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̡̛̦̝̭̝̇̕ 

 ̆ ̨̧̩̱̬̥ ̧̩̝ ̟̚Ù̡̢̧̮̗̩̟̠̔ ̨̧̛̦̙̗̗̕ ̛̣̗̟̕ ̥ ̛̣̩̥Ų̢̧̟̱̀ ̩̥̪ ̩̦̱Ù̥̪ 

̨̧̛̠̗̩̗̠̪̔ ̠̗̟ ̨̨̧̛̬̗̝̚̕ ̲̥̚ ̢̨̢̫̝̟̣̮̣̓ ̩̥̟̬̥̙̦̗̫̟̳̣ ̧̩̝ ˵̨̧̛̩̦̝ ̛Ù̧̥̬̔ 

̩̥̪ ̡̗̠̥̲̍ (Ừ̦̕ ̩̗ 1620 Ù̦̥ ̨̦̟̩̥̲̍), ̧̛̗̩̟̣̕ ̬̥̪̣̓ ̨̛̗̣̗̠̗̫̕ ̨̩̥ ˸̠̦̮̩̦̟̔ 

˿̧̦̗̔. H ̟̚Ù̡̢̮̗̩̟̠̔ Ù̢̦̗̙̗̩̥Ừ̥̟̩̗̟̕ ̨̛ ̨̛̪̣̬̟̗̓ ̠̗̟ ̛Ù̕ ̩̝ ̨̛̘̟̒ ̩̮̣ ̲̥̚ 

Ừ̢̦̥̝̙̥̲̣̮̣ ̟̗̩̦̟̘̳̣̚ [1], [2] ̠̗̟ ̩̮̣ ̢̨̨̛̛̝̥̟̲̮̣̚ ̧̩̝ ̧̛̛̦̪̣̝̩̟̠̔ ̢̧̥̗̒̚ 

̨̛ ̗̪̩̱ ̩̥ Ừ̥̚̕ ([3] ̧̮̓ [11]). ̗̊ ̨̩̟̗̒̚ ̧̩̝ Ų̧̗̦̥̲̗̀ ̨̧̛̦̙̗̗̕ ̛̣̗̟̕ ̩̗ ̧̛̤̔: 

1.  ̡̛̩̝̃̓ ̢̡̛̛̞̟̮̳̣̚ ̢̢̗̞̝̗̩̟̠̳̣ ̛̣̣̥̟̳̣ ̧̩̝ ̢̢̧̗̞̝̗̩̟̠̔ ̡̨̧̗̣̪̝̒ ̠̗̟ 

̩̮̣ ̠̮̣̟̠̳̣ ̢̩̥̳̣. 

2.  ̝̫̟̗̠̎̔ ̛Ų̛̛̤̦̙̗̗̀̕ ̩̮̣ ̛̟̠̱̣̮̣ ̩̮̣ Ù̧̦̥ ̢̡̛̩̝̓ ̩̥̟̬̥̙̦̗̫̟̳̣, ̢̛ 

̨̠̥Ù̱ ̩̝̣ ̛̤̗̙̮̙̔ ̩̥̪ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̩̮̣ ̢̛̞̗̩̟̠̳̣ ̢̥̦̫̳̣ ̛̠̞̒ 

̧̩̥̟̬̥̙̦̗̫̗̕ ̨̛ ̡̡̡̠̗̩̝̝̒ ̢̥̦̫̔, ̧̠̗̞̳ ̠̗̟ ̧̩̝ ̡̨̧̗̣̪̝̒ ̧̩̥̪ ̨̛ 

pixels  ̗̣̒ cm. 

3.  ˻̟̗̩̲Ų̮̝̀ ̧̩̝  ̨̧̥̪̟̳̥̪̚ ̪Ų̧̛̥̞̮̀̓ Ừ̦̕ ̨̧̛̬̦̮̔ ̢̛̛̙̮̩̦̟̠̳̣ 

̢̠̗Ù̡̪̥̙̦̫̮̣̒ ̨̩̝ ̨̨̛̬̗̝̚̕ ̩̮̣ ̲̥̚ ̗̪̩̳̣ ̩̥̟̬̥̙̦̗̫̟̳̣. 

4.  ˼Ù̡̟̥̙̔ Ù̟̞̗̣̳̣ ̢̛̛̙̮̩̦̟̠̳̣ Ù̦̥̩̲Ù̮̣ Ù̥̪ Ù̗̦̙̗̙̗̣̔ ̧̩̥̪ 

̢̠̗Ù̡̧̪̥̙̦̫̥̪̒, ̢̛ ̠̦̟̩̦̟̗̔ ̡̧̗̦̬̗̟̥̥̙̟̠̔ ̠̗̟ ̨̧̟̩̥̦̟̠̔ ̨̧̛̫̲̮, ̨̛ 

Ù̡̦̝̔ ̨̢̪̫̮̣̗̕ ̢̛ ̧̩̟ Ừ̢̧̛̦̥̝̙̥̲̣ ̢̨̨̧̛̛̝̥̟̲̟̚. 

5.  ˸̡̨̣̪̝̒ ̢̧̗̕ ̡̧̛̤̗̣̩̝̩̟̠̔ ̢̛̞̱̥̪̚ Ų̢̧̦̥̗̦̥̙̀̔ ̢̠̗Ù̡̪̳̣, Ù̥̪ 

Ų̛̦̥̫̦̟̀̓ ̩̝̣ ̢̨̗̟̗̫̟̘̩̝̩̗̔̚ ̡̨̘̩̟̩̝̓ ̨̛̬̩̟̠̔ ̨̞̝̓ ̧̩̥̪, ̠̗̩̒ ̩̝̣ 

̣̣̥̟̗̓ ̩̮̣ ̡̨̛̗̬̩̮̣̕ ̛̩̩̦̗̙̳̣̮̣. 

6.  ˹̨̛̟̒ ̡̱̮̣ ̩̮̣ Ù̢̦̥̝̙̥̪̣̮̣̓, ̛Ų̛̟̘̘̗̮̝̀̕/Ų̨̢̧̦̥̟̥̦̟̱̀̚ ̩̮̣ 

̗̠̦̟̘̳̣ Ù̢̗̦̗̩̦̮̣̓ ̩̮̣ ̢̠̗Ù̡̪̥̙̦̫̮̣̒. 

7. ˿̢̡̨̛̛̮̝̕ ̧̩̝ ̪Ų̧̛̱̞̝̀ Ừ̦̕ ̨̧̛̬̦̮̔ ̢̠̗Ù̡̪̥̙̦̫̮̣̒, ̢̛ ̢̢̨̛̝̓ 

̗̣̗Ù̗̦̗̙̮̙̔ ̩̥̪ ̩̦̱Ù̥̪ ̨̨̧̛̬̗̝̚̕ ̩̮̣ Ừ̢̢̦̟̙̦̗̩̮̣̒ ̩̮̣ ̢̛̞̗̩̟̠̳̣ 

̛̣̥̩̩̮̣̔ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̗̪̩̳̣. ˼̣̗̟̕ ̨̢̛̗̤̟̥̝̮̩̥̕ ̱̩̟ ̗̪̩̥̕ ̥̟ 

̢̛̛̙̮̩̦̟̠̥̕ ̥̝̙̥̚̕ ̩̗̣̔ Ù̡̥̲ Ù̢̦̥̝̙̣̥̟̓ ̙̟̗ ̩̝̣ ̛Ù̥̬̔ ̧̩̥̪, ̗̫̥̲ ̩̗ 

̢̛̛̙̮̩̦̟̠̒ Ù̦̱̩̪Ù̗ ̨̩̗ ̥Ù̥̗̕ ̨̗̣̩̟̩̥̟̬̥̲̣, ̗Ù̥̥̣̩̗̣̚̕̚ ̢̬̦̟̓ ̨̢̛̦̗̔ 

̨̛ ̢̢̧̗̞̝̗̩̟̠̥̲ ̧̩̝ ̡̨̨̧̠̗̟̠̔ ̛Ù̧̥̬̔, ̢̟̗ ̡̛̬̟̟̩̗̕ ̢̛̩̒ ̩̥̣ Ù̡̨̢̥̟̩̟̱ 

̩̥̪ ˸̠̦̮̩̝̦̥̪̕. ˼Ų̧̝̀̕, Ų̦̥̟̥̦̜̥̣̩̗̟̀̚̕ ̠̗̟ ̩̗ ̗̠̦̟̘̔ ̱̦̟̗ ̩̮̣ 

̢̡̥̣̥̠̥̣̪̟̳̣̚ ̛Ù̕ ̩̮̣ ̨̢̜̮̙̦̗̫̟̣̮̣̓ ̢̛̞̗̩̟̠̳̣ ̛̣̥̩̩̮̣̔, ̧̠̗̞̳ ̠̗̟ 

̩̮̣ ̥̦̮̣̕ ̩̮̣ ̢̠̗Ù̡̪̥̙̦̫̮̣̒ Ù̥̪ ̩̗ Ù̗̦̙̗̙̗̣̔. ̗̊ ̨̛̬̩̟̠̒ 

̗Ừ̡̨̢̥̩̗̩̗̓ ̢̗̜̕ ̢̛ ̥Ù̩̟̠̔ ̗Ų̱̥̝̀̚ ̧̩̥̪ ̛Ù̕ ̩̮̣ ̛̟̠̱̣̮̣ ̩̮̣ 

̩̥̟̬̥̙̦̗̫̟̳̣ Ų̗̦̥̪̟̜̥̣̩̗̟̀̒ ̨̩̥ ̡̛̠̫̗̟̥̒ 6.3.  
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Abstract  

h̊e main purpose of this dissertation is to find the method of drawing 

of two celebrated frescoes during the Late Bronze Age, wh ich have been 

excavated at Akrotiri, Thera. Th e dissertation is based on  two PhDs [1],  [2] and 

nine publications in international scientific  Journal s of the research team in 

this field ([3] to [11]). The present work  consists of the following parts:  

1) Int roduction to fundamental notions and results  from  Calculus  and analytic 

geometry . 

2) Digital image processing of the frescoesõ images, in order to extract the 

contour  of all figures appearing in these paintings,  in an appropriate digital 

form . Determin atio n of the resolution  of every studied image, in pixels per cm.  

3)Formulation of the hypothesis that the artists had used stencils /guides  to 

draw these frescoes.  

4) Selection of possible geometric p rototypes - guides,  according to historical 

and archaeological  criteria.  

5) An in - depth explanation of an exhaustive curve fitting method, which 

ensures that two curves are optimally fit ted , in the least square sense.  

6) After all these steps, the parameters of the stencils are confirmed and/or 

computed . 

7) The hypot hesis  that geometric stencils have been used for the drawing of 

these wall paintings  is justified .  It is worthwhile noticing that these geometric 

guides were highly advanced for the era and correspond to geometric entities, 

which till now where attributed  to famous mathematicians of the classical era, 

more than 1000 years later than the Akrotiri civilization .  

Additionally , the exact limits of the se guides  are determined, along with the 

corresponding limits of the drawn contours  with which they were drawn.  All 

these results are depicted  on  the images of the frescoes in Chapter 6.3.  

Keywords: Pattern recognition, archaeometry, stencils, digital image 

processing, curve fitting , applications of computer engineering in prehistoric 

archaeology  

 

 



 
 

˼̨̧̛̪̬̗̦̟̩̕ 

˿̗ ̛̞̔ ̡̗ ̣̗ ̨̨̛̪̬̗̦̟̩̮̔ ̡̧̱̥̪ ̨̧̱̥̪ ̢̛ ̨̩̦̟̤̗̣̔ ̨̛ ̗̪̩̣̔ ̩̝̣ 

Ų̦̥̀Ừ̞̟̗̒ ̠̗̟ ̢̛ ̨̘̥̞̝̗̣̔ ̣̗ ̡̡̨̥̥̠̝̦̳̮ ̩̝̣ ̨̛̦̙̗̗̕ ̗̪̩̔.  

 ˸̦̬̟̠̒ ̠̗̟ Ụ̮̀̒ ̗Ù̱ ̡̱̗ ̞̗ ̡̛̞̗̔ ̣̗ ̨̨̛̪̬̗̦̟̩̮̔ ̩̥̣ 

̛Ù̡̟̘̓Ù̥̣̩̗ ̠̗̞̝̙̝̩̔ ̠̲̦̟̥ ̨̮̩̗̣̩̣̥́̕ ̗̇Ų̨̗̥̪̗̀̓̚. ˼̣̗̟̕ ̥ 

̣̞̦̮̒Ù̧̥ ̥ ̥Ù̧̥̥̕ ̢̛ Ừ̛̦̥̩̦̭̓ ̣̗ ̨̡̗̬̥̝̞̳ ̢̛ ̗̪̩̱ ̩̥ ̢̞̗̓, ̛̣̳ 

̗̦̬̟̠̒ ̛̬̗̕ ̢̟̗ ̛̟̗̫̥̦̩̟̠̔̚ ̒Ù̥̭̝ ̠̗̟ ̢̥̪ ̤̲Ų̛̣̝̀ ̡̱̝ ̗̪̩̔ ̩̝̣ ̗̙̒Ù̝ 

̙̟̗ ̩̝̣ ̨̟̩̥̦̗̕ ̠̗̟ ̩̝̣ ̡̗̦̬̗̟̥̥̙̗̕, Ù̥̪ ̛̛̬̕ ̢̛̛̣̟̕ ̨̢̛̤̬̗̣̝̓ ̨̛ ̠̒Ù̥̟̥ 

̨̢̛̝̥̕ ̩̥̪ ̨̛̮̩̦̥̪̓ ̛̙̳ ̢̛̩̒ ̩̝̣ ̨̛̟̗̙̮̙̔ ̢̥̪ ̨̩̝ ̨̡̬̥̔. ̛̉ ̡̱̝ ̩̝ 

̛̟̦̠̟̗̒̚ ̩̥̪ ̧̩̥̪̓ ̨̛̩̞̝̠̒ ̚̕Ù̡̗ ̢̥̪ ̠̗̟ ̢̛ ̨̛̩̦̟̤̔ ̨̛ ̡̱̝ ̩̝̣ 

Ų̦̥̀Ừ̞̟̗̒, Ų̧̦̥̫̦̥̣̩̗̀̓ ̗Ừ̡̱̬̦̗ Ừ̡̢̧̥̲̩̟ ̨̢̡̧̪̘̥̪̓ ̨̩̱̥ ̨̛ 

̢̗̠̗̝̗̯̠̱̚ ̨̱̥ ̠̗̟ ̨̩̗ ̪Ù̡̱̥̟Ù̗ ̛Ù̕Ừ̗̚, ̙̟̗ ̧̩̟ ̥Ừ̧̥̕ ̩̥̣ ̨̛̪̬̗̦̟̩̳ 

Ù̦̗̒ Ù̡̥̲. ˼Ų̧̝̀̕ ̩̥̣ ̨̛̪̬̗̦̟̩̳ ̛̠ ̧̘̞̥̪̒ ̧̠̗̦̗̚̕ ̙̟̗ ̩̝̣ ̢̛̠̗̞̝̦̟̣̔ 

̨̪̣ ̨̛̦̙̗̗̕ Ù̥̪ ̢̛̛̬̗̕,  ̙̟̗ ̧̩̟ ̒Ừ̧̛̟̦ ̨̢̧̩̟̙̓ ̡̙̟̥̪̓ Ù̥̪ ̢̛̛̬̗̕ ̛̛̠̣̗̕ 

̩̗ ̡̛̛̗̩̮̩̗̕ ̘̦̟̗̒̚ Ù̥̪ Ų̢̛̛̦̣̥̲̗̀, ̧̭̬̣̥̣̩̗̒ ̩̝̣ ̢̓Ų̛̣̪̝̀ ̩̮̣ 

̡̡̛̠̗̟̩̬̣̳̣ 3650 ̬̦̱̣̮̣ Ù̦̟̣ ̨̧̩̟ ̧̛̩̥̟̬̥̙̦̗̫̕ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕. ˾ 

̨̢̪Ų̛̱̦̪̝̀ ̢̗̜̕ ̩̥̪ ̛̬̟̓ ̢̱̣̥ ̡̥̫̝̓ ̙̟̗ ̢̣̗̓ ̨̩̱̥ ̛Ų̢̟̩̝̥̣̟̠̀̒, ̭̪̬̟̠̒ 

̠̗̟ Ự̢̪̗̩̟̠̀̒. 

 ̛̉ ̗̪̩̱ ̩̥ ̨̢̛̝̥̕ ̞̗ ̡̛̞̗̔ ̣̗ ̨̨̛̪̬̗̦̟̩̮̔ ̠̗̟ ̧̩̥̪ ̡̡̧̥̪̒ ̲̥̚ 

̛Ù̡̟̘̓Ừ̧̥̣̩ ̧̩̝ ̨̧̛̦̙̗̗̕, ̩̥̣ ̠. ̨̥̪̠̥̲̩̝́ ̠̗̟ ̩̥̣ ̠. ̟̠̟̳̦̝̌. ˴Ừ̥̩ 

̧̩̥̪ ̨̛̬̦̟̩̝̠̗̒ ̩̗̣̔ ̚̕Ù̡̗ ̢̥̪ ̠̗̟ ̥̟ ̨̢̡̧̪̘̥̪̓ ̧̩̥̪ ̢̛ ̨̥̝̙̥̲̗̣̚ ̨̩̝̣ 

̨̨̮̩̔ ̨̛̠̗̩̲̞̪̣̝.  

 ˼Ù̕ ̨̧̝ ̞̗ ̡̛̞̗̔ ̣̗ ̨̨̛̪̬̗̦̟̩̮̔ ̩̝̣ ̛̥̟̠̥̙̣̟̗̓ ̢̥̪, ̩̝̣ ̢̝̩̦̗̓ 

̢̥̪ ̠̗̟ ̩̥̣ Ù̗̩̦̗̓ ̢̥̪ ̙̟̗ ̩̗ Ụ̩̗̀̒. ˼̛̟̟̠̱̩̦̗̚ ̨̩̗ Ù̡̨̗̟̗̕ ̧̗̪̩̔ ̧̩̝ 

̨̧̛̦̙̗̗̕, ̧̩̥̪ ̨̛̪̬̗̦̟̩̳ ̙̟̗ ̩̝̣ ̪Ù̢̥̥̣̔ Ù̥̪ ̠̗̣̗̣̓ ̡̱̥̣ ̗̪̩̱̣ ̩̥̣ 

̠̗̟̦̱ ̱̩̗̣ ̛Ų̛̩̦̫̗̀̓ ̢̢̛̤̝̦̳̗̩̗ ̠̗̟ Ụ̩̗̀̒ ̛̬̗̣̕ ̨̩̥ ̣̥̪ ̧̩̥̪ ̣̗ ̥̪̣̚ 

̗̣ ̢̛̗̟̕ ̡̠̗̒ ̠̗̟ ̗̣ ̢̛̬̦̟̗̜̱̥̪̣ ̠̩̟̒. ̨̧̪̟̳̝̆̚ ̩̗̣̔ ̝ ̨̢̪Ų̨̗̦̩̗̝̀̒ 

̠̗̟ ̝ ̨̩̦̟̤̝̔ ̧̩̥̪ ̙̟̗ ̣̗ ̛̤Ų̛̦̮̀̒ ̡̱̗ ̩̗ ̡̢̩̗̩̗̓ Ù̥̪ ̨̨̪̣̗̣̩̥̲̗ 

̠̗̩̒ ̩̝ ̛̟̦̠̟̗̒̚ ̧̗̪̩̔ ̧̩̝ Ų̦̥̀Ừ̧̞̟̗̒. ˼Ų̧̝̀̕ ̩̗ ̗̦̫̟̗̓̚ ̢̥̪, ˼̟̦̣̝̔, 

˸̣̩̟̙̱̣̝ ̠̗̟ ̙̣̩̟̥̀̒ ̙̟̗ ̡̱̝ ̧̩̥̪ ̩̝ ̨̩̦̟̤̝̔ Ù̧̦̥ ̩̥ ̢̧̦̥̓ ̢̥̪ ̠̗̟ ̩̝̣ 

̪Ù̢̥̥̣̔ Ù̥̪ ̠̗̣̗̣̓.  

 ̡̧̥̊̓ ̞̗ ̡̛̞̗̔ ̣̗ ̨̨̛̪̬̗̦̟̩̮̔ ̩̥̣ ̠. ̩̗̲̦̥̉, ̩̝̣ ̠. ̡̟̌̕ ,̗ ̩̝̣ ̠. 

̮̣̣̗̀̒, ̩̝̣ ̜̣̝̊̓ ̠̗̟ ̩̥̣ ˺̟̣̣̝̒. ̟̆ ̟̥̟̕̚ ̙̣̮̦̜̥̪̣̕ ̩̥ ̙̟̗̩̕ ̠̗̟ ̤̦̥̪̣̓ 

̱̩̟ ̧̩̥̪ ̡̛̥̫̮̕ Ù̡̡̥̒. 
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̡̛̫̗̟̥́̒ 1:˼̨̟̗̙̮̙̔ 
 

1.1  ̆ Ų̧̦̥̯̩̥̦̟̠̱̀ ̨̢̧̥̟̠̟̱ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ ˿̧̦̗̔ 

̩̝̣ ˵̨̛̩̦̝ ˼Ù̥̬̔ ̩̥̪ ̡̗̠̥̲̍ 

 

̆ ̨̢̧̥̟̠̟̱ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ ̧̩̝ ˿̧̦̗̔ (̛̕̚ ̛̟̠̱̣̗ 1.1), ̨̧̱̩̟ ̢̨̛̠̗̔ 

̨̩̗ ̢̨̗̓ ̩̥̪ 17̥  ̪Ù̦̥ ̨̦̟̩̥̲̍ ̗̟̳̣̗, ̛̞̫̩̝̠̒ ̠̩̮̒ ̗Ù̱ ̣̗̓ Ù̗̬̲ 

̨̢̩̦̳̗ ̨̧̛̝̫̗̟̩̟̗̠̔ ̧̩̫̦̗̓ ̣̮̒ ̩̮̣ 15 ̢̩̦̮̣̓, ̧̛̤̗̟̩̗̕ ̢̧̟̗ 

̨̧̛̩̦̩̟̗̒ ̧̠̦̝̤̝̓ Ù̥̪ ̨̪̣̘̝̓ ̨̩̥ ̨̣̝̕ ̨̩̥ ̨̢̟̩̝̗̒̚ ̗Ù̱ ̩̥ 1630  ̧̮̓ 

̩̥ 1600 Ù̦̥ ̨̦̟̩̥̲̍, ̢̛̩̒ ̗Ù̱ ̧̛̛̛̣̱̩̦ ̢̡̧̛̛̩̓ [5]. ˸̪̩̱ ̩̥ ̡̨̨̠̥̥̟̗̥̪̕ 

̢̧̛̙̞̥̪̓ ̡̛̙̮̥̙̟̠̱ ̨̢̪̘̣̒ ̠̗̟ ̥ ̩̦̱Ù̧̥ ̢̛ ̩̥̣ ̥Ù̥̥̕ ̛̙̟̣̓, Ừ̛̗̙̭̕̚ 

̨̩̥̣ ̛̛̦̟Ù̢̮̣̥̓ ̨̢̥̟̠̟̱ ̡̪̟̠̱ ̠̗̟ ̨̛̩̥̟̬̗̕ Ù̥̪ ̨̢̛̦̗̔ ̥̪̣̚̕̚ ̩̝ 

̪̣̗̩̱̩̝̩̗̚ ̣̗ ̨̢̨̛̬̝̗̩̟̩̕ ̢̟̗ ̨̛̬̩̟̠̒ ̧̗̠̦̟̘̔ ̛̟̠̱̣̗ ̧̩̝ ̧̠̥̟̣̮̣̗̕ ̨̩̥ 

˸̟̙̗̥̕, ̠̗̩̒ ̩̝̣ Ừ̦̥̥̕̚ ̧̩̝ ˵̨̧̛̩̦̝ ˼Ù̧̥̬̔ ̩̥̪ ̡̗̠̥̲̍ (1600 -1100 Ù̦̥ 

̨̦̟̩̥̲̍). ̟̆ ̨̧̗̣̗̠̗̫̓ ̗Ù̡̥̠̪̭̗̣̒ ̩̥̣ ̨̢̥̟̠̟̱, ̥ ̥Ù̧̥̥̕ ̗̣̗Ừ̩̲̬̞̝̠ 

̛̛̠̕ ̗Ù̱ ̩̗ ̢̨̗̓ ̧̩̝ 5̝  ̧̡̧̛̬̟̟̩̗̕ Ù̦̥ ̨̦̟̩̥̲̍, ̨̩̥ ̡̧̩̥̓ ̧̩̝ ̡̧̛̥̟̞̟̠̄̔ 

̛Ù̧̥̬̔, ̧̬̥̣̩̗̓ ̢̟̗ ̨̟̩̥̦̗̕ 4000 ̬̦̱̣̮̣, ̢̬̦̟̓ ̩̝̣ ̠̦̝̤̝̓ ̩̥̪ 

̨̛̝̫̗̟̩̥̪̕ Ừ̦̕Ù̥̪ ̩̥ 1600 Ù̦̥ ̨̦̟̩̥̲̍. ̗̊ ̢̛̪̦̗̩̗̔ ̬̥̪̣̓ 

Ų̡̨̛̛̦̥̠̲̟̀ ̩̥ ̧̛̟̞̣̓̚ ̛̣̟̗̫̦̥̣̓̚ Ù̡̡̥̳̣ ̛Ų̢̟̩̝̥̣̟̠̳̣̀ ̡̠̮̣̒̚ 

[12,13]. ˸Ù̱ ̩̗ Ù̟̥ ̨̢̝̗̣̩̟̠̒ ̢̛̪̦̗̩̗̔ ̛̣̗̟̕ ̥̟ ̡̠̗̒ ̢̧̛̟̗̩̝̦̝̣̓̚ 

̧̛̩̥̟̬̥̙̦̗̫̕, ̥̟ ̥Ừ̧̥̕ ̧̛̠̩̱ ̗Ù̱ ̩̝ ̢̡̛̙̝̒ ̟̗̬̦̥̣̟̠̔̚ ̡̡̛̠̗̟̩̬̣̟̠̔ 

̧̩̥̪ ̗̤̗̕, Ù̗̦̬̥̪̣̓ Ừ̡̧̝̦̥̫̥̦̕ ̙̟̗ ̩̥ ̛Ù̕Ừ̥̚ ̧̩̝ Ù̡̨̢̧̥̟̩̟̟̠̔, 

Ự̢̧̪̗̩̟̠̀̔ ̠̗̟ ̧̠̥̟̣̮̣̟̠̔ ̧̜̮̔ ̨̩̥ ˸̟̙̗̥̕ ̧̩̝ ˵̨̧̛̩̦̝ ˼Ù̧̥̬̔ ̩̥̪ 

̡̗̠̥̲̍.  

 

 

 

 

 

 

ɳ̔ ˁˈ˄ʰ 1ΦмΦʆˇˉˇʻʶˋʾʰ 
ɮˁˊ˖ˍʹˊʾˇˎ ˋˍˇ ˄ʹˋʾ ˍʹˌ ɸʺˊʰˌΦ 
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1.2 ̟̆ ̢̨̢̧̛̫̝̟̣̓ ̧̛̩̥̟̬̥̙̦̗̫̕ ̧̩̝ ̨̧̗̣̗̠̗̫̔ ̨̩̥ 

˸̠̦̮̩̦̟̔       ˿̧̦̗̔ 

 

 ̟̆ ̧̛̩̥̟̬̥̙̦̗̫̕ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ Ù̥̪ ̬̥̪̣̓ ̗Ų̛̥̠̗̩̗̩̗̞̀̕ ̢̬̦̟̓ 

̨̢̛̦̗̔, ̗Ù̡̥̠̗̲Ù̩̥̪̣ Ù̡̥̪Ù̡̥̠̟̗̕ ̢̞̗̩̗̓ ̱Ù̧̮ ̢̗̫̝̦̝̣̗̓ ̨̬̟̗̓̚, 

̢̛̛̙̮̩̦̟̠̒ ̨̢̬̗̩̗̔, ̭̪̬̗̒ ̢̛̛̗̣̩̟̠̣̗̕ ̠̗̟ ̨̧̛̠̗̩̗̠̪̓, ̫̪̩̒, ̜̳̗ ̠̗̟ 

̗̣̞̦̳Ừ̧̟̣ ̢̧̥̦̫̓. ̡̨̟̩̗̃̒, ̝ ̛̛̪̦̗̕ ̨̟̥̝̒̚̚ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̨̩̗ 

̠̩̦̟̗̔ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕, ̢̗̦̩̪̦̒ ̱̩̟ ̝ ̩̬̣̝̓ ̨̩̝ ˿̦̗̔ ̩̗̣̔ ̢̧̦̥̓ ̧̩̝ 

̧̜̮̔ ̢̧̟̗ ̛̛̪̦̗̕ ̧̠̗̟ ̛̲Ù̥̦̝ ̧̠̥̟̣̮̣̟̠̔ ̧̢̧̥̗̒̚.   

̆ ̡̡̧̠̗̟̩̬̣̝̓ ̨̢̬̦̝̟̥Ų̛̥̟̥̲̀ ̢̬̦̳̗̩̗ ̙̟̗ ̣̗ ̨̛̛̠̫̦̟̒ ̧̩̟ ̧̛̟̓̚ 

̩̥̪ ̠̗̟ ̣̗ ̧̩̟ ̗Ù̥̩̪Ų̛̳̟̀ Ụ̮̀̒ ̨̩̥ ̨̨̢̛̗̘̩̥̠̥̣̗̗̕. ˾ ̛Ù̡̟̥̙̔ ̩̥̪ 

̢̧̞̗̩̥̓ ̛̠̞̒ ̧̩̥̟̬̥̙̦̗̫̗̕ ̛̤̗̦̩̟̱̩̗̣ ̗Ù̱ ̩̥ ̠̩̦̟̥̔, ̧̩̥̪ ̗̣̞̦̳Ù̧̥̪ 

̨̧̩̥̪ ̥Ù̧̥̥̪̕ ̗Ừ̪̞̪̣̱̩̗̣ ̠̗̟ ̗Ù̱ ̩̥ ̬̦̱̣̥ Ù̥̪ ̛̛̬̕ ̨̛̜̮̙̦̗̫̟̞̕ ̔ 

̠̗̩̒ ̩̥̣ ̥Ù̥̥̕ ̢̡̡̛̛̓ ̣̗ Ų̨̛̗̦̥̪̟̗̩̀̕. ˾ ̨̦̟̩̝̒ ̨̟̗̩̦̝̝̔̚ ̠̗̟ ̝ 

Ų̛̟̩̟̠̀̔ ̗Ų̨̥̠̗̩̩̗̝̀̒ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̧̩̝ ˿̧̦̗̔, ̨̛̮̓̚ ̩̥ ̨̢̣̗̪̗̓ 

̨̛ Ù̡̡̧̥̥̲ ̛Ų̢̧̛̟̩̥̣̀̔, Ù̡̡̥̳̣ ̛̟̗̫̥̦̩̟̠̳̣̚ ̡̠̮̣̒̚ ̣̗ ̨̛̛̦̪̣̥̪̣̔ 

̧̩̟ ̧̛̩̥̟̬̥̙̦̗̫̕, ̧̗̣̗̜̝̩̳̣̩̗ ̠̗̟ ̡̡̧̛̒ Ừ̡̧̝̦̥̫̥̦̕ Ù̦̗̣̓ ̩̮̣ 

̡̡̛̠̗̟̩̬̣̟̠̳̣ Ù̥̪ ̗̫̥̦̥̲̣ ̨̩̱̥ ̨̩̥ Ù̡̨̥̟̩̟̩̟̠̱ ̨̱̥ ̠̗̟ ̨̩̥ ̡̛̩̬̣̥̥̙̟̠̱ 

̠̗̟ ̨̡̙̣̮̟̥̥̙̟̠̱ ̛Ù̕Ừ̥̚ ̩̮̣ ̠̗̩̥̠̮̣̕ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ ̧̛̛̠̣̝̕ ̧̩̝ 

̛Ù̧̥̬̔. 

̆ ̨̢̧̥̟̠̟̱ ̧̩̝ ˵̨̧̛̩̦̝ ̛Ù̧̥̬̔ ̩̥̪ ̡̗̠̥̲̍ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ Ù̥̪ 

̛̬̟̓ ̨̛̗̣̗̠̗̫̕ ̧̮̓ ̨̢̛̦̗̔, Ừ̡̢̛̦̟̗̘̣̟̒ ̢̛̩̗̤̲ ̡̡̮̣̒ ̠̗̟ ̩̗ ̧̛̤̔ 

̠̩̦̟̗̔: ̩̝̣ ̟̠̗̆̕ ̩̮̣ ˺̪̣̗̟̠̳̣, ̩̝ ˻̪̩̟̠̔ ̟̠̗̆̕, ̩̥ ̢̪̙̠̦̱̩̝̗̉ ˻, ̩̥ 

̩̦̟̥́̔ ˹, ̩̝̣ ̨̛̩̅̔ 3 ̠̗̟ ̩̝̣ ̨̛̩̅̔ 4. ̟̆ ̧̛̩̥̟̬̥̙̦̗̫̕ Ù̥̪ ̢̡̛̛̩̞̝̠̗̣̔ 

̨̩̝̣ Ų̗̦̥̲̗̀ ̨̛̦̙̗̗̕, ̗̣̠̥̪̣̔ ̨̩̝̣ ̟̠̗̆̕ ̩̮̣ ˺̪̣̗̟̠̳̣ ̠̗̟ ̨̩̝̣ ̨̛̩̅̔ 

3 ̠̗̟ ̛̣̗̟̕ ̩̗ ç̗̙̠̦̩̟̗̇̒è (̛̕̚ ̧̛̛̟̠̱̣ 1.2 ̠̗̟ 1.3 ̨̗̣̩̩̥̟̬̗̕ ̙̟̗ ̧̩̟ 

̩̥Ų̧̛̛̥̞̀̕) ̠̗̟ ̝ ̛̛̲̩̦̝̚/̢̨̛̗̗̕ ̢̥̦̫̔ ̩̮̣ ç̛̗̩̦̪̩̦̟̳̣̂è. ˸̡̛̠̥̥̪̞̕ 

̨̢̲̣̩̥̝ Ų̨̗̦̥̪̗̝̀̕ ̧̩̥̪, Ù̗̦̗Ù̢̓Ù̧̥̣̩̗ ̧̩̥̪ ̨̧̛̗̣̗̙̣̳̩ ̨̩̗ [12,13] 

̙̟̗ ̛̛̠̩̣̔ ̡̨̗̣̪̝̒. 
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ɳʽˁˈ˄ʰ 1ΦнΦ ɼʱˍˇ˕ʹ ˍʹˌ ʰ˄ʰˋˁʰ˒ʺˌ ˍˇˎ ˇʽˁʽˋ˃ˇˏ ˍˇˎ ɮˁˊ˖ˍʹˊʾˇˎ ˈˉˇˎ ʵʽʰˁˊʾ˄ʶˍʰʽ  ˍˇ ζʅˉʾˍʽ ˍ˖˄ ɱˎ˄ʰʽˁ˗˄ηΣ ˋˍʰ 

ʲˈˊʽʰ ˁʰʽ ʶˋˍʽʰˋ˃ʷ˄ˇ ʱ˄˖ ʰˊʽˋˍʶˊʱΦ 
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ɳʽˁˈ˄ʰ мΦоΦ ɼʱˍˇ˕ʹ ˍʹˌ ʰ˄ʰˋˁʰ˒ʺˌ ˍˇˎ ˇʽˁʽˋ˃ˇˏ ˍˇˎ ɮˁˊ˖ˍʹˊʾˇˎΣ ˈˉˇˎ ˒ʰʾ˄ʶˍʰʽ ʹ ζʀʶˋˍʺ оη ˋˍʰ ˄ˈˍʽʰ ˁʰʽ ʵˎˍʽˁʱ 

ˁʰʽ ˋʶ ʶˋˍʾʰˋʹ ʱ˄˖ ʰˊʽˋˍʶˊʱΦ  
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1) ç̗̙̠̦̩̟̗̇̒è 

 

˼̣̗̟̕ ̢̟̗ ̨̨̛̲̣̞̝ Ù̥̪ ̛̘̦̞̝̠̓ ̨̩̥ ̣̱̩̟̥ ̩̥̬̥̕ ̩̥̪ ̪̩̟̠̥̲̚ 

̢̢̧̩̗̩̥̔ ̧̩̝ ̧̟̠̗̆̕ ̩̮̣ ˺̪̣̗̟̠̳̣. ˸̣̗Ų̗̦̟̩̀̒ ̨̛ ̪Ų̛̦̫̪̟̠̱̀ 

̢̧̛̙̞̥̓ ̩̥ ̫̪̩̱ ̗̙̠̦̩̟̥̇̒ Ù̥̪ ̛̣̗̟̕ Ù̡̥̲ ̨̙̣̮̩̱ ̧̮ ḉ̦̟̣̠̟̒ ̧̩̝ 

̡̨̨̧̞̗̗̒è. ̛̲̩̗̟̌ ̢̗̠̱̗ ̠̗̟ ̨̢̛̦̗̔ ̨̛ Ù̡̡̧̥̓ Ừ̡̧̗̦̗̕ ̧̩̝ 

˿̧̦̗̔, ̧̩̝ ̲̦̥̪̉, ̩̮̣ ̡̪̠̮̣́̒̚ ̠̗̟ ̡̡̮̣̒ ̨̣̝̟̳̣ ̩̥̪ ˸̟̙̗̥̪̕, 

̱Ù̧̮ ̧̩̝ ̨̘̥̪̂̓.  
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2) ç̧̛̛̗̩̦̲̩̦̟̂è 

 

 ˼̣̗̟̕ ̢̟̗ ̨̨̛̲̣̞̝ Ù̥̪ ̗Ừ̡̛̥̩̩̗̟̕ ̗Ù̱ ̧̛̩̦̟ ̧̛̙̪̣̗̠̕. 

˼̣̩̥Ừ̜̩̗̟̕ ̨̩̥ ̨̛̟̱̙̟̥ ̧̩̝ ̨̧̛̩̅̔ 3, ̨̩̥ ̢̮̩̟̥̒̚ ̩̮̣ ̢̗̞̗̦̳̣́ 

̨̩̥ ̛̘̱̦̟̥ ̩̥̬̥̕. ̥̊ ̣̗̓ ̧̩̝ ̬̦̟̓ ̪Ų̛̥̩̝̦̜̟̀̕ ̩̥ ̡̛̠̫̟̒, Ù̥̪ ̛̙̦̣̟̓ 

Ù̧̦̥ ̩̗ ̢̛Ù̧̦̱, ̛̣̳ ̩̥ ̡̡̥̒ ̧̩̝ ̬̦̟̓ ̛̛̬̣̟̚̕ Ù̧̦̥ ̩̥ Ù̱̟̚ ̧̩̝ ̠̗̟ 

̨̢̛̪̙̠̠̦̟̣̗̓ ̩̥ ̡̬̩̪̥̒̚ ̧̩̝ Ù̥̪ ̢̛̗̟̥̦̦̗̙̕. ˾ ̡̱̝ ̧̩̝ ̨̨̩̝̒ 

̪Ừ̡̥̝̳̣̟̚ ̡̲Ù̝ ̠̗̟ Ù̱̣̥ ̙̟̗ ̩̥ ̢̨̢̩̦̗̪̗̩̟̣̥̓ ̡̗̠̦̥̬̩̪̥̒̚ [12]. 
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̩̝̣̉ ̗̦̬̔ ̧̗̪̩̔ ̧̩̝ Ų̦̥̀Ừ̧̞̟̗̒ Ừ̗̦̗̩̝̦̞̝̠̔ 

̨̢̛̗̤̟̥̝̮̩̝̕ ̨̛̩̗̞̦̱̩̝̩̗ ̨̛ Ù̡̡̧̥̓ ̢̢̧̙̦̗̓, ̧̠̪̦̮̕ 

Ừ̢̢̦̟̙̦̗̩̗̒, ̢̛ ̛̟̟̗̩̦̝̚̕ ̢̡̥̗̱̩̝̩̗ ̣̗ ̧̩̟ ̛̬̗̦̗̠̩̝̦̜̟̕. 

˼Ù̟Ù̡̥̣̓ ̛̣̩̥Ų̛̩̝̠̀̕ ̨̢̝̗̣̩̟̠̔ ̛Ù̡̢̗̣̗̝̭̟̱̩̝̩̗ ̨̛ Ù̡̡̥̒ ̗Ù̱ 

̗̪̩̒ ̩̗ ̨̢̜̮̙̦̗̫̟̣̗̓ Ừ̢̢̦̟̙̦̗̩̗̒. ̨̗̦̗̠̩̝̦̟̩̟̠̱̍ 

Ừ̢̗̦̟̙̗̒̚ ̧̗̪̩̔ ̧̩̝ ̛Ù̡̢̧̗̣̗̝̭̟̱̩̝̩̗ ̗Ừ̡̛̥̩̕ ̥ Ù̧̦̳̩̥ ̗Ù̱ 

̨̛̗̦̟̩̦̒ ̢̨̧̬̥̕ ̧̩̝ Ù̧̦̳̩̝ ̨̨̧̪̩̗̒̚ ̫̪̩̳̣ ̩̮̣ ̗̙̠̦̗̩̮̣̇̕ ̢̛ 

̩̥̣ Ù̦̳̩̥ ̗Ù̱ ̨̛̗̦̟̩̦̒ ̢̨̬̥̕ ̧̩̝ ̧̛̛̲̩̦̝̚ ̨̨̧̪̩̗̒̚ ̫̪̩̳̣, ̥ 

̧̛̛̲̩̦̥̚ ̠̗̟ ̧̩̦̩̥̕ ̢̨̧̬̥̕ ̩̮̣ ̲̥̚ ̨̨̪̩̮̣̒̚ ̧̠̗̞̳ ̠̗̟ ̥̟ 

̢Ừ̡̧̥̲̠ ̩̮̣ ̢̡̡̗̟̳̣ ̨̩̝ ç̢̨̛̗̗̕ ̛̗̩̦̲̩̦̟̗̂è . ˾ ̢̥̥̟̱̩̝̩̗ ̨̛ 

̗̪̩̒ ̩̗ ̤̟̓ Ừ̢̢̦̟̙̦̗̩̗̒ ̙̟̗ ̩̗ ̗̙̠̦̩̟̗̇̒ ̠̗̟ ̨̩̗ ̩̦̗̕ ̧̩̝ 

ç̢̨̧̛̗̗̕ ̧̛̗̩̦̲̩̦̟̗̂è ̨̥̙̝̗̣̔̚ ̨̩̝̣ ̛̦̪̣̗̓ ̧̩̝ Ù̧̟̞̗̣̱̩̝̩̗ ̣̗ 

̬̥̪̣̓ ̨̨̛̛̠̗̩̗̠̪̗̩̕ ̠̗̟ ̗̪̩̒ ̗Ù̱ ̧̥̝̙̥̲̚, ̱Ù̧̮ ̠̗̟ ̡̡̧̛̒ 

̧̛̩̥̟̬̥̙̦̗̫̕ Ù̥̪ ̡̗̣̗̲̥̣̩̗̟ ̨̧̩̟ ̧̟̗̩̦̟̘̓̚ [1,2] ̠̗̟ ̨̧̩̟ 

̢̨̨̧̛̛̝̥̟̲̟̚ ([3] ̧̮̓ [11]). 

 

1.3 ˾ ̨̢̨̝̗̗̕ ̩̥̪ ̛̣̩̥Ų̢̟̥̲̀ ̩̥̪ ̩̦̱Ù̥̪ ̨̧̛̠̗̩̗̠̪̔ 

̩̮̣ ̡̱̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ ˿̧̦̗̔ 

 

˱̧̣̗ ̗Ù̱ ̧̩̥̪ ̨̠̥Ù̧̥̲ ̧̩̝ Ų̧̗̦̥̲̗̀ ̨̧̛̦̙̗̗̕ ̛̣̗̟̕ ̝ ̨̢̡̪̘̥̔ ̧̩̝ 

̨̩̝̣ ̨̛̛̲̦̝ ̩̥̪ ̩̦̱Ù̥̪ ̨̧̛̠̗̩̗̠̪̔ ̩̮̣ ̗̣̮̩̦̮̓ ̩̥̟̬̥̙̦̗̫̟̳̣. ̆ 

̛̣̩̥Ų̢̧̟̱̀ ̧̩̝ ̢̛̞̱̥̪̚ ̨̨̧̛̬̗̝̚̕ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̲̣̗̩̗̟̚ ̣̗ 

̨̛̪̣Ų̛̟̠̥̪̦̟̀̔ ̨̩̝̣ ̨̠̗̩̗̣̱̝̝ ̛̛̤̗̟̦̩̟̠̒ ̨̢̝̗̣̩̟̠̳̣ Ù̩̪̬̳̣ ̩̥̪ 

Ù̡̨̢̥̟̩̟̟̠̥̲, Ừ̦̮̩̥Ų̢̟̩̝̥̣̟̠̥̲̀ ̠̗̟ ̡̛̩̬̣̥̥̙̟̠̥̲ ̛Ù̟Ù̥̪̓̚ ̗̪̩̥̲ ̩̥̪ 

̡̢̗Ù̦̥̲ Ù̡̨̢̥̟̩̟̥̲ ̧̩̝ ˵̨̧̛̩̦̝ ˼Ù̧̥̬̔ ̩̥̪ ̡̗̠̥̲̍ Ù̥̪ ̢̨̛̠̗̔ ̨̩̥ 

˸̟̙̗̥̕. ̩̝̣̉ Ų̗̦̥̲̗̀ ̨̛̦̙̗̗̕, ̨̛̣̟̬̲̥̣̩̗̟ ̩̗ ̗Ừ̥̟̠̩̟̠̒̚ ̨̛̩̥̟̬̗̕ ̙̟̗ 

̩̝̣ ̲Ù̗̦̤̝ ̡̗̣̕ ̨̢̧̝̗̣̩̟̠̔ ̢̧̛̛̙̮̩̦̟̠̔ ̨̨̧̗̞̝̝̕ ̨̩̥̣ ̨̢̥̟̠̟̱ ̠̗̟ ̝ 

̨̙̣̳̝ Ù̡̡̥̳̣ ̢̛̛̙̮̩̦̟̠̳̣ ̨̢̬̝̩̮̣̒. ̗̊ ̢̛̛̙̮̩̦̟̠̒ ̨̢̬̗̩̗̔ ̗̪̩̒ 

̛̞̮̦̥̲̩̗̣ ̱̩̟ ̛̬̗̣̕ ̡̛̗̣̗̠̗̪̫̞̕ ̧̮̓ ̠̗̟ 1300 ̬̦̱̣̟̗ ̛̗̦̙̱̩̦̗ 

[15,16,17,18,19,20,21 ].  ˻̡̝̗̔̚ ̗Ừ̛̥̟̠̣̲̩̗̟̚ ̤̗̣̒, ̢̛̩̒ ̧̩̟ ̧̟̗̩̦̟̘̓̚ 

[1], [2], ̱̩̟ ̙̟̗ ̩̝̣ ̨̛̠̗̩̗̠̪̔ ̢̗̠̱̗ ̲̥̚ ̩̥̟̬̥̙̦̗̫̟̳̣ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ 

̬̥̪̣̓ ̨̢̬̦̝̟̥Ừ̥̟̝̞̕ ̢̠̗Ù̡̪̥̙̦̫̥̟̒ ̥̟ ̥Ù̥̥̟̕ ̨̗̣̩̟̩̥̟̬̥̲̣ ̨̛ ̗̪̩̒ ̩̗ 

̢̛̛̙̮̩̦̟̠̒ ̨̢̬̗̩̗̔.  

̆ ̛̣̩̥Ų̢̧̟̱̀ ̩̥̪ ̩̦̱Ù̥̪ ̨̨̧̛̬̗̝̚̕ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̗̪̩̳̣ ̛̣̗̟̕ 

̡̧̛̠̫̗̗̟̳̥̪̚ ̨̢̨̧̝̗̗̕ ̙̟̗ ̩̝̣ ̨̩̥̦̗̀̕ ̩̥̪ Ù̡̨̢̥̟̩̟̥̲ Ù̥̪ ̢̨̛̠̗̔ ̨̩̥ 

˸̦̬̟Ù̡̧̗̙̥̓, ̗̫̥̲ ̲̣̗̩̗̟̚ ̣̗ ̨̢̡̛̪̘̟̒: 
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1) ̩̝̣̉ ̨̗̲̤̝̝ ̩̮̣ ̨̛̙̣̳̮̣ ̩̥̪ Ù̡̨̢̥̟̩̟̟̠̥̲ ̠̗̟ ̡̛̩̬̣̥̥̙̟̠̥̲ 

̛Ù̟Ù̥̪̓̚ ̩̥̪ Ù̡̨̢̥̟̩̟̥̲ ̨̩̥ ˸̦̬̟Ù̡̧̗̙̥̓, ̨̩̝ ̨̛̛̱̙̟̥̃, ̡̡̗̒ ̠̗̟ 

̨̩̝̣ ̛̛̪̦̲̩̦̝ Ừ̦̟̥̬̔, ̠̗̩̒ ̩̝̣ ˵̨̛̩̦̝ ˼Ù̥̬̔ ̩̥̪ ̡̗̠̥̲̍.  

2) ̩̝̣̉ ̨̠̗̩̗̣̱̝̝ ̧̩̝ ̨̧̛̙̣̝̓ ̩̮̣ ̢̢̗̞̝̗̩̟̠̳̣ ̠̗̟ ̩̮̣ ̛Ų̢̟̩̝̳̣̀, 

̨̩̥ ̬̳̦̥ Ù̥̪ ̨̠̗̩̥̟̠̥̲̗̣ ̥̟ ˱̡̡̧̛̝̣, ̠̗̩̒ ̧̩̥̪ ̨̧̩̥̦̟̠̥̲̀ 

̧̬̦̱̣̥̪. 

3) ̩̝̣̉ ̨̛̗̣̗̠̗̩̗̠̪̔ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣, ̢̗̠̱̝ ̠̗̟ ̨̧̩̟ 

Ừ̦̟Ų̧̛̩̳̟̀ ̱Ù̥̪ ̛̣̚ ̬̥̪̣̓ ̨̛̟̗̮̞̚̕ ̨̢̝̗̣̩̟̠̥̲ ̢̧̛̙̞̥̪̓ 

̢̢̩̗̩̗̔ ̢̛̩̗̤̲ ̛̙̟̩̥̣̟̠̳̣ ̨̢̞̦̗̪̩̮̣̒, ̠̩̟̒ ̛̙̣̟̠̒ ̨̡̲̠̥̥̚ ̔ ̠̗̟ 

̗̲̣̗̩̥̚, ̢̗̠̱̝ ̠̗̟ ̙̟̗ ̢̧̛̛̟̥̣̔̚ ̨̩̥ Ừ̥̚̕ ̧̩̝ ̨̧̛̗̣̗̠̗̩̗̠̪̔ 

̡̧̗̦̬̗̟̥̱̙̥̪ ̠̗̟ ̨̧̪̣̩̝̦̝̩̓. 

