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Âîïðîñû îáåñïå÷åíèÿ êà÷åñòâà åäèíè÷íîãî è ìåëêîñåðèéíîãî ìàøèíîñòðîèòåëüíîãî ïðîèçâîäñòâà, â òîì ÷èñëå 
ðåìîíòà ìàøèí, â íàñòîÿùåå âðåìÿ ÿâëÿþòñÿ àêòóàëüíûìè â ñèëó ðÿäà îáúåêòèâíûõ è ñóáúåêòèâíûõ ôàêòîðîâ, 
êîòîðûå ñâÿçàíû ñ êóëüòóðîé ïðîåêòèðîâàíèÿ è ïðîèçâîäñòâà ìàøèí. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå 
âîïðîñà âëèÿíèÿ ïîãðåøíîñòè èçìåðåíèé íà ôîðìèðîâàíèå ðàññåÿíèÿ ðàçìåðîâ ãèëüç öèëèíäðîâ äâèãàòåëÿ 
ßÌÇ ïðè ñåëåêòèâíîé ñáîðêå ñ ó÷åòîì âûÿâëåíèÿ êîëè÷åñòâà íåïðàâèëüíî ïðèíÿòûõ è íåïðàâèëüíî çàáðà-
êîâàííûõ äåòàëåé, à òàêæå îïðåäåëåíèå âåðîÿòíîñòíîé âåëè÷èíû âûõîäà èçìåðÿåìîãî ïàðàìåòðà çà êàæäóþ 
ãðàíèöó äîïóñêà ó íåïðàâèëüíî ïðèíÿòûõ èçäåëèé. Âûáîð ñðåäñòâ èçìåðåíèé äëÿ îáåñïå÷åíèÿ íåîáõîäèìîé 
òî÷íîñòè ÿâëÿåòñÿ êîìïëåêñíîé çàäà÷åé è äîëæåí ïðîâîäèòüñÿ â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ÃÎÑÒ 8.051-81 
è ÐÄ 50-98-86. Äëÿ àíàëèçà ôîðìèðîâàíèÿ ðàñïðåäåëåíèÿ ðàçìåðîâ â ïðîöåññå ñåëåêòèâíîé ñáîðêè ãèëüç öè-
ëèíäðîâ äâèãàòåëåé ßÌÇ áûëè âûáðàíû íóòðîìåðû èíäèêàòîðíûå ñ öåíîé äåëåíèÿ îòñ÷åòíîãî óñòðîéñòâà 
0,001 ìì, ïåðâûé íàñòðàèâàëñÿ ïî êîíöåâûì ìåðàì 1 êëàññà (ïîãðåøíîñòü 6,5 ìêì), à âòîðîé íàñòðàèâàëñÿ 
ïî óñòàíîâî÷íûì êîëüöàì (ïîãðåøíîñòü 4 ìêì). Àíàëèç ïîëó÷åííûõ äàííûõ ïî ðàññåÿíèþ ðàçìåðîâ ñâèäå-
òåëüñòâóåò î òîì, ÷òî ïðîöåññ îáðàáîòêè ãèëüçû ìîæíî ñ÷èòàòü íåóäîâëåòâîðèòåëüíûì, òàê êàê èìååòñÿ èñ-
ïðàâèìûé áðàê – 4 % è íåèñïðàâèìûé áðàê – 2 %, çîíà ðàññåÿíèÿ ñìåùåíà â ñòîðîíó èñïðàâèìîãî áðàêà, 
÷òî õàðàêòåðèçóåò õîðîøóþ êâàëèôèêàöèþ ðàáî÷èõ, âûïîëíÿþùèõ äàííóþ îïåðàöèþ. Ïðè èñïîëüçîâàíèè 
íóòðîìåðà ñ ïîãðåøíîñòüþ 6,5 ìêì êîëè÷åñòâî íåïðàâèëüíî âûøåäøèõ èç ãðóïïû èëè çàáðàêîâàííûõ äåòà-
ëåé íà 4,95 % áîëüøå, à êîëè÷åñòâî íåïðàâèëüíî ïðèíÿòûõ äåòàëåé íà 4,7 % áîëüøå, ÷åì ïðè èñïîëüçîâàíèè 
íóòðîìåðà ñ ïîãðåøíîñòüþ 4 ìêì. Òàêèì îáðàçîì, ïðè âûáîðå ñðåäñòâà èçìåðåíèé äëÿ êîíòðîëÿ êà÷åñòâà îá-
ðàáîòêè ãèëüç öèëèíäðîâ äâèãàòåëåé ßÌÇ â óñëîâèÿõ åäèíè÷íîãî, ìåëêîñåðèéíîãî è ðåìîíòíîãî ïðîèçâîäñòâà 
èç ïðåäëàãàåìîé íîìåíêëàòóðû óíèâåðñàëüíûõ ñðåäñòâ èçìåðåíèé ëèíåéíûõ ðàçìåðîâ ñëåäóåò èñïîëüçîâàòü 
ñàìîå òî÷íîå – íóòðîìåð èíäèêàòîðíûé ñ öåíîé äåëåíèÿ îòñ÷åòíîãî óñòðîéñòâà 0,001 ìì ïðè íàñòðîéêå ïî 
óñòàíîâî÷íûì êîëüöàì. Ýòî ïðèâåäåò ê çíà÷èòåëüíîìó ñíèæåíèþ êîëè÷åñòâà íåïðàâèëüíî ïðèíÿòûõ â ãðóïïó 
è íåïðàâèëüíî âûøåäøèõ èç ãðóïïû èëè çàáðàêîâàííûõ äåòàëåé, ÷òî, â ñâîþ î÷åðåäü, îòðàçèòñÿ íå òîëüêî íà 
êà÷åñòâå ïîñëåäóþùåé ñáîðêè ñîåäèíåíèÿ, íî è íà ýêîíîìèêå ïðåäïðèÿòèÿ.
Êëþ÷åâûå ñëîâà: òî÷íîñòü, äîïóñê, ïîãðåøíîñòü ñðåäñòâà èçìåðåíèé, ñåëåêòèâíàÿ ñáîðêà, ãèëüçà öèëèíäðà, 
íåïðàâèëüíî çàáðàêîâàííûå è íåïðàâèëüíî ïðèíÿòûå èçäåëèÿ.

