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ÓÄÊ 539.3 
 
Л. Є. Авраменко, В. П. Шевченко 
 
ТЕРМОПРУЖНІСТЬ ОРТОТРОПНИХ ОБОЛОНОК ПІД ДІЄЮ РУХОМОГО 
ЗОСЕРЕДЖЕНОГО ДЖЕРЕЛА ТЕПЛА  
 

Ðîçâ’ÿçàíî çàäà÷ó òåðìîïðóæíîñò³ äëÿ òîíêèõ îðòîòðîïíèõ îáîëîíîê íå-
â³ä’ºìíî¿ êðèâèíè ïðè ä³¿ çîñåðåäæåíîãî äæåðåëà òåïëà, ùî ðóõàºòüñÿ ïî ïî-
âåðõí³ îáîëîíêè. Çàäàíî ë³í³éíèé ðîçïîä³ë òåìïåðàòóðè ïî òîâùèí³ îáîëîí-
êè òà êîíâåêòèâíèé òåïëîîáì³í çà çàêîíîì Íüþòîíà ç ¿¿ áîêîâèõ ïîâåðõîíü. 
Çà äîïîìîãîþ ³íòåãðàëüíèõ ïåðåòâîðåíü Ôóð’º ³ Ëàïëàñà îòðèìàíî ðîçâ’ÿçîê 
â àíàë³òè÷íîìó âèãëÿä³. Äîñë³äæåíî âïëèâ òåðìîìåõàí³÷íèõ âëàñòèâîñòåé 
ìàòåð³àëó, à òàêîæ ïàðàìåòð³â òåïëîîáì³íó ç íàâêîëèøí³ì ñåðåäîâèùåì íà 
íàïðóæåíî-äåôîðìîâàíèé ñòàí îáîëîíêè. 

 
Ïðîáëåìà äîñë³äæåííÿ òåìïåðàòóðíèõ íàïðóæåíü â îáîëîíêàõ çóìîâ-

ëåíà øèðîêèì âèêîðèñòàííÿì îáîëîíîê ÿê åëåìåíò³â ñó÷àñíèõ êîíñòðóêö³é, 
ÿê³ ïðàöþþòü ó ñêëàäíèõ óìîâàõ åêñïëóàòàö³¿, íàïðèêëàä, â óìîâàõ íåð³â-
íîì³ðíîãî íàãð³âó. ßê íàñë³äîê âèíèêàþòü äîäàòêîâ³ äåôîðìàö³¿ åëåìåíò³â 
êîíñòðóêö³é ³ òåìïåðàòóðí³ íàïðóæåííÿ â íèõ, ÿê³ ñóòòºâî âïëèâàþòü íà 
íåñó÷ó çäàòí³ñòü êîíñòðóêö³é. Äîñë³äæåííÿ òåìïåðàòóðíèõ ïîë³â ³ íàïðó-
æåíü â îáîëîíêàõ ïðè ä³¿ ðóõîìîãî äæåðåëà òåïëà íåîáõ³äíèì º ³ äëÿ ðîç-
â’ÿçóâàííÿ ïðîáëåì îïòèì³çàö³¿ ðÿäó òåõíîëîã³÷íèõ ïðîöåñ³â: çâàðþâàííÿ, 
âèïàëó òîùî. 

Íà ñüîãîäí³ ³ñíóº çíà÷íà ê³ëüê³ñòü ïóáë³êàö³é ç äîñë³äæåííÿ çàäà÷ ïðî 
ðîçïîä³ë òåìïåðàòóðè ³ íàïðóæåíü â îáîëîíêàõ. Òàê, äèíàì³÷í³ çàäà÷³ òåï-
ëîïðîâ³äíîñò³ òà òåðìîïðóæíîñò³ äëÿ ³çîòðîïíèõ òà àí³çîòðîïíèõ ïëàñòèí 
ðîçãëÿäàëèñü ó ïðàöÿõ [6–8, 12, 13]. Ðîçïîä³ë òåìïåðàòóðè, íàïðóæåíü ³ äå-
ôîðìàö³é â ³çîòðîïíèõ îáîëîíêàõ ïðè ä³¿ íåðóõîìèõ ³ ðóõîìèõ çîñåðåäæå-
íèõ ³ ëîêàëüíèõ äæåðåë òåïëà äîñë³äæåíî ó ñòàòòÿõ [2–4]. Ó ñòàòò³ [11] 
ðîçãëÿíóòî òåìïåðàòóðí³ íàïðóæåííÿ ³ äåôîðìàö³¿ â îðòîòðîïíèõ îáîëîí-
êàõ ïðè ³ìïóëüñíîìó íàâàíòàæåíí³. Ó ïðàö³ [1] ðîçâ’ÿçàíî çàäà÷ó òåïëî-
ïðîâ³äíîñò³ äëÿ îðòîòðîïíî¿ îáîëîíêè ïðè ä³¿ çîñåðåäæåíèõ äæåðåë òåïëà, 
ùî ðóõàþòüñÿ.  

Ó ïðîïîíîâàí³é ñòàòò³ äîñë³äèìî íàïðóæåíî-äåôîðìîâàíèé ñòàí îðòî-
òðîïíî¿ îáîëîíêè òîâùèíè 2h  íåâ³ä’ºìíî¿ ´àóññîâî¿ êðèâèíè, ÿêà çíàõî-
äèòüñÿ ï³ä ä³ºþ çîñåðåäæåíîãî äæåðåëà òåïëà, ùî ðóõàºòüñÿ ïî ïîâåðõí³ 
îáîëîíêè çà çàêîíîì  
 ( ),      ( )x x y y= τ = τ . (1) 

Ð³âíÿííÿ òåïëîïðîâ³äíîñò³ ìàþòü âèãëÿä [9] 
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ñåðåäíÿ êðèâèíà ñåðåäèííî¿ ïîâåðõí³, 1,2 1,21k R= / , 1,2R – ãîëîâí³ ðàä³óñè 

êðèâèí îáîëîíêè; 1,2 ( ) 2c ct t t+ −= ± / , äå ct
±  – òåìïåðàòóðà ñåðåäîâèùà íà ïî-

âåðõíÿõ z h= ± ; 33a
c
λ

=
ρ

 – êîåô³ö³ºíò òåìïåðàòóðîïðîâ³äíîñò³, äå c  ³ ρ  – 

ïèòîìà òåïëîºìí³ñòü ³ ãóñòèíà ìàòåð³àëó îáîëîíêè; 1 0
332

h

h

hW W dz
−

=
λ ∫  ³ 

2 0
33

1
2

h

h

W zW dz
−

=
λ ∫  – ãóñòèíà äæåðåë ñåðåäíüî¿ òåìïåðàòóðè òà òåìïåðà-

òóðíîãî ìîìåíòó, äå 0W  – îá’ºìíà ãóñòèíà äæåðåë òåïëà.  

