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Â ïðîöåññå ïîëèâà ïðè äâèæåíèè äîæäåâàëüíûõ ìàøèí ïî ïîëþ êîëåñàìè õîäîâûõ îïîð ñîçäàåò-
ñÿ êîëåÿ. Ñ óâåëè÷åíèåì ÷èñëà ïðîõîäîâ ðàñòåò è ãëóáèíà êîëåè. Â êîíöå ïîëèâíîãî ñåçîíà îíà 
ìîæåò äîñòèãàòü 0,3–0,45 ì, ïðèâîäèòü ê áóêñîâàíèþ êîëåñ è èçáûòî÷íîìó ïîëèâó. Èíòåíñèâíîñòü 
ïðîöåññà êîëååîáðàçîâàíèÿ è ñíèæåíèÿ ñöåïíûõ ñâîéñòâ õîäîâûõ ñèñòåì äîæäåâàëüíûõ ìàøèí 
åùå â áîëüøåé ñòåïåíè óâåëè÷èâàåòñÿ ïðè íàëè÷èè ñâîáîäíîé, íå âïèòàâøåéñÿ âîäû, âûçûâàþ-
ùåé îáðàçîâàíèå ñòîêà ïî êîëåå. Íàèáîëüøàÿ ãëóáèíà êîëåè ê êîíöó ñåçîíà ó ïîñëåäíèõ òåëåæåê 
âîçíèêàåò çà ñ÷åò óâåëè÷åíèÿ èíòåíñèâíîñòè ïîëèâà è äèàìåòðà êàïåëü äîæäåâàòåëåé, ðàñïîëî-
æåííûõ â êîíöå òðóáîïðîâîäà. Âûáîð õîäîâûõ ñèñòåì äîëæåí ïðîèçâîäèòüñÿ ñ ó÷åòîì õàðàêòåðè-
ñòèê îðîøàåìûõ ïîâåðõíîñòåé, ðàöèîíàëüíûõ ñîîòíîøåíèé äëèí ïðîëåòîâ, äèàìåòðîâ òðóáîïðî-
âîäîâ. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîâûøåíèå ïðîõîäèìîñòè è óìåíüøåíèå êîëååîáðàçîâàíèÿ 
øèðîêîçàõâàòíûõ äîæäåâàëüíûõ ìàøèí. Â ñòàòüå ïðåäñòàâëåíû òåîðåòè÷åñêèå çàâèñèìîñòè äëÿ 
îïðåäåëåíèÿ ãëóáèíû è øèðèíû êîëåè äëÿ äâóõêîëåñíûõ è òðåõêîëåñíûõ õîäîâûõ òåëåæåê øèðè-
êîçàõâàòíûõ äîæäåâàëüíûõ ìàøèí. Ïîëåâûå èññëåäîâàíèÿ ïðîâîäèëèñü íà äîæäåâàëüíûõ ìàøè-
íàõ «Êóáàíü-ËÊ1Ì» (Êàñêàä) è «ÊÀÑÊÀÄ». Â ñòàòüå ïðåäñòàâëåíà çàâèñèìîñòü ãëóáèíû êîëåè îò 
íîìåðà îïîðíîé òåëåæêè ïðè íåñóùåé ñïîñîáíîñòè ïî÷âû 110–125 êÏà. Ïðîâåäåííûå èññëåäî-
âàíèÿ ïîçâîëèëè îïðåäåëèòü îðèåíòèðîâî÷íûå çîíû ïðèìåíåíèÿ êîëåñíûõ ñèñòåì â çàâèñèìîñòè 
îò íåñóùåé ñïîñîáíîñòè ïî÷âû. Àíàëèç äàííûõ ïîêàçûâàåò, ÷òî íà ïî÷âàõ ïîâûøåííîé ïðî÷íîñòè 
äîæäåâàëüíûå ìàøèíû öåëåñîîáðàçíî îáîðóäîâàòü óçêèìè ïíåâìîêîëåñàìè. Íà ïî÷âàõ ñ íèç-
êîé íåñóùåé ñïîñîáíîñòüþ è çíà÷èòåëüíûìè ïîëèâíûìè íîðìàìè îò 600 ì3/ãà – øèðîêîïðî-
ôèëüíûìè ïíåâìàòè÷åñêèìè øèíàìè 18-24; 23-26, 21.3-24 äëÿ ÄÌ «Êóáàíü-ËÊ1», «Êóáàíü-ËÊ1Ì» 
(ÊÀÑÊÀÄ), «ÊÀÑÊÀÄ» ñ øèðèíîé ïðîôèëÿ 0,30-0,54 ì, â òîì ÷èñëå óñòàíîâêîé áîëåå øèðîêîïðî-
ôèëüíûõ øèí â êîíöåâîé ÷àñòè ìàøèí. Êðîìå òîãî, â óñëîâèÿõ ïîíèæåííîé ïðî÷íîñòè ïî÷â âîç-
ìîæíî ïðèìåíåíèå íà äîæäåâàëüíûõ ìàøèíàõ øèí ñ ìåíüøèìè çíà÷åíèÿìè øèðèíû ïðîôèëÿ, 
íåæåëè ðåêîìåíäóåìûå, íî äëÿ óìåíüøåííûõ âåëè÷èí äëèí ïðîëåòîâ èëè óìåíüøåííîãî äèàìåòðà 
âîäîïðîâîäÿùåãî òðóáîïðîâîäà.
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Ââåäåíèå
Äâèæåíèå øèðîêîçàõâàòíûõ äîæäåâàëü-

