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تعالیباسمه

  سخن مدير مسئول  

 ػعٗعهاى، وِ وطَض اًدام ضسظهاًٖ  س٘استگصاضٕ پ٘ططفت ضْطٕ ّٔفتن فػلٌاه ٓضاّثطٕ، زاٍضٕ ٍ اضظٗاتٖ همالات ٍ هحتَإ ػلوٖ ضواض
ٖ اظ ّاٗ اٗي تْاخن سثة ٍٗطاًٖ ٍ آس٘ة خسٕ تِ ترص ِ تَز.آهطٗىا ٍ ضغٗن اسطائ٘ل لطاض گطفت ٓاٗالات هتحس ٔخاًث هَضز تْاخن ّوِ ،اٗطاى

ز ٍ ضَ إ فؼال هٖ هَلؼ٘ت آى ّوَاضُ تِ غَضت زٍضُ ٔضس. غى خٌگ زض ذاٍضه٘اًِ تِ ٍاسغ هاىّا ٍ ضْطّإ وطَض گاُ ّا، سىًَت ظٗطساذت
در شزایط  ز.ضَ ّإ هرتلف هٖ ىترطٖ اظ فضإ ظٗستٖ ٍ توسًٖ ضْطّإ ذاٍضه٘اًِ زچاض تحطا ؛ّط تاض تا فؼال ضسى اٗي غى هؼَ٘ب

 ّٔو ،. زض ضطاٗظ خٌگٖها با شزایط عادی متفاوت است گاه شهزها و سایز سکونت ۀسیاستگذاری بزای ادارجنگی، 
ضًَس. ترطٗة  ّإ التػازٕ، ضٍاًٖ، اختواػٖ، فطٌّگٖ ٍ ضفاّٖ هَاخِْ هٖ تا آس٘ة س ٍ هطزمتٌٌ٘ واضوطزّا ٍ ػولىطزّإ ضْطّا آس٘ة هٖ

 ذسهاتٖ، ٍ ّإ اًطغٕ ٍ تَل٘سٕ، هطاوع تحم٘ماتٖ ٍ زاًطگاّٖ، هطاوع زضهاًٖ ّا، ظٗطساذت ٍ فضاّإ آهَظضٖ، هسىي ضْطًٍساى، پلهساضؼ 
ٖزفاػضطاٗظ ، زضٗاٖٗ ٍ ساٗثطٕ ظهٌٖ٘ ،َّاٖٗ ّإ ضْطّا زض ػول زض هماتل خٌگ زّس ه٘طاث فطٌّگٖ ٍ تاضٗرٖ ٍ َّٗتٖ ٍ ... ًطاى هٖ

ضْطّإ اٗطاى، تا  ٓازاض ،ضٍظ۴4ُخٌگ  عٖضْط است.  ٓازاض ٓهسٗطٗت ضْطٕ هستلعم تاظاًسٗطٖ زض ًحَ ،چٌ٘ي ضطاٗغٖزض  ًس.ًساض ٖهٌاسث
ٍاوإٍ اٗي تدطت٘ات ٍ هستٌسساظٕ فٌٖ ٍ  ،حال تا اٗي .ًظ٘طٕ زاضت زستاٍضزّإ ون ،الوللٖ تَخِ تِ حولات هستوط ٍ ذاضج اظ لَاػس ت٘ي

ضسُِ  ه٘ي هٌاتغ تطإ پاسرگَٖٗ تِ هػاضف لغؼٖأت ًظطّا اظ  ضْطزاضٕظهاًٖ وِ ٍٗػُ ِ تّإ ػلوٖ ضطٍضت زاضز.  تا ضاذع ّا واضتطزٕ آى
.زاضزاّو٘ت واضتطزٕ  ضفت اظ تحطاى هالٖ زض ضطاٗظ خٌگٖ ضًَس، ٍاوإٍ ساظٍواض تطٍى إ زچاض تحطاى هٖ إ ٍ سطهاِٗ ّعٌِٗ

فاضلاب،  هراتطات، ًٍمل، حول تطق، آب،) ف٘عٗىٖ ّإ ظٗطساذت پَ٘ستٔ ّن تِ ضثىٔ هؼٌإ  ضْطٕ تِ س٘ستن تططزٍستاًِ، حمَق چاضچَب زض
 ٍ خوؼٖ ح٘ات وِ است سىًَتٖ الگَّإ غصا، ضساًِ( ٍ تأه٘ي آهَظش، تْساضت،) ػوَهٖ ذسهات ،(ظٗست، اًطغٕ، هسىي  سلاهت، هح٘ظ

 ٗا اذتلال وِ است إ گًَِ  تِ آى اخعإ هتماتل ٍاتستگٖ ظٗطا ذَاّس تَز، پصٗط آس٘ة شاتاً س٘ستن اٗي .وٌس هٖ هوىي ضا ضْط ضٍظهطٓ واضوطز
 ّا، ت٘واضستاى تؼغ٘لٖ ت٘واضٕ، ضَ٘ع) ّا ترص ساٗط ٍاض ظًد٘طُ فطٍپاضٖ تِ سطػت تِ تَاًس هٖ( آب ذأً تػفِ٘ تطإ هثال) حلمِ ٗه ترطٗة

 وِ اّسافٖ ٍٗػُ تِ ضْطٕ، ح٘اتٖ تأس٘سات تِ حولاتۺ ضَز هٖ تثسٗل اغلٖ هؼضل تِ س٘ستوٖ اٗي ٍٗػگٖ ،ٖخٌگ ضطاٗظ زض. ضَز آٍاضگٖ( هٌدط
 هرتل ضا ضْطٕ س٘ستن تاظتَل٘سضًَسٓ واضوطز تلىِ آٍضًس، هٖ تاض آًٖ تِ والثسٕ ذساضت تٌْا ًِ ضًَس، هٖ تَخِ٘ «واضتطز زٍگاًِ» ػٌَاى  تِ

 پصٗطٕ آس٘ة تِ پاسد ٍ زضن تطإ اغلة ـ احت٘اط ٍ تٌاسة اغَل تفى٘ه، ٍٗػُ تِ ـ تططزٍستاًِ حمَق هَخَز لَاػس حال، تا اٗي. وٌٌس هٖ
 ول تط تاضٕ فاخؼِ ٖٗزٍهٌَ٘ اثطات تَاًٌس هٖ ضًَس، اضظٗاتٖ «هتٌاسة» هدعا غَضت  تِ وِ حولاتٖ حتٖ ػول، زض ٍ اًس ًطسُ عطاحٖ س٘ستوٖ

تا ٍخَز اٗي ًمع ػو٘ك زض حمَق تططزٍستأً  .ًساضز ثاتت ٗا تٌٖ٘ پ٘ص  لاتل تٌاسة إ، لحظِ هحاسثات زض وِ تاضٌس زاضتِ ضْطٕ س٘ستن
 ضٍظُ ػلِ٘ اٗطاى، ضَاّس گستطز۴4ٓعَضٕ وِ زض تدطتٔ خٌگ   ضًَس؛ تِ ّو٘ي اغَل ً٘ع ظٗط پا گصاضتِ هٖ زٌّس الوللٖ، ضَاّس ًطاى هٖ ت٘ي

 اًساًٖ، زٌّس، اتؼاز هٖ تطى٘ل هسىًَٖ ٍاحسّإ ضا ّا آى اظ إ ػوسُ ترص وِ ٍاحس غ٘طًظاهٖ ّعاض ۵۲۵ اظ ت٘ص زٗسگٖ آس٘ة ٍ ترطٗة
ٍاحس گطزضگطٕ ٍ ثثت آس٘ة تط  ۶۴هَظُ ٍ  ۵4تٌإ تاضٗرٖ، ترطٗة  ۵۳۵ترطٗة  ،ّوچٌ٘ي .زاضتِ است ّوطاُ  تِ ػو٘مٖ اختواػٖ ٍ التػازٕ

الوللٖ هطتثظ تا  ّإ ت٘ي إ اظ لاًَى گطفتِ، تِ ًمض خسٕ ٍ فاحص هدوَػِ حولات اًدام زّس ٍضَح ًطاى هٖ پٌح اثط ثثت خْاًٖ ًَٗسىَ، تِ
تٌْا آس٘ة تِ  ضٍظٓ اذ٘ط، ۴4ًِخٌگ  عٖزٌّس  اًس. هدوَع ضَاّس هَخَز ًطاى هٖ حفاظت اظ ه٘طاث فطٌّگٖ زض ظهاى حولٔ هسلحاًِ هٌدط ضسُ

ضَز ٍ ضطٍضت  ضخ زازُ است وِ زض تطذٖ هَاضز، خٌاٗت خٌگٖ هحسَب هٖ الوللٖ س٘ستن ضْطٕ، تلىِ ًمض فاحص حمَق تططزٍستأً ت٘ي
ذلاف ِ وٌس. ت الوللٖ ضا تطخستِ هٖ ّإ حمَلٖ، س٘اسٖ ٍ اذلالٖ زض سغح هلٖ ٍ ت٘ي هٌس ٍلاٗغ تطإ پ٘گ٘طٕ هستٌسساظٕ زل٘ك، ضفاف ٍ ًظام

ػطفٖ الولل ت٘ي حمَق (، لَاػس۵۹۷۷) الحالٖ اٍل غًَ ، پطٍتىل(۵۹۴۹چْاضم غًَ ) وٌَاًسَ٘ى الوللٖ ًظ٘ط ٍخَز اسٌاز حمَق تططزٍستأً ت٘ي
(ICRCوٌَاًسَ٘ى حفاظت اظ ه٘طاث ،) ( حمَق۵۹۷۲فطٌّگٖ ٍ عث٘ؼٖ خْاى ،) ضم زَٗاى و٘فطٕ  ٔاساسٌاهلاِّ،  ۵۹۵۴ وٌَاًسَ٘ى الولل ت٘ي

الوللٖ تططزٍستاًِ زض  ، ضَاّس ًمض اٗي حمَق ت٘يتِ آى ٍ زٗگط هَاضز حمَلٖ هطتَط (۲4۲۵) اهٌ٘ت ضَضإ ۲۶4۵ (، لغؼٌاه۵۹۹۸ٔ) الوللٖ ت٘ي
ضٗعٕ  الوللٖ هستلعم س٘استگصاضٕ ٍ تطًاهِ پ٘گ٘طٕ حمَق ضْطّا زض ضطاٗظ خٌگٖ زض ًْازّإ ت٘ي تس٘اض گستطزُ است. ضٍظُ ػلِ٘ اٗطاى۴4خٌگ 

زض چاضچَب زٗپلواسٖ ضْطٕ است.

ّإ  حَظُ ٔاٗي س٘استگصاضٕ زض ّو ً٘اظ زاضز ٍتحطاى ٍ خٌگ  ٓس٘استگصاضٕ ذاظ تطإ زٍض تِ هاىضطاٗظ خٌگٖ ضْطّإ وطَض ،تٌاتطاٗي
ه٘ي ذسهات پاِٗ، أّا، ساظٍواضّإ ت ه٘ي هالٖ ٍ هػاضف زض هسٗطٗت ضْطٕ، اٍلَٗت زض پطٍغُأسىًَتٖ ضْطّا هستلعم تاظاًسٗطٖ است. ًظام ت

، اه٘سٍاضٗن زض ٗازضسُ ضطاٗظ تٌاتطاٗي تا تَخِ تِزاضًس.  ً٘اظ ضَاتظ ٍ لَاػس خسٗسًظام آهَظضٖ ٍ اهٌ٘ت ضْطٕ ّوگٖ تِ  ٓخَٖٗ زض حَظ چاضُ
ٍ تؼس اظ تحطاى خٌگ زض ضْطّا هَضز تَخِ ًَٗسٌسگاى همالات  عٖ خٌگّإ تؼسٕ فػلٌاهِ ساظٍواضّإ تاظساظٕ ٍ تَاًوٌسساظٕ  ضواضُ

 ػلوٖ زض فػلٌاهِ تاضس.

محمد حسین بوچانی
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The behavior of motorcyclists is one of the key determinants of traffic safety and 
the reduction of road accidents. Motorcycles are more at risk of accidents due to 
their specific characteristics, including the lack of adequate physical protection 
and the high mobility of drivers. A detailed analysis of the behavior of this 
group of road users, especially using well-known behavioral models such as the 
Theory of Planned Behavior (TPB) and the Motorcycle Rider Behavior 
Questionnaire (MRBQ), can help predict risky behaviors and improve safety 
policies. In addition, the use of computer simulations in the analysis of 
motorcyclist behavior allows for the examination of their reactions in controlled 
and diverse environments, which may not be possible in the real world for 
reasons of cost and safety. The main objective of the study is to provide a 
comprehensive framework for analyzing motorcycle rider behavior based on the 
Theory of Planned Behavior (TPB) and the Motorcycle Rider Behavior 
Questionnaire (MRBQ) and its application in traffic simulations. The research 
method is based on a literature review and selected studies are collected from 
reputable international databases. A review of previous studies shows that 
qualitative data from TPB and MRBQ can be converted into quantitative 
parameters using methods such as numerical scoring (Likert scale) and 
component weighting. When these parameters are integrated into traffic 
simulation models, it is possible to analyze different scenarios and predict the 
risk of motorcyclist behavior with higher accuracy. 
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Introduction 
Motorcyclists constitute one of the most vulnerable groups of road users, particularly in developing 
countries where motorcycles represent a significant share of urban traffic. Due to the lack of physical 
protection, high maneuverability, and frequent exposure to complex traffic environments, 
motorcyclists face a substantially higher risk of severe injuries and fatalities in traffic crashes. 
Numerous studies have emphasized that rider behavior plays a decisive role in accident occurrence 
and severity. Consequently, understanding and modeling motorcyclists’ behavioral patterns is essential 
for improving traffic safety and developing effective countermeasures. Behavioral frameworks such as 
the Theory of Planned Behavior (TPB) and the Motorcycle Rider Behavior Questionnaire (MRBQ) 
have been widely applied to analyze psychological determinants and observable riding behaviors. In 
parallel, advances in traffic simulation technologies have provided new opportunities to examine 
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motorcyclist behavior under controlled and diverse traffic scenarios. This review paper aims to 
systematically examine the application of TPB and MRBQ in motorcyclist behavior analysis and to 
explore their integration with behavioral simulation approaches. 

Materials and Methods 
This study adopts a narrative review methodology, focusing on peer-reviewed research related to 
motorcyclist behavior modeling, behavioral theories, and simulation-based studies. Relevant literature 
was collected from major academic databases, emphasizing studies that applied TPB, MRBQ, traffic 
simulation models, or combinations of these approaches. The reviewed studies were categorized based 
on their methodological frameworks, types of simulation (microscopic, macroscopic, or agent-based), 
and behavioral modeling strategies. Particular attention was given to research integrating 
psychological models with simulation environments to enhance behavioral realism and predictive 
accuracy. 

Results 
The reviewed literature indicates that TPB is highly effective in explaining and predicting 
motorcyclists’ risky and safe behaviors by incorporating key psychological constructs such as 
attitudes, subjective norms, and perceived behavioral control. Studies consistently report significant 
relationships between these constructs and behaviors such as speeding, helmet use, red-light 
violations, and aggressive maneuvers. MRBQ, as a standardized self-report instrument, has 
demonstrated strong capability in quantitatively identifying risky riding behaviors and classifying 
riders based on behavioral profiles. Simulation-based studies reveal that traditional traffic simulation 
models often fail to fully capture the complexity of motorcyclists’ behavior when psychological and 
motivational factors are neglected. However, integrating TPB variables as behavioral parameters and 
using MRBQ-derived data to calibrate rider behavior distributions significantly improves model 
realism. Agent-based and rule-based simulation frameworks, in particular, have shown promising 
results in representing heterogeneous rider behaviors and their interactions with traffic environments. 
Recent studies employing machine learning and artificial intelligence further enhance predictive 
performance by modeling nonlinear and complex behavioral patterns. 

Discussion and Conclusion 
The findings of this review highlight that combining behavioral models such as TPB and MRBQ with 
traffic simulation constitutes a powerful and multidimensional approach to understanding motorcyclist 
behavior. TPB contributes valuable insights into the underlying psychological motivations driving 
behavior, while MRBQ provides measurable and behavior-specific indicators. When integrated into 
simulation environments, these models enable more accurate prediction of risky behaviors, assessment 
of safety interventions, and evaluation of traffic management policies under various scenarios. Despite 
these advantages, several challenges persist, including model complexity, limited availability of high-
quality behavioral data, high computational requirements, and cultural variability affecting behavioral 
generalizability. Addressing these challenges requires future research to focus on developing flexible 
and adaptive behavioral models, expanding real-world data collection through sensors and intelligent 
systems, and leveraging artificial intelligence to reduce data dependency. In conclusion, the 
integration of behavioral theories and simulation techniques offers significant potential for advancing 
motorcyclist safety research. Interdisciplinary collaboration among traffic engineers, psychologists, 
data scientists, and policymakers is essential to develop effective, evidence-based strategies aimed at 
reducing motorcycle-related crashes and enhancing overall traffic safety. 
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7Q37.G3U >.G I/M6G' .0LQ/ 9Q7¯ '3 47Î4~X7Q4U /GX7V 37.G3 �4.L¯ MU ?F'MV  �0G PFTPB '6G' 0>7FW9 ~ .F/X9 FXLV 
G 37.G3V /N: [9  13ن.]  

3-2. G'F6پ7سÆ  7'.G70FF'7Æ 7سN.NGÎ.F¯ (MRBQ) 

 4~G7L;T  37.G30LK'3S .F/X 3N.NG 3'6F'U '4F 4..?G M /3'0K7. 'U O5'0K' 7X4U 7Q37.G3U  3N.NG <7ÎX.F/ I'3'N   P¯ . '
0L�  G7: 5WFG4X77 VG [ /N:22.] 

- 'S3'.G3Î 44.ط~ 'S'ط. O > .>4  0LK7GX 57.G4 > .F. X 57.G4  3N.>70LK'3 M 6G4F @'4� 5'V .7G .F7/ 3/V. 

- 'S3'.G3Î 'ÎLJ ' Og¯ 5' O/7G. ' 0LK7GWLHV 7>3 MW. K'NFXJ 7HLQ'3VW 70LK'3 MV. 

- 'S3'.G3Î .>G'/IÎ 6N¯'O OÎ '4: PF ..7KW7 O'3 /G MX7. 

'WJ L..G PG7L; 4~V 37R:'/NÎ 4FU . '  I7/G' M XF/. F/XF H¯ MV 7Q37.G3U  GF..G0LK'3 .FF/X 3N.NG I77 GQ'4G '3
GV 0L¯ .7?F77G . VF.FO/'/ I7;K 0K' MRBQ GV 0K'N. 7Q37.G3U  '3 47Î4~PF FNÎV 7 7L:VW /57  7..4G .7G/7?. <NFM 7F M 
[23.] 

  /:3  37.Î7  VF¯ /47 5' PKNHK ¯W9 4~ G7KT  37.G30LK'3S NG.F/X 3N. (MRBQ)  '33/ .F/X 3N.NG 37.G3  I7;K I'3'N 
VG .0Q/ 

                                                            

1. Behavioral Intention 



.FکÎ7سN.NG Îس'F67'.G7 GÎ.6 9' G/'G.س' '. H'7'Nس  N Î9'سعسN.Æ F/G Î7'.G7 Î'G   ./NFG  N7ÎFN093           س 

 
F¯6 ù .9 4~ 37.Î7  G7KT MRBQ 3/  7L:37.G3V  3N.NGX.F/ I'3'N  [5] 

3-3 .GF.ÎF F0G 'GÎ TPB  NMRBQ 

¯4.X   �0G M/TPB  وMRBQ GV 0K'N. FF/. PX  =G7.  4. 5' 3N.NG 37.G3X.F/ I'3'N  ' 3/ ./N: 4.LGWJ M3W/4/: 
 .~TPB  34F PFV GK'XO6 7Q .Î7L;K'M3  G'N> MV GV /5'/4 ن
 . ¯XF/.  F7F M GV 0L  آMRBQ 7Q37.G3U O0Q7;G H¯ .3N> PF '3 O0:V P&'3' U37G ن
'WJ GF.XF 9QM�~ 3/ Q7U  GF..GPF ? N.T �0G 7QU 37.G3U F/XF 4. /4F37¯ MU 4. . ' O/4¯ ¯H¯ [26.]   �72G U'4FVu 

( I'37/HQ M2023 34F PF )V 9F7� 7QU �0G 57 U  3N.NG 37.G3X.F/ I'3'N  /G 3/X7 7QU .:XP 57 U ~ M 0L.Î'/4~X/7RL; 
GF. P¯ 0K/4¯XF �0G 7QU 37.G3U GV 0K'N. =F'M '47VW 'WJ �0G '6G' '3 7QW9 0Q/ [12.] Wahab ( I'37/HQ M2019K )X6  7F
3NGF' 5' O/7G. 'WG. 7QU W7/7X4U :7GX J ~X9 FXLV 7QU F/XFV 7Q37.G3 5'U  3N.NG <NL.GX.F/ I'3'N  /4¯ P&'3'O '0K [33.]  �M0.

1 P7W7FG U' V7�WM 5' VF¯ .W/M0/G M 7W'6G  7Q �0G U7Q  U7Q37.G3U TPB  MMRBQ .F/X 3N.NG 37.G3  XF/. 3/  '3 I'3'N 
VG 83'67 0L¯ [4  5  15  M24.] 

FO0. ÷ .7FGW7T MW7�V  7Q '6GW7 /M0/G MW. 7QU �0G 7QU 37.G3U TPB  MMRBQ F/. 3/X   3N.NG 37.G3X.F/ I'3'N  
ÎO¯�Î MRBQ TPB 

�0G <NK PG7L; 4~ 3'6F' 'U .Î7L;K'M3V ـ VGNRGG 
>.GX7Q4U F>'V 3  .7GF..  7Q77Î7Q37.GU 'WJH LQ1 37.LQ  84GKV  37.G3 �4.L¯U  '3/' O0: 

O/'/ <NK 37R:'/NÎU ـ U37.G3 37R:'/NÎU ـ V¯'3/' 
/7  F/.X  O0Q7;G 37.G3 O0:  W7H. 37.G3U 
.30F ~X9 FXLV '4F g7FU 7 7L:VW 47Î4~ 37.G3 '4F g7FU ~X9 FXLV  W7H. 

VF>' /4F37¯ 53'WF7V H¯V 70LK'3 37.G3V F/.X  GK'XO6 7Q H?. MXG 7X4U 
.W/M0/G 7Q 7N X4U . 7~ Q/V ?F'M 37.G3 ..1 .0>V 

3-4. F0G /7.7'¯ 'GÎ 7'.G7Î ' .'?F'7G 7/ÎFGÎ ¯ÎG'7. 

�0G 7QU 37.G3U TPB  MMRBQ /0?.G .7?F77G 3/U '4FU ~X9 FXLV 7Q37.G3U /'47 M 47Î4~V :5NGآ .gÎ'0GV  M
 X. 7 7QU G'4.X/V G. ' /3NGP.G47 3'4F O/7 0K'. 'WJ �0G O/'/ ¯H¯ 7F 7Q 7QU GXK'0V .: MXP 57 U  F/. I7/G'X   ./. 37.G3
4:'W7 G'4. GF..GX/V G GQ'4G '3V 0LL¯ [27]. .7?F77GV  0LK7GAlghamdi ( I'37/HQ M2021)  MLaphrom  I'37/HQ M
X0 O/4¯ GF. P¯ 0K'XF �0G 7QU TPB  MMRBQ .: 7FXP 57 U GV 0K'N.  PFV.W7.K  37.G3 4F OMg> P¯ /N: 4.LG( .أ¯2024)

O0Q7;G GK'  O0:XO6 7Q 84GK M 7QU K '3 Iآ .;~X6 G 4;K 3/V 7X0K4' .WJ M3W/4/ '6G'  .NGW9 ~ .F/X9 FXLV /'47 I7/G' MV 
 X. 7 7QU . ' O0: 4.0LHG0Q [7  M28.] 

.:XP 57 U  3N.NG 37.G3X.F/ I'3'N   I'NL> PFW/V 8M3 5' 7QU F/. 3/ 41ؤGX  F/XF ~ MX9 FXLV 7Q37.G3U ~X�X0S 'WJ 
 I'4F37¯ 5' OM47O'3  �7  3/ 7QU Î'X4 5 P.N.W/7U .M7G. .. ' O/4¯  F. /NÎ PF '3 7QU LFX/7WJ G 37.G3 3N.NX.F/ I'3'N  

77/ M 7QM3/NÎ I770LK'3 PF ..7K X. g7FU '4: PF I7KآW7 /GX7V  HQ'X. �0G 5' O/7G. ' 7QU .:XP 57 U =F'M '47WPK7  '3
. ' O/4¯ I'0L�M/ [8]  /: .4 8M3 PX.: 5' VGF..G U7Q .F/X 3N.NG 37.G3 U57  F.F .7?F77G 3/ I'3'N VG I7;K '3 V 0Q/. 

MRBQ 

Risky Behavior Errors Safety Behavior Protective 
Behavior 
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F¯6 ú .F7/.7QU .: GF..GXP 57 U  3N.NG 37.G3X.F/ I'3'N  [9  M10] 

.7?F77G /0?.GU PF 737¯X4U �0G 7QU L..GV 37.G3 0>'NF 4FU1 '4F '3U .:XP 57 U  3N.NG 37.G3X.F/ I'3'N  O/'/ I7;K 0K'  3/
I9 آL¯'M 7Q H?. M 7QX.7H K'NF 77 ' 4F O0LK'3XJ 5' ~X9 4?.WG �0G O0: 57 U GV /N: [8.] L�HQXJ  3 5' O/7G. '8M 7QU 
W7/7X4U :7GXJ >NL?G 8NQ MV '4FU ~X9 FXLV 7Q37.G3U ~X�XO0 > MX7Î4V  3N.NGX.F/ 'N I'3 '6G' �7/ 3/W9 . ' [14.] 

3-5?G. . .'Î./' 7N7G Î0F. 
~ .7?F77G 3M4GX;XJ G I7;KV 0Q/: 

 .GU '4FU F/.X   3N.NG 37.G3X.F/ I'3'N  0L.7Qؤ�0G  U37.G3 7QTPB  MMRBQ  7Q3'6F'U 41 ن

 ./GF.XF 'WJ �0G .: 7F 7QXP 57 U  ~ .F/X9 FXLV F/. M 37.G3X  37L W7QNU G'4.X/V '6G' '3W9 GV 0Q ن

O/7G. ' O/'/ 5' 7QU GXK'0V L/. MX ̄7QU ~XP.G4; >NL?G 8NQ 0LK7GV  =F'M /N.RF 0>7F '47VW �0G /4F37¯ M  3/ 7Q ن
 X. 73'2GU GV /N:. 
?F77G.7 Yang ( I'37/HQ M2025 ) MWahab ( I'37/HQ M2019) /'/ I7;K GF.O/'/ FX PX.: 7F V.Î7L;K'M3 U7Q   U57 

=F'M 9X~ .F/ M VW'47 VG 9W'6G' '3 VLXF 0Q/ [8  M17].W/M0/G 5NLQ 4GW/ .7?F77G VÎ4F P¯ VF7/ 3/   O/'/ U7Q  83'67 '3 U'
O/4¯ 0K' [10  M24.] 

4 .FÎGF. N 6GN6 پژN7 F0G 'GÎ 7'.G7Î TPB  NMRBQ .6 7/ÎG 8'سÎ 7سN.NG 7'.G7Î.F¯ H'7'Nس 

4-1 .GF. .7N7ضÎF F0G 'GÎ 7'.G7Î .6 '.ÎG 8'سÎ 

F/.X   3N.NG 37.G3X.F/ I'3'N  �0G 5' O/7G. ' 7F 7RL. 7QU .:XP 57 U .L V  F/ PFX  ~X�X70V K77K' 37.G3V 1أ. MX4   G'N>
.Î7L;K'M3V  7.K  F>'W. /M0/GU G P&'3'V 0Q/GF. .XF TPB  MMRBQ .: 7FXP 57 U   34F I7/G'V F/XF 4. 7Q37.G3U /4GU  M
QM47V  3N.NGX.F/ I'3'N  4G '3GQ' GV 0L¯ ~ .F/ MX9 FXLV 37L  3/W7QNU G'4. GF..GX/V '6G'W9 GV W0F7 [27  29ن.]  

'6GW7U F>'V 'WJ GF.XF .37.> ':5' 0K 

 F'O '4¯ÎÎ .Î4.6 F0I :'S GK' J.G47 4;K 3/XO6 7Q 7Q37.G3 MU ?F'MV I770LK'3@ ـ

 X4 7Q37.G3U 37L  3/ 47Î4~W7QNU G'4. GF..GX/V.أ34FV 1  ~4.طN6ÎÎ '.G3'S3Î :4'7' ـ

 ~M 7Q37.G3 9Q7¯ 4F 7QU 47Î4 آÎ.'Î :.g.'0I F/. I7/G'X    41'X. 7 7Q 85NG'53 ـ
4-2 .6N7 'GÎ GF.ÎF F0G 'GÎ 7'.G7Î '. .6ÎG 8'سÎ 

F'4U 0..W  O/'/ 7QU ¯XG�0G V U37.G3 U7Q TPB  MMRBQ 7Q4.G'37~ PFU H¯V .: 3/ O/7G. '  F7FXP 57 U  5  /'4G 5'W4 
:0: O/7G. ' 

  RGF 'S: . 7~ 7QU  PG7L; 4~MRBQ FG MX77 TPB /0> .'4HK  F7F 3/U ( /3'0K7. '.4/XF 1  7.50.. )WؤQ4JM ÎS/ I ـ
:KN.0 .¯4: ¯W 47'  �72G I'NL> PF  5' .4/XF 77XFG 3/ O0LL¯1  7.5X.G'   574  JHW' V70LK'3 PF ..2G 84GK U'4F

<7?.Î' I5M 7F O4HK JW' 0Q0F  PF P.G7WGؤPGF  7QPX.: U/M3M 4.G'37~ PF M O0:  X¯4. VG  W0.. U57  ./N: 

                                                            

1. Rule-based models 



.FکÎ7سN.NG Îس'F67'.G7 GÎ.6 9' G/'G.س' '. H'7'Nس  N Î9'سعسN.Æ F/G Î7'.G7 Î'G   ./NFG  N7ÎFN095           س 

/PGF 37.G3 3 ؤRGF 'S: 5' O/7G. ' 7F 8M3 :0LK7G VW7Q F/.X  ?G0L�XO37 (AHP)  473 �0G MX IN HQ'X.  4QGؤK5O S/Î I ـ
?F'MV 70LK'3V I'3'N 3N.NG ./N: V 34F 

ÎR�3'~¯ 5'7Î .6 '.ÎR 5'7Î: 7Q4.G'37~U I5M Q/V .4K PF O0: 3'6G'U7Q .:XP 57 U G'4.X¯ (VISSIM/AnyLogic ) ـ
  F.LG 0LQ'NÎ0: 37L  3/ I'3'N 3N.NG 37.G3 7.W7QNU 4R: GF..GU .:XP 57 U ./N: 

 G3 M O0: GW4?.  U57.37 آRÎ.6 FI'A Î5'7 P/I:3 .F/X 3N.NG 4Q PX.: 7X/G 3/  F.7G  G7> ¯W I'NL> PF 3'N   I ـ
O/'/  X¯4. 7F  U7QTPB  MMRBQ  JXX?.VG N:/. 

:N73'..A'Î: 7.KW. .:XP 57 U O/'/ 7F 7QU ?F'MV ~ .7?F77G 3/ I'3'N 3N.NG 37.G3 M .7G/7?.X;XJ 7FGWP7  0Q'NÎ 7. 0. ـ
 34F �0G 37..>'V N:/. 

4-3FÎGF. Î'7. Î/'GF6Îپ G.Î7N¯F' . 
8M3 7QU GF..GV '4FU ' .7>/'WJ �0G �0G PFH. 5'  /3'/ /N.M 7Q 7QU L..GV 37.G3 0>'NF 4FU1�0G   7QU W7/7X4U :7GXJ  M
.:XP 57 U L..GV  G7> 4F3  3N.NG 4Q I3 آ/ P¯X.F/ 3'N   I'NL> PFW¯ F  F.7G  G7>7Q37.G3 7U ?.XXJ N. O0:7  �0G 7QU 

37.G3U .:XP 57 U GV /N: [27  M32].   /:5 GF'-  ¯WKNHKT VGNRGG VF¯ �0G FXGF. 5' PX.: 7F U37.G3 U7Q  3/ U57 LXG5T 
.F/X 3N.NG V 7L:37.G3 VG I7;K '3 I'3'N  .0Q/ JXL�HQ    /:5 .- �0G JW' .7>/'//M3M 5' PKNHK ¯W PX.: PF/3/ 7Q  U57 

.F/X 3N.NG 37.G3 I'3'N  Iآ .W7.K M VG I7;K '3  .0Q/ 

 
)GF' 

 
)( 

F¯6 û .'GFGF. )XF �0G 7QU 37.G3U .: MXP 57 U [26  M27�] .) :XNS .7>/' �0G 7QU 37.G3U .: 7FXP 57 U I'3'N 3N.NG 37.G3 7.K MW. Iآ [17  11  M31] 

                                                            

1. Rule-based models 
2. Agent-based simulation 

Traffic Safety 
Outcome 

Questionnaire 

TPB 

Behavioral 
Intention 

MRBQ 

Simulation 
model Simulation 

Î.7'Î7 Î'S/4.3'¯ O .Î'.M 
47Î4~ U7Q37.G3 VW7 7L: 

V:5NGآ .gÎ'0G V/'47 

.'34FG M JXK'NF /g>' 
 U4R: VLHW' U6W3 PG7K4F 

 

Î¯ÎG'4. Î5'7 RÎ.6 '. G'غ/' 
 G7> 4F VL..G �0G 
GF.. �7H./' 
9L¯'M I7G5 

.>4  M VLHW' PF>7G 

TPB F0I 
37.G3 PF ..7K 84GK 
VLQ1 U7Q37.LQ 

 O0:  3/ U37.G3 U7Q 9L¯ 

MRBQ F0I 
 47Î4~ U7Q37.G3  

JHW' U7Q37.G3 
V.;G7/G U7Q37.G3 

VH
¯ U

7Q4
.G'3
7~ P
F  
W0..
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4-4. GFNGF 'GÎ 6GNپژÎ 

77G?FT Yang ( I'37/HQ M2025 /'/ I7;K )GF.XF TPB .: 7FXP 57 U  ~X9 FXLV F/XF 4.U  3N.NG 37.G3 5'X.F/ I'3'N   3/
'4:W7 G'4. GF..GX/V G P&'3'V 0Q/ [26]L�HQ .XJ  Wahab ( I'37/HQ M2019 5' O/7G. ' 7F )W7/7X4U :7GXJ P.7K'N. G3 0K' 37.
~X�X0S  3N.NGX.F/ I'3'N   '3PF NÎFV �0G 57 U 0LL¯ [33.] 

5 .FÎFح. N .Î'.F 'G 

 F/.X  ~ .7?F77GX;XJ  MO/'/ PX.: U7Q VG I7;K U57  0Q/ �0G  X¯4.  V.Î7L;K'M3 U7QTPB  MMRBQ PX.: 7F  I7/G'  U57 
9X~ / VLXF.F/X 3N.NG 47Î4~ U7Q37.G3 FXF VG GQ'4G '3 I'3'N   .0L¯ VÎ4F U0XF¯ .W7.K7/>77G 3M4G 5'  F JX;X~ .7? PF

:. ' 4W5 /4: 

- RGFؤI 4Îأث. Î'S TPB  

 '3/' U37.G3 �4.L¯ M JHW' V70LK'3 PF ..2G 84GK 7.G4X> .>4  0LK7G 47Î4~ U7Q37.G3 9Q7¯ 3/ '3 4X1أ. JW4.;XF O0: M 5
.0K3'/ 57.G4X> .F.  

.0K3'/ I770LK'3 4W7  7F  G7?. M VQM47 U7Q37.G3 3/ VHRG 9FK 6XK VLQ1 U7Q37.LQ 
- Q/'/ /4.3'¯  Î'SMRBQ  

MRBQ U7Q37.G3  W0.. I7/G' O0Q7;G O/'/ PF O0: PX.: 7F M O/4¯ GQ'4G '3 VH¯ U7Q  G7> U57   V?F'M U7Q37.G3  3N/G
 I770LK'3.F/X 3N.NG .. '  XF/.  F7F GF..G U7QNW37L  3/ 

 .'4HK FXGF.MRBQ PX.: U7Q4.G'37~ 7F =F'M 9W'6G' 0>7F U57  9X~ I'N. M �0G VW'47 VG V7Î4X> U7Q37.G3 VLXF ./N: 
- RÎ.6 .Î'.M FÎF/. Î5'7  

PX.: VG I7;K U57  0Q/ . 7X  M V:5NGآ .gÎ'0G �7H>' L:37.G3 4F VL..G V/XG'4. U7QVG  V 7  P.N.  F7F 9Q7¯ PF 0K'N.
./N: 4.LG 47Î4~ U7Q37.G3 

=77F.  JXGL  ¯XG'4.( V/XG'4. GF..G U7QNW37L   ).M7G.G V7X/G 7W'4:  47Î4~ U7QPF VG I7;K /NضM 0LQ/ �0G  U7Q
 V.X¯4.TPB+MRBQ .F/X 3N.NG <NL.G U7Q37.G3 PX.: 4.RF '3 I'3'N  VG U57  .0LL¯  �0G P�47'TPB+MRBQ 

PX.: VWg7F .F/ 7F '3 <NL.G U7Q37.G3 VG U57  37.G3  0L¯O0X�X~ M V7Î4X> U7Q O/'/ .W/M0/G  XF/ PF P¯ /3'/ /N.M U'  U7Q
9X~ 5NLQ  VGLQ4G <NL. M V?F'M Iآ VLXF I7/G'  G7¯ .F/ 7F 7Q .7XK 4W2~ [17  M23.] 

- LÎ6Î~ .'BF'طI '. ÎM'P.JS  

9QM�~ 7F  >7/ .W7.K  0LK7G P.:27 U7QVu ( I'37/HQ M2023 M )Wahab ( I'37/HQ M2019  X¯4. .XHQ' M . ' N7HQ )
O/'/ PX.: 7F V.Î7L;K'M3 U7Q VG 0XW3' .أ U57  0L¯. 

6 .G.Î.F N حث. Î7Î¯ 

¯4.X  �0G 7QU 37.G3U TPB  MMRBQ .: 7FXP 57 U  W¯ M3W/4/ 0?F0L�U '4FU ~ M  3/X9 FXLV  37.G3
 3N.NGX.F/ I'3'N  G P&'3'V 0Q/. 

6-1 .'9GÎ' . NÎ6F 'G 

.:XP 57 U 7QU  G7> O/'/ 7F 3N/G 7QU TPB  MMRBQ F/. I7/G'X  /4G 37.G3U QM47 MV I770LK'3 .F/X 3N.NG '4: 3/ '3W7 
G GQ'4G GF..GV 0LL¯. GF.XF 'WJ M3 M/W/4/ '6G'  .NGW9 ~ .F/X9 FXLV 7Q37.G3U /'47 M 47Î4~V  X. 7 7QU  0LHG0Q

'WLHV 4R:U GV /N:. 



.FکÎ7سN.NG Îس'F67'.G7 GÎ.6 9' G/'G.س' '. H'7'Nس  N Î9'سعسN.Æ F/G Î7'.G7 Î'G   ./NFG  N7ÎFN097           س 

VG .W7.K JW' 85NGآ V/'47 PF 0K'N. . 7X  M 7Q 4~ F77LG JXX?. PFH. 5'  0LHG0Q U4R: VLHW' U7Q .gÎ'0G M 47Î
.0L¯ ¯H¯ O/'/ 4F VL..G U37.G3 

6-2 .6F'چ 'G /N0حG NÎ. 'G 
- ~Î�Î¯0Î F0I :'S GF.XF �0G 7QU 37.G3U .: 7FXP 57 U KX0LG57 7Q4.G'37~U O/'/ M /0?.G 7QU �0G P¯ . ' O/4.77 57 U  '3

~X�XO0 I7G5 M G 4FV 0L¯ [34  M35.] 

- /P.J¯ Q/'/ 'SÎ :4..BI 7FX37U 5' /M0/G 7F .7?F77GW.  4. /V O/'/ PF 7QU F/XF ?F'M MV  3N.NG 37.G3X.F/ I'3'N   P.'NG
' P¯ 0L.7QWJ 7.K ./> 4F <NضNGW. .1أX3'274 . ' [36.] 

- MÎ5' .'.7'/I K'P. R.Î :g'. .:XP 57 U 7QU ~XP.G4; �0G 7F 7QU 37.G3U ¯4.X.V KX0LG57 .7. 7/G I'N.V '4.' I7G5 M g7FU 
KgN7V 7Q/4F37¯ 3/ P¯ . 'U FH>V 9F7� GK'4FX6 . ' [37.] 

- /O0/IÎ. JB. 3/ÎH 2~Î4Î: �0G 7QU 37.G3U 1أ. ./. . ' J/HGX4 '4: M ¯LQ4GW7 F/GV 7.K M 0L:7FW. I4' آF 7QU HQT 
 F7F F77LG H?.XG 0:7.K [38.] 

HQ�JXL  0W7F  VÎ4F P¯ .:'/ P.N.GؤPGF  U7Q�0G 3/ U37.G3  U7QTPB  MMRBQ  ./. . ' J/HG.4 أX1.M7G.  U7Q
 VG7H. PF .W7.K GXH?. M 0L:7F .M7G.G V7X/G M VGLQ4GGLF77/'/ IM0F  X/G O7 ./3'/ .W/M0/G  4..?G 

 0F'ÎG0F'8 آ N چN.ÎG 'G G6ص. 6-3

- B7P.Æ F0I 'SÎ ط'فBM' 2~Î4: 'W/7. �0G 7QVW FF7F 7FX. ;L.XG O/'/ 77 ' 4F 7Q4.G'37~ 7QU /GX7V GLQ4G MV '4F GF..GU 
'6G'W9 H?.XG 2~W4U [39]. 9QM�~ .WNFM' QVG O0LWآ U7  0K'N.PF =H.  X.4. O/'/ U3Mآ F'M VK'0XG U7Q?  V? N.T �0G  U7Q

O4RF M VFG7?. M V/XG7LW/ O/'/ PF 57XK 9Q7¯ U'4F V>NL?G 8NQ 5' U4X7 .0:7F O/4.77 U7Q 

- Q/'G.7' 3O'NG 5'Î 'SÎ PMÎL: O4RF 7X4U >NL?G 8NQ 5'V  MW7/7X4U :7GXJ '4FU ~ /N.RFX9 FXLV K 9Q7¯ M 37.G3X57  PF
O/'/ 7QU O/4.77 [33.] 

- @J. 3OآÎ Q/'/ 'SÎ IÎM'0Î Q/4.7¯ :4. F3M/  7Q3N7L  5' O/7G. 'XJ 7Q O7G. / M 7QU 0LH:NQ '4FU  4. /V O/'/ PF 7QU 
?F'MV  3N.NG 37.G3X.F/ I'3'N  [40.] 

- F0I 5'7Î /ÎI'NÎ¯Î FI'B. OÎ: .:XP 57 U ~ .gG7?.X�XO0 FXJ  3N.NGX.F/ I'3'N  7  MW4  I'4F37¯O'3 '4FU 0G /N.RFW4W. 
G'4.X¯ ' MWLHV [12.] 

- 3'¯JSÎ 'SÎ .ÎL R.63 'Î:  7L;K'M3 9K'/ .7>/'V   0LRGV G'4.X ¯   M O/'/ .NF>X. 73'2GU '4FU ? N.T 7Q37/Q'3U 
0G37آ¯ M =G7. [41.] 

3/ .KX P. GF.XF O/'/ 7QU .Î7L;K'M3V .: MXP 57 U  GV K'N.0 0LH.30F 3'6F'U '4FU /'47V :5NGآ .gÎ'0GV   MX. 7 7QU 
~XG;XPK'4 HRG 9FK M 0:7FV  3N.NG .7G/7?. 9Q7¯ 3/XF/. I'3'N  'W7G .0L¯ 3/ 7RKW . FGNGX. ' 3/WJ K O5N/X0LG57 37/HQU 
GXI7 P.:3 'U 47 5' 0K'N.F P¯ . ' O/4.77WF ¯4.X   7L;K'M3 9K'/V   0LRGV    M O/'/ .NF>X. 73'2GU  7Q37/Q'3U 

0G37آ¯U '4FU 7F.3'U 'WLHV  3N.NGX.F/ I'3'N  .0Q/ P&'3' .7G/7?. 9Q7¯ M  
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indicate an inevitable precipitation decline even under the sustainable scenario 
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Introduction 
Tehran is grappling with a crisis of unsustainable urban development and climate change, leading to 
severe water scarcity and increased vulnerability to extreme weather events. Neglecting land 
management principles and the exacerbation of the urban heat island effect, coupled with 
unpredictable precipitation patterns, threaten the city’s infrastructure and water security. There’s a 
significant gap in understanding the spatial dynamics of rainfall and their connection to urban 
adaptation policies. This research aims to forecast future precipitation changes using IPCC models to 
inform Tehran’s urban policies for the next two decades, addressing issues like groundwater recharge 
and subsidence. 

Materials and Methods 
This applied research uses climate modeling and spatial analysis to inform Tehran's urban adaptation 
policies. It focuses on sub-basin 4133, utilizing TerraClimate reanalysis data and an ensemble of five 
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CMIP6 General Circulation Models to project precipitation changes over the next two decades under 
four Shared Socioeconomic Pathways (SSPs). Statistical downscaling and Inverse Distance Weighting 
interpolation refine global data to local levels. The study's novelty lies in analyzing the spatial shifts of 
rainfall zones to guide revisions in land-use policies and regeneration standards due to precipitation 
contraction. 

Result 
The study used validated TerraClimate reanalysis data for Tehran’s dry and semi-arid climate (R² > 
0.85). Historically, sub-basin 4133 received 154-262 mm of annual precipitation, concentrated in the 
north. However, the past 20 years show a decline, with maximum rainfall dropping to 251 mm, 
indicating reduced basin precipitation and smaller high-rainfall zones. Long-term spatial analysis 
shows more rain in the northern Alborz mountains and less in southern plains. Recent decades exhibit 
a pronounced decrease in the south and southeast, suggesting early climate change impacts. A 
structural shift is evident: the maximum rainfall area has shrunk, reducing watershed area for 
groundwater recharge and potentially worsening land subsidence. 

Future projections vary by scenario: 
 SSP1-2.6 (Optimistic): Moderate rainfall reduction, with less decline in the north, but increased 

water stress in southern plains. 
 SSP2-4.5: More significant decrease across regions, especially the southeast, with notable 

reductions even in the north, potentially lowering river flows and groundwater levels. 
 SSP3-7.0: Severe rainfall decrease throughout the area, including vital northern highlands, 

intensifying the water crisis and risking depleted resources. 
 SSP5-8.5 (Pessimistic): Drastic and widespread precipitation decline, threatening Tehran’s 

water security and regional ecological stability, requiring extreme adaptation. 

Discussion and Conclusion 
The present foresight analysis serves as a serious warning for urban governance in Tehran, 
highlighting a gap between sustainable historical patterns and potential future scenarios, indicating 
that the city is surpassing its ecological thresholds. Even in optimistic scenarios, a relative reduction in 
rainfall is inevitable, while pessimistic projections threaten the structural integrity of water resources, 
compromising urban biological security. The study suggests that urban regeneration policies should 
embrace innovative approaches, such as mandating permeable paving in public spaces to enhance 
runoff absorption. It also advocates for stricter building regulations for rainwater harvesting systems, 
especially in northern areas, and prioritizing a halt to population and water-intensive activities in the 
southern regions to ensure the long-term sustainability of the city against climate threats 
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 :. :.NÆ H /. .ÎFÎÎ    .ÎÎG. Î'767'Î. :¯  ÎÎ. �/'7/ FÎG G  /ÎÎG  FN77 F.6Î¯F7 G/Î/ÎF '/ :¯Î' OÎÆ/G? H7G/Æ .  FÎGأÆ
/G. .Î GG ¯7 H7NÆ  FÎ. .&ÎG G¯6  '767 7Î 7 G. .. 7 :. G7 .'N7 :6N/  ÆÎ�NFN GÎFF7 GÎÎ>Æ  F /F71Hg¯ �  ÎÎGG/6

:GÎF   ¯¯. F7ÎFG '/ ?F7  ¯7Î' Î. ¯¯. GÎ�' GÎÎ>Æ  7  6ÎF  .Î¯GÆ ÎÎG  Æ'7G/ GÎ76. /Î/¯Æ    6'Î. ÎÎG . ':  /F.7G  '
.ÎÆ :¯ ..Î GÎ  Î'   :. 7' ÎG/6 ÎÎG  G /Î//Æ ./6 /F¯ [2]. 
FÎ¯Î&/  G HÎ¯F  ¯G N& /G/ G '/ Î'7/ÎFÎG .7GÎÎ>Æؤ:GF [ . 7 G/7/ .' GÎ.7 HGF GÎF  7 H7G/Æ  'Î.   ÎG/ ÎÎG3   4 .]

GÎÎ>Æ 7ÎFF  NF  /ÎؤG ÎG/F ' FÎF Æ 2F/G '/ ÎG¯F Î. .' G6 :¯ . 7 :F Î   'Î. ÎÎGN¯F7 '/  7' .  .ÎGÎ/G  .F  ÎÎG
 G H7/F� / [ /F¯5 .]FÎ7 Î.  �FÎ/FÎF Æ ÎÎ& G. FÎNF ÎÎG/ F/G N.  GNG?  /G7 G¯6 F7F ÎÎG3 �G¯FÎÎ. G/? /Î/¯Æ .ÎÎ7F  '/ ÎG

 ?ÎG..7 ¯G.¯G ÎÎGGÎ7G ÎÎGNÎ'ÎF  . Æ  'Î.  FÎG     FÎÆG ÎÎGN¯F7  ÎÎ/Î7.F7 4[ . 7 H7GÎ7   :FÎÎG' Î. 7ÎÎFG '/6 .] FÎ7
. ' GG7Î.G Î. 7'  .  .ÎFG7 Î/FÆ :F .7GÎÎ>Æ:  G  ' ÆF. �/F¯.gÎ   NF  FÎ7FÎ.& :  F N7    FÎ/7ÎF ÎÎG  G' / H/6  ÎÎG
GÎ¯.FNÆ  .ÎGÎ/G :¯ G/7/ /Î76 7 7'  FÎ7Æ¯.   7'6. ÎÎGGG/FÎ� Î. 7' H7G/Æ HN�  G :.7NG Î/. ÎÎG / Î  [7  Î9].  F?  G>'

 '/ Î/.  GF? 䐣ل. ¯Î � GÎFF7 .ÎÎFÎ7G  7/G.777N7.  ÎÎÎN& Î  Î. H  /FNÎ&    'Î.  FÎÆG ÎÎGÎG/6 HÎ.7F7 Î'76¯. Î  '/
 G G/GÎ¯G H7G/Æ /G N& .F>7 ./N6 :.67/ 6¯GGÆ  'Î.  F¯ /F ' FÎF Æ G. FÎ¯Î& ÎÎG  ÎÎ  Î.FF7 F. G7 G/Î/ÎF :¯  FÎ/ '/ �/F7

:.Î. :F/&  ÎÎ. GÎF.7G �).Î?ÎGÆ'7(  FÎG6 F7ÎFG '/  'Î.G& ÎÎG GGG  :Î6>Æ .GF G.  '767G/7  FÎG GÎ  ÎÎG. 7  G    /F7NÆ
H7G .  /F¯ /Î/¯Æ 7' Î6¯GG    .NF. F7ÎFG '/ .7¯F G  GÎ>F  ÎÎG[10] .GÎ6. .7G/7 F.7/Æ �FÎ7 G. G g?Æ  Î. H7G/Æ  Æ'7G/

.gÎ  .ÎGÎ/G '/ 7'  7/Î�Î&  7 Î/Î/. /ÎÎ.7 � 6'Î. ÎÎGN¯F7 :GÎFG.   ÎG/6 ÎÎG . 7 G/G¯ /Î.Î7  ÎÎ6  Î6Î'.  Î'76¯. ÎÎ 
7G. G/ؤGÎ .ÎÆ '  Î G/6Î >Æ G.7G. '/ÎÎG FF7ÎG FÎ/FG Î Î¯  'Î/GÆ /Î./F�Î F/G  7 :¯ . 7  Î Î ÎGÎ F/ÎF FF7ÎG   '7  Î.Î  
.  ?.ÎFG  7G.Î    Æ¯. Î Î GÎN7Æ FÎ7Æ¯.  G¯   .   :GÎFG. :.   G/6  Î>  'Î6Î ÎGÎ G/6 Hg¯Î :F7FG   7Î 7G.Î /GÎGÎ. 
H7G . ÎG Î >FÎG  .7¯F G G ÎF G G..  /N67 '/ .ÎF ÎG'76.7  7 G/ÎG. 7 Î. �Î. 7'Î /.F  .N�'Î�   ' / 7 ÎGÎ Hg¯ G �G¯F  H7NÆ 
/FÎ� ÎGÎ Hg¯ Î ÎF6 7' ÎGG/6 Î ÎG'ÎÆG7'   /G¯ Î F..G  7G. /G7N6 G.Î 'Î7 Î Î Î&Î'7/ /G  ÎGÎ. Î�'Î~Æ/  ¯Î.   .  ?.ÎFG

Æ /ÎF /G¯ [11  Î20].  FÎ.7.F GÎ7 .ÎGG7 :. :.NÆ Î./ÎÎ /FÎ7G G/6� G6Î/ FÎF Æ  F77 G/G   Î'  NF  G>F '/ 7Î 7 FÎ7 G.
Î. ÎÆ /6 :. G7 G/FÎ  Î Î GÎN7Æ .Î¯GÆ  7 G/ÎG. 7 Î.  'Î.  FÎÆG .7GÎÎ>Æ :F7'Î¯F FÎG.  F/G ÎÎG  /'NG .&ÎG /ÎÎأÆ GÎÎ>Æ  F /F7 FÎ.

GÎFF7�  F 7 '/ H7G/Æ ÎG/6 Î'76¯. ÎÎ  Î7G. H  ÎÎG/GÎÎ&20  G/FÎ  FÎ FÎF Æ 6N/. 

N /'NG شN7 'G  
 '/ �G/G G>F  7 G6Î/ /G N&GG Æ  GÎ7NÆ  ÆÎÎFÎ7G �.ÎGÎG G>FG  7   Î/G.'Î¯ .ÎFÎF Æ  ÎF/G /GÆÎ ' Î.  FÎF Æ  Î Î 
 .. 7  ÎÎ6  FÎF Æ    GÎFF7G 7 /FÎ G/G Î. FÎF Æ Î7G.7&7'7/  . G.  'Î/� '/ �ÎG/6 HÎ.7F7 Î'76¯. ÎÎ  Î7G. 7NGFG ÎÎG
. 7 G/6 FÎ /Æ  F77 GÎ7  

F7FGÆ G?F'7G G6د ÎکÎ�NFN7دÎG .7N76 N 

/ / GÆ :6N/GÎ  �:ÎFÎ7G /'NG /¯ 4133   7  ¯..(6N//  :¯ . 7 )¯GF :�ÎÎ'/ 6ÎG. F/&/ Hg¯ HÎÎG6   H7G/Æ ÎG/6  ÎÎG
:Î6>Æ  G FGÎ6 7'  FÎG6 .Î?ÎGÆ'7 '/ H  G/FF¯  ?.ÎFG FÎGأÆ '/  G.F7 .Î?ÎGÆ'7  ÆÎÎ/ /FF FÎF/ :. G/ / G FÎ7 .Î..F7 ./N6 . 

. 7 :F/& FÎ7 '/  6'Î. .7GÎÎ>Æ :. ...ÎÎ& ÎG/6 /Î7.F7 Î Î. .Î Î7/   H7G/Æ  FÎG GÎ      7 . 

                                                            
1. IPCC AR6 
2. Change points 
3. CMIP6 
4. SSPs 
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G/'/ ÎجF7س'..?' N Î7N7/آ¯ FÎF8.ح'. Î'G 

G/7/ .ÎÎ7F G/? /FÎ� G. :.F> 'N>FG :. G/7/  7 �.Î?ÎGÆ'7 '/ Î'ÎG  䐣ل.    GÎ¯.7Î7 ÎÎG GÎ¯ÎÎ& FÎF Æ Î. ÎÎG .GÎg¯7GÆ1  Î.
GÆ .'/F  FÎÆG ¯ÎÆ4 G.GNFÎ¯ G/7/ FÎ7 �F/G .F/  7 HÎFÎG77 ./. ./6 G/ÎG. 7 GÎ¯.7Î7  Æ7/GÎ¯G ÎÎG'ÎG  Î. ÎG  ÎÎG

G/7/  Î7'Î¯ ./F/6 G/7/ FÎ.7Æ ?.GG ¯Î.&NFÎ  7.Î6  7 G/ÎG. 7 Î. ÎG  FÎÎ.Æ .ÎG6   .ÎÎ '76 /:ÎÎ& ÎÆ    ' Î7G. G..ÎG Î7
7ÎÎFG6Î' /N6 GG7G  Î'ÎG   ÎÎGF. 

FدG ('..F' ÎGÎFF' Î'G CMIP6 Î'GNÎ7'Fس N SSP 

G/? /GÎ¯ 'N>FG :. .ÎÎ7F F/G 'Î..Î   7  6ÎF ÎÎG :?NG.G /GÆÎ '  7 �/GGFG ÎÎG Î72
   7 FÆ¯.G5  N.  GNG?  /G7 F/G

G¯6 F7F  7 (CMIP6)  FGÎ6MRI-ESM2-0 �EC-Earth3-Veg �CMCC-ESM2 �MPI-ESM1-2-HR 
 UKESM1-0-LL   Î7G. ./6 G/ÎG. 7&7'7/  7.Î6 �G/FÎ   7 '7/ÎÎ& ÎGÎN7ÆFÎÎG/ F/G FÎ7  . G.  '7GF FÎF Æ ¯gG ÎG

 F 7 Î7G.  Æ  .7GÎÎ>Æ .. G720  ?ÎG..7 ¯G.¯G GÎ7G ÎNÎ'ÎF  'Î/� . Æ G/FÎ  FÎ   ÎÎ/Î7.F7 (SSP ) '7GF Î Î¯7  /'NG
. ÎÎ   7  GÎ7 :¯ . G7 '7/ÎÎ& ÎÎG (SSP1-2.6 )/FÎ� Î. ÎÎGNÎ'ÎF  ÎÆ Î.  FÎ.7F7 ÎÎG  (SSP3-7.0 ):FÎFÎ./.   (SSP5-

8.5 ) G /6N& 7' /G/ F/G .Î7.¯G ÎG  'Î¯.F7 ÎÎGNÎ'ÎF   /ÎÎG/6  '//. F   ÎÎG1   2 . 7 G/6 :&7'7 [3   6.] 

 FN/1ج .F/G .Î7.¯G ÎGÎ G/ÎG. 7  G/6Î7G. N7ÆÎ Î GÎ 7G6Î7 ' / FG. GÆ Æ   
F/G G'F G?7N. 6¯7G G/FG/ 7N6¯ ÎF'¯G ¯Î¯G. )G7ج/( 

MRI-ESM2-0 G7ؤ /   ÎF67NG .ÎFÎF Æ F&7� 1.12 x 1.12 
EC-Earth3-Veg  GNÎ G7F¯EC-Earth Î& '7 0.70 x 0.70 
CMCC-ESM2 :F7G.Î/G 6¯GG GÎFF7 GÎÎ>Æ Î7 ÎÎFÎ.Î7 1.25 x 1.25 

MPI-ESM1-2-HR G7ؤ / ¯Fg& 7¯ÎG HÎGF  0.94 x 0.94 
UKESM1-0-LL  F/G 6¯GG ÎÎFÎ.ÎG. 1.25 x 1.87 
MRI-ESM2-0 G7ؤ  /  ÎF67NG .ÎFÎF Æ F&7� 1.12 x 1.12 

EC-Earth3-Veg  GNÎ G7F¯EC-Earth Î& '7 0.70 x 0.70 

 FN/2ج .G/ÎG. 7 'Î¯.F7 ÎÎGNÎ'ÎF  .Î7.¯G  Æ  Æ' / FG. G 7Î7G6 Î Î GÎN7Æ Î7G. G/6 
NÎ7'F7 Î6.'. 7'.77/ 'ج G?7N. N Î7'6¯.7'Î7 .Î?ضN GÎ7N. 

SSP1-2.6 2.6 Î NÆ/ Î�GF7   ÎG.7G.ÎF /GÎ¯ �GÎ ' G. 6¯GGÆ  '7/ÎÎ& .¯Î& ÎÎG 
SSP2-4.5 4.5 :FÎÎG .F.G¯ 'Î¯.F7  .7F FG.F¯ Î. :Î NÆ  FÎ  /F ' G 7/Æ   ' 
SSP3-7.0 7.0 :F7FG ..ÎF' /FÎ�  Î7 7Î G ÎÎ. :.  FG .ÎFG7 G. 6¯GGÆ �HÎ.7F7 '/  Î. ÎÎG  ..7Î  
SSP5-8.5 8.5 Î NÆ/  ..N  G.  F..G.Î/ / G :. :.NÆ H /. ?ÎG  Î/Î7.F7 /6'   FÎ7  . GÎFF7 ÎÎG 

  ÎÎ'GF آN Î7'G .حFÎF فÎFG6Î7 ÎÎ'6'س

Î7G.  .F/ /Î76 7G/7/ ÎG .7GÎÎ>Æ .ÎG6   '  7 �H7G/Æ  F G 7ÎÎFG :.  FÎ/. 7ÎÎFG  7 3 GÎ/ÎFG 07G.. 7  7 7& ./6 G/ÎG. 7
:F/& � 'Î. .7GÎÎ>Æ  7Î G '/ :F Î   'Î.  NG.G 7.Î6 Î/F.FÎGÎ /  ÎÎÎ 7G>. .Î?g77 GG/. Î.  7Æ?   '  7 ÎGÎ7

:F7Î   G/F    GÎ.F76/:.Î. FÎF Æ '/ /.. FÎ7 Î'  NF . :F/&  FÎÆG  ÎÎ.  '/  6'Î.  Î.FF7 /N6 7.¯G ÎÆ . 7  6'Î. ÎÎG
7ÎFG G7/¯ FÎ NÆ/ . ÎÎ  '/ ÎG¯F Î. .' G6 �H7G/Æ ÎG/6  G .Î.Î7 7'  FÎG   Î. 7.7N6   FÎG  ÎG.'Î¯ ÎÎG /F¯. 

G.ف'Î 'G 
   Î¯ÎF /F¯7G& :. :.NÆ Î. /G N& FÎ7 .7.F GÎ7 '/GÎ¯.7Î7  '/ /N.NG   ÎF67NG ÎÎG/ / GÆ    Î¯ÎF FN7    ÆÎÎFÎ7GG/7/  ÎG

 G. 6¯GGÆG/7/    ¯¯. .FÎ> GÎFF7 '/ H7G/Æ ÎGÎ7'7GF :. :.NÆ Î. .. G7 '7GF .GÎg¯7GÆ GÎ¯ÎÎ& ÎÎG:GÎF   .ÎÎ '7 .ÎÎ.F �¯¯.
                                                            
1. TerraClimate 
2. Ensemble 
3. Change Factor Method 
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 Î'ÎG  /GÆFG?G/7/  ÎÎG. F.7  GÎ¯.7Î7( GÎFF7  / FÎ7 '/  'Î. : H7NF?/FÎÎGFÆ . 6ÎG.Æ GÎ¯.7Î7   ¯¯. GÎFF7 : H7NF?/FÎÎGFÆ 
 GÎFF7:GÎF  .. GÎ6& .'N7 )¯¯.?7 .ÎÎ.F FÆ6 '/  .F 'Î..1  G HÎ¯F /G/ G/7/ GÎ¯ÎÎ& ÎÎG .GÎg¯7GÆ GÎFF7 '/    ¯¯. ÎÎG
:GÎF ( ¯¯. Î Î.  ¯.7.GG  7 )H7G/Æ :.Î¯G (R^2 > 0.85 )G/7/ Î. .F/ FÎ7 ./F'7/'N.G.  Æ7/GÎ¯G ÎÎG FÎF Æ HÎÆG7 � Î.  ÎÎG

G/?   G/G¯ GG7G  7'  FÎÆG 7ÎÎFG6Î' .ÎÎ7F / Î'ÎG  䐣6  7  .لÎF ÎÎG. 7 G/FÎ ' FF7// :. 7' H7G/Æ  FÎG6 .Î?ÎGÆ'7 '. 

 
F¯6 1 . '7Î.Î  /GÆFG? 'ÎG Î  '/  'Î. G.G7'Î&FF7ÎG  ÎÎG   ). 7' .G  FÆ6( ¯¯.:GÎF )~� .G  FÆ6( ¯¯. 

