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In recent years, the irreversible phenomenon of land subsidence has led to 

environmental hazards in various plains of Iran including Gorgan. In general, the most 

important activities causing this phenomenon are inappropriate groundwater 

withdrawal and geological factors. The research method consists of two sections: 

identifying subsidence areas and examining the effective factors and parameters and 

evaluating the impact of each. In identification section, radar interferometry technique 

was used to compare the phase taken from two radar sets from the same region at two 

different times and measurement of land surface changes over time can be achieved 

through interferogram, and in the effective factors analyzing section, the determination 

and analysis of effective parameters such as water level drop, texture and thickness of 

soil layers, especially fine-grained layers were investigated. The results of the satellite 

data analysis indicate that the region is steadily subsiding. The mean velocity map 

along the satellite line of sight obtained from time series analysis showed a subsidence 

rate of 14 mm / month (169 mm / year). The identified subsidence range is 

approximately eastern-western which is consistent with trends in structures such as the 

Caspian. Figures of water level and precipitation in this area during 2007 to 2009 show 

a decreasing trend despite of seasonal fluctuations, and analysis of effective 

parameters shows that the subsidence is due to the same drop in water level or the 

difference of same thickness of the fine-grained layer at different depths. 
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Extended Abstract 

1- Introduction  

Inappropriate groundwater withdrawal and geological factors are very effective in the occurrence of 

subsidence (Tzampoglou and Loupasakis, 2017). All over the world, most subsidence occurs in areas with 

the highest water demand and density of groundwater wells (Jeanne et al., 2019). The porosity of soil layers 

aggregates (Zhou et al., 2019; Rezaei & Mousavi, 2019), density (Zhou et al., 2019), type (Zhou et al., 2019), 

texture and composition of layers (Rezaei & Mousavi, 2019), pumping mode (Jeanne et al., 2019), the regional 

geological structure (Rosen et al., 2000), hydraulic conductivity of hydrous layers (Zhou et al., 2019), 

precipitation, and temperature (Zhou et al., 2019) are all factors affecting land subsidence. The prediction and 

detection process is based on well data, geophysical tests, and engineering/ geotechnical data to predict and 

measure land subsidence, useful porosity, and its compressibility potential (Fazli et al., 2013). This study 

aimed to identify possible areas of subsidence in the west of Golestan province, especially in Gorgan City, 

the probable causes of subsidence, and identify areas most likely to have vertical displacement. 

 2- Methodology 

Radar interferometry was used to investigate the subsidence of the study area, and the interferograms were 

observed and analyzed during the study period (26/1/2007 to 11/12/2010). Researchers from around the world 

have identified six key factors in the study of factors contributing to subsidence: 

¶  Investigation of the layering profile and the floor stone 

¶ Groundwater level changes 

¶ Effective pressure changes and the effect of groundwater level drop on the stress applied to the substrates 

¶ Volume compressibility coefficient 

¶ Fine-grained layer thickness 

¶ Fault 

All the factors mentioned above, and the effects of subsidence processes on the Gorgan plain were investigated in this study . 

3- Results and Discussion 

The results of the satellite data analysis indicate that the region is steadily subsiding. The mean velocity map 

along the satellite line of sight obtained from time series analysis showed a subsidence rate of 14 mm/month. 

The identified subsidence range is approximately east-west, which is consistent with trends in structures such 

as the Caspian. 

4- Conclusions 

The phenomenon of subsidence in Gorgan City was studied in this research, and the extent of its subsidence 

was determined by radar interferometry over 34 months. Interestingly, the subsidence signal observed in the 

north of Gorgan has an almost east-west trend, which is consistent with trends in some of the region's 

formations, in particular the Caspian Fault and the mountain frontal boundary. This suggests that although 

waterlogging eventually led to subsidence, structural factors seem to have controlled the subsidence range. 

Coping with subsidence is based on three principles of prediction, detection, and monitoring. Therefore, the 

prerequisite for any geometric modeling to predict and control the phenomenon, as well as to identify the 

subsidence areas, is to apply existing geodetic techniques, in particular InSAR and Precise Leveling. On the 

other hand, because of the cost-effectiveness and spatial coverage that radar interferometry offers compared 

to the spatial coverage and the cost of accurate observation repetition, this technique is applied in addition to 

precision observations to control the accuracy of the results obtained from the interferometer. 
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Table (1): Technical Specifications of ENVISAT Satellite Images 
Orbit Date Swath Pass Track Sensor Mission 

25661 2007-01-26 I6 Ascending 56 ASAR/IM Envisat 

40691 2009-12-11 I6 Ascending 56 ASAR/IM Envisat 
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$ ôîÉ,ĂÊêý 5# ûvÀĊù Ĉĉw¬zw« ¾z ćÿ½ óºù ĈùĀé½ ĈÝwæ£½v ¢É¹ ½¹ ûwñ¾ñ ā¿wz Ĉýwù¿ 2007 w£ 2009Ĉĉw¬zw« ½¹ ćw¤Åv½ ºĉ¹  ā½vĀăwù 

Fig (1): The digital elevation model from 2007 to 2009 
 

  óÿº«-(üĉ¾·j  ªĉw¤ý  ¢ÆÊýÿ¾å  ½¹  ĂêÖþù  ç¾É  ÿ  ówúÉ  ç¾É  ¾z ûv¾ĉv  ÃwÅv  ¡vºăwÊù   āwò¤Æĉvćwă    Ĉútv¹GPS 
Table (1): Latest subsidence results in East and Northeast of Iran based on GPS permanent station 

observation 
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 ¡½w{Ý  5¿v ºýv 

¶ äí ðþÅ ÿ ćºþz Ăĉđ ôĊåÿ¾~ ĈÅ½¾z 

¶ ĈþĊù¿¾ĉ¿ xj ²ÖÅ ¡v¾ĊĊâ£ 

¶ Ăĉđ Ăz ĈõwúÝv Èþ£ ¾z üĊù¿¾ĉ¿ xj ²ÖÅ ¢åv ¾§v ÿ ¾§Āù ½wÊå ¡v¾ĊĊâ£  üĉ¾ĉ¿ ćwă 

¶  Ĉú¬³ ć¾ĉ¼~ øív¾£ yĉ¾Ñ 

¶ Ăýv¹Àĉ½ Ăĉđ ¢ùw¸Ñ 

¶ ôÆñ 

  üĉv ½¹ ĂíèĊê´£   )¢Åv āºÉ Ă¤·v¹¾~ ûwñ¾ñ ¢É¹ ¢ÆÊýÿ¾å ºþĉj¾å ć½v¼ñ¾§v ûvÀĊù ÿ ¾í¼õv çĀå ôùvĀÝ Ĉùwú£ ĈÅ½¾z Ăz 

