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Abstract: The Harper map is a typical example of the quadruply reversible area -preserving 

maps defined on torus. In this map, there exist the singly symmetric periodic orbits, the 

doubly symmetric orbits (DSPOs) and the quadruply symmetric periodic orbits (QSPOs). 

The period ݍ  of QSPO is an even number, but not a multiple of four. In order to 

characterize QSPOs, the map ܶ
 is separated into the three operations; the left-involution, 

the identity map and the right-involution. Using the left-involution and the right-involution, 

we can derive the condition that QSPO exists. The identity map also gives the same condition 

for the existence of QSPO. The stability coefficient ݎሺܽሻ to determine the property of the 

elliptic periodic orbit is introduced. We obtain that ݎሺܽሻ as a function of ܽ for DSPO has a 

U-shaped structure and ݎሺܽሻ for QSPO has a W-shaped structure. Let ܫ be the rotation 

number interval that the elliptic periodic orbit undergoes the rotation bifurcation. The 

interval ܫ is determined as follows : ܫ ൌ ሺͲǡͳሻ for DSPO and ܫ ൌ ሺͲǡʹሻ of QSPO. 

 

Keywords: Harper map, Quadruply symmetric periodic orbit, Involution representation, 

Stability coefficient, Bifurcation 

1. ຌชద 

Ͷ͕͏ͱ[1]ݛชߡࢂ , ජंͺඬ६ࣺͶଚͤࡑΖ್॑ଲসबٌغಕ࣯Ν٠ͪ͢ . ್
॑ଲসबٌغಕΝಝ͜Ζ͢͏ଲනݳΝ͢ , ͢͏ଲනݳେ਼ߑଆͳشՁָ
ద͵қັΝΔ͖Ͷͪ͢ Ͷ࣏ . , ବԃ್॑ܗଲসबٌغಕ͗௪बغഔزΝًͥ͞͠  

յزΝًͤ͞ͳ͏͑͢͏ݳزেΝݡड़͢ , ز࣯Νմͪ͢ . ଲනݳ֨
Ν͏ߨ , ଲসͨ͗बٌغಕݳزেΝ͢ݸͱ͏Ζ͞ͳΝࣖͪ͢ .  

2004 ೧ͶජंͺύʖϏʖࣺ  (Harper map)[2]ଲসबٌغಕྪͶؖͤΖๅࠄΝ
͖͢͢ .[3]ͪͮߨ , ଲসबٌغಕ࣯ݗ౾ͺߨΚ͵͖ͮͪ . ύʖϏʖࣺͶͺ , ඬ६ࣺ
ͲଚͤࡑΖ್॑ଲসबٌغಕΓΕߍͶଲস߶͏॑࢝ଲসबٌغಕ͗ଚͤࡑΖ . ଲস
͗߶͚͵ͮͪ͞ͳ͗ݳزেͶʹΓ͑͵ӪڻΝͪΔͤͫΘ͖͑ . ඬ६್ࣺ॑ଲস
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बٌغಕ࣯ΓΕߍͶັڷ͏࣯͗  ύʖϏʖࣺଲসबٌغಕͲ͖ͯݡΖͲͺ͵
͏͖ͳغଶ͠ΗΖ . ࣺͺҡ͵Ζ͗ຌช಼༲ͺߡࢂช[1]ݛକ͘Ͳ͍Ζ .�  

ຌชͲѽ͑φʖϧη  (Ͳ  ݔ ൏ ǡߨʹ Ͳ  ݕ ൏ ฯଚύฯଚ๏ٱͲఈٝ͠ΗͪՆ(ߨʹ
ʖϏʖࣺ  ܶ Ν়ղͤΖ .  

 ܶ�  �� ାଵݕ ൌ ݕ  ݂ሺݔሻ�ሺߨʹ��݀�ሻǡݔ���ାଵ ൌ ݔ  ݂ሺݕାଵሻ�ሺߨʹ��݀�ሻǤ ሺ1ሻ 

͞͞Ͳ , ݂ሺݔሻ ൌ Δ;Ͷ͵ ݔ���ܽ  ݂ሺݕሻ ൌ ͫͪ͢ .ݕ���ܽ , ܽ  Ͳ. ජंͺ , ύʖϏʖࣺՆٱ
Ͷؖৼ͍͗Ζ . ͨͪΌ ଲস͗Γ͏࠹Ζࣺܶͳ͢ͱύʖϏʖࣺͲͤ༼࢘ ,
ىࣞܙΝཤ༽ͤΖ . Ϗϧϟʖν͗ܽͫ͜Ͳ͍Ζ͞ͳΓΕݳেཀྵմ͗͢Ώͤ͏ .  

ܲ ൌ ሺͲǡͲሻͳ ଵܲଵ ൌ ሺߨǡ ಊ఼Ͳܗሻ͗γχϩߨ , ଵܳ ൌ ሺߨǡ Ͳሻͳܳଵ ൌ ሺͲǡ ಊ఼Ͳ͍ܗሻ͗ବԃߨ
Ζ . ͞ΗΔͺͲ ൏ ܽ ൏ ʹͲͺବԃܗͲ , ܽ  ʹͲͺൕΝ͑γχϩܗͲ͍Ζ . ବԃܗಊ఼ͺ
ܽ ൌ ʹͲबغഔزΝًͤ͞ . φʖϧηͶ͕͜ΖٌಕΝਦ 1 Ͷඵ͏ͪ . बٌغಕͳଲসતΝ
Ώ͚ͤනࣖͤΖͪΌͶݡ , φʖϧηΝͲ  ݔ  ǡߨʹ െߨ  ݕ  ͳͪ͢ߨ . 

 

 
ਦ 1ʁφʖϧη  (Ͳ  ݔ  ǡߨʹ െߨ  ݕ  Ͷ͕͜Ζٌಕ (ߨ . (a) ܽ ൌ ͲǤͷ. (b) ܽ ൌ ͳǤͷ. 
 
ࣺܶͺҐԾΓ͑Ͷ࢝झଲනݳͲىफ़͠ΗΖ . ଲͶΓΖմΝܶ ൌ ܪ ל ��ሺ݅ܩ ൌ

ͳǡʹǡ͵ǡͶሻͳॽ͚ . ͞͞ͲלͺࣺߺىͲ͍Ζ ͢༼ࡠΝܩӊଈߺى . ΝܪͶࠪଈ࣏ ,
Ζͤ༼ࡠͶ࣏ . 

ଵܪ  ቀ
ݕ
ቁݔ ൌ ቀ

ݕ�������
െݔ  ݂ሺݕሻቁǡܩ���ଵ ቀ

ݕ
ቁݔ ൌ ቀݕ  ݂ሺݔሻ

����െݔ
ቁǤ ሺ2ሻ 

ଶܪ  ቀ
ݕ
ቁݔ ൌ ቀ

�����െݕ
ݔ െ ݂ሺݕሻቁ ǡ ଶܩ ቀ

ݕ
ቁݔ ൌ ቀെݕ െ ݂ሺݔሻ

ݔ������� ቁǤ ሺ3ሻ 

ଷܪ  ቀ
ݕ
ቁݔ ൌ ቀ

െݔ  ߨ
െݕ  ቁߨ ǡ ଷܩ ቀ

ݕ
ቁݔ ൌ ൬െݔ െ ݂ሺݕ  ݂ሺݔሻሻ  ߨ

െݕ െ ݂ሺݔሻ  ߨ ൰Ǥ ሺ4ሻ 

ସܪ  ቀ
ݕ
ቁݔ ൌ ቀ

ݔ െ ߨ
ݕ  ቁߨ ǡ ସܩ ቀ

ݕ
ቁݔ ൌ ൬ݔ  ݂ሺݕ  ݂ሺݔሻሻ െ ߨ

ݕ��������  ݂ሺݔሻ  ߨ ൰Ǥ ሺ5ሻ 

͞͞Ͳ ܩ , ל ܩ ൌ ܪ ל ܪ ൌ ൕࣺͲ͍ΖͺฯଚͲ͍Ζ͗๏Ǥ. ଲ݀ܫ . ࣺܶͲͺร
Ͷݔͳร਼ݕ਼ Ζͤ༼ࡠΝ ߨʹ�݀�  . ͨͪΌଲනݳͲߨΝെߨͳ͢ , െߨΝߨͳ͓͘
ͱΓ͏ . 
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ਦ 2ʁφʖϧη  (Ͳ  ݔ  ǡߨʹ െߨ  ݕ  Ͷ͕͜Ζ(ߨ , ࠪӊԾଲসત  (ਦ(a))ͳࣾΌࠪӊ
Ծଲসત  (ਦ(b)). ܽ ൌ ͳ. 

ଲಊ఼ॄ͗ଲসતͲ͍Ζ . ଲͶΓΖबٌغಕ఼ಊ͘ͺଲসતͶؖͤΖൕ
Ͳ͍Ζ . ΓͮͱଲͶΓΖबٌغಕ఼ಊ͘ΓΕ , ܵுభͳܵீభΝࠪӊଲসતͳݼ; , ܵுమͳܵீమ
ΝԾଲসતͳݼ . สٕదͶܵுయͳܵீయΝࣾΌࠪӊଲসતͳݼ; , ܵுరͳܵீరΝࣾΌԾ
ଲসતͳݼ . ͞ΗΔଲসતΝҐԾͶࣖͪ͢ . Ήͪ , ଲসતΝਦ 2 Ͷඵ͏ͪͲߡࢂͶ͢
ͱΆ͢͏ . 

 
ࠪӊଲসત . 

ܵுభǣ ݔ ൌ ݂ሺݕሻȀʹǡݔ��� ൌ ݂ሺݕሻȀʹ   ǡ ሺ6ሻߨ

ܵீభǣ ݔ ൌ Ͳǡݔ��� ൌ  Ǥ ሺ7ሻߨ

Ծଲসત . 
ܵுమǣ ܵுమǣ ݕ ൌ Ͳǡݕ��� ൌ  ǡ ሺ8ሻߨ

ܵீమǣ ݕ ൌ െ݂ሺݔሻȀʹǡݕ��� ൌ െ݂ሺݔሻȀʹ   Ǥ ሺ9ሻߨ

ࣾΌࠪӊଲসત . 
ܵுయǣ ݕ ൌ െݔ   ǡ (10)ߨ

ܵீయǣ ݕ ൌ െݔ െ ݂ሺݔሻ   Ǥ (11)ߨ
ࣾΌԾଲসત . 

ܵுరǣ ݕ ൌ ݔ െ  ǡ (12)ߨ

ܵீరǣ ݕ ൌ ݔ െ ݂ሺݔሻ െ  Ǥ (13)ߨ
ࣺ͗ଲͲන͠ݳΗΖ ىΝͯͳ͏͑[4]. ٱͺώʖαϓқັͲՆܧ ,

Γ͑Ͷ࢝झྪҡ͵ͮͪଲͲන͠ݳΗΖࣺͺ ͻΗΖݼͳࣺٱՆ॑࢝ , Ն॑࢝ .
Ͷͺࣺٱ , Ҳ॑ଲসबٌغಕ , ್॑ଲসबٌغಕ Ζͤࡑಕ͗ଚٌغଲসब॑࢝ , . ଲসત
Νཤ༽͢ͱ͞ΗΔଲসबٌغಕΝఈٝͤΖ . 

 
ఈٝ 1.1. 
[i] ଲসबٌغಕͳඉଲসबٌغಕ .  
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ଲসતͶٌಕ఼ΝٌͯಕΝଲসٌಕͳ͏͑ . ଲসٌಕ͗ଲসતͶ۰਼ݺٌಕ఼Ν
ͯ͵Δͻ , ٌ͞ಕͺଲসबٌغಕͳݼͻΗΖ . ຌชͲͺಊ఼ͺଲসबٌغಕͶΌ
ͥ , ಊ఼ͳ͢ͱѽ͑ . ଲসતͶٌಕ఼Νͪ࣍͵͏बٌغಕΝඉଲসबٌغಕͳఈٝͤΖ .  

[ii] Ҳ॑ଲসबٌغಕ .  

ԾଲসતΊͶٌಕ఼ΝͯबٌغಕΝ , Ҳ॑ԾଲসबٌغಕͳఈٝͤΖ . ࠪӊ
ଲসતΊͶٌಕ఼ΝͯबٌغಕΝ , Ҳ॑ࠪӊଲসबٌغಕͳఈٝͤΖ . ࣾΌԾଲস
તΊͶٌಕ఼ΝͯबٌغಕΝ , Ҳ॑ࣾΌԾଲসबٌغಕͳఈٝͤΖ . ࣾΌࠪӊଲস
તΊͶٌಕ఼ΝͯबٌغಕΝ , Ҳ॑ࣾΌࠪӊଲসबٌغಕͳఈٝͤΖ . ͞ΗΔΝΉͳΌ
ͱҲ॑ଲসबٌغಕͳݼ .  

[iii] ್॑ଲসबٌغಕ .  

ԾͳࠪӊଲসતͶٌಕ఼ΝͯबٌغಕΝ , ್॑ԾࠪӊଲসबٌغಕͳఈٝͤΖ . 
ࣾΌԾͳࣾΌࠪӊଲসતͶٌಕ఼ΝͯबٌغಕΝ , ್॑ࣾΌԾࠪӊଲসबٌغಕ
ͳఈٝͤΖ . ͞ΗΔΝΉͳΌͱ್॑ଲসबٌغಕͳݼ .  

[iv] ॑࢝ଲসबٌغಕ .  

ԾͳࠪӊଲসતͶٌಕ఼Νͬ , ͖ͯࣾΌԾͳࣾΌࠪӊଲসતͶٌಕ఼Ν
ͯबٌغಕΝ ಕͳఈٝͤΖٌغଲসब॑࢝ , . 

 
͞͞ͲଲসबٌغಕͶͯ͏ͱึଏΝफ़΄ͱ͕͚ . Ҳ॑ଲসबٌغಕͺଲসતͶ್ٌͯಕ

఼Νͯ . ఼್͗Ҳ఼Ͷ͵ͮͪ͗ಊ఼Ͳ͍Ζ . ್॑ଲসबٌغಕͺ್͍ͯ͗Ζ . 
ࠪӊଲসતͶ್ٌͯಕ఼Νͬ , ͖ͯԾଲসતͶ್ٌͯಕ఼Νͯͳ , ࣾΌ
ࠪӊଲসતͶ್ٌͯಕ఼Νͬ , ͖ͯࣾΌԾଲসતͶ್ٌͯಕ఼ΝͯͲ͍
Ζ ಊ఼Ͳ͍Ζ఼͗͗Ҳ఼Ͷ͵ͮͪ࢝ . ಕͺٌغଲসब॑࢝Ͷޛ࠹ .  Ծࠪӊଲস
તͶٌͯ࢝ಕ఼Νͬ , ͖ͯࣾΌԾࠪӊଲসતͶٌͯ࢝ಕ఼  Νͯ࣍ . ൂ఼͗Ҳ఼
Ͷ͵ͮͪ͗ಊ఼Ͳ͍Ζ . 

 
ຌชͲ٠ͤΖୌΝ়ղͤΖ .  

ୌ 1.2.  

ͺՁ͖ݳනಕΝಝ͜Ζଲٌغଲসब॑࢝ (1) .  

(2) ବԃ॑࢝ܗଲসबٌغಕͺ , ʹΓ͑͵زΝॳً࣏͖ͤ͞ .  

 
ຌช 2 ઇҐޛ಼༲Νࣖͤ . 
 
 2 ઇͲͺ , ຌชͲ࢘༽ͤΖߺىͳ֕೨Ν়ղͤΖ .  

 3 ઇͲͺ , Ҳ॑ଲসबٌغಕͳ್॑ଲসबٌغಕͶؖͤΖ࣯ΝΉͳΌΖ .  

 4 ઇͲͺ ଆΝ٠ͤΖߑେ਼ݳනಕΝಝ͜Ζଲٌغଲসब॑࢝ , .  

 5 ઇͲͺ , ବԃ॑࢝ܗଲসबٌغಕߑزଆΝ΄Ζ .  

 6 ઇͲͺ , ຌชͲಚΔΗͪزͶؖͤΖմएΝ༫͓Ζ .  

 7 ઇͲͺ , ຌชͲಚΔΗͪ݃ՎΝΉͳΌΖ . 
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2. ६ඍ 

2.1. बٌغಕ҈ఈ�  

बٌغಕ҈ఈΝஇͤΖ๏๑Ν়ղͤΖ . ͞͞Ͳݍ�ሺ ͳሻΝबٌغಕबغͳͤΖ . ब
ݖಕ఼Νٌغबݍغ ൌ ሺݔǡ ሻ�ሺͲݕ  ݇  ݍ െ ͳሻͳͤΖ . ٌಕ఼ݖͶ͕͜ΖતܙԿߨܯሺݖሻͺ  

ሻݖሺܯ  ൌ ൬������ͳ �����������݂ᇱሺݔሻ
݂ᇱሺݕାଵሻ ͳ  ݂ᇱሺݔሻ݂ᇱሺݕାଵሻ

൰ (14) 

ͳಚΔΗΖ . ͞͞Ͳ , ݂Ԣሺݔሻ ൌ ܽ�ାଵሻݕ, ݂Ԣሺݔ�� ൌ ܽ�ାଵ. ฯଚࣺͲ͍Ζ͖Δݕ�� ሻݖሺܯ ,
ࣞͺߨ 1 Ͳ͍Ζ . ࣺܶ��ሺݍ  ͳሻતܙԿߨΝܯ ൌ ሻͳͤΖͳݖሺܯڮିଶሻݖሺܯିଵሻݖሺܯ ݽ ,
༙ߣΝ݀ఈͤΖ๏ఖࣞ  

ଶߣ  െ ߣሺܽሻݎ  ͳ ൌ Ͳ (15) 
͗ಚΔΗΖ . ͞͞Ͳ ሺܽሻݎ , ൌTraceܯ. ݎ਼ܐሺܽሻΝ҈ఈ਼ܐͳ໌͜Ζ .  

ࣞ(15)մͲ͍Ζ༙ݽΝߣേͳॽ͚ . ҈ఈݎ਼ܐሺܽሻΝཤ༽͢ͱ  बݍغबٌغಕ҈ఈ
ΝఈΌΖ . พࣞͺܦ ൌ ଶሺܽሻݎ െ ͶͲ͍Ζ ሺܽሻݎ .  ʹ͵Δͻ ͺͲ༙ݽ , ൏ ିߣ ൏ ͳ ൏ ାΝຮͪߣ
ͤ . बݍغबٌغಕ఼ͺγχϩܗͲ҈ఈͲ͍Ζ . ȁݎሺܽሻȁ ൏ ʹ͵Δͻ ༀͲڠേͺોߣ༙ݽ ,
͍Ζ . Γͮͱ , बݍغबٌغಕ఼ͺବԃܗͲ҈ఈͲ͍Ζ ሺܽሻݎ . ൏ െʹ͵Δͻ ିߣͺ༙ݽ , ൏

െͳ ൏ ାߣ ൏ ͲΝຮͪͤ . बݍغबٌغಕ఼ͺൕΝ͑γχϩܗͲ҈ఈͲ͍Ζ . बغഔब
زغ  (ൕबغഔबغز) ز఼Ͳͺ ሺܽሻݎ  ൌ െʹ ͗Εཱིͬ േߣͺ༙ݽ , ൌ െͳͲ͍Ζ . 
ಋबغز  (ൕಋबغز) ز఼Ͳͺ ሺܽሻݎ  ൌ ʹ ͗Εཱིͬ േߣͺ༙ݽ , ൌ ͳͲ͍Ζ . ͞
͞Ͳफ़΄ͪزࡋͺߡࢂช[5]ݛΝݡΔΗͪ͏ . 

2.2. յزͳबغഔز 

ବԃܗಊ఼ͳ͢ͱܳଵΝཤ༽͢ͱյزઈΝ͑ߨ . ϏϧϟʖνܽΝ 0 ͖ΔଁՅͤ
Ζͳ , ବԃܗಊ఼ ଵܳۛͶ͕͜Ζٌಕ఼յ๏͗ଐ͚͵Ζ . յ๏ͺܯ࣎յΕ
Ͳ͍Ζ . ͞յ๏ࢨඬͳ͢ͱ ΝͤΖݍȀ༁਼Ͳ͍Ζյ਼ع , . ͞͞Ͳݍͺब
غ . बٌغಕ͗ 1 बغؔͶ ଵܳबΕΝյͤΖյ਼͗Ͳ͍Ζ . յ਼ȀݍͺҲյࣺͲ
ٌಕ͗ฑߨʹֱౕۋ ൈ ͫ͜ݍȀ ଵܳबΕΝյͤΖ͞ͳΝқັͤΖ . Ϗϧϟʖνܽ͗  

 ܽሺȀݍሻ ൌ ʹ���ሺߨȀݍሻ��ሺͲ ൏ ݍȀ  ͳȀʹሻ (16) 
Νຮͪͤͳ , ଲসતͶٌಕ఼Νͯ࣍յ਼Ȁݍबٌغಕ͗ ଵܳΓΕਫ਼ͣΖ . Ͳ ൏ ݍȀ ൏

ͳȀʹΝຮͪͤΝյزͳݼ; ݍȀ , ൌ ͳȀʹΝຮͪͤΝबغഔزͳݼ .  

ࣞ(16)Ν͚ . ಊ఼ ଵܳबΕͲતܙմੵΝ͑ߨͳ , તܙԿߨܯଵ͗ԾىΓ͑ͶಚΔ
ΗΖ . 

ଵܯ  ൌ ቀͳ ���െܽ
ܽ ͳ െ ܽଶቁǤ (17) 

್༙ͯݽߣേͺ, Ͳ ൏ ܽ ൏ ʹͲͺો਼ͳ͵Ζ . 

േߣ  ൌ
ሺʹ െ ܽଶሻ േ ݅ξͶܽଶ െ ܽସ

ʹ
ؠ ���ሺʹߨȀݍሻ േ ݅���ሺʹߨȀݍሻǤ (18) 

յ਼ȀݍΝ݀Όͱࣞ(18)ΝܽͶͯ͏ͱմ͜ͻ  ྡֆܽሺȀݍሻ͗ٽΉΖ . ͞͞Ͳܯͪͮ͵ߨ
ͳ͑ߨౕ࠸ሺܽሻΝ༽͏ͱݎ਼ܐΝ҈ఈࢋ , յ਼Ȁݍͳ҈ఈݎ਼ܐሺܽሻؖ͗ܐಚΔΗΖ . 

ሺܽሻݎ  ൌ ʹ���ሺʹߨȀݍሻǤ (19) 
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2.3. ܑ͘ͶؖͤΖࣺ�  

ಊ఼ ଵܳΝ௪գͤΖଲসતΝݕ ൌ ሻͳॽ͚ݔሺܨ ሻߨሺܨ . ൌ ͲͲ͍Ζ͞ͳΝқͤΖ . ಊ఼ ଵܳ

Ͷ͕͜Ζଲসતܑ͘Νߦ ൌ ͳͤΖݔሻȀ݀ߨሺܨ݀ . ࣺܶͶΓͮͱଲসતܑ͗͘รԿͤΖ . ܑ
͘รԿͺҲࣺݫ࣏   

ାଵߦ  ൌ
ߦ െ ܽ

ܽሺߦ െ ܽሻ  ͳ
 (20) 

Ͳ݀ఈ͠ΗΖ . ͞͞Ͳࣞ(20)ड़๏๑ΝઈͤΖ . ࣺܶΝݔͲඏͤΖͳ  

 
ାଵݕ݀
ݔ݀

ൌ
ାଵݔ݀
ݔ݀

ାଵݕ݀
ାଵݔ݀

ൌ
ݕ݀
ݔ݀

 ܽ� ǡ (21)ݔ��

 
ାଵݔ݀
ݔ݀

ൌ ͳ  ܽ�ାଵݕ��
ାଵݕ݀
ݔ݀

ൌ ͳ  ܽ�ାଵݕ�� ൬
ݕ݀
ݔ݀

 ܽ� ൰ (22)ݔ��

͗ಚΔΗΖ ݔ . ൌ ǡߨ ାଵݕ ൌ Ͳͳ͢ͱ , ࣞ(22)Νࣞ(21)ͶେͤΖ ߦܑ͘ . ൌ ାଵߦͳݔȀ݀ݕ݀ ൌ

ାଵΝ͢ݔାଵȀ݀ݕ݀ , ͞ΗΔΝ༽͏Ζͳࣞ(20)͖͗ΗΖ . 

2.4. ϛΠϱΩϪ਼ࢨ�  

ϛΠϱΩϪ਼ࢨΝఈٝ͢ , ϛΠϱΩϪ਼ࢨͶؖͤΖఈཀྵΝ়ղͤΖ[5]. ϛΠϱΩϪ਼ࢨͺ
ΖͤݳͲҕΞͲනނׇ . 

 
ఈٝ 2.1 (ϛΠϱΩϪ਼ࢨఈٝ).  

ࣺܶ��ሺݍ  ͳሻͶ͕͜Ζಊ఼ݖϛΠϱΩϪ਼ࢨΝҐԾΓ͑ͶఈٝͤΖ .  

(1) ಊ఼͗ݖγχϩܗबٌغಕ఼͵Δ , ͨϛΠϱΩϪ਼ࢨΝሺെͳሻͳͤΖ   

(2) ಊ఼͗ݖବԃܗबٌغಕ఼͵Δ , ͨϛΠϱΩϪ਼ࢨΝሺͳሻͳͤΖ .  

(3) ಊ఼͗ݖൕܗγχϩबٌغಕ఼͵Δ , ͨϛΠϱΩϪ਼ࢨΝሺͳሻͳͤΖ .  

 
ఈཀྵ  2.2 (ϛΠϱΩϪ਼ࢨ૱ฯଚଉ). زޛͲϛΠϱΩϪ਼ࢨ૱ͺฯଚ͠Η
Ζ . 

2.5. ��� ౕյࡠ༽�  

ྭͳ͢ͱ್ͯଲܪଵܪଶΝͤࢋܯΖͳ  

ଶܪଵܪ  ቀ
ݕ
ቁݔ ൌ ቀെݕെݔቁ (23) 

͗ಚΔΗΖ . ͯΉΕ ଶͺܪଵܪ , 180 ౕյࡠ༽Νන͢ݳͱ͏Ζ . ࣞ(23)ͺ, ܲ ൌ ሺͲǡͲሻΝৼͳ
ͪ͢  180 ౕյΝқັ͢ͱ͏Ζ . ࣞ͞ӊวെݔΝെݔ  ͳͤΗͻߨʹ , ܳଵ ൌ ሺߨǡ ͲሻΝৼ
ͳͪ͢  180 ౕյΝ༫͓Ζ . 180 ౕյࡠ༽ܴනࣞͳ࣯ΝΉͳΌ , ࣯ 2.3 ͳͤΖ .  

 
࣯  2.3.  

(1) 180 ౕյࡠ༽ܴͺҐԾΓ͑Ͷ್ͯଲͲන͠ݳΗΖ .  
 ܴ ൌ ଶܪଵܪ ൌ ଵܪଶܪ ൌ ସܪଷܪ ൌ ଷܪସܪ ൌ ଶܩଵܩ ൌ ଵܩଶܩ ൌ ସܩଷܩ ൌ  ଷǤ (24)ܩସܩ

(2) ଲসबٌغಕ್ٌͯಕ఼ݖͳݖ�ሺ݇ ് Ͳሻ͗ಋͣଲসતͶ͍Ε ݖ , ൌ Νຮͪͤͳݖܴ
ͤΖ . ͞ଲসबٌغಕबݍغͺݍ ൌ ʹ݇Ͳ͍Ζ . Γͮͱ , 180 ౕյࡠ༽ܴͺ  ܴ ൌ ܶȀଶΉͪͺ
ܴ ൌ ܶିȀଶͳ͖͜Ζ . 
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3. Ҳ॑ଲসबٌغಕͳ್॑ଲসबٌغಕ 

3.1. Ҳ॑ଲসबٌغಕଲනݳ�  

ύʖϏʖࣺͶ͕͜ΖҲ॑ଲসबٌغಕଲනݳΝΉͳΌͱ͕͚ .  
 ܶଶ ൌ ܶଶିଵܪ ל ܩ ൌ ܪ ל  ܶଶିଵǡ (25)ܩ
 ܶଶାଵ ൌ ܶଶܪ ל ܩ ൌ ܪ ל  ܶଶǤ (26)ܩ

͞͞Ͳ , ݅ ൌ ͳǡʹǡ͵ǡͶ. ࣞ(25) , बݍغͺݍ ൌ ʹ݇��ሺ݇  ͳሻͲ͍Ε , ࣞ(26) , बݍغͺݍ ൌ

ʹ݇  ͳ��ሺ݇  ͳሻͲ͍Ζ . ύʖϏʖࣺͶͺଡ͚Ҳ॑ଲসबٌغಕ͍͗Ζ[3]. ͞ΗΔ࣯
Ͷͯ͏ͱͺ͞͞Ͳͺ٠͢͵͏ .  

ྭͳ͢ͱܶଶ ൌ ܶଶିଵܪ ל Ͳݳනܩ , ܶଶିଵܪΝࠪଲ ݼͳΝӊଲܩ , . ࠪଲͳӊଲ
Ͷͯ͏ͱร͵ॄΝන 1 Ͷࣖͤ. ͞ΗΔรॄͺଲসતͳݼͻΗΖ . 

න̏ʁଲͳรॄ  

ଲ ܪ  ܪ ܶଶିଵܩ  ܪܶଶିଵ ܶଶܩ   ܶଶܩ 
รॄ  ܵு ܵீ ܶܵீ ܶିܵு ܶܵு ܶିܵீ 

 
ྭͳ͢ͱܶܵீ͗ࠪଲܶଶିଵܪͶͯ͏ͱรॄͲ͍Ζ͞ͳΝ֮͢Γ͑ .  

 ܶଶିଵܪ ל ܶܵீ ൌ ܶିଵܪܵீ ൌ ܶିଵܪܩܵீ ൌ ܶܵீǤ (27) 
఼ݖΓΕड़ͤΖҲ॑ଲসबٌغಕܱሺݖሻ͗ଚͤࡑΖ , ܴܱሺݖሻ ൌ ܱሺܴݖሻଚͤࡑΖ . 

3.2. ್॑ଲসबٌغಕྪ�  

ΝͳͶ[1]ݛชߡࢂ , ύʖϏʖࣺͶ͕͜Ζ್॑ଲসबٌغಕͺൂझྪͶྪ͠ΗΖ . 
ྪΝන 2 ͳ͢ͱ༫͓Ζ ΝනݳනಕଲٌغͶ್॑ଲসब࣏ . 3 Ͷࣖͤ .1 

න̐ʁ್॑ଲসबٌغಕྪ  

ྪ  ଲসતͳٌಕ఼  बݍ:غ ড়݇  
a ܪ�ଵሾݖሿ ՜ ሿݖଶሾܪ ՜ ݇ ଶሿ Ͷ݇ݖଵሾܪ  ͳ 
b ܪ�ଵሾݖሿ ՜ ሿݖଶሾܩ ՜ ଶାଵሿ Ͷ݇ݖଵሾܪ  ʹ ݇  Ͳ 
c ܩ�ଵሾݖሿ ՜ ሿݖଶሾܪ ՜ ଶିଵሿ Ͷ݇ݖଵሾܩ െ ʹ ݇  ʹ 
d ܩ�ଵሾݖሿ ՜ ሿݖଶሾܩ ՜ ݇ ଶሿ Ͷ݇ݖଵሾܩ  ͳ 
e ܪ�ଷሾݖሿ ՜ ሿݖସሾܪ ՜ ݇ ଶሿ Ͷ݇ݖଷሾܪ  ͳ 
f ܪ�ଷሾݖሿ ՜ ሿݖସሾܩ ՜ ଶାଵሿ Ͷ݇ݖଷሾܪ  ʹ ݇  ͳ 
g ܩ�ଷሾݖሿ ՜ ሿݖସሾܪ ՜ ଶିଵሿ Ͷ݇ݖଷሾܩ െ ʹ ݇  ʹ 
h ܩ�ଷሾݖሿ ՜ ሿݖସሾܩ ՜ ݇ ଶሿ Ͷ݇ݖଷሾܩ  ͳ 

 

 
 
1 ͞͞Ͳͺߡࢂช[3]ݛ಼༲ΝືԿͪ݃͢ՎΝͪ͢ࡎܟ ड़නޛ . 4 ͳන 5 Ͷ͕͏ͱ

ಋ༹Ͳ͍Ζ . 
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න̑ʁ್॑ଲসबٌغಕଲනݳ  

ྪ   ଲනݳ[ࠪଲ ࣺ߅ , , ӊଲ]  ড়݇ 1 ড়݇ 2 
a ��ܶସ ൌ ܶଶܪଵ ל ଶܪଵܶଶିଵܩ ל ଶ  ܶܵுభܪ ת ܵுమ ് ܵுమܶ  ת ܵுభ ്  
b  ܶସାଶ ൌ ܶଶܪଵ ל ଶܪଵܶଶܩ ל ଶ  ܶܵுభܩ ת ܵீమ ് ାଵܵீమܶ  ת ܵுభ ്  
c  ܶସିଶ ൌ ܶଶିଵܪଵ ל ଶܪଵܶଶିଶܩ ל ଶ  ܶܵீభܪ ת ܵுమ ് ିଵܵுమܶ  ת ܵீభ ്  
d  ܶସ ൌ ܶଶିଵܪଵ ל ଶܪଵܶଶିଵܩ ל ଶ  ܶܵீభܩ ת ܵீమ ് ܵீమܶ  ת ܵீభ ്  
e  ܶସ ൌ ܶଶܪଷ ל ସܪଷܶଶିଵܩ ל ସ  ܶܵுయܪ ת ܵுర ് ܵுరܶ  ת ܵுయ ്  
f  ܶସାଶ ൌ ܶଶܪଷ ל ସܪଷܶଶܩ ל ସ  ܶܵுయܩ ת ܵீర ് ାଵܵீరܶ  ת ܵுయ ്  
g  ܶସିଶ ൌ ܶଶିଵܪଷ ל ସܪଷܶଶିଶܩ ל ସ  ܶܵீయܪ ת ܵுర ് ିଵܵுరܶ  ת ܵீయ ്  
h  ܶସ ൌ ܶଶିଵܪଷ ל ସܪଷܶଶିଵܩ ל ସ  ܶܵீయܪ ת ܵீర ് ܵீరܶ  ת ܵீయ ്  

 
बغ 2 Ͷͯ͏ͱͺқͤΖචགྷ͍͗Ζ . න 2 ྪ b Ͷ͕͜Ζबغ 2 बٌغಕͺ್॑ଲ

সबٌغಕͲ͍Ζ . ҲൢͶ್॑ଲসबٌغಕͺଲসતͶ఼ٌ࢝ಕ఼Νͯ͗ , ྪ b Ͷ͕
͜Ζबغ 2 बٌغಕͺଲসતܵுభͳܵீమި఼Ͷٌಕ఼Νͯ . ͞ , ި఼Ν್ݺͳ਼
͓Ηͻݺ࢝ܯͳ͵Ζ . 

ྪ c ͳ f Ͳͺबغ 2 बٌغಕͺਫ਼ͣ͵͏ . ྪ g Ͷ͕͏ͱՆ͵बغ 2 बغ
ٌಕͺ॑࢝ଲসबٌغಕͲ͍Ζ . ͨͪΌড়݇Ν݇  ʹͳ͢ͱबغ 2 बٌغಕΝঈ͏ͱ͍Ζ . 
͞Ͷͯ͏ͱ؈ୱͶઈΝ௧ՅͤΖ . ҲൢͶ॑࢝ଲসबٌغಕͺଲসતͶൂ఼ٌಕ఼
Νͯ . ͞͞Ͳ ड़ਦޛ , 3(a)Νݡͱཋ͢͏ ଲসતܵுభ, ܵீమ, ܵீయ, ܵுర͗ިࠫ͢ͱ͏Ζͯ࢝ .
఼್͍͗ͯΖ͞ͳ͖͗ΖͲ͍Θ͑ . ͞ΗΔި఼͗बغ 2 ٌಕ఼Ͳ͍Ζ . ͯΉΕ , बغ 2
ٌಕ఼ͺ࢝झྪଲসતި఼Ͷ͵ͮͱ͏ΖͲ , ͽͳͯި఼Νݺ࢝ͳ਼͓Ηͻݺൂܯ
ͳ͵Ζ . 

න 2 ͳන 3 Ͷ͕͜Ζྪ a Νྭͳ͢ͱઈͤΖ . නܪݳଵሾݖሿͺٌಕ఼ݖ͗ଲসતܵுభͶ͍Ζ
͞ͳΝන͢ݳͱ͏Ζ ͢ݳ͗ଲসતܵுమͶ͍Ζ͞ͳΝනݖሿͺٌಕ఼ݖଶሾܪݳන࣏ . ޛ࠹ ,
නܪݳଵሾݖଶሿͺٌಕ఼ݖଶ͗ଲসતܵுభͶ͍Ζ͞ͳΝන͢ݳͱ͏Ζ ሿݖଵሾܪߺى . ՜ ሿͺݖଶሾܪ ଵݖ ,
͖ΔݖିଵΉͲٌಕ఼͗ଲসતͶ͵͏͞ͳқັ͢ͱ͏Ζ ሿݖଶሾܪߺى . ՜ ଶሿͶͯ͏ͱݖଵሾܪ
ಋ༹Ͳ͍Ζ .  

න 2 बغΓΕ , ್॑ଲসबٌغಕब۰਼͗غͲ͍Ζ͞ͳ͖͗Ζ . ྪ a න 3 Ͷ͕
͜Ζড়݇ 1 ͺ , ଲসતܶܵுభͳଲসતܵுమި఼್͗॑ଲসबٌغಕٌಕ఼Ͳ͍Ζ͞ͳ
Νқັ͢ͱ͏Ζ . ͪͫ͢ , ި఼ͳ͢ͱಊ఼ͺঈ͚ . ড়݇ 2 ಋ༹͞ͳΝқັ͢ͱ͏Ζ . ড়
݇ 1 Νཤ༽͢ͱড়݇ 2 Νཤ༽͢ͱಋ್ͣ॑ଲসबٌغಕ͗݀ΉΖ . 

್॑ଲসबٌغಕͳ 4 ઇͲ٠ͤΖ॑࢝ଲসबٌغಕͳ૮ҩΝѴͤΖͪΌͶ , ್॑
ଲসबٌغಕྭΝਦ 3 Ͷࣖͪ͢ . ਦ 3(a), (b),ǥ,(h)ٌಕͺͨΗͩΗන 2 ͳන 3 ྪ
a,b,ǥ,h ͶͤΖबٌغಕྭͲ͍Ζ . ਦ 3(a) , ॵغ఼ݖ(ਦͲͺ 0)ͺଲসતܵுభͶ͍Ε , 
ଵͺܵுమͶ͍Ζݖ . बغͺ 4 Ͳ͍Ζ . ଠਦಋ༹Ͳ͍Ζ . 