HÎGG  '/ :¯ 'N7FÆ6  ÎÎG2   3 F Æ �. 7 G/6 G/7/ HÎ¯FÎF ÎG  ' '/ :F Î   'Î.  NG.G 7.Î6Î  '/ .N7GG' /Æ 
 ./G/FF.707G. :FÎ Î  Î6N/G/ 4133 �HÎ¯F /FG/Æ '7/FG .ÎFÎ NFÎ .ÎF 154  ÎÆ262 GÎF  G.G  :¯ . 7.Î¯ÎF/  .Î?ÎGÆ'7 '/ H 

FÎG6   6¯GGÆÎ:. Î  Î. .. 7ÎFGÎ7/ 7ÎF Î6 Î.  '/20 .7 FÎ ÎG G :>/gG  /N6 . '7/FG :¯Î¯Î:F  :.251 GÎF  G.G  /GÎ¯Î:. Î 
G¯ '7/FG  Î:F FÎ6  :.170 GÎF  G.G  'ÎG/  :¯ . 7HÎ¯F /FG/Æ ÎG/'   F¯ . 7Î 6'Î.  :F/&  Î.FF7   :6N/ /7  '/ ÎGÎ 

G :. ..7F H7'Î.G&Î¯FÎÎF 70 .. 7 :FÎ  
FÆ6 2 HÎ¯F /FG/Æ  NÆÎ? Î6  Î  'Î. ÎGÎ ÎG  ' '/ :F Î Î  '/ .N7GGF7FG/ ÆÎÎFÎ7G  &   H7G/Æ FGÎ6(ÎHNG7G  G/6
7 )H7G/Æ   .GGG// N¯F7 .. 7 :.667Î G/GÎ¯G  G/6>ÆÎÎ.7G F.ÎF  /.NÆ  FG '/ 7'Î7Î ÎGÎ FÎÆG  G HÎ¯F  �/G/ :.  'N7Î 

FÎG6 ?GÆGG F7ÎFG :¯  :FG7/ FGÎ6( ÎGÎ   'Î.  7 ) G.F7.ÎG.¯ & /F¯7G&  Î:. N GÆÎ G/N. '7/'N.G. FÎ/ '/ �/F7  /.. :¯ ÎGÎ 
.NF.  FG6    .6/ FGÎ6( G N/ ÎGÎ Î&ÎÎF . //ÎFG Î. )ÎG /F.7G :.7NG  'Î. G.G¯FÆ6 . 3  .7GÎÎ>Æ '/ Î.Æ   FÎG   /G// 
.7ÎG   . 7 G/7/ HÎ¯F 7' >ÆÎÎÆ7G  N¯F7 '/Î  G' / :. ..7F  'Î. /F¯7G&70G G/GÎ¯G :FÎ   /N6:.  'Î. /GÎ¯ .  ÎGN  '/

G¯ F7ÎFG FG6 .NF.   .NF.  'Î.  /¯ÆÎ/ FÎ/ '/ �G/6  FÎG6 F7ÎFG :¯  >ÆÎÎ.7G G¯ÎG. G.Æ 7':.  G/G¯. 7F¯ /GÎ¯ .  
7 '/  'Î.ÎF G G' /  /F7NÆ HÎ¯F /FG/Æ /أÆÎG F 7Î: >ÆÎÎ.7G FF7ÎG   7  .  ?.ÎFG G. :¯ /6Î. :F7FG '/     ÎG GÎF   G/7 G N/

 G. 'Î¯    :.6767GأÆÎF Hg¯ '/ .  76 7 7' H  G7G77   H7G/Æ G/6Î/ .. 7 G/7/ 

 
F¯6 2 .  FÎÆG /F¯7G& 7.Î6 '/ .N7GG ÎÎG  ' '/ :F Î   'Î.  NG.G/FF. Æ' /   GÎFF7 ./G70 GÎ.7 FÎ  
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F¯6 3 .  FÎÆG /F¯7G& 7.Î6 '/ .N7GG ÎÎG  ' '/ :F Î   'Î.  NG.G/FF. Æ' /   GÎFF7 ./G20 GÎ.7 FÎ  

7ÎÎFG/ FÆ6  ÎÎG2   3 HÎ¯F /FG/Æ  FÎ¯FÎÎG :¯  FÎ/ '/ .. 7 H7G/Æ  'Î.  ÎÎ6  ?Î NÆ '/ Î'Î..Î  GÎÎ>Æ ¯Î70 �:FÎ 
FÎ¯Î./   'Î.262  FÎG  G HÎ¯F .Î?ÎGÆ'7 '/ 7' G.G  '/ '7/FG FÎ7 �/G/20  :. GÎ.7 FÎ 251  FÎG  .. 7 :. ÎÎ /GÎ¯ G.G.ÆF/ 

 FÎÆG  Î.FF7 �Î.FÎ7 '/ Î/ÎF¯ :F/& ÎG :. G/Î/& FÎ7 .. 7 H7'Î.G& ÎÎG:6N/ /7  /GÎ¯ ÎÎF  6Î..  ÎÎGGؤ G/ :Î6>Æ '/
GGG    FÎG GÎ  .  ?.ÎFG Î/ '  /GÎ¯ ÎÎFÎG :.  Î.FF7 FÎ7 �ÎG/6 Î'76¯. ÎÎ  G>FG  7 .. 7 H7G/Æ .6/  FÎG GÎ  ÎÎG

 :¯ . 7GÎF.7G /'7/ /FNÎ& .7¯F G  .GF /Î/¯Æ Î.. 

FÆ6 4 'ÎF  . ÆÎN SSP1-2.6 'ÎF (ÎNÎ G  /GÎ¯Î? ÎG Î7 'Î¯.F7Î :FÎ.F7 7Î 76 7  Î/ ÎG/Î G �)/ / GÎ:FÎ  F/G .F&
:. Î G G/6 HÎ¯F /FG/Æ .7F >G/ FÎG./7  N¯F7Î 'ÎÆ  'Î.Î.   �. 7FÎG./7 FÎ7 G. /GÎ¯ Î.ÎG F¯ '7/FG '/  :.  'Î.  ÎGN 

6¯GG F7ÎFG '/Î .NF.    F7FG/ ./6 /G7N. G7GGG  ÆÎÎFÎ7G FÎG6 F7ÎFG  G.G¯ /GÎ¯ . 7 FÆGGÎ 7 ./FF¯ :.G.Æ 7'ÎF 
'ÎF ÎN  N. OÎ..7F .Î:FÎF� G HÎ¯F  /G/  .ÎG7/F7 Î.FÎ.  FFGF7 'Î¯.F7 /GÎ¯  ÎÎG Î7:FÎ.F7 Î7>Æ �ÎÎ.7G  H7G/Æ :F7FG '/  'Î.
G  /F7NÆ /G F.ÎF // '/ÎGÎ.  FÎ.   Î. ./FÎG.7ÎF  F7ÎFG '/  'Î. /GÎ¯ �FÎ/Î&ÎÎF . / FÎ� . 7 FÆGG/ ÎGÎ .    '/ 7'

.6/ ÎGÎ /¯Æ H7G/Æ G7G77Î/ ./F¯ 

 
 F¯64 ./F¯7G& FÎÆG   7.Î6 NG.G ÎG  ' '/ :F Î   'Î.Î  '/ .N7GG' /Æ /FF. ./G FF7ÎG  20 Æ  FÎ    . ÆÆأ/ÎG  'Î¯.F7 NÎ'ÎF SSP1-2.6 
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FÆ6 5 'ÎF  '/ÎN SSP2-6.5 7G(ÎG  �)7 N.G 'Î¯.F7 Î. 7 N.G :Î NÆGÎFÎ/ F/G 7N7 G  'Î. /GÎ¯ ÎG GÆÎ . '/ 7'ÎG.¯ 
F7ÎFG G HÎ¯F  /G/G¯ F7ÎFG '/ /GÎ¯ ./6 . FG6 .NF.  'Î.   /F7FG ÆÎÎFÎ7G .ÎG.¯ ./   . 7  FÎG6  'Î.G& F7ÎFG  FÎ6  Î.

G :.7NG  'Î. '7/ÎFÎG /GÎ¯  /FN67 .ÎF >ÆÎÎ.7G G  /F7NÆ G. /GÎ¯ :.ÎHÎ :FÎ./ ' .  /7  . 7 �ÎG ÎGÎ  ÎG GÎF  76 7  Î/  /FÆ
.   H7G/Æ '/ GG.F  ./N6FÆ6 6  . Æ'ÎF ÎN SSP3-7.0 (Î NÆ/ F..G  ..N  G. ÎGÎ 7 ÎF  G �) Î. 'Î¯.F7  Î:FÎ F/G  /GÎ¯ ÎG
/6Î/  F¯ '/  'Î. ÆÎÎFÎ7G :F7FG  7'. 7 G/G¯ Î Î GÎN7ÆFÎÆG /F¯7G& .  'Î.:.   ./   G/6 F¯GGÎF ./6   ?GÆGG F7ÎFG '/
FÎG6  F77 ?.ÎFG :¯(  GأÆÎF ¯G¯�  'Î. /GÎ¯ )/F.7G H7G/Æ . ÎG 7 .. 7ÎF 7G6Î7 /¯Æ :F7FG F¯ '/ 7' .  H7G .Î/ G  /F¯   
G  /F7NÆ /6 /GÎ¯ :.Î/ Î.0ÎG ¯¯. �ÎG/   GÎ� H/6 GÎÆ   ÎGÎF  G H7G .Î7   Î.7 '/  /6N/ '/Î:�Î ¯GF G.FG  ./N6 

 
 F¯65 .  FÎÆG /F¯7G& 7.Î6 '/ .N7GG ÎÎG  ' '/ :F Î   'Î.  NG.G/FF. Æ' /   GÎFF7 ./G20  . Æ  Æ  FÎ  GÎ/أÆ 'Î¯.F7 NÎ'ÎF SSP2-6.5 

 
 F¯66 .  FÎÆG /F¯7G& 7.Î6' / '/ .N7GG ÎÎG  ' '/ :F Î   'Î.  NG.GÆ /FF.   GÎFF7 ./G20  . Æ  Æ  FÎ  GÎ/أÆ 'Î¯.F7 NÎ'ÎF SSP3-7.0 
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Introduction  
The rapid growth of cities and the consequences of climate change, the energy crisis and dependence 
on private cars have highlighted the necessity of urban regeneration and the development of soft 
mobility infrastructure (walking and cycling). The current research aims to integrate the development 
strategy of the soft mobility network in the planning process of revitalization of urban spaces, while 
providing a strategic evaluation framework for the regeneration of urban spaces, and identifying the 
development strategies of the soft mobility network in the revitalization of urban space based on a 
systemic intervention process in the planning of the walking and cycling routes of the 2nd district of 

Tehran municipality. 

Methodology 
For this purpose, first by reviewing the literature and reviewing the international documents, the 
strategic evaluation framework of urban regeneration was developed and using the methodology of 
revealing and testing strange assumptions (SAST), with the participation of organizational decision 
makers while revealing the strategic assumptions of soft network development in urban revitalization, 
after dialectical discussions, the synthesis and integration of system development strategies were 
conducted and based on the level of importance and assurance of the correctness of the assumption of 

the secure planning area, it was presented. 

Findings 
The research findings indicate that the proposed strategies have mainly focused on the physical-spatial 
dimensions, safety, welfare and health of users; measures such as connecting parks, constructing 
pedestrian and bicycle bridges, separating paths, installing safety signs and equipment, emergency and 
medical services, and creating service and welfare stations, and some solutions in the dimensions of 
social justice, institutional participation and technological innovation have also been considered. 
However, improving the dimensions of socio-economic resilience and evaluation frameworks based 
on users' perceptions of the areas that can be developed in the vitality path were identified. 

Conclusion 
The present study, by planning a systemic intervention, while providing a strategic assessment 
framework for soft mobility in urban regeneration, has provided strategic solutions for planning 
cycling and walking routes for vitality, and while creating areas for collective learning and 
collaborative planning, it has provided solutions for the development of soft mobility networks. In 
general, the development of pedestrian and cycling infrastructure not only helps to improve the quality 
of public spaces and the health of citizens but can also lead to the revival of underutilized areas and 

increase social cohesion. 
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1 .Gم/Fم 

(g(6Ik ]d^Al fR,? c (gk .na(+(l� B3 X](Ann ̀e0bbQ ZC' cl QnJn2 4h?k 0b4<g. =44<U /44<Ui (gc3/d.k D.?l  f+
303 >g(Qm<l QnJn2 (g(6Ik ]d^Al 4<b] 2;' e0? [1_'4 + .] (gk 74a' /0B4]k� I'43nP 0?m�0 2]g; F3 cnn1'4 ZM'n^l� 

'4?m8 '4+ [5gk dN3m2 X^/E XNacn43d3d]k (/m3'01 (NMT' (g4h? 3/ )m/(< [ 2;' e/4Q2+ �]f 3d9k (g3(Q3d4;/ fQk 
+n ̀ZZ^Y'l X^/ 1(/gC'4h? XNack  _'dbA f+ '3Tb;(b+k (g4h?k (/m3'0  f4<;4+]l 0bbQ [3 ]fQ 'm` (bB] f+k 0<3m0  4>a

 /3d] 3/d ai O4 3 (g(6I 3/k 4h?k e/44<U ?(^;' .2;' 'k 0/m0 F3 fQ 2;' e0]آnn4 (6(N3k (gc3/d. 5' 4J;k D.?l  f+
X^/ 2^;]d^A XNacl� /ne/( c3k f.4�c/ c 3'd;k '4+k 4;/n+(l (/ G'0g' f+ (g4h?m3'0k 5 cm2< 2/m4k 3c46k [ 2;'4 .] 
4;/n+(l X^/ f+4h? XNack (/m3'0 N] 3/n9(  8NI S36+mP 7c4/i 5m2<  ]n:l m( bIl an�2<  fRZ+mP  13c46
A(^4;'l  G/(D4M'k f](a4+ (+ fQ 2;' 3m6k 4h?k N] 3/n9( b3 \g 3/ S36+ne0 ' .2;' e0?m` F3 [6Z4<] 4]'nn1'4 
_dU4U/ ]3 3أ/ e0bbQn` 5m2.(;4 �(g 4+3(Qk ]5n` Kd@] c (gk ;n4;(l '4+k V4<+'c >g(Ql A 3/ c c3/d. f+n`  /d,h+ W(/
;44;/l '4+k [ 2;' f^g5.]  _'dbA f+mP F3nn4 _dU4U/ 4I5آ(+ �e0bbQmbl 4h?k G  fQe0a55(+ 5(;k m( B;d3j 4h? /0<]k an6 

] f4.(b?l /d? G  _'dbA f+3'6+'k '4+ 0b^330Mk /n/4,@ B;d3j (/m3'0 4h?k (g4h? 3/k  DY(+ c3/W(/ .2;' e/4Q 3dh> fB;d3
ZQ 3d9 f+l� 4I5آ(+mbl 4h?k =g3 f+ (gk '4+ @](;k e0a55(+ 5(;k 4h? L9(b]k  e/(J4;' \Qm( '6I' �e/d;4Im> 

5m2.(;4 (gk In6mRl� 2C4I (gk /(D4M'k /3'/ e3(?' fB](; e(I3 c [6 G 8] .+f  Gg.303 1g.'0]m<l� 4I3'1 +)5آ(R4+'mbl 
(^3mX h;c0b� fQ 0a3'/l 9 c 0b?(+nH ;cnBl 4h? 1gR@] 5'k \g 3d9 f+ '3 .0bbQ G494+ _(]54Raj ' f;d3 X+(Mm`  2;'

<+ fQn3(k e7c4/ 5' (gk 4I5آ(+mbl f+5 2/'4Cm2.(;4 (gk X^/I'43 /4RZ^A Wg4.' c XNa cnP  '3/3d] ] 3'4M G0gl 0bg/ [9 
c 10]� 3d9 f+k  4>b] 5' fQmP (/ 4h?m�3'0 \h; 4I5آ(+mbl (g(6Ik ]d^Al 5 cm2.(;4 (gk X^/ XNac3/ ;44;/ /d,h+l 

/ _'4+(Ane/( f.4�c/ c ]d^A 1(]0. f+ _'3'd;l Z ]l [ 2;' f;d3 X+(M P? _c0+11.] 
3/ 'm`  (4;'3X<a 0;m0 f](a4+ (gk 4h?k +n ̀ZZ^Y'l X](? f](a4+ (gk B;d3j 4h?k� f](a4+ (gk X^/c(/ XNam3'0 4h?k� 
(^3mX Q43 f+n*  1(]'0M'4I5آ(+mbl 4h?k (+ O4 3 [4a2 /(ne/( 3'0]k c f.4�c/ 3'd;k(;c �mX ZNajn En3d3d]4k  3(@4a' _c0+

(g5(Uk fa(.ZU 'k� X^/Q'44?' XNacl� X^/]d^A XNacl E c O(/ c 6,;ne4[ /3'/ )12]� +f 3d9k  G'0g' fQB;d3j (/m3'0 
 XZ] _(]5(;3/ ]5nbj «5m2.(;4 (gk )(3 3cآ»  c«(g4h?k (/m3'0» [13X^BY'3d4;/ c ] (gk (/c3'lm '4+k 7dYdQ' 3'2UmRl [14 ]
a(h; _(]5(; cl f](a4+ 3/ 2?'0h+ 3m6k 4h?k 4+ c43m: /ne/( 3'0]k f.4�c/ c 3'd;k Q3أn0 [ 0a3'/15 X^BY'3d4;/ .]«5(;5(+k 

(/m3'0 c 4I5آ(+mbl 4h?k» ](a4+j _(R;' 4@+ _(]5(; XZ] 0 4] (+ Q3أn0 ;44;/ c O4 3 4+l  1(]'0M' [(E/'/d,h+ O4 3  3/ [4a
/49 3m6k 4I5آ(+mbl 4h?k e/4Q f4<;4+ '3  .0a' 

/49 3m6k 4I5آ(+mbl 4h?k� 3/  f;Z/4]j 53'm+(l e/(]آ c 5(;k� f](a4+ 3m6k /'49 cl e4h+ c 2.(; �'4;' c 3'/4+k  4>a 3/
] f4I4Ul /d? [16 3/ c ]Z/4]j 2<.a )d�3(� (gk 53'm+(l (/m3'0k 53' cm+(l 83'44;'mP  ]n:l (SEA)3 /3d] Q3أn0 3'4M 

]l Un0a4)d�3(� . (gk 53'm+(l (/m3'0k ]l 0ba'd3 3'6+' _'dbA f+k '4+k ^D3n\ Un4k  3/4I'm0b 4I5آ(+mbl 4h?k 0bbQ X^A� +f 
3d9k 53' fQm+(l 83'44;'mP B;d3j R,?j O4 3 [4a� (;(b?lm  1'47'dNY(+i   ]n:l Yc' X/'4] 3/nf 4I'm0b ^D3n\ Un4k  \g'4I
c  _(R]'B;d3j 83'44;'k (g c [(E/' 1(]'0M' O4 3 [4a 3/ /49 3m6k 4I5آ(+mbl 4h?k '3 \g'4I ]l 0bQ [17.] 

/n�nU0l '4Im(g0bk /49 3m6k 4I5آ(+mbl 4h?k  5'mPd; f+ >a'/ ]n_( f4?3 'k c DD.30b�l 5(na  e(Va 13c46 fQ /3'/
XQ ; c 4Van^4<l ] /4:] '3l /5(; [18d; 5' .]k /m4V� ZAl\E3 aآfR f](a4+ (+ d<^g (gk +n ̀ZZ^Y'l ; 1g.'0]n^4<l  3/

 G0g /3d] (g4h?B;d3j (/m3'0 4h?k e/d+ 0a'  �5d/i  f+ 7d+4]4I5آ(+mbl (g(6Ik ?4hk  5dbgf++d.l ;34+l  0M(I c e0@a
=c3 (gk JZ3nNl '4+k f](a4+ 3m6k m( /49 3m6k 4I5آ(+mbl (/m3'0 [ 2;'19.] 

                                                           
1. Non-Motorized Transport (NMT) 
2. Soft Mobility 
3. Strategic Environment Assessment 
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Z&<]j 3'2U O4 3 (g(6I 3/k 4h?k c F3nn4 (6(N3k 4J; 5' c3/d.k D.?l / f+ne/( 3'0]k f.4�c/ c 3'd;k  4h? 3/
 X6B] c/ f+ f;d3 (+ _'4h3\g3/ b3n0i I'43nP U/dYآ cl f](a4+ f;d3 /3d] e3'd^g 'dg 3m_'6 4h?k  \R/ fQ _(b�^g �2;' e/d+

19 ](a4+j [3(h� Wd 3 c /n2I4@ 4h? _'4h3 (1401-1404E43 )n* d@3 cmL  c 1g ] 3/ f.4�c/ 5' e/(J4;' f+ _'0ac4h?
' 4+(B]m`^ 4h?k [ 2;' e/'/ 3'4M G0g /3d] '320 (+ .]'m`/d;c� '4;'k /49 (gk B;d3j O4 3 [4a X](? /ne/( 3'0]k� 
f.4�c/ 3'd;k c (g4J;k Q'44?'l NId]n2 a'0b�l '3 3/ F3nn4 3(4I3 _'0ac4h? a'4h3l _(@a ^al 0g/� +f 3d9k fQ 4h? _'4h3 
/c0/ 20 ]nZn_d 4J; a'5c3j _c3/4h?k '3 ] f+4<3l 0bbQ  1(Ag9' c 3(]آ L,9 fQX^/ XNac I'43 cnP _'4h3 4h?� 55  0C3/
(g4J;k a'5c3j a'4h3 _'0ac4h?l (;c 5' e/(J4;' (+mX ZNajn D.?l� 33  0C3/a(](;j X^/c]d^A XNal� 7 0C3/ ;3d3d]n�2ZR 

 c f.4�c/m ((;m4 (;cmX ZNanf ' c e0? [(<a'm`  ?d6d]_(@a 0bg/i V4<+'cl g(+k (gc3/d. f+ _'0ac4h?k D.?l  4+ c 2;'
(g3(]9 آ(;'k W44bQ U/dYآl 'dgk 4h? �_'4h3 (;c �(gc3/d.( O4 4] @+(b]mX ZNajn /mY6l ;3d3d] cn2ZR (g )_(b�^g ZC'l

43m` X](A U/dYآl 'dgk _'4h3 0b4<g. 
f+ 4>a ]l 0;3 fQ Z&<]j 3'2U '3'/ _'0ac4h? O4 3k / /(B+'n�ne0 'k a fQ 2;'n5( 0a'5(+ f+m@l  3/&'3'j (g3(Rg'3k B;d3j 
R,?j O4 3 (6I 3/ [4ak 4h?k 3c46 '3k  4+ .2;' f4.(;'m`(b,]� '4I 4+ 6Q4^3 (+ 46(/ >gc8/m0b /49 3m6k <]n4 
/ne/( c3k f.4�c/ c 3'd;k U0a54;l 3'/4h?k N:b]j 2 (]5آ _'dbA f+ fQ _'4h3me(V@ e0a55(+ 5(;k (6Ik 4h?k F3 cnn4  3(4I3

 /49 f+ �2;' /4:] _'0ac4h? O4 3mP Z.'0]j ;n^4<l (;(b? 3d>b] f+lm 83'44;'k (g  1(]'0M' cB;d3j R,?j O4 3 [4a 
3/ /49 3m6k e0a55(+ 5(;k (6Ik 4h?k f4.'/4/ 2;'� +f 3d9k fQ (+ ;34+l +/'n1( c 3c4] /(b;' +n ̀ZZ^Y'l� )d�3(� 53'm+(l 

83'44;'mP O4 3 [4a 3/ 4I5آ(+mbl 4h?k '3 c03m` c (+ 2Q3(@] f](a4+ 3m_'6 c 0]m_'4 4h?k U3/n4 fZ&<] 4+ (b,]k 
=c3 ;(b?l ;n^4<l 5(;3(R?آk c _d]5آ /n> E4I (gk 83'44;'mP (SAST(g3(Rg'3 �)k 83'44;'mP Q43n*  1(]'0M'B;d3j 
R,?j O4 3 (;(b? '3 [4alm  cN:b]j f](a4+ 3m6k `&^:] '3 3/ /49 e0a55(+ 5(;k <]n4 /ne/( c3k c f.4�c/ 3'd;k U0a54;l 
f&'3' e/'/ 2;'. 

2 .7N7م ./'Î.' N 777.Î پÎ;ÎGF 
O4 3 4h?k;34+ 3/ :l +/'n�1( 4h? O4 3k X^/ 4>b] 5' /4I O4 3 f+ XNack� B^;l 3(+ ck fN,9 0b+k ]l /d? O4 3 .
/4Ik1 (gc3/d. 5' e/(J4;' X](?k D.?l� ;3d3d]n�2ZR f.4�c/ c /ne/( c3k B^; O4 3 .2;'l2 X^/ X](? ]d^A XNacl 

<Q(3 c 'd]'43 �c44] �9d+d3' 0ba(]l (gk Q'44?'l 3(+ O4 3 c 2;'k3 +(;f (;lm ](Q X](? �4h? _c3/ (gg(Qn_d �(g _c (g c 
f.4�c/ (gk 3(+k  2;'[21 .]c3m(g/4Rk dam` 3/ ;n3'2V4;(k c f](a4+ 3m6k 4h? O4 3k� c3m/4R (/ O4 3m3'04 ]3أ f+n` 

an(g5(k X^/ XNac _c0+ ;آn* f+  ]n8  5m2< c X<a (gk آme0b  c 2;' 6Q4^4]B;d3j X^/ ]d^A XNacl� <]n(g4k �f.4�c/ 
>g(Q 3(@4a' `+4Q ] X](? '3l /d?c3 .m/4R 0b^?dg O4 35 3c(bI 5' e/(J4;'k (gk /m<nW(4 '4+k '3(Q /d,h+lm  c+4<3j  4+3(Q

; X](? c e/'/ 3'4M f;d3 /3d] '3n\4< (gk X^/ XNac 0b^?dg Z/' cnRn`@ (gk <]n4 m+(l  2;'[22 .]c3m/4R  O4 3mf�3(0R6 
Q43n* 0] 0b�W X^/  XNac 3/mP [4J4Z/ O44@] <Q(3 �c44] �9d+d3' O'44?' 0ba(]l 'm4a44bl� f.4�c/ c c3/d. 3/ mP 
Z/'nRn`@ ] X](? '3l /d? [21.] 

[4a O4 37
 f+   _'dbAc3m/4R _(<a' 5 c O4 3 3d ]mfAd^<]4 'k 5' O4 3 /4Ik  X](?R?X (gk En3d3d]4k \Q c  4+ 47'

 ]n8  5m2< / 0ba(]ne/( c3k� f.4�c/ 3'd;k (g43dR;' ck  3/ fQ 2;' P,;;n3'2V4;(k (gk dam` 4h?k (;me(V cme8 'k 
mf4I( 2;' [23 .]O4 3 [4a (/ O4 3 3/m�3'0 f+   _'dbA4<gj ZC'l 5 1'47' >g(Qm2<  ]n:l (N33' ck ]d^A 2]g;l�  3/

                                                           
1. Individual Mobility 
2. Collective Mobility 
3. Freight Mobility 
4. Sustainable Mobility 
5. Smart Mobility 
6. Mobility as a Service - MaaS 
7. Soft Mobility 
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 O4 3m�f�3(0R f+  0] _'dbAW X^R] X^/ ]d^A XNacl [4J4Z/ 3/ (gk Q43n,l [21�] f+ �0b^?dg O4 3 3/ c   _'dbA@.+l  5'
;dQ'n\4< e/'/ 3d ] c /m<nW(4 fQ (+ 3c(bIk (gk dam` 0ba(] Z/'nRn`@ (gk O'44?' 3'2Uk c Z 3nX <]n4 Q43n* ]l /d? [22 .]
Wc0; 1 (;me(V  4>b] 5' O4 3 ?'da' 3/ '3 [4a O4 3X^/cXNa 4h?k c3 (+ 7(,33' cm(g/4Rk dam` ;n3'2V4;(k  O4 3
4h?k f&'3' e/4Q 2;' .(+ f;d3 f+ \g '6I'lm ] [4a O4 3n_( c3 c O4 3 ?'da'm(g/4Rk ;n4;(l� O4 3 ]5 [4anfb 5(; B;d3j 

(g4h?k (/m�3'0 _(<a'  3cآda c 3d ]3/ 4>a f4I4U ]l /d?. 

 FL01ج. (;me(V  O4 3 ?'da' 3/ [4a O4 3c c3m(g/4Rk dam` ;n3'2V4;(k X^/cXNa 4h?k 
 VN'¯ ¯8/. G8Jج' VN'¯ ¯8/. G8J L7V'P/8¯T MJVIج' ./MJ ¯8ع

O4 3 /4Ik 
@.+ [4a O4 3l /4I O4 3 5'k  8NI (]' �2;'

Q3أ (+n0 =c3 4+ (gk En3d3d]4k /(n�e/(  �f.4�c/
)43dR;' 

O4 3 (/m3'0 4<gj ZC'l 5 1'47' >g(Qm2<  ]n:l 44^Q(m` 47' 
3(@4a' `+4Q 3/ /ne/( c3k  cf.4�c/3'd;k) 

O4 3 B^;l X^/ X^R] ]d^A XNacl <](n(g4k f.4�c/ 
XD4] f+ 'me(V4<) O4 3 0b^?dg e4h+ Un4k 5' 3c(bIk '4+k 0]m4m2 c e/'/ c(Qk 

Z/'(nRn`@ (gk O'44?' 3'2Uk )43dR;' c f.4�c/ 

O4 3 3(+k f.4�c/ (gk 3(+k (;c cmX P,; '4+k 5d3m@ 
g(Q 3/ 6Q4] 4h? O4 3 mf�3(0R Q43 3/ X^R] 0]n* (+ X^/ XNac ]d^Al <] W(D3'(n4 

 c c44] f+ f.4�c/.).. 
[12 �21 c 22] 

4I5آ(+mbl 4h?k1  _'dbA f+mP 4I'm0b mf�3(0R U'4I cn4 I 1(]'0M' fQn6mRl� 5m2<  ]n:l� A(^4;'l /(D4M' ck g (+ '3\ 
Q43n* ]l �0bQ  _'dbA f+mRl 5' (g3'6+'k @](;  47ؤ] c 1(.3' ;n2;( (gk (N33'k (g4h?k )(3 `]' �433cآ (/ c 43m433'0 /4:] 

 0b4<g[23 .]3/ +/'n1( 4I5آ(+mbl 4h?k e0a55(+ [dhJ] 5(;k 4h?k2 c 5(+ e0a5 5(;k (6Ik 4h?k3 (bB] f+k ]/n_0 3(+c/i 
U0a5l (g(6I f+k 4h?k (g(6I 4+ 6Q4^3 (+k ]d^Al� .n_(+( �(g ]n_'0 (g c O3(/ (g. +n44@ 4+ f,b; (gk (6Ilm c QnJn2 
U0a5l 3/ (g(6Ik ]d^Al 6Q4^3 /3'/. e0a55(+ 5(;k f+  c3 _'dbAm/4Rk f4?30b� 'k /4:] 2;'  /(B+' f+ �0,Y(Q 4+ ecgA fQ
Vbg4Il� A(^4;'l 5 cm2<  ]n:l an6 U'4I 13dC f+ 2;' [5g f;d3n�4 4Q3(@]l� c (/m3'0 0b?(+ 4+'4+(a >g(Q f+ ck�  >J/

]n5'4 Vbg4Il� (N33' ck QnJn2 U0a5l  0bbQ P^Q[1  c16.] 
X<a 0;m0 f](a4+ (gk B;d3j 4h?k c f](a4+ (gk X^/c(/ XNam3'0 4h?k (^3mX Q43 f+n*  1(]'0M'4I5آ(+mbl 4h?k  c

 4+ ./3'/ [4a O4 3'm`(b,]  f+ f;d3 (+Z&<]j >gc8/ / 3c4]n@nfb  f; 3/]5nbj 4I5آ(+mbl e0a55(+ c 5(;k (g(6Ik 4h?k� ]5nbj 
4I5آ(+mbl 4h?k Q43 4+ 6Q4^3 (+n* e0a55(+ 1(]'0M' 5(;k / c [4a O4 3ne/( 3'0]k  cf.4�c/3'd;k a cn6  3/]5nbj )d�3(� (gk 
53'm+(l '4I 3/m0b f](a4+ 3m6k 4I5آ(+mbl 4h?k ;34+ /3d]l  .2I4U 3'4M 

3/ ;34+l  3/ 1(BY(:]]5nbj 4I5آ(+mbl c e0a55(+ 5(;k (6Ik 4h?k Og c _'3(R^g (2019 )f+ e0a55(+ 5(;k (g(6Ik 5'
2;/4I3j 5m4 e'4U36+ X/ c (g (gk 4h?k  .0b4.'/4/c8/ :m(4a e0?/(m >g] _(@al 0g/ ;43n1(  83'44;' 4+ _'4+3(Qk (gk 
/'49l ' 0ba(]mb^l b]' cn�2 I [(<<a'n6mRl� /m0 c �4>b] U0a54;l� 4/'3 c LZB3 :/l /'49 3/l (g(6Ik Q3أ e0@^Un0  ./3'/

'm` a fBY(:]n(g5( (g(6I 5' _'4+3(Q 1'3(>4a' ck 4h?k @^Ue0 ] f4<;4+ '3l 0bQ [24 .]4Y(+nP (2023 )f+ 4I5آ(+mbl (g(6Ik 
]d^Al 4h?k /' cn(k ]n5'4 3(^B]k f4.'/4/ c f+ ;34+l =c3 (gk '4+ fa'3cآdak + 7(,33' O3/n` 4I5آ(+mbl (g(6Ik ]d^Al 
/' cn(k ]n5'4 3(^B]k (+ 'm/(< 4h? 6Q'4]k _(R] c _30] (gk A(^4;' 1(Mg]l ]l /5'/4/ [25]b.'c .ndRb� (2023+ )( ;34+l 

X&(<] e0a55(+ 5(;k (g(6Ik ]d^Al 4h?k 4+ B;d3j e'3 X/ (gk ZQn0k f](a4+ 3m6k c (+ L+(:]mU8l (g 4]'3(/ c(g4k D.@]j 
mP  3/ '3 A(. _(R]4I'm0b /'n(k ]d^A L9(b]l /3d] Q3أn0 3'4M ]l 0g/ [26 .]Z/nZ<l ( _'3(R^g c20224I5آ(+ )mbl 4h?k 

4C4I _'dbA f+l '4+k /'49l X^/ /0<](/ XNacm3'0 ' 3/mY(4n( / A(. 3d9 f+ c 2;' f4.(; /4:] '3n(g/(hb@k f&'3' e0?
4h? 8;d33'/k (gk HZ4.] 49 5' '3mL c3m/4Rk (N]mf< 'k  4+ 6Q4^3 (+ cB;d3j (g(6I /0<]k  /d,h+ �5(+X^/c c XNa

                                                           
1. Urban Regeneration 
2. Urban Revitalization 
3. Urban Space Revitalization 



 Î           615گN/H'8  'لحÎص Î 8G6Î ... فض' Îس'9 .'99ن/G /7 ن8م .ح6Æ ¯8.ک ¯Î'س.8'.ژ N.Æسع

;44;/l 6<3mfcZ 3nX ]l 0bQ [21 .]34,Yآl (2023;34+ f+ )l <]n(g4lm d; f+k ] _(@a c f4.'/4/ c3/d.(</ 4h?l 0g/ 
/ne/( e'3 5(;k (glm ' G0g (+ fQm/(<  ]n8 (gk 2adR; X+(M ] [(<a' 43l 0ad? (+m0 c3 f+mf (glm _3 آ/ fQ  2Y'0A G'0g' (g

A(^4;'l (^/ cm2 B^; 2Q3(@] cn2 (gk \Q  3/ 0]3/4آI'm0b ac3/ Wd 3l ]l �/d?  f;d3f4?'/  0b?(+[27 .]3mRnY/3(l  c
( _'3(R^g20254I5آ(+ )mbl 4h?k '3 /'49 5'l 3cآda (3k A(^4;'l (+ 6Q4^3 4+ 5m(,lm ;(b?l ;34+l ]l 0bQ ] _(@a cl 0g/ 
5 fadV�m(,lm ;(b?l Vbg4Il� 3cآdak A(^4;'l� 5(;4h?k 4Q3(@]l 4I3' /3 +)5آ fB](; e(I3 cmbl 4h?k '0gm2 ]l 0bQ [28.] 
3/ ]5nbj 4I5آ(+mbl 4h?k e0a55(+ 4+ 6Q4^3 (+ 5(;k / c [4a O4 3ne/( 3'0]k f.4�c/ c 3'd;k ( _'3(R^g c d;d3(U2018 f+ )

;n2;( m�3(0Rj 4I5آ(+mbl 4h?k f](a4+ c 3m6k O4 3 '4+ [4ak fI4C d;lm 74a' G4D] 3/k X^/c c 0b4.'/4/ XNa
;n2;( (gk mf�3(0R 74a' G4D] 4>a 5' '3k '4+ 44^Qk B](;j 4h?k  f&'3'//' 0a[12 .]f4bY'c ( _'3(R^g c2021(+ f+ )4I5آmbl 
 ]n:l fR,? c [4a O4 3 [(E/' (+ (gk .na(+(l  3/ 6,;?(/jn _gQ 0b4.'/4/ X/(a 4h?. BY(:]e0?/(m j mP R,?j .4�c/j 
(/m3'0 <] cn(g4k / 4+(Ane/( '4+ '3k /49 3m6k 3 آ/me0b /n/(hb@ ]l 0g/ [1 .]dac4+ (2020>Y(� X/ ) (gk <]n4  (+ '3 f.4�c/

4I W(^A''m(g0bk ^Q(/n2 4Q3(@]l c 4;/n+(l + ?(^;' f+n` 1k_(BJa U3/ HZ4.]n4 dD3 (+m* '4+ A(. 1'34N]k .n_(+( (gk 
f.4�c/ 3'd;k /n/(hb@ ]l 0g/ [29 .]34QnZ<l ( _'3(R^g c2022 )(+ 4I5آ(+mbl 4h?k 3 W(a(Q 30b+ 3/ [4a O4 3 cm^nbl  3/

'mY(4n(� Q /d,h+ fadV� 0a/'/ _(@anJn2 <]n(g4k f.4�c/ 3'd;k//ne/( c3k ]l 0a'd3 QnJn2 (g(6Ik 4h?k '6I' '3m> 0g/� +f 
3d9k fQ <]n(g4k 0;m�0 5m2.(;4 6,;k 'm/(< ]l 0bbQ 49 5' fQmL (N33'k ;n\4< (gk X^/(/ XNacm3'0 '6I' cm> (g(6Ik 

4h? 6,;k� g4@)3 آa' >g(Q f+me0b (g ] P^Ql 0bQ [30 .]d3dY/ c 3(R^g'_ (2022f](a4+ f+ ) 3m6k 4Q3(@]l '4+ [4a O4 3k 
(g4h?k g(V@a'/l c(/ 3/m( '4;' c 0b4.'/4/k 4I'm0b 4Q3(@]l  5' e/(J4;' (+mP f](a4+ 3'6+' 3m6k 4Q3(@]l b4,]l Z+(M 4+n2 (gk 
 XUdU'3 /n/(hb@ 0a/'/ [31 .]c3(] ( _'3(R^g c2022/'49 f+ )l (g(6I O44@]k ]d^Al '4+k /(J4;'i / _'4+(Ane/(  O4 3 c

4I4 +)5آ>b] 5' [4ambl 0b4.'/4/ (g(6I */(D35(+ 4+ ck 4h? 5(+k 49 5'mL g0a(]5(;l Y(BIn2 (g (^/ 3/m2 ec4U 5' (glm  fQ
+n44@ /c0 ] 5'm2 (gk f^g Un4k ] :a3l �0a4+ 0Y'c c _'3/(] �_'0b^Y(; �_(Q/dQ 0ba(]m�` e/'da(. (gk NIn�4 0; _(bQ(;m0 

;3(.l� Q3أn0 0a/4Q [32 .]3'4Ik ( _'3(R^g c2024]4J4Z/ )l f.4�c/ _0? 3'd;k 4I3 +)5آ/mbl 4h?k � 3/n` /3 (+ '3m+(l 
B;d3j a(h;l ;n\4< (gk 73أ c f.4�c/ O'44?'n1'4 _0/ آB4](/ 4+ (gm3'0k bIl� 5m2<  ]n:l� Vbg4Il/(D4M' �k A(^4;' cl 
/3d] ;34+l  3'4Ma/'/0 [33 .]9(<Y(+ (2025 )mP  W0]mf�3(0R  >a'/ 3(@4a' c LZ.3/ mP 4I'm0b f](a4+ 3m6k (@]4Q3l '4+k 
Z 3nX 3(]'0M' 1(.3'l / >g(Q G0g (+n(g0](k Jb]l /(J4;'i +n> d@3 c c3/d. 5' 0/ 5'mL / 43g(+ /d:;ne/( c3k� 

f.4�c/ 3'd;k  cX^/c]d^A XNal /n/(hb@  2;' e/'/[2 .];/آn(b ( _'3(R^g c2025' )m/(< 4h? 4>(b]k 49 5'mL e0a55(+ 5(;k 
(b,] 4+k f](a4+ WdC' 3m6k <]n4 f.4�c/ 3'd;k '4+k B;d3j 4V?/4Uk  /4:] '3 Q/40a [34.] 
3/ ]5nbj )d�3(� (gk 53'm+(l 83'44;'mP '4I 3/m0b f](a4+ 3m6k 4I5آ(+mbl 4h?k ( `�2022;34+ f+ )l 83'44;'k 4I5آ(+mbl 
. 4>b]n_(+( 4+ (b,]k 53'm+(l bg1l +4<3j /ne/( c3k f4.'/4/ c cmU8l (gk . 4>b]n_(+( (gk (63 (+m2 g(+k / _'4+(Ane/( 6<3mfc

Z 3nX 83'44;' ck (gk 4I5آ(+mbl .n_(+( (g '3  2;' e/'/ f&'3'[35 .]/k ( _'3(R^g c dQc32023+d�3(� )l '4+k c3m/4R b4,]l  4+
'4+ 4+3(Q O'3/'k f](a4+ 3/ 4>b] 5' 2>(J/ [(E/' 3m6k O4 3 [4a /'49l  0a/4Qc /'/ _(@a0a 2/m=4 )d�3(� (gk 53'm+(l 

(/m3'0k ]l 0a'd3 '6I' 3/m> Z ] 2I(+ [(E/'l� A(^4;' e(I3l /(D4M' Lac3 ck� QnJn2  ]n:l 1 2Q3(@] ck_(BJa  fZ ] /:; 3/
f,b; 5' fQ (gk ZC'l 4I5آ(+mbl 4h?k  0?(+ f4?'/ >Na �0b4<g[17 .]g/ 0;'n(b (202553' f+ )m+(l 73أn1'4 /(D4M'k A(^4;' cl 

4I5آ(+mbl mP ?53c O3(/l ;3 3/ e3d>b]0b�nd 4+g(Qm(  f4.'/4/c lAda =c3 )d�3(� 4.(b?l '4+k 0,3mX 'm` (g(6Ik 4h?k 
5 f+ fQc44]m2.(;4 (gk  e3d>b]0b�mf�3(0R  1(.3'2;' e/4Q(4a .m: 53'm+(l� <a(4/nX Wd 3 4Iآm` 5m2.(;4 (gk  '3 e3d>b]0b�
] f4<;4+l 0bQ (a'd3 clm _3' /3 'آ (gm/(< 73أn1'4 A(^4;'l /(D4M' ck ] f4<;4+ f;d3 X+(Ml /5(; [36.] 

3c4] 1(BY(:] /n@n`�  (3(;lm / 5' fQm0 2?2U _(NN ]� ] _(@al 0g/ ZAl\E3 Q3أn0 (4am: DD.30b� 4+ 1(BY(:]l 
a c _/d+n5( 83'44;' f+k (gk  c fZ.'0]Q3أn0 4+ ; =4Van^4<l  3//493m6k 4I5آ(+mbl 4h?k c an5( f+ ?(^;' 1k_(BJa c 
f](a4+ 3m6k 4Q3(@]l '4Im0b /49 3m6k 'm` e5d/ _(b�^g f4.(b?(a 2;' .ecgA 4+ _آ� )d�3(� (gk 53'm+(l 83'44;'mP 
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O4 3 [4a 3/ [(E/' (+ /49 3m6k e0a55(+ 5(;k <+n3( /c0 ] 0b4<g .b�^gn`� aآ f+ f;d3 (+fR  3/B;d3j e'3 X/ (gk 
83'44;'mP /49 3m6k 4I5آ(+mbl 4h?k L+(:3 c (+mU8l (g fD.@] c (gk A(. a(R]l /3d] Q3أn0 �2;' B;d3j 
83'44;'k (gk R,?j O4 3 [4a 3/ /49 3m6k '4Im0b e0a55(+ 5(;k 4h?k 3/ _gQ4h? _'4h3 an6 (3 _dbQ ;4a [(<a' f+ne0 

 4+ .2;''m`(b,]� 3cآdak Q43 f+ f;d3 (+ >gc8/n* 53' )d�3(� [(E/' c fa(Mg.m+(l 83'44;'mP /49 3m6k 4I5آ(+mbl  O4 3
 3/ [4amP '4Im0b f](a4+ 3m6k 4Q3(@]l 9l mP Z.'0]j ;n^4<l f](a4+ ?(^;' 3d>b] f+ [4a 3m_'6 4h?k (;(b? 3/lm  c

53'm+(l 83'44;'k (gk B;d3j R,?j O4 3 ,3 [4ann` ]l /d?. 

3 .8N77'F:Î 
=c3 ;(b?l Q43 13dC f+ c fZ/4] c/ 3/ 46(/ >gc8/n,l c3 5'm(g/4Rk ^Ql Q cnJl  3/ .2;'Z/4]j Wc'  )d�3(� 2?(Va
53'm+(l 83'44;'mP B;d3j R,?j O4 3 e0a55(+ 3/ [4a 5(;k (6Ik 4h?k + /(b;' c 1g(N] 3c4] (+ fQ 2;'n ̀ZZ^Y'l (b,] 4+ ck 
Z 3nX (;(b? f+ 'd4 ]lm  c /(B+'fJYؤ] (gk O4 ] 4I3 +)5آ/ [4ambl 4h?k  /49 (+ f]'/' 3/ .2;' f4.'/4/Z.'0]j ;n^4<l 4+ 
(b,]k =c3 ;(b?l 5(;3(R?آk c _d]5آ /n> E4I (gk 83'44;'mP 1(SAST =g3 )0? `^6 ;34+l 53' )d�3(� @](;m+(l 

(;(b?lme0? ' (+m/(< (6Ik a(^4JUl / 1(8/(,] cm4RY(nRl +n` 2Q3(@] 3'/4h? _(U0bbQk 5(;3(R?آ f+ �_'4h3k 53' cm+(l 
83'44;'k (gk B;d3j R,?j O4 3 [4a 3/ /49 3m6k 4I5آ(+mbl 4h?k <]n4 /ne/( c3k c f.4�c/ 3'd;k U0a54;l f4.'/4/ /d? .

3/ f]'/'� =c3 ;(b?l Z.'0]j ;n^4<l f+ 13dC 4D4.] /4? e/'/ e0? 2;'. 
5(;3(R?آk c _/d]5آ /n> E4I (gk 83'44;'mP (SAST :)mP c3m/4R ;n^4<l '4+k mU/(n4k 3/ BMd]n2  / X&(<]n�ne0 

' .2;'m` =c3 ;(b?l mRl 5' c3m(g/4Rk ;n^4<l [4a 2;' fQ NId]n2 (gk \@� Un4k 3/ 0]m4m2 /n�nU0l /me(U0 (gk 
1c(J4] 1k _(BJa U3/n4  /3'/ fZ&<] 3/[37 .]'m` c3m/4R ]l 0?dQ (3 >R^@Q (g '3 3(R?آ c bZAl 0bQ c f+ _'dbA (hb3 e'3 
4;/n+(l f+ 64b;k e0a5(; 5' _(h; +nbl (gk  �HZ4.]^gj _آ (g '0g '3m2  d<^g c0bQ .3/ '4;'k c3 X/'4]m/4R SAST 3(h� 
Z/4]j ZC'l R@3 X](?nX  _/4Q 3(R?آ �ec4U/n> E4I �(g 1(8/(,] /m4RY(nRl c mf�3(0R 5(;k  )64b;(3/ 4>a f4I4U ]l /d? 
[38 .]=c3 (gk  3/ e/(J4;' /3d]SAST 13(,A'0a 5' :Z 3nX 1k�_(BJa 4D3m/ /n> E4I (g c f,33 0b+k /n> E4I (g V^g fQl 
 5'Z/4]j 0/m5(;3'0k /n>E4I (g 3/ =c3 ;(b?l '3 4@/na(,l ]l 0bbQ .f,33 0b+k /n>E4I (g (+ f;d3 f+ c/ B]n3( 5m4 ['0M' f+ 
f,33 0b+k /n> E4I (g ]l 0bQ: 
 ^g'n2 'm` /n> E4I (g ] 4>a 5'n_'6 73أn3'2U4k 4+ NId]n2 m( [0A NId]n2 83'44;'k 30N� �2;' 
 30N� 2,<a f+ W(^4/' ?dMc m( K0C e3'6U (gk /d;d] 3/ /n> E4I (g ^9'n_(b 3'/m�\ 

3/ (ham2� 4/^g'n2 43m` /n> E4I (glm '3 fQ 83'44;'k /n/(hb@k 2Q3(@] _(U0bbQ f+ _آ f4<+'c �2;' B.@] ]l /d?. 
3/ 'm`  >gc8/'4+k @^;3cآk 1(Ag9' /3d] an5( 5' 1(Ag9' fa(.+(4Q 'k �1'0b4<] =3'6U �(g a'dMn` c 1'34N] �8,34] 
>gc8/ (gk /n@n�`  1(D.@] .2;' e0? e/(J4;'2Q3(@]_(U0bbQ Q43 X](? >gc8/n,l (^a 5'm_(U0b f](a4+ 3m_'6  c
^D3n\ _'5(; 3'/4h?k '4I 3/ fQ _'4h3m0b Z.'0]j ;n^4<l c 5(;3(R?آk /n> E4I (gk 83'44;'mP 3/ f,/(D] (gk gc4Ul 

 2Q3(@]f4?'/ �0a' 3/ Wc0; 2 .2;' e0? f&'3' 
^63 3d>b] f+n` 3(,4A' mf4I( (gk >gc8/ �46(/ fAd^<] 'k 5' c3m(g/4Rk X^R] /3d] e/(J4;' 3'4M 2I4U .�2<.a 3(,4A' 

ac3/l )d�3(� /n/(hb@k 5' 49mL \g d;lm /(B+' c fJYؤ] (gk 9'4.4;' e0? (+ a(,]l 4>ak c 1(BY(:] +n ̀ZZ^Y'l ;34+l 0? .
'm` \g d;lm _(@a /'/  )d�3(�B;d3j R,?j e0a55(+ 3/ [4a O4 3 5(;k 4h?k� 3mf@ +/' 3/n1( a(h; 4,4B]l  5' c /3'/a'd4@/j 

4>ak I(Ql + 3(,4A' �[c/ .2;' 3'/3d.4+nac4l e4h+ f+ f;d3 (+ >gc8/ Un4k + @+(b] 5'n ̀ZZ^Y'l dN3 �1'34N] c /(b;' 3c4] cm2 
?0 �+f 'm`343n* )d�3(� /n/(hb@k Z+(Mn2 ,:3nL c ^B3n\ 3/ (;m4 (g4h? c ]5nfb (gk f+(@] '3 3'//. 

(/ 4>b] 5'm(lm� ](^3l X/'4] Z 3nX �'d4 ] 9'4.4;' c f,33 0b+k /n> E4I (g 3/ *Y(M =c3 ;(b?l SAST f+  [(>a 13dC  0b]

                                                           
1. Strategic Assumption Surfacing Testing (SAST) 
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 cYd35(+ _(R]' (3 0? '4;' G(J?n0 (4am:  \g'4Id?/b�^g .n`� e/'/ @+(b] ?db3 'k fa(.+(4Q /(b;' X](? 'k� =3'6U a'dM �(gn`  c
f,/(D] c 1'34N] (gk gc4Ul 1 (+k �_(BJa Adal 6Z8] 5(;k =c3 4.(b?l 'm/(< '6I' *;d] fQ /4Qm> (4a 3(,4A'm: 0?. 

(ha 3/m�2 2Q3(@] 3(,4A' a _(U0bbQn6 ^h] >Nal dN3 3/m2 mf4I( (g (^a 3d6/ .2?'/m_(U0b f](a4+ 3m_'6 ^D3 cn\ _'5(; 
3'/4h?k '4I 3/ _'4h3m0b / 1(8/(,]m4RY(nRl� Ac4@]n2 Z^A 3(,4A' cn3(l / )d�3(�n/(hb@k ^63 '3n` 4Q/ .+f 'm`343n�* 

(4am:  5' (hb3 fa >gc8/a'd4@/j 4>ak ?c3 cl Z^A 4>b] 5' fRZ+ �2;' 3'/3d.4+l an6 Z+(Mn2  3/ e/(J4;' c (R3';n3'2V4;(k (gk 
4h?k '3 /3'/. 

 FL02 .2 جQ3(@] 1(D.@]    _(U0bbQ >gc8/  
/7VG 7/. /77W.䐧9 ..77 لJ'/U )F'7( OF.'7 9M/R J'G9'7U 
1 44Q/k DD.3l (PhD) f](a4+ 3m6k 4h?k >20 2ac(B] Y(]l 4h? /(D4M' ck 3'/4h?k  
2 44Q/k DD.3l (PhD) ;0bh]l X^/ XNac  <15 2ac(B] X^/ XNac I'43 cnP 3'/4h?k 
3 ;(b?3(Ql 0?3' (MSc) ;0bh]l _'4^A >20 2ac(B] bIl c a'4^Al 

4 44Q/k DD.3l (PhD) ;0bh]l 3(^B]k <10 2ac(B] 5(;4h?k c 3(^B]k 
5 44Q/k DD.3l (PhD) 0]m4m2 4Yc/l >20 2ac(B] f](a4+ 3m6k c (]4;mf a(<a'l 
6 44Q/k DD.3l (PhD) 5(;4h?k >20 _(]5(; 5m5(;(,k 3'/4h?k _'4h3 
7 ;(b?3(Ql 0?3' (MSc) ;0bh]l HSE <10 _(]5(; /nV@n4k c 0]m4m2 _'4 + 4h? _'4h3 
8 '44Q/k fI4/ 'k (MD) R?6/l >20 1(]0. a(]3/l 3dI cm2 (gk R?6/l  :a'73c' 
9 ;(b?3(Ql 0?3' (MSc) ;0bh]l  ]n8 5m2< >20 _(]5(; _(4;d+ (6I c (gk 3'/4h? 6,;k  
10 ;(b?3(Ql 0?3' (MSc) 0]m4m2 3c(bIk 1(Ag9' <15 2ac(B] 1(]0. 4h?k c  ]n8  5m2< 3'/4h?k 
11 44Q/k DD.3l (PhD) ;0bh]l _'4^A <10 _(]5(; X^/ XNac I'43 cnP 3'/4h?k 
12 44Q/k DD.3l (PhD) 0]m4m2 N 3nL 3/ Z^An1( <10 _(]5(; /nV@n4k c 0]m4m2 _'4 + 4h? _'4h3 

3 .ÎG.ف' 'G 
L,:b] =c3 (+ ;(b?l (;(b? 3d>b] f+ >gc8/lm  c /(B+'fJYؤ] (gk R,?j O4 3 [4a 3/ 4I5آ(+mbl c e0a55(+ 5(;k 4h?k '04+' f+ 
3c4] /(b;' +n ̀ZZ^Y'l X](? X^BY'3d4;/ 5(;5(+k c 4I5آ(+mbl 4h?k f](a4+ _(R;' 4@+ _(]5(; XZ] (UN-Habitatf](a4+ �) (gk 

 3/ XZ] _(]5(;B;d3j (/m�3'0 f](a4+ (g c =3'6U (gk f](a4+ 3m6k 4h?k c 2]g; ]d^Al _(]5(; 2?'0h+ a(h;l (WHO �)
 Pa(+a(h;l c 3c4] 1g(N] ^ZAl +n ̀ZZ^Y'l /3d] fBY(:] c ;34+l 3'4M 2I4U .3/ f]'/'� (b,] 4+k /(b;' 3c4]k  1g(N] 3c4] c

Z 3 f+ *.4b]nX 'd4 ]k QnJl  =g3 c 0? f4.'/4/0? /(B+'  cfJYؤ] (gk O4 3 )d�3(� 3/ [4a (gk 4I5آ(+mbl 4h?k  3c4] 5'
 c /(b;'mf4I( (gk ](6] _'dbA f+ 1g(N]n`  9'4.4;'/d?' 3/ .m`  (4;'382  _'dbA f+ _d^6]fJYؤ] (g 3/ 1mX 23 5m4?d6d]  f+

/(B+' _'dbA     c10 ]5nbj Ad6d]l fN,9 0b+k 0? .Wc0; 3 XR? f]'/' 3/ c 1 ]5n�fb  c /(B+'fJYؤ] (gk [(E/' O4 3 [4a 3/ 
4I5آ(+mbl 4h?k '3 f&'3' e/'/ 2;'. 

FL03 ج . c /(B+'fJYؤ] (gk B;d3j R,?j O4 3 [4a 3/ e0a55(+ 5(;k (6Ik 4h?k 
G9WOK /'?.' OGFؤG 'P 

1-0,Y(Qk  c
(6Ilm 

/'49l  ]n:l c 
4>b] 

QnJn2 /'49l X/ (g c <]n(g4 [16] 

(/ /Y(D] 5' e/(J4;'m3'0 ]d+ cl [16] 

QnJn2 e4>b] c 5m(,lm 4D+k [35] 

e/(J4;' 5' _(^Y' (gk Vbg4Il c (g4bgk  ]n:l [28] 

g0a(]5(;l (6Ilm 
5(;'0;k c RJ3nP <]n4 /n�e/( f.4�c/ c c3/d. [29] 

/'n(k (g(6Ik 4h?k �0]3آ(Q(a fQc44] c e0@^U [24[ �]34] 

?db3 4+3(Qk c e3d>b]0b� 5(;k (6Ilm [36] 
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 SG'/'FL03 ج . 
G9WOK /'?.' OGFؤG 'P 

2- W(D3'  c
;44;/l fag/(A 

fR,? 5(;k c W(D3' 
(g(6Ik 4h?k 

W(D3' O3(/ (g c (g(6Ik ]d^Al c 'm/(< <]n4 /ne/( c3k c f.4�c/ [36] 

>J/ /nV4;dl <]n4 c 'm/(< <]n4 _c0+ 2<<U [1] 

mV�3(0Rl  f+ W(D3' cX^/ XNac ]d^Al [16] 
W(D3' f+ 6Q'4] 3(]0.l� 3(<3k c  ...[16] 

 3n` (6Ik Q3(/nTb  G'49' 3/<]n4 [16]أ[

;44;/l fag/(A 
<]n4m+(l ;44;/ c *;(b]l Z ]l [16] 

A(^4;' 2Y'0Al ;44;/ cl  @]'d; 4+'4+Z ]l [39] 

*;(b] 5(;k <]n4 '4+k ;44;/l ec4U (gk '3'/ /'4I' �_(Q/dQ A(.k YdZB]n�2  /'4I' �_'0b Ŷ(;\Q  _'d3[15[ �]40] 

3- 'c4^R/lm 
4Q3(@]l 

2Q3(@] /(hak 
f](a4+ 3m6k 4Q3(@]l c 3(R^gk 1k_(BJa [41[ �]2] 

4;/n+(l f+ ?(^;' +n` 1k_(BJa 3'6U4+ (+k  1(<Z;O44@] [29] 

Vbg(^gl +n` /(hak (g/(ha 2Q3(@] ck A(^4;'l [16[ �]42] 
;n2;( (gk d@3mNl /ne/( c3k f.4�c/ c 3'd;k 'm`^ [43] 

_da(M c 1'34N] 
c03m` a'dMn` c3mf (gk /ne/( e'3 5(;k [27] 
dD3m* '4+ A(. 1'34N]k <]n4 f.4�c/ 3'd;k [16] 
_(R]' 4Va5(+k (4a 9(;' 4+ 1'34N] /gC' cm: BM'cl [29] 

53'm+(l c 13(>a 

53'm+(l 73أn1'4 (/m3'0k 9l _(]5 [42] 
53'm+(l /(D4M'k ( 2]g;HEAT'4+ )k /ne/( c3k  cf.4�c/ 3'd;k [44] 
53'm+(l 73أn1'4 a'4^R/l A(^4;'l 5m2<  ]n:l (ESG[ )16] 
53'm+(l bg1l +4<3j /ne/( c3k  3/<]n4 [35] 

33(>a 1(]'0M'l  /d,h+ 3d>b] f+4^4<] [33] 

4- )(3 3cآk 
A(^4;'l  c
/(D4M'k mf�3(0R 

)(3 3cآk /(D4M'k 

[(<a' Z 3nX 6gmfb  G(Ime0 [36] 

 3n` Y(]l c (]4;mf 3'2Uk ]d^Al  GCdD.l [36]أ[

2Q3(@] CdD. >.+l ' 3/m/(< 3'0hVa ck <]n(g4 [16] 
'm/(< ]5nfb (gk  @]'d; W(F4?'Z ]l [16] 

W0] 0]3آ/k 49 5'mL  4V?/4U )2;4h?k [40[ �]45] 
(^/m2 B^; 2Q3(@] cn2 (gk \Q  0][27]/3آ 
Lac3 Z ] XE(@]l  G'49'<]n4 [17] 

)(33cآk A(^4;'l 
/'49 3/ _'0ac4h? 2Q3(@]l  ce/(J4;' [16]� [30] 

LZ. (6Ik Z](B3l Y(BI cn2 (gk B^;l [46] 
dN3m2 >I(/j B^;l /' cn(k Z ]l [47] 
'm/(< _(R] (gk  1(Mg]A(^4;'l [25] 

g(Uآl c 
^a'd3b5(;0k @]'d; 

Z ]l 

d@3mL F3nn4  O4 3 3/ O'3/' c 3(4I3(/m3'0 [46] 
g(Uآl ZM' 1'4:. /3d] 3/n^l/5m2<  ]n:l [16] 

?g9' a(;3l /n(g0](k Jb]l /(J4;'i +n>  5' 0/ 5' c3/d.[2] 
=5d]آ c43 cm: / Tbg4Ine/( 3'0]k  cf.4�c/3'd;k [47] 

5-  c 2]g;e(I3 

2]g; ^<;l-
a'c3l 

/nV@n4k + 5'n3(^k (g  f+:;'cj Y(BIn2 (gk ^<;l _'0ac4h? [44] 
;44;/l  f+1(]0. P^Q c :a'73c' (gk Yc'nf [16[ �]48] 

>g(Q 944;' c 2]g; a'c3l _'0ac4h? [16] 

_/3c4آ+ an(g5(k _'4+3(Q ec4U (gk A(. 3/ <]n4 [48[ �]29] 

e(I3 c 4/'3l 
 [16...( ] na0l� an2R^ cآ?)[ آ3n` g(I3 1(]0.l c4;(m: (gk 4?'0h+l� )أ[
 n` (b?c3lm [16][أ3

W44bQ 4;c4;dQ0'� آCnP  c =(B33'[16] 

6- 'mb^l c b]'n2 b]'n2 
 3n` b]'n2 49 5'mL c43m: an(gc4k Z ]l (;m6Vm` Z/n: [16]أ[
 3n` b]'n2 49 5'mL c3m(g/4Rk /nV@n4k  c [4; 5'2ad@. [16]أ[

3'4M4+k b]'n2 A(^4;'l b]' c 4:. E4B] 3/ _(a'd; 4+ 6Q4^3 (+n2 _(a5 [16] 
QnJn2 (b?c3lm (g(6I 3/ 13(>a c *? 3/k ]d^Al [16] 
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 SG'/'FL03 ج . 
G9WOK /'?.' OGFؤG 'P 

 'mb^l 
'mb^l e5(; 'k <]n(g4  cW(D3' (g [16] 

'mb^l  ]n:l  *Da(�e/4a (b?c3lm� 5(;3'd^gk c W44bQ ?n* c )....[16] 
*Da I'43 \&gAnRl 'mb^l <]n4 [16] 

1(]'0M' >g(Q  4:.g+m( [16] 

7- 5(;0b^?dgk 
c 3c(bIk (gk dam` 

3c(bIk (gk dam` 
e/'/ 3d ] 

/'49l [4J4Z/ (gk  O'44?'f.4�c/ [33] 
e/'/ 5' e/(J4;' (gk 4h?k (/m> QnJn2 0] c 'dgm4m2  3/ //43<]n4 [49[ �]40] 

(^bg'3k 0b^?dg '0gm2 _'4+3(Q (gdZ+(3(k /m<nW(4 m( Z/'nRn`@ (gk (+d]mZl) [40] 
e/(J4;' ' 5'm2a44b ?'n( '4+k  ]n8 `]' [50] 
e/(J4;' Z+(M 5'n2 'm2a44b (63 ><b; c 2Q3(@] 3/m2 <b;4>a( _'4+3(Ql gaآm�`  c f+4<3 2,7 )...[30[ �]31] 

Mg.n2 c 3cآdak +'2;n2 <]n4 4h? 4bg [(E/' (+k  Wd9 3/<]n4 [28] 
dN3m2 ;dQ'n\4< -(33(4;' 0?3 44<+ c fa'3cآda (bC c (gm@ e5d/ Kg. (gk ?53cl�  c 2]g;f.4�c/ 3'd;k [43] 

8- /(J4;'i  0]3آ(Q
@+(b] 5' 

/'d] 
>g(Q (6m1(B 5(+ cm2I(//(J4;'i  /0<][16] 

0]m4m2  0a(^</[16] 
 /'d] 5' e/(J4;'Z ]l [39] 

74a'k +f U3(Qn4k  @+(b] 5'74a'k 0<3m2/0m4 [16] 

e4h+ 3ck G4D] 74a'k [12[ �]16] 

 [16]آ( /fI4C d;lm  G4D] 3 آ(

>g(Q /(6(N3/(J4;'i  5' /0<])(</ [16] 

9- 0]m4m2  ]n8 
5m2< )(3 c 3cآk 

ZM'n^l 

[d+ ;(b?l 
7dYdQ'(k) 

/'/>J/n(k ]5n ̀(gk fB;d3anf4I( [16] 

>J//'/n(k [d+ ;(b?l� 5(m�e(V4< )... c )g(3 [16[ �]46] 

>J//'/n(k )آ (gk  :;l�5m]54nbl [16] 
>J/ (6Ik  6,;4h?k [46[ �]30] 

3(U5(;k F3 (+nn1'4 
ZM'n^l 

0]m4m2 4h? )(a'c3k  W44bQ c;nX [16]� [1] 

W44bQ ]5 >a'3n`/ fY(�c4I[16] 

'm/(< 5m2.(;4 (gk 4@/na(,l  e3d>b]0b�[16] 

10- 2>(J/ 5' 
]n5'4 

]n5'4 3(3m.l 2>(J///'n(k fAd^<] (gk 3(3m.l [16]� [25] 

]n5'4 Vbg4Il /'n(k ]n5'4 Vbg4Il (g(6I ck X](B3 Vbg4Il [16]� [36] 
(^a5(+lm dgm2 Vbg4Il Z ] cl /'49 3/l <]n4 [16] 

 
F¯: 1 . )d�3(�B;d3j R,?j O4 3 [4a 3/ /49 3m6k e0a55(+ 5(;k (6Ik 4h?k 
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3/ f]'/'�  )d�3(�(;(b?lme0? ;34+ /3d]l 2Q3(@] ec4U a(]5(; _(U0bbQl  c 2I4U 3'4M4+ (b,]k =c3 ;(b?l 
5(;3(R?آk c _/d]5آ /n> E4I (gk 83'44;'m�P 3n\ (g  1(<Z; c8/(,]j gc4Ul  f+ f;d3 (+ .2I4U XR?fJYؤ] (gk ;'4.4;'l 
 )d�3(�B;d3j R,?j O4 3 [4a 3/ (+5e0a5 5(;k (6Ik 4h?k (g3(Rg'3k /n/(hb@k 9l 3'6U4+k 1(<Z; /3d] ;34+l 3'4M 
2I4U c `^6 5(;3(R?آk /n> E4I (gk 83'44;'mP B;d3j ;n�\4< :/ 5' 1(8/(,] /m4RY(nRl f+ 64b; c mf�3(0R 5(;k 

(g3(Rg'3k B;d3j R,?j O4 3 /49 3/ [4a 3m6k e0a55(+ 5(;k <]n4 /ne/( c3k f.4�c/ c 3'd;k  5' f]'/' 3/ .0? f4.'/4/
2Q3(@]  2;'d.3/ _(U0bbQ0? fQ /n> E4I (gk 83'44;'mP /4:] B] c/ 9(;' 4+ '3 e0?n3( ^9'n_(b 4;3/ 5'l ] cn_'6 ^g'n2 

/n> E4I f,33 0b+k 0bbQ .ecgA 4+ _2'5  �آQ3(@]_(U0bbQ / 1(]'0M' c 3(Rg'3 f�a(b� 0? f4;'d.m4Vk (4;'3 3/k  X&(<] X/
ZQn0k 0] + 2;' 4>an_( bQb0. Wc0; 4 /n> E4I (gk 83'44;'mP B;d3j R,?j O4 3 [4a 3/ /49 3m6k e0a55(+ 5(;k (6Ik 

4h?k '3 f&'3' e/4Q 2;' ._(^g 3d9 fQ e0g(@] ]l /d?� 35 /n> E4I 83'44;'mP ' 3/m` (;(b? fZ/4]lm 4N3 fQ 2;' e0?mO(, 
9nH ZQl ]5nfb (gk Ad6d]l /49 3/ [4a O4 3 /(B+' c 3m6k 4I5آ(+mbl 4+ 3/ '3 ]l Un/4 .3/ f]'/'�  1'4>a f+ f;d3 (+

2Q3(@] ] �_(U0bbQnVa(n` ]n_'6 ^g'n2 4;3/ W(^4/' cl /n> E4I (gk /4,g'3k  9'4.4;'0? . 

