
ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

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

Ïàðòêî Ñ.À., Ãðîøåâ Ë.Ì., Ñèðîòåíêî À.Í., Âîéíàø Ñ.À.

56

ÓÄÊ 631.3:531:517:9777

DOI: 10.31992/0321-4443-2019-2-56-60

ÎÑÎÁÅÍÍÎÑÒÈ ÑÏÅÊÒÐÎÂ ÍÀÃÐÓÇÎÊ ÍÀ ÀÃÐÅÃÀÒÛ 
ÌÎÁÈËÜÍÛÕ ÌÀØÈÍ ÀÏÊ Â ÏÎËÅÂÛÕ ÓÑËÎÂÈßÕ 
ÏÐÈ ÇÀÏÀÇÄÛÂÀÍÈÈ ÂÍÅØÍÈÉ ÂÎÇÄÅÉÑÒÂÈÉ

FEATURES OF THE SPECTRA OF LOADS ON THE UNITS 
OF MOBILE AGRICULTURAL MACHINES IN THE FIELD 
WHEN DELAY IN EXTERNAL INFLUENCES

Ñ.À. ÏÀÐÒÊÎ1, ê.ò.í.
Ë.Ì. ÃÐÎØÅÂ1, ä.ò.í.
À.Í. ÑÈÐÎÒÅÍÊÎ1, ê.ò.í.
Ñ.À. ÂÎÉÍÀØ2

1 ÔÃÁÎÓ ÂÎ «Äîíñêîé ãîñóäàðñòâåííûé òåõíè÷åñêèé 
óíèâåðñèòåò», Çåðíîãðàä, Ðîññèÿ

2 Ðóáöîâñêèé èíäóñòðèàëüíûé èíñòèòóò (ôèëèàë) 
ÔÃÁÎÓ ÂÎ «Àëòàéñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé 
óíèâåðñèòåò èì. È.È. Ïîëçóíîâà», Ðóáöîâñê, Ðîññèÿ 
parlana@rambler.ru

