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fo stceffE  retaW ,htworG no ssertS thguorD -  dna ycneiciffE esU
saG faeL - ( naeB nommoC fo egnahcxE  siragluv suloesahP  ).L

ecnatsiseR thguorD ni gnireffiD sepytoneG  
 

uheyebeG ngeteS 2,1 eseiW ekieH , 1 dna  trebuhcS nevS 1 

1 sutsuJ ,gnurhänreneznalfP rüf tutitsnI - gibeiL - evinU  ,nesseiG tätisr hcirnieH - ffuB - 62 gniR - 23  
D-  .ynamreG ,nesseiG 29353 2  assakleM ,tcejorP hcraeseR naeB lanoitaN :sesserddA tnerruC

aipoihtE ,amadA ,634 xoB .O .P ,retneC hcraeseR larutlucirgA  

tcartsbA  

retaw ,htworG - r egnahcxe sag fael dna )EUW( ycneiciffe esu  naeb nommoc fo sesnopse
 erew ecnatsiser thguord fo eerged ni gnireffid sepytoneg ).L siragluv suloesahP(
 dop ylrae dna evitategev ta sserts thguord ot detcejbus erew stnalp nehw dessessa

A .segats gnillif  thguord - hguord a dna )51 AES( enil derbni tnatsiser t-  elbitpecsus
 owt ehT .yduts eht rof desu erew lairt gnineercs reilrae na morf detceles )pSrB( ravitluc

 nworg erew sepytoneg  llah noitategev a ni non dna sserts thguord rednu -  sserts
opser cipytoneg laitnereffid etipseD .4002 fo remmus eht gnirud snoitidnoc  ot dnuof sesn

 fael no tceffe esrevda na dah segats htworg htob ta detaitini thguord ,desopmi sserts eht
evoba ,noisnapxe aera -  fo gninoititrap ssamoib dna dleiy ssamoib dnuorg  eht  owt

dop ylrae gnirud desopmi thguord ot eud noitcuder dleiy deeS .sepytoneg -f  saw egats lli
27 %  egats evitategev eht ta sserts thguorD .ylevitcepser ,51 AES dna pSrB rof %33 dna

sepytoneg htob fo EUW eht desaercni ,  rehgih ylbaredisnoc saw esaercni eht hguohtla
g gm 21.3( 51 AES rof -1 g gm 54.2( pSrB htiw derapmoc ) -1 h rehto eht nO .)  dees ,dna

retaw desab dleiy - EUW( ycneiciffe esu YS  gm 18.1( 51 AES rof rehgih yltnacifingis saw )
g-1 g gm 33.0( pSrB htiw derapmoc ) -1 dop ylrae ta desopmi sserts thguord rednu ) -  llif

yltnacifingis esahp evitcudorper eht gnirud detaitini sserts thguorD .egats   eht decuder
g( ecnatcudnoc latamots dna )A( etar citehtnysotohp ten s  etipseD .sepytoneg owt eht fo )

sag fael ni esnopser ralimis eht -  owt eht neewteb )sg dna A( sretemarap egnahcxe
 ni esaerced tnetsisnoc dna tnacifingis a ni detluser sserts eht ,sepytoneg Ci C/ a  fo oitar

 taht gniylpmi 51 AES  snoitatimil cilobatem dna latamots hcihw ta sdlohserht sserts eht
sepytoneg owt eht neewteb dereffid derrucco A ot  .  noitatpada cificeps eseht fo emoS

retaw dna gninoititrap ,htworg ot detaler stiart - at ni desu eb nac esu  dees htiw medn
.snoitidnoc thguord rof snaeb gnideerb ni airetirc noitceles sa dleiy  

:sdrow yeK  ,sserts thguord   ,egnahcxe sag fael siragluv suloesahP  ,tnetnoc retaw evitaler ,
retaw - ycneiciffe esu  

noitcudortnI  

 fo %06 sa hcum sA  eht  naeb nommoc
( v suloesahP  siraglu  eht ni noitcudorp ).L

 snoitidnoc rednu srucco dlrow gnipoleved
 dna maharG( sserts thguord tnacifingis fo

 egareva eht ,yltneuqesnoC .)7991 ,illanaR
 009 naht ssel sniamer snaeb fo dleiy labolg

ah gk -1 thguorD .)1002 ,hgniS( -  decudni
dees ni snoitcuder   ylbaredisnoc yrav dleiy

 no gnidneped  fo ytisnetni dna gnimit eht
kcirB dna tuknehS( sserts eht , deeS .)3002  
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dleiy -  rof secnereffid cipytoneg desab
 eht rof detroper osla era ecnatsiser thguord

( porc 2002 ,hgniS dna náreT  .)  seiduts tsaP
ommoc taht nwohs evah  sepytoneg naeb n

 thguord ot snoitatpada cificeps rof detceles
 rehgih yltnacifingis ecudorp snoitidnoc
 dna secardnal htiw derapmoc dleiy dees
 ralimis rednu nworg sravitluc dradnats

.snoitidnoc thguord  
  

 deredisnoc si noitalumucca ssamoib toohS
 tnatropmi na  dleiy dees hgih niatta ot tiart

 anexaS( semugel niarg ni la te  .)0991 ,.
 devresbo neeb evah secnereffid tnacifingiS
 yrd gnoma noitalumucca ssamoib toohs rof
 ot etaredom rednu nworg sravitluc naeb

selasoR( snoitidnoc sserts thguord ereves -
 anreS la te )2002 ,.  ssamoib tnalp esuaceB .

 dna ytilibatireh hgih ot etaredom sah
 epytoneg wol stibihxe   tnemnorivne

 eht taht detseggus neeb sah ti ,snoitcaretni
 noitceles tceridni na sa desu eb dluoc tiart
 dees ezilibats dna evorpmi ot noiretirc

saera erutsiom wol rof dleiy   dna tuknehS(
 sevahC ot gnidroccA .)3002 ,kcirB la te  

 rettam yrd ot noitidda ni ,)2002(
 ot sepytoneg fo ytiliba eht ,noitalumucca
 ot ssamoib evitategev derots noititrap
 tnetxe egral a ot snagro evitcudorper
 dna tnemhsilbatse knis senimreted

 dleiy cimonoce  .sserts thguord rednu  
 

erutsiom rednU -  ,stnemnorivne gnitimil
 eb yam stnalp porc ni ytivitcudorp

retaw gnivorpmi yb desaercni -  esu
 regnirelhE( )EUW( ycneiciffe .la te  .)3991 ,

 ot tnatropmi si ti ,laog siht eveihca oT
noitairav gniylrednu srotcaf eht yfitnedi  s

 rehtie nac yeht ecnis EUW eht ni
 htiw detalerroc eb ylevitagen ro ylevitisop

ytivitcudorp   niam eht no gnidneped
 EUW ni segnahc gninimreted sessecorp

 ramukayadU( .la te pytoneG .)8991 , e 
 detartsnomed neeb sah EUW rof noitairav

 nobrac gnisu snaeb nommoc ni  epotosi
( noitanimircsid 31  euqinhcet )C

 regnirelhE( la te  yek ,sselehtreveN .)0991 ,.
 ot laitnetop a reffo taht stiart lacigoloisyhp
 ton era naeb nommoc ni EUW evorpmi

 .deiduts ylhguoroht  gnomA  eht  sretemarap

 etaler taht  ot sutats retaw ralullec
,msilobatem   )CWR( tnetnoc retaw evitaler

 eb ylisae nac ti sa derreferp netfo si
derusaem ,  retaw fo rotacidni tsubor si dna

 sa CWR .)2002 ,cinroC dna rolwaL( sutats
 tnalp lanretni fo rotacidni evitargetni na
 sah snoitidnoc thguord rednu sutats retaw

 neeb yllufsseccus thguord yfitnedi ot desu -
 sporc lareves fo sravitluc tnatsiser

 açnarF atsoC( naeb nommoc gnidulcni  te
la .)0002 ,.  

 ssecorp niam eht si sisehtnysotohP
 noitalumucca rettam yrd rof elbisnopser
 dna htworg tnalp stceffa yltneuqesnoc taht

ts era hcihw ,tnempoleved  detceffa ylgnor
 lareves fo stluser ehT .tnemnorivne eht yb

