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ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 1GaAs/ Al Ga AsÑ Ñ-  ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ 

ʩʦʩʪʘʚʦʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʙʦʙʱʘʶʱʠʝ ʬʦʨʤʫʣʳ 

ʌʨʝʥʝʣʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʧʨʝʣʦʤʣʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʘ, 

ʬʦʨʤʫʣʳ ʌʨʝʥʝʣʷ.  

 
I. ɺɺɽɼɽʅʀɽ 

 

ʆʊɽʅʎʀɸʃʔʅɸʗ ʗʄɸ ʚ GaAs ʦʢʦʣʦ 

ʛʨʘʥʠʮʳ ʩ AlGaAs ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ 

1GaAs/ Al Ga AsC C- , ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 1 

ʧʦʣʦʩʦʡ L, ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʦ ʧʦʜʚʠʞʥʳʡ ʜʚʫʤʝʨʥʳʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʣʶʤʠʥʠʷ C ʟʘʚʠʩʠʪ 

ʦʪ ʢʦʦʨʜʠʥʘʪʳ x ʩʪʫʧʝʥʯʘʪʳʤ ʦʙʨʘʟʦʤ. ʈʘʟʥʦʩʪʴ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʨʝʟʝʨʚʫʘʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ S ʠ D ʪ̫ -

ʥʝʪ ʵʣʝʢʪʨʦʥʳ ʯʝʨʝʟ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ. ʕʬʬʝʢʪʠʚʥʘʷ 

ʤʘʩʩʘ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠ ʫʨʦʚʥʠ ʨʘʟʤʝʨʥʦʛʦ 

ʢʚʘʥʪʦʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʉ, ʠ ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʤ ʧʨʠ 

0x= , ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʝʣʦʤʣʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ ʙʘʣʣʠ-

ʩʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʳ. ʇʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʥʘ ʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʝ, 

ʦʙʦʙʱʘʶʱʠʝ ʬʦʨʤʫʣʳ ʌʨʝʥʝʣʷ.  

ɺ ʨʘʙʦʪʘʭ [1ï2] ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ 

ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ʩ ʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʘʚʦʤ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠ ʦʜʠʥʘʢʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʦʡ ʧʦ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʜʫʣʠʨʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ ʟʘʪʚʦʨʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥ-

ʥʳʭ ʧʨʠʟʤ, ʣʠʥʟ ʠ ʢʦʤʤʫʪʘʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʤʦ-

ʜʫʣʷʮʠʠ ʥʝ ʪʦʣʴʢʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʠ ʫʨʦʚʥʝʡ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʚʦʣʥʦʡ.  
 

S

L

D

GaAs

AlGaAs

z

x

y

x=0

 
ʈʠʩ. 1. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ ʩ ʜʚʫʤʝʨʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ 

 

 

 
II . ɻɸʄʀʃʔʊʆʅʀɸʅ ʕʃɽʂʊʈʆʅɸ 

 

ʕʣʝʢʪʨʦʥ ʦʙʨʘʟʫʝʪ ʩʪʦʷʯʫʶ ʚʦʣʥʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʠ z, ʠ ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʜʟʦʥʝ 1n=  ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ, 

ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 2. ɺ ʧʣʦʩʢʦʩʪʠ ( , )x y  ʚ ʧʨʠʙʣʠʞʝ-

ʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥ ʦʧʠʩʳʚʘʝʪʩʷ ʵʨʤʠ-

ʪʦʚʳʤ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ [3]  
2 2 2

2

1Ĕ ( )
2 ( ) 2 ( )

H U x
x m x x m x y

å õµ µ µ
=- - +æ ö

µ µ µç ÷
. (1) 

 

EF

U z( )

n=1

n=2

GaAsAlGaAs
z 

ʈʠʩ. 2. ʈʘʟʤʝʨʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ 
 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʣʶʤʠʥʠʷ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ʠʟʤʝʥʷʝʪ-

ʩʷ ʩʪʫʧʝʥʯʘʪʦ ʉ(x)=cH(x), ʛʜʝ H( )x  ï ʬʫʥʢʮʠʷ ʍʝʚʠ-

ʩʘʡʜʘ. ɺ ʦʙʣʘʩʪʠ 1 ʧʨʠ 0x<  ʠ ʚ ʦʙʣʘʩʪʠ 2 ʧʨʠ 0x>  

ʵʬʬʝʢʪʠʚʥʘʷ ʤʘʩʩʘ 1 00.068m m= , 

m2=0.068+0.083c)m0, 

  =1+1.22c [4], ʛʜʝ 0m  ï ʤʘʩʩʘ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦ-

ʥʘ. ʇʦʪʝʥʮʠʘʣʴʥʘ ̫ʵʥʝʨʛʠ ̫ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʜʥʘ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʣʘʩʪʠ 1, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʪʦʛʜʘ 

1 0U = , 2 0U U= , ʛʜʝ U0=0.75c (ʵɺ) ʧʨʠ 0ÒʩÒ0,45;  

U0=0.75c + 0,69(ʩ-0,45)
2
 (ʵɺ)  ʧʨʠ 0,45ÒʩÒ1 [4].  

 

U

x

E

GaAs                AlGaAs

0

0

1 2

2
E1

 
ʈʠʩ. 3. ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ 

 

ʇ 



ɸʇʕʇ-2012Å   XI ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ 

 12 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʙʘʨʴʝʨ ʩʦʭʨʘʥʷʝʪ-

ʩʷ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ɽ ʠ ʧʦʧʝʨʝʯʥʳʡ ʠʤʧʫʣʴʩ yp , ʦʧʝ-

ʨʘʪʦʨ ʢʦʪʦʨʦʛʦ ʢʦʤʤʫʪʠʨʫʝʪ ʩ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ 

ĔĔ[ , ] 0yH p = . ʕʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ,i zE  ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ ʚ ʦʙʣʘʩʪʠ 1, 2i=  ʟʘʚʠʩʠʪ ʦʪ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ ʠ ʦʪ ʣʝʛʠʨʫʶʱʠʭ ʘʪʦʤʦʚ Si  ʚ 

AlGaAs. ʕʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ( , )x y  ʨʘʚʥʘ 

,i i zE E E= - . ɺ ʫʨʘʚʥʝʥʠʠ ʐʨʝʜʠʥʛʝʨʘ Ĕ
iH Ey= y ʩ 

ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ (1) ʢʦʦʨʜʠʥʘʪʳ x ʠ y ʨʘʟʜʝʣʝʥʳ, ʨʝ-

ʰʝʥʠʝ ʧʨʠ 2 0E U>  ʠʱʝʤ ʚ ʚʠʜʝ ( )
y

i
p y

i ie xy = j . 

ʇʦʜʩʪʘʥʦʚʢʘ ʚ ʫʨʘʚʥʝʥʠʝ ʜʘʝʪ  
22

,22

i
i x i

i

d
E

m dx

j
- = j,                      (2) 

ʛʜʝ 

2
,

, , ,
2

i x

i x i z i y i

i

p
E E E E U

m
= - - - =,  

2

,
2

y

i y

i

p
E

m
= . ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʙʘʨʴʝʨ ,i xE  ʠ ,i yE  ʥʝ 

ʩʦʭʨʘʥʷʶʪʩʷ, ʝʩʣʠ 1 2m m̧. ʆʙʱʝʝ ʨʝʰʝʥʠʝ (2) ʷʚʣʷ-

ʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʙʝʛʫʱʠʭ ʚʦʣʥ  

1 2( ) i iik x ik x
i x a e a e

-
j = + , 

,

,

1
2

i x

i i i x

p
k m E= = .                 (3) 

 
III . ʇʈɽʃʆʄʃɽʅʀɽ ʅɸ ɹɸʈʔɽʈɽ 

 

ʅʘ ʙʘʨʴʝʨʝ ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʤʦʜʫʣʴ 

ʚʝʢʪʦʨʘ ʠʤʧʫʣʴʩʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.  
 

a1

a2

x

y

p
1,x

p
y

p
y

p
2,x

1 2

0

p
1

p
2

 
ʈʠʩ. 4. ʇʨʝʣʦʤʣʝʥʠʝ ʥʘ ʙʘʨʴʝʨʝ  

 

ʉʦʭʨʘʥʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ 

ʜʘʝʪ  

1, 2, 1 1 2 2sin siny y yp p p p p= ¹ = a = a,  

2 2
1 1, 2 2, 0

1 2

1 1

2 2
z zE p E p E U

m m
= + = + +. 

ʇʨʠ 0 2,zE U E> +  ʥʘʭʦʜʠʤ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʙʘʨʴʝʨʝ  

2 1 2

1 2 1

sin
( )

sin

n p
n E

n p

a
¹ ¹ = =

a
 

̋̉̎

̋̉̎
ȟ

ȟ
,        (4) 

ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʦʨʤʫʣʝ ʉʥʝʣʣʷ. ɼʣʷ ʚʳʨʦʞʜʝʥʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʛʘʟʘ 

ʠʤʧʫʣʴʩ ʌʝʨʤʠ F 2 Sp n= p  ʩʚʷʟʘʥ ʩ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ Sn , ʪʦʛʜʘ ʠʟ (4) ʩʣʝ-

ʜʫʝʪ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ  

22

1 1

( )

( )

S

S

nn

n n
= . 

ɼʣʷ ʯʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩ 

ʫʯʝʪʦʤ 1 2m m<  ʧʦʣʫʯʘʝʤ:  

1n², ʧʨʠ  

2 0 2, 1 1,

2 1

1
( )z zE m U E m E

m m
è ø² + -ê ú-

; 

1n<, ʧʨʠ 0 2,zU E E+ < < 

2 0 2, 1 1,

2 1

1
( )z zm U E m E

m m
è ø< + -ê ú-

; 

2 1/n m m= , ʧʨʠ 0 2,zE U E>> + .  

ɼʣʷ 1, 2,z zE E=  ʚʳʧʦʣʥʷʝʪʩʷ 1 2 1,zE E E E= = -  ʠ 

ʠʟ (4) ʧʨʠ 0ÒʩÒ0,45, E1>0.75c ʧʦʣʫʯʘʝʤ  

ὲὉ ρ ρȢςςὧ ρ πȢχυὧȾὉ ,  

ʛʜʝ ʵʥʝʨʛʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚ ʵɺ. 

ɼʣʷ 1 0.75E ñ¢  ʧʨʝʣʦʤʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ E1>0.75c ʨʘʩʪʝʪ 1( )n E . 

ʇʨʠ E1>>0.75c ʥʘʭʦʜʠʤ n=Ѝρ ρȢςςὧ. ɼʣʷ c=0.45 

ʧʦʣʫʯʘʝʤ n(E1=0.675ɻ ɺ)=0.88; n(E1>>0.6ɻ ɺ)=1.24;. 

ɼʣʷ 1ñ=  ʠʩʧʦʣʴʟʫʝʤ 2

1

2.22
m

m
= , U0=0.96ɻ ɺ, ʪʦʛʜʘ 

n(E1>>1ɻ ɺ)=1.49; 

.  

 
IV. ʈɸʉʉɽʗʅʀɽ ʅɸ ɹɸʈʔɽʈɽ 

 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ ʠʟ ʦʙʣʘʩʪʠ 1 ʚ ʦʙʣʘʩʪʴ 2 

ʦʙʱʝʝ ʨʝʰʝʥʠʝ (3) ʧʦʣʫʯʘʝʪ ʚʠʜ  

1 1
1( )

ik x ik x
x e re

-
j = + ,   2

2( )
ik xx t ej = , 

ʀʟ (4) ʥʘʭʦʜʠʤ  

1, 1 1, 12 ( ) cosx zp m E E= - a, 

2, 1 1, 22 ( ) cosx zp m E E n= - a = 

2 2
1 1, 12 ( )( sin )zm E E n= - - a, 
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1,

1 1cos
xp

k k= = a,   
1 1,2 ( )zm E E

k
-

¹ , 

2, 2 2
2 2 1cos sin

xp
k kn k n= = a = - a.    (5) 

ʀʟ ʫʩʣʦʚʠʡ ʩʰʠʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʧʨʠ 0x=  

ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʩ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘ-

ʤʠ [5]  

1 2(0) (0)j =j ,   1 2

1 2

1 1
(0) (0)

m m
¡ ¡j = j , 

ʥʘʭʦʜʠʤ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʘʤʧʣʠʪʫʜ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ  

1 r t+ =,   2 2

1 1

/
1

/
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+
,   

2

2 1 2 1 2
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k k m m
R r

k k m m

å õ-
= =æ ö

+ç ÷
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ʇʦʜʩʪʘʚʣʷʝʤ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣ-

ʥʳ ʥʘ ʙʘʨʴʝʨʝ ʧʦʣʫʯʘʝʤ  
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.        (6) 

ʇʨʠ 1 2m m=  ʚʳʨʘʞʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʦʧʪʠʯʝʩʢʠʤʠ 

ʬʦʨʤʫʣʘʤʠ ʌʨʝʥʝʣʷ.  

 
V. ɺʓɺʆɼʓ ʀ ɿɸʂʃʖʏɽʅʀɽ 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʳ 

ʚ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʯʝʨʝʟ ʣʠʥʝʡʥʫʶ ʛʨʘʥʠʮʫ, 

ʨʘʟʜʝʣʷʶʱʫʶ ʦʙʣʘʩʪʠ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʇʨʝʣʦʤʣʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ 

ʬʦʨʤʫʣʦʡ ʉʥʝʣʣʷ (4) ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 

êèí êèí
2 1/n E E=k . ʄʥʦʞʠʪʝʣʴ 2 1/m mk¹  ʫʯʠ-

ʪʳʚʘʝʪ ʨʘʟʣʠʯʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʩʩ ʚ ʫʢʘʟʘʥʥʳʭ ʦʙ-

ʣʘʩʪʷʭ. ɼʣʷ 1, 2,z zE E=  ʠ ( ) H( )Ñ x ñ x=  ʚʝʣʠʯʠʥʘ 

1 1,22ñk= +  ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1 1.49¢k¢ , 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝ-

ʥʠʷ. ɼʣʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ   

2 0 2, 1 1, 2 1( ) / ( )z zE m U E m E m mè ø> + - -ê ú  ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ 1n>. ʊʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʙʘʨʴʝʨʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ, ʢʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʫʣʳ ʌʨʝʥʝʣʷ (6). ʇʨʠ-

ʙʣʠʞʝʥʠʝ ʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʳ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ʧʨʠ-

ʤʝʥʠʤʦ, ʝʩʣʠ ʰʠʨʠʥʘ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʧʨʝʚʳ-

ʰʘʶʪ ʜʣʠʥʳ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ʵʣʝʢʪʨʦʥʘ ʚ ʧʣʦʩʢʦʩʪʠ 

( , )x y . ʕʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʚʝʨʭʫ ʚʝʣʠʯʠʥʫ ʪʷʥʫʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʠʩʪʦʢʦʤ ʠ ʩʪʦʢʦʤ 

ʥʘ ʨʠʩ. 1.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

[1] Spector J., Stormer H.L., Baldwin K.W., Pfeiffer L.N., West 

K.W. Control of ballistic electrons in macroscopic two-

dimensional electron systems // Appl. Phys. Lett. 1990. V. 

56. No. 10. P. 967-969.  

Spector J., Stormer H.L., Baldwin K.W., Pfeiffer L.N., 

West K.W. Electron focusing in two-dimensional systems 

by means an electrostatic lens // Appl. Phys. Lett. 1990. V. 

56. No. 13. P. 1290-1292. 

Spector J., Stormer H.L., Baldwin K.W., Pfeiffer 

L.N., West K.W. Refractive switch for two-

dimensional electrons // Appl. Phys. Lett. 1990. V. 

56. No. 24. P. 2433-2435.  

[2] ʐʠʢ ɸ.ʗ., ɹʘʢʫʝʚʘ ʃ.ɻ., ʄʫʩʠʭʠʥ ʉ.ʌ., ʈʳʢʦʚ 

ʉ.ɸ. ʌʠʟʠʢʘ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ ï ʉʇʙ: 

ʅʘʫʢʘ, 2001. ï 160 ʩ.  

[3] Wang X.-H., Gu B.-Y., Yang G.-Z. Coupling between 

the transverse and longitudinal components of an 



ɸʇʕʇ-2012Å   XI ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ 

 14 

electron in resonant tunneling // Phys. Rev. Ser. B. 

1997. V. 55. No. 15. P. 9340-9343.  

[4] Yong G., Li Y.C., Kong X.J., Wei C.W. Quantum 

magnetotransport of electrons in double-barrier reso-

nant-tunneling structures // Phys. Rev. Ser. B. 1994. 

V. 50. No. 23. P. 17249-17255. 

[5] Einevoll G.T., Sham L.J. Boundary conditions for 

envelope functions at interfaces between dissimilar 

materials // Phys. Rev. Ser. B. 1994. V. 49. No. 15. P. 

10533-10543. 

 

 

ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ʂʨʘʩʥʦʧʝʚʮʝʚ ʦʢʦʥʯʠʣ ʬʠ-

ʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʅʦʚʦʩʠ-

ʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ  
ʫʥʠʚʝʨʩʠʪʝʪʘ. ʂʘʥʜʠʜʘʪʩʢʘʷ 

(1994 ʛ.) ʠ ʜʦʢʪʦʨʩʢʘʷ (2006 

ʛ.) ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʳ 
ʧʘʥʦʨʘʤʥʳʤ ʛʦʣʦʛʨʘʬʠʯʝ-

ʩʢʠʤ ʠ ʩʧʝʢʣ-

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʤ ʠ ʧʨʠʤʝ-
ʥʝʥʠʶ ʜʨʦʙʥʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʌʫʨʴʝ.  
 

 



2012 11
th
  INTERNATIONAL CONFERENCEÅ  APEIE ï 30057 

15 
978-1-4673-2841-8/12/$31.00 É2012 IEEE  

ʀʤʧʫʣʴʩʥʳʡ ʪʦʢʦʚʳʡ ʦʪʞʠʛ ʧʦʣʠʢʨʝʤʥʠʝʚʳʭ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ ʚ ʩʝʥʩʦʨʝ ʜʘʚʣʝʥʠʷ  

 
ɸʥʪʦʥ ɺ. ʇʦʣʩʪʷʥʢʠʥ, ɺʠʢʪʦʨ ɸ. ɻʨʠʜʯʠʥ

 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

pols-mailbox@yandex.ru 
 
ɸʥʥʦʪʘʮʠʷ ï ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ 

ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʠ-

ʢʨʝʤʥʠʝʚʳʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʩʝʥʩʦʨʝ 

ʜʘʚʣʝʥʠʷ. ʄʝʪʦʜ ʧʦʜʛʦʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʪʦʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʤʝʥʴ-

ʰʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʙʘʣʘʥʩʘ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʘ 

ʜʘʞʝ ʧʦʩʣʝ ʢʦʨʧʫʩʠʨʦʚʥʠʷ ʢʨʠʩʪʘʣʣʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠ-

ʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɹʳʣʠ ʠʩʩʣʝʜʦ-

ʚʘʥʳ ʦʙʨʘʟʮʳ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʝʡ 

ʧʨʠʤʝʩʠ, ʭʘʨʘʢʪʝʨ ʦʪʞʠʛʘ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠ-

ʯʘʣʩʷ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʙʘʣʘʥʩʠʨʦʚ-

ʢʠ ʤʦʩʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʠʤʧʫʣʴʩʥʳʡ ʪʦʢʦʚʳʡ ʦʪʞʠʛ, ʩʝʥʩʦʨ 

ʜʘʚʣʝʥʠʷ, ʧʦʣʠʢʨʝʤʥʠʡ. 

I. ɺɺɽɼɽʅʀɽ 

ɺʃɽʅʀɽ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʙʥʘ-

ʨʫʞʝʥʦ ʚ [1]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ 

ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ, ʩ ʧʣʦʪʥʦʩʪʴʶ ʚʳʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦ-

ʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʯʝʨʝʟ ʧʦʣʠʢʨʝʤʥʠʝʚʳʝ ʨʝʟʠʩʪʦʨʳ, ʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʣʦʩʴ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʝʪ ʝʜʠʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʠʩʘʪʴ ʤʝʭʘʥʠʟʤʳ 

ʚʩʝʭ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʣʠʢʨʝʤʥʠʝʚʦʡ ʧʣʝʥ-

ʢʝ ʧʨʠ ʪʦʢʦʚʦʤ ʦʪʞʠʛʝ. ʅʘʠʙʦʣʝʝ ʪʦʯʥʦʡ ʤʦʜʝʣʴʶ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʨʘʩʧʣʘʚʣʝʥʠʷ ʠ ʩʝʛʨʝʛʘʮʠʠ [2]. ʉʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʘʤʦʨʬʥʳʭ ʩʣʦʝʚ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʪʘʤʠ 

ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʭ ʟʝʨʝʥ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʜʞʦʫʣʝ-

ʚʦ ʪʝʧʣʦ ʚʳʜʝʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʘʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ. ʇʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʦʝ ʨʘʩʧʣʘʚʣʝʥʠʝ 

ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ, ʧʨʠʤʝʩʴ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʧʣʘʚʣʝʥ-

ʥʫʶ ʦʙʣʘʩʪʴ ʠ ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʢʘʥʘʣ ʩ 

ʙʦʣʴʰʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ.   

ʀʤʧʫʣʴʩʥʳʡ ʪʦʢʦʚʳʡ ʦʪʞʠʛ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢ-

ʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʧʦʜʛʦʥʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʠʢʨʝʤʥʠʝʚʳʭ ʨʝʟʠʩʪʦʨʦʚ 

ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤʘʭ ʧʦʩʣʝ ʧʘʩʩʠʚʘʮʠʠ ʠ ʢʦʨʧʫʩʠ-

ʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦ-

ʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

 

II . ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ɺ ʩʝʥʩʦʨʘʭ ʜʘʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʨʘʩʰʠʨʝʥ-

ʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ (ʜʦ 250 ï 300
ʦ
ʉ), ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ ʦʪ ʧʦʜʣʦʞʢʠ ʠ 

ʧʦʣʠʢʨʝʤʥʠʝʚʳʝ ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ [3,4]. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʥʩʦʨʦʚ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʥʘʯʘʣʴʥʳʡ ʨʘʟʙʘʣʘʥʩ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʘ. ʆʯʝʥʴ 

ʯʘʩʪʦ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʦʤʫ 

ʧʘʨʘʤʝʪʨʫ, ʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʨʝʟʠʩʪʦʨʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ. 

ɺ ɻʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʜʛʦʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʥʟʦʨʝ-

ʟʠʩʪʦʨʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʧʫʣʴʩʥʳʡ ʪʦʢʦʚʳʡ 

ʦʪʞʠʛ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʦʚ 

ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʧʦʜʛʦʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ ʠ ʙʘʣʘʥʩʠ-

ʨʦʚʢʠ ʤʦʩʪʘ ʚ ʩʝʥʩʦʨʘʭ ʜʘʚʣʝʥʠʷ. 

III . ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʆɹʈɸɿʎʓ ʀ  

ʆɹʆʈʋɼʆɺɸʅʀɽ  

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʦʣʠʢʨʝʤʥʠʝʚʳʝ ʨʝʟʠʩʪʦ-

ʨ  rʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ~4³10
19

 ʩʤ
-

3
 ʠ ~9³10

19
 ʩʤ

-3
 (ʜʣʷ ʫʜʦʙʩʪʚʘ, ʜʘʣʝʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, 

ʦʙʨʘʟʮʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʤʝʩʠ  ~4³10
19

 ʩʤ
-3
 ʙʫʜʫʪ 

ʥʘʟʳʚʘʪʴʩʷ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʤʠ, ʘ ʦʙʨʘʟʮʳ ʩ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ ʧʨʠʤʝʩʠ ~9³10
19

 ʩʤ
-3 
ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʤʠ). 

ʊʝʥʟʦʨʝʟʠʩʪʦʨʳ ʠʤʝʶʪ ʬʦʨʤʫ ñʩʦʙʘʯʴʝʡ ʢʦʩʪʠò. ʈʘʟ-

ʤʝʨʳ ʪʝʣʘ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʟʠʩʪʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ 

180 ³ 10 ʤʢʤ, ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ï 200 ³ 20 ʤʢʤ. 

ʊʦʣʱʠʥʘ ʧʦʣʠʢʨʝʤʥʠʝʚʦʡ ʧʣʝʥʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

500 ʥʤ. ʇʣʝʥʢʘ ʣʝʛʠʨʦʚʘʥʘ ʙʦʨʦʤ ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ 

ʠʤʧʣʘʥʪʘʮʠʠ. ʊʝʥʟʦʨʝʟʠʩʪʦʨʳ ʩʦʝʜʠʥʷʶʪʩʷ ʘʣʶʤʠ-

ʥʠʝʚʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʧʦ ʩʭʝʤʝ ʨʘʟʦʤʢʥʫʪʦʛʦ ʤʦʩʪʘ 

ʋʠʪʩʪʦʥʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʠʟʤʝʨʝʥʠʝ ʠ ʧʦʜʛʦʥʢʫ ʦʪ-

ʜʝʣʴʥʳʭ ʨʝʟʠʩʪʦʨʦʚ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʠ ʠʟʛʦʪʦʚʣʝʥ ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʟʘ-

ʜʘʚʘʪʴ ʘʤʧʣʠʪʫʜʫ ʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 0é100 ʤɸ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʦʪ 20 ʤʢʩ ʜʦ 1000 ʤʩ ʩ ʰʘʛʦʤ 5 

ʤʢʩ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʚʨʝʤʝʥʥʫʶ 

ʟʘʜʝʨʞʢʫ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ. 

ʗ 
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ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ.1, ʚʥʝʰ-

ʥʠʡ ʚʠʜ ʧʨʦʪʦʪʠʧʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ.2. ɿʘʜʘʥʠʝ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʪʞʠʛʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʢʣʘʚʠ-

ʘʪʫʨʳ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʧʨʠʙʦʨʘ. ɺʩʷ ʥʝʦʙʭʦʜʠʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʩʠʤʚʦʣʴʥʦʤ ʜʠʩʧʣʝʝ. ɺʳʙʦʨ ʨʝʟʠʩʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʪʫʤʙʣʝʨʦʚ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ. ʊʘʢʞʝ 

ʫʩʪʨʦʡʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ ʥʘ ʤʦʩʪ ʩʪʘʙʠʣʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 2.5 ɺ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʙʘʣʘʥʩʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʤʝʪʨʘ UT-70. 

 

 

 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ. 

 

 
 

 
ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ. 

