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Ïðîöåññ «äåôîðìèðîâàíèå – óïëîòíåíèå – ðàçóïëîòíåíèå – íàêîïëåíèå óïëîòíåíèÿ ïî÷âû» çàâèñèò êàê îò 
ðåæèìîâ ýêñïëóàòàöèè òåõíèêè, òàê è îò èçìåíÿþùèõñÿ ñâîéñòâ ïî÷âû â çàâèñèìîñòè îò åå òèïà, àãðîôîíà è 
ïåðèîäîâ ãîäà. Ïîñêîëüêó îñíîâíàÿ ÷àñòü ïîòåðü ýíåðãèè ïðè ïåðåäâèæåíèè ïî ïîëþ ìàøèííî-òðàêòîðíûõ 
àãðåãàòîâ òðàòèòñÿ íà îáðàçîâàíèå ñëåäîâ, òî âåñüìà âàæíûì ÿâëÿåòñÿ óñòàíîâëåíèå âëèÿíèÿ ÷èñëà ïðîõîäîâ 
êîëåñ íà èçìåíåíèå ñèëû ñîïðîòèâëåíèÿ êà÷åíèþ. Íåîáõîäèìî îáîñíîâàíèå çàêîíîìåðíîñòè èçìåíåíèÿ ñèëû 
ñîïðîòèâëåíèÿ êà÷åíèþ îò ÷èñëà ïðîõîäîâ êîëåñ ïî ñëåäó â ðàçëè÷íûõ ïî÷âåííûõ óñëîâèÿõ. Ýòî ïîçâîëèò 
îïðåäåëèòü ïåðñïåêòèâíûå ïóòè óëó÷øåíèÿ êîíñòðóêöèé õîäîâûõ ñèñòåì, â ÷àñòíîñòè îáîñíîâàòü ÷èñëî îñåé 
êîëåñíûõ òðàíñïîðòíî-òÿãîâûõ ìàøèí. Â ñòàòüå ïîêàçàíà ãðàôè÷åñêàÿ çàâèñèìîñòü ñèëû ñîïðîòèâëåíèÿ êà÷å-
íèþ êîëåñíîé õîäîâîé ñèñòåìû îò ÷èñëà îñåé äëÿ ñèëüíî óïðî÷íÿþùåéñÿ ïî÷âû. Ïðîàíàëèçèðîâàíî âëèÿíèå 
ïàðàìåòðîâ êîëåñíîé õîäîâîé ñèñòåìû òðàíñïîðòíîãî ñðåäñòâà íà ñîïðîòèâëåíèå êà÷åíèþ ïî ñèëüíî óïðî÷íÿ-
þùåéñÿ ïî÷âå. Îïðåäåëåíî ñîïðîòèâëåíèå êà÷åíèþ ïðè ïîâòîðíûõ ïðîõîäàõ êîëåñ íà ñëàáî óïðî÷íÿþùèõñÿ 
ïî÷âàõ. Îáîñíîâàíû çàâèñèìîñòè ñèëû ñîïðîòèâëåíèÿ êà÷åíèþ êîëåñ îò ÷èñëà ïðîõîäîâ ïî ñëåäó ïðè ðàçëè÷-
íûõ ñîñòîÿíèÿõ îïîðíîé ïîâåðõíîñòè. Ðàññìîòðåíû âàðèàíòû ñèëüíî óïðî÷íÿþùåéñÿ è ñëàáî óïðî÷íÿþùåéñÿ 
ïî÷â. Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ òÿãîâî-ñöåïíûõ ñâîéñòâ ìíîãîîñíîãî êîëåñíîãî õîäà ïðîâîäèëèñü íà 
ìåõàíè÷åñêîé ìîäåëè â ïî÷âåííîì êàíàëå. Ïðåäëîæåííûå çàêîíîìåðíîñòè èçìåíåíèÿ ñèëû ñîïðîòèâëåíèÿ 
êà÷åíèþ ïðè ïîâòîðíûõ ïðîõîäàõ êîëåñ ïî ñëåäó ó÷èòûâàþò òèï è ñîñòîÿíèå ïî÷âû. Óâåëè÷åíèå ÷èñëà îñåé 
ñïîñîáñòâóåò ñíèæåíèþ ñîïðîòèâëåíèÿ êà÷åíèþ.
Êëþ÷åâûå ñëîâà: òðàíñïîðòíî-òÿãîâàÿ ìàøèíà, ïî÷âà, êîëåñî, ñîïðîòèâëåíèå êà÷åíèþ, ÷èñëî ïðîõîäîâ, íà-
ïðÿæåíèå, äàâëåíèå.

