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∆𝑊 = 𝛼𝑂𝑐 + 𝑀 + Φ𝑘 + 𝑃 − (𝑈 + 𝑇𝑝) − 𝐸գ − 𝐷 − 𝑄հ

𝛼 (𝛼 = 0.9) 𝑂𝑐

𝑀 Φ𝑘

𝑃

(𝑈 + 𝑇𝑝)

𝐸գ

𝐷 𝑄հ
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𝑊 +
𝑘0

𝑚0
(𝑆1 − 𝑆0) = 𝜇0

𝜕𝑆0

𝜕𝑡

(𝑘𝑚)1 (
𝜕2𝑆1

𝜕𝑟2
+

1

𝑟

𝜕𝑆1

𝜕𝑟
) −  

𝑘0

𝑚0
(𝑆1 − 𝑆0) = 𝜇

𝜕𝑆1

𝜕𝑡

𝑡 = 0,   0 ≤ 𝑟 ≤ ∞,      𝑆0 = 𝑆1 = 0,   ℎ = ℎ𝑒 ,   𝐻 = 𝐻𝑒

𝑡 > 0,   𝑟 → 𝑟0 → 0,   𝑙𝑖𝑚𝑟
𝜕𝑆1

𝜕𝑟
= −

𝑄

4𝜋(𝑘𝑚)1

𝑟 → ∞,   𝑆0 = 𝑆1 = 0

r0 =

0,108մ r = 20, 50, 100մ Q =

50, 60, 80, 100լ/վ 𝑡 = 1, 10, 100օր

r0 = 0,108 մ,  Q = 50լ/վ,  W = 0.005 մ/օր r = 20 մ,  Q = 50լ/վ,  W = 0.005 մ/օր

 𝑡 = 1 օր 𝑡 = 10 օր 𝑡 = 100 օր 𝑡 = 1 օր 𝑡 = 10 օր 𝑡 = 100 օր

𝑆0,  մ 𝑆0,  մ

𝑆,  մ 𝑆,  մ

𝑟0 = 0,108 մ,  𝑄 = 100լ/վ,  𝑊 = 0.005 մ/օր 𝑟 = 20 մ,  𝑄 = 100լ/վ,  𝑊 = 0.005 մ/օր

 𝑡 = 1 օր 𝑡 = 10 օր 𝑡 = 100 օր 𝑡 = 1 օր 𝑡 = 10 օր 𝑡 = 100 օր

𝑆0,  մ 𝑆0,  մ

𝑆,  մ 𝑆,  մ

Q = 100լ/վ 𝑡 = 100 օր

𝑄 = 50, 80 և 100լ/վ

𝑆0
𝑛 =

𝑄

2𝜋(𝑘𝑚)1
ln

1.12𝐵

𝑟
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𝐵 = √
(𝑘𝑚)1𝑚0𝑚00

𝑘0𝑚00+𝑘00𝑚0

𝑚0, 𝑘0 𝑚00, 𝑘00

𝑄 = 100լ/վ

𝑆0
𝑛 = 13.85մ

𝑆թ = 42մ 𝑆0
𝑛 = 13.85մ <

𝑆թ = 42մ

)։

𝑎2 (
𝜕2𝐻2

𝜕𝑥2
+

𝜕2𝐻2

𝜕𝑦2
) =

𝜕𝐻2

𝜕𝑡

𝑡 = 0,       𝐻2(𝑥,  𝑦,  0) = 𝐻2𝑒 = 𝑐𝑜𝑛𝑠𝑡,  
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𝑡 > 0,      lim
𝑟→𝑟0

2𝜋𝑟0(𝑘𝑚)2
𝜕𝐻2

𝜕𝑟
= −𝑄(𝑡) ,  𝑟 = √𝑥2 + 𝑦2,

lim
𝑥→∞

 𝑦→∞

𝐻2(𝑥,  𝑦,  𝑡) = 𝐻2𝑒 = 𝑐𝑜𝑛𝑠𝑡

𝑆(𝑟,  𝑡) = 𝐻2𝑒 − 𝐻(𝑟,  𝑡) =
𝑄

4𝜋(𝑘𝑚)2
𝑊(𝑢) =

𝑄

4𝜋(𝑘𝑚)2
[−𝐸𝑖 (−

𝑟2

4𝑎2𝑡
)]