 FL04 ج ./n> E4I (gk 83'44;'mP B;d3j R,?j O4 3 [4a 3/ /49 3m6k e0a55(+ 5(;k <]n4 U0a54;l 4h? _'4h3  

 'W9 88G <.'8.7'V¯ ?7M.S ¯.:S ¯8/. G8J 7/ N0J99'. 9'7T 7GW8 ¯0J987U G7'WH'K 9پ ¯0
.77/U 

GWH': 
GP'W. 

S01 )(.4a' O3(/ (g c (g(6Ik ]d^Al '4+k W(D3' c /'49l <]n4 /ne/( c3k c f.4�c/ ;3'dk 5 5 
S02 f](a4+ 3m6k 4Q3(@]l c Vbg(^gl +n` /(hak (+ f;d3 f+ ?db3 g(]n2 4Yc/l c En4Yc/4l (g(6I 5 75/4 
S03 /n> +nbl W(D3' f+ 'me(V4< (gk c44] c 'me(V4< (gk 9d+d3' c30b3 3 5/2 
S04 /'49l c 5'0/' X/ (g /ne/( c3k c f.4�c/ 3'd;k W(D3' O3(/ (g f+ 3d>b] >J/ /nV4;dl <]n4 5 75/4 
S05 /'49l R,?j ;44;/l 49 5'mL /c3ck (gk '3'/k <] �dZ+(3n4 B.@] c Un2 (gk 'mb^l Q3(/ cnTb 2/4 33/4 
S06 'm/(< 'me(V4< 1(]0. 4?'0h+l  c 3dIm2 (gk R?6/l  c :a'73c']3أn` c3/d.k M4+l (+ Z+(Mn2 X^/ /3(Ra'4+ 35/4 7/4 
S07 5(;'0;k c RJ3nP <]n4 /ne/( c3k c f.4�c/ 3'd;k 3 25/4 
S08 h3nf I'43 \&gA *Da cnRl  c8.@Ql <]n4 96/4 86/4 
S09 'mb^l  ]n:l  *Da(_(; �e(b/ *Da �e/4a (b?c3lm� 5(;3'd^gk c W44bQ ?n�* *Da 4Um4nTb c)... 7/4 75/4 
S10 '4;'k (b?c3lm 0;m0 4. X](?m0  *Da c(/jm C'4� 75/3 2/4 
S11 /'49l� h<3 c 2.(;n6 'me(V4< (gk 4.( 43dR;' c f.4�c/m0 .4�c/j M4+l c 43dR;' M4+l) 86/4 5/4 
S12 5(;5(+k c /'n(k c4;m: 4?'0h+l (gk <]n4 c 4.m0 c4;m: 4?'0h+l /n> f4.(; 15/4 5/4 
S13 2]4] 5(;5(+ ck R,?j (b?c3lm /d;d] 25/3 3 
S14 /n> +nbl (6Ik g(I3 1(]0.l 3d.+آ �fa(.5(^a X](?k  c O/dQ c 3/(] K(3'... 7/4 3/4 
S15 2]4] c 5'0/' (6Ik g(V4/'44;'l �gآn�L an2R^ c X:; (gk fY(+5 5/3 5/2 
S16 5m5(;(,k 49 5' 4>(b]mL 5'/4/3dak� _(^Y' (gk 3dak  *Da c3m<j 2.3/ (g 25/4 25/2 
S17 (^/m2 -(33(4;' 5' (bC c (gm@  3/ Kg.5d/i 4V?/4U c 2]g; �=53ck 4h?k 75/4 4/5 
S18 '4;'k 2; 5(<a0+k 3/ <]n4 f+ 3d>b] c43m: Y(BIn2 (gk a0+l 3 25/2 
S19 2?(Q fadU (gk Ung(l c /'n(k (6Ik 6,; 3/ Wd9 <]n4 4 25/4 
S20 f](a4+ 3m6k c3m(g/'0k Vbg4Il e3'db@; c (gk f.4�c/ 3'd;k� (^am> (gk .na(+(l� f�3'5(+ (gk Z ]l 25/3 5/2 
S21 /'49l (g(6Ik e3d>b]0b� 3/ <]n4 (6I(k Q'44?' 3(Ql� (6Ik Z](B3l �_'0ac4h? fI(Q )(4Q c )... 3 25/2 
S22 ?g9' a(;3l 5' 49mL Z,3n1(F  ]n:l c fR,? (gk A(^4;'l 25/2 5/3 
S23 *;(b] 5(;k <]n4 '4+k ec4U (gk '3'/ /'4I' �_(Q/dQ A(.k YdZB]n�2 \Q /'4I' �_'0b^Y(; _'d3 4 6/4 
S24 /'49l ]5n ̀ c 2; 5(+k _(Q/dQ 86/4 4/5 
S25 /'49l ;n\4< a(.4�5(+l  )4'آ+k /(J4;'i /0<] )آ+ /3 آn3(k (6Ik 6,; <]n4 15/4 7/3 
S26 4h? 4bg [(E/'k <] 3/n4  5'49mL ?(Nal /m3'dk� f^<<] �(g 5'/4/3dak� /'49l )آ(^a c ... 2/4 25/4 
S27 e/(J4;' .]g 5' (gk \QG4D] 3/ 4;'4; <]n4 75/3 5/2 
S28 (^bg'3k 0b^?dg '0gm2 _'4+3(Q (gdZ+(3(k /m<nW(4 m( Z/'nRn`@ (gk (+d]mZl) 5/3 25/2 
S29 /'49l  3/ 43dR;' c f.4�c/ O'44?' [4J4Z/a(](;j Z/'nRn`@ /'54h? 3'/4h?k 86/4 4/4 
S30 Vbg(^gl f.4�c/ `^<a' (+ 3'd;k '4+k 3'6U4+k f](a4+ c 1(N+(<] 3m6k 'm/(< /n2< f.4�c/ 3'd;k 15/4 1/3 
S31 +f U3(Qn4k an(gc4k Z ] *Z9c'/l  3/2@Ua5l  c]3أn` b]'n2 <]n4 25/3 25/2 

S32 [(a3'2Uk <]n4 dg cm2 @.+l  5' e/(J4;' (+Ta3]آn6k 75/3 6/2 

S33 /49 (gk d@3mNl c43m: /ne/( 3'0]k c f.4�c/ 3'd;k f+ 3d>b] W(,N4;' _'0ac4h? 5' <]n4 5/3 25/2 

S34 *Z; / 2Q3(@]n�_(3d<R@  /'4I'*/(C[(a c )d, ] _'0ac4h? 25/3 88/2 
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(ha3/m2 (b,] 4+k ]nVa(n�` :Naj ?4+l 5/3 ](n_'6 ^9'n_(b 4;3/ 5'l /n> E4INI' 3d ] 3/ )l  c9/3 /d^A 3d ] 4&k 
](n_'6 ^g'n2 /n> E4If](a4+ fN:b] ) 3m6k (;(b? `&^:]lm  .0?(+ ] f+ f;d3n_'6 ^g'n2 /n>E4I (g 3/ 9nH 44^Qm` (3 
+n44@m` c ^9'n_(b 5' 4;3/l 3/ 9nH 44^Qm` (3 +n44@m` 3/ XR? 2 (^a f+m>  f+ f;d3 (+ .2;' e0? e/'//n>E4I (glm  fQ

g(+ c 2;'3 2^<M 3/k +( 3'/d^an44@m` ^g'n2 + cn44@m` ^9'n_(b 4;3/ 5'l �0a3'/ 3'4M )/(anf `&^:] '4+k f](a4+ 3m6k B3nn` 
0? Wc0; .5 /n> E4I (gk 83'44;'mP B;d3j R,?j O4 3 [4a 3/ e0a55(+ 5(;k (6Ik 4h?k 3/ fN:b] f](a4+ 3m6k `&^:] '3 
f&'3' e/'/ 2;'. 

FL0پ. 5 جW9 E4I (gk 83'44;'mP B;d3j R,?j O4 3 e0a55(+ 3/ [4a 5(;k <]n4 U0a54;l  3/N:b]j f](a4+ 3m6k `&^:] 

 'W9 88G <.'8.7'V¯ ?7M.S ¯.:S ¯8/.  7/ G8JN0J99'. 9'7T 7GW8 ¯0J987U G7'WH'K 9پ ¯0
.77/U 

GWH': 
GP'W. 

S01 )(.4a' O3(/ (g c (g(6Ik ]d^Al '4+k W(D3' c /'49l <]n4 /ne/( c3k c f.4�c/ ;3'dk 5 5 
S02 f](a4+ 3m6k 4Q3(@]l c Vbg(^gl +n` /(hak (+ f;d3 f+ ?db3 g(]n2 4Yc/l c En4Yc/4l (g(6I 5 4.75 
S04 /'49l c 5'0/' X/ (g /ne/( c3k c f.4�c/ 3'd;k W(D3' O3(/ (g f+ 3d>b] >J/ /nV4;dl <]n4 5 4.75 
S05 /'49l R,?j ;44;/l 49 5'mL /c3ck (gk '3'/k <] �dZ+(3n4 B.@] c Un2 (gk 'mb^l Q3(/ cnTb 4.2 4.33 
S06 'm/(< 'me(V4< 3dI 1(]0.m2 (gk R?6/l  c :a'73c']3أn` c3/d.k M4+l Z+(M (+n2 /3(Ra'4+ X^/ 4.35 4.7 
S08 h3nf I'43 \&gA *Da cnRl  c8.@Ql <]n4 4.96 4.86 
S09 'mb^l  ]n:l  *Da(_(; �e(b/ *Da �e/4a (b?c3lm� 5(;3'd^gk c W44bQ ?n�* *Da 4Um4nTb c)... 4.7 4.75 
S11 /'49l� 2.(; c h<3n6 'me(V4< (gk f.4�c/ c 43dR;' 4.(m0 f.4�c/ M4+l c 43dR;' M4+l) 4.86 4.5 
S12 5(;5(+k c /'n(k c4;m: 4?'0h+l (gk <]n4 c 4.m0 c4;m: 4?'0h+l /n> f4.(; 4.15 4.5 
S14 /n> +nbl (6Ik 1(]0. g(I3l X](? �fa(.5(^a 3d.+آk K(3' 3/(] c O/dQ c ... 4.7 4.3 
S19 2?(Q fadU (gk Ung(l� /5(+n'4lm c /'n(k (6Ik 6,; 3/ Wd9 <]n4 4 4.25 
S23 *;(b] 5(;k <]n4 '4+k ec4U (gk '3'/ /'4I' �_(Q/dQ A(.k YdZB]n�2 \Q /'4I' �_'0b^Y(; _'d3 4 4.6 
S26 4h? 4bg [(E/'k  5'49mL ?(Nal /m3'dk� f^<<] (gk  ]n:l� 5'/4/3dak �fa(Mg. /'49l )آ (^a c ... 4.2 4.25 
S29 /'49l  3/ 43dR;' c f.4�c/ O'44?' [4J4Z/a(](;j Z/'nRn`@ /'54h? 3'/4h?k 4.86 4.4 

 
F¯: 2 .f,33 3'/d^a 0b+k /n> E4I (gk 83'44;'mP B;d3j R,?j O4 3 [4a 3/ e0a55(+ 5(;k <]n4 U0a54;l 4h? _'4h3 

_(^g3d9 fQ e0g(@] ]l /d?� (b,] 4+k /ne/( 5(;k Z.'0]j ;n^4<l� 14 ['0M' 83'44;'mP  3d>b] f+B;d3j O4 3 [4a  3/
/49 3m6k e0a55(+ 5(;k <]n4 /ne/( c3k f.4�c/ c 3'd;k 2Q3(@] LI'd3 /3d] (b,] 4+ f]'/' 3/ .2I4U 3'4M _(U0bbQk (g3(Rg'3k 

83'44;'mP /4:]e0? '04+' O3(/ (g(6I c (gk ]d^Al ;34+ /3d] _'4h3 4h?l BMd] f+ f;d3 (+ c 2I4U 3'4Mn2 f](a4+ c 3m6k 
 f4I4U 13dC«<]n4 47 Qn44]dZk U0a54;l N:b]j 2 »/49 3m6k 0? .3/ 5(I 2<.a f+ 3d>b] )(.4a' O3(/ (g c (6Ik 
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]d^Al '4+k W(D3' c /'49l <]n4 /ne/( c3k c f.4�c/ 3'd;k fN:b]'4I _(4;d+ :b/'k _(4;d+ X](?(gk  �O0I133(4Rgk� 
/4/m�_(< :ha fEg,Y'1  c:ha  fEg,Y'2  c 0a0? )(.4a'(+  c X/ c/ 5'0/'mP <] Xad3n4 /nf4;d  f+ XD4] cm0Rm4V 3/ 4>a 

f4I4U 0? .f+ 3d>b] W(D3' O3(/ (g X/ ;30b34l (A) 4;30b3 X/ cl (B+d3' 5'4I 4+ )_((gk ?n. X6I3da 䒋ل'k h? cn0  2^g
 f+m0Rm4V /n0ad e/3d.' c 0a'm` _(4;d+ / fQ (gn> ' 5'm` 9(,33'l  (+m0Rm4V  0b4?'0aR,?j O4 3 4h? [4ak ' '3m/(< 0a/4Q (+ .
'm` <] �W(D3'n4k /nf4;d  Wd9 f+47 Qn44]dZ 'm/(< ] _'0ac4h? fQ e0?l / 13dC f+ '3 _0 آba'd3n�e/(  f.4�c/ (+m( /m4V 
?ned(gk X^/ XNac 9 P,;l ' .0bbQm` <]n4  _c0+gn�I'43 (+ X.'03 fadUnP c3/d.lm /'49l  3/ [c'0] 13dC f+ c e0?

(4;'3 3/ ./3'/ 3'4M [d^A 944;/k f](a4+ 3m6k 4Q3(@]l (g0/'c 4+ ecgAk a(]5(;l  2>(J/ _(]5(; �:a'73c' _(]5(; (+ X](B3
 ] 5'n8 5m�2< fN:b] K4+ c )آ 'k a ... cn6  f+ f;d3 (+ .2I4U 13dCQ3أn0k fQ  3/]5nbj ;44;/l  2?'/ /d;c fag/(A13 
/c3ck <] f+n4 ;44;/ (3 0? f4I4U 4>a 3/l Z ]l h<3nX /d? .ecgA 4+ _0'[)1 [8,34 +) +.< ' �آM'mb^l b]' cn2 <]n4 
 /3d]Q3أn0 3'4M  XR? .2?'/3 @Naj R,?j O4 3 /49 3/ [4a 3m6k e0a55(+ 5(;k (6Ik 4h?k <]n4 /ne/( c3k  c
f.4�c/ 3'd;k U0a54;l 3'/4h?k N:b]j 2 _'4h3 '3 _(@a ]l 0g/ .Wc0; 6  1(D.@]R,?j O4 3 <] 3/ [4an4 /ne/( c3k  c
f.4�c/ 3'd;k U0a54;l 3'/4h?k N:b]j 2 _'4h3 '3 f&'3' e/'/ 2;' .XR? 4 an6 c(D3m4k (g3(Rg'3 5'k /ne/( 5(;k0?i B;d3j 
R,?j O4 3 [4a 3/ X^A '3 _(@a ]l 0g/. 

 
F¯: 3 .@Naj R,?j O4 3 /49 3/ [4a 3m6k e0a55(+ 5(;k (6Ik 4h?k <]n4 /ne/( c3k f.4�c/ c 3'd;k U0a54;l 3'/4h?k N:b]j 2 _'4h3 

FL01 . 6 ج(D.@]R,?j O4 3 <] 3/ [4an4 /ne/( c3k f.4�c/ c 3'd;k U0a54;l 3'/4h?k N:b]j 2 _'4h3 
G'J H'.7M. 7GW8 O.8چL/ ¯(W8.GMF) 7GW8 پWN/' N'7 ¯(W8.GMF) 
C(+e'3 O0I 23/4 01/4 
_(4;d+ 133(4Rgk 75/2 21/0 
5(I 1 :hafEg,Y' 22/4 98/6 
5(I 2 :hafEg,Y' 11/5 18/7 

_(4;d+ /4/m_(< 71/5 90/5 
X/ 4;30b3l (A) 18/0 0 
X/ 4;30b3l (B) 30/0 0 
Xad3 :hafEg,Y' (C) 27/0 0 
<]n4 U0a54;l 77/22 28/24 
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HY' )`^m' k5(; 4n<] e/(n/ kc3 c f.4�c/ k3'd; c *Da \&gA lRnI'43 (^bg'3 c 8. 

l@Q 4n<] 
) )5'0/' c/ X/ 5'4I4+ e'4U36+ k(g 0nh? 2^g c .n? X6I fY' k'4+ W(D3' :b/ _(4;d+ 

*.4b] 

  
9 )e(V4<m' k(g f.4�c/ c 43dR;' (0m4. f.4�c/ lM4+ c 43dR;' lM4+ )c [4J4Z/ O'44?' 

f.4�c/ c 43dR;' 

/ )e(V4<m' 1(]0. l4?'0h+ c 2m3dI k(g lR?6/ :a'73c' c `n]3أ c3/d. lM4+ (+ 2nZ+(M 
X^/ /3(Ra'4+ 

F¯: 4 .c(D3m4k / 5'ne/( 5(;k (g3(Rg'3k B;d3j R,?j O4 3 e0a55(+ 3/ [4a 5(;k <]n4 /ne/( c3k f.4�c/ c 3'd;k U0a54;l 3'/4h?k N:b]j 2 _'4h3 

 .حث .5
(g3(Rg'3k /n/(hb@k ] _(@a 46(/ >gc8/l 0g/ ZC' 6Q4^3l 83'44;'k (g 4+ /(B+' 0,Y(Qk  G(6Ilm  .2;' e/d+ e(I3 c 2]g; c
3(]'0M'l O3(/ )(.4a' _d�^g (g(6I c (gk ]d^Al '4+k <] W(D3'n�(g4 X/ 5'0/' (gk /ne/( c3k f.4�c/ c 3'd;k� /'49l R,?j 
;44;/l� 5(;'0;k <]n�(g4 *Da \&gA I'43nRl� 'mb^l  ]n:l c h<3n6 'me(V4< (gk 3(]0.l c g(I3l� V^gl +n4Va( f;d3 0;k 

f+ g0a(]5(;l (6Ilm� (N33'k 'mb^l� e(I3 c 2]g; ^<;l  Ga'c3l _'4+3(Q 0b4<g .'m` 6Q4^3 _(@a ]l 0g/ 3/ Z/4]j Z^An3(l� 
dYc'm2 ZC'l 4+ 'm/(< 5m2.(;4 (gk 9d^Z] c X+(M e0g(@] '4+k B;d3j R,?j O4 3 [4a 3'4M f4?'/ 2;'.  3/^6.4+ �`l 

f](a4+ _d�^g (g3(Rg'3 3m6k 4Q3(@]l c Vbg(^gl +n` /(hak� /'49l [4J4Z/ O'44?' f.4�c/ c �43dR;' c *;(b] 5(;k <]n4 
'4+k ec4U (gk �A(. +n4Va( f;d3 f+ /(B+' 2Q3(@] /(hak� 3c(bIk (gk dam` e/'/ 3d ] c 2Y'0A A(^4;'l 0b4<g .'m` /3'd] _(@a 
]l 0g/ 5 c 0,Y(Q 4+ ecgAm�2.(;4 =g3 (glm '4+k dN3m2 a'4^R/l 4Q3(@]l e4h+ c Un4k 3c(bI 5'k 0] 3/m4m2 R,?j  O4 3

a [4an6 13dC f4I4U 2;'.  (+'m`;34+ �W(/l ,:3nNl /(B+' (;(b?lm e0? 3/ Z 3nX 'd4 ] (+ (g3(Rg'3k Z^An3(l _(@a ]l 0g/ 
.4+l f4I4U 3'4M f;d3 /3d] 44^Q /(B+' f+ .0a' cm�e8 )(3 /(B+' 3cآk /(D4M'k A(^4;' cl 53' cm+(l c 13(>a (g3(Rg'3 3/k f&'3'  e0?

Va34/ 3d6/l ' .0a3'0am` En2, ]l 0a'd3 _(@a 0bg/i '4;' 1(]'0M' 4+ *Y(E 6Q4^3lm 0,Y(Q ck Y(/ 3/ �0?(+l (/ fQm3'0k  10]0bZ+
R,?j a [4a O4 3n0b]5( (g3(Qc5(; f+ f;d3k /(hak� /(D4M'k  cA(^4;'l Vbg4Il an6 2<g. 

ZQ 3d9 f+l� (g3(Rg'3k (;(b?lm e0? f4<a'd3 ^h] >.+ 0a'l a 5'n(g5(k 0,Y(Qk� 'mb^l g(I3 cl ]5 c 0bg/ >?d/ '3nfb 5(; 
(N33'k QnJn2 +4<3j <] 3/ _'4+3(Qn(g4k /ne/( c3k f.4�c/ c 3'd;k  (+ .0ad?'m`'4+ �W(/k 4;/n+(l  f+mP  c @](; )d�3(�
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(/m�3'0 0B+ X/'4] 3/ 2;' [5gk  c >gc8/;n3'2V4;(k� /(B+' 44^Q /me0 e0? _d�^g )(3 3cآk A(^4;'l  G/(D4M'k� [(>a (gk 
33(>al c ]n5'4 Vbg4Il an6 f+  3d9 0;k /3'c '4Im0b /'49l c '4;' 0ad? .'m` 4]' ]l 0a'd3 f+ dN3m2 \g /n0adk ]n_( 
5m2.(;4 (gk 0,Y(Qk c (g3(Qc5(;k /(hak c Vbg4Il 4<b] /d? c 3/ ha(m�2 e0a55(+ 5(;k 4h?k '3 f+ ZR?l (/m433'0 c 

U'4In434 LN ] /5(;. 
mf4I( (gk 'm` fBY(:] 3/ (N]mf< (+ >gc8/ (gk /n@n` _(@a ]l 0g/ mf4I( (gk >gc8/ 46(/ fQ O(30^A 4+ /(B+' 0,Y(Qk  G
(6Ilm� 'mb^l� e(I3 c �2]g; c B;d3j 5m2.(;4 (gk O4 3 [4a h;d3 X+(M >.+ (+ �0a3'/ 6Q4^3l / 1(BY(:] 5'n@n` \g  (4;'3

0b4<g� f+ d93k fQ  3/]5nbj 'mb^l� b]'n2 c e(I3 _'4+3(Q :(g3(Rg'3lm 5(;'0; 0ba(]k <]n(g4k /ne/(  \&gA *Da �f.4�c/ c
I'43nRl� (b?c3lm ' cmb^l  ]n:l� (4a (+m: BY(:]j ( _'3(R^g c Og2019) \g  4+ fQ 2;' (4;'3;43n1(   3/ _'4+3(Q]5nbj 
'mb^l� b]'n�2 [(<<a' In6mRl c 4/'3l Q3أn0 2?'/ .3/ ]5nbj f](a4+ 3m6k 4Q3(@]l c a'4^R/l� (g3(Rg'3lm ^gVbg(^g _d�l 
+n` /(hak c /'49l [4J4Z/ O'44?' f.4�c/ c 43dR;' (+ 1(BY(:] dac4+ (2020) ( _'3(R^g c d3dY/ c2022) \g  4+ fQ 2;' (4;'3

^Q(/n2 4Q3(@]l  c4I'm(g0bk 4Q3(@]l Q3أ [4a O4 3 3/n0 0b4?'/.  3/]5nbj (/ O4 3m3'0 c fR,? 5(;k :X/ 5'0/' (gk 
/ne/( c3k c f.4�c/ 3'd;k c W(D3' O3(/ (g (+ mf4I( (gk f4bY'c c _'3(R^g (2021) 34Q cnZ<l c _'3(R^g (2022) \g a'd.l  /3'/

 4+ fQB;d3j fR,? (gk .na(+(l 6,; c <]n(g4k (/m3'0 f.4�c/ Q3أn0 0b4?'/.  3/]5nbj 3c(bIk 3cآda ck� /'49l  O'44?' [4J4Z/
 3/ 43dR;' c f.4�c/a(](;j Z/'nRn`@ 3'/4h?k  (+BY(:]j 3'4Ik ( _'3(R^g c2024) \g  f+ fQ 2;' (4;'3]4J4Z/l  _0?

f.4�c/ 3'd;k 73أ cn1'4 A(^4;'l  G/(D4M'k _آ f4.'/4/ /d+. b�^gn`�  3/]5nbj A(^4;' 2Y'0Al ec4U c (gk (.�A 

*;(b] 5(;k <]n4 '4+k �_(Q/dQ _'0b^Y(; c /'4I' '3'/k YdZB]n2 (+ Q3أn0 34,Yآl (2023 )c3(] c (2022) A(^4;' 2Y'0A 4+l  c
(^/m2 5' ec4U (gk ;آn* 2/m4 \g a'd.l /3'/. 

3/ ]5nbj )(3 3cآk /(D4M'k A(^4;' cl، (g3(Rg'3k f&'3' + e0?n44@ 5 4+m2.(;4 (gk 0,Y(Qk g(I3 cl  f+ 44^Q c 0a3'/ 6Q4^3
/(B+'  cfJYؤ] (gk )(3 3cآk /(D4M'k A(^4;' cl f4.'/4/ Y(/ 3/ �0a'l 3(BY(:] fQl 0;' g/ 0ba(]n(b (2025) 74 3أ+n1'4 /(D4M'k c 

A(^4;'l 4I5آ(+mbl Q3أn0 0b4?'/. b�^gn`� mf4I( (g '4;' 1(]'0M' 4+lm )d�3(� f+ 44^Q c 0a3'/ 6Q4^3 (gk 53'm+(l bg1l c 
Q'3/'l _'4+3(Q f4.'/4/ �0a' 'm` ?d6d] (+ 1(BY(:] `� (2022) / ck _'3(R^g c dQc3 (2023) 53' 4+ fQm+(l b4,]l 4+ O'3/' 
4+3(Q c )d�3(� (gk (/m3'0k Q3أn0 �0b4?'/ \g (4;'3lm 44^Qk /3'/. 

6. .FÎGگجÎ7Î N پÎ'G/'GF; 
 [(E/' 4+ 6Q4^3 (+ 46(/ >gc8/B;d3j R,?j '4I 3/ [4a O4 3m0b 4I5آ(+mbl 4h?k� _(@a /'/ e0a55(+ 5(;k (g(6Ik ]d^Al  c

<]n(g4k /ne/( c3k c f.4�c/ 3'd;k ]l 0a'd3 f+  3'6+' _'dbAk /4,g'3k '4+k (N33'k QnJn2 4h?k c 4;/n+(l f+ G'0g' (/m3'0k 
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Predicting crash severity based on recorded crash data is associated with several 
challenges, including limited accessibility, incomplete information, and potential 
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(TTC), were used as the dependent variable to evaluate factors affecting the 
severity of rear-end and lane-change interactions. The results indicate that 
maximum speed has the strongest effect in the final rear-end interaction model, 
such that a one-unit increase in maximum speed leads to a 0.488-unit reduction 
in interaction severity. This finding highlights the statistically significant 
mitigating effect of maximum speed on the safety level of traffic interactions 
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Introduction 
Road safety has consistently been regarded as a fundamentally important topic in scientific research. 
One of the most extensively investigated aspects of road safety is reflected in traffic crashes. 
Considering that vehicles approaching a roundabout must yield to circulating traffic, entry legs are 
treated as minor roads, while circulating lanes are regarded as major roads. In this sense, a roundabout 
can be conceptualized as a priority-controlled conventional intersection. 

At a broader level, methods for evaluating the safety and operational performance of roundabouts 
are generally classified into two main categories: crash-based and conflict-based approaches. The 
challenges associated with crash-based analyses have led to the development of surrogate safety 
measures. These measures enable rapid evaluation of innovative intersection designs and traffic 
control strategies without requiring crash data, and they utilize identified traffic conflicts to assess 
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safety conditions. Surrogate safety indicators are considered among the most precise approaches for 
the functional analysis of roundabouts. 

Materials and Methods 
Given the importance, availability, and crash-related relevance of surrogate safety measures, a more 
detailed examination of the factors influencing each traffic conflict can significantly enhance the 
prediction of safety conditions and the severity of conflicts at an intersection. Aerial video recording 
using an unmanned aerial vehicle (UAV) is one of the techniques for collecting traffic and operational 
data, and it was employed in this study as well. 

Prior to conducting the aerial recording, the traffic conditions of the roundabout were assessed 
during different hours of the day in terms of level of service. Filming was performed under free‑flow 
conditions so that vehicles could execute their corrective movements and maneuvers without 
constraints, as congestion may affect such maneuvers and consequently alter the nature of operational 
analysis compared to free‑flow situations. 

Considering the selected UAV-based data collection method and its inherent limitations, the video 
recording was carried out under sunny weather and on a dry asphalt surface. Heavy vehicles (such as 
trucks and trailers) are prohibited from entering this roundabout during the day; therefore, the rare 
instances of their presence (if any) were excluded from the analysis. Moreover, due to the relatively 
high altitude of the UAV, identifying conflicts involving motorcycles and pedestrians is challenging. 
As a result, this study focuses exclusively on conflicts between passenger vehicles. 

Results 
In summary, the results obtained from the three regression models indicate that the intercept is 
negative and statistically significant in all specifications. The variable PET consistently appears as 
positive and highly significant across all three models, exhibiting the strongest influence on the 
dependent variable. 

In the models incorporating additional explanatory variables, the behavior of MaxS and 
PostCrashV differs. Specifically, MaxS was statistically insignificant in Model 2 in certain analyses; 
however, in the final model, with the inclusion of PostCrashV, it became significant and demonstrated 
a negative effect. The variable PostCrashV appears only in Model 3 and shows a statistically 
significant impact on conflict severity at this stage. 

A comparison of goodness-of-fit indicators, including AIC and BIC, as well as changes in Log-
Likelihood and Pseudo R², suggests that Model 3 provides a superior fit. Owing to the greater number 
of significant variables and its higher explanatory power, this model is considered more appropriate 
for explaining variations in TTC. 

Overall, although PET remains the most influential variable in all model specifications, the 
inclusion of MaxS and PostCrashV in the final model enriches the predictive structure and enhances 
overall model performance. Based on the results presented in Tables 4 and 6–7, PET consistently 
exhibits a positive and statistically significant coefficient across all three modeling scenarios, 
indicating that higher PET values are associated with increased TTC. 

From both behavioral and physical perspectives, this finding is consistent with the theoretical 
foundations of surrogate safety measures. A larger PET reflects a greater temporal separation between 
two road users at the conflict point, thereby reducing the likelihood of an immediate collision. In other 
words, the results confirm that PET can serve as a reliable predictive indicator for describing the safety 
level of traffic interactions and demonstrates a clear structural relationship with TTC. 

Discussion and Conclusion 
 The results of the three modeling frameworks indicate that PET is the most stable and influential 

variable in explaining variations in TTC. Across all model specifications, PET exhibits a positive 
and statistically significant relationship with conflict severity. 

 In Type 1 models (lane-changing conflicts), only the base model including PET was statistically 
significant, while the speed-related variables, MaxS and PostCrashV, did not show significant 
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effects. This suggests that, in lane-changing conflicts, temporal variables play a more dominant role 
than speed variables in explaining variations in TTC. 

 In Type 2 models (rear-end conflicts), the inclusion of speed variables altered the effect pattern. 
The increase in the PET coefficient from 1.917 in Model 1 to 2.393 in Model 3 indicates that when 
speed is simultaneously controlled, the importance of PET is further strengthened. 

 The Type 3 models (all conflicts combined) confirmed a similar pattern. PET remained positive 
and statistically significant in all specifications, with its coefficient increasing from 1.42 in Model 1 
to 1.70 in Model 3. 

 A comparison of goodness-of-fit measures shows that adding explanatory variables improves 
model performance. In Type 1 models, Model 2 provided the best combination of AIC, BIC, and 
Pseudo R². However, in Type 2 models, Model 3 demonstrated the best overall fit among all 
specifications, with the highest Log-Likelihood, the lowest AIC, and the highest Pseudo R². 

 The Gamma regression model with a log link function demonstrated strong performance in 
modeling the TTC indicator. This model is consistent with the strictly positive and right-skewed 
nature of TTC data and achieved appropriate Log-Likelihood values, reduced AIC and BIC, and 
acceptable Pseudo R² values. Overall, it provided robust goodness-of-fit and statistical stability 
across all model structures and effectively explained variations in conflict severity. 

 The goodness-of-fit statistics further confirm the satisfactory performance of the Gamma models. 
For lane-changing conflicts (Type 1), Model 2 achieved the best fit (Log-Likelihood = −30.21, AIC 
= 54.194, BIC = 77.79, Pseudo R² = 0.544). For rear-end conflicts (Type 2), Model 3 showed the 
best overall performance (Log-Likelihood = −21.476, AIC = 50.953, highest Pseudo R² = 0.386). 
For the combined conflict type (Type 3), although AIC and BIC values were relatively close across 
models, Model 3 provided greater explanatory power (Pseudo R² = 0.41). Collectively, these 
findings confirm the suitability and effectiveness of the Gamma regression approach in modeling 
TTC. 
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1. Quasi-Poisson 
2. Negative Binomial – NB 
3. Separated Central Island- SCI 
4. intersecting conflicts 
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HZJB. R.G'Y W8Y6~  8* ./9'7 R5'PI FY/O0'I '* '7 4Y'.M X57'. 7'+.A' O 0:'* 7'6¯8Z1/. 'SLZJS  '* 0Y'* 9SO�~ LY' 4Y'.M � '7'
 X*'Y97' RN F7' XTY0* .0MP: 8Z7G. 7'Z./'@I'5 R.G'Y 7'+.A' 8. R* G:F.7I 'S Q/'/ W8Z¯7'N  ?PN.I 8Y'8: X778* O RM'OI0N� W'S

XI RN W8I' �/P* 0S'P. X.آ N'BF':I 7/ XOZG'8. O X70NS HZJB. R* 0M'P. ./P: 86NI 4Y'.M /8*7'N FZF*'J FYPK. O 8.;Z* W8Y6~ 

2. 9GN8 پژN7 
'* K7.+'7 آ' O K/P*  8.7/ 7/ �XNJY' LY:¯Y'5 W'S7'ZBI 9' Q/'G.7' FZJS' R* R5P. IZJ/ R�8S X778* �N'G/'?. '* 'S  FI'PA 8.

XI F.'0. 8S 8* 81PI 9Z~ 7/ 0M'P.  @9'K. MY Ng.'0. N0: O XNJY' 8Y'8: 8.;Z* R�8S XNZ*I81 ؤHFZG .0:'*  '* XY'PS W7'/8*
8O7 9' �/'~T~  F:'/8* W'SR.G8¯ Q8T* K9 آ' :ZM 9SO�~ LY' 7/ RN F7' W/8OFJA O XOZG'8. 8Y'8: 9' N'Ag9'  Q0:   .F7'
HFZG 9' 9Z~ FA'7 7/ K'0ZI XOZG'8. 8Y'8: �XY'PS W7'/8*  X778* /7PI XOZG'8. GYO87 /:7 8>M 9' �9O7 MY GF..I W'S

7'8J HFZG O FG8¯ FY'7O /'9آ K'Y85 RN 0: G'6M' X.F'/ 7/ W7'/8* FY'7O '. /P* K'Y85 7/ RZFKM   W'S7PM'I O N'N8/ 0M'P.* RZFKM
FZBJPI 7/ F7' LOJI '8Y9 �0NS/ G'6M' RM'/'97' آ /P. X/g>'   F'. X/g>' W'S7PM'I G'6M' �MZG'8. G'//9'./ 8Z17'8J  R.G8¯

 OP'MU '* .0:'* /'9آ K'Y85 9' NO'G.I :ZM W/8OFJA FZF'. HFZG 8O7 ('..M' R* R5P. FY/O0'I O XY'PS W7'/8*  �Kآ W'S
HFZG (8 آY'8: 7/ W7'/8* O  M;. X.F'G7آ RYO7 /:7 RN X:Y'8: 7/ O X*'.Gآ XY'PS�F7' Q0: G'6M'   FY'7O //8. .F7'ZFKMV 

LZ¯N7 K8// آ. L0M' 9' O F7' ?PNJI K'0ZI LY' 7/ 9O7 7/ )XFY8. O KPZI'N( 'S  8>M G8> )/P5O N7P> 7/( Q0:'* O * R5P. R
 O FFOZ77P.PI Ng.'0. =Z.;. �/'~T~ ?'G.7' K/P* g'*8*'A'K  O7 FO;I '* �Q/'Z~ R* F7' O7. �LY'8*'N*  9SO�~ LY' 7/8KG 

 FY'7O Ng.'0.ZFKMV  X778* /7PI W7'P7 '* W7'P7F7'7/ 9SO�~ G'6M' F/'8I .  FO:1 Q0Iآ  .F7' 

 
 F¯61 .9SO�~ W'JM 0MO7 

2-1.  N 7Î7 7. .'7..7'ÎکÎG'7. ت䐧0'.ل. ÎÎ'7'F: 
RZT. HFZG  9' Q/'G.7' '* �0N*/O7 K'0ZI 9' Q0:G8M 89'/8~ 7':G' 8YP?.1 89'/8~ �Q0:  F7'G8M LY' 9' Q/'G.7' '* . 8. 7':G'  FY'7O 8Z7  

3'8..7' MZOG. R* RZFKM   7/ Q/'G.7' W'8* K9 آ' OG8M XNJY' FZF'. 7':G'2  Q/'G.7' Q0: F7' .G8M  7':G'K'JS �XNJY' FZF'.  7/ RN RMP¯
                                                            
1. DataFromSky 
2. SSAM 
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R.G¯ LZ;Z~ N'KZK'.   Q8T* W/O7O K'PNA R* RZFKM FY'7O XOZG'8. 8Z7 8. 9' �0:XI  /8Z¯X¯�YO FI': XFY'G O  O W/8OFJA W'S
LZN�JS�  W8Z¯8>M7/ '* '7 XF.'0. W'S7'ZBI VM'.7آKآ XM'8'* X5O8. K'PNA R* �'S XI W/0A W'S S7'ZBI 9SO�~ LY' 7/ .0S/ W'
 XNJY'TTC  OPET X¯�YO 9' �Ng.'0. FZB6O X*'Y97' W'8* 8. 8ZZ>. Ng.'0. O )KA R* PF5 Ng.'0. W'S1  W'SO7/P.

Q/'G.7' 0N*/O7 K'0ZI 7/ �W7'P7  Q0:  F7' .'*  7'0KI FZJS' R5P. VM'.70'7 آKI W8Z¯8>M7/ �Ng.'0. XM'8'*TTC  OPET XI  0M'P.
 X*'Y97' 7/0:'* 81ؤI'* . 5P.9SO�~ 7/ 8Y/'KI LY' /'TN;Z~ R* R W'S [11  O12�]  7'ZBI 7'0KITTC  OPET  7'0KI �9SO�~ LY' 7/

5/1  W'8* RZM'1 MY 8SR.G8¯ 8>M 7/ XNJY' W'S7'ZBI 9'  Q0:   .F7' VMPJM8.  8Z7  W'S3'8..7' G8M IY89 9' Q0: 89'/8~ 7':G'  
8YP?. 7/  FO:2  R* 7/ 'S8Z7 8. X5O8. RN F7' Q0I9 /7آY'JMG8M  Q/'G.7' �XNJY' FZF'. 7':G' Q0: F7' . 

 
 F¯62 . 8Z7 8.FZF'.  7/ Q0:G8M  7':G'DFS 

 R* R5P. '* XOZG'8. Ng.'0.YO'9V  7/ 8¯Y0OY R* RZFKM FY'7O XOY/:MG8M HZ7K. R.7/ R7 R* XNJY' FZF'. 7':G'  Q0:  F7' .
 9SO�~ LY' 7/( 'Y )KA R* PF5 ?PM 9' Ng.'0.Read-EndLZN�JS O )� ( 8. 8ZZ>. Ng.'0.Lane Changing X778* /7PI )

R.G8¯ 7'8J  F:'/8* Ng.'0. ?PM LY' W'8* XNJY' W'S7'ZBI O F7'  Q0: LZN�JS .0M'� W/8OFJA 7'ZBI O/ FY'7O   RFJ5 9' RZFKM
 FA87 LY8.;Z*FZ7OV   RZM'18*8.I )7/ 8* RZFKM( MaxS( F.'0. 9' G~ FA87 O )PostCrashV RZM'18*8.I )7/ 8* :ZM )

 F:'/8*:0 .HZ7K. N'Z&:5 7/ Ng.'0. W0N*  FO:3 Q0Iآ  .F7' 

 
 F¯63 .HZ7K.   '7' 8* Ng.'0. W0N* VYO'9MY/:M  Kآ K0: 'S 

                                                            
1. Lane changing 
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9' XOY RN 0N*/O7 K'0ZI 9SO�~ LY' 7/ K'0ZI W'S HTI  K'.79P. K'.7' 7/ @J'O  PG9/ K'.78T:F7'7'8J 9SO�~ /7PI � 
 R.G8¯ 7'8J  PG9/ 8T: X*8>  'J: FJ7J 7/ K'0ZI LY' .F7' 7/ K'0ZI F'I ./7'/  FO:4 K';M  .F7' Q0: Q/'/ 

 
 F¯64 .0N*/O7 K'0ZI R* XT.NI W'S/8OYO7 O W0N*8OZ~ 

2-2. F0G 8N7 Î7'Gآ Î8'7 

Y9P. 9' XOY 'I'¯ @Y9P.@  G8G O R.7PZ~  'J./' W'SHZJB. .G'YV  XY'JM @Y9P.F7' [15]8O7 9' XOY . F*'J W7'Iآ W'S   W'8* '85'
Q/'/ FZF'. XI WO8Z~ 'I'¯ @Y9P. 9' RN XY'S  W'S8Z>.I O 0NNN9Z~ XNZ* 0NNNU Kآ  XAPM 'I'¯ KPZ78¯7 .F7' 'I'¯ KPZ78¯7 �'S

XI (P7'I X:.8Z> KPZ78¯7 F7/ �X:.8Z> KPZ78¯7  0I MY ./P:  F7' X:.8Z> G8G '* 8.I'7'~ MY FI': HN[16  O17] .
 �0:'* .7'~ 8Z>.I LY0N� W'7'/ RN XY'I'¯ KPZ78¯7R* /g:>' ( Q8Z>.I0N� W'I'¯ KPZ78¯71

MGRXI Q0ZI'M ) :.  0I ./P: X
HZJB. R.G'Y2  0I 7/ Q/8.7¯ 7P9 R* 'I'¯ @Y9P. W'8* Q/'/ W9'7 R.G8¯ 7'N R* �F+2I X¯FP� '* O XGNI8Z> �R.7PZ~ W'S XI /P:.  '*
LY'  W'S7'ZBI R* W'8*  0I ('..M' � '/AIC/BIC  /7'/ X¯.7*[18.]  0ZNN @8G     K';M 0NS/U  R.7PZ~ 7'0KITTC  W'8*

 FI'B.  N W7P9 R* �0:'* RiTTC 0þXBY9P. @8G .F7' [19] �(:*'7 V1) : 
(1) ø ùGamma , i iTTC μ 

 :K7 آ/ RNø ù 0ý þi iμ E TTC  O X98: LZ¯M'ZI  .F7' X¯0NN'8~ 8.I'7'~ 
 O( XJ.Y7'¯F 0MPZ~ @*'. MY 9'Log-link function )W'8*  Q/'G.7' LZ¯M'ZI K/P* F+2I LZJ6.:*'7 .0: V2 K';M 0NS/U 
:*'7V R.G¯ Q0:  F7' : 
(2) ø ù 0 1 2 3Plo PET ost Crash V MaxSg ý   i i i iμ β β β β 

3.  N حث.G.G'Î 'G 
3-1. ÎکÎG'7. ت䐧0'.ل. ÎGÎ7N. FÎFح. 

F.'0. N0: �9SO�~ LY' 7/ PF5 W'S R* ( R.7PZ~ /7P.8* '. K'I9 =.': 9' Q/'G.7' '* W7'P7 '* W7'P7 8. 8ZZ>. O )KATTC 7/ )
 U9'* '. 8G>5/1 X778* .0: FZF'. RZM'1 /'/ K';M RZFO' W7'Iآ W'S TTC  8G> MY/:M 0Y0: @J6. W'7'/ O F+2I �R.7PZ~ W8Z>.I

                                                            
1. Multivariate Gamma Regression 
2. Generalized Linear Model- GLM 
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 0I W'8* �LY'8*'N* �F7' HZJB. X:. KPZ78¯7 9' Kآ W9'7 7/ .0: Q/'G.7' XJ.Y7'¯F 0MPZ~ @*'. O 'I'¯ @Y9P. '* R.G'Y   O051 
R>g.  W'S8Z>.I 9' W'F:'/8* 87P. Q0: G8M .F7' Q0Iآ XNJY' FZF'. 7':G' 

 FL/1ج.  V>g.F:'/8* W'S8Z>.I  9' Q0:G8M  7':G'SSAM 
8Îغ.G IÎ¯J'ÎG 7'/قG IÎ8.G¯ 7'/قG IÎ8.6Îب 
TTC 71/0 0 5/1 
PET 57/0 0 13/2 

MaxS 1/4 73/0 99/8 
PostCrashV 86/2 05/0 26/8 

 
R&'7' XGZ>P. 7'I7 آ/ Q0:   O051 XI K';M 0S/  /7PI W'S8Z>.I/'G.7'U NI'/V XI 9:P~ '7 X+7'NI N'8ZZ>.  8>M 9' O 0NS/

8Z>.I .0N.7S 8Z7G. F*'J XOY:ZG O W7'.G7TTC   LZ¯M'ZI '*71/0 Q9'* O  9' W'0  '.5/1  8Y'8: 9' XAPN.I GZ9 /P5O 8¯M'Z*
FZBJPI 9' �/7P.8* XM'I9 FZB6O '. XM'8'* 7'Z7* W'S R* .F7' LJY' O'.+7M W'S  8Z>.I �R*';I 7P9 PET  LZ¯M'ZI W'7'/57/0 
 LZ* N'8ZZ>. '* O Q/P*0  '.13/2 K';M 0NS/U F*'J ?PN.   7/ R5P.F>'GV  G/'?. M7Y7 GF..I /P:7 O RZFKM FY'7O 7P+A XM'I9

7' .F 8Z>.IMaxS  LZ¯M'ZI '*1/4 RNI'/ O  LZ* W'73/0  '.99/8  7/ RNZ;Z* FA87 Wg'* X¯0NN'8~ 8¯M'Z*Q/'/  RN F7'S
XI 0NN 'GY' N'G/'?. N0: LZZ+. 7/ XJTI 9KM 0M'P.. 

 LZ* R.7*'O 8Z>.ITTC  8Z>.I OPET  K':ZI R* WPJ O'.+7M O F+2I X¯.7+JS72/0  8¯M'Z* RN /7'/ /P5O:*'7V  O HZK.7I
F*'J  XI K';M 7'0KI LY' .F7' XM'I9 =.': O/ LY' R5P.  9Y':G' '* 0S/PET 7'0KI �TTC ' :ZMXI 9Y':G  N0: 8>M 9' O 0*'Y

WPJ �R:*'7 3O9 XI'J. LZ* 7/ 7'+.7' LY8.  �F*'KI 7/ .F7' 8Z>.I O/ LY' R* 7P*8I 'S8Z>.ITTC  FI': FA87 W'S8Z>.I '*
MaxS  OPostCrashV  /O0/ XGZB6 O XGNI X¯.7+JS14/0- XI K';M 7'0KI LY' ./7'/  FA87 'Y RNZ;Z* FA87 9Y':G' 0S/

 �F.'0. 9' G~ X&:5 9S'N '*TTC  8* 'S8Z>.I LY' /O0'I X:. 81' 8¯M'Z* O Q/P* LZY'~ R:*'7 LY' N0: 'I' �F7' Q'8JSTTC 
F7' Q/'7 X¯.7+JS /:7 7/ (  O052).  

 FL/2ج .R.7*'O O FK.7I W'S8Z>.I X¯.7+JS X778* 
8Îغ.G TTC PET MaxS PostCrashV 

TTC 1 72/0 14/0- 14/0- 
PET 72/0 1 24/0- 31/0- 

MaxS 14/0- 24/0- 1 42/0 
PostCrashV 14/0- 31/0- 42/0 1 

 
 4Y'.M I+9(  O053 ) 7'0KIVIF  R* 7P*8IPET  '* 8*'8*57/0  RN F7'K';M  U0NS/HS LZY'~ 7'Z7* /:7   gK.7' O X:.

 8Y/'KI .F7'  0I W'S8Z>.I 8Y'7 9' 8Z>.I LY' )7'NIVIF  W'S8Z>.IMaxS  OPostCrashV  R* F+7M R�8¯'PET  'I' �0M8.g'*
 7/ K'N�JS VNI'/F*'J   0I W'8*  P+J XI 7'8J MZG'8. XNJY' O W7'.G7 W'S  O 0M8Z¯ 8KGHS /P5O 8¯M'Z* .0N.7S 87P.I X:. 

 FL/3ج .HS X778* RM'¯0N� X:. (VIF) 
8Îغ.G VIF 
PET 57/0 

MaxS 31/5 
PostCrashV 53/5 
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3-2. 7Î'قGÆ F0G  Î'G'G'گ HNÎ777گ 
 0I  9SO�~ W7'Iآ W9'7*' RLY  N7P>F7'  FI'PA MZOG. R* RNI81 ؤ O Q/8N X778* '7 ))KA R* PF5 O 8.8ZZ>.( F.'0. 8S 8*

 0I �XM'Y'~  0I 7/  Ng.'0. )ZN8. 9' Q/'G.7' '* '7 W7'Iآ W9'7/'Y Q0:Q0: R7Y'KI O Q/'/ G'6M'   �F7.M G'¯ 7/ .F7':*'7V 
 LZ*TTC ( 8:. XM'I9 =.': OPETR* )   N7P> V:*'73 :0: X778* 
(3) ø ù 0 1log PETý i iμ β β 

 8Z>.I '0.*' 0M0: Q/O:G'  0I R* Q0NM'7 7'.G7 '* 8+.8I W'S8Z>.I �W7'.G7 FI'PA 9KM X778* W'8* �G~7MaxS :*'7 R* V3 
 RG'6': 0 RN:*'7V K';M 8Y9 7/ Kآ  Q/'/  Q0:  F7'  V:*'7(4) . 

(4) ø ù 0 1 2Plog ET MaxSý  i i iμ β β β 
 W7'.G7 O FK.7I 8Z>.I �GP7  0I 7/PostCrashV 7'8J  0I 7/ Q/'/   XY'TM FO: RN 0: V:*'7 R:*'7 N7P> R* K5آ  Q0: F7'. 

(5) ø ù 0 1 2 3Ml PET axS Post Crg sh Vo aý  i i i iμ β β β β 
 0I 4Y'.M  W9'7G'6M' ?PM( 8. 8ZZ>. Ng.'0. W'8* Q0: 1PF5 �)  R*  ?PM( )KA 2 ?PM( O )3 0N.7S K7 آ/ F.'0. O/ RN )

R* K'*9 '* RN 'I'¯ KPZ78¯7 '* )Z.8. RI'M8* '0Z~ RB7P. KP.Y'~ X7YPM Q/8N� Q0Iآ RI'/' 7/   .F7'FF'/ 9' MY 8S W'S R.G¯  7/ Q0:
05  O W'S  .F7' Q0I8 آY9 

XI K';M  0I R7 4Y'.M 0S/  0I XI'J. 7/ F*'1 7'0KI  8Z>.I .F7' 7'/'NBI O XGNI 'SPET  7'0Y'~ O F+2I 81'  0I R7 8S 7/
 W7'/'NBI /:7 O K'7OY O'+Y8K. )Y'86 '* O /7'/001/0HTI �  8Z>.I LY8.LZZ+. 0NNNU XI (P7'I Ng.'0. N0:  �F*'KI 7/ ./P:

 8Z>.IMaxS  8Z>.I /O7O 9' G~ O GO/  0I 7/PostCrashV /XJM W7'Iآ W7'/'NBI /:7 R* GP7  0I 7 LZN�JS .077� 
PostCrashV XJM K';M R.7*'O 8Z>.I 8* W7'/'NBI 81' �Q0: ;''F GP7  0I 7/ 'TN. RN R* .0S/   W'S8Z>.I K/O:G' �XFN 7P9

 W7'/'NBI 8* W8Z1/. 0Y05PET  0I W'S7'..'7 XI'J. 7/ 8Z>.I LY' O R.:'0M WPJ W9'7 FI'A 'TN. O LY8.  Q0M'I XJ'* 7'/'NBI
F7' (  O054). 

R.G'Y XI K';M 'S  8Z>.I .F7' 7'/'NBI W7'I8 آ>M 9' O XGNI  0I R7 8S 7/ '0+I 9' @8A 0S/PET  0I XI'J. 7/  W81' 'S
 7/ .F7' R.7*'O 8Z>.I LZZ+. 7/ =.': LY' WPJ O 7'0Y'~ 9KM 8¯M'Z* Kآ )Y86 7'0KI 9Y':G' O /7'/ 7'/'NBI 7'Z7* O F+2I  0I

 �GO/MaxS  8Z>.I /O7O '* 'I' �F7ZM 7'/'NBIPostCrashV  81' �GP7  0I 7/MaxS  7'/'NBIXI /P:  OPostCrashV  8Z1/. :ZM
XI K';M /P. 9' W7'/'NBI O F+2I R* .0S/   4Y'.M �XFN 7P98¯M'Z*  0N�8S RN F7' KآPET JS 7/V  0I  �F7' W0ZFN 8Z>.I 'S

HS 7P6/ '* GP7  0I 'I'  K'I9MaxS  OPostCrashV F7' 7'/7P.8* W8.g'* XNZZ+. W'N> 9'   O05(5 .) 

 FL/0 . 4جI 4Y'.M  ?PM  0I( 8.8ZZ>. Ng.'0. W7'Iآ W'S1) 
8Îغ.G  F/G1: 

 
 F/G2: 

 
 F/G3: 

 

 
)Y86 P-value )Y86 P-value )Y86 P-value 

( F*'1Constant) 25/2- 001/0 58/2- 001/0 62/2- 001/0 

PET 93/1 001/0 94/1 001/0 95/1 001/0 

MaxS — — 08/0 240/0 157/0  344/0 

PostCrashV — — — — 11/0- 597/0 

 FL/0 . 5جI 4Y'.M ?PM  0I( )KA R* PF5 Ng.'0. W7'Iآ W'S 2) 
8Îغ.G  F/G1: 

 
 F/G2: 

 
 F/G3: 

 

 
)Y86 P-value )Y86 P-value )Y86 P-value 

( F*'1Constant) 364/1- 000/0 029/1- 001/0 432/1- 000/0 

PET 917/1 000/0 887/1 000/0 393/2 000/0 

MaxS — — 079/0- 166/0 488/0- 000/0 

PostCrashV — — — — 614/0 000/0 
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 0I R7 /7O4 *8آY'.M  7/ RN(  O056) Q0Iآ   �F7'XI K';M 0S/  0I XI'J. 7/ F*'1 7'0KI  7'/'NBI W7'I8 آ>M 9' O XGNI 'S
 8Z>.I .F7'PET  7/JSV  0I W'S7'..'7  O W7'0Y'~ 8¯M'Z* Kآ )Y'86 X6Y70. 9Y':G' O R.:'/ 7'/'NBI O F+2I W81' W9'7

 8Z>.I .F7' R.7*'O 8Z>.I LZZ+. 7/ =.': LY' FZJS'MaxS .I /O7O '* 'I' �F7ZM 7'/'NBI GO/  0I 7/ 8Z>PostCrashV  7/
XI 7'/'NBI O XGNI K81 آ' �GP7  0I LZN�JS ./P:� PostCrashV  8* W7'/'NBI O F+2I 81' �Q0: ;''F GP7  0I 7/ 'TN. RN

R* ./7'/ R.7*'O 8Z>.I  HS K0: 7'/'NBI '* GP7  0I �XFN 7P9  8Z>.I R7 8S K'I9PET �MaxS  OPostCrashV W'N> LY8.g'* �
 K';M '7 XNZZ+.XI 0S/. 

7'0KI Log-Likelihood  9'797/33-   0I 7/1  R*21/30-   0I 7/2  O46/25-   0I 7/3  RN F7' R.G'Y /P+T*
K';M 0NS/U F7' 0Y05 W'S8Z>.I K/O:G' '*  0I 89'8* X+7M /P+T*. =.': AIC   0I 7/2 ( 7'0KI LY8.JN194/54 O /7'/ '7 )

  0I '* R7Y'KI 7/1 (59/71  0I O )3 (92/58XI K';M W8.T* /8OFJA ) 8>M 9' .0S/ BIC   0I :ZM1 ( 7'0KI LY8.JN96/74 '7 )
7'//7/ � XF'/   0I RN  W'S2  O3 R* )Z.8.   8Y/'KI79/77  O9/81 K';M'7 XI 0NS/ .7'0KI Pseudo R2  7'Z7*  0I R7 8S 7/

( F7' HS R* MY/:M541/0  �544/0  O534/0 K'P. 7/ L0M' NO'G. 8¯M'Z* RN ) 0I XNZZ+. F7'S .  0I R�8¯' �?PJ6I 7/3 
 7'0KI LY8.g'* W'7'/Log-Likelihood   '7' 8* 'I' �F7'AIC   0I2  8>M 9' O /7'/ W8.T* /8OFJABIC   0I1  LY8.JN

XI K';M '7 7'0KI 0S/ .R* �RI'/' 7/  7Y'KI �'I'¯ KPZ78¯7  0I 89'8* XYPOZM X*'Y97' 7P>NIV  8Y/'KIAIC  OBIC  7/05  O7 
.F7' Q0: R&'7' 

 FL/0 . 6جI 4Y'.M ?PM  0I( 8. 8ZZ>. O )KA R* PF5 Ng.'0. W7'Iآ W'S 3) 
8Îغ.G  F/G1: 

 
 F/G2: 

 
 F/G3: 

 

 
)Y86 P-value )Y86 P-value )Y86 P-value 

( F*'1Constant) 36/1- 000/0 24/1- 001/0 46/1- 000/0 

PET 42/1 000/0 414/1 000/0 7/1 000/0 

MaxS — — 029/0- 490/0 35/0- 000/0 

PostCrashV — — — — 47/0 000/0 

 FL/7ج . V7Y'KI=.':  0I 89'8* XYPOZM W'S ?PM  0I( 8.8ZZ>. Ng.'0. W'S 1) 
 F/G1  F/G2  F/G3  6'.ص

Log-Likelihood 797/33- 21/30- 46/25- 

AIC 59/71 194/54 92/58 

BIC 96/74 79/77 9/81 

Pseudo R²  541/0 544/0 534/0 

 
 I+9  O058  7'0KI �Log-Likelihood F*'J /P+T* F+J  O05 R* F+7M  0I R7 8S  R* �/7'/ XT5P.  W7P9   9' K0'7 آKI RN

072/47-   0I 7/1  R*097/24-   0I 7/2  O476/21-   0I 7/3  O F7' F+J  O05 R*';I 0MO7 LY' .F7' R.G'Y 9Y':G'
XI K';M K'N�JS 0S/ RG'6' '*   =.': .F7' Q0: 8.T*  0I 89'8* �'S8Z>.I K0:AIC XI  '+M/ '7 XF+J WP¯F' K'JS :ZM  �0NN

  0I2  7'0KI LY8.JNAIC (194/54  0I R* F+7M W8.T* /8OFJA O /7'/ '7 )1 (144/98  0I O )3 (953/50XI K';M )  .0S/
HS OgI'N P¯F' LY'   0I RN F7' XF+J  O05 FZF'. '* '.7'72  8>M 9' '7AIC )7'NI XI XG8BI 8.  /7PI 7/ ./8NBIC 8Y/'KI �

P7:* 7'Z7* X¯JS F+J  O05 R* F+7M Q0: 87':¯ 8. R7Y'KI WP¯F' 'I' �0M' Q0M'I XJ'* R*';I W'   0I � O05 LY' 7/ .F7'3 
( /7'/ '7 7'0KI LY8.JN16/338  0I RN XF'/ 7/ �)1 ( 7'0KI LY8.;Z*25/340XI K';M '7 ) 0S/ .*R   0I RN XF+J  O05 Gg.1 

 7'0KI LY8.T*BIC   0I W87 LY' 7/ �F:'/ '73  8>M 9' '7 /8OFJA LY8.T*BIC XI R&'7'  8Y/'KI .0S/Pseudo R²  0NM'I :ZM
R* XF+J  O05  MY/:M HS LY' 8ZZ>. WP¯F' 'I' �0M'   0I XF+J  O05 7/ .F7' NO'G.I 7'*2 LY' 7/ 'I' �F:'/ '7 7'0KI LY8.T* 
  0I  O053  7'0KI '*386/0 XI K';M '7 /8OFJA LY8.T* .0S/ 



F/G پÎ6 .ÎFÎ N6/. .ص'/ف'. جل  G.  غ. N .عقÎÎ8 'GN7/Nخط خÎ 7'NسÎ G 7/ÎH'/ 8G6Î  7ÎF'Gح  N.H'Î/8جN8           689 

 FL/8ج . V7Y'KI=.':  0I 89'8* XYPOZM W'S ?PM  0I( )KA R* PF5 Ng.'0. W'S 2) 
 F/G1  F/G2  F/G3  6'.ص

Log-Likelihood 072/47- 097/24- 476/21- 

AIC 144/98 194/54 953/50 

BIC 25/340 03/343 16/338 

Pseudo R²  338/0 333/0 386/0 

 
=.': R7Y'KI XI K';M 89'8* W'S   0I 0S/2  7'0KI 8>M 9'Log-Likelihood  OAIC  F+7M O /7'/ '7 /8OFJA LY8.T*

 0I R*  W'S1  O3 XI K';M X7P7'I /P+T*   '7' 8* �F*'KI 7/ .0S/BIC  0I K'ZI X7P7'I NO'G.  W'S1  O3  Q0S';I
XJM   0I 9' 8.T* O R*';I W/8OFJA O/ 8S O /P:2  8>M 9' .0M7'/Pseudo R²،   0I3  '7 XNZZ+. K'P. LY8.;Z* �7'0KI LY8.g'* '*

XI R&'7' R* .0S/   0I W8.8* X*'Y97' RN F7' K8 آ¯M'Z* 4Y'.M �XFN 7P9 .7*'O Q/'G.7' /7PI =.': R* 'S RN XF'/ 7/ O Q/P* R
  0I2 (PF:I XFN 89'8* 8>NI 9'   0I �F7' 8.3 /7'/ X+7M W8.8* LZZ+. N70J 8>M 9' (  O059.) 

 FL/9ج . V7Y'KI=.':  0I 89'8* XYPOZM W'S ?PM  0I( GF..I Ng.'0. W'S 3) 
 F/G1  F/G2  F/G3  6'.ص

Log-Likelihood 91/112- 4/103- 98/123- 

AIC 82/229 77/212 69/255 

BIC 31/307 09/312 08/307 

Pseudo R² 359/0 356/0 41/0 

3-3 .7G.Î7 'ÎFGÎ '.FÎ. F0G 'G  
R*   XI K';M XMPZ78¯7  0I R7 9' F>'/ 4Y'.M �R>g. 7P: 0S/  0I G'J. 7/  7'/'NBI W7'I8 آ>M 9' O XGNI F*'1 7'0KI 'SF7'  O

 8Z>.IPET R*  0I R7 8S 7/  WPJ O Q0: 8S'> g'* 7'Z7* W7'/'NBI /:7 '* O F+2I �7'0Y'~ N7P>  R.7*'O 8Z>.I 8* '7 8Z1/. LY8.
 0I 7/ .F7' R.:'/ Q/O:G' W'S8Z>.I FI': W'S  7'.G7 �Q0:MaxS  OPostCrashV R* �F7' Q0: 87':¯ NO'G.I  W7P9   RN

MaxS FZF'. X.8* 7/  7/ 'I' Q/P* 7'/'NBI8Z> GO/  0I 7/ 'S /O7O '* Q'8JS O XY'TM  0IPostCrashV  W81' O Q0: 7'/'NBI
 8Z>.I .F7' Q/'/ K';M XGNIPostCrashV  Ng.'0. N0: 8* 7'/'NBI 81' W'7'/ RF/8I LY' 7/ O Q0: 8S'> GP7  0I 7/ 'TN. :ZM
=.': R7Y'KI .F7' Q/P*  RFJ5 9' 89'8* W'SAIC  OBIC LZN�JS O�  N'8ZZ>.Log-Likelihood  OPseudo R²  K';M

XI  �8.g'* XNZZ+. K'P. O 7'/'NBI W'S8Z>.I /'0B. LY8.;Z* 9' W7'/7P.8* FZF/ R* �GP7  0I 0S/NY:¯V )7'NI  LZZ+. W'8* W8.
 N'8ZZ>.TTC XI (P7'I R* ./P:   R�8¯' �XFN 7P9PET  7/JSV  0I  /O7O 'I' �F7' 8Z>.I LY8.81ؤI 'SMaxS  O

PostCrashV '* XY'TM  0I 7/XN> 0A 9Z~ 7'..'7 K0: 8.  .F7' Q0:  0I FZGZN /P+T* O XNZ*XFN 7P9 R*� 7/  R7 8S FF'/
 0I W9'7>.I �Z8 PET '7'/W 86Y) 7'I8 آ>M 9' O F+2IW 7'/'NBI OgI'N I K';M RN F7'X 0S/ ':G'Y9 PET '* ':G'Y9 7'0KI 

TTC ' .F7' Q'8JSYL YR.G' 7'.G7 8>NI 9'W G OZ:YOX F*'J OgI'N   '* 7'¯9'7 O 7'>.M'XNJY' W'S7'ZBI HZS'GI �F7' RN'8� PET 

P7:* * 8.Z8¯M' F>'GV M'I9X *Z8.; IZK'  F'I 7/ Q'7 8*7'N O/F.'0. .M 7/ O Q/P*ZR6� M7/ آP.8*  'J./'X 9S'N IX Y0*'* R* .ZK' 
/Y�8¯ '.MY4 /.ZY0 IX 0NNN RN PET IX 0M'P. R*   K'PNAYM  =.':9Z~ XNZ* '8* 8+.BIW >P.ZG ' /:7YNJX G'8. NgI'B.ZOX 

¯ 7'8J Q/'G.7' /7PIZ/8 7'..'7 7'+.7' OW ?.;IX '* TTC /7'/. 

