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Â XXI íà êàæäîãî æèòåëÿ ïëàíåòû åæåãîäíî ïðèõîäèòñÿ áîëåå 45 ò äî-
áûâàåìîãî èç íåäð Çåìëè ðàçëè÷íûõ ïîëåçíûõ èñêîïàåìûõ, êîòîðûå 

ïðåîáðàçóþòñÿ â ïðîäóêòû ïîòðåáëåíèÿ ñ èñïîëüçîâàíèåì 800 ò ñâåæåé âîäû, 
2,5 êÂò ìîùíîñòè è îòòîðæåíèÿ 2 ì2 ïîâåðõíîñòè çåìëè. Òîëüêî 2% îò äîáû-
âàåìîé ãîðíîé ìàññû èñïîëüçóåòñÿ ÷åëîâå÷åñòâîì, à îñòàëüíîå ñêëàäèðóåòñÿ 
âî âíåøíèõ îòâàëàõ, òåððèêîíàõ, õâîñòîõðàíèëèùàõ, çîëî- è øëàêîîòâàëàõ, 
â íàêîïèòåëÿõ îòõîäîâ õèìè÷åñêîé ïðîìûøëåííîñòè è äðóãèõ òåõíîãåííûõ 
õðàíèëèùàõ [1]. 

Â íàñòîÿùåå âðåìÿ â Ðîññèè íàêîïëåíî áîëåå 80 ìëðä ò îòõîäîâ äîáû÷è, 
îáîãàùåíèÿ è ïåðåðàáîòêè ñûðüÿ ãîðíîìåòàëëóðãè÷åñêîé îòðàñëè, êîòîðûå 
îáðàçóþò òåõíîãåííûå çàëåæè. Åæåãîäíûé ïðèðîñò îòõîäîâ ÷eðíîé è öâåòíîé 
ìåòàëëóðãèè ñîñòàâëÿåò ñîîòâåòñòâåííî 630 è 374 ìëí ò, ÷òî âëå÷eò çà ñîáîé 
åæåãîäíîå óâåëè÷åíèå ïëîùàäè îò÷óæäàåìûõ  çåìåëüíûõ òåððèòîðèé ïîä îò-
õîäû ãîðíîìåòàëëóðãè÷åñêîãî êîìïëåêñà îò 85 äî 90 êì2 [2]. 