 

 

 

 

IV. ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʏʝʨʝʟ ʧʦʣʠʢʨʝʤʥʠʝʚʳʡ ʨʝʟʠʩʪʦʨ ʧʨʦʧʫʩʢʘʣʠʩʴ ʦʜʠ-

ʥʦʯʥʳʝ ʠʤʧʫʣʴʩʳ ʪʦʢʘ, ʥʘʯʠʥʘʷ ʩ ʘʤʧʣʠʪʫʜʳ 10 ʤɸ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 20 ʤʢʩ. ɸʤʧʣʠʪʫʜʘ ʫʚʝʣʠʯʠ-

ʚʘʣʘʩʴ ʩ ʰʘʛʦʤ 2 ï 3 ʤɸ ʧʦʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ ʥʘʯʠ-

ʥʘʣʦ ʩʪʘʙʠʣʴʥʦ ʫʤʝʥʴʰʘʪʴʩʷ ʥʘ 2 ï 3 ʆʤ. ɼʘʣʝʝ ʘʤ-

ʧʣʠʪʫʜʘ ʪʦʢʘ ʠʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʘʣʘʩʴ ʥʝʦʙ-

ʭʦʜʠʤʘʷ ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʣʠ ʥʝ ʥʘʩʪʫʧʘʣʦ 

ʧʝʨʝʛʦʨʘʥʠʝ ʨʝʟʠʩʪʦʨʘ.  

ʆʪʞʠʛ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʠʟʚʝʩʪʥʳʤ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʨʝʟʫʣʴʪʘʪʘʤ [1,5 ï 8]. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ ʧʨʝʚʳʰʝ-

ʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ. ʇʦ ʤʝʨʝ 

ʦʪʞʠʛʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʭʦʜʠʪ ʚ ʥʘʩʳʱʝʥʠʝ ʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʘʤʧʣʠʪʫʜʫ ʠʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ 

(ʈʠʩ.3,4).  

 

 

 
ʈʠʩ. 3. ʊʦʢʦʚʳʡ ʦʪʞʠʛ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯ-

ʥʦʡ ʘʤʧʣʠʪʫʜʝ ʠʤʧʫʣʴʩʦʚ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 20 ʤʢʩ).  
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ʈʠʩ. 4. ʊʦʢʦʚʳʡ ʦʪʞʠʛ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯ-
ʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ (ʘʤʧʣʠʪʫʜʘ 70 ʤɸ). 

 

 

ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʦʪʞʠʛʘ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝ-

ʟʠʩʪʦʨʦʚ ʦʪʣʠʯʘʶʪʩʷ (ʈʠʩ.5). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʪʦʢʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʯʠʥʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʠʤʧʫʣʴʩʦʚ. ɺ [6] 

ʦʧʠʩʳʚʘʝʪʩʷ ʷʚʣʝʥʠʝ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʦʪʞʠʛʘ, ʧʦʟʚʦʣʷ-

ʶʱʝʝ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʝ-

ʣʠʯʠʥʫ ʧʦʩʣʝ ʦʪʞʠʛʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʝʪʨʦʛʨʘʜʥʳʡ 

ʦʪʞʠʛ ʚʦʟʤʦʞʝʥ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʩ 

ʧʣʦʪʥʦʩʪʴʶ ʚʳʰʝ ʧʦʨʦʛʦʚʦʡ, ʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʦʪʞʠʛʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʦʢʘʭ 

ʚʳʰʝ, ʯʝʤ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʦʪʞʠʛʘ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʈʠʩ.5 ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʦ ʚʝ-

ʣʠʯʠʥʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʟʫ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʮʝʩʩ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʦʪʞʠʛʘ, ʤʠʥʫʷ ʦʙʣʘʩʪʴ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʈʠʩ.6). ʅʘʣʠʯʠʝ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʛʨʘʥʠʮʫ 

ʧʝʨʝʭʦʜʘ ʦʪ ʦʙʣʘʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʢ ʦʙʣʘʩʪʠ ʫʚʝʣʠʯʝ-

ʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʵʪʠʭ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ. ʅʘ 

ʈʠʩ.7 ʧʨʝʜʩʪʘʚʣʝʥ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʧʦʥʠʞʝʥʠʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʘʤʧʣʠʪʫʜʘʭ ʪʦʢʘ 15 ï 22 

ʤɸ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʦʪ-

ʞʠʛʝ ʪʦʢʘʤʠ ʩ ʘʤʧʣʠʪʫʜʦʡ 25 ʤɸ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤ-

ʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʣʘ 20 ʤʢʩ.  

 

 

 
ʈʠʩ. 5. ʊʦʢʦʚʳʡ ʦʪʞʠʛ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯ-

ʥʦʡ ʘʤʧʣʠʪʫʜʝ ʠʤʧʫʣʴʩʦʚ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 20 ʤʢʩ). 

 
ʈʠʩ. 6. ʋʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ 
ʧʨʠ ʪʦʢʦʚʦʤ ʦʪʞʠʛʝ ʩ ʘʤʧʣʠʪʫʜʦʡ ʠʤʧʫʣʴʩʦʚ 20 ï 25 ʤɸ. 

. 

 
ʈʠʩ. 7. ʎʠʢʣʠʯʝʩʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʧʨʠ ʦʪʞʠʛʝ ʩ ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʦʡ 

ʪʦʢʘ. 
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ʊʦʯʥʦʩʪʴ ʧʦʜʛʦʥʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʨʝʤʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦʩʣʝ 

ʦʪʞʠʛʘ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʚ ʧʝʯʠ 4 ʯʘʩʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 150 ï 160 
ʦ
ʉ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʚ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʟʠʩʪʦʨʘʭ ʩʦʩʪʘʚʣʷʣʦ 5 

ï 20 ʆʤ. ɼʣʷ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʟʠʩʪʦʨʦʚ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʘ ʚʝʣʠʯʠʥʫ 40 ï 100 ʆʤ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʪʞʠʛʘ. ʇʨʠʯʝʤ ʧʨʠ ʧʨʦ-

ʚʝʜʝʥʠʠ ʦʪʞʠʛʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʩʣʝ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʝʛʜʘ 

ʧʨʝʚʳʰʘʣʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ ʜʣʷ ʙʘʣʘʥ-

ʩʠʨʦʚʢʠ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʘ ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩ.8. 

ʉʥʘʯʘʣʘ ʠʟʤʝʨʷʣʠʩʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʝʭ ʨʝʟʠʩʪʦʨʦʚ ʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʨʝʟʠʩʪʦʨʳ, ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʧʦʜʛʦʥʢʝ ʠ 

ʚʝʣʠʯʠʥʘ, ʥʘ ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʪʞʠʛ. ɹʘ-

ʣʘʥʩʠʨʦʚʢʘ ʩʝʥʩʦʨʦʚ ʩʦ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʤʠ ʨʝʟʠ-

ʩʪʦʨʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʨʝʟʠʩʪʦʨʦʚ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʘ ʧʦʜʛʦʥʢʘ ʥʘ 

ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ (10 ï 20 ʆʤ), ʪʦ ʧʨʦʚʦʜʠʪʩʷ 

ʧʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʩʣʝ ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʢʠ ʚ ʧʝʯʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʦʚ ʜʦʣʞʥʦ 

ʫʚʝʣʠʯʠʪʴʩʷ ʥʘ 10 ï 20 ʆʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʞʝ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʙʦʣʝʝ 100 ʆʤ, ʪʦ ʥʝʦʙʭʦʜʠ-

ʤʦ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ʚ ʧʝʯʠ ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʫʚʝʣʠʯʠʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʱʝ ʥʘ 40 ï 100 ʆʤ). 

ʇʨʠ ʦʪʞʠʛʝ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʟʠʩʪʦʨʦʚ ʪʘʢʞʝ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ-

ʩʣʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ, ʠ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʜʛʦʥʢʫ 

ʥʘ ʚʝʣʠʯʠʥʫ ʙʦʣʴʰʫʶ, ʯʝʤ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ.  

 

 
ʈʠʩ. 8. ʋʤʝʥʴʰʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʙʘʣʘʥʩʘ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ 

ʤʦʩʪʘ ʧʨʠ ʧʦʤʦʱʠ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ. 

 
 

 

 

V. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʤʝʭʘʥʠʟʤʳ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʦʪʞʠʛʝ 

ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʭ ʠ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʟʠʩʪʦ-

ʨʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ. ʃʠʙʦ ʞʝ ʠʤʝ-

ʶʪ ʤʝʩʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ, ʥʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʷʝʪ ʭʦʜ ʧʨʦʮʝʩʩʘ 

ʦʪʞʠʛʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʪʞʠʛʘ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʟʠʩʪʦʨʦʚ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟ ʜʨʫʛʠʭ ʣʠʪʝʨʘʪʫʨ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʪʦʣʴʢʦ 

ʣʠʰʴ ʤʦʜʝʣʴʶ ʨʘʩʧʣʘʚʣʝʥʠʷ ʛʨʘʥʠʮ ʤʝʞʜʫ ʢʨʠʩʪʘʣ-

ʣʠʪʘʤʠ ʠ ʩʝʛʨʝʛʘʮʠʝʡ ʧʨʠʤʝʩʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʦʥʠ-

ʟʘʮʠʠ ʛʣʫʙʦʢʠʭ ʣʦʚʫʰʝʢ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪ-

ʩʷ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʨʝʤʝʥʥʦʛʦ ʜʨʝʡʬʘ ʧʦʩʣʝ ʦʪʞʠʛʘ: 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʛʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʞʠʤʘ ʦʪʞʠʛʘ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʟʘʭʚʘʪʦʤ ʥʦʩʠʪʝʣʝʡ ʥʘ ʛʣʫʙʦʢʠʝ ʣʦʚʫʰʢʠ. ʉʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʥʦʩʪʴʶ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʠ ʜʘʞʝ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʣʦ ʠʟʥʘʯʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʝʯʠ 4 

ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ï 160 
ʦ
ʉ, ʝʩʣʠ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʦ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʟʘʭʚʘʪʦʤ ʠʟʙʳʪʦʯʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʠʦʥʠʟʠʨʦʚʘʥʳ ʩ ʣʦʚʫʰʝʢ ʚ ʭʦʜʝ ʦʪʞʠʛʘ. ʅʝ-

ʙʦʣʴʰʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʜʨʫʛʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ ʧʨʠ ʪʦʢʦʚʦʤ ʦʪʞʠʛʝ, ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʥʠʞʝ. 

ʆʙʣʘʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʝʪ ʦʙʲʷʩ-

ʥʷʪʴʩʷ ʫʭʦʜʦʤ ʧʨʠʤʝʩʠ ʠʟ ʢʘʥʘʣʘ. ʍʦʪʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʙʦʨ ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʦʩʬʦʨʘ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʘʤʦʨʬ-

ʥʳʭ ʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʝʩʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʳʚʘ-

ʶʱʠʝ ʦʙʨʘʪʥʦʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦ-

ʚʦʨʷʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʧʦʨʦʛʦʚʳʡ ʪʦʢ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʷʚʣʝʥʠʷʤʠ ʫʤʝʥʴʰʝ-

ʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʧʫʩʢʘʷ ʪʦʢ ʚʳʰʝ ʵʪʦʛʦ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʩʨʘʟʫ ʥʘʯʘʪʴ ʧʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʠʥʫʷ ʦʙʣʘʩʪʴ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ. ʕʪʦʪ 

ʧʦʨʦʛʦʚʳʡ ʪʦʢ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʤʝʭʘʥʠʟʤ ʠʦʥʠʟʘʮʠʠ ʩ ʛʣʫʙʦʢʠʭ ʣʦʚʫʰʝʢ (ʫʤʝʥʴʰʝ-

ʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ 

ʫʭʦʜʘ ʧʨʠʤʝʩʠ ʠʟ ʢʘʥʘʣʘ (ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ).  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʠʣʴʥʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʨʝʟʠʩʪʦʨʦʚ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʤʝʭʘʥʠʟʤʝ ʨʘʩʧʣʘʚʣʝ-

ʥʠʷ ʛʨʘʥʠʮ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʪʘʤʠ ʠ ʩʝʛʨʝʛʘʮʠʠ ʧʨʠ-

ʤʝʩʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠ ʠʦʥʠʟʘʮʠʷ 

ʥʦʩʠʪʝʣʝʡ ʩ ʛʣʫʙʦʢʠʭ ʣʦʚʫʰʝʢ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʅʘʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ ʤʝʭʘ-

ʥʠʟʤʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʨʝʤʝʥʥʦʛʦ 

ʜʨʝʡʬʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʢʘʢ ʚ ʩʣʘʙʦʣʝʛʠʨʦʚʘʥ-

ʥʳʭ ʨʝʟʠʩʪʦʨʘʭ, ʘ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. 
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VI . ɺʓɺʆɼʓ ʀ ɿɸʂʃʖʏɽʅʀɽ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʧʦʢʘʟʘ-

ʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ ʨʝʟʠʩʪʦʨʦʚ ʩ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ~4³10
19

 ʩʤ
-3
 ʠ 

~9³10
19

 ʩʤ
-3
 ʨʘʟʣʠʯʘʝʪʩʷ. ʇʨʠʯʝʤ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 

ʫʨʦʚʥʝʤ ʣʝʛʠʨʦʚʘʥʠʷ ~4³10
19

 ʩʤ
-3 
ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʧʦʨʦʛʦʚʳʡ ʪʦʢ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʝʛʦ 

ʫʚʝʣʠʯʝʥʠʝ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʝ-

ʥʠʷ ʪʦʢʦʚʦʛʦ ʦʪʞʠʛʘ ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʢʠ ʪʝʥʟʦʨʝʟʠ-

ʩʪʠʚʥʦʛʦ ʤʦʩʪʘ ʚ ʩʝʥʩʦʨʝ ʜʘʚʣʝʥʠʷ, ʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʫʤʝʥʴʰʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʙʘʣʘʥʩʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʞʠʛʘ ʠ ʚʨʝʤʝʥ-

ʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʦʚʦʨʷʪ ʦ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝ-

ʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʠʢʨʝʤʥʠʷ, 

ʚʥʦʩʷʱʠʭ ʩʚʦʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʪʦʢʦʚʦʤ ʦʪʞʠʛʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʣʦʞ-

ʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʣʠ-

ʢʨʝʤʥʠʝʚʦʡ ʧʣʝʥʢʝ ʧʨʠ ʦʪʞʠʛʝ. ʆʧʨʝʜʝʣʝʥʥʫʶ ʷʩ-

ʥʦʩʪʴ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ʚʥʦʩʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠʢʨʝʤʥʠʝʚʦʛʦ ʨʝʟʠʩʪʦ-

ʨʘ ʧʨʠ ʦʪʞʠʛʝ, ʯʪʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʦʪʜʝʣʴʥʦʡ 

ʨʘʙʦʪʝ.
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ɸʥʥʦʪʘʮʠʷ ï ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʭʝʤʳ ʪʝʨʤʦʢʦʤʧʝʥ-

ʩʘʮʠʠ ʩ ʙʠʧʦʣʷʨʥʳʤ ʪʨʘʥʟʠʩʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʤʘʢʝʪʘ ʩʭʝʤʳ 

ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 25-250
0
ʉ. ʇʦ-

ʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ 

ʩʭʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʦ 2500ʉ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʦʚ å 

0,05õ0,015%/0ʉ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʊʝʨʤʦʢʦʤʧʝʥʩʘʮʠʷ, ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʝ 

ʜʘʪʯʠʢʠ, ʙʠʧʦʣʷʨʥʳʡ ʪʨʘʥʟʠʩʪʦʨ. 

I. ɺɺɽɼɽʅʀɽ 

ɸʊʏʀʂʀ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ 

ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʤ ʵʬʬʝʢʪʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʈʳʥʦʢ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫ-

ʶʱʠʭ ʠʭ, ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʝʥ: ʘʚʪʦʤʦʙʠʣʴʥʳʝ, ʤʝ-

ʜʠʮʠʥʩʢʠʝ ʩʠʩʪʝʤʳ; ʢʦʥʪʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʤʝʥʝʝ ʩʣʦʞʥʳʝ 

ʙʳʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ [1]. ɺʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʜʘʪʯʠʢʠ ʨʘʙʦʪʘʣʠ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 300
0
ʉ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʷʚʣʷ-

ʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʙʦʪʘʭ [2,4] ʧʨʠʚʝʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʭʝʤʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ, ʥʦ ʠʭ ʥʝʜʦʩʪʘʪʦʢ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʨʘʙʦʪʳ ʠ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʧʨʠʤʝʥʝ-

ʥʠʝ ʙʠʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ [6], ʦʜʥʘʢʦ ʜʣʷ ʥʝʸ ʟʘ-

ʷʚʣʝʥ ʩʪʘʥʜʘʨʪʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʜʦ 85
0
ʉ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʘʪʯʠʢʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʧʦʣʠʢʨʝʤʥʠʷ ʥʘ ʠʟʦʣʷʪʦʨʝ, ʜʦ ʪʝʤ-

ʧʝʨʘʪʫʨʳ 250
0
ʉ. 

II . ʊɽʄʇɽʈɸʊʋʈʅɸʗ ɿɸɺʀʉʀʄʆʉʊʔ ɺʓʍʆɼʅʆɻʆ 

ʉʀɻʅɸʃɸ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ ʠʤʝʶʪ ʚʳʩʦ-

ʢʫʶ ʪʝʥʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʦʙʳʯʥʦ ʚ ʧʨʝʜʝʣʘʭ 

40õ100. ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠ-

ʯʠʥʝ, ʪʘʢ ʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʥʝ ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʠʟʤʝʨʝʥʠʝʤ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ [5]. 

ʀʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʪ̫ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʠʟʤʝʥʝʥʠʶ ʪʨʸʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʪ-

ʯʠʢʘ: ʩʠʛʥʘʣʘ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʙʘʣʘʥʩʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʪʯʠʢʘ. 

ʇʨʠ ʥʫʣʝʚʦʤ ʜʘʚʣʝʥʠʠ ʥʘ ʚʳʭʦʜʝ ʜʘʪʯʠʢʘ ʩʫʱʝ-

ʩʪʚʫʝʪ ʥʘʯʘʣʴʥʳʡ ʨʘʟʙʘʣʘʥʩ ʤʦʩʪʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚʝʩʴʤʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ. 

 
ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʥʫʣʝʚʦʡ ʦʰʠʙʢʠ (ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ) ʧʨʠ 300ʂ. 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʧʨʠ 300ʂ 

ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʃʠʥʠʷ 2 - ʥʫʣʝʚʦʡ ʨʘʟʙʘ-

ʣʘʥʩ, ʣʠʥʠʷ 1 - ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ [7]. ɼʣʷ ʜʘʪʯʠʢʦʚ, 

ɼ 
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ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʤʦʩʪʦʚʦʡ ʩʭʝʤʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦ-

ʩʪʘ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʊʂʉ ʦʙʳʯʥʦ 

0.035õ0.36%/ÁC. ʊʝʥʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʥʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʣʝʞʠʪ ʚ ʧʨʝ-

ʜʝʣʘʭ -0.05õ-0.21%/ÁC. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʨʝʥʠʠ 

ʩʫʤʤʘʨʥʦ ʵʪʠ ʚʝʣʠʯʠʥʳ ʚʥʦʩʷʪ ʧʦʛʨʝʰʥʦʩʪʴ ʦʢʦʣʦ 

5000ppm/ÁC [3,7,8]. 

III . ʉʍɽʄɸ ʊɽʈʄʆʂʆʄʇɽʅʉɸʎʀʀ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʘ ʨʘʩʪʸʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʧʘʜʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʠʪʘʥʠʷ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʥʘʧʨʷʞʝʥʠʷ (ʊʂʅ) ʚʳʨʘʚʥʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʈʝʘʣʠʟʘʮʠʶ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʩʭʝʤʝ ʥʘ ʨʠʩ.2, ʩʦʩʪʦʷʱʝʡ ʠʟ: ʙʠʧʦʣʷʨʥʦʛʦ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʜʚʫʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R1 ʠ R2, ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʚ ʮʝʧʠ ʵʤʠʪʪʝʨʘ Re ʠ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʘ 

ʊʄ. ʇʠʪʘʥʠʝ Uʧʠʪ ʧʦʜʘʸʪʩʷ ʥʘ ʩʭʝʤʫ (ʫʟʝʣ) ʪʝʨʤʦʢʦʤ-

ʧʝʥʩʘʮʠʠ (ʋʊʂ, ʚʳʜʝʣʝʥʦ ʥʘ ʨʠʩ.2), ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ 

ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦ ʟʘʚʠʩʠʤʦʛʦ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 

ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʙʠʧʦʣʷʨ-

ʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. 

 
ʈʠʩ.2. ʉʭʝʤʘ ʘʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʪʝʥʟʦʨʝʩʪʠʚʥʦʡ 

ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʩʭʝʤʳ ʩʦʩʪʦʷʪ ʚ ʧʨʦʩʪʦʪʝ 

ʥʘʩʪʨʦʡʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʡ R1 ʠ R2, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʊʂʅ ʋʊʂ. 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʝʨʠʡʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ -40õ85
0
ʉ [6]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ-

ʤʝʥʠʤʦʩʪʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 20õ250
0
ʉ. 

ʅʘ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʘʢʝʪʝ (ʨʠʩ.3) ʠʩʩʣʝʜʦʚʘ-

ʣʘʩʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʣʠʯʥʳʭ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ. ɼʣʷ 

ʪʝʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʪʨʝʙʦʚʘʥʠ-

ʷʤ ʨʘʙʦʪʳ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʦʚʦʜʠ-

ʣʦʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ Mathcad 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ 

ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. 

 
ʈʠʩ.3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʢʝʪ. 

IV . ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʉʪʘʥʜʘʨʪʥʳʝ ʨʘʩʯʝʪʳ ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳ-

ʨʘʞʝʥʠʶ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʭʝʤʳ ʋʊʂ: 

 

5̐ ̉̓
Ⱦ

) 2z ,  (1) 

 

ʛʜʝ 5ʧʠʪ
Ⱦ

 - ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʋʊʂ; 

5  - ʥʘʧʨʷʞʝʥʠʝ ʙʘʟʘ-ʵʤʠʪʪʝʨ; 

2  - ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʩʪʘ (ʥʘʛʨʫʟʦʯ-

ʥʳʡ ʨʝʟʠʩʪʦʨ); 

2  - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʮʝʧʠ ʵʤʠʪʪʝʨʘ; 

) - ʪʦʢ ʵʤʠʪʪʝʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʢʘʢ (2): 

 

) ʧʠʪ
 , (2) 

 

ʛʜʝ 5̐ ̉ ̓- ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʚʩʝʡ ʩʭʝʤʳ, 10ɺ; 

)  - ʦʙʨʘʪʥʳʡ ʪʦʢ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ; 

2 , 2 , - ʠʟʤʝʥʷʝʤʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʋʊʂ; 

 

! 2 2 2 2 2 2
ɓ

. (3) 

 

ʛʜʝ ɓ - ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ɹʊ ʧʦ ʪʦʢʫ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʠʩʳʚʘʣʠʩʴ ʚ ʣʠ-

ʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ: 
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˟˗ˢ
ˢ˟ ˢ˟

˟ ˟ ˢ˟
ρππϷ  (4) 

 

ʛʜʝ ʍ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ; 

ʊ0 - ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 300ʂ; 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʋʊʂ 5ʧʠʪ
Ⱦ

 ʦʪ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Re ʧʦʢʘʟʘ-

ʣʦ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʊʂʅ ʋʊʂ ʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʝʛʦ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʯʝʪʘʭ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʤʘʣʳʭ ʟʥʘʯʝ-

ʥʠʡ Re ʜʠʘʧʘʟʦʥ ʥʘʩʪʨʦʡʢʠ ʊʂʅ ʰʠʨʦʢʠʡ, ʘ ʧʨʠ 

ʙʦʣʴʰʠʭ - ʫʟʢʠʡ, ʥʦ ʧʦʚʳʰʝʥʘ ʣʠʥʝʡʥʦʩʪʴ, ʨʠʩ.4. ɹʳʣ 

ʚʳʙʨʘʥ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʣʠʥʝʡʥʦʩʪʴʶ ʠ ʜʠʘʧʘʟʦ-

ʥʦʤ ʊʂʅ, ʧʨʠ ʟʥʘʯʝʥʠʠ Re=10 ʆʤ. 

 
ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʋʊʂ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Re. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʩʪʘ RTM ʟʘʤʝʥʝʥʦ ʥʘ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ RN=1000 ʆʤ. ʕʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝ-

ʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ, ʧʨʠ-

ʤʝʥʷʚʰʠʭʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ Uʧʠʪ ʧʨʠʥʠʤʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ 

ʠ ʩʦʩʪʘʚʣʷʣʦ 10 ɺ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʪʦʢʘ Ikb0 (ʨʠʩ.5, 

ʣʠʥʠʷ 2) ʠ ʥʘʧʨʷʞʝʥʠʷ Ube (ʨʠʩ.5, ʣʠʥʠʷ 1), ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʪʨʘʥʟʠʩʪʦʨʘ 

ʂʊ819ɻ. 

 
ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʴ Ube (1) ʠ Ikb0 (2) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʢʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝ-

ʟʠʩʪʦʨʳ ʦʙʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʠʧʘ ʈ1-71 ʜʣʷ ʥʘʚʝʩʥʦʛʦ 

ʤʦʥʪʘʞʘ 5%-ʦʡ ʪʦʯʥʦʩʪʠ ʩ ʊʂʉ=10
-4
 ʆʤ/

0
ʉ. ʊʂʉ ʧʦ-

ʣʠʢʨʝʤʥʠʷ ʚʳʰʝ, ʧʦʵʪʦʤʫ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʩʷ 

ʨʘʩʯʸʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʟʠʩʪʦʨʦʚ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 200
0
ʉ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʦʩʪʘ, ʠʤʝʶʱʝʛʦ ʊʂʉ ʦʢʦʣʦ 0.03%/
0
ʉ, ʫʚʝʣʠʯʠʪʩʷ ʜʦ 

1060 ʆʤ, ʯʪʦ ʚʳʟʦʚʝʪ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʋʊʂ ʥʘ 

10ʤɺ, ʨʠʩ.6. 

 
ʈʠʩ.6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʋʊʂ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

RN. 

ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ U
/
ʧʠʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʥʘ 200
0
ʉ ʩʦʩʪʘʚʣʷʝʪ 1ɺõ3ɺ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʥʝʙʨʝʯʴ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʟʠʩʪʦ-

ʨʦʚ. ʕʪʦ ʫʧʨʦʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʚ 0.005%, ʯʪʦ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʚʳ-

ʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʘʥʥʦʡ ʩʭʝʤʳ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ɓ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ, ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʅʘ ʨʠʩ.7 ʧʨʠ-

ʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ U
/
ʧʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ɓ. 