4. G.Î.F Î7Îگ 
 /'/ K';M  0I R7 4Y'.M PET  N'8ZZ>. LZZ+. 7/ 8Z>.I LY8.7'6¯81' O LY8.7'0Y'~TTC O F7'  7/JSV   W'S7'..'7

 0I R:*'7 �W9'7  N0: '* 7'/'NBI O F+2I W'/7'/ Ng.'0.. 



68:    Î8G6 .86فÎپ Î7'6¯.س'Î7/ ، سN/7 /7'G6 ،6 ،5849 

  0I 7/  ?PM W'S1  FI': RY'~  0I 'TN. )8.8ZZ>. Ng.'0.(PET  FI': FA87 W'S8Z>.I O /P* 7'/'NBI W7'I8 آ>M 9'
MaxS  OPostCrashV XI K';M RN XAP6PI �0N.:'0M W7'/'NBI 81' 8ZZ>. Ng.'0. 7/ 0S/  9KM XM'I9 W'S8Z>.I �8.
)F'>  F+7M W8.R* 8ZZ>. /Z6P. 7/ FA87 N'TTC XI 'GY' 0NNN. 

  0I 7/  ?PM W'S2  )Y86 9Y':G' �0: W7'6¯81' WP¯F' 8ZZ>. )5PI FA87 W'S8Z>.I K/O:G' ))KA R* PF5 Ng.'0.(
PET  9'917/1  R*  O'  0I 7/393/2 XI K';M GP7  0I 7/ HS  8.NN '* 0S/  FZJS �FA87 K'I9PET  :ZM FYPK. X./
XI ./P: 

  0I  ?PM W'S3 g.'0. FN(R* �0M/8N 0ZY/. '7 P¯F' LZJS :ZM )N  W7P9   RNPET  0I G'J. 7/  O F:'/ 7'/'NBI O F+2I 81' 'S
 9' Kآ )Y86 7'0KI42/1  R*  O'  0I 7/70/1 .FG'Y 9Y':G' GP7  0I 7/ 

 7Y'KIV /'/ K';M 89'8* W'S7'ZBI  0I /8OFJA X'Z6P. W'S8Z>.I K/O:G' XI /P+T* '7 'S  0I 7/ �0S/ ?PM W'S 1  0I �
 )ZN8. LY8.T* GO/AIC �BIC  OPseudo R2  0I 7/ 'I' �/'/ R&'7' '7  ?PM W'S2 LY8.;Z* '* GP7  0I �Log-

Likelihood LY8.JN �AIC  LY8.g'* OPseudo R2 0I XI'J. K'ZI 7/ '7 89'8* XYPOZM LY8.T* � ./'/ K';M 'S 
  /8OFJA XJ.Y7'¯F MNZF '* 'I'¯ XMPZ78¯7  0I 9' Q/'G.7' 0I 7/ X+7'NI =.': W9'7 TTC  '*  0I LY' '8Y9 �/'/ K';M

Q/'/ X¯FP� O F+2I FZS'I W'S TTC )7'NI 8Y/'KI '* F7M'P. O Q/P* 7'¯9'7 Log-Likelihood9S'N � AIC OBIC   O
F*'J 8Y/'KI   P+J Pseudo R2 * O 0S/ R&'7'  0I W'S7'..'7 XI'J. 7/ '7 X*PF:I W7'Iآ W7'0Y'~ O WPJ 89'8*R  X*P.

0NN LZZ+. '7 Ng.'0. N0: N'8ZZ>.. 
 =.': 4Y'.M  'I'¯  0I 89'8* XYPOZM W'SK';M 0NS/U F*'J O WPJ /8OFJA   0I  P+J R* �F7' 'S  W7P9   Ng.'0. 7/ RN

 ?PM( 8.8ZZ>.1  0I R* 7P*8I 89'8* LY8.T* �)2 '* Log-Likelihood  8*'8*21/30- �AIC    /'BI194/54 �BIC  8*'8*
79/77 O Pseudo R2  8*'8*544/0 XF'/ 7/ �F7'   ?PM( )KA R* PF5 Ng.'0. 7/ RN2  0I �)3  '* '7 XFN /8OFJA LY8.T*

LY8.;Z* Log-Likelihood (476/21-LY8.JN �) AIC(953/50LY8.;Z* O ) Pseudo R2 (386/0) XI K';M  LZN�JS �0S/
 ?PM( GF..I Ng.'0. 7/38Y/'KI R�8¯' �) AIC O BIC  0I LZ*   0I 'I' �F7' MY/:M 'S3 '* Pseudo R2  8*'8*41/0 

 0I 8Y'7 R* F+7M W8.g'* XNZZ+. K'P. XI R&'7' 'S LZZ+. 7/ 'I'¯  0I )7'NI XY'7'N �?PJ6I 7/ RN 0S/ TTC  0ZY/. '7
XI 0NN. 

  



F/G پÎ6 .ÎFÎ N6/. .ص'/ف'. جل  G.  غ. N .عقÎÎ8 'GN7/Nخط خÎ 7'NسÎ G 7/ÎH'/ 8G6Î  7ÎF'Gح  N.H'Î/8جN8           68; 

 ?.'FG 

1. de Oña J, de Oña R, Eboli L, Forciniti C, Mazzulla G. How to identify the key factors that affect 
driver perception of accident risk. A comparison between Italian and Spanish driver behavior. 
Accident Analysis & Prevention. 2014;73:225–35. 

2. Guo R, Liu L, Wang W. Review of Roundabout Capacity Based on Gap Acceptance. Journal of 
Advanced Transportation. 2019;2019:1–11. 

3. Hasanvand M, Nasiri ASA, Rahmani O, Shaaban K, Samadi H. A Conflict-Based Safety Diagnosis 
of SCI Roundabouts Using a Surrogate Safety Measure Model. Sustainability. 2023;15(17):13166. 

4. Lord D, Qin X, Geedipally SR. Highway safety analytics and modeling: Elsevier; 2021. 
5. Giuffrè O, Granà A, Tumminello ML, Giuffrè T, Trubia S, Sferlazza A, et al. Evaluation of 

Roundabout Safety Performance through Surrogate Safety Measures from Microsimulation. 
Journal of Advanced Transportation. 2018;2018(1):4915970. 

6. Sadeq H, Sayed T. Automated roundabout safety analysis: diagnosis and remedy of safety 
problems. Journal of Transportation Engineering. 2016;142(12):04016062. 

7. Parker Jr M, Zegeer CV. Traffic conflict techniques for safety and operations: Observers manual. 
United States. Federal Highway Administration; 1989. 

8. Harwood DW, Bauer KM, Potts IB, Torbic DJ, Richard KR, Rabbani ER, et al. Safety effectiveness 
of intersection left-and right-turn lanes. Transportation Research Record. 2003;1840(1):131–9. 

9. Ambros RT, Paukrt J, Ambros J, Turek R, Paukrt J, editors. Road safety evaluation using traffic 
conflicts: pilot comparison of micro-simulation and observation-Jiří. International Conference on 
Traffic and Transport Engineering-Belgrade; 2014. 

10. Yang H. Simulation-based evaluation of traffic safety performance using surrogate safety 
measures: Rutgers The State University of New Jersey, School of Graduate Studies; 2012. 

11. Hydén C. The development of a method for traffic safety evaluation: The Swedish Traffic 
Conflicts Technique. Bulletin Lund Institute of Technology, Department. 1987(70). 

12. Saunier N, Sayed T. Probabilistic framework for automated analysis of exposure to road collisions. 
Transportation research record. 2008;2083(1):96–104. 

13. Yang H, Ozbay K, Bartin B. Application of simulation-based traffic conflict analysis for highway 
safety evaluation. Proceedings of the 12th WCTR, Lisbon, Portugal. 2010;4. 

14. Songchitruksa P, Tarko AP. Practical method for estimating frequency of right-angle collisions at 
traffic signals. Transportation research record. 2006;1953(1):89–97. 

15. Tripathi RC, Gupta RC, Pair RK. Statistical tests involving several independent gamma 
distributions. Annals of the Institute of Statistical Mathematics. 1993;45(4):773–86. 

16. Pan J-J, Mahmoudi MR, Baleanu D, Maleki M. On comparing and classifying several independent 
linear and non-linear regression models with symmetric errors. Symmetry. 2019;11(6):820. 

17. Bates DM, Watts DG. Nonlinear regression analysis and its applications: Wiley New York; 1988. 
18. Burnham KP, Anderson DR. Model selection and multimodel inference: a practical information-

theoretic approach: Springer; 2002. 
19. Hardin JWH, J. M. Generalized Linear Models and Extensions. 2nd ed. College Station, TX: Stata 

Press; 2007. 
 





 

Urban Development Policy Making 

Home Page: https://judpm.ir 
Online ISSN: 3092-6564 

Performance Evaluation and Organizational Transparency in Tehran 
Municipality: Transition from a Control Model to a Learning and Open-

Data Model (Case Study: 22 Districts) 

Elham Sangi1*  | Ali Jafari Shahrestani2  

1. Corresponding Author, Urban Planning Researcher, M.A. in Urban and Regional Planning, Tehran, Iran. Email: 
elham.sangi@gmail.com  
2. PhD in Development Economics and Planning, Faculty of Economic Sciences, Allamah Tabataba’i University, Tehran, 
Iran. Email: a.j.shahrestani@gmail.com 

ARTICLE INFO ABSTRACT 

Article type: 
Research Paper 

This study investigates how transitioning from a traditional control‑oriented 
administrative paradigm to a learning‑oriented and open‑data governance model 
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Introduction 
Modern municipalities face increasing service demands, growing public scrutiny, and rapid shifts 
toward data‑driven management. In this context, transparency has become a fundamental requirement 
for effective urban governance rather than an optional administrative practice. Contemporary debates 
on urban governance emphasize the importance of open data, participatory management, and 
learning‑oriented organizational structures for improving public accountability and performance 
evaluation. The Municipality of Tehran, with its 22 districts and complex administrative structure, 
provides a suitable setting for examining how governance models can influence transparency and 
performance assessment. This study explores whether a shift from a hierarchical, control‑centered 
administrative system toward a learning‑oriented and open‑data governance model can enhance 
transparency and improve organizational performance evaluation. 
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Materials and Methods 
The study employed an applied research design using quantitative methods. Data were collected 
through a structured questionnaire distributed among managers, operational experts, and 
administrative specialists within the Municipality of Tehran. The questionnaire was validated through 
expert review and demonstrated satisfactory reliability. Respondents represented seven functional 
domains: infrastructure and urban development, human resources, budgeting and finance, public 
participation, information technology, service delivery, and regulatory compliance. To analyze the 
relationships among the study variables4managerial development, organizational learning 
orientation, open data practices, information transparency, and accountability transparency4structural 
equation modeling (SEM) with maximum likelihood estimation was applied. 

Results 
The structural model demonstrated strong goodness‑of‑fit indicators (CFI=0.94, TLI=0.91, 
RMSEA=0.058, χ²/df=2.45), suggesting that the model adequately represents organizational 
conditions within the municipality. Findings show that managerial development has a significant 
positive effect on information transparency (β=0.54) and accountability transparency (β=0.62). The 
analysis further indicates that transparency improves when interdepartmental coordination is 
strengthened, digital systems are integrated into decision‑making processes, performance monitoring 
becomes more systematic, and standardized procedures for information disclosure are implemented. 
These factors reduce information asymmetry among stakeholders and improve the municipality’s 
capacity to communicate performance outcomes clearly. 

Discussion and conclusion  
The findings suggest that transparency is closely linked to managerial capabilities, organizational 
learning, and the effective use of open data systems. As municipal managers adopt participatory, 
learning‑based, and data‑driven approaches, the organization becomes better equipped to publish 
reliable information, clarify decision‑making processes, and respond to citizens’ feedback. The results 
also highlight the importance of integrating digital infrastructure into daily administrative routines and 
strengthening coordination among departments. Respondents emphasized that open data initiatives 
facilitate earlier problem detection, strengthen citizen trust, and improve the alignment between 
municipal services and community expectations. The study demonstrates that transitioning from a 
traditional control‑oriented governance model to a learning‑oriented and open‑data framework can 
significantly improve transparency and performance evaluation in municipal organizations. Evidence 
from Tehran’s 22 municipal districts shows that sustainable transparency requires managerial capacity 
building, institutionalized data‑sharing practices, and systematic public reporting. Municipalities 
seeking to enhance public trust should prioritize learning‑oriented leadership, interdepartmental 
knowledge exchange, open data platforms, and structured citizen feedback mechanisms. These 
measures enable local governments to move beyond conventional control systems and create a 
governance environment where transparency, accountability, and performance improvement reinforce 
one another. 
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1. Path Coefficients 
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The increasing complexity of administrative processes and the expansion of 
organizational data have highlighted the need for intelligent and data-driven 
monitoring in urban management. This study aimed to design a contextual 
model of intelligent monitoring for Tehran Municipality using a grounded theory 
approach. Data were collected through semi-structured interviews with 12 
experts in urban management, administrative supervision, information 
technology, and data governance and analyzed through open, axial, and selective 
coding. The findings identified three main categories influencing intelligent 
monitoring: causal conditions, contextual conditions, and intervening factors. 
Four key strategies were also extracted, including the development of AI 
infrastructure, human empowerment, intelligent policymaking, and machine 
learning-based monitoring indicators. The results indicate that intelligent 
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Introduction 
The rapid development of digital technologies, artificial intelligence, and machine learning has 
transformed governance and monitoring systems in public organizations. Municipalities, as complex 
urban institutions, increasingly require intelligent and data-driven monitoring mechanisms to improve 
transparency, accountability, and administrative integrity. Despite the growing global interest in smart 
governance, there remains a lack of localized and context-sensitive frameworks for implementing 
intelligent monitoring in Iranian urban management. Therefore, this study seeks to develop a grounded 
and context-specific model of intelligent monitoring for Tehran Municipality.  
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Materials and Methods 
This study employed a qualitative research design using the grounded theory approach. Participants 
were selected through purposive and theoretical sampling and included 12 experts in urban 
management, administrative supervision, information technology, artificial intelligence, and data 
governance. Data were collected through semi-structured interviews and analyzed using open, axial, 
and selective coding procedures. Sampling continued until theoretical saturation was achieved.  

Results 
The findings showed that intelligent monitoring in Tehran Municipality is influenced by three main 
dimensions: causal conditions, contextual conditions, and intervening factors. Technical deficiencies, 
institutional pressures, and limitations of traditional monitoring were identified as key causal 
conditions. Data infrastructure, digital maturity, and governance policies formed the contextual 
conditions, while organizational resistance, technical limitations, algorithmic bias, and privacy 
concerns acted as intervening factors. The study also identified four main strategies, including AI 
infrastructure development, human empowerment, intelligent policymaking, and machine learning-
based monitoring indicators. These strategies can improve transparency, reduce corruption, strengthen 
data-driven decision-making, and enhance public trust  

Discussion and Conclusion 
The findings emphasize the importance of intelligent and data-driven monitoring systems in improving 
transparency and administrative integrity in municipalities. The study indicates that successful 
implementation depends not only on technological infrastructure but also on organizational culture, 
human capacity, and supportive governance policies. The proposed model provides a practical and 
context-sensitive framework for implementing intelligent monitoring in urban management. Despite 
its practical contributions, the study is limited to a qualitative and context-specific approach. Future 
studies are recommended to validate the model in other municipalities using quantitative or mixed-
method approaches.  
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OG/قG 
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3'/' .Ig;W RM  (TN.R+  K'PNA YP 3(3NS =53'W� R+ RRF+  R+(/IYP JFؤIV /(TMW B.ZZL Q0NNQ 0I(3(Q 3/W 0IY4Y. 4T?W  O
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Y¯/(Z4W  ?(IZ�L (~ K(RI'Y> G(>M (;(N? �K(NQ3(Q 3(.I3 0NIXY (SP¯F'W F/. �3(3NS(MZF R,?V M(I5(; J+'O3X ~ OZ> +ZNX 
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Y¯/(Z4W  ?(IZL M'4JR/ OX 0I 4.<+ 3/ 0NJ?PSY4Y. 4T?W ..;' 

GMQGG J'7G¯/Î 7'/' .G䐧7ل '. H7..'7 آ' L /KG:MPÎ 
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 /7.7'¯Î?MKصG 8MP Î7'/' .G䐧7 7ل/ 
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�XBZ,K K(+5  =5'/4~4YPD. [4.] 
                                                            
1. Artificial Intelligence 
2. Smart Governance 
3. Real-time Service Delivery 
4. Evidence-based Decision Making 
5. Umbrella Term 
6. Theorem Proving 
7. Bayesian Networks 
8. Data Mining 
9. Deep Learning 
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1. Gradient-boosted Tree 
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Q/'/ (S0/'O R+ (SW (NBIXY 0M0? R.<R?. :~;� F/4I 3/V3'2¯0QW 3P/IW S(JIZH RFPNI *F(M 3/ R+(@I (SW  4.g(+ /L;

K(I5(; S/X + J+'O3 O 0M0?ZL '4?YJ FّAX� I5ZRN 'W� RF.'0I ~ O (S/4,S'3 �4¯Z(S0I(  B.@I0? [23]. 3/ F/4IV (TMXY�  W'4+
 X+(..M' W3'2¯0QI(J. 0? =g.X  *F(M 3/ .gPNIYP 0~Y0U 6Q4IW YR�3(~R 0MP?. :~ F/. 5'ZF (NIYR< 'W Q/'/ 4J.<I  �(S

FPNIV 6Q4IW  >SO8~«/'4KX N.,I 0NJ?PS .3(>M F0IX  4+Y¯/(Z4W ?(IZL '4+W (N.3'W 3'/' .Ig;W  3/W4T? .Y4Y0I» 
 .0? XY(;(N?'4+W '6I'Y> 2~/(J.A' O .M/Y4W YR.I( �(S BI 5'Z(S3(W Q >SO8~ 3(,.A'ZJX 0? Q/(J.;' .I4¯ .3PC 4Y5 .(I'0M' O: 

2~3(,.A'Y4W :+5(+ZNX YR.I( (S .Q3(@I J;P. 53' O K(¯0NNQY+(X FN.<I Q4,. O/. 
F(N.M' 2~Y4W: &'3'V CP.ZH NEX I5 5'ZRN .Q3(@I O K(¯0NNQ. 

(~Y(XY  : .,/JSV F/. F/'4IZF HS 5' Q/(J.;' O '4+ 3'2¯0QW ;34+X (.M .(,/Y1. 
'.ZY2~0Y4W :5(;0N.<IW JD.ZH (SW F/.ZFX ' OY/(3 (~/3W Q/'/ (S. 

O.G'Î Î'P 9PLپژ 

÷- '7:Î7 ّF?Î5 
«'4?YJ FّAX» K(@M 0NS/U O4/I (SXY 0~ 3PT> *2PI RQ 0N.<SY0U I 0NJ?PS .3(>MX 0MP? . APD. LY' 3/Q/'/ FZF/.  W(S

@J2 W3O( Q0S(@I �R,/(DI LY4K 5' Q0? .?'//(Y O (S XM'0ZI W(S  R; 0'4..;' R+FPNIV XNI XY(;3(M �6Z¯M'U  O W/(TM6Z¯M'U 
0NY'4IW 43NI  .0? 

XY(;3(M XNI :FPNIV «XY(;3(M NIX» (NBI R+W (;3(M O (S/P,JQ /P2OXY .;(S 2~ .J; R+ '3 K(I5(; RQY=4  .3(>M
 L+(LI ..;' Q/'/ KP; 0NJ?PSYR.I( �(S RM(I(; (SW 3'/4T?W S(IZ. 62YQ4 'W 3'/ 0MI I(,.3' OZK( ;ZH.< (SW IF(X�  @+(NI

M(<M'X� .gI(BI O 5(;4T?W ' ..;' 3(Q/P. F/(,. O /3'0M(.;' 0M(IYL ¯0NQ'4~X Q/'/ Q (+ Q'4JS �(SZJZ. AgK' *;(NI(M O .(
GO'0. 0NY'4I(SW 2E(QW� F/. K(RI'ZF ¯.<+'O ..;' Q/4Q /O0/I '3 .(JF.. H@Q O @I(2X =3'6¯ R+ (SW .;/X  /P,M O

(S3'6+'W F/.ZFX Y( (S/3P,?'/W R>/F .3(>M 'W� ¯36+ G(R?X IZK( ' K( H@Q O HF.. ?PMOY/(3 IX 0NQ .'2F HBG (SW NIX 
/P2PI�  .3O4G 4+Q/'/ .3(>M R+ 3'2¯  0NJ?PS O 3P/I.' 0ZQ/3'/. 

'6Z¯MU 0NY'4IW : K(@M FC(/ 1Y(.MXI  0S/.N; .3(>MX (N,I 4+W =3'6¯ (SW .;/X� ;35(+X Q3O/ 'W =3'6¯ O (SW F(IX� 
 FI(?/O0/IY. (SXY .'. RFJ2 5'Z4 M(I5X� 6SYNV ¯.<+'O O �g(+X M(<M' .O(HM R+X .;'' .YL I /A(+ HBGX /P? <+Z3(W  5'

 .(JF..Y( / /(<IY4  H@Q0MP? Y( (;(N? OgC'XY  .0MP@MLY' 0I(3(Q(MW (S K(I5(; (S3(RS'3 .J; R+ '3 (SW R>/F 'W�  O 3(Q/P.
Q/'/ I KP; 3P/IX 0S/. 

6Z¯M'U W/(TM: 3/ M'4JR/ 3(..(; �KgQ /L;X /I OZJ /(TMW FّA >NMX JTIX .T2 3/ S/X ; R+Z.;( (SW .3(>MX  ./3'/
(S/(TMW .;/g(+X� /YK'P (SW .3(>MX� RM(;3 IPJA 3(RI' O (SX I(J? 3(.;'P.Z�. .;(~ P¯XY  O53(,IU 0N.<S /(<I (+ 4/ؤI .5' 

3P&. 4>NIW (TMW(S3(@I �XY'4¯/ (I5(;YR 'W M'PM KP�JSZL F(R. OZH MPM(MX� (S3(@I OW (3NSW3 RI4/ .'3(>.M' 0NM(I 'W Y( 

                                                            
1. Causal Conditions 
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(S/3'0M(.;'W M(T2X� K(I5(; I 3P,3I '3 (SX 0NNQ (S3'6+'W PMYL N.,I .3(>MX ¯ 3(Q R+ '3 Q/'/ 4+Z0M4 .'YL (S3(@IW /(TMW� 
FR? *,; ¯Z4W ;Z.;( �(S 5Y..(;4 (S R2/P+ O 3'2¯W '4+W «0NJ?PS .3(>M »IX /P?. 

FN0. 3 .FّA JY'4?0NJ?PS .3(>M F0I 3/ X 
 Î'G0¯7..8'ج' G./'7G 9' G0: ÎA8ف .gNقG .gNقG  

«.(AgK' BM(M .,/» �« K'0NI5(;/3'0M(.;'W G4I Q/'/ O (S (S» �«S/'/ W(T
.O(J.I .I4I (+ (Y BM(M �W3'4R.» �«(S3'6+' /P2O G0AW =3'6¯ S/X 4/ؤI» �

«3(R.;/W Q/'/ .,/ 3/ (S»� « 5' X@.+ K/P+ W2E(Q0NY'4I(S» 

 O .,/ XNI XY(;3(MQ4Z.1 Q/'/ W5(;  
:Î¯F'Æ 

ÎFف ÎÎ'77'F 

Î'8
:

ÎF
A 7

 

«Q/'/ 4Z<J. 3'6+' /P,M» �«/3P,?'/ /P,M  W(SX.3(>M» �«Q4Y62  K/P+ W'
Q/'/ (S» �«; K'0NIZH.< (SW S/3'0@SX» 

Q/'/ FZF/. XY(;3(M 

«(R?Y. (SW F.'/X =3'6¯ O (SW I/4IX» �«R,F(LI  W'4+ XIPJA W4¯
.M'3 5' W4Z¯PF2 O .ZI(J?» �«X.;/g(+ W(S/(TM X.3(>M .(I'6F'» 

X.;/g(+ W(S/(TM 3(@I O XA(J.2' .'3(>.M'  
 

:Î¯F'Æ Î/'GF « O .ZI(J? W'4+ XMPM(M HZF(R.W3'/' .Ig;»� «/(<I 0G LZM'PM» �
«XM(T2 W(S/3'0M(.;'» �« .(I'6F'RI4/ K(NQ3(Q .'3(>.M' W'» 

 3(@IRY(I5(;  W'W3(3NS O 

«(./ O XM(<M' .FHZJD.  W4Z¯RNZF; W'» �«=3'6¯ .Y(JQ G0A  W(SX.;/» �
«O4ZM /(Y5 /'0B. R+ 5(ZM» �«S6NYV 0Y/5(+ Wg(+ XM'0ZI» 

X.N; .3(>M W0I(3(Q(M  
:Î¯F'Æ 
0FÎ'8فÎ «g0N�YR RR,? K0? (SW ~ZK'3(RM(J» �«.' 4Z..(JF.. H@Q 3/ XM(I5» 

« F4.NQ 3/ HBG0NY'4I(S» �« X¯0Z�Z~0NY'4IJ+'PG O (S» 
 K0? Q0Z�Z~0NY'4IW3'/' W(S 

2-  7Î'7:OKÎG8 Î'5 
N.,I 0NJ?PS .3(>M F0I 3/X  4+Y¯/(Z4W ?(IZ�L  0Bُ+«'4?YJ I5ZRN 'W» +Z4¯M( RAPJ3I 'W 3(..(; FI'PA 5'W /(TM OW  .;'

 0A(<I )P�3(� RQY( '4+ Q0NNQ/O0/IW ~ZQ/( 5(;W 'YL I HS'4I .3(>M ?PMX 0M3O(' .YL '4?YJ N.<I O4/I RMZ�H  RRF+
I5ZRN 5(; FQ >NM O 0N.<SZ0W B. 3/ZZL �K(RI' @.+4/'X (~ OY3'0W (S/4,S'3W .3(>MX 'Y(J IX 0NNQ .APD. LY' 3/� 3Z.MV 

Q/'/ 0'4..;' 5' FC(/ FPNI ?'6.M' �(SV «W3O(NI O Q/'/ ..(;4Y5» �«F(.Z3Y/ CPF+ O ¯NS4I»  O«;Z.;( (SW M'4JR/ KgQX 
0NJ?PS» K(Z+ Q0? 0M'. 

5Y..(;4 Q/'/ 'W 3O(NI OW :5Y..(;4 Q/'/ 'W YRX (~ 5'YR (SW FC'X '4+W ~ZQ/( 5(;W Q/'/ 4¯' ..;' 0NJ?PS .3(>M (SW 
M(I5(;X 3'0T¯M Q0NQ'4~ K5(.I 3/W  0MP?Y( ;ZH.< (SW .(AgK'X R+  62 .3PCYQ4 'W F0I ..(; K(RI' �0NNQ FJA (SW 

Y¯/(Z4W ?(IZL YR�3(~R /P+ 0S'P. /O0/I /(J.A' F+(M O. FPNI R; >SO8~ LY' 3/V «Q/'/ X¯0NQ'4~ RM(I(; O (S  W(SQ4Y62 W'» �
«Q/'/ H>NI(M .ZJZQO ?PN. K'0NI O W5(;/3'0M(.;'»  6ZM O«..(;4Y5 HBG  W(SQ/'/ =5'/4~ W'4+ XNI»  5'HTI  LY4.« JY'4?

RNZI5 W'»  K'4T. W3'/4T? HF..I W(S0/'O0N.<S . 
 / CPF+ O ¯NS4IY3ZF(. :./X  (+ /P2O4.T+YL 5Y..(;4 NIX� R�M(N� M(I5(; ¯NS4IX 2~ �0?(+ R.?'0M /P2O *;(NIY=4 

N.,I .3(>MX  4+Y¯/(Z4W ?(IZL 0I O K'0NI3(Q ./P+ 0S'P. 3'P?/YK'4 Y(+0  .3(TI'4+ G5gW <J.Z4 2O4.X F0I (SW  W4Z¯/(Y
LZ?(I/O0/I O3/ �Y. (SW 3P¯F'YJ.X  OK(RI' 0,.YF (S3'0@SW FJA .(I'0M' R+ F0IX 0N?(+ R.?'/ '3.  X¯/(I( K( 4+ QOgA

O F(.Z3Y/ FP/. =4Y2~  R+ /(J.A'FPNI 4¯Y/ F0I X2O4. O H.Y3P¯F'V  .ZJS' 6&(/.;'. 
.;(Z; W(S M'4JR/ KgQX 0NJ?PS :;Z.;(3'2¯W <+ >NM KgQ /L; 3/Z3( JTIX (J/ 3/Y. Y( 5(;/O0/IW  .3(>M

'4+ ./3'/ 0NJ?PSW 'YRRN F0I (SW Y¯/(Z4W ?(IZL IPJA >.+ 3/X AO4@IZ. Y0N+( (~ OY3'0W )P�3(� �0N?(+ R.?'/ (SW 
MPM(MX M'4JR/ OX Q/'/ 'W G5g 0MO4T? KPN/ RQ 0M'W� 4/YH CPD.X� NI'Z. I(J? O Q/'/Z. 3P¯F'YJ.X JH. '3ZL 0NNQ.  LY' 3/

 (.;'3«FJBF'3P.;/ /P,M  (S W(S/3'0M(.;' OG'6F' 3O(» �«� HBG)P�3(  W(SQ/'/ O .ZI(J? XMPM(M  W(SXIPJA»  6ZM O« K'0NI
 5' W3'/4T? 3/ Q/'/ XM'4JR/ W'4+ R�3(~RY .;(Z;HTI  JY'4? LY4.RNZI5 FPNI 3/ W'V  0NJ?PS .3(>M.<SFPNI 3/ RQ 0NV 

«.;(Z; W(T0NJ?PS XM'4JR/ KgQ » 3'4MXI  .0M4Z¯ 
                                                            
1. Contextual Condition 



/8.G'7 (Mچ'7چÎ Kت.G /KG6MG .7'ظJÎ  8.Î¯/'Î8Î 6'GÎI /G 7/Î8Î. 8G6Î 'ÎH'8 ...  پMÎKÎGÎ7  LسجMKÎ7;6           'ل 

FN0. 4. RNZI5 JY'4? 0 ایNJ?PS .3(>M F0I 3/ 
G./'7G Î'G0¯ .gNقG8Î9 .gNقG  

« F(D.' G0ARM(I(; (S» �«HF..I W(S0/'O 3/ Q/'/ 3(D/M'» �« G0A
TM(I(; R+ F(D.' W(TK(I5(; KO4Z+» � 

S/'/ X¯0NQ'4~ (TRM(I(; O  W(SQ4Y62 W' 
 ..'78Î9

G/'/  N Î'
Î7N'Fف 

 7
Î'8

:
GFÎ

G9
 

Î' 

«.I4I W(TQ/'/ HF..I» �« K/P+ PY4.I'3(~ 4ZEQ/'/ (S»  .ZJZQO ?PN.W5(;/3'0M(.;' /P,M O Q/'/ H>NI(M 
« K/P+ XJY0MH.<Z; (S» �«RNY6S ..(;4Y5 /(3Y' K/P+ 4+  W(S0Y02 »
«Y3O(NI /O3O G0A W(TPM» �«F0I X¯0Z�Z~  W(SW4Z¯/(Y» 

..(;4Y5 HBG W(TQ/'/ =5'/4~ W'4+ XNI 

« /'P; LZY(~ /L;Q/'/ W'» �« X2O4. 4Z<J. O O3/ G0AF0I (S »
« /'P; LZY(~ /L;Q/'/ W'» �«F(.Z3Y/ FP/. =4Y2~ X¯/(I( /P,M» 
«R3Z.M X;34+ KO0+ F0I X2O4. 5' Q/(J.;'« » 3'0@S JFE 4Z,B.

F0I» �«FC(IV X.Y4Y0I O XNI HZ. LZ+» �« W'4+ 1Y(.M K/P+ 9PJFI(M
BD..I4ZE K'4Y0I» 

 /'P; HBGK'4Y0I O K(NQ3(Q .3(TI O Q/'/ 

 N ¯FG8ف
F'.Î.Î/ CNF. 

« .M/ 3(>.M'100F0I 5' %» �«X2O4. R+ /(J.A' G0A» � F0I X2O4. O H.Y3P¯F' R+ /(J.A' G0A 
« 3(.I3RNZF;  .,/ 3/ (S0/'O W'Q/'/ (S» �« O FJBF'3P.;/ R+ 5(ZM

/3'0M(.;' W(SB.@I» 
FJBF'3P.;/ /P,M (T W(S/3'0M(.;' OG'6F' 3O( .7'Î7  Î'G

 Hg¯
ÎF'8G¯/ 

«Q/'/ .ZRF(I LZM'PM /P,M » (� HBG)P�3  W(SQ/'/ O .ZI(J? XMPM(M  W(SXIPJA 
«Q/'/ XM'4JR/ 0N; /P,M« » X¯M(I4/IQ/'/ (S»  Q/'/ XM'4JR/ W'4+ R�3(~RY .;(Z; K'0NI 

3- '7:Î7 OFخ'/G 75گ 
3/ 4>MYV Q/'/ ZN+�/( «'4?YJ RF.'0I 4¯» FI'PA R+X  RQ 0M3'/ Q3(?'0NY'4I +ZL '4?YJ FّAX� I5ZRN 'W /'. ./. '3 (S/4,S'3 OZ4  3'4M
IX 0NS/ I OX 0NM'P. /'.Z4  .,/IY( JNIX NIPI 4+Z.  (S/4,S'3 .0N?(+ R.?'/@M'O 3/� '4?YJ RF.'0I  R+(/I R+ 4¯>F(�  (SY( 

Q0M3'/5(+ (S I FJAX 0NNQ 42 .;' LRJI RQYK( <IZ4 FP/. '4? 5'YJ FّAX I5 OZRN 'W  O (S/4,S'3 R+3/(TMY. ~Z(S0I( Qُ '3 �0N
 G4/NIY(  5' .0NNQ HMP.I0B+ 4>MW� 'YL '4?YJ Q'.Z0W ' 4+ 0N.<SYRRN 3O(NI /P2O G4CW Y( /(TM Q/'3'W I(QX MZ�.<  RRF+

(+Y0 M(<M' @M'PIX� NIX MPN/ OX MZ6 (;(N?XY� F/.ZF 0I OY4Y. 8.'4.;' (. 0MP?W (SW .3(>MX R+ 0NJ?PS  (~ O 4/ؤI .3PCY3'0 
 '42'P?0M . F0I 3/ F+(M RFPNI R; 4G(/.@.ZB 0M'M(I5(; .IO(NI :X� /O0/IY. (SW NIX ¯P; OZ4W 3P¯F'YJ.X�  >F(� O

4/YH CPD.X  .Q/'/ KPN/ O4SPY ' 5'YL RFPNI F/. (+ '3 (SZF IPTJIX ;34+X IX NQZH.  
 :XM(I5(; .IO(NI(.MY1 F/.ZF Q/'/ /'/ K(@M (S M(I5(; .IO(NIX I FR? '@NI R; 5' O(.0JAX ¯Z/4 HS RQ  .3PC R+ O K(I5

HS3/ N.ZQ0 <I 4+Z4 / FP/.Y3ZF(. I 4/'X 0M3'2¯.  FO' /3PI«W3(..(; O X.Y4Y0I .IO(NI» ..;' 3/ 3'/' 3(..(;W 3'/4T?W� 
@.+X JD. 5'ZH ¯Z4W (S N.,IX <J. 4+Z4 D.?X� ..'Z3( /3PIW  O+43.V /4IW 0IYK'4 .;' .~ZQ/( 5(;W RM(I(; (SW  W4Z¯/(Y

LZ?(I 5(;/3'0M(.;' (+W JD.Z.(J ' OY/(3 (~/3W /Y3Z�F(. 'YL I /O0/I '3 K(RI'X 0NQ .5' F/.ZF R,/(DI  RQ 0? B.@I (S
.4+X 0IYK'4 '42'W 0T. '3 0NJ?PS .3(>MY0W '4+W O4JFM ..'Z.'3( �.30M 3'/'W EZJ;34 XO F; G(LBM'ZRN ' W/P. NF.X 

IX 0NNQ  R+ OJSZL F/ZF '42' R+ .,<MW (S3(.I3 K(W .'.Z4W Y( +X IZFX I K(@MX 0NS/.5YFPNI4V  W0B+«W1 .IO(NI  K(BJM
' @J.NI .ZI(J? G0A O X¯0Z�Z~ 50NY'4I(S» .;' .YR.I( (S M0M/'/ K(@ .4+X QO4¯  (SY(  /'4I'I0 /4 ؤNM(I .30M 3(..(; 3/

 K'3(RM(JZ~ �K(¯0M5(; G(T+' 5'0NY'4IW� <IZ(S4W EZG(J?4 Q(¯PF¯ O (SW <J. F+(MZ4 Q4T+ 0N.<S 0NI. (+ 0NJ?PS .3(>M 
5(;/3'0M(.;'W Q/'/ (S �F(D.' RM(I(; (S O FP.Z0 (S3'0@SW N.,IX 4+  LZ?(I W4Z¯/(Y0T.Y0  @I(NI R+ .,<M,/.Z. 0?U K(  (S.;' 

O  F(BI .IO(NI *2PIY( MgBJNIV K( I (SX /P?. W0B+ ?PGPI «O K(NQ3(Q .IO(NI ¯.<+'OX ? R+ZQP (SW .N; XF/.ZF 
Q/'/ (S»�  /'/ K(@M @.+X M(I5(; .IO(NI 5'X ?(M RMX ?(M RRF+ �@I(NI 5'X '6I' 5' 94. 5'Y> .;(~ P¯XY ¯.<+'O OX ¯NS4IX  R+

=O3 (SW .N;X .;' .;ZH.< (SW LZ?(I W4Z¯/(Y JD.Z.(J F/. O .,/ F+(M '3 (S3(.I3 OZF IX �0NNQ .4+ OX ' K(NQ3(QYL 
I(J?Z. '3 0T.Y0W '4+W NI'Z. FF?Y X( + .3(>MZ> 0/ 5' O Y( ? Q0NNQ/O0/IZQP (SW .N;X 3(Q G(3M' IX 0NM'/ .3/ ' 3(NQYL 

                                                            
1. Intervening Conditions 
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(~ /L; �FI(AZYL Q/'/ /'P; 'W + OX /(J.A'W 2O4. R+X (SW 3P¯F'YJ.X MZ6 I *2PIX /P?  K(NQ3(Q=O3 R+ (SW 0MYJX 
./'3 9(</'X +Z4.@W F. 4+'4+ 3/ O 0N?(+ R.?'/ZZ4 0NS/ K(@M .IO(NI. 

N.,I 0NJ?PS .3(>M F0I 3/X  4+Y¯/(Z4W ?(IZ�L M(I5(; .IO(NIX YRX 5' '4?YJ HTI RF.'0I I 3(J? R+ 4¯X �/O3 YNBX 
FI(AX I RQX 0M'P. '42' 0MO3W (S/4,S'3W 5(;0NJ?PSW  /O0/I �0NQ '3Y( ./X '4? Gg.4+ .0NQ G4/NIYJ FّAX  RQ

O4/I (SW FC'X Q/'/ .3(>M R+ 3'2¯  '3 3P/IFR? IX �0NS/ M(I5(; .IO(NIX  3/F/4IV I K(@M '3 /P. '42'X 0S/ ¯MP¯� 4+ OX 
N.<I 4/' 0NJ?PS .3(>M LN/.ZH /3'/.  0M'P. XI.A4; '42'W 0S/ >S(Q '3 0NJ?PS .3(>M .M/ Q OZJZ. 2O4.X F0I  '3 (S

/'. ./.Z4 0S/ 3'4M O 2~Y=4 M(I5(;X 0NQ /O0/I '3. '4+(N+Y�L (S/4,S'3 RQ .;' HTI �0NJ?PS .3(>M F0I 3/XY '4+W  >S(Q
'YL G(J? �=5PI( �K(NQ3(Q .Q3(@I 0NM(I( .IO(NI 5(;W ~ )G'0S'Z> +ZNX /P?. 

/O0/IY. (SW NIX ¯P; OZ4W 3P¯F'YJ.X :'YL FPNIV A4IX BM'PI R+X NIX F/. OZFX 2O4. RQ /3'/ Q3(?'X ;ZH.< (SW 
Q/'/ /'. ./. '3 3P/IZ4 I 3'4MX 0NS/  O5' K( R+ /(J.A' (S  XI S(Q0N .HTI 5' 4.YL 'YL Q �@M'PIZJZ. Q/'/   OY¯�3(~RX  ..;' K(
Q/'/ (SW '3'/ �BM(MW  (L.Y( ¯P;Z4W 3(.Y.X IX 0NM'P. F0IX 'Y/(3 (.M RQ 0NNQY1 /C(MZ/ Y( B,.ZF I(Z6 0S/ R&'3'. QOgA  4+
LY'� 2~Y=4 6¯Y@NX 3P¯F'YH. .MOX (SP¯F' (+W NS1X /3'/ .N+(LI K(<M' FQ FI'PA 5'Z0W (S3'6+' .<R?W APNDI =PSX  3/

IPJA >.+X 0N.<S .<I&FV /Y�4¯ I(J?Z. F+(M OZ. GP.Z/  K/P+F0I .;(S(HI 3/ .W 3'/' .3(>MW� GP. 0M'P.M F0I 4¯'Z/ 
 '4� 0S/YP E FJAZ/(A4W .@. '3ZB .@~ �Q/'/ZM(,X JD.ZH ¯ZK(¯0M4 I >S(Q K(NQ3(Q OX Y0+(. 

 >F(�4/YH CPD.X Q/'/ KPN/ O :'YL BM'PI R+ RFPNIX MPN/X� Mg.'X /(TM OW Q/'/ 5' Q/(J.;' RQ /3'/ Q3(?' (SW /4IW� 
~Z3(RM(JW Y( F(IX I /O0/I '3 0NJ?PS .3(>M 3/X 0NNQ. .3(>M Q/'/ (A3 KO0+ 4¯' 3P/IY. 4/ FPC'YH CPD.X  .>(J/ O

Q/'/ I �/P? G(3M' (SX 0M'P. BH. '3 K'0MO4T? O K(NQ3(Q /(J.A'ZH O 0NQ  .IO(NI R+Y( ./X >F(� (SW MPM(MX 43NI  ./P?
~Z�Z¯0X (SW MPN/X ;4.;/ 0NM(IX Q/'/ R+ .;3/ Q/'/ F4.NQ �(S (SW '4+ K'0MO4T? L/ �9(</W GP.Z/ JD. /3PI 3/Z.(J 

3P¯F'YJ.X� JD. K'4,2 K(RI' OZ.(J <I 5' �RMg/(A(MZ(S4W >F(� 0N.<S 5(;. 

FN0. 5. RF.'0I FI'PA 0NJ?PS .3(>M F0I 3/ 4¯ 
 Î'G0¯7..8'ج' G./'7G 9' G0: ÎA8ف .gNقG .gNقG  

« R+ K'4Y0I /Z24.HZJD.  W4Z¯RNZF; W'» �«/4RFJA K0? G(J? 5' XM'4¯M» �
« 4ZZF. R+ FY(J. G0A0NY'4I(S»� « F'O3 03(. (S3(Q X.4+ K/4+ PF2 .3O4G

W3'/'» �«.(JZJD. K/P+ X+(Y/3 F+(M 5' K'4Y0I 94.» �« >S(Q XM'4¯M
.'3(Z..'»� « 3/ XM'P.(MF0I X2O4. 4Z<J.»� 

W3(..(; O X.Y4Y0I .IO(NI 

ÎF'G9'7 .GN'قG 

 F
G'N

A
GF.

'0G
 

8¯ 

«R,? F(,N.;' G0AV XF(J./' .IO(NI O /(<I» �«XJ;3 4ZE .30M 3(..(;» �
« @I(NI /P2O.Z,/. 0?U XJ;34ZE»� « .ZI(J? 5' 94.0NY'4I(S»� 

W1 .IO(NI  G0A O X¯0Z�Z~ 5' @J.NI K(BJM
 .ZI(J?0NY'4I(S 

«XFF? W3(NQ4+ 94.» �«/4RFJA 4+ F4.NQ >Y'6I' 5' 94.» R+ 3O(+ HBG �
 .ZF+(MAI» �« R+ .,<M XNZ+0+H.Y3P¯F' (S» 

K(NQ3(Q .IO(NI ¯.<+'O OX ? R+ZQP (SW 
.N;X 

«W5(;3'0M(.;' K'0NI» �«Q/'/  WO(QH.<Z; 3/ 3'P?/  W(SXJY0M» �«Q/'/  W(S
�FM(N.I W6YPM �Q0NQ'4~ �BM(M» Q/'/ LZY(~ .ZJZQ 

/N0/GÎ. 'GÎ FفÎ 
¯N7 NÎ8Î 
7N¯F'ÎG.Î 

«Q/'/ G(E/' 3/ .Y/O0/I  W(SKP¯JS(M» �«..(;4Y5 X?5'/4~ HBG» �« XM'P.(M
 3/RY63. OQ/'/ Wg(+ H3/ FZF/. .Y/O0/I W(T XNIF0I (S 
«Q/'/ 5' W4Z¯P¯F'  W(SK5'P.I(M O Q/PF(» �«RMg/(A4ZE W(S3(.I3 .YPN.» �
«>Z~ XNZ+  W(S(S0/'O R+ .,<M 4+'4+(M» XJ.Y3P¯F' W4Z¯P; 
«1Y(.M K(;PM» �«4J.<I W5PI(5(+ R+ 5(ZM»  .M/ O W3'0Y(~ G0AF0I (S 
«?3'6¯ K'0NI W(TLZM/» �« W(S3(ZBI K(Z+ G0AHZJD. W4Z¯» F0I .ZI(J? O W5(;0N.<I 3/ HBG 
« 5' Q(,.?' 4Z,B.B.(? (S» �«*Y4G (S3'0@S R+ 0/ 5' >Z+ XS/» JFE 4Z<J. (Y .;3/(M .?'/4+ 4L. 
«RM(I4/I .(AgK' 3(@.M' 5' XM'4¯M» �«Q/'/  W(S O X.YPS �XF(IW3(RM(JZ~» Q/'/ .Z;(</  (SX;4.;/ .Y/O0/I O 8/ 9F'چÎG 

7N7.Î  قNق/ N
G/'/ 

«Q/'/ .ZRF(I W'4+ L?O3 FJBF'3P.;/ /P,M» �«XMPM(M .ZFP&<I 3/ G(T+'» +P�3(� W(THT,I (Y BM(M XMPN/ 
«XJ.Y3P¯F' .(JZJD. XNZ+5(+ W'4+ RYO3 /P,M»  W'4+ /ZGP. L/ O E'4.A' L/K'0MO4T? 
«5' >Z+ .3(>M 5' 94. 0/» �«X+ H.<Z; R+ W/(J.A'  W(SR,B2 Q(Z;»  O .3(>M R+ XIPJA XM'4¯M@J2 Q/'/ W3O( 



/8.G'7 (Mچ'7چÎ Kت.G /KG6MG .7'ظJÎ  8.Î¯/'Î8Î 6'GÎI /G 7/Î8Î. 8G6Î 'ÎH'8 ...  پMÎKÎGÎ7  LسجMKÎ9;6           'ل 

4- 'P/7.P'7  
(S/4,S'3 FI(? X.(I'0M'  .;''4+ K(I5(; RQW <M(.~ LN/. O @M'PI 4+ R,FEZF I 1(..' 0NJ?PS .3(>MX 0NQ.gPNI .X  RQ 5'

R.I(Y  (S 0'4..;'Q0? 0M' FI(? «B;P.V 5Y..(;4 APNDI =PS O Q/'/X»� «5(;0NJM'P.W M(<M'X ¯NS4I OX»� «>N.ZH 4¯W  O
;Z.;(3'2¯W 0NJ?PS» �«/'4KX B.(? (S3'0@S O (SW 0NJ?PS» .<S.0N 

1- B;P.V 5Y..(;4 APNDI =PS O Q/'/X .3(>M LN/. :0NJ?PS  /P2O G6F.<II4J.F~X YR�3(~R  5'Q/'/   W(SHF..I .;' 
R+ RQ 3P¯F'YH. (SW Y¯/(Z4W ?(IZL ;4.;/ K(RI'X� F/. O =5'/4~ZF ' .0S0+ '3YL G4J.F~ Y(+0 NIZ9( 2~Y�4  G(LBM' F+(M O LI'

R+ �0?(+  RMP¯ 'W Q/'/ RQ (SW 02YF(I G 0X� ~Z3(RM(JW� @+(NI XM(<M'� M(RIX-(HIXY  ...ON�JS .0NQ G(E/' '3ZL� (+Y0 (S3'6+'W 
GP.Z/ 2~Y4W 3P¯F'YJ.X ¯ 3(Q R+ '3Z/4 F0I (. <J. F+(M (SZ4 JD. O 0N?(+ZH ¯ZK'4 K( 0NM'P.+ 0NNQ /(J.A' O 0NJTJ+ '3 (S. 

5(;0NJM'P.W M(<M'X ¯NS4I O: ./X 4.T+YL 7PFPNR.W M KO0+ZO4W M(<M'X (I Q/(I( O Q(¯(YQ0  5Y/(W ' ./3'0MYL  FI(? /4,S'3
0I =5PI(YK'4 F/. 3/ K(NQ3(Q OZF 2O4.X <J. �F0IZ4 0,. O �(SP¯F'YF (S3'0@SW 3P¯F'YJ.X +'0. R+Z4 FJAZ.(X  QOgA ..;'

' 4+Y�L (+Y0 M(I5(; ¯NS4IX PN.Y. 3P¯F' (. /P?YH. R+  K'PNA RJQ 3'6+'X (2 RM(Y6¯YL/ )YQ0 (L. K(RI' 4+ O �/P?W M O F0IZ5( 
+5(+ R+ZNX M(<M'X Q'.Z0 ' ./P?YL O3Y/4R Mg.' =4¯M (+ G'P.X IX 0M'P.  5' 94.«FI(Q F4.NQ »0S/ >S(Q '3. 

>N.ZH 4¯W ; OZ.;(3'2¯W '4+ :0NJ?PSW JH.ZL /(J.;'U (+ 0NJ?PS .3(>M 5' RMgP&<IY0 YP MPM(M )P�3(�X� Mg.'X  O
/(TMW 4B.YH ' ./P?YL (+ )P�3(�Y0 ; FI(?Z.;( (SW 4/YH CPD.X� ;4.;/X ;4+(</ �Q/'/ R+X 3P¯F'YJ.X� .;(~ P¯XY  O
I(J?Z. (+ .0?(+Y0 (S/(TM >NMW .3(>MX ;34+ 3/ '3X 3P¯F'YH. (S (.M OY1 ,/.Z. N�JS ./4QZL (S/3'0M(.;' 5' Q/(J.;'W HLBNI  O

'4+ H3<NIW /'4KX F0I 3O4G (SW R+ �.;'  RMP¯ 'W ¯P; RQZ4W  >S(QY0+( 3P¯F' .F'0A OYJ.X JH.ZL /P?. 
/'4KX B.(? (S3'0@S O (SW ' :0NJ?PSYL 8.'4.;'W FJAZ.(X <+Z3( /Z.(X .;' .F0I (SW Y¯/(Z4W ?(IZL (+Y0  9(;' 4+

F.IZ(S4 B.(? O (SW «H�4~ 6I4M1 »/(<I /'4KX ' .0MP?YL B.(? I (SX 0M'P. E 3(.I3Z/(A4W Q/'/ 3/ '3 (SW ~Z3(RM(JW� 
F. �..'/4~ZZ.'4 /'/3'4MW E OZ(S3'0@S .0NS/ K(@M Q4W (+ 0NJ?PSY0 .3PC R+ R>/F  W'Y( /6MYP  R+  BM'OZ.  R+ �0MP? R&'3'

3PKW . RQZH  0M'P.+ .3(>MR+ N�JS .0S/ K(@M >NQ'O .A4;ZL� <J. R+ R2P.Z4 M(<M' 4>NI 5' (S3'0@SX 3O4GW '.; .'YL 
 HS 3(NQ 3/ (S/4,S'3YP O3Y/4R (~ �@I(2Y3'0 Mg.' OX '4+W ~ZQ/( 5(;W I HS'4I 0NJ?PS .3(>MX 0NNQ. 

FN0. 6. (S/4,S'3 0NJ?PS .3(>M F0I 3/ 
 Î'G0¯7..8'ج' G./'7G 9' G0: ÎA8ف .gNقG .gNقG  

/0B.I @+(NI /P2O M �Q/'/ Q0NQ'4~ OZ5( J3. �0/'O G4J.F~ R+Z@ F(IX  GZ~3(RM(JW  G@+(NI M(<M'X  GXY(HI YR�3(~R 5(;W Q/'/ (S B7N.Æ 
 ..'78Î9

 8NG N G/'/
ÎANF7G 

/8
.G'

7
 

O(~ 5(;W (S/3'0M(.;' �G(T+'/3'4R. @I3 �Q/'/W /O3OW� QZJZ. '4+ Q/'/W ML 5(;/3'0M(.;'W Q OZJZ. Q/'/ 
K'P. ?5'/4~X� NI'Z. /;4.;X� (; .>(J/Y4,W� .1 =4.<¯ K(RI'ZQ4 5(;W NIZ9( 2~Y4..(;4Y5 .ZNI' O W 

Q/(J.;' (S3'6+' 5'W XAIHTI F+(M �  Q2O4. K/4X �(S =3'6¯ /(3Y'  W(SF0I� GP.Z/ 2~Y4W I(J? OZ. 3P¯F'YJ.X 
F+(MZ. ; R+ F(D.'ZH.< (SW F(IX� ' �(S/'/3'4MY/(3 =3'6¯ (SW GISM(<M' @+(NI �X Y¯�3(~RX ; (+ZH.< (SW /P2PI 

=5PI(  K(NQ3(Q3(+3/U 2O4.X F0I  �(SB;P.V Q/'/ .3(TI 3P/IF0I X2O4. 4Z<J. � F/. =5PI(ZF  HTI O Q/'/H.Y3P¯F' 
0FGF'N. Î9'7

 ÎF'7F'
Î¯FG8ف 

HQ  K/4Q M'4¯MX (2 5'Y6¯YNX MZO4W M(<M'X� 2~Y=4 (S3'6+'W 0NJ?PS F.ZZ4 3O(NI 5' 94. >S(Q O =4¯MW 
B.ZZL (>OYH .3(>MX M(<M'X� Q4. �(S3'0@S ./C F4.NQZ* K(<M'  GZ?(IL PN.Y. +5(+ >NMZNX M(<M'X 

=5PI( JS' �Q/'/ (+ RMgP&<I 3(.I3Z. Q/'/ 5' .>(J/ (SW 0MO4T? .PNY. FP&<I O Q/'/ Kg.'Z. 2~Y4W 
(2Y6¯YNX F; O 90/ZRN F/. (+ZF P¯F' /gC' �Q/'/W NS1X 0IYK'4 Y'/(3 JD. ¯NS4IZH ¯Z4W Q/'/ 3P/I 

;4.;/X KPM(M 3'2¯W RF(I 3/Z. B. �Q/'/ZZL ;4.;/ /PL;X� Q/'/ (SW 9(</ )P�3(� (SW 4/YH CPD.X  OX;4.;/ 
GÎ>F. N Î8¯
.7'Î7 Î7'6¯

0FG:NG 

(~Y> ;34+ �F0I ./CX ¯P;Z4W� .<. (SW Q3O/ 'W ;4+(</X JI OZ6W 3P¯F'YJ.X 
'5(;0N.<IW JD.Z�.(J =3'6¯ S/X� ~ F+(MZ¯Z4W  K/P+(S X2O4. I(J?Z. .;(~ O P¯XY XJ.Y3P¯F' 

>S(Q B,.Z�F JH.ZL +X I4KX� (S/3'0M(.;'W Mg.'X (S/3'0M(.;'W  .F'0AXJ.Y3P¯F' 
JI /(TMZ6W� F0I 4+ 4J.<I .3(>M (S NM> (S/(TMW .3(>MX 
E 3(.I3Z/(A4W� (SP¯F'W F. �4L.ZZ.'4 ..'/4~ �/'/3'4M OPR@I (SW FPJBI4ZE B.ZZL H�4~ (SW ( /(<I 6I4MRed Flags)  Î/'87

7.':  'G N
 Î'G7'0;G

0FG:NG 

'3P¯FYH. (SW anomaly detection(SP¯F' �W .@. �Q/(.I'3O/ZB E 3(.I3ZG3(B.I4 F0I (SW .@.ZB 3(3NS(MW 
'Y/(3 alert 3PIW� Q'O>N 4;Y�@ M(IZ3P.Y¯N Q0M5 S(S3'0@W  M̄3/g+Y( .ZBM'O R+ PY/6M 

RJ.ZP BM'O 3'0@SX PM 5'Y�6 F/. >NMZF K(;(N?3(Q <J.Z4 M(<M'X (S3'0@S 
/PL; F/. �3'0@SZF 3Y�P< JS' R23/Z. 'PFOY. 0N+W  .0? O3'0@S 

                                                            
1. Red-flags 



 Î8G6 ، /7L/7 /7'G6 ،6 ،5849 سÎ'ست¯Î7'6 پ86Îف.    :;6

 'Î'P/Gپ -5
~Z(S0I( K(@M 0NS/U (.MY1 Q(.PQ O .0I0NF+ ~ .0IZQ/( 5(;W  F0I .0N.<S 0NJ?PS .3(>M4G(/ ~Z(S0I(W KO3/ M(I5(;X� 

KO4+ M(I5(;X� ¯NS4I FP/. OX (;(N? '3XY .;' Q/4Q. 
~Z(S0I(W KO3/ M(I5(;X'42' (+ :W ;ZH.< (SW ~Z> +ZNX N.,I 3'0@S OX  4+Y¯/(Z4W ?(IZ�L  �/(<I /P+ 0S'P. 3/(M K(I5(;

F(I G'4/M'X� E 3(.I3 O @I(NI /(H.Z/(A4W 4; '3Y@ 4. .@. 4.4/ؤI OZB ' .0S/YL '6I' R+Y> I(J?Z. F.'/X�  >S(Q
JD.ZH ¯Z4W N.,IX F; 4+Z�RN '6I' OY> JD.ZH ¯Z4W N.,IX Q/'/ 4+ 43NI F0I .0? 0S'P. (SW LZ?(I W4Z¯/(Y IX 0NM'P.  R+

 K'PNA«GO/ H@� » 3/0NY'4I(SW +5(+ZNX '3(Q �3(,.A' /P,T+ RQ �0NNQ FJA F4.NQ OXY F+(M OZ. P¯.;(~XY T<. '3ZF IX 0NQ. 
~Z(S0I(W KO4+ M(I5(;X :YRX ~ 5'Z(S0I(W '6I' �HTIY> IPJA /(J.A'X .MO ..;'X (S/(TM �K'0MO4T?W .3(>MX RM(;3 O  (S

,+Z0NN 3'/4T? RQW Y( IPJA K(I5(;X ; 5'ZH.< .3(>MX I Q/(J.;' 0NJ?PSX �0NQ + 3O(+Z4.@W I(J? R+Z.  ./C O0NY'4I(S 
' ..?'/ 0NS'P.YL AO4@I 0?3 R+Z. /(TMW� PN.Y. B.(? (SW M'4JR/X 3 >S(Q O 0NJ?PSYP< (SW F(IX IPJAX  43NI

IX /P?' 4+ QOgA .Y�L /(J.;'U ; 5' LIPIZH.< IX 0M'P. P¯F' R+W P¯F'XY (; 3/Y4 (S/(TMW F/IX RNLNI O 'W 0,.YF /P?. 
FP/. ¯NS4IX  OY¯/(Z4W M(I5(;X(~ Q/(J.;' :Y3'0 I /A(+ 0NJ?PS .3(>M 5'X /P? K(I5(;  R+ (S«K(I5(; (SW Y¯/(ZQ0M4» 

0,.YF ' R+ �0MP?YL NBI( I >S(Q /(<I (TN. RM RQX Y�0+(  RRF+Y¯/(Z4W  GO'0IKO3/ M(I5(;X ¯MP¯�(X F0I /P,T+ <J. �(SZ4 
+5(+ �(S3'0@SZNX 0NY'4I(S .3PC )IX ¯Z/4' .YL ¯NS4I 0?3X NI 3'6+' (TN. RM KP� �.;' HTIX I /P,T+X Y�0+( NS1 RRF+Z. 

 K(NQ3(Q3(+3/U I(J?Z�. FP&<IZ. 2~Y4W ~ OZ¯@Z4W MZ6 I FI(R.X Y0+(. 

 GÎ/'QK;Î/ل پ Î7Î :'GÎI  '.ÎO.G' 'P 'P/7.P'7 LÎ'/گJÎقÎ/JM  9پ
YR.I( (SW /'/ K(@M >SO8~ (;3(MXY (SW NIX RM(I(; (SW 3'/4T?W ¯0NQ'4~ �K'4T.X 62 OYQ4 'W  K/P+ Q/'/ .'. �(SZ4  H@Q 3/

¯.<+'O O .(JF..X 0?Y0 =3'6¯ R+ (SW .;/X� HTI 5' 4.YL '4?YJ FّAX FR? ¯Z4W R+ 0NJ?PS .3(>M I 3(J?X (Y0N R+ .;(~ 3/ .
'YL '4?Y�J Y¯/(Z4W ?(IZL 3/ ~ F0IZ/(TN@W  >SO8~R+  K'PNA /4,S'3W Q/'/ O RM'3O(NI /'4K 3P/IX  RQ .;' Q0?N.<IZH  R+

' @I3YL (;3(MXY (S 0I(3(Q /P,T+ OW .3(>M G(>MX I PJQX 0NQ .4+ Q/'/ 9(;' (SW R,/(DI 5' FC(/ I .'0S(@I O (SZM'0X� 
YRX >F(� 5' (SW FC'X 3'/4T?W M'P.(M �K'4T.X G(>M (SW F/. 3/ /P2PIZF HS Q/'/ K(I5 (SW F(IX� /'/3'4MW� M(<M' @+(NIX  O

5(;4T?W (;(N? OXY E .(K(,.3'ZG(J?4 IZK( K( ' 3/ ..;(SYL  �)P�3(�Y¯/(Z4W ?(IZL R+  K'PNA 3'6+' F/.ZFX�  K(RI'
YR�3(~R 5(;W Q/'/ (SP¯F' 0'4..;' O (SW I HS'4I '3 K(TN~X 0NQ R+ O  (2W <~ .3(>MZNX� I5ZNV ~ .3(>M R+ 3'2¯Z> 4¯M  O

N.,IX 3 4+YP< TI '3Z( IX /5(;. 
3/ /4,S'3 /L;W� ~ F0IZ/(TN@W I K(@MX 0S/ Y¯/(Z4W ?(IZL IX 0M'P. FQ 3P/I R; 3/Z0W  3/ 0NJ?PS .3(>M LN/. R+
3'/4T?W PFO' 3/ �.<.M .0NQ PJQ K'4T.Y. 0N+W F0I �.3(>M (SW Y¯/(Z4W ?(IZL F/. (+ZF Q/'/ (SW .?2¯V Q7O4~  �(S

(S0/'O /4RFJA O (S/'/3'4MW M(I5(;X� RN,K K(RI' 0N+W K( 3 /L; 9(;' 4+ (SYP<  /(<IY( I HS'4I '3 HF..X 0M3O(' .YL  4I'
(S/(TM R+W .3(>MX I Q5(2'X 0S/ M(<M' /O0/I @+(NIX F(I OX R+ '3 /P.  Q5P/ 4+ 0NJI0S .3PC (SXY + RQ 0NNQ 6Q4J.IZ4.@YL 

K( 3/ HF.. 5O4+ F(J./' RF&<I �/3'/ /P2O (S 'W  3/ RQYR.I( (S R+  K'PNA YRX HBG 5' (SW 02W .N; .3(>MX /P+ Q0? /4LI. 
�GO/ (;(N? 3/XY /(DIYL AZNX 4T? /(<IW� Y¯/(Z4W ?(IZL 4/ؤI >NMW 3(3NS(M H@Q 3/W (SW 3(.I3W 'Y(J IX 0NQ .

'4+W E 3'4R. �F(/IZ/(A4W Q0M4+   K0?YP ~Z3(RM(J F. �A(. .(DM(NI 3/ZZ.'4 6S /3O(4+ 3/ G3(B.I(MYRN Q7O4~ (SW M'4JAX� 
.4+ 3/ (S/'/3'4M 6Q4J.X 4T? LK(NIW Y( '(SP¯FW EZG(J?4 (S5P3I 3O0C 3/W 5(;4T?W� /(DI RFJ2 5'YNX  (+ RQ 0N.<S

F0I 5' Q/(J.;' (SW 3(3NS(M H@QW F/. OZF (SP¯F'W 3(.I3W (;(N? F+(MXY 0M'' .YL YR.I( (S R+  N.<I 3PKZH /'4K /4,S'3 R+X 
B.(? (SW I FD.I 0NJ?PS .3(>MX 0MP? FQ 5' OX P¯XY ¯PF2 (S/4,S'3 /L; 3/Z4W IX 0NNQ. 

