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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. ຌ࿨ช͹໪ద 

Ͷ͕͏ͱ[1]ݛชߡࢂ , ජंͺඬ६ࣺ଀ͶଚͤࡑΖ್॑ଲসबٌغಕ͹੓࣯Ν٠࿨ͪ͢ . ್
॑ଲসबٌغಕΝಝ௅෉͜Ζ৿͢͏ଲ߻නݳΝ಍೘͢ , ৿͢͏ଲ߻නݳ͹େ਼ߑଆͳشՁָ
ద͵қັΝ໎Δ͖Ͷͪ͢ Ͷ࣏ . , ବԃ್॑ܗଲসबٌغಕ͗௪৙͹बغഔ෾زΝًͥ͞͠  

յ఺෾زΝًͤ͞ͳ͏͑৿͢͏෾ݳزেΝݡड़͢ , ෾ز͹੓࣯Νմ໎ͪ͢ . ଲ߻නݳ͹֨௃
Ν͏ߨ , ଲস੓ͨ͹΍͹͗बٌغಕ͹෾ݳزেΝ੏͢ݸͱ͏Ζ͞ͳΝࣖͪ͢ .  

2004 ೧Ͷජं౵ͺύʖϏʖࣺ଀  (Harper map)[2]͹ଲসबٌغಕ͹෾ྪͶؖͤΖๅࠄΝ
͖͢͢ .[3]ͪͮߨ , ଲসबٌغಕ͹੓࣯͹ݗ౾ͺߨΚ͵͖ͮͪ . ύʖϏʖࣺ଀Ͷͺ , ඬ६ࣺ
଀ͲଚͤࡑΖ್॑ଲসबٌغಕΓΕߍͶଲস੓͹߶͏॑࢝ଲসबٌغಕ͗ଚͤࡑΖ . ଲস੓
͗߶͚͵ͮͪ͞ͳ͗෾ݳزেͶʹ͹Γ͑͵ӪڻΝ΍ͪΔͤ͹ͫΘ͖͑ . ඬ६ࣺ଀͹್॑ଲস
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बٌغಕ͹੓࣯ΓΕߍͶັڷ਄͏੓࣯͗  ύʖϏʖࣺ଀͹ଲসबٌغಕͲ͖ͯݡΖ͹Ͳͺ͵
͏͖ͳغଶ͠ΗΖ . ࣺ଀ͺҡ͵Ζ͗ຌ࿨ช͹಼༲ͺߡࢂช[1]ݛ͹କ͘Ͳ͍Ζ .�  

ຌ࿨ชͲѽ͑φʖϧη໚  (Ͳ ൑ ݔ ൏ ǡߨʹ Ͳ ൑ ݕ ൏ ฯଚύ޴໚੷ฯଚ๏ٱͲఈٝ͠ΗͪՆ(ߨʹ
ʖϏʖࣺ଀  ܶ Ν়ղͤΖ .  

 ܶ� ׷ �� ௡ାଵݕ ൌ ௡ݕ ൅ ݂ሺݔ௡ሻ�ሺߨʹ��݀݋�ሻǡݔ���௡ାଵ ൌ ௡ݔ ൅ ݂ሺݕ௡ାଵሻ�ሺߨʹ��݀݋�ሻǤ ሺ1ሻ 

͞͞Ͳ , ݂ሺݔሻ ൌ Δ;Ͷ͵ ݔ���ܽ  ݂ሺݕሻ ൌ ͫͪ͢ .ݕ���ܽ , ܽ ൒ Ͳ. ජंͺ , ύʖϏʖࣺ଀͹Նٱ
੓Ͷؖৼ͍͗Ζ . ͨ͹ͪΌ ΍ଲস੓͗Γ͏࠹Ζࣺ଀ܶͳ͢ͱύʖϏʖࣺ଀͹஦Ͳ΍ͤ༼࢘ ,
৏ى͹ࣞܙΝཤ༽ͤΖ . Ϗϧϟʖν͗ܽͫ͜Ͳ͍Ζ͞ͳΓΕݳে͹ཀྵմ͗͢Ώͤ͏ .  

଴ܲ଴ ൌ ሺͲǡͲሻͳ ଵܲଵ ൌ ሺߨǡ ෈ಊ఼Ͳܗሻ͗γχϩߨ , ଵܳ଴ ൌ ሺߨǡ Ͳሻͳܳ଴ଵ ൌ ሺͲǡ ෈ಊ఼Ͳ͍ܗሻ͗ବԃߨ
Ζ . ͞ΗΔͺͲ ൏ ܽ ൏ ʹͲͺବԃܗͲ , ܽ ൐ ʹͲͺൕ఺Ν൒͑γχϩܗͲ͍Ζ . ବԃܗ෈ಊ఼ͺ
ܽ ൌ ʹͲबغഔ෾زΝًͤ͞ . φʖϧη໚Ͷ͕͜ΖٌಕΝਦ 1 Ͷඵ͏ͪ . बٌغಕͳଲসતΝ
Ώ͚ͤනࣖͤΖͪΌͶݡ , φʖϧη໚ΝͲ ൑ ݔ ൑ ǡߨʹ െߨ ൑ ݕ ൑ ͳͪ͢ߨ . 

 

 
ਦ 1ʁφʖϧη໚  (Ͳ ൑ ݔ ൑ ǡߨʹ െߨ ൑ ݕ ൑ Ͷ͕͜Ζٌಕ (ߨ . (a) ܽ ൌ ͲǤ͹ͷ. (b) ܽ ൌ ͳǤͷ. 
 
ࣺ଀ܶͺҐԾ͹Γ͑Ͷ࢝झ͹ଲ߻නݳͲىफ़͠ΗΖ . ଲ߻ͶΓΖ෾մΝܶ ൌ ௜ܪ ל ௜��ሺ݅ܩ ൌ

ͳǡʹǡ͵ǡͶሻͳॽ͚ . ͞͞Ͳלͺࣺ଀͹߻੔ߺىͲ͍Ζ ͢༼ࡠ௜Νܩ͹ӊଈ͹ߺى . ௜ΝܪͶࠪଈ͹࣏ ,
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 ൌ ൕ఺ࣺ଀Ͳ͍Ζ޴ͺ໚੷ฯଚͲ͍Ζ͗๏߻Ǥ. ଲ݀ܫ . ࣺ଀ܶͲͺร
Ͷݔͳร਼ݕ਼ Ζͤ༼ࡠΝ ߨʹ�݀݋�  . ͨ͹ͪΌଲ߻͹නݳͲ൅ߨΝെߨͳ͢ , െߨΝ൅ߨͳ஖͓͘׷
ͱ΍Γ͏ . 
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ਦ 2ʁφʖϧη໚  (Ͳ ൑ ݔ ൑ ǡߨʹ െߨ ൑ ݕ ൑ Ͷ͕͜Ζ(ߨ , ࠪӊ৏Ծ͹ଲসત  (ਦ(a))ͳࣾΌࠪӊ
৏Ծ͹ଲসત  (ਦ(b)). ܽ ൌ ͳ. 

ଲ߻͹෈ಊ఼͹ॄ͗߻ଲসતͲ͍Ζ . ଲ߻ͶΓΖबٌغಕ఼͹ಊ͘ͺଲসતͶؖͤΖൕ఺
Ͳ͍Ζ . Γͮͱଲ߻ͶΓΖबٌغಕ఼͹ಊ͘ΓΕ , ܵுభͳܵீభΝࠪӊ͹ଲসતͳݼ; , ܵுమͳܵீమ
Ν৏Ծ͹ଲসતͳݼ΁ . สٕదͶܵுయͳܵீయΝࣾΌࠪӊ͹ଲসતͳݼ; , ܵுరͳܵீరΝࣾΌ৏Ծ͹
ଲসતͳݼ΁ . ͞ΗΔ͹ଲসતΝҐԾͶࣖͪ͢ . Ήͪ , ଲসતΝਦ 2 Ͷඵ͏ͪ͹ͲߡࢂͶ͢
ͱΆ͢͏ . 

 
ࠪӊ͹ଲসત . 

ܵுభǣ ݔ ൌ ݂ሺݕሻȀʹǡݔ��� ൌ ݂ሺݕሻȀʹ ൅  ǡ ሺ6ሻߨ

ܵீభǣ ݔ ൌ Ͳǡݔ��� ൌ  Ǥ ሺ7ሻߨ

৏Ծ͹ଲসત . 
ܵுమǣ ܵுమǣ ݕ ൌ Ͳǡݕ��� ൌ  ǡ ሺ8ሻߨ

ܵீమǣ ݕ ൌ െ݂ሺݔሻȀʹǡݕ��� ൌ െ݂ሺݔሻȀʹ ൅  Ǥ ሺ9ሻߨ

ࣾΌࠪӊ͹ଲসત . 
ܵுయǣ ݕ ൌ െݔ ൅  ǡ (10)ߨ

ܵீయǣ ݕ ൌ െݔ െ ݂ሺݔሻ ൅  Ǥ (11)ߨ
ࣾΌ৏Ծ͹ଲসત . 

ܵுరǣ ݕ ൌ ݔ െ  ǡ (12)ߨ

ܵீరǣ ݕ ൌ ݔ െ ݂ሺݔሻ െ  Ǥ (13)ߨ
ࣺ଀͗ଲ߻͹੷Ͳන͠ݳΗΖ৖߻ ى੓Ν΍ͯͳ͏͑[4]. ৏ٱͺώʖαϓ͹қັͲ͹Նܧ ,

͹Γ͑Ͷ࢝झྪ͹ҡ͵ͮͪଲ߻͹੷Ͳන͠ݳΗΖࣺ଀ͺ ͻΗΖݼ଀ͳࣺٱՆ॑࢝ , Ն॑࢝ .
଀Ͷͺࣺٱ , Ҳ॑ଲসबٌغಕ , ್॑ଲসबٌغಕ Ζͤࡑಕ͗ଚٌغଲসब॑࢝ , . ଲসત
Νཤ༽͢ͱ͞ΗΔ͹ଲসबٌغಕΝఈٝͤΖ . 

 
ఈٝ 1.1. 
[i] ଲসबٌغಕͳඉଲসबٌغಕ .  
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ଲসત৏Ͷٌಕ఼Ν΍ٌͯಕΝଲসٌಕͳ͏͑ . ଲসٌಕ͗ଲসત৏Ͷ۰਼ݺ͹ٌಕ఼Ν
΍ͯ͵Δͻ , ͞͹ٌಕͺଲসबٌغಕͳݼͻΗΖ . ຌ࿨ชͲͺ෈ಊ఼ͺଲসबٌغಕͶ؜Ό
ͥ , ෈ಊ఼ͳ͢ͱѽ͑ . ଲসત৏Ͷٌಕ఼Νͪ࣍͵͏बٌغಕΝඉଲসबٌغಕͳఈٝͤΖ .  

[ii] Ҳ॑ଲসबٌغಕ .  

৏Ծ͹ଲসત͹ΊͶٌಕ఼Ν΍ͯबٌغಕΝ , Ҳ॑৏ԾଲসबٌغಕͳఈٝͤΖ . ࠪӊ͹
ଲসત͹ΊͶٌಕ఼Ν΍ͯबٌغಕΝ , Ҳ॑ࠪӊଲসबٌغಕͳఈٝͤΖ . ࣾΌ৏Ծ͹ଲস
ત͹ΊͶٌಕ఼Ν΍ͯबٌغಕΝ , Ҳ॑ࣾΌ৏ԾଲসबٌغಕͳఈٝͤΖ . ࣾΌࠪӊ͹ଲস
ત͹ΊͶٌಕ఼Ν΍ͯबٌغಕΝ , Ҳ॑ࣾΌࠪӊଲসबٌغಕͳఈٝͤΖ . ͞ΗΔΝΉͳΌ
ͱҲ॑ଲসबٌغಕͳݼ΁ .  

[iii] ್॑ଲসबٌغಕ .  

৏Ծͳࠪӊ͹ଲসત৏Ͷٌಕ఼Ν΍ͯबٌغಕΝ , ್॑৏ԾࠪӊଲসबٌغಕͳఈٝͤΖ . 
ࣾΌ৏ԾͳࣾΌࠪӊ͹ଲসત৏Ͷٌಕ఼Ν΍ͯबٌغಕΝ , ್॑ࣾΌ৏Ծࠪӊଲসबٌغಕ
ͳఈٝͤΖ . ͞ΗΔΝΉͳΌͱ್॑ଲসबٌغಕͳݼ΁ .  

[iv] ॑࢝ଲসबٌغಕ .  

৏Ծͳࠪӊ͹ଲসત৏Ͷٌಕ఼Ν΍ͬ , ͖ͯࣾΌ৏ԾͳࣾΌࠪӊ͹ଲসત৏Ͷٌಕ఼Ν΍
ͯबٌغಕΝ ಕͳఈٝͤΖٌغଲসब॑࢝ , . 

 
͞͞ͲଲসबٌغಕͶͯ͏ͱึଏΝफ़΄ͱ͕͚ . Ҳ॑ଲসबٌغಕͺଲসત৏Ͷ್ٌͯಕ

఼Ν΍ͯ . ఼್͗Ҳ఼Ͷ͵ͮͪ৖͗߻෈ಊ఼Ͳ͍Ζ . ್॑ଲসबٌغಕͺ್ͯ͹৖͍͗߻Ζ . 
ࠪӊ͹ଲসત৏Ͷ್ٌͯಕ఼Ν΍ͬ , ͖ͯ৏Ծ͹ଲসત৏Ͷ್ٌͯಕ఼Ν΍ͯ৖߻ͳ , ࣾΌ
ࠪӊ͹ଲসત৏Ͷ್ٌͯಕ఼Ν΍ͬ , ͖ͯࣾΌ৏Ծ͹ଲসત৏Ͷ್ٌͯಕ఼Ν΍ͯ৖߻Ͳ͍
Ζ ෈ಊ఼Ͳ͍Ζ͗߻఼͗Ҳ఼Ͷ͵ͮͪ৖࢝ . ಕͺٌغଲসब॑࢝Ͷޛ࠹ .  ৏Ծࠪӊ͹ଲস
ત৏Ͷٌͯ࢝ಕ఼Ν΍ͬ , ͖ͯࣾΌ৏Ծࠪӊ͹ଲসત৏Ͷٌͯ࢝ಕ఼  Νͯ࣍ . ൂ఼͗Ҳ఼
Ͷ͵ͮͪ৖͗߻෈ಊ఼Ͳ͍Ζ . 

 
ຌ࿨ชͲ٠࿨ͤΖ໲ୌΝ়ղͤΖ .  

໲ୌ 1.2.  

ͺՁ͖ݳන߻ಕΝಝ௅෉͜Ζଲٌغଲসब॑࢝ (1) .  

(2) ବԃ॑࢝ܗଲসबٌغಕͺ , ʹ͹Γ͑͵෾زΝॳً࣏ͤ͞͹͖ .  

 
ຌ࿨ช͹୊ 2 ઇҐޛ͹಼༲Νࣖͤ . 
 
୊ 2 ઇͲͺ , ຌ࿨ชͲ࢘༽ͤΖߺىͳ֕೨Ν়ղͤΖ .  

୊ 3 ઇͲͺ , Ҳ॑ଲসबٌغಕͳ್॑ଲসबٌغಕͶؖͤΖ੓࣯ΝΉͳΌΖ .  

୊ 4 ઇͲͺ ଆΝ٠࿨ͤΖߑ͹େ਼ݳන߻ಕΝಝ௅෉͜Ζଲٌغଲসब॑࢝ , .  

୊ 5 ઇͲͺ , ବԃ॑࢝ܗଲসबٌغಕ͹෾ߑزଆΝ௒΄Ζ .  

୊ 6 ઇͲͺ , ຌ࿨ชͲಚΔΗͪ෾زͶؖͤΖմएΝ༫͓Ζ .  

୊ 7 ઇͲͺ , ຌ࿨ชͲಚΔΗͪ݃ՎΝΉͳΌΖ . 
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2. ६ඍ 

2.1. बٌغಕ͹҈ఈ੓�  

बٌغಕ͹҈ఈ੓Ν൓இͤΖ๏๑Ν়ղͤΖ . ͞͞Ͳݍ�ሺ൒ ͳሻΝबٌغಕ͹बغͳͤΖ . ब
௞ݖಕ఼Νٌغ͹बݍغ ൌ ሺݔ௞ǡ ௞ሻ�ሺͲݕ ൑ ݇ ൑ ݍ െ ͳሻͳͤΖ . ٌಕ఼ݖ௞Ͷ͕͜ΖતܙԿߨ྽ܯሺݖ௞ሻͺ  

௞ሻݖሺܯ  ൌ ൬������ͳ �����������݂ᇱሺݔ௞ሻ
݂ᇱሺݕ௞ାଵሻ ͳ ൅ ݂ᇱሺݔ௞ሻ݂ᇱሺݕ௞ାଵሻ

൰ (14) 

ͳಚΔΗΖ . ͞͞Ͳ , ݂Ԣሺݔ௞ሻ ൌ ܽ�௞ାଵሻݕ௞, ݂Ԣሺݔ�� ൌ ܽ�௞ାଵ. ໚੷ฯଚࣺ଀Ͳ͍Ζ͖Δݕ�� ௞ሻ͹ݖሺܯ ,
྽ࣞͺߨ 1 Ͳ͍Ζ . ࣺ଀ܶ௤��ሺݍ ൒ ͳሻ͹તܙԿߨ྽Νܯ௤ ൌ ଴ሻͳͤΖͳݖሺܯڮ௤ିଶሻݖሺܯ௤ିଵሻݖሺܯ ݽ ,
༙஍ߣΝ݀ఈͤΖ๏ఖࣞ  

ଶߣ  െ ߣሺܽሻݎ ൅ ͳ ൌ Ͳ (15) 
͗ಚΔΗΖ . ͞͞Ͳ ሺܽሻݎ , ൌTraceܯ௤. ݎ਼ܐሺܽሻΝ҈ఈ੓਼ܐͳ໌෉͜Ζ .  

ࣞ(15)͹մͲ͍Ζ༙ݽ஍Νߣേͳॽ͚ . ҈ఈ੓ݎ਼ܐሺܽሻΝཤ༽͢ͱ  बݍغ͹बٌغಕ͹҈ఈ
੓ΝఈΌΖ . ൓พࣞͺܦ ൌ ଶሺܽሻݎ െ ͶͲ͍Ζ ሺܽሻݎ . ൐ ʹ͵Δͻ ஍ͺͲ༙ݽ , ൏ ିߣ ൏ ͳ ൏ ାΝຮͪߣ
ͤ . बݍغ͹बٌغಕ఼ͺγχϩܗͲ෈҈ఈͲ͍Ζ . ȁݎሺܽሻȁ ൏ ʹ͵Δͻ ༀͲڠേͺ෵ોߣ஍༙ݽ ,
͍Ζ . Γͮͱ , बݍغ͹बٌغಕ఼ͺବԃܗͲ҈ఈͲ͍Ζ ሺܽሻݎ . ൏ െʹ͵Δͻ ିߣ஍ͺ༙ݽ , ൏

െͳ ൏ ାߣ ൏ ͲΝຮͪͤ . बݍغ͹बٌغಕ఼ͺൕ఺Ν൒͑γχϩܗͲ෈҈ఈͲ͍Ζ . बغഔब
ز෾غ  (ൕबغഔबغ෾ز) ͹෾ز఼Ͳͺ ሺܽሻݎ  ൌ െʹ ͗੔Εཱིͬ േߣ஍ͺ༙ݽ , ൌ െͳͲ͍Ζ . 
ಋबغ෾ز  (ൕಋबغ෾ز) ͹෾ز఼Ͳͺ ሺܽሻݎ  ൌ ʹ ͗੔Εཱིͬ േߣ஍ͺ༙ݽ , ൌ ͳͲ͍Ζ . ͞
͞Ͳफ़΄ͪ෾ز͹৆ࡋͺߡࢂช[5]ݛΝݡΔΗͪ͏ . 

2.2. յ఺෾زͳबغഔ෾ز 

ବԃܗ෈ಊ఼ͳ͢ͱܳଵ଴Νཤ༽͢ͱյ఺෾ز౵͹ઈ໎Ν͑ߨ . ϏϧϟʖνܽΝ 0 ͖ΔଁՅͤ
Ζͳ , ବԃܗ෈ಊ఼ ଵܳ଴ۛ๥Ͷ͕͜Ζٌಕ఼͹յ఺͹࢕๏͗ଐ͚͵Ζ . յ఺͹๏޴ͺܯ࣎յΕ
Ͳ͍Ζ . ͞͹յ఺͹࢕๏͹ࢨඬͳ͢ͱ Ν಍೘ͤΖݍȀ݌༁෾਼Ͳ͍Ζյ఺਼ع , . ͞͞Ͳݍͺब
غ . बٌغಕ͗ 1 बغ͹ؔͶ ଵܳ଴͹बΕΝյ఺ͤΖյ਼͗݌Ͳ͍Ζ . յ఺਼݌ȀݍͺҲյ͹ࣺ଀Ͳ
ٌಕ͗ฑߨʹֱౕۋ ൈ ͫ͜ݍȀ݌ ଵܳ଴͹बΕΝյ఺ͤΖ͞ͳΝқັͤΖ . Ϗϧϟʖνܽ͗  

 ܽ௖ሺ݌Ȁݍሻ ൌ ʹ���ሺ݌ߨȀݍሻ��ሺͲ ൏ ݍȀ݌ ൑ ͳȀʹሻ (16) 
Νຮͪͤͳ , ଲসત৏Ͷٌಕ఼Νͯ࣍յ఺਼݌Ȁݍ͹बٌغಕ͗ ଵܳ଴ΓΕਫ਼ͣΖ . Ͳ ൏ ݍȀ݌ ൏

ͳȀʹΝຮͪͤ৖߻Νյ఺෾زͳݼ; ݍȀ݌ , ൌ ͳȀʹΝຮͪͤ৖߻Νबغഔ෾زͳݼ΁ .  

ࣞ(16)Ν಍͚ . ෈ಊ఼ ଵܳ଴͹बΕͲતܙմੵΝ͑ߨͳ , તܙԿߨ྽ܯଵ͗Ծى͹Γ͑ͶಚΔ
ΗΖ . 

ଵܯ  ൌ ቀͳ ���െܽ
ܽ ͳ െ ܽଶቁǤ (17) 

್ͯ͹༙ݽ஍ߣേͺ, Ͳ ൏ ܽ ൏ ʹͲͺ෵ો਼ͳ͵Ζ . 

േߣ  ൌ
ሺʹ െ ܽଶሻ േ ݅ξͶܽଶ െ ܽସ

ʹ
ؠ ���ሺʹ݌ߨȀݍሻ േ ݅���ሺʹ݌ߨȀݍሻǤ (18) 

յ఺਼݌ȀݍΝ݀Όͱࣞ(18)ΝܽͶͯ͏ͱմ͜ͻ  ྡֆ஍ܽ௖ሺ݌Ȁݍሻ͗ٽΉΖ . ͞͞Ͳܯͪͮ͵ߨ
ͳ͑ߨౕ࠸ሺܽሻΝ༽͏ͱݎ਼ܐΝ҈ఈ੓ࢋ , յ఺਼݌Ȁݍͳ҈ఈ੓ݎ਼ܐሺܽሻ͹ؖ͗ܐಚΔΗΖ . 

ሺܽሻݎ  ൌ ʹ���ሺʹ݌ߨȀݍሻǤ (19) 
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2.3. ܑ͘ͶؖͤΖࣺ଀�  

෈ಊ఼ ଵܳ଴Ν௪գͤΖଲসતΝݕ ൌ ሻͳॽ͚ݔሺܨ ሻߨሺܨ . ൌ ͲͲ͍Ζ͞ͳΝ஭қͤΖ . ෈ಊ఼ ଵܳ଴

Ͷ͕͜Ζଲসત͹ܑ͘Νߦ଴ ൌ ͳͤΖݔሻȀ݀ߨሺܨ݀ . ࣺ଀ܶͶΓͮͱଲসત͹ܑ͗͘รԿͤΖ . ܑ
͘͹รԿͺҲࣺݫ࣏଀   

௡ାଵߦ  ൌ
௡ߦ െ ܽ

ܽሺߦ௡ െ ܽሻ ൅ ͳ
 (20) 

Ͳ݀ఈ͠ΗΖ . ͞͞Ͳࣞ(20)͹಍ड़๏๑Νઈ໎ͤΖ . ࣺ଀ܶΝݔ௡Ͳඏ෾ͤΖͳ  

 
௡ା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)Ͷେ೘ͤΖ ௡ߦܑ͘ . ൌ ௡ାଵߦ௡ͳݔ௡Ȁ݀ݕ݀ ൌ

௡ାଵΝ಍೘͢ݔ௡ାଵȀ݀ݕ݀ , ͞ΗΔΝ༽͏Ζͳࣞ(20)͗಍͖ΗΖ . 

2.4. ϛΠϱΩϪ਼ࢨ�  

ϛΠϱΩϪ਼ࢨΝఈٝ͢ , ϛΠϱΩϪ਼ࢨͶؖͤΖఈཀྵΝ়ղͤΖ[5]. ϛΠϱΩϪ਼ࢨͺ
ΖͤݳͲҕΞͲනނׇ . 

 
ఈٝ 2.1 (ϛΠϱΩϪ਼ࢨ͹ఈٝ).  

ࣺ଀ܶ௤��ሺݍ ൒ ͳሻͶ͕͜Ζ෈ಊ఼ݖ͹ϛΠϱΩϪ਼ࢨΝҐԾ͹Γ͑ͶఈٝͤΖ .  

(1) ෈ಊ఼͗ݖγχϩܗबٌغಕ఼͵Δ , ͨ͹ϛΠϱΩϪ਼ࢨΝሺെͳሻͳͤΖ   

(2) ෈ಊ఼͗ݖବԃܗबٌغಕ఼͵Δ , ͨ͹ϛΠϱΩϪ਼ࢨΝሺ൅ͳሻͳͤΖ .  

(3) ෈ಊ఼͗ݖൕ఺ܗγχϩबٌغಕ఼͵Δ , ͨ͹ϛΠϱΩϪ਼ࢨΝሺ൅ͳሻͳͤΖ .  

 
ఈཀྵ  2.2 (ϛΠϱΩϪ਼ࢨ͹૱࿪ฯଚଉ). ෾ز͹઴ޛͲϛΠϱΩϪ਼ࢨ͹૱࿪ͺฯଚ͠Η
Ζ . 

2.5. ��� ౕյ఺ࡠ༽�  

ྭͳ͢ͱ್ͯ͹ଲ߻͹੷ܪଵܪଶΝͤࢋܯΖͳ  

ଶܪଵܪ  ቀ
ݕ
ቁݔ ൌ ቀെݕെݔቁ (23) 

͗ಚΔΗΖ . ͯΉΕ ଶͺܪଵܪ , 180 ౕյ఺ࡠ༽Νන͢ݳͱ͏Ζ . ࣞ(23)ͺ, ଴ܲ଴ ൌ ሺͲǡͲሻΝ஦ৼͳ
ͪ͢  180 ౕյ఺Νқັ͢ͱ͏Ζ . ͞͹ࣞ͹ӊว͹െݔΝെݔ ൅ ͳͤΗͻߨʹ , ܳଵ଴ ൌ ሺߨǡ ͲሻΝ஦ৼ
ͳͪ͢  180 ౕյ఺Ν༫͓Ζ . 180 ౕյ఺ࡠ༽ܴ͹නࣞͳ੓࣯ΝΉͳΌ , ੓࣯ 2.3 ͳͤΖ .  

 
੓࣯  2.3.  

(1) 180 ౕյ఺ࡠ༽ܴͺҐԾ͹Γ͑Ͷ್ͯ͹ଲ߻͹੷Ͳන͠ݳΗΖ .  
 ܴ ൌ ଶܪଵܪ ൌ ଵܪଶܪ ൌ ସܪଷܪ ൌ ଷܪସܪ ൌ ଶܩଵܩ ൌ ଵܩଶܩ ൌ ସܩଷܩ ൌ  ଷǤ (24)ܩସܩ

(2) ଲসबٌغಕ͹್ͯ͹ٌಕ఼ݖ଴ͳݖ௞�ሺ݇ ് Ͳሻ͗ಋͣଲসત৏Ͷ͍Ε ௞ݖ , ൌ ଴Νຮͪͤͳݖܴ
ͤΖ . ͞͹ଲসबٌغಕ͹बݍغͺݍ ൌ ʹ݇Ͳ͍Ζ . Γͮͱ , 180 ౕյ఺ࡠ༽ܴͺ  ܴ ൌ ܶ௤ȀଶΉͪͺ
ܴ ൌ ܶି௤Ȁଶͳ͖͜Ζ . 
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3. Ҳ॑ଲসबٌغಕͳ್॑ଲসबٌغಕ 

3.1. Ҳ॑ଲসबٌغಕ͹ଲ߻නݳ�  

ύʖϏʖࣺ଀Ͷ͕͜ΖҲ॑ଲসबٌغಕ͹ଲ߻නݳΝΉͳΌͱ͕͚ .  
 ܶଶ௞ ൌ ܶଶ௞ିଵܪ௜ ל ௜ܩ ൌ ௜ܪ ל  ௜ܶଶ௞ିଵǡ (25)ܩ
 ܶଶ௞ାଵ ൌ ܶଶ௞ܪ௜ ל ௜ܩ ൌ ௜ܪ ל  ௜ܶଶ௞Ǥ (26)ܩ

͞͞Ͳ , ݅ ൌ ͳǡʹǡ͵ǡͶ. ࣞ(25)͹৖߻ , बݍغͺݍ ൌ ʹ݇��ሺ݇ ൒ ͳሻͲ͍Ε , ࣞ(26)͹৖߻ , बݍغͺݍ ൌ

ʹ݇ ൅ ͳ��ሺ݇ ൒ ͳሻͲ͍Ζ . ύʖϏʖࣺ଀Ͷͺଡ͚͹Ҳ॑ଲসबٌغಕ͍͗Ζ[3]. ͞ΗΔ͹੓࣯
Ͷͯ͏ͱͺ͞͞Ͳͺ٠࿨͢͵͏ .  

ྭͳ͢ͱܶଶ௞ ൌ ܶଶ௞ିଵܪ௜ ל Ͳݳ௜͹නܩ , ܶଶ௞ିଵܪ௜Νࠪଲ߻ ΁ݼͳ߻௜Νӊଲܩ , . ࠪଲ߻ͳӊଲ߻
Ͷͯ͏ͱ෈ร͵ॄ߻Νන 1 Ͷࣖͤ. ͞ΗΔ͹෈รॄ߻ͺଲসતͳݼͻΗΖ . 

න̏ʁଲ߻ͳ෈รॄ߻  

ଲ߻ ௜ܪ  ௜ܪ௜ ܶଶ௞ିଵܩ  ௜ܪ௜ܶଶ௞ିଵ ܶଶ௞ܩ   ௜ܶଶ௞ܩ 
෈รॄ߻  ܵு೔ ܵீ೔ ܶ௞ܵீ೔ ܶି௞ܵு೔ ܶ௞ܵு೔ ܶି௞ܵீ೔ 

 
ྭͳ͢ͱܶ௞ܵீ೔͗ࠪଲܶ߻ଶ௞ିଵܪ௜Ͷͯ͏ͱ෈รॄ߻Ͳ͍Ζ͞ͳΝ֮೟͢Γ͑ .  

 ܶଶ௞ିଵܪ௜ ל ܶ௞ܵீ೔ ൌ ܶ௞ିଵܪ௜ܵீ೔ ൌ ܶ௞ିଵܪ௜ܩ௜ܵீ೔ ൌ ܶ௞ܵீ೔Ǥ (27) 
఼ݖ଴ΓΕड़൅ͤΖҲ॑ଲসबٌغಕܱሺݖ଴ሻ͗ଚͤࡑΖ৖߻ , ܴܱሺݖ଴ሻ ൌ ܱሺܴݖ଴ሻ΍ଚͤࡑΖ . 

3.2. ್॑ଲসबٌغಕ͹෾ྪ�  

Ν΍ͳͶ[1]ݛชߡࢂ , ύʖϏʖࣺ଀Ͷ͕͜Ζ್॑ଲসबٌغಕͺൂझྪͶ෾ྪ͠ΗΖ . ෾
ྪΝන 2 ͳ͢ͱ༫͓Ζ Νනݳන߻ಕ͹ଲٌغͶ್॑ଲসब࣏ . 3 Ͷࣖͤ .1 

න̐ʁ್॑ଲসबٌغಕ͹෾ྪ  

෾ྪ  ଲসતͳٌಕ఼  बݍ:غ ড়݇  
a ܪ�ଵሾݖ଴ሿ ՜ ௞ሿݖଶሾܪ ՜ ݇ ଶ௞ሿ Ͷ݇ݖଵሾܪ ൒ ͳ 
b ܪ�ଵሾݖ଴ሿ ՜ ௞ሿݖଶሾܩ ՜ ଶ௞ାଵሿ Ͷ݇ݖଵሾܪ ൅ ʹ ݇ ൒ Ͳ 
c ܩ�ଵሾݖ଴ሿ ՜ ௞ሿݖଶሾܪ ՜ ଶ௞ିଵሿ Ͷ݇ݖଵሾܩ െ ʹ ݇ ൒ ʹ 
d ܩ�ଵሾݖ଴ሿ ՜ ௞ሿݖଶሾܩ ՜ ݇ ଶ௞ሿ Ͷ݇ݖଵሾܩ ൒ ͳ 
e ܪ�ଷሾݖ଴ሿ ՜ ௞ሿݖସሾܪ ՜ ݇ ଶ௞ሿ Ͷ݇ݖଷሾܪ ൒ ͳ 
f ܪ�ଷሾݖ଴ሿ ՜ ௞ሿݖସሾܩ ՜ ଶ௞ାଵሿ Ͷ݇ݖଷሾܪ ൅ ʹ ݇ ൒ ͳ 
g ܩ�ଷሾݖ଴ሿ ՜ ௞ሿݖସሾܪ ՜ ଶ௞ିଵሿ Ͷ݇ݖଷሾܩ െ ʹ ݇ ൒ ʹ 
h ܩ�ଷሾݖ଴ሿ ՜ ௞ሿݖସሾܩ ՜ ݇ ଶ௞ሿ Ͷ݇ݖଷሾܩ ൒ ͳ 

 

 
 
1 ͞͞Ͳͺߡࢂช[3]ݛ͹಼༲Ν੠ືԿͪ݃͢ՎΝͪ͢ࡎܟ ड़͹නޛ . 4 ͳන 5 Ͷ͕͏ͱ΍

ಋ༹Ͳ͍Ζ . 
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න̑ʁ್॑ଲসबٌغಕ͹ଲ߻නݳ  

෾ྪ   ଲ߻නݳ[ࠪଲ߻ ౵ࣺ଀߅ , , ӊଲ߻]  ড়݇ 1 ড়݇ 2 
a ��ܶସ௞ ൌ ܶଶ௞ܪଵ ל ଶܪଵܶଶ௞ିଵܩ ל ଶ  ܶ௞ܵுభܪ ת ܵுమ ് ௞ܵுమܶ ׎ ת ܵுభ ്  ׎
b  ܶସ௞ାଶ ൌ ܶଶ௞ܪଵ ל ଶܪଵܶଶ௞ܩ ל ଶ  ܶ௞ܵுభܩ ת ܵீమ ് ௞ାଵܵீమܶ ׎ ת ܵுభ ്  ׎
c  ܶସ௞ିଶ ൌ ܶଶ௞ିଵܪଵ ל ଶܪଵܶଶ௞ିଶܩ ל ଶ  ܶ௞ܵீభܪ ת ܵுమ ് ௞ିଵܵுమܶ ׎ ת ܵீభ ്  ׎
d  ܶସ௞ ൌ ܶଶ௞ିଵܪଵ ל ଶܪଵܶଶ௞ିଵܩ ל ଶ  ܶ௞ܵீభܩ ת ܵீమ ് ௞ܵீమܶ ׎ ת ܵீభ ്  ׎
e  ܶସ௞ ൌ ܶଶ௞ܪଷ ל ସܪଷܶଶ௞ିଵܩ ל ସ  ܶ௞ܵுయܪ ת ܵுర ് ௞ܵுరܶ ׎ ת ܵுయ ്  ׎
f  ܶସ௞ାଶ ൌ ܶଶ௞ܪଷ ל ସܪଷܶଶ௞ܩ ל ସ  ܶ௞ܵுయܩ ת ܵீర ് ௞ାଵܵீరܶ ׎ ת ܵுయ ്  ׎
g  ܶସ௞ିଶ ൌ ܶଶ௞ିଵܪଷ ל ସܪଷܶଶ௞ିଶܩ ל ସ  ܶ௞ܵீయܪ ת ܵுర ് ௞ିଵܵுరܶ ׎ ת ܵீయ ്  ׎
h  ܶସ௞ ൌ ܶଶ௞ିଵܪଷ ל ସܪଷܶଶ௞ିଵܩ ל ସ  ܶ௞ܵீయܪ ת ܵீర ് ௞ܵீరܶ ׎ ת ܵீయ ്  ׎

 
बغ 2 Ͷͯ͏ͱͺ஭қͤΖචགྷ͍͗Ζ . න 2 ͹෾ྪ b Ͷ͕͜Ζबغ 2 ͹बٌغಕͺ್॑ଲ

সबٌغಕͲ͍Ζ . ҲൢͶ್॑ଲসबٌغಕͺଲসત৏Ͷ఼ٌ࢝ಕ఼Ν΍ͯ͗ , ෾ྪ b Ͷ͕
͜Ζबغ 2 ͹बٌغಕͺଲসતܵுభͳܵீమ͹ި఼Ͷٌಕ఼Ν΍ͯ . ͞͹৖߻ , ި఼Ν್ݺͳ਼
͓Ηͻݺ࢝ܯ߻ͳ͵Ζ . 

෾ྪ c ͳ f Ͳͺबغ 2 ͹बٌغಕͺਫ਼ͣ͵͏ . ෾ྪ g ͹৖߻Ͷ͕͏ͱՆ೵͵बغ 2 ͹बغ
ٌಕͺ॑࢝ଲসबٌغಕͲ͍Ζ . ͨ͹ͪΌড়݇Ν݇ ൒ ʹͳ͢ͱबغ 2 ͹बٌغಕΝঈ͏ͱ͍Ζ . 
͞͹৖߻Ͷͯ͏ͱ؈ୱͶઈ໎Ν௧ՅͤΖ . ҲൢͶ॑࢝ଲসबٌغಕͺଲসત৏Ͷൂ఼ٌಕ఼
Ν΍ͯ . ͞͞Ͳ ड़͹ਦޛ , 3(a)Νݡͱཋ͢͏ ͹ଲসતܵுభ, ܵீమ, ܵீయ, ܵுర͗ިࠫ͢ͱ͏Ζͯ࢝ .
఼್͍͗ͯΖ͞ͳ͗෾͖ΖͲ͍Θ͑ . ͞ΗΔ͹ި఼͗बغ 2 ͹ٌಕ఼Ͳ͍Ζ . ͯΉΕ , बغ 2
͹ٌಕ఼ͺ࢝झྪ͹ଲসત͹ި఼Ͷ͵ͮͱ͏Ζ͹Ͳ , ͽͳͯި఼Νݺ࢝ͳ਼͓Ηͻݺൂܯ߻
ͳ͵Ζ . 

න 2 ͳන 3 Ͷ͕͜Ζ෾ྪ a Νྭͳ͢ͱઈ໎ͤΖ . නܪݳଵሾݖ଴ሿͺٌಕ఼ݖ଴͗ଲসતܵுభ৏Ͷ͍Ζ
͞ͳΝන͢ݳͱ͏Ζ ͢ݳ௞͗ଲসતܵுమ৏Ͷ͍Ζ͞ͳΝනݖ௞ሿͺٌಕ఼ݖଶሾܪݳ͹න࣏ . ͹ޛ࠹ ,
නܪݳଵሾݖଶ௞ሿͺٌಕ఼ݖଶ௞͗ଲসતܵுభ৏Ͷ͍Ζ͞ͳΝන͢ݳͱ͏Ζ ଴ሿݖଵሾܪߺى . ՜ ௞ሿͺݖଶሾܪ ଵݖ ,
͖Δݖ௞ିଵΉͲ͹ٌಕ఼͗ଲসત৏Ͷ͵͏͞ͳ΍қັ͢ͱ͏Ζ ௞ሿݖଶሾܪߺى . ՜ ଶ௞ሿͶͯ͏ͱݖଵሾܪ
΍ಋ༹Ͳ͍Ζ .  

න 2 ͹बغΓΕ , ್॑ଲসबٌغಕ͹ब۰਼͗غͲ͍Ζ͞ͳ͗෾͖Ζ . ෾ྪ a ͹න 3 Ͷ͕
͜Ζড়݇ 1 ͺ , ଲসત͹଀ܶ௞ܵுభͳଲসતܵுమ͹ި఼್͗॑ଲসबٌغಕ͹ٌಕ఼Ͳ͍Ζ͞ͳ
Νқັ͢ͱ͏Ζ . ͪͫ͢ , ި఼ͳ͢ͱ෈ಊ఼ͺঈ͚ . ড়݇ 2 ΍ಋ༹͹͞ͳΝқັ͢ͱ͏Ζ . ড়
݇ 1 Νཤ༽͢ͱ΍ড়݇ 2 Νཤ༽͢ͱ΍ಋ್ͣ॑ଲসबٌغಕ͗݀ΉΖ . 

