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ÂÇÀ�ÌÎÄIß ÖÈËIÍÄÐÈ×ÍÎ� ÎÁÎËÎÍÊÈ
Ç ÒÎÍÊÎÑÒIÍÍÈÌÈ ÏIÄÊÐIÏËÅÍÍßÌÈ

Ðîçãëÿíóòî çàäà÷ó ïðî âçà¹ìîäiþ öèëiíäðè÷íî¨ îáîëîíêè ç ïðóæíèìè òîíêî-
ñòiííèìè åëåìåíòàìè çìiííî¨ òîâùèíè. Çíàéäåíî çàêîí çìiíè òîâùèíè ïiä-
êðiïëåíü çà óìîâè ïîñòóëþâàííÿ çàêîíó ðîçïîäiëó êîíòàêòíîãî òèñêó.

1. Âñòóï. Ó ðîáîòàõ [1, 4] íàâåäåíî ìîäåëü êîíòàêòíî¨ âçà¹ìîäi¨ òîíêî-
ñòiííèõ ïðóæíèõ òië, ÿêà çíà÷íî ðîçøèðþ¹ ìåæi çàñòîñóâàííÿ ìàòåìàòè÷íîãî
àïàðàòó òåîði¨ îáîëîíîê. Ó ðîáîòàõ [2, 3, 5, 6] äîñëiäæåíî ðîçâ'ÿçêè çàäà÷ ïðî
ëîêàëüíå íàâàíòàæåííÿ òîíêîñòiííèõ òië i ïîêàçàíî, ùî â ìåæàõ ðiâíÿíü òåîðié
îáîëîíîê ìîæóòü áóòè çíàéäåíi òiëüêè ñåðåäíi çíà÷åííÿ ðåàëüíèõ íàïðóæåíü
(óñåðåäíåíi ïî îáëàñòÿõ, äiàìåòðè ÿêèõ ñïiâìiðíi ç òîâùèíîþ îáîëîíêè).

Ó äàíié ðîáîòi ðîçãëÿíóòî çàäà÷ó ïðî âçà¹ìîäiþ öèëiíäðè÷íî¨ îáîëîíêè ç
ïðóæíèìè òîíêîñòiííèìè åëåìåíòàìè çà óìîâ ïîñòóëþâàííÿ çàêîíó ðîçïîäiëó
êîíòàêòíèõ íàïðóæåíü. Çàäà÷ó ñôîðìóëüîâàíî ó ìåæàõ ðiâíÿíü òåîði¨ îáîëî-
íîê, à ¨¨ óçàãàëüíåíèé (óñåðåäíåíèé) ðîçâ'ÿçîê çîáðàæåíî ó âèãëÿäi óçàãàëü-
íåíèõ ñóì ðÿäiâ Ôóð'¹.

2. Ìàòåìàòè÷íà ìîäåëü îáîëîíêè. Ðîçãëÿíåìî òîíêó öèëiíäðè÷íó
îáîëîíêó, ùî çíàõîäèòüñÿ ïiä äi¹þ ïîâåðõíåâîãî íàâàíòàæåííÿ. Îáîëîíêà âiä-
íåñåíà äî ëîêàëüíî¨ îðòîãîíàëüíî¨ ñèñòåìè êîîðäèíàò α1, α2, α3, äå α1, α2 =
= Rϕ� îñüîâà i òàíãåíöiàëüíà êîîðäèíàòè â ñåðåäèííié ïîâåðõíi S; α3 �
íîðìàëüíà äî ñåðåäèííî¨ ïîâåðõíi êîîðäèíàòà; 2h� òîâùèíà îáîëîíêè.

