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‭要‬‭約‬

‭中‬‭間‬‭発‬‭表‬‭に‬‭て,‬‭高‬‭速‬‭道‬‭路‬‭の‬‭標‬‭識‬‭の‬‭「‬‭r=~‬‭」‬‭に‬‭興‬‭味‬‭を‬‭持‬‭ち,‬ ‭そ‬‭の‬‭意‬‭味‬‭を‬‭知っ‬‭た‬‭後‬‭研‬‭究‬‭課‬‭題‬‭の‬‭焦‬‭点‬‭と‬‭準‬‭線,‬ ‭放‬‭物‬‭線‬‭の‬‭内‬‭部‬‭に‬‭あ‬‭る‬‭頂‬

‭点‬‭に‬‭接‬‭す‬‭る‬‭円‬‭の‬‭中‬‭心‬‭や‬‭頂‬‭点‬‭の‬‭位‬‭置‬‭に‬‭つ‬‭い‬‭て‬‭の‬‭証‬‭明‬‭を‬‭し‬‭た.‬ ‭今‬‭回‬‭は‬‭そ‬‭れ‬‭に‬‭加‬‭え‬‭て‬‭f(x,y)=0‬‭の‬‭頂‬‭点‬‭や‬

‭f(x,y)=ax²/2+bxy+cy²/2+px+qy+r/2=0‬‭が‬‭ど‬‭の‬‭よ‬‭う‬‭な‬‭グ‬‭ラ‬‭フ‬‭な‬‭の‬‭か‬‭を‬‭見‬‭分‬‭け‬‭る‬‭方‬‭法‬‭を‬‭証‬‭明‬‭し‬‭た。‬

‭１.‬‭導‬‭入‬
‭2‬‭次‬‭曲‬‭線‬‭は‬‭，‬‭準‬‭線‬‭，‬‭焦‬‭点‬‭な‬‭ど‬‭大‬‭域‬‭的‬‭な‬‭性‬‭質‬‭を‬

‭扱‬‭う‬‭こ‬‭と‬‭が‬‭多‬‭い‬‭が‬‭，‬‭局‬‭所‬‭的‬‭な‬‭視‬‭点‬‭か‬‭ら‬‭，‬‭放‬‭物‬

‭線・‬‭楕‬‭円・‬‭双‬‭曲‬‭線‬‭の‬‭曲‬‭率‬‭中‬‭心‬‭と‬‭焦‬‭点‬‭，‬‭頂‬‭点‬‭，‬

‭準‬‭線‬‭と‬‭の‬‭位‬‭置‬‭関‬‭係‬‭を‬‭離‬‭心‬‭率‬‭を‬‭介‬‭し‬‭た‬‭考‬‭察‬‭を‬

‭行っ‬‭た‬‭．‬‭2‬‭次‬‭曲‬‭線‬‭f(x,‬‭y)‬‭=‬‭0‬‭の‬‭頂‬‭点‬‭は‬‭，‬

‭|gradf(x,‬‭y)|‬‭が‬‭極‬‭値‬‭を‬‭と‬‭る‬‭点‬‭で‬‭あ‬‭る‬‭こ‬‭と‬‭を‬‭証‬‭明‬

‭し‬‭た‬‭．‬‭ま‬‭た‬‭，‬‭2‬‭次‬‭曲‬‭線‬‭f(x,‬‭y)‬‭=‬‭0‬‭の‬‭中‬‭心‬‭は‬‭，‬

‭定‬‭義‬‭関‬‭数‬‭の‬‭特‬‭異‬‭点‬‭と‬‭同‬‭値‬‭で‬‭あ‬‭る‬‭こ‬‭と‬‭を‬‭証‬‭明‬‭し‬

‭，‬‭中‬‭心‬‭の‬‭定‬‭義‬‭を‬‭与‬‭え‬‭た‬‭．‬

‭２.‬‭　‬‭中‬‭間‬‭発‬‭表‬‭の‬‭振‬‭り‬‭返‬‭り‬

‭2.1‬‭放‬‭物‬‭線‬‭x‬‭²‬‭=‬‭4py‬‭の‬‭曲‬‭率‬‭中‬‭心‬
‭放‬‭物‬‭線‬‭x‬‭²‬‭=‬‭4py‬‭の‬‭頂‬‭点‬‭に‬‭お‬‭け‬‭る‬‭曲‬‭率‬‭中‬‭心‬‭，‬‭焦‬

