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óíèôèöèðîâàòü ñõåìíûå ðåøåíèÿ, ïîâûñèòü èõ áåçîòêàçíîñòü è 
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ÏÎÑÒÀÍÎÂÀ ÏÐÎÁËÅÌÈ 

Ï³äâèùåííÿ ð³âíÿ àâòîìàòèçàö³¿ ³ åôåêòèâíîñò³ âèêîðèñòàííÿ 
ìåòàëîð³çàëüíîãî îáëàäíàííÿ çóìîâëþº ðîçøèðåííÿ ôóíêö³îíàëüíèõ 
ìîæëèâîñòåé ³ ï³äâèùåííÿ âèìîã äî íàä³éíîñò³ åëåêòðè÷íèõ ñèñòåì 
óïðàâë³ííÿ, çàáåçïå÷óþ÷ó ïîñë³äîâí³ñòü ³ êîîðäèíàö³þ ðîáîòè 
ìåõàí³÷íîãî, ã³äðàâë³÷íîãî, ïíåâìàòè÷íîãî ³ çìàùóâàëüíîãî îáëàäíàííÿ, 
òðàíñïîðòíèõ ìåõàí³çì³â ³ êîíòðîëüíî-âèì³ðþâàëüíèõ ïðèñòðî¿â 
(ðåàë³çàö³þ ï³äãîòîâ÷èõ, äîçâîëÿþ÷è, áëîêóâàëüíî-çàáîðîíÿþ÷èõ êîìàíä, 
çàõèñò îáëàäíàííÿ ³ îáñëóãîâóþ÷îãî ïåðñîíàëó òà ñèãíàë³çàö³þ 
íîðìàëüíèõ ³ àâàð³éíèõ ïîëîæåíü). 

 
ÐÅÇÓËÜÒÀÒÈ ÄÎÑË²ÄÆÅÍÜ 

Óñêëàäíåííÿ âçàºìîä³¿ ÷èñëåííèõ ôîðìîóòâîðþâà÷³â ç äîïîì³æíèìè 
ôóíêö³îíàëüíèìè âóçëàìè ìåòàëîð³çàëüíîãî îáëàäíàííÿ 
õàðàêòåðèçóºòüñÿ òåíäåíö³ºþ ïåðåõîäó â³ä äèôåðåíö³àëüíèõ äî 
³íòåãðàëüíèõ çâ'ÿçê³â â åëåêòðè÷íèõ ñèñòåìàõ óïðàâë³ííÿ ³ íåîáõ³äí³ñòþ 
ï³äâèùåííÿ ¿õ íàä³éíîñò³. 

Äëÿ âèðîáëåííÿ êåðóþ÷î¿ ä³¿ âèêîíàâ÷îãî ïðèñòðîþ íåîáõ³äíî 
âèêîíàòè áåçë³÷ ïîñë³äîâíèõ àáî ïàðàëåëüíèõ óìîâ, ùî ðåàë³çóþòüñÿ 
ð³çíèìè ëîã³÷íèìè àïàðàòíèìè îïåðàö³ÿìè â åëåìåíòàðíèõ ëàíöþãàõ 
åëåêòðè÷íî¿ ñèñòåìè (çàâäàííÿ ðåæèìó ³ öèêëó, îñíîâíîãî êîíòðîëþ 
ïî÷àòêîâîãî ³ ðîáî÷îãî ïîëîæåíü, ð³çíèõ áëîêóâàëüíèõ ³ çàõèñíèõ 
êîìàíä ³ ò. ï.). 

Íà ðèñ. 1 íàâåäåíèé òèïîâèé îäíîôóíêö³îíàëüíèé ëàíöþã ñõåìè 
êåðóâàííÿ. Ó çàãàëüíîìó âèïàäêó åëåìåíòàðíèé ëàíöþã ìîæå ñêëàäàòèñÿ 
ç òàêèõ çâ'ÿçê³â: 

êîíòàêò³â ïåðåìèêà÷à SÀ1 (çàâäàííÿ ðåæèìó ðîáîòè) ³ êíîïîê SB1, 
SB2 ³ òîìó ïîä³áíå (âêëþ÷åííÿ ³ â³äêëþ÷åííÿ öèêëó); 

êîíòàêò³â àïàðàò³â îñíîâíîãî êîíòðîëþ SQ1 (ïî÷àòêîâîãî ³ ðîáî÷îãî 
ïîëîæåíü); 

êîíòàêò³â ïðîì³æíèõ ðåëå ÊV1, ÊV2 òà ðåëå ÷àñó KT1 – ëîã³÷íèõ 
çâ'ÿçê³â (ï³äãîòîâ÷î-çàáîðîíÿþ÷èõ ³ äîçâîëÿþ÷èõ êîìàíä); 

êîíòàêò³â çàõèñíî¿ àïàðàòóðè - òåïëîâèõ ðåëå ³ àâòîìàòè÷íèõ 
âèìèêà÷³â FÐ, QF; 
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êîòóøêè âèêîíàâ÷îãî ïðèñòðîþ ÊÌ. 
 