The issues of ensuring the quality of single and small-scale machine-building production, including machine repairs, are 
currently relevant due to a number of objective and subjective factors that are related to the culture of designing and man-
ufacturing machines. The purpose of the research is to study the influence of the measurement error on the formation of 
the scattering of the cylinder liner sizes of the YaMZ engine during selective assembly, taking into account the number 
of incorrectly received and incorrectly rejected parts, as well as determining the probabilistic value of the output of the 
measured parameter for each tolerance limit for incorrectly accepted products. The choice of measuring instruments to 
ensure the necessary accuracy is a complex task and should be carried out in accordance with the requirements of GOST 
8.051-81 and RD 50-98-86. To analyze the formation of the size distribution in the process of selective assembly of the 
cylinder liners of YaMZ engines, the indicator gauges were selected with a value of 0,001 mm, the first was adjusted for 
the end measures of class 1 (error of 6.5 micrometers), and the second was tuned to the mounting rings ). An analysis 
of the data obtained on the scattering of dimensions indicates that the process of processing the liner can be considered 
unsatisfactory, since there is a correctable defective products of 4 % and an unrecoverable defective products of 2 %, the 
scattering zone is shifted toward corrected defective products, which characterizes the good qualifications of the work-
ers performing this operation. When using a caliper with an accuracy of 6,5 micrometers number incorrectly, or out-of 
band defective parts on more than 4,95 %, and the number of incorrectly received parts of 4,7 % more than when using 
a caliper with an accuracy of 4 micrometers. Thus, when choosing a measuring instrument to control the quality of the 
cylinder liners of YaMZ engines under the conditions of a single, small-scale and repair production, the most precise 
one should be used from the proposed nomenclature of universal measuring instruments of linear dimensions, with a 
sampling unit 0,001 mm in value for setting rings. This will lead to a significant decrease in the number of incorrectly 
accepted groups and incorrectly left from the group or rejected parts, which in turn will affect not only the quality of the 
subsequent assembly of the connection, but also the economy of the enterprise.
Keywords: accuracy, tolerance, measurement instrument error, selective assembly, cylinder liner, incorrectly reject-
ed and incorrectly received products.
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 Ââåäåíèå
Êà÷åñòâî åäèíè÷íîãî è ìåëêîñåðèéíîãî ìà-

øèíîñòðîèòåëüíîãî ïðîèçâîäñòâà, â òîì ÷èñëå 
ðåìîíòà ìàøèí [1], â íàñòîÿùåå âðåìÿ íèçêîå â 
ñèëó ðÿäà îáúåêòèâíûõ ôàêòîðîâ [2], êîòîðûå 
ñâÿçàíû ñ êóëüòóðîé ïðîåêòèðîâàíèÿ è ïðîèç-
âîäñòâà, çàëîæåííîé åùå ïðè ñîöèàëèçìå [3]. 
Òðåáóåìàÿ òî÷íîñòü ïîñàäîê â ñáîðî÷íûõ åäè-
íèöàõ òåõíèêè, âûðàæåííàÿ êâàëèòåòàìè [4], 
íå îáåñïå÷èâàåòñÿ ðåàëüíûì òåõíîëîãè÷åñêèì 
îáîðóäîâàíèåì êàê ïðè åäèíè÷íîì ïðîèçâîä-
ñòâå, òàê è ïðè ðåìîíòå ìàøèí [5]. Òðåáîâàíèÿ 
ê ìåòðîëîãè÷åñêîìó îáåñïå÷åíèþ ðàáîò â ìà-
øèíîñòðîåíèè è ïðè òåõíè÷åñêîì îáñëóæè-
âàíèè è ðåìîíòå ìàøèí ïîñòîÿííî ñîâåðøåí-
ñòâóþòñÿ è â íàñòîÿùåå âðåìÿ ïðåäñòàâëÿþò 
ñîáîé êîìïëåêñ ìåðîïðèÿòèé, êîòîðûå íà-
ïðàâëåíû íà îáåñïå÷åíèå åäèíñòâà èçìåðåíèé 
è òðåáóåìîé òî÷íîñòè [6]. Ñîáëþäåíèå òî÷-
íîñòè èçìåðåíèé ïðèâîäèò ê ñíèæåíèþ òàêèõ 
ñîñòàâëÿþùèõ çàòðàò íà êà÷åñòâî [7], êàê çà-
òðàòû íà èçìåðåíèÿ [8], ïîòåðè îò âíóòðåííå-
ãî è âíåøíåãî áðàêà [9]. Íî â íîìåíêëàòóðå 
óíèâåðñàëüíûõ ñðåäñòâ èçìåðåíèé, êîòîðûå 
øèðîêî ïðèìåíÿþòñÿ â åäèíè÷íîì è ìåëêîñå-
ðèéíîì ïðîèçâîäñòâå è ïðè ðåìîíòå ìàøèí, 
ïðèñóòñòâóþò îáû÷íî íåñêîëüêî ïðèáîðîâ, 
êîòîðûå óäîâëåòâîðÿþò óêàçàííûì òðåáîâàíè-
ÿì [10]. Âîçíèêàåò âîïðîñ, êàêîå èç íèõ íóæíî 
âûáðàòü, îñîáåííî äëÿ òàêîãî îòâåòñòâåííîãî 
ïðîöåññà, êàê ñîðòèðîâêà ïî ãðóïïàì ñåëåêöèè 
îáðàáîòàííûõ ïîä ðåìîíòíûé ðàçìåð ãèëüç 
öèëèíäðîâ.