बغΝݍͳ͢ , ྪ a ͖Δྪ h Ͷ͕͏ͱࣺܶΝͯࢀࡠ༽Ͷմͪ͢ . ͖ࠪΔॳͶࠪଲ
 ࣺ߅ , , ӊଲͳݼ[1]. ͨΗͩΗනݳͶͯ͏ͱͺන 3 Ͷͪͦࡎ ॵͶ࠹ . , ྪ a
ͳྪ c Ͷ͕͜Ζबݍغड़Ν͑ߨ ड़ͺ͚Ε . .   

 
ྪ a. ͞ , बٌغಕ͗ଲসતܵுభͳܵுమͶٌಕ఼Ν͖ͯΔ  ್॑ଲসबٌغಕͲ



 

t 9 t 
 

͍Ζ . ॵغ఼ݖ͗ܵுభͶ͍Ε ΌΖٽΝغ͗ଲসતܵுమͶ͍Ζ͞ͳ͖Δबݖ , ݖଵܪሿΓΕݖଵሾܪ . ൌ

͗ಚΔΗݖ ݖଶܪሿΓΕݖଶሾܪ , ൌ ͗ಚΔΗΖݖ ଶݖଶܪΝंޛ . ൌ ͕͢͵ͳݖ , ंͶେͤΖͳ
ݖଵܪ ൌ ΉΖٽଶ͗ݖଶܪ . ͞ΗΝ ݖଵܪଶܪ  ൌ ଶͳॽ͘ݖ Ͷߍ , 180 ౕյࡠ༽ܴ ൌ ଵΝཤ༽ͤΖܪଶܪ
ͳ ݖܴ  ൌ ଶݖ ൌ ܶଶݖ͗ಚΔΗΖ ͶΖͲݖΖͳͤ༼ࡠଶͶݖͶܶଶΝߍ . , बݍغͺݍ ൌ Ͷ݇ͳ
ಚΔΗΖ .   

 
ྪ c. ͞ , बٌغಕ͗ଲসતܵீభͳܵுమͶٌಕ఼Ν͖ͯΔ  ್॑ଲসबٌغಕͲ
͍Ζ . ॵغ఼ݖ͗ܵீభͶ͍Ε ΌΖٽΝغ͗ଲসતܵுమͶ͍Ζ͞ͳ͖Δबݖ , ݖଵܩሿΓΕݖଵሾܩ . ൌ

͗ಚΔΗݖ ݖଶܪሿΓΕݖଶሾܪ , ൌ ͗ಚΔΗΖݖ ଶݖଶܪΝंޛ . ൌ ͕͢͵ͳॽ͘ݖ , ंͶେͤ
Ζͳܩଵݖ ൌ ΉΖٽଶ͗ݖଶܪ . ྈวͶܩଶΝࡠ༽ͤΖ . ࠪวͺܩଶܩଵݖ ൌ Ͳݖܴ , ӊวͺܩଶܪଶݖଶ ൌ

ܶିଵݖଶ ൌ ݖܴ .ଶିଵݖ ൌ ଶିଵΓΕݖ ݍ , ൌ Ͷ݇ െ ʹ͗ಚΔΗΖ .  
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ਦ 3ʁ್॑ଲসबٌغಕྭ . ਼݇ͺٌಕ఼ݖΝනͤ . (a) ܽ ൌ ʹǤͷ. (b) ܽ ൌ ͵. (c) ܽ ൌ ʹǤͷ.  
(d) ܽ ൌ ʹǤͷ. (e) ܽ ൌ ʹ. (f) ܽ ൌ ͵. (g) ܽ ൌ ʹǤͷ. (h) ܽ ൌ ʹ.  
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ྪ a-h Ͷ͕͜Ζྡֆͳড়݇ઈΝ͑ߨ . 
 

ྪ a. ͞ , ࠪଲܶଶܪଵͶͯ͏ͱร͵ॄͺܶܵுభͲ͍Ζ . ΉͪӊଲܪଶͶͯ͏ͱ
ร͵ॄͺܵுమͲ͍Ζ . ͯΉΕ , ܶܵுభͳ  ܵுమި఼ͺ್॑ଲসबٌغಕٌಕ఼Ͳ͍Ζ  (ި఼
ͳ͢ͱಊ఼ͺ͚). ͞Η͗ড়݇ 1 Νන͢ͱ͏Ζ ࣺͺ߅Ͷ࣏ . , ྪ a ٌಕ఼ݖͶଲ
͢ͱ   

ݖଶܪଵܶଶିଵܩ  ൌ ݖ  (28) 
Νຮͪͤ . ͞ΗΝܶଶܪଶݖ ൌ ݖଵܩܶ ൌ ͳॽͤ͘ݖଵܪ . ܶଶܪଶͶͯ͏ͱร͵ॄͺܶܵுమͲ͍Ζ . 
ͺܵு̏ॄ͵ଵͶͯ͏ͱรܪ

Ͳ͍Ζ . ͯΉΕ , ٌಕ఼ݖͺ , ܶܵுమͳܵு̏
ި఼Ͳ͍Ζ . ͞Η͗

ড়݇ 2 Νқັ͢ͱ͏Ζ . ଲসતܵுభͳܵுమި఼ͺಊ఼ΊͲ͍Ζ . Γͮͱ , ݇ ൌ ͳΝ
΄Ζ . ͞͞Ͳͺড়݇ 2 Νཤ༽ͤΖ . ଲসતܵுమ ଵܳͶ͕͜Ζܑ͘ͺͲͲ͍Ζ . ͞ΗΝ ߦ , ൌ Ͳͳ
ॽ͚ . ݇ ൌ ͳͲ͍Ζ͖Δ , ࣞ(20)Νཤ༽͢ͱߦଵ͗ٽΉΖ . Ҳ๏Ͳܵுభ ଵܳͶ͕͜Ζܑ͘ͺʹȀܽͲ
͍Ζ ଵߦ . ൌ ʹȀܽΓΕྡֆ͗ٽΉΖ .  

ଵߦ  ൌ
െܽ

ͳ െ ܽଶ
ൌ
ʹ
ܽ
Ǥ (29) 

͞ΗΓΕྡֆ͗ܽ ൌ ξʹͳಚΔΗΖ . ݇Ͷͯ͏ͱড়݇݇  ͳ͗ࣖ͠Ηͪ . 
 
ྪ b. ͞ , ݇ ൌ ͲΝຮͪͤबٌغಕ͗ଚͤࡑΖ͞ͳΝࣖͤ . ܽΝଁՅͤΖͳ , ଲসત

ܵுభͳܵீమ͗ંͤΖ . ͞ྡֆΝ݀ΌΖࣞͺ , ʹȀܽ ൌ ܽȀʹͲ͍Ζ . ࠪว͗ଲসતܵுభ ଵܳͶ͕͜
Ζܑ͘Ͳ , ӊว͗  ܵீమ ଵܳͶ͕͜Ζܑ͘Ͳ͍Ζ . ͞ΗΓΕྡֆͺܽ ൌ ʹͲ͍Ζ غঘब࠹ .
ͺ 2 Ͳ͍Ζ . ͞बغ 2 बٌغಕͺ್॑ଲসबٌغಕͲ͍Ζ . 

 
ྪ c. ͞ , ܶܵீభͺݕ ൌ ݔ െ ͳॽ͜Ζߨ . ͞Ηͳݔ  (ܵுమ)ͺಊ఼ҐͲިࠫ͢͵͏ . 

͞Ηͺबغ 2 ͗ਫ਼ͣ͵͏͞ͳΝқັͤΖ . Γͮͱ , ݇ ൌ ʹ Ν΄Ζ . ܶܵீభ ଵܳͶ͕͜
Ζܑ͘ͺߦଵ ൌ ͳͲ͍Ζ Ͷ࣏ .  ܶଶܵீభ ଵܳͶ͕͜Ζܑ͘ߦଶ ൌ ሺͳ െ ܽሻȀሺܽሺͳ െ ܽሻ  ͳሻ͗ಚΔΗΖ . 
͞Η͗ 0 Ͷ͵Ζ͞ͳΓΕ , ྡֆͺܽ ൌ ͳͲ͍Ζ . ݇Ͷͯ͏ͱড়݇݇  ʹ͗ࣖ͠Ηͪ .  
 

ྪ d. ͞ , ܶܵீభܑ͘ͺ 1 Ͳ͍Ζ . Ҳ๏ܵீమܑ͘ͺܽȀʹͲ͍Ζ . Γͮͱྡֆͺ
ܽ ൌ ʹ͖͗ΗΖ . ݇Ͷͯ͏ͱড়݇݇  ͳ͗ࣖ͠Ηͪ . 
 

ྪ e. ଲসતܵுయͳܵுరͺಊ఼ҐͲިࠫ͢͵͏Ͳ݇ ൌ ͳͳͤΖ . ଲসતܵுయ ଵܳͶ͕͜
Ζܑ͘ͺߦ ൌ െͳΝཤ༽͢ͱ ΌΖٽଵΝߦ , . ଲসતܵுర ଵܳͶ͕͜Ζܑ͘ͺͳͲ͍Ζ .  

ଵߦ  ൌ
ܽ  ͳ

ܽሺܽ  ͳሻ െ ͳ
ൌ ͳ  

ΓΕ , ྡֆͺܽ ൌ ξʹͳಚΔΗΖ .  
 

ྪ f. ଲসતܵுయͳܵீరͺಊ఼ҐͲިࠫ͢͵͏ . ଲসતܵீర ଵܳͶ͕͜Ζܑ͘ͺܽ  ͳͲ͍
Ζ . ݇ ൌ ͳͳ͢ͱ , ܽΝ݀ΌΖࣞ   

ଵߦ  ൌ
ܽ  ͳ

ܽሺܽ  ͳሻ െ ͳ
ൌ ܽ  ͳ  

͗ಚΔΗΖ . ͞ΗΝմ͏ͱྡֆͺܽ ൌ ͳͳ͵Ζ .  
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ྪ g. ݇ ൌ ͳͳͤΖͳबغ 2 बٌغಕ͗ಚΔΗΖ . ͖͢͢ , ͞Ηͺ॑࢝ଲসबٌغಕͲ͍
Ζ . ͨͪΌͶড়݇ͳ͢ͱ݇  ʹͳͪ͢ . ଲসતܵீయ ଵܳͶ͕͜Ζܑ͘ͺߦ ൌ ܽ െ ͳͲ͍Ζ . ଲ
সતܵுర ଵܳͶ͕͜Ζܑ͘ͺͳͲ͍Ζ . ݇ ൌ ʹͳ͢ͱ   

ଶߦ  ൌ
ܽଶ െ ܽ െ ͳ

ܽଷ െ ܽଶ െ ʹܽ  ͳ
ൌ ͳ  

͗ಚΔΗΖ . ͞ΗΓΕ  ྡֆܽ ൌ ͳ͗ٽΉΖ .  
 

ྪ h. ଲসતܵீయͳܵீరͺಊ఼ҐͲިࠫ͢͵͏ . ଲসતܵீయ ଵܳͶ͕͜Ζܑ͘ͺߦ ൌ ܽ െ ͳ

Ͳ͍Ε , ଲসતܵீర ଵܳͶ͕͜Ζܑ͘ͺܽ  ͳͲ͍Ζ . ݇ ൌ ͳͳ͢ͱ ଵߦ , ൌ ͳȀሺܽ െ ͳሻ ൌ ܽ  ͳΝմ
͏ͱ , ྡֆ͗ܽ ൌ ξʹͳಚΔΗΖ .  

 
ಕ࣯ΝఈཀྵٌغͶ್॑ଲসबޛ࠹ 3.1 ͳ͢ͱΉͳΌͱ͕͚ . ್॑ଲসबٌغಕ࣯

ͺߡࢂช[1]ݛΝΊΔΗͪ͏ .   

 
ఈཀྵ 3.1. ್॑ଲসबٌغಕͶͯ͏ͱ(1)͖Δ(5)ΉͲ͗Εཱིͯ .  

(1) बݍغͺ , 2 Ґ۰਼ .  

(2) ࣺܶͺࠪଲ Ͷմ͠ΗΖ༼ࡠͯࢀӊଲ ,(ߛ)ࣺ߅ , .  

(3) ࠪଲͶͯ͏ͱร͵ॄΝ ܵͳ͢ , ӊଲͶͯ͏ͱร͵ॄܵͳͤΖ ݖܐؖ . ൌ ܵ ת

ܵΝຮ఼ͪͤݖͺ್॑ଲসबٌغಕٌಕ఼Ͳ͍Ζ . ఼ݖͺಊ఼Ͳ͵͏ͳͤΖ .  

(4) ড়݇ݓߛ ൌ ಕٌಕ఼Ͳ͍Ζٌغͺ್॑ଲসबݓΝຮ఼ͪͤݓ . ఼ݓͺಊ఼Ͳ͵͏ͳͤ
Ζ .  

(5) ್॑ଲসबٌغಕͺ 180 ౕյଲসΝͯ . 

3.3. 8 �زܙ࣊  

ఈٝΝ༫͓Ζزغͳ್॑ಋबزഔغॵͶ್॑ब࠹ . ್॑ಋबغزͶͯ͏ͱͺ॑࢝
ଲসबٌغಕزΝཀྵմͤΖͪΌͶචགྷͳ͵Ζ .  
 
ఈٝ 3.2.  

(i) बغഔزͳൕबغഔ͗زಋ࣎Ͷਫ਼ͣΖ , ͞زΝ್॑बغഔزͳఈٝͤΖ .  

(ii) ಋबغزͳൕಋबغ͗زಋ࣎Ͷਫ਼ͣΖ , ͞زΝ್॑ಋबغزͳఈٝͤ
Ζ . 

ໍୌ 3.3 ͺߡࢂช[1]ݛͲಚΔΗͪ݃ՎͲ͍Ζ .  

 
ໍୌ 3.3.  

(i) ବԃܗҲ॑ଲসबٌغಕͺबغഔزΝً͢͞ , ਫ਼໊ͣͪबٌغಕͺҲ॑ଲসबٌغಕ
Ͳ͍Ζ .  

(ii) ବԃ್॑ܗଲসबٌغಕͺ࠹ॵͶ್॑बغഔزΝً͢͞ Νًͤ͞زغͶಋब࣏ , . 
͞ΗΔزͲਫ਼໊ͣͪबٌغಕͺͳͶҲ॑ଲসबٌغಕͲ͍Ζ . 

 
ύʖϏʖࣺͶ͕͜ΖବԃܗҲ॑ଲসबٌغಕزྭΝਦ 4(a)Ͷࣖͪ͢ . ବԃܗҲ॑
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ଲসबٌغಕͺबغഔزΊΝًͤ͞ . ବԃ್॑ܗଲসबٌغಕ(ྪ e)زΝਦ 4(b)
Ͷࣖͪ͢ . ͞बٌغಕͺ࠹ॵͶ್॑बغഔزΝً͢͞ Νًͤ͞زغͶಋब࣏ , . ಝͶ
ਦ 4(b)Ͷ͕͜Ζ҈ఈݎ਼ܐሺܽሻܙয়Ν U ݼͳܙ࣊ . U ΝزͶॊ͑ܙ࣊  U ͳ໌زܙ࣊
͜Ζ . ବԃ್॑ܗଲসबٌغಕͺ U Νًͤ͞زܙ࣊ . 

ਦ 4(a)Ͳࣖͪ͢बغഔزྭͺΓ͚எΔΗͱ͏ΖͲ , ͞͞Ͳͺਦ 4(b) U زܙ࣊
ྭΝ়ղͤΖ . ್॑बغഔزͲਫ਼ͣͪबٌغಕྭΝਦ 5 Ͷࣖͪ͢ . बغ 4 ବԃ್॑ܗ
ଲসबٌغಕͺ͘͵؛Ͳඵ͘ , زͲਫ਼ͣͪबغ 8 ٌಕ఼ͺঘ͠͵؛Ͳඵ͏ͪ . ਦ 5(a)
ͳਦ 5(b)Ͳඵ͏ͪबغ 8 बٌغಕ͗ਫ਼ͣͪޛͺବԃܗͲ͍Ζ . ਦ 5(a)Ͳͺٌಕ఼ݖΓΕ
ਫ਼఼್ͣͪ͗ଲসતܵுయͶ͍Ε , ਦ 5(b)Ͳͺٌಕ఼ݖଶΓΕਫ਼఼್ͣͪ͗ଲসતܵுయͶ͍Ζ . 
ਦ 5(c)ͳਦ 5(d)Ͳඵ͏ͪबغ 8 बٌغಕ͗ਫ਼ͣͪޛͺγχϩܗͲ͍Ζ . ਦ 5(c)Ͳͺٌಕ
఼ݖଵΓΕਫ਼఼್ͣͪ͗ଲসતܵுరͶ͍Ε , ਦ 5(d)Ͳͺٌಕ఼ݖଷΓΕਫ਼఼್ͣͪ͗ଲসતܵுర
Ͷ͍Ζ . 

 
ਦ 4 ʁ (a) ବ ԃ ܗ Ҳ ॑ ଲ স ब غ ٌ ಕ   ز  ྭ ݖ . א ܵுర ଶݖ , א ܵீర ݍ , ൌ ͷ , ܽሺͳȀͷሻ ൌ
ʹ���ሺߨȀͷሻ ൌ ͳǤͳͷͷ. (b) ବԃ್॑ܗଲসबٌغಕزྭ . ྪ e. ݖ א ܵுయ, ݖଵ א ܵுర, ݍ ൌ Ͷ, 
ܽሺͳȀͶሻ ൌ ξʹ. 

 
ਦ 5ʁबغ 4 ್॑ଲসबٌغಕٌಕ఼ݖሺͲ  ݇  ͵)(͘͵؛һ)ΓΕਫ਼ͣͪबغ 8 ٌಕ
఼(ঘ͠͵؛һ). (a)ͳ(b)ঘ͠͵؛һबٌغಕ͗ਫ਼ͣͪޛͺବԃܗ . (c)ͳ(d)ঘ͠͵
ܗͺγχϩޛಕ͗ਫ਼ٌͣͪغһब؛ . ܽ ൌ ʹǤͶ. 
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್॑बغഔزͲͺ , ବԃܗबٌغಕͳγχϩܗबٌغಕ͗ڠͶ್ͯਫ਼ͣΖ . ଼ࣺܶ
ͳͲ , ବԃܗबٌغಕϛΠϱΩϪ਼ࢨͺሺʹ ൈ ሺͳሻሻͲ, Ҳ๏γχϩܗबٌغಕϛΠϱΩ
Ϫ਼ࢨͺሺʹ ൈ ሺെͳሻሻͲ͍Ζ . ್॑बغഔز , बغ 4 बٌغಕͺବԃܗͲ͍Ζ . ࣺܶସ

Ͳबٌغಕ఼͗ବԃ఼͵Δͻ , ٌ͞ಕ఼ͺ଼ࣺܶͲಋ༹Ͳ͍Ζ . Γͮͱ , زϛΠ
ϱΩϪ਼ࢨ૱ͺ ሺͳሻͲ͍Ζ . ϛΠϱΩϪ਼ࢨฯଚଉΓΕ , ޛز ሺͳሻ ൌ ሺͳሻ 

ሺʹ ൈ ሺͳሻሻ  ሺʹ ൈ ሺെͳሻሻͲ͍Ζ . ͞ΗΓΕबغ 4 बٌغಕϛΠϱΩϪ਼ࢨͺزޛͲ
รԿ͢͵͏͞ͳ͖͗ΗΖ . ͞͞ͳͺ , ҈ఈݎ਼ܐሺܽሻ͗ݎ ൌ െʹͳં͢ͱ͏Ζ͞ͳৄ
ͳ͵Ζ . 

 ಕٌ࣯غଲসब॑࢝ .4

4.1. ଲͶؖͤΖؖܐ 

್ͯଲͶؖͤΖؖܐΝࣞ(30)͖Δࣞ(32)ͶΉͳΌͱ͕͚ . 
ଷܪଵܪ  ൌ ଷܩଵܩ ൌ ସܪଶܪ ൌ ଵܩସܪ ൌ ଶܩଷܪ ൌ   ସܩଶܩ
 ൌ െܪଵܪସ ൌ െܪଷܩଵ ൌ െܪସܩଶ ൌ െܩଵܩସ ൌ െܪଶܪଷ ൌ െܩଶܩଷǡ (30) 
ଵܪସܩ  ൌ ଶܪଷܩ ൌ െܩସܪଶ ൌ െܩଷܪଵǡ (31) 
ଶܪଵܩ  ൌ ଵܪଶܩ ൌ ସܪଷܩ ൌ  ଷǤ (32)ܪସܩ

ྭͳ͢ͱ ଷܪଵܪ , ൌ ଵܪଷܪଷͺܩଵܩ ൌ ଵқັͤΖܩଷܩ . ଲΝཤ༽͢ͱͤࢋܯΖ͞ͳͲ͞ΗΔؖ
Νࣖͤ͞ͳ͗Ͳ͘Ζܐ . Γͮͱ , ࣞ(30)͖Δࣞ(32)ड़ͺ͚ . ಝͶࣞ(32)ͺ್॑ଲসब
ಕͶ͕͏ͱཱིͤΖٌغ . ҐԾ٠ͲͺىؖܐΝචགྷͶԢͣͱཤ༽ͤΖ . 

 ಕྪٌغଲসब॑࢝ .4.2

ଲসતΝ௪գͤΖͯ࢝ͪͮ͵ؔͶҡغಕͺҲबٌغଲসब॑࢝ . ௪գ๏Ͳ॑࢝ଲ
সबٌغಕͺൂझྪͶྪͲ͘Ζ[3]. ൂझྪΝන 4 ͳන 5 Ͷࣖͪ͢ . 

න̒ʁ॑࢝ଲসबٌغಕྪ I 

ྪ  ଲসતͳٌಕ఼  बݍ:غ ড়݇  
A1 ܪ��ଵሾݖሿ ՜ ሿݖଷሾܪ ՜ ଶሿݖଶሾܩ ՜ ଷሿݖସሾܩ ՜ ସାଵሿ ͺ݇ݖଵሾܪ  ʹ ݇  ͳ 
B1 ܪ��ଵሾݖሿ ՜ ሿݖସሾܪ ՜ ଶሿݖଶሾܩ ՜ ଷሿݖଷሾܩ ՜ ସାଵሿ ͺ݇ݖଵሾܪ  ʹ ݇  Ͳ 
C1 ܪ��ଶሾݖሿ ՜ ሿݖଷሾܪ ՜ ଶሿݖଵሾܩ ՜ ଷሿݖସሾܩ ՜ ସାଵሿ ͺ݇ݖଶሾܪ  ʹ ݇  ͳ 
D1 ܪ��ଶሾݖሿ ՜ ሿݖସሾܪ ՜ ଶሿݖଵሾܩ ՜ ଷሿݖଷሾܩ ՜ ସାଵሿ ͺ݇ݖଶሾܪ  ʹ ݇  ͳ 
E1 ܪ��ଷሾݖሿ ՜ ሿݖଵሾܪ ՜ ଶିଵሿݖସሾܩ ՜ ଷିଵሿݖଶሾܩ ՜ ସିଵሿ ͺ݇ݖଷሾܪ െ ʹ ݇  ͳ 
F1 ܪ��ଷሾݖሿ ՜ ሿݖଶሾܪ ՜ ଶିଵሿݖସሾܩ ՜ ଷିଵሿݖଵሾܩ ՜ ସିଵሿ ͺ݇ݖଷሾܪ െ ʹ ݇  ʹ 
G1 ܪ��ସሾݖሿ ՜ ሿݖଵሾܪ ՜ ଶିଵሿݖଷሾܩ ՜ ଷିଵሿݖଶሾܩ ՜ ସିଵሿ ͺ݇ݖସሾܪ െ ʹ ݇  ͳ 
H1 ܪ��ସሾݖሿ ՜ ሿݖଶሾܪ ՜ ଶିଵሿݖଷሾܩ ՜ ଷିଵሿݖଵሾܩ ՜ ସିଵሿ ͺ݇ݖସሾܪ െ ʹ ݇  ͳ 
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න̓ʁ॑࢝ଲসबٌغಕྪᶚ  

ྪ  ଲসતͳٌಕ఼  बݍ:غ ড়݇  
A2 ܩ��ଶሾݖሿ ՜ ሿݖସሾܩ ՜ ଶାଵሿݖଵሾܪ ՜ ଷାଵሿݖଷሾܪ ՜ ସାଵሿ  ͺ݇ݖଶሾܩ  ʹ ݇  ͳ 
B2 ܩ��ଶሾݖሿ ՜ ሿݖଷሾܩ ՜ ଶାଵሿݖଵሾܪ ՜ ଷାଵሿݖସሾܪ ՜ ସାଵሿ  ͺ݇ݖଶሾܩ  ʹ ݇  Ͳ 
C2 ܩ��ଵሾݖሿ ՜ ሿݖସሾܩ ՜ ଶାଵሿݖଶሾܪ ՜ ଷାଵሿݖଷሾܪ ՜ ସାଵሿ  ͺ݇ݖଵሾܩ  ʹ ݇  ͳ 
D2 ܩ��ଵሾݖሿ ՜ ሿݖଷሾܩ ՜ ଶାଵሿݖଶሾܪ ՜ ଷାଵሿݖସሾܪ ՜ ସାଵሿ  ͺ݇ݖଵሾܩ  ʹ ݇  ͳ 
E2 ܩ��ସሾݖሿ ՜ ሿݖଶሾܩ ՜ ଶሿݖଷሾܪ ՜ ଷሿݖଵሾܪ ՜ ସିଵሿ  ͺ݇ݖସሾܩ െ ʹ ݇  ͳ 
F2 ܩ��ସሾݖሿ ՜ ሿݖଵሾܩ ՜ ଶሿݖଷሾܪ ՜ ଷሿݖଶሾܪ ՜ ସିଵሿ  ͺ݇ݖସሾܩ െ ʹ ݇  ʹ 
G2 ܩ��ଷሾݖሿ ՜ ሿݖଶሾܩ ՜ ଶሿݖସሾܪ ՜ ଷሿݖଵሾܪ ՜ ସିଵሿ  ͺ݇ݖଷሾܩ െ ʹ ݇  ͳ 
H2 ܩ��ଷሾݖሿ ՜ ሿݖଵሾܩ ՜ ଶሿݖସሾܪ ՜ ଷሿݖଶሾܪ ՜ ସିଵሿ  ͺ݇ݖଷሾܩ െ ʹ ݇  ͳ 

 
ॵͶ࠹ A1 ΝͳͶනߺىқັΝઈͤΖ . बݍغͺݍ ൌ ͺ݇  ʹͲ͍Ζ . ॵغ఼ݖͺଲস

તܵுభͶ͍Ε , ٌಕ఼ݖͺଲসતܵுయͶ͍Ζ ߺى . ሿݖଵሾܪ  ՜ ሿ͗ݖଷሾܪ , ͞͞ͳΝන͢ݳͱ͏
Ζ . ٌಕ఼ݖଵ͖ΔݖିଵΉͲͺଲসતͶ͵͏ ଶͺଲসતܵீమͶ͍ΕݖͶٌಕ఼࣏ . , ٌಕ఼ݖଷͺ
ଲসતܵீరͶ͍Ζ . बغౕൔͲ࠸;ٌಕ఼ͺଲসતܵுభ ͶΖ . ͯΉΕ ସାଵݖ , א ܵுభ͗
Εཱིͯ . ͞͞Ͳݖ ് ସାଵͲ͍Ζݖ . A1 ͶΉΗΖ॑࢝ଲসबٌغಕ࠹ঘबغͺݍ ൌ ͳͲ�ሺ݇ ൌ ͳሻ

Ͳ͍Ζ .  

बٌغಕ͗௪գͤΖଲসતॳ൬ͺ , න 4 ྪͲͺ �ሺ݅ܪ  ൌ ͳǡʹǡ͵ǡͶሻ͖Δ࢟ΉΖ . ͞නݳ
Ν॰յ͢ , ٌಕ఼ॳ൬ΝรͤߍΖͳන 5 ͗ಚΔΗΖ . න 4 ͳන 5 ͺಋͣๅΝ༫͓Ζ . ॵغ
఼͗ܵு�ሺ݅ ൌ ͳǡʹǡ͵ǡͶሻ͍͗Ζͳ , ܵீ�ሺ݅ ൌ ͳǡʹǡ͵ǡͶሻͶ͍ΖͶ͜ͱ͕͚ͳන͗ཤ༽͢Ώͤ
͏ . 

ൂझྪ॑࢝ଲসबٌغಕྭΝਦ 5 Ͷࣖͤ . ਦ 5(A)Ͳ, ݖ א ܵுభ(ݖͺ , ਦͲͺ 0 ͳන͠ݳ
Ηͱ͏Ζ)͖Δड़ͪ͗͢ྪ A1 Ͷ͵Ε ྪ఼͗ͳͪ͢غଶΝॵݖ , A2 Ͳ͍Ζ . ਦ
5(A)ྭͲͺ , बغͺݍ ൌ ͳͲͲ, 8 ٌಕ఼͗ଲসતͶ͍Ζݺ . 
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ਦ 6ʁ॑࢝ଲসबٌغಕྭ .਼݇ͺٌಕ఼ݖΝනͤ . (A) ܽ ൌ ʹǤͷ. (B) ܽ ൌ ͳ. (C) ܽ ൌ ͳ. (D) 
ܽ ൌ ʹǤͷ. (E) ܽ ൌ ͳǤͷ. (F) ܽ ൌ ʹ. (G) ܽ ൌ Ͷ. (H) ܽ ൌ ʹ.  
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ྪ A1  , ଲসતܵுభͶ͍Ζॵغ఼ݖ͖Δड़͢ , Ͳଲসતܵுయ, ܵீమ, ܵீరΝܨ༟͢
ͱ࠸;ଲসતܵுభͶΖ . ͞बٌغಕͺ , ࠪӊଲসતܵுభ, Ծଲসતܵீమ, ࣾΌࠪӊଲ
সતܵுయ , ͨ͢ͱࣾΌԾଲসતܵீరͶٌಕ఼Ν͖ͯΔ॑࢝ଲসबٌغಕͲ͍Ζ . ͞ब
༟͢ͱ͏͚ॳ൬ΝͳͶܨಕٌ͗غ , ब͗غͺ݇  ʹͲ͍Ζ͞ͳΝৄͤΖ .  

 
A1  Ν݀ఈ͢غॵͶब࠹ . ΖͪΌড়݇Ν͚ͤࡑಕ͗ଚٌغͶ͞ब࣏ , . ٌಕ఼ݖ
ͳ Ͷͯ͏ͱݖ ݖ , א ܵுభ͖ͯ ݖ א ܵுయ͗Εཱིͯ ॵͶ࠹ . ଶݖ א ܵீమΝ͚ ݖ . א ܵுయΓΕ ݖ , ൌ
͗Εཱིͯݖଷܪ . ྈวͶܶΝࡠ༽ͤΖ . ࠪวͺݖଶͲ , ӊวͺܶܪଷݖ ൌ ݖଷܶିܪ ൌ ݖଷܪ ܐؖ .
ଶݖ ൌ Ζͳͤ༼ࡠଶΝܩྈวͶݖଷܪ ݖଷܪଶܩ , ൌ ଶ͗ಚΔΗΖݖଶܩ ଷܪଶܩࣞܐؖ . ൌ ͤ༼ଵΝཤܪଷܪ
Ζ(ࣞ(30)ΝݡΓ). ܪଵݖ ൌ  Ͳ͍Ζ͖Δݖ ݖଵܪଷܪ , ൌ ݖଷܪ ൌ ଶݖ . Γͮͱ ଶݖ , ൌ ଶΕཱིͯݖଶܩ . 
͞Ηͺݖଶ א ܵீమΝқັͤΖ .  

ଶݖͶ࣏ ൌ Ζͤ༼ࡠଶྈวͶܶିΝݖଶܩ . ࠪวͺݖͲ , ӊวͺ  ܶିܩଶݖଶ ൌ ଶݖଶܶܩ ൌ ଷݖଶܩ . 
ಚΔΗͪܩଶݖଷ ൌ Νݖ ଷݖ  ൌ ͳॽ͘͢ݖଶܩ , ྈวͶܩସΝࡠ༽ͤΖ . ࠪวͺܩସݖଷͲ , ӊวͺ
Ζ͓. ͞ӊวΝҐԾΓ͑Ͷॽ͘ݖଶܩସܩ . 

ݖଶܩସܩ  ൌ ݖଵܩଷܩ ൌ ݖଵܪଵܪଵܩଷܩ ൌ   ݖଵܪଷܶିଵܩ
 ൌ ିݖଷܶିଵܩ ൌ ିଵିݖଷܩ ൌ ିଵିݖଷܪଷܪଷܩ ൌ ܶିଵݖଷାଵ ൌ  ଷ (33)ݖ

͞͞Ͳ ଶܩସܩ , ൌ ଵܩଷܩ ݖଵܪ , ൌ ିݖ ିଵିݖଷܪ , ൌ ͪ͢༼ΝॳͶཤܐଷାଵؖݖ . ΉͳΌͱ ଷݖ , ൌ
ଷ͗ಚΔΗͪݖସܩ . ͞Ηͺݖଷ א ܵீరΝқັͤΖ .  

बغΝ͚ ଷݖସܩ . ൌ Ζ͓ଷࠪวΝҐԾΓ͑Ͷॽ͘ݖ .  
ଷݖସܩ  ൌ ݖଶܩସܩ ൌ ݖଷܪଶܩସܩ ൌ ݖଷܪଵܩଷܩ ൌ   ݖଵܪସܪଷܩ
 ൌ ିݖସܪଷܩ ൌ ିݖସܪଷܪଷܪଷܩ ൌ ܶିଵܴିݖ ൌ  ିଵାȀଶǤ (34)ିݖ

͞͞Ͳ ݖଶܩ , ൌ ଷݖ ݖ , ൌ ݖଷܪ ଶܩସܩ , ൌ ଷܪଵܩ ,ଵܩଷܩ ൌ ଵܪସܪ ݖଵܪ , ൌ ିݖ , ܴ ൌ ସܪଷܪ , ܴ ൌ ܶȀଶ  Ν
ॳͶཤ༽ͪ͢ . ҐͲݖଷ ൌ ିଵାȀଶ͖͗Ηିݖ , बݍ͗غ ൌ ͺ݇  ʹͳ݀ΉΖ .  

ؖ ܐ ସାଵݖ א ܵுభ Ν ࣖ ͤ ݖ . ൌ ݖଵܪ ྈ ว Ͷ ܶିସିଵΝ ࡠ ༽ ͤ Ζ ͳ ସିଵିݖ , ൌ ܶିସିଵܪଵݖ ൌ

ݖଵܶସାଵܪ ൌ ݍ͗غସାଵ. बݖଵܪ ൌ ͺ݇  ʹͲ͍Ζ͖Δ ସିଵିݖ , ൌ ସାଵݖ . Γͮͱ ସାଵݖ , ൌ ସାଵ͗ݖଵܪ
Εཱིͯ .  

݇ ൌ ͲΝຮͪͤबغ 2 ͗ଚ͢ࡑ͵͏͞ͳΝࣖͤ . ݇ ൌ Ͳͺ, ଲসતܵுభͳܵுయ͗ܳଵҐͲިࠫͤ
Ζ͞ͳΝқັͤΖ . ͖͢͢ , ଲসતܵுభ ଵܳͶ͕͜Ζܑ͘ʹȀܽ͗ਜ਼Ͳ , Ҳ๏ܵுయܑ͘  െͳ 
ͺෝͲ͍Ζ . Γͮͱ , ܵுభͳܵுయ͗ ଵܳҐͲިࠫͤΖ͞ͳͺ͵͏ Ͷ࣏ . , ݇ ൌ ͳͺՆͲ͍Ζ͞
ͳΝࣖͤ . ܵுభܑ͘ߦ ൌ ʹȀܽ ߦଵ ൌ ሺܽଶ െ ʹሻȀሺܽଷ െ ͵ܽሻ ͗ 0 Ͷ͵Ζড়݇ͺ , ܽ ൌ ξʹͲ͍Ζ .  

 
B1  . ଲসતܵுభܳଵͶ͕͜Ζܑ͘ͺʹȀܽͲ͍Ζ . ଲসતܵுరܑ͘ͺ 1 Ͳ͍Ζ͖Δ , ྡֆ
ͺ 2 ͳಚΔΗΖ . ͞ , ݇  ͲͲ͍Ζ . ͯΉΕ , ͞ͶΊबغ 2 ͗ଚͤࡑΖ . 

 
C1  . ଲসતܵுమܑ͘ͺߦ ൌ ͲͲ , ଲসતܵுయܑ͘ͺെͳͲ͍Ζ͖Δ , ݇ ൌ ͲͺΕཱིͪ
͵͏ . Γͮͱ , ݇ ൌ ͳͳͤΖ ΌͱٽଵΝߦ . ଵߦ , ൌ െͳͳ͚ .  

 
ܽ

ܽଶ െ ͳ
ൌ െͳǤ ሺ35ሻ 

͞ΗΓΕྡֆͺሺξͷ െ ͳሻȀʹͲ͍Ζ . ͞ , ݇  ͳͲ͍Ζ .  
 

D1  . ଲসતܵுమܑ͘ͺߦ ൌ ͲͲ, ଲসતܵுరܑ͘ͺ 1 Ͳ͍Ζ͖Δ , ݇ ൌ ͲͺΕཱིͪ
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͵͏ . Γͮͱ , ݇ ൌ ͳͳͤΖ . C1 ͳಋ༹Ͷ͢ͱ   

 
ܽ

ܽଶ െ ͳ
ൌ ͳ (36) 

͗ಚΔΗΖ . ͞ΗΓΕྡֆͺሺξͷ  ͳሻȀʹͲ͍Ζ . ͞ , ݇  ͳͲ͍Ζ .  

 
E1  . ଲসતܵுయܑ͘ͺߦ ൌ െͳͲ , ଲসતܵுభܑ͘ͺʹȀܽͲ͍Ζ͖Δ , ݇ ൌ ͲͺΕཱི
ͪ͵͏ . ݇ ൌ ͳͳ͢ͱߦଵΝٽΌΖͳྡֆΝ݀ΌΖࣞ   

 
ܽ  ͳ

ܽଶ  ܽ െ ͳ
ൌ
ʹ
ܽ

 ሺ37ሻ 

͗ಚΔΗΖ . ྡֆͺͳͲ͍Ζ . ͞ , ݇  ͳͲ͍Ζ .  

 
F1  . ଲসતܵுయܑ͘ͺߦ ൌ െͳͲ , ଲসતܵுమܑ͘ͺͲͲ͍Ζ͖Δ , ݇ ൌ ͲͺΕཱིͪ
͵͏  . ݇ ൌ ͳͳ͢ͱ ଵߦΌΖͳٽଵΝߦ , ൌ ሺܽ  ͳሻȀሺܽଶ  ܽ െ ͳሻ͗ಚΔΗΖ . ͖͢͢ ଵߦ , ൌ Ͳͺཱི
͢͵͏ . Γͮͱ ΌΖٽଶΝߦ , .  

