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Žî‹åŽïèò†ŠbØói@ çbØòŠìì†@ òìbà@ õòìbà@ bm@ oQPP@ ôîbîŠò†@ Þïà@@ }ôäbØòŠŽíu  DME @ô’óióÜ
a‹Ø@‘bi@a†óbi@ãó÷@ôàóvåŽïqN@{@@

@çbØóïäbb÷@ òìòŠaŠ@ ôä†‹ØónaŠb÷@ Žíi@ æŽî‹äò†a†@ óØ@ õóäa‹Žïàb÷@ ìó÷@ μŽïÝi@ ónîíŽïq@ a†òŠaíi@ ãóÜ
@ ça†ý@fi@ çóÙiŠbØ@ôÙŽïq@ íÙŽîŠói@ çbnòì@fiì@ôàaìò†Šóiói@ óØ@ æi@ ÚŽî‹Žïàb÷@oŽïiò†@õŠíØ@ ãóØ@ ì



 

 ١١

@ói@óäa‹Žïàb÷@ìó÷@oŽïiò†@ì@pbØbä@ŽßíjÔ@ÛóîóÜóè@ïè@a‡äbb÷@óÜ@óïmóàýó@ôÙŽïmóibi@óàó÷@óÙäíš
çaìòŠ@ ì@oaŠ@ôîbáåŽîŠ@ óØ@ æi@ ÚŽîŠŽíu}ÖïÔ†@{@ì@õŒŠói@ ì@ æŽîí’@ôåïäaŒ@ Žíi@ çaìóØŽì‹Ð@ ói@pa‡i

a‡äbb÷@óÜ@óØóØŽì‹Ð@õónaŠb÷N@@
@ õónŽîì@ ìì†@ çaíŽïä@ õòìbàVOR@ õ‹Žïàb÷@ ìì†@ çaíŽïä@ óÜ@ ôäbb÷@ ôÙŽîìòŠaŠ@ õ‰ŽîŠ†@ çbî@ 

VOR@ a†@ Z@ õ‹Žïàb÷@ ìì†@ çaíŽïä@ óÜ@ óØ@ òìbà@ æî‹mŠìì†VOR @õ‡äòíîóq@õónŽîì@ ìì†@ çbî@ a†@
@oŽî‹åia†@@óØ@a‡ä†‹Ø}QPPÞïà{@ói@Úîä@ómaì@óî@ôîbîŠò†@@õQXU@âØ}@òìòŠaí‚@õó“‚óä@õ‹îó

óÙiN{@@
@@
@ @

ì@ ÚÜóØ@ Žíi@ ôØòŠó@ õbàóåi@ŠóÜòŠóÜ@ óÜ@ çaìóØŽì‹Ð@ óØ@ óîòìó÷@ çbØóïäaìóØŽì‹Ð@ ò‹Žïàb÷@ óÜ@ æm‹ Šò
}Frequency@{@çb“ïånò†@Žíi@oŽî‹Ùi@ôäìŠ@ìbšŠói@oŽïäaímò†@òìò‹Žïàb÷@ìó÷@õìbä@ì@óbåŽïq@ì

@õónaŠb÷@ôä†‹Ø@õŠb ŽîŠbq@ì@a†óØòìòŠaŠ@ônaŠòìbä@ôÝŽïè@ôäbïà@óÜ@LóØóØŽì‹Ð@õónaŠb÷@ôä†‹Ø
ØóØŽì‹Ð@ õóïîŽíb÷@ òŠóiììŠ@ ìóÜ@ ça†óäýóÜ@ òì@ ó}óïÕÐýa@ óyb¾a@ {@çb“ïånò†@ óØòìòŠaŠ@ Žíi@ óØ

@@çbØòìa‹Ø@ õŠb ŽîŠbq@ óšìbä@ oŽî‹mìò†@ çbïŽïq@ •óäaŠóiììŠ@ ìó÷@ Lçìa‹Ø@ @
}Protected AirspaceN{@@

VOR
2

VOR
1

270°90°

100   nmi = 185 km . 

@@ôäbåŽïèŠbØói@ói@ôäbb÷@õìòŠaŠ@ôäbäa†@Žíi@çbØóî@ôØòŠó@bàóåiVORZ@@
äb“ŽïØ@ó“‚óäóiôäaìóØŽì‹Ð@õ‹Žïàb÷@óÜ@æm‹ Šòì@ÚÜóØ@õbàóåi@ŠóóÜ@ôäbb÷@ôØóîóŽđîŠ@ô VOR@

@óØ@oŽîiìbš@ŠóióÜ@òìó÷@oŽïiò†YUE@ìbä@óÜ@oŽïäaíni@ì@oŽî‹Ùi@Šó Žíà@óØóØŽì‹Ð@Žíi@æî‹Ð@ômbØ@õ
ŠaŠ@ ìó÷@ õónaŠb÷@ ì@ ó“‚óä@ oŽïiò†@ ómaì@ ômóàýó@ ói@ òìónŽïåŽï·@ a†óïäbb÷@ òìòŠaŠ@ ìó÷@òìò

@•óàó÷@ ì@ æšóäŠò†@ ôŽïÜ@ ì@ æåŽïåŽïéi@ õŠbØói@ æäaíni@ ó“ŽïØ@ fi@ çbØóØŽì‹Ð@ óØ@oŽî‹“ŽïÙi@ ÚŽîŠŽíuói
æŽî‹Øò†@òìòŠaí‚@õóäýb‚@ãó÷@ôä†‹ØìbšòŠóiZ@@



 

 ١٢

Q@ N@ çbî@oŽïiaŠ†@ âîbm@ aì@ óäa‹Žïàb÷@ ìó÷}Calibration@ {@ óÜ@ ç†‹ØóÜóè@ õò‰ŽîŠ@ óØ@oŽïia‹Ø@U@°@
oŽïšóäŠò†N@@

R@ N@ ãóuŠó@oŽïiò†@ói@oîíŽïq@ ì@oŽïiìa‹äaŒ@ôäbb÷ói@õŠíØ@ ì@ ãóØ@fi@ óØòìòŠaŠ@ Šó@õŠbïäaŒ
@oŽïiò†@ ‹m@ ôØóîbmaìói@ çbØóîŠbïäaŒ@ ôä†‹Øìaìóm@ Žíi@ pbØóä@ ‹m@ ôØóîòìbšŠó@ ïè@ Žíi@ òìóäaŠó 
@ìbä@ì@õŽí‚@õŒŠói@ì@æŽîí’@çìa‹íä@óØó“‚óä@ŠóóÜ@óØ@õóäbîŠbïäaŒ@ìó÷@õòìóåŽîí‚ói@çaìóØŽì‹Ð

@õàòŠ@ì@oŽîìóÙi@oò†@ôäbb÷ói@óØóäb‚óØŽì‹Ð@õŠìì†@ì@òìbà@ì@ónaŠb÷@ì@óØòìòŠaŠ@ì@óØò‹Žïàb÷
@oŽî‹Øbä@ ì@ a‡ïäaìóØŽì‹Ð@ óÜ@ óä‹ @ ŠŽìŒ@ pbØ@ óÙäíš@ ‹m@ @ ôØóîòìbšŠó@ ïè@ Žíi@ òìóäaŠó @ fi

pbòŠbØ@ôäa†ììŠ@ô‹móà@ŠóióÜ@oŽî‹Ùi@õŠbïäaŒ@õòìóä†‹ØŽíØ@ôäaìŠòìbšN@@
S@Nbä@óÜ@ónîíŽïq@òìóäbîŽíèói@oŽïäaíni@çaìóØŽì‹Ð@óØ@oŽïia‡Žïm@õaì@ôäaìóØŽì‹Ð@õ‹Žïàb÷@a‡’óØóØŽì‹Ð@ì

@õŒa‹àb÷@ oŽïiò†@ bmaìói@ çbØóîŠbïäaŒ@ ôä‡äbîó @ Žíi@ pbÙi@ õ‡äòíîóq@ a‡î‹Žî†ìbš@ ôäbØóÙåi@ Žßó óÜ
@ ÚŽïqíÙŽîŠ@ ôä†‹ØónaŠb÷@ õ‡äòíîóq}Precision@ @ {Žíi@ oŽïióè@ a†óØóØŽì‹Ð@ õóåïibØ@ ìbäóÜ@ìó÷@

ónóióàN@@
T@ N@ôä‡äbäóÜóè@ônóióà@Žíi@æåŽïèò†ŠbØói@óØòìòŠaŠ@óØ@õóäbäaìóØŽì‹Ð@ìó÷@ Žßó óÜ@oŽî‹Ùi@‰ŽîìaŠ

@ôäbåŽïè@ oò†ói@ Žíi@ òìóî@ ôäaìóØŽì‹Ð@ ôäóîý@ ì@ ç†‹ØónóuŠói@ ì@ ç‡äb−í @ çóîýóÜ@ @ óØòìòŠaŠ
ôäaìóØŽì‹Ð@ômóàýó@ônb÷@æî’biN@@

U@N÷@õìòŠaŠ@õ‰ŽîŠ†@ôäóîý@ì@óØòìòŠaŠ@ôäbq@ôåïäaŒ@ônóióà@Žíi@oŽîiìbš@ŠóióÜ@oŽïiò†@ôäbb
@õŠíib÷}oŽîìò†@ãóØ@ôäóàómí@pŠíØ@õìòŠaŠN{@@

V@N@Žßó óÜ@æî‹iØóî@çbî@òìóä†‹Ø@Žïq@ôàb−ó÷@óÜ@ónîíŽïq@óØ@õòŠóiìŠ@ìó÷@ôä†‹Ø@çb“ïä@oò†
a†‹m@ôäbØòìòŠaŠN@@

W@ NŽîìòŠaŠ@ ôäìíi@ ôä†‹ØìbšòŠ@òìóäíibïš@ çbî@ ‹m@ ôÙŽîìòŠaŠ@ Žßó óÜ@ æî‹iØóî@ çbî@ kîŠóm@ ôÙ
óØòìòŠaŠóÜN@@

X@N@õ‡äòíîóq@ì@òìa‹Ø@Ša†Šíå@çbî@æî‹Ð@Žíi@òìa‹ØóÌò†óÔ@çbïäbb÷@óØ@õóäbšìbä@ìó÷@óä‹ ŠŽìŒ
@ìó÷@ôäbb÷@óÙäíš@oŽîiìbš@ŠóióÜ@õŒbiŠó@õóšìbä@çbî@óîóè@òìóî@ôäbán“ïä@ô“îbb÷@ói

@óäbšìbäòìòŠaŠ@ìó÷@õŒŠói@æîàä@ôä†‹Ø@çb“ïä@oò†@ì@óØòìòŠaŠ@õónaŠb÷@Šó@óäóØò†ŠbØN 

 
 
 



 

 ١٣

@@
ôäbb÷@õìòŠaŠ@ôäbäìbäZ@@

@òì@ óîóè@ çbîìbä@ ì@ ónaŠb÷@ çbmóÜìò†@ ìŠb’@ çaíŽïä@ ôäbØbŽîŠb’@ ì@ bŽîŠ@ õìòŒ@ ŠóóÜ@ çŽíš@ íØòì
Žï’@ çbàóèói@ oŽî‹äò†a†@ Žíi@ çbï“ïmóÜìò†@ ñòŠbàˆ@ bèòìŠóè@ì@ ìbä@ ìàòŠ@ çbØóïäbb÷@ õìòŠaŠ@ òí

oŽî‹äò†a†@Žíi@çbîòŠbàˆN@@



 

