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Ïðèàðãóíñêîå ïðîèçâîäñòâåííîå ãîðíî­õèìè÷åñêîå îáúåäèíåíèå áîëåå 50 ëåò îòðàáàòûâàåò çàïàñû 
óðàíîâûõ ìåñòîðîæäåíèé Ñòðåëüöîâñêîãî ðóäíîãî ïîëÿ. Çà ýòîò ïåðèîä áîëüøàÿ ÷àñòü áîãàòûõ ðóä áûëà 
îòðàáîòàíà òðàäèöèîííîé ãîðíî­ôèçè÷åñêîé òåõíîëîãèåé. Äîëÿ áåäíûõ è ðÿäîâûõ ðóä îñòà¸òñÿ âñ¸ åù¸ 
çíà÷èòåëüíîé, íî òðàäèöèîííàÿ òåõíîëîãèÿ íå îáåñïå÷èâàåò íåîáõîäèìûé óðîâåíü ðåíòàáåëüíîñòè. 
Ïîýòîìó øèðîêîå âíåäðåíèå ôèçèêî­õèìè÷åñêîé ãåîòåõíîëîãèè: áëî÷íîå ïîäçåìíîå  âûùåëà÷èâàíèå 
(ÁÏÂ) è êó÷íîå âûùåëà÷èâàíèå (ÊÂ) ‒ ìîæåò ñòàòü ðåøàþùèì ìîìåíòîì â ïðîäîëæåíèè ýêñïëóàòàöèè 
ýòèõ ìåñòîðîæäåíèé.

Ïðèìåíÿåìàÿ òåõíîëîãèÿ ïîäçåìíîãî áëî÷íîãî âûùåëà÷èâàíèÿ èìååò îäèí ñóùåñòâåííûé 
íåäîñòàòîê – íèçêèé ïîêàçàòåëü èçâëå÷åíèÿ óðàíà â ïðîäóêòèâíûé ðàñòâîð, ÷òî çíà÷èòåëüíî ñíèæàåò 
ýôôåêòèâíîñòü ïðèìåíåíèÿ äàííîé òåõíîëîãèè ïðè ðàçðàáîòêå óáîãèõ óðàíîâûõ ìåñòîðîæäåíèé. 

Äëÿ ïîâûøåíèÿ âûõîäà óðàíà â ïðîäóêòèâíûé ðàñòâîð íåîáõîäèìî ïðîàíàëèçèðîâàòü âåñü 
ïðîöåññ ïîäãîòîâêè è âûùåëà÷èâàíèÿ è óñòàíîâèòü îñíîâíûå ïðè÷èíû íèçêèõ ïîêàçàòåëåé ïåðåâîäà 
óðàíà â ïîäâèæíîå ñîñòîÿíèå. Äëÿ ýòèõ öåëåé ïðåäëàãàåòñÿ ïðîâåñòè ìîäåëèðîâàíèå ïðîöåññà 
ïîäçåìíîãî âûùåëà÷èâàíèÿ çà ñ÷¸ò ïîñòðîåíèÿ íàãëÿäíûõ ìîäåëåé îðåîëîâ ðàñòåêàíèÿ ðàñòâîðîâ ïî 
çàìàãàçèíèðîâàííîé ãîðíîðóäíîé ìàññå, àêêóìóëèðîâàííîé â ïîäçåìíîé êàìåðå. 

Â ïðîöåññå ìîäåëèðîâàíèÿ óñòàíîâëåíî, ÷òî ðàñïðåäåëåíèå êëàññîâ êðóïíîñòè êóñêîâ îòáèòîé 
ðóäû â êàìåðå âîçìîæíî ïðîãíîçèðîâàòü íà ñòàäèè áóðîâçðûâíûõ ðàáîò; ïðè îïðåäåëåíèè ëèíèè 
íàèìåíüøåãî ñîïðîòèâëåíèÿ  è ðàññòîÿíèÿ ìåæäó êîíöàìè ñêâàæèí ïðèíÿòü âî âíèìàíèå äèàìåòð 
çîíû ðåãóëèðóåìîãî äðîáëåíèÿ . Ïðè ýòîì îáðàçóþòñÿ òðè çîíû ãðàíóëîìåòðè÷åñêèõ ñîñòàâîâ: çîíà 
ïåðåèçìåëü÷åíèÿ, çîíà îïòèìóìà è çîíà âûõîäà íåãàáàðèòà. Ðàñòåêàíèå ðàñòâîðîâ ïî çîíàì áóäåò 
ðàçëè÷àòüñÿ òåì çíà÷èòåëüíåå, ÷åì âûøå âûñîòà êàìåðû. Â çîíå ñ áîëåå êðóïíûì äðîáëåíèåì îæèäàåòñÿ 
ïî÷òè îòâåñíîå ðàñïðåäåëåíèå ôðîíòà ðàñòåêàíèÿ ðàñòâîðîâ. Ñîîòâåòñòâåííî, ÷åì ìåëü÷å ôðàêöèÿ, 
òåì ïîëîæå ôðîíò ê ãîðèçîíòàëè.

