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 t   .   ),,( txc λ   ),,( txs λ  

  (1.1.4)     

1),,0(,0),,0(,0),,0(,1),,0( =′==′= tststctc λλλλ .         (1.1.5)  

 1.1.2.  -   

′′
=

),,(),,(

),,(),,(
),(

tstc

tst
tU

λπλπ

λπλπ
λ                    (1.1.6)  

    (1.1.4). 

 1.1.1.    )(    

 12 ,0)(2)( Rxyyxpyxqy ∈=−++′′− λλ   (1.1.7)  

  

 ),()(),()()( λπλππ xsyxcyxy ′+=+ ,            (1.1.8)  

 ),( λx   ),( λxs    (1.1.7)   

 

1),0(,0),0(,0),0(,1),0( =′==′= λλλλ sscc .  (1.1.9)  
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.  π -    (1.1.7) 

,  )( π+xy      (1.1.7). ,  

),(),()( 21 λλπ xsCxcCxy ⋅+⋅=+ .   (1.1.10)  

   (1.1.10)  0=x ,   )(1 πyC = ,   

0=x       )(2 πyC ′= . 

    (1.1.10)   (1.1.8).  

 1.1.1 .  

.      )(   (1.1.7)   

),( λx   ),( λxs ,      

),(),(),(),(),( λλπλλπλπ xscxccx ′+=+ ,           (1.1.11) 

),(),(),(),(),( λλπλλπλπ xssxcsxs ′+=+ .              (1.1.12) 

 1.1.2.    ),,( tx λ   ),,( txs λ   (1.1.7)  

  

),(),(),(),(),,( λλλλλ txstctxctstx +′−+′= ,         (1.1.13)  

),(),(),(),(),,( λλλλλ txstctxctstxs +++−= .                    (1.1.14)  

. ,  ),( λtx +   ),( λtxs +   

 (1.1.7)   .    

),(),(),,( 21 λλλ txstxctx +++= ,                           (1.1.15)  

),(),(),,( 21 λλλ txstxtxs +++= .                            (1.1.16)  

   21 ,   (1.1.15)   

  (1.1.9): 

=′+′

=+

0),(),(

1),(),(

21

21

λλ

λλ

tsAtcA

tsAt
 

1=
′′

=Δ
s

s
,   ),(

),(0

),(1
1 λ

λ

λ
ts

ts

ts
′=

′
=Δ ,   ),(

0),(

1),(
2 λ

λ

λ
tc

tc

tc
′−=

′
=Δ , 

),(,),( 2
2

1
1 λλ tcAtsA ′−=

Δ

Δ
=′=

Δ

Δ
= .             (1.1.17)  

  ,   
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),(,),( 21 λλ tcBtsB =−= .              (1.1.18)  

  (1.1.17)  (1.1.18)   (1.1.15)  (1.1.16) 

  (1.1.13)  (1.1.14).   1.1.2 . 

  1.1.5.    : 

),(),(),(),(),( tUtttUtU λλλλλ Ω−Ω= ,  (1.1.19)  

 

−−

−
=Ω

0)()(2

10
),( 2 tqtp

t
λλ

λ    (1.1.20)  

  
t

U
U

∂

∂
= . 

.    1   2   

: 

)],,(),(),(),()[,(

)],(),(),(),()[,(),,(

λλπλλπλ

λλπλλπλλπ

tsstcstc

tsctcctstc

′+′−

−′+′=
 (1.1.21)  

,)],(),(),(),()[,(

)],(),(),(),()[,(),,(

λλπλλπλ

λλπλλπλλπ

tsstcstc

tsctcctstc

′′+′′−

−′′+′′=′
 (1.1.22)  

,)],(),(),(),()[,(

)],(),(),(),()[,(),,(

λλπλλπλ

λλπλλπλλπ

tsstcstc

tsctcctsts

′++

+′+−=
 (1.1.23)  

.)],(),(),(),()[,(

)],(),(),(),()[,(),,(

λλπλλπλ

λλπλλπλλπ

tsstcstc

tsctcctsts

′′+′+

+′′+′−=′
   (1.1.24)  

    t      

,),(])(2)([),( 2 λλλλ tctptqtc −+=′′              (1.1.25)  