 
ʈʠʩ.7. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʋʊʂ ʦʪ ɓ. 
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IV.  ʈɽɿʋʃʔʊɸʊʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 
ʈʠʩ.8. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʫʟʣʘ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʷʭ R1,R2. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ R1 ʠ R2 ʧʦʣʫʯʝʥʘ ʩʣʝʜʫ-

ʶʱʘʷ ʢʘʨʪʠʥʘ: ʧʨʠ R1 < R2 ʥʘʧʨʷʞʝʥʠʝ U
/
ʧʠʪ ʨʘʩʪʸʪ, 

ʥʦ ʥʘʢʣʦʥ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʚʦʡ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷ-

ʞʝʥʠʷ (ʊʂʅ ʩʭʝʤʳ) ʥʝʙʦʣʴʰʦʡ, ʧʨʠ R1 > R2 ʊʂʅ 

ʩʭʝʤʳ ʚʳʰʝ. ʅʘ ʨʠʩ.8 ʧʦʢʘʟʘʥʳ ʨʘʩʯʸʪʥʳʝ ʢʨʠʚʳʝ 

ʜʣʷ ʪʨʘʥʟʠʩʪʦʨʘ ʂʊ819ɻ. ʊʂʅ ʋʊʂ ʧʨʠ R1=R2 ʩʦʩʪʘʚ-

ʣʷʝʪ 0.05%/
0
ʉ. 

V. ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ɹʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʙʠʧʦʣʷʨʥʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʩʩʤʦʪ-

ʨʝʥʥʘʷ ʩʭʝʤʘ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʪʨʘʥ-

ʟʠʩʪʦʨʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʨʘʙʦʪʫ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ ʚʳʰʝ 200
0
ʉ. 

ʅʘ ʨʠʩ.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʩʭʝʤʳ ʪʝʨʤʦ-

ʢʦʤʧʝʥʩʘʮʠʠ ʩ ʪʨʘʥʟʠʩʪʦʨʦʤ ʂʊ819ɻ ʠ ʨʝʟʠʩʪʦʨʘʤʠ: 

R1 =73 ʆʤ, R2 =440 ʆʤ (ʣʠʥʠʷ 1), R1 =440 ʆʤ, R2 

=73 ʆʤ (ʣʠʥʠʷ 2). ʕʪʠ ʥʦʤʠʥʘʣʳ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳ-

ʤʠ, ʯʪʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʨʘʩʯʸʪʥʦʤ ʵʪʘʧʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 8, ʢʨʠʚʳʝ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʳʡ ʥʘʢʣʦʥ (ʨʘʟʣʠʯʥʳʡ ʊʂʅ). ɺ ʦʙʣʘʩʪʠ ʤʝʞ-

ʜʫ ʜʚʫʤʷ ʢʨʠʚʳʤʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʷʷ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ R1 ʠ R2, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʞʝʣʘʪʝʣʴʥʳʡ 

ʥʘʢʣʦʥ ʢʨʠʚʦʡ ï ʞʝʣʘʪʝʣʴʥʳʡ ʊʂʅ ï ʠ ʥʝ ʚʳʡʪʠ ʠʟ 

ʣʠʥʝʡʥʦʡ ʦʙʣʘʩʪʠ) ʧʦʧʘʜʘʶʪ ʥʘʩʪʨʦʡʢʠ ʩ ʊʂʅ ʦʪ 

0.023%/
0
C ʜʦ 0.18%/

0
C, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʢʨʳʚʘʝʪ ʦʙʣʘʩʪʴ ʊʂʏ ʧʨʝʮʠʟʠʦʥʥʳʭ ʥʝʩʢʦʤʧʝʥ-

ʩʠʨʦʚʘʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʭ ʤʦʩʪʦ-

ʚʳʭ ʩʭʝʤ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩ.10 ʧʦʢʘʟʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʢʨʠʚʳʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʭʝʤʳ ʪʝʨʤʦʢʦʧʝʥʩʘ-

ʮʠʠ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʥʦʤʠʥʘʣʦʚ ʨʝʟʠʩʪʦʨʦʚ R1 ʠ R2  

(R1 Ý, R2 Ý): 1 - (88 ʆʤ, 440 ʆʤ), 2 - (88 ʆʤ, 220 ʆʤ), 

3 - (220 ʆʤ, 220 ʆʤ), 4 - (220 ʆʤ, 88 ʆʤ), 5 - (440 ʆʤ, 

88 ʆʤ). 

 
ʈʠʩ.9. ɻʨʘʥʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʚʳʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʩʭʝʤʳ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ. 

 

 
ʈʠʩ.10. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʚʳʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʭʝʤʳ ʪʝʨ-

ʤʦʢʦʤʧʝʥʩʘʮʠʠ ʧʨʠ ʨʘʟʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ R1 ʠ R2 

ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʣʠʥʝʡʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʋʊʂ ʩʦʙʣʶʜʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʊʂʅ, ʦʜʥʘʢʦ ʵʪʘ ʣʠʥʝʡʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʊʂʅ, ʦʩʦʙʝʥʥʦ ʦʪ 0.18%/
0
C ʠ ʚʳʰʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʤʝ-

ʪʦʜʠʢʫ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ. ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟ-

ʤʝʨʠʪʴ ʊʂʏ ʜʘʪʯʠʢʘ. ɽʩʣʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʤʝʥʝʝ 

0.05%/ÁC, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ R1=73 ʆʤ, R2 

ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ R2>R1, ʘ ʝʛʦ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʳʩʯʠʪʳʚʘʝʪʩʷ (ʚ ʩʨʝʜʝ Mathcad). ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʊʂʏ>0.05%/ÁC, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ 

R2=73 ʆʤ, R1 ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ R1>R2. ɺ ʩʣʫʯʘʝ 

ʊʂʏå0.05%/ÁC ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ R1=R2, ʧʝʨʝʩʯʠʪʘʪʴ 

ʊʂʅ ʋʊʂ ʜʣʷ ʨʘʟʥʳʭ ʥʦʤʠʥʘʣʦʚ ʨʝʟʠʩʪʦʨʦʚ ʠ ʚʳ-

ʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ. 

ɼʣʷ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʚʳʭʦʜʥʦʡ ʩʠʛ-

ʥʘʣ ʧʨʠ 20ÁC ʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ 7ɺ 

ʩʦʩʪʘʚʣʷʣ 90ʤɺ, ʧʨʠ 230
0
ʉ ʫʤʝʥʴʰʘʣʩʷ ʜʦ 65ʤɺ 

(ʨʠʩ.11, ʢʨʠʚʘʷ 1). ʉʨʝʜʥʠʡ ʊʂʏ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠ-

ʞʝʥʠʠ ʩʦʩʪʘʚʠʣ -0.126%/ÁC. ɹʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶ-
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ʱʠʝ ʧʘʨʘʤʝʪʨʳ ʋʊʂ: R1=440 ʆʤ, R2=88 ʆʤ, ʥʘʩʪʨʦ-

ʝʥʥʳʡ ʊʂʅ ʋʊʂ ʩʦʩʪʘʚʣʷʣ 0.145%/ÁC. ɺʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʧʦʩʣʝ ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʠ 20
0
ʉ ʥʝ ʠʟʤʝʥʠʣʩʷ, 

ʧʨʠ 230
0
ʉ ʩʦʩʪʘʚʣʷʣ 86ʤɺ, ʊʂʏ ʩʦʩʪʘʚʠʣ -0.017%/ÁC 

(ʨʠʩ.11, ʢʨʠʚʘʷ 2). 

 
ʈʠʩ.11. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʚʳʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʘʪʯʠʢʘ ʙʝʟ 

ʢʦʤʧʝʥʩʘʮʠʠ (1) ʠ ʧʨʠ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʋʊʂ (2). 

VI . ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʧʦʟʚʦ-

ʣʷʝʪ ʟʘʜʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʡ ʊʂʅ ʩʭʝʤʳ ʪʝʨʤʦʢʦʤʧʝʥ-

ʩʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʘʜʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ. ɹʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʨʝ-

ʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛ-

ʥʘʣʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʦʚʦʛʦ 

ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘ-

ʶʱʠʝ ʊʂʅ ʋʊʂ ʠ ʊʂʏ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʫʧʨʦʱʝʥʠʝ 

ʚ ʩʚʷʟʠ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʤʧʝʥʩʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ʅʘ ʨʠʩ.11 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʥʝ ʜʦ-

ʩʪʠʛʥʫʪʘ, ʊʂʏ ʩʦʩʪʘʚʠʣ -0.017%/ÁC. ʊʘʢʞʝ ʚʠʜʥʘ ʥʝ-

ʙʦʣʴʰʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʩʪʦʚʦʡ ʩʭʝʤʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʣʠʥʝʡʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʡ ʯʣʝʥ ʚ ʊʂʏ ʠ ʥʘʧʨʷʞʝ-

ʥʠʠ U
/
ʧʠʪ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʣʦʞʥʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʜʥʘʢʦ ʜʣʷ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʵʪʘ ʩʭʝʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʜʦʩʪʘʪʦʯʥʦ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ. 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʦ 250ÁC ʨʝʘʣʴʥʦ 

ʚʦʟʤʦʞʥʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪ, ʩʦ-

ʩʪʘʚʣʷʝʪ å0,05õ0,015%/ÁC. ʕʪʦ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʫʯʠʪʳʚʘʷ ʰʠʨʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘ-

ʧʘʟʦʥʘ ʠ ʧʨʦʩʪʦʪʫ ʩʭʝʤʳ. ʆʜʥʘʢʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ 

ʜʘʪʯʠʢʦʚ, ʠʤʝʶʱʠʭ ʣʠʥʝʡʥʳʡ ʊʂʏ ʜʦ ʢʦʤʧʝʥʩʘʮʠʠ 

ʥʝ ʙʦʣʝʝ 0.18%/ÁC. ɼʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʊʂʏ ʜʘʥ-

ʥʘʷ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʳʚʘʝʪ ʭʫʜʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. 

VI . ɺʓɺʆɼʓ ʀ ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦ-

ʪʳ ʩʭʝʤʳ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʩ ʙʠʧʦʣʷʨʥʳʤ ʪʨʘʥʟʠ-

ʩʪʦʨʦʤ ʂʊ819ɻ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ 20õ250
0
ʉ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʢʦʤ-

ʧʝʥʩʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʘ ʚ ʜʘʪʯʠʢʝ ʜʘʚʣʝʥʠʷ 

ʜʦ ʟʥʘʯʝʥʠʡ å 0,05õ0,015%/
0
ʉ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʸʪʘ ʩʭʝʤʳ ʋʊʂ. 
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ʊʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ 

ɺ. ɸ. ɺʠʣʴʰʫʢ, ɺ. ɸ. ɿʘʭʘʨʝʥʢʦ, ɸ. ɻ. ʐʢʘʝʚ 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ ï ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʝʘʣʠʟʘʮʠʠ ʜʠʩʢʨʝʪʥʦ-

ʘʜʘʧʪʠʚʥʦʡ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʜʠʦʜʦʚ ʚ 

ʬʦʪʦʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʫʶʱʝʤ ʬʦʪʦʜʠʦʜʥʦʝ 

ʚʢʣʶʯʝʥʠʝ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʧʨʠ ʵʪʦʤ ʩʘʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 

ʠʟʣʫʯʝʥʠʶ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʜʠʩʢʨʝʪʥʦ-ʘʜʘʧʪʠʚʥʘʷ ʪʝʨʤʦʢʦʤʧʝʥʩʘ-

ʮʠʷ, ʬʦʪʦʜʠʦʜ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

I. ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʠ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: 

ʧʠʨʦʤʝʪʨʠʷ, ʦʧʪʠʢʦ-ʚʦʣʦʢʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ, ʣʘ-

ʟʝʨʥʘʷ ʪʝʭʥʠʢʘ ʠ ʜʨ., ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʬʦʪʦʧʨʠ-

ʝʤʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʜʠʦʜʦʚ. ʌʦʪʦʧʨʠʝʤʥʠʢʠ ʥʘ 

ʦʩʥʦʚʝ ʬʦʪʦʜʠʦʜʦʚ ʚ ʬʦʪʦʜʠʦʜʥʦʤ ʚʢʣʶʯʝʥʠʠ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʴ-

ʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ. ʕʪʦ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʠʙʦʨʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʢʨʫʞʘʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠ ʩʨʝʜʩʪʚʘ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʪʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ 

ʜʠʩʢʨʝʪʥʦ-ʘʜʘʧʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʜʠʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʝʜʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʧʨʷʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

p-n ï ʧʝʨʝʭʦʜ ʬʦʪʦʜʠʦʜʘ. ɺ ʜʘʥʥʦʤ ʬʦʪʦʧʨʠʝʤʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ ʬʦʪʦʜʠʦʜ ʚʢʣʶʯʝʥ ʚ ʬʦʪʦʜʠʦʜʥʦʤ ʨʝʞʠʤʝ 

ʨʘʙʦʪʳ. ʌʦʪʦʜʠʦʜʥʳʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦ-

ʢʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ 

ʩʯʝʪ ʥʘʣʠʯʠʷ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ p-n ï 

ʧʝʨʝʭʦʜʝ ʬʦʪʦʜʠʦʜʘ ʧʝʨʝʥʦʩ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝ-

ʣʝʡ ʟʘʨʷʜʘ (ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ) ʧʨʦʠʩ-

ʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʝ [1]. 

 

II. ʊɽʆʈʀʗ 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʜʠʦʜʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʠʟʣʫʯʝ-

ʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦ-

ʩʪʘʪʠʨʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʚ ʧʝʨʝʥʦʩʥʳʭ ʧʨʠʙʦʨʘʭ ʠ ʚ 

ʧʨʠʙʦʨʘʭ ʩ ʞʝʩʪʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʧʦʪʨʝʙʣʷʝ-

ʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʨʝʤʝʥʝʤ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ, 

ʚ ʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʪʝʨʤʦʩʪʘʪʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʥʝʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ. 

ɼʠʩʢʨʝʪʥʦ-ʘʜʘʧʪʠʚʥʳʡ ʤʝʪʦʜ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʜʠʦʜʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʤ ʬʦʪʦʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

1. ɺ ʪʘʢʦʤ ʬʦʪʦʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦ-

ʜʠʦʜʘ, ʢʦʛʜʘ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ p-

n - ʧʝʨʝʭʦʜ ʬʦʪʦʜʠʦʜʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʪʝʨʤʦ-

ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʜʘʪʯʠʢʦʤ ʠ ʦʙʲʝʢʪʦʤ 

ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ.  

ʉʭʝʤʦʡ, ʨʝʘʣʠʟʫʶʱʝʡ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦ-

ʘʜʘʧʪʠʚʥʦʡ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦ-

ʪʦʜʠʦʜʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʪʝʨʤʦʢʦʤʧʝʥʩʘ-

ʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʧʘʜʝ-

ʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n ï ʧʝʨʝʭʦʜʝ ʬʦʪʦʜʠʦʜʘ ʩʤʝ-

ʱʝʥʥʦʛʦ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 

2), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʨʤʦ- 
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ʈʠʩ. 2. ʋʩʨʝʜʥʝʥʥʘ ̫ʥʦʨʤʠʨʦʚʘʥʥʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝ-
ʥʠʷ ʥʘ p-n ï ʧʝʨʝʭʦʜʝ ʧʨʠ ʧʨʷʤʦʤ ʩʤʝʱʝʥʠʠ ʬʦʪʦʜʠʦʜʘ ʌɼ-7ʂ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʤʧʝʥʩʘʮʠʶ ʪʘʢʞʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʜʠʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʋʩʨʝʜʥʝʥʥʘ ̫ʥʦʨʤʠʨʦʚʘʥʥʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹʪʦʢʘ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʬʦʪʦʜʠʦʜʘ ʌɼ-7ʂ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

2. ʅʘʛʨʫʟʢʦʡ ʬʦʪʦʜʠʦʜʘ, ʩ ʢʦʪʦʨʦʡ ʩʥʠʤʘʝʪʩʷ ʧʘ-

ʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʩʚʝʪʦʚʦʤʫ ʧʦ-

ʪʦʢʫ, ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʠʨʫʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʢʣʶ-

ʯʝʥʥʦʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʬʦʪʦʜʠʦʜʦʤ. ʇʦʜʜʝʨʞʘʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʥʝʠʟʤʝʥʥʦʡ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

 

 

 

II I. ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʉʍɽʄɸ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʪʝʨʤʦʢʦʤ-

ʧʝʥʩʘʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʜʠʦʜʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1. 

ʌʦʪʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɺ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʩʠʛʥʘʣʫ 

ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ 4 ʧʝʨʝʢʣʶʯʘʪʝʣʠ S1, S2 ʠ S3 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 1. ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ ʬʦʪʦʜʠʦʜ 1 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ 6 ʧʨʦʪʝʢʘʝʪ ʪʦʢ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʠ ʚʦʟʥʠʢʘʝʪ ʧʨʷʤʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n 

ï ʧʝʨʝʭʦʜʝ ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʪʝʤʧʝʨʘʪʫʨʝ ʵʪʦ-

ʛʦ ʧʝʨʝʭʦʜʘ [2]. ʕʪʦ ʥʘʧʨʷʞʝʥʠʝ ʯʝʨʝʟ ʧʦʚʪʦʨʠʪʝʣʴ 

ʥʘʧʨʷʞʝʥʠʷ 2 ʟʘʧʦʤʠʥʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʚʳʙʦʨʢʠ ʠ 

ʭʨʘʥʝʥʠʷ 3, ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʨʝʛʫ-

ʣʠʨʫʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 5 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʜʠʦʜʘ ʚ ʩʣʝʜʫʶʱʝʤ ʪʘʢʪʝ ʧʦʩʣʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ S1, S2 ʠ S3 ʚ ʧʦʣʦʞʝ-

ʥʠʝ 2 ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʬʦʪʦʜʠʦʜʘ. 

ʇʨʠ ʵʪʦʤ ʢ ʬʦʪʦʜʠʦʜʫ 1 ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ +ɽ 

ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʦʥ ʨʘʙʦʪʘʝʪ 

ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʣʫʯʠʩʪʦʛʦ ʧʦʪʦʢʘ ʚ ʬʦʪʦʜʠʦʜʥʦʤ 

ʨʝʞʠʤʝ. ɺ ʵʪʦʤ ʪʘʢʪʝ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ 4 ʧʨʝ-

ʨʳʚʘʝʪ ʩʯʠʪʳʚʘʥʠʝ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ 

ʚʳʙʦʨʢʠ ʠ ʭʨʘʥʝʥʠʷ 3, ʘ ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʩ ʘʤʧʣʠʪʫʜʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʦʡ ʦʙʣʫʯʝʥʥʦʩʪʠ ʬʦʪʦʜʠʦʜʘ 1 ʠ ʯʘʩʪʦʪʦʡ, ʟʘʜʘʥʥʦʡ 

ʫʩʪʨʦʡʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ 4. 

 
ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

1 ï ʬʦʪʦʜʠʦʜ; 2 - ʧʦʚʪʦʨʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ; 3 - ʫʩʪʨʦʡʩʪʚʦ ʚʳʙʦʨʢʠ 
ʠ ʭʨʘʥʝʥʠʷ; 4 - ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ; 5 - ʨʝʛʫʣʠʨʫʝʤʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ; 6 - ʠʩʪʦʯʥʠʢ ʪʦʢʘ; +ɽ - ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; S1, S2, S3 ï ʧʝʨʝ-

ʢʣʶʯʘʪʝʣʠ. 

IV. ɺʓɺʆɼʓ ʀ ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦ-

ʢʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʧʨʠʝʤ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʪʦʜʠʦʜʥʦʡ ʩʭʝ-

ʤʝ ʚʢʣʶʯʝʥʠʷ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟ-

ʤʝʥʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʜʠʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʪʝʨ-

ʤʦʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʜʝ-

ʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n ï ʧʝʨʝʭʦʜʝ ʬʦʪʦʜʠʦʜʘ ʩʤʝ-

ʱʝʥʥʦʛʦ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʤʦʜʫʣʷʮʠʠ ʠʟʤʝʨʷʝʤʦʛʦ ʣʫʯʠʩʪʦʛʦ 

ʧʦʪʦʢʘ. ʕʪʦʪ ʚʳʚʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʥʦʚʳʝ ʟʘʩʚʝʪ-
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ʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 0-40 ʃʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʧʨʷʤʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ p-n ï ʧʝ-

ʨʝʭʦʜʝ ʬʦʪʦʜʠʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʠ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝ-

ʥʠʝ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ ʩʭʝʤʳ ʬʦʪʦʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʜʠʩʢʨʝʪʥʦ-ʘʜʘʧʪʠʚʥʳʡ 

ʤʝʪʦʜ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʦʪʦʜʠʦ-

ʜʘ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

[1] ʀʩʪʦʯʥʠʢʠ ʠ ʧʨʠʝʤʥʠʢʠ ʠʟʣʫʯʝʥʠʷ [ʊʝʢʩʪ]: ʋʯʝʙʥʦʝ ʧʦ-
ʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʦʚ / 

ʇʦʜ. ʨʝʜ. ɻ.ɻ. ʀʰʘʥʠʥ. ï ʉʇʙ.: ʇʦʣʠʪʝʭʥʠʢʘ, 1991. ï 240 

ʩ. 
[2] ʇʘʪʝʥʪ 2194252 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ 7 G 01 J 

1/44. ʀʤʧʫʣʴʩʥʦʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ [ʊʝʢʩʪ] / 

ɺ.ɸ. ɿʘʭʘʨʝʥʢʦ, ɸ.ɻ. ʐʢʘʝʚ; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘ-
ʪʝʣʴ ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

- ˉ 2001111187/28, ʟʘʷʚʣ. 23.04.2001; ʦʧʫʙʣ. 10.12.2002. 

ɹʶʣ. ˉ 22. ï  
6 c.: ʠʣ. 

 
ɺʠʣʴʰʫʢ ɺʷʯʝʩʣʘʚ ɸʥʘʪʦʣʴʝʚʠʯ, 
07.06.1953 ʛ. ʨʦʞʜʝʥʠʷ. ɼʦʮʝʥʪ.  

ɺʝʪʝʨʘʥ ʆʤɻʊʋ, ʨʘʙʦʪʘʝʪ 

ʚ ʆʤɻʊʋ ʩ ʤʦʤʝʥʪʘ ʦʢʦʥ-
ʯʘʥʠʷ ʚ 1975 ʛʦʜʫ ʆʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠ-

ʪʫʪʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 
çʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʨʘʜʠʦʘʧʧʘʨʘʪʫ-

ʨʳè. ʗʚʣʷʝʪʩʷ ʘʚʪʦʨʦʤ 29 
ʥʘʫʯʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʧʫʙʣʠʢʘʮʠʡ ʠ 9 ʠʟʦʙʨʝʪʝ-

ʥʠʡ, ʦʪʤʝʯʝʥ ʥʘʛʨʫʜʥʳʤ 
ʟʥʘʢʦʤ çʀʟʦʙʨʝʪʘʪʝʣʴ 

ʉʉʉʈè. 

 
ɿʘʭʘʨʝʥʢʦ ɺʣʘʜʠʤʠʨ ɸʥʜʨʝʝʚʠʯ, 

25.06.1950 ʛ. ʨʦʞʜʝʥʠʷ. ʂ.ʪ.ʥ., ʜʦ-
ʮʝʥʪ. ʈʘʙʦʪʘʝʪ ʧʨʦʬʝʩʩʦʨʦʤ, ʟʘʚʝʜʫ-

ʶʱʠʤ ʚʳʧʫʩʢʘʶʱʝʡ ʢʘʬʝʜʨʳ çʊʝʭ-

ʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳè 
ʆʤɻʊʋ. 

ʆʢʦʥʯʠʣ ʊʦʤʩʢʠʡ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʂʠʙʝʨ-

ʥʝʪʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʂʘʥʜʠʜʘʪʩʢʘʷ 
ʜʠʩʩʝʨʪʘʮʠʷ ʧʦ ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʠ 05.11.13. "ʇʨʠʙʦʨʳ 

ʠ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʠ-

ʨʦʜʥʦʡ ʩʨʝʜʳ, ʚʝʱʝʩʪʚ, 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ". ɺ 

2012 ʛʦʜʫ ʟʘʱʠʱʝʥʘ ʜʦʢ-
ʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ çʀʥ-

ʬʨʘʢʨʘʩʥʳʝ ʠ ʩʚʝʪʦʚʳʝ 
ʩʨʝʜʩʪʚʘ ʪʝʧʣʦʚʦʛʦ ʢʦʥ-

ʪʨʦʣʷ: ʨʘʟʨʘʙʦʪʢʘ, ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʚʥʝʜʨʝ-

ʥʠʝè.ɸʚʪʦʨ 8 ʠʟʦʙʨʝʪʝʥʠʡ 

ʠ ʙʦʣʝʝ 150 ʥʘʫʯʥʳʭ ʪʨʫ-
ʜʦʚ. ɹʨʦʥʟʦʚʳʡ ʧʨʠʟʝʨ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʢʫʨʩʘ 

BRUSSELS EURECA 
2001. 

 
ʐʢʘʝʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ, 

31.05.1974 ʛ. ʨʦʞʜʝʥʠʷ. ʂ.ʪ.ʥ., ʜʦ-

ʮʝʥʪ. ʈʘʙʦʪʘʝʪ ʜʦʮʝʥʪʦʤ ʢʘʬʝʜʨʳ 
çʊʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫ-

ʨʳè ʆʤɻʊʋ. 

ʆʢʦʥʯʠʣʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ 
ʬʘʢʫʣʴʪʝʪ ʆʤʩʢʦʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦ-

ʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ 1996 ʛ. 
ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʂʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦ-

ʛʠʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 
ʩʨʝʜʩʪʚè. ɺ 2003 ʛ. ʟʘʱʠ-

ʪʠʣ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨ-

ʪʘʮʠʶ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 
05.11.13 ï ʧʨʠʙʦʨʳ ʠ ʤʝ-

ʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʚʝʱʝʩʪʚ, ʤʘʪʝʨʠʘ-
ʣʦʚ ʠ ʠʟʜʝʣʠʡ. ɸʚʪʦʨ 3 

ʠʟʦʙʨʝʪʝʥʠʡ, ʠʤʝʝʪ 36 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. 