( srotagitsevni  ;3991 ,smarbA dna eksibuK
 taht etacidni )6891 ,ezluhcS  thguord rednu

 sserts thguord a fo stnalp -  tnatsiser
 fo setar rehgih deniatniam epytoneg
 ecnatcudnoc latamots dna sisehtnysotohp

thguord a fo stnalp naht -  elbitpecsus
sag ni secnereffid ehT .epytoneg -  egnahcxe

 ot dael yam sepytoneg eht neewteb etar
 dna sisehtnys etalimissa fo setar tnereffid

 .snagro knis ot tropxe rof ytilibaliava  nI
 laitini sti ta sserts thguord ,naeb nommoc

il esahp  ot eud sisehtnysotohp stim
 atihsayiM( erusolc latamots la te  .)5002 ,.

 a revo sessergorp sserts eht sa ,revewoH
non ,doirep regnol -  fo noitibihni latamots

 erom emoceb yam sisehtnysotohp
 ;2002 ,cinroC dna rolwaL( tnatropmi

 onardeM la te  .)2002 ,. ve gnisaercnI  ecnedi
nwod taht stseggus -  tnereffid fo noitaluger

 thguord rednu sessecorp citehtnysotohp
OC no erom sdneped sserts 2  ni ytilibaliava

 rehtar )erusolc latamots .e.i( llyhposem eht
( laitnetop retaw fael naht  CWR ro )

 onardeM( la te i lortnoc latamotS .)2002 ,.  s
 gnitpada rof smsinahcem niam eht fo eno
 yarffaL( naeb nommoc ni sserts retaw ot
 a no noitamrofnI .)0991 ,teuguoL dna
 citehtnysotohp fo nrettap nommoc
 si naeb nommoc rof thguord ot esnopser

 .ergaem yltnerruc  
 

ohprom eht gnidnatsrednu ,yllareneG -
a lacigol  thguord fo sesab lacigoloisyhp dn
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 ecnatsiser  stiart yek eht tegrat pleh yam
 oT .porc eht fo dleiy dna htworg timil taht
 ni gnireffid sepytoneg gnirapmoc ,dne siht
 desaeler esoht dna ecnatsiser thguord
 eht sa evres yam sdoirep tnereffid gnirud

elbailer tsom   ot hcaorppa dnuos dna
 taht esoppus eW .stiart laitnetop yfitnedi
 sserts thguord ot esnopser lacigoloisyhp

 neewteb seirav  naeb nommoc  sravitluc
orga rediw rof depoleved -  lacigoloce

 senil derbni dna noitatpada  rof detceles
 .noitatpada cificeps saw yduts sihT   deirrac

 ni sesnopser laitnereffid ssessa ot tuo
retaw ,htworg -  dna )EUW( ycneiciffe esu

 naeb nommoc fo egnahcxe sag fael
(  siragluv suloesahP  sepytoneg ).L

 ecnatsiser thguord fo eerged ni gnireffid
 tnereffid ta thguord ot detcejbus nehw

.segats htworg  

 
etaM sdohteM dna slair  

 
slairetam tnalP   

 
A thguord -  )51 AES( enil derbni tnatsiser

thguord a dna -  )pSrB( ravitluc elbitpecsus
 lairt gnineercs reilrae na morf detceles

eerht fo desirpmoc   .xeM( sravitluc detpada
 derbni eerht dna )pSrB dna 1 aboR ,241

51 AES( senil  )188 TAB dna 32 AES ,
.yduts siht ni desu erew   )dlo( detpada ehT

nworB( ravitluc -s  retfaereh ,delkcep
 gnoma nesohc saw )pSrB sa detaiverbba
 naeb lanoitan eht yb depoleved seiteirav
 rediw rof aipoihtE fo margorp hcraeser

orga tnereffid ot snoitatpada - igoloce  lac
 eht saerehw yrtnuoc eht fo snoitidnoc
 morf deniatbo saw )51 AES( enil derbni

 .TAIC fo margorp hcraeser naeb eht  
 

 ngised dna stnemtaert latnemirepxE  
 

 tuo deirrac erew stnemirepxe lellarap owT
 ta  eht  ytisrevinU eht fo noitats tnemirepxe

reG ,nesseiG fo  remmus eht gnirud ynam
 owt eht gnittes fo esoprup ehT .4002 fo
 sserts thguord esopmi ot saw stnemirepxe
 .porc eht fo sesahp htworg tnereffid gnirud
 derrefer retfaereh( tnemirepxe tsrif eht nI

 ,)tnemirepxe esahp evitategev eht sa
etaitini saw sserts thguord  naeb nehw d

 6V fo egats htworg a deniatta stnalp
 stnalP .)sevael etailofirt xis dah stnalp(

d 01 dna 5 detsevrah erew sya   thguord retfa
 tnemirepxe dnoces eht nI .noitisopmi
 esahp evitcudorper sa derrefer retfaereh(

ta nageb tnemtaert sserts eht ,)tnemirepxe  
dop ylrae -  tsael ta dah stnalp( egats gnillif

 mumixam ot nworg dah taht dop eno
 ,tnemirepxe fo tes retal eht nI .)htgnel

d 02 dna 01 ,5 detsevrah erew stnalp sya  
 htob nI .detaitini saw sserts thguord retfa
 sepytoneg owt eht ,stnemirepxe fo stes

u nworg erew non dna sserts thguord redn -
 saw sserts thguorD .snoitidnoc sserts
 fo tnuoma eht gnidlohhtiw yb desopmi
 lios eht peek ot redro ni deilppa retaw
 eht fo %03 tuoba ta level erutsiom

retaw mumixam -  .)CHW( yticapac gnidloh
non roF - t ,stnemtaert )lortnoc( desserts  eh

 eht fo %07 ta deniatniam saw erutsiom lios
 erew stnalp eht litnu CHW mumixam

.detsevrah  
 

 ni nworg erew sepytoneg tset eht fo sdeeS
rhA   renednilnielK fo gk 31 htiw dellif stop

 saw lios eht ,gnitnalp fo emit eht tA .lios
,N %0.21( nrokualB htiw dezilitref   %2.5

 thgiE .)S %0.6 dna gM %2.1 ,K %1.41 ,P
 retal dna nwos yllaitini erew top rep sdees
 tsrif eht nehw stnalp ruof ot denniht
 erew stnalP .dedlofnu erew sevael etailofirt
 erew stop ehT .llah noitategev a ni desiar
 eht erotser ot deretaw dna yliad dehgiew
 a gnidda yb erutsiom etairporppa
 fo snoitiddA .retaw fo tnuoma detaluclac
 retaw fo tnuoma eht ot tnelaviuqe( retaw
 ot yliad dedrocer erew top hcae ot )tsol
 gk( demusnoc retaw latot eht etaluclac

tnalp -1  gnitsartnoc rednu sepytoneg eht yb )
ger erutsiom lios  htob roF .semi

 a ni dial erew stnemtaert eht ,stnemirepxe
 ruof htiw dengised dezimodnar yletelpmoc

 .snoitacilper  
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noitcelloc ataD  
 

dleiy dees dna ssamoiB  :  erew stnalP
 eht retfa )d( syad 01 dna 5 detsevrah
 evitategev eht rof( sserts eht fo noitisopmi

p d 02 dna 01 ,5 dna )tnemirepxe esah sya  
dop ta thguord fo noitaitini eht retfa -  gnillif

evobA .egats -  saw thgiew yrd dnuorg
 strap tnalp suoirav pu gnidda yb deniatbo
 )sdees dna sllaw dop ,smets ,sevael(