íûõ ìàøèí (ÄÌ) â ïðîöåññå ïîëèâà îñóùåñò-
âëÿåòñÿ ïîñðåäñòâîì âçàèìîäåéñòâèÿ äâèæè-
òåëåé èõ îïîðíûõ òåëåæåê ñ ïî÷âîé, êîòîðàÿ 
îäíîâðåìåííî ÿâëÿåòñÿ íåñóùèì îñíîâàíèåì 
è îáúåêòîì óâëàæíåíèÿ. Âçàèìîäåéñòâèå äâè-
æèòåëåé ìàøèí ñîïðîâîæäàåòñÿ âîçíèêíîâå-
íèåì ñèë òðåíèÿ, íîðìàëüíûõ è êàñàòåëüíûõ 
íàïðÿæåíèé, âûçûâàþùèõ óïëîòíåíèå ïî÷âû, 
åå ðàçðóøåíèå, îáðàçîâàíèå êîëåè. 

Îñíîâíûìè ïîêàçàòåëÿìè ôèçè÷åñêèõ 
ñâîéñòâ ïî÷âû, îïðåäåëÿþùèìè åå íåñóùèå 
ñâîéñòâà, à â êîíå÷íîì ñ÷åòå – îïîðíûå è òÿãî-

âî-ñöåïíûå ñâîéñòâà ìàøèí, ÿâëÿþòñÿ ìåõàíè-
÷åñêèé ñîñòàâ, óäåëüíûé è îáúåìíûé âåñ, âîäî-
ïðîíèöàåìîñòü è âëàæíîñòü.

Èç âñåõ ïåðå÷èñëåííûõ ïîêàçàòåëåé íàè-
áîëåå ñèëüíîå âëèÿíèå èìååò âëàæíîñòü. 
Ïðè óâåëè÷åíèè âëàæíîñòè îò 20 äî 30 % ñî-
ïðîòèâëåíèå ñæàòèþ è ñäâèãó óìåíüøàåòñÿ 
â 3−4 ðàçà. Óõóäøåíèå ïðî÷íîñòíûõ ñâîéñòâ 
ïî÷âû ïðè óâåëè÷åíèè âëàæíîñòè âûçûâà-
åò âîçðàñòàíèå áóêñîâàíèÿ êîëåñ è ïðèâîäèò 
ê âîçðàñòàíèþ ïîòåðü íà ïåðåêàòûâàíèå. Ýòî 
íàáëþäàåòñÿ ïðè ïîëèâå áîëüøèìè ïîëèâíû-
ìè íîðìàìè, êîãäà ïî÷âà íà ãëóáèíå 0,2–0,3 ì 
óâëàæíÿåòñÿ äî ïðåäåëà òåêó÷åñòè. Ïðè òàêîì 
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âçàèìîäåéñòâèè êîëåñà ñ ïî÷âîé ïðîèñõîäèò 
íå óïëîòíåíèå, à ïëàñòè÷åñêîå òå÷åíèå åå 
ïîä êîëåñîì è âûïèðàíèå â ñòîðîíû.

Êàê ïîêàçûâàåò çàðóáåæíûé è îòå÷åñòâåí-
íûé îïûò ýêñïëóàòàöèè ìíîãîîïîðíûõ øèðî-
êîçàõâàòíûõ äîæäåâàëüíûõ ìàøèí, äëÿ ïî-
âûøåíèÿ îïîðíî-òÿãîâûõ è ñöåïíûõ ñâîéñòâ 
ïðèìåíÿåòñÿ îñíàùåíèå èõ ïíåâìàòè÷åñêèìè 
øèíàìè íèçêîãî äàâëåíèÿ, ñäâîåííûìè êîëå-
ñàìè, òðåõêîëåñíûìè õîäîâûìè ñèñòåìàìè, 
óøèðåííûìè æåñòêèìè êîëåñàìè, ãóñåíè÷íû-
ìè è øàãàþùèìè äâèæèòåëÿìè.

Òåì íå ìåíåå, 90 % øèðîêîçàõâàòíûõ 
ìàøèí [1] îáîðóäóþòñÿ êîëåñíûìè ñèñòåìà-
ìè, ÷òî îáúÿñíÿåòñÿ ïðîñòîòîé êîíñòðóêöèè, 
ëåãêîñòüþ â îáñëóæèâàíèè è ðåìîíòå, íèçêîé 
ñòîèìîñòüþ. 

Â öåëÿõ ïîâûøåíèÿ ïðîõîäèìîñòè øèðîêî-
çàõâàòíûõ äîæäåâàëüíûõ ìàøèí çàðóáåæíûå 
ôèðìû äëÿ ñâîèõ ðàííèõ ðàçðàáîòîê ïðèìåíÿ-
ëè æåñòêèå êîëåñà ñ óøèðåííûì îáîäîì [2].