 



ɸʇʕʇ-2012Å   XI ʄɽɾɼʋʅɸʈʆɼʅɸʗ ʂʆʅʌɽʈɽʅʎʀʗ 

978-1-4673-2841-8/12/$31.00 É2012 IEEE  28 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʟʘʦʩʪʨʝʥʠʷ ʢʨʝʤʥʠʝ-

ʚʳʭ ʠʛʣ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝ-

ʥʠʷ 

 
ʉʝʨʛʝʡ ɺ. ʂʘʣʠʥʠʥ, ɸʥʜʨʝʡ ɺ. ɽʛʦʨʢʠʥ, 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ ï ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʦ-

ʜʝʣʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʨʠʣʦ-

ʞʝʥʠʠ SProcess TCAD SenTaurus. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʨʝʤʥʠʝʚʘʷ ʠʛʣʘ 

ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. ɺ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʵʬʬʝʢʪ 

ʟʘʦʩʪʨʝʥʠʷ ʢʨʝʤʥʠʝʚʳʭ ʠʛʣ ʧʨʠ ʠʭ ʪʝʨʤʠʯʝʩʢʦʤ ʦʢʠʩ-

ʣʝʥʠʠ ʘʜʝʢʚʘʪʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʇʨʠ ʵʪʦʤ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʦʡ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷ-

ʥʠʝ ʨʷʜʘ ʥʝʣʠʥʝʡʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʢʨʝʤʥʠʝʚʳʝ ʠʛʣʳ, ʪʝʨʤʠʯʝʩʢʦʝ 

ʦʢʠʩʣʝʥʠʝ, TCAD SenTaurus, SProcess, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

I. ɺɺɽɼɽʅʀɽ 

 ʅɸʉʊʆʗʑɽɽ ɺʈɽʄʗ ʢʨʝʤʥʠʝʚʳʝ ʠʛʣʳ ʰʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʭʦ-

ʣʦʜʥʳʭ ʵʤʠʪʪʝʨʦʚ ʚ ʜʠʩʧʣʝʷʭ ʩ ʧʣʦʩʢʠʤʠ ʧʘʥʝʣʷʤʠ 

[1] ʠ ʨʘʙʦʯʠʭ ʟʦʥʜʦʚ ʜʣʷ ʘʪʦʤʥʦ-ʩʠʣʦʚʳʭ ʠ ʪʫʥʥʝʣʴ-

ʥʳʭ ʩʢʘʥʠʨʫʶʱʠʭ ʤʠʢʨʦʩʢʦʧʦʚ [2]. ʊʘʢ ʞʝ ʦʥʠ ʷʚʣʷ-

ʶʪʩʷ ʛʦʣʦʚʢʘʤʠ ʜʣʷ ʟʘʧʠʩʠ/ʩʯʠʪʳʚʘʥʠʷ/ʩʪʠʨʘʥʠʷ ʚ 

ʥʘʥʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʘʤʷʪʠ ʠ ʚʠʙʨʠʨʫʶ-

ʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʥʘʥʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʬʠʣʴ-

ʪʨʘʭ [3] ʠ ʪ.ʜ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʘʢʠʭ ʠʛʣ ʩʦʩʪʦʠʪ ʚ ʚʳʩʦ-

ʢʠʭ ʪʨʝʙʦʚʘʥʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʨʘʜʠʫʩʫ 

ʢʨʠʚʠʟʥʳ ʠʭ ʦʩʪʨʠʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 10 ʥʤ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʘʪʦʤʥʦʧʦʜʦʙ-

ʥʳʤ ʤʘʩʰʪʘʙʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʩʫʧʝʨʦʩʪ-

ʨʳʝ ʢʨʝʤʥʠʝʚʳʝ ʠʛʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ [4]. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝ-

ʥʠʷ SProcess ʚ TCAD SenTaurus [5]. 

II . ʆʉʅʆɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ 

ʇʈʆʎɽʉʉɸ ʀɿɻʆʊʆɺʃɽʅʀʗ ʉʋʇɽʈʆʉʊʈʓʍ  

ʂʈɽʄʅʀɽɺʓʍ ʀɻʃ 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [1] ʧʨʦʮʝʩʩ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʩʫʧʝʨʦʩʪʨʳʭ ʢʨʝʤʥʠʝʚʳʭ ʠʛʣ ʧʦʜʨʘʟʜʝʣʷʝʪ-

ʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʩ ʧʦʤʦ-

ʱʴʶ ʦʧʝʨʘʮʠʡ ʧʣʘʥʘʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʢʦʣʦʥʥʦ-ʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1, 

a)-d). ɿʘʪʝʤ ʦʥʠ ʪʝʨʤʠʯʝʩʢʠ ʦʢʠʩʣʷʶʪʩʷ (e)-f)).  

 
ʈʠʩ. 1. ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʝʤʥʠʝʚʦʡ çʠʛʣʳè: ʘ) ʦʩʘʞʜʝʥʠʝ 

ʥʘ ʢʨʝʤʥʠʝʚʫʶ ʧʦʜʣʦʞʢʫ ʩʣʦʷ SiO2 ʠ ʬʦʪʦʨʝʟʠʩʪʠʚʥʦʡ ʤʘʩʢʠ; ʙ) 
ʘʥʠʟʦʪʨʦʧʥʦʝ ʪʨʘʚʣʝʥʠʝ ʩʣʦʷ SiO2 ʠ ʫʜʘʣʝʥʠʝ ʬʦʪʦʨʝʟʠʩʪʘ; ʚ) ʠʟʦ-

ʪʨʦʧʥʦʝ ʪʨʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ; ʛ) ʫʜʘʣʝʥʠʝ 

ʩʣʦʷ SiO2; ʜ) ʦʢʠʩʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ; ʝ) ʫʜʘʣʝʥʠʝ ʦʢʠʩʣʘ ʠ ʧʦʣʫʯʝʥʠʝ 
ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ çʠʛʣʘè 

ʊ.ʢ. ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʩʪʨʠʶ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʚʦʟʥʠʢʘʶʪ ʚʳ-

ʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝ-

ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʩʪʨʠʷ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʦʙʲʝʤʥʳʭ 
ʫʯʘʩʪʢʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʦʩʪʨʠʷ ʢʨʝʤ-

ʥʠʝʚʦʡ ʠʛʦʣʢʠ ʙʫʜʝʪ ʤʘʣʝʥʴʢʠʤ, ʘ ʠʛʣʘ ï ʩʫʧʝʨʦʩ-

ʪʨʦʡ. 

III . ʄʆɼɽʃʔ ʊɽʈʄʀʏɽʉʂʆɻʆ ʆʂʀʉʃɽʅʀʗ  

ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʠʯʝ-

ʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʨʝʣʴʝʬʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ, ʪʦ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʤʝʨʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ.  

ɺ 
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ɺ ʧʨʠʣʦʞʝʥʠʠ SProcess TCAD SenTaurus ʬʦʨʤʘ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʜ ʤʝʞʬʘʟ-

ʥʦʡ ʛʨʘʥʠʮʳ Si/SiO2 ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʢʨʘʝ-

ʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʃʘ-

ʤʝ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʨʘʩʪʫʱʝʛʦ ʦʢʠʩʣʘ ʚ 

ʪʝʨʤʠʥʘʭ ʧʦʣʷ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʡ [6]. ʇʨʠ ʵʪʦʤ, ʜʣʷ 

ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʝ ʨʝʰʘʝʪʩʷ ʜʨʫʛʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʚ ʢʦʪʦʨʦʡ 

ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ ʦʢʠʩʝʣ ʢ ʛʨʘʥʠʮʝ.  

ʌʠʟʠʯʝʩʢʠ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʪʝʨʤʠʯʝʩʢʠʡ ʦʢʠʩʝʣ, 

ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʨʘʟʚʠʪʳʤ Kao et al. [7], 

Sutardja and Oldham [8], Rafferty et al. [9], Senez et al. 

[10], ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʞʠʜʢʦʩʪʴ ʄʘʢʩʚʝʣʣʘ, ʧʦʚʝ-

ʜʝʥʠʝ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ 
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, s ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨ-

ʤʘʮʠʠ, ʩʢʦʨʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ G ʠ h ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʚʷʟ-

ʢʦʩʪʴ ʦʢʠʩʣʘ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ t ʨʘʚʥʦ ʦʪ-

ʥʦʰʝʥʠʶ h /G. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʦʢʠʩʣʘ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶ-

ʯʠʪʴ ʚ ʤʦʜʝʣʴ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʬ-

ʬʝʢʪʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ 

ʢʨʝʤʥʠʷ. ɸ ʠʤʝʥʥʦ: ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʨʘʙʦʪʘʤ Kao et al. [7], Sutardja and Oldham [8] ʚ ʧʨʦ-

ʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʝʧʣʘʥʘʨʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʨʝʤʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ Ks ʦʪ ʚʝʣʠʯʠʥʳ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ sn ʥʘ ʛʨʘʥʠʮʝ Si/SiO2, ʘ 

ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʢʠʩʣʠ-

ʪʝʣʷ D ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

P ʚ ʦʢʠʩʣʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ h ʪʘʢ ʞʝ ʥʝʣʠʥʝʡ-

ʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʢʘʢ ʧʦʢʘ-

ʟʘʣ Rafferty et al. [9] ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʤʦʜʝʣʴʶ 

Eyring. 

IV . ʈɽɿʋʃʔʊɸʊʓ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʟʘʦʩʪʨʝʥʠʷ ʢʨʝʤʥʠʝʚʳʭ 

ʠʛʣ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʩʪʘʪʴʝ [11]. ɺ ʚʠʜʫ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʦʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʢʦʡ ʢʨʝʤʥʠʝʚʦʡ ʢʦ-

ʣʦʥʥʳ. ɺ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʝ, ʢʦʣʦʥʥʘ ʠʤʝʣʘ ʩʪʨʦʛʦ 

ʢʦʥʫʩʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʫ ʦʩʥʦʚʘʥʠʷ 

ʚ 25 ʛʨʘʜʫʩʦʚ. ɿʘʪʝʤ ʟʘʛʦʪʦʚʢʘ ʧʦʜʚʝʨʛʘʣʘʩʴ ʪʝʨʤʠʯʝ-

ʩʢʦʤʫ ʦʢʠʩʣʝʥʠʶ ʚ ʘʪʤʦʩʬʝʨʝ ʩʫʭʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ 

ʪʝʯʝʥʠʠ 6 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ=1100ʉ̄. ʅʘ ʈʠʩ.2 

ʩʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʬʦʨʤʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ-

ʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʠ 

SProcess ʠ ʪʘʤ ʞʝ ʩʧʨʘʚʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʘ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʬʦʨʤʘ ʦʢʠʩʣʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ SEM-

ʤʠʢʨʦʩʢʦʧʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʘ-

ʪʦʯʥʦ ʭʦʨʦʰʠʤ. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʪʠʧʘ çʠʛʣʘè: ʩʣʝʚʘ ï ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ,  

ʩʧʨʘʚʘ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ SEM ʬʦʪʦʛʨʘʬʠʷ 

V. ʆɹʉʋɾɼɽʅʀɽ ʇʆʃʋʏɽʅʅʓʍ ʈɽɿʋʃʔʊɸʊʆɺ 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʘʞʥʦʩʪʠ ʫʯʝʪʘ ʥʝʣʠʥʝʡʥʳʭ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʥʘ ʈʠʩ. 3 

ʧʨʦʚʝʜʝʥʳ ʜʚʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʠʛʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʠ ʙʝʟ ʠʭ ʫʯʝʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʵʬʬʝʢʪ ʟʘʦʩʪʨʝʥʠʷ ʠʛʣʳ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʵʪʠ 

ʥʝʣʠʥʝʡʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. 

 
ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʩʪʨʫʢʪʫ-

ʨʳ  ʢʨʝʤʥʠʝʚʦʡ ʠʛʣʳ 
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VI. ɺʓɺʆɼʓ ʀ ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʨʝʘʣʠʟʦ-

ʚʘʥʥʘʷ ʚ ʧʨʠʣʦʞʝʥʠʠ SProcess TCAD SenTaurus ʨʘʩ-

ʩʯʠʪʳʚʘʝʪ ʵʬʬʝʢʪ ʟʘʦʩʪʨʝʥʠʷ ʢʨʝʤʥʠʝʚʳʭ ʠʛʣ ʚ ʧʨʦ-

ʮʝʩʩʝ ʠʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ, ʘʜʝʢ-

ʚʘʪʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʤʦʜʝ-

ʣʠ ʚ ʥʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʥʝʣʠʥʝʡʥʳʭ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. 
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ʇʨʦʙʣʝʤʳ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ Si 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 3D ʩʪʨʫʢʪʫʨ  

(ʪʝʭʥʦʣʦʛʠʷ Tri-Gate ʥʘʥʦʪʨʘʥʟʠʩʪʦʨʦʚ) 

 
ɹʦʨʠʩ ʂ. ɹʦʛʦʤʦʣʦʚ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

E ï mail: b_bogomolov@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ ï ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʣʘʟ-

ʤʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʚ CCl2F2/O2 ʚ ʢʚʘʨʮʝʚʦʤ 

ʨʝʘʢʪʦʨʝ ʩ ʪʝʬʣʦʥʦʚʳʤ ʧʦʢʨʳʪʠʝʤ. ʇʦʩʪʨʦʝʥʘ ʥʝʧʨʦ-

ʪʠʚʦʨʝʯʠʚʘʷ ʤʦʜʝʣʴ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ 

ʢʨʝʤʥʠʷ ʚ ʧʣʘʟʤʝ CCl2F2/O2 ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʡ ʧʦ-

ʩʪʘʚʢʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʪʨʘʚʣʝʥʠʷ 

ʪʝʬʣʦʥʘ. ʇʨʦʚʝʜʝʥʦ ʛʣʫʙʠʥʥʦʝ ʪʨʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ ʜʦ 

180 ʤʢʤ ʟʘ 30 ʤʠʥʫʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ, ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʝ 

ʪʨʘʚʣʝʥʠʝ, ʢʨʝʤʥʠʡ, ʪʝʬʣʦʥʦʚʦʝ ʧʦʢʨʳʪʠʝ. 

I. ɺɺɽɼɽʅʀɽ 

ʈʆʄʓʐʃɽʅʅɸʗ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʧʨʦʜʦʣʞʘ-

ʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʄʫʨʘ. ɺ 

2000 ʛʦʜʫ ʙʳʣ ʧʨʝʦʜʦʣʝʥ ʨʫʙʝʞ ʧʨʦʝʢʪʥʳʭ ʥʦʨʤ 100 

ʥʤ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʦʰʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʠʢ-

ʨʦʵʣʝʢʪʨʦʥʠʢʠ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʫ. ɺʝʜʫʱʠʝ ʤʠʨʦʚʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʠʢʨʦʩʭʝʤ ʜʦʩʪʠʛʣʠ ʧʨʦʝʢʪʥʳʭ ʥʦʨʤ 

22 ʥʤ. ʂʦʤʧʘʥʠʷ Intel ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ ʧʦ ʥʦʨʤʝ 

22 ʥʤ ʠʩʧʦʣʴʟʫʝʪ Tri-Gate ʥʘʥʦʪʨʘʥʟʠʩʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ 3D-ʩʪʨʫʢʪʫʨʫ.  

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 3D-ʩʪʨʫʢʪʫʨʳ ʧʨʠʤʝʥʷʝʪʩʷ ʧʣʘʟ-

ʤʦʭʠʤʠʯʝʩʢʦʝ ʪʨʘʚʣʝʥʠʝ ʢʨʝʤʥʠʷ. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ 

ʚʝʜʸʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʸʤ, ʪ.ʢ. ʥʝ ʚʩʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʚ ʧʣʘʟʤʝ ʥʘʰʣʠ ʩʚʦʸ ʦʙʲ-

ʷʩʥʝʥʠʝ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʧʣʘʟʤʘ CF4/O2. ʆʜʥʘʢʦ, ʦʥʘ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʪʝ-

ʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʪʨʘʚʣʝʥʠʷ. ʇʣʘʟʤʘ CCl2F2/O2  ʦʙʣʘ-

ʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʘʥʠʟʦʪʨʦʧʠʠ, ʥʦ ʤʘ-

ʣʦ ʠʩʩʣʝʜʦʚʘʥʘ. ʂʨʦʤʝ ʪʦʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʩʢʦʨʦʩʪʴ ʪʨʘʚ-

ʣʝʥʠʷ ʢʨʝʤʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 90% ʩʦʜʝʨ-

ʞʘʥʠʷ O2. ʅʘʤ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʯʠʥʫ ʪʘʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʣʘʟʤʳ CCl2F2/O2 ʠ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ 

ʪʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ. 

 

 

II . ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ʆʙʱʝʧʨʠʥʷʪʦ ʤʥʝʥʠʝ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʝʨʝʞʘ-

ʝʪ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘ-

ʶʱʠʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʧʣʘʟʤʦʡ [1]. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʷʚʣʷ-

ʶʪʩʷ ʧʦʢʘ ʷʚʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʳʤʠ. 

ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʨʝʭʤʝʨʥʦʛʦ ʬʦʨʤʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʟʜʝʣʠʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʤʠʢʨʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠ (ʄʉʊ) ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʦʝ 

ʘʥʠʟʦʪʨʦʧʥʦʝ ʧʣʘʟʤʝʥʥʦʝ ʪʨʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. ʄʠʨʦʚʦʡ ʦʧʳʪ ʠʟʛʦʪʦʚʣʝʥʠʷ MEMS (ʥʘʠʙʦʣʝʝ 

ʨʘʟʚʠʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʄʉʊ) ʦʩʥʦʚʘʥ ʥʘ 

ʰʠʨʦʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʝʤʥʠʷ ï ʜʝʰʝʚʦʛʦ ʠ ʜʦ-

ʩʪʫʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʘ ʧʣʘʭʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ. 

 ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʘʟʠʩʘ ʤʠʢʨʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʫʝʪ ʚʘʞʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʥʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʦʣʱʠʥʘ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ ʠʭ ʨʘʟ-

ʤʝʨʳ ʚ ʧʣʦʩʢʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ï 3D ï ʩʪʨʫʢʪʫʨ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩ ʧʣʘʟʤʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ, ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʘʥʠʟʦʪʨʦʧʠʠ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʪʨʘʚʣʝʥʠʷ, ʯʝʤ ʵʪʦ ʜʦʧʫʩʪʠʤʦ ʚ ʢʣʘʩ-

ʩʠʯʝʩʢʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʟʘʩʪʘʚ-

ʣʷʶʪ ʧʦʜʚʝʨʛʥʫʪʴ ʧʨʦʮʝʩʩ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚ-

ʣʝʥʠʷ ʢʨʝʤʥʠʷ ʢʦʨʝʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ. ʅʘʠʙʦʣʝʝ ʚʘʞ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘ-

ʣʝʝ. 

ʇ 
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III . ʂʆʅʊʈʆʃʔ ʉʆɻʃɸʉʆɺɸʅʀʗ ɺʏ ɻɽʅɽʈɸʊʆʈɸ ʉ 

ʉʀʉʊɽʄʆʁ ʇʃɸɿʄʆʍʀʄʀʏɽʉʂʆɻʆ ʊʈɸɺʃɽʅʀʗ Si 

     ʅʘ ʫʩʪʘʥʦʚʢʝ ñʇʣʘʟʤʘ 600ò ʢʦʥʪʨʦʣʴ ʩʦʛʣʘʩʦʚʘ-

ʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɺʏ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʦʣ-

ʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (ʠʤʧʝʜʘʥʩʦʤ) ʩʠʩʪʝʤʳ ʪʨʘʚʣʝ-

ʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʦʢʫ ʩʝʪʢʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʝʪʦʯʥʳʡ ʪʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʦʥʘʥʩʫ 

ʢʦʥʪʫʨʘ ʠʥʜʫʢʪʦʨʦʚ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ɺʏ ʛʝʥʝʨʘ-

ʪʦʨ ʙʫʜʝʪ ʠʤʝʪʴ ʭʦʨʦʰʠʡ ʂʇɼ ʠ ʦʪʜʘʚʘʪʴ ʚ ʥʘʛʨʫʟʢʫ 

ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ [3]. 

      ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʥʘʩʪʨʦʡʢʠ ʢʦʥʪʫʨʘ ʠʥʜʫʢʪʦʨʦʚ ʠ ʥʘʩʪʨʦʡʢʠ 

ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʵʤʠʩʩʠʦʥʥʦ-

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʪʠʧʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʘ ʦʧʠʩʘʥʘ ʚ 

[4]. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ Si ʙʳʣʘ ʚʳ-

ʙʨʘʥʘ ʣʠʥʠʷ ʠʟʣʫʯʝʥʠʷ ʬʪʦʨʘ ʩ ɚ = 624 ʥʤ. ʅʘ ʈʠʩ.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʧʨʦʧʫʩʢʘ-

ʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʨʘʙʦʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʚʝ-

ʪʦʬʠʣʴʪʨʘ ʩ ɚ max = 626 ʥʤ. 

 
ʈʠʩ.1. ʉʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ ū22 

ʤʤ ʠ ʪʦʣʱʠʥʦʡ 4 ʤʤ. 

ʉʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʚʟʚʝʰʠʚʘʥʠʝʤ 

ʢʨʝʤʥʠʝʚʦʛʦ ʦʙʨʘʟʮʘ ʜʦ ʠ ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. ʊʦʯʥʦʩʪʴ 

ʚʟʚʝʰʠʚʘʥʠʷ Ñ0.0001 ʛ. 

ʅʘ ʈʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ɸʥʘ-

ʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʩʪʨʦʡʢʘ ʧʨʦʮʝʩʩʘ 

ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʧʦ ʤʘʢʩʠʤʫʤʫ ʪʦʢʘ ʜʘʪʯʠʢʘ ʧʦʟʚʦ-

ʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʧʨʠ 

ʪʦʤ ʞʝ ʘʥʦʜʥʦʤ ʪʦʢʝ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʥʘʩʪʨʦʡʢʠ ʥʘ ʨʝʟʦʥʘʥʩ ʚ ʧʣʘʟʤʫ 

ʚʚʦʜʠʪʩʷ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʠ, ʪ.ʝ. ʂʇɼ ʚʳʰʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʤʝʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʠʟʣʫʯʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʨʘʟʨʷʜʦʤ ʤʦʣʝʢʫʣ ʨʘʙʦʯʝʛʦ 

ʛʘʟʘ ʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ. ʇʦʵʪʦ-

ʤʫ ʥʘʩʪʨʦʡʢʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʥʪʫʨʘ ʫʩʪʘʥʦʚʢʠ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʟʘʜʘʥʥʦʤ ʘʥʦʜʥʦʤ ʪʦʢʝ 

ʪʦʢ ʜʘʪʯʠʢʘ ʙʳʣ ʤʘʢʩʠʤʘʣʴʥʳʤ. ɸ ʪʘʢ ʢʘʢ ʜʘʪʯʠʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʪʦʜʠʦʜ, ʪʦ ʪʦʢ ʙʫʜʝʪ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤ ʧʨʠ  ʤʘʢʩʠʤʘʣʴʥʦʤ  ʧʦʪʦʢʝ  ʠʟʣʫʯʝʥʠʷ  ʚʦʟ-

ʙʫʞʜʝʥʥʳʭ 

 
ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʠ ʩʝʪʦʯʥʦʛʦ ʪʦʢʘ (Ic), ʪʦʢʘ ʜʘʪʯʠʢʘ (Id) ʠ ʤʘʩʩʳ 

ʩʪʨʘʚʣʝʥʥʦʛʦ ʢʨʝʤʥʠʷ (m) ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ CCl2F2 ʚ ʩʤʝʩʠ 
CCl2F2/O2 (ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʥʘ ʨʝʟʦʥʘʥʩ ʧʦ ʪʦʢʫ ʜʘʪʯʠʢʘ ʠ ʘʥʦʜʥʦʤ ʪʦʢʝ 0.35 ɸ, 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 
ʥʘʩʪʨʦʡʢʝ ʥʘ ʨʝʟʦʥʘʥʩ ʧʦ ʪʦʢʫ ʩʝʪʢʠ ʠ ʘʥʦʜʥʦʤ ʪʦʢʝ 0.4 ɸ (ʜʘʚʣʝ-

ʥʠʝ ʚ ʨʝʘʢʪʦʨʝ 14-16.5 ʜʝʣ., ʧʦʪʦʢ O2 30 ʝʜ., ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥʢʠ Si 

11.75 ʩʤ2, ʚʨʝʤʷ ʪʨʘʚʣʝʥʠʷ 5 ʤʠʥ.) 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʫʜʘʨʘʤʠ ʤʦʣʝʢʫʣ ʨʘʙʦʯʝʛʦ ʛʘʟʘ. ɺ 

ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʬʦʪʦʜʠʦʜ ʧʦʩʪʫʧʘʣʦ 

ʠʟʣʫʯʝʥʠʝ ʯʝʨʝʟ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʩʚʝʪʦʬʠʣʴʪʨ ʩ 

ɚmax = 626 nm.  

ʅʘ ʈʠʩ.3 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʜʘʪʯʠʢʘ ʧʨʠ 

ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ Si ʚ ʨʝʘʢʪʦʨʝ. ʀʟ ʘʥʘʣʠʟʘ ʈʠʩ.3 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʘʪʯʠʢ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʩ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʩʚʝʪʦʬʠʣʴʪʨʦʤ ʯʫʚʩʪʚʠʪʝʣʝʥ ʥʝ 

ʢ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ, ʘ ʢ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʯʘʩʪʠ-

ʮʘʤ (ʍɸʏ), ʪʦ ʝʩʪʴ ʢ [F]. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʝ ʪʦʢʘ ʜʘʪʯʠʢʘ ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʝʤʥʠʷ ʚ ʨʝʘʢ-

ʪʦʨʝ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʣʘʟʤʦʭʠʤʠʯʝ-

ʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʊʦ ʝʩʪʴ ʣʠʤʠʪʠʨʫʶʱʝʡ ʷʚʣʷʝʪʩʷ ʩʪʘʜʠʷ ʜʦ-

ʩʪʘʚʢʠ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʬʪʦʨʘ ʢ ʢʨʝʤʥʠʝʚʦʤʫ ʦʙʨʘʟʮʫ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʥʝʩʝʥʠʝ ʚ ʨʝʘʢʪʦʨ ʢʨʝʤʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʝʛʦ ʛʠʙʝʣʠ ʠ 

ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩʥʠʞʘʝʪʩʷ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʯʠʩʣʦ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦ-

ʤʦʚ ʬʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ɚmax= 626 nm ʠ ʪʦʢ ʜʘʪʯʠʢʘ 

ʪʦʞʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʦʜʫʢʪʳ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ 

ʥʘʦʙʦʨʦʪ ʧʦʷʚʣʷʶʪʩʷ ʠ, ʝʩʣʠ ʙʳ ʜʘʪʯʠʢ ʨʝʘʛʠʨʦʚʘʣ ʥʘ 

ʥʠʭ, ʪʦ ʝʛʦ ʩʠʛʥʘʣ (ʬʦʪʦʪʦʢ) ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʫʚʝʣʠ-

ʯʠʪʴʩʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʥʘʧʫʩʢʘ ʚ ʨʝ-

ʘʢʪʦʨ ʢʠʩʣʦʨʦʜʘ ʠ CCl2F2. ʉʪʝʥʢʠ ʢʚʘʨʮʝʚʦʛʦ ʨʝʘʢʪʦ-

ʨʘ ʙʳʣʠ ʧʦʢʨʳʪʳ ʪʝʬʣʦʥʦʤ, ʢʦʪʦʨʳʡ ʠʥʪʝʥʩʠʚʥʦ ʪʨʘ-

ʚʠʣʩʷ ʚ ʧʣʘʟʤʝ ʨʘʙʦʯʝʡ ʩʤʝʩʠ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʝʝ 

ʦʙʦʛʘʱʝʥʠʶ   ʘʪʦʤʘʤʠ   ʬʪʦʨʘ,  ʠ  ʩʢʦʨʦʩʪʴ  ʪʨʘʚʣʝ-

ʥʠʷ ʢʨʝʤʥʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ 10 ʠ ʙʦʣʝʝ ʨʘʟ. ʉʦʦʪʚʝʪ-

ʩʪʚʫʁʱʝʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʜʘʪʯʠʢʘ ʦʪ ʨʘʩʭʦʜʘ ʬʨʝʦʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʨʘʟʮʘ Si ʚ ʨʝʘʢʪʦʨʝ. ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 14  ʝʜʠʥʠʮ. 

