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GEODETIC MONITORING OF DISPLACEMENTS AND DEFORMATIONS FOR 
ASSESTMENT OF EFFECT FROM SUSPEND OF EXPLOITATION OF PERNIK MINES

Ivan Kaltchev, PhD, Maria Kaltcheva 

ABSTRACT 
In the last years, after the mining operations were stopped on 2000, emergency situations occurred on the 
territory of the town of Pernik, which are directly related to the mining activity carried out in the Pernik basin. 
The main goal of the project is to carry out studies and analyzes of the geodetic network for surveying of the 
movements and deformations of the land surface in order to organize specialized monitoring as a preventive 
measure for the purpose of conservation of objects and facilities from the harmful influence of the mining 
works and the consequences of stopping their operation. 
Keywords: Deformations and movements monitoring; Precise geodetic measurements - methods and 
instruments

I.
-

 – 
 17.08.1891 .  260 . .

 49 . .

 1: 

A.

 – 10-130m. 

.

 2000 
,

,
.

.  ( , , ,

- , , , ),
 ( , , , .).

:
1.  2-3m  50-60m .

,

135



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

.
 ( )

,
.

2. ,
 2005 . .

,
. ,

.

B.

, -

.
,  –  213ha,  7 

. .
,

. , ,
 ( , , ), ,

„ “ , -
, , ,

,
. ,

, , , ,
, .

 2: ,

 „

”  1983 .:

136



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

 3: 

 – ,
.

.
 362 , 708  27 

.

.

 II  0.70mm  1km 
.

.

,
 GNSS .

,  GNSS , mS=2.5-5mm. 
- -

 m  ±2“  mS  ±(2-
3mm+2ppm).

 6 ,
, ,

.  12 
,

.  2012 .

II.
 15-

-  2019. .
A.

 LEICA NA3003 
LEICA DNA03 .  BFFB (Back-Fore-Fore-
Back – - - - )

137



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

.  (
).

 54 253m. 
 1115 (  2230 ), 

 ( )  938: 

 4: 

B. GNSS

GNSS .  GNSS  LEICA GPS 
SYSTEM 530 (5 ), SOKKIA RADIAN-IS (4 )  CHC HUACE X91/X900 (3 )

.
,  GNSS ,  145. 

 436 (1308 ).
 GNSS 

,
.

C.  ( - )
,

,  GNSS 
,

.
,

.

138



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

.
 LEICA TC1610 (  5cc,

 3mm+2ppm) 
.

, ,  300. 
 85 ,  GNSS . -

, ,  917 .

 5:  GNSS 

III.
A.

DigitalLeveling – ,
, .

.
-  ( ).

, -
 0.99mm. 

=0.3mm, 
 (0.4mm). 

B.  GNSS 
 GNSS  Leica Geo 

Office.  GNSS 
.

dX, dY, dZ, , .
 3.5mm. 

139



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

C. -
-  WIN 

TPLAN.
.

. ,
 ms=7.98mm. 

=5.7 ,
.

IV.

,  ( ).

.

A.

.
,

.
.

,
,

:

   
 6: 

,
-

.
,

.
.

,
 „

“, ,  1983 . – 

140



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

 i (mm / m),  (mm / m²)  R (m) 
(  - ).

B.

 dX, dY 
, .

 –  dS ,
.

 (mm/m), , .

, :

;
, ;

;
.

,

. ,
, .

:

 7: 

C.

,
, ,

, .
,

- -
.

141



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

,
.

 – , ,
.

- ,
,

.
, ,

.
,

, -
. .

-
 12 , ,

.

V.
 2021 .  V 

-
 „ - “ ( ).

.

.  - .
 - Interferometric Synthetic Aperture Radar (InSAR) 

 – DInSAR, -
 (  mm), .

 – ,
, , .

 –   – 
 ( )

.
 (  11 

) .

,
.

 (DInSAR) 

.

.
 (

),
,

 ( ), . ,

142



Proceedings  of the XV   INTERNATIONAL  CONFERENCE 
OF  THE  OPEN  AND  UNDERWATER  MINING  OF  MINERALS 

06  –  10 SEPTEMBER  2021, VARNA, BULGARIA 

 Sentinel-1  15 15 m,  TerraSAR-X  1 1 m 
0.25 .25m.
SAR .

 8: ,  SAR ,
, ,

DInSAR e ,  „ “
.

,
, -

 ( )
.

-
- .

143


