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’89:9;<9. !""#$%&’#""() *)+"#,#-’’ ./#’0$#12*$% .#0$#,34* /%25’-
/’*6 ./#2*/%"2*$# ./#)7*’/#$%"’3, #*7/($%3 "#$() $#08#9"#2*’ 1,3 2#01%-
"’3 7#"2*/:7&’;. <=) ")27#,67# ,)* "%0%1 8"#-’) ’0 >*’+ $#08#9"#2*); ?(,’
")9’0")2.#2#?"( 2 *#@7’ 0/)"’3 ./#’0$#12*$%. A#3$,)"’) >*’+ *)+"#,#-’; 2.#-
2#?2*$#$%,# .)/)+#1: 7 8#"#,’*"#8: ./#)7*’/#$%"’4 ,)*%*),6"(+ %..%/%*#$,
8#/27’+ 2:1#$ ’ @%2*); >*’+ 7#"2*/:7&’;. B#0"’7%)* $#./#2 # 7#"*’":%,6"#8
/%228#*/)"’’ *%7’+ .,%2*’" ’ #?#,#@)7, $ 7#*#/(+ ’08)")"’) C#/8( ./#’2+#-
1’* ") 0% 2@)* 2?#/7’ ?#,65#-# 7#,’@)2*$% 8)+%"’@)27’ 27/).,)""(+ 1)*%,);.
D%228#*/)"’) *%7’+ 7#"2*/:7&’; ’ $ @%2*"#2*’ .,%2*’"#7, :7/).,)""(+ /)?-
/%8’, ’, 3$,34=’8’23 ")./)/($"(8’ 8#1),38’, 0%"’8%,’26 )=) $ ./#5,#8
$)7). B [1] $ ./)1),%+ 7,%22’@)27’+ -’.#*)0 E’/+-#C%-F3$% .#2*/#)"% 7#"*’":-
%,6"%3 8#1),6 *)/8#:./:-#; #/*#*/#."#; 2’2*)8( G#?#,#@7%-/)?/%H, $($)1)-
"( :/%$")"’3 1$’9)"’3 .#17/).,)""#; /)?/%8’ #?#,#@7’. B [2] 1%"# /)5)"’)
/31% 0%1%@ *)/8#:2*#;@’$#2*’ ’0#*/#."(+ ’ #/*#*/#."(+ ./38#:-#,6"(+ .,%-
2*’"#7, .#17/).,)""(+ /)?/%8’ 9)2*7#2*’. I’CC)/)"&’%,6"#) :/%$")"’) ’2-
7/’$,)"’3 2/)1’""#; .,#27#2*’ .,%2*’"7’ .#,:@)"# 2 ’2.#,60#$%"’)8 1),6*%
C:"7&’’ I’/%7%. E/#8) ./38(+ .#17/).,34=’+ >,)8)"*#$, /%2.#,#9)""(+
$1#,6 #2); 7##/1’"%*, ’2.#,60:4*23 ’ 7/’$#,’");"() >,)8)"*(. J%2*# &),64
’2.#,60#$%"’3 7/’$#,’");"(+ >,)8)"*#$ 9)2*7#2*’ 3$,3)*23 ’0:@)"’) 2$30’
’0-’?% 2 7/:@)"’)8, @*# 8#9)* ?(*6 ’2.#,60#$%"# 1,3 :./%$,)"’3 2#?2*$)""(-
8’ @%2*#*%8’ ’ C#/8%8’ 8#1, 7%7 $ [3]. B [4] 2 .#0’&’’ "),’");"#; 1’"%8’7’
/%228#*/)"( .,%2*’"( .#17/).,)""() /)?/%8’. I,3 /)5)"’3 0%1%@’ ’2.#,6-
0:)*23 7#8?’"%&’3 8)*#1#$ 7#")@"(+ /%0"#2*); ’ D:"-)-E:**(.

