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 tinU slleC         :emaN  
           :euD  
 

  .woleb tcejbo eht evresbo uoy ,epocsorcim eht rednu gnikool elihW
 ot deen ti lliw tahW ?erutaerc gnivil a si siht fi enimreted uoy nac woH

?gnivil si ti fi evivrus  

 
 
 

 

I yllacigoloiB eht era esehT stnemelE tnatropm  
)woleb seman rieht tup esaelp ,looc kool ot evresed srettel esehT(  

 
 
 
 

 
 
 
 
 

    

 
  

 
 

    

 

 tnemele hcihw ,stnemelE tnatropmi yllacigoloib erew setelhta eseht fI
1( tsom eht desu si ts 2 ,) dn 3 dna , dr    .sgniht gnivil ni  

 
 



 2 
 era tahW  emos is reffid dna seitiralim  ,llec lamina na neewteb secne

?llec airetcab citoyrakorp dna ,llec tnalp  ayrakorP   lliw  eb  desserdda
.tib a rof ffo dloh ot tnaw uoy fi tinu eht ni retal  

 

lleC laminA                 lleC tnalP  
 

 
          

)citoyrakorP( lleC airetcaB  



 3 
 etalpmet ytpme eht ni efiL fo sniamoD / smodgniK eht drocer esaelP

.retteb eht deliated / cificeps erom ehT  .woleb  

 
rB .8661 ni tnemirepxe s’ideR ocsecnarF fo sgnidnif eht ebircsed ylfei  
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!puorg lortnoc eht ssucsid ot erus ekaM  

                
 
                
 
                
 
                
 

 htiw detaicossa yrotsih emos drocer ot woleb serutcip eht esu esaelP
dna sllec  .sepocsorcim ylrae   

 
 

____________ treboR  
 
 
 
 
 

 
 
 

 
______________  _____ notnA  
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erutcip hcae woh ebircseD  ?yroeht llec nredom eht ot setaler  
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?citoyrakuE si eno hcihw dna citoyrakorP si eno hcihW  

 

 

 
 

     _____________________________      ____________________________  
 
H ________________________________________________?wonk uoy od wo  
 

___________________________________________________________________  
 

___________________________________________________________________  
 

_____________________________________________________ ______________  
 

___________________________________________________________________  
 

 rieht fo elacs emit a evig uoy naC ?tsrif devlove eno hcihW
?noitulove  

___________________________________________________________________  
 

_______________________________ ____________________________________  
 

___________________________________________________________________  
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 siht ni nees eb nac taht sellenagro eerht tsael ta lebal esaelP

?llec tnalp a fo egami cipocsorcim  
 

 
 
 
 
 
 

 woh dna sgnidliub ytic llec wef a emaN  .llec a si ytic siht dneterP
.llec a fo taht ot setaler noitcnuf / boj rieht  
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 ?llec a stneserper tseb taht epahs eht elcriC ?yhW  

 
 
 
 
 
 
 
 
 
 
 
 

 ,stsalporolhC ,llaW lleC( .woleb llec tnalp eht lebal dna hcteks esaelP
artneC egraL .)suelcuN ,eloucaV l  

 
 
 

osohp a fo pu edam enarbmem amsalp eht si yhW dipil  ?reyalib   knihT
!ytiraloP  
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 gniwollof eht hguorht sisomso wohs ot selucelom retaw etaerc esaelP
.enarbmem amsalp  

 sohp eht ebircsed esaelP hp  / cilihpordyH( reyalib dipilo
?)cibohpordyh  

 
noitartnecnoC hgiH  

 
 

 

 
 
 
 
 
     noitartnecnoC woL  
 
 
 

amina esaelP ht ni noisuffid et .selucelom 02 htiw woleb sexob e  
 
 
 
 
 
 
 
 
 
 
 
 

  

______________________________?tropsnart evissap ro evitca siht sI  
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 esaelP  eman eht   ,cinotopyH :knaB droW .snoitulos dna sllec gniwollof
  .cinotosI ,cinotrepyH – dna sisylomsalp tops uoy naC  ?erusserp rogrut  

 

_______________ lleC  
_____________  noituloS  

 

 

_______________  lleC  
____________  noituloS  

 

 

 lleC_____________
____________ noituloS  

 

 
snoitartnecnoC lauqE  

muissatop muidos eht seoD   evissap ro evitca esu woleb pmup
?rewsna ruoy ni noisuffid fo egdelwonk ruoy esU ?tropsnart  
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a odne htob fo ssecorp pets yb pets a etaerc esaelP  ni sisotycoxe dn
 sisotycodne eht ekaM ?tropsnart evissap ro evitca ti sI .llec a