),(])(2)([),( 2 λλλλ tstptqts −+=′′              (1.1.26)  

,  

+′+−+= )],(),(),(),()[,(])(2)([),,( 2 λλπλλπλλλλπ tsctcctstptqt  

−′′+′′+ )],(),(),(),()[,( λλπλλπλ tsctccts  

−′+−+− )],(),(),(),()[,(])(2)([ 2 λλπλλπλλλ tsstcstctptq  

=′′+′′− )],(),(),(),()[,( λλπλλπλ tsstcstc  

,),,(),,()]()(2[ 2 tctstqtp λπλπλλ ′+−−=                       (1.1.27)  
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+′′+′−+=′ )],(),(),(),()[,(])(2)([),,( 2 λλπλλπλλλλπ tsctcctstptqt  

−′+−+′+ )],(),(),(),(][)(2)()[,( 2 λλπλλπλλλ tsctcctptqts  

−′′+′−+− )],(),(),(),(][)(2)()[,( 2 λλπλλπλλλ tsstcstptqtc  

=′+−+′− )],(),(),(),(][)(2)()[,( 2 λλπλλπλλλ tsstcstptqtc  

+′′+′−−−= )],(),(),(),()[,()]{()(2[ 2 λλπλλπλλλ tsctcctstqtp  

−′′+′+ )]},(),(),(),()[,( λλπλλπλ tsstcstc  

−′+′−−− )],(),(),(),()[,()]{()(2[ 2 λλπλλπλλλ tsctcctstqtp  

=′+′− )]},(),(),(),()[,( λλπλλπλ tsstcstc  

)},,(),,()]{()(2[ 2 tctstqtp λπλπλλ −′−−= ,                     (1.1.28)  

−′+′−= )],(),(),(),()[,(),,( λλπλλπλλπ tsctcctsts  

+′′++′− )],(),(),(),()[,( λλπλλπλ tsctccts  

+′+×′+ )],(),(),(),([),( λλπλλπλ tsstcstc  

,),,(),,()],(),(),(),([),( tstctsstcstc λπλπλλπλλπλ ′+−=′′+′×+     (1.1.29)  

−′′+′′−=′ )],(),(),(),()[,(),,( λλπλλπλλπ tsctcctsts  

+′+−+− )],(),(),(),(][)(2)()[,( 2 λλπλλπλλλ tsctcctptqts  

+′′+′′+ )],(),(),(),()[,( λλπλλπλ tsstcstc  

=′+−++ )],(),(),(),(][)(2)()[,( 2 λλπλλπλλλ tsstcstptqtc  

),,()]()(2[),,( 2 tstqtptc λπλλλπ −−−′−= .         (1.1.30)  

 ,    :  

 ,),,(),,()]()(2[),,( 2 tctstqtpt λπλπλλλπ ′+−−=                 (1.1.31)  

)},,(),,()]{()(2[),,( 2 tctstqtpt λπλπλλλπ −′−−=′ ,             (1.1.32)  

,),,(),,(),,( tstcts λπλπλπ ′+−=                                              (1.1.33)  

),,()]()(2[),,(),,( 2 tstqtptcts λπλλλπλπ −−−′−=′ .            (1.1.34)  

       ,   

  (1.1.19) .  1.1.5 . 
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 1.1.6.    ),( tλΔ    

(1.1.4)    t . 

.      (1.1.4)  

  ),,(),,(),( tctst λπλπλ +′=Δ .  (1.1.31)    (1.1.34)   

0),,(),,(
),(

=+′=
Δ

tcts
dt
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λπλπ

λ
. 

, )()0,(),( λλλ Δ=Δ≡Δ t .  

.    (1.1.4)    t ,      

 }2)(2:{ 1 ≤Δ≤−∈= λλ RE . 

.     -   

      (1.1.4)    t . 

  }0{\,)( Zntn ∈ξ     

 

0)()0( == πyy  

  (1.1.4).    

}0{\,)( Znt nnn ∈≤≤ +− λξλ .                     (1.1.35)  

  1.1.7.     ( . 
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,, 1
0 nn

c
cn n

nn

±
+− +++=

ε
λλ                                (1.1.36)  

 ,1
0 nn

c
cn n

n

±

+++=
γ

ξ                                (1.1.37)  

       [ ] ,
22

∞<+
∞

−∞=

±±

n
nn γε  
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π π

ππ 0 0

2
10 .)]()([

2

1
,)(

1
dxxpxqcdxxpc             (1.1.38)  

 1.1.8.    