Ïðîáëåìà âûáîðà êîëåáàòåëüíûõ ïàðàìåòðîâ ìîáèëüíûõ çåðíîóáîðî÷íûõ êîìáàéíîâ ïðèâîäèò ê ðàçðàáîòêå 
äèíàìè÷åñêèõ ìîäåëåé, îáåñïå÷èâàþùèõ íîðìàëüíîå ôóíêöèîíèðîâàíèå ìàøèí, à òàêæå ê ðàññìîòðåíèþ ýòèõ 
ïàðàìåòðîâ â âåðîÿòíîñòíîì àñïåêòå è, ñëåäîâàòåëüíî, ê îöåíêå èõ ðàññåèâàíèÿ. Îñíîâíûì âèäîì âîçäåéñòâèé 
ÿâëÿþòñÿ âîçäåéñòâèÿ, ñîçäàâàåìûå íåðîâíîñòüþ ïóòè ìîáèëüíîé ìàøèíû è èçìåíåíèåì ôèçèêî-ìåõàíè÷å-
ñêèõ õàðàêòåðèñòèê ïî÷âû. Ïîäîáíûå çàäà÷è ðåøàþòñÿ ñ äîñòàòî÷íîé äëÿ ïðàêòèêè òî÷íîñòüþ â ëèíåéíîé 
ïîñòàíîâêå. 
Â ñòàòüå âíåøíèå âîçäåéñòâèÿ â ìíîãîìåðíûõ äèíàìè÷åñêèõ ñèñòåìàõ ïðåäñòàâëåíû â ìàòðè÷íîé ôîðìå. Èñ-
ïîëüçîâàíèå ìàòðèö ñïåêòðàëüíûõ ïëîòíîñòåé ïðè âû÷èñëåíèè ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê ïðè íàëè÷èè 
âçàèìíûõ ñâÿçåé ïðèâîäèò ê íåîáõîäèìîñòè âû÷èñëÿòü ýëåìåíòû êàê ãëàâíûõ, òàê è ïîáî÷íûõ äèàãîíàëåé, ÷òî, 
â ñâîþ î÷åðåäü, âåäåò ê óñëîæíåíèþ ðàñ÷åòîâ. Ó÷åò êîððåëÿöèîííûõ ñâÿçåé ìåæäó âîçäåéñòâèÿìè îïðåäåëÿåò 
âèä ìàòðèöû ñïåêòðàëüíûõ ïëîòíîñòåé âíåøíèõ âîçäåéñòâèé. Ïðè âû÷èñëåíèè ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê 
ó÷åò ñâÿçåé ïðèâîäèò ê óñëîæíåíèþ ðàñ÷åòîâ. Ïîýòîìó öåëåñîîáðàçíî ìàòðèöó âíåøíèõ âîçäåéñòâèé ïðèâå-
ñòè ê äèàãîíàëüíîìó âèäó, ÷òîáû ïîëó÷èòü ìàòðèöû íåêîððåëèðîâàííûõ âîçäåéñòâèé.
Ïðîâåäåííûå ðàñ÷åòû ñïåêòðàëüíûõ ïëîòíîñòåé è èíòåíñèâíîñòè êîëåáàíèé äëÿ ìîáèëüíûõ ìàøèí àãðîïðî-
ìûøëåííîãî êîìïëåêñà ðàçëè÷íûìè ìåòîäàìè ïîçâîëèëè óñòàíîâèòü, ÷òî îäèíàêîâûå ðåçóëüòàòû ïîëó÷àþòñÿ 
òîëüêî äëÿ ìàøèí ñî ñëàáûìè ôóíêöèîíàëüíûìè ñâÿçÿìè ïðè äâèæåíèè ïî ìèêðîïðîôèëþ ïîëÿ, ñîçäàþùåãî 
íåêîððåëèðîâàííîå âíåøíåå âîçäåéñòâèå. Äàíû ðåêîìåíäàöèè ïî ïðàêòè÷åñêîìó èñïîëüçîâàíèþ ðàñ÷åòíûõ 
ôîðìóë. 
Êëþ÷åâûå ñëîâà: ìàòðèöà ñïåêòðàëüíûõ ïëîòíîñòåé, íåêîððåëèðîâàííûå âíåøíèå âîçäåéñòâèÿ, îáðàòíàÿ ìà-
òðèöà, ïðèñîåäèíåííàÿ ìàòðèöà, çàïàçäûâàíèå âîçäåéñòâèé, ïàðàìåòðû ðàñïðåäåëåíèÿ íàãðóçîê.

The problem of choosing the oscillatory parameters of mobile combine harvesters leads to the devel-opment of 
dynamic models that ensure the normal functioning of machines, as well as to consider these parameters in the prob-
abilistic aspect and, consequently, to assess their dispersion. The main type of im-pact is the impact created by the 
unevenness of the path of the mobile machine and the change in the physical and mechanical characteristics of the 
soil. Such problems are solved with sufficient accuracy for practice in the linear formulation.
In the article, external influences in multidimensional dynamic systems are presented in matrix form. Matrix of spec-
tral densities when calculation of statistical characteristics in the presence of mutual rela-tionships lead to the need 
to calculate the elements of both the main and secondary diagonals, which leads to the complication of calculations. 
Calculation of correlations between impacts determines the form of the matrix of spectral densities of external influ-
ences. When calculating statistical characteristics, rela-tions taken into account lead to a complication of calculations. 
Therefore, it is advisable to bring the matrix of external influences to a diagonal form in order to obtain matrices of 
uncorrelated influences.
The calculations of the spectral densities and vibrational intensities for mobile machines of the agro-industrial com-
plex made it possible to establish that the same results are obtained only for vehicles with weak functional connec-
tions, when moving along a field micro profile creating an uncorrelated external influence. Recommendations on the 
practical use of calculation formulas are given.
Keywords: spectral density matrix, uncorrelated external effects, inverse matrix, adjoint matrix, delay effects, load 
sharing options.
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 Ââåäåíèå
Ïðè ðàñ÷åòå äèíàìè÷åñêèõ ìíîãîìåðíûõ 

