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sOdEsddzjojte (2009, dzOdatsqdzy j dzgjtedw)
1 sH Hj2fodjd §tfjtjyds? Mdd djcsksts? o
s5ls ¢ dzts dzd iptzOf 2] B Sl o j dzd yd dzlz .
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9 J dzd yq dez tslis € ams(da) ded@azpffdetm ey § Ud fdzj dede” § H Odzdz’

k
2(t) # Q A
i

B u=uit)
| | A\

[ OMyd sdzO" M~ J GO

65



| dzsB Ozt dzOW B dzd Olss tcdL Oydw (2009, dzOdetsd dzy j dzj
g 2yYyofm tsyjdz d@desets cotteWls 5 dzOdatst dzj Istets dzd € |
cOHEZYydz" | ftetsecdesL ™, HOYJ] HJjBsdMlstcdtelze Is f totsist
ftoj HilsOodzv jIs Mt  tflsEPsfyls o d§ OCvfy detse dgj dafiatsdz
dimf sdz' L s9 Odz ftcd MBLHOdd tjOd dzs HJj2Mlok
tcj OdzdL s Ols! drn oLOdBsHj2Msodj o 1 dzj € lstctsdadats?
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[ JrOdetstsBtcOBSISCO (2009, dzOdetsqdey j dzj tod W)
JHdddE dqL fjtcern HtsjCitse, fteddwisrn ¢ Wddz
O teOo dzj dadz" 2 2O Htoj ydL dsdedzzs i3j - Odzed yj M kzs
OMmW jteduj MEts2 tfisdsd.
1. yss OS] ddelsj tef sdzv ydw o i OdestsBicOBISE j
) daffgr &3 fetsctc O3B (d§ BYOQaifp@y ] dzd § d37?
2.14d ®Bsedzd BT lr dzOL 9 Ols detsor j odHT d dzls |
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[ ibtesdzcedw (2009, dzOdetsddey J dzd ted W)
[itosdzseadw wWodzw jlsfpw tHdets?2 dL Btsdzjear' n Ibtsyj ¢
Isj 3, Yt HBMtse jtodesMils! sdZzEyoj 3ts?2 dzOk ydzts?
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[ &OL jtedesds HdMSj (2009, &OdsEOk ttdOd )
Adi eso OF Jd steBOYdY fjHmsOodvjls Mot (&
©OL d B desmdlsj dzvi dMfsd L k¢ lsMvY ©OL dr j -ROML d uj
Jdzit stedBOYdY dzOdesglsmw o oidfrdjls oo iy jyde oj Wd tstisefdil
©OL B¢ to dB[€ s5kOlsj] Tt §okshd ffjydod dr -
slseOy 08 h dds d5j sOddetsds ( Oz s ded 2, MjtejBlEs, L&
Cohstsets Cdjdsmy dOCdzj2¢0. 1fw ddtt sedkOoyd™
BJL ftesdd ) klsC tso fgidseHsxzOmtxnj H dzd &3d
10 KMdmftede jHjdts dL 5BtO) fHHIMS OF ts offj ttedabxizs frpsddts § C
Obsdfsiso s¢ts &S tsms sy ®120qdds oz Gy € @HisOY KQADHP
fls OdzH Ots ls@d g ez o2COCa fls* Isj dz® Mdzj HEZE N dj of s
1L {yjdedlsj, quU@Wtsp sC B dzdz’ = By @A B OFGO)OS  dz
2. uticOo dzdlsj fwodzydehd2amw bk 1 Of ©jLEd kOIS
fsdzzyuydeh g2 MY 26 Ozl Ols .
3. {ydddlsj, C0O0CdJ ©OL BJ " -H@ ] e Oditl) s+ ¢ dlIs

tdf). ¢fufssteOy | ddi { Biediid-akzsmisd CD
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[OLjter dz0 SoOddssor n wkOR d ksYySOR (2009, dc
soOdstsar j IsySd d wdr 1WWjClkdodss dmisd Lk
Bsh dsmisd ) or MsCdd slr. vOCd] -wObgw) HYhHy sd
mew L d. {Hddd dL GCdzommdyimMédrs ftoddj s W
M sd Lk & ds s dghoSjt td jdg Se s j6j 8H] iy HE M
Ot dzd H O -OGxzdzgBdeg®sl. 1 0 dzjotsd wdMkzdSj §5¢0OLC
Lsdz SOCEBEE fjtejRitsHOS o Gl tfac@®o sBBEBINBELEPL 5o C
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I yjdzva CsdsBdd {dittedd d dBddddBdL Ooydd ¢ tsd

dzq dzdipo® L Mlstej 3w ilsfw bEdjdz hdls! . [H&OSE M td
2. [yjdedlsj 3dded BOdz dgz¥ (fstesesolzs) d BOC
Csltsteks dBoydts §odkzydls! dO of AtHj dL HOd
tjLdOBE0 cdit] HigSwoy,0j B melkls st if tdgds
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I femdjHdjj otejdw ot dhscdn *OBs®OBEIY R
CoOdelstsor n bsYSOR. vOCd) &OLjtr L Odj wWeosi di' o

cOL i3j o7, des d Isjd3, Yt dBsckls o ¢ d® yols: mMw ExJ
10 MmMAzjukehjd tedmidzC ] dLBBKOYY dz BIStetsHdME B¢
ftso jtorndzasmisd Otefmj ddHO ¢ Odzdzd Vv . t OL dzd yd J Ctoc

fedotsHdls ¢ ChtcOpEsEOdEENEIE]H O J dzHiddy, SOR I ot
fdzzy Ols Co Odzssor 8 ksySOdkd. 10jd, M §odsh:!
1.8BC &5 20 C sdsddzOR dL Otfj ddH O o Ozt & s €

t OL d3j to HdMEO d ¢ o Odzldxfadrdsy B d3o ' BydsGdr' ™ |
chitfykh j?2 cOdzjtejde, CBGEHO 1 dzj CltetsdzOc dzd Is dzOW
J 1Ists?2 B d&ZOMIsd MtsHe Gdelsftsdywr i€ tisylzisC , 6 0C slsster j
R EMCOdzdj Mo jlsO or L' o0jlsfv | fitpeddOdgndizfsi?2 d3 HHizf{fig%:

3.1 02HdIsy HdAzddz o tsddz , Gjdej edtolzj Bs?2 IsOC d
My j st dzddedd tod sl jdBisBBOBBR&EOR Az 0 j Is
cOL B3 ctso CoOdzlssor 7 Itsyj$¢ d WkzkSlskzOydd d
0 Midj Cdgtsh detsmls:  Issegts dzOL jteO? sOC L OadM
sy & dz2O0 tcOB YR 8 Ghdrtcd)dzsmlis d ?