Âîçìîæíûå âàðèàíòû êîíôèãóðàöèè õâîñòîõðàíèëèù è âíåøíèõ îòâàëîâ 
âñêðûøè (íàêîïèòåëüíûå ãîðíîòåõíè÷åñêèå ñîîðóæåíèÿ) îïðåäåëÿåòñÿ ìíîãî-
îáðàçèåì ãåîòåõíè÷åñêèõ ôàêòîðîâ: ôèçèêî-ìåõàíè÷åñêèìè ñâîéñòâàìè ïî-
ðîä îòâàëà è îñíîâàíèÿ, ôîðìîé è ïëîùàäüþ çåìåëüíîãî îòâîäà, ðåëüåôîì 
ìåñòíîñòè, âîçäåéñòâèåì ñåéñìè÷åñêèõ è ãèäðîäèíàìè÷åñêèõ ñèë. Â ñâÿçè ñ âû-
øåèçëîæåííûì, ðàçðàáîòêà ìåòîäèêè îïðåäåëåíèÿ ïàðàìåòðîâ íàêîïèòåëüíûõ 
ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé (ÃòÑ), îáåñïå÷èâàþùåé ìàêñèìàëüíóþ âìåñòè-
ìîñòü ïîäîòâàëüíûõ ïëîùàäåé ïðè ó÷eòå ìíîãîîáðàçíûõ ôàêòîðîâ, ÿâëÿåòñÿ 
àêòóàëüíîé çàäà÷åé.
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Ïðèâåäåíà ìåòîäèêà ðàñ÷åòà îïòèìàëüíûõ ïàðàìåòðîâ ãîðíîòåõíè÷åñêèõ ñîîðóæå-
íèé, ó÷èòûâàþùàÿ ïëîùàäü è ôîðìó èõ îñíîâàíèÿ â ïëàíå, à òàêæå ñòåïåíè îá-
âîäíåííîñòè ïðèîòêîñíîãî ìàññèâà. Ïðèâåäåíû ôîðìóëû äëÿ îïðåäåëåíèÿ îáúåìà 
îòâàëà â îáùåì ñëó÷àå, äëÿ çåìåëüíîãî îòâîäà ìíîãîóãîëüíîé ôîðìû. Äëÿ ôèãóð 
íåïðàâèëüíîé ôîðìû êîýôôèöèåíòû ïðèáëèæåííî ðàññ÷èòûâàþòñÿ êàê äëÿ ýëëèï-
òè÷åñêîé ôîðìû, ñ áîëüøîé è ìàëîé ïîëóîñÿìè. Ïðè ïðîåêòèðîâàíèè íàêîïèòåëü-
íûõ ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé âîçìîæíî îïðåäåëèòü íåîãðàíè÷åííîå êîëè÷å-
ñòâî èõ êîíôèãóðàöèé, ðàçëè÷àþùèõñÿ ôîðìîé â ïëàíå è ïî âûñîòå. Îáÿçàòåëüíûì 
ïðè ýòîì ÿâëÿåòñÿ îáåñïå÷åíèå íîðìàòèâíîãî êîýôôèöèåíòà çàïàñà óñòîé÷èâîñòè.
Âûïîëíåííûé àíàëèç ïî ðàçðàáîòàííîé ìåòîäèêå ïîêàçàë, ÷òî íàèáîëüøàÿ åìêîñòü 
íàìûâíûõ ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé íà çàäàííîé ïëîùàäè çåìåëüíîãî îòâîäà 
äîñòèãàåòñÿ ïðè êðóãëîé, êâàäðàòíîé èëè áëèçêîé ê íèì ôîðìàõ; ïðè óâåëè÷åíèè 
ïëîùàäè çåìåëüíîãî îòâîäà îïòèìàëüíûé óãîë âíåøíåãî îòêîñà óìåíüøàåòñÿ, à âû-
ñîòà ñîîðóæåíèÿ âîçðàñòàåò; âìåñòèìîñòü çåìåëüíîãî îòâîäà çàâèñèò îò åãî ôîðìû. 
Êëþ÷åâûå ñëîâà: ïàðàìåòð, îòâàë, âûñîòà, åìêîñòü, îòêîñ, îòõîä.
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Îïðåäåëåíèå îïòèìàëüíûõ ïàðàìåòðîâ íàêîïèòåëüíûõ ãîðíîòåõíè÷åñêèõ 
ñîîðóæåíèé ÿâëÿåòñÿ çàäà÷åé ìíîãîïàðàìåòðè÷åñêîé îïòèìèçàöèè. Â êà÷åñòâå 
êðèòåðèÿ îïòèìàëüíîñòè ñëåäóåò ïðèíèìàòü èõ ìàêñèìàëüíóþ âìåñòèìîñòü ïðè 
çàäàííîé ïëîùàäè è ôîðìå çåìåëüíîãî îòâîäà èëè ìèíèìàëüíóþ ïëîùàäü äëÿ 
ðàçìåùåíèÿ çàäàííîãî îáúeìà âñêðûøíûõ ïîðîä èëè îòõîäîâ îáîãàùåíèÿ. Ìå-
òîäèêà îïðåäåëåíèÿ ïàðàìåòðîâ ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé ðåàëèçóåòñÿ 
â ñëåäóþùåé ïîñëåäîâàòåëüíîñòè.

