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eR hcraes  elcitrA  
 
 

 fo tcartxE lonahtE eht fo ytivitcA lairetcabitnA uhpiziZ surypolyx s  dlliW . 
)eaecanmahR(  

ajnaraytaS ,raK tarbuS ,ahtaR ihargabahB ,aneJ ramuK atnasaB*  ,atnahoM n kayaN ramuK timA  

.1  jnahbruyaM ,airahkoprahJ ,secneicS lacituecamrahP fo etutitsnI atnameeS - 757  .aidnI ,ahsidO ,680  

.2  .aidnI ,ahsidO ,ruplabmaS ,alruB ,egelloC lacideM .S .S .V  
_________________________________________________________________________________________________________________________  

TCARTSBA  
 cinegohtap yb desuac era sesaesid suoitcefnI  ro ,setisarap ,sesuriv ,airetcab sa hcus ,smsinagroorcim

eno tuobA .rehtona ot nosrep eno morf ,yltceridni ro yltcerid ,daerps nac sesaesiD .ignuf -  eht lla fo htruof
cudnoc neeb evah seiduts cifitneics ,revewoH .stnalp tserofniar morf emoc ,esu ew senicidem  a ot ylno det

 tcartxe cilonahte evisseccus eht ,noitacinummoc tneserp eht nI .stnalp lanicidem wef htiw tnetxe detimil
 sti rof detaulave dna deraperp saw )eaecanmahR :ylimaF( .dlliW surypolyx suhpiziZ fo krab mets eht fo

fid tsniaga laitnetop laiborcimitna LM suerua succocolyhpatS yleman ,airetcab evitisop marg tneref -  ,95
 marg dna 14301 simrofinehcyl sullicaB ,73792 suerua succocolyhpatS ,47 CTCN muirumihpyt allenomlaS

K iloc aihcirehcsE yleman ,sniarts lairetcab evitagen -  allegihS ,2 iennos allegihS ,WOR 21  oirbiV ,8 iidyob
 tnereffid tsniaga ytivitca lairetcabitna laitnetop ehT .suetylonigla oirbiV ,458 arelohc oirbiV ,118 arelohc
 .sisylana )IOZ( noitibihni fo enoz dna )CIM( noitartnecnoc yrotibihni muminim yb denimaxe saw airetcab

oc htiw derapmoc seulav CIM  dradnats htiw derapmoc seulav )IOZ( noitibihni fo enoz dna lortn
 fo htworg lairetcab gnitibihni ni tnetop si tcartxe cilonahte eht ,taht delaever stluser ehT .nicaxolforpic

marg dna evitagen marg htob - pic( dradnats eht htiw elbarapmoc dna airetcab evitisop  ehT .)nicaxolfor
 rehto eht ot derapmoc sa ytivitca lairetcabitna tseb eht dewohs tcartxe cilonahte fo lm/gμ 002
 slairetcabitna cituepareht eht fo noitalosi ot detcejbus rehtruf eb nac tnalp siht ,ecneH .snoitartnecnoc

noitaulave lacigolocamrahp rehtruf dna . 

  :sdrowyeK ytivitca lairetcabitnA , e ,tcartxe cilonaht  CIM , z .dlliw surypolyx suhpizi , .IOZ  
 

 devieceR           2102 tsuguA 81 mrof desiver ni devieceR               2102 tpeS 30  detpeccA 2102 tpeS 50  
 

ecnednopserroC rof rohtuA*  
aneJ ramuK atnasaB , 

,SPIS  .aidnI ,ahsidO,jnahbruyaM,airahkoprahJ  
E-  :liam moc.liamffider@anej_amrahp  

________________________________________________________________________________________________________________ _________  
 

NOITCUDORTNI  
surypolyx suhpiziZ   :ylimaF( )eaecanmahR   si

 a  si hcihw tnalp lanicidem ylnommoc   dnuof
 ni suoirav   fo strap nretsewhtroN  aidnI  ]1[ . 