Ïðåäëàãàþòñÿ ìåðîïðèÿòèÿ ïî ìîäåëèðîâàíèþ ïðîöåññîâ ôèëüòðàöèè, êîòîðûå íåñóò ñëåäóþùèå 
ôóíêöèè:

− âîçìîæíîñòü ðåãóëèðîâàíèÿ ðàñõîäà ðàáî÷èõ ðàñòâîðîâ íà âååð îðîñèòåëüíûõ ñêâàæèí äëÿ 
äîñòèæåíèÿ îïòèìàëüíûõ ïàðàìåòðîâ âûùåëà÷èâàíèÿ, ò. å. îïåðàòèâíîãî óïðàâëåíèÿ òåõíîëîãè÷åñêèì 
ïðîöåññîì; 

– çíàíèå çàêîíà ðàñïðîñòðàíåíèÿ ôàêåëîâ îðîøåíèÿ äà¸ò âîçìîæíîñòü âûáîðà îïòèìàëüíîé ñåòêè 
ðàñïîëîæåíèÿ îäèíî÷íûõ îðîñèòåëåé

Êëþ÷åâûå ñëîâà: áåäíàÿ óðàíîâàÿ ðóäà; çàìàãàçèíèðîâàííàÿ ãîðíîðóäíàÿ ìàññà; áëî÷íîå ïîäçåìíîå âûùåëà÷èâà­
íèå (ÁÏÂ); îðîñèòåëüíûå ñêâàæèíû; ôàêåë îðîøåíèÿ; êîýôôèöèåíò ôèëüòðàöèè; êëàññ êðóïíîñòè; ÷èñëî Ðåéíîëüä­
ñà; áóðîâçðûâíûå ðàáîòû; çîíà ðåãóëèðóåìîãî äðîáëåíèÿ
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PAO “Priargunsky Production Mining and Chemical Association” has been working on reserves of uranium de­
posits of the Streltsovsky ore field for more than 50 years. During this period, most of the rich ores have been 
worked out by traditional mining and physical technology. The share of poor and ordinary ores remains signifi­
cant, but traditional technology does not provide the necessary level of profitability. Therefore, the widespread 
introduction of physicochemical technology: underground block (BPV) and heap leaching (KV) can be a decisive 
moment in the continuation of the operation of these deposits.

 The applied technology of underground block leaching has one significant drawback – a low rate of uranium 
recovery into a productive solution, which significantly reduces the effectiveness of this technology in the devel­
opment of poor uranium deposits.

 To increase the yield of uranium into the productive solution, it is necessary to analyze the entire preparation 
and leaching process and establish the main reasons for the low rates of transition of uranium to a mobile state. 
For this purpose, it is proposed to simulate the underground leaching process by building visual models of halos 
spreading of solutions along shrinked ore mining mass accumulated in an underground chamber.

During the simulation, it was found that the distribution of the size classes of the broken ore pieces in the 
chamber can be predicted at the stage of drilling and blasting operations, and when determining the line of least 
resistance W and the distance between the ends of the wells, take into account the diameter of the controlled 
crushing zone R_p. At the same time, 3 zones of granulometric compositions are formed: a re­grinding zone, an 
optimum zone and a non­carbarite exit zone. The flow of solutions through these zones will differ the more sig­
nificantly, the higher the height of the chamber. In a zone with larger crushing, an almost steep distribution of the 
solution spreading front is expected. Accordingly, the smaller the fraction, the lower the front to the horizontal is.

