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hcraeseR htgnel lluF  repaP  

 fo lortnoC lacigoloiB  ainotslaR solana ec arum ).L(  gnisU  Tr ci hode mr a 
ps seice  a dn  Pseudom ano s ps seice  Isolates I ovivn  ta   fo setaD gniyraV

noitaluconI  
 

 
miharbI halladbA a  ; osidnaH tiwareS  *b dna  umelA eyafseT a 

a  larutaN fo egelloC ,ygoloiB raluceloM dna ralulleC ,laiborciM fo tnemtrapeD ,ytisrevinU ababA siddA
htE ,ababA siddA ,6711 :xoB oP ,secneicS aipoi  

b  ,odoS atialoW ,831 xoB oP ,erutlucirgA fo egelloC ,secneicS tnalP fo tnemtrapeD ,ytisrevinU odoS atialoW
aipoihtE .  

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

noitcudortnI  
Ginger (Zingiber offici an le oR scoe) belon sg  to a tropical an  d subtropical spice plant f ma ily Zi gn iberaceae. tI  is thought t  o be 
origin ta ed in South aE st sA ia and intro ud ec d to many part fo s  th  e worl ;d  a dn  has b ee n cu itl v ta ed for thousa sdn  fo  years a  s spic  e and 
medi ic nal purpos  e in India and China (Rafi  e an  d Olczy ,k  ;3002  Shul  ak and Singh, 20 70 ). Ginger rhizom  e i  s typic la l  y consumed as a 
fresh paste, dried powder, s il ce p s reserved in syr ,pu  ac ydn  (crys lat l zi ed gi gn er), as a bevera  eg or as f al ov ring agent. In many 
countries, esp ce llai y in Indi  a and China, fresh ginger i u s sed to prepare vege at ble and mea d t ishes an u d sed in prepara it on o  f vario su  
foo sd  for seasoni  ,gn f al voring and impar it ng aroma in la l vo er the world (Shukl  a and Sing ,h  7002 ).  porc hsac laicifeneb a si regniG

rtnuoc siht nI .aipoihtE ni ralupop a si regniG ,y   rof stnemidnoc dna seiceps gnol neve dna roloc ,rovalf ,etsat laiceps sti -  egarots mret

 yrotsih elcitrA  
 :devieceR 51 - 01 -  7102  

 :desiveR 52 - 01 -  7102  
 :detpeccA 10 - 11 -  7102  

 
 :rohtuA gnidnopserroC  

osidnaH tiwareS  
 ,ytisrevinU odoS atialoW

 tnalP fo tnemtrapeD
 fo egelloC ,secneicS

 oP ,erutlucirgA  ,831 xoB
.aipoihtE ,odoS atialoW  

 

Abstract 
 detalosi erew sanomoduesp tnecseroulf fo setalosi lairetcab owt dna pps amredohcirt fo setalosi lagnuf eerhT

setalosi ehT .yrtnuoc eht fo saera gniworg regnig tnereffid morf detcelloc lios erehpsozihr regnig morf   erew
 deneercs  ortiv ni  ,negohtap eht tsniaga ytivitca citsinogatna rieht rof  )tliw lairetcab( muraecanalos ainotslar

 niatrec a dewohs )6 epyt dna 5 epyt ,4 epyt ,3 epyt( ruof ylno ,setalosi detset eht fo tuO .muidem raga bk no
 eht ot noitibihni fo eerged  top a ,esuohneerg a ni tceffe citsinogatna rieht tset oT .negohtap eht fo htworg

 regnig elbitpecsus dna lios deziliretS .pps sanomoduesp dna amredohcirt gnisu detcudnoc saw tnemirepxe
gnig fo noitaziretcab ,tnemirepxe eht nI .yduts eht rof desu saw emozihr  setalosi detceles eht htiw semozihr re

.e.i  yb tliw lairetcab fo ecnedicni eht decuder yltnacifingis 6epyt dna 5epyt ,4epyt ,3epyt ,8 epyt ,7 epyt ,
 ylevitcepser ,%44.82 dna %98.67 yb thgiew yrd dna thgieh tnalp :htworg tnalp desaercni dna ,%38.95

nitseggus  .airetcabozihr gnitomorp htworg tnalp sa setalosi eht fo ecnatropmi eht g  fo setalosi ,yduts siht nI
oib -  detroper eht ,sesac emos nI .tceffe ladicignuf gnorts evitceffe yrev gnivah dnuof neeb ydaerla evah tnega

( locinehpmarolhc fo taht naht erom si tceffe  gnisimorp detroper hcus ynam eht fo tuO .sedicitsep )%52.0
 40 epyt ,30 epyt etalosi amredohcirt ,50 epyt etalosi amredohcirt ytilibaliava fo sisab elpmis eht no ,stnalp

sniaga ytiliba tabmoc rieht sessa ot detceles neeb evah 60 epyt etalosi amredohcirt dna eht ,t  tsehgih  egareva  
emozihr  sdleiy  revewoh  erew  devresbo  rednu  eht  tnemtaert  t6 t dna 7 dna  eht  tsewol  rednu  eht  tnemtaert  .ot  

sA  a tluser  wol  dleiy  saw  ni dnuof  lortnoc  stop  dna  hgih  ni  eht  stop  erehw  denibmoc  stnemtaert  erew  
ehT .deilppa  denibmoc  taert tnem  dah  a ylhgih  tceffe tnacifingis  no  eht  emozihr  .dleiy  ehT   egareva tsehgih

emozihr  erew revewoh sdleiy  rednu devresbo  eht  ps epyt( 6t tnemtaert - dna )s  7t   )ps2 epyt( dna   tsewol eht
eht rednu  .ot tnemtaert  sA  a wol tluser  dleiy  saw  ni dnuof   stop lortnoc dna  ni hgih  eht  stop  erehw  

erew stnemtaert denibmoc  ehT .deilppa  dah tnemtaert denibmoc  a no tceffe tnacifingis ylhgih  eht  emozihr  
fo esu ehT .dleiy  dna 50 epyt etalosi amredohcirt   ta tluser gnisimorp nwohs dah 30 epyt etalosi amredohcirt

onni retfa syd 51 morf tluser ehT .noitaluc   laicnanif tsehgih taht delaever sisylana oitar tsoc tifeneb eht
7t tnemtaert denibmoc eht morf deniatbo saw tifeneb  eht erehw  saw )79.3( rcb  eht  dna tsehgih  eht   dnoces

tsehgih  morf saw rcb  6t  elihw )69.3(  eht  )09.1( rcb tsewol  saw  tI .top lortnoc ni devresbo   tnedive saw
rof elbisnopser erew sdleiy wol ylevitarapmoc taht stluser deniatbo eht morf   a dna nruter ssorg rewol eht

hcae tsniaga rcb rewol   tsniaga dednemmocer erew pps sanomoduesp dna pps amredohcirt ,ecneH .tnemtaert
iretcab oib ,suhT .regnig fo tliw la -  eht ecalper ot sa os denehtgnerts eb tsum muraecanalos aintslar fo lortnoc

oce ,elbaniatsus ,repaehc yb slacimehc cixot fo esu - .stsinogatna yldneirf  
 
Keywor sd : B ps sanomoduesp ,regnig ,lortnocoib ,tliw lairetca pps amredohcirt ,muraecanalos ainotslar ,.p  
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 .cte ytiliba tI  is known to have been intro ud ec d to tE hiopia as ae rl  y as in the 13th ec ntur ( y Janse ,n  1891 ). It is cultiv ta ed in Sout  ,h
Southwestern and Northweste nr  parts of Ethiopia as cash crop  , and is ma ong the importa tn  spi ec s used in ever  y tE hiopia k n ti chen of r 
the preparation of pe pp er powder, stew, brea ,d  cte tI .  has also some use in trad iti onal medi ic ne of r the treatme fo tn  flu and sto am ch 
ache (Jansen, 1 ;189  Girma Haile im ch ea  l and Digafie Tilahu ,n  4002 )  .  
 