Ïíåâìàòèêè îáëàäàþò âûñîêîé èçíîñî-
ñòîéêîñòüþ, âûñîêèìè òÿãîâûìè õàðàêòåðè-
ñòèêàìè, ñîïðîòèâëåíèåì óäàðàì è ïðîêîëàì, 
óñòîé÷èâîñòüþ ïðîòèâ îòêàòûâàíèÿ íàçàä 
è ïðîñêàëüçûâàíèÿ [3].

Àíàëèç ðàçâèòèÿ õîäîâûõ ñèñòåì ìíîãî-
îïîðíûõ ÄÌ ïîêàçàë, ÷òî äëÿ ïîâûøåíèÿ ïðî-
õîäèìîñòè ìíîãîîïîðíûõ øèðîêîçàõâàòíûõ 
ÄÌ öåëåñîîáðàçíî îáîðóäîâàòü êîëåñíûìè ñè-
ñòåìàìè ñ íèçêèì óïëîòíÿþùèì âîçäåéñòâèåì 
è íåîáõîäèìû ñîîòâåòñòâóþùèå òåîðåòèêî-
ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî îáîñíîâà-
íèþ èõ ïàðàìåòðîâ. 

Êàê ïîêàçûâàåò îïûò ýêñïëóàòàöèè, äëÿ øè-
ðîêîçàõâàòíûõ äîæäåâàëüíûõ ìàøèí êðóãî-
âîãî äåéñòâèÿ ãëóáèíà êîëåè èìååò íåñêîëüêî 
áîëüøåå çíà÷åíèå â íà÷àëå è â êîíöå ìàøèíû, 

ñîîòâåòñòâåííî, èç-çà óâåëè÷åííîãî ñëîÿ îñàä-
êîâ (ðàñõîäà) è ïîâûøåííîé èíòåíñèâíîñòè 
äîæäÿ (îáðàçîâàíèå ñòîêîâ) [4−7].

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîâûøåíèå 
ïðîõîäèìîñòè è óìåíüøåíèå êîëååîáðàçîâà-
íèÿ øèðîêîçàõâàòíûõ äîæäåâàëüíûõ ìàøèí.

Òåîðåòè÷åñêèå èññëåäîâàíèÿ
Ðàññìîòðèì ìåõàíèçì âíóòðåííèõ ïðîöåñ-

ñîâ, ïðîèñõîäÿùèõ â äåôîðìèðóåìîé ïî÷âå 
ïðè êà÷åíèè êîëåñà.

Ïðè êà÷åíèè êîëåñ ÄÌ èìååò äâà îñíîâíûõ 
âèäà äåôîðìàöèè ïî÷âû:

– ñæàòèå ïî÷âû îïîðíîé ïîâåðõíîñòüþ;
– ñðåç ïî÷âû çàöåïàìè êîëåñà.
Ïðè ñæàòèè ïî÷âû îïîðíîé ïîâåðõíîñòüþ 

êîëåñà ìîæíî âûäåëèòü: 
– ñæàòèå âíèç ïî âåðòèêàëè, ñîïðîâîæäàå-

ìîå óïëîòíåíèåì åå;
– ñæàòèå, ðàñïðîñòðàíÿåìîå â ñòîðîíû 

îò äâèæóùåãîñÿ êîëåñà, è ÷àñòî âîçíèêàþùåå 
âûïèðàíèå ïî÷âû èç-ïîä êîëåñà.

Â ñâîèõ èññëåäîâàíèÿõ À.È. Ðÿçàíöåâ 
ïðåäëàãàåò ñìîäåëèðîâàòü äàííûå ïðîöåññû 
êàê âçàèìîäåéñòâèå ñ ïî÷âîé êîíóñíî-êðûëü÷à-
òûõ íàêîíå÷íèêîâ ïåíåòðèðóþùèõ óñòðîéñòâ. 
Ñîïðîòèâëåíèå ãðóíòà ñæàòèþ ìîæåò îïðåäå-
ëÿòüñÿ çàâèñèìîñòüþ, êÏà [4]:

 
'

2u r N c   ñæ Ò ÃÐ ÊÏ T Ã ,  (1)

ãäå uÒ  
è 'NT  − áåçðàçìåðíûå êîýôôèöèåí-

òû íåñóùåé ñïîñîáíîñòè ãðóíòà, çàâèñÿùèå 
îò óãëà âíóòðåííåãî òðåíèÿ; ÃÐ  − îáúåìíûé 
âåñ ãðóíòà, êÍ/ì3; rÊÏ  − ðàäèóñ îñíîâàíèÿ 
íàêîíå÷íèêà, ì; 2c Ã  − óäåëüíîå ñöåïëåíèå 
ãðóíòà, êÏà.

Ïîñêîëüêó ñîáñòâåííûì âåñîì ãðóíòà 
â ïðåäåëàõ ãëóáèíû ïîãðóæåíèÿ íàêîíå÷íèêà 

Ðèñ. 1. Äâóõêîëåñíûå è òðåõêîëåñíûå îïîðíûå òåëåæêè äîæäåâàëüíûõ ìàøèí

Fig. 1. Two-wheel and three-wheel sprinkler support undercarriages
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â ïîâåðõíîñòíîì ñëîå ìîæíî ïðåíåáðå÷ü, êà-
ñàòåëüíóþ ñîñòàâëÿþùóþ íàïðÿæåíèÿ (óäåëü-
íîå ñîïðîòèâëåíèå ïî÷âû âðàùàòåëüíîìó 
ñðåçó) ñ äîñòàòî÷íîé äîñòîâåðíîñòüþ ìîæíî 
îòîæäåñòâëÿòü ñî ñöåïëåíèåì ãðóíòà: 2c Ã Ã .