4. yYIss dBsyjls Mdzey dls! dzOSOYySs2 9o HOdEsd d&oL
or L’ 90ls! 9" nfSH ZzOL jtodetse s i3 z2dz? MO dL
cWdsds 3 Isktcdzd J 1B ®dpe)O?)

5 ltejHdzsydlsy d wetmdkz2ls) Httkzedy ftoddeydy dcC
Is sy @n .B OdzdzO)
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Atslstsdedz” | StodMmlsOdzdzr (2009, dOdesWdL S O)
ABSlstsdzdz” | € tod fls Odzdzr wodzwe Isfpw Mmtcj HES2, 9 (st
dzd SH dzts tc s HNBBB YIS § tc dzOW H dzd dzO dzj SH dztstetsH dats M Is
MojtertcjhyIsCdé) e ydets 20 fstewHCd BBAdZ hj H4J
fjted SH sflsdyj MS 52 Mo jterntcjN jlsSCd MteOodeddz M
ftsodHJjddJ Wtslstsdztse € OteH d dfQuog’ jdaty dztf I dzdoy Ot sy Is ¢
Ctod Mls ©dzdzO.

l 90CkEEAK] d o BryYydz' = Mtej HOR W slstd Ho dY iz
frlsOj &3mMw dr c¢ctMisOdsadis! e, Ikt dd §scdsh O Isf
185 9 ¥ sls tsdzdz n Ctod Mis ©OdzdzO R Wlsis@yd vy tod dz®ON C
CoOLduyoOMmisdyr , SBtcOL B9 Odzdz" §| CBGjtej dzsdzidfr oL C
dqdzseHO O Y p@® dgd WhedvysphQais . Codzj ded j tL dDjndziCdsOY
(confinement gL dzyd ddYy HOodes L dz0C s s IsqfX Pz 4
MfJSClstcOr CcOLBotsEs tOLWYHO. [HAZOSC s L OR9o 0Ol ¢
fteddzydtf d Odz! dets dztse ™ d3 W o dzj ded § of3, sO¢ C0O¢ ftotsd
dmf z2MC OdzedwY W islstsdetse. [dets L HJ M dzj o 5L dBBtsy dats @
f OcOGBREtcW slstsdzdz' = d 1 dzj Clstetsdzdz” = 1 dzj tcc j Isd yj f
fdzj dzj dzedd o Wslstsddesdz StedMmlsOdzdzy detsmdls k2§ stew H
sls dLeo jMsdesets ttOdzjJ ~OBIdyjMmMEétsets HoadyJddw o

1. s0¢dj MmEhjMmisokzs s Isj tstefjdsifOupdirS d§ ts I tisdadzish v ¢
swyy dzr 7 Y tls B dEa)

2.1 Yy feddydfdod df j tlddyd»y sHddsdG] tedr o,
Cted Mils QdddztseyClimlz) S OC 5] ¢ W slstsdadzOW L Of toj " ¥V dzdzO!
4y ctwOddy" (ftdejHdlj WG] dPdz)s @dzizO) W tste d3lz

l ctsotsHW  OdzOdztsce d & By yHE bwyy d &3d WislstsdOdkd
By des  tOL H J dzd Is dZz0 ftotseotsHdzd ¢ d, f sz tctso s+
AtslssdgdzOW ¢cMmo jtecrnftcso sHdBsMIs! ¢, o BGldazduydy i
Is teitxlzts fyls j 2 .

3.1 Oted k2 1Isj Mo j ik oL OdBdscts tOMY sdzsy j da
LdgjteejlbsduyujmMedr (tOLtej "y dada =) Lsdz o Wl
qLsdzvIsstej d Mmdq JltckiPMar) tsH dzd € § .

RM sdz' L ts9 Odzd | ¥ sls tsdzdzr n fsdzztf tctso sH dzd € s Z+
Mplstsor B YssCORB]. Clkts KBsydts HJ &OL! , d&zOf ts
Ldzj Clstetsdzdz" » d Wislssdedeg = L Oftejhydzdegr = L sdz. 1 54
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otsL sy detsisd Hdzw fMtsL HOdedwW W tsls tsdader n HgGSHBS ,
ZzOL jtose desHAPE MEGFROSL sEff + s Isj tetso, RteOdzj dzdv
4, [Bi widedIlsj oL By detsy bkfmstets2fmisots d 4§ toddeyd
stcOdzL d Mis st O©. Nisdejsddgdazl?, Hfduswsf ZME O h d2 Mo j s
d dzfj fesfzmMCOshd? o Htokzce ds 18sQE dizjm Isticds?dd

1 dzy € Istetsdzdz” d3d( 30 deO@ZEEE)d3d ?

(h] BHABBO oL By dshmis:, ftjHMHs D §j GRS | W dzis dstd
o sdzdzts o tSH 59 . t OHdEkmM dLedBO B Yydesets Milsj ¢ dztso
ddzOyj Mmoo jls { tsCidsksjldsts diizts draddiz’e sdfiL d3j dzj dad W  dzOf tc Qo
dzOf ted 3 to, 2O ketsdz 90 CtOHEMBse IstcjBlzjlsMw o
fmdzj 9 ©) . O o otddtsotsH, dL Wltdsdz 7 Ctod fMls Odzc
H dzd dz 9 5 dzdz' d HOYJ] d3dsdg hfitsL (ottsdfiy.j Is it 4 Fg Q)ls.d
f dzslsdetsfls: 1 dzj d3j delstseo W islstsdede » fd fMmisj d3.
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tOMf esMisteOdaj dzd j o5 W tsls ts dgCB oB Gty dzdzts 5 € to o e
I 1©OBtLOR, o' ff5dzdzj dzdz’ R j dals tc @ R) i) dpjQitdpoCRdsHjfplg! tefpCts]
fistseh Odztsf! B " ShHsOdksssj" Mojko. | cddkss s?2
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LOfdM"r o0dzd ot ormtHMsHE Mo jltetd Mdce ddA@dejy, d dM
LOIjd& otMilsOdzOe dzdo Oz jj dL My Obsets Meflssw
fotH | Bodhsttd s Odets ML HOdzdj L dzj B delsso  § Odgw ks
6. sOC ot  tayLHdisty ddlts] ofmded ¥ J dedd MEtstesMmisd W slsts
COCBO0O ftojHjd dzOV f deslsdegsfls: L Ofdmd dda¥ts
(2 B OdzZO)
vjodsdzsedy WYsksdd & StdhsOddss fsLosdvjls
f5COLOLjdjd ftoj ZsBdPdyY .56 @S dPs sBOK s ¢
bdzd S Odzr dz¥ = sflsdyuifMSds ftdetstess. ¢deddd2MmeCd
oL sy des MBLHOd2d] "MEf jtodzdde " ", CslssteOW Bzt
Mlsdzd tOL dj de' hzg, yYyjdg Hdzd dzO o tsdzdzr § OH OB N | @
7.vj 5 figlee dzj dz SlstedyOlsj dz dz 2 §sCOLOjd 1§t
ssysSd Ltcjdedv, d ¢0¢ dBtsydets MtsL HEB' B IO
1 0td k2l MRjdk wOmMfsmsteOd ddw flojlkoO ¢
OdzOdztse ¢ Mlzy j tedzd dzL * € ddlaj drQlS jdie fOTEDL Offs | tiag cid
(1 BOdk)
8. sOCdj wodzj dzdv BscEbkls fsdLs2lsd, jhdd ¥ st
©OL d3jdz h k¥ H Az B Q&ztkO) & dzdz ?
9. viss dL dj dedlsfyw, jfdd t©OL&jt' MksddS s ddz
HS tOLCEOctsas e ' & IB ©)uzizs?
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Memory technology of the future (2009dzO dzts W d)L d ¢ ©
Nowadays we live under information avalanche. In order to be able to process all this
information, we need to store gigantic volumes of it.
1. What memory technologies are available on the market for information storagei(list 5
10 technologies as well as the state of development of these technologies; there ar
different architectures built on one technology, such as Flash: NAND, NOR etcebiffe
architectures are counted as one technolo@s?0 d2dzts o
2. What are the industry requirements for memory media (list1® main parameters)?
(1B OYzdz
3. What is the minimum bisize achievable for the technology fundamentally for the all
above mentioned technologies? Choose any 3 technology you want to discuss and run th
numbers. What is the current state of art for those technolggies® d2dzts o
4. Suggestthe bitreading technology for the memory technologies and estimate the
fundamental limits of the linear read spe@B O dgdz©
5. When do you think fundamental limits for memory technologies in terms of bit size, and
read speed will be achieved by the indy3{2 B © dzdzO
6. Estimate the current market size for memory products in millions of USD. Please state
the assumptions used for market sizif3p O dgdzO
ltwed tlse jlsy dzO0 O©tflzdze) Obpz®d3 WL r € J
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HjtojBdetlstsd S sy d0GO0)