˼Ù̟Ù̡̥̣̓, ̢̛ ̗̪̩̱̣ ̩̥̣ ̩̦̱Ù̥ ̨̛̛̣̟̬̲̩̗̟ ̢̛ ̨̢̝̗̣̩̟̠̒ 

̛Ừ̢̟̬̟̦̗̩̗̔ ̝ ̒Ù̥̭̝ ̧̩̝ ̧̛̛̦̪̣̝̩̟̠̔ ̢̧̥̗̒̚, ̩̥̪ ̧̙̦̫̥̣̩̥̒ ̠̗̟ ̩̥̪ 

̛Ù̡̟̘̓Ù̧̥̣̩̥ ̨̮̩̗̣̩̣̥̪́̕ ̗̇Ų̨̗̥̪̗̀̓̚ ̱̩̟ ç̩̥ ̢̢̗̞̝̗̩̟̠̱ 

̪Ù̱̘̗̞̦̥ ̩̥̪ ̨̲̙̬̦̥̣̥̪ ̪̩̟̠̥̲̚ Ù̡̨̢̥̟̩̟̥̲ ̛̠̩̗̟̕ ̨̩̥ ˸̟̙̗̥̕è. 
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̡̛̫̗̟̥́̒ 2: ̛̦̇̕ ̢̠̗Ù̡̪̳̣ ̠̗̟ ̠̮̣̟̠̳̣ 

̢̩̥̳̣ 

2.1 ̛̦̇̕ ̢̠̗Ù̡̪̳̣ 

 

̛̉ ̗̪̩̱ ̩̥ ̡̛̠̫̗̟̥̒ ̞̗ ̡̗̣̗̪̞̥̲̣ ̢̡̧̛̛̛̞̟̳̟̚ ̢̢̧̗̞̝̗̩̟̠̓ 

̧̛̣̣̥̟̓, ̢̧̦̥̓ ̩̮̣ ̟̗̩̦̟̘̳̣̚ [1], [2] ̠̗̟ [24], Ừ̢̦̥̠̟̣̥̪̓ ̣̗ ̛̠̗̩̗̣̥̝̞̕ 

̡̛̛̪̠̥̱̩̦̗ ̝ ̢̧̞̥̥̓̚ ̧̩̝ ̧̟̗̠̩̥̦̟̠̔̚̚ ̧̟̗̩̦̟̘̔̚ [2] Ù̥̪ ̗̣ ̡̛̗̲̩̗̟ ̨̩̗ 

̛Ừ̢̱̣̗ ̡̛̠̫̗̟̗̒ ̙̟̗ ̩̝̣ ̢̡̨̛̛̞̮̝̕ ̧̩̝ ̨̧̬̦̝̔ ̥̝̙̳̣̚ ̨̩̥̣ ̨̢̥̟̠̟̱ ̩̥̪ 

˸̠̦̮̩ ̝̦̥̪̕ ˿̧̦̗̔. 

 ̨̢̧̦̟̱̆ ̢̠̗Ù̡̧̲̝ ̨̩̥ ᴙ▪ ̠̗̟ ̛Ù̟̘̗̩̟̠̔ ̗̠̩̣̗̕ ̧̩̪̬̱̣̩̥ ̨̢̛̝̥̪̕ 

̧̗̪̩̔ 

 

̢̗́Ù̡̲̝ ̨̩̥̣ ̬̳̦̥ ᴙ, ̢̛ ὲ Ὁ ᴓ, ̢̛̥̣̥̜̩̗̟̒ ̩̥ ̨̡̲̣̥̥ ̩̮̣ 

̢̛̟̗̩̩̗̙̣̮̣̓̚ n ð ̮̣̒̚ ὼ ὸȟὼ ὸȟȣȟὼ ὸ   ,̛̠̞̒ ̨̨̨̪̣̟̩̳̗ ̧̩̝ ̥Ù̧̥̗̕ 

̛̣̗̟̕ ̨̨̪̣̦̩̝̝̒ ̢̱̣̥ ̢̧̟̗ ̧̛̗̣̤̦̩̝̩̝̒ ̢̡̧̛̩̗̘̝̩̔ ̔ Ù̢̗̦̗̩̦̥̪̓ t, ̝ 

̥Ù̥̗̕ ̡̢̛̗̘̣̟̒ ̢̧̩̟̓ ̨̛ ̣̗̓ ̪Ų̡̥̲̣̥̥̀ ̩̥̪ ᴙ, ̨̩̮̓ Ό ,̢̛ ̀ Ό ṡᴙ. ˺̟̗ ̧̩̟ 

̢̢̧̩̝̗̩̟̠̳ ̨̧̛̛̪̣̬̕ ̢̠̗Ừ̡̧̲ ̨̩̥ ᴙ , ̩̥ Ό ̗Ừ̡̛̥̩̕ ̨̢̟̩̝̗̒̚ ̔ ̨̣̮̝̓ 

̨̢̟̗̩̝̩̮̣̒̚ ̩̥̪ ᴙ. ̨̢̥̲̣̗̗̀̚, ̝ ̢̠̗Ù̡̲̝ ̛̥̦̜̩̗̟̕ ̧̮ ̩̥ ̨̡̲̣̥̥ ̩̮̣ 

̨̢̛̝̮̣̕ Ù̥̪ ̨̪̣̗Ừ̡̥̩̥̲̣ ̩̥ Ừ̥̚̕ ̢̩̟̳̣ ̢̧̟̗ ̗Ų̧̛̟̠̱̣̟̝̀ ̩̥̪ 

̪Ų̡̥̪̣̱̥̪̀ Ό ̨̩̥ ᴙ . 

˺̟̗ ̩̥̣ ̬̳̦̥ ᴙ , ̨̧̱̩̟ ̞̗ ̢̧̗ ̗Ų̡̨̛̗̬̥̟̀̔ ̨̩̝̣ Ų̗̦̥̲̗̀ ̨̛̦̙̗̗̕, ̝ 

̢̠̗Ù̡̲̝ ̛̣̗̟̕ ̩̥ ̨̡̲̣̥̥ ̩̮̣ ̢̛̟̗̩̩̗̙̣̮̣̓̚ ̪̮̣̒̚̚ ὼ ὸȟὼ ὸ

ὼὸȟώὸ , ̱Ù̥ ̪ ̩̗ ὼὸ ̠̗̟ ώὸ ̛̣̗̟̕ ̨̨̧̛̪̣̗̦̩̟̔ ̢̛ Ừ̥̚̕ ̨̢̥̦̟̥̲ ̣̗̓ 

̪Ų̡̥̲̣̥̥̀ ̩̥̪ ᴙ, ̨̩̮̓ Ό ̠̗̟ Ừ̥̚̕ ̢̩̟̳̣ ̩̝̣ ̗Ų̛̟̠̱̣̟̝̀ ̩̥̪ ̪Ų̡̥̪̣̱̥̪̀ 

Ό ̨̩̥ ᴙ , ̢̨̮̓ ̩̮̣ ὼὸ ̠̗̟ ώὸ.   

˺̟̗ ̢̟̗ ̨̩̪̬̥̲̗ ̢̠̗Ù̡̲̝ ὅ Ṓᴙ  ̠ ̗̟ ̙̟̗ ̩̪̬̱̣ ̨̢̛̝̥̕ ̃, ̢̛ ̨̢̧̛̛̪̣̩̩̗̙̣̓ 

ὼ ὸ ȟὼ ὸ ȟȣȟὼ ὸ , ̱Ù̥̪ ὸ ̝ ̛̗̣̤̦̩̝̩̝̒ Ừ̢̧̗̦̩̦̥̒ ̧̩̝ ̢̠̗Ù̡̧̲̝ 

̨̩̥ ̨̢̛̝̥̕ ̃, ̛̥̦̜̩̗̟̕ ̝ ̛Ù̟̘̗̩̟̠̔ ̗̠̩̣̗̕ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̨̛ ̗̪̩̱ ̩̥ 

̨̢̛̝̥̕, ̧̮ ̧̛̤̔: 

ὶᴆὸ ὕὓᴆ ὼ ὸ Ὡ  ὼ ὸ Ὡ Ễ  ὼ ὸ Ὡ 

̱Ù̥̪ ̆(0,0) ̝ ̗̦̬̔ ̩̮̣ ̗̤̱̣̮̣ ̩̥̪ ̨̨̢̧̪̩̗̩̥̔ ̨̢̛̪̣̩̩̗̙̣̮̣̓ ̠̗̟ 

ὩȟὩȟȣȟὩ   ̢̟̗ ̥̦̞̥̠̗̣̥̣̟̠̔ ̨̘̝̒ ̩̥̪ ̬̳̦̥̪ ᴙ . 
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ʅ˔ʺ˃ʰ нΦмΦ ɼʰ˃ˉˏ˂ʹ ˋˍˇ ᴙˁʰʽ ʶˉʽʲʰˍʽˁʺ ʰˁˍʾ˄ʰ ʰˎˍʺˌ ὶᴆὸ  

 

̩̥̉ ᴙ  ̡̛̗̣̗̪̩̟̠̱̩̦̗, ̝ ̛Ù̟̘̗̩̟̠̔ ̗̠̩̣̗̕ ̨̩̥ ̩̪̬̱̣ ̨̢̛̝̥̕ ̃ Ù̥̪ 

̨̛̗̣̩̟̩̥̟̬̕ ̨̩̝̣ ̢̩̟̔ ὸ ὸȟὸ ɴ Ὅ, ̛̣̗̟̕  

ὶᴆὸ ὕὓᴆ ὼὸ Ƕ ώὸ Ƕ  

̱Ù̥̪ ̛̬̟̓ ̨̢̬̦̝̟̥Ừ̥̟̝̞̕ ̥ ̡̡̧̛̣̗̗̠̩̟̠̱ ̨̢̡̨̢̧̪̘̥̟̱ Ƕ Ὡ ‖‌―  Ƕ Ὡ, 

̙̟̗ ̩̗ ̢̥̣̗̟̗̗̚̕ ̨̢̟̗̣̲̗̩̗̚ ̩̥̪ ̥̦̞̥̠̗̣̥̣̟̠̥̲ ̨̨̢̧̪̩̗̩̥̔ 

̨̢̛̪̣̩̩̗̙̣̮̣̓ ̩̥̪ ᴙ  Ù̥̪ ̛Ừ̡̟̬̞̝̠̓. ˺̛̣̟̠̒ ̩̥ ̨̢̡̲̘̥̥ Ƕ ̨̢̛̛̛̲̩̗̟̚ ̧̮ 

̨̢̡̲̘̥̥ ̢̥̣̗̟̗̥̪̚̕ ̨̢̧̟̗̣̲̗̩̥̚, ̛̣̳ ̩̥ ᴆ ̪Ù̡̥̝̥̚̕ ̗Ù̡̧̳ ̨̢̟̣̪̗̒̚. 

̢̛̛̝̟̳̣̩̗̟̉ ̛Ų̧̝̀̕ ̱̩̟ ̙̟̗ ̗̪̩̣̔ ̩̝̣ Ừ̦̟̙̦̗̫̔ ̢̧̟̗ ̢̠̗Ù̡̧̲̝ ̪Ừ̦̬̟̒ 

̠̗̟ ̥ ̧̱̦̥ Ừ̢̗̦̗̩̦̟̠̔ Ų̨̗̦̩̗̝̀̒ ̧̩̝ ̢̠̗Ù̡̧̲̝ ὅ. 

 

 

 

 

 

 

 

 

 

 

 

                                       ὓ ὼὸ ȟώὸ  

                                    ὶᴆὸ     

 

 o 

 

 

 

̨̢̧̦̟̱̆ ̨̧̛̪̣̬̥̲ ̠̗̟ ̢̡̧̥̗̔ ̢̠̗Ù̡̧̲̝ 

˱̨̩̮ ̢̠̗Ù̡̲̝ ὼ ὸȟὼ ὸȟȣȟὼ ὸ   ̨̢̥̦̟̣̝̓ ̨̛ ̣̗̓ ̨̢̟̩̝̗̒̚ ̔ ̨̛ ̢̟̗ 

̨̣̮̝̓ ̨̢̟̗̩̝̩̮̣̒̚ Ό ɴ ᴙ. ˾ ̢̠̗Ù̡̲̝ ̗̪̩̔ ̡̛̙̩̗̟̓ ̨̧̛̪̣̬̔ ̨̩̥ ̨̢̟̩̝̗̒̚ 

Ό, ̱̩̗̣ ̡̧̛̱ ̥̟ ̨̨̨̧̛̪̣̟̩̳ ̧̩̝ ὼ ὸȟὼ ὸȟȣȟὼ ὸ ̛̣̗̟̕ ̨̧̛̛̪̣̬̕ 

̨̨̧̛̪̣̗̦̩̟̔ ̧̩̝ Ù̢̗̦̗̩̦̥̪̓ t  ̨̩̥ ̀. ̗̃̕ ̩̩̥̟̗̓ ̢̠̗Ù̡̲̝ ̨̢̡̛̪̘̥̜̩̗̟̕ 
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̠̗̟ ̨̗̣  ὅ. ˸̣ ̢̟̗ ̢̠̗Ù̡̲̝ ̛̣̗̟̕ ̨̣̮̝̓ ̤̣̮̣̓ ̢̠̗Ù̡̪̳̣ ὅ, ̝ 

Ù̦̥̠̲Ų̩̥̪̗̀ ̢̠̗Ù̡̲̝ ̢̛̥̣̥̜̩̗̟̒ ̢̢̧̩̝̗̩̟̠̳ ̨̧̛̪̣̬̔ ̠̗̟ ̨̢̡̛̪̘̥̜̩̗̟̕ 

̢̛ ὅ.  

˴̩̗̣ ̡̧̛̱ ̥̟ ̨̨̧̛̪̣̗̦̩̟̔ ὼὸȟὭ ρȟςȟȣȟὲ ̛̣̗̟̕ ̨̧̛̪̣̬̳ Ų̢̧̛̗̦̗̙̮̙̟̀̕ 

̨̩̥ Ό, ̝ ̢̠̗Ù̡̲̝ ̢̛̥̣̥̜̩̗̟̒ ̢̡̥̗̔ ̠̗̟ ̨̢̡̛̪̘̥̜̩̗̟̕ ̢̛ ὅ. ˾ ̨̣̮̝̓ 

̤̣̮̣̓ , ̢̢̩̝̗̩̟̠̒ ̢̡̥̗̳̣ ̢̠̗Ù̡̪̳̣ ̢̠̗Ù̡̪̳̣ ὅ ̨̨̪̣̟̩̒ ̢̟̗ 

̢̢̧̩̝̗̩̟̠̳ ̢̡̥̗̔ ̢̠̗Ù̡̲̝, ̝ ̥Ù̥̗̕ ̨̢̡̛̪̘̥̜̩̗̟̕ ̨̪̬̣̒ ̢̛ ὅ.  

̛̉ ̢̢̛̪̞̲̙̦̗̗ ̛Ų̠̩̗̝̀̓, ̛̣̒ ̡̧̛̱ ̥̟ ̨̢̧̛̛̪̣̩̩̗̙̣̓ ̢̧̗̕ ̢̠̗Ù̡̧̲̝ ̛̣̗̟̕ 

̨̧̛̪̣̬̳ Ų̢̧̛̗̦̗̙̮̙̟̀̕ ̨̨̧̛̪̣̗̦̩̟̔ ̨̩̥ Ό, ̛̩̱̩ ̝ ̢̠̗Ù̡̲̝ ̢̛̥̣̥̜̩̗̟̒ 

╒▪ ̢̡̥̗̔. ˾ ̨̣̮̝̓ ̤̣̮̣̓ ὅ ̢̠̗Ù̡̪̳̣ ̡̛̙̩̗̟̓ ̢̢̧̩̝̗̩̟̠̳ ̢̡̥̗̔ ̠̗̟ 

̨̢̡̛̪̘̥̜̩̗̟̕ ̢̛ ὅ. 

 

˼̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̢̠̗Ù̡̧̲̝ ╒  ̨̩̥ ᴙ▪  

 

˸̧ ̛̛̞̮̦̝̞̕ ̝ ̢̡̥̗̔ (C1) ̢̠̗Ù̡̲̝ C ̩̥̪ ᴙ  ̢̛ Ừ̢̗̦̩̦̥̒ t  ̠̗̟ 

ῼ ὼ ὸ ȟὼ ὸ ȟȣȟὼ ὸ ȟὸ ᶰὍ ̩̪̬̱̣ ̨̢̛̝̥̕ ̧̩̝ C. 

̛̱̩̊ ̩̥ ̨̢̟̣̪̗̒̚  

ὶᴆὸ ὕὓᴆ ὼ ὸ Ὡ  ὼ ὸ Ὡ Ễ  ὼ ὸ Ὡ 

̛̣̗̟̕ ̛̫̗Ừ̢̩̱̣̥ ̨̩̝̣ ̢̠̗Ù̡̲̝ ̨̩̥ ̨̢̛̝̥̕ ̃, ̱Ù̥̪ ὩȟὩȟȣȟὩ  ̩̗ 

̢̥̣̗̟̗̗̚̕ ̨̢̟̗̣̲̗̩̗̚ ̠̒Ù̧̥̟̗ ̧̥̦̞̥̠̗̣̥̣̟̠̔ ̨̧̘̝̒ ̩̥̪ ̬̳̦̥̪ ᴙ. ˿̗ 

̗Ừ̛̥̟̬̞̚̕ ̝ ̥̦̞̱̩̝̩̗ ̩̥̪ ̨̢̥̦̟̥̲ ̛̣ ̨̛̛̪̣̬̗̕ ̙̟̗ ̢̠̗Ừ̡̧̲ Ù̥̪ ̛̠̣̩̗̟̕ 

̛Ù̕ ̩̥̪ ᴙ . 

˸̣ ̥̟ ̨̨̧̛̪̣̗̦̩̟̔ ὼὸȟὭ ρȟςȟȣȟὲ ̛̣̗̟̕ ̲̥̚ ̧̫̥̦̓ Ų̢̧̛̗̦̗̙̮̙̟̀̕ ̨̩̥ 

̪Ų̡̥̲̣̥̥̀ ̀ ̩̥̪ ᴙ, ̲̣̗̩̗̟̚ ̣̗ ̨̛̥̦̟̩̕ ̝ ̛̛̲̩̦̝̚ Ù̧̗̦̙̮̙̥̒ ̧̩̝ 

̛Ù̧̟̘̗̩̟̠̔ ̧̗̠̩̣̗̕, ̢̨̮̓ ̧̩̝ ̨̨̧̛̬̮̓ 

ὶᴆ ὸ ὼ ὸ Ὡ  ὼ ὸ Ὡ Ễ  ὼ ὸ Ὡ  

̛̃ ̢̨̛̝̒ ̛Ų̠̩̗̝̀̓ ̩̮̣ ̗̣̮̩̦̮̓ ̥̦̜̥̣̩̗̟̕ ̥̟ Ù̗̦̙̮̙̥̟̒ ̧̛̗̣̳̩̦̝ 

̧̩̤̝̒ ̩̥̪ ̨̢̧̟̗̣̲̗̩̥̚ ̧̩̝ ̛Ù̧̟̘̗̩̟̠̔ ̧̗̠̩̣̗̕. 
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ʅ˔ʺ˃ʰ нΦнΦ ɼʰ˃ˉˏ˂ʹ ˋˍˇ ᴙΣʶˉʽʲʰˍʽˁʷˌ ʰˁˍʾ˄ʰˌ ʵˏˇ ˋʹ˃ʶʾ˖˄ ˍʹˌ ὶᴆὸ  ˁ ʰʽ ὶᴆὸ Σ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ῼᴆ́. 

 

˸Ừ̱̟̤̝̚ ̧̩̝ ̛̫̗Ù̢̧̩̥̣̝̓ ̢̠̗Ù̡̧̲̝ ̨̩̥  ᴙ: ̨̬̝̉̓ ̢̥̣̗̟̗̥̪̚̕ 

̨̢̧̟̗̣̲̗̩̥̚ ■ ⱥ♪Ɽ ►ᴆ◄ 

 

˱̨̩̮ ̢̗̕ ̢̡̥̗̔ ̨̟̟̩̗̩̝̒̚̚ ̢̠̗Ù̡̲̝ C. ̋Ų̛̥̩̞̞̮̀̔ ̛Ų̧̝̀̕ ̩̗ ̨̢̛̝̗̕ 

ὓὼὸ ȟώὸ  ̠̗̟ ́ὼὸ ȟώὸ  ̧̩̝ ̢̠̗Ù̡̧̲̝ ̠̗̟ ̧̩̟ ̨̢̧̟̗̣̪̗̩̟̠̓̚ 

̧̛̗̠̩̣̕ ̧̩̥̪  

ὶᴆὸ ὕὓᴆ ὼὸ Ƕ ώὸ Ƕ 

ὶᴆὸ ὕᴆ́ ὼὸ Ƕ ώὸ Ƕ 

˿̗ ̗Ừ̛̥̟̬̞̚̕ ̱̩̟ ̧̠̗̞̳ ̩̥ ̨̢̛̝̥̕ ̄ ̛̛̩̣̟̕ ̣̗ ̨̢̪Ų̛̟̀̓ ̢̛ ̩̥ ̃, ̩̥ 

̨̢̟̣̪̗̒̚ ῼᴆ́ Ų̛̛̦̥̙̙̜̟̀̕ ̩̝̣ ̛̫̗Ù̢̩̥̣̝̓ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̨̩̥ ̨̢̛̝̥̕ ̃, ̝ 

̥Ù̥̗̕ ̛Ų̧̝̀̕ Ų̛̛̦̥̙̙̜̟̀̕ ̩̝̣ ̢̠̗Ù̡̲̝ C ̩̥Ù̟̠̒ Ừ̦̕ ̩̥ ̨̢̛̝̥̕ ̃. 

 

  

                                 

                                y  

 

 

 

 

 

    ὓὼὸ ȟώὸ  

              ῼᴆ́  ´ὼὸ ȟώὸ            

     ὶᴆὸ       ὶᴆὸ        

                X 

   0 
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̥̊ ̨̢̟̣̪̗̒̚ ῼᴆ́ Ù̦̥̠̲Ừ̩̟ ̢̛ ̨̛̗̫̗̦̝̕ ̨̢̟̗̣̪̩̮̣̒̚ ̧̮ ̧̛̤̔ :  

ῼᴆ́   ᴆ́   ῼᴆ ὼὸ  ὼὸ Ƕ ώὸ  ώὸ Ƕ  

̋Ų̛̥̩̞̞̮̀̔ ̱̩̟ ̩̗ ̨̢̛̝̗̕ ̃ ̠̗̟ ̄ ̗Ù̬̥̪̣̓ ̨̧̛̩̥̟̬̟̮̳̚ ̧̮ Ù̧̦̥ ̩̝̣ 

Ừ̢̗̦̩̦̥̒ t, ̨̩̱̥ ̨̛̳̩ ̣̗ ̨̛̟̬̲̟ ὓὼὸ ȟώὸ  ̠̗̟ ´ὼὸ Ὠὸȟώὸ

ÄÔ. ˾ ̢̡̛̩̗̘̥̔ ̛̠̞̒ ̨̨̨̧̪̣̟̩̳̗ ̩̥̪ ̨̢̧̟̗̣̲̗̩̥̚ ῼᴆ́ ̧̮ Ù̧̦̥ ̩̝̣ 

̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ t  ̛̣̩̗̟̚̕ ̗Ù̱ ̧̩̟ ̠̩̮̞̟̒ ̨̨̧̛̬̟̓:  

ὼὸ Ὠὸ ὼὸ

Ὠὸ
 

̙̟̗ ̩̝̣ ̬ ̨̢̛̪̣̩̩̗̙̣̝̓ ̔ ̢̢̛̩̩̝̣̝̓ ̠̗̟  

ώὸ Ὠὸ ώὸ

Ὠὸ
 

̙̟̗ ̩̝̣ y-̨̢̛̪̣̩̩̗̙̣̝̓ ̔ ̢̛̩̩̗̙̣̝̓. 

˴̩̗̣ ̝ ̟̗̫̥̦̒̚ dt  ̢̛̩̗̤̲ ̩̮̣ ̢̩̟̳̣ ̩̮̣ Ù̢̗̦̗̩̦̮̓ ̨̩̗ ̃ ̠̗̟ ̄, ̡̝̗̔̚̚ 

ὸ ̠̗̟ ὸ ̨̧̗̣̩̟̩̥̬̮̕, ̛̛̩̣̟̕ ̨̩̥ ̢̝̣̓̚ ̛̩̱̩ ̥̟ ̛̣̮̞̣̒ ̨̨̧̛̬̟̓ ̙̦̫̥̣̩̗̟̒ 

̧̮ ̧̛̤̔:  

ÌÉÍ
ᴼ

ὼὸ Ὠὸ ὼὸ

Ὠὸ
 

̗̟́  

ÌÉÍ
ᴼ

ώὸ Ὠὸ ώὸ

Ὠὸ
 

˸̧̪̩̓ ̥̟ ̨̨̧̛̬̟̓ ̢̧̱̮ ̛̣̗̟̕ ̥̟ Ù̗̦̙̮̙̥̟̒ ̩̮̣ ̨̨̛̪̣̗̦̩̮̣̔ ̩̮̣ 

̨̢̛̪̣̩̩̗̙̣̮̣̓ ̩̥̪ ̨̢̧̟̗̣̲̗̩̥̚ ὶᴆὸ  ̧̮ Ù̧̦̥ ̩̝̣ ̛̗̣̤̦̩̝̩̝̓ 

̢̡̛̩̗̘̝̩̔, ̩̥ t. ˰̦̗ ̩̥ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̨̩̝̣ ̢̠̗Ù̡̲̝ ̨̩̥ ̨̢̛̝̥̕ 

̃ ̛̣̗̟̕ ̩̥  

ὶᴆὸ ὼ ὸ Ƕ ώ ὸ Ƕ 

˴̩̗̣ ̝ Ừ̢̧̗̦̩̦̥̒ t  ̨̢̡̛̪̘̥̜̟̕ ̩̥ ̬̦̱̣̥, ̛̩̱̩ ̩̥ ̨̢̟̣̪̗̒̚ ὶᴆὸ ̛̣̗̟̕ ̝ 

̩̗̬̲̩̝̩̗ ̧̛̣̱ ̠̟̣̝̩̥̲ Ù̥̪ ̛̬̟̓ ̧̮ ̣̥̝̩̔ ̩̦̥̬̟̒ ̩̝ ̨̢̛̪̙̠̠̦̟̣̝̓ ̢̠̗Ù̡̲̝ 

C.  

̨̧̛̪̟̳̆̚ ̨̢̪Ų̢̦̗̗̀̓: ̛̉ ̢̟̗ ̢̡̥̗̔ ̢̠̗Ù̡̲̝ C ̩̥̪ ᴙ  ̩̥ ̛̫̗Ừ̢̩̱̣̥ 

̨̢̟̣̪̗̒̚ ̨̛ ̣̗̓ ̨̢̛̝̥̕ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̃ ̛̣̗̟̕ ̩̥ ὶᴆὸ ̠̗̟ ̩̥ ̢̥̣̗̟̗̥̚̕ 

̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̛̣̩̗̟̚̕ ̗Ù̱ ̩̝ ̨̨̬̝̓ : 

ὰ
ὶᴆ
ᴂ
ὸ

ȿὶᴆ
ᴂ
ὸȿ

     (2.1)  
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ʅ̝ ʺ˃ʰ нΦоΦ ɼʰ˃ˉˏ˂ʹ ˋˍˇ ᴙΣʶˉʽʲʰˍʽˁʺ ʰˁˍʾ˄ʰ ˋˍˇ ˋʹ˃ʶʾˇ ɾΣ ὶᴆὸ Σ ˁʰʽ ὶᴆὸ Σ ˖ˌ ˁʰʽ ˍˇ ʶ˒ʰˉˍˈ˃ʶ˄ˇ ˁʰʽ ˃ˇ˄ʰʵʽʰʾˇ 
ʶ˒ʰˉˍˈ˃ʶ˄ˇ ʵʽʱ˄ˎˋ˃ʰ  ˋˍˇ ɾΣ ὶᴆὸ  ˁ ʰʽ ―Ƕ h ˄ˍʾˋˍˇʽ˔ʰΦ 

 

                 

 

                              y 

 

 

  

 

 

 

                                        M  ᴆ 

                               ὶᴆὸ             ὶᴆὸ     

 

      x  

 

  

 

 

̧̠̥̃̔ ̢̡̧̥̗̔ ̢̠̗Ù̡̧̲̝ ̠̗̟ ̩̱̤̥̪ ̧̩̝ ̨̩̥ ᴙ  

 

˼Ừ̧̛̠̩̣̥̣̩̗̕ ̩̥̣ Ừ̢̦̥̝̙̥̲̣̥ ̨̡̡̨̢̪̥̙̟̱, ̛̣̗̟̕ ̛̫̗̣̦̱ ̱̩̟ ̧̠̗̞̳ ̩̥ 

̨̢̟̣̪̗̒̚ ῼᴆ́ ̛̛̩̣̟̕ ̨̩̝̣ ̛̫̗Ù̢̩̥̣̝̓, ̩̥Ù̟̠̒ ̨̢̪Ù̕Ừ̩̟ ̠̗̟ ̢̛ ̩̝̣ 

̢̠̗Ù̡̲̝. ̛̪̣̉Ù̧̳ ̨̛ ̢̟̗ Ừ̦̟̥̬̔ Ù̡̥̲ ̠̥̣̩̒ Ừ̦̕ ̩̥ ̨̢̛̝̥̕ ̃, ̝ 

̢̠̗Ù̡̲̝ ̛̩̗̪̩̜̩̗̟̕ ̢̛ ̩̝̣ ̛̫̗Ù̢̩̥̣̝̓ ̧̩̝. ˼Ù̢̧̥̣̮̓ ̩̥ ̨̧̛̛̩̥̟̬̟̳̚ 

̢̧̠̥̔ ds ̧̩̝ ̢̠̗Ù̡̧̲̝ ̩̥Ù̟̠̒ ̨̩̥ ̃ ̨̢̪Ù̕Ừ̩̟ ̢̛ ̩̥ ÌÉÍ
ᴼ
ῼᴆ́. 

̡̥̗̩̗̲̩̗̃, ̥̟ ̗Ų̧̛̟̦̥̩̀̓ ̢̡̧̛̩̗̘̥̓ dx  ̠̗̟ dy ̣̥̣̩̗̟̚̕ : 

Ὠὼ  ÌÉÍ
ᴼ
ὼὸ Ὠὸ ὼὸ ὼ ὸ Ὠὸ 

Ὠώ  ÌÉÍ
ᴼ
ώὸ Ὠὸ ώὸ ώ ὸ Ὠὸ 

˰̦̗  
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Ὠί ῼᴆ́
ᴼ

 ὼὸὨὸ  ώ ὸὨὸ  ὼὸ ώ ὸ Ὠὸ

                                         Ὠί  ὼὸ  ώ ὸ Ὠὸ  

  

̢̛̗̦̗̩̦̟̠̇̔ Ų̨̗̦̩̗̝̀̒ ̢̡̧̥̗̔ ̢̠̗Ù̡̧̲̝ C ̨̩̥ ᴙ, ̢̛ 

̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̩̥ ̢̧̠̥̔ ̧̩̝, ̨̩̮̓ s 

 

˸̧ ̛̛̞̮̦̝̞̕ ̢̡̥̗̔ ̢̠̗Ù̡̲̝ C ̨̩̥ ᴙ  ̠̗̟ ̩̥ ̨̢̛̝̥̕ ˸ ̧̩̝ ̢̛ 

̨̢̧̛̛̪̣̩̩̗̙̣̓ ΅ὼὸȟώὸ  , ̩̥ ̥Ù̥̥̕ ̛Ừ̡̟̙̩̗̟̓ ̧̮ ̗̦̬̔ ̧̩̝. ˹̨̛̟̒ 

̗̪̩̥̲ ̢Ừ̢̥̦̥̲ ̣̗ ̨̢̛̥̦̥̪̕ ̩̥ ̛Ù̢̟̠̗Ù̡̲̟̥ ̢̧̠̥̔ ̛̠̞̒ ̨̢̛̝̥̪̕ 

ῼὼὸ ȟώὸ  ̧̗̪̩̔ ̧̮ ̩̝̣ ̛Ù̢̟̠̗Ù̡̲̟̗ ̗Ų̨̱̩̗̝̀ ̩̥̪ ̃ ̗Ù̱ ̩̥ ˸, 

̡̝̗̔̚̚ : 

 ίὸ  ᷿ Ὠί  ᷿ ὼ ὸ  ώ ὸ Ὠὸ   (2.2)  

̢̲̫̮̣̗̉ ̢̛ ̩̗ Ừ̢̦̥̝̙̥̲̣̗, ̛̠̞̒ ̨̢̛̝̥̕ ̃ ̢̧̟̗ ̢̡̧̥̗̔ ̢̠̗Ù̡̧̲̝ ̛̬̟̓ 

̣̗̓ ̢̨̢̥̣̥̗̣̩̗̔ ̨̢̥̦̟̣̥̓ ̢̧̠̥̔ s, Ù̥̪ ̛̣̩̗̟̚̕ ̗Ù̱ ̩̝̣ (3.2). ̛̪̣̉Ù̧̳, 

̢̟̗ ̢̡̥̗̔ ̢̠̗Ù̡̲̝ ̲̣̗̩̗̟̚ ̣̗ Ừ̛̦̟̙̦̗̫̕ Ù̡̧̦̮̔ ̢̛ ̛̗̣̤̦̩̝̩̝̒ 

̢̡̛̩̗̘̝̩̔ ̩̥ s, ̗̣̩̕ ̩̥̪ t  Ù̥̪ ̩̗̣̔ ̝ ̗̦̬̟̠̔ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔. ̩̝̣̉ 

Ừ̦̕Ų̩̮̝̀ ̗̪̩̔ ̥̟ Ừ̢̧̗̦̗̩̦̟̠̓ ̨̨̧̛̛̤̟̳̟ ̔ ̡̡̧̗̟̳ ̛Ù̟̘̗̩̟̠̔ ̗̠̩̣̗̕ 

̧̩̝ ̢̠̗Ù̡̧̲̝ ̨̢̡̛̪̘̥̜̩̗̟̕ ̧̮  

 ὶᴆί ὼίǶώίǶ      

˴Ù̥̪ s ̩̥ ̢̧̠̥̔ ̩̥̪ ̧̩̪̬̱̣̩̥ ̨̢̛̝̥̪̕ ̧̩̝ C. 

˺̟̗ ̩̥ ̢̥̣̗̟̗̥̚̕ ̛̫̗Ừ̢̩̱̣̥ ̠̗̟ ̩̥ ̢̥̣̗̟̗̥̚̕ ̛̠̞̩̥̒ ̨̢̟̣̪̗̒̚ ̨̛ ̛̠̞̒ 

̨̢̛̝̥̕ ̢̧̟̗ ̢̡̧̥̗̔ ̢̠̗Ù̡̧̲̝, ̨̛̟̬̲̟ ̩̥ ̧̛̤̔:  

̢̢̗̂̔ 2.1 : ̥̣̗̟̗̥̃̚̕ ̛̫̗Ừ̢̩̱̣̥ ̠̗̟ ̢̥̣̗̟̗̥̚̕ ̛̠̞̩̥̒ ̨̢̟̣̪̗̒̚ ̨̛ 

̢̡̥̗̔ ̢̠̗Ù̡̲̝ ̨̩̥ ᴙ  

˱̨̩̮ ̢̠̗Ù̡̲̝ C, ̧̩̟̔ ̛̟̗̙̦̫̩̗̟̒̚ ̡̗̣̞̮̦̥̥̙̟̗̠̒ ̠̗̟ ̛̬̟̓ ̢̥̣̗̟̗̥̚̕ 

̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ὰᴆ ὰǶ ὰǶ ̨̩̥ ̩̪̬̱̣ ̨̢̛̝̥̕ ̃ ̧̩̝. ̛̱̩̊  

˸) ˸̣ ̨̛̛̠̫̦̗̩̕ ̝ C ̢̛ Ừ̢̗̦̩̦̥̒ ̩̥ ̢̧̠̥̔ ̧̩̝ s ̨̛̟̬̲̟  

 ὰ  
ᴆ

 ὶᴆί                             (2.3)                                                   

 B) T̥ ̢̥̣̗̟̗̥̚̕ ̛̠̞̩̥̒ ̨̢̟̣̪̗̒̚ ̨̩̝̣ ̢̠̗Ù̡̲̝ ̛̣̗̟̕ ̩̥ ὲ ὲ Ƕ ὲ Ƕ, ̧̱̩̟ 

̨̟̥̲̩̗̟ ̢̛  
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ὲ ὰǶὰǶ
Ὠώί

Ὠί
Ƕ
Ὠὼί

Ὠί
Ƕ 

˸Ừ̱̟̤̝̚: 

˸) ˺̟̗ ̛̠̞̒ Ừ̢̗̦̩̦̥̒ t  ̢̧̟̗ ̢̡̧̥̗̔ ̢̠̗Ù̡̧̲̝ C ̛̬̟̓ ̢̡̛̛̛̞̟̮̞̕ 

Ù̢̧̦̥̝̙̥̪̣̮̓ ̱̩̟ ̩̥ ̨̧̛̛̩̥̟̬̟̳̚ ̢̧̠̥̔ ̧̩̝ C ̨̛ ̩̪̬̱̣ ̨̢̛̝̥̕ ̛̣̩̗̟̚̕ 

̗Ù̱ ̩̝ ̨̨̬̝̓: 

Ὠί ᴁὨὶᴆὸᴁ   ὼὸ  ώ ὸ Ὠὸ 

˸̣ ̢̧̱̮ ̛Ừ̡̛̟̙̕ ̩̥ ̢̧̠̥̔ ̧̩̝ C ̧̮ Ừ̢̗̦̩̦̥̒, ̛̩̱̩ ̨̛̟̬̲̟ ὸ ίᵼ ὨὸὨί 

̥Ừ̱̩ ̝ ̗̣̮̩̦̮̓ ̛̣̟̚̕:  

  

Ὠί ᴁὨὶᴆίᴁ ᴁὨίᴆᴁ   ὼ ί  ώ ί Ὠί 

 ̔

   ρ   ὼί  ώ ί  ᵾ ᴁὶᴆίᴁ ρ 

  ˰̦̗ ὰ  ὶᴆί  

˹) ̥̊ ̢̥̣̗̟̗̥̚̕ ̛̠̞̩̥̒ ̨̢̟̣̪̗̒̚ ̨̩̝̣ ̢̠̗Ù̡̲̝ C ̛̣̗̟̕ ̛̤ ̨̢̥̦̟̥̲ ̛̠̞̩̥̒ 

̨̩̥ ̢̥̣̗̟̗̥̚̕ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̧̩̝ ̢̠̗Ù̡̧̲̝. ˼Ù̢̧̥̣̮̓, Ù̦̥̠̲Ừ̩̟ 

̗Ù̱ ̩̥ ̢̥̣̗̟̗̥̚̕ ̨̢̟̣̪̗̒̚ ὰᴆ ̢ ̛ ̨̩̦̥̫̔ ̠̗̩̒ ̙̮̣̗̕  , ̨̛̳̩ ̢̛ ̨̢̨̲̘̗̝, 

̨̩̗ ̨̢̛̝̗̕ ̨̩̗ ̥Ù̥̗̕ ̝ ̢̠̗Ù̡̲̝ ̨̛̩̦̫̟̓ ̩̗ ̡̠̥̗̕ ̢̨̗̓, ̩̥ ὲᴆ ̣̗ ̛̛̬̣̟̚̕ 

Ù̧̦̥ ̩̗ ̤̮̓. 

˼Ù̢̧̥̣̮̓ ̙̟̗ ̨̩̦̥̫̔ ̠̗̩̒  ̠̗̟ ̩̗ ̡̠̥̗̕ ̢̨̗̓, ̩̥ ̨̢̟̣̪̗̒̚ ̛̬̟̓ 

̨̢̧̛̛̪̣̩̩̗̙̣̓:  

ὲ
ὲ

ÃÏÓ
“

ς
ÓÉÎ

“

ς

ÓÉÎ
“

ς
ÃÏÓ

“

ς

ὰ
ὰ
  

 
ὲ πὰ ὰ

ὲ  ὰ πὰ
 
ὲ ὰ

ὲ  ὰ
      

˺̟̗ ̣̗ ̛Ừ̛̟̘̘̗̟̮̞̕ ̝ ̛̠̗̞̩̱̩̝̩̗ ̩̮̣ ὰᴆ ̠̗̟ ὲᴆ ̢̛̛̫̗̦̱̜̩̗̟ ̩̥ ̨̛̛̮̩̦̟̠̱ 

̢̛̙̟̣̱̣̥:  

ὰϽ ὲ  ὰὰ ὰὰ π 

˰̦̗ ̩̗ ὰ ̠̗̟ ὲ ̛̣̗̟̕ ̛̠̞̩̗̒ ̢̛̩̗̤̲ ̧̩̥̪. 
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˸̡̛̠̥̥̪̞̕ ̣̗̓ ̗Ù̡̱ ̡̡̗̒ ̢̧̛̛̛̞̟̳̚̚ Ừ̢̗̦̟̙̗̒̚ ̙̟̗ ̩̝̣ ̨̠̗̩̗̣̱̝̝ ̩̮̣ 

̗̣̮̩̦̮̓, ̥ ̡̧̠̲̠̥. 

̩̉ ̥̣ ̡̠̲̠̥ ̢̛ ̠̣̩̦̥̓ ὼȟώ  ̠̗̟ ̧̗̠̩̣̗̕ ̗ ̨̛̟̬̲̟ ̱̩̟:  

ὶᴆὸ ὼ ὥϽÃÏÓὸ Ƕ ώ ὥϽÓÉÎ ὸ Ƕ   ȟὸ ɴ πȟς“ 

˰̦̗  

ὶᴆὸ ὥϽÓÉÎ ὸǶ ὥϽÃÏÓ ὸǶ  

̥̊ ̢̩̦̥̓ ̩̥̪ ̛̫̗Ừ̢̩̱̣̥̪ ̨̢̧̟̗̣̲̗̩̥̚ ὶᴆὸ ̛̣̗̟̕ 

ȿὶᴆὸȿ  ὥϽÓÉÎὸ ὥϽÃÏÓὸ ὥȟᶅὸ 

̥̊ ̢̧̠̥̔ ̩̥̪ ̡̠̲̠̥̪ ̛̥̦̜̩̗̟̕ ̧̮  

ίὸ ὼ †  ώ † Ὠ† ‌ὸ  

̔ ̨̛ ̢̟̗ Ù̟̥ ç̡̫̟̟̠̔è ̢̥̦̫̔, S = R̞, Ù̥̪ ̛̣̗̟̕ ̩̲Ù̧̥ Ù̥̪ ̛̛̬̕ ̛̘̦̟ ̥ 

̢̨̧̙̟̩̥̓ ̩̮̣ ̢̢̗̞̝̗̩̟̠̳̣ ˸̢̧̦̬̟̝̔̚ ̩̥̣ 3 ̥Ù.̍. ̗̟̳̣̗. 

˼̣̒ ̛Ừ̡̛̟̙̕ ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̣̗ ̛̣̗̟̕ ̩̥ s ̗̣̩̕ ̩̥̪ t, ̛̩̱̩  

ὶᴆί ὼ ὥϽÃÏÓ
ί

‌
Ƕ ώ ὥϽÓÉÎ 

ί

ὥ
Ƕ  

 ὶᴆί ÓÉÎ ǶÃÏÓ Ƕ              ςȢτ 

˼Ù̢̧̥̣̮̓ ̞̗ ̨̛̟̬̲̟ ᴁὶᴆίᴁ ρ, Ù̡̧̦̮̔ ̨̢̪̘̗̩̱ ̢̛ ̩̥ ̡̢̢̗̔ 2.1(˸). 

˸̣ ̩̥ ̨̢̟̣̪̗̒̚ ὰ ̛̣̗̟̕ ̩̥ ̢̥̣̗̟̗̥̚̕ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̨̛ ̣̗̓ 

̥Ù̥̟̥̔̚Ừ̥̩ ̨̢̛̝̥̕ ̩̥̪ ̡̠̲̠̥̪ ̛̩̱̩ ̨̛̟̬̲̟  

ὰ  ὶᴆίȟ   ‘‐ ὰ ὰǶὰǶ 

˴̢̧̮  

ὶᴆί ὼ ίǶώ ίǶ 

˰̦̗  

ὰ ὼ ί

ὰ ώ ί
 

̆ ̡̧̠̲̠̥ ̛̟̗̙̦̫̩̗̟̒̚ ̡̗̣̞̮̦̥̥̙̟̗̠̒ ̢̛̥̣̥̪̓̚̚ ̱̩̟ ὸ ɴ πȟς“, ̦̗̒ ̨̛̟̬̲̟ 

̩̥ ̢̢̗̂̔ 2.1(˹) ̠̗̟ Ù̦̥̠̲Ừ̩̟ ̱̩̟ ̩̥ ̢̥̣̗̟̗̥̚̕ ̛̠̞̩̥̒ ̨̢̟̣̪̗̒̚  ὲ ὲ Ƕ

 ὲ Ƕ ̨̩̥̣ ̡̠̲̠̥ ̛̣̗̟̕  

ὲ ὰǶὰǶ
Ὠώί

Ὠί
Ƕ
Ὠὼί

Ὠί
Ƕᵼ  
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ʅ˔ʺ˃ʰ нΦпΦ ɼˏˁ˂ˇˌ ˁʷ˄ˍˊˇˎ ὑὼȟώ  ˁ ʰʽ ʰˁˍʾ˄ʰˌ ʰΣ ˋʶ ˍˎ˔ˈ˄ ˋʹ˃ʶʾˇ ɾ ˍˇˎ ˇˉˇʾˇˎ 

ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˍˇ ˃ˇ˄ʰʵʽʰʾˇ ʶ˒ʰˉˍˈ˃ʶ˄ˇ ˁʰʽ ˍˇ ˃ˇ˄ʰʵʽʰʾˇ ˁʱʻʶˍˇ ʵʽʱ˄ˎˋ˃ʰ ὰ ˁ ʰʽ ὲ 

ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆˇ ὲ ʁ ʾ˄ʰʽ ˋˎʴʴˊʰ˃ʽˁˈ ˃ʶ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ὑὓᴆ ˁ ʰʽ ʶˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽ ʶˉʾ ˍʹˌ ʰˁˍʾ˄ʰˌΦ 

 

 

                        ὲ ÃÏÓ Ƕ ÓÉÎ Ƕ                                ςȢυ 

  

 

 

                                                                                                                                                                                                                         

   ὲ         

   ὰ     

                                                                                                                                                                                        

 

 

 

 

 

 

 

 

˸̣ ̨̛̛̛̤̩̗̩̕ ̝ ̛̛̲̩̦̝̚ Ù̧̗̦̙̮̙̥̒ ̧̩̝ ̨̢̧̟̗̣̪̗̩̟̠̔̚ ̧̗̠̩̣̗̕ ὶᴆί ̩̥̪ 

̡̠̲̠̥̪, ̛̩̱̩ Ù̦̥̠̲Ừ̩̟ ̣̗̓ ̛̣̟̗̫̦̥̣̓̚ ̨̢̪Ų̢̦̗̗̀̓. ̢̦̙̗̩̟̇̒,  

ὶᴆ ί
ρ

‌
ὧέί

ί

ὥ
Ƕ
ρ

ὥ
ÓÉÎ
ί

ὥ
Ƕ              ςȢφ 

ᵾ ὶᴆ ί
ρ

ὥ
ὥϽÃÏÓ

ί

ὥ
ǶὥϽÓÉÎ

ί

ὥ
Ƕὼ Ƕώ Ƕ ὼ Ƕώ Ƕ  

ᵾ ὶᴆ ί
ρ

ὥ
ὥϽÃÏÓ

ί

ὥ
ǶὥϽÓÉÎ

ί

ὥ
Ƕὼ Ƕώ Ƕ ὼ Ƕώ Ƕ 

˴̢̧̮ ̗Ù̱ ̩̝̣ (2.6) ᴁὶᴆ ίᴁ  , ̦̗̒ ̝ ̗̣̮̩̦̮̓ ̛̙̣̩̗̟̕  

                ὼ Ƕώ Ƕ ὶᴆί ‌ ὶᴆ ί  ὶᴆί
ὶᴆ ί

ᴁὶᴆ ίᴁ
                       ςȢχ 
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˾ Ừ̦̕Ų̩̮̝̀ ̨̧̩̪̬̥̲̗ ̢̠̗Ù̡̧̲̝: ̆ ̧̛̙̙̲̩̗̩̥ ̡̧̠̲̠̥ ̨̛  

̩̪̬̱̣ ̨̢̛̝̥̕ ̧̩̝ 

 

˱̨̩̮ ̨̟̚̚ ̨̟̩̗̩̝̒ ̢̠̗Ù̡̲̝ ̛̠Ų̢̛̫̦̗̣̝̀̓ ̢̛ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ t  ̧̮ 

̧̛̤̔:  

ὶᴆὸ ὼὸǶώὸǶȟὸ ɴ  ᴙ 

˾ ̟̗̕̚ ̢̠̗Ù̡̲̝ ̗̣ ̨̛̛̠̫̦̗̩̕ ̢̨̮̓ ̩̥̪ ̢̧̠̥̪̔ ̧̩̝ s, Ừ̛̦̟̙̦̫̩̗̟̒ ̗Ù̱ 

̩̝ ̨̨̬̝̓  

ὶᴆί ὼίǶώίǶ 

̛̥̣̜̩̗̟̊̕ ̱̩̟ ̥̟ ̨̨̧̛̪̣̗̦̩̟̔ x(s), y(s) ̛̣̗̟̕ ̛̣ ̛̙̣̟̓ ̧̛̟̗̫̥̦̩̟̠̓̚ ̗Ù̱ ̧̩̟ 

x(t ), y(t ), ̱Ù̧̮ ̠̗̟ ̩̥ Ừ̥̚̕ ̨̢̥̦̟̥̲ ̧̩̥̪ Ù̥̪ ̛̣̗̟̕ ̛̟̗̫̥̦̩̟̠̱̚ ̨̩̝ ̛̙̣̟̠̔ 

Ừ̦̕Ų̩̮̝̀. ̥̊ Ừ̥̚̕ ̢̩̟̳̣ ̢̧̱̮ ̩̮̣ x(t ),y(t ) ̡̡̗̒ ̠̗̟ ̩̮̣ x(s), y(s) ̛̣̗̟̕ 

̧̗̠̦̟̘̳ ̩̥ ̟̥̕̚, ̨̛̳̩ ̠̗̟ ̥̟ ̲̥̚ Ų̨̧̛̗̦̗̩̟̀̒ ̨̛ ̢̛̟̗̩̩̗̙̣̗̓̚ ̛̜̲̙̝ 

ὼίȟώί  ̣̗ ̨̨̪̣̟̩̥̲̣ ̩̝̣ ̟̗̕̚ ̢̠̗Ù̡̲̝ C. 