The process «deformation – compaction – decomposition – accumulation of soil compaction» depends both on the 
operating conditions of the equipment and on the changing properties of the soil depending on its type, agricultural 
background and periods of the year. Since the main part of energy losses during movement across the field of ma-
chine-tractor units is spent on the formation of tracks, it is very important to establish the influence of the number of 
wheel passes on changes in the rolling resistance force. It is necessary to substantiate the pattern of change in the roll-
ing resistance force on the number of wheel passes on the track in various soil conditions. This will make it possible 
to identify promising ways to im-prove the design of the undercarriage systems, in particular, to justify the number 
of axles of wheeled transport and traction machines. The article obtained a graphical dependence of the rolling resist-
ance force of the wheeled suspension system on the number of axles for highly hardening soil. The influence of the 
parameters of the vehicle's wheel drive system on rolling resistance on heavily hardened soil is ana-lyzed. The rolling 
resistance at repeated passes of the wheels on weakly hardening soils is determined. The dependences of the rolling 
resistance force on wheels on the number of tracks on the track for various states of the bearing surface are substan-
tiated. The variants of strongly hardening and weakly hardening soils are considered. Experimental studies of the 
multi-axle wheel travel traction properties were carried out on a mechanical model in the soil channel. The proposed 
patterns of change in the rolling resistance force during repeated wheel passes on the track take into account the type 
and condition of the soil. Increasing the number of axles contributes to lower rolling resistance.
Keywords: transport and traction machine, soil, wheel, rolling resistance, number of passes, stress, pressure.
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 Ââåäåíèå
Âîçäåéñòâèå õîäîâûõ ñèñòåì òðàíñïîðòíî-

òÿãîâûõ ìàøèí âåäåò ê ñíèæåíèþ óðîæàéíî-
ñòè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð. Ïîâûøå-
íèå ïëîòíîñòè ïî÷âû, âûçâàííîå âîçäåéñòâèåì 
õîäîâûõ ñèñòåì, ïðèâîäèò ê óâåëè÷åíèþ åå 
òâåðäîñòè â 2–3 ðàçà. Ìåæäó òâåðäîñòüþ, ïëîò-
íîñòüþ è óäåëüíûì ñîïðîòèâëåíèåì ïî÷âû ïðè 
âñïàøêå ñóùåñòâóåò òåñíàÿ êîððåëÿöèîííàÿ 
ñâÿçü. Óäåëüíîå ñîïðîòèâëåíèå ïðè îáðàáîòêå 
ïàõîòíîãî ñëîÿ ïîñëå ïðîõîäà òðàêòîðîâ ïîâû-
øàåòñÿ íà 15–65 %, à òðàíñïîðòíûõ ñðåäñòâ è 
êîìáàéíîâ – íà 60–90 % [1, 2].

