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Ðàññìîòðåí âîïðîñ îïòèìèçàöèè äèíàìè÷åñêèõ õàðàêòåðèñòèê ìîáèëüíîé ìàøèíû â çàâèñèìîñòè îò óñëîâèé 
ðàáîòû. Ðåøåíèå çàäà÷ îïòèìèçàöèè ïðîâîäèëîñü ñ ó÷åòîì ñëó÷àéíîãî õàðàêòåðà äèíàìè÷åñêèõ íàãðóçîê. 
Çàäà÷à ïðåîáðàçîâàíèÿ âõîäíîãî âîçäåéñòâèÿ íà ýëåìåíòû ìîáèëüíîé ìàøèíû ðåøàëàñü â äåòåðìèíèðîâàí-
íîì àñïåêòå ñ ïðèìåíåíèåì èíòåãðèðîâàííûõ êðèòåðèåâ. Â êà÷åñòâå ìåðû òî÷íîñòè ââåäåííûõ êðèòåðèåâ 
èñïîëüçîâàëîñü ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå. Ìèíèìàëüíûå çíà÷åíèÿ âåðòèêàëüíûõ ðåàêöèé íà áàøìà-
êàõ æàòêè îïðåäåëÿëàñü äèñïåðñèåé åå êîëåáàíèé, ñ ó÷åòîì ñïåêòðàëüíîé ïëîòíîñòè íåðîâíîñòåé àãðîôîíà. 
Óñòàíîâëåíî, ÷òî ÷àñòîòíûå õàðàêòåðèñòèêè áàøìàêîâ æàòêè çàâèñÿò è îò âåðòèêàëüíûõ è ïðîäîëüíî-óãëîâûõ 
êîëåáàíèé ìîëîòèëêè êîìáàéíà. Ïðåäñòàâëåíû êðèòåðèè îïòèìàëüíîñòè äëÿ îöåíêè ðàññåèâàíèÿ êîëåáàòåëü-
íûõ ïàðàìåòðîâ ìàøèí îò âíåøíèõ âîçäåéñòâèé. Îáîáùåííûé êðèòåðèé îïòèìèçàöèè îïðåäåëÿëñÿ èñõîäÿ 
èç íåçàâèñèìîñòè öåëåâûõ ôóíêöèé è ìàêñèìàëüíîãî êâàíòèëÿ íîðìàëüíîãî ðàñïðåäåëåíèÿ, ÷òî ïîçâîëèëî, 
â âåðîÿòíîñòíîì àñïåêòå, îöåíèòü ýôôåêòèâíîñòü îïòèìèçàöèè äëÿ ñåëüñêîõîçÿéñòâåííûõ ìàøèí øèðîêîãî 
ñïåêòðà ïðèìåíåíèÿ. Ëîêàëüíûé îïòèìóì îïðåäåëÿëñÿ âûðàæåíèåì öåëåâûõ ôóíêöèé ÷åðåç ýëåìåíòàðíûå 
ôóíêöèè, ñ ó÷åòîì ñòàòèñòè÷åñêèõ ïàðàìåòðîâ è õàðàêòåðà ðàñïðåäåëåíèÿ ñëó÷àéíîé âåëè÷èíû. Îïòèìàëüíàÿ 
ïåðåäàòî÷íàÿ ôóíêöèÿ îïðåäåëÿëàñü èñõîäÿ èç ìèíèìàëüíîãî çíà÷åíèÿ ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ 
öåëåâîé ôóíêöèè ñ ó÷åòîì ïåðåìåííûõ ïî Ôóðüå. Îïðåäåëåíèå ëîêàëüíîãî îïòèìóìà ïðîâåäåíî ãðàôîàíàëè-
òè÷åñêè ïî öåëåâîé ôóíêöèè ïëàâíîñòè õîäà è ïî âåðîÿòíîñòíîìó êðèòåðèþ. Îïðåäåëåíî îïòèìàëüíîå çíà÷å-
íèå îòíîñèòåëüíîãî êîýôôèöèåíòà çàòóõàíèÿ âåðòèêàëüíûõ êîëåáàíèé êîðïóñà ìîëîòèëêè, è óñòàíîâëåíà íå 
òîëüêî ïðè÷èíà åãî ìèíèìèçàöèè, íî è âåðîÿòíîñòü ïðåâûøåíèÿ äîïóñòèìîãî óðîâíÿ âèáðàöèé. Ïðåäñòàâëåí 
ìåòîä îïðåäåëåíèÿ ïåðåäàòî÷íîé ôóíêöèè äëÿ ïðîãíîçèðîâàíèÿ ïëàâíîñòè õîäà êîìáàéíà. Îöåíåíû âîçìîæ-
íîñòè ïðåäëîæåííîãî ìåòîäà îïòèìèçàöèè.
Êëþ÷åâûå ñëîâà: äèñïåðñèÿ, ñïåêòðàëüíàÿ ïëîòíîñòü, ïåðåäàòî÷íàÿ ôóíêöèÿ, ëèíåéíîå ïðîãðàììèðîâàíèå, 
ôóíêöèÿ öåëè, âåðîÿòíîñòü, êîýôôèöèåíò âàðèàöèè, êâàíòèëü ðàñïðåäåëåíèÿ.