08 ta deird dna yletarapes detsevrah  o  rof C
samoiB .h 84  eht fo ytiliba gninoititrap s

 eht gnitupmoc yb detaulave saw sepytoneg
 dop/sdop( serutcurts evitcudorper  fo oitar
 fael( ssamoib evitategev ot )sdees + sllaw

tnalp g( dleiy deeS .)thgiew yrd mets + -1  )
 dleiy eht fo tcudorp a sa detaluclac saw

un( stnenopmoc  sdop evitcudorp fo rebm
 dna dop rep sdees fo rebmun ,tnalp rep
 saw )IH( xedni tsevraH .)thgiew dees
 thgiew dees fo noitroporp eht sa detaluclac

evoba eht ot -  + mets( thgiew yrd dnuorg
.tsevrah ta )dees + dop + sevael  

 
retaW - fael dna ycneiciffe esu -  retaw

ler snoita  : retaW -  ,EUW( ycneiciffe esu  gm
g-1  eht gnirud stnalp naeb eht fo )

 gnidrocca detaluclac saw esahp evitategev
 morf detpada alumrof gniwollof eht ot

 :)4002( gozreH dna aiynA  
 

w( = EUW 2 – w1  T / )  
 

w erehw  1 w dna 2  sthgiew yrd latot eht era
o dne eht ta d 01 dna 5 f sya   ,sserts

 dna ,ylevitcepser  
T  rof desu retaw fo tnuoma latot eht si

 eht dna tsrif eht neewteb noitaripsnart
 .tsevrah dnoces  

 
retaw suoenatnatsnI -  ,EUWI( ycneiciffe esu

lom lomµ -1  fo oitar eht sa detaluclac saw )
( etar citehtnysotohp ten A ot )   latamots

( ecnatcudnoc gs  eht gnirud denimreted )
.esahp evitcudorper  

 
 sretemarap noitaler retaw dna htworg faeL
 gnidnapxe gnuoy no denimreted erew
 evitategev eht gniruD .sevael etailofirt

7 eht ta detacol erew sevael eseht ,esahp  ht

8 dna ht  dna )sserts d 5(  8 eht ta ht  9 dna ht   01(
 dna pSrB fo sedon mets niam )sserts d

 stelfael lartnec ehT .ylevitcepser ,51 AES
 tuc erew sevael etailofirt detceles eht fo
 .yletaidemmi nekat )WF( thgiew hserf dna
 a ni decalp neht erew sevael dehgiew ehT

irtep -  tew gniniatnoc hsid  dna repap retlif
 digrut eht ,h 42 retfA .krad eht ni tpek
 yrd eht roF .deniatbo saw )WT( thgiew

nevo erew stelfael eht ,)WD( thgiew -  deird
08 ta   morf telfael dnoces ehT .h 84 rof C°

 hserf rof desu fael etailofirt emas eht
ht dna tuc saw noitanimreted thgiew  fael e

 fael 002MA gnisu derusaem saw )AL( aera
 .)KU ,.dtL cifitneicSoiB CDA( retem aera
 saw )% ,CWR( tnetnoc retaw evitaler faeL

 :swollof sa detaluclac  
 

WF([ = CWR - WT( / )WD -  ])WD ×  ;001  
 

 hserf eht era AL dna WT ,WD ,WF erehw
ew digrut ,thgiew yrd ,thgiew  fael dna thgi

.ylevitcepser ,aera  
 

sretemarap citehtnysotohP  : saG - xe -
,scitsiretcarahc egnahc   citehtnysotohp ten

( etar A g( ecnatcudnoc latamots ,) s  dna ,)
OC ralullecretni 2 ( noitartnecnoc Ci  erew )

ylluf fo stelfael lartnec eht no derusaem -
ponac reppu derutam  htob fo sevael y

non dna desserts -  gnisu stnemtaert desserts
iL( metsys sisehtnysotohp elbatrop a -  ROC

IL - iL ,0026 -  )EN ,nlocniL ,.cnI ,roC
arfni na htiw delbmessa -  rezylana sag der

iL( - IL ROC -  .reggol atad dna )0526
 no edam erew stnemerusaeM  eht 5 ht   dna

01 ht  d sya   gnirud noitisopmi sserts eht fo
 eviF .tnemirepxe esahp evitategev eht
 eht gnirud edam erew stnemerusaem
 owt yad no gninnigeb esahp evitcudorper
 no deunitnoc dna noitisopmi sserts eht fo

01 litnu syad etanretla ht  d ya sag faeL . -
erew stnemerusaem egnahcxe   detaitini

 ta )h 03.31 dna 03.90 neewteb yllausu(
evitaler tneibma   ,erutarepmet dna ytidimuh

OC nehw 2  fael L 52.0 eht ni noitartnecnoc
tartnecnoc tneibma dehcaorppa rebmahc -

 evitca yllacitehtnysotohp eht nehW .noi
m lomµ 008 woleb saw )RAP( noitaidar 2  

s-1,  thgil a yb detanimulli erew stelfael
noitaidarri gnitarutas a niatniam ot ecruos  

m lomµ 0021 ot pu fo -2 s-1  .RAP  
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sisylana ataD  
 

 eht gnisu dezylana erew ataD TATSM -  C
egakcap lacitsitats  TATSM( -  .)9891 ,C

 ecnairav fo sisylana ot detcejbus erew ataD
 ot essa eht ss  nacifingis ec   fo  secnereffid

 .sretemarap suoirav rof stnemtaert gnoma
 detibihxe taht stnemtaert eht fo snaeM
 detarapes erew secnereffid tnacifingis
 )DSL( ecnereffid tnacifingis tsael eht gnisu
 dna lortnoc neewteb secnereffid ehT .tset

thguord - esserts  erew snaem tnemtaert d
 eht gnisu ecnacifingis lacitsitats rof detset

t-  detceles neewteb spihsnoitaleR .tset
 eht gnisu denimreted erew sretemarap
 lla roF .tset noitalerroc elpmis s’nosraeP

 ,sesylana P  desu saw 50.0≤  gniralced rof
ecnacifingis lacitsitats  

 
noissucsiD dna stluseR  

 
 ssamoib dna htworg ,dleiy no stceffE

gninoititrap  

dop ylrae gnirud desopmi sserts thguorD -
 dees decuder yltnacifingis egats gnillif

27 yb 51 AES dna pSrB fo dleiy %  dna
epser ,%33  elbarapmoc A .)1 elbaT( ylevitc

thguord rehgih -  dees ni noitcuder decudni
 yduts suoiverp a ni dnuof osla saw dleiy

 detpada rehto rof  dlo  derapmoc sravitluc
 fo tceffe dekram A .senil derbni eht htiw
 eht fo xedni tsevrah no sserts eht

saw ravitluc elbitpecsus   elbaT( dnuof osla
 dah 51 AES ,sserts thguord rednU .)1

g gm 18.1( rehgih -1 dleiy dees ) -  desab
EUW( EUW YS g gm 33.0( pSrB naht ) -1 .)  

 
 dleiy rehgih evag 51 AES enil derbni ehT
 ni saw sihT .snoitidnoc htworg htob rednu
 ecnamrofrep roirepus sti htiw ecnadrocca
 detceles ni snoitidnoc dleif rednu dnuof

thguord -  lartneC dna htuoS fo saera enorp
 morf ravitluc A .)2002 ,TAIC( aciremA
 51 AES yb detneserper ,ognaruD ecar eht

ah ,yduts tneserp eht ni d  neeb ylsuoiverp
 fo slevel tnacifingis ssessop ot detroper

elot thguord  yranoitulove sti ot gniwo ecnar
imes ni nigiro - imes dna dira -  dimuh

 náreT( sdnalhgih nacixeM eht fo snoiger
 .)2002 ,hgniS dna  

 
 eht gnirud detaitini sserts thguorD
 sesahp evitcudorper sa llew sa evitategev

evoba decuder yltnacifingis -  yrd dnuorg
t fo sthgiew  .)2 elbaT( sepytoneg owt eh

 eht ot detcejbus erew stnalp eht nehW
 ,esahp evitategev eht gnirud sserts

thguord - evoba ni snoitcuder decudni -
 AES rof rehgih erew sthgiew yrd dnuorg

63( 51 – 42( pSrB rof naht )%04 -  )%33
 noitcuder eht ,dnah rehto eht nO .)2 elbaT(
 thguord ot eud retemarap emas eht rof

dop ta desopmi -  saw egats gnillif
 42( sepytoneg eht neewteb elbarapmoc - 

 pSrB rof %33 v susre  71 -  .)51 AES rof %92
non sa llew sa thguord rednU -  sserts

 deniatniam 51 AES ,snoitidnoc htworg
sdees + sdop( evitcudorper rehgih  ot )

 oitar ssamoib )smets + sevael( evitategev
.)1 .giF( pSrB naht  

 
 

dop ylrae ta desopmi sserts thguord fo tceffe ehT 1 elbaT -  tsevrah ,dleiy dees no egats gnillif
retaw desab dleiy dees dna xedni - sepytoneg owt eht fo )YSEUW( ycneiciffe esu  