 eht rep sA lanicidemonhte  ,noitamrofni  
 lareves ssessop tnalp siht fo strap suoirav
 htiw redwop tiurf ehT .seitreporp lanicidem

 ni ecirht redwop regniz fo hcnip a  si yad a
u  rof lufes ehcahcamots   dna  noitsegidni  .]2[

 osla tI sessessop   ,tnasserpeditna
 elbaliava eht rep sa seitivitca citnimlehtna

noitamrofni  3[ -  .]4  lacimehc detroper ehT
 era tnalp siht ni tneserp stneutitsnoc

dna nitecreuq  lohcetac ,sevael ni nirticreuq -
t fo epyt sninna  8( - 21  ,)%  1,dica cilonaelo -

1,nihcetacipe - 4,3,3,nidinaycocuel - irt -o-
;stiurf ni dica cigalle lyhtem  ninnat  2.7(  ,)%  

d- ,'4,'3,7 - navalfyxordyhirt - 4,3 -  dna loid  

 
skrab ni dica cilonaelo   .)5002 ,suomynonA(

 ot detroper si tnalp eht fo doow mets ehT
niatnoc  sdionipretirt  ]5[ , sdiolakla  

enirypolyx( -  A dna  )B  [6-7  ] sdionovalf dna  
 .]3[  eht ni desu saw tnalp eht yllanoitidarT

tnemtaert   fo aeohrraid ,  dna gnilaeh dnuow
,sliob   rof aedi na sa sevig hcihw sti  

.ytivitca laiborcimitna   tneserp ehT
 enod saw noitagitsevni  ot tuo dnif   eht

 laiborcimitna laitnetop   lonahte eht fo
s fo tcartxe  emos tsniaga trap krab met

marG -  dna evitisop marG - evitagen   ,airetcab
hcihw   a sevig yllacifitneics   rof foorp sti  

.sesu lanoitidart  
SDOHTEM DNA LAIRETAM  

P slairetam tnal  
 mets ehT s eht fo krab saw tnalp detcele  
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c miS fo tserof eht morf detcello  lapil
,evreseR erehpsoiB  ,jnahbruyaM  ,ahsidO  

I  tsuguA ni aidn .6002   lairetam tnalp ehT
 detacitnehtua dna deifitnedi saw

yllacimonoxat   lanoitaN lartneC eht ta
,muirabreH  ,aidnI fo yevruS lacinatoB  
G lacinatoB ,nedra  harwoH - ,301117   tseW

,lagneB  aidnI  .feR(   .on )95(I/HNC  
hceT/6002/ - II 72 detad , - 01 -  .)6002  A

 elpmas detcelloc eht fo nemiceps rehcuov
 lanoitutitsni eht ni detisoped saw

.ecnerefer erutuf rof muirabreh  
P stcartxe fo noitaraper  

c erew strap tnalp dias ehT  deird ,denael
 lacinahcem a yb deredwop dna edahs rednu

.rednirg   dezirevlup eht fo smarg derdnuH
 eht htiw detcartxe saw krab mets ,tnevlos  

,rehte muelortep  ,mroforolhc  e dna th  ni lona
saercni S a ni ylevisseccus ytiralop gni  telhxo

muelorteP .sutarappa  w rehte  ni desu sa
laitini   rof noitcartxe fo pets gnittafed   eht

 dna mroforolhc yb dewollof slairetam tnalp
.lonahte   erew stcartxe evisseccus ehT

yletarapes   ta detartnecnoc dna deretlif
.rotaropave yrator no erutarepmet decuder   

gnineercs lacimehcotyhP  
stcartxe ehT   fo surypolyx .Z  krab mets .dlliW  

 stset lacimehcotyhp emos ot detcejbus erew
ecneserp eht enimreted ot   sdiolakla fo

relleK( sedisocylg ,)tset s’ffordnegarD( -
 deifidom dna ,s’regartnroB ,inailliK
 setardyhobrac ,)stset s’regartnroB

et s’hcsiloM dna s’gnilheF(  dna sdiorets ,)sts
nnamrebiL( slorets -  ,tset drahcruB

 edirolhc cirref( sninnat ,)tset ikswoklaS
 nirdyhniN( sdica onima dna snietorp ,)tset

irt ,)tset -  lynoiht dna nit( sdionepret
 dna ,)tset maof( ninopas ,)tset edirolhc

H dna HOaN( sdionovalf 2 OS  4 )tset  8[ - ]9 . 
ytivitca laiborcimitnA  

 tcartxe lonahte ehT  fo surypolyx .Z   .dlliW
 mets krab   saw  deniatbo dna   eht rof detset

 tsniaga ytivitca laiborcimitna tnereffid  
marG -  evitisop (  suerua succocolyhpatS LM -        95