ଶߦ  ൌ
ܽଷ  ܽଶ െ ʹܽ െ ͳ

ܽସ  ܽଷ െ ͵ܽଶ െ ʹܽ  ͳ
Ǥ (38) 

ࣞ͞ࢢΝ 0 ͳ͢ͱྡֆ͗ 1.24698 ͳಚΔΗΖ . ড়݇ͺ݇  ʹͳ͵Ζ .  

 
G1  . ݇ ൌ ͳͺ , बغ 2 ٌಕ͖Δਫ਼ͣͪबغ 3 बٌغಕΝ༫͓Ζ(ਦ 5(G)). ͯΉΕ , 
बغͺ ൌ ʹ ൈ ͵. ਼ࢋܯͲ  ͗زਫ਼ͣΖྡֆͺ 3.6963 ͳಚΔΗΖ .  

 
H1  . ଲসતܵுరܑ͘ͺߦ ൌ ͳΝཤ༽͢ͱߦଵΝٽΌΖ .  

ଵߦ  ൌ
ܽ െ ͳ

ܽଶ െ ܽ െ ͳ
Ǥ (39) 

ଲসતܵுమܑ͘ͺ 0 Ͳ͍Ζ͖Δ , ྡֆͺ 1. Ήͪ݇  ͳͲ͍Ζ . 
 

ໍୌ ͲͺࣺٱՆ॑࢝ .4.1 , 180 ౕյଲসΝͯबٌغಕͺ್॑ଲসबٌغಕͳ॑࢝ଲ
সबٌغಕͶݸΔΗΖ .  

ৄ . ್॑ଲসबٌغಕकͺఈཀྵ 3.1 ͲعͶफ़΄ΔΗͱ͏Ζ ಕٌغଲসब॑࢝ .
कΝৄͤΖ . ͞͞Ͳͺන 4 Ͷ͕͜Ζ A1 ΝৄͤΖ . 

ȀଶݖॵͶ࠹ ൌ Νࣖͤݖܴ . A1 ͺ ݖܴ , ൌ Νཤ༽ͤΖݖଵܪଶܪ ݖ . א ܵுభΓΕ ݖܴ , ൌ ͗ݖଶܪ
ಚΔΗΖ ଶݖͶ࣏ . א ܵீమΓΕ ଶݖଶܩ , ൌ ଶ͗Εཱིͯݖ . ྈวͶܪଶΝࡠ༽ͤΖ ଶݖଶܩଶܪ . ൌ ଶାଵΓݖ
Ε ଶାଵݖ , ൌ ଶ͗ಚΔΗΖݖଶܪ . ͞ΗΝ ସାଵݖ , ൌ ͳॽͤ͘ͳݖଶܪ ݖܴ , ൌ ݖଶܪ ൌ ΉΖٽସାଵ͗ݖ . 
ʹȀݍ ൌ Ͷ݇  ͳͲ͍Ζ͖Δ Ȁଶݖ , ൌ ͗ࣖ͠Ηͪݖܴ Ͷ࣏ . Ȁଶݖ ൌ ྈวͶݖܴ ܶΝࡠ༽ͤΖͳ , 
Ȁଶାଵݖ ൌ ݖܴܶ ൌ ݖܴܶ ൌ ଵ͗ಚΔΗΖݖܴ . ͞ΗΝ܃Εศͤ͞ͳͲ ಕٌ͗غଲসब॑࢝ , 180 ౕյ
ଲসΝͯ࣍͞ͳ͗ࣖ͠ΗΖ . ҐͲৄΝश͓Ζ . 

4.3. ଲනݳ 

Ν͑͞ݳනಕΝಝ͜Ζଲٌغଲসब॑࢝ . ݃Վͺන 6 ͳන 7 Ͷͪͦࡎ . ͞͞Ͳͺ
A1 ଲනݳΝड़ͤΖ . Ήͥ , ଼ܶାଶΝ࣏Γ͑ͶմͤΖ͞ͳ͖Δ࢟ΌΖ .  

 ଼ܶାଶ ൌ ܶଶܪଵ ל ଷܪଵܶାଵܩ ל  ଷǤ (40)ܪ
Νॽͤ͘༼ࡠͶ್൬࣏ .  
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ଷܪଵܶାଵܩ  ൌ ଷܪଵܶାଵܩଶܩଶܩ ൌ   ଷܪଶܴܶାଵܩ
 ൌ ଷܪଶܶିସିଵܶାଵܩ ൌ  ଷǤ (41)ܪଶܶଶܩ

ॽ͓͘ͲܴΝܴ ൌ ܶିସିଵͲ͓ͪ͘ . ್ܩ༼ࡠଶܶଶܪଷͶ , ࠪଲͳӊଲΝ
Κͦͱଲන͗ݳಚΔΗΖ .  

 ଼ܶାଶ ൌ ܶଶܪଵ ל ଷܪଶܶଶܩ ל  ଷǤ (42)ܪ

න̔ʁଲනݳᶙ  

ྪ  ଲනݳ[ࠪଲ ࣺ߅ , , ӊଲ] ଚࡑড়݇ 1 ଚࡑড়݇ 2 
A1  ଼ܶାଶ ൌ ܶଶܪଵ ל ଷܪଶܶଶܩ ל ଷ   ܶܵுభܪ ת ܵுయ ് ܵுయܶ    ת ܵீమ ്   
B1  ଼ܶାଶ ൌ ܶଶܪଵ ל ସܪଶܶଶܩ ל ସ   ܶܵுభܪ ת ܵுర ് ܵுరܶ    ת ܵீమ ്   
C1  ଼ܶାଶ ൌ ܶଶܪଶ ל ଷܪଵܶଶܩ ל ଷ   ܶܵுమܪ ת ܵுయ ് ܵுయܶ    ת ܵீభ ്   
D1  ଼ܶାଶ ൌ ܶଶܪଶ ל ସܪଵܶଶܩ ל ସ   ܶܵுమܪ ת ܵுర ് ܵுరܶ    ת ܵீభ ്   
E1  ଼ܶିଶ ൌ ܶଶܪଷ ל ଵܪସܶଶିଶܩ ל ଵ   ܶܵுయܪ ת ܵுభ ് ିଵܵுభܶ    ת ܵீర ്   
F1  ଼ܶିଶ ൌ ܶଶܪଷ ל ଶܪସܶଶିଶܩ ל ଶ   ܶܵுయܪ ת ܵுమ ് ିଵܵுమܶ    ת ܵீర ്   
G1  ଼ܶିଶ ൌ ܶଶܪସ ל ଵܪଷܶଶିଶܩ ל ଵ   ܶܵுరܪ ת ܵுభ ് ିଵܵுభܶ    ת ܵீయ ്   
H1  ଼ܶିଶ ൌ ܶଶܪସ ל ଶܪଷܶଶିଶܩ ל ଶ   ܶܵுరܪ ת ܵுమ ് ିଵܵுమܶ    ת ܵீయ ്   

න̕ʁଲනݳ II 

ྪ   ଲනݳ[ࠪଲ ࣺ߅ , , ӊଲ]  ଚࡑড়݇ 1 ଚࡑড়݇ 2 
A2  ܶି଼ିଶ ൌ ସܶଶܩ ל ଵܪସܶିଶିଶܩ ל ଶ   ܶିܵீరܩ ת ܵீమ ് ିଵܵுభିܶ    ת ܵீర ്   
B2  ܶି଼ିଶ ൌ ଷܶଶܩ ל ଵܪଷܶିଶିଶܩ ל ଶ   ܶିܵீయܩ ת ܵீమ ് ିଵܵுభିܶ    ת ܵீయ ്   
C2  ܶି଼ିଶ ൌ ସܶଶܩ ל ଶܪସܶିଶିଶܩ ל ଵ   ܶିܵீరܩ ת ܵீభ ് ିଵܵுమିܶ    ת ܵீర ്   
D2  ܶି଼ିଶ ൌ ଷܶଶܩ ל ଶܪଷܶିଶିଶܩ ל ଵ   ܶିܵீయܩ ת ܵீభ ് ିଵܵுమିܶ    ת ܵீయ ്   
E2  ܶି଼ାଶ ൌ ଶܶଶܩ ל ଷܪଶܶିଶܩ ל ସ   ܶିܵீమܩ ת ܵீర ് ܵுయିܶ    ת ܵீమ ്   
F2  ܶି଼ାଶ ൌ ଵܶଶܩ ל ଷܪଵܶିଶܩ ל ସ   ܶିܵீభܩ ת ܵீర ് ܵுయିܶ    ת ܵீభ ്   
G2  ܶି଼ାଶ ൌ ଶܶଶܩ ל ସܪଶܶିଶܩ ל ଷ   ܶିܵீమܩ ת ܵீయ ് ܵுరିܶ    ת ܵீమ ്   
H2  ܶି଼ାଶ ൌ ଵܶଶܩ ל ସܪଵܶିଶܩ ל ଷ   ܶିܵீభܩ ת ܵீయ ് ܵுరିܶ    ת ܵீభ ്   

 
A1 ড়݇ͳ͢ͱ ݖଷܪ , ൌ ଶݖଶܩͳݖ ൌ ଶ͍͗Ζݖ . ͞ΗΝཤ༽͢ͱܩ༼ࡠଶܶଶܪଷ͗߅ࣺͲ

͍Ζ͞ͳ͗ࣖͦΖ .  
ݖଷܪଶܶଶܩ  ൌ ଶିݖଶܶଶܩ ൌ ସିݖଶܩ ൌ  Ǥ (43)ݖ

Ν͑͞ܐͶଲসત࣏ؖ . ࠪଲͳӊଲ͖Δ , ܶܵுభ ת ܵுయ ് Νຮ఼ͪͤ͗  A1 Νຮͪ
ಕͲ͍Ζٌغଲসब॑࢝ͤ Γ͑Ͷॽ࣏ࣺͤ͘Ν߅Ͷ࣏ . .  

 ܶଶܪଷݖ ൌ  Ǥ ሺ44ሻݖଶܩ

ଲܶଶܪଷͶͯ͏ͱร͵ॄͺܶܵுయͲ͍Ε ͺܵீమͲ͍Ζॄ͵ଶͶͯ͏ͱรܩ , . Γͮͱ , 
ܶܵுయ ת ܵீమ ് ಚΔΗΖ͗ .  

Ͷ࣏ A2 ଲනݳΝड़ͤΖ . Ήͥ , ܶି଼ିଶΝ࣏Γ͑ͶմͤΖ .  
ܶି଼ିଶ ൌ ܶିଶܶିଵܶିିଵ ൌ ܶିଶܩସ ל ଶܩସܶିିଵܪ ל ଶܩ ൌ ସܶଶܩ ל ଶܩସܶିିଵܪ ל  ଶǤ ሺ45ሻܩ

Νॽͤ͘༼ࡠͶ್࣏ .  
ଶܩସܶିିଵܪ  ൌ ଵܩଶܩସܶିିଵܪ ל ଵܪଵܩ ל ଵܪ ൌ   ଵܪସܶିିଵܴܶିଵܪ
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ൌ ଵܪସܶିିଵܶସାଵܶିଵܪ ൌ ସܩ ל ଵܪସܶିଶିଵܪସܩ ൌ ସܩ ל ܶିଵܶିଶିଵܪଵ ൌ  ଵǤ ሺ46ሻܪସܶିଶିଶܩ

ҐΓΕ , Ծىଲන͗ݳಚΔΗΖ .  
 ܶି଼ିଶ ൌ ସܶଶܩ ל ଵܪସܶିଶିଶܩ ל  ଶǤ ሺ47ሻܩ

A2 ড়݇Ͳ͍Ζܪଵݖଶାଵ ൌ ݖସܩଶାଵͳݖ ൌ Νཤ༽ͤΖͳݖ ࣺͲ͍Ζ͞߅ଵ͗ܪସܶିଶିଶܩ ,
ͳ͖͗ΗΖ .  

ݖଵܪସܶିଶିଶܩ  ൌ ସାଶିݖସܶିଶିଶܩ ൌ ଶିݖସܩ ൌ  Ǥ ሺ48ሻݖ

ࠪଲͳӊଲ͖Δ , ܶିܵீర ת ܵீమ ് Νຮ఼ͪͤ͗  A2 Νຮͪͤ॑࢝ଲসबٌغಕͲ͍Ζ . 
Γ͑Ͷॽͤ͘ىࣺΝԾ߅ .  

 ܶିଶିଶܪଵݖ ൌ  Ǥ ሺ49ሻݖସܩ

ଲିܶଶିଶܪଵͶͯ͏ͱร͵ॄͺܶିିଵܵுభͲ͍Ε ͺܵீరͲ͍Ζॄ͵ସͶͯ͏ͱรܩ , . Γ
ͮͱ , ܶିିଵܵுభ ת ܵீర ് ಚΔΗͪ͗ . ಚΔΗͪ݃ՎΝΉͳΌͱໍୌ 4.2 ͳͤΖ .  

 
ໍୌ ࣺΝȞͳॽ͚߅ .4.2 ݖȞܐؖ . ൌ ͺݖΝຮ఼ͪͤݖ ಕٌಕ఼Ͳ͍Ζٌغଲসब॑࢝ , . 
ͪͫ͢ , ఼ݖͺಊ఼Ͳ͵͏ͳͤΖ . 

 

 

ਦ 7ʁC1  ࣺ߅ . ଷͶ͕͜Ζٌಕ఼ಊ͘ܪଵܶଶܩ  ଽݖ : ՜ ଷݖ ՜ ହݖ ՜ ݍ .ଽݖ ൌ ͳͲ, ܽ ൌ ͳǤͷ. 

C1 बغ 10 ॑࢝ଲসबٌغಕΝྭͳ͢ͱ ࣺͶΓΖٌಕ఼Νಊ͘Νਦ߅ , 7 Ͷࣖ͢
ͪ . ͞͞Ͳݖ ൌ Ͳ͍Ζݖଷܪ . ͞Ηͺݖଽ ൌ ଷͳॽͦ͘Ζݖଷܪ . ٌಕ఼ݖଽͶܪଷΝ Ζͳͤ༼ࡠ  , ٌ
ಕ఼ͺݖଷͶҢಊͤΖ Ͷ࣏ . , ܶଶͶΓͮͱݖହͶҢΖ ݖଵܩ . ൌ ΓΕݖ ହݖଵܩ , ൌ ଽ͖͗ΗΖݖ . Γͮ
ͱ ଽͶΖݖࣺͲٌಕ఼ͺड़఼߅ , . 

 
ಕ࣯ΝΉͳΌͱఈཀྵٌغଲসब॑࢝Ͷޛ࠹ 4.3 ͳͤΖ.   

 
ఈཀྵ ಕͶͯ͏ͱ(1)͖Δ(5)ΉͲ͗Εٌཱིͯغଲসब॑࢝ .4.3 .  

(1) बݍغͺ , 2 Ґ۰਼ . ͪͫ͢ , 4 ഔ਼Νঈ͚ ݍ . ൌ Ͷ݊  ʹ��ሺ݊  Ͳሻ.  

(2) ࣺܶͺࠪଲ ࣺ߅ ,  (Ȟ), ӊଲͯࢀࡠ༽Ͷմ͠ΗΖ .  
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(3) ࠪଲͶͯ͏ͱร͵ॄΝ ࣭ͳ͢ , ӊଲͶͯ͏ͱร͵ॄ࣭ͳͤΖ ݖܐؖ . ൌ ࣭ ת

࣭Νຮ఼ͪͤݖͺ॑࢝ଲসबٌغಕٌಕ఼Ͳ͍Ζ . ఼ݖͺಊ఼Ͳ͵͏ͳͤΖ .  

(4) ড়݇Ȟݓ ൌ ಕٌಕ఼Ͳ͍Ζٌغଲসब॑࢝ͺݓΝຮ఼ͪͤݓ . ఼ݓͺಊ఼Ͳ͵͏ͳͤ
Ζ .  

ಕͺٌغଲসब॑࢝ (5) 180 ౕյଲসΝͯ . 

 েݳزಕٌغଲসब॑࢝ .5

5.1. ྡֆͳ :  زܙ࣊

ବԃ॑࢝ܗଲসबٌغಕͲ࠹Κ͖ΕΏͤ͏बغ 2 Νཤ༽͢ͱݳزেઈΝ͑ߨ . 
غॵͶब࠹ 2 ͗ਫ਼ͣΖྡֆड़Ν͑ߨ . 

 

 
ਦ 8ʁबغ 2 ٌಕ఼ݖͲ, ݖͳͺଲসતܵܪͳ Ͷܪܵ , ʹܩܵ , ި఼Ͷ͍Ζ͵ܩܵ , . ܽ ൌ ʹǤͷ. 

න 4  B1 ΓΕ , बغ 2 ٌಕ఼ݖͳݖଵͺͯ࢝ଲসત  (ܵுభ, ܵுర, ܵீమ, ܵீయ)ި఼Ͷ͍Ζ͞
ͳ͖͗ΗΖ(ਦ 8). ͞ΗΔ͖Δ , ܵுర�ሺݕ ൌ ݔ െ ݕሻͳܵீమ�ሺߨ ൌ െሺܽȀʹሻݔ���ሻΝમ . ܽ  ʹͲͺ , 
͞ΗΔި఼ͺಊ఼ܳଵҐͶ್ͯਫ਼ͣΖ . ਫ਼ͣͪި఼Νݖ ൌ ሺߨ  ǡݐ ሻ�ሺͲݐ ൏ ݐ ൏ ሻͳߨ ͳݖ  ൌ
ሺߨ െ ǡݐ െݐሻͳͤΖ ࣞͶେͤΖͳʹܩͲΝܵݖ . Ν݀ΌΖࣞ(50)͗ಚΔΗΖݐ , . 

ݐ  ൌ ሺܽȀʹሻݐ���Ǥ ሺ50ሻ 

તܙԿߨܯ TraceܯͲ͍Ζ҈ఈݎ਼ܐሺܽሻͺҐԾΓ͑ͶಚΔΗΖ .  
ሺܽሻݎ  ൌ ʹ െ Ͷܽଶ���ଶݐ  ܽସ���ସݐǤ ሺ51ሻ 

زغॵͶ್॑ಋब࠹  (ಋबغز)ྡֆΝ΄Ζ . ͞ ሺܽሻݎ , ൌ ʹͳͤΖ
ͳ , ࣞ(51)ΓΕ࣏͖͗ࣞΗΖ .  

 ܽʹ�ݐʹ���ʹሺܽݐʹ�� െ Ͷሻ ൌ ͲǤ ሺ52ሻ 

�ݐ�� ൌ ͲΓΕ ݐ , ൌ ΉΖٽ͗ʹȀߨ . ͞ΗΝࣞ(50)Ͷେ͢ͱྡֆ͗ܽܿ
ሺʹሻ ൌ ͳಚΔΗΖߨ . 
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ͶͶܽ ൌ ܽ
ሺଶሻͶ͕͜Ζ҈ఈݎ਼ܐሺܽሻܑ͘ΝٽΌΖ .  

 
ሺܽሻݎ݀

݀ܽ
ൌ െͺܽ�ݐʹ��  ͺܽʹ�ݐ���ݐ�� ൬

ݐ݀

݀ܽ
൰  Ͷܽ͵���Ͷݐ െ ͶܽͶ�ݐ���ݐ͵�� ൬

ݐ݀

݀ܽ
൰Ǥ ሺ53ሻ 

͞͞Ͳ݀ݐȀ݀ܽ ൌ ʹȀሺݐ��� െ ܽ�ݐሻ. ࣞ͞Ͷݐ�� ൌ ȀʹΝେͤΖͳߨ , ͪͫͬͶ҈ఈݎ਼ܐሺܽሻܑ
͗͘κϫͲ͍Ζ͞ͳ͗ಚΔΗΖ . ͞Ηͺܽ ൌ ܽ

ሺଶሻͲݎሺܽሻ͗ݎ ൌ ʹͳં͢ͱ͏Ζ͞ͳΝқັ͢ͱ͏
Ζ . 

ݐʹ���ʹͶ࣏ܽ ൌ Ͷͳࣞ(50)ΓΕ ,  
ݐ  ൌ ඥܽଶȀͶ െ ͳ (54) 

͗ಚΔΗΖ . ͞ΗΝࣞ(50)Ͷେ͢ͱྡֆΝ݀ΌΖࣞ   
 ඥܽʹȀͶ െ ͳ ൌ ሺܽȀʹሻ���ඥܽʹȀͶ െ ͳ ሺ55ሻ 

ΉΖٽ͗ . ਼ࢋܯΓΕ , ྡֆͺܽܿ
ሺͶሻ ൌ ͶǤͷʹ͵ͷͳ݀ΉΖ . ܽܿሺͶሻ  ܽܿ

ሺʹሻͲ͍Ζ . ࣰ͞ࣆΓΕ , 
್॑ಋबغزྡֆ͗ܽܿ

ሺʹሻ ൌ Ͳߨ , ಋबغزྡֆ͗ܽܿ
ሺͶሻ ൌ ͶǤͷʹ͵ͷ Ͳ͍Ζ͞ͳ͗Κ

͖Ζ .  

ྡֆΝ݀ΌΖࣞΝड़ͤΖزഔغͶ್॑ब࣏ . ͞ ሺܽሻݎ , ൌ െʹ͗Εཱིͯ . ؖ
ݐʹ���ʹܽࣞܐ ൌ ʹͳ ࣞ(50)ΓΕ, ࣏͗ࣞಚΔΗΖ .  

ሺܽሻܨ  ؠ ܽ���ሺඥܽଶ െ ʹȀʹሻ െ ඥܽଶ െ ʹ ൌ ͲǤ ሺ56ሻ 

ࣞ(56)ήϧϓΝਦ 9 Ͷඵ͏ͪ ሺܽሻܨ . ൌ ͲΝຮͪͤմͺ್͍ͯΖ . ܽܿሺͳሻ ൌ ʹǤ͵Ͳͷͷͺͳܽܿ
ሺ͵ሻ ൌ

ͶǤͲͻͺͲ͵Ͳ͍Ζ . ͞ΗΔͺڠͶ್॑बغഔزྡֆͲ͍Ζ . ҐΓΕ ʹ ൏ ܽ
ሺଵሻ ൏ ܽ

ሺଶሻ ൏

ܽ
ሺଷሻ ൏ ܽ

ሺସሻ͗Εཱིͯ . ͯΉΕ ਫ਼ͣ͗زഔغॵͶ್॑ब࠹ , ਫ਼ͣΖ͗زغͶ್॑ಋब࣏ , . 
2 յ್॑बغഔ͗زਫ਼ͣͪޛͶಋबغ͗زਫ਼ͣΖ . 

Ͷޛ࠹ , ܽ ൌ ܽ
ሺଵሻͳܽ ൌ ܽ

ሺଷሻͲ҈ఈݎ਼ܐሺܽሻ͗ݎ ൌ െʹͳં͢ͱ͏Ζ͞ͳΝࣖ͢ͱ͕͚ . ҈ఈ
਼ܐͺݎሺܽሻ ൌ ሺܽଶ���ଶݐ െ ʹሻଶ െ ʹͳॽͦ͘Ζ . ఈ਼ܐ࠹ঘെʹͲ͍Ζ . ͞ΗΓΕ҈ఈ
ݎ਼͗ܐ ൌ െʹ ͳં͢ͱ͏Ζ͞ͳ͖͗ΗΖ Ǥ� 
 

 
ਦ 9ʁܨሺܽሻ ൌ ͲΝຮ್ͪͤͯմؖܐ . 1 յͺ࠹ॵͶਫ਼ͣΖ್॑बغഔزΝන͢ , 2 յ
ͺ್॑ಋबغزޛͶਫ਼ͣΖ್॑बغഔزΝන͢ͱ͏Ζ . 
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ਦ 10ʁ҈ఈݎ਼ܐሺܽሻ W ғଚܽܙ࣊  (W  .(زܙ࣊

5.2. زͲਫ਼ͣͪଲসबٌغಕ࣯ 

٠Ͳචགྷͳ͵ΖໍୌΝ়ղͤΖޛࠕ . 
 

ໍୌ 5.1. ବԃ॑࢝ܗଲসबٌغಕ್͗॑बغഔزΝً͢͞ͱਫ਼໊ͣͪबٌغಕͺҲ॑ଲ
সबٌغಕͲ͍Ζ .  

ৄ . ਫ਼໊ͣͪबٌغಕ͗Ҳ॑ଲসबٌغಕҐबٌغಕͲ͵͏͞ͳΝৄͤΖ .  

(1) ໊बٌغಕ͗॑࢝ଲসबٌغಕͲ͵͏͞ͳ .  

ఈཀྵ 4.3(1)ΓΕ , ବԃ॑࢝ܗଲসबٌغಕबݍغͺݍ ൌ Ͷ݊  ʹͲ͍Ζ . ໊बٌغಕबغ
ͺʹݍͲ͍Ζ . ໊बٌغಕबغͺ 4 ഔ਼(Ͷሺʹ݊  ͳሻ)Ͷ͵Ζ . ͞Ηͺఈཀྵ 4.3(1)ͶൕͤΖ .  

(2) ໊बٌغಕ್͗॑ଲসबٌغಕͲ͵͏͞ͳ .  

॑࢝ଲসबٌغಕ͖ΔزͲਫ਼໊ͣͪଲসबٌغಕͺ॑࢝ଲসबٌغಕ͗࢘༽͢ͱ͏Ζ  
ଲসતͶٌಕ఼Νͯ . ໊बٌغಕब͗غ 4 ഔ਼Ͳ͍Ζ͞ͳΝཤ༽ͤΖ . න 2 ΓΕ , ͞
बغͶؖͤΖড়݇Νຮ್ͪͤ॑ଲসबٌغಕͺྪ(a), (d), (e), (h)ͶݸΔΗΖ . න 4 Νݡ
Ζͳ , ྪ(a)Ͷ͕͜ΖଲসતܵுభͳܵுమͶٌಕ఼Νͯ॑࢝ଲসबٌغಕͺଚ͢ࡑ͵͏  .
ΕͶ͕͏ͱಋ༹Ͳ͍Ζ .  

(3) ໊बٌغಕ͗ඉଲসबٌغಕͲ͵͏͞ͳ .  

ବԃ॑࢝ܗଲসबٌغಕٌಕ఼ݖ͗ଲসતܵுమͶ͍ΖͳͤΖ . ͞Ηͺන 4  C1 Ήͪͺ
D1 Ͷ૮ͤΖ . ໊बٌغಕ఼ݑͳݑͺଲসતͶ͵͏ͳͤΖ ݑ . ൌ ͺ Εཱིͯݑଶܪ
͖Δ , ྈวͶܶିȀଶΝࡠ༽ͤΖ . ࠪวͺݑȀଶͲ , ӊวͺܶିȀଶܪଶݑ ൌ ݑଶܶȀଶܪ ൌ Ȁଶ. ͯΉΕݑଶܪ , 
Ȁଶݑ ൌ Ȁଶ͗ಚΔΗΖݑଶܪ . ͞Ηͺ , ٌಕ఼ݑȀଶ͗ଲসતܵுమͶ͍Ζ͞ͳΝқັͤΖ . Γͮͱ , 
८͗  ͖Ηͪ .   

 
ໍୌ 5.2. ବԃܗଲসबٌغಕ͗ಋबغزΉͪͺൕಋबغزΝً͢͞ͱਫ਼໊ͣͪबٌغ
ಕͶͯ͏ͱ , (i), (ii)ͳ(iii)͗Εཱིͯ .  

(i) ବԃܗଲসबٌغಕ͗Ҳ॑ଲসٌಕ͵Δͻ , ໊बٌغಕͺඉଲসٌಕͲ͍Ζ .  

(ii) ବԃܗଲসबٌغಕ್͗॑ଲসٌಕ͵Δͻ , ໊बٌغಕͺҲ॑ଲসٌಕͲ͍Ζ .  

(iii) ବԃܗଲসबٌغಕ͗॑࢝ଲসٌಕ͵Δͻ , ໊बٌغಕͺ್॑ଲসٌಕͲ͍Ζ .  

ৄ . (i)ͳ(ii)ͺعͶߡࢂช[1]ݛͲৄ͠Ηͱ͏Ζ . ͞͞Ͳͺ(iii)ৄΝ͑ߨ .  
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(1) ໊बٌغಕͺ್॑ଲসबٌغಕΉͪͺ॑࢝ଲসबٌغಕͲ͍Ζ͞ͳ .  

ਦ 7 Ͳ࢘༽ͪ͢ C1 Νཤ༽ͤΖ . ͞͞Ͳबغͺݍ ൌ ͺ݇  ʹͲ͍Ζ . ٌಕ఼ݖͺଲসતܵுమͶ
͍Ζ . ٌಕ఼ݖΓΕଲসતͶݑͳݒ�ሺ് ሻ͗ݑ  ਫ਼ͣͪͳͤΖ . ٌಕ఼ݖͺ॑࢝ଲসबٌغಕ
ٌಕ఼Ͳ͍Ζ͖Δ , ٌಕ఼ݖȀଶଲসતܵுమͶ͍Ζ . ݃Վͳ͢ͱٌಕ఼ݖȀଶΓΕݑȀଶͳݒȀଶ
͗ਫ਼ͣΖ . 
Ȁଶݖ ൌ ͗Εཱིͯ͞ͳΝࣖͤݖଷܪଶܩଷܪ . ଲসતܵுయͶٌಕ఼ݖ͗ଚͤࡑΖ͖Δ ݖଷܪ , ൌ ݖ

͗Εཱིͯ . ྈวͶܶΝࡠ༽ͤΖͳ , ࠪวͺܶܪଷݖ ൌ ݖଷܶିܪ ൌ Ͳݖଷܪ , ӊวͺ ଶͲ͍Ζݖ . 
ݖଷܪ ൌ ଶ͗ಚΔΗΖݖ . ଲসતܵுమͶٌಕ఼ݖ͗ଚͤࡑΖ͖Δ ݖଶܪ , ൌ ͗Εཱིͯݖ .ྈวͶ
Ζͳͤ༼ࡠଶΝܩ , ࠪวͺܩଶܪଶݖ ൌ ܶିଵݖ ൌ ଵͲ͍Ζ͖Δିݖ ଵିݖ  ൌ ͗ಚΔΗΖݖଶܩ . ྈวͶܶିଶ

Νࡠ༽ͤΖͳ , ࠪวͺିݖଶିଵͳ͵Ζ . बغΓΕିݖଶିଵΝݖାଵͳॽͤ͘ . ӊวͺܶିଶܩଶݖ ൌ

ݖଶܶଶܩ ൌ ଶͲ͍Ζݖଶܩ . ΉͳΌͱ ଶݖଶܩ , ൌ ାଵ͗ಚΔΗΖݖ ݖଷܪ . ൌ ༼ࡠྈวͶܶିହିଵΝݖ
ͤΖ . ࠪวͺܶିହିଵܪଷݖ ൌ ݖଷܶହାଵܪ ൌ ାଵͳ͵Ζݖଷܪ . ӊวͺܶିହିଵݖ ൌ ସିଵͲ͍Ζ͗ିݖ , ब
ସାଵݖସିଵΝିݖΓΕغ ൌ Ȁଶͳॽͤ͘ݖ . ҐΝΉͳΌΖͳݖȀଶ ൌ ͗ಚΔΗΖݖଷܪଶܩଷܪ .  

͞͞Ͳܩଶܪଷ ൌ ଵܪଷܪ  (ࣞ(30)ΝݡΓ)Νཤ༽ͤΖͳ Ȁଶݖ , ൌ ݖଷܪଶܩଷܪ ൌ ଵܪଷܪଷܪ ൌ ͗Εݖଵܪ
ཱིͯ . ͞͞Ͳݖ ൌ Νཤ༽ͤΖͳݖଶܪ Ȁଶݖ , ൌ ݖଶܪଵܪ ൌ ಚΔΗΖݖܴ . ٌಕ఼ݖȀଶͺݖΝൕͪ͢
ҒͶ͍Ζ͖Δ ȀଶͺଲসતܵுమͶ͍Ζݖ , . ٌಕ఼ݑͳݒͶܪଵΝࡠ༽͢ͱಋ༹ൕ͗ਫ਼
ͣΖ . ٌಕ఼ݖȀଶ͖Δ఼࢝ݑȀଶ, ݒȀଶ, ܪଵݑ, ܪଵݒ͗ਫ਼ͣΖ͞ͳͺ८Ͳ͍Ζ͖Δ ݒଵܪ , ൌ Ȁଶݒ
ݑଵܪ͖ͯ ൌ ͳȀଶ͗Εཱིͯݑ ݒଵܪ , ൌ ݑଵܪȀଶ͖ͯݑ ൌ Ζ͍͗Ȁଶ͗Εཱིͯݒ . ͞͞Ͳ
ͺ , ंͶͯ͏ͱ΄Ζ . ࠪวͺܪଵݒ ൌ ݒଶܪଵܪ ൌ Ͳ͍Ζ͖Δݒܴ ݒܴ , ൌ Ȁଶ͗ಚΔΗݒ
Ζ . ͞Ηͺٌಕ఼ݒ͖Δड़ͪ͢बٌغಕܱሺݒሻबݍ͗غͲ͍Ζ͞ͳΝқັ͢ͱ͏Ζ . बغ
ٌಕܱሺݑሻबغݍͲ͍Ζ . ͯΉΕ , बٌغಕܱሺݑሻͳܱሺݒሻͺٌಕ఼ݖΓΕ(ൕ)ಋबغزͲ
ਫ਼ͣͪबٌغಕͲ͍Ζ͞ͳ͗ࣖ͠Ηͪ . बٌغಕܱሺݑሻͳܱሺݒሻ͗ଲসबٌغಕͲ͍Ζ͞ͳͺ
Δ͖Ͳ Ͷ͞ΗΔͺߍ , 180 ౕյଲসΝͯ࣍ . ໍୌ 4.1 ΓΕ , बٌغಕܱሺݑሻͳܱሺݒሻͺ್
॑ଲসबٌغಕΉͪͺ ಕͲ͍Ζ͞ͳ͖͗Ηٌͪغଲসब॑࢝  . 
(2) ໊बٌغಕͺ॑࢝ଲসबٌغಕͲ͵͏͞ͳ .  

ਫ਼್໊ͣͪͯबٌغಕ͗॑࢝ଲসबٌغಕͳͤΖͳ , ͞ΗΔͺବԃ॑࢝ܗଲসबٌغ
ಕͳಋͣড়݇Νຮͪͤ͞ͳͶ͵Ζ . ͯΉΕ್໊ͯबٌغಕͳବԃ॑࢝ܗଲসबٌغಕ  
͗ҲͤΖ͞ͳͶ͵Ζ . Γͮͱ ͏͵ಕͺਫ਼ٌͣغಕ໊बٌغଲসब॑࢝ , . ҐͲৄΝ
श͓Ζ .  

 
ىৄͲཤ༽್ͪ॑͢ଲসबٌغಕ͗௪գͤΖ͑ҲͯଲসતΝ݀ఈͤΖ . ͞͞Ͳ

ͺݑ ൌ Νཤ༽ͤΖݑଶܪ . ྈวͶܩଶΝࡠ༽ͤΖͳ , ࠪวͺܩଶݑͲ , ӊวͺ ݑଶܪଶܩ  ൌ ܶିଵݑ ൌ

ଵିݑ . Γͮͱ ݑଶܩ , ൌ ଵ͗ಚΔΗΖିݑ . ྈวͶܩଵΝࡠ༽ͤΖ . ࠪวͺܩଵܩଶݑ ൌ ݑܴ ൌ ܶȀଶݑ ൌ

ȀଶͲݑ , ӊวͺܩଵିݑଵ. ؖݑࣞܐȀଶ ൌ ଵ͗Εཱིͯିݑଵܩ ݍͶ࣏ . ൌ ͺ݇  ʹΝཤ༽ͤΖͳ , ؖ͞ܐ
ͺݑସାଵ ൌ ଵͳॽͦ͘Ζିݑଵܩ . ྈวͶܶିଶିଵΝࡠ༽ͤΖ . ࠪวͺݑଶͲ , ӊวͺܶିଶିଵܩଵିݑଵ ൌ

ଵିݑଵܶଶାଵܩ ൌ ଶ. Γͮͱݑଵܩ ଶݑ , ൌ ଶ͗Εཱིͯݑଵܩ . ͞Ηͺٌಕ఼ݑଶ͗ଲসતܵீభͶ͍Ζ͞
ͳΝқັ͢ͱ͏Ζ . ͞͞Ͳ͓ߡͱ͏Ζ್॑ଲসबٌغಕͺ , ଲসતܵுమ  ͳܵீభͶٌಕ఼Ν
ͯ .  

 
ໍୌ 5.3. ବԃ॑࢝ܗଲসबٌغಕ್͗॑ಋबغزΝً͢͞ͱਫ਼໊ͣͪबٌغಕͺҲ॑ଲ
সٌಕͲ͍Ζ .  
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ৄ . ್॑ಋबغزͺಋ࣎Ͷಋबغزͳൕಋबغ͗زਫ਼ͣΖݳেͲ͍Ζ . ͞ݳেΝ
್ͯͶ͜ͱ͓ߡΖ Ζ͓ߡΝًͤ͞ͳزغಕ͗ಋबٌغଲসब॑࢝ܗॵͺବԃ࠹ . . ໍୌ
5.2(iii)ΓΕ , ਫ਼໊ͣͪबٌغಕͺ್॑ଲসबٌغಕͲ͍Ζ ಕٌغͶਫ਼್໊ͣͪ॑ଲসब࣏ .
͗ൕಋबغزΝًͤ͞ͳ Ζ͓ߡ  . ໍୌ 5.2(ii)ΓΕ , ਫ਼໊ͣͪबٌغಕͺҲ॑ଲসबٌغ
ಕͲ͍Ζ . 

 زഔغॵ್॑ब࠹ .5.3

ܽ
ሺଵሻ ൌ ʹǤ͵ͲͷͷͺͲ࠹ॵ್॑बغഔ͗زਫ਼ͣΖ . ໍୌ 5.1 ΓΕ , ͞زͲਫ਼ͣΖ໊बغ

ٌಕͺસͱҲ॑ଲসबٌغಕͲ͍Ζ . ଲসતܵுభͳܵீమͶਫ਼ͣͪबغ 4 ٌಕ఼ͺବԃܗͲ͍
Ζ(ਦ 11 (a-1),(a-2),(b-1),(b-2)). ਦͶ͕͏ͱٌಕ఼ݖͺ਼݇Ͳන͠ݳΗͱ͏Ζ . बغ 2 
ٌಕ఼ݖͳݖଵबΕͶͨΗͩΗ 4 ٌಕ఼͗ਫ਼ͣݺ ܯ , 8 ͵Ζ͞ͳͶͤࡑٌಕ఼͗ଚݺ
Ζ . ܶସΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨͺ(+8)Ͳ͍Ζ . ଲসતܵுరͳܵீయͶਫ਼ͣͪबغ 4 
γχϩٌܗಕ఼͗ਫ਼ͣΖ(ਦ 11 (c-1),(c-2),(d-1),(d-2)). ݃Վͳ͢ͱ , बغ 2 ٌಕ఼ݖͳݖଵ
बΕͶ 8 ΗΖݳಕ఼ٌ͗ܗγχϩݺ . ܶସΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨͺ(-8)Ͳ͍
Ζ . ͯΉΕ , ሺͺሻ  ሺെͺሻ ൌ Ͳͳ͏ޕͶͬভ͍͑͢ . ݃Վͳ͢ͱ , बغ 2 ٌಕ఼ϛΠϱΩ
Ϫ਼ࢨͺ(+1)ΉΉรԿ͢͵͏ . ͯΉΕ , ್॑बغഔزޛͲबغ 2 ٌಕ఼҈ఈ
ͺବԃܗͲรԿ͢͵͏ . 
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ਦ 11ʁ࠹ॵ್॑बغഔزͲਫ਼ͣͪବԃܗҲ॑ଲসबٌغಕ  (a-1),(a-2),(b-1),(b-2). ࠹
ॵ್॑बغഔزͲਫ਼ͣͪγχϩܗҲ॑बٌغಕ  (c-1),(c-2),(d-1),(d-2). बغ 4. ܽ ൌ

ʹǤͷ. 
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5.4. ್॑ಋबغز 

್॑ಋबغ͗زਫ਼ͣΖ͞ͳ͗ବԃ॑࢝ܗଲসबٌغಕಝͲ͍Ζ . ໍୌ 5.3 ΓΕ , ್
॑ಋबغزͲਫ਼ͣΖ໊बٌغಕͺҲ॑ଲসबٌغಕͲ͍Ζ .  

