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E eht dna ,YGRENE ,RETTAM NVI TNEMNOR   tinU
setoN      :emaN     

)ESOL TON OD(        
 

rettaM :sucoF fo aerA tsriF  
 

rettaM sah taht gnihtynA : __________ pu sekat dna _________ . 
 

 

 motA __________ fo tinu cisab A :  sisnoc  lartnec ,esned a fo gnit
__________  ednuorrus fo duolc a yb d   degrahc ylevitagen

________________ . 
   

 
 



 2 

 
 

tnemelE  –   cnatsbus A ______ morf yleritne edam si taht e   fo epyt
mota  

 
dnuopmoC  – _____________ erom ro ______ fo pu edaM   dednob

.rehtegot  
 

:tnevloS lasrevinU  w diuqiL _______________ ot elba si reta   egral a
 .sdnuopmoc lacimehc tnereffid fo rebmun  

 
erutxim suoenegomoH  – _____________  .tuohguorht  

 
 suoenegoreteH – erutxim A  ______________ erom ro ______ fo  .  ehT

_______________ ton si erutxim  eldooN nekcihC .xE( tuohguorht  
)puoS  

 
tnevloS  – us ehT ______________ eht seod taht ecnatsb   regral yllausu(

)tnuoma  – ________________  .tnevlos lasrevinu eht si  
 

etuloS  – hT   ____________ steg taht ecnatsbus e  ressel yllausu(
)tnuoma  
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ytilibuloS  - ___________________ hcum woH  vlossid nac  a ni e

.detarutas semoceb ti erofeb ecnatsbus  
 

puS ________________ erom on nehW :detarutasre   .evlossid lliw
)elbisiv slatsyrc(  

 
 

 :yroehT raluceloM citeniK  
  ehT ______________ tnatsnoc ni era selucelom  .  
  .rettam fo setats 3 eht rof tnereffid si noitom sihT  
 

 rettaM fo setatS - 
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)s( diloS  _________________ dna ____________ etinifed a sah  

 
)l( diuqiL  D _______________ etinife  epahs ton tub  

 
)g( saG  _________  emulov ro epahs etinifed  

 
)p( amsalP  _____________ stime taht sag dezinoI . 
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rettaM kraD  – htopyh A  fo mrof lacite  ot deveileb si taht__________

________ pu ekam % ___________________ si ti ;esrevinu eht fo   seod(
  )thgil time ro brosba ton  

 

ygrenE kraD  – fo mrof lacitehtopyh A  __________________   taht
erusserp evitagen a strexe dna ecaps setaemrep  hcihw ,  dluow

_________________________ evah   eht rof tnuocca ot stceffe
 fo stluser lanoitavresbo dna laciteroeht eht neewteb secnereffid

.rettam elbisiv no stceffe lanoitativarg  
 

 
rettaM fo noitavresnoC waL  

� hc lacimehc ro lacisyhp yna nI  rehtien si rettam ,egna
___________________ ron____________________   ylerem tub

____________ eno morf degnahc   .rehtona ot  
 

egnahC lacisyhP  
� ________________ > dilos mrof segnahC  sag >  ____________ >  
� _______ egnahc t’nseoD _________  
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 _________________ ot dedeen troffe ehT   sesaerced ecnatsbus a

 a morf   S- L> - .G>  
 

 rehto otni secnatsbus fo egnahc ehT :egnahC lacimehC
uorht secnatsbus ________________ eht fo noitazinagroer a hg . 

 
snoitcaeR lacimehC fo sepyT xiS ehT  

• _________ ___________________  htiw senibmoc negyxo nehW :
.edixoid nobrac dna retaw mrof ot dnuopmoc rehtona  

• HC 4 O2   + )g( 2    )g(

  

  → OC 2 H 2   +     )g( 2  )g(O  
• _____________________   elpmis erom ro owt nehW :noitcaeR

 = B + A .eno detacilpmoc erom a mrof ot enibmoc sdnuopmoc
BA  
•  lCH 2 + nZ

  

 → lCnZ 2 H + )g( 2  
• ______________________   skaerb elucelom xelpmoc A :noitcaeR

lpmis ekam ot nwod  .seno re  
•  BA .noitcaeR sisehtnyS fo etisoppO  B + A  
• H 2 2  O --- H 2 > 2 O + 2 )retaW fo sisylortcelE(  
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• _________________  sedart tnemele eno nehW :tnemecalpsiD