47 CTCN muirumihpyt allenomlaS , 
succocolyhpatS  a 92 sueru  sullicaB ,737

 simrofinehcyl 14301  ,)  dna marG -  evitagen
sniarts lairetcab  ( K iloc aihcirehcsE -  ,WOR 21

 ,2 iennos allegihS  oirbiV ,8 iidyob allegihS
 arelohc oirbiV ,118 arelohc  oirbiV ,458

suetylonigla .)  esehT   erew sniarts lairetcab
vinU rupvadaJ morf deniatbo atakloK ,ytisre -

23 .aidnI ,  llA  bus  desu seborcim erutluc
 raga tnals sa devreserp erutluc erup erew

4 ta erutluc °C  raga tneirtun netlom ehT .
 snoitartnecnoc suoirav gniniatnoc muidem

001,05 ,52 ,01 ,0( stcartxe eht fo  002 dna  
deifidilos dna deruop erew )lm/gµ   ot no

001 elirets   elirets evig ot sehsidirtep mm
 snoitulid gniyrav htiw setalp raga tneirtun
 tpek erew setalp eseht nehT .tcartxe eht fo

°4( rotaregirfer a ni C  )  mrofinu rof h 42 rof
 raga tneirtun eht ni tcartxe eht fo noisuffid

neht erew setalp ehT .aidem  °73 ta deird C 
2 rof   h  noitaluconi tops erofeb ]01[ .  enO

3 retemaid( lluf pool  )mm   thginrevo na fo
 tset hcae fo erutluc retaw enotpep nworg
 dekram hsidirtep ni decalp saw msinagro

 yb draobrekcehc  euqinhcet  ]11[ .  tops ehT
ta detabucni erew setalp detaluconi  °73 C 

 yrotibihni muminim eht dna h 42 rof
.deniatbo erew seulav noitartnecnoc  

 dradnats a sa nekat saw nicaxolforpiC
 stluser eht gnirapmoc rof dnuopmoc

001( snoitulid owt fo stes owT .deniatbo  
002 dna   fo hcae )lm/gµ Z. surypolyx   .dlliW

txe lonahte krab mets  dna tcar  dradnats
( nicaxolforpic  :tnevlos  dellitsid elirets

taw cM elirets ni deraperp erew )re  yentraC
 erew setalp raga tneirtun eliretS .selttob

°73 ta detabucni dna deraperp C  ot h 42 rof
 owT .noitanimatnoc fo tros yna rof kcehc

 elirets  scsid repap retlif namtahW( ®  retlif
 .oN repap 6 fo )1   dekaos erew retemaid mm

 edurc eht fo snoitulid tnereffid owt ni
 noitisop etairporppa ni decalp dna tcartxe
 dekram ,etalp dedoolf eht fo ecafrus eht fo
 .sehsidirtep eht fo kcab eht ta stnardauq sa

ucni erew sehsidirtep ehT °73 ta detab C  rof
 noitibihni fo senoz fo retemaid eht dna h 42
 erudecorp ralimiS .mm ni derusaem erew
 dna nicaxolforpic erup eht rof detpoda saw
 erew sretemaid enoz gnidnopserroc eht

ylgnidrocca derapmoc  .]21[  
NOISSUCSID DNA STLUSER  

 fo stcartxe tnereffiD o  f surypolyx .Z   .dlliW
erew krab mets  .deniatbo  t gniyrd retfA  eh

 ,stcartxe ruoloc   ecnaraeppa lacisyhp dna
 ni detneserp dna devresbo erew ( 1 elbaT )  .