್॑ଲসबٌغಕͳ୊ 4 ઇͲ٠࿨ͤΖ॑࢝ଲসबٌغಕͳ͹૮ҩΝ೼ѴͤΖͪΌͶ , ್॑
ଲসबٌغಕ͹ྭΝਦ 3 Ͷࣖͪ͢ . ਦ 3(a), (b),ǥ,(h)͹ٌಕͺͨΗͩΗන 2 ͳන 3 ͹෾ྪ
a,b,ǥ,h Ͷ଒ͤΖबٌغಕྭͲ͍Ζ . ਦ 3(a)͹৖߻ , ॵغ఼ݖ଴(ਦͲͺ 0)ͺଲসતܵுభ৏Ͷ͍Ε , 
ଵͺܵுమ৏Ͷ͍Ζݖ . बغͺ 4 Ͳ͍Ζ . ଠ͹ਦ΍ಋ༹Ͳ͍Ζ . 

बغΝݍͳ͢ , ෾ྪ a ͖Δ෾ྪ h Ͷ͕͏ͱࣺ଀ܶ௤Νͯࢀ͹ࡠ༽Ͷ෾մͪ͢ . ͖ࠪΔॳͶࠪଲ
߻ ౵ࣺ଀߅ , , ӊଲ߻ͳݼ΁[1]. ͨΗͩΗ͹නݳͶͯ͏ͱͺන 3 Ͷͪͦࡎ ॵͶ࠹ . , ෾ྪ a
ͳ෾ྪ c Ͷ͕͜Ζबݍغ͹಍ड़Ν͑ߨ ͹಍ड़ͺ঴͚߻Ε͹৖࢔ . .   

 
෾ྪ a. ͞͹৖߻ , बٌغಕ͗ଲসતܵுభ৏ͳܵுమ৏Ͷٌಕ఼Ν΍͖ͯΔ  ್॑ଲসबٌغಕͲ
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͍Ζ . ॵغ఼ݖ଴͗ܵுభͶ͍Ε ΌΖٽΝغ௞͗ଲসતܵுమ৏Ͷ͍Ζ͞ͳ͖Δबݖ , ଴ݖଵܪ଴ሿΓΕݖଵሾܪ . ൌ

଴͗ಚΔΗݖ ௞ݖଶܪ௞ሿΓΕݖଶሾܪ , ൌ ௞͗ಚΔΗΖݖ ଶ௞ݖଶܪΝंޛ . ൌ ͕͢͵଴ͳݖ , ઴ंͶେ೘ͤΖͳ
଴ݖଵܪ ൌ ΉΖٽଶ௞͗ݖଶܪ . ͞ΗΝ ଴ݖଵܪଶܪ  ൌ ଶ௞ͳॽ͘ݖ Ͷߍ , 180 ౕյ఺ࡠ༽ܴ ൌ ଵΝཤ༽ͤΖܪଶܪ
ͳ ଴ݖܴ  ൌ ଶ௞ݖ ൌ ܶଶ௞ݖ଴͗ಚΔΗΖ ଴Ͷ໯Ζ͹ͲݖΖͳͤ༼ࡠଶ௞ͶݖͶܶଶ௞Νߍ . , बݍغͺݍ ൌ Ͷ݇ͳ
ಚΔΗΖ .   

 
෾ྪ c. ͞͹৖߻ , बٌغಕ͗ଲসતܵீభ৏ͳܵுమ৏Ͷٌಕ఼Ν΍͖ͯΔ  ್॑ଲসबٌغಕͲ
͍Ζ . ॵغ఼ݖ଴͗ܵீభͶ͍Ε ΌΖٽΝغ௞͗ଲসતܵுమ৏Ͷ͍Ζ͞ͳ͖Δबݖ , ଴ݖଵܩ଴ሿΓΕݖଵሾܩ . ൌ

଴͗ಚΔΗݖ ௞ݖଶܪ௞ሿΓΕݖଶሾܪ , ൌ ௞͗ಚΔΗΖݖ ଶ௞ݖଶܪΝंޛ . ൌ ͕͢͵଴ͳॽ͘ݖ , ઴ंͶେ೘ͤ
Ζͳܩଵݖ଴ ൌ ΉΖٽଶ௞͗ݖଶܪ . ྈวͶܩଶΝࡠ༽ͤΖ . ࠪวͺܩଶܩଵݖ଴ ൌ ଴Ͳݖܴ , ӊวͺܩଶܪଶݖଶ௞ ൌ

ܶିଵݖଶ௞ ൌ ଴ݖܴ .ଶ௞ିଵݖ ൌ ଶ௞ିଵΓΕݖ ݍ , ൌ Ͷ݇ െ ʹ͗ಚΔΗΖ .  
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ਦ 3ʁ್॑ଲসबٌغಕ͹ྭ . ੖਼݇ͺٌಕ఼ݖ௞Νනͤ . (a) ܽ ൌ ʹǤͷ. (b) ܽ ൌ ͵. (c) ܽ ൌ ʹǤͷ.  
(d) ܽ ൌ ʹǤͷ. (e) ܽ ൌ ʹ. (f) ܽ ൌ ͵. (g) ܽ ൌ ʹǤͷ. (h) ܽ ൌ ʹ.  
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෾ྪ a-h Ͷ͕͜Ζྡֆ஍ͳড়݇͹ઈ໎Ν͑ߨ . 
 

෾ྪ a. ͞͹৖߻ , ࠪଲܶ߻ଶ௞ܪଵͶͯ͏ͱ෈ร͵ॄ߻ͺܶ௞ܵுభͲ͍Ζ . Ήͪӊଲܪ߻ଶͶͯ͏ͱ෈
ร͵ॄ߻ͺܵுమͲ͍Ζ . ͯΉΕ , ܶ௞ܵுభͳ  ܵுమ͹ި఼ͺ್॑ଲসबٌغಕ͹ٌಕ఼Ͳ͍Ζ  (ި఼
ͳ͢ͱ෈ಊ఼ͺ঴͚). ͞Η͗ড়݇ 1 Νන͢ͱ͏Ζ ౵ࣺ଀ͺ߅Ͷ࣏ . , ෾ྪ a ͹ٌಕ఼ݖ௜Ͷଲ
͢ͱ   

௜ݖଶܪଵܶଶ௞ିଵܩ  ൌ ௜ݖ  (28) 
Νຮͪͤ . ͞ΗΝܶଶ௞ܪଶݖ௜ ൌ ௜ݖଵܩܶ ൌ ௜ͳॽ͘௜ͤݖଵܪ . ܶଶ௞ܪଶͶͯ͏ͱ෈ร͵ॄ߻ͺܶ௞ܵுమͲ͍Ζ . 
ͺܵு̏߻ॄ͵ଵͶͯ͏ͱ෈รܪ

Ͳ͍Ζ . ͯΉΕ , ٌಕ఼ݖ௜ͺ , ܶ௞ܵுమͳܵு̏
͹ި఼Ͳ͍Ζ . ͞Η͗

ড়݇ 2 Νқັ͢ͱ͏Ζ . ଲসતܵுభͳܵுమ͹ި఼ͺ෈ಊ఼͹ΊͲ͍Ζ . Γͮͱ , ݇ ൌ ͳ͹৖߻Ν௒
΄Ζ . ͞͞Ͳͺড়݇ 2 Νཤ༽ͤΖ . ଲসતܵுమ͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺͲͲ͍Ζ . ͞ΗΝ ଴ߦ , ൌ Ͳͳ
ॽ͚ . ݇ ൌ ͳͲ͍Ζ͖Δ , ࣞ(20)Νཤ༽͢ͱߦଵ͗ٽΉΖ . Ҳ๏Ͳܵுభ͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺʹȀܽͲ
͍Ζ ଵߦ . ൌ ʹȀܽΓΕྡֆ஍͗ٽΉΖ .  

ଵߦ  ൌ
െܽ

ͳ െ ܽଶ
ൌ
ʹ
ܽ
Ǥ (29) 

͞ΗΓΕྡֆ஍͗ܽ ൌ ξʹͳಚΔΗΖ . ݇Ͷͯ͏ͱ͹ড়݇݇ ൒ ͳ͗ࣖ͠Ηͪ . 
 
෾ྪ b. ͞͹৖߻ , ݇ ൌ ͲΝຮͪͤबٌغಕ͗ଚͤࡑΖ͞ͳΝࣖͤ . ܽΝଁՅͤΖͳ , ଲসત

ܵுభͳܵீమ͗ંͤΖ . ͞͹ྡֆ஍Ν݀ΌΖࣞͺ , ʹȀܽ ൌ ܽȀʹͲ͍Ζ . ࠪว͗ଲসતܵுభ͹ ଵܳ଴Ͷ͕͜
Ζܑ͘Ͳ , ӊว͗  ܵீమ͹ ଵܳ଴Ͷ͕͜Ζܑ͘Ͳ͍Ζ . ͞ΗΓΕྡֆ஍ͺܽ ൌ ʹͲ͍Ζ غঘ͹ब࠹ .
ͺ 2 Ͳ͍Ζ . ͞͹बغ 2 ͹बٌغಕͺ್॑ଲসबٌغಕͲ͍Ζ . 

 
෾ྪ c. ͞͹৖߻ , ܶܵீభͺݕ ൌ ݔ െ ͳॽ͜Ζߨ . ͞Ηͳ࣢ݔ  (ܵுమ)ͺ෈ಊ఼Ґ֐Ͳިࠫ͢͵͏ . 

͞Ηͺबغ 2 ͗ਫ਼ͣ͵͏͞ͳΝқັͤΖ . Γͮͱ , ݇ ൌ ʹ ͹৖߻Ν௒΄Ζ . ܶܵீభ͹ ଵܳ଴Ͷ͕͜
Ζܑ͘ͺߦଵ ൌ ͳͲ͍Ζ Ͷ࣏ .  ܶଶܵீభ͹ ଵܳ଴Ͷ͕͜Ζܑ͘ߦଶ ൌ ሺͳ െ ܽሻȀሺܽሺͳ െ ܽሻ ൅ ͳሻ͗ಚΔΗΖ . 
͞Η͗ 0 Ͷ͵Ζ͞ͳΓΕ , ྡֆ஍ͺܽ ൌ ͳͲ͍Ζ . ݇Ͷͯ͏ͱ͹ড়݇݇ ൒ ʹ͗ࣖ͠Ηͪ .  
 

෾ྪ d. ͞͹৖߻ , ܶܵீభ͹ܑ͘ͺ 1 Ͳ͍Ζ . Ҳ๏͹ܵீమ͹ܑ͘ͺܽȀʹͲ͍Ζ . Γͮͱྡֆ஍ͺ
ܽ ൌ ʹ͗಍͖ΗΖ . ݇Ͷͯ͏ͱ͹ড়݇݇ ൒ ͳ͗ࣖ͠Ηͪ . 
 

෾ྪ e. ଲসતܵுయͳܵுరͺ෈ಊ఼Ґ֐Ͳިࠫ͢͵͏͹Ͳ݇ ൌ ͳͳͤΖ . ଲসતܵுయ͹ ଵܳ଴Ͷ͕͜
Ζܑ͘ͺߦ଴ ൌ െͳΝཤ༽͢ͱ ΌΖٽଵΝߦ , . ଲসતܵுర͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺͳͲ͍Ζ .  

ଵߦ  ൌ
ܽ ൅ ͳ

ܽሺܽ ൅ ͳሻ െ ͳ
ൌ ͳ  

ΓΕ , ྡֆ஍ͺܽ ൌ ξʹͳಚΔΗΖ .  
 

෾ྪ f. ଲসતܵுయͳܵீరͺ෈ಊ఼Ґ֐Ͳިࠫ͢͵͏ . ଲসતܵீర͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺܽ ൅ ͳͲ͍
Ζ . ݇ ൌ ͳͳ͢ͱ , ܽΝ݀ΌΖࣞ   

ଵߦ  ൌ
ܽ ൅ ͳ

ܽሺܽ ൅ ͳሻ െ ͳ
ൌ ܽ ൅ ͳ  

͗ಚΔΗΖ . ͞ΗΝմ͏ͱྡֆ஍ͺܽ ൌ ͳͳ͵Ζ .  
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෾ྪ g. ݇ ൌ ͳͳͤΖͳबغ 2 ͹बٌغಕ͗ಚΔΗΖ . ͖͢͢ , ͞Ηͺ॑࢝ଲসबٌغಕͲ͍
Ζ . ͨ͹ͪΌͶড়݇ͳ͢ͱ݇ ൒ ʹͳͪ͢ . ଲসતܵீయ͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺߦ଴ ൌ ܽ െ ͳͲ͍Ζ . ଲ
সતܵுర͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺͳͲ͍Ζ . ݇ ൌ ʹͳ͢ͱ   

ଶߦ  ൌ
ܽଶ െ ܽ െ ͳ

ܽଷ െ ܽଶ െ ʹܽ ൅ ͳ
ൌ ͳ  

͗ಚΔΗΖ . ͞ΗΓΕ  ྡֆ஍ܽ ൌ ͳ͗ٽΉΖ .  
 

෾ྪ h. ଲসતܵீయͳܵீరͺ෈ಊ఼Ґ֐Ͳިࠫ͢͵͏ . ଲসતܵீయ͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺߦ଴ ൌ ܽ െ ͳ

Ͳ͍Ε , ଲসતܵீర͹ ଵܳ଴Ͷ͕͜Ζܑ͘ͺܽ ൅ ͳͲ͍Ζ . ݇ ൌ ͳͳ͢ͱ ଵߦ , ൌ ͳȀሺܽ െ ͳሻ ൌ ܽ ൅ ͳΝմ
͏ͱ , ྡֆ஍͗ܽ ൌ ξʹͳಚΔΗΖ .  

 
ಕ͹੓࣯ΝఈཀྵٌغͶ್॑ଲসबޛ࠹ 3.1 ͳ͢ͱΉͳΌͱ͕͚ . ್॑ଲসबٌغಕ͹੓࣯

ͺߡࢂช[1]ݛΝΊΔΗͪ͏ .   

 
ఈཀྵ 3.1. ್॑ଲসबٌغಕͶͯ͏ͱ(1)͖Δ(5)ΉͲ͗੔Εཱིͯ .  

(1) बݍغͺ , 2 Ґ৏͹۰਼ .  

(2) ࣺ଀ܶ௤ͺࠪଲ߻ Ͷ෾մ͠ΗΖ༼ࡠ͹ͯࢀ͹߻ӊଲ ,(ߛ)౵ࣺ଀߅ , .  

(3) ࠪଲ߻Ͷͯ͏ͱ෈ร͵ॄ߻Ν ௟ܵͳ͢ , ӊଲ߻Ͷͯ͏ͱ෈ร͵ॄܵ߻௥ͳͤΖ ݖܐؖ . ൌ ௟ܵ ת

ܵ௥Νຮ఼ͪͤݖͺ್॑ଲসबٌغಕ͹ٌಕ఼Ͳ͍Ζ . ఼ݖͺ෈ಊ఼Ͳ͵͏ͳͤΖ .  

(4) ড়݇ݓߛ ൌ ಕ͹ٌಕ఼Ͳ͍Ζٌغͺ್॑ଲসबݓΝຮ఼ͪͤݓ . ఼ݓͺ෈ಊ఼Ͳ͵͏ͳͤ
Ζ .  

(5) ್॑ଲসबٌغಕͺ 180 ౕյ఺ଲস੓Ν΍ͯ . 

3.3. 8 �ز෾ܙ࣊  

͹ఈٝΝ༫͓Ζز෾غͳ್॑ಋबزഔ෾غॵͶ್॑ब࠹ . ್॑ಋबغ෾زͶͯ͏ͱͺ॑࢝
ଲসबٌغಕ͹෾زΝཀྵմͤΖͪΌͶචགྷͳ͵Ζ .  
 
ఈٝ 3.2.  

(i) बغഔ෾زͳൕबغഔ෾͗زಋ࣎Ͷਫ਼ͣΖ৖߻ , ͞͹෾زΝ್॑बغഔ෾زͳఈٝͤΖ .  

(ii) ಋबغ෾زͳൕಋबغ෾͗زಋ࣎Ͷਫ਼ͣΖ৖߻ , ͞͹෾زΝ್॑ಋबغ෾زͳఈٝͤ
Ζ . 

ໍୌ 3.3 ͺߡࢂช[1]ݛͲಚΔΗͪ݃ՎͲ͍Ζ .  

 
ໍୌ 3.3.  

(i) ବԃܗҲ॑ଲসबٌغಕͺबغഔ෾زΝً͢͞ , ਫ਼໊ͣͪबٌغಕͺҲ॑ଲসबٌغಕ
Ͳ͍Ζ .  

(ii) ବԃ್॑ܗଲসबٌغಕͺ࠹ॵͶ್॑बغഔ෾زΝً͢͞ Νًͤ͞ز෾غͶಋब࣏ , . 
͞ΗΔ͹෾زͲਫ਼໊ͣͪबٌغಕͺͳ΍ͶҲ॑ଲসबٌغಕͲ͍Ζ . 

 
ύʖϏʖࣺ଀Ͷ͕͜ΖବԃܗҲ॑ଲসबٌغಕ͹෾ز͹ྭΝਦ 4(a)Ͷࣖͪ͢ . ବԃܗҲ॑
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ଲসबٌغಕͺबغഔ෾ز͹ΊΝًͤ͞ . ବԃ್॑ܗଲসबٌغಕ(෾ྪ e)͹෾زΝਦ 4(b)
Ͷࣖͪ͢ . ͞͹बٌغಕͺ࠹ॵͶ್॑बغഔ෾زΝً͢͞ Νًͤ͞ز෾غͶಋब࣏ , . ಝͶ
ਦ 4(b)Ͷ͕͜Ζ҈ఈ੓ݎ਼ܐሺܽሻ͹ܙয়Ν U ΁ݼͳܙ࣊ . U ΝزͶॊ͑෾ܙ࣊  U ͳ໌ز෾ܙ࣊
෉͜Ζ . ବԃ್॑ܗଲসबٌغಕͺ U Νًͤ͞ز෾ܙ࣊ . 

ਦ 4(a)Ͳࣖͪ͢बغഔ෾ز͹ྭͺΓ͚எΔΗͱ͏Ζ͹Ͳ , ͞͞Ͳͺਦ 4(b)͹ U ͹ز෾ܙ࣊
ྭΝ়ղͤΖ . ್॑बغഔ෾زͲਫ਼ͣͪबٌغಕ͹ྭΝਦ 5 Ͷࣖͪ͢ . बغ 4 ͹ବԃ್॑ܗ
ଲসबٌغಕͺ୉͘͵؛Ͳඵ͘ , ෾زͲਫ਼ͣͪबغ 8 ͹ٌಕ఼ͺঘ͠͵؛Ͳඵ͏ͪ . ਦ 5(a)
ͳਦ 5(b)Ͳඵ͏ͪबغ 8 ͹बٌغಕ͗ਫ਼ͣͪ௜ޛͺବԃܗͲ͍Ζ . ਦ 5(a)Ͳͺٌಕ఼ݖ଴ΓΕ
ਫ਼఼್ͣͪ͗ଲসતܵுయ৏Ͷ͍Ε , ਦ 5(b)Ͳͺٌಕ఼ݖଶΓΕਫ਼఼್ͣͪ͗ଲসતܵுయ৏Ͷ͍Ζ . 
ਦ 5(c)ͳਦ 5(d)Ͳඵ͏ͪबغ 8 ͹बٌغಕ͗ਫ਼ͣͪ௜ޛͺγχϩܗͲ͍Ζ . ਦ 5(c)Ͳͺٌಕ
఼ݖଵΓΕਫ਼఼್ͣͪ͗ଲসતܵுర৏Ͷ͍Ε , 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 ൌ ͳǤͳ͹ͷͷ. (b) ବԃ್॑ܗଲসबٌغಕ͹෾ز͹ྭ . ෾ྪ e. ݖ଴ א ܵுయ, ݖଵ א ܵுర, ݍ ൌ Ͷ, 
ܽ௖ሺͳȀͶሻ ൌ ξʹ. 

 
ਦ 5ʁबغ 4 ͹್॑ଲসबٌغಕ͹ٌಕ఼ݖ௞ሺͲ ൑ ݇ ൑ ͵)(୉͘͵؛һ)ΓΕਫ਼ͣͪबغ 8 ͹ٌಕ
఼(ঘ͠͵؛һ). (a)ͳ(b)͹ঘ͠͵؛һ͹बٌغಕ͗ਫ਼ͣͪ௜ޛͺବԃܗ . (c)ͳ(d)͹ঘ͠͵
ܗͺγχϩޛಕ͗ਫ਼ͣͪ௜ٌغһ͹ब؛ . ܽ ൌ ʹǤͶ. 
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್॑बغഔ෾زͲͺ , ବԃܗबٌغಕͳγχϩܗबٌغಕ͗ڠͶ್ͯਫ਼ͣΖ . ࣺ଀଼ܶ͹΍
ͳͲ , ବԃܗबٌغಕ͹ϛΠϱΩϪ਼ࢨͺሺʹ ൈ ሺ൅ͳሻሻͲ, Ҳ๏͹γχϩܗबٌغಕ͹ϛΠϱΩ
Ϫ਼ࢨͺሺʹ ൈ ሺെͳሻሻͲ͍Ζ . ್॑बغഔ෾ز͹઴ , बغ 4 ͹बٌغಕͺବԃܗͲ͍Ζ . ࣺ଀ܶସ

Ͳबٌغಕ఼͗ବԃ఼͵Δͻ , ͞͹ٌಕ఼ͺࣺ଀଼ܶͲ΍ಋ༹Ͳ͍Ζ . Γͮͱ , ෾ز઴͹ϛΠ
ϱΩϪ਼ࢨ͹૱࿪ͺ ሺ൅ͳሻͲ͍Ζ . ϛΠϱΩϪ਼ࢨ͹ฯଚଉΓΕ , ෾ޛز΍ ሺ൅ͳሻ ൌ ሺ൅ͳሻ ൅

ሺʹ ൈ ሺ൅ͳሻሻ ൅ ሺʹ ൈ ሺെͳሻሻͲ͍Ζ . ͞ΗΓΕबغ 4 ͹बٌغಕ͹ϛΠϱΩϪ਼ࢨͺ෾ز͹઴ޛͲ
รԿ͢͵͏͞ͳ͗಍͖ΗΖ . ͞͹͞ͳͺ , ҈ఈ੓ݎ਼ܐሺܽሻ͗ݎ ൌ െʹͳં͢ͱ͏Ζ͞ͳ͹๥ৄ
ͳ͵Ζ . 
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4.1. ଲ߻͹੷ͶؖͤΖؖܐ 

್ͯ͹ଲ߻͹੷ͶؖͤΖؖܐΝࣞ(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 ൌ ଵ΍қັͤΖܩଷܩ . ଲ߻Νཤ༽͢ͱͤࢋܯΖ͞ͳͲ͞ΗΔ͹ؖ
Νࣖͤ͞ͳ͗Ͳ͘Ζܐ . Γͮͱ , ࣞ(30)͖Δࣞ(32)͹಍ड़ͺ঴͚ . ಝͶࣞ(32)ͺ್॑ଲসब
ಕͶ͕͏ͱ΍੔ཱིͤΖٌغ . ҐԾ͹٠࿨Ͳͺ৏ى͹ؖܐΝචགྷͶԢͣͱཤ༽ͤΖ . 

 ಕ͹෾ྪٌغଲসब॑࢝ .4.2

͹ଲসતΝ௪գͤΖͯ࢝ͪͮ͵͹ؔͶҡغಕͺҲबٌغଲসब॑࢝ . ௪գ͹࢕๏Ͳ॑࢝ଲ
সबٌغಕͺൂझྪͶ෾ྪͲ͘Ζ[3]. ൂझྪΝන 4 ͳන 5 Ͷࣖͪ͢ . 

න̒ʁ॑࢝ଲসबٌغಕ͹෾ྪ I 

෾ྪ  ଲসતͳٌಕ఼  बݍ:غ ড়݇  
A1 ܪ��ଵሾݖ଴ሿ ՜ ௞ሿݖଷሾܪ ՜ ଶ௞ሿݖଶሾܩ ՜ ଷ௞ሿݖସሾܩ ՜ ସ௞ାଵሿ ͺ݇ݖଵሾܪ ൅ ʹ ݇ ൒ ͳ 
B1 ܪ��ଵሾݖ଴ሿ ՜ ௞ሿݖସሾܪ ՜ ଶ௞ሿݖଶሾܩ ՜ ଷ௞ሿݖଷሾܩ ՜ ସ௞ାଵሿ ͺ݇ݖଵሾܪ ൅ ʹ ݇ ൒ Ͳ 
C1 ܪ��ଶሾݖ଴ሿ ՜ ௞ሿݖଷሾܪ ՜ ଶ௞ሿݖଵሾܩ ՜ ଷ௞ሿݖସሾܩ ՜ ସ௞ାଵሿ ͺ݇ݖଶሾܪ ൅ ʹ ݇ ൒ ͳ 
D1 ܪ��ଶሾݖ଴ሿ ՜ ௞ሿݖସሾܪ ՜ ଶ௞ሿݖଵሾܩ ՜ ଷ௞ሿݖଷሾܩ ՜ ସ௞ାଵሿ ͺ݇ݖଶሾܪ ൅ ʹ ݇ ൒ ͳ 
E1 ܪ��ଷሾݖ଴ሿ ՜ ௞ሿݖଵሾܪ ՜ ଶ௞ିଵሿݖସሾܩ ՜ ଷ௞ିଵሿݖଶሾܩ ՜ ସ௞ିଵሿ ͺ݇ݖଷሾܪ െ ʹ ݇ ൒ ͳ 
F1 ܪ��ଷሾݖ଴ሿ ՜ ௞ሿݖଶሾܪ ՜ ଶ௞ିଵሿݖସሾܩ ՜ ଷ௞ିଵሿݖଵሾܩ ՜ ସ௞ିଵሿ ͺ݇ݖଷሾܪ െ ʹ ݇ ൒ ʹ 
G1 ܪ��ସሾݖ଴ሿ ՜ ௞ሿݖଵሾܪ ՜ ଶ௞ିଵሿݖଷሾܩ ՜ ଷ௞ିଵሿݖଶሾܩ ՜ ସ௞ିଵሿ ͺ݇ݖସሾܪ െ ʹ ݇ ൒ ͳ 
H1 ܪ��ସሾݖ଴ሿ ՜ ௞ሿݖଶሾܪ ՜ ଶ௞ିଵሿݖଷሾܩ ՜ ଷ௞ିଵሿݖଵሾܩ ՜ ସ௞ିଵሿ ͺ݇ݖସሾܪ െ ʹ ݇ ൒ ͳ 
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න̓ʁ॑࢝ଲসबٌغಕ͹෾ྪᶚ  

෾ྪ  ଲসતͳٌಕ఼  बݍ:غ ড়݇  
A2 ܩ��ଶሾݖ଴ሿ ՜ ௞ሿݖସሾܩ ՜ ଶ௞ାଵሿݖଵሾܪ ՜ ଷ௞ାଵሿݖଷሾܪ ՜ ସ௞ାଵሿ  ͺ݇ݖଶሾܩ ൅ ʹ ݇ ൒ ͳ 
B2 ܩ��ଶሾݖ଴ሿ ՜ ௞ሿݖଷሾܩ ՜ ଶ௞ାଵሿݖଵሾܪ ՜ ଷ௞ାଵሿݖସሾܪ ՜ ସ௞ାଵሿ  ͺ݇ݖଶሾܩ ൅ ʹ ݇ ൒ Ͳ 
C2 ܩ��ଵሾݖ଴ሿ ՜ ௞ሿݖସሾܩ ՜ ଶ௞ାଵሿݖଶሾܪ ՜ ଷ௞ାଵሿݖଷሾܪ ՜ ସ௞ାଵሿ  ͺ݇ݖଵሾܩ ൅ ʹ ݇ ൒ ͳ 
D2 ܩ��ଵሾݖ଴ሿ ՜ ௞ሿݖଷሾܩ ՜ ଶ௞ାଵሿݖଶሾܪ ՜ ଷ௞ାଵሿݖସሾܪ ՜ ସ௞ାଵሿ  ͺ݇ݖଵሾܩ ൅ ʹ ݇ ൒ ͳ 
E2 ܩ��ସሾݖ଴ሿ ՜ ௞ሿݖଶሾܩ ՜ ଶ௞ሿݖଷሾܪ ՜ ଷ௞ሿݖଵሾܪ ՜ ସ௞ିଵሿ  ͺ݇ݖସሾܩ െ ʹ ݇ ൒ ͳ 
F2 ܩ��ସሾݖ଴ሿ ՜ ௞ሿݖଵሾܩ ՜ ଶ௞ሿݖଷሾܪ ՜ ଷ௞ሿݖଶሾܪ ՜ ସ௞ିଵሿ  ͺ݇ݖସሾܩ െ ʹ ݇ ൒ ʹ 
G2 ܩ��ଷሾݖ଴ሿ ՜ ௞ሿݖଶሾܩ ՜ ଶ௞ሿݖସሾܪ ՜ ଷ௞ሿݖଵሾܪ ՜ ସ௞ିଵሿ  ͺ݇ݖଷሾܩ െ ʹ ݇ ൒ ͳ 
H2 ܩ��ଷሾݖ଴ሿ ՜ ௞ሿݖଵሾܩ ՜ ଶ௞ሿݖସሾܪ ՜ ଷ௞ሿݖଶሾܪ ՜ ସ௞ିଵሿ  ͺ݇ݖଷሾܩ െ ʹ ݇ ൒ ͳ 

 
ॵͶ࠹ A1 Ν΍ͳͶන͹ߺى͹қັΝઈ໎ͤΖ . बݍغͺݍ ൌ ͺ݇ ൅ ʹͲ͍Ζ . ॵغ఼ݖ଴ͺଲস

તܵுభ৏Ͷ͍Ε , ٌಕ఼ݖ௞ͺଲসતܵுయͶ͍Ζ ߺى . ଴ሿݖଵሾܪ  ՜ ௞ሿ͗ݖଷሾܪ , ͞͹͞ͳΝන͢ݳͱ͏
Ζ . ٌಕ఼ݖଵ͖Δݖ௞ିଵΉͲͺଲসતͶ͵͏ ଶ௞ͺଲসતܵீమ৏Ͷ͍ΕݖͶٌಕ఼࣏ . , ٌಕ఼ݖଷ௞ͺ
ଲসતܵீరͶ͍Ζ . बغ͹஺ౕൔ෾Ͳ࠸;ٌಕ఼ͺଲসતܵுభ Ͷ໯Ζ . ͯΉΕ ସ௞ାଵݖ , א ܵுభ͗੔
Εཱིͯ . ͞͞Ͳݖ଴ ് ସ௞ାଵͲ͍Ζݖ . A1 Ͷ؜ΉΗΖ॑࢝ଲসबٌغಕ͹࠹ঘबغͺݍ ൌ ͳͲ�ሺ݇ ൌ ͳሻ

Ͳ͍Ζ .  

बٌغಕ͗௪գͤΖଲসત͹ॳ൬ͺ , න 4 ͹෾ྪͲͺ ௜�ሺ݅ܪ  ൌ ͳǡʹǡ͵ǡͶሻ͖Δ࢟ΉΖ . ͞͹නݳ
Ν॰յ͢ , ٌಕ఼͹ॳ൬ΝรͤߍΖͳන 5 ͗ಚΔΗΖ . න 4 ͳන 5 ͺಋͣ৚ๅΝ༫͓Ζ . ॵغ
఼͗ܵு೔�ሺ݅ ൌ ͳǡʹǡ͵ǡͶሻ͍͗Ζ৖߻ͳ , ܵீ೔�ሺ݅ ൌ ͳǡʹǡ͵ǡͶሻͶ͍Ζ৖߻Ͷ෾͜ͱ͕͚ͳන͗ཤ༽͢Ώͤ
͏ . 

ൂझྪ͹॑࢝ଲসबٌغಕ͹ྭΝਦ 5 Ͷࣖͤ . ਦ 5(A)Ͳ, ݖ଴ א ܵுభ(ݖ଴ͺ , ਦͲͺ 0 ͳන͠ݳ
Ηͱ͏Ζ)͖Δड़൅ͪ͢৖͗߻෾ྪ A1 Ͷ͵Ε ෾ྪ͗߻఼ͳͪ͢৖غଶΝॵݖ , A2 Ͳ͍Ζ . ਦ
5(A)͹ྭͲͺ , बغͺݍ ൌ ͳͲͲ, 8 ͹ٌಕ఼͗ଲসત৏Ͷ͍Ζݺ . 
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ਦ 6ʁ॑࢝ଲসबٌغಕ͹ྭ .੖਼݇ͺٌಕ఼ݖ௞Νනͤ . (A) ܽ ൌ ʹǤͷ. (B) ܽ ൌ ͳ. (C) ܽ ൌ ͳ. (D) 
ܽ ൌ ʹǤͷ. (E) ܽ ൌ ͳǤͷ. (F) ܽ ൌ ʹ. (G) ܽ ൌ Ͷ. (H) ܽ ൌ ʹ.  
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෾ྪ A1 ͹৖߻ , ଲসતܵுభͶ͍Ζॵغ఼ݖ଴͖Δड़൅͢ , ౏஦Ͳଲসતܵுయ, ܵீమ, ܵீరΝܨ༟͢
ͱ࠸;ଲসતܵுభͶ໯Ζ . ͞͹बٌغಕͺ , ࠪӊ͹ଲসતܵுభ, ৏Ծ͹ଲসતܵீమ, ࣾΌࠪӊ͹ଲ
সતܵுయ , ͨ͢ͱࣾΌ৏Ծ͹ଲসતܵீరͶٌಕ఼Ν΍͖ͯΔ॑࢝ଲসबٌغಕͲ͍Ζ . ͞͹ब
༟͢ͱ͏͚ॳ൬Ν΍ͳͶܨಕٌ͗غ , ब͗غͺ݇ ൅ ʹͲ͍Ζ͞ͳΝৄ໎ͤΖ .  

 
A1 ͹৖߻ Ν݀ఈ͢غॵͶब࠹ . ΖͪΌ͹ড়݇Ν಍͚ͤࡑಕ͗ଚٌغͶ͞͹ब࣏ , . ٌಕ఼ݖ଴
ͳ ௞Ͷͯ͏ͱݖ ଴ݖ , א ܵுభ͖ͯ ௞ݖ א ܵுయ͗੔Εཱིͯ ॵͶ࠹ . ଶ௞ݖ א ܵீమΝ಍͚ ௞ݖ . א ܵுయΓΕ ௞ݖ , ൌ
௞͗੔Εཱིͯݖଷܪ . ྈวͶܶ௞Νࡠ༽ͤΖ . ࠪวͺݖଶ௞Ͳ , ӊวͺܶ௞ܪଷݖ௞ ൌ ௞ݖଷܶି௞ܪ ൌ ଴ݖଷܪ ܐؖ .
ଶ௞ݖ ൌ Ζͳͤ༼ࡠଶΝܩ଴͹ྈวͶݖଷܪ ଴ݖଷܪଶܩ , ൌ ଶ௞͗ಚΔΗΖݖଶܩ ଷܪଶܩࣞܐؖ . ൌ ͤ༼ଵΝཤܪଷܪ
Ζ(ࣞ(30)ΝݡΓ). ܪଵݖ଴ ൌ ଴ Ͳ͍Ζ͖Δݖ ଴ݖଵܪଷܪ , ൌ ଴ݖଷܪ ൌ ଶ௞ݖ . Γͮͱ ଶ௞ݖ , ൌ ଶ௞੔Εཱིͯݖଶܩ . 
͞Ηͺݖଶ௞ א ܵீమΝқັͤΖ .  

ଶ௞ݖͶ࣏ ൌ Ζͤ༼ࡠଶ௞͹ྈวͶܶି௞Νݖଶܩ . ࠪวͺݖ௞Ͳ , ӊวͺ  ܶି௞ܩଶݖଶ௞ ൌ ଶ௞ݖଶܶ௞ܩ ൌ ଷ௞ݖଶܩ . 
ಚΔΗͪܩଶݖଷ௞ ൌ ௞Νݖ ଷ௞ݖ  ൌ ௞ͳॽ͘௜͢ݖଶܩ , ྈวͶܩସΝࡠ༽ͤΖ . ࠪวͺܩସݖଷ௞Ͳ , ӊวͺ
Ζ͓׷௞. ͞͹ӊวΝҐԾ͹Γ͑Ͷॽ͘ݖଶܩସܩ . 

௞ݖଶܩସܩ  ൌ ௞ݖଵܩଷܩ ൌ ௞ݖଵܪଵܪଵܩଷܩ ൌ   ௞ݖଵܪଷܶିଵܩ
 ൌ ௞ିݖଷܶିଵܩ ൌ ௞ିଵିݖଷܩ ൌ ௞ିଵିݖଷܪଷܪଷܩ ൌ ܶିଵݖଷ௞ାଵ ൌ  ଷ௞ (33)ݖ

͞͞Ͳ ଶܩସܩ , ൌ ଵܩଷܩ ௞ݖଵܪ , ൌ ௞ିݖ ௞ିଵିݖଷܪ , ൌ ͪ͢༼ΝॳͶཤܐଷ௞ାଵ͹ؖݖ . ΉͳΌͱ ଷ௞ݖ , ൌ
ଷ௞͗ಚΔΗͪݖସܩ . ͞Ηͺݖଷ௞ א ܵீరΝқັͤΖ .  

बغΝ಍͚ ଷ௞ݖସܩ . ൌ Ζ͓׷ଷ௞͹ࠪวΝҐԾ͹Γ͑Ͷॽ͘ݖ .  
ଷ௞ݖସܩ  ൌ ௞ݖଶܩସܩ ൌ ௞ݖଷܪଶܩସܩ ൌ ௞ݖଷܪଵܩଷܩ ൌ   ௞ݖଵܪସܪଷܩ
 ൌ ௞ିݖସܪଷܩ ൌ ௞ିݖସܪଷܪଷܪଷܩ ൌ ܶିଵܴିݖ௞ ൌ  ௞ିଵା௤ȀଶǤ (34)ିݖ

͞͞Ͳ ௞ݖଶܩ , ൌ ଷ௞ݖ ௞ݖ , ൌ ௞ݖଷܪ ଶܩସܩ , ൌ ଷܪଵܩ ,ଵܩଷܩ ൌ ଵܪସܪ ௞ݖଵܪ , ൌ ௞ିݖ , ܴ ൌ ସܪଷܪ , ܴ ൌ ܶ௤Ȁଶ  Ν
ॳͶཤ༽ͪ͢ . Ґ৏Ͳݖଷ௞ ൌ ௞ିଵା௤Ȁଶ͗಍͖Ηିݖ , बݍ͗غ ൌ ͺ݇ ൅ ʹͳ݀ΉΖ .  

ؖ ܐ ସ௞ାଵݖ א ܵுభ Ν ࣖ ͤ ଴ݖ . ൌ ଴͹ݖଵܪ ྈ ว Ͷ ܶିସ௞ିଵΝ ࡠ ༽ ͤ Ζ ͳ ସ௞ିଵିݖ , ൌ ܶିସ௞ିଵܪଵݖ଴ ൌ

଴ݖଵܶସ௞ାଵܪ ൌ ݍ͗غସ௞ାଵ. बݖଵܪ ൌ ͺ݇ ൅ ʹͲ͍Ζ͖Δ ସ௞ିଵିݖ , ൌ ସ௞ାଵݖ . Γͮͱ ସ௞ାଵݖ , ൌ ସ௞ାଵ͗ݖଵܪ
੔Εཱིͯ .  

݇ ൌ ͲΝຮͪͤबغ 2 ͗ଚ͢ࡑ͵͏͞ͳΝࣖͤ . ݇ ൌ Ͳͺ, ଲসતܵுభͳܵுయ͗ܳଵ଴Ґ֐Ͳިࠫͤ
Ζ͞ͳΝқັͤΖ . ͖͢͢ , ଲসતܵுభ͹ ଵܳ଴Ͷ͕͜Ζܑ͘ʹȀܽ͗ਜ਼Ͳ , Ҳ๏͹ܵுయ͹ܑ͘  െͳ 
ͺෝͲ͍Ζ . Γͮͱ , ܵுభͳܵுయ͗ ଵܳ଴Ґ֐ͲިࠫͤΖ͞ͳͺ͵͏ Ͷ࣏ . , ݇ ൌ ͳͺՆ೵Ͳ͍Ζ͞
ͳΝࣖͤ . ܵுభ͹ܑ͘ߦ଴ ൌ ʹȀܽ͹଀ ߦଵ ൌ ሺܽଶ െ ʹሻȀሺܽଷ െ ͵ܽሻ ͗ 0 Ͷ͵Ζড়݇ͺ , ܽ ൌ ξʹͲ͍Ζ .  

