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Â ïðîöåññå ðàáîòû ãóñåíè÷íûå ìåëèîðàòèâíûå ìàøèíû ïåðåìåùàþòñÿ ïî íå-
ðîâíîñòÿì ñî ñëó÷àéíûì ïðîôèëåì. Ýòî âûçûâàåò ñëó÷àéíûå êîëåáàíèÿ â ìàøèíå è
îòðèöàòåëüíî ñêàçûâàåòñÿ íà ýôôåêòèâíîñòè ðàáîòû. Ïîëó÷èâ çàâèñèìîñòè ñòà-
òèñòè÷åñêèõ õàðàêòåðèñòèê âûõîäíûõ ïðîöåññîâ ïðè ó÷åòå íåëèíåéíîñòè ñâîéñòâ
ïîäâåñêè, àâòîðû èññëåäîâàëè êðèòåðèé îïòèìèçàöèè äëÿ ïîëó÷åíèÿ îïòèìàëüíûõ
ïàðàìåòðîâ ñèñòåìû ïîäðåññîðèâàíèÿ.

Ãóñåíè÷íûå ìåëèîðàòèâíûå ìàøèíû, ñëó÷àéíûå êîëåáàíèÿ, ñòàòèñòè÷åñêèå õà-
ðàêòåðèñòèêè, îïòèìàëüíûå ïàðàìåòðû ïîäâåñêè, ñèñòåìà ïîäðåññîðèâàíèÿ.

During the process of operation caterpillar reclamation machines move on rough
surfaces of a random profile. This causes random vibrations in the machine and negatively
influences the efficiency of the work. Having received the dependencies of statistical
characteristics of the output processes at accounting non-linearity of the hanger properties
the authors investigated an optimization criterion for obtaining optimal parameters of
the cushioning system.

Caterpillar reclamation machines, random vibrations, statistical characteristics, optimal
hanger parameters, cushioning system.

Çàäà÷à èññëåäîâàíèÿ — îïðåäå-
ëèòü îïòèìàëüíûå ïàðàìåòðû ñèñòåìû
ïîäðåññîðèâàíèÿ (ïîäâåñêè) ñ ó÷åòîì
íåëèíåéíîñòè ñâîéñòâ è ñëó÷àéíîãî õà-

Òåõíîëîãèÿ è ñðåäñòâà ìåõàíèçàöèè

ðàêòåðà ïðîôèëÿ íåðîâíîñòåé ïîâåðõ-
íîñòè äâèæåíèÿ.

Ïðè äâèæåíèè ãóñåíè÷íîé ìàøè-
íû ïî ïîâåðõíîñòè ñâÿçü êîðïóñà 1 ñ
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îïîðíûìè êàòêàìè 2 îáåñïå÷èâàåòñÿ
ïîñòîÿííî ÷åðåç ýëåìåíòû ñèñòåìû ïîä-
ðåññîðèâàíèÿ 3  (ðèñ. 1). Ðàññìîòðèì
äâèæåíèå êîðïóñà â âåðòèêàëüíîé ïëîñ-
êîñòè, òàê êàê ñèñòåìà ïîäðåññîðèâà-
íèÿ â ýòîé ïëîñêîñòè îêàçûâàåò íàèáî-
ëåå ñèëüíîå âëèÿíèå [1].

êà ñ îòíåñåííûì ê íåìó îïîðíûì ó÷àñòêîì âåòâè
ãóñåíèöû.