The issue of optimizing the dynamic characteristics of a mobile vehicle depending on the operating conditions is 
considered. The optimization problems were solved taking into account the random nature of dynamic loads. The 
task of transforming the input effect on the elements of the mobile machine was solved in a deterministic aspect us-
ing integrated criteria. As a measure of the accuracy of the introduced criteria, the standard deviation was used. The 
minimum values of vertical reactions on the header shoes were determined by the dispersion of its oscillations, taking 
into account the spectral density of the irregularities of the agricultural background. It was found that the frequency 
characteristics of the header shoes also depend on the vertical and longitudinal-angular vibrations of the combine 
separator. Optimality crite-ria are presented for assessing the dispersion of vibrational parameters of vehicles from 
external influences. The general optimization criterion was determined based on the independence of the objective 
functions and the maximum quantile of the normal distribution, which allowed, in a probabilistic aspect, to evaluate 
the optimization efficiency for agricultural machinery with a wide range of applications. The local optimum was de-
termined by the expression of objective functions in terms of elementary functions, taking into account statistical pa-
rameters and the nature of the distribution of a random variable. The optimal transfer function was determined based 
on the minimum value of the standard deviation of the objective function taking into account the Fourier variables. 
The determination of the local optimum was carried out graphoanalytically by the objective function of smoothness 
and by the probabilistic criterion. The optimal value of the relative attenuation coefficient of vertical oscillations of 
the separator body was determined, the reason for its minimization and the probability of exceeding the permissible 
vibration level were established. A method for determining the transfer function to predict the smoothness of the 
combine is presented. The possibilities of the proposed optimization method are estimated.
Keywods: dispersion, spectral density, transfer function, linear programming, target function, probability, coefficient 
of variation, quantile of distribution.
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 Ââåäåíèå
Íà äèíàìè÷åñêèå õàðàêòåðèñòèêè ìàøèíû 

âëèÿþò ìíîãî÷èñëåííûå ôàêòîðû: íàâåñíîå 
îáîðóäîâàíèå [1, 2]; ðàáî÷èå îðãàíû [3−5]; 
êîíñòðóêöèÿ õîäîâîé ÷àñòè [6−10]; ìèêðîðå-
ëüåô àãðîôîíà [7−9]. Äëÿ òàêèõ äèíàìè÷åñêèõ 
ñèñòåì, êàê çåðíîóáîðî÷íûå êîìáàéíû, â êà÷å-
ñòâå êðèòåðèÿ èñïîëüçóåòñÿ öåëåâàÿ ôóíêöèÿ, 
õàðàêòåðèçóþùàÿ íà÷àëüíîå è êîíå÷íîå ñî-
ñòîÿíèå îáúåêòà. Åñëè îäíîìó èç ïîêàçàòåëåé 
ïðèäàòü áîëüøóþ çíà÷èìîñòü, ÷åì äðóãèì, 
òî ââîäèòñÿ êîýôôèöèåíò âåñà â ñîîòâåòñòâóþ-
ùèõ ñëàãàåìûõ [11−13].