Ïðîèñõîäÿùèé â ðåçóëüòàòå âîçäåéñòâèÿ 
õîäîâûõ ñèñòåì òðàíñïîðòíî-òÿãîâûõ ìàøèí 
íà ïî÷âó ïðîöåññ «äåôîðìèðîâàíèå – óïëîò-
íåíèå – ðàçóïëîòíåíèå – íàêîïëåíèå óïëîòíå-
íèÿ ïî÷âû» çàâèñèò êàê îò ðåæèìîâ ýêñïëóàòà-
öèè òåõíèêè, òàê è îò èçìåíÿþùèõñÿ ñâîéñòâ 
ïî÷âû â çàâèñèìîñòè îò åå òèïà, àãðîôîíà è 
ïåðèîäîâ ãîäà. Äåôîðìàöèÿ ïî÷âû êîëåñàìè 
ñîïðîâîæäàåòñÿ ðàñõîäîì ýíåðãèè íà ïðåîäî-
ëåíèå âîçíèêàþùåé ñèëû ñîïðîòèâëåíèÿ êà÷å-
íèþ. Ïîñêîëüêó îñíîâíàÿ ÷àñòü ïîòåðü ýíåðãèè 
ïðè ïåðåäâèæåíèè ïî ïîëþ ìàøèííî-òðàêòîð-
íûõ àãðåãàòîâ òðàòèòñÿ íà îáðàçîâàíèå ñëåäîâ, 
òî âåñüìà âàæíûì ÿâëÿåòñÿ óñòàíîâëåíèå âëè-
ÿíèÿ ÷èñëà ïðîõîäîâ êîëåñ íà èçìåíåíèå ñèëû 
ñîïðîòèâëåíèÿ êà÷åíèþ.

Öåëü èññëåäîâàíèÿ 
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îáîñíîâàíèå 

çàêîíîìåðíîñòè èçìåíåíèÿ ñèëû ñîïðîòèâëå-
íèÿ êà÷åíèþ îò ÷èñëà ïðîõîäîâ êîëåñ ïî ñëåäó 
â ðàçëè÷íûõ ïî÷âåííûõ óñëîâèÿõ. Ýòî ïîçâî-
ëèò îïðåäåëèòü ïåðñïåêòèâíûå ïóòè óëó÷øå-
íèÿ êîíñòðóêöèé õîäîâûõ ñèñòåì, â ÷àñòíîñòè 
îáîñíîâàòü ÷èñëî îñåé êîëåñíûõ òðàíñïîðòíî-
òÿãîâûõ ìàøèí.

Ìàòåðèàëû è ìåòîäû
Â òåîðèè òðàíñïîðòíî-òÿãîâûõ ìàøèí äëÿ 

îöåíêè çàòðàò ýíåðãèè íà äåôîðìàöèþ ïî÷â 
è ãðóíòîâ èñïîëüçóþò òåðìèí «êîýôôèöèåíò 
ñîïðîòèâëåíèÿ êà÷åíèþ», ïðåäñòàâëÿþùèé 
ñîáîé îòíîøåíèå ñèëû ñîïðîòèâëåíèÿ êà÷å-
íèþ ê âåñó ìàøèíû [3].

Ïðè ïåðåäâèæåíèè õîäîâûõ ñèñòåì ïî ïî÷âå 
ñîïðîòèâëåíèå êà÷åíèþ îáóñëîâëèâàåòñÿ, â 
îñíîâíîì, ïîòåðÿìè ýíåðãèè íà äåôîðìàöèþ 
ïî÷âû.

Ðàáîòà âåðòèêàëüíîé äåôîðìàöèè ïî÷âû 
ïðè i-ì ïðîõîäå êîëåñà ðàâíà:

1

( )
i

i

i

h

i
h

W A h dh


   ,

ãäå À – ïëîùàäü ïÿòíà êîíòàêòà êîëåñà ñ 
ïî÷âîé, ì2; h

i-1
 – ãëóáèíà ñëåäà ïðè (i–1)-ì ïðî-

õîäå êîëåñà, ì; h
i 
– ãëóáèíà ñëåäà ïðè i-ì ïðî-

õîäå êîëåñà, ì; ( )i h  – çàâèñèìîñòü ìåæäó íà-
ïðÿæåíèåì è îñàäêîé ïðè i-ì ïðîõîäå êîëåñà, ì.