 ١٤

@ ômóÜìò†íŽïä@ ôäbnŠb’@ ôåî‹Ð@ ôäaˆb÷ICAO@çb“ïä@ oò†@ ôÙŽïnïq@ ÚŽîìòŠaŠ@ òŠŽíu@ Šóè@ Žíi@
ŠaŠóÜ@ õòìóä†‹Øbïu@ ì@ ç†‹Ø@ çb“ïånò†@ ônóióàói@ òìì†‹Ø@óÜ@ ÚŽîìòŠaŠ@ Šóè@ õìbä@ ‹m@ ôäbØòìò

@ôØóîòŠbàˆ@ì@ÚŽïnïq}R@çbî@S@{òìímbè@ÚŽïq@óäb‚N@@
@ôäbØónïq@ çbØóïmóÜìò†íŽïä@õìòŠaŠ@ ŽíiA , B , G . R@óäí¹@ Žíi@ çbØòìòŠaŠ@ôäbäìbä@ Žíi@ òìa‹äa†@

@ ói@ ìbÐ@ óÜ@ çìíšŠò†@ bm@ ôqŽíÝ@ óÜ@ ×a‹ŽïÈ@ ôäìíjÝ‚a†@ ôÜb‚@ óÜ@ ômóÜìò†íŽïä@ õìòŠaŠ@õìbä
RWXTòìa‹äìbäN@@

@ôäbØónïq@çbØóïØòŠó@õŽí‚ìbä@õìòŠaŠ@ŽíiL , M , N , P@çaíŽïä@õìòŠaŠ@õìbä@óäí¹@Žíi@òìa‹äa†@
@aŠóàb@ì@óïäbióy@õónŽîìLQRVòN@@

@ çbØóïØòìý@ óïîŽí‚bä@õìòŠaŠ@ Žíi}Ë‹Ð@{@ôäbØónïq@ çbØóîH , J , V , W@Žíi@ bèòìŠóè@ òìa‹äa†@
Üóè@õóØŽì‹Ð@õìòŠaŠ@ônïq@ŠónqŽíÙïKòìa‹äa†@N@@

@ óÜ@ ôäbb÷@ õìòŠaŠ@ ôäbqQP@ bm@ ôîbîŠò†@ ôÝïàRU@ôîbáåŽîŠ@ çbØóäaìóØŽì‹Ð@ ì@ óî@ ôîbîŠò†@ ôÝïà@
ç‹Ñi@çbØòìòŠaŠ@ônaŠòìbä@ôÝŽïè@ŠóóÜ@ó“ïàóè@óØ@æŽî‹Øò†N@@

@ôîaŒŠóióÜ@a‡Ôa‹ŽïÈ@óÜ@çbØóïmóÜìò†íŽïä@õìòŠaŠ}QUPPP@{ìó÷@@pbØò†@fq@oò†@òìóîfq@óî@õŒŠói@
@óiLower limits@@@ì@oŽî‹iò†ìbä@çbØòìòŠaŠ@õ@Upper  limit@çbîaŒòŠb’@Ûòì@ãýói@óïäŽíi@çbî@@

@fäóîò†@çbØóØŽì‹Ð@óØ@Žßb‚@æî‹mŒŠói@μÜò†@a‡ïäaìóØŽì‹Ð@óÜ}UWPPP@bm@VPPPP@{@”îìó÷@óîfq
óîŒŠói@ìóÜ@óÙäíš@òìóîóØŽì‹Ð@ìó÷@ô’ìòŠ@ì@ôîóáØŽím@õŠŽíu@ói@ò‡äóibq@ì@ŽínóqóÜbq@õŠónØbÐ@òì

@õìòŒ@ôäb“ŽïØaŠ}óïiˆb§a@{òìóîbØ@ónŽî†@”ŽïØ@ìN@@
@õó’óiŠóè@ì@oŽî‹Øò†@•óia†@”îŒŠói@ônb÷@ŠóóÜ@çbØòìòŠaŠ@ a‡äbØóÍÜbiòŠóÔ@òìòŠaŠóÜ@Šbu@ŠŽìŒ

@óÜ@óäí¹@Žíi@oŽî‹Øò†@õ‹Žî†ìbš@òìóÙŽîŠónÙŽï@çóîýóÜQUPPP@bm@SPPPP@õ‹Žî†ìbš@ÚŽîŠónÙŽï@fq@
†@ìŠóóÜ@oŽî‹Øò†@çb“ïä@oò†@óØŽì‹Ð@ÛóîòŠbàˆ@ Žíi@ ì@pbØò}SPPP@{@‹m@ôÙŽîŠónÙŽï@òìóîfq

oŽî‹åŽïèò†ŠbØói@óØŽì‹Ð@‹m@ôØóîòŠbàˆ@Žíi@ì@pbØò†@õ‹Žî†ìbšN 
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@@
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@òìòŠaŠ@õòìóä†‹Øìþi@ ì@çb“ŽïØó“‚óä@ ì@ç†‹Ø@oìŠ†@ óÜ@ òŠbï‹qŠói@ ì@ ŠŽírq@ óØ@õó’ói@ ìó÷
@ @ @ @ óÜ@ çbØóïäbb÷}@ @ @ @ @ @ @ @çaÜa@ óÝ@{@oŽî‹mìò†@õfqAeronautical Information 

Services  }@AIS@{@ómaì}çaÜa@pbàíÝÉà@pbà‡‚{ @LçbØóïäaìóØŽì‹Ð@óîŠbïäaŒ@õŠaŒímóà‚
@çaìó÷@ì@óîa‡Íi@óÜ@ó’ói@ìó÷@a‡Ôa‹ŽïÈ@óÜ@LómóÜìò†@ôäaìóØŽì‹Ð@ômýóò†@ôä‹ @ôÙŽï’ói@ó’ói@ìó÷

Øó“‚óä@óÜ@æ‹qŠói@ônîíŽïq@õbàóåi@ŠóóÜ@óäaìòŠaŠ@ìó÷@ôä†‹ØŠbïå“Žïq@ì@ç†‹ÙnìŠ†@ì@çb“Žï
@õaì†@ çbØó“‚óä@ õòìóä†‹Øìþi@ ì@ ôäaìóØŽì‹Ð@ ômóàýó@ ôä†‹Ø@ μia†@ ì@ ôäaìóØŽì‹Ð

òìóäbØòŠa†@ õ‡äòíîóq@ óäóîýóÜ@ çbïä†‹Ø‡äóóqN@a‡ÙŽïmýìì@ ŠóèóÜ@ ôäbb÷@ ôÙŽîìòŠaŠ@ ÚŽïmbØŠóè
îýóÜ@ ì@ ìíi@ oìŠ†@óÜ@ oŽïiò†@ a‹Ø‡äóóq@ òìóïäaìóØŽì‹Ð@ ôäbØòŠa‡î‡äòíîóq@ óäóîý@ çó

@ôäbØónåŽïàŽíØŽì†ICAO@ì@IATA@ôäìíi@bå’b÷@Žíi@a‡äbéïu@ôäbØónŽîì@ìíàóèói@òìónŽî‹Ùiìþi@
a‡äbØón’ó @ômbØóÜ@çbïä†‹Øìò‹îóq@ì@çbØóïäaìóØŽì‹Ð@óäóîýN@@

@çbØóØŽì‹Ð@õòìóä†‹Øbïu}SeperationZ{@@
ŽîŠbq@ Žíi@ôä†‹ÙnìŠ†@ çbî@ ça‡ÙŽïq@ óÜ@ çbîòìóåmìóØŠìì†ói@ ì@ çbØóØŽì‹Ð@ ômóàýó@ ôä†‹ÙîŠb 

@ ôäaˆb÷@ a‡ïäbb÷@ õìòŠaŠ@ Ûóîìbä@ óÜ@ çbïåî‹Ð@ ômbØ@ õØóîŠóóÜ@ ô‹móàICAO@æî‡äóš@
@Ûóî@ŠóóÜ@a‡äbb÷@óÜ@ÛóîóØŽì‹Ð@ìì†@òŠŽíu@ìíàóè@Žíi@ónóióà@ìó÷@Žíi@òìbäa†@õbŽîŠ@ì@ôîbáåŽîŠ

b÷@óÜ@ óØóØŽì‹Ð@ ìì†@ Šóè@ õŒŠói@ çaíŽïä@ õŒaìbïu@ oŽïiò†@ ììŠóiììŠ@ õónaŠb÷@ ìì†@ çbî@ æiónaŠ
}QPPP{@ônb÷@ ŠóóÜ@ bèòìŠóè@ oŽïiòŠìó @ çbî@ oŽïi@ Ûí›i@ óØóØŽì‹Ð@ @ bu@ oŽïióä@ àóØ@ fq

çbØóØŽì‹Ð@õòìóä†‹Øbïu@Žíi@óîóè@pójîbm@ôØóïîbáåŽîŠ@‡äóš@”îŽíb÷N@@
òŠaŠ@ÛóîìbäóÜ@ómaìóØ@oŽïiò†@ a‡ïäbb÷@õìQPPP@ì@òìónŽïåŽï·@óØŽì‹Ð@ @ìì†@çaíŽïä@õòìbà@Ûòì@fq

óäbØóØŽì‹Ð@ômóàýó@ôä†‹Ø@μia†@Žíi@oŽî‹Ùi@Ž¶@õŠb ŽîŠbq@óîòìbà@ìó÷N@@

@@



 

 ١٧

a‹Ø@ŽßûäüØì@ìa‹äaŒ@ì@ãaŠb÷@ôîìò‹ŽîŠ@ôä†‹ÙîŠbî†@Žíi@óäbïäbb÷@òìòŠaŠ@ìó÷@ôî†í@a‡îbïm@óØ@òì
@ìó÷@ a‹mìì@íØòì@ LôäaìóØû‹Ð@ôÜûäüØ@ðäbØòŠónäó@õ†‹Žî†ìbš@‹Žîˆ@óÜ@çŠóqò‡Žïm@ a‡Žïq@çbØóØû‹Ð
@ói@ çbØóî‡äòíîóq@ òì@ óïä@ xŠóà@ õìòŒ@ Šó@ ôäbØŠónäó@ Žßó óÜ@ ça‡àò†Šói@ õ‡äòíîóq@ óÜ@ óäbØû‹Ð

Žßbå@ ìbma†@ ói@ óäbî‡äòíîóq@ ìó÷@ oŽî‹Øò†@ oŽïi@ ç†‹Ø@ óÔ@ ì@ ü ünÑ @ò‹Žïàb÷@ óÜ@ óØ@ oŽïi@
@òìóäbØóØû‹Ð@ ìbä@ ôäbØbmìbè@ óïäaìóØŽì‹Ð@ ò‹Žïàb÷@ çóîýóÜ@ oŽïšò†Šò†@ õìòŒ@ Šó@ ôäbØóïäaìóØû‹Ð
@óî@ ôîŒŠói@ óÜ@ óÙäíš@oŽî‹äaŒò†@ óØóØû‹Ð@ ôåŽîí’@ ì@ ónaŠb÷@ ì@ õŒŠói@ òìóäbîüè@ ói@ æŽî‹Žï ò†Šòì
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ãóØ@ ôØóîòìbàói@ òìónŽî‹Ùi@ ìíiòŠóÔ@ óä†‹ÙàóØ@ ìó÷@ óØ@ oŽî‹Øbä@ N@Šìì†@ õòìó÷üi@ òìóäaìó›Žïq@ ói