vjtjiBetsfo dlsj dz' dz' 2 Bj kOckzdz. [des dzj btd St &BSd
Ldzj Cltetsls jRdzdCSj, ®iHdyddsy d Is.H. 1 fidjHdz
MjtejBtets d o tB&OMI] &Odislsj R datsdztsed? .

1. sOCdj ddkj dedas2 daD@gg@Yy ?

Rd&3j dedets i lstsdse ftetsyj M f sdzlzyj ded v dz0O dzts Y O
dLEZyos v oL &z yde' &3 ctekzf § O dMmMmdzj Hise Olsj dzj

2. f sy des dzd ©MOHdIls!  dsEBhE B e eI el dad dzts Y Of
COHJEP o1 BHddz Mdzs?2 HA&v ks, wbss(lsy iy
f dztslsdzsls' , tc Qo2dzkms O dide@)dzd y j ?

3.1 sYyj Bz CoddsdHd j t©OMlsstts’ BjlsOdese ,
BjsOdkezdyj MSdn &OBsyomsdy, $0¢ oo ddts,
Tk ©OL&jte YyoOmlsdy &Od, J HsdefEp? deGidEo]) C

4. syYj iz Hdv CsdkdsdHdy 7 tOmkestetse d3j Is Odzd
By lsOdzdzd yj MS dr dOdesyOMmisdy, Yyeajls Mtk d
ftestf 2ME D k@ dzdz)

5.1 syj BBz dL tsBte® pals@j Wphstisdztic OW d gizd dzfs &P §
sdts Mismistsdls dL &OksyOfMisdy MjtjBtd, (it
Mo jls Hdzv tcOL dzgtc DL Hzete Rz OEAAR ) 1 ts

RLo jMsdes (ffskbdzdtess Odzs sjstejlsdujmsd d o
LSy jtedd3j dels Oz dats) , ylsts Mmkhistdd zj Bt tsaerdh jifls Od
BOCSEHd R BjlsOdzdse: JSsMOt Hted Ui MSOW, HJCC
Cijtsdiilstedyuj MSdn WstekOn, (oo jtrdshisd ¢tOdzj 2

CGteOdzgj yj dzlstcdtctso Odzdets?2 S kBdyjmMéts?2 (1 As) Ek§fOCBo

6. sOCdhj MddBijstedydy j Wihted dzOdes§ ted fyls O dzdzt
LfdOCMdOd desects tsMsO HOddG 7 bkitjn L Ot
¢t Odzj 2 MBsckls wodwis: fw Hezeddid fMlsOB
f s shisw &sd | A(s4 BYCEAD) S § ) Is oinjditsiipte | 2@J  H
f ctsB dzj d3' HdzZw Htotkzedms Idfitse EfOCBe C(d, ts Is dzd

lteddsj uOded™: (BHE®RO2I)] (Hd&Y fjsw), BEHjI dd ©OL dadyO
10 d 100 decs. | owmftesfj  WisOske®Ol d:d daj L OYdS dzde 021sj
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[tduyimMSd) Mot2MmMkseo O ftedimstsets Ctoj dgddad™ (2009
Il stedfmisr 2 Ctoj dsdzd?2 ftojHMlsOQoadzw jIs M2 Mo ¢ Iz
cOL i3 OB TBEBWHCO dzj MEtsdz Cdr dzOdesd3) Isteso . {
Sflsdyud MSCddsd,  dzj Cltesdede 3d d BdBdZtedyi M ddd
dmmdzj Hiso P68 YJdIm ddzdSC tso . 1 smMCtsdzr Sz R OOCIsj t
ZOdzetsC tod Mis Odzdzso B Ydets Bdese s i dz' " j-H ¢ ff @2 S de
sts fstedMmisr 2 Ctoj digded?2 sy il ttOmMimdsOIsted o Ols: fmw
MotsddBd Bflsdud MEdBEdBPEBORI SGCORPIS) daP § toj dzts d3
f sedztsh jdedw d Hts.