Â âàðèàöèîííîì èñ÷èñëåíèè ðàññìàòðèâà-
þòñÿ çàäà÷è â çàâèñèìîñòè îò âèäà ôóíêöèî-
íàëà, êîòîðûé îïðåäåëÿþò äëÿ êîíêðåòíîãî 
ñëó÷àÿ. Äîñòîèíñòâî êðèòåðèÿ â òîì, ÷òî îí 
õàðàêòåðèçóåò íå òîëüêî êîíå÷íîå ñîñòîÿíèå 
ñèñòåìû, íî è ïðîöåññ ïåðåõîäà îò íà÷àëüíîãî 
ñîñòîÿíèÿ ê êîíå÷íîìó. Â ðÿäå ñëó÷àåâ êðèòå-
ðèé ïðåäñòàâëÿåò ñîáîé ïðîñòóþ ìàòåìàòè÷å-
ñêóþ ñòðóêòóðó, ÷òî îáëåã÷àåò çàäà÷ó îïòèìè-
çàöèè [13].

Èçâåñòíûå çàäà÷è Áîëüöà, Ìàéåðà è Ëàí-
ãðàíæà ïðè êîíêðåòíûõ èññëåäîâàíèÿõ èìåþò 
âèä ñêàëÿðíûõ ïðîèçâåäåíèé ïðèíÿòîãî ôóíê-
öèîíàëà íà âåêòîðû, îïðåäåëÿþùèå ñîñòîÿíèå 
ñèñòåìû â ìîìåíò îêîí÷àíèÿ ïðîöåññà îïòè-
ìèçàöèè [11].

Â ïðàêòèêå îïòèìèçàöèè âñòðå÷àþòñÿ 
çàäà÷è, â êîòîðûõ ïðîöåññ äîñòèæåíèÿ ìàêñè-
ìóìà ôóíêöèîíàëà òðåáóåò îïðåäåëåíèå äî-
ïîëíèòåëüíûõ îãðàíè÷åíèé. Åñëè â ñèñòåìàõ, 
ïðåäñòàâëåííûõ äëÿ îñóùåñòâëåíèÿ ïðåîá-
ðàçîâàíèé íàä âõîäíûì äåòåðìèíèðîâàííûì 
âîçäåéñòâèåì, ïðèìåíÿåòñÿ èíòåãðèðîâàííûé 
êðèòåðèé, òî çàäà÷à ðåøàåòñÿ â äåòåðìèíèðî-
âàííîì àñïåêòå [12−14]. 

Ðåøåíèå çàäà÷ â âåðîÿòíîñòíîé ïîñòàíîâ-
êå ïðîèçâîäèòñÿ â òîì ñëó÷àå, êîãäà ôóíêöèÿ 
ÿâëÿåòñÿ ñëó÷àéíûì ïðîöåññîì. Íàèáîëåå 
ïðîñòîé ìåðîé òî÷íîñòè â ýòîì ñëó÷àå ìîæåò 
áûòü ñðåäíåêâàäðàòè÷åñêàÿ îøèáêà. Ïðèìå-
ðîì èñïîëüçîâàíèÿ ìåòîäà îïòèìèçàöèè â äå-
òåðìèíèðîâàííîì àñïåêòå ÿâëÿåòñÿ îïòèìè-

çàöèÿ ïëàâíîñòè õîäà æàòêè çåðíîóáîðî÷íîãî 
êîìáàéíà. Â êà÷åñòâå èñõîäíûõ ïàðàìåòðîâ 
çàäàåòñÿ æåñòêîñòü øèí êîëåñ, ïîäâåñêè ìîëî-
òèëêè è òîðñèîíà æàòêè.

Öåëü èññëåäîâàíèé
Ðàçðàáîòàòü ìåòîä îïèñàíèÿ äèíàìè÷åñêèõ 

õàðàêòåðèñòèê ìîáèëüíîé ìàøèíû â çàâèñèìî-
ñòè îò ðàçëè÷íûõ óñëîâèé ýêñïëóàòàöèè è ïðåä-
ëîæèòü ýôôåêòèâíûå ïóòè èõ îïòèìèçàöèè.