Ïåðåéäåìî äî áåçðîçì³ðíî¿ ñèñòåìè êîîðäèíàò: x x h′ = / , y y h′ = / , z′ =  

z h= / , 2a h′τ = τ / . Òîä³ ð³âíÿííÿ (2) íàáóäóòü âèãëÿäó 

 2 1
1 1 1 2 2 1 1 2 2 1( )

T
T T T t t W∗

λ
∂

∇ − µ − µ − = − µ + µ +′∂τ
, 

 2 2
2 1 2 2 1 1 2 2 1 23(1 ) 3 3( )

T
T T T t t Wλ

∂
∇ − + µ − µ − = − µ + µ +′∂τ

.  (3) 

Äëÿ äîñë³äæåííÿ íàïðóæåíî-äåôîðìîâàíîãî ñòàíó îáîëîíêè ñèñòåìó 
(3) äîïîâíþºìî ð³âíÿííÿìè ð³âíîâàãè ó ïåðåì³ùåííÿõ [9] 
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Òóò , ,u v w  – ïåðåì³ùåííÿ ó íàïðÿìêó îñåé êîîðäèíàò , ,x y z′ ′ ′ ; 1 2,E E  
– ìîäóë³ Þíãà äëÿ ïîâåðõîíü, ïàðàëåëüíèõ äî ñåðåäèííî¿ ïîâåðõí³ îáîëîí-
êè; 12G  – ìîäóëü çñóâó; 1 2,ν ν  ³ 1 2,α α  – êîåô³ö³ºíòè Ïóàññîíà òà 
òåìïåðàòóðí³ êîåô³ö³ºíòè ë³í³éíîãî ðîçøèðåííÿ äëÿ ãîëîâíèõ íàïðÿìê³â. 
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Âèêîíàºìî òàêó çàì³íó: 

 12 1 2
1 2

1 2 2 11 2

22 ,    ,    ,    
1

G E E
A B A A A A

E EE E
= = = =

− ν ν
, 

 1 1 2B A B= ν + , 2 2 1B A B= ν + , 1 1 2 2c k k= + ν , 

 2 1 1 2c k k= ν + , 1 1 2 2d = α + ν α ,  2 1 1 2( )d = α ν + α ,  

 1 1 1C A c= , 2 2 2C A c= ,  1 1 1D A d= ,  2 2 2D A d= , 

 1 1 3F A= / ,  2 2 3F A= / ,  1 1 1 1P A k d= ,  2 2 2 2P A k d= ,  

 1 2P P P= + , 1 1 1 1O A k c= , 2 2 2 2O A k c= , 1 2O O O= + ,  

 1 1 1R F d= , 2 2 2R F d= , 1 1 1 2 2 1L A k A k= + ν , 

 2 1 1 1 2 2L A k A k= ν + , 1 2 2 1 4 3J F F B= ν + ν + / . 
Òîä³ ð³âíÿííÿ (4) íàáóäóòü âèãëÿäó 
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Ð³âíÿííÿ (3), (5) – ñèñòåìà ð³âíÿíü òåðìîïðóæíîñò³ îðòîòðîïíèõ îáîëî-
íîê ó áåçðîçì³ðí³é ñèñòåì³ êîîðäèíàò. 

Âèðàçè äëÿ ñèë, ìîìåíò³â ³ ïåðåð³çóâàëüíèõ ñèë ç óðàõóâàííÿì çàì³íè 
ìàþòü âèãëÿä 
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∂∂ ∂ ∂ = − ν + + − ′ ′ ′ ′ ′ ′∂∂ ∂ ∂ ∂ ∂
. (6) 

Íåõàé òåìïåðàòóðà ñåðåäîâèùà íà ïîâåðõí³ îáîëîíêè 0ct
± = , ³ íà îáî-

ëîíêó ä³º çîñåðåäæåíå äæåðåëî òåïëà, òåïëîâèé ïîò³ê ÿêîãî çì³íþºòüñÿ çà 
çàêîíîì 

 1 1 ( ),( ( )W W x x y y S∗
+

′ ′ ′ ′ ′ ′ ′ ′= δ − τ − τ τ[ ]( ) , 

 2 2 ( ),( ( )W W x x y y S∗
+

′ ′ ′ ′ ′ ′ ′ ′= δ − τ − τ τ[ ]( ) ,  (7) 

äå 1S+
′τ =[ ]  ïðè 0′τ >  ³ 0S+

′τ =[ ]  ïðè 0′τ ≤ ; 1,2W∗  – ïîòóæíîñò³ äæåðåë 

ñåðåäíüî¿ òåìïåðàòóðè òà òåìïåðàòóðíîãî ìîìåíòó; δ  – äåëüòà-ôóíêö³ÿ 
Ä³ðàêà. 

Çíàéäåìî êîìïîíåíòè íàïðóæåíî-äåôîðìîâàíîãî ñòàíó îáîëîíêè òà 
äîñë³äèìî ¿õ çàëåæíîñò³ â³ä ïàðàìåòð³â îðòîòðîï³¿. 

Çàñòîñîâóþ÷è äî ð³âíÿíü (3), (5) ïåðåòâîðåííÿ Ôóð’º çà ( , )x y′ ′  ³ Ëàïëà-

ñà çà ′τ , îòðèìóºìî ñèñòåìó ë³í³éíèõ àëãåáðà¿÷íèõ ð³âíÿíü ó ïðîñòîð³ 



141 

òðàíñôîðìàíò: 

 2 2
1 2 1 1 2 2 1( , , )s T T f s∗λ ξ + λ η + µ + + µ = ξ η ( ) , 

 2 2
1 2 1 2 2 1 23(1 ) 3 3 ( , , )s T T f sλ ξ + λ η + + µ + + µ = ξ η ( ) ,  (8) 

 2 2
1 1 1 1 1A B u B v C i w D i Tξ + η + ξη + ξ = ξ   ( ) , 

 2 2
2 2 2 2 1A B v B u C i w D i Tη + ξ + ξη + η = η   ( ) , 

 4 4 2 2 2 2
1 2 1 2 1 1 2 2L i u L i v F F J O w PT R R Tξ − η + ξ + η + ξ η + = + ξ + η   ( ) ( ) . (9) 
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π ∫ ∫ ∫
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′ ′ ′− τ + ξ +η

−∞ −∞

′ ′ ′ ′ ′ ′ ′ ′ ′= δ − τ − τ τ
π ∫ ∫ ∫ ( ) . 