ñèñòåì èñïîëüçóåòñÿ ñïåöèàëüíàÿ ïðîãðàì-
ìà [1] äëÿ ÝÂÌ äëÿ îöåíêè êîëåáàíèé ìàøèí 
àãðîïðîìûøëåííîãî êîìïëåêñà. Ïðîãðàììà 
ïðèìåíÿåòñÿ ïðè ðàñ÷åòå íà ïëàâíîñòü õîäà 
çåðíîóáîðî÷íûõ êîìáàéíîâ, ðàñ÷åòå ïðî÷íî-
ñòè äåòàëåé [2], îöåíêå óñëîâèé òðóäà ìåõàíè-
çàòîðà, âûáîðå êîëåáàòåëüíûõ ïàðàìåòðîâ [3, 
4]. Îíà òðåáóþò âûáîðà äèíàìè÷åñêîé ìîäåëè 
[5, 6] è êîíñòðóêòèâíûõ ïàðàìåòðîâ ìàøèíû è 
åå àãðåãàòîâ, à òàêæå îïðåäåëåíèÿ èëè íàçíà-
÷åíèÿ ìàññîâî-ãåîìåòðè÷åñêèõ è óïðóãî-äèñ-
ñèïàòèâíûõ õàðàêòåðèñòèê ñèñòåìû [7]. 

Öåëü èññëåäîâàíèÿ
Àíàëèç ñïåêòðîâ íàãðóçîê íà àãðåãàòû ìî-

áèëüíûõ ìàøèí ÀÏÊ â ïîëåâûõ óñëîâèÿõ ïðè 
çàïàçäûâàíèè âíåøíèé âîçäåéñòâèé.

Ìåòîäû è ñðåäñòâà 
ïðîâåäåíèÿ èññëåäîâàíèé
Â îáùåì ñëó÷àå âíåøíèå âîçäåéñòâèÿ íà 

ìàøèíó ÀÏÊ ðàññìàòðèâàþòñÿ â âèäå ñèñòåìû 
ñ «n» ôóíêöèÿìè q

1
(t)... q

n
(t), êîòîðûå ÿâëÿþò-

ñÿ ïðîöåññàìè èçìåíåíèÿ ìèêðîíåðîâíîñòåé 
ïóòè èëè èçìåíåíèÿ òâåðäîñòè ïî÷âû.

Íàèáîëåå ïðîñòîå ñòàòèñòè÷åñêîå îïèñàíèå 
âíåøíèõ âîçäåéñòâèé ïðåäñòàâëÿåòñÿ, åñëè 
îíè äîïóñêàþò ñòîõàñòè÷åñêèå îðòîãîíàëüíûå 
ïðåäñòàâëåíèÿ:

       ( ) ,i i i iq t m q t Q t d




      ,

ãäå Q
i
(ω) – ñèñòåìà ñëó÷àéíûõ ôóíêöèé ω; 

φ
i
(t,ω) – ñèñòåìà íåñëó÷àéíûõ ôóíêöèé t è ïà-

ðàìåòðà ω; m[q
i
(t)] – ìàòåìàòè÷åñêîå îæèäàíèå.

Â äàëüíåéøåì ïîëàãàåì, ÷òî m[q
i
(t)] = 0.

Ìîáèëüíûå ìàøèíû ÀÏÊ â áîëüøèíñòâå 
ñëó÷àåâ – ýòî ñèñòåìû ñ çàïàçäûâàíèåì âîç-
äåéñòâèé. Âîçäåéñòâèÿ, õàðàêòåðèçóþùèå íå-
ðîâíîñòè ìèêðîðåëüåôà ïîëÿ èëè òâåðäîñòè 
ïî÷âû, ÿâëÿþòñÿ îäíîòèïíûìè è ìîãóò áûòü 
ñäâèíóòû âî âðåìåíè t