 The following functions are offered to simulate filtering processes:
– it is possible to control the flow of working solutions to the fan of irrigation wells in order to achieve optimal 

leaching parameters, i.e. to quickly control the process;
– knowledge of the law of distribution of irrigation flares makes it possible to select the optimal grid of location 

of single sprinklers

Key words: poor uranium ore; shrinked ore mining mass;  block underground leaching;  irrigation wells;  irrigation flare;  filtra­
tion coefficient;  size class;  Reynolds number;  drilling and blasting operations;  controlled crushing zone

Àêòóàëüíîñòü. Çà ïî÷òè 50­ëåòíèé ïåðè­
îä îòðàáîòêè óðàíîâûõ ìåñòîðîæäåíèé 

Ñòðåëüöîâñêîãî ðóäíîãî ïîëÿ çàïàñû áî­
ãàòûõ ðóä ïðàêòè÷åñêè èñ÷åðïàíû. Äîáû÷à 
áåäíûõ è ðÿäîâûõ ðóä òðàäèöèîííûìè òåõíî­
ëîãèÿìè â ñîâðåìåííûõ óñëîâèÿõ óáûòî÷íà. 
Âîçìîæíûì ðåøåíèåì âîçíèêøåé ïðîáëåìû 
ìîæåò ñòàòü ïðèìåíåíèå ôèçèêî­õèìè÷åñêèõ 
ãåîòåõíîëîãèé, îäíîé èç êîòîðûõ ÿâëÿåòñÿ 
áëî÷íîå ïîäçåìíîå âûùåëà÷èâàíèå (ÁÏÂ) 
[6]. Øèðîêîìó âíåäðåíèþ ÁÏÂ ïðåïÿòñòâó­
åò íèçêèé êîýôôèöèåíò èçâëå÷åíèÿ óðàíà èç 
óáîãèõ ðóä ïðè âûùåëà÷èâàíèè. Äëÿ óñòàíîâ­
ëåíèÿ èñòèííûõ ïðè÷èí íèçêîé ýôôåêòèâíî­
ñòè ÁÏÂ ïðåäëàãàåòñÿ ïðîâåñòè äåòàëüíûé 
àíàëèç âñåãî òåõíîëîãè÷åñêîãî ïðîöåññà.

 Îáúåêò èññëåäîâàíèÿ – ýêñïëóàòàöèîí­
íûé áëîê, îòðàáàòûâàåìûé ïîäçåìíûì áëî÷­
íûì âûùåëà÷èâàíèåì.

 Ïðåäìåò èññëåäîâàíèÿ – òåõíîëîãè÷å­
ñêèå ïðîöåññû ïðè ïîäãîòîâêå è âûùåëà÷è­
âàíèè ìèíåðàëüíîãî ñûðüÿ.

 Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîâûøå­
íèå ýôôåêòèâíîñòè âûùåëà÷èâàíèÿ ïîëåç­
íîãî êîìïîíåíòà. 

Çàäà÷à èññëåäîâàíèÿ – ñîçäàíèå îðî­
ñèòåëüíîé ñèñòåìû è ðåæèìîâ îðîøåíèÿ 
çàìàãàçèíèðîâàííîãî ðóäíîãî ìàññèâà, ïî­
çâîëÿþùèõ ñ âûñîêîé òåõíîëîãè÷åñêîé ýô­
ôåêòèâíîñòüþ è îïòèìàëüíûìè ýêîíîìè÷å­
ñêèìè ïîêàçàòåëÿìè ïðîâîäèòü äîáû÷ó óðàíà 
ãåîòåõíîëîãè÷åñêèìè ñïîñîáàìè. 

 Òåõíîëîãè÷åñêàÿ ýôôåêòèâíîñòü çà­
êëþ÷àåòñÿ â ìèíèìèçàöèè ïîòåðü ïîëåçíîãî 
êîìïîíåíòà ïðè âûùåëà÷èâàíèè, ò. å. ïðîãíî­
çèðîâàíèè íåîáõîäèìûõ óñëîâèé äëÿ íàèáî­
ëåå ïîëíîãî èçâëå÷åíèÿ ïîëåçíîãî êîìïî­
íåíòà èç ðóäû. 

Ìåòîäû èññëåäîâàíèÿ – ãðàôèêî­ìàòå­
ìàòè÷åñêîå ìîäåëèðîâàíèå ïðîöåññîâ ðóäî­
ïîäãîòîâêè è âûùåëà÷èâàíèÿ çàìàãàçèíèðî­
âàííîé â êàìåðå ðóäû.