ବԃܗबٌغಕͺଲসતܵுభͳܵீమͶਫ਼ͣΖ͞ͳ͗ , ਼݃ࢋܯՎͲಚΔΗͪ  (ਦ 12 
(a-1),(a-2),(b-1),(b-2)). ͞ΗΔ࣯ͺ್॑बغഔزͳಋͣͲ͍Ζ . ଲসતܵுభ
ͳܵீమͨΗͩΗ 2 ٌಕ఼͗ਫ਼ͣΖݺ . बغ 2 ٌಕ఼ݖͳݖଵबΕͶͨΗͩΗ 4 ٌಕݺ
఼͗ਫ਼ͣ ܯ , 8 Ζ͞ͳͶ͵Ζͤࡑٌಕ఼͗ଚݺ . ܶଶΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨ
ͺ (+8) Ͳ͍Ζ .  

γχϩܗबٌغಕͺଲসતܵுరͳܵீయͶਫ਼ͣΖ(ਦ 12(c-1),(d-2),(d-1),(d-2)). बغ 2 
ٌಕ఼ݖͳݖଵबΕͶͨΗͩΗ 4 ٌಕ఼͗ਫ਼ͣݺ ܯ , 8 ͵Ζ͞ͳͶͤࡑٌಕ఼͗ଚݺ
Ζ . ܶଶΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨͺ(-8)Ͳ͍Ζ .  

Ґ݃ՎΝΉͳΌΖ . ϛΠϱΩϪ਼ࢨͶ͕͏ͱ , ሺͺሻ  ሺെͺሻ ൌ Ͳ͗Εཱི͖ͯΔ , 
बغ 2 ٌಕ఼҈ఈͺ್॑ಋबغزޛͲรԿ͢͵͏ . ͯΉΕ , ٌಕ఼҈ఈ
ͺ್॑ಋबغزͺବԃܗͲ͍͖ͮͪΔ , ್॑ಋबغزޛବԃܗͲ͍Ζ . 
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ਦ 12ʁ್॑ಋबغزͲਫ਼ͣͪବԃܗҲ॑ଲসबٌغಕ  (a-1),(a-2),(b-1),(b-2). ್॑ಋब
ಕٌغҲ॑बܗͲਫ਼ͣͪγχϩزغ  (c-1),(c-2),(d-1),(d-2). बغ 2. ܽ ൌ ߨ  ͲǤͳ.  
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5.5.  � յ್॑बغഔز 

 2 յ್॑बغഔزͲਫ਼ͣΖ໊बٌغಕ , સͱҲ॑ଲসबٌغಕͲ͍Ζ  (ਦ 13). 
ଲসતܵுభͳܵீమͶବԃܗबغ 4 बٌغಕ఼͗ਫ਼ͣ , ଲসતܵுరͳܵீయͶγχϩܗबغ 4
बٌغಕ఼͗ਫ਼ͣΖ . ͞ΗΔ࣯ͺ   1 յ್॑बغഔزͳಋͣͲ͍Ζ . 
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ਦ 13ʁ್॑बغഔزͲਫ਼ͣͪବԃܗҲ॑ଲসबٌغಕ  (a-1),(a-2),(b-1),(b-2). ್॑बغ
ഔزͲਫ਼ͣͪγχϩܗҲ॑बٌغಕ  (c-1),(c-2),(d-1),(d-2). बغ 4. ܽ ൌ ͶǤʹ.  
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5.6. ಋबغز 

ಕͲ͍Ζ(ໍୌٌغಕͺ್॑ଲসबٌغͲਫ਼ͣΖ໊बزغಋबޛ࠹ 5.2(iii)). बغ 2 ͺ
න 2(b)Ͷ૮͢ , ਫ਼್ͣͪ॑ଲসबٌغಕͺଲসતܵுభͳܵீమި఼Ͷٌಕ఼Νͯ(ਦ
14). ಋबغزޛ , ٌಕ఼ͺγχϩܗबٌغಕ఼ͳ͵Ζ . ϏϧϟʖνΝଁՅ͢ͱٌ
ಕ఼҈ఈͺรΚΔ͵͏ͪΌ W ྅ͤΖͲزغͺಋबزܙ࣊ . 

 

 
ਦ 14ʁಋबغزͲਫ਼ͣͪବԃ್॑ܗଲসबٌغಕ . बغ 2. ܽ ൌ ͶǤ. 

 ͶؖͤΖմएزܙ࣊: .6

W ΖͳݡሺܽሻรԿΝݎ਼ܐͲ҈ఈزܙ࣊ , ್॑बغഔ͗زਫ਼ͣΖΉͲͺٌಕ఼
बΕյ๏͗ଐ͚͵Ε , ್॑बغഔ͗زਫ਼ͣͪޛͺங͚͵ΖͲͺ͵͏͖ͳࢧΚΗ
Ζ . Ήͪ , ್॑ಋबغ͗زਫ਼ͣͪޛͺյ๏͗࠸;  ଐ͚͵Ζͳ͓ߡΔΗΖ . ͖͢͢ , 
͞Γ͑͵͓ߡͺޣΕͲ͍Ζ . ٌಕ఼बΕյ๏ͺϏϧϟʖνଁͳͳͶଁ
Յ͢ͱ͏ΖͲ͍Ζ . ྭΝ༽͏ͱࣰ͞ࣆΝઈͤΖ .  

ٌಕ఼ͳ͢ͱबغ 2 ٌಕ఼Ν͓ߡΖ . ٌಕ఼ݖͺҮͲ ൏ ݔ ൏ Ͷ͍Εߨ ଵݖ , ൌ ሺݔଵǡ ଵሻݕ

ͺҮߨ ൏ ݔ ൏ Ͷ͍Ζߨʹ . ͞͞Ͳ , መܵீమͺଲসતܵீమݔ  ଵΝຮͪͤ෨ͳͤΖݔ . ਦ 15 Ͷͺ , 
ଲসતܵீమ , ܵுర  ͵Δ;Ͷ  ܶଶ መܵீమ  Νඵ͏ͪ . ٌಕ఼ݖଵͶඏঘϗέφϩݒΝ͕͚ . ଲসતܵீమ
ંત๏Ͳ࠴ݔඬଁՅͤΖ๏Νඏঘϗέφϩݒ๏ͳͤΖ . ਦ 15 Ͳͺ , ඏঘϗέφϩ
Νଢ͏һͲඵ͘ݒ , ܶଶݒͺ͏ࡋһͲඵ͏ͪ .  

ବԃܗಊ఼ ଵܳबغഔزྡֆͺܽሺͳȀʹሻ ൌ ʹͲ͍Ζ . ͞ྡֆΓΕܽΝଁՅ
ͤΖ . ਦ 15(a)͖Δਦ 15(l)ΉͲΝॳͶ௧ͮͱ , ܶଶݒյ๏Ν؏͢ࡱͱΆ͢͏ . ඏঘϗ
έφϩݒͳܶଶݒ͵ֱౕͤΝߠͳͤΖ . յ๏ͺൕܯ࣎յΕͲ͍Ζ͖Δ ܯ࣎ൕߠֱౕ ,
յΕͶΖ . ਦ(a)͖Δਦ(d)ΉͲյֱౕߠͺଁՅͤΖ . ਦ(a)͖Δ(d)ΉͲգఖͺ , W ܙ࣊
زͶ͕͜Ζ҈ఈݎ਼ܐሺܽሻ࠹ॵݰঙ෨ͶଲԢ͢ͱ͏Ζ . ਦ(d)(ܽ ൌ ʹǤ͵)Ͳյֱߠ

ͺ 180 ౕͶঙ͢ଏΕ͵͏ . ਦ(e)(ܽ ൌ ʹǤͷ)Ͳյֱߠͺ 180 ౕΝӿ͢ͱ͏Ζ . ͞Ηͺ , बغ 2
್͗॑बغഔزΝًͪ͢͞ޛয়ڱͲ͍Ζ . ਦ(f)(ܽ ൌ ʹǤͺ)Ͳͺ , յֱߠͺ 270 ౕΝӿ͢
ͱ͏Ζ . ͞ΗΔয়ڱͺ , ҈ఈݎ਼ܐሺܽሻ࠹ॵଁՅ෨ͶଲԢ͢ͱ͏Ζ . ਦ(g)Ͳͺյ
·ͺΆߠֱ 360 ౕͲ , ਦ(h)Ͳͺյֱߠͺ 360 ౕҐͲ͍Ζ . ਦ(g)ͳਦ(h)ؔͲ್॑ಋबغ
͗زਫ਼ͣͱ͏Ζ .  
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ਦ 15ʁඏঘϗέφϩݒͳܶଶݒؖܐ . 

 
್॑ಋबغ͗زਫ਼ͣͪޛͲͺ , ҈ఈݎ਼ܐሺܽሻͺݰ;࠸ঙͤΖ . ܶଶݒͺٌಕ఼ݖଵबΕ

Ν 360 ౕҐյ͢ͱ͏Ζ . ਦ(i)ͳਦ(j)ؔͲ 2 յ್॑बغഔ͗زਫ਼ͣͱ͏Ζ . 2 յ
್॑बغഔ͗زਫ਼ͣͪޛ , ҈ఈݎ਼ܐሺܽሻͺଁՅͤΖ . ਦ(k)ͳਦ(l)ؔͲಋबغز
͗ਫ਼ͣͱ͏Ζ . ਦ(l)ͲͺܶଶݒͺݖଵबΕΝ್յҐ͢ͱ͏Ζ . Ґ݃ՎΓΕ , ್॑बغ
ഔزͳ್॑ಋबغزΝ࣯ 6.1 Γ͑Ͷ մएͲ͘Ζ࠸  . ͞ΗΓΕ , ఈཀྵ 6.2 ͗ಚΔΗΖ . 

 
࣯ 6.1. յ਼ͳबغͺࣺܶଶΝୱҒͳͤΖ .  

ͺزഔغॵ್॑ब࠹ (1) , յ਼ͳȀʹյزͲबغ 4 ͗ਫ਼ͣͪ͞ͳͳಋͲ͍Ζ .  

ͺزغॵ್॑ಋब࠹ (2) , յ਼ͳȀͳյزͲबغ 2 ͗ਫ਼ͣͪ͞ͳͳಋͲ͍Ζ .  

(3) ್್ౕ॑बغഔزͺ , յ਼͵ȀʹյزͲबغ 4 ͗ਫ਼ͣͪ͞ͳͳಋͲ͍
Ζ .  

ఈཀྵ 6.2. ବԃܗଲসबٌغಕबغΝݍͳ͢ , յ਼ͺܶΝୱҒͳͤΖ . ବԃ॑࢝ܗଲসब
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ಕͶ͕͜Ζٌغ W زܙ࣊ , յزյ਼ۢؔͺሺͲǡʹሻͲ͍Ζ . 

 ޢ݃ .7

ୱͶΉͳΌΖ؈ฯଚύʖϏʖࣺͶ͕͏ͱຌชͲಚΔΗͪ݃ՎΝٱՆ॑࢝ .   

ಕΝಝ͜ΖͪΌͶٌغଲসब॑࢝ (1) , ଲනݳΝͪ͢ . Ҳबغࣺͺ , ࠪଲ
 ࣺ߅ , , ͨ͢ͱӊଲͶմ͠ΗΖ .  

(2) ବԃ॑࢝ܗଲসबٌغಕ҈ఈݎ਼ܐሺܽሻͺ W Νࣖͤ͞ͳ͗ಚΔΗͪܙ࣊ . W ͶΓܙ࣊
ͮͱବԃ॑࢝ܗଲসबٌغಕ݀͗زఈ͠ΗΖ .  

(3) ବԃ॑࢝ܗଲসबٌغಕյزյ਼ۢؔͺۢؔ ሺͲǡʹሻͲ͍Ζ . 
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(2020 ೧ 7 ݆ 23 ೖणɾ2020 ೧ 9 ݆ 15 ೖणཀྵ) 
 

Abstract: The anomalous rotation bifurcation in the standard map ܶ on cylinder is discussed. 
The elliptic fixed point ܳ  of ܶ  undergoes the ordinary rotation bifurcation and the 
period-doubling bifurcation. As a result, the elliptic daughter periodic orbit with the rotation 
number Ȁݍ (Ͳ ൏ ݍȀ  ͳȀʹ) appears. This orbit is represented as Ȁݍ-BE. We study whether 
the anomalous bifurcation of Ȁݍ-BE occurs. Let Ȁݎ:ݍȀݏ-BE (BS) be the elliptic (saddle) 
periodic orbit appearing through the ordinary or anomalous rotation bifurcation of Ȁݍ-BE. 
The period of Ȁݎ:ݍȀݏ-BE (BS) is ݎݍ. We prove that the doubly symmetric periodic orbit 
ͳȀʹ:ʹȀ͵-BE (BS) appears through the anomalous rotation bifurcation of ͳȀʹ-BE and the 
singly symmetric periodic orbit ͳȀʹ:ͳȀ͵-BE (BS) appears through the ordinary rotation 
bifurcation of ͳȀʹ-BE. 

 
Keywords: Standard map, Symmetric periodic orbit, Ordinary and anomalous rotation 
bifurcations 

1. ຌชద 

ฯଚࣺͶ͕͜Ζବԃܗबٌغಕ఼ͺϏϧϟʖνΝଁՅͤΖͳյز͵Δ;Ͷबغ
ഔزΝًͤ͞͞ͳͺΓ͚எΔΗͱ͏Ζ[1]. յزͶͺਜ਼յزͳҡյ1]ز, 
2, 3]͍͗Ζ͞ͳΝ , ਦ 1 ͳ 2 Ν༽͏ͱઈͤΖ . ϏϧϟʖνʖଁՅͶͯΗͱ͓ߡͱ͏Ζବ
ԃܗಊ఼ܳۛյ๏ͺଐ͚͵ΖͳͤΖ . ਜ਼յ͗زਫ਼ͣΖ , ବԃ఼
ۛյ๏ͺବԃ఼͖ΔΗΖͶͯΗͱங͚͵Ζ . ͞Ηͺବԃ఼ۛյ๏
ୱͣΗΝқັ͢ͱ͏Ζ . ਦ 1(a)Ͳյ਼ͳ͢ͱ 1/4 ͳॽ͏ͱ͍Ζ͍ͪΕͶ , յ਼
1/4 बٌغಕ఼͗ଚͤࡑΖ . ͞ , յ਼ 1/4 बٌغಕ఼ͺବԃܗಊ఼͖ܳΔਫ਼ͣ
ͱ , ϏϧϟʖνʖଁՅͶͯΗͱବԃ఼͖ΔΗͱ͏͚ . յ਼ 1/4 बٌغಕ͗ਫ਼ͣΖྡ
ֆΝܽሺͳȀͶሻΝͤΖͳ , ܽ  ܽሺͳȀͶሻͲյ਼ 1/4 बٌغಕ఼͗ଚͤࡑΖ(ਦ 2(a)). 
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ਦ 1ʁ(a) ਜ਼յزͶ͕͜Ζବԃܗಊ఼ܳۛӣಊ . (b) ҡյزͶ͕͜Ζବ
ԃܗಊ఼ܳۛӣಊ . 

 
ਦ 2ʁ(a) ਜ਼յز . ܽ  ܽሺȀݍሻͶ͕͏ͱ B-ݍȀ , ͗ଚͤࡑΖ . (b) ҡյزͶ͕͜Ζ
ҡյۢؔ . 

Ͷͯ͏ͱઈͤΖزͶҡյ࣏ . ҡյ͗زਫ਼ͣΖ , ବԃܗಊ఼ܳۛ
յ๏ͺବԃ఼͖ΔΗΖͶͯΗͱଐ͚͵Ε , ͖Δங͚͵Ζ . յ਼ͳ͢ͱ 1/3
ͳॽ͏ͱ͍Ζ͍ͪΕͶյ਼ 1/3 बٌغಕ఼͗ଚͤࡑΖ  (ਦ 1(b)). ͞ , յ਼ 1/3
बٌغಕ఼ͺବԃܗಊ఼͖ܳΔΗͪҮͲਫ਼ͣΖ . ਫ਼ͣ๏ͺγχϩόʖχزͲ , ବ
ԃܗबٌغಕ఼ͳγχϩܗबٌغಕ఼͗ਫ਼ͣΖ . ྡֆΝܽୱሺȀݍሻͳͤΖ . ϏϧϟʖνʖΝ
ܽୱሺȀݍሻΓΕଁՅͤΖͳ , γχϩܗबٌغಕ఼͗ବԃܗಊ఼ܳͶ͜ͱۛͰ͘ , ବԃܗबغ
ٌಕ఼ͺਫ਼ͣͪஏ఼͖Δԗ͖ͮ͡ͱ͏͚ . ܽ ൌ ܽሺȀݍሻͲ , γχϩܗबٌغಕ఼ͳܳ͗Ҳͤ
Ζ . ܽ  ܽሺȀݍሻͲγχϩܗबٌغಕ఼ͺବԃܗಊ఼͖ܳΔड़ͱ , ͖ܳΔΗΖ . ͞ , 
ҡյϏϧϟʖνۢؔ  ሾܽୱሺȀݍሻǡ ܽሺȀݍሻሻ͗ఈٝͲ͘Ζ(ਦ 2(b)). ҡյϏϧϟʖνۢ
ؔͲͺବԃ఼बΕୱͣΗ͗ഃΗͱ͏Ζ ࡏࣰ . , ବԃ఼͖ΔΗΖͳյ๏͗
ବԃ఼ΓΕଐ͚͵Ζ . γχϩܗबٌغಕ఼Νգ͙Ζͳյ๏ͺங͚͵Ζ . ͞Γ͑͵ବ
ԃ఼बΕୱͣΗഃΗͶΓͮͱ , ҡյ͗زਫ਼ͣΖ͞ͳ͗Κ͖Ζ . ٠ͤ΄
͘ୌͺ , ବԃ఼बΕୱͣΗഃΗ͗ਫ਼ͣΖݬҾͲ͍Ζ . ҐԾ٠Ͳͺ , յ
ز(Rotation bifurcation)Νਜ਼յز(Ordinary rotation bifurcation)ͳҡյز
(Anomalous rotation bifurcation)૱সͳ͢ͱཤ༽ͤΖ .  
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ԃ౷  ሺͲ  ݔ ൏ ǡߨʹ െλ ൏ ݕ ൏ λሻͲఈٝ͠Ηͪඬ६ࣺΝ়ղͤΖ[4]. 
 ܶ�  �� ାଵݕ ൌ ݕ  ݂ሺݔሻǡݔ���ାଵ ൌ ݔ   ሻǤ ሺ1ሻߨʹ��݀�ାଵ��ሺݕ

͞͞Ͳ , ݂ሺݔሻ ൌ ��ሺܽݔ���ܽ  Ͳሻ.  

ࣺܶ��ሺܽ  ͲሻͲͺ , ݂ሺݔሻ ൌ Ͳͳݕ ൌ ͲΝຮͪͤबٌغಕ఼͗ಊ఼Ͳ͍Ζ . ඬ६ࣺͶ͕͏
ͱ , ಊ఼ͺܲ ൌ ሺͲǡͲሻͳܳ ൌ ሺߨǡ ͲሻͲ͍Ζ . ಊ఼ܲͺγχϩܗಊ఼Ͳ͍Ζ . ಊ఼ܳͺ , Ͳ ൏
ܽ ൏ ͶͶ͕͏ͱବԃܗಊ఼Ͳ , ܽ  ͶͲͺൕΝ͑γχϩܗಊ఼Ͳ͍Ζ .  

ଲসबٌغಕΝఈٝͤΖͪΌͶࣺܶଲනݳΝͤΖ . ҲଲනݳΝࣖͤ . ࣞ
(1)නݳͲͺ , Ҳଲනܶݳ ൌ ݄ ל ݃ͺͶՆͲ͍Ζ . ࣺܶͺ್ͯଲͳݼͻΗΖ
ࣺͲىफ़͠ΗΖ ͢༼ࡠΝͶ݃ӊଈͶ͍Ζଲלߺى . Ζͤ༼ࡠΝ݄Ͷଲ࣏ , . Ґ
ԾͲଲනࣞΝࣖͤ . 

 ݃ ቀݔݕቁ ൌ ቀെݕ െ ݂ሺݔሻ
ݔ������� ቁ ǡ���݄ ቀݔݕቁ ൌ ቀ

��െݕ
ݔ െ  ቁǤ ሺ2ሻݕ

਼ࣺ݂ؖሺݔሻ਼͗ؖدͲ͍Ζ͞ͳͶΓΕ ݳන್ଲ࣏ ,  ܶ ൌ ܪ ל ՆͲ͍Ζ ܩ .  

ܩ  ቀݔݕቁ ൌ ൬ݕ������  ݂ሺݔሻ
െݔ��ሺߨʹ��݀�ሻ൰ ǡܪ��� ቀݔݕቁ ൌ ቀ

ݕ��������������
ݕ െ  ሻቁǤ ሺ3ሻߨʹ��݀���ሺݔ

͞͞Ͳ , ݃ ל ݃ ൌ ݄ ל ݄ ൌ ܩ ל ܩ ൌ ܪ ל ܪ ൌ ݅݀Ǥ.  

ଲͺฯଚͲ͍Ζ͗๏ൕࣺͲ͍Ζ . ଲಊ఼ॄ͗ଲসતͲ͍Ζ .  
ܵǣ ݕ ൌ െ݂ሺݔሻȀʹǡ ሺ4ሻ 

ܵǣ ݕ ൌ Ͳǡ ሺ5ሻ 

ܵீǣ ݔ ൌ Ͳǡݔ��� ൌ  ǡ ሺ6ሻߨ

ܵுǣ ݕ ൌ ݕ���ǡݔʹ ൌ ʹሺݔ െ  ሻǤ ሺ7ሻߨ

ԃ౷Ͳఈٝ͠Ηͪඬ६ࣺͶ͕͜Ζͯ࢝ଲসતΝਦ 3 Ͷඵ͏ͪͲߡࢂͶ͢ͱཋ͢͏ . 
 

 
ਦ 3ʁԃ౷Ͳఈٝ͠Ηͪඬ६ࣺͶ͕͜Ζଲসત . ܲ ൌ ሺͲǡͲሻͳܳ ൌ ሺߨǡ Ͳሻͺಊ఼ . ܲԢ ൌ
ሺʹߨǡ Ͳሻ. ԃ౷Ͳͺܲ ൌ ܲԢ. ܵͳܵͺԾଲসતͲ , ܵீͳܵுͺࠪӊଲসત . ܽ ൌ ͷ. 

ଲͶΓΖबٌغಕ఼ಊ͘ͺଲসતͶؖͤΖൕͲ͍Ζ . ΓͮͱଲͶΓΖबٌغಕ఼
ಊ͘ΓΕ , ܵͳܵΝԾଲসતͳݼ; , ܵீͳܵுΝࠪӊଲসતͳݼ . ࣺ͗ଲ
Ͳන͠ݳΗΖ Γ͑Ͷ್झྪىΝͯͳ͏͑[1]. ٱͺώʖαϓқັͲՆܧ ,
ҡ͵ͮͪଲͲන͠ݳΗΖࣺͺ , ್॑ՆࣺٱͳݼͻΗΖ . ್॑ՆࣺٱͶͺҲ॑ଲ
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সबٌغಕͳ್॑ଲসबٌغಕ͗ଚͤࡑΖ [5]. ଲসતΝཤ༽͢ͱଲসबٌغಕͳඉଲসब
ಕΝఈٌٝ͢غ ಕΝఈٝͤΖٌغಕͳ್॑ଲসबٌغͶҲ॑ଲসब࣏ , .  

 

ఈٝ 1.1 (ଲসबٌغಕͳඉଲসबٌغಕఈٝ). ଲসતͶٌಕ఼ΝٌͯಕΝଲসٌಕ
ͳ͏͑ . ଲসٌಕ͗ଲসતͶ۰਼ݺٌಕ఼Νͯ͵Δͻ , ٌ͞ಕͺଲসबٌغಕͳݼ
ͻΗΖ . ຌชͲͺಊ఼ͺଲসबٌغಕͶΌͥ , ಊ఼ͳ͢ͱѽ͑ . ଲসતͶٌಕ఼
Νͪ͵͏बٌغಕΝඉଲসबٌغಕͳఈٝͤΖ .  

 
ఈٝ 1.2 (Ҳ॑ଲসबٌغಕఈٝ). ԾଲসતΊͶٌಕ఼ΝͯबٌغಕΝҲ॑Ծ
ଲসबٌغಕͳఈٝͤΖ . Ήͪ , ࠪӊଲসતΊͶٌಕ఼ΝͯबٌغಕΝҲ॑ࠪӊଲস
बٌغಕͳఈٝͤΖ . ͞ΗΔΝΉͳΌͱҲ॑ଲসबٌغಕͳݼ .  

बٌغಕ͗ଲসતͶٌಕ఼Νͽͳͯͯͳ , พٌಕ఼͗ଲসતͶ͍Ζͳ͏࣯͑͗
͍Ζ . ͨͪΌͶҲ॑ଲসबٌغಕͺଲসતͶ್ٌͯಕ఼Νͯ . ್ٌͯಕ఼͗Ҳ఼Ͷ
͵ͮͪ͗ಊ఼Ͳ͍Ζ .  

 
ఈٝ 1.3 (್॑ଲসबٌغಕఈٝ). ԾͳࠪӊଲসતͶٌಕ఼ΝͯबٌغಕΝ್॑
ଲসबٌغಕͳఈٝͤΖ .  

್॑ଲসबٌغಕͺԾଲসતͶ್ٌͯಕ఼Ν͖ͬͯࠪӊଲসતͶ್ٌͯಕ఼
Νͯ . ͤ͵Κ್ͬ॑ଲসबٌغಕͺଲসતͶٌͯ࢝ಕ఼Νͯ ٌಕ఼఼್͗Ͷͯ࢝ .
͵ͮͪͺबغ 2 ٌಕ఼Ͳ͍Ε ಊ఼Ͳ͍Ζٌ͗ಕ఼͗Ҳ఼Ͷ͵ͮͪͯ࢝ , . 

ବԃܗಊ఼ܳ͗յزΝً͢͞ͱਫ਼໊ͣͪबٌغಕΝȀݍ-B (Ͳ ൏ ݍȀ ൏ ͳȀʹ) ͳॽ͚  
(B ͺ Birkhoff ΝқັͤΖ). Ȁݍ-B ͺବԃ໊ܗबٌغಕȀݍ-BE ͳ, γχϩ໊ܗबٌغಕȀ

BS-ݍ ૱সͲ͍Ζ . ͞͞Ͳ , E ͺ Elliptic Νқັ͢ , S ͺ Saddle ΝқັͤΖ . ବԃܗಊ఼ܳ͗
बغഔزΝً͢͞ͱਫ਼ͣͪବԃ໊ܗबٌغಕΝͳȀʹ-BE ͳॽ͚ . ͞ΗΔबٌغಕͶͯ͏
ͱ࣯ 1.4 ͗Εཱིͯ . ࡋͺߡࢂช[5]ݛΝݡΔΗͪ͏ .  

 
࣯ 1.4.  

(1) ब۰਼͗ݍغ B-ݍȀ , ͳͳȀʹ-BE ͺ್॑ଲসबٌغಕͲ͍Ζ .  

(2) ब਼د͗ݍغ B-ݍȀ , ͺҲ॑ଲসबٌغಕͲ͍Ζ .  
 

͞͞ͲຌชదΝΉͳΌ ୱͶ়ղͤΖ؈ͶҐԾઇ಼༲Ν࣏ , .  

 
ద 1.5. ବԃܗಊ఼ܳ͗յزΉͪͺबغഔزΝً͢͞ͱਫ਼ͣͪବԃ໊ܗबٌغಕ
BE-ݍȀ յزΝ΄Ζ͞ͳ .  

 
 2 ઇ . ຌชͲ࢘༽ͤΖ਼ָదಕ۫Ͷͯ͏ͱઈͤΖ .  

 3 ઇ . ବԃ໊ܗबٌغಕȀݍ-BE յزͶͯ͏ͱ਼ࢋܯͲಚΔΗͪ݃ՎΝ়ղͤΖ .  

 4 ઇ . ਼ࢋܯͲಚΔΗͪ݃ՎҲ෨ͶৄΝ༫͓ , ఈཀྵ 4.1 ͳໍୌ 4.5 ͳͤΖ.  

 5 ઇ . ຌชͲಚΔΗͪ݃ՎΝΉͳΌΖ . 
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2. ਼ָదಕ۫ 

2.1. बٌغಕ҈ఈ਼ܐ 

बٌغಕ҈ఈΝஇͤΖ๏๑Ν়ղͤΖ . ͞͞Ͳݍ�ሺ ͳሻΝबٌغಕबغͳͤΖ . ब
ݖಕ఼Νٌغबݍغ ൌ ሺݔǡ ሻ��ሺͲݕ  ݇  ݍ െ ͳሻͳͤΖ . ٌಕ఼ݖͶ͕͜ΖતܙԿߨܯሺݖሻͺ  

ሻݖሺܯ  ൌ ൬ͳ �����݂Ԣሺݔሻ
ͳ ͳ  ݂Ԣሺݔሻ

൰ ሺ8ሻ 

ͳಚΔΗΖ . ͞͞Ͳ , ݂Ԣሺݔሻ ൌ ܽ�. ฯଚࣺͲ͍Ζ͖Δݔ�� ࣞͺߨሻݖሺܯ , 1 Ͳ͍Ζ . 
ࣺܶતܙԿߨΝܯ ൌ ሻͳͤΖͳݖሺܯଵሻݖሺܯڮିଵሻݖሺܯ Ν݀ఈͤΖ๏ఖࣞߣ༙ݽ ,  

ଶߣ  െ ߣሺܽሻݎ  ͳ ൌ Ͳ ሺ9ሻ 

͗ಚΔΗΖ ሺܽሻݎ਼ܐ . ൌTraceܯΝ҈ఈ਼ܐͳݼ . ࣞ(9)մͲ͍Ζ༙ݽΝߣേͳॽ͚ . 
յ਼Ȁݍबٌغಕ͗ਜ਼յ͗زਫ਼ͣΖ , Ծىؖ͗ܐཱིͤΖ .  

േߣ  ൌ
ሺܽሻݎ േ ݅ඥͶ െ ଶሺܽሻݎ

ʹ
ൌ ���ሺʹߨȀݍሻ േ ���ሺʹߨȀݍሻǤ ሺ10ሻ 

ࣞ͞ΓΕ҈ఈݎ਼ܐሺܽሻͳյ਼Ȁݍؖ͗ܐಚΔΗΖ .  
ሺܽሻݎ  ൌ ʹ���ሺʹߨȀݍሻǤ ሺ11ሻ 

2.2. ܑࣺ͘ 

ࣞ(1) 1 ࣞͳ 2 ࣞྈวΝݔͲඏͤΖͳ , Ծى್ࣞ͗ಚΔΗΖ .  

 
ାଵݕ݀
ݔ݀

ൌ
ାଵݔ݀
ݔ݀

ାଵݕ݀
ାଵݔ݀

ൌ
ݕ݀
ݔ݀

 ݂Ԣሺݔሻǡ ሺ12ሻ 

 
ାଵݔ݀
ݔ݀

ൌ
ݕ݀
ݔ݀

 ݂Ԣሺݔሻ  ͳǤ ሺ13ሻ 

఼ ݖ ൌ ሺݔǡ ݕતۄሻ͗ݕ ൌ ሻͶ͍ΖͳͤΖݔሺܨ . ఼ݖͶ͕͜Ζۄતܑ͘Νනͤร਼ ߦ ൌ

ݔሻȀ݀ݔሺܨ݀ ൌ ΝͤΖݔȀ݀ݕ݀ . ࣞ(13)ΓΕ ͗ॊࣺ͑͗ಚΔΗΖߦܑ͘ , .  

ାଵߦ  ൌ
ߦ  ݂Ԣሺݔሻ

ߦ  ݂Ԣሺݔሻ  ͳ
Ǥ ሺ14ሻ 

ܑࣺ͘ྈวΝ ͲඏͤΖͳݔ તۄ , ݕ ൌ ሻ఼ݔሺܨ ਼ܐͶ͕͜Ζ್ඏݖ ߟ ൌ

͗ॊࣺ͑͗ಚΔΗΖݔȀ݀ߦ݀ .  

ାଵߟ  ൌ
ߟ  ݂ԢԢሺݔሻ

ሺߦ  ݂Ԣሺݔሻ  ͳሻଷ
Ǥ ሺ15ሻ 

͞͞Ͳ݀ߦାଵȀ݀ݔ ൌ ሺ݀ݔାଵȀ݀ݔሻሺ݀ߦାଵȀ݀ݔାଵሻ ൌ ͪ͢༼ሻΝཤݔାଵȀ݀ݔାଵሺ݀ߟ . 
ͲඏͤΖͳݔࣺྈวΝ਼ܐͶ್ඏ࣏ ݕતۄ , ൌ ඏࢀͶ͕͜Ζݖሻ఼ݔሺܨ

ߞ਼ܐ ൌ ͗ॊࣺ͑͗ಚΔΗΖݔȀ݀ߟ݀ .  

ାଵߞ  ൌ
ߞ  ݂ԢԢԢሺݔሻ

ሺߦ  ݂Ԣሺݔሻ  ͳሻସ
െ

͵ሺߟ  ݂ԢԢሺݔሻሻଶ

ሺߦ  ݂Ԣሺݔሻ  ͳሻହ
Ǥ ሺ16ሻ 

͞͞Ͳ݀ߟାଵȀ݀ݔ ൌ ሺ݀ݔାଵȀ݀ݔሻሺ݀ߟାଵȀ݀ݔାଵሻ ൌ ͪ͢༼ሻΝཤݔାଵȀ݀ݔାଵሺ݀ߞ . 
ҐࣞͲ , ݂Ԣሺݔሻ ൌ ܽ�ݔ�� , ݂ԢԢሺݔሻ ൌ െܽݔ��� ൌ െ݂ሺݔሻ, ݂ԢԢԢሺݔሻ ൌ െ݂Ԣሺݔሻ. ͞͞ͲಚΔΗ

ࣺͪΝཤ༽ͤΖͪΌͶͺٌಕ఼ݖๅͳܑ͘ॵغๅ͗චགྷͲ͍Ζ . 
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2.3. ҡյ͗زਫ਼ͣΖͪΌචགྷড়݇ 

ବԃܗಊ఼ܳ͗ҡյ͗زਫ਼ͣΖͪΌචགྷড়݇Νࣖ͢Γ͑ . ࣺܶͲܳबΕΝ
յͤΖबٌغಕյ๏ͺ , ਦ 4(a)Ͳͺܯ࣎յΕͲ , ਦ 4(b)Ͳͺൕܯ࣎յΕͲ͍Ζ . 

ਦ 4(a)Ͷඵ͖ΗͪଲসતͺଲসતࠪଈͶ͍Ζ . ϏϧϟʖνଁͶͳ͵͏ܳͶ͕
͜Ζଲসતܑ͗͘ଲসતܑ͘ͶۛͰ͚ . ଲসતͳଲসતིۄͺڠͶਜ਼Ͳ͍Ζ . 
ਜ਼յزͲͺ͖ܳΔबٌغಕ఼͗ਫ਼ͣΖ͞ͳͶқ͢Γ͑ . ͢ , ଲসતི͗ۄκϫ
Ͳ͍ͮͪΕෝͲ͍Ζͳଲসતܑ͗͘ଲসતܑ͗͘Ҳͪ͢ޛ , ଲসતͳଲসત
ި఼ࠫͺܳΓΕਫ਼ͣܳΓΕΗͱ͏͚ . ଲসતͳଲসતި఼ࠫ͗յزͲਫ਼ͣͪ
बٌغಕٌಕ఼ҲͯͲ͍Ζ . ͞ΗΓΕҡյ͗زਫ਼ͣΖͪΌͶͺ , ଲসતིۄ
ਜ਼Ͳ͍Ζ͞ͳ͗චགྷͲ͍Ζ͞ͳ͖͗ΗΖ . ͯΉΕਦ 4(a)͗ड़ͤݳΖ͵Δͻ , ҡյز
͗ਫ਼ͣΖՆ͍͗Ζ . ҡյزͲͺ , ͖ܳΔΗͪҒͲγχϩόʖχزͲγχϩ
қ͢ͱౕ͕͚࠸Ζ͞ͳΝͤݳಕ͗ड़ٌغबܗಕͳବԃٌغबܗ . 

ਦ 4(b)Ͷඵ͖ΗͪଲসતͺଲসતӊଈͶ͍Ζ . ϏϧϟʖνଁͶͳ͵͏ܳͶ͕
͜Ζଲসતܑ͗͘ଲসતܑ͘ͶۛͰ͘յ͗زਫ਼ͣΖ . ͞Ͳͺଲসતͳଲ
সતིۄͺڠͶෝͲ͍Ζ . ͞Γ͑͵Ͷҡյ͗زਫ਼ͣΖՆ͍͗Ζ . 

 

ਦ 4ʁҡյ͗زਫ਼ͣΖՆ͍͗Ζഓ . (a) ࣺΓΖܳबΕյ๏ܯ࣎͗յΕ
 . ବԃܗಊ఼ܳͶ͕͜Ζଲসતͳଲসતڠི͗ۄͶਜ਼ . (b) ࣺΓΖܳबΕ
յ๏͗ൕܯ࣎յΕ . ବԃܗಊ఼ܳͶ͕͜Ζଲসતͳଲসતڠི͗ۄͶ
ෝ . 

ବԃܗಊ఼ܳΝҲൢବԃٌܗಕ఼ݖͳͪ͢Ͷ͕͜ΖҡյزΝًͤͪ͞ΌͶ
චགྷ͵ড়݇Νড়݇ 2.1 ͳ͢ͱΉͳΌͱ͕͚[3].  