Öåëü èññëåäîâàíèé
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå 

âîïðîñà âëèÿíèÿ ïîãðåøíîñòè èçìåðåíèé 
íà ôîðìèðîâàíèå ðàññåÿíèÿ ðàçìåðîâ ãèëüç 
öèëèíäðîâ äâèãàòåëÿ ßÌÇ ïðè ñåëåêòèâíîé 
ñáîðêå ñ ó÷åòîì âûÿâëåíèÿ êîëè÷åñòâà íåïðà-
âèëüíî ïðèíÿòûõ è íåïðàâèëüíî çàáðàêîâàí-
íûõ äåòàëåé, à òàêæå îïðåäåëåíèå âåðîÿòíîñò-
íîé âåëè÷èíû âûõîäà èçìåðÿåìîãî ïàðàìåòðà 
çà êàæäóþ ãðàíèöó äîïóñêà ó íåïðàâèëüíî 
ïðèíÿòûõ èçäåëèé.

Ñóùåñòâóþùèå ìåòîäèêè
Âûáîð ñðåäñòâ èçìåðåíèé (CÈ) äëÿ îáå-

ñïå÷åíèÿ íåîáõîäèìîé òî÷íîñòè ÿâëÿåòñÿ êîì-
ïëåêñíîé çàäà÷åé è äîëæåí ïðîâîäèòüñÿ â ñî-
îòâåòñòâèè ñ òðåáîâàíèÿìè ÃÎÑÒ 8.051–81 è 
ÐÄ 50-98-86 [11].

ÑÈ âûáèðàþò ñ ó÷åòîì ìåòðîëîãè÷åñêèõ 
è ýêîíîìè÷åñêèõ ôàêòîðîâ [12]. Íà âûáîð ÑÈ 
âëèÿåò è ïðîãðàììà ïðîèçâîäñòâà [13]. Äëÿ 
ìàññîâîãî ïðîèçâîäñòâà îáû÷íî ïðèìåíÿþò 
îðèãèíàëüíûå âûñîêîïðîèçâîäèòåëüíûå ÑÈ 
ñ âûñîêîé ñòåïåíüþ àâòîìàòèçàöèè è ðîáîòè-
çàöèè, à äëÿ ìåëêîñåðèéíîãî è åäèíè÷íîãî – 
óíèâåðñàëüíûå ÑÈ.

Ðàññåÿíèå ïîãðåøíîñòè èçìåðåíèÿ íàêëà-
äûâàåòñÿ íà çîíó ðàññåÿíèÿ äåéñòâèòåëüíûõ 
ðàçìåðîâ, è âîçíèêàåò íåîïðåäåëåííîñòü ïðè 
ïðèíÿòèè ðåøåíèÿ – ãîäíîå èçäåëèå èëè áðà-
êîâàííîå. Ïîä âëèÿíèå íàëîæåíèÿ ðàññåÿíèé 
ïîïàäàþò äåéñòâèòåëüíûå ðàçìåðû èçäåëèÿ, 
êîòîðûå íàõîäÿòñÿ îêîëî ãðàíèö ïîëÿ äîïóñêà. 
Âçàèìîñâÿçü ìåæäó äîïóñêîì Ò, ïàðàìåòðàìè 
ðàññåÿíèÿ äåéñòâèòåëüíûõ ðàçìåðîâ èçäåëèÿ 
(çîíîé ðàññåÿíèÿ 

òåõ
 è ñðåäíåêâàäðàòè÷åñêèì 

îòêëîíåíèåì 
òåõ

) è ðàññåÿíèåì ñàìîé ïîãðåø-
íîñòè èçìåðåíèÿ  ïðè ðàñïðåäåëåíèè èõ ïî 
çàêîíó íîðìàëüíîãî ðàñïðåäåëåíèÿ ïðåäñòàâ-
ëåíà íà ðèñ. 1.

Êîíêðåòíîå ÑÈ âûáèðàþò èç òàáëèö òàê, 
÷òîáû ïðåäåëüíàÿ ïîãðåøíîñòü èçìåðåíèÿ 
lim áûëà íå áîëåå äîïóñêàåìîé íîðìèðóåìîé 
ïîãðåøíîñòè èçìåðåíèÿ  [14]:

 lim   . (1)

Âëèÿíèå ïîãðåøíîñòè èçìåðåíèÿ íà ðåçóëü-
òàòû ðàçáðàêîâêè îöåíèâàþò ñëåäóþùèìè ïà-
ðàìåòðàìè (ðèñ. 1) [15]:

– m (m
1
) – ÷èñëî íåïðàâèëüíî ïðèíÿòûõ èç-

äåëèé â ïðîöåíòàõ îò îáùåãî ÷èñëà èçìåðåí-
íûõ (÷èñëà ïðèíÿòûõ);

– n (n
1
) – ÷èñëî íåïðàâèëüíî çàáðàêîâàííûõ 

èçäåëèé â ïðîöåíòàõ îò îáùåãî ÷èñëà èçìåðåí-
íûõ (÷èñëà ãîäíûõ);

Ðèñ. 1. Ñõåìà êîíòðîëÿ
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– ñ (ñ
1
) – âåðîÿòíîñòíàÿ âåëè÷èíà âûõîäà èç-

ìåðÿåìîãî ïàðàìåòðà çà êàæäóþ ãðàíèöó äîïó-
ñêà ó íåïðàâèëüíî ïðèíÿòûõ èçäåëèé (îò ÷èñëà 
ïðèíÿòûõ äåòàëåé).

