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tcartsbA —  ot ledom levon a depoleved sah yduts sihT

nihcam fo htworg tuptuo eht erusaem  gnirutcafunam yre
 ot ledom depoleved eht si tegrat etamitlu eht dna ;sEMS
 .rotces siht fo ecnamrofrep eht gnitaulave rof desu eb
 noitcudorp no sgnidnif weiver erutaretil eht no desaB
 dna depoleved si ledom lacitamehtam a ,yroeht htworg

rohs hguorht tliuber  ledom tliuber ehT .noitcudorp mret t
 na sa tnemeganam gnireenigne detaroprocni yb denifer si
 02 hguorht detset si ledom depoleved ehT .tupni

gnirutcafunam yrenihcam  
tupni s’raey gnisu yb sEMS -  stluser ehT .atad tuptuo

oc tnemeganam gnireenigne taht delaever  ot noitubirtn
 %59 ta tnacifingis si sEMS 61 fo htworg tuptuo

p( level ecnavinnoc -  noitadilav dna tset ehT .)50.0< eulav
 ot lufesu si ledom depoleved eht taht tseggus stluser
 ot noitubirtnoc tnemeganam gnireenigne eht etaulave

unam yrenihcam fo htworg tuptuo  .sEMS gnirutcaf
 niamod gnirutcafunam ni wen si ledom siht ,eroferehT
 gnirutcafunam ni egdelwonk wen a eb ot dda dluow taht
 yduts sihT .levon si krow siht ,tcepsa siht nI .delif
 seriuqer hcihw aera siht ni yduts rehtruf sesoporp

 ot ledom lareneg a gnidliub  gnireenigne eht eulaved
 fo sepyt lla fo htworg tuptuo ot noitubirtnoc

.seirtsudni gnirutcafunam  
:sdrowyeK   ;sEMS gnirutcafunaM ;ledoM htworG

;tnemeganaM gnireenignE  tupnI - htworG tuptuO ;tuptuO  
 

.I  I  DNA NOITCUDORTN B  DNUORGKCA  
ledom a poleved ot smia repap sihT   eht etaulave ot

 fo htworg tuptuo ot noitubirtnoc tnemeganam gnireenigne
 gnirutcafunaM muideM dna llamS gnirutcafunam yrenihcam
 dna tset ot desu si ledom depoleved ehT .)sEMS( sesirpretnE

tupni htiw enifer -  eht etaulave ot atad noitcudorp tuptuo
cnacifingis  ot noitubirtnoc tnemeganam gnireenigne fo level e

 noitcudorp yrenihcam fo htworg tuptuO .htworg tuptuo
 ot stupni tnatropmi ehT .stupni fo esu evitceffe no sdneped
 rof latipac ,ruobal dellik era ssecorp noitcudorp yrenihcam

war ,yrenihcam ssecorp gnisahcrup   dna stcudorp rof slairetam
 ytilauq ,gninnalp noitcudorp rof tnemeganam gnireenigne

  .D&R dna lortnoc  
 elbaniatsus a gniveihca rof lativ si tupni fo noitazimitpo ehT
 tnaveler eht sesac rojam ni taht tnedive si tI .htworg

ta lluf gniyap ton era sredlohekats  ecrofnier ot noitnet
 ,latipac ,ruobal delliks gnizimitpo yb secruoser noitcudorp
 roF .ytilibapac tnemeganam gnireenigne ,slairetam war
 ytivitcudorp rehgih eveihca ot dna ,ytilauq tcudorp gnivorpmi
 rehgih nevorp a si tnemeganam gnireenigne ,noitcudorp ni
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av  dna ;yrtsudni gnirutcafunam yrenihcam rof stupni dedda eul
 shtworg tuptuo fo stnanimreted a si tnemeganam siht

 .noitcudorp yrenihcam  
 tuoba si PDG ot yrtsudni gnirutcafunam fo noitubirtnoc ehT
 siht nI .seirtnuoc gnipoleved dna depoleved ni htob tnecrep 05
 gnirutcafunam yrenihcam dna yrenihcam ssecorp tcepsa
 gnirutcafunam yrenihcam ehT .elor lativ a yalp seirtsudni
 tnenopmoc eht eb ot dezirogetac ylnommoc era sEMS
 .seirtsudni gnirutcafunam yrenihcam regral rof srerutcafunam

ed ni sEMS gnirutcafunam yrenihcaM  era seirtnuoc gnipolev
 snosaer fo rebmun a rof yllacimonoce dna yllaicos tnatropmi
 wolf yenom htooms dna ytinutroppo boj gnitaerc :gnidulcni

 .yteicos hguorht  
 sti eud tnemyolpme fo erahs tnacifingis a rof tnuocca sEMS

.saera larur ssorca noisrepsid ediw  
 I  eht fo tnuoma tnacifingis a yolpme ot ytiliba eht sah t

.)6002 ,nanubmaT( ;seimonoce lacol ni sruobal lacinhcet  
  noitaivella ytrevop ot detcennoc yltcerid sEMS era eroferehT

 era sEMS ,tcepsa siht nI .seimonoce larur rof tnatropmi dna
g cimonoce ot lacitirc  yrenihcam ,eroferehT .htwor

 ymonoce ot etubirtnoc ot rewop eht sah SEMS gnirutcafunam
.)4102 ,.la te ,dawsalE ;3102 ,nuesawulO & alosulO( htworg  
 gnireenigne ,ssecorp gnirutcafunam yrenihcam ni ,revewoH
 sti tuoba wonk ot dna ,tupni lativ a si tnemeganam

noc  .tnatropmi si htworg tuptuo dna stuptuo ot noitubirt
 dehsilbup eht ni taht swohs erutaretil   dehsilbup yltnerruC
 erusaem ot elbaliava si ledom on skoob dna slanruoj
 tuptuo dna stuptuo ot noitubirtnoc tnemeganam gnireenigne

nirutcafunam yrenihcam fo htworg  si ti ,ecneH .sEMS g
 pag siht llif ot stpmetta yduts sihT .ledom a dliub ot tnatropmi
 ,ruobal eht ot detaler ledom htworg gnitset dna gnidliub yb

   .tnemeganam gnireenigne dna ,slairetam war ,latipac  
 noitcudortni :snoitces niam evif ylniam sah yduts sihT  dna

 dna weiver erutaretil eht ;1 noitces ni decalp si dnuorgkcab
 dna krowemarf laciteroeht ;2 noitces ni detats era sevitcejbo
 hcraeser ;3 noitces ni debircsed era ygolodohtem hcraeser
 5 ,noitces gniwollof ;4 noitces ni era noisulcnoc dna sgnidnif

ed hcihw .noisulcnoc eht sebircs  

.II  L  ERUTARETI R  NO WEIVE G  HTWOR T YROEH  
 weiver erutaretil eht fo weivrevo stneserp noitces sihT
 gnirutcafunam ot detaler krowemarf laciteroeht dna sgnidnif

 taht tseggus sgnidniF .htworg sti dna sEMS  a neeb sah ereht
ser laciripme fo kcal  fo htworg tuptuo etaulave ot hcrae
 .sEMS gnirutcafunam  tnemerusaem ecnamrofrep eht fo tsoM

 evah ton seod sEMS gnirutcafunam yrenihcam fo ledom
 .htworg tuptuo ot stupni fo noitubirtnoc eht etaulave ot ledom

rusaem ot elbaliava si ledom on ,ylralucitrap eroM  eht e
 fo htworg tuptuo ot noitubirtnoc tnemeganam gnireenigne
 neewteb devresbo era spag ,sdrager siht nI   .noitcudorp

 tnemeganaM gnireenignE erusaeM ot ledoM laciripmE nA
 yrenihcaM fo htworG tuptuO ot noitubirtnoC

sEMS gnirutcafunaM  

eeL nujD naM ,dawsalE .A.M .niessuoH ,.I.M ludihahS  
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 dna sledom htworg tnemerusaem ecnamrofrep gnitsixe
.secitcarp tnemeganam gnireenigne   detrats krow weiver ehT

p hcraeser cimedaca yduts ot  eht no skoobtxet dna srepa
 srehcraeseR .sEMS gnirutcafunam dna ledom lautpecnoc
 eseht fo tnecrep )03( tuoba dna srepap )51( revo deiduts
 tnecrep )07( tuoba dna ;)0102( raey eht erofeb dehsilbup

nekat erew hcihw seltit detaleR .)0102( retfa dehsilbup srepap  
 dessucsid dna detneserp era erutaretil gnirud tnuocca otni