Íàïðóæåíî�äåôîðìîâàíèé ñòàí îáîëîíêè îïèñó¹ìî ðiâíÿííÿìè òåîði¨ Òè-
ìîøåíêà, â ÿêié íåõòó¹ìî æîðñòêèìè ïîâîðîòàìè âiäíîñíî íîðìàëi äî ñåðåäèí-
íî¨ ïîâåðõíi [2]:

∂Ni1

∂α1
+
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∂α2
+ kiQi = −2σ−i ,
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∂Mi2

∂α2
−Qi = −2hσ+

i ,

∂Q1
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∂α2
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− (ki + νkj)w
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∂2γ

∂α2
i

+ ν
∂2γ

∂α2
j

)
,

N12 = −B (1− ν)
∂2u

∂α1∂α2
+ T , N21 = −B (1− ν)

∂2u

∂α1∂α2
− T ,

M12 = −D (1− ν)
∂2u

∂α1∂α2
+ H, M21 = −D (1− ν)

∂2u

∂α1∂α2
−H, (2)

Qi = Λ′
∂

∂αi
(w − γ + kiu) (i, j = 1, 2, i 6= j) ,

äå Λ′ =
5hG′

3
; B =

2hE

1− ν2
; D =

2h3E

3 (1− ν2)
; 2σ±i =

(
σ+

i3 ± σ−i3
)

(i = 1, 2, 3) ;

σ±i3 = σi3 (α1, α2,±h)� çàäàíi íà ëèöåâèõ ïîâåðõíÿõ íàïðóæåííÿ; k1 = 0, k2 =
= 1/R� ãîëîâíà êðèâèíà ñåðåäèííî¨ ïîâåðõíi; E, G′, ν � ïðóæíi õàðàê-
òåðèñòèêè ìàòåðiàëó; Nij , Qi, Mij � ñèëè òà ìîìåíòè; T, H � çóñèëëÿ,
ùî âiäïîâiäàþòü æîðñòêèì ïîâîðîòàì; u, γ � ïîòåíöiàëè òàíãåíöiàëüíèõ
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ïåðåìiùåíü ñåðåäèííî¨ ïîâåðõíi i êóòiâ ïîâîðîòó íîðìàëi, ui = − ∂u

∂αi
, γi =

= − ∂γ

∂αi
.

Íàïðóæåííÿ i ïåðåìiùåííÿ âèçíà÷à¹ìî çà òàêèìè ôîðìóëàìè:

σij =
Nij

2h
+

3Mij

2h3
α3, σ3i =

3Qi

4h

(
1− α2

3

h2

)
+

σ+
i

2

(
3α2

3

h2
− 1

)
+ σ−i

α3

h
,

σ33 = σ+
3 + σ−3

α3

h
, (i, j = 1, 2, i 6= j) , (3)

Ui = − ∂

∂αi
[u (α1, α2) + γ (α1, α2) α3], U3 = w (α1, α2) .

Ãðàíè÷íi óìîâè ôîðìóëþ¹ìî âiäíîñíî çâåäåíèõ äî ñåðåäèííî¨ ïîâåðõíi
âåëè÷èí un, w, γn, N∗

n, N∗
τ , Q∗

n, Mn, äå ~n = {n1, n2, 0}, ~τ = {−n2, n1, 0}� îäè-
íè÷íi âåêòîðè, íîðìàëüíèé i äîòè÷íèé äî ãðàíèöi ñåðåäèííî¨ ïîâåðõíi.

Ñèñòåìó ðiâíÿíü (1), (2) ìîæíà çâåñòè äî ñèñòåìè òðüîõ êëþ÷îâèõ ðiâ-
íÿíü:
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B
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)
,
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B

σ−3 , (4)
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)
,
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1
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1
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∂2
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∂2

∂α2
2
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= k2
1
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∂α2
1

+k2
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2

; L11 = −
(

∆∆− Λ′

B
∆11

)
; L12 = L21 = ν ∆2 +

(
1 +

Λ′

B

)
∆1;

L22 =
Λ′

B
∆ − (

k2
1 + k2

2

)
; L23 = L32 = −Λ′

B
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B
∆1; L33 =

= −D

B

(
∆∆− Λ′

D
∆

)
.

Ðiâíÿííÿ äëÿ âèçíà÷åííÿ ôóíêöié T, H îäåðæóþòüñÿ ç ïåðøèõ ÷îòèðüîõ
ðiâíÿíü (1).