0
. Êðîìå òîãî, íà îáðà-

çîâàíèå êîððåëÿöèîííûõ ñâÿçåé ìåæäó âîç-
äåéñòâèÿìè (óãîë ïîïåðå÷íîãî íàêëîíà ψ è 
âûñîòà h) âëèÿåò êîíñòðóêöèÿ ìàøèíû (ïåðåä-
íèé èëè çàäíèé âåäóùèå êîëåñà). Ñ ó÷åòîì 
ýòîãî ìàòðèöà ñïåêòðàëüíûõ ïëîòíîñòåé âíåø-
íèõ âîçäåéñòâèé ïðåäñòàâëÿåòñÿ â âèäå [8]:

  

 
     

     
     

0

0
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j t
h h h

h h
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c S j c S j S

 





  

  

  
   

  

 (1)

ãäå 0 0
13 23 31 32; ; 1;j t j tc t c e c c e       – äëÿ 

ìàøèí ñ ïåðåäíèìè âåäóùèìè êîëåñàìè, 
0 0

13 22 31 32; 1; ; 1j t j tc e c c e c       – äëÿ ìàøèí 
ñ çàäíèìè âåäóùèìè êîëåñàìè. 

Ïîñêîëüêó ïðè âû÷èñëåíèè ñòàòèñòè÷åñêèõ 
õàðàêòåðèñòèê íàëè÷èå âçàèìíûõ ñâÿçåé ïðè-
âîäèò ê óñëîæíåíèþ ðàñ÷åòîâ, ïðèâåäåì ìà-
òðèöû ê äèàãîíàëüíîìó âèäó, ÷òîáû ïîëó÷èòü 
ìàòðèöû íåêîððåëèðîâàííûõ âíåøíèõ âîçäåé-
ñòâèé. Õàðàêòåðèñòè÷åñêàÿ ìàòðèöà òèïà 

   ,qS j j E     ,

ãäå λ – õàðàêòåðèñòè÷åñêàÿ ôóíêöèÿ; Å – åäè-
íè÷íàÿ ìàòðèöà.

Ìàòðèöà (1) ïðèâîäèòñÿ ê âèäó:
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(2)
Õàðàêòåðèñòè÷åñêîå óðàâíåíèå ïðåäñòàâëÿ-

åòñÿ êàê:

      3 2 0a j b j c j d          . (3)

Õàðàêòåðèñòè÷åñêèå ôóíêöèè  
1
( j),  

2
( j), 


3
( j) âû÷èñëÿëèñü ïðè ïîìîùè ôîðìóë Êàð-

äàíî [9].
Èç ðåøåíèÿ óðàâíåíèÿ (3) îïðåäåëÿëèñü êî-

îðäèíàòû ñîáñòâåííûõ âåêòîðîâ  i j   ïðè 
I = 1, 2, 3 ïðîèçâîäèìûõ ëèíåéíûõ ïðîèçâåäå-
íèé ìàòðèöû (2).

Ïî êîîðäèíàòàì âåêòîðîâ áûëè ñîñòàâëåíû 
ìàòðèöû ïåðåõîäà ê íîâîìó áàçèñó:

 

 
11 21 31

12 22 32

13 23 33

T j
  

    
  

 (4)

è îáðàòíàÿ ìàòðèöà:

 
   

 
1 T j

T j
T j

 
 




, (5)

ãäå  T j  – ïðèñîåäèíåííàÿ ìàòðèöà;  T j  – 
îïðåäåëèòåëü ìàòðèöû.

Èñêîìàÿ ìàòðèöà áûëà îïðåäåëåíà êàê:

 

       
     

1

1 2 3

,

,
d qS j T j S j T j

diag S j S j S j

        

     
 (6)

ãäå S
1
, S

2
, S

3
 – ñïåêòðàëüíûå ïëîòíîñòè íåêîð-

ðåëèðîâàííûõ âîçäåéñòâèé, ÿâëÿþùèåñÿ ôóíê-
öèÿìè êîìïëåêñíîãî ïåðåìåííîãî. 



ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 2, 2019

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

Ïàðòêî Ñ.À., Ãðîøåâ Ë.Ì., Ñèðîòåíêî À.Í., Âîéíàø Ñ.À.