?sisotyconip sisotycoxe dna ,sisotycogahp  
 

odnE  
 
 
 
 
 
 
 
 
 

    

oxE  
 
 
 
 
 
 
 
 
 

    

 

ahw ssucsid ylfeirB ’t .erutcip siht ni gnineppah s  !EMRPMT knihT  
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 esaelP o hcteks eht lebal  raelcun ,nitamorhc ,suloelcun ,suelcun eht f
.woleb semosobir dna ,muluciter cimsalpodne ,enarbmem  

 
__________________________________________suelcun eht tuoba em lleT  

_________________________________________________________________ __
___________________________________________________________________
___________________________________________________________________  

 !tniH – .egap txeN  
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 eht no sisehtnys nietorP ebircsed ot woleb noitartsulli eht esu esaelP
rewsna dna thgir   AND ,rebmemeR  .snoitseuq tnatropmi eseht -  >

ANR -     nietorP >  
 

 ?debircsnart ANR eht si erehW  
 ?levart ti seod erehW  

 ?ANR eht setalsnart ellenagro hcihW  

 
 

 
 
 
 

emosobiR eibboR m’I ,iH“ …I ,  
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___ eht hguorht ti ekam emosobiR eibboR pleH _______________  ______________  

 
 ti si yhW  a ?ereh sneppah tahw dna yawegassap ekilezam   __________  

 
             
 
             
 
             
 

i os s’tahW ?snietorp tuoba tnatropm  
 
 
 
 
 
 
 

!RRG  
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 ?od ellenagro siht seod tahW  

 
 
 

.noitseuQ traP 3 !gninraW  
◊   .serutcip gniwollof eht ni )selucelom( slairetam fo wolf eht ebircseD
◊   .boj rieht dna tneserp sellenagro eerht eht eman esaelP  
◊ ?pot eht ta nees si ssecorp tahW  
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.uoy tsissa ot erutcip eht gnisu nialpxE  ?od emososyL eht seod tahW  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

?od ti seod tahW ?ellenagro tnatropmi yrev siht si tahW  .tnemalif taht emaN  
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 eht rewsna dna woleb sellenagro owt gniwollof eht ebircsed esaelP
snoitseuq  

)1  …erom eman uoy naC ?ellenagro hcae emaN  
)2  ?stnalp ni ylno si ellenagro hcihW  

3) ?sllec lamina ni erom dnuof si ellenagro hcihW  
4) ?sllec tnalp ni 2 rebmun ot detcennoc 1 rebmun si woH  
5) ?senarbmem dna sdlof evah 2 dna 1 htob od yhW  
 

  
                                 2                                                   1  

-------- ----------------------------------------------------------       ----------------------------------------------------------------  
 

------------------------------------------------------------------       ------------------------------------------------------ ----------  
 

------------------------------------------------------------------       ----------------------------------------------------------------  
 

------------------------------------------------------------------       ---------------------------------- ------------------------------  
 

------------------------------------------------------------------       ----------------------------------------------------------------  
 

------------------------------------------------------------------       -------------- --------------------------------------------------  
 

------------------------------------------------------------------       ----------------------------------------------------------------  
 

------------------------------------------------------------------       ----------------------------------------------------------------  
 

------------------------------------------------------------------       ----------------------------------------------------------------  
 

---------------------------------------------- --------------------       ----------------------------------------------------------------  
 

------------------------------------------------------------------       ----------------------------------------------------------------  
 

-------------------------- ----------------------------------------       ----------------------------------------------------------------  
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 eht etalsnart esaelP  nairdnaM  citoibmysodnE knihT  .woleb esenihC