Íåñóùóþ ñïîñîáíîñòü ïî÷âû îïðåäåëÿëè 
ñîãëàñíî çàâèñèìîñòè, êÏà [4]:

 
'

20,318N cÄÏ Ê ÃÐ , (2)

ãäå 'NÊ  − êîýôôèöèåíò, çàâèñÿùèé îò âåëè÷è-
íû óãëà âíóòðåííåãî òðåíèÿ ãðóíòà.

Íåñóùóþ ñïîñîáíîñòü ïî÷â ïîñëå ïîëèâà 
ìîæíî îïèñàòü âûðàæåíèåì:

 
  ÏÏ ÄÏÐ Ð Ð , (3)

ãäå Ð − âåëè÷èíà óìåíüøåíèÿ íåñóùåé ñïî-
ñîáíîñòè ïî÷âû.

Íà èçìåíåíèå ïðî÷íîñòíûõ ïîêàçàòåëåé 
ïî÷âû ïðè ïîëèâå ñóùåñòâåííîå âëèÿíèå 
îêàçûâàþò åå èíôèëüòðàöèîííûå ñâîéñòâà 
è ðåæèì îðîøåíèÿ, îïðåäåëÿåìûé ïðèðîäíî-
êëèìàòè÷åñêèìè óñëîâèÿìè è êîíñòðóêòèâíû-
ìè îñîáåííîñòÿìè äîæäåâàëüíûõ ìàøèí.

Ñîãëàñíî èññëåäîâàíèÿì À.È. Ðÿçàíöåâà 
[5] íåñóùàÿ ñïîñîáíîñòü ïî÷âû ïîñëå ïîëèâà 
îïðåäåëÿåòñÿ, êÏà:

 
0.65(1,4 8 1,01 )    ÑÒò

ÏÏ ÄÏ ÄÎÑÒÐ Ð ò , (4)

ãäå Ð
ÄÏ

 − íåñóùàÿ ñïîñîáíîñòü ïî÷âû äî ïî-
ëèâà, ÌÏà; ÑÒò  − âåëè÷èíà ñòîêà, ì3/ãà; 

ÄÎÑÒò  − äîñòîêîâàÿ ïîëèâíàÿ íîðìà, ì3/ãà.
Èçâåñòíî, ÷òî íåñóùàÿ ñïîñîáíîñòü ïî÷âû 

óâåëè÷èâàåòñÿ ïðè óâåëè÷åíèè çíà÷åíèé äî-
ñòîêîâîé íîðìû è åùå â áîëüøåé ñòåïåíè 
óìåíüøàåòñÿ ïðè âîçðàñòàíèè âåëè÷èíû ïî-
âåðõíîñòíîãî ñòîêà. 

Òàê, íàïðèìåð, óâåëè÷åíèå ïîëèâíîé íîðìû 
ñ 300 äî 500 ì3/ãà äëÿ ñðåäíåñóãëèíèñòûõ 
÷åðíîçåìîâ âûçûâàåò óìåíüøåíèå èõ íåñó-
ùèõ ñâîéñòâ ñ 160 äî 140 êÏà, à ïðè íàëè÷èè 
ñòîêà – (20–25 %) äî 125 êÏà [4].

Äîñòîêîâàÿ ïîëèâíàÿ íîðìà, ì3/ãà [8]:

 
 5

1

2850 1,14 d 
 


ÑÐ

ÄÎÑÒ Êò Ê , (5)

ãäå dÊ  – ñðåäíèé äèàìåòð êàïåëü, ìì; ÑÐ  – 
èíòåíñèâíîñòü äîæäÿ, ìì/ìèí; 1  – çàäàííàÿ 
èíòåíñèâíîñòü äîæäÿ, ìì/ìèí; Ê – êîýôôèöè-
åíò, ó÷èòûâàþùèé âîäîïðîíèöàåìîñòü ïî÷â 
( 0,6 1,5 Ê ).

Øèðèíó êîëåè äëÿ äâóõêîëåñíûõ òåëå-
æåê äîæäåâàëüíûõ ìàøèí ìîæíî îïðåäåëèòü 
èç âûðàæåíèÿ:

 

 

2

2 1

0,65

2 1

0,65

2

0,6

1,4 8 1,01

0,6

1,4 8 1,01

i

M
M

M
M

bR

L l L
l

n b D

L l L
l

D
n b D

    
 
  

        
    

   
                


 

ÑÒ

ÑÒ

Ê
Ê M

ÊÎÍ
ÎÏ Ò ÂÒ Ê

ÏÐ

ò
Ò ÄÏ ÄÎÑÒ Ê Ê

ÊÎÍ
ÎÏ Ò ÂÒ Ê

ÏÐ
Ê ò

Ò ÄÏ ÄÎÑÒ Ê Ê

Â

ò ò ò ò

Ð ò

ò ò ò ò

Ð ò

0,5

,
2iM

bR



 