 A + CB .dnuopmoc a ni tnemele rehtona htiw secalp  B + CA  
• _________________  ina eht nehW :tnemecalpsiD  fo snoitac dna sno

 yleritne owt gnimrof ,secalp hctiws selucelom tnereffid owt
.sdnuopmoc tnereffid  

•  DC + BA  BC + DA  
• ONgA 3  lCaN +

  

 → ONaN + lCgA 3 
• _______________   hcae htiw tcaer esab dna dica na nehW :esaB /

.rehto  
 

 
sesaG  

  ______________________ waL  - ________________ sag a fo emuloV  
 .erutarepmet htiw  

 
_______________________  L wa  - o semulov lauqE  emas eht ta ,sesag f

_______________  _____________________ dna  emas eht niatnoc ,
 .selucelom ro ,selcitrap fo rebmun  

 
 

L sag laedi ehT TRn = VP :wa   slauqe _____________ semit erusserp(
_________________ fo rebmun eht  ht semit  semit tnatsnoc sag e

_____________________  .)  
� erusserP=P  
� muloV=V e 
� selucelom fo rebmun=n  
� tnatsnoc sag=R  
� erutarepmet=T  
 

___________________P  waL   uoy fi taht setats  ylppa
____________________   era taht sdiulf ot denifnoc   ro(  ot wolf t'nac

erehwyna  neht lliw sdiulf eht ,) timsnart   ro( tuo dnes  emas taht )
la ni erusserp  eht ta snoitcerid l etar emas  .  

 
 ytisocsiV _______________ ot diuqil fo ecnatsiseR : . 
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h fo esuaceb wols slevarT = ytisocsiv hgiH ________________ hgi  .  

 arT = ytisocsiv woL _________________ wol esuaceb tsaf slev  .  
  

elpicnirP sedemihcrA  :  ob A mbus si taht yd  a ni degre
______________  ecrof a yb pu deyoub si  ot edutingam ni lauqe

________________ eht   .decalpsid si taht diulf eht fo  
 

ycnayouB  :  _________________ si ecrof ycnayouB   fo thgiew eht ot
 .ydob eht yb decalpsid diulf  

 
ygrenE :sucoF fo aerA weN  

 

IT KNIHT LFAATSN  
� _____________T  
� sI  
� oN  
� ____________S  
� gnihT  
� ___A  
� A 
� ____________F  
� hcnuL  

 erehwemos morf semoc ygrenE – .eerf si gnihton  
 

ygrenE fo noitavresnoC waL : 
________________ ro _________________ eb tonnac ygrenE  nac tub

morf ytilauq ni hsinimid  .lufesu ssel ot lufesu  
 

ygrene fo smrof neves ehT  
- )EK+EP( lacinahceM  
- dnuoS  
- lacimehC  
- lacirtcelE  
- thgiL  tnaidaR /  

o lacitreV :noitcevnoC   __________ mraw hcihw ni noitalucric
______________ looc dna .noitalucric siht yb taeh fo wolF  .  
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o o tnemevom ehT :noitcudnoC ______________ f   eno morf

.rehtona ot elucelom  
o f eht ni dettimsnart ro detaidar si taht ygrenE :noitaidaR  mro

_______________________ ro ,sevaw ,syar fo  .  
- taeH  lamrehT /  
 

 
 
 scimanydomrehT fo waL ts1  

  ygrene ni egnahC _________________ si metsys a fo   eht ot
taeh  t dedda ______________ metsys eht o  .enod krow eht  

 .gnihton rof gnihtemos teg t’nac uoY  

 
 2 dn   gnihsinimid syawla si esrevinu eht fo tnetnoc ygrene ehT :waL

.ytilauq ni  
  wolF taeH -  .dloc ot mraW >  



 01  

 
 

 ucelom llA :scimanydomreht fo wal driht ehT emevom ral  spots tn
_____________ etulosba ta . 

 eT ___________________ fo eerged ehT :erutarepm   ssendloc ro
.tnemnorivne ro ydob a fo  