.ereh  
 htworG dna ssenisuB sEMS ni latipaC 1.2  

 rof sEMS gnirutcafunam rof tupni tnatropmi na si latipaC
 .htworg noitcudorp dna ytilibaniatsus ssenisub gniveihca

 latipaC EMS yb desu yenom ot srefer  ,yrenihcam esahcrup ot s
 noitcudorp gniniatniam rof slairetam war dna ,sgnidliub
 si sEMS gnirutcafunam rof tniartsnoc rojam A .snoitarepo
 ssenisub dna metsys gnicnanif lamrof ot ssecca detimil
 secruos owt evah sEMS eht ,lareneg nI .)2002 ,deT( slatipac

 fo  sdnuf lanretni ot srefer ytiuqE .tbed dna ytiuqe :dnuf
 noitubirtnoc ,stiforp detalumucca ,sgnivas ’srenwo gnidulcni
 ,senyaH( sdneirf fo stnemtsevni etavirp dna srentrap morf
 srenwo ssenisub ,noitarepo noitcudorp troppus oT .)9991

einevnoc morf sdnuf eganam  eht ot tcepser htiw secruos tn
 erutaretil ,revewoH .tbed fo mrof eht ni smron ssenisub
 ylevitisop era htworg sEMS dna ezis gnidnuf taht stseggus
 pu deeps ot detubirtnoc ezis dnuf egral eht dna ,detaicossa

B dna )2102( .la te ecurB detats sa htworg ssenisub  namkra
 htob ot ssecca ysae sdeen sEMS ,tseggus osla yehT .)4991(
 yrassecen teg ot snoitutitsni laicnanif lamrofni dna lamrof
 dnuf fo kcal dna ;snoitarepo ssenisub sti gniniatniam rof dnuf

.htworg ssenisub ecuder yam stupni  
 uptuO ot noitubirtnoC ruobaL 2.2  fo htworG t

ssecorP noitcudorP  
 tnatropmi eht era ecrof ruobal fo ecneirepxe dna noitacudE
 .esahp gniworg ni sEMS gnirutcafunam rof srotcaf

bboC -  taht setartsnomed )8291( noitcnuf noitcudorp salguoD
 tarneorahC ot gnidroccA  .stuptuo on ruobal on .la te  3102(  )

 fo level hgih htiw etarepo dnaliahT ni sEMS gnirutcafunam
 thguac era sEMS gnirutcafunam hcuS .ycneiciffeni lacinhcet
 ruobal nopu tnedneped ylivaeh si noitcudorp erehw part a ni
 ni ruobal delliksnu dnaliahT ni ,yltnanimoderP .tupni

eredisnoc si noitcudorp eulav wol d -  .seitivitca dedda
tarneorahC ,eromrehtruF  la te ,.   tsum smrif taht dedda )3102(

 sti gniniatniam rof sruobal delliks fo esu tseb eht wonk
 esaercni dluoc ezis mrif dedda eH .noitcudorp htooms

gnidargpu dna sruobal delliks ot ssecca retaerg hguorht   ruobal
 gniniart dna noitacude ni stnemevorpmi hguorht slliks
 deen eht degdelwonkca )1002( niL dna niwdlaB .emmargorp
 teem ot redro ni slliks ruobal roop tnemevorpmi fo
 ruobal taht stseggus erutaretiL .egnellahc lanoitazinagro

nirutcafunam dna ytivitcudorp  ylevitisop era ytivitcudorp g
( detaicossa  ,ytnahoM & ,hgniS ;3102 ,.la te ,yrrebdaorB

 ).)2102  eht rof tupni dedda eulav a si ruobal delliks ,eroferehT
 .sEMS gnirutcafunam fo htworg  

 htworG tuptuO slairetaM waR fo noitubirtnoC 3.2  
nirutcafunam yrenihcam nI  si noitazilitu slairetam war tnalp g

 yb detats sa htworg tuptuo eht ni elur lativ a gniyalp  ludihahS
)3102( .la te  ni slairetam war fo egatsaw taht dnuof eH .

 fo ecnamrofrep cimonoce dna ssecorp noitcudorp
L .detaicossa ylevitisop era ssenisub gnirutcafunam  level wo

 cimonoce gniganam dna ,tsoc yrotnevni slairetam war fo
 tnanimod eht era niahc ylppus lairetam war ni ecnamrofrep
 ycneiciffe noitazilitu slairetam waR .htworg tuptuo   fo srotcaf

 .htworg tuptuo fo rotacidni na si  

aM gnireenignE fo noitubirtnoC 4.2  tuptuO ot tnemegan
 htworG  

 ot stupni dedda eulav rehgih a si tnemeganam gnireenignE
 fo lliks fo eerged eht oslA .ssecorp gnirutcafunam yrenihcam
 .htworg sEMS gnirutcafunam ni elor lativ a yalp reenigne na

itcudorp fo noitanibmoc a si tnemeganam gnireenignE  no
 noitcudorP  .D&R dna ,tnemeganam snoitarepo ,tnemeganam
 tcudorp ,stupni fo noitazilitu tneiciffe no sdneped htworg
 noitcudorP .ssecorp noitcudorp fo ytivitcudorp dna ,ytilauq
 ytitnedi ot D&R ni evlovni teg ot sdeen reganam snoitarepo

non - pni dedda eulav  te ludihahS( pag yticapac noitcudorp ,stu
 ylhgih a egagne si sEMS fo tniartsnoc rojam A .)3102 ,.la
 ni reganam/reenigne noitcudorp dna snoitarepo delliks
 dna stcudorp wen gnicudorp rof seitivitca noitavonni

afunam fo htworg elbaniatsus eveihca ot sessecorp  gnirutc
 meht fo lla ,revewoH .)2102 ,.la te tarneorahC( sEMS
 rof tupni laitnesse na si eganam gnireenigne taht detseggus

.htap htworg ni yats ot sEMS gnirutcafunam yrenihcam  
 sEMS gnirutcafunaM yrenihcaM htworG stuptuO 5.2  

 tuptuo ehT htworg  am yrenihcam fo  sEMS gnirutcafun
 sdneped  woh no  ni desu gnieb era stupni yltneiciffe

 tuptuo fo eerged eht taht detroper si tI .ssecorp noitcudorp
 si htworg decneulfni   yb  fo xedni dedda eulav non rewol

 dna ,slairetam war ,latipac ,ruobal sa hcus stupni lacisyhp
gnireenigne   ot gnidroccA .)4891 ,tlefrenreW( tnemeganam

 fo srotcaf lativ eht ,)3102( .la te ludihahS dna )1991( yenraB
 dna ,gninnalp ,slliks ,egdelwonk era mrif fo htworg tuptuo

 .stessa fo noitazimitpo  smrif fo htworg tuptuo ,eroferehT
w ssecorp tnempoleved a deilpmi  niatniam mrif a ereh