Ï³ñëÿ ðîçâ’ÿçàííÿ ñèñòåìè (8), (9) îòðèìàºìî âèðàçè òðàíñôîðìàíò äëÿ 
êîìïîíåíò òåìïåðàòóðíîãî ïîëÿ [1] ³ íàïðóæåíî-äåôîðìîâàíîãî ñòàíó îáî-
ëîíêè 
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1,                      iv P P T P T w P T P T   = + + = +

   ∆ ∆
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2ia ∗ = + µ + µ − µ µ = µ + µ − µ µ 
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( 1)
,          (3(1 ) ) 3
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i iP P b a W W
a a

∗ ∗ ∗−∆ = + = + µ − − µ
−

( ) , 

 2 1 2 2 1
1 2

( 1)
3( ) 3

i

i ib a W W
a a

∗ ∗
+

−= µ − − µ
−

( ) , 

 7 5 2 3 4 6 3 2
1 11 12 13 14 2 21 22,       P p p p p P p p= ξ + ξ η + ξ η + ξη = ξ + ξη , 

 5 3 2 4 6 4 3 2 5 7
3 31 32 33 4 41 42 43 44,  P p p p P p p p p= ξ + ξ η + ξη = ξ η + ξ η + ξ η + η , 

 2 3 4 2 3 5
5 51 52 6 61 62 63,              P p p P p p p= ξ η + η = ξ η + ξ η + η ,  

 4 2 2 4 6 4 2 2 4 6
   7 71 72 73 8 81 82 83 84,  P p p p P p p p p= ξ + ξ η + η = ξ + ξ η + ξ η + η , 

 8 6 2 4 4 2 6 8
9 91 92 93 94 95P p p p p p= ξ + ξ η + ξ η + ξ η + η , 

 4 2 2 4
10 101 102 103P p p p= ξ + ξ η + η ,  (11) 

äå 
 11 1 1 12 1 2 1 1 1 2 1,             p D BF p D A F D BJ B D F= = + − ,  

 13 1 2 1 2 1 2 14 1 2 2 1 2 2,       p D A J D BF B D J p D A F B D F= + − = − , 

 21 1 1p D BO C BP= − ,  

 22 1 2 1 2 2 1 2 1 2 1 2 2 1 2p D A O C D L B C P C A P D C L B D O= + + − − − , 

 31 1 1 32 1 2 1 1 2 1 1 2,      p C BR p B C R C A R C BR= − = − − , 

 33 1 2 2 1 2 2p B C R C A R= − , 

 41 2 1 1 2 1 1 42 2 1 2 1 2 1,      p D A F B D F p D A J D BF B D J= − = + − , 
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 43 2 1 2 2 2 1 2 44 2 2,          p D A F D BJ B D F p D BF= + − = , 

 51 2 1 2 1 1 2 1 2 1 2 1 1 2 1p D A O C D L B C P C A P D C L B D O= + + − − − , 

 52 2 2 61 2 1 1 2 1 1,                      p D BO C BP p B C R C A R= − = − ,  

 62 2 1 2 2 1 2 2 1 63 2 2,        p B C R C A R C BR p C BR= − − = − ,  

 71 1 1 1 73 2 2 2,                      p A BP D BL p A BP D BL= − = − , 

 2
72 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1p A A P B D L B P B D L D A L D A L B B P= + + + − − − , 

 2
81 1 1 82 2 1 1 1 2 1 2 1 1          ,      p A BR p A A R BA R B R B B R= = + + − , 

 2
83 2 1 2 2 1 2 2 1 2 84 2 2,            p A A R BA R B R B B R p A BR= + + − = , 

 2
91 1 1 92 2 1 1 1 1 2 1 1,                p A BF p A A F BA J B F B B F= = + + − , 

 2
92 2 1 1 2 2 1 2 1p A A J BA F BA F B J B B J= + + + − , 

 2
94 2 1 2 2 2 2 1 2 95 2 2,              p A A F BA J B F B B F p A BF= + + − = , 

 101 1 1 1 103 2 2 2,     p A BO C BL p A BO C BL= − = − , 

 2
102 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1p A A O B C L B O B C L C A L C A L B B O= + + + − − − . (12) 

Çàñòîñîâóþ÷è äî âèðàç³â (6) ïåðåòâîðåííÿ Ôóð’º ³ Ëàïëàñà, îòðèìóºìî 
òðàíñôîðìàíòè äëÿ ñèë, ìîìåíò³â ³ ïåðåð³çóâàëüíèõ ñèë: 

 1 2 1 3 2
1 1

j j Nj Nj j NjN A P P d T P T
  = + − +   ∆ ∆ 

  ( ) , 

 1 2 1 3 2
1

S S SS B P P T P T
 = + + ∆  

  [ ] , 

 1 1 2 2 1 1 2 2
1 1 2,    

3j j Mj Mj j H HM F P T P d T H B P T P T
    = + − = +    ∆ ∆ ∆   

      ,  

 1 1 2 2
1 1( )j j Qj Qj jQ i F P T P d T

ξ    = − + − +    ∆ ∆ η   
    

 3 1 4 2
2 ,     1,2
3 Qj QjB P T P T j

 + + = ∆ 
  .  (13) 

Òóò 
 11 1 2 4 12 2 2 5 1 7,            N NP P P P P P c P= ξ + ν η = ξ + ν η + ,  

 13 3 2 6 1 8NP P P c P= ξ + ν η + , 

 21 1 1 4 22 1 2 5 2 7,             N NP P P P P P c P= ν ξ + η = ν ξ + η + ,  

 23 1 3 6 2 8NP P P c P= ν ξ + η + , 

 1 4 1 2 5 2 3 6 3,            ,          S S SP P P P P P P P P= ξ + η = ξ + η = ξ + η , 

 2 2 2 2
11 2 7 12 2 8,      M MP P P P= ξ + ν η = ξ + ν η( ) ( ) ,  

 2 2 2 2
21 1 7 22 1 8,      M MP P P P= ν ξ + η = ν ξ + η( ) ( ) ,  

 1 7 2 8,                 H HP P P P= ξη = ξη , 

 2 2 2 2 2
11 2 7 12 2 8 13 7 ,     ,   Q Q QP P P P P P= ξ ξ + ν η = ξ ξ + ν η = ξη( ) ( ) ,  

