Ǯ Ǳ ḹǯǞǭ Ǎ ǚǵǚǯǶ ȍ

Ǫǖȑ ҲǞǭǋȒ Ǯ ǮǔȒҲ Ǳ ḹǮȉ ḹǮǉȒȉǵǯ Ǎǚǯș Ǡ 2.17 ǵֳ ǵⱨѝ͜

ș ǠȒǚǯǮǶ Ҳ Ǳ ḹǵϊǔș ǠȒװ ǚǵ ǮǶװ Ҳ Ǳ ḹǑȏǺ ḹǮ ǠȒ ș̌ὑ

ǮǔȒ  

( ) ( ) ( )17.2,,lim
0

3txttx
t

EE =D+
D

 

ᶥ ᶥ ᶥǑȏǺ Option ǮҲ ǲẀӓǠȒ ḹǑȏǺ ḹǲǫǋǭ ǞǭǋȒ ḹǮǶ Ҙ

electromagnetic force ș̌ὑǠȒ ҘǶɫɶɪɱɂҘ the Lorentz force Ǯ ǮǔȒ ɫɶɪɱɂҘǶ

ǵ ᶥ ᶥǑȏǺ Option Ǯ ǞǭǋȒ ḹǮǶ ǲ ҘǓ̸ ǠȒ ˛̸

electromagnetic interaction ș ǟȒȉǵǯ ǏȒ ḹș ǠȒ ἶǮ̓ ǞǭǋȒ ↔ר inertial 

coordinate -system Ƕ ɉɣɶɆɱҘἶ Newtonian mechanics Ǯ̓ ǞǭǋȒ ↔ר ǯǶ ǱȒ ḹǮ̓

ǠȒ ↔ר ǲǶ ȠȢɱȵɣȽȢɱϼ Ǔ ₴ǲ ǞǦ ᾍר the special theory of relativity

Ǯ̓ ǠȒ ↔ר ș ǜȓǭǋȒǵǓ ₴ ᷀ǮǉȒ ɉɣɶɆɱҘἶǮǶ ᾍ ǑȏǺ ᾍ ș

̓ ǞǭǋȒ ᾍ ǑȏǺ ᾍ ǮᾚїǞǦ ↔ר ǵẀ Ƕ ȪɨɪȢẀ ǮǉȒ ǚǵȪɨɪȢẀ ǮǶ

ἶǵ ↔ר ǵ ǲʝ ǞǱǋ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ Ǥǵ Ƕ ǑȏǺ ǵ̬

Ǔ˛ǋǲ ᾍ ǱẀӓșǠȒɫɶɪɱɂẀ ǲʝ ǠȒ ʝ ɉɣɶɆɱҘἶǮǶ ɉɣɶɆɱǵʠ ╠Ҙǵ Ѹ

Newtonõs law of universal gravitation șᾚїǮǔȒ ʠ ╠Ҙǵ ѸǮ Ҙ gravitational force ș Ǟǭǋ

Ȓ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ʠ ╠Ҙǵ ѸǓᾚїǮǔǱǋ ȪɨɪȢẀ Ǔ ᾍ ǑȏǺ ᾍ

Ǯ ȖȓȒǵǮ ʠ ╠Ҙǵ Ѹȉʥ ǮǉȒȉǵǯ ǏȒǚǯǓǮǔȒ ȪɨɪȢẀ ș̓ ǞǱǋǮ Ҙș

ǮǔȒ ᾍר ș̌ὑǮǔȒ ȠȢɱȵɣȽȢɱϼ Ǔ ₴ǲ ǞǦʝ ᾍר the general 
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theory  of relativity Ǯ ǜȐǲԝὭǱ Ҙ șʦǏǭǋȒ Ҙḹ gravitational field Ǯ ҘǓ ș ǪǦ

matter ǲ̸ ǠȒȉǵǯ ǞǭǋȒ ҘḹǲἭ᷀ǠȒ ǵǉȒ ἧ ǲ ҘǓ̸ ǠȒ Ҙ ˛̸

gravitational interaction ș ǟȒȉǵǯ ǏȒ ʠ ╠Ҙǵ ѸǵɛɄɱȵɡɩȦɋɩȬɶǲǶ ǲ Ǳ

ȦɋɩȬɶѝ⁹ș̌ὑǮǔȒĚĚɛɄɱȵɡɩȦɋɩȬɶǶ Ǯ ǠȒ ĚĚ Ǳ ҘḹǮǶ ș ǪǦ

ֺ ǵ ǱȦɋɩȬɶѝ⁹ǒȐ ǟǦ ҘḹǮǉȒȉǵǯ ǮǔȒ ʠ ╠Ҙǵ Ѹǲ
ɵ ɵ

̧
ɵ

ǮǔȒ ҘǵḹǲǶ
ɵ ɵ

Ǳ
ɵ

ҘḹǮǉȒȉǵǯ ʣ ǏȒǚǯǓǉȒ Ҙ Ǔ ǮǔȒǚǯǮǶ Ҳ
ɵ ɵ

Ǳ
ɵ

Ҙḹșὕ᷀ǠȒȉǵǯǞ

ǭ ǍǚǯǓǮǔȒ ḹǑȏǺ Ҙḹșὕ᷀ǠȒȉǵǯ ǏȒǚǯǮǶ ǤȓȐǵḹǲȦɋɩȬɶș̌ὑǞǭǋȒ

ɫɶɪɱɂẀ Ƕ ᾍר ǵ ↔ר ǮᾚїǞǭǋȒ ↔ר Ƕ ҲșǠȒ ᾍר

ǮǶ ḹș ↔ר ǲ̌ὑǞǭ șǠȒ
ɵ

Ҙ
ɵ

ḹ
ɵ

ǲ
ɵ

Ἥ᷀ǠȒ ↔ר ĚĚ ҘḹКǮ ǠȒǯ

ҲǞǭǋȒ↔ ǵǚǯșǚǚǮǶʠ ╠Ҙǵ ѸǮǵɉɣɶɆɱҘἶǵȏǍǲᴀǽ ĚĚǉȒǋǶ ǞǦ↔ Ƕ

қ ↓↔ ǲ Ǟǋǚǯș̌ὑǠȒ ǚǵ̌ὑǮǶ ҘḹКǮǵ ǵ ȆǶқ ↓ǵ ᾍרǮǵϽǵ ἧǵ ↓

ǵ ǜǲᾍǞǭẀӓǠȒ Л ҲǮǶ ǮЛ ҲǞǭǋȒǵǮ ǜǶẀӓǞǭǋǱǋ ʝ ᾍר ǮǶ

↔ר ș̓ Ǟǭқ ↓↔ șὑ ǠȒǚǯǮ ҘḹǮǵ ᾍרș ǟǭǋȒ ȦɋɩȬɶǵ ǮǶ ר

inertial mass Ǔ Ҙ gravitational mass ǲ Ǟǋǚǯș̌ὑǠȒǚǯǮȦɋɩȬɶǵͪἭѸș ǠȒ

ǚǵȏǍǱȦɋɩȬɶǵ Ƕ ᾍר ǒȐᾚїǮǔǦȉǵșḨ ǯǞǭǋȒ ᾍר ǮǵȦɋɩȬ

ɶǵ ǮǶ ǵɛɄɱȵɡɩȦɋɩȬɶǑȏǺ ҲȦɋɩȬɶșḨ ǯǠȒ ᾍר ǮǵȦɋɩȬɶǵ

ǲǫǋǭǶ ̂ ķǮ ǞǭǋȒ ǮǶ ̂ шǵ ǵȦɋɩȬɶǵͪἭѸș̓ ǠȒ қ ↓↔

ǑȏǺқ ↓ǲǫǋǭǶ ̂ ĸǑȏǺĻǮ ǞǭǋȒ  

 3. ɛɄɱȵɡɩȦɋɩȬɶ potential energy  

ɛɄɱȵɡɩȦɋɩȬɶǶͪἭҘǲᾍǞǭὑ ǞǭǋȒȦɋɩȬɶǮǉȒ ǮǶ ǚǵɛɄɱȵɡɩȦɋɩȬɶ

Ƕ Кǵֺ Ǔ ᾍ configuration ǲ᷀ȒǦȈǲֺ ǯǵ ǲͪἭҘǓ ˛̸
ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ

interaction Ǟ

Ǥǵ
ɵ ɵ ɵ

ǲ
ɵ ɵ

Ǐ
ɵ

ǭ
ɵ

ǋ
ɵ

Ȓ
ɵ

ȦɋɩȬɶǮǉȒȉǵǯ ɛɄɱȵɡɩȦɋɩȬɶǵ șὑװ ǠȒ ǚǵɛɄɱȵɡɩȦɋ

ɩȬɶǵ Ƕװ ἶ theoretical physics Ǯǵὑ ǮǉȒ ǮǶ ǫ̊ʣǵ Ǔ ᾍ ǲ ǜȓ

ǭǋȒ Ƕ ǤǵȏǍǲ ǜȓǦֺ ǵЋ̱ǮǉȒ ǵ Ǯǵ ǵẎἶ ǲ ǞǭǋȒʝ ǵ

Ḩ ἶǮǶ ǚǵ ᾍ Ƕ Кǵ ǫǵ ᾍ Ǳ̬ 3.1 ǑȏǺ̬ 3.2 ș̓ Ǟǭ ǮǔȒ

ǮǶ ɛɄɱȵɡɩȦɋɩȬɶș ֵ 3.3 Ǯ ǠǚǯǲǠȒ  

( ) ( )1.3,, 3
aaa

zyx  

( ) ( )2.3,, 3
bbb

zyx  

( )3.33U  

Ȓ pm ǯ ǱȒ n 1Ήǵֺ șדȈǦ n Ήǵ ǱȒ Ǯ ǠȒ SșǚǚǮ̌ὑǠȒ ǮǶ ǫ

ǵ ǱȒ Ǔ˛ǋǲ ᾍ ǲ᷀ȒǦȈǲ Ǥǵ ǫǵ Ǯ ǠȒ ǲ ǏǭǋȒɛɄɱȵɡɩȦɋɩȬ

ɶș ǍǚǯǲǱȒ ǤǵȏǍǱɛɄɱȵɡɩȦɋɩȬɶǮǶ ǫǵ ǱȒ Ǯǵ 1Ήǵ ᾍ
ɵ ɵ

ǲᾍǞǭǶ

1 ΉǵɛɄɱȵɡɩȦɋɩȬɶ 3.3 ș ǏȒǚǯǲǱȒ  ǚǵ 1 Ήǵ ᾍ Ƕ pm șדȈǦ Ǯ

ǉȒ pm Ǔ ǋǱȐǷ pm șדȈǦ 1Ήǵ ᾍ ș ǏȒǚǯǓǮǔǱǋ ǚǵǚǯǒȐ pm

ǵ◙ ș ǞǦ 1 ΉǵɛɄɱȵɡɩȦɋɩȬɶ 3.3 ș ǮǔǱǋ ǤǵȏǍǱ 1 Ήǵ ᾍ ǲᾍǞ

ǭ ǏǦ 1ΉǵɛɄɱȵɡɩȦɋɩȬɶ 3.3 ǵ ᴇǲ ǞǋɛɄɱȵɡɩȦɋɩȬɶș pm Ǔ ǫȉǵǯ Ǎ

ǚǯȉǉȒ ʣ ǵɛɄɱȵɡɩȦɋɩȬɶǵ ǵὑװ ǮǶ ɛɄɱȵɡɩȦɋɩȬɶǶ ǲ ǏǭǋȒȉǵǯ

ǏǭǋȒ pm Ǔ ǱȒ 1Ήǵֺ ǯǵ ᾍ ǲ᷀ȒǦȈǲ pm ǯǤȓȐǵ Ǯ ǏǦ 1Ή

ǵɛɄɱȵɡɩȦɋɩȬɶǵ ᴇǲ ǞǋɛɄɱȵɡɩȦɋɩȬɶǓ Sǲ ǏǭǋȒȉǵǯ ǏȒ SǮ
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Ƕ ǱȒ Ǔ ΉǮǉȒǵǮ pm ǯǵ ᾍ ǵΉ ǶĚĚ ä
-

=

=
1

1

n

i

iN ǯǱȒ ĚĚ NΉ ǏȒǚǯǓǮǔȒ

ǚǵǚǯǒȐ S Кǵ pm Ǯ ǠȒ ǲǶ NΉǵɛɄɱȵɡɩȦɋɩȬɶș ǏȒ Sǲ Ǐ

ǭǋȒɛɄɱȵɡɩȦɋɩȬɶǵ ᴇǶ ǤǵȏǍǱ NΉǵ ᾍ ǲᾍǞǭ ǏȒ NΉǵɛɄɱȵɡɩȦɋɩȬɶ

ǵ
ɵ ɵ

ᴇ
ɵ

ĚĚ ᶥǮ ǞǭǋȒ ĚĚǮǉȒȉǵǯ ǏȒ ǦǧǞ ǚǵ ǮǶ SǵẆ ǒȐ Sș

ǠȒֺ ǲҘǓ̸ ǠȒǚǯǶ ǋȉǵǯǠȒ S șǹǯǫǵ ǯǞǭ ǍḹֻǶ Ǥǵ ǵ ǫɛɄ

ɱȵɡɩȦɋɩȬɶǶ S ǲ ǏǭǋȒɛɄɱȵɡɩȦɋɩȬɶǵ ᴇǯǞǭ ǍḹֻǓǉȒ Ǥǵḹֻǲǫǋǭ

Ƕ̂ ķǮ ǪǦ  

ʣ ǵȏǍǲ ǵɛɄɱȵɡɩȦɋɩȬɶǵ
ɵ

װ
ɵ

șὑ ǞǦ ɛɄɱȵɡɩȦɋɩȬɶǵΙ
ɵ

ǵὑ ǮǶɛɄɱȵɡ

ɩȦɋɩȬɶǵẀӓ ǵΙș̓ ǠȒ ɛɄɱȵɡɩȦɋɩȬɶǵΙǵẀӓǶ ǤǵͪἭҘǓ̸ ǞǭǋȒ pm ǓἭ

᷀ǠȒ Ǯǵֺ ǵ ᾍ ǵẀӓǒȐ ǟȒǚǯǓǉȒ ᾍ ǵẀӓǓ ǟǱǖǭȉ ᾍ ǲ

᷀Ȓֺ ǵȉǫ ǵẀӓǒȐɛɄɱȵɡɩȦɋɩȬɶǵẀӓǓ ǟȒǚǯǶǉȒ ǲ pm ș̓ ǞǭɛɄ

ɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵΙș 3.4 Ǯὑ ǠȒ 3.4 ǵ‼ Ƕǹǯǫǵֿǟ pm Ǔ ǫǵǤȓǥȓǵ

̬ ǲ᷀Ȓ ǲ S ǲ ǏȐȓȒǤȓǥȓǵɛɄɱȵɡɩȦɋɩȬɶǮǵǤǵẀӓ ș ǞǭǋȒ 3.4 ǵ

ֳ Ƕ 3.4 ǵ‼ ǵɛɄɱȵɡɩȦɋɩȬɶșὑ ǞǦͪἭҘǵǱǠ˿˗ ǲ ֵș̂ǘǦ
ɵ ɵ ɵ ɵ ɵ ɵ

ȉǵǮǉȒ ǚǵ˿˗

Ƕ‼ ǵ ǫǵ̬ ǲǑǘȒǹǯǫǵ̬ șỒ ǑȏǺ ȑǵ̬ ș ǯǞǭ ǠȒ˿˗ ǮǉȒ 3.4 ǵֳ Ƕ

3.4 ǵ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ șὑ ǮǔȒͪἭҘǵǱǠ˿˗ Ǯ ǠȒ Ǔ ҲǠȒỒ Ǒ

ȏǺ ǵ̬ Ƕ ʝ ǲǶ↔ ʣǵ̬ ǮǉȒ 3.4 ǵ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǓẀӓǞǱǋḹֻǮǶ Ǥ

ǵ ǲǶͪἭҘǓ̸ ǞǭǋǱǋȉǵǯǞǭ 3.4 ǵֳ ǵ˿˗ ș̌ὑǮǔȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

3.4 ǮǶ pm ǲ̸ ǠȒͪἭҘǵֻҘǵǱǠ˿˗ șֳ Ǯ ǮǔȒ Ǥǵ 3.4 ǵ‼ ǮǶ Ǥǵ pm

ǯǵ ᾍ ǲ᷀Ȓ ǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ș ǞǭǋȒ ș̓Ǫǭ 3.4

ǵֳ ǵ˿˗ ș ǠȒǵǮ Ǥǵ ǵ ǫɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵΙș 3.4 Ǯ ǞǭǋȒȉ

ǵǯ ǏȒǚǯȉ
ɵ

ǉȒ ǵ ᶿǲǫǋǭǵ ǮǶ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ș̓ Ǟǭ̀ǵȦɋɩȬɶ

ǵẀӓ ș ǏȒǚǯǮ ǵȦɋɩȬɶǵͪἭș ǠȒ ǵȦɋɩȬɶͪἭѸǲǫǋǭǶ ̂ ĶǮ Ǫ

Ǧ ɛɄɱȵɡɩȦɋɩȬɶș ǏǭǋȒ ș̓Ǎʝ ǵ ǮǶ pm ǯ̀ǵֺ ǯǵ ᾍ ǵ ḸǶ

ǠȒ ǯǞǭ Ǎⱳ ǶǱǋ ǤǵȏǍǱ ǵȦɋɩȬɶͪἭǵ ǮǶ pm ǯǵ ᾍ ǲ᷀ȒɛɄ

ɱȵɡɩȦɋɩȬɶǵẀӓ Ǯ̀ǵȦɋɩȬɶǵẀӓ ș ǠȒḹֻǓǉȒ Ǥǵḹֻǵʝ ǵ ǮǶ 3.4

ǵ‼ ǲ ǞǭǋȒɛɄɱȵɡɩȦɋɩȬɶș pm ǵ
ɵ

ǫ
ɵ

ɛɄɱȵɡɩȦɋɩȬɶǯǞǭ Ǎ ǚǵ ǋǮ

ǲƼ ᾍ ǵ Ḹƽș ǲǶ̓ǍǚǯǱǖ pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶșᾚЊǮǔȒ

ǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶǲǶ ↔ר ʣǮ ᾍ șʦǏȒ ǫǵ̬ ǵǍǨǵǹǯǫǵ

̬ ǵ↔ Ǔὑ ǲǱȑ̀ ǵ̬ ǵ↔ ǓẀ ǲǱȒḹֻș̌ὑǮǔȒ ǚǵḹֻǮǵẀ ǯǱȒ̬ ǓẀӓǠȒǚ

ǯǮ Ǥǵ ǵɛɄɱȵɡɩȦɋɩȬɶǓẀӓǠȒǚǯǓǉȒ ǚǵ ǮǶװ ǤǵɛɄɱȵɡɩȦɋɩȬɶǶẀ

ǯǱȒ̬ ǵ↔ ǵ Ǔ ǫɛɄɱȵɡɩȦɋɩȬɶǵȏ
ɵ

Ǎ
ɵ

ǲ
ɵ

ǍǚǯǓ͛ὓʣ֯ ǮǉȒ ǚǵ Ǐ Ƕ

ᶥ ǉȒǋǶ ἧᶥ Ǯ̓ǍǚǯǓǮǔȒ Ƕ ǵᶥ ǯǞǭ ǟȒǵǮ Ƽ ǵ ǫɛɄɱȵɡɩȦɋɩ

Ȭɶƽǯ ǠȒǚǯǓ Ȓ  

Ǯ 3.4 ǶǦǺǦǺ̓ ǠȒ Ǳ ͜ǮǉȒ pm ǵ ᾍ ǲ ǏȒɛɄɱȵɡɩȦɋɩȬɶǵẀӓ

abUD ǯ ǤǵͪἭҘǵǱǠ˿˗ abW ǯǵ ͜ș 3.4 Ǯὑ ǞǦ ΙǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵ

șר͔ 3.4 ǮʦǏǦ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵΙǶ abW- ǵΙǲ Ǟǋȉǵǯ 3.4 Ǯὑ ǞǭǋȒ
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pm ǵỒ ǯǱȒ̬ 3.1 ǑȏǺ ǯǱȒ̬ 3.2 ǓǤȓǥȓẀӓǞǱǖǭȉ pm ǲ̸ ǠȒͪἭҘǵɗ

ȭɆɩǓ ǱȒǚǯǮ abW- ǵΙǶ ǱȒ ἶǮ Ǎֺ ǮǵͪἭҘǶ ɉɣɶɆɱҘἶǵʠ ╠Ҙȋ ἶ

ǵȭɶɫɱҘǵȏǍǲ ǱȒ ѸǮ ǠȒ ȭɶɫɱҘǶ ǵ ᶥǵȭɶɫɱǵ ѸǮ șǠȒ  

3.4 ǵ‼ ș 3.5 Ǯ ǠȒ 3.5 ǵֳ ǵ Ƕ КǮǵ̬ bǲ̌ὑǞǦ pm ǯǵ ᾍ

ǮǵɛɄɱȵɡɩȦɋɩȬɶǮǉȒ 3.5 ǵֳ ǵ Ƕ КǮǵ̬ aǲ̌ὑǞǦ pm ǯǵ ᾍ

ǮǵɛɄɱȵɡɩȦɋɩȬɶǮǉȒ ǚǵǚǯǮǶ 3.5 Ƕ pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵ

Ẁӓ ǮǉȒ 3.5 ǮǶ pm Ƕ ѧǲ̬ aǲ᷀ȑ ♥ǲ̬ bǲ᷀Ȓǚǯș̌ὑǞǭǋȒ  

( ) ( ) ( )5.3,,,, 3
aaabbbab

zyxUzyxUU -=D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ  

ȅǦ 3.4 ǵֳ ǵ˿˗ș 3.6 Ǯ ǠȒ ˿˗ 3.6 ǵ ѝӢ ǵ̬ ɗȭɆɩș 3.7 ǑȏǺ 3.8 Ǯ

ǠȒ 3.6 ǵֳ ǵͪἭҘǶ 3.9 Ǯ ǠȒ ǚǵḹֻǲǶ 3.5 ǯ 3.6 ș̓ ǞǭɛɄɱȵɡɩȦɋɩȬɶ

ǵẀӓ 3.4 ș 3.10 Ǯ ǮǔȒ 3.10 ǮǶɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǯ ǤǵͪἭҘǵǱǠ˿˗ǲ

ֵș̂ǘǦȉǵǶ Ǟǋǚǯș Ǡ 3.10 ǵ‼ ǵ Ƕ 3.8 ǵ̬ Ǯǵ pm ǵɛɄɱȵɡɩȦɋɩȬɶǮ

ǉȒ 3.10 ǵ‼ ǵ Ƕ 3.7 ǵ̬ Ǯǵ pm ǵɛɄɱȵɡɩȦɋɩȬɶǮǉȒ 3.10 ǵֳ ǵ˿˗Ƕ

pm Ǔ 3.7 ǒȐ 3.8 ǲ ҲǞǦḹֻǵ Ǥǵ pm ǲ̸ ǞǭǋȒͪἭҘǵǱǠ˿˗ǮǉȒ ʝ ǲǶ 3.10

șꜘ ǞǭɛɄɱȵɡɩȦɋɩȬɶǵΙș ǠȒǚǯǓǮǔȒ ǚǵɛɄɱȵɡɩȦɋɩȬɶǵ ǲǫǋǭǶ

̂ ĵǮ ǞǦ  

( )6.3d)( 3ñ Ö=
b

a
ssFabW  

( )( )7.3,, 3aaa zyx=a  

( )( )8.3,, 3bbb zyx=b  

( )9.3),,()( 3zyxFsF =  

( ) ( ) ( )( )10.3,d)(,,,, 3ababaaabbb WUzyxUzyxU -=DÖ-=- ñ
b

a
ssF  

3.10 ǒȐ 3.11 șᾚїǮǔȒ ₴ ᷀ǵ֦Ж ἶǮǵɉɣɶɆɱҘἶǮǶ ʝ ǲǶ 3.10 ǯ 3.11

Ƕ ἶ ǲ ͔ǮǉȒ 3.11 ǮǶɛɄɱȵɡɩȦɋɩȬɶǒȐͪἭҘș ǮǔȒǚǯǶ ȐǒǮǉȒ 3.10 ǯ

3.11 ǵ ₴̈ǵ ǵʝ Ǳ ἶ ᾚǲǫǋǭǶ̂ ǵĵǮ ǞǭǋȒ  

( )11.3)( 3kjisF
z

U

y

U

x

U

µ

µ
-

µ

µ
-

µ

µ
-= ͪἭҘ 

3.12 ǑȏǺ 3.13 ș̓ Ǟǭ˿˗ 3.6 ș ǠȒ ǚǵḹֻǶ ˿˗ 3.6 Ƕ 3.14 ǲ ǮǔȒ 3.14

ǵֳ ǵК ș ǠȒǯ 3.15 ǵȏǍǲ ǮǔȒ   

( )12.3)( 3kjisF Ö+Ö+Ö= zyx fff ͪἭҘ 

( )13.3dddd 3kjis Ö+Ö+Ö= zyx  

( )( )( )14.3dddd)( 3ññ Ö+Ö+ÖÖÖ+Ö+Ö=Ö=
b

a

b

a
kjikjissF zyxfffW zyx  

( )15.3ddd 3ñññ Ö+Ö+Ö=
b

a

b

a

b

a

z

z
z

y

y
y

x

x
x zfyfxfW  

3.16 ǵȏǍǲҘǵֺ ѝș ǠȒǯ 3.15 Ƕ 3.17 ǲ ǮǔȒ 3.16 ǶɉɣɶɆɱǵ Ҳǵ Ѹ

Newtonõs second law of motion Ǯǉȑ
ɵ

ר
ɵ

ǯқ ↓Ǯ pm ǲ̸ ǞǭǋȒֻ
ɵ

Ҙ
ɵ

resultant f orce șֳ

ǲ ǞǭǋȒ 3.17 ǵ ↓ǵֺ ѝș̬ ǵẀ Ǯ ǞǭǋȒȉǵǯ̌ὑǠȒ ǚǵḹֻǮ 3.17 ǵֻҘǵֺ
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ѝǲ 3.18 ǵȏǍǲֻ ǵⱨѝ ș̓ ǠȒ ǦǧǞ 3.12 ǶͪἭҘǮǉȒ ȅǦ pm ǲǶͪἭҘ 3.12

ǵȆǓ̸ ǞǭǋȒȉǵǯǠȒ  

( )16.3
d

d
,

d

d
,

d

d
3

t

v
mf

t

v
mf

t

v
mf z

z

y

y
x

x === ɉɣɶɆɱǵ Ҳǵ 2 Ѹ 

( )17.3d
d

d
d

d

d
d

d

d
3ñññ Ö+Ö+Ö=

b

a

b

a

b

a

z

z

z
y

y

y
x

x

x z
t

v
my

t

v
mx

t

v
mW  

( )18.3d
d

d

d

d
d

d

d

d

d
d

d

d

d

d
3ñññ ÖÖ+ÖÖ+ÖÖ=

b

a

b

a

b

a

z

z

z
y

y

y
x

x

x z
t

z

z

v
my

t

y

y

v
mx

t

x

x

v
mW  

pm ǵ ↓ǵֺ ѝș 3.19 ǵȏǍǲ ǠȒǯ ˿˗ 3.18 Ƕ 3.20 ǲ ǮǔȒ ǦǧǞ ˿˗ 3.20

ǵ ѝӢ Ƕ ̬ ḸǒȐ ↓ Ḹǲ ȖǪǭǋȒ ǵ ǞǭǋȒ ↓ǵὑ ǵ Ƕ ǲʦǏǦ  

( )19.3
d

d
,

d

d
,

d

d
3

t

z
v

t

y
v

t

x
v zyx === ↓ǵֺ ѝ 

( )20.3ddd 3ñ ññ ÖÖ+ÖÖ+ÖÖ=
yb

ya

zb

za

xb

xa

v

v

v

v
zzyy

v

v
xx vvmvvmvvmW  

˿˗ 3.20 ș ѝǠȒǯ 3.21 ǲ ǮǔȒ ˿˗ 3.21 ș ǠȒǯ 3.22 ǲǱȒ ˿˗ 3.22 ǵֳ Ƕ 3.23

ǲ ǮǔȒ 3.24 ǑȏǺ 3.25 ș̓ ǠȒǯ˿˗ 3.23 ș 3.26 ǲ ǮǔȒ  

( )21.3
2

1

2

1

2

1 222 3
zb

za

yb

ya

xb

xa

v

v

z

v

v

y

v

v

x vmvmvmW ù
ú

ø
é
ê

è
³³+ù

ú

ø
é
ê

è
³³+ù

ú

ø
é
ê

è
³³=  

( )22.3)(
2

1
)(

2

1
)(

2

1 222222 3zazbyaybxaxb vvmvvmvvmW -³³+-³³+-³³=  

( )23.3)(
2

1
)(

2

1 222222 3zayaxazbybxb vvvmvvvmW ++³³-++³³=  

( )24.32222 3zbybxbb vvvv ++=  

( )25.32222 3zayaxaa vvvv ++=  

( )26.3
2

1

2

1 22 3ab vmvmW ³³-³³=  

₴ ᷀ǵɉɣɶɆɱҘἶǮǶ 3.27 ș ҲȦɋɩȬɶ kinetic energy ǯᴀǽ 3.27 ǵֳ Ƕ ר m

ǑȏǺ ǜ vǮ ҲǞǭǋȒ pm ǵ ǫ ҲȦɋɩȬɶș ǞǭǋȒ 3.27 ș̓ Ǟǭ 3.26 ǵֳ ǵ ҲȦ

ɋɩȬɶǵẀӓ ș 3.28 ǵ‼ Ǯ ǠȒǯ 3.26 Ƕ 3.29 Ǯ ǮǔȒ  

( )27.3
2

1 23vmK ³³= ҲȦɋɩȬɶ 

( )28.3
2

1

2

1 22 3ab vmvmK ³³-³³=D ҲȦɋɩȬɶǵẀӓ  

( )29.33KW D=  

ʣ ǵ ǮǶͪἭҘǲ ὑǞǭ 3.29 șᾚїǞǦ 3.6 ǵֳ ǵҘșͪἭҘǲ ὑǞǱǋǮʝ ǵҘǲǞǭ 3.12

3.29 ǯֿ ǵ șǠȒǯ 3.30 șᾚїǮǔȒ 3.30 ǵǚǯș ǮǶ the work -energy theorem ǯᴀ

ȚǮǋȒ ǵ the work -energy theorem ǲᾍǞǭ Ǯ˿˗ -ȦɋɩȬɶԍ ǯ ǮǔȒǚǯǒȐ ǮǶ

˿˗ -ȦɋɩȬɶԍ ǯᴀǽǚǯǲǠȒĚĚʝ ǵᴇ ǮǶȦɋɩȬɶԍ ǯᴀȚǮǋǦǚǯș Ƕ ǞǭǋȒ

ĚĚ ˿˗ -ȦɋɩȬɶԍ 3.30 Ƕ ǲᾍǞǭ ǞǦȉǵǮǉȒ 3.30 ǮǶ pm ǲ̸ ǞǭǋȒǠȀǭ
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ǵҘǵֻҘǵǱǠ˿˗Ƕ Ǥǵ pm ǵ ǫ ҲȦɋɩȬɶǵẀӓ ǲ Ǟǋ ǵ ǫȦɋɩȬɶǵẀӓ ǯǤǵ

ǲ̸ ǠȒֻҘǵǱǠ˿˗ ǯǵ ͜ș Ǯ șǞǦ ǵ ǮǶ ǵ ǫȦɋɩȬɶǵẀӓ șɛ

ɄɱȵɡɩȦɋɩȬɶǵẀӓ ǲǫǋǭ ǞǭǋȒ  

( )30.3d
2

1

2

1
resultant

2

0

2 3ñ Ö=ö
÷

õ
æ
ç

å
³³-ö

÷

õ
æ
ç

å
³³

b

a
ab

sFvmvm  the work -energy theorem  

3.4 ǯ 3.29 ș̓ ǠȒǯ 3.31 Ǔ ǮǔȒ 3.31 ǒȐ 3.32 ǲ ǔ Ǡ 3.32 ș 3.33 ǲ

ǮǔȒȉǵǯǠȒ 3.33 ǵֳ ǶɛɄɱȵɡɩȦɋɩȬɶǯ ҲȦɋɩȬɶǵᴇǶẀӓǞǭǋǱǋǚǯș Ǟǭǋװ

Ȓ ǚǵǚǯǒȐɛɄɱȵɡɩȦɋɩȬɶ 3.3 ǯ ҲȦɋɩȬɶ 3.27 ǵᴇșὑ ǯǞǭ 3.34 Ǯ ǮǔȒȉ

ǵǯǠȒ 3.34 Ƕ Ǥǵ‼ ǵɛɄɱȵɡɩȦɋɩȬɶș ǏǭǋȒ Кǲ᷀Ȓ pm ǲ
ɵ

ǠȒ 3.34 ǵ

‼ ǵɛɄɱȵɡɩȦɋɩȬɶǶ pm ǯǵ ᾍ Ǯ ǏȒɛɄɱȵɡɩȦɋɩȬɶǮǉȑ ǲ ǏȐȓǭ

ǋȒȉǵǯǞǭ ǍǚǯǓǮǔȒ ʝ 3.34 ǵ‼ ǵ ҲȦɋɩȬɶǶ pm ǵ ǪǭǋȒȦɋɩȬɶǯǞǭ

ǍǚǯǓǮǔȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

( )31.33KU D-=D  

( )32.303=D+D KU  

( ) ( )33.303=+D KU  

( )34.3const.):(, 3EEKU =+  

3.10 ǑȏǺ 3.29 ș̓ ǠȒǯ 3.32 Ƕ 3.35 ǲ ǮǔȒ 3.35 ǵ‼ ș 3.36 ǵ‼ ǵȏǍǲ

ǔ Ǡ 3.36 ș 3.37 ǵȏǍǲ ǠȒǯ 3.37 ǵֳ ǲ ǠȏǍǲὑ ǮǉȒǚǯǓѝǒȒ 3.36 Ƕ 3.33

ǲᾍꜘǞǭǋȒ 3.37 ǲǶ 3.34 ǓᾍꜘǞǭǋȒ  

( ) ( ) ( )( )10.3,d)(,,,, 3ababaaabbb WUzyxUzyxU -=DÖ-=- ñ
b

a
ssF  

( ) ( )( ) ( )35.30
2

1

2

1
,,,, 22 3=ö

÷

õ
æ
ç

å
³³-³³+- abaaabbb vmvmzyxUzyxU  

( ) ( ) ( )36.30
2

1
,,

2

1
,, 22 3=ö

÷

õ
æ
ç

å
³³+-ö

÷

õ
æ
ç

å
³³+ aaaabbbb vmzyxUvmzyxU  

( ) ( ) ( )37.3const.
2

1
,,

2

1
,, 22 3=³³+=³³+ aaaabbbb vmzyxUvmzyxU  

˿˗ -ȦɋɩȬɶԍ 3.30 ǵֳ ǵֻҘș 3.38 ǵȏǍǲ ǠȒ 3.38 ǵֳ ǵ șͪἭҘǯǠȒ

3.38 ǵֳ ǵ șẆҘǯᴀǽ  

( )38.3resultant 3exc FFF +=  

ֻҘ 3.38 ș˿˗ -ȦɋɩȬɶԍ 3.30 ǵֳ ǲ̈ЊǠȒǯ 3.39 Ǔ ǮǔȒ 3.39 ǵ‼ ș 3.40 ǵ

ȏǍǲ ǠȒ 3.39 ǵֳ ș 3.41 ǵȏǍǲ ѩǲ ѝǠȒ  

( ) ( )39.3d
2

1

2

1 2

0

2 3ñ Ö+=ö
÷

õ
æ
ç

å
³³-ö

÷

õ
æ
ç

å
³³

b

a
exc

ab

sFFvmvm  

( )40.3
2

1

2

1 2

0

2 3vmvmK ³³-³³=D  

( ) ( )41.3ddd 3ñññ Ö+Ö=Ö+
b

a
ex

b

a
c

b

a
exc sFsFsFF  
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3.41 ǵ ǶͪἭҘǵ˿˗ǮǉȒ ǚǵͪἭҘǵ˿˗Ƕ 3.4 ǵȏǍǲɛɄɱȵɡɩȦɋɩȬɶǵẀӓ 3.42