.desufnoc ruoy fi yroehT  

 
 

 rof noitauqe eht tuo etirw esaelP sisehtnysotohp  .woleb sexob eht ni  

 
?sisehtnysotohp rof noitauqe tcerroc eht si gniwollof eht fo hcihW  

1 )A    2O6 + 6O6H21C = ygrene thgil + O2H6 + 2O6  
2 O2H6 + 2OC6  )B  2O6 + 6O21H6C = ragus  +  
3 O2H6 + 6O21H6C = ygrene thgil + 2O6 + 2OC6  )C  
4 O2H6 + 6O21H6C = ygrene thgil + O2H6 + 2OC6  )D  
5 2O6 + 6O21H6C = ygrene thgil + O2H6 + 2OC6  )E  
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 rof noitauqe eht tuo etirw esaelP noitaripser ralullec   sexob eht ni
.woleb  

 
o hcihW ?noitaripser ralullec rof noitauqe tcerroc eht si gniwollof eht f  

1 C )A 6H 21 O6 H6 + 2 OC6 + ygrene desaeleR = O 2 H6 + 2 .O  
2 C )B 6H 21 O6 O6 + 2 OC6 + ygrene desaeleR = 2 H6 + 2 .O  
3 C )C 6H 21 O6 O6 + 2 O6 + ygrene desaeleR = 2 H6 + 2 .O  
4 C )D 21 H6O6 O6 + 2 OC6 + ygrene desaeleR = 2 H6 + 2 .O  
5 C )E 6H 21 O6 OC6 + 2 O6 + ygrene desaeleR = 2 H6 + 2O. 

 
?noitaripser ciboreana si hcihw dna noitaripser ciborea si hcihW  

 
 

 
 
 

T  noitaripser ralullec fo mrof a si sih
 si negyxo nehw srucco taht

 cipocsorciM .ecracs ro tnesba
.tsaey sa hcus esu smsinagro  

 ciboreana tuo yrrac snamuH
 selcsum nehw yllaicepse ,noitaripser

sicrexe suounerts mrofrep  ni gnitluser e
 elpmaxe( tbed negyxo - .)tnirps  

 

 noitaripser ralullec fo mrof a si sihT
 ot redro ni negyxo seriuqer taht

 siht esu eW .ygrene etareneg
oitaripser fo mrof .n  

 

 
ssim eht ni lliF gni   rof strap  eht noitatnemref  noitauqe  

C6H 21 O6    

 

→      C 2 2H5  HO    +     OC 2 2  
 )esoculg(          )edixoid nobrac(  )lonahte(  
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ni droceR .ellenagro egral siht edisni ellenagro siht tuoba noitamrof  

 
 

.ellenagro tcerroc eht htiw knalb eht ni llif esaelP  
)1  ______________________ llec eht fo esuohrewop eht si ellenagro sihT  
)2  _________________llec eht tuohguorht meht sdnes dna snietorp segakcaP  
)3  hT naelc eht eb dluow ellenagro si - o werc pu ___________________nwot a f  
)4  ________________________________  etsaw selcyceR  
)5  _____________________________etsaw dna doof serots ellenagro sihT  
)6  ______________________________llec eht rof seirotcaf gnikam nietorP  
)7  r swolla dna metsys tropsnart sllec sa sevreS _________hcatta ot semosobi  
)8  ______________________llec eht troppus taht selubutorcim fo desopmoC  
)9  __________________________________ereh srucco sisehtnysotohP  

_____________________nitamorhc eht ni dnuof dna AND fo desopmoC .01  
 sekam dna suelcun edisnI ).11 ____________________snietorp ekam ot ANR  

__________________suelcun eht fo tuo dna otni slairetam niatrec swollA ).21  
._____________________llec eht fo retnec lortnoc eht sihT ).31  

________puos lacimehc a sniatnoc taht llec eht edisni diulf eht si sihT ).41 ___  

emaN  
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 na ro llec tnalp a ti sI  .llec gniwollof eht fo sellenagro eht lebal esaelP
?ti eltit uoy retfa nialpxe ,llec lamina  

 
 
 

selunarg negocylG  ? gnissiM  

 



 32  
 

 
:ssorcA  :nwoD  

 1 - ehT   edoc citeneg eht hcihw ni ssecorp
lec stcerid ANR regnessem yb deirrac  ralul

 ecudorp ot semosobir dellac sellenagro
.sdica onima morf snietorp  

 2 -  tnalp gnigakcap nietorP -  fo selcisev sdneS
.llec ni noitanitsed ot selucelomorcam  