 2 2 2 2 2
14 8 21 1 7 22 1 8,             ,     Q Q QP P P P P P= ξη = η ν ξ + η = η ν ξ + η( ) ( ) , 

 2 2
23 7 24 8,               Q QP P P P= ξ η = ξ η . (14) 

Âèðàçè (10)–(14) – ðîçâ’ÿçîê çàäà÷³ ó ïðîñòîð³ òðàíñôîðìàíò. 
Çàñòîñîâóþ÷è äî (10)–(14) ôîðìóëè îáåðíåííÿ äëÿ ïåðåòâîðåíü Ôóð’º ³ 

Ëàïëàñà, çíàõîäèìî âèðàçè äëÿ îðèã³íàë³â âèõ³äíèõ ôóíêö³é. Îðèã³íàëè 
äëÿ òåìïåðàòóðè ³ òåìïåðàòóðíîãî ìîìåíòó îòðèìàíî â ðîáîò³ [1]. Ìåòîäèêó 
îá÷èñëåííÿ îðèã³íàë³â êîìïîíåíò íàïðóæåíî-äåôîðìîâàíîãî ñòàíó îáîëîíêè 
ðîçãëÿíåìî íà ïðèêëàä³ ïðîãèíó 
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 7 2 8
7 1 8 2 2 2

1 2

1 1 i i

i

b P b P
w P T P T

s a
++ = + =  ∆ ∆ λ ξ + λ η + +

  . (15) 

Çàñòîñóâàâøè äî ð³âíîñò³ (15) îáåðíåíå ïåðåòâîðåííÿ Ëàïëàñà ³ ôîðìóëó 
çãîðòêè, îäåðæèìî 

 
2 2

1 2 0
2

( )
7 2 8 0

10

1 ia
i i

i

w b P b P e d
′τ

− λ ξ +λ η + τ
+

=

= + τ
∆ ∑∫ ( ) . 

Äàë³ çàñòîñóºìî ôîðìóëó îáåðíåííÿ äëÿ ïåðåòâîðåííÿ Ôóð’º 

 
2 2

1 2 0
2

( ) ( )
7 2 8 02

10

1 1
4

ia i x y
i i

i

w b P b P e e d d d
′+∞ +∞ τ

′ ′− λ ξ +λ η + τ − ξ +η
+

=−∞ −∞

= + τ ξ η =
∆π

∑∫ ∫ ∫ ( )  

2 2
1 2 0( )4 2 2 4 ( )2

71 72 73 0
2 8 6 2 4 4 2 6 8 4 2 2 4

1 91 92 93 94 95 101 102 1030

1

4

ia i x y

i
i

p p p e e d d d
b

p p p p p p p p

′ ′− λ ξ + λ η + τ − ξ + η

=

′+∞ +∞ τ

−∞ −∞

ξ + ξ η + η ξ η τ

π ξ + ξ η + ξ η + ξ η + η + ξ + ξ η + η
= +∑ ∫ ∫ ∫

( )
 

2 2
1 2 0( )6 4 2 2 4 6 ( )2

81 82 83 84 0
22 8 6 2 4 2 6 8 4 2 2 4

1 0 91 92 93 94 95 101 102 103
4

1

4

ia i x y

i
i

p p p p e e d d d
b

p p p p p p p p

′ ′′ − λ ξ + λ η + τ − ξ + η+∞ +∞ τ

+
= −∞ −∞

ξ + ξ η + ξ η + η ξ η τ
+

π ξ + ξ η + ξ η + ξ η + η + ξ + ξ η + η
∑ ∫ ∫ ∫

( )
. 

Âèêîðèñòàâøè âëàñòèâîñò³ ïàðíèõ ³ íåïàðíèõ ôóíêö³é, à òàêîæ çðî-
áèâøè çàì³íó cosx r′ = ϕ , siny r′ = ϕ , cosξ = ρ θ , sinη = ρ θ , çàïèøåìî 

 

2 2 2
2 1 2 0( cos sin )2

7
2 4

1 9 100 0 0

1 ia

i
i

e
w b

π
′ − λ θ+λ θ ρ + τ+∞ τ

=

ρθ
= ×

π ρ θ + θ
∑ ∫ ∫ ∫

( )

 

 0cos ( cos cos ) cos ( sin sin )r r d d d× ρ ϕ θ ρ ϕ θ ρ θ τ +  

 

2 2 2
2 1 2 0( cos sin )32

8
22 4

1 9 100 0 0

1 ia

i
i

e
b

π
′ − λ θ+λ θ ρ + τ+∞ τ

+
=

ρ θ
+ ×

π ρ θ + θ
∑ ∫ ∫ ∫

( )

 

 0cos ( cos cos ) cos ( sin sin )r r d d d× ρ ϕ θ ρ ϕ θ ρ θ τ . 

Òóò  

 4 2 2 4
7 71 72 73cos cos sin sinp p pθ = θ + θ θ + θ , 

 6 4 2 2 4 6
8 81 82 83 84cos cos sin cos sin sinp p p pθ = θ + θ θ + θ θ + θ , 

 8 6 2 4 4
9 91 92 93cos cos sin cos sinp p pθ = θ + θ θ + θ θ +  

 2 6 8
94 95cos sin sinp p+ θ θ + θ , 

 4 2 2 4
10 101 102 103cos cos sin sinp p pθ = θ + θ θ + θ . 

Äàë³, âðàõîâóþ÷è, ùî 

 9
4 4 2 2 2

109 10 10 9 10 9

1 1 1 1Im Re
i i

θ
= − =

θρ ρ θ + θ ρ + θ θ ρ ρ + θ θ( )
, 

 2
0

cos ( cos cos ) cos ( sin sin ) ( 1) cos (2 ) ( ) cos (2 )n
n n

n

r r n J r n
∞

=
ρ ϕ θ ρ ϕ θ = − ε ϕ ρ θ∑ , 

îòðèìóºìî 
2

2
1 0

1 Im ( 1) cos (2 )n
i n

i n

w b n
∞

= =
= − − ε ϕ ×

π
∑ ∑  

2 2 2
1 2 0

0

/2 ( cos sin )
27

02
9 10 10 90 0 0

( )cos (2 )
ia nJ r en

e d d d
i

′ π − λ θ+λ θ ρ ττ +∞
− τ ρ ρθ θ

× ρ θ τ +
θ θ ρ + θ θ∫ ∫ ∫  

2

22
1 0

1 Re ( 1) cos (2 )n
i n

i n

b n
∞

+
= =

+ − ε ϕ ×
π

∑ ∑  
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2 2 2
1 2 0

0

2 ( cos sin )
28

02
9 10 90 0 0

( )cos (2 )
ia nJ r en

e d d d
i

′ π − λ θ+λ θ ρ ττ +∞
− τ ρ ρθ θ

× ρ θ τ
θ ρ + θ θ∫ ∫ ∫

/

. 