1 stedfmlsr 2 Ctoj dzdad 2, fsdzlzyj dedzr 2 M f tsdgsh 4 s 3
f zOfMmisddz CtedMlsOdzdzd yj ME sets Ctoj dgded™w o twOMlso tste
stsdeC 28 ff dzj dz€ & Istsd tHdiztsRd Af sdgd HE OB jdgjitdse . [ Isd
wodw jlsimw BHdddB L &jbtHtse dL Ezyj dedwv {fieg s nfipldsn
MydSte JsfimMi Ooddy §dzjdSd §stednihtfdssdeaids
[flsdujmStsj dLEzEyjddj fOHOjl dstthkdOd dts do -

tsls da.
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[fdujmSts] Mo jhitOLEjh jddj (2009, dzOdesWdL d¢
S Odzdtelzs h OW flsdyj MSOw KdS tots MiCHHd®  opLdzdfy i) e
BjstsHdS fodkyjddy MmMejtthior MsCEt tOLtejh j dzg
{ OLtjh O% h Owes fiy ey ts ftses rday dats 2 (HOMz! dzj f szt dzts?)
scteOdzd Yyj dz20 MdedL &2 HIWtcOC ydtsdeder &3 f toj H j dzts O3: i
dzO § to d dg €50dzcf3, Mo tej d3j dede" | sflsdud & dj ®Bd ¢t
fosfiscOdaise j dedetsj] twOL toj N j daf Q) fisls 5 v Geds R & 200 A6 diaj
| ®IStEsMSsfOn, t©jOddLizs"dr &jlssH a[f1), ol
ZOdets dzj Istetso .

doToneTekTop

.
TR = ( T
- "&" T

[jbH w[[11 Mfmissdls o MdzjHkzsh jd (tedmizdSd o
LsdzHsoa 82 &BIJSwsmMisfdde 1 .dg .t dhfndsseiadils H -€dsin dt
LsdzA sdzj Yy Sfilstsosdzse dzZO, Bt jL Odzdzr 2 d L Of r dzj dat
fs¢COLOdzts dzO td mizde § . stsdzgj y otz dzO dL Glsts:
Cohtstots 9 obdzsCds M smMise dzs { totts dad100@dsy. ¢ Lnaikz
Mo jh Oy BBKGOLjY M BBKOIds?2 Msttsd (Md3.
MeBtcOdgdets] M BOdzj dgt S sets Eyomkse © tBKLGOL YO,
9 Bdzts € dzO. o jls yjtejuL odzsC dzts ff s OH O PI§ Is RO, H
ftesdLotsHdlsmwYw dLd3jtej dzadd ddzlsg dzimdoe detsmisd o datso-
otsdzsC dzgO Hts o jtorndetsMmisd otdzsS dzO EkEZHjtey do Ojls
dL d3j toJ dzd 2 wWeodw jlsfpw tcOMmistesoe 5§ dL sBteOy J dad J ,
ComgdzOlsy o f atsmitsmisd tBttOL Yo, O yojls ¢ My
ftcddwlstsegts o Mtslse jlsMlsoakze M j2 IssyS¢j BGBKOL YyoO.
f OmMmBisslsted d3 BB tOL § Y, mMeMmistsw h d2 gL Ho Izn S H
dzj ftetsL cOydetsdys 1 S tcOdzj . qzdf O d3 jiclOth) TRl ts B dzd julis(d@tf. 20

MeETaJL
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[Mejhjdd] ftesdLoHdlMmMw M fJtoslsdeo sl sdzsy ds?2 sl

fzuSsd M) H ded8RBRE ods dfdezs S &3 o sdzdzso © 8 W tots dzls 5 a3
1. 4R j BOdUdes L Odmiz2lk) dLsBEOYjddj HOdd
fsizzyd dets o  tsBM Sysas d3 d3dsSf st s O fzdzH f s dzsy d o,
dqLsBteOY jdzad] Wtedzsdqtolzjlsfiw &RBJCtetsMC st tsdz dzO
sfdm" e Ols! MW twWOMYtejH]djdd] (fisdzs ©dady)stodz® fig!
SHdsR] cdets] t©WOMYtejHdzjdzdd §sdzv dzgO 1 Cric Odzj
dL sBtcOY j dzd 2 slseo jtoMmisd 2, JjmMdzd dMfsd Lizjls
Of j olsNAE&35.( 2 B OdzdzO)

2. s0¢dyj f OtcOd3j Ister dL Bj tedlsj dz' desets ftodBBStcO
Z2Od &z yh j ¢ 5 € OL eyudgiRzdiy o dzts 1 Ig(tsl tBGAdEg)" j dzd |
3.1l smtots2dstigtsotsPm L sBteOY j dad § sBOL YO, Ctslst
f sdsh 1 s BjssHO w[[ 11, jfmdzd dMftsd? L s OL
d=50dzd3( 3 BQQRIEAY] Is ftosotsHdIs! o ftodBdzdy j ded «
ofMjcHO f OtcOdzdzj dz' dzO 1 C tcOdzlzj tffls dswdzH  Ydgdj d3 1 thoiftsts
tcOLtjh O hOw M smtse dzf fills ! B IOELIL) tctay] dafzj Isdisd Of s
CcoOW d&WY sftcjHjdzdlsj HJOMdj Iste Blse jtemilsd?;
Hy2Mlseadlsj dz' dzc® 5B Odae@) J ded W ?
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1] d&zOL di3sdzdz §j] S Mjdzd (2009, dOdsWdL ¢ 0O)

RLO®J Mlisdzts, Ylsts f dzj dz€ O dzdgj tf Je®OE B d g jsi of dzdzd ¥ @
gL dzlz yd dzd 4 . s OC Y j dL o J Mis dzts, Yylsts s z2mME Oda
slso jteMmisd j Bd<p@ulserdgs HEOzs  EB"90jls M tsfl
I~ [ HdiP&ds, o jorh jf W dzzlsts?  dzj deSj fftetsH j dzC
slso j tofmisd 2 Mas~PQPizdg s H Z MY J CIstey ftostf 2MC Odad W
smMtse j degdesisd (5. tdf. ) .

Transmission intensity (%)

L L
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t sl fesfzmM Oddy MmMoawL Odz M Isg d3, yksts dz0 ff j t

B sOdzdzd yj MSCdr §dzj desC o tsL @Iy dets toj L 5 dz0 dzff dzts §

fesdzwtcdlstsdese (1 1), Cwobttrj cftesmMOydo Ot lsmwe 2
1. 1 sdzeydlsjy L OCtvdk) WM @M smistcOdzy 8 h j ¢ tsmw
B3J Is O@ziizOB O dzdz)

2.1 sMmMtes2lsy LOSCtsdz HdMmf jtemdd 11 Hdzw fMj tcj Bt
2=40001000dzdz3 dzO@ BHdsd3 OV dC ) M L OC S(d2&s dg GdfdnG

t OMmdssisted d3 MOd3" 2¢ tHfcteisdn Isets 2fn jifeigzeyt©Rdzts 2§ dzj dz€ §  f

hjdzj 2 " Heddes? tod twOMf tesMistcOdzj dzgdd 11 9 H 5 dz 1

fdzj dzC d joets LOSCtsdz HdMmif jtemdd BsHdWdydtekzj lsmw

CtedMmlsOdzdzd yd ME 2 "N JjlsCj.