Ïåðåéäåì ê äðóãèì îáîáùåííûì
êîîðäèíàòàì: u

j
 = f

j
; j = 1, 2, …, 2n —

âåðòèêàëüíûì äåôîðìàöèÿì (ïåðåìåùå-
íèÿì) j-ãî óçëà ñèñòåìû ïîäðåññîðèâà-
íèÿ. Ïðèìåíÿåì îñîáóþ ôîðìó óðàâíå-
íèé Ëàãðàíæà 2-ãî ðîäà — óðàâíåíèÿ
Ôåðêåðñà [2], òàê êàê ÷èñëî 2n áîëüøå
÷èñëà ñòåïåíåé ñâîáîäû. Âûáåðåì òî÷-
êè êðåïëåíèÿ j-ãî ýëåìåíòà ñèñòåìû
ïîäðåññîðèâàíèÿ òàêèì îáðàçîì, ÷òîáû
ïîëó÷èòü ñèñòåìó íåëèíåéíûõ íåçàâè-
ñèìûõ äèôôåðåíöèàëüíûõ óðàâíåíèé
äëÿ äåôîðìàöèè j-ãî ýëåìåíòà óçëà ñè-
ñòåìû ïîäðåññîðèâàíèÿ ìàøèíû:

j = 1, 2, …, 2n,
ãäå m

jj 
= m

0/j
, R

j
 (u

j
, u

j
) — íåëèíåéíàÿ ôóíêöèÿ

j-ãî ýëåìåíòà óçëà ñèñòåìû ïîäðåññîðèâàíèÿ;
a

0j 
= y

j
 — ïðîåêöèÿ óñêîðåíèÿ òî÷êè êðåïëå-

íèÿ â ïåðåíîñíîì äâèæåíèè âìåñòå ñ îñíîâà-
íèåì íà âåðòèêàëüíóþ îñü.

Ïóñòü íåëèíåéíàÿ ôóíêöèÿ R
j
 (u

j
, u

j
)

èìååò âèä

ãäå b
j
 — êîýôôèöèåíò, ïðèâåäåííûé ê âåðòè-

êàëüíîé ñêîðîñòè; u
j
 — êîýôôèöèåíò ñîïðî-

òèâëåíèÿ j-ãî óçëà ñèñòåìû ïîäðåññîðèâàíèÿ;
c

j
 — ñîîòâåòñòâåííî êîýôôèöèåíò æåñòêîñòè;

β
j
 — êîýôôèöèåíò íåëèíåéíîñòè.

Ýòà ôóíêöèÿ, íàïðèìåð, ñîîòâåò-
ñòâóåò ãèäðàâëè÷åñêèì äåìïôåðàì è
óïðóãèì ýëåìåíòàì â âèäå ðåññîðû.

Íåëèíåéíûå äèôôåðåíöèàëüíûå
óðàâíåíèÿ êîëåáàíèé j-ãî ýëåìåíòà
(óçëà) ñèñòåìû ïîäðåññîðèâàíèÿ ìîæ-
íî ïåðåïèñàòü â ñëåäóþùåì âèäå:

j = 1, 2, …, 2n,  (1)

ãäå  

Ñëó÷àéíóþ ôóíêöèþ a
0j
(t) ìîæíî

ïîëó÷èòü ïðåîáðàçîâàíèåì èç ñëó÷àé-
íîé ôóíêöèè y

j
(t): a

0j
 = y

j
 Ïóñòü â îá-

ùåì ñëó÷àå ïîëó÷àåì íåîäíîðîäíóþ
ñëó÷àéíóþ ôóíêöèþ ñ âåðîÿòíîñòíû-
ìè õàðàêòåðèñòèêàìè: Ma

0
 = < a

0  
>;

σ
0
2 — ìàòåìàòè÷åñêèì îæèäàíèåì è

äèñïåðñèåé. Òîãäà äëÿ ðàñ÷åòà îïòè-
ìàëüíûõ ïàðàìåòðîâ j-ãî ýëåìåíòà

Ðèñ. 1. Äâèæåíèå êîðïóñà: 1 — êîðïóñ; 2 —
îïîðíûå êàòêè; 3 — ýëåìåíòû ñèñòåìû ïîä-
ðåññîðèâàíèÿ; ö.ò. — öåíòð òÿæåñòè

Äëÿ îïèñàíèÿ äâèæåíèÿ ãóñåíè÷-
íîé ìàøèíû ïðèìåì ñëåäóþùåå îáîá-
ùåííûå êîîðäèíàòû: q

1  
= x, q

2  
= z, q

3  
=

ϕ. Ïðîôèëü ïóòè, ïî êîòîðîìó äâèæåò-
ñÿ ìàøèíà, çàäàåòñÿ ñëó÷àéíîé ôóíê-
öèåé: y = y (s) èëè y = y (t).