 
 

Ðèñóíîê 1 - Òèïîâèé îäíîôóíêö³îíàëüíèé ëàíöþã ñõåìè êåðóâàííÿ 
 

Â îêðåìèõ âèïàäêàõ åëåìåíòàðí³ ëàíöþãè ìîæóòü ñêëàäàòèñÿ ç 
îäíîãî, äâîõ àáî òðüîõ ïîºäíàíü âèùåçãàäàíèõ êîìïîíåíò. 

Òåíäåíö³ÿ ³íòåãðàö³¿ çâ'ÿçê³â ì³æ êîìàíäíèìè ³ âèêîíàâ÷èìè 
åëåìåíòàìè, çá³ëüøåííÿ ïðîòÿæíîñò³ åëåêòðè÷íèõ êîìóí³êàö³é 
çóìîâëþþòü íåîáõ³äí³ñòü ïåðåõîäó â³ä ³íòó¿òèâíî¿ ïîáóäîâè ñèñòåì 
êåðóâàííÿ äî ³íæåíåðíèõ ïîáóäîâ, ùî ´ðóíòóþòüñÿ íà óðàõóâàíí³ 
êîíñòðóêòèâíèõ ³ åêñïëóàòàö³éíèõ ÷èííèê³â, ÿê³ âïëèâàþòü íà 
çàáåçïå÷åííÿ ¿õ ïàðàìåòðè÷íî¿ íàä³éíîñò³ [1]. 

Ïðè ïðîåêòóâàíí³ åëåêòðîîáëàäíàííÿ ñêëàäíèõ âåðñòàò³â ³ 
àâòîìàòè÷íèõ ë³í³é çàâäàííÿ îïòèì³çàö³¿ (ì³í³ì³çàö³¿) çàñòîñîâóâàíî¿ 
àïàðàòóðè âèð³øóºòüñÿ óñêëàäíåííÿì çâ'ÿçê³â ì³æ êîìàíäíèìè ³ 
âèêîíàâ÷èìè åëåìåíòàìè. Ïðàêòè÷íî öå ÷àñòî ïðèçâîäèòü äî íåäîñòàòíüî 
íàä³éíîãî ôóíêö³îíóâàííÿ â óìîâàõ åêñïëóàòàö³¿ îêðåìèõ ëàíöþã³â, 
ïîáóäîâàíèõ áåç íàëåæíî¿ ïåðåâ³ðêè ïàðàìåòðè÷íî¿ íàä³éíîñò³ íà ñòàä³¿ 
ïðîåêòóâàííÿ. 

Ó ðÿä³ âèïàäê³â ìîæëèâèé ïåðåõ³ä äî ìåíø ³íòåãðîâàíèõ çâ'ÿçê³â ì³æ 
êîìàíäíèìè ³ âèêîíàâ÷èìè åëåìåíòàìè øëÿõîì óâåäåííÿ äîäàòêîâîãî 
ïðîì³æíîãî åëåìåíòà àáî äóáëþâàííÿ. 

Çâ'ÿçîê ì³æ êîìàíäíèìè ³ âèêîíàâ÷èìè åëåìåíòàìè 
îäíîôóíêö³îíàëüíîãî ëàíöþãà ³ ðîçðàõóíêîâà ñõåìà íàâåäåí³ íà ðèñ. 2. 

 

 
 

Ðèñóíîê 2 - Ðîçðàõóíêîâà ñõåìà îäíîôóíêö³îíàëüíîãî ëàíöþãà 
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Àíàë³ç åëåêòðîîáëàäíàííÿ â³ò÷èçíÿíèõ ³ çàðóá³æíèõ âåðñòàò³â òà 
àâòîìàòè÷íèõ ë³í³é ïîêàçóº, ùî äëÿ æèâëåííÿ ëàíöþã³â óïðàâë³ííÿ ç 
äîñòàòí³ì òåõí³÷íèì îáãðóíòóâàííÿì ó äàíèé ÷àñ ïðèéíÿòà íàïðóãà 
110 Â çì³ííîãî ³ 24 Â ïîñò³éíîãî ñòðóìó [2]. Äëÿ çàáåçïå÷åííÿ 
íîì³íàëüíî¿ íàïðóãè 110 Â çì³ííîãî ñòðóìó çàñòîñîâóþòüñÿ 
òðàíñôîðìàòîðè êåðóâàííÿ. 

Âèá³ð äîïóñòèìîãî êîìá³íàö³éíîãî ïîºäíàííÿ ïîñë³äîâíî ñïîëó÷åíèõ 
êîíòàêò³â êîìàíäíèõ, ëîã³÷íèõ ³ çàõèñíèõ åëåìåíò³â òà ïðîòÿæíîñò³ 
êîìóí³êàö³é îäíîôóíêö³îíàëüíîãî ëàíöþãà çì³ííîãî ³ ïîñò³éíîãî ñòðóìó 
ïðîâîäèòüñÿ âèõîäÿ÷è ç óìîâè çàáåçïå÷åííÿ íàä³éíî¿ ðîáîòè âèêîíàâ÷îãî 
ïðèñòðîþ. Öå äîñÿãàºòüñÿ òåõí³÷íî îáãðóíòîâàíèì îáë³êîì õàðàêòåðèñòèê 
ð³çíèõ çà êîíñòðóêö³ºþ ³ ïðèçíà÷åííÿì çâ'ÿçê³â, âàð³àö³é íàïðóãè 
óïðàâë³ííÿ ³ ñïðàöüîâóâàííÿ, ñïîæèâàíî¿ ïîòóæíîñò³ âèêîíàâ÷îãî 
ïðèñòðîþ, ïåðåòèíó ³ ïðîòÿæíîñò³ êîìóí³êàö³é. 