Â îáùåì ñëó÷àå îáúeì îòâàëà îïðåäåëÿåòñÿ ïî çàâèñèìîñòè âèäà:
V0 = H0 S0 – ΔVîòê,

èëè
V0 = H0 · S0 – 0,1667 · H0

2 · ctg(α) · (3 · P0 – KÔ · H0 · ctg(α)), (1)

ãäå ΔVîòê  – ïîòåðè îáúåìà â ïðèîòêîñíîé ÷àñòè, ì3; S0 – ïëîùàäü îñíîâàíèÿ, ì2; 
H0 – âûñîòà îòâàëà, ì; α – óãîë îòêîñà îòâàëà, ãðàä; P0 – ïåðèìåòð îñíîâàíèÿ 
ïîäîòâàëüíîé ïëîùàäè, ì; KÔ – êîýôôèöèåíò ôîðìû ïîäîòâàëüíîé ïëîùàäè. 

Â îáùåì ñëó÷àå KÔ îïðåäåëÿåòñÿ ïî ôîðìóëàì (2–3):

KÔ = (P0 – PÂ) · (H0 ctg(α))-1,  (2)

ãäå PÂ – ïåðèìåòð âåðõíåé ïëîùàäêè íàêîïèòåëüíîãî ãîðíîòåõíè÷åñêîãî ñî-
îðóæåíèÿ, ì.

Äëÿ çåìåëüíîãî îòâîäà ìíîãîóãîëüíîé ôîðìû êîýôôèöèåíò îïðåäåëÿåòñÿ 
ïî ôîðìóëå
KÔ = 2 · N· tg(π · N-1),  (3)
ãäå N – êîëè÷åñòâî ñòîðîí ìíîãîóãîëüíèêà îñíîâàíèÿ. 

Äëÿ ôèãóð íåïðàâèëüíîé ôîðìû êîýôôèöèåíòû ïðèáëèæåííî ðàññ÷èòûâà-
þòñÿ êàê äëÿ ýëëèïòè÷åñêîé ôîðìû, ñ áîëüøîé è ìàëîé ïîëóîñÿìè. Íàèáîëåå 
ðàñïðîñòðàíeííûå âàðèàíòû ôîðì îñíîâàíèÿ è àíàëèòè÷åñêîå âûðàæåíèå äëÿ 

Òàáëèöà 1

Çíà÷åíèÿ êîýôôèöèåíòîâ ôîðìû ïîäîòâàëüíîé ïëîùàäè Kô è îñíîâàíèÿ îòâàëà Kî

¹ 
ï/ï

Ôîðìà ïîäîòâàëüíîé 
ïëîùàäè

Ìåòîäèêà îïðåäåëåíèÿ êîýôôèöèåíòîâ ôîðìû 
ïîäîòâàëüíîé ïëîùàäè Kô è îñíîâàíèÿ îòâàëà Kî

1 Êðóãëàÿ ÊÔ = 2π; Ê0 = 2π1/2

2 Ýëëèïòè÷åñêàÿ 
à, b – ïîëóîñè; Ê = b / a

ÊÔ = 2π · {0,5 + [0,5 – (a – b) · (a + b)-2]1/2};
Ê0 = π1/2 · (K + 1) · K1/2

3 Êâàäðàòíàÿ ÊÔ = 8; Ê0 = 4

4 Ïðÿìîóãîëüíàÿ 
a, b – ñòîðîíû; Ê = b / a

ÊÔ = 8; 
Ê0 = 2 ·(K + 1) · K-1/2

5 Òðàïåöåèäàëüíàÿ 
a, b – îñíîâàíèÿ; h – âûñîòà

ÊÔ = 8; 
Ê0 = 〈a + b +2h · cos{arctg[0,5 · h-1 · (b – a)]}〉 · (h · (b – a)/2)-1/2

6 Òðåóãîëüíàÿ. a, b, ñ – ñòîðîíû; 
P – ïîëóïåðèìåòð òðåóãîëüíèêà

ÊÔ = 10,39; 
Ê0 = (a + b + c) · [(P – a) · (P – b) · (P – c) · P]-1/2

7 Íåïðàâèëüíûé ìíîãîóãîëüíèê 
N – êîëè÷åñòâî ñòîðîí 
îñíîâàíèÿ

ÊÔ = 2 · N · tg(π · N-1);
Ê0  – îïðåäåëÿåòñÿ ïóòåì èíñòðóìåíòàëüíûõ çàìåðîâ 
ïëîùàäè è ïåðèìåòðà çåìåëüíîãî îòâîäà â ïëàíå 