óÙmíÜ@ói@´“îó @óÜ@òìóåîìóÙi@~çóØóä@ãóØ@Ûóä@óäaˆû‹q@ìó÷@ónîíŽïq~@Šò‡ïmóàŠbî@ónîíŽïq@íÙÜói
béïu@õóäýb@ôàóèŠói@ôä†‹Ø†bîŒ@üi@æiôäN@@

@@
 @ôÜbóÜ@pìóä@bîb÷RPUP_@oŽïåŽïàò†@a† 

 
óÝŽîì@ a‡îóØóàýòì@ õaì†ói@ ômóîbÄû‹à@ õìaìóm@ óØ@ óîòŠbïnóè@ ŠûŒ@ ì@ Âä‹ @ òŠbï‹q@ ìó÷@ óàó÷@~

@ónŽïiò†@õòìóäíjàóØ@çbî@ì@çbàóä@ì@çbéïu@õŠíib÷@õŠbàò†b’@ómüi@ a†bnŽï÷@óÜ@pìóä@õòìó÷ŠóióÜ
çbî@çbnòì@ì@ŽðØìaŠóÜ†@ì@pbòŠbØ@õüèòìaì†@üi@ôäbéïu@ôä†‹Øó’ó @ônb÷@õòìóäaŠó @N@@

óîóè@õòìóäíjŽîíä@õbäaím@ óØ@óÙŽïäbàb@pìóä@óîa‹Ù’b÷@ N@óÜ@ óîa‡äíjnìŠ†@óÜ@ôàaìò†Šóiói@pìóä
a‡äbØòín“ïä@ õŒìóyN@ ói@ óØ@ bnŽï÷@ ôäbåŽïèŠbØói@ õò‹i@ ãó÷@ ãýóiUŠS@a‡ÙŽïÜb@ óÜ@ çóm@ ŠbïÝà@

@oŽî‹åŽïÝàó‚ò†~Œóè@ói@ò‹mòŠìó @ŠûŒòìónŽïiò†@òŒbm@óØ@õò‹i@ìóÜ@Šbu@Ša@N@a†bnŽï÷@óÜ@óØ@õómìóä@ìó÷
@”Žïq@oŽî‹åŽïèò†ŠbØóiUPPòìíi@oìŠ†@ a†ìì†ŠìíiaŠ@ôäbàò†ŠóóÜ@ì@ŠóiìóàóÜ@Žßb@çüïÝà@@ N@ü‚

@ôÜb@ôîbmüØ@bm@óØ@oŽî‹Øò†@ôåïj“Žïq@ aìó÷@oŽî‹åŽïéiŠbØói@pìóä@bnŽï÷@õò‹i@ì@òíŽï’@ãói@Šó ó÷
RPVPåŽï·@pìóä@@oŽïN@@

@@
@@



 

 ٢٤

 pìóä@ôä†‹ÙåŽïÜüq 
ômìóä@õŒbó“ïq@ ~@ IIìb‚@ômìóä@ HHôäìíi@oìŠ†@õóŽïu@ôŽïqói@pbØò†@æŽïÜüq@ IIóäìí¹@üiZM@

@çbî@‘bØóm@õaìb÷ˆûŠ@õóÜóÙŽïm@IIoä‹i@NHH@ô“ŽïØ@òìóîŠüu@ô“ŽïØ@õóŽŽîŠ@óÜ@”îŠbu@ŠûŒAPI 

@ IIAmerican  Petroleum  Institute @ HH@ ~Øóî‹š@ õóŽîŠóÜ@ çbîòìóîóII@ Ûí~@ãbà
‡äòìbä~‘ŠíÔHH@~ôåmìýbq@õóû‹q@ói@´ò‡Üóè@óØ@õóäbóØ@ìó÷@çbî@@~@ói@çóiò†@õìbäII@æî’

~ŠóÙ’ü‚Šó@çbî@HHa‡îbïm@†‹ ü @óÜ@ãóØ@ôÙŽî‹i@ôäìíi@ômbØóÜN@ói@çbîIIŽßbm@HH@ômbØóÜ@çóiò†@õìbä
a‡îbïm@ †‹ ü @ óÜ@ ŠûŒ@ ôÙŽî‹i@ ôäìíi@ Nä‡äbqüÜ†@ ói@ ônîíŽïq@ óØ@ói@ ´“îó @ üi@ óîóè@ ‹mbîŒ@ ô

ãóèŠói@üi@ôîóäaíŽïq@ômbÑ–aíàN@@

@@
@@

 óÜ@óïnî‹i@ÞïàŠói@üi@çbØóïäbéïu@óØóîZM 

QN oä‹i@õóÜóÙŽïmZM@óØ@QU@çbïnïä@ôàónï@ì@oä‹i@ôäbØóÝŽïØ@óÜ@ óîa†bïm@ômìóä@óÜ@ Šüu@
Õî‹Ðó÷@ì@ bqìŠìó÷@ óÜ@oîòŒ@ôàóèŠói@ôn“ @ôØóîòíŽï’ói@ì@pýóèˆûŠ@õ‡äý@oï’@õŒìóy@ì@ bï

pa†ò†@pìóä@ô‚‹ä@ôä†‹ÙîŠbî†@ôÜìóè@óØ@pbØò†@ŠórŽïm@aìb÷ˆûŠ@õŠíå@oaŠòìbä@ômýóèˆûŠN@@
RN ‘bØóm@ õaìb÷ˆûŠ@ õóÜóÙŽïmZM@ II@WTI@ HHWest Texas Intermediate @ômìóä@ üi

bÙî‹àó÷@õŠíØbiN 



 

 ٢٥

SN @õóiì†ZMÚïÑbi@ì@bïb÷@õóšìbä@üi@õŠbØò‡åîb¹@ôØóîóäb“ïä@Ûòì@oŽî‹åŽïèò†ŠbØói@üi@
oaŠòìbä@ômýóèˆûŠ@ômìóäN 

TN bîïÜbà@ óÜ@ ïibm@ ZM@õóšìbä@ óÜ@ Ûí@ ômìóä@ üi@ ÛóîòìbšŠó@ Ûòì@ oŽî‹åŽïèò†ŠbØói@
a†Šìì†@ômýóèˆûŠN 

UN bïíäò‡äó÷@óÜ@‘båïàZM@õóšìbäóÜ@‘ŠíÔ@ômìóä@üi@ÛóîòìbšŠó@Ûòì@oŽî‹åŽïèò†@ŠbØói@
a†Šìì†@ômýóèˆûŠN 

 õómóióIIóÝ@HHoŽî†@ÚŽïq@Úïqü÷@õóÜ@ZM 
QN @Ûí@ômìóä@Oõ†íÉ@ôiòŠóÈ@ôåï“äb’ 

RN Ûí@ômìóä@ôåäíi@Obî°óä 

SN õóiì†@ôÜbØ 

TN ÚïØóà@ó÷@IIóïä@Úïqü÷@ói@ŠóHH@@
UN @‘båïà@Obïíäò‡äó÷ 

VN @ça‹èó’@õóÜóÙŽïmO÷aŒóu 

WN oîýbäaíubïmOþŽîìòäóÐ 

ô‚‹ä@óØ@pa†ò‡Üìóè@ÚŽïqü÷@IIÚïqü÷@õómóió@HHaŠ@a‡àä@ì@ŒŠói@õŠíå@çaíŽïä@óÜoŽîi@N@†bîŒói
ãóèŠói@ ôä†‹ÙàóØì@ N@ŠûŒ@ ôÙŽîŠbØüè@ ónŽïji@ óØ@ pbØò†@ ŠaŒbi@ ôäbØòìóä†‹Ùï’@ óÜ@ aì@ •óàó÷

Âä‹ N@óÜ@ òŠíÔ@ óØ@ òìónŽî‹ ò†@”ïØí@ ì@‘ŠíÔ@ôàb‚@õóÜóÙŽïm@ Úïqü÷@õómóió@ bèòìŠóè
ì@oä‹i WTIN@@

 pìóä@ôäbØó‚‹ä@ôä‡äbäóÜóè 

üÌbÙï’@ õóšìbä@ óÜ@ ìó’@ ôåîäói@ ô‚‹ä@ IIŽîìüØüàü÷@ õó@ HHóîòìaì†óÜN@õóŽîì@ a‡ÙŽïmbØóÜ
IIÞ’@ HHüØüàü÷@ õóŽîì@ Ûòì@ òìómû†‹Øóä@ ŒŠói@ ô“ïmìóä@ ô‚‹ä@ ì@ óîa†òìó“Žïq@ óÜN@çaŠbu@ ŠûŒ

ô‚‹ä@üi@çbî@ˆûŠ@ô‚‹ä@üi@òìónŽîŠó ò†@pìóä@ô‚‹ä@üi@òìbšŠó@IIWTI Ûí@ôàb‚@ómaì@@HH@óÜ
þØü÷@ wåï’íØ@ ôäbØóäaíŽïq@ ôŽïq@ ói@ ÛŠüïïä@ õóŠüibàüèN@ômìóä@ õóŠüi@ óÜ@ oä‹i@ ô‚‹ä@ çbî

ôäbéïuHHüÐ@ãüÜü@ôäbØóäaíŽïq@ôŽïqóiN@@
@õóØò‹¹@Šó@ónŽïnóiò†@o“q@õ‡äím@ói@pìóä@ô‚‹ä@II@Ûòì@ÚŽîŠbØüè@‡äóš@ói@oŽî‹Øò‡îŠbî†@óØ

@çbî@õŠüu@ô“ŽïØAPI~a‡îbïm@oîØ@ôäìíi@õ‹iì@HHõóØóŽïu@ìN@@



 

 ٢٦

Ü@ oŽî‹ØbäòíŽïq@ ôäb ŠŒbi@ pìóä@ õŠûŒ@ õóiŠûŒa†óŠüi@ ó~@òìü‚ìónaŠ@ õóÜóàbà@ õóŽîŠ@ óÜ@ íÙÜói
a‡äbØóÜýò†@ çaíŽïä@ óÜ@ oŽïiò†@ N@óØ@ ìb‚@ ômìóä@ üi@ ÚŽïrò†@ ôÜb‚@ üi@ óäaíŽïq@ ónŽïiò†@ óàó÷@ Šbu@ ŠûŒ

òìa‹äa†@òìómþi@ôäbäa†@…‹ä@ôäaˆb÷@çóîýóÜNóäìí¹@üi@Z@óîóè@ìa‹ÙîŠbî†@ôØóîò‹¹@a†bqìŠìó÷@óÜ
pìóä@ óÜ~ŠbáÜüÄ@ Ûòì@ ~ô‚‹äói@ oŽî‹’û‹Ñi@ oŽî‹Øò†@ óØ@ IIoä‹iKRUŠPÞïàŠói@ Ûóî@ üi@ Šýû†@@NHH
oŽïšò‡Žïq@ II@ õò‰ŽîŠVU@ E@üi@ òìóäaŠó @ Žôiói@ oŽî‹Ùi@ ŽðuójŽïu@ a‡mìóä@ õŠaŒbi@ óÜ@ çbØóÜóàbà@ óÜ

oä‹i@ôàb‚@ôä‡äbäóÜóè@ ~óîóè@”ïä‹ @õ‹m@ôä‡äbäóÜóè@ÛòìŠóè@ Nõóiì†@Ûòì@ ~@ì@ïibm
Úïqü÷@õómóió@NŽîŠói@üi@oŽïåŽïèò†@ŠbØói@‡äòìbä@ãbà@ôÙŽï‚‹ä@ a†bÙî‹àó÷@óÜ@òŒì@õŠbïäaŒ@ôä†‹iòí

bÙî‹àó÷@üi@ìímbè@ômìóä@ôäbØòŠüu@ìíàóè@II@ôäbéïu@ômìóä@ô‚‹ä@ÛòìNHH 

 
@ôÜb@óÜ@pìóä@ô‚‹ä@õón“‚QXVQ@ôÜb@bm@òì@RPPW@@

@@
ói@ ÚŽïÝïàŠói@ üi@ óåïÔónaŠ@ ô‚‹ä@ ì@ pìóä@ ôäbäa‡‚‹ä@ ói@ oŽïnóè@ Úïqü÷@ oŽïšò‡Žïq@ õóÙîä@R@