 

ড়݇ 2.1. ҡյزΝًͤͪ͞ΌͶචགྷ͵ড়݇ͺ , ବԃٌܗಕ఼ݖबΕյ๏͗  
(ൕ) ܯ࣎յΕ ਜ਼ི͗ۄ ,  (ෝ) ଲসતͳི͗ۄਜ਼  (ෝ) ଲসતٌ͗ಕ
఼ݖΝ௪գ͢ͱ͏Ζ͞ͳͲ͍Ζ .  

 
ΦόϱࣺଔͶΉΗΖࣺͲͺ , ବԃܗಊ఼ܳबΕյ๏ͺܯ࣎յΕͲ͍Ζ . 

ਦ 4(a)֚͗͢ , յ਼ͳȀ͵ଲসबٌغಕ͗ҡյزͲܳΓΕਫ਼ͣΖ͞ͳ͗ࣖ͠
Ηͱ͏Ζ[3]. ඬ६ࣺͲ , ବԃܗಊ఼ܳबΕյ๏ͺܯ࣎յΕͲ͍Ζ . ඬ६ࣺ
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ͲͺܳΝ௪գͤΖଲসતͲܳͶ͕͜Ζི͗ۄਜ਼ଲসતͺଚ͢ࡑ͵͏ . Γͮͱ , ඬ६ࣺͲ
ͺড়݇ 2.1 ͗ຮͪ͠Η͵͏ͪΌ , ܳͺҡյزΝً͞͠͵͏ . ͞Ηͺ॑གྷ͵݃ՎͲ͍Ζ
Ͳໍୌ 2.2 ͳͤΖ .  

 
ໍୌ 2.2. ඬ६ࣺܶͶ͕͏ͱ , ବԃܗಊ఼ܳͺҡյزΝً͞͠͵͏ . 

3. ਼݃ࢋܯՎ 

್॑ଲসबٌغಕͳȀʹ-BE ͺବԃܗಊ఼ܳबغഔزͲਫ਼ͣΖ . ͞͞ͲͺͳȀʹ-BE յ
زΝ΄Ζ . घॳΝઈͤΖ . ϏϧϟʖνܽΝ݀Ό ॵͶͳȀʹ-BE࠹ , ٌಕ఼ΝٽΌΖ . 
ሺܽሻΝ݀ఈͤΖݎ਼ܐͶٌಕ఼ๅΓΕ҈ఈ࣏ . ͞ΗΔͺસͱ਼ࢋܯͲࣰͤࢬΖ .  

Ͷफ़΄ͪΓ͑Ͷع , ବԃܗಊ఼ܳ(Ҳ࣏)յزͶΓΕȀݍ-BE ͗ਫ਼ͣΖ . ͨ͢ͱ
BE-ݍȀ յزͺ್࣏յزͳݼͻΗΖ ਫ਼ͣͪ͗ݏȀݎͲյ਼زյ್࣏ . , 
͞बٌغಕΝյ਼Ȁݎ:ݍȀݏबٌغಕͳݼ; B-ݏȀݎ:ݍȀ , ͳॽ͚ . ͞͞Ͳյ਼ݎȀݏͺܶΝ
ୱҒͳ͢ͱͮͪյ਼Ͳ͍Ζ . յ਼Ȁݎ:ݍȀݏबٌغಕࣰࡏबغͺݏݍͲ͍Ζ Ȁݎ:ݍȀ .
B-ݏ ͺ , ବԃܗबٌغಕȀݎ:ݍȀݏ-BE ͳγχϩܗबٌغಕȀݎ:ݍȀݏ-BS ૱সͲ͍Ζ . ବԃܗ
ಊ఼ܳΝଢཇͶᄽ͓ , ͳȀʹ-BE ΝஏځͶᄽ͓Ζ͵Δͻ B-ݏȀݎ:ݍȀ , ͺஏځӶͲ͍Ζ݆Ͷᄽ͓
ΔΗΖ .  

ͳȀʹ-BE ҈ఈݎ਼ܐሺܽሻܽғଚΝਦ 5 Ͷࣖͪ͢ . ͳȀʹ-BE ͺܽ  ͶͶ͕͏ͱଚͤࡑΖ . Γ
ͮͱ , ܽΝ 4 ΓΕଁՅͤΖͳ҈ఈ਼ܐ ሺܽሻݎሺܽሻͺݎ ൌ െʹΉͲݰঙͤΖ . ͨޛ , ଁՅͤΖ . 
ͳȀʹ-BE ͺ್॑ଲসबٌغಕͲ͍ΖͪΌ ሺܽሻݎ , ൌ െʹΝຮͪͤܽͲबغഔزΝً͞͠͵͏
[5].  

ͳȀʹ-BE յزΝ΄ΖͪΌ  ܶଶΝୱҒͳ͢ͱबغͳյ਼ΝΖ . յ਼ͳȀ͵ͳʹȀ͵
बٌغಕ͗յزͲͳȀʹ-BE ΓΕਫ਼ͣΖ . ͳȀʹ:ͳȀ͵-B (ਦ 5 Ͷ͕͜ΖͳȀʹǣ ͳȀ͵) ͺਜ਼յ
Ͳਫ਼ͣز , ྡֆͺܽሺͳȀʹǣ ͳȀ͵ሻ ൌ ͶǤͷͳͺͷͲ͍Ζ͞ͳ਼͗ࢋܯͲಚΔΗͪ . Ҳ๏ , ͳȀʹ:ʹȀ͵-B
ͺҡյزͲਫ਼ͣΖ . ྡֆͺܽሺͳȀʹǣ ʹȀ͵ሻ ൌ ͷǤʹͲͲ͍Ζ(ਦ 5 Ͷ͕͜ΖͳȀʹǣ ʹȀ͵). ͞
बٌغಕͺܽሺͳȀʹǣ ʹȀ͵ሻΓΕঙ͢ঘ͠͵ܽͲγχϩόʖχزͲਫ਼ͣΖ͞ͳΝқ͢ͱ͕
͚ . 

 
ਦ 5ʁͳȀʹ-BE ҈ఈݎ਼ܐሺܽሻܽғଚ . ͳȀʹ:ͳȀ͵ͳͳȀʹǣ ʹȀ͵қັͺຌชΝݡΓ . 

  



 

t 42 t 
 

ॵͶͳȀʹ:ͳȀ͵-B࠹ Ͷͯ͏ͱ΄ΖͪΌͶ , Ҳ॑ଲসबٌغಕͶଲͤΖܶԾىଲනݳ
Νཤ༽ͤΖ .  

 ܶ ൌ ܪ ל  ହǤ ሺ17ሻܶܩ

ӊଲܶܩହͶؖ͢ͱร͵ॄͺܶିଷܵுͲ͍Ζ .  
ହሺܶିଷܵுሻܶܩ  ൌ ଶܵுܶܩ ൌ ܶିଶܵܩு ൌ ܶିଶܵܪܩு ൌ ܶିଷܵுǤ ሺ18ሻ 

͞ΗΓΕ , ͳȀʹ:ʹȀ͵-B ͺܵு ת ܶିଷܵு ് ͯ࣍Ͷٌಕ఼Ν . ͞Ηͺܶଷܵு ת ܵு ് ͳॽ͜Ζ .  

ଲͶΓΖմͳ͢ͱ   
 ܶ ൌ ܶହ݄ ל ݃ ሺ19ሻ 

ՆͲ͍Ζ . ଲܶହ݄Ͷͯ͏ͱร͵ॄͺܶଷ ܵͲ͍Ζ . Γͮͱ , ܶଷ ܵ ת ܵ ് ಚΔΗΖ͗ .  

बٌغಕͳȀʹ:ͳȀ͵-BS ͗ਜ਼յزͲਫ਼ͣΖ༹ࢢΝਦ 6 Ͷࣖͪ͢ . ଲসતܶଷܵுିͳଲস
તܵுାި఼ͶͳȀʹ-BE ͳͳȀʹ:ͳȀ͵-BS ٌಕ఼ͺ͍Ζ . ͞͞Ͳ , ܵுାͺݕ ൌ ʹሺݔ െ ݕሻ��ሺߨ  ͲሻͲ͍Ε , 
ܵுିͺݕ ൌ ʹሺݔ െ ݕሻ��ሺߨ ൏ ͲሻͲ͍Ζ . ਦ 6(a)Ͳͺ, ܶଷܵுିͳȀʹ-BE ٌಕ఼Ͷ͕͜Ζܑ͘ͺଲস
તܵுାܑ͘ΓΕঘ͠͏ . ܽΝଁՅͤΖͳܶଷܵுିܑ͘ͺଁՅ͢(ਦ 6(b)), ଲসતܵுାͳંৰͤ
ΖΓ͑Ͷ͵Ζ(ਦ 6(c)). ંৰ๏ͺ਼࣏ؖࢀదͲ͍Ζ దંৰͳͺ਼࣏ؖࢀ . , ܶଷܵுିͳଲ
সતܵுାྈंܑ͘ͳ್ඏ਼͗ܐ͚͢ ҡ͵ΖંৰΝқັͤΖ਼͗ܐඏࢀ , . ਦ
6(c)Ͷ͕͏ͱ , ܶଷܵுିࢀඏ਼ܐͺෝͲ , ଲসતܵுାࢀඏ਼ܐͺκϫͲ͍Ζ . ͳȀ
ʹ-BE ٌಕ఼Ͷ͕͜Ζଲসતܶଷܵுିܑ͘ͳ , ଲসતܵுାܑ͚͗͘͢͵Ζ (ਦ
6(c))͗ਜ਼յزྡֆΝ༫͓Ζ . ਦ 6(d)Ͳͺ , ܶଷܵுିͳଲসતܵுାͳࢀ఼ͲިࠫͤΖ . 
ͳȀʹ-BE ٌಕ఼͖Δਫ਼఼್ͣͪ҈ఈΝ΄ͱ , ͞ΗΔ͗ͳͶγχϩܗͲ͍Ζ͞ͳ͗
͖ͮͪͲ , ͞ΗΔΝͳȀʹ:ͳȀ͵-BS ͳॽ͚ .  

ͳȀʹ-BE ٌಕ఼͖Δଲসત ܵ
ାͶͺବԃٌܗಕ఼್͗ͯਫ਼ͣΖ͞ͳΝқ͢ͱ͕͚(ਦ 7). 

͞ΗΔΝͳȀʹ:ͳȀ͵-BE ͳॽ͚ . 
 

  
ਦ 6ʁͳȀʹ:ͳȀ͵-BS ͺਜ਼յزͲਫ਼ͣΖ . (a) ܽ ൌ ͶǤ͵, (b) ܽ ൌ ͶǤͶͷ, (c) ܽ ൌ ͶǤͷͳͺͷ,  
(d) ܽ ൌ ͶǤͷ. 
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ਦ 7ʁͳȀʹ:ͳȀ͵-BE ͺਜ਼յزͲਫ਼ͣΖ . (a) ܽ ൌ ͶǤͷͳͺͷ, (b) ܽ ൌ ͶǤͷ. 

ਜ਼յزޛͶ͕͜ΖϛΠϱΩϪ਼ࢨ [1]Ν΄Ζ . ͞͞Ͳͺࣺͳ͢ͱܶସΝཤ༽
ͤΖ . ܶଶͶؖ͢ͱବԃܗͲ͍ΖͳȀʹ-BE ͺ , ܶସͶؖ͢ͱବԃܗͲ͍Ζ . زͲͺ , ͳȀʹ-BE
ٌಕ఼ΊͲ͍Ζ͖ΔϛΠϱΩϪ਼ࢨͺ ሺͳሻͲ͍Ζ . ޛزͲͺ , γχϩٌܗಕ఼ 
(ͳȀʹ:ͳȀ͵-BS)ͳବԃٌܗಕ఼(ͳȀʹ:ͳȀ͵-BE)͗ͳͶ 2 ਫ਼ͣΖݺ . ͞ΗΔϛΠϱΩϪ਼ࢨͺ
ܶସͶؖ͢ͱ , ʹ ൈ ሺെͳሻͳʹ ൈ ሺͳሻͲ͍Ζ . ͞ΗΔͺሺͲሻͲ͍Ζ . ϛΠϱΩϪ਼ࢨͺز
Ͳฯଚ͠ΗΖ͖Δޛ , ͳȀʹ-BE ٌಕ఼ϛΠϱΩϪ਼ࢨͺሺͳሻͲ͍Ζ . ਜ਼յ͗زਫ਼ͣ
ͱ , ͳȀʹ-BE ٌಕ఼҈ఈͺବԃܗͲรԿ͢͵͏͞ͳ͖͗Ηͪ .  

͞͞Ͳ٠ͪͮ͵ߨΝͳȀʹ:ͳȀʹ-BS ͳͳȀʹ:ͳȀʹ-BE ͗ਫ਼ͣΖͶͯ͏ͱ͓ߨΖ . ݃Վͳ͢
ͱͳȀʹ:ͳȀʹ-B ͗ਫ਼ͣͱͳȀʹ-BE ٌಕ఼҈ఈͺବԃܗͲรԿ͢͵͏͞ͳ͗ࣖͦΖ . ͞Η
ΓΕ , ਦ 5 Ͳ҈ఈݎ਼ܐሺܽሻ͗ሺെʹሻΓΕঘ͚͠͵Δ͵͏͞ͳ͖͗ΗΖ .  

ਦ 6(c)ΓΕ , ਜ਼յ͗زਫ਼ͣΖͪΌড়݇͗ಚΔΗΖ . 1/2-BE ٌಕ఼ݖͶ͕͜Ζଲ
সતܵுܑ͘Νߦ��ሺൌ ʹሻͳ͢ , ್ඏ਼ܐΝߟ��ሺൌ Ͳሻͳ͢ ��ሺൌߞΝ਼ܐඏࢀ , ͲሻͳͤΖ . 
ಋ༹Ͷଲসતܑ͘Νߦͳ͢ , ್ඏ਼ܐΝߟͳ͢ ͳͤΖߞΝ਼ܐඏࢀ , . ਦ 6(c)͖
Δߦ ൌ ߟ ,ߦ ൌ ͗ಚΔΗΖߟ ߞͶͯ͏ͱͺ਼ܐඏࢀ . ൏ Ͳ��ሺൌ ሻ͗Εཱིͯߞ . ͞Γ͑͵ড়
݇͗Εཱིͯ , ਜ਼յ͗زਫ਼ͣΖ ਜ਼͗ݳड़ڱదંৰয়਼࣏ؖࢀΖͳ͓͏ݶ .
յ͗زਫ਼ͣΖͪΌড়݇Ͳ͍Ζ . 

ಕͳȀʹ:ʹȀ͵-BٌغͶब࣏ ͺҡյزͲਫ਼ͣΖ͞ͳΝઈͤΖ . ਦ 8 Ͷඵ͏ͪबٌغಕ
ͺͳȀʹ:ʹȀ͵-BE Ͳ್॑ଲসबٌغಕͲ͍Ζ . बݍغ ൌ ʹ ൈ ͵್͗॑ଲসबٌغಕͲ͍Ζ͞ͳΝߡ
ྂ͢ͱଲනݳΝ༫͓Ζ[5].  

 ܶ ൌ ܶଶܪ ל ଶ݄ܶܩ ל ݃Ǥ ሺ20ሻ 

ࠪଲܶଶܪͶؖ͢ͱร͵ॄܵܶ͗ுͲ͍Ζ( ܶଶܪሺܶܵுሻ ൌ ܶଶܶିଵܵܪு ൌ ܶܵு). 
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ਦ 8ʁͳȀʹ:ʹȀ͵-B ͺҡյزͲਫ਼ͣΖ . (a) ܽ ൌ ͷǤͷͶ, (b)ܽ ൌ ͷǤͷͷͶ, (c) ܽ ൌ ͷǤͷ,  
(d) ܽ ൌ ͷǤʹͲ. 

ਦ 8(a)Ͳͺ , ଲসતܶܵுିͺଲসત ܵ
ାͳިࠫ͢ͱ͏Ζ . ఼͞ͺͳȀʹ-BE ٌಕ఼Ͳ͍Ζ . 

ܶܵுିި఼Ͳܑ͘ͺଲসત ܵ
ାܑ͘ΓΕঘ͠͏ . ਦ 8(b)Ͳͺ , ଲসતܶܵுି͗ଲসત ܵ

ା

ͳંৰ͢ͱ͏Ζ . ંৰ఼ͺͳȀʹ-BE ٌಕ఼ΓΕΗͱ͏Ζ͞ͳͶқ͢Γ͑ . ͞য়͗ڱҡ
յزྡֆ఼Ͳਫ਼ͣΖ . ྡֆΝܽ௦ሺͳȀʹǣ ʹȀ͵ሻͳͤΖ . ંৰ఼ΓΕବԃ఼ͳγχϩ఼
͗ਫ਼ͣΖ . ϏϧϟʖνܽଁՅͶ͏γχϩ఼ͺͳȀʹ-BE ٌಕ఼Ͷ͜ͱҢಊͤΖ(ਦ 8(c)). 
ବԃ఼ͺӊଈͶΗͱ͏͚ . γχϩ఼ͳͳȀʹ-BE ٌಕ఼ͳҲͪ͢য়͗ڱਜ਼յز
ྡֆ఼Ͳ͍Ζ(ਦ 8(d)). ྡֆΝܽሺͳȀʹǣ ʹȀ͵ሻͳͤΖ . ਦ 8(c)͖Δਦ 8(c)ΉͲۢؔΝҡյ
Ϗϧϟʖνۢؔ ሾܽ௦ሺͳȀʹǣ ʹȀ͵ሻǡ ܽሺͳȀʹǣ ʹȀ͵ሻሻͳͤΖ . ϛΠϱΩϪ਼ࢨΝཤ༽ͤΖͳ , ҡյ
͗زਫ਼ͣͱͳȀʹ-BE ٌಕ఼҈ఈͺବԃܗͲรԿ͢͵͏͞ͳ͗͜Ζ . ࡋͺ
͚ . ͳȀʹ-BE ٌಕ఼(ݖͳݖଵ)ͳ, ͳȀʹ:ʹȀ͵-BE ٌಕ఼(ݓǡ Ͳ  ݇  ͷ)Νਦ 9 Ͷඵ͏ͪͲߡࢂ
Ͷ͢ͱཋ͢͏ . 

 

 
ਦ 9ʁͳȀʹ-BE ٌಕ఼(ݖ, ݖଵ)ͳ , ͳȀʹ:ʹȀ͵-BE ٌಕ఼(ݓ,Ͳ  ݇  ͷ). ܽ ൌ ͷǤ. 
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ਦ 8(d)ΓΕ , ҡյ͗زਫ਼ͣΖͪΌড়݇͗ಚΔΗΖ . ਜ਼յ͗زਫ਼ͣΖͪΌ
ড়݇Ν͏ͪ͠͏Ͷߺىͪ͢༼࢘Νౕ࠸ཤ༽ͤΖ . ਦ 8(d)͖Δߦ ൌ ͗ಚΔΗΖߦ . ٌಕ఼ݖ
ΓΕӊ๏Ͷ್ͯۄતΝ௧͑ͳ , ଲসત͗ଲসતΓΕଐ͚ӊͶ͗ۄΖ͖Δ ߟ , ൏ ߟ ൏ Ͳ

͗ಚΔΗΖ . ͞Γ͑͵ড়݇ΝຮͪͤͳͳȀʹ-BE ٌಕ఼ΓΕΗͪҒͲ਼್࣏ؖదંৰ
͗ਫ਼ͣΖ . ॶҨ , γχϩόʖχ͗زਫ਼ͣΖ .  

͞͞ΉͲͲಚΔΗͪఈড়݇Νఈড়݇ 3.1 ͳͤΖ .  
 

ఈড়݇ 3.1. ଲসતͳଲসતި఼ݖͺବԃܗबٌغಕٌಕ఼Ͳ͍ΖͳͤΖ .  

(a) ਜ਼յ͗زਫ਼ͣΖড়݇ : ٌಕ఼ݖͲ, ߦ ൌ ߟ ,ߦ ൌ ߟ ൌ Ͳͳߞ ൏ ߞ ൌ Ͳ ͗Εཱིͯ .  

(b) ҡյ͗زਫ਼ͣΖড়݇ : ٌಕ఼ݖͲ, ߦ ൌ ߟͳߦ ൏ ߟ ൏ Ͳ͗Εཱིͯ .  
 

ଲসતͳଲসતشՁָద͵ഓΝͳͶҡյ͗زਫ਼ͣΖড়݇Νড়݇ 2.1 ͳ͢
ͪ . ড়݇ 2.1 ͲଲসતͳଲসતͳȀʹ-BE ٌಕ఼Ͷ͕͜Ζི͗ۄෝͶ͕͏ͱ , ড়
݇ 2.1 Ν͠ΔͶືԿͪ͢ড়݇͗ఈড়݇ 3.1 Ͳ͍Ζ . 

ఈড়݇ 3.1 Νཤ༽͢ͱ ǣݍȀ , ͳȀ͵-B ͳȀݍǣ ʹȀ͵-B ਫ਼ͣ๏Ν਼ࢋܯͲ΄ͪ . ͏͚͖ͯ
ȀݍͶͯ͏ͱಚΔΗͪ݃ՎΝන 1 ͳන 2 Ͷࣖͤ . න 1 Ͷͺਜ਼յ͗زਫ਼ͣΖΝࣖ͢ , 
න 2 Ͷͺҡյ͗زਫ਼ͣΖΝࣖͪ͢ . නͶ͕͜ΖҲ॑ͺ , ਫ਼ͣͪबٌغಕ͗Ҳ॑ଲ
সबٌغಕͲ͍Ζ͞ͳΝқັ͢ͱ͏Ζ . ್॑Ͷͯ͏ͱಋ༹қັͲ͍Ζ . 

න 1ʁਜ਼յزྭ  

 ͳȀʹ:ͳȀ͵-B (Ҳ॑)   ͳȀͺ:ͳȀ͵-B (Ҳ॑)   ͵ȀͳͲ:ͳȀ͵-B (Ҳ॑)  
 ͳȀͶ:ͳȀ͵-B (Ҳ॑)   ͵Ȁͺ:ͳȀ͵-B (Ҳ॑)   ͳȀͳʹ:ͳȀ͵-B (Ҳ॑)  
 ͳȀ:ͳȀ͵-B (Ҳ॑)   ͳȀͳͲ:ͳȀ͵-B (Ҳ॑)   ͷȀͳʹ:ͳȀ͵-B (Ҳ॑)  

 

න 2ʁҡյزྭ  

 ͳȀʹ:ʹȀ͵-B (್॑)   ͳȀ:ʹȀ͵-B (್॑)   ͵Ȁͺ:ʹȀ͵-B (್॑)  
 ͳȀ͵:ͳȀ͵-B (Ҳ॑)   ͳȀ:ͳȀ͵-B (Ҳ॑)   ͳȀͻ:ͳȀ͵-B (Ҳ॑)  
 ͳȀͶ:ʹȀ͵-B (್॑)   ʹȀ:ͳȀ͵-B (Ҳ॑)   ͶȀͻ:ͳȀ͵-B (Ҳ॑)  
 ͳȀͷ:ͳȀ͵-B (Ҳ॑)   ͵Ȁ:ͳȀ͵-B (Ҳ॑)   ͳȀͳͲ:ʹȀ͵-B (್॑)  
 ʹȀͷ:ͳȀ͵-B (Ҳ॑)   ͳȀͺ:ʹȀ͵-B (್॑)   ͵ȀͳͲ:ʹȀ͵-B (್॑)  

 
න 1 ͳන 2 ΝͳͶ༩ 3.2 ͗ಚΔΗΖ .  
 

༩ 3.2.  

[i] ब۰਼͗ݍغ : Ҳ॑ଲসबٌغಕȀݍ:ͳȀ͵-B ͺਜ਼յزͲਫ਼ͣ , ್॑ଲসबغ
ٌಕȀݍ:ʹȀ͵-B ͺҡյزͲਫ਼ͣΖ .  

[ii] ब਼د͗ݍغ : Ҳ॑ଲসबٌغಕȀݍ:ͳȀ͵-B ͺҡյزͲਫ਼ͣΖ .  
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4. ఈཀྵৄ 

༩ 3.2 Ͷ͕͜ΖȀݍ ൌ ͳȀʹͶؖͤΖఈཀྵ 4.1 ΝৄͤΖ͞ͳ͗ຌઇकదͲ͍Ζ .  
 

ఈཀྵ 4.1.  

[1] ್॑ଲসबٌغಕͳȀʹ:ʹȀ͵-B ͺ, ͳȀʹ-BE ҡյزͲਫ਼ͣΖ .  

[2] Ҳ॑ଲসबٌغಕͳȀʹ:ͳȀ͵-B ͺ, ͳȀʹ-BE ਜ਼յزͲਫ਼ͣΖ .  
 

ॵͶ࠹ , ఈཀྵ 4.1 ৄͲචགྷͳ͵Ζ࣯ 4.2 ͳ 4.3 Ν়ղͤΖ Ͷໍୌ࣏ . 4.4 ͳໍୌ 4.5
Ν়ղ͢ৄΝ༫͓Ζ . ࣯ 4.2 Ͷͯ͏ͱͺߡࢂช[2 ,1]ݛΝ , ࣯ 4.3 Ͷͯ͏ͱͺߡࢂชݛ
[5]ΝݡΔΗͪ͏ .  

 

࣯ 4.2. ବԃܗಊ఼ܳ͗յزΝً͢͞ͱਫ਼ͣͪȀݍ-B ͗ܳबΕΝܯ࣎յΕͶյͤ
Ζ͵Δͻ B-ݍȀ , ͖ΔյزͲਫ਼ͣͪȀݎ:ݍȀݏ-B ͺȀݍ-BE ٌಕ఼बΕΝൕܯ࣎յΕͶ
յͤΖ .  

ඬ६ࣺͶ͕͏ͱ B-ݍȀ , ͺବԃܗಊ఼ܳबΕΝܯ࣎յΕͶյͤΖͲ B-ݏȀݎ:ݍȀ ,
ͺȀݍ-BE ٌಕ఼बΕΝൕܯ࣎յΕͶյͤΖ .  

 
࣯ 4.3. ඬ६ࣺͶ͕͏ͱ , ବԃܗಊ఼ܳյزͲਫ਼ͣͪȀݍ-B ͺԾى(i)ͳ(ii)Ν
ຮͪͤ .  

(i) ਼د͗ݍ B-ݍȀ . ͺҲ॑ଲসबٌغಕ BE-ݍȀ . յزյ਼ۢؔͺሺͲǡͳȀʹሻͲ͍Ζ . 
յزͲਫ਼ͣͪबٌغಕΝȀݎ:ݍȀݏ-B Νॽ͚ͳ , Ͳ ൏ ݏȀݎ ൏ ͳȀʹ͗Εཱིͯ BE-ݍȀ . ͺबغ
ഔزΝًͤ͞   

(ii) ۰਼͗ݍ B-ݍȀ . ͺ್॑ଲসबٌغಕ BE-ݍȀ . յزյ਼ۢؔͺሺͲǡͳሻͲ͍Ζ . յ
زͲਫ਼ͣͪबٌغಕΝȀݎ:ݍȀݏ-B Νॽ͚ͳ , Ͳ ൏ ݏȀݎ ൏ ͳ͗Εཱིͯ BE-ݍȀ . ͺಋबغ
Νًͤ͞ز . 

 

ໍୌ ͳ਼͢دΝݍ .4.4 BE-ݍȀ , ͗յزΝً͢͞ͱबݍغ ൈ ͵बٌغಕ͗ਫ਼ͣͪͳͤΖ . 
बݍغ ൈ ͵बٌغಕͺ , Ҳ॑ଲসबٌغಕͲȀݍ:ͳȀ͵-B Ͳ͍Ζ .  

ৄ . ब਼د͗ݍغ BE-ݍȀ , ͺҲ॑ଲসबٌغಕͲ͍Ζ͖Δյزյ਼ۢؔͺ
࣯ 4.3(i)ΓΕሺͲǡͳȀʹሻͲ͍Ζ . Γͮͱ , յ਼ͺචͥȀݍ:ͳȀ͵Ͷ͵Ζ . 

Ͷ࣏ , Ҳ॑ଲসबٌغಕ͖ΔյزͲਫ਼ͣΖबٌغಕͺҲ॑ଲসबٌغಕͲ͍Ζ͞ͳΝ
ৄͤΖ . ٌಕ఼ݖΝҲ॑ଲসबٌغಕٌಕ఼ͳ͢ , ٌಕ఼ݖΝॵغ఼ͳͤΖबٌغಕΝ
ܱሺݖሻͳॽ͚ . 

͞͞Ͳͺܶ ൌ ܪ ל ିଵͳׄͤΖܶܩ ܩ . ൌ ିଵͳͤΖܶܩ . ଲܪͶͯ͏ͱร͵ॄͲ͍Ζଲ
সતͳ͢ͱݕ ൌ ʹሺݔ െ ሻΝમߨ . ͞ΗΝܵுሺߨሻͳॽ͚ . ଲܩͶͯ͏ͱร͵ॄͲ͍Ζଲসત
Νܵ ீͳॽ͚ . ٌಕ఼ݖͺ͞ΗΔި఼Ͳ͍Ζ . ͞ި఼ͶͺԾଲসતͺ௪գ͢ͱ͏͵͏ . 
Γͮͱٌಕ఼ݖ͖ΔյزͲਫ਼ͣͪबٌغಕ್͗॑ଲসबٌغಕͶ͵Ζ͞ͳͺ͵͏ . 

ಕͲ͍Ζٌغಕ͗ඉଲসबٌغͲਫ਼ͣͪबز͖Δյݖಕ఼ٌغͶଲসતͶ͍Ζब࣏
ͳ͢ͱ८Ν͚ . ٌಕ఼ݖ͖Δਦ 10(a)Ͳ༹ࣖͪ͢Ͷबغ 3(ܶΝୱҒͳ͢ͱͮͪबغ) 
ඉଲসγχϩܗबٌغಕ఼ ሼݏǡ ଵǡݏ ଶሽ͗ਫ਼ͣͪͳͤΖݏ . ଲসΓΕඉଲসγχϩܗबٌغಕ
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఼ሼݐǡ ଵǡݐ ଶሽਫ਼ͣΖ͗ݐ , ܱሺݏሻ ് ܱሺݐሻͲ͍Ζ . ਦ 10(a)ͲͺҐԾؖ͗ܐΕཱིͯ .  
ݐ  ൌ ǡݏܪ ଶݐ��� ൌ ଵݐ���ଵǡݏܪ ൌ  ଶǡ ሺ21ሻݏܪ
ଵݐ  ൌ ݐ���ǡݏܩ ൌ ଶݐ���ଵǡݏܩ ൌ  ଶǤ ሺ22ሻݏܩ

ਦ 10(a)Ͷ͕͏ͱ , ࣰતһߺىͺଲܪͶΓΖ఼ҢಊΝන͢ , ఼તһߺىͺଲܩ

Ͷ఼ಊ͘Νන͢ͱ͏Ζ . ਦ 10(a)Ͳ఼તͲҕΞͫวΕΝ֨͢ , ඉଲসγχϩٌܗಕ఼ݏͳ
҈ఈଡ༹ରͳ҈ఈଡ༹ରΝਦݐ 10(b)Ͷඵ͏ͪ . ҈ఈଡ༹ରނͳ҈ఈଡ༹ରނͳ
Νཤ༽͢ͱҮܼሺݏǡ ሻ (ਦݐ 10(b)Ͷ͕͜Ζօ৯Ү)ΝߑͲ͘Ζ ǡݏሺܼߺى . ͮሻͺྣΕݐ
ͪඉଲসγχϩٌܗಕ఼ݏͳݐ҈ఈଡ༹ରͳ҈ఈଡ༹ରΝཤ༽͢ͱߑͪ͢ڠ໒Ү[1]
Νන͢ͱ͏Ζ . ಋ༹Ͷ͢ͱྣΕͪͮඉଲসγχϩٌܗಕ఼҈ఈଡ༹ରͳ҈ఈଡ༹ରΝ  
ཤ༽͢ͱݺ̔ܯڠ໒Ү͗ߑ͠ΗΖ . ܼሺݏǡ غबܗΓΕਫ਼ͣͪඉଲসବԃݖሻͶͺݐ
ٌಕ఼ߙ͗ଚ͢ࡑͱ͏ΖͺͥͲ͍Ζ . ଲস͖Δߚ ൌ ͱ͏Ζ͢ࡑଚߙܪ . ٌಕ఼ߙͳߚ͗
ͳͶඉଲসबٌغಕ఼Ͳ͍Ζ͖Δߙ ് ͗Εཱིͯߚ . ݃Վͳ͢ͱ , Ҳͯڠ໒ҮͶ್ͯ
ବԃܗबٌغಕ͗ΉΗΖ . ବԃܗबٌغಕ਼͗ݺγχϩܗबٌغಕ਼ݺ್ഔͳ͵
Ε , ϛΠϱΩϪ਼ࢨฯଚଉͶൕ͢८Ͳ͍Ζ . ҐͲໍୌ 4.4 क͗ࣖ͠Ηͪ . 

 
ਦ 10ʁ(a) ଲসતܵுሺߨሻͶ͍Ζबٌغಕ఼ݖ͖Δਫ਼ͣͪඉଲসγχϩܗबٌغಕ఼ . (b) ڠ
໒Үܼሺݏǡ ߑሻݐ .  

ໍୌ Ν۰਼ͳ͢ݍ .4.5 BE-ݍȀ , ͗յزΝً͢͞ͱबݍغ ൈ ͵बٌغಕ͗ਫ਼ͣͪͳͤΖ . 
बݍغ ൈ ͵बٌغಕͺ , ್॑ଲসबٌغಕͲȀݍ:ʹȀ͵-B Ͳ͍Ζ .  

ৄ๏ਓ ۰਼Ͳ͍Ζ͖Δ͗ݍ . BE-ݍȀ , ͺ್॑ଲসबٌغಕͲ͍Ζ BE-ݍȀ . ͗ , ଲসત ܵ

Ͷٌಕ఼Νͯ࣍(ίʖη 1)ͳ, ଲসતܵͶٌಕ఼Νͯ࣍(ίʖη 2)Ͷ͜ͱৄ
ͤΖ . ͨΗͩΗΝߍͶݍ ൌ Ͷ݊([i])ͳݍ ൌ Ͷ݊ െ ʹ([ii])Ͷ͜Ζ . 

 

ίʖη 1 ৄ BE-ݍȀ . ͗ଲসત ܵͶٌಕ఼Νͯ࣍ .  

[i] ݍ ൌ Ͷ݊��ሺ݊  ͳሻ(ଲসતܵீ(ݔ ൌ   .(ͯ࣍Ͷٌಕ఼Ν(ߨ

ܶଲනݳΝࣖͤ[5].  
 ܶସ ൌ ܶଶିଵܪ ל ଶିଵ݄ܶܩ ל ݃Ǥ ሺ23ሻ 

ࠪଲܶଶିଵܪͶͯ͏ͱร͵ॄͺܶܵீͲ͍Ζ BE-ݍȀ . ٌಕ఼ͺܶܵீͳ ܵި఼Ͷ͍Ζ . 
͞ΗΝݖͳͤΖ . ॵغ఼ݖͺܵீͶ͍Ζ غΓΕܶΝୱҒͳ͢ͱबݖ . 3 ͗ਫ਼ͣΖ . ଲসત ܵ
Ͷਫ਼ٌͣͪಕ఼ΝݓͳͤΖ . ٌಕ఼ݖΓΕ , ܵͶ͵͏ٌಕ఼ߙ ൌ ܶଶିଵݓܪͳߚ ൌ ਫ਼ͣ͗ߙ݃
Ζ . ٌಕ఼ݓ, ߚ ,ߙͲबغ 3 ͠ΗΖ͖Δߑ͗ , ਦ 11(a)ഓͲͺܶ͗ߚܵீͶ͍Ζ .  
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ߙ ൌ ଼ܶݓͳߚ ൌ ܶସݓ͗Εཱིͯ͞ͳΝ͚ . ͞͞Ͳ ߙ , ൌ ܶସݓͳՀఈ͢८Ν͚ .  
ߙ  ൌ ܶସݓ ൌ ܶସିଵ݄ ל ሺଶିଵሻିܶܪ ל ܶሺଶିଵሻܪ ל  Ǥ ሺ24ሻݓ݃

ݓ݃ࣞܐॵͶؖ࠹ ൌ ߙͳݓ ൌ ܶଶିଵݓܪΝཤ༽͢ Ͷܴ࣏ , ൌ ͳܴܶିሺଶିଵሻܪ݄ ൌ ܶିሺଶିଵሻܴΝཤ༽ͤ
Ζͳ   

ߙ  ൌ ܶସିଵ݄ ל ሺଶିଵሻିܶܪ ל ߙ ൌ ܶଶܴߙǤ ሺ25ሻ 

ܴͺ 180 ౕյࡠ༽Ͳ͍Ζ . ͞͞Ͳ͓ߡͱ͏Ζٌಕ఼ݓबٌغಕबغͺͳʹ݊Ͳ͍Ζ . Γͮ
ͱ , ܴ ൌ ܶേ. ܴ ൌ ܶିΝࡀ༽ͤΖͳ ߙ , ൌ ܶିସ͗ߙಚΔΗΖ . बٌغಕܱሺߙሻबغͺ , ܱሺݖሻ
बغͳಋͣͶ͵Ε , ८Ͳ͍Ζ . Γͮͱ ߚ , ൌ ܶସݓͳߙ ൌ ଼ܶݓ͗Εཱིͯ . 

  

ਦ 11ʁ (a) ݍ ൌ Ͷ݊��ሺ݊  ͳሻഓ ( ܵீ ݔ: ൌ ߨ ). (b) ݍ ൌ Ͷ݊ െ ʹ��ሺ݊  ͳሻഓ  
(ܵுǣ ݕ ൌ ʹሺݔ െ  .(ሻߨ

͞͞Ͳ࣯ 4.2 Νཤ༽ͤΖ . ٌಕ఼ݓ͖Δड़͢ݖबΕΝൕܯ࣎յΕͶյ͢ ߚॵͶ࠹ ,

Ͷୣ͢ Ͷ࣏ , Ͷ౺͢ߙ  ͶΖݓͶޛ࠹ , . ؔ͞Ͷ , ͞बٌغಕͺٌಕ఼ݖबΕΝ 2
յ͢ͱ͏Ζ͞ͳ͖͗ΗΖ . ͯΉΕ , ͞बٌغಕյ਼ͺʹȀ͵Ͳ͍Ζ . 

Ȁ͵-Bʹ:ݍȀಕٌ͗غͲਫ਼ͣͪबزͶյ࣏ ͳىफ़͠ΗΖ͵Δͻ , ͞बٌغಕ್͗॑ଲ
সबٌغಕͲ͍Ζ͞ͳΝࣖͤ . յ਼͗ʹȀ͵Ͳ͍Ζ͞ͳ͖Δߚ ൌ ܶସݓͳߙ ൌ ܶସ͗ߚΕཱིͯ . 
Ήͪ ߚ , ൌ ݃ܶଶିଵݓܪ ߚ)  ൌ ߙ ,ߙ݃ ൌ ܶଶିଵݓܪ)Εཱིͯ ߚ . ൌ ܶସݓྈวͶܶଶିଵܪΝࡠ༽
ͤΖ . ӊวΝԾىΓ͑Ͷॽ͓͘Ζ .  