Ïðèìå÷àíèå: íàèáîëüøåå çíà÷åíèå ÊÔ èìååò òðåóãîëüíèê – 10,39; íàèìåíüøåå – êðóã 2π = 6,28.
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îïðåäåëåíèÿ KÔ ïðåäñòàâ-
ëåíû â òàáë. 1. 

Ïðè ïðîåêòèðîâàíèè 
íàêîïèòåëüíûõ ãîðíîòåõ-
íè÷åñêèõ ñîîðóæåíèé âîç-
ìîæíî îïðåäåëèòü íåîãðà-
íè÷åííîå êîëè÷åñòâî èõ 
êîíôèãóðàöèé, ðàçëè÷àþ-
ùèõñÿ ôîðìîé â ïëàíå è ïî 
âûñîòå. Îáÿçàòåëüíûì ïðè 
ýòîì ÿâëÿåòñÿ îáåñïå÷åíèå 
íîðìàòèâíîãî êîýôôèöè-
åíòà çàïàñà óñòîé÷èâîñòè 
(ðèñ. 1, à). 

Âûñîòà îòâàëà H0 â âû-
ðàæåíèè (1) ÿâëÿåòñÿ ôóíê-
öèåé ôèçèêî-ìåõàíè÷åñêèõ 
ñâîéñòâ îñíîâàíèÿ è òåëà 
îòâàëà, è, êðîìå òîãî, çà-

âèñèò îò ðåçóëüòèðóþùåãî óãëà îòêîñà. Â ðàáîòå [3] ïðåäëîæåíà ìåòîäèêà 
ïîñòðîåíèÿ çàâèñèìîñòè âûñîòû îòâàëà H0 îò ðåçóëüòèðóþùåãî óãëà îòêîñà 
(ðèñ. 1, á) ïðè áåçóñëîâíîì îáåñïå÷åíèè íîðìàòèâíîãî êîýôôèöèåíòà çàïàñà 
óñòîé÷èâîñòè (Êó). Îäíàêî ýòà çàâèñèìîñòü èìååò äèñêðåòíûé õàðàêòåð, ÷òî çà-
òðóäíÿåò àíàëèòè÷åñêîå èññëåäîâàíèå ôóíêöèè (1). 

Äëÿ ðàñ÷eòà îïòèìàëüíûõ ïàðàìåòðîâ íàêîïèòåëüíûõ ãîðíîòåõíè÷åñêèõ ñî-
îðóæåíèé öåëåñîîáðàçíî ïðåäñòàâèòü çàâèñèìîñòü âûñîòû îòâàëà H0 îò ðå-
çóëüòèðóþùåãî óãëà îòêîñà â ôîðìàëèçîâàííîì âèäå. Äëÿ ýòîãî ïîëó÷åííûé 
ãðàôèê H0 = f(ctg α) ñëåäóåò àïïðîêñèìèðîâàòü ôóíêöèåé âèäà

H0 = m · ctgn α . (4)

Ïðè îïðåäåëåíèè êîýôôèöèåíòîâ m è n èñïîëüçóþòñÿ äâå òî÷êè, ëåæàùèå 
íà ãðàôèêå è èìåþùèå êîîðäèíàòû H1, α1 è H2, α2. Âûáîð òî÷åê îñíîâûâàåòñÿ 
íà èõ ïðèíàäëåæíîñòè ê ïðåäïîëàãàåìîìó èíòåðâàëó âûñîòû è óãëà îòêîñà íà-
êîïèòåëüíîãî ãîðíîòåõíè÷åñêîãî ñîîðóæåíèÿ. Â ýòîì ñëó÷àå êîýôôèöèåíòû n 
è m îïðåäåëÿþòñÿ ïî ôîðìóëàì (5–6).
n = (ln H2 – ln H1) · [ln ctg(α2) – ln ctg(α1)]