̢̲̫̮̣̗̉ ̢̛ ̩̥ ̢̢̗̂̔ 2.1(˸), ̩̥ ̢̥̣̗̟̗̥̚̕ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ὰᴆί ̨̩̝̣ 

C ̛̣̗̟̕  

ὰί ὶᴆί ὼ ίǶώ ίǶȟᶅί 

˱̨̩̮ ̱̩̟ ̝ ὶᴆί ̛̣̗̟̕ ̲̥̚ ̧̫̥̦̓ Ų̢̗̦̗̙̮̙̟̝̀̕, ̥Ừ̱̩ ̢̛̥̦̜̥̪̕ ̩̥ ̨̢̛̝̥̕ 

O  ̢̛̠ ̨̢̟̗̣̪̗̩̟̠̔̚ ̗̠̩̣̗̕ ὶᴆ ίḳ ὼίǶώίǶ 
Ƕ Ƕ 

ᴁ ᴆ ᴁ
    

˸̧ ̛̛̞̮̦̝̞̕ ̥ ̡̧̠̲̠̥ (́) ̢̛ ̠̣̩̦̥̓ ̩̥ Ok ̠̗̟ ̗̠̩̣̗̕ 
ᴁᴆ ᴁ

. Ṯ̛̩ ̩̥ ̨̢̛̝̥̕ 

˸ ̢̛ ̨̢̟̗̣̪̗̩̟̠̔̚ ̗̠̩̣̗̕ ὶᴆί ὼίǶώίǶ ̛̗̣̠̟̔ ̨̩̥̣ (́) ̛̠ ̨̧̛̠̗̩̗̠̪̔, 

̗̫̥̲  

ὶᴆί  ὶᴆ ί  ὼίǶώίǶ ὼίǶώίǶ  
ὼ ίǶώ ίǶ 

ᴁ ὶᴆ ίᴁ
   

  
ὼ ίǶώ ίǶ 

ᴁ ὶᴆ ίᴁ

ᴁὼ ίǶώ ίǶᴁ

ᴁ ὶᴆ ίᴁ

ρ

ᴁὶᴆ ίᴁ
 

  

̧̩̟̔ ̛̣̗̟̕ ̝ ̗̠̩̣̗̕ ̩̥̪ ̡̠̲̠̥̪. ˰̦̗ ̩̥ ̨̢̛̝̥̕ ˸ ̢̛ ̨̢̧̛̛̪̣̩̩̗̙̣̓ 

ὼίȟώί  ̛̗̣̠̟̔ ̨̩̥̣ (́) ̢̛ ̠̣̩̦̥̓ ̩̥ Ok ̠̗̟ ̗̠̩̣̗̕ 
ᴁᴆ ᴁ

. ˼Ù̟Ù̡̥̣̓ ̥ 

̡̧̠̲̠̥ (́) ̠̗̟ ̝ ̢̠̗Ù̡̲̝ ὶᴆί ̬̥̪̣̓ ̠̥̟̣̱ ̢̥̣̗̟̗̥̚̕ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ 

̨̩̥  ΅ὼίȟώί . ˴̧̣̩̮, 
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  ᴆ̈́  ὶᴆί  ὶᴆ ί   
ὼ ίǶώ ίǶ 

ᴁ ὶᴆ ίᴁ
 

˺̟̗ ̣̗ ̗Ừ̛̥̟̬̩̚̕ ̱̩̟ ̬̥̪̣̓ ̩̥ ̟̥̕̚ ̢̥̣̗̟̗̥̚̕ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚, ̛̗̦̠̕ 

̣̗ ̛̛̟̬̩̚̕ ̱̩̟  

  ᴆ̈́Ͻὰί π 

˴̢̧̮   ᴆ̈́Ͻὰᴆί  
Ƕ Ƕ

ᴁ ᴆ ᴁ
ὼ ίǶώ ίǶ  

 

ᴁ ᴆ ᴁ
  

˼Ù̟Ù̡̥̣̓ ὰᴆί ρȟᶅί ̩̗̪̩̥̩̟̠̒ Ụ̮̀̒ ̨̩̝̣ ̢̠̗Ù̡̲̝, ̥Ừ̱̩  

ὼ ί  ώ ί  ρ ᵾ 

ςὼ ίὼ ί ςώ ίώ ί π ᵾ 

                                        ὼ ίὼ ί ώ ίώ ί π                                       ςȢψ 

˰̦̗   ᴆ̈́Ͻὰᴆί π ̩̗̪̩̥̩̟̠̒ Ụ̮̀̒ ̨̩̝̣ ̢̠̗Ù̡̲̝, ̡̝̗̔̚̚ ̩̥ ὰᴆί ̛̣̗̟̕ 

̛̠̞̩̥̒ ̨̩̥ ̨̢̟̣̪̗̒̚ ̧̩̝ ̧̗̠̩̣̗̕ ̩̥̪ ̡̠̲̠̥̪,   ᴆ̈́ ̠̗̟ ̛̫̗Ừ̢̩̱̣̥ ̨̩̥̣ 

̡̠̲̠̥ ́ ̨̩̥ ̨̢̛̝̥̕ ˸ ̠̗̟ ̛Ù̢̧̥̣̮̓ ̩̥ ̢̛̜̝̩̥̲̣̥ ̗Ừ̛̥̬̩̝̠̚̕. 

̩̝̉ ̨̛̪̣̬̟̗̓ ̞̗ ̗Ừ̛̥̟̬̩̚̕ ̱̩̟ ̠̗̟ ̩̥ ̨̢̛̝̥̕ ˹ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̢̛ 

̨̢̟̗̣̪̗̩̟̠̔̚ ̗̠̩̣̗̕ ὶᴆί Ὠί ὼί ὨίǶώί ὨίǶ ̛̗̣̠̟̔ ̨̩̥̣ ̟̥̕̚ 

̡̠̲̠̥. 

̛̃  πȟπ ̩̝̣ ̗̦̬̔ ̩̮̣ ̗̤̱̣̮̣, ̧̗ ̛̛̞̮̦̝̞̕ ̩̥ ̨̢̟̣̪̗̒̚  

  ᴆ`  ᴆ`   ᴆ  ὶᴆί Ὠί  ὶᴆί
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 

˸̣̗Ų̨̧̩̲̥̣̩̗̀ ̨̛ ̨̛̟̦̒ Teylor  ̩̥ ὶᴆί Ὠί ̧̮ Ù̧̦̥ ds :  

ὶᴆί Ὠί  ὶᴆί  ὶᴆίὨί ὶᴆ ίὨί Ễ 

Ù˼̛̟̔̚ ̩̥ ὨίO π ̥̟ ̱̦̥̟ ̧̗̣̮̩̦̗̓ ̧̩̤̝̒ ̢̡̛̗̥̲̣̩̗̟ ̠̗̟ ̩̥ ̨̢̟̣̪̗̒̚ 

Ừ̗̦̣̟̕ ̩̝ ̢̥̦̫̔  

  ᴆ`   ὶᴆί  ὶᴆίὨί  ὶᴆί
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 ὶᴆίὨί

ὶᴆ ί

ᴁ ὶᴆ ίᴁ
           ςȢω 

˺̟̗ ̩̥                               ᴆ`    ᴆ`Ͻ  ᴆ` ὶᴆίὨί
ᴆ

ᴁ ᴆ ᴁ
  

 ὶᴆ ίὨί ςὶᴆί
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
Ὠί

ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 

˴̢̧̮ ̗Ù̱ ̩̝̣ (2.8) ὶᴆίϽὶᴆ ί  π ̠̗̟ ̧̛̞̮̦̳̣̩̗ ̩̥ Ὠί ̢̡̛̗̝̩̥̓ ̧̮ 

Ù̧̦̥ Ὠί ̠̗̟ ̩̥̣ 
ᴆ

ᴁ ᴆ ᴁ
 ̝ ̗̣̮̩̦̮̓ ̨̨̬̝̓ ̛̙̣̩̗̟̕  
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   ᴆ`
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 
ᴁ ὶᴆ ίᴁ

ᴁ ὶᴆ ίᴁ
 
Ѝ
ᵾ 

   ᴆ`
ρ

ᴁ ὶᴆ ίᴁ
 

˸Ù̱ ̩̝ ̨̨̬̝̓ ̗̪̩̔ ̨̛̪̣̙̩̗̟̒ ̱̩̟ ̩̥ ̨̢̛̝̥̕ `ᶰ„†‛’ ‖ʞ‖‗‛ Ὼ, ̧̠̗̞̳ 

̗Ừ̬̟̓ ̗Ù̱ ̩̥ ̨̢̛̝̥̕ ̆ ̠̗Ų̨̱̩̗̝̀ ̨̝̕ ̢̛ ̩̝̣ ̗̠̩̣̗̕ ̩̥̪ ̡̠̲̠̥̪ (́). 

˱Ừ̟̩̗, ̞̗ ̗Ừ̥̟̬̚ ̛̞̕ ̱̩̟ ̝ ̛̫̗Ù̢̩̥̣̝̓ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̨̩̥ ̨̢̛̝̥̕ 

`ὼί Ὠίȟώί Ὠί ̠̗̟ ̝ ̛̫̗Ù̢̩̥̣̝̓ ̩̥̪ ̡̠̲̠̥̪ ̨̩̥ ˹ ̩̗̪̩̜̥̣̩̗̟̕.  

˸̛̦̠̕ ̣̗ ̛̛̟̬̩̚̕ ̱̩̟ ̩̥ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̨̩̝̣ ̢̠̗Ù̡̲̝ ̨̩̥ ˹, 

ὶᴆί Ὠί ̠̗̟ ̩̥   ᴆ` ̛̣̗̟̕ ̛̠̞̩̗̒ ̢̛̩̗̤̲ ̧̩̥̪. 

˺̟õ ̗̪̩̱, ̛̗̦̠̕ ̣̗ ̪Ừ̡̨̥̥̙̟̩̕ ̩̥ ̨̛̛̮̩̦̟̠̱ ̧̩̥̪ ̢̛̙̟̣̱̣̥ ̨̥̕ ̢̛ ̢̝̣̓̚. 

̆Ừ̱̩  

ὶᴆί ὨίϽ  ᴆ`  ὶᴆί  ὶᴆ ίὨί ὶᴆίὨί
ᴆ

ᴁ ᴆ ᴁ
   

 ˴Ù̥̪ ̩̥ ὶᴆί Ὠί ̛̬̟̓ ̗̣̗Ừ̩̪̬̞̕ ̨̛ ̨̛̟̦̒ Teylor  ̢̡̧̛̗̳̣̩̗ ̧̩̥̪ ̧̱̦̥̪ 

̧̛̛̲̩̦̝̚ ̧̩̤̝̒ (ds2) ̠̗̟ ̣̮̒ ̠̗̟ ̩̥   ᴆ` ̢̛ ̩̝̣ ̨̠̫̦̗̓̔ ̩̥̪ ̨̩̝̣ (2.9) ̠̗̟ 

̡̢̛̗̘̣̩̗̟̒ : 

ὶᴆί ὨίϽ  ᴆ` ὶᴆίϽ ὶᴆίὨί
ὶᴆίϽὶᴆ ί

ᴁ ὶᴆ ίᴁ
ὶᴆίϽὶᴆ ίὨί

ὶᴆ ίϽὶᴆ ίὨί

ᴁ ὶᴆ ίᴁ
  

̛̃ ὶᴆίϽὶᴆί ὶᴆ ί ᴁ ὶᴆίᴁ ρ , ὶᴆίϽὶᴆ ί π ̗Ù̱ (3.10) ̝ ̗̣̮̩̦̮̓ 

̛̙̣̩̗̟̕ 

ὶᴆί ὨίϽ  ᴆ` ὨίὨί π 

̡̧̗̩̗̙̥̣̩̗́̔, ̢̛ ̩̝̣ ̗̣̮̩̦̮̓ ̗Ừ̛̬̞̝̚̕ ̱̩̟ ̩̥   ᴆ` ̛̣̗̟̕ ̛̠̞̩̥̒ ̨̩̥ 

̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̡̡̗̒ ̠̗̟ ̩̥̪ ̡̠̲̠̥̪ (́) ̨̩̥ ̨̢̛̝̥̕ 

`ὼί Ὠίȟώί Ὠί. ˰̦̗, ̩̥ ̨̢̛̝̥̕ ˹ ̛̗̣̠̟̔ ̨̩̥̣ ̡̠̲̠̥ (́) ̱Ù̧̮ ̠̗̟ ̨̩̝̣ 

̢̠̗Ù̡̲̝ ̠̗̟ ̝ ̛̫̗Ù̢̩̥̣̝̓ ̨̩̥ ˹ ̨̩̱̥ ̨̩̥̣ ̡̠̲̠̥ ̡̡̗̒ ̠̗̟ ̨̩̝̣ ̢̠̗Ù̡̲̝ 

̩̗̪̩̜̥̣̩̗̟̕. 

̢̧̗̦̥̥̮̇̕, ̞̗ ̗Ừ̛̥̟̬̞̚̕ ̱̩̟ ̠̗̟ ̩̥ ̨̢̛̝̥̕ ὄ ὼί Ὠίȟώί Ὠί ̛̗̣̠̟̔ 

̨̩̥̣ ̡̠̲̠̥ (́) ̡̡̗̒ ̠̗̟ ̱̩̟ ̝ ̛̫̗Ù̢̩̥̣̝̓ ̩̥̪ ̡̠̲̠̥̪ ̠̗̟ ̧̩̝ ̢̠̗Ù̡̧̲̝ 

̨̛ ̗̪̩̱ ̩̗̪̩̜̥̣̩̗̟̕. ˺̟̗ ̩̥ Ù̦̳̩̥ ̢̛̜̝̩̥̲̣̥:  

̛̃  πȟπ ̩̝̣ ̗̦̬̔ ̩̮̣ ̗̤̱̣̮̣, ̩̥ ̨̢̟̣̪̗̒̚   ᴆ` ̛̣̗̟̕:  

  ᴆ`  ` ᴆ   ᴆ  ὶᴆί Ὠί  ὶᴆί
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 

˸̣̗Ų̨̧̩̲̥̣̩̗̀ ̨̛ ̨̛̟̦̒ Teylor  ̩̥ ὶᴆί Ὠί ̧̮ Ù̧̦̥ - ds :  
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ὶᴆί Ὠί  ὶᴆί  ὶᴆίὨί ὶᴆ ίὨί Ễ 

Ù˼̛̟̔̚ ̩̥ ὨίO π ̥̟ ̱̦̥̟ ̧̗̣̮̩̦̗̓ ̧̩̤̝̒ ̢̡̛̗̥̲̣̩̗̟ ̠̗̟ ̩̥ ̨̢̟̣̪̗̒̚ 

Ừ̗̦̣̟̕ ̩̝ ̢̥̦̫̔  

  ᴆ`   ὶᴆί  ὶᴆίὨί  ὶᴆί
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 ὶᴆίὨί

ὶᴆ ί

ᴁ ὶᴆ ίᴁ
            

˺̟̗ ̩̥                               ᴆ`    ᴆ`Ͻ  ᴆ` ὶᴆίὨί
ᴆ

ᴁ ᴆ ᴁ
  

 ὶᴆ ίὨί ςὶᴆί
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
Ὠί

ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 

˴̢̧̮ ̗Ù̱ ̩̝̣ (2.8) ὶᴆίϽὶᴆ ί  π ̠̗̟ ̧̛̞̮̦̳̣̩̗ ̩̥ Ὠί ̢̡̛̗̝̩̥̓ ̧̮ 

Ù̧̦̥ Ὠί ̠̗̟ ̩̥̣ 
ᴆ

ᴁ ᴆ ᴁ
 ̝ ̗̣̮̩̦̮̓ ̨̨̬̝̓ ̛̙̣̩̗̟̕  

   ᴆ`
ὶᴆ ί

ᴁ ὶᴆ ίᴁ
 
ᴁ ὶᴆ ίᴁ

ᴁ ὶᴆ ίᴁ
 
Ѝ
ᵾ 

   ᴆ`
ρ

ᴁ ὶᴆ ίᴁ
 

˸Ù̱ ̩̝ ̨̨̬̝̓ ̗̪̩̔ ̨̛̪̣̙̩̗̟̒ ̱̩̟ ̩̥ ̨̢̛̝̥̕ `ᶰ„†‛’ ‖ʞ‖‗‛ Ὼ, ̧̠̗̞̳ 

̗Ừ̬̟̓ ̗Ù̱ ̩̥ ̨̢̛̝̥̕ ̆ ̠̗Ų̨̱̩̗̝̀ ̨̝̕ ̢̛ ̩̝̣ ̗̠̩̣̗̕ ̩̥̪ ̡̠̲̠̥̪ ́. 

˱Ừ̟̩̗, ̞̗ ̗Ừ̥̬̚̕ ̛̞̕ ̱̩̟ ̝ ̛̫̗Ù̢̩̥̣̝̓ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̨̩̥ ̨̢̛̝̥̕ 

` ὼί Ὠίȟώί Ὠί ̠̗̟ ̝ ̛̫̗Ù̢̩̥̣̝̓ ̩̥̪ ̡̠̲̠̥̪ ̨̩̥ ˹ ̩̗̪̩̜̥̣̩̗̟̕.  

˸̛̦̠̕ ̣̗ ̛̛̟̬̩̚̕ ̱̩̟ ̩̥ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ̨̩̝̣ ̢̠̗Ù̡̲̝ ̨̩̥ ˹, 

ὶᴆί Ὠί ̠̗̟ ̩̥   ᴆ` ̛̣̗̟̕ ̛̠̞̩̗̒ ̢̛̩̗̤̲ ̧̩̥̪. 

˺̟õ ̗̪̩̱, ̛̗̦̠̕ ̣̗ ̪Ừ̡̨̥̥̙̟̩̕ ̩̥ ̨̛̛̮̩̦̟̠̱ ̧̩̥̪ ̢̛̙̟̣̱̣̥ ̨̥̕ ̢̛ ̢̝̣̓̚. 

̆Ừ̱̩  

ὶᴆί ὨίϽ  ᴆ`  ὶᴆί  ὶᴆ ίὨί ὶᴆίὨί
ᴆ

ᴁ ᴆ ᴁ
   

 ˴Ù̥̪ ̩̥ ὶᴆί Ὠί ̛̬̟̓ ̗̣̗Ừ̩̪̬̞̕ ̨̛ ̨̛̟̦̒ Teylor  ̢̡̧̛̗̳̣̩̗ ̧̩̥̪ ̧̱̦̥̪ 

̧̛̛̲̩̦̝̚ ̧̩̤̝̒ (ds2) ̠̗̟ ̣̮̒ ̠̗̟ ̩̥   ᴆ` ̢̛ ̩̝̣ ̨̠̫̦̗̓̔ ̩̥̪ ̨̩̝̣ (2.9) ̠̗̟ 

̡̢̛̗̘̣̩̗̟̒ : 

ὶᴆί ὨίϽ  ᴆ` ὶᴆίϽ ὶᴆίὨί
ὶᴆίϽὶᴆ ί

ᴁ ὶᴆ ίᴁ
ὶᴆίϽὶᴆ ίὨί

ὶᴆ ίϽὶᴆ ίὨί

ᴁ ὶᴆ ίᴁ
  

̛̃ ὶᴆίϽὶᴆί ὶᴆ ί ᴁ ὶᴆίᴁ ρ , ὶᴆίϽὶᴆ ί π ̗Ù̱ (3.10) ̝ ̗̣̮̩̦̮̓ 

̛̙̣̩̗̟̕ 

ὶᴆί ὨίϽ  ᴆ` ὨίὨί π 
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̢̪̉Ų̢̛̦̗̗̩̟̠̀̒, ̗Ừ̛̬̞̝̚̕ ̱̩̟ ̠̗̟ ̩̥   ᴆ` ̛̣̗̟̕ ̛̠̞̩̥̒ ̨̩̥ ̛̫̗Ừ̢̩̱̣̥ 

̨̢̟̣̪̗̒̚ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̡̡̗̒ ̠̗̟ ̩̥̪ ̡̠̲̠̥̪ ́ ̨̩̥ ̨̢̛̝̥̕ ` ὼί

Ὠίȟώί Ὠί. ˰̦̗, ̩̥ ̨̢̛̝̥̕ ` ̛̗̣̠̟̔ ̨̩̥̣ ̡̠̲̠̥ (́) ̱Ù̧̮ ̠̗̟ ̨̩̝̣ 

̢̠̗Ù̡̲̝ ̠̗̟ ̝ ̛̫̗Ù̢̩̥̣̝̓ ̨̩̥ ` ,̨̩̱̥ ̨̩̥̣ ̡̠̲̠̥ ̨̱̥ ̠̗̟ ̨̩̝̣ ̢̠̗Ù̡̲̝ 

̩̗̪̩̜̥̣̩̗̟̕. 

˸Ù  ̱̩̝̣ ˼̡̛̛̪̠̟̗̕̚ ̢̛̛̙̮̩̦̗̕ ̛̣̗̟̕ ̨̙̣̮̩̱ ̱̩̟ ̗Ù̱ ̩̦̗̕ ̢̝ ̨̛̛̪̣̪̞̟̗̠̒ 

̨̢̛̝̗̕ ̨̩̥ ̛Ù̕Ừ̥̚ ̛̟̦̬̩̗̟̓̚ ̢̧̥̣̗̟̠̱̚ ̡̧̠̲̠̥. ˰̦̗ ̥ ̡̧̠̲̠̥  ȟ” ̢̛ 

̠̣̩̦̥̓ ̩̥    ὼί
ᴁ ᴆ ᴁ

ȟώί  
ᴁ ᴆ ᴁ

 ̠̗̟ ̗̠̩̣̗̕ ”
ᴁᴆ ᴁ

  ̛̣̗̟̕ ̥ 

̢̧̥̣̗̟̠̱̚ Ù̥̪ ̛̟̦̬̩̗̟̓̚ ̗Ù̱ ̩̗ ̨̢̛̝̗̕ ὃὼίȟώί , `ὼί Ὠίȟώί Ὠί, 

` ὼί Ὠίȟώί Ὠί. ˼̧̤̗̟̩̗̕ ̗̪̩̥̲, ̥ ̡̧̠̲̠̥ ̧̗̪̩̱ (́) ̢̛̥̣̥̜̩̗̟̒ 

̧̛̙̙̲̩̗̩̥ ̡̧̠̲̠̥ ̧̩̝ ̢̠̗Ù̡̧̲̝ C ̨̩̥ ̩̪̬̗̥̕ ̨̢̛̝̥̕ ̧̩̝ ὃὼίȟώί . 

˸̡̠̥̥̪̞̥̲̣ Ừ̢̗̦̗̙̗̩̗̚̕ ̛̙̙̪̩̩̮̣̒ ̡̠̲̠̮̣ ̨̛ ̟̫̥̦̗̒̚ ̨̢̛̝̗̕ ̢̧̟̗ 

̨̧̩̪̬̥̲̗ ̢̠̗Ù̡̧̲̝, ̢̗̜̕ ̢̛ ̩̗ ̛̫̗Ừ̢̩̱̣̒ ̨̢̟̗̣̲̗̩̗̚ ̨̩̗ ̨̢̛̝̗̕ 

̗̪̩̒.  
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ʅ˔ʺ˃ʰ нΦрΦ ʆˎ˔ˇˏˋʰ ˁʰ˃ˉˏ˂ʹ ˋʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋʹ˃ʶʾʰ ˍʹˌ ˇˉˇʾʰˌ ˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˇʽ ʶʴʴˏˍʰˍˇʽ ˁˏˁ˂ˇʽ ˁʰʽ ˍʰ 

ʶ˒ʰˉˍˈ˃ʶ˄ʰ ˃ˇ˄ʰʵʽʰʾʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˍˇˎˌΦ 

 

̨̢̧̦̟̱̆ 2.1 :˴̛̦̜̩̗̟̕ ̝ ̢̠̗Ù̡̪̱̩̝̩̗ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̨̩̥ ̨̢̛̝̥̕ ̧̗̪̩̔ 

΅ὶᴆί  ̧̮ ̝ ̢̠̗Ù̡̪̱̩̝̩̗ ̩̥̪ ̛̙̙̪̩̩̥̪̒ ̡̠̲̠̥̪ (́), ̝ ̥Ù̥̗̕ ̨̟̥̲̩̗̟ ̢̛ 

̩̝̣ ̧̗̠̩̣̗̕ ̩̥̪ ̛̙̙̪̩̩̥̪̒ ̡̠̲̠̥̪ (́). 

˸̡̧̠̥̥̲̞̮ ̞̗ ̗Ừ̛̥̟̬̩̚̕ ̢̟̗ Ù̡̥̲ ̨̢̬̦̟̝̔ ̨̨̬̝̓ Ù̥̪ ̨̛̟̬̲̟ ̢̛̩̗̤̲ ̧̩̝ 

̧̗̠̩̣̗̕ ̩̥̪ ̛̙̙̪̩̩̥̪̒ ̡̠̲̠̥̪ ̠̗̟ ̩̥̪ ̢̥̣̗̟̗̥̪̚̕ ̛̠̞̩̥̪̒ ̨̢̧̟̗̣̲̗̩̥̚ 

̨̩̥ ̨̢̛̝̥̕ ΅ὶᴆί  ̧̩̝  ̢̠̗Ù̡̧̲̝. 
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̨̦̱̩̗̝̇ 2.1. ˱̨̩̮ ̝ ̢̠̗Ù̡̲̝ ̢̛ ̨̢̟̗̣̪̗̩̟̠̔̚ ̗̠̩̣̗̕ ὶᴆί ̠̗̟ ̩̪̬̱̣ 

̨̢̛̝̥̕ ˸ ̧̗̪̩̔.  ̛̱̩̊ ̨̛̟̬̲̟ ̱̩̟  

ὶᴆ ί ὲὲϽὶᴆ ί   

  ˴Ù̥̪ ὲ ̩̥ ̛̠̞̩̥̒ ̢̥̣̗̟̗̥̚̕ ̨̢̟̣̪̗̒̚ ̨̩̥ ̨̢̛̝̥̕ ΅ὶᴆί  ̧̩̝  ̢̠̗Ù̡̧̲̝.  

 

˸Ừ̱̟̤̝̚: 

˸Ù̱ ̩̝̣ (2.8) ̛̣̗̟̕ ̨̙̣̮̩̱ ̱̩̟  ὶᴆίϽὶᴆ ί π, ̡̝̗̔̚̚ ̩̗ ὶᴆίȟὶᴆ ί ̛̣̗̟̕ 

̛̠̞̩̗̒ ̢̛̩̗̤̲ ̧̩̥̪. 

˼Ų̧̝̀̕ ̗Ù̱ ̩̥ ̢̢̗̂̔ 2.1(˹), ̨̛̟̬̲̟ ̱̩̟ ̩̥ ̢̥̣̗̟̗̥̚̕ ̨̢̟̣̪̗̒̚ ὲ ̛̣̗̟̕ ̛̠ 

̨̧̛̠̗̩̗̠̪̔ ̛̠̞̩̥̒ ̨̩̥ ̢̥̣̗̟̗̥̚̕ ̛̫̗Ừ̢̩̱̣̥ ̨̢̟̣̪̗̒̚ ὶᴆί. ˼Ù̢̧̥̣̮̓ 

̩̗ ὶᴆ ί ̠̗̟ ὲ ̛̣̗̟̕ Ù̡̡̡̗̦̝̗̒ ̠̗̟ ̩̥ ̨̛̛̮̩̦̟̠̱ ̧̩̥̪ ̢̛̙̟̣̱̣̥ ̛̣̟̚̕: 

ὲϽὶᴆ ί  ȿὲᴆȿȿὶᴆ ίȿὧέί—  

̥̊ — “ , ̛Ừ̟̔̚ ̛̠ ̨̧̛̠̗̩̗̠̪̔ ̩̥ ὶ ί Ụ̩̗̀̒ ̛̬̟̓ ̫̥̦̒ Ù̧̦̥ ̩̗ ̡̠̥̗̕ 

̧̩̝ ̢̠̗Ù̡̧̲̝ ̛̣̳ ̩̥ ὲ ̢̛ ̨̢̨̲̘̗̝ ̛̬̟̓ ̫̥̦̒ Ụ̩̗̀̒ ̛̗̣̩̞̩̝̕ ̗Ù̱ ̩̝ 

̫̥̦̒ ̩̮̣ ̡̠̥̮̣̕, ̡̝̗̔̚̚ ̗̣ ̝ ̢̠̗Ù̡̲̝ ̨̛̩̦̫̟̓ ̩̗ ̡̠̥̗̕ ̢̨̗̓ ̗̪̩̱ ̛̣̗̟̕ 

Ù̧̦̥ ̩̗ ̤̮̓. ˼Ų̧̝̀̕ ȿὲȿ ρ ̛̠ ̨̧̛̠̗̩̗̠̪̔. 

̛̪̣̉Ù̧̳,   ὲϽὶᴆ ί ᴁὶᴆ ίᴁÃÏÓ“ ᴁὶᴆ ίᴁ     

 ̥̊ ὶᴆ ί ̨̨̛̪̣̗̦̩̟̔ ̩̥̪ ὲ ̢̧̱̮ ̛̙̦̫̩̗̟̒: 

ὶᴆ ί ὲᴁὶᴆ ίᴁ ὲὲϽὶᴆ ί  

̆.̛.̚. 

 

˾ ̢̠̗Ù̡̪̱̩̝̩̗ ̨̧̩̪̬̥̲̗ ̢̠̗Ù̡̧̲̝ ̨̨̛̪̣̗̦̩̟̔ ̥Ų̥̟̗̀̔̚Ừ̥̩ 

̧̛̗̣̤̦̩̝̩̝̒ ̢̡̧̛̩̗̘̝̩̔ t  

 

˾ Ừ̢̦̥̝̙̥̲̣̝ ̡̨̗̣̪̝̒ ̨̛̥̙̝̔̚ ̨̩̥̣ ̨̢̥̦̟̱ ̧̩̝ ̢̠̗Ù̡̧̪̱̩̝̩̗ ̨̩̝̣ 

Ừ̦̕Ų̩̮̝̀ Ù̥̪ ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̧̩̝ ̛Ù̧̟̘̗̩̟̠̔ ̧̗̠̩̣̗̕ ̧̩̝ 

̢̠̗Ù̡̧̲̝ ̛̣̗̟̕ ̩̥ ̢̧̠̥̔ ̧̗̪̩̔ s. ˺̧̛̛̣̟̠̲̥̣̩̗, ̞̗ ̛̥̞̚̕ ̥ ̩̲Ù̧̥ ̧̩̝ 

̢̠̗Ù̡̧̪̱̩̝̩̗ ̢̧̟̗ ὅ ̢̠̗Ù̡̧̲̝, ̱̩̗̣ ̝ ̛Ù̟̘̗̩̟̠̔ ̧̩̝ ̗̠̩̣̗̕ ̛̣̗̟̕ 

̨̨̪̣̦̩̝̝̒  ̢̧̗ ̨̧̩̪̬̥̲̗ ̧̛̗̣̤̦̩̝̩̝̒ ̢̡̧̛̩̗̘̝̩̔ t  Ù̥̪ ̡̢̛̗̘̣̟̒ ̢̧̩̟̓ 

̨̛ ̣̗̓ ̨̢̟̩̝̗̒̚ ΌṒ ᴙ, ̡̝̗̔̚̚ ̝ ̛Ù̟̘̗̩̟̠̔ ̗̠̩̣̗̕ ̛̣̗̟̕ ̧̩̝ ̢̧̥̦̫̔ ὶᴆὸ. 

̨̛̬̲̟̀ ̩̥ ̠̩̮̞̟̒: 
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̢̢̗̂̔ 2.2. ˱̨̩̮ ̨̩̪̬̥̲̗ ̢̠̗Ù̡̲̝ C ̩̥̪ ᴙ  ̢  ̨̢̛̟̗̣̪̗̩̟̠̔̚ ̗̠̩̣̗̕ ὶᴆὸ 

̨̢̥̦̟̣̝̓ ̨̛ ̣̗̓ ̨̢̟̩̝̗̒̚ ̔ ̨̣̮̝̓ ̨̢̟̗̩̝̩̮̣̒̚ ΌṒ ᴙ. ˸̧ ̪Ừ̛̥̩̞̕ ̱̩̟ ̝ 

ὶᴆὸ ̛̣̗̟̕ ̲̥̚ ̧̫̥̦̓ Ų̢̗̦̗̙̮̙̟̝̀̕ ̧̮ Ù̧̦̥ t , ̢̛ ὸ ɴ Ὅ. ̛̱̩̊ ̝ 

̢̠̗Ù̡̪̱̩̝̩̗ ὑὸ ̨̩̥ ̩̪̬̱̣ ̨̢̛̝̥̕ ̧̩̝ C ̛̣̩̗̟̚̕ ̗Ù̱ ̩̥̣ ̩̲Ù̥:   

Ὼὸ
ȿώ ὸǶὼ ὸǶϽὶᴆ ὸȿ

ᴁὶᴆὸᴁ
 

˸Ừ̱̟̤̝̚: 

˸Ù̱ ̩̝̣ Ų̦̱̩̗̝̀ (2.1), ̝  ὶᴆ ί ̛̣̩̗̟̚̕ ̧̮ : 

ὶᴆ ί ὲὲϽὶᴆ ί   

˴Ù̥̪ ὲ ̩̥ ̢̥̣̗̟̗̥̚̕ ̛̠̞̩̥̒ ̨̢̟̣̪̗̒̚ ̨̩̝̣ ̢̠̗Ù̡̲̝ ̨̩̥ ̨̢̛̝̥̕ ˸(ὶᴆί). 

˸Ù̱ ̩̥ ̢̢̗̂̔ (2.1)(˹) ̩  ̛̥̠̞̩̥̒ ̨̢̟̣̪̗̒̚ ̨̩̥ ̨̢̛̝̥̕ ˸(ὶᴆὸ) ̧̩̝ ̢̠̗Ù̡̧̲̝ 

̛̣̗̟̕, ̛̠Ų̢̛̫̦̗̣̥̀̓ ̧̮ Ù̧̦̥ t : 

ὲᴆ ώ ὸᴆ ὼ ὸᴆ 

̗̟́ ̙̟̗ ̣̗ ̛̙̣̟̕ ̢̥̣̗̟̗̥̚̕ ̛̗̦̠̕ ̣̗ ̛̛̟̗̟̦̞̚̕ ̢̛ ̩̥ ̢̩̦̥̓ ̩̥̪, ̥Ừ̱̩ 

ὲ
ώ ὸ

ᴁὶᴆὸᴁ
Ƕ
ὼ ὸ

ᴁὶᴆὸᴁ
Ƕ 

˴̨̥̣ ̗̫̥̦̒ ̩̥ ὶᴆ ί: 

ὶᴆί
Ὠὶᴆί

Ὠί

Ὠὶᴆὸ

Ὠὸ

Ὠὸ

Ὠί

Ὠὶᴆὸ
Ὠὸ
Ὠί
Ὠὸ

Ὠὶᴆὸ
Ὠὸ
Ὠὶᴆὸ
Ὠὸ

ὶᴆὸ

ᴁὶᴆὸᴁ
 

̧̗̦̗̙̮̙̜̥̣̩̗̇̕ ̤̗̣̒ : 

ὶᴆ ί
Ὠ

Ὠί

Ὠὶᴆί

Ὠί
 
Ὠ

Ὠί

ὶᴆὸ

ᴁὶᴆὸᴁ

Ὠ

Ὠὸ

ὶᴆὸ

ᴁὶᴆὸᴁ

Ὠὸ

Ὠί
  

˴̢̧̮ 
ᴁᴆ ᴁ

 ̠̗̟ 

Ὠ

Ὠὸ

ὶᴆὸ

ᴁὶᴆὸᴁ

ὶᴆ ὸᴁὶᴆὸᴁ ὶᴆὸ
Ὠ
Ὠὸ
 ᴁὶᴆὸᴁ

ᴁὶᴆὸᴁ
 

Ὠ

Ὠὸ

ὶᴆὸ

ᴁὶᴆὸᴁ

ὶᴆ ὸ

ᴁὶᴆὸᴁ

ὶᴆὸ
Ὠ
Ὠὸ
 ᴁὶᴆὸᴁ

ᴁὶᴆὸᴁ
  

˼Ù̢̧̥̣̮̓  

ὲϽὶᴆ ί ὲϽ
ρ

ᴁὶᴆὸᴁ
Ͻ
ὶᴆ ὸ

ᴁὶᴆὸᴁ

ὶᴆὸ
Ὠ
Ὠὸ
 ᴁὶᴆὸᴁ

ᴁὶᴆὸᴁ
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˸̡̡̒ ̩̥ ̢̛̙̟̣̱̣̥ ὲϽ
ᴆ

ᴁᴆ ᴁ
ὲϽὶᴆί π , ̗̫̥̲ ̩̥ 

ᴆ

ᴁᴆ ᴁ
 ̛̣̗̟̕ ̩̥ ̢̥̣̗̟̗̥̚̕ 

̛̫̗Ừ̢̩̥̣̟̠̱ ̨̢̟̣̪̗̒̚ ̨̩̥ ̨̢̛̝̥̕ ˸(ὶᴆὸ) ̧̩̝ ̢̠̗Ù̡̧̲̝ ̠̗̟ ̩̥ ὲ ̩̥ 

̢̥̣̗̟̗̥̚̕ ̛̠̞̩̥̒ ̨̢̟̣̪̗̒̚ ̨̩̥ ̟̥̕̚ ̨̢̛̝̥̕. ˼Ù̢̧̥̣̮̓, ̡̧̱̥ ̥ ̡̧̛̛̩̪̩̗̥̕ 

̧̱̦̥ ̧̩̝ Ų̧̛̗̦̣̞̝̀̓ ̢̛̛̝̣̜̩̗̟̚̕ ̠̗̟ ̢̛̣̟̓ ̢̱̣̥ ̥ Ù̧̦̳̩̥ ̧̱̦̥, ̢̛̩̒ ̩̥ 

̨̛̛̮̩̦̟̠̱ ̢̛̙̟̣̱̣̥ ̢̛ ̩̥ ὲ ̠̗̟ ̝ ̢̠̗Ù̡̪̱̩̝̩̗ ̛̣̗̟̕: 

 ὶᴆ ί  ὲὲϽὶᴆ ί  

˸̨̧̣̩̟̠̗̞̟̩̳̣̩̗ ̩̥ ὲ
ᴁᴆ ᴁ

Ƕ
ᴁᴆ ᴁ

Ƕ ̢̛ ̩̥̣ ̩̲Ù̥ ̩̥̪ ̛̘̙̗̣̟̕ ̱̩̟: 

 ὶᴆ ί ὲ

ώ ὸ
ᴁὶᴆὸᴁ

Ƕ
ὼ ὸ
ᴁὶᴆὸᴁ

Ƕ

ᴁὶᴆὸᴁ

ὶᴆ ὸ

ᴁὶᴆὸᴁ
 ᵼ 

ὶᴆ ί

ώ ὸ
ᴁὶᴆὸᴁ

Ƕ
ὼ ὸ
ᴁὶᴆὸᴁ

Ƕώ ὸǶὼὸǶϽὶᴆ ὸ

ᴁὶᴆὸᴁ
ᵼ 

ὶᴆ ί
ώ ὸǶὼ ὸǶώ ὸǶὼ ὸǶϽὶᴆ ὸ

ᴁὶᴆὸᴁ
 

̥̊ ̢̩̦̥̓ ̧̩̝ ̗̣̮̩̦̮̓ ̨̨̧̬̝̓ ̛̣̟̚̕ ̩̝̣ ̢̠̗Ù̡̪̱̩̝̩̗, Ù̥̪ ̛̣̗̟̕: 

Ὼὸ
ᴁώ ὸǶὼ ὸǶᴁȿώ ὸǶὼ ὸǶϽὶᴆ ὸȿ

ᴁὶᴆὸᴁ
ᵼ 

Ὼὸ
ᴁὶᴆὸᴁȿώ ὸǶὼ ὸǶϽὶᴆ ὸȿ

ᴁὶᴆὸᴁ
ᵼ 

Ὼὸ
ȿώ ὸǶὼ ὸǶϽὶᴆ ὸȿ

ᴁὶᴆὸᴁ
 

̆.̛.̚. 

̗̦̗̠̩̮̇̒ Ų̛̗̦̥̪̟̜̩̗̟̀̒ ̝ ̢̠̗Ù̡̪̱̩̝̩̗ ̙̟̗ ̩̝ ̨Ừ̦̗̕ ̩̥̪ ˸̢̧̦̬̟̥̪̔̚, 

̢̛ Ừ̢̧̗̦̗̩̦̟̠̓ ̨̨̧̛̛̤̟̳̟: 

ὼ—ȟώ— ὑ—Ͻὧέί—ȟὑ—ϽίὭὲ— ȟ —ᶰπȟφ“ 
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ʅ˔ʺ˃ʰ нΦсΦ ʅˉʶʾˊʰ ˍˇˎ ɮˊ˔ʽ˃ʺʵˇˎˌ ʺ ʴˊʰ˃˃ʽˁʺ ˋˉʶʾˊʰ ˃ʶ ˉʶʵʾˇ ˇˊʽˋ˃ˇˏ ˍˇ ώлΦсˉύΦ 

 

ʅ˔ʺ˃ʰ нΦтΦɼʰ˃ˉˎ˂ˈˍʹˍʰ ˍʹˌ ˋˉʶʾˊʰˌ ˍˇˎ ɮˊ˔ʽ˃ʺʵˇˎˌ ʲʱˋʶʽ ˍˇˎ ʴʶ˄ʽˁˇˏ ˍˏˉˇˎΦ 
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2.2 ̛̦̇̕ ̠̮̣̟̠̳̣ ̢̩̥̳̣ 

 

̛̦̇̕ ̡̡̧̛̛̛̭̮̕ 

 ˱̨̨̩̮̗̣ ̲̥̚ ̨̢̛̝̗̕ ̨̩̥ ̛Ù̕Ừ̥̚, ̥̟ ̨̧̛̛̩̕, ̢̧̛̛̛̠̣̕ ̛Ù̕ ̩̥̪ ̧̤̥̣̥̒ x , 

̧̬̮̦̕ ̡̘̘̝̒ ̧̩̝ ̧̛̙̣̟̠̱̩̝̩̗, ̡̝̗̔̚̚ ῴὧȟπȟὉᴂ ὧȟπ ̢̛ ̩̥  πȟπ ̣̗ ̛̣̗̟̕ 

̩̥ ̢̨̥̓ ̧̩̥̪. ˽̛̝̩̩̗̟̕ ̥ ̢̧̛̛̙̮̩̦̟̠̱ ̩̱Ù̧̥ ̩̮̣ ̨̢̛̝̮̣̕ ̩̥̪ ̛Ù̟Ù̥̪̓̚ 

Ù̥̪ ̬̥̪̣̓ ̨̛̩̗̞̦̱ ̨̢̞̦̥̟̗̒ ̗Ų̨̛̥̩̮̣̀̒ ̗Ù̱ ̧̩̟ ̲̥̚ ̨̧̛̛̩̕. 

˼̣̒ ς‌ȟὧ ὥ  ̛̣̗̟̕ ̩̥ ̨̛̩̗̞̦̱ ̨̢̞̦̥̟̗̒ ̠̗̟ ῼὼȟώ ̛̣̗̟̕ ̩̥ ̩̪̬̱̣ ̨̢̛̝̥̕, 

̛̩̱̩ Ù̦̓Ừ̟ ̣̗ ̨̛̟̬̲̟:  

 

ς‌  ῼῴᴆ ῼῴᴆ ὼ ὧ ώ ὼ ὧ ώ 

τὥ ὼ ὧ ώ ὼ ὧ ώ ς ὼ ὧ ώ ὼ ὧ ώ 

ςὥ ὼ ὧ ώ ὼ ὧ ώ ὼ ὧ ώ 

ςὥ ὼ ὧ ώ ὼ ὧ ώ ὼ ὧ ώ 

̧̭̳̣̥̣̩̗̋ ̨̩̥ ̛̩̩̦̙̮̣̥̒ ̠̗̟ ̗Ù̡̥Ù̧̥̟̳̣̩̗, ̝ ̨̨̬̝̓ ̛̙̣̩̗̟̕:  

‌ ὼὧ ὥὼ ὥὧ ὥώ π 

ὥ ὼ ὥ ὧ ὥ ώ π  

˿̧̩̥̣̩̗̓ ὥ ὧ ὦ ̛̩ ̡̟̠̒ ̝ ̨̨̬̝̓ ̛̣̗̟̕: 

ὼ

ὥ

ώ

ὦ
ρ 

̆ ̢̧̛̛̙̮̩̦̟̠̱ ̩̱Ù̧̥ ̩̮̣ ̨̢̛̝̮̣̕ Ù̥̪ ̟̠̗̣̥Ù̥̟̥̲̣ ̩̝̣ ̣̮̒ ̨̨̬̝̓ 

̡̛̙̩̗̟̓ ̡̡̛̟̭̝̓, ̢̛ ̧̛̤̥̣̒ ̨̢̢̧̛̪̩̦̗̕ ̧̩̥̪ x  ̠̗̟ y.  

 

 

 

 

 

 

 

  ʅ˔ʺ˃ʰ нΦуΦ ɶ ʷ˂˂ʶʽ˕ʹ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʹ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰ˄˖ˍʷˊ˖Φ 
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̡̥̟̠̇̔ ̨̨̛̤̮̝̕ ̧̩̝ ̡̡̧̛̟̭̝̓ 

˾ ̢̠̗Ù̡̲̝ ̗̪̩̔ Ù̦̥̠̲Ừ̩̟ ̢̛ Ù̡̦̥̘̥̔ ̡̠̲̠̥̪ Ù̥̪ ̨̢̛̬̝̗̩̜̟̕ 

̙̮̣̗̕ ÁÒÃÃÏÓȟὦ ὥ ̢̛ ̩̥ ̛Ù̕Ừ̥̚ ̩̥̪ ̡̠̲̠̥̪. ˾ Ù̡̥̟̠̔ ̙̮̣̗̕ — ̩̥̪ 

̡̠̲̠̥̪ ̗̪̩̥̲ ̛̣̗̟̕ ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̧̩̝ ̡̡̧̛̛̛̭̮̕ ̨̩̝̣ ̗̣̮̩̦̮̓ 

̢̥̦̫̔.  

̢̦̙̗̩̟̇̒, ̨̩̮̓ ̣̗̓ ̨̨̢̲̩̝̗ ̗̤̱̣̮̣ ̨̩̥ ̨̛̠̗̦̩̟̗̣̱ ̨̨̢̲̩̝̗ 

̨̢̛̪̣̩̩̗̙̣̮̣̓ ̠̗̟ ̣̗̓ ̛Ù̕Ừ̥̚ ̱Ù̥̪ ̛̟̦̬̩̗̟̓̚ ̗Ù̱ ̩̥̣ ̤̥̣̗̒ x  ̠̗̟ 

̨̢̛̬̝̗̩̜̟̕ ̛̦̝̚̕̚ ̙̮̣̗̕ ̙ ̢̛ ̩̥ ̥̦̟̜̱̣̩̟̥ ̛Ù̕Ừ̥̚. ˱̨̩̮ ̡̧̠̲̠̥ Ù̥̪ 

̛̠̩̗̟̕ ̛Ù̕ ̩̥̪ ̡̢̛̠̠̟̣̥̪̓ ̛Ù̟Ù̥̪̓̚ ̠̣̩̦̥̪̓ (́) ̠̗̟ ̧̗̠̩̣̗̕ ̗. ̛̱̩̊ ̝ 

Ù̡̦̥̘̥̔ ̩̥̪ (́, ̗) ̨̩̥ ̥̦̟̜̱̣̩̟̥ ̛Ù̕Ừ̥̚ ̛̣̗̟̕ ̡̡̛̟̭̝̓, ̢̛ ̨̨̛̤̮̝̕ ̩̝̣ 

̗̣̮̩̦̮̓. ˸̧ ̛̞̮̦̝̞̥̲̣ ̥̟ ̨̢̧̛̛̪̣̩̩̗̙̣̓ ὼȟὺ ̛Ù̕ ̩̥̪ ̡̢̛̠̠̟̣̥̪̓ 

̛Ù̟Ù̥̪̓̚, ̛̩̱̩ ̝ ̨̨̛̤̮̝̕ ̩̥̪ ̡̠̲̠̥̪ ̢̛ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̩̝̣ 

Ù̡̥̟̠̔ ̙̮̣̗̕ ̞ ̙̟̗ ̗̪̩̱ ̩̥ ̛Ù̕Ừ̥̚ ̛̣̗̟̕   

ὼ ὥὧέί— 

                     ὺ ὥίὭὲ—ȟ—ᶰπȟς“ 

˾ Ù̡̦̥̘̥̔ ̩̥̪ ̡̠̲̠̥̪ ̠̗̟ ̥ ̡̧̠̲̠̥ ̬̥̪̣̓ ̠̥̟̣̔ ̨̢̛̪̣̩̩̗̙̣̝̓ x  ̨̩̗ ̨̢̛̝̗̕ 

̧̩̥̪, ̡̡̗̒ ̝ Ù̡̦̥̘̥̔ ̧̩̪̬̱̣̩̥ ̨̢̛̝̥̪̕ ̩̥̪ ̡̠̲̠̥̪ ̨̩̥ ̥̦̟̜̱̣̩̟̥ ̛Ù̕Ừ̥̚ 

̛̬̟̓ ̢̛̩̩̗̙̣̝̓ y ̢̛  

ώ ὺὧέί‎‌ὧέί‎ÃÏÓ— 

˿̧̩̥̣̩̗̓ ὦ ὥὧέί‎ Ù̦̥̠̲Ừ̩̟ ̙̟̗ ̧̩̟ ̨̨̧̛̛̤̟̳̟ ̩̥̪ ̧̩̪̬̱̣̩̥ 

Ù̡̡̢̦̥̘̗̥̣̥̪̓ ̨̢̛̝̥̪̕ ̨̩̥ xy  ̛Ù̕Ừ̥̚ 

ὼ ὥὧέί— 

                     ώ ὦίὭὲ—ȟ—ᶰπȟς“ 

˴̢̧̮ ̥̟ ̨̨̧̛̛̤̟̳̟ ̧̗̪̩̓ ̟̠̗̣̥Ù̥̟̥̲̣ ̩̝̣ ỪỪ̡̢̙̣̝̓ ̨̨̛̤̮̝̕ ̧̩̝ 

̡̡̧̛̟̭̝̓. ˰̦̗ ̥̟ ̨̨̧̛̛̤̟̳̟ ̧̗̪̩̓ ̛̣̗̟̕ ̥̟ Ù̡̧̥̟̠̓ ̨̨̧̛̛̤̟̳̟ ̧̩̝ 

̡̡̧̛̟̭̝̓, ̢̛ ̩̝̣ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̞ ̣̗ ̛̣̗̟̕ ̝ Ù̡̥̟̠̔ ̙̮̣̗̕ ̩̥̪ 

̡̠̲̠̥̪ Ù̥̪ ç̨̛̙̣̣̝̓è ̩̝̣ ̡̡̛̟̭̝̓. 
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ʅ˔ʺ˃ʰ нΦфΦ ʁ ˁˏˁ˂ˇˌ ʶˉʾ ˇˊʽʸˇ˄ˍʾˇˎ ʶˉʽˉʷʵˇˎΣ ˇ ʶˋˍˊʰ˃˃ʷ˄ˇˌ ˁˏˁ˂ˇˌ ˁʰˍʱ ол ˃ˇʾˊʶˌ ˃ʶ ˍʹ˄ x ̀ ˎ˄ˍʶˍʰʴ˃ʷ˄ʹ 

ˋˍʰʻʶˊʺ ˁʰʽ ʹ ˉˊˇʲˇ˂ʺ ˍˇˎ ʶˋˍˊʰ˃˃ʷ˄ˇˎ ˁˏˁ˂ˇˎ ˋˍˇ xy ʁ ˉʾˉʶʵˇΣ ˉˇˎ ʵʾ˄ʶʽ ʷ˂˂ʶʽ˕ʹΦ ɱʽʰ ˁʰ˂ˏˍʶˊʹ ʶˉˇˉˍʶʾʰ 

˒ʰʾ˄ˇ˄ˍʰʽ ˁʰʽ ˇʽ ʱ˅ˇ˄ʶˌ ˍˇˎ ˁʰˊˍʶˋʽʰ˄ˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˋˎ˄ˍʶˍʰʴ˃ʷ˄˖˄Φ  

 ̛̦̇̕ ̪Ừ̡̧̦̘̥̔ 

˱̨̨̩̮̗̣ ̲̥̚ ̨̢̛̝̗̕ ̛Ù̕ ̩̥̪ ̥̦̟̜̥̣̩̥̪̕ ̛Ù̟Ù̥̪̓̚, ̧̬̮̦̕ ̡̘̘̝̒ ̧̩̝ 

̧̛̙̣̟̠̱̩̝̩̗, ̩̗ ῴπȟὧȟὉᴂπȟὧ ̢̛ ̩̥  πȟπ ̣̗ ̛̣̗̟̕ ̩̥ ̢̨̥̓ ̧̩̥̪, Ù̥̪ 

̡̙̥̣̩̗̟̓ ̠̗̟ ̨̧̛̛̩̕. ˽̛̝̩̩̗̟̕ ̥ ̢̧̛̛̙̮̩̦̟̠̱ ̩̱Ù̧̥ ̩̮̣ ̨̢̛̝̮̣̕ ̃ ̝ 

̟̗̫̥̦̒̚ ̩̮̣ ̗Ų̨̛̥̩̮̣̀̒ ̩̮̣ ̥Ù̥̮̣̕ ̛̬̟̓ ̨̛̩̗̞̦̔ ̗Ù̡̱̪̩̝ ̢̩̟̔, ς‌. 