Ïðè ïîìîùè óðàâíåíèé Ëàãðàí-
æà 2-ãî ðîäà ïîëó÷àåì äèôôåðåíöèàëü-
íûå óðàâíåíèÿ äâèæåíèÿ ãóñåíè÷íîé
ìåëèîðàòèâíîé ìàøèíû â ñëåäóþùåì
âèäå [1]:

 j = 1, 2, 3,

ãäå èíåðöèîííûå êîýôôèöèåíòû: à
11
 = Δm —

ïðîèçâåäåíèå êîýôôèöèåíòà óñëîâíîãî ïðèðà-
ùåíèÿ ìàññû Δ íà îáùóþ ìàññó ìàøèíû m;
a

22
 = m

0
 — ìàññà êîðïóñà ìàøèíû (ïîäðåññî-

ðåííàÿ ìàññà); a
33
 = I

0  
—

 
ìîìåíò èíåðöèè êîð-

ïóñà ìàøèíû îòíîñèòåëüíî îñè, ïðîõîäÿùåé
÷åðåç öåíòð òÿæåñòè (ñì. ðèñ. 1), îñòàëüíûå
êîýôôèöèåíòû a

jk
 (j ≠ k) â îáùåì ñëó÷àå íå

ðàâíû íóëþ, íî ãîðàçäî ìåíüøå ðàññìîòðåííûõ
êîýôôèöèåíòîâ a

jj
.

Îáîáùåííûå ñèëû Q
j
 ïðèáëèæåí-

íî ðàâíû ñëåäóþùèì çíà÷åíèÿì [1]:

 

ãäå y
j
 — àáñîëþòíîå ïåðåìåùåíèå j-ãî êàòêà

ïî âåðòèêàëè (y
j
 = y (s + l

j
)); P

j
 — ñèëà, äåé-

ñòâóþùàÿ íà j-é êàòîê ÷åðåç ñèñòåìó ïîäðåññî-
ðèâàíèÿ; P

j
 = P

j
 (f

j
, f

j
), f

j
 = y

j
 –  z –  l

j
ϕ —

äèíàìè÷åñêîå ïåðåìåùåíèå j-ãî êàòêà îòíîñè-
òåëüíî êîðïóñà ìàøèíû; G

kj
 — ìàññà j-ãî êàò-
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ñèñòåìû ïîäðåññîðèâàíèÿ ω
j
 = ω

0
; ε

j
 =

ε
0
 (ñâîéñòâà âñåõ j-õ ýëåìåíòîâ ñ÷èòà-

åì îäèíàêîâûìè) ïðèíèìàåì ñëåäóþ-
ùóþ àïïðîêñèìàöèþ ñïåêòðàëüíîé
ïëîòíîñòè:

ãäå θ — ïðåîáëàäàþùàÿ ÷àñòîòà ñëó÷àéíîãî
ïðîöåññà a

0
(t); δ(x) — äåëüòà-ôóíêöèÿ Äèðàêà.