K$#?#1"(8 7#,)?%"’38 -,%17’+ .,%2*’"#7 /%0,’@"#; -)#8)*/’’ .#2$3=)"#
8"#-# /%?#*, "%./’8)/ [5] – [11]. B /%?#*) [5] ./)1,#9)" ./’?,’9)""(; 8)*#1
/%2@)*% 2.)7*/% @%2*#* 2#?2*$)""(+ 7#,)?%"’; ./38#:-#,6"(+ .,%2*’", #2"#-
$%""(; "% >CC)7*’$"#8 0%1%"’’ %../#72’8’/:4=’+ C:"7&’;. I,3 ’+ .#2*/#-
)"’3 ’2.#,60:4*23 2%8#2#./39)""() #1"#8)/"() 1’CC)/)"&’%,6"() :/%$")-
"’3, .%/%8)*/( 7#*#/(+ #.*’8’0’/:4*23. I,3 $(@’2,)"’3 2#?2*$)""(+ @%2*#*
7#,)?%"’; ./38#:-#,6"(+ 8)*%,,’@)27’+ .,%2*’" $ /%?#*) [6] ./’8)"3,’26
/%2@)*"() 8)*#1(: %"%,’*’@)27’; ’ 8)*#1 7#")@"(+ >,)8)"*#$. B [7] .#,:@)"#
%"%,’*’@)27#) /)5)"’) 0%1%@’ # 7#,)?%"’3+ /)?/’2*#; .,%2*’"( ’ %?2#,4*-
"# 9)2*7#-# 5*%8.%, #?/%0:4=’+ 2*)"7’ =),)$#-# 7%"%,%, 0%.#,")""#-# 2,#)8
$307#; ")29’8%)8#; 9’17#2*’ ./’ 0%1%""#8 -%/8#"’@)27#8 0%7#") $’?/%&’’
#2"#$%"’3 7%"%,%. B /%?#*) [8] $(@’2,)"% .)/$%3 2#?2*$)""%3 @%2*#*% 7#,)?%-
"’; ./38#:-#,6"#; .,%2*’"( 2 .)/’#1’@)27’ ’08)"34=);23 *#,=’"#; 8)*#1#8
#2/)1")"’3. B /%?#*%+ [9] – [11] "%;1)"( 2#?2*$)""() @%2*#*( ’ C#/8( 7#,)-
?%"’; .,%2*’"(, 9)2*7# 0%7/).,)""#; .# $2)8 2*#/#"%8 ’,’ 0%=)8,)""#; .#
1$:8 ./#*’$#.#,#9"(8 7/%38 ’ 2$#?#1"#; .# 1$:8 1/:-’8 7/%38. L% ./’8)/)
/%2@)*% 7$%1/%*"#; .,%2*’"( ./#$)1)" %"%,’0 )) 2#?2*$)""(+ @%2*#* ’ C#/8,
$(.#,")"% #&)"7% $,’3"’3 -/%"’@"(+ :2,#$’; "% 7#,)?%"’3 /%0,’@"(+ *#@)7
.,%2*’"(.
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B 1%""#; /%?#*) ’22,)1:4*23 2#?2*$)""() 7#,)?%"’3 -)#8)*/’@)27’ ")/)-:-
,3/"#; ’0#*/#."#; .,%2*’"7’ 2 5%/"’/"# #.)/*(8 7/%)8. I’CC)/)"&’%,6"#)
:/%$")"’) 1,3 C:"7&’’ ./#-’?% -)#8)*/’@)27’ ")/)-:,3/"#; .,%2*’"( .#,:@)-
"# $%/’%&’#""(8 .:*)8 ’ /)5)"# 2 ’2.#,60#$%"’)8 8)*#1% M:?"#$%-N%,)/7’"%.
A/#$)1)" %"%,’0 $,’3"’3 @’2,% /)?)/, ’+ $(2#*( ’ 5’/’"(, ’ *)8.)/%*:/(
./)1$%/’*),6"#-# "%-/)$% "% 0"%@)"’3 2#?2*$)""(+ @%2*#* 7#,)?%"’;.