‭点‬‭，‬‭頂‬‭点‬‭，‬‭準‬‭線‬‭が‬‭等‬‭間‬‭隔‬‭に‬‭並‬‭ん‬‭で‬‭い‬‭る‬‭．‬

‭2.2‬‭楕‬‭円‬‭x‬‭²/a²‬‭+‬‭y‬‭²/‬‭b‬‭²‬‭=‬‭1‬‭の‬‭曲‬‭率‬‭中‬‭心‬
‭楕‬‭円‬‭x‬‭²/‬‭a‬‭²‬‭+‬‭y‬‭²/‬‭b‬‭²‬‭=‬‭1‬‭(a‬‭>‬‭b)‬‭の‬‭頂‬‭点‬‭(a,‬‭0)‬‭に‬

‭お‬‭け‬‭る‬‭曲‬‭率‬‭中‬‭心‬‭，‬‭焦‬‭点‬‭，‬‭頂‬‭点‬‭，‬‭準‬‭線‬‭が‬‭x‬‭軸‬‭上‬

‭で‬‭等‬‭比‬‭点‬‭列‬‭を‬‭な‬‭し‬‭て‬‭い‬‭る‬‭(e‬‭は‬‭離‬‭心‬‭率)‬‭．‬

‭2.3‬‭双‬‭曲‬‭線‬‭x‬‭²/‬‭a‬‭²‬‭−‬‭y‬‭²/‬‭b‬‭²‬‭=‬‭1‬‭の‬‭曲‬‭率‬‭中‬‭心‬
‭双‬‭曲‬‭線‬‭x‬‭²/‬‭a‬‭²‬‭−‬‭y‬‭²/‬‭b‬‭²‬‭=‬‭1‬‭の‬‭頂‬‭点‬‭(a,‬‭0)‬‭に‬‭お‬‭け‬

‭る‬‭曲‬‭率‬‭中‬‭心‬‭，‬‭焦‬‭点‬‭，‬‭頂‬‭点‬‭，‬‭準‬‭線‬‭が‬‭x‬‭軸‬‭上‬‭で‬‭等‬

‭比‬‭点‬‭列‬‭を‬‭な‬‭し‬‭て‬‭い‬‭る‬‭(e‬‭は‬‭離‬‭心‬‭率)‬‭．‬



‭3‬‭本‬‭題‬

‭3.1‬‭曲‬‭線‬‭f(x,‬‭y)‬‭=‬‭0‬‭の‬‭曲‬‭率‬
‭f(x,‬‭y)‬‭の‬‭偏‬‭微‬‭分‬‭を‬‭fα‬‭=‬‭∂/∂α×f(x,‬‭y),‬‭fαβ‬‭=‬