Âèêîðèñòàºìî ðîçâèíåííÿ â ðÿä [5] äëÿ âíóòð³øíüîãî ³íòåãðàëà: 

 
2( )

2102
2 2( ) 1

9010 90

( ) ( 1) ( ) ( ) !

2 !(2 )!

nn
n

n

J r d r i n

i n

++∞ +∞

+ +
=

θρ ρ ρ − +  = × θ ρ + θ θ +
∑∫

 





 

 

 2 210
0 1 2

9
exp cos sin

θ × τ λ θ + λ θ × θ 
( )  

 2 210
0 1 2

9
( ), cos sinn i

θ × Γ − + τ λ θ + λ θ θ 
 ( ) , 

òóò 2 2 2
0 0( ) ( )r x x y y′ ′ ′ ′ ′ ′= − τ − τ + − τ − τ( ) ( ) , ( , )n zΓ  – íåïîâíà ´àììà-ôóíêö³ÿ. 

Çàñòîñîâàâøè ðîçâèíåííÿ ó ðÿä äëÿ ´àììà-ôóíêö³¿ [5], âèðàç äëÿ ïðî-
ãèíó ïåðåïèøåìî ó âèãëÿä³ 

 
2 ( )

2 ( )
1 0 0

( )1 Im cos (2 )
2 4 !(2 ) !

n

i n n
i n

i
w b n

n

∞ ∞ +

+
= = =

= ε ϕ ×
π +

∑ ∑ ∑



  

  

 10 20 1 1 10 2 1
0

( ln ) ( ) ( )
!

p

p

i c i t w t w
p

∞

=

 × + τ + τ + τ +


∑ [ ]  

 30 3 1 40 4 1
1 1

( ) ( 1)!
( ) ( )

! ( )

q n

m
q m

i m
t w t w

qq i

∞ +

= =

− − + τ − τ − 
 − 

∑ ∑


 

 
2 ( )

22 ( )
1 0 0

( )1 Re cos (2 )
2 4 !(2 )!

n

i n n
i n

i
b n

n

∞ ∞ +

+ +
= = =

− ε ϕ ×
π +

∑ ∑ ∑



  

 

 10 20 1 2 10 2 2
0

( ln ) ( ) ( )
!

p

p

i c i t w t w
p

∞

=

 × + τ + τ + τ +


∑ [ ]  

 30 3 2 40 4 2
1 1

( ) ( 1)!
( ) ( )

! ( )

q n

m
q m

i m
t w w

qq i

∞ +

= =

− − + τ − τ θ 
 − 

∑ ∑


, (16) 

äå  

  
0 02( ) 2( )

10 0 0 20 0 0 0
0 0

,         ln( )i ia an p n pr e d r e d
′ ′τ τ

− τ − τ+ +τ = τ τ τ = τ τ τ∫ ∫  , 

 0 02( ) 2( )
30 0 0 40 0 0

0 0

,       i ia an p q n mr e d r e d
′ ′τ τ

− τ − τ+ + + −τ = τ τ τ = τ τ∫ ∫  , 

 
2 1 1

2 2
1 1 10 9 7

0

( ) cos2
n p n p

pt w t n d
π + + − + + +−

= θ θ θ θ θ∫
/  

, 

 
2 1 1

10 2 2
2 1 10 9 7

90

( ) ln cos2
n p n p

pt w t t n d
π + + − + + +−θ = θ θ θ θ θ θ ∫
/  

, 

 
2 1 1

2 2
3 1 10 9 7

0

( ) cos2
n p q n p q

p qt w t n d
π + + + − + + + +− += θ θ θ θ θ∫
/  

, 

 
2 1 1

2 2
4 1 10 9 7

0

( ) cos2
n m n m

mt w t n d
π + − − + − +− −= θ θ θ θ θ∫
/  

, 

 
2 2

2 2
1 2 10 9 8

0

( ) cos2
n p n p

pt w t n d
π + + + + +−

= θ θ θ θ θ∫
/  

, 
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2 2

10 2 2
2 2 10 9 8

90

( ) ln cos2
n p n p

pt w t t n d
π + + + + +−θ = θ θ θ θ θ θ ∫
/  

, 

 
2 2

2 2
3 2 10 9 8

0

( ) cos2
n p q n p q

p qt w t n d
π + + + + + + +− += θ θ θ θ θ∫
/  

, 

 
2 2

2 2
4 2 10 9 8

0

( ) cos2
n m n m

mt w t n d
π + − + − +− −= θ θ θ θ θ∫
/  

, (17) 

äå 2 2
1 2cos sint = λ θ + λ θ . 

Âèðàçè (16), (17) – îðèã³íàë äëÿ ïðîãèíó ( , , )w x y′ ′ ′τ  çà çîáðàæåííÿì (15). 
Çàñòîñóºìî öþ ìåòîäèêó äî êîìïîíåíò íàïðóæåíî-äåôîðìîâàíîãî ñòà-

íó îáîëîíêè. Ó ðåçóëüòàò³ ðîçâ’ÿçîê çàäà÷³ òåðìîïðóæíîñò³ ìàº âèãëÿä 

 
2

1,2 , 2 0
11 2 0

1( , , ) exp
4

i i i
i

T x y b a
′τ

+
=

′ ′ ′τ = − τ −
π λ λ 

∑ ∫  

 
2 2

2 0 1 0 0

0 1 2 0

( ) ( )
4

x x y y d′ ′ ′ ′ ′ ′λ − τ − τ + λ − τ − τ τ
− τ λ λ τ

( ) ( )
, 

 
2

3 1 3
1

( , , ) Im ( ) ( ) ( )j j i j j j
i

N x y A b G N G N GT N
=

′ ′ ′τ = − − − +

∑ [ ]( )  

 
2

2 2 1
1

Re ( )i j j
i

b G N d T+
=

+ + 


∑ ( ) , 

 
2

2
1

( , , ) Re ( )j j i j
i

M x y F b G M
=

′ ′ ′τ = − +

∑ ( )  

