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Ïðèñêîðåíà àêòèâ³çàö³ÿ çàñòîñóâàííÿ ãðóïî-
âèõ òåõíîëîã³÷íèõ ïðîöåñ³â (ÒÏ) âèãîòîâëåííÿ 
çàãîòîâîê ó äð³áíîñåð³éíîìó âèðîáíèöòâ³ äåòà-
ëåé àâ³àö³éíèõ àãðåãàò³â òà äâèãóí³â äóæå àêòó-
àëüíà â óìîâàõ âñåçðîñòàþ÷î¿ âàðòîñò³ óñòàòêó-
âàííÿ, ìàòåð³àë³â, åëåêòðîåíåðã³¿, ï³äãîòîâêè 
êàäð³â ³ ï³äâèùåííÿ êîíêóðåíòîçäàòíîñò³ 
âèðîá³â. Â ìàñîâîìó òà êðóïíîñåð³éíîìó 
âèðîáíèöòâ³ âòðàòè ìàòåð³àë³â íåçíà÷í³. 

Öå ïîÿñíþºòüñÿ òèì,  ùî òóò øèðîêî çàñòî-
ñîâóþòüñÿ ïðîãðåñèâí³ ìåòîäè âèãîòîâëåííÿ 
çàãîòîâîê ³ íàï³âôàáðèêàò³â. 

Âåëèêà ñåð³éí³ñòü äàº øâèäêå ïîâåðíåííÿ âè-
òðàò òà îá³ãîâèõ êîøò³â íà ñó÷àñíå àâòîìàòèçîâà-
íå òåõíîëîã³÷íå óñòàòêóâàííÿ. Îñíîâíà ê³ëüê³ñòü 
ñòðóæêè äàº îäèíè÷íå òà äð³áíîñåð³éíå âèðîá-
íèöòâî, îñê³ëüêè çàñòîñóâàííÿ â öèõ óìîâàõ 
ïðîãðåñèâíèõ ìåòîä³â ôîðìîóòâîðåííÿ ïîâåð-
õîíü ³ êîìïëåêñ³â ïîâåðõîíü äåòàëåé îáìåæåíå, 
à ÷àñò³øå º ³ íåðàö³îíàëüíèì. 
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ВИРОБНИЦТВА

Ñòàòòÿ ïðèñâÿ÷åíà ïðîáëåì³ ðîçðîáêè êîìïëåêñíî¿ äåòàë³ ãðóïîâîãî âèðîáíèöòâà òèïà 
âòóëêà. Äëÿ ðîçðîáêè êîìïëåêñíî¿ äåòàë³ ðåêîìåíäóºòüñÿ ìåòîä íàêëàäàííÿ, ÿêèé ïîëÿãàº 
â íàñòóïíîìó: àíàë³çóþ÷è ðîáî÷³ êðåñëåííÿ ãðóïè äåòàëåé ç ð³çíèìè êîíñòðóêòèâíèìè, 
àëå ñï³ëüíèìè òåõíîëîã³÷íèìè ïîêàçíèêàìè, ñë³ä âèáðàòè îäíó íàéá³ëüø õàðàêòåðíó 
äåòàëü. Ðîçãëÿäàþòüñÿ äåòàë³, ùî â³äð³çíÿþòüñÿ â³ä íå¿ íàÿâí³ñòþ ³íøèõ ãåîìåòðè÷-
íèõ ïîâåðõîíü; ö³ íîâ³ ïîâåðõí³ íàíîñÿòüñÿ íà åñê³ç  äåòàë³. Òàêèì ÷èíîì, ñòâîðþºòüñÿ 
óìîâíà êîìïëåêñíà äåòàëü, ùî ì³ñòèòü âñ³ åëåìåíòè äåòàëåé ãðóïè. Ðîçãëÿíóòî  ïðèêëàä 
êîíêðåòíèõ äåòàëåé, ùî ìàþòü òàê³ æ ãåîìåòðè÷í³ åëåìåíòè, ÿê ³ ñòâîðåíà äëÿ íèõ 
êîìïëåêñíà äåòàëü, ÿêà ñêëàäàºòüñÿ ç òàêèõ æå åëåìåíòàðíèõ ïîâåðõîíü, àëå â ð³çí³é 
¿õ êîìá³íàö³¿. Ñòâîðåíà ìàòðèöÿ â³äïîâ³äíîñò³, ÿêà äîçâîëÿº îòðèìàòè ìàòåìàòè÷íó ³ 
òåõíîëîã³÷íó ìîäåëü ãðóïè äåòàëåé. Ìîäåëü ìîæå áóòè âèêîðèñòàíà ïðè âèð³øåíí³ çàäà÷ 
ðîçðîáêè òåõíîëîã³é çà äîïîìîãîþ íîâ³òí³õ ñèñòåì àâòîìàòèçîâàíîãî ïðîåêòóâàííÿ, ùî 
äîçâîëÿº ïðîåêòóâàòè êîìïëåêñíó äåòàëü ³ ãðóïîâ³ îïåðàö³¿ íà âèñîêîìó ð³âí³, òàêîæ äàº 
ìîæëèâ³ñòü øèðîêî ìîäèô³êóâàòè êîíñòðóêòîðñüêó ³ òåõíîëîã³÷íó ï³äãîòîâêó ñó÷àñíîãî 
ïðîìèñëîâîãî âèðîáíèöòâà àâ³àö³éíî¿ òåõí³êè.