.)4002 ,nuS( stupni ecnamrofrep latot ni htworg decnalab   
 fo ycneiciffe cimonoce dna ycneiciffe lacinhcet ,eromrehtruF
 rehgiH .htworg tuptuo fo srotacidni era ssecorp noitcudorp

yltaerg dluoc ytilibapac tnemeganam gnireenigne fo eerged  
 morF .htworg noitcudorp elbaniatsus a eveihca ot etubirtnoc
 detats eb dluoc ti ,evoba denoitnem ,serutaretil dehsilbup eht
 sEMS gnirutcafunam yrenihcam fo htworg tuptuo taht
 ,latipac ,ruobal gniganam fo sEMS fo level lliks no sdneped

gne dna slairetam war  .secruoser gnireeni  
 ledoM htworG 6.2  

 yllanoitidart era sledom htworg no erutaretil laciteroeht ehT
 pihsnoitaler ehT .erutlucirga dna scimonoce no dessucof
 a ni derutaef osla sah htworg dna ytivitcudorp neewteb

rammus ehT .skrowemarf laciteroeht fo rebmun  htworg fo y
 ssel morf secruoser setacollaer dna gniganam si ledom
 .)8002 ,.la te ,izzattoB( smrif evitcudorp erom ot evitcudorp
 evif evlovni yduts tnerruc eht ni desu ledom htworg ehT

; stupni  seigolonhcet wen ni tnemtsevni latipaC ,slliks ruobaL
tcudorp ni  dna slairetam war fo ytilauQ ,seirenihcam noi

 D&R sa hcus stnemele sti dna tnemeganam gnireenignE
 htworg stupni sneppah htworg noitcudorP .ytilibapac
 fo erutcetihcra eht nihtiw htworg tuptuo stceffa ylevitisop

02 ,iraaS ;4002 ,radmujaM( noitcnuf noitcudorp  .)11
 eht neewteb pihsnoitaler eht desserpxe si noitcnuf noitcudorP
 noitcudorp ehT .tuptuo eht dna noitcudorp ni desu stupni
 ot ssecorp noitamrofsnart stupni fo elpmis a sevig noitcnuf
 srotcaf owt fo sevlovni noitcudorp htworg tuptuo ehT .stuptuo

 era hcihw  .stupni dna emit  .1 erugiF yb detartsulli si tI  
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1 regniF emiT revo htworG tuptuO :  
 

 ytilibapac D&R dna ,gnireenigne ,ruobal ,emit eht revO
 nonemonehp sihT .tuptuo esaercni ot etubirtnoc dna esaercni

htam gniwollof eht yb detneserp eb nac  :ledom lacitame  
                                                                                

)1(   
 

 stnenopmoC htworG 7.2  
 dna 1 erugiF ni   detats taht tuptuo fo etar htworg ehT

tceffe noitubirtnoc denibmoc   a si )1( noitauqe yb detneserp  
 dna slairetam war ,ruobal ,latipac yleman stupni lla fo
 fo noitubirtnoc eht taht seilpmi tI   .tnemeganam gnireenigne

 eht fo trap a stupni hcae ∆ /Q ∆t  ot dewolla si )1( noitauqe ehT .
 oitar a si htworg latot ot tupni na fo noitubirtnoc eht taht etats

eht fo     cigol sihT .htworg tuptuo latot ot stnenopmoc a htworg
.noitauqe gniwollof eht yb detneserp eb dluoc  

                                                                            

)2(  
 ,ereH  dna htworg tupni laudividni eht si    eht si

 fo tnenopmoc ycneiciffe dna tupni laudividni na   eht si
ssecorp noitcudorp fo htworg tuptuo latot  

 
 htworG no tceffE emiT 8.2  

 eht htiw rucco segnahc dna citats ton si noitubirtnoc ehT
 a ro ydob lanoisseforp A  .emit fo egassap  nosrep lacinhcet

 noitubirtnoc ecnahne taht emit revo ecneirepxe niag ot sdnet
 yllaitnenopxe si htworg lliks fo epyt sihT .ytilibapac

 yb degdelwonkca sa detubirtsid .)7002( ,hamhaR & ,sirdI  
 eb nac noitubirtnoc fo ytilibapac gnisaercni eht ,eroferehT

tneserp :)3( noitauqe eht yb de  
                                                                                                 

)3(  
   a fo stupni fo sretemarap ycneiciffe emiT = θ ,ereH

 lacigolonhcet a sa nwonk osla si ssecorp noitcudorp
 ;2002 ,aylabmataM & ,eissamdA( sretemarap  & ,sirdI

;7002 ,hamhaR   3 noitauqE .)1102 .B ,sinaC ;4102 ,.la te ,kiiL
it si noitubirtnoc eht taht setacidni                                                         .tnedneped em  

 fo yroehT 9.2 noitubirtnoC fo leveL tnacifingiS   tuptuO ot
 htworG  

 suoirav ni deusaem eb nac ycnacifingis htworg tuptuo ehT
 level tnedifnoc %59 dna tnacifingis 50.0 ta ,ylnommoC .syaw

 ro   .desu gnieb  era  evel tnedifnoc %09 dna tnacifingis 1.0 ta
P ehT -  ycnacifingis eht etaulave ot desu ylnonommoc si eulav

.)4 ( ni nwohs si ycnacifingis fo ledom lacitmahtam ehT . level  

                                                                                                                              

;erehW )4(    eht si n ,htworg fo noitoved dradnats eht si

 dna ezis elpmas  noitcudorp fo htworg tuptuo eht si
 dna  ehT  htworg tuptuo fo egareva eht si  fo gninaem

p- .2 erugiF ni setartsnomed eulav   

 
2 .erugiF ledoM tnemeusaeM ecnacfnigS :  

 
P eht neht ,level %59 ta deusaem si ycnaifingis fI -  50.0< eulav

P ro - P sraeppa fI .50.0> eulav -  si htworg neht 50.0< eulav
P sraeppa fI .tnacifingis - g neht ,50.0> eluav  ton si htwor

.tnacifingis  
 tnemetatS melborP hcraeseR 01.2  

 htworg noitcudorp no weiver erutaretil fo sgnidnif ehT
 laciripme taht etacidni stluseR .8.2 ot 2.2 noitces ni detroper
 tnemeganam gnireenigne eht gnirusaem rof sledom

 htworg tuptuo ot noitubirtnoc  dehsilbup ni elbaliava ton era
 ,si noitseuq eht tcaf delaever siht fo tcepsa nI .slairetam
 noitaulave rof ledom laciripme fo epahs eht si tahw“
 noitubirtnoc tnemeganam gnireenigne fo level tnacifingis

”?htworg tuptuo ot   sserdda ot nekatrednu si yduts sihT  siht
.noitseuq siht fo rewsna rof gnikool eb dluow dna eussi  

ydutS eht fo sevitcejbO 11.2  
 eht etaulave ot si yduts siht fo evitcejbo daorb ehT
 ecnamrofrep eht ot tnemeganam gnireenigne fo noitubirtnoc

raeser siht eveihca oT .sEMS gnirutcafunam yrenihcam fo  hc
.strap eerht otni dedivid neeb sah evitcejbo ,laog  

.I   tnemeganam gnireenigne etaulave ot ledom a poleved oT
 noitubirtnoc  ot  yrenihcam fo htworg tuptuo

