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Äàíà ðîáîòà ïðèñâÿ÷åíà ïîáóäîâ³ ÷èñåëüíîãî ìåòîäó ðîçâ’ÿçàííÿ 

òà àíàë³çó ðàä³àëüíèõ íåñòàö³îíàðíèõ êîëèâàíü ïîðîæíèñòî¿ 

ï’ºçîêåðàì³÷íî¿ ïîëÿðèçîâàíî¿ ïî òîâùèí³ êóë³ ïðè åëåêòðè÷íèõ 

çáóðåííÿõ. Íåõàé âíóòð³øí³é ðàä³óñ êóë³ hRr !"
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, çîâí³øí³é – 

hRr #"
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. Êîëèâàííÿ êóë³ îïèñóþòüñÿ ð³âíÿííÿì ðóõó ³ 

êâàç³ñòàòè÷íèì ð³âíÿííÿì äëÿ åëåêòðè÷íèõ çì³ííèõ [2] 
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ïðè ìàòåð³àëüíèõ ñï³ââ³äíîøåííÿõ  
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Ïî÷àòêîâ³ óìîâè íàêëàäàþòüñÿ íà ïåðåì³ùåííÿ òà ¿õ øâèäêîñò³ 

[3] 
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Íà çîâí³øí³õ â³ëüíèõ â³ä ìåõàí³÷íèõ íàâàíòàæåíü 

åëåêòðîäîâàíèõ ïîâåðõíÿõ ñôåðè çàäàºòüñÿ åëåêòðè÷íèé ïîòåíö³àë. 

Ìàºìî ãðàíè÷í³ óìîâè â âèãëÿä³: 
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Ïî÷àòêîâî-êðàéîâó çàäà÷ó (1)-(4) çâîäèìî äî áåçðîçì³ðíîãî 

âèãëÿäó çà äîïîìîãîþ ïîçíà÷åíü 
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&" – íîðìóþ÷³ âåëè÷èíè. Ââåäåííÿ 

ïàðàìåòðà êðèâèçíè )  äîçâîëÿº â ÷àñòèííîìó âèïàäêó ïðè 0")  

çíàõîäèòè ðîçâ’ÿçîê çàäà÷³ ïðî êîëèâàííÿ ïëîñêîãî ï’ºçîêåðàì³÷íîãî 

øàðó [1]. Íàäàë³ çíàêè áåçðîçì³ðíîñò³ îïóñêàþòüñÿ. 
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Ìàºìî ñèñòåìó ð³âíÿíü åëåêòðîïðóæíîñò³ (1), (2) â áåçðîçì³ðíîìó 

âèãëÿä³ 
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Ïî÷àòêîâ³ ³ ãðàíè÷í³ óìîâè (3)(4) íå çì³íþþòü ñâîãî âèãëÿäó. 

Äëÿ ðîçâ’ÿçàííÿ ïî÷àòêîâî-êðàéîâî¿ çàäà÷³ (6)(7)(3)(4) áóäóºòüñÿ 

÷èñåëüíà ñõåìà íà îñíîâ³ ñ³òêîâèõ àïðîêñèìàö³é ³ ð³çíèöåâèõ ñõåì. Â 

³íòåðâàë³ ³íòåãðóâàííÿ ]1,1[!+x  ââîäèòüñÿ ðîçáèòòÿ ,  òàêèì ÷èíîì, 

ùî êðàéí³ òî÷êè ðîçáèòòÿ çíàõîäÿòüñÿ íà â³äñòàí³ 2/
x

-  â³ä ê³íö³â 

³íòåðâàëó: 
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Ìåõàí³÷í³ ïåðåì³ùåííÿ òà åëåêòðè÷íèé ïîòåíö³àë áóäåìî 

øóêàòè â âóçëàõ ðîçáèòòÿ, à ìåõàí³÷í³ íàïðóæåííÿ ³ åëåêòðè÷íà 

³íäóêö³ÿ – â öåíòðàõ êîì³ðîê ðîçáèòòÿ. Ð³çíèöåâà ôîðìà ð³âíÿíü 

åëåêòðîïðóæíîñò³ (6) çàïèñóºòüñÿ äëÿ âíóòð³øí³õ òî÷îê ðîçáèòòÿ ³ 

ïðèéìàº âèãëÿä: 
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Ìàòåð³àëüí³ ñï³ââ³äíîøåííÿ (7) çàïèñóºìî â öåíòðàõ êîì³ðîê 
ðîçáèòòÿ: 
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Çíà÷åííÿ ïåðåì³ùåíü òà åëåêòðè÷íîãî ïîòåíö³àëó â çàêîíòóðíèõ 

òî÷êàõ ðîçáèòòÿ âèêëþ÷àþòüñÿ ç ð³âíÿíü çà äîïîìîãîþ ð³çíèöåâî¿ 

ôîðìè ãðàíè÷íèõ óìîâ. Îòðèìóºìî íàñòóïí³ âèðàçè: 
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Ðîçâ’ÿçóþ÷ó ñèñòåìó ð³âíÿíü îòðèìóºìî øëÿõîì ï³äñòàíîâêè â 

(8) ñï³ââ³äíîøåíü (9), (10). Äëÿ ³íòåãðóâàííÿ ïî ÷àñó ââîäèìî 

ðîçáèòòÿ 
t

4  ³íòåðâàëó ÷àñó ],0[ Tt+ ç êðîêîì t- . Ðîçâ’ÿçîê øóêàºòüñÿ 

çà äîïîìîãîþ ÿâíî¿ ð³çíèöåâî¿ ñõåìè 
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äå 5 – ïàðàìåòð ñõåìè.  