 
B1 ͹৖߻ . ଲসતܵுభ͹ܳଵ଴Ͷ͕͜Ζܑ͘ͺʹȀܽͲ͍Ζ . ଲসતܵுర͹ܑ͘ͺ 1 Ͳ͍Ζ͖Δ , ྡֆ
஍ͺ 2 ͳಚΔΗΖ . ͞͹৖߻ , ݇ ൒ ͲͲ͍Ζ . ͯΉΕ , ͞͹৖߻Ͷ͹Ίबغ 2 ͗ଚͤࡑΖ . 

 
C1 ͹৖߻ . ଲসતܵுమ͹ܑ͘ͺߦ଴ ൌ ͲͲ , ଲসતܵுయ͹ܑ͘ͺെͳͲ͍Ζ͖Δ , ݇ ൌ Ͳͺ੔Εཱིͪ
͵͏ . Γͮͱ , ݇ ൌ ͳͳͤΖ ΌͱٽଵΝߦ . ଵߦ , ൌ െͳͳ஖͚ .  

 
ܽ

ܽଶ െ ͳ
ൌ െͳǤ ሺ35ሻ 

͞ΗΓΕྡֆ஍ͺሺξͷ െ ͳሻȀʹͲ͍Ζ . ͞͹৖߻ , ݇ ൒ ͳͲ͍Ζ .  
 

D1 ͹৖߻ . ଲসતܵுమ͹ܑ͘ͺߦ଴ ൌ ͲͲ, ଲসતܵுర͹ܑ͘ͺ 1 Ͳ͍Ζ͖Δ , ݇ ൌ Ͳͺ੔Εཱིͪ
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͵͏ . Γͮͱ , ݇ ൌ ͳͳͤΖ . C1 ͹৖߻ͳಋ༹Ͷ͢ͱ   

 
ܽ

ܽଶ െ ͳ
ൌ ͳ (36) 

͗ಚΔΗΖ . ͞ΗΓΕྡֆ஍ͺሺξͷ ൅ ͳሻȀʹͲ͍Ζ . ͞͹৖߻ , ݇ ൒ ͳͲ͍Ζ .  

 
E1 ͹৖߻ . ଲসતܵுయ͹ܑ͘ͺߦ଴ ൌ െͳͲ , ଲসતܵுభ͹ܑ͘ͺʹȀܽͲ͍Ζ͖Δ , ݇ ൌ Ͳͺ੔Εཱི
ͪ͵͏ . ݇ ൌ ͳͳ͢ͱߦଵΝٽΌΖͳྡֆ஍Ν݀ΌΖࣞ   

 
ܽ ൅ ͳ

ܽଶ ൅ ܽ െ ͳ
ൌ
ʹ
ܽ

 ሺ37ሻ 

͗ಚΔΗΖ . ྡֆ஍ͺͳͲ͍Ζ . ͞͹৖߻ , ݇ ൒ ͳͲ͍Ζ .  

 
F1 ͹৖߻ . ଲসતܵுయ͹ܑ͘ͺߦ଴ ൌ െͳͲ , ଲসતܵுమ͹ܑ͘ͺͲͲ͍Ζ͖Δ , ݇ ൌ Ͳͺ੔Εཱིͪ
͵͏  . ݇ ൌ ͳͳ͢ͱ ଵߦΌΖͳٽଵΝߦ , ൌ ሺܽ ൅ ͳሻȀሺܽଶ ൅ ܽ െ ͳሻ͗ಚΔΗΖ . ͖͢͢ ଵߦ , ൌ Ͳͺ੔ཱི
͢͵͏ . Γͮͱ ΌΖٽଶΝߦ , .  

ଶߦ  ൌ
ܽଷ ൅ ܽଶ െ ʹܽ െ ͳ

ܽସ ൅ ܽଷ െ ͵ܽଶ െ ʹܽ ൅ ͳ
Ǥ (38) 

͞͹ࣞ͹෾ࢢΝ 0 ͳ͢ͱྡֆ஍͗ 1.24698 ͳಚΔΗΖ . ড়݇ͺ݇ ൒ ʹͳ͵Ζ .  

 
G1 ͹৖߻ . ݇ ൌ ͳͺ , बغ 2 ͹ٌಕ͖Δਫ਼ͣͪबغ 3 ͹बٌغಕΝ༫͓Ζ(ਦ 5(G)). ͯΉΕ , 
बغͺ͸ ൌ ʹ ൈ ͵. ਼஍ࢋܯͲ  ෾͗زਫ਼ͣΖྡֆ஍ͺ 3.6963 ͳಚΔΗΖ .  

 
H1 ͹৖߻ . ଲসતܵுర͹ܑ͘ͺߦ଴ ൌ ͳΝཤ༽͢ͱߦଵΝٽΌΖ .  

ଵߦ  ൌ
ܽ െ ͳ

ܽଶ െ ܽ െ ͳ
Ǥ (39) 

ଲসતܵுమ͹ܑ͘ͺ 0 Ͳ͍Ζ͖Δ , ྡֆ஍ͺ 1. Ήͪ݇ ൒ ͳͲ͍Ζ . 
 

ໍୌ ଀ͲͺࣺٱՆ॑࢝ .4.1 , 180 ౕյ఺ଲস੓Ν΍ͯबٌغಕͺ್॑ଲসबٌغಕͳ॑࢝ଲ
সबٌغಕͶݸΔΗΖ .  

ৄ໎ . ್॑ଲসबٌغಕ͹৖߻͹क௃ͺఈཀྵ 3.1 ͲعͶफ़΄ΔΗͱ͏Ζ ಕٌغଲসब॑࢝ .
͹৖߻͹क௃Νৄ໎ͤΖ . ͞͞Ͳͺන 4 Ͷ͕͜Ζ A1 ͹৖߻Νৄ໎ͤΖ . 

௤ȀଶݖॵͶ࠹ ൌ ଴Νࣖͤݖܴ . A1 ͹৖߻ͺ ଴ݖܴ , ൌ ଴Νཤ༽ͤΖݖଵܪଶܪ ଴ݖ . א ܵுభΓΕ ଴ݖܴ , ൌ ଴͗ݖଶܪ
ಚΔΗΖ ଶ௞ݖͶ࣏ . א ܵீమΓΕ ଶ௞ݖଶܩ , ൌ ଶ௞͗੔Εཱིͯݖ . ྈวͶܪଶΝࡠ༽ͤΖ ଶ௞ݖଶܩଶܪ . ൌ ଶ௞ାଵΓݖ
Ε ଶ௞ାଵݖ , ൌ ଶ௞͗ಚΔΗΖݖଶܪ . ͞ΗΝ ସ௞ାଵݖ , ൌ ଴ͳॽ͘௜ͤͳݖଶܪ ଴ݖܴ , ൌ ଴ݖଶܪ ൌ ΉΖٽସ௞ାଵ͗ݖ . 
ʹȀݍ ൌ Ͷ݇ ൅ ͳͲ͍Ζ͖Δ ௤Ȁଶݖ , ൌ ଴͗ࣖ͠Ηͪݖܴ Ͷ࣏ . ௤Ȁଶݖ ൌ ଴͹ྈวͶݖܴ ܶΝࡠ༽ͤΖͳ , 
௤Ȁଶାଵݖ ൌ ଴ݖܴܶ ൌ ଴ݖܴܶ ൌ ଵ͗ಚΔΗΖݖܴ . ͞ΗΝ܃Εศͤ͞ͳͲ ಕٌ͗غଲসब॑࢝ , 180 ౕյ
఺ଲস੓Νͯ࣍͞ͳ͗ࣖ͠ΗΖ . Ґ৏Ͳৄ໎Νश͓Ζ . 

4.3. ଲ߻නݳ 

Ν಍͑͞ݳන߻ಕΝಝ௅෉͜Ζଲٌغଲসब॑࢝ . ݃Վͺන 6 ͳන 7 Ͷͪͦࡎ . ͞͞Ͳͺ
A1 ͹ଲ߻නݳΝ಍ड़ͤΖ . Ήͥ , ଼ܶ௞ାଶΝ࣏͹Γ͑Ͷ෾մͤΖ͞ͳ͖Δ࢟ΌΖ .  

 ଼ܶ௞ାଶ ൌ ܶଶ௞ܪଵ ל ଷܪଵܶ଺௞ାଵܩ ל  ଷǤ (40)ܪ
Νॽ͘௜ͤ༼ࡠͶ୊್൬໪͹࣏ .  
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ଷܪଵܶ଺௞ାଵܩ  ൌ ଷܪଵܶ଺௞ାଵܩଶܩଶܩ ൌ   ଷܪଶܴܶ଺௞ାଵܩ
 ൌ ଷܪଶܶିସ௞ିଵܶ଺௞ାଵܩ ൌ  ଷǤ (41)ܪଶܶଶ௞ܩ

ॽ͓͘׷͹౏஦ͲܴΝܴ ൌ ܶିସ௞ିଵͲ஖͓ͪ͘׷ . ୊್͹ܩ༼ࡠଶܶଶ௞ܪଷͶ , ࠪଲ߻ͳӊଲ߻Ν߻
Κͦͱଲ߻න͗ݳಚΔΗΖ .  

 ଼ܶ௞ାଶ ൌ ܶଶ௞ܪଵ ל ଷܪଶܶଶ௞ܩ ל  ଷǤ (42)ܪ

න̔ʁଲ߻නݳᶙ  

෾ྪ  ଲ߻නݳ[ࠪଲ߻ ౵ࣺ଀߅ , , ӊଲ߻] ଚࡑড়݇ 1 ଚࡑড়݇ 2 
A1  ଼ܶ௞ାଶ ൌ ܶଶ௞ܪଵ ל ଷܪଶܶଶ௞ܩ ל ଷ   ܶ௞ܵுభܪ ת ܵுయ ് ௞ܵுయܶ   ׎ ת ܵீమ ്   ׎
B1  ଼ܶ௞ାଶ ൌ ܶଶ௞ܪଵ ל ସܪଶܶଶ௞ܩ ל ସ   ܶ௞ܵுభܪ ת ܵுర ് ௞ܵுరܶ   ׎ ת ܵீమ ്   ׎
C1  ଼ܶ௞ାଶ ൌ ܶଶ௞ܪଶ ל ଷܪଵܶଶ௞ܩ ל ଷ   ܶ௞ܵுమܪ ת ܵுయ ് ௞ܵுయܶ   ׎ ת ܵீభ ്   ׎
D1  ଼ܶ௞ାଶ ൌ ܶଶ௞ܪଶ ל ସܪଵܶଶ௞ܩ ל ସ   ܶ௞ܵுమܪ ת ܵுర ് ௞ܵுరܶ   ׎ ת ܵீభ ്   ׎
E1  ଼ܶ௞ିଶ ൌ ܶଶ௞ܪଷ ל ଵܪସܶଶ௞ିଶܩ ל ଵ   ܶ௞ܵுయܪ ת ܵுభ ് ௞ିଵܵுభܶ   ׎ ת ܵீర ്   ׎
F1  ଼ܶ௞ିଶ ൌ ܶଶ௞ܪଷ ל ଶܪସܶଶ௞ିଶܩ ל ଶ   ܶ௞ܵுయܪ ת ܵுమ ് ௞ିଵܵுమܶ   ׎ ת ܵீర ്   ׎
G1  ଼ܶ௞ିଶ ൌ ܶଶ௞ܪସ ל ଵܪଷܶଶ௞ିଶܩ ל ଵ   ܶ௞ܵுరܪ ת ܵுభ ് ௞ିଵܵுభܶ   ׎ ת ܵீయ ്   ׎
H1  ଼ܶ௞ିଶ ൌ ܶଶ௞ܪସ ל ଶܪଷܶଶ௞ିଶܩ ל ଶ   ܶ௞ܵுరܪ ת ܵுమ ് ௞ିଵܵுమܶ   ׎ ת ܵீయ ്   ׎

න̕ʁଲ߻නݳ II 

෾ྪ   ଲ߻නݳ[ࠪଲ߻ ౵ࣺ଀߅ , , ӊଲ߻]  ଚࡑড়݇ 1 ଚࡑড়݇ 2 
A2  ܶି଼௞ିଶ ൌ ସܶଶ௞ܩ ל ଵܪସܶିଶ௞ିଶܩ ל ଶ   ܶି௞ܵீరܩ ת ܵீమ ് ௞ିଵܵுభିܶ   ׎ ת ܵீర ്   ׎
B2  ܶି଼௞ିଶ ൌ ଷܶଶ௞ܩ ל ଵܪଷܶିଶ௞ିଶܩ ל ଶ   ܶି௞ܵீయܩ ת ܵீమ ് ௞ିଵܵுభିܶ   ׎ ת ܵீయ ്   ׎
C2  ܶି଼௞ିଶ ൌ ସܶଶ௞ܩ ל ଶܪସܶିଶ௞ିଶܩ ל ଵ   ܶି௞ܵீరܩ ת ܵீభ ് ௞ିଵܵுమିܶ   ׎ ת ܵீర ്   ׎
D2  ܶି଼௞ିଶ ൌ ଷܶଶ௞ܩ ל ଶܪଷܶିଶ௞ିଶܩ ל ଵ   ܶି௞ܵீయܩ ת ܵீభ ് ௞ିଵܵுమିܶ   ׎ ת ܵீయ ്   ׎
E2  ܶି଼௞ାଶ ൌ ଶܶଶ௞ܩ ל ଷܪଶܶିଶ௞ܩ ל ସ   ܶି௞ܵீమܩ ת ܵீర ് ௞ܵுయିܶ   ׎ ת ܵீమ ്   ׎
F2  ܶି଼௞ାଶ ൌ ଵܶଶ௞ܩ ל ଷܪଵܶିଶ௞ܩ ל ସ   ܶି௞ܵீభܩ ת ܵீర ് ௞ܵுయିܶ   ׎ ת ܵீభ ്   ׎
G2  ܶି଼௞ାଶ ൌ ଶܶଶ௞ܩ ל ସܪଶܶିଶ௞ܩ ל ଷ   ܶି௞ܵீమܩ ת ܵீయ ് ௞ܵுరିܶ   ׎ ת ܵீమ ്   ׎
H2  ܶି଼௞ାଶ ൌ ଵܶଶ௞ܩ ל ସܪଵܶିଶ௞ܩ ל ଷ   ܶି௞ܵீభܩ ת ܵீయ ് ௞ܵுరିܶ   ׎ ת ܵீభ ്   ׎

 
A1 ͹ড়݇ͳ͢ͱ ௞ݖଷܪ , ൌ ଶ௞ݖଶܩ௞ͳݖ ൌ ଶ௞͍͗Ζݖ . ͞ΗΝཤ༽͢ͱܩ༼ࡠଶܶଶ௞ܪଷ͗߅౵ࣺ଀Ͳ

͍Ζ͞ͳ͗ࣖͦΖ .  
௜ݖଷܪଶܶଶ௞ܩ  ൌ ଶ௞ି௜ݖଶܶଶ௞ܩ ൌ ସ௞ି௜ݖଶܩ ൌ  ௜Ǥ (43)ݖ

Ν಍͑͞ܐͶଲসત͹࣏ؖ . ࠪଲ߻ͳӊଲ͖߻Δ , ܶ௞ܵுభ ת ܵுయ ് Νຮ఼ͪͤ͗ ׎ A1 Νຮͪ
ಕͲ͍Ζٌغଲসब॑࢝ͤ ͹Γ͑Ͷॽ͘௜࣏ͤ౵ࣺ଀Ν߅Ͷ࣏ . .  

 ܶଶ௞ܪଷݖ௜ ൌ  ௜Ǥ ሺ44ሻݖଶܩ

ଲܶ߻ଶ௞ܪଷͶͯ͏ͱ෈ร͵ॄ߻ͺܶ௞ܵுయͲ͍Ε ͺܵீమͲ͍Ζ߻ॄ͵ଶͶͯ͏ͱ෈รܩ , . Γͮͱ , 
ܶ௞ܵுయ ת ܵீమ ് ಚΔΗΖ͗׎ .  

Ͷ࣏ A2 ͹ଲ߻නݳΝ಍ड़ͤΖ . Ήͥ , ܶି଼௞ିଶΝ࣏͹Γ͑Ͷ෾մͤΖ .  
ܶି଼௞ିଶ ൌ ܶିଶ௞ܶିଵܶି଺௞ିଵ ൌ ܶିଶ௞ܩସ ל ଶܩସܶି଺௞ିଵܪ ל ଶܩ ൌ ସܶଶ௞ܩ ל ଶܩସܶି଺௞ିଵܪ ל  ଶǤ ሺ45ሻܩ

Νॽ͘௜ͤ༼ࡠͶ୊್͹࣏ .  
ଶܩସܶି଺௞ିଵܪ  ൌ ଵܩଶܩସܶି଺௞ିଵܪ ל ଵܪଵܩ ל ଵܪ ൌ   ଵܪସܶି଺௞ିଵܴܶିଵܪ
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ൌ ଵܪସܶି଺௞ିଵܶସ௞ାଵܶିଵܪ ൌ ସܩ ל ଵܪସܶିଶ௞ିଵܪସܩ ൌ ସܩ ל ܶିଵܶିଶ௞ିଵܪଵ ൌ  ଵǤ ሺ46ሻܪସܶିଶ௞ିଶܩ

Ґ৏ΓΕ , Ծى͹ଲ߻න͗ݳಚΔΗΖ .  
 ܶି଼௞ିଶ ൌ ସܶଶ௞ܩ ל ଵܪସܶିଶ௞ିଶܩ ל  ଶǤ ሺ47ሻܩ

A2 ͹ড়݇Ͳ͍Ζܪଵݖଶ௞ାଵ ൌ ௞ݖସܩଶ௞ାଵͳݖ ൌ ௞Νཤ༽ͤΖͳݖ ౵ࣺ଀Ͳ͍Ζ͞߅ଵ͗ܪସܶିଶ௞ିଶܩ ,
ͳ͗಍͖ΗΖ .  

௜ݖଵܪସܶିଶ௞ିଶܩ  ൌ ସ௞ାଶି௜ݖସܶିଶ௞ିଶܩ ൌ ଶ௞ି௜ݖସܩ ൌ  ௜Ǥ ሺ48ሻݖ

ࠪଲ߻ͳӊଲ͖߻Δ , ܶି௞ܵீర ת ܵீమ ് Νຮ఼ͪͤ͗ ׎ A2 Νຮͪͤ॑࢝ଲসबٌغಕͲ͍Ζ . 
͹Γ͑Ͷॽ͘௜ͤى౵ࣺ଀ΝԾ߅ .  

 ܶିଶ௞ିଶܪଵݖ௜ ൌ  ௜Ǥ ሺ49ሻݖସܩ

ଲିܶ߻ଶ௞ିଶܪଵͶͯ͏ͱ෈ร͵ॄ߻ͺܶି௞ିଵܵுభͲ͍Ε ͺܵீరͲ͍Ζ߻ॄ͵ସͶͯ͏ͱ෈รܩ , . Γ
ͮͱ , ܶି௞ିଵܵுభ ת ܵீర ് ಚΔΗͪ͗׎ . ಚΔΗͪ݃ՎΝΉͳΌͱໍୌ 4.2 ͳͤΖ .  

 
ໍୌ ౵ࣺ଀ΝȞͳॽ͚߅ .4.2 ݖȞܐؖ . ൌ ͺݖΝຮ఼ͪͤݖ ಕ͹ٌಕ఼Ͳ͍Ζٌغଲসब॑࢝ , . 
ͪͫ͢ , ఼ݖͺ෈ಊ఼Ͳ͵͏ͳͤΖ . 

 

 

ਦ 7ʁC1 ͹৖߻ ౵ࣺ଀߅ . ଷͶ͕͜Ζٌಕ఼͹ಊ͘ܪଵܶଶܩ  ଽݖ : ՜ ଷݖ ՜ ହݖ ՜ ݍ .ଽݖ ൌ ͳͲ, ܽ ൌ ͳǤͷ. 

C1 ͹बغ 10 ͹॑࢝ଲসबٌغಕΝྭͳ͢ͱ ౵ࣺ଀ͶΓΖٌಕ఼Νಊ͘Νਦ߅ , 7 Ͷࣖ͢
ͪ . ͞͞Ͳݖ଺ ൌ ଺Ͳ͍Ζݖଷܪ . ͞Ηͺݖଽ ൌ ଷͳॽ͘௜ͦΖݖଷܪ . ٌಕ఼ݖଽͶܪଷΝ Ζͳͤ༼ࡠ  , ٌ
ಕ఼ͺݖଷͶҢಊͤΖ Ͷ࣏ . , ܶଶͶΓͮͱݖହͶҢΖ ଻ݖଵܩ . ൌ ଻ΓΕݖ ହݖଵܩ , ൌ ଽ͗಍͖ΗΖݖ . Γͮ
ͱ ଽͶ໯Ζݖ౵ࣺ଀Ͳٌಕ఼ͺड़൅఼߅ , . 

 
ಕ͹੓࣯ΝΉͳΌͱఈཀྵٌغଲসब॑࢝Ͷޛ࠹ 4.3 ͳͤΖ.   

 
ఈཀྵ ಕͶͯ͏ͱ(1)͖Δ(5)ΉͲ͗੔Εٌཱིͯغଲসब॑࢝ .4.3 .  

(1) बݍغͺ , 2 Ґ৏͹۰਼ . ͪͫ͢ , 4 ͹ഔ਼Νঈ͚ ݍ . ൌ Ͷ݊ ൅ ʹ��ሺ݊ ൒ Ͳሻ.  

(2) ࣺ଀ܶ௤ͺࠪଲ߻ ౵ࣺ଀߅ ,  (Ȟ), ӊଲ߻͹ͯࢀ͹ࡠ༽Ͷ෾մ͠ΗΖ .  
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(3) ࠪଲ߻Ͷͯ͏ͱ෈ร͵ॄ߻Ν ௟࣭ͳ͢ , ӊଲ߻Ͷͯ͏ͱ෈ร͵ॄ࣭߻௥ͳͤΖ ݖܐؖ . ൌ ௟࣭ ת

࣭௥Νຮ఼ͪͤݖͺ॑࢝ଲসबٌغಕ͹ٌಕ఼Ͳ͍Ζ . ఼ݖͺ෈ಊ఼Ͳ͵͏ͳͤΖ .  

(4) ড়݇Ȟݓ ൌ ಕ͹ٌಕ఼Ͳ͍Ζٌغଲসब॑࢝ͺݓΝຮ఼ͪͤݓ . ఼ݓͺ෈ಊ఼Ͳ͵͏ͳͤ
Ζ .  

ಕͺٌغଲসब॑࢝ (5) 180 ౕյ఺ଲস੓Ν΍ͯ . 

 েݳزಕ͹෾ٌغଲসब॑࢝ .5

5.1. ྡֆ஍ͳ :  ز෾ܙ࣊

ବԃ॑࢝ܗଲসबٌغಕ͹஦Ͳ࠹΍Κ͖ΕΏͤ͏बغ 2 Νཤ༽͢ͱ෾ݳزে͹ઈ໎Ν͑ߨ . 
غॵͶब࠹ 2 ͗ਫ਼ͣΖྡֆ஍͹಍ड़Ν͑ߨ . 

 

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

න 4 ͹ B1 ΓΕ , बغ 2 ͹ٌಕ఼ݖ଴ͳݖଵͺͯ࢝͹ଲসત  (ܵுభ, ܵுర, ܵீమ, ܵீయ)͹ި఼Ͷ͍Ζ͞
ͳ͗಍͖ΗΖ(ਦ 8). ͞ΗΔ͹஦͖Δ , ܵுర�ሺݕ ൌ ݔ െ ݕሻͳܵீమ�ሺߨ ൌ െሺܽȀʹሻݔ���ሻΝમ΁ . ܽ ൐ ʹͲͺ , 
͞ΗΔ͹ި఼ͺ෈ಊ఼ܳଵ଴Ґ֐Ͷ್ͯਫ਼ͣΖ . ਫ਼ͣͪި఼Νݖ଴ ൌ ሺߨ ൅ ǡݐ ሻ�ሺͲݐ ൏ ݐ ൏ ሻͳߨ ͳݖ  ൌ
ሺߨ െ ǡݐ െݐሻͳͤΖ ͹ࣞͶେ೘ͤΖͳʹܩͲΝܵݖ . Ν݀ΌΖࣞ(50)͗ಚΔΗΖݐ , . 

ݐ  ൌ ሺܽȀʹሻݐ���Ǥ ሺ50ሻ 

તܙԿߨ྽ܯ͹ TraceܯͲ͍Ζ҈ఈ੓ݎ਼ܐሺܽሻͺҐԾ͹Γ͑ͶಚΔΗΖ .  
ሺܽሻݎ  ൌ ʹ െ Ͷܽଶ���ଶݐ ൅ ܽସ���ସݐǤ ሺ51ሻ 

ز෾غॵͶ್॑ಋब࠹  (ಋबغ෾ز΍؜΋)͹ྡֆ஍Ν௒΄Ζ . ͞͹৖߻ ሺܽሻݎ , ൌ ʹͳͤΖ
ͳ , ࣞ(51)ΓΕ࣏͗ࣞ಍͖ΗΖ .  

 ܽʹ�ݐʹ���ʹሺܽݐʹ�� െ Ͷሻ ൌ ͲǤ ሺ52ሻ 

�ݐ�� ൌ ͲΓΕ ݐ , ൌ ΉΖٽ͗ʹȀߨ . ͞ΗΝࣞ(50)Ͷେ೘͢ͱྡֆ஍͗ܽܿ
ሺʹሻ ൌ ͳಚΔΗΖߨ . 
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઎Ͷ਒΋઴Ͷܽ ൌ ܽ௖
ሺଶሻͶ͕͜Ζ҈ఈ੓ݎ਼ܐሺܽሻ͹ܑ͘ΝٽΌΖ .  

 
ሺܽሻݎ݀

݀ܽ
ൌ െͺܽ�ݐʹ�� ൅ ͺܽʹ�ݐ���ݐ�� ൬

ݐ݀

݀ܽ
൰ ൅ Ͷܽ͵���Ͷݐ െ ͶܽͶ�ݐ���ݐ͵�� ൬

ݐ݀

݀ܽ
൰Ǥ ሺ53ሻ 

͞͞Ͳ݀ݐȀ݀ܽ ൌ ʹȀሺݐ��� െ ܽ�ݐሻ. ͞͹ࣞͶݐ�� ൌ ȀʹΝେ೘ͤΖͳߨ , ͪͫͬͶ҈ఈ੓ݎ਼ܐሺܽሻ͹ܑ
͗͘κϫͲ͍Ζ͞ͳ͗ಚΔΗΖ . ͞Ηͺܽ ൌ ܽ௖

ሺଶሻͲݎሺܽሻ͗ݎ ൌ ʹͳં͢ͱ͏Ζ͞ͳΝқັ͢ͱ͏
Ζ . 

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

͗ಚΔΗΖ . ͞ΗΝࣞ(50)Ͷେ೘͢ͱྡֆ஍Ν݀ΌΖࣞ   
 ඥܽʹȀͶ െ ͳ ൌ ሺܽȀʹሻ���ඥܽʹȀͶ െ ͳ ሺ55ሻ 

ΉΖٽ͗ . ਼஍ࢋܯΓΕ , ྡֆ஍ͺܽܿ
ሺͶሻ ൌ ͶǤͷʹ͵͸ͷͳ݀ΉΖ . ܽܿሺͶሻ ൐ ܽܿ

ሺʹሻͲ͍Ζ . ͞͹ࣰࣆΓΕ , 
್॑ಋबغ෾ز͹ྡֆ஍͗ܽܿ

ሺʹሻ ൌ Ͳߨ , ಋबغ෾ز͹ྡֆ஍͗ܽܿ
ሺͶሻ ൌ ͶǤͷʹ͵͸ͷ Ͳ͍Ζ͞ͳ͗Κ

͖Ζ .  

͹ྡֆ஍Ν݀ΌΖࣞΝ಍ड़ͤΖزഔ෾غͶ್॑ब࣏ . ͞͹৖߻ ሺܽሻݎ , ൌ െʹ͗੔Εཱིͯ . ؖ
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 . ͞ΗΔͺڠͶ್॑बغഔ෾ز͹ྡֆ஍Ͳ͍Ζ . Ґ৏ΓΕ ʹ ൏ ܽ௖
ሺଵሻ ൏ ܽ௖

ሺଶሻ ൏

ܽ௖
ሺଷሻ ൏ ܽ௖

ሺସሻ͗੔Εཱིͯ . ͯΉΕ ਫ਼ͣ͗زഔ෾غॵͶ್॑ब࠹ , ਫ਼ͣΖ͗ز෾غͶ್॑ಋब࣏ , . 
2 յ໪͹್॑बغഔ෾͗زਫ਼ͣͪޛͶಋबغ෾͗زਫ਼ͣΖ . 

Ͷޛ࠹ , ܽ ൌ ܽ௖
ሺଵሻͳܽ ൌ ܽ௖

ሺଷሻͲ҈ఈ੓ݎ਼ܐሺܽሻ͗ݎ ൌ െʹͳં͢ͱ͏Ζ͞ͳΝࣖ͢ͱ͕͚ . ҈ఈ
੓਼ܐͺݎሺܽሻ ൌ ሺܽଶ���ଶݐ െ ʹሻଶ െ ʹͳॽ͘௜ͦΖ . ఈ੓਼ܐ͹࠹ঘ஍െʹͲ͍Ζ . ͞ΗΓΕ҈ఈ
੓ݎ਼͗ܐ ൌ െʹ ͳં͢ͱ͏Ζ͞ͳ͗಍͖ΗΖ Ǥ� 
 

 
ਦ 9ʁܨሺܽሻ ൌ ͲΝຮ್ͪͤͯ͹մ͹ؖܐ . 1 յ໪ͺ࠹ॵͶਫ਼ͣΖ್॑बغഔ෾زΝන͢ , 2 յ໪
ͺ್॑ಋबغ෾ز͹ޛͶਫ਼ͣΖ್॑बغഔ෾زΝන͢ͱ͏Ζ . 
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ਦ 10ʁ҈ఈ੓ݎ਼ܐሺܽሻ͹ W ғଚ੓ܽܙ࣊  (W  .(ز෾ܙ࣊

5.2. ෾زͲਫ਼ͣͪଲসबٌغಕ͹੓࣯ 

͹٠࿨Ͳචགྷͳ͵ΖໍୌΝ়ղͤΖޛࠕ . 
 

ໍୌ 5.1. ବԃ॑࢝ܗଲসबٌغಕ್͗॑बغഔ෾زΝً͢͞ͱਫ਼໊ͣͪबٌغಕͺҲ॑ଲ
সबٌغಕͲ͍Ζ .  

ৄ໎ . ਫ਼໊ͣͪबٌغಕ͗Ҳ॑ଲসबٌغಕҐ֐͹बٌغಕͲ͵͏͞ͳΝৄ໎ͤΖ .  

(1) ໊बٌغಕ͗॑࢝ଲসबٌغಕͲ͵͏͞ͳ .  

ఈཀྵ 4.3(1)ΓΕ , ବԃ॑࢝ܗଲসबٌغಕ͹बݍغͺݍ ൌ Ͷ݊ ൅ ʹͲ͍Ζ . ໊बٌغಕ͹बغ
ͺʹݍͲ͍Ζ . ໊बٌغಕ͹बغͺ 4 ͹ഔ਼(Ͷሺʹ݊ ൅ ͳሻ)Ͷ͵Ζ . ͞Ηͺఈཀྵ 4.3(1)ͶൕͤΖ .  

(2) ໊बٌغಕ್͗॑ଲসबٌغಕͲ͵͏͞ͳ .  

฾॑࢝ଲসबٌغಕ͖Δ෾زͲਫ਼໊ͣͪଲসबٌغಕͺ॑࢝ଲসबٌغಕ͗࢘༽͢ͱ͏Ζ  
ଲসત৏Ͷٌಕ఼Ν΍ͯ . ໊बٌغಕ͹ब͗غ 4 ͹ഔ਼Ͳ͍Ζ͞ͳΝཤ༽ͤΖ . න 2 ΓΕ , ͞
͹बغͶؖͤΖড়݇Νຮ್ͪͤ॑ଲসबٌغಕͺ෾ྪ(a), (d), (e), (h)ͶݸΔΗΖ . න 4 Νݡ
Ζͳ , ෾ྪ(a)Ͷ͕͜ΖଲসતܵுభͳܵுమͶٌಕ఼Ν΍ͯ฾॑࢝ଲসबٌغಕͺଚ͢ࡑ͵͏ ࢔ .
Ε͹৖߻Ͷ͕͏ͱ΍ಋ༹Ͳ͍Ζ .  

(3) ໊बٌغಕ͗ඉଲসबٌغಕͲ͵͏͞ͳ .  

ବԃ॑࢝ܗଲসबٌغಕ͹ٌಕ఼ݖ଴͗ଲসતܵுమ৏Ͷ͍ΖͳͤΖ . ͞Ηͺන 4 ͹ C1 Ήͪͺ
D1 ͹৖߻Ͷ૮౲ͤΖ . ໊बٌغಕ఼ݑ଴ͳݑ௤ͺଲসત৏Ͷ͵͏ͳͤΖ ௤ݑ . ൌ ଴ͺ ੔Εཱིͯݑଶܪ
͖Δ , ྈวͶܶି௤ȀଶΝࡠ༽ͤΖ . ࠪวͺݑ௤ȀଶͲ , ӊวͺܶି௤Ȁଶܪଶݑ଴ ൌ ଴ݑଶܶ௤Ȁଶܪ ൌ ௤Ȁଶ. ͯΉΕݑଶܪ , 
௤Ȁଶݑ ൌ ௤Ȁଶ͗ಚΔΗΖݑଶܪ . ͞Ηͺ , ٌಕ఼ݑ௤Ȁଶ͗ଲসતܵுమ৏Ͷ͍Ζ͞ͳΝқັͤΖ . Γͮͱ , 
໅८͗  ಍͖Ηͪ .   

 
ໍୌ 5.2. ବԃܗଲসबٌغಕ͗ಋबغ෾زΉͪͺൕಋबغ෾زΝً͢͞ͱਫ਼໊ͣͪबٌغ
ಕͶͯ͏ͱ , (i), (ii)ͳ(iii)͗੔Εཱིͯ .  

(i) ବԃܗଲসबٌغಕ͗Ҳ॑ଲসٌಕ͵Δͻ , ໊बٌغಕͺඉଲসٌಕͲ͍Ζ .  

(ii) ବԃܗଲসबٌغಕ್͗॑ଲসٌಕ͵Δͻ , ໊बٌغಕͺҲ॑ଲসٌಕͲ͍Ζ .  

(iii) ବԃܗଲসबٌغಕ͗॑࢝ଲসٌಕ͵Δͻ , ໊बٌغಕͺ್॑ଲসٌಕͲ͍Ζ .  

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

ਦ 7 Ͳ࢘༽ͪ͢ C1 Νཤ༽ͤΖ . ͞͞Ͳबغͺݍ ൌ ͺ݇ ൅ ʹͲ͍Ζ . ٌಕ఼ݖ଴ͺଲসતܵுమ৏Ͷ
͍Ζ . ٌಕ఼ݖ଴ΓΕଲসત৏Ͷݑ଴ͳݒ଴�ሺ് ଴ሻ͗ݑ  ਫ਼ͣͪͳͤΖ . ٌಕ఼ݖ଴ͺ॑࢝ଲসबٌغಕ
͹ٌಕ఼Ͳ͍Ζ͖Δ , ٌಕ఼ݖ௤Ȁଶ΍ଲসતܵுమ৏Ͷ͍Ζ . ݃Վͳ͢ͱٌಕ఼ݖ௤ȀଶΓΕݑ௤Ȁଶͳݒ௤Ȁଶ
͗ਫ਼ͣΖ . 
௤Ȁଶݖ ൌ ଴͗੔Εཱིͯ͞ͳΝࣖͤݖଷܪଶܩଷܪ . ଲসતܵுయ৏Ͷٌಕ఼ݖ௞͗ଚͤࡑΖ͖Δ ௞ݖଷܪ , ൌ ௞ݖ

͗੔Εཱིͯ . ྈวͶܶ௞Νࡠ༽ͤΖͳ , ࠪวͺܶ௞ܪଷݖ௞ ൌ ௞ݖଷܶି௞ܪ ൌ ଴Ͳݖଷܪ , ӊวͺ ଶ௞Ͳ͍Ζݖ . 
଴ݖଷܪ ൌ ଶ௞͗ಚΔΗΖݖ . ଲসતܵுమ৏Ͷٌಕ఼ݖ଴͗ଚͤࡑΖ͖Δ ଴ݖଶܪ , ൌ ଴͗੔Εཱིͯݖ .ྈวͶ
Ζͳͤ༼ࡠଶΝܩ , ࠪวͺܩଶܪଶݖ଴ ൌ ܶିଵݖ଴ ൌ ଵͲ͍Ζ͖Δିݖ ଵିݖ  ൌ ଴͗ಚΔΗΖݖଶܩ . ྈวͶܶିଶ௞

Νࡠ༽ͤΖͳ , ࠪวͺିݖଶ௞ିଵͳ͵Ζ . बغ੓ΓΕିݖଶ௞ିଵΝݖ଺௞ାଵͳॽ͘௜ͤ . ӊวͺܶିଶ௞ܩଶݖ଴ ൌ

଴ݖଶܶଶ௞ܩ ൌ ଶ௞Ͳ͍Ζݖଶܩ . ΉͳΌͱ ଶ௞ݖଶܩ , ൌ ଺௞ାଵ͗ಚΔΗΖݖ ௞ݖଷܪ . ൌ ༼ࡠ௞͹ྈวͶܶିହ௞ିଵΝݖ
ͤΖ . ࠪวͺܶିହ௞ିଵܪଷݖ௞ ൌ ௞ݖଷܶହ௞ାଵܪ ൌ ଺௞ାଵͳ͵Ζݖଷܪ . ӊวͺܶିହ௞ିଵݖ௞ ൌ ସ௞ିଵͲ͍Ζ͗ିݖ , ब
ସ௞ାଵݖସ௞ିଵΝିݖ੓ΓΕغ ൌ ௤Ȁଶͳॽ͘௜ͤݖ . Ґ৏ΝΉͳΌΖͳݖ௤Ȁଶ ൌ ଴͗ಚΔΗΖݖଷܪଶܩଷܪ .  

͞͞Ͳܩଶܪଷ ൌ ଵܪଷܪ  (ࣞ(30)ΝݡΓ)Νཤ༽ͤΖͳ ௤Ȁଶݖ , ൌ ଴ݖଷܪଶܩଷܪ ൌ ଵܪଷܪଷܪ ൌ ଴͗੔Εݖଵܪ
ཱིͯ . ͞͞Ͳݖ଴ ൌ ଴Νཤ༽ͤΖͳݖଶܪ ௤Ȁଶݖ , ൌ ଴ݖଶܪଵܪ ൌ ଴ಚΔΗΖݖܴ . ٌಕ఼ݖ௤Ȁଶͺݖ଴Νൕ఺ͪ͢
Ғ஖Ͷ͍Ζ͖Δ ௤Ȁଶͺଲসતܵுమ৏Ͷ͍Ζݖ , . ٌಕ఼ݑ଴ͳݒ଴ͶܪଵΝࡠ༽͢ͱ΍ಋ༹͹ൕ఺͗ਫ਼
ͣΖ . ٌಕ఼ݖ௤Ȁଶ͖Δ఼࢝ݑ௤Ȁଶ, ݒ௤Ȁଶ, ܪଵݑ଴, ܪଵݒ଴͗ਫ਼ͣΖ͞ͳͺ໅८Ͳ͍Ζ͖Δ ଴ݒଵܪ , ൌ ௤Ȁଶݒ
଴ݑଵܪ͖ͯ ൌ ͳ߻௤Ȁଶ͗੔Εཱིͯ৖ݑ ଴ݒଵܪ , ൌ ଴ݑଵܪ௤Ȁଶ͖ͯݑ ൌ Ζ͍͗߻௤Ȁଶ͗੔Εཱིͯ৖ݒ . ͞͞Ͳ
ͺ , ઴ं͹৖߻Ͷͯ͏ͱ௒΄Ζ . ࠪวͺܪଵݒ଴ ൌ ଴ݒଶܪଵܪ ൌ ଴Ͳ͍Ζ͖Δݒܴ ଴ݒܴ , ൌ ௤Ȁଶ͗ಚΔΗݒ
Ζ . ͞Ηͺٌಕ఼ݒ଴͖Δड़൅ͪ͢बٌغಕܱሺݒ଴ሻ͹बݍ͗غͲ͍Ζ͞ͳΝқັ͢ͱ͏Ζ . बغ
ٌಕܱሺݑ଴ሻ͹बغ΍ݍͲ͍Ζ . ͯΉΕ , बٌغಕܱሺݑ଴ሻͳܱሺݒ଴ሻͺٌಕ఼ݖ଴ΓΕ(ൕ)ಋबغ෾زͲ
ਫ਼ͣͪबٌغಕͲ͍Ζ͞ͳ͗ࣖ͠Ηͪ . बٌغಕܱሺݑ଴ሻͳܱሺݒ଴ሻ͗ଲসबٌغಕͲ͍Ζ͞ͳͺ
໎Δ͖Ͳ Ͷ͞ΗΔͺߍ , 180 ౕյ఺ଲস੓Νͯ࣍ . ໍୌ 4.1 ΓΕ , बٌغಕܱሺݑ଴ሻͳܱሺݒ଴ሻͺ್
॑ଲসबٌغಕΉͪͺ ಕͲ͍Ζ͞ͳ͗಍͖Ηٌͪغଲসब॑࢝  . 
(2) ໊बٌغಕͺ॑࢝ଲসबٌغಕͲ͵͏͞ͳ .  