T eh  existenc fo e  en ro mous po et ntial f ro  eht  orp ductio fo n  regnig  invaluable rc ops in eht  c uo tn ry sa  a div re sific ta io o n pti  no f ro  
coff ee  especia ll y f ro  lowland spices. ocnoC mi at ntly eht ,  rese ra c  h findin sg  f ro  highland seed spic se  erew  ver orp y misi gn  in m ero  fo  

eht  c aere l-bas  de farmi gn  system o  f mid-alti ut d a e nd highlands fo  E ht iopi .a  Theref ,ero  highl orp y misi  gn v ira eti se  fo  ginge  r had be ne  
ide tn ified based no  ht eir ada tp atio  ,n yiel e ,d x art cti no  quality and chemic  la compositi no  ht at coul  d meet eht  i tn ernationa  l s at ndards, 

orp vided ht ey cudorp era ed followi gn  pa rporp ia  et a org nomic an p d o ts harves  t handli gn  techniques. Subsequently b , es a t cc e ss ion  s
from each cr po  spe ic se  ht at era  highl a y dap at ble and orp ductive und re  eht  s at t de  agro ecol go i w se ere  ide tn ifie .d  Potential fo s  ht ese 
v ira eti se  f ro  hi e hg conomic r te urn to produc sre  erew  lc earl o y bserv  de fro  eht m resul  fo st ynam  ye ra  evalu ta ion   . Ethiopi na  expor  t

rep formance (values ‘000 Ethiopian Birr (ETB); 1 US = D  02  ET )B  fo  dr  y spices: ginger an  d chili from 2002 30/  t  o 2012/201   3  w   sa  
1,586,938 a 2. nd 317 8, 4 .9 0  ,8 respectivel  y ( AHE  , 201 .)5  As a resul ,t  ht ei  r con rt ibuti no  f ro  ob osting the national oce nomy throug  h
import substi ut ti no  and ro/  expor ,t  w ere  evident  . iS m li ra ly rp , oducti iv ty fo  m ero  ht an 02  /t h  a fres  h rhizom  e yield fo  ging re  and 

rut m cire  had bee  n rec  dedro from ging  ,re which expl ci itl  y indic ta es t eh  potenti la  f ro  eht  rp oducti no  fo  ht ese sp ci  se in So tu h ew s  nret
Ethiopia. Howev ,re  eht  a cc e ss ions ta  hand have qua il t p y robl me  ht at calls f  ro f rehtru  im orp vemen  t ( aF n at h nu  a dn  Tekl ,u  1995 .)  
 

 lairetcaB w li t g fo inger is th  e most mil iti gn  factor in the pro ud c it on of cu il nar g y inger i  n  ot pu gnisuac ,ASU %54  loss in ginge  r
pro ud c it on of the countr  y in 3991  (He pp erly, et al., 02 0  .)4 Kumar et al.   )4002( ,  la s  o reported bacterial w li t of ginger caused b  y
Ralst no ia sol na acearum, that is widel d y istributed in tropics  , subtropics and temper ta  e regions worldwide. According t  o Rah ama  n  
e  t  al  .  (2 900 )  ,  ove  r  th   e al s  t  fe  w  years  ,  rhizom d e isease  s  hav  e  a ff ce te  d  th  e  cro  p  i  n  am n   y s tat e  s   fo  Indi  a resul it n  g in d ce line 
of rhizome yield from1:  8 ratios (see hr d zi ome to harvested hr zi ome) to 1: .4  In a dd i it o ,n  Raha am n e a t ,.l  2( 0 )90  reported tha  t  mor  e  
tha  n  60  fo  % farmers in India f ee l that w li t and s fo t rot g fo inge hr r zi omes were the major limiti gn  factors in ginger cultiv ita o .n  I  n
traditional agricu tl ural system as well as organi  c farmi  ,gn managi gn  hr zi ome diseases is g a rea  t cha ll enge. Conse uq ently  , man  y
growers have given pu  gi gn er cultiv ita on and others ar  e s lit  l stru gg il ng to surviv  e becaus fo e  rhizom d e iseases in I dn ia  . Stir il ng et al. 

 )9002( indi ac ted in th ie r survey base o d bserv ita ons on the e it ology of tliw lairetcab  of ginger that th d e isease genera ll d y evelo sp  
ud rin  g hot and wet condi it ons, an o d ften causes lo ss es  fo more than 50% o  f s ee d cro .sp  Moreover, a rev ei w yb  Do rh oo )5002(  

i dn i ac ted tha g t inger cro sp  nac  some mit es mla ost to at ll d y estroyed  yb tliw lairetcab . tliw lairetcaB  is a serio su  spo li a eg  o  f rh zi ome, 
causin  g considerabl  e econo im  c loss to growers in di ff erent countries (Ghosh an  d Purkayastha, 002 3). A cc ording t  o AF O )4002(  post-
harves  t spo ali eg  in gi gn er is norma ll eud y  to ro hgu  harvesting an h d and il ng pra tc i ec s which result in injury to the skin a dn  fles fo h  
the rhizome. 
 

 roF Kaneshiro and Shin at uk  991( 6), th  e am jor fa tc o  r in di ss emina it on of bacterial w li t of ginger on the islan  fo d Haw ia i was the 
unintentional use fo  plant m ta eri la s inf ce te  yb d R. sol ana caer mu  . Cu tt i gn  pu  an inf ce ted rhizome fo p r lantin d g ivides one in t  o
several inf ce ted s ee d pieces an  d further di ss emin ta es th  e f  ignu and/or bacteria via th  e con at im nate  d cut it n  g inst ur ment  . Ku am   r  e a   t l   .  
( 02 0  )4 indi ac ted that primar li y rh zi ome- ob nr e p ta hogens are be eil ve  d t  o  b  e  trans im tte  d  t  o  am n g  y i gn e  r  growin  g  area  s  thr uo  hg

tal ently infected rh zi omes and secondary spread w ti hi   n th  e field and the neigh ob ring loc ila ties is through r ia n splashe  s and 
run-o ff  w ta e  r  i   n the fiel .d  Agricultural t oo ls la so am  y contribut  e in di ss emina it ng th p e ta hogens. Re ud c it on  fo inf ce it o nac n   be 
achieve yb  d  sp til -drying the hr zi ome to  a moistur  e  conten  t  o  f  01 -   .%21  ot gnidroccA Bernard 8002( ).Ginge  r  disease  s  hav  e  
bee  n minim zi ed uf rthe   r  yb  cu tl ru al m te ho sd  such as the use  fo clea   n s ee ds  ,  cro   p san ti a it on, crop rota it o  ,n  varying time  fo
planting ( ae rl p y al nti )gn  to ensure disease escape, a dn  s ee  d treatme tn . 
 

 ,aipoihtE nrehtuos nI g si regni   a  elbisnepsidni na orc p  ,sreworg eht fo nruter cimonoce eht stceffa ytilauq  emozihr  sti  dna
 tA .porc eht fo dleiy dna htworg ,tnemhsilbatse eK  ,senoZ atialoW dna ,orabneT atabm ht  e egnig r si porc   tsniaga  porc  eht“  sa  deman

sesol ,deliops netfo porc lanoitcnufitlum sihT .”knab eht ni hsac eht“ ro ”ytrevop  tilauq  y yb detaroireted dna   taht smsinagroorcim
t ,eroferehT .ssol tcudorp emozihr desuac  .hcraeser lanoitarepo no desab secitcarp tnemeganam doog yb devlos eb nac smelborp eseh

 ni detavitluc regnig fo stneutitsnoc lacimehc dna stcepsa cimonorga no hcraeser tcudnoc ot edam neeb evah stpmetta hguohtlA
tcudnoc hcraeser on neeb sah ereht ,aipoihtE .aipoihtE ni smsinagroorcim egaliops regnig no de    Thus   ,  thi   s  oib -  lortnoc res ae rc  h wa  s

yb desuac ,regniG fo tliw lairetcab gniganam fo mia eht htiw detaitini  muraecanalos ainotslaR   hguorht amredohcirT   dna pps
sanomoduesP  .pps  

 
sdohtem dna slairetaM  

eD aerA yduts eht fo noitpircs  
eirrac saw yduts ehT oW dna ,orabneT atabmeK ni tuo d  atial  aipoihtE fo tsew htuos fo senoZ yllacificepS(  ,  oradaH dna emaruD  otnuT

tabmek ni a NNS ni enoz orabmeT atabmeK ni dnuof si nwot emaruD .)enoZ atiyaleW ni akerA dna orabneT  fo ecnatsid a ta SRP
acol osla tI .anassoH aiv smK 892 dna enemehsahS aiv ababA siddA fo htuos mk 053 ,assawaH ,latipac lanoiger eht fo tsew mk521  det

ot anassoH fo htuos mK 08 fo ecnatsid a ta enemehsahS eht mrof mk21 dna nw - hw airozaM mrof daor odoS ataloW  fo trap wen si hci
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7 fo etanidrooc eht ta seil nwot eht ,yllacimonortsA .nwot enohs o 41 o 73 dna edutital htron 0 53 0  sti fo tluser a sA .sedutignol tsae
idroccA .etamilc etarepmet looc secneirepxe emaruD fo nwot eht ,txetnoc naipoihtE eht nihtiw ,yhpargopot  lanoitidart eht ot gn

 orgA ”ageDainoW“ eht nihtiw dnuof si nwot eht )edutitla no desab si hcihW( ,aipoihtE fo noitacifissalc enoz erutarepmet –  lacigoloce
41 neewteb erutarepmet launna naem secneirepxe ti ,yltneuqesnoC .enoz 0 62 dna c 0  c  ;9002 ,IRAE(  arrefeT ,.nukieL dna   ;9991  ,ASC