ôÙî‹àó÷@õŠýû†@Na‡naŠòìbä@ômýóèˆûŠ@óÜ@pìóä@ÞïàŠói@Ûóî@ôäbåŽïèŠò†@@ô‚‹ä@ói@òŠójàaŠói@óØ@N
pìóä@ÚŽïÝïàŠói@üi@oŽî‹äò†a†@óØ@õóäb‚‹ä@ãó÷~@ôäbØóÈò†ìónà@ôånƒ“Žïq@ì@ç‡äóÙÜóè@õìí›Žïm

óîa†bïm@ômìóäN@ ónîíŽïq@ óØ@ óÙŽîŠbØüè@ ãóèŠói@õìí›Žïm@•óàó÷@õaŠòŠóoŽîi@ ìbšŠói@ óÜN@Ûóä
ìýóÙŽïm@ôÙŽïÝïàŠói@ôàóèŠói@õbàóåi@ŠóóÜN@ôånƒ“Žïq@õüè@òíi@Úïqü÷@ôàóèŠói@õòìóä†‹ÙàóØ

ŠíØbi@ õbîŠò†@ Ûòì@ ìíiäa‹ @ çbîìí›Žïm@ óØ@ çbåŽïéàóèŠói@ ôäbØóšìbä@ óÜ@ ãóèŠói@ N@õòìó÷@ ”Žïq
oŽïi@ôîbmüØ@a‡naŠòìbä@ômýóèˆûŠ@óÜ@õìaÜóè@ô ò†óîNŽïu@òì@çòìb‚@Úïqü÷@óØ@óïä@çbàí @õó

óîòŠìó @ôÙŽîŽïèN@@

http://upload.wikimedia.org/wikipedia/commons/8/87/Oil_Prices_1861_2007.svg�
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òŠûŒ@ õìí›Žïm@ ì@ óäa‹ @ ŠûŒ@ a†òŠaíi@ ìóÜ@ çbåŽïèŠóiòì@ üi@ ôn“ @ ôØóîòíŽï’ói@ μäaì‹Žïmói@ N@õüèói
@õòìóäíjàóØ@ õüè@ òíi@ a†ìì†ŠìíiaŠ@ õò†ó@ ôäbØò†òìóä@ õbmòŠó@ óÜ@ çbåŽïéàóèŠói@ õòìóäíjàóØ

aíi@ óÜ@ a‹Øò‡Žïq@ ô“ï÷@ óØ@ @ çbåŽïèŠóiòìa‡mìóä@ ôäbåŽïéàóèŠói@ õŠN@ŽôØŽïØ@ õüè@ òíi@ •óàó÷
@ôäýb@çaíŽïä@õòìbàóÜ@a‡äbØó‚‹ä@õòìóäíiŒŠóióÜRPPS@ì@RPPUa†N@õbäaím@óØ@ôäaínîóä@ÚŽïqü÷@ì

pbÙi@çbØó‚‹ä@óÜ@õŠb ŽîŠbq@ì@pbÙi@çaìa‹Ð@ôn“ @ôàóèŠóiN@@
@@

 @õüîbà@ôäbàóÜ@æîäói@ôäbØó‚‹äRPPX@ôäóàómìí@õóŽîì@óÜ@a†
Šò†óÜbïäŠüÑïÜbØ@óÜ@‡ÝïÑ‹Ùîbi@õòìò 

 
a‡äbéïu@óÜ@õŠíib÷@ô‚û†ìŠbi@Šó@ónŽïnóiò†@o“q@õ‡äímói@pìóä@ŠóóÜ@õŠbØaìa†N@•óàó÷@óØ

pìóä@ôäbØó‚‹ä@ôä†‹ÙîŠbî†@óÜ@óïîóåï›åi@ôÙŽîŠbØüèN@õa‹ÙŽïm@ôàóØ@‘båîŠíib÷@ôäaìbïq@óÜ@Žõ‡äóè
@ ôäbØó‚‹ä@ ôä†‹Ø†bîŒ@ üi@ òìóä‹Žï ò†@ ôäbéïu@ ôä†‹Øó’ó pìóäN@óØ@ óîòìó÷@ õbäbà@ •óàó÷

ìa‹ÙîŠbî†@ ôØóîbŽîŠ@ ói@ óïä@ Žïu@ ôäbéïu@ õó’ó @ ì@ pìóä@ ô‚‹ä@ çaíŽïä@ õ‡äòíîóqN@õaŠòŠó
@ì@ òímìóØaì†@ôØóîò†Šbî†@ óØ@õòìói@oŽî‹bäbä@ çaŠbu@ ŠûŒ@pìóä@ô‚‹ä@õòìóäíiŒŠói@ óØ@õòìó÷

a†óØòŠí@ôîbmüØ@óÜ@pa†ò†ììŠN@@
@@

@@

http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:May2008gasolineCA.jpg�
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@õüîbà@ôäbà@óÜ@æîäói@ô‚‹äRPPXa†@@
‡ÝïÑ‹Ùîbi@ôäóàómìí@ôØóîóŽîì@óÜ@~bÙî‹àó÷@óÜ@bïäŠüÑïÜbØ@@

@@
@ ôÜb@ õŠóîbäóî@ ôäbàóÜQYYYôàä@ ôÜb‚@ ón“îó @ pìóä@ ô‚‹ä@ a†N@ôàóèŠói@ ôä†‹Ø†bîŒ@ õaì†

ìóØ@ bïb÷@õóØóîŠíib÷@ ó“ŽïØ@ôäa†ììŠ@ômbØ@ çbàóèóÜ@ ×a‹ŽïÈ@ãóØ@pìóä@ ŠóóÜ@õŠbØaìa†@ †‹Ø@õa
òìónŽïjiN†‹Ø@õ†bîŒ@òŠìó @ôØóîòíŽï’@ói@pìóä@ô‚‹ä@õòìó÷@õaì†@N@ói@•ò‡äòìó÷@ìì†@òíi@póäbäóm

@ ôÜb@õüä@ ôäbà@ ôåmbèRPPPN@ôÜb@ôîbmüØ@ óÜ@ æîŒóia†@ ói@ òìò†‹Ø@ônò†@ ‹maì†RPPQ@ì@ a†
@pbéŽïÜ@õaì@bmóè@Šü óä@ôØóïîa‹ÙŽïm@ói@†‹Ø@õ†bîŒ@‹maì†@óÜ@ÞïàŠói@Ûóî@ô‚‹äTP@òíi@òìòŠýû†@UP@

@ôäbà@ôåmbè@ói@Šýû†Y@ôÜb@õRPPT@N@ôäbàóÜ@Ûí@õìb‚@ômìóä@ô‚‹äQQ@ôÜb@õRPPT@óÜ@a†
@ ón“îó @ ì@ ‡äaŠórŽïm@ôØŠüïïä@õóŠüi@ôäbØóä‡äþàó‚USŠýû†@N@ôäbàóÜ@ ìQRORPPT@ òíi@ a†UU@

Šýû†@ Níi@ ì@ †‹ÙŽïrïnò†@ çbØó‚‹ä@ôŽïØŽïØ@ ‹maì†@ì@ æîäói@ ŠóóÜ@õŠbØaìa†@ôä†‹Ø†bîŒ@õüè@ ò
@ÚŽîŠ@ôØóîòíŽï’@ói@çóÙiŠbØ@æäaímbä@çbØó ìýbq@óØ@õòìóÜ@ôÜ†ìì†@ôäìíi@oìŠ†@õüè@òíi@ì@Žßî†

ÚŽïq@ ì@ N@ ôäbà@ õbmòŠóbm@ @ ìíi@ ãaìò†Šói@ óîóÙ›ŽîŠ@ ãó÷XORPPU@ ~@õaì@ ÛŠüïïä@ õóŠüi@ ŽômbØ
@óÜ@ìb‚@ômìóä@ôäbØó‚‹ä@õò‡åîb÷@óØ@ìíšüiVU@ŠóóÜ@õŠbØaìa†@óØ@a‡ÙŽïmbØ@óÜ@pbØò†@ŠórŽïm@Šýû†@

çbØó‚‹ä@ óäa‡ŽîíŽïi@ oŽïåŽï·Šóè@ æîäói@ N@ói@ òìóä†‹Ùïäb ŠŒbi@ ói@ oŽïnò‡Üóè@ ÛŠüïïä@ õóŠüi
òìòìb‚@ ômìóä@ IIóîa†bïm@ ôï’ò‡åîb÷@ ônójŽî‹ @ óØ@ NHH@ôäbØó‚‹ä@ ôä‡äbäóÜóè@ üi@ óîbàóåi@ óØ

ŽîŠ@ óÜ@ a†bÙî‹àó÷@ óÜ@ ìb‚@ ômìóä@õóŠüi@ Žõ‡äóè@ ì@ òìóbØóm@ õaìb÷ˆûŠ@ õóÜóÙŽïm@ ômìóä@ õó
a‡äbØóïîò‡åîb÷@óïmìóä@ónójŽî‹ @óÜ@çóØò†@óÜóàbà@óØ@çóè@”î‹mN@ômóÜìò†íŽïä@ômìóä@õóŠüi@Ûòì

òìónä‹i@ôàb‚@Šóói@pbØò†@óÜóàbà@óØ@çò‡äóÜ@óÜN@@
 @ôÜb@ômìóä@õò‰äómRPPX 

Šói@ óäbnŽï’@ ôØóîòíŽï’ói@ pìóä@ ôäbØó‚‹ä@ ôÜb@ ôîbmüØ@ óÜ@ òìüiŒRPPWa†~@óïî‹ŽîŠ@ ÛóîòíŽï’ói
@óÜ@a†òìóäíiŒŠói@óÜ@‡äbÙ’@ôäbØóïîóäaíŽïqVP@ôÜbóÜ@ÚŽïÝïàŠói@üi@Šýû†@RPPW@õbmòŠó@ì@RPPX@

@óÜXP@ôäbàóÜ@ì@†‹ÙîŠórŽïm@Šýû†@SORPPX@Šbu@ãóØóî@üi@QPP@ón“îó @ì@‡äaŒói@ôÙî‹àó÷@õŠýû†@
ì‰Žïà@óÜ@ôäbØónb÷@æî‹mŒŠói@ôäbàóÜ@ÚŽïmbØ@ a†ìVORPPX@õóÙîä@ ón“îó @ a†RWŠQTW@üi@ Šýû†@

ÚŽïÝïàŠói@ ~@õŠbØaìa†@ ŠóóÜ@‘‹m@õüèói@•óàó÷@ òìómbè@ æîŒóia†@ ìòŠói@ ì@ ‡äbîb‚óä@ õŠûŒ@ ãýói
@ìíi@ìíäb‚@ì@ŠaŒ@ì@õìòŒ@ôåèòŠ@õóØòŠbØüè@óØ@òìóïäbéïu@õŠíib÷@ôäìíióÐó‚@õüèói@ôäbéïu@N
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@ ôäbàóÜQPORPPXìóä@ ô‚‹ä@ @ a†@ üi@ õŒóia†@ pVP@óÜ@ ónb÷@ æîàä@ óØ@ ÞïàŠói@ Ûóî@ üi@ Šýû†@
a‡ÙŽïÜb@õòìbà@N@ôäbà@ÛóîòíŽï’óiQPORPPX@ÛóîòíŽï’@ói@pìóä@üi@oŽî‹äò†a†@Âäbà@æîqa‹‚@ói@