�GP; .@~ 3/ZM(,X JD. 5'ZH ¯Z4W 0IY4Y.X� Y¯/(Z4W ?(IZL FP. (+Z0 .I'Z(S5(W 3Y�P< (S3'0@SW (S/3P,?'/ O G(¯NS/O5W 
F/.ZFX� RJQ 3'6+' >NMX '4+W 0IYK'4 ' K(;35(+ OY(J IX 0NQ L+(LI .YR.I( �(S YRX RE0E/ 5' (SW FC'X 0IYK'4 4T?W� .'.Z4  3/
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3/Y.I( (R.' O 4,.BI .(AgK'W +Z> =3'6¯ R+ 0/ 5' (SW EZ;4ZJ.<X 2O4. ..;'X (SW F0I (SW Y¯/(Z4W ?(IZ�L 'YL  䐣ل.
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speeds and improve road safety. This study evaluates the effectiveness of several 
traffic calming measures implemented in Tehran, including plastic speed humps, 
sinusoidal speed humps, median islands, pavement treatments, and rumble 
strips. Vehicle speeds were collected under free-flow traffic conditions using 
laser speed measurement devices. A before–after analysis framework was 
adopted, and independent sample t-tests were used to compare vehicle speeds 
before and at the location of each traffic calming measure. The results indicate 
that plastic speed humps, plastic speed humps combined with median islands, 
and sinusoidal speed humps produced the greatest reductions in vehicle speed. In 
contrast, rumble strips did not show statistically significant effects on speed 
reduction. The findings also demonstrate that speed reduction generally begins 
before the installation point and gradually recovers after passing the calming 
device. Overall, the study confirms that properly designed traffic calming 
measures can effectively reduce operating speeds and improve urban traffic 
safety. Combined calming strategies were found to be more effective than 
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Introduction 
Excessive vehicle speed is one of the major causes of severe urban traffic crashes, particularly those 
involving pedestrians and cyclists. Traffic calming measures are commonly implemented to reduce 
operating speeds and improve road safety in urban streets. Although many traffic calming devices 
have been used in Tehran, limited studies have quantitatively evaluated their effectiveness under real 
traffic conditions. Therefore, this study aims to assess and compare the effectiveness of different 
traffic calming measures in reducing vehicle speeds in Tehran. 

Materials and Methods 
This study applied a before–after evaluation framework to investigate the effectiveness of selected 
traffic calming measures, including plastic speed humps, sinusoidal speed humps, rumble strips, 
pavement treatments with median islands, and plastic speed humps combined with median islands. 
Vehicle speeds were measured using laser speed detection devices under free-flow traffic conditions. 
Speed observations were collected at several points before, at, and after each traffic calming measure. 
Only passenger vehicles with sufficient headway were included in the analysis to minimize traffic 
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interaction effects. Statistical analyses included descriptive analysis, Levene’s variance test, and 
independent sample t-tests to evaluate the significance of speed reductions. 

Results 
The results show that most traffic calming measures significantly reduced vehicle operating speeds. 
Plastic speed humps and plastic speed humps combined with median islands demonstrated the highest 
effectiveness, followed by sinusoidal speed humps and pavement treatments with median islands. 
Vehicle speeds generally began to decrease approximately 60 meters before the calming measure and 
reached minimum values at the installation point. After passing the device, speeds gradually increased 
again. Rumble strips showed the lowest effectiveness and did not produce statistically significant 
speed reductions. 

Discussion and Conclusion 
The findings indicate that traffic calming measures can effectively reduce vehicle speeds and improve 
urban traffic safety. Combined calming strategies generally performed better than isolated measures. 
The study also suggests that rumble strips should mainly be used as warning devices rather than 
standalone speed reduction measures. Proper geometric design, installation standards, and roadway 
compatibility are important factors affecting the performance of traffic calming measures. Overall, the 
results provide useful guidance for selecting effective traffic calming strategies in urban streets and 
support evidence-based traffic safety planning in Tehran. 
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M.O5 + O:+'7 O¯ .?'WI ' L .A8?VKGU ' 7/VI O+ BPL<~  F.@G .7MGWG F(¯WN8, F0G 9' N/('.?' L N0DJ (PT  /M5MG8FG  7/
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Introduction  
The Historic Khorramabad Valley, with over 63,000 years of human habitation, is among Iran’s oldest 
settlements and was inscribed on the UNESCO World Heritage List in 2025 as "Prehistoric Sites of 
the Khorramabad Valley" [1]. This milestone validates its cultural and natural authenticity while 
offering a strategic opportunity to rethink sustainable tourism planning in Lorestan. Despite rich 
assets, institutional weaknesses, marketing gaps, and fragmented planning hinder progress [2]. This 
study optimizes the interplay of three pillars tourism infrastructure, destination marketing, and 
cultural-recreational events to maximize attraction within sustainable urban tourism frameworks. 
Global evidence shows UNESCO listing alone does not ensure sustained visitation; without scientific 
management, it risks resource overload and ecosystem harm [3]. Thus, territorial planning and 
environmental impact assessment are vital to balance economic gains with Zagros conservation. 
Infrastructure (eco-compatible transport, lodging), marketing (social media, big data, AI), and events 
(cultural identity, social resilience) form the core triad. Their synergy, enabled by smart analytics, 
enhances appeal; misalignment wastes resources and damages heritage [4]. 
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Materials and Methods  
Adopting a positivist stance per Saunders et al.’s research onion [25], this deductive study tested 
theory-derived hypotheses via field data. A survey strategy used structured questionnaires aligned with 
the conceptual model. Content validity was expert-refined. A 9-point Likert scale (1 = very low, 9 = 
very high) captured nuanced perceptions. The population included tourism operators, hotel/eco-lodge 
managers, tour leaders, and Lorestan heritage officials; 105 questionnaires yielded 101 valid 
responses. A balanced incomplete block design reduced cognitive load, with each scenario rated by 
>33 respondents. RSM with Central Composite Design in Design-Expert v13 modeled linear, 
quadratic, and interaction effects. Model selection used R², adjusted R², ANOVA, and coefficient 
significance. 3D surface plots and optimization identified peak attraction configurations. 

Results  
The quadratic model was superior (R² = 0.9638, adjusted R² = 0.9313). ANOVA confirmed linear 
effects (p < 0.0001): marketing (B = 1.23), events (C = 1.09), infrastructure (A = 0.46). Marketing-
events interaction (BC = 0.2625) was synergistic. Infrastructure showed positive quadratic effect (A² = 
0.3519), indicating accelerating returns; events showed negative quadratic (C² = -0.8981), signaling 
saturation. Residual and predicted-vs-actual plots validated fit. 3D surfaces revealed maximum 
attraction at high infrastructure/marketing and moderate events. Optimization gave: infrastructure = 9, 
marketing = 9, events = 8.015 → attraction = 7.98 (desirability 0.828). Constrained scenarios 
prioritized marketing (e.g., medium levels + high marketing = 6.477). 

Discussion and Conclusion  
Non-linear, interactive dynamics challenge linear priors, demanding nuanced policy. Marketing’s 
dominance aligns with digital trends but quantifies its lead, supporting AI campaigns to elevate global 
visibility. Events’ optimum corrects over-event reliance, stressing quality and capacity to prevent 
strain local planning deficits [2]. Infrastructure’s escalating returns justify phased scaling for synergy. 
The marketing-events synergy innovates coordination, closing institutional gaps. The optimal triad 
(infrastructure/marketing 9, events 8.015) yielding 7.98 attraction proves balanced integration trumps 
isolated efforts. All hypotheses held: marketing’s linear primacy, infrastructure’s positive quadratic, 
events’ negative quadratic, positive interaction, and optimal mix. Scientifically, RSM advances 
quantitative tourism modeling; practically, it directs balanced investment for economic-cultural gain. 
Limitations: expert perceptions, cross-sectional design, omitted variables (price, climate). Future: real-
tourist validation, RSM-machine learning hybrids, longitudinal tracking. Recommendations: inter-
sectoral committee; short-term access/info upgrades; mid-term eco-mobility; long-term eco-lodges; 
regional data/AI marketing; capacity-capped, innovative events; local training. Sustainable tourism in 
Khorramabad demands monitored, integrated action to boost appeal and national standing. 
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.79G cK:_Z /:7 84 '8 h4(7.J' h(d  .5_N T4(B.Z h'+' c]j *k.9. �B7a.g  ijaSV' �]kZ:97 9j(Zآ Ij99 :' h9S:49R 8'5j(~
8k/Z c:+'8 Gj9B.:(+ h'9+iZ c&'8' 4(7.J' ` cBZ(2 � ij'`9[O/ h(K.8' c+ ` 5d41 ` h8'5j(~ h9e: iZ 5Z(3^' =7<. 

.2(79j: U[/ .kGkN ` 5_.7d 57(KZ .kKGaZ iW7' \(N8' :' h9S:49R h(d  ` c+93. 9+ id(G8 G(Z52 ` .Z(J' �UK^`
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e_;k~ ` 5d4 9j';G' '8 9e: .k+'72 �5_N .jaK.cZ(^9+ ` iW/Z Q_d9G (+ (d4'5j`8 X(>4' 5_^(Z ij(d4(  h'9+ i.N8(;Z h;j8
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b4'4  ij(d49,d'8 �4(k_+[d]k+ h8(O[d \a� :(75^49N 4(e_;k~ c^ga&7Z )72 h'9+ '8 8'5j(~ Q_j5^9+ ` i^(Z =20< G(BV(:Z 84 .
]k+ .2(79j: ` T(.k3j4 i+(j8':(+ IkGW. .k[d' 9+ ;k^ iWW[V'  ..7' b5: 5kN5 .أ_[:ad h(d9d`�~ 7(7' 9+  (d \(kZ iS_d([d
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1  . Governance  
2  . Internet of Things 
3  . Real-time Monitoring 



200    Î8G6 .86فÎپ Î7'6¯.س'Î7/ ، سN/2 /7'G6 ،3 ،5001 

 84 ?a_.Z G(BV(:Z 4a2` (+:a/f T5Z 49Oj`8 (+ @Z(2 i;d`�~ :a_d �Q_d9G ` i+(j8':(+ �.2(79j:  /:7 8`8 ` i[N h:(7
17(~1 h'9+ ]kkB. *kN9. _ke+g UZ'aA 8'7R9/' 9+ )72 9S:49R 84 ]j' cK:_Z X(3^' b5;^ .7' .9.;k+ G(BV(:Z iW2'4 9+ UkW/. 
iGkN (j iGk7a. ;N9[.Z b4a+ 5^' ` 9.[N :' h(d8';+' b4'4 8a/Z h'9+ ij(7(_: 8+'`8 b9k'.Z5_' b4(G.7' b49N 5^' .:' ]j' �`8 9d`�~ 
96(/ (+ ;N9[. 9+ c7 UZ(A .2(79j: h(d �h9S:49R i+(j8':(+ ` G('kW,. �57KZ ` h(d4'5j`8 iS_d9Gـ‌‌�i/j9G. 57J 48'4 

ijaSV' iZa+ h'9+ c_ke+ h:(7 )72 :49R9S 84 )a'8(' cZ(^9+ j8cK:_Z ` h9e: 8'5j(~ h9S:49R h; 5d4 c&'8' h'. 
 9+]j'  �7(7'W&7Zg iZ \(k+ ]k_' 96(/ 9d`�~ iW7' cZ(^9+ )a'8(' 84 :4a: cK:_Z ` h9e: 8'5j(~ h9S:49R h;j8  �h'

 *kN9._ke+g  UZ(A c7«.2(79j: h9S:49R h(d» �«KZ G('kW,. ` i+(j8':(+57 » `«iS_d9G h(d4'5j`8‌‌  +i/j9G.» h'9ـ
c_k;k+ h:(7 )72 9S:49R c+ 84f i3j8(. X92 4(+آ X'5N �.7' 9d`�~ 96(/ 84 457 .7' (+ b4(G.7' :' 8`8 /:7 17(~ ` 
UkW/. b4'4 h(d �i^'5kZ iV5Z c^'8`آa^ ` iZa+ h'9+ c_ke+ h:(7 72(: )72 9S:49R 84 84f i3j8(. X92 4(+آ c&'8' �5d4 iV5Z 
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‌F¯6÷‌.9d`�~ iZaeGZ T5Z 
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1. haJ �iS_d9G h(d4'5j`8 ` .2(79j: (+ c7j(KZ 84 �57KZ G('kW,. ` i+(j8':(+  )72 9+ '8 8'4(_BZ ` .,/Z i:2 9/' ]j9.

48'4 9S:49R. 

                                                 
1  . Response Surface Methodology 
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1  . Positivism  
2  . Balanced Incomplete Block Design 
3  . Central Composite Design 
4. Design-Expert 
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.7(k7iZ �\'8'7S 9 c+ 5^'a.cZ(^9+ iZa+ haSV' i/'9 cK:_Z ` h9e: 8'5j(~ h9S:49R h;j8  M[N \(.79V 84 h'_N5. 

2-1‌./N0محÆ‌G?7/‌م7'لNم‌
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.kV(BG ` (d4'5j`8 �9Sj4 ha7 iS_d9G h(dـ‌‌i/j9G. 9e: :' ;2b8'a_ h(d iKk7aZ ` @j(_7 i.74 (. ]kjآ h(d �i,d7Z Uk7^(.~ 

U+(J  ie2a. 84 )72 \'9S:49R iS_d9G �5^8'4 (Z' c+  UkV4 4a,[N .2(79j: h(d i.j([/ ` cZ(^9+ h;j8 �Y37_Z *W>' c+ 
 G8a7 iB:KZ 8';R9+ iZ 5^a: ..kB[2 X92 4(+9آ`48 '7)7 +9 آ+ ;N9Z 8(Z9'\ آj' 4`5/ 414 8';d G^9 .7' =30< �cN 5:8 @j97 

 c^a[^ h' :' h(d9e: i^(kZ آ+)G iGA(6Z 9+ G(Z52 h9e: ` @+(_Z .7j: i:k/Z 48'` b49N .7' .84 �?a[3Z X92 4;)8 آ\
79R': .7' cN *kN9. b�j` h' :' .j;Z h(d �iBk,9 i3j8(. ` iS_d9G '8 84 8(_N 9V(' h(d �i.2(79j: i.j9j5Z ` (+ i+(j8':

8'44' .c+ 9e: ]j' )(3.^   \'a_ABV(:Zg  �h9S:49R .2(79j: UZ(: 9d`�~ iW7' UZ(A c7 iKkGW. UkW/. \(OZ' �h48aZ
iS_d9G h(d4'5j`8 ` 57KZ G('kW,.ـ‌‌i/j9G. '8 84 )a'8(' B7a.g 8'5j(~ h9S:49R h9e: Yd'9G iZ 5_N =2<. 
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3‌.G.G'Î‌'G‌
c+  ck69G \aZ:8 آa>_Z ~ h(d .2(79j: UZ(: UK.7Z h(d9k'.Z \(kZ iWZ(B. ` i:29k> �i:2 8+'`8 ij(7(_: ` 9d`�

.kV(BG ` (d4'5j`8 ` 57KZ G('kW,. ` i+(j8':(+ �h9S:49R iS_d9G h(d�9 ': 8`8 ـ‌‌S:49R )72 \';kZ c.7+'` 9k'.Z (+ i/j9G.
T5Z 17(~ /:7 h:(7 b4'4 .5: b4(G.7' h8`49آR h(d 17(~ :' b5: (R5_d4L(~ �\4a+ T(Z9^ i789+ :' 7~ \  9j4(KZ G7/ ` h:(7

X9^ 84 �G9~ G'G9~7N' ]j';j4 8'; 37^g 13  48'`:5b9e+ (+ �cW/9Z ]j' 84 . T5Z �h;N9Z *N9Z /99 :' h9kR  UZ(: GW.3Z h(d
 �U+(K.Z G'9/' �i:2284g  ` X`4284g *7(_Z (. 5^5: b4'4 8:'9+ Xa7 ' T5Z ]j9. .4a: )(3.^' i+93. 8:'9+ ` h8(Z9 آ>^ :

 ij(d8(kBZ 7(7'9+ 7~7[d UkW/. 48aZ ` ij(7(_: ij(e^ T5Z �*j'96 h8'4(_BZ \aZ:7 ` آ^(j8'` UkW/. �]kk,. *j96 \a�
17(~ G'9[^ ]kS^(kZ 7(7' 9+ c.7+'` 9k'.Z ..G9R 8'9J  G9OkV 7(kKZ 84 \(R5_d49c284 ( h'1  ; (. ]kj(~ 8(k7+9  ;7+ )g(+ 8(k

 c,7(/Z b5: i/'99 h(daj8(_7 :' Mj 9d h'9+:5 :' Mj 9d ` .G9R G8a7 h;N9Z *N9Z /99 7(7'9+ 9j(Z:آ i/'99 .
 /:7 c7 84 UK.7Z h(d9k'.Z«YN» �«87a.Z » `«4(j: ».5^5: T5Z 48'` 

 T`52 841 T5Z �U+(K.Z G'9/' (+ T5Z �b4(7 i:2 T5Z UZ(: i^ak79R8 T5Z ?a^ 8(e' �284g  T5Z ` X`4284g  h'9+ Xa7
4'4 \(;^ 1j(.^ .5^5: c7j(KZ 9Sj5Oj (+ T5Z ]j9.e+ )(3.^'  T5Z284g kk,. *j96 ]j9.g(+ :' h8'48a29+ UkV4 c+ UZ(N X`4 ]

(96/0 )Uj5B. ]kk,. *j96 ` b5: (93/0) �_BZ(  h8'4 /:7 84 T5Z iWN5  /:7( 5784_BZ(  h8'4006/0) ]k_�[d `�   ?a[3Z
9k~ h(d(:2 G(B+9Z i_k+ b5:  ]kj(~(0/6)UkW/. 84 ` 5: )(3.^' c_ke+ T5Z \'a_A c+ � .G9R 8'9J b4(G.7' 48aZ ij(e^ h(d. 

9k~ UK.7Z h(d9k'.Z /:7 c7 7(7' 9+ ` g(+ .J4 (+ '8 )9S:49R )72 \';kZ( c.7+'` 9k'.Z G'9kk'. .7^'a. T5Z ]j'  i_k+
_N5Uj5B. ]kk,. *j96 iOj4;^ .  iWN ]kk,. *j96 c+ b5:\(;^ 5_d4f  c+ c2a. (+ c'9R' �.7' T5Z \(_k[9' .kW+(J ` h8'5j(~

]k,,. *j96 hg(+ 45A9k+ T([./' � 4a: ;(/V 1j(.^ 9k7G. 84 5j(+ cN 48'4 4a2` L5^' 8:'9+.  h(d(:2 48'5^(.7' G'9/^'
 .iZ \(;^ ;k^ 5d4 9k~ ` b4a+ 8'4(_BZ iWN 8a9 c+ T5Z h(d9.Z'8(~ i_k+ 5_.7d (O.' U+(J T5Z h(d (b35/0 ):5 48+9آ`

+ h'9+ i789_BZ(  h8'4 T`52 .5: b4(G.7' 7^(j8'̀  UkW/. :' �\ak79R8 T5Z2 T5Z h'9+ '8 UkW/. ]j' 1j(.^ �284g iZ c&'8' X`4 .5d4 

‌FL/.÷‌.h8(Zآ T5Z ]j9.e+ ]kkB. ;kV(^آ 

?+KGسطح‌‌
K?G'‌Î7'/ 

‌G'8حJ'
/7'/J'.س'‌IÎÎ+.‌)Î8ض‌IÎÎ+.‌)Î8ض‌

FÎ/?.‌O.G'Î 

IÎÎ+.‌)Î8ض‌
6Îپ‌ÎKÎ* 

‌Î'P'8*?'.‌.طG‌?MG.G
6Îپ‌ÎKÎ*‌N/6‌

i:2 T5Z 0001/0 5521/0 8566/0 8297/0 7636/0 04/8 
U+(K.Z 9/' T5Z 4705/0 5577/0 8811/0 8262/0 5681/0 69/14 

 T5Z284g 2 0061/0 3507/0 9638/0 9313/0 8234/0 00/6 

 c284 T5Z3 2665/0 3098/0 9831/0 9464/0 8385/0 49/5 

‌FL/.2‌.T5Z 7^(j8'` UkW/. 
?+KG‌

.'8ÎÎ>.‌
.7/Æ‌

Î/'9آ 

?MG.G‌
.'?*8G 

.'?*8G‌IÎ¯J'ÎG‌‌N7'Gآ÷Fسطح‌‌K?G'‌Î7'/ 

T5Z 6 43/32 27/8 34/171 0001/0 > 
 �.2(79j:A 1 12/2 24/11 89/232 0001/0 
 �G('kW,.B 1 13/15 76/13 24/283 0001/0 > 
 �4'5j`8C 1 88/11 76/13 76/13 0001/0 > 
BC 1 5512/0 80/15 49/327 0522/0 
A2 1 3962/0 1830/0 79/3 0932/0 
C2 1 58/2 4470/0 26/9 0005/0 

iJ(+ b5^(Z 13 57/1 0482/0   
8:'9+ X5A 8 9975/0 0296/0 98/1 4855/0 

7V(2 h(:2 5 5721/0 0002/0   
                                                 
1. F-value 
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 T`52 7(7' 9+2h9S:49R .2(79j: i_Bj UK.7Z 9k'.Z c7 9d i:2 9/' � (A) �57KZ G('kW,. ` i+(j8':(+ (B ) (d4'5j`8 `
.kV(BG ` iS_d9G h(d  .i/j9G. (C ) /:7 845  5784_BZ(  8'4]k_�[d ..7'� (d4'5j`8 ` G('kW,. ` i+(j8':(+ ]k+ U+(K.Z 9/' 

(BC ) 9/' `284g .2(79j: X`4 (A² ) /:7 8410  5784_BZ(  8'4.7'  cN\(;^ 5_d4f GkB6 \4a+ 9.�  (O.' U+(J \(_�[d (Z'
.7' h8(Z8`'+8 ': ^<9 آ ]j' \4a+ 9/' �]j' 9+ b`gA .284g (d4'5j`8 X`4 (C² ) /:7 845  5784_BZ(  8'4 ..7' b5: 88';R

 /:7 84 ;k^ T5Z 8:'9+ X5A \aZ:5784  5آ_BZ(  8'4 \ak79R8 T5Z ..7' T5Z h(O.' .kW+(J ` ./7 �.J4 9S^(k+ cN 4a,^
284g 72 \';kZ c.7+'` 9k'.Z h'9+ X`4 84 b5: h8'7R5N G8a7 c+ 9S:49R ):+'8g 1 ..7' b5: c&'8' 

(1) 
 

 �c:+'8 ]j' 84 Y �9S:49R )72 \';kZ 9S^(j([^ A �h9S:49R .2(79j: B` 57KZ G('kW,. ` i+(j8':(+ C  ` (d4'5j`8
.kV(BG iS_d9G h(d  ...7' i/j9G. 

 7(7' 9+:+'8g 1 i:2 9k/أ. ]j9.;k+ � 9S:49R )72 \';kZ 9+c+ 57KZ G('kW,. ` i+(j8':(+ c+ 7a+9Z *k.9. (B) � ` (d4'5j`8
.kV(BG iS_d9G h(d  .i/j9G. (C )h9S:49R .2(79j: ` (A ) c+ ..7'\(k+  '8 9K^ ]j9.;k+ 57KZ G('kW,. ` i+(j8':(+ �9Sj4

iZ (Gj' 9S:49R )72 9j';G' 84  �]k_�[d .5_NG('kW,. ` (d4'5j`8 U+(K.Z 9/' (BC )iZ \(;^ cN .7' .,/Z Yd 5:8 5d4  \(Z:
.jaK. ` b5_j';G h9/' UZ(A `4 ]j'  9/' �9Sj4 ha7 :' .48'4 9S:49R )72 9j';G' 9+ b5__N284g h9S:49R .2(79j: X`4 (A² )

.2(79j: /:7 9j';G' (+ cN .7' ]j' 9S^(k+ cN �.7' .,/Z 84 (d  G8a7 c+ 9S:49R )72 9+ \آ .,/Z 9k/أ. *k: �g(+ /a:7
iZ 9j';G' h5A(7.  9/' �]k_�[d .5+(j284g (d4'5j`8 X`4 (C²) .7' iG_Z�  5/ :' 9k+ h8';R9+ cN (_BZ ]j' c+_ke+g  (d4'5j`8

g(+ /a:7 84 ` ' .5+(jc.G(j ]j iZ \(;^ (d 5d4 c_ke+  UZ'aA ]j' *kN9. h:(7.9 '/9 آ\ 2aZiZ 4a: iZ 9d(N* ':,)? .أ/9k آ\ 
..7' h8`96 9S:49R 9.;k+ )72 h'9+ 

 UO: 842iJ(+ 8'4a[^ � b5^(Z  �(d(:2 @j:a. i789+ ` i^ak79R8 T5Z 8(.2(7 h8(Zآ i3_78(,.A' h'9+ '92' U+(KZ 84 (d
iZ b5d(;Z \([d .4a: iJ(+ �.7' 73;Z UO: 84 cN 8a9 b5^(Z  c+ (d iKG' 8a/Z Ta/ i7(2 haSV' \`5+ ` b5_N'9~ G8a7
b5: @j:a.  9Z' ]j' cN 5^'\(;^ 5_d4f  ` \4a+ T(Z9^ 89G .kB6` ]j' ..7(d(:2 84 Y>_Z 8(.2(7 (j Mk.([.7k7 5^`8 4a,^

iJ(+ TgK.7' b5^(Z iZ 5kj8' .أ (d (+ iR5_N'9~ 84 73;Z haSV' c^aR9d 4a,^ �]j' 9+ b`gA .5_NiJ b5^(Z iZ \(;^ (d  5d4 84 T5Z
iZ c&'8' \(7[d(^ 7^(j8'` UO;Z \`5+ ` .2'a_Oj h49OW[A UK.7Z h(d9k'.Z /a:7 iZ([.  OgZ(N ;k^ h8(.2(7 9>^ :' ` 5d4

 UO: �]j'9+(_+ ..7' *7(_Z3 h8(Zآ G(6`9GZ 9>_Z :' i^ak79R8 T5Z \(_k[9' .kW+(J ` ./7 9+ id'aR �.7'. 

 
F¯6‌3‌.iJ(+ G'9kk'. '92' U+(KZ 84 b5^(Z 
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UO: 84 4 8'4a[^ �7j(KZg b4'4 ]k+ 9k~ 9j4(KZ ` 9S:49R )72 \';kZ iBJ'` h(d i_k+  b5: c&'8' i^ak79R8 T5Z 87a. b5:
 82 ..7'45  8'4a[^ ]j' 84 c284\(;^ 5_d4f b5j' .V(/ 9k~ cN .7' T9'+9 +)  آ+ OgZ(N T5Z i_k+ 7(K^ c'9d .5:(+ iBJ'` 9j4(KZ

Mj4;^ 82 ]j' c+ b4'4 9k~ .J4 �5_:(+ 9. \([d ..7' 9.;k+ T5Z i_k+ iZ b5d(;Z cN 8a9  82 iOj4;^ 84 7(K^ 9/N' �4a:45 
c.G9R 8'9J c284  7(7' 9+ 9S:49R )72 \';kZ IkJ4 ]k[3. 84 \آ hg(+ ij(^'a. ` T5Z *7(_Z 8:'9+ 9S^(k+ 9Z' ]j' cN 5^'

a:7.kV(BG ` (d4'5j`8 ` �57KZ G('kW,. ` i+(j8':(+ �h9S:49R .2(79j: GW.3Z / iS_d9G h(dـ‌‌ T5Z �]j'9+(_+ ..7' i/j9G.
9k~ 84 i+aW:Z 8(,.A' ` .J4 :' b4(G.7' 48aZ i^ak79R8 ..7' 8'48a29+ i_k+ 

 
‌F¯64‌. 9S:49R )72 \';kZ 9k'.Z 8'5KZ9k~ i_k+ BJ'` U+(KZ 84 b5:i 

 UO: 845c7 8'4a[^ �  c+ c2a. (+ ..7' b5: b4'4 9j([^ 9S:49R )72 \';kZ 9+ 4'5j`8 ` .2(79j: h(d9k'.Z 9k/أ. h5B+
:G'9kk'. ` b5: 89G .+(/ c^(kZ /:7 84 9k'.Z ]j' �G('kW,. 9/' \4a+ i:28KG +(2 /A(+c iZ 8'4a[^ /:7 iWN ij(2  .4a آ\ 

 h(_/^' h'8'4 .2(79j: 8a/Z .,/Z 9/' 9S^(k+ cN .7' h4aB7284g  9k'.Z ]j' X`4.7'iZ \(;^ 4'5j`8 8a/Z �]k_�[d . 5d4 
 9j';G' '5.+' 9S:49R )72 5:8 *k: �(d4'5j`8 /:7 9j';G' (+iZ (j5+ c_ke+ 5/ c+ \5k78 :' 7~ (Z'  \آ h8'7R9/' 5^`8 �h'

 ?(,:'iZ 4a: iZ 9d(N i./ ` .5+(j ]kj(~ c+ 7a+9Z 9S:49R )72 \';kZ ]j9.[N  ` b4a+ 4'5j`8 ` .2(79j: /a:7 ]j9.
iZ 08 4'5j`8 c_ke+ 8'5KZ ` .2(79j: /:7 ]j9.;k+ 84 )72 ]j9.;k+ iZ \(;^ aSV' ]j' .5d4 5d4 (K.8'h .2(79j:  ` (d

 .j9j5Z_ke+g iZ (d4'5j`8 a. U+(J 5/ (. '8 9S:49R )72 5^'a. .7' ]O[Z (d4'5j`8 5/ :' 9k+ 9j';G' (Z' �5d4 9j';G' ie2
.5d4 9d(N '8 \آ .,/Z 9k/أ. 

 T`52 843c_ke+ 1j(.^ �  7(7' 9+ ..7' b5: c&'8' .k+aW:Z @+(. :' b4(G.7' (+ 9S:49R )72 \';kZ 17(~ /:7 @+(. h:(7
j48( 9S:49R )72 \';kZ ]j9.;k+ �T`' G798/7iZ 08 i^(Z: )  `4 9d 57KZ G('kW,. ` i+(j8':(+ ` h9S:49R .2(79j: cN 5d4

( /:7 ]j9.g(+ 849 ).kV(BG ` (d4'5j`8 ` 5_:(+ c.:'4 8'9J iS_d9G h(d  .( c_ke+ /:7 84 i/j9G.015/8 .5:(+ b5: Yk>_. )
 ;k^ *kN9. ]j' .k+aW:Z 8'5KZ828/0 cN .7' .j(68  8j'9: \4a+ 93+iZ \(;^ '8 5d4Gj48 84 .  �X8(e' ` Xa7 �X`4 h(d
b5: i789+ iGW.3Z h(daj8(_7 .jaV`' G8`96 ` @+(_Z .j4`5/Z 8j'9: 84 9S:49R )72 \';kZ cN 5^'  `4 i.J` �(d9k'.Z h5_+

'9J /:7 ]j9.g(+ 84 (d9k'.Z :' iOj ` c^(kZ /:7 84 9k'.ZiZ 8 iZ \(;^ 49kR iZ b5d(;Z X8(e' Gj48 84 .5d4  4a2` (+ cN 4a:
 )72 \';kZ 9j';G' *2aZ G('kW,. ` i+(j8':(+ /:7 9j';G' �87a.Z /:7 84 h9S:49R .2(79j: ` (d4'5j`8 h9kR8'9J
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 c+ 9S:49R477/6  .k+aW:Z (+640/0  9+ ;N9[. ` @+(_Z c_ke+ .j9j5Z .k[d' 9+ 1j(.^ ]j' ..7' b5:h5kWN UZ'aA  5_^(Z
kW,.' G(9kR'9G ` c^(Jg2 �5_[:ad .48'4 5kN9 .أS:49R )72 h:(79/N'5/ h'9+ 

 
‌F¯65‌.9S:49R )72 \';kZ 9+ (d4'5j`8 ` h9S:49R .2(79j: 9/' 

‌FL/.3‌.c_ke+  8j'9: ]j9..9 أk/9S:49R )72 \';kZ 84 

GÎ/7‌‌(6.‌H':ÎG
8¯6/8¯‌

.ÎF'?G‌L‌'P/'/ÎL7‌‌Î'P
Î¯KP8G  ـÎحÎ8G. 

‌L‌Î*'Î7'9'*
 .+G‌.'>ÎFق7/

8Î9س'..‌
8¯6/8¯Î‌.Î*MFطG‌

1 798/7 015/8 9 9 828/0 
2 577/5 432/7 5 5 511/0 
3 059/6 5 5 9 580/0 
4 477/6 5 9 5 640/0 

 
c+  UkW/. 1j(.^ �iWN 8a9 4'4 \(;^ (d  T5Z ` 5^8'4 9S:49R )72 \';kZ 9+ h8'4(_BZ ` .,/Z 9k/أ. UK.7Z 9k'.Z c7 9d284g 

g(+ ]kk,. *j96 (+ X`4 .7^'a. ]kk,. )aW:Z .J4 (+ '8 c.7+'` 9k'.Z G'9kk'. .7' c_N5 G('kW,. ` i+(j8':(+ �9/ؤZ UZ'aA \(kZ 84 .
haJ 57KZ Yd *2aZ ;k^ (d4'5j`8 ` i+(j8':(+ \(kZ iWZ(B. 9/' ` 48'4 '8 i:2 9/' ]j9.  ..7' b5: 9S:49R )72 9j';G' 84 ij';G'

 9/' �]k_�[d284g S:49R .2(79j: X`4 9.g(+ /a:7 84 b4:(+ 9j';G' 9S^(k+ h9B7a.g .2(79j:  iG_Z 9/' ` (d284g  (d4'5j`8 X`4
\(;^ 5_d4f c_ke+ 1j(.^ ..7' c_ke+ 5/ :' 9k+ /a:7 84 9k/4'4 ':,)? .أ \(;^ ;k^ 17(~ /:7 h:(7  84 G('kW,. ` .2(79j: *kN9.

 /:79 _ke+ /:7 84 (d4'5j`8 ` c015/8iZ 4(3j' '8 9S:49R )72 \';kZ ]j9.g(+ � c.G(j �]j'9+(_+ .5_N cj(Z97 G8`96 9+ (d  h8'7R
.2(79j: 84 \:'a.Z  i/'99 �(d^'5_[:adg  IK/. h'9+ 5_[G5d i+(j8':(+ ` (d4'5j`8B7a.g X92 84 8'5j(~ h9S:49R 5^8'4 5kNآ+)4 .أ. 

4‌.‌Nبحث‌G.Î.F‌Î8Î¯ 

b9e+ (+ 96(/ 9d`�~ T5Z :' h9kR cGVؤZ \(kZ 8+'`8 �17(~ /:7 h:(7  84 h9S:49R .j9j5Z iW7' h(d84f X92 i3j8(.  '8 4(+آ
4'4 \(;^ ` 49N UkW/. i:2 89G �c3k.^ ]j' .5_.7d iWZ(B. ` i:29k> �h5B+5_' i.kd(Z 52'` 8+'`8 ]j'  9+ YN(/ c^'8(S^'

U+(J 93+  :' ie2a. iZ 9V(' c+ '8 ]k;k~ G(BV(:Z iZ 8'5;d ` 5;N b4(7 cN 5d4 iZ 8+'`8 ]j' h:(7 .7(k7 5^'a. c+ '8 h8'7S
Yk[7. .[7 = 5d4 Ha7 5Z8آ(N(^ h(d23  `24T5Z .< 284 g  X`4b4(G.7'  ]kk,. *j96 (+ b5:96  93+ .7' c.7^'a. �h5784

b5[A  G'9kk'. :' h'«9S:49R )72 \';kZ »'8 @J'` h9ja7. ` 5d4 /k6a. c^(_k+ .5_N c&'8' UZ'aA h8'7R9/' h(d8(N`:(7 :' 9. 
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Ik[A (Z' 4a2aZ G(k+4' (+ a7[d �9d`�~ h5kWN c.G(j c7 b5k3_7 ` 9. cGVؤZ i:29k> G'9/' ` \(e_~ 4(B+' �\9 ': آ.  h(d
iZ 8(O:8' آ h9S:49R  cO^57»7):4. ^73. آKZ G('kW,. ` i+(j8':(+ »haJ j9. c3k.^ ]j' .48'4 9S:49R )72 9+ '8 i:2 9/' ]

 G(BV(:Z 84 T(.k3j4 i+(j8':(+ h8a/Z 9K^ 5kj[ =6][ .أk;k~20<� ` h8`(_G .k[d'  57KZ 9ja7. 4a,e+ 84 ]ja^ h(d=4< � (+
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 Introduction 
The Sacred Defense possessed characteristics, among which the following can be noted: The Sacred 
Defense is a sacred struggle (jihad) to defend human rights; it is imbued with spirituality derived from 
religious, national, and doctrinal beliefs. Furthermore, it was a scene of endurance and resistance by 
brave and valiant combatants—a spirit that today is essential and vital for the Islamic Ummah to stand 

https://www.judpm.ir/?lang=en
https://judpm.ir/
mailto:A.molaei@tabriziau.ac.ir
https://www.judpm.ir/?lang=en
https://doi.org/10.22034/judpm.2026.572859.1086
https://doi.org/10.22034/judpm.2026.572859.1086
https://doi.org/10.22034/judpm.2026.572859.1086
https://doi.org/10.22034/judpm.2026.572859.1086
https://orcid.org/0000-0002-9458-040X
https://orcid.org/0000-0002-9458-040X
https://orcid.org/0000-0002-9458-040X


316    Urban Development Policy Making, Volume 3, Issue 2, 2026 

 

against global arrogance. The courage of the combatants, especially the commanders, was widely 
renowned, and their martyrdom-seeking spirit instilled fear in the hearts of enemies on the battlefields. 
The lifestyle of the martyrs and combatants has always been instructive and exemplary, to the extent 
that their morals and spirit on the battlefields—their precision in safeguarding public treasury and 
people's rights, their forgiveness and kindness toward subordinates, their fairness and benevolence, 
their simple living, and self-purification—are remarkable and educational.  

Materials and Methods 
This research is conducted using historical, analytical, and logical inference research methods, as well 
as interdisciplinary research, employing documentary and library study methods and case study 
research. Thus, in the section on the background study of military museums and case studies, historical 
research and field survey methods have been used. In the theoretical foundations section, by analyzing 
the content of texts, the theoretical foundations of the Sacred Defense and the New Islamic 
Civilization and their relationship within the Sacred Defense museums have been studied. 
Furthermore, in explaining the relationship between the theoretical foundations and the architecture 
and urban planning of Sacred Defense museums, an interdisciplinary approach has been adopted in the 
final part of the theoretical foundations. In the findings and conclusion section, using logical 
reasoning, the requirements for planning and design have been presented. 

Results 
The most important national, religious, and doctrinal components used in the design and development 
of Sacred Defense museums are: the sanctity of jihad and defense, urban and national identity, 
recollection of Sacred Defense memories, transmission of the culture of jihad, resilience and self-
sacrifice, honoring and commemorating the Sacred Defense, the martyrs and combatants, tourism 
centered on the Sacred Defense, a sense of patriotism, spirituality, the martyr-inspired lifestyle, and 
attention to the requirements of Iranian-Islamic architecture. Preserving and disseminating the spirit of 
self-sacrifice and martyrdom-seeking not only plays a significant role in enhancing human perfections 
but also guarantees the immunity and protection of society against evil forces; and although in this 
regard, Islamic values also manifest themselves in various ways. Nevertheless, even though during the 
formation of the glorious Islamic Revolution and during the Sacred Defense period, society was filled 
with a yearning for martyrdom and being killed in the path of God, various methods are still employed 
to promote the culture of martyrdom and self-sacrifice. The most important foundations and pillars of 
Sacred Defense museums include the sanctity and God-centeredness of defending the homeland and 
divine values, which leads to the identity formation of the city and Islamic society. In terms of 
architecture and urban planning, in any war museum, the following strategies should be considered: 
1)Durability of the external and internal form of war museums 2) Familiar forms in strengthening the 
sense of patriotism 3) Designing a religious space within the museum 4) Considering educational and 
research spaces Designing symbolic elements and landmarks 5) Designing service spaces for users 6) 
Symbolic design of operational spaces 7) Design and representation space for artists.  

Discussion and Conclusion 
Sacred Defense museums must be filled with the spirituality inspired by the martyrs and combatants, 
and the legacy of the frontlines and war, as well as their faith and beliefs. This is achieved through 
spatial design based on the Iranian-Islamic architectural model and the legacy of the Sacred Defense. 
Furthermore, Sacred Defense museums should serve as a place to introduce the lifestyle of the martyrs 
and combatants as a model of a worthy life for future generations. The wills of the martyrs are one of 
the legacies of the Sacred Defense, containing teachings of monotheistic beliefs and the martyr-
inspired lifestyle for the purpose of advancing toward the New Islamic Civilization. By comparing 
global precedents with the Iranian-Islamic theoretical foundations of war museums, the dimensions of 
similarity and difference in design principles can be extracted. In global precedents, the focus is on 
evoking a sense of patriotism and national pride; displaying military capabilities and achievements; 
creating identity for current and future generations by emphasizing their own military history; and 
designing for promotional and propagational activities.  
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1 .OG/FG 

)gK^' Zg;'i ' 3/j\'4 (+ /'5( �TgK.;' G0dh /' `k(h /j] X/4Z �Xg;' 3g(;h .G4R X(6^' .V'0S ` QaJ` )gK^' 5' 0T+ .
[/. Q_5kWi� UO? *5aZ Rk4h /`3k.( ./(?3 ` (dh Z 5' Q(G/k]e c.;(.4+ / .'/(K.S' 5'j] (d3`(+ ` Xg;'h ?kTi 0? cN 

(.^j4 Z NG/ \(k]e Zg;'i 'j�\'4 +4.k. G4TZ `i  �90KZ Q(G/ ` ce,5 3(N'0G U<^c+  (5\0^(Z Va. `k0 Zk/'4  ` 9a[WZ
 90KZ Q(G/ 9a[WZ(^0?' .j] Zk/'4 (Z4; c+(2Z c+ 90KZ Q(G/jc 'h /([^j�] S_d4Gi /(K.S' `h G4K 5' .0? T0,Zi /j4S� 

G4TZi 'j] S(G/ 3(1(i U<^ c+ ce,5 Q_d4G `(dh '4+ �Q_5 5' 0T+h d(GZ T(K.^' ` L3/kY 3`4G \( 0_[?53'h ^ ` b/a+k0_Z5( 
6N'4Zh RZ(5 b5aZ \([d cN /a+ (dh  90KZ Q(G/.<d0_' .j] b5aZ (d b5aZ 5' .`(G.Z (dh 3(.j.i Sa^ c+i G4TZ 6N'4Zi  `

Zg;' )gK^' Q_d4G T(K.^'i� ^ 90KZ Q(G/ ` ce,5 Q_d4Gk6 Z )a</Zi 0^a? ^ `k0_Z5( ^(,Zi /'4Ki  5' c.G4R4+ TaC' `
^(,Zi  .0_.<d 90KZ Q(G/ ` )gK^' 

b5aZ a<^'4G .>V 5'h b5aZ1 c.G4R  /`0/ 3/ ` b0?1290 ;3(G \(+5 c+ H.bi '3b jc.G( (_TZ c+ `h ^(OZi  cN .;'Sa[6Zg 
R36+i ^(.;(+ 3(1( 5'i� .T_Ci � `k(d6h  \( 3/ '3 (e,^'4Rc+ ([^ E4TZj> Zi 0^3'2R c+ .+k\( /j4S�  b5aZc<;ؤZ 'h  cN .;'

/(Z 0d'a?h ' (+ J,.4Z .(SgK' `j] Za[S RG(_Z .e5 3/ �0d'a?i� 3`(/4Rh� 5(;0_.<Zh NG/ ` b0? / E4TZ c+ \( 3/ `j0 
Z b/'/ 3'4J Xa[Si /a?  `j( <G.k4 Zi /a? .5aZf Q(G/ ^(OZ �90KZi Za[Si� ;`kR '3'/ `h >.+ (dh  GW..Z.;'  \( 3/ cN

3(1( `  .'0_.<Z3(.j.i '`3 `ij R[5 90KZ Q(G/ T(; .@d c+ Ia+4Z 3`(h� d0^(Z(;i ([^ `j> Z b/'/i /a?' .j]  b5aZ
~kX( \(;3  .'53(,ZI/ �c^(,WK 'j3(2 Jg. �(d3(O.+' �/(e5 `k.(d (d3(..G' `h Sa^ c+ ` b/a+ 90KZ Q(G/ \'3`/i  c+ b0_d/ .;(~

cSa[6Z 'h  5'T'ؤ;(dh ;(;'i _+ `k/(j] U<^(dh 0T+h .;'  *V(J 3/ cNjM Sa[6Zg \gN S_d4Gi� W,.k>i� ?5aZ(i  `
d(R(i>.+ /'4Ki ' `j/(6 Zi /a? [1]. 
'jXaO '3a?h +k] WW[V'i S_d4G \(Z5(; c+ c.<+'` �b5aZi� [WSi +4. `k.i  0/.Z UWZ \(Z5(;jaO<^a  0_+ 3/3  `4 Z(_;(;'g 
/a. RZ(5 cN4.j] 4T.jG _� �.;' b5aZk] Zi aRj0« :b5aZ c<;ؤZ 'h [&'/ .;'i /(Z G0d \`0+ `h (d3/ cNh \( c+ `3h 

~ ` cTZ(5 .Z0. 3/ ` .;' b/a@R \(S[dk.G4@ V(TG \(k. Zi 0_Nb5aZ G0d . (d� K/.kI  0d'a? ` 3(1( 3/c+ (5 b0^(Z  ` \(<^' 5'
/ZkJ 5j.< 3`(/4R �`'h� b4e+ ` NG/ 3`h a_TZh ' `j/(6 + I(,.3'k] 'j] + �3(1(c `jb8 ([^ c+j> ].?'2R \((d ;34+ 3aP_Z c+i 

b4e+ ` 3`h a_TZh .;' [2 .].3`4G 3'0eS^ ` NG/h ([^ `j> G4TZ `i /([^ 3(1(j] +c V/kU =53' ` 90K.  a_TZh \((d 
.3`4Gi /'4K cN .;'i b5aZ /'0/' ` (d + '3k> 5' ~k> 4Z' c+h 0+jei 0,.jU Zi 0_N (UO? 1). 

 
F¯6 1 .3j@g ~k'0j> b5aZ (d� 4.0_[?53' 3(1(j] T[5 .(KWT.Zi \(<^'(d ^ cN 0_.<dk5( 3`(/4R c+h 4,N'( 0^3'/j\(  `j\'/6�4G 1391 :116) 

+c 3aK WNi� (+ '3 Yd06d \4Jj0 (~ cZ(S_djc 3'2Rh b5aZ (dh Za[Si ^/ ` (~`3' 3/k(h 05j0 '4G ..<^'/j0_ UO? Rk4h 
b5aZ (d +c V/kU /(D.J' 0?3h >. `kk.'4 ;k;(i S([.5' `i  cZ'/' Yd/5a^ \4J (.j.G(^(e5 Q_5 5' :~ .i b5aZ T`' (dh  ` (~`3'

                                                            
1. Muse 
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'j.V( ^ c+ .;(~ 3/ b0/.Zk(d5(h ?5aZ(i� ^(e5 Q_5 .0^/(e^ =4.<R c+ `3i ^ X`/k6 <+k3(h b5aZ 5' (d 4.. (+ '3j*  c5'aZ
 3/ .0^/4N^k[g \4J +kY.< b5aZ (dh SaGaZ Qa_. 5' \(e5 4;'4;i '6G' `j> cP/gZ U+(J 'h '4+ .0^0? 3'/3a.4+h T(2Z� 

b5aZ (dh + \4J 3/ (~`3'kY.< 4K.jO(, \( /'0T. 4+'4+ 3(e�(d  T(; 3/1950 Zk/gh  0_.<d[3.] 
Q(G/ '3'/ 90KZh `jR8i(dij  5' cN .;' b/a+( \Z cW[5i \'a. 5 /3'aZ c+j4  b3(?'/4N� /(e5 \'a_S c+ 90KZ b(G/h 

'4+ 90KZh ^(<^' HaK/ 5' Q(G/i a_TZ 5' aW[Z 90KZ Q(G/ �.;'j. .&@^ c.G4R 5' /`3 ` .'/(K.S'k.( /j_i ,d2Z `i WZ `i 
 �.;'_�[dk] _/Cg .Z(K.;' > \(R0_Z53 .Z`(KZ `k3a 3`g/ `h  5`4Z' cN .;' b/a+_�k] /`3kc 'h '4+h 'jR/(.<i  `

 4+'4+ 3/ .Z`(KZ3(,O.;' ^(e5i '4+h Zg;' .Z'i 3`4Gh / `k.(i  \(R0_Z53 .S(6? ..;'c+`jb8  ` A(. /6^(+5 \(d0^(Z4G
./(e? ` b/a+ X(S ,WKi \((d c_/C 3/ \(_[?/ 94. *5aZ (dh  ..;' b/a+ /4,^M,; 5R0^i  �\(R0_Z53 ` '0e?[dkc@ 

.;' b/a+ aSV' ` b0^5aZ(� 3aK c+h  cNHg.' /`3 `k.( \(R0_Z53 ce,5 3/ (dh 3/ ` /4,^ 3/ .J/ (S3j. +k. T([V' I/ ` �9(_V' 
^(+4eZ ` .?2Ri 5 c+ .,<^j�\(.;/4 G(D^' . `kd'a.4i� b/(; 5j.<i 2e. `j* <G^\(@ ' ..;' b0^5aZ( ` c5a. U+(Jj]  M,;

R0^5i Zg;' Hg.' `i 3/ (.;'3h a^ \0[.j] Zg;'i '4+h +4.k. U<^ (dh U<^ ` Q_5 5' 0T+(dh 05j0 /k.(i .;'. 
b5aZ (dh .4+ 3/ 90KZ Q(G/i (d4e?h 'j\'4 P^k4  U(+5aZf Q(G/ 4,. �\'4e. 90KZj6  4d �\(Z4N `jM aSV'h 3([TZh 

`jb8 'h /'4Ki 6N'4Z \'a_S c+ `h '4+h ([^j> G4TZ `i '4+ 90KZ Q(G/ Q_d4G ` 3(1(h JgSc \'0_Z ' .0_.<dj]  cN 6N'4Z
6Z *W>'j] '0e? 3a,J c+h 3(1( ` X(_[Rh 0_.<d \(R0_Z53 ` '0e? 5' 9a[WZ ` )a.OZ� 3`4Gh ^(,Z .;'i /'4Ki 'j] 
cSa[6Z (d Z5 (+ I(,.3' ][Gkc_ (dh 3(.j.i S_d4G `i� '4+h T5'4Zk] b4K(.S^'k6 ad `j. >.+ 4Z' .0_?(+h .4+ 3/ cNi 
cSa[6Z (d +c g/jU '3'/ GW..Zh GTG (dij  U(+ cW[5 5' ..;' b/a+5aZf  cSa[6Z \'4e. 90KZ Q(G/ 'h O. (+ .;'kc  4+
7aVa_O.h /'4K `i _.,Zi 3([TZ 4+h (HG �\30Zij /`3 5' .`(G.Zkc ad `j. 'j\'4 3([TZ `h Zg;'i c&'3' Zi 0_N .3/ .4+i 

b5aZ (dh ^ 90KZ Q(G/k�6 cVa; (dij +i adj. L3(~ 3/(dij 3([TZ (+h >k4 Z5kc_ '4R 4_d 3(1( 4+ 6N4[. ` b0? /'0/'h  `
S_d4Gi 3([TZ c+ .,<^ ` b/a+ 6N4[.Z 90KZ Q(G/h ad (+j. 'j^'4i Zg;'i X(eV' ` >.+ YN c5a.  ..;' b/a+ 

2. 6PL6 پ�L7 
>d`8~  3/5a/f \0[. a^j] Zg;'i b5aZ ` (dh @d`8~ �90KZ Q(G/i Zk\( c.?3 'h N `kGi .;' ^(,Z cNi 4P^h 3 \(jc@  3/
a^ \0[.j] Zg;'i 3([TZ ` 90KZ Q(G/ `h 5(;4e? `h Za+i /3'/ .+i e5a.i ' c+j] ^(,Zi 4P^h UO? *5aZ Rk4h 3(1(h 

Zi /a? ad 5' .WG> �/4OW[S ` 0,V(N c+ G4C c5a. (+ cNj. 'j^'4i Zg;'i d(Z `k. Zk\( c.?3 'h Z \(i /a?'4+(_+ .j]� (+  /4K
'j] cW&<Z cN ^(,Zi� `jR8i �(d  ` 4C(_ScGVؤZ (dh b5aZ (dh a^ \0[. (+ I(,.3' 3/ 90KZ Q(G/j] Zg;'i� / Q_d4Gj_i WZ `i 

Z �0_.<d 90KZ Q(G/ `i \'a. 3 ` /(T+'jc@ (dh /'4Ki b5aZ (dh ' 3/ '3 90KZ Q(G/j] K/. /3aZ (.;'3kI ./'/ 3'4J >d`8~ ` 
'j] K/. =`3 (+ >d`8~kI 3(.j.i� W/.kWi KL_Z I(,_.;' `i Z >d`8~ `k\( c.?3 'h ? 5' b/(G.;' (+ `kba (dh TV(LZg 
/(_;'h� c^(.+(.N 'h >d`8~ `(dh /3aZh Z X(6^'i /a?� c+ 3aKh  cN3/  >.+TV(LZg ~k@k_g b5aZ (dh Z(P^i c^a[^ ` (dh 
/3aZh K/. =`3 5'kI 3(.j.i ~ `k([j> Zk^'0i  ..;' b0? b/(G;'3/ ^(,Z >.+i 4P^h W/. (+kU 'a./Zh \a.Z� ^(,Zi 4P^h 

a^ \0[. ` 90KZ Q(G/j] Zg;'i b5aZ 3/ '3 \( I(,.3' ` (dh  ..;' c.G4R 3'4J cTV(LZ /3aZ 90KZ Q(G/_�[dk]� ,. 3/kk] 
^(,Z I(,.3'i 3([TZ (+h 5(;4e? `h b5aZ (dh `3 (+ �90KZ Q(G/j/4Oh Zk\( c.?3 'h (~ >.+ 3/j^(i ^(,Zi 4P^h  >.+ 3/ `

jc.G( (d .^ `kc6 Rk4h KL_Z Tg0.;' 5' b/(G.;' (+i  c+&'3'g .(Z'6V' cZ(^4+ 3j6h /'4K `i ..;' b0? c..'/4~ 
3/ 'j]  (.;'3T'ؤ; WC'i K/.kI  :5' .;' .3(,S^(,Zi /'4Ki b5aZ (dh Q(G/ 90KZ 3/ (.;'3h (K.3'h \0[. a^j] Zg;'i 

'j^'4i X'0N'0^� _�[dk]� .g'ؤ; S4Gi ^k6 .3(,S 0^' 5': b5aZ (dh Z(P^i (; 3/ Q_5 `j4 d(GZ c� c+ c5a. (+ (d3a@NkY  `
^(,Zi /'4Ki Zi 0^a?�  .(Z'6V'cZ(^4+ 3j6h ` /'4Ki 'j] b5aZ (d X'0N'0^� ;34+i ^(e5 I+'a;i / 5'jb(R0 ^(,Zi /'4Ki 'j^'4i  '

Zg;'i +k4S^( b5aZ *W>' 3/ cN .;' \( (dh (d3a@Nh /j�4S WZ G'0d'i� (d/3`(.;/ ` RG(_Zh Z(P^i (.^ `j4 ,J 5' \'kU 
aK.j. Z :/k]e .;4~i�  ` .3(6. T(K.^'3(.j�.g Q_5 ad `j. 5(;h '4+h U<^ (dh .(i 0Z 4P^ .;' b/a+� V(/ 3/i cN  3/
^(,Zi 4P^h 'j^'4i  'Zg;'i� Z 5' Q(G/ ` Q_5k]e 4G \'a_S c+jcH 'h 6S \(R0_Z53 .'/(K.S' (+ ` b/a+ 90KZk] .;'� 4Z'h 
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Z cNi 0^'a. cZ(^4+ 3/ 3j6h (HGij /'4K `i (d3(Od'3 *V(J 3/ b5aZh aZ GW..Z3/ R 3'4J b/(G.;'k/4'4+(_+ .j]� ' 3/j]  >d`8~
;34+ ][Gi ^(e5 I+'a;i `0. `j] ^(,Zi 4P^h 'j^'4i  'Zg;'i b5aZ (dh  c+ �Q_5&'3'g (d3(Od'3h /'4Ki Z c..'/4~i /a?. 

 پ�W6WKS 6PLپ .3
b5aZ (dh e+(@Z G'0d' (+ 3a@N 4d 3/ Q_5i (J` .,1 \a�[djR ([^ ` .O(G/ �Q_5j> J(+ /(_;' ` 3(1(ib0^(Z Q_5 5'(dh 

WZi cKL_Z ` 'h + `k] WW[V'i� (_?(ij U<^ (dh 0T+h  (+3(.j�.g Q_5 Z /'0/' ... `i /a?' .j] c^aR b5aZ (d '4+ RJ'` 3/h 
RaW5k4h =g. \0? Q^4[N 5'(d c;([/ ` (dh Z54; \'5(+4;k_i 3(. 32R 3/j. ,2. `k. aK. `j. adj. WZi 'j/(6 Zi 0^a? .

_�[dk]� NkGk. [N `k. /'4Ki (d(HGh b5aZ GW..Z (dh  Q_5.<+'`g WZ'aSi M,; \a�[d(dh /'4Ki� 3(.j�.g 
Q_5 (dh ([^ /3aZj�> Z5 ` .(^(OZ'k] c.;'a. �/a5aZ (dh g; �(Z4G3(NjI cZ(^4+ ` (d/4N3(N �G'0d' ` \'3([TZ ` \(/'4K (dh 

0Z 4P^ /3aZj\'4 cZ(^4+ ` 3j\'6 '4+h  b5aZ 5' b/(G.;'.;'. 

5aZf WZi 4Z(j(O  ./(<Z (+80 'j�4O / ].S_?'` 3/h ;i 4Z(j(O  ..;' b0? /'0/'./(<Z \([..(; WC'i 'j]  UO?( b5aZ2 )
/`0/ 185 3'6d .aG  ` .;' R+4Z15  3'6dcTLJ <OWN 5'k\a 4_dh  ` >.3'30  3'6d(_CjR .;/i� `(D. ` /(_;'j4 (5 /a. 3/ '3h 

 ..;' b/'/Ka/Zg +k^`4i b5aZ \([..(;  U(+j^(Z/(i� GZ(i �4.(&. Z5k] > ` b73kb4 Z UZ(? '3i /a? V(TG cNk.(dh S_d4G GW..Zi� 
Y;'4Z(d� ^'4_.;i �(d cZ(^4+ (dh ?5aZ(i� :^'4G_N (d Z 3'6R4+ \( 3/ GW..Z .(<W5 `i /a?' 3/ .j] 4V(R c; b5aZh WC'i  UZ(?

4V(Rh '4+ Q_5 �\'5(+4; \(.;'/h  cTZ(5 ` >.3' ` .WZ.;'4V(R .h '4+ Q_5h 4V(R >? c+ �.WZh <K. M�aNkY Zi �/a? 
'4+h b3`/ c+ \/'/ >?a~ (dh ^(Z5i 3(. �GW..Zj. +gK^' Q_5 5' >.3'i (~ (.j\( /'4K \(.<^(>G' ` H'4S 3/ Q_5i  ..;' b0?

QaGaZ «.Z0. 3(N'0G `h»  \'5(+4;Ki 240 Q_5 T(;(dh 4V(R 3/ �GW..Zh(dh .;' b0? :OT_Z b5aZ. 

  
F¯6 2 .5aZf WZi Z(P^i 4Z(j(O� aD.j4 'adij  �).;'3 .[;(@K^g K,Kg T`' )~� .[;( 

5aZf Q_5 (j'a 3/ ( 4e?j'ah 'j.g( 0/.Zf 4Z(j(O� ( \'5(+4; \(.;'/j'aij ` 3(N'0G 5' b4K(. \'3'6dh�(d P4Z ` .'4K(.Z
(dh Y> S^'k6 \((d ([^ c+ '3j>  /`0/ ..;' c.?'2R150 ( \(^5 ` \'/4Z �U,J T(;j'a '4+h ;'4NaZ/ 5' .;'4/ ` /(/.' NG/i� 

WS Q(G/kc 3`4.jY< 0_Ra; Q_5 ` /WC \(Z5 3/h j/( ' .0^/4Nj] '4+ 6N4Zh  ` .,1&'3'g (J`jR Q_5 c+ Ia+4Z .'4K(. ` (dh 
4e?h 'j/(6 .;' b0? UO?((dh 3  `4)� (5ij WZ /3(R cNi�  \'5(+4;.1k4f �>.3' ^k`4h 3/j(ij ^ �\(^'aWZ `k`4h 'adij  `

W/(; /3(Ri ' 3/j] Q_5(d c.?'/ .N4? 0^'' .j]  (+ b5aZ6dj_g 11 ZkWk\a  (+ ` 3g/6dj_c /4N \'3/'4+ Va;k\'a  T(; 3/2008 
'4+h cS^ b0^5 ].?'/ j/(  `4K(.f \'5(+4; ' .0? /(..G'j]  UZ(? b5aZ35 ([^ >.+jd(S@i .aC )'25i aD. `j4h  3/ ..;'

'j] (d`(^ �b5aZh S_5i� 9(,V�(d /g; ` (d3'6+' (dh (d/4,^ 3/ b/(G.;' /3aZh W.'/i _�[d .0_.<d b0d(@Z U+(Jk] >.+ (dh 
c[<6Z �\(N/aN =5aZ( (dh j/a+/( \((d J(+ 3(1( `i b0^(Z ([^ c+ Q_5 5'j> .;' b0? c.?'2R. 
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F¯6 3 .(;j. ([^ ` \g~h WC'i 5aZf Z(P^i (j'a 4Z( 3/j(O  

          
F¯6 4 .5aZf Q_5 (j'ah 4Z(j(O  

5aZf 3(.j. Z(P^i \0;3/� 3/ /a.;' J;a. �\([V( \0;3/ 4e?ja Vk0_O<,  T(; 3/2011  /(..G'0?' .j]  U/Z 3/ b5aZjM 
c/W;' c^(.  `^(.3aJg 3(.j.i '4+h /'k( 4G(5(+ `j_i 3(.j�.g Z(P^i ' 3/ 4e?j] /'4K \(OZi 0?  UO?(5)' .j]  3/ cSa[6Z5 

 /4+3(N (+ ` cK,K200 ? ].k�c@ 6WG .(TLJ ` ].+h `3h 0J 3(..(;j[i  .Z0J (+135cV(;  '45'0?([^ .h 05j0 'j]  (+ (_+
c.;a~ 'h ? G(G?kc@ 'h + X5g X(O/.;' (+c 3aK baR 'h +k\`4 b0Z(  \'a_S c+\(@^0_d/f ;'4NaZ/i  /'0,.;' 3(_N 3/ �\([V(

/'4K5(+ 3/ .0? c.G4R 4P^ 3/ c.?2Ri 'j] ^(e5 Q_5 3(1( b5aZi \'3(,[+ ` X`/ (dh 4e?h aD. c+ \(Z5 \( 3/j4 @Nkb0  b0?
 baR \`3/ ..;'99 .aGi� aO;ij eZ ` )'25k4 '4+h (?([.h 4O(_Zh 4e?h (HG cN .;'ij ;(OT^'i .(Z'3/kM  R+(_Z 5'

 IW. /g; ` *[+b/4N .;'V .k0_O<, .;' 0K.TZ: «\0;3/ 4e?h + cN .;'c 3aK ;(;'i (J` ..;' b0? Ta/.ZjR  c.?2R
b0@^ =aZ'4G �0^' \( cOW+(d ^aR4R/ ]L+ 3/i 5`4Z' 4e?h c.G4R 3'4J 0^'» .\`3/ \a.; >.+ 3'/ 0J \([..(;j[i� 3(.j. Z(P^i 
[P^ (+ \([V(i 3(.j.i ([^j> (HG 3/ ..;' b0? b/'/h ;` 5(+kR  baR4_~cK,K  (+jM Z5k_g S([.5'i ^(<^' `i�  Y5(e. Q_d4G

([^ c+ '3j>  ..;' c.?'2R 
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F¯6 5 .5aZf Z(P^i \([V( \0;3/ 

5aZf Q_5 4~Z'jT( WS^'k:� 3/  T(; 3/ cN .;' RJ'` \0_V 4e?2014 3([TZ .N4? J;a.h /'4K \'3(O[d ` 4.;(Gi 0? .
'4+h j/a+/( 100V(;g ^(e5 Q_5i 4V(R �T`'h (dh eZk4 'j] ~ 3/ b5aZk\aZ'4 jM 4.(jXa 6N4Zh /'4K \([..(; *WJ 3/i 

b0? 0^'' .j] 4.(jXa '4+h ([^j> e6. ` 4C(_Sk.'6 >.+ I(,.3' ` P36+(d ' 3/ ..;' b0? c.G4R 4P^ 3/ GW..Z .(K,K `j] 
T; b5aZi K(,.3' (_+ (. .;' b0?i aJh ~ L3(~ (+k\aZ'4  3'4J4+0_N  UO?(6) . 

      

  
F¯6 6 .5aZf 4~Z'jT( '4+h j/a+/( ^(e5 Q_5i \0_V 3/ T`'  
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5aZf Q_5 ^(e5i 5 4e? 3/ X`/i M<^'/1 \(.<eV� 5 4e? 3/i M<^'/  T(; 3/ cN .;' RJ'` \(.<eV2010 /'4Ki 0? .
6/ \([..(;kY ' Q^36Z4J `j] 5 4e? /([^ \'a_S c+ cSa[6Zi M<^'/ 3(. 4C(_S (+j.i Z5k_g ~k>^aZ'4 N4.k* b/4N .;' 

 UO?(7)+ .k\( Zk_kV([k.<i KZ (+ c^(Jg. `k9( PSkY 3([TZ /4K 3/h 'j]  �b5aZ'j0f ^30Zi  3/ '3Z5k_g 3(.j.i  b/(G.;' b5aZ
' .G(+ ` Q^3 ..;' b/4Nj] Q^3 (+ '3 /4K �(_+(dh  4e?5i M<^'/ N4.k* b/4N ` '4+ '3 b5aZh  \4J c+ /`3`21 aK.j. 