    +
∂

∂
′=

ππ

ξ
λ

ξ
ξξξ

0

2

0

2 ),()(2
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),(),(2 dxxsxp
xs

xsdxxs n
n

nnn .      (1.1.39)  



26 
 

  1.1.9.    ( . [15]) 

 ∏
∞

−∞=≠

−
=

k

k

k
s

0

),(
λξ

πλπ ,    (1.1.40) 

∏
∞

−∞=≠

+−
+− −−

−−−=−Δ
k

kk

k0
200

22 ))((
))((44)(

λλλλ
λλλλπλ . (1.1.41) 

 

§ 1. 2.     . 

 

 1.2.1. ( ). 1)  04)(2 ≠−Δ λ ,  (1.1.1)   

    

,)(),(,)(),( xpxxpx
xx

+++−−− == ππ ρλψρλψ           (1.2.1) 

   )(,)( xpxp +−    π   

2

4)()(
)(

2 −Δ±Δ
=±

λλ
λρ ;                          (1.2.2) 

2)   2)( =Δ λ ,  (1.1.1)      π ; 

3)  2)( −=Δ λ ,  (1.1.1)     π . 

     ,    ,  

   

∞→→−−Δ ii λλπλ ,0sin24)(2 . 

       EC \ .  E   

      2)( ≤Δ λ .  

   E    . 

 ),( λψ x−   ),( λψ x+    . 

 1.2.2. )  2)( >Δ λ ,  1)(,1)( <> +− λρλρ ;  

 )  2)( ≤Δ λ ,  .1)()( == +− λρλρ  

 1.2.3.     ,  

 -    : 
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.
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λλπλπ
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s
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=±                          (1.2.3) 

.    : 
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4)(),(),(
),(),(

2

λ
λπ

λλπλπ
λλψ xs

s
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−Δ−′
+=± . (1.2.4) 

 (1.2.4) ,   
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),(),(

2

λ
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λ
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λπλπ
λλψ xs

s
xs

s

cs
xcx
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+=− ,         (1.2.5) 
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),(2

4)(
),(

),(2
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λπλπ
λλψ xs

s
xs

s
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xcx

−Δ
−

−′
+=+ .        (1.2.6) 

 1.2.4.      
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=
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nEn
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∞

−∞=

 

 

.)(),()(,)(),()(
∞

∞−

∞

∞−

== dttftsGdttftcF λλλλ             (1.2.7) 

.   (1.1.1)     

  

],...,[],,[],,[],,[],,[..., 2110011223
−+−+−+
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−
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−

+
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−
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−
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§ 1. 3.   . 

 

   

12 ,0)(2)()( RxyyxpyxqyyT ∈=−++′′−≡ λλλ ,              (1.3.1) 

 )(xp   )(xq      π ,  λ  

 .    ( . [15]):  

∏
∞

−∞=≠

+−
+− −−

−−=Δ−
k

kk

k0
200

22 ))((
))((4)(4

λλλλ
λλλλπλ ,            (1.3.2)   

∏
∞

−∞=≠

−
=

k

k

k
s

0

),(
λξ

πλπ ,                                 (1.3.3)  

∏
∞

−∞=≠

+− −
−−−=′

k

k

k
c

0
00 ))((),(

λη
ηληλπλπ .                     (1.3.4)  

  ,  ,    

(1.3.1)     

M

mn
nnRE

−=

+−= ),(\1 λλ . 

         

  

N

k
kkRE

0

1 ),(\
=

+−= λλ ,    (1.3.5)  

 ),(
00

+−
nn λλ     0=λ , . .  . 

    04)(2 =−Δ λ      

 ( ) .  