 

.(Ă¤åwĉ ¦´z ÿ wă 
¢Év¹¾z ĈzĂĉÿ½ ¿v Üzwþù xj ĈþĊù¿¾ĉ¿ y{Å ôĊöê£ ½wÊå ½¹ Ăĉđćwă üĉ¾ĉ¿   ÿĂzyÅwþ£ ½wÊå ½wz¾Å ĈÉwý ¿v Ăĉđćwă Ĉĉđwz y«Āù ø¬³ Èăwí ½¹ 

Ăĉđćwă ĈþĊĉw~ ÿ ¢ÆÊý ÜĊÅÿ ½¹ ²ÖÅ Ĉù üĊù¿Èăwí )¹¹¾ñ  ¡ºùºþöz ²ÖÅ xj ĈþĊù¿¾ĉ¿ ¾§v ½¹ ć½wĊzj ½¹  ĂýwùwÅćwă ûvĀ¸zj ćv½v¹ Ăĉđćwă 

¢öĊÅ Ã½ ÿ ĂúĊý øĊî´£ Ă¤åwĉ ûvĀ¸zjćwă vÿv¾£wý ÿ  ¢ùw¸ÑwzĈúív¾£ IyÅwþù  ĈùºývĀ£ ¾¬þù Ăz ć¿wÅwă½ ìĉā½wz  ûvĀ¸zj xjćwă ćvÿv¾£wý øív¾¤ù 

¹¹¾ñ Ăí Ăz¡½ĀÍ üĊù¿ ¢ÆÊýÿ¾å ¾ăwÙ  Ĉù)¹ĀÉ  Ã½wă wz v½v¹ û¹Āz ¢ĊÍw· ĈÑw{êýv ÿ ć¾ĉ¼~wý»Āæý MđĀúÞù ¹wĉ¿ Ĉú¬³ ¿v ¢zĀÕ½ v½ ćv¾z Ăă¹ćwă 

û ĈÝwæ£½v Ĉĉw¬zw« µ½ 

mm/year 

ĈÝwæ£½v Ĉĉw¬zw« ûvÀĊù 
mm 

  ¡ºù

 āºăwÊù 

  ā¿wz ā¹ÿº´ù

 Ĉýwù¿ 
 Ĉå¾³½wĄ¯ ÷wý  āwò¤Æĉv ÷wý äĉ¹½ 

1- 2// ,-),   ówÅ -++1(-+,3 GRGN  ûwñ¾ñ , 

/2 ,.0 -)3   ówÅ -++1(-++3 GRGN  ûwñ¾ñ - 



                                                                                                 ćÁĀõĀå½ĀùĀtÁÿ½ºĊă                      ā½ÿ¹,+ ā½wúÉ I.0  ûw¤Æzw£ I,/+- 

̸̷̀ 
 

Ĉæö¤¸ù ½¹ ć½vºĄòý ¹Ā·  ĈùìÊ· Iºþþí ûºÉ y{Å Ïw{êýv ëw· ĈÅ½ ¢zĀÕ½ ÿ x¼«$ ¹º¬ù #xj  ¦Ýwz ÓwÆ{ýv ëw· Ĉù¹ĀÉ. ĂöuÆù üĉv  Ăz 

÷wòþă Ð{êþù ÿ ÷½Ā¤ù ûºÉ ĈöÎå y«Āù ãwîÉ ü¤Év¹¾z ëw· ½ÿw¬ù  ā¿wÅwă Ĉù Ĉ§v¾Ċù $ ¹¹¾ñ,    Iûv½wîúă ÿ-+,-)# 

 

,(.(  ĈÅ½¾z ôĊåÿ¾~  Ăĉđćºþz ÿ ðþÅ äí  

¾z ÃwÅv  ā¹v¹ćwă ²Ċ´Í Ăz ¢Å¹āºùj ¿v  ïĀõćwă  āw¯ćwă ć½wĊzj ÿ ć¾¤ùÿÀĊ~ ¹Ā«Āù ½¹ $ ûwñ¾ñ ¢É¹ ¢í¾Éćwă   ĂêÖþù xj ć½wæ³  ûw¤Åv ćv

I#ûw¤Æöñ ¾¤Æz èúÝ ĈòþÅ ÿ  Ăĉđćºþz ëw·  Ì¸ÊùāºÉ  ĂýĀúý )¢Åvćv   ¿v  ïĀõćwă ć½wæ³ ÓĀz¾ù Ăz āw¯ćwă ć¿½ÿwÊí  ½¹ ôîÉ ûwÊý ¾ĉ¿ 

 ā¹v¹āºÉ ¢Åv.  ¾z ÃwÅv  ā¹v¹ćwă āw¯Iwă ôĊåÿ¾~ ¡v¾ĊĊâ£ ¢ĊÞÑÿ ĂĉđIćºþz Äþ«  Ăĉđwă ÿ èúÝ  üÅ ¾¤Æz øĊÅ¾£āºÉ )¢Åv Ăz ôĊõ¹  ¢ùw¸Ñ ¹wĉ¿ 

¢å¾zj ¾¨ív  āw¯wă Ăz  ðþÅ¹½Ā·¾z ¾¤Æz  ā¹¾îý  )ºýv ½¹ ôîÉ - āºăwÊù  Ĉù¹ĀÉ w£ èúÝ ¹ÿº³.+ ¾¤ù Ăĉđćwă ĈÅ½ ½¹$ ĈÒÞz Ówêý āv¾úă wz ¢öĊÅ 

ÿ  ½v¾é #ĂÅwù ºý½v¹ ÿ   Ä~ûj ¿v wz ¢í¾³ Ăz ¢úÅ èúÝ ¿v ûwĊù Ăýv¹Àĉ½ ¡v½» Ă¤Åwí Ĉù¹ĀÉ ÿ Ăĉđćwă IĈþÉ  ĂÅwùćv ÿ  āĀöé½vºĉº~ ðþÅ  Ĉù )ºýĀÉ 

 
 

 

 

 