   
 

Ê

 

(6)

ãäå ÎÏò  − ìàññà îñíîâíîé îïîðû; 2Òò  − ìàññà 
îïîðíûõ òåëåæåê ñ äâóìÿ êîëåñàìè; 1ÂÒò  − 
ìàññà ó÷àñòêîâ âîäîïðîâîäÿùåãî òðóáîïðîâîäà 
ìåæäó îïîðíûìè òåëåæêàìè ñ ñèñòåìîé êðå-
ïëåíèÿ (øïðåíãåëüíîé ñèñòåìîé); Êò  − ìàññû 
êîíñîëè (ïðè íàëè÷èè); nÒ  – êîëè÷åñòâî òåëå-
æåê; ML  – äëèíà ìàøèíû; lÊÎÍ  – äëèíà êîíñî-
ëè; lÏÐ – ðàññòîÿíèå ìåæäó ïðîëåòàìè.

Äëÿ òðåõêîëåñíûõ òåëåæåê:

 

 

2

3 1

0,65

2 1

0,65

2

0,4

1,4 8 1,01

0,4 1,2

1,4 8 1,01

iM

M
M

M
M

bR

L l L
l

n b D

L l L
l

D
n b D

    
 
  

        
    

   
                


 

ÑÒ

ÑÒ

Ê
Ê

ÊÎÍ
ÎÏ Ò ÂÒ Ê

ÏÐ

ò
Ò ÄÏ ÄÎÑÒ Ê Ê

ÊÎÍ
ÎÏ Ò ÂÒ Ê

ÏÐ
Ê ò

Ò ÄÏ ÄÎÑÒ Ê Ê

Â

ò ò ò ò

Ð ò

ò ò ò ò

Ð ò

0,5

,
2iM

bR



 




   
 

Ê

 

(7)

ãäå 3Òò  − ìàññà îïîðíûõ òåëåæåê ñ òðåìÿ êî-
ëåñàìè.

Íåîáõîäèìî ó÷èòûâàòü, ÷òî ìàññà òå-
ëåæêè ñ òðåìÿ êîëåñàìè çà ñ÷åò áîëüøåé 
äëèíû è óñèëåííîé ðàìû ñîñòàâëÿåò ïî-
ðÿäêà 3 2(1,1 1,25) Ò Òò ò , ò.å. â ñðåäíåì 

2(1,1 1,25) Òò .
Ãëóáèíà êîëåè äëÿ äâóõêîëåñíîé òåëåæêè 

äîæäåâàëüíîé ìàøèíû ìîæåò áûòü âûðàæåíà 
ñëåäóþùåé çàâèñèìîñòüþ [9]:
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Ãëóáèíà êîëåè äëÿ òðåõêîëåñíîé òåëåæêè 
äîæäåâàëüíîé ìàøèíû:
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Êàê ìîæíî çàìåòèòü èç ïîëó÷åííûõ âûðàæå-

íèé, âåëè÷èíû ãëóáèíû è øèðèíû êîëåè ìåíÿ-
þòñÿ íåçíà÷èòåëüíî è öåëåñîîáðàçíîñòü ïðèìå-
íåíèÿ òðåõêîëåñíûõ ñèñòåì â áîëüøåé ñòåïåíè 
ñâîäèòñÿ ê ïîâûøåíèþ òÿãîâî-ñöåïíûõ êà÷åñòâ, 
íåæåëè óìåíüøåíèþ êîëååîáðàçîâàíèÿ. 

Òåîðåòè÷åñêèå çàâèñèìîñòè ãëóáèíû êîëåè 
îò íåñóùåé ñïîñîáíîñòè ïî÷âû ïðè ðàçëè÷-
íîé äëèíå ïðîëåòîâ íà ïðèìåðå ÄÌ «Êóáàíü-
ËÊ1Ì» (ÊÀÑÊÀÄ) è ÄÌ «ÊÀÑÊÀÄ», ïî-
ñòðîåííûå â ñîîòâåòñòâèè ñ âûðàæåíèåì (8), 
ïðåäñòàâëåíû íà ðèñ. 2.

Ðèñ. 2. Çàâèñèìîñòü ãëóáèíû êîëåè î ò íåñóùåé 
ñïîñîáíîñòè ïî÷âû äëÿ ÄÌ «Êóáàíü-ËÊ1» 
(ÊÀÑÊÀÄ) (øèíû 14,9-24) (òðóáà 159 ìì) 

äëÿ ïåðâîé îïîðû: 
1 – ïðîëåò 65 ì; 2 – ïðîëåò 59,5 ì; 
3 – ïðîëåò 48,7 ì; 4 – ïðîëåò 30 ì

Fig. 2. Dependence of the track depth 
on the bearing capacity of the soil 

for the “Kuban-LK1” (KASKAD) (tires 14,9-24) 
(pipe 159 mm) for the first support: 