‭∂²/∂β∂α×f(x,‬‭y)‬‭と‬‭表‬‭記‬‭す‬‭る‬‭と‬‭(α,‬‭β‬‭=‬‭x,‬‭y)‬

‭，‬‭曲‬‭率‬‭κ‬‭は‬

‭な‬‭お‬‭，‬‭f(x,‬‭y)‬‭=‬‭0‬‭と‬‭−f(x,‬‭y)‬‭=‬‭0‬‭は‬‭一‬‭致‬‭す‬‭る‬‭か‬

‭ら‬‭，‬‭(1)‬‭の‬‭sgn(fy)‬‭の‬‭符‬‭号‬‭に‬‭は‬‭本‬‭質‬‭的‬‭な‬‭違‬‭い‬‭は‬

‭な‬‭い‬‭．‬‭と‬‭く‬‭に‬‭，‬‭2‬‭次‬‭曲‬‭線‬‭f(x,‬‭y)‬‭=‬‭0‬‭に‬‭つ‬‭い‬‭て‬

‭f(x,y)=ax²/2+bxy+cy²/2+px+qy+r/2=0‬

‭と‬‭す‬‭る‬‭と、‬‭そ‬‭の‬‭曲‬‭率‬‭κ‬‭は‬

‭(2)‬‭か‬‭ら‬‭，‬‭2‬‭次‬‭曲‬‭線‬‭f(x,‬‭y)‬‭=‬‭0‬‭の‬‭頂‬‭点‬‭は‬‭，‬‭曲‬‭線‬

‭上‬‭で‬‭fx²‬‭+‬‭fy²‬‭が‬‭極‬‭値‬‭を‬‭と‬‭る‬‭点‬‭で‬‭あ‬‭る‬‭．‬

‭3.2‬‭2‬‭次‬‭曲‬‭線‬‭f(x,‬‭y)‬‭=‬‭0‬‭の‬‭中‬‭心‬
‭2‬‭次‬‭曲‬‭線‬‭の‬‭頂‬‭点‬‭は‬‭曲‬‭線‬‭上‬‭の‬‭点‬‭で‬‭あ‬‭る‬‭が‬‭，‬‭2‬‭次‬‭曲‬

‭線‬‭の‬‭中‬‭心‬‭は‬‭R²‬‭の‬‭点‬‭と‬‭し‬‭て‬‭考‬‭え‬‭る‬‭必‬‭要‬‭が‬‭あ‬‭る‬‭か‬

‭ら‬‭，‬‭中‬‭心‬‭に‬‭つ‬‭い‬‭て‬‭次‬‭の‬‭よ‬‭う‬‭に‬‭定‬‭義‬‭す‬‭る‬‭．‬

‭3.3‬‭2‬‭次‬‭曲‬‭線‬‭の‬‭分‬‭類‬
‭退‬‭化‬‭し‬‭な‬‭い‬‭2‬‭次‬‭曲‬‭線‬‭，‬‭す‬‭な‬‭わ‬‭ち‬‭，‬‭楕‬‭円‬‭，‬‭双‬‭曲‬