Êëþ÷îâ³ ñëîâà: îðãàí³çàö³ÿ ãðóïîâîãî âèðîáíèöòâà, êîìïëåêñíà äåòàëü, êîíñòðóêòîðñüêî-
òåõíîëîã³÷íà ï³äãîòîâêà âèðîáíèöòâà.

Íàÿâí³ íàóêîâ³ ðîçðîáêè ³ áàãàòîð³÷íèé ïðàê-
òè÷íèé äîñâ³ä çàâîä³â àâ³àö³éíî¿ ãàëóç³ ïîêàçó-
þòü,  ùî âèêîðèñòàííÿ ïðîãðåñèâíèõ ñïîñîá³â 
³ çàñîá³â âèãîòîâëåííÿ çàãîòîâîê äð³áíèìè 
ïàðò³ÿìè ðàö³îíàëüíî íà îñíîâ³ îðãàí³çàö³¿ 
ãðóïîâîãî âèðîáíèöòâà,  ÿêå áàçóºòüñÿ íà 
êëàñèô³êàö³¿ òà ãðóïóâàíí³ îá'ºêò³â âèðîáíèöò-
âà,  ðîçðîáö³ ãðóïîâîãî òåõíîëîã³÷íîãî îñíà-
ùåííÿ,  ùî çàáåçïå÷óº  øâèäêó ïåðåíàëàäêó 
âñ³º¿ ñèñòåìè âèðîáíèöòâà ïðè ïåðåõîä³ â³ä 
âèãîòîâëåííÿ îäí³º¿ ãðóïè äåòàëåé äî ³íøî¿. 

Çã³äíî ñòàíäàðò³â òåõíîëîã³÷í³ ïðîöåñè çà 
îðãàí³çàö³ºþ âèðîáíèöòâà ìîæóòü áóòè îäèíè÷-
íèìè,  ãðóïîâèìè àáî òèïîâèìè.

Îäèíè÷íèé ÒÏ – ÒÏ âèãîòîâëåííÿ àáî 
ðåìîíòó âèðîáó îäíîãî íàéìåíóâàííÿ,  
òèïîðîçì³ðó è âèêîíàííÿ,  íåçàëåæíî â³ä òèïó 
âèðîáíèöòâà.

Ãðóïîâèé ÒÏ – ÒÏ âèãîòîâëåííÿ àáî ðåìîí-
òó ãðóïè âèðîá³â ç ð³çíèìè êîíñòðóêòèâíèìè,  
àëå ñï³ëüíèìè òåõíîëîã³÷íèìè ïîêàçíèêàìè.
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Ãðóïîâèé ÒÏ õàðàêòåðèçóº  ñï³ëüí³ñòü 
îáëàäíàííÿ òà òåõíîëîã³÷íîãî îñíàùåííÿ 
ïðè âèêîíàíí³ îêðåìèõ îïåðàö³é àáî ïðè 
ïîâíîìó âèãîòîâëåíí³ ãðóïè îäíîð³äíèõ 
(ð³çíîð³äíèõ)  äåòàëåé. Åêîíîì³÷íî áåçàëüòåð-
íàòèâíî ðåêîìåíäóºòüñÿ äëÿ äð³áíîñåð³éíîãî 
òà îäèíè÷íîãî òèï³â âèðîáíèöòâà. 

Òèïîâèé ÒÏ – ÒÏ âèãîòîâëåííÿ àáî ðåìîíòó 
ãðóïè âèðîá³â ç³ ñï³ëüíèìè êîíñòðóêòèâíèìè 
òà òåõíîëîã³÷íèìè ïîêàçíèêàìè. Åêîíîì³÷íî 
ïðèéíÿòíèé äëÿ ìàñîâîãî òà êðóïíîñåð³éíîãî 
òèï³â âèðîáíèöòâà.

1. Ñòâîðåííÿ åñê³çó êîìïëåêñíî¿ äåòàë³ ãðó-
ïîâîãî ÒÏ

Ïðè ïðîåêòóâàíí³ ãðóïîâèõ ïðîöåñ³â ôîð-
ìîóòâîðåííÿ ïîâåðõîíü çàñîáàìè ìåõàí³÷íî¿ 
îáðîáêè äëÿ äð³áíîñåð³éíîãî òà îäèíè÷íîãî 
òèï³â âèðîáíèöòâà çà ³íôîðìàö³éíó îñíîâó 
ðåêîìåíäóºòüñÿ ðîçðîáëÿòè êîìïëåêñíó äåòàëü.

Êîìïëåêñíà äåòàëü – öå ðåàëüíà ÷è óìîâíà 
(øòó÷íî ñòâîðåíà) äåòàëü, ÿêà ñêëàäàºòüñÿ â 
ñâî¿é êîíñòðóêö³¿ ç óñ³õ îñíîâíèõ åëåìåíò³â 
(ïîâåðõîíü), õàðàêòåðíèõ äëÿ äåòàëåé äàíî¿ 
ãðóïè, ³ º ¿¿ êîíñòðóêòèâíî-òåõíîëîã³÷íèì 
ïðåäñòàâíèêîì. 