7002 ,RPNNS M ; .)8002 ,nwoT emaruD fo ytilapicinu  
 

noitcelloC elpmaS  
 eht fo saera gniworg regnig eerht morf detcelloc erew selpmaS aloW i  at  oradaH dna emaruD( noiger PNNS fo enoz  otnuT  ni  tabmeK

 ni akerA dna orabneT aloW i  at tuos )enoz ( regnig fo emozihr dna selpmas lios erehpsozihR .aipoihtE fo tsew h fo rebigniZ  elanicif
eocsoR  tneserp eht lla fo emozihr eht morf nekat erew stnalp eht fo snagro desaesiD .saera gniworg regnig morf detcelloc erew )

talosi ehT .setis yduts eht ni sravitluc  tnereffid eerht ni snoiger citamilc orga eht lla fo dleif s’remraf eht morf detcelloc erew se
bus detcelloc erew stnalp regnig yhtlaeh fo slios gnirehda htiw stooR .)wol dna muidem ,hgih( segnar lanidutitla -  refsnart dna delpmas

T .sgab citsalp elirets otni  ytisrevinU ababA siddA ,secneics larutaN fo egelloC ot thguorb saw elpmas detcelloc eh
rof  ,noitalosi  noitaziretcarahc  dna   eht fo ytireves dna ecnedicni ,noitubirtsid ,htworg eht no srotcaf latnemnorivne fo noitaulave

 .tnalp eht ot snegohtap ht sdohtem ehT desab saw slairetam tnalp eht morf snegohtap regnig fo noitcelloc eht rof desu saw ta   eht no
 ssecorp eht ni desu saw sdohtem gnilpmas dradnatS .elpmas desaesid devresbo fo gnilpmas dna noitanimaxe  ajenA yb depoleved

.)3991( rialcniS dna aregniD dna )5002(   naelc ni deniatnoc elpmas .dleif s’remraf morf slavretni mk 21 ot 8 ni detcelloc erew selpmaS
 ehT .yduts rehtraf rof C°4 ta derots saw neht dna yrotarobal eht ot thguorb saw )sepolevne( sgab citsalp ortiv ni   tuo deirrac saw yduts

yrotarobaL ygolocyM eht ni  ababA siddA ,secneicS larutaN fo egelloC ,ygoloiB raluceloM dna ralulleC ,laiborciM fo tnemtrapeD ,
 eht sa erehw )UAA( ytisrevinU oviv ni   .UAA ta ,esuoh neerG eht ni detcudnoc saw yduts  

 
 snegohtap tset eht fo noitalosI  

eht morf detalosi erew airetcab ehT  er erew selpmas ehT .swollof sa ,selpmas eht gnitcelloc fo d 2 nihtiw semozihr tnalp -  ni dednepsus
no detalp ,detulid yllaires si noisnepsus llec gnitluser ehT .ylfeirb derrits dna )lCaN %58.0( enilas elirets  )AN( ragA tneirtuN  ,

 82 ta detabucni 0 h 84 rof C  morf airetcab eht gnitalosi roF .deifirup dna detceles erew seinoloc elgnis morf deniatbo serutluc erup dna ,
ecafrus erew stoor fo )hcae g 3( selpmas semozihr tnalp eht -  2 rof lonahte %07 dna nim 5 rof etirolhcopyh muidos %1 htiw detcefnisid

ht dehsaw ,nim otno detalp si gnihsaw tsal eht morf Lm 1.0 dna ,retaw elirets htiw semit eer  )AN( ragA tneirtuN   eht taht mrifnoc ot
 82 ta gnitabucni retfa nees si htworg on fi :edistuo morf elirets yletelpmoc saw seceip 0  eb ot demussa erew selpmas eht ,h 84 rof C

elirets  hguorht deretlif dna ,retaw elirets Lm 3 htiw dexim ,eltsep dna ratrom dezilirets a gnisu dnuorg neht erew selpmas esehT .
01 detulid si etartlif ehT .ezuag dezilirets -  otno detalp dna dlof )AN( ragA tneirtuN   ta noitabucni retfA .snoitacilper 3 gniniatniam  82

0  otni detaluconi dna dekcip saw ynoloc elgnis a ,h 84 rof C tneirtuN   82 ta gnikahs retfa ,htorb 0  noisnepsus eht fo Lm 5.0 ,h 02 rof C
 4 ta derots dna nirecylG % 08 Lm 5.0 htiw dnelb saw 0 .noitagitsevni rehtruf rof C  

 
 fo noitacifitnedi dna noitalosI slaR  muraecanalos ainot  

ngaid dleiF .aipoihtE fo saera gniworg regnig eht morf detcelloc erew selpmas lios dna )emozihr ( strap tnalp regnig desaesiD  fo siso
 .smotpmys tliw lairetcab eht gnivresbo yllacitirc yb enod erew selpmas tnalp desaesid R  .  muraecanalos w  ragA tneirtuN ni detalosi sa

2 ta detabucni neht erew setalp ehT . emozihR eht morf retaw eht otni tuo demaerts ezoo lairetcab eht gnikaerts yb etalp )AN(  rof C08
 ,noitalosi retfA .srh 42 ta R  .  muraecanalos noloc elgnis a gnikaerts yb deifirup erew setalosi  muilozarteT lynehpirT no etalosi hcae fo y

 regnig yhtlaeh dlo htnom eerht ni demrofrep saw tset yticinegohtap ehT .)4591( namleK yb debircsed sa muidem )CTT( edirolhC
 fo ynoloc elgnis A .dohtem noitaluconi maets yb sgnildees R  .  muraecanalos neluriv gniwohs  htiw etihw ymaerc dna ralugerri ,ladiulf ,t

01 x 2.3 ot detsujda dna detceles saw retnec eht ta knip  8 lm ufc -  fo erutluc eruP .noitaluconi rof 1 R  .  muraecanalos  ot derrefsnart erew
.seiduts rehtruf rof C°4 ta deniatniam dna stnals aidem raga tneirtuN  

 
tnedI  fo sniartS tnelurivA/tneluriV fo noitacifi muraecanalos .R  

 fo setalosi tneluriva dna tneluriv ehT R  .  muraecanalos  muidem raga )CZT( edirolhC muilozarteT namleK yb detaitnereffid erew
il ro knip ecudorp setalosi tneluriv ,tset siht nI .CTT %500.0 gniniatnoc  der citsiretcarahc htiw seinoloc ro seinoloc ruoloc der thg

ffo ,rellams ecudorp setalosi tneluriva dna nigram hsitihw dna ertnec - non dna etihw -  fo sruoh 42 retfa muidem CZT no yrd ro ladiulf
 ,namhaR ,8002, uaesiopmahC ,4591, namleK( noitabucni ,.la te )0102   .  

 
noitacifitnedI desab erutluC  

loc deretnec knip htiw etihw dna epahs ralugerri stneserp ,ladiulf si airetcab eht dnuof saw noitacifitnedi desab erutluc ehT  no seino
 fo noitpircsed eht htiw ralimis si hcihw ,aidem )CZT( edirolhc muilozartet aecsanalos .R  mur )4691( ,drawyaH dna )4591( namleK yb  

 
noitaraperP stnaluconI  

2±82 ta htorB tneirtuN ni derutluc saw etalosi lairetcab detceleS 0  ot derrefsnart dna nekat eb lliw erutluc dlo rh42 .rekahs latibro no c
ta rekahs latibro no detabucni dna muidem eht fo lm001   retaw dellitsid dezilirets ni detulid erew serutluc eht nehT .srh84 rof mpr 021