 ܶଶିଵܶܪସݓ ൌ ܶଶିଵܶିସݓܪ ൌ ܶିଶିଵ ל ܶିሺଶିଵሻ݃ ל ݃ܶଶିଵݓܪ  
 ൌ ܶିସ݃ߚ ൌ ܶିସߙ ൌ  Ǥ (26)ߚ

ҐͲߚ ൌ ܶଶିଵࣖ͗͠ߚܪΗͪ . ͞Ηͺ͗ߚଲসતܶܵீͶ͍Ζ͞ͳΝқັͤΖ . ͯΉΕ್॑
ଲসबٌغಕͲ͍Ζ͞ͳ͗ࣖ͠Ηͪ .  
[ii] ݍ ൌ Ͷ݊ െ ʹ��ሺ݊  ͳሻ(ଲসતܵு (ݕ ൌ ʹሺݔ െ  .(ͯ࣍ሻ)Ͷٌಕ఼Νߨ
ܶଲනݳΝࣖͤ .  

 ܶସିଶ ൌ ܶଶିଶܪ ל ଶିଶ݄ܶܩ ל ݃Ǥ (27) 
ࠪଲܶଶିଶܪͶͯ͏ͱร͵ॄͺܶିଵܵுͲ͍Ζ BE-ݍȀ . ٌಕ఼ͺܶିଵܵுͳ ܵި఼Ͷ͍
Ζ . ͞ΗΝݖିଵͳͤΖ . ॵغ఼ݖͺܵுͶ͍Ζ . ٌಕ఼ݖିଵΓΕܶΝୱҒͳ͢ͱबغ 3 ͗ਫ਼ͣ
Ζ . ଲসત ܵͶਫ਼ٌͣͪಕ఼ΝݓିଵͳͤΖ . ٌಕ఼ ିଵΓΕݖ , ܵͶ͵͏ٌಕ఼ ߙ ൌ

ܶଶିଵݓܪିଵͳߚ ൌ ਫ਼ͣΖ͗ߙ݃ . ٌಕ఼ߚͺ , ਦ 11(b)ഓͲͺܶିଵܵுͶ͍Ζ . 
͞͞Ͳ ߙ , ൌ ܶସିଶݓͳՀఈ͢८Ν͚ .  

ߙ  ൌ ܶସିଶݓିଵ ൌ ܶସିଷ݄ ל ሺଶିଶሻିܶܪ ל ܶሺଶିଶሻܪ ל  Ǥ (28)ݓ݃
ݓ݃ࣞܐؖ ൌ ߙ ,ݓ ൌ ܶଶିଶݓܪ, ܴ ൌ Νཤ༽ͤΖͳ ܪ݄   
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ߙ  ൌ ܶସିଷ݄ ל ሺଶିଶሻିܶܪ ל ߙ ൌ ܶଶିଵܴߙǤ (29) 
͞͞Ͳ͓ߡͱ͏Ζݓबٌغಕबغͺͳʹ݊ െ Ͳ͍Ζ . Γͮͱ , ܴ ൌ ܶേሺିଷሻ. ܴ ൌ ܶିାଷΝ
Ζͳͤ༼ࡀ ߙ , ൌ ܶିସାଶ͗ߙಚΔΗΖ . बٌغಕܱሺߙሻबغͺ , ܱሺݖିଵሻबغͳಋͣͶ͵Ε , 
८Ͳ͍Ζ . Γͮͱ ߚ , ൌ ܶସିଶݓͳߙ ൌ ଼ܶିସݓ͗Εཱིͯ . 

ٌಕ఼ݓିଵ͖Δड़͢ݓିଵͶΖؔͶ͞बٌغಕͺٌಕ఼ݖିଵबΕΝൕܯ࣎յΕͶ 2
յ͢ͱ͏Ζ . ͞बٌغಕյ਼ͺʹȀ͵Ͳ͍Ζ . ҐͲҡյزͲਫ਼ͣͪबٌغಕ
್͗॑ଲসबٌغಕͲȀݍ:ʹȀ͵-B ͳىफ़͠ΗΖ͞ͳ͗ࣖ͠Ηͪ . 

Ȁ͵-Bʹ:ݍȀಕٌ͗غͲਫ਼ͣͪबزͶյ࣏ ͳىफ़͠ΗΖ͵Δͻ , ͞बٌغಕ್͗॑ଲ
সबٌغಕͲ͍Ζ͞ͳΝࣖͤ . ͞͞Ͳߚ ൌ ܶସିଶݓିଵͳ ߙ ൌ ܶସିଶ͗ߚΕཱིͯ . Ήͪ ߚ , ൌ

݃ܶଶିଶݓܪିଵΕཱིͯ ߚ . ൌ ܶସିଶݓିଵྈวͶܶଶିଶܪΝࡠ༽ͤΖ . ӊวΝԾىΓ͑Ͷॽ
Ζ͓͘ .  

 ܶଶିଶܶܪସିଶݓିଵ ൌ ܶଶିଶܶିସାଶݓܪିଵ ൌ ܶିሺସିଶሻ݃ ל ݃ܶଶିଶݓܪିଵ  
 ൌ ܶିሺସିଶሻ݃ߚ ൌ ܶିሺସିଶሻߙ ൌ  Ǥ (30)ߚ

ҐͲߚ ൌ ܶଶିଶࣖ͗͠ߚܪΗͪ . ͞Ηͺ͗ߚଲসતܶିଵܵுͶ͍Ζ͞ͳΝқັͤΖ . ίʖη 1
ৄΝश͓Ζ .  

ҾΊͶىৄͶݓͪ͢༼࢘ିଵ(ਦ 11(b))ͺ , ਦ 9 ͲͺݓͶ૮ͤΖ . Ήͪ ߙ , ൌ ସͲݓ
ߚ ൌ ଶͲ͍Ζݓ . 

 

ίʖη 2 ৄ BE-ݍȀ . ͗ଲসતܵͶٌಕ఼Νͯ࣍ .  

[i] ݍ ൌ Ͷ݊��ሺ݊  ͳሻ(ଲসતܵு(ݕ ൌ ʹሺݔ െ  .(ͯ࣍ሻ)Ͷٌಕ఼Νߨ
ܶଲනݳΝࣖͤ .  

 ܶସ ൌ ݄ ל ݃ܶଶିଵܪ ל  ଶିଵǤ (31)ܶܩ
ࠪଲܶܩଶିଵͶͯ͏ͱร͵ॄͺܶିܵுͲ͍Ζ BE-ݍȀ . ٌಕ఼ͺܶିܵுͳܵި఼Ͷ͍Ζ . 
͞ΗΝݖͳͤΖ . ॵغ఼ݖͺܵͶ͍Ζ غΓΕܶΝୱҒͳ͢ͱबݖ . 3 ͗ਫ਼ͣΖ . ଲসતܵ
Ͷਫ਼ٌͣͪಕ఼ΝݓͳͤΖ . ٌಕ఼ݖΓΕ , ܵͶ͵͏ٌಕ఼ߙ ൌ ߚͳݓଶିଵܶܩ ൌ ਫ਼ͣ͗ߙ݄
Ζ . ٌಕ఼ߚͺ, ਦ 12(a)ഓͲͺܶିܵுͶ͍Ζ . 
ߚ ൌ ܶସݓΝՀఈ͢८Ν͚ .  

ߚ  ൌ ܶସݓ ൌ ܶସ ל ܶିሺଶିଵሻ݄ܩ ל ݓሺଶିଵሻܶܩ݄ ൌ ܶଶାଵ݄ܩ ל  Ǥ (32)ߚ
݄ܩࣞܐؖ ൌ ܪܩ ל ݄ܪ ൌ ܶିଵܴͳܴ ൌ ܶିΝཤ༽ͤΖͳ ಚΔΗΖ࣏͗ࣞ , .  

ߚ  ൌ ܶଶܴߚ ൌ ܶିସߚǤ (33) 
 

  
ਦ 12ʁ(a) ݍ ൌ Ͷ݊��ሺ݊  ͳሻഓ(ܵுǣ ݕ ൌ ʹሺݔ െ ݍ ሻ). (b)ߨ ൌ Ͷ݊ െ ʹ��ሺ݊  ͳሻഓ
(ܵீǣ ݔ ൌ  .(ߨ
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बٌغಕܱሺߚሻबغͺܱሺݖሻबغͳಋͣͶ͵Ζ . ͞Ηͺ८Ͳ͍Ζ ߙ . ൌ ܶସݓͳߚ ൌ ܶସߙ

͗ಚΔΗ , ٌಕ఼ݓ͖Δड़͢ݓͶΖؔͶ͞बٌغಕͺٌಕ఼ݖबΕΝൕܯ࣎յΕͶ
2 յ͢ͱ͏Ζ͞ͳ͗ࣖ͠Ηͪ . 

յزͲਫ਼ͣͪबٌغಕ͗Ȁݍ:ʹȀ͵-B ͳىफ़͠ΗΖ͵Δͻ , ͞बٌغಕ್͗॑ଲসब
ಕͲ͍Ζ͞ͳৄͺٌ͚غ ಋ༹Ͳ͍Ζ[ii]࣏ . . 
[ii] ݍ ൌ Ͷ݊ െ ʹ��ሺ݊  ͳሻ(ଲসતܵீ(ݔ ൌ  .(ͯ࣍Ͷٌಕ఼Ν(ߨ
ܶଲනݳΝࣖͤ .  

 ܶସିଶ ൌ ݄ ל ݃ܶଶିଶܪ ל  ଶିଶǤ (34)ܶܩ
ࠪଲܶܩଶିଶͶͯ͏ͱร͵ॄͺܶିሺିଵሻܵீͲ͍Ζ BE-ݍȀ . ٌಕ఼ͺܶିሺିଵሻܵீͳܵި఼
Ͷ͍Ζ . ͞ΗΝݖͳͤΖ . ॵغ఼ݖͺܵͶ͍Ζ غΓΕܶΝୱҒͳ͢ͱबݖ . 3 ͗ਫ਼ͣΖ . ଲ
সતܵͶਫ਼ٌͣͪಕ఼ΝݓͳͤΖ . ٌಕ఼ݖΓΕ , ܵͶ͵͏ٌಕ఼ߙ ൌ ߚͳݓଶିଶܶܩ ൌ ߙ݄

͗ਫ਼ͣΖ . ٌಕ఼ߚͺ, ਦ 12(b)ഓͲͺܶିሺିଵሻܵீͶ͍Ζ . 
ߚ ൌ ܶସିଶݓͳՀఈ͢८Ν͚ .  

ߚ  ൌ ܶସିଶݓ ൌ ܶସିଶ ל ܶିሺଶିଶሻ݄ܩ ל ݓሺଶିଶሻܶܩ݄ ൌ ܶଶ݄ܩ ל  Ǥ (35)ߚ
݄ܩࣞܐؖ ൌ ܪܩ ל ݄ܪ ൌ ܶିଵܴͳܴ ൌ ܶିାଷΝཤ༽ͤΖͳ࣏͗ࣞಚΔΗΖ .  

ߚ  ൌ ܶଶିଵܴߚ ൌ ܶିሺସିଶሻߚǤ (36) 
बٌغಕܱሺߚሻबغͺ , ܱሺݖሻबغͳಋͣͶ͵Ζ . ͞Ηͺ८Ͳ͍Ζ ߙ . ൌ ܶସିଶݓͳߚ ൌ

ܶସିଶ͗ߙಚΔΗͪ . ͞ΗΓΕٌಕ఼ݓ͖Δड़͢ݓͶΖؔͶ͞बٌغಕͺٌಕ఼ݖब
ΕΝൕܯ࣎յΕͶ 2 յ͢ͱ͏Ζ͞ͳ͗ࣖ͠Ηͪ . ίʖη 2 ৄΝश͓Ζ . 

ఈཀྵ 4.1 ৄΝ͑ߨͶ६ඍΝ͑ߨ . बغ 2 ٌಕ఼Νݖ ൌ ሺݔǡ ሻݕ ൌ ሺߨ െ ǡݐ െʹݐሻͳݖଵ ൌ

ሺݔଵǡ ଵሻݕ ൌ ሺߨ  ǡݐ ሻͳͤΖݐʹ . ͞͞Ͳ ݐ ,  Ͳ.  

बغ 2 ٌಕ఼ͺ   
 ʹሺݔ െ ሻߨ ൌ െሺܽȀʹሻ(37) ݔ��� 

մͲ͍Ζ(ݔ ് ݔ .(ߨ ൌ ߨ  ݐ) ݐ  Ͳ)Νཤ༽ͤΖͳࣞ(37)ͺ  
ݐʹ  ൌ ሺܽȀʹሻ(38) ݐ��� 

ͳ͵Ζ . ܽ  ͶͲ , ࣞ(38)ͺݐ  ͲմΝͯͲҐԾ٠Ͳͺܽ  ͶͳͤΖ . 
͞ΗΓΕ 2.2 ઇͲड़ܑͪ͘͢ߦͶؖͤΖࣺ , ್ඏߟ਼ܐͶؖͤΖࣺͳࢀඏ

ߞ਼ܐͶؖͤΖࣺΝཤ༽ͤΖ . නݳΝ݁؈ͶͤΖͪΌͶร਼ݏ��ሺ Ͳሻͳ݀��ሺ ͲሻΝͤ
Ζ .  

 ݂Ԣሺݔሻ ൌ ݂Ԣሺݔଵሻ ൌ െ݂ԢԢԢሺݔሻ ൌ െ݂ԢԢԢሺݔଵሻ ؠ െݏǡ (39) 
 ݂ԢԢሺݔሻ ൌ െ݂ԢԢሺݔଵሻ ؠ െ݀Ǥ (40) 

 
ఈཀྵ 4.1[1]ৄ . ໍୌ 4.5 ͲȀݍ ൌ ͳȀʹͳͤΖͳ್॑ଲসबٌغಕͳȀʹ:ʹȀ͵-B ͗ਫ਼ͣΖ͞ͳ͗
͖ΗΖ . ͞͞Ͳͺਫ਼ͣ๏͗ҡյزͲ͍Ζ͞ͳΝৄͤΖ .  

बغ 6 ٌಕ఼Νݑ ൌ ሺݔǡ ሻ��ሺͲݕ  ݇  ͷሻͳॽ͚ . ॵغ఼ݑͺଲসતܵுͶ͍ΖͳͤΖ . ॵ
͗ଲসતܵுͶ͍Ζ͞ͳΓΕݑ఼غ ਼ܐͳ್ඏߦܑ͘ , ͺغΌΖͪΌॵٽΝߟ , 
ߦ ൌ ߟ ,ʹ ൌ ͲͲ͍Ζ . बغ 6 ್॑ଲসबٌغಕ͗बغ 2 ٌಕ఼ݑଵ͖ΔյزͲͤز
Ζড়݇ͺ ଵͶ͕͜Ζݑଵ͗ߦ , ܑܵ͘Ͷ͢͏͞ͳͲ͍Ζ . ͞ΗΓΕ ,  

ଵߦ  ൌ െሺͳȀʹሻ݂Ԣሺݔଵሻ (41) 
͗ಚΔΗΖ . ࣞ(14)ΓΕ , ͞ড়݇ͺԾىΓ͑Ͷॽ͜Ζ .  
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ଵߦ  ൌ
ߦ  ݂Ԣሺݔሻ

ߦ  ݂Ԣሺݔሻ  ͳ
ൌ െ

݂Ԣሺݔଵሻ
ʹ

Ǥ ሺ42ሻ 

͞͞Ͳร਼ݏΝཤ༽͢ ߦͶߍ , ൌ ʹΝେͤΖͳ࣏͗ࣞಚΔΗΖ .  

 ʹ െ ݏ
͵ െ ݏ

ൌ
ݏ
ʹ
Ǥ ሺ43ሻ 

͞ΗΓΕԾى್࣏๏ఖࣞ͗ಚΔΗΖ .  
 ሺݏ െ ͳሻሺݏ െ Ͷሻ ൌ ͲǤ (44) 

ݏ๏ఖࣞմͳ͢ͱ್࣏ ൌ ͳͳݏ ൌ Ͷ͗ಚΔΗΖ ݏ . ൌ ͶͳͤΖͳ , ܽ�ݔ�� ൌ െͶ͗Εཱིͯ . ܽ 

ͶͲ , ͞ড়݇Νຮͪͤݔ͗ଚͤࡑΖ . ܽ ൌ Ͷͺ , ବԃܗಊ఼ܳ͗बغഔزΝًͤ͞ྡֆ
Ͳ͍Ζ . Γͮͱ , ͞͞Ͳͺݏ ൌ ͳΝࡀ༽ͤΖ .  

 ܽ�ݐ�� ൌ ͳǤ (45) 
ࣞ(38)ͳࣞ(45)ΓΕ ,  

 ሺͶݐሻଶ  ͳ ൌ ܽଶ (46) 
͗ಚΔΗΖ ݐ .  ͲΓΕ ,  

 Ͷݐ ൌ ඥܽଶ െ ͳǤ (47) 
ࣞ(38)ͳࣞ(47)ΓΕԾىؖ͗ܐಚΔΗΖ .  

ݐ���ܽ  ൌ ඥܽଶ െ ͳǤ (48) 
ଵΝ΄Ζߟ਼ܐͶ್ඏ࣏ . ࣞ(15)Ͷ͕͏ͱߟ ൌ Ͳͳ͢ͱߟଵ͗ಚΔΗΖ .  

ଵߟ  ൌ
݂ԢԢሺݔሻ

ሺ͵  ݂Ԣሺݔሻሻଷ
ൌ
െܽ���ሺݔሻ
ሺ͵ െ ሻଷݏ

ൌ
െܽݐ���

ͺ
ൌ െ

ξܽଶ െ ͳ
ͺ

Ǥ (49) 

ٌಕ఼ݑଵͶ͕͜Ζଲসત ್ܵඏߟ਼ܐሺݔଵሻͺ  

ଵሻݔሺߟ  ൌ െሺͳȀʹሻ݂ԢԢሺݔଵሻ ൌ ሺܽȀʹሻݔ���ଵ ൌ െሺܽȀʹሻݐ��� ൌ െ
ξܽଶ െ ͳ

ʹ
Ǥ ሺ50ሻ 

ҐͲ   
ଵሻݔሺߟ  ൏ ଵߟ ൏ Ͳ ሺ51ሻ 

͗ࣖ͠Ηͪ . ఈড়݇ 3.1(b)ΓΕ , յ਼ʹȀ͵್॑ଲসबٌغಕ͗बغ 2 ್॑ଲসबٌغ
ಕΓΕ  ҡյزͲਫ਼ͣͪ͞ͳΝқັͤΖ . ҐͲఈཀྵ 4.1[1]͗ৄ͠Ηͪ . 

 

ఈཀྵ 4.1[2]ৄ . ͞͞ͲͺଲসતܵுͶਫ਼ͣΖबغ 6 Ͷͯ͏ͱ΄Ζ . बغ 6 ٌಕ఼Ν
��ሺͲݒ  ݇  ͷሻͳॽ͚ . ॵغ఼ݒ͗ଲসતܵுͶ͍ΖͳͤΖͳ , ॵغ఼ݒଷଲসતܵுͶ͍Ζ . 
ٌಕ఼ݒͳݒଷ͗ଲসતܵுͶ͍Ζড়݇ΓΕ , ͳȀʹǣ ͳȀ͵-B ͺҲ॑ଲসबٌغಕͲ͍Ζ . 

ٌಕ఼ݒ א ܵுͶ͕͜Ζଲসતܑ͘ͺߦ ൌ ʹͲ͍Ζ . ॳߦ࣏ଵ, ߦଶ, ߦଷΝ݀Ό ଷߦ , ൌ ʹͳͤΖ .  

ଷߦ  ൌ
ଷݏ െ ݏଶ  ͻݏ െ ʹ
ଷݏ െ ݏଶ  ͳͶݏ െ 

ൌ ʹǤ ሺ52ሻ 

͞ΗΓΕ   
 ሺݏ െ ͳሻሺݏ െ ͵ሻሺݏ െ Ͷሻ ൌ Ͳ ሺ53ሻ 

͗ಚΔΗΖ ݏ . ൌ Ͷͺବԃܗಊ఼ܳ͗बغഔزΝًͤ͞ͶଲԢ͢ ݏ , ൌ ͳͺ[1]ৄ
ͶଲԢͤΖ . Γͮͱ , ͞͞Ͳͺݏ ൌ ͵Νཤ༽ͤΖ . 

್ඏ਼ܐΝ΄Ζ ߟ . ൌ Ͳͳ͢ͱ , ॳߟ࣏ଵ, ߟଶ, ߟଷΝ݀ΌΖͳߟଷ͗ ಚΔΗΖ .  

ଷߟ  ൌ
݀ሺݏ െ ͵ሻሺݏହ െ ͳʹݏସ  ͷͶݏଷ െ ͳͳʹݏଶ  ͳͲͷݏ െ ͵͵ሻ

ሺݏଷ െ ݏଶ  ͳͶݏ െ ሻଷ
Ǥ ሺ54ሻ 

ࣞ͞Ͷݏ ൌ ͵Νେ͢ͱ ଷߟ , ൌ Ͳ͗ಚΔΗΖ . 
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Ν΄Ζ਼ܐඏࢀͶ࣏ ߞ . ൌ Ͳͳ͢ͱ , ॳߞ࣏ଵ, ߞଶ, ߞଷΝ݀Ό ݏͶޛ࠹ , ൌ ͵ΝେͤΖͳ
Ծىߞଷ͗ಚΔΗΖ .  

ଷߞ  ൌ  െ ͵݀ଶ ൌ  െ ͵ሺܽଶ െ ͻሻ ൌ ͵͵ െ ͵ܽଶǤ ሺ55ሻ 

͞͞Ͳ݀ଶ ൌ ሺܽݐ���ሻଶͳ͵ଶ ൌ ሺܽ�ሻଶΓΕݐ�� , ݀ଶ ൌ ܽଶ െ ͻ͗Εཱིͯ͞ͳΝཤ༽ͪ͢ . ࣞܽ͞ͳ
͢ͱ , ͳȀʹǣ ͳȀ͵-B ͗ਫ਼ͣΖྡֆΝେͤΖචགྷ͍͗Ζ . ྡֆͺ 4 ΓΕ͘͏Ͳߞଷ ൏ Ͳ͗
ಚΔΗΖ . ఈড়݇ 3.1(a)ΓΕ , ଲসતͳଲসતܵுሺߨሻંৰ๏ͺ਼࣏ؖࢀదંৰͲ
͍Ζ͞ͳ͖͗Ηͪ . ҐͲఈཀྵ 4.1[2]͗ৄ͠Ηͪ . 
 

ࣞ(48)ࠪวͶࣞ(47)Νେ͢ร਼ݐΝভͤڊΖͳྡֆΝ݀ΌΖࣞ͗ಚΔΗΖ .  
 ܽ���ሺඥܽଶ െ ͳȀͶሻ ൌ ඥܽଶ െ ͳǤ ሺ56ሻ 

͞ΗΝ਼ࢋܯͲմ͚ͳյ͗زਫ਼ͣΖྡֆܽሺͳȀʹǣ ʹȀ͵ሻ ൌ ͷǤʹͲ͗ಚΔΗΖ(ਦ 5 Ͳͺ
ͳȀʹǣ ʹȀ͵Ͳࣖ͠Ηͱ͏Ζ). ҡյ͗زਫ਼ͣΖྡֆ਼݃ࢋܯՎͺͷǤͷͷͶͲ͍Ζ . ͯ
ΉΕ , ͳȀʹǣ ʹȀ͵-B ҡյϏϧϟʖνۢؔͺ ሾͷǤͷͷͶǡͷǤʹͲሻͲ͍Ζ .  

ͶͳȀʹǣޛ࠹ ͳȀ͵-B ͗ਫ਼ͣΖྡֆΝٽΌΖ . ࣞ(56)ξܽଶ െ ͳΝξܽଶ െ ͻͶ͓͘Ζ͞ͳͲ
ྡֆΝ݀ΌΖࣞ͗ಚΔΗΖ .  

 ܽ���ሺඥܽଶ െ ͻȀͶሻ ൌ ඥܽଶ െ ͻǤ ሺ57ሻ 

͞ΗΝ਼ࢋܯͲմ͚ͳਜ਼յ͗زਫ਼ͣΖྡֆܽሺͳȀʹǣ ͳȀ͵ሻ ൌ ͶǤͷͳͺͷ͗ಚΔΗΖ(ਦ 5
ͲͺͳȀʹǣ ͳȀ͵Ͳࣖ͠Ηͱ͏Ζ). 

 ޢ݃ .5

ຌชͲಚΔΗͪ݃ՎΝΉͳΌΖ .  

(1) ͳȀʹ-BE ͗ҡյزΝً͢͞ͱͳȀʹ:ʹȀ͵-B ͗ਫ਼ͣΖ͞ͳͳ , ͳȀʹ-BE ͗ਜ਼յزΝ
ً͢͞ͱͳȀʹ:ͳȀ͵-B ͗ਫ਼ͣΖ͞ͳΝৄͪ͢(ఈཀྵ 4.1).  

Ȁ͵-Bʹ:ݍȀ (2) Ν ಕͳͤΖٌغΝً͢͞ͱਫ਼ͣͪबزյ͗(ͺ۰਼ݍ) BE-ݍȀ , Ȁʹ:ݍȀ .
͵-B ್͗॑ଲসबٌغಕͲ͍Ζ͞ͳΝৄͪ͢(ໍୌ 4.5).  

͏ͪ΄Νफ़͓ߡͶජंޛ࠹ . ࣺյ਼ΝଁΏͦͻबٌغಕ఼Ͳড়݇ 2.1 ཱི͗ͤΖΓ͑
Ͷ͵Ζͳ͓ߡΔΗΖ . ͞͞ͳͺҡյ͗زଡ͚ࣺͲઞ͢ࡑͱ͏Ζ͞ͳΝࣖ͢ࠨͱ
͏Ζ . ҡյزݬҾͲ͍ΖୱͣΗഃΗ͗ΩΨηݳেͶʹΓ͑͵ر༫Ν͢ͱ
͏Ζ͖ . ͞ୌͶͯ͏ͱͺޛࠕݗ౾՟ୌͳͪ͢͏ .  

ःࣛ�  

ຌชͶଲ͢ͱࠬಣंΓΕ॑ي͵αϟϱφΝ͏ͪͫ͘Ήͪ͢ . ৼΓΕ״ःਅ͢͝Ήͤ . 
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Python Ν࢟Όͱ̏0 ೖͲΰʖϞΝࡠΗΖΓ͑Ͷ͵Ζ͖ʃ 
t ͖̔̏ࡂΔேકʁ͖̎Δ࢟ΌΖ Python Programming t 

ฑీཾ߀ 
ෳҬָ ָӅڂݜָՌ எεητϞָߊ 

ˡ���ʷ���� ෳҬࢤชښ �  �ʷ� 
KLUDWD#X-IXNXL�DF�MS 

&DQ�D�%HJLQQHU�&UHDWH�&RPSXWHU�*DPHV�E\�3\WKRQ�LQ�7HQ�'D\V�
7KURXJK�6HOI-6WXG\" 

-�$�&KDOOHQJH�WR�/HDUQ�D�1HZ�3URJUDPPLQJ�/DQJXDJH�E\�WKH�3HUVRQ�:KR�,V�
2YHU����<HDUV�2OG�- 
7DND\XNL�+LUDWD 

'HSDUWPHQW�RI�+XPDQ�	�$UWLILFLDO�,QWHOOLJHQW�6\VWHPV��)DFXOW\�RI�(QJLQHHULQJ�  
8QLYHUVLW\�RI�)XNXL���-�-��%XQN\R��)XNXL����-������-DSDQ� 

 
(2020 ೧ 8 ݆ 3 ೖणɾ2020 ೧ 10 ݆ 7 ೖणཀྵ) 

 

Abstract: Python is one of the most popular programming languages and is employed in 

various fields. In particular, applications associated with machine learning and deep 

learning are often developed by the Python programming language. Additionally, a lot of 

Python libraries are available for studying artificial intelligence. Based on this context, it 

would be interesting to survey whether or not an elderly person can learn a new 

programming language such as Python within a short period. In this paper, the proposed 

case study was conducted for analyzing whether a beginner, who is older than sixty years, 

can develop a game after self-studying for ten days. Furthermore, a questionnaire survey 

regarding programming languages was also conducted. 

 

Keywords: Python, Elderly Person, Beginner, Ten Days Learning, Game Programming, 

Self-Study. 

1. ͺͣΌͶ 

ೖຌͺɼٺଐ͵߶ྺԿऀճΝ͓ܶͱ͏Ζɽͨ ͢ͱɼ҈ഔݘͶΓΖ 1 Ա૱༄࣎େͲͺɼ
߶ྺं༄͗ٽΌΔΗͱ͏ΖɽҲൢదͶͺɼऀ ճద͵ݩܨͺࡂΝͳΖͳͳͶଁ͓Ζɽ
ͨΗΑ͓Ͷɼ߶ྺंͯݩܨΝ༙ްͶਫ਼͖ͤ͞ͳͺɼऀճఴͶͳͮͱඉͶ॑གྷ
Ͳ͍Ζɽ͖͢͢ɼࣰݳదͶͺɼਕؔஎͺ 25 ͠ΗɼҐ߳Δ͏Ͳ͛ࡂ 40 Δ͏Ή͚ࡂ
Ͳң࣍͠ΗͪͬͺɼঅʓͶਲ͓ͱ͏͚ʤਕؔஎͳ͏͑ΩτβϨʖͲͺҕ͙͗ͤ߁
ΖͪΌɼ۫ରద͵Ҳྭͳ͢ͱاࣟྙͳ೧ྺͶؖͤΖช[1]Ν͝ڏͱ͕͚ʥɽҫָ
ཱི͖Δ CT Ώ MRI ͵ʹժਏஇٶͶ͏ɼໃޫ伹͗࠻ 60 ͤଁٺΔ͖ࡂ
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Ζ͞ͳ[2]͖͗ͮͱ͘ͱ͏Ζɽ͞Γ͑ͶɼՌָదͶݩܨదͶɼ೧ྺΝ॑ΖͶͯ
Ηͱऑ͏ਕͳർ΄Ζͳɼ͢͏͞ͳΝָ͞ͳ͗ۦघͶ͵ͮͱ͚Ζɽ  

ಝͶɼޢݶָसͶ͕͏ͱͺɼ೧ྺ͗ऑ͏Ά༙͑͗ཤͲ͍Ζɽ༰ࣉͺྙͦͥͶݶཁΝ
ְ͓ͱ͏͚͗ɼਕͶ͵ͮͱ͢͏ݶཁΝְ͓ΖͶͺร͵ྙ͗චགྷͲ͍Ζɽϕϫή
ϧϝϱήޢݶɼޢݶҲझͲ͍Ζ͞ͳ͖Δɼऑ͏େ๏͗सಚͶ༙ཤͫͳ͓ߡΔΗΖɽ
10 େϕϫήϧϜʖɼྭ ͓ͻ 11 ύρΩʖΏࡂ 14 ͗ࣆىஎϕϫήϧϜʖਕࡂ
ΝॄΌͱ͏Ζɽऑ͏ਕՆͺɼોΔ͢͏Ͳ͍Ζ͞ͳ͖͗ΖɽҲ๏ɼ߶ྺं
ͺɼ͢͏͞ͳͶखΕૌͶύʖχϩΝͣ״ͱ͏Ζ͞ͳ͗ଡ͏ɽͨΗΑ͓ɼֆं
ճ٠ʰWWDC2017ʱͲɼ82 Ν༫ـΠϕϨं͗ࣘΝ͍ͯΌͪͺɼ߶ྺंͶ༒ࡂ
͓ΖͲ͍ͮͪ[3]ɽҲൢదͶɼؒྻΝӿ͓ͱ͢͏ޢݶΝָ΄ΖͫΘ͖͑ʃ  60 ࡂ
Νӿ͓ͱɼؔغͲ͢͏ϕϫήϧϝϱήޢݶΝसಚͲ͘ΖͫΘ͖͑ʃ  

Ήͪɼ͚͢सಚͤΖϕϫήϧϝϱήޢݶͳ͢ͱͺɼՁ͗૮Ԣ͢͏ͫΘ͖͑ɽ4 ͯ؏
఼͖Δ͓ߡΓ͑ɽ1)ϟζϡʖ͵ޢݶͲ͍Ζɼ2)ॵৼंͲֺ͢ΌΖޢݶͲ͍Ζ(ΰʖϞΝͯ
͚ΗΖ͵ʹಊؽ͗͜Ͳ͘Ζ)ɼ3)ॵৼंͶ༑͢͏ޢݶͲ͍Ζɼ4)αηφ͖͖͗Δ͵͏͞
ͳͲ͍Ζɽ͞ΗΔ؏఼͖Δɼ͚͢सಚͤΖϕϫήϧϝϱήޢݶͳ͢ͱ Python ΝમΞ
ͫɽPython ͺɼसಚ͗༲ҝ͵ޢݶͳݶΚΗͱ͕Εɼඬ६ద͵گՌॽଡ͚͍Ζ(ྭ͓ͻɼ
[4]͵ʹ)ɽ  

͠ͱɼPython ಝΝ 4 ͯ؏఼͖Δ͚͢ΊͱΊΓ͑ɽ1)ϟζϡʖ͵ޢݶͲ͍Ζɽྭ
͓ͻɼGoogle Ͳͺ಼ۂةͲ Python ͗ਬও͠Ηͱ͏ΖɽGoogle ͺɼ*RRJOH�IRU�(GXFDWLRQ�˲�
Python Ͳ *RRJOHbV� 3\WKRQ� &ODVV>�@Ν६ඍ͢ͱ͕ΕɼYouTube ͲݡΖ͞ͳ͗Ͳ͘Ζɽ͠
ΔͶɼAmazon ྖࢢαϱϒϣʖνʤAWSʥ Amazon Braket ϕϫήϧϝϱήޢݶͳ͢
ͱɼPython ݶଶͲ͘Ζɽ2)ॵৼंͲֺ͢ΌΖغఴޛࠕΗͱ͏Ζ͵ʹɼ͠༼ࡀ͗
ʃPython͖ޢ ͲΰʖϞΝࡠΘ͑ͳ͏͑ॽ͵ʹ͗ଡ͚ड़൝͠Ηͱ͏Ζ[6]ɽ3)ॵৼंͶΏ
Ηͱ͏Ζɽ4)αη͠༼ࡀͶޢݶү༽ϕϫήϧϝϱήگͲ͍Ζɽଡָ͚Ͳޢݶ͏͢͠
φ͖͖͗Δ͵͏ɽPython ͺໃྋͲ͍ΕɼFree ͗ڧ६ඍ͠Ηͱ͏ΖɽΉͪɼWeb

Ͷɼໃྋָसαʖη͍͗Ζɽྭ͓ͻɼKrishna ͗અཱིͪ͢ Guru99[7]ͺɼگүؽճ
Ͳ͍Εɼ͖ΕΏͤ͏ͤࢨΝۋ Python οϣʖφϨΠϩ͗६ඍ͠Ηͱ͏Ζɽ  

ຌชͲͺɼ60 Ν͓ͱࡂ Python ͶॵΌͱৰΗͱɼ10 ೖؔಢसͲΰʖϞΝࡠΗΖΓ
͑Ͷ͵Ζ͖ڂݜྭࣆΝ͕͞͵ͮͪͲๅͤࠄΖɽಋ࣎Ͷɼॵৼं͗ 10 ೖؔಣॽͲ
ʹΓ͑Ͷ Python گຌΝཀྵմ͢ͱ͏Ζ͖ྭࣆΝࣖͤɽΉͪɼϕϫήϧϝϱήޢݶ
ָसͶ͕͏ͱɼऑ೧ंͳ߶ྺंؔͶ͍ࠫ͗Ζ͖ʹ͖͑ΝஎΖͪΌɼΠϱίʖφࠬΝ͕
͞͵ͮͪͲๅͤࠄΖɽ  

2. 3\WKRQ ϕϫήϧϝϱήͶேક 

2.1. 3\WKRQ ͳͺ 

Python ͺɼ1991 ೧ͶΨϧϱξਕήχʀϲΟϱϫργϞͶΓͮͱ͠Ηͪϕϫή
ϧϞϝϱήޢݶͲ͍ΖʤήχʀϲΟϱϫργϞ͗ Python 0.90 λʖηαʖχΝޮ͢
ͪʥɽGoogle ͗कགྷޢݶͳ͢ͱ͏Ζ͵ʹɼࡑݳͮͳ͠Ηͱ͏ΖޢݶͲ͍Ζ
[8]-[12][IEEE 2015-2019]ʤਦ 1 ͶΓΖͳɼೖຌͶ͕͜ΖϕϫήϧϝϱܨলʥɽΉͪɼೖࢂ
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ήޢݶਕـͲ Python ͺҒͲ͍Ζ[13]ɽ͞͞ͲͺɼC ͳޢݶ C++ޢݶΝΉͳΌͱɼ
खΕѽͮͱ͏ΖͲɼPython ͗ 2 ҒͶ͵ͮͱ͏Ζ͗ɼୱରͲͺ IEEE ݃Վͳಋ͚ͣɼ
Python ͗ 1 ҒͶ͵ΖͳࢧΚΗΖɽ  

Python Ͷͯ͏ͱ͚͢Ίͱ͏͑͞ɽPython ͺɼϱνϕϨνޢݶܗͲ͍ΖɽҲൢͶ
ϱνϕϨνޢݶܗͺɼC ͳർֳ͢ͱɼଐ఼ౕͲ྾Ζɽ͖͢ޢݶܗαϱϏϧʹ͵ޢݶ
͢ɼαϱϒϣʖν߶ଐԿͳͳͶɼPython Γ͑͵ϱνϕϨνޢݶܗͲ൜༽ϕϫή
ϧϞޢݶͶ͵ΗΖΓ͑Ͷ͵ͮͱͪ͘ɽ͠ͱɼPython ͶͺɼϱϕϪϟϱτʖεϥϱͶΓͮ
ͱɼCPythonɼJythonɼPyPy ͵ʹ͍͗Ζɽ࣎ݳ఼Ͳɼͮͳଡ͚࢘ΚΗͱ͕Εɼϟϱτ
ψϱη͠Ηͱ͏Ζ͗ C फ़͠ΗͪىͲޢݶ CPython Ͳ͍ΖɽCPython ͺɼC ͳޢݶ
Γ͚ɼC ֨ϱνʖϓΥηΝ༙͢ͱ͏Ζɽ߶ଐͲॴཀྵͪ͢͏෨Ν C Ͳޢݶ
ओ఼Νึ͏ɼ߶ଐॴཀྵޢݶܗΖ͞ͳͲɼϱνϕϨνͦ͠ߨफ़ͪ͢γϔϩʖοϱͶࣰى
͗Նͳ͵ͮͱ͏Ζɽ  

 

ਦ̏ʁϕϫήϧϝϱήޢݶਕـϧϱΫϱήɽݫυʖν[8]-[12]͖ΔӀ༽ɽ  

 

ਦ̐ʁೖຌͶ͕͜ΖϕϫήϧϝϱήޢݶਕـϧϱΫϱήɽݫυʖν[13]͖ΔҒ 10 ҒΉͲΝ
ϕϫρφͪ͢ʤ440 ਕյʥɽ  
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͠ΔͶɼPython ಝҲͯͳ͢ͱɼΨʖϕϱλʖηλϓφΤΥΠͲ͍Ζ͞ͳ͝ڏ
ΔΗΖɽϤʖδʗΝΌͪևͲүͱͱͪ͘ϕϫήϧϝϱήޢݶͲ͍ΕɼPython Software 

Foundation [14]͗؇ཀྵ͢ͱ͕ΕɼλϓφΤΥΠΝໃྋͲξΤϱϫʖχͲ͘Ζɽ͞͞Ͳɼ
Python ͶؖͤΖชॽԿ͕͞͵ͮͱ͏Ζ Python Software Foundation  PEP Ͷͯ͏ͱ
Ηͱ͕͚ɽ͞͞Ͷɼpython.org ͖Δ PEP Ͷͯ͏ͱಆ෨ΝӀ༽͢Γ͑ɽ  

What is a PEP?  