 .sEMS gnirutcafunam  
.II  .sEMS gnirutcafunam yrenihcam ta ledom poleved eht tset oT  
.III  dom depoleved etadilav oT  ecnacifingis eht gnitaulave yb le

 tuptuo ot noitubirtnoc tnemeganam gnireenigne fo level
.sEMS gnirutcafunam yrenihcam fo htworg  

 ydutS sihT fo epocS 21.2  
 mret trohs fo dia eht yb tliub sah ledom laciripme nA

et sah ledom depoleved ehT .noitcnuf noitcudorp  02 ta dets
tupni sraey 5 gnisu yb sEMS gnirutcafunam -  ot atad tuptuo

 gnisu yb detadilav sah ledom depoleved ehT .ssentif sti egduj
 laicoS fo egakcaP lacitsitatS .ecnacifingis fo loot lacitsitatS
 rof atad gnizylana rof desu saw erawtfos )SSPS( secneicS

usaem  si ti ,tcepsa siht nI .ecnacifingis fo eerged gnir
 %59 nihtiw sraeppa noitubirtnoc eht fi taht deredisnoc
 gnitaulave rof esu ot tif si ledom neht level tnacifingis

 .stuptuo ot tnemeganam gnireenigne fo noitubirtnoc  
 31.2  ydutS eht fo ytlevoN  

e etaulave oT  ot fo noitubirtnoc tnemeganam gnireenign
 ton osla si sEMS gnirutcafunam yrenihcam fo htworg tuptuo
 pag a taht setacidni sihT .slairetam dehsilbup ni elbaliava
 siht dna niamod sEMS gnirutcafunam yrenihcam eht ni stixe

  .pag siht pu llif ot smia yduts ,ecneH   yduts siht fo ytlevon eht
 gnireenigne etaulave ot ledom htworg tuptuo na poleved ot si
 .htworg sEMS gnirutcafunam ot noitubirtnoc tnemeganam
 ot noitamrofni wen dda dluow yduts siht ,yletinifeD
 siht tcepsa siht nI .sEMS gnirutcafunam fo kcots egdelwonk

uts .krow levon a si yd  
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.III  M  YGOLODOHTE  
 gnireenigne etaulave ot ledom a poleved ot smia yduts sihT
 yrenihcam fo htworg tuptuo ot noitubirtnoc tnemeganam
 mret trohs morf tliub si ledom ehT .sEMS gnirutcafunam

.yroeht noitcudorp salguoD bboC dna noitcnuf noitcudorp  
 gnirutcafunam yrenihcam )02( ytnewt ta detset sah ledom ehT
 sah atad tupni ehT .atad tuptuo tupni sraey 5 gnisu yb EMS
 atad evorpmi ot redro ni erawtfos SSPS gnisu yb detide
 fo noitpircsed eht stneserp noitces gniwolloF .ytilauq

rruc eht ni desu selbairav .yduts tne  
desU selbairaV fo scitsiretcarahC 1.3  

:elbairaV tnednepeD1.1.3  
 gnirutcafunam yrenihcam fo htworg tuptuo dna tuptuO ehT

  .elbairav tnedneped era sEMS  
 :selbairaV yrotanalpxE 2.1.3  

.I  latipaC -  yrenihcam gnisahcrup rof desu yenom fo tnuoma eht
qe dna  .sEMS gnirutcafunam    rof tnempiu  

.II  ruobaL -  rof ruobal rof tneps gnieb si taht yenom fo tnuoma eht
 .snoitarepo ssecorp gnirutcafunam gnitcudnoc  

.III  slairetaM waR -  gnieb era taht slairetam war fo tsoc latot ehT
 .ssecorp noitcudorp ni desu  

.VI  emeganam gnireenignE tn -  ot desu gnieb era taht tsoc latot eht
 dna gniludehcs ,gninnalp rof ffats gnireenigne eganam
 gnirutcafunam fo noitarepo noitcudorp htooms rof D&R

  .sEMS  
 erudecorP gnitset dna gnidliub ledoM 2.3  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

aiD wolF :3 erugiF gnitseT dna gnidliuB ledoM fo marg  

erudecorP noitadilaV ledoM 3.3  
 loot lacitsitatS gnisu yb detadilav saw ledom depoleved ehT
 )SSPS( secneicS laicoS fo egakcaP lacitsitatS .ecnacifingis fo
 fo eerged gnirusaem rof atad gnizylana rof desu saw erawtfos

fingis  eht fi taht deredisnoc si ti ,tcepsa siht nI .ecnaci
 ledom neht level tnacifingis %59 nihtiw sraeppa noitubirtnoc
 gnireenigne fo noitubirtnoc gnitaulave rof esu ot tif si

.stuptuo ot tnemeganam  
 noitadilaV dna gnitseT ,gnidliuB ledoM 0.4  

ed si noitces sihT  hcraeser fo tnemeriuqer eht teem ot depolev
 si 1.4 noitceS .strap eerht sah noitces sihT .sevitcejbo
 eno rebmun evitcejbo fo tnemeriuqer eht lifluf ot dengised
 eht tset ot dezinagro si 2.4 noitceS .)i( .11.2 ni detats taht

iuqer eht lifluf ot ledom poleved  rebmun evitcejbo fo tnemer
 ot dezinagro si 3.4 noitceS .)ii( .11.2 ni detats taht owt
 fo tnemeriuqer eht lifluf ot ledom depoleved eht etadilav

.)iii(.11.2 ni detats taht eerht rebmun evitcejbo  
 tnemeganaM gnireenignE etaulavE ot gnidliuB ledoM 1.4

ubirtnoC  noit  
 etaulave ot ledom poleved ot dengised si noitces sihT
 fo htworg tuptuo ot noitubirtnoc tnemeganam gnireenigne
 evitcejbo sa nwonk si hcihw sEMS gnirutcafunam yrenihcam

.)i(.11.2 ni detats taht eno rebmun  
orf ledom depoleved si yduts siht fo tegrat ehT  noitcudorp a m

 gnireenigne dna ,slairetam war ,latipac ,ruobal erehw noitcnuf
tupni ehT .desu gnieb era tnemeganam -  eb nac ledom tuptuo

 .ssecorp gnirutcafunam fo htworg tuptuo eht erusaem ot desu
 no sdneped noitcudorp lairtsudni na fo htworg tuptuo ehT

anyd  htworg tuptuo ehT .stupni fo ruoivaheb cim
 mret trohs morf depoleved eb nac ledom tnemerusaem
 & ludihahS( yb reilrae dehsilbatse sa noitcnuf noitcudorp
 noitcudorp mret trohS .)4102 ,.la te ,dawsalE ;1102 ,ilazahS

.)5( noitauqe ni nwohs si ledom  

                                         )5(  
 ;ereH  .t emit revo noitcudorp fo tuptuo egarevA=  =

 .snoitarepo noitcudorp dna yrenihcam fo latipac   waR
 .desu slairetam  = irutcafunam eht no ruobal fo rebmun  gn

 .ssecorp noitamrofsnart =   ,stuptuo ot stupni morf rotcaf  =
 ehT .noitcudorp eganam ot sdeen tnemeganam gnireenigne
 evoba htiw ledom htworg stuptuo fo ledom lautpecnoc

.4 erugiF ni nwohs si stupni denoitnem  

  
 

autpecnoC :4 erugiF ledoM htworG l  

tratS  

 ledom lautpecnoC
 morf gnidliub
weiver erutaretil  

 laciteroeht gnidliuB
 krowemarf  gniveihca rof

laog hcraeser  

 eht ni gnidliuber ledoM
 yek s’ME fo tcepsa

 gniveihca rof stnemele
laoG hcraeseR laog  

  

 ot tif ledom seoD
 gnirutcafunam

?sEMS  
 

 htiw gnitset ledoM
 mrof atad yramirp

 gnirutcafunam
sEMS  

  

oN  

 htiw tseT ledoM
ataD dleiF  

  
 ledoM  noitadilaV

ataD dleiF htiw  

 tnacifingis gnisu yB
tset  

gnilledom ataD  
noitcelloc ataD  

 
 

seY  

gnitirW tropeR  

  dnE  

  

 sEMS gnirutcafunam nO
htworg  

  tnaveler tcelloC
ledom  

 noitceles ledoM  
 

 

 tuptuO
htworG  

 ( ) 
 
 

 yrenihcaM
rutcafunaM

sEMS gni  

aL  sllikS ruob  
 ( ) 

 gnireenignE
 sllikS tnemeganaM  

( ) 
 

 tnatsnoc latipaC
emit revo  

( ) 
 
  

 slairetaM waR
 revo tnatsnoc

( emit ) 
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 erusaem ot si ledom lacitamehtam eht ,4 erugiF no desaB
 nac hcihw sEMS gnirutcafunam yrenihcam fo htworg tuptuo

 :)6( yb detneserp eb  
= )Q(g                                    .                                  