01 ot  8 noisnepsus lairetcab ehT .skcirp nip noitcefni fael dna erutcnup mets yb egats fael eerht ta detaluconi erew stnalP .lm/sllec   saw
et hcae fo sevael eht ot ni detaluconi  tnalp ts ( grebmortS  ,.la te , .)4002  
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muraecanalos .R tsniaga ppS amredohcirT dna snecseroulf sanomoduesP fo noitaulave ortiv nI  
 ehT erew regnig fo tliw lairetcab eht tsniaga seiceps amredohcirt dna sanomoduesp fo sniarts tnereffid fo stceffe  ht ni dessucsid  e

bus gniwollof - .snoitces  
 

oib fo noitceles dna noitalosI -  fo citsinogatna snecseroulf sanomoduesP   
oib laitnetop ehT .)0991( adebaL yb debircsed sdohtem eht ot gnidrocca tuo deirrac saw noitalosI -  detalosi erew airetcab citsinogatna

 fo lios enalpozihr morf  2 ± 82 ta detabucni dna muidem B s’gniK gnisu dohtem noitulid lios yb stnalp regnig yhtlaeh 0  syad owt rof C
 eht fo ytitnedi ehT .gnirutluc bus raluger yb stnals B sgniK no deniatniam dna  snecseroulf .P  yb demrifnoc erew sniarts

 dna larutluc ,lacigolohprom  ahkeR( stset lacimehcoib  .la te  net gnomA .)0102  snecseroulf .P  rof detceles erew sniarts owt ylno ,sniarts
 ehT .yduts rehtruf  muraecanalos .R 01 ot detsujda erew snoisnepsus  8  debbaws ehT .)ragA tneirtuN( AN no debbaws dna lm rep ufc

uconi tops erew setalp  htiw detal P  .  snecseroulf  .devresbo saw noitibihni fo enoz eht ,noitabucni gniwolloF .detabucni dna sniarts
 .tnemtaert hcae rof setacilper ruof erew erehT eR -i oib fo noitceles dna noitalos -  citsinogatna  amredohcirT  :seiceps  amredohcirT  sniarts

detalosi erew   ±52 ta )ragA esortxeD otatoP( ADP no dohtem noitulid lios dradnats yb stnalp regnig yhtlaeh fo lios enalpozihr morf
 eht fo serutluc eruP .C°2  amredohcirT  sretcarahc lacigolohprom dna larutluc gnisu deifitnedi dna ADP no deniatniam erew setalosi

 sttaW(  te la )8891 .  . er ehT - o noitacifitnedi  lanoitatupmoc dna larutaN fo egelloC ,ytisrevinU ababA siddA eht yb enod saw sniarts eht f
yrotarobal ygolocym ,ygoloiB laiborciM dna ralulleC ,raluceloM fo tnemtrapeD ,secneicS  fo ytivitca citsinogatnA .  amredohcirT

hw.pps  fo sniarts tneluriv ylhgih net tsniaga detset saw hci  muraecanalos .R  yb  ortiv ni  naR( ADP gnisu seuqinhcet la te .)5002 .   lμ001
 fo shtorb erutluc dlo keew eno morf stnatanrepus  amredohcirT  noisuffid llew yb detset erew )BDP( htorB esortxeD otatoP ni nworg

 lamaK( dohtem la te cae rof setacilper ruof erew erehT .devresbo saw noitibihni fo enoz eht ,noitabucni gniwolloF .)8002 . .tnemtaert h  
 

tnemirepxE toP/ oviv nI  
 lios dezilirets fo thgiew elbanosaer gniniatnoc stop citsalp gnisu snoitidnoc esuohneerg rednu dengised saw tnemirepxe top A  saw taht

rgA akerA morf stnalp regniG fo srekcus eerf esaesiD .etis gnilpmas eht morf thguorb  dna stop eht ni detnalp erew retneC larutluci
emtaert gniwollof eht ot gnidrocca decudorp erew sevael eerht retfa detcefni erew regnig detnalP .esuoh neerg ni worg ot tpek  )1 :stn

 )3 ylno negohtap htiw detcefni tnalp )2 retaw dezilirets htiw detcefni tnalp  tnalp )4 dna tsinogatna dna negohtap htiw detcefni tnalp
 ni tnemtaert hcae rof deificeps erew stop etacilper eerhT .stsinogatna dna )%52.0( locinehpmarolhc ,negohtap htiw detcefni

ysroM( ngised latnemirepxe dezimodnar yletelpmoc  la te .)9002 .  
 

latnemirepxE  stnemtaerT lacigoloiB dna ngiseD  
ht htiw detargetni dna ylelos setalosi detceles hcae fo laitnetop lortnocoib eht etaulave ot detcudnoc saw tnemirepxe top ehT  e

ilirets fo gK3 htiw dellif dna lonahte fo %07 htiw dezilirets saw stop fo secafruS .ediciretcab  regniG .etis gnilpmas eht morf lios dez
etaulave saw )% SD( ytireves esaesid fo egatnecrep ehT .retneC lanoitaN regnig larutlucirgA akerA morf thguorb erew sgnildees  51 d

p ehT .saera snoisel htiw sfael fo egatnecrep eht gnitamitse yb noitaluconi retfa syad  )%RSD( noitcuder ytireves esaesid fo egatnecre
 notnigdE ot gnidrocca detaluclac saw la te  cSD([ = )%( RSD :)1791( ,. -  eht no snoisel htiw aera fael = cSD erehw ,001 x ])cSD/)tSD

noisel htiw aera fael = tSD dna negohtap ylno htiw detaert taht stnalp lortnoc  ro negohtap dna tsinogatna htiw detaert eht no s
.negohtap dna ediciretcab ,tsinogatna  

 
sisylanA ataD  

DSL yb edam saw level %5 ta ,snaem fo nosirapmoc dna ecnairav fo sisylana yaw eno gnisu yb dezylana saw atad latnemirepxe ehT  t- 
d dradnats dna naeM .tset  ,LI ,ogacihC ,cnI SSPS ,0.61 noisrev( SSPS gnisu yb dezylana erew naem eht fo rorre dradnats dna noitaive

( ta nosirapmoc snaem rof demrofrep saw AVONA .)7002 ,ASU p noxocliW ,).margorp emas eht gnisu )50.0< - nnaM -  ,stset yentihW
.cnI etutitsnI SAS ,MLG corP( .tuo deirrac osla erew )2002 ,  

 
tluseR s 

 fo stceffE oib -  no stnega noitcaer esaesid  , ,dleiy   htworg dna  fo  regnig tnereffid seiteirav   .detaulave neeb dah  tnereffid no ataD
 htiw ,sretemarap noitazinagro sti fo lla ni detneserp era sisylana dna noisrevnoc ,   eht 7( selbaT - )31  snoitcesbus tneuqesbus eht ni  ehT .

fo secnereffid tceffe  morf deirav yltnacifingis stnemtaert eht   htworg tnalp no stceffe eht tuoba erutcip raelc a evag dna rehtona eno
aicnanif eht no yllautneve suht dna dleiy dna srotcaf gnitomorp dleiy dna .oitar tifeneb tsoc dna nruter l  

 
noitcefnI tnalP  

fo smotpmyS   dna devresbo erew noitcefni tnalp ni derapmoc  03 dna 22 ,51  no IAD  owt  ni sevael ega muidem   dna detaert owt non -
detaert  .)oT( stnalp  eht ot nevig erew stnemtaert detangised eht yad txen yrev ehT  ni detneserp era stluser ehT .stnalp   elbaT .7   ehT

stnemtaert  1T( -T8  esaesid regnig fo tliw lairetcab fo ecnedicni eht decuder ) ot derapmoc yltnacifingis  eht   tuohguorht tnemtaert lortnoc
eht   ,.e.i ,doirep noitavresbo tA .IAD 03 dna 22 ,51  lla  eht  itavresbo ,setad no  eht  stop lortnoc  dah  tnecrep tsehgih eht   fo  tnalp

fo tliw lairetcab gniwohs stnalp fo egatnecrep tsehgih ehT .noitcefni  ta smotpmys regnig  saw IAD 51  5.58  ni  oT  )lortnoC(  dna  ti   saw
eht  ni )34.12( tsewol  8T  nalp tnecreP .))%52.0( locinehpmarolhC( t ni noitcefni  2T  ( amredohcirT  ,)1 etalosi pps  dna  T  3

( amredohcirT  level ralimis yllacitsitats erew )20 etalosI pps  fo  ta ecnacifingis  IAD 51   eht ,IAD 22 tA .tnereffid yllaciremun hguoht
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ni dnuof saw noitcefni tnalp tnecrep tsehgih  8 saw hcihw )lortnoc( oT saw noitcefni tnalp tnecrep tsewol eht dna 2.2  ni dnuof  8T  
%52.0( locinehpmarolhC( ))  .6.03 saw hcihw   

 

 
giF  1.  fo ytivitca citsinogatnA ediriv amredohcirT   .R tsniaga muraecanalos . 

 
ehT  7T stnemtaert noitanibmoc  ( lacimehc eht dna stsinogatna fo noitanibmoc  ) ot dnuof saw  eb   fael %13.23 dah dna evitceffe tsom

ni dnuof saw noitcefni tnalp tnecrep tsehgih eht ,IAD 03 tA .noitcefni   tnalp tnecrep tsewol eht dna 4.08 saw hcihw )lortnoc( oT
saw noitcefni  ni dnuof  8T  .2.73 saw hcihw ) )%52.0( locinehpmarolhC(  ehT  oc 7T stnemtaert noitanibm  (  stsinogatna fo noitanibmoc

)lacimehc eht dna  ot dnuof saw  eb   evitceffe tsom eht ot roirefni ylno dna   03 tA .tnemtaert )%52.0( locinehpmarolhc htiw detaert stop
lno saw 7T rednu DAL % eht IAD .2.24 y  