3. Ïîñòàíîâêà çàäà÷i. Ðîçãëÿíåìî çàìêíåíó öèëiíäðè÷íó îáîëîíêó ç
øàðíiðíî çàêðiïëåíèìè êðàÿìè. Äîâæèíà i ðàäióñ îáîëîíêè âiäïîâiäíî l1 i
R. Îáîëîíêà âçà¹ìîäi¹ âçäîâæ ñìóã D1 =

{
(α1, α2) :

∣∣α1 − α0
1

∣∣ < b; |α2| < s
}

i D2 =
{
(α1, α2) :

∣∣α1 −
(
l1 − α0

1

)∣∣ < b; |α2| < s} ç äâîìà îäíàêîâèìè öèëiíä-
ðè÷íèìè òîíêîñòiííèìè åëåìåíòàìè òàêîãî æ ðàäióñà, äå 2b, 2s� øèðèíà i
äîâæèíà åëåìåíòiâ (2b < l1/2, s < l2 = πR) .

Ââàæà¹ìî, ùî ïîâåðõíåâi íàïðóæåííÿ σ±i3 çàäàíi:

σ−33 = p (α1, α2) , (α1, α2) ∈ S,

σ+
33 =





q
(
α1 − α0

1, α2

)
, (α1, α2) ∈ D1,

q
(
α1 −

(
l1 − α0

1

)
, α2

)
, (α1, α2) ∈ D2,

0, (α1, α2) /∈ D1 ∪D2,
(5)

σ±13 = 0, σ±23 = 0,

äå p (α1, α2)� íàâàíòàæåííÿ; q (α1, α2)� çàêîí ðîçïîäiëó êîíòàêòíîãî òèñ-
êó ìiæ îáîëîíêîþ i ïiäêðiïëåííÿìè. Ââàæà¹ìî òàêîæ, ùî êîíòàêòíèé òèñê
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ðiâíîìiðíî ðîçïîäiëåíèé ïî øèðèíi ïiäêðiïëåíü, à ïî äîâæèíi çìiíþ¹òüñÿ çà
çàêîíîì

q (α1, α2) =
P0

4RbI (Ra2, 1)
ch (a2α2) , |α1| < b, |α2| < s, (6)

äå

I(a,m)=

ϕ0∫

0

ch (aϕ) cos (mϕ) dϕ =
m ch (aϕ0) sin (mϕ0) + a sh (aϕ0) cos (mϕ0)

(a2 + m2)
;

(7)

P0 = 4

s∫

0

b∫

0

q (α1, α2) cos ϕ dα2 dα1 � ðiâíîäiéíà êîíòàêòíîãî òèñêó íà îäíîìó

ïiäêðiïëåííi (α2 = Rϕ, s = Rϕ0) ; a2 � çàäàíà âåëè÷èíà.
Íàïðóæåíî�äåôîðìîâàíèé ñòàí îáîëîíêè îïèñó¹ìî ðiâíÿííÿìè (1)�(5).

Ãðàíè÷íi óìîâè, ùî âiäïîâiäàþòü øàðíiðíîìó çàêðiïëåííþ êðà¨â îáîëîíêè,
ìàþòü âèãëÿä

w (α1, α2)|α1=0 = 0, w (α1, α2)|α1=l1
= 0,

N11 (α1, α2)|α1=0 = 0, N11 (α1, α2)|α1=l1
= 0, (8)

M11 (α1, α2)|α1=0 = 0, M11 (α1, α2)|α1=l1
= 0.

Óìîâè êîíòàêòó ôîðìóëþ¹ìî íà ñåðåäèííèõ ëiíiÿõ L1, L2 îáëàñòåé
êîíòàêòó; çàäà¹ìî ðiâíiñòü íîðìàëüíèõ ïåðåìiùåíü îáîëîíêè i ïiäñèëþþ÷èõ
åëåìåíòiâ:

w
(
α0

1, α2

)
= w0 (α2) ,

(
α0

1, α2

) ∈ L1, (9)
w

(
l1 − α0

1, α2

)
= w0 (α2) ,

(
l1 − α0

1, α2

) ∈ L2,

äå w0 = w0 (α2)� íîðìàëüíi (äî ñåðåäèííî¨ ïîâåðõíi îáîëîíêè) ïåðåìiùåííÿ
òî÷îê ñåðåäèííèõ ëiíié ïiäêðiïëåíü.