-1,  (5)
m = H1 · tg

n . α1 = H2 · tg
n . α2 (6)

Â ðåçóëüòàòå ïîäñòàíîâêè ñîîòâåòñòâóþùèõ çíà÷åíèé âîçìîæíî îïðåäåëèòü 
óãîë α = αîïò, îáåñïå÷èâàþùèé äîñòèæåíèå ìàêñèìàëüíîãî îáúåìà V0 

( ) ( )
( )

( )

1
1 ( 1)

2 22
10

0

0

2,25 2 1
1,5 2 1 3 2 .

6 3 2

n

îïò ô

ô

P n
arcctg P n m K n

n S K n

+

−
⎧ ⎫⎡ ⎤⋅ ⋅ ⋅ + −⎪ ⎪⎢ ⎥ ⎡ ⎤α = ⋅ ⋅ ⋅ + − ⋅ ⋅ ⋅ ⋅ +⎨ ⎬⎣ ⎦⎢ ⎥− ⋅ ⋅ ⋅ ⋅ ⋅ +⎪ ⎪⎣ ⎦⎩ ⎭

 (7)

Øèðîêî ðàñïðîñòðàíåííîé çàäà÷åé, ïðè ïðîåêòèðîâàíèè íàêîïèòåëüíûõ 
ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé, ÿâëÿåòñÿ îïðåäåëåíèå ìèíèìàëüíîé ïëîùàäè 
çåìåëüíîãî îòâîäà îïðåäåëåííîé ôîðìû, íåîáõîäèìîé äëÿ ðàçìåùåíèÿ çàäàí-
íîãî îáúåìà âñêðûøè èëè íåêîíäèöèîííûõ ðóä è îòõîäîâ îáîãàùåíèÿ. Â ýòîì 

Ðèñ. 1. Ãðàôèê çàâèñèìîñòè óñòîé÷èâûõ ïàðàìåòðîâ 
ãîðíîòåõíè÷åñêîãî ñîîðóæåíèÿ íà ïðî÷íîì îñíîâà-
íèè ïðè ðàçëè÷íûõ åãî êîíôèãóðàöèÿõ

H1

H, м

α, град.

α1 H1

α1

α2 H2

α2

α3 H3

α3

H2
H3
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ñëó÷àå, êîýôôèöèåíò îñíîâàíèÿ ïîäîòâàëüíîé ïëîùàäè (Ê0) íåîáõîäèìî îïðå-
äåëÿòü ïî ôîðìóëå:
Ê0 = P0 · S0

-1/2. (8)
Ðåøàÿ óðàâíåíèå (1) îòíîñèòåëüíî ïëîùàäü îñíîâàíèÿ (S0), èñïîëüçóÿ ââå-

äåííûé êîýôôèöèåíò îñíîâàíèÿ, ïîëó÷èì:

( ) ( ) ( )

21
2 2

( 1) 1 2 (2 2) 0
0 00,25

6 16
ôn n n

Î

K K
S K m ctg V m ctg m ctg+ − − +

⎧ ⎫
⎡ ⎤⎛ ⎞⎪ ⎪= ⋅ ⋅ ⋅ α + ⋅ ⋅ α − ⋅ α ⋅ −⎢ ⎥⎜ ⎟⎨ ⎬
⎢ ⎥⎝ ⎠⎪ ⎪⎣ ⎦

⎩ ⎭  (9)

Ïðîäèôôåðåíöèðîâàâ óðàâíåíèå (9) ïî d(ctg(α)), íàéäåì çíà÷åíèå óãëà îò-
êîñà α = αîïò1, ïðè êîòîðîì äîñòèãàåòñÿ ìèíèìóì ïëîùàäè çåìåëüíîãî îòâîäà 
ïîä îñíîâàíèå îòâàëà äëÿ ðàçìåùåíèÿ òðåáóåìîãî îáúeìà òåõíîãåííûõ ïîðîä 
(V0):