 

 
giF   1.  tsniaga snecseroulf sanomoduesP fo ytivitca citsinogatnA muraecanalos .R . 

 
 elbaT 1.  yb decneulfni ni sa noitaluconi retfa syad tnereffid ta regnig fo tliw lairetcaB ta ot eud tnalp rep noitcefni tnalp tnecreP  emos

secitcarp tnemeganam  
 

.oN .taerT  mtaerT stne  IAD 51  IAD 22  IAD 03  
oT  tnemtaert oN  a1.18  a2.18  a4.18  
1T  amredohcirT  1 pps  b8.17  b33.57  a6.97  
2T  amredohcirT  2 pps  b66.27  b7.37  a66.87  
3T  sanomoduesP  1 pps  c26.93  d45.44  b2.45  
4T  sanomoduesP  2 pps  c44.44  c94  b52.35  
5T  2 irT + 1 irT  c66.04  22.64 dc  b32.15  
6T  2 .duesP + 1 .duesP  d41.23  e88.53  c65.14  
7T  .arolhc+ uesP+ irT  e66.42  fe13.23  c2.24  
8T   )%52.0( locinehpmarolhC  e34.12  f6.03  d2.73  

  DSL 50.0  5.6  4.5  1.4  
 )%(VC  6.61  1.21  0.41  

 **  yb dewollof snaeM  eht  ni )s(rettel emas  a did nmuloc  ton  d reffi  ta  %5  level   yb DSL . 
 

( 2T ni dedrocer erew stluser lacitnedi yllacitsitatS amredohcirT  ( 3T ,)1 etalosi pps amredohcirT   dna ,8.17 fo seulav htiw )2 etalosi pps
taert eseht ni devresbo saw tluser emas eht ,IAD 22 ,sediseB .IAD 51 ni ,ylevitcepser ,66.27  fo % 7.37 dna 33.57 fo seulav htiw stnem

( 4T nO .ALD sanomoduesP  ( 5T ,)1 etalosi pps sanomoduesP  ( noitanibmoc rieht dna ,)2 etalosi pps sanomoduesP   +1 etalosi pps
sanomoduesP  dnah rehto eht no ,)2 etalosi pps ressel ,  fo seulav htiw devresbo erew snoitcefni   ,44.44 ,26.93 66.04 dna  ta ,ylevitcepser ,

.IAD 51  tA   ,IAD 22 sanomoduesP  etalosi pps   ,1 ( 5T sanomoduesP  ( noitanibmoc rieht dna ,)2 etalosi pps sanomoduesP   +1 etalosi pps
sanomoduesP  itcefni esaesid tnalp fo tnecrep 22.64 dna ,94 ,45.44 dah ,)2 etalosi pps  .no ( tnemtaert noitanibmoC amredohcirT   1 etalosI

 + amredohcirT  2 etalosI ro )  pps sanomoduesp fo noitanibmoc  ( sanomoduesP   +1 etalosi pps sanomoduesP   nwohs dah )2 etalosi pps
 ot derapmoc sa stluser roirepus amredohcirT  .enola deilppa pps sanomoduesp ro pps  B  etipsed , )%52.0( locinehpmarolhc tnemtaert tu

saw ,ecnamrofrep tsehgih eht gnivah  ton  yldneirf tnemnorivne  dereffid yltnacifingis hguoht  T ,)lortnoC( oT  morf 1 5T 4T ,3T 2T ,  
ralimis yllacitsitats ,sediseB .6T dna   tnalp tnecrep dewohs noitcefni  amredohcirT  10 etalosI pps dna ,  amredohcirT   20 epyt etalosI pps

gnidroccA .semiger IAD 03 dna 22 ,51 lla ni  ot  eht  tsal  03 ta noitavresbo  no IAD  rep noitcefni tnalp tnecrep eht  .top  tsael eht  
1T erew lortnoc eht ot derapmoc stnemtaert evitceffe   ( amredohcirT   ,)1 pps 2T  ( amredohcirT  3T  ,)20 etalosI  (  sanomoduesP  pps

( 4T .)10 etalosI  sanomoduesP etalosI pps   fo noitanibmoC( 5T dna )20 epyt amredohcirT   stnemtaert eseht lla ,revewoH .)2 dna 1 etalosI
nO .ycaciffe tnacifingis dah  eht  eht ,yrartnoc  tnemtaert evitceffe ylhgih rednu s  eht hcihw  dah stop  ro tsewol eht   tsewol ylraen

stnalp detcefni tnecrep  rednu erew   fo noitanibmoC( 5T amredohcirT   )2 dna 1 etalosI 6T dna  ( sanomoduesP   1 pps dna  )2  6T .
( sanomoduesP   )2 dna 1 setalosi pps acimehc dna stsinogatna fo noitanibmoC( 7T dna )l   .stnemtaert detargetni evitceffe tsom eht erew
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 tnemtaerT  8T ta esaesid eht decuder hcihw edicignuf )%52.0( locinehpmarolhc saw  fo daerps laretal  saw noitidnoc tsewol eht   ti tub
tsum  eb  si  )%52.0( locinehpmarolhc taht deredisnoc  a yrev  cixot  hw lacimehc si hci  dna htlaeh namuh ot suoirujni  ton  na  

tnemnorivne - ti tcudorp yldneirf  eht yortsed yltcerid lliw  .oot msinagroorcim laicifeneb  
 

faeL  noitcefnI  
smotpmys gnitliw citortcen dednetxE  no deraeppa  sevael erutam  dna   ot dnuof neeb evah stops egraL .tsaf worg  nihtiw fael eht llik

 eerht skeew  sevael detceffA .os ro  ot devresbo neeb evah  dna rehtiw  llaf  ehT .ffo  stluser  no deniatbo  eht   retemarap  % fael  
era noitcefni  ni detneserp  2 elbaT . tceffE  fo  no stnemtaert tnereffid  ni detneserp era noitcefni fael tnecrep  aT .2 elb  tA   eht ,IAD 51

 eht taht detacidni ylraelc tluser ehT.)lortnoc( oT tnemtaert eht ni devresbo saw %89.42 noitcefni fael fo egatnecrep tsehgih  stnemtaert
fael tnecrep )%65.5( tsewol ehT .noitcefni fael tnecrep no tceffe tnacifingis dah  saw noitcefni  bo ni devres   deviecer stop

saw noitcefni fael tnecreP .tnemtaert )%52.0( locinehpmarolhc  ni ralimis yllacitsitats  ( 1T dna )tnemtaert on ( lortnoc amredohcirT  
)10 etalosI  .72  fo eulav htiw IAD03 dna IAD 22 ni ser ehT .ylevitcepser ,%6.92 33.52 dna %9.92 dna %4 dah stnemtaert fo t   nwohs

tceffe tnacifingis yllacitsitats  elbaT(  2 .)  
 

 elbaT 2.  retfa syad tnereffid ta regnig fo tliw lairetcab ot eud tnalp rep noitcefni fael tnecreP noitaluconi   
 

.oN .taerT  stnemtaerT   IAD 51  IAD 22  IAD 03  
oT  tnemtaert oN  *a2.52  b4.72  a9.92  
1T  amredohcirT  1 pps  cb8.22  b33.52  a6.92  
2T  amredohcirT  2 pps  b66.32  c7.32  ba66.82  
3T  sanomoduesP  1 pps  d26.02  b45.42  b2.62  
4T  sanomoduesP  2 pps  a44.42  a92  a52.92  
5T  2 irT + 1 irT  d66.02  b22.62  ba32.82  
6T  2 .duesP + 1 .duesP  b41.22  b88.52  5.62 b6  
7T  .arolhc+ uesP+ irT  a66.42  c13.22  d2.22  
8T   )%52.0( locinehpmarolhC  c34.12  d6.02  a2.72  

  DSL 50.0   2 1.2   3.3   
 )%( VC   9.8  4.01   5.11   

yb dewollof snaeM *  eht  ni )s(rettel emas  a did nmuloc  ton  reffid  ta  %5  level   yb DSL  
 

tA  03  ep tsehgih eht ,IAD fo egatnecr  saw %68.82 noitcefni fael  oT tnemtaert eht ni devresbo   yltnacifingis saw siht dna )lortnoc(
rehto yna rednu naht rehgih  ehT .stnemtaert  taht detacidni ylraelc tluser  eht  dah stnemtaert  tceffe tnacifingis  no  fael tnecrep  

ehT .noitcefni  tsewol  6( fael tnecrep )%067.   )%52.0( locinehpmarolhc tnemtaert ni devresbo saw noitcefni   fael tnecreP. )lacimehC(
 3T dna )30 epyt etalosI amredohcirT( 2T ni ralimis yllacitsitats saw noitcefni amredohcirT(   dna %02.02 fo gnivah )40 epyt etalosI

 ylevitcepser %23.02 tceffe tnacifingis yllacitsitats nwohs dah stnemtaert fo eht tser ehT.   elbaT( 2 .)  
 