@ õò‰ŽîŠ@ óiSR@ E@ ôäbà@ óÜ@ béäóm@ ì@ õŒóia†@ õóØó‚‹äQPORPPX@ì@ a‡’bnŽï÷@ óÜ@ ì@”î‹maì†@ ì@
@ôÜb@ôäbØóäbà@õbmòŠóóÜRPPY@çaíŽïä@óÜ@pìóä@ÞïàŠói@Ûóî@ô‚‹ä@a†TPMUP@ãä@ìŒŠói@Šýû†@

pbØò†N@@
 óîóè@çbïmìóä@ôàóèŠói@æî‹mŠûŒ@õóäbmýì@ìó÷ 

ôÙî‹àó÷@ômóàíÙy@õòŒì@ôäbØòŠbàb÷@ôŽïqói@N@ôàóèŠói@óäbmýì@ìó÷@òìòŠaí‚@õý@õóîòíŽï’@ãói
òíióè@çbïmìóä@Na‡ÙŽîˆûŠ@óÜ@ÞïàŠói@çüïÝàói@~bïàóèŠói@õ‹i@ôŽïqóiçZM@@

QN õ†íÉ@ôiòŠóÈ@ôåï“äb’@@
RN ×a‹ŽïÈ 

SN bïìŠ 

TN ça‹Žï÷ 

UN ÚïØóà 

VN μš 

WN wîìŠóä 

XN a†óäóØ 

YN þŽîìòäóÐ 

QPN ìím‹Øóî@ôiòŠóÈ@ômaŠbáï÷ 

QQN oŽîíØ 

QRN bî°óä 

QSN ìím‹Øóî@ôåï“äb’IbïäbnîŠóiHH 
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@@
@@
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ó÷ÙŽîŠ@ónïÜ@ãbäóè@ì@ãóèŠói@õ‹i@ôŽïqói@òìa‹ƒò†Š@@
@IIRPPW@II@HH@@ÞïàŠói@ŠaŒóèOˆûŠHH 

Œ@@pýì ãóèŠói ò†Šbäóè Œ@@pýì ãóèŠóiò†Šbäóè

 بية السعوديةالعر المملكة  ١
§ 

١٠،٢٤٨٨،٠٣٨ 
١٠

٢،٦١٦٢،٢٩١ § الكويت 

٢،٥٦٥٢،٣٤٠ النرويج ١١ ٧،٠٥٤ ٩،٨٧٤ روسيا  ٢

٢،٣٥٣٢،٠٨٢ § نيجيريا ١٢  ٨،٤٥٧ المتحدة الولايات  ٣

 ٢،٢٧٧ البرازيل ١٣ ٢،٣٢٦ ٤،٠٣٤ § إيران  ٤

٢،١٧٤١،٩٠٧§ الجزائر ١٤  ٣،٩١٢ الصين  ٥

٢،٠٩٧١،٥٠١ § العراق ١٥ ١،٣٨١ ٣،٥٠٠ المكسيك  ٦

١،٧١١  § أنغولا ١٦ ١،٠٥٥ ٣،٤٢٢ آندا  ٧

 العربية المتحدة الإمارات  ٨
§ 

٢،٥٠٧ ٢،٩٤٨ 
١٧

١،٥٨٤  § ليبيا 

١،٢١٣ آازاخستان ١٨ ١،٩٦٠ ٢،٦٧٠ § فنزويلا  ٩

@@
@@
@@

@ @ 

http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D9%85%D9%84%D9%83%D8%A9_%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D8%B3%D8%B9%D9%88%D8%AF%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%83%D9%88%D9%8A%D8%AA
http://ar.wikipedia.org/wiki/%D8%B1%D9%88%D8%B3%D9%8A%D8%A7
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%86%D8%B1%D9%88%D9%8A%D8%AC
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%88%D9%84%D8%A7%D9%8A%D8%A7%D8%AA_%D8%A7%D9%84%D9%85%D8%AA%D8%AD%D8%AF%D8%A9
http://ar.wikipedia.org/wiki/%D9%86%D9%8A%D8%AC%D9%8A%D8%B1%D9%8A%D8%A7
http://ar.wikipedia.org/wiki/%D8%A5%D9%8A%D8%B1%D8%A7%D9%86
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A8%D8%B1%D8%A7%D8%B2%D9%8A%D9%84
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B5%D9%8A%D9%86
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AC%D8%B2%D8%A7%D8%A6%D8%B1
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D9%83%D8%B3%D9%8A%D9%83
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B9%D8%B1%D8%A7%D9%82
http://ar.wikipedia.org/wiki/%D9%83%D9%86%D8%AF%D8%A7
http://ar.wikipedia.org/wiki/%D8%A3%D9%86%D8%BA%D9%88%D9%84%D8%A7
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D9%85%D8%A7%D8%B1%D8%A7%D8%AA_%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D9%85%D8%AA%D8%AD%D8%AF%D8%A9
http://ar.wikipedia.org/wiki/%D9%84%D9%8A%D8%A8%D9%8A%D8%A7
http://ar.wikipedia.org/wiki/%D9%81%D9%86%D8%B2%D9%88%D9%8A%D9%84%D8%A7
http://ar.wikipedia.org/wiki/%D9%83%D8%A7%D8%B2%D8%A7%D8%AE%D8%B3%D8%AA%D8%A7%D9%86
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 @ôÜbóÜ@çbïä†‹Øò†Šìbè@õ‹i@ôŽïqóiRPPSa†ZM 
QN @ôåï“äb’õ†íÉ@ôiòŠóÈ@@
RN wîìŠóä 

SN ça‹Žï÷ 

TN ìím‹Øóî@ôiòŠóÈ@ômaŠbáï÷ 

UN þŽîìòäóÐ 

VN bî°óä 

 
WN ÚïØóà 

XN ÷aŒóu 

YN bïjïÜ 

@@

 

http://ar.wikipedia.org/wiki/%D9%85%D9%84%D9%81:Oil_reserves_2005.jpg�
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@ôÜb@pìóä@ô ò†óî@IIRPPWHH@@
@IIÞïàŠói@ŠaŒóè@OˆûŠHH@@

 

Œ@@pýì Ãò†óî Œ@@pýì Ãò†óî 

العربية  المملكة  ١
 السعودية

٢٦٢٫٣ 
٩ 

 ٤١٫٣ ليبيا 

 ٣٦٫٢ نيجيريا  ١٠ ١٧٩٫٢ آندا  ٢

 ٣٠ آازاخستان  ١١ ١٣٦٫٣ إيران  ٣

 ٢١ المتحدة الولايات  ١٢ ١١٥ العراق  ٤

 ١٦ الصين  ١٣ ١٠١٫٥ الكويت  ٥

 الإمارات  ٦
العربية المتحدة

٩٧٫٨ 
١٤ 

 ١٥٫٢ قطر 

 ١٢٫٤ المكسيك  ١٥ ٨٠ فنزويلا  ٧

 ١٢٫٣ الجزائر  ١٦ ٦٠ روسيا  ٨

 ١١٫٨ البرازيل  ١٧   

ôåïjŽïmZM@@
pìóäóÜ@õóØóàóèŠói@ìíàóè@õóÙîä@ôäbåŽïèŠbØóiói@oŽïnò‡Üóè@bÙî‹àó÷@ôäbØòím‹Øóî@ómýìN@@

@@

http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D9%85%D9%84%D9%83%D8%A9_%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D8%B3%D8%B9%D9%88%D8%AF%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D9%85%D9%84%D9%83%D8%A9_%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D8%B3%D8%B9%D9%88%D8%AF%D9%8A%D8%A9
http://ar.wikipedia.org/wiki/%D9%84%D9%8A%D8%A8%D9%8A%D8%A7
http://ar.wikipedia.org/wiki/%D9%83%D9%86%D8%AF%D8%A7
http://ar.wikipedia.org/wiki/%D9%86%D9%8A%D8%AC%D9%8A%D8%B1%D9%8A%D8%A7
http://ar.wikipedia.org/wiki/%D8%A5%D9%8A%D8%B1%D8%A7%D9%86
http://ar.wikipedia.org/wiki/%D9%83%D8%A7%D8%B2%D8%A7%D8%AE%D8%B3%D8%AA%D8%A7%D9%86
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B9%D8%B1%D8%A7%D9%82
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%88%D9%84%D8%A7%D9%8A%D8%A7%D8%AA_%D8%A7%D9%84%D9%85%D8%AA%D8%AD%D8%AF%D8%A9
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%83%D9%88%D9%8A%D8%AA
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B5%D9%8A%D9%86
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D9%85%D8%A7%D8%B1%D8%A7%D8%AA_%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D9%85%D8%AA%D8%AD%D8%AF%D8%A9
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A5%D9%85%D8%A7%D8%B1%D8%A7%D8%AA_%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D9%85%D8%AA%D8%AD%D8%AF%D8%A9
http://ar.wikipedia.org/wiki/%D9%82%D8%B7%D8%B1
http://ar.wikipedia.org/wiki/%D9%81%D9%86%D8%B2%D9%88%D9%8A%D9%84%D8%A7
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D9%83%D8%B3%D9%8A%D9%83
http://ar.wikipedia.org/wiki/%D8%B1%D9%88%D8%B3%D9%8A%D8%A7
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AC%D8%B2%D8%A7%D8%A6%D8%B1
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%A8%D8%B1%D8%A7%D8%B2%D9%8A%D9%84
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çbØòìbšŠóZM@@
MMMMMMMM@@

 @ lbnØ@@ OîíÜa@ öõŠaíÜa@ óÜbyóÝ@ O@ tŠaíÙÜaæî‹“ÉÜa@ ç‹ÕÜa@ ôÐ@ ò‹án¾a@ Ojames howard 

kunstlerORPPU 

 lbnØOŒa@óà†bÕÜa@oîÜa@pbà@ORPPT 

 lbnØOßìi@‡uíîý@OoîÜa@‹—È@öbénäaORPPT 

 lbnØOÍi@ŒíÑÜaåßìjÜa@óáï@Oamory b.lovinsORPPT 

 lbnØ@OHubberts Peak@OÚï’íÜa@ô¾bÉÜa@oîÜa@vÈORPPS 

 lbnØ@O×‹Üa@×Ñà@ôÐ@óÔbÜa@OÅäóÝàb’@pbÉÔímì@ò‹@OSmil VaclavORPPS 

 lbnØ@O@ˆíÑåÜaì@òì‹rÝÜ@ôázÝ¾a@ßìjÜa@ÖïÕ¥@ODaniel YerginOQYYQ 

 lbnØOìjÜa@óÈbå–@@ôÙî‹àýa@ß@Oßìýa@ö§a@Ób“nØýa@‹—È@O  

Harold F. Williamson and Arnold R. Daum@OQYUY 

  lbnØOìjÜa@óÈbå–@@ôÙî‹àýa@ß@O@ö§a@@ôäbrÜa@‹—ÈÜaóÔb@O 

Harold F. Williamson and Arnold R. 
Daum,RalphL.Andrson,GilbertC.Klose @OQYVS@@
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@ @
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a‡äbàòŠbu@ ãó÷@ õó’ü @ óÜ@õbŽîŠ@ õ‡îb@ ìì†@ ôä†‹Ùäaìa‹Ð@ õòˆû‹q@
@ôäbáŽïÝ–m@@oŽïiò†@õòŠìó @õŠóîŠbØ@ì@óä‹ @ôØóîòˆû‹q@óØ@òìò†‹ØŠóói@çbàóuíÝb