Ñóììàðíàÿ âåëè÷èíà ðàáîòû ïîñëå n íàãðó-
æåíèé

11
( )

i

i

hn

i
i h

W A h dh





   .

Çíà÷åíèÿ ðàáîòû ïðè i-ì ïðîõîäå êîëåñà çà 
îäèí îáîðîò è ïîñëå n ïðîõîäîâ áóäóò ðàâíû 
ñîîòâåòñòâåííî:

 1

2 ( )
i

i

i

h

k i
h

W r B h dh


      ,   (1) 

 11
2 ( )

i

n

i

hn

k i
i h

W r B h dh





       ,  (2)

ãäå r – ðàäèóñ êîëåñà, ì; B
k
 – øèðèíà êîíòàêòà 

êîëåñà ñ ïî÷âîé, ì. 
Ñ äðóãîé ñòîðîíû, ðàáîòà ñèë ñîïðîòèâëå-

íèÿ êà÷åíèþ ðàâíà

 
2 fW r F    ,  (3)

ãäå F
f
 – ñèëà ñîïðîòèâëåíèÿ êà÷åíèþ êîëåñíî-

ãî õîäà, Í.
Ïðèðàâíÿâ ïðàâûå ÷àñòè óðàâíåíèé (1) è (3), 

íàõîäèì çíà÷åíèå ñèëû ñîïðîòèâëåíèÿ êà÷å-
íèþ ïðè i- ì ïðîõîäå êîëåñà

 1

( )
i

i

i

h

f k i
h

F B h dh


   .  (4)

Àíàëîãè÷íî èç óðàâíåíèé (2) è (3) íàõî-
äèì ñóììàðíóþ ñèëó ñîïðîòèâëåíèÿ êà÷åíèþ  
n-îñíîãî êîëåñíîãî õîäà

 11
( )

i

n

i

hn

f k i
i h

F B h dh


    .   (5)

Ðåçóëüòàòû è èõ îáñóæäåíèå
Äëÿ ñèëüíî óïðî÷íÿþùèõñÿ ïî÷â ñóììàð-

íóþ ñèëó ñîïðîòèâëåíèÿ êà÷åíèþ n-îñíîãî õîäà 
íàéäåì èñõîäÿ èç òîãî, ÷òî ôóíêöèÿ  h  äëÿ 
ñèëüíî óïðî÷íÿþùèõñÿ ïî÷â ÿâëÿåòñÿ íåïðå-
ðûâíîé. Ïîýòîìó ê óðàâíåíèþ (5) ìîæíî ïðè-
ìåíèòü ñâîéñòâî àääèòèâíîñòè èíòåãðàëà [4]

0

( )
n

n

h

f kF B h dh   .
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Çàâèñèìîñòü ìåæäó ñîïðîòèâëåíèåì è îñàä-
êîé ïî÷âû ïîä÷èíÿåòñÿ ôóíêöèè ãèïåðáîëè÷å-
ñêîãî òàíãåíñà [5]:

 

0
0

th ,kp h
p

 
    

 
  (6)

ãäå ð
0
 – ïðåäåë íåñóùåé ñïîñîáíîñòè ïî÷âû, 

Ïà; k – êîýôôèöèåíò îáúåìíîãî ñìÿòèÿ ïî÷âû, 
Í/ì3.

Ñ ó÷åòîì çàâèñèìîñòè (6) ôîðìóëà ñèëû ñî-
ïðîòèâëåíèÿ êà÷åíèþ ïðèìåò âèä:

0
00

th
n

n

h

f k
kF B p h dh
p

 
    

 
 .

Çíà÷åíèå ýòîãî èíòåãðàëà
2
0

0 0

ln ch
n

n

h

f k
p kF B h
k p

 
   

 
.

