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Ðàññìîòðåí ïðèíöèï äåéñòâèÿ ðàññåèâàþùåãî âûõîäíîãî ýëåìåíòà ìíîãîñëîé-
íîé êîíñòðóêöèè èç n ñëîåâ (n > 2).

Êîýôôèöèåíò ôèëüòðàöèîííîãî ñîïðîòèâëåíèÿ, ïðîíèöàåìîñòü, ïúåçîìåòðè÷åñ-
êèå íàïîðû, ìíîãîñëîéíàÿ êîíñòðóêöèÿ, ïðîíèöàåìàÿ ãåîìåìáðàíà.

The action of the scattering output element of the multilayer structure consisting of
n number of layers (n > 2) is considered.

Coefficient of filtration resistance, permeability, hydraulic heads, multilayer structure,
permeable geomembrane.

Ïðèíöèï äåéñòâèÿ ðàññåèâàþùå-
ãî âûõîäíîãî ýëåìåíòà ñòóïåí÷àòîé ïðî-
íèöàåìîñòè (ÐÂÝ-Ñò) è ñïîñîá ðàñ÷åòà
÷àñòíîãî ñëó÷àÿ, êîãäà îí ñîñòîèò èç
äâóõ ñëîåâ äèñêðåòíî ïðîíèöàåìûõ ãåî-
ìåìáðàí, èçëîæåí àâòîðîì â ðàáîòàõ [1,
2]. Ìíîãîñëîéíàÿ êîíñòðóêöèÿ èç n
(n > 2) ñëîåâ òðåáóåò ñïåöèàëüíîãî ðàñ-
ñìîòðåíèÿ â ñèëó òðóäíîñòåé ñîñòàâëå-
íèÿ ñèñòåìû n + 1 ÷èñëà óðàâíåíèé è
ñëîæíîñòåé åå äàëüíåéøåãî ðàçðåøå-
íèÿ (ðècóíîê).

Èñêîìûìè ñëåäóåò ñ÷èòàòü ñëåäó-
þùèå ïàðàìåòðû: äëèíû ó÷àñòêîâ Δl

1
,
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2
… Δl

i
 … Δl

n
, êàæäûé èç êîòîðûõ èìå-

åò ïîñòîÿííóþ ïðîíèöàåìîñòü; êîýôôè-
öèåíòû èõ ôèëüòðàöèîííîãî ñîïðîòèâ-
ëåíèÿ òðàíçèòíîìó ïîòîêó ïî äëèíå Δζ
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 … Δζ
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ïîðû â íà÷àëå êàæäîãî ó÷àñòêà Í
1
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Í
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i
 … Í

n-1
. Çíà÷åíèÿ ñóììàðíîãî

êîýôôèöèåíòà ñîïðîòèâëåíèÿ ýëåìåíòà ζ
ð
,

êîýôôèöèåíòà ñîïðîòèâëåíèÿ, âîçíèêà-
þùåãî â êîíöå ýëåìåíòà íà âûõîäå â íèæ-
íèé áüåô ζ

âûõ
, ïüåçîìåòðè÷åñêèõ íàïîðîâ

â íà÷àëå Í
í 
= Í

n
 è â êîíöå Í

ê 
= h

âûõ

îïðåäåëÿþòñÿ êàê â [2, 3]. Òîëùèíà ãðóí-
òîâûõ ñëîåâ t è Δt = const ïðèíèìàåòñÿ
êîíñòðóêòèâíî, ñ ó÷åòîì òåõíîëîãè÷åñ-
êèõ îñîáåííîñòåé, à ðàññòîÿíèå ìåæäó
öåíòðàìè îòâåðñòèé (øèðèíà ôðàãìåíòà
ñ îäíèì îòâåðñòèåì) êàæäîé ãåîìåìáðà-
íû l

ô 
= const è ðàçìåð îòâåðñòèÿ δ îïðå-

äåëÿþòñÿ îòäåëüíî èç óñëîâèÿ ñîõðàíå-
íèÿ ìåñòíîé ôèëüòðàöèîííîé ïðî÷íîñòè
(ðèñóíîê):
I

1  
= I

2
 = … = I

i
 = … I

n
 ≤ I
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.  (1)

Ñ÷èòàÿ, ÷òî âäîëü êàæäîãî ó÷àñò-
êà ïàäåíèå ïüåçîìåòðè÷åñêîãî íàïîðà
ïðîèñõîäèò ëèíåéíî, ìîæíî çàïèñàòü:
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ãäå l – äëèíà âñåãî ÐÂÝ-Ñò; l = Δl
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n
.