ǲ ǮǔȒ ǚǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ 3.42 ș 3.41 ǵֳ ǲ̈ЊǞǭ 3.40 ș 3.39 ǵ‼

ǲ̈ЊǠȒǯ 3.43 ș ǮǔȒ  

( )42.3d 3ñÖ-=D
b

a
c sFU  

( )43.3d 3ñÖ+D-=D
b

a
ex sFUK  

3.43 Ƕ 3.44 ǲ ǮǔȒ 3.44 ǵǚǯșҘἶ ȦɋɩȬɶͪἭǵ Ѹ a law of conservation of mechanical 

energy ǯᴀǽ ʝ ǲ ₴ ᷀ǵɉɣɶɆɱҘἶǮǶҘἶ ȦɋɩȬɶǯǶɛɄɱȵɡɩȦɋɩȬɶǑȏǺ

ҲȦɋɩȬɶǵᴇǵǚǯǮǉȒ 3.37 ǮǶ̬ a ǑȏǺ̬ b ǲ pm Ǔ᷀Ȓ ǵǤȓǥȓǵҘἶ ȦɋɩȬɶ

Ƕ Ǟǋὑ ǮǉȒǚǯș ǠȒװ   

( )44.3d 3ñÖ=D+D
b

a
ex sFKU Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 

3.38 ǵֳ ǵ șƼẆҘƽǯᴀȚǧ ǚǵǚǯǲǶ 3.42 ǵɛɄɱȵɡɩȦɋɩȬɶǓὑ ǜȓǭǋȒ

Кǲ pm Ǔ᷀Ȓǚǯș̌ὑǞǭǋȒ 3.38 ǵֳ ǵ Ƕ ǲ̸ ǠȒẆҘǲ ǮǔȒḹֻǓǉȒ

ǵǮ̓ ǞǦ ǚǵ ǲ̸ ǠȒẆҘǲǫǋǭǶ̂ ĶǑȏǺ̂ ķǵ ǵȦɋɩȬɶͪἭѸǲ ǞǦ

ș ǲ ǱǠǚǯǮȉֿ ǲẆҘș ǏȐȓȒ  

3.10 ǑȏǺ 3.39 ș̓ ǠȒǯҘἶ ȦɋɩȬɶͪἭǵ Ѹ 3.44 Ƕ 3.45 ǲ ǮǔȒ 3.45 ǵ‼

ș 3.46 ǵ‼ ǵȏǍǲ ǠȒ 3.46 ǵ‼ Ƕ pm ǯǵ ᾍ Ǯ ǏȒɛɄɱȵɡɩȦɋɩȬɶǯ pm

ǵȉǫ ҲȦɋɩȬɶǵᴇǵẀӓ ǮǉȒ 3.46 ǵֳ ǶẆҘǵǱǠ˿˗ǮǉȒ 3.46 ǮǶ pm ǵҘἶ Ȧ

ɋɩȬɶǵẀӓ ǶẆҘǵǱǠ˿˗ ǲ Ǟǋǚǯș Ǡ 3.46 ȉҘἶ ȦɋɩȬɶͪἭǵ ѸǯᴀǷȓȒ  

( ) ( )( ) ( )45.3d,,,,m
2

1
m

2

1
000

2

0

2 3ñ Ö=-+ö
÷

õ
æ
ç

å
³³-³³

b

a
ex sFzyxUzyxUvv  

( ) ( ) ( )46.3dm
2

1
,,m

2

1
,, 2

0000

2 3ñ Ö=ö
÷

õ
æ
ç

å
³³+-ö

÷

õ
æ
ç

å
³³+

b

a
ex sFvzyxUvzyxU Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 

 

 ĚĚĚ Ǯ όǠȒҘἶ ȦɋɩȬɶǵ ѸĚĚĚ 

 

ɛɄɱȵɡɩȦɋɩȬɶǶ ǵ ᾍ ǮʦǏȒ ǲ ǏȐȓǭǋȒȉǵǯ ǵ ѧǵ ǲὑ ǞǦ

ǤǵȏǍǱ ᾍ ǲ᷀ȒĚĚ Кǲ᷀ȒĚĚǹ
ɵ

ǯ
ɵ

ǫ
ɵ

ǵ
ɵ

pm ǵ ҲǒȐ ǟȒ
ɵ

ǵͪǫȦɋɩȬɶǵẀ

ӓ ș ǠȒҘἶ ȦɋɩȬɶͪἭǵ Ѹ 3.46 ǵ‼ ǮǉȒ 3.46 ǵֳ Ƕ Ǥǵ
ɵ

ǲ̸ ǞǭǋȒẆҘ

ĚĚ 3.38 ǵֳ ǵ ǲ ǞǭǉȒ ĚĚǵǱǠ˿˗ ǮǉȒ ǤǵȏǍǲ ǲ̸ ǠȒǚǯǮȉ Ǥǵ

ẆҘǓ̸ ǞǭǋȒᾍ Ƕ Кǵǹǯǫǵ pm ǵḹֻǵ 3.46 ǮǉȒ 3.39 ǵḹֻǮǶ ɛɄɱȵɡɩȦ

ɋɩȬɶǵẀӓ ș ǜǢȒͪἭҘǵֻҘĚĚ 3.38 ǵֳ ǵ ǲ ǞǭǉȒ ĚĚǵǱǠ˿˗ șֳ ǲ

ǞǭǋȒ ǤǵͪἭҘǵֻҘĚĚ ᴇǮǉȒͪἭҘǮǉȒ ĚĚǓ̸ ǠȒ Ƕ pm ǲ̌ὑǮǔȒ Ǥǵͪ

ἭҘǵֻҘǮǶ ǤǵɛɄɱȵɡɩȦɋɩȬɶș ǏǭǋȒ
ɵ

ǵֺ ǲ ᴇǮǉȒͪἭҘș ǞǭǋȒֺͪ

ἭҘǓ̸ ǞǭǋȒǚǯș̌ὑǞǭǋȒ  

( )38.3resultant 3exc FFF +=  
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( ) ( )39.3d
2

1

2

1 2

0

2 3ñ Ö+=ö
÷

õ
æ
ç

å
³³-ö

÷

õ
æ
ç

å
³³

b

a
exc

ab

sFFvmvm  

3.39 ǵ‼ ǵ ҲȦɋɩȬɶǵẀӓ Ƕ Ǥ
ɵ

ǵ
ɵ

ֻҘ 3.38 Ǔ̸ ǠȒ ǵ Ҳș ǠȒȉǵǯ̌ὑǠȒװ

Ǥ
ɵ

ǵ
ɵ

ǵ ҲǮǶ Ǥǵ ș ǠȒֺ ǵ ᾍ ǓẀӓǞǱǋȉǵǯ̌ὑǮǔȒ ǚ
ɵ

ǵ
ɵ

̌
ɵ

ὑ
ɵ

ǮǶ Ǥ

ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ Ǔ ǲǱȒ ș ǞǭǋȒ̀ǵ ǲȉҘǓ̸ Ǟǭ ǵ ᾍ

ǓẀӓǞǱǋȏǍǲ Ћ̱Ǔ ҲǞǭǋȒȉǵǯ̌ὑǮǔȒ ǚǵ ǲ̸ ǠȒẆҘǮ ҲǠȒ pm ǮǶ

ҲȦɋɩȬɶǑȏǺɛɄɱȵɡɩȦɋɩȬɶǓẀӓǠȒ 3.39 ǵֳ ǵͪἭҘǵǱǠ˿˗ Ƕ ǤǵɛɄɱȵɡɩ

ȦɋɩȬɶǵẀӓ ș ǜǢȒ ǚǵ ș ǠȒ˿˗ Ƕ ֺ ǵ̬ ǓẀӓǞǭȉ ᾍ ǓẀӓǞǱǋ

ǦȈǲ pm ǯǵ ᾍ Ǯ ǏȒɛɄɱȵɡɩȦɋɩȬɶǶẀӓǞǱǋǚǯș̌ὑǮǔȒ 3.41 Ǯǵֳ ǵͪ

ἭҘǵǱǠ˿˗ ș 3.45 ǵʰ ǲқǏȒǚǯǮ 3.39 ǲǱȒ ǚǵͪἭҘǶ ˛̸ ǞǭǋȒ ͪἭҘǓ̸

ǞǭǋȒ ǵ ҲǮ ˿˗ Ǔ ǮǔȒ ˛ǋǲ ׄǔǵẎǔǜǓ ǞǋͪἭҘǓ pm ǲ̸ ǞǭǋȒǚǯș̌

ὑǠȒ ǚǵḹֻǮǶ 3.47 ș ǮǔȒĚĚ 3.47 ǵֳ ǵ 1 ǲǫǋǭǶ̂ ĵǵ ♥ǵ 3.10 ǲ ͜ș

ǫ ĚĚ 3.47 ǵֳ ǮǶ ǑȏǺ ǵ˿˗ ǵͪἭҘǶẎǔǜǓ ǞǖׄǔǓ ǮǉȒȉǵǯ̌ὑǮ

ǔȒ 3.47 ǵֳ Ƕ 3.48 ǵֳ ǵȏǍǲ ǔ ǠǚǯǓǮǔȒ  

( ) ( )41.3ddd 3ñññ Ö+Ö=Ö+
b

a
ex

b

a
c

b

a
exc sFsFsFF  

( ) ( )( ) ( )45.3d,,,,m
2

1
m

2

1
000

2

0

2 3ñ Ö=-+ö
÷

õ
æ
ç

å
³³-³³

b

a
ex sFzyxUzyxUvv  

( )47.3dd 3ññ Ö+Ö-=D-D
b

a
c

b

a
c sFsFUU  

( ) ( )48.3d 3ñ Ö+-=D-D
b

a
cc sFFUU  

3.48 ǵֳ Ƕ 3.49 ǵֳ ǵȏǍǲ ǔ ǠǚǯǓǮǔȒ 3.49 ǵֳ ǮǶ pm ǲ̸ ǠȒͪἭҘǶ

ǮǉȒ ǚǵǚǯǮǶ ˿˗ Ƕ Ǯǉȑ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ Ƕ ǮǉȒ  

() ( )49.3d 3ñÖ=D-D
b

a
s0UU  

ɛɄɱȵɡɩȦɋɩȬɶǓ ǏȐȓǭǋȒ Ǯǵֺ ǵ ᾍ ǓẀӓǞǱǋ ǵ ҲǮǉȒ ǚǵȏǍǱ

ҲǮǶ ֺ
ɵ

ǲͪἭҘǓ̸ ǞǭǋǱǋǮֺ
ɵ

Ǔ ҲǞǭǋȒȉǵǯ̌ὑǮǔȒ 3.4 ǵֳ ǵ˿˗ Ƕ ɛɄ

ɱȵɡɩȦɋɩȬɶǵẀӓ ș ǠȒȉǵǮǉȒ ˿˗ ș ǠȒ ѝӢ Ƕ ↔ Ǯǵ̬ ș ὑǞǭǋȒ

pm Ǔ̬ ǒȐ̬ ȅǮ ҲǞǭǋȒǚǯǓ˗
ɵ

ὕ
ɵ

ǮǉȒḹֻǲǶ ѝӢ Ƕ̬ ǒȐ̬ ȅǮǲǱȒ

КǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ Ǔ ǟǱǋ pm ǵ ҲǮǶ Ǥǵ ǲͪἭҘǓ̸ ǞǭǋǱǋȉǵǯ

̌ὑǮǔȒ pm ǓẆҘǮ ҲǠȒǚǯǮ ǟȒɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǓǉȒ ǤǵẀӓ ș ǜǢǭ

ǲǠȒǵǲ pm ǲǶͪἭҘǓ̸ ǞǭǋǱǋȉǵǯὑ 3.4 Ǯ̌ὑǮǔȒ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ

șὑ ǠȒͪἭҘǓ̸ ǞǭǋǱǋǚǯșὑ 3.4 Ǯ̌ὑǮǔȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

ҲȦɋɩȬɶǵẀӓ ǲẀ
ɵ ɵ

ǜ
ɵ

ȓ
ɵ

Ǧ
ɵ

ȦɋɩȬɶѝ
ɵ

Ƕ 3.39 ǵֳ ǵẆҘǵǱǠ˿˗ ǮқǏȐȓǦȉǵǯ Ǯǔ

Ȓ Ǥǵ 3.39 ǵẆҘǵǱǠ˿˗ Ǯ Ǥǵ ǲ 3.39 ǵ‼ ǲ ǞǦ ҲȦɋɩȬɶǵẀӓ ѝǓқǏȐȓ

Ǧȉǵǯ ǮǔȒ Ǥǵ pm ǵ ҲȦɋɩȬɶǵẀӓ ș 3.39 ǵ‼ Ǯ ǞǭǋȒ ǚǵ ǵͪǫҘἶ

ȦɋɩȬɶǵʝ ǵṔ ș ǮǔȒ  
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Ǥǵ ș ǠȒֺ ǵ ᾍ ǓẀӓǠȒȉǵǯ̌ὑǠȒ ǚǵ̌ὑǮǶ Ǥǵ Кǵ pm ǲẆҘ

Ǔ̸ ǞǭǋȒ ǤǵẆҘǮ pm Ǔ ҲǞǭǋȒǚǯș̌ὑǞǭǋȒ ǤǵẆҘǵ ҲǮǶ Ǥǵ КǮɛɄɱ

ȵɡɩȦɋɩȬɶǵẀӓ Ǔ ǟȒ ǤǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ѝǓ ҲȦɋɩȬɶǵẀӓ ǲẀ ǜȓǦ

ȉǵǯ ǮǔȒ Ǥǵ pm ǵ ҲȦɋɩȬɶǵẀӓ ș 3.39 ǵ‼ Ǯ ǞǭǋȒ ǚǵ ҲȦɋɩȬɶǵẀ

ӓ ǲǶ 3.39 ǵֳ ǲ ǞǦẆҘǵǱǠ˿˗ ǮқǏȐȓǦ ҲȦɋɩȬɶǵṔ ѝȉדȇ ὑ 3.4 ǮǶ

3.39 ǵֳ ǵͪἭҘǮὑ ǮǔȒɛɄɱȵɡɩȦɋɩȬɶǵẀӓ 3.42 ș 3.43 ǵֳ ǲ ǮǔȒ 3.43

ǵֳ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǲǶ 3.43 ǵ‼ ǵ ҲȦɋɩȬɶǵẀӓ ǲẀ ǜȓǭǋȒѝ
ɵ

ș̌ὑǮ

ǔȒ ǚǵẀ ǮǶ 3.43 Ƕ 3.45 ǲ ǔ ǠǚǯǓǮǔȒ ǚǵǚǯǮǶ 3.39 șҘἶ ȦɋɩȬɶͪἭǵ

Ѹ 3.46 ǲ ǔ ǠǚǯǓǮǔȒ  

( )43.3d 3ñÖ+D-=D
b

a
ex sFUK  

3.39 ǵ‼ ǵ ҲȦɋɩȬɶǶ Ǥǵ ǵ ҲȦɋɩȬɶǵʝ ș ǞǭǋȒ ǵȦɋɩȬɶͪἭ

ѸǲǫǋǭǶ ̂ ĶǮ ǞǭǋȒ  

 

 ĚĚĚȦɋɩȬɶǑȏǺ˿˗ ǵ ǯǞǭǵ ǵװ ĚĚĚ 

 

Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 3.46 ǵ‼ ș 3.50 Ǯ ǠȒ Ҙἶ ȦɋɩȬɶǵẀӓ 3.50 ș̓ ǠȒǯ

Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 3.46 Ƕ 3.51 Ǯ ǮǔȒ  

( ) ( ) ( )46.3dm
2

1
,,m

2

1
,, 2

0000

2 3ñ Ö=ö
÷

õ
æ
ç

å
³³+-ö

÷

õ
æ
ç

å
³³+

b

a
ex sFvzyxUvzyxU Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 

( )50.33KUEN D+D=D Ҙἶ ȦɋɩȬɶǵẀӓ  

( )51.3d 3ñ Ö=D
b

a
ex sFNE Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 

Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 3.51 ǵ‼ Ƕ Ҙἶ ȦɋɩȬɶǵẀӓ ǮǉȒ Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 3.51

ǵֳ Ƕ ǲ̸ ǞǦẆҘǵǱǠ˿˗ ǮǉȒ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵὑ 3.4 Ǯ ǞǦȏǍǲ

ȦɋɩȬɶǵ ǯǞǭǵ Ƕװ ˿˗ ǵ ǯǞǭǵ ǯǶװ ǱȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

Ҙἶ ȦɋɩȬɶͪἭǵ Ѹ 3.51 ǮǶ ‼ ǵҘἶ ȦɋɩȬɶǵẀӓ ǵΙ
ɵ

Ǔֳ ǵẆҘǵǱǠ˿˗ ǵΙ
ɵ

ǲ

Ǟǋǚǯș ǞǭǋȒװ ǚǵ Ѹǵ Ƕ ᾍ ǑȏǺ ᾍ ǮǵɉɣɶɆɱҘἶǵ ǮǉȒ ̧ǵ

Ǔ ᾍ ǑȏǺ ᾍ ș̓ ǞǱǋ↔ ʣǮ ǠȒ ǚǵǚǯǲǫǋǭǶ Ǯ ǞǭǋȒ ᾍ Ǒ

ȏǺ ᾍ ǲǫǋǭǶ ̂ ĸǮ Ӵǲ ǞǭǋȒ  

 

 ĚĚĚ ᾍר ǮǵȦɋɩȬɶǲǫǋǭĚĚĚ 

 

3.44 ǑȏǺ 3.46 ǮǶҘἶ ȦɋɩȬɶͪἭǵ Ѹș ǞǦ ̂ ǵĶǮǶ Ǯ ǠȒ ǵȦɋɩȬɶͪ

ἭѸ conservation of energy ǲǫǋǭ ǞǭǋȒ Ƕ ǚǵ ǵȦɋɩȬɶͪἭѸș̓ ǞǭΩǫǒǵ όș

ǠȒ ֓ ȅǮǲ̂ ǵĶǲȦɋɩȬɶͪἭѸǲǫǋǭ ӴǱ șǞǦ ǵ ҲȦɋɩȬɶǶɉɣɶɆɱǵ Ҳ

ǵ ѸǓ ǠȒǚǯșѼ ǲǞǭ ǟǦ ǞǒǞ ɉɣɶɆɱǵ Ҳǵ ѸǓ ǞǱǋǚǯǓ ǏȐȓȒ
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ḹֻȉǉȒ ǤǵȏǍǱḹֻȉדȈǦȦɋɩȬɶǲǫǋǭ̂ ķǮǶ șǞǦ ̂ ķǮǶ ᾍר ǑȏǺ

ἧ ǮǵȦɋɩȬɶǲǫǋǭ ǞǭǋȒ ᾍר Ǯǵ ҲȦɋɩȬɶǶ ɉɣɶɆɱҘἶǵ ҲȦɋɩȬɶ

ǯǶ ǱȒ ǮǉȒ ǚǵǚǯǶ ר ǓɉɣɶɆɱҘἶǵȉǵǯ ᾍר ǵȉǵǯǶ ǱȒǚǯǮ ǟ

Ȓ ר ǵ ǮȦɋɩȬɶǵẀӓ Ǔ ǱȒ ǲǱȒ ǤǵȏǍǱȦɋɩȬɶǵẀӓ ǲǫǋǭǶ Ǯ

ǞǭǋȒ ȦɋɩȬɶǵẀӓ ǵ ǵ Ƕ Ҳ ╛ǵ Ǯ ǮǔȒ  

 

 4. ǵ ǫЋȦɋɩȬɶǯ˿˗ work  

ș̌ὑǠȒ Ǥǵ ǲ̸ ǞǭǋȒҘǵֻ
ɵ

Ҙ
ɵ

Ƕ Ҳ ╛ the equation of motion 4.1 ǵ‼ ǯǠȒ

Ҳ ╛ 4.1 ǵֳ ǲǶ Ҳ vÖm ș ǞǭǋȒ Ҳ vÖm ș ǞǭǋȒ ר 4.2 Ƕ ὑ ǮǉȒ

ȉǵǯǶ ȐǱǋ ǤǵȏǍǱ ר ǲǫǋǭǶ̂ ǵķǮ șǞǭǋȒ  

( )
( )1.4

d

d
resultant 3

t

m v
F

Ö
= Ҳ ╛ 

( )2.43m  

Ҳ ╛ 4.1 ǵ‼ ș̓ Ǟǭ ̬ aǒȐ̬ bǿ ҲǞǦ ǵֻҘǵǱǠ˿˗ ǮǉȒ 4.3 ǵֳ ș

ǮǔȒ 4.3 ǵ‼ Ƕ Ǥǵ ǵ ǫЋȦɋɩȬɶǵẀӓ ș ǠȒװ 4.3 Ǯ ǲ̸ ǠȒҘǵֻҘ 4.1

ǵǱǠ˿˗ Ƕ Ǥǵ ǵ ǫЋȦɋɩȬɶǵẀӓ ǲ Ǟǋǚǯș ǞǭǋȒ 4.3 ǵֳ ǵ˿˗ Ƕ 4.1

ǵֻҘǓ̸ ǞǭǋȒ Ǔ̬ a ǒȐ̬ b ȅǮ ҲǞǭǋȒǚǯș ǞǭǋȒ ǤǵȏǍǱ ǵ ҲǮǶ Ǥ

ǵ ǵ ǫЋȦɋɩȬɶǵẀӓ ș 4.3 ǵֳ ǵ˿˗ ǲ Ǟǋȉǵǯ ǞǭǋȒ  

( )3.4dresultant 3ñ Ö=D
b

a
pE sF  

Ҳ ╛ 4.1 ǵ‼ ǲǶ ͪἭҘǓ ǜȓǭǋȒḹֻȉ̌ὑǮǔȒ ͪἭҘǲᾍǞǭǶɛɄɱȵɡɩȦɋɩȬ

ɶșὑ ǞǦ ǤǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǲǶ ǤǵͪἭҘǵǱǠ˿˗ ș̌ὑǞǦὑ 3.4 șʦǏǦ  

( )4.33abab WU -¹D  

3.4 ș 4.4 Ǯ ǮǔȒȉǵǯ̌ὑǠȒ 4.4 ǵֳ ǲ ǞǦ 4.5 Ƕ Ǥǵ ǲ̸ ǠȒǹǯǫǵͪἭ

ҘǮǉȒȉǵǯ̌ὑǠȒ ǚǚǮǶ Ǥǵ ǲ̸ ǞǭǋȒͪἭҘǵΉ ǶὑȈǱǋȉǵǯǠȒ  

( )4.4dc 3ñ Ö-=D
b

a
iiabU sF  

( )5.4c3iF ͪἭҘ 

4.4 ș 4.6 ǲ ǔ Ǡ 4.6 ǵ‼ ǵ˿˗ Ƕ 4.3 ǵֳ ǵ˿˗ ǵʝ ș ǮǔȒȉǵǯǠȒ ɛɄɱ

ȵɡɩȦɋɩȬɶǵẀӓ Ǯ Ǥǵ ǵ ҲșͪἭҘ 4.5 ǵǱǠ˿˗ 4.6 ǵȏǍǲ ǮǔȒ  

( )6.4dc 3iab

b

a
i UD-=Öñ sF  

ǚǵȏǍǱḹֻǮǶ 4.1 ǵ‼ Ƕ 4.7 Ǯ ǮǔȒ 4.7 ǵֳ ǵ Ƕ ǲ̸ ǠȒֻҘ 4.7 ǒȐ

4.7 ǵֳ ǵ 4.5 șǞ╠ǋǦҘș ǠȒװ ǲ̸ ǠȒֻҘ 4.7 ș 4.3 ǵֳ ǲ̈ЊǠȒǯ 4.8

ǲǱȒ 4.8 Ƕ 4.9 ǵȏǍǲ ǮǔȒ  

( )7.4cresultant 3ii FFF +=  

( ) ( )8.4dc 3ñ Ö+=D
b

a
iipE sFF  
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( )9.4dd c 3ññ Ö+Ö=D
b

a
i

b

a
ipE sFsF  

4.9 ǵֳ ǵ ǲ 4.6 ǵֳ ș̈ЊǠȒǯ 4.10 ș ǮǔȒ 4.10 ǵֳ ǲǶͪἭҘ 4.5 ǲᾍǞǭ

ὑ ǞǦɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ș ǞǭǋȒ ǚǵǚǯǮǶ 4.10 ǵ‼ ǵЋȦɋɩȬɶǵẀӓ Ƕ

4.4 ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ș Ǟǭ ǠȒǚǯǓǮǔȒ  

( )10.4d 3iab

b

a
ip UE D-Ö=D ñ sF  

ǚǵȏǍǱ 4.10 ǵֳ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ Ƕ ǲ̸ ǞǭǋȒͪἭҘǵΉ ѝǧǘ ǏȒǚǯ

ǓǮǔȒ Ǥǵ ǲǶ ǤȓǥȓǵͪἭҘǲᾍǞǭɛɄɱȵɡɩȦɋɩȬɶșὑ ǠȒ ǦǯǏǷ ʠ ╠ҘĚĚʠ

╠ҘǶͪἭҘǮǉȒ ĚĚǓ Ή ǟǭǋȒǱȐǷ Ǥȓǥȓǵʠ ╠ҘǲɛɄɱȵɡɩȦɋɩȬɶșὑ ǠȒ Ǥǵ
ɵ

ɵ

ǵ
ɵ ɵ

ǫ
ɵ

ЋȦɋɩȬɶǵẀӓ 4.3 ǵ‼ Ƕ ǲ̸ ǠȒͪ
ɵ

Ἥ
ɵ

Ҙ
ɵ

ǵ
ɵ

ǱǠ˿˗ 4.6 ǵɛ
ɵ

Ʉ
ɵ

ɱ
ɵ

ȵ
ɵ

ɡ
ɵ

ɩ
ɵ

Ȧ
ɵ

ɋ
ɵ

ɩ
ɵ

Ȭ
ɵ

ɶ
ɵ

ǵ
ɵ

Ẁ
ɵ

ӓ
ɵ ɵ

Ǯ ǔ ǞǦ 4.10 ǵֳ ǵȏǍǲ ǮǔȒ ǚǵ Ƕ ǑȏǺ ǲǫǋǭǵȦɋɩȬɶǵͪ

ἭѸǓ ͜ǠȒ ǚȓȐǵǚǯǶ ̂ ĶǑȏǺ̂ ķǮ ǞǭǋȒ  

Ҳ ╛ 4.1 șɉɣɶɆɱǵ Ҳ ╛ 4.11 ǲ̌ὑǠȒǯ 4.3 ǮǶ 4.12 ș ǮǔȒ 4.12 ǵ‼

Ƕ ҲȦɋɩȬɶǵẀӓ ș ǞǭǋȒ ǚǚǮ 4.12 ǵֳ ș 4.10 ǵȏǍǲ Ǟǭ 4.13 ș̌ὑǠȒ

4.13 ǵֳ ǮǶ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ș ǞǭǋȒ 4.13 ǵ‼ ǲ ǞǦ ҲȦɋɩȬɶǵẀ

ӓ Ƕ 4.13 ǵֳ ǲ ǞǦɛɄɱȵɡɩȦɋɩȬɶǵẀӓ Ǯǵ șʦǏǭǋȒ  

( )( )11.4const.,
d

d
resultant 3=Ö= m

t
m

v
F ɉɣɶɆɱǵ Ҳ ╛ 

( )12.4dresultant 3ñ Ö=D
b

a
pK sF  

( )13.4d 3iab

b

a
ip UK D-Ö=D ñ sF  

ʣ ȅǮǵ ǵȏǍǲ ǵ˿˗ 4.3 Ƕ ǵ ǫЋȦɋɩȬɶǵẀӓ ș ǞǭǋȒ ǚǵ ǮǶ

ǯǞǭ ǮǔȒ ἧș ǯǞǭ ǪǭǋȒ Ǥǵ ǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶǵẀӓ

Ƕ ǤǵɛɄɱȵɡɩȦɋɩȬɶșὑ ǞǦͪἭҘ 4.5 ǵǱǠ˿˗ 4.6 ș ǠȒ Ǥǵ˿˗ 4.6 ǮǶ

Ǥǵ ǵ Ҳș ǞǭǋȒ Ǥǵ ǵ ҲǮ ǠȒֻҘǵǱǠ˿˗ Ƕ Ǥǵ ǯǞǭ ǏȒ ǵͪǫ

ЋȦɋɩȬɶǵẀӓ 4.3 ǲǫǋǭ ǮǔȒ  

( )3.4dresultant 3ñ Ö=D
b

a
pE sF  

( )6.4dc 3iab

b

a
i UD-=Öñ sF  

ɛɄɱȵɡɩȦɋɩȬɶǶ ǵ ᾍ ǮʦǏȒ ǲ ǏȐȓǭǋȒȉǵǯ Ǯὑ ǞǦ ǤǵȏǍǱ

ᾍ ǲ᷀ȒĚĚ Кǲ᷀ȒĚĚ ǵ ҲǒȐ ǟȒ˿˗ 4.6 ǮǉȒ ˿˗ 4.6 ǵͪἭҘǶ 4.6

ǵֳ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ șὑ ǮǔȒ ͪἭҘǵǱǠ˿˗ 4.6 Ƕ ĚĚ ǮǱǋ ĚĚ

Кǵ Ǔ ҲǠȒǚǯǮ
ɵ ɵ ɵ

ĚĚ ǮǉȒ ĚĚǵ ǫЋȦɋɩȬɶǵẀӓ 4.3 ǲǫǋǭ șǠȒ Ǥǵ

ǮǉȒ Ƕ ǹǯǫǵ ǯǞǭ 4.3 ǵ ȉǮǔȒǚǯș̌ὑǞǭǋȒ ֻҘ 4.7 ǵǱǠ˿˗ 4.3

Ƕ Ǥǵ
ɵ ɵ

ǵ ǫЋȦɋɩȬɶǵẀӓ 4.3 ș ǮǔȒ ǚǵǚǯǒȐ ǤǵȏǍǱɛɄɱȵɡɩȦɋɩȬɶǵ

Ẁӓ 4.4 Ƕ ֻҘ 4.7 ǵǱǠ˿˗ 4.3 ǵʝ ș 4.14 Ǯ ǠȒ  



A LIFE COM.  
─ ⌂ 2007 

 
 

27 

( )4.4dc 3ñ Ö-=D
b

a
iiabU sF  

( )7.4cresultant 3ii FFF +=  

( )14.4ddd cresultant 3ñññ Ö+Ö=Ö
b

a
i

b

a
i

b

a
sFsFsF  

 

ɉɣɶɆɱǵ Ҳ ╛ǮǶ Ǥǵ ǲ̸ ǠȒֻ
ɵ

Ҙ
ɵ

ș ǞǭǋȒ Ǔἶ ̈ǲ ἶ Ǯ Țǧȉǵǲ

Ƕ ǲ̸ ǠȒҘș ǠȒȉǵǯ ᾚǞǭǋȒȉǵǓǉǪǦ ǲ̸ ǠȒҘǵɗȭɆɩǵ ᴇǓֻҘǵɗȭ

ɆɩǮǉȒ ǚǵȏǍǲ ǲ̸ ǠȒҘ
ɵ

Ƕ Ǥǵ ǲ̸ ǠȒֻ
ɵ

Ҙ
ɵ

ǯǶ ǱȒ  

( )( )11.4const.,
d

d
resultant 3=Ö= m

t
m

v
F ɉɣɶɆɱǵ Ҳ ╛ 

Ҳ ╛ 4.1 Ƕ ᾍר ǮȠȢɱȵɣȽȢɱϼ Ǔʹ ǞǦɉɣɶɆɱǵ Ҳ ╛ǵ ǮǉȒ Ҳ

╛ 4.1 ǵ ר Ƕ Ẁ ǮǉȒ ɉɣɶɆɱǵ Ҳ ╛ 4.11 ǵ ר Ƕ ὑ ǮǉȒ ȠȢɱȵɣȽ

Ȣɱϼ Ǔʹ ǞǦɉɣɶɆɱǵ Ҳ ╛Ǯȉ ǲ̸ ǠȒֻ
ɵ

Ҙ
ɵ

ș ǠȒȉǵǮǉȒ  

( )
( )1.4

d

d
resultant 3

t

m v
F

Ö
= Ҳ ╛ 

ǵ ǫЋȦɋɩȬɶǑȏǺẀ ǯǱȒ ר ǲǫǋǭǶ ̂ ķǮ ǞǭǋȒ Ẁ ǯǱȒ ר ǯɛɄ

ɱȵɡɩȦɋɩȬɶǵ ͜ǲǫǋǭȉ̂ ķǮ ǞǭǉȒ ǵ ǫЋȦɋɩȬɶǵẀӓ ǑȏǺ ǲ̸ ǠȒ

ֻҘǵǱǠ˿˗ ǵ ͜ȉ̂ ķǮ ǞǭǉȒ  

 

5.ǉǯǓǔ 

ǵ ᶥǮǶ ͪἭҘǯɛɄɱȵɡɩȦɋɩȬɶǲǫǋǭ ǞǦ ᶥĚĚ ᶥĚĚǮǶ 3 ǵɛɄɱȵɡ

ɩȦɋɩȬɶș̓ Ǟǭ ɛɄɱȵɡɩȦɋɩȬɶș ǠȒ ǚǵ ɛɄɱȵɡɩȦɋɩȬɶǮǶ

ἶǵȭɶɫɱǵ Ѹș̓ǪǭɛɄɱȵɡɩȦɋɩȬɶș ǠȒ ɛɄɱȵɡɩȦɋɩȬɶǶ ̬ș

ὑ ǠȒǯǔǲȉ̓ ǠȒ Ǳ ǮǉȒ  

ɛɄɱȵɡɩȦɋɩȬɶǶ ǵ Ǯǵ ʝ ǱᴀǺ׀ǯǞǭ̓ ǠȒ ᶥǵ ǵɛɄɱȵɡɩ

ȦɋɩȬɶǵǚǯș ᴇ ǵ ἶ ǮǶɛɄɱȵɡɩǯᴀȚǮǋȒȉǵȉǉǪǦ ȅǦ ᶥǲ ǠȒ ɛ

ɄɱȵɡɩȦɋɩȬɶǵǚǯșᴇ ǵ ἶ ǮǶ ǵ ǫ̬ ȦɋɩȬɶǯᴀȚǮǋȒȉǵȉǉȒ ǵʝ ǵ

ἶ ᾚǮǶ ɛɄɱȵɡɩǯ̬ ȦɋɩȬɶș ǱȒȉǵǯǞǭ ǍǚǯǓǉȒ ǵ ǮǶ ̬ ȦɋɩȬ

ɶǯǶᴀǷǡǲ ɛɄɱȵɡɩȦɋɩȬɶǯǞǭ ʝǞǭǉȒ  

ǮǶ ɛɄɱȵɡɩȦɋɩȬɶș electrostatic potential energy ǯ ǠȒ ₴ ᷀ȅǮǵ

ǵ ἶ ᾚǮǶ ǮƼ ɛɄɱȵɡɩȦɋɩȬɶƽǯᴀǽ șƼ ȦɋɩȬɶƽǯᴀǽȉǵȉǉȒ Ƽ

ȦɋɩȬɶƽǮ ǞǭǞȅǍǯ ɛɄɱȵɡɩȦɋɩȬɶǮǉȒȉǵǒЋȦɋɩȬɶǱǵǒ ǉȒǋǶ̀ǵ ǵȦ

ɋɩȬɶș ǠȒȉǵǒʥװ ǮǉȒ ҘǮὑ ǞǦɛɄɱȵɡɩȦɋɩȬɶǮǉȒǚǯș ǲǠȒǚǯȉ

ǴȐǋ ǮǶƼ ɛɄɱȵɡɩȦɋɩȬɶƽǯᴀǽ  

ȅǦ ̬ǵǚǯș electrostatic potential ǯ ǠȒ ǵʝ ǵ ᾚǮ potential energy șɛɄɱȵɡɩǯᴀ

ǽǚǯǓǉȒ ǚǵǚǯǶ ǵ ̬ǵ ǲǱȒװ electrostatic potential ǯ ǠȒּזȓǓǉȒǵǮ ǮǶʣ

ǵ ǵȏǍǲ ʝǞǭᴀȚǮǋȒ  

ἧ ǑȏǺ ἧҘἶǱǰǵ ἶǮǶ ɛɄɱȵɡɩȦɋɩȬɶǶʥ ǱΙș ǠǚǯǓ ǜȓȒ
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Ƕ ǵᶥ ǲǫǋǭǵ ̬ǵ ș ǯǞǭǋȒǵǮ ἧ ǑȏǺ ἧҘἶ̊♥ǵɝȭɫȷȯɶɩǵ