ਫ਼್ͣͪͯ͹໊बٌغಕ͗॑࢝ଲসबٌغಕͳͤΖͳ , ͞ΗΔͺ฾ବԃ॑࢝ܗଲসबٌغ
ಕͳಋͣড়݇Νຮͪͤ͞ͳͶ͵Ζ . ͯΉΕ್ͯ͹໊बٌغಕͳ฾ବԃ॑࢝ܗଲসबٌغಕ  
͗Ҳ஗ͤΖ͞ͳͶ͵Ζ . Γͮͱ ͏͵ಕͺਫ਼ٌͣغಕ͹໊बٌغଲসब॑࢝ , . Ґ৏Ͳৄ໎Ν
श͓Ζ .  

 
৏ى͹ৄ໎Ͳཤ༽್ͪ॑͢ଲসबٌغಕ͗௪գͤΖ΍͑Ҳͯ͹ଲসતΝ݀ఈͤΖ . ͞͞Ͳ

ͺݑ଴ ൌ ଴Νཤ༽ͤΖݑଶܪ . ྈวͶܩଶΝࡠ༽ͤΖͳ , ࠪวͺܩଶݑ଴Ͳ , ӊวͺ ଴ݑଶܪଶܩ  ൌ ܶିଵݑ଴ ൌ

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

௤ȀଶͲݑ , ӊวͺܩଵିݑଵ. ؖݑࣞܐ௤Ȁଶ ൌ ଵ͗੔Εཱིͯିݑଵܩ ݍͶ࣏ . ൌ ͺ݇ ൅ ʹΝཤ༽ͤΖͳ , ͞͹ؖܐ
ͺݑସ௞ାଵ ൌ ଵͳॽ͘௜ͦΖିݑଵܩ . ྈวͶܶିଶ௞ିଵΝࡠ༽ͤΖ . ࠪวͺݑଶ௞Ͳ , ӊวͺܶିଶ௞ିଵܩଵିݑଵ ൌ

ଵିݑଵܶଶ௞ାଵܩ ൌ ଶ௞. Γͮͱݑଵܩ ଶ௞ݑ , ൌ ଶ௞͗੔Εཱིͯݑଵܩ . ͞Ηͺٌಕ఼ݑଶ௞͗ଲসતܵீభ৏Ͷ͍Ζ͞
ͳΝқັ͢ͱ͏Ζ . ͞͞Ͳ͓ߡͱ͏Ζ್॑ଲসबٌغಕͺ , ଲসતܵுమ৏  ͳܵீభ৏Ͷٌಕ఼Ν
΍ͯ .  

 
ໍୌ 5.3. ବԃ॑࢝ܗଲসबٌغಕ್͗॑ಋबغ෾زΝً͢͞ͱਫ਼໊ͣͪबٌغಕͺҲ॑ଲ
সٌಕͲ͍Ζ .  
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ৄ໎ . ್॑ಋबغ෾زͺಋ࣎Ͷಋबغ෾زͳൕಋबغ෾͗زਫ਼ͣΖݳেͲ͍Ζ . ͞͹ݳেΝ
್ͯͶ෾͜ͱ͓ߡΖ Ζ͓ߡΝًͤ͞ͳز෾غಕ͗ಋबٌغଲসब॑࢝ܗॵͺବԃ࠹ . . ໍୌ
5.2(iii)ΓΕ , ਫ਼໊ͣͪबٌغಕͺ್॑ଲসबٌغಕͲ͍Ζ ಕٌغͶਫ਼್໊ͣͪ॑ଲসब࣏ .
͗ൕಋबغ෾زΝًͤ͞ͳ Ζ͓ߡ  . ໍୌ 5.2(ii)ΓΕ , ਫ਼໊ͣͪबٌغಕͺҲ॑ଲসबٌغ
ಕͲ͍Ζ . 

 زഔ෾غॵ͹್॑ब࠹ .5.3

ܽ௖
ሺଵሻ ൌ ʹǤ͵ͲͷͷͺͲ࠹ॵ͹್॑बغഔ෾͗زਫ਼ͣΖ . ໍୌ 5.1 ΓΕ , ͞͹෾زͲਫ਼ͣΖ໊बغ

ٌಕͺસͱҲ॑ଲসबٌغಕͲ͍Ζ . ଲসતܵுభͳܵீమͶਫ਼ͣͪबغ 4 ͹ٌಕ఼ͺବԃܗͲ͍
Ζ(ਦ 11 (a-1),(a-2),(b-1),(b-2)). ਦͶ͕͏ͱٌಕ఼ݖ௞ͺ੖਼݇Ͳන͠ݳΗͱ͏Ζ . बغ 2 ͹
ٌಕ఼ݖ଴ͳݖଵ͹बΕͶͨΗͩΗ 4 ͹ٌಕ఼͗ਫ਼ͣݺ ܯ߻ , 8 ͵Ζ͞ͳͶͤࡑ͹ٌಕ఼͗ଚݺ
Ζ . ܶସΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨ͹࿪ͺ(+8)Ͳ͍Ζ . ଲসતܵுరͳܵீయͶਫ਼ͣͪबغ 4 ͹
γχϩٌܗಕ఼͗ਫ਼ͣΖ(ਦ 11 (c-1),(c-2),(d-1),(d-2)). ݃Վͳ͢ͱ , बغ 2 ͹ٌಕ఼ݖ଴ͳݖଵ
͹बΕͶ 8 ΗΖݳಕ఼ٌ͗ܗ͹γχϩݺ . ܶସΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨ͹࿪ͺ(-8)Ͳ͍
Ζ . ͯΉΕ , ሺ൅ͺሻ ൅ ሺെͺሻ ൌ Ͳͳ͏ޕͶ଩ͬভ͍͑͢ . ݃Վͳ͢ͱ , बغ 2 ͹ٌಕ఼͹ϛΠϱΩ
Ϫ਼ࢨͺ(+1)͹ΉΉรԿ͢͵͏ . ͯΉΕ , ್॑बغഔ෾ز͹઴ޛͲबغ 2 ͹฾ٌಕ఼͹҈ఈ
੓ͺବԃܗͲรԿ͢͵͏ . 
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ਦ 11ʁ࠹ॵ͹್॑बغഔ෾زͲਫ਼ͣͪବԃܗҲ॑ଲসबٌغಕ  (a-1),(a-2),(b-1),(b-2). ࠹
ॵ͹್॑बغഔ෾زͲਫ਼ͣͪγχϩܗҲ॑बٌغಕ  (c-1),(c-2),(d-1),(d-2). बغ 4. ܽ ൌ

ʹǤͷ. 
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5.4. ್॑ಋबغ෾ز 

್॑ಋबغ෾͗زਫ਼ͣΖ͞ͳ͗ବԃ॑࢝ܗଲসबٌغಕ͹ಝ௅Ͳ͍Ζ . ໍୌ 5.3 ΓΕ , ್
॑ಋबغ෾زͲਫ਼ͣΖ໊बٌغಕͺҲ॑ଲসबٌغಕͲ͍Ζ .  

ବԃܗबٌغಕͺଲসતܵுభ৏ͳܵீమ৏Ͷਫ਼ͣΖ͞ͳ͗ , ਼஍݃ࢋܯՎͲಚΔΗͪ  (ਦ 12 
(a-1),(a-2),(b-1),(b-2)). ͞ΗΔ͹੓࣯ͺ್॑बغഔ෾ز͹৖߻ͳಋͣͲ͍Ζ . ଲসતܵுభ৏
ͳܵீమ৏ͨΗͩΗ 2 ͹ٌಕ఼͗ਫ਼ͣΖݺ . बغ 2 ͹ٌಕ఼ݖ଴ͳݖଵ͹बΕͶͨΗͩΗ 4 ͹ٌಕݺ
఼͗ਫ਼ͣ ܯ߻ , 8 Ζ͞ͳͶ͵Ζͤࡑ͹ٌಕ఼͗ଚݺ . ܶଶΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨ͹࿪
ͺ (+8) Ͳ͍Ζ .  

γχϩܗबٌغಕͺଲসતܵுర৏ͳܵீయ৏Ͷਫ਼ͣΖ(ਦ 12(c-1),(d-2),(d-1),(d-2)). बغ 2 ͹
ٌಕ఼ݖ଴ͳݖଵ͹बΕͶͨΗͩΗ 4 ͹ٌಕ఼͗ਫ਼ͣݺ ܯ߻ , 8 ͵Ζ͞ͳͶͤࡑ͹ٌಕ఼͗ଚݺ
Ζ . ܶଶΝୱҒͳͤΖͳϛΠϱΩϪ਼ࢨ͹࿪ͺ(-8)Ͳ͍Ζ .  

Ґ৏͹݃ՎΝΉͳΌΖ . ϛΠϱΩϪ਼ࢨ͹࿪Ͷ͕͏ͱ , ሺ൅ͺሻ ൅ ሺെͺሻ ൌ Ͳ͗੔Εཱི͖ͯΔ , 
बغ 2 ͹฾ٌಕ఼͹҈ఈ੓ͺ್॑ಋबغ෾ز͹઴ޛͲรԿ͢͵͏ . ͯΉΕ , ฾ٌಕ఼͹҈ఈ
੓ͺ್॑ಋबغ෾ز͹௜઴ͺବԃܗͲ͍͖ͮͪΔ , ್॑ಋबغ෾ز͹௜ޛ΍ବԃܗͲ͍Ζ . 
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ਦ 12ʁ್॑ಋबغ෾زͲਫ਼ͣͪବԃܗҲ॑ଲসबٌغಕ  (a-1),(a-2),(b-1),(b-2). ್॑ಋब
ಕٌغҲ॑बܗͲਫ਼ͣͪγχϩز෾غ  (c-1),(c-2),(d-1),(d-2). बغ 2. ܽ ൌ ߨ ൅ ͲǤͳ.  



 

t 29 t 
 

5.5. ୊ � յ໪͹್॑बغഔ෾ز 

୊ 2 յ໪͹್॑बغഔ෾زͲਫ਼ͣΖ໊बٌغಕ΍ , સͱҲ॑ଲসबٌغಕͲ͍Ζ  (ਦ 13). 
ଲসતܵுభ৏ͳܵீమ৏Ͷବԃܗबغ 4 बٌغಕ఼͗ਫ਼ͣ , ଲসતܵுర৏ͳܵீయ৏Ͷγχϩܗबغ 4
बٌغಕ఼͗ਫ਼ͣΖ . ͞ΗΔ͹੓࣯ͺ  ୊ 1 յ໪͹್॑बغഔ෾زͳಋͣͲ͍Ζ . 
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ਦ 13ʁ್॑बغഔ෾زͲਫ਼ͣͪବԃܗҲ॑ଲসबٌغಕ  (a-1),(a-2),(b-1),(b-2). ್॑बغ
ഔ෾زͲਫ਼ͣͪγχϩܗҲ॑बٌغಕ  (c-1),(c-2),(d-1),(d-2). बغ 4. ܽ ൌ ͶǤʹ.  
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5.6. ಋबغ෾ز 

ಕͲ͍Ζ(ໍୌٌغಕͺ್॑ଲসबٌغͲਫ਼ͣΖ໊बز෾غ͹ಋबޛ࠹ 5.2(iii)). बغ 2 ͺ
න 2(b)͹৖߻Ͷ૮౲͢ , ਫ਼್ͣͪ॑ଲসबٌغಕͺଲসતܵுభͳܵீమ͹ި఼Ͷٌಕ఼Ν΍ͯ(ਦ
14). ಋबغ෾ز͹ޛ , ฾ٌಕ఼ͺγχϩܗबٌغಕ఼ͳ͵Ζ . ϏϧϟʖνΝଁՅ͢ͱ΍฾ٌ
ಕ఼͹҈ఈ੓ͺรΚΔ͵͏ͪΌ W ྅ͤΖ׮Ͳز෾غͺಋबز෾ܙ࣊ . 

 

 
ਦ 14ʁಋबغ෾زͲਫ਼ͣͪବԃ್॑ܗଲসबٌغಕ . बغ 2. ܽ ൌ ͶǤ͹. 

 ͶؖͤΖմएز෾ܙ࣊: .6

W Ζͳݡሺܽሻ͹รԿΝݎ਼ܐͲ҈ఈ੓ز෾ܙ࣊ , ್॑बغഔ෾͗زਫ਼ͣΖΉͲͺ฾ٌಕ఼͹
बΕ͹յ఺͹࢕๏͗ଐ͚͵Ε , ್॑बغഔ෾͗زਫ਼ͣͪޛͺங͚͵Ζ͹Ͳͺ͵͏͖ͳࢧΚΗ
Ζ . Ήͪ , ್॑ಋबغ෾͗زਫ਼ͣͪޛͺյ఺͹࢕๏͗࠸;  ଐ͚͵Ζͳ͓ߡΔΗΖ . ͖͢͢ , 
͞͹Γ͑͵͓ߡͺޣΕͲ͍Ζ . ฾ٌಕ఼͹बΕ͹յ఺͹࢕๏ͺϏϧϟʖν͹ଁ୉ͳͳ΍Ͷଁ
Յ͢ͱ͏Ζ͹Ͳ͍Ζ . ྭΝ༽͏ͱ͞͹ࣰࣆΝઈ໎ͤΖ .  

฾ٌಕ఼ͳ͢ͱबغ 2 ͹ٌಕ఼Ν͓ߡΖ . ฾ٌಕ఼ݖ଴ͺ྘ҮͲ ൏ ݔ ൏ Ͷ͍Εߨ ଵݖ , ൌ ሺݔଵǡ ଵሻݕ

ͺ྘Үߨ ൏ ݔ ൏ Ͷ͍Ζߨʹ . ͞͞Ͳ , መܵீమͺଲসતܵீమ͹ݔ ൒ ଵΝຮͪͤ෨෾ͳͤΖݔ . ਦ 15 Ͷͺ , 
ଲসતܵீమ , ܵுర  ͵Δ;Ͷ  ଀ܶଶ መܵீమ  Νඵ͏ͪ . ฾ٌಕ఼ݖଵͶඏঘϗέφϩݒΝ͕͚ . ଲসતܵீమ
͹ંત๏޴Ͳ࠴ݔඬ͹ଁՅͤΖ๏޴Νඏঘϗέφϩݒ͹๏޴ͳͤΖ . ਦ 15 Ͳͺ , ඏঘϗέφϩ
Νଢ͏໾һͲඵ͘ݒ , ଀ܶଶݒͺ͏ࡋ໾һͲඵ͏ͪ .  

ବԃܗ෈ಊ఼ ଵܳ଴͹बغഔ෾ز͹ྡֆ஍ͺܽ௖ሺͳȀʹሻ ൌ ʹͲ͍Ζ . ͞͹ྡֆ஍ΓΕܽ͹஍ΝଁՅ
ͤΖ . ਦ 15(a)͖Δਦ 15(l)ΉͲΝॳͶ௧ͮͱ , ଀ܶଶݒ͹յ఺͹࢕๏Ν؏͢ࡱͱΆ͢͏ . ඏঘϗ
έφϩݒͳ଀ܶଶݒ͹͵ֱౕͤΝߠͳͤΖ . յ఺͹๏޴ͺൕܯ࣎յΕͲ͍Ζ͖Δ ܯ࣎΍ൕߠֱౕ ,
յΕͶ଎Ζ . ਦ(a)͖Δਦ(d)ΉͲյ఺ֱౕߠͺଁՅͤΖ . ਦ(a)͖Δ(d)ΉͲ͹գఖͺ , W ܙ࣊
෾زͶ͕͜Ζ҈ఈ੓ݎ਼ܐሺܽሻ͹࠹ॵ͹ݰঙ෨෾ͶଲԢ͢ͱ͏Ζ . ਦ(d)(ܽ ൌ ʹǤ͵)Ͳ͹յ఺ֱߠ

ͺ 180 ౕͶঙ͢ଏΕ͵͏ . ਦ(e)(ܽ ൌ ʹǤͷ)Ͳ͹յ఺ֱߠͺ 180 ౕΝӿ͢ͱ͏Ζ . ͞Ηͺ , बغ 2
್͗॑बغഔ෾زΝًͪ͢͞ޛ͹য়ڱͲ͍Ζ . ਦ(f)(ܽ ൌ ʹǤͺ)Ͳͺ , յ఺ֱߠͺ 270 ౕΝӿ͢
ͱ͏Ζ . ͞ΗΔ͹য়ڱͺ , ҈ఈ੓ݎ਼ܐሺܽሻ͹࠹ॵ͹ଁՅ෨෾ͶଲԢ͢ͱ͏Ζ . ਦ(g)Ͳͺյ఺
·ͺΆߠֱ 360 ౕͲ , ਦ(h)Ͳͺյ఺ֱߠͺ 360 ౕҐ৏Ͳ͍Ζ . ਦ(g)ͳਦ(h)͹ؔͲ್॑ಋबغ
෾͗زਫ਼ͣͱ͏Ζ .  
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ਦ 15ʁඏঘϗέφϩݒͳ଀ܶଶݒ͹ؖܐ . 

 
್॑ಋबغ෾͗زਫ਼ͣͪޛͲͺ , ҈ఈ੓ݎ਼ܐሺܽሻͺݰ;࠸ঙͤΖ . ଀ܶଶݒͺٌಕ఼ݖଵ͹बΕ

Ν 360 ౕҐ৏յ఺͢ͱ͏Ζ . ਦ(i)ͳਦ(j)͹ؔͲ 2 յ໪͹್॑बغഔ෾͗زਫ਼ͣͱ͏Ζ . 2 յ
໪͹್॑बغഔ෾͗زਫ਼ͣͪޛ , ҈ఈ੓ݎ਼ܐሺܽሻͺଁՅͤΖ . ਦ(k)ͳਦ(l)͹ؔͲಋबغ෾ز
͗ਫ਼ͣͱ͏Ζ . ਦ(l)Ͳͺ଀ܶଶݒͺݖଵ͹बΕΝ್յ఺Ґ৏͢ͱ͏Ζ . Ґ৏͹݃ՎΓΕ , ್॑बغ
ഔ෾زͳ್॑ಋबغ෾زΝ੓࣯ 6.1 ͹Γ͑Ͷ մएͲ͘Ζ࠸  . ͞ΗΓΕ , ఈཀྵ 6.2 ͗ಚΔΗΖ . 

 
੓࣯ 6.1. յ఺਼ͳबغͺࣺ଀ܶଶΝୱҒͳͤΖ .  

ͺزഔ෾غॵ͹್॑ब࠹ (1) , յ఺਼ͳȀʹ͹յ఺෾زͲबغ 4 ͗ਫ਼ͣͪ͞ͳͳಋ౵Ͳ͍Ζ .  

ͺز෾غॵ͹್॑ಋब࠹ (2) , յ఺਼ͳȀͳ͹յ఺෾زͲबغ 2 ͗ਫ਼ͣͪ͞ͳͳಋ౵Ͳ͍Ζ .  

(3) ್ౕ໪͹್॑बغഔ෾زͺ , յ఺਼͵Ȁʹ͹յ఺෾زͲबغ 4 ͗ਫ਼ͣͪ͞ͳͳಋ౵Ͳ͍
Ζ .  

ఈཀྵ 6.2. ବԃܗଲসबٌغಕ͹बغΝݍͳ͢ , յ఺਼ͺܶ௤ΝୱҒͳͤΖ . ବԃ॑࢝ܗଲসब
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ಕͶ͕͜Ζٌغ W ߻͹৖ز෾ܙ࣊ , յ఺෾ز͹յ఺਼ۢؔͺሺͲǡʹሻͲ͍Ζ . 

 ޢ݃ .7

ୱͶΉͳΌΖ؈໚੷ฯଚύʖϏʖࣺ଀Ͷ͕͏ͱຌ࿨ชͲಚΔΗͪ݃ՎΝٱՆ॑࢝ .   

ಕΝಝ௅෉͜ΖͪΌͶٌغଲসब॑࢝ (1) , ଲ߻නݳΝ಍೘ͪ͢ . Ҳबغ෾͹ࣺ଀ͺ , ࠪଲ
߻ ౵ࣺ଀߅ , , ͨ͢ͱӊଲ߻Ͷ෾մ͠ΗΖ .  

(2) ବԃ॑࢝ܗଲসबٌغಕ͹҈ఈ੓ݎ਼ܐሺܽሻͺ W Νࣖͤ͞ͳ͗ಚΔΗͪܙ࣊ . W ͶΓܙ࣊
ͮͱବԃ॑࢝ܗଲসबٌغಕ͹෾݀͗زఈ͠ΗΖ .  

(3) ବԃ॑࢝ܗଲসबٌغಕ͹յ఺෾ز͹յ఺਼ۢؔͺۢؔ ሺͲǡʹሻͲ͍Ζ . 
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ඬ६ࣺ଀Ͷ͕͜Ζҡ৙յ఺෾ز 
 ദج޳ࢃ

ˡ���-���� એཁࠅࢤݬࢤݟ෾࣋ୈ஦ԟ �-�-�� 
FKDRVIUDFWDO#L&ORXG�FRP 
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(2020 ೧ 7 ݆ 23 ೖण෉ɾ2020 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. ຌ࿨ช͹໪ద 

໚੷ฯଚࣺ଀Ͷ͕͜Ζବԃܗबٌغಕ఼ͺϏϧϟʖνΝଁՅͤΖͳյ఺෾ز͵Δ;Ͷबغ
ഔ෾زΝًͤ͞͞ͳͺΓ͚எΔΗͱ͏Ζ[1]. յ఺෾زͶͺਜ਼৙յ఺෾زͳҡ৙յ఺෾1]ز, 
2, 3]͍͗Ζ͞ͳΝ , ਦ 1 ͳ 2 Ν༽͏ͱઈ໎ͤΖ . Ϗϧϟʖνʖ͹ଁՅͶͯΗͱ͓ߡͱ͏Ζବ
ԃܗ෈ಊ఼ܳ͹ۛ๥͹յ఺͹࢕๏ͺଐ͚͵ΖͳͤΖ . ਜ਼৙յ఺෾͗زਫ਼ͣΖ৖߻ , ବԃ఼͹
ۛ๥͹յ఺͹࢕๏ͺବԃ఼͖Δ཯ΗΖͶͯΗͱங͚͵Ζ . ͞Ηͺବԃ఼͹ۛ๥͹յ఺͹࢕๏
͹ୱ௒͸ͣΗ੓Νқັ͢ͱ͏Ζ . ਦ 1(a)Ͳյ఺਼ͳ͢ͱ 1/4 ͳॽ͏ͱ͍Ζ͍ͪΕͶ , յ఺਼
1/4 ͹बٌغಕ఼͗ଚͤࡑΖ . ͞͹৖߻ , յ఺਼ 1/4 ͹बٌغಕ఼ͺବԃܗ෈ಊ఼͖ܳΔਫ਼ͣ
ͱ , Ϗϧϟʖνʖ͹ଁՅͶͯΗͱବԃ఼͖Δ཯Ηͱ͏͚ . յ఺਼ 1/4 ͹बٌغಕ͗ਫ਼ͣΖྡ
ֆ஍Νܽ௖ሺͳȀͶሻΝͤΖͳ , ܽ ൐ ܽ௖ሺͳȀͶሻͲյ఺਼ 1/4 ͹बٌغಕ఼͗ଚͤࡑΖ(ਦ 2(a)). 
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ਦ 1ʁ(a) ਜ਼৙յ఺෾زͶ͕͜Ζବԃܗ෈ಊ఼ܳ͹ۛ๥͹ӣಊ . (b) ҡ৙յ఺෾زͶ͕͜Ζବ
ԃܗ෈ಊ఼ܳ͹ۛ๥͹ӣಊ . 

 
ਦ 2ʁ(a) ਜ਼৙յ఺෾ز . ܽ ൐ ܽ௖ሺ݌ȀݍሻͶ͕͏ͱ B-ݍȀ݌ , ͗ଚͤࡑΖ . (b) ҡ৙յ఺෾زͶ͕͜Ζ
ҡ৙յ఺ۢؔ . 

Ͷͯ͏ͱઈ໎ͤΖزͶҡ৙յ఺෾࣏ . ҡ৙յ఺෾͗زਫ਼ͣΖ৖߻ , ବԃܗ෈ಊ఼ܳ͹ۛ๥
͹յ఺͹࢕๏ͺବԃ఼͖Δ཯ΗΖͶͯΗͱଐ͚͵Ε , ౏஦͖Δங͚͵Ζ . յ఺਼ͳ͢ͱ 1/3
ͳॽ͏ͱ͍Ζ͍ͪΕͶյ఺਼ 1/3 ͹बٌغಕ఼͗ଚͤࡑΖ  (ਦ 1(b)). ͞͹৖߻ , յ఺਼ 1/3
͹बٌغಕ఼ͺବԃܗ෈ಊ఼͖ܳΔ཯Ηͪ྘ҮͲਫ਼ͣΖ . ਫ਼ͣ๏ͺγχϩόʖχ෾زͲ , ବ
ԃܗबٌغಕ఼ͳγχϩܗबٌغಕ఼͗ਫ਼ͣΖ . ྡֆ஍Νܽ௖ୱ௡ሺ݌ȀݍሻͳͤΖ . ϏϧϟʖνʖΝ
ܽ௖ୱ௡ሺ݌ȀݍሻΓΕଁՅͤΖͳ , γχϩܗबٌغಕ఼͗ବԃܗ෈ಊ఼ܳͶ͜޴ͱۛͰ͘ , ବԃܗबغ
ٌಕ఼ͺਫ਼ͣͪஏ఼͖Δԗ͖ͮ͡ͱ͏͚ . ܽ ൌ ܽ௖ሺ݌ȀݍሻͲ , γχϩܗबٌغಕ఼ͳܳ͗Ҳ஗ͤ
Ζ . ܽ ൐ ܽ௖ሺ݌ȀݍሻͲγχϩܗबٌغಕ఼ͺବԃܗ෈ಊ఼͖ܳΔड़ͱ , ͖ܳΔ཯ΗΖ . ͞͹৖߻ , 
ҡ৙յ఺Ϗϧϟʖνۢؔ  ሾܽ௖ୱ௡ሺ݌Ȁݍሻǡ ܽ௖ሺ݌Ȁݍሻሻ͗ఈٝͲ͘Ζ(ਦ 2(b)). ҡ৙յ఺Ϗϧϟʖνۢ
ؔͲͺବԃ఼͹बΕ͹ୱ௒͸ͣΗ੓͗ഃΗͱ͏Ζ ࡏࣰ . , ବԃ఼͖Δ཯ΗΖͳյ఺͹࢕๏͗
ବԃ఼ΓΕଐ͚͵Ζ . γχϩܗबٌغಕ఼Νգ͙Ζͳյ఺͹࢕๏ͺங͚͵Ζ . ͞͹Γ͑͵ବ
ԃ఼͹बΕ͹ୱ௒͸ͣΗ੓͹ഃΗͶΓͮͱ , ҡ৙յ఺෾͗زਫ਼ͣΖ͞ͳ͗Κ͖Ζ . ٠࿨ͤ΄
͘໲ୌͺ , ବԃ఼͹बΕ͹ୱ௒͸ͣΗ੓͹ഃΗ͗ਫ਼ͣΖݬҾͲ͍Ζ . ҐԾ͹٠࿨Ͳͺ , յ఺
෾ز(Rotation bifurcation)Νਜ਼৙յ఺෾ز(Ordinary rotation bifurcation)ͳҡ৙յ఺෾ز
(Anomalous rotation bifurcation)͹૱সͳ͢ͱཤ༽ͤΖ .  



 

t 37 t 
 

ԃ౷໚  ሺͲ ൑ ݔ ൏ ǡߨʹ െλ ൏ ݕ ൏ λሻͲఈٝ͠Ηͪඬ६ࣺ଀Ν়ղͤΖ[4]. 
 ܶ� ׷ �� ௡ାଵݕ ൌ ௡ݕ ൅ ݂ሺݔ௡ሻǡݔ���௡ାଵ ൌ ௡ݔ ൅  ሻǤ ሺ1ሻߨʹ��݀݋�௡ାଵ��ሺݕ

͞͞Ͳ , ݂ሺݔሻ ൌ ��ሺܽݔ���ܽ ൒ Ͳሻ.  

ࣺ଀ܶ��ሺܽ ൐ ͲሻͲͺ , ݂ሺݔሻ ൌ Ͳͳݕ ൌ ͲΝຮͪͤबٌغಕ఼͗෈ಊ఼Ͳ͍Ζ . ඬ६ࣺ଀Ͷ͕͏
ͱ , ෈ಊ఼ͺܲ ൌ ሺͲǡͲሻͳܳ ൌ ሺߨǡ ͲሻͲ͍Ζ . ෈ಊ఼ܲͺγχϩܗ෈ಊ఼Ͳ͍Ζ . ෈ಊ఼ܳͺ , Ͳ ൏
ܽ ൏ ͶͶ͕͏ͱବԃܗ෈ಊ఼Ͳ , ܽ ൐ ͶͲͺൕ఺Ν൒͑γχϩܗ෈ಊ఼Ͳ͍Ζ .  

ଲসबٌغಕΝఈٝͤΖͪΌͶࣺ଀ܶ͹ଲ߻නݳΝ಍೘ͤΖ . ୊Ҳ͹ଲ߻නݳΝࣖͤ . ࣞ
(1)͹නݳͲͺ , ୊Ҳ͹ଲ߻නܶݳ ൌ ݄ ל ݃ͺ৙ͶՆ೵Ͳ͍Ζ . ࣺ଀ܶͺ್ͯ͹ଲ߻ͳݼͻΗΖ
ࣺ଀͹߻੔Ͳىफ़͠ΗΖ ͢༼ࡠΝ઎Ͷ݃߻͹ӊଈͶ͍Ζଲלߺى . Ζͤ༼ࡠΝ݄߻Ͷଲ࣏ , . Ґ
ԾͲଲ߻͹නࣞΝࣖͤ . 

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

��െݕ
ݔ െ  ቁǤ ሺ2ሻݕ

ࣺ଀਼݂ؖሺݔሻ਼͗ؖدͲ͍Ζ͞ͳͶΓΕ ݳන߻͹୊್͹ଲ࣏ ,  ܶ ൌ ܪ ל ΍Ն೵Ͳ͍Ζ 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.  

ଲ߻ͺ໚੷ฯଚͲ͍Ζ͗๏޴ൕ఺ࣺ଀Ͳ͍Ζ . ଲ߻͹෈ಊ఼͹ॄ͗߻ଲসતͲ͍Ζ .  
௚ܵǣ ݕ ൌ െ݂ሺݔሻȀʹǡ ሺ4ሻ 

ܵ௛ǣ ݕ ൌ Ͳǡ ሺ5ሻ 

ܵீǣ ݔ ൌ Ͳǡݔ��� ൌ  ǡ ሺ6ሻߨ

ܵுǣ ݕ ൌ ݕ���ǡݔʹ ൌ ʹሺݔ െ  ሻǤ ሺ7ሻߨ

ԃ౷໚Ͳఈٝ͠Ηͪඬ६ࣺ଀Ͷ͕͜Ζͯ࢝͹ଲসતΝਦ 3 Ͷඵ͏ͪ͹ͲߡࢂͶ͢ͱཋ͢͏ . 
 

 
ਦ 3ʁԃ౷໚Ͳఈٝ͠Ηͪඬ६ࣺ଀Ͷ͕͜Ζଲসત . ܲ ൌ ሺͲǡͲሻͳܳ ൌ ሺߨǡ Ͳሻͺ෈ಊ఼ . ܲԢ ൌ
ሺʹߨǡ Ͳሻ. ԃ౷໚Ͳͺܲ ൌ ܲԢ. ௚ܵͳܵ௛ͺ৏Ծ͹ଲসતͲ , ܵீͳܵுͺࠪӊ͹ଲসત . ܽ ൌ ͷ. 

ଲ߻ͶΓΖबٌغಕ఼͹ಊ͘ͺଲসતͶؖͤΖൕ఺Ͳ͍Ζ . Γͮͱଲ߻ͶΓΖबٌغಕ఼
͹ಊ͘ΓΕ , ௚ܵͳܵ௛Ν৏Ծ͹ଲসતͳݼ; , ܵீͳܵுΝࠪӊ͹ଲসતͳݼ΁ . ࣺ଀͗ଲ߻͹੷
Ͳන͠ݳΗΖ৖߻ ͹Γ͑Ͷ್झྪ͹ى੓Ν΍ͯͳ͏͑[1]. ৏ٱͺώʖαϓ͹қັͲ͹Նܧ ,
ҡ͵ͮͪଲ߻͹੷Ͳන͠ݳΗΖࣺ଀ͺ , ್॑Նࣺٱ଀ͳݼͻΗΖ . ್॑Նࣺٱ଀ͶͺҲ॑ଲ
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সबٌغಕͳ್॑ଲসबٌغಕ͗ଚͤࡑΖ [5]. ଲসતΝཤ༽͢ͱଲসबٌغಕͳඉଲসब
ಕΝఈٌٝ͢غ ಕΝఈٝͤΖٌغಕͳ್॑ଲসबٌغͶҲ॑ଲসब࣏ , .  

 

ఈٝ 1.1 (ଲসबٌغಕͳඉଲসबٌغಕ͹ఈٝ). ଲসત৏Ͷٌಕ఼Ν΍ٌͯಕΝଲসٌಕ
ͳ͏͑ . ଲসٌಕ͗ଲসત৏Ͷ۰਼ݺ͹ٌಕ఼Ν΍ͯ͵Δͻ , ͞͹ٌಕͺଲসबٌغಕͳݼ
ͻΗΖ . ຌ࿨ชͲͺ෈ಊ఼ͺଲসबٌغಕͶ؜Όͥ , ෈ಊ఼ͳ͢ͱѽ͑ . ଲসત৏Ͷٌಕ఼
Ν΍ͪ͵͏बٌغಕΝඉଲসबٌغಕͳఈٝͤΖ .  

 
ఈٝ 1.2 (Ҳ॑ଲসबٌغಕ͹ఈٝ). ৏Ծ͹ଲসત͹ΊͶٌಕ఼Ν΍ͯबٌغಕΝҲ॑৏Ծ
ଲসबٌغಕͳఈٝͤΖ . Ήͪ , ࠪӊ͹ଲসત͹ΊͶٌಕ఼Ν΍ͯबٌغಕΝҲ॑ࠪӊଲস
बٌغಕͳఈٝͤΖ . ͞ΗΔΝΉͳΌͱҲ॑ଲসबٌغಕͳݼ΁ .  

बٌغಕ͗ଲসત৏Ͷٌಕ఼Νͽͳͯ΍ͯͳ , พ͹ٌಕ఼͗ଲসત৏Ͷ͍Ζͳ͏͑੓࣯͗
͍Ζ . ͨ͹ͪΌͶҲ॑ଲসबٌغಕͺଲসત৏Ͷ್ٌͯಕ఼Ν΍ͯ . ್ͯ͹ٌಕ఼͗Ҳ఼Ͷ
͵ͮͪ৖͗߻෈ಊ఼Ͳ͍Ζ .  

 
ఈٝ 1.3 (್॑ଲসबٌغಕ͹ఈٝ). ৏Ծͳࠪӊ͹ଲসત৏Ͷٌಕ఼Ν΍ͯबٌغಕΝ್॑
ଲসबٌغಕͳఈٝͤΖ .  

್॑ଲসबٌغಕͺ৏Ծ͹ଲসત৏Ͷ್ٌͯಕ఼Ν΍͖ͬͯࠪӊ͹ଲসત৏Ͷ್ٌͯಕ఼
Ν΍ͯ . ͤ͵Κ್ͬ॑ଲসबٌغಕͺଲসત৏Ͷٌͯ࢝ಕ఼Ν΍ͯ ͹ٌಕ఼఼್͗Ͷͯ࢝ .
͵ͮͪ৖߻ͺबغ 2 ͹ٌಕ఼Ͳ͍Ε ෈ಊ఼Ͳ͍Ζ͗߻͹ٌಕ఼͗Ҳ఼Ͷ͵ͮͪ৖ͯ࢝ , . 

ବԃܗ෈ಊ఼ܳ͗յ఺෾زΝً͢͞ͱਫ਼໊ͣͪबٌغಕΝ݌Ȁݍ-B (Ͳ ൏ ݍȀ݌ ൏ ͳȀʹ) ͳॽ͚  
(B ͺ Birkhoff ΝқັͤΖ). ݌Ȁݍ-B ͺବԃ໊ܗबٌغಕ݌Ȁݍ-BE ͳ, γχϩ໊ܗबٌغಕ݌Ȁ

BS-ݍ ͹૱সͲ͍Ζ . ͞͞Ͳ , E ͺ Elliptic Νқັ͢ , S ͺ Saddle ΝқັͤΖ . ବԃܗ෈ಊ఼ܳ͗
बغഔ෾زΝً͢͞ͱਫ਼ͣͪବԃ໊ܗबٌغಕΝͳȀʹ-BE ͳॽ͚ . ͞ΗΔ͹बٌغಕͶͯ͏
ͱ੓࣯ 1.4 ͗੔Εཱིͯ . ৆ࡋͺߡࢂช[5]ݛΝݡΔΗͪ͏ .  

 
੓࣯ 1.4.  

(1) ब۰਼͗ݍغ͹৖߻ B-ݍȀ݌ , ͳͳȀʹ-BE ͺ್॑ଲসबٌغಕͲ͍Ζ .  

(2) ब਼د͗ݍغ͹৖߻ B-ݍȀ݌ , ͺҲ॑ଲসबٌغಕͲ͍Ζ .  
 

͞͞Ͳຌ࿨ช͹໪దΝΉͳΌ ୱͶ়ղͤΖ؈ͶҐԾ͹ઇ͹಼༲Ν࣏ , .  

 
໪ద 1.5. ବԃܗ෈ಊ఼ܳ͗յ఺෾زΉͪͺबغഔ෾زΝً͢͞ͱਫ਼ͣͪବԃ໊ܗबٌغಕ
BE-ݍȀ݌ ͹յ఺෾زΝ௒΄Ζ͞ͳ .  

 
୊ 2 ઇ . ຌ࿨ชͲ࢘༽ͤΖ਼ָదಕ۫Ͷͯ͏ͱઈ໎ͤΖ .  

୊ 3 ઇ . ବԃ໊ܗबٌغಕ݌Ȁݍ-BE ͹յ఺෾زͶͯ͏ͱ਼஍ࢋܯͲಚΔΗͪ݃ՎΝ়ղͤΖ .  

୊ 4 ઇ . ਼஍ࢋܯͲಚΔΗͪ݃Վ͹Ҳ෨Ͷৄ໎Ν༫͓ , ఈཀྵ 4.1 ͳໍୌ 4.5 ͳͤΖ.  

୊ 5 ઇ . ຌ࿨ชͲಚΔΗͪ݃ՎΝΉͳΌΖ . 
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2. ਼ָదಕ۫ 

2.1. बٌغಕ͹҈ఈ੓਼ܐ 

बٌغಕ͹҈ఈ੓Ν൓இͤΖ๏๑Ν়ղͤΖ . ͞͞Ͳݍ�ሺ൒ ͳሻΝबٌغಕ͹बغͳͤΖ . ब
௞ݖಕ఼Νٌغ͹बݍغ ൌ ሺݔ௞ǡ ௞ሻ��ሺͲݕ ൑ ݇ ൑ ݍ െ ͳሻͳͤΖ . ٌಕ఼ݖ௞Ͷ͕͜ΖતܙԿߨ྽ܯሺݖ௞ሻͺ  

௞ሻݖሺܯ  ൌ ൬ͳ �����݂Ԣሺݔ௞ሻ
ͳ ͳ ൅ ݂Ԣሺݔ௞ሻ

൰ ሺ8ሻ 

ͳಚΔΗΖ . ͞͞Ͳ , ݂Ԣሺݔ௞ሻ ൌ ܽ�௞. ໚੷ฯଚࣺ଀Ͳ͍Ζ͖Δݔ�� ྽ࣞͺߨ௞ሻ͹ݖሺܯ , 1 Ͳ͍Ζ . 
ࣺ଀ܶ௤͹તܙԿߨ྽Νܯ௤ ൌ ଴ሻͳͤΖͳݖሺܯଵሻݖሺܯڮ௤ିଵሻݖሺܯ Ν݀ఈͤΖ๏ఖࣞߣ஍༙ݽ ,  

ଶߣ  െ ߣሺܽሻݎ ൅ ͳ ൌ Ͳ ሺ9ሻ 

͗ಚΔΗΖ ሺܽሻݎ਼ܐ . ൌTraceܯ௤Ν҈ఈ੓਼ܐͳݼ΁ . ࣞ(9)͹մͲ͍Ζ༙ݽ஍Νߣേͳॽ͚ . 
յ఺਼݌Ȁݍ͹बٌغಕ͗ਜ਼৙յ఺෾͗زਫ਼ͣΖ৖߻ , Ծى͹ؖ͗ܐ੔ཱིͤΖ .  