Zi 0_N@.+ .i + (_+ Y6/ 5'c 3aK /([^j]  5'Z5k_g /4K 5'/4~3a^ �c.;(.4+h� 4S ` b/(;j\(  3/;0_dg .@Ni 5(;h (5h  c.G4R
' ..;'j] Z5 c+ T(D.' (+ b5aZk]  '�X'3( 4eTZ �/4;h \([;( (+ ` c.?2R 5'  'Z'k�0 ^'a5i ( `jb0_ ~k0^a Zi 0d/' .j]  Y6/ (+ /4K

N4. '3 cGK(S �\([..(; )'25k* Zi0_N ` S_5 3(.@Ni  '3b'4[d (+ Z'k3'`0h aD. c+j4 Zi 0@N' .j] W+(J (+ b5aZk.i '4+ g(+h 
b/'a^(. UZ(T. �(d `3 ` \'4S?/4Rj(d'/0h S_d4Gi  c+(2Z c+jM (HGh Za[Si� /([^ `h c+j^0^(Z/(i  4e? X/4Z *WJ 3/

5i M<^'/  (~`3' `U[S Zi 0_N. 

    
F¯6 7 .b5aZ ^(e5 Q_5i \(.<eV X`/ 

5aZf Q_5 `3'/j]� 3/ `3'/ 4e?j] V'4.;' 3/k�( b5aZ 'h '4+h (J` .,1jR cS^ b0^5 ` ].?'/ j/(  `4K(.f \(^(  T(; 3/1960 
/'4Ki S(G/ )3(6. .0? /'0/' `i `3'/j�]  3/ ]~'7 J;a. 4e? \'3(,[+ 3/19 3aGjc 1942 +c 3aK aD.j4h .aC `i ' 3/j] 

' 3/ ..;' b0? .,1 \(OZj] (;` Q'a^' b5aZjU WK^gk 41ؤZ 3/  �Q_5j^ak�X4G T0Z(d ?(K^ `i (d '4+ cG(N ` b(S?`4G b'4[d c+h 
T5'4Z 5' b/(G.;'k] ([^ c+j> .;' b0? c.?'2R UO?((dh 8  `9) . 

 
 F¯6 8 ./j0  `4P_Zf +k^`4i  \([..(;5aZf Q_5 `3'/j] 3/ U/(; 3/j(  

                                                            
1. Gdansk 
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F¯6 9 .5aZf Q_5 `3'/j]  

TV(LZg b5aZ (dh  cTV(LZ /3aZ\(@^ Zi 0d/ c5a.  c+3(.j�.g �Q_5  3(1(c+(5b0^(Z c^(@^ ` Q_5 5' (d (d/([^ `h WZi  Q_5
cZ(^4+ 3/ 3j6h  `/'4Ki b5aZ (dh ^(e5 )3(6. 3/ Q_5i [d' 6&(/k. _�[d ..;' b/a+k]�  c+ c5a.Z5k_g Za+i� W/Zi  `

3(.j.i ^ b5aZk6 /'4K 3/i + X4Gk^`4i W.'/ `i T`05 ..;' b0? c.G4R 4P^ 3/ b5aZ 1 ^(,Zi� .3`4G(d  `G<WGg /'0/' 'j] 
b5aZ (d  b'4[d c+ '3'jb0 (dh /'4Ki 3([TZh 4e? `h 'j]  )3(6.'3 +k\( Zi 0_N. 

 FN/1 ج .c^a[^ (dh  /3aZTV(LZg b5aZ (dh Z(P^i ^(e5 I+'a; 3/ Q_5 `i   
GGFؤG  F'.GÎ، .7N8ض'G GG7FG N 'ÎG/ 'GÎ ط8'حÎ 7'GعGÎ 8G6 NÎ 

5aZf WZi  Q_5
4Z(j(O 

.Z0. 3(N'0G `h  ` \'5(+4;\'4<G'�  :/
]K` .;4~i� Z(P^ .'3(..G'i Q_5 3/(d 4V(Rh(dh >?c^(R '4+h +k\( Q_5 ` \'5(+4; /(_;' ` .'4K(.(d Ki 240 c.?2R T(; 

5aZf Z(P^i 
\([V( \0;3/ 

([^j> ^(e5 Q_5 3(1(i \'3(,[+ ` X`/ (dh 4e?h 
 3/jM Z5k_g S([.5'i� ^(<^' `i� Y5(e. Q_d4G 
([^j> ;'4NaZ/i \([V(� WZ .'3(..G'i Q_5 3/(d 

([^h 05j0 'j] c.;a~ (+ (_+ 'h ? G(G?kc@ 'h + X5g X(O/.;' (+ c3aK baR 'h +k\`4 b0Z( 
 \'a_S c+\(@^ 0_d/f ;'4NaZ/i \([V( ' aO;ij eZ ` )'25k4 '4+h (?([.h 4O(_Zh 

4e?h 

5aZf Z(P^i 
4~Z'jT( WS^'k: 

.,1 (J`jR cS^ b0^5 ` ].?'/ j/(  ` )3(6. �b4K(. `
(d/3`(.;/h S(G/i WZi 

4V(Rh (dh eZk4 'j] ~ 3/ b5aZk\aZ'4 jM 4.(jXa 6N4Zh b5aZ \([..(; *WJ 3/ 

5aZf Z(P^i 
(j'ah 4Z(j(O 

b4K(. 3(N'0G 5'h�(d P4Z ` .'4K(.Z(dh Y> S^'k6 

/(/.' ;'4NaZ/ 5' .;'4/ `i ' b0^5 cS^ ].?'/ j/( 
 `4K(.f \'5(+4; 

4V(Rh (dh `jb8 '4+h >.+ (dh c[<6Z �\(N/aN =5aZ( (dh j/a+/( \( (d  3(1( `
J(+i b0^(Z Q_5 5' 

5aZf  Q_5
\(.<eV 

([^j> ^(e5 Q_5 3(.@Ni a.'X (+ Z'k0 cGK(S ` I(,.3'  (+ b5aZZ5k_g 4e?h� Z5kc_ '4Rij� 'j/(6 (HGh 4e?h '4+h \'0^`4e? 3aH/ 

5aZf `3'/j] 
V'4.;'k( 

.,1 (J`jR cS^ b0^5 ` ].?'/ j/(  )3(6. �b4K(. `
S(G/i `3'/j�] ]~'7 J;a. 4e? \'3(,[+ 3/ 

I(,.3'  (+ b5aZZ5k_g 4e?h� Z5kc_ '4Rij� 'j/(6 (HGh 4e?h '4+h \'0^`4e? 3aH/ 

 
+ c3aK WNi c^a[^ 9(;' 4+ (dh ;34+ /3aZi (.^ `j4  T`05b0?/(j� Zi \'a. ^(,Z cN .GRi /'4Ki b5aZ (dh Z(P^i  `

(d3a@N 3/ Q_5h (d3a@N cW[5 5' GW..Zh +4>i  (+.'Nk0 4+ Z(P^ .30J ` .'3(..G'i ^(,Z `i +( 4@+ HaK/c `jb8 3/3(+f 
(d3(.@Nh ^(e5 Q_5i  ` X`/(3(1 ` (.^j4 (d3a@N 4+ \(h /'4K ))aW>Zi _�[d ..;' b0?k]� ' 3/j] '4+ (d3a@Nh 

S^'4+k].. ]K` :/ .;4~i WZ 3`4> `i ^ `k6 ([^j> (d/3`(.;/ ` .(^(OZ'h Z(P^i ad `j. 5(;h '4+h U<^ (dh WTGi .( `i 
 (+.'Nk0 4+ 3(.j�.g Z(P^i b5aZ /'0/' c+ /a. (dh V(TG ` Q_5k. (dh W,.k>i `4. `j6i  X'0J' \(4Nb/ 0^''4+(_+ .j]�  ` \(N3'

^(,Zi WC'i /'4K 3/i b5aZ (dh ^(e5 I+'a; 3/ 90KZ Q(G/i Z(P^ .30J /3aZ c; 3/i WZ .'3(..G' `i�  ` 4@+ HaK/
(_5j. h(d S_5i +c `jb8 '4+h (d3a@Nh ;(k* /j�b0 4O.jY `4. `j4 ]K` ` Q(G/ :/ .;4~i U<^ c+ \( T(K.^' ` (dh 0T+h  '3

Z UZ(?i /a? . 
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4. J'.GU 8>JT N9MG 'PT ?'ف/ MJ H/G. 8>KG 9' 7/FGVI G䐧7ل'U 
cVaKZ 4e? 'h _+k/(j]  3/4G'j0_ ^0[.i jM Z54;k] 3(..(; (+ cN .;'h ~k�kb0 e5`0_� `i [eZ >K^i  3/ '3T;a.g /(D.J'h� 

(K.3'h NkGk. R0^5i 5 `j..(;4 (dh 4e?h� 4+'4+ ` .V'0S �=5aZ(h jM ' Q([.5'j(G iZ 0_N V(T. 4.<+ *V(J 3/ `i  T([N `
1'. �\(<^'k.'4 WNk0h / `k.(i <Z 3/k4 R0^5i  /'4G'+ c(5 Zi /3'2R [4 .]�4_d 3([TZh 5(;4e? `h [eZ >K^i  RZ'a5 \0[. 3/

 RJ'` 3/ ` c.?'/jOi cC4S 5' (dh ([^ ` IK/.j> ^0[.i .;'� '4� 3([TZ �4e? cNh 4_d 3(1( `h  �cG<WG �Q_d4G U[/Z \(
3`(_Gh 0_[^'a. `h (dh  \(cTZ(5 .;' . 

Q_d4G ' \0[. `j^'4i Ki '3'/ �GW..Z \'3`/h GW..Z 3(1(i 3([TZ �4_d 5'h 5(;4e? `h ^0[. /(T+' ` b/a+i '3' '3 \(&c 
4Nb/ Z cW[5 5' ..;'i \'a. 3([TZ 3(1( c+h 'j^'4i (d(_+ 3/h d(SZ'3(i� 3([TZh X4/ (dh U(+ �4eLZ (dh 'j^'4i b3`/ 3/ (dh  U,J

 b3(?' Xg;' 5' 0T+ `4N/_�[d .k]� (;j4 (d4_dh 'j^'4i Zg;'i c+ `jb8 ;aZ �=4GkKi� (_CjR .;/i� a_?a.j<i  ` H4TZ `
^6[WJi ?(K^ `i Z `k_k3a.( ^k6 ' 4.(G 3(1(j^'4i Zg;'i Sa_.Z ` /0T.Zi ^0[. 5'4. 3/i j.G( Zi /a?' \0[. ` Q_d4G 3/ .j^'4i 
Zg;'i ^k6 `3j/4O 0^'j\'0_[@ ;k;(i ; c+k�.;( c>,C 'h OgZ(N (>j. / �'4Rj_i a_TZ `h ^'4[O/ ` /3'/i  c+ GaLTZ

.;4~4;i Yd cN .;' cTZ(5 c,_5 05'` \(Z5 (dh a_TZh ^/ `kah .;' [5  `6] . 
3(. 3/j. ;'g3(. 3/ A(. 3aK c+ ` Xj. @.WkD.? (+ Rk. (dh /0T.Zh e5'aZkY S 3/ cNk] D.? .0/`k�.  ` UaW+ U/Z

^(<^' GW..Z /(T+' 3aeOi b/a+ Z([. 9'3 3/ .0^'i \( D.? (dk. ~k4,Z( YPS'(A) + Ud' `k. 'j\(@ )Q( ^0[.i 4.j] / /'4G'k.( 
 4@+b/a+ c^aR c+ 0^' 'h 3(. ./(e? c+ cNj. \( /a5` 3/ Z([. (di /a5` /(T+'h 42N'0/ 5`4+ ` 3aeO T(6Z \(<^'h jc.G(  ..;'

S`gD.? XaDTZ \(Z(Z' 4+ bk. (dij ? 0_^(Zk. GZk�0 ?k. ;aKi� ; ]+'k�(_ D^ c5'a.k0V'4j] ;aKi� gSW/ cZi�  IK/Z
N4Ni� gZ/`4e; �'30Ch� gS<W6Z cZi� cZgS ;' c.<54+ YV(S (d0C ` XaWTV'4/+gZi iK 3(.j. D.? 4G(/ 4DS 3/ `k. 

[. X(Z'k_i)b3( S `g cZ(,K(,Kij (b3) ([^j\(R0_ D.? 5' 53(+k. (dh ^0[.i TZ(5g ;'gZi ^'`'4G \'/4R(? cN 0_.<di ^k6 iK 
3(.j.  *V(J 3/jM 45j\( S([.5'i aJh b/'/ =3`4~ ^ ` 0^'k`4h C'kU ;' \0[.Zgi ' 5' c.;(.4+j] 45j\( C'kU 'g;Zi 

..;' K^' c�^(_�g;' )gZi ^k6  .e5 \( 5'jM G4Ok. PSkY ^0[.i  ` UC(/ cN /3'/.;/ /3`4~f 'j] 45j\( 3(.j.i  ` .;'
[. X(Z' O(;(;'k_i)b3( O. (+ (e_.kc [d 4+k] D.?k. ^0[.i j_Ti D.?k. /a. ` /(T+'`1k0h  /a._+k\( K^' 3'2Rgg;' )Zi  `

a^ \0[. .[; c+ .N4/j] ;'gZi b/a+ 0^' [7.] D.? ` ([WSk. (dh ^0[. 5'4.i iK 3(.j�. [WS 3(1(i� +/'i� G<WGi S_d4G `i 
<+k3(h  IW. '34Nb/ 0^' Z cNi 0^'a. ,. 3/kk] ^(,Zi ^0[.i a^j] Zg;'i 'j^'4i R 3'4J b/(G.;' /3aZk/4 . 

5' a^ \0[. 4P_Zj] Zg;'i� 3([TZh 5(;4e? `h c+ `jb8 Za[S 6N'4Z 3/i S_d4G `i (+j0 aSV' 5' c.G4R4+h 'j^'4i Zg;'i  `
a_TZ 4@^ U/Zj. 5aZ .0?(+b (dh S_d4G 6N'4Z \'a_S c+ 90KZ Q(G/i Zg;' )gK^'i 3'/3a.4+ ][G �90KZ Q(G/ `h  3(1( 5'

Z `k/'4 e?'0 (+ 90KZ Q(G/ ` \(R0_Z53 `j0 (d(HGij 3(TZ 5' c.G4R4+h Zg;'i  `adj. >.+ b4K(. ` S^'k6  c5a. .0_?(+
3`(_G c+ G4Ch� (d(_+ ` (d(HGh +i adj. TH. *5aZ B.@. `kG +aWLZ ` /4OW[Sk. 'j] Z 6N'4Zi 0^a? . 

4- 1. .7'/F G䐧8 '7ل>KG 9' ?'ف/U 
/(e5 Z 5' Q(G/ `k]e =53' ` (dh Zg;'i 5' YeZ 4.j]  \(N3'0^'j@g Zg;'i  ..;'TZ(5g 'j^'4i '/'3(~ (+ .<^'a.jY  c+ '3 g+4N

5 \'a_Sj..(;4 ./(e? '4Rij ' 5' ` 0d/ UO? /a.j] 4KjI 3aZ 4+'4+ 3/ (dh 0e.j0 IL_Z (dh +k] WW[V'i  0_N .Z`(KZ[8]. 
Q_d4G ./(e? ,WKi  \'a_S c+jOi 5' _Z(R+ iWC' + 3/ X4^ .30Jk] Z )a</Z \(^([W<Zi /a? [d `_�k]  cN b5'0^' 4d
?aZ'4Gi  3/ ./(e? ` /(e5TZ(5g Zg;'i Z cTZ(5 \( \(^([W<Z .V1 *5aZi �/a? 3'/3a.4+ b5'0^' \([d c+h  5'/`3kg /(e5 

 �./(e?4G(j0__f R0_V(+ X4^ V.30Ji R0^3'/5(+ `i  /3'/ '3 ][?/ U+(KZ 3/[9  `10]. 
 Q_d4G 'j3(2  3/ ./(e? `4Z5f /(T+' adj. /j_i Z 3'4Ji Rk�0^4 ad 5' 3aP_Z cN '4�j. /j_i� Zk\'6  ` IWT. 5' /4G ..(_?

/ c+ .,<^ >K(,.3'j_i ~ ` A(.k(d0Z(h ?53'i .,2Zi '4+ /4G cNh 'j]  I(,.3' ` IWT.(J&U .;'  A(. P9(</' X(6^'4; `
/ c+ .,<^ /4Gj] / c+ .,<^ `j^'4Si cL+'3 `' U2Z cN 'h / \( (+ c+(@Zj] + c+ ..;' �0^3'/k\( /j4S� adj. /j_i 4T.jG 
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/ c+ .,<^ ].?'/ IWT. 9(;' 4+ /a. 5' B.?j_i ?53' .(P/gZ b'4[d c+ A(.i ;(</' `i .;' \( (+ *.4.Z� (Z' adj. 
/j_i ' 3/j\'4 .&@^ c.G4R 5' adj. Zg;'i ^'0_� .`(G. ` .;'i [^ \( (+i 0_Nad .j. Zg;'i j_Ti W[S X'6.V' ` /(K.S'i  c+

/ F&'4G \/'/ X(6^'j] 3(.G3 \/'/ \(@^ ` Xg;'h ~ 5' '3 /4G cNk\'`4 / *d2Zj4S ([.Zj6 Zi 0_N 5' .'j] `3 S.?2R/a.5'i  `
e? ` .0d(6Z(/. @.+ \'a_S c+i b5aZ( 5' (dh /j_i ad `j. /j_i OgZ(N ]?`3 0^' [10 .]Q(G/ (5 5' ]K` 5'jb(S Zg;'i 

' ` .;' 3'/3a.4+j]  Xg;' b'3 3/ .0d(6Z ` b53(,Z Qa^.;'0J /3'/' .j] Z .;'0Ji 0^'a. V/ ` R,_ZkWi '4+h `4.j4  Q_d4G
b5aZ 3/ 90KZ Q(G/ (dh ' IK(_Z ` (d4e? 3/ Q_5j^'4i  ./a? RJ'` 

4- 2. 7.'L7 .WI MP L N9MGV. 8Q6T 
\(<^' /a5aZ (e_.h  cN .;'>0>/g adj. /3'/� 5j'4  c+.GRg �4.3(; \(<^' /3aZ 3/ «/a5` d(Z 4+k. /3'/ X0K.» .j_Ti d(Zk. 

^ Xa./Z \(<^'k.<  `+c Gg. (;j4 /3'/ >K^ \( ]..(; 3/ /a. �.'/a5aZ [11.] G4K 5'i� adj. .@. 5' '3 /a. 3(,.S'kB 
Zi Rk/4 ` 0~ 4djb0 'h .@. U+(J cNkB 0?(+� adj0_[.  ` .;'+c :OS [12.] 3/ (_TZ \(+5h jM  XaeGZ c+ c5a. (+ .3(,S.Vg/ 
+k\( Zi  ./a?j_Ti .3(,S ` .([WN (d  5'?'k( .(SaGaZ `i (O/j. Zi  cN 0__NH'0DZ \(  3([? c+ (dZi  .0^`33/ (_TZ \(+5h jM 

Oga[TZ .3(,S + .Vg/ XaeGZ c+ c5a. (+k\( Zi /a? j_Ti 3(,S b(R ` .([WN. (d ?' 5' �33(. \(e5 3/k(  `j( .(SaGaZi (O/j. 
Z cN 0^3'/H'0D \( (d Z 3([? c+i (j0_ 5' .4P^ \(+5 ` cG;gG \(;(_? 'j] Z '3 cL+'3i \'a. 2W2Z M[N c+i /'/ \(@^ cN 3/ 3'9 \( 

 c[WN /46Z XaeGZj( aD.j4 _d1i Z 3'4J c[WNi Rk/4  `/ 3/ `?aRg /j4S  \(^(@^g aD.j4h j( 3(.GRh .;' c.G4R 3'4J c[WN [13 .] 
cSa[6Z 5(;h '4+h 4Z' \(<^'h 4LGh W; ` H`1 ` b/a+kcK  3//4R(3`h \( +i M?  3/ ..;' b/a+ \(<^' b'4[d b3'a[d

4@+ RZ'a5h 3`(/4Rh =53' ` G'0d' c+(2Z c+ (d  3/UO? h(d Z X(6^' GW..Zi Rk/4 Z `k\'6 (^(Zij 3'0eS^ =53' �3(1(h \( (d 
T. '3kk] Zi 0_N :1- 3'6+' 3(1(h (~ (+j\( j].G( /4+3(N� 3(R0^(Zh Z .;/ 5' '3 /a.i 0_d/ :1- .`41 3(1(i ^k6 ^kc[  (^(Z 0_.<d� 3- 

/([^ 3(1(j] .<di 3(R0^(Z 3/ '3 /a.h Zi j0_+( ' cN (6^( 5' `j] =53' (d T[5 ..(_? UC(/i .;'� ^k5( 3'0eS^ c+h S([.5'i 
'//3 ^(OZ 3/ `i Z 3'4J R[5 c+ IWT.Zi Rk�/4 S.<+'` *,; c+ `i /k.(i ?53' `i ' c+ cTZ(5j] c^aR / 3(1(k.( / c+ cTZ(5k.( 
'j] .;' c.<+'` ]N(Z' [2.] 'j] /([^ 3(1(j] 3(R0^(Z (+h a. c^'/`(5j> YeZ 5' 4.j] ad UZ'aSj. 5(; ad `j. >.+  c+jM  4e?

 `TZ(5g 'j^'4i  'Zg;'i .0_.<d 
/(T+' adj.i (O/ 90KZ Q(G/ Q_d4Gj. Zg;' b(S.;(. 5'i  ''j^'4i .;' \( ` cSa[6Z 'h + /(T+' 5'k@_i� /(K.S'h @_N `i 

aSV'h B.(? ` 90KZ Q(G/ Q_d4G (dh P^ \( 0_[G0dk4 3a/Z'0.h� g`j. 3a/Zh 3`(+/(TZ `h 3jc@ ad 3/j. Zg;'i 'j^'4i /3'/ 
[14.] Q(G/ 90KZ (5jb(S <+k3( ;(;'i 3/ 3(.j. jM / .WZj_i ,d2Z `i /3'/  3/ X/4Z `^'a.5(+i b4K(. (d `3 `j(d/'0h 3(.j. 

\( 5' c.?2R (d Z b/(G.;'i _N0_. 'j] 4K 5' 4Z'jI d(GZ T(K.^'kY b5aZ( ` (dh ' 3(R0^(Zj3(2 U<^ c+ ./(e? ` (dh 0T+h  X`'0. c+
adj. T[5i Z M[N 4e? 3/i _N0. 

 
F¯6 11 .L+'3g +k] ad ` b5aZ �90KZ Q(G/j. 4e?h  
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4-3. J'M9خ'.U N87'8/ خ.P'7 '. O.66¯  
b5aZ  \(e5 X([. 3/iK [dk] '4Gj0_ b4K(. 5(;h 3(. `j.i 5(;h ' \30Z \'3`/ 3/ b4K(.j/(6 >.+ b5aZ 3/ .0? (dh C(.i  5'

3(.j. 6Rj>_ ([^ c+ ` b0?j> Z c.?'2Ri /a? >.+ ` (dh /j4S 3(. 3/jOi J(+i Zi 0_^(Z .b4K(. '4+h  X`'0. ` NG/iK 3(.j. 
^k0_Z5( «\(OZ (dh b4K(.» .;' \(@^ cN 0_d/f ._; (dh WZi� j\(Z/( (dh (d3'6+' `ij @.+ 3(..(; \( c+ cN .;'kb0 0^' .

\(OZ (dh Sa^ b4K(.i «3(.j. 4OGh» .;' [15 .]/'k�( 4G(5(+j_i WZ .'4K(. X`'0. `i +c `jb8 Q_5 c+ Ia+4Z .'4K(. (dh 
WZi R0^5 ].Z 3/ 90KZ Q(G/ `i ^ �cTZ(5k0_Z5( ;k.;( (d '4G `j(d0_ij 45 3/ cN .;'j\( 'j] '4Gj0_ ./(?3 (d  ` .'4K(. `
'j(d3(2 3(N'0G `h (dh aD. \'a_S c+ '0e? ` \(R0_Z53j4 ^(Z3(i T. 4e? ` cTZ(5kk] Zi /a?' .j] `(D.j4  .'4K(. *V(J 3/

T[5i c^(@^ *V(J 3/ (d (d/([^ `ij R0^5 ].Z 3/i S([.5'i S_d4G `i ([^ c+ cTZ(5j> Z c.?'2Ri /a? (UO? 11). 

 
F¯6 11 .'4Gj0_ `0.j] ;k.;( (dh 4K(.f 4e?h [16] 

5aZf  (e_. c^ 90KZ Q(G/4K(.f Q_5 3(. cOW+ '3j. '`3 '3 3a@N UNj. Zi 0_N' .j] '`3j. ^k6 Z([. \a�[di '`3j. (dh 
[;3i '4Rj> ~ �U<W<. c+kS.;ai Z([. G2/ `i G(O? (d .<<R ` (d 3(. UN ./3'/j. (d3g(. 3/h  3g(. X(^ c+ c^(S.Gd

/ 3g(. �c^(.;(k.4 ^(K/ `k�. ~ 3g(. �./(e? 3g(. �>Z'3( ` cW+(KZ 3g(. �Q(G/ 3g(.k5`4h  3g(. `X(6^'4; '`3j. Zi /a? [15.] 

4-4. L8.Vج L F'F.J' 'پ ¯KP8فV7'/T ' LV7'ث 

T(K.^' ' Q_d4Gj3(2 4Z' 90KZ Q(G/ `h 3`4Gh 0+ `jei .;'. 'j] ( 3/ YeZj.( '`3 `j.( Ca. 34OZ 3aK c+kc  ..;' b0?
Ta;3 '0.)A( . ` \/4N (_? /a. \'0^54G c+ :/aZ4Gk5'0^'4h +k5aZ(j0_�[d .k]  :/aZ4G«\(.^'0^54G Z'4R '3i 3'0+j0 ^ '3 \(^( `kaO 

+4.k. _Nk0 54Z( cNjb0 Zi a?j0» [17 .]Q_d4G S(G/i 5 4+ UO.@Z �3(..(; Yd ` (_TZ 4P^ 5' Yd �3a@Nj..(;4 (d  \(N3' `
WZ Q_d4Gi (K+' \(OZ' cN .;'� ~k.G4@ V(T. `i '4? 3/ cTZ(5jJ Zg;' X(P^ 3'0.J' ..;' c..(; Yd'4G '3 ]Z'i (\  3/ Yd

'4?jJ ^a_Ni /ZkJ _Z'k.i� ^k0_Z5( Va.5(+k�0 ;(_?5(+i� O/.kY 0_Z3(..(; `h ( �c^'4+0Zjb0_ c^'4S^  0_[G0d `ZؤcGV (dh  Q_d4G
S(G/i .;'. ;4. 3/kY aSV' ` T0Zh (_,Z 4+ 90KZ Q(G/ Q_d4Gh >.Zk(d4h +k@_i� '4Rj@i @_N `i WC' 0T+ c; \'a_S c+i 

 ` aSV'ZؤcGV (dh 93a/Z'0. UZ(? c^(Rh� g`j. 3a/Zh� 3`(+/(TZh (ZؤcGV (dh +k@_ieV' 0DKZ )i� ^(<^' .Z'4Ni� a_TZj. 
'4Rij (ZؤcGV (dh '4Rj@iR0^5 M,; .?'0;(~ )i Zg;'i 'j^'4i� +gK^'i <+ `k6i� 0Zj4j. /(e5h (ZؤcGV (dh @_Ni )

O@.kU Zi 0_d/ [14 .]'j] (daSV' Q_d4Gh .[; Rk4h R0_V(+ ` TgK.;' (+ J,.4Z ` GW..Z .(SaGaZ c+ .,<^i  '3 3a@N
Z \(Z(;i 0d/ '4+ '3 cTZ(5 ` /'4G' `h  GW..Z .(Z'0J'(b/(Z Zi 0_N [14.] 
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FN/2 ج .aSV'h + /(T+' 3/ 90KZ Q(G/ Q_d4Gk@_i /(K.S' `h  `ZؤcGV (dh  \([14] 
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.?2R +k>  5'jM  5' \4J R+3;([/g ` .3`4G �90KZ Q(G/ T(; .@d \`6G'5`3 &'3'g aSV'h  '3 90KZ Q(G/ Q_d4G
'4+h b4e+ Rk4h 05 U<^j0 ([^5(+ `ij / c+j4S Zg;' RZ'a5i '4? 3/jJ ^ Q_5k.+(i '4? 3/ ..;' c..(; c.<54+ 5`4Z'jJ 

0~ (+ cN 4G(/jb0 (dh 0~a^j0 ad 3/j. 5(;h >. `kk4 e5'aZ 3a@N Q_d4Gk�Y .(Z'0J'i 0_^(Z,. :kk]  �/(T+'ZؤcGV (d B.(? ` (dh 
cC4S ` /aL; 3/ 90KZ Q(G/ Q_d4G (dh a; 5' GW..Zh @d`8~ 6N'4Zi P^k4 b5aZ (dh \([.GR �90KZ Q(G/ 5(;h /Ck/ 

b/'a^(. 3/ 90KZ Q(G/ Q_d4G �(d ?5aZ( 6N'4Zi cC4S ` (dh Za[Si P^( cTZ(5k4 b5aZ (dh c,V(LZ �)90KZ Q(G/ ` Q_5 4Rh 
5(+ 3/ \ga&<Z 5'4@^ ' ` \(R0_Z53 \/a+ aSV' �90KZ Q(G/ Q_d4Gj\'4R3(2 (~ 3/ 90KZ Q(G/ T(; .@dj0_,h  Q(G/ Q_d4G c+

\( T(K.^' ` 90KZ (d 05 U<^ c+j�0 T;a.g 3'6R4+h b(R3(N (d b3`/ ` (dh ?5aZ(i +4.k. +4Z ` 930Zi  /L; 3/ 90KZ Q(G/
b5a/ (dh [WSkc V(S =5aZ( 6N'4Z `i� T.kk] ;3/ 0/'`i C(.i  \'a_S (+«Q_d4G 90KZ Q(G/» 3/ [WS 6N'4Zi ?5aZ( `i� 
b3`/ (dh (K.3'h 0_[^'a.h [WSi D+k.4i 0Zj\'4 S_d4G \(;(_?3(N `i� `0.j] cZ(^4+ (dh `jb8  3/^(;3g WZi (HG `h 5(6Zh 

Va. 3aP_Z c+k0 cZ(^4+ (dh 05j0 ;(_?5(+ 3/i ^ ` �90KZ Q(G/ Q_d4Gk6 0^'jc@ 53`h 4P^ `jc 5'/4~h a; 5'h  3/ 3a@N \(KK/Z
;4Ni (dh 0^'/'5(j@i =`3 5' (dh b4e+ 3/ YeZ Rk4h 3 cN( 90KZ Q(G/ Q_d4G 5'jc@ C' Q_d4G 3/kU /j_i 'j^'4i  3/ �)/3'/

[T. ` cT;a.kI adj. WZi .;' [14.] 

4-5. 8¯.VG  .6'/¯7:. LG'FG '/Q6 ' LVH'8¯7'ث 
Q_d4G /(e?.� cSa[6Z 'h b5aZ( ` (d/(K.S' 5' (dij UO? 0S(+ cN .;' Rk4h /`3gk '0. b'3 3/ /(e5 ` b53(,Z �.S(6?h 

 ` T(T.Z3/(e^j. c.@N ' b'3 3/ \0?j\([ KS `kb0 WC' 3a/Z ..;'i 'j] ^ Q_d4Gk6 e? \([dk0 S^' `kb6 (dh ;0KZ ` ]K.Zi 
./(e? .[; c+ '3 `' cN .;' ,WKi Z Ha;i 0d/ .`4.j4 ' Q_d4Gj3(2 '3 �./(e? `j4 =53' \/4N (d (d3(6_d `h  ` T2+

5' Xa;3 ` )'/( �\(5 c,.4Z (. >@.+S.?2R/a.i  `\(5 ^(@Gi IW. ` '0e? (dh 'j\'4R3(2 '4+ '0e? `h T;a.g Zg;'i 
\(<^' �(d K.<Z .3aC c+kY  )`33/`3(j( >kK.<Z4kY >(k3aH/4h' (+ )j/(6 >.kk4 `4. '3 cTZ(5 3/ 9a[WZj4 ' Q_d4Gj3(2  `

aR ./(e?j0_ [10.] WN UZ'aSk0h  `Z4` /3 41ؤ.j4 ' Q_d4Gj3(2 ^ T([? ./(e? `k�(d`4  ` BD.. ` >^'/ ` .(^(OZ' ` c5/a+
3(T.jGi '4G 3/ cN .;'j0_h ^'aJ 5'k] Y@� ` .'34KZ ` (d5'0^' =`3 ` (d/4,d'3 ` (d 53' ` >6_; c+j+(i a@. `jI  `

QgK' ^(;3i Zi 0Z(6^'  UO?(12[ )10 .] 

 
F¯6 12 .UZ'aS WNk0h Z5 3/k�c_ '4Gj0_  `.^k6g `4.j4 ' Q_d4Gj3(2  ./(e? `[10] 

\'0d(6Z (5 '0. /6^ '0. b'3 3/jd(Si G3kR 4O. ` 0^3'/jY ' ` .;' X5g \(^([W<Z 4+ \(^(j] 4O.jY  .;' /(e5 =53' .e5 c+
b3`1 cN Xg;g' Z(^ )Xg;' cWJ(kb0 ^ \'0d(6Z ` b0?k6 /3 3/jG V`'k(h eV'i b0? c.<^'/ 0^' WS .4H/ cNi )Q(  :0_.GR \(^( GC` 3/

«/(e5 3/h (d3/ 5' .;'h '4+ '3 \( '0. cN .@e+h V`'k(h .;' b/a@R /a. A(.» .'0.`0^  3/ T(T.Z3a;f �'(<^ (jc 95  :/aZ4G
«Zؤ\(_Z c.<^'/ ;( cN /(e5 5'k* 0_Z ^k.<_�0 ~ '0. b'3 3/ /a. \(5 ` T(Z (+ cN \(^( (+k3(O Zi �0__N j\(<O ^k�0_.< 5j'4 ^(<N '0.i 
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Z /(e5 /a. \(5 ` T(Z (+ cN '3i �0__N 4.4+ \(S.<@^'` 4+ .V6_Z ` X(KZ 3/h [d '0. ` b/'/g Z(54G c+ '3 \(_ZaZi ^kaO  b/'/ b/8Z
4.4+ \(S.<@^'` 4+ '3 \'0d(6Z '0. ` .;'h @.+kb0 '4+ `h ?'/(~ \(^(i .;' c.?'/ 34KZ P36+» [17.] 

Ta;3 '0. )A(  :/aZ4G«4d Z(^ :Ng b0_Z53 'h <N 0_^([d �0^(;4+ '3i b/4+ cN .;' 'h  X53 ='/(~ 3/ `' ` .;' b/4N /'5( '3
4? b0_Z53jM .;'» X(Z' .H/(C )Q(  :/aZ4G«c; (S/ :Nj\(@  :.;' )(6.<ZjOi \( 5' (d 0_Z53f  :~ �.;'0. b'3 3/

+k0_j@k0 @^(5 '3 `' c^aS� cNk_i Zi _Nk0 .;3kR0i @^(5 0_^(Z c.G3 ce,5 V0d(6Z c+ Ia+4Z 3aZ' c+k_i D.? 3aZ' 3/ `'i `h 
.;'» :\([d( 390.) 

4-6 .8¯6/8¯T 7M/G '.V. 7/FG ?'ف/ 
3'`'6; Z/( .;'i 4G( ..(_? G0d (+j3(R0 .<di .4,S ` Rk4h ; c+ �\(S.?2R .?2R4; 5'k4 Z5 3/ =/4R `k]  3/ ` ./5'/4~+

(j.( '`3 `j.( ' c+ Ydj] 4S?/4R c^aRh (G `jb0 (dh .G4TZi W/(Z `h Z \(4J 3/ T(T.Z 0^`'0. ..;' b0? b3(?' \(i (Z4Gj0 :
«3/ Z5k] _R =/4Rk0 ^(<N X(6^'4; (.i ~ cN '3k> ,+ 0^/a+ ([? 5'k_k0» [18 .]3/ (jc /j4S Zi (Z4Gj0 :«(j( 3/ Z5k]  =/4R

,+ (. 0^/4O^k0__ ^(<N X(54Gi \( �/a+ c^aS� �0^/a+ \(^( 5' U,J cN (d ^k4.0_Z`4 ' 5'j\(_ Z5 ` 0^/a+k] + '3k> ' 5'j\(_  \aR4R/
0^/4N /(+( ` 0_..(;» [18.] 

4-7. 'F.7'T I7L 7/ .7L/U 
:/ ]K` .;`/i jOi C' .(;(</' 5'kU Q_d4G *W>' 3/ (d \0[. ` .;(d .]K` ^(OZ ` b(R/'5i '4+h  ` 9aZ(^ ` T(Z NG/

 c+ ` �.;' \(<^' G4? ` .Q6S[dk] UkV/ jOi c^(@^ 5' (dh R/'0V/ �\'0_Z/4.i YeZ �]K` c+ I@S ..;' ]K` c+ 4.j] ,ZWk]  `
S.<+'` 4ePZi Z )a</Z >_K` c+ \(<^'i /a? .[dg .(JaW.Z (5 c+ij ^/ c+ \( 3/k( b0Z( 0^'Z ]K` c+ I@S .kWi ,KkTi 

+ 3/ 0^`'0. cN .;'k] J >.(JaW.Z3'4  3/ 0^`'0. ..;' b/'/(jg 85 3a;f BDJ Zi (Z4Gj0 :«\([d <Ni  a. 4+ '3 \(4J cN
(5 c+ '3 a. �/4N E4Gj.d(S Z5(+ ).d(R/'5(i 0^'/4R» [18]~ cN .;' UK^ .k4,Z( X4N' )A(  (+j3`(/(h ^ G(C`'kaOh  cQOZ 4e?

' ]K` cNj\(@ Z ./'3(^ �/a+i 0? ' `j] ^(@^ QaGaZg .?'kH( 53`4eZ `h ~k4,Z()A( .;' ]K` c+ [19.]  
~k4,Z( X4N')A( Zi (Z4Gj0 :«ّ兏*T/ N]VZ P]NKSaVO' g'jP\([» .;`/ ]K`(i ' 5'j\([ 53` 4eZ .).;'j\0 _� c+k] _K`i� +i M? 65' 

'j\([  5' `(3(1 \( .;' .X(Z' WSi(Q) ^k6 Zi (Z4Gj0 :«(d4e?  (+]K` .;`/i Z /(+(i a?0^» .` ^k6 � c;k6 c^(@^ 5' '3 (dh  ` .Z'4N
3'aR36+h  :0_.<^'/ \(<^'«4Rjc .?' �4[S 4+kH( . ` ]K` c+ cJgS `=g '4+h 3'0eS^h 0J \(.;`/j[i» .]K` / 5'jb(R0 Zg;'i 

(+ ` .;' \(<^' )aWLZ ` )a,/Zj0 ' ` /4N Q(G/ \( 5'j] / 5' ..;' )aWLZ ` 90KZ Q(G/jb(R0 ]K` �Xg;' '4Rij� (,^j0 ,_5g 
K'4G'i G_Z `i S+ /a. c+k/4  `+c  R,. \(� T,. *5aZkF / 3/ �.`(HJ 3/j\0 0^ `j0\ +a.i (d 0+ `h (dh ,^(5 3/ ` �/'4G'3'0h (d� 
_[?/i� Nkc_ / ]K` c+ .,<^ I/(^ .4G^ `j\'4S a?/ cN ' 3/j] WZ \'a_S ./. '3 /'4G' .3aCk. (dh  5' GW..Zj0Oj4S  '05

Zi /5(; c^([<. J+'`3 ` 'h Zk\( \( (d + c/a5` Zi /3`( [20 .]'4+(_+j]� jOi  5'a5`b Q(G/ �90KZ ]K` .;`/i  Q(G/ )a5` ` X`6V `
 \( 5'.;' ^ 90KZ Q4? 3/ cNk6  \( 4+.'Nk0 \'`'4G ' ..;' b0?j] S(G/ �Xg;' 3a.;/ (+ cN ]K` 5' Q(G/i S4?i  90KZ `.;'� 

Zi 0^'a. b5aZ 3/ (dh *V(J 3/ 90KZ Q(G/ (dh aD.j4h� .aCi� [6/i 4R3(S^ `h aD. c+ ... `j4 @Nkb0  ./a? 

4-8. ¯.7 ¯/J9U 7/FG ?'ف/ 
M,; R0^5i  UZ(? 90KZ Q(G/R0^5kZ(_g '0e? ^'5(,^(5 ` \(R0_Z53 `i R0^5 3/ cN .;'i /4Gh T[5 `i  '3 /a. Yd �/a.

+4.k. 4Nb/ ` aSV' Ydh '4+h +4.k. (;j4 b/a+ /'4G' ` \(R0_Z53 0^' .'0e? \(R0_Z53 ` iK /k\(@.( R0^5 5' X(eV' (+i  Ud'
+k. WS(k([e Xg<V') c+ `jb8 </ X(Z' .4H/k](Q) c+ UkV/ /j] R0^5 M,; .0^/'0^ .V1 c+ ]. �]K` `i '0e?ij  �.?2R 5' aW[Z

^(+4eZi� S.<,V/ X0Si ^/ c+k( /(Z .(KWT. `h C` 3`4Z ..;' b/a+k. Z(^g '0e?h [/. Q_5kWi \(@^ f0_d/ D.?k. g'`h 
\( (d C` ..;' b/a+k. Z(^g '0e?ij e? cW[5 5'k0 0eZh 4N(+h  cNO'a;f \(R0_Z53 [/. Q_5kWi U<^ ` (dh 0T+h  �.;' b/a+
 (+W[5g G`4TZ «'0.j( N(~ '4Zkb6 2~+j4» G0d /a. '3 /a.k0h g` `ij '3a?(S `ij G4TZ ` b0^'a.i 4Nb/ .;'e? .k0 0eZh 
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5j] 0V'j�] 3(+3/f ' ` .Z`(KZjR/(.<i 1'. `k4 ~ 3/ \(k5`4h  Zi aRj0 :«^(<N (e_.i  3/_/Cg \(.Z(J .;'3 /4,^ ' 0^`'0. c+ cN 0^
 T(O.'_N 0_~ `' 4+ UNa. (+ `k> ..; 3/ c^ .0^5(.+i (d ~ 3/ c^ `k5`4h �(d d 3/k�  5' (5j/(  X`(KZ ` YO/Z ` 0^a@^ UG(> `'

[d(+ baN \a�j0_.< (~ 5' '3 ][?/ `h ' ` 0^3`(3/j] d 3/ ..;' Xg;' \(R0_Z53 AaD.Z JKG .GCk� (5h ^/k( ^(<N \(i 
J 5`3 ` /(TZ c+ /(K.S' ` 0^`'0. c+ /(K.S' cNk.Z( [^ �0^3'0^i 0_^'a. '3'/h _�k] ' ` .Z`(KZjR/(.<i ~ 6Z3 .0_?(+k5`4h  c_/C

' ` .Z`(KZ �/4,^jR/(.<i .;'» .G4TZi 'j] R0^5 M,;i b5aZ 3/ (dh 9gN ` 90KZ Q(G/ (dh +4.k.i R0^5 M,; `i 
Zi 0^'a. .'1k.'4 [SkKi  ` .0d(6Z ` \(G4S \(,V(K 4+53ZR0_i  ./3'2S+ Ag.' ` 

C`k. cZ(^ (dh b5aZ( ` .(O^ 5' aW[Z '0e? (dh X(eV' >e+ +4. `k.i  ..;'jOi  5'C`k. cZ(^ (dh  c+ Ia+4Z '0e? )'25
e?k0 ^(>(+ 4C(^i� e? ` b0_Z53k0 @.+ cN .;' 3'`6,; 4e? 5'i C` 5'k. Z(^g 'j\(@ ' c+j] .;' /4?« :Y_.; '3 3(+3/f I@S 
5(>( Zi Y_N.  I@S X45 c+ '3 (ZZؤ b2.'Zi 0__NaR .j( [^i 0_^'/ ^ (Z b(_R I@S cNk.< !(K?(S !'/a,TZ !'0^`'0. �I@S X'0N (Z' .
'4Z 4G( cNj0h  ]Z c+ '3 3/(Z \(.<~ c+ I@Sj/( /'/h� P36+ (Z' / ` X0? 4.j4S V`' I@Skc [^ (G3' '4Zi /4N�  30~ c+ I@S :~

/` c+ ]Z 3/ '3 3/(Z `j.T /(e^h.0Z .i / �.?2Rj4S X/a+ c..aZ( '3 I@S� � c� c+ (Z'k6 53` I@Sj\0 ^/ c+ �c^ '3k(  I@S
53`jX0 ^/ T(_Z ` T(Z c+k( 53` I@SjX0. 53` I@S c;30Z c+jX053` I@S b(S@^'/ c+ .jX0�  (Z'[dg 'j] [N .0Z V0T+ (di (5h 

K/ I@S c+ '3 /a.kKi C' `kU  /'/j_Ti ( .a. c+ I@SSjSXa  gSjTRNGR_ [eG )\aO_S+ gS` T(ZkX0 .J` cNi '4?jJ  /a? EaSSjS'4[RV'Q4VG 
.N' R]VZkVc _S+ ` Vc.S,V/(C `kVc +N'S` VcWZO' `k�Vc 0_� 5' 0T+ Y.<+ T/ a. I@S c+ :~h  X/4N cK?(TZ a. (+ cNjM b3(+ / ` X0Z( /a. c+jX0 

M�aN ]Z cN P36+ a. ` Xa? a. I?(S cN Y.<d \( 5' 4. .<d \( 5' 4.i R 3'4J ]Z Ha@TZ cNk4h. [eGkX0 ' 3/j]  cN .0Z
Z 4OGi X/4N Z b(,.?' Y.<d a. I?(Si b/4N �X' 'j] /a+ a.h b/a+ ]Z I?(S cN 'h Z '3 ]Z `i b0^(@N 'h�  X/a+ a. I?(S ]Z 4R'

(+j0 jM b4; Z a. T(,^/ c+i X0Z(� V`i .J`i Z c5a.i Y_N Zi +kY_ d(R cNi ? X'/ 3/ .(J`'k\(L b/(.G' V` X'i K.<Z 5(+kY 
b0Z( X'. Z T(/i Y[eG ' cNj] b/a+ a. 'h b0_+ T(,^/ c+ cN b/a+ .' 'h C `' b(R4d `k0 ?k\(L ? X'/ a. �b0?k\(L b/4N b3(~ '3 'h 

c.<@^ `' 3(P.^' c+ *? 4d ` 'h  cOW+ (.jM ,+ '3 `' *?k_i� Z g(/i Y[eG b0_+ H/(C I?(S a. cN .<d .'i�  cN �c� '3 b0_+
R 5(+ X'/ /a@^ :N4N 3(O? (K_SS( /a@+ a. I?(Sk43( )h /a+ ]Z I?(S a.h + '4Z *? 4d `k3'0 Zi /4Nh  3(P.^' c+ `jM  5' '0C

Z Ha@TZ *^(5i .<@^iZ 5(^ ..+0+ ]Z (Z' .i X/4N Z .;/ 5' '3 .aW. *? `i X/'/ Z `i +'a.kX0.?'0^4+ .;/ a. (Z' !i  `
\( ' c+ 30Jj] /'/ cZ'/' 3(Nh  (.䐣ل(+ b4.4R P]Zj(~6h /3`( Q_� c+ '3h Z 4OG ]Z `i X/4N (~ (+ cNh b0Z( /a. X'» [21.] 

c+ WN 3aKi� ^(,Zi 4P^h /'4Ki b5aZ (dh  3/ 90KZ Q(G/ZؤcGV �(d .3`4G (d (d3(Od'3 ` (d/4,d'3 `h cKa+4Z  3aK c+
T`05 3/ cCg. 3  ..;' cP/gZ U+(J 

FN/3 ج .^(,Zi 4P^h /'4Ki b5aZ (dh 90KZ Q(G/  
GؤGGF  .7N8ض 'G GG7FG N 'G/8.G'7  N'G7'¯G'7 
.;'0J Q(G/ ` /(e5  

/(e5 jOi / Q`4G 5'j] (; c+ .,<^ '3 0d(6Z 0^`'0. ` .;'j4 
4.4+ \(S.<@^'`h ..;' b/'/ 

4O.jY .0d(6Z ` /(e5- `4.j4  ` /(e5 Q_d4G
=53' (dh .0d(6Z 

adj. 4e?h WZ `i  
;(_?5(+i adj. WZi (_,Z 4+h =53' (dh eV'i  ` /(e5 UZ(?

^(K/k. ' `j3(2 
b/(G.;' c^(@^ ` (d/([^ 5' (d � =`3 ` (d3'6+' (dh 4_dh 

'4+h +k\( =53' )'25 (d 

^'a.5(+i 90KZ Q(G/ .'4K(. 'j/(6 \(OZ (dh '4+ b4K(.h /'k�( 4G(5(+j_i  .'4K(. X`'0. `
WZi +c `jb8 Q_5 c+ Ia+4Z .'4K(. (dh WZi 90KZ Q(G/ ` 

'j/(6 \(OZ (dh b5aZ UZ(? b4K(. (dh  �90KZ Q(G/
'jb(S.< (dh [&'/i ^'a.5(+ .JaZ `i 90KZ Q(G/ .'4K(. 

T(K.^' (~ �/(e5 Q_d4Gj3'0h ' `j3(2 (~jc 3'2Rh U<^ (dh .(i  4+(~jg Q_d4G ' ` /(e5j3(2 (~ `j3'0h cZ(^4+ 3j6h '4+h /(G.;'f b`4R (dh _; GW..Zi ' `j/(6 
>.+ (dh `j8f '`3ij� aD.j4h� W[Sk.( (d ... ` 

4O.jY  �90KZ Q(G/ .?'0R36+ `
\(R0_Z53 ` '0e? 

.?'0R36+ 4O. �'0. b'3 3/ /(e5 c+ X'4./' `jY ' ` \(R0_Z53j3(2 
.0d(6Z ` (d 

cZ(^4+ 3j6h '4+h 4O. ` 3aH/jY  ` \(R36+ ` \(R0_Z53
'0e? .?'0R36+ 

4S?/4Rh 3a/Z (+j. 90KZ Q(G/ ..(_? 4G(j3(R0 .<di .4,S ` Rk4h  ` \(S.?2R .?2R4; 5'
~k5`4h UK(+ 4+ I/ 

cZ(^4+ 3j6h '4+h (d`/3'h Za+ /'4G' GW..Zi > `kZa+4i 
+c `jb8 \(^'a5 ` \(N/aN 

:/ ]K` .;`/i +a,/Zk. +aWLZ `k. '4+ ]K`h \(<^'-  5' ]K` 5' Q(G/ )a5`
/jb(R0 Zg;'i 

4O.jY ]K ` ]K` .;`/i T'0.S' 0/ c+-  ]K` 5' .O(G/
(d54Z `h \( 

M,; R0^5i 90KZ Q(G/ .3`4G G4TZ ` cTV(LZi R0^5 M,;i '0e?ij \(R0_Z53 ` 
.<+3(N b5aZ( (dh R0^5 M,; 3/ 90KZ Q(G/i  ` 4C(TZ

+4.k. U<^ ` \'0^54G (dh 05j0 
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 4-9. 7'GBGT 9'78Q6 LT N9MG 'PT 7/FG ?'ف/ 
jOi 4+3(N Qa^ 4d .(Z'6V' 5'h 5(;(HG `h�  .(Z'6V' c+ c5a.Z5kc_ 'h 3([TZh 5(;4e? `h 3/ cZ(^4+ 3j6h (HGij  `'4K/i 

.;'� c+ 3aKh (HG ` (_+ cNh IW. b0? K(,.3'i _.<<R(^i Z5 (+kc_  .0?(+ c.?'/ cKL_Z ` 4e? `i+ e5a.i ' c+j] Z5 X'6V'kc_ 'h 
Va. *5aZk0 (d(_+ ` (d(HGij Zi /a? ad ].?'0^ 4+ b`gS cNj�. +aWLZ X0Sk.  X0S ` /4OW[S 3/b4K(. S^'k6h  b'4[d c+ '3

0d'a. b5aZ ..?'/ (dh  \'a_S c+ 90KZ Q(G/jOi cSa[6Z 5'  (d(HG (d(_+ `h S_d4G 0_[?53'i 3([TZ c+ c5a. X6W.<Zh  `
5(;4e?h 'j^'4i Zg;' `i .;'� c+ 3aKh 3([TZ cNh Za+i Z cKL_Z ` 4e?i 0^'a. /'4K 3/i Sa[6Zg b5aZ  ` b/(G.;' /3aZ

R 3'4J c5a.k/4 . 
_�[dk]� jOi (daSV' 5'h cSa[6Z (dh 4e?h 3([TZ Q_d4G 3/h 'j^'4i� aSV' 5' b/(G.;'h 4e? ];3'h .;'� 3aK c+h 

cSa[6Z cN 'h (d(HG ` (d(_+ 5'h S_d([d 54K c+ Yd U[OZi Z 3'4J Yd (+ I(,.3' 3/i Rk0^4  cN^a[^g \( (d3'5(+ 3/h 3(.j.i� 
X4/ (dh Z �4eLZk\'0 b5aZ cSa[6Z 3/ ..;' cP/gZ U+(J \(e5 >K^ (dh (,^ (d(HG ` (d(_+ �90KZ Q(G/j0  3aK c++i I(,.3' 

R 3'4J Yd (+k0^4� K(,.3' cOW+i 4T.jG b0? 4e? ];3' IW. `h jOi /'4K .(Z'6V' 5'i 3([TZh 5(;4e? `h  ..;' 
(+ TV(LZg `jR8i (d ad /(T+' `j.i T;a.g (~j3'0 (d4e? Zi \'a.  5' /a. \`3/ 3/ Yd (d4e? cN .GRZؤcGV (d  4C(_S `

0_[?53'h 4e? /a. Yd ` 0^3'/3a.4+ T(/ ` c.?2R 3/(d KZ 3/k9( cKL_Z 'h b0^5(; >K^ 'h  3/'j/(6 Z \5'a. ` T/(T._cKL 'h 
0^3'/� c+  3aKh ' cNj] b3`/ 3/ \gN ` /4. 3/ >K^ (dh (d4e? c.?2Rj\([ Q^34~ 4. V` b/a+i  c+ /`3` (+3`/f 4C(TZ  `

.'1k2~4j4h 5' cZ(^4+ 3j6h (d >. `kk.'4 '3j4 .T_Ci� YN e5a.i Xa+ 4Z' c+ 3a/Zh cZ(^4+ 3/ 3j6h (d 0Z `j4j. �(d YN Q^3 4. 0?b 
` 'j] Q^3  ]..(+ 5`3 c+ 5`3 0@.j0 Zi /a?' .j] 0e. c+ 0^`3j0h 05h 0,.jU Zi /a? .^(@^g 'j] 0e.j0 .45(eZ 3/ �(d  0?3

> T(>.?'kZa+4i� b(S.^aO; 0?3 (dh ?(/kc 'h (d4e? G'4K' 3/h ( /aN3 �P36+kj] (d Y;'4Z ` (dh ._;i  4G(/ T(/ 3/.;'. 
'4+(_+j]� ' c+ c5a.j] aK. ` (d4e?j. _+kc (dh  4e?+c `j8b 3/ S([.5' /(T+'i� S_d4Gi /(D.J' `h Xa+ =4S^ (+ 3a/Zh 3`4Gh 

c+  4P^ Zi 0;3. 

5. 778.U OJMGJ 'PT /7MGT 

5-1 .C'. 9MGR H'8Q. 7/FG ?'ف/  
U(+ 5aZf G'3' 3/ 90KZ Q(G/i 9(,S 5 (+ \'4e. /(+(j4(_+h 220  R+4Z 4.Z 3'6d.';k: ' ..;' b0?j] U(+ ^(K/ b'4R36+ 3/ b5aZi 

 ` \'4e.`3 c+ `3h ^(KV(K \(.;a+i ' ./3'/ 3'4Jj]  5' b5aZjM WC' \([..(;i  `jM O@. P36+ U(+kU ;' b0?.. 5aZf WZi 
Zg;' )gK^'i ^ ` .?'0;(~ G0d (+ 90KZ Q(G/ `k6 '`3j. ./(?3 (dh V/ \(R0_Z53k4  `.0d(6Z (dh > .WZk3a 'j\'4  c+ 3/

Zg;' )gK^' \0^(;3 4[1i  T(; 3/ 90KZ Q(G/ T(; .@d `1391  /(..G'?0' .j]  3g(. .Gd 5' UO@.Z b5aZ.;'  \( 3/ cN
_G M[N c+(3`h (dh a^j]  `3'6+' (dh 0_� c^(;3 'h ;k4 Zg;' )gK^' .ga/.i [/. Q_5 GW..Z RK(KZ `kWi 73jY  0T+

WS H'4Skc  c+ \(Z3a@N?kba 'h R ` 9a[WZk'4 aD. c+j4 @Nkb0 ;34+ c+ T`' 3g(. ..;' b0?i (J` cW<W;jTi Zi  3/ cN /5'/4~
(e^j. ~ c+k5`4h Zg;' )gK^' 0_[daO?i 'j\'4 ][e+ 3/ 1357 46_Z Zi  c+ X`/ 3g(. 3/ ./a?Z5kc_  Q_5 5(>( UWS ` (d

 c..'/4~Zi ?aZ/4Z Q(G/ Xa; 3g(. ./i ([^ c+ '3j> Zi d(S^ X3(e� 3g(. ` /3'2Ri  ` /(T+' c+c,_5 (dh Z(P^i  3/ ./3'/ Q_5
^(<^' .(T,. ` 3(1( Y6_~ 3g(.i  Q_5.@d Z 3'4J c5a. /3aZ cV(;i Rk/4 ([^ Y@? 3g(. `j> ~k5`4h (dh  ][?/ .<O? ` (Z

(J` Y.Gd 3g(. 3/ (e.^' 3/ ` .;'jR  YeZ .(SaGaZ `T(; (dh ^ ` Q_5 5' :~k6 (d/3`(.;/h  3/ \(Z3a@NZ5kc_ (dh  GW..Z
Z(P^i� ;k;(i [WS `i 0? 0d'a. 3`4Z. \([d 3aK  UO? 3/ cN13 �.;' cP/gZ U+(J aSV'h WC'i 'j] U(+ b5aZ  Y6/ 4+

3([TZh '4+ 3g(. .@d ` YP_Z(^h 3([TZ X4G ..;' T(; .@dh WC' ]V(;i 'j]  b5aZ3/ ;'3(.h V([?i +a_5i c;0_d (+ 'h 
YP_Z(^ a^ c^'3`(_G /V(DZ `j] + `i I(,.3' 3([TZ (+h ad `j. 'j^'4i Zg;'i ..;' ]V(; (dh .@d c^(R X(^ (+ (dh _�[dk]  3/

(e.^'h 'j]  �]V(;jM /([^ 3aK c+ 06<Zj]  `j3`(/( 4e@Z4. RZ(5 06<Z  ..;' 
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F¯6 13 .aD.j4 b3'ad(Z 'h ([^3`/ `h U(+5aZf \'4e. 90KZ Q(G/ 

5-2. C'. 9MGR 8.. 7/FG ?'ف/V: 
7`4~f  RZ(5 /4KU(+ 5aZf 4,. 4e?j6 c;`4~ 'h  UZ(?R[5  3`(h W/. �.(SgK'kU b/'/  ` (dcZ(^4+ 3j6h 5`4. cN .;'i  \(
c@K^ (dh (HG \(Z5(;ij aSV'(h ([^(5ij 4+3(Nh� aSV'h (daSV' �.N4/h /'4KiG4TZ �)i 3j6b7`4~  ` (dZ(^4+g Gk6jOi V`'kc 

\( /a+ 0d'a. (d ._+k/( =53' 4@^ ` 3(1( NG/ (dh `4. 3aP_Z c+ 90KZ Q(G/j4 S_d4Gi /'4K c+ X'0J' 90KZ Q(G/i b7`4~ (dh 
S_d4Gi  X(^ (+«U(+ 5aZf  Q(G/90KZ  «^(.;' 6N'4Zi 4N b/V/ c+ `kU 1'.k3'2R4h (+31( \(.;'j\(6 J4?i ' 3/j] Z5 �\'3`/k] 
,;(_Zi  ./(<Z c+69 TJaZ 3/ 3(.Odk.i +4D/_Zc 3(O[d (+ /4Gh ga&<Z \4e?h  3'4K.;' c+U(+  A(D..' b5aZj.G(. U(+  b5aZ
K/ 3/k.K SaGaZ L3(~i d(GZ T(K.^' cN .;'kY =53' ` .Z`(KZ (dh a_TZh 4K 5' '3 90KZ Q(G/jI 4_d 3'6+'h Z T(,^/i  .0_N

WC' G0di \(� d4~k6  T(K.^' 5'j(d3(R/(h (HG c+ 90KZ Q(G/ \'3`/h b5aZ c.<+ .;(d.  cSa[6ZU(+  (+ b5aZc5a.  Q_d4G c+
3jc@  3([TZ .,<^ ` cKL_Z X/4Z .Z`(KZ 3'/h  .3aC c+ \(jM  3/ 34+ .@d (+ cTWJ3`/ (.  c+ 3`/j/( T(; (dh /'4K .Z`(KZi 

/'4K 3/ .b0?i (HGh 6N4Zh 'j] 4,. =4G /4K 5' cTWJj6 .;' b0? b/(G.;'. 
\([d 3aK UO? 3/ cN h(d 14  `15  �.;' cP/gZ U+(J/'4K 3/i 'j] (+ b7`4~ ` c+ c5a.jR8i (dh  A(./`0/Zf 

R3'4Jk4h 4,. 4e? 3/ \(j�6 _�[d `k] G'4Ra~a.i /'4K \( A(.i K(,.3' U~i +k] .[<J (dh b/a+ cSa[6Z GW..Z   cN .;'
/4OW[S /4N3(N 4+ b`gSh Zi 0^'a. c+ /a.   \'a_SjM +1(5g 4e?h  U[S_N0_�[d .k]� / 5'j4S Jg.k. (dh ' 3/ X5gj] 

 c+ c5a. b7`4~&'3'g =53' ` (d/([^ (dh \gN 3/ 90KZ Q(G/ 4,. 4e?j6 W+(J NG/ (+k. (dh 34G. d(Ri b/a+ b/`0/Z  .;' . 

 
F¯6 14 .U(+5aZf 4,. 90KZ Q(G/j6  
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F¯6 15 ./4K 4S^5(+h U(+ 5aZf  90KZ Q(G/4,.j6  

5-3. C'. 9MGR ?'ف/  H'G8¯ 7/FG 
5aZf c+1(5 5' \(Z4N 90KZ Q(G/ (dh /j^0i P36+ 5' ` \(Z4N 4.j] b5aZ U(+ (dh ' 90KZ Q(G/j\'4 3([TZ 5' X(eV' (+ cN .;'h 

'j^'4i ._; `i .;' b0? c..(; \(Z4N. ^(e+g '45'h S_d4G /4K ]j'i� '45'h 4S_Nf  ` \'3'/4;8  0ke? 3'6d\(.;' (dh \(Z4N 
` \(.<k; ` \(.<�aW+ /a+ cN (+ T;i ` =g. b0^(Z4G ]k@k~ 4O@V 41 �䒋1)3'ل ~k.4; 3'0;(~ Y;(J ^([kW;i ` c+ 3aP_Z UK._Z 

\/4N Q_d4G �3(2j' �/(e5 ./(e? ` ]k_�[d .(,1' .;3/i ` .;'3i X/4Z \([W<Z \'4j' 3/ Q_5 8cV(; \'4j' ` H'4S 3/ T(; 
1377 (+ jb/5( b(Z 3(N ~kc.;a ` T(; (+ G/(DZ ~ 5`3k5`4h 4e@Z4. (5`3 .Z`(KZ WZi )c+ b4e+ 3'/4+h 0k;3. 'j] b5aZ 3/ 6N4Z 

e?gDZ *_5 ` 4h ' *;(_Z .kTJaZ 0S(+ cN b0? c..(; \(Z4N P36+j] S_d4G 6N4Zi  b0?` (d(HG UZ(?h 5j4  :.;'
 4eLZ 3'6Z8 90KZ Q(G/ X(_[R 0ke?� (_+h WC'i b5aZ� .4,S 3g(.� .4kD+ 3g(.� 3a^ 3g(.� Ij(K? 3g(.� 0e? 3g(.�'  3g(.

/'5(h�  .cSa[6Z 5(+`3 \(OZcSa[6Z  5(+5aZf Q(G/ /'4K M(/V 5' \(Z4N 90KZi 3([TZ `h 5(;4e? `h ,<^ 3aK c+i NkGk�.( 
+aWLZk. S_d([d `i  (+Z5k_g Za+i /3'/ '3.  