ehT  taht detacidni ylraelc tluser  eht  dah stnemtaert  tceffe tnacifingis  no  fael tnecrep  03 tA .noitcefni  .IAD  eht  fael tsehgih  
saw %23.23 noitcefni  tnemtaert eht ni devresbo  oT  l T tnemtaert ni devresbo saw noitcefni fael tnecrep )%31.8( tsewol ehT .)lortnoc(  

 ni ralimis yllacitsitats saw noitcefni fael tnecreP .))%52.0( locinehpmarolhC(  2T 3T dna )30 epyt etalosI amredohcirT(   amredohcirT (
na %05.12 fo gnivah )40 epyt etalosI  ylevitcepser ,%00.22 d   sa llew sa  6T  40 epyt etalosI amredohcirT + nreeN(   etalosI amredohcirT +

 )50 epyt etalosI amredohcirT + 40 epyt etalosI amredohcirT +30 epyt etalosI amredohcirT( 7T dna ) 60 epyt   yllacitsitats erew   ralimis  
dna %90.71 gnivah  4.41 .)8 elbaT( tceffe tnacifingis yllacitsitats nwohs dah stnemtaert fo tser ehT .ylevitcepser ,%0  ehT  ni ssergorp  

eht  % fael  morf noitcefni  03 ot IAD 51  22 doirep txen eht hguorht neht dna IAD - ot deraeppa IAD 03   oiranecs sihT .deeps emas evah
ssel ro erom saw  .lortnoc gnidulcni stnemtaert eht lla rednu emas  

 
 desaesiD  faeL aerA   

ehT  no deniatbo stluser  eht  tnecrep sretemarap  DAL  sah  neeb  ni detneserp  elbaT  esac nl.4  fo  fael tnecrep  ehT .desaesid aera  tluser  
ylraelc   detacidni taht  eht   dah tnemtaert tnacifingis  e  tceff no   aera fael tnecrep tsehgih eht ,IAD 51 tA .esaesid aera fael tnecrep

ni devresbo saw esaesid   00.53 eulav gnivah )lortnoc( oT  % 8T ni saw esaesid aera fael tsewol eht dna   ))%52.0( locinehpmarolhC(
2T tnemtaerT .% 23.8 eulav gnivah  alosI amredohcirT( 3T ,)30 epyt et  dna )40 epyt etalosI amredohcirT(  4T   epyt etalosI amredohcirT(

ehT .ylevitcepser , % 81.62 dna % 44.42 ,% 22.52 seulav gnivah tceffe tnacifingis ralimis yllacitsitats dewohs ) 60  fo tser   eht
elbaT( tceffe tnacifingis dewohs osla stnemtaert  3 A .)  T tnemtaert denibmoc   ,30 epyt etalosI amredohcirT fo stnegaoib edulcni hcihw 7

%52.0( locinehpmarolhC sa tneiciffe sa dnuof saw yarps erutxim sa 50 epyt etalosI amredohcirT dna 40 epyt etalosI amredohcirT  ehT .)
fus stnemtaert fo seicneiciffe evitaler a ylno deref   egats htworg eht dna srotcaf latnemnorivne ot eud ylbaborp IAD 03 ta egnahc thgils

fo ygoloisyhp  ehT .stnalp eht  esaesid  ni tnempoleved  eht  sevael detcefni  ta  siht  51( doirep - )IAD 03  wol rehtar saw  ot derapmoc  eht  
txen  doirep  fo  3( noitavresbo 0- .)02  ylnO  htiw tnemtaert  T(  )%52.0( locinehpmarolhC  sah )8  a nwohs  rehgih ecnereffid tnacifingis  

morf ycaciffe  T .7  tA  03  eht ,IAD  fael tnecrep tsehgih  aera  saw esaesid  ni devresbo  oT  eulav gnivah )lortnoc(  % 26.51   tsewol dna
fael  aera  ni saw esaesid  8T  2T tnemtaerT .% 80.01 fo eulav gnivah ))%52.0( locinehpmarolhC(  ,)30 epyt etalosI amredohcirT(  3T  

4T dna )40 epyt etalosI amredohcirT(  ( tceffe ralimis yllacitsitats dewohs ) 60 epyt etalosI amredohcirT  gnivah  seulav  04.72  ,%  
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12.82  % dna  84.82  vitcepser ,% ehT .yle  tser  fo  eht  tceffe tnacifingis dewohs tnemtaert  elbaT(  .4 tnemflugnE .)4   eht yb aera fael fo
ni retsaf saw ssergorp esaesid  22( noitavresbo fo doirep siht - .)IAD 03  dna redlo werg stnalp eht esuaceb ylbaborp saw sihT  eht  

fo hcaorppa  mraw  tiw rehtaew h regnol  yad  .htgnel  
 

 elbaT  3.  noitaluconi retfa syad tnereffid ta regnig fo tliw lairetcab ot eud )ALD%( aera fael desaesid tnecreP  
.oN .taerT  stnemtaerT  IAD 51  IAD 22  IAD 03  

oT  tnemtaert oN  *a2.53  a4.73  a9.93  
1T  amredohcirT  1 pps  b8.23  b33.53  a6.93  
2T  amredohcirT  2 pps  b66.33  c7.33  a66.83  
3T  sanomoduesP  1 pps  c26.03  c45.43  cb2.63  
4T  sanomoduesP  2 pps  ba44.43  a93  a52.93  
5T  2 irT + 1 irT  c66.03  ba22.63  ba32.83  
6T  2 .duesP + 1 .duesP  b41.23  b88.53  cb65.63  
7T  .arolhc+ uesP+ irT  ba66.43  c13.23  d2.23  
8T   )%52.0( locinehpmarolhC  d34.13  d6.03  cb2.73  
  DSL 50.0  5.1  3.2  4.2  
 )%( VC  7.61  5.91  5.31  

 **  htiw snaeM  eht  ni )s(rettel emas  a did nmuloc  ton  reffid  ta  %5  level  DSL yb  
 

tA  eht .IAD 03  fael tnecrep tsehgih  aera  saw esaesid  ni devresbo  0T   )lortnoc(  esaesid aera fael tsewol eht dna % 21.05 eulav gnivah
ni saw  8T  7T tnemtaerT .% 61.21 eulav gnivah ))%52.0( locinehpmarolhC(   epyt etalosI amredohcirT +30 epyt etalosI amredohcirT(

effe ralimis yllacitsitats )lacimehC( 5T dna )50 epyt etalosI amredohcirT+40 ehT .ylevitcepser. % 23.8 dna ,% 21.01 seulav gnivah tc  
tser  fo  eht  osla tnemtaert  tceffe tnacifingis dewohs  elbaT(  3 .)  

 
“ metS ” noitcefnI  

 morf trap dnuorg evoba eht deredisnoc saw ,hcraeser siht fo txetnoc eht ni ,’metS‘ ot eloitep  .lios eht fo ecafrus eht   fo smetS  regnig
eht ot ralimis yrev erew mets eht no smotpmys ehT .smotpmys elbisiv ecudorp neve dna detceffa eb ot devresbo netfo era stnalp  

sporc suoecanalos fo tliw lairetcab  . ehT  krab  fo  eht  mets  ro neknus erew hcihw snoisel suoreknac spoleved  iretarc eht gnittips mrof  
mets ehT .yllanidutignol mets  ta kaew emaceb  dna stniop hcus  ton saw noitcefni metS .nwod nekorb ylisae  a sa deredisnoc  

owt ytireves esaesid tuoba noitamrofni edivorp ot ,esuaceb retemarap  %( selbairav rehto  fael  dna noitcefni  % DAL  era  a  ydaerl
)dedulcni . 

 
rep semozihR detcefnI  P to  

 fo tliw lairetcab fo smotpmys gnitatsaved tsom ehT  regnig  deraeppa esaesid siht fo smotpmys ehT .semozihr eht ni detceted osla erew
derutam“ dellac si esaesid eht semitemos erofereht dna semozihr derutam no - zihr  kcalb htiw snoisel neknus dna ralucriC .tor emo

neknus eht derevoc serops lagnuf fo ssam hsiknip A .semozihr derutam eht no deraeppa snigram -  eht fo egats decnavda eht nI .tops
rap detceffa eht no deraeppa iluvreca krad htiw sgnikram cirtnecnoc eht ,esaesid  ylerutamerp nwod deppord semozihr dettops ehT .st

