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NOITCUDORTNI  
non eht si yreviled gurd lamredsnarT -  fo yreviled evisavni
niks fo ecafrus eht morf snoitacidem -  tsom dna tsegral eht

 eht ot ,sreyal sti hguorht ydob namuh fo nagro elbissecca
 revo segatnavda ynam sreffo SDDT .metsys yrotalucric

ro dna noitcejni lanoitnevnoc  eht secuder tI .sdohtem la
 evitsegid eht no secalp ylnommoc etuor laro eht taht daol
 dna ecnailpmoc tneitap secnahne tI .]1[ revil dna tcart
 morf desuac gurd a fo stceffe edis lufmrah seziminim
 ,ecneinevnoc si egatnavda rehtonA .esodrevo yraropmet

laicepse  ecno ylno eriuqer taht sehctap ni elbaton yl
 dia nac nemiger gnisod elpmis a hcuS .noitacilppa ylkeew
 sehctap lamredsnarT .ypareht gurd ot ecnerehda tneitap ni
 eht fo ycaciffe lacinilc evorpmi ot depoleved neeb evah

b ecnailpmoc tneitap ecnahne ot dna gurd  gnireviled y
 sihT .etar denimretederp a ta gurd fo tnuoma rellams
 ot redro ni tnatropmi erom neve seiduts noitaulave sekam
 ytilibicudorper dna ecnamrofrep derised rieht erusne

 .snoitidnoc latnemnorivne deificeps eht rednu  

D epyt sutillem setebai -  2 ylremrof  non - nilusni -
)MDDIN( sutillem setebaid tnedneped  ro  tluda -  tesno
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TCARTSBA  
miA   lamredsnart dedaol nimrofteM poleved ot saw krow hcraeser tnerruc eht fo evitcejbo ehT

 ,ycneuqerf gnisod dna esod eht eziminim dna esaeler gurd dellortnoc & degnolorp rof hctap
sod tneuqerf ekil mrof egasod lanoitnevnoc a fo skcabward eht emocrevo ybereht  dna gni

 .ecnailpmoc tneitap evorpmi dna ytilibarelot  
dohteM   tnevloS eht yb deraperp erew edirolhcordyh nimrofteM fo sehctap lamredsnarT

 desu enarbmem gnikcab ehT .emulov nwonk fo selgnab lacirehps gnisu euqinhcet noitaropave
r gurd ehT .liof muinimulA saw  dna 4K CMPH ,51K CMPH gnivlossid yb deraperp saw riovrese

 dna sremylop 049 lopobraC  sa hcus sretcarahc suoirav rof detaulave  fo ytimrofinu ,ssenkciht
 ,tnetnoc gurd ,thgiew  ,gurd fo tneiciffeoc noititrap lof din  g ne dur na c  erutsiom ,ekatpu erutsiom ,e

,tnetnoc   nI – ortiV   .sciteniK esaeler dna seiduts esaeler gurd  
stluseR  cisyhp eht llA o-  dnuof era 21 PT ot 1 PT morf snoitalumrof fo stset noitaulave lacimehc

 evitalumuc % dooG evah 21 PT ot 1 PT morf snoitalumrof ehT .snoitidnoc dradnatS eht nihtiw
w esaeler gurd  gurd )% 5.08( wol gniniatnoc noitalumrof tseb eb ot dnuof saw 21 PT niereh

21 ta neve esaeler ht   s’appeP dna ihcugiH .sruoh erom 2 rof neve wohs ot detcepxe dna ruoh
noN swollof snoitalumrof 21PT ot 1PT rof stluser - .noisuffid fo epyt naikciF  

noisulcnoC  IPT snoitalumrof rof stset noitaulave detaluclac dna devresbo evoba eht morF -  21PT
PT gniraeb edoc noitalumrof eht, -1 obraC %2 dna )gm001(gurd  htiw 2 lop -  51k CMPH%2+049

rieht ytilibaliavaoib eht evorpmi ot )noitroporp(noitanibmoc tseb eht eb ot devresbo saw   yb
 edis eht gnicuder ecneh lavretni gnisod dna esod eht gniziminim yb esaeler gurd degnolorp