 deniatbo eseht fo )w/w( dleiy tnecrep ehT
( derusaem osla erew stcartxe 1 elbaT  dna ,)

 tnecrep eht taht saw ti  cilonahte fo dleiy
 tcartxe  )% 97.7(  ni mumixam saw

 mroforolhc( stcartxe rehto htiw nosirapmoc
 .)rehte muelortep dna  
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1 elbaT  :  dleiY  ecnaraeppA lacisyhP dna ruoloC ,)W/W ,%( retfa   tnereffiD fo gniyrD   
                    fo stcartxE Z surypolyX .  dlliW S . kraB met  

 
stcartxE  )w/w %( dleiY  gniyrd retfa ecnaraeppa lacisyhp dna ruoloC  

rehte muelorteP  05.1  erutan ni ykcits nworb hsiwolleY  

mroforolhC  91.1  rewop suohproma neerg hsiwolleY  

lonahtE  97.7  slatsyrc nworb kraD  

 
sisylana lacimehcotyhp evitatilauq ehT   fo  .Z

surypolyx   erew stcartxe krab .dlliW
 si yduts siht fo tluser eht dna demrofrep

 ni detneserp ( 2 elbaT ).  rehte muelortep ehT
 .ylno ,sdiorets fo ecneserp eht dewohs tcartxe

 fo ecneserp dewohs tcartxe mroforolhc ehT
etardyhobrac dna ,sdiorets ,sedisocylg  nI .s

 ,setardyhobrac ,sedisocylg ,tcartxe cilonahte
nepret htiw tneserp erew sdiorets dna e  dna s

  .sdionovalf  
 

:2 elbaT   evitatilauQ  fo stcartxE tnereffiD fo sisylanA lacimehcotyhP Z surypolyX .  dlliW  .  
                   kraB metS  

 
neserp stneutitsnocotyhP t  rehte muelorteP  

tcartxe  
 mroforolhC

tcartxe  
 lonahtE  

tcartxe  
sdiolaklA  - - - 

setardyhobraC  - + + 
sedisocylG  - + + 

sdica onimA dna snietorP  - - - 
sninnaT  - - - 

senepreT  - - + 
sninopaS  - - - 

sdionovalF  - - + 
sdioretS  + + + 

‘ dna ,tneserP ’+‘ -  = ’ tnesbA  

 rof nekat saw tcartxe lonahte ehT
 dleiy rehgih ot eud ytivitca laiborcimitna
 fo ecneserp eht no desab dna eulav

 .stneutitsnocotyhp  eht fo snoitavresbo ehT
 ni detalubat neeb sah yduts CIM ( 3 elbaT ) 

 muminim eht taht dnuof saw ti dna
necnoc yrotibihni  lonahte eht fo noitart

01 neewteb gniyrav eb ot dnuof saw tcartxe -
 tset eht fo tsom ot tcepser htiw ,lm/gµ 002
 rof tcartxe lonahte fo CIM ehT .airetcab

 ekil sniarts lairetcab iloc .E  K-  ,WOR 21  .S
iennos   ,2 ihpyt .S   ,95 arelohc .V   dna 458  .S
suerua  LM - rew 95  ,lm/gµ 001 eb ot dnuof e

 rof arelohc .V   rof dna lm/gµ 05 saw CIM ,118
suerua .S   dna 7372  simrofinhcil .B  14301

 eht fo IOZ fo tluser ehT .lm/gµ 01 ta erew
 sdradnats htiw nosirapmoc sti dna stcartxe
 002 dna lm/gµ 001( nicaxolforpic ,citoibitna

cer saw )lm/gµ  ni dedro ( 4 elbaT ) itna ehT . -
 fo tcartxe eht fo ycaciffe lairetcab  .Z

surypolyx   .dlliW s  ot dnuof saw krab met
 tsniaga redro gniwollof eht ni esaerced

 ,sniarts lairetcab detset tnereffid ihpyt .S   ,95
 suerua .S  ,7372 suetylonigla .V  , iidyob .S   ,8  .V

arelohc  8  ,45 iloc .E  K-  ,WOR 21  .B
simrofinehcil   ,CIM fo stluser eht morF .14301

 fo taht ot nosirapmoc rieht dna seulav IOZ
 decnedive si ti ,nicaxolforpic dradnats eht
 tsniaga tnetop saw tcartxe lonahte eht taht

marG - marG dna evitisop - .airetcab evitagen   
nuopmoc ehT  siht rof elbisnopser sd

 neeb ton dah ytivitca lairetcabitna
 yranimilerp ,revewoH .detagitsevni
 lonahte eht fo sisylana lacimehcotyhp
 ,sninnat fo ecneserp eht delaever tcartxe
 ehT .sdiorets dna sdionovalf ,sedisocylg
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am tnalp eht fo seitreporp lairetcabitna  eb y
 denibmoc ro laudividni eht ot detubirtta
 tneserp eht fo sgnidnif ehT .spuorg lacimehc

 eht ot troppus cifitneics a reffo noitagitsevni
 eht yb tnalp eht fo esu lanicidem onhte