                                                                                                                          )6(                                                                           
tuo latot si )Q(g ,erehW  fo denibmoc dna  htworg tup

 ,])K(g [ latipac ,] )L(g[ robal fo etar htworg fo noitubirtnoc
  stnemeganam gnireenigne dna ])R(g[ slairetam war

 [  ehT.]   ycneiciffe rotcaf eht era
na slairetam war ,ruobal ,latipac fo stupni sretemarap  d

 htworg slliks ot eud si htworg sihT .tnemeganam gnireenigne
  .emit revo fo tnemeganam dna ,ruobal ,ffats gnireenigne  ehT

 noitces ni etats taht htworg tuptuo ot noitubirtnoc fo yroeht
 taht etats ot su dewolla era )6( noitauqe dna )2( noitauqe ni 7.2

e eht  a si htworg latot ot noitubirtnoc tnemeganam gnireenign
 tuptuo latot ot htworg tnemeganam gnireenigne fo oitar
 gniwollof eht yb detneserp eb dluoc cigol sihT .htworg

.)7( noitauqe  
                      

                                                                                                                                      )7(                                                

  eht htiw rucco segnahc dna citats ton si tuptuo fo htworg ehT
i tnemeganam dna ruobal fo ecneirepxe  noitcudorp ni devlovn

 ot sdnet nosrep lacinhcet a ro ydob lanoisseforp A .ssecorp
 eht ecnahne ot desu si hcihw emit revo ecneirepxe niag
 sa nwonk si htworg lliks fo epyt sihT .ytilibapac noitubirtnoc

( noitubirtsid laitnenopxe eht  .)7002 ,hamhaR & ,sirdI
hT  eb nac noitubirtnoc fo ytilibapac gnisaercni eht ,erofere

 :)8( noitauqe eht yb detneserp  
                                                                                                                                             )8(

= θ ,ereH   a fo stupni fo sretemarap ycneiciffe emiT
 sretemarap lacigolonhcet sa nwonk osla si ssecorp noitcudorp

( 7002 ,hamhaR & ,sirdI  ;2002 ,aylabmataM & ,eissamdA ;
;4102 ,.la te ,kiiL   taht setacidni 8 noitauqE .)1102 .B ,sinaC

.tnedneped emit si noitubirtnoc eht   era 8 dna 7 snoitauqe eht fI
 ledom noitubirtnoc tnedneped emit eht ,stluser ni denibmoc

:)9( noitauqe eht yb detneserp eb nac hcihw epahs wen a steg  
                                                                          

)9(             
auqE  fo eulav eht taht setacidni )9( noit   no sdneped

 stuptuo fo yticitsale eht   ycneiciffe emit dna

 lliks fo retemarap    hcihw ledom eht si )9( noitauqE
 gnireenigne fo noitubirtnoc eht etaulave ot desu eb dluoc

tnemeganam   rebmun evitcejbo ,suhT .htworg tuptuo latot ot
.deveihca si )i( .11.2 noitces ni detats taht yduts siht fo eno  

 
  gnitseT ledoM 2.4  

 rof ledom depoleved tset ot dengised si noitces sihT
 tuptuo ot noitubirtnoc tnemeganam gnireenigne gnitaulave

cam fo htworg  nwonk eb ot hcihw sEMS gnirutcafunam yrenih
 siht fo trap tsrif nI .)ii(.11.2 ni detats owt rebmun evitcejbo sa
 tceffe eht etamitse ot dna atad etadilav ot dezinagro si noitces

 .htworg tuptuo ot tupni fo ezis  
tupni desu ew gnitset ledom roF - emit tuptuo - res  fo atad sei

9002 raey eht fo sEMS gnirutcafunam )02( ytnewt -  eW .4102
 sgnidnif ehT .erawtfos SSPS gnisu yb atad detcelloc desylana
 ni dehcatta si sisylana sliated dna 1 elbaT ni detroper era

.1A xidneppA  
 

 :1 elbaT  fo etamitsE ledoM nirutcafunaM yrenihcaM 02  g
sEMS  

 
R( ezis tceffe fo eulav ehT 2  2.99 taht setacidni hcihw 299.0 si )

 3.2 scitsitats WD ehT .stuptuo ni desu sah stupni tnecrep
 ehT  .timil elbatpecca nihtiw si noitalerroc otua taht setacidni

 fo eulav detamitse robal fo etar htworg tuptuo  tipac ,ruobal la  ,
α era tnemeganam gnireenigne dna slairetam war 1  ,167.0=

β1 λ ,670.0= 1 γ dna 37.0= 1 .ylevitcepser 77.0 =  
 htworg tuptuo ot noitubirtnoc tnemeganam gnireenigne ehT
 htworg no tceffe emit dna )9( noitauqe yb detneserp si ledom

.)6( noitauqe yb detneserp si ledom   htob fo sisylana liated ehT
 ehT .3A xidneppA dna 2A xidneppA ta dehcatta si snoitauqe
 tuptuo latot eht enimreted ot detamitse sah )6( ledom htworg
 seulav detamitse ehT .3 xidneppA ta dehcatta hcihw htworg

 tuptuo ot snoitubirtnoc tnemeganam gnireenigne fo  htworg
.2 nmuloc ta 1 elbaT ni detsil era  

 

 
:2 elbaT  htworG tuptuO ot noitubirtnoC tnemeganaM gnireenignE etamitsE  

elpmaS  
sEMS  

 tnemeganaM gnireenignE noitubirtnoC
htworG ot  

)ME(gC  

 tnemeganaM gnireenignE noitubirtnoC fo level tnacifingiS
htworG tuptuo ot  

P- eulaV  
sEMS 1 815548.0  *2000.0  
2sEMS  - 92702.0  *2000.0  
3sEMS  664446.0  *2000.0  
4sEMS  64677.0  *3000.0  
5sEMS  505128.0  *3000.0  
6sEMS  401829.0  7400.0  
7sEMS  190646.0  *3000.0  
8sEMS  200528.0  *3000.0  
9sEMS  221901.1  8380.0  

01sEMS  343058.0  *5000.0  

maraP
srete  

α1 β1 λ1 γ1 R2 WD  

 edoM
etamise  

670.0  167.0  37.0  77.0  299.0  903.2  
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11sEMS  1.1 97616  9351.0  
21sEMS  650689.0  7100.0  
31sEMS  22059.0  4800.0  
41sEMS  244569.1  3580.0  
51sEMS  584446.0  *2000.0  
61seMS  409231.1  1311.0  
71sEMS  919363.0  *2000.0  
81sEMS  888858.0  8000.0  
91sEMS  555956.0  *3000.0  
02sEMS  52744.21  *3000.0  

 egarevA  684024.1   
 

O* level ecnedifnoc %59 ta tset liat en  
 

 ot noitubirtnoc tnemeganam gnireenigne fo epahs lanif ehT
  ni nwohs si ledom htworg tuptuo   .)01( noitauqE  