 

 

  $ ôîÉ-ôĊåÿ¾~  5# Ăĉđćºþz ëw· ½¹ ûwñ¾ñ ( üĊù¿ Ç¾zĂ¤ÊĄý ¿v ĈÅwþÉĈõwúÉ Ĉĉw¤Åv½ wz Ç¾z üĉv )ûwñ¾ñ ¢É¹ Ĉ¤å¾zj ćwă(  ¾ĄÉ ¿v ĈzĀþ«
 ā¾é Ăýw·¹ÿ½ w£ ûwñ¾ñ   ¡wÝĒÕv Ăĉw~ ¾z ĀÅ0  ā¾Ąz ÿ ĈåwÊ¤ív xj āw¯ Ăêö³  ¢Åv āºÉ øÅ½ ć½v¹¾z 

 ½ĀÊí ĈýºÞù ¡wåwÊ¤ív ÿ ĈÅwþÉ üĊù¿ ûwù¿wÅ ĂÊêý ¿v Ãw{¤év 
Fig (2): Soil stratification profile in Gorgan - Geological section of alluvial deposits of Gorgan plain. This 

section is plotted along north-south from Gorgan city to the Qarasu River based on information from five 

exploration and exploitation wells  
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$ ôîÉ.āw¯ èĊé¹ ¡wÎ¤¸ùI½wĄ¯  5#āºăwÊù ćwă ćv 
Fig. 3- Four exact coordinates of observation wells 

  óÿº«.(   ĂýĀúýćv ¿v ïĀõ ćwă ć½wæ³  āw¯ćwă #ûw¤Æöñ ûw¤Åv ćv ĂêÖþù xj ¢í¾É$ć¿½ÿwÊí 
Tab. 3- An example of agricultural well drilling logs (Regional Water Company of Golestan Province) 

1-Depth(m) 
System 

chart 
Description 

0-40  Clay 

50-120  
Sequence of clay layers and find 

sandstones 

130-150  Small to medium sand 

160-200  Small to medium silty sand 

2-Depth(m) 
System 

Chart 
Description 

0-40  Clay 

50-80 
 

Sequence of fine clay layers and 

fine sandstones 

90-120  Gravel sand with clay 

130-140  Very fine silty sand alteration 

150-160 
 

Gravel sand with clay 

170-200  Very fine silty sand alteration 

  Gravel sand with clay 

  Small to medium silty sand 

3-Depth(m) 
System 

Chart 
Description 

0-40  Clay 

50-80 
 

Sequence of clay layers and 

alternation of silty sand 

90-120  Very fine silty sand alternation 

130-140  Fine sandy clay 

150-160  Gravel. Sand with clay 

170-200  Frequency of very fine sand 

N36.895512 
E54.452236 

̸ 

N36.862255 
E54.471266 

̹ 

N36.872355 
E54.362245 

̺ 

N36.916657 
E54.394411 

͈ 
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4-Depth(m) 
System 

chart 
Description 

0-40  Clay 

50-120  
Sequence of clay layers and find 

sandstones 

130-150  Small to medium sand 

160-200  Small to medium silty sand 

 

ïĀõ ¿v ôÍw³ ªĉw¤ý ć½wæ³ ćwăĂĉđ ¹Ā«ÿ üĊ{ù ÀĊý āºÉ  ćđwz ¢ùw¸Ñwz Ĉĉwă.+    ÈĉvÀåv wz ÿ ā¹Āz ĈýwéĀå ¢úÆé ½¹ ¾¤ùèúÝ    ¡v½» ûvÀĊù ¿v

 Ĉù Ă¤Åwí Ăýv¹Àĉ½Ăĉđ ĈõvĀ£ ÀĊý üĉ¾ĉ¿ Ăĉđ ½¹ )¹ĀÉ  üĊzwù Ĉ¤ùw¸Ñ ā¹Āz ĂÅwù ÿ ¢öĊÅ āv¾úă Ăz ĈÅ½ ćwă0+    Ĉõv3+   Ĉù ôùwÉ v½ ¾¤ù)¹¹¾ñ 

 

-(. (  ¡v¾ĊĊâ£  ²ÖÅ  xj ĈþĊù¿¾ĉ¿ 

  ¹ÿº³ ĂýđwÅ ÔÅĀ¤ù ½ĀÖz.4/*23,   Ĉù ¢Év¹¾z ûwñ¾ñ ¢É¹ Ĉ¤å¾zj ûvĀ¸zj ¿v yÞîù¾¤ù ûĀĊöĊù  wz ûj øĄÅ üĉ¾¤ÊĊz Ăí ¹¹¾ñ0*33    ¿v ºÍ½¹

 ā¾Ąz āw¯ Ăz ÓĀz¾ù ĈþĊù¿¾ĉ¿ xj ĂĊö¸£ Üzwþù  ¹ÿº³ Iā¹Āz ć½v¹¾z-*4   ā¹v¹ ËwÎ¤·v ¡wþé ø¤ÆĊÅ Ăz ºÍ½¹  ÿ āºÉ.*-  ¾ù āºýwúĊéwz ºÍ½¹  Ăz ÓĀz

 ĂúÊ¯Ĉù Ĉ¤å¾zj ćwă ówÅ ½¹ ûwñ¾ñ ¢É¹ ûvĀ¸zj ½¹ ĈþĊù¿¾ĉ¿ xj ²ÖÅ ¢åv ûvÀĊù )ºÉwz Ăz ā¹Āz ÃĀÆ´ù ½wĊÆz ¾Ċ·v ćwă ć½ĀÕ  ¾¤ùÿÀĊ~ āw¯ ½¹ Ăí

 ówÅ ½¹ ĈþĊù¿¾ĉ¿ xj ¿v¾£  xj¾Ċ¬ýv,.2+  ¿v¾£ ½¹4/*/2  ówÅ ½¹ Ić¾¤ù,.3+  ¿v¾£ ½¹+,*0-  ówÅ ½¹ ÿ ć¾¤ù,.34  ¿v¾£ ½¹3/*0/ ¤ù  ½v¾é ć¾

 Ĉù )¢Åv Ă¤Év¹ øĄù ûvĀ£Ăýv¹Àĉ½ Ĉ¤å¾zj ¡wzĀÅ½ ½¹ ĈþĊù¿¾ĉ¿ xj ²ÖÅ ºĉºÉ ¢åv v½ ¢É¹ üĉv ½¹ ¢ÆÊý ¹w¬ĉv ôùwÝ üĉ¾£ ¢Ċözwé ¿v Ăí ¢Æýv¹ ćv