․ 

․
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Sn =
Q0

4πkm
[−Ei (−

r0
2

4at
)] + ∑

Qi

4πkm

n
i=1 [−Ei (−

ri
2

4at
)]

Q0 𝑟0 Qi

ri

Ei(u)

 Ei(u) = − ∫
e−x

x
dx

∞

−u
u

u = −
ri

2

4at
t a

𝑄 = 40, 60, 80 և100լ/վ

𝑡 = 210օր

𝑟𝑖 ,  մ
𝑄

4𝜋𝑘𝑚

𝑟𝑖
2

4𝑎𝑡
[−𝐸𝑖 (−

𝑟2

4𝑎𝑡
)] 𝑆0,  մ ∆𝑆𝑛,  մ 𝑆3,  մ

𝑄 = 40 լ վ⁄

𝑟0 = 0.16

𝑟3−1 = 105

𝑟3−2 = 58

𝑟3−4 = 56

𝑄 = 60 լ վ⁄

𝑟0 = 0.16

𝑟3−1 = 105

𝑟3−2 = 58

𝑟3−4 = 56

𝑄 = 80 լ վ⁄

𝑟0 = 0.16

𝑟3−1 = 105

𝑟3−2 = 58

𝑟3−4 = 56

𝑄 = 100 լ վ⁄

𝑟0 = 0.16

𝑟3−1 = 105

𝑟3−2 = 58

𝑟3−4 = 56
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S3թ = 27.5մ

𝑄 = 100լ/վ

S3 = 28.74մ

S3թ = 27.5մ 𝑄 = 100լ/վ

S3 =
QΣ

2πkm
ln

R

rs

QΣ = nQ rs = √r0 ∙ r3−1 ∙ r3−2 ∙ r3−4
n n n = 4 R

R =

1421մ

𝑟𝑠,  մ 𝑄 𝑄,  մ3 օր⁄ 𝑄Σ,  մ3 օր⁄
𝑄Σ

2𝜋𝑘𝑚
ln

𝑅

𝑟𝑠
𝑆3,  մ

𝑄 = 100լ/վ S3 = 29.17մ

Sթ = 27.5մ
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𝐿

𝑘
𝜕

𝜕𝑥
(ℎ

𝜕ℎ

𝜕𝑥
) + 𝑤 −

𝑘𝑝

𝑚𝑝
(ℎ + 𝑚𝑝) = 𝜇

𝜕ℎ

𝜕𝑡
,      0 ≤ 𝑥 ≤ 𝐿;

𝑘
𝜕

𝜕𝑥
(ℎ1

𝜕ℎ1

𝜕𝑥
) −

𝑘𝑝

𝑚𝑝
(ℎ1 + 𝑚𝑝) = 𝜇

𝜕ℎ1

𝜕𝑡
,       𝑥 > 𝐿;

ℎ ℎ1

𝑘 𝑘𝑝

𝑤 𝜇

𝜕ℎ(0;𝑡)

𝜕𝑥
= 0,      ℎ(𝑥; 0) = ℎ1(𝑥; 0) = ℎ1(𝑙; 𝑡) = 0։

ℎ(𝐿; 𝑡) = ℎ1(𝐿; 𝑡),   
𝜕ℎ(𝐿; 𝑡)

𝜕𝑥
=

𝜕ℎ1(𝐿; 𝑡)

𝜕𝑥
,    𝑙(0) = 𝐿,    𝜇

𝑑𝑙

𝑑𝑡
= −𝑘

𝜕ℎ1(𝑙; 𝑡)