Ïðè íàéã³ðøèõ êîíñòðóêòèâíèõ ³ åêñïëóàòàö³éíèõ ïîºäíàííÿõ 
íàïðóãà íà çàòèñêàõ âèêîíàâ÷îãî ïðèñòðîþ ïîâèííà çàáåçïå÷óâàòè éîãî 
ñïðàöüîâóâàííÿ ³ íîðìàëüíó ïðàöåçäàòí³ñòü ïðîòÿãîì íîðìîâàíîãî 
ïåð³îäó êîìóòàö³éíî¿ çíîñîñò³éêîñò³. Ïðè öüîìó âèáðàíèé çàïàñ ùîäî 
íàïðóãè ñïðàöüîâóâàííÿ âèêîíàâ÷èõ ïðèñòðî¿â çì³ííîãî ñòðóìó ïîâèíåí 
áóòè äîñòàòí³ì, ùîá øóì ó ïðîöåñ³ åêñïëóàòàö³¿ íå ïåðåâèùóâàâ ð³âíÿ, 
õàðàêòåðíîãî äëÿ ¿õ åëåêòðîìàãí³òíèõ ñèñòåì. Öå äîäàòêîâà óìîâà 
çàáåçïå÷åííÿ íîðìàëüíî¿ ïðàöåçäàòíîñò³ âèêîíàâ÷èõ ïðèñòðî¿â çì³ííîãî 
ñòðóìó â åêñïëóàòàö³¿. Âàð³àö³ÿ íàïðóãè ñïðàöüîâóâàííÿ âèêîíàâ÷èõ 
ïðèñòðî¿â ïîâèííà ðîçãëÿäàòèñÿ çàëåæíî â³ä ¿õ òî÷í³ñíèõ õàðàêòåðèñòèê. 

Äëÿ âèð³øåííÿ âêàçàíîãî éìîâ³ðí³ñíî-ñòàòèñòè÷íîãî çàâäàííÿ 
ñòîñîâíî ëàíöþã³â óïðàâë³ííÿ çì³ííîãî ñòðóìó ðîçãëÿíåìî âåêòîðíó 
ä³àãðàìó íàïðóãè îäíîôóíêö³îíàëüíîãî ëàíöþãà (ðèñ.3). 

 

 
 

Ðèñóíîê 3 - Âåêòîðíà ä³àãðàìà íàïðóãè 
 

Ìîæëèâ³ äâà âàð³àíòè ð³øåííÿ çàäà÷³ âèõîäÿ÷è ³ç äàíèõ êîåô³ö³ºíòà 
ïîòóæíîñò³ 1cosϕ  (ïðè ðîçãëÿä³ ñõåìè óïðàâë³ííÿ ÿê ñóêóïíîñò³ 

ïàðàëåëüíî âêëþ÷åíèõ îäíîôóíêö³îíàëüíèõ ëàíöþã³â) ³ 2cosϕ  (ïðè 

ðîçãëÿä³ íåçàëåæíîãî îäíîôóíêö³îíàëüíîãî ëàíöþãà). 
Íà ðèñ. 3 ïðèéíÿò³ òàê³ ïîçíà÷åííÿ: 
Uy - ì³í³ìàëüíå äîïóñòèìå çíà÷åííÿ íàïðóãè óïðàâë³ííÿ; 
Uñïð - ìàêñèìàëüíå çíà÷åííÿ íàïðóãè ñïðàöüîâóâàííÿ 

åëåêòðîìàãí³òíîãî âèêîíàâ÷îãî ïðèñòðîþ; 
UR - àêòèâíà ñêëàäîâà íàïðóãè ñïðàöüîâóâàííÿ; 
UL  - ³íäóêòèâíà ñêëàäîâà íàïðóãè ñïðàöüîâóâàííÿ; 

∆Umax=∆Uk+∆Uïð 

Uñïð 

UR 

 Uó 
U

L
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1ϕ  ³ 2ϕ  - êóòè çñóâó ôàç ì³æ íàïðóãîþ óïðàâë³ííÿ ³ ñïðàöüîâóâàííÿ 

òà ñòðóìîì ëàíöþãà; 

ïðU∆  - ïàä³ííÿ íàïðóãè â åëåêòðè÷íèõ êîìóí³êàö³ÿõ; 

êU∆  - ïàä³ííÿ íàïðóãè â ïîñë³äîâíî ç'ºäíàíèõ êîíòàêòàõ. 