Íàèáîëåå öåëåñîîáðàçíî â ðàñ÷åòàõ èñïîëü-
çîâàòü îòíîñèòåëüíóþ âåëè÷èíó [15]:

 ìåò ìåò( / ) 1 0 %( ) 0A T    , (2)

ãäå ìåò ( )A   – îòíîñèòåëüíàÿ ïîãðåøíîñòü èç-
ìåðåíèÿ (êîýôôèöèåíò òî÷íîñòè èçìåðåíèé); 

ìåò  – ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîã-
ðåøíîñòè èçìåðåíèÿ ìåò / 2;lim   T – äîïóñê 
êîíòðîëèðóåìîãî ïàðàìåòðà. 

Ñðåäñòâà è ìåòîäû èññëåäîâàíèé
Äëÿ àíàëèçà ôîðìèðîâàíèÿ ðàñïðåäåëåíèÿ 

ðàçìåðîâ â ïðîöåññå ñåëåêòèâíîé ñáîðêè ãèëüç 
öèëèíäðîâ äâèãàòåëåé ßÌÇ áûëè âûáðàíû 
ñëåäóþùèå ñðåäñòâà èçìåðåíèé:

– íóòðîìåð èíäèêàòîðíûé (ÍÈ) ñ öåíîé 
äåëåíèÿ îòñ÷åòíîãî óñòðîéñòâà 0,001 ìì 
ïðè íàñòðîéêå ïî êîíöåâûì ìåðàì 1 êëàññà 

(1)lim = ± 6,5 ìêì;

– íóòðîìåð èíäèêàòîðíûé (ÍÈ) ñ öåíîé 
äåëåíèÿ îòñ÷åòíîãî óñòðîéñòâà 0,001 ìì 
ïðè íàñòðîéêå ïî óñòàíîâî÷íûì êîëüöàì 

(2)lim  = ± 4 ìêì. 
Ãèëüçû öèëèíäðîâ èçìåðÿëèñü â äâóõ âçà-

èìíî ïåðïåíäèêóëÿðíûõ ïëîñêîñòÿõ è â äâóõ 
ñå÷åíèÿõ – â âåðõíåì è íèæíåì. Âûñ÷èòûâàëñÿ 
ñðåäíèé ðàçìåð, êîòîðûé ïðèíèìàëñÿ êàê äåé-
ñòâèòåëüíûé ðàçìåð äåòàëè.

Îïðåäåëåíèå êîëè÷åñòâà íåïðàâèëüíî çà-
áðàêîâàííûõ äåòàëåé îò êîëè÷åñòâà ãîäíûõ, 
êîëè÷åñòâà íåïðàâèëüíî ïðèíÿòûõ äåòàëåé îò 
êîëè÷åñòâà ïðèíÿòûõ, ïðåäåëüíîé âåëè÷èíû 
âûõîäà ðàçìåðà çà ãðàíèöó ïîëÿ äîïóñêà ïðîèç-
âîäèëèñü ïî ìåòîäèêå, îïèñàííîé â ðàáîòå [15]. 

Ðåçóëüòàòû è îáñóæäåíèå
Â íà÷àëå èññëåäîâàíèé áûë ïðîèçâåäåí 

çàìåð ïàðòèé ãèëüç öèëèíäðîâ â êîëè÷åñòâå 
100 øòóê. Ðåçóëüòàòû èçìåðåíèé ïðåäñòàâëå-
íû â âèäå ãèñòîãðàììû, ïîëèãîíà è òåîðåòè÷å-
ñêîé êðèâîé ðàñïðåäåëåíèÿ íà ðèñ. 2.

Àíàëèç ïîëó÷åííûõ äàííûõ ïðåäñòàâëåí â 
òàáë. 1, îòêóäà âèäíî, ÷òî ïðîöåññ îáðàáîòêè 
ãèëüçû ìîæíî ñ÷èòàòü íåóäîâëåòâîðèòåëüíûì, 
òàê êàê èìååòñÿ îïðåäåëåííîå êîëè÷åñòâî èñ-
ïðàâèìîãî áðàêà – 4 % è íåèñïðàâèìîãî áðàêà – 
2 %, çîíà ðàññåÿíèÿ ñìåùåíà â ñòîðîíó èñ-
ïðàâèìîãî áðàêà, ÷òî õàðàêòåðèçóåò õîðîøóþ 
êâàëèôèêàöèþ ðàáî÷èõ, âûïîëíÿþùèõ äàííóþ 
îïåðàöèþ.

Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåø-
íîñòè èçìåðåíèÿ äëÿ ÑÈ1:

 1

ìåò(1)

6,5
3,25

2 2

lim
   

 
ìêì.

Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîãðåø-
íîñòè èçìåðåíèÿ äëÿ ÑÈ2:

 2

ìåò(2)

4
2

2 2

lim
   

 
ìêì.