േߣ  ൌ
ሺܽሻݎ േ ݅ඥͶ െ ଶሺܽሻݎ

ʹ
ൌ ���ሺʹ݌ߨȀݍሻ േ ���ሺʹ݌ߨȀݍሻǤ ሺ10ሻ 

͞͹ࣞΓΕ҈ఈ੓ݎ਼ܐሺܽሻͳյ఺਼݌Ȁݍ͹ؖ͗ܐಚΔΗΖ .  
ሺܽሻݎ  ൌ ʹ���ሺʹ݌ߨȀݍሻǤ ሺ11ሻ 

2.2. ܑ͘౵͹ࣺ଀ 

ࣞ(1)͹୊ 1 ࣞͳ୊ 2 ࣞ͹ྈวΝݔ௡Ͳඏ෾ͤΖͳ , Ծى͹್ࣞ͗ಚΔΗΖ .  

 
௡ାଵݕ݀
௡ݔ݀

ൌ
௡ାଵݔ݀
௡ݔ݀

௡ାଵݕ݀
௡ାଵݔ݀

ൌ
௡ݕ݀
௡ݔ݀

൅ ݂Ԣሺݔ௡ሻǡ ሺ12ሻ 

 
௡ାଵݔ݀
௡ݔ݀

ൌ
௡ݕ݀
௡ݔ݀

൅ ݂Ԣሺݔ௡ሻ ൅ ͳǤ ሺ13ሻ 

఼ ௡ݖ ൌ ሺݔ௡ǡ ݕતۄ௡ሻ͗ݕ ൌ ሻ৏Ͷ͍ΖͳͤΖݔሺܨ . ఼ݖ௡Ͷ͕͜Ζۄત͹ܑ͘Νනͤร਼ ௡ߦ ൌ

௡ݔ௡ሻȀ݀ݔሺܨ݀ ൌ ௡Ν಍೘ͤΖݔ௡Ȁ݀ݕ݀ . ࣞ(13)ΓΕ ௡͗ॊࣺ͑଀͗ಚΔΗΖߦܑ͘ , .  

௡ାଵߦ  ൌ
௡ߦ ൅ ݂Ԣሺݔ௡ሻ

௡ߦ ൅ ݂Ԣሺݔ௡ሻ ൅ ͳ
Ǥ ሺ14ሻ 

ܑ͘͹ࣺ଀͹ྈวΝ ௡Ͳඏ෾ͤΖͳݔ તۄ , ݕ ൌ ሻ͹఼ݔሺܨ ਼ܐ௡Ͷ͕͜Ζ್֌ඏ෾ݖ ௡ߟ ൌ

௡͗ॊࣺ͑଀͗ಚΔΗΖݔ௡Ȁ݀ߦ݀ .  

௡ାଵߟ  ൌ
௡ߟ ൅ ݂ԢԢሺݔ௡ሻ

ሺߦ௡ ൅ ݂Ԣሺݔ௡ሻ ൅ ͳሻଷ
Ǥ ሺ15ሻ 

͞͞Ͳ݀ߦ௡ାଵȀ݀ݔ௡ ൌ ሺ݀ݔ௡ାଵȀ݀ݔ௡ሻሺ݀ߦ௡ାଵȀ݀ݔ௡ାଵሻ ൌ ͪ͢༼௡ሻΝཤݔ௡ାଵȀ݀ݔ௡ାଵሺ݀ߟ . 
௡Ͳඏ෾ͤΖͳݔ͹ࣺ଀͹ྈวΝ਼ܐͶ್֌ඏ෾࣏ ݕતۄ , ൌ ֌ඏ෾ࢀ௡Ͷ͕͜Ζݖሻ͹఼ݔሺܨ

௡ߞ਼ܐ ൌ ௡͗ॊࣺ͑଀͗ಚΔΗΖݔ௡Ȁ݀ߟ݀ .  

௡ାଵߞ  ൌ
௡ߞ ൅ ݂ԢԢԢሺݔ௡ሻ

ሺߦ௡ ൅ ݂Ԣሺݔ௡ሻ ൅ ͳሻସ
െ

͵ሺߟ௡ ൅ ݂ԢԢሺݔ௡ሻሻଶ

ሺߦ௡ ൅ ݂Ԣሺݔ௡ሻ ൅ ͳሻହ
Ǥ ሺ16ሻ 

͞͞Ͳ݀ߟ௡ାଵȀ݀ݔ௡ ൌ ሺ݀ݔ௡ାଵȀ݀ݔ௡ሻሺ݀ߟ௡ାଵȀ݀ݔ௡ାଵሻ ൌ ͪ͢༼௡ሻΝཤݔ௡ାଵȀ݀ݔ௡ାଵሺ݀ߞ . 
Ґ৏͹ࣞͲ , ݂Ԣሺݔ௡ሻ ൌ ܽ�௡ݔ�� , ݂ԢԢሺݔ௡ሻ ൌ െܽݔ���௡ ൌ െ݂ሺݔ௡ሻ, ݂ԢԢԢሺݔ௡ሻ ൌ െ݂Ԣሺݔ௡ሻ. ͞͞ͲಚΔΗ

ࣺͪ଀Νཤ༽ͤΖͪΌͶͺٌಕ఼ݖ௡͹৚ๅͳܑ͘౵͹ॵغ஍͹৚ๅ͗චགྷͲ͍Ζ . 
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2.3. ҡ৙յ఺෾͗زਫ਼ͣΖͪΌ͹චགྷড়݇ 

ବԃܗ෈ಊ఼ܳ͗ҡ৙յ఺෾͗زਫ਼ͣΖͪΌ͹චགྷড়݇Ν఑ࣖ͢Γ͑ . ࣺ଀ܶͲܳ͹बΕΝ
յ఺ͤΖबٌغಕ͹յ఺๏޴ͺ , ਦ 4(a)Ͳͺܯ࣎յΕͲ , ਦ 4(b)Ͳͺൕܯ࣎յΕͲ͍Ζ . 

ਦ 4(a)Ͷඵ͖Ηͪଲসત͹଀ͺଲসત͹ࠪଈͶ͍Ζ . Ϗϧϟʖν͹ଁ୉Ͷͳ΍͵͏ܳͶ͕
͜Ζଲসત͹଀͹ܑ͗͘ଲসત͹ܑ͘ͶۛͰ͚ . ଲসતͳଲসત͹଀͹ིۄͺڠͶਜ਼Ͳ͍Ζ . 
ਜ਼৙յ఺෾زͲͺ͖ܳΔबٌغಕ఼͗ਫ਼ͣΖ͞ͳͶ஭қ͢Γ͑ . ΍͢ , ଲসત͹ི͗ۄκϫ
Ͳ͍ͮͪΕෝͲ͍Ζͳଲসત͹଀͹ܑ͗͘ଲসત͹ܑ͗͘Ҳ஗ͪ͢ޛ , ଲসતͳଲসત͹଀
͹ި఼ࠫͺܳΓΕਫ਼ͣܳΓΕ཯Ηͱ͏͚ . ଲসતͳଲসત͹଀͹ި఼ࠫ͗յ఺෾زͲਫ਼ͣͪ
बٌغಕ͹ٌಕ఼͹ҲͯͲ͍Ζ . ͞ΗΓΕҡ৙յ఺෾͗زਫ਼ͣΖͪΌͶͺ , ଲসત͹ིۄ΍
ਜ਼Ͳ͍Ζ͞ͳ͗චགྷͲ͍Ζ͞ͳ͗಍͖ΗΖ . ͯΉΕਦ 4(a)͗ड़ͤݳΖ͵Δͻ , ҡ৙յ఺෾ز
͗ਫ਼ͣΖՆ೵੓͍͗Ζ . ҡ৙յ఺෾زͲͺ , ͖ܳΔ཯ΗͪҒ஖Ͳγχϩόʖχ෾زͲγχϩ
஭қ͢ͱౕ͕͚࠸Ζ͞ͳΝͤݳಕ͗ड़ٌغबܗಕͳବԃٌغबܗ . 

ਦ 4(b)Ͷඵ͖Ηͪଲসત͹଀ͺଲসત͹ӊଈͶ͍Ζ . Ϗϧϟʖν͹ଁ୉Ͷͳ΍͵͏ܳͶ͕
͜Ζଲসત͹଀͹ܑ͗͘ଲসત͹ܑ͘ͶۛͰ͘յ఺෾͗زਫ਼ͣΖ . ͞͹৖߻Ͳͺଲসતͳଲ
সત͹଀͹ིۄͺڠͶෝͲ͍Ζ . ͞͹Γ͑͵৖߻Ͷ΍ҡ৙յ఺෾͗زਫ਼ͣΖՆ೵੓͍͗Ζ . 

 

ਦ 4ʁҡ৙յ఺෾͗زਫ਼ͣΖՆ೵੓͍͗Ζഓ஖ . (a) ࣺ଀ΓΖܳ͹बΕ͹յ఺๏ܯ࣎͗޴յΕ
͹৖߻ . ବԃܗ෈ಊ఼ܳͶ͕͜Ζଲসતͳଲসત͹଀͹ڠི͗ۄͶਜ਼ . (b) ࣺ଀ΓΖܳ͹बΕ
͹յ఺๏͗޴ൕܯ࣎յΕ͹৖߻ . ବԃܗ෈ಊ఼ܳͶ͕͜Ζଲসતͳଲসત͹଀͹ڠི͗ۄͶ
ෝ . 

ବԃܗ෈ಊ఼ܳΝҲൢ͹ବԃٌܗಕ఼ݖͳͪ͢৖߻Ͷ͕͜Ζҡ৙յ఺෾زΝًͤͪ͞ΌͶ
චགྷ͵ড়݇Νড়݇ 2.1 ͳ͢ͱΉͳΌͱ͕͚[3].  

 

ড়݇ 2.1. ҡ৙յ఺෾زΝًͤͪ͞ΌͶචགྷ͵ড়݇ͺ , ବԃٌܗಕ఼ݖ͹बΕ͹յ఺͹࢕๏͗  
(ൕ) ܯ࣎յΕ͹৖߻͹৖߻ ਜ਼ི͗ۄ ,  (ෝ) ͹ଲসતͳི͗ۄਜ਼  (ෝ) ͹ଲসત͹଀ٌ͗ಕ
఼ݖΝ௪գ͢ͱ͏Ζ͞ͳͲ͍Ζ .  

 
Φόϱࣺ଀ଔͶ؜ΉΗΖࣺ଀Ͳͺ , ବԃܗ෈ಊ఼ܳ͹बΕ͹յ఺͹࢕๏ͺܯ࣎յΕͲ͍Ζ . 

ਦ 4(a)͹৖֚͗߻౲͢ , յ఺਼ͳȀ͵͹ଲসबٌغಕ͗ҡ৙յ఺෾زͲܳΓΕਫ਼ͣΖ͞ͳ͗ࣖ͠
Ηͱ͏Ζ[3]. ඬ६ࣺ଀Ͳ΍ , ବԃܗ෈ಊ఼ܳ͹बΕ͹յ఺͹࢕๏ͺܯ࣎յΕͲ͍Ζ . ඬ६ࣺ
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଀ͲͺܳΝ௪գͤΖଲসતͲܳͶ͕͜Ζི͗ۄਜ਼͹ଲসતͺଚ͢ࡑ͵͏ . Γͮͱ , ඬ६ࣺ଀Ͳ
ͺড়݇ 2.1 ͗ຮͪ͠Η͵͏ͪΌ , ܳͺҡ৙յ఺෾زΝً͞͠͵͏ . ͞Ηͺ॑གྷ͵݃ՎͲ͍Ζ͹
Ͳໍୌ 2.2 ͳͤΖ .  

 
ໍୌ 2.2. ඬ६ࣺ଀ܶͶ͕͏ͱ , ବԃܗ෈ಊ఼ܳͺҡ৙յ఺෾زΝً͞͠͵͏ . 

3. ਼஍݃ࢋܯՎ 

್॑ଲসबٌغಕͳȀʹ-BE ͺବԃܗ෈ಊ఼ܳ͹बغഔ෾زͲਫ਼ͣΖ . ͞͞ͲͺͳȀʹ-BE ͹յ
఺෾زΝ௒΄Ζ . घॳΝઈ໎ͤΖ . ϏϧϟʖνܽΝ݀Ό ॵͶͳȀʹ-BE࠹ , ͹ٌಕ఼ΝٽΌΖ . 
ሺܽሻΝ݀ఈͤΖݎ਼ܐͶٌಕ఼͹৚ๅΓΕ҈ఈ੓࣏ . ͞ΗΔͺસͱ਼஍ࢋܯͲࣰͤࢬΖ .  

Ͷफ़΄ͪΓ͑Ͷع , ବԃܗ෈ಊ఼ܳ͹(Ҳ࣏͹)յ఺෾زͶΓΕ݌Ȁݍ-BE ͗ਫ਼ͣΖ . ͨ͢ͱ
BE-ݍȀ݌ ͹յ఺෾زͺ್࣏͹յ఺෾زͳݼͻΗΖ ߻ਫ਼ͣͪ৖͗ݏȀݎͲյ఺਼ز͹յ఺෾್࣏ . , 
͞͹बٌغಕΝյ఺਼݌Ȁݎ:ݍȀݏ͹बٌغಕͳݼ; B-ݏȀݎ:ݍȀ݌ , ͳॽ͚ . ͞͞Ͳյ఺਼ݎȀݏͺܶ௤Ν
ୱҒͳ͢ͱ଎ͮͪյ఺਼Ͳ͍Ζ . յ఺਼݌Ȁݎ:ݍȀݏ͹बٌغಕ͹ࣰࡏ͹बغͺݏݍͲ͍Ζ Ȁݎ:ݍȀ݌ .
B-ݏ ͺ , ବԃܗबٌغಕ݌Ȁݎ:ݍȀݏ-BE ͳγχϩܗबٌغಕ݌Ȁݎ:ݍȀݏ-BS ͹૱সͲ͍Ζ . ବԃܗ෈
ಊ఼ܳΝଢཇͶᄽ͓ , ͳȀʹ-BE ΝஏځͶᄽ͓Ζ͵Δͻ B-ݏȀݎ:ݍȀ݌ , ͺஏځ͹Ӷ੗Ͳ͍Ζ݆Ͷᄽ͓
ΔΗΖ .  

ͳȀʹ-BE ͹҈ఈ੓ݎ਼ܐሺܽሻ͹ܽғଚ੓Νਦ 5 Ͷࣖͪ͢ . ͳȀʹ-BE ͺܽ ൐ ͶͶ͕͏ͱଚͤࡑΖ . Γ
ͮͱ , ܽΝ 4 ΓΕଁՅͤΖͳ҈ఈ੓਼ܐ ሺܽሻݎሺܽሻͺݎ ൌ െʹΉͲݰঙͤΖ . ͨ͹ޛ , ଁՅͤΖ . 
ͳȀʹ-BE ͺ್॑ଲসबٌغಕͲ͍ΖͪΌ ሺܽሻݎ , ൌ െʹΝຮͪͤܽ͹஍Ͳबغഔ෾زΝً͞͠͵͏
[5].  

ͳȀʹ-BE ͹յ఺෾زΝ௒΄ΖͪΌ  ܶଶΝୱҒͳ͢ͱबغͳյ఺਼Ν଎Ζ . յ఺਼ͳȀ͵ͳʹȀ͵͹
बٌغಕ͗յ఺෾زͲͳȀʹ-BE ΓΕਫ਼ͣΖ . ͳȀʹ:ͳȀ͵-B (ਦ 5 Ͷ͕͜ΖͳȀʹǣ ͳȀ͵) ͺਜ਼৙յ఺෾
Ͳਫ਼ͣز , ྡֆ஍ͺܽ௖ሺͳȀʹǣ ͳȀ͵ሻ ൌ ͶǤͷͳͺͷͲ͍Ζ͞ͳ਼͗஍ࢋܯͲಚΔΗͪ . Ҳ๏ , ͳȀʹ:ʹȀ͵-B
ͺҡ৙յ఺෾زͲਫ਼ͣΖ . ྡֆ஍ͺܽ௖ሺͳȀʹǣ ʹȀ͵ሻ ൌ ͷǤ͸͸ʹͲͲ͍Ζ(ਦ 5 Ͷ͕͜ΖͳȀʹǣ ʹȀ͵). ͞͹
बٌغಕͺܽ௖ሺͳȀʹǣ ʹȀ͵ሻΓΕঙ͢ঘ͠͵ܽ͹஍Ͳγχϩόʖχ෾زͲਫ਼ͣΖ͞ͳΝ஭қ͢ͱ͕
͚ . 

 
ਦ 5ʁͳȀʹ-BE ͹҈ఈ੓ݎ਼ܐሺܽሻ͹ܽғଚ੓ . ͳȀʹ:ͳȀ͵ͳͳȀʹǣ ʹȀ͵͹қັͺຌชΝݡΓ . 
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ॵͶͳȀʹ:ͳȀ͵-B࠹ Ͷͯ͏ͱ௒΄ΖͪΌͶ , Ҳ॑ଲসबٌغಕͶଲͤΖܶ଺͹Ծى͹ଲ߻නݳ
Νཤ༽ͤΖ .  

 ܶ଺ ൌ ܪ ל  ହǤ ሺ17ሻܶܩ

ӊଲܶܩ߻ହͶؖ͢ͱ෈ร͵ॄ߻ͺܶିଷܵுͲ͍Ζ .  
ହሺܶିଷܵுሻܶܩ  ൌ ଶܵுܶܩ ൌ ܶିଶܵܩு ൌ ܶିଶܵܪܩு ൌ ܶିଷܵுǤ ሺ18ሻ 

͞ΗΓΕ , ͳȀʹ:ʹȀ͵-B ͺܵு ת ܶିଷܵு ് ͯ࣍Ͷٌಕ఼Ν׎ . ͞Ηͺܶଷܵு ת ܵு ് ͳ΍ॽ͜Ζ׎ .  

ଲ߻ͶΓΖ෾մͳ͢ͱ   
 ܶ଺ ൌ ܶହ݄ ל ݃ ሺ19ሻ 

΍Ն೵Ͳ͍Ζ . ଲܶ߻ହ݄Ͷͯ͏ͱ෈ร͵ॄ߻ͺܶଷ ௚ܵͲ͍Ζ . Γͮͱ , ܶଷ ௚ܵ ת ௚ܵ ് ಚΔΗΖ͗׎ .  

बٌغಕͳȀʹ:ͳȀ͵-BS ͗ਜ਼৙յ఺෾زͲਫ਼ͣΖ༹ࢢΝਦ 6 Ͷࣖͪ͢ . ଲসત͹଀ܶଷܵுିͳଲস
તܵுା͹ި఼ͶͳȀʹ-BE ͳͳȀʹ:ͳȀ͵-BS ͹ٌಕ఼ͺ͍Ζ . ͞͞Ͳ , ܵுାͺݕ ൌ ʹሺݔ െ ݕሻ��ሺߨ ൐ ͲሻͲ͍Ε , 
ܵுିͺݕ ൌ ʹሺݔ െ ݕሻ��ሺߨ ൏ ͲሻͲ͍Ζ . ਦ 6(a)Ͳͺ, ଀ܶଷܵுି͹ͳȀʹ-BE ͹ٌಕ఼Ͷ͕͜Ζܑ͘ͺଲস
તܵுା͹ܑ͘ΓΕঘ͠͏ . ܽΝଁՅͤΖͳ଀ܶଷܵுି͹ܑ͘ͺଁՅ͢(ਦ 6(b)), ଲসતܵுାͳંৰͤ
ΖΓ͑Ͷ͵Ζ(ਦ 6(c)). ંৰ͹࢕๏ͺ਼࣏ؖࢀదͲ͍Ζ దંৰͳͺ਼࣏ؖࢀ . , ଀ܶଷܵுିͳଲ
সતܵுା͹ྈं͹ܑ͘ͳ್֌ඏ෾਼͗ܐ౵͚͢ ҡ͵ΖંৰΝқັͤΖ਼͗ܐ֌ඏ෾ࢀ , . ਦ
6(c)Ͷ͕͏ͱ , ଀ܶଷܵுି͹ࢀ֌ඏ෾਼ܐͺෝͲ , ଲসતܵுା͹ࢀ֌ඏ෾਼ܐͺκϫͲ͍Ζ . ͳȀ
ʹ-BE ͹ٌಕ఼Ͷ͕͜Ζଲসત͹଀ܶଷܵுି͹ܑ͘ͳ , ଲসતܵுା͹ܑ͗͘౵͚͢͵Ζ৖߻ (ਦ
6(c))͗ਜ਼৙յ఺෾ز͹ྡֆ஍Ν༫͓Ζ . ਦ 6(d)Ͳͺ , ଀ܶଷܵுିͳଲসતܵுାͳࢀ఼ͲިࠫͤΖ . 
ͳȀʹ-BE ͹ٌಕ఼͖Δਫ਼఼್ͣͪ͹҈ఈ੓Ν௒΄ͱ , ͞ΗΔ͗ͳ΍ͶγχϩܗͲ͍Ζ͞ͳ͗
෾͖ͮͪ͹Ͳ , ͞ΗΔΝͳȀʹ:ͳȀ͵-BS ͳॽ͚ .  

ͳȀʹ-BE ͹ٌಕ఼͖Δଲসત ௚ܵ
ା৏Ͷͺବԃٌܗಕ఼್͗ͯਫ਼ͣΖ͞ͳΝ஭қ͢ͱ͕͚(ਦ 7). 

͞ΗΔΝͳȀʹ:ͳȀ͵-BE ͳॽ͚ . 
 

  
ਦ 6ʁͳȀʹ:ͳȀ͵-BS ͺਜ਼৙յ఺෾زͲਫ਼ͣΖ . (a) ܽ ൌ ͶǤ͵, (b) ܽ ൌ ͶǤͶͷ, (c) ܽ ൌ ͶǤͷͳͺͷ,  
(d) ܽ ൌ ͶǤ͸ͷ. 
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ਦ 7ʁͳȀʹ:ͳȀ͵-BE ͺਜ਼৙յ఺෾زͲਫ਼ͣΖ . (a) ܽ ൌ ͶǤͷͳͺͷ, (b) ܽ ൌ ͶǤ͸ͷ. 

ਜ਼৙յ఺෾ز͹઴ޛͶ͕͜ΖϛΠϱΩϪ਼ࢨ [1]Ν௒΄Ζ . ͞͞Ͳͺࣺ଀ͳ͢ͱܶସΝཤ༽
ͤΖ . ܶଶͶؖ͢ͱବԃܗͲ͍ΖͳȀʹ-BE ͺ , ܶସͶؖ͢ͱ΍ବԃܗͲ͍Ζ . ෾ز઴Ͳͺ , ͳȀʹ-BE
͹ٌಕ఼͹ΊͲ͍Ζ͖ΔϛΠϱΩϪ਼ࢨͺ ሺ൅ͳሻͲ͍Ζ . ෾ޛزͲͺ , γχϩٌܗಕ఼ 
(ͳȀʹ:ͳȀ͵-BS)ͳବԃٌܗಕ఼(ͳȀʹ:ͳȀ͵-BE)͗ͳ΍Ͷ 2 ਫ਼ͣΖݺ . ͞ΗΔ͹ϛΠϱΩϪ਼ࢨͺ
ܶସͶؖ͢ͱ , ʹ ൈ ሺെͳሻͳʹ ൈ ሺ൅ͳሻͲ͍Ζ . ͞ΗΔ͹࿪ͺሺͲሻͲ͍Ζ . ϛΠϱΩϪ਼ࢨͺ෾ز͹઴
Ͳฯଚ͠ΗΖ͖Δޛ , ͳȀʹ-BE ͹ٌಕ఼͹ϛΠϱΩϪ਼ࢨͺሺ൅ͳሻͲ͍Ζ . ਜ਼৙յ఺෾͗زਫ਼ͣ
ͱ΍ , ͳȀʹ-BE ͹ٌಕ఼͹҈ఈ੓ͺବԃܗͲรԿ͢͵͏͞ͳ͗಍͖Ηͪ .  

͞͞Ͳ٠ͪͮ͵ߨ࿨ΝͳȀʹ:ͳȀʹ-BS ͳͳȀʹ:ͳȀʹ-BE ͗ਫ਼ͣΖ৖߻Ͷͯ͏ͱ΍͓ߨΖ . ݃Վͳ͢
ͱͳȀʹ:ͳȀʹ-B ͗ਫ਼ͣͱ΍ͳȀʹ-BE ͹ٌಕ఼͹҈ఈ੓ͺବԃܗͲรԿ͢͵͏͞ͳ͗ࣖͦΖ . ͞Η
ΓΕ , ਦ 5 Ͳ҈ఈ੓ݎ਼ܐሺܽሻ͗ሺെʹሻΓΕঘ͚͠͵Δ͵͏͞ͳ͗಍͖ΗΖ .  

ਦ 6(c)ΓΕ , ਜ਼৙յ఺෾͗زਫ਼ͣΖͪΌ͹ড়݇͗ಚΔΗΖ . 1/2-BE ͹ٌಕ఼ݖ଴Ͷ͕͜Ζଲ
সતܵு͹ܑ͘Νߦ௚��ሺൌ ʹሻͳ͢ , ್֌ඏ෾਼ܐΝߟ௚��ሺൌ Ͳሻͳ͢ ௚��ሺൌߞΝ਼ܐ֌ඏ෾ࢀ , ͲሻͳͤΖ . 
ಋ༹Ͷଲসત͹଀͹ܑ͘Νߦͳ͢ , ್֌ඏ෾਼ܐΝߟͳ͢ ͳͤΖߞΝ਼ܐ֌ඏ෾ࢀ , . ਦ 6(c)͖
Δߦ ൌ ߟ ,௚ߦ ൌ ௚͗ಚΔΗΖߟ ߞͶͯ͏ͱͺ਼ܐ֌ඏ෾ࢀ . ൏ Ͳ��ሺൌ ௚ሻ͗੔Εཱིͯߞ . ͞͹Γ͑͵ড়
݇͗੔Εཱིͯ৖߻ , ਜ਼৙յ఺෾͗زਫ਼ͣΖ ਜ਼৙͗ݳ͹ड़ڱదંৰয়਼࣏ؖࢀΖͳ͓׷͏ݶ .
յ఺෾͗زਫ਼ͣΖͪΌ͹ড়݇Ͳ͍Ζ . 

ಕͳȀʹ:ʹȀ͵-BٌغͶब࣏ ͺҡ৙յ఺෾زͲਫ਼ͣΖ͞ͳΝઈ໎ͤΖ . ਦ 8 Ͷඵ͏ͪबٌغಕ
ͺͳȀʹ:ʹȀ͵-BE Ͳ್॑ଲসबٌغಕͲ͍Ζ . बݍغ ൌ ʹ ൈ ͵್͗॑ଲসबٌغಕͲ͍Ζ͞ͳΝߡ
ྂ͢ͱଲ߻නݳΝ༫͓Ζ[5].  

 ܶ଺ ൌ ܶଶܪ ל ଶ݄ܶܩ ל ݃Ǥ ሺ20ሻ 

ࠪଲܶ߻ଶܪͶؖ͢ͱ෈ร͵ॄܵܶ͗߻ுͲ͍Ζ( ܶଶܪሺܶܵுሻ ൌ ܶଶܶିଵܵܪு ൌ ܶܵு). 
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ਦ 8ʁͳȀʹ:ʹȀ͵-B ͺҡ৙յ఺෾زͲਫ਼ͣΖ . (a) ܽ ൌ ͷǤͷͶ, (b)ܽ ൌ ͷǤͷͷͶ͹, (c) ܽ ൌ ͷǤͷ͸,  
(d) ܽ ൌ ͷǤ͸͸ʹͲ. 

ਦ 8(a)Ͳͺ , ଲসત͹଀ܶܵுିͺଲসત ௚ܵ
ାͳިࠫ͢ͱ͏Ζ . ͞͹఼ͺͳȀʹ-BE ͹ٌಕ఼Ͳ͍Ζ . 

଀ܶܵுି͹ި఼Ͳ͹ܑ͘ͺଲসત ௚ܵ
ା͹ܑ͘ΓΕঘ͠͏ . ਦ 8(b)Ͳͺ , ଲসત͹଀ܶܵுି͗ଲসત ௚ܵ

ା

ͳંৰ͢ͱ͏Ζ . ંৰ఼ͺͳȀʹ-BE ͹ٌಕ఼ΓΕ཯Ηͱ͏Ζ͞ͳͶ஭қ͢Γ͑ . ͞͹য়͗ڱҡ
৙յ఺෾ز͹ྡֆ఼Ͳਫ਼ͣΖ . ྡֆ஍Νܽ௖௦௡ሺͳȀʹǣ ʹȀ͵ሻͳͤΖ . ંৰ఼ΓΕବԃ఼ͳγχϩ఼
͗ਫ਼ͣΖ . Ϗϧϟʖνܽ͹ଁՅͶ൒͏γχϩ఼ͺͳȀʹ-BE ͹ٌಕ఼Ͷ͜޴ͱҢಊͤΖ(ਦ 8(c)). 
ବԃ఼ͺӊଈͶ཯Ηͱ͏͚ . γχϩ఼ͳͳȀʹ-BE ͹ٌಕ఼ͳҲ஗ͪ͢য়͗ڱਜ਼৙յ఺෾ز͹
ྡֆ఼Ͳ͍Ζ(ਦ 8(d)). ྡֆ஍Νܽ௖ሺͳȀʹǣ ʹȀ͵ሻͳͤΖ . ਦ 8(c)͖Δਦ 8(c)ΉͲ͹ۢؔΝҡ৙յ
఺Ϗϧϟʖνۢؔ ሾܽ௖௦௡ሺͳȀʹǣ ʹȀ͵ሻǡ ܽ௖ሺͳȀʹǣ ʹȀ͵ሻሻͳͤΖ . ϛΠϱΩϪ਼ࢨΝཤ༽ͤΖͳ , ҡ৙յ
఺෾͗زਫ਼ͣͱ΍ͳȀʹ-BE ͹ٌಕ఼͹҈ఈ੓ͺବԃܗͲรԿ͢͵͏͞ͳ͗಍͜Ζ . ৆ࡋͺ঴
͚ . ͳȀʹ-BE ͹ٌಕ఼(ݖ଴ͳݖଵ)ͳ, ͳȀʹ:ʹȀ͵-BE ͹ٌಕ఼(ݓ௞ǡ Ͳ ൑ ݇ ൑ ͷ)Νਦ 9 Ͷඵ͏ͪ͹Ͳߡࢂ
Ͷ͢ͱཋ͢͏ . 

 

 
ਦ 9ʁͳȀʹ-BE ͹ٌಕ఼(ݖ଴, ݖଵ)ͳ , ͳȀʹ:ʹȀ͵-BE ͹ٌಕ఼(ݓ௞,Ͳ ൑ ݇ ൑ ͷ). ܽ ൌ ͷǤ͹. 
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ਦ 8(d)ΓΕ , ҡ৙յ఺෾͗زਫ਼ͣΖͪΌ͹ড়݇͗ಚΔΗΖ . ਜ਼৙յ఺෾͗زਫ਼ͣΖͪΌ͹
ড়݇Ν಍͏ͪ͠͏Ͷߺىͪ͢༼࢘Νౕ࠸ཤ༽ͤΖ . ਦ 8(d)͖Δߦ ൌ ௚͗ಚΔΗΖߦ . ٌಕ఼ݖ଴
ΓΕӊ৏๏Ͷ್ͯ͹ۄતΝ௧͑ͳ , ଲসત͗ଲসત͹଀ΓΕଐ͚ӊͶ͗ۄΖ͖Δ ௚ߟ , ൏ ߟ ൏ Ͳ

͗ಚΔΗΖ . ͞͹Γ͑͵ড়݇ΝຮͪͤͳͳȀʹ-BE ͹ٌಕ఼ΓΕ཯ΗͪҒ஖Ͳ਼್࣏ؖదંৰ
͗ਫ਼ͣΖ . ॶҨ , γχϩόʖχ෾͗زਫ਼ͣΖ .  

͞͞ΉͲͲಚΔΗͪ൓ఈড়݇Ν൓ఈড়݇ 3.1 ͳͤΖ .  
 

൓ఈড়݇ 3.1. ଲসતͳଲসત͹଀͹ި఼ݖ௞ͺବԃܗबٌغಕ͹ٌಕ఼Ͳ͍ΖͳͤΖ .  

(a) ਜ਼৙յ఺෾͗زਫ਼ͣΖড়݇ : ٌಕ఼ݖ௞Ͳ, ߦ ൌ ߟ ,௚ߦ ൌ ௚ߟ ൌ Ͳͳߞ ൏ ௚ߞ ൌ Ͳ ͗੔Εཱིͯ .  

(b) ҡ৙յ఺෾͗زਫ਼ͣΖড়݇ : ٌಕ఼ݖ௞Ͳ, ߦ ൌ ௚ߟ௚ͳߦ ൏ ߟ ൏ Ͳ͗੔Εཱིͯ .  
 

ଲসતͳଲসત͹଀͹شՁָద͵ഓ஖Ν΍ͳͶҡ৙յ఺෾͗زਫ਼ͣΖড়݇Νড়݇ 2.1 ͳ͢
ͪ . ড়݇ 2.1 Ͳଲসતͳଲসત͹଀͹ͳȀʹ-BE ͹ٌಕ఼Ͷ͕͜Ζི͗ۄෝ͹৖߻Ͷ͕͏ͱ , ড়
݇ 2.1 Ν͠ΔͶ੠ືԿͪ͢ড়݇͗൓ఈড়݇ 3.1 Ͳ͍Ζ . 

൓ఈড়݇ 3.1 Νཤ༽͢ͱ ǣݍȀ݌ , ͳȀ͵-B ͳ݌Ȁݍǣ ʹȀ͵-B ͹ਫ਼ͣ๏Ν਼஍ࢋܯͲ௒΄ͪ . ͏͚͖ͯ
͹݌ȀݍͶͯ͏ͱಚΔΗͪ݃ՎΝන 1 ͳන 2 Ͷࣖͤ . න 1 Ͷͺਜ਼৙յ఺෾͗زਫ਼ͣΖ৖߻Νࣖ͢ , 
න 2 Ͷͺҡ৙յ఺෾͗زਫ਼ͣΖ৖߻Νࣖͪ͢ . නͶ͕͜ΖҲ॑ͺ , ਫ਼ͣͪबٌغಕ͗Ҳ॑ଲ
সबٌغಕͲ͍Ζ͞ͳΝқັ͢ͱ͏Ζ . ್॑Ͷͯ͏ͱ΍ಋ༹͹қັͲ͍Ζ . 

න 1ʁਜ਼৙յ఺෾ز͹ྭ  

 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 2ʁҡ৙յ఺෾ز͹ྭ  

 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 Ν΍ͳͶ༩૟ 3.2 ͗ಚΔΗΖ .  
 

༩૟ 3.2.  

[i] ब۰਼͗ݍغ͹৖߻ : Ҳ॑ଲসबٌغಕ݌Ȁݍ:ͳȀ͵-B ͺਜ਼৙յ఺෾زͲਫ਼ͣ , ್॑ଲসबغ
ٌಕ݌Ȁݍ:ʹȀ͵-B ͺҡ৙յ఺෾زͲਫ਼ͣΖ .  

[ii] ब਼د͗ݍغ͹৖߻ : Ҳ॑ଲসबٌغಕ݌Ȁݍ:ͳȀ͵-B ͺҡ৙յ఺෾زͲਫ਼ͣΖ .  
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4. ఈཀྵ͹ৄ໎ 

༩૟ 3.2 Ͷ͕͜Ζ݌Ȁݍ ൌ ͳȀʹ͹৖߻ͶؖͤΖఈཀྵ 4.1 Νৄ໎ͤΖ͞ͳ͗ຌઇ͹क໪దͲ͍Ζ .  
 

ఈཀྵ 4.1.  

[1] ್॑ଲসबٌغಕͳȀʹ:ʹȀ͵-B ͺ, ͳȀʹ-BE ͹ҡ৙յ఺෾زͲਫ਼ͣΖ .  

[2] Ҳ॑ଲসबٌغಕͳȀʹ:ͳȀ͵-B ͺ, ͳȀʹ-BE ͹ਜ਼৙յ఺෾زͲਫ਼ͣΖ .  
 

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

 

੓࣯ 4.2. ବԃܗ෈ಊ఼ܳ͗յ఺෾زΝً͢͞ͱਫ਼ͣͪ݌Ȁݍ-B ͗ܳ͹बΕΝܯ࣎յΕͶյ఺ͤ
Ζ͵Δͻ B-ݍȀ݌ , ͖Δյ఺෾زͲਫ਼ͣͪ݌Ȁݎ:ݍȀݏ-B ͺ݌Ȁݍ-BE ͹ٌಕ఼͹बΕΝൕܯ࣎յΕͶ
յ఺ͤΖ .  

ඬ६ࣺ଀Ͷ͕͏ͱ B-ݍȀ݌ , ͺବԃܗ෈ಊ఼ܳ͹बΕΝܯ࣎յΕͶյ఺ͤΖ͹Ͳ B-ݏȀݎ:ݍȀ݌ ,
ͺ݌Ȁݍ-BE ͹ٌಕ఼͹बΕΝൕܯ࣎յΕͶյ఺ͤΖ .  

 
੓࣯ 4.3. ඬ६ࣺ଀Ͷ͕͏ͱ , ବԃܗ෈ಊ఼ܳ͹յ఺෾زͲਫ਼ͣͪ݌Ȁݍ-B ͺԾى͹(i)ͳ(ii)Ν
ຮͪͤ .  

(i) ਼د͗ݍ B-ݍȀ݌ . ͺҲ॑ଲসबٌغಕ BE-ݍȀ݌ . ͹յ఺෾ز͹յ఺਼ۢؔͺሺͲǡͳȀʹሻͲ͍Ζ . 
յ఺෾زͲਫ਼ͣͪबٌغಕΝ݌Ȁݎ:ݍȀݏ-B Νॽ͚ͳ , Ͳ ൏ ݏȀݎ ൏ ͳȀʹ͗੔Εཱིͯ BE-ݍȀ݌ . ͺबغ
ഔ෾زΝًͤ͞   

(ii) ۰਼͗ݍ B-ݍȀ݌ . ͺ್॑ଲসबٌغಕ BE-ݍȀ݌ . ͹յ఺෾ز͹յ఺਼ۢؔͺሺͲǡͳሻͲ͍Ζ . յ
఺෾زͲਫ਼ͣͪबٌغಕΝ݌Ȁݎ:ݍȀݏ-B Νॽ͚ͳ , Ͳ ൏ ݏȀݎ ൏ ͳ͗੔Εཱིͯ BE-ݍȀ݌ . ͺಋबغ෾
Νًͤ͞ز . 

 

ໍୌ ͳ਼͢دΝݍ .4.4 BE-ݍȀ݌ , ͗յ఺෾زΝً͢͞ͱबݍغ ൈ ͵͹बٌغಕ͗ਫ਼ͣͪͳͤΖ . 
बݍغ ൈ ͵͹बٌغಕͺ , Ҳ॑ଲসबٌغಕͲ݌Ȁݍ:ͳȀ͵-B Ͳ͍Ζ .  

ৄ໎ . ब਼د͗ݍغ͹৖߻ BE-ݍȀ݌ , ͺҲ॑ଲসबٌغಕͲ͍Ζ͖Δյ఺෾ز͹յ఺਼ۢؔͺ
੓࣯ 4.3(i)ΓΕሺͲǡͳȀʹሻͲ͍Ζ . Γͮͱ , յ఺਼ͺචͥ݌Ȁݍ:ͳȀ͵Ͷ͵Ζ . 

Ͷ࣏ , Ҳ॑ଲসबٌغಕ͖Δյ఺෾زͲਫ਼ͣΖबٌغಕͺҲ॑ଲসबٌغಕͲ͍Ζ͞ͳΝ
ৄ໎ͤΖ . ٌಕ఼ݖ଴ΝҲ॑ଲসबٌغಕ͹ٌಕ఼ͳ͢ , ٌಕ఼ݖ଴Νॵغ఼ͳͤΖबٌغಕΝ
ܱሺݖ଴ሻͳॽ͚ . 

͞͞Ͳͺܶ௤ ൌ ܪ ל ௤ିଵͳ෾ׄͤΖܶܩ ෠ܩ . ൌ ௤ିଵͳͤΖܶܩ . ଲܪ߻Ͷͯ͏ͱ෈ร͵ॄ߻Ͳ͍Ζଲ
সતͳ͢ͱݕ ൌ ʹሺݔ െ ሻΝમ΁ߨ . ͞ΗΝܵுሺߨሻͳॽ͚ . ଲܩ߻෠Ͷͯ͏ͱ෈ร͵ॄ߻Ͳ͍Ζଲসત
Νܵ ෠ீͳॽ͚ . ٌಕ఼ݖ଴ͺ͞ΗΔ͹ި఼Ͳ͍Ζ . ͞͹ި఼Ͷͺ৏Ծ͹ଲসતͺ௪գ͢ͱ͏͵͏ . 
Γͮͱٌಕ఼ݖ଴͖Δյ఺෾زͲਫ਼ͣͪबٌغಕ್͗॑ଲসबٌغಕͶ͵Ζ͞ͳͺ͵͏ . 