.srelaeh lanoitidart
 

:3 elbaT   CIM  fo tcartxE lonahtE fo Z surypolyX .  dlliW .  metS airetcaB tnereffiD tsniaga kraB  

airetcab fo emaN  
 
 

 tnereffid gniniatnoc raga tneirtun ni htworG
lm/gµ ni tcartxe fo snoitartnecnoc  

0 01  52  05  001  002  
marG - airetcab evitisop        

LM suerua succocolyhpatS -        95  + - - - - - 
rofinehcil sullicaB          14301 sim  + - - - - - 

   47 CTCN muirumihpyt allenomlaS  + + + + + - 
       73792 suerua succocolyhpatS  + + + + + - 

marG - airetcab evitagen   
K iloc aihcirehcsE -          WOR 21  + + + + + - 

                   2 iennos allegihS  + + + + + - 
nomlaS                 95 ihpyt alle  + + + + + - 

                  118 arelohc oirbiV  + + + + - - 
                                 458 arelohc oirbiV  + + + + + - 

   suetylonigla oirbiV  + + + + + - 
                    8 iidyob allegihS  + + + + + - 

imreted llA etacilpirt ni enod erew snoitan  ‘ ;htworG ’+‘ ;)tcartxe tuohtiw( lortnoC ’0‘ - htworg oN ’  
 

4 elbaT  :  enoZ nicaxolforpiC dna tcartxE lonahtE yB decudorP noitibihnI fo   

airetcab fo emaN  
 
 
 

)mm( noitibihni fo enoZ a 

            stcartxe lonahtE  nicaxolforpiC  
 

  lm/gµ 002     lm/gµ 001     lm/gµ 002      lm/gµ 001  

marG - airetcab evitisop     

LM suerua succocolyhpatS -        95  05.0 ± 21.9      59.0 ± 82.01  57.0 ± 33.82    88.0 ± 05.32  
         14301 simrofinehcil sullicaB  76.0 ± 84.7      57.0 ± 42.6  0 ± 66.71 56.0 ± 82.72    27.  

   47 CTCN muirumihpyt allenomlaS  68.0 ± 48.6      60.1 ± 52.6  67.0 ± 25.92    68.0 ± 05.32  
       73792 suorua succocolyhpatS  08.0 ± 24.9      86.0 ± 83.6  08.0 ± 22.52    05.0 ± 62.22  

marG - airetcab evitagen            

oc aihcirehcsE K il -          WOR 21  67.0 ± 84.7     58.0 ± 83.6  98.0 ± 21.91    25.0 ± 65.01  
                   2 iennos allegihS  55.0 ± 25.7     55.0 ± 83.6  87.0 ± 52.81    25.0 ± 33.41  

                95 ihpyt allenomlaS  57.0 ± 73.41   57.0 ± 00.31  53    67.0 ± 22.72 25.0 ± 22.  
                  118 arelohc oirbiV  56.0± 85.31   77.0 ± 55.01  17.0 ± 21.02    38.0 ± 84.51  

                    8 iidyob allegihS  66.0 ± 24.9    59.0 ±  84.7  18.0 ± 41.52    15.0 ± 60.02  
                  458 arelohc oirbiV        58.0 ± 83.6 59.0 ± 05.8  86.0 ± 44.82    57.0 ± 00.22  

                  suetylonigla oirbiV   06.0 ± 45.01     66.0 ± 75.7  08.0 ± 30.92    38.0 ± 60.62  
a noitaived dradnats ± naem sa desserpxe erew seulav dna etacilpirt ni enod era stseT  

erusaem saw snoitibihni fo enoZ  saw nicaxolforpic ;mm ni senoz detibihni fo sretemaid sa d
 lortnoc evitisop sa desu  
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NOISULCNOC  
 ot elbissop si ti ,stluser eseht no desaB

 taht edulcnoc  fo stcartxe suoirav  .Z
surypolyx  daorb a ssessop krab mets .dlliW  

 lenap a tsniaga ytivitca fo murtceps  fo
 rof elbisnopser airetcab fo sepyt tnereffid
 ehT .sesaesid lairetcab nommoc tsom eht