Ýêîíîìè÷åñêàÿ öåëåñîîáðàçíîñòü îïðå­
äåëÿåòñÿ ìàêñèìàëüíî âîçìîæíîé ïðèáûëüþ 
ïðè ïîëó÷åíèè ãîòîâîé ïðîäóêöèè. 

Ðàçðàáîòàííîñòü òåìû è ðåçóëüòàòû èñ­
ñëåäîâàíèé. Äîñòèæåíèå ïîñòàâëåííûõ çà­
äà÷ âîçìîæíî çà ñ÷¸ò ïîñòðîåíèÿ íàãëÿäíûõ 
ìîäåëåé îðåîëîâ ðàñòåêàíèÿ ðàñòâîðîâ ïî 
çàìàãàçèíèðîâàííîé ãîðíîðóäíîé ìàññå, àê­
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êóìóëèðîâàííîé â ïîäçåìíîé êàìåðå [1]. Ïî 
òð¸õìåðíîìó ïîñòðîåíèþ ôàêåëîâ îðîøåíèÿ 
ïðîèçâîäèòñÿ ðàñ÷¸ò çîíû, ïîäâåðæåííîé 
âûùåëà÷èâàíèþ, êîòîðûé ïîçâîëÿåò îïðå­
äåëÿòü îáú¸ì ïðîðàáîòàííîé ÷àñòè ðóäíîé 
ìàññû è âåëè÷èíó ïîòåðü. Ñ ìàòåìàòè÷åñêîé 
òî÷êè çðåíèÿ (ïðè èäåàëüíûõ óñëîâèÿõ) ôà­
êåë îðîøåíèÿ ïðåäñòàâëÿåò ñîáîé êîíè÷å­
ñêóþ ôèãóðó âðàùåíèÿ, îáú¸ì êîòîðîé îïðå­
äåëÿåòñÿ ïî ôîðìóëå 

,                                                           (1)

ãäå  – ïëîùàäü çàìêíóòîé êðèâîé ðàñòå­
êàíèÿ âî ôðîíòàëüíîé ïðîåêöèè âûùåëà÷è­
âàåìîãî ìàññèâà. 

âîçìîæíà ïðè âûïîëíåíèè óñëîâèé ëàìè­
íàðíîãî ïðîòåêàíèÿ æèäêîñòè ÷åðåç ôèëü­
òðóþùóþ ñðåäó, êîãäà ÷èñëî Ðåéíîëüäñà äëÿ 
îïðåäåë¸ííîãî êîýôôèöèåíòà ôèëüòðàöèè 
íå äîëæíî ïðåâûøàòü 6. Îáúÿñíÿåòñÿ ýòî 
òåì, ÷òî ïðè ïåðåõîäå ïîòîêà èç ëàìèíàð­
íîãî ðåæèìà âîçíèêàþò îáëàñòè âèõðåâûõ 
öèðêóëÿöèé æèäêîñòè, êîòîðûå âûçûâàþò 
ñîïðîòèâëåíèå äâèæåíèþ. Ïðè äâèæåíèè ïî 
ðàçðûõë¸ííîé ñðåäå ýòî ìîæåò ïðèâåñòè ê å¸ 
ðàçìûâàíèþ, ñîçäàíèþ ïðîòî÷íûõ êàíàëîâ, 
êîòîðûå íàðóøàò ðàâíîìåðíîå ðàñïðåäåëå­
íèå ðåàãåíòà ïî âûùåëà÷èâàåìîìó ðóäíîìó 
ìàòåðèàëó. Äàííûé ïîñòóëàò ñâîäèòñÿ ê ñè­
ñòåìå óñëîâèÿ, îïèñûâàåìîãî ñèñòåìîé

,                                                                       (3)

ãäå  – ñêîðîñòü ôèëüòðàöèè ðàñòâîðà;
 − êîýôôèöèåíò ôèëüòðàöèè;
 − ãèäðîäèíàìè÷åñêèé ãðàäèåíò;