üšímbè@ôä†‹Ùäbb÷@ŠóóÜ@ôÍÜbiòŠóÔ@õòìóä†‹Ø@ãóØ@ì@ôäbáŽïÝ@õŠb’@üi@ç†‹Ø@ ~@õììŠ
ŽîŠói@ ò†‹Ø@ çbàŠbï‹q@ çaŠbîŒa‡äó÷@ ça@ I’@ |Üb–@ Šòíäó÷@ ÒîŠó@ H@ô’ói@ õìa‹‹rŽïÜ

@ŠbîŒa‡äó÷@ì@óØòˆû‹q@ôàóØóî@IŠb ŒŠ ‡ïÉ@ôÝÈ@@H@@óØòˆû‹q@ôàóèìì†@ô’ói@õìa‹‹rŽïÜ
@òìóåîa†@çbïàłòì@óîòíŽï’@ãói@ìZM 
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@ôä†‹Øò†bàb÷@ZçaŠbîŒa‡äó÷@õŠbÄü @@
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@ŠbîŒa‡äó÷@@

ÒîŠó’@|Üb–@Šòíäó÷@@
@óØòˆû‹q@ôàóØóî@ô’ói@õìa‹‹rŽïÜ@@

]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]@@
@ @

M a†óîòˆû‹q@ ãóÜ@ óáŽï÷@ õó’ói@ ìó÷óØ@ æîóÙi@ çbmŽîŠói@ õŠa†b b÷@ μäaŒó÷@ ônîíŽïqói@L@
bïn‚ói@ô‚bi@üi@pbØò†@Žðq@oò†ŠbåšŠó@ôäbïîŠ@Šaíš@õóÙÜíÐóÜ@õŠN@@

M @ÚŽîŠbï‹q@‡äóšói@òìò†‹Ø@Šóói@çbnäbàóØòˆû‹qóØ@æîóØó÷@çbnbqí@ŠûŒ@a‡mbØ@çbàóèóÜ@
@Ûòì@ ì@ õŠbïäaŒ@ Ûòì@ òìóåîò†ó÷@ çbnäbØòŠbï‹q@ ôàýòì@ òìóàazï÷@ ìŽîŠói@ óáŽï÷@ òì

òìóä†‹ÙäììŠN@ 

t@OŽïu@õóØûi_@a‡Üóè@õŠóòíŽîíØóÜ@óîòˆû‹q@ãó÷@ôä†‹ÙŽïuój@ @
@õbŽîŠ@ ò‡äóšŠóè@ L@ ôäbáŽïÝ@ õŠb’@ üi@ óî@ ðØòŠó@ ì@ Âä‹ @ ôÙŽïÜó‚†óà@ óàó÷@ õòìó÷ŠóióÜ@ @

@ôäbáŽïÝ–@póiŠóÈ–†òóîóè@çb‚‡åiŠ@@NŽïÈ@ôäbØòŠb’@ìíàóè@Lóåî‹m@ôØòŠó@çbîóàó÷@ãýói@×a‹
ò‹ŽïÜ@çbn†ŠíØ@ôáŽîŠóèìóåŽî†@òìÝ@õŠb’@ìbä@@òìóïäbáŽïN@@

¶íàóyóm@ãýói@Lò‡îbìì†@óØbŽîŠ@ò‡äóšŠóè@pbØbä@üšìímbè@õòŠûŒ@òŠb“Ð@ìó÷@@N@çóîýóÜóîüi
@ õóîýŠóèóØ@ aŠ†@ Šbî‹i@ òìóî@ ðäbáŽïÝ@õb ŽîŠbq@ ôäóàí−ó÷@ IQP~U@ ã@@ H@üi@oŽî‹Ùi†bîŒüi@ õ

@æîóÜŠaíšói@oŽïji@õóîýŠóè@õòìó÷ILaneN@H@@
@@
@@
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t@OäüÔóÜ@ÚŽïbi@ômŠíØóióîbÙm_@çóÙi@óØòˆû‹q@ôä†‹ÙŽïuójŽïuì@ôn’ŠóqŠóì@æîaî†@ôäbØóÌb@ @
@õbïäbràüØ@çóîýóÜ@óîòˆû‹q@ãó÷@I@lbïèaŠ@H@ôäaŠbîŒa‡äó÷@çóîýóÜòì@òìa‹Ø@æîaî†@òìóïäa‹Žï÷@õ

@ õbïäbràüØ@ çóîýóÜòì@ oŽî‹Øó÷@ ôn’ŠóqŠóòìóïäbáŽïÝ@ õb ŽîŠbq@ I@ çûŠbÙïi@ H@ôØŠím@ õ
@ŽðuójŽïuòìóî@oŽî‹Øó÷N@@

t@OŽïm_@ò‡äóš@óØòˆû‹q@ôäí›@ @
QXQRQTRPQQR@ @òŠbåî†@Iïiì†óŠaíšì@çüïÝà@Ûóîì@oïi@ì†ó@ìŠbïÝà@ò†ˆóè@ì†óì@ŠaŒóè@o

@òŠbåî†@òäaì†N@H@@

t@O_@ò‡äóš@óØòˆû‹q@ôäíiìaìóm@õòìbà@ @
IW@@H@@õŠaìŠóióÜ@Âäbà@pìóy@@IQOYORPPXH@@@@

@@

t@OŽïu@õbŽîŠ@ŠóómóäímbèóØ@çìíi@ðš@óäbnÐ‹ @ìó“ŽïØ@ìó÷_óØòˆû‹q@ôä†‹ÙŽïuój@ @
óØòˆû‹q@ôä†‹Ø@Žðq@oò†@õbmòŠóóÜ@äbnÐ‹ ì @ãó÷@ó@Ûòì@çìíióèZM@@@

@biòŠbØ@õ†íàóÈ@ôä†‹iýN@@
ôä†‹iý@õòìóånaí ì@Þïm†ŠíØ@ômþjŽïØ@N 

@õŠòízïà@ômþjŽïØ@ôä†‹iýIIQ net@H@õòìóånaí ìN 

@ôäbáŽïÝ@õìb÷@õŠüi@õòìóånaí ì@ç†‹iýIRXHN@@
õbmòŠóóÜ@ Šóè‹q@š@ óØòˆûØóî@ õaì†óÜ@ Ûóî@ ôØóîòìóäíiüØ@ ‡äó@ðmóîaŠóiòíŽîŠói@ Žßó óÜ@ çbá
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@@@@@@@@@@@†‹Ø@oìŠ†@óØbŽîŠ@üi@ôîó“ïàóè@ôØóîó“ŽïØ@N@Žïq@óîüi@@@@@çbiìbŽîŠ@õŠóåîaî†@õŠbîŒa‡äó÷@ónîí
@•óØbŽîŠ@‹Žîˆ@bèòìŠóèòì@ìŠóiìŠìò†@ìóØbŽîŠ@Šó@ôä†‹ØŠüšòìb÷@ói@pa‡i@ôÙä‹ N@@



 

 ٥٠

õìòŒ@‹Žîˆ@õìb÷@ôäbØòìbšŠó@@
Sources of Sub- surface Water@@

@@
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@@@@@@@@@@@@@@@@@@@@@
flow@Ground - water@( i )   @@@

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ground water@ ( ii 
) Capillary rise from @@ 

 shoulders , slopes and natural ground   ~@off on pavements @from surface 

run -@(iii)seepage@@@
@@@@@@@@@@@@@@@@@@@@@

roadway @@above the@@
@@@@@@@@@@@@@@@@@@@@@

spring@(iv) @@
Darcys LawZ@M@@

ôŠa†@õbbî@õ@Žðqói@oŽî‹Øó÷@çb“ïä@oò†@çbî@oŽî‹Øó÷@ŽßûäüØ@a‡Ý @ìbäói@ìb÷@ôån“îûŠZM@@
@Q= KiA                                                                                          @@

                            @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@MS/sec@Q= 

discharge@@@@@@@@@Where @@
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@sec@m/@@Permeability@K= 

Coefficient of @@
@@@@@@@@@@@@@@@@@@@@@

i = Hydraulic gradient@@
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@A = C/S area at right angles to the 

direction of flow, mR@@
(K)@õbèói@K@ìóØóÝ @ôäbØó’ói@õòŠaìóÔ@ôŽïqói@”îìó÷L@oŽîŠü ó÷@‹m@ôÙŽïÝ @üi@òìóÙŽïÝ óÜ@

@çbïäìíi@•óia†@@
Grain –size distribution@ãóÜ@Ûòì@óîóè@a†óØóÝ @çaíŽïäóÜ@õóïîb’üi@ìó÷@bèòìŠóè@òì@

@oŽîìóØó÷Šò†@a†óîón“‚N@@



 

 ٥١

@óØón“‚@@
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@Some typical values of permeability of soils and bases @@

Soil / base K, m/sec No. 
Less than  Q*QPMV@@Impervious soil such as stiff clay Q-@@
Q*QPMRMQ*QPMV@@such silty clay, sandy silt, silt @Semi –pervious soil R- 

> Q*QPMS Pervious soils,such as sand and Gravel@@S- 

 
M @æî’bi@@@@@@@a‡ÜbšóÜ@ôäbäa†@ì@õŠüi@ôäbåŽïèŠbØóiói@”ïàó÷@õìòŒ@‹Žîˆ@ôä†‹ØŠüšòìb÷@üi@•bŽîŠ

@@@@@õŠónÝÐ@ôØóîónòŠóØói@oŽî‹’üqó÷a†@μŽïÝi@çbî@òìónŽî‹Øó÷‹q@çb’bqòìfilter material@ãó÷@
@@@ôäòŠóÐ@õŠüiói@oŽî‹ió÷@ìbä@óäbîŠüiFrench drainI@@ôäòŠóÐ@ôä†‹ØŠüšòìb÷@çbî@H@çbîòì

Šüšòìb÷@ìa‹’üqa†@ôä†‹ØIburried drainsH@@ @@õòmói@æŽî‹Øó÷@oìŠ†@ŽÞ @óÜ@óäbîŠüi@ãó÷ RP – 

QU  @@@òìa‹Ø@ônåîüuói@òìóØóî@o“ïäómói@æŽî‹äó÷a†òì@âIopen joint@H@@@õŠüi@oŽî‹äaímó÷òì
@@@@@@@@@@@@@@@@@@@L@òìa‹Ø@çíØ@çíØ@ôäò‡Èóà@õŠüi@ôäbåŽïèŠbØóiói@çbîòì@òìa‹Ø@ônåîüuói@ãýói@oŽî‹åia†@ônŽî‹ÙäüØ

ó÷òì@@@@@ŽônŽîŠ‡i@ô’bi@ôØóî‰ŽïÜóäbîŠüi@ìó÷@oŽïiIslop@H@@@@@@ôäaíŽïäóÜ@•óî‰ŽïÜ@ãó÷òì% P~QU@@üi@EQ~P@
@òì@IQU@â@H@@paìŠóä@bïq@ô›ïè@oŽïi@ÚŽïÝ @ónîíŽïq@óØóÜbš@õòìòŠó@ô’óiIpŠím@H@ïè@ómaì