 
 

epytoneG  
eeS dleiy d  

 tnalp g( -1) 
xedni tsevraH  

)%(  
EUW YS   
g MD gm( -1 H2 )O  

lortnoC  ssertS  lortnoC  ssertS  lortnoC  ssertS  
pSrB  4.8 9.0  4.2 5.0 **  4.82 4.2  5.31 2.2 * 47.0 70.0  33.0 60.0 **  

51 AES  5.02 6.0  8.31 4.1 **  0.46 2.1  4.36 2.4  10.2  60.0  18.1  91.0  
 

** ,*  acidnI  %1 dna 5 ta stnemtaert lortnoc dna desserts thguord neewteb secnereffid tnacifingis et
t ot gnidrocca ,ylevitcepser ,ytilibaborp fo slevel - snaem era ataD .tset .snoitacilper ruof fo .E.S  
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 sserts thguord ot eud noitcuder ssamoiB
vitategev eht gnirud desopmi  saw esahp e

thguord eht ot lanoitroporp -  decudni
 no derusaem aera fael fo tnemriapmi
 2 .giF( sepytoneg eht fo sevael laudividni
 esaerced fo etar rehgih ehT .)2 elbaT dna
 fo seerged rehgih desuac aera fael ni
 fael latot dna aera fael latot ni noitcuder

amoib  51 AES ni tnalp rep thgiew ss
 siht fo stluser ehT .pSrB htiw derapmoc

 alotruT fo stroper tnecer rucnoc yduts  te
la  no )6002( . xilaS   rehgih hcihw ni seiceps

 tsaf rof dnuof saw noitcuder ssamoib
 gniworg wols rof naht seiceps gniworg

tcejbus nehw strapretnuoc  thguord ot de
 ,revoeroM .egats htworg ylrae ta sserts
 rehto strap tnalp ot ssamoib fo noisrevid
 na sa deredisnoc si sevael naht
 fo sserts thguord ot esnopser lanoitatpada
 htworg ylrae gnirud sepytoneg tnatsiser

 zednánreF( egats la te  .)2002 ,.
 ,eromrehtruF  aera fael ni noitcirtser eht

 na sa deredisnoc netfo si noisnapxe
 timil ot deyolpme msinahcem ecnadiova
 era atamots eht nehw sessol retaw rehtruf

ziuR( desolc -  zehcnaS la te .)0002 ,.  
 

 eht ,esahp evitategev eht ot tsartnoc nI
evoba ni esaerced -  ssamoib dnuorg  ot eud

dop ta detaitini thguord -  saw egats gnillif
 tpecxe sepytoneg eht neewteb elbarapmoc

d 02 ta sya   tnacifingis ehT .)2 elbaT( sserts
evoba latot ni esaerced -  ssamoib dnuorg

 saw tsevrah lanif eht ta 51 AES fo dleiy
 ni esaercni elbakramer a yb deinapmocca

r  oitar ssamoib evitategev ot evitcudorpe
 deunitnoc ,dnah rehto eht nO .)1 .giF(
 eht fo trats eht retfa htworg evitategev
 ylevitaler ni detluser esahp evitcudorper
 ssamoib evitategev ot evitcudorper rewol
 etartsnomed stluser esehT .pSrB rof oitar

rd eht taht thguo -  epytoneg elbitpecsus
 AES naht htgnerts knis rewol sah )pSrB(

 gnahZ ot gnidroccA .51 la te  ,)5002( .
 no tnedneped si sevreser fo noitazilibom
 eht htiw seirav hcihw ,htgnerts knis

epytoneg ,  eht yb detceffa si dna
I .)ytilibaliava retaw .g.e( tnemnorivne  n

 smsinahcem eht taht ,siht htiw enil
 thguord ni secnereffid gniylrednu
 eb dluoc sepytoneg naeb eht fo ecnatsiser
 rof edam snoitceles eht ot detaler yltrap
 ot gninoititrap ssamoib tneiciffe
 ssamoib naht rehtar serutcurts evitcudorper

 ytiliba noitalumucca p .es re  
 

evoba no segats gnillif dop ylrae dna evitategev ta desopmi sserts thguord fo tceffe ehT .2 elbaT -
 tnalp g( sthgiew yrd dnuorg -1 sepytoneg naeb nommoc owt fo )  

 
 sserts fo noitaruD  

)syad(  
tnemtaerT  esahp htworG  

evitategeV  evitcudorpeR  
 
 

5 
 

S rB p 
 

lortnoC  1.6  2.0 c 3.72  5.0 a 
ssertS  1.5  2.0 c 9.02  9.0 b 

51 AES  
 

lortnoC  6.11  8.0 a 9.42  0.1 a 
ssertS  4.7  2.0 b 7.02  4.1 b 

 
 

01  
 

pS rB  lortnoC  9.9  4.0 b 5.82  6.0 a 
ssertS  0.7  5.0 c 3.02  8.0 b 

51 AES  
 

lortnoC  8.71  8.0 a 7.03  8.1 a 
ssertS  7.01  1.0 b 7.12  6.0 b 

 
 

02  
 

pS rB  
 

lortnoC  - 4.53  7.0 a 
ssertS  - 7.32  3.1 b 

51 AES  
 

lortnoC  - 3.42  6.0 b 
ssertS  - 8.71  5.0 c 

 ton era srettel ralimis yb dewollof sserts fo noitarud emas eht rof dna nmuloc emas eht nihtiw snaeM
effid yltnacifingis P ta tset DSL ot gnidrocca tner  .50.0≤ snaem eht era ataD snoitacilper ruof fo .E.S       
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0

1

2

3

4

5 01 02 5 01 02
)d( sserts fo noitaruD

 evitategev-ot-evitcudorpeR

 oitar ssa
moib

lortnoC
ssertS

 
dop ylrae ta detaitini sserts thguord fo tceffe ehT .1 .giF -  ot evitcudorper no egats gnillif

 wohs srab lacitreV .sepytoneg owt fo oitar ssamoib evitategev f fo .E.S  ruo
 .snoitacilper  

 
 

m ehT epytoneg ot eud stceffe nia s  lios dna
emiger erutsiom s  fael rof tnacifingis erew

 evitategev eht gnirud denimreted aera
 51 AES .porc eht fo esahp htworg
 na htiw desopmi sserts eht ot dednopser

 suomrone  )%56 tuoba( tcuder aera fael  noi
 htob ta tnemtaert lortnoc eht ot evitaler

 ,pSrB htiw derapmoc semit gnilpmas  htiw
 tuoba ylno  .)2 .giF( noitcuder %04  

 
 dna snoitaler retaw fael no stceffE

retaw - ycneiciffe esu  
 

)CWR( tnetnoc retaw evitaleR ,  yek a sa
ts retaw fael fo retemarap ecnerefer  ,suta

 tnacifingis dna evitisop a detibihxe
 r( etar citehtnysotohp ten htiw noitalerroc
 ecnatcudnoc latamots dna )50.0 < p ,45.0 =
 evitcudorper eht gnirud )10.0 < p ,75.0 = r(
 noitaicossa fo eerged eht ,revewoH  .esahp

tar citehtnysotohp ten dna CWR neewteb  e
(A R( rellams saw ) 2  sa )10.0<p ,33.0=

 neewteb pihsnoitaler eht htiw derapmoc  A  
 

( ecnatcudnoc latamots dna gs R( ) 2  ,98.0 =
.)10.0 < p  

 

 
 
 

.2 .giF   ehT  sserts thguord fo tceffe
 no egats evitategev ta desopmi
 .sepytoneg owt eht fo aera fael

b dewollof snaeM  emas eht y
 fo noitarud emas eht gnirud rettel
 yltnacifingis ton era sserts
 ta tset DSL ot gnidrocca tnereffid

P  era srab lacitreV .50.0≤   fo .E.S
.snoitacilper ruof  
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0