    
F¯6 16 .U(+ 5aZf  90KZ Q(G/\(Z4N  

 P' 'ف.LVO  ./ث .6

c5a. ^(TZ c+i d(GZ `kY C'kU Zg;'i ' `j^'4i C' R5'4Z ` R+(_Z 3/kU Za+i [T. `kI \( (d 0,. `jU \( (d  *V(> 0^`3 c+TZ(5g 
DD..i� cG4/ 'h Z(S `kc^( Zi 0^'a.  c+/'k(h \0[. ' b0? Q^4[Nj^'4i Zg;' `i /(e^ `jc_ \( \0? (d  c+ ]..'/4~ .0Z(6^'

d(GZkY c>0>/ ` (dh b0?/(j (+ .'Nk0 4+ Zk\( S.?3i Za+ R5'4Z `i WZ :G_+/([.S' :/ 5' b/(G.;' ][Gi W/Z `i  3/
IK/. 2~j4h ' ` \(j] d(GZkY 3`(+ c+ '3h [dkS@i 0,.jU  0d'a.4N/+ . c3aK WNi ~ R^'aZk>  `3h 3([TZ �4_dh 5(;4e? `h 

(.;'3 3/h a^ \0[.j] Zg;'i .3(,S '0^ R0^5 M,; 4d(PZ 5`4+ :5'i >kZa+4i� 3([TZ 0?3h >kZa+4i TH. �c.G?( `kG  Hg.'
Zg;'i ' `j^'4i 3([TZ ` 4_d 3/h  5`4+ �4C(TZ+i .V'0Si� <Z 5' /(<G ` YWOk4 3([TZh 5(;4e? `h YN �4C(TZ Q^3 Z5 \0?kc_ 

3([TZ ` 4_d 3/h .4C(TZ 
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3/ V(/i ^(e5 I+'a; 3/ cNi 'j] ZؤcGV (d  (+.'Nk0 4+ Z(P^ .30J ` .'3(..G'i ^(,Z `i Z(P^ .30J UZ(? 4@+ HaK/i  `
WZ .'3(..G'i� (_5 ` 4@+ HaK/j. h(d S_5i Zi /a? 5' .(KZj<g I+'a; ^(e5i ^(,Z `i 4P^h 'j^'4i  'Zg;'i b5aZ (dh  Q_5

Zi \'a. ^(,Z 3/ .`(G. ` c+(@. /(T+'i /'4Ki  3'4..;' '34N/� + c3aKh cN ^(e5 I+'a; 3/i� S^'4+k].. ]K` :/ .;4~i  `
WZ 3`4>i� ([^j> (d/3`(.;/ ` .(^(OZ'h Z(P^i� adj. 5(;h '4+h U<^ (dh WTGi .( `i  (+.'Nk0 4+ 3(.j�.g Z(P^i /a.� 

V(TGk. (dh W,.k>i `4. `j6i 0Z 4P^ /'4Ki Z 3'4Ji Rk/4YeZ (Z' . 4.j] ([. c5`j6 b5aZ (dh ' =4S^ 5' Q_5j^'4i  'Zg;'i� 
/ c5` \([dj_i (d(HG *V(J 3/ cN .;'0. b'3 3/ /(e5 ` Q(G/ .;'0J `h ,d2Zi� c^(@^ (d (d/([^ `h ,d2Zi� (d(HGh 

3'6R4+h .(5(_Z (dij  c+j/( ' cN .;' Q_5 \'3`/j] b5aZ (d ^(e5 I+'a; 5' '3i ([.Zj6 Zi /5(;' (+ .j]  (+ ` /4,d'3c5a.  /(T+' c+
/'4Ki b5aZ (dh YeZ �Q_5 4.j] b'3 (d3(Nh /'4Ki b5aZ (dh  (+ 9/(KZ Q(G/.'Nk0 4+ b5a/ (dh 3([TZh 5(;4e? `h  /4? c+

5j4 +k\( Zi /a? : 
 3(R0^(Zh + X4Gk^`4i W.'/ `i b5aZ (dh + X4G :Q_5k^`4i b5aZ (dh ; 3/ cN Q_5k([ 4e? 4P_Z `h  \([;( J. `

 ` b0d(@Z U+(J 4e?.'1k3'2R4 .;''4+(_+ .j] X4G (dij  3/4; \a�[dj(  b3(_Z �b5'`3/j( ZkU b3'05 ` X(+ X4G �Y�4~ (dh 
+k^`4i &65 \'a_S c+ b5aZi 4e? 4P_Z 5'h `3 (+ cN .;' X5g ` b/a+j/4Oh Z5kc_ '4R Z5 5' b3(T.;' (+ `kc_ (dh 'j^'4i  '

Zg;'i /'4Ki  ./a? 
 X4G (dh aK. 3/ (_?(j. ]K` :/ .;`/i/'4K :i `3 (+ b5aZj/4O 'j^'4i Zg;'i ^k0_Z5( X4G (d UO? ` (dh  5' c.G4R4+

Za+ 4_d ` Q_d4Gi 'j] Z54;k] Z 5' Q(G/ cN .;'k]e /([^ 4C(_S (+ '3j] 'j^'4i  'Zg;'i ~k0^a  '3 3a@N 5' Q(G/ ` b/5
' NG/ \([dj] G4TZ Xa+ ` L(.i Zi _N0 3/4; \a�[d UZ'aS ` 4C(_S .j( 5'`3/f /`3` 3([TZ 5' X(eV' (+ b5aZ c+h 

'j^'4i� I(+(; (dij '4+h ([^ ` 3aH/j>  �3(1(b3(_Z (d 6. ` H(K �(d0,_R `kj.(_ /([^j] ' 5'j] ,JkU X4G (dh  .0_.<d (_?( 

 /'4Ki (HGh ,d2Zi b5aZ 3/ :(HGh ,d2Zi 3'6R4+ G0d (+h (kj] (dh /j_i ^ `k6 /'k(h .(5(_Z (d ^ `k(j> (dh 
 \(R0_Z53iK b3`/ (dh KZ c+ c5a. (+ Q_5k9( </ �06<Z *V(J 3/ b5aZk_kc j( 3`4G c^(.5([^h \(_� ..;' cN 

 3/ 4e@Z4. 06<ZU(+ 5aZf /' 4+ b`gS 90KZ Q(G/k(h 'j] ^(OZ �0_[?53' 06<Zi '4+h /(,S. (d Y;'4Z ` .;' (d. 

 3/ (d(HG ].G4R 4P^h ?5aZ(i @d`8~ `i :5aZf Q_5 ^(OZ \'a_S c+i '4+h  Q(G/ GW..Z /(T+' 3/ >d`8~ ` =5aZ(
^ �\( \a_G ` Q_5 ` 90KZk0_Z5( (d(HGh ?5aZ(i @d`8~ `i  cKa+4Z .(^(OZ' b'4[d c+.;' . 

 /'4Ki 4C(_S  `\([V' (dh /([^j] :4d  5' .;' 4.e+ 90KZ Q(G/ b5aZjM j( /([^ \([V' 0_�j]  c5a. (+ cN 0?(+ 3'/3a.4+
'4? c+jJ /Z .(Z'6V' `kLi 54.kO(/ 0d(@Z U+(J ` 4.0_W+ Q(G.3' 5'b ~ 5'k\aZ'4  \'0^`4e? ]d1 3/ 3(R0^(Z ` B.(? `
' .0?(+j] Z (d/([^i 0^'a.  5' X(eV' (+3(_Zf �05(<Z ZkU  b5'`3/ �Y�4~j( 3/4;h G3k�R 0,_Rh  .0?(+ ... ` (_+ X(+ 4+ 

 /'4Ki (d(HGh .(Z0.i '4+h  :\'4+3(N5aZf Q_5 ^(OZ \'a_S c+i '4+h R0^5 ` 3aH/i b(.aN .0Z T5'4Zk�] ^k0_Z5( 
(d(HGh d(G3i .(Z0. `i  cKa+4Z .(^(OZ' b'4[d c+.;'' .j] Z .(^(OZ'i 0^'a. (d(HG UZ(?h /(,Sh� `4;j: (dh 
.?'0e+i� \'`3(N .JaZ b(S./'4.;' �(d 3a.'2> ]V(;h� H(.' (d j( a;jk. (dh Zke\(^([ `jb8 .0?(+ ... ` 

 /'4Ki /([^j] (d(HGh W[Sk.(i :5aZf Q_5 ^(OZ \'a_S c+i '4+h S'0.i `3 Y<6. `j(d/'0h ^ �Q_5k0_Z5( (d(HGij 
([^5(+ \(OZ' .;'ij W[Sk.( b5aZ GW..Z (d  ` .aC �.N(Z *V(J 3/. .0?(+ .. 

 (HGh /'4Ki ([^5(+ `ij '4+h  4d :\'0_Z4_d5aZf Q(G/  5' .;' 4.e+ 90KZjM j( '4+ (HG 0_�h Va.k0 ^(Jg. 3(1(g 
4_dh [<6. \'0_Z4_d 3aH/ (+ cN 0?(+i� ;aZ �J.kKi  ... `c+ Va.k0 'a./Zh 4_dh (.;'3 3/h  X'0J' b5aZ G'0d'_N0 
cN 'j] Z (HGi 0^'a. W.( c+kc 'h [&'/i '4+h Va.k�0 ([^j�>  ./a? c.G4R 4P^ 3/ ... ` =`4G 

 S_d([di  (+Z5k_g S_d4Gi WJ' `k[i /'4K 3/i 3([TZh3([TZ c+ c5a. :h Za+i (daSV' `h 'j^'4i Zg;'i jOi  .(Z'6V' 5'
/'4Ki cSa[6Z (dh S_d4Gi ' GW..Z IK(_Z 3/ ..;'j�\'4 3([TZh 5(;4e? `h Za+i ` 5' c.G4R4+jR8i (dh WJ'k[i  `

(d4_d ` /V(DZh Za+i  ..;'Z5k_g WJ'k[i S_d4G `i Z5 cW[5 5'kc_ (dh /'4K YeZi b5aZ (dh ..;' 90KZ Q(G/ 
 aSV'h 4e? ];3'h :UO? Rk4h cSa[6Z (dh 4e?h 3([TZ 3/h 5(;4e? `h 'j�\'4 '3'/h aSV'ij  cN .;'4+3(Nh (dh 
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^ /3aZk5( ~ 3/ Q_d([d 3aK c+ Yd U[OZ `k0^a  Yd (+jM Sa[6Zg 4e?h Z UO? '3 UK.<Z ` 0/'`i �0^/'/  c+ c5a. (+
'65' /0T.h b5aZ (dh aSV' �90KZ Q(G/h 4e? ];3'h jM aSV'ij 3(N( 0Z4e? cSa[6Z IW. 3/h ad (+ ` IGaZj. ..;' 

 + c3aK WNi� b5aZ >K^ (dh `4. 3/ 90KZ Q(G/j4 =53' ` Q_d4G (dh (d/4,^ ` 90KZ Q(G/h WS I/kc  '3 UK(+
Zi \'a.  *V(J 3//jX'4R( UO? 17 ./'/ \(@^ 

 
F¯6 17 ./jX'4R( ([^j> 0_d/f >K^ b5aZ (dh  3/ 90KZ Q(G/T;a.g \(Z3( (dh Zg;i 'j^'4i ? Q_d4G `kTi 

6. .JWOج ¯W8T 

YeZ 4.j] ZؤcGV (dh WZi� /j_i /(K.S' `h /'4K 3/ b/(G.;' /3aZi  `T;a.g b5aZ (dh .3(,S 90KZ Q(G/ '0^  ` /(e5 .;'0J :5'
ad �Q(G/j. 4e?h WZ `i� ^'a.5(+i (~ �/(e5 Q_d4G T(K.^' �90KZ Q(G/ .'4K(.j3'0h ' `j�3(2 4O.jY  Q(G/ .?'0R36+ `

4S?/4R �\(R0_Z53 ` '0e? �90KZh 3a/Z (+j. 90KZ Q(G/� :/ ]K` .;`/i� a_TZj�. R0^5 M,;i '0e?ij  c+ c5a. `
3([TZ .(Z'6V'h 'j^'4i Zg;'i. 

NG/  `S(?'g /`3kg 'j4R3(2h ./(e? ` ,WKi '6G' 3/ (e_. c^j> ^(<^' .g([Ni� '6; c+ >K^ij 'j(G Zi �0_N  ]Z(G cOW+
^aDZk. 4d' 4+'4+ 3/ cTZ(5 NG/ `j\(_[ ' 3/ 0_� 4d ` �.;'j] =53' (.;'3 (dh Zg;'i ^k6 Sa^ c+i Z '3 /a. /a[^i j0_+( (+ .

'j] �/a5` UO? \'3`/ 3/ 0_�4d Rk4h Zg;' 0_[daO? )gK^'i (HG �90KZ Q(G/ \'3`/ 3/ `h  ./(e? c+ Ha? 5' b0_N( cTZ(5
=`3 Q'a^' 5' �0? '0. b'3 3/ \0? c.@N ` (d (.;'3 3/h `4.j4 ' ` ./(e? Q_d4Gj3(2 Z c.G4R b4e+i /a? .YeZ 4.j] ^(,Zi  `

b5aZ \(N3' (dh 3a/Z'0. ` .;'0J UZ(? 90KZ Q(G/h Z 5' Q(G/k]e =53' ` (dh eV'i  c+ cN .;'adj. @.+i  cTZ(5 ` 4e?
Zg;'i Zi 0Z(6^' . 
5' /k0 3([TZh 5(;4e? `h  4d 3/5aZf Q_5 (d3(Od'3 .;' 4.e+h 5j4 0Z 4P^ R 3'4Jk/4 :1- 3(R0^(Zh + X4Gk^`4i  `

W.'/i b5aZ (dh Q_5� 2- X4G (dh aK. 3/ (_?(j. ]K` :/ .;`/i� 3- /'4Ki (HGh ,d2Zi b5aZ 3/� 4-  ].G4R 4P^ 3/
(d(HGh ?5aZ(i @d`8~ `i� 5- /'4Ki \([V' ` 4C(_S (dh /([^j]� 6- /'4Ki (d(HGh .(Z0.i '4+h \'4+3(N� 7- /'4Ki 

/([^j] (d(HGh W[Sk.(i� 8- (HGh /'4Ki ([^5(+ `ij '4+h  .\'0_Z4_d 

b5aZ (dh (+ 90KZ Q(G/j0 a_TZ 5' aW[Zj. Z ` \(R0_Z53 ` '0e? 5' YeWZk/'4 ' ` Q_5 ` ce,5j\([ \( .'/(K.S' ` (d  .0_?(+
'j] 5(;(HG G4K 5' 4Z'h aSV' (+h 3([TZh 'j^'4i Zg;'i Z `k/'4 Z Yd'4G 90KZ Q(G/i /a?. _�[dk] b5aZ (dh  90KZ Q(G/

(+j0 W/Zi '4+h G4TZi R0^5 M,;i aSV' \'a_S c+ \(R0_Z53 ` '0e?h R0^5i (?jc.< '4+h U<^ (dh 0T+h  ..;'
C`k. cZ(^ (dh  '0e?jOi Z 5'k/'4 b5aZ( cN .;' 90KZ Q(G/ (dij /a. .'/(K.S' 5'k0h R0^5 M,; `i '0e?ij '4+h ^kU  c+
a;h a^ \0[.j] Zg;'i ./3'/ 

3/ /'4Ki b5aZ (dh Z 4_d \(+5 90KZ Q(G/i 0^'a. + 3/k\( 5 ` )'25j(,h =53' (dh GZ ` 41aZ 90KZ Q(G/k0  ./a? RJ'`
b5aZ (dh ^(OZ 90KZ Q(G/i '4+h  ` b4K(.5(+(4Gj_i /' 4@^ ` 90KZ Q(G/ .'4K(.k(h \( (d ' .0_.<dj] \(OZ (d  \'a_S c+
^(OZi '4+h b`4R 5' \'4S?/4R (dh 3a/Z (+ GW..Zj. .G4TZ '6G'ij 45 ].Z 3/ '3 90KZ Q(G/ .'4K(. X`'0. cN 0_.<dj\( 
R0^5i aK. \'0^`4e?j. Zi _N0_ . 
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ARTICLE INFO ABSTRACT 

Article type: 
Research Paper 

The aim of this study is to analyze the role of cyberspace in redefining the 
governance of Tehran metropolis, with an emphasis on two components: 
accountability and participation. In the contemporary era, metropolitan cities4due 
to population density, complexity of urban issues, and high volume of 
interactions4have become more dependent on modern communication 
technologies than any other environment. Cyberspace, characterized by 
interactivity, trans-spatiality, trans-temporality, and decentralization, has provided 
an unprecedented platform for transforming traditional power structures, 
accountability, and participation in urban governance. Tehran metropolis was 
selected as the case study for two main reasons: first, its pioneering role in 
establishing digital citizen systems (such as the "Man Shahrdaram" application and 
the 137 complaint system); second, the simultaneous coexistence of participatory 
approaches with restrictive policies (filtering). The research employs a qualitative 
approach using thematic analysis. Data were collected through semi-structured 
interviews with 25 experts and subsequently coded. The findings indicate that 
cyberspace plays the role of an "incomplete catalyst" in Tehran: on the one hand, it 
has broken down the traditional boundaries of communication between urban 
management and citizens; on the other hand, due to structural barriers4namely 
symbolic and inequitable participation (accompanied by the digital divide and 
coerced participation), episodic and non-binding accountability (lacking tracking 
codes and enforcement mechanisms), and institutional challenges (institutional 
overlap, predominance of a control-oriented approach, lack of financial 
transparency)4it has failed to establish a stable and equitable system. These 
findings suggest that Tehran's main problem is not a lack of technology, but a 
misalignment between technological capacity and the institutional framework. The 
most important solution is the transition from a control-oriented approach to smart 
regulation, coupled with the institutionalization of binding accountability and the 
establishment of a unified urban window for citizen participation and oversight. 
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1. Introduction 
This study investigates how cyberspace transforms urban governance in Tehran, focusing on two core 
components: accountability and participation. The main research question examines through which 
mechanisms cyberspace redefines local government-citizen relations and to what extent this 
redefinition is shaped by the institutional and policy context. 

2. Methodology 
This applied research uses a descriptive-analytical method with a qualitative approach (thematic 
analysis). Data were collected through semi-structured interviews with 25 experts (university faculty 
in political science, sociology, communications, and governance researchers) and analyzed using 
thematic coding. The theoretical framework is Manuel Castells’ network society theory. 

3. Results And Discussion 
Cyberspace acts as a catalyst in Tehran’s urban governance, yet its impact remains partial and 
ambiguous. Regarding participation, the 5Man Shahrdāram6 (I am the Mayor) participatory budgeting 
app has enabled citizens to prioritize local projects. However, expert interviews reveal that 
participation remains largely symbolic and consultative rather than empowering. Key barriers 
identified include: a deep digital divide between northern and southern Tehran (unequal access to 
internet and smartphones); coerced/incentivized participation (schools encouraging students to vote 
without informed consent); superficial local councils with no decision-making power; and exclusion of 
marginalized areas from digital processes. Over 70% of interviewees emphasized that participation is 
neither equitable nor genuinely power-sharing.Regarding accountability, platforms such as the 51376 
complaint system and 518886 public oversight center have facilitated grievance registration. 
Nevertheless, accountability remains selective (focused on urgent services like waterlogging or waste 
removal, not financial complaints or administrative violations); episodic (mayors react individually on 
social media without institutional follow-up); and non-binding (no unified tracking codes, legal 
response deadlines, or enforcement mechanisms). Citizens often bypass official systems, preferring to 
raise issues on Instagram or X (Twitter) due to perceived faster responses. Thematic analysis 
highlights 5episodic and non-binding accountability,6 5lack of transparency in follow-up processes,6 
and 5absence of binding mechanisms6 as the most critical qualitative codes. 

The findings reveal a significant gap between Tehran’s technological capacity and its institutional-
policy framework. Overarching structural challenges affect both accountability and participation: 
institutional overlap among the city council, municipality, and Ministry of Interior (parallel decision-
making without clear responsibility); a predominantly control-oriented approach (filtering/surveillance) 
instead of smart regulation, which restricts citizen access and weakens public oversight; lack of financial 
transparency (large advertising budgets for participatory projects without public disclosure of fund 
allocation); and insufficient media literacy among citizens and municipal staff. Importantly, experts rated 
these structural barriers as even more critical than the specific shortcomings in participation and 
accountability. The core problem in Tehran is not technological deficit but institutional fragmentation, 
absence of a coherent digital governance strategy, and weak policy-implementation linkage. 

4. Conclusion 
Cyberspace has produced an incomplete and ambiguous redefinition of urban governance in Tehran. While 
it has shattered traditional top-down communication boundaries and created new expectations for 
transparency and responsiveness, it has failed to establish a stable, binding, and equitable system due to 
misalignment between technological affordances and institutional frameworks. Thus, cyberspace has 
become a tool for episodic demands rather than an institution for sustained participatory governance. The 
study proposes five strategies: (1) redefining the state’s role from controller to smart regulator; (2) 
strengthening data governance and financial transparency; (3) institutionalizing digital accountability 
through binding platforms with tracking codes, legal deadlines, and enforcement; (4) enhancing media 
literacy and digital social capital, especially in underprivileged areas; (5) reducing institutional parallelism 
by creating a unified 5single window6 for urban accountability. The future of Tehran’s governance depends 
on an indigenous model of balanced digital governance that harmonizes efficiency, stability, transparency, 
and accountability4neither through technology restriction nor unregulated laissez-faire. 



 

 پی86فت 6ه8ی
 سی'ستگ6'7ی

  https:// judpmi.ir  س'Î. نÎ86ه<

 
 
 

 :NGNJL8.GF' '2903-5656:'پ 

 ¯Î8Q: ÎJ'8G¯/ GÎ8B.9(. 7/ Î9(.G Î(6G 9FJ  .¯7(;G (. ÎÎM؛ '9 پ)7.
:OBF(7G /7MG( H䐧ل¯ )H'8Q. 8Q: 

 ¯F:N7Î.:?1| Î¯8Î7 H'Î;Î;¯ GFÎ7'¯2*| Î/7.' ÎG77G 0Î73 

1.  ` XaWA 0/'`�iZg;' /'5آ b(S@^'/ �.(KkK/. \'4j' �\'4e.:cZ(^(j'3 . Ezzati.Roshanak@gmail.com  
2.  �Ta&<Z f0_<ja^i;(k; XaWA b`4R  J+'`3 `]k+ \'4j' �\'4e. �iZg;' /'5آ b(S@^'/ �)a_5 \'4e. 0/'` �UW[V':cZ(^(j'3 . G.keshishyan@iau.ir  
3. \'4j' �\'4e. �iZg;' /'5آ b(S@^'/ �.(KkK/. ` XaWA 0/'` �i;(k; XaWA ` HaK/ �.(keV' b`4R:cZ(^(j'3 . M.abtahi100@gmail.com 

OF(FG .(A䐧7ل' N0Î¯چ 

:GF'قG عNF 
i@d`8~ 

 

.Î7'. :GF'قG Î'G 
:.G'Î7/ .Î7'. 05/09/1404 

 :Î8¯F9'. .Î7'.08/10/1404 
 :88Î6~ .Î7'.01/12/1404 

 :7';.F' .Î7'.11/03/1405 
 

 G0d>d`8~ \gN i^'4[O/ Gj4B.5(+ 3/ h5(6Z h(HG >K^ UkW/. �4G(/    `/ 4/+ 0/kN'. (+ \'4e. 4e? /GVؤZg 
.;(~ ijaR \gN �i^a_N 4DA 3/ ..;' .N3(@Z `       ` h4e/? UG(/<Z iR0/k/k~ �./kB[5 YN'4/. UkV/ c+ (d4e?

.<j5 4d 5' >k+ �.gZ(B. hg(+ Y6/ h3`(_G .<+3(N c+ h4Sj/ Xa+ b0? c.<+'` ]ja^ iK(,.3' h(d  .0^'  h(/HG
h5(6Z iR8j` (+ i+ 4.<+ �ij'/56N4[. ` i^(Z5'4G �i^(OZ'4G �cja;`/ UZ(B. 4k>^ ij(d  cK+(/;    i^a/R4R/ h'4/+ h'
d3(..(;.;(~ �.30J i._; h(  3/ ..;' b/3`آ Yd'4G h4e? i^'4[O/ 3/ .N3(@Z ` ijaR]j'   \g/N �\(/kZ   4e/?

 c+ \'4e.`/       c^(Z(/; 3'4K./;' 3/ iZ(S/@k~ �./<.^ :./;' b0/? )(..^' cBV(LZ /3aZ \'a_A c+ iWC' UkV/   h(/d
 ]@kOkW~'( T(.k6j/ h0^`4e?«X3'/4e? ]Z » `^(Z(;g 137 �X`/ �)Yd U+(K. .N3(@Z h(d/4Oj`3 \(Z5   (/+ 3a/Z

.;(k; iV4._N h(d. \a[HZ UkW/. =`3 ` iGkN /4Oj`3 (+ >d`8~�  X(/6^' ` b/'/    c,/(/DZ I/j4K 5' (/d   h(/d
c[k^  (+ c.G(j3(..(;25  h3'2R0N ` h3`4/آR \(R4,. 5' 4G^.0? c.G(j (d  /'/ \(/@^ >d`8/~ h    3/ h5(/6Z h(/HG

 >K^ \'4e.«BJ(^ h3`6kV(.(N » 5' :.;' b/4N (Gj'Mj 3/ '3 0^`4e? ` h4e? .j4j0Z I(,.3' i._; h(d54Z a; 
 UkV/ c+ 4Sj/ ha; 5' (Z' �c.<O? Yd@^'aZ          G(O/? (/+ b'4/[d( c/^g/(A(^ ` ]j/(/[^ .N3(/@Z i/_Bj h3(..(/;
   ./;(~ �)h3(/,5' .N3(/@Z ` T(.k6j/    X'6/V'4k7 ` i/BLKZ ija/R       ` �)i/j'45' .^([/G ` h4/kSd3 0/N 0/J(G( 3`آ

>V(� h5'aZ( h/(e^ h(d  �h3(N,W7g    /(/6j' c/^g/(A ` 3'0j(~ iZ(>^ c.<^'a.^ )iV(Z .kG(G? /a,^ �iV4._N /4Oj`3
c.G(j ]j' .0_N iZ \(@^ (d  0d/W&<Zg cOW+ �h3`(_G /a,[N c^ \'4e. iWC'   I+(/L. X0A    ` c/^'3`(_G ./kG47 \(/kZ

.;' h/(e^ )a�3(�. YeZ Od'3 ]j4.3( �Yk>_. c+ iV4._N /4Oj`3 5' 3'2R    c/_j/(e^ (/+ b'4/[d 0_[?ad h4R   h5(/;
.;(~ X'6V' ijaR  /(6j' ` 3`46آ_~f \'0^`4e? .3(>^ ` .N3(@Z h'4+ h4e? 0/'` ..;' 

:G;'N0ÎF¯ 
BZ(5g cO,?  �h' 

 �i^'4[O/ 
\gN  �\'4e. 4e? 

 �0^`4e? 
\a[HZ UkW/.. 

:/'F.7' i.6A� M_?`3� iN4k; \(k@k@N� c_j3(R ` i/L+' �iGLDZ 0k; (1405.) .;(~ 5' �h4e? i^'4[O/ Gj4B.5(+ 3/ h5(6Z h(HG >K^ .N3(@Z (. ijaR  /3aZ(
:cBV(LZ \gN )\'4e. 4e?. h3'2S.;(k; h4e? .G4@k~ �3 (2 )339-357 . 

DOI: http//doi.org/10.22034/judpm.2026.581954.1104 

 

©  M_?`3i.6A �iN4k; \(k@k@N c_j3(R �i/L+' iGLDZ 0k; 
DOI: http//doi.org/10.22034/judpm.2026.581954.1104 

   

mailto:Ezzati.Roshanak@gmail.com
mailto:G.keshishyan@iau.ir
mailto:M.abtahi100@gmail.com
https://doi.org/10.22034/judpm.2026.581954.1104
https://doi.org/10.22034/judpm.2026.581954.1104
https://doi.org/10.22034/judpm.2026.581954.1104
https://doi.org/10.22034/judpm.2026.581954.1104


786    Î8G6 .G86Îپ Î7'6¯.س'Î7/ � سN7/ 7د'G6 �6 �5849 

1.  OF&7G H(Î. L OG0FG 
 0_� 3/ (d4e?d/g  0?3 (+ 4k.'i+ K+(;g  ` iA([.5' �h/(D.J' iR0^5 iWC' \a^(N c+ �.kB[5 YN'4. >j'6G' ` i_k@^4e?

b0? Uj0,. i;(k; b0_j'6G 3(@G �i.kB[5 Ta/. ]j' .0^' ..(;4j5 4+ h'  @+(_Z �(d .3`4G ` b/4N /3'` h4e? .j4j0Z X(>^ `
 h(HG 4kR'4G =4.<R ` .(AgK' )gK^' �h4.<+ ]k_� 3/ ..;' c..(; \'0_�`/ '3 i^'4[O/ i._; h(daSV' 3/ h4S^5(+
 (+ h5(6Z h(HG ..;' b/4N \aR4R/ '3 cBZ(5 ` iW/Z .V`/ \(kZ J+'`3 .kd(Z cOW+ �\'0^`4e? iR0^5 M,; (e_. c^ �h5(6Z

iR8j`  b/3`آ Yd'4G h4e? i^'4[O/ Gj4B.5(+ h'4+ ]ja^ h4.<+ �i^(Z5'4G ` i^(OZ'4G �cja;`/ UZ(B. �ij'/56N4[. 4k>^ ij(d
iZ cN h4.<+ �.;' .;(~ 0^'a. h/(e^ '3 ijaR iBJ'` '3 .N3(@Z ` 4. /5(; 4. . 0_� 3/ h4e? i^'4[O/d/g  =a..;/ 4k.'

 i^(Z5 4R' ..;' b0? i_j/(k_+ .ga/.3'/'f cZ(^4+ ` i.V`/ h(d/(e^ 3(D/^' 3/ O(.0[A (d4e?  3ae7 (+ b5`4Z' �/a+ 6N4[.Z h(d
cO,? b0k/k~ h(d c+`3 i^0Z ` iCaD. �i.V`/ \'4S@_N 5' h'  3/ .Yk.<d `3]j'  =4.<R ` .(AgK' )gK^' �\(kZi+ K+(;g 

 UGa^(Z /(K.A' c+ ..;' b/4N (Gj' \'0^`4e? ` iW/Z .V`/ ]k+ UZ(B. h(daSV' i^aR4R/ 3/ h3`6kV(.(N i@K^ �h5(6Z h(HG
6W.;(N  3/j4>^g «BZ(5g cO,? h'»cW<W; h(d3(..(; 3/ c^ .(AgK' 4DA 3/ .30J � cO,? 3/ cOW+ �i._; i,.'4Z  T(k; h(d

\(j45 ` .(K(,.3' /'/ h(diZ 6N4[. b 0+(j =1<. iR8j` (+ h5(6Z h(HG  ` i^(OZ'4G �cja;`/ UZ(B. �ij'/56N4[. 4k>^ ij(d
.;(~ �.30J J+'`3 Gj4B.5(+ h'4+ ]ja^ h4.<+ �i^(Z5'4G 5' ..;' b/3`آ Yd'4G \'0^`4e? .N3(@Z ` ijaR ]j'  i^'4[O/ �`3

i[^ 4Sj/ h4e? .<j5 ]j' 5' 33(. '3 /a. 0^'a. cO,? IL_Z =4j2~ 5' 4j6R(^ ` 0_N Gj4B. T(.k6j/ \(e5 b4e+ ` h'  5' h4kR
.kG47  .;' /a. .kA`4@Z ` ij'3(N �.kG(G? >j'6G' h'4+ h5(6Z h(HG h(d=2<.  3/]j' \gN �\(kZ  YN'4. UkV/ c+ (d4e?

..(;4j5 c+ \`6G'5`3 iS.<+'` ` b4Z5`3 .gZ(B. ba,^' Y6/ �h4e? UG(<Z i.'1 iR0k/k~ �.kB[5 hg(+  >k+ �T(.k6j/ h(d
.<j5 4d 5' h3`(_G .<+3(N c+ h4Sj/ Xa+ b0? 3(./Z ]ja^ iK(,.3' h(d  �4>_Z ]j' 5' .0^'a/^f .kG47 (+ ce5'aZ  h(HG h(d

 ` h5(6ZYk>_. iS^aS� 5' iOj c+ �\آ h4R \g'/  h(d YeZ.;' b0? Uj0,. T(.k6j/ 4DA h4e? i^'4[O/ 3/ Ta/.. 
\gN  i.kB[5 (+ \'4e. 4e?/`0/ 9 '/ ` 4G^ \akWkZ.? 5' >k+ ]50  3/ .^4._j' 1aG^ 4>^ 5' �3a@N .^4._j' \'4+3(N 0C3/

b8j` b(Sj(5 ]k+ h(d3(Zآ ]j4.4'3 /'3/. +4 ';)9 آJ h'  T(; 3/ iWW[V'2025 /`0/ \'4j' T(<R36+ .kB[5 \(kZ 3/ .^4._j' 1aG^ �
85  (.90  (+ ..;' b0? /3`0 +4آC3/]j'  \'4j' 3/ .^4._j' .kGkN �T(/.3,g 97  5'100  b/'/ A(D..' /a. c+ '3 \(e5 3a@N

.;' . c+ Mj/6^ �4Sj/ ha; 5'87 cO,? c+ i;4.;/ h'4+ i^'4j' \'4+3(N 0C3/  5' b/(G.;' 5' 4j6R(^ i^(e5 iA([.5' h(d
h` i~ .j/`0/Z i^(e5 B.(? 3/ \'4j' ` 0_.<d \'  i.^4._j' h(d,.3g 99  5'100 (Zآ ]j' ..;' b/4N *<N '3 3\(@^ 0_d/f  c;

 .kG47 �.<.^ :.;' YeZ .kBJ'`aKV(+f b4e+ h'4+ \'4e. hg(+  �.^4._j' c5a. U+(J 1aG^ UkV/ c+ T(.k6j/ i^'4[O/ 5' h4kR
c5'aZ @^(Z (+ '3 .N3(@Z ` .(Z0. c+ c^g/(A i;4.;/ cN \'4e. )a_5 ` T([? IK(_Z \(kZ Ik[A T(.k6j/ G(O? /a5` �X`/ 

 i.;(k; /4Oj`3 `/ U+(K. �Xa; �.;' c..(;«.N3(@Z h3a/Z » ]@kOkW~' 0_^(Z ij(d3'6+' Ij4K 5'(«X3'/4e? ]Z » `^(Z(;g 
137 ` )«iV4._N /4Oj`3 ».j/`0/Z �Q_j4.WkG( c+4D/_Z h/3aZ c+ '3 \آ cN 0/'` h4e? .G(+ Mj 3/ )b/4.<R h(d  3/ /4G

.;' b/4N Uj0,. i^(e5 /L; . Gj4B.5(+ *5aZ ij(d3(N`5(; c� Ij4K 5' h5(6Z h(HG :cN .;' \آ >d`8~ iWC' T'ؤ;
\gN 3/ h4e? i^'4[O/  b0? \'4e. 4e?�.;'  /a5` (+B;a.g cO,? ` .^4._j' \'4+3(N \`6G'5`3 \gN 3/ iA([.5' h(d  4e?

c^(Z(; 3'4K.;' ` \'4e.  h(d.G4@k~g T(.k6j/ h0^`4e? � 5' i_?`3 haSV' 5a_d/4OW[A h5(6Z h(HG .;(k; 1(..' `  h(d
T(.k6j/ 4DA c+ c5a. (+ )aWLZ W/Z .V`/ .(,;(_Z Gj4B.5(+ 3/i \'0^`4e? 3/ .;/ .<k^. >d`8~ iWC' 䐣ل.  �]k@k~ h(d

.<.^ ,W7g  �iWkW/. 4+ iGkCa. /4Oj`3X`/  \(kZ MkOG. X0A«c^'3`(_G .kG47 » ` ).;' /a5aZ \'4e. 3/ cN(« )a�3(�
h/(e^ »h5'aZ 3(�/ cN(  ` �).;' iV4._N /4Oj`3 ` .kG(G? /a,^ �h3(NXa;  (+ Ik[A iGkN >d`8~ \'0KG^a[^g  h'4+ iR4,.

 h5(;3(O?آFJ(_. h(d .;(k; i^`3/ ..;' h3'2SV(KZg 4G(/ XaeGZ (+  h5'/4~«BJ(^ h3`6kV(.(N » ij(;(_? `« i^`3/ FJ(_.
.;(k;\'4j' 3/ h5(6Z h(HG h3'2S »Yd( .N3(@Z h(d3'6+' i.<j5 .j/`0/Z h(d/4Oj`3 (+ 3a/Z  6k^ ` )3a/ZG'3'g 3(Od'3h(d 

c.G(j 4+ i_.,Z i.(kW[A ;' b0Z4آ+ 䐣ل. ]j' \/4N 4~ /0C 3/ �i+46. h(d.. 



 N Î.:           787 د6G '. ÎÎN¯ ...   ?H'8¯Î'7¯. نقG 6ض'G Îج'Î9 د7 ب'GÎ8?.9 ح¯8G'نÎ8G6 Î� '9 پ'سخ

W&<Zg iZ '3 4G(/ >d`8~ iWC' h4>^ :N`/'3(~ Mj *V(J 3/ \'a. .3aC i+46.  :/4N h0_+.kG47 \(kZ G(O?  h(d
^'3`(_Gg c^(Z(; �.^4._j' hg(+ 1aG^( \'4e. 3/ h5(6Z h(HG  5' )h0^`4e? c.G4@k~ h(dMj >V(� ` a;  h/(e^ ` h3(..(; h(d
.;(~(  .N3(@Z �iBLKZ ijaRh5'aZ �]j/([^ )iV4._N /4Oj`3 �h3(N. c^aR c+ �4Sj/ ha; 5'  c.<^'a.^ h5(6Z h(HG cN .;' h'

X'6V' �3'0j(~ iGj4B.5(+ c+ .;'  �iZ(N(^ ]j' h(d3(N`5(; ` UWA ]kk,. ./a? 46_Z h4e? i^'4[O/ 3/ c^g/(A ` 3`آW&<Zg  iWC'
iZ UkO@. '3 >d`8~ 0d/. 

2.  9PLپژ Î7LآMJ L .7L86 
 Mj \'a_A c+ c/^آW&<Zg  c^ �.;' ]kk,. ` i;34+ 0_Z5(k^ i[WAJKG « /a5` ].?'/ (j].?'0^ ».kG47  �\'4e. 3/ c^'3`(_G h(d

.kG47 ]j' i^'a.(^ UWA ]kk,. cOW+  `/ 4+ 0kN'. (+ h4e? i^'4[O/ 3/ 3'0j(~ iVa/. /(6j' 3/ (dGVؤZg  h0kWN«.N3(@Z » `
«.;(~ ijaR» .;'. h/4,d'3 4>^ 5' >V(� (+ \'4e. h4e? \'4j0Z �h/4+3(N  (+ >d`8~ ]j' ` 0_.<d c5'aZ h3aG ` i_kA h(d

G'3'g c.G(j c+ 0_.<Z ` B.(? h'3'/ �i.(kW[A 3(Od'3 4_~ iZ .;(~ 5(k^ ]j' c+ i+46. h(d 0d/  4.@k+ '3 >d`8~ ]j' .3`4G cN
iZ \(j([^ ./5(; +c >d`8~ Gg.  h(d]k@k~ =`3 c+ cN b/4N b0_<+ i@j([k~ (j i[N h(d  ` iGkN /4Oj`3 (+ >d`8~ ]j' �0^'

\a[HZ UkW/. =`3  .;' b0? X(6^'ckCa. c+ O(,V(7 cN  b0_<+ iWN h(d^b/4O ` 3(Od'3h(d iZa+ �i.(kW[A  h'3'/ ` b0?
B.@Z ij'45' B.(? iZ cG'3' '3 0d/. +c >d`8~ Gg. B.(? i/L; GkCa. c+ O(.0[A cN ]k@k~ h(d  )a. i^'4[O/ h(d

 E4G c�3(~Oj h4k>.Z \'a_A c+ '3 h5(6Z h(HG ` b/4N b0_<+ h4e?4Nb/ 0^' h'4+ >d`8~ ]j' �]k.<.^  \(kZ 3(+« .kG47
c^'3`(_G » ` )\'4e. 3/ /a5aZ i_G .(^(OZ'(«i.;(k; ` h/(e^ )a�3(� »cj`3 ` ]k^'aJ �h/(e^ .(,k.4.( )ij'45' h(d  MkOG.
 UG(Jb0?  c+ `XaeGZ ` ij(;(_?  h5'/4~«.;(k; i^`3/ FJ(_. 3/ h5(6Z h(HG h3'2R \'4j' iZ  ` /5'/4~ XaeGZ h0j05

 )BJ(^ h3`6kV(.(N( h'4+ '3iZ cG'3' \'4e. 3/ h5(6Z h(HG haWe~`/ >K^ ]kk,. 0d/ . 

3O.G(Î . ÎGÎ7M. Î(P 9PLپژ 
3-1. Î¯ژÎL ؛Î9(.G Î(6G  (P/8¯7(¯ L (P 

7'` `/ 0j(+ '0.+' �4,j(; h(HG XaeGZ 4.e+ L3/ h'4+f «4,j(; » `«(HG »\آ /(B+' ` b/4N Gj4B. c^(R'05 '3  .Yk_N B.@Z '3 (d
[WNg «4,j(; » 5'@j3g  i^(^aj«:.^4+akN »b0? c.G4R T4._N (j ([_d'3 �3'0^(O; h(_BZ c+ cN  iZ(^ b7'` ]j' �@J'` 3/ ..;' b0__N

h3`(_G h(d/4+3(N 5' h3(k<+ cN .;' iZ UZ(? '3 iK(,.3' ]ja^ h(d  /gLC' ./a?«Mk.^4,j(; » h'4+]k.<.^  T(; 3/ 3(+
1948 kG(j3 J;a.)(.N 3/ 4_j'` .4+3a^ X(^ c+ i^'0 (;j.^4,kM ` T4._N 3/ I(,.3' +k] /k\'a ` ?(Zk]  ]j' ..G3 3(N c+

Y.<k; c+ /gLC' h3`(_G �iV4._N h(d c^(j'3 h(d .kBJ'` ` Yd c+ UD.Z h' h8.'4.;' (+ b'4[d iAa_DZ h(d  ` i+(k.;/ h(d
]k_/[d ./3'/ b3(?' Y.<k; T4._N� «\a<,kR X(kWj`» �0_<ja^f  /gLC' �ij'/(^(N«4,j(; h(HG » h'4+ '3]kV`'  T(; 3/ 3(+

1984 )(.N 3/ :^(Z`3a^ iWk.. h(HG 4,j(; h(HG �`' 4>^ 5' ./4N /4LZ c^(j'3 T(D.' 5' cN .;' h'  iZ([. ` b0? UkO@. (d
\(<^' ]k?(Z �(d c+ '3 \(e5 i.(AgK' @+(_Z ` (d iZ UD.Z Yd  h5`4Z' XaeGZ c+ ck,? 3(k<+ (_BZ ]j' .0_N«h5(6Z h(HG »
.;' =3.< cj4>^ i.4+ 0^0K.BZ \'5'/4~ cN BZ(5g  i.(AgK'0j0~f  3/ c.?2R 0_^(Z h7aVa_O. 0j05 .G4@k~ ` .<k^ h0j05

 .Z0.cj(Z4; h3'/ ..;' h/(D.J' ` iA([.5' h4+'4+(^ �0^0K.BZ 6k^ id`4R cN  ]j' cj(; 3/.G4@k~  (dcBZ(5  h' 3(..(; (+
 3ae7 \'0_[@j0^' ]j' ..;' c.G4R UO? Mk.'4NaZ/cBZ(5  h' 0ja^ '3 a^iZ  0_d/ /`0BZ h(d/0A 3(D/^' 5' X(k~ 0kVa. \3 آ/ cN

3/ b`4R ]j' 4>^ 5' ..;' b0? 33(.  ]k_�cBZ(5  h' (+ iWC' .k[N(/c^(;3  h(d..;' Mk^`4.OV' 
GZ �.aC (j XgN �4jaD. 4+ i_.,Z cN .;' iBJ'`4k7 h(HG ` (kG'4>5 5' 4.'4G �h5(6Z h(HG 5' 3a>_Ze ` ].Z (j Xa

 iKk;aZ.;'  `iZ  0^'a.Mj I(,.3' Yd ` cja;`/ (j cja; Yd4k7 (j \(Z5  cN G4K `/ ]k+ '3 \(Z5iZ  0_^'a. iD.@Z .jad
 3'4J4+ �0^3'/ 3'4J Yd 5' iD.@Z(^ UC'aG 3/ ` 0_?(+ c.?'/_N 0_ h'3'/ h5(6Z h(HG.kG47  (dZ' `O cN .;' iC(. .(^(

c^(;3 \0 آJ(G i._; h(d d \'0KG �6N4[.Z .kB54Z ` T4._N \'0KG .0_.<d (W;cW< b/4.<R �*.'4Z b3(k; h'  i;4.;/ �h'aKV(+f 
.j/`0/Z >d(N (j a/Z ` i^(S[d Z h(dO5' i^(Z5 ` i^( W[5g iR8j` ]j' .;(d .iZ Z \'a.eY iR8j` ]j4. 5 '3 \آ h(dei^( 
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 i+ ` \/a+ 54Z Z'4G ` i^(Z5'4G �h4kR'4G �YG'/ i;4.;/ �.A4; �\/a+Oi^(   �\/a+c^(;30_� h'  \/a+� ij'/56N4[.� .Oc .O �\/a+ c
h5(6Z   \/a+ \(k+ \/a+ iWZ(B. `4N/ =4< .cZ'/' 3/� .4+ c+i (d/4N3(N 5'h (HGh 5(6Zh d'a. b3(?'kY 4N/: 

h5(6Z h(HG h3(6. h(d/4N3(N �8.'4.;'h (dh 3(6.h  `*<N c+ '3 3(N` .0? 41'.Z  5'B;a.g 3`(_Gh (dh i.(AgK'  `
K(,.3'i ' 3ae7 `j�.^4._  5'jM d(Z ` ?a^ a;k.  Ta/.Z '3 (d3'5(+4N b/a; 5' ` .;'h /j4S� (d/4,d'3 ijcN (_,Z 4+h  .e5 \آ

 ` (d3'5(+ c+ /`3`*<N (d3(N`h 05j0 Z 1(..'i �/a? <+k3( 0Z3آ(N .;' ` 6dj_g '3 i[N '4+h 'j/(6 05 U7(@Zj0 Z Yd'4Gi _N0. 
Î9'.G Î'فض NA'G..' Î'P/8¯7'¯ � '. Î9'.G Î'فضB7M.Æ ¯'8.:' L H'8.7'¯ H'NG 98G HL/. .'7..'ط' H'GG'  ?'MJ' Î7'6¯

'M.حG  �8>J F/'.. L 7/ NÎ':7. 9FJI¯GP  Î9'7INK�GP L� Î8.P7 /KK¯Æ L N7..'ط' FÎ'7L ث.أN L Î7'/N. 7/ 8/':7'  7'Gف'
NGMGA /7'/ L O.   H'MKAKNÎآÆ G'G. .¯8: L G/8G Î7'GGP .F. 7/ NGMGA 7'Gف' Î'GJ  Hآ H/'/ NA'G..' 7MG' 7/ 'P  @F'L 8ؤثG

NG ./JM: 
Î9'.G Î'فض N:9MGآ L N¯KP8ف Î'P/8¯7'¯ � /8GÎL7 �Î9'.G Î'فض N:9MGآ L N¯KP8ف Î'P/8GÎL7 9' NGÎN'¯آ  Î9'7

NG O¯ Î8¯Î/ /8GÎL7 ..7' N7'N7 O. H9 آ' H'M.   N:9MG8/ آGÎL7 �/8¯ N7':' Î9'.G Î'فض N:9MGآ L N¯KP87¯8/ ف'¯ H'MKA
 ..7' N¯KP8ف F'F.J' 'Î L /'.Î' '.B7M.Æ Î9'MG 89MGآ Î9'.G Î'8.7 �فض¯Æ  O. O¯ .ف'Î Î/Î/.FNF/ N¯�ÎL  Î7'حصJ' Î'P

 Hآ/M. NFG'B. /KJ'G�H H'G9 G'G. 7/ H/M. 78.7/ 7/ H'GG L 'P /K� �'POJ'77  H/M. Î' ...L..8'7 ¯8فF O.M. /7MG  
h5(6Z h(HG i.k_Z' �i;(k; h(d/4N3(N �c^(;3 (d >K^  Q_d4G ` h7aVaG0j' ]..(; �iZa[A 3(OG' 4+ h3'2R4k1'. ` .j'0d

b/a.  ` /(K^ i^'0^`4e? =3`4~ �h'cBZ(5 3/ iA([.5' iS.<,[d /(6j' .42N ` 5(+ h' '4R  '3/3'/� h5(6Z h(HG '2V /(6j' (+ 
` .kd(Z 3/ i;(;' .'4kk>. O?U h(d  5' GW..Z @Z'a5 3/ i;(k; 3(.G3Mj  �a;.(AgK' =4S^ `  h(dX/4Z c^'3g(;  '3

 =4.<RiZ 0d/ 4Sj/ ha; 5' `�  *5aZ '3 0j05 i;(k; .N3(@Z iAa^iZ /a? =5<.  .kG47 h5(6Z h(HGijg(+  4k<+ 3/
/3'/ X/4Z iZa[A .]j'4+(_+� c^ \([N(/ 0^4kS^ b4e+ X/4Z \0^'3a? h'4+ \5 آ' \(_[?/ cN 0_?(+ *J'4Z 0j(+ (e_.�  3/ \5 آ' cOW+

\(Z3آ .e5 \'4/+ UDG ` U/ ` cW+(KZ ` /a. ]kZ54; h(d 0^4kR b4e+ iA([.5' h(d .c^(;3 iZ id`4R h(d  3/ 0_^'a.C4Ag 
\'4/+ (+ cW+(KZ \'4/+ >d(N 3/ ` 0^5'/4~+ >K^ h(Gj' c+ �iA([.5' h(d  //'a/ (j .jad \'4/+ 0_^(Z iGW..Z h(d0__N0j0e.f 

0_?(+ c.?'/ h41ؤZ /4N3(N �iA([.5' .(,1 =6<. 

3-29F(چ L (P/8¯ÎL7 .  Î(P.7(Î7H'8Î' 7/ Î9(.G Î(6G Î7'6¯ 
UO? h'0.+' 5' .;(k; \(OZ' \aZ'4k~ �.^4._j' cW[5 5' \آ iK(,.3' h(d3'6+' ` h5(6Z h(HG .kV(BG ` h4kR h(HG h3'2S

 i.4+ :.;' b0? /4LZ b0[A b(R0j/ `/ cBZ(5 3/ h5(6Z*/(C 0^0K.BZ \'4>^ cN  ` 3ae7B;a.g h3`(_G  iK(,.3' ]ja^ h(d
c+ c^(;3 b8j` .;(k; �iA([.5' h(dc^(;3 h3'2S  '3 h5(6Z h(HG ` c..(; 33(. /a. i.k[N(/ ` 6N4[.Z .kd(Z 5' '3 h'« \`4+

b/(.<j' ».;(k; \(OZ' 5' h3'2S4N b/ .;' 0K.BZ 4Sj/ id(R0j/ �U+(KZ 3/ ..;' cN.k[d' UkV/ c+   ].G(jcC4A 3/ c^(;3  h(d
*<N  ̀h1 0j05 \'4Sj5(+ ...` Mk^`4.OV' .V`/ �h/4,d'3 .(K(,.3' �3(N .;(k; �c6k.^ 3/ ` 0^0? b/`6G' b5a/ ]j' c+ @G^ h3'2S
c^(;3 YeZ h5(6Z h(HG h'4+ h' .;(k; X`6V 4+ cN X`/ /4Oj`3 �/4Oj`3 `/ ]j' \(kZ 5' ..;' b0? >k~ 5' 4. 6k^ ` h3'2S 4+

.;(k; .3`4Gi.N3(@Z h3'2S iZ /4Oj`3 ]j' ..;' 4G(/ >d`8~ 4>^ /3aZ �c.?'/ 0kN'. )X/4Z ` .V`/ h3(O[d (+(  0^'a.
 4+ i_.,Z«.;(k; T0Zh/(e^ h3'2S » (j `«.;(k; T0Zid`4R h3'2S »iWA .0?(+ .;(k; /a5` Y73h3'2S  �3a@N 3/ i,W; h(d

c+ h5(6Z h(HG (+ ce5'aZ ?a^   \(kVa.Z \(kZ 4>^ Gg..' U/Z iG_Z ` .,2Z h(d/4N3(N ` .(^(OZ' (+ \30Z h3'6+' \'a_A
i[^ h5(6Z h(HG (+ i,W; /3a.4+ cN .;' ]j' b0? B.@Z c/^آ (Z' ..;' \ga&<Z ` h5(6Z h(HG  i,;(_Z 3(Od'3 0^'a.

*k;آ (+ cW+(KZ h'4+ j`3 ` /3a.4+ cN .;(6_j' ` 0?(+ \آ iV([./' h(db8j` .k[d' h5(6Z h(HG (+ ce5aZ /4O iZ h'  0j(+ .0+(j
 (e_. cN /a+ h/4+3(N ` iKL_Z 3(Od'3 T(,^/ c+,_5g  '0k~ .k[d' i+(6j' /4Oj`3 c+ c5a. X`6V (6_j' 3/ ` 0?(+ c.?'0^ i,W;

iZ  cN 0_N^a[^g  \3' آiZ \'a. cZ(^4+ b7`4~ ` (d ` 0kVa. 4+ i_.,Z h(d  /'a; >j'6G' ` =5aZآ �h5(6Z h(HG h'a./Z .j4j0Z
c^(;3 iZa+ �h'  h5(;.<^'/ .;(k; ` X/4Z ]k+ 4.@k+ h3(O[d ` UZ(B. /(6j' ][G cN c+ g(+ 5' b(S^ �\'3'2S(~j ]k.;(k; \'3'2S
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0+(j 4kk>. g(+ c+ ]kj(~ 5' ` \5'a. 4+ i_.,Z b(S^ c+. 4Sj/ i^(k+ c+� X/4Z 3(_N 3/ i.V`/ h(d/(e^ ` .V`/� b0eA .;(k; 3'/ h3'2S
0_?(+ =7<. 

3-3.  7/ Î9(.G Î(6G 9FJÎ8Q: ÎJ'8G¯/ 
3-3-1 .¯7(;G . 

cO,? �c..(; 4kR3/ iA([.5' iR0^5 3/ >k~ 5' >k+ '3 cBZ(5 /'4G' .^4._j' b5`4Z'  Uke<. '3 iA([.5' h(d b/4N c+ ` i;'4NaZ/
.GR 4+ i_.,Z  3/ i^0Z .kWJ' h'4+ ` b/4N ie5a. U+(J M[N .N3(@Z ` aR f5a/.C4G �h5(6Z iZa[A  h(d .N3(@Z b0_j'6G

.;' b/3`آ Yd'4G i^0Z. 4Sj/ i^(k+ c+�  3/ h/(k_+ Ta/. ` 4kk>. c+ .^4._j' gC4A (+ ` 4Sj0Oj (+ \'0^`4e? .(,;(_Z ` iA([.5'
 .ZaO/.;' b0kZ(6^' h5(6Z .N3(@Z ]ja^ h(daSV' =4.<R ` /(6j' ` ]8[. cO,?  Mj \'a_A c+ h5(6Z iA([.5' h(d gBZ(5
c^(;3 5(+ .GR h(HG \/a+ 5(+ �.(AgK' /'53 آ(@.^' iR8j` (+ h' ` i^0Z UG(<Z 9(OB^' ` h4R(@G' �.k[N(/ 5' /(K.^' �aR

iZ �\'0^`4e? cZ0KZ 0^'a. UO? h'4+ h'  .jaK. ` h4kR gBZ(5cO,? ]j' .0?(+ i^0Z i;(;' .;' ]O[Z (d c_kZ5 ]j4.  h(d
 IK/. gBZ(5 ` J<+ �i^0Z gB;a.Z/aX/4Z ` i;'4N ]j'4+(_+ .0__N /(6j' X/4Z ]k+ '3 cBZ(5 3/ h3g(;�  i.'1 iR8j` c+ c5a. (+

cO,? ]j' iZ (d c^(;3 ]j' cN .?'/ (A/' \'a. a^ h(diZ 3ae7  .jaK. ` /(6j' 3/ 0_^'a. gBZ(5b8j` >K^ i^0Z 0_?(+ c.?'/ h' 
]9[. .;' 0K.BZ 6k^ 6W.;(N cN cO,?  UO? i;(k; ` h/(D.J' �iA([.5' h(d3(..(; UkO@. (+ iA([.5' h(d g^'3(..(; c+ i_ja^

 .]LA' (d b/4NiZ /(6j' h0j05 h4S@_N ` 0_N ]10)  آ\
 UZ'aA 5' iOj.kKGaZ  6kZآ.ZaO/  ` T(BG 3aH/ (d g^(d(Rآ cN iZ/4Z ..;' 3a@N 3aZ' 3/ X/4Zi+  i_[6^' ` UO@. �kd

b3(>^ Yk[D. 4R  h(d 4L. �0_.<d \(^'4[O/baKV(+  .(,1 h'4+ h'.ZaO/  iKW. (diZ 0^a? ]11[. cO,?  h(d 5' iA([.5'YeZ  ]j4.
 )a</Z i;(k; .N3(@Z ` Ykd(GZ T(K.^' h'4+ /a5aZ Uj(;`iZ  ` 0^a? g[dX(>^  h(d3(k..' 3/ h'4+ =g. 3/ i;(k;  ].G4R

 /4N3(N c+ c5a. (+ .0__N UK._Z X/4Z c+ '3 /a. .'4>^ ` b(R0j/ (. 0_.<d \4 آ+ UZ(N .3(>^ `id(Rآ cO,? i@.+  h(d �iA([.5'
 ]j' Ij4K 5'id(Rآ  c+ i@.+\'0^`4e? \آ T(BG .V(./ ` .N3(@Z � 0jآ Yd'4G (d.  0A(+ cO_j' 4+ b`gA \'0^`4e? T(BG .N3(@Z

 ]kZ'.\آ /a. h(d5(k^  (diZ  ` /4OW[A 3/ .kG(G? 0A(+ /a?cj`3  6k^ (diZ  ` \(_N3(N ` /a?.;(~ '3 \ga&<Z  4.aRiZ 0_N.  :~
iZ .;(~ ` .kG(G? *5aZ T(BG 0^`4e? /(6j' Ij4K 5' h0^`4e? id(Rآ cN /4N (A/' \'a.  ijaRiZ /a? ]12[. 

O./M.  ؛H'8Q. 7/ Î.¯7(;G Î:Î7 87ح«G7'/8Q: IG» 
c5/a+  i.N3(@Z h6j34G' h0_jc+ \'0^`4e? \3 آ/ cN .;'  Yk[D. 3/ YkK.<Z 3aK  h4kR3(+3/f  iZa[A @+(_Z BkD..

iZ .N3(@Z cd/ 3/ cN /4Oj`3 ]j' .0__N  b0j' ]j' 4+ i_.,Z �b0? '45' L3ajak^ ` Uj54+ b4SVآ a.3a~ 0_^(Z ij(d4e? 3/ 4k.' h(d
c+ \'0^`4e? cN .;'  ` (d5(k^ c+ .,<^ ijg(+ id(R5 /'^< ` آ' �.g/Z \(_N(; \'a_A .jaV`'  /a. iR0^5 U/Z h(d

c^ c5/a+ @+(_Z BkD.. 3/ \'0^`4e? .N3(@Z �4>_Z ]j' 5' .0^3'/3a.4+ c_j6d i@.+41' ` ij'3(N (e_.  >j'6G' '3 iZa[A h(d
iZ  .jaK. '3 cBZ(5 ` \'4[O/ h(d/(e^ \(kZ /([.A' cOW+ �0d/iZ 0_N iZ4+ \'0^`4e? 3/ '3 .kVa&<Z ` MW[. :/ ` ./6kS^' 

c5/a+ iWC' G0d .;(~ �.kG(G? >j'6G' �i.N3(@Z h6j3 ijaR� ]k_/[d ` iZa[A @+(_Z @j5a. 3/ .V'0A�  .N3(@Z .jaK.
Yk[D. h(d0_j'4G 3/ \'0^`4e? .V`/ /4OW[A 4+ .3(>^ ` h4kR .;' iW/Z h(d ]13[ .X4G.W~ 5' b/(G.;'  ` T(.k6j/ h(d

b/4.<R .N3(@Z \(OZ' �c^'3`آa^ h(d3'6+'  ` 4.\(;آ i;4.;/ c5/a+ 0_j'4G c+ \'0^`4e? 4.  ]j' i@.+41' ` b/3`آ Yd'4G '3 h6j3
.;' b/4N \'0_�`/ '3 X6k^(OZ.  /4K«X3'/4e? ]Z »c^a[^ c5/a+ 5' h'  5' cN .;' i.N3(@Z h6j3[k^g  T(; X`/1401  3/

.;' b0? 5(74'\ آe. =14.< 
 /4K«X3'/4e? ]Z » cN .;' b0? i/'4K G0d ]j' (+« 3/ \'0^`4e? iKkK/ .N3(@Z3'/'f \gN \'4e. 4e? » .0+(j IK/.

c+ /4K ]j' 5' \'4e. h4e? \'4j0Z   \'a_A«YeZ  ]j4.+46.g X/4Z \'4e. 3/ h4e? h3g(; »b/4N /(j  /4K ]j' cN 0^0K.BZ ` 0^'
« Gj4B.5(+L+'3g \'0^`4e? (+ h3'/4e? » ..;' c+ 0_.<Z /4K ]j' gZ(^4+ 3/ \'4e. 3'/4e? iVa/. f3`/ ` h4e? .j4j0Z 0j05

YO/ h'45' h(.;'3 3/ 134  gZ(^4+ cN .G4@k~ ` Ta/. X3(e� \(k+iZ  :/3'/«b4e+ ` cB;a.  5' h3'/4+ g^(Z(;c5/a+  h6j3



78:    Î8G6 .G86Îپ Î7'6¯.س'Î7/ � سN7/ 7د'G6 �6 �5849 

 Uk./ ` i.N3(@Z \/4N ` .(/k54. �.(,V(LZc.;'a.  ` cZ(^4+ ]j`0. 3/ X/4Z h(d g5/a+ g^(kV(; Ye; >j'6G' ` h3'/4e?
cZ(^4+ .'3(,.A' cW/Z h(d  3a/ZiK T(; cZ(^4+ h(d » (. b/'/ .C4G i^'4e. \'0^`4e? c+ X3'/4e? ]Z /4K ..;' c.G4R X(6^'

 3/ 0_j'4GYk[D. b7`4~ h'4+ c5/a+ BkD.. ` h4kR cB;a. ` i.(Z0. �i^'4[A h(d  c.?'/ .N3(@Z �/a. IK(_Z ` .g/Z 3/ h'
iZ '3 /4K ]j' h0kWN G'0d' �iWN 3aK c+ .0_?(+  �c5/a+ BkD.. 3/ .kG(G? �h4e? .j4j0Z 3/ iZ/4Z .N3(@Z >j'6G' \'a.

4+ iA([.5' .V'0A .jaK. �h4e? iR0^5 .kGkN /a,e+ 3/ \'0^`4e? iKkK/ .N3(@Z �/4K ]j' (+ @J'`3/ ./4[? f3'/'\gN  4e?
YeZ \'a_A c+ /4K ]j' 5' \'4e. h4e? \'4j0Z ` .G(j IK/. \'4e.  ]j4. g+46.X/4Z b/4N /(j \'4e. 3/ h4e? h3g(;  ` 0^'

 Gj4B.5(+ �/4K ]j' cN 0^0K.BZ gL+'3.;' \'0^`4e? (+ h3'/4e? =15.< 

 ¯ÎÎM  . پ)3-3-2.7
i.V`/ .j4j0Z iWC' \(N3' 5' iOj iZ cN  0^'a.h'4+ /4kR 3'4J b/(G.;' /3aZ i.V`/ .j4j0Z i@.+41' ` Jj'4? /a,e+� .;(~ ijaR 

 3/(,.Z ]d1 c+ '3 h4+'4+ �G(D^' �.V'0A 5' h4jaD. cN .;'iZ /5(; . \'6kZ ` cBZ(5 4d 4+ YN(/ Jj'4? c+ c5a. (+ .k[d'
.;(~ =`3 �cBZ(5 \3 آ/ ijaR .;(~ h'4+ '3 iGW..Z h(d 0Z \'0^`4e? T(,J 3/ ijaR iZ 3'4J 4>^  5' i.4+ c+ cZ'/' 3/ cN 0_d/

 .b0? c..'/4~ (d ';. آ\
GF'77 N .'?N.7G ÎGN8¯ Î'G؛ c^(;3 ` .(Aa,LZ j id`4R h(dOX4d' 5' i .;(~ 4+ 41ؤZ h(d  ` .V`/ ijaR\(k+ __N f0

c.;'a. iZ 3([? c+ X/4Z h(d 0^`3. iZ Yd'4G '3 .(AgK' ` 3(OG' T/(,. \(OZ' �iZ/4Z X(>^ Mj 3/ iA([.5' 3'6+' ]j'  ` 0_N
;'a. ` @G'aZ 3/ \(j45 '3 X/4Z ` .V`/c. diZ 3'4J 4Sj0Oj h( ;(;' \a^(J .0d/e[5 i X3(e� ` .<k+ UC' 3/ iZg;' h3a

iZ 34KZ /3'/« : ` .(j4@^SZ 0^/'5آ *V(LZ \(k+ 3/ .(Aa,LZO^4 آ.Z c+ U,Z cj i^(0_?(+ iZa[A HaK/ (». \4 آ+ b`gA�  UC'
iZ 34KZ i;(;' \a^(J Y6_~ ` /(.Gd ` 0DOj /3'/« : .j(A3 (+ 3(OG' 4@^ ` \(k+ h/'54'\ آj' iZg;' h3ae[5 h([k; ` '0C 3/

 ]kZ'. 0j(+ 3a@N /V(DZ ` iZg;' ]j5'aZa?/ ». 
F¯;. N (':/' ÎGF7 N Î7'Î7 Î'G؛ X(>^ �i;(;' \a^(J 3/  h(d ` Mk.'4NaZ/[V3(~/' h/'5آ �i^(HA ` )'6\3 آ/ .ja d (

 I/)(_.5' .WZ 4j2~(^ ;' b0? c..(_? (diZ )'6/' .. .;(~ 3/ h41ؤZ 3(k<+ >K^ 0_^'a. Gj' i;(k; X(>^ ` .V`/ ijaR( __N03/ .  ]j'
e[5 i;(;' \a^(J Y@? ` .<k+ UC' AaD.;' h3a@. iZg/' UkO][6^' ` )'6 \3 آ/ .jaHA ` i;(k; h(d d+ '3 (? c I4

O^آC' c/` �h/'5آ TaWZ .0.;' c..(_? .k[;3 c+ �0__O^ FK^ '3 iZg;' h3ae[5 9(;' ` iZg;' ]j5'aZ i. 

ÎÎ'GÎ~G'7 N .'?'G..' 'G؛ iZ 34KZ i;(;' \a^(J Y.Gd ` .<k+ UC' /3'/« :ij([k~d'3 .(A([.5' UkO@.  U[/ \`0+ (d
.Z cO^آ I4? c+ /g;+ U.;' /'5�0 آ?(,^ Xg;' i^(,Z c .»iZ \(@^ UC' ]j' c+ c5a. 0d/ \a^(J @. �3'2RA([.5' UkO .(

ij([k~d'3 d? HaK/ 5' iOj \'a_A c+ '3 (.G4j2~ \'0^`4e;' c.. +46.@^ cZ \(i 0d/ @k+ c+ iZ/4Z ` =a5/a. .(A([.5' 4.
V6_ZL.' g+ 3(V`/ c+3/ .Z' f3([.5' 3aK/ ` iA(B[5 HaZ i_kZ5 3/ X/4c dKa+4Z h(;' c.. 