 − ÷èñëî Ðåéíîëüäñà;
− îïòèìàëüíûé äèàìåòð êóñêà ìàãàçè­

íèðîâàííîé ãîðíîðóäíîé ìàññû;
 − êîýôôèöèåíò äèíàìè÷åñêîé âÿçêîñòè 

æèäêîñòè.
Â ñðåäå MathÑAD [2; 3] ïðîâåäåíî ìîäå­

ëèðîâàíèå ðàñòåêàíèÿ ðàñòâîðîâ ñ èñïîëü­
çîâàíèåì ôàêòîðà ñëó÷àéíîãî ðàñïðåäåëå­
íèÿ êóñêîâ ðàçëè÷íîé êðóïíîñòè ðàâíîìåðíî 
ïî âñåìó îáú¸ìó êàìåðû ïîäçåìíîãî âûùå­
ëà÷èâàíèÿ. Óäàëîñü óñòàíîâèòü, ÷òî ñðåäíÿÿ 
âåëè÷èíà óãëà ðàñòåêàíèÿ ñîñòàâëÿåò 32,5 ˚. 
Íà ðèñ. 2 ïðèâåäåíà êðèâàÿ çàâèñèìîñòè ñêî­
ðîñòè ôèëüòðàöèè ïðè èíôèëüòðàöèîííîì 
ðåæèìå âûùåëà÷èâàíèÿ îò ñðåäíåãî ðàçìå­
ðà êóñêà ðóäíîãî ìàòåðèàëà.

Íåäîñòàòêîì òàêîãî ïîäõîäà ìîæíî ñ÷è­
òàòü, ÷òî ðàñïðåäåëåíèå ðàçëè÷íûõ êëàññîâ 
êðóïíîñòè îáóñëîâëåíî ïàðàìåòðàìè âåäå­
íèÿ áóðîâçðûâíûõ ðàáîò è ïîääà¸òñÿ îïðå­
äåëåííîé ñèñòåìàòèçàöèè [4]. 

Íàïðèìåð, ïðè âååðíîé îòáîéêå è ìà­
ãàçèíèðîâàíèè îáðàçóþòñÿ òðè çîíû ãðà­
íóëîìåòðè÷åñêèõ ñîñòàâîâ: çîíà ïåðåèç­
ìåëü÷åíèÿ, çîíà îïòèìóìà è çîíà âûõîäà 
íåãàáàðèòà.

Ðàñòåêàíèå ðàñòâîðîâ ïî ýòèì çîíàì 
áóäåò ðàçëè÷àòüñÿ òåì çíà÷èòåëüíåå, ÷åì âû­
øå âûñîòà êàìåðû. Â çîíå ñ áîëåå êðóïíûì 
äðîáëåíèåì îæèäàåòñÿ ïî÷òè îòâåñíîå ðàñ­
ïðåäåëåíèå ôðîíòà ðàñòåêàíèÿ ðàñòâîðîâ. 
Ñîîòâåòñòâåííî, ÷åì ìåëü÷å ôðàêöèÿ, òåì 
ïîëîæå ôðîíò ê ãîðèçîíòàëè [5; 8].

Ðèñ. 1. Ôðîíòàëüíûé ðàçðåç êàìåðû­ìàãàçèíà â 
ïðîöåññå ôèëüòðàöèè òåõíîëîãè÷åñêèõ ðàñòâîðîâ 

Fig. 1. Front section of the chamber­shop in 
the process of filtration of technological solutions

Ñîçäàâàÿ ìîäåëü ðàñïðîñòðàíåíèÿ ôà­
êåëîâ îðîøåíèÿ, îïðåäåëÿþò çîíû, êîòî­
ðûå íå ïîäâåðãàþòñÿ âîçäåéñòâèþ ðàáî÷èõ 
ðåàãåíòîâ, ò. í. «ì¸ðòâûå çîíû». Íà èõ äîëþ 
ïðèõîäèòñÿ îñíîâíîé îáú¸ì òåõíîëîãè÷å­
ñêèõ ïîòåðü ïîëåçíîãî êîìïîíåíòà, êîòîðûé 
îïðåäåëÿåòñÿ èç ñîîòíîøåíèÿ [2; 7]

,               (2)

ãäå  – çàïàñû áëîêà ïî ìåòàëëó, ò;
 − ÷èñëî ôàêåëîâ îðîøåíèÿ;
 − êîýôôèöèåíò ðàçðûõëåíèÿ ãîð­

íîðóäíîé ìàññû;
 − ñîäåðæàíèå ïîëåçíîãî êîìïîíåíòà â 

ðóäå, ò/ì3.
Çíàÿ çàâèñèìîñòü ñêîðîñòè ôèëüòðàöèè 

îò êðóïíîñòè ðóäíîãî ìàòåðèàëà è îïåðèðóÿ 
çàêîíîì Äàðñè, ìîæíî ïîäîáðàòü íàèáîëåå 
îïòèìàëüíûé ðåæèì ïîäà÷è ðåàãåíòîâ. Îä­
íàêî óñòàíîâëåíî, ÷òî ôèëüòðàöèÿ ðàñòâîðîâ 
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Ðèñ. 2. Çàâèñèìîñòü ñêîðîñòè ôèëüòðàöèè îò ñðåäíåãî 
ðàçìåðà êóñêà ðóäíîãî ìàòåðèàëà  /