02

04

06

08

001

sserts d 5 sserts d 01

)
%( C

WR

lortnoC pSrB ssertS pSrB
lortnoC 51AES ssertS 51AES

06

07

08

09

001

2 4 6 8 2 4 6 8

)syad( sserts fo noitaruD

%

lortnoC
ssertS

 
 

faeL  .3 .giF  uord rednu sepytoneg owt eht fo )CWR( tnetnoc retaw evitaler  dna sserts thg
non -  htworg )B( evitcudorper dna )A( evitategev gnirud snoitidnoc htworg sserts

 ton era rettel emas eht yb dewollof sserts fo noitarud emas eht nihtiw snaeM .sesahp
P ta DSL ot gnidrocca tnereffid yltnacifingis  era srab lacitreV .50.0≤   .E.S  ruof fo

.snoitacilper  
 

 erew sepytoneg htob fo stnalp nehW
 fael eht ,sserts thguord ot detcejbus
 evitaler fael yb desserpxe( noitardyhed
 pSrB rof rellams saw )CWR ,tnetnoc retaw
 si sihT .)B dna A3 ,sgiF( 51 AES rof naht

tsoC  fo sgnidnif eht ot tsartnoc ni  aćnarF a
la te  fael rehgih desolcsid hcihw )0002( .

 a yb yticapac noitneter retaw eussit
thguord -  a htiw derapmoc ravitluc tnatsiser

 sepytoneg naeb ehT .epytoneg elbitpecsus
 fo smret ni secnereffid dekram detibihxe

( ecnatcudnoc latamots fo esnopser eht gs  )
a ( etar citehtnysotohp dn A  .CWR fael ot )

 gnivird ni sutats retaw fael fo elor eht .e.i
 sserts thguord rednu erusolc latamots
 naeb owt eht neewteb reffid ot deraeppa
 fo CWR fael ni esaerced ehT .sepytoneg

thguord eht -  ,51 AES ,epytoneg tnatsiser
inapmocca saw  esaerced rellams a yb de

 ni pSrB ot evitaler gs  dna A  dna A6 ,sgiF(
 a dah sutats retaw fael taht gniylpmi )B
 revo elor )lortnoc kcabdeef( gnidael

sag faeL .erusolc latamots -  egnahcxe
( sretemarap gs  dna A  desaerced pSrB fo )
d 2 ta( reilrae sya  ht naht )sserts  esaerced e

d 6 ylno detceted saw hcihw ,CWR ni sya  
  .)B3 .giF( detaitini saw sserts thguord retfa
 fo erusolc ,)6891( ezluhcS ot gnidroccA

 snoitidnoc gnitardyhed rednu atamots
 kcabdeef a morf rehtie tluser dluoc
 sticifed retaw fo noitareneg eht ot esnopser

i  eht ot dettimsnart si taht flesti fael eht n
deef a morf ro ,sllec draug -  lortnoc drawrof

 retaw eussit fael ni noitaretla yna erofeb
 htiw esac eht spahrep( ecalp sekat sutats
 yduts siht fo tluser ehT .)ereh pSrB

 saxelF fo lasoporp eht stroppus la te  .
)4002(   taht gs  erom a si CWR naht rehtar

 ni sserts fo level eht fo rotacidni elbailer
sevael tnalp ;  ,ecneh gs  etar eht denimreted

 sserts thguord rednu etar citehtnysotohp fo
.did CWR naht erom  

 
epytoneg fo stceffe ehT s  erutsiom lios dna

lhgih erew semiger ylppus  rof tnacifingis y
retaw -  rettam yrd gm ,EUW( ycneiciffe esu

 ta denimreted )desu retaw g rep decudorp
 sserts thguorD .egats htworg evitategev
 desaercni doirep emas eht gnirud desopmi

53 tuoba yb EUW %  dna pSrB rof %73 dna
reveN .)B4 .giF( ylevitcepser ,51 AES -

 ot gniwo EUW ni esaercni eht ,sseleht
 esahp evitategev eht gnirud sserts thguord
 21.3( 51 AES rof rehgih yltnacifingis saw

g gm -1 g gm 54.2( pSrB htiw derapmoc ) -1  .)  

  a  ba   a           b   a b  ba  a  

A B 

pSrB  51 AES  
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 dna epytoneg ot eud stceffe niam ehT
 tnacifingis ylhgih erew emiger gniretaw

nysotohp rof retaw )suoenatnatsni( citeht -
 ten fo oitar ,EUWI( ycneiciffe esu
 latamots ot etar citehtnysotohp
 lortnoc ot evitaleR .)ecnatcudnoc
 desaercni 51 AES fo EUWI eht ,stnemtaert
 %92 tuoba yb sserts thguord rednu
 .)5 .giF( )setad gnilpmas evif fo egareva(

o eht nO thguord ,dnah reht -  decudni
 )%21 tuoba yb( pSrB fo EUWI ni esaercni
 eht morf tnereffid yltnacifingis ton saw
 resolc detibihxe EUWI  .tnemtaert lortnoc

( ecnatcudnoc latamots htiw noitaicossa gs  )
R( 2  ten htiw naht rehtar )10.0 < p ,24.0 =

 etar citehtnysotohp (A R( ) 2  <P ,02.0 =
 .)50.0  

 

 
 

retaW .4 .giF -  ta desopmi saw sserts thguord retfa syad 01 sepytoneg owt eht fo ycneiciffe esu
 yltnacifingis ton era rettel emas eht yb dewollof snaeM .egats htworg evitategev eht

P ta tset DSL ot gnidrocca tnereffid  era srab lacitreV .50.0≤  r ruof fo .E.S  .snoitacilpe  
 

0
52
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001
521
051

2 4 6 8 01 2 4 6 8 01

)d( sserts fo noitaruD

 
O

C lo
mµ( E

U
WI

2
lo

m 
1-
H

2
)

O

lortnoC
ssertS

 
 

retaw suoenatnatsnI .5 .giF -  nworg sepytoneg naeb nommoc owt fo )EUWI( ycneiciffe esu
non dna egats evitcudorper ta desopmi sserts thguord rednu -  .snoitidnoc htworg sserts

aem egareva era edis thgir eht no shparg raB  .setad gnilpmas evif fo stnemerus
 era srab lacitreV  thguord neewteb secnereffid ehT ** ,* .snoitacilper ruof fo .E.S -

non dna desserts -  ,ytilibaborp fo slevel %1 dna 5 ta tnacifingis era stnemtaert desserts
t ot gnidrocca ,ylevitcepser - .tset  

   a                           c                          b                          c 

     51 AES                                       pSrB  
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o stluser ehT  taht dewohs yduts siht f
EUW fo tnemevorpmi laitnatsbus YS  

 detceles )51 AES( enil derbni ni derrucco
 sserts thguord ot noitatpada cificeps rof
 ravitluc detpada dlo eht htiw derapmoc

 .)pSrB( T EUW rehgih eh YS   lios htob rednu
ni eht rof semiger ylppus erutsiom  enil derb

 xedni tsevrah rehgih htiw detaicossa saw
 retaw fo ytitnauq rellams ylevitaler dna
 .doirep htworg eritne eht gnirud demusnoc

EUW rehgih htiw tnetsisnoC YS   rof dnuof
 naeb detpada eht revo enil derbni eht

 euqiddiS ,yduts tneserp eht ni ravitluc  te
la  secnereffid ralimis detroper )0991( .