 fo tcartxe lonahte surypolyx .Z   mets .dlliW
krab   eht ni desu eb yllaitnetop nac

 sesaesid suoitcefni suoirav fo tnemtaert
 taht airetcab cinegohtap suoirav yb desuac

s era  yltnerruc ot ecnatsiser gniwoh
.scitoibitna elbaliava   yrossimorp esehT

 stcartxe  fo surypolyx .Z  krab mets .dlliW  
 yllacinilc wen gnidnif fo ytilibissop eht nepo

 evitceffe lairetcabitna . 
STNEMEGDELWONKCA  

 knaht ot hsiw srohtua ehT P .for   atajuS
raditsaD hsohG ,  fo tnemtrapeD

P  rupvadaJ ,ygolonhceT lacituecamrah
 lairetcab gniylppus rof atakloK ,ytisrevinU

.noitagitsevni siht ni desu sniarts  
 

SECNEREFER  
.1   A :aidnI fo htlaeW ehT ,suomynonA

 dna slairetaM waR naidnI fo yranoitciD
 dna lairetaM waR ,stcudorP lairtsudnI

uC loV ,sexednI evitalum - X ,IX -  desiveR ,Z
 noitamrofnI dna snoitacilbuP ,noitide
 ,graM nanhsirK .S .K .RD ,RISC ,etarotceriD

5002 ,ihleD weN ;  .pp 111 - .421   
.2   .SV ujaR ,NE yhtruM ,NK yddeR ,SC yddeR

 ni stnalp lanicidem lanoitidarT
edarP arhdnA ,sllih malaehcahseS  naidnI .hs

804 :3 ;9002 seR tnalP deM J - .214  
.3   iahgniS ,L marnaS ,CS ardnegaN ,SK lamiV

 fo ytivitca tnasserpeditnA .KA  suhpiziZ
surypolyx 21 :1 ;9002 demotyhP J tnI . -    .71  

.4   aneJ ,P laB ,NP ytruM ,MA arhsiM ,SU arhsiM
eht fo tcartxe mroforolhc fo gnineercS .B  

 fo krab surypolyx suhpiziZ   rof dliw
 loiB locamrahP J tnI .ytivitca citnimlehtna

301 :2 ;8002 icS - .601  
.5   ,GL manadapurK divaD ,GS hseedagaJ

 morf dionepretirt weN .AG anayarannamirS
surypolyx suhpiziZ   J naidnI .doow mets

 .693 :B93 ;0002 .mehC  
.6  ednaP ,KA hgniS  .BV yednaP ,PV hgniS ,BM y

enirypolyX - enirypolyX dna A -  wen owT ,B
 morf sdiolakla editpep arypolyx suhpiziZ  .

4111 :12 ;7002 .seR .dorP .taN - .0211  
.7   fo noitibihnI .HB naH ,HK gnawH ,NY naH

esanik nietorp dedneped niludomlac -  yb II
akla editpep raenil dna cilcyc  morf sdiol

suhpiziZ   ;5002 seR mrahP hcrA .seiceps
951 :)2(82 - 361 . 

.8   ycongocamrahP lacitcarP .RK lawlednahK

 II ,stnemirepxe dna seuqinhceT dn   ,noitidE
941 .pp ,0002 ,nahsakarP ilariN :enuP - .651  

.9  4 ,ysongocamrahP lacitcarP .KC etakoK ht  
P hballaV ,ihleD ,noitidE  .pp ,4991 ,nahsakar

701 - .111  
.01   ,NP yhtruM ,A arhsiM ,R iramuK ,SU arhsiM

 fo krab mets fo ytivitca lairetcabitnA .P saD
acidni athcaridazA  mehC seR gnihcaeT J .

61 :71 ;7002 - .91  
.11   ,S raK ,SU arhsiM ,RS atnahoM ,RB adnaP

 lairetcabitnA .P ytrabarkahC ,KB adnaP
tca  fo sevael eht fo ytivi sutusrih suluccoC   .

801 :44 ;7002 sgurD naidnI - .011  
.21   redmuzaM ,PS usaB ,PB ahaS ,A redmuzaM

 cilonahtem fo ytivitca lairetcabitnA .MR
 fo sevael fo tcartxe arolfivrap aimeortsregaL  .

02 :91 ;4002 dorP taN J naidnI - .32  