.stceffe  
 SDROWYEK  

 ,seiduts noitaziretcarahc ,esaeler dellortnoc ,nimrofteM ,metsys yreviled gurd lamredsnarT
scitenik esaeler . 
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setebaid  a si  redrosid cilobatem   yb deziretcarahc si taht
hgih   esoculg doolb ni  fo txetnoc eht   ecnatsiser nilusni

evitaler dna  nilusni  .]2[ ycneicifed   cissalc ehT
era smotpmys  tsriht ssecxe  rf noitaniru tneuqe  ,

dna  regnuh tnatsnoc  2 epyT .  tuoba pu sekam setebaid
fo sesac fo %09  setebaid   eud %01 rehto eht htiw

ot yliramirp  1 epyt sutillem setebaid  dna   lanoitatseg
setebaid . ytisebO  ot thguoht si   fo esuac yramirp eht eb
 2 epyt  yllaciteneg era ohw elpoep ni setebaid

 era slevel esoculg doolb fI .esaesid eht ot desopsiderp
 snoitacidem ,serusaem eseht yb derewol yletauqeda ton

sa hcus  nimroftem  ro  nilusni   esoht nI .dedeen eb yam
 ylenituor ot tnemeriuqer eht yllacipyt si ereht nilusni no

kcehc  ragus doolb  .slevel  

nimrofteM   laro na si gurd citebaiditna   eht ni edinaugib  
 eht si tI .ssalc tsrif - enil   tnemtaert eht rof eciohc fo gurd

 fo setebaid 2 epyt  ni ,ralucitrap ni , thgiewrevo   dna
esebo   noitcnuf yendik lamron htiw esoht dna elpoep

 ni esu stI .]3[ setebaid lanoitatseg   yb detimil neeb sah
 fo tnemtaert eht ni desu osla si tI .snrecnoc ytefas

emordnys yravo citsycylop  detagitsevni neeb sah dna ,
 erehw sesaesid rehto rof ecnatsiser nilusni   na eb yam

 gnisserppus yb skrow nimrofteM .rotcaf tnatropmi
 .revil eht yb noitcudorp esoculg  ylno eht si nimrofteM

 ot nwohs ylevisulcnoc neeb sah taht gurd citebaiditna
 tI .setebaid fo snoitacilpmoc ralucsavoidrac eht tneverp

der spleh  ecu loretselohc LDL   dna edirecylgirt   ,slevel
.niag thgiew htiw detaicossa ton si dna  

 SLAIRETAM  

 .rD morf deniatbo si dna eciohc fo gurd a si nimrofteM
 ,51K CMPH,4K CMPH ,seirotarobal s’yddeR

lopobraC -  alamuriT morf desahcrup sremyloP era 049
 lorecylG ,dabaredyH ,serots lacimehc dna erawssalg

itnA sa desu saw -  morf deniatbo si dna tnerehda
iT  enelyhte yloP ,serots lacimehc dna erawssalg alamur

 .serots alamuriT morf rezicitsalP a locylg  

SDOHTEM  

:yduts tneiciffeoc noititrap gurD  

 gnisu demrofrep saw yduts tneiciffeoc noititrap ehT n-
 sa 4.7 Hp reffub etahpsohp dna esahp lio eht sa lonatco
 ni dexim erew sesahp owt ehT .]4[ esahp suoeuqa eht
 no rehto hcae htiw detarutas erew dna seititnauq lauqe
 ehT .h 42 rof C° 73 ta rekahs htab retaw lacinahcem a

nec yb detarapes erew sesahp detarutas  ta noitagufirt
 deraperp erew gurd eht fo stolp dradnatS .mpr 0002

 dna 4.7 Hp reffub etahpsohp htob morf n-  .lonatco
 decalp erew sesahp owt eht fo )Lm 01( semulov lauqE
 fo gm 001 ,hcae ot ,dna sksalf lacinoc ni etacilpxe ni

hs erew sksalf ehT .dedda saw gurd  6 rof C° 73 ta neka
 owt ehT .mpr 001 ta gninoititrap etelpmoc eveihca ot h
 mpr 0001 ta noitagufirtnec yb detarapes erew sesahp

dna nim 5 rof   saw esahp hcae ni gurd fo noitartnecnoc
 gnirusaem yb yllacirtemotohportceps denimreted

ap ehT .mn 542 ta ecnabrosba  )pK( tneiciffeoc noititr  

 .noitauqe eht morf detaluclac saw  

 
 nimrofteM fo hctaP lamredsnarT fo noitaraperP

 euqinhcet noitaropave tnevloS yb lCH  

 erew edirolhcordyh nimrofteM fo sehctap lamredsnarT
 gnisu euqinhcet noitaropave tnevloS eht yb deraperp
 gnikcab ehT .]5[ emulov nwonk fo selgnab lacirehps
 riovreser gurd ehT .liof muinimulA   saw desu enarbmem
 dna 4K CMPH ,51K CMPH gnivlossid yb deraperp saw
 deirav saw sremylop fo oitar ehT .sremylop 049 lopobraC

elbat noitalumrof ni denoitnem sa  ,I   gnipeek  latot eht
 saw locylg enelyporP .dexif snoitalumrof eht lla fo emulov
 ehT .recnahne noitaemrep sa llew sa rezicitsalp a sa dedda
 suonegomoh eht ot ni dedda saw nimrofteM gurd
 citengam htiw gnirrits wols rednu remylop fo noisrepsid

epsid mrofinu ehT .rerrits  na no detsac neht saw noisr
 ,ezis elgnab fo )enarbmem gnikcab sa stca( liof muinimulA
 moor ta deird dna hsidirtep a no dehcatta ylsuoiverp
 rehtruf rof srotaccised ni tpek erew smlif ehT .erutarepmet

