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 :  

  

                                   

)dx, dy(

                               

.  

)R1, R2, R3, R4, R5, R6(

 

)R8, R9, R10, R11(

)regression's straights()dl()s (

 . .  

         

) dl (

    

.  

           

.  

  

 :

  

-

 

-

   

 - 

 

 -

   

.  
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:  

 .  

 

] 1[ .  

 

.

 .  

)Jurassic(

) stratification

(

  

.

]2.[   

)dx, dy, dz(

dx, dy.

 

 :  

1. 

 

 . 

2. 

 . 

dx , dy 

.

 

15 m

.  
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1- :  

  

. 

 

: P1, P2, P3, P4

willd T2

   

. 

 

.

 

. P1, P2, P3, 

P4R1, R2, R3, R4, 

R5, R6 

 

)1(. 

  

R8 , R9

  

R10 , R11 

.  

  

  

2- :  

P1,P2,P3,P4  

) R1,R2,R3,R4,R5,R6(. 

    

)Pi(

)R1, R2, R3, R4, R5, R6 (

. 

P2, P3, P4)P1(500, 500

 

P1-P4 )
1 4

gr
P PZ 100(

P1- P4 XY

  

P1 . 

 

R1, R2, R3, R4, R5, R6 

 

.  

R8, R9, R10, R11  

P3, P4

 

P1,P2.)1(

  

)R1, R2, R3, R4, R5, R6, R8, 

R9, R10, R11(  

)P1, P2, P3, P4( 

)R1, R2, , R11(.

 

.  
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3- :  

)

(

. 

 
10cc 

3

10
Rm 

.  

4- :  

)P1, P2, P3, P4 ( 

 

)1(

]3.[  

)1(:  

            

  0.00  0.00  0.00  1  P1 

207.7607 207.7608 207.7598 207.7614  2    

  0.00  0.00  0.00    P2  

334.1708  334.1701  334.1706  334.1716  1   

  0.00  0.00  0.00    P3  

51.0575  51.0575  51.0580  51.0570      

  0.00  0.00  0.00    P4 

39.8841  39.8845  39.8837  39.8841     

  
  

:  

mp1=4.7cc  mp2= 4.4 cc  mp3= 2.9 cc  mp4 =2.3 cc  

.

) 1( 

)p(

:  
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         (1) a

P cc

PA.PB.m
m

AB.
  

 
cc = 636620   ma

)1(PA, PB

AB .  

P2

1

   

m 300

  

5000 m

 

m 4885

)1(   

 

mp2 = 2.1 mm 

 

P2 

mm 1.9 

 

:

 

P2 .

P3 

 

300 

mm  

 

4796 m 

mp3 = 1.4 mm 

 

)p(  

mm 1.93.  

P4

  

1000 m777 m

mp4=1.4 mm

 

P2. P1

12

m 300  

  
m  599

mp1 = 1.1 mm.  

 
)P1 ,P2 ,P3 , 

P4(

. 

.  

5- :  

:  

- :

 

Starnet 

 

.  

.

 

)Ri:( 

P

 

R1, ..,R6  

R8, R9, R10, R11 

 

. 

6- :  

2

  

. 
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dl

)OY(X

P1- P4 .

)2( 

. )(  

)2(  

dl    R1

   

R1 

   

R6 

R6) dl = 13.2 mm(  

.

.

R1 

 

R6

R8 R11

 

.

   

)2 (

 

 :  

- )

dy

 

R8 ,R10(

mm  1.5 .  

- 

 

R4, R5, 

R6 

 . 

- 

L

 . 

8-:  

)Regression's Straights( 

)dl()s (

]5.4[

.

  

 ) X , dl(   :  
a X + b Y + c = 0 

c:  

)2( m X + n Y + 1 = 0  

 :
c

b
n   a

m
c

  

m, n

 

[m-1] 

 

[dm, dn] = m-1 

)2 ( .  

m, n

)least square method(

)m0, n0.(

)2  ( :  

(3) 

i xi 0 i yi 0X V m dm Y V . n dn 1 0  

  

Vxi dmVyi dn

  

:  

   

)4( 0 xi 0 yi i i i 0 i 0m V n V X dm Ydn X m Yn 1 0
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0 xi 0 yiV m V n V

:  

)5( i i i 0 i 0V X dm Ydn (X m Yn 1) 0

 

)5(

TIENSTRA

 

Cofactors:  

)6( 2 2
Vi.Vi 0 XiXi 0 YiYi 0 0 xiyiQ m Q n Q 2m n Q

 

)6(

 :  

)7( i 2 2
0 XiXi 0 YiYi

1
P

m .Q n Q

 

) x, y (Ri

:  XiXi YiYiQ Q 1

 

)5 (

:  

)8( i 2 2
0 0

1
P

m n

 

) mathematical 

correlation(

 

]6[. 

. )5(

dm, dn

 

m0, n0

. 

 

m0, n0R1, 

dl1) (R6, dl6,

  
(R8, dl8) R11, dl11

 .  