                                                                                     

)01(  
af ehT [ srotc  gnireenigne eht setacidni ]

.htworg stuptuo ot noitubirtnoc tnemeganam   setacidni 2 elbaT
.tnacifingis si ytnewt fo tuo sEMS 21 taht    )01( noitauqE

 fo eulav eht taht setacidni    no sdneped   dna
p ycneiciffe emit  retemara    a tneserper )01( noitauqE

 tnemeganam gnireenigne etaulave ot desu eb dluoc taht ledom
 fo owt rebmun evitcejbo ,suhT .htworg tuptuo ot noitubirtnoc

.deveihca si )ii( .11.2 noitces ni detats taht yduts siht  
  noitadilaV ledoM 3.4  

sihT   rof ledom depoleved etadilav ot dengised si noitces
 tuptuo ot noitubirtnoc tnemeganam gnireenigne gnitaulave
 sa nwonk si hcihw sEMS gnirutcafunam yrenihcam fo htworg
 noitadilav ledoM  .)iii(.11.2 ni detats eerht rebmun evitcejbo

02( ytnewt ta detcudnoc si  sEMS gnirutcafunam yrenihcam )
 fo sisylana liateD .9.2 noitces ni detats )4( noitauqe gnisu yb
 ehT .5 xidneppA dna 4 xidneppA ni detsil si noitadilav

ecnacifingiS   fo tseT  fo tluser erugiF ni detciped si 1 sEMS
tse ehT .6 xidneppA ni nwohs era tset 91 rehto  fo eulav detami

 eerht nmuloC ta 2 elbaT ni detroper si ecnacifingis fo eerged
 .2.4 noitces ni )3(  

 tnemeganaM gnireenignE fo tnacifingiS fo eergeD :5 erugiF
noitubirtnoC  

 ecnedifnoc tnecrep 59 ta detcudnoc si tset ecnacifingis ehT
.level  p ehT - noc fo eulav  eb ot dnuof si htworg ot noitubirt

p fo noitacol ehT .50.0 naht ssel si hcihw 2000.0 -  si eulav
 gnireenigne taht setartsnomed gnidnif sihT .59.0 edistuo

 si htworg tuptuo ot )tupni sa( noitubirtnoc tnemeganam  

 
S fo rotcaf htworg tuptuo latot ehT .tnacifingis  dnuof si 1 sEM

.4 xidneppA ni detats taht 36.61 eb ot  
  gnireenigne fo %59 tuoba taht etacidni sgnidnif esehT

 ssecorp noitcudorp ni desu neeb sah secruoser tnemeganam
 htworg tuptuo latot eveihca ot yltnacifingis detubirtnoc taht

et ecnacifingis ehT  .%36.61  elbaT  ni detsil era sEMS 02 fo ts
 tnemeganam gnireenigne etartsnomed   taht ;3 nmuloc dna 2
  .tnacifingis  si SEMS 02 fo tuo sEMS 21 fo noitubirtnoc

 ot tif etiuq si ledom depoleved eht taht etats sgnidnif esehT
ubirtnoc eht tnemeganam gnireenigne etaulave  tuptuo ot noit

 evitcejbo ,suhT .sEMS gnirutcafunam yrenihcam fo htworg
.deveihca si )iii(.11.2 noitces ni detats taht yduts siht fo eerht  

 sgnidniF hcraeseR fo   sisylanA oiranecS 4.4  
 tnemeganam gnireenigne etaulave ot gnidliub ledoM

tuptuo ot noitubirtnoc   noitadilav dna gnitset ledom ,htworg
.yduts siht fo krow fo epocs eht era  

 noitces ni detats gnidliub ledom fo ygolodohtem eht no desaB
 8.2 ,7.2 ,6.2 noitces ni detats ledom htworg fo yroeht dna 2.3

gnireenigne gnitaulave rof ledom eht ,)2( noitauqe ni dna  
 lanif ehT  .tliub si htworg tuptuo ot noitubirtnoc tnemeganam
 si hcihw )01( noitauqe yb detneserp si ledom detegrat fo epahs

 .nwohs  
                                                                                   

)01(  
tcejbo hcraeser ,suhT  noitces ni etats eno sa nwonk eb ot evi

.deveihca si )i(.11.2  
  ni detats dohtem eht no desab detcudnoc si gnitset ledoM

 noitces ni detroper era stluser tset ehT .2.3 dna 21.2 snoitces
 si ledom depoleved eht fo noitadilav ehT  .2 elbaT dna 2.4

sab detcudnoc  dna 3.3 noitces ni detats erudecorp eht fo de
 taht tseggus sgnidniF .2 elbaT ni dna 3.4 noitces ni detroper
 eht nialpxe ot tif etiuq dnuof eb ot si ledom depoleved
 ,suhT  .htworg tuptuo ot noitubirtnoc tnemeganam gnireenigne

 nwonk eb ot evitcejbo hcraeser  ni detats eerht dna owt sa
.deveihca era ,)iii( .11.2 dna ,)ii( .11.2 noitces  

C  DNA NOISULCNO S  FO YRAMMU S YDUT  
 etaulave ot ledom a tset dna dliub ot saw yduts siht fo mia ehT
 fo htworgtuo ot noitubirtnoc tnemeganam gnireenigne

 .sEMS gnirutcafunam yrenihcam  si ledom depoleved ehT
tupni gnisu yb sEMS 02   ta detset -  sraey eht fo atad tuo

9002 -  ta level ecnedifnoc %59 ta detadilav si ledom ehT .3102
 taht delaever stluser noitadilav dna tset ehT .sEMS 02

21  fo  htworg tuptuo ot noitubirtnoc tnemeganam gnireenigne  
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p ( level ecnavinnoc %59 ta tnacifingis si sEMS -  .)50.0< eulav
 depoleved eht taht tseggus stluser noitadilav dna tset ehT

ledom   tnemeganam gnireenigne eht etaulave ot lufesu si
 gnirutcafunam yrenihcam fo htworg tuptuo ot noitubirtnoc

g hcraeser ,suhT .sEMS  dna ,gnitset ,ledom poleved ot si lao
.deveihca si 11.2 noitces ni detats taht noitadilav  

 dna ,niamod gnirutcafunam ni wen si ledom siht ,yletinifeD
 .delif gnirutcafunam ni egdelwonk wen a eb ot dda dluow taht

ts siht os ;levon si krow siht ,tcepsa siht nI  taht sedulcnoc ydu
 ledom lareneg a dliub ot laitnesse si ciport siht ni yduts rehtruf
 lla fo htworg tuptuo ot noitubirtnoc gnireenigne eht eulaved ot

 .seirtsudni gnirutcafunam fo sepyt  

A TNEMEGDELWONKC  
reweiver suomynona eht knaht ot ekil dluow srohtua ehT  s

 laicnanif dna ,)SAMINU( kawaraS aisyalaM ytisrevinU morf
 rieht sesserpxe rohtua ehT .tnemnrevoG naybiL morf troppus
 depoleved gnitset gniwolla rof sEMS eht ot sknaht rerecnis

   .ledom  

R SECNEREFE  
]1[   decnavdA ot stnemidepmI .)2002( niL .Z & ,.J ,niwdlaB

hceT  ,srerutcafunaM naidanaC rof noitpodA ygolon
13 .yciloP hcraeseR 1 , – .81  

]2[   dna scitsiretcarahc lairuenerpertnE .)4991( .R ,namkraB
 ,tset cirtemonoce na dna ledom a :mrif wen eht fo ezis eht

scimonocE ssenisuB llamS  , 6 711 , - .521   
]3[  cruoser mriF .)1991( .J ,yenraB  deniatsus dna se