Ðèñ. 2. Ðàññåÿíèå ðàçìåðîâ îòâåðñòèé ãèëüç 
öèëèíäðîâ äâèãàòåëÿ ßÌÇ äèàìåòðîì 

D = 130+0,06 ìì

Òàáëèöà 1 
Ðàñïðåäåëåíèå êîëè÷åñòâà äåòàëåé ïî ãðóïïàì ñåëåêöèè

Ãðóïïà Ðàçìåð 
ñ îòêëîíåíèÿìè Êîëè÷åñòâî äåòàëåé Òåîðåòè÷åñêàÿ 

âåðîÿòíîñòü

I 130+0,02ìì 32 0,274

II
0,04
0,02130
  ìì 38 0,446

III
0,06
0,04130
  ìì 24 0,202

Èñïðàâèìûé áðàê Ìåíåå 130,00 ìì 4 0,047

Íåèñïðàâèìûé áðàê Áîëåå 130,06 ìì 2 0,025
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Ïî ìåòîäèêå, èçëîæåííîé â ðàáîòå [15], îïðå-
äåëåíî êîëè÷åñòâî íåïðàâèëüíî çàáðàêîâàííûõ 
äåòàëåé (n, %) îò êîëè÷åñòâà ãîäíûõ, êîëè÷åñòâî 
íåïðàâèëüíî ïðèíÿòûõ äåòàëåé (m, %) îò êîëè-
÷åñòâà ïðèíÿòûõ è ïðåäåëüíóþ âåëè÷èíó âûõîäà 
ðàçìåðà çà ãðàíèöó ïîëÿ äîïóñêà (ñ, ìêì).

Ïîëó÷åííûå äàííûå ñâåäåíû â òàáë. 2
Èç òàáë. 2 âèäíî, ÷òî â ðåçóëüòàòå äåéñòâèÿ 

ïîãðåøíîñòè èçìåðåíèé ïðè èçìåðåíèè íóòðî-
ìåðîì ÍÈ-160-0,001 ïðè íàñòðîéêå ïî êîíöå-
âûì ìåðàì 1 êë. ñ ïîãðåøíîñòüþ 6,5 ìêì:

– ÷àñòü äåòàëåé – 4,75 % èç ãîäíûõ âòîðîé 
ãðóïïû ïîïàäàåò â òðåòüþ, à äðóãàÿ ÷àñòü – 
4 % – èç òðåòüåé âî âòîðóþ; 

– ÷àñòü äåòàëåé – 7,6 % èç ãîäíûõ âòîðîé 
ãðóïïû ïîïàäàåò â ïåðâóþ, à èç ïåðâîé âî 
âòîðóþ ïîïàëî 7,7 % äåòàëåé; 

– â èñïðàâèìûé áðàê íåïðàâèëüíî çàáðàêî-
âàííûõ äåòàëåé ïîïàëî 1,9 %; 

– â íåèñïðàâèìûé áðàê íåïðàâèëüíî çàáðà-
êîâàííûõ ïîïàëî 0,45 % äåòàëåé; 

– êîëè÷åñòâî íåïðàâèëüíî ïðèíÿòûõ äå-
òàëåé (ïîïàâøèõ èç áðàêà â ãîäíûå) â ïåðâîé 
ãðóïïå 1,35 %, â òðåòüåé – 0,2 %. 

Ñóììàðíîå êîëè÷åñòâî íåïðàâèëüíî ïðè-
íÿòûõ â ãðóïïó äåòàëåé ñîñòàâèëî 13,25 %, íå-
ïðàâèëüíî âûøåäøèõ èç ãðóïïû èëè çàáðàêî-
âàííûõ – 14,7 %. Íàèáîëüøàÿ âåëè÷èíà âûõîäà 
èçìåðÿåìîãî ïàðàìåòðà çà ãðàíèöó äîïóñêà 
ñ = 2,28 ìêì.

Â ðåçóëüòàòå äåéñòâèÿ ïîãðåøíîñòè èçìåðå-
íèé ïðè èçìåðåíèè íóòðîìåðîì ÍÈ-160-0,001 
ïðè íàñòðîéêå ïî óñòàíîâî÷íûì êîëüöàì 1 êë. 
ñ ïîãðåøíîñòüþ 4 ìêì: 

– èç ïåðâîé ãðóïïû âî âòîðóþ ïîïàëî 5 % 
äåòàëåé; 

– èç âòîðîé ãðóïïû â ïåðâóþ – 5,25 % äå-
òàëåé; 

– èç âòîðîé ãðóïïû â òðåòüþ ïîïàëî 2,85 %, 
èç òðåòüåé âî âòîðóþ – 2,9 %; 

– íåïðàâèëüíî ïðèíÿòûõ äåòàëåé â ïåðâîé 
ãðóïïå ñîñòàâèëî 0,45 % äåòàëåé, â òðåòüåé – 
0,2 %; 

– â èñïðàâèìûé áðàê íåïðàâèëüíî çàáðàêî-
âàííûõ äåòàëåé ïîïàëî 1,25 % äåòàëåé, â íåèñ-
ïðàâèìûé áðàê – 0,4 %.

Ñóììàðíîå êîëè÷åñòâî íåïðàâèëüíî ïðèíÿ-
òûõ äåòàëåé ñîñòàâèëî 8,55 %, íåïðàâèëüíî âû-
øåäøèõ èç ãðóïïû èëè çàáðàêîâàííûõ – 9,75 %.

Íàèáîëüøàÿ âåëè÷èíà âûõîäà èçìåðÿåìîãî 
ïàðàìåòðà çà ãðàíèöó äîïóñêà ñ = 1,75 ìêì.