.yduts  

 elbaT elbaT noitalumroF :I  

 

 

 

 

 

 

 

 

 

 
edoC noitalumroF = edoC.F  

SEIDUTS NOITAZIRETCARAHC  

.1  noitaulave lacimehcocisyhP  

ssenkcihT  

 yb denimreted si mlif lamredsnart fo ssenkciht ehT
 ro eguag wercs ,eguag laid ,]6[ epocsorcim gnilevart

 .mlif eht fo stniop tnereffid ta retemorcim  

fo ytimrofinU  thgiew  

 01 gnihgiew yllaudividni yb deiduts si noitairav thgieW
 egareva eht gnitaluclac dna sehctap detceles ylmodnar
 etaived ton dluohs thgiew laudividni ehT .]7[ thgiew

 .thgiew egareva eht morf yltnacifingis  

edoC.F   lopobraC
- 049  

 CMPH
4K  

 CMPH
51K  

 enelyporP
 locylG

)GP(  
1 PT  % 1  - -  

 
 
 
 

4- spord 5  

2 PT  - % 1  - 
3 PT  - - % 1  
4 PT  % 1  % 1  - 
5 PT  - % 1  % 1  
6 PT  % 1  - % 1  
7 PT  % 2  - - 
8 PT  - % 2  - 
9 PT  - - % 2  
01 PT  % 2  % 2  - 
11 PT  - % 2  % 2  
21 PT  % 2  - % 2  
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ecnarudnE gnidloF  

rudne gnidlof fo noitaulavE  gninimreted sevlovni ecna
 tneuqerf ot detcejbus smlif eht fo yticapac gnidlof eht
 si ecnarudne gnidloF .]8[ gnidlof fo snoitidnoc emertxe
 emas eht ta mlif eht gnidlof yldetaeper yb denimreted
 smlif eht semit fo rebmun ehT .kaerb ti litnu ecalp

lof eb dluoc  si gnikaerb tuohtiw ecalp emas eht ta ded
 .eulav ecnarudne gnidlof  

noitanimreted tnetnoc gurD   

 )gm 001 tuoba( mlif fo noitrop dehgiew yletarucca nA
 dna noitulos reffub elbatius fo Lm 001 ni devlossid si

kahs ni h 42 rof ylsuounitnoc nekahs si noitulos eht  re
rotabucni   .detacinos si noitulos elohw eht nehT .]01[

 ni gurd ,noitartlif tneuqesbus dna noitacinos retfA
 yb yllacirtemotohportceps detamitse si noitulos

 .snoitulid etairporppa  

tnetnoc erutsioM  

    yllaudividni dehgiew era smlif deraperp ehT
ni tpek dna   edirolhc muiclac gniniatnoc srotaccised a  ta

11[ h 42 rof erutarepmet moor  dehgiew era smlif ehT .]
 a wohs yeht litnu lavretni deificeps a retfa niaga
 si tnetnoc erutsiom tnecrep ehT .thgiew tnatsnoc

 .alumrof gniwollof gnisu detaluclac  

 tnetnoc erutsioM %  =  thgiew laitinI –  thgiew laniF 001 X  
thgiew laniF  

 ekatpU erutsioM  

 rotaccised a ni tpek era smlif dehgieW  moor ta
11[ h 42 rof erutarepmet  dna tuo nekat neht era esehT .]

 detarutas gnisu ytidimuh evitaler %48 ot desopxe
 a litnu rotaccised a ni edirolhc muissatoP fo noitulos
 si ekatpu erutsiom % .deveihca si thgiew tnatsnoc

 .woleb nevig sa detaluclac  
  = ekatpu erutsiom %  thgiew laniF – aitinI thgiew l   001 X                                          
                                thgiew laitinI  

.2  ortiv nI  seiduts esaeler ro noitaemreP /gurd  

 sti dna lleC noisuffiD znarF .g.e slleC noisuffiD
yrahseK noitacifidom - lleC neihC   

mredsnart dohtem siht nI  neewteb ni decalp si metsys la
apmoc ronod dna rotpecer  llec noisuffid eht fo tnemtr