 
2

2 3 3 1
1

Im ( ) ( )i j j j
i

b G M GT M d T+
=

+ − + 


∑ [ ] , 

 
2 2

3 1 3 2 2
1 1

( , , ) Im ( ) ( ) ( ) Re ( )j i i
i i

S x y B b G S G S GT S b G S+
= =

 ′ ′ ′τ = + − − 
 
∑ ∑( ) ( )[ ] , 

 
2 2

2 2 3 3
1 1

2( , , ) Re ( ) Im ( ) ( )
3j i i

i i

H x y B b G H b G H GT H+
= =

 ′ ′ ′τ = − + − 
 

∑ ∑ [ ]( ) , 

 
2 2

1 2 2
1 1

( , , ) Im ( ) Re ( )i i
i i

w x y b G w b G w+
= =

′ ′ ′τ = −∑ ∑( ) ( ) , 

 
2

3 1

3 11

( ) ( )( , , )
Im

( ) ( )( , , ) i
i

G u G uu x y
b

G v G vv x y =

′ ′ ′  τ       = − − −       ′ ′ ′τ        
∑  

 
2

3 2
2

3 21

( ) ( )
Re

( ) ( )i
i

GT u G u
b

GT v G v+
=

     − +            
∑ , 

 
2

1 1
1

( , , ) Im ( ) ( )j j i j j
i

Q x y F b G Q GT Q
=

 ′ ′ ′τ = − − + + 
∑ [ ]( )  

 
2

2 2 2
1

Re ( ) ( )i j j j
i

b G Q GT Q GTQ+
=

+ + − +
∑ ( )  

 
2

3 3
1

2 Im ( ) ( )
3 i j j

i

B b G Q GT Q
=

+ − + +
∑ [ ]( )  

 
2

2 4 4
1

Re ( ) ( ) ,      1,2i j j
i

b G Q GT Q j+
=

+ + = 
∑ ( ) . (18) 
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Òóò 

äëÿ , , ,  1,2,3jk jk kz N M w k∈ ={ } :  
2

0

1( ) cos2 ( ,0)
2

n
n

G z n L z
∞

=

= ε ϕ ⋅
π

∑ , 

äëÿ ,k kz S H∈ { } : 
2

0

1( ) sin2 ( ,0)n
n

G z n L z
∞

=

= ε ϕ ⋅
π

∑ ,  

äëÿ 1 2, , ,jk jk j jz u v Q Q∈ { } : 
2

0

cos21( ) ( ,1)
sin22

n
n

n
G z L z

n

∞

=

ϕ = ε ⋅ ϕπ  
∑ , 

äëÿ 3 4,j jz Q Q∈ { } : 
2

0

sin21( ) ( ,1)
cos22

n
n

n
G z L z

n

∞

=

ϕ = ε ⋅ ϕπ  
∑ ,  (19) 

äëÿ ,jk jkz N M∈ { } : 

2

0
0

2 4
0

9 00 0

( )1( )
2

i

r
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a d dz
GT z e e

t

−′ πτ τ
− τ θ τθ= −

θ τ∫ ∫
/
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4cos2 2, cos2
4

ia ze r d d
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0 21 2( )

( 1)
0 01

900 0
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ian n
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d r e z
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d
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( ) / 


 , 

äëÿ ,k kz S H∈ { } : 
0

2 2

02
9 00 0
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( ) 4 sin2 2, sin2

4

ia ze rGT z d d
tr

′ πτ − τ θ  = − ϕ γ θ θ τ − θ τ ∫ ∫
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sin sin4

ia ze rGT z d d
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/
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äëÿ 1
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j
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2 22
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9 00 0

cos cos( )
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sin 4 sin

ia ze rGT z d d
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′ πτ − τϕ θθ    = γ θ τ −    ϕ θ τ  θ   ∫ ∫
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GTQ
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/
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.  (21) 

Òóò 

 0 02( ) 2( )
1 0 0 2 0 0 0

0 0
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′ ′τ τ

− τ − τ+ +β + +β
β βτ = τ τ τ = τ τ τ∫ ∫  ,  
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= θ θ θ θ∫
/  

, 

 
2 2

10 2 2
2 10 9

90

( ) ln ( )
n p k n p k

pt z t z t d
π + + + − + + +−θ 

= θ θ θ θ θ 
∫

 /

, 

 
2 2

2 2
3 10 9

0

( ) ( )
n p q k n p q k

p qt z z t d
π + + + + − + + + +− += θ θ θ θ∫

 /

, 

 
2 2

2 2
4 10 9

0

( ) ( )
n m k n m k

mt z z t d
π + − + − + − +− −= θ θ θ θ∫
/  

, (22) 

äå 

 4 2 2
1 1 21 71 1 22 2 51 72( ) ( ) cos ( ) cos sinj j j j j jN p c p p p c pθ = σ + θ + σ + σ + θ θ +[  

 4
2 52 73( ) sin cos2j jp c p n+ σ + θ θ] , 

 6 4 2
2 1 31 81 1 32 2 61 82( ) ( ) cos ( ) cos sinj j j j j jN p c p p p c pθ = σ + θ + σ + σ + θ θ +[  

 2 4
1 33 2 62 83( )cos sinj j jp p c p+ σ + σ + θ θ +  

 6
2 63 84( ) sin cos2j jp c p n+ σ + θ θ] , 

 8 6 2
3 1 11 1 12 2 41( ) cos ( )cos sinj j j jN p p pθ = σ θ + σ + σ θ θ +[  

 4 4
1 13 2 42( )cos sinj jp p+ σ + σ θ θ +  

 2 6 8
1 14 2 43 2 44( )cos sin sin cos2j j jp p p n+ σ + σ θ θ + σ θ θ] , 
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 6 4 2
2 1 71 1 72 2 71( ) cos ( ) cos sinj j j jM p p pθ = σ θ + σ + σ θ θ +[  

 2 4 6
1 73 2 72 2 73( )cos sin sin cos2j j jp p p n+ σ + σ θ θ + σ θ θ] , 

 8 6 2
3 1 81 1 82 2 81( ) cos ( )cos sinj j j jM p p pθ = σ θ + σ + σ θ θ +[  

 4 4
1 83 2 82( )cos sinj jp p+ σ + σ θ θ +  

 2 6 8
1 84 2 83 2 84( )cos sin sin cos2j j jp p p n+ σ + σ θ θ + σ θ θ] , 

 3 3
1 21 51 22 52( ) ( )cos sin ( )cos sin sin2S p p p p nθ = + θ θ + + θ θ θ[ ] , 