PEP 1 PEP Purpose and Guidelines 

(PEP stands for Python Enhancement Proposal.  A PEP is a design document providing 

LQIRUPDWLRQ�WR�WKH�3\WKRQ�FRPPXQLW\�� � ʞ��  

Python Ͷؖ͢ͱخຌద͵͞ͳͺɼpython.org ͲΆͳΞʹմ݀ͤΖɽ  

Google ͺ Python Νकགྷޢݶͳ͢ͱࡀ༽͢ͱ͕ΕɼGoogle for Education Ͳ *RRJOHbV�
Python Class Ν͢ڛͱ͏Ζ[5]ɽGoogle Python Class ͺ YouTube ͶΠρϕ͠Ηͱ͕Εɼ
Google ͶΓΖߪसΝϑυΨͲݡͱΊΓ͑ɽGoogle Python Class Day 1 YouTubeʤPart̏
༁ 52  2,867,000 ҐࢻɼPart2 ༁ 35  644,000 ҐࢻɼPart3 ༁ 29  467,000

Ґࢻʥͳ Google Python Class Day 2 YouTubeʤPart̏༁ 42  470,000 Ґࢻɼ
Part2 ༁ 20  284,000 ҐࢻɼPart̑༁ 26  270,000 ҐࢻʥͲ͍Ζʤ2020

೧ 2 ݆ 14 ೖࡑݳʥɽ͞ΗΔͺɼGoogle Developers ͶΓͮͱ͠ࡠΗɼ2010 ೧ 3 ݆ 1 ೖΠ
ρϕϫʖχ͠ΗͪͲ͍Ζɽ͵͕ɼώʖζϥϱ͗ Python 2 Ͳ͍Ζ͞ͳΝ͢ىͱ͕͚ɽ 

͞͞ͲɼPython ͳଠϕϫήϧϝϱήޢݶͳർֳΝࢾΊΖɽ۫ରదͶͺɼPython 
ϧώϩޢݶͳ͢ͱɼPython ͳஂਫ਼ͪ͢͏ۛ͗غ࣎ϕϫήϧϞޢݶͲ͍Ζ Ruby [15]ͳർ
ֳͤΖɽRuby ͺɼ1995 ೧Ͷޮ͠ΗͪΨϔζΥέφࢨηέϨϕφޢݶͲ͍Ζɽೖຌਕ
ΉͯͳͽΘΑ͗͘ࢱɼPython ͶຮଏͲ͘͵͚ͱͪ͢Ͳ͍Ζɽ  

͠ͱɼλϓφΤΥΠָसγφ Guru99[7]Ͷͺɼϕϫήϧϝϱήޢݶർֳ͗͠ࡎܟ
Ηͱ͏ΖɽҐԾͶɼPython ͳ Ruby Νർֳͪ͢ࣆىΝ༃͢ͱͦࡎͱ͕͚ɽ  

ʴRuby ͳർ΄ͱɼPython ͺυʖνߑଆɼ಼෨਼ؖɼΓΕྒྷ͏ namespace खΕѽ͏ɼ
module Ώ iterator ͏࢘๏͖͵ιρφΝͮ࣍ͱ͏ΖɽRuby ͶͺͲ͘͵͏͗ɼPython 

ͺଡ॑ܩটΝγϛʖφ͢ͱ͏ΖɽRuby ͺϔϫρέशΚΕͶɼend ͍Ζ͏ͺ  } Νචགྷͳ
ͤΖ͗ɼPython ͺۯപΊͲྒྷ͏ɽRuby ͺ Web Ώ functional programming Ͷ
͏ͱ͕ΕɼPython ͺ Academic and scientific programming Ͷ͏ͱ͏ΖɽRuby Ͷͺɼ|
ঙ͵͏͞ͳͲଡ͚͞ͳΝ͵ͤ|ɼPython Ͷͺ|� Ҳͯਜ਼͢͏ΏΕ๏Ͳ͟ͳΝ͵ͤ 

n� ͳ͏͑ఫָ͍͗Ζɽɻ  

ҐɼPython Ͷͯ͏ͱΊͱͪ͘ɽ֕གྷΝཀྵմͲͪ͘Ͳͺ͵͏ͫΘ͖͑ɽ࣏ͶɼʹΓ
͑Ͷָ΄ͻΓ͏͖ΝΊͱ͏͑͞ɽ  

2.2. Ώ͢͠͏ॽ 

ؒྻΝ͓ͱॵΌͱ Python ͳ͏͑ϕϫήϧϝϱήޢݶͶड़ճ͏ɼࢥگ͵͢ͶಢसͤΖ
ͪΌɼͮͳΏ͢͠͏ॽΝ୵ͪ͢ɽ͞͞ͲͺɼघͶΗΏͤ͏ 3 ຌΝॽͳ
͢ͱમΞͫʤ2020 ೧ 2 ݆ 10 ೖʤ݆ʥෳҬݟෳҬ಼ࢤॽవʤঋॽవ  ್ٸవʥͶ
ͱ߬ʥɽΉͪɼॽ͗ཀྵմ͢Ώͤ͏͖ʹ͖͑Ͷ͘͵ӪڻΝ༫͓ΖͫΘ͑ɼॽ͗ਬ
ও͢ͱ͏ΖڧΝಆͶࣖͤ͞ͳͳͤΖɽ͵͕ɼ͞হक͵దͺɼPython ॵָ
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ं͗ʹΓ͑ͶॽΝཀྵմ͖ͪ͢ྭࣆΝࣖͤ͞ͳͲ͍Εɼຌմઈ͗कదͲ͵͚ɼ
ΉͪմઈͶยΕ͍͗Ζ͖͢Η͵͏͞ͳΝ͢ىͱ͕͚ɽ  

2.2.1. � ࡢᩍᮏ 

ຌͺɼ̏ʥPythonگಢसͪΌͶમΞͫ͢͵ࢥگ [16]ɼ̐ʥ͏ͬͻΞΏ͢͠͏
Python گຌ[17]ɼ̑ʥκϫ͖ΔΏ͚͢͠ͺͣΌΖ Python [6] 3 Ͳ͍Ζɽ3 
ຌ಼༲ΝॳͶΊͱ͏͑͞ɽگ  

 

̏ʥPython  ʷϠϱτΡͳָͺͣΌͱϕϫήϧϝϱήʷ   

˔ڧͺɼIDLE Ν࢘༽͢ͱ͏Ζɽ  

Python ͶΓΖඵժΝυϠϱηφϪʖεϥϱͤΖͪΌͶɼTurtle GraphicsʤPython ඬ
६ϧϔϧϨʥΝͮ࢘ͱ͏Ζ͗ಝͲ͍Ζɽ߶ਫ਼Ͷ͖ΕΏͤ͏Γ͑ͶɼඵժΝ
ΌͪϕϫήϧϝϱήΝઈ͢ͱ͏Ζɽಣंͳ͢ͱ߶ਫ਼ΝϟϱνʖΰρφͶ͢ͱ͕Εɼ
αϱϒϣʖνಚқ͵߶ߏਫ਼ͳॵৼंָਫ਼ճͶΓͮͱɼॽͳ͢ͱηνϩ
ཱི͗͢ͱ͏ΖɽͪͫɼखΕૌΊΏͤ͠Ν॑གྷ͢ࢻͱ͏ΖͪΌɼௗͺ൳Ό͵͏һেΝ
णͪ͜ɽ  

͞ຌಝҲͯͲ͍ΖॵৼंͶखΕૌΊΏͤ͏ήϧϓΡρέηͲ͍Ζ Turtle 

Graphics Ͷͯ͏ͱफ़΄ΖɽTurtle Graphics ͺɼ1960 ೧େͶگү͜ϕϫήϧϝϱήޢݶ
ͳ͢ͱ͠ΗͪͲɼॵৼंͶͺखΕૌΊΏͤ͏Ͳ͍ΖɽPython Ν Python.org

͖ΔϱηφʖϩͤΖͳɼඬ६ϧϔϧϨ Turtle Graphics ΝϠζϣʖϩͳ͢ͱ͓࢘Ζ
Γ͑Ͷ͵Ζɽ͵͕ɼTurtle Graphics ͺɼήϧϓΡρέηેخͳ͢ͱ tkinter Νͮ࢘ͱ͏
ΖɽͨΗΑ͓ɼtkinter Νં͑࢘Ά͑͗͏࢘Ώͤ͏ͳ͏͑ਕଡ͏͖͢Η͵͏͗ɼॵৼ
ंͶͺɼtkinter Ν͑࢘ΓΕ Turtle Graphics Νͪͮ࢘ඵժ๏͗ྒྷ͏ͳ͓ࢧΖɽTurtle 

Graphics ͺɼ਼ؖͳϟλρχͳ͏͑ଈΝͮ࣍ͱ͏Ζ͗ɼ͞͞Ͳͺɼϟλρχͳ͢ͱ࢘༽
͢ͱ͏ΖɽگຌͶͪ͗ͮ͢ͱָसͤΗͻɼϕϫήϧϞͺಊͤࡠΖ͗ɼ಼༲Νཀྵմ͢Γ͑ͳ
ͤΖͳೋ͢͏ɽΉͪɼητʖζ 8 ΉͲͺ͖ΕΏͤ͏͗ɼήϧϓΡρέητʖζ 9 ͖Δ
12 ͺɼঙ͢ઈଏͲ͍ΖΓ͑Ͷ͓ࢧΖɽྭ͓ͻɼt = turtle.Pen() ͺϟλρχͳ͢ͱ࢘
༽͢ͱ͏Ζ͗ɼt = turtle Ͳಊ͚ɽWXUWOH�˲�W ͳྲྀͪ͢͏ͫ͜Ͳ͍Ηͻɼtype Ν͚Ͳ
͘ΖϟϨρφΓΕɼॵৼंͶͺ͖ΕͶ͚͚͵ΖυϟϨρφ๏͗͘͏Γ͑Ͷ͓ࢧΖɽ  

͞͞Ͳɼྒྷ͏఼Ν͝ڏΖɽಣΊศ͢ͱΊΖͳɼᠵ( 1)ͳϠϱτΡճͲͤͤΓ͑
Ζɼ͝ڏ͠Ηͱ͏Ζ͖͗ΖɽΉͪɼҐԾͶ  

1ʥౌਕༀׄ୴ͶΓΖճͲઈ  

2ʥึ͑Γ͑Ͷ͍Ζઈ(αϧϞ) 

3ʥহୌ check ͳ challenge  

ߑͺɼणߡࢂݩॽͶͪࣇηνϩͲ͍Εɼ߶ਫ਼Ͷͺ͵ͣΊΏͤ͏ͫΘ͑ɽ͖͢͢ɼ
Ζɽஸंγʖϑηਈ͖͓͗ͮͱɼಣं͓ࢧʓͶͺ͞͵Ηͱ͏͵͏෨ଡ͏Γ͑Ͷݺ
Νࠠཛྷͦ͠ΖՆ͍͗Ζ͖͢Η͵͏ɽ  

͵͕ɼڧͳ͢ͱɼIDLE ͶΗͪΔɼ࣏ͺΓΕสཤ͵ PyCharm Νਬ͢ͱ͏Ζɽ
PyCharm ͺɼGuru99.com ͗ͤڛΖαʖηʁh 7 ೖͲɼPython ΝָʱͲ࢘ΚΗͱ͏
Ζɽ  
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̐ʥ͏ͬͻΞΏ͢͠͏ Python گຌ ʷਕ͓گ͗ࢥߪـΖ͖ેخΔγʖώʖγχΉ
Ͳʷ  

˔ڧͺɼAtom Ν࢘༽͢ͱ͏Ζɽ  

ຌνφϩͺ͏ͬͻΞΏ͢͠͏ Python گຌͳ͵ͮͱ͏Ζ͗ɼࣰͺϕϫήϧϞݩܨ
ΝՀఈ͢ͱ͏Ζ෨͍͗݃ߑΖɽॵָंͶͺɼ݀ ͢ͱΏ͚͢͠͵͏ Python گຌͲ͍Ζɽ
ΉͪɼPython.org ͖Δඬ६దͶ Python ΝϱηφʖϩͤΖͳಋ࣎Ͷϱηφʖϩ͠ΗΖ
IDLE Ͳͺ͵͚ɼτΫηφΦυΡνͳ͢ͱ Atom(https://atom.io/͖ΔໃྋͲξΤϱϫʖχ
Ͳ͘Ζ)Νਬও͢ͱ͏ΖಝͲ͍Ζɽ  

Ͷɼ֦হ͟ͳනୌͳͳͶɼ಼༲ΝΊͱ͏͑͞ɽ࣏  

Chap. 1 ʰPython Νָ६ඍΝ͢Γ͑ʱͲͺɼϱηφʖϩ๏๑ɼͨ͢ͱଲϠʖχɼ
ϓΟϩͲࣰߨ๏๑͗फ़΄ΔΗͱ͏Ζɽ  

Chap. 2 ʰαϜϱχϕϫϱϕφͶ͵ΗΓ͑ʱͲͺɼPython ͨͲͺ͵͚ɼPython Ν
ָͲචགྷͶ͵Ζ OS αϜϱχઈ͗͵͠Ηͱ͏Ζɽ  

Chap. 3 ʰેخΝָ;͵͗ΔϕϫήϧϞΝࡠ͢Γ͑ʱͲͺɼ؈ୱ͵ྭୌΝͳͶॵָं
ͶɼPython ͶΓΖϕϫήϧϞΝ͕͞͵ͮͱ͏ΖɽΉͪɼ਼ؖͳϟλρχༀׄҩ͏
Ν݃Ͷઈ͢ͱ͏Ζɽ਼ؖͳϟλρχͺɼPython Νָͳ͘Ͷɼ᪶͘Ώͤ͏ͳࢧΚΗΖ
གྷોͲ͍Εɼಢཱིͪ͢হΝઅ͜ͱ͏ΖͺͲ͍Ζɽ  

Chap. 4 ʰ܃Εศ͢ͳড়݇زʱͲͺɼPython ͶݸΔͥɼϕϫήϧϞͲঙ͢ࡸ͵ॴཀྵ
Νͦ͠ΖͶචགྷ͵܃Εศ͢ͳড়݇زΝմઈ͢ͱ͏Ζɽ  

Chap. 5 ʰࣛॽͳϓΟϩѽ͏๏ ͲɦͺɼPython Νͪͮ࢘Ԣ༽ͶಁΊࠒΞͲ͏ΖɽPython

ͺชহ͵ʹ text ॴཀྵͶΓ͚༽͏ΔΗͱ͕ΕɼPython ಚқ͵Ͳ͍ΖɽC ʹ͵ޢݶ
घͳͤΖ͗ɼPythonۦ͗ Ν͑࢘ͳ؈ୱͶͲ͘Ζ͞ͳࣰ͗״Ͳ͘ΖΓ͑Ͷ͵ͮͱ͏Ζɽ 

Chap. 6 ʰճ bot ΝࡠΘ͑ʱͲͺɼݳେదͲັڷ͏τʖϜΝୌࡒͶহΉͲͶָस͢
಼ͪ༲ΝΌΖΓ͑Ͷ͵ͮͱ͏Ζɽͪͫɼ͙ٺଏͶ͵ͮͱ͕Εɼॵָंͺͯ͏ͱ͏͜͵͏
Ն͍͗Ζ͞ͳͺ൳Ό͵͏ɽྭ͓ͻɼϕϫήϧϞΝࣖ͢͵͗Δࣰͦ͠ߨͱ͏͵͏ͺɼ
ॵָंͶͺͳࢧΚΗΖɽ  

Chap. 7 ʰϧϔϧϨΝ͞͏࢘͵ͨ͑ʱͲͺɼϧϔϧϨΝͪͮ࢘ϕϫήϧϞͶಁΊࠒΞ
Ͳ͏ΖɽPython کΊͺɼ͵ϧϔϧϨͶ͍ΖɽͨқັͲɼಢཱིͪ͢হΝઅͪ͜
ͺɼྒྷ͏఼Ͳ͍ΖɽΉͪɼlesson 44ʛ47 ͲɼϕϫήϧϞΦϧʖͶଲԢͤΖ๏๑ΝͳΕ͍
͝ɼߑชΦϧʖͳྭ 2 झྪΝͳΕ͝ͱ͏Ζͺࣰ༽ద͵ϕϫήϧϞΝྂ͢ߡͱ͏Ζɽ
͖͢͢ɼॵৼंͶͺೋ͢͏͖͢Η͵͏ɽ  

Chap. 8 ʰγʖχϏʖτΡϏρίʖζΝ͞͏࢘͵ͨ͑ʱͲͺɼPython کΊͲ͍Ζ
ͶଚͤࡑΖγʖχϏʖτΡϏρίʖζΝͳΕ͍͝ͱ͏ΖɽΉͪɼLesson 50 Ͳͺɼ
ՀڧΝͳΕ͍͝ͱ͕Εɼ͞ΗͶΓΕ਼γʖχϏʖτΡϏρίʖζΝαϱϓϨέ
φ͵͢Ͷ҈સͶ͓࢘ΖΓ͑Ͷ͵Ζ͞ͳΝઈ͢ͱ͏ΖͺͶ͓ࢧΖɽ  

Chap. 9 ʰWeb ΠϕϨίʖεϥϱΝࡠ͢Γ͑ʱͺɼΠϕϨίʖεϥϱΝͮࡠͱΊͪ͏
ͳ͑ࢧಣंͶͺັڷΝऔ͖ΗΖহͲ͍Ζɽ͢ ͖͢ɼࡋ෨ͺ؛౦͢͝ͱ͏Ζܑ͍͗Εʤྭɼ
͚͢ͺʞΝݡͱԾ͠͏ʨϭϱϛϱφαϧϞͲಝͶʩʥɼॉ͵಼༲Ͳ͍ΖһেΝ༫
͓Ζɽ  

Chap. 10 ʰ͠ΔͶஎࣟΝਐͶ͜ΖͪΌָ;๏ʱͺɼ͕Ή͜Γ͑͵হͲ͍Ζɽ͠Δ
͵ΖָसͪΌ Web γφɼॽɼαϝϣωτΡͶͯ͏ͱ͠ٶݶΗͱ͏Ζɽ  
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સରΝ௪͢ͱɼC ຌͳҡ͵ΕɼWebʹ͵ޢݶ ΠϕϨ͵ʹͶ॑͘ɼཀྵՌܧ਼ࢋܯ͵
ʹͺ͍ΉΕखΕѽͮͱ͏͵͏͗ಝͲ͍Ζɽ  

 

̑ʥκϫ͖ΔΏ͚͢͠ͺͣΌΖ Python  ʷ͖ેخΔηνʖφ͢ͱɼΰʖϞͰ͚Εɼؽ
փָसΉͲָ·͑ʄʷ  

˔ڧͺɼIDLE Ν࢘༽͢ͱ͏Ζɽ  

͞͞ͲͳΕͪ͝ 3 ϚϨϣʖϞ͍͗Εɼ͖ͯώϧϱη͗ͳΗͪ࠹ຌͲͺɼگ
ຌͲ͍Ζɽ෯ୌ͗ɼhگ փָसΉͲָ·͑ʄʱͳؽຌ͖Δηνʖφ͢ͱɼΰʖϞͰ͚Εɼخ
͍ΖΓ͑Ͷɼॵิ͖Δ Python ͗Γ͚͖ͯΚΗͱ͏ΖؽփָसΉͲखΕѽͮͱ͏Ζɽ࣏Ͷɼ
֦হ͟ͳනୌͳͳͶɼ಼༲ΝΊͱ͏͑͞ɽ  

Chap. 1 ʰϕϫήϧϝϱήͮͱ͵ΞͫΘ͑ʱͲͺɼαϱϒϣʖν Python Ν࢘ΚͥͶϕ
ϫήϧϝϱήରݩΝͦ͠Ζ͗͵͠Ηͱ͏ΖɽΉͪɼPython ϱηφʖϩ๏Ν
ઈ͢ͱ͏ΖͺɼͶ͓ࢧΖɽ  

Chap. 2 ʰϕϫήϧϝϱήΝͺͣΌΓ͑ʱͲͺɼIDLE ͏࢘๏͗ϟϱͲ͍ΖɽIDLE 
τΫηφΦυΡνͮ࢘ͱɼร਼Ώช࣊ΝཀྵմͲ͘ΖΓ͑͵͗͵͠Ηͱ͏Ζɽ  

Chap. 3 ʰߑޜชͮ࢘ͱΊΓ͑ʱͲͺɼߑޜชخຌͲ͍Ζʰড়݇زʱh Εศ͢ॴ܃
ཀྵʱ͗खΕѽΚΗͱ͏Ζɽ if ชͳ while ชཀྵմ͗͞হϟϱͲ͍Ζɽ͠ΔͶɼΰʖ
ϞϕϫήϧϞॵิͳ͢ͱɼཛྷ਼Ν༽͏ͪήϧϓΡρέηΝ࢘Κ͵͏ text ͶΓΖͣΎΞ͜
ΞΰʖϞΝͳΕ͍͝ͱ͏Ζɽ؈ୱ͵ΰʖϞΝͶͮ࢘ͱɼॵৼंΏΖـΝ߶Όͱ͏Ζ
ͳ͑ࢧɽ  

Chap. 4 ʰϨηφͳࣛॽܗΝͮ࢘ͱΊΓ͑ʱͲͺɼ1 ΔͺͣΌͱ͖ݫ࣏ 2 Ϩηφɼݫ࣏
͠ΔͶࣛॽܗυʖνѽ͏๏Νઈ͢ͱ͏ΖɽϨηφΝͬ͏ͱɼช࣊Ν͍͖ͯͮͪ
3 έθϕϫήϧϞ͗ͳΕ͝ΔΗͱ͏ΖɽΉͪɼΫʖͶΓͮͱυʖνͶΠέιηͤ
ΖࣛॽܗΝखΕѽͮͱ͏ΖɽϨηφΏࣛॽܗͺɼชহॴཀྵͶ͕͜Ζ Python ௗॶͽͳ
ͯͲ͍Ζ͞ͳ͖͗ͮͪɽ  

Chap. 5 ʰ਼ؖΝͮ࢘ͱΊΓ͑ʱͲͺɼఈٝ๏๑Ώ਼ؖ͏࢘๏ΝָɽPython Ͳͺɼγ
ϔϩʖοϱͲͺ͵͚ɼؖ ਼Νఈٝ͢ɼؖ ਼Νݼ;ड़ͤͳ͏͑Γ͑ͶϕϫήϧϞΝࡠͤΖɽ
͠ΔͶɼϠζϣʖϩʤϧϔϧϨʥཤ༽๑ɼήϫʖώϩร਼ʀϫʖΩϩร਼ઈ͗͵
͠Ηͱ͕ΕɼಣंͶ Python Ͳ͍Ζͳ͏͑һেΝ༫͓ͱ͚ΗΖɽޢݶΏͤ͏͏࢘͗  

Chap. 6 ʰΰʖϞΝͮࡠͱΊΓ͑ʱͲͺɼহΉͲΝેخͳ͢ͱɼԢ༽Ͷ͍ͪΖຌ֪ద͵
ΰʖϞϕϫήϧϞͶேક͢ͱ͏Ζɽtext ϗʖηΰʖϞͲͺ͵͚ɼຌ֪ద͵ήϧϓΡρέ
ΰʖϞͶखΕૌΞͲ͏Ζɽ͵͕ɼήϧϓΡρέͶͺɼtkinter Νͮ࢘ͱ͏ΖɽChap. 1ʛ5

ͳͺҡ͵ΕɼϪϗϩ͗ٺͶ͗ͮͱ͏Ζɽָसं͗ಢྙͲΰʖϞΝࡠΖͳ͏͑ΓΕɼΰʖ
Ϟ͗ർֳద؈ୱͶࡠΗΖ͞ͳΝ়ղ͢ͱ͏Ζɽ͖͢͢ɼॵৼंͶͺͯ͏ͱ͏͜͵͏Ͳͺ
ͳ͏͑҈Ν༫͓Ζ͖͢Η͵͏ɽ  

Chap. 7 ʰؽփָसͶேક͢Γ͑ʱͲͺɼPython ਕـགྷҾͲ͍Ζؽփָस͗ͳΕ͝
ΔΗͱ͏ΖɽStep 1 ؽփָस֕གྷɼStep 2 ؽփָसϧϔϧϨΝಋࠟͪ͢ Anaconda 
ϱηφʖϩɼStep 3ʛ5 ͺɼຌ֪ద͵ժυʖνྪୌ͗ͳΕ͝ΔΗͱ͏Ζɽϧ
ϔϧϨͳ͢ͱͺɼNumPyɼmatplotlib ͗࢘ΚΗͱ͏Ζɽ  

સରదͶͺɼॵิ͖ΔԢ༽ΉͲखΕѽͮͪώϧϱηͳΗͪگຌͲ͍Ζɽ͖͢͢ɼஸं
Ͷͳͮͱͺʰκϫ͖ΔʱͲ͍Ζ͗ɼಣंͶͳͮͱͺʰκϫ͖ΔʱͶ͓ࢧ͵͏ͳ͞Θʤ༩ඍ
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எ͍ࣟ͗ΖͳՀఈ͠Ηͱ͏ΖʥͶϝηϜροϱή͍͗ΖΓ͑͵ͤ͗ـΖɽΑ͓Ͷɼͬ
Βͮͳͪ͢ͳ͞ΘͲͯΉͥ͏ͱ͢Ή͖͑͢Η͵͏ɽ  

Ґɼݺʓگຌ಼༲ͳಝ͕Γ;ॵৼं͗ͪͣ״һেΝΉͳΌͪɽ࣏Ͷɼ3 گ
ຌસରద͵ಝΝΊͱ͏͚ɽ  

2.2.2. � ඹ㏻ࡿࡍⰋ࠸ᝏ࠸Ⅼ 

হͲͺɼ3 ຌͳ͢ͱگͱͪ͗͘ɼ͞͞Ͳͺॵָं༽ݡʓͶݺຌΝگ 3 ڠͶ
௪ͤΖಝΝྒྷ͏ͳ͞Θʀѳ͏ͳ͞Θͳ͏͑؏఼͖ΔΊͱ͏͚ɽ  

ྒྷ͏ͳ͞Θʁ  

̏ʥָ स಼༲͗হͳ͢ͱΉͳΌΔΗͱɼΊ͖۫͗ΕΏͤ͏Γ͑Ͷ͠Ηͱ͏Ζɽ 

̐ʥϱηφʖϩஊ͖Δմઈ͠Ηͱ͏Ζɽಢཱིͪ͢হ͗ΚΕΔΗͱ͏Ζɽ  

̑ʥໃັף૫Ͷ͵Δ͵͏Γ͑ͶΰʖϞ͗Ԣ༽ͳ͢ͱɼͳΕ͍͝ΔΗͱ͏Ζɽ  

̒ʥγϱϕϩϕϫήϧϞ͗ Web ͖ΔξΤϱϫʖχͲ͘ΖΓ͑Ͷ͵ͮͱ͏Ζɽ  

ѳ͏ͳ͞Θʁ  

̏ʥઈଏ͵ͳ͞Θ͍͗Ζɽ͵ͧ͗ൊ͜ͱ͕ΕɼళԾΕదͶॽ͖Ηͱ͏Ζɽ  

̐ʥஸंͺɼॵৼंͲͺ͵͏Ͳɼ͖ͮͱ͏Ζͳ͢ͱॽ͏ͱ͏Ζɽ  

̑ʥؾ࠸ఈٝ͵ʹͶΗΔΗͱ͏͵ ʤ͏ϓϧένϩ͵ʹɼܙՌָճదͶͺଏΕ͵͏ʥɽ 

̒ʥClass ͵ʹߴ͗͵͏ɽঙ͢ΞͫϕϫήϧϝϱήͲͺࠖΖͫΘ͑ɽ  

͞Γ͑ͶΊͱ͏͚ͳɼॵΌͱ Python ͶΗͪॵৼं͗ϕϫήϧϝϱήΝ͘Ͷ͵Εɼ
ΰʖϞ͵ʹϕϫήϧϞΝࣙ༟ͶࡠΗΖΓ͑Ͷ͵ΖͶͺɼΉͫΉͫଡ͚՟ୌ͗ͮͱ͏
ΖΓ͑Ͷ͓ࢧΖɽ  

2.3. �� ೖͲ �  ॽΝಣΊश͓Ζ

হͲ়ղͪ͢ 3 ॽΝ 10 ೖͲಣΊश͓ͪɽ͵ͧɼ10 ೖͳ͏͑ݸΝઅఈͪ͢
͖Ͷͯ͏ͱͺɼ3 ೖ͖Δ 1 ुؔͲಣΊश͓Ζͺɼ͙ͤͱනΝ͵ͩΖͫ͜Ͷ͵ΖՆ
͍͗ΖɽΉͪɼ1 ͖݆͖͜ͱಣͲͺɼͲݑͶ͵ΖՆ͍͗Ζͳ͖͓ͪߡΔ
Ͳ͍ΖɽҐԾͶɼ10 ೖͲ 3 Όͱɼන͕̏Γ;නΝؔغΝɼ६ඍىॽΝಣΞͫ
̐ͶΉͳΌͪɽ  

න̏ʁ६ඍؔغ  

ೖ  ىಊߨ   

2020 ೧ 2 ݆ 7 ೖ (ۜ) ঋॽవ(್ٸవ)Ͷͱ 3 ຌ߬  

2020 ೧ 2 ݆ 8 ೖ (ౖ) Pythonista3 Ν apple store Ͳ߬  

2020 ೧ 2 ݆ 10 ೖ(ೖ) Python3.8.1 Ν PC Ͷϱηφʖϩ  

 

হͲ়ղͪ͢ 3 ॽΝ 10 ೖͲಣΊश͓ͪɽ͵ͧɼ10 ೖͳ͏͑ݸΝઅఈͪ͢
͖Ͷͯ͏ͱͺɼ3 ೖ͖Δ 1 ुؔͲಣΊश͓Ζͺɼ͙ͤͱනΝ͵ͩΖͫ͜Ͷ͵ΖՆ
͍͗ΖɽΉͪɼ1 ͖݆͖͜ͱಣͲͺɼͲݑͶ͵ΖՆ͍͗Ζͳ͖͓ͪߡΔ
Ͳ͍ΖɽҐԾͶɼ10 ೖͲ 3 Όͱɼන͕̏Γ;නΝؔغΝɼ६ඍىॽΝಣΞͫ
̐ͶΉͳΌͪɽ  
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න̐ʁಣॽى* 

ೖ ఖ   [1] ͏ͬͻΞΏ͢͠͏ [2] κϫ͖ΔΏ͚͢͠ [3] 

1 ೖ  ητʖζ 1ʛητʖζ 15 ʗ ʗ 

2 ೖ   Chap. 1ʛChap. 4  

3 ೖ  ʗ Chap. 5 ʗ 

4 ೖ  ʗ Chap. 6 ʗ 

5 ೖ  ʗ Chap. 7ʛChap. 8 ʗ 

6 ೖ  ʗ Chap. 9ʛChap. 10 ʗ 

7 ೖ  ʗ ʗ Chap. 1ʛChap. 2 

8 ೖ  ʗ ʗ Chap. 3ʛChap. 4 

9 ೖ  ʗ ʗ Chap. 5ʛChap. 6 

10 ೖ ʗ ʗ Chap. 7 

*3 ຌΝɼ1 ೖͶ 1 ɼ2 ೖ͖Δ 6 ೖͲ 2 ɼ7 ೖ͖Δ 10 ೖͲ 3 Ν
ಣΊ͕͓ͪɽ͵͕ɼ[1]ͺ Python ɼ[2]ͺκϫ͖ΔΏ͚͢͠ͺͣΌΖ Python ɼ
[3]ͺκϫ͖ΔΏ͚͢͠ͺͣΌΖ Python Νྲྀ͢ͱ͏Ζɽ1 ೖʁ2 ݆ 12 ೖɼ2 ೖʁ
2 ݆ 14 ೖɼ3 ೖʁ2 ݆ 15 ೖɼ4 ೖʁ2 ݆ 17 ೖɼ5 ೖʁ2 ݆ 19 ೖɼ6 ೖʁ2 ݆ 20

ೖɼ7 ೖʁ2 ݆ 22 ೖɼ8 ೖʁ2 ݆ 23 ೖɼ9 ೖʁ2 ݆ 24 ೖɼ10 ೖʁ2 ݆ 25 ೖͲ͍
Ζɽ  

 

ຌΝಢसͤΖͳͳͶɼΨϨζψϩ͵ΰʖϞϕϫήϧϝϱήͶேકͪ͢ɽPCگ ͳܠଵ
ʤiPhoneɼiPadʥͲ͕͞͵ͮͪΰʖϞϕϫήϧϝϱήࣰભգఖΝන 3 ͶΉͳΌͪɽ
͵͕ɼॵΌஊͺɼگຌͶͪ͗ͮͪ͢ϕϫήϧϝϱήָस಼༲ͳΨϨζψϩ͵ΰʖϞ
ϕϫήϧϝϱή͗Ψʖώʖϧρϕ͢ͱ͏ͪɽࣰભͪ͢ϕϫήϧϝϱήͶͯ͏ͱɼࡠͪ͢
ϕϫήϧϞΝࣖ͢͵͗Δɼන̑ىΝึͮͱ͏͚ɽ͞ஊͲͺɼϕϫήϧϝϱήٗढ़
ͳ͖ΕΏͤ͠ʤॵৼं͚͗ͯΕΏͤ͠Ͷ఼॑Ν͕͏ͱ͏ΖͲɼ_main()_ͳ͏͑Γ͑͵
ΗΖϕϫήϧϞͶ͵ͮͱ͏ΖɽʥͶ఼॑Ν͕͏ͱ͏͠ߨΕ๏Ͷ͢ͱ͏͵͏ɽ͖ΔॳͶࣰࡠ
Ζɽ۫ ରద͵ೖఖͳ಼༲ͺɼҐԾ௪ΕͲ͍Ζɽ2 ݆ 19 ೖʁ͕Ί͚ͣϕϫήϧϞΝ͚ͯΖɽ
Python ʤDay5 Stage17 ͶɼʗϏλϱͲ͕Ί͚ͣΝ͚ͯΘ͑ʗ1 ೖ(2 ݆ 12 ೖ)ʥ
Ͷͪࣇ͍ͮͪʤ2 ݆ 27 ೖͶ͗ـ͚ʥɽཛྷ਼Ν͖͕ͯͮͪΊ͚ͣϕϫήϧϞϨη
φΝ̏ϕϫήϧϞ̏ʛ̑Ͷͦࡎͱ͕͚ɽϕϫήϧϞ͖̏Δ̑ͺɼϕϫήϧϞ਼ߨΝ
͚݁؈Ͷ͵ΖΓ͑Ͷͪͫ͢͜ͲɼಋͣಊࡠΝͤΖϕϫήϧϞͲ͍Ζɽ͵͕ɼॵৼंͺɼ
Ͳ͍״ଡ͚͵ͮͱɼ͖ΕΏ͚ͤϕϫήϧϝϱήͪ͢๏͗ྒྷ͏ͳͫΘ͑ͳ͏਼͑͗ߨ
Ζɽ  

સରͳ͢ͱɼh Ώ͢͠͏ॽͺɼॵৼंͶ༑͚͢͵͏ɽɦ ͳ͏͑һেͲ͍ΖɽΉͪɼ͞
͞Ͳ͍ͪ͝ 3 ͳ͵ΖຌͶͯ͏ͱफ़΄ͱ͕͚ɽߡࢂͶɼޛຌΝಣΊश͓ͪگ
Python3[4]ͺɼC Ͷ͕͜ΖηνϱξʖχͲ͍ΖΩʖωύϱˏϨροʖຌ[18]ͶଲԢޢݶ
͢ɼࣛॽదͶϜωϣΠϩదͶ͓࢘ΖɽΉͪɼঙ͢Ξͫॽͳ͢ͱɼಅྰࢃஸຌ
[19] ͗ྒྷ͏ͫΘ͑ɽࠖͮͪͳ͘ϱνʖϋρφͲ͢ࡩݗɼඉͶༀཱིͮͪ HomePage 
಼༲ΝΉͳΌͱຌͶͪ͢Ͳ͍Ζɽ   
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න̑ʁϕϫήϧϝϱήࣰભฦ  

ೖ  PC Python 3.8.1 (Anaconda) iPad & iPhone  Pythonista 3 

2݆ 19ೖ  ͕Ί͚ͣϕϫήϧϞ  ͕Ί͚ͣϕϫήϧϞ  

2݆ 20ೖ
ʛ 

2݆ 28ೖ  

ήϧϓΡρέ࿇स  

TKinter Νͮ࢘ͱΊΖ  

Turtle Graphics Ν͑࢘  

ήϧϓΡρέ࿇स  

Examples(Game Tutorial)ΝΊΖ  

Turtle Graphics Ν͑࢘  

3 ݆ 1 ೖ  έϧη ট࿇सܩ   

3 ݆ 2 ೖ  ؾ࠸ఈٝேક    

3 ݆ 4 ೖ  Ωϱφʖϩɼαρϙॄ  

ϓϧένϩਦܙ    

3 ݆ 5 ೖ ϓϧένϩਦܙ     

3 ݆ 3 ೖ ηΫʖϕϫήϧϞ࢟  ηΫʖϕϫήϧϞ࢟  

3 ݆ 6 ೖ ηΫʖΰʖϞ  

(ΫʖϚʖχྙαϱφϫʖϩ)   

 

3 ݆ 9 ೖ  ηΫʖΰʖϞ  

(Յଐౕιϱγʖαϱφϫʖϩ)   