Ìàòåðèàëû è ìåòîäû
Äëÿ íàõîæäåíèÿ ìèíèìàëüíûõ çíà÷åíèé 

âåðòèêàëüíûõ ðåàêöèé íà áàøìàêàõ æàòêè 
îïðåäåëåíà äèñïåðñèÿ êîëåáàíèé æàòêè:

 
   

max
2

0

2R R hD W i S


   ,  (1)

ãäå  hS   − ñïåêòðàëüíàÿ ïëîòíîñòü íåðîâíî-
ñòåé ïîâåðõíîñòè ïîëÿ (îïðåäåëåííàÿ èç ýêñ-
ïåðèìåíòîâ [1, 9, 14]);  RW i  − ïåðåäàòî÷íàÿ 
ôóíêöèÿ âåðòèêàëüíûõ ðåàêöèé ïîä áàøìàêà-
ìè æàòêè ïðè âîçáóæäåíèè îò ïîâåðõíîñòè íå-
ðîâíîñòè ïîëÿ.

Äëÿ îïðåäåëåíèÿ ìàêñèìóìà âûðàæåíèÿ (1) 
èñïîëüçîâàëîñü ëèíåéíîå ïðîãðàììèðîâà-
íèå â ñðåäå MathCAD [15]. Ñ ïîìîùüþ òàáë. 1 
áûëè îïðåäåëåíû íà÷àëüíûå ïðèáëèæåíèÿ èñ-
õîäíûõ ïàðàìåòðîâ. Ýòî ïîçâîëèëî ïîëó÷èòü 
ôóíêöèþ öåëè:

 

6

1 2 3 1 2 3
1

( , , , , , ) minR
j

L D c c c k k k


  . (2)

Ñ ïîìîùüþ ðåøàåìîãî áëîêà áûëè îïðå-
äåëåíû çíà÷åíèÿ ïàðàìåòðîâ (ïî ïðîãðàììå 
Minimaze), ïðè ïîìîùè êîòîðûõ íàøëè èñõîä-
íûå çíà÷åíèÿ (ñ

1
, ñ

2
, ñ

3
, k

1
, k

2
, k

3
), ïðè êîòîðûõ 

ôóíêöèÿ öåëè ïîëó÷èëà ìèíèìàëüíûå çíà÷å-
íèÿ. Â ðåøàþùåì áëîêå îïðåäåëåíû òàêæå âñå 
îãðàíè÷åíèÿ ñîãëàñíî òàáë. 1.

Ïðåäñòàâëåííûå ìàòåðèàëû ïîçâîëèëè çà-
êëþ÷èòü, ÷òî ÷àñòîòíûå õàðàêòåðèñòèêè áàø-
ìàêîâ çàâèñÿò íå òîëüêî îò ïàðàìåòðîâ æàòêè, 
íî è îò âåðòèêàëüíûõ è ïðîäîëüíî-óãëîâûõ êî-
ëåáàíèé ìîëîòèëêè.

Òàáëèöà 1
Èñõîäíûå ïàðàìåòðû ïðè ñîñòàâëåíèè ôóíêöèè öåëè

Ñóììàðíàÿ ðàäèàëüíàÿ æåñòêîñòü øèí, Íì-1·103 Êîýôôèöèåíò ñîïðîòèâëåíèÿ êîëåáàíèé, Íñì-1·103

ñ
1 
= 2,3 k

1 
= 1,0

ñ
2
 = 1,2 k

2 
= 1,0

Ïðèâåäåííàÿ æåñòêîñòü òîðñèîíà ñ 
3
 = 1,0 k

3
 = 0,5
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Ïàðàìåòðû ñèñòåìû ïðåäñòàâëåíû â òàáë. 2. 
Ñ ïîìîùüþ ïðîãðàììû Minimaze ïîëó÷å-
íî ïîëå îïòèìèçàöèè. Èç òàáëèöû 2 âèäíî, 
÷òî ïðèìåíåííûå ïàðàìåòðû áëèçêè ê îïòè-
ìàëüíûì. 