ಕͲ͍Ζٌغಕ͗ඉଲসबٌغͲਫ਼ͣͪबز଴͖Δյ఺෾ݖಕ఼ٌغͶଲসત৏Ͷ͍Ζब࣏
ͳ͢ͱ໅८Ν಍͚ . ٌಕ఼ݖ଴͖Δਦ 10(a)Ͳ༹ࣖͪ͢Ͷबغ 3(ܶ௤ΝୱҒͳ͢ͱ଎ͮͪबغ) 
͹ඉଲসγχϩܗबٌغಕ఼ ሼݏ଴ǡ ଵǡݏ ଶሽ͗ਫ਼ͣͪͳͤΖݏ . ଲস੓ΓΕඉଲসγχϩܗबٌغಕ
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఼ሼݐ଴ǡ ଵǡݐ ଶሽ΍ਫ਼ͣΖ͗ݐ , ܱሺݏ଴ሻ ് ܱሺݐ଴ሻͲ͍Ζ . ਦ 10(a)ͲͺҐԾ͹ؖ͗ܐ੔Εཱིͯ .  
଴ݐ  ൌ ଴ǡݏܪ ଶݐ��� ൌ ଵݐ���ଵǡݏܪ ൌ  ଶǡ ሺ21ሻݏܪ
ଵݐ  ൌ ଴ݐ���଴ǡݏ෠ܩ ൌ ଶݐ���ଵǡݏ෠ܩ ൌ  ଶǤ ሺ22ሻݏ෠ܩ

ਦ 10(a)Ͷ͕͏ͱ , ࣰત͹໾һߺىͺଲܪ߻ͶΓΖ఼͹ҢಊΝන͢ , ఼ત͹໾һߺىͺଲܩ߻෠

Ͷ఼͹ಊ͘Νන͢ͱ͏Ζ . ਦ 10(a)Ͳ఼તͲҕΞͫวΕΝ֨୉͢ , ඉଲসγχϩٌܗಕ఼ݏ଴ͳ
଴͹෈҈ఈଡ༹ରͳ҈ఈଡ༹ରΝਦݐ 10(b)Ͷඵ͏ͪ . ෈҈ఈଡ༹ର͹ނͳ҈ఈଡ༹ର͹ނͳ
Νཤ༽͢ͱ྘Үܼሺݏ଴ǡ ଴ሻ (ਦݐ 10(b)Ͷ͕͜Ζօ৯྘Ү)Νߑ੔Ͳ͘Ζ ଴ǡݏሺܼߺى . ͮ߻଴ሻͺྣΕݐ
ͪඉଲসγχϩٌܗಕ఼ݏ଴ͳݐ଴͹෈҈ఈଡ༹ରͳ҈ఈଡ༹ରΝཤ༽͢ͱߑ੔ͪ͢ڠ໒྘Ү[1]
Νන͢ͱ͏Ζ . ಋ༹Ͷ͢ͱྣΕͪͮ߻ඉଲসγχϩٌܗಕ఼͹෈҈ఈଡ༹ରͳ҈ఈଡ༹ରΝ  
ཤ༽͢ͱݺ̔ܯ߻͹ڠ໒྘Ү͗ߑ੔͠ΗΖ . ܼሺݏ଴ǡ غबܗ଴ΓΕਫ਼ͣͪඉଲসବԃݖ଴ሻ͹஦Ͷͺݐ
ٌಕ఼ߙ଴͗ଚ͢ࡑͱ͏ΖͺͥͲ͍Ζ . ଲস੓͖Δߚ଴ ൌ ͱ͏Ζ͢ࡑ଴΍ଚߙܪ . ٌಕ఼ߙ଴ͳߚ଴͗
ͳ΍Ͷඉଲসबٌغಕ఼Ͳ͍Ζ͖Δߙ଴ ് ଴͗੔Εཱིͯߚ . ݃Վͳ͢ͱ , Ҳͯ͹ڠ໒྘ҮͶ್ͯ
͹ବԃܗबٌغಕ͗؜ΉΗΖ . ବԃܗबٌغಕ͹਼͗ݺγχϩܗबٌغಕ͹਼ݺ͹್ഔͳ͵
Ε , ϛΠϱΩϪ਼ࢨ͹ฯଚଉͶൕ͢໅८Ͳ͍Ζ . Ґ৏Ͳໍୌ 4.4 ͹क௃͗ࣖ͠Ηͪ . 

 
ਦ 10ʁ(a) ଲসતܵுሺߨሻ৏Ͷ͍Ζबٌغಕ఼ݖ଴͖Δਫ਼ͣͪඉଲসγχϩܗबٌغಕ఼ . (b) ڠ
໒྘Үܼሺݏ଴ǡ ੔ߑ଴ሻ͹ݐ .  

ໍୌ Ν۰਼ͳ͢ݍ .4.5 BE-ݍȀ݌ , ͗յ఺෾زΝً͢͞ͱबݍغ ൈ ͵͹बٌغಕ͗ਫ਼ͣͪͳͤΖ . 
बݍغ ൈ ͵͹बٌغಕͺ , ್॑ଲসबٌغಕͲ݌Ȁݍ:ʹȀ͵-B Ͳ͍Ζ .  

ৄ໎͹๏ਓ ۰਼Ͳ͍Ζ͖Δ͗ݍ . BE-ݍȀ݌ , ͺ್॑ଲসबٌغಕͲ͍Ζ BE-ݍȀ݌ . ͗ , ଲসત ௚ܵ

৏Ͷٌಕ఼Νͯ࣍৖߻(ίʖη 1)ͳ, ଲসતܵ௛৏Ͷٌಕ఼Νͯ࣍৖߻(ίʖη 2)Ͷ෾͜ͱৄ໎
ͤΖ . ͨΗͩΗ͹৖߻ΝߍͶݍ ൌ Ͷ݊͹৖߻([i])ͳݍ ൌ Ͷ݊ െ ʹ͹৖߻([ii])Ͷ෾͜Ζ . 

 

ίʖη 1 ͹ৄ໎ BE-ݍȀ݌ . ͗ଲসત ௚ܵ৏Ͷٌಕ఼Νͯ࣍৖߻ .  

[i] ݍ ൌ Ͷ݊��ሺ݊ ൒ ͳሻ͹৖߻(ଲসતܵீ(ݔ ൌ   .(߻৖ͯ࣍৏Ͷٌಕ఼Ν(ߨ

ܶ௤͹ଲ߻නݳΝࣖͤ[5].  
 ܶସ௡ ൌ ܶଶ௡ିଵܪ ל ଶ௡ିଵ݄ܶܩ ל ݃Ǥ ሺ23ሻ 

ࠪଲܶ߻ଶ௡ିଵܪͶͯ͏ͱ෈ร͵ॄ߻ͺܶ௡ܵீͲ͍Ζ BE-ݍȀ݌ . ͹ٌಕ఼ͺܶ௡ܵீͳ ௚ܵ͹ި఼Ͷ͍Ζ . 
͞ΗΝݖ௡ͳͤΖ . ॵغ఼ݖ଴ͺܵீ৏Ͷ͍Ζ غ௡ΓΕܶ௤ΝୱҒͳ͢ͱबݖ . 3 ͗ਫ਼ͣΖ . ଲসત ௚ܵ৏
Ͷਫ਼ٌͣͪಕ఼Νݓ௡ͳͤΖ . ٌಕ఼ݖ௡ΓΕ , ௚ܵ৏Ͷ͵͏ٌಕ఼ߙ ൌ ܶଶ௡ିଵݓܪ௡ͳߚ ൌ ਫ਼ͣ͗ߙ݃
Ζ . ٌಕ఼ݓ௡, ߚ ,ߙͲबغ 3 ੔͠ΗΖ͖Δߑ͗ , ਦ 11(a)͹ഓ஖Ͳͺܶ͗ߚ௡ܵீ৏Ͷ͍Ζ .  
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ߙ ൌ ଼ܶ௡ݓ௡ͳߚ ൌ ܶସ௡ݓ௡͗੔Εཱིͯ͞ͳΝ಍͚ . ͞͞Ͳ ߙ , ൌ ܶସ௡ݓ௡ͳՀఈ͢໅८Ν಍͚ .  
ߙ  ൌ ܶସ௡ݓ௡ ൌ ܶସ௡ିଵ݄ ל ሺଶ௡ିଵሻିܶܪ ל ܶሺଶ௡ିଵሻܪ ל  ௡Ǥ ሺ24ሻݓ݃

௡ݓ݃ࣞܐॵͶؖ࠹ ൌ ߙ௡ͳݓ ൌ ܶଶ௡ିଵݓܪ௡Νཤ༽͢ Ͷܴ࣏ , ൌ ͳܴܶିሺଶ௡ିଵሻܪ݄ ൌ ܶିሺଶ௡ିଵሻܴΝཤ༽ͤ
Ζͳ   

ߙ  ൌ ܶସ௡ିଵ݄ ל ሺଶ௡ିଵሻିܶܪ ל ߙ ൌ ܶଶ௡ܴߙǤ ሺ25ሻ 

ܴͺ 180 ౕյ఺ࡠ༽Ͳ͍Ζ . ͞͞Ͳ͓ߡͱ͏Ζٌಕ఼ݓ௡͹बٌغಕ͹बغͺͳʹ݊Ͳ͍Ζ . Γͮ
ͱ , ܴ ൌ ܶേ଺௡. ܴ ൌ ܶି଺௡Νࡀ༽ͤΖͳ ߙ , ൌ ܶିସ௡͗ߙಚΔΗΖ . बٌغಕܱሺߙሻ͹बغͺ , ܱሺݖ௡ሻ͹
बغͳಋͣͶ͵Ε , ໅८Ͳ͍Ζ . Γͮͱ ߚ , ൌ ܶସ௡ݓ௡ͳߙ ൌ ଼ܶ௡ݓ௡͗੔Εཱིͯ . 

  

ਦ 11ʁ (a) ݍ ൌ Ͷ݊��ሺ݊ ൒ ͳሻ͹৖߻͹ഓ஖ ( ܵீ ݔ: ൌ ߨ ). (b) ݍ ൌ Ͷ݊ െ ʹ��ሺ݊ ൒ ͳሻ͹৖߻͹ഓ஖  
(ܵுǣ ݕ ൌ ʹሺݔ െ  .(ሻߨ

͞͞Ͳ੓࣯ 4.2 Νཤ༽ͤΖ . ٌಕ఼ݓ௡͖Δड़൅͢ݖ௡͹बΕΝൕܯ࣎յΕͶյ఺͢ ߚॵͶ࠹ ,

Ͷୣ͢ Ͷ࣏ , Ͷ౺஥͢ߙ  ௡Ͷ໯ΖݓͶޛ࠹ , . ͞͹ؔͶ , ͞͹बٌغಕͺٌಕ఼ݖ௡͹बΕΝ 2
յ఺͢ͱ͏Ζ͞ͳ͗಍͖ΗΖ . ͯΉΕ , ͞͹बٌغಕ͹յ఺਼ͺʹȀ͵Ͳ͍Ζ . 

Ȁ͵-Bʹ:ݍȀ݌ಕٌ͗غͲਫ਼ͣͪबزͶյ఺෾࣏ ͳىफ़͠ΗΖ͵Δͻ , ͞͹बٌغಕ್͗॑ଲ
সबٌغಕͲ͍Ζ͞ͳΝࣖͤ . յ఺਼͗ʹȀ͵Ͳ͍Ζ͞ͳ͖Δߚ ൌ ܶସ௡ݓ௡ͳߙ ൌ ܶସ௡͗ߚ੔Εཱིͯ . 
Ήͪ ߚ , ൌ ݃ܶଶ௡ିଵݓܪ௡ ߚ)  ൌ ߙ ,ߙ݃ ൌ ܶଶ௡ିଵݓܪ௡)΍੔Εཱིͯ ߚ . ൌ ܶସ௡ݓ௡͹ྈวͶܶଶ௡ିଵܪΝࡠ༽
ͤΖ . ӊวΝԾى͹Γ͑Ͷॽ͓͘׷Ζ .  

 ܶଶ௡ିଵܶܪସ௡ݓ௡ ൌ ܶଶ௡ିଵܶିସ௡ݓܪ௡ ൌ ܶିଶ௡ିଵ ל ܶିሺଶ௡ିଵሻ݃ ל ݃ܶଶ௡ିଵݓܪ௡  
 ൌ ܶିସ௡݃ߚ ൌ ܶିସ௡ߙ ൌ  Ǥ (26)ߚ

Ґ৏Ͳߚ ൌ ܶଶ௡ିଵࣖ͗͠ߚܪΗͪ . ͞Ηͺ͗ߚଲসતܶ௡ܵீ৏Ͷ͍Ζ͞ͳΝқັͤΖ . ͯΉΕ್॑
ଲসबٌغಕͲ͍Ζ͞ͳ͗ࣖ͠Ηͪ .  
[ii] ݍ ൌ Ͷ݊ െ ʹ��ሺ݊ ൒ ͳሻ͹৖߻(ଲসતܵு (ݕ ൌ ʹሺݔ െ  .(߻৖ͯ࣍ሻ)৏Ͷٌಕ఼Νߨ
ܶ௤͹ଲ߻නݳΝࣖͤ .  

 ܶସ௡ିଶ ൌ ܶଶ௡ିଶܪ ל ଶ௡ିଶ݄ܶܩ ל ݃Ǥ (27) 
ࠪଲܶ߻ଶ௡ିଶܪͶͯ͏ͱ෈ร͵ॄ߻ͺܶ௡ିଵܵுͲ͍Ζ BE-ݍȀ݌ . ͹ٌಕ఼ͺܶ௡ିଵܵுͳ ௚ܵ͹ި఼Ͷ͍
Ζ . ͞ΗΝݖ௡ିଵͳͤΖ . ॵغ఼ݖ଴ͺܵு৏Ͷ͍Ζ . ٌಕ఼ݖ௡ିଵΓΕܶ௤ΝୱҒͳ͢ͱबغ 3 ͗ਫ਼ͣ
Ζ . ଲসત ௚ܵ৏Ͷਫ਼ٌͣͪಕ఼Νݓ௡ିଵͳͤΖ . ٌಕ఼ ௡ିଵΓΕݖ , ௚ܵ৏Ͷ͵͏ٌಕ఼ ߙ ൌ

ܶଶ௡ିଵݓܪ௡ିଵͳߚ ൌ ਫ਼ͣΖ͗ߙ݃ . ٌಕ఼ߚͺ , ਦ 11(b)͹ഓ஖Ͳͺܶ௡ିଵܵு৏Ͷ͍Ζ . 
͞͞Ͳ ߙ , ൌ ܶସ௡ିଶݓ௡ͳՀఈ͢໅८Ν಍͚ .  

ߙ  ൌ ܶସ௡ିଶݓ௡ିଵ ൌ ܶସ௡ିଷ݄ ל ሺଶ௡ିଶሻିܶܪ ל ܶሺଶ௡ିଶሻܪ ל  ௡Ǥ (28)ݓ݃
௡ݓ݃ࣞܐؖ ൌ ߙ ,௡ݓ ൌ ܶଶ௡ିଶݓܪ௡, ܴ ൌ Νཤ༽ͤΖͳ ܪ݄   
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ߙ  ൌ ܶସ௡ିଷ݄ ל ሺଶ௡ିଶሻିܶܪ ל ߙ ൌ ܶଶ௡ିଵܴߙǤ (29) 
͞͞Ͳ͓ߡͱ͏Ζݓ௡͹बٌغಕ͹बغͺͳʹ݊ െ ͸Ͳ͍Ζ . Γͮͱ , ܴ ൌ ܶേሺ଺௡ିଷሻ. ܴ ൌ ܶି଺௡ାଷΝ
Ζͳͤ༼ࡀ ߙ , ൌ ܶିସ௡ାଶ͗ߙಚΔΗΖ . बٌغಕܱሺߙሻ͹बغͺ , ܱሺݖ௡ିଵሻ͹बغͳಋͣͶ͵Ε , 
໅८Ͳ͍Ζ . Γͮͱ ߚ , ൌ ܶସ௡ିଶݓ௡ͳߙ ൌ ଼ܶ௡ିସݓ௡͗੔Εཱིͯ . 

ٌಕ఼ݓ௡ିଵ͖Δड़൅͢ݓ௡ିଵͶ໯ΖؔͶ͞͹बٌغಕͺٌಕ఼ݖ௡ିଵ͹बΕΝൕܯ࣎յΕͶ 2
յ఺͢ͱ͏Ζ . ͞͹बٌغಕ͹յ఺਼ͺʹȀ͵Ͳ͍Ζ . Ґ৏Ͳҡ৙յ఺෾زͲਫ਼ͣͪबٌغಕ
್͗॑ଲসबٌغಕͲ݌Ȁݍ:ʹȀ͵-B ͳىफ़͠ΗΖ͞ͳ͗ࣖ͠Ηͪ . 

Ȁ͵-Bʹ:ݍȀ݌ಕٌ͗غͲਫ਼ͣͪबزͶյ఺෾࣏ ͳىफ़͠ΗΖ͵Δͻ , ͞͹बٌغಕ್͗॑ଲ
সबٌغಕͲ͍Ζ͞ͳΝࣖͤ . ͞͞Ͳߚ ൌ ܶସ௡ିଶݓ௡ିଵͳ ߙ ൌ ܶସ௡ିଶ͗ߚ੔Εཱིͯ . Ήͪ ߚ , ൌ

݃ܶଶ௡ିଶݓܪ௡ିଵ΍੔Εཱིͯ ߚ . ൌ ܶସ௡ିଶݓ௡ିଵ͹ྈวͶܶଶ௡ିଶܪΝࡠ༽ͤΖ . ӊวΝԾى͹Γ͑Ͷॽ
Ζ͓׷͘ .  

 ܶଶ௡ିଶܶܪସ௡ିଶݓ௡ିଵ ൌ ܶଶ௡ିଶܶିସ௡ାଶݓܪ௡ିଵ ൌ ܶିሺସ௡ିଶሻ݃ ל ݃ܶଶ௡ିଶݓܪ௡ିଵ  
 ൌ ܶିሺସ௡ିଶሻ݃ߚ ൌ ܶିሺସ௡ିଶሻߙ ൌ  Ǥ (30)ߚ

Ґ৏Ͳߚ ൌ ܶଶ௡ିଶࣖ͗͠ߚܪΗͪ . ͞Ηͺ͗ߚଲসતܶ௡ିଵܵு৏Ͷ͍Ζ͞ͳΝқັͤΖ . ίʖη 1
͹ৄ໎Νश͓Ζ .  

ҾΊͶ৏ى͹ৄ໎Ͷݓͪ͢༼࢘௡ିଵ(ਦ 11(b))ͺ , ਦ 9 Ͳͺݓ଴Ͷ૮౲ͤΖ . Ήͪ ߙ , ൌ ସͲݓ
ߚ ൌ ଶͲ͍Ζݓ . 

 

ίʖη 2 ͹ৄ໎ BE-ݍȀ݌ . ͗ଲসતܵ௛৏Ͷٌಕ఼Νͯ࣍৖߻ .  

[i] ݍ ൌ Ͷ݊��ሺ݊ ൒ ͳሻ͹৖߻(ଲসતܵு(ݕ ൌ ʹሺݔ െ  .(߻৖ͯ࣍ሻ)৏Ͷٌಕ఼Νߨ
ܶ௤͹ଲ߻නݳΝࣖͤ .  

 ܶସ௡ ൌ ݄ ל ݃ܶଶ௡ିଵܪ ל  ଶ௡ିଵǤ (31)ܶܩ
ࠪଲܶܩ߻ଶ௡ିଵͶͯ͏ͱ෈ร͵ॄ߻ͺܶି௡ܵுͲ͍Ζ BE-ݍȀ݌ . ͹ٌಕ఼ͺܶି௡ܵுͳܵ௛͹ި఼Ͷ͍Ζ . 
͞ΗΝݖ଴ͳͤΖ . ॵغ఼ݖ଴ͺܵ௛৏Ͷ͍Ζ غ଴ΓΕܶ௤ΝୱҒͳ͢ͱबݖ . 3 ͗ਫ਼ͣΖ . ଲসતܵ௛৏
Ͷਫ਼ٌͣͪಕ఼Νݓ଴ͳͤΖ . ٌಕ఼ݖ଴ΓΕ , ܵ௛৏Ͷ͵͏ٌಕ఼ߙ ൌ ߚ଴ͳݓଶ௡ିଵܶܩ ൌ ਫ਼ͣ͗ߙ݄
Ζ . ٌಕ఼ߚͺ, ਦ 12(a)͹ഓ஖Ͳͺܶି௡ܵு৏Ͷ͍Ζ . 
ߚ ൌ ܶସ௡ݓ଴ΝՀఈ͢໅८Ν಍͚ .  

ߚ  ൌ ܶସ௡ݓ଴ ൌ ܶସ௡ ל ܶିሺଶ௡ିଵሻ݄ܩ ל ଴ݓሺଶ௡ିଵሻܶܩ݄ ൌ ܶଶ௡ାଵ݄ܩ ל  Ǥ (32)ߚ
݄ܩࣞܐؖ ൌ ܪܩ ל ݄ܪ ൌ ܶିଵܴͳܴ ൌ ܶି଺௡Νཤ༽ͤΖͳ ಚΔΗΖ࣏͗ࣞ , .  

ߚ  ൌ ܶଶ௡ܴߚ ൌ ܶିସ௡ߚǤ (33) 
 

  
ਦ 12ʁ(a) ݍ ൌ Ͷ݊��ሺ݊ ൒ ͳሻ͹৖߻͹ഓ஖(ܵுǣ ݕ ൌ ʹሺݔ െ ݍ ሻ). (b)ߨ ൌ Ͷ݊ െ ʹ��ሺ݊ ൒ ͳሻ͹৖߻͹ഓ஖
(ܵீǣ ݔ ൌ  .(ߨ
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बٌغಕܱሺߚሻ͹बغͺܱሺݖ଴ሻ͹बغͳಋͣͶ͵Ζ . ͞Ηͺ໅८Ͳ͍Ζ ߙ . ൌ ܶସ௡ݓ଴ͳߚ ൌ ܶସ௡ߙ

͗ಚΔΗ , ٌಕ఼ݓ଴͖Δड़൅͢ݓ଴Ͷ໯ΖؔͶ͞͹बٌغಕͺٌಕ఼ݖ଴͹बΕΝൕܯ࣎յΕͶ
2 յ఺͢ͱ͏Ζ͞ͳ͗ࣖ͠Ηͪ . 

յ఺෾زͲਫ਼ͣͪबٌغಕ͗݌Ȁݍ:ʹȀ͵-B ͳىफ़͠ΗΖ͵Δͻ , ͞͹बٌغಕ್͗॑ଲসब
ಕͲ͍Ζ͞ͳ͹ৄ໎ͺ঴ٌ͚غ ΍ಋ༹Ͳ͍Ζ߻͹[ii]͹৖࣏ . . 
[ii] ݍ ൌ Ͷ݊ െ ʹ��ሺ݊ ൒ ͳሻ͹৖߻(ଲসતܵீ(ݔ ൌ  .(߻৖ͯ࣍৏Ͷٌಕ఼Ν(ߨ
ܶ௤͹ଲ߻නݳΝࣖͤ .  

 ܶସ௡ିଶ ൌ ݄ ל ݃ܶଶ௡ିଶܪ ל  ଶ௡ିଶǤ (34)ܶܩ
ࠪଲܶܩ߻ଶ௡ିଶͶͯ͏ͱ෈ร͵ॄ߻ͺܶିሺ௡ିଵሻܵீͲ͍Ζ BE-ݍȀ݌ . ͹ٌಕ఼ͺܶିሺ௡ିଵሻܵீͳܵ௛͹ި఼
Ͷ͍Ζ . ͞ΗΝݖ଴ͳͤΖ . ॵغ఼ݖ଴ͺܵ௛৏Ͷ͍Ζ غ଴ΓΕܶ௤ΝୱҒͳ͢ͱबݖ . 3 ͗ਫ਼ͣΖ . ଲ
সતܵ௛৏Ͷਫ਼ٌͣͪಕ఼Νݓ଴ͳͤΖ . ٌಕ఼ݖ଴ΓΕ , ܵ௛৏Ͷ͵͏ٌಕ఼ߙ ൌ ߚ଴ͳݓଶ௡ିଶܶܩ ൌ ߙ݄

͗ਫ਼ͣΖ . ٌಕ఼ߚͺ, ਦ 12(b)͹ഓ஖Ͳͺܶିሺ௡ିଵሻܵீ৏Ͷ͍Ζ . 
ߚ ൌ ܶସ௡ିଶݓ଴ͳՀఈ͢໅८Ν಍͚ .  

ߚ  ൌ ܶସ௡ିଶݓ଴ ൌ ܶସ௡ିଶ ל ܶିሺଶ௡ିଶሻ݄ܩ ל ଴ݓሺଶ௡ିଶሻܶܩ݄ ൌ ܶଶ௡݄ܩ ל  Ǥ (35)ߚ
݄ܩࣞܐؖ ൌ ܪܩ ל ݄ܪ ൌ ܶିଵܴͳܴ ൌ ܶି଺௡ାଷΝཤ༽ͤΖͳ࣏͗ࣞಚΔΗΖ .  

ߚ  ൌ ܶଶ௡ିଵܴߚ ൌ ܶିሺସ௡ିଶሻߚǤ (36) 
बٌغಕܱሺߚሻ͹बغͺ , ܱሺݖ଴ሻ͹बغͳಋͣͶ͵Ζ . ͞Ηͺ໅८Ͳ͍Ζ ߙ . ൌ ܶସ௡ିଶݓ଴ͳߚ ൌ

ܶସ௡ିଶ͗ߙಚΔΗͪ . ͞ΗΓΕٌಕ఼ݓ଴͖Δड़൅͢ݓ଴Ͷ໯ΖؔͶ͞͹बٌغಕͺٌಕ఼ݖ଴͹ब
ΕΝൕܯ࣎յΕͶ 2 յ఺͢ͱ͏Ζ͞ͳ͗ࣖ͠Ηͪ . ίʖη 2 ͹ৄ໎Νश͓Ζ . 

ఈཀྵ 4.1 ͹ৄ໎Ν͑ߨ઴Ͷ६ඍΝ͑ߨ . बغ 2 ͹ٌಕ఼Νݖ଴ ൌ ሺݔ଴ǡ ଴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 ൐ Ͳ͹մΝ΍ͯ͹ͲҐԾ͹٠࿨Ͳͺܽ ൐ ͶͳͤΖ . 
͞ΗΓΕ୊ 2.2 ઇͲ಍ड़ܑͪ͘͢ߦ௡ͶؖͤΖࣺ଀ , ್֌ඏ෾ߟ਼ܐ௡ͶؖͤΖࣺ଀ͳࢀ֌ඏ

෾ߞ਼ܐ௡ͶؖͤΖࣺ଀Νཤ༽ͤΖ . නݳΝ݁؈ͶͤΖͪΌͶร਼ݏ��ሺ൐ Ͳሻͳ݀��ሺ൐ ͲሻΝ಍೘ͤ
Ζ .  

 ݂Ԣሺݔ଴ሻ ൌ ݂Ԣሺݔଵሻ ൌ െ݂ԢԢԢሺݔ଴ሻ ൌ െ݂ԢԢԢሺݔଵሻ ؠ െݏǡ (39) 
 ݂ԢԢሺݔ଴ሻ ൌ െ݂ԢԢሺݔଵሻ ؠ െ݀Ǥ (40) 

 
ఈཀྵ 4.1[1]͹ৄ໎ . ໍୌ 4.5 Ͳ݌Ȁݍ ൌ ͳȀʹͳͤΖͳ್॑ଲসबٌغಕͳȀʹ:ʹȀ͵-B ͗ਫ਼ͣΖ͞ͳ͗
಍͖ΗΖ . ͞͞Ͳͺਫ਼ͣ๏͗ҡ৙յ఺෾زͲ͍Ζ͞ͳΝৄ໎ͤΖ .  

बغ 6 ͹ٌಕ఼Νݑ௞ ൌ ሺݔ௞ǡ ௞ሻ��ሺͲݕ ൑ ݇ ൑ ͷሻͳॽ͚ . ॵغ఼ݑ଴ͺଲসતܵு৏Ͷ͍ΖͳͤΖ . ॵ
଴͗ଲসતܵு৏Ͷ͍Ζ͞ͳΓΕݑ఼غ ਼ܐ௡ͳ್֌ඏ෾ߦܑ͘ , ஍ͺغΌΖͪΌ͹ॵٽ௡Νߟ , 
଴ߦ ൌ ଴ߟ ,ʹ ൌ ͲͲ͍Ζ . बغ 6 ͹್॑ଲসबٌغಕ͗बغ 2 ͹ٌಕ఼ݑଵ͖Δյ఺෾زͲ෾ͤز
Ζড়݇ͺ ଵͶ͕͜Ζݑଵ͗ߦ , ௚ܵ͹ܑ͘Ͷ౵͢͏͞ͳͲ͍Ζ . ͞ΗΓΕ ,  

ଵߦ  ൌ െሺͳȀʹሻ݂Ԣሺݔଵሻ (41) 
͗ಚΔΗΖ . ࣞ(14)ΓΕ , ͞͹ড়݇ͺԾى͹Γ͑Ͷॽ͜Ζ .  
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ଵߦ  ൌ
଴ߦ ൅ ݂Ԣሺݔ଴ሻ

଴ߦ ൅ ݂Ԣሺݔ଴ሻ ൅ ͳ
ൌ െ

݂Ԣሺݔଵሻ
ʹ

Ǥ ሺ42ሻ 

͞͞Ͳร਼ݏΝཤ༽͢ ଴ߦͶߍ , ൌ ʹΝେ೘ͤΖͳ࣏͗ࣞಚΔΗΖ .  

 ʹ െ ݏ
͵ െ ݏ

ൌ
ݏ
ʹ
Ǥ ሺ43ሻ 

͞ΗΓΕԾى͹್࣏๏ఖࣞ͗ಚΔΗΖ .  
 ሺݏ െ ͳሻሺݏ െ Ͷሻ ൌ ͲǤ (44) 

ݏ๏ఖࣞ͹մͳ͢ͱ್࣏ ൌ ͳͳݏ ൌ Ͷ͗ಚΔΗΖ ݏ . ൌ ͶͳͤΖͳ , ܽ�଴ݔ�� ൌ െͶ͗੔Εཱིͯ . ܽ ൒

ͶͲ , ͞͹ড়݇Νຮͪͤݔ଴͗ଚͤࡑΖ . ܽ ൌ Ͷͺ , ବԃܗ෈ಊ఼ܳ͗बغഔ෾زΝًͤ͞ྡֆ஍
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)ΓΕԾى͹ؖ͗ܐಚΔΗΖ .  

ݐ���ܽ  ൌ ඥܽଶ െ ͳǤ (48) 
ଵΝ௒΄Ζߟ਼ܐͶ್֌ඏ෾࣏ . ࣞ(15)Ͷ͕͏ͱߟ଴ ൌ Ͳͳ͢ͱߟଵ͗ಚΔΗΖ .  

ଵߟ  ൌ
݂ԢԢሺݔ଴ሻ

ሺ͵ ൅ ݂Ԣሺݔ଴ሻሻଷ
ൌ
െܽ���ሺݔ଴ሻ
ሺ͵ െ ሻଷݏ

ൌ
െܽݐ���

ͺ
ൌ െ

ξܽଶ െ ͳ
ͺ

Ǥ (49) 

ٌಕ఼ݑଵͶ͕͜Ζଲসત ௚ܵ͹್֌ඏ෾ߟ਼ܐ௚ሺݔଵሻͺ  

ଵሻݔ௚ሺߟ  ൌ െሺͳȀʹሻ݂ԢԢሺݔଵሻ ൌ ሺܽȀʹሻݔ���ଵ ൌ െሺܽȀʹሻݐ��� ൌ െ
ξܽଶ െ ͳ

ʹ
Ǥ ሺ50ሻ 

Ґ৏Ͳ   
ଵሻݔ௚ሺߟ  ൏ ଵߟ ൏ Ͳ ሺ51ሻ 

͗ࣖ͠Ηͪ . ൓ఈড়݇ 3.1(b)ΓΕ , յ఺਼ʹȀ͵͹್॑ଲসबٌغಕ͗बغ 2 ͹್॑ଲসबٌغ
ಕΓΕ  ҡ৙յ఺෾زͲਫ਼ͣͪ͞ͳΝқັͤΖ . Ґ৏Ͳఈཀྵ 4.1[1]͗ৄ໎͠Ηͪ . 

 

ఈཀྵ 4.1[2]͹ৄ໎ . ͞͞Ͳͺଲসતܵு৏Ͷਫ਼ͣΖबغ 6 Ͷͯ͏ͱ௒΄Ζ . बغ 6 ͹ٌಕ఼Ν
௞��ሺͲݒ ൑ ݇ ൑ ͷሻͳॽ͚ . ॵغ఼ݒ଴͗ଲসતܵு৏Ͷ͍ΖͳͤΖͳ , ॵغ఼ݒଷ΍ଲসતܵு৏Ͷ͍Ζ . 
ٌಕ఼ݒ଴ͳݒଷ͗ଲসતܵு৏Ͷ͍Ζড়݇ΓΕ , ͳȀʹǣ ͳȀ͵-B ͺҲ॑ଲসबٌغಕͲ͍Ζ . 

ٌಕ఼ݒ଴ א ܵுͶ͕͜Ζଲসત͹ܑ͘ͺߦ଴ ൌ 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 . ൌ Ͷͺବԃܗ෈ಊ఼ܳ͗बغഔ෾زΝًͤ͞৖߻ͶଲԢ͢ ݏ , ൌ ͳͺ[1]͹ৄ໎͹
৖߻ͶଲԢͤΖ . Γͮͱ , ͞͞Ͳͺݏ ൌ ͵Νཤ༽ͤΖ . 

್֌ඏ෾਼ܐΝ௒΄Ζ ଴ߟ . ൌ Ͳͳ͢ͱ , ॳߟ࣏ଵ, ߟଶ, ߟଷΝ݀ΌΖͳߟଷ͗ ಚΔΗΖ .  

ଷߟ  ൌ
݀ሺݏ െ ͵ሻሺݏହ െ ͳʹݏସ ൅ ͷͶݏଷ െ ͳͳʹݏଶ ൅ ͳͲͷݏ െ ͵͵ሻ

ሺݏଷ െ ͹ݏଶ ൅ ͳͶݏ െ ͹ሻଷ
Ǥ ሺ54ሻ 

͞͹ࣞͶݏ ൌ ͵Νେ೘͢ͱ ଷߟ , ൌ Ͳ͗ಚΔΗΖ . 



 

t 52 t 
 

Ν௒΄Ζ਼ܐ֌ඏ෾ࢀͶ࣏ ଴ߞ . ൌ Ͳͳ͢ͱ , ॳߞ࣏ଵ, ߞଶ, ߞଷΝ݀Ό ݏͶޛ࠹ , ൌ ͵Νେ೘ͤΖͳ
Ծى͹ߞଷ͗ಚΔΗΖ .  

ଷߞ  ൌ ͸ െ ͵݀ଶ ൌ ͸ െ ͵ሺܽଶ െ ͻሻ ൌ ͵͵ െ ͵ܽଶǤ ሺ55ሻ 

͞͞Ͳ݀ଶ ൌ ሺܽݐ���ሻଶͳ͵ଶ ൌ ሺܽ�ሻଶΓΕݐ�� , ݀ଶ ൌ ܽଶ െ ͻ͗੔Εཱིͯ͞ͳΝཤ༽ͪ͢ . ͞͹ࣞ͹ܽͳ
͢ͱ , ͳȀʹǣ ͳȀ͵-B ͗ਫ਼ͣΖྡֆ஍Νେ೘ͤΖචགྷ͍͗Ζ . ྡֆ஍ͺ 4 ΓΕ୉͘͏͹Ͳߞଷ ൏ Ͳ͗
ಚΔΗΖ . ൓ఈড়݇ 3.1(a)ΓΕ , ଲসત͹଀ͳଲসતܵுሺߨሻ͹ંৰ͹࢕๏ͺ਼࣏ؖࢀదંৰͲ
͍Ζ͞ͳ͗಍͖Ηͪ . Ґ৏Ͳఈཀྵ 4.1[2]͗ৄ໎͠Ηͪ . 
 

ࣞ(48)͹ࠪวͶࣞ(47)Νେ೘͢ร਼ݐΝভͤڊΖͳྡֆ஍Ν݀ΌΖࣞ͗ಚΔΗΖ .  
 ܽ���ሺඥܽଶ െ ͳȀͶሻ ൌ ඥܽଶ െ ͳǤ ሺ56ሻ 

͞ΗΝ਼஍ࢋܯͲմ͚ͳյ఺෾͗زਫ਼ͣΖྡֆ஍ܽ௖ሺͳȀʹǣ ʹȀ͵ሻ ൌ ͷǤ͸͸ʹͲ͗ಚΔΗΖ(ਦ 5 Ͳͺ
ͳȀʹǣ ʹȀ͵Ͳࣖ͠Ηͱ͏Ζ). ҡ৙յ఺෾͗زਫ਼ͣΖྡֆ஍͹਼஍݃ࢋܯՎͺͷǤͷͷͶ͹Ͳ͍Ζ . ͯ
ΉΕ , ͳȀʹǣ ʹȀ͵-B ͹ҡ৙յ఺Ϗϧϟʖνۢؔͺ ሾͷǤͷͷͶ͹ǡͷǤ͸͸ʹͲሻͲ͍Ζ .  

ͶͳȀʹǣޛ࠹ ͳȀ͵-B ͗ਫ਼ͣΖྡֆ஍ΝٽΌΖ . ࣞ(56)͹ξܽଶ െ ͳΝξܽଶ െ ͻͶ஖͓͘׷Ζ͞ͳͲ
ྡֆ஍Ν݀ΌΖࣞ͗ಚΔΗΖ .  

 ܽ���ሺඥܽଶ െ ͻȀͶሻ ൌ ඥܽଶ െ ͻǤ ሺ57ሻ 

͞ΗΝ਼஍ࢋܯͲմ͚ͳਜ਼৙յ఺෾͗زਫ਼ͣΖྡֆ஍ܽ௖ሺͳȀʹǣ ͳȀ͵ሻ ൌ ͶǤͷͳͺͷ͗ಚΔΗΖ(ਦ 5
ͲͺͳȀʹǣ ͳȀ͵Ͳࣖ͠Ηͱ͏Ζ). 

 ޢ݃ .5

ຌ࿨ชͲಚΔΗͪ݃ՎΝΉͳΌΖ .  

(1) ͳȀʹ-BE ͗ҡ৙յ఺෾زΝً͢͞ͱͳȀʹ:ʹȀ͵-B ͗ਫ਼ͣΖ͞ͳͳ , ͳȀʹ-BE ͗ਜ਼৙յ఺෾زΝ
ً͢͞ͱͳȀʹ:ͳȀ͵-B ͗ਫ਼ͣΖ͞ͳΝৄ໎ͪ͢(ఈཀྵ 4.1).  

Ȁ͵-Bʹ:ݍȀ݌ (2) Ν ಕͳͤΖٌغΝً͢͞ͱਫ਼ͣͪबزյ఺෾͗(ͺ۰਼ݍ) BE-ݍȀ݌ , Ȁʹ:ݍȀ݌ .
͵-B ್͗॑ଲসबٌغಕͲ͍Ζ͞ͳΝৄ໎ͪ͢(ໍୌ 4.5).  

͏ͪ΄Νफ़͓ߡͶජं͹ޛ࠹ . ࣺ଀յ਼ΝଁΏͦͻबٌغಕ఼Ͳড়݇ 2.1 ͗੔ཱིͤΖΓ͑
Ͷ͵Ζͳ͓ߡΔΗΖ . ͞͹͞ͳͺҡ৙յ఺෾͗زଡ͚͹ࣺ଀Ͳઞ͢ࡑͱ͏Ζ͞ͳΝࣖ͢ࠨͱ
͏Ζ . ҡ৙յ఺෾ز͹ݬҾͲ͍Ζୱ௒͸ͣΗ੓͹ഃΗ͗ΩΨηݳেͶʹ͹Γ͑͵ر༫Ν͢ͱ
͏Ζ͹͖ . ͞͹໲ୌͶͯ͏ͱͺޛࠕ͹ݗ౾՟ୌͳͪ͢͏ .  