58

Ðåøåíèå ïëîñêîé çàäà÷è íàõîæäåíèÿ äèà-
ãîíàëüíîé ìàòðèöû (6) óïðîùàåòñÿ. Ïðè ýòîì 
âíåøíèå âîçäåéñòâèÿ, íå ïðèâåäåííûå ê äèàãî-
íàëüíîìó âèäó, èìåþò âèä:

 
     

   
0

0
,

i t
h h

q i t
h h

S S e
S j

S e S

 



 
  

 
, (7)

òîãäà õàðàêòåðèñòè÷åñêàÿ ìàòðèöà ðàâíà:

 

   
     
     

0

0

,

,

q

i t
h h

i t
h h

S j E

S S e
S e S

 



      

    


   

 (8)

à õàðàêòåðèñòè÷åñêîå óðàâíåíèå: 

    2 2 0hS      , (9)

îòêóäà êîðíè      1 20, 2 hS       .
À ñèñòåìà óðàâíåíèé äëÿ îïðåäåëåíèÿ êî-

îðäèíàò ñîáñòâåííûõ âåêòîðîâ ïðè  1 0  
èìååò âèä:

        0
11 12 0j t

h hS j S e j         . (10)

Çàäàâøèñü 0
11

j te   , íàõîäèì  12 1j   .
Ïðè    2 2 hS     ðàññìîòðåííàÿ ñèñòå-

ìà ðàâíà:

       
       

0

0

21 22

21 21

0

0,

j t
h h

j t
h h

S j S e j

S j S j

 



        


       
 (11)

à ìàòðèöà ïåðåõîäà ê íîâîìó áàçèñó èìååò âèä:

 
 

0 0

01 21

j t j t

j t

e eT j
e

  


 


. (12)

Èç âûðàæåíèÿ (8) áûëî íàéäåíî:

    0
1 (1 ) 0j t

hS j S e       ,

     0
2 (1 ) 0j t

hS j S e       . (13)

Åñëè ïðåäïîëîæèòü, ÷òî ïðîäîëüíûé è ïî-
ïåðå÷íûé ìèêðîïðîôèëü ÿâëÿþòñÿ íåêîððåëè-
ðîâàííûìè ñëó÷àéíûìè ïðîöåññàìè, òî ìîæíî 
ïðåäñòàâèòü òðåòèé ýëåìåíò äèàãîíàëüíîé ìà-
òðèöû êàê  S  .

Òîãäà ìàòðèöà (13) èìååò âèä:

 

   
   

0

0

(1 );

.(1 );

j t
d h

j t
h

S j diag S e

S e S

 




    

   
 (14)

Ïðè âû÷èñëåíèè ñïåêòðàëüíûõ ïëîòíîñòåé 
êîëåáàíèé áûëè èñïîëüçîâàíû ìàòðèöû (1), 
(14), à òàêæå ôîðìóëû, íå ó÷èòûâàþùèå êîððå-
ëÿöèîííûå ñâÿçè ìåæäó âîçäåéñòâèÿìè:

 
       2 2

11 12 0z hS S           .  (15)

Ðåçóëüòàòû èññëåäîâàíèé 
è èõ îáñóæäåíèå
Íà ðèñ. 1 ïðåäñòàâëåíû ãðàôèêè ñïåêòðàëü-

íûõ ïëîòíîñòåé âåðòèêàëüíûõ óñêîðåíèé 
ïåðåäíåé ÷àñòè ìîëîòèëêè çåðíîêîìáàéíà 
«Íèâà», èç êîòîðûõ óñòàíîâëåíî, ÷òî øèðèíà 
ñïåêòðà çàâèñèò îò äèíàìè÷åñêèõ ïàðàìåòðîâ 
ìàøèíû. Ó çåðíîêîìáàéíîâ, èìåþùèõ áëèç-
êèå ÷àñòîòû ñîáñòâåííûõ êîëåáàíèé ïåðåäíåé 
è çàäíåé ÷àñòè ìîëîòèëêè, ñïåêòðû ìîæíî îò-
íåñòè ê óçêîïîëîñíûì (ñì. ðèñ. 1). Êðîìå òîãî, 
çäåñü ñêàçûâàåòñÿ çàïàçäûâàíèå âîçäåéñòâèé 
îò õîäîâûõ è óïðàâëÿåìûõ êîëåñ â âèäå ïîÿâ-
ëåíèÿ ïåðèîäè÷åñêèõ ñîñòàâëÿþùèõ. 