1-8  

 

)R1 , R2 

, , R6(dl:  

dm, dn 

)R1, R2, , 

R6 ( :  

0132.04585.559

0063.08476.537

0063.09348.536

0052.04973.525

0045.03891.511

0019.07428.494

A 

0.0071 0 0 0 0 0

0 0.0071 0 0 0 0

0 0 0.0071 0 0 0
P

0 0 0 0.0071 0 0

0 0 0 0 0.0071 0

0 0 0 0 0 0.0071

 

Tl 0 0.00363 0.02450 0.03512 0.0370 0

 

) (Regression linedli 

. 

:  

)9( 0.002026X 11.106157dl 1 0

 

 :  

dl= +0.0001824X-0.09004015 

)0.0001824(

 

il = 0.011619G = 1.16C 

)R1  R6(

dl)dl = 0( dl
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)9(.X = 493.6902 m

 
)y( 

R1 R6 

XL = 493.6902 m , YL = 517.4531 m

R1 

.   

2-8)R1, R2, 

, R6 ( :   

.

) X , Z( 

 

)S (

  

dl

)x , S(  

 

Si = Zi. dli  

 :  

494.7428 0.006580

511.3891 0.020396

525.4973 0.022674
A

536.9348 0.025094

537.8476 0.025375

559.4585 0.047275

 

0.0927 0 0 0 0 0

0 0.0927 0 0 0 0

0 0 0.0927 0 0 0
P

0 0 0 0.0927 0 0

0 0 0 0 0.0927 0

0 0 0 0 0 0.0927

 
Tl 0 0.01099 0.01062 0.02633 0.02729 0

 
)X , dl( 

 :  

)10( 01.294836.3.002048.0 SX 

 

S = 0.0006216 X 

 

0.303505 

 

X iS = 0.039567 G    

iS = 3.96 c. 

 

S = 0

)10 (

 

:  

XZ = 488.3427  m  YZ = 

517.4531 m. 

R1, R2,  R6

 

 :

)Rc( :YC = 517.4531m, XC = 

491.0165m R1 

 

. )3 (

)R1, R2, , R6(

 

)9( 

) 10(.

)23 (

)R1, R2, , R6.(  
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)3:()R1, R2, , R6(  

dl

   
Z Gr 

S 

 

S m dl mm Y m X m 

 

132.8812 0.003978 0.19 517.8777 494.7428 R1 

284.9471 0.014323 3.2 517.6722 511.3891 R2 

252.4603 0.023080 5.82 517.4750 525.4973 R3 

243.3581 0.030199 7.90 517.3249 536.9348 R4 

242.7124 0.030767 8.07 517.4542 537.8476 R5 

234.2825 0.044198 12.01 516.9146 559.4585 R6 

Linear regression of displacements from R1 to R6    
Straight of regression of linear displacements from R1 to R6 

0

2

4

6

8

10

12

14

480 500 520 540 560 580

x [m]

dl
 [m

m
]

dl1 [mm]

dl2 [mm]

  
) 2( :R1 

R6  

: 

    

(x, s) 

      

Z 

   

S 

   

 Z 

  

.  
Graph of azimuths and displacements from R1 to R6 

S-represents regression's straight of the arces S = Z L 

  
)3:(R1R6  

3-8

)R1, R2, , R6(:  

)R1, R2 ,  , R6 (

 :  

(11).......... c c cY Y (X X ).tgi  

 

ic

 

ic=256cc

  

(11) 

Y-0.000402X-517,2557=0 . 

R1 , R2 , ..,R6

 :  

200040201

25575170004020

).(

,.. XY
di

  

)4(

:   

)4(  

=v/r 
cc/month 

r 
m 

V=L/4 
mm/month dm Ym Xm 

 

81.5 3.75 0.48 0.42 517.8777 494.7428 R1 
34.40 20.37 1.13 0.21 517.672 511.3891 R2 
24.00 34.48 1.30 0.01 517.475 525.4973 R3 

21.90 45.92 1.58 0.15 517. 324 536.93482 R4 

21.50 46.83 1.58 0.02 517.454 537.84761 R5 
30.70 68.44 3.30 0.57 516.9146 559.4585 R6 
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: di r

v

.

)4(

 .  

  

)4:( R1R6  

4-8)R8,

 

R( 

dl :  

R8 ,R9 ,R10 ,R11

dn , dm 

 :  

547.6516 0.0214

555.6050 0.0174
A

575.8515 0.0245

586.5428 0.0156

 

0.01062 0 0 0

0 0.01062 0 0
P

0 0 0.01062 0

0 0 0 0.01062

 

Tl 0 0.0272997 0.0708772 0

 

)Regression's straights( dli

:  

)11( 0.0016729.X 2.6257457.dl 1 0

 
:  dl=-  

0.0006371.X+0.380844  

)-0.0006371(

  

i1= -0.040559G= -4.06C 

)R8,R(

dldl=0    dl

 

)11 .(

  

dl=0)X=597.7774( 

)Y(

 

)Y=562.4494( 

 

XL=597.7774 m  YL=562.4494 

m. 

:  

)597.7774 , 562.4494( R .  