Çàâèñèìîñòü ðàññåèâàíèÿ êîëåáàòåëüíûõ ïà-
ðàìåòðîâ ìàøèí îò âíåøíèõ âîçäåéñòâèé öåëå-
ñîîáðàçíî, â âåðîÿòíîñòíîì àñïåêòå, îöåíèâàòü 
êðèòåðèÿìè îïòèìàëüíîñòè. Îïèøåì êðèòåðèé 
îïòèìàëüíîñòè ìèíèìóìîì âåðîÿòíîñòè Ð:

 
    min; min,R R Z ZP D D P D D        (3)

ãäå 2
r

R RiD    − äèñïåðñèÿ íàãðóçêè íà áàø-
ìàêàõ æàòêè; 2

r

iZD z  − öåëåâàÿ ôóíêöèÿ 
ïëàâíîñòè õîäà, èëè äèñïåðñèÿ óñêîðåíèé 
êîëåáàíèé êîðïóñà ìîëîòèëêè êîìáàéíà; 
 ,R ZD D    − äîïóñêàåìûå çíà÷åíèÿ öåëåâûõ 
ôóíêöèé.

Äëÿ îïòèìèçàöèè êîëåáàòåëüíûõ ïà-
ðàìåòðîâ êîìáàéíà íåîáõîäèìî çàäàòüñÿ 
òàêèìè ïàðàìåòðàìè, ïðè êîòîðûõ êâàíòèëü 
íîðìàëüíîãî ðàñïðåäåëåíèÿ áûë áû ìàêñè-
ìàëüíûì ( maxPu  ) [11]. Âåðîÿòíîñòü P, 
ñîîòâåòñòâóþùóþ ìàêñèìàëüíîìó êâàíòè-
ëþ u

p
,  maxPP u  , ìîæíî ïðåäñòàâèòü 

â âèäå:   1 max minPP u   . Ïî âåðîÿòíîñòè 
 1 maxPP u  , ñ ó÷åòîì ðàññåèâàíèÿ äèíà-

ìè÷åñêèõ õàðàêòåðèñòèê ïðè ðàçëè÷íûõ ðåæè-
ìàõ ýêñïëóàòàöèè, ìîæíî îöåíèòü ýôôåêòèâ-
íîñòü îïòèìèçàöèè äëÿ ñåëüñêîõîçÿéñòâåííûõ 
ìàøèí øèðîêîãî ñïåêòðà ïðèìåíåíèÿ.

Ñ ó÷åòîì âûøå ñêàçàííîãî ñïðàâåäëèâî 
ñëåäóþùåå óñëîâèå:

 
  minZ ZP D D     . (4)

Ñ÷èòàåì, ÷òî öåëåâûå ôóíêöèè íåçàâèñèìû. 
Äëÿ ïðèíÿòûõ óñëîâèé îáîáùåííûé êðèòåðèé 
ýôôåêòèâíîñòè îïòèìèçàöèè õîäîâîé ñèñòåìû 
êîìáàéíà ïðåäñòàâèì âûðàæåíèåì:

 

1 11 1 maxP Z
P

R R Z Z

DDu
V D V D

           
    



 

, (5)

çäåñü ,R ZD D  − ìàòåìàòè÷åñêèå îæèäàíèÿ ðàñ-
ñåèâàíèÿ öåëåâûõ ôóíêöèé; ,R ZV V  − êîýôôèöè-
åíòû âàðèàöèè íåçàâèñèìûõ öåëåâûõ ôóíêöèé. 

Óñëîâèå îáîáùåííîãî êðèòåðèÿ îïòèìàëü-
íîñòè çàïèøåì â ñëåäóþùåì âèäå:

 
  ; minR R Z ZP D D D D      .  (6)

Äëÿ îïðåäåëåíèÿ ëîêàëüíîãî îïòèìóìà 
ââåäåì ýëåìåíòàðíóþ ñëó÷àéíóþ ôóíêöèþ. 
Âûðàçèì öåëåâóþ ôóíêöèþ ïëàâíîñòè õîäà 
êàê ýëåìåíòàðíóþ ñëó÷àéíóþ ôóíêöèþ:

 R RD D    , (7)

ãäå RD  − ìàòåìàòè÷åñêîå îæèäàíèå íåñëó÷àé-
íîé öåëåâîé ôóíêöèè; ε – íîðìàëüíî ðàñïðåäå-
ëåííàÿ ñëó÷àéíàÿ âåëè÷èíà.