 5 -  a morf selucelom fo tnemevom eht si sihT
 tuohtiw aera dedworc ssel a ot dedworc erom

o esu eht ygrene f  
 8 - ezaM -  raelcun eht ot desuf krowten ekil

 sa sevres dna ,setarapes ,serots taht enarbmem

 1 -  eht fo stnetnoc eht fo lla eman eht si sihT
llec  

 3 -  ralullec( tnemevom eht slortnoc sihT
llec eht tuo dna ni )ciffart  

 4 - sekam taht ellenagro egraL   eht rof ygrene
  )PTA( .llec -  dellac )aera ecafrus( sdlof saH

  eatsirc - senarbmem owT  
 6 -  .sdoirets dna )staf( sdipil sekaM -  setalugeR

 .noitcudorp muiclaC -  sragus sezisehtnyS
”sisenegoenoculG“  

 7 - enarbmeM -  ,egarots rof scas dnuob

 
1  

2  

3  
4  5  

6  
7  

8  9  01   11   21   31   
41   

51   61   

71   
81   91   

02   12   22   
32   

42   52   
62   

72   82   

92   

03   13   

                                             
   
                                       
   
   
   
   
   

                                             
         
         
                                                         
                           
                                                      
                                    
                                    
                                    
                                 
                                 
                              

                     
                     
                                       
            
                                    
                                       

               
                                    

                                    
                  

                                                   
            

                                             
         

                                                                     
      



 42  
metsys tropsnart s'llec  

 51 -   stnalp ni ellenagrO -  neerg eht niatnoC
  llyhporolhc tnemgip -  dellac skcats saH

sdiokalyhT  
 71 - nuf dna larutcurts eht era esehT  lanoitc

smsinagro gnivil lla fo stinu  
 81 -  morf ragus ekam stnalp erehw ssecorP

.thgilnus  
 02 - llec eno fo edaM  
 32 -  dnuob enarbmem evah sllec fo epyt esehT

sellenagro  
 42 - AND fo desopmoC  
 62 -  oxE( -  sesaeler lleC )tuo ekat ot snaem

.ygrene sesU .elcitrap  
 72 -  ,suelcun fo retnec ni tops krad dnuoR

semosobir sekam  
 82 -  a hguorht retaw fo tnemevom eht si sihT

imes - .enarbmem elbaemrep  
 92 -  ________________ morf emoc sllec llA
sllec  

 03 -  fo noitartnecnoc wol a niatnoc sllec esehT
los rehtona ot evitaler etulos )sllews llec( noitu  

 13 -  a morf selucelom fo tnemevom eht si sihT
aera dedworc erom a ot dedworc ssel  

 

mer etsaw dna ,noitsegid   lavo -  ni egral yreV
  llec tnalp -   stnalp ni erusserp digrut etaerC -

noitulos retaw dna doof sniatnoC  
 9 -  fo noitartnecnoc hgih a niatnoc sllec esehT

 llec( noitulos edistuo eht ot evitaler etulos
.)sknirhs  

 01 -  stel dna suelcun eht sdnuorrus sihT
slairetam  tuo dna ni  

 11 - suelcun a evah ton od sllec fo epyt esehT  
 21 - sisehtnys nietorp rof etiS  
 31 -  smsinagro niatrec yberehw sessecorP

.selucelom cinagro morf ygrene niatbo  
 41 -  eht nehw  ________________ si llec ehT

 dna ni dnuof eb nac etulos fo tnuoma emas  tuo
llec eht fo  

 51 -  si dna airetcab dna stnalp ni dnuof si sihT
esolullec fo edam  

 61 - tsalporolhC rof eman rehtonA  
 91 -  odnE( -  ygrenE )ni gnirb ot snaem

.elcitrap sflugne llec erehw ssecorp gniriuqer  
 12 -   selubutorcim fo desopmoC -  llec stroppuS

orp dna epahs sediv  
 22 - )tops krad( llec ni ellenagro tsegraL  
 52 -   cas a ni semyzne / sdica evitsegiD saH -

.strap llec dlo selcycer ,ellenagro evitsegiD  
:srewsnA elbissoP  

tamorhC ,stsalporolhC ,llawlleC ,noitaripseRralulleC ,slleC ,enarbmeMlleC ,tropsnarTevitcA  ,noteleksotyC ,ni
 ,semososyL ,cinotosI ,cinotopyH ,cinotrepyH ,sutarappAilgoG ,sisotycoxE ,citoyrakuE ,sisotycodnE

 ,sditsalP ,sisehtnysotohP ,tropsnarTevissaP ,sisomsO ,suelcuN ,suloelcuN ,enarbmeM raelcuN ,airdnohcotiM
erP - SnietorP ,citoyrakorP ,gnitisixe  ,mulucitercimsalpdnEhguoR ,semosobiR ,msalpotorP ,sisehtny

eloucaV ,ralullecinU ,mulucitercimsalpodnEhtoomS  
woleb ezaM lanoitpO  
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