Çàäà÷à ïîëÿãà¹ ó âiäøóêàííi çìiííî¨ òîâùèíè h0 = h0 (α2) ïiäêðiïëþþ-
÷èõ åëåìåíòiâ, çà ÿêèõ êîíòàêòíi íàïðóæåííÿ ðîçïîäiëåíi çà çàêîíîì (6).

4. Äåôîðìóâàííÿ ïiäêðiïëþþ÷èõ åëåìåíòiâ. Ââàæà¹ìî, ùî çóñèëëÿ
ó òîíêîñòiííèõ åëåìåíòàõ ïðèâåäåíi äî ëiíié L1, L2. Ðiâíÿííÿ, ùî îïèñóþòü
íàïðóæåíî�äåôîðìîâàíèé ñòàí ïiäêðiïëåíü, îäåðæèìî ç ðiâíÿíü (1), (2), íåõ-
òóþ÷è ñèëàìè i ìîìåíòàìè ó íàïðÿìi îñüîâî¨ êîîðäèíàòè α1, à òàêîæ ïîïåðå÷-
íèìè çñóâíèìè òà ìåìáðàííèìè äåôîðìàöiÿìè. Çà âiäñóòíîñòi òàíãåíöiàëüíèõ
íàâàíòàæåíü öi ðiâíÿííÿ íàáóäóòü âèãëÿäó

dN0

dα2
+ k2Q0 = 0,

dQ0

dα2
− k2N0 = −2bq

(
α0

1, α2

)
,

dM0

dα2
−Q0 = 0,

M0 = −bh3
0E0

6

(
d2w0

dα2
2

+ k2
2w0

)
, (10)

äå α2 = Rϕ; k2 =
1
R

; h0 (−α2) = h0 (α2) ; N0, Q0, M0 � çóñèëëÿ â îïîðàõ,
ïðèâåäåíi äî ñåðåäèííèõ ëiíié L1, L2; E0 � ìîäóëü Þíãà; w0 � ïðîãèí
ïiäêðiïëåíü.

Ðîçâ'ÿçàâøè ïåðøi òðè ðiâíÿííÿ (10) íà âiäðiçêó 0 ≤ ϕ ≤ ϕ0 ç óðàõóâàí-
íÿì âiäñóòíîñòi çóñèëü íà êiíöÿõ îïîð, N0 (s) = 0, Q0 (s) = 0, M0 (s) = 0,
çíàéäåìî

Q0 = 2bR

ϕ0∫

ϕ

cos (t− ϕ) q
(
α0

1, t
)
dt, M0 = −2bR2

ϕ0∫

ϕ

sin (t− ϕ) q
(
α0

1, t
)
dt. (11)
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Ç îñòàííüî¨ ôîðìóëè (10) i äðóãî¨ ôîðìóëè (11) ç óðàõóâàííÿì óìîâ êîíòàêòó
(9) îòðèìà¹ìî ôîðìóëó äëÿ âèçíà÷åííÿ òîâùèíè îïîð

h3
0 (ϕ) =

12R4

E0




ϕ0∫

ϕ

sin (t− ϕ) q
(
α0

1, t
)

dt




(
d2w0

dϕ2
+ w0

)−1

àáî ç óðàõóâàííÿì âèðàçó êîíòàêòíîãî òèñêó (7),

h3
i (ϕ) =

3R3P0

Ei(a2
2 + 1) b I(Ra2, 1)

[a2 sh(a2ϕ0) sin(ϕ0 − ϕ)+

+ch(a2ϕ)− ch(a2ϕ0) cos(ϕ0 − ϕ)]
(

d2w0

dϕ2
+ w0

)−1

, (12)

äå w0 = w
(
α0

1, Rϕ
)
.

