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Â íàñòîÿùåå âðåìÿ ìíîãèå èññëåäîâàòåëè èñïîëüçóþò îäíîìåðíûå ìîäåëè âëà-
ãîïåðåíîñà ïðè ðàñ÷åòàõ ïàðàìåòðîâ ãîðèçîíòàëüíîãî äðåíàæà íà ìåëèîðèðóåìûõ
çåìëÿõ. Ïîêàçàíî, ÷òî ïðè ìîäåëèðîâàíèè âîäíîãî è ñîëåâîãî ðåæèìîâ ñ ïîìîùüþ
îäíîìåðíûõ ìîäåëåé äëÿ ñåðåäèíû ìåæäðåíüÿ íå â ïîëíîé ìåðå ó÷èòûâàåòñÿ âëèÿíèå
ðàáîòû äðåíàæà íà äèíàìèêó ìèíåðàëèçàöèè ãðóíòîâûõ âîä, à òàêæå âçàèìîñâÿçü
è âçàèìîâëèÿíèå ñîëåâûõ ðåæèìîâ íàñûùåííîé è íåíàñûùåííîé çîí.

Ãîðèçîíòàëüíûé äðåíàæ, âëàãîñîëåïåðåíîñ, îäíîìåðíûå ìîäåëè, çîíà àýðàöèè, ãðóí-
òîâûå âîäû, ðàñïðåäåëåííûå èñòî÷íèêè.

At present many scientists use one-dimensional models of moisture transference at
estimations of parameters of horizontal drainage on the reclaimed lands. It is shown
that at simulating water and especially salt regimes by means of one-dimensional models
for the drain middle the drainage impact on the dynamics of ground water mineralization
is not fully taken into consideration as well as the interaction and interference of salt
regimes of saturated and unsaturated zones.

Horizontal drainage, moisture-salt-transference, one-dimensional models, zone of
aeration, ground water, distributed sources.

Ðàçðàáîòàííûå â ïîñëåäíèå ãîäû
ìîäåëè ïðîãíîçèðîâàíèÿ âîäíîãî è
ñîëåâîãî ðåæèìîâ ïî÷âîãðóíòîâ ïðèìå-
íèòåëüíî ê ðàáîòå ãîðèçîíòàëüíîãî äðå-
íàæà ó÷èòûâàþò ïðîñòðàíñòâåííûé
õàðàêòåð ïðîöåññîâ âëàãîñîëåïåðåíîñà
â çîíàõ ïîëíîãî è íåïîëíîãî âîäîíàñû-
ùåíèÿ [1]. Â òî æå âðåìÿ ýòè ìîäåëè
òðåáóþò çíà÷èòåëüíûõ çàòðàò ìàøèí-
íîãî âðåìåíè ïðè ðåøåíèè ïðàêòè÷åñ-
êèõ çàäà÷. Â ýòîé ñâÿçè ìíîãèå
èññëåäîâàòåëè ðàçðàáàòûâàþò ìîäåëè
ïðîãíîçèðîâàíèÿ, îñíîâàííûå íà ðåøå-
íèè îäíîìåðíûõ ïî âåðòèêàëè çàäà÷
âëàãîñîëåïåðåíîñà, êîòîðûå èñïîëüçó-
þòñÿ äëÿ ðàñ÷åòîâ èñêîìûõ ðåæèìîâ
íà ñåðåäèíå ìåæäðåíüÿ. (Íåîáõîäèìî
îòìåòèòü, ÷òî èñïîëüçîâàíèå îäíîìåð-
íûõ óðàâíåíèé âëàãîñîëåïåðåíîñà ïðè
ìîäåëèðîâàíèè äâèæåíèÿ âëàãè è ñî-
ëåé ïî ëèíèè òîêà ìîæåò áûòü ñîïðÿ-
æåíî ñ ñóùåñòâåííûìè îøèáêàìè
[2–4]). Â ñòàòüå ïîêàçàíî, ÷òî ïðè
ìîäåëèðîâàíèè âîäíîãî è ñîëåâîãî

ðåæèìîâ íà ñåðåäèíå ìåæäðåíüÿ íå â
ïîëíîé ìåðå ó÷èòûâàåòñÿ âëèÿíèå
ðàáîòû äðåíàæà íà äèíàìèêó ìèíåðà-
ëèçàöèè ãðóíòîâûõ âîä, à òàêæå âçàè-
ìîñâÿçü è âçàèìîâëèÿíèå ñîëåâûõ
ðåæèìîâ çîíû àýðàöèè è ãðóíòîâûõ âîä.
Äåéñòâèòåëüíî îäíîìåðíîå óðàâíåíèå
íåðàçðûâíîñòè äâèæåíèÿ æèäêîñòè â
ñëåäóþùåì âèäå:
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ãäå W – îáúåìíàÿ âëàæíîñòü; v
y
 – âåðòèêàëü-