˺̟̗ ὧ ὥ, ̩̥ ̩̪̬̱̣ ̨̢̛̝̥̕ ῼὼȟώ Ù̦̓Ừ̟ ̣̗ ̟̠̗̣̥Ừ̥̟̕ ̩̝ ̨̨̬̝̓:  

ς‌ ῼῴᴆ ῼῴᴆ ὼ ώ ὧ ὼ ώ ὧ  

τὥ ὼ ώ ὧ ς ὼ ώ ὧ ὼ ώ ὧ ὼ ώ ὧ  

ςὥ ὼ ὧ ώ ὼ ώ ὧ ὼ ώ ὧ  

ςὥ ὼ ὧ ώ ὼ ώ ὧ ὼ ώ ὧ  

̧̭̳̣̥̣̩̗̋ ̨̩̥ ̛̩̩̦̙̮̣̥̒ ̠̗̟ ̗Ù̡̥Ù̧̥̟̳̣̩̗ ̝ ̨̨̬̝̓ ̛̙̣̩̗̟̕:  

‌ ώὧ ὥώ ὥὧ ὥὼ π 

‌ ώ ὧ ὥ ὥὧ ὥὼ π 

˿̧̩̥̣̩̗̓ ὧ ὥ ὦ ̠̗̟ ̗Ù̡̥Ù̧̥̟̳̣̩̗ ̝ ̨̨̬̝̓ ̛̙̣̩̗̟̕: 

ώ

ὥ

ὼ

ὦ
ρ 
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̆ ̢̧̛̛̙̮̩̦̟̠̱ ̩̱Ù̧̥ ̩̮̣ ̨̢̛̝̮̣̕ Ù̥̪ ̟̠̗̣̥Ù̥̟̥̲̣ ̩̝̣ ̣̮̒ ̨̨̛̤̮̝̕ 

̡̛̠̗̩̗̟̕ ̪Ừ̡̦̘̥̔. ˱̛̬̟ ̧̛̤̥̣̒ ̨̢̢̧̛̪̩̦̗̕ ̧̩̥̪ x  ̠̗̟ y ̠̗̟ ̛̣̚ ̢̛̩̣̟̓ 

Ù̥̩̓ ̩̥̣ ̤̥̣̗̒ ὼᴂὼ.  

˼̨̨̤̮̝̕ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̢̛ Ừ̢̗̦̩̦̥̒ ̩̥ t  ̗̣̩̕ ̧̩̝ ̢̢̧̛̩̩̝̣̝̓  x  

˾ ̣̮̒ ̨̨̛̤̮̝̕ ̢Ừ̥̦̕ ̣̗ Ừ̦̟̒ ̢̟̗ ̡̡̛̣̗̗̠̩̟̠̔ ̢̥̦̫̔, ̱̬̟ ̨̩̱̥ ̡̘̥̟̠̔ 

̙̟̗ ̧̩̟ ̪Ù̡̨̧̥̥̙̟̩̟̠̓ Ừ̧̦̤̟̒, ̨̛̘̟̒ ̩̮̣ ̪Ừ̡̦̘̥̟̠̳̣ ̨̨̛̪̣̗̦̩̮̣̔, 

Ù̥̪ ̡̛̥̫̥̪̣̕ ̩̥ ̢̱̣̥̗ ̧̩̥̪ ̨̛ ̗̪̩̣̔.  ̟̆ ̨̨̧̛̪̣̗̦̩̟̔  

ÃÏÓÈὸ
Ὡ Ὡ

ς
 

ÓÉÎÈὸ
Ὡ Ὡ

ς
 

̢̛ ὸɴ ᴙ ̢̥̣̥̜̥̣̩̗̟̒ ̪Ừ̡̦̘̥̟̠̱ ̨̢̪̣̝̩̥̣̥̕ ̠̗̟ ̢̝̩̥̣̥̕ ̨̗̣̩̩̥̟̬̗̕ ̠̗̟ 

̥̦̜̥̣̩̗̟̕ ̢̨̮̓ ̗̪̩̳̣ ̩̮̣ ̨̨̛̬̮̣̓.  

̨̮̃̓ Ừ̦̤̮̣̒ ̗Ừ̛̥̟̠̣̲̩̗̟̚ ̝ ̠̩̮̞̟̒ ̟̟̱̩̝̩̗̚:  

ÃÏÓÈὸ ÓÉÎÈὸ ρ  

˸̨̧̣̩̟̠̗̞̟̩̳̣̩̗ ώ ὯÃÏÓÈὸȟὼ ὯÓÉÎÈὸ ̢̛  ὯȟὯ Ų̨̧̛̦̥̟̥̦̟̩̀̓̚ 

̨̧̛̩̗̞̦̓ ̨̩̝̣ ̨̨̛̤̮̝̕ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̡̢̛̗̘̣̩̗̟̒: 

 ʅ˔ʺ˃ʰ нΦмлΦ ɶ ˎˉʶˊʲˇ˂ʺ ό˃ʰˏˊˇ ˔ˊ˗˃ʰύ ˃ʶ ʶˋˍʾʶˌ ˍʽˌ ῴπȟὧȟὉᴂπȟὧ ό˃ˉ˂ʶ ˁˇˎˁˁʾʵʶˌύΣ ˁʰʽ 
ʵˏˇ ˍˎ˔ʰʾʰ ˋʹ˃ʶʾʰ ɾόx,yύ ˁʰʽ M(x,-yύ ˉˇˎ ʶʾ˄ʰʽ ˋˍˇˎˌ ʵˏˇ ˁ˂ʱʵˇˎˌ ˍʹˌ ˎˉʶˊʲˇ˂ʺˌΦ  
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ὯÃÏÓÈὸ

ὥ

ὯÓÉÎÈὸ

ὦ
ρ 

̟̗̃ Ù̧̦̥̫̗̣̔ ̢̩̟̔ ̙̟̗ ̩̝̣ Ὧ ̛̣̗̟̕ Ὧ ὦ ̛̣̳ ̙̟̗ ̣̗ ̡̢̗̘̣̥̣̩̗̟̒ ̠̗̟ ̥̟ 

̲̥̚ ̡̠̥̟̒̚ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̧̮ ̡̨̲̝ Ù̦̓Ừ̟ Ὧ ὥ ̙̟̗ ̩̥̣ ̛̞̩̟̠̱ ̡̠̥̒̚ 

̨̛̳̩ ώ π ̛̣̳ Ὧ ὥ ̙̟ ̗ ̩̥̣ ̗̦̣̝̩̟̠̱ ̡̠̥̒̚ ̨̛̳̩ ώ π. ̆Ừ̱̩ ̥̟ 

Ừ̢̧̗̦̗̩̦̟̠̓ ̨̨̧̛̛̤̟̳̟ ̧̩̝ ̡̡̧̛̟̭̝̓ ̢̛ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̩̥ ὸ ɴ ᴙ 

̛̣̗̟̕ ̥̟  

ὼὸ ὦϽίὭὲὬὸ 

ώὸ ὥÃÏÓÈ ὸ 

˸̨̢̲Ừ̧̩̮̩ ̧̩̝ ̪Ừ̡̧̦̘̥̔ 

˸̣ ̛̗̣̗̜̝̩̝̞̕ ̩̟ ̛̙̣̩̗̟̕ ̙̟̗ ̧̩̟ ̢̧̩̟̓ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̙̟̗ ὸO Њ ̔ ̨̩̥ ὸO

Њ ̨̗̣̩̩̥̟̬̗̕, ̛̩̱̩ Ù̦̥̠̲Ừ̩̟ ̣̗̓ Ù̡̥̲ ̛̣̟̗̫̦̥̣̓̚ ̨̢̪Ų̢̦̗̗̀̓. 

̢̦̙̗̩̟̇̒, ̙̟̗ ὸO Њ 

ὼὸᴼ
ὦὩ

ς
 

˸̫̥̲ ̩̥ ÓÉÎÈὸ ᴼ  ̙̟̗ ̢̡̛̙̗̒ t  ̠̗̟  

ώὸᴼ
ὥὩ

ς
 

˿̧̩̥̣̩̗̓ ό  ̥̟ Ừ̢̧̗̦̗̩̦̟̠̓ ̨̨̧̛̛̤̟̳̟ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̙̣̥̣̩̗̟̕: 

ὼό ὦό 

ώό ὥό 

˴̢̧̮ ̧̗̪̩̓ ̛̣̗̟̕ ̨̨̧̛̛̤̟̳̟ ̧̛̛̪̞̗̕ Ù̥̪ ̛̛̠̠̟̣̕ ̗Ù̱ ̩̥ ̨̢̛̝̥̕  πȟπ ̠̗̟ 

̛̬̟̓ ̡̨̠̝̕ . ˼̡̧̛̣̩̳ ̢̱̥̟̗ ̗Ừ̛̥̟̠̣̲̩̗̟̚ ̱̩̟ ̙̟̗ ὸO Њ ̝ ̡̨̠̝̕ ̛̣̗̟̕ . 

˸̪̩̱ ̛̣̗̟̕ ̛̗̦̠̩̒ ̛̣̟̗̫̦̥̣̓̚, ̛Ừ̟̔̚ ̗̣ ̨̨̛̛̠̗̩̗̠̪̗̩̕ ̝ ̢̠̗Ù̡̲̝ ̛̣̗̟̕ 

̪̣̗̩̔̚ ̝ ̨̨̛̬̗̝̚̕ ̨̩̱̥ ̢̠̗Ù̡̲̮̣ ̢̢̩̝̩̮̣̒ ̨̱̥ ̠̗̟ ̛̛̤̗̟̦̩̟̠̒ 

̢̢̛̪̞̲̙̦̗̮̣, ̧̬̮̦̕ Ù̦̗̠̩̟̠̒ ̨̬̦̝̔ ̠̗̣̱̣̗.  
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̛̦̇̕ Ù̡̧̗̦̗̘̥̔ 

˽̛̝̩̩̗̟̕ ̝ ̨̛̛̲̦̝ ̩̥̪ ̢̛̛̙̮̩̦̟̠̥̲ ̩̱Ù̥̪ ̩̮̣ ̨̢̛̝̮̣̕ ῼὼȟώ ̨̟̗Ù̬̥̣̩̗̓ 

̗Ù̱ ̢̟̗ ̛̛̪̞̗̕ ̚, ̢̢̛̥̣̥̗̜̱̣̝ ̨̛̛̟̪̞̩̥̲̗̚ ̠̗̟ ̗Ù̱ ̢̟̗ ̨̛̩̗̕ ˼.  

̡̟̇̒, ̧̬̮̦̕ ̡̘̘̝̒ ̧̩̝ ̧̛̙̣̟̠̱̩̝̩̗, ̧̗ ̛̛̞̮̦̝̞̕ ̧̮ ̨̛̛̟̪̞̩̥̲̗̚ ̥ 

̧̤̥̣̗̒ ̩̮̣ x  ̠̗̟ ̧̮ ̨̛̩̗̕ ̛Ù̕ ̩̥̪ ̧̤̥̣̥̒ y ̩̥ ̨̢̛̝̥̕ Ὁπȟώ . ̛̱̩̊ ̝ 

̗Ų̨̱̩̗̝̀ ̩̥̪ ̨̢̛̝̥̪̕ ῼὼȟώ ̩̥̪ ̢̛̛̙̮̩̦̟̠̥̲ ̩̱Ù̥̪ ̗Ù̱ ̩̝ ̨̛̛̟̪̞̩̥̲̗̚ 

̛̣̗̟̕ ώ ̛̣̳ ̙̟̗ ̩̥ ῼῴᴆ ὼ ώ ώ . 

˰̦̗ ̢̛ ̨̟̱̩̝̩̗ ̩̮̣ ̲̥̚ ̗Ų̨̛̥̩̮̣̀̒ ̠̗̟ ̨̲̭̮̝ ̨̩̥ ̛̩̩̦̙̮̣̥̒ 

Ù̦̥̠̲Ừ̩̟ ̱̩̟  

ώ ὼ ώ ώ  

ώ ὼ ώ ςώώ ώ 

ώ
ὼ

ςώ

ώ

ς
 

˾ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̛̣̗̟̕ ̩̥ x . 

 

 ʅ˔ʺ˃ʰ нΦммΦ ɶ ˎˉʶˊʲˇ˂ʺ ˃ʶ ˍʽˌ ʰˋˎ˃ˉˍ˗ˍˇˎˌ ˍʹˌΣ ˈˉˇˎ ˒ʰʾ˄ʶˍʰʽ ˉˊʰˁˍʽˁʱ ʹ ˍʰˏˍʽˋʹ ʴʽʰ ˉˇ˂ˏ 
˃ʶʴʱ˂ʰ ˁʰʽ ˉˇ˂ˏ ˃ʽˁˊʱ t ˃ ʶ ˍʽˌ ʰˋˎ˃ˉˍ˗ˍˇˎˌΦ  
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˺̛̣̟̠̔ ̨̨̛̤̮̝̕ ̠̮̣̟̠̳̣ ̢̩̥̳̣ 

 

˴̡̧̛ ̥̟ ̨̨̧̛̬̟̓ ̢̛ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̩̥ x  Ù̥̪ Ù̗̦̙̥̪̣̒ ̧̠̮̣̟̠̓ 

̢̧̩̥̓, ̗̣ ̧̗̪̩̓ ̪Ų̥̩̥̲̣̀ ̨̩̦̥̫̔ ̠̗̟ Ù̡̡̡̗̦̝̝̒ ̢̛̩̗̩̱Ų̟̝̀, 

̗Ừ̛̥̟̠̣̲̩̗̟̚ ̨̩̗ [1],[2] ̱̩̟ ̦̬̥̣̩̗̟̓ ̨̩̝ ̢̥̦̫̔ 

 ̈́  ` ὅὢὣὈὢ Ὁὣ Ὂ π      

˾ ̙̮̣̗̕ ̨̧̩̦̥̫̔ ̛̣̩̗̟̚̕ ̗Ù̱ ̩̥̣ ̩̲Ù̥ 

ὸὥὲς•
ὅ

ὃ ὄ
 

˼̣̳ ̝ ̨̗̣̗̙̣̳̦̟̝ ̧̩̝ ̧̠̮̣̟̠̔ ̢̧̩̥̔ ̛̙̣̩̗̟̕ ̢̨̮̓ ̧̩̝ ̨̨̧̬̝̓  

ῳ τ̈́ ` ὅ  

˴Ù̥̪ ̗̣ ˻>0, ̝ ̨̨̛̤̮̝̕ Ų̛̗̦̟̩̣̟̀̒ ̡̡̛̟̭̝̓, ̗̣ ˻=0 Ù̡̗̦̗̘̥̔ ̠̗̟ ̗̣ 

˻<0 ̪Ừ̡̦̘̥̔.  

˸̣ Ų̛̦̟̩̦̗̫̥̲̣̀  ̡̡̡̠̗̩̝̗̒ ̥̟ ̧̛̤̥̣̒ ̠̗̩̒ ̙̮̣̗̕ ̫ ̢̛̩̗̠̟̣̥̲̣̩̗̟ 

̨̛ ̣̗̓ ̣̥̓ ̧̛̜̲̙̥ ̨̢̛̪̣̩̩̗̙̣̮̣̓ ὢᴂȟὣᴂ ̱Ù̥̪ ̥ ̨̡̨̧̛̛̪̣̩̩̔ ὅ, ̩̥̪ ̱̦̥̪ 

 ʅ˔ʺ˃ʰ нΦмнΦ ɶ ˉʰˊʰʲˇ˂ʺ ˃ʶ ˍʹ˄ ʶˋˍʾʰΣ ˍʹ ʵʽʶˎʻʶˍˇˏˋʰΣ ˍˎ˔ˈ˄ ˋʹ˃ʶʾˇ ɾ ˁʰʽ ʹ ʰˉˈˋˍʰˋʹ ˍˇˎ ʰˉˈ ˍˇ ɳ ˁʰʽ ˍʹ˄ 
ʵʽʶˎʻʶˍˇˏˋʰΦ 
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  ̢̛̛̝̣̜̩̗̟̚̕ ̠̗̟ ̨̩̟̓ ̡̢̗̘̣̥̣̩̗̟̒ ̥̟ ̨̧̙̣̮̩̓ ç̧̠̗̣̥̣̟̠̓è ̨̨̧̛̛̤̟̳̟ ̩̮̣ 

̩̦̟̳̣ ̩̲Ù̮̣ ̩̮̣ ̠̮̣̟̠̳̣, ̡̝̗̔̚̚ ̨̛ ỪỪ̡̢̙̣̝̓ ̢̥̦̫̔ 

¶ ρ, ̙̟̗ ̩̝̣ ̡̡̛̟̭̝̓ 

¶ 
 

ρ, ̙̟̗ ̩̝̣ ̪Ừ̡̦̘̥̔ ̢̛ ̤̥̣̗̒ ̨̛̩̟̳̣ ̩̥̣ yõy 

¶ ώ ὥὼ ὦὼ ὧ  ̙̟̗ ̩̝̣ Ù̡̗̦̗̘̥̔ 

 

̟̆ Ù̗̦̗Ụ̮̀̒ ̨̨̧̛̬̟̓ ̪Ự̢̛̞̪̜̩̗̟̀̕ ̱̩̟ ̨̟̬̲̥̪̣ ̱̩̗̣ ̥̟ ̧̛̤̥̣̒ ̩̮̣ 

̠̮̣̟̠̳̣ ̛̣̗̟̕ Ù̡̡̡̗̦̝̥̟̒ Ù̧̦̥ ̧̩̥̪ ̨̧̛̠̗̦̩̟̗̣̥̲ ̧̛̤̥̣̒. ̟̆ 

Ù̗ ̢̛̦̩̦̥̟̒ ὥȟὦ ̧̩̝ ̡̡̧̛̟̭̝̓ ̠̗̟ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̠̗̞̥̦̜̥̪̣̕ Ù̡̧̦̮̔ ̩̥ 

̨̗̣̩̩̥̟̬̥̕ ̨̢̬̗̔, ̥Ừ̱̩ ̞̗ ̢̥̣̥̜̥̣̩̗̟̒ Ù̧̦̮̩̗̦̬̟̠̓ Ừ̢̗̦̩̦̥̟̒ ̧̩̝ 

̡̡̧̛̟̭̝̓ ̠̗̟ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̨̗̣̩̩̥̟̬̗̕. ˴̢̥̟̗ ̨̛̟̬̲̟ ̠̗̟ ̙̟̗ ̧̩̟ 

Ù̢̧̗̦̗̩̦̥̪̓ ὥȟὦȟὧ ̧̩̝ Ù̡̧̗̦̗̘̥̔. ˸̨̣̩̩̥̟̬̗̕, ̝ Ù̦̮̩̗̦̬̟̠̔ 

Ừ̢̧̗̦̩̦̥̒ ̧̩̝ ̢̢̧̙̦̗̟̠̔ ̨Ừ̧̦̗̕ ̛̣̗̟̕ ̩̥ Ὧ. 
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̡̛̫̗̟̥́̒ 3: ̝̫̟̗̠̎̔ ̛Ų̛̛̤̦̙̗̗̀̕ ̩̮̣ 

̫̮̩̥̙̦̗̫̟̳̣ ̩̮̣ Ù̧̦̥ ̢̡̛̩̝̓ 

̩̥̟̬̥̙̦̗̫̟̳̣ 
 

3.1.˼̨̛̲̦̝ ̡̨̧̛̗̣̗̲̮ ̧̩̝ ̛̠̞̒ ̧̛̟̠̱̣̗ ̨̛ pixels  ̗̣̒ cm 

 

̛̦̟̙̦̗̫̇̔ ̢̘̝̩̮̣̒ 

 

˺̟̗ ̧̩̟ ̲̥̚ ̧̛̫̮̩̥̙̦̗̫̕ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ Ù̥̪ Ų̨̗̦̥̪̟̩̝̠̗̣̀̒ 

̗̣̮̩̦̮̓, ̛̣̗̟̕ ̛Ừ̡̢̟̘̘̝̣̥̓ ̣̗ ̢Ừ̥̦̕ ̣̗ ̨̛̛̠̫̦̗̩̕ ̛̠̞̒ ̗Ų̨̱̩̗̝̀ ̔ 

̢̧̠̥̔ ̢̠̗Ù̡̧̲̝ ̨̛ ̨̧̫̪̟̠̓ ̢̧̛̥̣̒̚ ̢̧̠̥̪̔. ˸̪̩̱ ̨̢̛̪̘̗̣̟̕ ̟̱̩̟̚ ̢̱̣̥ ̢̛ 

̠̦̟̩̦̟̥̔ ̩̥ ̢̧̠̥̔ ̲̣̗̣̩̗̟̚ ̣̗ Ų̨̦̥̟̥̦̟̩̥̲̣̀̚ ̥̟ Ù̟̞̗̣̥̕ ̢̛̛̙̮̩̦̟̠̥̕ 

̥̝̙̥̚̕ ̢̛ ̧̩̥̪ ̥Ù̧̥̥̪̕ ̨̨̛̬̟̩̝̠̗̣̒̚ ̠̗̩̒ ̩̥ Ừ̡̨̩̥̣̕ ̥̟ ̧̛̩̥̟̬̥̙̦̗̫̕.  

˾ ̨̛̛̲̦̝ ̧̩̝ ̡̨̧̗̣̪̝̒ ̢̧̟̗ ̨̧̩̪̬̥̲̗ ̧̛̟̠̱̣̗ ̨̛ pixels / cm  ̙̟̗ ̩̝̣ ̥Ù̥̗̕ 

̛̣̚ ̣̥̣̩̗̟̚̕ ̥̟ ̧̛̗̠̦̟̘̕ ̧̩̝ ̨̨̧̛̟̗̩̟̒̚, ̡̡̗̒ ̢̱̣̥ ̠̒Ừ̧̥̟ 

Ų̨̧̛̦̥̙̙̟̩̟̠̀̓,  ̢Ừ̥̦̕ ̣̗ ̛̙̣̟̕ ̧̮ ̧̛̤̔:  

1) ˹̨̦̠̥̣̩̗̟̕ ̨̱̥̣ ̩̥ ̪̣̗̩̱̣̚ Ų̨̧̛̛̛̦̟̱̩̦̀ Ų̨̧̛̦̥̙̙̟̩̟̠̀̓ ̢̧̩̟̓ 

̩̮̣ ̨̫̪̟̠̳̣ ̨̨̛̟̗̩̮̣̒̚ ̧̩̝ ̧̩̥̟̬̥̙̦̗̫̗̕ ̨̛ ̢̥̦̫̔ ‘ʙ‖‛‟ “‗ʗ†‛‟ 

̔ “‗ʗ†‛‟ ‘ʙ‖‛‟. ˸̣ ̪Ừ̦̬̟̒ ̟̗̫̮̣̗̚̕ ̧̮ Ù̧̦̥ ̗̪̩̱ ̨̛ ̟̫̥̦̗̒̚ 

̨̢̢̪̙̙̦̗̩̗̒, ̡̢̗̘̣̥̣̩̗̟̒ ̡̧̛̱ ̥̟ Ù̧̟̞̗̣̓ ̪Ù̱̭̟̣. 

2) ̩̝̉ ̨̛̪̣̬̟̗̓, ̠̗̞̥̦̜̥̣̩̗̟̕ Ù̢̢̨̦̥̙̦̗̗̩̟̩̟̠̒ ̩̗ ̱̦̟̗ ̧̩̝ 

̧̩̥̟̬̥̙̦̗̫̗̕ ̔ ̡̱̗ ̩̗ Ù̟̞̗̣̒ ̱̦̟̗ ̗Ù̱ ̩̗ ̥Ù̥̗̕ Ù̦̥̠̪̭̗̣̓ ̥̟ 

̨̨̧̛̟̗̩̟̒̚ ̧̗̪̩̔. ̨̗̦̗̩̗̩̟̠̇̒, ̝ ̩̥̟̬̥̙̦̗̫̗̕ ̡̛̛̣̩̟̓ ̞̗ ̛̣̗̟̕ 

̣̗̓ ̥̦̞̥̙̳̣̟̥ Ù̡̡̡̢̢̗̦̗̝̱̙̦̗̥ Ù̥̪ ̨̨̪̣̟̩̒ ̩̝̣ Ừ̡̡̨̦̟̘̥̪̗̒ 

̩̥̪ ̣̮̒ ̥̦̥̪̕, ̩̥̪ ̠̩̮̒ ̥̦̥̪̕ ̠̗̟ ̢̛̩̒ ̩̥̪ ̨̛̗̦̟̩̦̒ ̥̦̥̪̕ ̠̗̟ ̩̥̪ 

̛̤̟̒̚ ̥̦̥̪̕ ̧̗̪̩̔. 

3) ̢̦̗̙̗̩̥̇Ừ̥̟̩̗̟̕ Ù̪̠̣̔ ̢̡̛̟̙̗̩̥̝̭̗̚̕ ̨̛ ̛̠̞̒ Ù̟̞̗̣̱ ̱̦̟̥ ̧̩̝ 

̧̩̥̟̬̥̙̦̗̫̗̕, ̗̣̒ ̩̦̗̕ ̢̛ ̨̨̛̩̦̗̓ pixels  ̨̛̳̩ ̣̗ Ừ̦̥̠̲̭̟ ̝ 

Ừ̡̡̨̦̟̘̥̪̗̒ ̛̠̞̒ ̥̦̥̪̕. ˸̪̩̱ ̛̙̣̩̗̟̕ ̢̨̮̓ ̨̧̗̣̦̗̝̒̚ ̩̥̪ 

̗̣̗Ù̧̩̪̬̞̣̩̥̓ Ù̢̢̧̦̥̙̦̗̩̥̒ ̢̛ ̩̥ ̨̬̦̩̝̔, ̛Ừ̟̔̚ ̢Ừ̥̦̕ ̣̗ 

̪Ù̦̬̥̪̣̒ ̧̫̞̥̦̓ ̔ ̠̗̟ ̢̡̧̛̗̣̮̗̕, Ù̥̪ ̨̨̮̩̱̥ ̨̛̘̟̒ ̗̪̩̳̣ ̣̗ 

Ù̦̥̠̪̭̗̣̓ ̥̟ ̨̨̧̛̟̗̩̟̒̚ Ù̥̪ ̗̣̗̫̦̥̣̩̗̟̓ ̨̩̝ ̡̘̟̘̟̥̙̦̗̫̗̕.  

 ̛̉ ̗̪̩̱ ̩̥ ̨̩̟̥̒̚, ̪Ù̦̬̥̪̣̒ 4 ̨̡̲̣̥̗ ̨̢̛̝̮̣̕ ̩̗ ̥Ù̥̗̕ ̛̣̚ ̛̣̗̟̕     

̠̗̩õ ̗̣̙̠̝̣̒ ̨̟̥Ù̡̝̞̔, ̨̩̮̓ ̩̗ 
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¶  ʗ  , ̢̛ Ù̡̧̞̥̔ ʗ́  ̙̟̗ ̩̥ ̣̮̒ ̥̦̟̜̱̣̩̟̥ ̱̦̟̥, 

¶  ʗ ȟ ̢̛ ́ʗ  ̩̥ Ù̡̧̞̥̔ ̨̢̛̝̮̣̕ ̩̥̪ ̠̩̮̒ ̥̦̟̜̥̣̩̥̪̕ ̥̦̥̪̕, 

¶    , ̢̛ ´  ̩̥ Ù̡̧̞̥̔ ̨̢̛̝̮̣̕ ̩̥̪ ̨̛̗̦̟̩̦̒ ̠̗̞̩̥̪̓ ̥̦̥̪̕ 

̠̗̟ 

¶   ʗ , ̢̛  ́ ʗ ̩̥ Ù̡̧̞̥̔ ̨̢̛̝̮̣̕ ̩̥̪ ̛̤̟̒̚ ̠̗̞̩̥̪̓ ̥̦̥̪̕.  

4) ̛̗̞̥̦̜̩̗̟́̕ ̥ ̡̧̱̙̥ ‗ ʗ
ʙ

ʗ
 ̗Ù̱ ̧̩̟ ̢̧̛̛̥̣̓̚̚ ̗Ù̱ ̩̝̣ 

̡̘̟̘̟̥̙̦̗̫̗̕ ̨̨̧̛̟̗̩̟̒̚. ˼̡̧̛̣̩̳ ̡̗̣̥̙̗̒, ̞̗ ̨̛̠̗̞̥̦̟̩̕ ̥ ̡̱̙̥ ̧

̢̧̠̥̔/Ù̡̧̩̥̒ ̨̛̘̟̒ ̩̮̣ ̨̢̛̝̮̣̕ ̩̮̣ ̥̦̮̣̕ ̧̩̝ ̧̩̥̟̬̥̙̦̗̫̗̕ Ù̥̪ 

̛̣̩̥Ų̩̝̠̗̣̀̕ ̨̩̗ ̢̘̗̩̗̔ 2 ̠̗̟ 3. Ù˸̱ ̩̥ ̨̡̲̣̥̥ ̩̮̣ ̡̱̙̮̣, ̞̗ 

̛Ừ̡̛̟̙̕ ̧̛̛̠̣̥̕ Ù̥̪ ̛̬̟̓ ̩̝ ̢̨̙̟̩̝̓ Ừ̟̞̗̣̥̫̣̟̗̒. ˾ ̡̨̗̣̪̝̒ ̨̛ 

pixels / cm ̞̗ ̛̣̗̟̕ ̝ ̢̨̝̓ ̢̩̟̔ ̩̮̣ ̢̛̛̙̞̳̣:  

΅’ʗ‗‡„–
ὴὼ

ὧά
 

“―—‌’ʝ†‐”‛
‘ʙ‖‛‟ ʝ 

‘ʙ‖‛‟  
“―—‌’ʝ†‐”‛

“‗ʗ†‛‟

“‗ʗ†‛‟   

ς
 

 

˸̡̣̗̪̩̟̠̔ Ừ̦̟̙̦̗̫̔ ̢̧̘̗̩̥̔ 4 

 

̋Ù̦̬̥̪̣̒ ̩̗ 4 ̨̡̲̣̥̗ ̨̢̛̝̮̣̕ ̗Ù̱ ̩̗ ̥Ù̥̗̕ ̞̗ Ù̦̥̠̲̭̥̪̣ ̥̟ ̡̱̙̥̟ 

ʙ

ʗ
, ̩̗   ʗ  ̠̗̟   ʗ   ̙̟̗ ̧̩̟ ̧̛̥̦̟̜̱̣̩̟ Ừ̡̡̨̧̛̦̟̘̥̪̒ ̠̗̟ ̩̗    

̠̗̟   ʗ ̙̟̗ ̧̩̟ ̲̥̚ ̧̛̛̠̞̩̒ Ừ̡̡̨̧̛̦̟̘̥̪̒. ̆ ̨̠̥Ù̧̱ ̛̣̗̟̕ ̣̗ ̛̛̘̦̞̕ ̝ 

̗Ų̨̱̩̗̝̀ ̢̛̩̗̤̲ ̩̮̣ ̲̥̚ ̥̦̟̜̥̣̩̮̣̕ Ừ̡̡̨̦̟̘̗̥̪̳̣, ̩̥̟̔ ̩̥ Ù̡̧̩̥̒ 

̠̗̟ ̝ ̗Ų̨̱̩̗̝̀ ̢̛̩̗̤̲ ̩̮̣ ̲̥̚ ̠̗̞̩̮̣̓ Ừ̡̡̨̦̟̘̗̥̪̳̣, ̩̥̟̔ ̩̥ ̢̧̠̥̔, 

̨̛ pixels . ̗̊ ̢̘̗̩̗̔ ̛̣̗̟̕ ̩̗ ̧̛̤̔:  

˸) ˺̟̗ ̛̠̞̒ ̨̢̛̝̥̕ ̨̩̥   ʗ  , ̨̩̮̓ ̩̥ ὃʗ Ὥ , ̪Ừ̡̥̥̙̜̩̗̟̕ ̝ ̗Ų̨̱̩̗̝̀ 

̗Ù̱ ̡̱̗ ̩̗ ̨̢̛̝̗̕ ̩̥̪ ̨̡̪̣̱̥̪  ʗ . ˼Ù̢̧̥̣̮̓, ̪Ù̡̥̥̙̜̥̣̩̗̟̕ ´ʗ  ̩̥ 

Ù̡̧̞̥̔ ̗Ų̨̧̛̥̩̟̀̒. ˼Ừ̟̔̚ ̥ ̡̧̗̦̬̗̟̥̱̙̥ ̔ ̥ ̨̧̪̣̩̝̦̝̩̔ ̪Ừ̥̩̞̩̗̟̕ ̱̩̟ 

Ų̨̛̦̥̟̱̦̟̀̚ ̩̝̣ ̗Ų̨̱̩̗̝̀ ̨̛̘̟̒ ̢̧̟̗ ̧̛̠̞̩̝̒ ̢̢̧̙̦̗̔, ̗Ù̱ ̠̒Ù̥̟̥ 

̨̢̛̝̥̕ ̩̥̪ ̣̮̒ ̥̦̥̪̕ ̨̛ ̠̒Ù̥̟̥ ̨̢̛̝̥̕ ̩̥̪ ̠̩̮̒ ̥̦̥̪̕, ̢̛ ̢̩̦̥̓ ̩̝̣ ̳̦̗ 

̧̩̝ ̨̨̧̪̣̩̦̝̝̔ ̧̩̝ ̧̩̥̟̬̥̙̦̗̫̗̕, ̗Ù̱ ̩̥ Ù̡̧̞̥̔ ̩̮̣ ̗Ų̨̛̥̩̮̣̀̒ 

̛Ừ̡̟̙̩̗̟̓ ̝ ̡̨̛̬̟̩̝̒, Ù̥̪ ̛̣̗̟̕ Ù̟̥ ̠̥̣̩̒ ̨̩̝̣ ̠̗̩̗̠̱̦̪̫̝ ̗Ų̨̱̩̗̝̀ 

̢̛̩̗̤̲ ̩̥̪ ̨̢̛̝̥̪̕  ὃʗ Ὥ ̠̗̟ ̩̥̪ ̠̩̮̒ ̥̦̥̪̕. ˼̡̡̤̥̪̒, ̗Ù̱ ̩̝̣ 

̢̛̩̦̟̙̮̣̥̩̦̗̕ ̛̣̗̟̕ ̨̙̣̮̩̱ ̱̩̟, ̨̛ ̥̦̞̥̙̳̣̟̥ ̩̦̙̮̣̥̕ ̨̛̟̬̲̟: 
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˱̨̩̮ b ̝ ̗Ù̡̨̱̠̟̝ ̗Ù̱ ̩̝̣ ̛̠̞̩̝̒  R ̠̗̟ ̗ ̝ ̗Ų̨̱̩̗̝̀ ̩̥̪ ̨̢̛̝̥̪̕ 

ὃʗ Ὥ ̠̗̟ ὃ ʗ Ὦ ,̛ ̢̛ Ὥ ʗ́ ȟὮ ´ʗ . Ṯ̛̩ ̨̛̟̬̲̟: 

‌
Ὑ

ὧέί—
 

̗́ ̟ ‌ Ὑ ̨̛̟̬̲̟ ̢̱̣̥ ̱̩̗̣ —ᴼπ ‖‌― ὧέί—ᴼρ. ˼Ừ̟̔̚ — ɴ πȢ  ̠̗̟ ̩̥ ὧέί 

̛̣̗̟̕ ̨̫̞̣̥̪̗̕ ̨̨̪̣̦̩̝̝̒ ̨̛ ̗̪̩̱ ̩̥ ̨̢̟̩̝̗̒̚, ̨̩̥ — π Ừ̟̣̟̒ ̢̨̙̟̩̥̓ 

̠̗̟ ̦̗̒ ̩̥ ̗=R ̨̛̟̬̲ ̟ ̢̱̣̥ ̙̟̗ ̗̪̩̔ ̩̝̣ ̢̩̟̔.   

˸̫̥̲ ̢̡̛̛̛̞̟̳̞̝̠ ̱̩̟ ̝ ̛̣̗̟̕ ̥̦̞̔ ̝ ̛Ù̡̟̥̙̔ ̧̩̝ ̡̨̧̛̬̟̩̝̒ ̢̧̩̟̔ ̗Ù̱ ̩̥ 

Ù̡̧̞̥̔ ̩̮̣ ´ʗ  ̗Ų̨̛̥̩̮̣̀̒ ̗Ù̱ ̩̥ ὃʗ Ὥ, ̝ ̟̗̕̚ ̨̟̗̟̠̗̗̚̚̕ 

̛Ừ̡̢̗̣̗̗̘̣̩̗̟̒ ̙̟̗ ̡̱̗ ̩̗ ̨̢̛̝̗̕ ̨̩̥  ʗ  ̨̡̲̣̥̥ ̠̗̟ ̨̩̥ ̡̧̩̥̓ 

̪Ù̦̬̥̪̣̒ ʗ́  çŲ̨̛̦̥̙̙̟̩̟̠̀̒è ̧̛̠̗̩̗̠̱̦̪̫ ̗Ų̨̧̛̥̩̟̀̒ ̗Ù̱ ̩̥ ̣̮̒ 

̨̩̥ ̠̩̮̒ ̱̦̟̥, ̨̩̮̓ ̥̟ Ὠʗ ʗ . ̢̦̗̙̗̩̥̇Ừ̥̟̩̗̟̕ ̝ ̟̗̕̚ ̧̗̠̦̟̘̳ 

̨̟̗̟̠̗̗̚̚̕ ̙̟̗ ̩̝̣ ̨̛̛̲̦̝ ̩̮̣ çŲ̨̛̦̥̙̙̟̩̟̠̀̒è ̠̗̩̗̠̱̦̪̫̮̣ 

̗Ų̨̛̥̩̮̣̀̒ ̗Ù̱ ̩̥ ̠̩̮̒ ̨̩̥ ̣̮̒ ̱̦̟̥, ̥Ừ̱̩ ̨̩̥ ̡̧̩̥̓ ̪Ù̦̬̥̪̣̒  ´ʗ  

çŲ̨̛̦̥̙̙̟̩̟̠̀̒è ̧̛̠̗̩̗̠̱̦̪̫ ̗Ų̨̧̛̥̩̟̀̒, ̨̩̮̓ ̥̟ Ὠʗ ʗ . ˼̡̧̛̣̩̳ 

̢̱̥̟̗, ̛Ù̡̢̗̣̗̗ ̛̘̣̩̗̟̒ ̥ ̡̢̧̗̙̱̦̟̞̥ ̙̟̗ ̧̩̟ ̲̥̚ ̧̛̠̗̩̗̠̱̦̪̫ 

Ừ̡̡̨̧̛̦̟̘̥̪̒ ̠̗̟ ̡̛̩̟̠̒ ̪Ù̦̬̥̪̣̒ ´  çŲ̨̛̦̥̙̙̟̩̟̠̀̒è ̧̛̠̗̩̗̠̱̦̪̫ 

̗Ų̨̧̛̥̩̟̀̒ , ̥̟ Ὠ ʗ ʗ ̠̗̟ ́ ʗ çŲ̨̛̦̥̙̙̟̩̟̠̀̒è ̧̛̠̗̩̗̠̱̦̪̫ 

̗Ų̨̧̛̥̩̟̀̒ , ̥̟ Ὠ ʗ ʗ.  

˸Ù̱ ̩̗ ̨̨̛̩̦̗̓ ̟̗̠̦̟̩̒̚ ̨̡̲̣̥̗, Ὠʗ ʗ , Ὠʗ ʗ , Ὠ ʗ ʗ, 

Ὠ ʗ ʗ ̡̢̗̘̣̥̣̩̗̟̒ ̧̛̩̦̟ ̢̧̛̩̦̟̠̓ ̙̟̗ ̛̠̞̒ ̨̡̲̣̥̥, ̝ ̢̨̝̓ ̢̩̟̔, ̝ 

̢̨̙̟̩̝̓ ̢̩̟̔ ̠̗̟ ̝ ̡̨̛̬̟̩̝̒ ̢̩̟̔, ̥Ừ̱̩ ̨̡̪̣̥̟̠̒ ̪Ù̦̬̥̪̣̒ 4 ̧̛̩̦̟̒̚ ̢̛ 

̢̧̛̛̟̗̩̩̗̙̣̓̚ ̢̧̩̟̓, ̥̟: 
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Ὀ ʗ άὩὥὲὨʗ ʗ ȟÍÁØὨʗ ʗ ȟÍÉÎὨʗ ʗ  

Ὀ ʗ άὩὥὲὨʗ ʗ ȟÍÁØὨʗ ʗ ȟÍÉÎὨʗ ʗ  

Ὀ ʝ άὩὥὲὨ ʗ ʗȟÍÁØὨ ʗ ʗ ȟÍÉÎὨ ʗ ʗ  

Ὀ ʝ άὩὥὲὨ ʗ ʗȟÍÁØὨ ʗ ʗ ȟÍÉÎὨ ʗ ʗ  

̢̦̥̩̟̞̝̠̗̣̇̔ ̥̟ 3 ̢̧̛̩̦̟̠̓ ̙̟̗̩̕ ̛̣̚ ̛̣̗̟̕ ̢̧̛̛̥̣̓̚̚ ̥̟ ̨̧̛̪̣̞̠̔ ̧̩̝ 

̢̨̧̩̦̝̝̓ , ̥Ừ̱̩ ̨̡̛̛̤̗̫̗̜̩̗̟̕ ̨̛ ̛̠̞̒ Ừ̦̕Ų̩̮̝̀ ̢̛ ̗̪̩̒ ̩̗ ̩̦̗̕ 

̢̛̙̞̝̓ ̥Ù̥̟̗̔̚Ừ̥̩ Ừ̦̕Ų̩̮̝̀.  

˼̣ ̨̛̛̪̣̬̗̕, ̨̢̬̝̗̩̜̥̣̩̗̟̕ ̥̟ ̡̱̙̥̟ ̩̮̣ ̛̠̞̩̮̣̒/̥̦̟̜̱̣̩̟̮̣ 

̨̨̛̟̗̩̮̣̒̚ ̨̛ pixels  ̧̮ ̧̛̤̔:  

‗ Ὥ
Ὀ ʗ Ὥ

Ὀ ʝ Ὥ
ȟὭ ρȣσ 

‗ Ὥ
Ὀ ʗ Ὥ

Ὀ ʝ Ὥ
ȟὭ ρȣσ 

‗ Ὥ
Ὀ ʗ Ὥ

Ὀ ʝ Ὥ
ȟὭ ρȣσ 

‗ Ὥ
Ὀ ʗ Ὥ

Ὀ ʝ Ὥ
ȟὭ ρȣσ 

 

˸Ù̱ ̡̧̛̱ ̧̗̪̩̓ ̧̩̟ ̢̧̩̟̓ ̩̮̣ ̡̱̙̮̣, ̛Ừ̡̟̙̩̗̟̓ ̗̪̩̔ ̙̟̗ ̩̝̣ ̥Ù̥̗̕ 

̨̟̬̲̥̪̣ ̩̗̪̩̱̬̦̥̣̗ ̩̗ ̧̛̤̔:  

ȿ‗Ὦ ‗ ʗ ȿ πȢρ ‐ȟ‐ ‘―‖”ʙ ‌“ʝ‖‗―„– „†‛ ‏‐ʞ†‐”‛ ‏‌‖‐‏―‖ʝ 

 ȿ‗Ὦ ‗ ʗ ȿ άὭὲ 

Ὦ ρȣρς ‌•‛ʞ ‛― †―‘ʘ‟ †‛‡ ‗ ‐ʚ’‌― ρς „†‛ “‗ʙ—‛‟ 

̥̊ ̡̠̗̩̳̫̟ ̧̩̝ Ù̧̦̳̩̝ ̨̧̪̣̞̠̝̔ ̢Ừ̥̦̕ ̣̗ ̛̗̪̤̝̞̕ ̡̙̥̕ ̗̣ ̛̣̚ ̛̣̗̟̕ 

̨̩̱̥ Ù̪̠̣̒ ̩̗ ̨̢̛̝̗̕ ̨̛ ̛̠̞̒ ̨̡̲̣̥̥, ̡̡̗̒ ̠̗̟ ̨̧̩̟ ̲̥̚ ̧̛̩̥̟̬̥̙̦̗̫̕ ̝ 

̟̗̫̥̦̒̚ ̢̠̪̗̟̣̱̩̗̣ ̨̛ ̗̪̩̒ ̩̗ Ù̡̨̗̟̗̕.  

̛̩̃̒ ̩̝̣ ̢̛̫̗̦̥̙̔ ̧̩̝ ̢̛̞̱̥̪̚, ̗Ù̱ ̩̥ ‗ὮȟὮ ɴ ρȟρς Ù̥̪ ̛̘̦̞̝̠̓ 

̨̛̗̣̩̟̩̥̟̬̜̩̗̟̕ ̢̨̢̥̣̥̗̣̩̗̔ ̨̛ ̣̗̓ ̡̱̙̥ ʗ

 ͺ ʝ
 ̛̠ ̨̧̛̠̗̩̗̠̪̔ ̩̥̪ 

̨̡̪̣̱̥̪ ̥Ừ̱̩ ̨̩̟̓ ̘̦̞̝̠̗̣̓ ̢̛ ̢̨̙̟̩̝̓ Ừ̟̞̗̣̥̫̣̟̗̒ ̧̩̝ ̧̩̥̟̬̥̙̦̗̫̗̕ 

̨̛ pixels . ˼Ừ̢̛̗̣̦̬̱̣̥̟ ̨̩̥ ̡̛̛̩̪̩̗̥̕ ̢̘̗̔, ̝ ̡̨̗̣̪̝̒ ̨̛ pixels / cm ̞̗ 

̛̣̗̟̕, ̱Ù̧̮ Ừ̦̥̗̣̗̫̦̞̝̠̓: 

΅’ʗ‗‡„–
ὴὼ

ὧά
 

“―—‌’ʝ†‐”‛
‘ʙ‖‛‟

Ὀʗ
“―—‌’ʝ†‐”‛

“‗ʗ†‛‟

Ὀ ʝ  

ς
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˸̡̛̠̥̥̪̞̕ Ừ̢̗̦̟̙̗̒̚ ̧̩̝ ̧̩̥̟̬̥̙̦̗̫̗̕ ̩̮̣ ç̛̗̩̦̪̩̦̟̳̣̂è ̙̟̗ ̣̗ ̛̙̣̟̕ 

̠̗̩̗̣̥̝̩̔ ̝ ̢̡̛̞̥̥̥̙̗̚̕. 

 

˼̳̚ ̛̫̗̣̩̗̟̕ ̠̗̞̗̦̒ ̱̩̟ ̝ ̩̥̟̬̥̙̦̗̫̗̕ ̛̣̚ ̛̬̟̓ ̨̟̥Ù̡̝̞̔ ̨̡̲̣̥̗ 

̨̢̛̝̮̣̕ ̙̟̗ ̛̠̞̒ Ừ̡̡̨̦̟̘̥̪̗̒, ̛Ừ̟̔̚ ̪Ù̦̬̥̪̣̒ ̧̫̞̥̦̓ ̨̩̗ ̨̪̣̥̦̟̗̠̒ 

̨̢̛̝̗̕ ̧̩̝. ̛̩̃̒ ̗Ù̱ ̩̝̣ ̛Ų̛̛̤̦̙̗̗̀̕, Ừ̦̥̠̪̭̓ ̱̩̟ ̝ ̡̨̗̣̪̝̒ ̛̣̗̟̕, 

̡̢̧̗̘̣̥̣̩̗̒ ̪Ù̱̭̟̣ ̡̧̛̱ ̧̩̟ ̧̗̣̗̫̥̦̓ ̧̩̝ ̡̧̘̟̘̟̥̙̦̗̫̗̕: 

 ˸̡̨̧̛̣̪̝̗̩̦̲̩̦̟̗̒̂ = 54.64 pixels / cm 

˾ ̟̗̕̚ ̧̗̠̦̟̘̳ ̨̟̗̟̠̗̗̚̚̕ ̡̛̗̠̥̥̪̞̞̝̠̔ ̠̗̟ ̙̟̗ ̩̝̣ ̩̥̟̬̥̙̦̗̫̗̕ ̩̮̣ 

̠̦̣̮̣̕ ̠̗̟ ̛̛̠̕ ̝ ̡̨̗̣̪̝̒ Ừ̦̥̠̪̭̓: 

˸̡̨̣̪̝̗̙̠̦̗̩̮̣̒̇̕ = 62.93 px/cm  
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̡̛̫̗̟̥́̒ 4: ̧̦̳̩̥̇ ̨̢̧̬̮̦̟̱ ̩̮̣ 

Ừ̢̢̦̟̙̦̗̩̮̣̒ ̩̮̣ ̢̛̞̗̩̟̠̳̣ ̛̣̥̩̩̮̣̔ 

̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̨̛ ̢̢̩̗̩̗̔ 
 

4.1̨̢̧̦̟̱̆ ̩̥̪ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒ 

 

̢̲̫̮̣̗̉ ̢̛ ̩̥̣ ̩̦̱Ù̥ Ù̥̪ Ừ̛̦̟̙̦̫̩̗̟̒ ̨̧̩̟ ̢̨̨̧̛̛̝̥̟̲̟̚ [8], [9], 

[10] ̠̗̟ [11] ̨̛̤̬̞̝̗̣̔ ̩̗ Ừ̢̢̦̟̙̦̗̩̗̒ ̩̮̣ ̨̘̗̟̠̳̣ ̢̛̞̗̩̟̠̳̣ ̢̥̦̫̳̣ 

̧̩̝ ̛̠̞̒ ̧̩̥̟̬̥̙̦̗̫̗̕. ˸̧ ̛̛̞̮̦̝̞̕ ̛Ù̢̧̥̣̮̓, ̱̩̟ ̩̥ Ừ̢̢̦̙̦̗̗̕ ̢̧̟̗ 

̢̧̛̞̗̩̟̠̔ ̧̛̣̱̩̝̩̗ ̛̣̗̟̕ ̢̟̗ ̨̢̟̗̣̪̗̩̟̠̔̚ ̢̠̗Ù̡̲̝ ὶᴆὸ. ˱̣̗ ̪Ų̡̥̲̣̥̥̀ 

̗̪̩̥̲ ̩̥̪  Ừ̢̢̧̦̟̙̦̗̩̥̒ ̢̛̥̣̥̜̩̗̟̒ ̢̛̛̗̣̩̟̠̣̥̕ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̔ 

̗Ù̡̧̳ ç̢̛̛̗̣̩̟̠̣̥̕è ̨̛̫̱̥̣ ̗̪̩̱ ̛̣̗̟̕ ̢̡̥̗̱ ̠̗̟ ̝ ̗̦̬̔ ̠̗̟ ̩̥ ̡̧̩̥̓ ̩̥̪ 

̪Ų̡̥̪̣̱̥̪̀ ̗̪̩̥̲ ̛̣̗̟̕ ̨̧̛̛̗̪̣̬̟̓ ̩̥̪ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̔ ̨̧̛̛̗̪̣̬̟̓ ̩̥̪ 

̢̥̣̗̟̗̥̪̚̕ ̛̫̗Ừ̢̩̱̣̥̪ ̨̢̧̟̗̣̲̗̩̥̚ ̩̥̪ Ừ̢̢̧̦̟̙̦̗̩̥̒. ̧̏ ̨̛̗̪̣̬̟̗̓ 

̩̥̪ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̡̢̛̗̘̣̩̗̟̒ ̝ ̗̦̬̔ ̢̧̟̗ ̧̫̞̥̦̒ ̔ ̩̥ Ù̧̦̗̓ ̧̛̣̱ 

̢̢̧̩̗̩̥̔, ̢̛̩̒ ̩̥ ̥Ù̥̥̕ ̪Ừ̦̬̟̒ ̢̢̠̥̩̟̒ Ù̥̪ ̛̬̟̓ ̛̬̗̞̕ ̔ ̛̛̠̕ ̱Ù̥̪ ̝ 

̢̢̙̦̗̔ Ừ̗̲̟ ̣̗ ̛̣̗̟̕ ̢̡̥̗̔ ̠̗̟ ̪Ừ̦̬̟̒ ̢̟̗ ̗̠̗̕̚ ̛̛̩̕ ̨̛̗̪̣̬̟̗̓ ̩̥̪ 

Ừ̢̢̧̦̟̙̦̗̩̥̒, ̨̗̣ ç̨Ų̢̟̥̀̒è. 
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ɳʽˁˈ˄ʰ пΦ1Υ ɽʶˉˍˇ˃ʷˊʶʽʰ ˍʹˌ ζ˃ʶˋʰʾʰˌ ɽʰˍˊʶˏˍʽʰˌη ˈˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ʵʽʱ˒ˇˊʰ ˉʶˊʽʴˊʱ˃˃ʰˍʰ ʻʶ˃ʰˍʽˁ˗˄ 

ˇ˄ˍˇˍʺˍ˖˄Φ 

 

ɳʽˁˈ˄ʰ пΦ2Υɽʶˉˍˇ˃ʷˊʶʽʰ ˍ˖˄ ζʃʰʴˁˊʰˍʾ˖˄η ˈˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ʵʽʱ˒ˇˊʰ ˉʶˊʽʴˊʱ˃˃ʰˍʰ ʻʶ˃ʰˍʽˁ˗˄ 

ʶ˄ˇˍʺˍ˖˄ 
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́̒Ù̧̥̟̥ ̧̛̛̤̩̜̥̣̩̗̒ ̡̧̛̛̛̣̬̳̚ ̟̫̥̦̗̒̚ ̢̛̛̗̣̩̟̠̣̗̕ Ừ̗̦̗̩̝̦̕ 

̱̩̟ ̠̗̩̒ Ų̗̀̒ Ù̟̞̗̣̱̩̝̩̗ ̗Ừ̡̥̩̥̲̣̩̗̟ ̗Ù̱ ̢̟̗ ̨̣̮̝̓ ̟̗̥̬̟̠̳̣̚̚ 

̢̠̗Ù̡̪̳̣ Ù̡̡̥̗Ù̡̧̳ Ų̢̗̦̗̙̮̙̟̮̣̀̕, ̨̛ ̢̛̠̗̞̟̒ ̛̠ ̩̮̣ ̥Ù̥̮̣̕ 

̨̛̗̣̩̟̩̥̟̬̕ ̣̗̓ ̢̢̩̗̔ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒, ̱Ù̧̮ ̗̪̩̱ ̞̗ 

̨̛̥̦̟̞̕ ̛̣ ̨̛̛̪̣̬̗̕.  