 .egatnavda evititepmoc tnemeganam fo lanruoJ , 71  ,)1(
99 - .021  

]4[   .)8002( .F ,ingamaT & ,.A ,ihcceS ,.G ,izzattoB
 laicnanif dna ytilibatiforp ,ytivitcudorP

.ecnamrofrep  egnahC etaroproC dna lairtsudnI , 71  ,)4(
117 -  .157  

]5[  ,llebpmaC ,.S ,yrrebdaorB   .B ,newueeL nav & ,.M .B
 larotces ehT ?esilairtsudni niatirB did nehW .)3102(
 ni ytivitcudorp ruobal dna ecrof ruobal eht fo noitubirtsid

1831 ,niatirB – .1581   cimonocE ni snoitarolpxE
yrotsih , 05 61 ,)1( -  .72  

]6[  )2102( .N.O dlanoD dna .J .H draroF ,.B.R ,ecurB  A .
 dipar fo scitsiretcetrahC eht fo sisylana evitatnauq

–  .rednuoF rieht dna smrif htworg  ssenisuB fo lanruoJ
erutneV , 02 366 , -  .786  

]7[   .)3102( .W ,anarubaN & .C ,eivraH ,.T ,tarneorahC
 gnirutcafunam iahT fo ycneiciffe lacinhcet eht gnirusaeM

sirapmoc A :sEMS non dna cirtemarap fo no -  cirtemarap
.sehcaorppa  

]8[   .pp( ecnerefnoC scimonocE & ssenisuB egdirbmaC 3102
1-  egdirbmaC :modgniK detinU ,egdirbmaC .)42

 .ytisrevinU  
]9[   .)2102( .Y ,iakivtiknromA & ,.C ,eivraH ,.T ,tarneorahC

 srotcaf ycneiciffeni lacinhcet gniyfitnedI  iahT rof
 ht75 ehT nI .sesirpretne llams gnirutcafunam
 dlroW ssenisuB llamS rof licnuoC lanoitanretnI

.ecnerefnoC   
]01[   fo yroehT A .)8291( .H .P ,salguoD & ,.W .C ,bboC

.noitcudorP   cimonocE naciremA ehT  weiveR  ,
931 -  .561  

]11[  aY ,.S ,izimraT ,.S ,malsI ,.H ,dawsalE  .M ,eeL ,.A ,niss
 gnireenigne gnilaeveR .)4102( .H .C ,gniT & ,.D
 fo stuptuo ot )CME( noitubirtnoc tnemeganam

.weiver erutaretil a :sEMS gnirutcafunam   nailartsuA
secneicS deilppA & cisaB fo lanruoJ , 8  .)51(  

]21[  urts tbed ehT .)9991( .C.D ,senyaH & .W.G ,senyaH  erutc
 ,3991 dna 7891 ni nemow yb denwo ssenisub llams fo

tnemeganaM ssenisuB llamS fo lanruoJ  , 73 1 ,)2( -  .91  
]31[   ni htworg tuptuO fo ecruoS .)7002( .I ,hamhaR & ,.J ,sirdI

.aisyalaM ni sesirpretne elacs tsaE ni muidem dna llams  
]41[  ( ,.S .S ,ilazahS dna ,.S ,malsI  fo stnanimreteD .)1102

 no yduts tolip :ytivitcudorp gnirutcafunam
ruobal -  fo lanruoJ lanoitanretnI .seirtsudni evisnetni

 :)6(06 ,tnemeganaM ecnamrofreP dna ytivitcudorP
765 -  .285  

]51[   llams ni htworg ytivitcudorP .)4002( .R ,radmujaM
,stupni fo elor :sesirpretne   dna ssergorp lacigolonhcet

 .gniod yb gninrael  ruobaL fo lanruoJ naidnI ehT
 74 ,scimonocE 109 ,)4( -  .11  

]61[   fo lasiarppA nA .)3102( .Y ,nuesawulO & ,.A ,alosulO
 airegiN no )TI( ygolonhceT noitamrofnI fo tcapmI eht
 )sEMS( sesirpretnE muideM dna llamS

cnamrofreP .e   cimedacA fo lanruoJ lanoitanretnI
,)MRAJI( tnemeganaM ni hcraeseR  2 041 , -  .251  

]71[   secruoS sa ytivitcudorP dna noitcudorP .)1102( .S ,iraaS
lleW fo - .gnieb  YO ODIM  deyS .T .S ,.M,ludihahS .52 ,

 .M ,niddumahsiH .H .A ,gniT .H .C ,.Y halludbA ,ilazahS
irzA M .S  gnirutcafunaM .)3102(nalzdA .K .F .A dna ,n

 noitcudorp no tcapmi sti dna noitazilitu yticapac
 gnirutcafunam fo lanruoJ .tnemnorivne dna ecnamrofrep

7 ,)1(1 ,ytilibaniatsuS dna hcraeser snoitarepO -  .21  
]81[   gniniart fo tcapmI .)2102( .M ,ytnahoM & ,.R ,hgniS

arp  .yduts evitarapmoc A :ytivitcudorp eeyolpme no secitc
retnI - 1322 ,2 ,)RMI( weiveR tnemeganaM ecneics -  .3151  

]91[   gnireenignE no noitarolpxE .)5102( .F .Y ,nuS
 .syawliaR deepS hgiH s’anihC fo ecitcarP tnemeganaM

232 ,)3(1 ,tnemeganaM gnireenignE fo sreitnorF - 042    .  
]02[   muidem dna llams fo tnempoleveD .)6002( .T ,nanubmaT

aisA eht morf aisenodnI ni sesirpretne -  cificaP
EFPL .evitcepsrep -  .itkasirT fo ytisrevinU  

]12[   :adanaC ni sEMS gnicnaniF .)2002( .N ,yecarT & .H ,deT
ironim dna lanigiroba ,htuoy ,nemow yb decaf sreirrab  yt

 latipac gnissecca ni sruenerpertne —  erutaretil :1 esahp
 skroW cilbuP ,secivreS yrotisopeD dnagnihsilbuP ,weiver
 .5S0 A1K NO awattO ,adanaC secivreS tnemnrevoG dna  

]22[  ecruoser A .)4891( .B ,tlefrenreW -  .mrif eht fo weiv desab
 ,lanruoj tnemeganam cigetartS 171 ,)2(5 - .081  

]32[   ehT .)4102( .K ,iksniarkU & ,.J ,ossaM ,.M ,kiiL
 DCEO ni ycneiciffe noitcudorp ot D&R fo noitubirtnoc

yrtsudni fo sisylana cirtemonoce :seirtnuoc -  lenap level
daeha( ,scimonocE fo lanruoJ citlaB .atad - fo - 1 ,)tnirp - .32  

]42[  rettaB .)1102( .B ,sinaC  dna dirbyH rof gnirutcafunaM y
 hcraeseR lanoissergnoC .seussI yciloP :selciheV cirtcelE

 .ssergnoC fo yrarbiL ,ecivreS  
]52[   lacinhceT .)2002( .A .F ,aylabmataM & ,.A ,eissamdA

llams fo ycneiciffe - muidem dna -  :sesirpretne elacs
sirpretne fo yevrus a morf ecnedive  .ainaznaT ni se

 ,)2(81 ,weiver hcraeser ecneics laicos acirfA nretsaE
1- .92  

 
 

sexidneppA  

1A xidneppA  
tuptuO SSPS  
yrammuS ledoM  

ledoM  R  R  R detsujdA  rorrE .dtS scitsitatS egnahC  nibruD - nostaW  
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erauqS  erauqS   eht fo
etamitsE  

 erauqS R
egnahC  

egnahC F  1fd  2fd   F .giS
egnahC  

1 699. a 299.  299.  90720.  299.  157.5242  4 57  000.  903.2  
LG ,KG ,RG ,MG ,)tnatsnoC( :srotciderP .a  

QG :elbairaV tnednepeD .b  
 

stneiciffeoC  
ledoM   dezidradnatsnU

stneiciffeoC  
ezidradnatS

 d
stneiciffeoC  

t .giS   ecnedifnoC %0.59
of lavretnI B r  

scitsitatS ytiraenilloC  

B  .dtS
rorrE  

ateB   rewoL
dnuoB  

 reppU
dnuoB  

cnareloT
e 

FIV  

1 

)tnatsnoC(  000.  300.   - 830.  079.  - 600.  600.    