1 – rut 65 m; 2 – rut 59,5 m; 
3 – rut 48,7 m; 4 – rut 30 m

Ðàññìàòðèâàÿ çàâèñèìîñòü âåëè÷èíû êîëåè 
îò íåñóùåé ñïîñîáíîñòè ïî÷âû ïðè ðàçëè÷íîé 
äëèíå ïðîëåòîâ íà ïðèìåðå ÄÌ «ÊÀÑÊÀÄ», 
ìîæíî ñäåëàòü âûâîä î âîçìîæíîñòè óâåëè-
÷åíèÿ ïðîëåòà äî 65 ì, ïðè êîòîðûõ âåëè÷èíà 
êîëåè íå ïðåâûøàåò íîðìàòèâíûõ çíà÷åíèé 

ïðè íåñóùåé ñïîñîáíîñòè áîëåå 100 êÏà è ïî-
ëèâíîé íîðìå ïîðÿäêà 300−350 ì3/ãà.

Äëÿ ïî÷â ñ íèçêîé íåñóùåé ñïîñîáíîñòüþ 
è ìàøèí ñ äëèíîé ïðîëåòîâ áîëåå 59 ì ðàöè-
îíàëüíî ïðèìåíåíèå êîëåñ ñ øèíàìè íå ìåíåå 
16,9-24, à ïðè óìåíüøåíèè íåñóùåé ñïîñîáíî-
ñòè – øèíû 18,4-26 ðèñ. 2.

Òåîðåòè÷åñêèå çàâèñèìîñòè øèðèíû êîëåè 
îò ïîðÿäêîâîãî íîìåðà îïîðíîé òåëåæêè 
íà ïðèìåðå ÄÌ «ÊÀÑÊÀÄ», ïîñòðîåííûå 
â ñîîòâåòñòâèè ñ âûðàæåíèåì (6), ïðåäñòàâëå-
íû íà ðèñ. 3. Øèðèíà êîëåè äëÿ âñåõ ìîäèôè-
êàöèé ìàøèí è êîëåñ óìåíüøàåòñÿ ñ óâåëè÷å-
íèåì ðàññòîÿíèÿ îò öåíòðàëüíîé îïîðû.

Ðèñ. 3. Çàâèñèìîñòü øèðèíû êîëåè îò  ïîðÿäêîâîãî 
íîìåðà îïîðíîé òåëåæêè (ðàññòîÿíèå 

îò îñíîâíîé îïîðû) äëÿ ÄÌ «ÊÀÑÊÀÄ» 
(íåñóùàÿ ñïîñîáíîñòü ïî÷âû 100 êÏà): 

1– øèíû 18,4-24; 2 – øèíû 16-20; 
3 – øèíû 15,5-38; 4 – øèíû 14,9-24

Fig. 3. Dependence of the track width on the serial 
number of the support carriage (distance 

from the main support) for “KASKAD” sprinkler 
(soil bearing capacity 100 kPa): 
1– tires 18,4-24; 2 – tires 16-20; 

3 – tires 15,5-38; 4 – tires 14,9-24

Äëÿ óìåíüøåíèÿ ãëóáèíû êîëåè (ðèñ. 4) 
âîçìîæíî ïðèìåíåíèå êîëåñ áîëåå øèðîêîãî 
ïðîôèëÿ èëè ñíèæåíèå ìàññû çà ñ÷åò óìåíüøå-
íèÿ äèàìåòðà òðóáîïðîâîäà, ÷òî öåëåñîîáðàç-
íî ïðè ðàáîòå ñ ìåíüøèìè ðàñõîäàìè [10, 11]. 

Ìåòîäèêà èññëåäîâàíèé
Ïîëåâûå èññëåäîâàíèÿ ïðîâîäèëèñü íà ïîëÿõ 

ÓÍÏÎ «Ïîâîëæüå» ÔÃÁÎÓ ÂÎ Ñàðàòîâñêèé 
ÃÀÓ (ñ. Ñòåïíîå Ýíãåëüññêîãî ðàéîíà Ñàðà-
òîâñêîé îáëàñòè), ÓÍÏÊ Àãðîöåíòðà ÑÃÀÓ; 
ÎÎÎ «Íàøå äåëî» (Ñàðàòîâñêàÿ îáëàñòü, Ìàðê-
ñîâñêèé ðàéîí). Äîæäåâàëüíûå ìàøèíû: «Êóáàíü-
ËÊ1Ì» (Êàñêàä) è ÄÌ «ÊÀÑÊÀÄ» (ðèñ. 5).
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Ðåçóëüòàòû èññëåäîâàíèé
Èíòåíñèâíîå óìåíüøåíèå äàâëåíèÿ êîëåñ 

ìàøèí íà ïî÷âó ïðè ñðåäíèõ íàãðóçêàõ 
(10−20 êÍ) ïðèñóùèõ ïðàêòè÷åñêè ïðèìå-
íÿåìûì äëèíàì è äèàìåòðàì òðóá ïðîëå-
òîâ äîæäåâàëüíûõ ìàøèí «Êóáàíü-ËÊ1», 
«Êóáàíü-ËÊ1Ì» (ÊÀÑÊÀÄ), ÄÌ «ÊÀÑÊÀÄ», 
ïðîèñõîäèò ïðè óâåëè÷åíèè îïîðíîé ïîâåðõ-