Ï³ä îñíîâíèìè åëåìåíòàìè ñë³ä ââàæàòè 
ïîâåðõí³, ùî âèçíà÷àþòü êîíô³ãóðàö³¿ äåòà-
ëåé ³ òåõíîëîã³÷í³ çàäà÷³, ùî âèð³øóþòüñÿ 
â ïðîöåñ³ ¿õ âèãîòîâëåííÿ [1, 2]. Ö³ îñíîâí³ 
åëåìåíòè º ãîëîâíîþ îçíàêîþ äëÿ â³äíåñåííÿ 
äåòàë³ äî òîãî àáî ³íøîãî êëàñèô³êàö³éíîãî 
êëàñó, ï³äêëàñó, ãðóïè é ï³äãðóïè. Êîìïëåê-
ñíà äåòàëü º ³íôîðìàö³éíî-òåõíîëîã³÷íîþ 
îñíîâîþ ïðè ðîçðîáëåíí³ ãðóïîâîãî ïðîöåñó 
é ãðóïîâèõ îñíàùåíü. Ï³ä ãðóïîâèì îñíàùåí-
íÿì ðîçóì³ºòüñÿ ñóêóïí³ñòü ïðèñòîñóâàíü òà 
³íñòðóìåíò³â, ùî çàáåçïå÷óº îáðîáëåííÿ âñ³õ 
äåòàëåé â³ä³áðàíî¿ ãðóïè ³ç çàñòîñóâàííÿì íå-
âåëèêèõ ï³äíàëàãîäæåíü.

Îòæå, ñêëàäåíèé íà êîìïëåêñíó äåòàëü 
òåõíîëîã³÷íèé ïðîöåñ ç íåâåëèêèìè äîäàòêî-
âèìè ï³äíàëàãîäæåííÿìè óñòàòêóâàííÿ ìàº 

áóòè çàñòîñîâàíèé ïðè âèãîòîâëåíí³ áóäü-ÿêî¿ 
³íøî¿ äåòàë³ ö³º¿ ãðóïè. ª ïðèêëàäè òàêèõ ãðóï 
ç äåñÿòêàìè íàéìåíóâàíü.

Äë ÿ  ðîçðîáêè êîìïëåêñíî ¿  äå ò à ë ³ 
ðåêîìåíäóºòüñÿ ìåòîä íàêëàäàííÿ, ÿêèé 
ïîëÿãàº â íàñòóïíîìó: àíàë³çóþ÷è ðîáî÷³ êðåñ-
ëåííÿ äåòàëåé ãðóïè äåòàëåé ç ð³çíèìè êîí-
ñòðóêòèâíèìè, àëå ñï³ëüíèìè òåõíîëîã³÷íèìè 
ïîêàçíèêàìè, ñë³ä âèáðàòè îäíó íàéá³ëüø 
õàðàêòåðíó äåòàëü, íàïðèêëàä, äåòàëü 3 
(ðèñ. 1). Ðîçãëÿíåìî äåòàë³, ùî â³äð³çíÿþòüñÿ 
â³ä íå¿ íàÿâí³ñòþ ³íøèõ ãåîìåòðè÷íèõ ïî-
âåðõîíü; ö³ íîâ³ ïîâåðõí³  íàíîñÿòüñÿ íà åñê³ç  
äåòàë³ 3. Òàêèì ÷èíîì, ñòâîðåíà óìîâíà 
êîìïëåêñíà äåòàëü Ê (ðèñ.2), ùî ì³ñòèòü âñ³ 
åëåìåíòè äåòàëåé ãðóïè. Ñõåìè äåòàëåé ãðó-
ïè ³ íóìåðàö³¿ ïîâåðõîíü êîìïëåêñíî¿ äåòàë³ 
ïðåäñòàâëåí³ íà ðèñ. 1 ³ 2.

2. Ñòâîðåííÿ ìàòðèö³ â³äïîâ³äíîñò³ ì³æ äå-
òàëÿìè ãðóïè

Ðîçãëÿíåìî ³íøèé ïðèêëàä,  äå ïîçíà-
÷àþ÷è áóêâàìè Á,  Â,  Ã ³ ò. ä. êîíêðåòí³ äåòàë³,  
ùî ìàþòü òàê³ æ  ãåîìåòðè÷í³ åëåìåíòè,  ÿê 
³ ñòâîðåíà äëÿ íèõ êîìïëåêñíà äåòàëü,  ÿêà 
ñêëàäàºòüñÿ ç 18 åëåìåíòàðíèõ ïîâåðõîíü,  àëå 
â ð³çí³é ¿õ êîìá³íàö³¿. Ìàòðèöÿ â³äïîâ³äíîñò³ 
äîçâîëÿº  îòðèìàòè ìàòåìàòè÷íî-òåõíîëîã³÷íó 
ìîäåëü ãðóïè äåòàëåé. Ìîäåëü çðó÷íî âèêîðè-
ñòîâóâàòè ïðè âèð³øåíí³ çàäà÷ òåõíîëîã³¿ çà 
äîïîìîãîþ ÅÎÌ ïðè àäðåñàö³¿ íîâî¿ äåòàë³ äî 
ãðóïè çà äîö³ëüí³ñòþ âêëþ÷åííÿ ò³º¿ ÷è ³íøî¿ 
åëåìåíòàðíî¿ ïîâåðõí³ â êîìïëåêñíó äåòàëü,  
äîö³ëüí³ñòþ âêëþ÷åííÿ äåòàë³ â äàíó ãðóïó ³ 
ò. ï. [1,  2]. Ì³æ åëåìåíòàðíèìè ïîâåðõíÿìè ³ 
äåòàëÿìè ãðóïè âñòàíîâëþºòüñÿ â³äïîâ³äí³ñòü,  
ÿêó ìîæíà ïðåäñòàâèòè ìàòðèöåþ Lij,  ïîáóäî-
âàíîþ çà íàñòóïíèì  ïðàâèëîì:

L ij= 1,  ÿêùî i-òà äåòàëü ì³ñòèòü  j-òó 
åëåìåíòàðíó ïîâåðõíþ;

Lij= 0 – â ïðîòèâíîìó ðàç³.
Òîä³ ìàòðèöÿ áóäå ìàòè âèãëÿä,  ïðåäñòàâëå-

íèé â òàáëèö³ 1.

Òàáëèöÿ 1.  Ìàòðèöÿ â³äïîâ³äíîñò³ ì³æ äåòàëÿìè ãðóïè

Деталі Номери поверхонь ∑j1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Б 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 3
В 1 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 1 0 5
Г 1 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 6
Д 1 0 1 1 0 0 0 0 0 0 0 0 01 0 1 1 1 0 7
Е 1 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 5
Ж 1 0 1 1 1 1 1 1 0 1 0 1 0 0 0 0 0 0 9
З 1 1 1 1 0 0 0 1 0 1 1 0 0 0 0 0 1 1 9
И 1 0 1 0 1 1 1 0 0 0 0 0 0 0 1 1 1 0 8
К 1 0 1 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 5
Л 1 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 0 7
М 1 1 1 0 1 1 1 0 0 1 1 0 0 0 0 0 1 0 9
∑i 11 3 7 3 4 4 4 4 1 7 2 1 6 1 4 4 6 1
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Êîìïëåêñíó äåòàëü Ê  ïîñòàâèìî ó â³äïîâ³äíó 
ñòðî÷êó ìàòðèö³,  ùî ñêëàäàºòüñÿ ç m åëåìåíò³â, äå 
m – ê³ëüê³ñòü åëåìåíòàðíèõ ïîâåðõîíü,  ùî âèç-

íà÷àþòü ðîçáèòòÿ äåòàëåé íà ãðóïè. Â íàøîìó 
âèïàäêó m = 18 ³ ðÿäîê k áóäå ìàòè âèãëÿä:

k = (111111111111111111).

Ðèñ. 1. Àáðèñè äåòàëåé ãðóïè
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Ðèñ. 2. Ñõåìà íóìåðàö³¿ ïîâåðõîíü êîìïëåêñíî¿ äåòàë³ Ê
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Ïîâ’ÿçàâøè ç îäèíè÷íèìè åëåìåíòàìè ðÿä-
êà k ëîã³÷í³ ôóíêö³¿, ùî îïèñóþòü âëàñòèâîñò³ 
ïîâåðõîíü ³ â³äíîøåííÿ ì³æ íèìè, ìè îäåð-
æèìî ìàòåìàòè÷íî-òåõíîëîã³÷íó ìîäåëü ãðóïè 
äåòàëåé, ÿêà äîçâîëÿº:

1. Âèçíà÷èòè àäðåñàö³þ áóäü-ÿêî¿ íîâî¿ 
äåòàë³ äî äàíî¿ ãðóïè ³ êîìïëåêñíî¿ äåòàë³ Ê, 
ùî ñêëàäåíà íà îñíîâ³ ö³º¿ ãðóïè.

2. Ïåðåâ³ðÿòè ïðàâèëüí³ñòü ñêëàäàííÿ 
êîìïëåêñíî¿ äåòàë³.

3. Âèçíà÷àòè äîö³ëüí³ñòü âêëþ÷åííÿ òî¿ 
÷è ³íøî¿ åëåìåíòàðíî¿ ïîâåðõí³ â êîìïëåêñíó 
äåòàëü, äëÿ ÷îãî âèêîðèñòîâóºòüñÿ ïîêàçíèê 

.
4. Âèçíà÷àòè äîö³ëüí³ñòü âêëþ÷åííÿ òî¿ ÷è 

³íøî¿ äåòàë³ â ãðóïó, äëÿ ÷îãî âèêîðèñòîâóºòüñÿ 

ïîêàçíèê .
Ïðîàíàë³çóâàâøè òàáëèöþ ìîæíà çðîáèòè 

òàê³ âèñíîâêè:
1. Âêëþ÷åííÿ â êîìïëåêñíó äåòàëü ïîâåð-

õîíü 9, 12, 14 ³ 18 íå º äîö³ëüíèì, òàê ÿê çíà-

÷åííÿ = 1 äëÿ öèõ ïîâåðõîíü ìàëå.
2. Âêëþ÷åííÿ äåòàëåé 1…5 â ãðóïó º 

äîö³ëüíèì (ïîâ’ÿçàíî ç³ ñïåöèô³êîþ ï³äáîðó 
ãðóïè äåòàëåé), ïðè÷îìó äåòàëåé Ä ³ Ã â á³ëüø³é 
ì³ð³, äåòàëåé Á, Â ³ Å – â ìåíø³é ì³ð³.