Òàêèì îáðàçîì, ïðè èñïîëüçîâàíèè ñðåä-
ñòâà èçìåðåíèÿ ñ ïîãðåøíîñòüþ 6,5 ìêì êî-
ëè÷åñòâî íåïðàâèëüíî âûøåäøèõ èç ãðóïïû 
èëè çàáðàêîâàííûõ äåòàëåé íà 4,95 % áîëüøå, 
êîëè÷åñòâî íåïðàâèëüíî ïðèíÿòûõ äåòàëåé íà 
4,7 % áîëüøå, ÷åì ïðè èñïîëüçîâàíèè ñðåäñòâà 
èçìåðåíèÿ ñ ïîãðåøíîñòüþ 4 ìêì.

Â òåõíè÷åñêèõ òðåáîâàíèÿõ íà êàïèòàëü-
íûé ðåìîíò äâèãàòåëåé ßÌÇ äëÿ êîíòðîëÿ 
îáðàáîòêè ãèëüç öèëèíäðîâ ïîä ðåìîíòíûé 
ðàçìåð ïðåäëàãàåòñÿ èñïîëüçîâàòü íóòðîìåð 
èíäèêàòîðíûé (ÍÈ) ñ öåíîé äåëåíèÿ îòñ÷åò-
íîãî óñòðîéñòâà 0,01 ìì, è ïðè íàñòðîéêå 
ïî óñòàíî÷íûì êîëüöàì áóäåò ïîãðåø-
íîñòü lim  = ±10 ìêì, à ïî êîíöåâûì ìåðàì 
– lim = ±15 ìêì. Ïðè òàêèõ çíà÷åíèÿõ ïîãðåø-
íîñòåé êîëè÷åñòâî íåïðàâèëüíî ïðèíÿòûõ äå-
òàëåé è íåïðàâèëüíî âûøåäøèõ èç ãðóïïû èëè 
çàáðàêîâàííûõ âîçðàñòåò ìèíèìóì â äâà ðàçà.

Âûâîäû
Òàêèì îáðàçîì, ïðè âûáîðå ñðåäñòâà èç-

ìåðåíèé äëÿ êîíòðîëÿ êà÷åñòâà îáðàáîòêè 
ãèëüç öèëèíäðîâ äâèãàòåëåé ßÌÇ â óñëîâèÿõ 
åäèíè÷íîãî, ìåëêîñåðèéíîãî è ðåìîíòíîãî 

Òàáëèöà 2
Îïðåäåëåíèå ïàðàìåòðîâ ðàçáðàêîâêè ãèëüç öèëèíäðîâ 

ïðè èñïîëüçîâàíèè íóòðîìåðà èíäèêàòîðíîãî ñ ðàçëè÷íîé òî÷íîñòüþ íàñòðîéêè

Ðàññòîÿíèå 
îò ñåðåäèíû ïîëÿ 

äîïóñêà äî ãðàíèöû 
ñîîòâåòñòâóþùåé 

ãðóïïû 
2t, ìì

Êîýôôèöèåíò 
òî÷íîñòè 

èçìåðåíèé 
À

ìåò
, %

Êîëè÷åñòâî 
íåïðàâèëüíî 

çàáðàêîâàííûõ 
äåòàëåé 

n, %

Êîëè÷åñòâî 
íåïðàâèëüíî 

ïðèíÿòûõ äåòàëåé 
m, %

Âåëè÷èíà âûõîäà 
èçìåðÿåìîãî 

ïàðàìåòðà 
çà ãðàíèöó äîïóñêà 

c, ìì

ÑÈ1 ÑÈ2 ÑÈ1 ÑÈ2 ÑÈ1 ÑÈ2 ÑÈ1 ÑÈ2

0,0152 21,38 13,16 7,6 5,25 7,7 5 0,00228 0,001748
0,0248 13,10 8,06 4,75 2,85 4 2,9 0,002852 0,001488
0,0552 5,88 3,62 1,9 1,25 1,35 0,45 0,00207 0,001932
0,0648 5,01 3,09 0,45 0,4 0,2 0,2 0,0015552 0,001555
Ñóììà – – 14,7 9,75 13,25 8,55 – –
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ïðîèçâîäñòâà èç ïðåäëàãàåìîé íîìåíêëàòóðû 
óíèâåðñàëüíûõ ñðåäñòâ èçìåðåíèé ëèíåéíûõ 
ðàçìåðîâ ñëåäóåò èñïîëüçîâàòü ñàìîå òî÷íîå – 
íóòðîìåð èíäèêàòîðíûé (ÍÈ) ñ öåíîé äåëåíèÿ 
îòñ÷åòíîãî óñòðîéñòâà 0,001 ìì ïðè íàñòðîéêå 
ïî óñòàíîâî÷íûì êîëüöàì, ïðè ýòîì ïîãðåø-
íîñòü èçìåðåíèé áóäåò íàèìåíüøàÿ: ±4 ìêì. 
Ýòî ïðèâåäåò ê çíà÷èòåëüíîìó ñíèæåíèþ êî-
ëè÷åñòâà íåïðàâèëüíî ïðèíÿòûõ â ãðóïïó è íå-
ïðàâèëüíî âûøåäøèõ èç ãðóïïû èëè çàáðàêî-
âàííûõ äåòàëåé, ÷òî, â ñâîþ î÷åðåäü, îòðàçèòñÿ 
íå òîëüêî íà êà÷åñòâå ïîñëåäóþùåé ñáîðêè ñî-
åäèíåíèÿ, íî è íà ýêîíîìèêå ïðåäïðèÿòèÿ.