íîñòè êîëåñ äî 0,30−0,50 ì2. Äàëüíåéøåå 
óâåëè÷åíèå ïëîùàäè êîëåñíûõ äâèæèòåëåé 
íå èìååò ïðàêòè÷åñêîãî ñìûñëà, òàê êàê ýòî 
âëå÷åò çà ñîáîé çíà÷èòåëüíîå óâåëè÷åíèå ãàáà-
ðèòîâ êîëåñ èëè èõ êîëè÷åñòâà. Ñ óâåëè÷åíèåì 
íàãðóçêè ðàñòåò è çíà÷åíèå ïðåäåëà îïîðíîé 
ïîâåðõíîñòè. Íàãðóçî÷íûé ðåæèì íà êîëåñíûå 
ñèñòåìû òåëåæåê ÄÌ âàðüèðóåòñÿ èçìåíåíèåì 
äëèí ïðîëåòîâ è äèàìåòðîâ èõ âîäîïðîâîäÿùå-
ãî òðóáîïðîâîäà.

Ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé 
ïî ïîäáîðó ïíåâìàòè÷åñêèõ êîëåñ äëÿ ÄÌ òèïà 
«Êóáàíü-ËÊ1», «Êóáàíü-ËÊ1Ì» (ÊÀÑÊÀÄ), 
ÝÄÌ «ÊÀÑÊÀÄ» áûëè ïîäòâåðæäåíû ýêñïå-
ðèìåíòàëüíî.

Ðåçóëüòàòû èññëåäîâàíèé ãëóáèíû êîëåè 
îò ïîðÿäêîâîãî íîìåðà îïîðíîé òåëåæêè 
ïðè íåñóùåé ñïîñîáíîñòè ïî÷âû 110−125êÏà 
ïîñëå ïåðâîãî ïðîõîäà äëÿ ÄÌ «Êóáàíü-
ËÊ1Ì» äëèíîé 497 ïîêàçàíû íà (ðèñ. 6). 

Â êîíöå ïîëèâíîãî ñåçîíà âèä çàâèñèìîñòè 
ãëóáèíû êîëåè îò ïîðÿäêîâîãî íîìåðà òåëåæ-
êè ìåíÿåòñÿ ñ ëèíåéíîé íà êâàäðàòè÷íóþ. 
Íà ïîñëåäíèõ òåëåæêàõ êîëåÿ ñíîâà âîçðàñ-
òàåò çà ñ÷åò óâåëè÷åíèÿ ðàñõîäà è êðóïíîñòè 
êàïåëü (ðèñ. 7). 

Ïðè óâåëè÷åíèè ïðîëåòà äî 59,5 ì è óñòà-
íîâêå êîëåñ ñ øèíàìè 16,9-24, êîëåÿ ñíèæàåò-
ñÿ äî 4 ñì íà ïåðâîé òåëåæêå çà ïåðâûé ïðîõîä 

Ðèñ. 4. Çàâèñèìîñòü ãëóáèíû êîëåè î ò íåñóùåé 
ñïîñîáíîñòè ïî÷âû äëÿ ÄÌ «ÊÀÑÊÀÄ» 

ïðîëåò 59,5 ì (òðóáà 159 ìì) äëÿ ïåðâîé îïîðû: 
1 – øèíû 14,9-24; 2 – øèíû 16,9-24; 
3 – øèíû 18,4-24; 4 – øèíû 23,1-26

Fig. 4. Dependence of the track depth on the 
bearing capacity of the soil for “KASKAD” sprinkler 

rut 59,5 m (pipe 159 mm) for the first support: 
1 – tires 14,9-24; 2 – tires 16,9-24; 
3 – tires 18,4-24; 4 – tires 23,1-26

Ðèñ. 5. Äîæäåâàëüíàÿ ìàøèíà «ÊÀÑÊÀÄ » [12]

Fig. 5. “KASKAD” sprinkler [12]
Ðèñ. 6. Çàâèñèìîñòü ãëóáèíû êîëåè îò íîìåðà 

îïîðíîé òåëåæêè ïðè íåñóùåé ñïîñîáíîñòè ïî÷âû 
110–125 êÏà: ÄÌ «Êóáàíü-ËÊ1Ì» (48,7 ì ïðîëåò, 

øèíû 14,9-24), Í = –0,525òÎÒ + 5,9; R2 = 0,976

Fig. 6. Dependence of the track depth on the 
number of the support undercarriage with a soil 
bearing capacity of 110–125 kPa: “Kuban-LK1M” 

sprinkler (rut 48,7 m, tires 14,9-24), 
Í = –0,525ò

ÎÒ
 + 5,9; R2 = 0,976
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è äî 9 ñì â êîíöå ïîëèâíîãî ñåçîíà, íåñìîòðÿ 
íà óâåëè÷åíèå äëèíû ïðîëåòà (ðèñ. 8).