( )

1
1 1

1 3 21
2 2 21 1

1 0 03 3 3

n n
nn

n n
îïò ô ô

M
arcctg V K M m M K M K

m

+ +
− +

+ +

⎧ ⎫
⎧ ⎫⎪ ⎡ ⎤ ⎪⎪ ⎪α = ⋅ ⋅ ⋅ ⋅ ⋅ − ⋅ ⋅ + ⋅ ⋅⎨⎨ ⎬ ⎬⎢ ⎥

⎣ ⎦⎪⎪ ⎪ ⎪⎩ ⎭
⎩ ⎭  (10)

Ïîëó÷åííûå çàâèñèìîñòè ïîçâîëÿþò óñòàíîâèòü âçàèìîñâÿçü ìåæäó ìàêñè-
ìàëüíîé âìåñòèìîñòüþ è ìèíèìàëüíîé ïëîùàäüþ çåìåëüíîãî îòâîäà:

( ) ( )
1 3 2

2 21 2 21
max 0 00,333 3 3 ,

nn
n nn

ô ôV K M m M K M K S
+

+ ++= ⋅ ⋅ ⋅ ⋅ − ⋅ ⋅ + ⋅ ⋅
 (11)

( ) ( )
2 2

1 3 21
2 211

min 0 03 3 3 .

n
nn

nn
ô ôS V K M m M K M K

+
− +

++
⎧ ⎫⎡ ⎤⎪ ⎪= ⋅ ⋅ ⋅ ⋅ − ⋅ ⋅ + ⋅⎨ ⎬⎢ ⎥

⎣ ⎦⎪ ⎪⎩ ⎭  (12)

Ñ öåëüþ îïðåäåëåíèÿ ïîâåðõíîñòè ýëåìåíòîâ ãîðíîòåõíè÷åñêèõ ñîîðóæå-
íèé, ðàñ÷åò ïëîùàäè îòêîñîâ (Sîòê) è ãîðèçîíòàëüíûõ ïëîùàäîê ( Sã) íåîáõîäèìî 
îñóùåñòâëÿòü ïî ôîðìóëàì:

( )( ) ( )( )
11 2 22

0 0 00,5 ,îòê ôS S K K H ctg H ctg= ⋅ − ⋅ ⋅ ⋅ α ⋅ ⋅ α
 (13)

( )( ) ( ) ( )( )1 22
0 0 0 0 0 ,Ã Ô eS H S K K H ctg ctg ctg K−= ⋅ ⋅ − ⋅ ⋅ α ⋅ α − α ⋅  (14)

ãäå αe – óãîë åñòåñòâåííîãî îòêîñà óñòóïà îòâàëà èëè óãîë, ïðèäàííûé åìó â 
ðåçóëüòàòå ãîðíîòåõíè÷åñêîé ðåêóëüòèâàöèè.

Íà îñíîâå óñòàíîâëåííûõ àíàëèòè÷åñêèõ çàâèñèìîñòåé ïðîèçâåäåíû ðàñ÷å-
òû îïòèìàëüíûõ çíà÷åíèé ïàðàìåòðîâ ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé íà îãðà-
íè÷åííîé ïëîùàäè çåìåëüíîãî îòâîäà ðàçëè÷íîé ôîðìû â ïëàíå, ðåçóëüòàòû 
êîòîðûõ ïðåäñòàâëåíû íà ðèñ. 2.