ʈʘʩʭʦʜ ʢʠʩʣʦʨʦʜʘ 30 ʝʜʠʥʠʮ. 

FCOOCFCF n 422)( 2222 +=+---  

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʧʣʘʟʤʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʘʜʠʢʘʣʳ CF2. ʊʘʢ ʢʘʢ ʠʥʦʛʜʘ 

ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʦʙʨʘʟʮʘ ʠʟ ʨʝʘʢʪʦʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪ-

ʩʣʘʠʚʘʥʠʝ ʪʦʥʢʦʡ ʧʣʝʥʢʠ (ʧʘʫʪʠʥʢʠ).  

ɺ ʨʘʙʦʪʝ [5] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ teflon-like polimer ʦʙ-

ʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʜʘʞʝ ʧʨʠ ʪʨʘʚʣʝʥʠʠ 

ʚ ʯʠʩʪʦʡ ʧʣʘʟʤʝ CCl2F2. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʝʜʣʦ-

ʞʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʪʘʢ ʢʘʢ ʥʝʩʤʦʪʨʷ 

ʥʘ ʦʙʠʣʠʝ ʢʠʩʣʦʨʦʜʘ ʪʝʬʣʦʥ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ CF2 ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʳʩʘʞʠʚʘʷʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʦʙʨʘʟʫʶʪ teflon-like polimer. 

ʕʪʦʡ ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʠ-

ʥʝʪʠʢʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ. ʆʜʥʘ-

ʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [5] ʬʦʨʤʠʨʦʚʘʥʠʝ 

teflon-like polimer ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʷ ʧʨʦʠʩʭʦ-

ʜʠʪ ʙʳʩʪʨʦ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ (ʩʤ. ʈʠʩ 4 ʠ ʈʠʩ.5). ʂʨʦʤʝ ʪʦʛʦ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʣʦʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳ-

ʩʦʢʘʷ, ʪʘʢ ʢʘʢ ʥʝʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʦʙʨʘʟʮʘ ʢʨʝʤʥʠʷ ʟʘ 15 ʤʠʥʫʪ ʪʨʘʚʣʝʥʠʷ. 

 
ʈʠʩ.4. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʂʕʌ - 7.5 (100) ʦʪ 
ʚʨʝʤʝʥʠ ʪʨʘʚʣʝʥʠʷ. ʇʣʦʱʘʜʴ ʦʙʨʘʟʮʘ 11.8 ʩʤ2, ʧʦʪʦʢ ʢʠʩʣʦʨʦʜʘ 30 

ʝʜ., ʧʦʪʦʢ ʉF2Cl2 50 ʝʜ., ʘʥʦʜʥʳʡ ʪʦʢ 0.35 A, ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ 14 

ʝʜ. 

 

ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʜʘʪʯʠʢʘ ʦʪ ʚʨʝʤʝʥʠ ʪʨʘʚʣʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʪʘʢʠʝ ʞʝ ʢʘʢ ʥʘ ʈʠʩ.4. 

IV. ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɻʈʋɿʆʏʅʆɻʆ ʕʌʌɽʂʊɸ 

ʉʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʘʚʠʪʝʣʷ, ʧʦʵʪʦʤʫ ʦʥʘ ʙʫʜʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʧʦʜʣʦʞʝʢ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʘʟʤʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʫʟʦʯʥʦʛʦ ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ 

ʂɼɹ ï 4,5 (100). ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʨʘʚʥʳ: 5Ĭ5 

ʤʤ, 5Ĭ10 ʤʤ ʠ 5Ĭ15 ʤʤ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʜʦʩʪʠ-

ʛʘʣʦʩʴ ʩʦʚʤʝʩʪʥʳʤ ʪʨʘʚʣʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ. 

ʆʙʨʘʟʮʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4 ï 5 

ʩʤ ʦʪ ʣʝʚʦʛʦ ʢʨʘʷ ʨʝʘʢʪʦʨʘ ʧʦ ʮʝʥʪʨʫ. ʊʨʘʚʣʝʥʠʝ ʧʨʦ-

ʠʟʚʦʜʠʣʦʩʴ ʚ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʩ ʧʦʢʨʳʪʳʤʠ ʬʪʦ-

ʨʦʧʣʘʩʪʦʤ (ʪʝʬʣʦʥʦʤ) ʩʪʝʥʢʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʛʨʫʟʦʯʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ: ʧʦʜʜʝʨʞʠʚʘ-

ʣʦʩʴ ʦʜʥʦ ʠ ʪʦʞʝ ʟʥʘʯʝʥʠʝ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʠ ʧʦʜʜʝʨ-

ʞʠʚʘʣʦʩʴ ʦʜʥʦ ʠ ʪʦʞʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʜʘʪʯʠʢʘ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ.  

ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʪʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʘʥʦʜʥʦʤ ʪʦʢʝ ʩʣʝʜʫʶʱʠʝ: ʪʦʢ ʘʥʦʜʘ 0,4 ɸ, ʪʦʢ ʩʝʪʢʠ 

40 ï 125 ʤɸ, ʧʦʪʦʢ ʢʠʩʣʦʨʦʜʘ 20 ʝʜ. (3 ʣʠʪʨʘ/ʯʘʩ), 

ʧʦʪʦʢ ʬʨʝʦʥʘ 80 ʝʜ. (25,2 ʣʠʪʨʘ/ʯʘʩ), ʧʦʣʦʞʝʥʠʝ ʚ 

ʨʝʘʢʪʦʨʝ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʭʦʜʘ) ʨʘʚʥʦ 12ʩʤ,  ʚʨʝʤʷ 

ʪʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 5 ʤʠʥʫʪ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 14 ï 

18 ʝʜ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 6.  

 
ʈʠʩ. 6. ʇʨʦʷʚʣʝʥʠʝ ʟʘʛʨʫʟʦʯʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 

ʘʥʦʜʘ. 
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ʈʝʟʫʣʴʪʘʪʳ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ  ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʪʦʢʝ ʜʘʪʯʠʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 7.  

 
ʈʠʩ. 7. ʇʨʦʷʚʣʝʥʠʝ ʟʘʛʨʫʟʦʯʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 

ʜʘʪʯʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʪʨʘʚʠʤʳʭ ʧʣʦʱʘʜʝʡ ʦʪ 

25 ʤʤ
2
 ʜʦ 100 ʤʤ

2
 ʟʘʛʨʫʟʦʯʥʳʡ ʵʬʬʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʨʠ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ ʩʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 6 ʤʢʤ/ʤʠʥ ʜʦ 3,73 ʤʢʤ/ʤʠʥ. ʂʦʥʪʨʦʣʴ 

ʧʨʦʮʝʩʩʘ ʪʨʘʚʣʝʥʠʷ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʘʥʦʜʘ ʠʣʠ 

ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʜʘʪʯʠʢʘ ʜʘʣ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦ-

ʚʳʡ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʡ ʩʪʘʙʠʣʥɹʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʧʣʘʟʤʝʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʚ ʚʳʙʨʘʥ-

ʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ. 

V. ʇʆɼɹʆʈ ʆʇʊʀʄɸʃʔʅʆɻʆ ʈɽɾʀʄɸ ʇʆ 

ʉʂʆʈʆʉʊʀ ʊʈɸɺʃɽʅʀʗ ʂʈɽʄʅʀʗ 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʣʘʩʪʠʥʦʡ ʤʘʨʢʠ ʂʕʌ 

7,5 (100). ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʝʥʷʣʦʩʴ ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʧʦʪʦʢʦʚ ʨʘʙʦʯʠʭ ʛʘʟʦʚ (ʧʦ ʜʝʣʝʥʠʷʤ ʨʦʪʘʤʝʪʨʦʚ) 

ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʦʙʱʝʤ ʧʦʪʦʢʝ, ʨʘʚʥʦʤ 100 ʜʝʣ.  

ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ:  ʚʨʝʤʷ 

ʪʨʘʚʣʝʥʠʷ 5 ʤʠʥ, ʘʥʦʜʥʳʡ ʪʦʢ 0,4A, ʜʘʚʣʝʥʠʝ 15 ʝʜ. 

ʧʣʦʱʘʜʴ ʦʙʨʘʟʮʘ 12,87 ʩʤ
2
. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 8.  

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ (100) ʧʣʦʱʘʜʴʶ 

SSi=12,875ʩʤ
2  ʦʪ ʨʘʩʭʦʜʘ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʘʥʦʜʥʦʤ ʪʦʢʝ Ia = 0,4A. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʨʘʩʭʦʜʘʭ ʢʠʩʣʦʨʦʜʘ 90 ʝʜ.,  CCl2F2 - 10 ʝʜ. ɿʘʚʠ-

ʩʠʤʦʩʪʴ ʙʳʣʘ ʩʥʷʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ 

ʩʪʨʘʚʣʝʥʥʦʛʦ ʢʨʝʤʥʠʷ. ʂʘʤʝʨʘ ʨʝʘʢʪʦʨʘ ʠʟʥʫʪʨʠ ʠʤʝ-

ʝʪ ʬʪʦʨʦʧʣʘʩʪʦʚʦʝ ʧʦʢʨʳʪʠʝ, ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʦʛʦ ʚ̫-

ʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ  ʥʘ ʥʝʛʦ ʢʠʩʣʦʨʦʜʥʦʡ ʧʣʘʟʤʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ ʧʦʪʦʢʦʚ, ʥʦ ʠ ʥʘʣʠʯʠʝʤ ʬʪʦʨʦʧʣʘʩʪʦʚʦʡ ʦʙʦ-

ʣʦʯʢʠ ʚ  ʨʝʘʢʪʦʨʝ.  

ɼʘʥʥʳʡ ʨʝʞʠʤ ʧʣʦʭʦ ʧʨʦʷʚʠʣ ʩʝʙʷ ʚ ʩʣʫʯʘʝ ʬʦʪʦ-

ʨʝʟʠʩʪʠʚʥʦʡ ʤʘʩʢʠ, ʧʦʩʢʦʣʴʢʫ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘ-

ʣʳ ʚʳʛʦʨʘʶʪ ʚ ʦʙʦʛʘʱʝʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ ʧʣʘʟʤʝ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʚʠʜʫ 

ʩʠʣʴʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʧʣʘʩʪʠʥʳ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʠ ʚʳʛʦʨʘʥʠʷ ʦʨʛʘʥʠʢʠ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʣʶʤʠʥʠʝʚʘʷ ʤʘʩʢʘ ʪʦʣʱʠ-

ʥʦʡ ʧʦʨʷʜʢʘ ʤʠʢʨʦʥʘ, ʥʘʥʝʩʝʥʥʘʷ ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʦʪ ʘʥʦʜʥʦʛʦ ʪʦʢʘ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʆʙʨʘʟʝʮ 

ʢʨʝʤʥʠʷ ʂʕʌ 7.5 (100) ʧʣʦʱʘʜʴʶ 11,75 ʩʤ
2
 ʧʦʤʝʱʘʣ-

ʩʷ ʚ ʮʝʥʪʨʝ ʨʝʘʢʪʦʨʘ. ʇʦʪʦʢ ʢʠʩʣʦʨʦʜʘ 30 ʝʜʠʥʠʮ, 

ʧʦʪʦʢ CCl2F2 - 50 ʝʜ., ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ 15 ʝʜ. ɺʨʝ-

ʤʷ ʪʨʘʚʣʝʥʠʷ 5 ʤʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝ-

ʜʝʥʳ ʥʘ ʈʠʩ. 9. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʳʡ ʚʠʜ. 

ʈʠʩ.9. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠʷ ʦʪ ʘʥʦʜʥʦʛʦ ʪʦʢʘ  

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʨʘʩʭʦʜʘʭ ʨʘʙʦʯʠʭ ʛʘʟʦʚ. 

VI. ʈɽɿʋʃʔʊɸʊʓ ɻʃʋɹʀʅʅʆɻʆ ʊʈɸɺʃɽʅʀʗ 

ʂʈɽʄʅʀʗ ʆʈʀɽʅʊɸʎʀʀ (100) ʀ (111) 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʦʙʨʘʟʝʮ ʢʨʝʤʥʠʷ (100) ʩ ʘʣʶʤʠʥʠ-

ʝʚʦʡ ʤʘʩʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʣʠʪʦʛʨʘ-

ʬʠʠ. ʌʦʪʦʨʝʟʠʩʪ ʩ ʤʘʩʢʠ ʥʝ ʩʥʠʤʘʣʩʷ. ʇʣʦʱʘʜʴ ʦʙ-

ʨʘʟʮʘ 1ʩʤ
2
, ʦʪʢʨʳʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ  ʩʦʩʪʘʚʣʷʣʘ ʧʨʠ-

ʤʝʨʥʦ 40%. ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: 

ʚʨʝʤʷ ʪʨʘʚʣʝʥʠʷ 30 ʤʠʥ, ʜʘʚʣʝʥʠʝ 18 ʝʜ., ʘʥʦʜʥʳʡ ʪʦʢ 

0,4A,  ʩʝʪʦʯʥʳʡ ʪʦʢ 130 ʤA, ʪʦʢ ʜʘʪʯʠʢʘ 29ʤʢɸ, ʧʦ-

ʪʦʢ ʢʠʩʣʦʨʦʜʘ 90 ʝʜ., ʧʦʪʦʢ CCl2F2 10 ʝʜ. ɼʣʷ ʦʙʨʘʟʮʘ 

ʢʨʝʤʥʠʷ (111) ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʪʘʢʠʤʠ ʞʝ, 

ʢʨʦʤʝ ʪʦʢʘ ʩʝʪʢʠ 100 ʤɸ ʠ ʪʦʢʘ ʜʘʪʯʠʢʘ 4 ʤʢɸ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʘʷ ʠʤʝʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʚʳʩʪʫʧʳ ʠ ʫʛʣʫʙʣʝʥʠʷ (ʩʤ. ʈʠʩ.10). ɸʣʶʤʠʥʠʝʚʘʷ 

ʤʘʩʢʘ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʘ. ɸʥʠʟʦʪʨʦʧʠʷ ʪʨʘʚʣʝʥʠʷ  
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ʈʠʩ 10. ʌʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ  Si (100). 

 

 
ʈʠʩ 11.  ʌʦʪʦʛʨʘʬʠʷ  ʩʪʨʫʢʪʫʨʳ Si (100) ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. 

 
ʈʠʩ.12. ʇʨʦʬʠʣʴ ʪʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ Si (100). ʉʚʝʪʣʘʷ ʧʨʷʤʘʷ 

ʣʠʥʠʷ ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʠʟʦʙʨʘʞʘʝʪ ʛʨʘʥʠʮʳ  ʯʘʩʪʠʯʥʦ  ʦʩʳʧʘʚʰʝʡʩʷ 

ʘʣʶʤʠʥʠʝʚʦʡ ʤʘʩʢʠ. 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 1. ɻʣʫʙʠʥʘ ʪʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʘ Si 

(100) ʩʦʩʪʘʚʠʣʘ ʧʨʠʤʝʨʥʦ 180 ʤʢʤ (ʩʤ. ʈʠʩ.11 ʠ ʈʠʩ. 

12). ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʪʨʘʚʣʝʥʠʷ ʥʘ ʦʙʨʘʟʮʝ Si (111) ʛʦ-

ʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʣʘʩʪʠʥʝ (100) (ʈʠʩ.13). ɻʣʫʙʠʥʘ 

ʪʨʘʚʣʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʠʣʘ 

ʧʨʠʤʝʨʥʦ 130ʤʢʤ (ʈʠʩ.14 ʠ 15), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ  

ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʩʢʦʨʦʩʪʠ ʇʍʊ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

(111) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (100). 

 
ʈʠʩ.13. ʌʦʪʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ  Si (111). 

 
ʈʠʩ.14. ʌʦʪʦʛʨʘʬʠʷ ʩʪʨʫʢʪʫʨʳ Si (111) ʧʦʩʣʝ ʪʨʘʚʣʝʥʠʷ. 

 

ʈʠʩ.15. ʇʨʦʬʠʣʴ ʪʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ Si (111). ʄʘʩʢʘ ʯʘʩʪʠʯʥʦ 
ʦʩʳʧʘʣʘʩʴ, ʦʩʦʙʝʥʥʦ ʧʦ ʢʨʘʷʤ ʩʢʦʣʘ. ʉʚʝʪʣʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʝʝ 

ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʪʨʘʚʣʝʥʠʷ. 

VII . ɺʓɺʆɼʓ ʀ ɿɸʂʃʖʏɽʅʀɽ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʨʘʚʣʝʥʠʝ Si ʧʨʦʭʦ-

ʜʠʪ ʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʦʢʘʟʳʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʥʝʡʪʨʘʣʴʥʳʡ ʘʪʦʤʘʨʥʳʡ ʬʪʦʨ. ʇʦʜʪʨʘʚ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ, ʯʪʦ ʦʙʴʷʩʥʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 
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ʭʝʤʦʩʦʨʙʮʠʠ ʘʪʦʤʦʚ ʬʪʦʨʘ ʢʘʢ ʥʘ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ 

ʢʘʥʘʚʦʢ, ʪʘʢ ʠ ʥʘ ʠʭ ʜʥʝ.  ɻʣʫʙʠʥʘ ʪʨʘʚʣʝʥʠʷ ʢʨʝʤʥʠ-

ʝʚʳʭ ʦʙʨʘʟʮʦʚ ʦʨʠʝʥʪʘʮʠʠ (100) ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, 

ʯʝʤ   ʦʙʨʘʟʮʦʚ ʩ ʦʨʠʝʥʪʘʮʠʝʡ (111). 

ɺ ʮʝʣʦʤ ʧʦʩʪʨʦʝʥʘ ʥʝ-

ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʤʦʜʝʣʴ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝ-

ʥʠʷ ʢʨʝʤʥʠʷ ʚ ʧʣʘʟʤʝ 

CCl2F2/O2 ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚ-

ʥʦʡ ʧʦʩʪʘʚʢʠ ʍɸʏ ʟʘ ʩʯʝʪ 

ʪʨʘʚʣʝʥʠʷ ʬʪʦʨʦʧʣʘʩʪʘ. ɼʣʷ 

ʝʸ ʧʦʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʪʘʢʞʝ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦ-

ʚʘʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ [6-

13], ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ [14-17].  

ʇʦʣʫʯʝʥʘ ʩʢʦʨʦʩʪʴ ʪʨʘʚ-

ʣʝʥʠʷ Si ʜʦ 6.5 ʤʢʤ/ʤʠʥ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʪʨʘʚ-

ʣʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ MEMS ï ʪʝʭʥʦʣʦʛʠʠ. 
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 ɹʦʨʠʩ ʂ. ɹʦʛʦʤʦʣʦʚ ʨʦʜʠʣʩ ̫ʚ 1952 ʛʦʜʫ. ɺ 1974 ʦʢʦʥʯʠʣ 

ʅɻʊʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʬʠʟʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. ʇʨʦʰʸʣ ʦʙʫʯʝ-

ʥʠʝ ʚ ʘʩʧʠʨʘʥʪʫʨʝ ʅɻʊʋ ʠ ʀʌʇ ʉʆ ɸʅ ʉʉʉʈ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 
ñʬʠʟʠʢʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘò. ɺ 1986 ʛʦʜʫ ʧʦʣʫʯʠʣ ʩʪʝʧʝʥʴ ʢʘʥʜʠʜʘʪʘ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢʘʭ. ʉ 1991 ʛʦʜʘ ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʅɻʊʋ. ɼʦ ʵʪʦʛʦ ʝʛʦ 
ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʉɹʀʉ ʥʘ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʌɻʋʇ "ɺʦʩʪʦʢ" (ʅʦʚʦʩʠʙʠʨʩʢ). 

 
ʉʩʳʣʢʘ ʥʘ ʙʠʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʝʪʝʚʦʡ ʵʥ-

ʮʠʢʣʦʧʝʜʠʠ "ʋʯʸʥʳʝ ʈʦʩʩʠʠ": http://www.famous-scientists.ru/5866 
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ʄʝʪʦʜʠʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʚʪʦʨʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦ-

ʚʝ ʚʝʢʪʦʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

 
ʉʝʨʛʝʡ ɽ. ʈʘʜʯʝʥʢʦ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

R1505@mail.ru 
 

ɸʥʥʦʪʘʮʠʷ ï ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʚʪʦʨʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʦʙʲʝʢʪʦʚ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦ-

ʮʝʜʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ 

ʙʘʟʠʩʝ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ  ʚʳʜʝʣʝʥʠʷ ʚʢʣʘʜʦʚ ʦʪʜʝʣʴʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʚ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʩʧʝʢʪʨʘ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʆʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ, ʧʨʦʮʝʜʫʨʘ 

ɻʨʘʤʘ-ʐʤʠʜʪʘ, ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨ. 

I. ɺɺɽɼɽʅʀɽ 

ʈɽɼʀ ʅɸʀɹʆʃɽɽ ɸʂʊʋɸʃʔʅʓʍ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘ-

ʥʠʤʘʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʳʭ ʠ ʘʣʛʦʨʠʪʤʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʥʘʨʫʞʝʥʠʷ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʚʝ-

ʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ). ɼʣʷ ʙʝʩʢʦʥ-

ʪʘʢʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪ ʦʙ-

ʣʫʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʦʪʢʣʠʢʘ, ʠʩ-

ʧʦʣʴʟʫʷ ʦʜʠʥ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʠʞʝ ʩʧʦʩʦʙʦʚ: 

1) ʧʨʠʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ; 

2) ʦʙʣʫʯʝʥʠʝ ʦʙʲʝʢʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣ-

ʥʘʤʠ ʩ ʯʘʩʪʦʪʘʤʠ ʦʪ ʝʜʠʥʠʮ ʄɻʮ ʜʦ ʩʦʪʝʥ ɻɻʮ; 

3) ʨʘʜʘʨʥʳʝ ʤʝʪʦʜʳ; 

4) ʪʝʨʘʛʝʨʮʦʚʦʝ ʠʟʣʫʯʝʥʠʝ; 

5)  ʥʝʡʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ; 

6) ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ; 

7) ʦʙʣʫʯʝʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʛʘʤʤʘ-

ʢʚʘʥʪʘʤʠ. 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʦʙʣʫ-

ʯʝʥʠʝ ʦʙʲʝʢʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠ-

ʟʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ, ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ ʠ ʩʢʘʥʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ ʦʙʣʫ-

ʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʦʙ-

ʣʫʯʝʥʠʠ ʙʳʩʪʨʳʤʠ ʥʝʡʪʨʦʥʘʤʠ). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ, 

ʩʦʩʪʘʚʣʷʝʪ 0.1ï1.0 ʩʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʜʣʷ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʛʨʫʟʦʚ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ɺɺ ʚ ʩʦʩʪʘʚʝ ʦʙʲʝʢʪʘ ʦʥ 

ʦʙʣʫʯʘʝʪʩʷ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʩ ʵʥʝʨʛʠʷʤʠ ʜʦ 9.17ʄʵɺ. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝ-

ʛʦ ʯʝʨʝʟ ʦʙʲʝʢʪ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘ ʚʪʦʨʠʯʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʝʛʦ ʩ ʧʝʨʚʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʠ ʦʮʝʥʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʦʩʪʘʚʝ ʦʙʲ-

ʝʢʪʘ [1]. 

II . ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ʆʩʦʙʝʥʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʨʝ-

ʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʘʢʪʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠʚʦʜʷʪ ʢ ʪʦ-

ʤʫ, ʯʪʦ ʩʧʝʢʪʨ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʩʣʦʞʥʳʡ 

ʩʦʩʪʘʚ (ʈʠʩ.1). ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʣʠʥʠʡ, ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʝʰʝʥʥʳʭ 

ʧʦ ʵʥʝʨʛʠʷʤ, ʘ ʪʘʢʞʝ ʬʦʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʟʘʪʨʫʜʥʷʶ-

ʱʝʝ ʚʳʜʝʣʝʥʠʝ ʣʠʥʠʡ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

ʆʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʧʫʪʝʤ ʚʠʟʫʘʣʴʥʦʛʦ 

ʩʨʘʚʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʛʦ ʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳ-

ʪʠʡ ʟʘʪʨʫʜʥʝʥʘ ʚ ʩʠʣʫ ʩʣʫʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʪʩʯʝʪʦʚ 

ʩʧʝʢʪʨʘ (ʚ ʙʣʦʢʝ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʨʠʤʝ-

ʥʝʥ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ). 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʚʪʦʨʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʦʟʚʦʣʷʝʪ ʦʞʠʜʘʪʴ ʫʣʫʯʰʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ, ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʬʘʢʪʦʨʳ, ʟʘʪʨʫʜʥʷ-

ʶʱʠʝ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ, ʦʩʪʘʥʫʪʩʷ ʥʝʟʘʪʨʦʥʫʪʳʤʠ. 

ʉ 
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ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝ-

ʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ  ʚʪʦ-

ʨʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. 