̟̗̃ ̨̗̪̩̝̦̔ ̟̗̩̲̚Ų̮̝̀ ̧̩̝ ̨̧̘̗̟̠̔ ̪Ų̧̛̱̞̝̀ ̧̩̝ ̨̧̛̦̙̗̗̕ 

˾ ̨̘̗̟̠̔ ̪Ų̛̱̞̝̀ Ù̥̪ ̛̙̣̩̗̟̕ ̨̩̝̣ Ų̗̦̥̲̗̀ ̨̛̦̙̗̗̕ Ừ̦̥̦̬̩̗̟̓ 

̗Ù̱ ̩̥̣ ̧̛̤̔ ̨̡̡̨̢̪̥̙̟̱. ˺̟̗ ̣̗ ̛̫̩̟̤̟̒ ̥ ̡̡̧̠̗̟̩̬̣̝̓ ̙̲̦̮ ̨̩̥ 1650 

Ù̦̥ ̨̦̟̩̥̲̍ ̩̥ Ừ̢̢̦̙̦̗̗̕ ̢̧̟̗ ̢̧̛̞̗̩̟̠̔ ̧̛̣̱̩̝̩̗, ̨̢̬̦̝̟̥Ų̛̥̝̀̕ 

̧̟̗̥̬̟̠̳̚̚ ̧̥̝̙̥̲̚ (̛̛̩̕ ̢̠̗Ù̡̧̪̥̙̦̫̥̪̒ ̛̛̩̕ ̢̨̢̧̝̬̗̣̟̥̲ Ù̧̗̦̗̙̮̙̔ 

̩̮̣ ̢̠̗Ù̡̪̳̣). ̛̃ ̡̡̗̒ ̡̱̙̟̗, ̥ ̡̡̧̠̗̟̩̬̣̝̓ ̢̨̛̛̩̗̠̟̣̥̲ ̙̟̗ ̣̗̓ 

̨̢̟̩̝̗̒̚ ̩̥ Ù̡̟̣̥̓ ̢̛ ̨̬̦̝̔ ̩̥̪ ̥̝̙̥̲̚ ̠̗̟ ̢̛ ̗̪̩̱ ̩̥̣ ̩̦̱Ù̥ Ừ̗̦̙̗̙̔ 

̢̟̗ ̢̠̗Ù̡̲̝ Ù̦̗̠̩̟̠̒ ̗Ừ̧̦̮̕ Ų̢̗̦̗̙̮̙̟̝̀̕. ˱Ừ̟̩̗, 

̛Ù̗̣̗̩̥Ų̛̛̥̞̩̥̲̀ ̩̥̣ ̟̥̕̚ ̔ ̡̡̥̒ ̥̝̙̱̚ ̠̗̟ ̨̛̛̬̗̜̚̕ ̩̥ ̛Ừ̢̱̣̥ ̢̢̩̗̔ 

̩̥̪ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̧̩̝ ̢̧̛̞̗̩̟̠̔ ̧̛̣̱̩̝̩̗. ̨̛̛̦̱̬̇ ̛Ừ̢̡̧̟̳ ̣̗ 

̨̡̛̛̤̗̫̗̜̟̕, ̙̟̗ ̨̧̗̟̞̝̩̟̠̥̲ ̡̧̱̙̥̪, ̩̝̣ ̢̡̥̗̱̩̝̩̗ ̨̩̥ ̨̢̛̝̥̕ ̛Ù̧̗̫̔ 

̔/̠̗̟ ̣̗ ̢̝̣ ̢̛̝̟̥̪̦̙̝̞̚̕ ̗̠̗̕̚ ̨̩̥ ̨̢̛̝̥̕ ̡̡̧̗̗̙̔ ̥̝̙̥̲̚ ̛̥̲̩ 

ç̡̢̘̗̞̥̲̮̗è. ˼̣ ̛̙̣̟̓ ̗Ừ̛̫̪̙̓ ̥̩̟̔̚Ừ̥̩ ̢Ų̛̥̦̥̲̀ ̣̗ ̢̨̛̝̟̥̪̦̙̟̔̚ 

̩̝̣ ̨̨̗̞̝̝̕ ç̨Ų̢̧̗̗̩̥̀̕ ̩̥̪ Ừ̢̢̧̦̟̙̦̗̩̥̒è ̢̧̟̗ ̥Ų̥̟̗̀̔̚Ừ̥̩ 

̢̧̛̞̗̩̟̠̔ ̢̧̥̦̫̔.  

˸̪̩̱, ̨̛ ̢̢̗̞̝̗̩̟̠̔ ̡̥̦̥̥̙̗̕ ̛̛̠̫̦̜̩̗̟̒, ̢̛ ̩̝ ̨̛̪̣̬̟̗̓ ̧̩̝ 

̛̫̗Ù̢̧̩̥̣̝̓ ̨̩̥ ̨̢̛̝̥̕ ̨̧̣̮̝̓ ̩̮̣ ̲̥̚ ̢̠̗Ù̡̪̳̣. ̩̗̉ ̨̢̛̝̗̕ ̢̧̱̮ 

̡̡̧̗̗̙̔ ̢̠̗Ù̡̪̥̙̦̫̥̪̒/̥̝̙̥̲̚, ̥ ̡̡̧̠̗̟̩̬̣̝̓ ̛̚ ̢Ų̛̥̦̥̲̀ ̛̠ ̩̮̣ 

Ù̢̦̗̙̩̮̣̒ ̣̗ ̨̡̨̛̛̤̗̫̗̟̕ ̩̝ ̨̛̪̣̬̟̗̓ ̩̮̣ Ù̗̦̗̙̳̙̮̣ ̧̗̣̮̩̦̗̓ 

̧̛̩̤̮̒, ̝ ̥Ù̥̗̕ ̨̗̟̞̝̩̟̠̒ ̛̣̚ Ừ̗̦̬̟̓ ̠̒Ù̥̟̥ ̗Ừ̡̨̢̥̩̗̓, ̱Ù̧̮ ̝ 

̨̛̪̣̬̟̗̓ ̧̩̝ Ù̧̦̳̩̝ Ù̗̦̗̙̳̙̥̪. ˼Ų̧̝̀̕ ̠̩̟̒ ̩̩̥̟̥̓ ̩̗̣̔ ̡̧̛̛̣̩̳ ̤̮̓ 

̗Ù̱ ̧̩̟ ̨̧̛̙̣̳̟ ̩̥̪ ̡̡̗̒ ̢̧̛̛̣̬̥̣̮̓̚ ̠̗̟ ̗Ù̱ ̩̝ ̨̫̗̣̩̗̗̕ ̩̥̪.  

̧̪̣̥̭̜̥̣̩̗̉̕, ̨̛ ̢̢̗̞̝̗̩̟̠̔ ̡̥̦̥̥̙̗̕, ̛̠̞̒ ̢̛̛̗̣̩̟̠̣̥̕ ̛̣̗̟̕ ̢̟̗ 

̢̠̗Ù̡̲̝ ὅ , ̡̝̗̔̚̚ ̢̟̗ ̢̠̗Ù̡̲̝ Ù̥̪ ̛̬̟̓ ̨̧̛̛̪̣̬̕ Ù̧̗̦̗̙̳̙̥̪ Ù̧̦̳̩̝ 

̧̛̩̤̮̒ ̠̗̟ ̢̢̧̩̝̗̩̟̠̳ ̨̛̪̣̬̔ ̛̛̲̩̦̝̚ Ù̗̦̙̮̙̥̒, ̢̛ ỪŲ̢̛̦̗̣̥̀̓ 

Ù̡̧̞̥̔ ̨̢̛̝̮̣̕ ̨̧̛̗̪̣̬̟̗̓ ̨̛ ̗̪̩̣̔, Ù̥̪ ̛̣̗̟̕ ̩̗ ̨̢̛̝̗̕ ̡̡̧̗̗̙̔ 

̥̝̙̥̲̚ ̔ ̢̛̩̗̩̥Ų̧̛̮̀̕ ̩̥̪ ̟̥̪̚̕ ̨̛̳̩ ̣̗ Ừ̗̦̗̬̞̕ ̣̥̓ ̢̢̩̗̔. ˻̡̝̗̔̚ 

̛̠̞̒ ̢̛̛̗̣̩̟̠̣̥̕ ̛̣̗̟̕ ̢̟̗ ̨̣̮̝̓ ̢̟̠̦̥̲ Ù̡̧̞̥̪̔ ̗Ừ̧̦̮̕ 

Ų̢̗̦̗̙̮̙̟̮̣̀̕ ὅ ȟὲ ς ̢̠̗Ù̡̪̳̣. ̛̞́̒ ̩̩̥̟̗̓ ̗Ừ̧̦̮̕ Ų̢̗̦̗̙̮̙̟̝̀̕ 

̢̠̗Ù̡̲̝ ̞̗ ̛̛̞̮̦̩̗̟̕ ̱̩̟ ̨̛̗̣̩̟̩̥̟̬̕ ̨̛ ̢̟̗ ̢̡̥̣̥̠̥̣̪̟̒̚.  
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4.2 ̨̢̧̦̟̱̆ ̩̥̪ ̢̢̧̩̗̩̥̔ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒ 

 

̋Ų̛̥̩̞̞̮̀̔ ̱̩̟ ̢̟̗ ̩̥̟̬̥̙̦̗̫̗̕ Ù̥̪ ̛̛̛̤̩̜̩̗̟̒ ̛̣̚ ̛̬̟̓ ̪Ų̛̥̩̀̕ 

̧̫̞̥̦̓ ̠̗̟ ̨̩̟̓ ̡̱̗ ̩̗ Ừ̢̢̦̟̙̦̗̩̗̒ ̩̮̣ ̢̛̗̣̩̟̠̟̣̮̣̓ ̛̣̗̟̕ ̨̛̪̣̬̔ ̠̗̟ 

Ừ̦̟̙̦̫̥̣̩̗̟̒ ̗Ù̱ ̩̝̣ ̢̢̩̝̗̩̟̠̒ ̲̥̚ ̧̫̥̦̓ Ų̢̗̦̗̙̮̙̟̝̀̕ ̢̠̗Ù̡̲̝ ̢̛ 

̛Ù̟̘̗̩̟̠̔ ̗̠̩̣̗̕ ὶᴆὸ ὼὸǶώὸǶ. ̛̦̜̩̗̟̆̕ ̧̮ ̢̢̩̗̔ ̢̛̗̣̩̟̠̟̣̥̪̓ 

Ừ̢̢̧̦̟̙̦̗̩̥̒ ̣̗̓ ̪Ų̡̥̲̣̥̥̀ ̨̢̛̝̮̣̕ ̧̩̝ ̢̠̗Ù̡̧̲̝, ̩̗ ̠̦̗̒ ̩̥̪ 

̥Ù̥̥̪̕ ̛̣̗̟̕ ̣̗̓ ̗Ù̱ ̩̗ ̠̩̮̞̟̒:  

1) ˾ ̗̦̬̔ ̔ ̩̥ ̡̧̩̥̓ ̧̛̣̱ ̢̛̗̣̩̟̠̟̣̥̪̓, 

2) ̣̗̓ ̨̢̛̝̥̕ ̨̩̥ ̥Ù̥̥̕ ̝ ̛̛̲̩̦̝̚ Ù̧̗̦̙̮̙̥̒ ̛̣̗̟̕ ̨̧̛̗̪̣̬̔, ̡̝̗̔̚̚ 

̪Ừ̦̬̟̒ ̡̢̗̒ ̨̩̝̣ ̢̠̗Ù̡̪̱̩̝̩̗, 

3) ˱̣̗ ̨̢̛̝̥̕ ̢̠̗Ù̧̔, ̡̝̗̔̚̚ ̨̢̛̝̥̕ Ù̥̪ ̨̢̛̪̘̗̣̟̕ ̡̡̗̗̙̔ ̡̠̥̮̣̕. 

˺̟̗ ̩̥ (3) ̝ ̢̢̗̞̝̗̩̟̠̔ ̟̗̩̲̚Ų̮̝̀ ̨̢̛̟̥̪̣̗̚̕ ̢̛ ̡̡̗̗̙̔ Ų̢̦̥̥̪̀̔ ̧̩̝ 

̨̧̥̦̜̥̪̗̕: 

ὅ  
ὼ ὸ ώ ὸ

ὼ ὸ ώ ὸ
                                         τȢρ 

̩̝̣̉ Ừ̦̕Ų̩̮̝̀ ̗̪̩̔, ̝ ̢̠̗Ù̡̲̝ Ù̥̪ Ừ̛̦̟̙̦̫̟̒ ̩̥ ̢̛̛̗̣̩̟̠̣̥̕ 

̡̡̛̗̜̟̒ ̩̥̣ ̩̦̱Ù̥ ̢̛ ̩̥̣ ̥Ù̥̥̕ ̨̛̩̦̫̟̓ ̩̗ ̡̠̥̗̕ ̛̛̠̗̩̦̮̞̣̓ ̩̥̪ ̨̢̛̝̥̪̕ 

Ù̥̪ ̝ ̢̩̦̗̔ ̢̛̛̝̣̜̩̗̟̚̕. ̥̟̥̇ Ù̥̟̥̩̟̠̒, ̗̣ ̣̗̓ ̠̟̣̝̩̱ ̛̠̟̣̩̗̟̕ ̛Ù̕ ̧̩̝ 

̢̠̗Ù̡̧̲̝ ̢̛ ̡̗̣̞̮̦̥̥̙̟̗̠̔ ̫̥̦̒, ̛̩̱̩ ̱̩̗̣ ̩̗ ̡̠̥̗̕ ̛̣̗̟̕ ̨̩̗ ̨̛̗̦̟̩̦̒ 

̩̥̪ ̝ ̨̥̦̜̥̪̗̕ ̛̣̗̟̕ ̛̞̩̟̠̔ ̛̣̳ ̱̩̗̣ ̩̗ ̡̠̥̗̕ ̛̣̗̟̕ ̨̩̗ ̛̤̟̒̚ ̩̥̪, ̝ 

̨̥̦̜̥̪̗̕ ὅ  ̛̣̗̟̕ ̗̦̣̝̩̟̠̔.  

˰̛̣̮̞̣ Ų̗̦̥̪̟̜̥̣̩̗̟̀̒ ̨̨̛̩̦̗̓ ̛̫̗Ừ̢̩̱̣̗ ̨̢̟̗̣̲̗̩̗̚ ̨̛ ̢̟̗ 

̢̠̗Ù̡̲̝ Ù̥̪ ̛̟̗̙̦̫̩̗̟̒̚ ̡̗̣̞̮̦̥̥̙̟̗̠̒. ̗̊ ΅ᴆ` ̠̗̟ ῴῶᴆ ̛̣̗̟̕ ̲̥̚ 

̛̫̗Ừ̢̧̛̩̱̣ ̨̛ ̲̥̚ ̛̟̗̫̥̦̩̟̠̒̚ ̨̢̛̝̗̕ ̧̩̝ ̢̠̗Ù̡̧̲̝, ̡̝̗̔̚̚ ̲̥̚ ̢̧̩̟̓ 

̧̩̝ ̨̨̧̪̣̦̩̝̝̒ ὶᴆὸ, ̙̟̗ ὸȟὸ Ù̥̪ ̗̣̠̥̪̣̔ ̨̩̥ Ừ̥̚̕ ̨̢̥̦̟̥̲ ̧̩̝ 

Ù̗̦̗̙̳̙̥̪.  ̗̊ ῲῳᴆ ̠̗̟ ῷῸᴆ ̛̣̗̟̕ ̥̟ ̨̧̛̗̣̩̩̥̟̬̕ ̢̧̩̟̓ ̙̟̗ ̢̟̗ ̢̟̠̦̔ 

̢̡̛̩̗̘̥̔ ̧̩̝ Ù̗̦̗̙̳̙̥̪, ̡̝̗̔̚̚ ̙̟̗ ̩̥ ὶᴆὸ ῳὸ. ˺̟̗ ῳὸO π, ̩̗ ̨̢̛̝̗̕ 

ȟ̈́ῲ ̨̛̬̱̣̚ ̩̗̪̩̜̥̣̩̗̟̕ ̦̗̒ ̩̥ ̨̢̟̣̪̗̒̚  

ὄῳᴆ  ῲῳᴆ  ̈́ ᴆ`  ὶᴆὸ Ὠὸ  ὶᴆὸ ὶᴆ ὸὨὸ  

 

˴̢̥̟̗ ̙̟̗ ῳὸO π, ̩̗ ̨̢̛̝̗̕ ῴȟῷ ̨̛̬̱̣̚ ̩̗̪̩̜̥̣̩̗̟̕ ̦̗̒ ̩̥ ̨̢̟̣̪̗̒̚  
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ῶῸᴆ  ῷῸᴆ  ῴῶᴆ  ὶᴆὸ Ὠὸ  ὶᴆὸ ὶᴆ ὸὨὸ 

̩̥̉ Ù̦̳̩̥ ̨̢̩̟̙̟̱̩̪Ù̥ ̩̥ ̛̛̤̮̩̦̟̠̱ ̢̛̙̟̣̱̣̥ ὶᴆὸ ὶᴆ ὸ ̛̬̟̓ 

̡̗̣̞̮̦̥̥̙̟̗̠̔ ̫̥̦̒, ̛̣̗̟̕ ̛̞̩̟̠̱ ̡̝̗̔̚̚ ̛Ù̕ ̩̥̪ ̧̤̥̣̥̒ ̩̥̪ z ̨̩̥̣ ᴙ  

̛̣̳ ̨̩̥ ̛̛̲̩̦̥̚ ̛̬̟̓ ̡̮̦̥̥̙̟̗̠̔, ̡̝̗̔̚̚ ̗̦̣̝̩̟̠̱ ̛Ù̕ ̩̥̪ z ̧̤̥̣̥̒ ̨̩̥̣ 

ᴙ. ˸̡̡̒  

ὶᴆὸ ὶᴆ ὸ
Ƕ Ƕ Ὧ

ὼ ὸ ώ ὸ π

ὼ ὸ ώ ὸ π

Ὧ
ὼ ὸ ώ ὸ

ὼ ὸ ώ ὸ
Ὧὅ  

˰̦̗ ̩̗ ̨̢̛̝̗̕ ̡̡̧̗̗̙̔ Ų̢̦̥̥̪̀̔ ̧̩̝ ὅ  ̛̣̗̟̕ ̨̢̛̝̗̕ ̡̡̧̗̗̙̔ ̡̠̥̮̣̕. 

̩̝̣̉ ̛̟̟̠̔̚ Ừ̦̕Ų̩̮̝̀ Ù̥̪ ̱Ù̥̪ ̝ ̢̠̗Ù̡̲̝ Ừ̛̦̟̙̦̫̩̗̟̒ ̗Ù̱ ̢̗̕ 

̨̨̪̣̦̩̝̝̒ ̧̩̝ ̢̧̥̦̫̔ Ù Ὢὼ, ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̧̩̝ ̢̠̗Ù̡̧̲̝ 

̛̣̗̟̕ ̩̥ x  ̠̗̟ ̝ ̛Ù̟̘̗̩̟̠̔ ̗̠̩̣̗̕ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̛̣̗̟̕ ̝ ὶᴆὸ ὼǶὪὼ Ƕ. 

̛̱̩̊  

ὅ  
ρ ώ ὸ

π ώ ὸ
Ὢ ὼ 

̥Ừ̱̩ Ù̦̥̠̲Ừ̩̟ ̝ ̨̙̣̮̩̔ ̨̨̛̲̣̝̚ ̩̮̣ ̡̠̥̮̣̕ ̢̛ ̩̝ ̛̛̲̩̦̝̚ Ù̗̦̙̮̙̥̒. 

ɳʽˁˈ˄ʰ пΦо 
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 ̆ ̛̣̩̥Ų̢̧̟̱̀ ̩̥̪ ̨̛̛̠̩̥̩̒ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̛̣̗̟̕ 

̡̨̨̧̠̥̥̟̗̗̕ ̨̢̨̧̝̗̗̕, ̗̫̥̲ ̗̣ Ù̢̦̙̗̩̟̒ ̥ ̡̡̧̠̗̟̩̬̣̝̓ ̨̢̬̦̝̟̥Ų̛̥̟̥̲̀ 

̢̠̗Ù̡̧̪̥̙̦̫̥̪̒ ̧̮ ̡̛̛̦̙̗̗̕ ̧̜̮̙̦̗̫̟̠̔, ̛̩̱̩ ̛̠̞̒ ̫̥̦̒ Ù̥̪ 

̩̥Ų̛̛̥̞̩̥̲̀ ̛Ù̕ ̩̥̪ ̩̥̬̥̪̕ ̩̥ ̡̛̛̦̙̗̥̕ ̙̟̗ ̣̗ ̨̛̜̮̙̦̗̫̟̕ ̢̟̗ ̢̢̙̦̗̔, 

Ừ̗̦̙̗̙̔ ̣̗̓ ̢̢̩̗̔ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒. ˻̡̝̗̔̚, ̛̠̞̒ 

̨̢̜̮̙̦̗̫̟̣̝̓ ̢̢̙̦̗̔ Ù̥̪ ̙̟̣̱̩̗̣ ̢̛ ̢̗̕ ̨̛̪̣̬̔ ̨̠̣̝̝̕ ̩̥̪ Ù̡̟̣̥̪̓ ̛̣̳ 

̗̪̩̱ ̛̠̗̞̥̝̙̩̥̚̕ ̗Ù̱ ̩̥̣ ̢̠̗Ù̡̪̥̙̦̫̥̒, ̨̛̗̣̩̟̩̥̟̬̜̩̗̟̕ ̨̛ ̣̗̓ ̢̢̩̗̔ 

̢̛̗̣̩̟̠̟̣̥̪̓. ˺̟õ ̗̪̩̱ ̡̡̛̣̗̗̠̩̟̠̒ ̞̗ ̛̗̣̗̫̦̩̗̟̓ ̠̗̟ ̥ ̧̱̦̥ ç̨̧̛̪̣̬̔ 

̢̡̥̣̥̠̥̣̪̟̒̚è ̙̟̗ ̗̪̩̱ ̩̥ ̢̢̩̗̔.  

̛̪̣̉Ù̧̳, ̞̗ ̟̗̩̪̚Ừ̮̞̕ ̠̗̟ ̞̗ ̢̡̛̛̛̞̟̮̞̕ ̝ ̪Ų̛̱̞̝̀ ̱̩̟ ̛̠̞̒ 

̢̛̛̗̣̩̟̠̣̥̕ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̛̣̗̟̕ ̢̟̗ ̢̠̗Ù̡̲̝ ὅ , ̛̣̳ ̛̠̞̒ ̢̢̩̗̔ 

̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̛̣̗̟̕ ̢̟̗ ̢̠̗Ù̡̲̝ ὅ, ̡̝̗̔̚̚ ̢̟̗ ̗Ừ̧̦̮̕ 

Ų̢̗̦̗̙̮̙̟̝̀̕ ̢̠̗Ù̡̲̝.  

 

˱̣̗ ̪Ừ̥̞̩̟̠̱ Ừ̢̗̦̟̙̗̒̚ 

̩̥̉ Ù̗̦̗̠̩̮̒ ̨̢̬̗̔ ̬̥̪̣̓ Ų̛̗̦̗̩̗̞̀̕ ̲̥̚ ̧̛̟̗̫̥̦̩̟̠̓̚ 

̪Ừ̡̧̦̘̥̓ ̩̥Ừ̢̧̛̥̞̩̝̣̓ ̠̗̩̒ ̩̩̥̟̥̓ ̩̦̱Ù̥, ̨̛̳̩ ̣̗ ̨̡̛̛̤̗̫̗̜̩̗̟̕ ̨̩̥ 

̨̢̛̝̥̕ ̛Ù̧̗̫̔ ̝ ̨̛̪̣̬̟̗̓ ̧̩̝ ̨̢̧̟̗̣̪̗̩̟̠̔̚ ̧̗̠̩̣̗̕ ̠̗̟ ̩̥̪ ̢̥̣̗̟̗̥̪̚̕ 

̛̫̗Ừ̢̩̱̣̥̪ ̨̢̧̟̗̣̲̗̩̥̚. 

ɳʽˁˈ˄ʰ пΦпΦ ɲˏˇ ˎˉʶˊʲˇ˂ʷˌ ˃ʶ ˉʰˊʰ˃ʷˍˊˇˎˌ όʰΣbύҐόспмΣммууύ ʴʽʰ ˍʹ˄ ˁˈˁˁʽ˄ʹ ˁʰʽ όʰΣbύҐόмпфΣмноύ ʴʽʰ 
ˍʹ ˃ˉ˂ʶΦ ʆʰ ʰΣb ʁ ʾ˄ʰʽ ˋʶ pixels. 
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̥̊ Ừ̢̗̦̟̙̗̒̚ ̗̪̩̱ ̨̨̪̣̟̩̒ ̢̟̗ ̛̩̬̣̝̩̔ Ų̢̨̦̥̥̥̮̝̀̕ Ù̧̟̞̗̣̔ 

Ų̦̥̀Ừ̧̞̟̗̒ ̩̥̪ ̡̡̠̗̟̩̬̣̝̓ ̣̗ ̢̨̛̝̟̥̪̦̙̟̔̚ ̢̟̗ ̨̛̪̣̬̔ ̢̢̙̦̗̔ ̢̛ 

̡̡̡̠̗̩̝̝̒ ̟̗̥̬̟̠̔̚̚ ̩̥Ų̥̞̩̝̝̀̓ ̲̥̚ ̢̠̗Ù̡̪̥̙̦̫̮̣̒, ̛̳̚ ̪Ừ̡̦̘̥̳̣. 

˴̩̗̣ ̡̝̗̔̚̚ ̥ ̡̡̧̠̗̟̩̬̣̝̓ ̢̛̝̟̥̪̦̙̚̕ ̢̟̗ ̢̡̥̗̔ ̢̠̗Ù̡̲̝ ̢̛ ̲̥̚ ̔ 

Ų̨̧̛̛̦̟̱̩̦̥̪̀ ̢̠̗Ù̡̧̪̥̙̦̫̥̪̒ Ų̦̥̀Ừ̗̞̕, ̨̛ ̨̲̙̬̦̥̣̝ ̢̢̗̞̝̗̩̟̠̔ 

̡̥̦̥̥̙̗̕, ̣̗ ̨̡̨̛̛̤̗̫̗̟̕ ̩̝ ̨̛̪̣̬̟̗̓ ̧̩̝ ̛̫̗Ù̢̧̩̥̣̝̓ ̨̩̥ ̨̢̛̝̥̕ 

̨̧̣̮̝̓ ̩̮̣ ̲̥̚ ̢̠̗Ù̡̪̳̣, ̥Ừ̱̩ ̠̗̟ ̩̝ ̨̛̪̣̬̟̗̓ ̩̮̣ ̢̩̟̳̣ ̩̮̣ 

̨̨̛̪̣̗̦̩̮̣̔ ̨̩̥ ̨̢̛̝̥̕ ̛Ù̧̗̫̔, ̗̫̥̲ ̛̠̞̒ Ų̢̗̦̗̙̮̙̟̝̀̕ ̨̨̪̣̦̩̝̝̒ 

̛̣̗̟̕ ̠̗̟ ̨̧̛̪̣̬̔. ˾ ̡̡̗̗̙̔ ̨̨̮̩̱̥ ̨̧̩̟ ̢̧̩̟̓ ̧̩̝ ̢̠̗Ù̡̧̪̱̩̝̩̗ (̧̩̝ 

ὶᴆ ί) ̛̣̗̟̕ ̗̪̩̔ Ù̥̪ ̛̛̗̣̗̟̠̣̲̟̚ ̩̝ ̨̬̦̝̔ ̛̟̗̫̥̦̩̟̠̳̣̚ ̢̠̗Ù̡̪̥̙̦̫̮̣̒ 

̔ ̛̟̗̫̥̦̩̟̠̳̣̚ ̢̢̩̝̩̮̣̒ ̩̥̪ ̟̥̪̕̚ ̥̝̙̥̲̚.  

ɳʽˁˈ˄ʰ пΦрΥ ʆˇ ʱ˂˃ʰ ˋˍʹ˄ ˁʰ˃ˉˎ˂ˈˍʹˍʰ ˋˍˇ ˋʹ˃ʶʾˇ ʶˉʰ˒ʺˌ ˍ˖˄ ʵˏˇ ˎˉʶˊʲˇ˂˗˄Φ ʁ ˔ˊ˖˃ʰˍʽˁˈˌ ˁ˗ʵʽˁʰˌ ˉʰˊʰ˃ʷ˄ʶʽ 
ʾʵʽˇˌΦ  
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̩̝̣̉ ̛̟̠̱̣̗ ̗Ù̱ ̠̩̮̒ ̛̫̗̣̩̗̟̕ ̣̗̓ ̡̡̥̒ ̗Ừ̡̨̢̥̩̗̓ ̡̡̧̗̗̙̔ 

̢̠̗Ù̡̪̥̙̦̫̥̪̒ ̠̗̟ ̨̩̝̣ ̡̡̝̒ ̛̟̠̱̣̗ ̩̥ ̡̢̗̒ ̨̩̝̣ ̢̠̗Ù̡̪̱̩̝̩̗ ̨̩̥ 

̨̢̛̝̥̕ ̡̡̧̗̗̙̔ ̢̠̗Ù̡̪̥̙̦̫̥̪̒. ˾ ̢̠̗Ù̡̲̝ ̢̛ ̩̥ ̠̱̠̠̟̣̥ ̢̬̦̳̗ 

̗̣̗Ų̗̦̟̩̀̒ ̪Ừ̡̦̘̥̔, ̛̣̳ ̗̪̩̔ ̢̛ ̩̥ ̠̪̗̣̱ ̢̢̩̗̔ ̢̢̧̙̦̗̟̠̔ ̨Ừ̧̦̗̕.  

 

ɳʽˁˈ˄ʰ пΦсΥ ʇˉʶˊʲˇ˂ʺ ˁʰʽ ˍ˃ʺ˃ʰ ʴˊʰ˃˃ʽˁʺˌ ˋˉʶʾˊʰˌ ˍʰʽˊʽʰˋ˃ʷ˄ʶˌ ˍʶ˔˄ʹˍʱΦ 

 

ɳʽˁˈ˄ʰ пΦтΥ ɳʾ˄ʰʽ ˒ʰ˄ʶˊˈ ˍˇ ʱ˂˃ʰ ˋˍʹ˄ ˁʰ˃ˉˎ˂ˈˍʹˍʰ ˍ˖˄ ʵˏˇ ˁʰ˃ˉˎ˂˗˄ ˋˍˇ ˋʹ˃ʶʾˇ ʶˉʰ˒ʺˌΦ 
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4.3 ̟̗̃ Ù̦̳̩̝ ̢̨̛̠̩̝̝̕ ̩̮̣ ̨̢̛̝̮̣̕ ̡̡̧̗̗̙̔ ̢̢̩̝̩̮̣̒ 

̢̛̗̣̩̟̠̟̣̥̪̓ 

 

˴Ù̧̮ ̝̔̚ ̛̗̣̗̫̦̞̝̠̓, ̩̗ ̨̢̛̝̗̕ ̡̡̧̗̗̙̔ ̢̠̗Ù̡̪̥̙̦̫̥̪̒ 

̬̗̦̗̠̩̝̦̜̥̣̩̗̟̕ ̛̛̩̕ ̗Ù̱ ̡̡̗̗̙̔ ̩̮̣ ̡̠̥̮̣̕ ̛̛̩̕ ̗Ù̱ ̡̡̗̗̙̔ ̧̩̝ 

̢̠̗Ù̡̧̪̱̩̝̩̗ ̟̗̫̥̦̟̠̒̚ ̛̛̠̗̩̦̮̞̣̓ ̩̥̪ ̨̛̛̠̩̥̩̒ ̨̢̛̝̥̪̕. ˰̦̗ ̢̗̕ 

Ù̦̳̩̝ ̢̨̛̠̩̝̝̕ ̩̮̣ ̨̢̛̝̮̣̕ ̡̡̧̗̗̙̔ ̢̠̗Ù̡̪̥̙̦̫̥̪̒ ̨̠̗̞̩̗̩̗̟̕ 

̪̣̗̩̔̚ ̢̨̮̓ ̩̥̪ Ų̨̢̦̥̟̥̦̟̥̲̀̚ ̨̢̛̝̮̣̕ ̱Ù̥̪ ̨̢̛̪̘̗̣̟̕ ̡̨̩̥̪̬̟̩̥̣̒ 

̣̗̓ ̛̠ ̩̮̣ ̲̥̚ ̗̪̩̳̣ ̛̙̙̥̣̱̩̮̣. 

˴̧̣̩̮, ̨̩̮̓ ̣̗̓ ̢̛̛̗̣̩̟̠̣̥̕ ὅ  ̩̥̪ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̢̧̟̗ ̢̧̥̦̫̔, 

Ù̥̪ ̗Ừ̛̟̠̥̣̜̩̗̟̕ ̨̛ ̢̟̗ ̩̥̟̬̥̙̦̗̫̗̕. ˱̨̩̮ ̛Ų̧̝̀̕, ̱̩̟ ̩̥ ̢̛̛̗̣̩̟̠̣̥̕ 

̗̪̩̱ ̗Ừ̡̛̥̩̩̗̟̕ ̗Ù̱ ὒ ̨̢̛̝̗̕, ̢̛ ̗Ų̨̱̩̗̝̀ ̢̛̩̗̤̲ ̧̩̥̪ ̡̗̣̥̙̗̒ ̢̛ 

̩̝̣ ̡̨̗̣̪̝̒ ̧̩̝ ̧̛̟̠̱̣̗, ̨̧̪̣̞̮̔ ̗̣̒ ̲̥̚ ̢̛ ̩̦̗̕ ̨̛̛̟̠̥̣̥̩̥̟̬̗̕. ˿̗ 

̡̗̣̗̪̞̥̲̣ ̥̟ ̲̥̚ ̧̛̟̗̫̥̦̩̟̠̓̚ ̢̞̥̥̟̓̚ ̧̗̦̬̟̠̔ ̢̨̧̛̠̩̝̝̕ ̩̮̣ Ù̟̞̗̣̳̣ 

̨̢̛̝̮̣̕ ̡̡̧̗̗̙̔ ̢̠̗Ù̡̪̥̙̦̫̮̣̒. 

̨̨̢̧̦̥̟̥̦̟̱̇̚ ̩̮̣ ̨̢̛̝̮̣̕ ̩̥̪ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒ ὅ  

̱Ù̥̪ ̨̢̛̪̘̗̣̟̕ ̨̢̝̗̣̩̟̠̔ ̡̡̗̗̙̔ ̡̠̥̮̣̕. 

˱̨̩̮ ̧̣̗̓ ̢̧̗̦̟̞̱ ̨̢̛̝̮̣̕ ὒ, ̢̟̠̦̱ Ų̨̥̥̩̱̀ ̩̥̪ ὒ. ̢̛̦̥̠̟̣̥̪̇̓ 

̣̗ ̛̣̩̥Ų̟̩̥̲̣̀ ̩̗ ̨̢̛̝̗̕ ̩̥̪ ὅ  ̱Ù̥̪ ̨̢̛̪̘̗̣̟̕ ̡̡̗̗̙̔ ̡̠̥̮̣̕, 

̡̛̗̠̥̥̪̞̩̗̟̕ ̝ ̧̛̤̔ ̨̟̗̟̠̗̗̚̚̕: ˻̛̟̗̟̦̩̗̟̕ ̩̥ ὅ  ̨̛ ̪Ų̡̥̲̣̥̗̀ 

̟̗̥̬̟̠̳̣̚̚ ̨̢̛̝̮̣̕, ̱Ù̥̪ ̩̗ ̪Ų̡̥̲̣̥̗̀ ̗̪̩̒ ̬̥̪̣̓ ̢̧̠̥̔ ὒ ̠̗̟ ̛̣̗̟̕ 

̡̧̛̗̫̦̳ ̛Ù̡̟̠̗̪Ừ̢̩̱̣̗ ̢̛̩̗̤̲ ̧̩̥̪, ̨̩̮̓ ὒ , ̨̢̛̝̗̕. ̋Ừ̡̥̥̙̜̩̗̟̕ 

̩̥ Ù̡̢̥̪̳̣̪̥ ̩̦̩̥̪̕ ̢̘̗̞̥̲ ̩̥ ̥Ù̥̥̕ ̛̩̗̟̦̟̜̟̒ ̡̨̘̩̟̩̗̓ ̪Ù̱ ̩̝̣ ̣̣̥̟̗̓ 

̩̮̣ ̡̨̛̗̬̩̮̣̕ ̛̩̩̦̗̙̳̣̮̣ ̨̛ ̛̠̞̒ ̩̩̥̟̥̓ ̪Ų̡̥̲̣̥̥̀. ˱̨̩̟ ̨̩̥ ̡̧̩̥̓ 

̪Ừ̦̬̟̒ ̣̗̓ ̨̡̲̣̥̥ ̟̗̥̬̟̠̳̣̚̚, ̡̛̗̫̦̒ ̛Ù̡̟̠̗̪Ừ̢̩̱̣̮̣ 

Ù̡̢̥̪̮̣̪̟̠̳̣ ̢̠̗Ù̡̪̳̣ ̩̦̩̥̪̕ ̢̘̗̞̥̲, ̨̩̮̓ ὛȟὭ ρȟςȟȣὔ, ̢̛ ὔ ̩̥ 

̥Ù̥̥̕ ̡̠̗̲Ừ̩̟ ̡̱̗ ̩̗ ̨̢̛̝̗̕ Ù̥̪ ̗Ừ̡̥̩̥̲̣ ̩̥ ὅ .  
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ɳʽˁˈ˄ʰ пΦуΥʆ˃ʺ˃ʰ ˍʹˌ ˔ʶʽˊˈˌ ˁʰʽ ˍˇˎ ʲˊʰ˔ʾˇ˄ʰ ˍʹˌ ʶʽˁˈ˄ʰˌ оΦм ˈˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˍˊʶʽˌ ˉˇ˂ˎ˖˄ˎ˃ʽˁʷˌ 

ˁʰ˃ˉˏ˂ʶˌΣ ˁʱʻʶ ˃ʽʰ ˍˊʾˍˇˎ ʲʰʻ˃ˇˏ ˁʰʽ ˉ˂ʺʻˇˎˌ LsΣ ˉˇˎ ʲʷ˂ˍʽˋˍʰ ˉˊˇˋʶʴʴʾʸˇˎ˄ ˍʰ ˋʹ˃ʶʾʰ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ 

ˉʶˊʽʴˊʱ˃˃ʰˍˇˌ ˎˉˈ ˍʹ˄ ʷ˄˄ˇʽʰ ˍ˖˄ ʶ˂ʰ˔ʾˋˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄Σ ˃ʶ ˃ʽʰ ˃ʽˁˊʺ ʶˉʽˁʱ˂ˎ˕ʹΦ  

̡̧̗́̓ ̢̧̩̟̓ ̙̟̗ ̩̗ ̢̛̙̞̝̓ ὒ ̠̗̟ ὒ  ̛̣̗̟̕ ̥̟ ̠̩̮̞̟̒: 

ὒ
πȢρυὒ

πȢσσὒ
 
ȟὒ τππ „–‘‐ʚ‌

ȟὒ τππ „–‘‐ʚ‌
                   ὒ

πȢπωὒ

πȢρψὒ
 
ȟὒ τππ „–‘‐ʚ‌

ȟὒ τππ „–‘‐ʚ‌
 

̱Ù̥̪ ̙̟̗ ὼɴ ᴙȟὼ ̛̣̗̟̕ ̩̥ ̗̠̦̗̟̥̓ ̢̧̦̥̓ ̩̥̪ x . ˺̧̛̟̩̥̣̟̠̓ ̢̧̩̟̓ ̩̮̣ ὒ ̠̗̟ 

 ὒ  ̣̥̪̣̚̕ Ù̡̥̲ Ù̢̗̦̱̥̟̗ ̗Ừ̡̨̢̥̩̗̩̗̓. ̩̝̉ ̨̛̪̣̬̟̗̓ ̪Ù̡̥̥̙̜̥̣̩̗̟̕ ̩̗ 

Ù̟̞̗̣̒ ̨̢̛̝̗̕ ̢̠̗Ù̧̔ ̩̮̣ Ù̡̢̥̪̮̣̪̟̠̳̣ ̢̠̗Ù̡̪̳̣ ̩̦̩̥̪̕ ̢̘̗̞̥̲ Ὓ 

̠̗̟ ̗̪̩̒ ̛̣̗̟̕ Ù̟̞̗̣̒ ̨̢̛̝̗̕ ̨̢̬̮̦̟̥̲ ̙̟̗ ̧̩̟ ̧̛̟̫̥̦̒̚ ̢̡̧̥̣̥̠̥̣̪̟̓̚. 

̗̊ ̨̢̛̝̗̕ ̢̠̗Ù̧̔ ̥̦̜̥̣̩̗̟̕ ̢̨̮̓ ̧̩̝ ̢̛̞̱̥̪̚ Ù̥̪ Ừ̛̦̟̙̦̫̩̗̟̒ ̨̩̥ 4.2.  

Ù˸̱ ̗̪̩̒ ̩̗ ̨̢̛̝̗̕ ̢̠̗Ù̧̔ ̡̢̗̘̣̥̣̩̗̟̒ ̧̮ Ù̟̞̗̣̒ ̨̢̛̝̗̕ ̡̡̧̗̗̙̔ 

̢̠̗Ù̡̪̥̙̦̫̥̪̒ ̛̛̠̣̗̕ ̨̩̱̥ ̨̛̗̦̟̩̦̒ ̨̱̥ ̠̗̟ ̛̤̟̒̚ ̩̮̣ ̥Ù̥̮̣̕ ̝ 

̨̥̦̜̥̪̗̕ (4.1)  ̛̟̗̩̝̦̚̕ ̨̛̩̗̞̦̱ Ų̢̦̱̝̥̀ ̙̟̗ ̟̠̗̣̱ ̢̗̦̟̞̱ ̨̢̛̝̮̣̕. 

̨̪̟̠̌̒ ̩̥ Ų̢̦̱̝̥̀ ̩̮̣ ̨̛̗̦̟̩̦̒ ̛Ù̕ ̩̥ Ų̢̦̱̝̥̀ ̩̮̣ ̛̤̟̒̚ ̨̢̛̝̮̣̕ 

Ù̦̓Ừ̟ ̣̗ ̛̣̟̚̕ -1 ̨̛̳̩ ̣̗ ̛̣̗̟̕ ̨̢̛̛̩̦̱̝̝ ̝ ̢̩̟̔ ̧̩̝ ̨̧̥̦̜̥̪̗̕ (4.1). ̆ 

̢̧̗̦̟̞̱ ̩̮̣ ̨̢̛̝̮̣̕ ̛Ừ̡̟̙̩̗̟̓ ̣̗ ̛̣̗̟̕ .  

H ̗Ų̗̩̝̝̀̕ ̝ ̨̥̦̜̥̪̗̕ (4.1)  ̣̗ ̛̟̗̩̝̦̚̕ ̨̛̩̗̞̦̱ Ų̢̦̱̝̥̀ ̙̟̗ 

̟̠̗̣̱ ̢̗̦̟̞̱ ̨̢̛̝̮̣̕ ̨̛̗̦̟̩̦̒ ̩̥̪ ̪Ù̥̭̝̫̥̪̕ ̨̢̛̝̥̪̕ ̢̠̗Ù̧̔ ̡̡̗̒ 

̨̛̩̗̞̦̒ ̩̥ ̛̗̣̩̞̩̥̕ Ų̢̦̱̝̥̀ ̛̤̟̒̚ ̗̪̩̥̲, ̨̡̛̛̤̗̫̗̜̟̕ ̩̝̣ ̗Ù̥̫̪̙̔ 

̡̨̢̧̗̣̞̗̣̝̓ ̛Ù̡̧̟̥̙̔ ̨̢̛̝̮̣̕ ̡̱̙̮ ̩̪̬̗̮̣̕ ̢̨̛̟̗̠̪̣̮̣̒̚ ̩̮̣ ̡̠̥̮̣̕, 

̥̟ ̥Ừ̧̥̕ ̡̛̥̫̥̣̩̗̟̕ ̨̩̝ ̫̞̥̦̒, ̨̧̩̟ ̧̛̛̛̣̥̙̣̚̕ ̡̧̛̛̗̩̟̓ ̧̩̝ Ừ̡̧̟̣̟̒ 

̡̡̗̒ ̠̗̟ ̨̩̝̣ Ù̡̢̥̪̮̣̪̟̠̔ Ų̨̦̥̙̙̟̝̀̓. 
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̨̨̢̧̦̥̟̥̦̟̱̇̚ ̩̮̣ ̨̢̛̝̮̣̕ ̩̥̪ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̛̛̠̗̩̦̮̞̣̓ 

̩̮̣ ̥Ù̥̮̣̕ ̝ ̢̠̗Ù̡̪̱̩̝̩̗ ̡̡̛̗̜̟̒ ̨̢̝̗̣̩̟̠̒ 

˱̨̩̮ ὒ ̣̗̓ ̢̟̠̦̱ ̨̡̲̣̥̥ ̨̢̛̝̮̣̕, Ù̡̥̲ ̢̛̟̠̦̱̩̦̥ ̩̥̪ ὒ, ̩̮̣ 

̨̡̪̣̥̟̠̳̣ ̨̢̛̝̮̣̕ ̩̥̪ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒. ̢̧̛̗̦̗̙̗̩̥̇̚̕ 

̬̦̝̒, ̗̣ ̩̥ ὅ  ̗Ừ̡̛̥̩̩̗̟̕ ̗Ù̱ Ừ̦̕Ù̥̪ 400 ̨̢̛̝̗̕, ̱̬̟ ̨̩̱̥ 

̨̨̢̪̣̝̞̟̣̥̓, ̢̟̗ ̡̠̗̔ ̢̩̟̔ ̙̟̗ ̩̝̣ ̡̨̗̣̪̝̒ Ù̥̪ ̞̗ ̛̙̣̟̕ ̛̣̗̟̕ ὒ ρπ. 

˴̡̗ ̩̗ ̨̢̛̝̗̕, ̗Ù̱ ̩̥̣ ̩̦̱Ù̥ Ù̥̪ ̛̤̙̥̣̩̗̟̒, ̬̥̪̣̓ Ừ̦̥̠̲̭̟ ̨̛ ̨̫̪̟̠̔ 

̢̨̗̦̞̝̝̕, ̛Ù̢̧̥̣̮̓ ̡̢̛̗̘̣̩̗̟̒ ̣̗̓ ̪Ų̡̥̲̣̥̥̀ ̩̥̪ ὅ , ̨̩̮̓ ὅ , ̢̛ 

̨̢̛̝̗̕ ̨̛ ̨̫̪̟̠̔ ̢̨̗̦̞̝̝̕ ̗Ù̱ ὒ ρ ̧̮ ὒ ὒ ρ. ̥̊ ̪Ų̡̥̲̣̥̥̀ ὅ  

̛̬̟̓ ̛Ừ̡̛̟̙̕ ̢̛ ̩̩̥̟̥̓ ̩̦̱Ù̥, ̨̛̳̩ ̛̠̞̒ ̨̢̛̝̥̕ ̣̗ ̛̣̗̟̕ ̛̣ ̢̛̪̣̟̒̚ ̠̣̩̦̥̓ 

̢̧̗̕ Ừ̧̦̟̥̬̔ ̧̗̠̩̣̗̕ ὒ ̨̢̛̝̮̣̕, ̨̗̣̠̥̪̗̔ ̛̤ ̡̡̥̥̠̦̥̪̔ ̨̩̥ ὅ . ˱̨̩̮ 

̩̪̬̱̣ ̨̢̛̝̥̕ ὖᶰὅ  ̩̥ ̥Ù̥̥̕ ̛̣̗̟̕ ̩̥ ̪Ùõ ̢̗̦̟̞̱̣ i ̨̢̛̝̥̕ ̩̥̪ ὅ . 

̨̛̛̦̥̙̙̜̩̗̟̇̕ ̩̥ ̨̡̲̣̥̥ ̩̮̣ ̨̢̛̝̮̣̕ ̩̥̪ ὅ  Ὥ ὒ ρȟὭ ̢̛ ̲̥̚ 

Ù̡̢̥̪̳̣̪̗ ̩̦̩̥̪̕ ̢̘̗̞̥̲ ̧̮ Ù̧̦̥ ̩̥ ̢̧̠̥̔ ̩̥̪ ̪Ų̡̥̪̣̱̥̪̀ ̗̪̩̥̲. ˸̣ 

ά Ὥ ὒ ρ, ̛̥̦̜̩̗̟̕ ̝ ̧̛̤̔ ̡̗̠̥̥̪̞̗̕ ̢̝̠̳̣ ̛Ùõ ̗̪̩̥̲ ̩̥̪ ̨̡̪̣̱̥̪ 

̨̢̛̝̮̣̕:  

¶ ‚ π 

¶ ˼̣̒ Ὠὖ ȟὖ  ̛̣̗̟̕ ̝ ̗Ų̨̱̩̗̝̀ ̩̥̪ ά ρ ̨̢̛̝̥̪̕ ̗Ù̱ ̩̥ ̠̣̩̦̥̓ 

̩̥̪ ά ̨̢̛̝̥̪̕ ̛̩̱̩ ‚ Ὠὖ ȟὖ  . 

¶ ˼̣̒ Ὠὖ ȟὖ  ̛̣̗̟̕ ̝ ̗Ų̨̱̩̗̝̀ ̩̥̪ ά ς ̨̢̛̝̥̪̕ ̗Ù̱ ̩̥ 

̠̣̩̦̥̓ ̩̥̪ ά ρ ̨̢̛̝̥̪̕ ̛̩̱̩ ‚ Ὠὖ ȟὖ ‚ ̠̗̟ 

̨̛̛̪̣̬̜̩̗̟̕ ̢̗̣̗̦̥̟̠̒̚ ̧̮̓ ̩̥ ̪Ùõ ̢̗̦̟̞̱̣ i ̨̢̛̝̥̕. 

̟̆ ̨̧̛̬̩̟̠̓ Ù̡̢̧̥̪̮̣̪̟̠̓ Ų̨̧̛̛̦̥̙̙̟̀̕ ̥̦̜̥̣̩̗̟̕ ̗Ù̱ ̧̩̟ ̨̨̧̛̬̟̓  

ὼ ‚ ‌‚ ‌‚ ‌‚ ‌                                        τȢς 

ώ ‚ ‍‚ ‍‚ ‍‚ ‍                                        τȢσ 

˸̧ ̛̛̞̮̦̝̞̕ ̩̥ ̨̡̲̣̥̥ ̩̮̣ ̨̢̛̝̮̣̕ ̩̥̪ ὅ  ὭȟὭ ὒ ρ. ̗̟́ 

̡̧̗̣̗̱̙̮ ̛̥̦̜̩̗̟̕ ̝ ̡̗̠̥̥̪̞̗̕ ̢̝̠̳̣ ί ̧̮ ̧̛̤̔  

¶ ί π 

¶ ˼̣̒ Ὠὖ ȟὖ  ̛̣̗̟̕ ̝ ̗Ų̨̱̩̗̝̀ ̩̥̪ Ὥ ρ ̨̢̛̝̥̪̕ ̗Ù̱ ̩̥ ̠̣̩̦̥̓ 

̩̥̪ Ὥ ̨̢̛̝̥̪̕ ̛̩̱̩ ί Ὠὖ ȟὖ . 