øív¾£ )#ûw¤Æöñ ûw¤Åv ćv ĂêÖþù xv ¢í¾É ĂýđwÅ ¡wÉ½vÀñ$ ¢Åv ½v¹½Ā·¾z xj ĈÊîă¿ ¾§v ½¹ Ĉĉđwz ć¾ĉ¼~ 

Ăz¡v¾ĊĊâ£ ĈÅ½¾z ½ĀÚþù    ¢åv øă ĂÊêý Iûwñ¾ñ ¢É¹ ĈþĊù¿¾ĉ¿ xj ²ÖÅ,4    ówÅ ¿v$ ĂõwÅ,.2+    Ĉõv,.34  ćwþ{ù ¾z #,-   āºăwÊù āw¯ Ăêö³  ćv

Ĉþ´þù wz  ćwă0  Ăĉđ wz āv¾úă ¾¤ù Ătv½v ¾ĉ¿ ôîÉ ½¹ Ăĉw~ ćwă  ¢åv øă ĂÊêý Ăz Ă«Ā£ wz )¢Åv āºÉ,4    ç¾É ½¹ ĈþÞĉ ¢É¹ ĈõwúÉ ¢úÆé ½¹ IĂõwÅ

 çj  ¢åv øă Ĉþ´þù Ēé1,*, (  Ĉù Èăwí x¾á ¢úÅ Ăz Ăí ¹½v¹ ½v¾é ¾¤ù  Ĉþ´þù Ăz ÿ ºzwĉ,3*-. (  Ĉù üúí¾£ ½ºþz ówúÉ ā¾¤Æñ ½¹ ¾¤ù  Ĉþ´þù )ºÅ½

 āºăwÊù āw¯ ô´ù ½¹ ¢É¹ ½¹ ¢åv ¾¨ívº³ øé½ xj¾Ċ¬ýv  ćv4*1 ¾¤ù  ĈùĈù Èăwí x¾á ÿ ç¾É IówúÉ ¢úÅ Ăz Ăí ºÉwz ûwĉwÉ$ ºzwĉ,   Iûv½wîúă ÿ

-+,0)# 

 

$ ôîÉ/ 5# Iûv½wîúă ÿ ûwĉwÉ $#¢åv øă ½v¹Āúý$ûwñ¾ñ ¢É¹ ĈþĊù¿¾ĉ¿ xj ²ÖÅ ¡v¾ĊĊâ£-+,0 # 
Fig. 4-Groundwater level changes in Gorgan plain (drop Fig.) 

 

 ÈĊz ¢Év¹¾z ¢öÝ Ăz üĊù¿ ¢ÆÊýĈz ÿ º³¿v  ĈöÞå ºýÿ½ ½v¾ú¤Åv ¡½ĀÍ ½¹ ÿ āºÉ¹w¬ĉv ûwñ¾ñ ¢É¹ ½¹ ĈþĊù¿¾ĉ¿ xj ²ÖÅ ¢åv ÿ Ăĉÿ½

 ā¾Ązz Ăùwý¾z ½¹ ûj ¿v ĈÉwý ¡v¾Õw¸ù ÿ üĊù¿ ¢ÆÊý āºĉº~ ¿v Ĉăwñj )ºÉ ºăvĀ· ā¹¾¤Æñ ²ÖÅ ½¹ Ĉ£v¾Õw¸ù ÿ Ĉ£ĒîÊù ¿ÿ¾z y{Å Ić½v¹¾ ćÀĉ½  ćwă

  ¹½vĀù Ăz Ă«Ā£ wz üĊù¿ ¢ÆÊý Ĉ{Æý ¾Ö· ¾Úý¿v ûwñ¾ñ ¢É¹ I¡wÞõwÖù ¿v ÜÖêù üĉv ½¹ üĉv¾zwþz I¢Åv ½v¹½Ā·¾z Ĉĉđwz ¢Ċúăv ¿v ĂêÖþù Ĉ£j ½¹ ¾ĉ¿

 ĂþĄ~ yõwé  ¾Ö· ûÿºz ÿ øí IÔÅĀ¤ù I¹wĉ¿ Ĉ{Æý ¾Ö· wz ćwăøĊÆê£ćºþz   )¢Åv āºÉ 

½v¹Āúý ËĀÎ· üĉv ½¹  Ç½wz  ĂýwĊõwÅ  ¾ĄÉ  ûwñ¾ñ Ăí ćv¾z Ĉýwù¿ ā¿wz üĊz ,.3+ w£ ,.4- øĊÅ¾£   ā½wúÉ ôîÉ$ºÉ0(  I#äõv ½v¹Āúý ûwÊý  Ĉùºă¹ 

ĆêÖþù Ăí  ĂÞõwÖù¹½Āù üĉ¾¤úí  Ç½wz v½  ½¹ ā¿wz  Ĉýwù¿ ĂÞõwÖù¹½Āù  ¾·vÿv ,.30 w£ ¾·vÿv ,.33 Ăz¾¬£ ¢Åv ā¹¾í.  üĊþ°úă ćwă½v¹Āúý ¾ĊĊâ£   ²ÖÅ

xj   ā½wúÉ ôîÉ$ĈþĊù¿¾ĉ¿0(  I#x ½v¹Āúý ½¹ ÿ¹  āwò¤Æĉv Üévÿ ½¹ ā¹ÿº´ù ¾ĄÉ ówúÉ ûwñ¾ñ Ăí ówþòĊÅ ¢ÆÊýÿ¾å ½¹ ûj āºăwÊù  āwò¤Æĉv ºÉćwă 

 
1- Shayan 
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ûwñ¾ñ ÿ ûwÊý xv¾Ċ¬ýv Ĉùºþă¹ Ăí ā¿wz ½¹ Ĉýwù¿ ,.30 w£ ,.34 ¿v¾£ ²ÖÅ xj ĈþĊù¿¾ĉ¿ øá¾ĊöÝ ûwñ¾ñ ¡wýwÅĀý ĈöÎå ćv½v¹ ºýÿ½ ĈõÿÀý  Ĉù  )ºÉwz