Äëÿ ñòàëîãî òèñêó q = const (P0 = 4Rbq sin ϕ0) ìà¹ìî òàêó ôîðìóëó:

h3
0 (ϕ) =

3R3P0

E0b

1− cos (ϕ0 − ϕ)(
d2w0

dϕ2 + w0
)

sin ϕ0

.

5. Ïîáóäîâà óçàãàëüíåíîãî ðîçâ'ÿçêó äîïîìiæíî¨ çàäà÷i. Ôóíêöi¨
(5), ùî îïèñóþòü âçà¹ìîäiþ îáîëîíêè ç ïiäêðiïëåííÿìè, ¹ êóñêîâî-íåïåðåðâ-
íèìè ôóíêöiÿìè i òîìó äîïîìiæíà êðàéîâà çàäà÷à (4), (8) íå ¹ êîðåêòíî ïîñ-
òàâëåíîþ â ðîçóìiííi iñíóâàííÿ êëàñè÷íîãî ðîçâ'ÿçêó. Çíàéäåìî óçàãàëüíåíèé
ðîçâ'ÿçîê öi¹¨ çàäà÷i. �ðóíòóþ÷èñü íà ïîñëiäîâíiñíîìó ïiäõîäi äî ïîáóäîâè
óçàãàëüíåíèõ ðîçâ'ÿçêiâ êðàéîâèõ çàäà÷ [2, 5, 6], çîâíiøí¹ íàâàíòàæåííÿ íà
îáîëîíêó σ−33 = p (α1, α2) i êîíòàêòíèé òèñê (6) çîáðàçèìî ó âèãëÿäi ãðàíèöü
ñëàáêî çáiæíèõ ïîñëiäîâíîñòåé ôóíêöié:

σ−33 (α1, α2) = lim
n→∞

pn (α1, α2) , σ+
33 (α1, α2) = lim

n→∞
σ+

n (α1, α2) , (13)

äå

pn =
n∑

k=1,3,...
m=0,1,...

ckm(εn)pkmΦ3
km(α1, α2),

σ+
n = P0

∑

k=1,3,...
m=0,1,...

nckm (εn) σ+
kmΦ3

km (α1, α2)

� óçàãàëüíåíi ÷àñòèííi ñóìè ðÿäiâ Ôóð'¹; ckm (ε) = ϕ (λ1kε)ϕ (λ2mε) ;

Φ3
km (α1, α2) = sin (λ1kα1) sin (λ2mα2) ; λ1k =

kπ

l1
; λ2m =

mπ

l2
; ϕ (λ) =

=
[
sin (λ/2)

λ/2

]2

; ε = εn � íåñêií÷åííî ìàëà ïîñëiäîâíiñòü, εn = O
(

1
nr

)
,

0 < r < 1; pkm � êîåôiöi¹íòè Ôóð'¹ ôóíêöi¨ p (α1, α2) ; σ+
km =

4P0

πRbl1
×

×I (Ra2,m) δm sin (λkb) sin
(
λkα0

1

)

λ1kI (Ra2, 1)
� êîåôiöi¹íòè Ôóð'¹ ôóíêöi¨ σ+

33(α1, α2);

δ0 =
1
2
; δm = 1, ÿêùî m = 1, 2, ....

Íåâiäîìi ôóíêöi¨ ñèñòåìè ðiâíÿíü (4) çîáðàçèìî çãiäíî ç (13) ó âèãëÿäi
ïîñëiäîâíîñòåé òàêèõ óçàãàëüíåíèõ ÷àñòèííèõ ñóì:





un

wn

γn



 =

1
B

n∑

k=1,3,...
m=0,1,...

ckm (ε)





ukm

wkm

γkm





(
P0σ

+
km − pkm

)
Φ3

km (α) . (14)
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Çàóâàæèìî, ùî ÷ëåíè öèõ ïîñëiäîâíîñòåé ôóíêöié, à òàêîæ ¨õ ãðàíè÷íi
åëåìåíòè çàäîâîëüíÿþòü ãðàíè÷íi óìîâè (8).