‭線‬‭，‬‭放‬‭物‬‭線‬‭と‬‭な‬‭る‬‭と‬‭き‬‭，‬‭曲‬‭率‬‭κ‬‭6=‬‭0‬‭で‬‭あ‬‭る‬‭．‬

‭(2)‬‭か‬‭ら‬‭，‬

‭の‬‭と‬‭き‬‭，‬

‭2‬‭次‬‭曲‬‭線‬‭f(x,‬‭y)‬‭=‬‭0‬‭は‬‭退‬‭化‬‭す‬‭る‬‭．‬‭一‬‭般‬‭に‬‭，‬‭2‬‭次‬

‭曲‬‭線‬‭は‬‭，‬‭次‬‭の‬‭よ‬‭う‬‭に‬‭分‬‭類‬‭さ‬‭れ‬‭る‬‭．‬

‭2‬‭次‬‭曲‬‭線‬‭の‬‭中‬‭心‬‭と‬‭定‬‭義‬‭関‬‭数‬‭の‬‭特‬‭異‬‭点‬‭が‬‭同‬‭値‬‭で‬

‭あ‬‭る‬‭か‬‭ら‬‭，‬‭(3)‬‭に‬‭お‬‭い‬‭て‬‭，‬‭(I)‬‭，‬‭(II)‬‭は‬‭中‬‭心‬‭が‬‭存‬

‭在‬‭す‬‭る‬‭有‬‭心‬‭2‬‭次‬‭曲‬‭線‬‭で‬‭あ‬‭り‬‭，‬‭(III)‬‭は‬‭中‬‭心‬‭が‬‭存‬

‭在‬‭し‬‭な‬‭い‬‭無‬‭心‬‭2‬‭次‬‭曲‬‭線‬‭で‬‭あ‬‭る‬‭．‬‭中‬‭心‬‭(α,‬‭β)‬‭が‬

‭f‬‭−1‬‭(0)‬‭上‬‭に‬‭あ‬‭る‬‭と‬‭き‬‭，‬

‭(I)‬‭は‬‭，‬‭κ‬‭=‬‭0‬‭で‬‭あ‬‭り‬‭，‬‭次‬‭の‬‭よ‬‭う‬‭に‬‭分‬‭類‬‭さ‬‭れ‬‭る‬

‭•‬‭ac‬‭−‬‭b²>‬‭0‬‭の‬‭と‬‭き‬‭，‬‭1‬‭点‬‭(中‬‭心‬‭は‬‭1‬‭点)‬

‭•‬‭ac‬‭−‬‭b²=‬‭0‬‭の‬‭と‬‭き‬‭，‬‭1‬‭つ‬‭の‬‭実‬‭直‬‭線‬‭(中‬‭心‬‭は‬‭実‬

‭直‬‭線‬‭上‬‭の‬‭点‬‭[非‬‭孤‬‭立‬‭特‬‭異‬‭点])‬

‭•‬‭ac‬‭−‬‭b²‬‭<‬‭0‬‭の‬‭と‬‭き‬‭，‬‭相‬‭交‬‭わ‬‭る‬‭2‬‭直‬‭線‬‭(中‬‭心‬‭は‬

‭2‬‭直‬‭線‬‭の‬‭交‬‭点)‬‭(II)‬‭は‬‭，‬‭λ1λ2‬‭=‬‭ac‬‭−‬‭b²‬‭よ‬‭り‬‭分‬

‭類‬‭さ‬‭れ‬‭る‬‭．‬

‭•‬‭ac‬‭−‬‭b²>‬‭0‬‭の‬‭と‬‭き‬‭，‬‭楕‬‭円‬‭型‬

‭•‬‭ac‬‭−‬‭b²<‬‭0‬‭の‬‭と‬‭き‬‭，‬‭双‬‭曲‬‭線‬

‭•‬‭ac‬‭−‬‭b²=‬‭0‬‭の‬‭と‬‭き‬‭，‬‭平‬‭行‬‭2‬‭直‬‭線‬‭(III)‬‭は‬‭，‬‭放‬

‭物‬‭線‬‭で‬‭，‬‭定‬‭義‬‭関‬‭数‬‭の‬‭特‬‭異‬‭点‬‭が‬‭存‬‭在‬‭し‬‭な‬‭い‬‭無‬‭心‬

‭2‬‭次‬‭曲‬‭線‬‭で‬‭あ‬‭る‬‭．‬

‭4‬‭結‬‭果‬
‭上‬‭記‬‭よ‬‭り,‬‭関‬‭数‬‭f(x,y)‬‭の‬‭形‬‭で‬‭あっ‬‭た‬‭と‬‭し‬‭て‬‭も‬‭そ‬

‭れ‬‭ぞ‬‭れ‬‭の‬‭基‬‭本‬‭形‬‭に‬‭直‬‭す‬‭こ‬‭と‬‭が‬‭で‬‭き‬‭た.‬‭こ‬‭れ‬‭に‬

‭よっ‬‭て‬‭中‬‭間‬‭発‬‭表‬‭で‬‭やっ‬‭た‬‭内‬‭容‬‭に‬‭当‬‭て‬‭は‬‭め‬‭る‬‭こ‬

‭と‬‭が‬‭で‬‭き,‬‭二‬‭次‬‭曲‬‭線‬‭で‬‭あ‬‭る‬‭な‬‭ら‬‭内‬‭部‬‭の‬‭半‬‭径‬‭の‬‭大‬

‭き‬‭さ‬‭を‬‭求‬‭め‬‭る‬‭こ‬‭と‬‭が‬‭で‬‭き‬‭る‬‭よ‬‭う‬‭に‬‭なっ‬‭た.‬



‭5‬‭展‬‭望‬
‭も‬‭し‬‭か‬‭し‬‭た‬‭ら‬‭二‬‭次‬‭曲‬‭線‬‭以‬‭外‬‭で‬‭も,‬‭　‬‭n‬‭次‬‭曲‬‭線‬‭型‬

‭の‬‭求‬‭め‬‭方‬‭（一‬‭般‬‭化）‬‭が‬‭あ‬‭る‬‭の‬‭か‬‭も‬‭し‬‭れ‬‭な‬‭い‬‭が,‬

‭ひ‬‭と‬‭ま‬‭ず‬‭は‬‭二‬‭次‬‭曲‬‭線‬‭の‬‭研‬‭究‬‭を‬‭よ‬‭り‬‭深‬‭め‬‭て‬‭い‬‭き‬

‭た‬‭い。‬

‭６‬‭　‬‭参‬‭考‬‭文‬‭献‬

‭https://math4u.site/temp/paper.pdf‬
‭2‬‭次‬‭曲‬‭線‬‭の‬‭中‬‭心‬‭は‬‭定‬‭義‬‭関‬‭数‬‭の‬‭特‬‭異‬‭点‬

‭（本‬‭発‬‭表‬‭内‬‭容‬‭の‬‭詳‬‭し‬‭い‬‭証‬‭明）‬
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