ἶǶ҇ ǱКὦǲǱȒ ₴ ᷀ ǚǵȏǍǱ ǵᶥ ǮǶ ἧᶥ ӭᾚ̱ǑȏǺϽἶѝ ǵ ǯǶ

͜ș ǫ ǚǵǦȈǲ 1 ᶥǵ̂ ǮǶ ᾍר ǑȏǺ ἧ ǮǵȦɋɩȬɶǲǫǋǭǵ șʦǏǦ

ǵ ᶥǵ̂ ǮǶ 1 ᶥǵ̂ ǵ ἧ ǮǵȦɋɩȬɶǵ ἧӓǲǫǋǭǵ ș̓ Ǟǭ ɚɶȠǵ ԍἧɠ

ɅɩǮǵ ɛɄɱȵɡɩȦɋɩȬɶǑȏǺ ҲȦɋɩȬɶǓʥ ǱΙǲǱȒḹֻș ǠȒ  

hydrogen Ƕ ǉȒǋǶ̀ǵ ș ǠȒԍἧǯǞǭ ẉǖǵ ǲ ǠȒȉǵǯ ǏȐȓȒ ǤǞǭ

Ǥǵ Ƕ ǹǯǫǵ ἧǑȏǺǹǯǫǵ ἧǵȆǮ ǮǔȒȉǵȉǉȒ ᶥǵɚɶȠǵ ԍἧɠɅɩǮ̓

ǞǦ ԍἧǵԍἧ Ƕǹǯǫǵ ἧǯǞǭ ǏȒȉǵǮǉȒ ₴ ᷀ǮǶ ʝ ǵԍἧǶ Ωǫǒǵ ἧǯ

ʴרἧǮ ǜȓǦԍἧ ǑȏǺΩǫǒǵ ἧǮ ǜȓǭǋȒȉǵǯ ǏȒ ǚǵȏǍǱʝ ǵԍἧǯ ǠȒǯ

ԍἧǶӴ Ǳ ǱǵǮ Ǔ ӴǱȉǵǯ ǏȒǚǯȉǮǔȒ ǤǵȏǍǱ ԍἧКǮǵǹǯǫǵ ἧǮǵҘ

ἶ ȦɋɩȬɶǓ ǰǵȏǍǱ Ǯʥ ǱΙǲǱȒǒșɚɶȠǵ ԍἧɠɅɩǮ όǠȒ ǚǵȏǍǱȦɋɩȬ

ɶǵʥ ǵר ǲқǏǭ ǵᾐ ǲǱȒⱲ ǵᶥ ɠɅɩǲ ǵǉȒƼɠɅɩƽǲǫǋǭǵ ǋ ǲ

ȉ șǞǭ ǵ̂ ǮǵɚɶȠǵ ԍἧɠɅɩǵ șʦǏȒ  

₴ ᷀ǮǶ ᾍר ǵ ↔ר ǑȏǺʝ ᾍר ǵқ ↓↔ șḨ ǲǞǭȦɋɩȬɶǑ

ȏǺҘǲǫǋǭ ǮǔȒ ǤǵȏǍǱ ↔ר ǑȏǺқ ↓↔ Ǯ Ḩ ἶǵ̱ ș Ǡȉǵș Ƕ Ǐ

ǭǋȒ ǚǵȏǍǱ̱ ǮǶ ǑȏǺ ǲɉɣɶɆɱҘἶǵ ᾍ ǑȏǺ ᾍ Ƕ ǲǶ̓ ǞǱǋǮ

ḹǑȏǺ Ҙḹș̌ὑǞǦ ǤǵȏǍǲḹș ǠȒǚǯș̌ὑǞǭ ǜȐǲ șר ἧ ǮᾚЊǠȒ ǵר

ᾚїǮǶ ǵƼ ἶǮǵ ǵ ƽǮ Ǔ ǲὑ ǞǦ ș̓ ǞǦ ǵƼ

ἶǮǵ ƽǮ ᾍר șꜘ Ǟǭ ǵ ǵ ș̓ Ǟǭ șᾚїǞǭǋȒר ǑȏǺ Ƕ

ǯǞǭ ǋɫɶɪɱɂẀ șḨ ǯǠȒ ɫɶɪɱɂẀ șḨ ǯǞǦ ↔ר ș̓ Ǟǭ қ ↓↔ ș̌

ὑǠȒ Ƕר ԍἧɠɅɩǲȉ ͜ǓǉȒ Ǯ ȦɋɩȬɶ electric energy ș ǟǜǢȒǚǯǓǮǔȒ

ǑȏǺ ǵ ֻǮ Ǔ ǟȒǚǯșӓἶǮ ǞǭǋȒǚǯș Ƕ ǞǭǋȒ Ǥǵ ǲǶ К ȦɋɩȬ

ɶǵẀӓǓ ǟǭ ǑȏǺ oxygen ǵ Ǔ ǯǞǭǵר ș Ǡȉǵǯ Ƕ ǏȒ ǚǵȏǍǱǚǯș

ǏȒǵǲ ̂ Ķǵ ǵȦɋɩȬɶͪἭѸǵ Ǯὑ ǞǦК ȦɋɩȬɶș̓ ǠȒ ȦɋɩȬɶǲǶ

Ǯ ǠȒḹֻǮǶ ɛɄɱȵɡɩȦɋɩȬɶș̓ ǠȒ ɛɄɱȵɡɩȦɋɩȬɶǶ ᶥ

Ǯ ǠȒ ɛɄɱȵɡɩȦɋɩȬɶǶ ȭɶɫɱҘǮᾚїǮǔȒ ȭɶɫɱҘǶ ᶥǮ ǠȒ

ҘǮǉȒ ӓἶ ֻ chemical bond ǮǶ ԍἧș ǞǭǋȒ ἧǮֺԍἧǓ ֻǠȒ structure ǓḸףǜȓ

ǭǋȒ ǮǶ ԍἧ hydrogen atom Ǔӓἶ ֻǠȒ Ǥǵӓἶ ֻǞǭǋȒ ѝἧǵȢȨɱ ion
+

2H ǵ

ȦɋɩȬɶș ǮǔȒǚǯǶ ǲǶӓἶǮἶȚǧ ǓǉȒ
+

2H Ƕ ǫǵ ἧ proton ǑȏǺǹǯǫǵ

ἧ electron Ǯ ǜȓǭǋȒȉǵǯ ǏȒ
+

2H Ƕ HǑȏǺ +H ș ֻǠȒȦɋɩȬɶș̌ὑǞǭǋȒ ǚǵȏǍ

Ǳԍἧǵ ֻș ǠȒǵǲ Ҙș̓ Ǟǭ ǏȒǚǯșӓἶǮḸףǜȓǭǋȒ  

˲̱Ǔ ϺΉǵ Ǯ ǜȓǭǋȒǚǯǓḸףǜȓǭǋȒ Ήǵ֞ ԂǒȐ ѝ ș ȑ ǠǚǯǮ ˲̱

ǓǮǔȒȉǵǯ ǏȐȓǭǋȒ ǵԍ◐ ș Ȓ ѝǵǑǑȅǒǱҊֻǶ ȂǯȚǰǵ Ǯ Ǔ Ǯǉȑ

Ǔ ǮǉȒȉǵǯḸףǓǉȒ Ƕ OH2 Ǯǉȑ ԍἧșדȇ ԍἧǮ ˲̱ǶǑǑǖǵ ѝǓ

ǜȓǭǋȒ ԍἧǶ ǮǉȒ Ǥǵ ԍἧǮ ǵԍ◐ ǵȂǯȚǰș ǞǭǋȒ Ǔ ᴁ Ҳș

Ǎǚǯș̌ὑǞǭǋȒǚǯǶ Ǯȉ ȇǚǯǶǉȒ ǮǉȒ Ǯ ἧǑȏǺ ἧǵ ֻș ǏȒǚǯǶ

ᶥǮ ǠȒɚɶȠǵ ԍἧɠɅɩǮȉ ǮǔȒ ἧǑȏǺ ἧǵ ֻǲ ȦɋɩȬɶǵ ἧӓș̌ὑǠȒ

Ǥǵ ἧӓǮǶ Ͻǵ ἧǮǉȒϽἧǵ ἧȦɋɩȬɶș̓ ǠȒ ǚǵǚǯǮǶ ἧǑȏǺϽἧǮ ǠȒ ԍ

ἧǵȦɋɩȬɶǲϽἧǵ ἧȦɋɩȬɶș̓ ǠȒ ʴǵϽǮ ș ǮǔȒǚǯǶ ᾍר Ǯ Ǡ
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Ȓ ʴǵϽǵ ἧȦɋɩȬɶșꜘ ǠȒǚǯǮ ǵ șᾚїǮǔȒר Ǯר ἧǵר ǯǞǭȦɋɩ

Ȭɶș Ǟǭ ǵר ǯǞǭק ș ǮǔȒ ק Ƕ ǮǉȒ ǵƾ ἶǮǵ ǵ ƿǮ

Ǔ ǑȏǺȦɋɩȬɶǵ ͜ǒȐ ƵǵƼⱲǓ Ồ ǮἭ᷀ǠȒƽǚǯșᾚїǞǦ ǤǵȏǍǱⱲǶ ǲǶ

ǋǚǯș̌ὑǞǭǋȒ ǲἭ᷀ǞǱǋⱲǮ ƵǯǞǭǵֺӢѩș̌ὑǠȒ ǜȐǲ Ƶǵ̱ș ǲ ǫǚǯ

Ǯ ƵșӢѩǮǔȒ ǲἭ᷀ǠȒ Ƶǵ̱ǲǶᾎᴁǓ Ȓ ₴ ᷀ǵ ἶǮ ǠȒ ǵ Ƶǵ̱Ƕ

Ồ ǮǉȒ ỒȅȑǓ ǖἭ᷀ǞǭǋȒ ƵǵⱲǲꜘǟȒ ǵ̱Ǔ Ǯ ǜȓǭǋȒ Ǥǵ ǒȐǶϽǵ

ἧȦɋɩȬɶǓ їǑȏǺ֛טǮǔȒǚǯșɚɶȠǵ ԍἧɠɅɩǮ ǮǔȒ Ồȅȑ ǖἭ᷀ǠȒ ƵǵⱲǓ

ϼǲ ȑ Ἥ᷀ǞǭǋǱǒǪǦ Ƶǵ ǵ̱Ǔ ȅȓǭǋȒ Ƶǵ̱ș ǠȒ ǲⱳ Ǳ ș ֻǠȒȦɋɩ

ȬɶǶ Ͻǵ ἧǵ ҲǮ ǮǔȒ ѝș̌ὑǠȒ ǤǵȦɋɩȬɶǲǶ ֞ ԂǓѝ ș ȑ ǠǚǯǮǵ їǑ

ȏǺ֛טș ǏȒǚǯǓǮǔȒ ǤǵȦɋɩȬɶǶ ̱ǒȐ ѝǜȓȒȉǵǯẉǖǶ ǏȒǚǯǓǮǔȒ ǚǵǚǯ

ǮǶ ̱Ǔ ǟȒ̊ѼǲἭ᷀ǠȒ ƵǵⱲǓ ǲʦǏȒ◙ ș̌ὑǮǔȒ Ƶǵ ̱ǯǱȒ֞ ԂǓ ƵǵⱲ

ǲꜘǟǭ Ǟǭǋǖȉǵǒᵂ ș ǫǘȒǚǯǲǱȒ ֞ ԂǵКẆǲҘǓ̸ ǠȒǚǯǮ ֞ Ԃǵ ѝ ș

ἶǮǵ ǵ ҲǮ ǞǭǋǖǚǯǶ֯ ǮǉȒȉǵǯ̌ὑǠȒ ǜȐǲ ƵǵⱲǲҘǓ̸ ǠȒǚǯș

ǑȏǺ ǵ Ǔ ǞǭǋȒƼⱲǵɠɅɩƽǮ̌ὑǠȒ ǤǵȏǍǱҘǓⱲǑȏǺ ǵ̱ǵ ǲ̸

ǠȒǚǯǮǶ ֒ǵ Ǔ ͜ǠȒǚǯǮ ǟȒȉǵǯ ǏȒǚǯǓǮǔȒ ǚǵǚǯǶ ᷀ǵ Ƶǲ ǚǪǭ

ǋȒǚǯǲǶ ֒ǵ ǲᶦȒ ș̌ὑǮǔȒǚǯǲǱȒ ֒ǲǶ ƵǓ̱ș Ǫǭ ҲǞǭǋȒǚǯșבὑǮǔ

Ǳǋ ǚǵ ǮǶװ ̱ș ǨⱲǵרș Ḵ̌ǲ ș ǫǚǯș̌ὑǮǔȒ ǚǵ̌ὑǮǶ ɵרɵ̱ș ֒ǒȐ

᷀ǲ ƵǓ ǪǭǋȒǚǯș ǏǭǋȒ ǚǵǚǯǮǶ Ƕ ǲ ǏȒǚǯǓǮǔȒ ỒȅȑȉǱǖἭ᷀ǠȒⱲǲ

Ƕ ǟȒǚǯǶבὑǮǔȒ ǲ ș ǏȒǚǯǮ ȉ ǲ ǏȒǚǯǓǮǔȒ ǵ ǮǶ Ƶǵ ̱Ǔ

ǠȒǚǯǮ Ǯǵ ș ǠȒȉǵǯװ ǏȒǚǯǓǮǔȒ ǲ ș ǏȒǚǯǓǮǔǦ ǑȏǺ ǵ

ǋ ǲἭ᷀ǠȒⱲǮǶ ǓẀӓǠȒǚǯș̌ὑǮǔȒר ǚǵẀӓǶ ֿǟⱲǲרǓẀӓǠȒǚǯǮרǵ ș Ǐ

ȒǚǯǓǮǔȒ ƵǵⱲǲ ǞǋרǓ ǟȒǚǯǑȏǺ ǪǭǋǦרǓ ǠȒǚǯș ǏȒǚǯǓǮǔȒ Ǔר

ǠȒǚǯǮǶ ǓẀӓǠȒǚǯș ǏȒǚǯǓǮǔȒ Ⱳǵ ̱șʥҲǵǹǯǫǲ̌ὑǮǔȒǯ ǵ Ƶǵ̱Ƕǹǯ

ǫǮǉȒ Ǥǵǹǯǫǵ̱ǮרǓẀӓǠȒǚǯǮ ǟȒ ǲ ɵרɵ̱ș̌ὑǠȒ Ǥǵ̱Ƕ ǟǦȉǵǮǉȒǵ

Ǯ ș̌ὑǠȒ ǚǵȏǍǲ ǏȒǚǯǮǶ Ồ ǲἭ᷀ǠȒ ƵǵⱲǲʥҲǵǹǯǫǵ̱ș̌ὑǞǭ Ǥǵ̱ș

ǠȒ ș̌ὑǠȒ Ǥǵ ǲ♫Ǎ ƵǵⱲǓἭ᷀ǠȒȉǵǯ ǏȒ ƵǵⱲǵרǓẀӓǠȒǚǯǮǶ ǤǵⱲǵ

Ǔר ǟǦ ǲ̌ὑǞǦ ɵרɵ̱ǵרǮⱲǵרǵ ș ǍǚǯǓǮǔȒ ǚǵȏǍǱⱲǵרǵ șⱲǵ ǯǞ

ǭ ǍǚǯǮǶ Ồ ǵⱲǵἭ᷀ș ὑǞǭǋȒ Ồ ǵⱲǵἭ᷀ǲǶ ǲ ȒⱲș ǮǔȒ Ǥǵ ǲ

ȒⱲǵרǵẀӓǲ ƼⱲǵ Ồ ƽǮƼⱲǵ ƽșᾍꜘǜǢȒǚǯǶ ǵ ǮǶ֯ ǮǉȒ ǚǵȏǍǱǚ

ǯș ǑȏǺ Ǯ όǞǭǋȒ ֒ǲ Ȓ ǲǶ ƵǓἭ᷀ǞǭǋȒὂὐǓ ǟȒ̊Ѽǵ

ǚǯǓ ᷀ǵ Ƶǲ◙ șʦǏǭǋȒǚǯș ǮǔȒǒǶẎ˗ǱǚǯǮǉȒȉǵǯ ₴ ᷀ǵ Ƕ Ǐǭǋ

Ȓ ș ǠȒǚǯǮǶ ǮȦɋɩȬɶșר ǏȒǚǯǓǮǔ ș̌ὑǮǔȒ ƵǵὂὐǓ ǟȒ̊Ѽǒ

Ȑǵ ș̓ Ǟǭ ș ȐǒǲǠȒǚǯǮǶ ֒ǒȐǵ◙ ș ǮǔȒ̵᷂Ǔ Ȓȉǵǯ Ƕ ǏȒ ֒

ǒȐ ᷀ǲ◙ ș֗ȃǠǚǯǮ ᷀ǵ ǵ ҲǓ ǵ ǵ Ҳǲ◙ ș֗ȃǠǚǯș̌ὑǮǔȒ ᷀ǵ Ƶ

ǵȉǵǓǠȀǭș ֻǠȒ ǲ ǜȓǭ ҘǶ ǵȉǵǓᶦȒȉǵǲ̸ ǠȒȉǵǯ ǏȒǚǯǓǮǔȒ ᷀ǵ

ȉǵǓ ֒ǲᶦȒǚǯǮǶ ֒ǵǚǯǶ ᷀ǵ Ƶǵȉǵș Ǡʝ ǮǉȒ ǚǵǚǯǮǶ ș̓ ǞǭǋȒǵ

Ǯ ș ǞǭǋȒȉǵǯ ǏȒǚǯǓǮǔȒ ⱲǓ ǲἭ᷀ǞǱǋǚǯǮǶ ⱲǵרǵẀӓș ǟǜǢȒҘǵ̸

ș ǏⱲǓᶦȒ ֒ǵȉǵǒȐ ǖ ᷀ǵȉǵș ǏȒǚǯǓǮǔȒ ǑȏǺȦɋɩȬɶǲⱲǯʝ̱ǯǱȒʫ

ș ǏȒǚǯǓǮǔȒǠȀǭș ֻǠȒ ș̌ὑǠȒ Ǥǵ̌ὑǞǦ ǲ ḹǑȏǺ Ҙḹș ǑȏǺȦɋɩȬ
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ɶǵ Ǯ Ǎ ἶǓ֛ȈȐȓǭǋȒǚǯș ₴ ᷀ǵ Ƕ ǏǭǋȒ  

ʥẀǵ ǵ ǵⱩǒȐ ǵⱩǓ ǟ ǵⱩǒȐ șͬǟ ǠⱩǓ ǟ șͬǟ ǠⱩǒȐ ǵⱩ

Ǔ ǟ ǵⱩǒȐʥẀǵ ǵ ǵⱩǓ ǟ ʥẀǵ ǵ ǵⱩǒȐʥẀǵ ǵ ǵⱩǓ ǟȒȉǵǒ ể

ǱȒ ǵ ǮʥẀǵ ș ǠǚǯǶ◙
ǒǙ Ȇ

ǲ Ǎȉǵǯ ǏȒǯ ểǱȒ ǮⱲǶ ǠǚǯǓǮǔȒȉǵǒ ɵ ɵ

ɵ ɵ ɵ Ǯ ểǱȒ ǵ ǵⱩǓǰǵȏǍǲ ǟȒȉǵǒ ₴ ᷀ǵ Ƕ̊ʤǵȏǍǲ ǏǭȆȒ  

ểǱȒ ǵ ǶẎǱȒϽ ș Ǟǭ ǲ◙♫Ǟ ǲ₡ǲʝ̱ǯǱȒʫ Ǯ ǚȒ ʣǵ ǵ᷂ǒȐїȒ̌ѧ

Ȉǵ ǜȓȒẎ Ǔ Ǟǭ ǖ ǵ ǵ șӦ ǲ ǖ ǵϽ ǵ Ǯ șאל ǋȒ˲ǵᶮᶽǵ Ƕ ẏǲ

Ȓ ǵ Ǔ Ǟǭ ǖ ǲ ǏȒ ể ǵʥҲǵ̱ǒȐ ǟȒ ǵʴǮǵרǵ Ǯ ǠȒ ǵ ș Ⱳǲ

ǏȒ ₴ ᷀ǵ ǮǉȒ  

 

̂ appendix  

ĵ. 3.10 ǒȐǵɛɄɱȵɡɩȦɋɩȬɶǵ ǯ 3.11 ǒȐǵͪἭҘǲǫǋǭ  

a.1.1 ǵȏǍǲ ֵș ǠȒ a.1.1 ǵ Ƕ ἶǵӆ ĚĚȮɧɅȡȦɱɆ gradient ĚĚǵ ֵǮǉȒ. 

ÐǶ Ɉɔɧ nabla ǯᴀǷȓȮɧɅȡȦɱɆ gradient ǲ ǞǋȉǵǮǉȒ Ǯǵ Ǯ ÐǶ del Ǒȏ

Ǻ atled ǯȉᴀǷȓǭǋȒ atled Ƕ delta ș ǵ ⅜Ǯ ǞǭǋȒ a.1.1 ș̓ ǠȒǯ 3.11 Ƕ a.1.2 Ǯ

ǮǔȒ. 3.11 ǉȒǋǶ a.1.2 ǵ Ƕ ᶥĚĚ ǵ ᶥĚĚǮ ǠȒ ɛɄɱȵɡɩȦɋɩȬɶ

ǯ 2.4 ǵ‼ ǵҘǯǵ ͜ș ǠȒ.ȅǦ ḹ 2.1 ĚĚ ǯȉᴀǽ ĚĚǯ ǵ ᶥǮ ǠȒ ̬

ǯǵ ͜ș ǠȒǚǯǓǮǔȒ  

( ) ( )a.1.1nabla:,gradient:grad,grad,
   

grad 3ÐÐ=
µ

µ
+

µ

µ
+

µ

µ
= kji

zyx
 

( )11.3)( 3kjisF
z

U

y

U

x

U

µ

µ
-

µ

µ
-

µ

µ
-=  

( )a.1.2 grad 3UU -=-Ð=F  

( )4.23EF ³=q  

( ) ( )1.20,
C

N
  3¸¹ q

q

F
E  

₴̈ǵ ǵʝ Ǳ ἶ ᾚǮǶ a.1.3 Ǯ̬ ȦɋɩȬɶș їǠȒǚǯǲǱȒ ǚǵ Ǐ ǮǶ

a.1.3 ǵ Ǔ̬ ȦɋɩȬɶș ǠȒ ǵḨ ǲǱȒȉǵǯȆǱǠ ǚǵḨ Ƕ a.1.4 ǲ ǠȏǍǲ

ὑ ǲǱȒ a.1.3 Ǯǵ̬ ȦɋɩȬɶǶ Ḩ ǵὑ ǲȏǪǭΙǓ ǱȒǚǯǓѝǒȒ  

( ) ( )( )a.1.3,,d)(,, 3aaabbb zyxUzyxU +Ö-=ñ
b

a
ssF  

( ) ( )a.1.4const.,, 3=aaa zyxU  

3.11 ș ǠȒ̬ ǵ ș̬ ȦɋɩȬɶǯ ǏȒǚǯǓ ₴̈ǵ ǵ ἶ ᾚǮǶʝ ǮǉȒ

ȉǵǯ Ƕ ǞǭǋȒ Ǥ
ɵ

ǵ
ɵ

ȏ
ɵ

Ǎ
ɵ

Ǳ
ɵ

̬ ǵ șɛɄɱȵɡɩȦɋɩȬɶǯǞǭὑ ǠȒǯ ǵ Ǯὑ Ǟ

ǦɛɄɱȵɡɩȦɋɩȬɶǯǶ ǱȒ ǲǱȒװ ѝȉǉȒ  

( )11.3)( 3kjisF
z

U

y

U

x

U

µ

µ
-

µ

µ
-

µ

µ
-=  

3.11 ǮǶ ǑȏǺ ᾍ ǲǫǋǭǵ
ɵ ɵ

Ǳ
ɵ

ș ǞǭǋǱǋȉǵǯ ǏȒ 3.11 ș a.1.3 ǲ

Ǟǋȉǵǯ̌ὑǠȒǱȐǷ a.1.3 ǮǶ Кǵֺ ǵ ᾍ Ǳ ǲǫǋǭ ǲ șǞǭǋǱǋ a.1.3
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ǮǶ ֳ ǵ ǵ˿˗ ǑȏǺ ǵ̬ ǵ Ǯ Кǵ̬ ș ǲ ǞǭǋȒǵȆǮǉȒ Кǵֺ

ǵ ᾍ Ƕ ֺ ǵ ǵ ǑȏǺֺ ǵ Кǵ̬ ǮʦǏȒǚǯǓǮǔȒ ǤǞǭ ǵɛɄɱȵ

ɡɩȦɋɩȬɶǵὑ ǮǶֺ Ǔ Кǲ ǜȓǭǋȒǵȆ
ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ

ǮɛɄɱȵɡɩȦɋɩȬɶș ὑǮǔȒȉǵǮǉȒ ǚ

ǵǚǯǶ a.1.3 ǵֳ ǵ ǲ ǞǦ˿˗ ǮǶ ǮǔǭǋǱǋȉǵǯ Ƕ ǏǭǋȒ ʣ ȅǮǵ Ǯ

Ƕ ᾍ ǯ̬ ǯǶ ǱȒ ǲǱȒװ ₴ ᷀ ǚǵȏǍǱ ǵƼ ᾍ ƽǑȏǺƼ̬ ƽǵ

ǵװ ǱȒǚǯǒȐȉ ǶɛɄɱȵɡɩȦɋɩȬɶǯᴀǽǚǯșẺȚǮǋȒ ǵ ǮǶ̬ ȦɋɩȬɶǯǶ

ᴀǷǡ ɛɄɱȵɡɩȦɋɩȬɶǯᴀǽǚǯǲ ʝǞǭǋȒ  

 

₴ ᷀ǵ ǵ ǮǶ ǵȏǍǲǱȒ a.1.3 ǵֳ ǵ ǵ˿˗ ǵỒ
ɵ ɵ

ǑȏǺ
ɵ ɵ

ǵ
ɵ

̬ Ƕ

ͪἭҘ 3.11 Ǔ̸ ǞǭǋȒ ǵ
ɵ

Ҳ
ɵ

ǵ
ɵ

̬ ǵ ǮǉȒ ș ǠȒǲǶ ǫ̊ʣǵ Ǔⱳ ǮǉȒ

a.1.3 ǮǶ ͪἭҘ 3.11 Ǔ̸ ǠȒ ǵ ҲǠȒѼǵ̬ ǵ̬ ȦɋɩȬɶǑȏǺ Ҳ♥ǵ̬ ǵ̬ Ȧɋɩ

Ȭɶș ǞǭǋȒ ҲǠȒѼǵ̬ ǵ̬ ȦɋɩȬɶǶ a.1.3 ǵֳ ǵ ǮǉȒ Ҳ♥ǵ̬ ǵ̬ Ȧɋ

ɩȬɶǶ a.1.3 ǵ‼ ǮǉȒ  

( ) ( )( )a.1.3,,d)(,, 3aaabbb zyxUzyxU +Ö-=ñ
b

a
ssF  

ș ǠȒȉ
ɵ

Ǎ
ɵ

ǹǯǫ̊ʣǵ Ǔⱳ ǲǱȒ a.1.3 ǮǶ Ǥǵ ǵ ș ǲ ǞǭǋǱǋ ǚǵȏ

Ǎǲ ᾍ ǵ Ǔ ǋǚǯǮ ɛɄɱȵɡɩȦɋɩȬɶșὑ ǠȒǚǯǶ a.1.3 ǑȏǺ 3.11 ǵȆǮǶʥ

ўǱ ǮǉȒȉǵǯ ǶѨ ǠȒ ҲѼǑȏǺ Ҳ♥ǵֺ̬ ǵɛɄɱȵɡɩȦɋɩȬɶǶ ̀
ɵ

ǵ
ɵ ɵ ɵ

ǯ
ɵ

ǵ
ɵ

ᾍ

Ǯὑ ǮǔȒȉǵǮǉȒ ǚȓǶ 3 ǵ Ǯ ǞǦ a.1.3 ǮɛɄɱȵɡɩȦɋɩȬɶǵΙș ὑǠȒǚ

ǯǶ a.1.4 ǵȏǍǲḨ ǯǱȒ̬ ǵɛɄɱȵɡɩȦɋɩȬɶșὑ ǲǞǭǋȒ ǚȓǲǫǋǭǶ Ǯ ǠȒ  

 

₴ ᷀ǮǶ ḹǉȒǋǶ Ҙḹș ǍǚǯǓǉȒ ḹǶ ҘǓ̸ ǠȒ ҘǶ

ș ǫ ǲ ˛̸ ǠȒȉǵǯ ǏȒ ḹКǲ᷀Ȓ ș ǫ ǫǵ ǲǶ Ǥȓǥȓ ҘǓ̸ Ǡ

Ȓ Ǥǵ ҘǓ̸ ǞǭǋȒ ǫǵ ǲǶ ˛ǋǲ ᾍ ǵ ͜Ǔ Ȓ ǚǵȏǍǱ ᾍ ǲǫǋǭǶ

ᶥǮ ǠȒȭɶɫɱǵ ѸǮ ǏȒǚǯǓǮǔȒ ҘǶ ɉɣɶɆɱҘἶǮʠ ╠Ҙǵ Ѹș̓ Ǟǭ Ǟ

ǭǋȒ ʠ ╠Ҙǵ ѸǮȉ ș ǫ ǫǵ ǵ ᾍ ș ǠȒ ҘḹǶ ʝ ᾍר ǮᾚЊǮǔȒ

ҘḹǶ Ǯ ǟȒȉǵǯ̌ὑǮǔȒ ҘǶ Ǯ ǟǦ ҘḹКǲ̀ǵ ǓἭ᷀ǠȒǯǔǲ ș ǫ

ǲ̸ ǠȒȉǵǯ̌ὑǮǔȒ ḹǉȒǋǶ ҘḹКǮ ǫ̊ʣǵ Ǔ ᾍ ǲǉȒǚǯǮ 3.11 ǵȏ
ɵ

Ǎ
ɵ

Ǳ
ɵ

Ҙ

Ǔ̸ ǠȒǯ a.1.3 ǵȏ
ɵ

Ǎ
ɵ

Ǳ
ɵ

ɛɄɱȵɡɩȦɋɩȬɶș ǮǔȒ  

( )11.3)( 3kjisF
z

U

y

U

x

U

µ

µ
-

µ

µ
-

µ

µ
-=  

( ) ( )( )a.1.3,,d)(,, 3aaabbb zyxUzyxU +Ö-=ñ
b

a
ssF  

a.1.3 ǵȏǍǱɛɄɱȵɡɩȦɋɩȬɶǵ Ƕ ͪἭҘ 3.11 Ǔ̸ ǞǭǋȒ Ǯ˿˗ ș ǞǭǋȒ ˿

˗ Ƕ ș Ǐǭǋǭȉ ș ǏȒǚǯǱǖ ǮǔȒ ǚǵȏǍǱ ǮǶ ͪἭҘǓ̸ ǠȒ ǵ Ҳ

ș̌ὑǞǭǋȒ ǤǵȏǍǱ ǵ ҲǮ˿˗ ǓṔ Ǟǭȉ a.1.3 ǵ‼ ǵɛɄɱȵɡɩȦɋɩȬɶș ǫ̊ʣǵ

ǵ ᾍ Ǯ ǏȒȉǵǯǶὑ ǮǔǱǋ a.1.3 ǵ ǵ ҲǮẀӓǠȒɛɄɱȵɡɩȦɋɩȬɶǶ a.1.3

ǵֳ ǵ ǲ ǞǦὑ ǯǱȒɛɄɱȵɡɩȦɋɩȬɶș̌ὑǠȒǚǯǮ ǞǭǋȒ a.1.3 ǵֳ ǵ

ǲ ǞǦɛɄɱȵɡɩȦɋɩȬɶǓẀӓǠȒǯ ֳ ǵ˿˗ ǓẀӓǞǱǖǭȉ a.1.3 ǵ‼ ǵΙǶẀӓǠȒ ǚ
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ǵȏǍǲ a.1.3 ǮǶ ɛɄɱȵɡɩȦɋɩȬɶǓẀҲșǞǭǞȅǋɛɄɱȵɡɩȦɋɩȬɶșὑ ǮǔǱǋ ǚǵȏ

ǍǱẀҲǶ ǵֺ ǵ ᾍ ǮɛɄɱȵɡɩȦɋɩȬɶșὑ ǞǱǋǮ a.1.3 ǵȏǍǱ˿˗ ǵ ǵ

ҲǮɛɄɱȵɡɩȦɋɩȬɶǵΙșʦǏȒǚǯǲᶦȒ ˿˗ ǮɛɄɱȵɡɩȦɋɩȬɶǓẀҲǠȒǚǯǮǶ ͪἭ

ҘǓ̸ ǠȒ ǵ ҲǮɛɄɱȵɡɩȦɋɩȬɶǓ ǱȒΙǲǱȒ ǚǵȏǍǱΙǵẀҲǶ ɛɄɱȵɡɩȦɋɩȬ

ɶǵ ǒȐʦǏȒȉǵǮǶǱǋװ ɛɄɱȵɡɩȦɋɩȬɶǵΙǓ ὑǠȒǚǯǮ a.1.3 ǵ ǓǮǔȒ ǚǵǚǯ

Ǯ ɛɄɱȵɡɩȦɋɩȬɶșὑ ǮǔȒ ș ǞǭǋǱǋ a.1.3 ǵ ǮȉΙșẀҲǜǢȒǚǯǓǮǔȒ

ɛɄɱȵɡɩȦɋɩȬɶǵΙǵ ὑǶ ɛɄɱȵɡɩȦɋɩȬɶǵ șὑװ ǞǭʦǏȒȉǵǯǱȒ ǮǶ

ǮɛɄɱȵɡɩȦɋɩȬɶǵ șὑװ ǞǭǋȒ  

ɛɄɱȵɡɩȦɋɩȬɶǓ ǲ ǏȐȓȒǚǯǮǶ Ǥǵ ǏȐȓǦɛɄɱȵɡɩȦɋɩȬɶǶẀҲǞǭǋǱǋ

ѝǮǉȒȉǵǯ ǏȒ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ 3.5 Ƕ a.1.3 ǵֳ ǵ ǮǶ 3.10 ǵֳ ǵ˿

˗ Ǯ Ǯǔǭȉ ɛɄɱȵɡɩȦɋɩȬɶǵΙ 3.3 ǶʦǏȒǚǯǶǮǔǱǋ  

( ) ( ) ( )5.3,,,, 3
aaabbbab

zyxUzyxUU -=D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ  

( ) ( ) ( )( )10.3,d)(,,,, 3ababaaabbb WUzyxUzyxU -=DÖ-=- ñ
b

a
ssF  

( )3.33U  

ɛɄɱȵɡɩȦɋɩȬɶ 3.3 ǵΙǶ ǲ ǏȐȓǦɛɄɱȵɡɩȦɋɩȬɶǵ ǮᾚїǮǔȒȉǵǮǉȒ Ǥ

ǵȏǍǱᾚїǮǶ ǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶǵẀҲșẀӓ 3.4 ǯǞǭ
ɵ ɵ

Ǟǭ Ǥǵ
ɵ ɵ ɵ

ǲ
ɵ ɵ

Ǐ
ɵ

Ȑ
ɵ

ȓ
ɵ

ǭ
ɵ

ǋ
ɵ

Ȓ
ɵ

ɛɄɱȵɡɩȦɋɩȬɶǵ 3.3 ș ǮǔȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

3.4 ǮǶ ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵΙ
ɵ

Ƕֳ ǵ˿˗ 3.6 ǵΙ
ɵ

ǯǶ ֵǮǉȒ ǲ Ǐ

ȐȓǦɛɄɱȵɡɩȦɋɩȬɶǓṔқǠȒǯ ˿˗ 3.6 Ƕ ᾜǠȒ ǲ ǏȐȓǦɛɄɱȵɡɩȦɋɩȬɶ

Ǔ ᾜǠȒǯ ˿˗ 3.6 ǶṔқǠȒ ǚǵȏǍǲ Кǲ᷀Ȓ ǲ̸ ǠȒͪἭҘǵǱǠ˿˗ 3.6 Ǯ

ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ 3.4 ș ǮǔȒ ǤǵȏǍǱɛɄɱȵɡɩȦɋɩȬɶǵṔ ǵ ș Ǟǭ

ǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶ 3.3 ǵΙș ǮǔȒ  

( )6.3d)( 3ñ Ö=
b

a
ssFabW  

ǚǵ Ǯװ ɛɄɱȵɡɩȦɋɩȬɶ 3.3 Ƕ Ǔ ǫȉǵǮǶǱǋ ǵ ҲǮ ǲ ǏȐȓǭǋȒɛɄɱ

ȵɡɩȦɋɩȬɶ 3.3 ǓṔ Ǟǭȉ Ǥǵ ҲșǞǭǋȒ Ǔ ǫȦɋɩȬɶǮǶǱǋĚĚ Ǯȉ ǞǭǋȒ

ĚĚ  

 

3.10 ǵֳ ǲǶ ֵǓ̂ǋǭǋȒ Ǥǵֳ ǵ ֵșͪἭҘǲ̂ǘȒǚǯǮ ǲ̸ ǞǭǋȒͪἭҘǲ

ǠȒҘǯ ǠȒĚĚ Ǔἶ ̈ǲ ȚǧĚĚᴇ ǵ ᾚș Ƕ ǞǭǋȒ ǚǵȏǍǱ Ǔ ̬ǵ

ǲ ǪǦǚǯș Ƕ ǞǭǋȒ ̬Ƕ ᶥǮ Ǔ ǲὑ ǞǭǋȒ  

( ) ( ) ( )( )10.3,d)(,,,, 3ababaaabbb WUzyxUzyxU -=DÖ-=- ñ
b

a
ssF  

ǚǵȏǍǱ ǮǶ 3.10 Ǯ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵΙǶ ֳ ǵͪἭҘǲ ǠȒҘǵǱǠ˿˗

ǵΙǲ ǞǋȉǵǯǱȒ ǚǵǚǯǶ ʝ ǱͪἭҘǓ̸ ǞǭǋȒ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ș

ǮǔȒ ǮǶǱǋ ʝ Ǳ 3.10 ǵ Ƕ Кǵǹǯǫǵ ǲͪἭҘǓ̸ ǞǭǋȒḹֻǮǵ

ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵ ǮǉȒ ǚǵǚǯǮǶ 3.10 ǮǶ ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ
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ǵΙ
ɵ

Ƕ ֳ ǵ˿˗ ǵΙ
ɵ

ǯǶ ֵǮǉȒ 3.47 ǵֳ ǵ 1 Ƕ ěͪἭҘǲ ǠȒҘǵǱǠ˿˗ Ĝǲ ǵ

ǮǉȒ  

( )47.3dd 3ññ Ö+Ö-=D-D
b

a
c

b

a
c sFsFUU  

3.10 ǵȏǍǱ Ǯ ̬ș ǠȒǵǲě Ҙǲ ǠȒҘĜș Ǔἶ ǵ ǲ˔ Ǯ ȚǧǠȀǭǵᴇ

ǵ ̬ǵ Ǯ ǞǭǋǦ Ǔ Ȓ ₴ ᷀ǮǉȒ ̂ ĺǮ ̬ǵὑ ǫǋǭ ӴǱ șǞǭ

ǉȒ ǮǶ ᶥǮ ̬ǵὑ șʦǏǭǋȒ  

 

Ķ.К ȦɋɩȬɶǯȦɋɩȬɶͪἭѸ  

ǵ ǮǶ ̂ ĶǮ ǠȒ ǵȦɋɩȬɶͪἭѸǑȏǺ Ҙἶǵ 1 ѸǶ ἶǵ ǒȐ ǠȒȉǵ

ǯǞǭḸףǜȓǭǋȒ ǵȦɋɩȬɶͪἭѸǲǫǋǭǶ ᾚїǓ ˺ǜȓǭǋȒǚǯȉǉȒ  

̂ ĶǮ ǠȒȦɋɩȬɶǵͪἭѸǲǶƼК ȦɋɩȬɶƽș̓ ǠȒ ǚǵǦȈǲ ̂ ĶǮǵК ȦɋɩȬɶ

ș ǠȒװ ֵș̊ʤǵȏǍǲ ǠȒ a.2.1 Ƕ ǮǵК ȦɋɩȬɶș ǠȒװ a.2.2 Ƕ Ҙἶ ǮǵК

ȦɋɩȬɶș ǠȒװ ǚǚǮǶ Ҙἶ Ƕ ǯǶ ǱȒȉǵǯǞǭ Ǎ ʝ ǲ Ҙἶ ǯǞǭ̓Ȗȓ

ȒȉǵǲǶ ̱ǓǉȒ Ẏἶ ₴ ǵ ǮǵḨ ǵ ἶǮǶ ̱ș̓ Ǟǭ ǟǭǋȒȉǵș Ƕ Ǟ

ǭǋȒ ̂ ĶǮǶ ǤǵȏǍǱ ̱Ǯǵ ἶ ș֓ ǲǞǦ  

( )a.2.1internal3E ǵК ȦɋɩȬɶ 

( )a.2.2 thermointernal_ 3E Ҙἶ ǵК ȦɋɩȬɶ 

ǵК ȦɋɩȬɶǵẀӓ Ƕ a.2.3 Ǯ Ǡ Ҙἶ ǵК ȦɋɩȬɶǵẀӓ Ƕ a.2.4 Ǯ Ǡ  

( )a.2.3internal3ED ǵК ȦɋɩȬɶǵ 

( )a.2.4 thermointernal_ 3ED Ҙἶ ǵК ȦɋɩȬɶǵ 

ѧǵ Ǯǵ ǵК ȦɋɩȬɶș a.2.5 Ǯ Ǡ ǤǞǭ ǵ Ǯǵ ǵК ȦɋɩȬɶș a.2.6

Ǯ Ǡ a.2.6 Ƕ a.2.7 Ǯ ǮǔȒȉǵǯǠȒ  

( )a.2.5internal_i3E ѧǵ Ǯǵ ǵК ȦɋɩȬɶ 

( )a.2.6internal_f3E ǵ Ǯǵ ǵК ȦɋɩȬɶ 

( )a.2.7internalinternal_iinternal_f 3EEE D+=  

ǵК ȦɋɩȬɶǵẀӓ a.2.8 Ǔ ǠȒǱȐǷ a.2.7 ǮǶ a.2.9 Ǔ ǠȒ a.2.9 ǮǶ ѧǵ

Ǯǵ ǵК ȦɋɩȬɶ a.2.5 Ƕ ǵ Ǯǵ ǵК ȦɋɩȬɶ a.2. ǲ Ǟǋ ̂ ĶǮǶ

Ǯǵ a.2.5 a.2.9 Ƕ Ҙἶ Ǯǵ a.2.2 ǑȏǺ a2.4 Ǯȉֿ ǲ ǠȒ  

( )a.2.80internal 3=DE  

( )a.2.9internal_iinternal_f 3EE =  

 

̊ʤǮǶ ǵȦɋɩȬɶͪἭѸǲǫǋǭ șǞǦ♥ǲ Ҙἶ ǵȦɋɩȬɶͪἭѸǲǫǋǭ șǠȒ

ǲ ǵК ȦɋɩȬɶǯ Ҙἶ ǵК ȦɋɩȬɶǵ ǱȒ ǲǫǋǭ ǠȒ ♥ǲ Ǯǵ

ǵȦɋɩȬɶͪἭѸǵ̓ ǲǫǋǭ Ӵǲ ȓȒ  

 

ǮǶ ǲǫǋǭ ǞǦ ǚǚǮǶ 2Ή̊ʣǵ Ǯ ǠȒ ǵȦɋɩȬɶǵͪἭѸǲǫǋǭ Ӵǲ

ǠȒ ǵȦɋɩȬɶǵͪἭѸǲǶК ȦɋɩȬɶș̓ ǠȒ ǤǵК ȦɋɩȬɶș a.2.10 ș̓ Ǟǭ Ƕ

ǲὑ ǠȒ a.2.10 ǵֳ ǵ Ƕ system ǲ̸ ǞǭǋȒẆҘǓǱǞǦ˿˗ĚĚẆ ˿˗ ǯȉᴀǽ
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ĚĚș .ǠȒװ a.2.10 ǵֳ ǵ ǯ ǵֺ ǵᴇǶ a.2.11 Ǯὑ Ǟǭ ǵҘἶ ȦɋɩȬɶǵẀ

ӓ ǯǠȒ. a.2.11 ǵֳ Ƕ Ǯ ǞǦɛɄɱȵɡɩȦɋɩȬɶǑȏǺ ҲȦɋɩȬɶǵẀӓ ǮǉȒ Ǧǧ

Ǟ ǮǶ ǵɛɄɱȵɡɩȦɋɩȬɶĚĚ ǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶș ǮǔȒ Ǯ

ǞǦ ĚĚǯ ҲȦɋɩȬɶș ǞǦ a.2.11 ș̓ Ǟǭ a.2.10 ș a.2.12 Ǯ ǮǔȒ ǵҘἶ

ǵʝ Ǳ ǮǶ a.2.10 ǵ‼ Ƕ ș ǞǭǋȒֺ ș ǠȒԍἧǉȒǋǶѝἧǱǰĚĚԍἧș

ǠȒ ἧǉȒǋǶԍἧ Ǳǰǲȉ ǏȒǚǯǓǉȒ ĚĚǵȉǫ ҲȦɋɩȬɶȋǤǵ ǲ ǏȐȓǭǋȒɛɄ

ɱȵɡɩȦɋɩȬɶǯǞǭ ǮǔȒ  

( )( )a.2.10externalinternal 3KUWE D+D-¹D ǵК ȦɋɩȬɶǵẀӓ  

( )a.2.11mechanical 3KUE D+D¹D ǵҘἶ ȦɋɩȬɶǵẀӓ  

( )a.2.12mechanicalexternalinternal 3EWE D-=D  

a.2.10 Ǯ a.2.13 Ǔ ǠȒǱȐǷ a.2.8 Ǔ ǠȒ a.2.8 Ǔ ǠȒǱȐǷ a.2.9 ǲǱȒǚǯǶ Ȑ

ǒǮǉȒ  

( )a.2.13mechanicalexternal 3EW D=  

a.2.10 ǑȏǺ a.2.12 ǮǶҘἶ ȦɋɩȬɶǵẀӓ ǑȏǺẆҘǵǱǠ˿˗ ǯǵǶ Ǥǵ ǵК ȦɋɩȬɶ

ǵẀӓ ǲǱȒ ȉǞ a.2.12 ǮẆҘǵǱǠ˿˗ Ǔ a.2.14 ǮǉȒǱȐǷК ȦɋɩȬɶǵẀӓ a.2.15 Ƕ

Ҙἶ ȦɋɩȬɶǵẀӓ ǯǶ ֵǵΙǲǱȒ a.2.15 ǮǶҘἶ ȦɋɩȬɶǵẀӓ Ǔ ǟȒǚǯǮ К Ȧɋ

ɩȬɶǵẀӓ ș їǮǔȒ  

( )a.2.140external 3=W ẆҘǵǱǠ˿˗ Ǔ  

( )a.2.15mechanicalinternal 3EE D-=D К ȦɋɩȬɶǵẀӓ  

a.2.10 ǒȐ a.2.16 ș ǮǔȒ a.2.16 ș ǵȦɋɩȬɶͪἭѸǯᴀǽǚǯǓǉȒ a.2.12 ǒȐ a.2.17

ș ǮǔȒ a.2.16 ǯ a.2.17 Ǔ ͔ǮǉȒǚǯǶ ȐǒǮǉȒ  

( )a.2.16externalinternal 3WEKU =D+D+D ǵȦɋɩȬɶͪἭѸ 

( )a.2.17externalinternalmechanical 3WEE =D+D  

ǵȦɋɩȬɶͪἭѸ a.2.16 ǵ‼ ș a.2.18 Ǯ ǠȒ a.2.19 ǮǶ a.2.18 ǵ ѧǵ Ǯǵ

ǵЋȦɋɩȬɶ a.2.20 ǑȏǺ ǵ Ǯǵ ǵЋȦɋɩȬɶ a.2.21 ǯǵǮ a.2.18 ǵ‼ ș Ǟǭ

ǋȒ  

( )a.2.18internalS 3EKUE D+D+D=D a.2.16 Ǯǵ ǵЋȦɋɩȬɶ 

( )a.2.19S_iS_fS 3EEE -=D   

( )a.2.20S_i3E a.2.18 ǵ ѧǵ Ǯǵ ǵЋȦɋɩȬɶ 

( )a.2.21S_f3E a.2.18 ǵ ǵ Ǯǵ ǵЋȦɋɩȬɶ 

a.2.19 ǒȐ a.2.22 ș ǮǔȒ a.2.22 ǵ‼ Ƕ a.2.21 ǲǱȒ a.2.22 ǵֳ Ƕ a.2.18 ǵ‼ Ǒ

ȏǺ a.2.20 ǯǵᴇș ǞǭǋȒ a.2.18 ș̓ ǠȒǯ ǵȦɋɩȬɶͪἭѸ a.2.16 Ƕ a.2.23 Ǯ Ǯ

ǔȒ  

( )a.2.22SS_iS_f 3EEE D+=  

( )a.2.23externalS 3WE =D  

a.2.8 a.2.13 ǵȏǍǱ ǵК ȦɋɩȬɶǵὑ șǞǱǋǮ a.2.24 ș Ǟǭ ǵȦɋɩȬɶͪἭѸ

ș ǠȒǚǯȉǉȒ ǚǵḹֻǮȉ a.2.24 ǵ‼ ǵ șК ȦɋɩȬɶǵẀӓ ǯᴀǽ ʝ ǲǶ ǚǵК

ȦɋɩȬɶǶ ș ǞǭǋȒֺ ș ǠȒԍἧǉȒǋǶѝἧǵ ǫȦɋɩȬɶĚĚԍἧș ǠȒ ἧǉ

ȒǋǶԍἧ Ǳǰǲȉ ǏȒǚǯǓǉȒ ĚĚǯǞǭ ǠȒ a.2.16 ǯ a.2.24 Ƕ ʣǮǶ ͔ǮǉȒ Ǟǒ
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Ǟ ʣǲ ǱȒ ǓǉȒ  

( )a.2.24externalinternal 3WEKU =D+D+D  

ǵК ȦɋɩȬɶș a.2.25 Ǯὑ ǠȒḹֻȉǉȒ ̂ ĶǮǶ ǵȦɋɩȬɶͪἭѸ a.2.16 ǮК Ȧ

ɋɩȬɶș̓ ǠȒǵǮ a.2.25 ǮǶ ǵК ȦɋɩȬɶșὑ ǞǱǋ a.2.25 ǮǶ ș ǞǭǋȒֺ

ș ǠȒ ș̌ὑǞǭǋȒ ǚǵ̌ὑǵȏǍǲ ș ǞǭǋȒֺ ș ǠȒ ǵ ǑȏǺ̬

Ǳǰǵ ḸǓʦǏȐȓȒȉǵǯǶ ȐǱǋ ǚǵǚǯǮǶ a.2.25 Ǯ ǵК ȦɋɩȬɶǓ ǮǔȒȉǵǯǶ

ȐǱǋ ̂ ĶǮǶ a.2.8 a.2.13 ǵȏǍǲ ǵК ȦɋɩȬɶșὑ ǠȒ ǚǵὑ ǮǶ ș

ǞǭǋȒֺ ș ǠȒ ǵ ǑȏǺ̬ Ǳǰǵ ḸǓǱǖǭȉ ǵК ȦɋɩȬɶșʦǏȒǚǯǓǮǔ

Ȓ  

( )a.2.25internalinternalinternal 3KUE D+D=D  

ǵȦɋɩȬɶͪἭѸ a.2.16 Ǯ a.2.26 ș ǠȒḹֻǲǶ Ǥǵ șἴ ǯᴀǽǚǯǲǠȒ Ǥǵ

ȏǍǱἴ ǮǶ a.2.27 Ǔ ǠȒ  

( )a.2.260external 3=W  

( )a.2.270internal 3=D+D+D EKU  

a.2.27 ǮǶ ἴ ǞǭǋȒ ǵЋȦɋɩȬɶǶẀӓǢǡǲὑ ǮǉȒ ǚǵǚǯǶ ἴ ǵȦɋɩȬɶǵͪἭș

ǠȒװ ǵͪἭǑȏǺ ǵͪἭǵȏǍǱͪἭѸș̓ ǠȒǯ ǤǵȏǍǱ ǵȦɋɩȬɶǶ ǵȏǍǲǱȒ

ἶ ʣ Ǥǵ КǮȦɋɩȬɶș ȒĚĚҍ ǠȒĚĚǚǯǶǱǖ ȅǦ ẕǠȒǚǯǶǱǋ ǚǵḹֻǮǶ

ǵК ˿˗ Ǯ ἴ ǞǭǋȒ ǵȦɋɩȬɶș̀ǵ ǵȦɋɩȬɶǲẀ ǮǔȒ ǚǚǮǵȦɋɩȬɶǵ

ǯǶ ɛɄɱȵɡɩȦɋɩȬɶ ҲȦɋɩȬɶǑȏǺК ȦɋɩȬɶǵǚǯǮǉȒ  

ǵȦɋɩȬɶͪἭѸș ǵ̸ ǲǑǘȒ όǮⱳ ǱḹֻǶ Ƕ a.2.16 ș̓ Ǟǭ ǵ̸ șǞǭǋȒ

ʣ ǵ ǲȏȒ ǵȦɋɩȬɶͪἭѸǵ ș ǲ̓ ǶǞǭǋǱǋ  

( )a.2.16externalinternal 3WEKU =D+D+D ǵȦɋɩȬɶͪἭѸ 

 

ʣ ȅǮǓ ǵȦɋɩȬɶǵͪἭѸǲǫǋǭǵ ǮǉȒ ǲ Ҙἶ ǮǵȦɋɩȬɶͪἭѸǲǫǋǭ

ǠȒ  

 

Ҙἶ ǮǵȦɋɩȬɶș ǠȒǹǯǫǵ ǯǞǭ ȦɋɩȬɶ ED ș
thermo

Q ǯǞǭ Ǎ ǓǉȒ Ҙ

ἶǵ ѸǮǶ Ҙἶ ₳ ș̓ Ǟǭ ↓ǵ ǏșʦǏȒǚǯǓǮǔȒ ǤǵƼ ↓ǵ Ǐƽș̓ Ǟǭ

ș ǠȒǚǯǓǮǔȒ ǚǵ ș Ǎ ǮǶ ǑȏǺǤǵ ș֝ȑ⁵ǖ ṑǯǵ ǮǤǵ ǑȏǺǤǵ ṑ

ǯǵ ↓ǲ ᶦǞǭ ҲșǠȒȦɋɩȬɶ ED Ƕ
thermo

Q ǯǞǭ ǠȒǚǯǓǮǔȒ   

a.2.28 ș Ҙἶ ǑȏǺǤǵ Ҙἶ ș֝ȑ⁵ǖ ṑǯǵ ǵȦɋɩȬɶǯǠȒ a.2.29 ș Ҙἶ ǑȏǺǤ

ǵ Ҙἶ ș֝ȑ⁵ǖ ṑǯǵ ș ҲǠȒ ǯǠȒ ǚǚǮǶ ȦɋɩȬɶ a.2.28 ǑȏǺ a.2.29 Ƕ a.2.30

ș ǠȒ a.2.31 Ƕ Ҙἶ ǵ Ҙἶ ↓ǯǠȒ a.2.32 ǶǤǵ Ҙἶ ș֝ȑ⁵ǖ ṑǵ Ҙἶ ↓ǯǠȒ

ǦǧǞ Ƽ Ҙἶ ↓ƽǯᴀǽǚǯǶ ǲ♫ǪǦ  

( )a.2.283ED ǑȏǺǤǵ ș֝ȑ⁵ǖ ṑǯǵ ǵȦɋɩȬɶ 

( )a.2.29thermo3Q ǑȏǺ ṑǯǵ ș ҲǠȒ  

( )a.2.30thermo3QE=D  

( )a.2.31K S 3T Ҙἶ ǵ Ҙἶ ↓ 

( )a.2.32K E 3T Ҙἶ ș֝ȑ⁵ǖ ṑǵ Ҙἶ ↓ 
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a.2.33 Ǔ ǠȒǱȐǷ Ҙἶ ǒȐ ǓǤǵ ṑǿǯ ҲǠȒ ǤǞǭ Ǥǵ ҲǞǦ ǵ ֵș a.2.34

ǯǞǭ ǠȒ  

( )a.2.33ES 3TT >  

( )a.2.340thermo 3<Q  

a.2.35 Ǔ ǠȒǱȐǷ Ҙἶ ș֝ȑ⁵ǖ ṑǒȐ ǓǤǵ Ҙἶ ǿǯ ҲǠȒ ǤǞǭ Ǥǵ ҲǞǦ

ǵ ֵș a.2.36 ǯǞǭ ǠȒ ǦǧǞ ǚǚǮǵ a.2.34 ǑȏǺ a.2.36 ǵ ǮǶ Ƕ ǟǱǋȉǵǯ

ǠȒ  

( )a.2.35ES 3TT <  

( )a.2.360thermo 3>Q  

ʣ ǵ ș̓ Ǟǭ Ҙἶǵ Ѹș a.2.37 Ǯ ǮǔȒ Ҙἶǵ 1 Ѹ a.2.37 Ƕ Ҙἶ ǮǵȦ

ɋɩȬɶͪἭѸǲǱȒ Ҙἶǵ 1 Ѹ a.2.37 ǵ‼ Ƕ Ҙἶ ǵК ȦɋɩȬɶǵẀӓ ǮǉȒ Ҙἶǵ

1 Ѹ a.2.37 ǵֳ ǵ 1 Ƕ Ҙἶ ǑȏǺǤǵ ṑ ș ҲǠȒ ǮǉȒ Ҙἶǵ 1 Ѹ a.2.37 ǵ

ֳ ǵ a.2.38 Ƕ Ҙἶ ǲẆ ǒȐ̸ ǞǦҘǵǱǠ˿˗ ǮǉȒ ʝ ǲǶ ˿˗ a.2.38 Ƕ Ҙἶ

ǵ ⁄ǯǱȒר ȷȯɶɩǵᶿҘǑȏǺ̱ Ǯ ǮǔȒ  

( )a.2.37thermothermo thermointernal_ 3WQE +=D Ҙἶǵ Ѹ 

( )a.2.38 thermo3W  

Ҙἶ₳ Ǯǵ Ҙἶ ǵК ȦɋɩȬɶǶ a.2.39 ș ǠȒ ǤǞǭ Ҙἶ ǵК ȦɋɩȬɶǶ

ǯǞǭ ǮǔȒ ǚǵ Ƕ Ҙἶ ǵ ǲȏǪǭΙșẀǏȒ ǮǉȒ Ǥǵ Ҙἶ ǵ ș ǠȒ

ǲǶ⁄ ȷȯɶɩǮǵ ș Ẁ ǯǠȒ Ҙἶ ǓǰǵȏǍǱ Ǯ ǵ ǲǱȒǒǶ ǵẀӓ

ș ὑǠȒǵǲǶ ͜ǓǱǋ Ҙἶ ǵ ѧǵ ǑȏǺ ǵ ǵȆǮ Ǥǵ ǵẀӓ Ƕ ὑǠȒ Ǧ

ǧǞ ǚǚǮǵ Ҙἶ ǵ ѧǵ ǑȏǺ ǵ Ƕ Ҙἶ ₳ ǲǱǪǭǋȒȉǵǯǠȒ  

( )a.2.39const. thermointernal_ 3=E  

a.2.40 Ǔ ǠȒǱȐǷ Ҙἶǵ Ѹ a.2.37 ǮǶ a.2.41 Ǔ ǠȒ a.2.41 ǵ‼ ș a.2.42 Ǯ

ǠȒǱȐǷ a.2.43 Ǔ ǠȒǚǯǶ ȐǒǮǉȒ ̂ ĶǮǶ a.2.37 ǑȏǺ a.2.40 a.2.43 Ǯ Ҙ

ἶ ǵК ȦɋɩȬɶșὑ ǠȒ  

( )a.2.40thermothermo 3WQ -=  

( )a.2.410 thermointernal_ 3=DE  

( )a.2.42i  thermo_internal_f  thermo_internal_ thermointernal_ 3EEE -=D  

( )a.2.43 thermo_iinternal_ thermo_finternal_ 3EE =  

Ҙἶ ǑȏǺ ṑș̓ Ǟǭ Ҙἶǵ Ѹ a.2.37 Ǯǵ Ҙἶ ₳ ǑȏǺ˿˗ ǲǫǋǭǵ

șǠȒ ᶫ a.2.1 ᶫ a.2.3ǮǶ ǵȏǍǲ ǞǦ system Ƕ Ҙἶ ș ǠȒװ ṑǶ Ǥǵ Ҙἶ ș֝ȑ⁵

ǖ ṑș ǠȒװ ₳ Ƕ Ҙἶ ₳ ș ǠȒװ  

ᶫ a.2.1Ƕ Ҙἶ Ǔ₳ ǲǱǪǭǋȒḹֻș ǞǭǋȒ ǚǵḹֻǮǶ Ҙἶǵ ѸǒȐ a.2.44 Ǔ

ǠȒ ǚǚǮ Ҙἶǵ 1 Ѹ a.2.37 ǒȐǤǵ Ҙἶ ǵК ȦɋɩȬɶǵẀӓ ș a.2.45 Ǯ ǠȒ

Ҙἶǵ ѸǒȐ a.2.46 ș ǮǔȒ a.2.44 Ǔ ǠȒǱȐǷ a.2.47 Ǔ ǠȒ a.2.45 a.2.46

ǑȏǺ a.2.47 ǒȐ a.2.48 ǲǱȒǚǯǶ ȐǒǮǉȒ ʝ ǲ a.2.48 Ƕ Ҙἶǵ 0 ѸǒȐ Ҙἶ ₳

ș̓ Ǟǭȉ ǮǔȒ  

( )a.2.44
ES
3TT =  

( )a.2.45thermo_ie_ie thermo thermo_ieinternal_ 3WQE +=D  
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( )a.2.460 thermo_ieinternal_ 3=DE  

( )a.2.470_ie thermo 3=Q  

( )a.2.480thermo_ie 3=W  

 

ᶫ a.2.2 ǮǶ Ҙἶ ₳ Ǔ ǞǭǋǱǋȉǵǯǠȒ ǚǵḹֻǮǶ a.2.49 ǑȏǺ a.2.50 Ǔ ǠȒ

a.2.49 Ǔ Ǟǭǋǭȉ ẀӓǵḹֻǶ a.2.51 Ǔ ǠȒ  

( )a.2.49
ES
3TT ¸  

( )a.2.500 thermointernal_ 3¸DE  

( )a.2.510
thermo

3=Q  

 

ᶫ a.2.3Ƕ Ҙἶ Ǔ₳ ǲǱǪǭǋȒḹֻș ǞǭǋȒ ǚǵḹֻǮǶ Ҙἶǵ ѸǒȐ a.2.44 Ǔ

ǠȒ ǚǚǮ Ҙἶǵ 1 Ѹ a.2.37 ǒȐǤǵ Ҙἶ ǵК ȦɋɩȬɶǵẀӓ ș a.2.52 Ǯ ǠȒ

Ҙἶǵ ѸǒȐ a.2.53 ș ǮǔȒ a.2.44 Ǔ ǠȒǱȐǷ a.2.54 Ǔ ǠȒ a.2.52 a.2.53

ǑȏǺ a.2.54 ǒȐ a.2.55 ǲǱȒǚǯǶ ȐǒǮǉȒ ʝ ǲ a.2.55 Ƕ Ҙἶǵ 0 ѸǒȐ Ҙἶ ₳

ș̓ Ǟǭȉ ǮǔȒ  

( )a.2.52thermo_fethermo_fe thermo_feinternal_ 3WQE +=D  

( )a.2.530 thermo_feinternal_ 3=DE  

( )a.2.540thermo_fe 3=Q  

( )a.2.550thermo_fe 3=W  

 

ᶫ a.2.1ǵ ѧǵ ₳ ǮǶ a.2.56 ș ǮǔȒ ᶫ a.2.3ǵ ǵ ₳ ǮǶ a.2.57 ș ǮǔȒ

ᶫ a.2.2Ǯǵ ǑȏǺ˿˗ Ƕ a.2.58 ǑȏǺ a.5.29 ǮǉȒ Ҙἶǵ 1 ѸǮǶ a.2.56 a.2.59 ș̓

ǠȒǯ Ҙἶ ǵК ȦɋɩȬɶǵẀӓ a.2.37 ș ǮǔȒ  

( )a.2.56 thermo_ieinternal__i thermo_ieinternal_ thermo_iinternal_ 3EEE ==  

ᶫ a.2.1 ѧǵ₳  

system 

ṑ 

0
_ie thermo
=Q

0
thermo_ie

=W

ES
TT =

S
T

E
T

0 thermo_ieinternal_ =DE

const. thermo_ieinternal_ =E

ᶫ a.2.2 Ҙἶ ǵ Ǯǵ˧  

ṑ 

thermo
Qthermo

W system 

0
hermointernal_t
¸DE

thermothermohermointernal_t
WQE +=D

ES
TT ¸

S
T

E
T

ᶫ a.2.3 ǵ₳  

ṑ 

system 
0

thermo_fe
=W

0
thermo_fe

=Q

ES
TT =E

T

S
T

0 thermo_feinternal_ =DE

const. thermo_feinternal_ =E
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( )a.2.57 thermo_feinternal__f thermo_feinternal_f  thermo_internal_ 3EEE ==  

( )a.2.58thermo3Q  

( )a.2.59thermo3W  

( )a.2.37thermothermo thermointernal_ 3WQE +=D  

 

 

ʣ ȅǮǲ șǞǦ ǵȦɋɩȬɶͪἭѸǵК ȦɋɩȬɶǑȏǺ Ҙἶǵ 1 ѸǮǵК ȦɋɩȬɶǵ

ǲǫǋǭ ǟȒ ҘἶǮǶ ǵȦɋɩȬɶͪἭѸǵȏǍǲ ǵ ǑȏǺ̬ Ǳǰǵ Ḹșⱳ ǯǞǱǋ

ǋǓǉȒ ǤǞǭ ἶǵᾍ Ǔ ǑȏǺ Ҙἶ ǵʰ Ǯ ǏȒḹֻȉǉȒ ǲ К ȦɋɩȬɶșǰǵȏ

Ǎǲ ǏȒǚǯǓǮǔȒǒș ǟȒ  

ǵȦɋɩȬɶǵͪἭѸǮǵК ȦɋɩȬɶǶ Ҙἶǵ ѸǵК ȦɋɩȬɶǯǶ ǱȒȉǵǯǞǭ ǏȒǚǯ

ș ǠȒ ҘἶǮǶ Ҙἶǵ ѸǵК ȦɋɩȬɶș⁄ ȷȯɶɩǮǵ ǯǞǭ ǋ ǯǞǭ

ǠȒ ʝ ǵ̬ ↓ǑȏǺ ǱǰǶⱨ ȷȯɶɩǮǵ ǯǞǭ Ǎ ǚǵȏǍǱⱨ ȷȯɶɩǮǵ

ș̓ Ǟǭ ǵȦɋɩȬɶǵͪἭѸǮǵК ȦɋɩȬɶș ǠȒǚǯǲǱȒ ǤǞǭ ⱨ ȷȯɶɩǵ

ǑȏǺ⁄ ȷȯɶɩǵ Ƕ ͜ș ǮǔȒḹֻǓǉȒ ǮǶ ǚǵȏǍǱК ȦɋɩȬɶǮǵ șѼ

ǲǞǭ ǵȦɋɩȬɶǵͪἭѸǑȏǺ Ҙἶǵ Ѹǲǫǋǭ̊ʤǲ șǠȒ  

ǵ Ȓ ҘἶǮǶ Ҙἶ ș̌ὑǞǭ ⁄ Ǳ ǯǞǭǵᶿҘǑȏǺ̱ Ǳǰș̓ Ǟǭ Ҙἶ ₳

șʦǏǭǋȒ ₴ ᷀ǮǶ Ǯȉ ǤǵȏǍǲ Ҙἶ ₳ șʦǏȒȉǵǯǠȒ ǤǵȏǍǱ

Ҙἶ ₳ ș̓ ǞǭᾚЊǞǦ ǮǉȒ ↓Ƕ Ҙἶ ǯǞǭʦǏȒǚǯǓǮǔǱǋ ǮǶ ǏǱǋ ǚǵȏǍ

Ǳ ↓ǵ ǒȐȉ Ҙἶǵ ѸǶ ș̓ ǠȒǵǮ Ҙἶ ǯǞǭ ǏǱǋ ǮǶ̓ ǮǔǱǋ ǚǵ

ȏǍǲ Ҙἶǵ Ѹș ǠȒǯ ǵȦɋɩȬɶǵͪἭѸǵК ȦɋɩȬɶǶ Ҙἶǵ ѸǵК Ȧɋɩ

ȬɶǯǶ ǱȒ  

ǑȏǺ Ҙἶ ǯǞǭ ǍǚǯǓǮǔȒ Ȓᾍ ș̌ὑǠȒ ǵȦɋɩȬɶͪἭѸ a.2.16 ǮɛɄɱȵ

ɡɩȦɋɩȬɶǵẀӓ a.2.60 ǑȏǺ ҲȦɋɩȬɶǵẀӓ a.2.61 ș̌ὑǠȒ a.2.60 ǑȏǺ a.2.61 ș

a.2.16 ǲ̈ЊǠȒǯ ǵК ȦɋɩȬɶǵẀӓ a.2.62 ș ǮǔȒ  

( )a.2.16externalinternal 3WEKU =D+D+D ǵȦɋɩȬɶͪἭѸ 

( )a.2.6003=DU  

( )a.2.6103=DK  

( )a.2.62externalinternal 3WE =D  

Ҙἶ ǯǞǭ Ǥǵᾍ ǵК ȦɋɩȬɶǵẀӓ ș Ҙἶǵ 1 Ѹ a.2.37 ǵ⁄ ȷȯɶɩǵ Ǯ Ǯǔ

Ȓ a.2.63 Ǔ ǠȒǱȐǷ a.2.37 Ƕ a.2.64 Ǯ ǮǔȒ  

( )a.2.37thermothermo thermointernal_ 3WQE +=D  

( )a.2.630thermo 3=Q  

( )a.2.64thermo thermointernal_ 3WE =D  

ʝ a.2.62 Ƕⱨ ȷȯɶɩǵ Ǯ ǞǦȉǵǮǉȒ a.2.62 ǵֳ Ƕ ⱨ ȷȯɶɩǮ ǞǦẆ ˿

˗ ǮǉȒ a.2.37 ǵֳ Ƕ ⁄ ȷȯɶɩǵ ǮǉȒ ǑȏǺẆҘǵǱǠ˿˗ ǮǉȒ ǵК Ȧɋɩ

ȬɶǶ Ҙἶ ǵК ȦɋɩȬɶǯǶ ǱȒǚǯș ǲ ǞǦ Ǥǵᾍ ǵ Ҙἶ ǵК ȦɋɩȬɶǵẀӓ Ǔ

ǟȒḹֻǶ Ǥǵᾍ ǵ ǵȦɋɩȬɶǵẀӓ Ǔ ǟȒǚǯǓ ǏȐȓȒ ȦɋɩȬɶǵͪἭѸǲǶ Ǥǵᾍ

ǵȦɋɩȬɶǓṔқĚĚǉȒǋǶ ᾜĚĚǠȒǱȐǷ ǤǵṔқĚĚǉȒǋǶ ᾜĚĚǓȦɋɩȬɶǵͪἭѸǮ Ǯ
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ǔȒǚǯș ♅ǠȒ a.2.62 ǑȏǺ a.2.64 ǮǶ Ҙἶ ǑȏǺ ǵȦɋɩȬɶǵẀӓ ǶǤȓǥȓǵК