ःࣛ�  

ຌ࿨ชͶଲ͢ͱࠬಣंΓΕ॑ي͵αϟϱφΝ͏ͪͫ͘Ήͪ͢ . ৼΓΕ״ःਅ͢৏͝Ήͤ . 
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Python Ν࢟Όͱ̏0 ೖͲΰʖϞΝࡠΗΖΓ͑Ͷ͵Ζ͹͖ʃ 
t ͖̔̏ࡂΔ͹ேકʁ͖̎Δ࢟ΌΖ Python Programming t 
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(2020 ೧ 8 ݆ 3 ೖण෉ɾ2020 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 ͢ͱɼ҈ഔ੕ݘͶΓΖ 1 Ա૱׈༄࣎େͲͺɼ
߶ྺं͹׈༄͗ٽΌΔΗͱ͏ΖɽҲൢదͶͺɼऀ ճద͵ݩܨ஍ͺࡂΝͳΖͳͳ΍Ͷଁ͓Ζɽ
ͨΗΑ͓Ͷɼ߶ྺं͹΍ͯݩܨ஍Ν༙ްͶਫ਼͖ͤ͞ͳͺɼऀճ͹൅ఴͶͳͮͱඉ৙Ͷ॑གྷ
Ͳ͍Ζɽ͖͢͢ɼࣰݳదͶͺɼਕؔ͹எ೵ͺ 25 ੔͠ΗɼҐ߳׮Δ͏Ͳ͛ࡂ 40 Δ͏Ή͚ࡂ
Ͳң࣍͠Ηͪ͹ͬͺɼঅʓͶਲ͓ͱ͏͚ʤਕؔ͹எ೵ͳ͏͑ΩτβϨʖͲͺ൥ҕ͙͗ͤ߁
ΖͪΌɼ۫ରద͵Ҳྭͳ͢ͱا೟ࣟ೵ྙͳ೧ྺͶؖͤΖ࿨ช[1]Ν͝ڏͱ͕͚ʥɽ೶ҫָ͹
ཱི৖͖Δ΍ CT Ώ MRI ͵ʹ͹ժ଀ਏஇ͹෕ٶͶ൒͏ɼໃ঳ޫ੓೶伹͗࠻ 60 ͤଁٺΔ͖ࡂ
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Ζ͞ͳ[2]͗෾͖ͮͱ͘ͱ͏Ζɽ͞͹Γ͑Ͷɼ೶ՌָదͶ΍ݩܨదͶ΍ɼ೧ྺΝ॑͸ΖͶͯ
Ηͱऑ͏ਕͳർ΄Ζͳɼ৿͢͏͞ͳΝָ΁͞ͳ͗ۦघͶ͵ͮͱ͚Ζɽ  

ಝͶɼޢݶ͹ָसͶ͕͏ͱͺɼ೧ྺ͗ऑ͏Ά༙͑͗ཤͲ͍Ζɽ༰ࣉͺ౔ྙͦͥͶݶཁΝ
ְ͓ͱ͏͚͗ɼ୉ਕͶ͵ͮͱ৿͢͏ݶཁΝְ͓Ζ͹Ͷͺ୉ร͵౔ྙ͗චགྷͲ͍Ζɽϕϫή
ϧϝϱήޢݶ΍ɼޢݶ͹ҲझͲ͍Ζ͞ͳ͖Δɼऑ͏੊େ͹๏͗सಚͶ༙ཤͫͳ͓ߡΔΗΖɽ
10 େ͹ϕϫήϧϜʖɼྭ ͓ͻ 11 ͹ύρΩʖΏࡂ 14 ஭͗ࣆىஎ೵ϕϫήϧϜʖ͹޽͹ਕࡂ
໪ΝॄΌͱ͏Ζɽऑ͏ਕ͹Ն೵੓ͺɼો੘Δ͢͏΍͹Ͳ͍Ζ͞ͳ͗෾͖ΖɽҲ๏ɼ߶ྺं
ͺɼ৿͢͏͞ͳͶखΕૌ΋͹ͶύʖχϩΝͣ״ͱ͏Ζ͞ͳ͗ଡ͏ɽͨΗΑ͓ɼ੊ֆ֋൅ं
ճ٠ʰWWDC2017ʱͲɼ82 Ν༫ـ͹ΠϕϨ֋൅ं͗ࣘ໪Ν͍ͯΌͪ͹ͺɼ߶ྺंͶ༒ࡂ
͓Ζ΍͹Ͳ͍ͮͪ[3]ɽҲൢదͶɼؒྻΝӿ͓ͱ΍৿͢͏ޢݶΝָ΄Ζ͹ͫΘ͖͑ʃ  60 ࡂ
Νӿ͓ͱɼ୻ؔغͲ৿͢͏ϕϫήϧϝϱήޢݶΝसಚͲ͘Ζ͹ͫΘ͖͑ʃ  

Ήͪɼ৿͚͢सಚͤΖϕϫήϧϝϱήޢݶͳ͢ͱͺɼՁ͗૮Ԣ͢͏ͫΘ͖͑ɽ4 ͯ͹؏
఼͖Δ͓ߡΓ͑ɽ1)ϟζϡʖ͵ޢݶͲ͍Ζɼ2)ॵৼंͲ΍ֺ͢ΌΖޢݶͲ͍Ζ(ΰʖϞΝͯ
͚ΗΖ͵ʹ͹ಊؽ෉͗͜Ͳ͘Ζ)ɼ3)ॵৼंͶ༑͢͏ޢݶͲ͍Ζɼ4)αηφ͖͖͗Δ͵͏͞
ͳͲ͍Ζɽ͞ΗΔ͹؏఼͖Δɼ৿͚͢सಚͤΖϕϫήϧϝϱήޢݶͳ͢ͱ Python ΝમΞ
ͫɽPython ͺɼसಚ͗༲ҝ͵ޢݶͳݶΚΗͱ͕Εɼඬ६ద͵گՌॽ΍ଡ͚͍Ζ(ྭ͓ͻɼ
[4]͵ʹ)ɽ  

͠ͱɼPython ͹ಝ௅Ν 4 ͯ͹؏఼͖Δ৆͚͢ΊͱΊΓ͑ɽ1)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)ॵৼंͲ΍ֺ͢ΌΖغ͹൅ఴ੓΍ޛࠕΗͱ͏Ζ͵ʹɼ͠༼ࡀ͗
ʃPython͖ޢ ͲΰʖϞΝࡠΘ͑ͳ͏͑ॽ੸͵ʹ͗ଡ͚ड़൝͠Ηͱ͏Ζ[6]ɽ3)ॵৼंͶΏ
Ηͱ͏Ζɽ4)αη͠༼ࡀͶޢݶү༽͹ϕϫήϧϝϱήگͲ͍Ζɽଡ͚͹୉ָͲޢݶ͏͢͠
φ͖͖͗Δ͵͏ɽPython ͺໃྋͲ͍ΕɼFree ͹֋൅͗ڧ؂६ඍ͠Ηͱ͏ΖɽΉͪɼWeb

৏Ͷɼໃྋ͹ָसαʖη͍͗Ζɽྭ͓ͻɼKrishna ͗અཱིͪ͢ Guru99[7]ͺɼگү͹ؽճ
΍͹Ͳ͍Εɼ෾͖ΕΏͤ͏ͤࢨ౵Ν໪ۋ Python ͹οϣʖφϨΠϩ͗६ඍ͠Ηͱ͏Ζɽ  

ຌ࿨ชͲͺɼ60 Ν௔͓ͱࡂ Python ͶॵΌͱৰΗͱɼ10 ೖؔ͹ಢसͲΰʖϞΝࡠΗΖΓ
͑Ͷ͵Ζ͹͖͹ڂݜྭࣆΝ͕͞͵ͮͪ͹ͲๅͤࠄΖɽಋ࣎Ͷɼॵৼं͗ 10 ೖؔ͹ಣॽͲ
ʹ͹Γ͑Ͷ Python ͹گຌΝཀྵմ͢ͱ͏Ζ͖͹ྭࣆΝࣖͤɽΉͪɼϕϫήϧϝϱήޢݶ͹
ָसͶ͕͏ͱɼऑ೧ंͳ߶ྺं͹ؔͶ͍ࠫ͗Ζ͖ʹ͖͑ΝஎΖͪΌɼΠϱίʖφ௒ࠬΝ͕
͞͵ͮͪ͹ͲๅͤࠄΖɽ  

2. 3\WKRQ ϕϫήϧϝϱήͶேક 

2.1. 3\WKRQ ͳͺ 

Python ͺɼ1991 ೧ͶΨϧϱξਕ͹ή΢χʀϲΟϱϫργϞͶΓͮͱ֋൅͠Ηͪϕϫή
ϧϞϝϱήޢݶͲ͍Ζʤή΢χʀϲΟϱϫργϞ͗ Python 0.90 ͹λʖηαʖχΝޮ֋͢
ͪʥɽGoogle ͗कགྷޢݶͳ͢ͱ͏Ζ͵ʹɼࡑݳ΍ͮͳ΍஭໪͠Ηͱ͏ΖޢݶͲ͍Ζ
[8]-[12][IEEE 2015-2019]ʤਦ 1 ͶΓΖͳɼೖຌͶ͕͜ΖϕϫήϧϝϱܨলʥɽΉͪɼೖࢂ
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ήޢݶ͹ਕـͲ΍ Python ͺ৏ҒͲ͍Ζ[13]ɽ͞͞ͲͺɼC ͳޢݶ C++ޢݶΝΉͳΌͱɼ
खΕѽͮͱ͏Ζ͹ͲɼPython ͗ 2 ҒͶ͵ͮͱ͏Ζ͗ɼୱରͲͺ IEEE ͹݃Վͳಋ͚ͣɼ
Python ͗ 1 ҒͶ͵ΖͳࢧΚΗΖɽ  

Python Ͷͯ͏ͱ৆͚͢Ίͱ͏͑͞ɽPython ͺɼ΢ϱνϕϨνޢݶܗͲ͍ΖɽҲൢͶ΢
ϱνϕϨνޢݶܗͺɼC ͳർֳ͢ͱɼଐౕ͹఼Ͳ྾Ζɽ͖͢ޢݶܗ͹αϱϏ΢ϧʹ͵ޢݶ
͢ɼαϱϒϣʖν͹߶ଐԿͳͳ΍ͶɼPython ͹Γ͑͵΢ϱνϕϨνޢݶܗͲ΍൜༽ϕϫή
ϧϞޢݶͶ͵ΗΖΓ͑Ͷ͵ͮͱͪ͘ɽ͠ͱɼPython Ͷͺɼ΢ϱϕϪϟϱτʖεϥϱͶΓͮ
ͱɼCPythonɼJythonɼPyPy ͵ʹ͍͗Ζɽ࣎ݳ఼Ͳɼ΍ͮͳ΍ଡ͚࢘ΚΗͱ͕Εɼϟϱτ
ψϱη͠Ηͱ͏Ζ͹͗ C फ़͠ΗͪىͲޢݶ CPython Ͳ͍ΖɽCPython ͺɼC ͳ͹਎ޢݶ
࿪੓΍Γ͚ɼC ֨௃͹΢ϱνʖϓΥ΢ηΝ༙͢ͱ͏Ζɽ߶ଐͲॴཀྵͪ͢͏෨෾Ν C Ͳޢݶ
͹ओ఼Νึ͏ɼ߶ଐॴཀྵޢݶܗΖ͞ͳͲɼ΢ϱνϕϨνͦ͠ߨफ़ͪ͢γϔϩʖοϱͶࣰى
͗Ն೵ͳ͵ͮͱ͏Ζɽ  

 

ਦ̏ʁϕϫήϧϝϱήޢݶ͹ਕـϧϱΫϱήɽݫυʖν[8]-[12]͖Δ͹Ӏ༽ɽ  

 

ਦ̐ʁೖຌͶ͕͜ΖϕϫήϧϝϱήޢݶਕـϧϱΫϱήɽݫυʖν[13]͖Δ৏Ғ 10 ҒΉͲΝ
ϕϫρφͪ͢ʤ440 ਕյ౶ʥɽ  
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͠ΔͶɼPython ͹ಝ௅͹Ҳͯͳ͢ͱɼΨʖϕϱλʖη͹λϓφΤΥΠͲ͍Ζ͞ͳ΍͝ڏ
ΔΗΖɽϤʖδʗΝ؜ΌͪևͲүͱͱͪ͘ϕϫήϧϝϱήޢݶͲ͍ΕɼPython Software 

Foundation [14]͗؇ཀྵ͢ͱ͕ΕɼλϓφΤΥΠΝໃྋͲξΤϱϫʖχͲ͘Ζɽ͞͞Ͳɼ
Python ͶؖͤΖชॽԿ΍͕͞͵ͮͱ͏Ζ Python Software Foundation ͹ PEP Ͷͯ͏ͱ΍
΀Ηͱ͕͚ɽ͞͞Ͷɼpython.org ͖Δ PEP Ͷͯ͏ͱ๱ಆ͹෨෾ΝӀ༽͢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 Ν఑͢ڛͱ͏Ζ[5]ɽGoogle Python Class ͺ YouTube ͶΠρϕ͠Ηͱ͕Εɼ
Google ͶΓΖߪसΝϑυΨͲݡͱΊΓ͑ɽGoogle Python Class Day 1 YouTubeʤPart̏
༁ 52 ෾ 2,867,000 Ґ৏͹ࢻ௎ɼPart2 ༁ 35 ෾ 644,000 Ґ৏͹ࢻ௎ɼPart3 ༁ 29 ෾ 467,000

Ґ৏͹ࢻ௎ʥͳ Google Python Class Day 2 YouTubeʤPart̏༁ 42 ෾ 470,000 Ґ৏͹ࢻ௎ɼ
Part2 ༁ 20 ෾ 284,000 Ґ৏͹ࢻ௎ɼPart̑༁ 26 ෾ 270,000 Ґ৏͹ࢻ௎ʥͲ͍Ζʤ2020

೧ 2 ݆ 14 ೖࡑݳʥɽ͞ΗΔͺɼGoogle Developers ͶΓͮͱ੏͠ࡠΗɼ2010 ೧ 3 ݆ 1 ೖΠ
ρϕϫʖχ͠Ηͪ΍͹Ͳ͍Ζɽ͵͕ɼώʖζϥϱ͗ Python 2 Ͳ͍Ζ͞ͳΝ෉͢ىͱ͕͚ɽ 

͞͞ͲɼPython ͳଠ͹ϕϫήϧϝϱήޢݶͳ͹ർֳΝࢾΊΖɽ۫ରదͶͺɼPython ͹
ϧ΢ώϩޢݶͳ͢ͱɼPython ͳஂਫ਼ͪ͢͏ۛ͗غ࣎ϕϫήϧϞޢݶͲ͍Ζ Ruby [15]ͳർ
ֳͤΖɽRuby ͺɼ1995 ೧Ͷޮ֋͠ΗͪΨϔζΥέφ޴ࢨηέϨϕφޢݶͲ͍Ζɽೖຌਕ
͹Ήͯ΍ͳͽΘΑ͗͘ࢱɼPython ͶຮଏͲ͘͵͚ͱ֋൅ͪ͢΍͹Ͳ͍Ζɽ  

͠ͱɼλϓφΤΥΠ͹ָसγ΢φ Guru99[7]Ͷͺɼϕϫήϧϝϱήޢݶ͹ർֳ͗͠ࡎܟ
Ηͱ͏ΖɽҐԾͶɼPython ͳ Ruby Νർֳͪ͢ࣆىΝ࿪༃͢ͱͦࡎͱ͕͚ɽ  

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

ͺଡ॑ܩটΝγϛʖφ͢ͱ͏ΖɽRuby ͺϔϫρέ͹शΚΕͶɼend ͍Ζ͏ͺ  } Νචགྷͳ
ͤΖ͗ɼPython ͺۯപ͹ΊͲྒྷ͏ɽRuby ͺ Web ͹֋൅Ώ functional programming Ͷ޴
͏ͱ͕ΕɼPython ͺ Academic and scientific programming Ͷ͏޴ͱ͏ΖɽRuby Ͷͺɼ|
ঙ͵͏͞ͳͲଡ͚͹͞ͳΝ͵ͤ|ɼPython Ͷͺ|� Ҳͯ͹ਜ਼͢͏ΏΕ๏Ͳ΍͹͟ͳΝ͵ͤ 

n� ͳ͏͑ఫָ͍͗Ζɽɻ  

Ґ৏ɼPython Ͷͯ͏ͱΊͱͪ͘ɽ֕གྷΝཀྵմͲͪ͘͹Ͳͺ͵͏ͫΘ͖͑ɽ࣏Ͷɼʹ͹Γ
͑Ͷָ΄ͻΓ͏͖ΝΊͱ͏͑͞ɽ  

2.2. Ώ͢͠͏೘໵ॽ 

ؒྻΝ௔͓ͱॵΌͱ Python ͳ͏͑ϕϫήϧϝϱήޢݶͶड़ճ͏ɼࢥگ͵͢ͶಢसͤΖ
ͪΌɼ΍ͮͳ΍Ώ͢͠͏೘໵ॽΝ୵ͪ͢ɽ͞͞ͲͺɼघͶ೘ΗΏͤ͏ 3 ͹ຌΝ೘໵ॽͳ࡯
͢ͱમΞͫʤ2020 ೧ 2 ݆ 10 ೖʤ݆ʥෳҬݟෳҬ಼ࢤ͹ॽవʤঋ໨ॽవ  ৿್͹ٸవʥͶ
ͱ߬೘ʥɽΉͪɼ೘໵ॽ͗ཀྵմ͢Ώͤ͏͖ʹ͖͑Ͷ୉͘͵ӪڻΝ༫͓ΖͫΘ͑ɼ೘໵ॽ͗ਬ
ও͢ͱ͏Ζ֋൅ڧ؂Ν๱ಆͶࣖͤ͞ͳͳͤΖɽ͵͕ɼ͞͹হ͹क͵໪దͺɼPython ͹ॵָ
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ं͗ʹ͹Γ͑Ͷ೘໵ॽΝཀྵմ͖ͪ͢͹ྭࣆΝࣖͤ͞ͳͲ͍Εɼຌ͹մઈ͗क໪దͲ͵͚ɼ
ΉͪմઈͶยΕ͍͗Ζ͖΍͢Η͵͏͞ͳΝ෉͢ىͱ͕͚ɽ  

2.2.1. � ෉ࡢᩍᮏ 

ຌͺɼ̏ʥPythonگ͹ಢस͹ͪΌͶમΞͫ͢͵ࢥگ ௔೘໵[16]ɼ̐ʥ͏ͬͻΞΏ͢͠͏
Python ͹گຌ[17]ɼ̑ʥκϫ͖ΔΏ͚͢͠ͺͣΌΖ Python ೘໵[6]͹ 3 Ͳ͍Ζɽ3࡯ ͹࡯
ຌ͹಼༲ΝॳͶΊͱ͏͑͞ɽگ  

 

̏ʥPython ௔೘໵ ʷϠϱτΡͳָ΁ͺͣΌͱ͹ϕϫήϧϝϱήʷ   

˔֋൅ڧ؂ͺɼIDLE Ν࢘༽͢ͱ͏Ζɽ  

Python ͶΓΖඵժΝυϠϱηφϪʖεϥϱͤΖͪΌͶɼTurtle GraphicsʤPython ͹ඬ
६ϧ΢ϔϧϨʥΝͮ࢘ͱ͏Ζ͹͗ಝ௅Ͳ͍Ζɽ஦߶ਫ਼Ͷ΍෾͖ΕΏͤ͏Γ͑ͶɼඵժΝ؜
ΌͪϕϫήϧϝϱήΝઈ໎͢ͱ͏Ζɽಣंͳ͢ͱ஦߶ਫ਼Νϟ΢ϱνʖΰρφͶ͢ͱ͕Εɼ
αϱϒϣʖν͹ಚқ͵߶ߏਫ਼ͳॵৼं͹஦ָਫ਼͹ճ࿫ͶΓͮͱɼ೘໵ॽͳ͢ͱ͹ην΢ϩ
͗੔ཱི͢ͱ͏ΖɽͪͫɼखΕૌΊΏͤ͠Ν॑གྷ͢ࢻͱ͏ΖͪΌɼ৓ௗ੓ͺ൳Ό͵͏һেΝ
णͪ͜ɽ  

͞͹ຌ͹ಝ௅͹ҲͯͲ͍ΖॵৼंͶ΍खΕૌΊΏͤ͏ήϧϓΡρέηͲ͍Ζ Turtle 

Graphics Ͷͯ͏ͱफ़΄ΖɽTurtle Graphics ͺɼ1960 ೧େͶگү͜޴ϕϫήϧϝϱήޢݶ
ͳ͢ͱ֋൅͠Ηͪ΍͹ͲɼॵৼंͶͺखΕૌΊΏͤ͏Ͳ΍͹͍ΖɽPython Ν Python.org

͖Δ΢ϱηφʖϩͤΖͳɼඬ६ϧ΢ϔϧϨ͹ Turtle Graphics ΝϠζϣʖϩͳ͢ͱ͓࢘Ζ
Γ͑Ͷ͵Ζɽ͵͕ɼTurtle Graphics ͺɼήϧϓΡρέη͹ેخͳ͢ͱ tkinter Νͮ࢘ͱ͏
ΖɽͨΗΑ͓ɼtkinter Ν௜ં͑࢘Ά͑͗͏࢘Ώͤ͏ͳ͏͑ਕ΍ଡ͏͖΍͢Η͵͏͗ɼॵৼ
ंͶͺɼtkinter Ν͑࢘ΓΕ΍ Turtle Graphics Νͪͮ࢘ඵժ͹๏͗ྒྷ͏ͳ͓ࢧΖɽTurtle 

Graphics ͺɼ਼ؖͳϟλρχͳ͏͑ଈ໚Νͮ࣍ͱ͏Ζ͗ɼ͞͞Ͳͺɼϟλρχͳ͢ͱ࢘༽
͢ͱ͏ΖɽگຌͶͪ͗ͮ͢ͱָसͤΗͻɼϕϫήϧϞͺಊͤࡠΖ͗ɼ಼༲Νཀྵմ͢Γ͑ͳ
ͤΖͳೋ͢͏ɽΉͪɼητʖζ 8 ΉͲͺ෾͖ΕΏͤ͏͗ɼήϧϓΡρέ͹ητʖζ 9 ͖Δ
12 ͺɼঙ͢ઈ໎෈ଏͲ͍ΖΓ͑Ͷ͓ࢧΖɽྭ͓ͻɼt = turtle.Pen() ͺϟλρχͳ͢ͱ࢘
༽͢ͱ͏Ζ͗ɼt = turtle Ͳ΍ಊ͚ɽWXUWOH�˲�W ͳ঴ྲྀͪ͢͏ͫ͜Ͳ͍Ηͻɼtype Ν୻͚Ͳ
͘ΖϟϨρφΓΕɼॵৼंͶͺ෾͖ΕͶ͚͚͵ΖυϟϨρφ͹๏͗୉͘͏Γ͑Ͷ͓ࢧΖɽ  

͞͞Ͳɼྒྷ͏఼Ν͝ڏΖɽಣΊศ͢ͱΊΖͳɼᠵ(஦ 1)ͳϠϱτΡ͹ճ࿫Ͳͤͤ΋Γ͑
Ζɼ͝ڏ෋͠Ηͱ͏Ζ͹͗෾͖ΖɽΉͪɼҐԾͶ޽  

1ʥౌ৖ਕ෼͹ༀׄ෾୴ͶΓΖճ࿫Ͳ͹ઈ໎  

2ʥึ͑Γ͑Ͷ͍Ζઈ໎(αϧϞ) 

3ʥহ຦͹໲ୌ check ͳ challenge  

͹ߑ੔ͺɼणߡࢂݩॽͶͪࣇην΢ϩͲ͍Εɼ஦߶ਫ਼Ͷͺ͵ͣΊΏͤ͏ͫΘ͑ɽ͖͢͢ɼ
Ζɽஸं͹γʖϑη੠ਈ͖͓͗ͮͱɼಣं͓ࢧʓͶͺ͞͵Ηͱ͏͵͏෨෾΍ଡ͏Γ͑Ͷݺ
Νࠠཛྷͦ͠ΖՆ೵੓͍͗Ζ͖΍͢Η͵͏ɽ  

͵͕ɼ֋൅ڧ؂ͳ͢ͱɼIDLE Ͷ׵ΗͪΔɼ࣏ͺΓΕสཤ͵ PyCharm Νਬ͢ͱ͏Ζɽ
PyCharm ͺɼGuru99.com ͗఑ͤڛΖαʖηʁh 7 ೖͲɼPython Νָ΁ʱͲ΍࢘ΚΗͱ͏
Ζɽ  



 

t 60 t 
 

̐ʥ͏ͬͻΞΏ͢͠͏ Python ͹گຌ ʷਕ͓گ͗ࢥߪـΖ͖ેخΔγʖώʖγ΢χ֋൅Ή
Ͳʷ  

˔֋൅ڧ؂ͺɼAtom Ν࢘༽͢ͱ͏Ζɽ  

ຌ͹ν΢φϩͺ͏ͬͻΞΏ͢͠͏ Python ͹گຌͳ͵ͮͱ͏Ζ͗ɼࣰͺϕϫήϧϞݩܨ
ΝՀఈ͢ͱ͏Ζ෨෾͍͗݃ߑΖɽॵָंͶͺɼ݀ ͢ͱΏ͚͢͠͵͏ Python ͹گຌͲ͍Ζɽ
ΉͪɼPython.org ͖Δඬ६దͶ Python Ν΢ϱηφʖϩͤΖͳಋ࣎Ͷ΢ϱηφʖϩ͠ΗΖ
IDLE Ͳͺ͵͚ɼτΫηφΦυΡνͳ͢ͱ Atom(https://atom.io/͖ΔໃྋͲξΤϱϫʖχ
Ͳ͘Ζ)Νਬও͢ͱ͏Ζ͹΍ಝ௅Ͳ͍Ζɽ  

Ͷɼ֦হ͟ͳ͹නୌͳͳ΍Ͷɼ಼༲ΝΊͱ͏͑͞ɽ࣏  

Chap. 1 ʰPython Νָ΁६ඍΝ͢Γ͑ʱͲͺɼ΢ϱηφʖϩ͹๏๑ɼͨ͢ͱଲ࿫Ϡʖχɼ
ϓΟ΢ϩͲ͹ࣰߨ๏๑͗फ़΄ΔΗͱ͏Ζɽ  

Chap. 2 ʰαϜϱχϕϫϱϕφͶ͵ΗΓ͑ʱͲͺɼPython ͨ͹΍͹Ͳͺ͵͚ɼPython Ν
ָ΁৏ͲචགྷͶ͵Ζ OS ͹αϜϱχ͹ઈ໎͗͵͠Ηͱ͏Ζɽ  

Chap. 3 ʰેخΝָ;͵͗ΔϕϫήϧϞΝࡠ੔͢Γ͑ʱͲͺɼ؈ୱ͵ྭୌΝ΍ͳͶॵָं
ͶɼPython ͶΓΖϕϫήϧϞ͹಍೘Ν͕͞͵ͮͱ͏ΖɽΉͪɼ਼ؖͳϟλρχༀׄ͹ҩ͏
Ν݃׮Ͷઈ໎͢ͱ͏Ζɽ਼ؖͳϟλρχͺɼPython Νָ΁ͳ͘Ͷɼ᪶͘Ώͤ͏ͳࢧΚΗΖ
གྷોͲ͍Εɼಢཱིͪ͢হΝઅ͜ͱ͏Ζ͹ͺ਎઀Ͳ͍Ζɽ  

Chap. 4 ʰ܃Εศ͢ͳড়݇෾زʱͲͺɼPython ͶݸΔͥɼϕϫήϧϞͲঙ͢෵ࡸ͵ॴཀྵ
Νͦ͠Ζ৖߻Ͷචགྷ͵܃Εศ͢ͳড়݇෾زΝմઈ͢ͱ͏Ζɽ  

Chap. 5 ʰࣛॽͳϓΟ΢ϩ͹ѽ͏๏ ͲɦͺɼPython Νͪͮ࢘Ԣ༽ͶಁΊࠒΞͲ͏ΖɽPython

ͺชহ͵ʹ text ॴཀྵͶ΍Γ͚༽͏ΔΗͱ͕ΕɼPython ͹ಚқ͵෾໼Ͳ͍ΖɽC ʹ͵ޢݶ
घͳͤΖ෾໼͗ɼPythonۦ͗ Ν͑࢘ͳ؈ୱͶͲ͘Ζ͞ͳࣰ͗״Ͳ͘ΖΓ͑Ͷ͵ͮͱ͏Ζɽ 

Chap. 6 ʰճ࿫ bot ΝࡠΘ͑ʱͲͺɼݳେదͲັڷ਄͏τʖϜΝୌࡒͶ઴হΉͲͶָस͢
಼ͪ༲Ν਄ΌΖΓ͑Ͷ͵ͮͱ͏Ζɽͪͫɼ͙ٺଏͶ͵ͮͱ͕Εɼॵָंͺͯ͏ͱ͏͜͵͏
Ն೵੓͍͗Ζ͞ͳͺ൳Ό͵͏ɽྭ͓ͻɼϕϫήϧϞΝࣖ͢͵͗Δࣰͦ͠ߨͱ͏͵͏͹ͺɼ
ॵָंͶͺ෈਎઀ͳࢧΚΗΖɽ  

Chap. 7 ʰϧ΢ϔϧϨΝ͞͏࢘͵ͨ͑ʱͲͺɼϧ΢ϔϧϨΝͪͮ࢘ϕϫήϧϞͶಁΊࠒΞ
Ͳ͏ΖɽPython ͹کΊͺɼ๝෍͵ϧ΢ϔϧϨͶ͍Ζɽͨ͹қັͲɼಢཱིͪ͢হΝઅͪ͜͹
ͺɼྒྷ͏఼Ͳ͍ΖɽΉͪɼlesson 44ʛ47 ͲɼϕϫήϧϞ͹ΦϧʖͶଲԢͤΖ๏๑ΝͳΕ͍
͝ɼߑชΦϧʖͳྭ֐͹ 2 झྪΝͳΕ৏͝ͱ͏Ζ͹ͺࣰ༽ద͵ϕϫήϧϞΝྂ͢ߡͱ͏Ζɽ
͖͢͢ɼॵৼंͶͺೋ͢͏͖΍͢Η͵͏ɽ  

Chap. 8 ʰγʖχϏʖτΡ੣ϏρίʖζΝ͞͏࢘͵ͨ͑ʱͲͺɼPython ͹کΊͲ͍Ζ๝
෍ͶଚͤࡑΖ͹γʖχϏʖτΡ੣ϏρίʖζΝͳΕ͍͝ͱ͏ΖɽΉͪɼLesson 50 Ͳͺɼ
Հ૟ڧ؂ΝͳΕ͍͝ͱ͕Εɼ͞ΗͶΓΕ෵਼͹γʖχϏʖτΡ੣ϏρίʖζΝαϱϓϨέ
φ͵͢Ͷ҈સͶ͓࢘ΖΓ͑Ͷ͵Ζ͞ͳΝઈ໎͢ͱ͏Ζ͹ͺ਎઀Ͷ͓ࢧΖɽ  

Chap. 9 ʰWeb ΠϕϨίʖεϥϱΝࡠ੔͢Γ͑ʱͺɼΠϕϨίʖεϥϱΝͮࡠͱΊͪ͏
ͳ͑ࢧಣंͶͺັڷΝऔ͖ΗΖহͲ͍Ζɽ͢ ͖͢ɼࡋ෨ͺ؛౦͢͝ͱ͏Ζܑ͍͗޴Εʤྭɼ
৆͚͢ͺʞΝݡͱԾ͠͏ʨϭϱϛ΢ϱφ͹αϧϞͲಝͶʩʥɼ෈ॉ෾͵಼༲Ͳ͍ΖһেΝ༫
͓Ζɽ  

Chap. 10 ʰ͠ΔͶஎࣟΝਐͶ෉͜ΖͪΌ͹ָ;๏ʱͺɼ͕Ή͜͹Γ͑͵হͲ͍Ζɽ͠Δ
͵Ζָस͹ͪΌ͹ Web γ΢φɼॽ੸ɼαϝϣωτΡͶͯ͏ͱ͠ٶݶΗͱ͏Ζɽ  
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સରΝ௪͢ͱɼC ͹ຌͳҡ͵ΕɼWebʹ͵ޢݶ ΠϕϨ͵ʹͶ॑͘ɼཀྵՌܧ͹਼஍ࢋܯ͵
ʹͺ͍ΉΕखΕѽͮͱ͏͵͏͹͗ಝ௅Ͳ͍Ζɽ  

 

̑ʥκϫ͖ΔΏ͚͢͠ͺͣΌΖ Python ೘໵ ʷ͖ેخΔηνʖφ͢ͱɼΰʖϞͰ͚Εɼؽ
փָसΉͲָ·͑ʄʷ  

˔֋൅ڧ؂ͺɼIDLE Ν࢘༽͢ͱ͏Ζɽ  

͞͞ͲͳΕ৏ͪ͝ 3 ΍ϚϨϣʖϞ͍͗Εɼ͖ͯώϧϱη͗ͳΗͪ࠹ຌ͹஦Ͳͺɼگ͹࡯
ຌͲ͍Ζɽ෯ୌ͗ɼhگ փָसΉͲָ·͑ʄʱͳؽຌ͖Δηνʖφ͢ͱɼΰʖϞͰ͚Εɼخ
͍ΖΓ͑Ͷɼॵิ͖Δ Python ͗Γ͚͖ͯΚΗͱ͏ΖؽփָसΉͲखΕѽͮͱ͏Ζɽ࣏Ͷɼ
֦হ͟ͳ͹නୌͳͳ΍Ͷɼ಼༲ΝΊͱ͏͑͞ɽ  

Chap. 1 ʰϕϫήϧϝϱήͮͱ͵ΞͫΘ͑ʱͲͺɼαϱϒϣʖν΍ Python Ν࢘ΚͥͶϕ
ϫήϧϝϱή͹ରݩΝͦ͠Ζ޽෋͗͵͠Ηͱ͏ΖɽΉͪɼPython ͹΢ϱηφʖϩ͹࢕๏Ν
ઈ໎͢ͱ͏Ζ͹ͺɼ਎઀Ͷ͓ࢧΖɽ  

Chap. 2 ʰϕϫήϧϝϱήΝͺͣΌΓ͑ʱͲͺɼIDLE ͹͏࢘๏͗ϟ΢ϱͲ͍ΖɽIDLE ͹
τΫηφΦυΡνͮ࢘ͱɼร਼Ώช࣊྽ΝཀྵմͲ͘ΖΓ͑͵޽෋͗͵͠Ηͱ͏Ζɽ  

Chap. 3 ʰ੏ߑޜชͮ࢘ͱΊΓ͑ʱͲͺɼ੏ߑޜช͹خຌͲ͍Ζʰড়݇෾زʱh Εศ͢ॴ܃
ཀྵʱ͗खΕѽΚΗͱ͏Ζɽ if ชͳ while ช͹ཀྵմ͗͞͹হ͹ϟ΢ϱͲ͍Ζɽ͠ΔͶɼΰʖ
ϞϕϫήϧϞ͹ॵิͳ͢ͱɼཛྷ਼Ν༽͏ͪήϧϓΡρέηΝ࢘Κ͵͏ text ͶΓΖͣΎΞ͜
ΞΰʖϞΝͳΕ͍͝ͱ͏Ζɽ؈ୱ͵ΰʖϞΝ಍೘Ͷͮ࢘ͱɼॵৼं͹ΏΖـΝ߶Όͱ͏Ζ
ͳ͑ࢧɽ  

Chap. 4 ʰϨηφͳࣛॽܗΝͮ࢘ͱΊΓ͑ʱͲͺɼ1 ΔͺͣΌͱ͖ݫ࣏ 2 ͹Ϩηφɼݫ࣏
͠ΔͶࣛॽܗ͹υʖν͹ѽ͏๏Νઈ໎͢ͱ͏ΖɽϨηφΝ΍ͬ͏ͱɼช࣊྽Ν͍͖ͯͮͪ
3 ୔έ΢θ͹ϕϫήϧϞ͗ͳΕ৏͝ΔΗͱ͏ΖɽΉͪɼΫʖͶΓͮͱυʖνͶΠέιηͤ
ΖࣛॽܗΝखΕѽͮͱ͏ΖɽϨηφΏࣛॽܗͺɼชহॴཀྵͶ͕͜Ζ Python ͹ௗॶ͹ͽͳ
ͯͲ͍Ζ͞ͳ͗෾͖ͮͪɽ  

Chap. 5 ʰ਼ؖΝͮ࢘ͱΊΓ͑ʱͲͺɼఈٝ๏๑Ώ਼ؖ͹͏࢘๏Νָ΁ɽPython Ͳͺɼγ
ϔϩʖοϱͲͺ͵͚ɼؖ ਼Νఈٝ͢ɼؖ ਼Νݼ;ड़ͤͳ͏͑Γ͑ͶϕϫήϧϞΝࡠ੔ͤΖɽ
͠ΔͶɼϠζϣʖϩʤϧ΢ϔϧϨʥ͹ཤ༽๑ɼήϫʖώϩร਼ʀϫʖΩϩร਼͹ઈ໎͗͵
͠Ηͱ͕ΕɼಣंͶ Python Ͳ͍Ζͳ͏͑һেΝ༫͓ͱ͚ΗΖɽޢݶΏͤ͏͏࢘͗  

Chap. 6 ʰΰʖϞΝͮࡠͱΊΓ͑ʱͲͺɼ઴হΉͲΝેخͳ͢ͱɼԢ༽Ͷ͍ͪΖຌ֪ద͵
ΰʖϞϕϫήϧϞͶேક͢ͱ͏Ζɽtext ϗʖη͹ΰʖϞͲͺ͵͚ɼຌ֪ద͵ήϧϓΡρέ
ΰʖϞͶखΕૌΞͲ͏Ζɽ͵͕ɼήϧϓΡρέͶͺɼtkinter Νͮ࢘ͱ͏ΖɽChap. 1ʛ5

ͳͺҡ͵ΕɼϪϗϩ͗ٺͶ৏͗ͮͱ͏Ζɽָसं͗ಢྙͲΰʖϞΝࡠΖͳ͏͑ΓΕɼΰʖ
Ϟ͗ർֳద؈ୱͶࡠΗΖ͞ͳΝ়ղ͢ͱ͏Ζɽ͖͢͢ɼॵৼंͶͺͯ͏ͱ͏͜͵͏͹Ͳͺ
ͳ͏͑෈҈Ν༫͓Ζ͖΍͢Η͵͏ɽ  

Chap. 7 ʰؽփָसͶேક͢Γ͑ʱͲͺɼPython ͹ਕـ͹གྷҾͲ͍Ζؽփָस͗ͳΕ৏͝
ΔΗͱ͏ΖɽStep 1 ؽփָस͹֕གྷɼStep 2 ؽփָसϧ΢ϔϧϨΝಋࠟͪ͢ Anaconda ͹
΢ϱηφʖϩɼStep 3ʛ5 ͺɼຌ֪ద͵ժ଀υʖν͹෾ྪ໲ୌ͗ͳΕ৏͝ΔΗͱ͏Ζɽϧ
΢ϔϧϨͳ͢ͱͺɼNumPyɼmatplotlib ͗࢘ΚΗͱ͏Ζɽ  

સରదͶͺɼॵิ͖ΔԢ༽ΉͲखΕѽͮͪώϧϱη͹ͳΗͪگຌͲ͍Ζɽ͖͢͢ɼஸं
Ͷͳͮͱͺʰκϫ͖ΔʱͲ͍Ζ͗ɼಣंͶͳͮͱͺʰκϫ͖ΔʱͶ͓ࢧ͵͏ͳ͞Θʤ༩ඍ
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எ͍ࣟ͗Ζ΍͹ͳՀఈ͠Ηͱ͏ΖʥͶϝηϜροϱή͍͗ΖΓ͑͵ͤ͗ـΖɽΑ͓Ͷɼͬ
Βͮͳͪ͢ͳ͞ΘͲͯΉͥ͏ͱ͢Ή͖͑΍͢Η͵͏ɽ  

Ґ৏ɼݺʓ͹گຌ͹಼༲ͳಝ௅͕Γ;ॵৼं͗ͪͣ״һেΝΉͳΌͪɽ࣏Ͷɼ3 گ͹࡯
ຌ͹સରద͵ಝ௅ΝΊͱ͏͚ɽ  

2.2.2. � ෉࡟ඹ㏻ࡿࡍⰋ࡜࠸ᝏ࠸Ⅼ 

઴হͲͺɼ3 ຌͳ͢ͱ͹گͱͪ͗͘ɼ͞͞Ͳͺॵָं༽͹ݡʓͶݺຌΝگ͹࡯ 3 ڠͶ࡯
௪ͤΖಝ௅Νྒྷ͏ͳ͞Θʀѳ͏ͳ͞Θͳ͏͑؏఼͖ΔΊͱ͏͚ɽ  

ྒྷ͏ͳ͞Θʁ  

̏ʥָ स಼༲͗হͳ͢ͱΉͳΌΔΗͱɼ਒Ί۫͗߻෾͖ΕΏͤ͏Γ͑Ͷ޽෋͠Ηͱ͏Ζɽ 

̐ʥ΢ϱηφʖϩ͹ஊ֌͖Δմઈ͠Ηͱ͏Ζɽಢཱིͪ͢হ͗ΚΕ΀ΔΗͱ͏Ζɽ  

̑ʥໃັף૫Ͷ͵Δ͵͏Γ͑ͶΰʖϞ͗Ԣ༽ͳ͢ͱɼͳΕ͍͝ΔΗͱ͏Ζɽ  

̒ʥγϱϕϩϕϫήϧϞ͗ Web ͖ΔξΤϱϫʖχͲ͘ΖΓ͑Ͷ͵ͮͱ͏Ζɽ  

ѳ͏ͳ͞Θʁ  

̏ʥઈ໎෈ଏ͵ͳ͞Θ͍͗Ζɽ͵ͧ͗ൊ͜ͱ͕ΕɼళԾΕదͶॽ͖Ηͱ͏Ζɽ  

̐ʥஸंͺɼॵৼंͲͺ͵͏͹Ͳɼ෾͖ͮͱ͏Ζ΍͹ͳ͢ͱॽ͏ͱ͏Ζɽ  

̑ʥؾ࠸ఈٝ͵ʹͶ΀ΗΔΗͱ͏͵ ʤ͏ϓϧένϩ͵ʹɼܙ͹ՌָճదͶͺ෼ଏΕ͵͏ʥɽ 

̒ʥClass ͵ʹ͹ߴ໪͗͵͏ɽঙ͢਒ΞͫϕϫήϧϝϱήͲͺࠖΖͫΘ͑ɽ  

͞͹Γ͑ͶΊͱ͏͚ͳɼॵΌͱ Python Ͷ΀Ηͪॵৼं͗ϕϫήϧϝϱήΝ͘޹Ͷ͵Εɼ
ΰʖϞ͵ʹ͹ϕϫήϧϞΝࣙ༟ͶࡠΗΖΓ͑Ͷ͵ΖͶͺɼΉͫΉͫଡ͚͹՟ୌ͗ͮ࢔ͱ͏
ΖΓ͑Ͷ͓ࢧΖɽ  