üĉv ½¹ wă½v¹Āúý ûvÀĊù Ç½wz ĂýwĊõwÅ yÆ³¾z ĈöĊù¾¤ù ¿v¾£ ÿ ²ÖÅ xj ĈþĊù¿¾ĉ¿ yÆ³¾z ¾¤ù ¢{Æý Ăz ²ÖÅwþ{ù ²ÖÅ xjćwă ¹v¿j  Ătv½vāºÉ ¢Åv. 

 wă½v¹Āúý üĉv  ûwÊý  Ĉùºþă¹ Ăí  ôĊõ¹ ĈöÍv  ¢åQv üĊù¿ ²ÖÅ  ½¹  ¾ĄÉ Iûwñ¾ñ  Èăwí ¡đÿÀý  ćĀ«  ÿ Ĉz ¢Év¹¾zĂĉÿ½ ¿v  ¾ĉw·»  xj ćwă ĈþĊù¿¾ĉ¿ ā¹Āz 

 ¢Åv Ăí Ăz ¾¬þù ¢åQv ²ÖÅ xj ĈþĊù¿¾ĉ¿ ÿ ¢ĉwĄý½¹ āºÉ ¢ÆÊýÿ¾å ¢Åv.   ā¾Ąz ûwîùv Ĉz ć½v¹¾z ¢Év¹¾z ĂåwÑv ÿ Ăĉÿ½Ăz ÿ wă  ìÊ· ¡w{«Āù ûj Ü{£

āw¯ ÿ ¡wþé Ĉ¬ĉ½º£ ûºÉ¾å v½ wă¢Åv ā¹¾í øăv.   ¥¹w³ ĂöuÆù üĉv ¿v ÀĊý ûwñ¾ñ ¢É¹ ûvĀ¸zj ĂÖzv½ üĉv ½¹ ûvĀ¸zj ćv¾z āºÉ  Ĉþ¨¤Æù ½ĀÊí ćwă

 ā¾Ąz ôú´¤ù ÿ ā¹Ā{ý ÈĊz ć½v¹¾z )¢Åv āºĉ¹¾ñ ¿w¬ù º³¿v 

  ÛĀú¬ù ¿v ¾Ñw³ ów³ ½¹,   xj ôĊÆýw¤~ yÞîù¾¤ù ¹½wĊöĊù  ¹ÿº³ ĂêÖþù Ĉ´ÖÅ ćwă.0+  ā¾Ąz yÞîù¾¤ù ûĀĊöĊùúÝ Ăz ć½v¹¾zĈù ô  Ĉêzwù ÿ ºĉj

Ĉù wĉ½¹ Ăz  ÛĀú¬ù ¿v üĊþ°úă ÿ ¹Àĉ½3*,  xj yÞîù¾¤ù ¹½wĊöĊù  ¹ÿº³ ½¹ ĈþĊù¿¾ĉ¿ ćwă,,++  ¢å¾zj ½¹ üĉ¾ĊÉ xj ôĊÆýw¤~ ûj yÞîù¾¤ù ûĀĊöĊù  wă

Ĉù  Ăí ºÉwz40+   Ĉù ¢Év¹¾z ûj yÞîù¾¤ù ûĀĊöĊùøă Ăîþĉv Ăz Ă«Ā£ wz )¹¹¾ñ  ¹ÿº³ ½¹ ûĀþív2.   È¸z ¿wĊý¹½Āù xj ¿v ºÍ½¹ ĂêÖþù ½¹ äö¤¸ù ćwă

Ĉù üĊùm£ ĈþĊù¿¾ĉ¿ xj ¿v  ĂýđwÅ ¡wÉ½vÀñ$ )¢Åv ā¹½ÿj øăv¾å v½ ¢É¹ ĈþĊù¿¾ĉ¿ xj ¢åv ¡w{«Āù ĈþĊù¿¾ĉ¿ xj Üzwþù ¿v ¢Év¹¾z ø¬³ üĉv v¼õ I¹¹¾ñ

 #ûw¤Æöñ ûw¤Åv ćv ĂêÖþù xj ¢í¾É 

 

$ ôîÉ0#äõv 5# ûvÀĊù Ç½wz ĂýwĊõwÅ ¾ĄÉ #x ûwñ¾ñ ćwă¾¤ùÿÀĊ~ āwò¤Æĉv ûwñ¾ñ ÿ  xv¾Ċ¬ýv 
Fig. 5 –a) Annual Precipitation Rate in Gorgan City b) Piezometers of Gorgan and Anjirab Station 

.(.( ¡v¾ĊĊâ£ ½wÊå ¾§où ÿ ¾§v ¢åv ²ÖÅ  xj ¾z üĊù¿¾ĉ¿ Èþ£ ĈõwúÝv Ăz  Ăĉđćwă  üĉ¾ĉ¿ 

ĈÕ    ĈÅwþÉvĀă ćwă ā¹v¹ ¡wÉ½vÀñ  üĊz   ówÅ  ćwă33    w£4+  Iûwñ¾ñ ¢É¹ ½¹  ²ÖÅ ½Āí¼ù Ãwă ówÅ ½¹ ĈõwÆîÊ· ¢öÝ Ăz  xj  ĈþĊù¿¾ĉ¿  Ăz    ûvÀĊù

0 ¾¤ù ¢åv Ă¤Év¹ ¢Åv ÿ ćv¾z ¾òĉ¹ Ówêý ¢É¹ ûwñ¾ñ Ăýwñvº« ÀĊý ¾z ÃwÅv ¿v¾£ xj  ½¹ wă¾¤ùÿÀĊ~  Ì¸ÊùāºÉ ¢Åv )Èăwí wz ½wÊå xj ć¼æþù ÿ 

wz  üĉv  Ï¾å  Ăí  ¾ĊĊâ£  ËĀÎ¸ù û¿ÿ  ëw·  ½¹  ¾§v  ¢åv  xj  ÀĊ¯wý  I¢Åv  ¡v¾ĊĊâ£  Èþ£  ÀĊ¯wý ôí  ā¹Āz  ÿ  ¾z  ÃwÅv  ôÍv   Èþ£  I¾§où  Èþ£  ½¹ ¾§où  Ăĉđ  ćwă