   _______________________ sti ot sdnopserroC  .ytivitca  
 

 
- raelcuN  )ygrenE fo mrof rehtonA(  

 

ygrenE raelcuN - slaed taht ygrene ehT  t htiw  eht ni segnahc eh
________________  .mota na fo    nehw decudorp si ygrene raelcuN

fo ielcun eht  _______________( rehtegot nioj smota owt  eht nehw ro )
 suelcun ____________f( trapa stilps mota na fo .)  
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ucoF fo aerA  sevaW :s  

 
 
 evaw A hp nI :  scisy – _______ dna ______ tnemevom eht si evaw A  

 .htrof dna kcab ro  
 
 :sevaw fo sepyt eerht ehT  

 inahceM _______________ a hguorht sevoM :evaW lac . 
 ,saG ,diloS ,retaW  

 __________ oD :sevaW citengamortcelE   ot muidem a eriuqer
.hguorht evom  

 ttaM _______________________lE :sevaW re  .selcitraP dna  
 
 ___________ a dna elcitrap a si thgiL   thgiarts a ni tuo seog dna

.gnihtemos spmub ti sselnu enil  
 
 :noitcarfeR  ____________________________ ehT   ti nehw evaw a fo

ereffid si deeps s'ti erehw muidem a sretne .tn  
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  
 
 noitcarffiD : ______________________ fo gnidneB . 
 
 :sneL  tnerapsnart A  _________________ ot desu ecived lacitpo   ro

 .segami mrof ot dna thgil dettimsnart egrevid  
 
 mottob evacnoC /  pot xevnoC  

  
ovacnoC - xevnoc  

 
 
 

xevnoC  

evacnoC  
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murtceps citengamortcele ehT :sucoF fo aerA weN  

 

 murtceps citengamortcelE ehT  fo egnar ycneuqerf eritne ehT :
 .sevaw citengamortcele  

  
 
 .lufrewop erom era trohs ,lufrewop ssel era sevaw gnoL  

 
 

 levart murtceps citengamortcele eht fo sevaW   fo deeps eht ta
______________________________ .thgil  000,003 ro dnoces rep selim

k ________________________ a ni dnoces rep sretemoli . 
 aem thgil elbisiV ._________________ ni derus  
 rusaem era srehto llA .noitaidar ni de  
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 …eb nac gnihtemos stih ti nehw noitaidaR  

 debrosbA  
 detcelfeR  
 )noitcarfeR ,noitcarffiD( derettacS  
 dettimsnarT  
 .dessim ti ,gnihtoN  
 

 tcejbo na fo erutarepmeT  ler  _____________ fo tnuoma eht ot seta
.desaeler  

 eler noitaidar erom eht ,rettoh ehT .desa  
 

 evawoidaR ___________________ :s   a fo ezis ,murtceps eht ni evaw
.lufrewop yrev toN .dleif llabtoof  

 sevaworciM  ot nwod m 1 morf gnignar shtgnelevaw htiw sevaW :
 .mm 1  

 noitaidaR derarfnI _________________ neewteb shtgnelevaW :   dna
)taeh( .thgil elbisiv  

 …fo stsisnoc thgil elbisiV  

  
 
 
 eloivartlU t )VU(  - ___________________ saH   naht shtgnelevaw

 .thgil elbisiv – .thgil elbisiv naht lufrewop erom ti suht  
 

 teloivartlU  )VU(   nac hcihw fo llA  .llew sa shtgnel evaw ynam sah
ecnac esuac .r  

 AVU  
 BVU  
 CVU  

 X- syaR _______________________ evah yehT :   dna shtgnelevaw
 .sevaw teloivartlu naht ygrene rehgih erofereht  
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 yar ammaG _________________ ,ygrene tsehgiH :    .htgnelevaw

  .tcudorp noissif a fo yaced evitcaoidar gnirud dettimE  
 

 resaL  - lpmA thgiL  fo noissimE ______________________S yb noitacifi
_________________________R . 

 .elacs ME eht fo strap ynam revo ssorc sresaL  
 

yticirtcelE  : etaler si yticirtcelE  htob dna ,segrahc ot d
______________________ dna ___________________   .egrahc a yrrac  

 

 
ninthgiL aht kraps gib a si g  ___________________ fo stol nehw srucco t

 noitubirtsid lauqenU  .ylkciuq yrev rehtona ot ecalp eno morf evom
.snortcele fo  

 
yticirtcelE citatS ______________________ ehT :   dna evitisop fo

.segrahc evitagen  
 

msitengaM  
 sdleiF cirtcelE hT : yllacirtcele yna raen aera yknuf e -  degrahc

 tcejbo  
� yknuf rof citatsortcele ecalper . 
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 :waL sbmoluoC  

  eht retaerg eht ,_______________ eht retaerg ehT
______________ .  