1. &=;>8;?9 @A9:@>B>C9;<D < :>@EF9;<D. D%228#*/’8 ./38#:-#,6-
":4 .,%2*’"7: 2# 2*#/#"%8’ a ’ b, .#17/).,)"":4 /)?/%8’ 9)2*7#2*’ 2’8-
8)*/’@"(8’ #*"#2’*),6"# 2/)1’""#; .,#27#2*’. O%*)/’%, .,%2*’"7’ :./:-’;,
#1"#/#1"(;, ’0#*/#."(;. A,%2*’"7% "%+#1’*23 $ .#2*#3""#8 *)8.)/%*:/"#8
.#,) ω0.

O#1),6 .#1@’"3)*23 2,)1:4=’8 -’.#*)0%8:

1) N’.#*)0% E’/+-#C%.
2) N’.#*)0% G29%*#-# /)?/%H – 27#/#2*64 ’08)")"’3 $2)+ C:"7&’; .# ./#-

2*/%"2*$)""#; 7##/1’"%*), .)/.)"1’7:,3/"#; /)?/:, $ 0#") $#08:=)"’3
*#,=’"( ./)")?/)-%4*.

3) N’.#*)0% *)8.)/%*:/"#-# .#,3 – "#/8%,6 7 2/)1’""#; .,#27#2*’ ") 1)-
C#/8’/:)*23 ’ ") .#$#/%@’$%)*23 ./’ "%-/)$), #*2:*2*$:4* $":*/)""’)
’2*#@"’7’ *).,%.

4) N’.#*)0% I4-%8),3-L);8%"% – ./’ "%,’@’’ .)/).%1% *)8.)/%*:/ *),%
’08)"34* 2$#’ /%08)/( ./38# ./#.#/&’#"%,6"# >*#8: .)/).%1:.

K’2*)8: 7##/1’"%* $$)1)8 $1#,6 1$:+ 2#2)1"’+ 2*#/#" .,%2*’"7’. P*"#2’*),6-
"# /)?)/ 21),%)8 ./)1.#,#9)"’3 [2]:

1) I);2*$’3 /)?)/ 2#2/)1#*#@)"( .# ,’"’38, 2#$.%1%4=’8 2 7##/1’"%*-
"(8’ ,’"’38’ 2/)1’""#; .,#27#2*’ x1 = xi

1 (D’2. 1).
2) I)C#/8%&’3 .,%2*’"7’ 2 /)?/%8’ ./#’2+#1’* ?)0 ’0,#8#$ ’ /%0/($#$

"% ,’"’3+ ’+ 2#)1’")"’3.
3) K@’*%)8, @*# /)?/% /%?#*%4* *#,67# "% ’0-’? $ .,#27#2*’ x2Ox3.

!"#. 1. $%&’%()"*%#+" ,%)%-./0),10 2/1#(",+1
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F’&)$() .#$)/+"#2*’ .,%2*’"7’ #.’5)8 C:"7&’38’

Z±
(x1) = ±

(
h

2
+

n∑

i=1

hi

2
εi

)
, (1)

-1) εi = 1 ./’ x →
(
xi

1 ↑ ai
2 ; x

i

1 +
ai
2

)
, ’"%@) εi = 0 ’,’

εi(x1, x
i

1, ai) = H
(
x1 ↑

(
xi

1 ↑
ai
2

))
↑H

(
x1 ↑

(
xi

1 +
ai
2

))
,

01)26 H(x1 ↑ x) – C:"7&’3 Q)$’2%;1% $ *#@7%+ xi

1 ± ai
2 ") #./)1),)"%, "# #-/%-

"’@)"%, ./’@)8
ai lim

ai→0

εi

ai
= aiϑ(x1 ↑ xi

1),

ϑ(x1 ↑ xi

1) – 1),6*% C:"7&’3 I’/%7%, n – @’2,# /)?)/, 7#*#/() /%2.#,#9)"(
$1#,6 ./38(+ x1 = xi

1, ai ’ hi – 5’/’"% ’ $(2#*% i--# /)?/%.