3. 3\WKRQ ϕϫήϧϝϱήͶேક 

10 ೖͲگຌָसΝश͓ͪͬɼگຌ͖ΔҲ୶ΗɼಢࣙͶඵժϕϫήϧϞͶேકͪ͢ɽ
Ռָճ͘͵τʖϜͲ͍ΖʰժʱͶؖ࿊͢ͱɼPythonܙ Ͷ಼ใ͠Ηͱ͏Ζ Turtle 

Graphics ٶ; tkinter Νͮ࢘ͱ͕ֈඵ͘ΝͤΖɽ  

 దΠϩβϨθϞؾ࠸ .3.1

Python Νͮ࢘ͱɼࣙΔΝݼ;ड़ͤߑଆΝͮͪؾ࠸దΠϩβϨθϞΝ͓ߡΓ͑ɽؾ࠸ద
ΠϩβϨθϞͺɼ3 ຌͲͺखΕѽΚΗͱ͕ΔͥɼॵΌͱซ͚ͳೋͨ͑͢Ͷซ͓͞Ζگ
͖͢Η͵͏ɽ͖͢͢ɼؾ࠸దΠϩβϨθϞͺɼࢋܯΏϓϧένϩਦܙඵժͶ࢘
ΚΗΖɽ͵͕ɼϓϧένϩਦܙͺɼαρϙۄતΏϘϱϫʖθνϩ͗ܙՌָճࢿනࢶ
ͳ͢ͱ࢘ΚΗͱ͏Ζɽ  

Γ͑ɽ͓̿ߡΝࢋܯୱͲࣰ͖ͯ༽ద͵ྭͳ͢ͱɼ؈ͪͮ࢘ఈٝΝؾ࠸ॵͶɼ࠹
ͺɼnʄ �Qʹ�Qʷ1)ʄͲఈٝ͠ΗΖΓ͑Ͷɼnʄͺؾ࠸దͶ͠ࢋܯΗΖɽ͞ ΗΝ Python

Ͳॽ͏ͱΊΖͳɼ  

1  def kaijyou(n) : 

2      total = 1 

3      if 1 > n : 

4          return total 

5      return n * kaijyou( n t 1 ) 

਼ؖͳ͢ͱॽ͜Ζɽ਼ؖߨ̓ͪͮͪ kaijyou() Ͳɼ5 ड़͢;ݼͲɼkaijyou()Νߨ
ͱ͏Ζ͖͗Ζɽ਼ؖͲࣙࣙਐΝݼ;ड़͢ͱ͕Εɼؾ࠸దͶॽ͚͞ͳ͗Ͳͪ͘ɽ  

Νඵ͏ͱΊܙਦ͵(self-similar)ࣇ૮ހͱɼࣙͮ࢘Ν(recursive function)਼ؖؾ࠸Ͷɼ࣏
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Γ͑ɽਦ̑ͺɼ਼ؖؾ࠸Νͮ࢘ͱඵ͏ͪɼΩϱφʖϩॄ(Cantor Set)ͳαρϙۄત(Koch 

Curve)Ͳ͍ΖɽϓϧένϩشՁָͲɼΓ͚எΔΗͪਦ͗ܙඵͪ͜ɽΩϱφʖϩॄ(Cantor 

Set)ͳαρϙۄત(Koch Curve)Νඵ͚ϕϫήϧϞΝ 1ϕϫήϧϞ 4Ͷࣖͤɽ͵ ͕ɼIDLE 

Ͳ Python Shell Νཱིͬ͝ͱ Help  Turtle Demo ΝમͳɼChaosʤLogistic ࣺΝ
ͬ͏ͪ ChaosʥɼFractalɼPenrose tiling ͵ʹυϠΝֺ͢͞ͳ͗Ͳ͘Ζɽ  

 

 

ਦ̑ʁϓϧένϩਦܙʁa) αρϙۄત(Koch curve)ɼb) Ωϱφʖϩॄ(Cantor Set)ɽ  

4. 3\WKRQ ϕϫήϧϝϱήͶேક 

 దΠϩβϨθϞؾ࠸ .4.1

Pythonista3 Νཤ༽͢ͱɼiPhoneˏ iPad Ͳ Python ϕϫήϧϝϱήΝ͕͞͵ͮͪɽ͵
͕ɼPythonista3 ͺɼPython̐ͳ Python̑Νγϛʖφ͢ͱ͏Ζ͗ɼ͞ ͞ͲͺɼPython̑(ver, 

3.6)Νͪͮ࢘ɽΉͪɼPythonista3 ಝҲͯͺɼ iPhone (iPad)֦झιϱγʖΝ͓࢘
ΖϧϔϧϨΝγϛʖφ͢ͱ͏Ζ͞ͳͲ͍Ζɽ͞ཤ఼Νਫ਼͖ͤͳɼଡ༹͵ϕϫήϧϞ͗
ࡠͲ͘Ζɽ  

͞͞Ͳͺɼ iPhone (iPad)ՅଐౕιϱγʖΝͪͮ࢘ΰʖϞΝͪͮࡠɽΉͥɼ import 

motion ͲϧϔϧϨΝಣΊࠒ͞ͳͶΓΕɼmotion.get_gravity()Ͳ(x, y, z)॑ྙΝܯ
Ͳ͘ΖΓ͑Ͷ͵Ζɽқ͢͵͜Ηͻ͵Δ͵͏ͺɼmotion.start_updates()ͳ͢ͱ͕͖͵͏
ͳɼܯΝ࢟ΌΔΗ͵͏͞ͳͲ͍Ζɽਦ 4 ͶɼηΫʖΰʖϞ͗ಊ͢ࡠͱ͏ΖྭΝࣖͤɽΉ
ͥɼϪϗϩΝ͖̏̐ͶΓͮͱમͳΰʖϞ͗ηνʖφͤΖɽͨ͢ͱɼiPhone Νܑ͜Ζ͞ͳ
ͶΓͮͱɼηΫʖϢʖΝࠪӊͶҢಊͦ͠Ζɽηνʖφஏ఼͖ΔβʖϩϧϱͶࢺΖΉͲ
ؔͶɼϜʖέΝ௪ΖͳɼϛϱφΝΰρφͲ͘Ζͳ͏͑ΰʖϞͲ͍Ζɽ 
 

D� 

E� 
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ਦ̒ʁηΫʖΰʖϞࣰྭߨΝ 2 ྭࣖͤɽa)ɼc)Ͷ Turtle Graphics ड़ྙΝɼb)ɼd)Ͷ Console

ड़ྙΝࣖͤɽ  

5. ͕ΚΕͶ 

60 ͮ͵Ν͕͞ڂݜྭࣆΝָ͞ͳ͗Ͳ͘Ζ͖ޢݶΝ͓ͱ͢͏ϕϫήϧϝϱήࡂ
ͪɽPython ͶॵΌͱৰΗͱɼʹ ͚Δ͏ؔغͲΰʖϞϕϫήϧϞ͚͗ͯΗΖ͖Ͷேક͢
ͪɽ͠ͱɼऑ೧ंͳ߶ྺंͶ͘͵ࠫͺ͍ΖͫΘ͖͑ʃऑ͏ָਫ਼͗ Python ΝʹΓ͑
ͶͳΔ͓ͱ͏Ζ͖ΝஎΖͪΌɼָਫ਼͕Γ;ָӅਫ਼ΝଲেͶ Python ͶؖͤΖΠϱίʖ
φࠬΝ͕͞͵ͮͪɽָਫ਼ Python ͶଲͤΖָसয়ڱΝஎΖ͞ͳ͗Ͳ͘ɼ͠ΔͶ͢͏
ϕϫήϧϞޢݶͶखΕૌͳ͘Ͷɼ߶ྺंͳऑ೧ंؔͶࠫҡ͍͗Ζ͖ʹ͖͑ΝΔ͖Ͷ
Ͳ͘ΖՆ͍Ζɽ  

ෳҬָָ෨ؽփʀεητϞָՌඉતܙՌָ࣪ڂݜָ෨ָਫ਼ͳָӅਫ਼Νଲে
Ͷ 2020 ೧ 5 ݆ 11 ೖͶϕϫήϧϝϱήͶؖͤΖΠϱίʖφࠬΝ͕͞͵ͮͪɽΠϱίʖφ
಼༲ͺɼPython ΝৼͶ͘͵ϕϫήϧϝϱήޢݶΏՁΝͪ͢͏͖ͶؖͤΖͲ͍Ζɽ
ઝ״αϫψΤΡϩηܗͱ͏Ζɽ͵͕ɼ͢ࡎܟΠϱίʖφͺɼ̐ͳ͢ͱࡏࣰ
ʤCOVID-19ʥͪΌɼGoogle Classroom ղ͢ͱΠϱίʖφࠬΝࣰͪ͢ࢬɽΠϱίʖφ
݃ՎͺɼϋρφΝཤ༽͢ͱ PDF ϓΟϩͶ͢ͱశϓΟϩͳ͢ͱɼϟʖϩͲૻͮͱ
Δ͏ɼյफͪ͢(5 ݆ 11 ೖ 6 ਕɼ12 ೖ 1 ਕɼ13 ೖ 6 ਕɼ14 ೖ 2 ਕɼ15 ೖ 1 ਕ)ɽؽփʀ
εητϞָՌ 4 ೧ਫ਼ 8 ਕɼஎεητϞָߊָӅਫ਼ 1 ೧ਫ਼ 3 ਕɼ2 ೧ਫ਼ 5 ਕ
 16 ਕָࢢਫ਼͖ΔյΝಚΖ͞ͳ͗Ͳͪ͘ɽΠϱίʖφॄ݃ܯՎΝන̒Ͷࣖͤɽ  

Πϱίʖφ͖Δ Python ͶؖͤΖ͗ັڷඉͶ߶͏͞ͳ͖͗ΖɽΠϱίʖφͶ͢ྙڢ
ͱ͚Ηָͪਫ਼સҽ͗ Python Νห͏ͪ͢کͳ͓ͱ͏ΖɽΉͪɼΆͳΞʹָਫ਼͗ Python

ͲϕϫήϧϞͪ͢ݩܨΝͮͱ͏ͪɽ͵͕ɼෳҬָָ෨ؽփʀεητϞָՌͲͺࣰ
ΏԍसͲݩ Python Νͮ࢘ͱ͏ΖɽҲൢదͶɼસࠅָ෨ͲɼC ;Γ͕ޢݶ Python ͺद
எʱͶؖ͢ͱͺɼͽͳͯͶยͮͱ͏͵͖ͮͪ͗ʰਕັڷΉΗͱ͏Ζɽָਫ਼ࠒͶૌΊۂ
ʰਕؔʱh ΰʖϞʱͶൔ਼Ґָਫ਼͗ັڷΝͮ࣍ͱ͏Ζ͞ͳ͖͗Ζɽ͞ΗΔ
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ͲɼPython ͗Γ͚࢘ΚΗͱ͏Ζ͞ͳਕـཀྵ༟͖͢Η͵͏ɽ  

න̑ʁϕϫήϧϝϱήͶؖͤΖΠϱίʖφॄܯ* 

࣯  յ  

̏Python ݩܨ ͍Ζ 15(8) ͵͏ 1(0) ʗ 

̐ϕϫήϧϝϱήͺ
 Ͳ͖ͤ͘

ͺ͏ 13(6) ͏͏͓  0(0) 
ʹͬΔͳ͏͓͵͏
3(2) 

ϕϫήϧϝ͵̑͘
ϱήޢݶ 

C 3(1) JAVA 1(1) Python 10(4) 

C++ 0(0) ͨଠ  2(2ʥ[಼༃ʁSwift 1ɾMatlab 1] 

̒ห͏ͪ͢کϕϫή
ϧϝϱήޢݶ 

C 0(0) JAVA 0(0) Python 16(8) 

C++ 0(0) ͨଠ  0(0) ͵͏ 0(0) 

ଵͲϕϫήܠ̓
ϧϝϱήΝͪ͢͏͖ 

ͪ͢͏  5(3) ͚ͪ͢͵͏  6(3) Κ͖Δ͵͏  5(2) 

 Ζ͍ັڷ̔

(਼Ն) 

ϫϚρφ(5)5 ޜ ਕஎ 15(8) Web ΠϕϨ  6(4) 

ਕؔ 8(4) ΰʖϞ  9(4) ͵͢ 0(0) 

*Ωρα಼ͺӅਫ਼ਕ਼  
 

60 Python ͺɼඉͶޢݶ͵ྙکॴཀྵͶؖͤΖ਼ؖ͵ʹ༙͢ͱ͏Ζ[4][19]ɽͨΗΑ͓ɼ
ͨઞࡑྙΝӀ͘ड़ͨ͑ͳͤΖͳʤ༹ʓ͵਼ؖ͵ʹΝ͕͑࢘ͳͤΖͳʥɼ݀ ͢ͱ༑͢͏ϕ
ϫήϧϝϱήޢݶ ͳ͓ݶ͵͏Ն͍͗ΖɽC Άְ͓͑͗Ζ͞ͳ͗ঙ͵͏ɽ2ʹ͵ޢݶ

ͯޢݶηνϱξʖχ͵ຌɼΩʖωύϱˏϨροʖ C ຌ[18]ͳޢݶ Python3[4]
ຌ͠ΝർֳͤΖͳ͖ΖɽٱͶɼPython ͺ਼ؖΏϧϔϧϨ͗ैࣰ͢ͱ͏ΖͲɼҲ
୶ɼཀྵմͤΗͻֺ͖͢Η͵͏ɽ͞Ηͺɼ਼ؖΏϧϔϧϨΝ͞͏࢘͵ͤͶ͖͖͗ؔ࣎
Ζ͞ͳΝқັͤΖɽ  

τʖڂݜ͵ՌָճͶ͕͏ͱɼժॴཀྵɼϏνʖϱࣟͺɼָճઅཱིॵ͖Δ͘ܙ
ϜͲ͍ΖɽPython ͺɼժॴཀྵΏϏνʖϱࣟͶɼ͵ϧϔϧϨΝ༙͢ͱ͏Ζɽໃྋ
Ͳ͍Ζ͘͵ಝͲ͍ΕɼॵغαηφΝචགྷͳָͦͥसΝ࢟ΌΔΗΖɽॵิϪϗϩ
ॽͲ͓͠ɼժॴཀྵΝରݩͲ͘Ζ[6]ɽ࣏ͶɼPython Ͷঙ͢ΗͪΔಣͳപ͏ຌ
Ͷͯ͏ͱफ़΄ΖɽࡑݳɼPython ͗͠Ηͱ͏ΖͺɼAI ͳؖ࿊͗͏ͪΌͲ͍Ζɽ
AIɼಝͶɼDeep Learning Ͷ͕͏ͱͺ Python͗ηνϱξʖχͶ͵ͮͱ͏Ζ[20][21]ɽ
Python ͳ Deep Learning Νห͢کͱΊͪ͏ͳͪͮࢧ๏Ͷͺɼࡊ౽ஸʁκϫ͖ΔࡠΖ Deep 

Learning[20]ΝપΌΖɽ࠹ఁݸ Python स͖Δ࢟ΉΕɼܙՌָճकགྷ͵τʖϜ
ҲͯͲ͍ΖժࣟͶؖ͢ͱɼϏʖιϕφϫϱ͖Δωϣʖϧϩϋρφϭʖέͳմઈ͢
ͱ͏ΖɽͯΉͥ͘Ώͤ͏ͳ͞ΘΝೣͶึ͏͵͗Δɼ͖Εҝ͚ཀྵմͲ͘ΖΓ͑Ͷ͠
Ηͱ͏Ζɽࡑݳɼܠଵ͓͍͠ΗͻɼPC ͗͵͚ͱ Python ϕϫήϧϝϱήͶேકͲ
͘ΖΊ͵Δͥɼָस͵ʹΝରݩͲ͘ΖɽGoogle Colaboratory [22]Ώ Sony  Neural 

Network Console[23]ͺɼPython ͲϧϔϧϨΝ͏࢘ Web ͲָसΝࣰߨͲ͘ΖΠϕ
ϨίʖεϥϱͲ͍Ζɽ͞ΗΔͶΓͮͱɼPython ͕Γ;ؽփָसΏ Deep Learning Νָ
͘͢͏͗ఁ͚͵ͮͱ͘ͱ͏Ζ͞ͳͺັڷ͏͞ͳͲ͍Ζɽ  

Ґɼ60 Νӿ͓ͱࡂ 10 ೖͲ Python ͲΰʖϞΝࡠΗΖΓ͑Ͷ͵Ζ͖ɼ͕Γ;گຌಢ
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सͶΓΖָसգఖྭࣆΝࣖͤ͞ͳ͗Ͳͪ͘ɽΉͪɼ20 ೖ༪ΕͲɼιϱγʖ͵ʹΝͪͮ࢘
ຌ֪ద͵ΰʖϞΝࡠͲ͘ΖΓ͑Ͷ͵ͮͪྭࣆΝࣖͦͪɽࡑݳɼܗαϫψΤΡϩη״ઝ
ՔॶҟͲɼࣙۊແ͗ਬও͠Ηͱ͏ΖɽҲൢదͶࡂΝͳΖͳͳͶ͢͏͞ͳͶேક
ͤΖ͞ͳ͗ۦघͶ͵ͮͱ͚Ζ͗ɼࣙۊແཤ఼Νਫ਼͖͢ɼ͢͏͞ͳͶேકͤΖοϡϱ
η͖͢Η͵͏ɽޛ࠹Ͷɼຌ͗ڂݜɼ͚͢ϕϫήϧϝϱήޢݶͶேક͢Γ͑ͳͤΖ๏ʓ
ϐϱφͶ͵Ζ͞ͳΝغଶͤΖɽ  

ःࣛ 

ຌڂݜΝ͕͞͵͑Ͳ༙ӻ͵٠Ν͢ͱ͚ͫͮͪ͠∃ీभधگद͕Γ;ΠϱίʖφͶ
Ͷɼޛ࠹ः͏ͪ͢Ήͤɽ״ϟϱώʖͶ࣪ڂݜՌָܙ෨ඉતָͱ͚ΗͪෳҬָ͢ྙڢ
ชΝրఙͤΖͲ༙ӻ͵αϟϱφΝ͚ͫͮͪࠬ͠ಣं͕Γ;ฦॄंੁӞࢱ߄Ͷ״ः
͏ͪ͢Ήͤɽ  
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̏  Python ϕϫήϧϞϨηφ  

ʴʵՁ࣎ϕϫήϧϞ͖͖͗ͪ͗͢ΖΓ͑ͶɼϕϫήϧϞ໌ӊวͶೖ͗࣎
͵Ηͱ͏Ζɽ͠ى ͕ɼϕϫήϧϞ 5 ηΫʖΰʖϞͺ iPhone(iPad)Pythonista 3 ༽Ͳ͍Ζɽ 

ϕϫήϧϞ̏  

# ͕Ί͚ͣ  2020 ೧ 2 ݆ 19 ೖ 

from random import * 

ofuda = ['٤' ,'٤', 'ঘ٤', '٤ ڡ' ,' ', 'ڡ'] 

print('ࠕೖӣͺ ', end=' ') 

dice = 6 * random()  

print(ofuda[int(dice)], end=' ') 

print('Ͳͤɽ ') 

 

ϕϫήϧϞ 2 ϕϫήϧϞ 1 Ν݁؈Ͷॽ͏ͪ 

from random import * 

ofuda = ['٤' ,'٤', 'ঘ٤', '٤ ڡ' ,' ', 'ڡ'] 

print('ࠕೖӣͺ ', + choice(ofuda) +'Ͳͤɽ ') 

 

ϕϫήϧϞ̑ ϕϫήϧϞ 1 Ν 2 Ͷॽ͏ͪ݁؈Ͳߨ  

from random import * 

print('ࠕೖӣͺ{}Ͳͤɽ '.format(choice(['٤ ', '٤ ', 'ঘ٤', '٤ ڡ' ,' ', 'ڡ']))) 

 

ϕϫήϧϞ̒  

# Ωϱφʖϩॄ αρϙۄત 2020 ೧ 3 ݆ 4 ೖ  

import turtle  

 

def moveturtle(x, y): 

 turtle.penup() 

 turtle.goto(x,y) 

 turtle.pendown() 

 

def koch(length1, n): 

 if n == 0 : 

  turtle.forward(length1)     

 else: 

  koch(length1/3, n - 1) 

  turtle.left(60) 

  koch(length1/3, n - 1) 

  turtle.right(120) 

  koch(length1/3, n - 1) 

  turtle.left(60) 

  koch(length1/3, n - 1) 
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def cantor(length2, n): 

 if n < 1 : 

  turtle.forward(length2) 

 else: 

  cantor(length2/3, n - 1) 

  turtle.penup() 

  turtle.forward(length2/3) 

  turtle.pendown() 

  cantor(length2/3, n - 1) 

 

turtle.setup(400, 300) 

turtle.speed(0) 

turtle.hideturtle() 

 

turtle.color('blue') 

moveturtle(-150, 0) 

 

koch(300, 5) 

 

turtle.width(2) 

turtle.color('black') 

moveturtle(-150, -75) 

     

cantor(300, 5) 

 

ϕϫήϧϞ̓ʤiPad ༽ηΫʖ  ιϱγʖ॑ྙՅଐౕ࢘༽ʥ  

# ηΫʖηϧϫʖϞ  2020 ೧ 3 ݆ 3 ೖ (րྒྷ  3 ݆ 9 ೖ) 

import motion 

import sound 

import turtle  

import time 

 

def moveP(x, y): 

 turtle.penup() 

 turtle.goto(x, y) 

 turtle.pendown() 

 

turtle.setup(600, 500) # ήϧϓΡρέγθΝ͘ΌΖ  

turtle.speed(500) 
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# Drawing Goal Line 

turtle.color('green') 

moveP(-200, -150)     

turtle.goto(200, -150) 

 

# Define the position and color of targets 

target ={1:(0, 100), 2:(50, 10), 3:(-30, -50), 4:(-70,-120)} 

turtle.color('red') 

 

for i in range(4): 

  x = target[i+1][0]  

  y = target[i+1][1] 

  moveP(x,y) 

  turtle.begin_fill() 

  turtle.circle(5) 

  turtle.end_fill() 

 

turtle.color('blue') 

turtle.speed(8) # speed(6)͖ speed(9)͚Δ͏͗న ͨΗҐͫͳඵժ͗ؔͶΚ͵͏  

turtle.right(90) # turtle (һ) Ν͘ͶͤΖ  

 

# Starting position (0, 150) 

x = 0 

y = 150 

moveP(x, y) 

turtle.dot(1) 

 

# Select game level 

gamelevel = 1 

print('Select the game level. 1 = easy or 2 = hard')  

gamelevelstring = input() 

gamelevel = int(gamelevelstring) 

 

if gamelevel != 2: gamelevel = 1 

 

dx = 0 

score = 0 

motion.start_updates() # ͞αϜϱχ͗͵͏ͳɼmotion.get_gravity()ً͗ಊ͢͵͏  

sound.play_effect('arcade:Coin_4') 

 

while y > - 150: 
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 time.sleep(0.01) # ֶؔؔ࣎ භୱҒ 0.1 භಊͤࡠΖΓ͑ͫ  3 ݆ 7 ೖ 

 command = 's' # ͞͞Ͳɼร਼ command Νఈٝ͢ͱ͕͖͵͏ͳɼNameError ͗
ਫ਼ 

 gravity = 10 * motion.get_gravity() # gravity = (x, y, z) ͳ͵ͮͱ͏Ζ gravity[1]

 Ͳ x αϱϛʖφΝ࢘༽  

 

 if gravity[1] > 0.2   : command = 'l'  

 if gravity[1] < - 0.2 : command = 'r' 

  

 if 's' in command : dx = 0 

 if 'l' in command : dx = - 2 

 if 'r' in command : dx = 2 

  

 y -= 1 

 x += dx 

 turtle.goto(x, y)   # Player Ңಊ  

  

 for i in range(4):  # Checking touch the targets  

  xtmp = target[i+1][0] 

  ytmp = target[i+1][1] 

  rr = (x - xtmp)**2 + (y - ytmp)**2 

  if rr < (10 / gamelevel) : 

   sound.play_effect('arcade:Coin_4') 

   score += 100 * gamelevel 

   

sound.play_effect('arcade:Explosion_3') # End of game.  

print('Game Level =', gamelevel,'Score =', score) 

  



 

t 74 t 
 

̐  

ϕϫήϧϝϱήޢݶͶؖ͢ͱ  
೧  ݆  ೖ  

พʤ   ʀ ঃ ʥ  

೧ྺ        ࡂ  

     

ΠϱίʖφͶ͢͏ب͕ྙڢΉͤɽ ʤ˚ͶοΥρέ͢ͱ͚ͫ͠͏ʥ 
 

1. Python Νͮ࢘ͱϕϫήϧϝϱήͪ͢͞ͳ͍͗ΕΉ͖ͤʃ 

    ͏͵ ˚   Ζ͍ ڧ

 

2. ϕϫήϧϝϱήͺ͘Ͳ͖ͤʃ 

͓͏͏ ˚   ͺ͏ ڧ    ˚ ʹͬΔͳ͏͓͵͏  

 

ͱ͚ͫ͠͏ɽ͓گΝҲͯޢݶϕϫήϧϝϱή͵͘ .3  

  ++C ˚ JAVA ˚ Python ˚ C ڧ

 ଠʤ      ʥͨ ڧ

 

4. ห͏ͪ͢کϕϫήϧϝϱήޢݶΝҲ͓ͯگͱ͚ͫ͠͏ɽ  

  ++C ˚ JAVA ˚ Python ˚ C ڧ

 ଠʤ      ʥͨ ڧ

  ͏͵ ڧ

 

 ଵͲϕϫήϧϝϱήΝͪ͢͏Ͳ͖ͤʃܠ .5

͏ͪ͢ ڧ   ˚ ͚ͪ͢͵͏  ˚ Κ͖Δ͵͏  

 

6. ҐԾͶࣖ͠ΗͪͲ͍͗ັڷΖΝ͓گͱ͚ͫ͠͏ʤ਼Նʥɽ  

ޜϫϚρφ ڧ   ̊  ਕஎ  ˚  Web ΠϕϨίʖεϥϱ  ˚  ਕ
ؔ  

ΰʖϞϕϫήϧϝϱή ڧ   ˚ ͵͢ 

 

 

 

ๅखΕѽ͏Ͷͯ͏ͱʁຌΠϱίʖφͲಚΔΗͪݺਕๅͶؖ͢ͱͺɾڂݜಊదΊͲ࢘༽

͢ɾ͟ຌਕಋқ͵͚ंࢀͶࣖʀͤڛΖ͞ͳͺ͏ͪ͢ΉͦΞɿ  
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t 75 t 

Colaboratory ͲܙՌָΝֺ͑͢ 
t  1 յ αρϙۄતΝඵ͏ͱΊΓ͑ t 

ฑీཾ߀ 
ෳҬָ ָӅڂݜָՌ எεητϞָߊ 

ˡ���ʷ���� ෳҬࢤชښ �  �ʷ� 
KLUDWD#X-IXNXL�DF�MS 

/HWbV�(QMR\�6FLHQFH�RQ�)RUP�E\�&RODERUDWR\ 
-�'UDZ�D�.RFK�&XUYH�- 

7DND\XNL�+LUDWD 
'HSDUWPHQW�RI�+XPDQ�	�$UWLILFLDO�,QWHOOLJHQW�6\VWHPV��)DFXOW\�RI�(QJLQHHULQJ�  

8QLYHUVLW\�RI�)XNXL���-�-��%XQN\R��)XNXL����-������-DSDQ� 
 

(2020 ೧ 8 ݆ 24 ೖणɾ2020 ೧ 8 ݆ 30 ೖणཀྵ) 

1. ͺͣΌͶ 

Python ͺɼࡑݳͮͳਕ͍͗ـΖϕϫήϧϝϱήޢݶͲ͍ΖɽΉͪɼϕϫήϧϝϱή
ॵৼंͶָस͗༲ҝ͵ϕϫήϧϝϱήޢݶͳ͢ͱஎΔΗͱ͏Ζɽ͖͢͢ɼαϱϒϣʖν
ͶΗ͵ॵৼंͶͳͮͱͺɼָसڧΝ͓ΖஊͲͯΉͥ͏ͱ͢Ή͖͑͢Η͵͏ɽ
ͨͪΌɼଡ͚ Python گຌͺɼϱηφʖϩͶ̏ͯহΝׄ͏ͱ͏Ζɽ͢ɼϱ
ηφʖϩͤΖ͞ͳ͵͚ɼͤ͛Ͷ Python Ν͓ͪ࢘Δɼϕϫήϧϝϱήύʖχϩ͗ఁ͚͵
ΖͫΘ͑ɽ  

Google ͗ͤڛΖ Colaboratory[1]ͺɼPC ͵ʹΝචགྷͳͦͥɼηϜʖφϓΧϱ͵ʹܠ
ଵ͍͗Ε Web ϘʖζͶΠέιη͓͠Ͳ͘Ηͻཤ༽Ͳ͘ΖɽColaboratory ͺɼJupyter 
Notebook ΝϗʖηͶ͢ͱ͕ΕɼؽփָसɼAIʤArtificial Intelligenceʥ͵ʹͶ༲ҝͶख
ΕૌΌΖΓ͑Ͷ͵ͮͱ͏Ζɽ͞͞ͲͺɼColaboratory Νͮ࢘ͱɼܙՌָപ͠Ν়ղ
ͤΖɽ  

2. &RODERUDWRU\ ͳͺ 

Colaboratory ͺɼ Web Ͳ Python Ν͓࢘ΖڧͲ͍Ζɽ Google ΠΩΤϱφ
ʤxxx@gmail.comʥΝͮͱ͕Ε Colaboratory  HomePage ͶΠέιη͓͠Ͳ͘Ηͻɼͤ
͛Ͷ͓࢘ΖΓ͑Ͷ͵Ζɽ͵͕ɼGoogle ΠΩΤϱφͺ؈ୱͶघͲ͘ΖͲɼͤͲͶͮ࣍ͱ
͕ΔΗΖ๏ଡ͏ͫΘ͑ɽΉͫɼGoogle ΠΩΤϱφΝͮͱ͏͵͏ಣंͺɼΉͥΠΩΤϱ
φΝघ͢Γ͑ɽ  
ͶɼColaboratory࣏  HomePageʤhttps://colab.research.google.com/ʥͶΠέιη͢

Γ͑ɽਦ 1 ͶࣖͤΓ͑͵ʰColaboratory Γ͑ͨ͞ʱϘʖζ͗ड़ͱ͚ΖͫΘ͑ɽ  
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ਦ̏ʁh Colaboratory Γ͑ͨ͞ʱ Web Ϙʖζɽ  

Colaboratory ͺͣΌͶͪ͗ͮ͢ͱɼColab όʖφϔρέΝͮ࢘ͱΊΖɽColab όʖφ
ϔρέͺɼPython αʖχΝىफ़͢ͱࣰߨͲ͘ΖڧͲ͍Ζɽਦ 1 αʖχιϩͲͺɼు
ͳ͢ͱ Python Νͮ࢘ͱ͏ΖɽҐԾͶͨྭΝݡͱΊΓ͑ɽ  

 
seconds_in_a_day = 24 * 60 * 60 

seconds_in_a_day  

 
 

1 Ͳร਼ߨ seconds_in_a_day Ͷ਼Νେ͢ɼ2 Ͳร਼ߨ seconds_in_a_day Νड़
ྙͦ͠ͱ͏Ζɽ  
 
ਦ̏Ծ෨Ͷ͍Ζ[  ]ҒͶϛϱνʖΝҢಊͦ͠ΖͳɼࣰߨϚνϱ⾥͗ࠪͶݳ

Ηͱ    ͳ͵ΖͲɼέϨρέͤΖ͞ͳͲࣰ͠ߨΗΖɽαʖχιϩͳ݃ࢋܯՎड़ྙΝࣖ
ͤɽ  

 

 
ਦ̐ʁ࠹ॵͶड़ͱ͚Ζαʖχιϩͳड़ྙྭɽ   
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Python ͺϧϔϧϨΝ import ͤΖ͞ͳͶΓΕɼήϧϓΡΩϩͶήϧϓΝඵ͚͞ͳ͗Ͳ
͘ΖɽͬΘΞɼColaboratory ժखΕѽ͓ΖɽPython ਼ࢋܯϧϔϧϨͲ͍Ζ
numpy Νͮ࢘ͱ݃ͪ͢ࢋܯՎΝɼmatplotlib Νͮ࢘ͱඵժͪ͢ήϧϓྭࣖ͠Ηͱ͏Ζɽ
ਦ̑ͶɼPython αʖχιϩͳड़ྙ෨Νൊ͘ड़ͪ͢Νࣖͤɽ  
 

 
ਦ̑ʁPython αʖχιϩͳήϧϓड़ྙɽ  

ਦ 3 Ծ෨ήϧϓͺཛྷ਼Νϕϫρφͪ͢Ͳ͍Ζɽnumpy ϧϔϧϨ random ؖ
਼ͶΓΕ 0 ͖Δ 100 ཛྷ਼Νਫ਼͢ɼʶ200 ώΠηΝՅ͓ͪΝ 100 Εϕϫ͚ͯݺ
ρφ͢ͱ͍Ζɽαʖχιϩ਼Νฦॄ͢ͱɼ͏Θ͏Θͳร͓ͱΊΓ͑ɽΉͥͺ͍Ή
Ε͵ΏΉͥɼΏͮͱΊΖ͞ͳͶΓΕΗΓ͑ɽϕϫήϧϝϱήָसͶ͕͏ͱͺɼݩܨ
ʰस͑ΓΕΗΓʱਈͲேકͤΖ͗ۛಕΓ͑͵ͤ͗ـΖɽ  
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3. αρϙۄતΝඵ͚ 

͠ͱɼColaboratory Νͮ࢘ͱʰܙՌָʱΝֺ͢ΞͲΊΓ͑ɽΉͥɼ͢͏αʖχιϩ
Ν६ඍͤΖʤਦ̒ࢂলʥɽ  
 

 
ਦ̒ʁ͘ड़͢( �ᄽᄾ)ͲαʖχιϩΝૢͤΖ༹ࢢΝઈ͢ͱ͏ΖɽતͲҕΉΗͱ͏Ζ෨͗
ͳࡠ Colaboratory ಊࡠͲ͍Ζɽ  

 
αʖχιϩͶɼ࣏ϕϫήϧϞΝେ͢Γ͑ɽ  
 
 

!pip install ColabTurtle 

import ColabTurtle.Turtle as turtle 

turtle.initializeTurtle() 

turtle.penup() 

turtle.goto(100,400) 

turtle.pendown() 

turtle.speed(10) # 1(slow) ± 10(fast) 
def koch(length1, n): 

  if n == 0 : 

    turtle.forward(int(length1))     # integer ࡿ࡞࣮࢚ࣛ࠸࡞ࡋ 

  else: 

    koch(length1/3, n - 1) 

    turtle.left(60) 

    koch(length1/3, n - 1) 

ԾͶαʖχιϩΝૢ  ʤέϨρέͤΖʥ 

͢͏αʖχιϩ͗ࡠΔΗͪ  
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    turtle.right(120) 

    koch(length1/3, n - 1) 

    turtle.left(60) 

    koch(length1/3, n - 1) 

     

turtle.right(90) 

koch(600,4) 

 
 

 
ਦ̓ʁαρϙۄતɽ  

ਦ̓ͺɼTurtle Graphics Νͮ࢘ͱɼαρϙۄતΝඵժͪ͢Ͳ͍Ζɽ͵ ͕ɼColaboratory
Ͳ Turtle Graphics Ν͓࢘ΖΓ͑ͶͤΖͪΌͶɼColabTurtle Ν import ͪ͢ɽ  
 
!pip install ColabTurtle 

import ColabTurtle.Turtle as turtle 

turtle.initializeTurtle() 
 
 
pip αϜϱχΝ͏࢘ى 3 ΖΓ͑Ͷ͢ͱ͏Ζɽ͓࢘ͲɼColabTurtle[2]ϧϔϧϨΝߨ
ColabTurtle ͺɼݸͺ͍Ζ Colaboratory Ͳ Turtle Graphics Ν͓࢘ΖΓ͑ͪ͢
Ͳ͍Ζ[2]ɽh ͕Ήͣ͵͏ʱͳ͓ߡͱΔͮͱΓ͏ͫΘ͑ɽ  
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লʥ͗ඵͪ͜ɽϕϫήϧϞΝঙͫ͢͜ࢂʤਦ̓ܙՌָճͲ͕͵ͣΊϓϧένϩਦܙ
մઈͤΖͳɼؾ࠸ఈٝΝͮ࢘ͱ਼ؖ koch(length1, n)Νఈٝ͢ͱ͏Ζɽ۫ରదͶͺɼ̒
େ(Ηߑࢢଆ͗̒)αρϙۄતΝ koch(600,4)ͳ͢ͱඵ͏ͱ͏Ζɽ͵͕ɼQˀ̓
ͶͤΖͳ͚͖ࡋ͵Ε͙ͤͱ͢Ή͑ɽ͏Θ͏Θͳ͢ࢾͱΊΓ͑ɽ  

Python ͺɼָ;Ώͤ͏ϕϫήϧϝϱήޢݶͲ͍Εʤྭ͓ͻɼ[3]ΝࢂলʥɼColaboratory
Ν͑࢘ͳͤ͛Ͷ࢟ΌΔΗΖɽͧͽɼηϜʖφϓΧϱ͵ʹͲֺ͢ΞͲͪ͜Δ͑ࢧɽ࣏յ͖
ΔΩΨηʀϓϧένϩ͵ʹ༹ʓ͵Ν়ղ͢ͱ͏͚ɽΉͪɼϕϫήϧϞͺܙՌָճ
HP ͖Δ download Ͳ͘ΖΓ͑ͶͤΖ༩ఈͲ͍Ζɽ  
 
ʤɹʥColaboratory  HomePage ͖ΔΫϡϕοϡʖͪ͢ਦ̏ʛ̓ͺɼຌཔΩϧʖͲ͍Ε
പࠉͲһͤࡰΖͳݡͶ͚͏͍͗ΕΉͤɽΩϧʖͲળͶ͏ͪݡͺɼColaboratory
 HomePage ͶΠέιη͢ͱ͚ͫ͠͏ɽɻ  

ःࣛ 

Ν܇نदɼָӅਫ਼߶گΝಣΞͲ༙ӻ͵αϟϱφΝ͢ͱ͚ͫͮͪ͠∃ీभधߚݬ
ͺͣΌͳͤΖෳҬָָӅڂݜָՌஎεητϞָߊඉતܙՌָ࣪ڂݜϟϱώ
ʖͶ״ः͏ͪ͢Ήͤɽ  

 ݛชߡࢂ
[1] Google Colaboratory https://colab.research.google.com/notebooks/intro.ipynb# 

[2] ColabTurtle https://github.com/tolgaatam/ColabTurtle 

[3] ฑీཾ߀ʁPython Ν࢟Όͱ̏0 ೖͲΰʖϞΝࡠΗΖΓ͑Ͷ͵Ζ͖ʷ͖̔̏ࡂΔ  
ேકʁ͖̎Δ࢟ΌΖ Python ProgrammingʷɾܙՌָճࢿʤ౦ߚʥ  

 