 .sravitluc taehw dlo dna nredom neewteb
 dna naeb )nredom( devorpmi htob nI

EUW rehgih ,sepytoneg taehw YS   saw
 sa hcus serutaef yek owt yb detnemgua
 fo esu tneuqesbus eht dna gnirewolf ylrae

aliava fo noitroporp regral a  rof retaw elb
 .htworg evitcudorper fo ecnanetniam eht  

 
 ot evitaleR  eht non -  ,stnemtaert desserts

 rof aera fael tinu rep noitpmusnoc retaw
thguord -  evitategev ta desopmi( desserts

 saw 51 AES dna pSrB )egats  tuoba 85 % 
 taht seilpmi sihT .ylevitcepser ,%44 dna
 lanoitaripsnart retaerg hcum sah 51 AES
 thguord rednu pSrB naht lortnoc retaw
 evitategev rehgih dna retsaF .snoitautis
 saw 51 AES fo noitalumucca ssamoib
 noitpmusnoc suoiruxul hguorht deveihca

non rednu nworg nehw retaw fo -  gnitimil
ger ylppus erutsiom lios  .)A4 .giF( emi

 ot detcejbus saw epytoneg eht nehW
 ,esahp htworg emas eht gnirud thguord
 retaw dna )thgiew( dleiy ssamoib
 desserped erom hcum erew noitpmusnoc
 setartsnomed sihT .pSrB ni naht 51 AES ni

thguord eht taht -  na saw epytoneg tnatsiser
’tsinutroppo‘   ,retaw elbaliava ot noitaler ni

 dna noitaripsnart fo setar rehgih gnivah
 etauqeda saw erutsiom lios nehw htworg
 htob fo snoitcuder dekram gnivah tub
 erutsiom lios nehw htworg dna ssol retaw
 EUWI fo noitalerroc rehgiH .gnitimil saw

 htiw gs  htiw naht A lpmi thguord taht dei -
retaw ni esaercni decudni -  fo ycneiciffe esu

 ylniam deniatta saw sepytoneg naeb eht
 retaw a sa erusolc latamots tneiciffe ot eud

 ecnanimoderp ehT .ygetarts noitavresnoc
 yb taht revo EUWI fo lortnoc latamots fo

h yticapac noitalimissa nobrac  neeb sa
( sporc lareves rof detroper  .g.e  dna aiynA

 .)4002 ,gozreH  
 

sag fael no stceffE -  egnahcxe  
 

 eht gnirud detaitini sserts thguorD
 decuder yltnacifingis esahp evitcudorper

( etar citehtnysotohp ten eht A  dna )
( ecnatcudnoc latamots gs  owt eht fo )

pytoneg  sesaerced ehT .)B dna A6 .giF( se
( sretemarap htob ni A  dna gs  ot gniwo )

 lla ta devresbo erew sserts thguord
 eht fo esruoc eht gnirud semit gnilpmas
 secnereffid tnacifingis hguohtlA .sserts
  ,sepytoneg eht neewteb dnuof ton erew

 fo noitcuder egareva eht A   eht ssorca
 thguord eht rof rehgih saw doirep sserts

 ,pSrB( epytoneg elbitpecsus  tuoba  sa )%26
 tnarelot thguord eht htiw derapmoc

 ylno ,51 AES( epytoneg  tuoba  %05
 .giF( )stnalp lortnoc ot evitaler noitcuder

 ,ylralimiS .)A6 gs thguord rof -  desserts
fo stnalp   yb desaerced sepytoneg htob

 gnidnopserroc eht ot evitaler %04 tuoba
 fo noitalerroc ehT .)B6 .giF( stnalp lortnoc

sag owt eht -  ,sretemarap egnahcxe  A  dna
gs  ,59.0 = r( tnacifingis dna hgih saw ,

   .)10.0<p  
 

 neewteb detceted noitalerroc gnorts ehT A 
 dna gs u  stseggus snoitidnoc thguord redn

thguord taht -  ni enilced decudni A  saw
 latamots fo ecneuqesnoc a ylegral
 noitaicossa tsubor hcuS .noitatimil

,selbairav owt eht neewteb  A  dna gs  si ,
 eht taht gniylpmi detroper ylnommoc

ni esaerced  gs  rotcaf tnanimod eht si
r  ni enilced eht rof elbisnopse A  litnu

 ereves yrev emoceb snoitidnoc thguord
 xuevennoM( la te  dna rolwaL ;6002 ,.

 esolc a hcus ,revoeroM .)2002 ,cinroC
 eht eb osla nac ecnednopserroc

oc eht fo ecneuqesnoc -  htob fo noitaluger
 thguord ot esnopser ni sretemarap  oirósO(

la te thguorD .)6002 ,. - sag fo ytivitisnes -
 owt eht neewteb elbarapmoc saw egnahcxe
 ot tsartnoc ni si sihT .)6 .giF( sepytoneg
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 tnereffid erehw ,snoitavresbo suoiverp
 fo setar A  dna gs  gnoma detroper erew

thguord -  naeb elbitpecsus dna tnatsiser
pytoneg  htrowtneW( se la te  ylnO .)6002 ,.

thguord ,pSrB rof -  ni noitcuder decudni A 
 ragus fael ni esaerced a htiw dednopserroc
 .)detneserp ton atad( snoitartnecnoc
 snoitaicossa tcerid htiw enil ni ,eroferehT
 sretemarap owt eht neewteb detroper netfo

uhcS dna edemA(  egatrohs eht ,)3002 ,treb
 decuder morf gnitluser setalimissa fo
 elbisnopser eb dluoc noitalimissa nobrac

ht fo dleiy dna htworg ni esaerced eht rof si  
.sserts thguord rednu epytoneg  

 thguord fo stceffe elbarapmoc etipseD
 no sserts gs epytoneg naeb owt eht fo  ,s

 ralullecretni fael ni esaerced tnacifingis
OC 2 ( snoitartnecnoc Ci  sserts eht ot eud )

 ton atad( 51 AES rof ylno dnuof saw
OC tneibma eht esuaceB .)nwohs 2 

( noitartnecnoc Ca)  stnemerusaem gnirud
 ,segnahc Ci C/ a  fo daetsni soitar Ci era  

C .)7 .giF( detneserp  eht htiw gnidnopserro
Ci thguord ,slevel -  eht fo noitcuder decudni

 oitar Ci/Ca  tnetsisnoc erom dna rehgih saw
 .)7 .giF( pSrB rof saw ti naht 51 AES rof  

 

 
dop ylrae ta desopmi sserts thguord fo tceffe ehT .6 .giF - ats gnillif  )A( etar citehtnysotohp ten no eg

 tnacifingis etacidni ** ,* .sepytoneg owt fo )B( ecnatcudnoc latamots dna t( -  )tset  secnereffid
P ta stnemtaert lortnoc dna desserts thguord neewteb 10.0≤P dna 50.0≤  ,  ,ylevitcepser

t ot gnidrocca -  era srab lacitreV .tset  .S  .snoitacilper ruof fo .E  
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 eb ot sraeppa erusolc latamots hguohtlA
rotcaf tnanimoderp eht fo eno s  gnitimil  A

C rehto ni devresbo sa 3  ot detcejbus stnalp
 ew sserts thguord fo ytisnetni elbarapmoc

 saxelF( desu la te  dna rolwaL ,4002 ,.
non ,)2002 ,cinroC -s  fo noitibihni latamot

A  oitar eht morf tnedive osla saw Ci/Ca 
 fo oitar rewol A .)7 .giF( Ci/Ca  rednu
 ot evitaler sserts thguord  eht  lortnoc

 eht taht stseggus 51 AES rof tnemtaert
 ni enilced A  ytilibaliava detimil ot eud saw

OC fo 2 rusolc latamots yb desuac  .e
 ni esaerced eht ,siht ot yrartnoC gs  ot eud

 decuder yb deinapmocca ton saw thguord
Ci  eht .e.i( sisehtnysotohp rof elbaliava

 oitar Ci/Ca  .pSrB rof )detceffanu saw
 ,)2002( cinroC dna rolwaL ot gnidroccA Ci 

 rednu seulav ni rehgih ro ralimis slevel
thguord   lortnoc ot evitaler sserts

 ot snoitatimil cilobatem ylpmi stnemtaert
A non yb desuac -  rednu stceffe latamots

 era ereht ,revewoH .snoitidnoc thguord
 fo stnemssessa rehtehw tuoba snoitseuq

 no desab snoitatimil cilobatem Ci  sisylana
thguord rednu elbailer era  niam owT .