2. ’?8>: < A9G9;<9 EAH8;9;<D <IJ<KH J9>L9MA<N9=O< ;9A9JEBDA-
;>P @BH=M<;O<. I,3 $($#1% 1’CC)/)"&’%,6"#-# :/%$")"’3 ./’8)"3)*23 $%-
/’%&’#""(; ./’"&’. N%8’,6*#"%-P2*/#-/%127#-#, *#-1% 1,3 ’2*’""#-# 1$’9)-
"’38’ 2’2*)8( 8)91: 1$:83 7#"C’-:/%&’38’ ’8))8

t1∫

t0

(ϑT ↑ ϑA + ϑA)dt = 0. (2)

B :/%$")"’’ (2) .#*)"&’%,6"%3 ’ 7’")*’@)27%3 >")/-’3 *)/8#:./:-#; 2’2*)8(
’8)4* $’1:

! =

a∫

0

b∫

0

{
D

(
ϖ2w

ϖx2
1

)2

+ 2ϱD
ϖ2w

ϖx2
1

ϖ2w

ϖx2
2

+D

(
ϖ2w

ϖx2
2

)2

+ 4G

(
ϖ2w

ϖx1ϖx2

)2

+

+T11

(
ϖw

ϖx1

)2

+ T12
ϖw

ϖx1

ϖw

ϖx2
+ T22

(
ϖw

ϖx2

)2

+

n∑

i=1

T p

22

(
ϖw

ϖx2

)2

ϑ(x1 ↑ xi

1)+

+

n∑

i=1

D

(
ϖ2w

ϖx2
2

)2

ϑ(x1 ↑ xi

1)

}
dx1dx2

K =
ς

g

a∫

0

b∫

0

((
ϖw

ϖt

)2

+

n∑

i=1

hiai

(
ϖw

ϖt

)2

ϑ(x1 ↑ xi

1)

)
dx1dx2,

% >,)8)"*%/"%3 /%?#*% A $")5"’+ 2’, /%$"%

A =

a∫

0

b∫

0

q w dx1dx2.
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A#2,) ./)#?/%0#$%"’; ’ ’"*)-/’/#$%"’3 .#,:@’8 1’CC)/)"&’%,6"#) :/%$-
")"’) 1,3 ./#-’?% -)#8)*/’@)27’ ")/)-:,3/"#; ’0#*/#."#; .,%2*’"7’ $ $’1):

↓2↓2w+

n∑

i=1

(
hi

h

)3

”3iw,2222 aiϑ(x1↑xi

1)↑
T22

D
w,22 +

n∑

i=1

T P

22

D
aiw,22 ϑ(x1↑xi

1)+ (3)

+
ςh

gD
w,tt +

n∑

i=1

ςhiai
gD

w,tt ϑ(x1 ↑ xi

1) =
q

D
,

$ 7#*#/#8 D =
Eh3

12(1↑ ϱ2)
– &’,’"1/’@)27%3 9)2*7#2*6, ϱ – 7#>CC’&’)"* A:%2-

2#"%, E R- 8#1:,6 S"-%, ”3i = 1 + 3
h

hi
+ 3

(
h

hi

)2

, n – @’2,# /)?)/, 7#*#/()
/%2.#,#9)"( $1#,6 ./38(+ x1 = xi

1, ai – 5’/’"% i--# /)?/%, hi – $(2#*% i--#
/)?/% ϑ(y↑ yi) – 1),6*% C:"7&’3 I’/%7%, ς R :1),6"(; $)2, g R ’"*)"2’$"#2*6
.#,3 *39)2*’.