ëw·  ÈĉvÀåv   Ĉùºzwĉ  ) Ăz¡½ĀÍ   ó¹wÞù  ĈùûvĀ£  ½ĀÎ£  ¹¾í  ½wÊå Ăí  xj  ć¼æþù  Èăwí  vºĊ~  ā¹¾îý   ÃĀõĀõĀýwĊñ ÿ ÃwùĀ¤Åv$ ¢Åv,  I-+,+#  .Ăîöz  ÈĉvÀåv  
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Fig. 6- Groundwater level drop 

ûvÀĊù ¢ÆÊý ĈÉwý ¿v ¢åv ²ÖÅ xj Ăö³¾ù IĈþĊù¿¾ĉ¿ĂzĂö³¾ù Ă{Åw´ù Ĉù¡½ĀÎþĉv ½¹ I¹ĀÉ ¾ñv ¢åv xj -+ IºÉwz ¾¤ù -+ ¾¤ù ¢åv Ixj ½¹ 

/ Ăö³¾ù wz ¢åv 0 ¾¤ù ówúÝv  Ĉùÿ ¹ĀÉ ûvÀĊù ¢ÆÊý ĈÉwý ¿v 0 ¾¤ù ¢åv xj ½¹ Ăö³¾ù Ióÿv ¾z āÿĒÝ Ăîþĉv ¾z Ăĉđćv Ăí ¢åv xj ½¹ ûj ā¹w¤åv çwæ£v 

¢Åv ¾z Ăĉđ ¾òĉ¹ćwă Ăýv¹Àĉ½ üĉ¾ĉ¿ ÀĊý  Ĉù ówúÝv¹ĀÉ ÿ  ûĀ¯¢åv Ăí ²ÖÅ xj ĈþĊù¿¾ĉ¿ Ăz¡½ĀÍ ā¹¾¤Æñ ĈùºÉwz ĂåwÑv ûvÀĊù Èþ£ ĈõwúÝv Ăz 

Ăĉđćwă üĉ¾ĉ¿  Ăzā¿vºýv ĂåwÑv Ăĉđ Èþ£ćwă Ĉĉđwz ĂåwÑv$ Èþ£ ĈÉwý ¿v ¢åv   #xj ĈùºÉwz. 

÷¿đ Ăz ¾í» ¢Åv Ăí ¾Ċ§m£ Ĉ¤ÆÊý Ăí ¢åv ²ÖÅ xj Ăĉđ ½¹ćwă Ĉĉđwz ºý½v¹ ¾¤ÊĊz ¿v ûwúă ûvÀĊù ¢åv xj ½¹ ĂĉđĈþĊĉw~ ćwă ĈùĂz )ºÉwz 

ôĊõ¹ Ăîþĉv  ½¹ Ăĉđćwă ĈþĊĉw~  ûvÀĊù ìĊ¤Åđv óÿ¹Āù  ï½Àz¾£  ÿ yĉ¾Ñ ¾ĊĊâ£ ø¬³ ć¾¤úí  ºý½v¹ Ăí  ½v¹Āúý ½¹ ¾ĉ¿ ¾Ċ§m£ ĈêúÝ Ăí  xj ½¹  ûj ¢åv 

vºĊ~  Ĉùºþí ÿ ¾Ùwþ¤ù ¢ÆÊý ûj ûwÊý  ā¹v¹āºÉ wþ{ù üĊúă ¾z )¢Åv ¾ñv ¢ùw¸Ñ Ăz Ĉíw· /0 Ă¤Év¹ ¾¤ù ¾Úýºù ºÉwz ÿ ¢åv Ăz Ĉzj ûvÀĊù .+   ¾¤ù

ºÉwz Ăí üĉv ûvÀĊù ¢åv Ixj 1  Ăö³¾ù wz ¾ă ½wz ¢åv xj ûvÀĊù Ăz 0 ¾¤ù ½¹ èúÝ ÓĀz¾ù Ăz ûwúă Ăĉđ ówúÝv  Ĉù  ºĉwz )¹ĀÉ¢é¹ ¹ĀÉ ½¹ ûwù¿ ówúÝv 

½wz ĈÉwý ¿v ¢åv xj ½¹ Ăö³¾ù ÷ÿ¹ ÷ĀÅ ÿ  ))) ÿ üĉv ûvÀĊù Èþ£ ćÿ½ Ăĉđćwă ćđwz ¹Ā· ¾òĉ¹ Ĉúý ówúÝv¹ĀÉ ĈþÞĉ 0 ¾¤ù ¢åv xj ½¹ Ăö³¾ù óÿv 

ćÿ½ /0 ¢ùw¸Ñ ¾¤ù ëw· ½v¼ñ¾§v ¢Åv ÿ ½¹ Ăö³¾ù I÷ÿ¹ 0 ¾¤ù ¢åv ûĀ¯ xj ½¹ Ăĉđ ÷ÿ¹ ëw· çwæ£v  Ĉùº¤åv  üĉv ûvÀĊù  ÈĉvÀåv ćÿ½ Èþ£ /+ 

¾¤ù ¢ùw¸Ñ ëw· üĉ¾ĉ¿ ¹Ā· ¾§v  Ĉù )¹½v¼ñ 

 
 $ ôîÉ25#  ¿v¾£ ¢åv xj yÅwþ¤ù$ wz èúÝ ¾Ċ§m£#ëw· ûvÀĊù ¢åv xj ½¹ ćwă¿v¾£ äö¤¸ù ¾z ćÿ½ ¢ÆÊý Ăĉđëw· ćwă  Ûw{Év 

   ĈýĀĊù$,  I-++1# 
Fig. 7- The level of water loss (proportionate to the depth of the soil) the effect of the amount of water loss at 

different levels on the settlement of saturated soil layers (Miono, 2006) 

 
1 -Mioni 



                                                                                                 ćÁĀõĀå½ĀùĀtÁÿ½ºĊă                      ā½ÿ¹,+ ā½wúÉ I.0  ûw¤Æzw£ I,/+- 

̸̸͈ 
 

 

.(/(yĉ¾Ñ  øív¾£ć¾ĉ¼~  Ĉú¬³ 

¾ĉ¹wêù ¢{Æý ûĀÅvĀ~ v½  ĈùûvĀ£ wz ÷w¬ýv  Èĉwù¿jćwă Ăz ĂÕĀz¾ù ¢Å¹ ¹½ÿj wĉ ¿v Ôzvÿ½ ÿ ¾ĉ¹wêù  Ătv½vāºÉ ½¹ xw¤íwă ¹Āúý ā¹wæ¤Åv Ăí ½¹ w¬þĉv ¿v 