III . ʇʆʉʊʈʆɽʅʀɽ ɹɸɿʀʉʅʓʍ ʌʋʅʂʎʀʁ ɼʃʗ  

ɸʇʇʈʆʂʉʀʄɸʎʀʀ ʕʅɽʈɻɽʊʀʏɽʉʂʆɻʆ ʉʇɽʂʊʈɸ  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʧʝʢʪʨʘ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠʩʝ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ ʘʥʘʣʠʟʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʙʘʟʠʩʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʪʘʢʦ-

ʚʘ, ʯʪʦ ʢʘʞʜʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʣʠʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʧʠʢʘ-

ʤʠ ï ʦʩʥʦʚʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠ-

ʥʠʠ, ʠ ʧʠʢʦʤ çsingle-escapeè, ʦʪʩʪʦʷʱʠʤ ʦʪ ʦʩʥʦʚʥʦʛʦ 

ʧʠʢʘ ʥʘ 0.5 ʄʵɺ [2]. ʂʘʞʜʳʡ ʧʠʢ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠ-

ʤʠʨʫʝʪʩʷ ʢʨʠʚʦʡ ɻʘʫʩʩʘ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʰʠʨʠʥʘ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʝʪʝʢʪʦʨʘ, ʬʦʨʤʘ 

ʥʘʙʣʶʜʘʝʤʦʡ ʣʠʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʩʠʩʪʝʤʝ ʜʝ-

ʪʝʢʪʦʨʘ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʣʠʥʠʷ çʰʠʨʦʢʘʷè, ʪʦ 

ʰʠʨʠʥʘ ʥʘʙʣʶʜʘʝʤʦʡ ʣʠʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʝʝ ʰʠ-

ʨʠʥʦʡ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʝʪʝʢʪʦʨʘ. ʇʦʵʪʦʤʫ ʚ 

ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʧʝʢ-

ʪʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʝʪʝʢʪʦʨʘ. 

1. ʇʦʩʪʨʦʝʥʠʝ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʟʠʩʘ 

ʇʦʩʪʨʦʝʥʠʝ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʙʘʟʠʩʘ ʦʩʫʱʝʩʪʚ-

ʣʷʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩ-

ʥʳʭ ʧʨʠʥʠʤʘʣʩʷ ʥʘʙʦʨ ʚʝʢʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʠʟ ʦʪʩʯʝʪʦʚ ʧʘʨʳ ʛʘʫʩʩʦʚʩʢʠʭ ʬʫʥʢʮʠʡ, ʦʪ-

ʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 0.5 ʄʵɺ, ʠʤʝʶʱʠʭ ʰʠʨʠʥʫ 
2s  (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʪʝʢʪʦʨʘ) ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʦʩʠ ʵʥʝʨʛʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʰʘʛʦʤ. ɼʘʥʥʳʡ ʥʘʙʦʨ ʜʦ-

ʧʦʣʥʷʣʩʷ ʚʝʢʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʥʘ, ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ 

ʙʘʟʠʩʥʦʛʦ ʚʝʢʪʦʨʘ ʨʘʚʥʦ ʯʠʩʣʫ ʦʪʩʯʝʪʦʚ ʘʥʘʣʠʟʠʨʫʝ-

ʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ. ʅʘ ʚʪʦ-

ʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʙʘʟʠʩʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ɻʨʘʤʤʘ-ʐʤʠʜʪʘ. 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʠʩʘ ʙʳʣʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨ ʰʠʨʠʥʳ ʙʘʟʠʩʥʦʡ ʬʫʥʢ-

ʮʠʠ 
2s , ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ 

ʪʘʢʞʝ ʨʘʟʤʝʨʥʦʩʪʴ ʙʘʟʠʩʘ. ʏʠʩʣʦ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ 

ʚʳʙʠʨʘʣʦʩʴ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʰʠʨʠʥʳ ʙʘʟʠʩʥʦʡ 

ʬʫʥʢʮʠʠ 
2s  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʢʪʨʘʣʴʥʘʷ ʣʠʥʠʷ ʩ 

ʵʥʝʨʛʠʝʡ 9.17 ʄʵɺ ʘʟʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʪʘʢ 

ʢʘʢ ʠʟ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟ-

ʚʝʩʪʥʦ [1], ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʣʠʥʠʷ ʩ ʵʥʝʨʛʠʝʡ 

9.17 ʄʵɺ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʫʟʢʦʡ, ʠ ʟʥʘʯʝʥʠʝ ʝʝ ʰʠʨʠʥʳ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʰʠ-

ʨʠʥʳ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ ʰʠ-

ʨʠʥʳ ʜʘʥʥʦʡ ʣʠʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ [3] (ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʦʚ ʧʨʠ ʩʫʤ-

ʤʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʤʝʨʘ 

ʦʪʩʯʝʪʦʚ ʩʧʝʢʪʨʘ): 

    (1) 

ʏʠʩʣʦ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʚʳʙʠʨʘʣʦʩʴ ʠʪʝʨʘʮʠʦʥʥʦ, 

ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʨʠʪʝʨʠʡ ʤʠʥʠʤʫʤʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝ-

ʥʠʷ ʧʦʣʫʯʘʝʤʦʡ ʦʮʝʥʢʠ ʦʪ ʠʟʚʝʩʪʥʦʡ (ʵʪʘʣʦʥʥʦʡ) ʤʦ-

ʜʝʣʠ ʦʛʠʙʘʶʱʝʡ ʩʧʝʢʪʨʘ [4].  

ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʙʘʟʠʩʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʚʳʙʠʨʘʣʦʩʴ ʨʘʚʥʳʤ, ʧʦʣʦʞʝ-

ʥʠʝ ʧʝʨʚʦʛʦ ʙʘʟʠʩʥʦʛʦ ʚʝʢʪʦʨʘ ï . ʇʨʠ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘ, ʨʘʚʥʦʡ N  ʦʪʩʯʝʪʘʤ, ʧʦʣʫʯʠʤ 

ʢʦʣʠʯʝʩʪʚʦ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ (ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʰʘʛʘ 

 
, ʛʜʝ ( )floor Ö ʦʙʦʟʥʘʯʘʝʪ ʚʟʷʪʠʝ ʮʝʣʦʡ ʯʘʩʪʠ ʯʠʩʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʚʳʭ 1fN -  ʙʘʟʠʩ-

ʥʳʭ ʚʝʢʪʦʨʦʚ { }( ) ( ) ( )
1 ,...,j j j

Nf f f= , 0... 2fj N= -, 

ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

  (2) 

1..k N=  ï ʥʦʤʝʨ ʦʪʩʯʝʪʘ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʠ; j  

ï ʥʦʤʝʨ ʙʘʟʠʩʥʦʛʦ ʚʝʢʪʦʨʘ. 

ɹʘʟʠʩʥʳʡ ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʥʦʚʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ, 
( 1) ĔfN

pf f
-
= , ʛʜʝ Ĕ

pf  ï ʦʮʝʥʢʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʬʦʥʘ. 
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ʇʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʢ ʧʦʣʫʯʝʥʠʶ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦ-

ʛʦ ʙʘʟʠʩʘ ʷʚʣʷʣʘʩʴ ʧʨʦʮʝʜʫʨʘ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʠ ɻʨʘʤ-

ʤʘ-ʐʤʠʜʪʘ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʘʭ [5] ʠ [6], ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥ-

ʥʳʡ ʙʘʟʠʩ { }0 1,...,
fNE E E -= , ʛʜʝ jE , 0... 1fj N= - 

ï N -ʤʝʨʥʳʝ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʘ. 

 

2. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʩʧʝʢʪʨʘ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ 

ʙʘʟʠʩʝ 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʦʨʪʦʥʦʨʤʠʨʦ-

ʚʘʥʥʦʛʦ ʙʘʟʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʝʛʦ ʦʨʪʦʛʦʥʘʣʴʥʫʶ 

ʧʨʦʝʢʮʠʶ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʪʷʥʫʪʦʝ ʥʘ ʙʘʟʠʩʥʳʭ 

ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʚʝʢʪʦʨʘʭ. 
1

0

fN

j j

j

S a E

-

=

= Öä      (3) 

ʛʜʝ S ï ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʡ ʚʝʢʪʦʨ ʦʪʩʯʝʪʦʚ ʩʧʝʢ-

ʪʨʘ, ( ),j ja F E= , F  ï ʚʝʢʪʦʨ ʦʪʩʯʝʪʦʚ ʥʘʙʣʶʜʘʝʤʦ-

ʛʦ ʩʧʝʢʪʨʘ, (),ÖÖ ï ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʘʣʴ-

ʥʦʛʦ ʩʧʝʢʪʨʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 1, ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

 
ʈʠʩ. 2. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʩʧʝʢʪʨʘ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠʩʝ 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʙʘʟʠʩʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʙʘʟʠʩʘ E  ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝ-

ʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʫʯʘʝʤʦʡ ʦʮʝʥʢʠ ʦʪ ʠʟʚʝʩʪʥʦʡ 

(ʵʪʘʣʦʥʥʦʡ) ʤʦʜʝʣʠ ʦʛʠʙʘʶʱʝʡ ʩʧʝʢʪʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʩʨʝʜʥʝʥʥʳʡ ʧʦ 

ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʀʥ-

ʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʩʧʝʢʪʨ, ʠʟʦʙʨʘʞʝʥ-

ʥʳʡ ʥʘ ʨʠʩ. 3.  

 
ʈʠʩ. 3. ʕʪʘʣʦʥʥʳʡ ʩʧʝʢʪʨ 

ɺʝʢʪʦʨ ʦʪʩʯʝʪʦʚ ʜʘʥʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʝʮʠʨʦʚʘʣʩʷ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʪʷʥʫʪʦʝ ʥʘ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ ʙʘʟʠ-

ʩʝ E, ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʷʣʠʩʴ ʦʪʢʣʦʥʝʥʠʷ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʪ ʵʪʘʣʦʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʨʠʩ.4). 

 
ʈʠʩ. 4. ʌʫʥʢʮʠʷ ʦʰʠʙʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʩʣʫʞʠ-

ʣʘ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʙʘʟʠʩʥʳʭ ʬʫʥʢ-

ʮʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʝʜ-

ʧʦʯʪʠʪʝʣʴʥʳʤ ʦʢʘʟʘʣʩʷ ʚʘʨʠʘʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʟʠʩʘ ʨʘʟʤʝʨʥʦʩʪʴʶ 76. 

IV. ɺʓɼɽʃɽʅʀɽ ɺʂʃɸɼɸ ʆʊɼɽʃʔʅʆʁ  

ʉʇɽʂʊʈɸʃʔʅʆʁ ʃʀʅʀʀ ɺ ʆɹʑʋʖ ʂɸʈʊʀʅʋ  

ʉʇɽʂʊʈɸ  

ʆʨʪʦʛʦʥʘʣʴʥʦʝ ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘ ʥʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʵʥʝʨʛʠʷʤ, ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʦʧʨʝʜʝʣʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ. ʆʜʥʘ-

ʢʦ ʩʫʱʝʩʪʚʫʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʣʠʥʠʡ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦ. ʅʘʧʨʠʤʝʨ, ʥʘ ʫʯʘʩʪʢʝ 7-

10ʄʵɺ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 6 ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ: 

8.062ʄʵɺ, 8.624ʄʵɺ, 8.802ʄʵɺ, 8.980ʄʵɺ, 

9.128ʄʵɺ, 9.172ʄʵɺ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʧʠʢʠ çsingle-escapeè. 

ʈʘʟʤʝʱʝʥʠʝ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩ-

ʪʠʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʧʦʟʚʦ-

ʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʚʢʣʘʜ ʦʪʜʝʣʴʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ 

ʚ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʩʧʝʢʪʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʝʨʚʠʯ-

ʥʳʡ ʙʘʟʠʩ ʠʟ ʬʫʥʢʮʠʡ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʡ ʦʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʶ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʠ ʧʠʢʦʚ çsingle-escapeè. ɿʘʪʝʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʙʘʟʠʩ ʠʩʭʦʜʷ ʠʟ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ. ɺʳʰʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʙʘʟʠʩʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪ ʢ ʥʝʜʦʧʫʩʪʠ-

ʤʦʤʫ ʨʦʩʪʫ ʧʦʛʨʝʰʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʦʵʪʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʙʘʟʠʩʘ ʜʦʣʞʥʦ ʠʩʢʣʶʯʠʪʴ 

ʠʟ ʥʝʛʦ ʣʠʥʠʠ, ʦʪʩʪʦʷʱʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʝ, ʤʝʥʴʰʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ: ʛʨʫʧʧʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʣʠʥʠʡ ʟʘʤʝʥʷʝʪʩʷ ʦʜʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠ-

ʝʡ ʩ ʫʩʨʝʜʥʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠ ʫʚʝʣʠʯʝʥʥʳʤ ʧʘʨʘ-

ʤʝʪʨʦʤ ʰʠʨʠʥʳ. 
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ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʙʘʟʠʩʘ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʝʛʦ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʷ ʩʦʛʣʘʩʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʡ ʧʨʦʮʝʜʫʨʝ ɻʨʘʤʘ-ʐʤʠʜʪʘ. ʆʪʣʠʯʠʝ ʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʠʥʦʤ ʘʣʛʦʨʠʪʤʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʝʢʮʠʡ, 

ʧʦʟʚʦʣʷʶʱʝʤ ʧʦʚʳʩʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʚʝʢʪʦʨʦʚ. 

ʇʦʩʣʝ ʥʦʨʤʠʨʦʚʢʠ ʙʘʟʠʩʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ 

(ʈʠʩ.5). 

 
ʈʠʩ. 5. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥ-

ʥʦʤ ʙʘʟʠʩʝ { }0 1,.., KE E E -=  ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʚʝʢʪʦʨʘ 

1

0

K

j j

j

V a E
-

=

= Öä , { }0 1,..,
K

T

NV V V -=  ʨʘʟʤʝʨʥʦ-

ʩʪʠ KN  ( ...T  - ʩʠʤʚʦʣ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ). ɼʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʦʪʜʝʣʴʥʳʭ ʣʠʥʠʡ ʚ ʦʙʱʫʶ ʢʘʨʪʠʥʫ 

ʩʧʝʢʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟ-

ʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ V  ʚ ʠʩʭʦʜʥʦʤ ʙʘʟʠ-

ʩʝ { }0 1,.., Ke e e-= , ʩʦʩʪʘʚʣʝʥʥʦʤ ʠʟ ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʛʠʙʘʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʣʠʥʠʡ (,0 , 1{ ,..., }
K

T
i i i Ne e e -= ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

{ }0 1,..,
T

Kb b b -= , ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶ-

ʱʝʝ ʨʘʚʝʥʩʪʚʦ: 

0 0 1 1... ...

0,.., 1

i i N Nb e b e b e V

i N

- -Ö + + Ö + + Ö =

= -
     (4) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (4) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʤʘʪ-

ʨʠʯʥʦʡ ʬʦʨʤʝ [7]: 

b V=M ,   (5) 

ʛʜʝ M  ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʦʤ N K³ , ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ 

ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʦʚ ʠʩʭʦʜʥʦʛʦ ʙʘʟʠʩʘ,  

0,0 0, 1

,

1,0 1, 1

...

... ...

...
K K

K

i j

N N K

e e

e

e e

-

- - -

è ø
é ù
=é ù
é ù
ê ú

M ,            (6) 

0,.., 1Ki N= -, 0,.., 1k K= -.          

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ { }0 1,.., Kb b b -=  ʨʘʚʝʥ [7]: 

b V += ÖM , ʛʜʝ 
+

M  ï ʧʩʝʚʜʦʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ. 

ʉʪʨʦʢʠ M  ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳ, ʧʦʵʪʦʤʫ 

( )
1

T T
-

+= Ö ÖM M M M  [8]. 

ʆʧʨʝʜʝʣʠʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦ-

ʞʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʧʝʢʪʨʘ ʚ ʠʩʭʦʜʥʦʤ ʙʘʟʠʩʝ, 

ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʝ ʣʠʥʠʠ ʚ 

ʩʦʩʪʘʚʝ ʩʧʝʢʪʨʘ (ʈʠʩ. 6). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʠʟʫʘʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝ 

ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʧʠʢʦʚ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦ-

ʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ. ʕʪʦ ʣʠʥʠʠ 9.17ʄʵɺ, 8.62ʄʵɺ, 8.80ʄʵɺ, 

8.98ʄʵɺ, 8.06ʄʵɺ, ʘ ʪʘʢʞʝ ʪʨʠ ʧʠʢʘ single-escape. 

 
ʈʠʩ.6. ɺʳʜʝʣʝʥʠʝ ʚʢʣʘʜʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

V. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʇʦʤʠʤʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠ-

ʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʄʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝ-

ʥʦ 100 ʤʦʜʝʣʝʡ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ 7-10ʄʵɺ: ʩʦʛʣʘʩʥʦ 

ʦʛʠʙʘʶʱʝʡ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʛʘʫʩʩʦʚʳʭ ʬʫʥʢʮʠʡ, ʛʝ-

ʥʝʨʠʨʦʚʘʣʩʷ ʚʝʢʪʦʨ ʩʣʫʯʘʡʥʳʭ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʚʝʣʠ-

ʯʠʥ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʘʩʴ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚ ʜʚʫʭ ʦʨʪʦ-

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʙʘʟʠʩʘʭ ï çʨʘʚʥʦʤʝʨʥʦʤè ʠ çʠʩʪʠʥ-

ʥʦʤè. 

ʇʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʳʯʠʩʣʷʣʘʩʴ ʢʘʢ ʨʘʟ-

ʥʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ ʚʝʢʪʦʨʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ 

ʟʥʘʯʝʥʠʝʤ ʦʛʠʙʘʶʱʝʡ ʚ ʪʦʯʢʝ 9.17ʄʵɺ. 

ɺ ʠʪʦʛʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ çʨʘʚʥʦʤʝʨʥʦʤè ʙʘʟʠ-

ʩʝ ʩʦʩʪʘʚʠʣʘ 0.031. ʇʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ çʠʩʪʠʥʥʦʤè 

ʙʘʟʠʩʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ 0.027. 
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VI . ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʩʧʝʢʪʨʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤ 

ʙʘʟʠʩʝ ʧʦʟʚʦʣʷʝʪ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʧʝʢʪʨ ʚ ʙʘʟʠʩʝ 

ʬʫʥʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ, ʦʪ-

ʬʠʣʴʪʨʦʚʘʚ ʰʫʤʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩʧʝʢʪʨʘ, 

ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʠ ʫʧʨʦʱʘʝʪ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʨʘʟʤʝʨ-

ʥʦʩʪʴ ʙʘʟʠʩʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ ʤʠʥʠʤʘʣʴʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʙʘʟʠʩ-

ʥʳʭ ʬʫʥʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʧʦʣʦʞʝ-

ʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʭʦʜʘ ʦʪ ʦʨʪʦʥʦʨʤʠʨʦ-

ʚʘʥʥʦʛʦ ʙʘʟʠʩʘ ʢ ʠʩʭʦʜʥʦʤʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʚʢʣʘʜʳ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʚ ʦʙʱʫʶ ʢʘʨ-

ʪʠʥʫ ʩʧʝʢʪʨʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʷ 

ʢʘʯʝʩʪʚʦ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 

11-07-00078)
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ʄʝʭʘʥʠʢʘ ʘʪʦʤʥʦ-ʵʬʠʨʥʦʡ ʟʘʧʠʩʠ ʠ ʚʦʩʧʨʦ-

ʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 
 

ɺʘʩʠʣʠʡ ʀ. ʆʢʦʥʝʰʥʠʢʦʚ, ɺʣʘʜʠʤʠʨ ʇ. ʈʘʟʠʥʢʠʥ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ 

 

 
ɸʥʥʦʪʘʮʠʷ - ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʯʠʩʣʦʚʦʛʦ ʦʙʨʘʟʘ ʘʪʦʤ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʤʝʭʘʥʠʢʠ ʘʪʦʤʥʦ-ʵʬʠʨʥʦʡ ʟʘʧʠʩʠ ʠ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʠʨ, ʘʪʦʤʥʘʷ ʤʝʪʘʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ, 

ʫʨʘʥʦʚʳʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ, ʥʦʚʝʤʦʣʦʛʠʯʝʩʢʠʝ  

ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ, ʪʘʙʣʠʮʘ ʄʝʥʜʝʣʝʝʚʘ,   ʫʨ-ʯʘʩʪʠʮʳ, 

ʪʨʠʧʣʝʪʳ ʩʘʢʘʪʦʥʦʚ, ʥʦʥʝʪʳ ʩʘʭʘʪʦʥʦʚ.   
 

I. ɺɺɽɼɽʅʀɽ 

 
ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʯʠʩʣʦʚʦʛʦ ʦʙʨʘʟʘ ʘʪʦʤ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʤʝʭʘʥʠʢʠ ʘʪʦʤʥʦ-ʵʬʠʨʥʦʡ ʟʘʧʠ-

ʩʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʉʜʝʣʘʥʦ ʪʝʦʨʝʪʠ-

ʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʘʪʦʤʥʦʡ ʟʘʧʠʩʠ-

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥ-

ʥʦ-ʩʦʦʪʥʝʩʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʜʚʫʭ ʯʘʩʪʠʮ ʢʚʘʨʢ-

ʘʥʪʠʢʚʘʨʢʥʦʡ ʧʘʨʳ ʠʟ 36 ʢʦʤʙʠʥʘʮʠʡ (6ʭ6) ʠʭ ʩʦʩʪʦ-

ʷʥʠʡ [1] (ʟʘʧʠʩʴ) ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ (ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ) ʧʦʩʨʝʜʩʪʚʦʤ çʣʠʥʠʠ 

ʧʨʠʚʷʟʢʠè ʚʨʘʱʘʶʱʝʛʦʩʷ çʧʨʦʮʝʩʩʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘè 

ʚʦʢʨʫʛ ʷʜʨʘ ʘʪʦʤʘ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨʦʤ ʚʨʘʱʝʥʠʷ ʵʣʝʢ-

ʪʨʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ ʫʟʣʦʚ çʞʝʩʪʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʨʝʰʝʪʢʠè - ʵʬʠʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʟʘʧʠʩʠ-ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛʠʶ ʠʣʠ ʧʨʦʪʦʪʠʧ ʤʝʪʦʜʘ ʚʨʘʱʘʶʱʠʭ-

ʩʷ ʚʠʜʝʦʛʦʣʦʚʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʜʘʣʦʩʴ ʧʨʠʡʪʠ ʢ 

ʧʦʥʠʤʘʥʠʶ ʨʘʙʦʪʳ ʘʪʦʤʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʙʦʙ-

ʱʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

çʋʨʘʥʦʚʳʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨè, çʉʬʝʨʠʯʝʩʢʘ ̫

ʪʘʙʣʠʮʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚʘè, çʅʦʚʝʤʦʣʦʛʠʯʝʩʢʘ ̫ ʪʘʙʣʠʮʘ ʫʤʥʦʞʝ-

ʥʠʷè ʠ ʠʜʝʠ ʯʠʩʣʦʚʦʛʦ ʦʙʨʘʟʘ  ʘʪʦʤʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʤʝʭʘʥʠʢʠ ʘʪʦʤʥʦ-ʵʬʠʨʥʦʡ ʟʘʧʠʩʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ [1 - 6]. 

 

II . ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 
 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠ-

ʩʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦʢʘʟʘʣ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʦʡʩʪʚ çʤʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜ-

ʨʘʪʘè. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [2,4], ʪʘʢʦʡ ʧʦʜʭʦʜ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʜʘʝʪ  ʧʨʝʜʝʣʴʥʦ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʦʙʱʝʩʠʩʪʝʤʥʦʛʦ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙ̡-

ʝʢʪʦʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɽʩʣʠ ʯʠʩʣʦʚʳʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘʤ ʤʘʪʨʠʮʳ çʤʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘè ʧʦ-

ʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ï ʧʨʦ-

ʪʦʥ, ʥʝʡʪʨʦʥ, ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʥʳʝ ʧʘʨʳ ʠ l-ʯʘʩʪʠʮʫ, 

ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʨʘʚʥʦʚʝʩʥʘʷ ʩʠʩʪʝʤʘ ʫʨ-

ʯʘʩʪʠʮʳ [1], ʦʧʠʩʘʥʥʘʷ ʚ ʪʘʙʣʠʮʝ 1.  

         

ʊʘʙʣʠʮʘ 1. ʉʪʨʫʢʪʫʨʘ ʫʨ-ʯʘʩʪʠʮʳ ʚ ʬʦʨʤʝ çʤʘ-

ʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘè 

 
 

 

ʅʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ ʵʣʝʤʝʥʪʦʚ  ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʢʚʘʥʪʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʯʝ-

ʨʝʟ ʰʠʥʳ ʜʘʥʥʳʭ ʠ ʘʜʨʝʩʦʚ ï ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʵʬʠ-

ʨʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʫʨ-ʯʘʩʪʠʮ, 

ʠʣʠ ʥʦʥʝʪʦʚ ʩʘʭʘʪʦʥʦʚ ï NST, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʟʣʘʭ 

çʞʝʩʪʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠè ʵʬʠʨʘ, ʢʘʢ ʧʦʢʘ-

ʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

 
  

ʈʠʩ. 1. ʉʬʝʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ çʤʘʛʠʯʝʩʢʦ-

ʛʦ ʢʚʘʜʨʘʪʘè 

ɺ 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʝʦʨʠ ʁʨʘʟʣʦʞʝʥʠʷ 

ʯʠʩʝʣ ʥʘ ʧʨʦʩʪʳʝ ʤʥʦʞʠʪʝʣʠ (ʇʠʪʝʨ ʐʦʨ), ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʚ ʥʦʚʝʤʦʣʦʛʠʯʝʩʢʠʝ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ 

(ʅʊʋ) ʜʦ 100 ʠ ʜʦ 1000, ʠ  ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʜʝ-

ʰʠʬʨʘʪʦʨ r ʬʠʨʤʦʡ IBM ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʚʝʨʭ-

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʢʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʝʩʪʝʩʪʚʝʥ-

ʥʳʝ ʧʨʠʨʦʜʥʳʝ ʤʝʪʘʢʦʤʧʴʶʪʝʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʘʪʦ-

ʤʘʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ 

ʟʘʜʘʯʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʯʠʩʣʦʚʦʛʦ ʦʙʨʘʟʘ 

ʘʪʦʤʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʘʪʦʤʥʦ-ʵʬʠʨʥʦʡ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ 

ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ.     

III. ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʅɸɹʃʖɼɽʅʀʗ 

 ʂʦʣʠʯʝʩʪʚʦ ʤʘʪʨʠʮ, ʚʨʘʱʘʶʱʠʭʩʷ ʚʦʢʨʫʛ ʩʚʦʠʭ 

ʮʝʥʪʨʦʚ ʠ ʮʝʥʪʨʦʚ ʪʘʙʣʠʮ ʫʤʥʦʞʝʥʠʷ ʜʦ 100 (9 ʤʘʪ-

ʨʠʮ) ʠ 1000 (81 ʤʘʪʨʠʮ) ʚ ʩʫʤʤʝ ʩ ʜʚʫʤʷ ʙʘʟʦʚʳʤʠ 

ʤʘʪʨʠʮʘʤʠ (ʤʘʪʨʠʮʘ ʮʠʬʨ 1-9 ʠ ʯʝʪʥʳʭ ʮʠʬʨ), ʨʘʚʥʦ 

92 (2+9+81=92), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʥʦʤʫ ʥʦʤʝʨʫ 

ʋʨʘʥʘ.  ʇʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ ʘʪʦ-

ʤʘ ʋʨʘʥʘ ʠʜʝʥʪʠʯʥʘ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʤʘʪʨʠʮ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʫ ʚ ʪʘʙʣʠʮʘʭ. ʆʨʙʠʪʘ ˉ1 ï 2 

ʵʣʝʢʪʨʦʥʘ, ʪʦ ʝʩʪʴ 2 ʤʘʪʨʠʮʳ ʦʜʥʦʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ; 

ʦʨʙʠʪʘ ˉ2 ï 8 ʵʣʝʢʪʨʦʥʦʚ, ʪʦ ʝʩʪʴ 8 ʚʨʘʱʘʶʱʠʭʩʷ 

ʤʘʪʨʠʮ ʜʚʫʭʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ; ʦʨʙʠʪʘ ˉ3 ï 18 ʵʣʝʢ-

ʪʨʦʥʦʚ, ʪʦ ʝʩʪʴ 18 ʮʝʥʪʨʘʣʴʥʳʭ (ʢʨʝʩʪʦʚʦ-

ʨʦʤʙʠʯʝʩʢʠʭ) ʤʘʪʨʠʮ ʦʙʝʠʭ ʪʘʙʣʠʮ ʫʤʥʦʞʝʥʠʷ; ʦʨʙʠ-

ʪʘ 4 ï 32 ʵʣʝʢʪʨʦʥʘ, ʪʦ ʝʩʪʴ 8ʭ4=32 ʤʘʪʨʠʮʳ ʯʝʪʥʳʭ 

ʩʝʢʪʦʨʦʚ ʪʨʝʭʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ ʙʝʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʘʪ-

ʨʠʮ ʠ ʦʨʙʠʪʘ 5 ï 32 ʵʣʝʢʪʨʦʥʘ, ʪʦ ʝʩʪʴ 8ʭ4=32 ʤʘʪʨʠ-

ʮʳ ʫʛʣʦʚʳʭ ʩʝʢʪʦʨʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ çʞʸʩʪʢʘʷè ʠ 

çʪʦʥʢʦʩʪʝʥʥʘʷè ʦʙʦʣʦʯʢʘ (ʢʦʞʫʭ) ʷʜʨʘ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʜʠʘʤʝʪʨʦʤ ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʳʤ 

ʟʘʧʦʤʠʥʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʆɿʋ). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩ ̫

ʩʬʝʨʠʯʝʩʢʦʡ ʩʰʠʚʢʦʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʥʦʚʝʤʦ-

ʣʦʛʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦ ʧʨʠʥʮʠʧʫ ʩʪʨʦʝʥʠʷ, 

ʨʘʚʥʦʚʝʩʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʤʘʪʨʠʮ 

çʤʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘè. ʅʘ ʤʘʛʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ 

ʫʤʥʦʞʝʥʠʷ ʜʦ 1000 ʩʫʤʤʳ ʢʘʞʜʦʡ ʠʟ 27-ʤʠ ʩʪʨʦʢ, 27-

ʤʠ ʩʪʦʣʙʮʦʚ ʠ ʜʚʫʭ ʜʠʘʛʦʥʘʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 3375. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʫʨ-ʯʘʩʪʠʮʘ, ʧʨʠʚʷʟʘʥʥʘʷ ʢ ʫʟ-

ʣʘʤ ʰʠʥʳ ʜʘʥʥʳʭ ʠ ʘʜʨʝʩʦʚ ʵʬʠʨʘ. 

 

 
ʈʠʩ. 2. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʬʠʨʘ 

 

 ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʜʝʚʷʪʠʧʘʨʥʳʝ ʧʨʷʤʳʝ ʣʠʥʠʠ ʩʚʷʟʠ, ʩʠʥʭʨʦʥʥʦ ʚʨʘ-

ʱʘʶʱʠʝʩʷ ʩ ʜʝʚʷʪʴʶ ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʥʳʤʠ ʧʘʨʘʤʠ.     

ʂʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʥʳʝ ʧʘʨʳ ʷʜʨʘ ʘʪʦʤʘ  ʠʥʪʝʨ-

ʬʝʡʩʥʦ ʠʥʠʮʠʠʨʫʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʨʘʱʘʶʱʝ-

ʛʦʩʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʵʣʝʢʪʨʦʥʘ, ʩʚʷʟʘʥʥʦʛʦ, ʩ ʧʨʦʥʠ-

ʟʳʚʘʶʱʠʤ çʢʦʞʫʭè ʷʜʨʘ ʣʠʥʠʝʡ çʧʨʠʚʷʟʢʠè ʩ ʮʝʥ-

ʪʨʦʤ ï ʩ ʦʜʥʠʤ ʠʟ NST ʵʬʠʨʘ. ʀ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʠʥ-ʩʦʩʪʦʷʥʠʡ 729 ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʥʳʭ ʜʝʚʷʪʠʧʘʨ-

ʥʦʩʪʝʡ (ʂɸɼ, ʫʨ-ʯʘʩʪʠʮ ʠʣʠ ʥʦʥʝʪʦʚ ʩʘʭʘʪʦʥʦʚ - NST) 

ʚʩʝʭ 92 ʧʨʦʪʦʥʦʚ, ʥʝʡʪʨʦʥʦʚ ʠ ʣʷʤʙʜʘ-ʯʘʩʪʠʮ ʷʜʨʘ 

ʘʪʦʤʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʘʷ 

ʚʦ ʚʨʝʤʝʥʠ ʥʝʧʨʝʨʳʚʥʘ ̫ ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʪʨʘʝʢʪʦʨʠʷ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ, ʪʘʢ ʞʝ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʪʨʘʝʢʪʦʨʠʝʡ ʧʦʨʷʜʢʦʚʦʛʦ ʩʯʝʪʘ ʜʦ ʜʝʚʷʪʠ ʚ 

çʤʘʛʠʯʝʩʢʦʤ ʢʚʘʜʨʘʪʝè, ʥʘʧʦʜʦʙʠʝ ʬʠʛʫʨʳ ʃʠʩʩʘʞʫ.  

ʉʫʤʤʘʨʥʘʷ ʧʘʤʷʪʴ ʥʘ ʜʝʚʷʪʦʤ ʫʨʦʚʥʝ ʜʝʣʠʤʦʩʪʠ 

ʷʜʨʘ, ʩʦʩʪʘʚʣʷʝʪ 92ʭ36ʭ10 ʚ 6561-ʡ ʩʪʝʧʝʥʠ ʙʠʪ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʘʱʘʶʱʠʤʠʩʷ 6561-ʢʨʘʪʥʳʤʠ ʦʙʦʨʦ-

ʪʘʤʠ ʟʘ ʦʜʥʦ ʚʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ 6561 ʢʚʘʨʢ-

ʘʥʪʠʢʚʘʨʢʥʳʭ ʧʘʨ ʩ 36 ʩʧʠʥ-ʢʦʤʙʠʥʘʮʠʷʤʠ ʢʘʞʜʦʡ 

ʧʘʨʳ ʚ 92-ʭ ʪʨʠʧʣʝʪʘʭ ʩʘʢʘʪʦʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʛʠʧʦʪʝʟʘ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʶʪʩʷ ʚʩʝ ʥʝ-

ʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʨʘʥʦʚʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʋʂʂ). 

VI . ɿɸʂʃʖʏɽʅʀɽ 

ɺʦ ʚʩʝʭ ʫʟʣʘʭ ʵʬʠʨʘ ʠʤʝʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝ ʪʨʸʭ ʚʟʘ-

ʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʨʷʤʳʭ ʣʠʥʠʡ ʩʚʷʟʠ, ʩʦʩʪʦ-

ʷʱʠʭ ʠʟ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 9 ʧʘʨ, ʩʠʥʭʨʦʥ-

ʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʩ 9 ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʥʳʤʠ ʧʘʨʘʤʠ (9 

ʂɸʇ, ʠʣʠ NST - ʥʦʥʝʪʦʚ ʩʘʭʘʪʦʥʦʚ). ʆʙʲʝʤ ʧʘʤʷʪʠ 

ʦʜʥʦʡ ʧʘʨʳ ʨʘʚʝʥ 6ʭ6=36 ʙʠʪ. ɺ ʜʘʥʥʦʤ ʦʙʲʝʤʝ ʧʘʤʷ-

ʪʠ ʬʠʢʩʠʨʫʶʪʩʷ ʪʨʘʝʢʪʦʨʠʠ ʚʨʘʱʝʥʠʷ ʘʪʦʤʥʦʛʦ ʵʣʝʢ-

ʪʨʦʥʘ ʠ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʩʯʠʪʳʚʘʪʴʩʷ ʠ 
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ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ.  
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ʆʢʦʥʝʰʥʠʢʦʚ ɺʘʩʠʣʠʡ ʀʚʘʥʦʚʠʯ, 1947 ʛʦʜʘ ʨʦʞʜʝ-

ʥʠʷ, ʢʘʥʜʠʜʘʪ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ. ʆʢʦʥʯʠʣ ʚ 1975 

ʛʦʜʫ ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʥʳʥʝ ʅɻʊʋ), ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ. ʉ 1977 

ʧʦ 1993 ʛʦʜ ʨʘʙʦʪʘʣ ʚʝʜʫʱʠʤ ʢʦʥʩʪʨʫʢʪʦʨʦʤ, ʥʘʫʯ-

ʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʀʥʩʪʠʪʫʪʘ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʠ ʘʵʨʦʥʦʤʠʠ ʉʆ ʈɸʅ. ɺ 1993 ʛʦʜʫ ʟʘʱʠʪʠʣ 

ʜʠʩʩʝʨʪʘʮʠʶ ʧʦ ʦʩʥʦʚʘʥʠʷʤ ʬʠʣʦʩʦʬʩʢʦʡ (ʪʨʘʥʩʮʝʥ-

ʜʝʥʪʘʣʴʥʦʡ) ʠʥʞʝʥʝʨʠʠ. 

 

ʈʘʟʠʥʢʠʥ ɺʣʘʜʠʤʠʨ ʇʘʚʣʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʊʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʨʘ-

ʜʠʦʪʝʭʥʠʢʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  ɸʚʪʦʨ ʙʦʣʝʝ 150 ʥʘʫʯʥʳʭ ʧʫʙ-

ʣʠʢʘʮʠʡ.  
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ʅʦʚʳʡ ʜʠʧʦʣʴʥʳʡ ʠʟʣʫʯʘʪʝʣʴ 

ʩ ʢʦʥʮʝʚʳʤ ʧʠʪʘʥʠʝʤ 

ɸ. ʇ. ɻʦʨʙʘʯʝʚ, ɼ. ɸ. ɹʫʭʪʠʷʨʦʚ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

 
ɸʥʥʦʪʘʮʠʷ ï ʇʨʝʜʩʪʘʚʣʝʥ ʥʦʚʘʪʦʨʩʢʠʡ ʧʦʜʭʦʜ ʢ ʫʣʫʯ-

ʰʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʧʦʣʴʥʦʡ ʘʥʪʝʥʥʳ ʧʫʪʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʪ.ʥ. ʜʠʧʦʣʴʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʩ ʢʦʥʮʝʚʳʤ 

ʧʠʪʘʥʠʝʤ. ʊʘʢ ʢʘʢ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʟʣʫʯʘʪʝʣʷ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʧʨʦʚʦʜʥʠʢʠ, ʠʟʣʫʯʝʥʠʝ ʧʨʝʜʣʘ-

ʛʘʝʤʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʪʘʢʦʡ ʠʟʣʫʯʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʠʩʪʦʪʫ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩ ʫʣʫʯʰʝʥʥʳʤ ʜʦ 12 ʜɹ ʦʪʥʦʰʝʥʠʝʤ ʧʝ-

ʨʝʜʥʝ-ʟʘʜʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʙʝʟ ʫʤʝʥʴʰʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩ-

ʥʦʩʪʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ, ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʪʦʢʘ, ʤʝʪʦʜ ʥʘʚʝʜʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ. 

I. ɺɺɽɼɽʅʀɽ 

ʅʊɽʅʅʓ ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʜʦʣʞʥʳ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʤʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʜʠʧʦʣʴʥʳʭ ʘʥʪʝʥʥ ʩ ʧʦʣʦʩʢʦʚʳʤ ʣʠʙʦ ʢʦ-

ʘʢʩʠʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ [1] ï [3]. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʘʥʪʝʥʥ 

ï ʫʩʧʝʰʥʦʝ ʦʪʢʨʳʪʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʰʠʨʠʥʳ ʨʘʙʦʯʝʡ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʤʠʥʠʘ-

ʪʶʨʠʟʘʮʠʠ ʠ ʧʨʦʩʪʦʪʳ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʚʩʝ ʘʥ-

ʪʝʥʥʳ ʩʦʜʝʨʞʘʪ ʩʠʤʤʝʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʠʩ-

ʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦ-ʧʠʪʘʝʤʦʛʦ 

ʜʠʧʦʣʷ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʘʥʪʝʥʥʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʩʤʝʞʥʳʭ ʪʦʯʝʢ ʧʠʪʘ-

ʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʦʪʚʦʜʷʱʠʝ ʧʝʨʝʜʘʶʱʠʝ ʣʠʥʠʠ ʩʠʤ-

ʤʝʪʨʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʩ 

ʵʪʠʤʠ ʪʦʯʢʘʤʠ. ɿʘʯʘʩʪʫʶ ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʚʳʭʦʜʳ 

ʩʠʤʤʝʪʨʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ, 

ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʥʠʤʘʝʤʦʛʦ ʠʤʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʚʦʢʨʫʛ ʪʦʯʝʢ ʧʠʪʘʥʠʷ ʜʠʧʦʣʷ. ʕʪʦ ʪʘʢʞʝ ʪʨʝʙʫʝʪ 

ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʚʣʠʷʥʠʷ ʵʪʠʭ ʣʠʥʠʡ, 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʠʭ ʠʟʛʠʙʦʚ ʚ ʤʝʘʥʜʨ ʠʣʠ ʧʦʚʦʨʦʪʦʚ 

ʥʘʟʘʜ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʜʢʣʶʯʝʥʠʝ ʦʪʚʦ-

ʜʷʱʠʭ ʧʝʨʝʜʘʶʱʠʭ ʣʠʥʠʡ ʩʠʤʤʝʪʨʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ ʢ ʜʘʣʴʥʠʤ, ʘ ʥʝ ʢ ʩʤʝʞʥʳʤ ʧʦʣʶʩʘʤ ʧʨʦʚʦʜʦʚ, 

ʙʫʜʝʪ ʫʣʫʯʰʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥ, 

ʚʢʣʶʯʘʷ ʦʪʥʦʰʝʥʠʝ ʧʝʨʝʜʥʝ-ʟʘʜʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʪʠʨʦʚʘʪʴ ʘʥʪʝʥʥʳ ʥʘ ʧʣʦʩʢʠʝ, ʥʝ-

ʧʣʦʩʢʠʝ ʠʣʠ ʠʟʨʝʟʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʤʳ ʧʨʝʜ-

ʣʘʛʘʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʜʠʧʦʣʴʥʦʛʦ 

ʚʠʜʘ. ɽʛʦ ʢʦʤʧʦʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʘʥʪʝʥʥ (ʪʘʢʦʛʦ, 

ʢʘʢ ʤʝʪʦʜ ʥʘʚʝʜʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ) ʧʨʠʤʝ-

ʥʠʪʝʣʴʥʦ ʢ ʥʝʩʪʘʥʜʘʨʪʥʦʤʫ ʜʠʧʦʣʴʥʦʤʫ ʠʟʣʫʯʘʪʝʣʶ ʩ 

ʢʦʥʮʝʚʳʤ ʧʠʪʘʥʠʝʤ ʠ ʦʙʳʯʥʦʤʫ ʩʠʤʤʝʪʨʠʨʫʶʱʝʤʫ 

ʫʩʪʨʦʡʩʪʚʫ, ʪʘʢʦʤʫ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪʚʝʪʚʠʪʝʣʴ ʥʘ 

ʩʚʷʟʘʥʥʳʭ ʣʠʥʠʷʭ, ʠʣʠ ʜʚʫʭʰʣʝʡʬʥʳʡ ʤʦʩʪ. ʇʦʩʣʝ 

ʝʛʦ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ, ʵʪʦʪ ʠʟʣʫʯʘʪʝʣʴ, ʙʫʜʫʯʠ 

ʩʢʦʤʧʦʥʦʚʘʥ ʥʘʜ ʟʘʟʝʤʣʝʥʥʦʡ ʧʣʦʩʢʦʩʪʴʶ (ʪʘʢʦʡ ʢʘʢ 

ʟʘʟʝʤʣʝʥʥʘʷ ʵʢʨʘʥʠʨʫʶʱʘʷ ʧʣʘʩʪʠʥʘ ʩʠʤʤʝʪʨʠʨʫʶ-

ʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ), ʨʘʙʦʪʘʝʪ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʘʷ ʦʪʜʝʣʴ-

ʥʦ ʩʪʦʷʱʘʷ ʘʥʪʝʥʥʘ ʠʣʠ ʠʛʨʘʝʪ ʨʦʣʴ ʦʙʣʫʯʘʪʝʣʷ ʚʦ 

ʤʥʦʛʠʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠ-

ʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʘʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʤ ʨʘʟʜʝʣʝ, ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ.  

II . ʉʆʇʈʆʊʀɺʃɽʅʀɽ ʀɿʃʋʏɽʅʀʗ ɼʀʇʆʃʅʆɻʆ  

ʀɿʃʋʏɸʊɽʃʗ ʉ ʂʆʅʎɽɺʓʄ ʇʀʊɸʅʀɽʄ 

ɼʠʧʦʣʴʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʢʦʥʮʝʚʳʤ ʧʠʪʘʥʠʝʤ ʩʦ-

ʜʝʨʞʠʪ ʜʚʘ ʢʦʣʣʠʥʝʘʨʥʳʭ ʠʜʝʥʪʠʯʥʳʭ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘ 1 ʠ 2, ʧʠʪʘʶʱʠʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘ-

ʙʝʣʴ 3 ʠ ʩʠʤʤʝʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʚʭʦʜʥʳʤ ʧʣʝ-

ʯʦʤ 5 ʠ ʧʨʦʪʠʚʦʬʘʟʥʳʤʠ ʚʳʭʦʜʥʳʤʠ ʧʣʝʯʘʤʠ 6 ʠ 7 

(ʈʠʩ. 1).  

 

 
ʈʠʩ. 1. ɼʠʧʦʣʴʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʢʦʥʮʝʚʳʤ ʧʠʪʘʥʠʝʤ. 

ʅʠʞʝʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʠʜʝʘʣʴʥʦ 

ʧʨʦʚʦʜʷʱʠʭ ʧʨʦʚʦʜʥʠʢʦʚ 1 ʠ 2 ʨʘʜʠʫʩʦʚ a, ʷʚʣʷʶ-

ʱʠʭʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʪʦʥʢʠʤʠ  (ʪ.ʝ. a l), ʛʜʝ l  ï 

ʜʣʠʥʘ ʚʦʣʥ  r ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʤʝʞʥʳʝ 

ɸ 
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ʢʦʥʮʳ 8 ʠ 9 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦ-

ʩʪʠ (ʪ.ʝ b l), ʘ ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʚʳʭʦʜʳ  6 ʠ 7 ʩʦ-

ʝʜʠʥʷʶʪʩʷ ʩ ʜʘʣʴʥʠʤʠ ʢʦʥʮʘʤʠ 10 ʠ 11 ʢʦʣʣʠʥʝʘʨʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ 1 ʠ 2. ʆʙʘ ʧʨʦʚʦʜʘ, ʢʘʞʜʳʡ ʜʣʠʥʦʡ l , 

ʮʝʥʪʨʠʨʦʚʘʥʳ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ ʦʩʠ  z . ʀʟʣʫ-

ʯʘʪʝʣʴ ʨʘʩʧʦʣʦʞʝʥ ʚ  ʦʜʥʦʨʦʜʥʦʤ ʚʥʝʰʥʝʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ eʠ ʤʘʛʥʠʪʥʦʡ m ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ ʩ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ k w em=  ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʯʝʩʢʠʤ ʠʤʧʝʜʘʥʩʦʤ h m e= . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4], ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ ʠ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ rR  ʜʠʧʦʣʴʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʟʘʧʠ-

ʰʫʪʩʷ: 

sin( ),0
( 0, 0, )

sin( ), 0

m

m

I kz z l
I x y z

I kz l z

¡ ¡+ < ¢ë
¡ ¡ ¡= = =ì

¡ ¡- - < ¢í
 ,    (1) 

2

0

60
sinr

Q
R d

p

q
q

è ø
= é ù

ê ú
ñ ,                    (2)  

1 cos( cos )cos sin( cos )sin cosQ a q a a q a q= - - , (3) 

ʛʜʝ ( , , )x y z¡ ¡ ¡ ï ʢʦʦʨʜʠʥʘʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʠʟʣʫʯʘ-

ʪʝʣʶ, mI ï ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ, kla= . 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʨʘʞʝʥʠʷ (2) ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ 

ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʥʩʪʘʥʪ: sins a= , 

2 sin(2 )s a= , 4 sin(4 )s a= , cosc a= , 2 cos(2 )c a= , 

4 cos(4 )c a= . ʇʨʝʦʙʨʘʟʫʝʤ (3) ʚ ʜʚʫʯʣʝʥ:  

[cos( cos ) ] [sin( cos )cos ]Q c c s sa q a q q=- - - -.  (4) 

ʇʨʠ ʚʦʟʚʝʜʝʥʠʠ (4) ʚ ʢʚʘʜʨʘʪ, ʧʦʣʫʯʠʤ ʪʨʠ ʩʣʘʛʘ-

ʝʤʳʭ ʚ ʯʠʩʣʠʪʝʣʝ ʠʥʪʝʛʨʘʣʘ (2), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚ-

ʥʦʛʦ ʩʫʤʤʝ ʪʨʝʭ ʠʥʪʝʛʨʘʣʦʚ:  

                      1 2 3rR R R R= + + .                       (5) 

ʇʦʦʯʝʨʝʜʥʦ ʚʳʯʠʩʣʠʤ ʜʘʥʥʳʝ ʠʥʪʝʛʨʘʣʳ, ʟʘʪʝʤ 

ʧʨʦʩʫʤʤʠʨʫʝʤ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʠʩʠ ʙʫʜʝʤ ʥʦʨʤʠ-

ʨʦʚʘʪʴ ʠʥʪʝʛʨʘʣʳ ʢ ʢʦʥʩʪʘʥʪʘʤ, ʧʦʣʫʯʘʝʤʳʤ ʧʨʠ ʚʦʟ-

ʚʝʜʝʥʠʠ (4) ʚ ʢʚʘʜʨʘʪ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʣʘ-

ʛʘʝʤʳʭ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʪʨʠʛʦʥʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ (ʜʚʦʡʥʦʛʦ ʫʛʣʘ, ʧʦʥʠʞʝʥʠʷ ʩʪʝʧʝ-

ʥʠ ʠ ʪ.ʧ.). ʊʘʢʞʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʦ 

      ( ) ( )

a b

b a

f x dx f x dx=-ñ ñ .                    (6) 

ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʟʘʤʝʥ ʧʝʨʝʤʝʥʥʳʭ. ʇʝʨʚʘʷ ʟʘʤʝʥʘ: 

cosx q= , arccosxq= ,  

21d dx xq=- -, 
2sin 1 xq= - ;        (7)  

ʧʦʩʣʝ ʧʝʨʝʩʯʝʪʘ ʧʨʝʜʝʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ cos 1a p= =-, ʥʠʞʥʠʡ ʧʨʝʜʝʣ 

cos0 1b= =.  

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʝʨʚʦʛʦ ʠʥʪʝʛʨʘʣʘ ʠʟ (5), ʧʨʠʤʝ-

ʥʷʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (7) ʠ (6):   
2

2

0

1 [cos( cos ) ]

sin60

R c
d

c

p
a q

q
q

-
= =ñ  

[ ]
21 12

22 2
1 1

cos( ) c[cos( ) ]

11 1

xx c dx
dx

xx x

aa
-

-

å õ -- -
= =æ öæ ö -- -ç ÷
ñ ñ . (8) 

ɺʳʧʦʣʥʠʤ ʨʘʟʣʦʞʝʥʠʝ ʟʥʘʤʝʥʘʪʝʣʷ (8) ʥʘ ʧʨʦʩʪʳʝ 

ʜʨʦʙʠ 

               ( )21 (1 ) 0.5 1 (1 ) 1 (1 )x x x- = - + +.       (9) 

ʇʦʣʫʯʘʝʤ ʜʚʘ ʠʥʪʝʛʨʘʣʘ, ʚ ʧʝʨʚʦʤ ʠʟʤʝʥʠʤ ʟʥʘʢ 

ʧʝʨʝʤʝʥʥʦʡ, ʟʘʪʝʤ ʧʨʠʤʝʥʠʤ ʢ ʥʝʤʫ (6) ʠ ʩʣʦʞʠʤ ʩʦ 

ʚʪʦʨʳʤ ʠʥʪʝʛʨʘʣʦʤ, ʧʦʣʫʯʠʤ 

[ ]
21

2

1

cos( ) c1

160

xR
dx

xc

a

-

-
=

+ñ .          (10) 

ɺʪʦʨʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

( 1)u xa= +, ( ) 1x ua= -, dx dua= ,  

2a a= , 0b= .                      (11) 

ʆʩʫʱʝʩʪʚʠʚ ʟʘʤʝʥʫ (11) ʚ (10), ʧʦʣʫʯʠʤ 

[ ]
22

2

0

cos[ (( ) 1)] c1

1 ( ) 160

uR du

uc

a a a

a a

- -
= =

+ -ñ  

2 2

2
2

0 0

sin sin(2 )

2

su u
s du du

u u

a a

=- + +ñ ñ  

2 2 2 2 2 2 2

0

2 cos (1 sin ) sinc u c c u s u
du

u

a
- + + - +

+ñ .  (12) 

ʇʦʣʫʯʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʥʝʣʴʟʷ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ. ʀʩʧʦʣʴʟʫʝʤ ʩʧʝʮʠʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ: ʠʥʪʝʛʨʘʣʴʥʳʡ ʩʠʥʫʩ 

0

sin
( )

x
u

Si x du
u

=ñ ,                      (13) 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʩʠʥʫʩ 

0

cos 1
( ) ln( )

x
u

Ci x x du
u

g
-

= + +ñ ,         (14) 

ʦʙʨʘʱʝʥʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʩʠʥʫʩ  

0

1 cos
( ) ln( ) ( )

x

n

u
Ci x du x Ci x

u
g

-
= = + -ñ ,   (15) 

ʛʜʝ 0.5772157g=  (ʧʦʩʪʦʷʥʥʘʷ ʕʡʣʝʨʘ). 