T/%$")"’) (3) ?:1)8 /)5%*6 ./’ 7/%)$(+ :2,#$’3+
./’ x1 = 0, x1 = a w = 0, M11 = 0; (4)

./’ x2 = 0, x2 = b w = 0, M22 = 0; (5)
’ "%@%,6"(+ :2,#$’3+

./’ t = 0, w = φ(x1, x2), ẇ = 0. (6)
T2’,’3 T11, T22, T p

11, T
p

22, T
p

12 $#0"’7%4=’) $ .,%2*’"7) [12], 7#-1% #"% ’8)-
)* .,#27:4 C#/8: /%$"#$)2’3, *# )2*6 "%+#1’*23 $ ?)08#8)"*"#8 2#2*#3"’’,
"%;1)"( ’0 2’2*)8(

T11,1 +T12,2 +
n∑

i=1

ai T
p

12,2 ϑ(x1 ↑ xi

1) = 0,

T22,2 +T12,1 +
n∑

i=1

ai T
p

22,2 ϑ(x1 ↑ xi

1) = 0,

7#*#/%3 /)5)"% ./’ 2,)1:4=’+ 7/%)$(+ :2,#$’3+
./’ x1 = 0, x1 = a T12 = T11 = 0,

./’ x2 = 0, x2 = b T12 = 0, v = 0.

I,3 /)5)"’3 ?)08#8)"*"#; 2’2*)8( :2’,’3 $(/%9)"( @)/)0 7#8.#")"*( .#,3
.)/)8)=)"’; ’ ./’"’8%4* $’1

T11 = B (u,1 +ϱv,2 ↑(1 + ϱ)↼ω0) ,

T22 = B (v,2 +ϱu,1 ↑(1 + ϱ)↼ω0) ,

T12 = Gh (u,2 +v,1 ) ,

01)26 B =
Eh

1↑ω2
, G =

E

2(1+ω) . U 7/%)$() :2,#$’3 ’8)4* $’1

./’ x1 = 0, x1 = a : u,2 +v,1 = 0, u,1 +ϱv,2 = (1 + ϱ)↼ω0,
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./’ x2 = 0, x2 = b : u,2 +v,1 = 0, v = 0.

V%7’8 #?/%0#8 T22 ’ T p

22 ./’"’8%4* $’1

T22 = ↑Eh↼ω0, T p

22 = ↑Ehi↼ω0.

W1)26 ↼ 7#>CC’&’)"* *).,#$#-# ,’");"#-# /%25’/)"’3 8%*)/’%,%.
A#2,) @9A9Q>:H O K9IAHIL9A;?L @9A9L9;;?L .# 2,)1:4=’8 C#/8:,%8:

↽ =
x1

a
, ⇀ =

x2

b
, ↽i =

xi

1

a
, w↓

=
w

h
, ⇁ =

hc1
ab

t, (7)

c21 =
E

12(1↑ ϱ2)ρ
, ρ =

ς

g
, ω↓0 =

(a
h

)2

↼ω0,

.#,:@%)8 :/%$")"’) $ ?)0/%08)/"#; C#/8), $ 7#*#/#8 2/%0: 0%8)"’,’ W ↓ "%
W

ϖ4w

ϖ↽4
+ 2

(a
b

)2 ϖ4w

ϖ↽2ϖ⇀2
+

(a
b

)4 ϖ4w

ϖ⇀4
+

(a
b

)4
n∑

i=1

(
hi

h

)3

”3i
ai
a

ϖ4w

ϖ⇀4
ϑ(↽ ↑ ↽i)↑

↑12(1↑ ϱ2
)ω0

(a
b

)2 ϖ2w

ϖ⇀2
↑ 12(1↑ ϱ2

)ω0
(a
b

)2
n∑

i=1

hi

h

ai
a

ϖ2w

ϖ⇀2
ϑ(↽ ↑ ↽i)+ (8)

+12(1↑ ϱ2
)

(a
b

)2 ϖ2w

ϖ⇁ 2
+ 12(1↑ ϱ2

)

(a
b

)2
n∑

i=1

hi

h

ai
a

ϖ2w

ϖ⇁ 2
ϑ(↽ ↑ ↽i) = 0

W1)26 ’2.#,60#$%"# 2$#;2*$# 1),6*% C:"7&’’ ϑ(ax) = 1
|a|ϑ(x)

29G9;<9 :/%$")"’3 (8), $ 2,:@%) 5%/"’/"#-# #.’/%"’3 7/%)$ .,%2*’"7’,
’=)8 $ $’1)

w(↽, ⇀, ⇁) =
∑

k,m

ζkm(⇁) sin(k▷↽) sin (m▷⇀) , (9)