 ot detaler debircsed neeb evah smelborp Ci 
 yhctap :sevael desserts ni snoitaluclac

 yelkcuB( erusolc latamots la te )7991 ,. ; 
 ecnatropmi evitaler eht fo esaercni eht dna
 era atamots nehw noitaripsnart ralucituc fo

 reyoB( sevael gniyrd ni gnisolc e la t  ,.
 latamots mrofinu taht gnimussA .)7991
 ni thguord ot esnopser ni rucco did erusolc

 fo noitisopmi wols ot eud stnalp naeb eht
 yb devresbo neeb sah sa sserts eht

 zenemiG la te  eht ni ecnereffid eht ,)2991( .
 oitar Ci/Ca  naeb eht neewteb dnuof

 sepytoneg  sserts eht taht ylpmi ot sraeppa
 cilobatem dna latamots hcihw ta sdlohserht

 ot snoitatimil A  eht neewteb deirav rucco
 .sepytoneg naeb nommoc owt  

 
 egnahc citehtnysotohp ni ecnereffid ehT
 eht neewteb devresbo sserts thguord rednu

 ,erofereht ,sepytoneg naeb  lufesu eb yam
thguord gniyfitnedi ni -  .sravitluc tnatsiser

 ot eud noitibihni citehtnysotohp elihW
 nopu elbisrever ylegral si erusolc latamots

er -  sevlovni noitibihni cilobatem ,gniretaw
 ,sessecorp lacimehcoib fo tnemriapmi na

OC drater yam hcihw 2 ve noitaxif  retfa ne
 oteroL( yrevocer la te  neve ro )5991 ,.

 htaed ot gnidael stceffe elbisreverri esuac
 ,cinroC dna rolwaL( seussit fael eht fo

dluoc sihT .)2002 , erofereht ,  na eb
 eht gninimreted ni noitaredisnoc tnatropmi
 .thguord dnatshtiw ot stnalp fo ytiliba

ohtlA  ton erew secnereffid cipytoneg hgu
 noitibihni sisehtnysotohp rof tnacifingis
 eht ,sserts thguord fo slevel ralimis rednu
 fo noitibihni ot del evah taht sesuac
 yam hcus sa dna reffid yam sisehtnysotohp
 tcepser htiw secneuqesnoc tnacifingis evah

udorp eht ot  eht fo ytivitc sepytoneg naeb  
.snoitidnoc gnitimil retaw rednu  
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dop ylrae ta desopmi sserts thguord fo tceffe ehT .7 .giF -  ralullecretni fael fo oitar eht no egats gnillif
OC tneibma ot 2 ( noitartnecnoc Ci C/ a sepytoneg owt eht fo ) . ifingis etacidni** ,*  tnac

 secnereffid t( -  )tset  ta stnemtaert lortnoc dna desserts thguord neewteb P  ,10.0≤P dna 50.0≤
t ot gnidrocca ,ylevitcepser -  era srab lacitreV .tset   .snoitacilper ruof fo .E.S  

pSrB  51AES  
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snoisulcnoC  
 

 htworg tnereffid ta desopmi sserts thguorD
 esrevda na dah yllareneg porc eht fo segats

retaw ,htworg no tceffe -  dna ycneiciffe esu
e sag fael  owt eht fo sretemarap egnahcx

 tnacifingis ,sselehtreveN .sepytoneg
 eht neewteb dnuof erew secnereffid
 rediw rof desaeler ravitluc detpada
 enil derbni eht dna )pSrB( noitatpada
 ot noitatpada cificeps rof depoleved
 rieht ni )51 AES( snoitidnoc thguord

nopser  rehgiH .desopmi sserts eht ot es
 sepytoneg tnatsiser eht yb decudorp dleiy
 eht ot detaler saw sserts thguord rednu
 noititrap ot ytiliba eht fo ecnanetniam
 evitcudorper ot ssamoib evitategev
 yltnacifingis yb detartsnomed sa serutcurts

ot evitcudorper rehgih   ssamoib evitategev
 eht ot evitaler xedni tsevrah dna oitar

 .ravitluc elbitpecsus  
 

retaw rehgiH -  51 AES fo ycneiciffe esu
 ot detubirtta saw snoitidnoc thguord rednu
 decudorp dleiy dees dna ssamoib rehgih
 htiw derapmoc demusnoc retaw ssel htiw

ereffiD .pSrB  sag fael rof devresbo secn
 taht detartsnomed scitsiretcarahc egnahcxe
 rof slevel dlohserht sserts dna sesuac eht

thguord -  fo noitibihni decudni
 eht neewteb tnereffid erew sisehtnysotohp
 ,dleiy dees htiw gnolA .sepytoneg owt

 stiart noitatpada cificeps eseht  ot detaler
retaw dna gninoititrap ,htworg -  eb nac esu

 snaeb gnideerb ni airetirc noitceles sa desu
 .snoitidnoc thguord rof  

 
stnemgdelwonkcA  

 
 eht egdelwonkca yllud srohtua ehT
 namreG eht yb dedivorp troppus laicnanif

.)DAAD( ecivreS egnahcxE cimedacA  
 

refeR secne  
 

.T ,edemA  .S dna   .3002 .trebuhcS
 ni ecnatsiser thguord fo smsinahceM
 noitaluger latamotS :II semugel niarg

 .htworg toor dna  :TENIS .icS J poihtE  
731 :)2(62 - 441 . 

.O .A ,aiynA  dna  retaW .4002 .gozreH -  esu
 sag fael dna aera fael ,ycneiciffe

 fo egnahcxe dim rednu saepwoc -
 :)4(02 .norgA J ruE .thguord nosaes

723 - 933 . 
 ,.S.J ,reyoB  .S nihC - gnoW  .D.G dna  

OC .7991 .rahuqraF 2  ruopav retaw dna
 elcituc fael ssorca egnahcxe
 retaw suoirav ta )simredipe(

 .slaitnetop  .loisyhP tnalP 581 :411 -
191 . 

 ,.N.T ,yelkcuB  .D.G aF rahuqr  .A.K dna
 fo stceffe evitatilauQ .7991 .ttoM
 ecnatcudnoc latamots yhctap

sag no serutaef noitubirtsid -  egnahcxe
 .snoitaluclac  lleC tnalP  norivnE .  :02

768 - 088 . 
 ,.M.M ,sevahC  .S.J ,ariereP  .P.J  ,ocoraM  

.L.M   ,seugirdoR  .P.P.C   ,odraciR
 .L.M ,oirósO  .I  aC  ,ohlavr  .T airaF   dna

.C  .oriehniP   epoc stnalp woH .2002
 :dleif eht ni sserts retaw htiw

 .htworg dna sisehtnysotohp toB nnA  
:98  709 - 619 . 

TAIC .2002 .   lanoitanretnI ortneC
 launnA naeB .)aciporT ed erutlucirgA

69.p .aibmuloC ,ilaC .tropeR . 
 ,.G.M ,açnarF atsoC  .T.A mahP -   ,ihT  .C

 ,letnemiP  .O.R   ,olleissoR aryereP   .Y
yliuZ - lidoF  .D dna   .0002 .yarffaL

 retaw dna htworg ni secnereffiD
 gnoma snoitaler siragluv suloesahP  

 decudni ot esnopser ni sravitluc
norivnE .sserts thguord . pxE .  :34 .toB

722 - 732 . 
.R.J ,regnirelhE  ,  .E.A  llaH .D.G dna  

 dna sepotosi elbatS .3991 .rahuqraF
nobrac tnalp -  .snoitaler retaw

.AC ,ogeiD naS ,sserP cimedacA  
 ,.R.J ,regnirelhE  .W.J etihW    .A.D nosnhoJ  

 .M dna   epotosi nobraC .0991 .kcirB
 sag citehtnysotohp ,noitanimircsid

taripsnart dna ,egnahcxe  ycneiciffe noi
 atcA .sessarg egnar dna snaeb ni

116 :11 .locnO - .526  
 ,.J.R ,zednánreF  .M gnaW .F.J dna dna  

 lacigolohprom oD .2002 .sdlonyeR
 ot sesnopser tnalp etaidem segnahc

ydaets A ?sserts retaw - mirepxe etats -
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C owt htiw tne 4   .lotyhP weN .sessarg
:)1( 551  97 - 88  
 ,.J ,saxelF  .J  ,atoB  .J ,erfiC   .M.J   

 ,anolacsE  .J  ,sémlaG .J  ,saíluG  .E   
.ifeL ,  .F.S zenítraM - ,salleñaC  .T.M  

 ,oneroM  .M  sabiR -  ,óbraC  .D  ,areiR
 .B  lopmaS  .H dna   .4002 .onardeM

nwod gnidnatsrednU -  fo noitaluger
 :sserts retaw rednu sisehtnysotohp

tuf  rof gnihcraes dna stcepsorp eru
 noitagirri rof sloot lacigoloisyhp

.tnemeganam lppA nnA .    .loiB  :441
372 - 382 . 