ɺʳʨʘʞʘʷ (12) ʯʝʨʝʟ (13), ʧʦʣʫʯʠʤ: 
2

2 21 60 (2 ) 0.5 (4 )R c s Si s Sia a=- + + 

2 2 2 2 2
2

0 0

1 cos sin ( )
2

u u s c
c du du

u u

a a
- -

+ +ñ ñ .  (16) 
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ɺʳʧʦʣʥʠʚ ʥʝʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (16) ʠ ʧʦʜ-

ʩʪʘʚʠʚ (15), ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝ-

ʥʠʝ ʜʣʷ ʧʝʨʚʦʛʦ ʠʥʪʝʛʨʘʣʘ ʠʟ (5): 
2 2

21 30 [4 (2 ) (4 )n nR c c Ci c Cia a= - + 

2 2(4 ) (2 )]s Si s Sia a+ - .              (17) 

ɺʳʯʠʩʣʝʥʠʝ ʚʪʦʨʦʛʦ ʠʥʪʝʛʨʘʣʘ ʠʟ (5) ʧʨʦʠʩʭʦʜʠʪ 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʯʠʩʣʝʥʠʶ ʧʝʨʚʦʛʦ, ʧʨʠʤʝʥʷʝʤ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ (7), (6), (9), (11): 

[ ][ ]

2 0

cos( cos ) sin( cos )cos2

60 sin

c sR
d

s

p a q a q q
q

q

- -
= =ñ  

1 1

1 1

0.5sin(2 ) csin( ) cos( )

1 1

x x x x x c
dx s

x x

a a a

- -

- -
= - =

+ +ñ ñ    

2

0

0.5sin(2 2 )[( ) 1]u u
du

u

a
a a- -

= +ñ  

2 2

0 0

sin( )[( ) 1] cos( )c u u u c
du s du

u u

a a
a a a- - - -

- - =ñ ñ   

2 2 2
2

0 0 0

sin sin 1 cosu u u
c du s s du c du

u u u

a a aå õ-
= - - -æ öæ ö

ç ÷
ñ ñ ñ   

2 2 2

2 2

0 0 0

sin(2 ) cos(2 ) cos

2 2

c su u u
du du du

u u u

a a aå õ
- + - =æ öæ ö

ç ÷
ñ ñ ñ

 
2 2

2 2( ) (2 ) 0.5 (4 ) (2 )ns c Si c Si s Cia a a= - + - + -  

2
2 20.5 (4 ) (2 ) 0.5 (2 )n ns Ci s Si s Cia a a- - + .  (18) 

ʇʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 2R  

42 15 [2 (2 ) (4 )]R s Si Sia a= - + 

2
230 [2 (2 ) (4 )]n ns Ci Cia a- .          (19) 

ɺʳʯʠʩʣʝʥʠʝ ʪʨʝʪʴʝʛʦ ʠʥʪʝʛʨʘʣʘ ʠʟ (5) ʧʨʦʠʩʭʦʜʠʪ 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʯʠʩʣʝʥʠʶ ʚʪʦʨʦʛʦ, ʧʨʠʤʝʥʷʝʤ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ (7), (6), (9) ʠ (11): 

[ ]
2

2

0

sin( cos )cos s3

sin60

R
d

s

p a q q
q

q

-
= =ñ  

[ ]
21

1

sin( ) s

1

x x
dx

x

a

-

-
= =

+ñ  

( )
2

2

0

sin( ) ( ) 1 su u
du

u

a a aè ø- - -ê ú
= =ñ  

2 22
2 2

2 2

0 0

cos sin(2 )
2

ss
u udu u u du

a a

a a
 = - +ñ ñ  

2 22 2
2

2

0 0

2
sin (1 cos )cos

c s
u udu u udu

a a

aa
  + + - -ñ ñ  

2 2

2 2

0 0

(1 cos )sin sin(2 )
2

s s
u udu u du

a a

a a
 - - + -ñ ñ  

2 22 2
2 2

0 0

2 (1 cos )
sin

c u
udu s du

u

a a

a
 

-
- + +ñ ñ  

2 22

2

0 0

(1 cos )sin 1 cos(2 )

2

u u c u
s du du

u u

a a
- -

+ + =ñ ñ  

2
2 4 4 2 2

1
1 ( ) 2 (2 )

2

s
s c s c s Sia

a a
= + - - + + -  

2
2 20.5 (4 ) 2 (2 ) 0.5 (4 )n ns Si s Ci c Cia a a- + + . 

ʇʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 3R  

2 2 2
2 23 60 60 (2 ) 30 (4 )R s s s Si s s Sia a=- + - + 

4 2 2
2 2120 (2 ) 30 (4 ) 30n ns Ci s c Ci s sa a a+ + + .    (20) 

ʇʨʦʩʫʤʤʠʨʦʚʘʚ ʚʳʨʘʞʝʥʠʷ (17), (19) ʠ (20) ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ (5), ʚʳʧʦʣʥʠʚ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ, ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ (2) 

ʢʘʢ 

[30 3 2ln(2 ) ln( ) (4 ) 4 (2 )rR Ci Cig a a a a= + + + - +    

( )2sin (sin(2 ) ) 2a a a ø+ -ú.          (21) 

ʉʦʛʣʘʩʥʦ [5, ʛʣʘʚʘ 8] ʘʢʪʠʚʥʘʷ ʯʘʩʪʴ mR  ʚʭʦʜʥʦʛʦ 

ʠʤʧʝʜʘʥʩʘ m m mZ R jX= + , ʦʪʥʝʩʝʥʥʘʷ ʢ ʘʤʧʣʠʪʫʜʝ 

mI  ʪʦʢʘ ʚ ʧʫʯʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ 

m rR R= , ʪʦʛʜʘ ʢʘʢ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ inR , ʦʪ-

ʥʝʩʝʥʥʦʝ ʢ ʘʤʧʣʠʪʫʜʝ ʪʦʢʘ lI  ʥʘ ʢʣʝʤʤʘʭ ʧʠʪʘʥʠʷ 10 

ʠ 11 ʠʟʣʫʯʘʪʝʣʷ (ʈʠʩ. 1), ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʯʝʨʝʟ 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ sin( )l mI I kl=  ʠʣʠ: 

2sin ( )in mR R kl= .                (22) 

ʈʝʘʢʪʠʚʥʘʷ ʯʘʩʪʴ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʦʛʦ ʞʝ ʤʝʪʦʜʘ, ʯʪʦ 

ʠ ʘʢʪʠʚʥʘʷ ʯʘʩʪʴ, ʧʦ ʧʨʠʯʠʥʝ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 

[5, ʛʣʘʚʘ 4], ʪʦʛʦ, ʯʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʟʘʤʢʥʫʪʦʡ 

ʩʬʝʨʝ ʥʝ ʜʘʝʪ ʤʥʠʤʫʶ ʤʦʱʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʦ-

ʧʝʨʝʯʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ Wq ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʱʥʦ-

ʩʪʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʝʘʢʪʠʚ-

ʥʦʡ ʯʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʥʘʚʝʜʝʥ-

ʥʳʭ ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ. 

III. ʇʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʧʦʣʴʥʦʛʦ  

ʠʟʣʫʯʘʪʝʣʷ ʩ ʢʦʥʮʝʚʳʤ ʧʠʪʘʥʠʝʤ 

ʄʝʪʦʜ ʥʘʚʝʜʝʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʞʫʱʠʭ ʩʠʣ  ʷʚʣʷʝʪ-

ʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʣʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʠʤ ʢ 

ʧʨʷʤʳʤ, ʧʘʨʘʣʣʝʣʴʥʳʤ ʠʣʠ ʢʦʣʣʠʥʝʘʨʥʳʤ ʵʣʝʤʝʥʪʘʤ 

ʠ ʙʦʣʝʝ ʩʣʦʞʝʥ ʧʨʠ ʫʯʝʪʝ ʨʘʜʠʫʩʘ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʟʘ-

ʟʦʨʘ ʤʝʞʜʫ ʥʠʤʠ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. ʆʜʥʘʢʦ ʦʥ ʧʦʟ-
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ʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʚ ʟʘʤʢʥʫʪʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʦʝ 

ʜʘʶʪ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʂʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʭʦʜʥʦʡ ʨʝʘʢʪʘʥʩ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ 

ʟʦʥʝ. ʅʠʞʝʩʣʝʜʫʶʱʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʭʦʞʘ ʥʘ ʪʫ, ʢʦʪʦ-

ʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ [5, ʛʣʘʚʘ 8] ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʜʠ-

ʧʦʣʷ. ɻʣʘʚʥʳʝ ʦʪʣʠʯʠʷ ʩʦʩʪʦʷʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʪʦʢʘ ʜʨʫʛʦʝ [ʩʤ. (1)] ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʪʨʫ-

ʜʦʝʤʢʦ. ʉʦʛʣʘʩʥʦ [4], ʘʢʪʠʚʥʘʷ mR  ( inR ) ʠ ʨʝʘʢʪʠʚ-

ʥʘʷ mX  ( inX ) ʯʘʩʪʠ ʧʦʣʥʦʛʦ (ʚʭʦʜʥʦʛʦ) ʠʤʧʝʜʘʥʩʘ, 

ʦʪʥʝʩʝʥʥʳʝ ʢ ʘʤʧʣʠʪʫʜʝ ʪʦʢʘ ʚ ʧʫʯʥʦʩʪʠ (ʢ ʘʤʧʣʠʪʫ-

ʜʝ ʪʦʢʘ lI  ʥʘ ʢʣʝʤʤʘʭ ʧʠʪʘʥʠʷ), ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ (ʚ ʆʤʘʭ) 

12 13 22 23 26 22 2460( )m a a a aR I I I I I I I= - - + + - -,  (23) 

11 14 21 24 21 23 2560( )m a a a aX I I I I I I I= + - - - - +,  (24) 

2sinin mR R kl= , 
2sinin mX X kl= .        (25) 

ʀʥʪʝʛʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ (23) ï (24), ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʘʢ 

1
11 3

10

cos( )sin( )s
( )

( )

l

l
a

l

kR kz
I z l dz

k R

*

*
= -ñ , 

1
12 3

10

sin( )sin( )s
( )

( )

l

l
a

l

kR kz
I z l dz

k R

*

*
= -ñ , 

1
13 2

10

cos( )sin( )
s ( )

( )

l

l
a

l

kR kz
I z l dz

R

*

*
= -ñ , 

1
14 2

10

sin( )sin( )
s ( )

( )

l

l
a

l

kR kz
I z l dz

R

*

*
= -ñ , 

2
21 3

20

cos( )sin( )s
( )

( )

l

l
a

l

kR kz
I z l dz

k R

*

*
= +ñ , 

2
22 3

20

sin( )sin( )s
( )

( )

l

l
a

l

kR kz
I z l dz

k R

*

*
= +ñ , 

2
23 2

20

cos( )sin( )
s ( )

( )

l

l
a

l

kR kz
I z l dz

R

*

*
= +ñ , 

2
24 2

20

sin( )sin( )
s ( )

( )

l

l
a

l

kR kz
I z l dz

R

*

*
= +ñ , 

1
21

10

cos( )sin( )
c

l

l

l

kR kz
I dz

R

*

*
=ñ , 

1
22

10

sin( )sin( )
c

l

l

l

kR kz
I dz

R

*

*
=ñ , 

2
23

20

cos( )sin( )
c

l

l

l

kR kz
I dz

R

*

*
=ñ , 

2
24

20

sin( )sin( )
c

l

l

l

kR kz
I dz

R

*

*
=ñ , 

0
25

00

cos( )sin( )
2

l
kR kz

I dz
R

*

*
=ñ , 

0
26

00

cos( )sin( )
2

l
kR kz

I dz
R

*

*
=ñ , 

ʛʜʝ 
2 2

0R a z*= + ,
2 2

1 ( )lR a z l*= + - , 
2 2

2 ( )lR a z l*= + +

. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʳʨʘʞʝʥʠʡ (23) ʠ (24) ʧʦʣʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ mZ  ʤ  r ʜʦʣʞʥʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠʭ, 

ʯʪʦʙʳ ʚʳʨʘʞʘʪʴ ʠʥʪʝʛʨʘʣʳ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʫʶ  

ʬʫʥʢʮʠʶ, ʪ.ʥ. ʠʥʪʝʛʨʘʣʴʥʫʶ ʵʢʩʧʦʥʝʥʪʫ: 

( ) ( ) ( ( ) )
2

u

z

e
E z du Ci z j Si z

u

p
¤ -

= =- + -ñ .     (26) 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʬʦʨʤʫʣʳ ʕʡʣʝʨʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʵʢʩʧʦʥʝʥʪ: 

cos sinjxe x j x= + , sin
2

jx jxe e
x

j

--
= , cos

2

jx jxe e
x

-+
= . 

ʈʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

0 0( ) ( )

0 26 25

0 00 0

l ljk R z jk R z
e e

Z I jI dz dz
R R

* *- - - +

* *
= + = -ñ ñ .  (27) 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʚʩʝʭ ʠʥʪʝʛʨʘʣʦʚ: 

1 1( ) ( )

1 22 21

1 10 0
2

l ll ljk R z jk R z

l l

c e e
Z I jI dz dz

R R

* *- + - -

* *

å õ
æ ö=- - = -
æ ö
ç ÷
ñ ñ ; (28) 

2 2( ) ( )

2 24 23

2 20 0
2

l ll ljk R z jk R z

l l

c e e
Z I jI dz dz

R R

* *- + - -

* *

å õ
æ ö=- - = -
æ ö
ç ÷
ñ ñ ; (29) 

11 12 11 22 21a a a aZ I jI I jI= + - - = 

1 1( ) ( )

3 3
1 10 0

( ) ( )

2 ( ) ( )

l ll ljk R z jk R z

l l

s z l e z l e
dz dz

k R R

* *- - - +

* *

å - -
æ= - +
æ
ç
ñ ñ  

2 2( ) ( )

3 3
2 20 0

( ) ( )

( ) ( )

l ll ljk R z jk R z

l l

z l e z l e
dz dz

R R

* *- + - -

* *

õ+ +
ö+ -
ö
÷

ñ ñ ;   (30) 

12 23 24 13 14a a a aZ I jI I jI= - - + = 

1 1( ) ( )

2 2
1 10 0

( ) ( )

2 ( ) ( )

l ll ljk R z jk R z

l l

js z l e z l e
dz dz

R R

* *- - - +

* *

å - -
æ= - +
æ
ç
ñ ñ  
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2 2( ) ( )

2 2
2 20 0

( ) ( )

( ) ( )

l ll ljk R z jk R z

l l

z l e z l e
dz dz

R R

* *- + - -

* *

õ+ +
ö+ -
ö
÷

ñ ñ .  (31) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʷ (23), (24) ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʢʘʢ 

0 1 2 11 1260Re( )mR Z Z Z Z Z= + + + +,       (32) 

0 1 2 11 1260Im( )mX Z Z Z Z Z= + + + +.       (33) 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (26) ʙʫʜʝʪ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 

( ) ( )

a u

b

e
du E b E a

u

-

= -ñ .                (34) 

ɺʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʦʧʨʝ-

ʜʝʣʷʝʤʳʭ ʢʘʢ:  

2( ) 2tS t d= + , 
0.5( ) ( ) 2 tP t S t= + ,  

0.5( ) ( ) 2 tM t S t= - , ( ) ( ) ( )R t P t M t= ,     (35) 

ʛʜʝ d a l= . 

ɺʳʯʠʩʣʝʥʠʝ 0Z : ʚ ʧʝʨʚʦʤ ʠʥʪʝʛʨʘʣʝ ʚ (27) ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ:  

0( )x jk R z*= - , 0

0 0

( )
R zz dz

dx jk dz jk dz
R R

*

* *

-Ö
= - =- , 

0dx x dz R*=- ; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʧʝʨʝʩʯʠʪʘʥʳ, ʩ ʦʙʦ-

ʟʥʘʯʝʥʠʝʤ ʩʦʛʣʘʩʥʦ (35): 1 (0)a j Ma= , 1b jka= . ɺʦ 

ʚʪʦʨʦʤ ʠʥʪʝʛʨʘʣʝ ʚ (27) ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘ-

ʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

0( )y jk R z*= + , 0[( ) ]dy jk z dz R dz*= Ö +, 0dy y dz R*= ; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʧʝʨʝʩʯʠʪʘʥʳ: 

2 (0)a j Pa= , 2b jka= . 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʤʝʥ ʠʥʪʝʛʨʠʨʫʝʤ, ʧʨʠ-

ʤʝʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (7) ʠ (34): 
1 2 1 2

0

1 2 1 2

a a b bu u u u

b b a a

e e e e
Z du du du du

u u u u

- - - -

=- - = + =ñ ñ ñ ñ 

( (0)) ( ) ( (0)) ( )E j M E jka E j P E jkaa a= - + - .  (36) 

ɺʳʯʠʩʣʝʥʠʝ 1Z : ʚ ʧʝʨʚʦʤ ʠʥʪʝʛʨʘʣʝ ʚ (28) ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

1( ( ))lx jk R z l*= + -, 

1

( )
l

z l
dx jk dz dz

R*
-

= + ,  

1ldx x dz R*= ; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʧʝʨʝʩʯʠʪʘʥʳ: 

1a jka= , 1 (0)b j Ma= . ɺʦ ʚʪʦʨʦʤ ʠʥʪʝʛʨʘʣʝ ʚ (28) 

ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

1( ( ))ly jk R z l*= - -, 

1

( )
l

z l
dy jk dz dz

R*
-

= - ,  

1ldy y dz R*=- ; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʧʝʨʝʩʯʠʪʘʥʳ: 

2a jka= , 2 (0)b j Pa= . 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʤʝʥ, ʠʤʝʝʤ: 
1 2

1

1 2
2

a au u
j j

b b

c e e
Z e du e du

u u

a a
- -

-
å õ

= + =æ öæ ö
ç ÷
ñ ñ  

20.5 [ ( (0)) ( (0)) 2 ( )]c E j M E j P E jkaa a= + - +  

20.25 [ ( (0)) ( (0))]j s E j P E j Ma a+ - .        (37) 

ɺʳʯʠʩʣʝʥʠʝ 2Z : ʠʟʤʝʥʠʤ ʟʥʘʢ ʧʝʨʝʤʝʥʥʦʡ ʚ (29) 

ʢʘʢ z z- : 

1 1( ) ( )

2

1 10 0
2

l ll ljk R z jk R z

l l

c e e
Z dz dz

R R

* *- -- + - -

* *

å õ
æ ö= -
æ ö
ç ÷
ñ ñ .     (38) 

ɺʳʨʘʞʝʥʠʝ (38) ʩʦʚʧʘʜʘʝʪ ʩ 1Z  (28), ʧʦʵʪʦʤʫ ʤʳ 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʞʝ ʩʘʤʳʝ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ, 

ʥʦ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʝʣʘʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 

(2 0.5 [ ( (0)) ( (2))]jZ c e E j M E j Ma a a-= - +  

)[ ( (0)) ( (2))je E j P E j Pa a a+ - .          (39) 

ɺʳʯʠʩʣʝʥʠʝ 11Z : ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʠʥʪʝʛʨʘʣʘʭ ʚ 

(30) ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

x z l= -, dz dx= , z x l= +; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 1 0a = , 1b l=-. ɺ ʪʨʝʪʴʝʤ ʠ 

ʯʝʪʚʝʨʪʦʤ ʠʥʪʝʛʨʘʣʘʭ ʚ (30) ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʘ ʩʣʝʜʫ-

ʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

y z l= +, dz dy= , z y l= -; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 2 2a l= , 2b l= . 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʤʝʥ, ʠʤʝʝʤ: 

0 2 2

11
2 2 3

exp[ ( )]

2 ( )l

s jk a x x l x
Z dx

k a x-

å - + - -
æ= -
æ +ç
ñ  

0 2 2

2 2 3

exp[ ( )]

( )l

jk a x x l x
dx

a x-

- + + +
- +

+
ñ  

2 2 2

2 2 3

exp[ ( )]

( )

l

l

jk a y y l y
dy

a y

- + + -
+ -

+
ñ  

 

2 2 2

2 2 3

exp[ ( )]

( )

l

l

jk a y y l y
dy

a y

- + - +
-

+
ñ .        (40) 

ɺ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʠʥʪʝʛʨʘʣʘʭ ʚ (40) ʙʫʜʝʪ ʚʳʧʦʣ-

ʥʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

( )x a tg z= Ö , 
2cosdx a dz z= Ö , ( )z arctg x a= ; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 1 0a = , 1 ( )b arctg l a= - . ɺ 

ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʝʨʪʦʤ ʠʥʪʝʛʨʘʣʘʭ ʚ (40) ʙʫʜʝʪ ʚʳʧʦʣ-

ʥʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 
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( )y a tg z= Ö , 
2cosdy a dz z= Ö , ( )z arctg y a= ; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 2 (2 )a arctg l a= , 

2 ( )b arctg l a= . ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤ ʩʪʘʥʜʘʨʪʥʫʶ ʬʦʨ-

ʤʫʣʫ 
2 21 1 costg x x+ = .                    (41) 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʟʘʤʝʥ ʠ ʧʨʠʤʝʥʝʥʠʷ 

(41), ʠʤʝʝʤ: 
1

11

1

sin
sin exp ( )

2 cos

a

b

s a a z dz
Z z jk l

k z a

å -è ø
= Ö - - -æ é ùæ ê úç
ñ

1

1

sin
sin exp ( )

cos

a

b

a a z dz
z jk l

z a

+è ø
- Ö - + +é ù

ê ú
ñ  

2

2

sin
sin exp ( )

cos

a

b

a a z dz
z jk l

z a

+è ø
+ Ö - - -é ù

ê ú
ñ  

2

2

sin
sin exp ( )

cos

a

b

a a z dz
z jk l

z a

õ-è ø
- Ö - + öé ùöê ú÷
ñ .     (42) 

ɺʦ ʚʩʝʭ ʯʝʪʳʨʝʭ ʠʥʪʝʛʨʘʣʘʭ ʚ (42) ʙʫʜʝʪ ʚʳʧʦʣʥʝ-

ʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ: 

sinz x= , 
21dz dx x= - , 

2sin( ( )) 1arctg x x x= + .  

ɺ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʠʥʪʝʛʨʘʣʘʭ ʚ (42) ʧʨʝʜʝʣʳ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ 1 0a = , 1 1 (0)b S=- ; ʚ ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʝʨ-

ʪʦʤ ʠʥʪʝʛʨʘʣʘʭ ʚ (42) ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

2 2 (2)a S= , 2 1 (0)b S= . 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʤʝʥ ʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʙʦʟʥʘ-

ʯʠʤ 1g x= +, 1n x= -: 

1 1

11

1 1

exp( ) exp( )

2

a aj

b b

jka n g jka n gs e
Z dx dx

ka n g ng

aå - -Ö
= - +æ

æ
ç
ñ ñ  

2 2

2 2

exp( ) exp( )a a

b b

jka g n jka g n
dx dx

ng g n

õ- -
+ - +ö

ö
÷

ñ ñ  

1 1

1 1

exp( ) exp( )

2

a aj

b b

jka g n jka g ns e
dx dx

ka g n ng

a- å - -Ö
+ - +æ

æ
ç
ñ ñ

2 2

2 2

exp( ) exp( )a a

b b

jka n g jka n g
dx dx

ng n g

õ- -
+ - ö

ö
÷

ñ ñ .  (43) 

ɺʳʧʦʣʥʷʷ ʩʤʝʥʫ ʟʥʘʢʘ ʧʝʨʝʤʝʥʥʦʡ x x-  ʪʦʣɹ-

ʢʦ ʚ ʪʝʭ ʠʥʪʝʛʨʘʣʘʭ ʚ (43), ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʘʨʛʫ-

ʤʝʥʪʝ ʵʢʩʧʦʥʝʥʪʳ ʚʳʨʘʞʝʥʠʝ g n , ʧʦʣʫʯʘʝʤ ʠʟʤʝ-

ʥʝʥʠʝ ʧʨʝʜʝʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʵʪʠʭ ʠʥʪʝʛʨʘʣʦʚ:  

3 1 0a a=- =, 3 1 1 (0)b b S=- = , 

4 2 2 (2)a a S=- =- , 4 2 1 (0)b b S=- =- . 

ɺʳʧʦʣʥʷʝʤ ʚ (43) ʩʣʝʜʫʶʱʫʶ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥ-

ʥʳʭ: 

1u g x= = +, du dx= , 1 2n x u= - = -; 

ʦʙʦʟʥʘʯʠʤ (2 ) 1v u= -; ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

1 1a = , 1 (0) (0)b M S= ; 2 (2) (2)a P S= , 

 2 (0) (0)b P S= ; 3 1a = , 3 (0) (0)b P S= ; 

4 (2) (2)a M S= , 4 (0) (0)b M S= . 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʤʝʥ, ʠʤʝʝʤ: 
1 1

11
2

1 1
2 2

a aj jkav jkav

b b

s e e e du
Z du

ka v u u

a - -åÖ
= - +ææ

-ç
ñ ñ  

4 4 3

2
4 4 3

22

a a ajkav jkav j jkav

b b b

e e du s e e
du du

v ka vu u

a- - - -õ åÖ
+ - + - +ö ææö

- ç÷
ñ ñ ñ

3 2 2

2 2
3 2 22 2

a a ajkav jkav jkav

b b b

e du e e du
du

vu u u u

- - - õ
+ - + öö

- - ÷
ñ ñ ñ .     (44) 

ɺʳʧʦʣʥʷʝʤ ʚ (44) ʩʣʝʜʫʶʱʫʶ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥ-

ʥʳʭ: 

(2 ) 1y v u= = -,  
2

2

1
u

y
=

+
, 

2 2

4

( 1)

y dy
du

y

- Ö
=

+
; 

ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 1 1a = , 1 (0)b R= ; 4 (2)a R= , 

4 (0)b R= ; 3 1a = , 3 1 (0)b R= ; 2 1 (2)a R= , 2 1 (0)b R= .  

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʧʦʜʩʪʘʥʦʚʦʢ ʠ ʥʝʢʦʪʦʨʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʠʤʝʝʤ: 

 

.             (45) 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

(ʚʢʣʶʯʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʯʘʩʪʷʤ) ʚ (45), ʩ ʮʝʣʴʶ 

ʫʩʪʨʘʥʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʩ ʚʳʨʘʞʝʥʠʷʤʠ  ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ; ʧʦʩʣʝ ʵʪʦʛʦ (45) ʧʨʠʤʝʪ ʚʠʜ 

 

 

 