./’ 7/%)$(+ :2,#$’3+

./’ ↽ = 0, ↽ = 1 w = 0, w,11 = ↑↼ω0(1 + ϱ)
(a
h

)2

, (10)

./’ ⇀ = 0, ⇀ = 1 w = 0, w,22 = ↑↼ω0(1 + ϱ)
(a
h

)2

, (11)
’ "%@%,6"(+ :2,#$’3+

./’ ⇁ = 0 : w = A sin(▷↽) sin (▷⇀) ,
ϖw

ϖ⇁
= 0. (12)

A)/)+#1 $ 7/%)$(+ ’ "%@%,6"(+ :2,#$’3+ (4), (5), (6) 7 :2,#$’38 (10), (11), (12)
#2:=)2*$,)" .# C#/8:,%8 (7).

A#12*%"#$7% /)5)"’3 (9) $ 1’CC)/)"&’%,6"#) :/%$")"’) (8) ./’$#1’* 7
#?(7"#$)""#8: 1’CC)/)"&’%,6"#8: :/%$")"’4

ζ ↔↔
km

(⇁) + ◁0,
2
km

ζkm(⇁) = 0,
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◁0,2km ./’"’8%4* $’1

◁0,
2
km

=
1

12(1↑ ϱ2)
(
a

b

)2
0s

i

((
(k▷)2 + (m▷)2

(a
b

)2
)2

+ (13)

+2

(a
b

)4

(m▷)4
n∑

i=1

ai
a

(
hi

h

)3

”3i sin
2
(k▷↽i)↑ 12(1↑ ϱ2

)ω0
(a
b

)2

(m▷)20s

i

)
,

-1) 0s

i
= 1 + 2

n∑
i=1

ai
h

hi
h
sin

2
(k▷↽i).

3. .<=B9;;?P RO=@9A<L9;M < H;HB<I. .<=B9;;?P RO=@9A<L9;M 2#-
2*#’* $ $(@’2,)"’’ 0"%@)"’; 2#?2*$)""(+ @%2*#* ’ .#2*/#)"’’ C:"7&’’ ./#-
-’?% ./’ /%0,’@"(+ -)#8)*/’@)27’+ .%/%8)*/%+ ’ *)8.)/%*:/(. L% /’2:"7)
2 .#7%0%"# /%2.#,#9)"’) /)?)/ #*"#2’*),6"# 2/)1’""#; .,#27#2*’ .,%2*’"7’,
1,3 2,:@%)$ #1"#-# %), 1$:+ ?) ’ */)+ $) /)?)/.

%) ?) $)

!"#. 2. 3)&4"/5 2/1#(",+"

I,3 $(32")"’3 :>=M>89A;>=M< .#,:@)""(+ /)0:,6*%*#$ 2/%$"’,’ 0"%@)"’3
2#?2*$)""(+ @%2*#* 7#,)?%"’; .,%2*’", .#17/).,)""(+ /)?/%8’ 1$:83 8)*#-
1%8’: M:?"#$% R N%,)/7’"% ’ 8)*#1#8 7#")@"(+ /%0"#2*); $*#/#-# .#/317%
*#@"#2*’. A# #2’ Ox #*,#9)"( #*"#5)"’3 #?X)8% ./’2#)1’")""(+ /)?)/ Vm

7 #?X)8: .,%2*’"( V , .# #2’ Oy 0"%@)"’) .)/$#; @%2*#*(. I,3 "%-,31"#2*’
*#@7’ 2#)1’")"( ,’"’38’. !0 ./’$)1)""(+ -/%C’7#$ "% /’2:"7) 3 2,)1:)*,
@*# .#,:@)"# +#/#5)) 2#$.%1)"’) /)0:,6*%*#$ ./’"&’.’%,6"# /%0"(8’ .# 2$#-
); ./’/#1) 8)*#1%8’: 7#")@"#-/%0"#2*"(; ’ $%/’%&’#""(; 8)*#1(. A/)1$%/’-
*),6"# ’22,)1#$%,%26 2+#1’8#2*6 8)*#1% 7#")@"(+ /%0"#2*); $ 0%$’2’8#2*’ #*
7#,’@)2*$# :@%2*7#$ 1),)"’3 .,%2*’"( .# #238 Ox ’ Oy.