¶ ˼̣̒ Ὠὖ ȟὖ  ̛̣̗̟̕ ̝ ̗Ų̨̱̩̗̝̀ ̩̥̪ Ὥ ς ̨̢̛̝̥̪̕ ̗Ù̱ ̩̥ ̠̣̩̦̥̓ 

̩̥̪ Ὥ ρ ̨̢̛̝̥̪̕ ̛̩̱̩ ί Ὠὖ ȟὖ ί ̠̗̟ ̨̛̛̪̣̬̜̩̗̟̕ 

̢̗̣̗̦̥̟̠̒̚ ̧̮̓ ̩̥ ̪Ùõ ̢̗̦̟̞̱̣ Ὥ ὒ ρ ̨̢̛̝̥̕. 

̥̊ ̨̡̲̣̥̥ ̩̮̣ ̨̢̛̝̮̣̕ ̩̥̪ ὅ  ὭȟὭ ὒ ρ Ų̛̦̥̙̙̜̥̣̩̗̟̀̕ ̢̛ ̲̥̚ 

Ù̡̢̥̪̳̣̪̗ Ù̢̓Ù̩̥̪ ̢̘̗̞̥̲, ̨̨̩̮̗̣̓ ̩̗ ̠̩̮̞̟̒  
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                 ὼ ί ‎ί ‎ί ‎ί ‎ί ‎ί ‎                                        τȢτ 

                 ώ ί ί‏ ί‏ ί‏ ί‏ ί‏  τȢυ                                        ‏

˾ ̗Ų̗̩̝̝̀̕ ̡̨̧̘̩̟̩̝̓ Ų̢̧̦̥̗̦̥̙̀̔ ̪Ù̱ ̩̝̣ ̣̣̥̟̗̓ ̩̮̣ ̡̨̛̗̬̩̮̣̕ 

̛̩̩̦̗̙̳̣̮̣ ̩̥̪ ̨̡̪̣̱̥̪ ̩̮̣ ̨̢̛̝̮̣̕ Ὥ ὒ ρȟὭ ̠̗̟ ὭȟὭ ὒ ρ ̗Ù̱ 

̩̗ Ù̡̢̥̪̳̣̪̗ ὼ ‚ȟώ ‚ ̠̗̟ ὼ ίȟώ ί ̨̗̣̩̩̥̟̬̗̕ ̨̢̛̟̥̪̣̗̚̕ ̢̛ 

̡̨̛̗̬̟̩̥Ų̥̝̝̀̕ ̩̮̣ Ų̥̥̩̩̮̣̀̔: 

ῴ  ὼ ὼ ‚ ὼ ὼ ί ÍÉÎ           τȢφ 

ῴ  ώ ώ ‚ ώ ώ ί ÍÉÎ           τȢχ 

̋Ù̱ ̩̥̪ ̠̩̮̞̟̒ Ų̢̧̛̦̟̥̦̟̥̲̀ Ù1) ̠̗̟ Ù2) 

 ̇1)˼Ừ̟̔̚ ̥ ̡̡̧̠̗̟̩̬̣̝̓ ̨̡̛̛̤̗̫̟̜̒ ̨̛̪̣̬̟̗̓ ̧̩̝ ̢̢̧̙̦̗̔ Ù̥̪ 

̨̛̛̬̗̜̚̕, Ù̦̓Ừ̟ ̥̟ ̢̧̩̟̓ ̧̩̝ ̢̢̧̛̩̩̝̣̝̓ ̠̗̟ ̧̩̝ ̢̧̛̩̩̗̙̣̝̓ ̣̗ ̛̣̗̟̕ ̨̧̛̕ 

̛Ù̕ ̩̥̪ ̠̣̩̦̥̪̓ ̩̥̪ ̨̢̛̝̥̪̕ i. ̨̢̥̲̣̗̗̀̚ , 

              ὼ ‚ ὼ ί                                                         τȢψ                                                            

              ώ ‚ ώ ί                                                         τȢω 

̇2)˼Ừ̟̔̚ ̨̩̝ ̨̘̗̟̠̔ ̪Ų̛̱̞̝̀ ̟̗̩̪̚Ừ̳̣̩̗̟ ̱̩̟ ̥ ̡̡̧̠̗̟̩̬̣̝̓ 

̛̫̦̱̣̩̟̜ ̣̗ ̨̡̛̛̤̗̫̗̜̟̕ ̱̬̟ ̢̱̣̥ ̩̝ ̨̛̪̣̬̟̗̓, ̡̡̗̒ ̠̗̟ ̩̝̣ ̢̡̥̗̱̩̝̩̗ 

̨̩̥ Ừ̢̢̦̙̦̗̗̕, ̡̝̗̔̚̚ ̨̛ ̨̲̙̬̦̥̣̝ ̢̢̗̞̝̗̩̟̠̔ ̡̥̦̥̥̙̗̕ ̩̝̣ ̨̟̱̩̝̩̗ 

̩̮̣ ̢̥̣̗̟̗̮̣̚̕ ̛̫̗Ừ̢̩̱̣̮̣ ̨̢̟̗̣̪̩̮̣̒̚ ̛̛̠̗̩̦̮̞̣̓ ̛̠̞̒ ̨̢̛̝̥̪̕, 

Ù̦̓Ừ̟ 

  
Ὠ

Ὠ‚
 ὼ ‚

Ὠ

Ὠί
ὼ ί                                                         τȢρπ 

                      

  
Ὠ

Ὠ‚
 ώ ‚

Ὠ

Ὠί
ώ ί                                                         τȢρρ 

̋Ự̢̛̞̪̜̩̗̟̀̕ ̱̩̟ ̛Ừ̟̔̚ ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̩̮̣ ̢̠̗Ù̡̪̳̣ 

̛̣̗̟̕ ̩̥ ̢̧̠̥̔ ̧̩̥̪ s, ̩̗ ̛̫̗Ừ̢̩̱̣̗ ̨̢̟̗̣̲̗̩̗̚ ̛̣̗̟̕ ̛̤ ̨̢̥̦̟̥̲ 

̢̥̣̗̟̗̗̚̕. 

̧̲̣̥̣̩̗̂ ̛̠̞̒ ̣̗̓ ̗Ù̱ ̩̗ ̗̣̮̩̦̮̓ Ù̡̢̦̥̘̗̩̗̔ ̡̨̛̗̬̟̩̥Ų̧̥̝̝̀̕, 

̢̗̕ ̫̥̦̒ ̙̟̗ ̩̝̣ ̢̢̛̩̩̝̣̝̓ ̠̗̟ ̢̟̗ ̫̥̦̒ ̙̟̗ ̩̝̣ ̢̛̩̩̗̙̣̝̓ ̢̛ ̨̬̦̝̔ ̲̥̚ 

Ù̡̡̥̗Ù̡̨̨̗̟̗̩̳̣ Lagrange  ̨̛ ̛̠̞̒ Ừ̦̕Ų̩̮̝̀, ̡̢̗̘̣̥̣̩̗̟̒ ̥̟ 

̨̡̨̧̛̛̪̣̩̩̓ ̩̮̣ ̨̨̛̩̦̮̣̒ Ù̡̢̥̪̮̣̲̮̣ ὼ ‚ȟώ ‚ ̠̗̟ ὼ ίȟώ ί ̧̮ 

̧̛̤̔: 
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̛̦̜̩̗̟̆̕ ̝ Lagrangian  Ù̧̦̥ ̡̨̛̗̬̟̩̥Ų̥̝̝̀̕: 

ὒ ὥȟ‎ȟ‘ȟ‘ Ὁ ‘“ ‘“             τȢρς 

̢̛ ‒ πȟȣȟσ ‖‌― – πȟȣȟυ  

̱Ù̥̪ 

                         “ ‌‚ ‌‚ ‌‚ ‌ ‎                    τȢρσ 

    “ σ‌‚ ς‌‚ ‌ ‎                                   τȢρτ 

̩̥̉ ̨̢̛̝̥̕ ̡̨̛̗̬̩̥̪̕ ̡̧̛̱ ̥̟ ̢̧̛̦̟̠̓ Ù̗̦̙̮̙̥̟̒ ̨̟̥̲̣̩̗̟ ̢̛ ̢̝̣̓̚ ̥Ừ̱̩ 

̢̛̝̟̥̪̦̙̩̗̟̚̕ ̩̥ ̧̛̤̔ ̢̢̙̦̗̟̠̱ ̨̨̢̲̩̝̗: 

‬ὒ

‬‌
πȟ‒ πȟȣȟσ ᵾ

‬ῴ

‬‌

‬‘“

‬‌

‬‘“

‬‌
π 

˸̡̡̒ ̙̟̗ ‒ πȟȣσ ̥̟ Ų̧̛̗̦̗̙̮̙̟̀̕ ̣̥̪̣̚̕: 

‬ῴ

‬‌
ς ὼ‚ ς ‌ ‚ ‚  

‬‘“

‬‌
‘‚  

‬‘“

‬‌
‘ σ ‒‚  

˸̨̧̣̩̟̩̥̬̮̕ ̙̟̗ ̡̱̗ ̩̗ – πȟȣȟυ ̨̛̟̬̲̟ 

‬ὒ

‬‎
πȟ– πȟȣȟυ ᵾ

‬ῴ

‬‎

‬‘“

‬‎

‬‘“

‬‎
π 

̗̟́  

‬ῴ

‬‎
ς ὼί ς ‎ ί ί  

˼̣̳ ̙̟̗ – πȟȣȟσ 

‬‘“

‬‎
π 

‬‘“

‬‎
π 

˺̟̗ ̝=4 

‬‘“

‬‎
π 
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‬‘“

‬‎
‘ 

̗̟́ ̙̟̗ ̝=5 

‬‘“

‬‎
‘ 

‬‘“

‬‎
π 

˺̟̗ ̩̥ ‘ 

‬‘“

‬‘
‌‚ ‌‚ ‌‚ ‌ ‎ 

˺̟̗ ̩̥ ‘ 

‬‘“

‬‘
σ‌‚ ς‌‚ ‌ ‎ 

̗̊ ̨̨̢̲̩̝̗ ̛̣̗̟̕: 

˺̟̗ ‒ πȟȣȟσ 

ς ‌ ‚ ‚ ‘‚ ‘ σ ‒‚ ς ὼ‚      τȢρυ 

˺̟̗ – πȟȣȟσ 

ς ‎ ί ί ς ὼί                      τȢρφ 

˺̟̗ – τ 

                              ς ‎ ί ί ‘ ς ὼί                  τȢρχ 

˺̟̗ – υ 

ς ‎ ί ‘ ς ὼ                             τȢρψ 

˺̟̗ ̩̗ ‘ȟ‘ 

‌‚ ‌‚ ‌‚ ‌ ‎ π                      τȢρω 

σ‌‚ ς‌‚ ‌ ‎ π                                     τȢςπ 
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̦̇̓Ừ̟ ̣̗ ̛Ų̢̟̝̗̣̞̥̲̣̀ ̩̗ ̧̛̤̔. ˴̡̥ ̩̥ ̨̛̗̦̟̩̦̱ ̢̡̧̥̓ ̩̮̣ 

̨̨̛̬̮̣̓ τȢρυ τȢςπ ̛̣̗̟̕ ̛̗̣̤̦̩̝̩̥̒ ̗Ù̱ ̧̩̟ ̢̧̩̟̓ ̩̮̣ x  ̠ ̗̟ ̗̪̩̱ ̛̣̗̟̕ 

̨̬̗̦̗̠̩̝̦̟̩̟̠̱ ̧̩̝ ̢̛̞̱̥̪̚ Lagrange  ̢̛ ̧̩̥̪ ̲̥̚ Ų̢̧̛̦̟̥̦̟̥̲̀. 

˼̤̗̦̩̩̗̟̒ ̢̱̣̥ ̗Ù̱ ̧̩̟ ̢̧̩̟̓ ̩̮̣ ‚ȟί . ̥̊ ̛̤̚̕ ̢̡̧̥̓ ̛̣̗̟̕ ç̝ ̛̟̟̠̔̚ ̡̨̲̝è, 

Ù̥̪ ̛̤̗̦̩̩̗̟̒ ̗Ù̱ ̧̩̟ Ù̢̧̦̗̙̗̩̟̠̓ ̢̧̩̟̓ ̩̮̣ x  ̠̗̟ ̞̗ ̨̛̳̟̚ ̡̛̩̟̠̒ ̧̩̟ 

̢̧̩̟̓ ̩̮̣ ̨̡̨̛̛̪̣̩̩̳̣ ὥȟȣὥȟ‎ȟȣȟ‎ ‖‌― ‘ȟ‘. ̥̊ ̨̨̢̲̩̝̗ ̛̣̗̟̕ 12x12 

̠̗̟ ̝ ̡̨̲̝ ̩̥̪ ̛̣̟̚̕ ̧̩̥̪ ̛̳̠̗̚̚ ̨̡̨̧̛̛̪̣̩̩̓ ̙̟̗ ̧̩̟ Ù̡̢̧̥̪̮̣̪̟̠̓ 

Ų̨̧̛̛̦̥̙̙̟̀̕ ̧̩̝ ̢̢̧̛̩̩̝̣̝̓ ̩̥̪ ̨̡̪̣̱̥̪ ̨̢̛̝̮̣̕ Ὥ ὒ ρȟὭ ὒ ρ 

̩̥̪ ὅ . ̢̧̥̮̆̕ ̙̟̗ ̩̝̣ Ų̨̦̥̙̙̟̝̀̓ ̧̩̝ ̢̧̛̩̩̗̙̣̝̓ ̛̠̞̒ ̨̢̛̝̥̪̕ ̩̥̪ 

̟̥̪̕̚ ̨̡̪̣̱̥̪ ̛̥̦̜̩̗̟̕ ̝ Lagrangian : 

ὒ ‍ȟ‏ȟ‘ȟ‘ Ὁ ‘“ ‘“                            τȢςρ 

˴Ù̥̪ ̩̥ Ὁ  ̛̣̩̗̟̚̕ ̗Ù̱ ̩̝̣ σȢχ ̠̗̟ ̧̗̪̩̓ ̩̮̣ “ȟ“ ̗Ù̱ ̧̩̟ 

                         “ ‍‚ ‍‚ ‍‚ ‍  τȢςς                          ‏

    “ σ‍‚ ς‍‚ ‍  τȢςσ                                         ‏

˾ ̡̨̛̗̬̟̩̥Ų̥̝̝̀̕ ̧̩̝ ὒ ‍ȟ‏ȟ‘ȟ‘  ̛̣̟̚̕ ̣̗̓ ̨̨̢̲̩̝̗ ̢̢̙̦̗̟̠̳̣ 

̨̨̛̛̤̟̳̮̣ ̡̧̛̛̣̩̳ ̢̱̥̟̮̣ ̢̛ ̗̪̩̱ ̧̩̝ ̡̨̛̗̬̟̩̥Ų̧̥̝̝̀̕ ὒ ὥȟ‎ȟ‘ȟ‘ . 

̢̛̪̙̠̠̦̟̣̗̉̓ ̩̥ ̢̱̣̥ Ù̥̪ ̡̡̛̗̜̟̒ ̛̣̗̟̕ ̩̥ ̛̤̚̕ ̢̡̧̥̓ ̩̮̣ ̨̨̛̬̮̣̓ 

τȢρυ τȢςπ, ̢̛̛̤̗̦̩̳̣̥ ̛̠ ̩̮̣ ̢̛̩̩̗̙̣̮̣̓ ώ̠̗̟ ̛̣̟̚̕ ç̩̝̣ ̛̟̟̠̔̚ 

̡̨̲̝è.  

˾ ̡̨̲̝ ̩̮̣ ̲̥̚ ̗̣̮̩̦̮̓ ̢̢̙̦̗̟̠̳̣ ̨̨̢̪̩̝̩̮̣̒ Ừ̗̦̬̟̓ ̧̩̥̪ 

Ù̥ ̡̡̗Ù̡̨̨̧̗̟̗̩̓ Lagrange  ̡̡̗̒ ̠̗̟ ̧̩̥̪ ̨̡̨̧̛̛̪̣̩̩̓ ̩̮̣ Ù̡̢̥̪̮̣̲̮̣ 

τȢς τȢυ. ̡̛̟̠̊̒, ̢̛ ̗̪̩̔ ̩̝ ̢̞̥̥̓̚ ̨̛̪̦̞̝̗̣̓ ̥̟ ̡̨̧̛̘̩̟̩̓ 

Ù̡̢̧̥̪̮̣̪̟̠̓ Ų̨̧̛̛̦̥̙̙̟̀̕ ̛̛̠̗̩̦̮̞̣̓ ̩̥̪ ̧̩̪̬̱̣̩̥ i-̨̥̩̥̲ ̨̢̛̝̥̪̕ 

̩̥̪ ̢̛̗̣̩̟̠̟̣̥̪̓ ὅ . 

 ˼̨̫̱̥̣ ̩̥ ̛̠̣̩̦̟̠̱ ̨̢̛̝̥̕ i ̡̡̗̒ ̠̗̟ ̥̟ Ừ̧̦̟̥̬̓ Ὥ ὒ ρȟὭ ̠̗̟ 

ὭȟὭ ὒ ρ ̨̛̪̦̠̥̣̩̗̟̕ ̛̤õ ̡̡̥̥̠̦̥̪̔ ̧̛̣̩̱ ̧̛̣̱ ̪Ų̡̥̪̣̱̥̪̀ ̩̥̪ ὅ , 

Ù̥̪ ̪Ừ̥̩̞̩̗̟̕ ̱̩̟ ̛̬̟̓ ̨̨̛̛̬̟̗̩̚̕ ̢̛ ̩̝ ̨̬̦̝̔ ̧̛̣̱ ̢̠̗Ù̡̪̥̙̦̫̥̪̒, ̛̩̱̩ 

̥̟ ̢̠̗Ừ̡̧̪̱̩̝̩ ̨̩̥ ̛̠̣̩̦̟̠̱ ̨̢̛̝̥̕ i Ù̥̪ ̪Ù̡̥̥̙̜̥̣̩̗̟̕ ̨̩̱̥ ̛̠ ̧̩̝ 

̧̛̤̟̒̚ ̨̱̥ ̠̗̟ ̛̠ ̧̩̝ ̨̧̛̗̦̟̩̦̔ Ù̡̢̧̥̪̮̣̪̟̠̔ Ų̨̧̛̛̦̥̙̙̮̀̕, 

̢̛̗̣̗̣̩̗̟̓ ̣̗ ̛̣̗̟̕ Ù̡̥̲ Ù̗̦̗Ù̡̨̧̟̗̔ ̢̧̩̟̔, ̡̝̗̔̚̚ ̝ ̗Ù̡̱̪̩̝ ̢̩̟̔ 

̧̩̥̪ ̣̗ ̛̣̗̟̕ ̠̩̮̒ ̗Ù̱ ̣̗̓ ̡̠̗̩̳̫̟. ˸̛̣̩̞̩̗̕, ̨̩̗ ̨̢̛̝̗̕ Ù̥̪ 

̨̘̦̠̥̣̩̗̟̕ ̠̥̣̩̒ ̨̛ ̡̡̗̗̙̔ ̢̠̗Ù̡̪̥̙̦̫̥̪̒, ̢̛̗̣̗̣̩̗̟̓ ̱̩̟ Ù̧̟̞̗̣̳ ̞̗ 

̪Ừ̦̬̟̒ ̢̟̗ ̨̢̝̗̣̩̟̠̔ ̟̗̫̥̦̒̚ ̨̛̗̦̟̩̦̒ ̠̗̟ ̛̤̟̒̚ ̩̥̪ ̨̢̛̝̥̪̕. ˰̦̗ ̗̣ 

̨̛̥̦̟̞̕ ̝ Ų̥̱̩̝̩̗̀  
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˾ ̙̦̗̫̟̠̔ Ų̨̗̦̩̗̝̀̒ ̩̥̪ ῳ‖Ὥ,  ᶅὭ ɴ ὅ  ̛̣̗̟̕ Ù̟̞̗̣̱ ̱̩̟ ̞̗ 

Ų̛̗̦̥̪̟̜̟̀̒ ̡̗̣̕ ̨̢̧̝̗̣̩̟̠̓ ̧̠̥̦̪̫̓ Ừ̦̕ ̩̮̣ ̨̢̛̝̮̣̕ ̡̡̧̗̗̙̔ 

̢̠̗Ù̡̪̥̙̦̫̮̣̒.  

̧̩̟̉ ̧̛̛̟̠̱̣ 4.9 ̠̗̟ 4.10 ̛̛̗̣̗̟̠̣̲̩̗̟̚ ̝ ̲Ù̧̗̦̤̟ ̨̢̝̗̣̩̟̠̳̣ 

̠̥̦̪̫̳̣ ̨̩̝ ̟̗̫̥̦̒̚ ̩̮̣ ̢̠̗Ù̡̪̥̩̩̮̣̔ ̱Ù̧̮ ̛̛̠̫̦̜̩̗̟̒ ̨̩̝ ̨̨̬̝̓ 

(4.24). ˼Ù̟Ų̛̦̱̞̩̗̀ ̨̧̩̟ ̧̛̛̟̠̱̣ 4.11 ̧̮ 4.14 ̫̗̣̥̣̩̗̟̕ ̥̟ ̨̧̛̬̩̟̠̓ 

Ù̡̢̧̥̪̮̣̪̟̠̓ Ų̨̧̛̛̦̥̙̙̟̀̕ ̛Ù̕ ̧̛̣̱ ̢̛̗̣̩̟̠̟̣̥̪̓ ̧̩̝ ̧̩̥̟̬̥̙̦̗̫̗̕.  

 

 

 

 

  

ɳʽˁˈ˄ʰ пΦфΦ Mʶ ˃˖ʲ ʰˋˍʶˊʾˋˁˇˎˌ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˍʰ ˋʹ˃ʶʾʰ ˃ʶ ˃ʷʴʽˋˍʹ ʰ˂˂ʰʴʺ 
ˋˍʹ˄ ˍʽ˃ʺ ˍʹˌ ˁʰ˃ˉˎ˂ˈˍʹˍʰˌ ˍʹˌ ˉˇ˂ˎ˖˄ˎ˃ʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌΦ  
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ɳʽˁˈ˄ʰ пΦмлΦ ɱˊʰ˒ʽˁʺ ˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ ʵʽʰ˒ˇˊʱˌ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ˍʹˌ ˁʰ˃ˉˎ˂ˈˍʹˍʰˌ ʰˉˈ ˋʹ˃ʶʾˇ ˋʶ 

ˋʹ˃ʶʾˇΦ ʁʽ ˁˇˊˎ˒ʷˌ ˃ʶ ˍʽ˃ʺ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʹˌ ˁʰ˃ˉˎ˂ˈˍʹˍʰˌ ˋˎ˄ ˍˇ ˍˊʽˉ˂ʱˋʽˇ ˍʹˌ 

ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˒ʰʾ˄ˇ˄ˍʰʽ ʱ˄˖ʻʶ˄. 

̩̝̣̉ ̛̟̠̱̣̗ Ừ̗̦̗̩̝̦̩̗̟̕ ̢̟̗ ̢̡̛̙̝̒ ̢̨̟̗̠̲̗̣̝̚ ̨̩̝ ̟̗̫̥̦̒̚ ̧̩̝ 

̢̠̗Ù̡̧̪̱̩̝̩̗ ̠̗̟ ̗̪̩̱ ̡̛̛̥̫̩̗̟̕ ̨̛ Ù̡̡̧̥̥̲, ̨̢̧̗̩̞̝̩̥̪̒ Ừ̧̗̦̙̥̣̩̒. 

̥̊ ̡̠̗̩̳̫̟ ̛Ừ̡̙̝̓ ̣̗ ̛̣̗̟̕ : 

ῳ‖ άὩὥὲῳ‖ σίὸὨῳ‖ 

Ù̥̪ ̛̬̟̓ ̨̛̳̟̚ ̟̠̗̣̥Ù̥̟̝̩̟̠̒ ̗Ừ̡̨̢̥̩̗̩̗̓.  
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˼̣̗̟̕ ̡̛̲̥̙̥ ̣̗ ̪Ừ̛̥̩̞̕  ̡̥̟Ù̱̣ ̱̩̟ ̩̗ ̨̢̛̝̗̕ ̡̡̧̗̗̙̔ 

̢̠̗Ù̡̪̥̙̦̫̥̪̒ ̗̣̠̥̪̣̔ ̨̩̥ ̨̡̲̣̥̥ ̩̮̣ ̨̢̛̝̮̣̕ Ù̥̪ Ų̗̦̥̪̟̜̥̪̣̀̒ 

̨̢̝̗̣̩̟̠̱ ̡̢̗̒ ̨̩̝̣ ̢̠̗Ù̡̪̱̩̝̩̗, ̡̝̗̔̚̚ ̨̢̝̗̣̩̟̠̔ ̢̩̟̔ ̩̥̪ ῳ‖Ὥ. ̥̊ 

̛̗̣̩̞̩̥̕, ̢̧̱̮, ̛̣̚ ̨̛̟̬̲̟ ̠̗̩õ ̗̣̙̠̝̒. ˻̡̝̗̔̚ ̢Ừ̥̦̕ ̣̗̓ ̨̢̛̝̥̕ 

̡̡̧̗̗̙̔ ̢̠̗Ù̡̪̥̙̦̫̥̪̒ ̣̗ ̢̝̣ ̛̬̟̓ ̨̩̱̥ ̢̡̛̙̥̒ ̡̢̗̒ ̨̩̝̣ 

̢̠̗Ù̡̪̱̩̝̩̗. ̛̉ ̛̠̞̒ Ừ̦̕Ų̩̮̝̀, ̛̩̥̣̜̩̗̟̕ ̱̩̟ ̥̟ ̣̮̒ ̲̥̚ ̢̞̥̥̟̓̚ ̛̣̗̟̕ 

̛Ù̧̟̠̥̪̦̟̠̓ ̧̮ Ù̧̦̥ ̩̝̣ ̛Ù̡̟̥̙̔ ̩̮̣ ̪Ù̥̭̫̟̮̣̔ ̢̡̥̣̥̠̥̣̪̟̳̣̚. ̥̊ 

̡̛̩̟̠̱ ̠̦̟̩̦̟̥̔ ̛Ù̡̧̟̥̙̔ ̧̩̥̪ Ų̛̗̦̥̪̟̜̩̗̟̀̒ ̨̛ ̛Ừ̢̱̣̥ ̡̛̠̫̗̟̥̒. 

̟̗̃ ̨̧̥̪̟̳̝̚ ̨̛̟̠̗̗̕ 

˻̟̗̩̪Ừ̳̣̩̗̟ ̝ ̨̛̟̠̗̗̕, ̧̩̟̔ ̞̗ ̪Ų̛̥̩̝̦̟̬̞̀̕ ̧̛̛̠̩̣̳, ̱̩̟ ̛̠̞̒ 

̪Ų̡̥̲̣̥̥̀ ̨̢̛̝̮̣̕  Ù̥̪ ̛̣̩̥Ù̜̥̣̩̗̟̕ ̢̛̩̗̤̲ ̲̥̚ ̟̗̥̬̟̠̳̣̚̚ 

̨̢̝̗̣̩̟̠̳̣ ̠̥̦̪̫̳̣ ̩̥̪ ῳ‖, ̔ ̢̛̩̗̤̲ ̲̥̚ ̟̗̥̬̟̠̳̣̚̚ ̨̢̛̝̮̣̕ ̡̡̧̗̗̙̔ 

̡̠̥̮̣̕, ̔ ̢̛̩̗̤̲ ̢̨̛̙̩̥̪̕ ̧̟̗̫̥̦̒̚ ̧̩̝ ̢̠̗Ù̡̧̪̱̩̝̩̗ ̠̗̟ ̧̛̣̱ ̨̢̛̝̥̪̕ 

̡̡̧̗̗̙̔ ̡̠̥̮̣̕ ̔ ̣̗̣̓ ̨̨̢̪̣̪̗̱̚ ̠̒Ù̥̟̮̣ ̛̠ ̩̮̣ ̗̣̮̩̦̮̓, ̠̗̩̒ 

̠̗̣̱̣̗ ̨̨̪̣̟̩̒ ̢̗̕ ̗̦̬̟̠̔ ̢̨̛̠̩̝̝̕ ̧̛̣̱ ̢̢̧̩̗̩̥̔ ̢̛̗̣̩̟̠̟̣̥̪̓ 

Ừ̢̢̧̦̟̙̦̗̩̥̒, ̡̝̗̔̚̚ ̧̛̣̱ ̢̢̧̩̗̩̥̔ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̧̩̝ ̢̧̛̛̟̠̥̣̟̜̱̣̝ 

̢̧̛̞̗̩̟̠̔ ̧̛̣̱̩̝̩̗, Ù̥̪ ̨̨̛̛̬̟̞̝̠̒̚ ̢̛ ̢̡̥̣̥̠̥̣̪̟̒̚.  

 ˱̨̨̩̮̗̣ ̲̥̚ ̟̗̥̬̟̠̒̚̚ ̨̢̛̝̗̕ Ù̧̟̞̗̣̔ ̡̡̧̗̗̙̔ stencil , ̗Ù̬̥̣̩̗̓ 

̢̟̠̦̔ ̛Ù̢̟̠̗Ù̡̲̟̗ ̗Ų̨̱̩̗̝̀ ̧̛̣̱ ̔ ̲̥̚ cm ̥Ừ̱̩ ̗̪̩̱ ̞̗ ̛̣̗̟̕ ̩̥ ̢̧̠̥̔ 

̧̩̝ ̪Ù̧̥̭̫̟̗̔ ̢̡̧̥̣̥̠̥̣̪̟̒̚. ˴̢̧̮ ̢̟̗ ̢̠̗Ù̡̲̝ ̨̩̱̥ ̢̟̠̦̥̲ ̢̧̠̥̪̔ 

̢Ừ̥̦̕ ̣̗ Ų̢̨̛̦̥̗̦̥̩̀̕ ̟̠̗̣̥Ù̥̟̝̩̟̠̒ ̨̛ ̢̡̛̙̥̒ Ù̡̧̞̥̔ Ù̦̱̩̪Ù̮̣ 

̢̠̗Ù̡̪̳̣. ˺̟̗ ̣̗ ̛̬̟̓ ̢̣̱̝̗ ̝ ̡̨̗̣̪̝̒ Ù̥̪ ̞̗ ̡̨̛̗̠̥̥̪̞̟̔, ̛̣̗̟̕ 

̗Ù̗̦̗̩̝̩̥̕ ̠̗̟ ̡̥̙̟̠̱ ̣̗ ̪Ừ̛̥̩̞̕ ̱̩̟ ̥̟ ̪Ừ̧̥̭̫̟̔ ̢̡̧̥̣̥̠̥̣̪̟̓̚ ̞̗ 

̬̥̪̣̓ ̢̧̠̥̔ Ù̦̗̣̓ ̧̛̣̱ ̡̠̗̩̮̫̥̪̕. ˾ ̧̗̠̦̟̘̔ ̢̩̟̔ ̗̪̩̥̲ ̩̥̪ ̡̠̗̩̮̫̥̪̕ 

̛Ừ̡̙̝̓ ̢̛ ̢̧̥̠̟̓̚, ̡̡̗̒ ̠̗̟ ̢̛ Ù̥̟̥̩̟̠̔ ̡̨̗̣̪̝̒ ̧̩̝ ̨̧̟̗̟̠̗̗̚̚̕ 

̨̨̧̛̬̗̝̚̕. 

 ̢̛̪̙̠̠̦̟̣̗̉̓, ̨̱̥ ̩̥ ̢̧̠̥̔ ̩̥̪ ̢̢̧̩̗̩̥̔ ̛̗̪̤̣̩̗̟̒, ̝ Ù̟̞̗̣̱̩̝̩̗ 

̡̨̧̘̩̟̩̝̓ Ų̢̧̦̥̗̦̥̙̀̔ ̢̛ ̢̟̠̦̱ ̡̧̞̥̒ ̨̧̛̪̣̬̳ ̢̛̛̟̳̣̩̗̟. ̆ ̧̗̠̦̟̘̔ 

̪Ù̡̨̢̧̥̥̙̟̱ ̧̩̝ Ù̧̟̞̗̣̱̩̝̩̗ ̛̣̚ ̛̣̗̟̕ ̧̛̫̟̠̩̱ ̟̱̩̟̚ ̛̣̚ ̛̣̗̟̕ ̨̙̣̮̩̱ ̩̟ 

̛Ừ̢̨̟̞̪̥̲ ̣̗ ̨̛̜̮̙̦̗̫̟̕ ̥ ̡̡̧̠̗̟̩̬̣̝̓. ˸Ù̱ ̩̝̣ ̡̡̝̒, ̡̛̲̥̙̝ ̪Ų̛̱̞̝̀ 

̙̟̗ ̩̝ ̨̨̛̬̗̝̚̕ ̛̣̗̟̕ ̱̩̟: ̗) ̛̣̚ ̡̛̛̞̔ ̣̗ Ừ̗̦̤̟̒ ̢̢̧̙̦̗̓ ̢̛ ̩̥Ù̟̠̔ 

̢̨̠̪̩̮̝̒, ̘) ̛Ų̛̟̜̝̩̥̲̀ ̢̢̧̙̦̗̓ ̨̧̛̩̗̞̦̔ ̧̠̪̦̩̱̩̝̩̗ ̙̟̗ ̨̢̝̗̣̩̟̠̱ 

̢̧̠̥̔, ̙) ̛Ừ̢̨̟̞̪̥̲ ̣̗ ̢̨̛̝̟̥̪̦̙̟̔̚ ̨̩̥ ̛̞̗̩̔ ̩̝ ̢̨̙̟̩̝̓ ̨̨̗̞̝̝̕ 

̢̡̧̥̗̱̩̝̩̗ ̠̗̟ ̡̥̟Ù̒. ̗̟́ Ù̡̟̒ ̢̧̱̮ ̛̣̗̟̕ ̧̗̲̣̗̩̥̚ ̥ Ų̨̢̧̦̥̟̥̦̟̱̀̚ 

̩̥̪ ̢̛̟̙̗̩̟̠̥̲̚ ̬̳̦̥̪, ̛Ừ̟̔̚ ̒Ừ̧̛̟̦ ̢̠̗Ừ̡̧̲ ̟̠̗̣̥Ù̥̟̥̲̣ ̗̪̩̒ ̩̗ 

̠̦̟̩̦̟̗̔. 
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 ˼Ù̢̧̥̣̮̓ ̡̛̗̠̥̥̪̞̞̝̠̔ ̝ ̨̗̣̩̩̦̥̫̝̕ Ừ̥̦̗̕. ˻̢̛̥̣̥̪̓̚ ̱̩̟ ̥̟ 

̨̨̧̛̟̗̩̟̒̚ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̛̣̗̟̕ ̩̥ Ù̡̥̲ 1.7m ̢  ̛2.5 m, ̛̣̗̟̕ ̡̥̙̟̠̱ ̣̗ 

̪Ừ̛̥̩̞̕ ̢̛ ̨̛̘̟̒ ̩̗ ̠̦̟̩̦̟̗̔ ̢̧̟̗ ̡̧̠̗̔ ̠̗̟ ̗Ù̧̥̥̩̟̠̔̚ ̨̨̧̛̬̗̝̚̕, ̱̩̟ 

̥̟ ̡̡̧̛̠̗̟̩̬̣̓ ̧̩̝ ̛Ù̧̥̬̔ ̞̗ Ù̗̦̙̗̙̗̣̔ ̢̡̧̥̣̥̠̥̣̪̟̓̚ ̢̛ ̢̨̥̓ ̢̧̠̥̔ 

̗Ù̱ 7 ̧̮̓ 25 cm. ̣̮̇̒ ̗Ù̱ ̗̪̩̱, Ừ̗̲̟ ̣̗ ̪Ừ̦̬̟̒ ̨̫̪̟̠̱̩̝̩̗ ̨̧̩̟ 

̢̧̥̦̫̓ Ù̥̪ ̛̟̠̥̣̜̥̣̩̗̟̕, ̢̛̥̣̥̪̓̚̚ ̱̩̟ ̛̣̚ ̛̣̗̟̕ ̗Ù̡̒ ̢̥̩̘̗̕ ̡̡̗̒ 

̢̢̨̝̝̕ ̧̩̝ Ù̢̧̦̗̙̗̩̟̠̱̩̝̩̗. ̗̊ ̗̣̮̩̦̮̓, ̛̬̣̥̪̣̚̕ ̱̩̟ ̣̗̓ ̡̠̗̩̳̫̟ 

̢̧̠̥̪̔ 6.5 cm ̛̣̗̟̕ ̡̛̲̥̙̥.  

 ̢̛̟̦̗̗̩̟̠̇̒, ̝ ̢̧̞̥̥̓̚ Ù̥̪ ̢̨̛̛̫̗̦̱̩̝̠, ̛̛̟̤̓̚ ̱̩̟ ̢̱̣̥ ̢̟̗ 

Ù̦̱̩̪Ù̧̥ ̢̠̗Ù̡̲̝ ̛̟̣̓̚ ̡̧̞̥̒ ̡̨̧̘̩̟̩̝̓ Ų̢̧̦̥̗̦̥̙̀̔ ̨̗̟̞̝̩̒ 

̢̛̟̠̦̱̩̦̥ ̨̛ ̨̨̬̝̓ ̢̛ ̩̥ ̡̧̞̥̒ Ų̢̧̦̥̗̦̥̙̀̔ ̡̱̮̣ ̩̮̣ ̡̡̮̣̒, ̙̟̗ ̢̧̠̥̔ 

̣̮̒ ̩̮̣ 6.5 cm. ˾ ̛Ù̡̢̗̣̗̝̭̟̱̩̝̩̗ ̧̩̝ ̧̛̛̤̗̦̩̝̕ Ų̢̧̦̥̗̦̥̙̀̔ ̧̩̝ 

̧̟̗̕̚ ̧̛̞̮̦̝̩̟̠̔ ̢̠̗Ù̡̧̲̝ ̨̛ ̢̢̩̗̩̗̔ ̢̛̗̣̩̟̠̟̣̥̪̓ ̢̡̛̙̥̪̒ ̢̧̠̥̪̔, 

̨̢̝̗̣̩̟̠̥̲ ̢̗̦̟̞̥̲ ̠̗̟ ̩̪̬̗̥̪̕ Ų̡̨̢̦̥̗̣̗̩̥̟̥̲̀ ̛̫̗̣̩̗̟̕ ̣̗ ̛̟̠̗̟̳̣̟̚ 

̗̪̩̔ ̩̝̣ Ų̨̦̥̙̙̟̝̀̓. ˸̢̠̱̝, ̝ ̡̠̪̭̝̒ ̩̮̣ Ừ̢̢̦̟̙̦̗̩̮̣̒ ̡̱̮̣ ̩̮̣ 

̢̛̞̗̩̟̠̳̣ ̢̥̦̫̳̣ ̩̗̣̔ ̛̛̤̗̟̦̩̟̠̒ ̢̡̥̗̔ ̠̗̟ Ù̡̧̦̝̔, ̥Ừ̱̩ ̗̪̩̱ 

̛Ừ̛̟̘̘̗̟̳̣̟ ̩̝̣ ̥̦̞̱̩̝̩̗ ̛Ù̡̧̟̥̙̔ ̩̥̪ ̡̠̗̩̮̫̥̪̕.  

̧̪̣̥̭̜̥̣̩̗̉̕, ̙̟̗ ̛̠̞̒ ̢̢̩̗̔ Ừ̢̢̧̦̟̙̦̗̩̥̒ ̧̛̣̱ ̜̮̙̦̗̫̟̠̥̲ 

̨̛̩̥̟̬̥̪̕ Ù̥̪ Ừ̦̗̩̥̲̩̗̟ ̨̛ ̲̥̚ ̪Ù̥̭̫̟̗̔ ̨̢̛̝̗̕ ̡̡̧̗̗̙̔ 

̢̠̗Ù̡̪̥̙̦̫̥̪̒ ̠̗̟ ̛̣̗̟̕ ̢̡̛̛̙̗̲̩̦̥ ̗Ù̱ 6.5 cm, ̞̗ ̛̙̣̩̗̟̕ ̨̬̦̝̔ ̩̥̪ 

̱̦̥̪ ç̗̦̬̟̠̔ ̢̨̛̠̩̝̝̕ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒è ̔ ç̗̦̬̟̠̔ ̢̨̛̠̩̝̝̕ 

̢̡̧̥̣̥̠̥̣̪̟̒̚è. ̥̊ ̨̗̣̩̩̥̟̬̥̕ ̨̢̡̲̘̥̥ ̞̗ ̛̣̗̟̕ ̩̥ ὅ  ̔    ̱Ù̥̪ ̥ ̣̮̒ 

̧̛̠̩̝̚̕ ç̛̠̩è ̛̣̗̟̕ ̙̟̗ ̩̝ ̨̫̦̝̒ ç̗̦̬̟̠̔ ̢̨̛̠̩̝̝̕ ̢̛̗̣̩̟̠̟̣̥̪̓ 

Ừ̢̢̧̦̟̙̦̗̩̥̒è. 
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̡̛̫̗̟̥́̒ 5: ˼Ù̡̟̥̙̔ ̧̛̣̱ ̨̡̪̣̱̥̪ stencils  

Ù̥̪ Ù̧̟̞̗̣̳ ̨̢̬̦̝̟̥Ù̥̟̞̝̠̗̣̔ ̙̟̗ ̩̝̣ 

̨̛̠̗̩̗̠̪̔ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̩̥̪ 

˸̠̦̮̩̝̦̥̪̕ 
 

5.1 ˸̦̬̟̠̔ ̛Ù̡̟̥̙̔ ̧̛̣̱ ̨̡̪̣̱̥̪ ̢̛̛̙̮̩̦̟̠̳̣ Ù̦̥̩̲Ù̮̣ 

̨̩̗ ̥Ù̥̗̕ ̨̗̣̩̟̩̥̟̬̥̲̣ ̥̟ ̥̝̙̥̚̕, ̨̛̘̟̒ ̨̧̟̩̥̦̟̠̔ ̠̗̟ 

̡̧̗̦̬̗̟̥̥̙̟̠̔ ̨̠̥Ù̧̟̒ 

 

˴Ù̧̮ Ừ̦̥̗̣̗̫̦̞̝̠̓, ̗Ù̗̦̬̔ ̧̗̪̩̔ ̧̩̝ Ų̦̥̀Ừ̧̞̟̗̒ ̢̡̧̛̩̝̓ 

̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ ̩̗̣̔ ̥̟ Ų̧̛̗̦̗̩̝̦̟̀̔ Ù̥̪ ̙̟̣̗̣̓ ̨̢̲̫̮̣̗ ̢̛ ̧̩̟ 

̥Ừ̧̥̕ ̟̗̠̦̟̣̱̩̗̣̚ ̢̟̗ ̛̣̩̪Ų̮̟̗̠̀̔ ̨̛̩̗̞̦̱̩̝̩̗ ̨̧̩̟ ̨̢̧̛̜̮̙̦̗̫̟̣̓ 

̢̢̧̙̦̗̓ ̧̠̗̞̳ ̠̗̟ ̢̟̗ ̨̢̛̗̤̟̥̝̮̩̝̕ ̛Ù̡̢̗̣̗̝̭̟̱̩̝̩̗ ̨̛ ̠̒Ừ̧̥̟ ̛̤ 

̗̪̩̳̣. ̟̆ ̛̣ ̡̱̙̮ Ų̧̛̗̦̗̩̝̦̟̀̔ ̨̮̗̣̓̚ ̩̝̣ ̟̗̓̚ ̱̩̟ ̪Ừ̦̬̔ 

̨̨̢̧̪̩̝̗̩̟̠̱ ̩̦̱Ù̧̥ ̨̨̧̛̬̗̝̚̕ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣, ̢̛ ̨̬̦̝̔ ̥̝̙̳̣̚ ̩̥̪ 

Ù̡̟̣̥̪̓ ̛̛̩̕ ̢̠̗Ù̡̪̥̙̦̫̮̣̒. ̟̆ ̢̠̗Ù̡̪̥̙̦̫̥̟̒ ̢̧̱̮ ̓Ừ̦Ừ ̣̗ ̛̬̗̣̕ 

̨̨̛̛̠̗̩̗̠̪̗̩̕ ̢̛ ̢̨̗̓ ̨̢̪̘̗̩̒ ̢̛ ̩̝̣ ̛Ù̥̬̔. ˾ ̨̡̡̲̝̭̝ ̧̩̝ ̨̧̛̠̗̩̗̠̪̔ 

̧̩̥̪ ̓Ừ̦Ừ ̣̗ ̨̛̲̣̗̚ ̢̛ ̩̥ Ù̡̨̥̟̩̟̩̟̠̱, ̨̡̙̣̮̟̥̥̙̟̠̱ ̠̗̟ ̡̛̩̬̣̥̥̙̟̠̱ 

̛Ù̕Ừ̥̚ ̩̮̣ ̛̩̱̩ ̠̗̩̥̠̮̣̕ ̩̥̪ ˸̦̬̟Ừ̡̧̙̥̪̒. ̟̆ ̢̬̦̟̓ ̨̢̛̦̗̔ 

̡̧̗̦̬̗̟̥̥̙̟̠̓ ̡̧̛̗̣̗̠̗̲̭̟ ̠̗̟ ̝ ̛Ų̛̛̤̦̙̗̗̀̕ ̩̮̣ ̢̛̪̦̝̩̮̣̒ 

̛̠̗̩̗̟̠̣̲̥̪̣̚ ̩̝̣ ̲Ù̗̦̤̝ ̧̛̣̱ Ù̡̨̢̥̟̩̟̥̲ ̨̩̥ ˸̠̦̮̩̦̟̔, ̢̛ Ù̡̥̲ 

Ừ̢̧̦̥̝̙̣̓ ̨̧̛̙̣̳̟ ̨̛ ̧̟̫̥̦̥̪̒̚ ̢̧̛̩̥̕, ̱Ù̧̮ ̨̩̝ ̨̣̗̪̟Ù̡̥˷̗, ̨̩̝̣ 

̛̗̙̙̟̥Ù̡̨̗̩̟̠̔, ̨̩̝̣ ̛̗̦̬̟̩̠̩̥̣̟̠̔ ̠̗̟ ̨̩̝ ̢̡̡̛̩̗̥̪̦̙̗̕. 

˼̛̟̟̠̱̩̦̗̚, ̝ ̗̣̙̠̝̒ ̩̮̣ ̛̩̱̩ ̠̗̩̥̠̮̣̕ ̩̥̪ ˸̠̦̮̩̝̦̥̪̕ ̣̗ 

̛̩̗̤̟̲̥̪̣̚ ̨̧̩̟ ̨̡̧̛̲̠̥̚ ̠̗̟ ̨̪̬̣̒ ̢̧̛̠̪̗̩̳̟̚ ̡̨̨̧̛̞̗̒ ̩̥̪ ˸̟̙̗̥̪̕ 

̡̡̗̒ ̠̗̟ ̧̩̟ ̨̛̛̥̙̥̪̃̕, ̧̩̥̪ ̨̛̳̞̝ ̣̗ ̛̟̪̦̲̣̥̪̣̚ ̧̩̟ ̢̛Ừ̧̟̦̟̠̓ ̧̩̥̪ 

̨̧̛̙̣̳̟ ̨̛ ̢̧̛̩̥̕ ̱Ù̧̮ ̝ ̢̡̛̩̝̓ ̩̮̣ ̡̨̨̞̗̗̮̣̕ ̢̛̦̪̩̮̣̒, ̝ 

̢̡̛̛̩̮̦̥̥̙̗̕ ̠̗̟ ̝ ̨̢̗̩̦̥̣̥̗̕. ˼Ų̧̝̀̕, ̪Ù̦̬̥̪̣̒ ̨̧̛̗̫̕ ̧̛̛̛̣̤̟̚̕, ̱̩̟ 

̙̲̦̮ ̨̩̗ 1650 Ù̦̥ ̨̦̟̩̥̲̍ ̛̬̗̣̕ ̢̨̛̛̫̗̦̥̩̕ Ừ̡̧̛̦̮̩̱̟ ̛Ų̢̧̟̩̝̥̣̟̠̀̓ 

̢̞̥̥̟̓̚ ̙̟̗ ̩̝̣ Ù̡̦̥̫̲̗̤̝ ̠̩̝̦̮̣̕ ̗Ù̱ ̧̩̥̪ ̨̨̢̧̛̟̥̲. ́̒Ù̥̟̗ ̠̩̦̟̗̔ 

̩̥̪ ˸̠̦̮̩̝̦̥̪̕ ̛̬̗̣̕ ̨̛̬̩̟̩̕ ̢̛ ̲̥̚ ̔ ̧̛̩̦̟ ̧̥̦̱̫̥̪ ̠̗̟ ̛̬̗̣̕ Ù̡̥̲ 

̡̪̭̝̔ ̨̗̟̞̝̩̟̠̔. ˱̛̬̟ ̛Ừ̛̟̘̘̗̟̮̞̕ ̢̗̠̱̝, ̱̩̟ ̟̫̥̦̗̒̚ ̥̦̪̠̩̒ ̧̩̝ 

˿̧̦̗̔ ̨̢̬̦̝̟̥Ù̥̟̞̝̠̗̣̔ ̙̟̗ ̩̝ ̢̝̟̥̪̦̙̗̚̕ ̩̮̣ ̨̬̦̮̩̟̠̳̣ ̨̥̪̟̳̣ ̢̛ ̧̩̟ 

̥Ừ̧̥̕ ̨̨̛̬̟̩̝̠̗̣̒̚ ̥̟ ̧̛̩̥̟̬̥̙̦̗̫̕. ̡̧̥̊̓, ̩̗ ̢̞̗̩̗̓ Ù̥̪ 
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Ų̗̦̥̪̟̜̥̣̩̗̟̀̒ ̨̧̩̟ ̧̛̩̥̟̬̥̙̦̗̫̕ ̪Ừ̥̟̠̣̲̥̪̣̚ ̣̗̓ Ù̡̥̲ ̡̪̭̝̱ ̙̟̗ ̩̝̣ 

̛Ù̥̬̔ Ù̡̨̢̥̟̩̟̟̠̱ ̛Ù̕Ừ̥̚ ([12], [13] ).  

˴̡̗ ̗̪̩̒ ̪Ù̡̥̝̳̣̥̪̣̚ ̱̩̟ ̢̛ ̠̗̣̣̗̓ ̩̦̱Ù̥ ̛̣̚ ̢Ừ̥̦̕ ̣̗ 

̗Ừ̡̨̛̥̠̟̩̕ ̝ Ù̟̞̗̣̱̩̝̩̗, ̣̗ ̛̛̬̕ ̗̣̗Ừ̩̪̬̞̕ ̨̩̥ ˸̠̦̮̩̦̟̔, ̩̝̣ ˵̨̛̩̦̝ 

˼Ù̥̬̔ ̩̥̪ ̡̗̠̥̲̍, ̝ ̡̡̡̠̗̩̝̝̒ ̡̪̭̝̔ ̨̛̩̬̣̥̙̣̮̗̕, ̧̩̟̔ ̛Ừ̩̦̓Ừ ̨̬̦̝̔ 

̥̝̙̳̣̚ ̛̛̩̕ ̢̠̗Ù̡̪̥̙̦̫̮̣̒ ̢̡̧̛̙̝̒ ̧̛̗̠̦̟̘̗̕, ̧̠̗̞̳ ̠̗̟ ̩̝ ̨̬̦̝̔ ̧̩̥̪ 

̙̟̗ ̩̝̣ ̨̨̛̬̗̝̚̕ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣. ˼Ừ̟̔̚ ̩̗ Ừ̢̢̦̟̙̦̗̩̗̒ ̛̗̦̠̩̳̣ 

̢̥̦̫̳̣ ̢̞̪̜̥̪̣̕ ̢̛̛̙̮̩̦̟̠̒ ̨̢̬̗̩̗̔, ̟̗̩̪̚Ừ̳̣̩̗̟ ̝ ̪Ų̛̱̞̝̀ ̱̩̟ ̥̟ 

̥̝̙̥̚̕/̢̠̗Ù̡̪̥̙̦̫̥̟̒ ̩̗̣̔ ̢̛̛̙̮̩̦̟̠̒ Ù̦̱̩̪Ù̗.  