Ïðè âèêîðèñòàíí³ ñõåìè Íüþìàðêà (12) ìàºìî ñèñòåìó 
11 ## "6 kk FUM , ç ÿêî¿ âñ³ øóêàí³ âåëè÷èíè çíàõîäÿòüñÿ îäíî÷àñíî. 

Ïðè çàñòîñóâàíí³ ÿâíî¿ ñõåìè (11) ìåõàí³÷í³ ïåðåì³ùåííÿ íà 1#k -ìó 

÷àñîâîìó øàð³ çíàõîäÿòüñÿ ÷åðåç çíà÷åííÿ ïàðàìåòð³â 

åëåêòðîìåõàí³÷íîãî ñòàíó íà ïîïåðåäí³õ ÷àñîâèõ øàðàõ çà äîïîìîãîþ 

ñòàíäàðòíèõ âèðàç³â ìåòîäó, òîä³ ÿê åëåêòðè÷íèé ïîòåíö³àë  

çíàõîäèòüñÿ ç ñèñòåìè àëãåáðà¿÷íèõ ð³âíÿíü, ùî îòðèìóºòüñÿ ç 

ð³çíèöåâî¿ ôîðìè êâàç³ñòàòè÷íîãî ð³âíÿííÿ äëÿ åëåêòðè÷íî¿ ³íäóêö³¿.  

Ïðîàíàë³çóâàâøè ðåçóëüòàòè îá÷èñëåíü, âñòàíîâëåíî, ùî äëÿ 

ìåòîäà Íüþìàðêà îïòèìàëüíèì º çíà÷åííÿ ïàðàìåòðà 5.0"5 . 

Ðîçâ’ÿçêè îáîìà ìåòîäàìè ñï³âïàëè ç òî÷í³ñòþ 99% ïðè 31"n , 

0125.0"-t .  Â³äì³òèìî, ùî ìåòîä Íüþìàðêà ÿê àáñîëþòíî ñò³éêèé 

ìåòîä äàº äîñòàòíþ çá³æí³ñòü  ³ ïðè çíà÷íî á³ëüøèõ ( 0250.0"-t ) 

çíà÷åííÿõ êðîêó ïî ÷àñîâ³é êîîðäèíàò³, í³æ ÿâíà ñõåìà. 
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Íà ðèñ. 1 ïðåäñòàâëåíà äèíàì³êà çì³íè ðàä³àëüíèõ ïåðåì³ùåíü u  

ð³çíèõ òî÷îê ñò³íêè êóë³. Áà÷èìî, ùî êîëèâàííÿ ñåðåäèííî¿ ïîâåðõí³ 

0"x îïèñóþòüñÿ ãëàäêèìè êðèâèìè ç ïåð³îäîì 437
u
T , à ïåðåì³ùåííÿ 

çîâí³øí³õ ïîâåðõîíü, êð³ì êîëèâàíü ç ïåð³îäîì 
u
T , çä³éñíþþòü 

êîëèâàííÿ â³äíîñíî ñåðåäèííî¿ ïîâåðõí³ ç ïåð³îäîì, ùî º ïîäâîºíèì 

÷àñîì ïðîá³ãó åëåêòðîïðóæíî¿ õâèë³ òîâùèíè ñò³íêè êóë³. Ïåð³îä 

êîëèâàíü ñåðåäèííî¿ ïîâåðõí³ çàëåæèòü â³ä ïàðàìåòðà êðèâèçíè ) . 

Â³äì³òèìî, ùî ïðèêëàäåíå íàâàíòàæåííÿ âèêëèêàº ïåð³îäè÷íå 

ðîçøèðåííÿ  êóë³ ç ìàêñèìàëüíèì ðîçì³ðíèì â³äõèëåííÿì 

ñåðåäèííî¿ ïîâåðõí³   u 4

max
1011 !6" . 

 

 

Ðèñóíîê 1 

 

 

Ðèñóíîê 2 

 

Ðàä³àëüí³ íàïðóæåííÿ ìàêñèìàëüí³ íà ñåðåäèíí³é ïîâåðõí³. Ðèñ. 

2 ³ëþñòðóº çì³íó ðàä³àëüíèõ íàïðóæåíü ïðè 0"x . Áà÷èìî, ùî 
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íàïðóæåííÿ â ïåðåð³ç³ âèíèêàþòü ìèòòºâî çã³äíî äî ðîçïîä³ëó 

åëåêòðè÷íîãî ïîòåíö³àëó â ìîìåíò ïðèêëàäàííÿ íàâàíòàæåííÿ, ³ ç 

÷àñîì äîñÿãàþòü ìàêñèìàëüíîãî ðîçì³ðíîãî çíà÷åííÿ !"#18
max

"% .  
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