LG  167.  150.  407.  49.41
4 000.  066.  268.  640.  827.12  

KG  670.  800.  021.  808.9  000.  160.  290.  186.  864.1  

RG  370.  00. 3 213.  12.82
2 000.  860.  970.  438.  991.1  

MG  770.  440.  380.  067.1  280.  - 010.  461.  640.  807.12  
QG :elbairaV tnednepeD .a  

 
2AxidneppA  

1sEMS no ledom htworg etamitsE  

              
= (*670.0+ )490852360.0(*167.0 - *37.0 + )185515151.0  )926981870.0(  * 77.0+  

           860203490.0( ,)  
= .742513661.0    1elbaT ni detsil era stluser ehT  

 :1elbaT stupni etamitsE - ledom htworg stuptuo  
yrtsudnI  )L(rG*βvA  )K(rG*α vA  )R(rG*λ vA  )M(rG*γ vA  )Q(G vA  
1sEMS  41840.0  - 5110.0  80750.0  16270.0  23661.0  
2sEMS  83770.0  97100.0  27690.0  64780.0  43362.0  
3sEMS  32450.0  68400.0  68660.0  30070.0  691.0  
4sEMS  20520.0  35500.0  30100.0  50520.0  36650.0  
5sEMS  34691.0  20.0 241  36661.0  34091.0  19475.0  
6sEMS  41120.0  2000.0  80430.0  30110.0  54660.0  
7sEMS  - 7600.0  - 500.0  15430.0  - 2300.0  26910.0  
8sEMS  80120.0  52100.0  75130.0  96920.0  6380.0  
9sEMS  34691.0  19610.0  93002.0  60042.0  18356.0  
01sEMS  36610.0  73500.0  - 9310.0  35410.0  0.0 5622  
11sEMS  - 7600.0  18100.0  - 3710.0  97610.0  - 4500.0  
21sEMS  61810.0  14200.0  28120.0  75920.0  69170.0  
31sEMS  31910.0  25300.0  78600.0  68620.0  73650.0  
41sEMS  83770.0  74800.0  35660.0  39680.0  13932.0  
51sEMS  80120.0  85000.0  93630.0  20520.0  60380.0  
61sEMS  0.0 4184  72900.0  1110.0  35960.0  50831.0  
71sEMS  80120.0  66500.0  15100.0  - 9500.0  23220.0  
81sEMS  80120.0  - 3410.0  29941.0  81130.0  58781.0  
91sEMS  31910.0  23600.0  18100.0  93710.0  56440.0  
02sEMS  80120.0  72480.0  50130.2  37640.0  31381.2  
egarevA  64540.0  44700.0  1.0 3294  90450.0  32652.0  

 
3A xidneppA  
ledoM htworG tnemeganaM gnireenignE fo noitubirtnoC eht etamitsE  

  ,  
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, , 

 nahT =  

  
 

 ,egareva latot ehT 684024.1  
ser ehT ;woleb elbaT ni detsil era stlu  

ledoM htworG tnemeganaM gnireenignE etamitsE  
yrtsudnI  γ 

 

𝜃 vA -

 

𝑒^

 

𝜃 Qg/mg  )M(gC  
1sEMS  77.0  04010.0

7 
57110.1

6 
13580.1

7 
15548.0

8 
2sEMS  77.0  06510.0

5 
22710.1

8 
- 56462.0  - 92702.0  

3sEMS  77.0  87010.0
5 

18210.1  83628.0
2 

64446.0
6 

4sEMS  77.0  - 64800.0  82599.0
7 

61310.1
5 

64677.0  

5sEMS  77.0  5630.0  63240.1
9 

25320.1
4 

05128.0
5 

6sEMS  77.0  - 34000.0  81100.1
6 

09302.1
3 

01829.0
4 

7sEMS  77.0  - 79700.0  06399.0
9 

74448.0
6 

90646.0
1 

8sEMS  77.0  15300.0
1 

05400.1
1 

36660.1  00528.0
2 

9sEMS  77.0  37630.0
7 

38240.1
7 

52183.1  21901.1
2 

01sEMS  77.0  - E9.1 - 50  12100.1  00301.1
7 

43058.0
3 

11sEMS  77.0  - 77700.0  98399.0
5 

49715.1
1 

76161.1
9 

21sEMS  77.0  55200.0  65300.1  40672.1
9 

50689.0
6 

31sEMS  77.0  51000.0
8 

06100.1
8 

70232.1
1 

22059.0  

41sEMS  77.0  65710.0
8 

62910.1
7 

72405.2
2 

44569.1
2 

51sEMS  77.0  66300.0
9 

95400.1
3 

61338.0
7 

84446.0
5 

61sEMS  77.0  18900.0
3 

52110.1
9 

29454.1
2 

09231.1
4 

71sEMS  77.0  29200.0  67300.1
8 

48074.0
8 

19363.0
9 

81sEMS  77.0  07300.0
9 

66400.1
4 

62011.1
1 

88858.0
8 

91sEMS  77.0  71000.0
8 

19100.1
2 

39458.0
1 

55956.0
5 

02sEMS  77.0  79150.0
5 

37650.1
4 

3792.51
8 

2744.21
5 

egarevA  77.0  70900.0
1 

02110.1
3 

47197.1
2 

84024.1
6 

 
4A xidneppA  

htworg lautca eht setamitse ledom ehT  
yrtsudnI   etamitsE ledoM  htworg lautcA
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)%(  )%(  
1sEMS  36.61  3.61  
2sEMS  33.62  5.31  
3sEMS  6.91  21  
4sEMS  .5 66  6.5  
5sEMS  17.5  6.7  
6sEMS  46.6  3.9  
7sEMS  26.91  1.8  
8sEMS  63.8  6.7  
9sEMS  35.6.  6.6  
01sEMS  62.2  3.5  
11sEMS  14.5  1.4  
21sEMS  91.7  2.5  
31sEMS  36.5  2.7  
41sEMS  19.32  7.6  
51sEMS  03.8  1.6  
61sEMS  08.31  0.6  
71sEMS  32.2  1.7  
81sEMS  87.81  8.5  
91sEMS  4.4 6 2.7  
02sEMS  31.2  8.5  
egarevA  66.01  56.7  

 
5A xidneppA  

P etamitsE -  htworg tuptuo gnirusaem rof eulav  1sEMS Z gnisU yb -  :tset   rof  

 :noitaived dradnatS  
 ;erehW   mas eht si N ,sEMS ni )M( gC fo noitoved dradnats eht si  dna sEMS fo ezis elp  ytnewt ot )M( gC egareva eht si

9002 emit gnitarepo nihtiw sEMS -  ;3102  ;)M(gC fo egareva latot eht si  )M(gC fo egareva latot eht si  
  = 890983.0  

 nehT = 581104.6 eulav eht ,  Z eht morf - .woleb nevig si elbat  
P- 1= elav - 1 ,P - .2000.0 = 8999.0  
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6A xidneppA  
iS  tset htworg level tnacifing sEMS

 

    

 
   

 
   

   
 

    