Çíà÷åíèå h
n
 îïðåäåëÿåòñÿ ïî ôîðìóëå [6]:

 

0
2 2

0

Arch
1

B

n
p nh
k p

 
  
   

,  (7)

ãäå Â – êîýôôèöèåíò íàêîïëåíèÿ ïîâòîðíûõ 
îñàäîê ñèëüíî óïðî÷íÿþùåéñÿ ïî÷âû.

Ïîäñòàâèâ âìåñòî âåðõíåãî ïðåäåëà èíòå-
ãðèðîâàíèÿ h

n
 åãî çíà÷åíèå, îïðåäåëÿåìîå ôîð-

ìóëîé (7), ñ ó÷åòîì òîãî, ÷òî êîíòàêòíîå íà-
ïðÿæåíèå 

1
 ðàâíî äàâëåíèþ êîëåñà íà ïî÷âó 

q, ïîëó÷èì
2
0

2 2
0

ln ch Arch
1n

B

f k
p nF B
k q p

 
   
  

èëè

 

2
0

2 2
0

ln
1n

B

f k
p nF B
k q p

  


.  (8)

Ïðè ïåðâîì íàãðóæåíèè (n = 1)

1

2
0

2 2
0

1ln
1

f k
pF B
k q p

  


.

Íà îñíîâàíèè ôîðìóëû (8) ïîëó÷åíà ãðàôè-
÷åñêàÿ çàâèñèìîñòü ñèëû ñîïðîòèâëåíèÿ êà÷å-
íèþ êîëåñíîé õîäîâîé ñèñòåìû îò ÷èñëà îñåé 
äëÿ ñèëüíî óïðî÷íÿþùåéñÿ ïî÷âû (ðèñ. 1). Çíà-
÷åíèÿ ïàðàìåòðîâ êîëåñ è ñâîéñòâ ïî÷âû áûëè 
ðàâíû: Â

k
 = 0,3 ì; k = 2800 êÍ/ì3; Â = 0,01, 

ð
î
 = 500 êÏà.
Èç ðèñ. 1 âèäíî, ÷òî ñèëà ñîïðîòèâëåíèÿ 

êà÷åíèþ â îñíîâíîì ôîðìèðóåòñÿ ïðè ïåðâîì 
ïðîõîäå êîëåñà. Ïðè êàæäîì ïîñëåäóþùåì 
ïðîõîäå êîëåñà ïî ñëåäó ïðèðàùåíèå ñèëû ñî-
ïðîòèâëåíèÿ êà÷åíèþ ñíèæàåòñÿ. 

Ïðîàíàëèçèðóåì, êàê âëèÿþò ïàðàìåòðû 
êîëåñíîé õîäîâîé ñèñòåìû òðàíñïîðòíîãî 
ñðåäñòâà íà ñîïðîòèâëåíèå êà÷åíèþ ïî ñèëüíî 
óïðî÷íÿþùåéñÿ ïî÷âå.

Â ñëó÷àå èçìåíåíèÿ äàâëåíèÿ â çàâèñèìî-
ñòè, îáðàòíî ïðîïîðöèîíàëüíîé êîëè÷åñòâó 
îñåé ñèñòåìû, ôîðìóëà (8) ïðèìåò âèä:

 

2
0

2
0

ln
1

B

fn k

k

p NP B
k F A N p

  
    

, 

ãäå   – êîýôôèöèåíò ðàñïðåäåëåíèÿ äàâëåíèé 
ïîä îïîðíîé ïîâåðõíîñòüþ êîëåñà; F – íàãðóç-
êà íà õîäîâóþ ñèñòåìó, Í; À

k
 – ïëîùàäü îïîð-

íîé ïîâåðõíîñòè êîëåñà, ì2; N – ÷èñëî îñåé 
õîäîâîé ñèñòåìû, øò.