ȦɋɩȬɶǵẀӓ ǵȆǵ ǲǱǪǦ a.2.37 ǑȏǺ a.2.62 ǮǶ ǤȓǥȓѩǵȦɋɩȬɶǵͪἭѸǮǵК

ȦɋɩȬɶǵẀӓ ǮǉȒ ǤȓǥȓǵК ȦɋɩȬɶǵẀӓ Ƕ⁄ ȷȯɶɩǵ ǑȏǺⱨ ȷȯɶɩǵ Ǯ

șǞǭǋȒ Ǯ̓ ǠȒⱨ ȷȯɶɩǵ Ǯ Ҙἶ Ǯ̓ ǠȒ⁄ ȷȯɶɩǵ ș ǮǔǱǋḹֻ

Ǯȉ a.2.62 ǵΙǯ a.2.37 ǵΙș ǠȒǚǯǮ ǶǮǔȒ ǚǵȏǍǱ ǵ˿ ǮǶ a.2.62 ǯ a.2.64

Ǯǵ Ǯȉֿ ǮǉȒ  

 

ǮǶ ǵᾐ ǮǉȒⱲ ǵᶥ ɠɅɩǮǵ ș ǯǞǭ όșǞǦ ǚǵ όǮǶ

ǵȦɋɩȬɶͪἭѸș̓ Ǟǭ ǵȦɋɩȬɶǲǫǋǭ ǟǭǋȒ Ǥǵ ǲ ǲ̸ ǠȒẆҘș⁄ ȷȯ

ɶɩǵ ǯǱȒᶿҘĚĚⱨ ȷȯɶɩǵ Ǯ ǠȒᶿҘȉǉȒ ĚĚǮ ǮǔȒḹֻș̌ὑǞǭǋȒ ǵȦɋ

ɩȬɶͪἭѸ a.2.16 Ƕⱨ ȷȯɶɩǵ Ǯ ǠȒǚǯș ǲ ǞǦ ǚǵ ǯǵ ǲǫǋǭ̂רֻ Ķǵ

♥ǲ șǠȒ   

ἶ ǮǶ ̱ș ǯǞǭ ǍǚǯǓǉȒ Ǥǵ ̱ǵ ǲǶᶿҘș ǟǜǢȒẆҘǓ̸ ǠȒǚǯǓǉ

Ȓ ǤǵẆҘșⱨ ȷȯɶɩǵ ǑȏǺ⁄ ȷȯɶɩǵ ǮǤȓǥȓ ǵȏǍǲ ǮǔȒ Ǥǵ ̱ǵ

ֺѝἧǓ ǲ̸ ǜǢȒẆҘ
ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ ɵ

ǵ ᴇș Ǥǵ ̱ǵ ǲᶿҘș ǟǜǢȒẆҘǯǞǭ ǠȒǚǯǓǮǔȒ ʝ Ǥ

ǵ ̱ǵ ǵᶿҘǑȏǺ ĚĚǤǵᶿҘșὑ ǮǔȒ ǵ ˧ ǮǉȒ ĚĚș̓ Ǟǭ Ǥǵ ̱ǵ ǲ̸

ǠȒẆҘș ǠȒǚǯǓǉȒ ♥ ǵᶿҘǶ⁄ ȷȯɶɩǵ ǯǞǭ Ǎ ǚǵ⁄ ȷȯɶɩǵᶿҘǮ Ǯǔ

ȒẆҘǓ Ѽ ǵẆҘǲ Ǟǋȉǵǯ̌ὑǠȒǚǯǮ ǵȦɋɩȬɶͪἭѸ a.2.16 ș̓ ǠȒǚǯǓǮǔȒ ǚ

ǵȏǍǱ ǮǶ ⁄ ȷȯɶɩǵ ș̓ Ǟǭ ǞǦẆҘǓ ⱨ ȷȯɶɩǵ Ǯ ǞǦẆҘǯǞǭ ǏȒ

ḹֻǲǱȒ  

 

ķ. ᾍר ǑȏǺ ἧ ǮǵȦɋɩȬɶ  

ǵ 1 ᶥǵ ǮǶ ֦Ж ǵɉɣɶɆɱҘἶǮǵ ǵʴǮɛɄɱȵɡɩȦɋɩȬɶǑȏǺ ҲȦɋɩȬɶǲ

ǫǋǭǵ șǞǦ ̂ ķǮǶ ǤǵɉɣɶɆɱҘἶǵ ǮǶ֛ȅȐǱǋ ἶ ǮǵȦɋɩȬɶǲǫǋǭǵ

șǠȒ ǚǚǮǶ ᾍר ǯ ἧ ǮǵȦɋɩȬɶǲǫǋǭǵ όǮǉȒ ₴ ᷀ǵ ǵẎἶ

Ǯǵ ɵ ἧ ǵ›ἶǮǶ ᾍר ǯ ἧ Ƕ ʺǲ ἧᶥ ӭᾚ̱ ǑȏǺϽǵѝ ș ǠȒ

ǵḨ ǯǱȒ ǮǉȒ  

₴ ᷀ǮǶ ǵⱲǵɠɅɩǮȉ ᾍר ǑȏǺ ἧ Ƕ ǑȏǺⱲǯǵ ͜ș όǠȒǵǲ

ǮǉȒ Ǯ Ǔ ǲⱲǵɠɅɩș ǵɠɅɩǮ ǞỒȈǭǋȒ ⱲǓ Ồ ǮἭ᷀ǠȒǚǯș

ᾚǖ ǵ όǮƼ ᾍרƽǑȏǺ Ǔ ǲὑ ǞǦƼ ƽș ǠȒǵǲȦɋɩȬɶǑȏǺק ș ǋǭǋȒ

ǵⱲǵɠɅɩǮǶ ⱲǑȏǺ ș ɵרɵ̱Ǯ ǞǭǋȒ ǤǵⱲǵɠɅɩǮʺǵⱩ ₉ǵⱩǑȏǺ ǵⱩș

ǠȒǵǲ Ƽ ƽǑȏǺƼ ƽș ᾍ ǯǞǭ Ǎ ƼʺǵⱩƽǮʫ ș ǠȒȉǵș ǏȒ Ƽ₉ǵⱩƽǮ

˿ׄǘ♫ȖǢȒȉǵș ǏȒ Ƽ ǵⱩƽǮ ȇȉǵș ǏȒ ʫ ș ǠȒȉ
ɵ

ǵ
ɵ

Ǔ ș ǋȒȉ
ɵ

ǵ
ɵ

ǯ̌ὑǠȒ Ǥ

ǵ Ƕ ˿ׄǘ♫ȖǢȒȉ
ɵ

ǵ
ɵ

Ǔ Ȑǒǲ Ǡȉǵǯ̌ὑǠȒ Ǥǵ Ȑǒǲ ǜȓǦȉ
ɵ

ǵ
ɵ

Ƕ ȇȉ
ɵ

ǵ
ɵ

Ǔ ǟǜǢȒȉ
ɵ

ǵ
ɵ

ǯ̌ὑǠȒ ʺɵ₉ɵ ǵⱩǶ Ǯ ǵⱲǵɠɅɩș ǋǭ όǞǭǋȒ ʺǵⱩǲǶרșᾍꜘǜǢȒ

ǵⱩǲǶ̱șᾍꜘǜǢȒ ₉ǵⱩǲǶ șᾍꜘǜǢȒ ǚǵȏǍǱᾍꜘǮǶ Ǔ̱șר Ǎ Ǥǵ̱ǒȐ Ǔ ǟȒ

ȉǵǯ̌ὑǞǭǋȒ ǚǵȏǍǱʺɵ₉ɵ ǵⱩǵ ǮǶ ǑȏǺ ǵ ̱ǒ
ɵ

Ȑ
ɵ

ⱲǑȏǺ ș
ɵ

Ǡȉǵǯ̌

ὑǮǔȒ  

ǚǵȏǍǱ ǑȏǺ ǵ ǮǶ Ƶǵ ̱Ǔ Țǧ♥ǲȉ ƵǶἭ᷀Ǟǭ ǑȏǺ ș ǫǚǯș̌ὑ
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ǞǭǋȒ Ƶǵ ̱Ƕ ƵǵⱲǓ Ǯאל ǋȒȉǵǮǉȒ ̱ǵ Ƕ ƵǓ ǋȒ ǮẀӓǠȒאל ̱ǵẀ

ӓǶ ƵǵⱲǵרșẀǏȒǚǯȉǉȒ ǚǵ ̱Ƕ Ẑ ǵ ǲἭ᷀ǠȒ Ǯ ǜȓǭǋȒ ̱ǵẀӓǶ

ǞǭǋȒ ǵ ҲǵẀӓǮ ǏȒǚǯǓǮǔȒ ǵ ҲǶ ȦɋɩȬɶǮ ǮǔȒ ǵȦɋɩȬɶǶ

ר Ǯ ǮǔȒǚǯș ᾍר ǮᾚїǮǔȒ ǚǵǚǯǶ ǚǵ̂ Ǯ ǞǭǋȒ Ǥǵ ר ǵȦ

ɋɩȬɶǶ ק Ǯ ǠȒǚǯǓ֯ ǮǉȒ ק Ƕ ǮǉȒ ק Ǯ Ҳ ș ǮǔȒ Ҳ ǮȦɋɩȬɶ

ș ǠȒǚǯǮǶ ȦɋɩȬɶș ӓǠȒȉǵǯ ǍǚǯǲǱȒ ǚǵȏǍǱȦɋɩȬɶǵ ӓǶ ἧ Ǯ

ǠȒ ǚǵǚǯȉ ǚǵ̂ Ǯ ǞǭǋȒ ἧȦɋɩȬɶǵק Ƕ ǑȏǺȦɋɩȬɶǵ ͜ș Ǟǭǋ

Ȓ ר Ǯ ǮǔȒ ǵЋȦɋɩȬɶǶ ǑȏǺ ǵ ᾍרș ǮǔȒ Ǥǵ Ƶș ɵרɵ̱Ǯ

ǮǔȒǚǯș̌ὑǞǭǋȒ Ƶș ɵרɵ̱Ǯ ǠȒǚǯǮ ǠȀǭǵʫ ș ǮǔȒȉǵǯ̌ὑǞǭǋȒ  

ᶮᶽș ǠȒ ǮǉȒ ș ǏȒǚǯǮ ἧǑȏǺ ἧș ǍԍἧɠɅɩș̓ ǮǔȒ ǤǵȏǍǱɠɅɩ

Ƕ ɚɶȠǵ ԍἧɠɅɩǮǉȒ ɚɶȠ Ƕ ᶥǵ̂ Ǯ ǞǭǉȒ ǤǵȏǍǱԍἧɠɅɩǮǶ Ͻǵ

ἧș̌ὑǠȒǚǯǮȦɋɩȬɶǵ ἧӓș ǞǭǋȒ ᶮᶽǵẉǖǓ Ǯ ǜȓǭǋȒ ˲̱ȉᶮᶽǲ᷀Ȓ

Ǯ ǜȓǭǋȒ ǚǵǚǯǮǶ Ǯ˲̱ǵ ǵẉǖǵ ѝǓ ǜȓǭǋȒȉǵǯ ǏȒ ȢȨɱș Ǎǚ

ǯǮǶ ǵ șǠȒȉǵǮǉȒ ǵ ҲǮǶ ḹșɜȭȷȤȥɩǵ ╛ ĚĚ ᶥǵ̂ Ǯ

ǞǦ ĚĚǮ ǠȒ Ƕ Ҳ Ǳ ḹǮ ǮǔȒ ǮǉȒϽǶ Ǯǵ ḹǵ ș

ǠȒǵǲ̓ ǠȒ Ǯǵ ḹǮǶ ȢȨɱӓǞǦ ̱ǵ ҲǮ ǵ ḹș ǮǔȒ

Ǯ Ḹșы ǠȒ Ḹșы ǠȒ ḹǶ Кǵ ̱ȏȑȉ ǵ ҲǮ ǠȒ ǮǉȒ ș ǫ

ǓȦɋɩȬɶș ǫǚǯǮǶ ș̌ὑǮǔȒǚǯș ᾍר Ǯ ǞǭǋȒ ǓἭ᷀ǠȒǚǯǮ ʝ

ᾍר Ǯ ҘḹǓ ǟȒǚǯș ǮǔȒ ǚǵ Ҙḹș̓ ǠȒǚǯǮǶ ș ǪǦ ǲ ҘǓ̸ Ǡ

Ȓǚǯș̌ὑǠȒ ҘḹǲȉȦɋɩȬɶș̌ὑǞǭǋȒ ҘǶ ʠ ╠Ҙǵ ѸǮ ̧ǯǞǭ ǮǔȒḹֻǓǉ

Ȓ ʠ ╠Ҙǵ ѸǑȏǺ ҘǮ Ǥȓǥȓǵ ǲ ǏȒɛɄɱȵɡɩȦɋɩȬɶș ǍǚǯǲǱȒ ǚǵǚ

ǯǮǶ Кǵ Ḹы ș ǠȒ ǲ ҘǑȏǺ ҘǮǵɛɄɱȵɡɩȦɋɩȬɶǵѝ⁹ș ǋȒǚǯǓǮǔȒ

̂ Ķǵ ǵȦɋɩȬɶͪἭѸǑȏǺ Ҙἶ ǵȦɋɩȬɶͪἭѸș̓ Ǟǭ ȦɋɩȬɶǵѝ⁹Ǯǵ Ḹы ș

̌ὑǞǭǋȒ ǚǵȏǍǱƼḹƽșᾚЊǞǦ Ǯǵᶮᶽǵ Ƕ ǲ ὑǮǔǱǋ ȦɋɩȬɶǵѝ⁹

Ǯ Ḹы ș ǠȒǚǯǲǶ ȦɋɩȬɶș ǠȒ ѸǮƼרƽșӢѩǮǔȒ ȦɋɩȬɶǵѝ⁹Ƕ ΙǮ Ǡǚ

ǯǓǮǔ Ƽ ƽș Ǡ ҘǑȏǺ ҘǓ̸ ǠȒ ș̌ὑǮǔȒǚǯǮǶ ǲƼ̱ƽș ȒǚǯǓǮǔȒ

ǮǶ ș ǖǚǯǓǮǔȒ ǚǵȏǍǲ Ḹы ǲ ɵרɵ̱ș ǏȒǚǯǓǮǔȒ Ḹș Ǯыאל ǠȒǚ

ǯǶ Ƶǵ ҲǮ ƵǓ ȈǭǋȒ ǚǵȏǍǱ Ḹы ǲƼⱲ
ɵ

ƽș̌ὑǠȒǚǯǶ Ƽ ƽǯǋǍר șƾⅎ

 А  DVD -ROM ƿǮ Ǟǭ ǓǮǔȒ ʝ ǲ Ⱳ ǓϐǖǚǯǮ șאל ǋǦ Ḹы ǲ Ǔר

ϐǖȉǵǯ Ǎ Ǔϐǖǵǲר ♬ǞǦ Ḹșы ǠȒ ֵͬǒȐ Ḹș ♬ǠȒ ֵͬș ǠȒǵǲ ǵ

ș ǋȒ ǤǵȏǍǱ ș ǠȒǵǲȦɋɩȬɶѝ⁹Ǯ ǮǔȒ ǓϐǖǚǯǮר Ḹǵ ѩșǞǭ

ǵ Ҳș ǟǜǢȒ ǵ Ҳș ǠȒǵǲҘș ǠȒ ǵ ǲ̸ ǠȒҘǲǫǋǭǶ ἶǮ Ǎ

Ⱳǲ̸ ǠȒҘǲ Ҙș ǏȒǚǯǓǮǔȒ ҘǶ Ǔ Ǟǭ ǟȒҘǮǉȒ Ǔ ǠȒǚǯǮ Ⱳ

ǵ Ḹы ǲ Ǔאל ǋȐȓȒ ǚǵȏǍǱ Ḹы Ƕ Ⱳǯ ǯș ǺǫǘȒы ǮǉȒȉǵǯ ₴ ᷀

ǵ Ƕ ǏȒ Ⱳǯ ș Ǻ̂ǘȒ Ḹы Ǯ ǑȏǺȦɋɩȬɶѝ⁹Ǔאל Ǻ̂ǘȐȓȒǚǯș̌ὑǮǔȒ

Ⱳǲǫǋǭǵ Ƕ ǵȦɋɩȬɶѝ⁹Ǯ ǮǔȒΉ Ǔ Ȓ ǚȓǶ ⱲǓἭ᷀ǠȒ ș ǞǭǋȒȉǵǮ

ǶǱǋ ⱲǓ Ồ Ǯ ǑȏǺȦɋɩȬɶǵἭ᷀ǞǱǋ ǲ ȒǚǯșבὑǠȒȉǵǮǶǱǋ Ǯ

ǶⱲǓ Ồ Ǯ ǑȏǺȦɋɩȬɶǵἭ᷀ǞǱǋ ǲ ȑ ǲ♫ǪǭǋȒǚǯș̌ὑǞǭǋȒ Ƕ

ǤǵⱲǮͪǫǚǯǓǮǔȒǚǯș̌ὑǞǦ όș ǑȏǺ Ǯ ȆǭǋȒ ɵרɵ̱Ǯʫ ș ǠȒ
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ǚǯǮǶ ǮǱǋ ǯ ș Ǻ̂ǘȒȉǵǮǉȒ ǚǵǚǯǮ ⱲǑȏǺ ș Ǻ̂ǘǦ ș ǮǱǋʫ

ș̌ὑǞǭ ǮǔȒ  

ᾍר ǑȏǺ ἧ ǮǶ ʣ ǵȏǍǲ ǲǫǋǭ ǋⱲǲǫǋǭ ǏȒǚǯǓǮǔȒ ǚǵȏǍǲȦɋ

ɩȬɶǵѝ⁹ș ǞǭȦɋɩȬɶǵͪἭѸș ǠȒǚǯǮ Ƽ ƽșר Ǯ ǮǔȒΉ ș ǫȉǵǯ

₴ ᷀ǵ Ƕ ǏȒ  

 

₴ǲɇȢɂї ǵ ἶ ǮǉȒȠɩɗɩɆ ȠȢɱȵɣȽȢɱ Albert Einstein Ǔ ǞǦ ᾍר

ǮǶ ǵȏǍǱȦɋɩȬɶșʦǏǦ a.3.1 Ƕ Ǔ ǫЋȦɋɩȬɶǯᴀǷȓȒȉǵǮǉȒ ȦɋɩȬɶ a.3.1

ǶȠȢɱȵɣȽȢɱǵ ᾍר ǒȐᾚїǮǔǦ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ǤǵȦɋɩȬɶ a.3.1

Ƕ a.3.2 Ǯ ǮǔȒ a.3.2 ǵֳ ǲ ǞǦ a.3.3 Ƕ ʴǵϽǵ ǜ speed of light in a vacuum ș

ǠȒὑװ ǮǉȒ ǵ ᶥǵ̂ ĚĚ ǵǚǯǮǉȒ ĚĚǮ ʴǵϽǵ ǜș ǞǦ a.3.2 ǵֳ

ǲ ǞǦ a.3.4 Ƕ ȦɋɩȬɶ a.3.2 ș ǫ ǵ ǜǮǉȒ a.3.2 ǵֳ ǵ ǒȐ a.3.2 ǵ ǵ

ǜ a.3.4 ǶӢ a.3.5 КǵΙǲǱȒǚǯǶ ȐǒǮǉȒ ǦǧǞ ǚǚǮǵ a.3.4 Ƕὕ ǵΙǮǉȒ  

( )a.3.13E  

( )a.3.2J 

1

2

2

2

0 3c

c

v

m
E ³

-

=  

( )a.3.3
s

m
 458 792 299 3=c ʴǵϽǵ ǜ 

( )a.3.4 
s

m
 3v ǵ ǜ 

( )a.3.5 0 3cv<¢  

4 Ǯ ǵ ǫЋȦɋɩȬɶǵẀӓ 4.3 ș ǞǭǋȒ ǵЋȦɋɩȬɶ 4.3 ǵֳ ǵֻҘǶ Ҳ

╛ 4.1 ǵȉǵǮǉȒ Ҳ ╛ 4.1 ǵ ר 4.2 ǶẀ ǮǉȒḹֻș̌ὑǞǭǋȒ ǚǵȏǍǱ ר

inertial mass Ƕ ᾍ relativistic mass a.3.6 ǮᾚїǮǔȒ ᾍ a.3.6 ș̓ ǠȒǚǯǮ

ǵ ǫЋȦɋɩȬɶǵẀӓ 4.3 ǵ‼ Ƕ a.3.2 Ǯ ǮǔȒǚǯǲǱȒ  

( )3.4dresultant 3ñ Ö=D
b

a
pE sF  

( )
( )1.4

d

d
resultant 3

t

m v
F

Ö
=  

( )2.43m  

( )a.3.6kg 

1
2

2

0 3

c

v

m
m

-

= ᾍ  

ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ↔ר Ǯ ǟǭǋȒ ↔ר Ƕ ↓ ҲǞǭǋȒ↔ ǮǉȒ

ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǫǵ ↔ר ǮǶ ǰǨȐǵ ↔ר Ǔ ᾍ ǲ ǞǭǋȒȉǵǒǶ

ὑǮǔǱǋȉǵǯ ǮǔȒĚĚ̂ ĸǮ ӴǱ șǞǭǋȒ ĚĚ ǤǵȏǍǱ ↔ר ʣǮ a.3.2 Ƕ

șʦǏȐȓᾚїǜȓǦ Ǥǵ a.3.2 ǵ ǵ ǜ a.3.4 Ƕ Ǥǵ ǵ ↓șὑ ǞǦ ↔ר ʣǮǵ ǵ

↓ǵ ǜǮǉȒ ǚǵǚǯǒȐ ǵ ǜ a.3.4 Ƕ ↔ר ǲȏǪǭ ǱȒΙǲǱȒ ↓ǲǫǋǭǶ
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Ǯ șʦǏǦ  

a.3.2 ǵֳ ǲǶ ᾍ relativistic mass ǯᴀǷȓȒ a.3.6 ș ǞǭǋȒ ᾍ a.3.6 Ƕ

șר Ǡ ǮǉȒǵǮ ר inertial mass ǮǉȒȉǵǯ ǮǔȒ ᾍ a.3.6 ș̓ ǞǭȦɋ

ɩȬɶ a.3.2 ș ǠȒǯ a.3.7 ǲǱȒ a.3.7 ǮǶ ᾍ Ƕ ǵЋȦɋɩȬɶ a.3.7 ș ὑǠȒ

ǮǉȒ ǲ ǵЋȦɋɩȬɶ a.3.7 Ƕ ᾍ ș ὑǠȒ ǮǉȒ  

( )a.3.723cmE ³=  

ᾍ a.3.6 ǲ Ǥǵ ǵ ǜ a.3.8 ș̈ЊǠȒǯ a.3.9 ǲǱȒ a.3.9 ǵֳ Ƕ a.3.6 ǵѝἧǲ

ǞǭǉȒ a.3.9 ǵֳ ș rest mass ǯᴀȚǮǋȒ a.3.9 Ƕ ר ǮǉȒȉǵǯ

ǮǔȒ  

( )a.3.8 03=v  

( )a.3.9
0

1

0

2

0 3m

c

m
m =

-

=  

a.3.2 ș̓ ǠȒǯ material particle ǵ ǜǓ a.3.8 ǵḹֻǵ Ǥǵ ǵ ǫЋȦɋɩȬɶș Ȧ

ɋɩȬɶ a.3.10 Ǯ ǮǔȒ ȦɋɩȬɶ a.3.2 ǑȏǺȦɋɩȬɶ a.3.10 ș̓ ǠȒǯ ȠȢɱȵɣȽȢɱǵ

ᾍר Ǯǵ ҲȦɋɩȬɶǶ a.3.11 Ǯ ǜȓȒ a.3.11 ǒȐ ǵЋȦɋɩȬɶ a.3.12 ș Ǯǔ

Ȓ  

( )a.3.102

00 3cmE ³= ȦɋɩȬɶ 

( )a.3.11J 0 3EEK -= ҲȦɋɩȬɶ 

( ) ( )a.3.12   , 2

0

2

0 3KcmcmKEE +³=³+= ǵЋȦɋɩȬɶ 

ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵЋȦɋɩȬɶ a.3.2 Ƕ ʴǵϽǵ ǜ a.3.3 ș ǫ ǲǶ

̓ ǮǔǱǋ ǚǵǚǯǶ a.3.2 ǑȏǺ a.3.5 ǒȐ ȐǒǮǉȒ  

( )a.3.5 0 3cv<¢  

Ƕ ʴș ʴǵϽǵ ǜ a.3.3 Ǯ̟ ǠȒȉǵǯ ǜȓǭǋȒ ǚǵ ǓȦɋɩȬɶș ǫǚǯș

ἶǮǶ ǞǭǋȒ ȦɋɩȬɶǵͪἭș̌ὑǞǭ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶȦɋɩȬɶ a.3.13

ș ǫ ǲǶ a.3.14 ǵ ș ǏȒǚǯǓǮǔȒȉǵǯḸףǜȓǭǋȒ ǚǵǦȈǲ a.3.14 ǒȐ ǵ

ȦɋɩȬɶ a.3.15 ș ǮǔȒ ǦǧǞ ǮǶ ǲǫǋǭǵ Ƕ ǵ OptionĚĚ ǵǚǯǮ

ǉȒ ĚĚǮʦǏǦ  

( )a.3.13J 3SE  

( )a.3.14kg 
2
3

c

E
m S

S =  

( )a.3.1523cmE S³=  

ǜȐǲ ʝ ǲǶȦɋɩȬɶ a.3.13 ș ǫ Ƕ a.3.14 ș ǫȉǵǯǜȓǭǋȒ ֿ ǲ a.3.14

ș ǫ ǶȦɋɩȬɶ a.3.13 ș ǫȉǵǯǜȓǭǋȒ ǤǞǭ a.3.14 ǮǶ ʴǵϽǵ ǜǵḹֻǮȉ̓

ǮǔȒ  

ȦɋɩȬɶǵẀӓ a.3.16 Ǔ ǟǦḹֻǲǶ ǤǵȦɋɩȬɶ a.3.16 șẕǪǦ ǵ Ǔ ǵẀӓ a.3.17

ǧǘ ᾜǠȒȉǵǯ ǜȓȒ ǚǵǚǯǮǶ ȦɋɩȬɶ a.3.16 ș їĚĚǉȒǋǶ֛טĚĚǞǦ ǲǶ ר

ș Ǡȉǵǯ ǮǔȒ a.3.17 ѝǵ ᾜĚĚǉȒǋǶṔқĚĚǓ Ǥǵ ǵ ǲ ǟȒǚǯǲǱȒ  

( )a.3.1603>D SE ȦɋɩȬɶǵẀӓ  
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( )a.3.170
2

3>
D
=D

c

E
m S

S ǵẀӓ  

 

ǯǞǭ ǍǚǯǓǮǔȒ ἧș̌ὑǠȒ ǚǵ ἧș ǯǞǭ ǍḹֻǲǶ Ǥǵ ǵ ᾍ ș

a.3.18 Ǯ Ǡ Ǥǵ ǵ ș a.3.19 Ǯ Ǡ ᾍ a.3.6 Ǯ ǮǔȒЋȦɋɩȬɶǶ a.3.20

ǲǱȒ  

( )a.3.183m  

( )a.3.1903m  

( )a.3.6kg 

1
2

2

0 3

c

v

m
m

-

= ᾍ  

( )a.3.2023cmES ³=  

ᾍ a.3.18 ș ǫ ǲ ǟǦ ǵẀӓ ș a.3.21 Ǯ Ǡ ǵẀӓ a.3.21 Ǔ ǟȒǚǯǮ

ǵЋȦɋɩȬɶǵẀӓ Ƕ a.3.22 ǲǱȒȉǵǯ ǮǔȒ  

( )a.3.213mD  

( )a.3.2223cmES ³D=D  

Ǥǵ ǵ a.3.19 ǵẀӓ ș a.3.23 Ǯ Ǡ ǵẀӓ a.3.23 Ǔ ǟȒǚǯǮ ǵ Ȧɋ

ɩȬɶǵẀӓ Ƕ a.3.24 ǲǱȒ  

( )a.3.2303mD  

( )a.3.242

00 3cmE ³D=D  

ʝ Ǥǵ ἧș ǯǞǭ ǍḹֻǵȦɋɩȬɶǵẀӓ ș a.2.18 Ǯ ǠȒ a.2.18 ș̓ ǠȒǯ a.2.23

Ǔ ǮǔȒǚǯǶ ǲ̂ ĶǮ șǞǦ  

( )a.2.18internalS 3EKUE D+D+D=D  

( )a.2.23externalS 3WE =D  

 

ǵ ǫЋȦɋɩȬɶǵẀӓ 4.3 Ƕ ˿˗ ǲ Ǟǋǚǯș ǞǭǋȒ ǚǵ Ƕװ ЋȦɋɩȬɶǵẀӓ

ǵΙ
ɵ

Ǔ 4.3 ǵֳ ǵ˿˗ ǵΙ
ɵ

ǲ Ǟǋǚǯș ǞǭǋȒ ǯǞǭǵȦɋɩȬɶǓ˿˗ ǯֿǟ Ǯǉװ

Ȓǚǯșʺ█ǞǭǋȒ ǮǶǱǋ a.2.23 Ƕ ǹǯǫǵ ἧș ǯǞǭ Ǎǚǯș̌ὑǞǭǋȒ ǵȦ

ɋɩȬɶǵͪἭѸ a.2.23 ș ǯǞǭ ǍǚǯǮǶ 4.3 ǯ ͔ǮǉȒǚǯș̌ὑǮǔȒ  

( )3.4dresultant 3ñ Ö=D
b

a
pE sF  

3 Ǯ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ș 3.4 Ǯὑ ǞǦ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ 3.4

ǮǶ ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǓṔқǠȒǯֳ ǵ˿˗ Ƕ ᾜǠȒ ǲ 3.4 ǵ‼ ǵɛɄɱȵɡ

ɩȦɋɩȬɶǵẀӓ Ǔ ᾜǠȒǯֳ ǵ˿˗ ǶṔқǠȒ ǚǵȏǍǲ ǯǞǭǶ ȦɋɩȬɶǑȏǺ˿˗

ǯǶ Ǔװ ǱȒ ȦɋɩȬɶǵṔ Ƕ ˿˗ ǵṔ ǯǶ ǲǱȒǚǯș 3.4 Ǯ ǞǭǋȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

 

a.2.18 ǑȏǺ a.2.23 ș̓ ǠȒǯ ǵȦɋɩȬɶͪἭѸ a.2.16 ș ǮǔȒ ǚǚǮ ἧș ǯǞ

ǭ ǞǦḹֻǵЋȦɋɩȬɶǵẀӓ a.3.22 ș a.2.18 ǲ̓ ǠȒǯ a.3.25 ǲǱȒ  



A LIFE COM.  
─ ⌂ 2007 

 
 

44 

( )a.2.16externalinternal 3WEKU =D+D+D  

( )a.3.25internal

2 3EKUcm D+D+D=³D  

ǵ ҲȦɋɩȬɶǶ Ǥǵ ǵֺ ǵ ҲȦɋɩȬɶǵ ᴇǮǉȒ a.2.18 ș̓ ǠȒǯ ǵ

ҲȦɋɩȬɶǵẀӓ Ƕ a.3.26 Ǯ ǮǔȒ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵ ҲȦɋɩȬɶǶ

a.3.11 ș̓ ǠȒǯ a.3.27 Ǯ ǮǔȒ ǦǧǞ a.3.27 ǮǶ ǵ ҲȦɋɩȬɶș ֵ SK Ǯ ǞǦ

ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵ ҲȦɋɩȬɶǵẀӓ Ƕ a.3.27 ǒȐ a.3.28 Ǯ ǮǔȒȉǵǯ

ǠȒ  

( )( )a.3.26internalS 3EUEK D+D-D=D ǵ ҲȦɋɩȬɶǵẀӓ  

( )a.3.11J 0 3EEK -= ҲȦɋɩȬɶ 

( )a.3.270S 3EEKS -= ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵ ҲȦɋɩȬɶ 

( )a.3.280S 3EEKS D-D=D ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵ ҲȦɋɩȬɶǵẀӓ  

a.2.16 ǵ ֵș̓ ǠȒǯ ǵЋȦɋɩȬɶǶ a.3.29 Ǯ ǮǔȒ ǵɛɄɱȵɡɩȦɋɩȬɶǶ

Ǥǵ Кǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶǵ ᴇǮǉȒ ǵЋȦɋɩȬɶǶ a.3.27 ǒȐ a.3.30

Ǯ ǮǔȒ ǚǵ ǮǶ ǵЋȦɋɩȬɶ a.3.30 Ƕ ǵЋȦɋɩȬɶǮǉȒǵǮ Ǥǵ ǵɛɄɱȵ

ɡɩȦɋɩȬɶǶǤǵ ǵ ȦɋɩȬɶ 0E ș ǠȒ a.3.30 ǵֳ ǵ Ƕ ĚĚ ǯǞǭ Ǎ

ἧǵ ǮǉȒ ĚĚǵ ҲȦɋɩȬɶǮǉȒ ǚǵǚǯǒȐ Ǥǵ ǵɛɄɱȵɡɩȦɋɩȬɶǶ a.3.30 ǵֳ

ǵ ǲ ǠȒǚǯǓ ȐǒǮǉȒ  

( )a.3.29internalS 3EKUE ++=  

( )a.3.300S 3EKE S+=  

a.3.30 ǵֳ ǵ ǲ ǞǦ ȦɋɩȬɶǶ a.3.29 ǵ ǵɛɄɱȵɡɩȦɋɩȬɶș̓ ǠȒǯ

a.3.31 Ǯ ǮǔȒ ȦɋɩȬɶ a.3.31 ǵֳ ǵ Ƕ ǵɛɄɱȵɡɩȦɋɩȬɶ̊ẆǮ Ȧɋ

ɩȬɶ 0E ș ǠȒȦɋɩȬɶǮǉȒ  

( )a.3.3100 3aEUE +=  

ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵ ҲȦɋɩȬɶǵẀӓ a.3.28 ǒȐ a.3.32 ș ǮǔȒ a.2.23

ș̓ ǠȒǯ ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ǵЋȦɋɩȬɶ a.3.32 ș a.3.33 ǲ ǔ ǠǚǯǓǮ

ǔȒ  

( )a.3.320S 3EKE S D+D=D  

( )a.3.330external 3EKW S D+D=  

ȦɋɩȬɶ a.3.31 ǵẀӓ ș a.3.34 Ǯ ǮǔȒȉǵǯǠȒ ȦɋɩȬɶǵẀӓ a.3.34 ș a.3.33

ǵֳ ǲ̈ЊǠȒǯ a.3.35 ș ǮǔȒ  

( )a.3.3400 3aEUE D+D=D  

( )a.3.350external 3aEUKW S D+D+D=  

a.3.35 ș a.3.36 ǲ ǔ ǠǚǯǓǮǔȒ ǚǚǮ Ǯ ǞǦ ǵК ȦɋɩȬɶǵẀӓ a.2.10

ǯ a.3.36 ș ǠȒǯ a.3.36 ǵ‼ Ƕ ǵК ȦɋɩȬɶǵẀӓ ǮǉȒǚǯǶ ȐǒǮǉȒ a.3.36 ǵ

‼ șК ȦɋɩȬɶǵẀӓ ǯǞǭ a.3.37 ǵֳ ǵ ֵǮ ǠȒǯ a.3.34 ǵֳ Ƕ a.3.38 ǲ ǮǔȒ  

( )( )a.3.36external0 3SKUWE D+D-=D a  

( )( )a.2.10externalinternal 3KUWE D+D-¹D  

( )a.3.37 intenal0 3aa EE D=D  

( )a.3.38 intenal0 3aEUE D+D=D  
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a.3.38 ǵֳ ǲ ǞǦК ȦɋɩȬɶǵẀӓ Ƕ a.3.29 Ǯǵ ș ἧǯǞǭ ǪǦḹֻǵ ᾍר