2.3. �� ೖͲ �  ͹೘໵ॽΝಣΊश͓Ζ࡯

઴হͲ়ղͪ͢ 3 ͹೘໵ॽΝ࡯ 10 ೖͲಣΊश͓ͪɽ͵ͧɼ10 ೖͳ͏͑੏ݸΝઅఈͪ͢
͖Ͷͯ͏ͱͺɼ3 ೖ͖Δ 1 ुؔͲಣΊश͓Ζ͹ͺɼ୻͙ͤͱන໚Ν͵ͩΖͫ͜Ͷ͵ΖՆ೵
੓͍͗ΖɽΉͪɼ1 ͖݆΍͖͜ͱಣ΋͹Ͳͺɼ౏஦ͲݑͶ͵ΖՆ೵੓͍͗Ζͳ͖͓ͪߡΔ
Ͳ͍ΖɽҐԾͶɼ10 ೖͲ 3 Όͱɼන͕̏Γ;න؜Νؔغ࿧Νɼ६ඍى͹೘໵ॽΝಣΞͫ࡯
̐ͶΉͳΌͪɽ  

න̏ʁ६ඍؔغ  

ೖ ෉ ࿧ىಊߨ   

2020 ೧ 2 ݆ 7 ೖ (ۜ) ঋ໨ॽవ(৿್͹ٸవ)Ͷͱ 3 ͹ຌ߬೘࡯  

2020 ೧ 2 ݆ 8 ೖ (ౖ) Pythonista3 Ν apple store Ͳ߬೘  

2020 ೧ 2 ݆ 10 ೖ(ೖ) Python3.8.1 Ν PC Ͷ΢ϱηφʖϩ  

 

઴হͲ়ղͪ͢ 3 ͹೘໵ॽΝ࡯ 10 ೖͲಣΊश͓ͪɽ͵ͧɼ10 ೖͳ͏͑੏ݸΝઅఈͪ͢
͖Ͷͯ͏ͱͺɼ3 ೖ͖Δ 1 ुؔͲಣΊश͓Ζ͹ͺɼ୻͙ͤͱන໚Ν͵ͩΖͫ͜Ͷ͵ΖՆ೵
੓͍͗ΖɽΉͪɼ1 ͖݆΍͖͜ͱಣ΋͹Ͳͺɼ౏஦ͲݑͶ͵ΖՆ೵੓͍͗Ζͳ͖͓ͪߡΔ
Ͳ͍ΖɽҐԾͶɼ10 ೖͲ 3 Όͱɼන͕̏Γ;න؜Νؔغ࿧Νɼ६ඍى͹೘໵ॽΝಣΞͫ࡯
̐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  

 

ຌΝಢसͤΖͳͳ΍ͶɼΨϨζψϩ͵ΰʖϞϕϫήϧϝϱήͶேકͪ͢ɽPCگ ͳܠଵ
୼຦ʤiPhoneɼiPadʥͲ͕͞͵ͮͪΰʖϞϕϫήϧϝϱήࣰભ͹գఖΝන 3 ͶΉͳΌͪɽ
͵͕ɼॵΌ͹ஊ֌ͺɼگຌͶͪ͗ͮͪ͢ϕϫήϧϝϱή͹ָस಼༲ͳΨϨζψϩ͵ΰʖϞ
ϕϫήϧϝϱή͗Ψʖώʖϧρϕ͢ͱ͏ͪɽࣰભͪ͢ϕϫήϧϝϱήͶͯ͏ͱɼࡠ੔ͪ͢
ϕϫήϧϞΝࣖ͢͵͗Δɼන̑͹ى࿧Νึͮͱ͏͚ɽ͞͹ஊ֌Ͳͺɼϕϫήϧϝϱήٗढ़
ͳ෾͖ΕΏͤ͠ʤॵৼं͚͗ͯΕΏͤ͠Ͷ఼॑Ν͕͏ͱ͏Ζ͹Ͳɼ_main()_ͳ͏͑Γ͑͵
ΗΖϕϫήϧϞͶ͵ͮͱ͏ΖɽʥͶ఼॑Ν͕͏ͱ͏͠ߨΕ๏Ͷ͢ͱ͏͵͏ɽ৏͖ΔॳͶࣰࡠ
Ζɽ۫ ରద͵ೖఖͳ಼༲ͺɼҐԾ͹௪ΕͲ͍Ζɽ2 ݆ 19 ೖʁ͕Ί͚ͣϕϫήϧϞΝ͚ͯΖɽ
Python ௔೘໵ʤDay5 Stage17 ͶɼʗϏ΢λϱͲ͕Ί͚ͣΝ͚ͯΘ͑ʗ1 ೖ໪(2 ݆ 12 ೖ)ʥ
Ͷͪࣇ΍͹͍ͮͪʤ2 ݆ 27 ೖͶ͗ـ෉͚ʥɽཛྷ਼Ν͖͕ͯͮͪΊ͚ͣ͹ϕϫήϧϞ͹Ϩη
φΝ෉࿧̏ϕϫήϧϞ̏ʛ̑Ͷͦࡎͱ͕͚ɽϕϫήϧϞ͖̏Δ̑ͺɼϕϫήϧϞ͹਼ߨΝ
୻͚݁؈Ͷ͵ΖΓ͑Ͷͪͫ͢͜ͲɼಋͣಊࡠΝͤΖϕϫήϧϞͲ͍Ζɽ͵͕ɼॵৼंͺɼ
૟Ͳ͍״ଡ͚͵ͮͱ΍ɼ෾͖ΕΏ͚ͤϕϫήϧϝϱήͪ͢๏͗ྒྷ͏ͳͫΘ͑ͳ͏਼͑͗ߨ
Ζɽ  

સରͳ͢ͱɼh Ώ͢͠͏೘໵ॽͺɼॵৼंͶ༑͚͢͵͏ɽɦ ͳ͏͑һেͲ͍ΖɽΉͪɼ͞
͞Ͳ͍ͪ͝ 3 ͳ͵ΖຌͶͯ͏ͱफ़΄ͱ͕͚ɽ೘໵ߡࢂͶɼޛຌΝಣΊश͓ͪگ͹࡯
Python3[4]ͺɼC Ͷ͕͜ΖηνϱξʖχͲ͍ΖΩʖωύϱˏϨροʖ͹ຌ[18]ͶଲԢޢݶ
͢ɼࣛॽదͶ΍ϜωϣΠϩదͶ΍͓࢘ΖɽΉͪɼঙ͢਒Ξͫ೘໵ॽͳ͢ͱɼಅྰࢃஸ͹ຌ
[19] ͗ྒྷ͏ͫΘ͑ɽࠖͮͪͳ͘΢ϱνʖϋρφͲ͢ࡩݗɼඉ৙Ͷༀཱིͮͪ HomePage ͹
಼༲ΝΉͳΌͱຌͶͪ͢΍͹Ͳ͍Ζɽ   
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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࠸ఈٝ΃ேક  ֌৒  

3 ݆ 4 ೖ  Ωϱφʖϩɼαρϙॄ߻  

ϓϧένϩਦܙ ੔׮   

3 ݆ 5 ೖ ϓϧένϩਦܙ ੔׮    

3 ݆ 3 ೖ ηΫʖϕϫήϧϞ֋࢟  ηΫʖϕϫήϧϞ֋࢟  

3 ݆ 6 ೖ ηΫʖΰʖϞ  

(ΫʖϚʖχ೘ྙαϱφϫʖϩ) ׮੔  

 

3 ݆ 9 ೖ  ηΫʖΰʖϞ  

(Յଐౕιϱγʖαϱφϫʖϩ) ׮੔  

3. 3\WKRQ ϕϫήϧϝϱήͶேક 

10 ೖͲگຌ͹ָसΝश͓ͪ͹ͬɼگຌ͖ΔҲ୶཯ΗɼಢࣙͶඵժϕϫήϧϞͶேકͪ͢ɽ
͹Ռָճ͹୉͘͵τʖϜͲ͍Ζʰժ଀ʱͶؖ࿊͢ͱɼPythonܙ Ͷ಼ใ͠Ηͱ͏Ζ Turtle 

Graphics ٶ; tkinter Νͮ࢘ͱ͕ֈඵ͘ΝͤΖɽ  

 దΠϩβϨθϞؾ࠸ .3.1

Python Νͮ࢘ͱɼࣙΔΝݼ;ड़ͤߑଆΝ΍ͮͪؾ࠸దΠϩβϨθϞΝ͓ߡΓ͑ɽؾ࠸ద
ΠϩβϨθϞͺɼ3 ຌͲͺखΕѽΚΗͱ͕ΔͥɼॵΌͱซ͚ͳೋͨ͑͢Ͷซ͓͞Ζگ͹࡯
͖΍͢Η͵͏ɽ͖͢͢ɼؾ࠸దΠϩβϨθϞͺɼ֌৒͹ࢋܯΏϓϧένϩਦܙ͹ඵժͶ࢘
ΚΗΖɽ͵͕ɼϓϧένϩਦܙͺɼαρϙۄતΏϘϱϫʖθν΢ϩ͗ܙ͹Ռָճࢿ͹නࢶ
ͳ͢ͱ΍࢘ΚΗͱ͏Ζɽ  

Γ͑ɽ̿͹͓ߡΝࢋܯୱͲࣰ͖ͯ༽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;ݼ໪Ͳɼkaijyou()Νߨ
ͱ͏Ζ͹͗෾͖Ζɽ਼ؖ͹஦Ͳࣙ෾ࣙਐΝݼ;ड़͢ͱ͕Εɼؾ࠸దͶॽ͚͞ͳ͗Ͳͪ͘ɽ  

Νඵ͏ͱΊܙਦ͵(self-similar)ࣇ૮ހͱɼࣙͮ࢘Ν(recursive function)਼ؖؾ࠸Ͷɼ࣏



 

t 65 t 
 

Γ͑ɽਦ̑ͺɼ਼ؖؾ࠸Νͮ࢘ͱඵ͏ͪɼΩϱφʖϩॄ߻(Cantor Set)ͳαρϙۄત(Koch 

Curve)Ͳ͍ΖɽϓϧένϩشՁָͲɼΓ͚எΔΗͪਦ͗ܙඵͪ͜ɽΩϱφʖϩॄ߻(Cantor 

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

Ͳ Python Shell Νཱིͬ৏͝ͱ Help ͹ Turtle Demo Νમ΁ͳɼChaosʤLogistic ࣺ଀Ν΍
ͬ͏ͪ ChaosʥɼFractalɼPenrose tiling ͵ʹ͹υϠΝֺ͢΋͞ͳ͗Ͳ͘Ζɽ  

 

 

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 ͹ಝ௅͹Ҳͯͺɼ iPhone (iPad)͹֦झιϱγʖΝ͓࢘
Ζϧ΢ϔϧϨΝγϛʖφ͢ͱ͏Ζ͞ͳͲ͍Ζɽ͞͹ཤ఼Νਫ਼͖ͤͳɼଡ༹͵ϕϫήϧϞ͗
੣ࡠͲ͘Ζɽ  

͞͞Ͳͺɼ iPhone (iPad)͹ՅଐౕιϱγʖΝͪͮ࢘ΰʖϞΝͪͮࡠɽΉͥɼ import 

motion Ͳϧ΢ϔϧϨΝಣΊࠒ΋͞ͳͶΓΕɼmotion.get_gravity()Ͳ(x, y, z)͹॑ྙΝܯ଎
Ͳ͘ΖΓ͑Ͷ͵Ζɽ஭қ͢͵͜Ηͻ͵Δ͵͏͹ͺɼmotion.start_updates()ͳ͢ͱ͕͖͵͏
ͳɼܯ଎Ν࢟ΌΔΗ͵͏͞ͳͲ͍Ζɽਦ 4 ͶɼηΫʖΰʖϞ͗ಊ͢ࡠͱ͏ΖྭΝࣖͤɽΉ
ͥɼϪϗϩΝ͖̏̐ͶΓͮͱમ΁ͳΰʖϞ͗ηνʖφͤΖɽͨ͢ͱɼiPhone Νܑ͜Ζ͞ͳ
ͶΓͮͱɼηΫʖϢʖΝࠪӊͶҢಊͦ͠Ζɽηνʖφஏ఼͖Δβʖϩϧ΢ϱͶࢺΖΉͲ͹
ؔͶɼϜʖέΝ௪Ζͳɼϛ΢ϱφΝΰρφͲ͘Ζͳ͏͑ΰʖϞͲ͍Ζɽ 
 

D� 

E� 
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ਦ̒ʁηΫʖΰʖϞ͹ࣰྭߨΝ 2 ྭࣖͤɽa)ɼc)Ͷ Turtle Graphics ͹ड़ྙΝɼb)ɼd)Ͷ Console

͹ड़ྙΝࣖͤɽ  

5. ͕ΚΕͶ 

60 ͮ͵Ν͕͞ڂݜྭࣆΝָ΁͞ͳ͗Ͳ͘Ζ͖͹ޢݶΝ௔͓ͱ৿͢͏ϕϫήϧϝϱήࡂ
ͪɽPython ͶॵΌͱৰΗͱɼʹ ͹͚Δ͏͹ؔغͲΰʖϞϕϫήϧϞ͚͗ͯΗΖ͖Ͷேક͢
ͪɽ͠ͱɼऑ೧ंͳ߶ྺंͶ୉͘͵ࠫͺ͍Ζ͹ͫΘ͖͑ʃऑ͏ָਫ਼͗ Python Νʹ͹Γ͑
ͶͳΔ͓ͱ͏Ζ͖ΝஎΖͪΌɼ୉ָਫ਼͕Γ;୉ָӅਫ਼ΝଲেͶ Python ͶؖͤΖΠϱίʖ
φ௒ࠬΝ͕͞͵ͮͪɽָਫ਼͹ Python ͶଲͤΖָसয়ڱΝஎΖ͞ͳ͗Ͳ͘ɼ͠ΔͶ৿͢͏
ϕϫήϧϞޢݶͶखΕૌ΋ͳ͘Ͷɼ߶ྺंͳऑ೧ं͹ؔͶࠫҡ͍͗Ζ͖ʹ͖͑Ν໎Δ͖Ͷ
Ͳ͘ΖՆ೵੓͍Ζɽ  

ෳҬ୉ָָ޽෨ؽփʀεητϞָ޽Ռ͹ඉતܙՌָ࣪ڂݜ͹ָ෨ָਫ਼ͳ୉ָӅਫ਼Νଲে
Ͷ 2020 ೧ 5 ݆ 11 ೖͶϕϫήϧϝϱήͶؖͤΖΠϱίʖφ௒ࠬΝ͕͞͵ͮͪɽΠϱίʖφ
͹಼༲ͺɼPython Ν஦ৼͶ͘޹͵ϕϫήϧϝϱήޢݶΏՁΝͪ͢͏͖ͶؖͤΖ΍͹Ͳ͍Ζɽ
ઝ঳״αϫψΤΡϩηܗͱ͏Ζɽ͵͕ɼ৿͢ࡎܟ͹Πϱίʖφͺɼ෉࿧̐ͳ͢ͱࡏࣰ
ʤCOVID-19ʥ͹ͪΌɼGoogle Classroom ղ͢ͱΠϱίʖφ௒ࠬΝࣰͪ͢ࢬɽΠϱίʖφ
݃ՎͺɼϋρφΝཤ༽͢ͱ PDF ϓΟ΢ϩͶ͢ͱశ෉ϓΟ΢ϩͳ͢ͱɼϟʖϩͲૻͮͱ΍
Δ͏ɼյफͪ͢(5 ݆ 11 ೖ 6 ਕɼ12 ೖ 1 ਕɼ13 ೖ 6 ਕɼ14 ೖ 2 ਕɼ15 ೖ 1 ਕ)ɽؽփʀ
εητϞָ޽Ռ͹ 4 ೧ਫ਼ 8 ਕɼஎ೵εητϞָ޽઒ߊ͹୉ָӅਫ਼ 1 ೧ਫ਼ 3 ਕɼ2 ೧ਫ਼ 5 ਕ
͹ 16 ਕ͹஋ָࢢਫ਼͖Δյ౶ΝಚΖ͞ͳ͗Ͳͪ͘ɽΠϱίʖφ͹ॄ݃ܯՎΝන̒Ͷࣖͤɽ  

Πϱίʖφ͖Δ Python ͶؖͤΖ͗ັڷඉ৙Ͷ߶͏͞ͳ͗෾͖ΖɽΠϱίʖφͶ͢ྙڢ
ͱ͚Ηָͪਫ਼સҽ͗ Python Νห͏ͪ͢کͳ౶͓ͱ͏ΖɽΉͪɼΆͳΞʹ͹ָਫ਼͗ Python

ͲϕϫήϧϞͪ͢ݩܨΝ΍ͮͱ͏ͪɽ͵͕ɼෳҬ୉ָָ޽෨͹ؽփʀεητϞָՌͲͺࣰ
ΏԍसͲݩ Python Νͮ࢘ͱ͏ΖɽҲൢదͶɼસࠅ͹ָ޽෨ͲɼC ;Γ͕ޢݶ Python ͺद
எ೵ʱ޽Ͷؖ͢ͱͺɼͽͳͯͶยͮͱ͏͵͖ͮͪ͗ʰਕັڷΉΗͱ͏Ζɽָਫ਼͹ࠒͶૌΊۂ
ʰਕؔ͹೶ʱh ΰʖϞʱͶൔ਼Ґ৏͹ָਫ਼͗ັڷΝͮ࣍ͱ͏Ζ͞ͳ͗෾͖Ζɽ͞ΗΔ͹෾໼
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ͲɼPython ͗Γ͚࢘ΚΗͱ͏Ζ͞ͳ΍ਕـ͹ཀྵ༟͖΍͢Η͵͏ɽ  

න̑ʁϕϫήϧϝϱήͶؖͤΖΠϱίʖφ͹ॄܯ* 

࣯໲  յ౶  

̏Python ͹ݩܨ ͍Ζ 15(8) ͵͏ 1(0) ʗ 

̐ϕϫήϧϝϱήͺ
 Ͳ͖ͤ͘޹

ͺ͏ 13(6) ͏͏͓  0(0) 
ʹͬΔͳ΍͏͓͵͏
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) 

ଵ୼຦Ͳϕϫήܠ̓
ϧϝϱήΝͪ͢͏͖ 

ͪ͢͏  5(3) ͚ͪ͢͵͏  6(3) Κ͖Δ͵͏  5(2) 

 Ζ෾໼͍ັڷ̔

(෵਼Ն) 

ϫϚρφ੏(5)5 ޜ ਕ޽எ೵ 15(8) Web ΠϕϨ  6(4) 

ਕؔ͹೶ 8(4) ΰʖϞ  9(4) ͵͢ 0(0) 

*Ωρα಼ͺӅਫ਼͹ਕ਼  
 

60 Python ͺɼඉ৙Ͷޢݶ͵ྙکॴཀྵͶؖͤΖ਼ؖ͵ʹ༙͢ͱ͏Ζ[4][19]ɽͨΗΑ͓ɼ
ͨ͹ઞࡑ೵ྙΝӀ͘ड़ͨ͑ͳͤΖͳʤ༹ʓ͵਼ؖ͵ʹΝ͕͑࢘ͳͤΖͳʥɼ݀ ͢ͱ༑͢͏ϕ
ϫήϧϝϱήޢݶ ͳ͓ݶ͵͏Ն೵੓͍͗ΖɽC ͹Άְ͓͑͗Ζ͞ͳ͗ঙ͵͏ɽ2ʹ͵ޢݶ

ͯ͹ޢݶ͹ηνϱξʖχ͵ຌɼΩʖωύϱˏϨροʖ͹ C ͹ຌ[18]ͳޢݶ Python3[4]͹
ຌ͹͠޲ΝർֳͤΖͳ෾͖ΖɽٱͶɼPython ͺ਼ؖΏϧ΢ϔϧϨ͗ैࣰ͢ͱ͏Ζ͹ͲɼҲ
୶ɼཀྵմͤΗͻֺ͖΍͢Η͵͏ɽ͞Ηͺɼ਼ؖΏϧ΢ϔϧϨΝ͞͏࢘͵ͤ͹Ͷ͖͖͗ؔ࣎
Ζ͞ͳΝқັͤΖɽ  

τʖڂݜ͵͹ՌָճͶ͕͏ͱɼժ଀ॴཀྵɼϏνʖϱ೟ࣟͺɼָճઅཱི౲ॵ͖Δ͹୉͘ܙ
ϜͲ͍ΖɽPython ͺɼժ଀ॴཀྵΏϏνʖϱ೟ࣟͶɼ๴୉͵ϧ΢ϔϧϨΝ༙͢ͱ͏Ζɽໃྋ
Ͳ͍Ζ͹΍୉͘͵ಝ௅Ͳ͍ΕɼॵغαηφΝචགྷͳָͦͥसΝ࢟ΌΔΗΖɽॵิϪϗϩ͹
೘໵ॽͲ͓͠ɼժ଀ॴཀྵΝରݩͲ͘Ζ[6]ɽ࣏ͶɼPython Ͷঙ͢׵ΗͪΔಣ΋ͳ໚പ͏ຌ
Ͷͯ͏ͱफ़΄ΖɽࡑݳɼPython ͗஭໪͠Ηͱ͏Ζ͹ͺɼAI ͳؖ࿊͗਄͏ͪΌͲ΍͍Ζɽ
AIɼಝͶɼDeep Learning ͹෾໼Ͷ͕͏ͱͺ Python͗ηνϱξʖχͶ͵ͮͱ͏Ζ[20][21]ɽ
Python ͳ Deep Learning Νห͢کͱΊͪ͏ͳͪͮࢧ๏Ͷͺɼࡊ౽ஸʁκϫ͖ΔࡠΖ Deep 

Learning[20]ΝપΌΖɽ࠹ఁݸ͹ Python ͹෰स͖Δ࢟ΉΕɼܙ͹Ռָճ͹कགྷ͵τʖϜ
͹ҲͯͲ͍Ζժ଀೟ࣟͶؖ͢ͱɼϏʖιϕφϫϱ͖Δωϣʖϧϩϋρφϭʖέ΃ͳմઈ͢
ͱ͏ΖɽͯΉͥ͘Ώͤ͏ͳ͞ΘΝ஺ೣͶึ͏͵͗Δɼ෾͖Εҝ͚ཀྵմͲ͘ΖΓ͑Ͷ޽෋͠
Ηͱ͏Ζɽࡑݳɼܠଵ୼຦͓͍͠ΗͻɼPC ͗͵͚ͱ΍ Python ͹ϕϫήϧϝϱήͶேકͲ
͘Ζ͹Ί͵Δͥɼ਄૜ָस͵ʹΝରݩͲ͘ΖɽGoogle Colaboratory [22]Ώ Sony ͹ Neural 

Network Console[23]ͺɼPython Ͳϧ΢ϔϧϨΝ͏࢘ Web ৏Ͳ਄૜ָसΝࣰߨͲ͘ΖΠϕ
ϨίʖεϥϱͲ͍Ζɽ͞ΗΔͶΓͮͱɼPython ͕Γ;ؽփָसΏ Deep Learning Νָ΁
͘͢͏͗ఁ͚͵ͮͱ͘ͱ͏Ζ͞ͳͺັڷ਄͏͞ͳͲ͍Ζɽ  

Ґ৏ɼ60 Νӿ͓ͱࡂ 10 ೖͲ Python ͲΰʖϞΝࡠΗΖΓ͑Ͷ͵Ζ͖ɼ͕Γ;گຌ͹ಢ
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सͶΓΖָसգఖ͹ྭࣆΝࣖͤ͞ͳ͗Ͳͪ͘ɽΉͪɼ20 ೖ༪ΕͲɼιϱγʖ͵ʹΝͪͮ࢘
ຌ֪ద͵ΰʖϞΝ੣ࡠͲ͘ΖΓ͑Ͷ͵ͮͪྭࣆΝࣖͦͪɽࡑݳɼ৿ܗαϫψΤΡϩη״ઝ
঳Ք͹ॶҟͲɼࣙ୒ۊແ͗ਬও͠Ηͱ͏ΖɽҲൢదͶࡂΝͳΖͳͳ΍Ͷ৿͢͏͞ͳͶேક
ͤΖ͞ͳ͗ۦघͶ͵ͮͱ͚Ζ͗ɼࣙ୒ۊແ͹ཤ఼Νਫ਼͖͢ɼ৿͢͏͞ͳͶேકͤΖοϡϱ
η͖΍͢Η͵͏ɽޛ࠹Ͷɼຌ͗ڂݜɼ৿͚͢ϕϫήϧϝϱήޢݶͶேક͢Γ͑ͳͤΖ๏ʓ
͹ϐϱφͶ͵Ζ͞ͳΝغଶͤΖɽ  

ःࣛ 
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෉࿧̏  Python ϕϫήϧϞ͹Ϩηφ  

ʴ஭ʵՁ࣎ϕϫήϧϞ͗׮੔ͪ͢͹͖͗෾͖ΖΓ͑ͶɼϕϫήϧϞ໌͹ӊวͶ׮੔ೖ͗࣎
͵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('ࠕೖ͹ӣ੐ͺ ', 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('ࠕೖ͹ӣ੐ͺ ', + choice(ofuda) +'Ͳͤɽ ') 

 

ϕϫήϧϞ̑ ϕϫήϧϞ 1 Ν 2 Ͷॽ͏ͪ΍͹݁؈Ͳߨ  

from random import * 

print('ࠕೖ͹ӣ੐ͺ{}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) # ήϧϓΡρέ͹γ΢θΝ͘ΌΖ  

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౲ ͨΗҐ৏ͫͳඵժ͗ؔͶ߻Κ͵͏  

turtle.right(90) # turtle (໾һ) Ν઴͘޴ͶͤΖ  

 

# 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 භ΍ಊͤࡠΖΓ͑ͫ  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) 
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෉࿧̐  

ϕϫήϧϝϱήޢݶͶؖ͢ͱ  
೧  ݆  ೖ  

੓พʤ  ஋ ʀ ঃ ʥ  

೧ྺ        ࡂ  

     

ΠϱίʖφͶ͢͏ب͕ྙڢΉͤɽ ʤ˚ͶοΥρέ͢ͱ͚ͫ͠͏ʥ 
 

1. Python Νͮ࢘ͱϕϫήϧϝϱήͪ͢͞ͳ͍͗ΕΉ͖ͤʃ 

    ͏͵ ˚   Ζ͍ ڧ

 

2. ϕϫήϧϝϱήͺ͘޹Ͳ͖ͤʃ 

͓͏͏ ˚   ͺ͏ ڧ    ˚ ʹͬΔͳ΍͏͓͵͏  

 

ͱ͚ͫ͠͏ɽ͓گΝҲͯޢݶϕϫήϧϝϱή͵͘޹ .3  

  ++C ˚ JAVA ˚ Python ˚ C ڧ

 ͹ଠʤ      ʥͨ ڧ

 

4. ห͏ͪ͢کϕϫήϧϝϱήޢݶΝҲ͓ͯگͱ͚ͫ͠͏ɽ  

  ++C ˚ JAVA ˚ Python ˚ C ڧ

 ͹ଠʤ      ʥͨ ڧ

  ͏͵ ڧ

 

 ଵ୼຦ͲϕϫήϧϝϱήΝͪ͢͏Ͳ͖ͤʃܠ .5

͏ͪ͢ ڧ   ˚ ͚ͪ͢͵͏  ˚ Κ͖Δ͵͏  

 

6. ҐԾͶࣖ͠Ηͪ෾໼͹஦Ͳ͍͗ັڷΖ΍͹Ν͓گͱ͚ͫ͠͏ʤ෵਼Նʥɽ  

ޜϫϚρφ੏ ڧ   ̊  ਕ޽எ೵  ˚  Web ΠϕϨίʖεϥϱ  ˚  ਕ
ؔ͹೶  

ΰʖϞϕϫήϧϝϱή ڧ   ˚ ͵͢ 

 

 

 

৚ๅ͹खΕѽ͏Ͷͯ͏ͱʁຌΠϱίʖφͲಚΔΗͪݺਕ৚ๅͶؖ͢ͱͺɾ׈ڂݜಊ͹໪ద͹ΊͲ࢘༽

͢ɾ͟ຌਕ͹ಋқ͵͚୊ंࢀͶ֋ࣖʀ఑ͤڛΖ͞ͳͺ͏ͪ͢ΉͦΞɿ  
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(2020 ೧ 8 ݆ 24 ೖण෉ɾ2020 ೧ 8 ݆ 30 ೖणཀྵ) 

1. ͺͣΌͶ 

Python ͺɼࡑݳ΍ͮͳ΍ਕ͍͗ـΖϕϫήϧϝϱήޢݶͲ͍ΖɽΉͪɼϕϫήϧϝϱή
ॵৼंͶ΍ָस͗༲ҝ͵ϕϫήϧϝϱήޢݶͳ͢ͱஎΔΗͱ͏Ζɽ͖͢͢ɼαϱϒϣʖν
Ͷ෈׵Η͵ॵৼंͶͳͮͱͺɼָसڧ؂Ν੖͓Ζஊ֌ͲͯΉͥ͏ͱ͢Ή͖͑΍͢Η͵͏ɽ
ͨ͹ͪΌɼଡ͚͹ Python ͹گຌͺɼ΢ϱηφʖϩͶ̏ͯ͹হΝׄ͏ͱ͏Ζɽ΍͢ɼ΢ϱ
ηφʖϩͤΖ͞ͳ͵͚ɼͤ͛Ͷ Python Ν͓ͪ࢘Δɼϕϫήϧϝϱή͹ύʖχϩ͗ఁ͚͵
ΖͫΘ͑ɽ  

Google ͗఑ͤڛΖ Colaboratory[1]ͺɼPC ͵ʹΝචགྷͳͦͥɼηϜʖφϓΧϱ͵ʹ͹ܠ
ଵ୼຦͍͗Ε Web ϘʖζͶΠέιη͓͠Ͳ͘Ηͻཤ༽Ͳ͘ΖɽColaboratory ͺɼJupyter 
Notebook ΝϗʖηͶ͢ͱ͕ΕɼؽփָसɼAIʤArtificial Intelligenceʥ͵ʹͶ΍༲ҝͶख
ΕૌΌΖΓ͑Ͷ͵ͮͱ͏Ζɽ͞͞ͲͺɼColaboratory Νͮ࢘ͱɼܙ͹Ռָ͹໚പ͠Ν়ղ
ͤΖɽ  

2. &RODERUDWRU\ ͳͺ 

Colaboratory ͺɼ Web ৏Ͳ Python Ν͓࢘Ζڧ؂Ͳ͍Ζɽ Google ΠΩΤϱφ
ʤxxx@gmail.comʥΝ΍ͮͱ͕Ε Colaboratory ͹ HomePage ͶΠέιη͓͠Ͳ͘Ηͻɼͤ
͛Ͷ͓࢘ΖΓ͑Ͷ͵Ζɽ͵͕ɼGoogle ΠΩΤϱφͺ؈ୱͶ೘घͲ͘Ζ͹ͲɼͤͲͶͮ࣍ͱ
͕ΔΗΖ๏΍ଡ͏ͫΘ͑ɽΉͫɼGoogle ΠΩΤϱφΝ΍ͮͱ͏͵͏ಣंͺɼΉͥΠΩΤϱ
φΝ೘घ͢Γ͑ɽ  
ͶɼColaboratory࣏ ͹ HomePageʤhttps://colab.research.google.com/ʥͶΠέιη͢

Γ͑ɽਦ 1 ͶࣖͤΓ͑͵ʰColaboratory ΃Γ͑ͨ͞ʱ͹Ϙʖζ͗ड़ͱ͚ΖͫΘ͑ɽ  



 

t 76 t 

 
ਦ̏ʁh Colaboratory ΃Γ͑ͨ͞ʱ͹ Web Ϙʖζɽ  

Colaboratory ͹ͺͣΌͶͪ͗ͮ͢ͱɼColab όʖφϔρέΝͮ࢘ͱΊΖɽColab όʖφ
ϔρέͺɼPython ͹αʖχΝىफ़͢ͱࣰߨͲ͘Ζڧ؂Ͳ͍Ζɽਦ 1 ͹αʖχιϩͲͺɼు
୐ͳ͢ͱ Python Νͮ࢘ͱ͏ΖɽҐԾͶͨ͹ྭΝݡͱΊΓ͑ɽ  

 
seconds_in_a_day = 24 * 60 * 60 

seconds_in_a_day  

 
 

1 ໪Ͳร਼ߨ seconds_in_a_day Ͷ਼஍Νେ೘͢ɼ2 ໪Ͳร਼ߨ seconds_in_a_day ͹஍Νड़
ྙͦ͠ͱ͏Ζɽ  
 
ਦ̏͹Ծ෨Ͷ͍Ζ[  ]͹Ғ஖Ͷϛ΢ϱνʖΝҢಊͦ͠ΖͳɼࣰߨϚνϱ⾥͗ࠪ৏୼Ͷݳ

Ηͱ    ͳ͵Ζ͹ͲɼέϨρέͤΖ͞ͳͲࣰ͠ߨΗΖɽαʖχιϩͳ݃ࢋܯՎ͹ड़ྙΝࣖ
ͤɽ  

 

 
ਦ̐ʁ࠹ॵͶड़ͱ͚Ζαʖχιϩͳड़ྙྭɽ   



 

t 77 t 

Python ͺϧ΢ϔϧϨΝ import ͤΖ͞ͳͶΓΕɼήϧϓΡΩϩͶήϧϓΝඵ͚͞ͳ͗Ͳ
͘Ζɽ΍ͬΘΞɼColaboratory ΍ժ଀΍खΕѽ͓ΖɽPython ͹਼஍ࢋܯϧ΢ϔϧϨͲ͍Ζ
numpy Νͮ࢘ͱ݃ͪ͢ࢋܯՎΝɼmatplotlib Νͮ࢘ͱඵժͪ͢ήϧϓ͹ྭ΍ࣖ͠Ηͱ͏Ζɽ
ਦ̑ͶɼPython ͹αʖχιϩͳड़ྙ͹෨෾Νൊ͘ड़ͪ͢΍͹Νࣖͤɽ  
 

 
ਦ̑ʁPython ͹αʖχιϩͳήϧϓड़ྙɽ  

ਦ 3 ͹Ծ෨͹ήϧϓͺཛྷ਼Νϕϫρφͪ͢΍͹Ͳ͍Ζɽnumpy ϧ΢ϔϧϨ͹ random ؖ
਼ͶΓΕ 0 ͖Δ 100 ͹ཛྷ਼Νਫ਼੔͢ɼʶ200 ͹ώ΢ΠηΝՅ͓ͪ΍͹Ν 100 Εϕϫ͚ͯݺ
ρφ͢ͱ͍Ζɽαʖχιϩ͹஦͹਼஍Νฦॄ͢ͱɼ͏Θ͏Θͳร͓ͱΊΓ͑ɽΉͥͺ͍Ή
Ε͵ΏΉͥɼΏͮͱΊΖ͞ͳͶΓΕ׵ΗΓ͑ɽϕϫήϧϝϱή͹ָसͶ͕͏ͱͺɼݩܨ৏
ʰस͑ΓΕ׵ΗΓʱ͹੠ਈͲேકͤΖ͹͗ۛಕ͹Γ͑͵ͤ͗ـΖɽ  

  



 

t 78 t 

3. αρϙۄતΝඵ͚ 

͠ͱɼColaboratory Νͮ࢘ͱʰܙ͹ՌָʱΝֺ͢ΞͲΊΓ͑ɽΉͥɼ৿͢͏αʖχιϩ
Ν६ඍͤΖʤਦ̒ࢂলʥɽ  
 

 
ਦ̒ʁ਩͘ड़͢( �ᄽᄾ)ͲαʖχιϩΝૢ೘ͤΖ༹ࢢΝઈ໎͢ͱ͏ΖɽતͲҕΉΗͱ͏Ζ෨෾͗૤
ͳࡠ Colaboratory ͹ಊࡠͲ͍Ζɽ  

 
αʖχιϩͶɼ࣏͹ϕϫήϧϞΝେ೘͢Γ͑ɽ  
 
 

!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 Νͮ࢘ͱɼαρϙۄતΝඵժͪ͢΍͹Ͳ͍Ζɽ͵ ͕ɼColaboratory
Ͳ Turtle Graphics Ν͓࢘ΖΓ͑ͶͤΖͪΌͶɼColabTurtle Ν import ͪ͢ɽ  
 
!pip install ColabTurtle 

import ColabTurtle.Turtle as turtle 

turtle.initializeTurtle() 
 
 
pip αϜϱχΝ͏࢘৏ى͹ 3 ΖΓ͑Ͷ͢ͱ͏Ζɽ͓࢘ͲɼColabTurtle[2]ϧ΢ϔϧϨΝߨ
ColabTurtle ͺɼ੏ݸͺ͍Ζ΍͹͹ Colaboratory Ͳ Turtle Graphics Ν͓࢘ΖΓ͑ͪ͢΍͹
Ͳ͍Ζ[2]ɽh ͕Ήͣ͵͏ʱͳ͓ߡͱ΍ΔͮͱΓ͏ͫΘ͑ɽ  
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লʥ͗ඵͪ͜ɽϕϫήϧϞΝঙͫ͢͜ࢂʤਦ̓ܙ͹ՌָճͲ͕͵ͣΊ͹ϓϧένϩਦܙ
մઈͤΖͳɼؾ࠸ఈٝΝͮ࢘ͱ਼ؖ koch(length1, n)Νఈٝ͢ͱ͏Ζɽ۫ରదͶͺɼ୊̒
੊େ(೘Ηߑࢢଆ͗̒͹΍͹)͹αρϙۄતΝ koch(600,4)ͳ͢ͱඵ͏ͱ͏Ζɽ͵͕ɼQˀ̓
ͶͤΖͳ͚͖ࡋ͵Ε͙ͤͱ͢Ή͑ɽ͏Θ͏Θͳ͢ࢾͱΊΓ͑ɽ  

Python ͺɼָ;Ώͤ͏ϕϫήϧϝϱήޢݶͲ͍Εʤྭ͓ͻɼ[3]ΝࢂলʥɼColaboratory
Ν͑࢘ͳͤ͛Ͷ࢟ΌΔΗΖɽͧͽɼηϜʖφϓΧϱ͵ʹͲֺ͢ΞͲ௘ͪ͜Δ͑ࢧɽ࣏յ͖
ΔΩΨηʀϓϧένϩ͵ʹ༹ʓ͵΍͹Ν়ղ͢ͱ͏͚ɽΉͪɼϕϫήϧϞͺܙ͹Ռָճ
HP ͖Δ download Ͳ͘ΖΓ͑ͶͤΖ༩ఈͲ͍Ζɽ  
 
ʤɹ஭ʥColaboratory ͹ HomePage ͖ΔΫϡϕοϡʖͪ͢ਦ̏ʛ̓ͺɼຌཔΩϧʖͲ͍Ε
പࠉͲһͤࡰΖͳݡͶ͚͏৖͍͗߻ΕΉͤɽΩϧʖͲળ໎Ͷ͏ͪݡ৖߻ͺɼColaboratory
͹ HomePage ͶΠέιη͢ͱ͚ͫ͠͏ɽɻ  

ःࣛ 

Ν܇نदɼ୉ָӅਫ਼͹߶௣࿪گΝಣΞͲ༙ӻ͵αϟϱφΝ͢ͱ͚ͫͮͪ͠∃ీभधߚݬ
ͺͣΌͳͤΖෳҬ୉ָ୉ָӅڂݜָ޽Ռஎ೵εητϞָ޽઒ߊඉતܙՌָ࣪ڂݜ͹ϟϱώ
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͵Ζ͹͖ʷ͖̔̏ࡂΔ͹  
ேકʁ͖̎Δ࢟ΌΖ Python Programmingʷɾܙ͹Ռָճࢿʤ౦ߚ஦ʥ  

 