Ìàòðèöþ ÿê ìàòåìàòè÷íî-òåõíîëîã³÷íó ìî-
äåëü ãðóïè äåòàëåé çðó÷íî çàñòîñîâóâàòè ïðè 
âèð³øåíí³ çàâäàíü òåõíîëîã³¿ çà äîïîìîãîþ ÅÎÌ. 
Ïðèêëàäîì ìîæå ïîñëóæèòè àäðåñàö³ÿ íîâî¿ 
äåòàë³ äî ãðóïè. Ó öüîìó âèïàäêó íåîáõ³äíî 
ïåðåâ³ðèòè, ÷è âñ³ åëåìåíòàðí³ ïîâåðõí³ äåòàë³ º 
â ñêëàä³ êîìïëåêñíî¿. Äëÿ öüîãî âèêîðèñòîâóþòü 
âåêòîð-ðÿäîê k ³ âåêòîð-ðÿäîê t, ùî îïèñóþòü 
êîíêðåòíó äåòàëü, ³ ëîã³÷íó ôóíêö³þ r:

r = (k ⊕ t) Λt,

äå ⊕ – îïåðàö³ÿ ïîðîçðÿäíîãî äîäàâàííÿ 
(0 ⊕ 0 = 0; 0 ⊕ 1 = 1; 1 ⊕ 0 = 1; 1 ⊕ 1 = 0);

Λ – îïåðàö ³ÿ  ëîã³÷íîãî ìíîæåííÿ 
(0 Λ 0 =0; 0 Λ 1 = 0; 1 Λ 0 = 0; 1 Λ 1 = 1),  çà 
çíà÷åííÿì ÿêî¿ ìîæíà ñêàçàòè,  ÷è ìàº  äåòàëü 
õî÷à á îäíó ïîâåðõíþ,  íå âêëþ÷åíó â êîìïëåê-
ñíó äåòàëü.

ßêùî r = 0,  òî òàêî¿ ïîâåðõí³ íåìàº,  ÿêùî 
r ≠ 0,  òî òàê³ ïîâåðõí³ º.

Íàïðèêëàä,  âèçíà÷èìî âåêòîð-ðÿäîê 
äëÿ äåòàë³ Ä,  ùî âõîäèòü äî ãðóïè: d = 
= (101100000000101110).

Òîä³   k =111111111111111111
⊕
d = 101100000000101110
r =  010011111111010001
Λ
d = 101100000000101110
r =  000000000000000000.

Ðîçãëÿíåìî íîâó äåòàëü Ò (ðèñ.3), ùî ìàº 
ðàä³óñíó ïîâåðõíþ 19, ³ ïåðåâ³ðèìî ìîæëèâ³ñòü 
âêëþ÷åííÿ ¿¿ â ãðóïó. Ðÿäîê äëÿ ö³º¿ äåòàë³ 
áóäå ì³ñòèòè m+1 öèôðó, òîìó ùî äî ñêëàäó 
åëåìåíòàðíèõ âêëþ÷åíî äîäàòêîâó ðàä³óñíó 
ïîâåðõíþ, íàÿâí³ñòü ÿêî¿ âèçíà÷åíà îäèíèöåþ  
â îñòàííüîìó ðîçðÿä³:

t  = (1000000001001000001).

Ðèñ. 3. Äåòàëü Ò,  ùî àäðåñóºòüñÿ äî êîìïëåêñíî¿ 
äåòàë³ Ê

Ó öüîìó âèïàäêó ðÿäîê êîìïëåêñíî¿ äåòàë³ 
çá³ëüøèìî íà îäèí íóëüîâèé ðîçðÿä äëÿ òîãî,  
ùîá ïðîâåñòè ïîðîçðÿäíå äîäàâàííÿ ³ ìíî-
æåííÿ:

k = 1111111111111111110 
⊕
t  = 1000000001001000001
r =  0111111110110111111 
Λ
t = 1000000001001000001
r = 0000000000000000001.
Äåòàëü íå ìîæå áóòè âêëþ÷åíà äî ãðóïè,  

òîìó ùî ôóíêö³ÿ r ≠ 0.
ßêùî äåòàëü  ìàº  ïîâåðõí³,  âêëþ÷åí³ äî ñêëà-

äó êîìïëåêñíî¿ äåòàë³,  òî ôóíêö³ÿ r = 0 ³ âîíà 
àäðåñóºòüñÿ äî ãðóïè. Ïîò³ì ìîæíà ïåðåâ³ðèòè 
çíà÷åííÿ ³íøèõ ëîã³÷íèõ ôóíêö³é,  ïîâ'ÿçàíèõ ç 
ðÿäêîì k,  ùî óòî÷íþþòü ãðóïóâàííÿ.

Íàïðèêëàä, ç åëåìåíòàìè ðÿäêà k³ ìàòðèö³ L 
ìîæíà ïîâ'ÿçàòè ôóíêö³¿ îö³íêè ÷àñó ôîðìîóò-
âîðåííÿ åëåìåíòàðíî¿ ïîâåðõí³ íà êîíêðåòíîìó 
óñòàòêóâàíí³ é íà îñíîâ³ àíàë³çó ìàòðèö³ âèç-
íà÷èòè äîö³ëüí³ñòü âêëþ÷åííÿ ò³º¿ àáî ³íøî¿ 
åëåìåíòàðíî¿ ïîâåðõí³ â êîìïëåêñíó äåòàëü  àáî 
äåòàë³ â äàíó ãðóïó.