.detluser sessol yvaeh dna  
 

efni emozihr tnecrep no stnemtaert tnereffid fo tceffE 4 elbaT ni dezirammus si noitc  yllacitsitats dewohs stnemtaert eht lla ,IAD 03 tA .
hr tnecrep gnicuder no tceffe tnacifingis  ni devresbo saw noitcefni emozihr fo tnecrep tsehgih ehT .lortnoc ot derapmoc noitcefni emozi

 ehT.)%27.4(  )%52.0( locinehpmarolhc ni dedrocer saw noitcefni semozihr fo tnecrep tsewol eht dna )%21.53( oT top lortnoc
h )%96.32( 1T dna )%60.42( 3T stnemtaert  erew )83.12( 4T dna )%60.22( 1T tnemtaerT .tceffe tnacifingis ralimis yllacitsitats nwohs da

ewohs stnemtaert eht fo tser ehT .ralimis yllacitsitats erew )%56.41( 7T dna )%83.61( 6T sa llew sa ralimis yllacitsitats  tnacifingis d
4 elbaT( .tceffe .)  

 
 emozihR tnecrep tsehgih ehT .noitcefni emozihr tnecrep no tceffe tnacifingis yllacitsitats dewohs stnemtaert eht ,IAD 03 ta noitcefni   fo

 ni dedrocer saw noitcefni emozihr fo tnecrep tsewol eht dna )%21.25( oT top lortnoc ni devresbo saw noitcefni emozihr
hpmarolhc  eht IAD 03 tA .tceffe ralimis yllacitsitats nwohs dah )%35.52( ,T dna )%05.52( 3T stnemtaert ehT.)%52.21(  )%52.0( locine

 emaceb stnalp eht suhT .ytirutam lluf rieht dehcaer tsomla stnalp ravitluc tset eht ,yllaicepsE .dlo etiuq era stnalp regniG htiw kaew  
a sgnidnif gnitseretni emos srotcaf rehto dna latnemnorivne eht htiw delpuoc snosaer esehT .tnempoleved eussit wen yna yldrah  deraepp

moc elbuod naht erom emaceb IAD 03 ta noitcefni emozihr % eht nevig saw tnemtaert on erehw lortnoc ,suhT .5.4 elbaT nihtiw  derap
daerps esaesid emozihr eht ,eb yam ti revehcihw ,tnemtaert deviecer hcihw stnalp eht tuB .IAD 03 ta devresbo noitautis eht ot   saw

T ni devresbo saw esaesid emozihr tsehgih ehT .wol deredisnoc 0 aert rehto ni tnereffid llams yltnacifingis dna )lortnoC( .stnemt  
 

itna tsegnorts eht ,stnegaoib lacinatob eht gnomA - muraecanalos .R   yb noitcefni emozihr tnecrep fo smret ni nwohs neeb sah noitcaer
hT .)48. 1( tcartxe50 epyt etalosI amredohcirT naht rewol si hcihw ,)44.1( tcartxe fael 40 epyt etalosI amredohcirT  laudividni si

etapicitna sa saw noitcefni emozihr % gnicuder ni tceffe s'lacimehC .7T dna 6T ni detcelfer neeb osla sah htgnerts lagnufitna  eht ,d
 03 eht morf esaercni eht dna devresbo saw tnalp rep emozihr detcefni %52.21 ylno IAD 06 ta si tahT .tsegnorts .%35.1 ylno saw IAD  
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ofrep yarps railof sa locinehpmarolhc fo noitacilppa %52.0 tnuocca otni nekat sretemarap eht lla ni tnemirepxe eht tuohguorhT  demr
w tnemtaert on sa tnemtaert lortnoc evitisop a saw tnemtaert locinehpmarolhc taht detats saw tI .tnellecxe  lortnoc a sa deredisnoc sa

oib eht fo stceffe eht erapmoc ot saw mia ehT .tnemtaert -  eht taht delaever sesylana rieht dna stluser ehT .htob htiw stnemtaert lortnoc
etiuq rehgih saw regniG fo tliw lairetcab gnicuder fo elbapac era ,stnegaoib ,stnemtaert tset   .ylgnis deilppa nehw neve yltnacifingis

c tnemtaert hcus ksir muminim htiw taht level a ot neve evitceffe dna gnorts erom erew stnega lacigoloib noitanibmoc ,revewoH  na
.tnemtaert ladicignuf )%52.0( locinehpmarolhc evitceffe ylhgih a ecalper  

 
elbaT   4 reP .  retfa syad tnereffid ta regnig fo tliw lairetcaB ot eud top rep semozihr detcefni tnec noitaluconi   

.oN .taerT  stnemtaerT  IAD 03  IAD 51  
oT  tnemtaert oN  b4.73  a9.94  
1T  amredohcirT  1 pps  c33.63  a6.94  
2T  amredohcirT  2 pps  d7.53  b66.84  
3T  sanomoduesP  1 pps  d45.53  c2.64  
4T  sanomoduesP  2 pps  a11.93  a52.94  
5T  2 irT + 1 irT  b22.73  b32.84  
6T  2 .duesP + 1 .duesP  b88.73  d65.64  
7T  + uesP+ irT  arolhC . c13.63  e2.24  
8T   )%52.0( locinehpmarolhC  c6.63  c2.74  
  DSL 50.0  1.1  2.1  
 )%( VC  7.41  5.61  

 * * snaeM  dewollof  yb  eht  emas  )s(rettel  ni  a nmuloc  did  ton  reffid  ta  %5  level   yb DSL  
 

 emozihR toP rep dleiY  
reted saw thgiew yrd fo smret ni regniG fo dleiy no stnemtaert tnereffid fo tceffE 4 elbaT ni detneserp dna denim  saw dleiy tsehgih ehT .

top 6T tnemtaert ni dedrocer   deirav yltaerg regniG fo dleiY .)top/g 05l( oT top lortnoc ni dedrocer saw dleiy tsewol eht dna )top/g 033(
 051 morf degnar hcihw tnemtaert ot tnemtaert morf – .top/g 033   ehT .)top/g 823( 7T ni devresbo saw dleiy tsehgih dnoces ehT

sa 5T dna 3T stnemtaert   saw dleiy tsehgih eht lortnoc ot derapmoc revewoH .tceffe tnacifingis yllacitsitats dewohs 1T dna 6T sa llew
 elbaT( tnemtaert )60 epyt etalosI amredohcirT +40 epyt etalosI amredohcirT +30 epyt etalosI amredohcirT( 6T eht ni devresbo 5  .)

 si ti ,evoba morF etni si tI .noitcefni emozihr ot lanoitroporp ylesrevni si noitcudorp emozihr taht delaever 4 elbaT eht ni dnif ot gnitser  
 ( 1T tnemtaert devorp tsekaew eht taht top rep dleiy emozihr tuoba sgnidnif eht sniatnoc hcihw amredohcirT   yrd desaercni )1 pps

mozihr  stnegaoib 40 epyt etalosI amredohcirT .%6.07 tcartxe 30 epyt etalosI amredohcirT htiw gniyarps elihW .%2.33 otpu dleiy e
 ,30 epyt etalosI amredohcirT ,%6.601 tcartxe50 epyt etalosI amredohcirT ,%6.66 stnegaoib 60 epyt etalosI amredohcirT ,%3.39

amredohcirT   etalosI amredohcirT ,30 epyt etalosI amredohcirT dna tcartxe senibmoc 60 epyt etalosI amredohcirT dna 40 epyt etalosI
b top rep noitcudorp emozihr yrd desaercni )%52.0( locinehpmarolhc ehT .%6.811 tcartxe50 epyt etalosI amredohcirT dna 40 epyt  y

 .%801  
  
T  elba 5. regnig fo tliw lairetcab yb detceffa sa top rep regnig fo dleiy eht no stnemtaert tnereffid fo tceffE  

.oN taerT  stnemtaerT  )g(toP rep dleiY hserF  
oT  tnemtaert oN  g251  
1T  amredohcirT  1 pps  f002  
2T  amredohcirT  2 pps  c562  
3T  sanomoduesP  1 pps  b482  
4T  sanomoduesP  2 pps  d542  
5T  2 irT + 1 irT  a992  
6T  2 .duesP + 1 .duesP  e422  
7T  .arolhc+ uesP+ irT  ba692  
8T   )%52.0( locinehpmarolhC  a103  