Àíàëèç äàííûõ ïîêàçûâàåò, ÷òî íà ïî÷âàõ 
ïîâûøåííîé ïðî÷íîñòè ÄÌ öåëåñîîáðàçíî îáî-
ðóäîâàòü óçêèìè ïíåâìîêîëåñàìè. Íà ïî÷âàõ 
ñ íèçêîé íåñóùåé ñïîñîáíîñòüþ è çíà÷èòåëü-
íûìè ïîëèâíûìè íîðìàìè îò 600 ì3/ãà – 
áîëåå øèðîêîïðîôèëüíûìè ïíåâìàòè÷åñêèìè 
øèíàìè 18-24; 23-26, 21.3-24 äëÿ ÄÌ «Êóáàíü-
ËÊ1», «Êóáàíü-ËÊ1Ì» (ÊÀÑÊÀÄ), «ÊÀÑÊÀÄ 
ñ øèðèíîé ïðîôèëÿ 0,30–0,54 ì, â òîì ÷èñëå 
óñòàíîâêîé áîëåå øèðîêîïðîôèëüíûõ øèí 
â êîíöåâîé ÷àñòè ìàøèí. 

Êðîìå òîãî, â óñëîâèÿõ ïîíèæåííîé ïðî÷-
íîñòè ïî÷â âîçìîæíî ïðèìåíåíèå íà ÄÌ øèí 
ñ ìåíüøèìè çíà÷åíèÿìè øèðèíû ïðîôèëÿ, 
íåæåëè ðåêîìåíäóåìûå, íî äëÿ óìåíüøåííûõ 
âåëè÷èí äëèí ïðîëåòîâ ÄÌ èëè óìåíüøåííî-
ãî äèàìåòðà âîäîïðîâîäÿùåãî òðóáîïðîâîäà.

Çàêëþ÷åíèå
Ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëèëè 

îïðåäåëèòü îðèåíòèðîâî÷íûå çîíû ïðèìåíå-
íèÿ êîëåñíûõ ñèñòåì â çàâèñèìîñòè îò íåñó-
ùåé ñïîñîáíîñòè ïî÷âû: 

– ïîâûøåííîé íåñóùåé ñïîñîáíîñòè (òÿ-
æåëîñóãëèíèñòûå ïî÷âû, íîðìû ïîëèâà 

äî 300 ì3/ãà, Ð
ÏÏ

 ≥ 80−100 êÏà) óçêîïðîôèëü-
íûå ïíåâìàòè÷åñêèå êîëåñà. Ãëóáèíà êîëåè – 
íå áîëåå ''H = 0,08−0,1 ì;

– ñðåäíåé íåñóùåé ñïîñîáíîñòè (ñóãëè-
íèñòûå ïî÷âû, íîðìû ïîëèâà 300−500 ì3/ãà, 
Ð

ÏÏ
 ≥ 60−80 êÏà) – îáû÷íûå øèíû. Ãëóáèíà 

êîëåè – ''H  = 0,05−0,1 ì; 
– íèçêîé íåñóùåé ñïîñîáíîñòè (ëåãêèå, 

íîðìà ïîëèâà áîëåå 500 ì3/ãà, Ð
ÏÏ

 < 60 êÏà) – 
øèðîêîïðîôèëüíûå øèíû, ''H  = 0,1−0,15 ì.

Ïîëó÷åííûå ýêñïåðèìåíòàëüíûå äàííûå 
õîðîøî ñî÷åòàþòñÿ ñ ïîêàçàòåëÿìè òåîðåòè÷å-
ñêèõ ðàñ÷åòîâ.
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During the process of irrigation, when moving sprinklers across the field, the wheels of the running 
supports create a track. As the number of passes increases, so does the depth of the track. At the end 
of the irrigation season, it can reach 0,3–0,45 m, lead to slipping wheels and excessive watering. The 
intensity of the process of rutting and reducing the coupling properties of the running systems of sprin-
kler machines is further increased in the presence of free, not absorbed water, causing the formation 
of runoff on the track. The greatest depth of the track by the end of the season in the last undercarriages 
occurs due to the increase in the intensity of irrigation and the diameter of the drops of sprinklers lo-
cated at the end of the pipeline. The choice of running systems should be made taking into account the 
characteristics of irrigated surfaces, rational ratios of span lengths, diameters of pipelines and sprinkler 
arrangement schemes. The aim of the study is to consider the impact of the irrigation process on the 
bearing properties of the soil and the formation of a track. The article presents theoretical dependences 
for determining the depth and width of the track for two-wheeled and three-wheeled undercarriages 
of wide-grip sprinkler machines. Field studies were conducted on “Kuban-LK1M” (Cascade) and “CAS-
CADE” sprinkler machines. The article presents the dependence of the track depth on the number of the 
undercarriages with a soil bearing capacity of 110–125 kPa. The research made it possible to determine 
the approximate zones of application of wheel systems, depending on the bearing capacity of the soil. 
Analysis of the data shows that it is advisable to equip sprinklers with narrow pneumatic wheels on soils 
of increased strength. On soils with low bearing capacity and significant irrigation rates from 600 m3/ha – 
wide-profile pneumatic tires 18–24; 23–26, 21,3–24 for “Kuban-LK1”, “Kuban-LK1M” (KASKAD), 
KASKAD with a profile width of 0,30–0,54 m, including the installation of wider tires at the end part of the 
machines.
In addition, in conditions of low soil strength, it is possible to use tires on sprinklers with smaller profile 
widths than the recommended ones, but for reduced span lengths or a reduced diameter of the water 
pipeline.
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