Fig. 2. The dependence of the filtration rate on the average 
size of a piece of ore material

Ðèñ. 3. Ñõåìà ðàñïîëîæåíèÿ âååðíûõ ñêâàæèí 
ïðè îòáîéêå / Fig. 3. The layout of fan wells during drilling

Ðèñ. 4. Îáðàçîâàíèå çîí êëàññîâ êðóïíîñòè ïðè 
ìàãàçèíèðîâàíèè / Fig. 4. The formation of zones of size 

classes during storage

Îäíàêî ðàñïðåäåëåíèå êëàññîâ 
êðóïíîñòè ïðè âûïóñêå ðóäíîé ìàññû 
èç êàìåðû äëÿ ñîçäàíèÿ êîìïåíñàöè­
îííîãî ïðîñòðàíñòâà íàðóøèò ñóùå­
ñòâóþùóþ êàðòèíó, ïîýòîìó âîïðîñ 
òðåáóåò îòäåëüíîãî èçó÷åíèÿ è çàâè­
ñèò îò ñõåìû îòãðóçêè.

Ñîãëàñíî çàêîíó Äàðñè, ïîòîê 
æèäêîñòè ðàñïðåäåëÿåòñÿ íàèáîëåå 
ðàâíîìåðíî, êîãäà ÷èñëî Ðåéíîëüä­
ñà äëÿ ïîðîâîé ñðåäû ìåíüøå 6. Ýòî 
óñëîâèå çàâèñèò îò âåëè÷èíû ýô­
ôåêòèâíîãî äèàìåòðà çàïîëíèòåëÿ â 
ôèëüòðàöèîííîé ñðåäå, ò. å. ãðàíóëî­
ìåòðè÷åñêîãî ñîñòàâà ãîðíîðóäíîé 
ìàññû

,                                                (4)

ãäå  – äîëÿ êëàññà êðóïíîñòè  â 
ìàññèâå ðóäíîãî ìàòåðèàëà.

Ðàñïðåäåëåíèå êëàññîâ êðóï­
íîñòè âîçìîæíî ïðîãíîçèðîâàòü íà 
ñòàäèè áóðîâçðûâíûõ ðàáîò, åñëè ïðè 
îïðåäåëåíèè ëèíèè íàèìåíüøåãî ñî­
ïðîòèâëåíèÿ  è ðàññòîÿíèÿ ìåæäó 
êîíöàìè ñêâàæèí  âî âíèìàíèå ïðè­
íÿòü äèàìåòð çîíû ðåãóëèðóåìîãî 
äðîáëåíèÿ 

,                                              (5)

ãäå  – êîýôôèöèåíò, ó÷èòûâàþùèé 
âçàèìîäåéñòâèå çàðÿäîâ ïî ëèíèè 
ñêâàæèí;

 – ïðåäåëüíîå ÷èñëî çàðÿäîâ, 
ïðè êîòîðîì íàáëþäàåòñÿ èõ âçàèìî­
äåéñòâèå è óñèëåíèå äåéñòâèÿ âçðûâà;

 – êîýôôèöèåíò óñèëåíèÿ äåé­
ñòâèÿ âçðûâà (çà ñ÷¸ò âçàèìîäåé­
ñòâèÿ çàðÿäîâ â ãðóïïå).

Êðîìå òîãî, ïðè ìèãðàöèè ðàñ­
òâîðîâ âíèç îíè ðàñòåêàþòñÿ ïî áî­
êàì è ïîãëîùàþòñÿ ãîðíûìè ïîðî­
äàìè. Ýòî ïðèâîäèò ê óìåíüøåíèþ 
óäåëüíîãî ðàñõîäà ðàñòâîðîâ ïî âû­
ñîòå êàìåðû (ðèñ. 5). 