Î ðåçóëüòàòàõ ðàñ÷åòà ðàçëè÷íûìè ìåòî-
äàìè ìîæíî ñóäèòü òàêæå ïî ðèñ. 2, ãäå ïðåä-

Ðèñ. 1. Ñïåêòðàëüíûå ñêîðîñòè êîëåáàíèé 
ïðè èñïîëüçîâàíèè ïî âûðàæåíèÿì: 

1 – (1), 2 – (6), 3 – (15)

Ðèñ. 2. Ãðàôèêè èíòåíñèâíîñòè êîëåáàíèé 
ïðè äâèæåíèè ïî ìèêðîïðîôèëþ 

ñ ðàçëè÷íûì ñîñòàâîì íåðîâíîñòåé: 
1 è 3 – âäîëü áîðîçäû; 2 – ïîïåðåê áîðîçäû ïîëÿ
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ñòàâëåíû ãðàôèêè èíòåíñèâíîñòè êîëåáàíèé, 
âû÷èñëåííûå ñ èñïîëüçîâàíèå ìàòðèö (1), (6), 
(15). Èç ãðàôèêîâ âèäíî, ÷òî ðåçóëüòàòû ðàñ÷å-
òîâ âëèÿþò íà õàðàêòåð âíåøíèõ âîçäåéñòâèé 
è íàëè÷èå ôóíêöèîíàëüíûõ ñâÿçåé â ìàøèíå.

Îäèíàêîâûå ðåçóëüòàòû ïðè èñïîëüçîâà-
íèè ðàçëè÷íûõ ìåòîäîâ ðàñ÷åòîâ ïîëó÷àþòñÿ 
òîëüêî äëÿ ìàøèí ñî ñëàáûìè ôóíêöèîíàëü-
íûìè ñâÿçÿìè ïðè äâèæåíèè ïî ìèêðîïðî-
ôèëþ ïîëÿ, ñîçäàþùåãî íåêîððåëèðîâàííîå 
âíåøíåå âîçäåéñòâèå.

Èíæåíåðíûå îöåíêè äèíàìèêè çåðíîêîì-
áàéíîâ ïðîèçâîäèëîñü ïóòåì âû÷èñëåíèÿ äèñ-
ïåðñèé:
   

2

1

1
ke keW S d





   
  , (16)

ãäå ω
1
, ω

2
 – ãðàíè÷íûå ÷àñòîòû îñíîâíîé ÷àñòè 

ñïåêòðà.
Ðåçóëüòàòû ðàñ÷åòîâ ïî ôîðìóëå (16) ïðåä-

ñòàâëåíû íà ðèñ. 3 òàêæå â âèäå ãðàôèêîâ èí-
òåíñèâíîñòè êîëåáàíèé.

Ðèñ. 3. Ðåçóëüòàòû ðàñ÷åòà ïî ôîðìóëå (16)

Ñðåäíåêâàäðàòè÷åñêèå êîëåáàíèÿ ïðåä-
ñòàâëåíû â âèäå ãðàôèêîâ ïåðåãðóçîê z

g
 . 