5-8 )R8,R ( 

 :  

.

) X,Z (

dl

)X,S(  

 

Si=Zi.dli :   

547.6516 0.10295

555.6050 0.07240
A

575.8515 0.13853

586.5428 0.07532

 

y = 0.0004x + 517.26

516.00

516.50

517.00

517.50

518.00

518.50

519.00

519.50

520.00

480 490 500 510 520 530 540 550 560 570

Rc
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0.24211 0 0 0

0 0.24211 0 0
P

0 0 0.24211 0

0 0 0 0.24211

 

Tl 0 0.05059 0.11304 0

 

)X, dl (:  

)12( 01.0303436.2.0014443.0 SX 

 

S = -0.00071136 X + 0.49252747

 

XiS = - 4.528 C.  

 
S = 0 )12( 

 
XZ = 692.4017 

m YZ = 562.4494 m

)(Rc

  

XC = 645.0892 m YC 

= 562.4494 m,.)5(

)R8, R9 , R10, R11(

 

)11(

)12 :(  

)5:()R8, R9 , R10, R11(  
dl

   

Z Gr 

S 

 

S m dl mm Y m X m 

 

205.2922 0.1029654 31.93 565.0503 547.6516 R8 

230.6360 0.09730896 26.86 567.0655 555.6050 R9 

378.07699 0.08290589 13.96 562.5417 575.8515 R10 

270.4575 0.075300797 7.15 562.5767 586.5428 R11 

)56 (

)R8, R9, R10, R11.(  
L inear regression of displacements from R8 to R11   

0

5

10

15

20

25

30

35

540 550 560 570 580 590

x [m]

dl
[m

m
]

dl1 [mm]

dl2 [mm]

  

) 5( :

R8R11  

  
)6( :R8

R11  

: 

   

 (x, s) 

     

 Z 

  

  S 

   

 Z 

  

.  
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6-8)R8, R9, R10, 

R11:(  

R8, R9, R10, R11 

 :  

(13) c c cY Y (X X ) tgi  

ic

ic = -4.294 c .  

 (13)Y + 0.000674 X 

+ 562,8842 = 0R8, R9, R10, R11

 :  

200067401

88425620006740

).(

,.. XY
di

  

) 6(

 

:   

) 6 (   

=v/r 
cc/month  

r 
m 

v 
mm/month 

di  m Y m X m 

 

34.94 97.47 5.35 2.53 565.0503 547.6516 R8 

30.91 89.60 4.35 4.56 567.0655 555.6050 R9 

56.40 69.24 6.13 0.046 562.5417 575.8515 R10 

42.40 58.55 3.90 0.088 562.5767 586.5428 R11 

:  dir 

v 

 

. 

)7(

 

 .  

  

)7( :R8R11  

 :

 

:  

-1  

 

)46(  

   

.  

-2 

 

.   

-3 

     

. 

y = -0.0007x + 562.88

562

563

564

565

566

567

568

540 560 580 600 620 640 660

R
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:  

- 

  

. 

- 

   

. 

- 

  

. 

- 

 

. 
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(2)   

 
   

 

X3-

X2 

 

Y3-

Y2 

 

X4-

X3 

 

Y4-

Y3 

 

dX 

  

dY 

     

dx 

mm 

±mm dy 

mm 

±mm dx 

mm 

±mm dy 

mm 

±mm mm ±mm mm ±mm dl 

mm 

ZGr 

R1 -1.1 0.9 -1.5 0.6 0.5 0.3 -0.3 0.6 -0.6 0.9 -1.8 1.6 1.9 220.4833 

R2 -2.2 0.9 -1.7 0.9 -2.2 0.3 0.9 0.3 -4.4 0.9 -0.8 0.9 4.5 288.5502 

R3 -2.7 0.9 -1.5 1.0 -2.2 0.3 -0.3 0.3 -4.9 1.3 -1.8 1.0 5.2 277.5882 

R4 -3.9 0.6 -2.8 1.0 -0.8 0.2 -1.4 0.4 -4.7 0.6 -4.2 1.1 6.3 253.5728 

R5 -3.1 0.7 -4.2 1.2 -1.8 0.2 0.2 0.4 -4.9 0.7 -4.0 1.2 6.3 256.4159 

R6 -6.3 0.7 -5.0 0.9 0.7 0.3 -6.9 0.4 -5.6 0.8 -11.9 1.0 13.2 228.0012 

R8 -12.5 1.8 -18.4 5.0 -8.8 2.0 20.5 4.5 -21.3 2.7 2.1 5.4 21.4 306.2563 

R9 -23.4 3.9 10.5 12.0 8.6 1.5 -19.6 4.5 -14.8 4.2 -9.1 12.8 17.4 264.9046 

R10 -16.9 1.7 7.2 10.0 2.5 0.6 12.6 3.6 -14.4 1.8 19.8 10.6 24.5 359.9696 

R11 -13.3 2.2 9.5 10.0 -2.2 0.8 -7.7 3.8 -15.5 2.3 1.8 10.7 15.6 307.3600 
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