Ëèòåðàòóðà
1. Ëåîíîâ Î.À., Áîíäàðåâà Ã.È., Øêàðóáà Í.Æ., 

Âåðãàçîâà Þ.Ã. Êà÷åñòâî ñåëüñêîõîçÿéñòâåííîé 
òåõíèêè è êîíòðîëü ïðè åå ïðîèçâîäñòâå è ðå-
ìîíòå // Òðàêòîðû è ñåëüõîçìàøèíû. 2016. № 3. 
Ñ. 30–32.

2. Åðîõèí Ì.Í., Ëåîíîâ Î.À. Îñîáåííîñòè îáåñïå-
÷åíèÿ êà÷åñòâà ðåìîíòà ñåëüñêîõîçÿéñòâåííîé 
òåõíèêè íà ñîâðåìåííîì ýòàïå // Âåñòíèê ÔÃÎÓ 
ÂÏÎ ÌÃÀÓ. 2005. № 1. Ñ. 9–12.

3. Áîíäàðåâà Ã.È. è äð. Ñîñòàâëÿþùèå êà÷åñòâà ðå-
ìîíòà // Ñåëüñêèé ìåõàíèçàòîð. 2016. № 7. Ñ. 2–4. 

4. Áîíäàðåâà Ã.È. è äð. Èçìåíåíèÿ â ñòàíäàðòå 
åäèíîé ñèñòåìû äîïóñêîâ è ïîñàäîê // Òðàêòîðû 
è ñåëüõîçìàøèíû. 2016. № 12. Ñ. 39–42.

5. Ëåîíîâ Î.À., Ñåëåçíåâà Í.È. Òåõíèêî-ýêîíîìè-
÷åñêèé àíàëèç ñîñòîÿíèÿ òåõíîëîãè÷åñêîãî îáî-
ðóäîâàíèÿ íà ïðåäïðèÿòèÿõ òåõíè÷åñêîãî ñåðâè-
ñà â àãðîïðîìûøëåííîì êîìïëåêñå // Âåñòíèê 
ÔÃÎÓ ÂÏÎ ÌÃÀÓ. 2012. № 5. Ñ. 64–67.

6. Ëåîíîâ Î.À., Øêàðóáà Í.Æ. Óïðàâëåíèå êà÷å-
ñòâîì ìåòðîëîãè÷åñêîãî îáåñïå÷åíèÿ ïðåäïðè-
ÿòèé // Ñáîðíèê íàó÷íûõ äîêëàäîâ ÂÈÌ. 2012. 
Ò. 2. Ñ. 412–420. 

7. Áîíäàðåâà Ã.È. è äð. Ýôôåêòèâíîñòü âíåäðåíèÿ 
ñèñòåìû êà÷åñòâà íà ïðåäïðèÿòèÿõ òåõíè÷åñêî-
ãî ñåðâèñà ÀÏÊ // Ñåëüñêèé ìåõàíèçàòîð. 2016. 
№ 4. Ñ. 34–35.

8. Ëåîíîâ Î.À., Øêàðóáà Í.Æ. Ðàñ÷åò çàòðàò íà 
êîíòðîëü òåõíîëîãè÷åñêèõ ïðîöåññîâ ðåìîíòíî-
ãî ïðîèçâîäñòâà // Âåñòíèê ÔÃÎÓ ÂÏÎ ÌÃÀÓ. 
2004. № 5. Ñ. 75–77.

9. Ëåîíîâ Î.À., Øêàðóáà Í.Æ. Èññëåäîâàíèå 
çàòðàò è ïîòåðü ïðè êîíòðîëå øååê êîëåí÷àòîãî 
âàëà â óñëîâèÿõ ðåìîíòíîãî ïðîèçâîäñòâà // Âåñò-
íèê ÔÃÎÓ ÂÏÎ ÌÃÀÓ. 2013. № 2. Ñ. 71–74.

10. Øêàðóáà Í.Æ. Òåõíèêî-ýêîíîìè÷åñêèå êðèòå-
ðèè âûáîðà óíèâåðñàëüíûõ ñðåäñòâ èçìåðåíèé 

ïðè ðåìîíòå ñåëüñêîõîçÿéñòâåííîé òåõíèêè. Ì.: 
ÔÃÎÓ ÂÏÎ ÌÃÀÓ, 2009. 118 ñ.

11. Ëåîíîâ Î.À., Êàðïóçîâ Â.Â., Øêàðóáà Í.Æ., Êè-
ñåíêîâ Í.Å. Ìåòðîëîãèÿ, ñòàíäàðòèçàöèÿ è ñåðòè-
ôèêàöèÿ. Ì.: Èçäàòåëüñòâî ÊîëîñÑ, 2009. 568 ñ.

12. Ëåîíîâ Î.À., Øêàðóáà Í.Æ. Ðåçóëüòàòû ýêî-
íîìè÷åñêîé îïòèìèçàöèè âûáîðà ñðåäñòâ èçìå-
ðåíèé ïðè êîíòðîëå êà÷åñòâà òåõíîëîãè÷åñêèõ 
ïðîöåññîâ â ðåìîíòíîì ïðîèçâîäñòâå // Âåñòíèê 
ÔÃÎÓ ÂÏÎ ÌÃÀÓ. 2007. № 5. Ñ. 109–112.