Ïðèìåíÿÿ ìåòîä êàíîíè÷åñêèõ
ðàçëîæåíèé [2] ê óðàâíåíèÿì (1), ïîëó-
÷èì ñèñòåìó óðàâíåíèé äëÿ íåèçâåñò-
íûõ Mu

j
 = < u

0
 > = y

j
, σ

uj
2 = x

j
 — ìà-

òåìàòè÷åñêîìó îæèäàíèþ è äèñïåðñèè
ñëó÷àéíîé ôóíêöèè u

j
(t):

ãäå ââåäåíû îáîçíà÷åíèÿ  

 

Îïòèìàëüíûå ïàðàìåòðû ñèñòåìû
ïîäðåññîðèâàíèÿ (η

0
; ϕ

0
) îïðåäåëÿþòñÿ ïî

êðèòåðèþ ìàêñèìàëüíîé âåðîÿòíîñòè [2]:

 (2)

ãäå ÷åðåç P(x) îáîçíà÷åíà âåðîÿòíîñòü íàñòóï-
ëåíèÿ ñîáûòèÿ x.

Äëÿ âåðîÿòíîñòè P(x) ìîæíî èñ-
ïîëüçîâàòü ôîðìóëó äëÿ ïóàññîíîâñêèõ
ïîòîêîâ ñîáûòèé:

 (3)

ãäå v
+
(Γ) — ñðåäíåå ÷èñëî ïîëîæèòåëüíûõ ïå-

ðåñå÷åíèé âåêòîð-ôóíêöèåé êà÷åñòâà ñèñòåìû
w (t) ïîâåðõíîñòè Γ îáëàñòè äîïóñòèìûõ çíà-
÷åíèé D

0
.

Çàäàäèì âåêòîð-ôóíêöèþ êà÷åñòâà
ñèñòåìû ïîäðåññîðèâàíèÿ:

ãäå u(t) = u
j
(t); a(t) = a

j
(t) = u

j
 + a

0
,

à îáëàñòü 
ãäå u

s
, a

s
, — äîïóñòèìûå çíà÷åíèÿ u, a.

Äëÿ ñðåäíåãî ÷èñëà âûáðîñîâ èìå-
åì ôîðìóëó [2]:

 (4)

ãäå ââåäåíû îáîçíà÷åíèÿ 

 

i = 1, 2. (5)

Ñóììàðíûå äèñïåðñèè ïåðåìåùå-
íèé σ

u
2  è óñêîðåíèé σ

a
2, à òàêæå σ

u
2, σ

a
2

âû÷èñëÿþòñÿ òàêèì îáðàçîì:

 (6)

Ïîäñòàâëÿåì (6), (5) â ôîðìóëó (4)
äëÿ v

+
, à çàòåì ïðè ïîìîùè ôîðìóë (2),

(3) âû÷èñëÿåì öåëåâóþ ôóíêöèþ I
p
(η

0
;

γ
0
). Ïîñòðîèì íà ïëîñêîñòè áåçìåðíûõ

ïàðàìåòðîâ η
0
, γ

0
 ëèíèè ðàâíîé âåðîÿò-

íîñòè I
p
 (ðèñ. 2). Ïîëó÷àþòñÿ ÷åòûðå

çîíû, õàðàêòåðèçóþùèå êà÷åñòâî ðàáî-
òû íåëèíåéíîé ñèñòåìû ïîäðåññîðèâà-
íèÿ ãóñåíè÷íîé ìåëèîðàòèâíîé ìàøè-
íû. Çîíà III õàðàêòåðèçóåò íàèáîëåå
âûñîêîå êà÷åñòâî ðàáîòû ñèñòåìû (I

p
 >

0,99). Äëÿ ýòîé çîíû îïòèìàëüíîå ñî÷å-
òàíèå ïàðàìåòðîâ ñëåäóþùåå: η

0
îïò, γ

0
îïò.