Ðèñ. 1. Çàâèñèìîñòü ñèëû ñîïðîòèâëåíèÿ êà÷åíèþ êîëåñíîé õîäîâîé ñèñòåìû 
îò ÷èñëà îñåé äëÿ ñèëüíî óïðî÷íÿþùåéñÿ ïî÷âû
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Èç ðèñ. 2, ïîñòðîåííîãî íà îñíîâàíèè 
äàííîé çàâèñèìîñòè, âèäíî, ÷òî ïðè ñîõðàíå-
íèè îáùåé ïîñòîÿííîé íàãðóçêè íà õîäîâóþ 
ñèñòåìó óâåëè÷åíèå ÷èñëà îñåé ñïîñîáñòâóåò 
ñíèæåíèþ ñèëû ñîïðîòèâëåíèÿ êà÷åíèþ.

Ðèñ. 2. Âëèÿíèå ÷èñëà îñåé íà ñîïðîòèâëåíèå 
êà÷åíèþ ïðè ïîñòîÿííîé îáùåé íàãðóçêå äëÿ ñèëüíî 

óïðî÷íÿþùåéñÿ ïî÷âû

Íàéäåì ñîïðîòèâëåíèå êà÷åíèþ ïðè ïî-
âòîðíûõ ïðîõîäàõ êîëåñ íà ñëàáî óïðî÷íÿþ-
ùèõñÿ ïî÷âàõ. Äëÿ ýòîãî âîñïîëüçóåìñÿ çà-
âèñèìîñòüþ ñóììàðíîé ñèëû ñîïðîòèâëåíèÿ 
êà÷åíèþ n-îñíîãî êîëåñíîãî õîäà (5) è çàâèñè-
ìîñòÿìè íàïðÿæåíèé îò äåôîðìàöèé ïî÷âû.

Çàâèñèìîñòü ìåæäó íàïðÿæåíèåì è îñàä-
êîé ïðè n-ì íàãðóæåíèè ñëàáî óïðî÷íÿþùåéñÿ 
ïî÷âû èìååò âèä [6]:

 0
0

1th ,
lg / ( 1)n n

u

kp h
p k n n

 
         

  (9)

ãäå uk  – êîýôôèöèåíò èíòåíñèâíîñòè íàêîïëå-
íèÿ ïîâòîðíûõ îñàäîê äëÿ ñëàáîóïðî÷íÿþùåé-
ñÿ ïî÷âû; nh  – ïðèðàùåíèå îñàäêè ïðè n-ì 
íàãðóæåíèè, ì.

Â ðåçóëüòàòå ïðåîáðàçîâàíèé çàâèñèìîñòåé 
(5), (6) è (9) ïîëó÷èì

1

2 1

1

0
00

0
00

0
00

th

th
lg 2

... th .
lg( / ( 1))

n

n n

h

f k

h h

u

h h

u

kF B p h dh
p

k hp dh
p k

k hp dh
p k n n







  
     

  
 

    
 

        







Ïðîèíòåãðèðîâàâ ýòî âûðàæåíèå, ïîëó÷èì

2
0

1
0

2 1

0

1

0

ln ch lg 2

ln ch ... lg
lg 2 1

ln ch
lg( / ( 1))

nf k u

u
u

n n

u

p kF B h k
k p

h hk nk
p k n

h hk
p k n n



  
       

  
 

        
 

      

èëè
2
0

1
0

1

2 0

ln ch

lg ln ch .
1 lg( / ( 1))

nf k u

n
i i

i u

p kF B h k
k p

h hi k
i p k i i





  
      

 
 

       


    (10)

Íàéäåì çàâèñèìîñòü fF  â ôóíêöèè äàâëå-
íèÿ 1q   . Ïðåäñòàâèì çàâèñèìîñòü (6) â âèäå:

1
0 0

Arthk qh
p p

  .

Èçâåñòíî, ÷òî

2 2
0 0

1Arth Arch
1

q
p q p




. 