 ,.C ,zenemiG  .J.V llehctiM   .W.Ddna
otohp fo noitalugeR .2991 .rolwaL -

 rewolfnus owt fo etar citehtnys
 .sserts retaw rednu sdirbyh  tnalP

.loisyhP  :89  615 - 425 . 
maharG .H.P ,  .P dna  illanaR  . .7991  

nommoC  b nae  ( siragluv suloesahP  
porC dleiF .).L s 131 :35 .seR - 641 . 

.E.M ,eksibuK  dna  .D.M   .3991 .smarbA
non dna latamotS -  snoitatimil latamots

 eert etarepmet 91 ni sisehtnysotohp fo
d setis gnitsartnoc no seiceps  tew gniru

 .sraey yrd dna .norivnE lleC tnalP  61  :
3211 - 9211 . 

.D  ,yarffaL  dna   .P  .0991 .teuguoL
 thguord dna sesnopser latamotS
 .731 .rF toB coS lluB .ecnatsiser

74 ,1 .toB lautcA - 06 . 
.W.D ,rolwaL  .G dna   .cinroC  .2002

 noitalimissa nobrac citehtnysotohP
a dna  noitaler ni msilobatem detaicoss

 .stnalp rehgih ni sticifed retaw ot  tnalP
norivnE lleC :52 .  572 - 492 . 

 ,.F ,oteroL  .D ilocirT  dna  .G   ocraM iD
 .5991  neewteb pihsnoitaler eht nO

otohp dna etartropsnart nortcele -
C eht fo sevael ni sisehtnys 4  tnalp

ocib muhgroS rol   retaw ot desopxe
 dna segnahc erutarepmet ,sserts

.noitibihni msilobatem nobrac  tsuA .  J
loisyhP tnalP 588 ,22. - 198 . 

 ,.H ,onardeM  .M.J  ,anolacsE .J   ,atoB  .J
saíluG  dna  .J   noitalugeR .2002 .saxelF

C fo sisehtnysotohp fo 3  ni stnalp
d evissergorp ot esnopser  eht :thguor

 a sa ecnatcudnoc latamots fo tseretni

 .retemarap ecnerefer .toB nnA  98  :
598 - 509 . 

 ,.K ,atihsayiM  .S  ,uramakanaT  .T  inatiaM
 .K dna  yrevoceR .5002 .arumiK

,sisehtnysotohp fo sesnopser  snart -
 ni ecnatcudnoc latamots dna noitarip

niwollof naeb yendik  .sserts thguord g
toB pxE norivnE  . 502 :)2(35 - 412 . 

xuevennoM  ,  ,.P  .D akikeR  , .E   odevecA  
dna  .O   thguord fo tceffE .6002 .hareM

 epotosi nobrac ,egnahcxe sag fael no
 noitaripsnart ,noitanimircsid
 dleif ni ytivitcudorp dna ycneiciffe

pytoneg taehw murud nworg  tnalP .se
768 :)4(071 .icS - 278 . 

TATSM - 9891 .C . CTATSM - orcim a ,C -
 ,ngised eht rof margorp retupmoc

 ,tnemeganam   fo sisylana dna
 .stnemirepxe hcraeser cimonorga
 ,gnisnaL tsaE ,.vinU etatS nagihciM

IM . 
oirósO  ,  ,.L.M  .E aierB , .A  seugirdoR , .J  

 ,oirósO  .X oR eL xu , .A.F   ,teduaD .I  
arierreF   .M.M dna  .6002 .sevahC

 yb noitalimissa nobrac ot snoitatimiL
 seert eniratcen ni thguord dlim
.snoitidnoc dleif rednu gniworg  

norivnE . pxE .  :)3(55 .toB 532 - 742 . 
selasoR -  ,.R ,anreS  .J ihsahoK -  ,atabihS .A.J  

atsocA -  ,sogellaG  .C erT oj -  ,zepóL .J  
zitrO - serecereC  .D.J dna   .2002 .ylleK

 ni tnemtsujda lacigolonehp dna dleiY
thguord ruof -  naeb nommoc desserts

  .sravitluc  vorpmI naeB peR nnA
pooC . 891 :54 - 991 . 

ziuR - ,.C.M ,zehcnaS  .R  ,ognimoD  .A  
sallicerroT   .A dna zereP - rotsaP .  .0002
rts retaW  ot gninoitidnocerp sse

 gnuoy ni ecnatsiser thguord evorpmi
 .stnalp tocirpa .icS tnalP  542 :651 -

152 . 
 ,.M.C ,anexaS  .N.S  miliS  .K.B dna   .hgniS

 yratnemelppus fo tceffE .0991
 htworg evitcudorper gnirud noitagirri

( aepkcihc gnirps dna retniw no  reciC
muniteira  naenarretideM a ni )

  .tnemnorivne  .icS cirgA J 582 :411 -
392 . 

 dna edixoid nobraC .6891 .D.E ,ezluhcS
 ot esnopser ni egnahcxe ruopav retaw
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 eht ni dna erehpsomta eht ni thguord
 .lios .loisyhP tnalP veR unnA  742 :73 -

472 . 
.A .A  ,tuknehS  .A.M dna   .3002 .kcirB  

  naeb elbide yrd htiw detaicossa stiarT
( siragluv suloesahP   ytivitcudorp ).L

 erutsiom lios esrevid rednu
.stnemnorivne   :)3( 331 .acityhpuE

933 - 743 . 
 ,.M.H.K ,euqiddiS  .M.D  ,tnanneT  .W

yrreP  .K.R dna  retaW .0991 .drofleB -
retaw dna esu -  dlo fo ycneiciffe esu

 a ni sravitluc taehw nredom dna
naenarretideM -  .tnemnorivne epyt  

tsuA  .  J. cirgA . 134 :14 .seR - 744 . 
 citeneg eht gninedaorB .1002 .P.S ,hgniS
 porC .sravitluc naeb nommoc fo esab

9561 :14 .icS - 5761 . 
.H ,náreT  dna   .S  nosirapmoC .2002 .hgniS

nil dna secruos fo  rof detceles se
 thguord   .naeb nommoc ni ecnatsiser

46 ,24 .icS porC - 07 . 
alotruT  ,  ,.S  .M   ,isuoR .J   ,suinesuP  .K

ijamaY  ,  .S aksieH  ,  .V nenokkriT  ,  .B
reieM  dna   .R  nenukluJ - .ottiiT     .6002

 thguord ni noitairav cipytoneG

 rednu nworg swolliw fo esnopser
eibma VU decnahne dna tn -  B

norivnE .noitaidar . pxE .  ,)1(65 .toB
08 - 68 . 

 ,.M ,ramukayadU  .S.M   ,eeyahshsehS  .N.K
 ,jarataN  .B.H  ,avahdaM .R    ,ardneveD

.S.I  niassuH batfA  dna   .G.T  .dasarP
retaw rof gnideerb sah yhW .8991 -  esu

 nA ?lufsseccus neeb ton ycneiciffe
sylana  ot hcaorppa etanretla dna si

 porc rof tiart siht tiolpxe
 499 :47 .icS tnerruC .tnemevorpmi -

0001 . 
 ,.M ,htrowtneW  .H.E  ,eihcruM .E.J   ,yarG

.D   ,sagelliV .C    ,senetsaP .M   otniP  
dna  .P   laitnereffiD  .6002 .notroH

 nommoc fo seiteirav owt fo noitatpada
 ot naeb  noitamilccA  .II :sserts citoiba

J .sisehtnysotohp fo . pxE .  :)3(75 .toB
996 - 907 . 

 ,.X ,gnahZ  .N uW   .C dna   .5002 .iL
 fo sesnopser htworg dna lacigoloisyhP

anaidivad sulupoP   ot sepytoce
J .stnetnoc retaw lios tnereffid .  dirA

765 :)4(06 .norivnE - 975 . 