Ðèñ. 2. Ïëîñêîñòü áåçðàçìåðíûõ ïàðàìåòðîâÏëîñêîñòü áåçðàçìåðíûõ ïàðàìåòðîâÏëîñêîñòü áåçðàçìåðíûõ ïàðàìåòðîâÏëîñêîñòü áåçðàçìåðíûõ ïàðàìåòðîâÏëîñêîñòü áåçðàçìåðíûõ ïàðàìåòðîâ
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Ðàññìîòðåííàÿ ìåòîäèêà îïðåäåëå-

íèÿ îïòèìàëüíûõ ïàðàìåòðîâ ñèñòåìû
ïîäðåññîðèâàíèÿ ãóñåíè÷íîé ìåëèîðàòèâ-
íîé ìàøèíû ñ ó÷åòîì ñëó÷àéíîãî ïðî-
ôèëÿ íåðîâíîñòåé ïîâåðõíîñòè äâèæå-
íèÿ è íåëèíåéíîñòè ñâîéñòâ ïîçâîëÿåò
áîëåå ðàöèîíàëüíî è òî÷íî ñïðîåêòèðî-
âàòü ñèñòåìó è ïîâûñèòü ýôôåêòèâíîñòü
ðàáîòû ìàøèíû.
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Ôåäåðàëüíîå ãîñóäàðñòâåííîå îáðàçîâàòåëüíîå ó÷ðåæäåíèå âûñøåãî ïðîôåññèîíàëüíîãî îáðàçîâàíèÿ
«Íîâî÷åðêàññêàÿ ãîñóäàðñòâåííàÿ ìåëèîðàòèâíàÿ àêàäåìèÿ»

ÏÎÑÒÀÍÎÂÊÀ ÌÀÒÅÌÀÒÈ×ÅÑÊÎÉ ÌÎÄÅËÈ ÓÑÒÎÉ×ÈÂÎÑÒÈ
ÎÁÐÀÁÎÒÀÍÍÎÃÎ ÏËÀÑÒÀ ÏÎ×ÂÛ ÍÀ ÑÊËÎÍÅ

Ïðè îáðàáîòêå ñêëîíîâûõ çåìåëü íîâûì ñïîñîáîì áåçîòâàëüíîé îáðàáîòêè ïðî-
èñõîäèò àêêóìóëÿöèÿ ïî÷âåííîé âëàãè íà ñêëîíå. Ïðåäëàãàåòñÿ ñïîñîá îïðåäåëåíèÿ
óñëîâèé ðàâíîâåñèÿ îáðàáîòàííîãî âëàãîíàñûùåííîãî ñëîÿ ïî÷âû íà ñêëîíå.

Óñòîé÷èâîñòü îáðàáîòàííîãî ïëàñòà ïî÷âû, óñëîâèÿ êðèòè÷åñêîãî ïåðåíàñûùå-
íèÿ âëàãîé, ñïîñîá îáðàáîòêè ñêëîíîâûõ ïî÷â, èñïîëüçîâàíèå àòìîñôåðíûõ îñàä-
êîâ, ñíèæåíèå óðîæàéíîñòè, êîýôôèöèåíò ñöåïëåíèÿ ãðóíòà.

When cultivating slope lands by a new mold method there takes places an
accumulation of the soil moisture on the slope. We propose a determination method, conditions
of the balance of the cultivated moisture saturated soil layer on the slope.

Stability of the cultivated soil layer, conditions of the critical oversaturation with
moisture, the method of cultivation of slope soils, usage of atmospheric precipitation,
decreasing of crop capacity, soil adhesion coefficient.

Â óñëîâèÿõ Ðîñòîâñêîé îáëàñòè
çíà÷èòåëüíûå ïëîùàäè çåìåëü ñåëüñêî-
õîçÿéñòâåííîãî íàçíà÷åíèÿ íàõîäÿòñÿ
íà ñêëîíàõ è èñïûòûâàþò ýðîçèîííóþ
íàãðóçêó. Ýòî ïðèâîäèò ê íåïðîäóêòèâ-

íîìó èñïîëüçîâàíèþ àòìîñôåðíûõ îñàä-
êîâ è, ñëåäîâàòåëüíî, ñíèæåíèþ óðîæàé-
íîñòè ñåëüñêîõîçÿéñòâåííûõ êóëüòóð.

Ñêëîíîâûå çåìëè â îñíîâíîì îá-
ðàáàòûâàþòñÿ âñïàøêîé ñ îáîðîòîì