11[  rotpecer eht secaf metsys lamredsnart ehT .]
 diulf rotpecer hcihw ni tnemtrapmoc ,.e.i   si reffub

 tpek era erutarepmet dna deeps noitatiga ehT .decalp
 citengam no tpek si ylbmessa elohw ehT .tnatsnoc
 si tnemtrapmoc reviecer eht ni noitulos dna rerrits
 eht tuohguorht derrits ylsuounitnoc dna yltnatsnoc

derp tA .sdaeb citengam gnisu tnemirepxe  denimrete
 rof devomer si diulf rotpecer eht ,slavretni emit
 hserf fo emulov lauqe na htiw decalper si dna sisylana
 denimreted si gurd fo noitartnecnoc ehT .diulf rotpecer

 .yllacirtemotohportceps  

 

 eb dluohs yllaedi muidem noitulossid eht fo Hp ehT
detsujda   niks lacigoloisyhp gnitcelfer ,6 ot 5 Hp ot

 si erutarepmet tset eht ,nosaer emas eht roF .snoitidnoc
 yam erutarepmet eht hguoht neve( C°23 ta tes yllacipyt
 001 sredisnoc ruE hP .)derevoc si niks nehw rehgih eb

 swolla osla dna etar noitatiga lacipyt a mpr  gnitset rof
 na eb yam rettal ehT .noitces hctap touqila na
 ,snoitidnoc knis gniniatta fo snaem etairporppa
 ot detadilav si hctap eht fo eceip a gnittuc taht dedivorp
 ehT .msinahcem esaeler eht no tcapmi on evah

mehtam ot dettif si deniatbo atad noitulossid  lacita
csa ot redro ni sledom  msinahcem esaeler eht niatre

21[  .]  

STLUSER  

 taht seiduts noitaziretcarahc deriuqer eht rof stluser ehT
raelc era snoitalumrof tnerruc eht rof demrofrep erew  yl

.V ot II :s’oN elbaT ni deton   

 elbaT  nimrofteM rof deilpmoc seitreporp laedI :II
 SDDT ngised ot  

 

 

 

 

 

 

 

 

NOISSUCSID  

ocisyhP - :seitreporp lacimehc  

cisyhp eht llA -  ekil stset noitaulave lacimehc thicknes ,s  
ew igh  t va ir a  ,tnetnoc gurd ,ecnarudne gnidlof ,noit

 ekatpu erutsiom ,tnetnoc erutsioM  noititrap dna
 PT ot 1 PT morf snoitalumrof evoba rof stluser tneiciffeoc
 PT nierehw snoitidnoc dradnatS eht nihtiw dnuof era 21
 tnellecxe dna tnetnoc erutsiom tsael evah ot dnuof saw 21
 gnidlof doog dna noitairav thgiew ssel ,tnetnoc gurd

bo erew ecnarudne  rehto naht 21 PT rof devres
:oN elbaT ni denoitnem sa snoitalumrof   .III  

nI - ortiV  esaeler gurd  

 % dooG evah 21 PT ot 1 PT morf snoitalumrof ehT
 eb ot dnuof saw 21 PT nierehw esaeler gurd evitalumuc

esaeler gurd )% 5.08( wol gniniatnoc noitalumrof tseb  
 neve 21 ta ht   wohs ot detcepxe dna ruoh  rof neve  erom 2

lortnoc fo mia eht htiw gniylpmoc yb ereht ,sruoh del   

 

 

 retemaraP  eulav delliflluF  
 esoD   gm 001  

 rh ni efil flaH  4 ot 5.1  h 

 thgiew raluceloM  snotlad 6.561  

 *tneiciffeoc noititraP  lonatco ( P goL -  )retaw  
 neewteb –  46.2  

 ytilibaemrep nikS
 *tneiciffeoc  

01 × 5.5

 

−6 4.7 Hp ta s/mc  

 noitcaer nikS   non dna gnitatirri noN
 rezitisnes  
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 esaeler gurd degnolorp dna  ehT .hctap eht morf gurd fo
nI rof stluser - i denoitnem era esaeler ortiv .oN elbaT n -

 giF dna VI 1  .  

esaeler gurd fo msinahceM  

 21PT ot 1PT rof stluser s’appeP dna ihcugiH ehT
 rednu era snoitalumrof eht lla taht swohs snoitalumrof  

 

 

 

 

 

 

noN -  hcihw 21PT htiw gnola noisuffid fo epyt naikciF
 eht no desab noitalumrof tseb sa deredisnoc si p ocisyh -

 dna stset noitaulave lacimehc nI - ortiv   esaeler gurd
seiduts   giF ni nwohs sa 2. 