 DSL 50.0  5.21  
 )%( VC  3.11  

* * snaeM  dewollof  yb  eht  emas  )s(rettel  ni  a nmuloc  did  ton  reffid  ta  %5  level   yb DSL  
ihr fo ytitnauq ressel decudorp tnemtaert )%52.0( locinehpmarolhC deviecer ohw stnalp eht taht saw rettam gnitseretni rehtruF  emoz

isyhp noitcudorp detomorp ylbaborp hcihw noitanibmoc ni tcartxe 60 epyt etalosI amredohcirT dah 1T dna 6T rednu esoht naht  .ygolo
 .stnalp regnig eht fo ygoloisyhp noitcudorper eht decneulfni ylesrevda evah thgim locinehpmarolhc eb yam nosaer elbissop ehT  sihT

arolhc fo tnemecalper efas a dnif ot ekil dluow ytinummoc yldneirf tnemnorivne yhw snosaer gnitsixe ydaerla eht ot sdda .locinehpm  
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noissucsiD  
 smotpmys gnitliw citortcen dednetxE erew  no deraeppa   sevael erutam noitaluconi retfa syad 51 nihtiw  dna   stops egraL .tsaf worg

sevael detceffA .os ro skeew eerht nihtiw fael eht llik ot dnuof neeb evah  ot devresbo neeb evah   rehtiw dna  llaf  ehT .ffo  stluser  
no deniatbo  eht   retemarap  % fael  dedrocer erew noitcefni . tceffE  fo  roirefni nwohs dah stsinogatna detargetni  tnecrep   noitcefni fael

semit fo tseilrae eht ta tA .  devresbo saw %89.42 noitcefni fael fo egatnecrep tsehgih eht ,IAD 51   ehT.)lortnoc( oT tnemtaert eht ni
ael tnecrep )%65.5( tsewol ehT .noitcefni fael tnecrep no tceffe tnacifingis dah stnemtaert eht taht detacidni ylraelc tluser f  noitcefni

saw  ni devresbo  deviecer stop  tcefni fael tnecreP .tnemtaert )%52.0( locinehpmarolhc saw noi  ni ralimis yllacitsitats   on ( lortnoc
( 1T dna )tnemtaert amredohcirT  )10 etalosI  03 dna IAD 22 ni  .72  fo eulav htiw IAD  .ylevitcepser ,%6.92 33.52 dna %9.92 dna %4

dah stnemtaert fo tser ehT  .tceffe tnacifingis yllacitsitats nwohs  A itca citsinogatn  ytiv  fo amredohcirT   dna pps sanamoduesP   pps
 ,negohtap eht tsniaga  muraecanalos ainotslaR )tliw lairetcaB(  muidem raga BK no   neeb dah  epyt( ruof ylno ,setalosi detset eht fo tuO .

rg eht ot noitibihni fo eerged niatrec a dewohs )6 epyt dna 5 epyt ,4 epyt ,3  a ni tceffe citsinogatna rieht tset oT .negohtap eht fo htwo
 nI .negohtap eht ot elbitpecsus saw taht emozihr regniG dna lios dezilirets gnisu detcudnoc saw tnemirepxe top a ,esuohneerg  eht

osi detceles eht htiw semozihr regniG fo noitaziretcab ,tnemirepxe  setal .e.i  yltnacifingis 6epyt dna 5epyt ,4epyt ,3epyt ,8 epyt ,7 epyt ,
4.82 dna %98.67 yb thgiew yrd dna thgieh tnalp :htworg tnalp desaercni dna ,%38.95 yb tliw lairetcab fo ecnedicni eht decuder  ,%4

 setalosi eht fo ecnatropmi eht gnitseggus ylevitcepser .airetcabozihr gnitomorp htworg tnalp sa  
 

oib fo setalosI -  erom si tceffe detroper eht ,sesac emos nI .tceffe ladicignuf gnorts evitceffe yrev gnivah dnuof neeb ydaerla evah tnega
etroper hcus ynam eht fo tuO .sedicitsep )%52.0( locinehpmarolhc fo taht naht  ytilibaliava fo sisab elpmis eht no ,stnalp gnisimorp d

sessa ot detceles neeb evah 60 epyt etalosI amredohcirT dna 40 epyt ,30 epyt etalosI amredohcirT ,50 epyt etalosI amredohcirT   rieht
t ,tsniaga ytiliba tabmoc b tsniaga ytiliba eht si taht , negohtap eh  fael desaesid ,noitcefni fael ,noitcefni tnalP .regniG fo tliw lairetca

 ah/not dleiy dna )g( top rep dleiy ,noitcefni emozihr ,aera stnemtaert noitanibmoc ni retteb eb ot dnuof erew T .  no tceffe eh
dnoces eht ,IAD 51 no eno :snoitavresbo eerht ,sisenegohtap  emozihr ,edam erew IAD 22 no lanif dna driht eht dna IAD 03 no  detaert s

ylrae   dleiy  tsehgih eht   evitalumuc  snaem  lla fo r eht no sretemarap dleiy dna noitcaer esaesid emozi s tcepser eht morf stop ehT .stop evi  
slacimehc deviecer taht  esaesid tsewol eht dah  m epyt ehT .sretemarap ytireves sa llew sa ytisnetni -  esaesid tsekaew eht nwohs sah )1T(t

oib fo setalosi ehT .)oT( lortnoc eht ot roirepus yltnacifingis tub laitnetop lortnoc -  retteb yltnacifingis nwohs evah stnemtaert tnega
eht hguoht ,1T eht naht lortnoc  + 30 epyt etalosI amredohcirT( 6T stnemtaert enibmoc ehT .sevlesmeht tsgnoma ylediw deirav y

 40 epyt etalosI amredohcirT+30 epyt etalosI amredohcirT( 7T dna )60 epyt etalosI amredohcirT + 40 epyt etalosI amredohcirT
nwohs evah )50 epyt etalosI amredohcirT+   fo tliw lairetcab gnillortnoc ni )lacimehC( 8T eht naht ressel hguoht esnopser gnorts yrev

.regniG  ehT  tsehgih  egareva  emozihr  sdleiy  revewoh  erew  devresbo  rednu  eht  tnemtaert  T6 T dna 7 dna  eht  tsewol  rednu  eht  tnemtaert  
oT . sA  a tluser  wol  dleiy  saw  nuof ni d  lortnoc  stop  dna  hgih  ni  eht  stop  erehw  denibmoc  stnemtaert  erew  ehT .deilppa  denibmoc  

tnemtaert  dah  a ylhgih  tceffe tnacifingis  no  eht  emozihr  .dleiy  stluser ehT  yb deniatbo  namskaL  )0991(  htiw  eht  esu  fo  
dna50 epyt etalosI amredohcirT  muihcA  hcS dna resseol  )2991(  htiw  30 epyt etalosI amredohcirT  dna  30 epyt etalosI amredohcirT  dees  

ylecin stnegaoib  etaroborroc  htiw  eht  tneserp  .sgnidnif  ehT  tluser  morf  eht  oitar tsoc tifeneb  taht delaever sisylana  tsehgih  laicnanif  
tifeneb  saw  deniatbo  morf  ibmoc eht den  tnemtaert  T7 erehw  eht  )79.3( RCB  saw  eht  tsehgih  dna  eht  tsehgih dnoces  saw RCB   morf

T6 )69.3(  elihw  eht  tsewol  RCB  )09.1(  saw  devresbo  .top lortnoc ni  tI  saw  tnedive  morf  eht  deniatbo  stluser  taht  ylevitarapmoc   wol
sdleiy  erew   elbisnopser rof  eht  wol re  ssorg  nruter  dna  a rewol   RCB tsniaga  .tnemtaert hcae  

 
noisulcnoC  

ehT  yam neve tnemtaert cinagro denibmoc dengised yllaiciduj a taht detacidni tnemirepxe siht hguorht deniatbo stluser  eb   elbatiforp
naht  a edicignuf )%52.0( locinehpmarolhc  suhT .tnemtaert , ti  eb nac  fo ytireves dna ecnedicni eht taht dedulcnoc   fo tliw lairetcaB

nac esaesid regniG  decuder eb yltnacifingis  yb  eht  esu denibmoc   epyt etalosI amredohcirT +30 epyt etalosI amredohcirT( fo
htiw noisnepsus lauqe ni )50 epyt etalosI amredohcirT+40  of  rehgih lautneve dna dleiy elbatiforp rehgih a evah ot redro ni yarps rail

sa ksir htlaeh muminim htiw nruter cimonoce  sa llew  htiw suolucitem ,revewoH .noitullop latnemnorivne  rehgih  ro ycnetop   ycaciffe
tsum  og  no  sa  eht  fo yticenegohtap  eht  i tnega lasuac  detargetni na ekat ot desivda eb yam sremraf eht ,eroferehT .cimanyd etiuq s

gnitullop tuohtiw noitcudorp elbatiforp a esiar ot dluohs hcihw hcaorppa  eht  dna tnemnorivne  gnidda  ni snixot  eht  doof  .niahc  
inogatna detceles eht taht dewohs tluser eht ,llarevO  ,negohtap eht yb desuac esaesid eht lortnoc ro sserppus ot deganam setalosi cits  .R
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noitadnemmoceR  
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e taht etartsbus cificeps fo esu ro noitidda ,revoeroM .dohtem elgnis a naht noitcetorp  eht fo noitacilpitlum dna htworg evitceles ecnahn

alosi derised eht fo noitalupinam citeneg ,enola seiceps elgnis a naht rehtar tnaluconi laiborcim elpitlum fo esu ,tsinogatna  eht( et
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