Ïåðøå çàâäàííÿ âèð³øóþòü íà îñíîâ³ ïî-

êàçíèêà ,  à äðóãå – ç âèêîðèñòàííÿì ïî-

êàçíèêà . Íàïðèêëàä,  ïàðò³ÿ äåòàëåé âèäó 

Ê,  äëÿ ÿêî¿ = 1 ìàëà,  òîä³ â³äíåñåííÿ äî 
êîìïëåêñíî¿ äåòàë³ åëåìåíòàðíî¿ ïîâåðõí³ 9 ³ 
äåòàë³ äî ãðóïè íåäîö³ëüíå,  òîìó ùî ïîâåðõíÿ 
çóñòð³÷àºòüñÿ ò³ëüêè ó ö³º¿ äåòàë³. 

Äîïóñòèìî,  ùî º  âåëèê³ òèì÷àñîâ³ âòðàòè 
ïðè îáðîáëåíí³ â ãðóï³ äåòàëåé Á,  ïàðò³ÿ ÿêèõ 
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âåëèêà, àëå = 3 íàéìåíøà. Òîä³ íåìàº ðàö³¿ 
âêëþ÷àòè ¿¿ äî äàíî¿ ãðóïè. Âèêëàäåíà ôîð-
ìàëüíà ìåòîäèêà ïðèñòîñîâàíà äëÿ ðåàë³çàö³¿ 
çà äîïîìîãîþ ÅÎÌ.

Âëàñíå êàæó÷è,  êîíñòðóþâàííÿ óìîâíî¿ 
êîìïëåêñíî¿ äåòàë³ âèðîáëÿºòüñÿ ìåòîäîì 
íàêëàäåííÿ,  ÿêà ïîëÿãàº  â òîìó,  ùî ïåðå-
ãëÿäàþ÷è êðåñëåííÿ äåòàëåé ãðóïè,  òåõíîëîã 
³ç äåê³ëüêîõ ïîä³áíèõ äåòàëåé âèáèðàº  îäíó,  
íàéá³ëüø õàðàêòåðíó.

 Ïîò³ì ðîçãëÿäàþòüñÿ äåòàë³,  ùî â³äð³çíÿþòüñÿ 
â³ä íå¿ íàÿâí³ñòþ ³íøèõ îáðîáëþâàíèõ ïîâåð-
õîíü. 

Ö³ íîâ³ ïîâåðõí³ â³í íàíîñèòü íà êðåñëåííÿ 
âèõ³äíî¿ äåòàë³. 

Òàêèì ÷èíîì,  ñòâîðþºòüñÿ óìîâíà êîìïëåê-
ñíà äåòàëü,  ùî ì³ñòèòü óñ³ åëåìåíòè äåòàëåé 
ãðóï.

4. Ïðèêëàäè òåõíîëîã³÷íèõ ãðóï, êîìïëåêñíèõ 
äåòàëåé òà ñõåì âåðñòàòíîãî îñíàùåííÿ

Íà ðèñ. 4 çîáðàæåíî íèçêó  äåòàëåé – ò³ë 
îáåðòàííÿ.  Çà âèõ³äíó ïðèéíÿòî äåòàëü 7. 

Äåòàëü 2 â³äð³çíÿºòüñÿ â³ä äåòàë³ 7 íàÿâí³ñòþ 
çîâí³øíüîãî óñòóïó ³ çîâí³øíüî¿ ð³çüáè. 

Ö³ åëåìåíòè íàêëàäåí³ íà êðåñëåííÿ  äåòàë³ 7. 
Íàñòóïíà äåòàëü 1 ìàº  âíóòð³øí³é êîíóñ,  
çîâí³øí³é óñòóï ³ ð³çüáó,  ÿê³ òàêîæ íàêëàäà-
þòüñÿ íà êðåñëåííÿ ³  ò. ä. 

Ó ðåçóëüòàò³ ñôîðìîâàíî êîìïëåêñíó óìîâíó 
äåòàëü,  ÿêó ïîêàçàíî íà ðèñ. 5.

1 2 3 4

5 6 7 8

9 10 11

Ðèñ. 4. Àáðèñè âòóëîê äëÿ êîìïëåêñíî¿ äåòàë³

Ðèñ. 5.  Ñõåìà óòâîðåííÿ êîìïëåêñíî¿ äåòàë³ òèïó âòóëêè
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Íà ðèñ. 6 íàâåäåíî ïðèêëàä âèêîðèñòàííÿ 
êîìïëåêñíî¿ äåòàë³ ãðóïè,  ÿêà ìîæå áóòè îá-
ðîáëåíà íà òîêàðíîìó âåðñòàò³. 

Êîíô³ãóðàö³ÿ êîìïëåêñíî¿ äåòàë³  ìîæå áóòè 
äîñèòü ñêëàäíîþ,  àáî íàâ³òü êîíñòðóêòèâíî 
â³ðòóàëüíîþ.  

Ðèñ. 6. Ãðóïà äåòàëåé ³ ãðóïîâå îñíàùåííÿ òîêàðíîãî âåðñòàòà

Ó öèõ ïðèêëàäàõ áóëè ðîçãëÿíóò³ ñõåìè 
ôîðìîóòâîðåííÿ ïîâåðõîíü ñïåö³àëüíèõ ãðóï 
äåòàëåé äëÿ òåõíîëîã³÷íèõ ïðîöåñ³â, ñïðîåê-
òîâàíèõ çà êîìïëåêñíîþ äåòàëëþ. 