Ǯǵ ǵЋȦɋɩȬɶǵ ȦɋɩȬɶș ǞǭǋȒ ǵК ȦɋɩȬɶǵẀӓ ǮǉȒ ǚǵ Ǯǵ ἧ

ș ǞǭǋȒ ș a.3.29 ǵ ǲ ǞǋȉǵǯǞǭǋȒǵǮ ֿʝ Ǯǵǹǯǫǵ ǵК ȦɋɩȬ

ɶǓʝ ǲὑȅȒǚǯș̌ὑǠȒǯ a.3.39 ǲǱȒ  

( )a.3.39intenal intenal 3EE D=D a  

a.3.39 ǵֳ ǵ ֵș̓ ǠȒǯ a.3.31 Ƕ a.3.40 Ǯ ǮǔȒ a.3.40 ǮǶ ᾍר Ǯǵ ǵЋ

ȦɋɩȬɶǵ ȦɋɩȬɶǶ ĚĚǤǵ ș ἧǯǞǭ ǪǦḹֻș̌ὑǠȒ ĚĚǤǵ ἧș ǞǭǋȒ

ǵɛɄɱȵɡɩȦɋɩȬɶǑȏǺК ȦɋɩȬɶǮ ǮǔȒǚǯǲǱȒ  

( )a.3.40internal0 3EUE +=  

a.3.39 ș̓ ǠȒǯ a.3.36 Ƕ a.3.41 Ǯ ǮǔȒ a.2.10 ǑȏǺ a.3.41 Ƕ a.3.42 ǵȏǍǲ Ǟ

ǋ ǚǵǚǯǶ a.2.10 ǑȏǺ a.3.41 ǵ‼ Ǔ ǞǋǚǯǒȐ ȐǒǮǉȒ  

( )( )a.3.41externalinternal 3SKUWE D+D-=D  

( ) ( )( )a.3.42externalexternal 3SKUWKUW D+D-=D+D-  

a.3.42 ǒȐ a.3.43 șᾚїǮǔȒ a.3.43 ǮǶ ᾍר Ǯǵ ǵ ҲȦɋɩȬɶǵẀӓ a.3.28

Ƕ ǵ ҲȦɋɩȬɶǵẀӓ a.3.26 ǲ Ǟǋǚǯș ǞǭǋȒ a.3.43 ș̓ ǠȒǯ ᾍר Ǯ

ǵ ǵЋȦɋɩȬɶ a.3.30 Ƕ a.3.44 Ǯ ǮǔȒ  

( )a.3.433SKK D=D  

( )( )a.3.44, 0

2

0S 3KEcmEKE +=³+=  

К ȦɋɩȬɶǵẀӓ a.3.39 ǵֳ ș̓ ǠȒǯ ǵ ȦɋɩȬɶǵẀӓ a.3.38 Ƕ a.3.45 Ǯ

ǮǔȒ a.3.45 ǵ‼ ǲ a.3.24 ș̈ЊǠȒǯ a.3.46 ș ǮǔȒ a.3.46 ǮǶ ȦɋɩȬɶǵẀӓ a.3.24

ș ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǑȏǺК ȦɋɩȬɶǵẀӓ Ǯ ǞǭǋȒ  

( )a.3.45internal0 3EUE D+D=D  

( )a.3.242

00 3cmE ³D=D  

( )a.3.46internal

2

0 3EUcm D+D=³D  

a.3.2 ǑȏǺ a.3.15 ǮǶ ȦɋɩȬɶǵͪἭǑȏǺ ǵͪἭș ǞǭǋȒȉǵǯ ǮǔȒ ɉɣɶɆɱ

ҘἶǮǶ ȦɋɩȬɶǵͪἭǑȏǺ ǵͪἭǶǹǯǫǵ ѸǮ ǠȒǚǯǓǮǔǱǒǪǦȉǵǯ ȖȓȒ ʝ

ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶȦɋɩȬɶǵͪἭǑȏǺ ǵͪἭș a.3.2 ǑȏǺ a.3.15 ǮǶǹǯǫǵ

╛Ǯ ǠȒǚǯǓǮǔȒ ǚǵǚǯǶ ȠȢɱȵɣȽȢɱǵ ᾍר ǵ Ǳ ǵǹǯǫǯǞǭ ʝ ǲǶ

ȖȓȒ ʣ ǮǵȠȢɱȵɣȽȢɱǵ ᾍר ǵȦɋɩȬɶǑȏǺ ᾍ ǵẀ ǲǫǋǭǶ ǲ

șǞǭǉȒ ǵẀ Ƕ ǫǵ ↔ר ǵ Ǯ ǠȒẀ ǵǚǯǮǉȒ  

( )a.3.2J 

1

2

2

2

0 3c

c

v

m
E ³

-

=  

( )a.3.1523cmE S³=  

 

 

Ƕ ἧ ǮǵȦɋɩȬɶǲǫǋǭǵ șǠȒ ǵɓȡɧɟɱɆǵȏǍǲ ̱ǓϽș ǫǚǯǓǉȒ

ǤǵȏǍǱϽș ǫ Ƕ ǵ ᾑĚĚ ᾑǯȉᴀǽ ĚĚȉǞǭǋȒ ǚǵ ǵ ᾑǮǶȦɋɩȬɶș їǞǭ

ǋȒǚǯǲǱȒ ǚǵ ǵ ᾑǵȦɋɩȬɶǶ ǵȦɋɩȬɶǯǞǭ ǠȒǚǯǓǮǔȒ  
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ǵȦɋɩȬɶǵ Ǯ ᾑǯᴀǷȓȒ ǵ ᾑǲǫǋǭǵ Ǔ ȖȓǦ ʝ Ǳ ↓ǲǱǪǭǋȒ

ĚĚ Ȓ ̱ǵṢș ǋǭ ǘǦᾛǜǱ ǵǚǯ ĚĚș ǠȒǚǯǮ Ǳ ᾑș ᾑǮǶ ǏȒ ǚǚ

Ǯǵ Ǳ ᾑǵȷɘȭɆɩǵ Ƕר ș ǞǭǋȒṢǵ ǵȆǮ ὑǠȒ ǤǞǭ Ǥǵ ᾑǵȷɘȭɆɩ

ǵ Ƕר ǵ ◐ǑȏǺẎǔǜǲȏȐǱǋȉǵǯǠȒ ǚǚǮǵȷɘȭɆɩǵ Ƕר ȷɘȭɆɩ ᾑǵ Ǯ

ᾑǵȦɋɩȬɶǵїҘș Ǟǭ Ǥǵ șר ȖǠ ǦǧǞ ʝ ǲǶ ϽǵȷɘȭɆɩǯǶϽșȷɨɁɆǑȏǺ

ɕɨȸɞǱǰș̓ Ǟǭ ǲȏǪǭѝ Ǟǭ ǤǵϽǵȦɋɩȬɶș̓ǪǭɕɪɶɆǱǰǲ ǞǦ ǵ ѝș

ǞǦ ɵₑǱǰǮ ǜȓȒ ϑǵǚǯǮǉȒ  

₴ǲ ɇȢɂǵ ἶ ǮǉȒɜɁȭȷ ɕɧɱȭ Max Planck Ǔ ᾑǮǵȦɋɩȬɶǵ ἧӓș̌

ὑǞǦǚǯǓḸףǜȓǭǋȒ ǤǵȦɋɩȬɶǵ ἧӓǶ ǵȏǍǱȉǵǯǞǭ ǜȓǭǋȒ ᾑǓ ǟȒ

ș ǞǭǋȒṢКǮǵ ἧǲȏȒ Ҳἧș ǏȒ Ǥǵ ҲἧǶ ȦɋɩȬɶ a.3.47 Ǯ ǮǔȒʥ ǱȦɋ

ɩȬɶΙǒȐ Ȓ Ȓ ֻș ǞǭǋȒȦɋɩȬɶǵȆș֛טǉȒǋǶ їșǮǔȒȉǵǯ̌ὑǠȒ ǦǧǞ

a.3.47 ǵֳ ǲ ǞǦ a.3.48 Ƕɕɧɱȭὑ Planck constant ǯᴀǷȓȒȉǵǮǉȒ ǤǞǭ a.3.47

ǵֳ ǲ ǞǦ a.3.49 Ƕ ἧ ǯᴀǷȓȒȉǵǮǉȒ ἧ a.3.49 Ƕ ̊ʣǵ ǮǉȒ a.3.47 ǵֳ

ǲ ǞǦ a.3.50 Ƕק ǮǉȒ  

( )a.3.47J 3nÖÖ= hnE ɕɧɱȭǵȦɋɩȬɶǵ ἧӓ 

( )a.3.48s J 10040(81) 070 626.6 34 3-³=h ɕɧɱȭὑ  

( )a.3.49  ,2,1,0 33=n ἧ  

( )a.3.50Hz 3Ʊn ק  

a.3.47 ș̓ ǞǦȦɋɩȬɶǵʥ ǵǦȈǲר Ǥǵ ҲἧǶẼ̲ǱȒȦɋɩȬɶǮȉ֛טǉȒǋǶ їǮǔȒǯ

ǍǚǯǲǶǱȐǱǋ ȦɋɩȬɶ a.3.47 ǮǶק a.3.50 șᶭὑǞǭὑ ǯǞǭ Ǫǭȉ ἧ a.3.49 Ǔ

ẎǔǖǱȒǯ ǤǵȦɋɩȬɶǵΙǶẎǔǖǱȒ ǤǞǭ ἧ a.3.49 Ƕ ̊ʣǵ ǮǉȒǵǮ ȦɋɩȬɶ

a.3.47 ǵΙǶʥ ǲẎǔǖǱǪǭǋǖ ʝ ȦɋɩȬɶ a.3.47 ǵ ἧ a.3.49 șᶭὑǞǭὑ ǯǞǭ

ǋ ק a.3.50 șẎǔǖǞǭǋǖǯȦɋɩȬɶ a.3.47 ǵΙǶẎǔǖǱȒ ǤǞǭ ǚǚǮǵɕɧɱȭǵ̌ὑǮ

ǵ ҲἧǶ Ȓ ֻș ǞǭǋȒȦɋɩȬɶǵȆș֛טǉȒǋǶ їǮǔȒ ǚǵǦȈǲ Ǥǵ Ҳἧǲ ȅǪǭǋ

Ȓק a.3.50 ǮǱǋǯ Ǥǵ ֻș ǠȒȦɋɩȬɶǲǶǱȐǱǋ  

₴ǲ ǵȏǍǱ̌ὑșȠȢɱȵɣȽȢɱǓǞǦȉǵǯǞǭḸףǜȓǭǋȒ ϽǶ ǤǵϽǵȦɋɩȬɶǓ

ʴǞǭ ᾛǜǱḿǯǞǭ Ȓ Ǎ ǚǯș̌ὑǞǦ Ǥǵ̌ὑǜȓǦϽǵȦɋɩȬɶǵᾛǜǱḿșϽ ἧ light 

quantum ǯᴀǽ ǤǞǭ ǹǯǫǵϽ ἧǶ a.3.51 ǵȦɋɩȬɶș ǫ a.3.51 ǵֳ ǲǶɕɧɱȭὑ a.3.48

ș ǞǭǋȒ a.3.51 ǵֳ ǲǶ ǤǵϽǵק a.3.52 ș ǞǭǋȒ  

( )a.3.51J 3nÖ=hE Ͻ ἧǵȦɋɩȬɶ 

( )a.3.52Hz 3Ʊn ק  

֦Ж Ǯǵ ἶǮǶ ϽǶ ǯǱȒ ǮǉȒǚǯș ǞǭǋȒ ϽἶǮȉϽș ҲǯǞǭ Ǫǭǋ

Ȓ Ω̲ϽἶǮȉ ǵᾑ ș̓ ǞǭϽ ș ǠȒǚǯǓǮǔȒ ʝ Ͻ ἧǵ̌ὑș̓ ǠȒǯ Ͻ șϽ ἧ

ǵ ǮǉȒȏǍǲ Ȓ Ǎȉǵ ǯ ǠȒ ₴ ᷀ǮǶ ƼȱɱɕɆɱҧ ƽǯᴀǷȓȒὕ ǮϽ ἧǵᾛ

ǜǱḿș ἶǮǵ ἧǯǞǭ ǏȒǚǯș ʝ ǲ ȈȐȓǭǋȒ ǚǵǚǯǮ Ͻ ἧǵᾛǜǱḿș ἧǯǞǭ

ǋ ƼϽἧƽǯᴀȚǮϽ ἧǯǶ ǱȒ ἶʣǵ ǮǉȒǚǯșӢѩǠȒ  

a.3.51 ǮǶɕɧɱȭǵ ᾑǮǵȦɋɩȬɶǵ ἧӓǵ a.3.47 șꜘ Ǟǭ ȠȢɱȵɣȽȢɱǓϽ ἧǵȦ

ɋɩȬɶș̌ὑǞǭǋȒȉǵǯǞǭḸףǜȓǭǋȒ ₴ǲǶȱɱɕɆɱǶƼȱɱɕɆɱҧ ƽǯᴀǷȓȒὕ

ǮϽἧǯǞǭ ǏȒḹֻș ǞǦǚǯ ǓḸףǜȓǭǋȒ  
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ĸ.ɫɶɪɱɂẀ ǲ ̧ǠȒḹֻǵ ᾍ ǑȏǺ ᾍ ǮᾚїǠȒȪɨɪȢẀ  

↔ר ǲǶ SǑȏǺ S Ǯ ǑȏǺ ș ǱȒȉǵǯǞǭ ǠȒ ↔ר Ƕ ǜ a.4.1 Ǯ

ׄǲ ↓ ҲǞǭǋȒǚǯș SǑȏǺ S ǵ ↔ר ʣǮ˛ǋǲ ǮǔȒǚǯș̌ὑǞǭǋȒ ǚǚǮ ↔ר

Ǯ̓ ǠȒ ǶǹǯǫǮǶǱǋ ↔ר ʣǲ Ȓ ǱȒ Ǯ ǠȒ Ƕ ↔ר S ʣǵֺ̬

a.4.2 ǲὑ ǜȓǭǋȒ ↔ר Sʣǵֺ Ƕ ֿ Ǔ֝ȐȓǭǋȒ ↔ר S Ǯȉֿ ǮǉȒ ↔ר

Sǵֺ̬ a.4.2 ǵ Ƕ ↔ר S ǵֺ̬ a.4.3 ǵ ǯǶֿ ș֝ǪǭǋǱǋ  

( )1.4.a 3u  

( ) ( )2.4.a ,, 3zyx  

( ) ( )3.4.a ,, 111 3zyx  

↔ר Sǵ ǵ Ƕ a.4.4 Ǯ ǠȒ ↔ר SʣǮǶ a.4.4 ǵֺ ǵֿ Ǔ֝ȐȓǭǋȒ

ǵǮ Ƕ a.4.4 ǵȆǮ ǮǔȒ  

( )4.4.a 3t  

↔ר S ǵ ǵ Ƕ a.4.5 Ǯ ǠȒ ↔ר S ʣǮǶ a.4.5 ǵֺ ǵֿ Ǔ֝ȐȓǭǋȒ

ǵǮ Ƕ a.4.5 ǵȆǮ ǮǔȒ  

( )5.4.a 13t  

a.4.6 a.4.9 ǓɫɶɪɱɂẀ ╛ Lorentz transformation equations ǮǉȒ ɫɶɪɱɂẀ Ǯ̓ ǠȒ

͜ coefficient ǲ a.4.10 ș̌ὑǞǭǋȒ ǵẀ ╛ a.4.9 ǑȏǺ͜ a.4.10 ǲ ʴǵϽǵ ǜ a.3.3

ș ǞǭǉȒ ɫɶɪɱɂẀ Ǯ̓ ǜȓȒ ↔ר Ƕ ȠȢɱȵɣȽȢɱǵ ᾍר ǵȉǵǮǉȒĚĚᶫ

a.4.1ǲ ǞǭǋȒ ĚĚ  

 

( ) ( )6.4.a 1 3tuxx Ö-Ö=g ↔ר S ǵ x ǵΙ 

( )7.4.a 1 3yy = ↔ר S ǵ y ǵΙ 

( )8.4.a 1 3zz = ↔ר S ǵ z ǵΙ 

( )9.4.a
21 3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g ↔ר S ǵ t ǵΙ 

( ) ( )a.4.10 const.

1

1

2

2
3=

-

=

c

u
g  

ᶫ a.4.1 ȠȢɱȵɣȽȢɱǵ ᾍר Ǯǵ ↔ר

 

x 

y 

z 

↔ר S 

x1 

y1 

z1 

u Sǵ x ѝǑȏǺ t ѝǮ ǞǦ S1ǵ ↓ 

 

↔ר S1 

ԍ O 
ԍ O1 

 

↔ר Sǵԍ O ǑȏǺ ↔ר

S1ǵԍ O1ș t=t1=0Ǯʝ ǜǢȒ  
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( )a.3.3
s

m
 458 792 299 3=c ʴǵϽǵ ǜ 

ɫɶɪɱɂẀ ǵ a.4.6 ǑȏǺ a.4.9 ǮǶ ↔ר inertial coordinate -system ǵ ↓ǵ ǜ a.4.1 ș

ʴǵϽǵ ǜ a.3.3 ǯ ǞǭǋȒ ǚǵǚǯǮ ֺ ↔ר ǵ̬ ǑȏǺ ǵẀ Ǔ ὑǠȒ ǵ

Ẁ ╛ a.4.9 ǮǶ ǑȏǺ̬ ǵ ᾍרș ǞǭǋȒ ↔ר S ǵ ʣǵ̬ xǲὑ ǞǦ ǵ

a.4.4 Ƕ ↔ר S ǵ ʣǵ̬ 1x ǲὑ ǞǦ ǵ a.4.5 ǲẀ ǮǔȒǚǯș a.4.9 Ǯ Ǟǭ

ǋȒ ǵẀ a.4.9 ǮǶ ᾍ absolute time șבὑǞǭǋȒ ɫɶɪɱɂẀ ǵ ↔ר ǵ ǜ a.4.1

Ƕ a.4.11 ǵȏǍǲ ʴǵϽǵ ǜ a.3.3 ̊ʣǲǶǱȐǱǋ ǦǧǞ ֺ Ƕ Ǥǵ ↔ר ʣǵֺ̬ Ě

Ěx ǑȏǺ z Ǯ↔ șʦǏȒ ĚĚǲὑ ǞǭǋȒ  

( )a.4.11 0 3cu<¢  

͜ a.4.10 Ƕ a.4.12 ǵȏǍǲΙș♬Ȓ ͜ a.4.10 ǮǶ ↔ר SǑȏǺ ↔ר S1Ǔ˛ǋǲ ↓

ǵ ǜ a.4.1 Ǯ ҲǞǭǋȒǚǯș a.4.11 Ǯ̌ὑǞǭǋȒ ǚǵǚǯǮǶ a.4.10 Ǯ ᾍ absolute space

șבὑǞǭǋȒ ǚǵǚǯǶ ǵẀ a.4.9 ǑȏǺ̬ ǵẀ a.4.6 Ǯȉ ǞǭǋȒ  

( )a.4.12 1 3¤<¢g  

ɫɶɪɱɂẀ ǵ ↔ר ʣǮǶ ʴǵϽǵ ǜ speed of light in a vacuum ǮϽǓ ҲǞǭǋȒ

ǚǯșЏ ǯǞǭǋȒ ǚǵЏ Ƕ ᾍר the special theory of relativity Ǯ ǞǭǋȒ ϽǓ Ǯ

ǉȒǚǯǶ ἶ electromagnetism Ǯ ǞǭǋȒ Ǔ ǫȦɋɩȬɶșͪ ǜȓȒǚǯǮ ᾍר

ǮǶȦɋɩȬɶș ר inertial mass ǲẀ ǮǔȒ ǚǵ ר ș̓ Ǟǭ ɫɶɪɱɂẀ ǵ ↔ר

ʣǮǶ ʴǵϽǵ ǜǮ ↓ ҲǠȒϽǵ ἧș̌ὑǞǭǋȒ ǤǵϽǵ ἧǶ ǵר Ѹ the law of inertia

ș ǞǭǋȒ Ǥǵ ἧǵ ר Ǯ ǵר Ѹș ǠȒǚǯǓǮǔȒ ǵר ѸǶ Ͻǵ ἧǵ ҲȦɋɩ

Ȭɶ kinetic energy ǵẀӓ Ǯ ǮǔȒ ר ǵẀӓ Ƕ ǵ ǫЋȦɋɩȬɶǵẀӓ ș ὑǮǔȒ

ר Ǔ Ҙ gravitational mass ǲ ǞǋǚǯǮǶ Ҙ ǵẀӓ ǵ Ǯ ǵ ǫЋȦɋɩȬɶǵẀ

ӓ ș ὑǮǔȒ Ҙ ǵ ǮǶ ʝ ᾍר the general theory of relativity ș̓ ǠȒ ʴǵϽ

ǵ ǜ speed of light in a vacuum ǓẀӓǠȒǚǯǮǶ Ҙḹș̌ὑǞǭǋȒқ ↓↔ ʣǮǵ ↔ר ʣǵ

ʴǵϽǵ ǮǉȒ Ͻ ʥẀǵԍ Ǔ ↔ר ʣǮͪ ǜȓǭǋȒ ↔ר ʣǮǶ ǵר ѸǓͪ ǜ

ȓǭǋȒ қ ↓↔ ʣǮǶ ǵר ѸǶͪ ǜȓǭǋǱǋ Ͻǵ ἧǵ ǜǓẀӓǠȒǚǯǮǶ ǤǵϽǵ ἧ

ǵ ר ǓẀӓǠȒ Ͻǵ ἧǵ rest mass ǲǶ ș̌ὑǞǭǋȒ Ͻǵ ἧǵ ר ǵẀӓǶ Ǥǵ

Ͻǵ ἧǵ ҲȦɋɩȬɶǵẀӓș ὑǮǔȒ  

ʴǵϽǵ ǜ speed of light in a vacuum ǓẀӓǠȒǯ ʴǵϽǮ ș ǞǭǋȒǵǮ ǵẀӓ

ǓẀӓǠȒ ҘḹǓ ǲ ǮǉȒǒҲ ǮǉȒǒș ǠȒǚǯǮ ɉɣɶɆɱǵʠ ╠Ҙǵ Ѹ Newtonõs law 

of universal gravitation Ǔ ̧Ǯ ǠȒǒǰǍǒș̌ὑǠȒ Ǥǵ ǮǶ Ҙḹ gravitational field ș̌ὑ

ǞǭǋȒқ ↓↔ ǵқ ↓Ǯ ̧ǵ ǓǮǔȒ Ͻ ʥẀǵԍ the principle of the constancy of the velocity of 

light Ǔͪ ǜȓǭǋȒ ↔ר ʣǮǶ ҘḹǶ ǮǔǱǋʣǲɉɣɶɆɱǵʠ ╠Ҙǵ ѸǶᾚїǮǔǱǋ

ɫɶɪɱɂẀ ǵ ↔ר ʣǮ ǠȒ ר inertial mass ș̓ Ǟǭ Ҙ gravitational mass ș

ǮǔǱǋǚǯǮ ǵר Ѹșͪ ǮǔȒ ǚǵȏǍǱ ǵר Ѹ the law of inertia ǵͪ ǮǶ ᾍ șבὑ

ǮǔȒĚĚ ǵר ѸǓͪ ǮǔǱǋқ ↓↔ ǮǶ ᾍ ǶבὑǮǔȒ ĚĚ ʴǵϽǵ ǜǶ a.3.3

ǵȏǍǲὑ ǮǉȒ ǚǵ ʴǵϽǵ ǜ a.3.3 ǵϽ ʥẀǵԍ Ƕ ȪɨɪȢẀ a.4.13 a.4.16 ǲ♫Ȗ

Ǳǋ  
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( )a.3.3
s

m
 458 792 299 3=c ʴǵϽǵ ǜ 

ɉɣɶɆɱҘἶ Newtonian mechanics ǵ ᾍ Ǯǵ ʴǵϽǵ ǜ speed of light in a vacuum ǲǫǋǭ

ǵ ǲǱȒ ᾍ ǮǶ ↔ר ǑȏǺ ʴǵϽǵ ǜș ǠȒ Ǥǵ ᾍ ʣǮ̓ ǠȒ ↔ר

ʣǵϽǵ ἧǵ ǜǶ ȪɨɪȢẀ ǮǶ a.3.3 șͪǫǚǯǓǮǔǱǋ ɫɶɪɱɂẀ Ǯ ʴǵϽǵ ǜǓ

Ẏǲ ǠȒǚǯș̌ὑǠȒǯ ȪɨɪȢẀ șᾚїǮǔȒ ᾍר the special theory of relativity ǵ ר

↔ ʣǵֺ̬ ǲὑ ǞǦ Ƕ ʴǵϽǵ ǜǮ ș ǠȒ Ǥǵ ʴǵϽǵ ǜǵ Ẏǿǵ ș

̌ὑǠȒǯ ֺ ↔ר ʣǵֺ̬ ǲὑ ǞǦ ǵ ǶȪɨɪȢẀ ǵ ᾍ absolute time ǯǞǭ Ǎǚ

ǯǓǮǔȒ ǚǵǚǯǶ ̂ ĸǵ♥Ǯ ǞǭǋȒ ɉɣɶɆɱҘἶǵ ↔ר Ǯ ɜȭȷȤȥɩǵ ╛

Maxwellõs Equations ș ǍǚǯǓǮǔȒȉǵǒᵂ Ǔ ǟȒ ɜȭȷȤȥɩǵ ╛ ĚĚ ǵ 4ᶥǵ̂ ĸ

ǲ ǞǭǋȒ ĚĚǵ ʴǵϽǵ ǜǶὑ ǮǉȒ Ǥǵὑ Ƕ ǮǶ a.3.3 ǵȏǍǲḸףǮǔȒ ǚǵḸ

ǮǶף ʴǵϽǵ ǜǓ Ẏǲ ǞǭǋǱǋ ǚȓǮǶ ᾍ ș ʴǵϽǵ ǜ a.3.3 Ǯ ǮǔǱ

ǋ ᾍ ǵ ǮǶ Ẏǵ ǜǮ ҲǠȒ Ǯ ș ǠȒǚǯǶʣ ǵϽǵ ἧǲǫǋǭǵ Ǯ̌ὑ

ǮǔȒ ș ǠȒ ʴǵϽǵ ǜǓ Ẏǲ ǠȒǚǯǮ ↔ר ǵֺ̬ ǲὑ ǞǦ Ƕ ᾍ

absolute space ǲ̌ὑǞǦ ᾍ ǵ ǵ ǲʝ ǠȒ ǚǵ ǮǶװ ᾍ Ǯ ǠȒ ʴǵϽǵ ǜ

Ƕ Ẏǲ ǠȒǚǯǮ ᾍר ǵ ↔ר ʣǮ ǠȒȉǵǯǶ ǱȒ Ͻ ʥẀǵԍ the principle 

of the constancy of the velocity of light Ǔ ᾍ Ǯ ǠȒǚǯș̌ὑǠȒǯ Ǥǵ ᾍ Ǔ ↔ר ǯ ǱȒ

ǚǯșẕǍ ↔ר ǒȐ ᾍ ș ǠȒǯ ᾍ Ǔ ҲșǞǭǋȒ ᾍ Ǯ ↔ר ǵ

↓ș Ǟǭ Ǥǵ ↔ר ʣǵ ǵ ↓ș ǠȒ ̀ ǵ ↔ר ʣǮ Ǥǵ ǵ ↓ș ǠȒǯȪ

ɨɪȢẀ Ǯ ǮǔȒȉǵǯ̌ὑǠȒ ȪɨɪȢẀ ǮǶ ᾍ ↓ the absolute velocity ǑȏǺ ᾍқ ↓ the 

absolute acceleration ș̓ ǠȒ ǚǵ ᾍ ↓ǮǶ ↓ǵ ᾍרș ǮǔǱǋ ֺ↔ Ǔ ҲǞǭϽ

ʥẀǵԍ Ǔ ǠȒǚǯǮ Ḩ ǯǱȒ Ƕ ǮǔǱǋ ǚǵǚǯǮ ↓Ƕ ǵ ᾍרș̌ὑǞǭ Ǡ

ȒǚǯǲǱȒ ǚǵ ǵ ᾍרǵ Ƕ ᾍ ǮǶǱǋ Ͻ ʥẀǵԍ Ǔͪ ǜȓǭǋȒ ↔ר ǮǶ ᾍ

ǵȏǍǲḨ ǯǱȒ șὑ ǞǭǋȒ↔ ǶǱǋȉǵǯ Ǎ ǚǵǚǯǮǶ ↔ר ș ǠȒ↔ Ǔ

Ͻ ʥẀǵԍ șͪ ǜȓǭǋȒ ↔ר ǲǱȒ ᾍ ʣǮϽ ʥẀǵԍ ș̌ὑǞǭǋȒ ǚȓȐǵǚǯǮǶ

ᾍ ǮǶǱǖ ↔ר ǯǞǭ ǏȒ ǤǵϽǵ ἧǵ ǜ a.3.3 Ǔ ǠȒ ǵר Ѹș ǮǔȒֺ↔

Ƕ ᾍǮǵ șǞǭǋǱǋ ↔ר ǮǉȒĚĚ ᾍר ǵ ↔ר ǵǚǯǮǉȒ ĚĚ ֺ↔ Ǔ

ǠȀǭ ᾍǮǵ șǞǭǋȒǯֺ↔ Ǔ ҲǞǭǋȒ̌ὑǲ֚ǠȒ ǚǵ ᾍǮǵ șǞǭǋȒǚǯǮ

Ƕ ɫɶɪɱɂẀ șᾚїǮǔǱǋ a.4.9 ǵ Ǔ ᾍ ǲ ǱȒǚǯǮǶ ᾍ Ǯ ǞǭǋȒ ᾍ ǮǶ

Ǳǋ a.4.9 ǵ ǮǶ ǵḨ ǯǱȒ↔ Ǔ ǮǔǭǋǱǋ ǚǵǚǯǮ ɉɣɶɆɱҘἶ Newtonian 

mechanics ǵȏǍǲḨ ǯǱȒ ș ᾍ ǲ̌ὑǞǭ ↔ר ǵ ǜș ǠȒȉǵǯǶ ǱȒ ɫɶɪɱɂẀ

ǵ ǵẀ a.4.9 ǮǶ ʴǵϽǮ Ǔ ș ǠȒ ǚǵ ǵ ș ǋȒǚǯǮ ↔ר ʣǮ

ʴǵϽǓ ҲǞǭǋȒǚǯșͪ ǞǭǋȒ ǱȒ ↓Ǯ ҲǞǭǋȒֺ ↔ר ș̌ὑǞǭ

͜ a.4.10 ǶᾚїǜȓǭǋȒ ᾍ ǑȏǺ ᾍ ș̓ ǠȒɉɣɶɆɱҘἶǵ ↔ר ǮǶ ɜȭȷȤȥɩ

ǵ ╛ Maxwellõs Equationsș ǏǱǋǚǯǲǱȒ ǚǵǚǯǮ ɉɣɶɆɱҘἶșʹ modification ǠȒ

ǚǯǲǱȒ  

ֺ ↔ר ʣǮ ʴǵϽǵ ǜǮϽǵ
ɵ

ἧ
ɵ

Ǔ ↓ ҲǞ ֺ ↔ר ʣǮǵ
ɵ

↓
ɵ

ǵ
ɵ

ᾍרș ǮǔȒĚĚ

қ ↓↔ Ǯǵ ↓ǵ ᾍרǵ ̧ǵ Ƕ ǵ ǵƼ ҘḹǮǵϽ ʥẀǵԍ ƽǮ ǞǭǋȒ ĚĚ

ᶫ a.4.2ǑȏǺᶫ a.4.3Ƕ Ǥǵ ↓ǵ ᾍרǲǫǋǭ ǏȒᶫǮǉȒ ᶫ a.4.2ǮǶ ↔ר Sʣǲḉ ʣ ǲ
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ʴǵϽș ʴǵϽǵ ǜǮ їǞǭǋȒĚĚy ׄǲ ʴǵϽǓ ↓ ҲǠȒǚǯș̌ὑǮǔȒ ĚĚ ᶫ

a.4.3 ǮǶ ↔ר S ʣǮḉ ʣ ǲ їǞǦ ʴǵϽș ↔ר S ʣǒȐ όǞǦḹֻǵᶫǮǉȒ ↔ר

S1ʣǮǶ ↔ר Sʣǵ ʴǵϽǶ ↔ר ǵ x ׄǮǉȒ ₳ ׄǲ ↓ǵ ǜ a.4.1 Ǯ Ҳș

ǞǭǋȒȏǍǲ όǮǔȒ ǚǵǦȈǲ ↔ר S1ʣǮǶ ᶫ a.4.3 ǵȏǍǲ Ȉʣ ǲ ↓ ҲǞǭǋȒȏǍ

ǲ όǮǔȒ ǚǵ Ƕ ↓ǵ ᾍרș ǞǭǋȒ ǚǵǚǯǶ ↓ǵẀ ╛ a.7.1 a.7.3 ǮȉᾚїǮ

ǔȒ ǠȀǭǵ ↔ר Ƕ ǲ ҲǞǭǋȒ Ǥ
ɵ

ǵ
ɵ

КǮϽ ʥẀǵԍ Ǔ ǞǭǋȒ ǲǶ

ș̌ὑǞǭ ֺ ↔ר Ǯ ᾍ ǲ ǱȒֺ ǯǞǭ ǍǚǯǲǱȒ ↔ר ǓἭ᷀ǞǭǋȒ Ƕ

ǲ̬ ḸșʦǏȒ ǯǞǭ̌ὑǮǔ ǵ ǯǶѝ ǮǔǱǋ ἧșɫɶɪɱɂẀ Ǯ ǞǭǋȒ ǹǯǫ

ǵ ǲ̬ ḸșʦǏȒ ǵ ѝș̌ὑǞǭǋȒ Ǥǵ̌ὑǜȓǭǋȒ ǲ ̀ǵ ↔ר Ǔ ҲǮ

ǔȒǚǯș̌ὑǞǭǋȒ Ǜǯǲ ǤǵȏǍǲ̀ǵ ↔ר Ǔ ҲǮǔȒ ș̌ὑǞǭǋȒ ǚǵȏ

Ǎǲ ǲǶ șǤȓǥȓ̌ὑǞǭǋȒ ↔ר Ǔ ҲșǞǭǋȒ ǚǵǚǯǮ ֺ ↔ר ǒȐ̀

ǵ ↔ר ǵ ↓ș ǮǔȒ ǚǵȏǍǱ ↔ר ǵ Ҳǵ όǮǶ ᾍ ș̓ ǞǭǋǱǋ

ǚǵȏǍǱ ǑȏǺ ↓ǵ ᾍרǮֺ
ɵ

↔ Ǔ ǵר Ѹșͪ ǞǭǋȒ ҲǞǭǋȒ ↔ר ǮǉȒ

ǚǯș ǮǔȒ  

 

 

ɉɣɶɆɱҘἶǮǶƲ ᾍ Ǯ ↔ר ș ǠȒ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ ǹǯǫǵ ↔ר

Ǯ̀ǵ ↔ר ș ǠȒ ǚȓȐǵ ǮǶ ǵר ѸǓ ǞǭǋȒ Ǔ ǞǭǋȒǹǯǫǵқ
ɵ ɵ

↓
ɵ

↔ ǲ Ҙḹ gravitational field ș̌ὑǞǭ ̀ǵқ ↓↔ ǑȏǺ ↔ר ș ǠȒǚǯș̌ὑǮǔȒ

ǚǵḹֻǶ ʝ ᾍר Ǯ ǠȒ Ǔ ǞǭǋȒқ ↓↔ ǵқ ↓ǲ Ǟǋ̀ǵқ ↓↔ Ƕ

ĚĚǤǵ Ǔ ǞǭǋȒǹǯǫǵқ ↓↔ ʣǮǶĚĚ ҲǞǭǋȒȏǍǲ ǮǔȒ ǜȐǲ Ǥ

ǵ Ǔ ǞǭǋȒǹǯǫǵқ ↓↔ ʣǮǶ ↔ר Ǔқ ↓ ҲǞǭǋȒȏǍǲ ǮǔȒ ǚǵ Ǯװ

Ƕ ǵר ѸǓ ǞǭǋǱǋ ǵר ѸǓ ǞǱǖǭȉ ↔ ǵ ᾍ Ǳ Ǔ ǱȒ↔ ǵ ǜǮ

̧ǵ Ǔ a.4.9 ǲ ǠȒḹֻș̌ὑǮǔȒ  

( )9.4.a
21 3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g ↔ר S ǵ t ǵΙ 

ǚǵȏǍǱɫɶɪɱɂẀ ǵᾚїș֯ ǲǞǭǋȒǚǯǮ ֺ↔ Ƕ ҲǞǭǋȒ↔ Ǯ ǵר Ѹș

ǠȒ ǚǵ Ǯװ ֺ↔ Ƕ ↔ר ǮǉȒĚĚɉɣɶɆɱҘἶǵ ↔ר ǯǶ ǱȒ ĚĚ  

 

a.4.13 a.4.16 Ƕ ȪɨɪȢẀ ╛ Galilean transformation  equation s ǮǉȒ ȪɨɪȢẀ ǵ ǵẀ

a.4.16 ǮǶ ↔ר Sǵֺ̬ ǲὑ ǞǦ ǵ a.4.4 Ƕ ↔ר S ǵֺ̬ ǲὑ ǞǦ ǵ

tuc DÖ- 22tc DÖ

tu DÖ
a.4.3 ר↔ S1ʣǮ ǠȒ ↔ר Sǵ ʴǵϽǵ ǜ 

c

a.4.2 ר↔ Sʣǵ ʴǵϽǵ ǜ 
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a.4.5 ǲ Ǟǋ ǵẀ a.4.16 Ǯ ᾍ ș̓ ǞǭǋȒǚǯǲǱȒ ȪɨɪȢẀ a.4.13 a.4.16