ªĉw¤ý Ĉz¾¬£  Ătv½vāºÉ ½¹ xw¤í ëw· ìĊýwîù  ā¹wæ¤ÅvāºÉ è{Õ )¢Åv Iªþ~ ā½wúÉ óÿº« ¢{Æý   üĊz ÔÅĀ¤ù Ã½ ćv¾z ûĀÅvĀ~.*+    w£.0*+    ćv¾z ÿ

  üĊz ¢æÅ Ã½-*+    w£.*+  Ĉù  Ă«Ā£ wz v½ Ĉöévº³ ÿ ÔÅĀ¤ù ûvÀĊù ìĉ w¬þĉv ½¹ Ăí ºÉwz Ĉù ÔÅĀ¤ù Ã½ Ăí ĂêÖþù ëw· ĂzºÉwz   ûvÀĊù Ăz.*+×w´õ 

āºÉ  ÄĊíwÅw~Āõ ÿ ĀöñĀ ùvÀ£$ ¢Åv,  I-+,2)# 

 

  óÿº«/( ¢{Æý ûĀÅvĀ~ ÛvĀýv  ëw·ćwă Ã½ ÿ ĂÅwù    IĈýĀĊù$-++1 # 
Tab. 4(  Poisson's ratio of clay and sand type 
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Tab. 5- Elastic modulus Tab. of Different types of clay and sand 
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Fig. 8- Simplified geological map and Quaternary faults from the study area and its surroundings (with 

modifications by Salehi et al., 2013) 

 

/( ć¾Ċñ Ă¬Ċ¤ý 

ûwúă  ¿v Ăí ĂýĀñĈÅ½¾z ćwă½v¹Āúý Ç½wz ĂýwĊõwÅ ÿ Ĉzw¤Æĉv ²ÖÅ ½¹ ûwñ¾ñ   Ĉù Ów{þ¤Åv  ā¹ÿº´ù ½¹ ÿ ĂÊêý Àí¾ù ½¹ ¢ÆÊýÿ¾å ¾¨ívº³ ¹¹¾ñ

 üĊù¿ ÿ ¡wáwz IĈýĀîÆùĈöí ½ĀÖz ÿ Ă¤åwĉ üĉĀî£ ć¿½ÿwÊí ćwă   ĈêÕwþù  ½v¾é  ¹½v¹  Ăí  ćwÑwê£  xj  ćv¾z  ć¿½ÿwÊí  ÿ  øív¾£   āw¯ćwă  xj  ĈþĊù¿¾ĉ¿  

üĉ¾¤ÊĊz  ûvÀĊù  v½   )¹½v¹ 

 āw¯ ½wùj Ç¿v¹¾~ èĉ¾Õ ¿v ÀĊý ûj ¢åv ûvÀĊù ÿ xj ²ÖÅ ¡v¾ĊĊâ£ w¤Åv½ üĉv ½¹ĂþĄ~ ÿ Ç¿v¹¾~ IĈzwĉ¿½v ¹½Āù wă  üĊ{ù ªĉw¤ý ÿ ÿ ¢å¾ñ ½v¾é ćºþz

ûj Ăí ¢Åv ¢Év¹¾z  ĈzĂĉÿ½ xj ôĊõ¹ ĈöÍv  ¢ÆÊýÿ¾å  ĂêÖþù  ĈùüĊþ°úă ÿ ºÉwz ¢Év¹¾z ¿v ĉv ü èĊúÝ ā¾æÅ y«Āù Èăwí  ½wÊå ÀĊý ìĉ¾¤ùÿÀĊ~ 

āºÉ üĉv )¢Åv Èăwí ½wÊå y«Āù ¾z øă û¹½Ā· ó¹wÞ£ ÿ ÈĉvÀåv ôÍw³ ½wÊå ¿v ½wz ¡wzĀÅ½ Ĉĉđwz ā¾æÅ āºÉ ¢Åv  Ăz ć½ĀÕĂí ô¸ö¸£ ¡wzĀÅ½  wz 

½Ā«  ĈñºÉ ¹º¬ù  ÈăwíĂ¤åwĉ ÿ ¾§v ½¹  ÈĉvÀåv Iøív¾£  ¢ÆÊýÿ¾å  ôÍw³āºÉ Ăí ¢ÅvºăvĀÉ ) ĈþĊù¿   Ăöú« ¿v ć¹ºÞ¤ù ºÉ½  ć¾ăwÙ ĂõĀõ wă āw¯½vº« 

 ûwÊýĂùv¹v āºþă¹  āºĉº~ ºýÿ½ ¢ÆÊýÿ¾å ½¹ üĉv ĂêÖþù  )¢Åv 

 
1 -Salehi 

2 -Artyushkov 

3- Atabai and Turani 



                                                                                                 ćÁĀõĀå½ĀùĀtÁÿ½ºĊă                      ā½ÿ¹,+ ā½wúÉ I.0  ûw¤Æzw£ I,/+- 

̸̸͊ 
 

ôĊö´£ ćwă¾¤ùv½w~ I¾§où Ăí ºă¹ Ĉù ûwÊý  I¢ÆÊý ôĊõ¹ Ăz ¢åv ûwÆîĉ xj ÿ wĉ ¢ùw¸Ñ ûwÆîĉ Ăĉđ Ăýv¹Àĉ½ ½¹ çwúÝv Iäö¤¸ù  ¡ÿwæ¤ù  Ĉù  ºÉwz

MwùÿÀõ ÿ  ìĉ ĂÖzv½ ĈÖ· ûwĊù ¢åv ²ÖÅ xj ĈþĊù¿¾ĉ¿ ÿ āºĉº~ ¹w¬ĉv ¢ÆÊýÿ¾å ¹Ā«ÿ ½¹ )¹½vºý ¾¤ÊĊz  IÜévĀù ćv¾{¤Å ¡wzĀÅ½ Ăýv¹Àĉ½ ¢ĉvºă ÿ 

ĈîĊõÿ½ºĊă üĊĉw~ üĉv I¡wzĀÅ½ ¦Ýwz ¹w¬ĉv ¾Ċ·m£ Ĉýwù¿ üĊz ¢åv xj ²ÖÅ ĈþĊù¿¾ĉ¿ ÿ ¢ÆÊý ²ÖÅ üĊù¿  Ĉù )¹ĀÉ 