Âèõîäÿ÷è ç âåêòîðíî¿ ä³àãðàìè äëÿ ïåðøîãî âàð³àíòà 
 

( ) 2 2 2
1 1cos 1 sinñåð ê ïð y cp yI R R U U Uϕ ϕ+ = − − −

, 
 

çâ³äêè 
 

2
2

1 1cos 1 sin
y yí

ê
í ñåð ñåð

U UU l
R p

S U U q
ϕ ϕ

   = − − −   
   

,  (1) 

 
äå ñåðI  - ñòðóì ñïðàöüîâóâàííÿ âèêîíàâ÷îãî ïðèñòðîþ; 

êR  ³ ïðR  - îïîðè ïîñë³äîâíî ñïîëó÷åíèõ êîíòàêò³â ³ åëåêòðè÷íèõ 

êîìóí³êàö³é; 

íS  - ïóñêîâà ïîòóæí³ñòü âèêîíàâ÷îãî ïðèñòðîþ; 

íU  - íîì³íàëüíà íàïðóãà; 

l  ³ q  - äîâæèíà ³ ïåðåòèí åëåêòðè÷íèõ êîìóí³êàö³é. 

Äëÿ äðóãîãî âàð³àíòà 
 

2
2

2
2 2sin cos

yí
ê

í ñð

UU l
R

S U q
ϕ ϕ ρ

   ≤ − − −   
   

.  (2) 

 
Ç óðàõóâàííÿì çíàííÿ ñïîæèâàíî¿ àêòèâíî¿ ïîòóæíîñò³ âèêîíàâ÷îãî 

ïðèñòðîþ Ð ïðè âêëþ÷åíí³ ìàºìî 
 

22
2 21

yí
k í

í cep

UU l
R S P P

S U q
ρ

       ≤ − + − −            

.  (3) 

 
Ïðè ï³äâèùåíí³ ïóñêîâî¿ ïîòóæíîñò³ âèêîíàâ÷èõ ïðèñòðî¿â 

âèÿâëÿºòüñÿ òåíäåíö³ÿ çíèæåííÿ cosϕ . Äëÿ çàãàëüíîïðîìèñëîâèõ 

âèêîíàâ÷èõ ïðèñòðî¿â ³ç ïóñêîâîþ ïîòóæí³ñòþ â ìåæàõ â³ä 100 äî 2000 
ÂÀ ñåðåäí³ çíà÷åííÿ cosϕ  ìîæóòü áóòè îïèñàí³ ñï³ââ³äíîøåííÿì [3]:  

 
4cos 2/Ï íSϕ ≈ . 

 
Òîä³ çã³äíî ç (2) 
 

2
2

5 /4
1 4 2

yí
ê í
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UU l
R S

U qS
ρ

     ≤ − + − −        

.  (4) 
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Äëÿ âèêîíàííÿ âèùåçãàäàíèõ ðîçðàõóíê³â íåîáõ³äíî çíàòè âàð³àö³¿ 
çíà÷åíü íàïðóãè óïðàâë³ííÿ ³ ñïðàöüîâóâàííÿ âèêîíàâ÷èõ åëåìåíò³â, ùî 
âèçíà÷àþòü ¿õ íàéã³ðø³ ïîºäíàííÿ ó ïðîöåñ³ åêñïëóàòàö³¿. 

Îö³íêà íèæíüîãî ð³âíÿ íàïðóãè óïðàâë³ííÿ â ëàíöþãàõ çì³ííîãî 
ñòðóìó ìîæå áóòè ïðîâåäåíà âèõîäÿ÷è ç íîðì ÿêîñò³ åëåêòðè÷íî¿ åíåðã³¿ 
ó ïðèéìà÷³â, ùî ïðèºäíóþòüñÿ äî åëåêòðè÷íèõ ìåðåæ çàãàëüíîãî 
çàñòîñóâàííÿ, òà ãðàíè÷íî äîïóñòèìîãî â³äõèëåííÿ íîì³íàëüíî¿ âòîðèííî¿ 
íàïðóãè ó òðàíñôîðìàòîðàõ óïðàâë³ííÿ. 

Çã³äíî ç ÃÎÑÒ 13109-97 ì³í³ìàëüíå çíà÷åííÿ íàïðóãè ìåðåæ³ 
æèâëåííÿ ïîâèííà ñòàíîâèòè 0,95 íU . Â³äïîâ³äíî äî ÃÎÑÒ 19294-97 

ãðàíè÷íî äîïóñòèìå â³äõèëåííÿ âòîðèííî¿ íàïðóãè ó òðàíñôîðìàòîðàõ 
óïðàâë³ííÿ íîðìóºòüñÿ ±10% â³ä íîì³íàëüíîãî çíà÷åííÿ. Òàêèì ÷èíîì, 
íèæí³é ðîçðàõóíêîâèé ð³âåíü íàïðóãè ëàíöþãà óïðàâë³ííÿ íåîáõ³äíî 
áðàòè òàêèì, ùî äîð³âíþº 0,85 íU . 

Ð³âåíü íàä³éíîñò³ âèêîíàâ÷èõ åëåìåíò³â âèçíà÷àºòüñÿ ñòóïåíåì 
óçãîäæåííÿ ¿õ òÿãîâèõ ³ ïðîòèä³þ÷èõ õàðàêòåðèñòèê ïðè ñïðàöüîâóâàíí³ 
³ â³äïóñêó (ïîâåðíåíí³). 