  _________________ eht retaerg ehT   eht ,meht neewteb
.ecrof eht rellams  

 
tnerruC  f a si  fo wol snortcele  ________________ laudividni ro ,  segrahc  

 
imeS ,srotalusnI ,srotcudnoC -  :srotcudnoc  si ygrene ylisae woH

___________________________  .egrahc gnivom yb tcejbo eht hguorht  
 

rotcudnoC  : .elddim eht ni swolf imes ,ylisae wolf snortcelE  
imeS - dnoc rotcu ______________________ neewteb ytivitcudnoC :  

 )esu scinortcele( rotalusni dna  
 

rotalusnI  :   ____________ ton od snortcelE ylisae  
 

k niam owt era erehT  ________________ ,tnerruc cirtcele fo sdni
 __________________________ dna )CD( tnerruc .)CA( tnerruc  

� i tnerruc tceriD )CD( _________ ni syawla egrahc fo wolf a s  
)seirettaB( .noitcerid  

� CA(  ) - _______ a si tnerruc gnitanretlA   dna kcab egrahc fo
 .dnoces eno ni semit ynam noitcerid sti gnignahc ,htrof

 )dlohesuoh / steltuo dna sgulP(  
 

• o erusaem a era stloV rof eht f  _____________ ro ec  hcihw rednu
.swolf yticirtcele  

•  spmA _________________ eht fo tnemerusaem a era   fo etar wolf
snortcele  

• .detaerc rewop lacirtcele fo tnemerusaem a si sttaW    
– _______________ eno ot lauqe si ttaw 1   rep ygrene fo

 .dnoces  
 

:tloV   A ______________ eht fo erusaem   hcihw rednu erusserp ro
.swolf yticirtcele  
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erepmA :  ___________________ hcum woH  ni eriw a hguorht sevom

gral eht ,yllacisaB .serepma ni derusaem si dnoces eno  fo ezis eht re
______________________ eht ,eriw  yticapac erepma eht  .  

 
:ttaW   derusaem si dnoces rep demusnoc yticirtcele fo tnuoma ehT

uclac ,sttaw dellac era tahw yb  stlov gniylpitlum yb detal
_____________   ni dellib si egasu lacirtcele dlohesuoh tsoM .spma

 .sttaw 000,1 semit sruoh fo tnuoma eht ro ,sruoh ttawolik  
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eR :ecnatsis  na ni gnihtynA   taht tiucric lacirtcele

_____________________   sa ot derrefer si tnerruc fo wolf eht
 .ecnatsiser  )smho(   Ω  

 
 
 

waL smhO  
                     V  

I  )spma(   = -----  
                   R Ω 

 
ecnatsiseR = R ,stloV = V      Ω tnerruC = I ,  )spma(  

 
 

 
msitengaM  

 A tengam  d a ro tcejbo na si  na ffo sevig taht ecive
_______________________   .dleif citengam  

 
L s'yadaraF :wa  m a fo gnignahc ehT  etaerc nac dleif citenga

____________________ . 
 

stengamortcelE _____________________ gninnur yB :   hguorht tnerruc
 .dleif citengam a etaerc nac uoy ,eriw a  

 
ssapmoC tsni lanoitagivan A :  gninimreted rof tnemur

_______________________  italer  .selop citengam s'htraE eht ot ev  
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 2CM=E dna ,nietsniE ,ytivitaleR :sucoF fo aerA weN  
 

R lareneG ytivitale  oeht a si  fo erutcurts eht fo yr
_____________________  .  