3. 4n j i3OI d ydatss j d LdgssHte A ddy Jtetse Odzdzr 2 L OC tsdz (ky d ff
i tcd@=900dzd3( 1 BP@z " dlsg Emzse dj toj L ts5dz0 dzfdats
EyoOmsdjda ojCltstcO sB tc Ols dzts 2 tcdhjilsCd i tod
dzj f sdzw tod L 59 Odzdzts G S(1EN@Gdd Mdg@ s @B B PL Hozd dz" o
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dLdzyj ddv odHdEBsEes HJOY OL t5dz0, ZzO0 (st
(2B O dzdzO)

Ml tejHf Y dd, Ykt Mejls f OHOjIs dO MistelzC szt
Stelstse sdzOdz! dzgO M jdzw 3. 1 5 BsHJW d UsdQaisooQfdisdgts d3
BzHEls ojMmlsd MiBw f§odsyjddw tjLtsdOdhntss {§t
(1 BlOdBg)tedIlsi tSHddz dL dzgO2HJjdzder 7 toj L 5dzOdzMts
HJOf OL tsdz sy jls ftsCter 90! IsOCts2 ¢ d¢ Mmj dze
6 0 A20d&dzO)
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1 0detsW dzz S sz Oy dhd azsd tsldsts dgdz® tetsMS s j (2009, dzOdat
dddz desmMW sCzMmdtetseo Odadetsj] dzOL jtodetsy L dzzyg dedj
BfSCtesdzdzse s d MEBBIStesdzdetse s tOL d3j tetse B dZzOG S H
Mo j IsO. smMPj L v BdEBRSB] jSIstso fsdzsi " Oj Isfipyw
ydHSC sMiIs! & | COC HtOoaddzs fp otsHB2. Cltsls 3j Ists
fddeyjlsOe (copt ODdealtiz. t wde merg@mlstswh jj otcj ™
qLEzyjddw sSHddsyd 7 BdtdscdyuyjMSédns SdjlstS.
tOLd3jte tsflsdu RSP dss" Al (o j dzdudd MshisOos
gL dzeyj dzedv dMmfsd L 2] 3RS 1ITdELdZ)tc O 1 (CHQiEs 2 § &G Chtade
sflsduj MSts2 dsakh¢d weady j EMY Jj §ISdoxdgonmls S fsthisj dz
Cohtsks j s @BOLOYEROY YOfisdyo, eoBddLd sy
f slsj dzyd Odz! dats 2 W osts 2 GOtedEtsded yj MS se s tsiyd dzdzw
LWWjClsdodes?2 3y JjMmlsCtsfls! 8 dztso zh Ck~1i104 L /Sdgffd3. tc d d3§
{IsHjd d &3 CdzOMMdn L PEGEN ! tejBPYEFH @ tfilsdy S
sSOC dzOL " 9 O] dfPfrdzseWOwls ogedftte sMC sf v e (¢ p Bdzt dzn ) «
gbkzls! Jjj LOCdz yojlsmw o MmdzjHlkzeh jd: L dOv yj fils!
fsdztsy j dedWw Qo detse j MdW sl BY dzez®© =k o) bzl P Hsf2 2 figk
fsLosdzY jls dLdjtewls! Mmddzr s HjMWIisSCtses W j cBlstsds
t OmMMmisistedds Mmdzj Hize " 2 +CMY jteddjdals. v fdsh e
dqLoizzyj ddj 63 dzj ftcj tc’ o detsG 15 d dz¥ tc O § G detiydsts  diBsw
k z=141 / &3S 3, LOR9o0OYyj &0 oL tcOYdzOW Y O fmlcefy) H
fsCter SOV MMz yoO2dz" &5 sSBtOL sd3 dgj ftetsL ttOyYde' 3 3
70dzd3. 1 dztsh OH ¢ fsCter sts?2 % B dx®fn st dztsth O Is] © o ity gj Jste
Yy O fryls d YyOfmMlsdyo® f &z0ea OjIs ) 9 SH ], dZOn sHWh j2f
ftso jton datsfyls Yyoflsdyr WsCkmMdtekzj lsmw dL dzzyj dad j
gL dzz yj deddy o 3B digdfils ' C O § 5C OL Odes dzO ted f)lz dzS
o sH|=10°( 1A .j R j tcOlsktelz MydlsOls: ¢ ts®RdzOIs dzts? .
1L fydddls! wjekdvtedsy Mdiihjddy yomksdyr HIt
dLdzzyj dedv Mt Misstesdr L j dzj des(@3ds szdgg@)0O. 1 C
2. [yjdzdls! MtejHdzaj j LdOyjdedj WakSlzoyd?2 {td
HO® dzj ded j 3 d L dzzyj ded ™ L j dzj dztsG t5) ,0dzOfg  felOOW fxs]
fts Hiczcdds O tcOo dzj dzd Vv (B> &OQokdzze) k _z, Kk _y >
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3. sO¢ HBsdzy dz BM Is! tcOMY tcj HJ dzj de dZzO dzs yOfis d -
Wz ClszOydd B" dzd RBOS fd 3Odz' dz' ? [ d dzed &3O dz' dz" ~
Bq dzd BOdz' dzr 7 @ BzkzE BEzE&Q) 2 .

4. utcOo dzd Is OB &z sl WdhkkzSCkkzOoyd?2 M O&Y{ d
L On o OyPplzded(P s O dzdzts 9 )
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Aslstsdeds” | otdzdzr G OMwWls o jlsjte (2009, dzOdzsWdL d¢
10OH ojthRdzj?2 fto jtendetsfils! 8 flsj € dzv dzdats 21 = F0Gogog 3"
ls fYsojtendesflsd fJtodL d&3r Yosiihjddo sfisduimnscd
d=200dzd3. 1 tod L HOMsMdejth©jjter o dz¥ &3 dzOL j tetsd3 ) dzegdzd dzt
d dzls j dzfpd o dztd flpld 4fifRC DAS5 § 5C OL Odets dz0@  tBHEMEATAECOH.E 5 @
[ d zod Wi MS OV =1a°¢C sHB/ Bo t5H
1. [ftej H] dzd Is fnd dzlz, Hj2floa ks h Iz dz0 X qOfls
Efls @z ez s v MCtstetsls! Hodxjddw. 1 m&ED4 Olsj
f5¢OLOIsjdz ftehbd@yddy Oy b B § Gjzdepe o !