Ïiäñòàâèâøè âèðàçè ôóíêöié (13), (14) ó ðiâíÿííÿ (4), îäåðæèìî ñèñòåìó
ëiíiéíèõ àëãåáðà¨÷íèõ ðiâíÿíü âiäíîñíî êîåôiöi¹íòiâ ukm, wkm, γkm :

L11kmukm + L12kmwkm + L13kmγkm = 0,
L21kmukm + L22kmwkm + L23kmγkm = −1,
L31kmukm + L32kmwkm + L33kmγkm = 0,

(15)

äå ∆km = λ2
1k + λ2

2m; ∆1km = k1λ
2
1k + k2λ

2
2m; ∆2km = k2λ

2
1k + k1λ

2
2m;

∆11km =k2
1λ

2
1k +k2

2λ
2
2m; L11km = −

(
∆km∆km +

Λ′

B
∆11km

)
; L12km =L21km =

= −ν ∆2km−
(

1 +
Λ′

B

)
∆1km; L22km =−Λ′

B
∆km−

(
k2
1 + 2ν k1k2+k2

2

)
; L23km =

=L32km =
Λ′

B
∆km; L13km =L31km =

Λ′

B
∆1km; L33km =−Λ′

B
∆km

(
D

Λ′
∆km + 1

)
.

Ðîçâ'ÿçîê ñèñòåìè ðiâíÿíü (15) çàïèøåìî ó âèãëÿäi

ukm =
Ω1km

Ωkm
, wkm =

Ω2km

Ωkm
, γkm =

Ω3km

Ωkm
, (16)

äå Ωkm = L11kmL22kmL33km + L12kmL23kmL31km + L21kmL32kmL13km−
−L13kmL22kmL31km − L12kmL21kmL33km − L11kmL23kmL32km;

Ω1km = L23kmL32km − L22kmL33km;

Ω2km = L13kmL31km − L11kmL33km; Ω3km = L21kmL12km − L11kmL33km.

Ïiäñòàâèâøè ôîðìóëè (16) ó (14) i ïåðåéøîâøè äî ãðàíèöi ïðè n → ∞,
îäåðæèìî óçàãàëüíåíèé ðîçâ'ÿçîê çàäà÷i (4), (8):





u
w
γ



=

1
B

lim
n→∞

n∑

k=1,3,...
m=0,1,...

ckm (εn)





Ω1km/Ωkm

Ω2km/Ωkm

Ω3km/Ωkm





(
P0σ

+
km − pkm

)
Φ+

km (α) . (17)

6. Ïîáóäîâà ðîçâ'ÿçêó êîíòàêòíî¨ çàäà÷i. Âèñíîâêè. Âiäøóêàííÿ
÷èñëîâèõ çíà÷åíü ðîçâ'ÿçêó (17)  ðóíòó¹òüñÿ íà íàáëèæåííi âiäïîâiäíèõ óçà-
ãàëüíåíèõ ñóì ðÿäiâ ¨õ ÷àñòèííèìè ñóìàìè. ßêùî ó ðîçâèíåííÿõ (14) çà-
ôiêñóâàòè ïàðàìåòð ε ≈ h, äå 2h� òîâùèíà îáîëîíêè, i ââàæàòè, ùî n�
äîñòàòíüî âåëèêèé íîìåð, òî çãiäíî ç äîñëiäæåííÿìè, ïðîâåäåíèìè ó ðîáîòi
[6], íàáëèæåíèé ðîçâ'ÿçîê ¹ áëèæ÷èì äî òî÷íîãî ðîçâ'ÿçêó, îäåðæàíîãî ç
âèêîðèñòàííÿì ïðîñòîðîâèõ ðiâíÿíü òåîði¨ ïðóæíîñòi, íiæ óçàãàëüíåíèé ðîç-
â'ÿçîê (17), îäåðæàíèé â ìåæàõ ðiâíÿíü òåîði¨ îáîëîíîê. Ïðè öüîìó äîñòàòíüî
âèñîêà òî÷íiñòü ÷èñëîâèõ ðåçóëüòàòiâ çàáåçïå÷ó¹òüñÿ óìîâîþ nπε/li >> 1 i,
âiäïîâiäíî, n >> li/(πε).