 .yticolev desaercni htiw nwod swols emiT  
 

 :ytivitaleR laicepS  
 lauqe era scisyhp fo swal ehT  yl  fo semarf lla ni dilav

___________________________  .yticolev mrofinu a ta gnivom  
 

  a morf thgil fo deeps ehT  syawla si ecruos gnivom ylmrofinu
________________________ eht  wols ro tsaf woh fo sseldrager ,

 .gnivom si revresbo sti ro ecruos eht  
 

2CM=E  
•  = E )seluoJ( ygrenE  
• ssaM = M  
•  muucav ni thgiL fo deepS = C  

–   )854,297 ,992 yllaer( dnoces rep sretem 000,000,003  
 

ne eht fo lla tsomlA __________ ruo morf semoc htrae no ygre . 
 

ygrenE  
� ______________ ot ytiliba ehT  
� __________ ot gnihtemos esuac oT egnahc/  
�  ygrenE __________________ ton tub derrefsnart si  
� ____________ si ygrenE  taeh/ecrof/noitcirf ot eud ytilauq ni  

 
:scimanydomrehT fo waL tsriF   eb nac ygrenE

 ______________________ (  ti tub ,)rehtona ot mrof eno morf degnahc
 .deyortsed ron detaerc eb rehtien nac  

 
waL dn2  scimanydomrehT fo ht fo tnetnoc ygrene ehT :  si esrevinu e

______________________________ syawla   wolF taeH  .ytilauq ni -  >
 .dloc ot mraW  
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3 dr  T fo waL scimanydomreh lA :  ralucelom l  ta spots tnemevom

._______________ etulosba  
 
 

 
tnemnorivnE ehT :sucoF fo aerA weN  

 

seidutS / ecneicS latnemnorivnE  
 

ecneics latnemnorivnE  ______________________ fo yduts eht si  
 eht fo stnenopmoc lacigoloib dna ,lacimehc ,lacisyhp gnoma

mnorivne .tne  
 

seiduts latnemnorivnE   noitcaretni namuh fo yduts citametsys eht si
 htiw ___________________________________ rieht  .  

 
msirtnecocE : ___________________ eht gniveileB  yna naht rehtar ,

.efil lla fo troppus dna ecruos eht si ,msinagro laudividni  
 

 
4 ehT  R s’  
� - __________________eR  

� etsaw lufmrah semoceb ffuts ruO  
� _________________eR  

� ecuder nac ew oS  
� _______________________eR  

 LFAATSNIT dna ygrene sesu ti esuaceb tsaL  
 .dnim ni s’R eht htiw gnihtyreve tnevnieR :knihteR  

 
tilagurF :y   eht gnitteg tuoba si   elihw rallod ruoy rof eulav mumixam

 .gnivil  
�  ,stibah evisnepxe bruc ,etsaw ecuder :ytilagurf fo seigetartS

 .citsilairetam eb t’nod ,ssel htiw yppah eb  
 

ytilibaniatsuS : ________________ eht gniteeM   tuohtiw tneserp eht fo
utuf fo ytiliba eht gnisimorpmoc  nwo rieht teem ot snoitareneg er

 .sdeen  
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htworG noitalupoP namuH  

 
 

sisenegoporhtnA  ____________________ :  .tnemnorivne rieht gnipahs  
 

__________________ deworrob era sleuf lissoF  hcir ygrene ehT :
.oga sraey fo snoillim morf rettam cinagro  

 

icapaC gniyrraC yt ________________ fo tnuoma eht :   fo aera na taht
,dna dleiy lliw dnal  _________________ fo rebmun eht ,erofereht   taht

 .troppus lliw dnal fo aera na  
 

silopolageM  : __________________ egral yrev A  yllausu xelpmoc
snwot dna seitic rojam lareves gnivlovni . 

 
F ygrene elbawener fo smro  

  .rewopordyH  
 .rewopordryH sselmaD  
 .noisrevnoc ygrene lamreht naecO  
 .ygrenE evaW  
 .ygrenE ladiT  
 .dniW  
  .yenmihC raloS  
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 .lamrehT raloS  
 .sleufoiB diuqiL  

 slio elbategeV  
 lonahtE  
 lonatuboiB  
 )leuf dna doof( muhgroS teewS  

 .sleufoiB diloS  
 ooW d 
 erunaM  
 etsaw porC  
 noitacifisagoiB  

 .sagoiB  
 .sag elbammalf ecudorp taht sretsegiD  
 .ecruos leuf a sa eaglA  

 )elbawener / naelc fo dnik( raelcuN  
 .reverof yawa derots ot sdeen etsaw raelcuN  
 .ecruoser tnadnuba na ton si lairetam raelcuN  
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