ǮǶ ↔ Ǔ ↓ ҲǞǭǋǱǋǮ ᾍǲ ǞǭǋȒǚǯșבὑǮǔǱǋ ǚǵǚǯǮ ᾍ ș̓ Ǟǭǋ

ȒǚǯǲǱȒ ȪɨɪȢẀ ǵ a.4.13 ǮǶ ↔ר ʣǮ ҲșǞǭǋȒȉǵșͪ ǞǭǋǱǋ ♥Ǯ

ǠȒȏǍǲ ɫɶɪɱɂẀ ǮᾚїǮǔȒ ̧ǵ╛ǯǞǭ ǠȒȪɨɪȢẀ ǮǉȒ ǚǵ ̧Ƕ ↔ר ǵ

ǜǲȉ̓ ǠȒ ǮǉȒ ↓ ҲǉȒǋǶқ ↓ ҲǮǉȒǚǯǵ ὑǶ ʴǵϽș Ǎ Ǯ Ǯǔ

Ȓ ǚǵ Ƕ ǵר ѸǓ ǠȒ↔ ǵ ὑǲǱȒ ɫɶɪɱɂẀ ǮǶ ʴǵϽǵ ǜǮϽǓ

ҲǞǭǋȒǚǯșͪ ǞǭǋȒ ᾍ ǑȏǺ ᾍ Ƕ ɉɣɶɆɱҘἶ Newtonian mechanics Ǯ̓ Ǟǭ

ǋȒ ɉɣɶɆɱҘἶǵ ↔ר ʣǮǶ ֺ̬ ǲὑ ǞǦ ǶǠȀǭ Ǟǖֿ Ǟǭֿǟ ș Ǡ ǚǵǚǯ

ǮǶ ֺ̬ ǲ șὑ ǠȒⱳ ǶǱǖ ǶǹǯǫǮӦѝǮǉȒ Ǥǵ Ǔ ᾍ ʣǮ ǠȒ ǵ Ǯ

ǉȒǚǯș a.4.13 ǵֳ ǲ ǞǭǋȒȉǵǯ ǏȒ ǦǧǞ ȪɨɪȢẀ ǮǶ ᾍ Ǯ ↔ר SǑȏǺ

S ʣǵ ǵ ↓ǵ ș a.4.13 ǵֳ ǲ Ǟǭ Ǥǵ‼ ǲ ↔ר S ʣǵ̬ ș ǠȒȉǵǯ Ǯǔ

Ȓ  

( )13.4.a 1 3tuxx Ö-=  

( )14.4.a 1 3yy =  

( )15.4.a 1 3zz =  

( )16.4.a1 3tt =  

ȪɨɪȢẀ ǮǶ ↔ר Sǵ ↓ǵ ǜ a.4.1 ǲǶʥ ╛ a.4.17 ș ǠȒ ʥ ╛ a.4.17 ǮǶ 0

̊ʣǵ ǜǮ ↓ ҲǞǭǋȒ ǚǵ ǮǶװ Ǔ Ẏǵ ǜǮ ↓ ҲǮǔȒ ǚǵǚǯǶ ᾍר

Ǯ Ǔ ʴǵ ǜș ǏȒǚǯǓǮǔǱǋǚǯǯǶ ǱȒ  

( )a.4.17 0 3u¢  

ș ҲǠȒ ǲ ǜǲ ǓǉȒǚǯǮǶ Ҳ ș ǠȒ ↔ר ʣǵֺ̬ ǲὑ ǞǦ Ƕ ǠȀ

ǭֿ Ǔ֝ȐȓǭǋȒ ǹǯǫǵ ↔ר ʣǵǠȀǭǵ ǵ̬ Ǯֿǟ ș Ǡ ǵ ǦȑǮǉȒ

a.4.18 Ǔ ǮǉȒǚǯǮǶ ɫɶɪɱɂẀ ǑȏǺȪɨɪȢẀ Ǯ ǵẀ a.4.19 Ǔ ǮǉȒ ǚǚǮǵ

ǑȏǺ Ǔ ǲׄǒǍǚǯǮǶ ↓ǵẀ ǮɫɶɪɱɂẀ ǯȪɨɪȢẀ ǯǶ ǱȒ ↓ǵẀ Ƕ

ǮᾚїǞǭǋȒ  

( )18.4.a 01 3=D=D tt  

( )19.4.a 0111 3=-=-=D=D xxxxxx  

ɫɶɪɱɂẀ ǵ͜ a.4.10 Ƕ a.4.20 ǵȏǍǲ ǔ ǠǚǯǓǮǔȒ ͜ a.4.20 Ƕ ̧╛ a.4.21

ǲ ǔ ǠǚǯǓǮǔȒ ̧╛ a.4.21 Ƕ ǜȐǲ a.4.22 ǲ ǔ ǢȒḹֻǓǉȒ  

( )a.4.20 1
2

1

2

2

3

-

ö
ö
÷

õ
æ
æ
ç

å
-=

c

u
g  

( )a.4.21
2

1
1

2

2

3
c

u
Ö+ºg  

( )a.4.2213ºg  

ɫɶɪɱɂẀ ǵ̬ ǵẀ a.4.6 Ƕ ̧╛ a.4.22 ș̓ ǠȒǯȪɨɪȢẀ ǵ̬ ǵẀ a.4.13 ǲ ̧ǵ

a.4.23 ǲǱȒ ǚǵ ǮǶװ ȪɨɪȢẀ ǵ̬ ǵẀ a.4.13 Ƕ ɫɶɪɱɂẀ ǵ̬ ǵẀ a.4.6

ǲ ̧ǞǭǋȒḹֻǓǉȒ  

( )23.4.a 1 3tuxx Ö-º  
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ɫɶɪɱɂẀ ǵ ǵẀ a.4.9 ǮǶ Ǥǵ ╩ǵʴǲ ǞǦ ǲ ̧╛ a.4.24 Ǔ ǮǔȒḹֻǓǉ

Ȓ ̧╛ a.4.24 Ƕ x ʣǵ̬ ǑȏǺ ↔ר ǵ ǜ a.4.1 ǵ ș ʴǵϽǵ ǜ a.3.3 ǵ ˆǯ

ǞǭǋȒ ǚǵǚǯǮǶ ↔ר ǵ ǜ a.4.1 Ǯ a.4.24 Ǔ ǠȒǚǯǶ x ʣǵ̬ ǯǵ ᾍרǲ

ǠȒ  

( )9.4.a
21 3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g ↔ר S ǵ t ǵΙ 

( )24.4.a0
2

3º
Ö

c

xu
ǵẀ ╛ a.4.9 ǵֳ ǲ ǞǦ ǵ ̧╛ 

̧╛ a.4.24 ǑȏǺ a.4.22 ș̓ Ǟǭ ɫɶɪɱɂẀ ǵ ǵẀ ╛ a.4.9 ǶȪɨɪȢẀ ǵ ǵẀ ╛

a.4.16 ǲ ̧ǞǭǋȒḹֻș a.4.25 Ǯ ǮǔȒ ᾍר ǮǶ Ƕ ʴǵϽǵ ǜ a.3.3 ȏȑ

ǖǶǱȓǱǋǚǯșᾚїǮǔȒ ɫɶɪɱɂẀ ǵ ǵẀ ╛ a.4.9 Ǔ a.4.25 Ǯ ǮǔȒḹֻǮǶ ר

↔ ǵ ǜ a.4.1 Ƕ ʴǵϽǵ ǜ a.3.3 ȏȑӦѝǲ ǋ ǚǵ ǮǶװ ȪɨɪȢẀ ǵ ǵẀ a.4.16

Ƕ ɫɶɪɱɂẀ ǵ ǵẀ a.4.9 ǲ ̧ǞǭǋȒḹֻǓǉȒ  

( )25.4.a1 3tt º  

ɉɣɶɆɱҘἶǮ̓ ǠȒȪɨɪȢẀ ǮǶ ǵ ǜǶ Ẏǲ Ǔ֯ ǮǉȒ ɫɶɪɱɂẀ ǮǶ ר

↔ ʣǵֺ̬ ǲὑ ǞǭǋȒ Ƕ ʴǵϽǵ ǜ a.3.3 Ǯ ș ǠȒ ɫɶɪɱɂẀ Ǯ ʴǵϽǵ

ǜǓ a.4.26 ǵȏǍǲ ǠȒǚǯș̌ὑǠȒ ɫɶɪɱɂẀ ǵ ǵẀ ╛ a.4.9 ǲ a.4.26 ǵ Ιș

ǠȒǯ a.4.27 ǲǱȒ Ι a.4.27 Ƕ Ι a.4.28 ǲ ǮǔȒ ɫɶɪɱɂẀ ǵ ǵẀ Ǯǵ

Ι a.4.28 ǮǶ ȪɨɪȢẀ ǵ ǵẀ a.4.16 ǲǱȒ  

( )26.4.a3¤c  

( )27.4.alimlim
21 3
ý
ü
û

í
ì
ë

ö
÷

õ
æ
ç

å Ö
-Ö=

¤¤ c

xu
tt

cc
g  

( )28.4.alim 1 3tt
c

=
¤

 

ɫɶɪɱɂẀ ǵ̬ ǵẀ ╛ a.4.6 ǲ a.4.26 ǵ Ιș ǠȒǯ a.4.29 ǲǱȒ Ι a.4.29 Ƕ

Ι a.4.30 ǲ ǮǔȒ ɫɶɪɱɂẀ ǵ̬ ǵẀ Ǯǵ Ι a.4.30 ǮǶ ȪɨɪȢẀ ǵ̬ ǵẀ a.4.13

ǲǱȒ  

( ){ } ( )29.4.a limlim 1 3tuxx
cc

Ö-Ö=
¤¤
g  

( )03.4.a lim 1 3tuxx
c

Ö-=
¤

 

 

Ĺ. ר duality  

Ͻ ἧǵȦɋɩȬɶǶ a.3.51 Ǯ̌ὑǞǭǋȒ ǚǵ ἧȦɋɩȬɶǶ Ͻἧ photon ǵ ἧȦɋɩȬɶǮǉȒ

ϽἧǶ Ͻǵ ἧǮǉȒ ἶǮ ϽǶ ǮǉȒǚǯș ǠȒ ϽἶǮȉ ϽǶ ǮǉȒȉǵǯǞǭ Ǟ

ǭǋȒ ϽǲǶ wave ǑȏǺ ἧ particle ǵר ș̌ὑǞǭǋȒ  

( )a.3.51J 3nÖ=hE Ͻ ἧǵȦɋɩȬɶ 

↔ר ʣǮ ↓ ҲǞǭǋȒ ș̌ὑǠȒ Ǥǵ ↓ǵ ǜǶ a.5.1 Ǯ ǠȒ Ǥǵ ↓ ҲǞ

ǭǋȒ ǓȦɋɩȬɶș ǫǚǯș̌ὑǠȒ ǤǵȦɋɩȬɶǶ ἧȦɋɩȬɶ a.5.2 ǮǉȒȉǵǯ̌ὑǠȒ
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ἧȦɋɩȬɶ a.5.2 ǵֳ ǲǶ ǓρǏȒ Ҳ a.5.3 ș ǞǭǋȒ ἧȦɋɩȬɶ a.5.2 Ƕ ᾍ

ǑȏǺ ᾍ ǮǶ ǞǱǋȉǵǯǞǭ ₴ ᷀ǵ Ƕ Ǎ ᾍר ǵ ↔ר ș̌ὑǞǭǋ

Ȓ ǜȐǲ қ ↓↔ ǲǶ ʝ ᾍר ǵȉǵș̌ὑǞǭǋȒ  

( )1.5.amasspoint_ 3Sv ǵ ↓ǵ ǜ 

( ) ( )2.5.a
wavewave _masspoint__ 3vSSvS hvE nÖ= ǵ ἧȦɋɩȬɶ 

( )3.5.a
wave_ 3vSn ǓρǏȒ Ҳ  

↔ר ʣș ǜ a.5.1 Ǯ ↓ ҲǞǭǋȒ ǵ ǫ ר inertial mass Ƕ ᾍר ǵ a.5.4

Ǯ ǮǔȒ ǵ Ҳ momentum ǵẎǔǜǶ a.5.5 Ǯ ǮǔȒ  

( )( )4.5.amasspoint__ wave
3SvS vm ↔ר ʣǵ ǵ ר  

() ( ) ()( )5.5.amasspoint_masspoint___ wavewave
3tvvmtp SSvSvS Ö= ǵ Ҳ  

↔ר ʣǮǵ ǵ Ҳ a.5.5 Ƕ a.5.6 Ǯ ǮǔȒ Ҳ a.5.6 ǵֳ ǲǶ ǓρǏȒ Ҳ

a.5.3 ǵ wavelength a.5.7 ǑȏǺɕɧɱȭὑ a.3.48 ș ǞǭǋȒ  

() ( )( )6.5.a0, wave_

wave_

_ wave
3¸= S

S

vS

h
tp l
l

Ҳ ǑȏǺ ǓρǏȒ Ҳ ǵ ǯǵ ͜ 

( )7.5.awave_ 3Sl ǓρǏȒ Ҳ ǵ  

( )a.3.48s J 10040(81) 070 626.6 34 3-³=h ɕɧɱȭὑ  

Ǔ ǫЋȦɋɩȬɶ a.5.8 Ƕ ᾍר ǮᾚїǮǔǦ a.5.8 Ƕ ǮᾚїǞǭǋȒ Ǔ

ǫЋȦɋɩȬɶ a.5.8 ǵֳ ǲǶ Ǔ ǫ ר a.5.4 ǑȏǺ ʴǵϽǵ ǜ a.3.3 ș ǞǭǋȒ  

( ) ( ) ( )8.5.a2

masspoint__masspoint__ wavewave
3cvmvE SvSSvS Ö= ǵ ǫЋȦɋɩȬɶ 

( )a.3.3
s

m
 458 792 299 3=c ʴǵϽǵ ǜ 

ǓρǏȒ Ҳ a.5.9 Ƕ ʴǵϽǵ ἧȦɋɩȬɶș̓ ǠȒǚǯǮᾚїǮǔȒ ǵƼ ἶ

Ǯǵ ǵ ƽǮ ǓρǏȒ Ҳ a.5.9 șᾚїǞǦ  

( )
( )9.5.a

2

masspoint__

_
wave

wave
3

h

cvm SvS

vS

Ö
=n ǓρǏȒ Ҳ  

Ҳ a.5.6 ǵֳ ǵ Ƕ ǓρǏȒ Ҳ a.5.9 șᾚїǠȒ ǲ̓ ǠȒ ʴǵϽἧǵρǏȒ a.5.10

ș̓ ǠȒǚǯǮ a.5.11 ǲǱȒ Ǥǵ ǓρǏȒ a.5.11 ǲǶ Ǥǵ ǵ a.5.12 ș Ǟǭǋ

Ȓ ǵ a.5.12 Ƕ Ǔ ǲ Ǯὑ ǞǦȉǵǮǉȒ  

( )10.5.a_ 3cSl ʴǵϽἧǵρǏȒ  

( )
( )( )

( )( )11.5.a0,

1

masspoint_

2

masspoint__

2

masspoint_0

_

wave_

wave

3¸

-

= S

SvS

S

cS

S v

vm

m

l
l ǓρǏȒ  

 ( ) ( )( )a.5.120,1 masspoint_

2

masspoint_

masspoint__masspoint_0 wave
3cv

c

v
vmm S

S

SvSS ¢¢ö
ö
÷

õ
æ
æ
ç

å
-Ö¹ ǵὑ ǤǵϽἧǵρǏȒ  

a.5.11 șᾚїǠȒ ǲ Ǥǵ ǵ ↓ǵ ǜ a.5.1 ǑȏǺ ǓρǏȒ Ҳ a.5.9 ǵ ǵ ǜ a.5.13

ǯǵ ͜Ƕ a.5.14 ǲǱȒǚǯș Ƽ ἶǮǵ ǵ ƽǮ̌ὑǞǦ ᾍר ǵ ↔ר Ǯ

ǵ ǮǉȒǵǮ ǵ ǜǶ ʴǵϽǵ ǜȅǮǯǱȒ ǚǵǚǯș̓ ǠȒǯ a.5.14 ǮǶ ǓρǏȒ
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ǵ ǜǶ ʴǵϽǵ ǜș ǏȒǚǯǲǱȒ   

() ( )( )a.5.130, wave_wave__wave_ wave
3¸Ö= vSSvSS tv lln ǓρǏȒ Ҳ ǵ ǵ ǜ 

() ()
( )( )41.5.a0,1 masspoint_

masspoint_wave_
3¸=Ö S

SS
v

c

tv

c

tv

 

a.5.14 Ƕ Ҳ a.5.6 șᾚїǠȒ ǲ̌ὑǞǦȉǵǮǉȒ ǚǵǚǯǶ ᾍר ǮǵᾚїǮǉȒǵǮ

Ҙș ǍǚǯǶǮǔǭȉ ҘǶ ǍǚǯǶǮǔǱǋ ǚǵȏǍǱ ǮǶ ʝ ᾍר Ǯ Ҙș Ǎ ǲ ᾍ

ר ǵ ↔ר ș̓ ǠȒǵǮ a.5.14 Ƕ ҘǮȉ Ƕ֯ ǮǉȒ ǚǚǮǵ Ƕ ǓἭ᷀ǠȒ̬ ǲ

a.5.10 ș̌ὑǞǭǋȒ Ƕ ǵ ǜǮǉȒ a.5.4 ǵ Ƕ ר inertial mass ș ǪǦ ǮǉȒ

ǵ̬ ș Ǡ↔ ǵ Ƕ Ǥǵ ǓρǏȒ ǵ ǜǵӢ КǲἭ᷀ǠȒȉǵǯ̌ὑǮǔȒ ǤǵӢ Кǵ̬ Ƕ

ǓρǏȒ Ҳ a.5.9 ǵ Ǯ ǓἭ᷀ǠȒ↔ ǵ ǓǰǚȐ ǲǉȒȉǵǒș ǏȒǦȈǵ ḸǯǱȒ Ǥǵȏ

ǍǱ Ƕ Ҳ a.5.9 ǑȏǺ a.5.11 Ǯ̌ὑǠȒ ↓ǵ ǵ ȓǮ ǠȒ ǮǉȒ ↓ a.5.15 Ǯ

Ƕ a.5.16 ș̓ ǞǭǋȒ ↓ a.5.17 Ƕ ↔ר ʣǮ ↓ ҲǞǭǋȒ ǵ ǜ a.5.1 ǲ

Ǟǋ  

( )a.5.15
d

d

wave_

_

 velocitygroup
wave3

S

vS
v

k

n
= ↓ 

( )( )a.5.160,
1

wave_

wave_

wave_ 3¸= S

S

S l
l

k  

( )a.5.17masspoint_  velocitygroup 3Svv = ǵ ↓ǵ ǜ 

( )1.5.amasspoint_ 3Sv ǵ ↓ǵ ǜ 

ᾍר ǵ ҲȦɋɩȬɶǶ a.3.11 ǮǉȒǚǯș ǞǦ ר ș̓ ǠȒǯ a.5.18 Ǯ Ǯǔ

Ȓ a.5.18 ǵֳ ǲǶ ר ǵẀӓ a.5.19 ș ǞǭǋȒǵǮ ҲȦɋɩȬɶ a.5.18 Ƕ a.5.20 Ǯ

ǮǔȒ  

( )a.3.11J 0 3EEK -= ҲȦɋɩȬɶ 

( ) ( ) ( )a.5.182

masspoint_0

2

masspoint__ wave
3cmcvmK SSvS Ö-Ö= Ǔ ǫЋȦɋɩȬɶǮ ǠȒ ҲȦɋɩȬɶ 

( ) ( )a.5.19masspoint_0masspoint___ wavewave
3SSvSvS mvmm -=D ș ר ǒȐ╠ǋǦ ר

 

( )a.5.202

_ wave
3cmK vS ÖD= ר a.5.19 Ǯ ǠȒ ҲȦɋɩȬɶ 

ʴǵϽǵ ǜȏȑȉӦѝǲ ǵ ǜǓ ǋǚǯș a.5.21 Ǯ̌ὑǠȒ ̌ὑ a.5.21 ǮǶ ɫɶɪɱɂẀ

ǶȪɨɪȢẀ ǲ ̧ǠȒ  

( )a.5.21masspoint_ 3Svc֙ ɫɶɪɱɂẀ ǓȪɨɪȢẀ ǲ ̧ǠȒḹֻǵ ǵ ↓ǵ ǜ 

̌ὑ a.5.21 Ǯ ǵ ר inertial mass ǵẀӓ a.5.19 ǲ ̧Ι a.5.22 ș̌ὑǠȒ ̌ὑ a.5.22

ǮǶ ҲȦɋɩȬɶ a.5.18 Ƕ ҲȦɋɩȬɶǵ ̧Ι a.5.23 Ǯ ǮǔȒȉǵǯ Ǎ  

 
( ) ( )a.5.220

2

_ wave
3ºD vSm ̧ΙǮȺɫ 

( )
( ) ( )a.5.23

2

2

masspoint_

masspoint__ wave 3S

SvS
v

vm
K Öº ҲȦɋɩȬɶǵ ̧Ι 

ҲȦɋɩȬɶǵ ̧Ι a.5.23 ǵֳ Ƕ ɉɣɶɆɱҘἶǮǵ ҲȦɋɩȬɶǵ ǲ ̧ǮǉȒ ר a.5.4

ǑȏǺ a.5.12 Ƕ a.5.24 ǵ ͜ǲǉȒ a.5.24 ș̓ ǠȒǯ ҲȦɋɩȬɶǵ ̧Ι a.5.23 Ƕ
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a.5.25 ǵ ͜ǲǉȒ  

( )( )4.5.amasspoint__ wave
3SvS vm ↔ר ʣǵ ǵ ר  

( ) ( )( )a.5.120,1 masspoint_

2

masspoint_

masspoint__masspoint_0 wave
3cv

c

v
vmm S

S

SvSS ¢¢ö
ö
÷

õ
æ
æ
ç

å
-Ö¹ ǵὑ ǤǵϽἧǵρǏȒ

 

( ) ( )a.5.24masspoint_0masspoint__ wave
3SSvS mvm ²  

( )
( ) ( ) ( )a.5.25

22

2

masspoint_

masspoint_02

masspoint_

masspoint__ wave 3S

S

S

SvS
v

m
v

vm
Ö²Ö

 

ɉɣɶɆɱҘἶǵ ר a.5.26 ș̌ὑǠȒ ר a.5.26 ș̓ ǠȒǯ ɉɣɶɆɱҘἶǮǵ Ҳ Ƕ a.5.27

ș ǮǔȒ ר a.5.4 ǑȏǺ ר a.5.26 Ƕ ̧╛ a.5.28 ǵ ͜ǲǉȒ  

( )( )a.5.26const.,
wavewave _Newton__Newton_ 3=vSvS mm  

() ()( )( )a.5.27const.,
wavewavewave _Newton_masspoint__Newton__Newton_ 3=Ö= vSSvSvS mtvmtp ɉɣɶɆɱҘἶǵ Ҳ  

( )
( )( )a.5.280,1

wave

wave

wave

_Newton_

_Newton_

masspoint__
3¸º vS

vS

SvS
m

m

vm
 

̧╛ a.5.28 ș̓ ǠȒǯ ᾍר ǵ Ҳ a.5.5 ǑȏǺɉɣɶɆɱҘἶǵ Ҳ a.5.27 Ƕ a.5.29

ǵ ͜ǲǉȒ ᾍר ǵ Ҳ a.5.6 ɉɣɶɆɱҘἶǵ Ҳ a.5.27 ǯ ̧ǵ ͜ a.5.30 ș̌ὑǮ

ǔȒ ɉɣɶɆɱҘἶǵ Ҳ a.5.30 ș̓ ǠȒǯ a.5.14 Ƕ ̧╛ a.5.31 ǲǱȒ   

() ( ) ()( )5.5.amasspoint_masspoint___ wavewave
3tvvmtp SSvSvS Ö= ǵ Ҳ  

() ()( )( )a.5.290, wave___Newton_ wavewave
3¸º SvSvS tptp l

 

() ( )( )6.5.a0, wave_

wave_

_ wave
3¸= S

S

vS

h
tp l
l

Ҳ ǑȏǺ ǓρǏȒ Ҳ ǵ ǯǵ ͜ 

() ( )( )a.5.300, wave_

wave_

_Newton_ wave
3¸º S

S

vS

h
tp l
l

ɉɣɶɆɱҘἶǵ Ҳ a.5.24 ǑȏǺ Ҳ a.5.6 ǯǵ ͜ 

() ()
( )( )a.5.310,1 masspoint_

masspoint_wave_
3¸ºÖ S

SS
v

c

tv

c

tv
 

̧╛ a.5.31 ǮǶ Ǔ ǫЋȦɋɩȬɶ a.5.8 ș̌ὑǞǭǋȒ ᾍר ǵ ↔ר ʣǮ ɉɣɶ

ɆɱҘἶǲ ̧ǞǦ ș̌ὑǞǦ ̧╛ a.5.31 ǮǉȒ  

( ) ( ) ( )8.5.a2

masspoint__masspoint__ wavewave
3cvmvE SvSSvS Ö= ǵ ǫЋȦɋɩȬɶ

 

ɉɣɶɆɱҘἶǵ ↔ר inertial coordinate -system ǮǶ ʠ ╠Ҙǵ Ѹș Ҙ ǯǞǭᾚїǮǔȒ ȠȢ

ɱȵɣȽȢɱǵ ᾍר ǮǶ Ҙș Ǐǭȉʠ ╠Ҙǵ ѸǓᾚїǮǔǱǋǵǮ ҘǶ ǏǱǋ ʝ ᾍ

ר ǮǶ ʠ ╠Ҙǵ ѸȏȑȉԝὭǱ Ҙ ș Ǎ ʠ ╠Ҙǵ ѸǶ ʝ ᾍר ǮǶ ̧╛ǯǞǭᾚї

ǮǔȒ ʝ ᾍר ǮǶƲқ ↓↔ ș Ǎ Ǥǵқ ↓↔ Ƕ ᾍר ǵ ↔ר ș̓ Ǟǭὑ

ǠȒ ǚǚǮǶ Ǥǵқ ↓↔ ș ǠȒǚǯǮ̌ὑ a.5.21 ǒȐɫɶɪɱɂẀ ǓȪɨɪȢẀ ǲ ̧ǠȒ

↓ Ҳș̌ὑǞǭǋȒ ǚǵ̌ὑǵḹֻǲ ɉɣɶɆɱǵ Ҳ ╛ș̓ ǮǔȒ ̧ǵ ș a.5.25 ǲ Ǐǭ

ǋȒ ǚǵ ǮǶװ ɉɣɶɆɱǵ Ҳ ╛ș̓ ǠȒ ̧ǵ Ǯ 2 ș̌ὑǮǔȒר  

( )a.5.21masspoint_ 3Svc֙ ɫɶɪɱɂẀ ǓȪɨɪȢẀ ǲ ̧ǠȒḹֻǵ ǵ ↓ǵ ǜ 
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ĺ. ̬ electrostatic potential ǵὑ ǲǫǋǭ  

̬ǵὑ Ƕ ᶥǮʦǏǭǋȒ ̂ ĺǮǶ ̬ǵὑ ǲǫǋǭǵ ș Ӵǲ Ǎ a.6.1 Ǯ ̬ a.6.2

șὑ ǠȒ ǲǶ ḹ electrostatic field ș̌ὑǞǭǋȒ  ḹ a.6.1 Ƕ a.6.3 Ǯȉ ǮǔȒ a.6.1

ǑȏǺ a.6.3 Ƕ a.6.4 ǵȏǍǲ Ǟǋ a.6.1 ǑȏǺ a.6.3 Ǯ̓ ǞǭǋȒ ֵ a.6.5 ǶɈɔɧ nabla

ǯᴀǽ Ɉɔɧ a.6.5 ǵ Ƕ ̂ ĵǮȉʦǏǭǋȒ  

( ) ( )a.6.1 C 1 3+-Ð= rVE  

( )a.6.2 3rV  

( )a.6.3   3rV-Ð=E Ǯǵ ̬ǵὑ ǲǫǋǭ 

( ) ( )a.6.4 C  1 3+-Ð=-Ð= rr VVE  

( )a.6.5)nabla(,
   

3kji
zyx µ

µ
+

µ

µ
+

µ

µ
=Ð  

ὑ a.6.6 Ǯ ̬ a.6.2 ǵΙǶẀӓǠȒ ̬ a.6.2 ǲὑ a.6.6 șқǏǦȉǵȉ ̬ǮǉȒ ǚǵ Ǯװ

a.6.1 ǵֳ ǵӆ a.6.5 ș ǠȒ Ƕ ̬ǵ ǮǉȒ a.6.1 ǑȏǺ a.6.3 ǮǶ ֳ ǵ ̬Ƕ Ǳ

ȒΙǮǉȒ a.6.1 ǑȏǺ a.6.3 ǵȏǍǱ ǱȒ ̬Ǯ ֿǟ ḹ a.6.4 ș ǮǔȒ  

( )6.6.aC13  

 

 ĚĚĚӴ̬ ►ǦȑǵɛɄɱȵɡɩȦɋɩȬɶǯǞǦ ̬ǵὑ ǵ ĚĚĚ 

 

ǚǵ ḹ 2.1 ǮǶ ֳ ǵѝἧǵ Ҙ electrostatic force ș̌ὑǠȒ ҘǶ ȭɶɫɱǵ Ѹ Coulomb's 

Law Ǯ ǞǭǋȒ ȭɶɫɱǵ ѸǮʦǏȒȭɶɫɱҘǮǶ ǫǵ point charge ǵ ˆǵ Ѹ

ș ǞǭǋȒ ȭɶɫɱǵ ѸǶ ǵ ᶥǮ ǞǭǋȒ  

( ) ( )1.20,
C

N
  3¸¹ q

q

F
E  

ǫǵ ǵʰ ǲ ˛̸ ǠȒȭɶɫɱҘǮǉȒ ḹǶ ǤǵȭɶɫɱҘǓ̸ ǠȒḹǯǞǭὑ ǜȓǭǋ

Ȓ ҘǵɗȭɆɩ Ƕ Ǥȓǥȓǲ̸ ǠȒ ǵ ҘǵɗȭɆɩș̓ ǠȒ ǹǯǫǵ Ҙǵɗ

ȭɆɩǶ ̌ὑǞǭǋȒ ǫǵ ǵǹǯǫǵ ǵȆǲ̸ ǠȒ ҘǵɗȭɆɩș ǞǭǋȒǧǘǮǉȒ Ǥ

ǵȏǍǲǹǯǫǵ ǲ̸ ǠȒ ҘɗȭɆɩ 2.4 ǮǶ ̀ ǵ ǯВǲ Ҙș ǟǜǢȒȦɋɩȬ

ɶș ǞǭǋȒ ĚĚ 3.11 ǮǶ ǤǵȦɋɩȬɶș ǞǭǋȒ ĚĚǮǶǱǋ ḹǶ Ҙ 2.4

Ǔ ˛̸ ǞǭǋȒ ǫ̊ʣǵ Ǯ ǟȒ  

( )4.23EF ³=q Ҙ 

( )11.3)( 3kjisF
z

U

y

U

x

U

µ

µ
-

µ

µ
-

µ

µ
-=  

Ǥǵ ḹǮǶ ǫ̊ʣǵ Ǯǵ ǲ ǏȐȓǭǋȒ ɛɄɱȵɡɩȦɋɩȬɶ electrostatic 

potential energy șͪἭҘ conservative force ǮǉȒ Ҙǲὑ ǞǭǋȒ Ҙ a.1.2 Ƕ ɛɄɱȵɡ

ɩȦɋɩȬɶǮͪἭҘș ǞǭǋȒ ǤǵɛɄɱȵɡɩȦɋɩȬɶ 3.3 ǲǶ ḹКǵֺ̬ Ǯ ǱȒΙș̌ὑ

ǮǔȒ  

( )a.1.2 grad 3UU -=-Ð=F  

( )3.33U  

Ҙ 2.4 ǵֳ ș a.1.2 ǵ‼ ǲ̈ЊǠȒǯ a.6.7 ș ǮǔȒ Ҙ a.6.7 ǵ‼ ǵ Ƕ



A LIFE COM.  
─ ⌂ 2007 

 
 

57 

ḹКǵ̬ ǲ̌ὑǞǭǋȒ ḹКǵֺ̬ Ǯ ǱȒɛɄɱȵɡɩȦɋɩȬɶ potential energy Ƕ ֺ̬ ǲ

̌ὑǠȒ Ǯ ǱȒ ǚǵǚǯǶ a.6.7 Ǯ ȐǒǮǉȒ ֺ̬ ǲ ș̌ὑǠȒǚǯǮ ᾍ Ǯ Ǐ

ȐȓȒɛɄɱȵɡɩȦɋɩȬɶș̌ὑǮǔȒ  

( )a.6.7 grad 3UUq -=-Ð=³E  

a.6.7 ǵֳ ǵ ḹǶ a.6.8 Ǯ ǮǔȒ a.6.8 ǮǶ ‼ ǵ ḹǶֳ ǵɛɄɱȵɡɩȦɋɩȬɶ potential 

energy Ǯ ǟǭǋȒǚǯș ǞǭǋȒ ֺ̬ ǵɛɄɱȵɡɩȦɋɩȬɶǓѝǒȐǱǋǚǯǶ ḹș ǟǜǢ

ǭǋȒȦɋɩȬɶǓѝǒȐǱǋǚǯǲǱȒ ḹș ǟǜǢǭǋȒɛɄɱȵɡɩȦɋɩȬɶǓѝǒȒǚǯǮǶ ֺ̬

Ǯǵ ǵ Ҳș Ǎǚǯǲ͛ѫǮǉȒ  

( ) ( )a.6.80, grad 3¸-=-Ð= q
q

U

q

U
E  

ɛɄɱȵɡɩȦɋɩȬɶǶ ͪἭҘǲὑ ǞǭǋȒ ḹǮǶ ǤǵͪἭҘǶȭɶɫɱҘǮǉȒ ҘǮ Ǯǔ

Ȓ ɛɄɱȵɡɩȦɋɩȬɶǓ ǮǉȒǚǯǮǶ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵὑ 3.4 ǵ‼ ș

ǲ̌ὑǮǔȒ ǚǵǚǯǮ 3.4 ǵֳ Ǔ ǲǱȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

Ǥǵֳ Ǔ ǮǉȒǚǯǶ ˿˗ a.6.9 Ǔ ǮǉȒ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ șὑ ǞǭǋȒ˿