 5 3 3
2 31 61 32 62( ) ( )cos sin ( )cos sinS p p p pθ = + θ θ + + θ θ +[  

 5
33 63( )cos sin sin2p p n+ + θ θ θ] , 

 7 5 3
3 11 41 12 42( ) ( )cos sin ( )cos sinS p p p pθ = + θ θ + + θ θ +[  

 3 5
13 43( )cos sinp p+ + θ θ +  

 7 8
14 44 2 44( )cos sin sin sin2jp p p n+ + θ θ + σ θ θ] , 

 5 3 3 5
2 71 72 73( ) cos sin cos sin cos sin sin2H p p p nθ = θ θ + θ θ + θ θ θ[ ] , 

 ( ) 7 5 3
3 81 82cos sin cos sinH p pθ = θ θ + θ θ +[  

 3 5 7
83 84cos sin cos sin sin2p p n+ θ θ + θ θ θ] , 

 4 2 2 4
1 71 72 73( ) cos cos sin sin cos2w p p p nθ = θ + θ θ + θ θ[ ] , 

 6 4 2
2 81 82( ) cos cos sinw p pθ = θ + θ θ +[  

 2 4 6
83 84cos sin sin cos2p p n+ θ θ + θ θ] , 

 2 21 21 22

1 51 52

( ) cos cos (2 1)
cos sin

( ) sin sin (2 1)
u p p n
v p p n

θ   θ + θ         = θ + θ          θ θ + θ          
, 

 4 2 22 31 32

2 61 62

( )
cos cos sin

( )
u p p
v p p

θ      = θ + θ θ +     θ     
 

 433

63

cos cos (2 1)
sin

sin sin (2 1)
p n
p n

 θ + θ     + θ      θ + θ     
, 

 6 4 23 11 12

3 41 42

( )
cos cos sin

( )
u p p
v p p

θ      = θ + θ θ +     θ     
 

 2 4 613 14

43 44

cos cos (2 1)
cos sin sin

sin sin (2 1)
p p n
p p n

 θ + θ       + θ θ + θ        θ + θ       
, 

 6 4 2
1 1 71 1 72 2 71 1 73( ) cos ( ) cos sin (j j j j jQ p p p pθ = σ θ + σ + σ θ θ + σ +[  

 2 4 6 10
2 72 2 73

9

cos (2 1)
) cos sin sin

sin (2 1)j j
n

p p
n

θ + θ + σ θ θ + σ θ  + θθ  
] , 

 8 6 2
2 1 81 1 82 2 81 1 83( ) cos ( ) cos sin (j j j j jQ p p p pθ = σ θ + σ + σ θ θ + σ +[  

 4 4 2 6
2 82 1 84 2 83) cos sin ( ) cos sinj j jp p p+ σ θ θ + σ + σ θ θ +  

 8 10
2 84

9

cos (2 1)
sin

sin (2 1)j
n

p
n

θ + θ + σ θ  + θθ  
] , 

 5 3 3
3 71 72( ) cos sin cos sinjQ p pθ = θ θ + θ θ +[  

 5
73

sin (2 1)
cos sin

cos (2 1)
n

p
n

+ θ + θ θ  + θ 
] , 
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 7 5 3
4 81 82( ) cos sin cos sinjQ p pθ = θ θ + θ θ +[  

 3 5 7
83 84

sin (2 1)
cos sin cos sin

cos (2 1)
n

p p
n

+ θ + θ θ + θ θ  + θ 
] . (23) 

Âèðàçè (18)–(23) – îðèã³íàëè äëÿ êîìïîíåíò íàïðóæåíî-äåôîðìîâàíîãî 
ñòàíó îðòîòðîïíî¿ îáîëîíêè. 

Ðîçãëÿíåìî âèïàäîê, êîëè äæåðåëî òåïëà ðóõàºòüñÿ óçäîâæ îñ³ x′  ç³ 
ñòàëîþ øâèäê³ñòþ v′ . Ïîêëàäåìî â (1) ( )x vτ = τ , ( ) 0y τ = . Ââåäåìî ðóõîìó 

ñèñòåìó êîîðäèíàò 1x x v′ ′ ′ ′= − τ , 1y y′ ′= . Òîä³ ó âèðàçàõ (18)–(23) 

 2 2 2( ) ( )r x v y′ ′ ′= − τ + . 
Äëÿ ÷èñåëüíèõ äîñë³äæåíü âïëèâó îðòîòðîï³¿ íà íàïðóæåíî-äåôîðìî-

âàíèé ñòàí îáîëîíêè áðàëè ñêëîïëàñò êîñîêóòíî¿ íàìîòêè, ÿêèé ìàº ñèëüíó 

àí³çîòðîï³þ ³ ìàº òàê³ òåðìîìåõàí³÷í³ âëàñòèâîñò³: 3
1 3.673 10E = ⋅ ÌÏà, 

2
2 9.807 10E = ⋅ ÌÏà, 2

12 3.923 10G = ⋅ ÌÏà, 1 0.2798ν = , 2 0.0747ν = , 1α =  
5 10.7 10 K− −= ⋅ , 5 1

2 3.8 10 K− −α = ⋅ , 7
11 2.79 10a −= ⋅ ì2/ñåê,  7

22 1.21 10a −= ⋅  ì2/ñåê, 

äå ii iia c= λ ρ/  – êîåô³ö³ºíòè òåìïåðàòóðîïðîâ³äíîñò³ âçäîâæ ãîëîâíèõ íà-

ïðÿìê³â. Íåõàé 33 22λ = λ , òîä³ 1 2.306λ = , 2 1λ = .  
Ïðè ïðîâåäåíí³ ÷èñåëüíèõ ðîçðàõóíê³â äëÿ ³çîòðîïíîãî ìàòåð³àëó ïî-

êëàäàºìî 1 2ν = ν ν , 1 2E E E= , 1 2α = α α  òà 1 2 1λ = λ = . 

Íà ðèñ. 1 ³ 2 íàâåäåíî ãðàô³êè çàëåæíîñòåé â³ä êîîðäèíàòè x′  ìåìá-
ðàííèõ çóñèëü 1N  (ðèñ. 1) òà 2N  (ðèñ. 2). Êðèâ³ 1 òà 2 ïîêàçóþòü ðîçïîä³ë 

çóñèëü äëÿ îðòîòðîïíîãî ìàòåð³àëó ïðè 0ϕ =  (êðèâ³ 1) òà 
2

ϕ = æ  (êðèâ³ 2), 

êðèâ³ 3 â³äïîâ³äàþòü ³çîòðîïíîìó ìàòåð³àëó. ²íîä³ äëÿ ñïðîùåííÿ ðîçâ’ÿçêó 
çàäà÷³ ïîêëàäàþòü, ùî ì³æ ïðóæíèìè ñòàëèìè ³ñíóº çàëåæí³ñòü [10] 

 1 2
12

1 22 1

E E
G =

+ ν ν( )
. (24) 

Øòðèõîâèìè ë³í³ÿìè 4 ïîêàçàíî ðîçïîä³ë çóñèëü äëÿ öüîãî âèïàäêó ïðè 

0ϕ = . Òóò Bi 0.01± = . 