  (1.3.2)-(1.3.4)    

1),(),(),(),( =′−′ λπλπλπλπ scsc ,                       (1.3.6)  

4)(),(),(4)],(),([ 22 −Δ=′+′− λλπλπλπλπ scsc     (1.3.7)  
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)()(4)(4 22 λλλ Rd=Δ− ,               (1.3.8)  

)()(),( λλλπ Pds = ,                     (1.3.9)  

)()(),( λλλπ Sdc −=′ ,                    (1.3.10)  

)()(2),(),( λλλπλπ Qdsc =′− ,                          (1.3.11) 

 

,))(()(
0

+−

=

−−= ∏ kk

N

k

R λλλλλ                   (1.3.12)  

∏
=≠

−=
N

kn
kP

00

)()( ξλλ ,                            (1.3.13)  

∏
=≠

+− −−−=
N

kn
knnS

00

00
)())(()( ηληληλλ ,       (1.3.14)  

)(λQ  -    2−≤ N . )(λd  -  ,  

      04)(2 =−Δ λ . 

  

[ ] )(4),(),(),(),(4 22
λλπλπλπλπ Δ−=′−−′− scsc  

 ,  

)()()()( 2 λλλλ RQSP =− .                             (1.3.15) 

  §2 ,    ,  

     

12 ,0)(2)( Rxyytxpytxq ∈=−++++′′− λλ .           (1.3.16)  

  (1.3.16)  (1.3.8)-(1.3.15)  : 

),()(),,( tPdts λλλπ = ,        (1.3.17)  

),()(),,( tSdtc λλλπ −=′ ,          (1.3.18)  

),()(2),,(),,( tQdtstc λλλπλπ =′− ,                 (1.3.19)  

)(),(),(),( 2 λλλλ RtQtStP =− ,                        (1.3.20)  

 

 ∏
=≠

−=
N

kn
k ttP

00

))((),( ξλλ ,                            (1.3.21)  
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∏
=≠

+− −−−=
N

kn
knn ttttS

00

00
))(())())(((),( ηληληλλ ,        (1.3.22)  

),( tQ λ  -    2−≤ N . 

 1.3.1.     

),()]()(2[2),( 2 tQtqtptS λλλλ −−= ,                 (1.3.23)  

),(2),( tQtP λλ −= ,                                       (1.3.24)  

),(),()]()(2[),( 2 tStPtqtptQ λλλλλ −−−= .                (1.3.25)  

.   (1.3.17)-(1.3.20)   

(1.1.31)-(1.1.33)    (1.3.23)-(1.3.25).   

 1.3.1 . 

 1.3.2.   : 

=≠

+−+−

−
+

+
+

=
N

kn
k

kknn
ttp

00

00 )(
22

)( ξ
λλλλ

,              (1.3.26)  

=≠
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+

+
+
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N

kn
k

kknn
ttptq

0

2

2222

2

0

00 )(
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)()(

2

)()(
)(2)( ξ

λλλλ
. (1.3.27)  

.    NN 212 ,λλ +   NN λλ ,1+  

     

)(),(),(),( 2 λλλλ RtQtStP =− ,                (1.3.28) 

),(),()]()(2[),( 2 tStPtqtptQ λλλλλ −−−=   (1.3.29)  

  .      

(1.3.26)-(1.3.27).    .    

...),( 2
2

1
1 +++= −− NNN pptP λλλλ ,   (1.3.30)  

...),( 2
1

1
2 +++= ++ NNN sstS λλλλ ,   (1.3.31)  

...),( 3
1

2
0 ++= −− NN qqtQ λλλ ,    (1.3.32)  

...)( 2
2

12
1

22 +++= ++ NNN rrR λλλλ   .   (1.3.33)  
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22 ++++++= ++ NNN psspsp λλλ ,   (1.3.34)  

...][),( 422
0

23
1

2
0

2 +=++= −−− NNN qqqtQ λλλλ  .  (1.3.35)  

  (1.3.34)-(1.3.35)   (1.3.28)   

 NN 212 ,λλ +  :  

111 rsp =+ ,     (1.3.36)  

21122 rpssp =++ .       (1.3.37)  

    

=+−−−

−++=+++×

×−−=−−

+

++−−

...)()(2)(2

...][

)]()(2[),()]()(2[

1
1

2
1

1
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2
1
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NNN
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pppp
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λλλ
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...)]()(2[)](2[ 12
1

1
2 +−−+−+= ++ NNN tqtpptpp λλλ        (1.3.38) 

     (1.3.29).    