Ñðåäíåå çíà÷åíèå ñëó÷àéíîé âåëè÷èíû ε = 1; 
ñ ó÷åòîì ýòîãî ñïðàâåäëèâî âûðàæåíèå:

1 P Zu V     ,

ãäå ZV  − êîýôôèöèåíò âàðèàöèè âåðòèêàëüíûõ 
óñêîðåíèé êîðïóñà ìîëîòèëêè.

Íàéäåì îïòèìàëüíóþ ïåðåäàòî÷íóþ ôóíê-
öèþ  i  , êîòîðàÿ îáåñïå÷èâàåò ìèíèìàëü-
íûå çíà÷åíèÿ ñðåäíåãî êâàäðàòà îòêëîíåíèÿ:

 
 22 1lim ( ) ( )

2

T

T

h t q t dt
T





   , (8)

ãäå h(t) − òðåáóåìîå èçìåíåíèå öåëåâîé ôóíê-
öèè D

R
; q(t) − âîçìîæíîå èçìåíåíèå öåëåâîé 

ôóíêöèè D
R
.

Ïðåäñòàâèì îáîáùåííóþ êîîðäèíàòó ( )RZ t  
â ñëåäóþùåì âèäå:

 12 1 22 2( ) ( ) ( ) ( ) ( )RZ S S q S S q S   . (9)

Ñ ó÷åòîì çàïàçäûâàíèÿ âîçìóùåíèé ôîðìó-
ëà (9) áóäåò èìåòü âèä:

 12 22( ) ( ) ( ) ( ) ( )ST
RZ S S q S S q S    , (10)

ãäå Ò − çàïàçäûâàíèå âîçìóùåíèé îò óïðàâëÿ-
åìûõ êîëåñ.

Ïåðåäàòî÷íàÿ ôóíêöèÿ, îáåñïå÷èâàþùàÿ 
ìèíèìóì êâàäðàòà îøèáêè, ñ ó÷åòîì ïåðåìåí-
íûõ ïî Ôóðüå, èìååò âèä:

  
   

 
 0

1
2

hQi T i TS i
i d

i i

 
  




   

      , (11)

Òàáëèöà 2
Îïòèìèçèðîâàííûå ïàðàìåòðû

Ñóììàðíàÿ ðàäèàëüíàÿ æåñòêîñòü øèí, Íì-1·103 Êîýôôèöèåíò ñîïðîòèâëåíèÿ êîëåáàíèé Íñì-1·103

ñ
1 
= 2,27 k

1 
= 1,45

ñ
2
 = 1,44 k

2 
= 1,43

Ïðèâåäåííàÿ æåñòêîñòü òîðñèîíà ñ
3
  = 0,96 k

3
 = 0,45



Èññëåäîâàíèå âëèÿíèÿ êîëåáàòåëüíûõ ïðîöåññîâ â ìîáèëüíîé ìàøèíå íà õàðàêòåðèñòèêè ïëàâíîñòè õîäà

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2020

Ò
Å

Î
Ð

È
ß

, 
Ê

Î
Í

Ñ
Ò

Ð
Ó

È
Ð

Î
Â

À
Í

È
Å

, 
È

Ñ
Ï

Û
Ò

À
Í

È
ß

53

ãäå  hQS i  − âçàèìíàÿ ñïåêòðàëüíàÿ ïëîò-
íîñòü âõîäíîãî è òðåáóåìîãî âûõîäíîãî âîç-
äåéñòâèÿ;  i   − âñïîìîãàòåëüíàÿ ôóíêöèÿ.

Ïðåäñòàâëåííûé ìåòîä îïðåäåëåíèÿ ïåðå-
äàòî÷íîé ôóíêöèè èñïîëüçîâàëñÿ äëÿ ïðîãíî-
çèðîâàíèÿ ïëàâíîñòè õîäà êîìáàéíà ïî åãî öå-
ëåâîé ôóíêöèè ïëàâíîñòè.