íàÿ ñêîðîñòü ôèëüòðàöèè æèäêîñòè; I – èí-
òåíñèâíîñòü îòáîðà âëàãè êîðíÿìè ðàñòåíèé;
t – âðåìÿ; y – âåðòèêàëüíàÿ êîîðäèíàòà, íà-
ïðàâëåííàÿ ââåðõ.

Èñïîëüçîâàíèå óðàâíåíèÿ äëÿ
ïðîãíîçèðîâàíèÿ âîäíîãî ðåæèìà
ïî÷âîãðóíòîâ íà ñåðåäèíå ìåæäðåíüÿ
íå ïðèíåñåò ñóùåñòâåííîé ïîãðåøíîñ-
òè ïî ñðàâíåíèþ ñ äâóõ- è òðåõìåðíû-
ìè àíàëîãàìè ýòîãî óðàâíåíèÿ. Ýòî
ñâÿçàíî ñ òåì, ÷òî âåëè÷èíà è äèâåðãåí-
öèÿ ãîðèçîíòàëüíûõ ïîòîêîâ â çîíå àýðà-
öèè ïðåíåáðåæèìî ìàëû, à äâèæåíèå
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ãðóíòîâûõ âîä îáû÷íî ìîäåëèðóåòñÿ íà
îñíîâå ãèäðàâëè÷åñêîãî ïîäõîäà. Ðåøå-
íèå ãèäðàâëè÷åñêîé çàäà÷è ïîçâîëÿåò
óâÿçàòü ñêîðîñòè ôèëüòðàöèè íà ÓÃÂ ñ
ïîëîæåíèåì ÓÃÂ è ïàðàìåòðàìè äðåíà-
æà. Â ñâÿçè ñ òåì ÷òî â çîíå ïîëíîãî
âîäîíàñûùåíèÿ W ≡ const, I = 0, èç (1)
ñëåäóåò:
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ò.å. v
y
 â äàííîì ñëó÷àå ÿâëÿåòñÿ ôóíê-

öèåé òîëüêî âðåìåíè. Ýòî ïîçâîëÿåò
ðåøàòü óðàâíåíèå (1) â îáëàñòè ñ ïîñòî-
ÿííûìè ãðàíèöàìè, ïðè÷åì â êà÷åñòâå
íèæíåé ãðàíèöû ìîæíî ïðèíÿòü ïîäî-
øâó ïëàñòà è íà ýòîé ãðàíèöå çàäàâàòü â
êà÷åñòâå êðàåâîãî óñëîâèÿ îòòîê êàê
ôóíêöèþ ÓÃÂ è ïàðàìåòðîâ äðåíàæà.

Èòàê, èñïîëüçóÿ îäíîìåðíîå óðàâ-
íåíèå (1), ìîæíî ïîëó÷èòü ðåøåíèå
çàäà÷è ïðîãíîçèðîâàíèÿ âîäíîãî ðåæè-
ìà íà ñåðåäèíå ìåæäðåíüÿ, ìàëî òåðÿÿ
â òî÷íîñòè, íî çàìåòíî âûèãðûâàÿ â ñêî-
ðîñòè ðåøåíèÿ. Îäíàêî ìîæíî ñäåëàòü
ñóùåñòâåííóþ îøèáêó ïðè ïðîãíîçè-
ðîâàíèè ñîëåâîãî ðåæèìà íà ñåðåäèíå
ìåæäðåíüÿ, ïðèíèìàÿ â îäíîìåðíûõ
óðàâíåíèÿõ äâèæåíèÿ ñîëåé äëÿ çîíû
ïîëíîãî âîäîíàñûùåíèÿ ñêîðîñòü ôèëü-
òðàöèè, ïîëó÷åííóþ èç ðåøåíèÿ óðàâ-
íåíèÿ (1). Â ýòîì ñëó÷àå, êàê ïîêàçàíî
âûøå, v

y
 = const. Äàæå äëÿ ñåðåäèíû

ìåæäðåíüÿ ýòî ÿâëÿåòñÿ î÷åíü ãðóáûì
ïðåäïîëîæåíèåì.