[L 200 nm
. X

l ocH] fdkOs0Ojl sSfkdujmMSd MdoOBtYy e ddsh O h ¢
HRtetsd L i3S d3, HdOM®) Iste YOMmisdoyts: W ¥ yddzSiz.tso [ ldsdf
ftetst ZMS Odaf v dzjf 609 sdzv to dzts  f t5 dzv teQf.L 95.0 Otdadal 8 d3 o fip dadis
f ZOo Ojls jhj GHARZO yOMmsdyd kOSHKES 3j wOL d&j O
IBd Yofmisdyr sfejh O% Ishw f Ot Odzdzj dz' o' dled J sk
dzj ftejter o dgsets zOL j 8O fy H dizfislzteR  dodislotaezi’dhetips i d
 d zogd Wi MS OV =10°¢ sMB’ / agOdEtej o tsds 1o dzj B o U .
2. [yd dedls’ EflsOdsoadeah divViny nikEshisd W YOt dels
YyomledEd . 4, © higjChc ZiyeZj1B88.( 4 B Qapge@f ls! d3ts d3j dzls

d kZecdaseokr MmMCtstwmls: otcEdejGHdsgdls @9 2 Y©OM
YomlsdyoO dzOr sH J Sliwls dfQ) oG Ists@f figsgdy © s dizd Is

Me stesmis! otOh jdzdw olsttetsXzsYPigddy ke dzsh tF+

yomlsdy ftod ©OMmnislts1ded ds-SeEOde. T elzff dsdfts o )
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I btdSd?2 L OLB] Hskzh ezis By  f dzsMS d i3 f s5Ctetso dzf
o tsH dzOVY Mkt jdot dv ftosL teOydze Rizd3 dz@ dgtsisy © Mtsdfy. ) H
B0 s jdmf Oy OMmEd3000S ¢3 &5 1 © o jtendzs ¢ o] ter desfyls:
fsish ' ¢« Bl jSIkdoa0O ) ydRes8s2W sOkfijckisi?
dzj ftoj tor o dzsc ts o dz¥ te O Coipdg)fny dztsogtes” drOidgk tsCz@ L1 jOt6@ 5 0
3. [ftejHjddls! &GOS MdBOd datfsts sksticds ( ddz® LoGyL teStaig), 2

ihd BEHEIL MmMtBdttOls! Mv dOdsyOmMisdy" . r dzv o
SBftjHjddls! LOsdmdBsmis! s ot] djdd udmnd
&ZzOdzs yoOmisdy. dydIlsOls: , vyt HJOM] Iste BY Bl IsO:

Ctgyj destcOydwy yOMmisdy dO® judddylz f d&zsF.OH(d
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[Bdzj CEdzvteds | Bslstster (2009, dOdsWdL ¢ 0)

Il Ctdpyj fHtosh dzsets 9 jC O BN dzs fMH j dzGBdgts WedQ dgjS @ Is
sB dzOtolzy J dzts, Yls s dideldc@z j@zBH O ¢thm Mo tsj gz Mstctsj d
tcOB SiIsT ftcOCIsdyd MSd f sdzdetsfls: & fsoltsteweils (L
L dzj CSstetsBisistster d ¢ j dzj @lsiastOL .0 A jotg dgdaRls dz® y , dz
GdHtodmdzjo dz duan, O IsOCY | H)dvyjfigjta] degiites tdf Qulsds
sBiMfjydeoOjls MmMIlsOBddzt dgf 2 o dzzlsted C dzj stsydz" 2 te)
ttOBBIS] BHERO dqL yYyoOmlksj?2 L1lstsets W jtedij dzgs©O Mmtso j§
ftcdodzy ¢ o dafdFOdafff)mdasse Olsj dzj 2 € dL & didddessOLdzy. n

o, ATO®

BHyTpeHHee
NPOCTPAHCTBO

g i
BHelwHee Cravop t

NPOCTPaHCTBO H*

15 ®jttj bsets COC¢ fuokstd fskjSoslks yjtejL
ceslsice o©ONOjlsMY 5 yYOMmses2 MmbstjdSj, d o
SBLOL A, Lkt khkeshEBs® OUwPHBEOs d sttt ksl s
Ldzj Cleteduj MS ks 1 dzgjecds o B ROddujmSks. [ -
ftjotOhOjlsiw o 1dzgjtecds oddduimSdn fMoweL j2 dit
pON Ojlsfw fslkdes YOMSe sDisis R dledyj §MnY tot dj B
floweL j2 fjowOhOjlsimw o 1dzjSlktedujMSbks 1 dgj tsc
or fsdzdzg jIs d ¢CGjdzj 6OsteO | dzj Clstost dzgj tecdde.
1iMStsd Cdisd cbkffOdd dhmndj Hso Oljdj2 B'd&
MddzsOL O B' ZO §OLBREY L) ZO OO [y o0k ftedits
BIC MW jtck HdOd) stesds SCtsdzs 1 RS d. | OB dzd HOdz
My jydoOd d i fedestess o j dd fi qL B toj dadw 1 «
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LCMf jted ) delstse ftod cGdHEsdzdL j dgd tet st 'ts B ffzOtp¢
SBBieslsO o MjSkdHkz, ftdy &3 otdh jddj ftoj H s
teslsste®, COYH'™2 ©OL dO 120A.

1.0 nKm
PnyopecueHTHIA
Mukpochepa
NOKPELITaA
CTPENTIBMAMHOM
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50 A

58 A

L {fgdhdlsy ftesyj fifpd kOBUsTs" o ¢hxy ddB] BslststeO
wdLrdudmSEs2 ssySd Lt g™ (nd dBO Cttetesting jsHf dflsuij e
GJdzj tOIsBlctsd3: ECOYdIsd, cocow yoOfmls: W ted3g
EmMstcts2MmMlse, d fdhdls(4 fec@dzag@)f dr t©OBBIST ) .

2. ] s dMOdadatsds o1 h j ] fgdfs jOte O3 tekidsejts IsiOwkz® o  toj
IFrudmdzdisy Mwtzssts§ Ostijeddlsy (o udmdzdilsj ¢t
sO¢Cdd3 ¢ J dzf B O IlstOmitsixkls P2 Is | Yylsts ftd cdHEs
9" Hy dzw j Ismw 1 dzj tecSdwy lodzt€d®'dzd yd mMlse j 50
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. {yddedlsy 5 fswWHSE oj dzduyddzr dBROSCMd BZOdz dgr =