Ïðè ðàö³îíàëüíîìó êîíñòðóþâàíí³ âèêîíàâ÷èõ åëåìåíò³â 
çàáåçïå÷óþòüñÿ ï³äâèùåííÿ íàä³éíîñò³ ³ çíèæåííÿ ãàáàðèò³â çàâäÿêè 
îïòèìàëüíîìó óçãîäæåííþ ¿õ òÿãîâèõ ³ ïðîòèä³þ÷èõ õàðàêòåðèñòèê. Öå 
äîñÿãàºòüñÿ òåõí³÷íî îá´ðóíòîâàíèì âèáîðîì îïòèìàëüíî¿ íàïðóãè 
ñïðàöüîâóâàííÿ ³ â³äïóñêó åëåìåíò³â ç óðàõóâàííÿì âàð³àö³é çíà÷åíü 
ïàðàìåòð³â, ùî õàðàêòåðèçóþòü ÿê³ñòü çàñòîñîâóâàíèõ ìàòåð³àë³â, 
òî÷í³ñòü âèãîòîâëåííÿ ³ ðåæèì åêñïëóàòàö³¿ [4]. 

Âèá³ð îïòèìàëüíèõ çíà÷åíü íàçâàíèõ ïàðàìåòð³â ïðîâîäèòüñÿ 
âèõîäÿ÷è ç óìîâè çàáåçïå÷åííÿ ïðàêòè÷íî íåîáõ³äíî¿ íàä³éíîñò³ 
ñïðàöüîâóâàííÿ ³ â³äïóñêó. 

Ó çàãàëüíîìó âèãëÿä³ ³ìîâ³ðí³ñòü íàä³éíîãî ñïðàöüîâóâàííÿ åëåìåíòà 
ìîæå áóòè íàâåäåíà âèðàçîì 

 

0 0

( ) 1 ( ) ( )
cepU

cep cep Ï Ï cepP Z f U f U dU dU
∞  

 = −
 
  

∫ ∫ ,  (5) 

 

äå ( )Ïf U  ³ ( )ñeðf U  - ù³ëüíîñò³ ðîçïîä³ëó íàïðóãè æèâëåííÿ ³ 

ñïðàöüîâóâàííÿ åëåìåíòà. 
Ìåæ³ ³íòåãðóâàííÿ 0 ³ ∞ õàðàêòåðèçóþòü ãðàíè÷í³ ñòàíè ïðîòèä³þ÷îãî 

ïðèñòðîþ ïðè éîãî ïîëîìö³ ³ çàêëèíþâàíí³. 
Ó ïðîöåñ³ ðîáîòè âíàñë³äîê çíîñó ³ äåôîðìàö³¿ îêðåìèõ äåòàëåé ³ 

âóçë³â çì³íþºòüñÿ çíà÷åííÿ íàïðóãè ñïðàöüîâóâàííÿ. Íà îñíîâ³ 
åêñïåðèìåíòàëüíèõ äîñë³äæåíü âñòàíîâëåíî, ùî çì³íó íàïðóãè 
ñïðàöüîâóâàííÿ åëåêòðîìàãí³òíèõ âèêîíàâ÷èõ ïðèñòðî¿â ìîæíà 
àïðîêñèìóâàòè â ïåðøîìó íàáëèæåíí³ ë³í³éíèìè çàëåæíîñòÿìè, ³ 
äèôåðåíö³àëüíèé çàêîí ¿õ ðîçïîä³ëó º íîðìàëüíèì: 

 

0
0( )

cep
cepcep UU Z U Zυ= ± ,    (6) 

 
äå 0ñeðU  - ñåðåäíº ïî÷àòêîâå çíà÷åííÿ íàïðóãè ñïðàöüîâóâàííÿ; 

Uñeðv  - øâèäê³ñòü çì³íè íàïðóãè ñïðàöüîâóâàííÿ. 

Ç óðàõóâàííÿì ðîçãëÿíóòèõ çàëåæíîñòåé âèðàç äëÿ îö³íêè ³ìîâ³ðíîñò³ 
íàä³éíîãî ñïðàöüîâóâàííÿ åëåêòðîìàãí³òíèõ âèêîíàâ÷èõ åëåìåíò³â ìàº 
âèãëÿä 
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( ) ( )
0

0

2 2 2

3
( ) 0,5

Ï cep

cep Ucep

cepÏ U U

cep

U v

U U v Z
P Z Ô

Z

σ

σ σ

 ± − ± 
= +  

 +
 

.  (7) 

 
Äëÿ ïðàêòè÷íèõ ðîçðàõóíê³â ñï³ââ³äíîøåííÿ (7) ñïðîùóºòüñÿ, 

îñê³ëüêè çã³äíî ç äîñë³äæåííÿìè ïàðàìåòðè÷íî¿ íàä³éíîñò³ 
åëåêòðîìàãí³òíèõ âèêîíàâ÷èõ ïðèñòðî¿â çàãàëüíîïðîìèñëîâîãî 
çàñòîñóâàííÿ çì³íà ¿õ ñåðåäí³õ çíà÷åíü íàïðóãè ñïðàöüîâóâàííÿ çà ïåð³îä 
íîðìîâàíî¿ ìåõàí³÷íî¿ çíîñîñò³éêîñò³ MZ  ìîæíà ïîäàòè çàëåæí³ñòþ 

 

0ZM
cep U cepU K U≈ , 

 
äå 

ZMUK  - êîåô³ö³ºíò (äëÿ ³íæåíåðíèõ ðîçðàõóíê³â 
ZMUK = 1,05). 