Ïðèìåð: ïëàñò íà âîäîóïîðå. Â ýòîì
ñëó÷àå íà ïîäîøâå ïëàñòà ñêîðîñòü ôèëü-
òðàöèè ðàâíà íóëþ, à íà ïîâåðõíîñòè
ãðóíòîâûõ âîä îíà îòëè÷íà îò íóëÿ, êîëü
ñêîðî ðàáîòàåò äðåíàæ. Ñëåäîâàòåëüíî,
v

y
 ÿâëÿåòñÿ ôóíêöèåé íå òîëüêî âðåìå-

íè, íî è âåðòèêàëüíîé êîîðäèíàòû. Äëÿ
îïðåäåëåíèÿ çàâèñèìîñòè v

y
 îò êîîðäè-

íàòû Y ìîæíî âîñïîëüçîâàòüñÿ ìåòîäîì,
êîòîðûé ïðåäëîæèëà Ï. ß. Ïîëóáàðè-
íîâà–Êî÷èíà â ñâîåé ìîíîãðàôèè.

Ïóñòü q
n
 è q

0
 – ñêîðîñòè ôèëüòðà-

öèè íà ÓÃÂ (ïðè Y = h) è ïîäîøâå ïëà-
ñòà ñîîòâåòñòâåííî. Óðàâíåíèå íåðàç-
ðûâíîñòè äâèæåíèÿ æèäêîñòè â çîíå
ïîëíîãî âîäîíàñûùåíèÿ äëÿ ñëó÷àÿ äâó-

ìåðíîé ïðîôèëüíîé ôèëüòðàöèè èìååò
ñëåäóþùèé âèä:
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ãäå x, v
x
 – ãîðèçîíòàëüíûå êîîðäèíàòû è ñêî-

ðîñòü ôèëüòðàöèè ñîîòâåòñòâåííî.

Òàê êàê â ãèäðàâëè÷åñêîì ïðèáëè-
æåíèè ïðèíèìàþò, ÷òî v

x
 íå çàâèñèò îò

îðäèíàòû Y, òî èç (3) ïîëó÷èì:
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Ó÷èòûâàÿ ââåäåííûå îáîçíà÷åíèÿ
äëÿ v

y
 íà ÓÃÂ è ïîäîøâå ïëàñòà, èç (4)
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Ó÷èòûâàÿ (5) è (6) â (4), ïîëó÷èì:
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ò.å. v
y
 íà ñåðåäèíå ìåæäðåíüÿ ìîæ-

íî ïðèáëèæåííî ïðèíÿòü ëèíåéíîé
ôóíêöèåé îðäèíàòû, à äèâåðãåíöèþ
ãîðèçîíòàëüíîãî ïîòîêà ìîæíî ïðèáëè-
æåííî ðàññ÷èòûâàòü ïî ôîðìóëå
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Èññëåäóåì ñëó÷àé, êîãäà ñêîðîñòü
ôèëüòðàöèè â íàñûùåííîé çîíå ïðè-
íèìàåòñÿ ïîñòîÿííîé, ò.å. ïîïûòàåìñÿ
ïðåäñòàâèòü, êàêîé ôèçè÷åñêîé çàäà÷å
ýòî ýêâèâàëåíòíî. Â ðåçóëüòàòå íà
êà÷åñòâåííîì óðîâíå ñìîæåì ïîíÿòü,
êàêàÿ îøèáêà ïðèâíîñèòñÿ òàêèì ïîäõî-
äîì. Â äàííîì ñëó÷àå ìû èìååì óñëîâèÿ
(2) è (8). Ñëåäîâàòåëüíî, äâèæåíèå æèä-
êîñòè äîëæíî ïðîèñõîäèòü ïðè ðàáîòå
ðàñïðåäåëåííîãî èñòî÷íèêà æèäêîñòè,
çíà÷åíèå êîòîðîãî ïðèáëèæåííî ðàâíî
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Â ýòîì ñëó÷àå óðàâíåíèå äâèæå-
íèÿ ñîëåé â çîíå ïîëíîãî âîäîíàñûùå-
íèÿ áóäóò èìåòü ñëåäóþùèé âèä:
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ãäå m – ïîðèñòîñòü; D – êîýôôèöèåíò êîíâåê-
òèâíîé äèôôóçèè; δ – èñòî÷íèê ñîëåé.

Òàê êàê îáû÷íî äëÿ çîíû ïîëíîãî
âîäîíàñûùåíèÿ ðåøàåòñÿ óðàâíåíèå

yv ,
ñ c

m D C
t y y

	 
� � �
� � �� �� �

 (11)

òî, ñðàâíèâàÿ (10) è (11), ïîëó÷èì:
δ = IC.