Ïðè îïðåäåëåíèè ïàðàìåòðîâ íàìûâíûõ ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé îï-
òèìàëüíûå çíà÷åíèÿ óãëà âíåøíåãî îòêîñà è åãî âûñîòû çàâèñÿò â òîì ÷èñëå è 
îò ñòåïåíè îáâîäíåííîñòè ïðèîòêîñíîãî ìàññèâà. Ïðåäñòàâëåííûå â ðàáîòàõ 
[4, 5] ìåòîäèêè îïðåäåëåíèÿ ïàðàìåòðîâ íàìûâíûõ ÃòÑ ñ ó÷åòîì ýêðàíèðóþùå-
ãî ýôôåêòà äîííûõ îòëîæåíèé ïðóäêîâîé çîíû, ïîçâîëÿþò îöåíèâàòü âëèÿíèå 
ñòåïåíè îáâîäíåíèÿ îòêîñà îãðàæäàþùèõ äàìá íàìûâíûõ ÃòÑ. Äëÿ íàìûâíûõ 
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Ðèñ. 2. Ãðàôèêè îïòèìàëüíûõ çíà÷åíèé óãëà âíåøíåãî îòêîñà è âûñîòû ãîðíîòåõ-
íè÷åñêèõ òåõíîãåííûõ ñîîðóæåíèé íà îãðàíè÷åííîé ïëîùàäè çåìåëüíîãî îòâîäà 
ðàçëè÷íîé ôîðìû â ïëàíå

  – êðóãëàÿ ôîðìà çåìåëüíîãî 
    îòâîäà â ïëàíå;

  – êâàäðàòíàÿ;
 – ïðÿìîóãîëüíàÿ;

Δ  – òðåóãîëüíàÿ

Ðèñ. 3. Âìåñòèìîñòü íàìûâíîãî ãîðíîòåõíè÷åñêîãî ñîîðóæåíèÿ ïðè ðàçëè÷íîì ïî-
ëîæåíèè äåïðåññèîííîé êðèâîé: 1 – ñóõîé îòâàë èëè òåëî îãðàæäàþùåé äàìáû íàìûâ-
íîãî ÃòÑ íå îáâîäíåíî; 2 – äðåíàæíàÿ ñèñòåìà ðàáîòàåò íîðìàëüíî è ïåðåõâàòûâàåò âåñü 
ôèëüòðàöèîííûé ïîòîê; 3 è 4 – ÷àñòè÷íûé èëè ïîëíûé âûõîä äðåíàæíîé ñèñòåìû èç ñòðîÿ

ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé, ôîðìèðóåìûõ íà ïðî÷íîì îñíîâàíèè ïëîùà-
äüþ S = 100 ãà ïðè êâàäðàòíîé ôîðìå çåìåëüíîãî îòâîäà, áûëè ðàññ÷èòàíû 
îïòèìàëüíûå çíà÷åíèÿ óãëîâ îòêîñîâ αîïò è îïòèìàëüíîé âûñîòû Hîïò, ïðè êî-
òîðûõ eìêîñòü (V0) íàêîïèòåëåé áóäåò ìàêñèìàëüíîé, ïðè ðàçëè÷íîé ñòåïåíè 
îáâîäíåíèÿ è ýôôåêòèâíîñòè ðàáîòû äðåíàæíûõ ñèñòåì (ðèñ. 3). 
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Äëÿ íåîáâîäíåííûõ íàêîïèòåëüíûõ ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé íà ýòîé 
ïëîùàäè âîçìîæíî ðàçìåñòèòü äî 41,2 ìëí ì3 ñ ïàðàìåòðàìè îòêîñîâ, ðàâíûìè 
αîïò = 18,5° è Hîïò = 57,4 ì. Äëÿ íàìûâíîãî ÃòÑ ñ íîðìàëüíî ðàáîòàþùåé äðå-
íàæíîé ñèñòåìîé ìàêñèìàëüíàÿ eìêîñòü ñíèæàåòñÿ â ñëåäñòâèè âîçäåéñòâèÿ ãèä-
ðîäèíàìè÷åñêèõ ñèë è ñîñòàâëÿåò 33,6 ìëí ì3 ïðè αîïò = 17,0° è Hîïò = 44,2 ì. 
Ïðè ýêñïëóàòàöèè íàìûâíûõ ÃòÑ áåç äðåíàæíîé ñèñòåìû, èõ åìêîñòü íà çàäàí-
íîé ïëîùàäè çåìåëüíîãî îòâîäà ñíèæàåòñÿ â 1,84 ðàçà äî âåëè÷èíû, ðàâíîé 
22,4 ìëí ì3.