̥̊ ̛Ừ̢̱̣̥ ̢̘̗̔ ̛̣̗̟̕ ̝ ̛Ù̡̟̥̙̔ ̧̛̣̱ ̨̡̪̣̱̥̪ ̨̢̬̝̩̮̣̒ ̨̢̪̘̗̩̳̣ 

̢̛ ̩̝̣ ̛Ù̥̬̔. ˹̨̛̟̒ ̡̗̦̬̗̟̥̥̙̟̠̳̣ ̠̗̟ ̨̟̩̥̦̟̠̳̣ ̢̡̛̛̩̳̣, ̨̢̬̗̩̗̔ 

̨Ừ̟̦̳̣, ̨̩̮̓ ̠̗̟ ̨̛ Ừ̡̦̮̩̱̟̗ ̢̥̦̫̔ ̗Ù̗̣̩̳̣̩̗̟ ̨̛ Ù̡̡̧̥̥̲ 

Ù̡̨̢̧̥̟̩̟̥̲ ̢̗̠̱̗ ̠̗̟ ̡̧̛̬̟̟̒̚ ̬̦̱̣̟̗ Ù̦̟̣ ̩̝̣ ̨̣̞̝̝̒ ̩̥̪ Ù̡̨̢̥̟̩̟̥̲ 

̩̥̪ ˸̠̦̮̩̝̦̥̪̕ [16]. ˾ Ù̗̦̗̙̮̙̔ ̩̮̣ Ù̦̥̩̲Ù̮̣ ̗̪̩̳̣, ̨̙̥̪̦̗̕ 

̗Ų̛̗̟̩̥̲̀ ̡̨̨̠̥̥̟̗̗̕ ̢̓Ų̛̣̪̝̀ ̙̟̗ ̩̝̣ ̛Ù̥̬̔, ̡̡̗̒ ̱̬̟ ̨̛ 

̗Ừ̗̙̥̦̪̩̟̠̱ ̢̘̗̞̱ ([16],[17] ). ˼Ù̟Ù̡̥̣̓, ̛̣̗̟̕ ̡̥̙̟̠̱ ̩̥ ̨̡̲̣̥̥ ̩̮̣ 

Ù̦̥̩̲Ù̮̣ ̗̪̩̳̣ ̣̗ ̛̣̗̟̕ ̢̧̦̥̓ ̩̮̣ ̢̛̛̙̮̩̦̟̠̳̣ ̨̢̬̝̩̮̣̒ Ù̥̪ 

̢̡̛̛̩̞̝̠̗̣̔ ̨̧̩̥̪ ̨̧̟̩̥̦̟̠̥̲ ̠̗̟ ̡̨̨̧̠̗̟̠̥̲ ̧̬̦̱̣̥̪. ˺̟̗ ̣̗ ̛̥̞̚̕ ̣̗̓ 

̗̣̩̟Ừ̢̗̦̟̙̗̒̚, ̝ ̢̛̛̙̮̩̦̟̠̔ ̢̝̟̥̪̦̙̗̚̕ ̩̥̪ ̠̗̣̥̣̟̠̥̲ ̛Ù̩̗̙̳̣̥̪ 

̛̙̟̣̓ ̙̟̗ Ù̦̳̩̝ ̫̥̦̒ ̗Ù̱ ̩̥̣ Carl  Friedrich  Gauss ̩̥̣ 18  ̥̗̟̳̣̗ ̢̛̩̒ 

̨̦̟̩̱̣̍, ̛̣̳ o Leonard  Euler ̛̛̬̕ ̡̛̗̣̗̠̗̲̭̟ ̩̝̣ ̨̗̣̩̩̥̟̬̝̕ ̛Ù̥̬̔ ̣̗̓ 

̨̡̲̣̥̥ Ù̦̱̩̪Ù̮̣ ̢̠̗Ù̡̪̳̣. ˻̛̣ ̪Ừ̦̬̟̒ Ừ̦̕Ų̩̮̝̀ ̣̗ ̨̛̛̤̩̗̩̥̲̣ 

̧̛̩̩̥̟̓ ̢̠̗Ừ̡̧̲ Ù̥̪ ̗Ù̗̟̩̥̲̣ ̨̩̱̥ ̢̡̛̙̥̒ ̢̘̗̞̱ ̨̨̨̢̧̛̪̮̦̪̣̝̓ 

̨̧̙̣̳̝ ̠̗̟ ̨̛̪̣Ù̡̧̗̠̱̥̪̞̝ ̢̓Ų̧̛̣̪̝̀. 

 ˼Ù̢̧̥̣̮̓, ̛̣̗̟̕ ̡̛̲̥̙̥ ̣̗ ̛̗̣̗̜̝̩̝̞̕ ̥ ̩̱Ù̧̥ ̠̗̟ ̥ ̧̬̦̱̣̥ ̧̩̝ 

Ừ̧̦̮̩̥̙̣̥̲ ̨̡̡̧̲̝̭̝ ̩̮̣ ̢̠̗Ù̡̪̳̣ ̩̮̣ ̡̨̨̠̗̟̠̳̣ ̬̦̱̣̮̣, ̢̗̠̱̗ ̠̗̟ 

̨̛  Ừ̧̦̟̱̥̪̚ Ù̥̪ ̛̣̚ ̛̬̟̓ ̛̛̘̦̞̕ ̢̠̗̗̕ ̛̣̟̤̝̓̚ ̙̟̗ ̲Ù̗̦̤̝ ̢̢̧̗̞̝̗̩̟̠̔ 

̛Ų̢̧̟̩̝̀̔. ̛̪̣̉Ù̧̳, ̟̗̩̪̚Ừ̳̣̩̗̟ ̝ ̪Ų̛̱̞̝̀ ̱̩̟ Ừ̦̥̝̙̞̝̠̔ ̝ ̨̡̡̲̝̭̝ 

̠̗̟ ̝ ̢̛Ừ̟̦̟̠̔ ̨̛̠̗̩̗̠̪̔ Ù̡̡̥̳̣ ̢̛̛̙̮̩̦̟̠̳̣ ̨̢̬̝̩̮̣̒, ̱Ù̧̮ ̩̥̪ 

̡̠̲̠̥̪, ̧̩̝ ̡̡̧̛̟̭̝̓, ̧̩̝ ̪Ừ̡̧̦̘̥̔, ̧̩̝ ̢̢̧̙̦̗̟̠̔ ̨Ừ̧̦̗̕, ̠̒Ù̥̟̮̣ 

̠̗̣̥̣̟̠̳̣ Ù̡̥̪̙̳̣̮̣ ̠̗̟ ̡̡̮̣̒ ̠̗̣̥̣̟̠̳̣ ̨̢̬̝̩̮̣̒ ̠̗̟ ̛Ừ̡̨̗̠̥̥̲̞̝ 

̝ ̨̗̪̩̝̦̔ ̢̢̗̞̝̗̩̟̠̔ ̧̩̥̪ ̢̡̨̛̛̞̮̝̕ ̠̗̟ ̢̡̛̩̝̓ Ù̡̡̧̥̥̲ ̧̛̗̟̳̣ ̢̛̩̒. 

̢̛̛̝̟̳̣̩̗̟̉ ̱̩̟ ̩̥ ̨̡̙̣̮̟̥̥̙̟̠̱ ̠̗̟ ̡̛̩̬̣̥̥̙̟̠̱ ̪Ù̱̘̗̞̦̥ Ù̥̪ 

̛̗̣̗̫̦̞̝̠̓ ̨̧̩̟ Ừ̢̧̛̦̥̝̙̥̲̣ Ù̧̗̦̗̙̦̫̥̪̒, ̱̬̟ ̗Ù̡̧̳ ̛̣̚ 

̗Ừ̡̥̠̥̪̣̕, ̡̡̗̒ ̠̗̟ ̪Ừ̥̟̠̣̲̥̪̣̚ ̪̭̟Ừ̧̛̩̕ ̨̧̛̗̣̗̜̝̩̟̔, 

Ừ̢̨̢̧̟̦̗̗̩̟̥̲ ̠̗̟ ̨̢̧̝̗̣̩̟̠̓ ̢̛Ų̧̛̛̣̲̟̀ ̩̮̣ ̠̗̩̥̠̮̣̕ ̩̥̪ 

˸̠̦̮̩̝̦̥̪̕. 
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̗̊ ̢̛̛̙̮̩̦̟̠̒ Ù̦̱̩̪Ù̗ Ù̥̪ ̛Ừ̡̨̙̝̗̣̓ ̧̮ ̪Ù̥̭̫̟̗̔ ̬̥̪̣̓ ̩̗ 

̧̛̤̔ ̨̬̗̦̗̠̩̝̦̟̩̟̠̒: ̨̛̠̗̩̗̠̪̜̥̣̩̗̟̒ ̢̛ ̨̛̬̩̟̠̒ ̗Ù̡̒ ̢̨̗̓, ̨̢̪̘̗̩̒ 

̢̛ ̩̝̣ ̛Ù̥̬̔, Ù̗̦̒ ̩̝̣ ̡̪̭̝̔ ̢̛̛̙̮̩̦̟̠̔ ̨̨̗̞̝̝̕ Ù̥̪ ̗Ừ̗̟̩̩̗̟̕ ̙̟̗ 

̩̝̣ ̡̪̥Ų̥̝̝̀̕ ̧̩̥̪. ˼Ù̟Ų̛̦̱̞̩̗̀ ̨̛ ̢̠̗̗̕ Ừ̦̕Ų̩̮̝̀ ̛̣̚ ̗Ù̗̟̩̥̲̣ ̩̝ 

̢̢̗̞̝̗̩̟̠̔ ̢̡̨̛̛̞̮̝̕ ̠̗̟ ̨̨̢̪̩̝̗̩̟̠̔ ̢̡̛̩̝̓ Ù̥̪ ̛̙̟̣̓ ̨̧̩̥̪ 

̡̨̨̧̠̗̟̠̥̲ ̠̗̟ ̡̡̨̧̛̝̣̟̩̟̠̥̲ ̧̬̦̱̣̥̪. ˱̧̬̥̣̩̗ ̪Ù̱̭̟̣ ̡̱̗ ̩̗ ̗̣̮̩̦̮̓, 

̧̠̗̞̳ ̠̗̟ ̩̝ ̨̨̢̪̩̝̗̩̟̠̔ ̢̡̛̩̝̓ ̩̮̣ ̲̥̚ Ừ̢̦̥̝̙̥̲̣̮̣ ̟̗̠̩̥̦̟̠̳̣̚̚ 

̟̗̩̦̟̘̳̣̚ [1] ̠̗̟ [2] ̡̡̗̒ ̠̗̟ ̩̮̣ ̢̨̨̛̛̝̥̟̲̮̣̚ ̧̩̝ ̧̟̗̕̚ ̧̛̛̦̪̣̝̩̟̠̔ 

̢̧̥̗̒̚ [3] ̧̮̓ [11] ̨̛ ̗̪̩̱ ̩̥ Ừ̥̚̕, ̛̪̟̥̞̩̥̲̣̩̗̟ ̨̗̣ Ù̟̞̗̣̥̕ 

̢̛̛̙̮̩̦̟̠̥̕ ̥̝̙̥̚̕ ̥̟ ̧̠̮̣̟̠̓ ̢̧̩̥̓ ̠̗̟ ̝ ̢̢̙̦̗̟̠̔ ̨Ừ̦̗̕. 

 

5.2 ̢̲̣̩̥̝̉ Ų̨̗̦̥̪̗̝̀̕ ̠̮̣̟̠̳̣ ̢̩̥̳̣ ̠̗̟ ̢̢̧̙̦̗̟̠̔ 

̨Ừ̧̦̗̕ 

 

˺̢̢̦̗̟̠̔ ̨Ừ̦̗̕ 

˾ ̢̢̙̦̗̟̠̔ ̨Ừ̦̗̕ ̛̣̗̟̕ ̢̟̗ ̢̠̗Ù̡̲̝ Ù̥̪ ̗Ừ̗̟̩̕ ̛̟̟̗̩̦̗̚̕ 

̡̪̭̝̔ ̢̛̛̙̮̩̦̟̠̔ ̨̨̗̞̝̝̕ ̙̟̗ ̣̗ ̨̨̛̛̠̗̩̗̠̪̗̩̕. ̆ ̛̚ ̨̨̧̪̣̗̦̩̝̟̗̠̱ 

̧̩̝ ̩̲Ù̧̥ ̨̛ ̨̢̟̗̣̪̗̩̟̠̔̚ ̢̥̦̫̔ ̛̣̩̗̟̚̕ ̗Ù̱ ̩̝ ̨̨̬̝̓:  

ὶᴆ— — ὼ ὑ— — Ͻὧέί— — Ƕ ώ ὑ— — ϽίὭὲ— — Ƕ         υȢρ  

̱Ù̥̪ ὼȟώ ̩̥ ̠̣̩̦̥̓ ̧̩̝ ̨Ừ̧̦̗̕, — ̝ ̗̦̬̟̠̔ ̢̩̟̔ ̧̩̝ Ù̡̧̥̟̠̔ ̧̙̮̣̗̕, ̗̣ 

̝ ̨Ừ̦̗̕ ̛̣̚ ̛̤̠̟̣̒ ̗Ù̱ ̩̥ ̞=0, ́ ̨̛̩̗̞̦̒ ̠̗̟ —ᶰᴙ ̝ ̛̗̣̤̦̩̝̩̝̒ 

̢̡̛̩̗̘̝̩̔ ̧̩̝, ̝ ̥Ù̥̗̕ ̛̣̗̟̕ ̝ Ù̡̥̟̠̔ ̙̮̣̗̕ ̩̥̪ ̨̗̣̩̩̥̟̬̥̪̕ ̨̢̛̝̥̪̕ ̧̩̝. 

˼̣̗̟̕ ̨̧̘̗̦̲̣̥̪̗ ̨̢̨̧̝̗̗̕ ̱̩̟ ̝ ̨Ừ̦̗̕ ̗̪̩̔ ̛̣̚ ̗Ù̗̣̩̩̗̟̒ ̨̩̝ ̨̫̲̝. 
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ɳʽˁˈ˄ʰ рΦмΥ ʅˉʶʾˊʰ ˍˇˎ ɮˊ˔ʽ˃ʺʵˇˎˌ ˃ʶ ɼҐнΦмрфΣ  ὼ πȟώ πȟ— π 

˱̡̡̛̟̭̝/̡̧̲̠̥́ 

 ̥̊ ̢̛̛̙̮̩̦̟̠̱ ̨̢̬̗̔ ̗̪̩̱ ̛̣̗̟̕ ̡̨̛̠̟̩̱ ̠̗̟ ̛̬̟̓ ̲̥̚ ̧̛̤̥̣̒, ̩̥̣ 

̢̟̠̦̱ ̠̗̟ ̩̥̣ ̢̡̛̙̥̒. ˼̣̒ ̗̪̩̥̕ ̛̣̗̟̕ Ù̡̡̡̗̦̝̥̟̒ Ù̧̦̥ ̧̩̥̪ ὼ ώ ̧̛̤̥̣̒ 

̠̗̟ ̩̥ ̠̣̩̦̥̓ ̧̩̝ ̡̡̧̛̟̭̝̓ ̛̣̗̟̕ ̩̥ ὼȟώ  ̛̩̱̩ ̝ ̨̨̛̤̮̝̕ ̧̩̝ ̡̡̧̛̟̭̝̓ 

̛̣̗̟̕  

ὶᴆ— ὼ ÁϽÃÏÓ— ―Ƕ ώ ὦϽÓÉÎ— Ƕ                       (5.2)  

ɳʽˁˈ˄ʰ рΦнΦ ɴ˂˂ʶʽ˕ʹ  
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H ̡̡̛̟̭̝̓ Ù̦̥̠̲Ừ̩̟ ̗Ù̱ ̩̝̣ ̢̩̥̔ ̧̛̣̱ ̠̳̣̥̪ (̱̬̟ ̗Ù̗̦̗̩̝̩̗̕ 

̥̦̞̥̲, ̱Ù̧̮ ̗Ừ̛̟̤̓̚ ̨̩̗ ̮̣̟̠́̒ ̥ ˸Ù̡̡̧̥̳̣̟̥) ̢̛ ̣̗̓ ̛Ù̕Ừ̥̚ Ù̥̪ 

̢̛̩̣̟̓ ̡̧̛̱ ̧̩̟ ̧̛̛̛̙̣̩̟̦̓ ̩̥̪. ˼̣̒ ̩̥ ̛Ù̕Ừ̥̚ ̗̪̩̱ ̛̣̗̟̕ ̛̠̞̩̥̒ ̨̩̥̣ 

̤̥̣̗̒ ̩̥̪ ̠̳̣̥̪, ̛̩̱̩ ‌ ὦ ̠̗̟ ̝ ̡̡̛̟̭̝̓ ̡̛̛̠̫̪̜̩̗̟̕ ̨̛ ̡̠̲̠̥. 

̨̢̥̲̣̗̗̀̚, ̝ ̡̡̛̟̭̝̓ ̛̣̗̟̕ ̥ ̢̧̛̛̙̮̩̦̟̠̱ ̩̱Ù̧̥ ̩̮̣ ̨̢̛̝̮̣̕ ̩̥ 

̨̢̞̦̥̟̗̒ ̩̮̣ ̗Ų̨̛̥̩̮̣̀̒ ̩̮̣ ̥Ù̥̮̣̕ ̗Ù̱ ̲̥̚ ̢̛̥̣̗̓̚̚ ̨̢̛̝̗̕, ̧̩̟ 

̨̧̛̛̩̕, ̛̣̗̟̕ ̨̛̩̗̞̦̱. 

 ˾ ̢̠̗Ù̡̲̝ ̗̪̩̔ Ù̦̥̠̲Ừ̩̟ ̢̛ Ù̡̦̥̘̥̔ ̡̠̲̠̥̪ Ù̥̪ ̨̢̛̬̝̗̩̜̟̕ 

̙̮̣̗̕ ÁÒÃÃÏÓȟὦ ὥ ̢̛ ̩̥ ̛Ù̕Ừ̥̚ ̩̥̪ ̡̠̲̠̥̪. ˾ Ù̡̥̟̠̔ ̙̮̣̗̕ — ̩̥̪ 

̡̠̲̠̥̪ ̗̪̩̥̲ ̛̣̗̟̕ ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̧̩̝ ̡̡̧̛̛̛̭̮̕ ̨̩̝̣ ̗̣̮̩̦̮̓ 

̢̥̦̫̔ (̡̘. ̛̦̇̕ ̠̮̣̟̠̳̣ ̢̩̥̳̣). 

̋Ừ̡̦̘̥̔ 

 ˼̣̗̟̕ ̩̥ ̣̗̓ ̢̛̛̙̮̩̦̟̠̱ ̨̢̬̗̔ ̢̛ ̲̥̚ ̧̛̤̥̣̒ ̠̗̟ ̲̥̚ ̨̡̠̝̓. ˼̣̒ ̥̟ 

̧̛̤̥̣̒ ̧̩̝ ̪Ừ̡̧̦̘̥̔ ̛̣̗̟̕ Ù̡̡̡̗̦̝̥̟̒ Ù̧̦̥ ̧̩̥̪ ὼ ώ ̧̛̤̥̣̒, ̩̥ ̠̣̩̦̥̓ 

̛̣̗̟̕ ̩̥ ̆ ̠̗̟ ̥̟ ̧̠̥̦̪̫̓ ̧̩̝ ̨̘̦̠̥̣̩̗̟̕ ̛Ù̕ ̩̥̪ ̧̤̥̣̥̒ ̩̮̣ y, ̱Ù̧̮ 

̛̫̗̣̩̗̟̕ ̨̩̝̣ ̛̟̠̱̣̗ 2, ̝ ̨̨̛̤̮̝̕ ̢̛ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̩̝̣ 

̢̢̛̩̩̝̣̝̓ x  ̚̕ ̛̣̩̗̟ ̗Ù̱ ̩̥̣ ̩̲Ù̥ 

ὶᴆὼ ὼǶὥ ρ
ὼ

ὦ
Ƕ                                                     υȢσ 

̱Ù̥̪ ‌ȟὦ ̨̧̛̩̗̞̦̓. 

 ˾ ̪Ừ̡̦̘̥̔ Ù̦̥̠̲Ừ̩̟ ̗̣ ̢̛̩̝̞̕ ̧̣̗̓ ̧̠̳̣̥ (̱̬̟ ̗Ù̗̦̗̩̝̩̗̕ 

̧̥̦̞̱, ̱Ù̧̮ ̗Ừ̛̟̤̓̚ ̨̩̗ ̮̣̟̠́̒ ̥ ˸Ù̡̡̧̥̳̣̟̥) ̢̛ ̣̗̓ ̛Ù̕Ừ̥̚ Ù̥̪ 

̛̣̗̟̕ Ù̡̡̡̗̦̝̥̒ Ù̧̦̥ ̩̥̣ ̤̥̣̗̒ ̩̥̪ ̠̳̣̥̪ ̔ ̠̗̟ ̩̥̣ ̠̗̩̗̠̥̦̪̫̣̔ ̠̳̣̥. 

̨̢̥̲̣̗̗̀̚, ̛̣̗̟̕ ̥ ̢̧̛̛̙̮̩̦̟̠̱ ̩̱Ù̧̥ ̩̮̣ ̨̢̛̝̮̣̕ ̝ ̟̗̫̥̦̒̚ ̩̮̣ 

̗Ų̨̛̥̩̮̣̀̒ ̩̮̣ ̥Ù̥̮̣̕ ̗Ù̱ ̲̥̚ ̢̛̥̣̗̓̚̚ ̨̢̛̝̗̕, ̧̩̟ ̨̧̛̛̩̕, ̛̣̗̟̕ 

̨̛̩̗̞̦̔.   
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̡̗̦̗̘̥̇̔ 

˾ Ù̡̗̦̗̘̥̔ ̛̣̗̟̕ ̣̗̓ ̨̢̬̗̔ ̢̛ ̣̗̓ ̨̡̧̠̥̓, Ù̦̥̠̲Ù̩̥̣ ̢̛ ̢̨̩̝̔ 

̧̛̣̱ ̠̳̣̥̪ (̱̬̟ ̗Ù̗̦̗̩̝̩̗̕ ̧̥̦̞̱, ̱Ù̧̮ ̗Ừ̛̟̤̓̚ ̨̩̗ ̮̣̟̠́̒ ̥ 

˸Ù̡̡̧̥̳̣̟̥) ̢̛ ̛Ù̕Ừ̥̚ Ù̡̡̡̗̦̝̥̒ Ù̧̦̥ ̢̟̗ ̛̛̙̣̩̟̦̗̓ ̩̥̪. ˼̣̒ ̥ ̧̤̥̣̗̒ 

̨̢̢̧̛̪̩̦̗̕ ̧̩̝ ̛̣̗̟̕ ̥ ώ ̧̤̥̣̗̒, ̱Ù̧̮ ̛̫̗̣̩̗̟̕ ̨̩̝̣ ̛̟̠̱̣̗ 4, ̛̩̱̩ ̝ 

̨̨̛̤̮̝̕ ̧̩̝ ̛̣̩̗̟̚̕ ̗Ù̱ ̩̥̣ ̩̲Ù̥ 

ὶᴆὼ ὼǶ ὥὼ ὦὼ ὧ Ƕ                                           υȢτ           

˴Ù̥̪ ὥȟὦȟὧ ̨̧̛̩̗̞̦̓. 

˾ Ù̡̗̦̗̘̥̔ ̨̢̟̥̲̣̗̗̚ ̛̣̗̟̕ ̥ ̢̧̛̛̙̮̩̦̟̠̱ ̩̱Ù̧̥ ̩̮̣ ̨̢̛̝̮̣̕ 

Ù̥̪ ̨̟̗Ù̬̥̪̣̓ ̗Ù̱ ̣̗̓ ̢̛̥̣̥̓̚̚ ̨̢̛̝̥̕, ̩̝̣ ̨̛̩̗̕ ̧̩̝ ̠̗̟ ̗Ù̱ ̢̟̗ ̛̛̪̞̗̕ 

̛̠̞̩̝̒ ̨̩̥̣ ̤̥̣̗̒ ̧̩̝, ̩̝ ̨̛̛̟̪̞̩̥̲̗̚.  

ɳʽˁˈ˄ʰ рΦоΦ ʇˉʶˊʲˇ˂ʺ ˃ʶ ˍʽˌ ʶˋˍʾʶˌ ˍʹˌΣ ˍˇˎˌ ʵˏˇ ˁ˂ʱʵˇˎˌ ˁʰʽ ʵˏˇ ˋʹ˃ʶʾʰΣ ˍˇ M(x,y) 
ˁʰʽ ˍˇ ˋˎ˃˃ʶˍˊʽˁˈ ˍˇˎ ˖ˌ ˉˊˇˌ ˍˇ˄ ˇˊʽʸˈ˄ˍʽˇ ʱ˅ˇ˄ʰΣ M(x,-y) 
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˺̛̣̟̠̔ ̨̨̛̤̮̝̕ ̧̠̮̣̟̠̔ 

˾ ̛̙̣̟̠̔ ̨̨̛̤̮̝̕ ̧̩̝ ̧̠̮̣̟̠̔ ̢̧̩̥̔ ̛̣̗̟̕  

 ̈́  ` ὅὢὣὈὢ Ὁὣ Ὂ π                                  υȢυ 

̛̃ ̈́ȟ`ȟὅȟὈȟὉȟὊ ɴ ᴙȟὃ ὄ ὅ π 

˸̣ ̥̦ ̨̛̟̩̕ ̝ ̨̟̗̠̦̣̥̪̗̚̕ ῳ τ̈́ ` ὅ , ̛̩̱̩: 

¶ ˸̣ ˻>0, ̝ ̠̮̣̟̠̔ ̛̣̗̟̕ ̡̡̛̟̭̝̓ 

¶ ˸̣ ˻=0, ̝ ̠̮̣̟̠̔ ̛̣̗̟̕ Ù̡̗̦̗̘̥̔ 

¶ ˸̣ ˻<0, ̝ ̠̮̣̟̠̔ ̛̣̗̟̕ ̪Ừ̡̦̘̥̔ 

̡̧̥̊̓, Ų̛̗̦̥̪̟̜̩̗̟̀̒ ̢̱̣̥ ̙̦̗̫̟̠̒ Ù̧̮ ̥̟ ̢̧̩̥̓ ̧̛̣̱ ̠̳̣̥̪ ̢̛ ̛Ù̕Ừ̗̚  

̨̢̬̝̗̩̜̥̪̣̕ ̧̩̟ ̧̛̟̫̥̦̒̚ ̧̠̮̣̟̠̓ ̢̧̩̥̓. H ̗Ừ̱̟̚ ̤̝ ̩̮̣ ̨̨̛̬̮̣̓, 

ɳʽˁˈ˄ʰ рΦпΦ ʃʰˊʰʲˇ˂ʺ ˃ʶ ʶˋˍʾʰ ˋˍˇ˄ ʱ˅ˇ˄ʰ yΩy. 
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̨̨̮̩̱̥, ̛̛̛̤̫̲̙̟ ̗Ù̱ ̩̗ ̱̦̟̗ ̧̩̝ Ų̧̗̦̥̲̗̀ ̨̧̛̦̙̗̗̕, ̗Ù̡̧̳ ̝ ̛̟̠̱̣̗ 

Ų̛̦̥̫̦̩̗̟̀̓ ̙̟̗ ̡̛̠̗̲̩̦̝ ̛Ù̥Ừ̩̗̕. 

 

ɳʽˁˈ˄ʰ рΦрΦ ʁ ˁ̠˄ ˇˌ ˁʰʽ ˇʽ ˉˊˇˁˏˉˍˇˎˋʶˌ ˁ˖˄ʽˁʷˌ ˍˇ˃ʷˌΣ ʰ˄ʰ˂ˈʴ˖ˌ ˃ʶ ˍʹ ʵʾʶʵˊʹ ʴ˖˄ʾʰ ˍˇˎ ˁ˗˄ˇˎ ˃ʶˍʰ˅ˏ ˍʹˌ 

ˁˇˊˎ˒ʺˌ ˁʰʽ ˍ˖˄ ʵˏˇ ʴʶ˄ʶˍʶʽˊ˗˄ ˍˇˎΦ 
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5.3 ̪̣̥̉Ù̩̟̠̔ ̨̟̩̥̦̟̠̔ ̨̗̣̗̠̱Ų̝̝̀ ̨̛̬̩̟̠̒ ̢̛ ̩̗ 

̛Ừ̡̟̙̣̩̗̓ ̢̛̛̙̮̩̦̟̠̒ Ù̦̱̩̪Ù̗ 

 

̪̣̥̉Ù̩̟̠̔ ̨̟̩̥̦̟̠̔ ̢̗̣̗̦̥̔̚ Ừ̦̕ ̩̮̣ ̠̮̣̟̠̳̣ ̢̩̥̳̣ 

˾ ̛̗̫̩̝̦̗̕ ̧̩̝ ̨̨̢̧̪̩̝̗̩̟̠̔ ̢̡̧̛̩̝̓ ̩̮̣ ̠̮̣̟̠̳̣ ̢̩̥̳̣ ̗Ù̱ 

̧̩̥̪ ̧̗̦̬̗̥̪̕ ˱̡̡̧̛̝̣ ̢̧̛̛̙̮̩̦̓ ̩̗̣̔, ̨̢̲̫̮̣̗ ̢̛ ̩̝̣ ̨̠̪̦̟̗̦̬̥̲̗ 

̒Ù̥̭̝, ̣̗̓ ̗Ù̱ ̩̗ ̩̦̗̕ Ừ̢̦̫̝̗̕ Ù̡̢̦̥̘̗̩̗̔ ̧̩̝ ̧̗̦̬̗̟̱̩̝̩̥. ̥̊ 

Ù̡̢̦̱̘̝̗ ̗̪̩̱ ̨̛̪̣̞̝̠̓̚ ̢̡̨̟̩̗̒ ̠̗̟ ̢̛ ̣̗̓ ̢̲̞̥, ̣̗̣̓ ̨̢̬̦̝̱ Ù̥̪ 

̡̛̙̩̗̟̓ ̱̩̟ ̨̛̮̓̚ ̩̥ ̢̛̗̣̩̥̕ ̩̮̣ ˻̛ ̡̫̳̣ ̨̧̩̥̪ æ̡̧̟̥̪̔. ̢̛̦̥̠̟̣̥̪̇̓ ̣̗ 

̗Ù̡̡̗̗̙̥̲̣ ̗Ù̱ ̩̥̣ ̡̢̟̱ Ù̥̪ ̧̩̥̪ ̢̨̛̩̟̜̒, ̓Ừ̦Ừ ̣̗ ̟̚Ù̡̨̨̗̟̥̪̣̒ ̩̥̣ 

̢̘̮̱ ̩̥̪ æ̡̝̥̪̕ ˸Ù̡̡̱̮̣̗. ˱̨̩̟ ̢̨̛̥̣̥̩̝̠̒ ̠̗̟ ç˻̔ ̡̟̥̣ Ù̡̢̦̱̘̝̗è:  

̗̄ ̨̨̛̛̠̗̩̗̠̪̗̩̕, ̢̛ ̠̗̣̱̣̗ ̠̗̟ ̟̗̘̩̝̔̚, ̢̗̠̔ ̠̲̘̥̪ ̥ ̥Ù̧̥̥̕ ̣̗ ̛̬̟̓ 

̱̙̠̥ ̟̚Ù̡̨̟̥̒ ̩̥̪ ̱̙̠̥̪ ̧̛̣̱ ̨̢̥̣̥̪̓̚ ̠̲̘̥̪, 

 ̡̝̗̔̚̚, ̢̛ ̨̲̙̬̦̥̣̥ ̨̢̡̨̢̪̘̥̟̱, ̗̣ ‌ ̝ ̢̗̠̔ ̩̥̪ ̨̢̥̣̥̪̓̚ ̠̲̘̥̪, 

̛̜̝̩̩̗̟̕ ̣̗ ̨̨̛̛̠̗̩̗̠̪̗̩̕ ̢̛ ̠̗̣̱̣̗ ̠̗̟ ̟̗̘̩̝̔̚ ̢̢̩̗̔ ὼ ̨̛̳̩ ὼ  ς‌ . 

 ̝̊ ̡̨̲̝ ̗̪̩̥̲ ̩̥̪ Ù̡̢̧̦̥̘̗̩̥̔ ̨̗̣̗̜̝̩̥̲̗̣ Ù̦̗̒ Ù̡̡̥̥̕ 

̢̢̗̞̝̗̩̟̠̥̕ ̙̟̗ ̲̥̚ ̡̧̛̛̬̟̟̩̕, ̨̳Ù̥̪ ̗Ừ̛̬̞̝̚̕ ̡̛̩̟̠̒, ̩̥ 1837 ̗Ù̱ ̩̥̣ 

Pierre Laurent Wantzell (1814 -1848) ̱̩̟ ̛̣̗̟̕ ̗̲̣̗̩̥̚ ̣̗ ̟̚Ừ̡̨̨̗̟̗̩̕ ̥ 

̧̱̙̠̥ ̩̥̪ ̠̲̘̥̪ ̢̛ ̠̗̣̱̣̗ ̠̗̟ ̟̗̘̩̝̔̚, ̢̛ ̨̬̦̝̔ ̧̩̝ ̧̛̞̮̦̗̕ Galois  [21] . 

̆ ̀ ÙÙ̧̥̠̦̩̝̒ ̥ ̧̥̍̕ (~430 Ù̦̥ ̨̦̟̩̥̲̍) ̛̟̚Ų̨̛̩̮̀̕ ̱̩̟ ̩̥ 

Ù̡̢̦̱̘̝̗ ̨̢̛̟̥̪̣̗̚̕ ̢̛ ̩̥ ̣̗ Ừ̢̡̗̦̘̝̞̥̲̣ ̲̥̚ ̢̨̧̛̓ ̡̗̣̥̙̥̟̒ ̢̛̩̗̤̲ 

̩̮̣ ̢̢̩̝̩̮̣̒ ̗ ̠̗̟ 2̗, ̡̝̗̔̚̚ ̣̗ ̨̨̛̠̗̩̗̠̪̗̩̥̲̣ ̢̢̩̗̩̗̔ ̠, ̡ ̩̩̥̟̗̓ 

̨̛̳̩ 

‌

‖

‖

‗

‗

ς‌
 

̛̱̩̊ Ù̦̥̠̲Ừ̩̟ ̱̩̟ ‖ ς‌, ̡̝̗̔̚̚ ̩̥ ̢̛̜̝̩̥̲̣̥ ̢̢̩̗̔ ̛̣̗̟̕ ̩̥ ̠. 

̆ ̃ ̢̧̣̗̟̬̥̓, ̩̥̣ 4 ̥ Ù̦̥ ̨̦̟̩̥̲̍ ̗̟̳̣̗ ̛̣̗̟̕ ̥ Ù̧̦̳̩̥ Ù̥̪ 

̗Ừ̛̟̤̓̚ ̱̩̟ ̥̟ ̢̠̗Ừ̡̧̲ ̡̡̛̟̭̝̓, ̪Ừ̡̦̘̥̔ ̠̗̟ Ù̡̗̦̗̘̥̔ Ù̦̥̠̲Ù̩̥̪̣ 

̗Ù̱ ̩̝̣ ̢̩̥̔ ̛Ù̟Ù̥̪̓̚ ̠̗̟ ̥̦̞̥̲ ̡̠̪̠̟̠̥̲ ̠̳̣̥̪ ̠̗̟ ̢̡̨̛̛̩̝̓ ̧̩̟ 

̧̟̟̱̩̝̩̓̚ ̧̩̥̪. ˾ ̢̡̛̩̝̓ ̗̪̩̔ ̩̗̣̔ ̝ ç̛Ų̢̝̝̀̕è ̗Ù̗̦̬̔ ̧̩̝ ̧̛̞̮̦̗̕ ̩̮̣ 

̠̮̣̟̠̳̣ ̢̩̥̳̣. ˾ ̡̗̣̗̠̪̭̝̒ ̧̩̥̪ ̡̛̛̥̫̩̗̟̕ ̨̩̝̣ Ų̦̥̀Ừ̞̟̗̒ ̩̥̪ ̣̗ 
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̡̨̛̲̟ ̩̥ ˻̡̟̥̔ Ù̡̢̦̱̘̝̗. ˱̨̩̟ ̨̨̛̛̪̣̓̚ ̩  ̥Ù̦̱ ̡̢̘̝̗ ̧̩̝ Ừ̢̡̧̗̦̘̥̔ 

̪̥̚ ̢̨̮̣̓ ̡̗̣̗̱̙̮̣ ̢̛ ̧̩̟ ̢̧̩̥̓ ̧̛̣̱ ̠̳̣̥̪. 

̆ ˸ Ù̡̡̧̥̳̣̟̥ ̥ ̧̛̦̙̗̥̇̕ (3̥  ̧ - 4̥  ̧Ù̦̥ ̨̦̟̩̥̲̍ ̧̗̟̳̣̗), ̛̠ ̧̩̝ 

̧̦̙̝̇̓ ̧̩̝ ̢̡̧̗̫̪̗̇̕, ̠̥̣̩̒ ̨̩̝ ̨̢̛̝̦̟̣̔ ˸̡̛̩̩̟̗̒ ̧̩̝ ̧̟̠̦̃̒ ˸̨̧̗̕, 

̛̫̗̣̩̗̟̕ ̱̩̟ ̢̛Ų̛̛̣̲̩̝̠̀ ̗Ù̱ ̧̩̥̪ ̧̱̦̥̪ ̩̥̪ ˼̡̛̪̠̝̕̚ çỪ̡̡̗̦̗̘̟̣̒è, 

ç̡̡̛̛̕Ừ̟̣è ̠̗̟ ç̪Ừ̡̡̛̦̘̟̣̒è, ̧̣̥̣̩̗̚̕ Ù̧̦̳̩̥ ̩̝̣ ̢̨̥̣̥̗̗̕ ̩̮̣ ̩̦̟̳̣ 

̠̮̣̟̠̳̣ ̢̩̥̳̣ Ù̥̪ ̨̛̟̬̲̟ ̠̗̟ ̨̢̛̦̗̔, ̡̝̗̔̚̚ Ù̡̗̦̗̘̥̔, ̡̡̛̟̭̝̓ ̠̗̟ 

̪Ừ̡̦̘̥̔. ˼Ų̧̝̀̕ ̨̛̛̛̙̣̠̪̕ ̩̝̣ Ù̦̥̰Ų̛̱̞̝̀ ̙̟̗ ̩̥̣ ̨̢̥̦̟̱ ̩̮̣ ̠̮̣̟̠̳̣ 

̢̩̥̳̣ ̢̛ ̩̝̣ ̢̩̥̔ ̛Ù̟Ù̥̪̓̚ ̠̗̟ ̧̛̣̱ ̥̦̞̥̲ ̠̳̣̥̪, ̨̛ ̢̩̥̔ ̛Ù̟Ù̥̪̓̚ ̢̛ 

̥Ù̥̟̥̣̔̚Ừ̥̩ ̠̳̣̥, ̢̡̗̘̪̙̳̣̟̥, ̥̦̞̥̙̳̣̟̥ ̔ ̥̤̪̙̳̣̟̥. ̥̊ Ù̡̥̲ 

̨̢̝̗̣̩̟̠̱ ̦̙̥̓ ̩̥̪ ̨̧̩̟ ̧̠̮̣̟̠̓ ̢̧̩̥̓ ̩̥̪ ̨̛̮̓̚ ̩̝̣ Ų̢̦̥̮̣̪̗̀̕ ç̆ 

̧̙̗̃̓ ˺̢̧̛̮̩̦̝̓è ̗Ù̱ ̧̩̥̪ ̢̨̧̛̛̛̩̗̙̣̩̦̥̪̓ ̛Ų̢̧̛̟̩̥̣̀̔. 

˼Ų̢̛̟̝̗̣̩̗̟̀̕ ̱̩̟ ̥ ˼̡̧̛̪̠̝̕̚, ̥ ̢̡̧̛̛̞̟̮̩̔ ̧̩̝ ̢̧̗̤̟̮̗̩̟̠̔ 

̨̧̛̞̳̦̝̝, ̨̛̗̫̟̦̮̓ ̢̢̩̗̔ ̩̮̣ ̢̥̠̟̮̣̚̕ ̩̥̪ ̨̩̝ ̢̡̛̩̝̓ ̩̮̣ ̠̮̣̟̠̳̣ 

([15],[17],[18],[19],[20],[21] ). ̆ ˸̢̧̦̬̟̝̔̚ ̛Ų̧̝̀̕ ̗Ừ̛̟̤̓̚ ̠̗̟ 

̨̢̬̦̝̟̥Ų̛̥̝̀̕ ̨̩̗ ̦̙̗̓ ̩̥̪ ̧̛̟̟̱̩̝̩̚ ̩̮̣ ̠̮̣̟̠̳̣ ̢̩̥̳̣. 

̢̲̣̩̥̝̉ ̨̟̩̥̦̟̠̔ ̢̗̣̗̦̥̔̚ Ừ̦̕ ̧̩̝ ̢̢̧̙̦̗̟̠̔ ̨Ừ̧̦̗̕ 

˾ ̢̢̙̦̗̟̠̔ ̨Ừ̦̗̕ ̛̣̗̟̕ ̣̗̓ ̨̢̬̗̔ Ù̥̪ ̛̛̛̞̮̦̩̥̕ ̱̩̟ Ù̧̦̳̩̥ 

̨̡̛̪̣̗̘̓ ̥ ̱̣̮̣́ ̥ ̢̧̟̥̉̒ (3̥  ̧Ù̦̥ ̨̦̟̩̥̲̍ ̧̗̟̳̣̗). ˴̢̧̮ ̥ ̨̧̗̪̩̝̦̱ 

̨̢̧̥̦̟̱ ̛̱̞̝̚ ̗Ù̱ ̩̥̣ ˸̢̦̬̟̝̔̚, ̩̥̣ ̢̨̙̟̩̥̓ ̢̢̗̞̝̗̩̟̠̱, ̨̩̥ ̡̘̟̘̥̕ 

ç̛̦̇̕ ˼̡̠̮̣̕è. ˱̧̣̗ ̡̡̧̛̣̗̗̠̩̟̠̱ ̨̢̧̥̦̟̱ ̙̟̗ ̩̝̣ ̢̠̗Ù̡̲̝ ̗̪̩̔ ̛̣̗̟̕: 

˱̨̩̮ ̢̛̛̝̟̪̞̗̕ ̆˸ ̨̢̛̛̩̦̫̱̣̝ ̢̛ ̨̛̩̗̞̦̔ ̩̗̬̲̩̝̩̗ Ừ̦̕ ̧̛̣̱ 

̨̛̩̗̞̦̥̲ ̨̢̛̝̥̪̕ ̆. ̩̝̣̉ ̢̛̛̝̟̪̞̗̕ ̆˸ ̧̗ ̛̛̞̮̦̝̞̕ ̣̗̓ ̠̟̣̝̩̱ ̨̢̛̝̥̕ ̃ 

Ù̥̪ ̛̠̟̣̩̗̟̕ ̢̛ ̨̛̩̗̞̦̔ ̩̗̬̲̩̝̩̗ ̗Ù̱ ̩̥ ̆ Ù̧̦̥ ̩̥ ˸. ̝̣̊ ̗̦̬̟̠̔ ̬̦̥̣̟̠̔ 

̨̢̩̟̙̔ ̝ ̆˸ ̨̢̪Ù̕Ừ̩̟ ̢̛ ̩̥̣ ̢̝̟̤̥̣̗̒ ̆x, ̩̥ ̛̚ ̠̟̣̝̩̱ ̨̛̛̪̦̠̩̗̟̕ ̧̛̟ ̩̥ 

̨̢̛̝̥̕ ̆. ˾ ̩̦̥̬̟̒ ̩̥̪ ̨̢̛̝̥̪̕ ̃ ̨̢̛̬̝̗̩̜̟̕ ̢̢̙̦̗̟̠̔ ̨Ừ̦̗̕.  

̩̥̉ ̦̙̥̓ ç̛̦̇̕ ˼̡̠̮̣̕è  ̥ ˸̢̧̦̬̟̝̔̚ Ù̢̦̗̙̗̩̥Ừ̥̟̕ ̢̟̗ Ù̡̥̲ 

̛̟̤̥̟̠̔̚̚ ̢̡̛̩̝̓ ̩̮̣ ̟̟̥̩̩̮̣̔̚ ̧̩̝ ̢̠̗Ù̡̧̲̝ ̧̗̪̩̔. ̛̉ ̣̗̓ ̗Ù̱ ̩̗ Ù̟̥ 

̛̙̥̝̩̪̩̟̠̒ ̢̛̞̮̦̗̩̗̔ ̥ ˸̢̧̦̬̟̝̔̚ ̛̛̠̗̩̫̦̒ ̢̛ ̩̝ ̛̘̥̞̟̗̔ ̧̩̝ ̣̗ 

̨̨̛̛̠̗̩̗̠̪̟̒ ̡̠̲̠̥ ̨̥̪̕ ̢̛̘̗̥̲̚ ̢̛ ̩̦̙̮̣̥̕ Ù̥̪ ̨̛̪̣Ừ̙̩̗̟̒ ̛Ù̡̨̪̝̕ 

̩̥̪ Ù̡̢̧̦̥̘̗̩̥̔ ̨̢̛̩̩̦̗̙̮̣̟̥̲ ̩̥̪ ̡̠̲̠̥̪ ([15], [17] ̧̮ [21]). 

 

 

 



72 
 

̡̛̫̗̟̥́̒ 6: ˸̧̠̦̟̘̔ ̛̣̩̥Ų̢̧̟̱̀ ̩̮̣ 

̢̛̛̙̮̩̦̟̠̳̣ ̢̠̗Ù̡̪̥̙̦̫̮̣̒- stencils  

̧̠̗̞̳ ̠̗̟ ̩̮̣ ̢̢̩̝̩̮̣̒ ̢̛̗̣̩̟̠̟̣̮̣̓ Ù̥̪ 

̨̗̣̩̟̩̥̟̬̥̲̣ ̨̛ ̧̗̪̩̥̲ 
 

̧̩̟̉ ̲̥̚ Ừ̢̧̛̦̥̝̙̥̲̣ ̧̟̗̩̦̟̘̓̚ [1] ̠̗̟ [2] ̠̗̟ ̨̧̩̟ ̢̨̨̧̛̛̝̥̟̲̟̚ 

[3] ̧̮̓ [11] ̘̦̞̝̠̗̣̓ ̣̗̓ ̨̡̲̣̥̥ stencils  ̠̗̟ ̨̢̛̪̙̠̠̦̟̣̗̓ ̨̨̧̛̩̦̟̓ 

̪Ừ̡̧̦̘̥̓ ̠̗̟ ̢̗̕ ̢̢̙̦̗̟̠̔ ̨Ừ̦̗̕, ̨̛̘̟̒ ̩̮̣ ̥Ù̥̮̣̕ ̨̨̛̬̟̩̝̠̗̣̒̚ ̩̗ 

Ừ̢̢̦̟̙̦̗̩̗̒ ̩̮̣ ̢̛̞̗̩̟̠̳̣ ̛̣̥̩̩̮̣̔ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ Ù̥̪ 

̢̡̛̛̩̞̝̠̗̣̔. ̩̝̣̉ Ų̗̦̥̲̗̀ ̨̛̦̙̗̗̕ ̛̙̣̩̗̟̕ ̝ ̧̛̤̔ ̪Ų̛̱̞̝̀. ˱̨̩̮ ̱̩̟ 

̡̱̗ ̩̗ Ừ̢̢̦̟̙̦̗̩̗̒ ̩̮̣ ̢̛̞̗̩̟̠̳̣ ̛̣̥̩̩̮̣̔ ̩̮̣ ̲̥̚ ̩̥̟̬̥̙̦̗̫̟̳̣ 

ç̇ ̗̙̠̦̗̩̮̣̕è ̠̗̟ ̩̮̣ ç̛̗̩̦̪̩̦̟̳̣̂è ̙̟̣̗̣̓ ̢̛ ̨̬̦̝̔ ̩̮̣ ̨̨̛̩̦̮̣̒ 

̪Ừ̡̦̘̥̳̣ ̠̗̟ ̧̩̝ ̢̢̧̙̦̗̟̠̔ ̨Ừ̧̦̗̕. ̛̱̩̊ ̛̠̞̒ Ừ̢̢̦̙̦̗̗̕ ̞̗ Ù̦̓Ừ̟ 

̣̗ ̛̩̗̟̦̟̜̟̒ ̛̣̩̪Ų̮̟̗̠̀̒ ̡̠̗̒ ̨̛ ̠̒Ù̥̟̥ ̗Ù̱ ̩̗ 5 stencils  ̢̛ ̢̨̥̓ ̡̧̞̥̒ 

̢̛̟̠̦̱̩̦̥ ̗Ù̱ 0.35mm  ̠̗̟ ̢̨̙̟̩̥̓ ̡̧̞̥̒ ̢̛̟̠̦̱̩̦̥ ̩̥̪ 0.8 mm . ˸̣ ̠̩̟̒ 

̩̩̥̟̥̓ ̛̣̚ ̨̛̟̬̲̟ ̙̟̗ ̣̗̓ ̨̡̲̣̥̥ Ừ̢̢̦̟̙̦̗̩̮̣̒ ̛̩̱̩ ̞̗ ̢̨̛̛̫̗̦̥̩̕ ̝ 

̢̡̛̞̥̥̥̙̗̚̕ Ù̥̪ ̡̛̗̣̗̲̞̝̠ ̨̧̩̟ ̧̟̗̩̦̟̘̓̚ [1], [2] ̠̗̟ ̧̩̟ ̢̨̨̧̛̛̝̥̟̲̟̚ [3] 

̧̮̓ [11] ̙̟̗ ̣̗ Ų̨̛̦̥̟̥̦̟̩̀̚̕ Ù̟̞̗̣̱ ̣̥̓ stencil , ̢̗̜̕ ̢̛ ̧̩̟ Ù̢̧̗̦̗̩̦̥̪̓ 

̩̥̪. ˺̟̗ ̩̝̣ ̡̨̘̩̟̩̝̓ Ų̢̦̥̗̦̥̙̀̔ ̩̮̣ ̢̠̗Ù̡̪̳̣ ̠̗̟ ̩̥̣ ̡̛̩̟̠̱ 

Ų̨̢̦̥̟̥̦̟̱̀̚ ̩̮̣ ̢̢̩̝̩̮̣̒ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒, ̡̛̗̠̥̥̪̞̞̝̠̔ 

̝ ̢̧̞̥̥̓̚ Ù̥̪ Ừ̛̦̟̙̦̫̩̗̟̒ ̨̛ ̗̪̩̱ ̩̥ ̡̛̠̫̗̟̥̒ ̠̗̟ ̨̧̩̟ ̢̨̨̧̛̛̝̥̟̲̟̚ 

[3] ̧̮̓ [11]. 