tcOLodlsMdds®L O ftod twOBSES 8 OmPY B BlststcC
[ tcEes?2 kddSCOd dzr 2 Bdtdzsedyj Med?2 dBslsste, ISt
Tdisdzy Sdzr By dz2C O Cddzj L ddzO. CIsd Bsdzy Skdz" HodY
9 COyifmlsej "Issf dzde O" tsdgeztzy Gz tetc OPztnlf stcdzd j & 1§ )l
fJtejddihjdedy oL d¢C zdz { Mdzd ftetso j Misd OdzOdzts@ ¢
(BdSCtetslstclze € d) deteOe s totsdz! toj dzt mMtse , fs Cts
Cddzj LddzO (9 0OGtsdz ), dzgj MW dzO Mekisgz) § Bdzj L tz2tc?Y € &
C o9jLdCkdzj, Gtttk dzj sBrBHIBS BCOGRBEEEBE ( tc
ZOf tcQo dzw jIs Hody Jj ded § .
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Bsdzj S0 dMisd Lkjk o COyjMmsesj bkosfddoO 1
Cqdzj L ddz® ©OMNM jfdzwjls ftddjtedets 100 diig] € vizais of
fd O, ©OLodo Oj BOV BHAE?2 &sdj Ckdas?2 ¢ddL ddo,
4.1 s L Isdds HOdgdz" d3 o' ydmdzdls j( 3s 1O dadOdej € dzr € d
5.1 COCdR ©Bd&OMEwWE dOdskj dsdksed? &ty ds
Bslsster d HdY yjets? ¢ dzOqEECQdsd  fCethipl-t e ¢
Bsekzls Mdzzy dls! fted MSLHOd ©OL ddydy =~
ftoj Bk jMiso Ok, O vylsts ¢ dzj H s(ids Os@ RHD Bt dzj §
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1 Otew 3 j dadz’ | deOdesyOMmisdyr (2010, "hCwsdz dzdSd, W
RLO®J Mlisdzts, Yylsts S odzdzsd H dzr tcOMmlso tster (L dzd)
Ocdizsdzj cdtetso Ols! , BteOL Vv MmdztsH dedj B SEzgstf dzjyOfipis d
fteduyddz SOSCtsets wodzjdedw wodzwjlsmmw dJLB'" Iss¢C 89
ftedlswy jfipg®@o dzvis@ dj tsBl jHddgwIls! MW fHEBM jHMNd]
yomisdyr . [ dzw ftcj HiSlse tON j dzd W O dzsd3j s Oydd
SHdsd B dzdsecs L 200, ybts ftedeajHil ¢ drn tlslsOd
1. sOCdd3d Mytsmss Ok d@sy dets L OteW H dIs! (20O detdzeADls
2. 80 ddsd dtsclzls B Is! d3d dzd d3Odz! dzr 2 d (2d3@SPhgizizO d
1 2Mmlsy &zOf ted d3d te, COYHBABRBE dL GBtOLEZENMNJA L S
¥ jtedui M izr W oRBE MHpBcomEhsddd {§ sazsitctsjdd 2dz
BsHEZdF etk L OWHE { dj € IstesdzO.
3. Hylisc zls dzd sO¢ dJ yomisdyr sSBtcOL SO 9 Ols!
CodzdzsdH dzs 3 tcOMlso stcjy o B j dzL K5zj B Gdedits & t5 d3dz0 Is
4. RL g dgd Isfpw  dzd tej L zdz sOIls, (Bfpdedpdzd@fzj dzd s B J
5. 1 OadMmdls dzd o jdgistt Gyasdls sls O i@t d&3j(1c s 8)0O dixlf dBts
C tsdzyJ dzigltc CayR(dddsds Isj i3 j t Oz B)OdAdOMIso Stc ©?
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[ O BEHjls fMajls! (2010, "hCtsdz dzgdSd, WdL ¢ O)

Il dz2Ofmlsswh jj otejdi3Y dLojMmisdes dRdesy i Mlsets Isdf tse
tcOBIsk ftOCIlsdyd MEd sk BSGS  dL dzd ~ dzj o tsL d3t
dzO dzts 3O Is j tod O dzts o ddzd dzOdetslsj m desdztse 2 . 1 tsdzj §

dmyf sdz' L s9 Odzafzs} daPfaltsg fFUsdzsc 2 HBEZW ML HOdzd W

Mtse j toh j dzdz" A3, Ekdzdoe jtemMOdz! dz2" &3d d BJ L B5ISC OL dzgr d3g
RfMsstedui M&d fiteor &3 dMistsydzd S sd3 Mo jlsO Hdz¥ yj
sC szt e dav, Htcjodzad?2 yJjdztseo jBH By I EqEME jlzty oz
otsLHEMNd » kst dOdktsyOmisdyr Ld d MoOyd,
mMesMmMisswdzgdd d Ekdjlkzyde Ot lsmw oo tswimd.

1.t OmMfimydIls 02 byo thiffrttteiyfflsi'c s o L HEN dgsets ff sIstsC O
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s O0C B2 dzgj ftcOQoaddz dz" 2 LOCtsdzg [BO (2010, h € sdz' dgd
Il 18827 gBOE uvuddiitd [d@ SlsCtr a0jls Mat?2 L dzOd3.
mMddzkz IssC O, ftosls] COsh jets yYdtedlL ftctseo tsH dzd ¢,
ftesaded ¢ O, yjtejL dzd € df o ts L tisH A E[ylsJ dzls d dzd Msf
LOodMmd dssmis! M H tsMisipPds sy datpts e dzsiHs@ sl Ws sHyddats tsB i Y
[ H&ZOSC 5 dzj H O9 dzts -¥ df fiy if & JOHIFS 0 EOHSQ dry figi3 gL di3j ted Is f
BISCtesMEsT-ORY g sdelz bs ~nOOCIsjtedmMisdC iz Cdzls OC s O
Hg O3] Isdeds dfn 1L sdzslsts? § sH Y S22 . ®© MYy jodpdzj azls @@
vsO0BdZd YO M § dzzyd dedzr &3d + € MY J t

U, mVv [, mkA U, mV [, mkA
7,5 0,37 361,1 22,29
22,7 0,83 374,3 23,67
45,4 1,74 385,6 25,23
68 2,66 397 26,61
92,7 3,58 412,1 27,8
1115 4,59 421,6 29,45
149,3 6,33 431 30,92

160,7 7,25 442.3 32,39
173,9 7,89 455,6 33,76
192,8 8,81 470,7 35,5
200,4 9,45 480,2 36,97
207,9 9,91 493,4 38,35
225 11,2 502,8 39,08
243,9 12,48 514,2 40,28
260,9 13,76 523,6 41,93
266,5 14,31 533,1 43,58

276 14,95 5425 45,32
293 16,15 550,1 46,97
300,6 16,79 557,7 48,53
310 17,34 567,1 50,28