ÎG䐧7ل' Î'G'7N: ؛ (d'3a?*;(_Z 5' <+ ]j4.e+ ` ]j4.+ X5g h(d4.@Z h'4Z .N3( X/4kB. 3/ f3'/' ` /a. .?a^4; ]k
_j/(e^ �]k_/[d ` cBZ(5c  N;(~ \/4. Z ` ijaRX/4 ;0_.<d h3g(.  UC' *5aZ c+103 «@.+ �\'3'0^(Z4G �\'3'0^(.;' ` \'3'0

;Z(KZ 4j(@N .(N h3aK 5' ciZ ]kkB. .V`/ G4 \آ .([k[D. .j(A3 c+ X6WZ (d'3a? .'3(k..' /`0/ 3/ �0^a?  (d0_.<d »=16.< 
c_kZ5 h5(6Z h(HG b5(. h(d >;4~ �.(,V(LZ /4K h'4+ h' iZ Yd'4G Ta&<Z h(d/(e^ ha; 5' /kGa. .G(j3/ ` h4R  .0_N

c^(Z(; 4k>^ ij(d3'6+' j(O? .,1 h(d. (dcO,? � .GR h(d4.<+ �iA([.5' h(d c^(;3 ` J.4+ haR`  i._; h(d54Z �T(.k6j/ h(d
b/4N \aR4R/ '3 cBZ(5 ` .k[N(/ \(kZ I(,.3'  4Sj/ \'0^`4e? �)a�3(� ]j' 3/ .0^'JKG .G(j3/ 0__Nf  cOW+ �0_.<k^ .([k[D.

iZ .;(k; h(d0Z(k~ c+ .,<^ 0_^'a.  0/ (. i^'4[O/ .kGkN �]j'4+(_+ .0_?(+ c.?'/ ck5a. ` /kGa. 3(>.^' ` 0_d/ \(@^ >_N'` (d
 ]j' c+ h/(j5 ?aGaZiZ c.<+'`  U+(J ` 41ؤZ h(d3(N`5(; �0j05 Jk/Z ]j' 3/ 0^3/(J b5'0^' c� (. iVa.Z h(d/(e^ cN /a?

/([.A'0__N i/'4K iZa[A 3(OG' c+ \/'/ .;(~ h'4+ h .cO,? cC4A \'a_A c+ iA([.5' h(d  �.(,V(LZ iZa[A \(k+ h'4+ h'
>;4~ @j4; /4K \(OZ' b/4N Yd'4G '3 i^'4[O/ h(d/(e^ 5' (d 0^'.;(~ X(>^ .  ` h3g(; X/4Z \(N3' 5' iOj \'a_A c+ 6k^ ijaR

 gB;a.\(OZ' ij(HG ]k_� 3/ i;(k;  IK/.iZ 4Sj/ \(k+ c+ .0+(j�  /a5` \`0+c^(;3 i[^ (d  ].; iZ(>^ ]k_� /a5` 5' \'a.
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.GR� c^aR c+ iZ )a</Z 4Sj0Oj X`6WZ ` X5g cN h' 0^a? =17<. ]k_/[d� i+ \(OZ' h5(6Z h(HG cK+(;  3(@.^' h'4+ h'
.;(k; ]kk,. �.(AgK' Yk[D. h(d0_j'4G 5' \'0^`4e? id(R34'. ` آKZ c+ iZa[A i;4.;/ �(d iZ Yd'4G h4kR  ./3`آ\ga&<Z 

iZ b(R3/ Ij4K 5' 0_^'a. b(Sj(~ �T(.k6j/ h(d c^(Z(; ` b/'/ h(d ?gK' h(d c5/a+ �/4OW[A c+ Ia+4Z .(AgK' �i^(;3 cZ(^4+ �(d  (d
>k~ .kW+(J �i.kG47 ]k_� .0__N 4@._Z 4kR'4G ` @j4; iWO? c+ '3 .(+aDZ ` i_k+ .;(k; h4j2~  >j'6G' '3 (diZ 0d/  '3 c_kZ5 `

3(>^ h'4+iZ Yd'4G iDD.. ` iZa[A .  ./5(;]k_/[d� \/3`آ Yd'4G (+ c_kZ5 b5(. h(d  ` h4S@;4~ �.(,V(LZ /4K h'4+ h'
 Ta&<Z h(d/(e^ ha; 5' /kGa. .G(j3/ `c^(Z(; 4k>^ ij(d3'6+' j(O? .,1 h(d. (dcO,? � .GR h(d4.<+ �iA([.5' h(d  haR`

c^(;3 ` J.4+ I(,.3' i._; h(d54Z �T(.k6j/ h(d b/4N \aR4R/ '3 cBZ(5 ` .k[N(/ \(kZ  4Sj/ \'0^`4e? �)a�3(� ]j' 3/ .0^'
JKG .G(j3/ 0__Nf iZ cOW+ �0_.<k^ .([k[D. .;(k; h(d0Z(k~ c+ .,<^ 0_^'a.  ck5a. ` /kGa. 3(>.^' ` 0_d/ \(@^ >_N'` (d

j' c+ h/(j5 0/ (. i^'4[O/ .kGkN �]j'4+(_+ .0_?(+ c.?'/iZ c.<+'` ]  Jk/Z ]j' 3/ 0^3/(J b5'0^' c� (. iVa.Z h(d/(e^ cN /a?
0__N i/'4K iZa[A 3(OG' c+ \/'/ .;(~ h'4+ h/([.A' U+(J ` 41ؤZ h(d3(N`5(; �0j05 .cO,? cC4A \'a_A c+ iA([.5' h(d  h'

>;4~ @j4; /4K \(OZ' �.(,V(LZ iZa[A \(k+ h'4+ 4N Yd'4G '3 i^'4[O/ h(d/(e^ 5' (db/  /3'aZ h3(k<+ 3/ (HG ]j' .0^'
iZ /kGa. ` >_N'` c+ 3'/'` '3 \ga&<Z >_N'` ]j' Uj0,. h'4+ i[;3 3(N`5(; /a,^ (Z' �0_N .;(~ c+ (d  U+(J ` h/(e^ h(d

iZ *5aZ �h4kSk~ .;(~ /a?  4.@k+ ijaR,_5g h3(..(; (. 0?(+ c.?'/ iBLKZ. 

4 .Î8>J ÎJ(.G 9PLپژ 
4-1 .ÆBG(. O¯.: Î'  

 3/BZ(5g  Ta/. h5`4Z'b0[A h'  c+ cN gL;'`.^4._j' =4.<R  /(6j'? b0+c  Gg.BZ(5g M. c[d .(AgK' �c.?2R ij(HG  (5
 i;(;' ..(;4j5 \'a_A c+ .^4._j' b(Sj(5 6W.;(N /(K.A' c+ ./3'/ 3'4J \(S[d 94.;/ 3/ UO? c[d c+ `BZ(5g  3(k<+ i.(AgK'

 .jaK. c+ .^4._j' cN '4� .;' YeZc[d  c,^(5BZ(5g  i^'`'4G M[N i.(AgK'iZ  ?a_. �ij'/56N4[. 0A(+ .^4._j' .0_Ni+  3([?
 ...` \(OZ ` \(Z5 .k[d' >d(N�\/a+ h5(6Z �*V(LZiZ  *,; ` /a?UO?  h0j05 .jad h4kRiZ /a? . \3+4/ آ(N ` .^4._j'

.'/3'/ i;(k; .(,;(_Z ` J+'`3 4+ i[kK.<Z 4k1 ` iZ  /(6j' 0A(+ iAa^ c+ �cja;`/ .(K(,.3' >j'6G' ` h3'4J4+ b'3 5' 0^'a.
 >.+41' i;(k; .gZ(B./a?  0eB. >j'6G' )(,;' `]k+ �iWW[V'  ]k+ .N3(@Z ` /([.A'.V`/  /(6j' 0A(+ ` /5(; Yd'4G '3 (d

cBZ(5  cO,? 4+ i_.,Z h'c^ JKG 0?(+ b`4R 4+ i_.,Z =18<+ . c T(,^/B;a.g  3ae7 ` h5(6Z h(HGcO,? iA([.5' h(d� 
c,V(LZ .;(~ \(d'a. ` c.G(j >j'6G' \'/4[.V`/ 5' X/4Z h4R ` ijaR  3/ \ga&<Z .kG(G? h3(k<+ 3/ ` 0_.<d /a. .'3(>.^' 4+'4+

cO,? Ij4K 5' /3'aZ .;(~ c+ 3'/'` \(@.(Z'0J' c+ .,<^ '3 \ga&<Z iA([.5' h(d iZ ijaR  /a5` 0_Z5(k^ i.kBG` ]k_� .0__N
 ` iV(BG^' .V(/ 5' cN h0^`4e? .;' b(Rآ ` T(BG 0^`4e?G4DZ  c.G(j (K.3' h4S@_N ` T(BG .V(/ c+ iR0__NZ5g cN .;'g 

X(^ c+ i.3(eZ ].?'/« /'a;c^(;3 h'» ..;'  /'a;c^(;3  M[N h'iZ  iA([.5' ` iZa[A \([.GR 3/ \'0^`4e? 0_N(<ZG U  �آ\
0_?(+ c.?'/ T(BG h3aH/ cBZ(5. ]k_/[d�  0A(+iZ  ` 0__N .>G(/Z 4HZ h'a./Z 4+'4+ 3/ \'4Sj/ ` /a. 5' \'0^`4e? /a?

 \(j45 c+ '3 .N3(@Z iAa^ 6k^iZ 0_?(,^ iWBG_Z \(R0^4j2~ \'0^`4e? cN /5'0^' =19.< 
«6W.;(N UGa^(Z» cBZ(5  9(_?X(^  h(_?آBZ(5g  ]k.<.^ ` i.(AgK'cG<WG  h(HG P36+ 5'/4~)(.N 3/ �4,j(; 4DA .(AgK' 

 cBZ(5 3ae7 c+cO,?  c+ h'Wk;`g 0K.BZ ` /3'/ b3(?' .(AgK' ` .(K(,.3' h3`(_G '.; cN  '3 X/4Z ij(^'a. �0j05 iK(,.3' h(HG
iZ >j'6G'  3/ /'4G' ` 0d/BZ(5g cO,?  3'/3a.4+ h4.@k+ h4S@_N .30J 5' h'b0? 0^' =20< .cO,? ` .^4._j'  iK(,.3' h(d

c^(j'3  h'c+ iZ UO? 6k^ '3 iK(,.3' h(daSV' ` cO,? \'4+3(N Q_d4G 4j30. 0_d/.  3/ i[eZ >K^ .^4._j' h(HG h` 4>^ 5'
 =4.<R5a/f iZ (Gj' iZa[A  .0_N5a/f  '3 iZa[AC4Ag b0j' T/(,. cZ(^4+ ` (d iZ ij(d  5' cN 0^'/cBZ(5� iZ 3ae7  ` 0__N

Yk[D.  h(d/(e^ 3/ '3 \'5(;BZ(5g iZ 3'4J *K(.Z  .0_d/5a/f cO,? iZa[A ` .(AgK' T/(,. h'4+ .;' h'  0/ 3/ cN i.'4>^
cC4A ` 0^3'/ 3'4J cBZ(5 ` .V`/ \(kZ UC(G c+ X/4Z cN .;' h' /4R \'0^`4e? c+(2Z  YdiZ 0آ_j b(R0j/ `  '3 /a. UK.<Z h(d

. 3a>_Z c+'UDGZ cBZ(5 i;(k; h(d/(e^ 4+ h3'2R4k1 iZ h0_+ 0__N. cO,? 3(k..' 3/ '3 .30J iWC' @,_Z 6W.;(N  i.(AgK' h(d
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iZ iZ U/ \(j45 3/ (HG .0^'/ iZ T0,Z cj(; c+ (d4e? ` /a? 9([. ` 0^a? .GR ._; ` YN `3(j`3 h(d `iZ ]k+ 5' aR  ` /`3
5' JKG /'4G' cO,? Ij4K iZ J,.4Z Yd c+ (d 0^a?.  �Uj(+aZ 0_^(Z iK(,.3' h(d3'6+' 5' b/(G.;' (+ b'4[d 0j05 h(HG ]j'

cO,? i;4.;/ .A4; \آ h(d4k>.Z'4G ` .;' b'4[d .^4._j' ` iA([.5' h(d  h4j2~'/Gi[Yd .gZ(B. ` .(K(,.3' \(OZ' �  �\(Z5
 �i^(Z5'4G ` i^(OZ'4Gc[d ` 4G(/ (5 c^(;30_� .;' \0? h' ]21[. 

\([d  \(k+ 6W.;(N cN c^aRiZ /3'/� iZa[A b5a/ =4.<R 0A(+ h5(6Z h(HG iZ b5a/ /a?  h'cN  gC4Ab0j' T/(,.   (d `
.;' .'4>^ c+ b5`4Z' �L;'`g cO,?  h(d '3 X/4Z ` .V`/ J+'`3 /a,e+ ` .Vae; h5(6Z iA([.5' cja;`/ iL+'`3 Yk.<d 0d(?

c,V(LZ (+ .;(~ ` h4R  cN ijaRYeZ .;(~ )aWLZ 0Z(k~ ]j4. '3 ijaR iZ X(>^ iZ([. ..<^'/ /([.A' *W5 \'a.  h(d h'4+ i;(k;
]j'4+(_+ .0_.<d X/4Z /([.A' 5' i+aWLZ /L; 0_Z5(k^ /a. h(K+� \([d  )a. i^'4[O/ haSV' iR8j` cN c^aR ]k+ .N'4?

>.+ �i.V`/ >.+( cBZ(5 GW..Z h(d �i^0Z h(d/(e^  4N1 )iCaD. >.+0? � «c^(;3   (d 0_[.30J h'65' 5' iOj \'a_A c+
BZ(5g . ` i^0Z'.;(~ c+ .ZaO/ ].?'/'` 3/ iZa[A 3(OG' 4+ 3'2R4k1 0^3'/ b0eA c+ i[eZ >K^ ijaR »]22[. 

4-2 . 7/ .7(Î7BG(.Æ O¯.: Î' 
;0_dg  (d/(e^ ` \'4S@_N 5' i_kBZ h0_+4Ok~ c+ b3'a[d .30J J+'`3 �\3 آ/ cN c.G(j iR4k� �.30J 0j05 3(..(; 4+ cO,?

iZ /`0/Z i^(e5 ` /a?  >k~ �.V`/ \0? b3(~0_� �.30J h(d/(e^ iSja;0_� �cj(Z4; \0? i_k+ 4j2~(^ X(>^ \0?  �i;(k; h(d
/4G_Z .V`/ @G^ c+ 3'0.J' 5' ij'/56N4[. ` .;(k; \0? cKL_Z h(d iZ .30J 0j05 c;0_d Mj /(6j' 0A(+ iW/Z ` h'  cN /a?

cO,? .V`/ i_Bj .V`/ 5' h0j05 UO? /(6j' c+ /a. 0j(? /a? 46_Z h'. cO,? .V`/  L'4.?' \آ iR8j` cN .;' i.V`/ h'
I(K^ h'3'/ ]j'4+(_+ ..;' cO,? Mj 3/ .30J 6N4Z c^ .;' T(D.' . 0_.<d iS_d4G h(d/4,^ .30J h(d/4,^ .(AgK' 4DA 3/

iZ .3aC \آ Ij4K 5' (j ` c^(;3 3/ O(.0[A cN c^(;3 (Z' �0^4kR c+ ` 0_.<k^ .30J \(,/(C (d   3/ 3(.G3 Uk[/. ij(^'a. c+(2Z
cO,?  h(dV/(,Zg cV(KZ 3/ 6W.;(N ..;' c.Ge^ .(AgK' ]k_� h'  h(k^/ Mj 3/ 0j05 i;(k; Y.<k; cN .;' c.?'/ Tg0.;'

i^(e5 UO? 0_j'4G 5' b0?  Mj h4kRBZ(5g cO,? i^(e5 .V`/ ` i^(e5 i^0Z UO? ]k@^(5 cN h' .V`/ ]k@k~ h(d  / .WZ
 b/4N 3ae7 .;'.;' \آ cO^0`\ آ+ �  Mj 3/ '3 (dBZ(5g  U/ i^(e5_N0 ]10[. 

4-3. Î8Q: ÎJ'8G¯/ 
 h(d/(e^ ` (d3(..(; �(d0_j'4G c+ cN .;' cjg0_� iZaeGZ �h4e? i^'4[O/.j'0d 0__Nf Yk[D. .;(k; ` h5(; 3/ h3'2S

C4Ag c; UZ(B. 4+ /4Oj`3 ]j' ./3'/ b3(?' (d4e?  �.V`/ \(kZ c,^(5BZ(5g  0kN'. iCaD. >.+ ` i^0Z'//3  iS_d([d `
Yk[D. h(d0_j'4G 3/ '3 \'0^`4e? T(BG .N3(@Z ` h/(e^  h3`4G h4kRiZ 0^'/ ]23[ . ijaSV' h4e? i^'4[O/ �4Sj/ \(k+ c+
.;(~ ` .kG(G? 4+ ckO. (+ cN .;' 6N4[.Z4k7 ` i.N3(@Z (d4e? \(_N(; iR0^5 .kGkN /a,e+ i~ 3/ �ijaR .;'cGVؤZ 5' .  h(d

�aSV' ]j' h0kWN iZ cN .;' \'0^`4e? .N3(@Z +(j IK/. YkK.<Z4k7 (j YkK.<Z UO? c+ 0^'a..0  (e_. c^ i.N3(@Z ]k_�
.;(~ ` .kG(G? iZ >j'6G' '3 ijaR .kA`4@Z c+ cOW+ �0d/   6k^ h4e? .j4j0Z ij'3(N h(K.3' ` h4e? .([k[D. c+ \0k@.+

iZ M[N _N.0 BkD.. ij(^'a. 4+ h4e? i^'4[O/ �]j' 4+ \`6G' _ke+g c^aR c+ �/3'/ 0kN'. h4e? .(Z0. ` @+(_Z  cN h'
 ` b0? b/3`4`^0'\ +4آe? i^a_N h(d5(k^_kZ5g  Yd'4G \(^آ iR0^5 .kGkN /a,e+ /a?]24[.  h0_j'4G h4e? i^'4[O/ �]j'4+(_+

 UG(<Z U/ h'4+ i.V`/4k7 ` i.V`/ h(d/(e^ \(kZ h3(O[d X6W.<Z cN .;' iWZ(O. ` (ja~0k/k~f  h4e?.;' .j(e^ 3/ `�  c+
.kG47 .jaK.  ` iW/Z h(dB;a.g 3'0j(~ iZ 0Z(6^' ]25[  IK/. �h4e? i^'4[O/ ij(e^ .j(7B;a.g  �.;' 3'0j(~+ c ']j  cN (_BZ

.;(~ ][G �i^a_N U<^ h(d5(k^ c+ ijaR c+ U<^ @G(_Z ` HaK/  c5a. 6k^ b0_jآ h(d/a?.  h/4Oj`3 �G0d ]j' c+ i+(k.;/
h1 iZ([. h3(O[d ` c�3(~Oj iZ *WK '3 J,.4Z h(d/(e^ ` \(BG^ 0_N. 

4-4. 7.(: Î8Q: ÎJ'8G¯/ Î(P 
+ ciWN 3aK� GW..Z .'4>^ 0_j5 +4آ' B.(? ` h(d )a. i^'4[O/ �.N3(@Z 0j(+ h4e? i^'4[O/ ?([5' �'4R .;(~ �'4R  �aR
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G(G?� 0Z3آ(N ` 0?(+ \a^(J `4k~ .+4  3/ cN i.(BV(LZ 9(;'_kZ5g  \'4j' h(d4e? Jj'4? (+ \آ .K+(LZ ` h4e? )a. i^'4[O/
 X(6^' b0?4[O/ c/^آ �.;'i^' ._; 5' '3 )a.  i.j4j0Z h(d~6j([.Z \5 آ' >k iZ =53' ` TaC' /5(;  4j`4. cN .;' ij(d

iZ 0_N� 4[O/ 3/ Ta/. h(_,Z cN iVaC'i^'  c+ i+(k.;/ `B;a.g iZ )aWLZ /a?. TaC' ]j'�  .N3(@Z \a� ij(d3(kBZ
` i@.+41' �\'0^`4e? ij'3(N� .;(~  \(@^ '3 ij'/56N4[. ` h/4,d'3 >_k+ �.V'0A �h0_[^a^(J �.kG(G? �ijaRiZ 0d/ ]24 .[ 3/

.;(~ ` \'0^`4e? .N3(@Z B.(? `/ .kBG` �>d`8~ ]j'  h(HG 5' 41'.Z ijaRiZ i;34+ h5(6Z ./a? 
:.¯7';G Yk[D. 4+ \'3'2R4k1'. .30J h4kR (d .;' .30J3/ \'0^`4e? \0? Yke; `. 

.7'~ N¯:ÎÎ  0_^'a.+ X/4Z \ga&<Z '3iZ 4k1'. X/4Z 4+ cN i.(Z'0J' 4+'4+ 3/ 0_d/ 3'4J .;'a.5(+ ` T'3/ ;ؤaZ �/3'2R ` 4+ 
:~ )(</  ` \ga&<Z \/'/ .;(~ Yk[D. \'4kR \ga&<Z ` 3'a.;' \'0^`4e? T(,J 3/ ..;' 

5KÎ;Îپ .Æ  9PLپژ 
>d`8~ c+ c5a. (+  h(dX(6^' b0? >d`8~ 5' i@.+ c+ .[<J ]j' 3/ �  3/ cN 4G(/ 0/+ /3aZ ?aGaZ c+ Mj/6^ ` J,.4Z h(d

Z (j ` )a. i^'4[O/ (+ I(,.3' 3/ h5(6Z h(HG \ؤآcGV b3(?' �.;' b0? i;34+ \آ h(d iZ :/a? 
- .(k/ (k^  `iZ(>^4kZ (1404) ]26[ \'a_A (+ /a. >d`8~ 3/ «cj(Z4; ` h0^`4e? .N3(@Z h(K.3' h(d3(Od'3  3/ h3'2R

.C4G �@^'aZ i;34+ :\'4e. h4e? .j4j0Z IGaZ )3(6. ` (d» b0? b/'/ \(@^  h0Z3آ(N(^ �.kG(G? 3/ GBG cN
Ha@Z 3/ GBG ` \'0^`4e? (+ iK(,.3' h(d3(..(; YeZ 5' �h/(D.J' h(d  �U+(KZ 3/ .0_.<d /a5aZ @^'aZ ]j4.

.kG47  h(d/4.<Rf h3`(_G c+46. �]ja^ h(d c5/a+ 3/ i^(e5 h(d cj(Z4; Uj([. ` i.N3(@Z h6j3 R\'3'2 `4~ c+7b  h(d
 c+ �i..(;4j5.C4G \'a_A 0^0? ij(;(_? h0kWN h(d. 

- \'3(O[d ` \(k^(. \'3/'4+ (1403) ]27[ cV(KZ 3/ \'a_A (+ h' «B.(? i;34+  4+ 0kN'. (+ h4e? )a. i^'4[O/ h(d
 :cBV(LZ /3aZ h5(;0_[?ad\gN 6j4,. 4e?» ;34+i b/4N  cN 0^'B.(? .kBG`  h(d 3/ )a. i^'4[O/\gN  4e?

(+ 6j4,.  3/ 0j05 .'4kk>. c+ c5a. f5a/ ..;' .3aC c� c+ h3`(_G b0?/(j >d`8~ 3/ b/'/ \(@^ iGkN ` i[N =`3 (+
B.(? \(kZ 5' cN b0?  h(diG4BZ  i@.+41' �UWZ \(Z5(; ha; 5' b0?)aWLZ  h`(<. B.(? ` ]j4.)aWLZ(^  ]j4.
 4j(; \(kZ 3/ '3 .kBG`B.(?   (d' b/'/ A(D..' /a. c+..; 

 /h3(D^' .k? (1400) ]28[ \'a_A ./. /a. >d`8~ 3/ «BZ(5g h5(6Z h(HG ` i^'4j'» \(@^ iZ 0d/  h5(6Z h(HG
iZ >j'6G' '3 \'4+3(N �iA([.5' cj(Z4; ` i;(k; .N3(@Z  c+ h5(6Z h(HG cN 5(+ i.(AgK' Y>^ 5' \'4+3(N ` 0d/

 ` i;'4NaZ/ =4.<R h'4+ .;' b/3`آ /a5`5a/f iZ b/(G.;' iZa[A 0__N. 
 /i/L+' ` h4k@+ (1399) ]4[ \'a_A (+ /a. >d`8~ 3/ «\'4j' 3/ .kG(G? .kBG` 4+ h5(6Z h(HG >K^» 0^/'/ \(@^ 

cO,? ` h5(6Z h(HG  h(d Ij4K 5' iA([.5'id(Rآ �i@.+  cja;`/ UZ(B. ` cBZ(5 3/ .3(>^ >j'6G'(kZ\  ` .V`/
c.;'a. 9(OB^' ` X/4Z  h(d /a,e+ *5aZ \(^4'\آj' 3/ .kG(G? >j'6G' ` iZ a?/. 

 /_k</i (1392) ]29[  3/ gV(KZ/a. \'a_A (+ « /'a;c^(;3  /4,d'3 �h'iWZ ` h/4G .jad X(O/.;'» \(@^ iZ 0d/  /'a;
c^(;3  h'5' iOj \'a_A c+ h(d3'6+' 0Z3آ(N  5' h3'/3a.4+ (+ ` .;' i.3(>^ ` i.j'0d T(BG *K(.Z h'4+ \(OZ' ]j' \آ
Yd'4G iZ c^(;3 ij([^5(+ c^'4kRa; h(KV' 4+'4+ 3/ cN /a?  h(d h(d4k<G. (+ '3 iWZ .jad *kJ3 b0?/(j 4>^ 3/ \(<[d
 /4kS^c^(;3 ij([^5(+ X(>^ c+ '3 /a. T4._N ` ./3(~<^ )47 h' 

 /i^(LW; h53/aR ` /'8^ (1396) ]30[ \'a_A (+ i@d`8~ 3/ «)a. i^'4[O/ XaeGZ Ta/. ` .(AgK' h3`(_G» '/ \(@^0^/ 
 32Sd3 5' (e_.h3`(_G .<+3(N iZ iK(,.3' ` i.(AgK' ]ja^ h(d B.(? IK/. c+ \'a. h(d  cBZ(5 3/ )a. i^'4[O/

.?'/ 0kZ'. 
 / ` i^(.Z]</ 3a~ (1393) ]22[ \'a_A (+ /a. >d`8~ 3/ «c^(;3 >K^  h(d.;(~ /L; h(K.3' 3/ iB[5 \(Z5(; ijaR  h(d

i.V`/» c^(;3 4N1 (+  ]N3 \'a_A c+ (dX/4Z X3(e� 0^0K.BZ h3g(; cN c^(;3  \(N3' 3(_N 3/ (dc; ^(Rg  Ye; i^'4[O/
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b0[A c^(;3 ` 0^3'/ X/4Z ` cBZ(5 ]k+ ]..'0^' cWC(G 5' .B^([Z 3/ h' iZ (d 3(OG' .j'0d Ij4K 5' 0_^'a.  @k[6. �iZa[A
c.;'a. id(R3. ` آ(>^ �(d \(Z5(; ].?'/'` 3/ i@.+ .V`/ h(d c+ i.;(~  \/a+ aR 41ؤZ.0^a? @J'` 

 /akV \'a. (2017) ]31[  3/V(;3g \'a_A (+ /a. h4.N/ «c^(;3 >K^ iZa[A L3/ /(6j' ` )a. i^'4[O/ 4j`4. 3/ (d»  c+
 cN .;' c.G(j .;/ c6k.^ ]j')a�3(�  h4,. h0_+(<ZG Uc^(;3 3/ i.k[N(/ 53' ` /'4G' .'4>^ 4+ (d .V`/ /4OW[A i+(j

 4k1'.iZ 3'2R/. 

 /\3(N ` cS_k; (2012) ]32[. 3/ «.(K(,.3' ` .(AgK' h3`(_G Ij4K 5' )a. i^'4[O/ c+ i+(k.;/ iS^aS� i;34+» � c+
,e+ .j(e^ 3/ ` .(AgK' h3`(_G Ij4K 5' .(AgK' i;4.;/ I/ /(6j'0^3'/ b3(?' )a. i^'4[O/ B.(? /a. 

6. 8L7 Î7(K: 
6-18L7 /8¯ÎL7 L 9PLپژ ?MJ . Î..(K: 

cGVؤZ ` UK.<Z 4k>.Z h5(6Z h(HG �>d`8~ ]j' 3/ .;(~ ` .N3(@Z h(d ..;' c.<+'` 4k>.Z h4e? i^'4[O/ 5' ijaR  >d`8~
G0d 4>^ 5' 4G(/� .kd(Z 4>^ 5' h/4+3(N� iGkCa.  /b4e+ (+ cN .;' iGkN /4Oj`3 4>^ 5' ` iWkW/.  =`3 5' h4kR UkW/.

\a[HZ (Thematic Analysis) ( L3gN ` \`'4+ haSV'2006..;' b0? X(6^' ) 5' ]j' `3�  ij(_BZ h(daSV' ij(;(_? \(OZ'
c,/(DZ 3/ c.Ge^ )]kZ(HZ( iZ Yd'4G '3 (d 0_N. 

 BZ(5g c,/(DZ )(..^' =`3 ` h3(Zآ  \(R0^a?BZ(5g  \(DD..Z ` \(R4,. UZ(? G0d5a/f  �h4e? i^'4[O/
.;(k;cBZ(5 �i;(k; XaWA �h5(6Z h(HG h3'2S c^a[^ ./a+ .(K(,.3' ` i;(_?  /4,d'3 (+ ` 0_[G0d =`3 c+ h4kR« cVaWR
iG4+ » '0.+' �=`3 ]j' 3/ .0? X(6^'5 :~; ` 0^0? c,/(DZ ` ij(;(_? h0kWN b4,.�  4j(; 0? c.;'a. \(^5 آ'

@WLZ \(DD..Z ?aGaZ c+ JW<Z ` .G(j cZ'/' h4>^ ?(,?' c+ \0k;3 (. 0_j'4G ]j' .0__N iG4BZ '3. 
 c,/(DZ h4>^ ?(,?' ` c^a[^ Y6/ c[k^ h(d b/'/ cN .G3 >k~ ij(5 (. c.G(j3(..(; U+(J 4kk>. 0j05 h(d   3/ ie5a.

>k~5' ]kZ(HZ 3'4..;'  5' :~ .kBG` ]j' .0^/4O^ /(6j' b0?25  c,/(DZ,/(DZ `/ �?(,?' 0kj'. h'4+ .0? UC(/g 
 c+ h0j05 \a[HZ �kd cN 0? X(6^' iG(G'O,?g k^ ]kZ(HZ ./`6G+' c]j *k.4.� =`3 4>^ 5' c^a[^ Y6/  i..(_?

 ./3'/ .j(GN 
 b/'/ h3`4/آR 3'6+' (d: b/'/ c,/(DZ 5' b/(G.;' (+ (d c[k^ h(d @[5 )Ik[A( c.G(j3(..(;  UZ(? c,/(DZ h([_d'3 .0? h3`آ

12 ( h4>^ )a�3(� 4+ i_.,Z 5(+ T'ؤ;BZ(5g cO,? cGVؤZ ` 6W.;(N h' .;(~ ` .N3(@Z h(d  c,/(DZ 4d .0Z ./a+ )ijaR
 ]k+45  (.90  ./a+ 4k>.Z cKkJ/kWNg c,/(DZ  (+ (d5(5'f .N3(@Z ].Z .3aC c+ :~; ` J,G \(R0__N� b/(k~ 0? h5(;. 

6-2 .FÎF/. 0KÎ'8G .'8..7' L HMG6G (P0¯ 
 U/'4Zc; ^(Rg b4e+ (+ ` i.;/ .3aC c+ UkW/. h3'2R0N X4^ 5' h4kR 3'6G' MAXQDA (.<^g 2020 U/'4Z .0? X(6^' )

>? haSV' I,K UkW/. cW/4Z  iK 4j5 *k.4. c+ L3gN ` \`'4+ h'?0: 
1. b/'/ (+ ij(_?آ c,/(DZ ].Z b3(+0_� \0^'a. :(d (d 
2. 3'4..;' :)5(+( ckV`' h3'2R0N 0Nh(d c,/(DZ ].Z 5' ckV`' (d 
3. .<5 `c.;/ :)h3a/Z( ]kZ(HZ ha5  ckV`' h(d0N h0_++ c.3aC iA4G \a[HZ 
4.  iA4G ]kZ(HZ *kN4. :)i+(..^'( ]kZ(HZ 3`4Z]kZ(HZ /(6j' ` iWC' 
5. X(^ ` Gj4B. ij(e^ ]kZ(HZ4+' ]kkB. :]kZ(HZ h3'2R 
6. c.G(j ]j`0. :=3'6R =3(S^ i_.Z 0d'a? (+ b'4[d (d 

6-3 .O.G(Î /(G.A' .ÎF.(F L Î.K77(..A' (P 
c+   (j ij'`3 ]kZ'. 3a>_Zc.G(j 3(,.A' .;' b0? b/(G.;' 4j'3 h(d/4,d'3 5' i,kN4. 5' �iGkN >d`8~ ]j' 3/ (d: 



 N Î.:           795 د6G '. ÎÎN¯ ...   ?H'8¯Î'7¯. نقG 6ض'G Îج'Î9 د7 ب'GÎ8?.9 ح¯8G'نÎ8G6 Î� '9 پ'سخ

j'a./Z ` h3aC ij'`3 )GV'i� >;4~  h4>^ )a�3(� 9(;' 4+ c,/(DZ h(d«BZ(5g cO,? h' »cGVؤZ ` 6W.;(N UGa^(Z  h(d
.;(~ ` .N3(@Z( h4e? i^'4[O/ iWC' :~; .0^0? i/'4K )ijaR� .<^g kV`'g  3(k..' 3/ c,/(DZ h([_d'35  5' 4G^

/id(S@^'/ 0k.(;'5a/f  X(7/' �G2/( i/gC' h(d/3a.5(+ .G(j3/ 5' :~ ` .G4R 3'4J h5(6Z h(HG ` i^'4[O آ?_) +) 
 3/ h4S^5(+ (j3  �)T'ؤ;.<^g 0? 0kj'. ij(e^. 

.N3(@Z J;a. i_k+5(+ )) (R0__N�\ b/(k~ 5' :~ c,/(DZ h5(; cCg. �ckV`' h(d0N 3'4..;' ` (d c.G(j 5' h'  b'4[d c+ (d5 
 ` iWC' 0N^a[^g b3'6R  3(k..' 3/ �J,.4Z h(d8 c,/(DZ 5' 4G^ ( \(R0^a?32 0C3/ c^a[^ )3'4J b/'/ 0? .5' \(^آ c.;'a. 

0? (. ./C H(,L^' (d0N (+ b(R0j/ /a. '3 0kj'. (j /gC' 0__N . 

(.[d i;34+ )3� cK,K ` h3'2R0N 0^`3 )IkK/. Yk. 5' 33(.( \a[HZ UkW/. =`3 (+ (_?4 آS@d`8~ `/  '3 ]kZ(HZ h0_+
 .0^/4N 0kj'. ` i;34+ 

0W2Z )/ h5(;�  5' >d`8~ ]j' 3/0W2Z h5(;  @+(_Zb/'/  ` h4>^ \a.Z ` /(_;' 5' Yd :0? b/(G.;'_k@k~g  5' Yd �>d`8~
c,/(DZ c[k^ h(d BD.. (+ \(R4,. (+ c.G(j3(..(; cBZ(5 �i;(k; XaWA( GW..Z h(d  \'4S@d`8~ �.(K(,.3' �i;(_?

)i^'4[O/  cN4Z' ]j' b/'/ h(_7 c+ =`3 h4kRa; >d(N ` (d i..(_? 46_Z .0? 

 h'4+,;(/Zg  h4j2~3'4O. .kW+(J (j ij(j(~h3'2R0N  �(d5' i.<V(d =`31 b/(G.;' cN 0? b/(; 5' 4j'3 ` ]j4. =`3 ]j4.  h(d
,;(/Zg ;' iGkN h'a./Z UkW/. 3/ 3'2R0N `/ ]k+ ij(j(~.. 

1 2

2


M

N N
ij(j(~; 

M = 3'2R0N `/ ]k+ .(KG'a. /'0B. 
N¡ = A(D..' h(d0N UN /'0B. T`' 3'2R0N J;a. c.G(j  

N¢ =  h(d0N UN /'0B.A(D..' X`/ 3'2R0N J;a. c.G(j  

 
 '45' U/'4Z 

1. \'3'2R0N )(..^':  h4.N/ ha6@^'/ Mj ` )T`' 3'2R0N( iWC' IK/Z UZ(? UK.<Z 3'2R0N `/.?3g  i;(k; XaWA
=5aZ0^0 آ? )(..^' )X`/ 3'2R0N( \a[HZ UkW/. =`3 3/ b0j/. 

2. kV`' IG'a. ` =5aZآ:c  3'2R0N `/ 4dc^a[^ ` (d0N ckV`' .;4eG �Ykd(GZ Gj4B. UZ(? h3'2R0N h([_d'3 b3'6R 5' ij(d  (d
/4N .G(j3/ '3.0^ 

3. ^a[^g j(j(~:i  ?a[6Z 5'25 �c,/(DZ 6  /`0/( c,/(DZ24 )0C3/ c+   `/ J;a. c^(R'05 .3aC c+ ` )(..^' iG/(D. 3aK
b3'6R UZ(? c,/(DZ 4d .0? h3'2R0N 3'2R0N  3/ cN /a+ ij(d05 T` h(d 2 �3  `4 ;' b0Zآ cV(KZ.. b3'6R UN /'0B.  h(d

h3'2R0N  ; c^a[^ ]j' 3/ b0?87 b3'6R 

1 2

2 2 74 148
0 / 84

87 89 176


  

 
M

N N
ij(j(~; 

ij(j(~ 3'0KZ 84/0 ( Ta,J U+(J /3'0^(.;' 0/ 5' 4.g(+07/0 ) ` b/a+\(@^ 0_d/f .;' iV(A ij(j(~. 

7O.G(Î .  Î(PÎFÎF/. 9PLپژ 
7-1. Î8Q: ÎJ'8G¯/ 7/ Î9(.G Î(6G .ÎG8> 
R ` h5(6Z h(HG =4.<B;a.g h3`(_G  �iK(,.3' h(dJKG ?gK' h(d3'6+' 3/ iVa/.  .kd(Z cOW+ �b/4O^ /(6j' i^(;3L+'3g 

 \(kZga&<Z\h1 4j(; ` \'0^`4e? �  c+ b/4.<R i;4.;/ �i^'4[O/ ]ja^ h(daSV' 3/ ..;' c..(; \aR4R/ 6k^ '3 \(BG^
b/'/ =/4R .A4; ` cja;`/ UZ(B. \(OZ' �.(AgK' 3/ h0j05 .'3(>.^' .;' b0? *,; (d  AaD.a/^f Yk[D.  iZa[A h4kR

                                                            
1. Holsti’s method  
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.kVa&<Z ` iZ cN .;' b0? Uj0,. h4.<+ c+ h5(6Z h(HG �4>_Z ]j' 5' ./4kR UO? \'4[O/ h(d/(e^ h4j2~ .kG47 0^'a.  h(d
cGVؤZ IK/.  b5a/ c; 3/ O(.0[A .kG47 ]j' .0_N GkBH. �*;(_Z(^ .j4j0Z .3aC 3/ (j .jaK. '3 h4e? i^'4[O/ iWC' h(d

3 /a.iZ \(@^ '  h(d/(e^ /4OW[A ` .(+aDZ �c5/a+ c+ Ia+4Z .(AgK' @j4; ` b/4.<R 3(@.^' Ij4K 5' .kG(G? �.<.^ :0d/
.;(~ �X`/ �h4e? cO,? Ij4K 5' ijaR c^(Z(; ` iA([.5' h(d j(O? .,1 h(d. (d  0_^(Z(^(Z(;g 137 ) cNWC(Gg  \'4j0Z \(kZ

]@kOkW~' Ij4K 5' .N3(@Z �Xa; �.;' b/'/ >d(N '3 \'0^`4e? ` h4e?  0_^(Z ij(d«X3'/4e? ]Z »c5/a+ h(d4.<+ `  h6j3
G4DZ 5' '3 \'0^`4e? cN i.N3(@Z  (+ ..;' b/4N Uj0,. T(BG i^'4S@_N c+ UBG_Z \(R0__N]j'  �T(/+46.g iZ \(@^ \'4e. 0d/ 

 /a,^ 3/X'6V' h/(e^ )a�3(�  3(..(; ` 3'0j(~ iV(Z .kG(G? �3`�3آ(~Ojg .;(k; h'4+ h3'6+' c+ 4.@k+ h5(6Z h(HG �h3'2S
iZ Uj0,. iBLKZ .(,V(LZ c.G(j �cZ'/' 3/ .3'0j(~ i.N3(@Z i^'4[O/ h'4+ h/(e^ (. /a? c,/(DZ 5' UC(/ h(d  *V(J 3/ (d

05 T` �(d 3' ]kZ(HZ ` (d0NiZ cG' /a?. 

O./(7G .(A䐧7ل'  H(¯0JM: 
~c^a[^ ..;' b0? X(6^' \a[HZ UkW/. =`3 ` iGkN /4Oj`3 (+ 4G(/ >d`8  cVaWR =`3 5' b/(G.;' (+ ` 0_[G0d .3aC c+ h4kR

 .j(e^ 3/ cN .G(j cZ'/' h4>^ ?(,?' 0/ (. iG4+25 .N3(@Z \'a_A c+ 4G^ b0__N UZ(?(  \(DD..Z ` \(R4,.5a/f  i^'4[O/
.;(k; �h4e?cBZ(5 �i;(k; XaWA �h5(6Z h(HG h3'2S .(K(,.3' ` i;(_?) b/'/ h3`4/آR 3'6+' .0^0? )(..^'  �(d,/(DZg 

c[k^ ]j`0. h([_d'3 (+ cN /a+ Ik[A c.G(j3(..(; ( h4>^ )a�3(� 9(;' 4+ b0?BZ(5g cO,? cGVؤZ ` 6W.;(N h'  i^'4[O/ h(d
 X(6^' )h4e?.G4R . .(D.@Zc,/(DZ  T`05 /4? c+ \(R0^a?1 :.;' 

FN0. 1. .'?䐧7ل' G./'7G H'¯0FN: 
G./'7G /'0?. H'¯0FN:  .G7 .䐧لÎ7/. H':ÎG :7.Æ ÎFÎ7/.  

25 
b(S@^'/ i[WA .&kd h(HA'  0ke? �\'4e. h(d

ij(,K(,K cZgA �i.@e+ h4.N/  �UW[V' ]k+ J+'`3 ` i;(k; XaWA
cBZ(5 .(K(,.3' �i;(_?   \'4S@d`8~a/5f  h5(6Z h(HG ` i^'4[O/  

N7':¯ Î7'6¯0¯ O./(7G 9' ..KG Î(P 
~b/(k~ 5' : c,/(DZ ].Z h5(; c[k^ h(d  (+ c.G(j3(..(;25 .GR iZ([. �\(R4,. 5' 4G^ X4^ /3'` (daR` 3'6G' MAXQDA  ` 0?

4G' 0_j.G4R X(6^' cW/4Z c; 3/ h3'2R0N:  3/W/4Zg  �5(+ h3'2R0N136 c,/(DZ ].Z T/ 5' ckV`' 0N  3'4..;' (d0? 3/ .W/4Zg 
 3/ J,.4Z h(d0N �h3a/Z h3'2R0N22 VaKZg c.;/ iA4G  3/ .0^0? h0_+W/4Zg  �i+(..^' h3'2R0N3/.j(e^ \a[HZ c;  iWC'

.;(~ �.N3(@Z( >V(� ` ijaR 0^0? ij(;(_? >d`8~ 4kR'4G ]kZ(HZ \'a_A c+ )h3(..(; h(d. 

FN0. 2.  7N.8G 7..8جG Î'G0¯ ÆGFؤG«.¯7';G» H'8G. Î8G: ÎF'8G¯/ 7/ 
G7':¯ 'G 'G0¯ 8Î7G. 

 3/ '3 \'0^`4e? c.<^'a. X3'/4e? ]Z /4K.jaV`' b7`4~ h0_+  h(dcW/Z  \(?
.0_N Uk./ c5/a+ i.N3(@Z h6j3  ` MW[. :/ �@+(_Z BkD.. 3/ .N3(@Z

>j'6G' '3 .kVa&<Z iZ .0d/ 
 )a_5 5' 4.@k+ 3(k<+ 4e? T([? IK(_Z 3/ X3'/4e? ]Z ]@kOkW~' 5' T(,K.;'

..;' T(.k6j/ G(O?  '3 .N3(@Z �T(.k6j/ /'a; ` i;4.;/ 3/ h4+'4+(^
c^g/(A(^ iZ .0_N 

JKG \'0^`4e? iZ  0_^'a.3' hb7`4~ ij(e^ .?a^4; (Z' �0_d0+   (d .;/
..;' h3'/4e? \(;(_?3(N ]j/([^ .N3(@Z  /L; c+ '3 .N3(@Z �.30J iBJ'` h3'2R'` X0A

T6_. i.3a@Z iZ .0d/ 
 93'0Z i.4+>^'/ i6_;4>^ 3/ .N4? c+ '3 \'5aZآ  h(d ]Z X3'/4e?

Ija@. iZ .0__N h3(,5' .N3(@Z  '3 .N3(@Z .V(C' �h3(,5' (j iKja@. h(d3(@G
=`0.Z iZ ./5(; 

^(Z(;g  Yd'4G '3 h4e? .(Z0. /a,e+ h'4+ /(e_@k~ .,1 \(OZ' ]Z \'4e.
..;' b/4N ]jg^آ i6_;4>^ T(^(N �T(.k6j/ h(d3'6+'  h(d =4.<R '3 .N3(@Z

 b/'/.0^' 
ck?(/ IK(_Z 3/  h' /4K 5' 0_[?ad i?aR ` .^4._j' ].?'0^ UkV/ c+ X/4Z

.0^4,. i+ X3'/4e? ]Z T(.k6j/ .N3(@Z 3(D/^' b`4R  h(dYN  3(_N .N3(@Z 0_j'4G 5' 3'/3a.4+
c.?'2R iZ .0^a? 

cO,? 4.<+ 3/ cW/Z h(d'3a?  h(d UkO@. iA([.5'b0? 0^'�  .30J (Z'
Yk[D. .0^3'0^ h4kR 

 h(d/(e^ 3/ h3aC .N3(@Z
iW/Z 

 .(Gj4@. c+ '3 .N3(@Z 3(k..' \`0+ 3(..(; /a5`
Uj0,. iZ .0_N 
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FN0. 3.  G. 7N.8G 7..8جG Î'G0¯ ÆGFؤG«.7'~ ÎÎN¯ »H'8G. Î8G: ÎF'8G¯/ 7/ 
G7':¯ 'G 'G0¯ 8Î7G. 
^(Z(;g 137  ` iS.G4S+آ U2Z h/3'aZ 3/cV(.^ U[A @j4; h3'/4+ iZ  �0_N

j(O? h'4+ (Z'. h(d .;(~ h3'/' .(GW.. ` iV(Z ..<k^ aR .;(~ i@_j6R ijaR .;(~  .(Z0. ` h3aG 3aZ' c+ /`0/Z ijaR
h3(..(; UG(<Z c^ �i/L; 

cO,? 3/ 3'/4e?  h(d i.4+ c+ iA([.5'/(K.^'(d \(@^ >_N'` iZ  (Z' �0d/
b0A` ]j' h4kSk~ h'4+ i[;3 3(N`5(; �kd   (d./3'0^ /a5` .;(~  ` iBLKZ ijaRX'6V'4k7 3`آ >_N'`  h(dc^(;3 ` h/4G  h' X(>^ ]j6Sj(5

.;(~ h/(e^ ..;' b0@^ ijaR 
 i^(S[d .3(>^ 6N4Z1888  GW.. =3'6R \'3'6d c^g(;.G(j3/ iZ  �0_N

..<k^ G(G? /3a.4+ ` h4kSk~ \'6kZ (Z' 
 3/ .kG(G? /a,^4G' 0_j

.;(~ ijaR 
 4j(.^ 3(@.^' X0Ah4kSk~ c^(Z(; c+ /([.A' �(d   (d '3

>d(N iZ .0d/ 
 3/^(Z(;g 137  id(R iV` �.<d YWkG ` :OA h3'2R3(+ \(OZ' 9g~
X(k~   (d?(53' b(,.?' 0/'` c+ iZ ./a? ^(Z(; 3/ i_G BK^c (d .;(~ ij'3(N �iS�3(~Oj ` i/'4K GBG  '3 ijaR

U..Z iZ .0_N 
 3/ .j(O? .,1 5' :~^(Z(;g 137  iD.@Z .WeZ (j h4kSd3 0N �kd

./3'0^ /a5` .;(~ h'4+ X'6V' 3(N`5(; \'0KG 3`آ .;(~ �ij'45' .^([G /a,^ '3 ijaR  U+(J4k7
h4kSk~ iZ .0_N 

/k54. \'0^`4e? iZ  3/ '3 /a. UO@Z 0_d/O,?g  X'4R(.<_j' (j :Oj'
4OG \a� 0__N /4LZ iZ @j4; \ga&<Z 0__N \(@^ >_N'` 4. iZ .0_d/ 

c^(;3 i_k@^(5  h(d c+ iA([.5'
c^(Z(; h(5  h(di[;3 

c^(Z(; GBG  h(d �i.V`/cO,? c+ '3 X/4Z  h(d
Ha; iA([.5' iZ 0d/ 

FN0. 4.  G. 7N.8G 7..8جG Î'G0¯«9F'چ Î7'..'7 Î'G » Î8G: ÎF'8G¯/ 
G7':¯ 'G 'G0¯ 8Î7G. 
Yk[D.  h4kR f3(+3/ g5/a+ .3'5` ` h3'/4e? �'3a? ]k+ i.N3(@Z
 3a@N.;/ c+ .;/ iZ ./a? h5'aZ h/(e^ h3(N  iR0_N'4~.kVa&<Z .;(~ �(d ]O[Z(^ '3 ijaR iZ .0_N 

cO,? Q_j4.WkG  h(d 0_^'a.^ \'0^`4e? 5' h3(k<+ b0? 0A(+ iA([.5'
 '3 /a. .'4>^ f3(+3/.0__N :OB_Z h3'/4e? /4OW[A 

 h(5 c+ iV4._N /4Oj`3
Yk>_. h4R 

 .j/`0/ZGkBH. '3 iZa[A .3(>^ ` .N3(@Z �i;4.;/ 
iZ .0_N 

 h3'/4e? g5/a+ �b/4N c_j6d X3'/4e? ]Z /4K .(>kW,. h'4+ i^gN
 5' iG(G? 3(Zآ (Z' fa/^..;' b0@^ 4@._Z .'3(,.A' BkD.. iV(Z .kG(G? /a,^  h'4+ h3'6+' c+ .N3(@Z �.kG(G? \`0+.kA`4@Z  h5(;

Uj0,. iZ ./a? 
c^(;3 /'a;  h' .(kG65 5' ?gK' \`0+ h3(k<+ �.;' ]kj(~ \'0^`4e?

b7`4~   (d3'h iZ .0_d/ 
 iA([.5' cj(Z4; GBG

T(.k6j/ ..;' h5(;0_[^'a. ` =5aZ0 آ_Z5(k^ c^(d(Rآ .N3(@Z 

 

~\(Z5(; ` cj(~ ]kZ(HZ 3'4..;' 5' :  ?a[6Z 5' b0_d/136  ` ckV`' 0N22 VaKZg 3'4..;' Ykd(GZ iZ([. �iA4G  3/ b0?
*V(J َ'+َ \(R7'`4UkW/. c.;/  \(R7'`4+' ]j' .0^0? h0_+\(@^ 0_d/f iA'6.^' /L;  *kN4. 5' cN 0_.<d >d`8~ Ykd(GZ ]j4.

 ]kZ(HZcj(~ \(Z5(; ` h' c+ b0_d/  b0Zآ .;/  �?a[6Z 3/ .0^'9  h(HG >K^ 5' iBk;` GkK cN 0? ij(;(_? iWC' \(R7'`4+'
iZ >?a~ '3 \'4e. h4e? i^'4[O/ Gj4B.5(+ 3/ h5(6Z .;(~ ` h4e? Mk^`4.OV' .N3(@Z 5' :0d/  (. c.G4R T(.k6j/ ijaR

 �.N3(@Z .kGkN �4e? 3/ T(.k6j/ .V'0Ac_j/(e^ .;(~ h5(;  h(HG 3/ h/(e^0_� i^'4[O/ �T(.k6j/ iA([.5' cj(Z4; �ijaR
َ' �cZ'/' 3/ .YN(/ i.;(k; h(d/4Oj`3 ` �h4e? h5(6Z+َ 3/ h4e? i^'4[O/ Gj4B.5(+ 3/ h5(6Z h(HG >K^ UkW/. \(R7'`4

T`05 5 iZ cG'3' /a?. 

FN0. 5.  FÎF/. H'¯;'N8.'9قF  Î9'.G Î'6GGÎ8?.9'. 7/ ÎF'8G¯/ Î8G:  
َ'.َ8 H'¯;'NFÎF/. 9قF  Î9'.G Î'6GGÎ8?.9'. 7/  ÎF'8G¯/Î8G: 

�h4e? Mk^`4.OV' .N3(@Z c5/a+ i6_;4>^ �)X3'/4e? ]Z( i.N3(@Z h6j3  h(d h(d'3a? )/'54e? �]Z \'4e.( h0^`4e? ]@kOkW~' �]jg^آ gW/ZT(.k6j/ 

.;(~ �T(.k6j/ ijaR  g^(Z(;137 �137  i^(S[d .3(>^ 6N4Z �9g~1888cO,? �  h(dj(O? h4kSd3 0N �\'3'/4e? iA([.5'. (d 
�h/4OW[A ` iV(Z .kG(G? =3'6R �c5/a+ ]jg^3 آ(@.^'  h(d .kG(G?b7`4~ c^(Z(; �(d  h(diV(Z .(GW.. .,1 

�4e? 3/ T(.k6j/ .V'0A T([? T(.k6j/ G(O?  /3'/3a.4+ IK(_Z 3/ .N3(@Z 3(D/^' �0_[?ad i?aR ` .^4._j' c+ 4+'4+(^ i;4.;/ �\'4e. )a_5 
�.N3(@Z .kGkN .30J FjaG. U+(KZ 3/ ]j/([^ .N3(@Z �iKja@./h3(,5' .N3(@Z U+(KZ 3/ c^(d(Rآ .N3(@Z 

c_j/(e^ .;(~ h5(; �ijaR X'6V'  h3`آc^(Z(;  .kG(G? �ij'45' .^([G �.;(~ i^a^(J .WeZ �(d 0_j'4Gh4kSk~ 
�T(.k6j/ iA([.5' cj(Z4; c^(;3 /'a;  h'c^(Z(; c+ /([.A' �\'0^`4e?  h(d Q_d4G �h3'/4e?c,V(LZ ]jg^آ h4R 

�h4e? h5(6Z h(HG 3/ h/(e^0_� i^'4[O/ h5'aZ  \'0KG �3a@N .3'5` �h3'/4e? �'3a? h3(N f46_~.;(~ 0/'` ijaR 
/4Oj`3  h(d�YN(/ i.;(k;  4+'4+ 3/ Q_j4.WkGYk>_. .;(~ 4+'4+ 3/ 'a./Z T4._N �0_[?ad h4R G(G? ijaR 



798    Î8G6 .G86Îپ Î7'6¯.س'Î7/ � سN7/ 7د'G6 �6 �5849 

 7(..(7¯.:Æ IÎG(6G  
\(Z5(; ]kZ(HZ 3'4..;' 5' :~  ]kZ(HZ ?a[6Z 5' b0_d/cj(~ \a[HZ 5' Mj 4d �h'  ` GkCa. '66Z iV`05 3/ iWC' h(d

` 0? UkW/. iZ \a_N'  *V(J 3/ '3 Ykd(GZ ]j' \(kZ J+'`3 \'a.Mj O,?g ]kZ(HZ  Yk;4.4N/ 3(..(; .O,?g  ]j' ]kZ(HZ
b3'6R UZ(? ]kj(~ /L; :.;' b0? id0^(Z5(; h/a[A /L; c; 9(;' 4+ >d`8~ c,/(DZ 5' 34..<Z X(. h(d  3/ cN( (d

T`05 h(d 2 / 4 \(Z5(; ]kZ(HZ UZ(? i^(kZ /L; �)0? cG'3' \آ g^a[^ c5/a+ 0_^(Z( b0_d/  �T(.k6j/ G(O? �i.N3(@Z h6j3
.;(~  �iBLKZ ijaRh5'aZ  4kR'4G \a[HZ c; UZ(? ijg(+ /L; ` )...` iV(Z .kG(G? /a,^ �h/(e^ h3(N«.N3(@Z» �

«.;(~ ijaR » `«>V(� h3(..(; h(d» .;' ]j' .O,?g iZ \(@^ ]kZ(HZ 0d/ VaKZg «>V(� h3(..(; h(d » \a[HZ \'a_A c+
~ ` .N3(@Z( 4Sj/ \a[HZ `/ 4+ �h6N4Z 4kR'4G.;( YeZ ` c..'0^' cj(; )ijaR  Gj4B.5(+ \0^(Z aWe~`/ ` BJ(^ 3/ UZ(A ]j4.

iZ )a</Z \'4e. 3/ h4e? i^'4[O/  c+ ./a? \(k+ �4Sj/+c .;(~ ` .N3(@Z GBG .;' ]O[Z cN ckV`' .?'/4+ Gg.  ijaR
 �0_N iKW. h3`(_G /a,[N 5' i?(^ '3O,?g iZ 3(O?آ >d`8~ ]j' ]kZ(HZ  cN /5(;@j3g >V(� �UG(<Z iWC'  �h/(e^ h(d

;' h3(..(; ` i.;(k;.. :~;� \(Z5(; 4kR'4G ]kZ(HZ iZ([. cj(~ ]kZ(HZ ` b0_d/  .3aC c+ 4G(/ >d`8~ h'4+ h/4+3(N h'
O,?g iZ cG'3' ]kZ(HZ /a? . 

8 .O.Î.J L ث/. Î8Î¯ 
\gN h4e? i^'4[O/ Gj4B.5(+ 3/ h5(6Z h(HG >K^ UkW/. ` ]kk,. G0d (+ 4G(/ >d`8~  `/ 4+ 0kN'. (+ �\'4e. 4e?GVؤZg 

.;(~ ` .N3(@Z h0kWN  Gj4B.5(+ c+ ij(d3(N`5(; c� Ij4K 5' h5(6Z h(HG cN /a+ ]j' iWC' >;4~ .0? X(6^' ijaR
\gN 3/ h4e? i^'4[O/ \'4e. 4e? b0kZ(6^' �.;' (+ BV(LZ g>d`8~ ]k@k~ h(d� iZ c+ \'a. ,W7g  iWkW/. 4+ iGkCa. /4Oj`3

h/(e^ )a�3(� ` c^'3`(_G .kG47 \(kZ MkOG. X0A `  ` c+ iG(N(^ c5a.L+'3g  .kGkN >d(N ` Q_j4.WkG \(kZ iOk.OV(j/
.;(~ ` .N3(@Z YeZ ` �ijaR  h5(6Z h(HG ].G4R E4G �c[d 5' 4.h/(e^ 4.<+ 5' UK.<Z ` c�3(~Oj h4k>.Z \'a_A c+  b3(?'

.?'/OgZ(N \4 آk1'. cN iV(/ 3/ � iS_d4G ` iBj5a. �i.;(k; 4.<+ c+ c.<+'` .;' .V(KZg XaeGZ (+ 4G(/  h5'/4~« h3`6kV(.(N
BJ(^ » ij(;(_? `«.;(k; i^`3/ FJ(_.\'4j' 3/ h5(6Z h(HG h3'2S »Yd( .N3(@Z h(d3'6+' i.<j5  h(d/4Oj`3 (+ 3a/Z

.j/`0/Z  6k^ ` )3a/ZG'3'g 3(Od'3h(d c.G(j 4+ i_.,Z i.(kW[A ;' b0Z4آ+ 䐣ل. ]j' \/4N 4~ /0C 3/ �i+46. h(d.. =5'/4~ 3/ 
>;4~ c+ >d`8~ iWC' \a[HZ UkW/. =`3 ` iGkN /4Oj`3 5' �Ij4K 5' (DZc,/ c[k^ h(d  (+ c.G(j3(..(;25  ` \(R4,. 5' 4G^

b3'6R Ik[A UkW/. 0? b/(G.;' 34..<Z h(d.  c+ c5a. (+ gW&<ZcN >d`8~  )a�3(� 5' 41'.Z b5'0^' c� (. Gj4B.5(+ ]j' .kGkN
.;' YN(/ i.;(k; ` h/(e^� c.G(j /'/ \(@^ >d`8~ h(d  \'4e. h4e? i^'4[O/ 3/ h5(6Z h(HG 5' :/3'/ c^(R`/ i@K^

Mj c+ �a;  .kG47 �3`6kV(.(N \'a_A i+ h(d cK+(; .;(~ ` .N3(@Z =4.<R h'4+ h'  3/ �4Sj/ ha; 5' �.;' b/3`آ Yd'4G ijaR
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)a�3(� )(k7 X'6V' h/(e^ h(d .kG47 ]j' �0_[?ad ِi.;(k; h(d/4Oj`3 ` 3`آ c+ O(.0[A (d   BJ(^ ` ]j/([^ �iBLKZ .3aC
c.G(j IK/. '0^ iZ cN .0kZ(^ BJ(^ h3`6kV(.(N '3 \آ \'a.  �\/a+ BJ(^ h3`6kV(.(N ]k[d (Z'\(@^ 0_d/f  h'4+ i[k>A Uk<^(.~

.kG47 (+ Q_d([d h/(e^ i/'4K5(+ cO^آ I4? c+ .;' Ta/.  ./4kR .3aC T(.k6j/ h(d 5'Mj  ]@kOkW~' 0_^(Z ij(d3'6+' �a;
«X3'/4e? ]Z »c^(Z(; `  h(d137  `1888 3/ '3 h4e? .j4j0Z ` \'0^`4e? I(,.3' i._; h(d54Z .kG47 ` c.<O? Yd  h(d

b5(. .;(~ ` .N3(@Z h'4+ h' b/4N /(6j' ijaR  �/a5aZ i.;(k; ` h/(e^ )a�3(� (+ Ik[A i^'a.[d(^ UkV/ c+ �4Sj/ ha; 5' .0^'
X'6V' ` c^g/(A �3'0j(~ iZ(>^ c+ .;' c.<^'a.^ h5(6Z h(HG 3`آ  i@j([^ ` iBLKZ .(,V(LZ h'4+ h3'6+' c+ 4.@k+ ` /a? Uj0,.

 T0+0? b ..;']k_/[d�  ` �/3'aZ i.4+ 3/ iKja@./h3(,5' .N3(@Z �\'4e. )a_5 ` T([? IK(_Z \(kZ Ik[A T(.k6j/ G(O?
.V'0A ` .V(C' cN 0_.<d iB^'aZ cW[5 5' cW/Z h(d'3a? 3/ h3aC .N3(@Z c?0. '3 .N3(@Z h3a/Z c..(; 3'/  .0^'.<dg 

.;' c.Ge^ YN(/ h/(e^ 3(..(; ` \'4e. c^'3`(_G .kG47 \(kZ I+(L. X0A 3/ iZ(N(^ ]j' h6N4Z. 
a[HZ'4G @^'aZ c+ >d`8~ �h3(..(; /L; 3/^ `/ 4d 4+ cN .G(j .;/ iGVؤZg .;(~ ` .N3(@Z c..'0^' cj(; ijaR  :0^'

h5'aZ Yk>_. h(5 c+ )Q_j4.WkG( iV4._N O(.0[A /4Oj`3 �3a@N .3'5` ` h3'/4e? �'3a? \(kZ h/(e^ h3(N  /a,^ �0_[?ad h4R
b7`4~ 3/ iV(Z .kG(G? c^(;3 /'a; iG(N(^ /L; ` �i.N3(@Z h(d c,/(DZ UkW/. .\(_N3(N ` \'0^`4e? \(kZ 3/ h' /'/ \(@^ (d 

]j' cGVؤZ /a. 5' i./ �0kN'. .0? 0k/ 5' h3(..(; @^'aZ .;(~ ` .N3(@Z h(d i^'4/+ 6k^ ijaR iZ i+(j53' 4.  c+ .0^a?\(k+ 
 �4Sj/W&<Zg  \'4e. 3/ iWC'«h3`(_G /a,[N » (j«..(;4j5 /a,^ » Y6<_Z /4,d'3 /a,^ �h/(e^ iS�3(~Oj \'0KG cOW+ �.<k^

 GBG ` T(.k6j/ i^'4[O/.;(k; \(kZ 0^ak~ 3/..;'45' ` h3'2S @[5 ]j' c+ 4G(/ >d`8~ �.j(e^ 3/ iZ h0_+  h(HG cN 0;3
X'6V' �3'0j(~ iZ(>^ .;' c.<^'a.^ \'4e. 3/ h5(6Z �0_N /(6j' h4e? i^'4[O/ h'4+ c^g/(A ` 3`آ /a5aZ .kBG` 5' 3'2R� 

c.G(j T/ 5' b0Z4آ+ cN .;' h/4,d'3 X'0J' 4_~ X6W.<Z . h(dc,/(DZ 5' 34..<Z h(d0N ` i+46 :.;' \(R4,. h(d 
1 5' iW/Z .V`/ >K^ Gj4B.5(+ .T4._N 0__Nf Yk>_. c+ G4C .kG47 5' cN 0_[?ad 4R .;(~ h'4+ h5(6Z h(HG h(d  ijaR

 c^ �0_N b/(G.;' .N3(@Z `JKG .h5(;/`0/Z  
2 =/4R X(>^ .kG(G? ` b/'/ i^'4[O/ .jaK. .c+ .(AgK'  c^aR b/'/ c+ \'0^`4e? cN h' b7`4~ ` /4OW[A �c5/a+ h(d  h(d

.0_?(+ c.?'/ YeG U+(J ` /'5آ i;4.;/ h4e?  
3c_j/(e^ . .;(~ h5(; c^(Z(; i/'4K Ij4K 5' T(.k6j/ ijaR X'6V' h(d  ` B.@Z i^a^(J .WeZ �c�3(~Oj h4kSd3 0N (+ 3`آ

 c^( ij'45' .^([GJKG >_N'` dcO,? 3/ iBLKZ h( .)iA([.5' h(d 
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