Êàê âèäíî, ïðè äâèæåíèè ìàøèíû ïî ìèê-
ðîïðîôèëÿì ñ ðàçëè÷íûì ñïåêòðàëüíûì 
ñîñòàâîì íåðîâíîñòåé èíòåíñèâíîñòü êîëå-
áàíèé èçìåíÿåòñÿ. Â íåêîòîðûõ ñëó÷àÿõ ñóùå-
ñòâóþò ðåçîíàíñíûå ñêîðîñòè äâèæåíèÿ ïðè 
V ≈ 10–15 ì/ñ. Ãðàôèêè, ïðåäñòàâëåííûå íà 
ðèñ. 2, 3, ïîçâîëèëè òàêæå îöåíèòü ðàññåèâà-
íèå õàðàêòåðèñòèê âûõîäíûõ ïåðåìåííûõ (íà-
ãðóçîê íà àãðåãàòû). Íà ãðàôèêàõ çàøòðèõî-
âàííûå îáëàñòè èëëþñòðèðóþò ðàññåèâàíèå 
êîëåáàíèé è ïîçâîëÿþò îöåíèòü êîýôôèöèåí-
òû âàðèàöèè V(z). Â òàáëèöå ïðèâîäÿòñÿ ñîîò-
âåòñòâóþùèå ïàðàìåòðû ïðè ñðåäíèõ ñêîðî-
ñòÿõ äâèæåíèÿ ìàøèí.

Ñðàâíåíèå ðåçóëüòàòîâ ðàñ÷åòîâ ïî ôîð-
ìóëàì (1), (6), (15) ïîêàçàíû íà ðèñ. 2 è 3. Èç 
ãðàôèêîâ âèäíî, ÷òî ïîãðåøíîñòü âû÷èñëåíèÿ 
ïåðåãðóçîê çàâèñèò îò äèíàìè÷åñêèõ ïàðàìå-
òðîâ ìàøèí è ñïåêòðîâ âîçäåéñòâèé.

Âûâîäû
Äëÿ ïðàêòè÷åñêèõ ðàñ÷åòîâ äîïóñòèìî èñ-

ïîëüçîâàíèå ôîðìóë (1), (6), (15). Èñïîëüçî-
âàíèå ôîðìóëû (6) òàêæå äîïóñòèìî, êðîìå 
ñëó÷àåâ, êîãäà ðàñ÷åòû âåäóòñÿ äëÿ ìàøèí, 
äâèæóùèõñÿ ïî äîðîãàì ñ íèçêî÷àñòîòíûì 
ñïåêòðàëüíûì ñîñòàâîì íåðîâíîñòåé, ó ìàøèí 
ñ íèçêèì çíà÷åíèåì êîýôôèöèåíòîâ ñâÿçè êîëå-
áàíèé õîäîâîé è óïðàâëÿåìîé ÷àñòè ìîëîòèëêè.

Ëèòåðàòóðà
1. Ðàñ÷åò ñëó÷àéíûõ êîëåáàíèé êîðïóñà çåðíîóáî-

ðî÷íîãî êîìáàéíà êëàññà «Äîí» / Ãðîøåâ Ë.Ì., 
Ïàðòêî Ñ.À., Ëóêîíèí À.Þ.:  ñâèäåòåëüñòâî î ãî-
ñóäàðñòâåííîé ðåãèñòðàöèè ïðîãðàììû äëÿ ÝÂÌ 

Òàáëèöà 
Ïàðàìåòðû ðàñïðåäåëåíèÿ íàãðóçîê â àãðåãàòàõ ìîáèëüíûõ ìàøèí ÀÏÊ

Òèï ìàøèíû Àãðîôîí Ñêîðîñòü 
äâèæåíèÿ

z
g


V

z

ÑÊ – 5, «Íèâà»
ñòåðíÿ 0,83 0,35 0,06

äîðîãà 0,6 0,85 0,085

ÌÒÀ Òðàêòîð Ê-700À, 
òåëåæêà 2 ÏÃÑ-4

ñòåðíÿ 3,8 0,45 0,095

äîðîãà 8,3 0,53 0,01

ÌÒÀ Òðàêòîð Ò-150À, 
êîìáàéí ÊÊÓ-7Â

ñòåðíÿ 1,2 0,35 0,015

äîðîãà 3,6 0,4 0,015

ÌÒÀ Òðàêòîð Ò-150À, 
ïëóã ÏÐ-2,7 ïàøíÿ 0,75 0,35 0,05
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