Ñë³ä çàçíà÷èòè,  ùî öå îäèí ç ìåòîäè÷íèõ 
ïðèéîì³â,  ÿêèé äîçâîëÿº  íàéá³ëüø ïðîñòî é 
åôåêòèâíî çàáåçïå÷èòè âèãîòîâëåííÿ ð³çíèõ 
ãðóï äåòàëåé ç ð³çíèìè êîíñòðóêòèâíèìè,  àëå 
ñï³ëüíèìè òåõíîëîã³÷íèìè ïîêàçíèêàìè,  çà 
ºäèíèì ãðóïîâèì òåõíîëîã³÷íèì ïðîöåñîì äëÿ 
äð³áíîñåð³éíîãî òà îäèíè÷íîãî òèï³â âèðîá-
íèöòâà ç âèñîêîþ ðåíòàáåëüí³ñòþ.

Âèêîðèñòàííÿ ÅÎÌ äîçâîëÿº  ïðîåêòóâà-
òè êîìïëåêñíó äåòàëü ³ ãðóïîâ³ îïåðàö³¿ íà 
âèñîêîìó ð³âí³,  ùî äàº ìîæëèâ³ñòü øèðîêî 
ìîäèô³êóâàòè êîíñòðóêòîðñüêó ³ òåõíîëîã³÷íó 
ï³äãîòîâêó ñó÷àñíîãî ïðîìèñëîâîãî âèðîáíèöò-
âà àâ³àö³éíî¿ òà ðàêåòíî-êîñì³÷íî¿ òåõí³êè. Äëÿ 
öüîãî ìîæíà âèêîðèñòîâóâàòè ñó÷àñí³ ÑÀÏÐ 
ñèñòåìè ³ âèðîáíèöòâî äåòàëåé ìîæå ïðîâî-
äèòèñÿ íà âåðñòàòàõ ç ×ÏÓ. 

Òàêîæ çà äàíîþ ìåòîäèêîþ ìîæíà ïðîåê-
òóâàòè ãðóïîâ³ òåõíîëîã³÷í³ ïðîöåñè îá’ºìíèõ ³ 
ëèñòîâèõ äåòàëåé,  ÿê³ âèãîòîâëÿþòüñÿ,  íàïðè-
êëàä,  ìåòîäàìè ³ìïóëüñíî¿ òåõíîëîã³¿. 
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Ñë³ä çàçíà÷èòè, ùî îïèñ ãåîìåòð³¿ äåòàë³ 
â òàêîìó ðàç³ ïîòðåáóº  ³íøî¿ ìàòåìàòè÷íî¿ 
ìîäåë³ [3].
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Íàä³éøëà äî ðåäàêö³¿ 01.08.2018

Â. Ä. Ñîòíèêîâ, Â. Â. Òðåòüÿê, Ñ. Â. Õóäÿêîâ,  Í. Ô. Ñàâ÷åíêî. Ðàçðàáîòêà è àíàëèç 
êîìïëåêñíîé äåòàëè ãðóïïîâîãî ïðîèçâîäñòâà