6.1 ̟̗̃ ̡̛̤̗̣̩̝̩̟̠̔ ̢̧̞̥̥̓̚ Ų̢̧̦̥̗̦̥̙̀̔ ̢̠̗Ù̡̪̳̣ 

 

˱̨̨̩̮̗̣ ̲̥̚ ̨̟̥Ù̡̝̞̔ ̨̡̲̣̥̗ ̨̢̛̝̮̣̕ ̨̩̥ ̛Ù̕Ừ̥̚, ̩̗ ̥Ù̥̗̕ 

̛̣̗̟̕ ̪̣̗̩̱̣̚ ̣̗ ̗Ừ̡̥̩̥̲̣ ̲̥̚ ̧̟̗̠̦̟̩̓̚ ̧̭̝̫̟̗̠̓ ̢̠̗Ừ̡̧̲. ̥̊ 

̢̛̜̝̩̥̲̣̥ ̛̣̗̟̕ ̥ Ų̨̢̧̦̥̟̥̦̟̱̀̚ ̧̩̝ ̧̙̮̣̗̕ ̨̧̩̦̥̫̔ ̠̗̟ ̧̩̝ 

Ù̡̡̡̧̗̦̝̝̒ ̢̛̩̗̩̱Ų̧̟̝̀ ̧̮ Ù̧̦̥ x  ̠̗̟ y ̩̝̣ ̥Ù̥̗̕ Ù̦̓Ừ̟ ̣̗ ̪Ų̛̥̩̀̕ 

̩̥ ̣̗̓ ̨̡̲̣̥̥ ̨̢̛̝̮̣̕ ̧̮ ̨̛̛̩̦̱ ̨̢̳̗ ̨̛̳̩ ̣̗ ̛̩̗̟̦̟̜̟̒ ̡̨̘̩̟̩̗̓ ̨̩̥ 

̡̡̥̒ ̨̡̲̣̥̥. ̟̗̃ Ù̟̞̗̣̔ Ų̨̦̥̙̙̟̝̀̓ ̞̗ ̩̗̣̔ ̝ ̡̨̛̗̬̟̩̥Ų̥̝̝̀̕ ̢̧̟̗ 

̡̡̡̧̠̗̩̝̝̒ ̨̨̧̪̣̦̩̝̝̒ ̡̧̞̥̪̒, ̢̛ ̨̬̦̝̔ ̢̗̣̗̦̥̟̠̳̣̚ ̡̢̗̙̥̦̞̮̣̕ 

̡̨̛̗̬̟̩̥Ų̧̥̝̝̀̕ ̨̨̧̪̣̦̩̝̝̒ (̱Ù̧̮ ̥ Nelder - Mead ̛̛̩̕ ̩̗ conjugate  

gradients , ̡̠Ù). ˴̢̧̮ ̗̪̩̔ ̝ ̡̨̲̝ ̛̣̚ ̛̣̗̟̕ ̨̩̱̥ ̛̩̗̬̗̕ ̠̗̟ ̧̠̪̦̮̕ ̨̩̱̥ 

̧̗̠̦̟̘̔ ̙̟̗̩̕ ̱Ù̧̥̟̥ ̢̧̗̣̗̦̥̟̠̱̚ ̡̢̧̗̙̱̦̟̞̥ ̠̗̟ ̗̣ ̛Ừ̡̛̟̙̕ Ù̥̩̓ ̛̣̚ 
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̛̙̙̪̩̗̟̒ ̱̩̟ ̩̥ ̨̢̛̝̥̕ Ù̥̪ ̨̡̛̪̣̠̟̣̓ ̛̣̗̟̕ ̩̥ ̗Ù̡̧̥̲̩̮ ̡̨̛̬̟̩̥̒. ˼Ừ̟̔̚ 

̝ ̛̗̠̦̘̟̗̕ ̛̣̗̟̕ ̨̧̠̗̞̥̦̟̩̟̠̔ ̨̢̨̧̝̗̗̕ ̙̟̗ ̩̝̣ ̛Ù̡̟̥̙̔ ̩̮̣ stencils , 

̟̗̩̪̚Ừ̳̣̩̗̟ ̠̗̟ ̗Ừ̛̥̟̠̣̲̩̗̟̚ ̢̟̗ ̡̗̣̗̪̩̟̠̔ ̡̨̲̝ ̨̩̥ Ù̗̦̗Ụ̮̀̒ 

Ù̡̢̦̱̘̝̗ ̢̛ ̩̥ ̠̩̮̞̟̒ ̡̢̢̗̔ Ù̥̪ Ừ̢̨̛̦̮̩̥̝̥̟̲̩̝̠̚ ̨̩̥ [10]  

̢̢̗̂̔ 5.1 

˱̨̨̩̮̗̣ ̲̥̚ ̢̛̥̥Ù̕Ừ̗̚, ̨̟̥Ù̡̝̞̔ ̨̡̲̣̥̗ ̨̢̛̝̮̣̕ ὼȟώ  ̠̗̟ 

ὖȟὗ  ̠̗̞̣̗̓ Ù̡̧̞̥̪̔ ̄. ˿̢̛̛̮̦̥̲ ̱̩̟ ̨̠̗̩̥̓ ̨̡̲̣̥̥ ̢Ừ̥̦̕ ̣̗ 

̨̛̩̦̫̩̗̟̓ ̠̗̟ ̣̗ ̢̛̩̗̩̥Ừ̜̩̗̟̕ ̨̗̣ ̨̛̛̩̦̱ ̨̢̳̗. ˽̛̝̩̩̗̟̕ ̝ ̙̮̣̗̕ 

Ų̧̛̦̟̩̦̥̫̀̔ ̞ ̠̗̟ ̩̥ ̨̢̟̣̪̗̒̚ ̢̛̩̗̩̱Ų̧̟̝̀ ὼ Ƕώ Ƕ ̙̟̗ ̩̗ ̥Ù̥̗̕ ̝ 

̟̗̠̦̟̩̔̚ ̢̠̗Ù̡̲̝ ὼȟώ  ̢̢̛̛̩̗̠̟̣̥̲̣̝ ̨̗̣ ̨̛̛̩̦̱ ̨̢̳̗ ̞̗ 

Ų̢̛̦̥̗̦̱̜̩̗̟̀ ̡̨̘̩̟̩̗̓ ̨̩̝̣ ὖȟὗ  ̠̗̩̒ ̩̝̣ ̣̣̥̟̗̓ ̩̮̣ ̡̨̛̗̬̩̮̣̕ 

̛̩̩̦̗̙̳̣̮̣. 

̗̊ —ȟὼ ̠̗̟ ώ ̣̥̣̩̗̟̚̕ ̗Ù̱ ̧̩̥̪ ̩̲Ù̧̥̪: 

ὸὥὲ—
В ώВ ὖ В ὗВ ὼ ὔВ ώὖ ὔВ ὼὗ

В ὼВ ὖ В ὗВ ώ В ὼὖ ὔВ ώὗ
       φȢρ 

ὼ
В ὖ ὧέί—В ὼ ίὭὲ—В ώ

´
                                 φȢς 

ώ
В ὗ ίὭὲ—В ὼ ὧέί—В ώ

´
                                 φȢσ 

˸Ừ̱̟̤̝̚ 

 ˱̨̩̮ ̝ ̞ ̙̮̣̗̕ ̨̧̩̦̥̫̔ ̠̗̟ ὼȟώ  ̩̥ ̨̢̟̣̪̗̒̚ ̨̧̩̪̬̥̲̝ 

Ù̡̡̡̧̗̦̝̝̒ ̢̛̩̗̩̱Ų̧̟̝̀ ̩̮̣ ̨̢̛̝̮̣̕ ὼȟώ  ̧̮ ̨̛̛̩̦̥̲ ̨̢̧̳̗̩̥. ̥̊ 

̗Ừ̡̨̢̥̩̗̓ ̩̩̥̟̮̣̓ ̢̨̢̨̢̛̩̗̬̝̗̩̟̳̣ ̛Ù̕ ̧̩̝ ̢̠̗Ù̡̧̲̝ ὼȟώ  ̛̣̗̟̕ ̢̟̗ 

̭̝̫̟̗̠̔ ̢̠̗Ù̡̲̝ ̨̩̮̓  ȟ   ̥̟ ̨̢̧̛̛̪̣̩̩̗̙̣̓ ̧̩̝ ̥Ù̧̥̗̕ ̣̥̣̩̗̟̚̕ ̗Ù̱ 

̧̩̟ ̨̨̧̛̬̟̓:  

                                                ὢ ὼὧέί— ώίὭὲ—ὼ                                      φȢτ 

  ὼίὭὲ— ώὧέί—ώ 

̛̦̜̩̗̟̆̕ ̧̮ ̡̧̞̥̒ Ų̨̧̦̥̙̙̟̝̀̓ ̧̩̝ ̢̠̗Ù̡̧̲̝ ὖȟὗ  ̗Ù̱ ̩̝̣ ̨̢̢̛̩̦̗̣̝̓ 

̠̗̟ ̢̛̩̗̩̥Ų̢̟̣̝̀̓ ̢̠̗Ù̡̲̝  ȟ , ̩̥ ̨̢̞̦̥̟̗̒ ̩̮̣ ̛̩̩̦̗̙̳̣̮̣ ̩̮̣ 

̡̛̛̛̪̠̟̮̣̕̚ ̗Ų̨̛̥̩̮̣̀̒ ̩̮̣ ̨̢̛̝̮̣̕ ̣̗̓ Ù̧̦̥ ̣̗̓, ̡̝̗̔̚̚ ̩̥  

Ὁ—ȟὼȟώ ὢ ὖ ὣ ὗ  
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Ὁ—ȟὼȟώ ὼὧέί— ώίὭὲ—ὼ ὖ ὼίὭὲ— ώὧέί—ώ ὗ   φȢυ 

˾ ̨̨̪̣̦̩̝̝̒ ̛̣̗̟̕ ̢̫̦̗̙̣̝̓ ̠̩̮̒ ̗Ù̱ ̩̥ 0 ̨̩̥ ᴙ. ˰̦̗ ̛̬̟̓ infimum  

(̢̨̙̟̩̥̓ ̠̩̮̒ ̢̫̦̙̗̒) ̠̗̟ ̛Ừ̟̔̚ ̛̣̗̟̕ ̨̧̛̪̣̬̔ ̨̨̪̣̦̩̝̝̒ ̩̮̣ ̞ ̠̗̟ 

ὼȟώ ̨̛ ̡̱̥ ̩̥ Ừ̥̚̕ ̨̢̥̦̟̥̲ ̧̩̝ ̩̥ infimum  ̛̗̣̠̟̔ ̨̩̥ Ừ̥̚̕ ̢̩̟̳̣ ̧̩̝ 

̠̗̟ ̛̣̗̟̕ ̡̨̛̬̟̩̥̒ ̧̩̝. ˼Ù̟Ù̡̥̣̓ ̝ ̨̨̪̣̦̩̝̝̒ ̛̣̗̟̕ ̗Ừ̧̦̮̕ 

Ų̢̗̦̗̙̮̙̟̝̀̕ ̠̗̟ ̨̩̥ ̨̢̛̝̥̕ ̡̨̛̗̬̩̥̪̕ ̨̛̟̬̲̟ ̱̩̟:  

Ὁɳ—ȟὼȟώ π  

‬ῴ

‬—

‬ῴ

‬ὼ

‬ῴ

‬ώ
π 

̧̗̦̗̙̮̙̜̥̣̩̗̇̕ ̧̮ Ù̧̦̥ ὼ ̩̝̣ (5.5) ̠̗̟ ̨̧̛̤̟̳̣̥̣̩̗ ̢̛ ̩̥ ̢̝̣̓̚ ̛̬̟̓ 

̧̮ ̗Ừ̡̨̢̥̩̗̓: 

ςὼὧέί— ώίὭὲ—ὼ ὖ π ᵾ  

ὧέί— ὼ ίὭὲ—ώ ὔὼ ὖ πᵾ 

ὼ
В ὖ ὧέί—В ὼ ίὭὲ—В ώ

´
 

 ˾ ̨̨̛̤̮̝̕ π ̛̣̟̚̕: 

ςὼίὭὲ— ώὧέί—ώ ὗ π ᵾ  

ίὭὲ— ὼ ὧέί—ώ ὔώ ὗ πᵾ 

ώ
В ὗ ίὭὲ—В ὼ ὧέί—В ώ

´
 

˸̨̣̩̩̥̟̬̗̕, ̝ π ̛̣̟̚̕ 

ςὼὧέί— ώίὭὲ—ὼ ὖ ὼίὭὲ— ώὧέί—ςὼίὭὲ— ώὧέί—ώ

ὗ ὼὧέί— ώίὭὲ— π 

̛̩̃̒ ̩̝̣ ̢̛̫̗̦̥̙̔ ̛Ừ̢̨̧̟̦̟̩̟̠̔ ̧̟̟̱̩̝̩̗̚ ̡̱̥̟ ̥̟ ̱̦̥̟ Ù̥̪ ̬̥̪̣̓ 

ίὭὲ—ὧέί— ̗Ù̡̥Ù̥̟̥̲̣̩̗̟ ̥Ừ̱̩ ̝ ̨̨̬̝̓ ̨̨̛̤̮̝̕ ̛̙̣̩̗̟̕: 
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ὼὼίὭὲ— ὼὖίὭὲ— ώὖὧέί—ὼώὧέί—ώὼὧέί— ώώίὭὲ— ὗὼὧέί—

ὗώίὭὲ— π 

ὼίὭὲ— ὼ ίὭὲ— ὼὖ ὧέί—ώὖ ὼὧέί—ώ

ώὧέί— ὼ ώίὭὲ— ώ ὧέί—ώὗ ίὭὲ—ώὗ π 

˸̨̧̣̩̟̠̗̞̟̩̳̣̩̗ ̧̩̟ ̢̧̩̟̓ ̩̮̣ ὼȟώ ̨̩̝̣ ̣̮̒ ̨̨̬̝̓ ̠̗̟ ̢̛̩̒ ̗Ù̱ 

Ừ̧̦̤̟̒ ̝ Ù̦̥̠̲Ų̩̥̪̗̀ ̨̨̬̝̓ ̛̣̗̟̕: 

ὸὥὲ—
В ώВ ὖ В ὗВ ὼ ὔВ ώὖ ὔВ ὼὗ

В ὼВ ὖ В ὗВ ώ В ὼὖ ὔВ ώὗ
        

  ˾ ̛̫̗Ù̢̩̥̣̝̓ ̢̧̱̮ ̗Ừ̛̟̦̜̩̗̟̕ ̛̞̩̟̠̒ ̨̩̥ ̨̢̛̝̥̕  ̠̗̟ ̗̦̣̝̩̟̠̒ 

̨̩̥  . ˰̦̗ ̗̣ ̥ ̢̧̗̦̟̞̝̩̔ ̛̣̗̟̕ ̧̛̞̩̟̠̱ ̠̗̟ ̥ Ù̢̨̧̗̦̥̣̥̗̩̔ π  ̔ ̥ 

̢̧̗̦̟̞̝̩̔ ̧̗̦̣̝̩̟̠̱ ̠̗̟ ̥ Ù̢̨̧̗̦̥̣̥̗̩̔ π  ̛̩̱̩ — . ˼̡̧̛̣̩̳ ̢̱̥̟̗ ̗̣ 

̥ ̢̧̗̦̟̞̝̩̔ ̛̣̗̟̕ ̧̗̦̣̝̩̟̠̱ ̠̗̟ ̥ Ù̢̨̧̗̦̥̣̥̗̩̔ π  ̔ ̪̯̠̒̚ ̥ ̢̧̗̦̟̞̝̩̔ 

̛̣̗̟̕ ̧̛̞̩̟̠̱ ̠̗̟ ̥ Ù̢̨̧̗̦̥̣̥̗̩̔ π  ̛̩̱̩ —  ʙ . ˸̣ ̥ Ù̢̨̧̗̦̥̣̥̗̩̔ 

̧̩̝ ̛̫̗Ù̢̧̩̥̣̝̓ ̛̣̗̟̕ ̧̟̫̥̦̥̒̚ ̩̥̪ ̢̧̛̝̣̱̚, ̛̩̱̩ ̝ ̨̨̛̤̮̝̕ ̛̬̟̓ ̲̥̚ 

̡̨̧̛̲̟ Ù̥̪ ̟̗̫̦̥̪̣̓̚ ̠̗̩̒ Ù. ˼Ừ̟̔̚ ̝ ̨̨̪̣̦̩̝̝̒ ̡̧̞̥̪̒ ̛̣̗̟̕ Ừ̦̟̥̟̠̔̚ 

̢̛ Ừ̦̥̥̕̚ 2Ù, ̛̗̦̠̕ ̣̗ ̢̡̛̛̛̩̝̞̕ ̝ ̨̢̪Ừ̦̟̫̥̦̒ ̧̩̝ ̨̩̥ ̨̢̟̩̝̗̒̚ πȟς“. 

̩̥̉ ̨̢̟̩̝̗̒̚ ̗̪̩̱ ̪Ù̡̥̥̙̜̥̣̩̗̟̕ ̠̗̟ ̥̟ ̲̥̚ ̧̛̩̦̟̒̚ ̡̨̛̲̮̣, ̥̟ —ȟὼȟώ  

̠̗̟  — “ȟὼȟώ  ̠̗̟ ̠̦̗̩̟̩̗̟̓ ̗̪̩̔ Ù̥̪ ̛̟̚̕̚ ̩̥ ̢̛̟̠̦̱̩̦̥ ̨̡̢̫̗̒, ̨̩̮̓ 

˼. ˸̫̥̲ ̝ ̨̨̪̣̦̩̝̝̒ Ὁ—ȟὼȟώ  ̛̬̟̓ ̡̨̛̬̟̩̥̒ ̱Ù̧̮ ̗Ừ̛̬̞̝̚̕ ̛̣̮̞̣̒, ̩̥ 

˼ ̛̣̗̟̕ ̩̥ ̡̨̛̬̟̩̥̒ ̧̩̝.  

̆.̛.̚. 
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˸̡̛̠̥̥̪̞̕ ̣̗̓ Ừ̢̗̦̟̙̗̒̚ ̢̛ ̲̥̚ ̧̭̝̫̟̗̠̓ ̢̠̗Ừ̡̧̲ ̨̟̥Ừ̡̧̝̞̕ ̨̛ 

̨̢̛̝̗̕ ̙̟̗ ̣̗ ̛Ừ̛̤̝̙̝̞̕ ̩̥ ̡̢̢̗̔. 

 

ɳʽˁˈ˄ʰ сΦ3Φ ɲˏˇ ʽˋˇˉ˂ʹʻʶʾˌ ˕ʹ˒ʽʰˁʷˌ ˁʰ˃ˉˏ˂ʶˌ мм ˋʹ˃ʶʾ˖˄ ʶˁʱˋˍʹΣ ˈˉˇˎ ˍʰ ˋʹ˃ʶʾʰ ˍˇˎˌ ʷ˔ˇˎ˄ ʶ˄˖ʻʶʾ ˃ʶ 

ʴˊʰ˃˃ʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺΦ  

 

ɳʽˁˈ˄ʰ сΦнΦ ʁʽ ʾʵʽʶˌ ˁʰ˃ˉˏ˂ʶˌΣ ˈˉˇˎ ˃ʶ ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰ ˁʰʽ ˁʱˍ˖ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ʹ ʶˋˍˊʰ˃˃ʷ˄ʹ 
ˁˈˁˁʽ˄ʹ ˁʰ˃ˉˏ˂ʹ ˃ʶ ʴ˖˄ʾʰ ʻ ˉˇˎ ʵʾ˄ʶʽ ˃ʽˁˊˈˍʶˊˇ ˋ˒ʱ˂˃ʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʻҌˉΦ 
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̥̊ ̗̣̮̩̦̮̓ ̡̢̢̗̔ ̞̗ ̨̢̬̦̝̟̥Ừ̥̟̝̞̕ Ừ̢̦̥̠̟̣̥̪̓ ̣̗ 

Ų̨̛̗̦̥̪̟̗̩̀̕ ̧̣̗̓ ̡̢̧̗̙̱̦̟̞̥ Ų̢̧̦̥̗̦̥̙̀̔ ̧̞̥̦̪̘̳̥̪̚ ̢̠̗Ù̡̧̲̝ ̨̛ 

Ù̦̱̩̪Ù̝ (̛̕̚ [8]). ˸̪̩̱ ̨̛̘̦̠̟̕ ̢̨̛̝̒ ̢̛̫̗̦̥̙̔ ̨̩̝̣ ̨̛̦̙̗̗̕, ̗̫̥̲ ̡̱̗ 

̩̗ ̢̢̩̗̩̗̔ ̢̛̗̣̩̟̠̟̣̮̣̓ ̩̮̣ ̢̛̞̗̩̟̠̳̣ ̛̣̥̩̩̮̣̔ ̩̮̣ ̩̥̟̬̥̙̦̗̫̟̳̣ 

̛̞̮̦̥̲̣̩̗̟ ̧̛̞̥̦̪̘̳̟̚ ̡̪̥Ų̧̛̥̟̟̀̔ ̢̧̟̗ Ù̦̱̩̪Ù̧̝ ̢̠̗Ù̡̧̲̝. 

˻̨̟̗̟̠̗̗̚̕ 1: ˱̣̗ ̨̡̲̣̥̥ ̢̘̝̩̮̣̒ ̙̟̗ ̢̟̗ ç̡̠̗̔è Ų̢̦̥̗̦̥̙̀̔ 

̢̧̟̗ ̧̞̥̦̪̘̳̥̪̚ ̢̠̗Ù̡̧̲̝ ̨̛ Ù̦̱̩̪Ù̝. 

˹̢̗̔ ˻1.1 

˻̢̛̝̟̥̪̦̙̩̗̟̕ ̢̟̗ Ù̪̠̣̔ Ù̦̱̩̪Ù̧̥ ̢̠̗Ù̡̲̝, ̝ ̥Ù̥̗̕ ̞̗ 

̨̢̡̛̪̘̥̜̩̗̟̕ ̢̛  , ̧̮ ̧̛̤̔. ˼̣̒ ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̧̩̝ ̛̣̗̟̕ ὼɴ

ὥȟὦ ̛̩̱̩ ̢̛̝̟̥̪̦̙̩̗̟̚̕ ̢̟̗ Ù̪̠̣̔ ̢̨̟̗̦̟̝̓̚ ̩̥̪ ̨̢̧̟̗̩̗̩̥̔̚ ὥȟὦ ̢̛ 

̢̘̗̔ ̢̨̧̟̗̦̟̝̓̚  ̔  ̩̥̪ pixel  ̧̩̝ ̧̛̟̠̱̣̗ ̧̩̝ ̧̩̥̟̬̥̙̦̗̫̗̕. ˼̣̒ ̝ 

̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̛̣̗̟̕ ̙̮̣̗̕ —ᶰὥȟὦ ̝ ̢̨̟̗̦̟̝̓̚ ̛̙̣̩̗̟̕ ̢̛ ̢̘̗̔ 

ρπʙ ρπ  rad . ˼Ừ̟̔̚ ̥̟ ̧̛̛̟̠̱̣ ̬̥̪̣̓ ̡̛̝̫̞̕ ̢̛ ̛̛̤̗̟̦̩̟̠̔ ̡̨̗̣̪̝̒, 

̡̨̩̥̪̬̟̩̥̣̒ 50 pixels / cm, ̗̪̩̱ ̨̢̛̝̗̣̟̕ ̱̩̟ ̩̥ ̛Ừ̡̟̙̣̓ ̢̘̗̔ ̢̨̧̟̗̦̟̝̓̚ 

̨̛̗̣̩̟̩̥̟̬̕ ̨̛ ̢̧̠̥̔ ̢̠̗Ù̡̧̲̝ Ừ̦̕Ù̥̪ ̧̩̤̝̒ ̢̧̛̙̞̥̪̓ 0.01 mm .  

ɳʽˁˈ˄ʰ сΦоΦ ɶ ˍʶ˂ʽˁʺ ˃ʶˍʰˍˈˉʽˋʹ ˍʹˌ ˁˈˁˁʽ˄ʹˌ ˁʰ˃ˉˏ˂ʹˌ ˉˊˇˌ ˍʹ˄ ˃ˉ˂ʶ ˗ˋˍʶ ˄ʰ ˍʰʽˊʽʱ˅ˇˎ˄ ʲʷ˂ˍʽˋˍʰ 
ˁʰˍʱ ˍʹ˄ ʷ˄˄ˇʽʰ ˍ˖˄ ʶ˂ʰ˔ʾˋˍ˖˄ ˍʶˍˊʰʴ˗˄˖˄Φ 

 



78 
 

˺̟̗ ̧̩̟ ̢̠̗Ừ̡̧̲ Ù̥̪ ̛̣̚ ̥̦̜̥̣̩̗̟̕ ̱̦̟̗ ̙̟̗ ̩̝̣ ̛̗̣̤̦̩̝̩̝̒ 

̢̡̛̩̗̘̝̩̔, ̱Ù̧̮ ̨̧̩̟ ̪Ừ̡̧̦̘̥̓ ̠̗̟ ̨̧̩̟ ̨Ừ̧̛̦̕, ̗̪̩̒ ̩̞̝̠̗̣̓ ̢̛ 

̡̛̲̥̙̥ ̡̡̗̒ Ù̦̥̫̗̣̔ ̩̦̱Ù̥. ̗̩́õ ̧̗̦̬̒, ̥̟ ̧̛̩̥̟̬̥̙̦̗̫̕ ̙̟̣̗̣̓ ̨̛ 

̧̩̥̬̥̪̕ ̢̛ ̨̨̧̛̟̗̩̟̒̚ Ừ̦̕Ù̥̪ 1.70 ̛Ù̕ 2.5 ̢̩̦̗̓, ̥Ừ̱̩ ̢̨̧̗̮̓ 

̛̠̗̞̥̦̜̩̗̟̕ ̩̥ ̣̮̒ ̱̦̟̥ ̙̟̗ ̩̝̣ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔. ˼Ų̧̝̀̕ ̥̟ ̥̝̙̥̚̕ 

̓Ừ̦Ừ ̣̗ ̬̥̪̣̓ ̢̧̠̥̔ ̩̩̥̟̥̓ Ù̥̪ ̣̗ ̡̛̛̟̪̠̱̪̣̚ ̧̩̥̪ ̡̡̧̛̠̗̟̩̬̣̓ ̣̗ ̧̩̥̪ 

̢̛̩̗̫̦̥̪̣̓ ̨̧̩̟ ̨̡̧̛̠̒ ̔ ̨̧̩̟ ̨̡̨̧̠̗̮̟̓ ̩̝̣ ̳̦̗ Ù̥̪ ̫̩̟̗̬̣̗̣̓ ̩̗ 

̦̙̗̓ ̧̩̥̪. ˼Ù̢̧̥̣̮̓ ̩̗ ̱̦̟̗ Ù̥̪ ̛Ų̢̟̝̣̞̝̠̗̣̀̒ ̨̟̬̲̥̪̣ ̛̣ ̗̫̞̥̣̗̕. ̟̗̃ 

̩̩̥̟̗̓ Ù̦̱̩̪Ù̝ Ù̪̠̣̔ ̪Ừ̡̦̘̥̔, ̢̛ Ừ̥̚̕ ̨̢̥̦̟̥̲ ̧̩̝  ̩̥  ὼ ̣̗ ̛̣̗̟̕ ̗Ù̱ 

- 0.5 m ̧̮̓ 0.5m Ừ̦̕Ù̥̪ ̛̫̗̣̩̗̟̕ ̨̩̥ ̠̩̮̞̟̒ ̨̢̬̗̔. 

ɳʽˁˈ˄ʰ сΦ4. ɾʽʰ ˉˇ˂ˏ ˉˎˁ˄ʺ ˎˉʶˊʲˇ˂ʺ 
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˹̢̗̔ ˻1.2 

˸̧̦̬̜̥̣̩̗̕ ̗Ù̱ ̩̥ Ù̦̳̩̥ ̨̢̛̝̥̕ ̧̩̝ Ù̧̪̠̣̔ Ù̦̥̩̲Ù̥̪ ̢̠̗Ù̡̧̲̝ 

   ̢̛̝̟̥̪̦̙̩̗̟̚̕ ̢̢̛̛̙̙̙̦̗̣̥̓ Ù̡̥̲̙̮̣̥ ̨̛ ̗̪̩̣̔, ç̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ 

̨̢̧̛̟̱̝̠è ̢̛ ̩̝ ̞̥̦̪̘̳̝̚ ̡̪̥Ù̢̥̟̝̣̝̓-̨̢̜̮̙̦̗̫̟̣̝̓ ̢̠̗Ù̡̲̝. ̆ ̧̱̦̥ 

ç̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̧̛̟̱̝̠è ̨̢̛̝̗̣̟̕ ̩̥ ̧̛̤̔. ˹̨̛̟̒ ̩̮̣ ̨̢̛̝̮̣̕ ̧̩̝ 

̨̢̧̜̮̙̦̗̫̟̣̝̓ ̢̠̗Ù̡̧̲̝ ̢̛̝̟̥̪̦̙̩̗̟̚̕ ̢̟̗ ̡̗̠̥̥̪̞̗̕ ̡̛̛̛̪̠̟̮̣̕̚ 

̗Ų̨̛̥̩̮̣̀̒ ̢̛̩̗̤̲ ̩̮̣ ̟̗̥̬̟̠̳̣̚̚ ̨̢̛̝̮̣̕ ̩̥̪ ̢̢̧̩̗̩̥̔ ̢̛̗̣̩̟̠̟̣̥̪̓, 

̡̝̗̔̚̚ ̝ ̡̗̠̥̥̪̞̗̕  

ί‏ Ὠὖ ȟὖȟὮ πȟρȟȣȟὔ ρ 

̱Ù̥̪ ὖ ̛̣̗̟̕ ̩̥ j -̨̥̩̱ ̨̢̛̝̥̕ ̩̥̪ ὅ , ̩̥ Ὠὑȟὒ ̛̣̗̟̕ ̝ ̡̛̛̛̪̠̟̗̕̚ 

̗Ų̨̱̩̗̝̀ ̢̛̩̗̤̲ ̲̥̚ ̩̪̬̱̣̩̮̣ ̨̢̛̝̮̣̕ ́ ̠̗̟ L ̠̗̟ ὔ  ̩̥ Ù̡̧̞̥̔ ̩̮̣ 

̨̢̛̝̮̣̕ ̩̥̪ ̢̢̧̩̗̩̥̔ ̢̛̗̣̩̟̠̟̣̥̪̓. ˱Ừ̟̩̗, ̧̗ ̢̨̛̥̣̥̗̩̕ ῼ  ̩̥ Ù̦̳̩̥ 

̨̢̛̝̥̕ ̩̥̪    ̠̗̟ ̧̗ ̛̗̣̗̜̝̩̝̞̕ ̨̢̛̝̥̕ ῼ  ̩̥̪  , ̢̛ ̩̝̣ ̟̟̱̩̝̩̗̚ ̝ 

̗Ų̨̱̩̗̝̀ ̩̥̪ ̗Ù̱ ̩̥ ῼ  ̣̗ ̛̣̗̟̕ Ừ̡̨̨̝̟̩̦̝̓ ̨̩̥ ‏ί ̗Ù̱ ̡̱̗ ̩̗ ̨̢̛̝̗̕ 

̩̥̪  . ̛̉ ̨̢̟̥̲̣̗̝̚ ̟̗̩̲̚Ų̮̝̀ 

ῼ ᶰ  ‖‌― ὸῼ ὸῼ ȡȿὨῼ ȟῼ ίȿ‏ άὭὲ 

ɳʽˁˈ˄ʰ сΦрΦ ɽʶˉˍˇ˃ʷˊʶʽʰ ˍʹˌ ʱ˄˖ ˁʰ˃ˉˏ˂ʹˌ ˈˉˇˎ ʵʽʰˉʽˋˍ˗˄ʶˍʰʽ ˈˍʽ ʶʾ˄ʰʽ ˕ʹ˒ʽʰˁʺΦ 
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̱Ù̥̪ t  ̝ ̛̗̣̤̦̩̝̩̝̒ ̢̡̛̩̗̘̝̩̔ ̧̩̝ ̢̠̗Ù̡̧̲̝, ὸὓ  ̝ ̢̩̟̔ ̧̩̝ ̨̩̥ ̨̢̛̝̥̕ 

̃ ̛̣̳ ̝ ̨̗̣̟̮̩̟̠̔ ̨̨̬̝̓ ὸῼ ὸῼ  ̨̡̛̛̤̗̫̗̜̟̕ ̱̩̟ ̝ ̢̠̗Ù̡̲̝    

̛̟̗̙̦̫̩̗̟̒̚ Ụ̩̗̀̒ ̠̗̩̒ ̩̝̣ ̟̗̕̚ ̫̥̦̒.  

 ̧̛̪̣̬̜̥̣̩̗̉̕, ̢̧̥̥̮̕ Ų̛̦̥̟̥̦̜̩̗̟̀̚̕ ̩̥ ̨̢̛̝̥̕ ῼ : 

ῼ ᶰ  ‖‌― ὸῼ ὸῼ ȡȿὨῼ ȟῼ ίȿ‏ άὭὲ 

̠̗̟ ̢̗̣̗̦̥̟̠̒̚ ̥ ̨̢̧̥̦̟̱ ̩̥̪ ῼ : 

ῼ ᶰ  ‖‌― ὸῼ ὸῼ ȡȿὨῼ ȟῼ ί‏ ȿ άὭὲ 

̱Ù̥̪ ̝ ̨̗̣̟̱̩̝̩̗ ὸῼ ὸῼ  ̨̡̛̛̤̗̫̗̜̟̕ ̱̩̟ ̩̗ ̨̢̛̝̗̕ ̧̩̝ ̢̠̗Ù̡̧̲̝ 

   ̛Ù̡̟̙̥̣̩̗̟̓ Ự̩̥̩̀̒ ̢̛ ̩̝̣ ̟̗̕̚ ̫̥̦̒. ˸̫̥̲ ̡̡̛̥̥̠̝̦̮̞̕ ̝ 

̨̟̗̟̠̗̗̚̚̕, ̛̬̟̓ Ų̨̛̛̦̥̙̙̟̞̀̕ ̢̛ ̢̡̛̙̝̒ ̛̗̠̦̘̟̗̕ ̝ ̨̟̱̩̝̩̗ 

Ὠῼ ȟῼ ίȟ                                    ᶅ Ὦ‏ ρȟȣȟὔ Ȣ  

̱̙̮̂ ̩̮̣ Ù̢̦̥̝̙̥̪̣̮̣̓, ̨̢̬̦̝̟̥Ừ̥̟̞̝̠̔ ̥ ̧̱̦̥ ç̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ 

̨̢̧̛̟̱̝̠è, ̙̟̗ ̩̥ ῼ ῼ ȣῼ . 

̩̝̣̉ ̠̩̮̞̟̒ ̢̥̗̒̚ ̛̟̠̱̣̮̣ Ų̛̗̦̥̪̟̜̩̗̟̀̒ ̝ ̢̝̟̥̪̦̙̗̚̕ ̢̧̟̗ ̡̨̧̠̝̒ 

̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̟̥̠̮̣̔ Ù̡̥̪̙̳̣̮̣ ̛Ù̕ ̢̧̟̗ ̪Ù̥̭̝̫̥̪̕ Ù̦̥̩̲Ù̥̪ 

̢̠̗Ù̡̧̲̝, ̨̢̛̪̙̠̠̦̟̣̗̓ ̪Ừ̡̧̦̘̥̔. 

ɳʽˁˈ˄ʰ сΦс ʁʽ ˉˊʱˋʽ˄ˇʽ ʰˋˍʶˊʾˋˁˇʽ ʰˉˇˍʶ˂ˇˏ˄ ʷ˄ʰ ˍ˃ʺ˃ʰ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ 
ˉʶˊʽʴˊʱ˃˃ʰˍˇˌ ὅ .  
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ɳʽˁˈ˄ʰ сΦтΦ ʆˇ ˉˊ˗ˍˇ ʰ˃˒ʽ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ʽˋˈ˃ʹˁʶˌ ˉˇ˂ˏʴ˖˄ˇ ˍˇˎ ὅ  ̀ ˍʹ˄ ˉˊ˗ˍʹ ʻʷˋʹ ˍʹˌ ˎˉˇ˕ʹ˒ʾˇˎ 
ˁʰ˃ˉˏ˂ʹˌΦ  

 

ɳʽˁˈ˄ʰ сΦуΦ ɴ˄ʰ ʱ˂˂ˇ ʰ˃˒ʽ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ʽˋˈ˃ʹˁʶˌ ˉˇ˂ˏʴ˖˄ˇΣ ˋʶ ʱ˂˂ʹ ʻʷˋʹ ˍʹˌ ˎˉʶˊʲˇ˂ʺˌΦ 
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˹̢̗̔ ˻1.3 

˸̫̥̲ ̢̛̝̟̥̪̦̙̞̝̠̔̚ ̩̥ Ù̦̳̩̥ ç̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̧̛̟̱̝̠è ̢̛ ̩̥ 

ὅ  Ù̡̥̲̙̮̣̥ ῼ ῼ ȣῼ  ̡̧̛̱ ̥̟ ̧̠̥̦̪̫̓ ̩̥̪ ̥Ù̥̥̪̕ ̛̣̗̟̕ ̨̛̩̥̟̬̗̕ ̧̩̝ 

 , ̢̛̛̩̗̠̟̣̩̗̟̕ ̩̥ Ù̦̳̩̥ ̨̢̛̝̥̕ ̩̥̪ ̠̗̟ ̢̛̝̟̥̪̦̙̩̗̟̚̕ ̣̗̓ ̛̛̲̩̦̥̚ 

ç̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̧̛̟̱̝̠è Ù̡̥̲̙̮̣̥ Ù̥̪ ̛̛̠̠̟̣̕ ̗Ù̱ ̩̥ ̛̛̲̩̦̥̚ 

̨̢̛̝̥̕ ̩̥̪  . ̧̛̪̣̬̜̥̣̩̗̉̕ ̩̝ ̨̟̗̟̠̗̗̚̚̕ Ừ̗̦̙̩̗̟̒ ̡̱̝ ̝ ̡̨̠̝̒ ̩̮̣ 

̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̟̥̠̮̣̔ ̢̛ ̩̥ ὅ  Ù̡̥̪̙̳̣̮̣ ̢̛ ̧̠̥̦̪̫̓ ̩̗ ̨̢̛̝̗̕ 

ὓ  ̧̩̝  . ̥̊ n ̛̛̬̣̟̚̕ ̩̥ ̨̢̛̝̥̕ ̩̥̪     ̗Ùõ ̱Ù̥̪ ̛̛̠̠̟̣̕ ̩̥ Ù̡̥̲̙̮̣̥ 

̛̣̳ ̥ ̠̩̮̒ ̧̛̠̩̝̚̕ j  ̛̣̗̟̕ ̥ ̢̧̗̦̟̞̱ ̧̩̝ ̧̠̥̦̪̫̔ ̩̥̪ Ù̡̥̪̙̳̣̥̪, Ὦ

ρȟȣȟὔ . ˼̨̛̛̠̩̣̩̦̗̓, ̧̮ ̛̣̗̦̠̩̦̟̥̔ ̨̢̛̝̥̕ ̩̥̪ n-̨̥̩̥̲  Ù̡̥̪̙̳̣̥̪ 

̛̩̞̩̗̟̕ ̩̥ n-̨̥̩̱ ̨̢̛̝̥̕ ̧̩̝ Ù̧̪̠̣̔ ̢̠̗Ù̡̧̲̝  , ̛̣̳ ̥̟ ̛Ừ̢̧̛̱̣ 

̧̠̥̦̪̫̓ ̩̥̪ Ù̡̥̪̙̳̣̥̪ ̛̣̗̟̕ ̩̗ ̨̢̛̝̗̕ ̩̥̪    ̢̛̥̦̟̜̱̣̗ ̗Ù̱ ̩̝̣ 

̢̗̣̗̦̥̟̠̔̚ ̨̪̣̞̠̝̔  

ῼ ᶰ  ‖‌― ὸῼ ὸῼ ȡὨῼ ȟῼ ί‏ άὭὲȟ     Ὦ ςȟȣȟὔ  

˼̛̣̣̥̩̗̟̕ Ù̧̮ ̩̗ ̗̣̮̩̦̮̓ Ù̡̥̲̙̮̣̗ ̢̝̟̥̪̦̙̥̲̣̩̗̟̚ ̨̩̥ ̧̛̲̦̥ ̩̮̣ 

̥̦̮̣̕ ̧̩̝ Ù̦̥̩̲Ù̥̪ ̢̠̗Ù̡̧̲̝, ̡̝̗̔̚̚ ̢̬̦̟̓ ̩̥̣ ̛̠̩̝̚̕ Ụ̗̠̗̀̕ ̩̥̪ 

̨̢̛̝̥̪̕ ̩̥̪ Ừ̥̪̚̕ ̨̢̥̦̟̥̲ Ù̥̪ ̨̛̟̬̲̟ ̱̩̟:  

ὸὭȡὸὭ ὔ ὸὩὲὨ 

ɳʽˁˈ˄ʰ сΦфΦ ɽʶˉˍˇ˃ʷˊʶʽʰ ˍʹˌ ˉʰˊʰˉʱ˄˖ ʶʽˁˈ˄ʰˌ ˗ˋˍʶ ˄ʰ ˒ʰ˄ˇˏ˄ ˇʽ ˁˇˊˎ˒ʷˌ ˍˇˎ 
ʰ˃˒ʽ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ʽˋˇ˃ʺˁˇˎˌ ˉˇ˂ˎʴ˗˄ˇˎΦ  
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̛̃ ̩̥̣ ̩̦̱Ù̥ ̗̪̩̱̣ ̢̛̝̟̥̪̦̙̩̗̟̚̕ ̢̟̗ Ù̡̧̦̝̔ ̡̨̠̝̒ Ù̡̥̪̙̮̣̟̠̳̣ 

̢̠̗Ù̡̪̳̣ ̢̢̛̛̙̙̙̦̗̣̮̣̓ ̨̩̝̣ Ù̦̱̩̪Ù̝, ̛̠̞̒ ̢̟̗ ̛̠ ̩̮̣ ̥Ù̥̮̣̕ ̛̣̗̟̕ 

̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̧̟̥̠̝̔ ̢̛ ̩̝̣ ̞̥̦̪̘̳̝̚ ̢̠̗Ù̡̲̝, ̡̝̗̔̚̚ ̢̛ ̩̝̣ 

̗̦̬̟̠̔ ̢̨̛̠̩̝̝̕ ̩̥̪ ̢̢̧̩̗̩̥̔ ̢̛̗̣̩̟̠̟̣̥̪̓ Ừ̢̢̧̦̟̙̦̗̩̥̒. 

˹̢̗̔ ˻1.4 

˼̢̫̗̦̱̜ ̛̩̗̟ ̩̥ ̢̢̗̂̔ 5.1 ̨̛̳̩ ̣̗ Ų̢̨̛̦̥̗̦̥̩̀̕ ̝ ̧̞̥̦̪̘̳̝̚ 

̢̠̗Ù̡̲̝ ὅ , ̢̛ ̨̩̦̥̫̔ ̠̗̟ ̢̛̩̗̩̱Ų̟̝̀ ̧̮ ̨̛̛̩̦̱ ̨̢̳̗, ̨̛ ̛̠̞̒ 

̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̧̛̟̱̝̠ Ù̡̥̲̙̮̣̥ ῼ ῼ ȣῼ , ̢̢̛̛̙̙̙̦̗̣̥̓ ̨̩̥   . 

˱̨̩̟ ̡̢̛̗̘̣̩̗̟̒ ̣̗̓ ̡̧̞̥̒ Ų̨̧̦̥̙̙̟̝̀̓ ῴ  ̠̗̟ ̢̟̗ ̨̗̣̩̩̥̟̬̝̕ ̩̦̟̗̒̚ 

—ȟὼȟώ  ̱Ù̥̪ ̥ ̠̩̮̒ ̧̛̠̩̝̚̕ ̪Ù̡̥̝̥̚̕ ̱̩̟ ̛̣̗̟̕ ̢̟̗ Ù̦̳̩̝ ̢̨̛̠̩̝̝̕ 

̩̮̣ ̡̨̘̩̟̩̮̣̓ ̢̩̟̳̣ ̧̩̥̪. ̳̦̗̊ Ù̦̓Ừ̟ ̣̗ ̛̙̣̟̕ ̥ ̧̛̤̔ ̨̡̡̨̢̧̪̥̙̟̱. ̆ 

̡̡̧̠̗̟̩̬̣̝̓, Ù̦̟̣ 3650 Ừ̦̕Ù̥̪ ̬̦̱̣̟̗, Ų̛̛̛̦̟̩̦̫̀̓ ̠̗̟ ̢̛̩̗̩̱Ừ̟̜ 

Ù̡̡̡̗̦̝̗̒ ̩̥̣ ̥̝̙̱̚ ̨̛̳̩ ̣̗ ̩̥̣ ̩̥Ų̛̛̥̞̩̟̀̔ ̨̩̥ ̨̢̛̝̥̕ ̩̥̪ ̩̥̬̥̪̕ Ù̥̪ 

̛Ừ̢̨̟̞̪̥̲ ̠̗̟ Ų̢̛̦̥̦̥̜̀̒ ̩̥ Ù̡̟̣̥̓ ̨̩̥̣ ̥̝̙̱̚ Ừ̢̦̥̠̟̣̥̪̓ ̣̗ 

Ừ̗̦̤̟̒ ̛̠̞̒ ̫̥̦̒ ̠̒Ù̥̟̥ ̢̛̛̗̣̩̟̠̣̥̕ Ừ̢̢̧̦̟̙̦̗̩̥̒.  

̛̪̣̉Ù̧̳, ̝ ̢̠̗Ù̡̲̝ Ù̥̪ ̢̛̝̟̥̪̦̙̩̥̚̕ ̛̣̚ ̩̗̣̔ ̢̢̛̛̙̙̙̦̗̣̝̓ ̨̩̥̣ 

̥̝̙̱̚ ̡̡̗̒ ̩̗̣̔ ̢̱̣̥ ̨̩̝ ̢̗̕ ̢̛̦̟̒ ̩̥̪, ̥Ừ̱̩ ̨̛̟̬̲̟ ̨̛ Ù̡̥̲ 

̟̠̗̣̥Ù̥̟̝̩̟̠̱ ̢̘̗̞̱ ̝ Ų̨̦̥̙̙̟̝̀̓ Ừ̦̕ ̢̢̧̛̛̙̙̙̦̗̣̝̓ ̢̠̗Ù̡̧̲̝ ̨̩̝̣ 

Ù̦̱̩̪Ù̝.  ̩̝̣̉ ̨̛̦̙̗̗̕ ̗̪̩̔ ̪Ừ̦̬̟̒ ̝ Ù̡̝̦̥̫̥̦̗̕ ̩̮̣ ̟̗̫̱̦̮̣̚ 

̢̢̩̝̩̮̣̒ ̢̛̗̣̩̟̠̟̣̮̣̓ ὅ  ̠̗̟ ̩̥ ̠̗̞̣̗̓ Ų̢̛̦̥̗̦̱̜̩̗̟̀ ̨̛ Ù̧̟̞̗̣̥̲ 

̧̥̝̙̥̲̚, ̡̧̗̠̥̥̪̞̳̣̩̗ ̩̝̣ ̨̗̣̩̩̦̥̫̝̕ Ừ̥̦̗̕. ˹̘̗̟̗̓, ̩̗ 

̗Ừ̡̨̢̥̩̗̩̗̓ ̟̠̗̟̳̣̥̪̣̚ ̗Ù̡̱̪̩̗ ̩̥̣ ̣̮̒ ̨̡̡̨̢̪̥̙̟̱.  

˻̨̟̗̟̠̗̗̚̕ 2: ̡̛̟̠̊̔ ̡̨̘̩̟̩̝̓ Ų̢̦̥̗̦̥̙̀̔ ̩̥̪ ̨̛̛̠̩̥̩̒ ὅ  ̨̛ 

̨̩̪̬̥̲̗ Ù̦̱̩̪Ù̥ ̢̠̗Ù̡̲̝ 

˹̢̗̔ ˻2.1 

˺̟̗ ̛̠̞̒ ̨̢̛̝̥̕ ̨̧̛̠̠̣̝̝̕ ̠̗̟ ̦̗̒ ̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̧̛̟̱̝̠ 

Ù̡̥̲̙̮̣̥ ῼ ῼ ȣῼ   Ù̗̦̗̬̞̣̓ ̗Ù̱ ̩̝ ̨̟̗̟̠̗̗̚̚̕ 1 ̩̥Ừ̛̥̞̩̩̗̟̕ ̩̥ 

ὅ  ̨̛̳̩ ̣̗ ̛̩̗̟̦̟̜̟̒ ̡̨̘̩̟̩̗̓ ̨̩̥ Ù̡̥̲̙̮̣̥ ̗̪̩̱ ̨̢̲̫̮̣̗ ̢̛ ̩̥ 

̢̢̗̂̔ 5.1, ̡̝̗̔̚̚ ̢̛ ̨̩̦̥̫̔ ̠̗̩̒ —  ̠̗̟ Ù̡̡̡̗̦̝̝̒ ̢̛̩̗̩̱Ų̟̝̀ ̠̗̩̒ 

ὼȟώ . ˱̨̩̟ ̩̥ ὅ  ̢̛̛̩̗̫̦̩̗̟̓ ̧̮ ̨̛̛̩̦̱ ̨̢̳̗ ̨̩̗ ̨̢̛̝̗̕ Ώ Ὦ

ρȟȣȟὔ  ̩̗ ̥Ù̥̗̕ ̨̢̬̝̗̩̜̥̪̣̕ ̩̥ Ù̡̥̲̙̮̣̥ Ώ  Ù̥̪ ̛̣̗̟̕ ̨̥̕ ̢̛ ̩̥ ὅ . 

̩̝̉ ̨̞̝̓ ̡̨̧̘̩̟̩̝̓ Ų̢̧̦̥̗̦̥̙̀̔ ̩̥̪ ὅ  ̨̩̝̣ Ù̦̱̩̪Ù̥ ̢̠̗Ù̡̲̝    ̛̠̞̒ 

̣̗̓ ̛̠ ̩̮̣ ̨̢̛̝̮̣̕ ̨̛̘̦̠̩̗̟̕ Ù̡̥̲ ̠̥̣̩̒ ̨̩̥ ̢̡̥̱̥̙̥ ̩̥̪ ̨̢̛̝̥̕ ̩̥̪ 

̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̧̟̥̠̥̪̔ Ù̡̥̪̙̳̣̥̪ ̡̝̗̔̚̚ ̩̥ Ώ ̨̩ ̥ῼ , ̩̥ Ώ  ̨̩̥ 

ῼ  ̠̗̟ ̡̥̟Ù̒. 
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˹̢̗̔ ˻2.2 

̛̦̜̩̗̟̆̕ ̝ ̢̨̝̓ ̗Ų̨̱̩̗̝̀ ̩̥̪ ὅ  ̗Ù̱ ̩̝̣ Ù̦̱̩̪Ù̥ ̢̠̗Ù̡̲̝    

̧̮ ̧̛̤̔:  

Ὠ ὅ ȟ  Ὠ Ώ ȟ 
ὨΏȟ 

ὔ
 

̢̛  

ὨΏȟ  ÍÉÎ
ᶰ
ὨΏȟὓ  

̡̝̗̔̚̚ ̝ ̗Ų̨̱̩̗̝̀ ̩̥̪ Ώ    ̛̣̗̟̕ ̨̨̥̪̟̗̩̟̠̒ ̩̥ ̢̨̥̓ ̨̡̢̫̗̒ 

Ų̢̧̦̥̗̦̥̙̀̔ Ù̥̪ ̛̣̟̚̕ ̝ ̢̛̫̗̦̥̙̔ ̩̥̪ ̢̢̧̗̩̥̂̔ 5.1 ̙̟̗ ̛̠̞̒ Ù̡̥̲̙̮̣̥ 

Ù̥̪ ̛̗̣̠̟̔ ̨̩̝̣ ̡̨̠̝̒ ̩̮̣ ̢̢̨̢̗̫̟̥̣̥̗̣̩̗̔ ̨̢̟̥̠̮̣̔ Ù̡̥̪̙̳̣̮̣. 

˸̡̠̥̥̪̞̥̲̣ ̥̟ ̧̛̛̟̠̱̣ 6.10 ̗ ̧̮̓ ̙ ̙̟̗ ̣̗ ̛Ừ̛̤̝̙̝̞̕ ̥Ù̩̟̠̒ ̝ 

̢̛̫̗̦̥̙̔ ̩̮̣ ̨̟̗̟̠̗̟̳̣̚̚ 1 ̠̗̟ 2. ̩̝̣̉ ̡̛̛̩̪̩̗̗̕ ̛̟̠̱̣̗ ̛̣̗̟̕ ̝ ̨̞̝̓ 

̧̩̝ ̢̠̗Ù̡̧̲̝ ̱Ù̥̪ ̩̥ ̡̧̞̥̒ ̡̨̛̗̬̟̩̥Ừ̥̟̩̗̟̕. 
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ʶ˂ʱ̝̔ ˋˍˇ ˂ʱʻˇˌΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˎˉˈ˂ˇʽˉʰ ˁˇ˃˃ʱˍʽʰ ˍʹˌ ˎˉʶˊʲˇ˂ʺˌΦ 

 






