Âûïîëíåííûé àíàëèç ïî ðàçðàáîòàííîé ìåòîäèêå îïðåäåëåíèÿ ïàðàìåòðîâ 
ãîðíîòåõíè÷åñêèõ ñîîðóæåíèé, ó÷èòûâàþùåé âëèÿíèå ôîðìû è ïëîùàäè çå-
ìåëüíîãî îòâîäà, ïîçâîëÿåò ñäåëàòü ñëåäóþùèå âûâîäû:

 • íàèáîëüøàÿ eìêîñòü íàìûâíûõ ÃòÑ íà çàäàííîé ïëîùàäè çåìåëüíîãî îò-
âîäà äîñòèãàåòñÿ ïðè êðóãëîé, êâàäðàòíîé èëè áëèçêîé ê íèì ôîðìàõ;

 • ïðè óâåëè÷åíèè ïëîùàäè çåìåëüíîãî îòâîäà îïòèìàëüíûé óãîë âíåøíåãî 
îòêîñà óìåíüøàåòñÿ, à âûñîòà ñîîðóæåíèÿ âîçðàñòàåò;

 • âìåñòèìîñòü çåìåëüíîãî îòâîäà çàâèñèò îò åãî ôîðìû. Íà êðóãëîé ôîð-
ìå îòâîäà ïëîùàäüþ 400 ãà ïðè çàäàííûõ ñâîéñòâàõ ïîðîä ÃòÑ è îñíîâàíèÿ, 
âìåñòèìîñòü ñîñòàâèò 318,2 ìëí ì3, à ïðè òðåóãîëüíîé ôîðìå ó÷àñòêà òîé æå 
ïëîùàäè – 245,8 ìëí ì3, ÷òî íà 30% ìåíüøå;

 • ïðè ïðîåêòèðîâàíèè íàìûâíîãî ãîðíîòåõíè÷åñêîãî ñîîðóæåíèÿ êàñêàä-
íîãî òèïà ðàñ÷eò îïòèìàëüíûõ ïàðàìåòðîâ ñëåäóåò ïðîèçâîäèòü ñ ó÷eòîì îá-
ùåé ïëîùàäè çåìåëüíîãî îòâîäà, à íå äëÿ îòäåëüíûõ åãî îòñåêîâ.
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The author describes the calculation procedure for the parameters of mine-technical structures, taking into 
account the structure bottom area and shape in plan view, and the water content of the banking wall rocks. 
The formulas to find volume of a banking in a general case and in case of a polygonal land allotment for the 
banking are given. The coefficients of irregular shape figures are calculated in the same way as for elliptical 
shape figures with major and minor semi-axes. It is possible to calculate unlimited number of shapes, varied 
laterally and up/down, when designing storage mine-technical structures. In this case, the provision of the 
rated stability factor is a must. 

According to the analysis performed using the proposed procedure, the largest volume of the hydraulic 
fill banks at the assigned-area land allotment is achieved with the banks of round or square, or close to these, 
shapes; on the increase in the land allotment, the optimized angle of the outer slope is decreased and the 
bank height is increased; the capacity of the land allotment depends on its shape. At the round land allotment 
400 ha in area, given the assigned properties of rocks meant for the banking and its bottom, the mine-tech-
nical structure capacity will amount to 381.2 Mm3; the same area allotment of the triangular shape will have 
capacity of 245.8 Mm3, which is 30% less than in the former case. When designing a cascaded hydraulic fill 
structure, the calculation of optimal parameters of the structure should take into account the total area of the 
land allotment rather than the areas of its separate sections. 

Key words: parameter, dump, height, volume, slope, waste.
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