²ìîâ³ðí³ñòü íàä³éíîãî ñïðàöüîâóâàííÿ âèêîíàâ÷îãî ïðèñòðîþ 
âèçíà÷àºòüñÿ çà ôîðìóëîþ 

 

( )
( )min 0/ 1

0,5 ZM

cåp

Ï U cåp
ñð

Uo

U K U
P Z

S
Φ

 − = +  
  

,  (8) 

 
äå minÏU  - ì³í³ìàëüíà íàïðóãà æèâëåííÿ âèêîíàâ÷îãî åëåìåíòà 

(â³äïîâ³äíà äî ìàêñèìàëüíî¿ íàïðóãè ñïðàöüîâóâàííÿ); 

0

Uocåp
Uocåp

cåp

S
U

σ
=  - êîåô³ö³ºíò âàð³àö³¿ íàïðóãè ñïðàöüîâóâàííÿ. 

Çã³äíî ç (8), ³ìîâ³ðí³ñòü íàä³éíîãî ñïðàöüîâóâàííÿ åëåêòðîìàãí³òíèõ 
âèêîíàâ÷èõ ïðèñòðî¿â íå ìåíøå 0,999 çàáåçïå÷óºòüñÿ ïðè âèêîíàíí³ 
ð³âíîñò³ 

 

( )min 0/ 1
MÏ UoZ cåp

Uocåp

U K U

S
π

−
= , 

 
çâ³äêè 
 

( )min 0 1 S
ZMÏ U cåp UocepU K U π= + .   (9) 

 
Ç óðàõóâàííÿì çàáåçïå÷åííÿ ãàðàíòîâàíîãî íàä³éíîãî ñïðàöüîâóâàííÿ 

åëåêòðîìàãí³òíèõ âèêîíàâ÷èõ ïðèñòðî¿â ³ ð³âíîñò³ (9) âèðàç äëÿ îö³íêè 
ñóìàðíîãî ³ êîíòàêòíèõ îïîð³â êîìàíäíèõ ³ ëîã³÷íèõ åëåìåíò³â 
îäíîôóíêö³îíàëüíîãî ëàíöþãà óïðàâë³ííÿ çì³ííîãî ñòðóìó íàáèðàº 
âèãëÿäó 

 

( )

22

2 2

0

1
1

M

yí
ê ïð í

í UZ cåp Uocåp

UU
R R S Ð Ð

S K U Sπ

        + ≤ − + −       +        

,  (10) 
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( )

22

2 2

0

1
1

M

yí
ê í

í UZ cåp Uocåp

UU
R S Ð Ð

S K U Sπ

        ≤ − + −       +        

.       (11) 

Ñï³ââ³äíîøåííÿ (2) äîçâîëÿº îö³íèòè ãðàíè÷í³ çíà÷åííÿ ïóñêîâî¿ 
ïîòóæíîñò³ âèêîíàâ÷èõ ïðèñòðî¿â. Ïðè öüîìó ÿê ïî÷àòêîâå ïîëîæåííÿ 
ïðèéìàþòüñÿ íàÿâí³ñòü îäíîãî êîìóòàö³éíîãî çâ'ÿçêó ³ ìàëà ïðîòÿæí³ñòü 
êîìóí³êàö³é 

 

( )

2

2 2
í

0

U sin cos
1

M

y
í

UZ cep Uocep

U
S

K U S
ϕ ϕ

π

    ≤ − − 
 +   

.  (12) 

 
Àíàë³ç ðîçïîä³ë³â íàïðóãè ñïðàöüîâóâàííÿ åëåêòðîìàãí³òíèõ 

âèêîíàâ÷èõ åëåìåíò³â çì³ííîãî ñòðóìó çàãàëüíîïðîìèñëîâîãî 
çàñòîñóâàííÿ äîâîäèòü, ùî ( )0,65 0,7

cepo íU U= −  ³ 0,04
ocep

US ≈ . 

Ïðè öüîìó çã³äíî ç (9) ìàêñèìàëüí³ çíà÷åííÿ íàïðóãè ñïðàöüîâóâàííÿ 
âèêîíàâ÷èõ åëåìåíò³â ìîæóòü ñòàíîâèòè (0,77-0,82) íU . 