𝜕𝑥

𝑑2ℎ

𝑑𝑥2
− 𝜆2ℎ = 𝜑0

𝑑2ℎ1

𝑑𝑥2
− 𝜆2ℎ1 = 𝜑1

ℎ(𝑥) =
𝜑0

𝜆
(𝑐ℎ𝜆𝑥 − 1) − [

𝜓0

𝜆

𝑐ℎ(𝜆(𝑙−𝐿))−𝑐ℎ(𝜆𝑙)

𝑐ℎ(𝜆𝑙)
+

𝜑1

𝜆
(

𝑐ℎ(𝜆𝑙)−1

𝑐ℎ(𝜆𝑙)
+

2𝑠ℎ(𝜆𝑙)∙𝑠ℎ(𝜆𝐿)

𝑐ℎ(𝜆𝑙)
)] 𝑐ℎ(𝜆𝑥)



  

18 

 

ℎ1(𝑥) =
𝜑1

𝜆
[𝑐ℎ(𝜆(𝑥 − 𝐿)) − 1] +

𝜑0

𝜆
𝑠ℎ(𝜆𝐿)𝑠ℎ(𝜆𝑥) − [

𝜑1

𝜆

𝑐ℎ(𝜆(𝑙−𝐿))−1

𝑐ℎ(𝜆𝑙)
+

𝜑1+𝜓0

𝜆
∙

𝑠ℎ(𝜆𝑙)∙𝑠ℎ(𝜆𝐿)

𝑐ℎ(𝜆𝑙)
] 𝑐ℎ(𝜆𝑥)

𝜑0 = 𝜑1 − 𝜓0, 𝜑0 =
𝑘𝑝−𝑤

𝑘ℎ𝑐
+

𝜇𝐹

𝑘ℎ𝑐
, 𝜑1 =

𝜇𝐹

𝑘ℎ𝑐
+

𝑘𝑝

𝑘ℎ𝑐
, 𝜆2 =

𝑘𝑝

𝑘𝑚𝑝ℎ𝑐
, 𝜓0 =

𝑤

𝑘ℎ𝑐

𝐹(𝑡) = 0

𝑙 =
1

𝜆
𝑎𝑟𝑐𝑠𝑖𝑛 [𝑠ℎ(𝜆𝐿) −

𝜆𝑎𝑘𝑡

𝜇
(𝑠ℎ(𝜆𝐿) − 𝛼)]

𝛼 =
𝑘

𝜆𝜇√𝐷
, 𝐷 = 𝛼0

2 + 4 [(1 − 2𝑠ℎ(𝜆𝐿))𝑎0 −
2𝑤

𝑘ℎ𝑐
] 𝑐0𝑠ℎ(𝜆𝐿),  

𝑎0 =
𝜇𝐹+𝑘𝑝

𝑘ℎ𝑐
, 𝑐0 =

𝑤

𝑘ℎ𝑐

𝑥 = 0

ℎ𝑚𝑎𝑥 =
𝜓0

𝜆

𝑐ℎ(𝜆(𝑙−𝐿))−𝑐ℎ(𝜆𝑙)

𝑐ℎ(𝜆𝑙)
−

𝜑1

𝜆
[

𝑐ℎ(𝜆𝑙)−1

𝑐ℎ(𝜆𝑙)
+

2𝑠ℎ(𝜆𝑙)∙𝑠ℎ(𝜆𝐿)

𝑐ℎ(𝜆𝑙)
]

ℎ𝑐 =
1

𝐿

𝜑0

𝜆2
𝑠ℎ(𝜆𝐿) −

𝜑0𝐿

𝜆
+

𝑠ℎ(𝜆𝐿)

𝜆𝐿
[

𝑐ℎ(𝜆(𝑙−𝐿))−𝑐ℎ(𝜆𝑙)

𝑐ℎ(𝜆𝑙)
+

𝜑1

𝜆
(

𝑐ℎ(𝜆𝑙)−1

𝑐ℎ(𝜆𝑙)
+

2𝑠ℎ(𝜆𝑙)∙𝑠ℎ(𝜆𝐿)

𝑐ℎ(𝜆𝑙)
)]
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