13. Øêàðóáà Í.Æ. Ðàçðàáîòêà êîìïëåêñíîé ìåòîäè-
êè âûáîðà ñðåäñòâ èçìåðåíèé ëèíåéíûõ ðàçìå-
ðîâ ïðè ðåìîíòå ñåëüñêîõîçÿéñòâåííîé òåõíèêè: 
äèññ. … êàíä. òåõí. íàóê. Ìîñêâà, 2006. 156 ñ.

14. Ëåîíîâ Î.À., Øêàðóáà Í.Æ. Àëãîðèòì âûáîðà 
ñðåäñòâ èçìåðåíèé äëÿ êîíòðîëÿ êà÷åñòâà ïî 
òåõíèêî-ýêîíîìè÷åñêèì êðèòåðèÿì // Âåñòíèê 
ÔÃÎÓ ÂÏÎ ÌÃÀÓ. 2012. № 2. Ñ. 89–91.

15. Ëåîíîâ Î.À., Øêàðóáà Í.Æ., Òåìàñîâà Ã.Í. Êóð-
ñîâîå ïðîåêòèðîâàíèå ïî ìåòðîëîãèè, ñòàíäàðòè-
çàöèè è ñåðòèôèêàöèè. Ì.: ÌÃÀÓ, 2011. 120 ñ. 

References
1. Leonov O.A., Bondareva G.I., Shkaruba N.Zh., 

Vergazova Yu.G. Quality of agricultural machinery 
and control in its production and repair. Traktory i 
sel’khozmashiny. 2016. No 3, pp. 30–32 (in Russ.).

2. Erokhin M.N., Leonov O.A. Features of ensuring 
the quality of repair of agricultural machinery at the 
present stage. Vestnik FGOU VPO MGAU. 2005. 
No 1, pp. 9–12 (in Russ.).

3. Bondareva G.I. i dr. Components of quality of 
repair. Sel’skiy mekhanizator. 2016. No 7, pp. 2–4 
(in Russ.). 

4. Bondareva G.I. i dr. Changes in the standard of the 
uniform system of tolerances and landings. Traktory i 
sel’khozmashiny. 2016. No 12, pp. 39–42 (in Russ.).

5. Leonov O.A., Selezneva N.I. Technical and eco-
nomic analysis of the condition of technological 
equipment at technical service enterprises in the 
agro-industrial complex. Vestnik FGOU VPO 
MGAU. 2012. No 5, pp. 64–67 (in Russ.).

6. Leonov O.A., Shkaruba N.Zh. Quality management 
of metrological support of enterprises. Sbornik 
nauchnykh dokladov VIM. 2012. Vol. 2, pp. 412–
420 (in Russ.). 

7. Bondareva G.I. i dr. Efficiency of quality system 
introduction at the enterprises of technical service 
of agroindustrial complex. Sel’skiy mekhanizator. 
2016. No 4, pp. 34–35 (in Russ.).

8. Leonov O.A., Shkaruba N.Zh. Calculation of costs 
for the control of technological processes of repair 



Âûáîð óíèâåðñàëüíûõ ñðåäñòâ èçìåðåíèé äëÿ êîíòðîëÿ ãèëüç öèëèíäðîâ äâèãàòåëÿ ïðè ñåëåêòèâíîé ñáîðêå

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 6, 2017

À
Ã

Ð
Î

Ñ
Å

Ð
Â

È
Ñ

57

production. Vestnik FGOU VPO MGAU. 2004. 
No 5, pp. 75–77 (in Russ.).

9. Leonov O.A., Shkaruba N.Zh. Investigation of costs 
and losses in the control of the crankshaft necks in 
the conditions of repair production. Vestnik FGOU 
VPO MGAU. 2013. No 2, pp. 71–74 (in Russ.).

10. Shkaruba N.Zh. Tekhniko-ekonomicheskie kriterii 
vybora universal’nykh sredstv izmereniy pri remon-
te sel’skokhozyaystvennoy tekhniki [Technical and 
economic criteria for selecting universal measuring 
instruments for the repair of agricultural machin-
ery]. Moscow: FGOU VPO MGAU, 2009. 118 p.

11. Leonov O.A., Karpuzov V.V., Shkaruba N.Zh., 
Kisenkov N.E. Metrologiya, standartizatsiya i ser-
tifikatsiya [Metrology, standardization and certifi-
cation]. Moscow: Izdatel’stvo KolosS Publ., 2009. 
568 p.

12. Leonov O.A., Shkaruba N.Zh. The results of eco-
nomic optimization of the choice of measuring in-
struments for quality control of technological pro-

cesses in the repair industry. Vestnik FGOU VPO 
MGAU. 2007. No 5, pp. 109–112 (in Russ.).

13. Shkaruba N.Zh. Razrabotka kompleksnoy meto-
diki vybora sredstv izmereniy lineynykh razmer-
ov pri remonte sel’skokhozyaystvennoy tekhniki: 
diss. … kand. tekhn. nauk [Development of a com-
prehensive methodology for selecting linear meas-
uring instruments for the repair of agricultural 
machinery: dissertation for degree of Candidate of 
Technical Sciences]. Moskva, 2006. 156 p.

14. Leonov O.A., Shkaruba N.Zh. Algorithm for se-
lecting measuring instruments for quality control 
according to technical and economic criteria. Vest-
nik FGOU VPO MGAU. 2012. No 2, pp. 89–91 
(in Russ.).

15. Leonov O.A., Shkaruba N.Zh., Temasova G.N. 
Kursovoe proektirovanie po metrologii, standar-
tizatsii i sertifikatsii [Course work for metrology, 
standardization and certification]. Moscow: MGAU 
Publ., 2011. 120 p.