NN λλ ,1+       

0)(2 11 =−− stpp ,     (1.3.39)  

0)()(2 212 =−−− stqtppp .   (1.3.40)  

 (1.3.36)   111 prs −= ,   (1.3.37)  

(1.3.39)  :   

211122 )( rpprsp =−++ ,                       (1.3.41) 

0)(2 111 =+−− prtpp .                         (1.3.42)  

   

11 2

1
)( rptp −=     (1.3.43)  

 

2
111222 pprprs +−−= .                      (1.3.44)  

 (1.3.44)  (1.3.40)   
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0)()(2 2
1112212 =−++−−− pprprtqtppp .   (1.3.45)  

  11 2

1
)( rtpp +=     (1.3.45)   
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−= ,        (1.3.47)  
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=

−+ +−=
N

k
kkr

0
1 )( λλ ,    (1.3.49)  
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 (1.3.47)-(1.3.50)  (1.3.43), (1.3.46)   (1.3.26),  

(1.3.27).   1.3.2 . 
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.  (1.3.51)  (1.3.52)   §3  , 

  (1.3.26)  (1.3.27)  §3   .   
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yytxpytxqy 2)(2)( λλ =++++′′− ,     π<< x0 ,        (2.1.6) 

       

0)0( =y ,   0)( =πy .                                    (2.1.7) 
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−
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      3. 
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      -   

      

   . .  [3],  . , . .  [84]  

. . , . .  [48],         

 . .  [54], . . , . .  [35]  . 

         

   -    

 ,      

    ,   

 -    . 

 

§ 3. 1.      . 

 

1.    ),0(2 ∞L    

      )0(,0)(2)()( 2 ∞<<=−++′′−≡ xyyxpyxqyyT λλλ          (3.1.1) 

 -     

       ),0(,0sin)0(cos)0( πααα ∈=′+ yy ,                       (3.1.2) 

 )(xp   )(xq   ,   π ,  λ  

 .  

.        ,  

  )()( xqxp     )  )  

§1.1., . 1. 
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  ),(),,(),,( λθλλ xxsxc   ),( λϕ x    

(3.1.1)    

,1),0(,0),0(,0),0(,1),0( =′==′= λλλλ ssc  

.cos),0(,sin),0(,sin),0(,cos),0( αλϕαλϕαλθαλθ =′−==′=  

  -    (3.1.1)+(3.1.2).  

   

),0(),()(),( 2 ∞∈+ Lxmx λϕλλθ α ,                            (3.1.3) 

 1\ RC∈λ   .  ( . [17]),  

),0(),()(),( 2 ∞∈+ + Lxsmxc λλλ                              (3.1.4) 
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2

λπ
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s
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m
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=+ ,                  (3.1.5) 

),(),()( λπλπλ cs +′=Δ . 

  

αλϕαλθλ sin),(cos),(),( xxxc −= , 

αλϕαλθλ cos),(sin),(),( xxxs +=  

  (3.1.4) ,  
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αλα
λα sin)(cos

cos)(sin
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+

+

+
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=

m

m
m .                       (3.1.6) 

      

)(),,(),,(),,(),,( λλπλπλπλπ Δ=Δ′=′=′=′= ssssccc . 

  (3.1.6)  (3.1.5)      

.       : 

[ ] ×−Δ−−′+− αααα cos4coscossin2 2css  

[ ] =−Δ+−′+× αααα sin4sinsincos2 2css  

+−Δ−+′−−= 4sin2sin2sin2cossin4 22222 ααααα sscsss  

−−Δ′+′−′+′+ 4cossincossincossincos2 222 ααααααα scssss  
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−−Δ−+′+− 4cossincossincossincos2 222 ααααααα cccssc  

+−Δ′+−Δ− ααα cossin4cos42 222 ss  

=−Δ−−Δ+ αααα cossin)4(cossin4 22c  
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=−Δ−′+−−−′= 42cossin][4)sin](cos[2 222 scsscss αααα  
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    : 

×−Δ−−′+ ]sin4sinsincos2[ 2 αααα css  
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2
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m

′−−′+
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= .  (3.1.7) 
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: 

.
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2
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(3.1.8) 

 ),(),()( λπλπλ cs +′=Δ      

   (3.1.1)+(3.1.2), ,      

α .  
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 ,   -  )(λαm   

     (3.1.1)+(3.1.2),        

   . 