Çàçíà÷èìî òàêîæ, ùî íàáëèæåííÿ ôóíêöi¨ óçàãàëüíåíîþ ÷àñòèííîþ ñó-
ìîþ òðèãîíîìåòðè÷íîãî ðÿäó îòîòîæíþ¹òüñÿ ç óñåðåäíåííÿì öi¹¨ ôóíêöi¨ íà
âiäðiçêó äîâæèíè 2ε [5].

Òàêèì ÷èíîì, çà óìîâè ε ≈ h, n >> li/(πε) íàáëèæåíèé ðîçâ'ÿçîê çàäà÷i
(4), (5), (8)





u
w
γ



 ≈ 1

B

n∑

k=1,3,...
m=0,1,...

ckm (εn)





Ω1km/Ωkm

Ω2km/Ωkm

Ω3km/Ωkm





(
P0σ

+
km − pkm

)
Φ+

km (α) (18)
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¹ ðîçâ'ÿçêîì çàäà÷i ïðî âçà¹ìîäiþ îáîëîíêè ç òîíêîñòiííèìè åëåìåíòàìè.
Âií ¹ êîðåêòíèì ç ìiðêóâàíü âiäïîâiäíîñòi ðåàëüíèì óìîâàì íàâàíòàæåííÿ,
çàñòîñóâàííÿ ðiâíÿíü òåîði¨ îáîëîíîê òà çáiæíîñòi ðÿäiâ.

Ïiäñòàâèâøè âèðàç ïðîãèíó îáîëîíêè (18) ïðè α1 = α0
1 ó ôîðìóëó

(12), îäåðæèìî ôîðìóëó, ÿêà âñòàíîâëþ¹ çàëåæíiñòü òîâùèíè ïiäêðiïëåíü
âiä ïàðàìåòðiâ, ùî õàðàêòåðèçóþòü çàêîí ðîçïîäiëó êîíòàêòíîãî òèñêó (6).
Âèçíà÷àëüíèì ñåðåä öèõ ïàðàìåòðiâ ¹ ïàðàìåòð a2, ùî õàðàêòåðèçó¹ âiä-
õèëåííÿ çíà÷åíü êîíòàêòíîãî òèñêó â ñåðåäíié i ïðèãðàíè÷íié çîíàõ îáëàñòi
êîíòàêòó. Çîêðåìà, ïðèéìàþ÷è ãiïîòåçó ïðî ñòàëèé êîíòàêòíèé òèñê, ìàòèìå-
ìî a2 = 0.
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ÂÇÀÈÌÎÄÅÉÑÒÂÈÅ ÖÈËÈÍÄÐÈ×ÅÑÊÎÉ ÎÁÎËÎ×ÊÈ Ñ
ÒÎÍÊÎÑÒÅÍÍÛÌÈ ÏÎÄÊÐÅÏËÅÍÈßÌÈ

Ðàññìîòðåíà çàäà÷à î âçàèìîäåéñòâèè öèëèíäðè÷åñêîé îáîëî÷êè ñ äâóìÿ óïðóãèìè
òîíêîñòåííûìè åëåìåíòàìè. Íàéäåí çàêîí èçìåíåíèÿ òîëùèíû ïîäêðåïëåíèé ïðè
ïîñòóëèðîâàíèè çàêîíà ðàñïðåäåëåíèÿ êîíòàêòíîãî äàâëåíèÿ.

INTERACTION OF THE CYLINDRICAL SHELL WITH
THE THIN�WALL SUPPORTS

The problem of the interaction of the cylindrical shell and the thin�wall elastic elements
whith variable thickness is considered in the paper. The law of the variability of the thick-
ness of supports on condition of postulation of the law of contact pressure distribution is
found.
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