Âèõîäÿ÷è ³ç ñï³ââ³äíîøåííÿ (10), íà ðèñ. 4 ïîáóäîâàí³ çàëåæíîñò³ 

( )íf Sê ïðR R+ =  ïðè íîì³íàëüí³é íàïðóç³ 110 Â çì³ííîãî ñòðóìó ³ 

çíà÷åííÿõ íàïðóãè ñïðàöüîâóâàííÿ âèêîíàâ÷èõ åëåìåíò³â ó ä³àïàçîí³ 
(0,75-0,82) íU . Îáëàñòü ïóñêîâèõ ïîòóæíîñòåé îõîïëþº øèðîêó 

íîìåíêëàòóðó çàñòîñîâóâàíèõ ó âåðñòàòîáóäóâàíí³ âèêîíàâ÷èõ åëåìåíò³â 
(åëåêòðîìàãí³ò³â, ã³äðî ³ ïíåâìîçîëîòíèê³â, ìàãí³òíèõ ïóñêà÷³â, 
êîíòàêòîð³â ³ ò. ï.). Çàëåæíîñò³ ïîáóäîâàí³ ç óðàõóâàííÿì çìåíøåííÿ 
êîåô³ö³ºíòà ïîòóæíîñò³ âèêîíàâ÷èõ åëåìåíò³â â³ä 0,8 äî 0,4 ïðè 
çá³ëüøåíí³ ¿õ ïóñêîâî¿ ïîòóæíîñò³ â ä³àïàçîí³ 70-2000 ÂÀ. 

Íåîáõ³äíî çíàòè îáëàñòü ãðàíè÷íèõ çíà÷åíü ïóñêîâèõ ïîòóæíîñòåé 
âèêîíàâ÷èõ åëåìåíò³â, ïðè ï³äêëþ÷åíí³ ÿêèõ äî òðàíñôîðìàòîðà 
óïðàâë³ííÿ íå ãàðàíòóºòüñÿ ¿õ íàä³éíå ôóíêö³îíóâàííÿ. Äëÿ ïðàêòè÷íèõ 
ðîçðàõóíê³â çà ãðàíè÷íèìè ð³âíÿìè äîö³ëüíà íàïðóãà ñïðàöüîâóâàííÿ 
âèêîíàâ÷èõ åëåìåíò³â âçÿòà òàêîþ, ùî äîð³âíþº 0,8 íU . 

Çã³äíî ³ç ñòàòèñòè÷íèìè äàíèìè ñåðåäíº çíà÷åííÿ îïîðó ñð³áíîãî 
êîíòàêòó, ïîêðèòîãî ñóëüô³äíîþ ïë³âêîþ, ìîæå ñòàíîâèòè 1-1,5 Îì. 

Îö³íêà ãðàíè÷íèõ ïîòóæíîñòåé âèêîíàâ÷èõ ïðèñòðî¿â, ïðè ÿêèõ íå 
çàáåçïå÷óºòüñÿ ¿õ íàä³éíà ðîáîòà, ïðîâîäèòüñÿ âèõîäÿ÷è ç óìîâè 
íàÿâíîñò³ îäíîãî êîìóòàö³éíîãî çâ'ÿçêó, ïðîòÿæíîñò³ êîìóí³êàö³é 0l ≈  ³ 

0,8cep íU U= . 

Ïåðåòèí çàëåæíîñò³ ( )íR f S∑ =  ïðè 0,8cep íU U= ³ç ïðÿìèìè  

R∑  =1 Îì ³ R∑  =1,5 Îì âèçíà÷àº îáëàñòü ãðàíè÷íèõ ïîòóæíîñòåé 

âèêîíàâ÷èõ ïðèñòðî¿â. Äëÿ äàíîãî âèïàäêó ïðè 0,8cep íU U=    

Sïð ≡ 900 – 1500 ÂÀ. 

Íà ðèñ. 4 íàâåäåí³ òàêîæ çàëåæíîñò³ ( )ïðR f l=  îïîðó êîìóí³êàö³é ïðè 

ð³çí³é ¿õ ïðîòÿæíîñò³ ³ ïåðåòèíàõ 0,75; 1; 1,5 ³ 2,5 ìì2. Ïî÷àòêîâå 
çíà÷åííÿ îïîðó â³äïîâ³äàº íàÿâíîñò³ îäíîãî êîìóòàö³éíîãî çâ'ÿçêó ç  
Rê=1 Îì. 
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Ðèñóíîê 4 - Çàëåæíîñò³ ( )íR f S∑ =  ³ ( )ïðR f l=  ïðè  

íîì³íàëüí³é íàïðóç³ 110 Â çì³ííîãî ñòðóìó 
 
 

Çíàííÿ çàëåæíîñòåé ( )íR f S∑ =  ³ ( )ïðR f l=  äîçâîëÿº âèçíà÷èòè 

îáìåæåííÿ çà ïðîòÿæí³ñòþ êîìóí³êàö³é ïðè âèáðàíèõ ïåðåòèíàõ ³ 
ïóñêîâîþ ïîòóæí³ñòþ âèêîíàâ÷èõ ïðèñòðî¿â, à òàêîæ îáìåæåííÿ çà 
ïóñêîâîþ ïîòóæí³ñòþ âèêîíàâ÷èõ ïðèñòðî¿â ïðè âèáðàíèõ ïðîòÿæíîñò³ ³ 
ïåðåòèíàõ êîìóí³êàö³é. 

Ö³ çàâäàííÿ âèð³øóþòüñÿ ç âèêîðèñòàííÿì çàëåæíîñò³ ( )íR f S∑ =  ïðè 

0,8cep íU U= . 