!22,)1#$%"’) ./’$)1)8 1,3 8%*)/’%,% 2# 2,)1:4=’8’ 8)+%"’@)27’8’ .%-
/%8)*/%8’: E = 330 · 103M!a, ϱ = 0, 320, ↼ = 2 · 10↑6 1

oC
, ρ = 1500 7-/m3 ’

-)#8)*/’@)27’8’ .%/%8)*/%8’, )2,’ ") :7%0%"# ’"#-#, *# a = b, a/h = 80,
a = 50, #1"# /)?/#, ’ ./’8)8 1#.#,"’*),6"() .%/%8)*/( p =

hi
h

= 1, 3, 5, 10,
ai = h · j, j - .%/%8)*/ *#,=’"( /)?/%, z =

a

b
- .%/%8)*/ #*"#5)"’3 2*#/#"

.,%2*’"7’
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!"#. 3. 6)17,%,"% *1#(&(8 ω11 )19,8’" ’%(&:1’"

!"#. 4. ;17"#"’&#(5 ω11 &( &(,&<%,"0 a/b
!"#. 5. ;17"#"’&#(5 ω11 &( (%’2%)1(.)8
ε0 2)" )19/"*,8= 9,1*%,"0= hi/h

!"#. 6. w(ϑ, ϖ)

B /)0:,6*%*) ’22,)1#$%"’; ?(, ./#$)1)" %"%,’0 $,’3"’3 -)#8)*/’@)27’+ .%-
/%8)*/#$ ’ *)8.)/%*:/( "% .#$)1)"’) 2#?2*$)""(+ @%2*#* 7#,)?%"’; ’ 21),%"(
2,)1:4=’) 8?8>:?:
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!"#. 7. Mp(ϑ, ϖ)

1) A#,:@)"% C#/8:,% 1,3 $(@’2,)"’3 2#?2*$)""#; @%2*#*( 8)*#1#8
M:?"#$%-N%,Y/7’"% ’ ./#$)1)"# 2/%$")"’) 2 /)0:,6*%*%8’ .#,:@)""(-
8’ 8)*#1#8 7#")@"(+ /%0"#2*); $*#/#-# .#/317% *#@"#2*’ $ 2#@)*%"’’
2 8)*#1#8 D:"-)-E:**( @)*$)/*#-# .#/317%.

2) A/’ #*2:*2*$’’ /)?)/ ’ *)8.)/%*:/( @%2*#*( 2#?2*$)""(+ 7#,)?%"’;,
.#,:@)""(+ .# C#/8:,) (13), 2#$.%1%4* 2 @%2*#*%8’ $ 7,%22’@)27#8
2,:@%) [13].

3) A/’ :1,’")"’’ .,%2*’"7’ @%2*#*% ’08)"3)*23 $ 2##*$)*2*$’’ 2 /’2:"7#8
4. L%’8)"65’) 0"%@)"’3 @%2*#*% ./’"’8%)* : 7$%1/%*"#; .,%2*’"7’.

4) A/’ :$),’@)"’’ *)8.)/%*:/( @%2*#*( 2#?2*$)""(+ 7#,)?%"’; :$),’@’-
$%)*23 2 /#2*#8 .%/%8)*/#$. N/%C’7’ .#$)1)"’3 0"%@)"’; 2#?2*$)""#;
@%2*#*( ◁11, 1,3 /%0,’@"(+ 0"%@)"’; #*"#5)"’3 $(2#*( /)?/% 7 *#,-
=’") .,%2*’"7’, ./’$)1)"( "% /’2:"7) 5.