Ñ äðóãîé ñòîðîíû, ïüåçîìåòðè÷åñêèå
íàïîðû â íà÷àëå ó÷àñòêîâ äîëæíû ñîîò-
âåòñòâîâàòü ïðîíèöàåìîñòè ñëîåâ, íî òàê,
÷òîáû ñîáëþäàëîñü óñëîâèå (1), ïîýòîìó
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ãäå ζ
À
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çûâàåìîå ïîòîêó ïðè ñêâîçíîé ôèëüòðàöèè âîäû
â íèæíèé áüåô ÷åðåç âåðõíþþ ãåîìåìáðàíó
ôðàãìåíòà ÐÂÝ-Ñò äëèíîé ζ

ô
 ñ îäíèì îòâåð-

ñòèåì; ζ
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 – ôèëüòàöèîííîå ñîïðîòèâëåíèå, êî-

òîðîå èñïûòûâàåò ïîòîê, ïðîõîäÿùèé â ãðóí-
òîâîé ïðîñëîéêå ìåæäó äâóìÿ ñëîÿìè
ãåîìåìáðàí òîãî æå ôðàãìåíòà [2].

Ïîñëå ïðèðàâíèâàíèÿ ïðàâûõ
÷àñòåé ñîîòâåòñòâóþùèõ óðàâíåíèé
ñèñòåì (2) è (3) óäàåòñÿ èñêëþ÷èòü èç
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Ñèñòåìà (4) ñîäåðæèò n + 1 íåèç-
âåñòíîå: Δl
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 è l. Îäíàêî êàæ-

äîå çíà÷åíèå Δζ
i
 ìîæåò áûòü îïðåäåëå-

íî ïî ôîðìóëå [3]. Ñ ó÷åòîì ýòîãî
âîçìîæíà äðóãàÿ ñèñòåìà:
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ùèíà êàæäîãî ó÷àñòêà ÐÂÝ [2, 3]; k
0
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ð
 –

êîýôôèöèåíòû ôèëüòðàöèè ñîîòâåòñòâåííî
ãðóíòà îñíîâàíèÿ è ãðóíòà âåðõíåé ïðèãðóçêè
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ζ
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òèâëåíèÿ ïðè âûõîäå ôèëüòðàöèîííîãî ïîòî-
êà â íèæíèé áüåô â êîíöå êàæäîãî ó÷àñòêà
ÐÂÝ-Ñò.

Åñëè óðàâíåíèå ñèñòåìû (5) çàïè-
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Ïîñëåäíÿÿ ñèñòåìà òàêæå âêëþ-
÷àåò n óðàâíåíèé è n + 1 íåèçâåñò-
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Ðåøåíèÿ (6)…(7) ìîæíî äîáèòüñÿ,
âîñïîëüçîâàâøèñü îäíèì èç ÷èñëåííûõ
ìåòîäîâ [4]. Óêàæåì îäèí èç íàèáîëåå
ïðîñòûõ ïóòåé. Äëÿ ýòîãî íåîáõîäèìî
â êà÷åñòâå íà÷àëüíîãî óñëîâèÿ ïðèíÿòü
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ìîæíî âû÷èñëèòü âåëè÷èíû Δζ
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åòñÿ ñëåäóþùèì øàãîì èòåðàöèé.
Îáúåì âû÷èñëåíèé ìîæíî óìåíü-

øèòü, åñëè èñïîëüçîâàòü ïðèåì, ïðèìå-
íÿåìûé â ðàáîòàõ [5, 2]. Â ïðàâîé ÷àñòè
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ãäå I
est,m

 – ñðåäíèé ãðàäèåíò íàïîðà â ÐÂÝ-Ñò; I
cr,m

 –
êðèòè÷åñêèé ñðåäíèé ãðàäèåíò íàïîðà, ñîîòâåòñòâó-
þùèé ãðóíòó îñíîâàíèÿ; γ

n
 – êîýôôèöèåíò íà-

äåæíîñòè ñîîðóæåíèÿ.

Òîãäà äëèíà ëþáîãî ó÷àñòêà, óäîâ-
ëåòâîðÿþùåãî îäíîâðåìåííî îáùåé è
ìåñòíîé ôèëüòðàöèîííîé ïðî÷íîñòè, ìî-
æåò áûòü îïðåäåëåíà íåïîñðåäñòâåííî
èç ñëåäóþùåãî âûðàæåíèÿ:
Δl

i 
≥ γ

n
{I

cr
t[ζ

À
 – (i – 1)ζ

Á
]  – h

âûõ
}/I

cr,m
.
 
(10)

Â ñèëó ñâîéñòâ ïîëèìåðíîãî ìàòå-
ðèàëà ãåîìåìáðàí, ïîçâîëÿþùèõ èì äå-
ôîðìèðîâàòüñÿ, ñîõðàíÿÿ ïîëíûé êîí-
òàêò ñ ãðóíòîì ïðè åãî ïðîñàäêàõ,
êîýôôèöèåíò íàäåæíîñòè â (10) γ

n

ìîæåò áûòü ïðèíÿò ðàâíûì åäèíèöå.
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