 
ÂÈÑÍÎÂÊÈ 

Íà îñíîâ³ äîñë³äæåííÿ íàä³éíîñò³ ñèñòåì óïðàâë³ííÿ ìåòàëîîáðîáíèì 
îáëàäíàííÿì â³ò÷èçíÿíîãî ³ çàðóá³æíîãî âèðîáíèöòâà ïðîâåäåíîãî íà 
ÂÀÒ ÑÍÂÎ ³ì. Ì.Â. Ôðóíçå  òà ¿õ ñòðóêòóðíî-ôóíêö³îíàëüíîãî àíàë³çó ç 
óðàõóâàííÿì çàñòîñîâóâàíî¿ åëåìåíòíî¿ áàçè, ðåæèì³â ðîáîòè âèêîíàâ÷èõ 
ïðèñòðî¿â, ïðîòÿæíîñò³ ³ ïåðåòèíó êîìóí³êàö³é ³ çì³íè åêñïëóàòàö³éíèõ 
÷èííèê³â ðîçðîáëåíî ìåòîä îïòèì³çàö³¿ çà êðèòåð³ºì íàä³éíîñò³ ñòðóêòóð 
åëåêòðè÷íèõ ñèñòåì óïðàâë³ííÿ ìåòàëîð³çàëüíèì îáëàäíàííÿì ç 
æîðñòêîþ ëîã³êîþ. 

Ï³äâèùåííÿ íàä³éíîñò³ ñèñòåì óïðàâë³ííÿ çàáåçïå÷óºòüñÿ 
îá´ðóíòîâàíèì âèáîðîì ê³ëüêîñò³ êîìóòàö³éíèõ çâ'ÿçê³â ì³æ êîìàíäíèìè 
³ âèêîíàâ÷èìè åëåìåíòàìè âèõîäÿ÷è ç óìîâè äîñÿãíåííÿ çàäàíîãî 
êîåô³ö³ºíòà òåõí³÷íîãî âèêîðèñòàííÿ óñòàòêóâàííÿ. 
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SUMMARY 
 

METHODOLOGICAL BASES OF THE SELECTION OF THE CRITERION OF 
THE PARAMETRIC RELIABILITY OF THE ELECTRICAL OPERATING 

SYSTEMS FOR THE METAL-CUTTING EQUIPMENT 
 
V.A. Tolbatov , A.V. Tolbatov, 
Sumy State University,  Sumy 

 
The selection of the criterion of the parametric reliability of electrical operating 

systems, which allows to unify design solutions, improve their stable work and 
maintainability is revealed and substantiated.  

The method of optimization according to the reliability criterion of the structures 
of the electrical operating systems for the metal-cutting equipment with rigid logic is 
developed based on the study of the reliability of the operating systems of the metal 
cutting equipment of domestic and foreign production held at JSC SSPA named after 
M.V. Frunze and their structural and functional analysis considering the element 
base used, the operating conditions of execution units, the length and the intersection 
of communications and the changes of operational factors.  

The increase of the reliability of operating systems is provided by the reasonable 
choice of the number of commutation relations between the executive and command 
elements based on the condition of reaching a given factor of the technical usage of 
the equipment.  

Key words: criterion, parametric reliability, design solutions, reliability, 
maintainability. 
 
ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ 

1. Âîðîíè÷åâ Í.Ì., Òàðòàêîâñêèé Æ.Ý., Ãåíèí Â.Á. Àâòîìàòè÷åñêèå ëèíèè èç àãðåãàòíûõ 
ñòàíêîâ. - Ì.: Ìàøèíîñòðîåíèå, 1979. 

2. Ìèíñêåð 3.È. Îïðåäåëåíèå ðàöèîíàëüíîãî ýëåêòðè÷åñêîãî íàïðÿæåíèÿ öåïåé 
óïðàâëåíèÿ ìåòàëëîðåæóùèõ ñòàíêîâ è àâòîìàòè÷åñêèõ ëèíèé // Ñòàíêè è 
èíñòðóìåíòû. – 1973. - ¹ 2. 

3. Ãîëüöìàí Ý.Ð., Ïîíîìàðåâ Ä.Ï. Òðåáîâàíèÿ ê êîíòàêòàì öåïåé óïðàâëåíèÿ ñ ó÷åòîì 
äåéñòâèòåëüíûõ ïàðàìåòðîâ ðåàëüíûõ ýëåêòðè÷åñêèõ íàãðóçîê: òåç. äîêë. III Âñåñîþç. 
íàó÷. òåõí. êîíô. «Ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ ïðîèçâîäñòâà àïïàðàòîâ íèçêîãî 
íàïðÿæåíèÿ» (ã. Òáèëèñè, 11—13 íîÿáðÿ 1979 ã.). - Òáèëèñè, 1979. 

4. Òåâëèí Ç.Â. Ïàðàìåòðè÷åñêèé ìåòîä ïîâûøåíèÿ íàäåæíîñòè ýëåêòðîìàãíèòíûõ 
êîììóòàöèîííûõ àïïàðàòîâ íà ñòàäèè ïðîåêòèðîâàíèÿ // Ýëåêòðîòåõíè÷åñêàÿ 
ïðîìûøëåííîñòü. Ñåð. «Àïïàðàòû íèçêîãî íàïðÿæåíèÿ». - 1972. -Âûï. 8(16). - 9(17).  

 
Íàä³éøëà äî ðåäàêö³¿ 17 áåðåçíÿ 2010 ð. 

 