Òîãäà

 
1 2 2

0 0

1Arch
1

k h
p q p

 


.  (11)

Ïðèðàùåíèå îñàäêè ïðè n-ì ïðèëîæåíèè 
íàãðóçêè (h

n
 – h

n-1
) îïðåäåëÿåòñÿ ïî ôîðìóëå [7]:

 

0 1

0

lg Arth
1n u
pnh k

n k p
 

        
.  (12)

Ïîäñòàâèâ â çàâèñèìîñòü (10) âìåñòî (k/p
0
)h

1
 

åãî çíà÷åíèå (11) è âìåñòî ðàçíîñòè (h
i 
– h

i-1
)  –

âûðàæåíèå (12), ïîëó÷èì:

2
0

2 2
0

2
0

2 0

2 2 2 2
20 0

1ln ch Arch
1

lg ln ch Arth
1

1 1ln lg ln .
11 1

fn

n

u k
i

n

u
i

pF B
k q p

pi qk B
i p k

ik
iq p q p





  
     

   
 

       
 
    
   





+
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Ïîñëå ïðåîáðàçîâàíèé ïîëó÷èì

 
2

0
2 2

0

1ln 1 lg .
1

fn k u
pF B k n
k q p

     
     

(13)

Íà îñíîâàíèè ôîðìóëû (13) ïîñòðîèì 
ãðàôèê çàâèñèìîñòè ñèëû ñîïðîòèâëåíèÿ êà÷å-
íèþ êîëåñíîé õîäîâîé ñèñòåìû îò ÷èñëà îñåé 
äëÿ ñëàáî óïðî÷íÿþùåéñÿ ïî÷âû (ðèñ. 3).

Çíà÷åíèÿ ïàðàìåòðîâ êîëåñ è ñâîéñòâ ïî÷âû 
áûëè ðàâíû: Â

k
 = 0,3 ì; k = 1000 êÍ/ì3; k

è
 = 1, 

ð
î
 = 350 êÏà.
Èç ðèñ. 3 âèäíî, ÷òî ïðè äàâëåíèè êîëåñ íà 

ïî÷âó q = 75 êÏà ïðèðîñò ñèëû ñîïðîòèâëåíèÿ 
êà÷åíèþ íåçíà÷èòåëüíûé. Ïðè áîëåå âûñîêèõ 
äàâëåíèÿõ èíòåíñèâíîñòü ïðèðàùåíèÿ ñèëû 
ñîïðîòèâëåíèÿ êà÷åíèþ ïðè ïîñëåäóþùèõ 
ïðîõîäàõ êîëåñ âîçðàñòàåò.

Â ñëó÷àå èçìåíåíèÿ äàâëåíèÿ â çàâèñèìî-
ñòè, îáðàòíî ïðîïîðöèîíàëüíîé ÷èñëó îñåé õî-

äîâîé ñèñòåìû, íà ñëàáî óïðî÷íÿþùåéñÿ ïî÷âå 
çàâèñèìîñòü (13) ïðèìåò âèä:

 

2
0

2

1ln
1 ( / )

1 lg .

fn k

k o

u

pF B
k F A N p

k n

   
    

  

Èç ðèñ. 4, ïîñòðîåííîãî íà îñíîâàíèè 
äàííîé çàâèñèìîñòè, âèäíî, ÷òî ïðè óâåëè÷å-
íèè ÷èñëà îñåé ãëóáèíà ñëåäà ñíèæàåòñÿ. Ïðè 
ýòîì èíòåíñèâíîñòü ñíèæåíèÿ ãëóáèíû ñëåäà 
ïî ñðàâíåíèþ ñ ñèëüíî óïðî÷íÿþùèìèñÿ ïî-
÷âàìè óìåíüøàåòñÿ.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ òÿãîâî-
ñöåïíûõ ñâîéñòâ ìíîãîîñíîãî êîëåñíîãî õîäà 
ïðîâîäèëèñü íà ìåõàíè÷åñêîé ìîäåëè â ïî-
÷âåííîì êàíàëå. Ïðèìåíÿëèñü øèíû 5.00-10.00 
íåñóùèõ êîëåñ ñ íåðàçâèòûìè ïî÷âîçàöåïàìè 
(ðèñ. 5). 