Ïðåäëàãàåìûå ìåðîïðèÿòèÿ ïî 
ìîäåëèðîâàíèþ ïðîöåññîâ ôèëüòðà­
öèè íåñóò ñëåäóþùèå ôóíêöèè:

− ïîÿâëÿåòñÿ âîçìîæíîñòü ðå­
ãóëèðîâàíèÿ ðàñõîäà ðàáî÷èõ ðàñ­
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òâîðîâ íà âååð îðîñèòåëüíûõ ñêâàæèí äëÿ 
äîñòèæåíèÿ îïòèìàëüíûõ ïàðàìåòðîâ âûùå­
ëà÷èâàíèÿ (ðèñ. 6), ò. å. îïåðàòèâíîãî óïðàâ­
ëåíèÿ òåõíîëîãè÷åñêèì ïðîöåññîì [9];

− çíàíèå çàêîíà ðàñïðîñòðàíåíèÿ ôà­
êåëîâ îðîøåíèÿ äà¸ò âîçìîæíîñòü âûáîðà 
îïòèìàëüíîé ñåòêè ðàñïîëîæåíèÿ îäèíî÷íûõ 
îðîñèòåëåé (ðèñ. 7).

Ðèñ. 5. Ïðîöåññ ðàñòåêàíèÿ ðàáî÷èõ ðàñòâîðîâ /
Fig. 5. The process of spreading of working solutions

Ðèñ. 6. Ïðèíöèï ôóíêöèîíèðîâàíèÿ îðîñèòåëüíîé 
ñèñòåìû / Fig. 6. The principle of functioning of the 

irrigation system

Ðèñ. 7. Ñåòêè ðàñïîëîæåíèÿ îðîñèòåëåé /
Fig. 7. The grid arrangement of sprinklers

Òàêèì îáðàçîì, ìåðîïðèÿòèÿ ïî ìîäå­
ëèðîâàíèþ ïðîöåññîâ ðàñòåêàíèÿ òåõíîëî­
ãè÷åñêèõ ðàñòâîðîâ ïðè áëî÷íîì ïîäçåìíîì 
âûùåëà÷èâàíèè çàêëþ÷àþòñÿ â ñîçäàíèè ìà­
òåìàòè÷åñêîé ìîäåëè èõ ðàñòåêàíèÿ, ðàöè­
îíàëüíîì âûáîðå ñåòêè îðîñèòåëüíûõ ñêâà­
æèí è îïòèìàëüíîãî ðåæèìà îðîøåíèÿ [10]. 

Çàêëþ÷åíèå. Íàõîæäåíèå îïòèìàëüíûõ 
óñëîâèé èçâëå÷åíèÿ ïîëåçíîãî êîìïîíåíòà 
â ïðîäóêòèâíûå ðàñòâîðû ïðè ïîäçåìíîì 
âûùåëà÷èâàíèè, ò. å. – ïðîãíîçèðîâàíèå óñ­
ëîâèé, ïðè êîòîðûõ áóäåò ïîëó÷åí ìàêñè­
ìàëüíûé ýêîíîìè÷åñêèé ýôôåêò, ÿâëÿåòñÿ 
îñíîâíîé öåëüþ ìîäåëèðîâàíèÿ. Äîñòèæå­
íèå ýòîãî âîçìîæíî ïðè îïðåäåë¸ííîì êîð­
ðåêòèðîâàíèè ïàðàìåòðîâ áóðîâçðûâíûõ 
ðàáîò äëÿ ñîçäàíèÿ ïîðèñòîé ñðåäû ñ íåîá­
õîäèìîé ïðîíèöàòåëüíîé ñïîñîáíîñòüþ, âû­
áîðå ñåòêè îðîøåíèÿ ñêâàæèí ñ ìèíèìèçàöè­
åé «ì¸ðòâûõ çîí» â ïðîðàáîòêå ðàñòâîðàìè 
ìàññèâà, âûáîðå ðåæèìà ïîäà÷è ðàñòâîðà, 
îáåñïå÷èâàþùåãî ðàâíîìåðíîå ðàñïðåäå­
ëåíèå åãî ïî ôàêåëó îðîøåíèÿ.

Ìîäåëèðîâàíèå ìîæíî ñ÷èòàòü èí­
ñòðóìåíòîì äëÿ ïîâûøåíèÿ ýôôåêòèâíî­
ñòè áëî÷íîãî ïîäçåìíîãî âûùåëà÷èâàíèÿ. 
Åãî ðåàëèçàöèÿ âîçìîæíà ïðè èñïîëüçîâà­
íèè ïðîãðàììíûõ ñðåäñòâ Delphi, MathCAD, 
SketchUp, Java, Macromedia Flash. 
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