@òìòŠaí‚@ónŽïšóä@òìòŠó@ô’óióÜ@ÚŽîìb÷N 

 

@@



 

 ٥٢

@@@@@@æi@kîŠóm@oŽïió÷@óäbîŠüi@ìó÷Iparallel@Hi@@@óØbŽîŠ@õ‡îb@ìì†@ŠóèóÜ@óØbŽîŠó@~@@@æiaói@óäbàó÷@òì
@òìóåia‹Ø‰ŽîŠ†@óØbŽîŠ@ônaŠòìbä@óÜ@óØ@òìóäbîŠüi@ìói@@Itransverse drainN@H@@@@

@@@@@Šóè@òìQPP@@@@@@@@óØbŽîŠ@ônaŠòìbä@ói@³îŠóm@óØ@ôäbØóîŠüi@óÜ@ã@@@Ioutlet@H@@@óØòìb÷@õòìó÷@üi@oŽïióè
@ìóØbŽîŠ@õòìòŠò†@ónŽï›i@òìóî@ôn’ì‹@õûŠòìb÷@ìbä@ónŽîˆ‹iN@@

@òìòŠaí‚@õóäbåŽîì@ãó÷@~@ôäòŠóÐ@õŠüš@òìb÷@óÜ@æØóîóäìí¹@μŽïÝi@çbî@æØóîóåŽîìN@@

@@
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

@@



 

 ٥٣

î‹i@ õóšìbäóÜ@ ç†‹ØŒ†@ ìb÷óÜ@ óåm‹ŽîŠ@ ç†‹Ø@ Šüšòìb÷óÜ@ oóióà@ bèòìŠóè@õóØóåŽîìóÜ@ Ûòì@ a†@ æ
@óØ@çìíi@bïåÜ†@üi@”îìó÷@õŠüi@ôäbäa†ói@oŽîìóØó÷Šò†@òìòŠóhydraulic gradient @óåîó‚ó÷@@

@ônb÷@‹Žîˆbase – course@ @ óïmóàýó@‹mbîŒòì@Isafety@ H@@ói@oïŽïåia†@ç†‹ØŠüšòìb÷@õŠüióØ
@ôÜíÔQ~RU@‹ŽîˆóÜ@ ãsub gradeìó÷@ç†‹ØŠüšòìb÷óÜ@oóióà@ bèòìŠóèòì@@ônb÷@ôåîŒóia†@üi@óîò

@póàýó@ôÙŽïnb÷@üi@õìòŒ@‹Žîˆ@õìb÷Isafety@ H@@ônb÷@‹Žîˆ@üisub grade@õóîóåŽîì@ãóÜ@Ûòì@
@óØbŽîŠ@õý@ìì†ŠóèóÜ@õ‰ŽîŠ†ói@ç†‹ØŠüšòìb÷@ôÝŽïè@ìì†@ôäbäa†ói@”îìó÷@oŽîìóØó÷Šò†@a†òìòŠaí‚

@ýìó÷@üi@òìý@ãó÷@ôÙŽïÝŽïè@Žßó óÜ@Itransverse@@HüØóÜòì@õòìbà@Šóè@a‡äbØò‰ŽîŠ†@óÝŽïè@ôîbmIQPPã@H
@òìòŠò†@üi@oîóÙîŠò†@óØòìb÷@N@@

@@



 

 ٥٤

@ôäbäa†ói@ oŽîìóØó÷Šò†@ a†òìòŠaí‚@ õóîóåŽîì@ ãóÜ@ Ûòì@ L@ a†bŽîŠóÜ@ ç‹ØŠüšòìb÷@ õ‹m@ ôÙŽîŒaíŽï’òì
@@@@@@@@@@@@@@@@@@@@ìa‹‚aŠ@ô¾@ôÙŽïåïš@Isand blanket@H@ŠóóÜIsub grade@H@@óØ@ÚŽïmbØ@•óàó÷

Ipavement@ H@ òìa‹Ø@ôÙŽïåïšIopen texture@ H@oŽîŒóió÷a†@ ìb÷@ ìíiIpa†ó÷a†@ H@bmóè@ òìòŠaí‚@üi
@Šó@üi@oŽï›i@oŽïÜóîbäòì@óåïš@ãó÷@ómb ò†Isub grade@H@ôån“îûŠ@ói@”îìó÷@ôäa‡ÙŽïm@õüè@ónŽïji

@ómb ó÷@bm@ýìó÷@ìý@ãó÷@üi@óØòìb÷Idrain pipe@H@@òìa‹äa†@óØbŽîŠ@o“ïäóm@óÜóØ@õN@@

@@
ilter design F@@

@ ŠónÝÐ@ ôä†Ša‰jÜóèóÜIgranular filter@ H@ç†‹ØŠüšòìb÷@ õŠüi@ ôn“qìŠìò†@ üi@ òìóä†‹Ø@ ‹q@ Ûòì
Idrain pipe@H@ò‹ aŠ@õŠaíî†@o“q@bèòìŠóèòì@L@oŽîŠ‡jŽïq@ô’bi@ôØóïä‹ @ónîíŽïqI@Ûòì@çbîòì

@ @ a‡äbØò†‹q@ çbî@ a†bŽîŠ@ôÌaŠóÔóÜ@ ç†‹Ø‰ŽîŠ@ †Šói@ ‹Žîˆ@ üi@ ÛóîónòŠóØIpitching@ H@ôÙŽîŠónÝÐ@ Ûòì
ìa‹Žï ìýóèIIììˆòìb÷@@@HHõìbšòŠ@ónîíŽïq@@æîóÙi@òìòŠaí‚@õóäýb‚@ãó÷ZM@@

QM@óØónòŠóØ@ónîíŽïqI@óØò†bà@H@oìŠ†@a‹Žï‚@ôÙŽïä†‹ØŠüšòìb÷@pa‡i@bŽîŠóØ@õò‡äòìó÷@oŽïi@‹iŒ
@oŽïji@Ipermeability@H@@

RM@óØónòŠóØ@ónîíŽïq@IóØò†bà@Hòìó÷@oŽïi@†Šìì@õ†aìóà@ôäìíi@Þ‚a†óÜ@oŽïi@‹ŽîŠ@oŽïäaíni@õò‡ä
@†ŠììIóØò†Šìì@H@óØóîŠüi@@@@@@@@@@@@@@@ìbä@üiI@óÜ@†Šìì@õ†aìóà@ôä‡äbmìóÐì@çbàóäóÜ@oŽïi@‹ŽîŠ@çbîòì

@ a‡äbØòìóä†‹Ø‹qIEmbankment@ H@òìóåï’üqa†@ õüèói@ çŽîŠbrïi@ õòìó÷@ üi@ óØbŽîŠ@ ôÌaŠóÔóÜ
IpitchingN@H 

@@



 

 ٥٥

MŽîŠbq@õòìó÷@üi@@òìòŠaí‚@õóîó“ŽïØìbè@ìì†@ãó÷@æîóÙi@òìòŠó@õóØóîói@ˆ†@óÜb‚ìì†@ãóÜ@õŠb 
@ììŠ@óåîó£@ónîíŽïqZM@@

          DQU (filter)@@@@@@
(i) ___________________    <   U @@
         DXU (protected soil ) 

                                               @@@@@@
    )                                              Tor   ≥    (U         ≥   )         filter (QU   D)     ii(

   @@
DQU (protected soil ) 

Principles of Foundation Engineering / Fifth Edition   Braja M.DasJ@@
@oŽïÜó÷óØDQU@ómaì@EQUm@bïq@õóä‰ŽïiìóÜ@çbî@õòŠbióÔ@ìóÜ@oŽïi@‹m@†Šìì@@oŽïió÷@ŠórŽïN@@

@bèòìŠóèòìDXU@ómaì@EXU@oŽïió÷@ŠórŽïm@bïq@õóä‰ŽïióÜ@çbî@õòŠbióÔ@ìóÜ@oŽïi@‹m@†Šìì@N@@
@çbî@õòŠaìóÔòìIôávy@H÷@çb“ïä@oò†@ŒŠ†@çbî@óØóïîóäŒbi@óäíØ@òìòŠaí‚@õóäb“ŽïØìbè@ãói@oŽî‹Øó@@

                               DXU (filter )  

(iii) for slots , _______________ >  Q~R 

                            Slot width  
 

o          .Q     >  )filter  (XUD,          for circular holes )   iv(@@
                                               Hole diamater  

  @@
@óäí¹@üi@ZML@ìíi@çíØ@çíØ@L@óØóä†‹ØŠüšòìb÷@õŠüi@Šó ó÷@@òì@ôäbØóäíØ@õòmIQPâÝà@H@ìíi

@õóÝqóÝq@ãó÷óØ@ÚŽïÝ óÜ@oîóØó÷@çüš@ôn“qìŠìò†@õŠónÝÐ@ôåîaî†Iôåïš@μš@H@oŽïi@õóØòŠaìóÔ
Isoil gradation@H@@

percentage passing                                      Sieve size 
Q~QX mm                                                        QPP  

P~TRU mm  =  TRU  micron                            YS 

P~SPPmm   = SPP   micron                             XU 



 

 ٥٦

P~QUPmm   = QUP   micron                             VP 

P~PWUmm   = WU   micron                               QU 

P.oUSmm   =  US micron                                  W 

  
DQU  ( protect soil )  = WU micron   = P~PWU mm 

 
          U          ≥  )filter  (QUDFrom equation                        @@

DQU (protected )@@@                                                

DQU ( filter ) ≥ U * DQU ( protected )  

                     ≥  U*P.oWU = P~SWU mm  

DXU ( protect ed soil ) = SPP micron =P~S mm ((point A)) 

          U    <      )     filter  (QU       DFrom equation                         @@
                                                 DXU (protected  soil) 

                                 
DQU  ( filter )  ≤ U*P~S ≤ Q~U mm  ((point B)) 

@óÜb‚@ìì†@ãó÷B,A@æîóØó÷@âòŠ@@@~@óØóÝ @ôÐa‹ @ôä†‹Ø@çb“ïä@oò†@çb’bqN@@
M Šó@óåïŽî†@çb’bqõó“ŽïØìbè@I@iv@H@ 

@@



 

 ٥٧

@@@õòìóåîŒû†@üifilter/DXU@@@
o          .Q     >  )filter  (XUD          ,for circular holes )   iv(@@

                                               Hole diamater  
DXU (filter ) >Q~P*QP mm >QPmm ((point C)) 

@ôåî@ói@ónŽîìóØó÷@óØ@õóÄ‹ŽïØ@ìó÷A,B@ônaŠ@õýói@ì@@IC @H@@óØòŠónÝÐ@üi@μŽïäóøîa†@paìŠó÷@~@üi
üi@ôn“qìŠìò†óØóäíÙäíØ@óî@õŠ@@

 off treatment -Capillary Cut@@
@óØóšìbä@çbîòì@oŽïi@‹mŒŠói@õìòŒ@‹Žîˆ@õìb÷@ônb÷óØ@a‡ÙŽïåŽîí’óÜ@oŽî‹Ùi@oìŠ†@ÛóîbŽîŠ@Šó ó÷
@μŽïÝi@çbîòì@æîŽîŠbri@óØbŽîŠ@ónîíŽïq@L@paì‹i@bïq@õìb÷@óØbŽîŠ@õýìó÷@ìý@ãó÷@çbîòì@oŽïióè@õìb÷