  

 Рис. 1 Рис. 2 
Íà ðèñ. 3–6 ïîäàíî ãðàô³êè çì³íè ìåìáðàííèõ çóñèëü 1N  (ðèñ. 3), 2N  

(ðèñ. 4) ïðè ä³¿ ðóõîìîãî çîñåðåäæåíîãî äæåðåëà ñåðåäíüî¿ òåìïåðàòóðè 

îäèíè÷íî¿ ãóñòèíè 1 21, 0( )W W∗ ∗= =  òà çãèíàëüíèõ ìîìåíò³â 1M  (ðèñ. 5), 2M  
(ðèñ. 6) ïðè ä³¿ ðóõîìîãî çîñåðåäæåíîãî çãèíàëüíîãî äæåðåëà òåïëà îäèíè÷-

íî¿ ãóñòèíè 1 20, 1( )W W∗ ∗= =  äëÿ îðòîòðîïíîãî (êðèâ³ 1) òà ³çîòðîïíîãî 
(êðèâ³ 2) ìàòåð³àëó äëÿ äâîõ âèïàäê³â òåïëîîáì³íó: ñóö³ëüí³ ë³í³¿ â³äïîâ³äà-

þòü Bi 0.01± = , øòðèõîâ³ – Bi 1.0± = . 
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 Рис. 3 Рис. 4 

  
 Рис. 5 Рис. 6 

Íà ðèñ. 7 ³ 8 íàâåäåíî çàëåæíîñò³ â³ä êîîðäèíàòè x′  ìåìáðàííîãî 
çóñèëëÿ S  (ðèñ. 7) ³ êðóòíîãî ìîìåíòó H  (ðèñ. 8). Êðèâ³ 1 ïîêàçóþòü 
ðîçïîä³ë çóñèëëÿ ³ ìîìåíòó äëÿ îðòîòðîïíîãî ìàòåð³àëó ïðè 0ϕ = , êðèâ³ 2 
– äëÿ ³çîòðîïíîãî, êðèâ³ 3 – äëÿ âèïàäêó (24). Ñóö³ëüí³ ë³í³¿ â³äïîâ³äàþòü 

Bi 0.01± = , øòðèõîâ³ – Bi 1.0± = . Òóò òà âèùå 1 2 0.025k k= = , 1′τ = , 1v′ = .  

   
 Рис. 7 Рис. 8 

Àíàë³ç ãðàô³ê³â, íàâåäåíèõ íà ðèñ. 1–8, äîçâîëÿº çðîáèòè âèñíîâîê, ùî 
ïàðàìåòðè îðòîòðîï³¿ ³ òåïëîîáì³íó çíà÷íî âïëèâàþòü íà ïîâåä³íêó ñèëîâèõ 
ôàêòîð³â â îáîëîíö³. Çàëåæí³ñòü êîìïîíåíò òåðìîïðóæíîãî ñòàíó îáîëîíêè 
â³ä êóòîâî¿ êîîðäèíàòè äëÿ îðòîòðîïíîãî ìàòåð³àëó íå º ñèìåòðè÷íîþ. 
Çá³ëüøåííÿ ³íòåíñèâíîñò³ òåïëîîáì³íó ïðèçâîäèòü äî çìåíøåííÿ çà àáñî-
ëþòíîþ âåëè÷èíîþ çíà÷åíü âíóòð³øí³õ ñèëîâèõ ôàêòîð³â. Êð³ì òîãî, âèêî-
ðèñòàííÿ ð³âíÿííÿ (24) òàêîæ âïëèâàº íà ðîçïîä³ë òåðìîïðóæíèõ êîìïî-
íåíò.  
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ТЕРМОУПРУГОСТЬ ОРТОТРОПНЫХ ОБОЛОЧЕК ПОД ДЕЙСТВИЕМ 
ДВИЖУЩЕГОСЯ СОСРЕДОТОЧЕННОГО ИСТОЧНИКА ТЕПЛА  
 
Ðåøåíà çàäà÷à òåðìîóïðóãîñòè äëÿ òîíêèõ îðòîòðîïíûõ îáîëî÷åê íåîòðèöà-
òåëüíîé ãàóññîâîé êðèâèçíû ïîä äåéñòâèåì äâèæóùåãîñÿ ïî ïîâåðõíîñòè îáîëî÷êè 
ñîñðåäîòî÷åííîãî èñòî÷íèêà òåïëà. Çàäàíû ëèíåéíîå ðàñïðåäåëåíèå òåìïåðàòó-
ðû ïî òîëùèíå îáîëî÷êè è êîíâåêòèâíûé òåïëîîáìåí ïî çàêîíó Íüþòîíà ñ áîêî-
âûõ ïîâåðõíîñòåé îáîëî÷êè. Ñ ïîìîùüþ èíòåãðàëüíûõ ïðåîáðàçîâàíèé Ôóðüå è 
Ëàïëàñà ïîëó÷åíî ðåøåíèå â àíàëèòè÷åñêîì âèäå. Èññëåäîâàíî âëèÿíèå òåðìîìå-
õàíè÷åñêèõ ñâîéñòâ ìàòåðèàëà, à òàêæå ïàðàìåòðîâ òåïëîîáìåíà ñ îêðóæàþùåé 
ñðåäîé íà êîìïîíåíòû íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ îáîëî÷êè. 
 
THERMOELASTICITY OF ORTHOTROPIC SHELLS 
UNDER MOVING CONCENTRATED SOURCE OF HEAT 
 
The problem of thermoelasticity for thin orthotropic shells of non-negative curvature 
under moving on the shell surface source of heat is solved. Linear distribution of 
temperature across the thickness of a shell and convection heat exchange according to 
the Newton law from its lateral surfaces is given. Using Fourier and Laplace integral 
transformations the solution in analytical form is obtained. The influence of thermo-
mechanic parameters of the shell and parameters of heat exchange on the components 
of the stress-strain state of the shell is studied. 
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