  (3.1.8) ,     

(3.1.1)+(3.1.2)   
∞

−∞=

+−=
n

nness RE ),(\1 λλ .                                  (3.1.9) 

  ),( +−

nn λλ , Zn ∈    

  (3.1.1). ,   ),( 00

+− λλ ,    

0=λ ,   : +− < 00 λλ . 

       

     4)(2 −Δ λ  . 

  }0{\,,, 00 Znn ∈+− ξξξ    

0sin),(cos),( =′+ αλπϕαλπϕ . 

,   }0{\,,, 00 Znn ∈+− ξξξ      

    (3.1.1)     

 0sin)0(cos)0( =′+ αα yy , 

0sin)(cos)( =′+ απαπ yy  

   

}0{\],,[],,0(),0,[ 0000 Znnnn ∈∈∈∈ +−++−− λλξλξλξ . 

 3.1.1.  }0{\,,, 00 Znn ∈+− ξξξ    
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±
±
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0
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ξπϕ
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    (3.1.1)+(3.1.2). 
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      (3.1.1)+(3.1.2). 
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2.   (3.1.1) ,   
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00
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    ( .[15])   
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)()(),( λλλπ Pds = , 
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)()(2),(),( λλλπλπ Qdsc −=′− ,                        (3.1.10) 

 

∏
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∏
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      04)(2 =−Δ λ . 
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)()()()( 2 λλλλ RQSP =− .                             (3.1.12) 
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 (3.1.10)  (3.1.7)   
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: 
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   (3.1.16)  ,  
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+

=

+
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1
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1
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   (3.1.17)     32 +Nλ    22 +Nλ :  

×+++=− −++ )]([cossin)()()( 1
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1
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2
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1211 =−−− ddda αααα .             (3.1.27) 

  (3.1.26)   )( 1a−    (3.1.27): 
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2 cossincossin ab  

1cossin2cossin2 2
1211 =−−− ddda αααα .                (3.1.28) 

    NN λλ ,1+    (3.1.18). 
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2
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1

3
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0cossinsincos2cos2cos 3
2

3
2112 =−++ αααααα badad .     (3.1.31) 

 (3.1.26)  αctg       (3.1.30)  01 =d . 

  ,  (3.1.28)   (3.1.31)   :  

1cossin2cossincossin 2
22

2
22

2 =−− αααααα dab ,      (3.1.32) 

0cossinsincos2cos 3
2

3
22 =−+ ααααα bad .            (3.1.33) 

  (3.1.32), (3.1.33)   αcos , αsin   
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ααααα coscos2sin2cossin 22 =− dd , 

ααα cos)2sin(2 =−d , 

αα cossin2 =− d , 
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= ′
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+
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=
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        3.1.1.    (3.1.1)+(3.1.2)     

),( 00
+− λλ , …, ),(

00

+−
nn λλ , … ),( +−

NN λλ      ],[ 000
+−∈ λλξ , …, 

],[ 111 000

+
−

−
−− ∈ nnn λλξ ,  ],[,

0000

+−+− ∈ nnnn λλξξ , ],[ 111 000

+
+

−
++ ∈ nnn λλξ , …, ],[ +−∈ NNN λλξ , 
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∏
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  3.1.1.        

     ,   , 

 0=α , . .      0)0( =y . 

  3.1.2.        

(3.1.1)+(3.1.2),   (3.1.37)   . 

 

§ 3.2.    -     

    -       

. 

 

   ),0(2 ∞L    

)0(,0)(2)()( 2 ∞<<=−++′′−≡ xyyxpyxqyyT λλλ           (3.2.1) 

 -      

),,0(,0sin)0(cos)0( πααα ∈=′+ yy                           (3.2.2) 

 )(xp   )(xq   ,   π ,  λ  

 .  
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,    }0{\),( Zntn ∈ξ , )(0 t−ξ ,  )(0 t+ξ   

 

∞<<=−++++′′− xyytxpytxqy 0,0)(2)( 2λλ                  (3.2.3) 

),,0(,0sin)0(cos)0( πααα ∈=′+ yy                         (3.2.4) 
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