Ðåçóëüòàòû è îáñóæäåíèå
Õàðàêòåð öåëåâîé ôóíêöèè ZD  äëÿ òðàíñ-

ïîðòíîãî ðåæèìà ïðåäñòàâëåí íà ðèñ., à. 
Ïî ãðàôèêó îïðåäåëèì îïòèìàëüíîå çíà÷åíèå 
îòíîñèòåëüíîãî êîýôôèöèåíòà çàòóõàíèÿ âåð-
òèêàëüíûõ êîëåáàíèé êîðïóñà ìîëîòèëêè ψ. 
Ïðè÷èíà åãî ìèíèìèçàöèè – ïîòåðè ýíåðãèè 
êîëåáàíèé â øèíàõ õîäîâûõ êîëåñ ìàøèíû. 
Çíà÷åíèå îïòèìóìà ψ

îïò
 ïîêàçàíî íà ãðàôèêå. 

Ñîãëàñíî ñàíèòàðíûì íîðìàì, îãðàíè÷èâàþ-
ùèì âèáðàöèè íà ðàáî÷åì ìåñòå êîìáàéíîâ, 

èç óñëîâèÿ max 0,2Z q  çàäàäèìñÿ 
2

44ZD   
ì

ñ
 

è ïåðåéäåì ê âåðîÿòíîñòíîìó êðèòåðèþ 
 1 maxPP u  . Íà ðèñ., á èçîáðàæåíû ñëå-

äóþùèå çàâèñèìîñòè: êâàíòèëü è
Ð
 (êðèâàÿ 1); 

âåðîÿòíîñòü  1 PP u  (êðèâàÿ 2). Àíàëèç 
ïðåäñòàâëåííûõ ãðàôè÷åñêèõ çàâèñèìîñòåé 
(ðèñ., á) è îïòèìàëüíîãî çíà÷åíèÿ êîýôôèöè-
åíòà çàòóõàíèÿ âåðòèêàëüíûõ êîëåáàíèé êîð-
ïóñà ìîëîòèëêè ψ

îïò
 âûÿâèë, ÷òî ïðåâûøåíèå 

äîïóñòèìîãî óðîâíÿ âèáðàöèé èìååò âåðîÿò-
íîñòü  1 max 0,38Pp u   . Ýòî óêàçûâà-
åò íà òî, ÷òî ëîêàëüíàÿ îïòèìèçàöèÿ òîëüêî 
ïî êîýôôèöèåíòó ψ íå ýôôåêòèâíà, òàê êàê ïðè 
ψ = ψ

îïò
 óæå ó 38 % ìàøèí äåéñòâèòåëüíàÿ 

öåëåâàÿ ôóíêöèÿ ZD  ïðåâûñèò äîïóñêàåìóþ 

ZD   , ÷òî áóäåò îòâå÷àòü óæå äðóãîìó óñëî-
âèþ: maxZ q . 

Îïòèìàëüíóþ ïåðåäàòî÷íóþ ôóíêöèþ ïîä-
ðåññîðèâàíèÿ ìîëîòèëêè ( )Z t , â çàâèñèìîñòè 

îò äîïóñêàåìûõ âåðòèêàëüíûõ óñêîðåíèé ðà-
áî÷åãî ìåñòà ìåõàíèçàòîðà, ìîæíî ïîëó÷èòü 
èç ôîðìóëû (11):

 ( )Z t Vq t ,

ãäå V − êîýôôèöèåíò ïîäðåññîðèâàíèÿ, V < 1.

Âûâîäû
Ïðèìåíåíèå ðàññìîòðåííûõ ìåòîäîâ îïòè-

ìèçàöèè â äåòåðìèíèðîâàííîì àñïåêòå:
– íå ïîçâîëÿåò ðåøèòü âîïðîñ îïòèìèçàöèè 

âñåãî ïàðêà ìàøèí;
– ïîçâîëÿþò îöåíèòü ýôôåêòèâíîñòü îïòè-

ìèçàöèè è óñòàíîâèòü ïðîöåíò ìàøèí, êîòî-
ðûå èìåþò îïòèìàëüíûå êîëåáàòåëüíûå ïàðà-
ìåòðû.
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