 

 

 

 emiT
)srH(  

ESAELER GURD EVITALUMUC %  
1 PT  2 PT  3 PT  4 PT  5 PT  6 PT  7 PT  8 PT  9 PT  01 PT  11 PT  21 PT  

1 2.81  2.71  2.22  2.71  3.81  3.71  3.61  3.81  7.81  9.61  3.51  5.01  

2 2.82  3.52  2.82  6.92  3.52  5.62  3.42  2.42  3.12  2.02  2.12  2.12  

3 2.53  6.53  2.83  2.04  2.83  1.23  2.83  2.63  2.13  2.42  2.82  2.03  

4 2.74  3.44  2.74  2.44  2.04  6.04  2.04  2.34  2.14  2.23  3.23  2.83  

5 2.15  2.65  2.75  3.05  2.64  1.64  3.84  2.25  2.25  9.83  2.83  2.44  

6 2.36  5.66  2.76  2.26  2.45  3.05  1.35  2.16  2.85  5.24  5.24  6.25  

7 3.96  3.07  2.57  3.47  2.06  6.55  1.95  0.66  2.66  2.84  5.05  2.46  

8 3.47  8.67  3.48  2.87  5.07  2.37  1.56  2.27  3.96  2.25  2.85  5.86  

9 2.08  2.48  2.68  3.08  1.67  2.98  2.37  2.18  2.27  2.86  2.66  5.27  

01  2.09  3.88  2.29  2.48  2.28  6.19  3.97  2.58  0.08  2.27  5.57  6.87  

11  2.79  2.69  6.69  2.88  3.78  6.29  0.28  8.68  2.48  1.58  2.28  0.97  

21  1.99  5.99  2.89  2.29  6.19  2.69  3.78  7.88  3.98  3.09  5.78  5.08  

edoC.F  

Thickness 

)mm(  

D.S ±  

eW ight 

Va ir a noit  

m( g D.S ± )  

loF ding 

nE dur na c  e

)semit(  

 gurD

 tnetnoC

)%(  

 erutsioM
)%( tnetnoC  

 erutsioM
ekatpU  

 tneiciffeoC noititraP
nimrofteM rof eulav  

1PT   1 10.0 ±  10.0 ± 02.0  011  5.69  40.1  50.1  

 

- 46.2  

2PT  10.0 ± 1  500.0 ± 91.0  821  8.69  67.4  5 

3PT  10.0 ±1  10.0± 06.0  631  1.79  37.6  2.7  

4PT  10.0 ± 1  11.0± 65.0  241  4.89  50.1  60.1  

5PT  10.0 ± 1  500.0 ± 81.0  801  6.79  20.1  30.1  

6PT  10.0 ± 1  500.0± 81.0  911  8.79  15.1  35.1  

7PT  10.0 ± 1  10.0± 81.0  151  5.89  60.1  80.1  

8PT  10.0 ± 1  10.0± 91.0  841  7.89  67.4  5 

9PT  10.0 ± 1  500.0± 81.0  651  9.69  1 10.1  

01PT  10.0 ± 1  500.0± 81.0  89  1.89  80.1  90.1  

11PT  10.0 ± 1  10.0± 71.0  421  1.99  90.1  1.1  

21PT  10.0 ± 1  81.0  500.0±  061  3.99  74.1  5.1  

 elbaT III  : sretemarap lacimehc cisyhp detaulave rof stluseR  

 

 elbaT VI  :  rof stluseR  nI – ortiV  seiduts esaeler gurD  
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edoC .F  eulav s’ihcugiH  eulav s’appeP  

1PT  139.0  107.0  
2PT  929.0  937.0  

3PT  649.0  066.0  

4PT  949.0  876.0  

5PT  039.0  866.0  

6PT  168.0  627.0  

7PT  649.0  276.0  

8PT  449.0  786.0  

9PT  339.0  596.0  
01PT  328.0  417.0  

11PT  858.0  437.0  

21PT  899.0  828.0  

 elbaT esaeler gurd fo msinahceM rof stluseR :V  

 

 

0

05

001

051

0 2 4 6 8 01 21 41

esaeler gurd evitalu
muC 

% )srh( emiT

nI - ortiV 21 PDT ot 1 PDT fo esaeler gurd 1 PDT
2 PDT
3 PDT
4 PDT
5 PDT
6 PDT
7 PDT
8 PDT
9 PDT

01 PDT
11 PDT
21 PDT

 

49.0 = ²R

0
02
04
06
08
001
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