@μäaíniIdrain@H÷@ôîìíàóÜbm@bî@ôîóÜììŒò†@óÜbm@õòíŽï’ói@òìb÷@ìó÷@Ûòìóä@æîóÙi@üi@ôä†‹ØŠüšòìb
@ôä‡äa‹›q@çbî@ôä‡äa‹ia†ói@”îìó÷@L@òìòŠaí‚@õóîòíŽï’@ãói@óØbŽîŠ@ôäbØóåïš@üi@òìónŽïi@ŒŠóiCut 

offómóïb‚@ìó÷@@ZM@@
QM @@ÚŽïåïš@ôäbäa†Isand blanketH@@
RM @çüÝîbä@ôäbäa†Ipoly ethen@H 

SM @ôäbäa†@õÔ@õ†bjÜItar feltH 

TM Ô@ÚŽïåïš@ôäbäa†IpüØ@âîa‹iI@Hprime Coat H 

UM @a†Ô@Žßó óÜ@ôä†‹ØìýóÙŽïmói@óÙÝ @ôä†‹ØŽïèóiIbituminous stablised soil @H 

@óä‡äa‹›q@ãó÷@ôäbäa†ói@”îìó÷ICapillary Cut- off@ H@õŒŠóióiQU@òìóØòìb÷@ônb÷@ŠóóÜ@â
ó÷@çbî@óånaŠbq@ãó÷@ÚŽïuŠóàói@óÜ@õóØóî@ôÜíÔ@oŽïióä@àóØ@óØòìb÷óÜ@ò‹ŽîŠ@óåïš@ãIsub grade 

H@óÜVP@oŽîìóØó÷Šò†@a†óîóåŽîì@ãóÜ@Ûòì@âN@@

@@



 

 ٥٨

@ @

@ @
@ @

@ @
@ @
@ @

@ @

ürîŠ@ õó’ü @ óÜŠ@õbåïi@ ôä†‹Ø@ oìŠ†@ õòˆû‹q@ óØ@ ìíi@ •bi@ çbáŽïq@ a‡äbàóØòŠbÄü @ õòŠbàˆ@ ãó÷@ õˆbm
Šb÷@ çbàŠbï‹q@ õììŠ@ •ónóióà@ ìói@ òìóåîóÙi@ Šóói@ ôäbáŽïÝ@ óÜ@ õŒbbåïi@ õóïÔbm@ŽîŠói@ õóna

@ŠbîŒa‡äó÷@I@îÉÜa‡jÈ@‡á«@æî‡Üa@þ–@Hó†‹Ø@óØòˆû‹q@õŠbïn’ŠóqŠ@@õóîòíŽï’@ãói@çbï“îŽîŠói@ì
òìóåîa†@ôàłòì@òìòŠaí‚@õýNNNN 

@ôä†‹Øò†bàb÷@ZçaŠbîŒa‡äó÷@õŠbÄü @ @



 

 ٥٩

@ @
@ @

@ŠbîŒa‡äó÷@@
@îÉÜa‡jÈ@‡á«@æî‡Üa@þ–@@

òˆû‹q@õŠbïn’ŠóqŠó 

====================== 
@@

t@O_óïš@óØòˆû‹q@õìbä@ @
@ôäbáŽïÝ@óÜ@õŒbbåïi@õóïÔbm@õbåïi@ôä†‹Ø@oìŠ†@õòˆû‹q@@

t@O‹Ùnò†@ônŽïäüš@ì@óØûi@õòŠbiŠò†@ÛóîómŠíØ@óîbÙmçóÙi@óØòˆû‹q@ôäbØóÌbäüÔ@ói@ç†N@ @
@õìbäói@óØ@óîóè@õŒbbåïi@õóïÔbm@Ûóî@béäóm@a‡ïäbáŽïÝ@õb ŽîŠbq@óÜ@óîa‹Ù’b÷I@ômóîaŠóiòíŽîŠói

@ôäbáŽïÝ@õŒbbåïi@õóïÔbmHói@Šó@óØ@ @óî@ I@ç†‹Ø@Žôu@ón“ïä@ìòìóä†‹Ùäa†òìb÷@ômòŠaŒòìH@L@ ò
íàóè@ óÙäíš@ òŠóóÜ@ õŠûŒ@ ôÙŽîŠb“Ð@ óîóïÔbm@ ãó÷@a‡ïäbáŽïÝ@ õb ŽîŠbq@ óÜ@ óØ@ õóäaˆû‹q@ ìó÷@ ì

çóîýóÜ@oŽî‹Øò†ïmóîaŠóiòíŽîŠói@ì@pòŠaŒòì@o“ @à@ôåïåÙ“q@ a†óîóïÔbm@ ãóÜ@ @ òìóäbØóó@üi@çbî†aì
@ômòŠaŒòì@óÜ@õŒbbåïi@õ‹m@ôØóîóïÔbm@üi@Ûóîbåïi@ôä†‹ÙnìŠ†@õóØûi@òìó÷@ŠóióÜ@L@oŽî‹Øò†

@òìóä†‹Ùäa†òìb÷@a‡ÜóéîŠóî‹i@óØ@L@@ìíi@båïi@õóïÔbm@Žô@ôä†‹Ø@oìŠ†@óÜ@Žô@Šóè@óÜ@õŒb
@ õb ŽîŠbq@ IÛüè†@ ì@ ‹ŽïÜìóè@ ì@ ôäbáŽïÝ@ H@õòˆû‹q@ õòŠbiŠò†@ L@ pbÐó–aíà@ ìó“‚óä@ çbàóè@ ói

@õŒbó“ïq@ õóšìbä@ ónŽîìóØò†@ óØòˆû‹q@ ôäbáŽïÝ@ óÜ@ õŒbbåïi@ õóïÔbm@ õbåïi@ ôä†‹Ø@ oìŠ†
@bnŽï÷@õŒbbåïi@õóïÔbm@Úîä@ôäbáŽïÝóØ@ÛóïîìòŒ@óšŠbq@ŠóóÜIQQXJWRHómaì@@ã@@@õŠóiìŠ@ói

IXTYVãR@ H@ õóÙîä@ óØbåïi@ õŠóiììŠ@ òìISPPPãR@ H@ @ òìímbéÙŽïq@ •ói@ ŽôóÜ@ ò@ óØ@@çbïÙŽï’ói
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Magnetohydrodynamics (MHD) (magnetofluiddynamics or 
hydromagnetics) is the academic discipline which studies the 
dynamics of electrically conducting fluids. Examples of such fluids 
include plasmas, liquid metals, and salt water. The word 
magnetohydrodynamics (MHD) is derived from magneto- meaning 
magnetic field, and hydro- meaning liquid, and -dynamics meaning 
movement. The field of MHD was initiated by Hannes Alfvén, for 
which he received the Nobel Prize in Physics in ١٩٧٠. 

The idea of MHD is that magnetic fields can induce currents in a 
moving conductive fluid, which create forces on the fluid, and also 
change the magnetic field itself. The set of equations which describe 
MHD are a combination of the Navier-Stokes equations of fluid 
dynamics and Maxwell's equations of electromagnetism. These 
differential equations have to be solved simultaneously, either 
analytically or numerically. Because MHD is a fluid theory, it cannot 
treat kinetic phenomena, i.e., those in which the existence of discrete 
particles, or of a non-thermal distribution of their velocities, is 
important. 

The simplest form of MHD, Ideal MHD, assumes that the fluid has so little resistivity 
that it can be treated as a perfect conductor. (This is the limit of infinite magnetic 
Reynolds number.) In ideal MHD, Lenz's law dictates that the fluid is in a sense tied to 
the magnetic field lines. To be more precise, in ideal MHD, a small rope-like volume of 
fluid surrounding a field line will continue to lie along a magnetic field line, even as it 
is twisted and distorted by fluid flows in the system. The connection between magnetic 
field lines and fluid in ideal MHD fixes the topology of the magnetic field in the fluid -- 
for example, if a set of magnetic field lines are tied into a knot, then they will remain so 
as long as the fluid/plasma has negligible resistivity. This difficulty in reconnecting 
magnetic field lines makes it possible to store energy by moving the fluid or the source 
of the magnetic field. The energy can then become available if the conditions for ideal 
MHD break down, allowing magnetic reconnection that releases the stored energy from 
the magnetic field. 

Ideal MHD is only strictly applicable when: 
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١. The plasma is strongly collisional, so that the time scale of 
collisions is shorter than the other characteristic times in the 
system, and the particle distributions are therefore close to 
Maxwellian.  

٢. The resistivity due to these collisions is small. In particular, the 
typical magnetic diffusion times over any scale length present in 
the system must be longer than any time scale of interest.  

٣. We are interested in length scales much longer than the ion skin 
depth and Larmor radius perpendicular to the field, long enough 
along the field to ignore Landau damping, and time scales much 
longer than the ion gyration time (system is smooth and slowly 
evolving).  

In an imperfectly conducting fluid, the magnetic field can generally 
move through the fluid, following a diffusion law with the resistivity 
of the plasma serving as a diffusion constant. This means that 
solutions to the ideal MHD equations are only applicable for a limited 
time for a region of a given size before diffusion becomes too 
important to ignore. One can estimate the diffusion time across a solar 
active region (from collisional resistivity) to be hundreds to thousands 
of years, much longer than the actual lifetime of a sunspot -- so it 
would seem reasonable to ignore the resistivity. By contrast, a meter-
sized volume of seawater has a magnetic diffusion time measured in 
milliseconds. 

Even in physical systems which are large and conductive enough that 
simple estimates suggest that we can ignore the resistivity, resistivity 
may still be important: many instabilities exist that can increase the 
effective resistivity of the plasma by factors of more than a billion. 
The enhanced resistivity is usually the result of the formation of small 
scale structure like current sheets or fine scale magnetic turbulence, 
introducing small spatial scales into the system over which ideal 
MHD is broken and magnetic diffusion can occur quickly. When this 
happens, Magnetic Reconnection may occur in the plasma to release 
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stored magnetic energy as waves, bulk mechanical acceleration of 
material, particle acceleration, and heat. Magnetic reconnection in 
highly conductive systems is important because it concentrates energy 
in time and space, so that gentle forces applied to a plasma for long 
periods of time can cause violent explosions and bursts of radiation. 

When the fluid cannot be considered as completely conductive, but 
the other conditions for ideal MHD are satisfied, it is possible to use 
an extended model called resistive MHD. This includes an extra term 
in Ampere's Law which models the collisional resistivity. Generally 
MHD computer simulations are at least somewhat resistive because 
their computational grid introduces a numerical resistivity. 

Another limitation of MHD (and fluid theories in general) is that they 
depend on the assumption that the plasma is strongly collisional (this 
is the first criterion listed above), so that the time scale of collisions is 
shorter than the other characteristic times in the system, and the 
particle distributions are Maxwellian. This is usually not the case in 
fusion, space and astrophysical plasmas. When this is not the case, or 
we are interested in smaller spatial scales, it may be necessary to use a 
kinetic model which properly accounts for the non-Maxwellian shape 
of the distribution function. However, because MHD is very simple, 
and captures many of the important properties of plasma dynamics, it 
is often qualitatively accurate, and is almost invariably the first model 
tried.In many MHD systems, most of the electric current is 
compressed into thin, nearly-two-dimensional ribbons termed current 
sheets. These can divide the fluid into magnetic domains, inside of 
which the currents are relatively weak. Current sheets in the solar 
corona are thought to be between a few meters and a few kilometers 
in thickness, which is quite thin compared to the magnetic domains 
(which are thousands to hundreds of thousands of kilometers across). 
Another example is in the earth's magnetosphere, where current 
sheets separate topologically distinct domains, isolating most of the 
earth's ionosphere from the solar wind.                
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