Ïðîãðåññèâíûå ìåòîäû èçãîòîâëåíèÿ çàãîòîâîê è ïîëóôàáðèêàòîâ áîëüøèìè  ñåðèÿìè 
äàþò çíà÷èòåëüíîå è áûñòðîå âîçâðàùåíèå ðàñõîäîâ è ñðåäñòâ íà ñîâðåìåííîå àâòîìàòè-
çèðîâàííîå òåõíîëîãè÷åñêîå îáîðóäîâàíèå. Îñíîâíîå êîëè÷åñòâî ñòðóæêè äàåò åäèíè÷íîå 
è ïðîèçâîäñòâî ìàëûìè ñåðèÿìè, ïîñêîëüêó ïðèìåíåíèå â ýòèõ óñëîâèÿõ ïðîãðåññèâíûõ 
ìåòîäîâ îáðàçîâàíèÿ ôîðì ïîâåðõíîñòåé è êîìïëåêñîâ ïîâåðõíîñòåé äåòàëåé îãðàíè-
÷åíî, à ÷àùå è íåðàöèîíàëüíî. Èìåþùèåñÿ íàó÷íûå ðàçðàáîòêè è  ïðàêòè÷åñêèé îïûò 
ïðåäïðèÿòèé àâèàöèîííîé îòðàñëè ïîêàçûâàþò, ÷òî ïðîèçâîäñòâî ìàëûìè ïàðòèÿìè 
ðàöèîíàëüíî íà îñíîâå îðãàíèçàöèè ãðóïïîâîãî ïðîèçâîäñòâà, êîòîðîå áàçèðóåòñÿ íà 
êëàññèôèêàöèè è ãðóïïèðîâêå îáúåêòîâ ïðîèçâîäñòâà, ðàçðàáîòêå ãðóïïîâîãî òåõíîëîãè-
÷åñêîãî îñíàùåíèÿ, ÷òî îáåñïå÷èâàåò áûñòðóþ íàëàäêó âñåé ñèñòåìû ïðîèçâîäñòâà ïðè 
ïåðåõîäå îò èçãîòîâëåíèÿ îäíîé ãðóïïû äåòàëåé ê äðóãîé. Ñòàòüÿ ïîñâÿùåíà ïðîáëåìå 
ðàçðàáîòêè êîìïëåêñíîé äåòàëè ãðóïïîâîãî ïðîèçâîäñòâà òèïà âòóëêà. Äëÿ ðàçðàáîòêè 
êîìïëåêñíîé äåòàëè ðåêîìåíäóåòñÿ ìåòîä íàëîæåíèÿ, êîòîðûé çàêëþ÷àåòñÿ â ñëå-
äóþùåì: àíàëèçèðóÿ ðàáî÷èå ÷åðòåæè ãðóïïû äåòàëåé ñ ðàçíûìè êîíñòðóêòèâíûìè, íî 
îáùèìè òåõíîëîãè÷åñêèìè ïîêàçàòåëÿìè, ñëåäóåò âûáðàòü îäíó íàèáîëåå õàðàêòåðíóþ 
äåòàëü. Ðàññìàòðèâàþòñÿ äåòàëè, êîòîðûå îòëè÷àþòñÿ îò íåå íàëè÷èåì äðóãèõ ãåî-
ìåòðè÷åñêèõ ïîâåðõíîñòåé. Ýòè íîâûå ïîâåðõíîñòè íàíîñÿòñÿ íà ýñêèç  äåòàëè. Òàêèì 
îáðàçîì, ñîçäà¸òñÿ óñëîâíàÿ êîìïëåêñíàÿ äåòàëü, êîòîðàÿ ñîäåðæèò âñå ýëåìåíòû 
äåòàëåé ãðóïïû. Ðàññìîòðåí  ïðèìåð êîíêðåòíîé äåòàëè, êîòîðàÿ èìååò òàêèå æå 
ãåîìåòðè÷åñêèå ýëåìåíòû, êàê è ñîçäàííàÿ äëÿ íèõ êîìïëåêñíàÿ äåòàëü, ñîñòîÿùàÿ èç 
òàêèõ æå ýëåìåíòàðíûõ ïîâåðõíîñòåé, íî â ðàçíîé èõ êîìáèíàöèè. Ñîçäàíà ìàòðèöà 
ñîîòâåòñòâèÿ, êîòîðàÿ ïîçâîëÿåò ïîëó÷èòü ìàòåìàòè÷åñêóþ è òåõíîëîãè÷åñêóþ ìî-
äåëü ãðóïïû äåòàëåé. Ìîäåëü ìîæåò áûòü èñïîëüçîâàíà ïðè ðåøåíèè çàäà÷ ðàçðàáîòêè 
òåõíîëîãèé ïîñðåäñòâîì íîâåéøèõ ñèñòåì àâòîìàòèçèðîâàííîãî ïðîåêòèðîâàíèÿ, ÷òî 
ïîçâîëÿåò ïðîåêòèðîâàòü êîìïëåêñíóþ äåòàëü è ãðóïïîâûå îïåðàöèè íà âûñîêîì óðîâíå, 
òàêæå äàåò âîçìîæíîñòü øèðîêî ìîäèôèöèðîâàòü êîíñòðóêòîðñêóþ è òåõíîëîãè÷åñêóþ 
ïîäãîòîâêó ñîâðåìåííîãî ïðîìûøëåííîãî ïðîèçâîäñòâà àâèàöèîííîé òåõíèêè.

Êëþ÷åâûå ñëîâà: îðãàíèçàöèÿ ãðóïïîâîãî ïðîèçâîäñòâà, êîìïëåêñíàÿ äåòàëü, 
êîíñòðóêòîðñêî-òåõíîëîãè÷åñêàÿ ïîäãîòîâêà ïðîèçâîäñòâà. 

V. D. Sotnikov, V.V. Trejtyak, S. V. Hudyakov,  N. F. Savchenko. Development and 
analysis of complex detail of group production

Progressive methods of making of purveyances and ready-to-cook foods give the considerable 
and rapid returning by the large  series of charges and facilities on the modern automated 
technological equipment. A basic quantity of shaving gives single and production by the small 
series, as application in these terms of progressive methods of formation of forms of surfaces 
and complexes of surfaces of details is limited, and more frequent is and inefficient. The present 
scientific developments and  practical experience of enterprises of aviation industry show that 
by the small parties rationally on the basis of organization of group production, which is based 
on classification and groupment of objects of production, to development of group technological 
equipment, that secures the rapid adjusting of all system of production in transition from making 
of one group of details to other. An article is devoted to the problem of development of complex 
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detail of group production of type hob. For development of complex detail an overlay method is 
recommended, which consists in the following: analysing the working drawing of group of details with 
different structural, but general technological indexes, it follows to choose one most characteristic 
detail. Details are considered, that differ from her by the presence of other geometrical surfaces; 
these new surfaces are inflicted on the sketch  of detail. Thus, created conditional complex detail, 
that contains all elements of details of group. An example is considered  concrete details, that 
have the same geometrical elements, as well as complex detail created for them, which consists 
of elementary surfaces, but in different their combination. Created matrix of accordance, which 
allows to get a mathematical and technological model of group of details. A model can be used 
for the decision of tasks of development of technologies by means the newest computer-aided 
designs, that allows to design a complex detail and group operations at the high level, also enables 
widely to modify the designer and technological preparation of modern industrial production of 
aviation technique.

Keywords: organization of group production, complex detail, designer and technological 
preparation of production.