5) K#?2*$)""%3 @%2*#*% 7#,)?%"’; 2 :$),’@)"’)8 @’2,% /)?)/ ’ 2 :$),’@)-
"’)8 ’+ $(2#*( :$),’@’$%)*23 ") .# ,’");"#8: 0%7#":.

6) K+#1’8#2*6 8)*#1% ’22,)1#$%"% 1$:83 2.#2#?%8’: 2*%"1%/*"(8 ’ 08);-
7#; [14], ’ .#1*$)/91%)*23 0"%@)"’)8 %?2#,4*"#; .#-/)5"#2*’, 7#*#/#)
") ./)$#2+#1’* 0,07. B *%?,’&) 1 ./’$)1)"( 0"%@)"’3 C:"7&’’ ./#-’?%
1,3 .,%2*’"7’ 2 #1"’8 ’ */)83 /)?/%8’. Z*# 2/%$")"’) .#2*/#)""(+
C:"7&’; $ 0%$’2’8#2*’ #* @,)"#$ /31% (9) .#0$#,3)* 21),%*6 $($#1 @*#
1#2*%*#@"# $03*6 #1"# ’,’ 1$% 2,%-%)8(+.

7) L% /’2:"7%+ 6 – 7 ./’$)1)"% $’0:%,’0%&’3 .#$)/+"#2*’ ./#-’?% ’ /%2-
./)1),)"’3 8#8)"*#$ "% .,%2*’"7) 2 /)?/%8’ ’ 2##*$)*2*$:4=’) ’8
,’"’’ :/#$");.

!"#"$%&’($)%"

*+,-. -/0121/. 100 %.
3145,6+0 64072781/. >7(&)8 :%+/1)").?( &(#.(#(7"% 07,8= " 2&(%,@"1/5,8=
+&,4/"+(&7 ",(%)%#&7, #7091,,8= # 2.A/"+1@"%B ,1#(&0C%B #(1(5".
&801946+ 564-48621/-46:. >7(&)8 9107/0?( &A &(#.(#(7.%( 7,%<,%-& 4",1,#"-
)&71,"0 2)" 2)&7%:%,"" "##/%:&71,"0.
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W (0, 3; 0, 7), #1"# /)?/#, ⇁ = 26, b = 2a
2.#2#? 2,#9)"’3 \ @’2,# 2,%-%)8(+ 4 9 16

2*%"1%/*"#) ↑0, 1135 ↑0, 1095 ↑0, 0923
08);7#; ↑0, 1128 ↑0, 0942 ↑0, 0800
W (0, 3; 0, 7), */’ /)?/%, ⇁ = 26, b = 2a

2.#2#? 2,#9)"’3 \ @’2,# 2,%-%)8(+ 4 9 16

2*%"1%/*"#) ↑0, 1218 ↑0, 1039 ↑0, 0790
08);7#; ↑0, 1098 ↑0, 0834 ↑0, 0928

D1A/"@1 1. ;,1*%,"% 4.,+@"" 2)&-"A1 2)" )19,&’ *"#/% #/1-1%’8= )0:1 " #2&#&A%
#/&E%,"0
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!"#$%&’ ()*+ &,.-... .’/01"02. 3"4&5: 6"72%&’2 84"9"1:%/;/ #/#$/5%&5.

DOI: 10.37972/chgpu.2024.61.3.003 EDN: KKTSAM
<2=>%25 #$2$:5 +?@: 669.15

!.). *+,-./01, 2.3.4’$’(, !.!.567,7’(, 8.).9/:,1(/01

S/"3$2!5$)+(#T)&$ &32$%$#$)!$ 1(’!"!5&"+!
5!/2&+’$2%&"+! U$#$1&(#V5!)!$’,- "3#(’&’ &+
32$%’(2!+$#T)&4& )(42$’( !"-&%),- W!-+&’,-

5(+$2!(#&’, 32$%)(1)(.$)),- %#7
(#V5&+$25!+)&4& 3$2$3#(’(

?+’$)$3$ 4"8)+%&010+): ) 40$"--3#2)) @AB 9C5, D%4’%4%-.’(-+"-C43#0,
9%’’):
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