˗ a.6.9 Ƕ ȭɶɫɱҘǮ ǠȒ˿˗ ǮǉȒ  

( )a.6.9d)( 3ñ Ö=
b

a
ssFabW  

ɛɄɱȵɡɩȦɋɩȬɶǓ ǮǉȒǚǯǮǶ Ǔ ǮǉȒǚǯș̌ὑǮǔȒ ɛɄɱȵɡɩȦɋɩȬɶǓὑ ǜ

ȓǭǋȒ Ҙ 2.4 Ǔ ǮǉȒǚǯǮ ɛɄɱȵɡɩȦɋɩȬɶǓὑ ǮǔȒ Ҙș̌ὑǮǔǱǋ  

( )4.23EF ³=q Ҙ 

ҘǓ̌ὑǮǔǱǋǚǯǮǶ ḹ 2.1 șὑ ǮǔǱǋ Ҙ 2.4 ǵֳ ǵ Ƕ ḹКǲ̌ὑ

ǜȓǭǋȒ ǮǉȒ Ǥǵ Ǔ ḹКǲ ǒȓǭǋǱǋǚǯǮǶ ḹǓἭ᷀ǞǱǋǚǯǮǶǱǋ

ḹǓἭ᷀ǞǱǋǚǯǮ ҘǓ ǮǉȒǚǯǶ̌ὑǮǔȒ ҘǓ ǮǉȒǵǮ ҲǠȒ ȉ̌ὑǮǔ

Ǳǋ ҲǠȒ ȉ ǖ Ҙȉ ǋǚǯǮǶ ˿˗ Ƕὑ ǮǔǱǋ ҘǓ ǲ̌ὑǮǔǭȉ˿˗ Ƕ

ǮǉȒ ǚǵǚǯǮ ɛɄɱȵɡɩȦɋɩȬɶǓ ǋǚǯǮǶ Ҙ 2.4 Ǔ ǋȉǵǯₒ ǮǔȒ

ɛɄɱȵɡɩȦɋɩȬɶǓ ǋǚǯǮǶ ḹ 2.1 Ǔ ǋȉǵǯ ǮǔȒ ḹǓ ǋǚǯǶ

ḹș ǟǜǢȒ ǫǵ ȉ ǋȉǵǯ ǮǔȒ Ǔ ǋǚǯǮǶ Ǔ ǮǉȒȉǵǯ ǮǔȒ  

( ) ( )1.20,
C

N
  3¸¹ q

q

F
E  

ǜȐǲ ḹКǲ̌ὑǠȒֺ̬ ǲ᷀Ȓ ǮɛɄɱȵɡɩȦɋɩȬɶ potential energy ǵΙǓ ǱȒǚǯǲ

›ἶǮǵꜘ ș ǏȒǚǯǓǮǔȒ ǤǵɛɄɱȵɡɩȦɋɩȬɶ 3.3 ǓẀӓǠȒǚǯǮ ḹ a.6.8 ǓẀӓǠ

Ȓ ҘǯǞǭ ǏȒ Ҙǵ ˛̸ ș ǮǔȒ ḹǵẀӓǮǶ ᶥ Ǯѫ ǠȒ ḹ 2.1 ǓǉȒ  

( )3.33U  

( ) ( )a.6.80, grad 3¸-=-Ð= q
q

U

q

U
E  

ǚǵȏǍǱ ḹ a.6.8 ǵιרǵẀӓș Ǥǵ ḹș ǟǜǢǭǋȒɛɄɱȵɡɩȦɋɩȬɶ 3.3 Ǯ ǠȒǚ

ǯǶὕ ǲǶʥ͛ǮǉȒ ǚǵǚǯǶ ֺ̬ ǲ ș̌ὑǠȒǚǯǮ ǮǔȒ ̬ a.6.2 Ƕ ǤǵȏǍǱʥ

͛Ǳֺ̬ ǵ ș̌ὑǞǱǋǮ ḹǵιרǵẀӓș ȒǚǯǓǮǔȒ ǵʫ ǲǶἭ᷀ǞǱǋ˲ ǲὑ Ǟ
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Ǧ ǮǉȒ  

( )a.6.2 3rV  

ʝ ɛɄɱȵɡɩȦɋɩȬɶǶ ἶǮǶ ǵ ѸǯǞǭ ǵʫ ǲἭ᷀ǠȒ ǮǉȒ ǚǵ ǮǶװ

̬ electrostatic potential Ƕ a.6.1 Ǯὑ ǞǭǞȅǍǯ ɛɄɱȵɡɩȦɋɩȬɶǲǫǋǭǵ Ǳ șẕ

ǍǚǯǲǱȒ  

( ) ( )a.6.1 C 1 3+-Ð= rVE  

ǚǵǚǯǮǶ Ǥǵ ḹǵιרș ǠȒ ǯǞǭǵӴ̬ ►ǦȑǵɛɄɱȵɡɩȦɋɩȬɶǯǞǭǵ ̬

a.6.8 ǵ Ǔʥװ ǮǉȒ a.6.1 ǵ ̬ǵ ǮǶ ɛɄɱȵɡɩȦɋɩȬɶǯǞǭ ǠȒȉǵǮǶǱǖ

ḹКǮ Ǔ ҲǠȒǚǯǮ ǮǔȒ˿˗ ș ǠȒȉǵǯǱȒ ˿˗ Ƕ ɛɄɱȵɡɩȦɋɩȬɶǯǶ

ǱȒĚĚ 3.4 ǮǶ ȐǒǮǉȒ ĚĚ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

3.4 Ƕ 3.10 Ǯ ǮǔȒ 3.10 ǵ‼ ǶɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǮǉȒ ǤǵẀӓ Ƕ 3.10 ǵ

ֳ ǵ˿˗ ǯǶ ֵǲǱȒ  

( ) ( ) ( )( )10.3,d)(,,,, 3ababaaabbb WUzyxUzyxU -=DÖ-=- ñ
b

a
ssF  

ǵ˿˗ Ƕ ǵ Ҳǲ ǋȒ ḹКǵɛɄɱȵɡɩȦɋɩȬɶ 3.3 ș ᾜǜǢȒǚǯǮ ǮǔȒ

ǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶ 3.3 Ǯ ǟǭǋȒ ḹǶ
ɵ

Ҳ
ɵ

Ǡ
ɵ

Ȓ
ɵ

ș̌ὑǠȒǚǯǮͪ
ɵ

Ǧ
ɵ

ȓ
ɵ

Ȓ
ɵ

ḹ

ǮǶǱǋ ȉǞ Ǥǵ ḹǲ ǏȐȓǭǋȒɛɄɱȵɡɩȦɋɩȬɶǓὈЋǲǱǖǱǪǭǞȅǍǯ Ǥǵ ḹǶ

ǞǭǞȅǍ ḹǵιרǶ ɛɄɱȵɡɩȦɋɩȬɶǮ ǠȒ Ǔ ḹǵἭ᷀șͪ ǠȒǵǲ ǮǉȒ

̬Ǔ ǵʫ ǲǶἭ᷀ǞǱǋ ǮǉȒǚǯǮǶ Ӵ̬ ►ǦȑǵɛɄɱȵɡɩȦɋɩȬɶǯǞǦὑ ǵ Ǔ

ǲ ǞǭǋȒ ǵ ᶥǮǵὑ ǵ Ǔ ̬ electrostatic potential ǵὑ ǲǶ a.6.1 ȏȑȉϮȓǭǋ

Ȓȉǵǯ Ƕ ǏǭǋȒ ₴ ᷀ǮǉȒ  

( )3.33U  

 

 ĚĚĚ a.6.1 ǵֳ ǵ ֵǵ ĚĚĚ 

 

ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵὑ 3.4 ǮǶ ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ 3.5 ǵΙǶֳ ǵ˿

˗ ǵΙǲ ֵș̂ǘǦȉǵǲ Ǟǋǚǯș ǞǭǋȒ ֳ ǮǶ ֻҘǓ̸ ǞǭǋȒ ǵ ҲǮ ǠȒ˿˗

ǮǉȒ ǲ̸ ǞǭǋȒֻҘǲǶ ͪἭҘǮ ǮǔȒ ѝș̌ὑǞǭǋȒ ǤǵͪἭҘǵǱǠ˿˗ Ǔ 3.4

ǵֳ ǵ˿˗ ǮǉȒ 3.4 ǮǶ Ιșὑ ǞǭǋȒȉǵǮǉȒ ‼ ǵɛɄɱȵɡɩȦɋɩȬɶǵ Ƕװ ѩǲὑ

ǞǭǋȒĚĚ Ǯὑ ǶʦǏǭǋȒ ĚĚ ֳ ǵ˿˗ ǵ ȉѩǲὑװ ǞǭǋȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

( ) ( ) ( )5.3,,,, 3
aaabbbab

zyxUzyxUU -=D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ  

Ҙ 2.4 ș̓ ǠȒǯ 3.10 Ƕ a.6.10 ǲ ǔ ǠǚǯǓǮǔȒ a.6.10 ǵֳ ǲǶ ḹ 2.1 ș

̌ὑǮǔȒ  

( )4.23EF ³=q Ҙ 

( ) ( )
( )a.6.10,d

)(,,,,
3öö
÷

õ
ææ
ç

å
-=

D
Ö-=- ñ q

W

q

U

qq

zyxU

q

zyxU ababaaabbb
b

a
s

sF
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( ) ( )1.20,
C

N
  3¸¹ q

q

F
E  

ḹ 2.1 ǵ‼ ș a.6.10 ǵֳ ǲ̈ЊǠȒǯ a.6.11 ș ǮǔȒ a.6.11 ǵֳ ǵ˿˗ Ƕ a.6.12

ǵֳ ǲ ǔ ǠǚǯǓǮǔȒ  

( ) ( )
( )a.6.11,d

,,,,
3öö
÷

õ
ææ
ç

å
-=

D
Ö-=- ñ q

W

q

U

q

zyxU

q

zyxU ababaaabbb
b

a
sE  

( ) ( )a.6.12dd 3ññ Ö-=Ö-
b

a

b

a
sEsE  

a.6.12 ǵֳ ǮǶ ͪἭҘǶ a.6.13 Ǯ ǞǭǋȒ˿˗ ǮǉȒ ͪἭҘ a.6.13 ǵǱǠ˿˗ Ƕ a.6.14

Ǯ ǮǔȒ  

( ) ( )a.6.133EF -Ö=qe  

( ){ } ( )a.6.14dd 3ññ Ö-Ö=Ö
b

a

b

a
sEsF qe  

a.6.9 ǑȏǺ a.6.14 Ƕ a.6.15 ǲǱȒ a.6.15 ǵֳ ǵͪἭҘ a.6.13 Ƕ ͪἭҘ 2.4 ǯǶ ǱȒ  

( )a.6.9d)( 3ñ Ö=
b

a
ssFabW  

( )a.6.15d 3ñÖ=-
b

a
sFeabW  

( )4.23EF ³=q Ҙ 

a.6.14 ǵֳ ș a.6.15 ǵֳ ǲ̈ЊǠȒǯ a.6.16 ǲǱȒ a.6.16 Ƕ a.6.17 ǲ ǔ ǠǚǯǓǮǔȒ  

( ){ } ( )a.6.16d 3ñ Ö-Ö=-
b

a
sEqWab  

( ) ( ) ( )a.6.170,d 3¸Ö-=
-

ñ q
q

Wab
b

a
sE  

a.6.13 ǵֳ ǲ ǞǦ ֵǵ Ƕװ 2.4 ǵ ḹǯǶ ׄǔǲͪἭҘǓ̸ ǠȒǚǯș ǠȒװ ǚǵ Ǯװ

Ƕ a.6.8 ǵֳ ǵ ֵǵ Ǔװ ǮǔǭǋǱǋ  

( )a.6.8 grad 3
q

U

q

U
-=-Ð=E  

ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵὑ 3.4 ǵֳ ǲ ǞǦ ֵș̓ ǠȒǚǯǮ a.6.8 ǵֳ ǵ ֵș

ǮǔȒ 3.4 ș̓ Ǟǭ 3.10 ș ǮǔȒ ѝ 3.10 Ƕ ⱨѝǮ ǠȒǯ a.1.2 ǲǱȒ ǚǵǚǯǮ

Ƕ a.1.2 ǵֳ ǵ ֵǶ 3.4 ǵֳ ǵ ֵǮǉȒȉǵǯ ǮǔȒ  

( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

( ) ( ) ( )( )10.3,d)(,,,, 3ababaaabbb WUzyxUzyxU -=DÖ-=- ñ
b

a
ssF  

( )a.1.2 grad 3UU -=-Ð=F  

3.4 ǵֳ ǵ ֵǮǶ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǵṔ ǓͪἭҘǵǱǠ˿˗ ǯǶ ֵǮ ǮǔȒǚǯ

ǲǱȒ ɛɄɱȵɡɩȦɋɩȬɶǓṔқǠȒǯ ͪἭҘǵǱǠ˿˗ Ƕ ǲǱȒ ˿˗ Ǔ ǮǉȒǚǯǮǶ Ǔ

ͪἭҘǵ ׄǯǶ ׄǔǲ ҲǞǭǋȒȉǵǯ̌ὑǮǔȒ ɛɄɱȵɡɩȦɋɩȬɶǓ ᾜǠȒǯ ͪἭҘǵǱǠ˿˗

Ƕ ǲǱȒ ˿˗ Ǔ ǮǉȒǚǯǮǶ ǓͪἭҘǵ ׄǯǶֿǟׄǔǲ ҲǞǭǋȒȉǵǯ̌ὑǮǔȒ a.6.11
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Ǯ 3.4 ǵ ֵǲǫǋǭ όǠȒǯ ̬ǵẎᾛǮ ǵ Ҳș ǮǔȒ  

( ) ( )
( )a.6.11,d

,,,,
3öö
÷

õ
ææ
ç

å
-=

D
Ö-=- ñ q

W

q

U

q

zyxU

q

zyxU ababaaabbb
b

a
sE  

ͪἭҘǵׄǔǯ Ǔ ҲǠȒׄǔǓֿǟׄǔǮǉȒḹֻǮǶ a.6.11 ǒȐ a.6.18 ș Ǯǔǭ ǓɛɄɱȵ

ɡɩȦɋɩȬɶǵ ǋ ǒȐ̭ǋ ǿ ҲǞǭǋȒǚǯș a.6.19 Ǯ̌ὑǮǔȒ ̬ǵ ǋ̬ ǒȐ̭ǋ̬ ǿ

Ǔ ҲǠȒ  

( ) ( )
( )a.6.180

,,,,
3<-

q

zyxU

q

zyxU aaabbb  

( ) ( )
( )a.6.19

,,,,
3

q

zyxU

q

zyxU aaabbb <  

ͪἭҘǵׄǔǯ Ǔ ҲǠȒׄǔǓ ׄǔǮǉȒḹֻǮǶ a.6.11 ǒȐ a.6.20 ș Ǯǔǭ ǓɛɄɱȵɡ

ɩȦɋɩȬɶǵ̭ǋ ǒȐ ǋ ǿ ҲǞǭǋȒǚǯș a.6.21 Ǯ̌ὑǮǔȒ ̬ǵ̭ǋ̬ ǒȐ ǋ̬ ǿ

Ǔ ҲǠȒ  

( ) ( )
( )a.6.200

,,,,
3>-

q

zyxU

q

zyxU aaabbb  

( ) ( )
( )a.6.21

,,,,
3

q

zyxU

q

zyxU aaabbb >  

ǚǵȏǍǱ ǵ ҲǶ ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǑȏǺ˿˗ ǵ ͜ș ǞǭǋȒ 3.4 ǵֳ ǵ ֵ

Ǯ ǞǭǋȒ  

a.6.1 Ǯ ̬șὑ ǠȒǚǯǮǶ ֳ ǵ ֵǵ șװ ǲ ǞǭǋǱǋ ֳ ǲ ̬ș ǠȒǚǯǮ ‼

ǵ ḹǑȏǺֳ ǵ ̬ǯǵ ͜ș ֵǑȏǺ ἶǵɈɔɧ nabla ǵ ֵ a.6.4 ǮʦǏǭǋȒ  

( ) ( )a.6.1 C 1 3+-Ð= rVE  

( )a.6.4
   
3kji

zyx µ

µ
+

µ

µ
+

µ

µ
=Ð  

̬ a.6.2 Ƕ ḹǵιרǯǞǭ ǍǚǯǓǮǔȒ ǵʫ ǲἭ᷀ǞǱǋ ̬ș˲ ǲᾚЊǞǭǋȒȉǵǮǉ

Ȓ ǵ ѸǮ ḹǲ ̬Ǔ ǵʫ ǲἭ᷀ǠȒǚǯș ȈȒȉǵǮǶǱǋ  

( )a.6.2 3rV  

ḹǶ ǲ
ɵ

ᾍ
ɵ ɵ

Ǳ
ɵ

ǲ Ȓ
ɵ

ǫ
ɵ

̊ʣǵ Ǯ ǟȒȉǵǯ̌ὑǮǔȒ ǚǵḹֻǮǶ ǫ̊ʣǵ

ǵ Ǳ ᾍ Ǯ ɛɄɱȵɡɩȦɋɩȬɶș ǏǭǋȒǚǯș̌ὑǮǔȒ ǚǵǚǯǮǶ ɛɄ

ɱȵɡɩȦɋɩȬɶș ǏǭǋȒ ǫ̊ʣǵ ǵ Ǳ ᾍ ǒȐ ǟǭǋȒ ḹǮǉȒȉǵǯ̌ὑǮǔȒ

a.6.1 Ƕ ǫ̊ʣǵ ǵ ᾍ ș ǞǭǱǋ ḹǮ ̬șὑ ǠȒǚǯǶ Ǯ ḹǓ ǟ

Ȓǚǯș ̬Ǯͪ ǮǔǱǋ ḹǓ ǫ̊ʣǵ ǵ Ǳ ᾍ Ǯ ǟǭǋȒǚǯș̌ὑǞǭǋȒḨ

ἶǵ ᾚǲǫǋǭǶ ₴ ᷀ȅǮǵᾐ ǮǶ ǱȒȉǵǓἭ᷀ǠȒǒ ὖ ǮǶר Ǔ ȒʣǮǶ

ȈȐȓǱǋȉǵȉ ǲ Ȓ a.6.1 Ǯ ̬șὑ ǠȒǚǯǮ Ǯ ǠȒ ǲ ǏȐȓǭǋȒɛɄɱȵɡ

ɩȦɋɩȬɶș Ǟǭ ḹșѰⱣǠȒǚǯǶ ǲǶ ǮǔǭǋǱǋ ᶥ ǮǶ ̬ș ǠȒǚǯǮ

ǑȏǺȦɋɩȬɶǵѰⱣș ǠȒ ǚǵȏǍǱꜘ Ƕ ḹǓ ɛɄɱȵɡɩȦɋɩȬɶǲᶦ
ɵ

Ȓ
ɵ

ș̓

ǞǭǋȒ ɛɄɱȵɡɩȦɋɩȬɶǮ ḹКǵ ǵ ҲșѰⱣǮǔȒǚǯș ǲǮǔȒꜘ ǲǱ

Ȓ ǚǵ ǵ ҲǵḨ ǲǶ 3.4 ǵֳ ǵ
ɵ

ֵ
ɵ

Ǯ
ɵ ɵ ɵ

Ǯ
ɵ

ǔ
ɵ

Ȓ
ɵ

ɛɄɱȵɡɩȦɋɩȬɶǵẀӓ ǑȏǺ˿

˗ ǯǵ ͜Ǔ Ȓ  
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( )4.33abab WU -¹D
pm ǯǵ ᾍ ǮǵɛɄɱȵɡɩȦɋɩȬɶǵẀӓ abUD ǵὑ  

ǚǵȏǍǲ ̬Ǔ ἶǵ ș ǠȒǵǲ͛ѫǮǉȒ ǲ ǋ ̬ș˲ ǲὑ ǠȒǚǯǮ ḹș

ǟǜǢȒ ɛɄɱȵɡɩȦɋɩȬɶǑȏǺȭɶɫɱҘǵǱǠ˿˗ ǯǵ ͜ 3.4 ș ǮǔȒ 3.4 ǲ

̬șꜘ ǠȒǚǯǮ a.6.11 ș ǮǔȒ a.6.11 Ǯ ḹКǮǵֺ ǵ Ҳș ̬Ǯ ǮǔȒḨ ǯǱ

Ȓ ╛ǯǞǭ ǏȒ  

( ) ( )
( )a.6.11,d

,,,,
3öö
÷

õ
ææ
ç

å
-=

D
Ö-=- ñ q

W

q

U

q

zyxU

q

zyxU ababaaabbb
b

a
sE  

ǵƼ ̬ǵ ӴǱЊ ᶥƽǮǶ ɛɄɱȵɡɩȦɋɩȬɶș Ǟǭ ̬șὑ ǞǭǋȒ

ǤǵȏǍǱ ̬ǵὑ ǵ Ǔʣ ǵ ǒȐ a.6.1 Ǯ ̬șὑ ǠȒȏȑȉϮȓǭǋȒȉǵǯ ₴ ᷀ǵ

Ƕ ǏǭǋȒ  

 

Ļ.ɉɣɶɆɱҘἶǵ ↔ר ǑȏǺқ ↓  

ɉɣɶɆɱҘἶ Newtonian mechanics ǮǶ ᾍ absolute space ǑȏǺ ᾍ absolute time Ǯ

↔ר ǵ ↓ɗȭɆɩș ǠȒ ǫǵ ↔ר ǵ ↓ɗȭɆɩǶ ǠȀǭ ᾍ ʣǮ ᾍ ș̓ Ǟ

ǭ ǠȒ ᾍ ǵǹǯǫǵ↔ ǒȐ ǫǵ ↔ר ǵ ↓ɗȭɆɩș ǮǔȒ ǤȓȐǵ ↓ɗȭɆɩǵ

Ƕ ǹǯǫǵ ↔ר ʣǒȐ ǞǦ̀ ǵ ↔ר ǵ ↓ɗȭɆɩǲǱȒ ǤȓȐǵ ↓ɗȭɆɩǵș Ǡ

Ȓǵǲ ᾍ ș̓ ǠȒǵǮ ↓ǵ ᾍרǶ ǮǔǭǋǱǋ ʝ ȠȢɱȵɣȽȢɱǵ ᾍר ǮǶ

↓ǵ ᾍרș ǮǔȒ ᶫ a.7.1ǮǶ ᾍ ǑȏǺ ᾍ ș̓ ǞǭǋǱǋ ᾍר Ǯǵ ↔ר ș

ǞǭǋȒ ↓ǵ ᾍרǮǶ ǹǯǫǵ ↔ר S ǲ̌ὑǞǦ ǵ ↓ɗȭɆɩǶǤǵ ǵ̀ ǵ ↔ר

SʣǮ ǞǦ ↓ɗȭɆɩǑȏǺ ↔ר S ǵ ↓ɗȭɆɩǮ ǠȒĚĚ a.7.1 ǵ )( 11 tvx )(tvx ǑȏǺ uǮ

ǮǔȒ ǚǚǮǶ ↔ר S Ƕ ↔ר S1ǵ ʣǵ ǵ ׄǲ ǜ uǮ ↓ ҲǠȒǚǯș̌ὑǞǭ

ǋȒ SǑȏǺ S ǵ Ƕ ǴȒǚǯǲǠȒ Ǔ ǵ ǲ ↔ר SǶ ↔ר S1ǵԍ Ƕʝ ǜǢȒ Ě

Ě  

 

( )a.7.1 

)(1

)(
)(

2

11 3

tv
c

u

utv
tv

x

x
x

Ö-

-
= ǵ ↓ ѝ 

ᶫ a.7.1 ר↔  

x x1 

y y1 

z z1 

u Sǵ x ѝǑȏǺ t ѝǮ ǞǦ S1ǵ ↓ 

 

↔ר S ר↔ S1 

ԍ O ԍ O1 
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( )a.7.2 

)(1

)(
)(

2

11 3

ö
÷

õ
æ
ç

å
Ö-Ö

=

tv
c

u

tv
tv

x

y

y

g

ǵ ↓ ѝ 

( )a.7.3 

)(1

)(
)(

2

11 3

ö
÷

õ
æ
ç

å
Ö-Ö

=

tv
c

u

tv
tv

x

z
z

g

ǵ ↓ ѝ 

( ) ( )a.4.10 const.

1

1

2

2
3=

-

=

c

u
g ͜ coefficient  

ǹǯǫǵ ↔ר S ǵ ↓Ƕ ̀ ǵ ↔ר SʣǮ ǠȒ ǫǵ ↔ר ǵ ↓Ƕ ˛ǋǲׄǔǓ Ǯ

ǜǶ ǞǋȉǵǮǉȒ ǤǵȏǍǱᶫ a.7.1ǵ ↔ר ǵȆǵ ǲǶ ᾍ Ƕ̓ ǞǱǋ ǚǵȏǍǱ ↓ǵ

ᾍרǶ ᾍ ș̓ ǠȒɉɣɶɆɱҘἶǮǶ ǮǔǱǋǚǯǲǱȒ ↓ǵẀ ╛ a.7.1 a.7.3 ǮǶ

͜ a.4.10 ș ǞǭǋȒ a.7.1 ǵֳ ǵѝἧǵ 2 Ƕ ↔ר ǵ ǜǮǉȒ  

ȠȢɱȵɣȽȢɱǵ ᾍר Einstein õs special theory of relativity ǮǶ қ ↓ǵ ᾍרǶ ǮǔǱǋ

ȠȢɱȵɣȽȢɱǵʝ ᾍר Einsteinõs general theory of relativityǮ қ ↓ǵ ᾍרș ǍǚǯǲǱȒ

ʝ ᾍר the general theory of relativity ǵқ ↓ǵ ᾍרǶ қ ↓↔ ș̓ Ǟǭ ǮǔȒ Ǥǵқ

↓↔ ǵқ ↓Ƕ ᾍר the special theory of relativity ǵ ↔ר ʣǮ ǠȒ қ ↓ǵ ᾍר

Ƕ ǹǯǫǵқ ↓↔ ʣǲ̌ὑǠȒ ǵқ ↓Ƕ̀ ǵқ ↓↔ ʣǮǵқ ↓ǑȏǺқ ↓↔ ǵқ ↓

Ǯ ̧ǮǔȒ ʝ ᾍר ǮǶ ɉɣɶɆɱǵʠ ╠Ҙǵ Ѹǲ̈ȖȒԝὭǱ Ҙ ș Ǟǭқ ↓↔ Ǯ

Ҙ gravitational force ș ǞǭǋȒ  

ɉɣɶɆɱǵʠ ╠Ҙǵ Ѹ Newtonõs law of universal gravitation Ƕ ↔ר ʣǮ̓ ǠȒ Ǥǵ ↔ר

Ƕ ᾍ ǑȏǺ ᾍ ʣǮ ǠȒǵǮ᷂ ʣǮǶ ἶʣǶἭ᷀ǞǱǋȉǵǯ ǮǔȒ ɉɣɶɆɱ

ҘἶǮǶ ʠ ╠Ҙǵ ѸǯǶѩǲ ҘǵȆǵ ʤқ ↓ the free -fall acceleration due to the gravitation Ǔ

ʤǠȒ ǵ ǲ ͜ǱǖʝὑǮǉȒǚǯș Ǳ ѸǯǞǭ Ǎ ǚǵ ѸǶ ɉɣɶɆɱҘἶǵ ↔ר

ʣǮǵ ἶǮǶǱǋ ɉɣɶɆɱҘἶ̊ѼǒȐ ǜȓǭǋȒȉǵǯḸףǜȓȒ қ ↓ǵ Ƕ ɉɣɶɆɱ

Ҙἶǵ ↔ר ʣǮ ǠȒȉǵǮǉȒ ǚǵǚǯǮǶ ɉɣɶɆɱǵ Ҳ ╛ Newtonian equation of motion

ș̓ Ǟǭʣ ǵ Ѹș ǠȒ ǤǵȏǍǱ Ҳ ╛ the equation of motion ǲǶ ɉɣɶɆɱҘἶǮʠ ╠

Ҙǵ Ѹǲ ͜șʦǏȒǚǯǓǮǔȒ ʠ ╠Ҙǵ ѸǮǶ ɉɣɶɆɱǵʠ ╠Ҙὑ Newtonian constant of 

gravitation ᷂ ǵ Ҙ gravitational mass ǑȏǺ᷂ ǵʴⱲǒȐǵ Ǯ᷂ ǯ᷂ ǵ ǯǵӴ̬ ►

Ǧȑǵʠ ╠ҘǵẎǔǜș ǮǔȒ ɉɣɶɆɱǵʠ ╠Ҙὑ Ƕ a.7.4 ǵȏǍǱὑ ǮǉȒ  

( )a.7.4s kg m 1028(67) 6.674G 21311 3---³= ɉɣɶɆɱǵʠ ╠Ҙὑ  

᷂ ǵ Ҙ ȉὑ ǯǞǭ ǍǚǯǓǮǔȒ ᷂ ǵʴⱲǒȐǵ Ƕ ̧ǲǠȒǚǯǮὑ ǲ̌ὑǮǔȒ ǚ

ǵḹֻǮǶ ᷂ ǯ᷂ ǵ ǯǵӴ̬ ►Ǧȑǵʠ ╠ҘǵẎǔǜǶὑ ǲ̌ὑǮǔȒ ǚǵὑ Ƕ ҘǵȆǵ

ʤқ ↓ǲ Ǟǋȉǵǯ̌ὑǮǔȒ ǚǵ̌ὑǮǶ ɉɣɶɆɱҘἶǵ ↔ר Ǯ ҘǵȆǵ ʤқ ↓

the free -fall acceleration due to the gravitation Ǔὑ ǮǉȒǚǯș ǮǔȒĚĚʣ ǵǚǯǶ Ǯ Ǟ

ǭǋȒ ĚĚ ǚǵɉɣɶɆɱҘἶǵ ʤқ ↓ǮǶ ᾍ ǑȏǺ ᾍ Ǯǵ ǮǉȒǵǮ қ ↓ǵ ᾍ

Ǔר ǮǔǱǋ ҘǵȆǵ ʤқ ↓ș̓ Ǟǭ Ҙ gravitational force ș ǮǔȒ Ǥǵ ҘǶ

ᾍқ ↓ǮɉɣɶɆɱҘἶǵ șǞǭǋȒ Ǥǵ ᾍқ ↓Ƕ ᾍ ǑȏǺ ᾍ Ǯ ǞǭǋȒȉǵǮǉȒ

ᾍ ǑȏǺ ↔ר ʣǮ ǞǭǋȒ ᾍқ ↓ǶǹǯǫǵȆǮǉȒ ʝ ʣ ǵ ѸǶ ʝ ᾍר
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ǵқ ↓↔ Ǯ ǠȒȂǍǓȏȑ ǮǉȒȉǵǯ ₴ ᷀ǵ ἶǮǶ Ǎ ᷂ ǵʴⱲǒȐǵ

Ǯ ҘǵȆǵ ʤқ ↓Ǔ ǱȒǚǯǵ Ƕ ʝ ᾍר ǵқ ↓↔ Ǯȉ ǮǔȒ ʝ ᾍר

ǵқ ↓↔ ʣǮ ↔ר ș Ǟǭȉ Ǥǵ ↔ר Ǔқ ↓ ҲǞǭǋȒȏǍǲ ǏȒǚǯș̌ὑǮǔȒ

ǚǵǚǯǮǶ ↔ר ʣǮ ↓ ҲǞǭǋȒ Ǔқ ↓↔ ʣǮǶқ ↓ ҲǞǭǋȒǚǯș̌ὑǮǔȒ

қ ↓↔ ʣǲ ҘǵȆǵ ʤқ ↓Ǯқ ↓ ҲǞǭǋȒȏǍǲ ǏȒ Ƕ ↔ר ʣǮ ǠȒǯ

↓ ҲǞǭǋȒǚǯș̌ὑǮǔȒ ǚǵǚǯǶ қ ↓ǵ ᾍרǮ ǵқ ↓Ƕ ǠȒқ ↓↔ Ǯ ǱȒǚ

ǯș ǮǔȒ ǚǵȏǍǱқ ↓ǵ Ƕ ᾍқ ↓ǯǶ ǱȒ  

᷂ Ƕᶥ ǞǭǋȒǵǮ қ ↓ ҲǞǭǋȒ ᷂ ʣǲ↔ ș̌ὑǠȒǯ қ ↓↔ ǲǱȒ Ǥǵқ ↓↔

Ƕ ʝ ᾍר Ǯ ǮǔȒȉǵǮǉȒ ᾍר ǵ ↔ר ǵ ↓Ǯ Ǥǵқ ↓↔ ǵ ↓ș

ǮǔȒ қ ↓↔ ǵқ ↓ǓӦѝǲᾛǜǋḹֻǲǶ Ǥǵқ ↓↔ ǵ ↓ǓӦѝǲ ǋǚǯș̌ὑǮǔȒ

қ ↓↔ ǵ ↓ǓӦѝǲ ǋǚǯǮ Ǥǵқ ↓↔ ǵ ↓Ƕ ǞǭǋȒ ↔ר ǵ ↓ǲ ̧ǮǔȒǚǯ

ș̌ὑǠȒ ǚǵḹֻǮӦѝǲ Ǔ ǋḹֻǮǶ қ ↓↔ Ƕ ↔ר ǲ ̧ǮǔȒ Ǥǵ ↔ר Ƕ

ᾍר ǵȉǵǮǉȒ ᾍר ǮǶ ɫɶɪɱɂẀ ╛ Lorentz transformation equations a.4.6

a.4.10 ș̓ ǠȒ  

( ) ( )6.4.a 1 3tuxx Ö-Ö=g ↔ר S ǵ x ǵΙ 

( )7.4.a 1 3yy = ↔ר S ǵ y ǵΙ 

( )8.4.a 1 3zz = ↔ר S ǵ z ǵΙ 

( )9.4.a
21 3ö
÷

õ
æ
ç

å Ö
-Ö=

c

xu
tt g ↔ר S ǵ t ǵΙ 

( ) ( )a.4.10 const.

1

1

2

2
3=

-

=

c

u
g  

ɫɶɪɱɂẀ Ƕ Ӧѝǲ Ǔ ǖ ↔ר ǵ ↓Ǔ ǋḹֻǲǶȪɨɪȢẀ a.4.13 a.4.16 ǲ ̧Ǯǔ

Ȓ ȪɨɪȢẀ ╛ Galilean transformation equat ions Ƕ ɉɣɶɆɱҘἶǵ ↔ר ǲ̓ ǠȒẀ ǮǉȒ  

( )13.4.a 1 3tuxx Ö-=  

( )14.4.a 1 3yy =  

( )15.4.a 1 3zz =  

( )16.4.a1 3tt =  

ɉɣɶɆɱҘἶǵ ↔ר ʣǮ ǠȒɉɣɶɆɱǵʠ ╠Ҙǵ ѸǶ ᾍר ǵ ↔ר ʣǮ ̧Ǯǔ

Ȓǚǯș Ǯ
ɵ

ǔ
ɵ

Ǧ
ɵ

Ǥǵ ↔ר Ƕ ʝ ᾍר ǵқ ↓↔ ǲ ̧ǮǔȒǚ
ɵ

ǯ
ɵ

ș ǞǭǋȒ ǚǵ

Ǯ ɉɣɶɆɱǵʠ ╠Ҙǵ ѸǶʝ ᾍר ǵқ ↓↔ ʣǮ ̧ǮǔȒǚǯǲǱȒ ֿǟқ ↓Ǯ ҲǞǭ

ǋȒḹֻǲǶǹǯǫǵқ ↓↔ ǒȐ̀ ǵқ ↓↔ ș ǠȒǯ ̀ ǵқ ↓↔ Ǔ ↓ ҲǞǭǋȒ

ǚǯǲǱȒ ǚǵ ↓ ҲǞǭǋȒǚǯǮǶ ǹǯǫǵқ ↓↔ ʣǓ ǞǭǋȒȏǍǲ Ǎǯ̀ ǵқ ↓↔

Ǔ ↔ר ǲ ǏȒ ǚǵǚǯǮǶ ʣ ǮɉɣɶɆɱǵʠ ╠Ҙǵ ѸǶʝ ᾍר ǵқ ↓↔ ʣǮ

̧ǮǔȒ ̀ ǵқ ↓↔ Ǔ ↔ר ǲ ǏȒǵǮ Ǥǵ ↔ר ǲ ǏȒқ ↔ ʣǮʠ ╠Ҙǵ Ѹ

ș ̧ǮǔȒ ֿǟқ ↓ǮǱǋḹֻǮȉ ǹǯǫǵқ ↓↔ ǵқ ↓ǲӦѝǲ ̧ǮǔȒқ ↓Ǯқ ↓ ҲǞ

ǭǋȒḹֻǲȉֿ ǲꜘ Ǯǔ қ ↓↔ ș ↔ר ǯǞǭ ǍǚǯǓǮǔȒ ʣ ǵ ̧ǲǫǋǭǶ

ǑȏǺ Ǯ ǞǭǋȒ  
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