Ðèñ. 3. Çàâèñèìîñòü ñèëû ñîïðîòèâëåíèÿ êà÷åíèþ êîëåñíîé õîäîâîé ñèñòåìû 
îò ÷èñëà îñåé äëÿ ñëàáî óïðî÷íÿþùåéñÿ ïî÷âû

Ðèñ. 4. Âëèÿíèå ÷èñëà îñåé íà ñîïðîòèâëåíèå 
êà÷åíèþ ïðè ïîñòîÿííîé îáùåé íàãðóçêå 

äëÿ ñëàáî óïðî÷íÿþùåéñÿ ïî÷âû
Ðèñ. 5. Îáùèé âèä ìîäåëè ìíîãîîñíîãî êîëåñíîãî 

õîäà ñ òåëåæêîé ïî÷âåííîãî êàíàëà
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Èç ðèñ. 6 âèäíî, ÷òî îñíîâíàÿ ÷àñòü ñèëû 
ñîïðîòèâëåíèÿ êà÷åíèþ ïðèõîäèòñÿ íà ïåðâîå 
êîëåñî. Óâåëè÷åíèå ÷èñëà îñåé ïðè ñîõðàíåíèè 
ïîñòîÿííîé íàãðóçêè (äàâëåíèå êîëåñ íà ïî÷âó 
èçìåíÿåòñÿ â îáðàòíî ïðîïîðöèîíàëüíîé çà-
âèñèìîñòè îò ÷èñëà îñåé) ñîïðîòèâëåíèå êà÷å-
íèþ ñíèæàåòñÿ. Íàãðóçêà íà õîäîâóþ ñèñòåìó 
ðàâíÿëàñü 5,2 êÍ. 

Ðèñ. 6. Âëèÿíèå ÷èñëà îñåé íà ñîïðîòèâëåíèå 
êà÷åíèþ ìîäåëè ìíîãîîñíîãî êîëåñíîãî õîäà: 

1 ______ – äàâëåíèå êîëåñ íà ïî÷âó îäèíàêîâîå; 
2 - - - - – äàâëåíèå èçìåíÿåòñÿ â îáðàòíî 

ïðîïîðöèîíàëüíîé çàâèñèìîñòè îò ÷èñëà îñåé

Âûâîäû
Ïðåäëîæåííûå çàêîíîìåðíîñòè èçìåíåíèÿ 

ñèëû ñîïðîòèâëåíèÿ êà÷åíèþ ïðè ïîâòîðíûõ 
ïðîõîäàõ êîëåñ ïî ñëåäó ó÷èòûâàþò òèï è ñî-
ñòîÿíèå ïî÷âû. Äëÿ ñèëüíî óïðî÷íÿþùèõñÿ 
ïî÷â íàèáîëüøàÿ ýíåðãèÿ íà ïåðåäâèæåíèå 
ðàñõîäóåòñÿ ïðè ïåðâîì ïðîõîäå êîëåñà. Äëÿ 
ñëàáî óïðî÷íÿþùèõñÿ ïî÷â ïðè äàâëåíèè 
êîëåñ íà ïî÷âó ñâûøå 150 êÏà ïðîèñõîäèò èí-
òåíñèâíûé ïðèðîñò ñèëû ñîïðîòèâëåíèÿ êà-
÷åíèþ ïðè ïîñëåäóþùèõ ïðîõîäàõ êîëåñ ïî 
ñëåäó. Äëÿ îáîèõ òèïîâ ïî÷â ïðè ñîõðàíåíèè 
ïîñòîÿííîé îáùåé íàãðóçêè íà õîäîâóþ ñèñòå-
ìó óâåëè÷åíèå ÷èñëà îñåé ñïîñîáñòâóåò ñíè-
æåíèþ ñîïðîòèâëåíèÿ êà÷åíèþ.
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