Èòàê, ðåøàÿ íà ñåðåäèíå ìåæäðå-
íüÿ çàäà÷è (1), (11), ò.å. ïðèíèìàÿ â (11)
çíà÷åíèå v

y
 = const äëÿ ãðóíòîâûõ âîä

èç (1), ìû äåëàåì îøèáêó, êîòîðàÿ
ýêâèâàëåíòíà ïðåäïîëîæåíèþ ñóùå-
ñòâîâàíèÿ èñòî÷íèêà ñîëåé â ýòîé îá-
ëàñòè ñ èíòåíñèâíîñòüþ
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Ñ
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Àíàëèç ïîêàçûâàåò, ÷òî îäíîìåð-
íûå ìîäåëè âëàãîñîëåïåðåíîñà äëÿ
ïðîãíîçèðîâàíèÿ âîäíîãî è ñîëåâîãî
ðåæèìîâ ìîæíî èñïîëüçîâàòü íà ñåðå-
äèíå ìåæäðåíüÿ, íî â ýòîì ñëó÷àå íåîá-
õîäèìî ó÷èòûâàòü çàâèñèìîñòü v

y
 îò

îðäèíàòû, íàïðèìåð ïî (7).
ÂûâîäûÂûâîäûÂûâîäûÂûâîäûÂûâîäû

Âûïîëíåííûé â ñòàòüå àíàëèç ïî-
êàçàë íåïðàâîìåðíîñòü ïðèìåíåíèÿ

îäíîìåðíûõ ìîäåëåé âëàãîñîëåïåðåíî-
ñà ïðè ðàñ÷åòàõ ïàðàìåòðîâ ãîðèçîí-
òàëüíîãî äðåíàæà. Îöåíåíà îøèáêà
â ðàñ÷åòàõ óêàçàííûõ ìåëèîðàòèâ-
íûõ ðåæèìîâ, êîòîðàÿ ýêâèâàëåíòíà
ñóùåñòâîâàíèþ èñòî÷íèêà ñîëåé â
ðàñ÷åòíîé îáëàñòè.

1. Borisov V. S., Manukian D. A.Borisov V. S., Manukian D. A.Borisov V. S., Manukian D. A.Borisov V. S., Manukian D. A.Borisov V. S., Manukian D. A.
Simulating of water and salt regime of soil
when designing system of irrigation/
Automatic Preparation and Management in
Water Engineering. – Moscow: VNIIGiM,
1985. – P. 110–119.

2. Àâåðüÿíîâ Ñ. Ô.Àâåðüÿíîâ Ñ. Ô.Àâåðüÿíîâ Ñ. Ô.Àâåðüÿíîâ Ñ. Ô.Àâåðüÿíîâ Ñ. Ô. Ãîðèçîíòàëüíûé
äðåíàæ ïðè áîðüáå ñ çàñîëåíèåì îðîøà-
åìûõ çåìåëü. – Ì.: ÀÍ ÑÑÑÐ, 1959. –
288 c.

3. Ìåòîäû ôèëüòðàöèîííûõ ðàñ÷åòîâ
ãèäðîìåëèîðàòèâíûõ ñèñòåì / Ñ. Â. Âà-
ñèëüåâ [è äð.]. – Ì.: Èçä-âî «Êîëîñ»,
1970. – 440 c.

4. Ïëþñíèí È. È., Ãîëîâàíîâ À. È.Ïëþñíèí È. È., Ãîëîâàíîâ À. È.Ïëþñíèí È. È., Ãîëîâàíîâ À. È.Ïëþñíèí È. È., Ãîëîâàíîâ À. È.Ïëþñíèí È. È., Ãîëîâàíîâ À. È.
Ìåëèîðàòèâíîå ïî÷âîâåäåíèå. – Ì.: Èçä-âî
«Êîëîñ», 1983. – 318 c.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 14.04.10.

Ìàíóêüÿí Äàâèä Àøèêîâè÷Ìàíóêüÿí Äàâèä Àøèêîâè÷Ìàíóêüÿí Äàâèä Àøèêîâè÷Ìàíóêüÿí Äàâèä Àøèêîâè÷Ìàíóêüÿí Äàâèä Àøèêîâè÷, äîêòîð òåõíè-
÷åñêèõ íàóê, ïðîôåññîð, çàâåäóþùèé êàôåäðîé
«Ãåîëîãèÿ è ãèäðîãåîëîãèÿ»

Òåë. 8 (495) 976-22-27

E-mail: manukian@mail.ru