½¹ āºĉº~ èĊê´£ üĉv ¢ÆÊýÿ¾å  ½¹ ā¹ÿº´ù ¾ĄÉ ûwñ¾ñ  ĈÅ½¾z ÿ  ā¹ÿº´ù ¢ÆÊýÿ¾å  ÿ ûvÀĊù ûj  ½¹ ą¿wz Ĉýwù¿  ./  āwù wz ā¹wæ¤Åv ¿v Çÿ½   ô·vº£

Ĉ¬þÅ ć½v¹v½  Ì¸Êù Ć¤îý Iºĉ¹¾ñ yõw«  ą½wz½¹  ówþòĊÅ  ¢ÆÊýÿ¾å Ăí ½¹ ówúÉ  ¾ĄÉ ûwñ¾ñ āºăwÊù IºÉ ºýÿ½  Mw{ĉ¾ê£ Ĉé¾É(Ĉz¾á ûj  ¢Åv  Ăí wz 

ºýÿ½ Ĉ·¾z ¿v ćwă½w¤·wÅ ĂêÖþù ËĀÎ¸z  ôÆñ ½À· ÿ ¿¾ù ĈýwÊĊ~ ûw¤ÆăĀí ĈývĀ¸úă ¹½v¹.  üĉv ÛĀÑĀù ûwÊý Ĉùºă¹ Ăí Ăîþĉv¹Ā«ÿwz ¢åv   ²ÖÅ 

Ĉzw¤Æĉv  ¢ĉwĄý½¹  ¾¬þù Ăz ¢ÆÊýÿ¾å  āºÉ ¢Åv  Ĉõÿ  Ăz ¾Úý Ĉù ºÅ½  ôùvĀÝ ć½w¤·wÅ ºýÿ½ ā¹ÿº´ù  ¢ÆÊýÿ¾å  v½ ó¾¤þí  ā¹Āúýºýv. Ĕĉÿ½wĉÿ½ wz ¾Ö· 

¢ÆÊýÿ¾å ¾z ĂÅ ôÍv  ÈĊ~IĈþĊz ÌĊ¸Ê£ ÿ Èĉw~ ½vĀ¤Åv ½¹ ¢Åv üĉv Iw¤Åv½  ÈĊ~¿wĊý ĂýĀñ¾ă  óºùć¿wÅ ĈÅºþă üĉv āºĉº~  Ăz½ĀÚþù  ÈĊ~ĈþĊz ÿ 

ó¾¤þí ûj  ÿ ĈĉwÅwþÉ üĊþ°úă  èÕwþù I¢ÆÊýÿ¾å  ā¾Ązć¾Ċñ ¿v ćwă½vÀzv ĈîĊ£¹ĀtÁ ¹Ā«Āù Ì·čwz ìĊþî£ ô·vº£ Ĉ¬þÅ ć½v¹v½ Ĉzwĉ¿v¾£ ÿ èĊé¹ 

Ĉù¿v )ºÉwz Ĉå¾Õ Ăz ¾Õw· ĂþĉÀă yÅwþù ÿ ÈÉĀ~ Ĉýwîù Ĉ{Åwþù Ăí ô·vº£ Ĉ¬þÅ ć½v¹v½ ĂÆĉwêù ½¹ wz ÈÉĀ~ Ĉýwîù ÿ ĂþĉÀă ½v¾î£ ¡vºăwÊù 

Ĉzwĉ¿v¾£  èĊé¹ Ătv½v  ĈùIºă¹  ā¹wæ¤Åv ¿v  üĉv ìĊþî£  ½¹ ā¹wæ¤Åv ½wþí ¿v ¡vºăwÊù  Ĉzwĉ¿v¾£ èĊé¹  Ăz½ĀÚþù ó¾¤þí ¢´Í ªĉw¤ý ôÍw³ ¿v ô·vº£ Ĉ¬þÅ 

ć½v¹v½ ¹wĄþÊĊ~  Ĉù)¹ĀÉ  

ćw¤Åv½ ½¹ Ćùv¹v èĊê´£ ¹wĄþÊĊ~  Ĉù¹ĀÉ wz ā¹wæ¤Åv ¿v   óºùć¿wÅ ć¾Å Ĉýwù¿ ¾ĉÿwÎ£ ć½v¹v½ µ¾ý ¢ÆÊýÿ¾å  ½¹ ą½ÿ¹ Ĉýwù¿  ĈýđĀÕ¾£ ºÍ½ ¹ĀÉ 

w£ ûvĀ¤z  ĆÊêý µ¾ý  ÔÅĀ¤ù ¢ÆÊýÿ¾å ½¹  ĂêÖþù ĂĊĄ£ ¹¹¾ñ  )ćv¾z ÷w¬ýv  ¡wÞõwÖù ĈöĊúî£  ÀĊý  ¿v  ā¹v¹ćwă Ĉzwĉ¿v¾£ ÿ Ĉ« Ĉ~Ãv   ā¹wæ¤Åv ¹ĀÉ. üĊþ°úă 

ćv¾z ¡w{§v Ów{£½v üĊz  ¢ÆÊýÿ¾å ÿ ôùvĀÝ Ić½w¤·wÅ ÷¿đ ¢Åv ¡wÞõwÖù  ć½w¤·wÅ Ăöú«¿v ĈÅ½¾z  ºýÿ½  ÿ ÛĀý  Ĉò¤ÆîÉwă ÿ  ãwîÉćwă āºÉ¹w¬ĉv 

½¹ üĊù¿ ÿ  ā¿wÅwă ÷w¬ýv ¹¾Ċñ. 

½¹ ćw¤Åv½ IèĊê´£ Ăùv¹v  óºùć¿wÅ üĉv āºĉº~  Ăz½ĀÚþù  ÈĊ~ĈþĊz ½w¤å½ Ĉýwù¿ ûj ½¹ āºþĉj ¹wĄþÊĊ~  Ĉù¹ĀÉ.  ±ĒÍv  Çÿ½ćwă ¢ĉ¾ĉºù  Üzwþù 

Ixj ¾ĊĊâ£  Çÿ½ćwă  ć½wĊzj Ăĉ¼â£ ÿ ĈÝĀþÎù  ĂzûvĀþÝ  Çÿ½ćwă  ó¾¤þí ¢ÆÊý ½¹ ĂêÖþù ĂĊÍĀ£  Ĉù )¹ĀÉ 
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