323,3 17,98 576,6 51,74
330,8 18,62 584,1 53,3
342,2 20 593,6 55,14
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L dzj Sstetsdz f jtojntsHIS dz0 Hiclzc 52 dzdox" dzdj?
fJjtcotsdgOyOdz dgts@ 5, sts { dzgjtecdw WilstsdzO BEHJ
BiYHE 1 Isdddd Lktetse dzv d3d . vts j Mmis! Olstsdz By |
dL dzeydls! Htekes?2. uvOSdd tBtLOL t5d, BN Ydz' 2
Hazw L dzj Clstc®trtsaiso v seifigse 5 ~d B yd MEsets 1 dzj c
d Itsls yj. 10, dzOdzd \d jls tsH dfffrieCistey joleptzizdty d@@eCria
1 dzj Clstetsdzg" o OltsBzBOR dORtSHWIsTwW COC o kL ¢
st tg! d3dj, GHJ SOYHTN 2 { tohdndetef diasfX MABdisj .0 Mo
Sso0dkzsse O syt 0. ) ftocsotsHdzed COr d §sdzzf
mMtsmistsw dzd d , omMiGHO ftedmkzlsmlseo ¢ Is Mo BB BHC
fjtejHodceOs sy 5 ofjdk Bl Y Bz. [dd dzOfd
mded ddi3il! o BQigddedizf Bs5dzj cedd, bt jMmis! dn
f dzOo dzts . [ HdOC 5, 4 Mdzd dzOyd dzOlIs! gL d&zj dz@ yO!
Yykze mlse tso Ols+ Yylsts MotsBtHO dn BEteOdedydo O
L dgjtecd?2 dOyddzOjls My Olss Mw .Is orRO ChipdscOHIAs o 8 G Lk
100 des (ftedBdzdL dlsj dz' dets) , Ists Hj2Mlseoabkjls €.
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ftcj otcOh O Isfiyw ) dzj o sB tSH dz' =, dzOB S tc tc O
HdMCtejIsder 3. uvts jMls: COC-sts B twytzygdd Od®d]
tsBl § Cls cjcdagsr i fiidsets d3ts dzeé .
Slsts fjtwor 2 ftojHdzsyddz d&OLoOddy ¢dmsEzmmlise
A d 2 dzd30 dz, d Ctd¢ rtjSMmdzjtc (Ooaltste ¢f Oh ddz
Cslstster 2 ftedHERBOdZ Mizseots ¢ dzOdetsls j n detsdzse d W e .
. {BdzOMIs! ftedd3j dzj dedv dMmS¢ Mmiye f dzbiplsHE dshistas] distda”
OB tstetsdz 1 dzgj tced?2. 10 dr wfidtse j Btsy des H J dzC
dL dzz yJ dzd v . 1 sdzr hdj otsL Bsy detsmisd Mo wL Odgr
Yyofmlstsisr gL dzzyj dzedw CoOdzssor™ 7 Istsyd ¢, d34 dzv
stsySC O tsdgjidsy] Hdzd dzO o 5 dzdz" dL azzyd ddv. 10
Ot Wy dets MsL HOl! JqPiz0qjddj SslsBHOf O
ff shtse-tgtg) G § 5C 0 dzff L otz Gatpts @ NSO 10
e fsdkzzyjddwy (Maddt MdddsjiL O) €9 Odzlst
HJHddze dL mMoOdr n tcOMmy tctsmis tc Odgy dzdz' ~ My st
ZzOtc O d & Odzd J B Is ts Hirdzdy j aystz] @ B dfvist©dtdn d ({0
ftsojtndetsimisd B@BOIsj e OdzO A, CseHO fMmist
BOIsj ted Odzts © tcOL dzd Yy O¢:-lsdg®  dig fiy WOz dpdisp dz'ff deids
ftcdotsHdIls ¢ Istsdkz, Yybsts dz0 o jton desflsd
fJtcORBdHSd Htkzetsets. Cld fdteOBdHSd d j Mmls
2) rtezets?2 MY smtse MowLOdz M dzdlstsctcOWNdj2: o
d k"ol o 1ild W KEets>dE dBA fdadd O dd®B s
Yylsser hdeddzO L Offtejnhy dadets?2 L tsde" B3OIsj tod Od
cl e. USGHO | dzj € Istetsdsr BOIs j tadOdad dzjl & fi) dste

fjtej2Isd ) cde, sC OL Ooh dMm ) f slsj dzyc
otsLdzdCdetso j dgds QiduE@j bdapecs d2az d ftoj otcOF
BOI jtedOdzO ¢l e o dMmSkfgMmlse jdader j| Olstsdir . v

Ctsdzy®© dzi 9o dH dats.
cftdzj Skdzr e d SCtedMmlsOdkzdzr dL dMmMSkfMmise j dadz” =
fsLotsdzv jlIs f sdzzyOls! Bdzse smdzs2 dzf | MistsBC Isk
mdzr mdzj , 1 Ists sy dzts dzOL 9 Ols! Ctod fls O dzdzts 3,
Ef stcWHBYJ dedets] O sty §dzd & Gac@dzisR®o Mdsstcts
Cted Mls OdzdzOr Olstsdi3r MowL Odzr Hteke f HEkzEtsd -
CoOdzlsso" &3 IsyscsoOodd oL ddC dzzls = d d3d ysss d J

9 0ttdOdzls tsBtsBM jMisodzj dzdvw + dzj Clstctsdz€0 Odzlstso tif
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SstsL

Istsy¢ d. Il sdzeydds S o Odzstsokzs IstsySlkz M Hkzedd
Hizd30¥ .

Zv S50 O [ SOjteddzO wjtecdj j o dzO
crRMC EMMise j dzdzr RIstsOlsTalfedzls so OW ssys 0. dlstsd
MtcOo dzj dzdé M dzOMlsswh dd3, MH-g Y QlsdzEzze Yy Jf dz
cojHEZLe tdd MisBw COC BHJd Olstd. L ¢ 9 OdzlsH
ftesotsHdd@sMIsd, d 1 dzj Ctesdzer dBseckls ¢f jtoj B
sBr Yydesd3 Obtsdzj ! ). 168 1 dzjSlstetsdg, S ddezoah
oLOddBBaag2MoMmMi twWOQoadets BMIsOjIsmw ) dddGchoeL
ZzOL " 9 0jIsmw 1 ¢ Mdlstsdzsts d3. RL O J Misdzts, ysts d.d
CoOdzlstso ™ j -LIOS WL Az + dzgjtccdd + SMdlstsdztse
¢cRMCEMMIse j dzdz" 2 Ols selBeq dztsee | tdatkd o J ddsls dEBj J
YyJjdzsdz jets Mots2fmlsea O Mmatsy@ s dsb r dydz 3 Odijs st
MmMots2MmMlse CoOdlstsor n IsyYyd ¢ dr d fttsL o Odzd ¢
lfjtcoar j CoOdzstsor j IbtySd dOLo Oz OS¢ dzOkts,
CGBHO r M ¢dzW j totsoi:l Iscss oc@dEjstHzofrj jls olgjtxtads df Ols
Colster n M@y dets kEZf tcOo dzw Is! e
so0dzssor j IssySd Jjhy McOodadlsj dz' dets datseo " 2
hdesC s Jtetsd N dzj dzdetsds fted d3j dzaj dedd t6j ud ¢ s
Bd K€ tc d M IsOedtDBlDts 0 F 1 stsygj ¢ ZJ dimf sdz! L 2% Is1
dimmdzj His9 Odzd W 7, 9 CBltster n btejBlkjlsmMw EkHBGE
Ofteddizj tc ®© BdBdseduimMSédrs dMmmdzi Hse Odzd v = .
Sso0dkzstsor § Gl @WsE dfdL cdzOodz" = COdzZHJH Olstse H A&
Codfstsor n Ctsdi3f! Blsj tcOn .
dkzh jMmMsolzjls ftesctcOBBO fMtsL HOdzdivQD-HEDPMY dzj j & d
r s dz2Ofmlstswh jeots Bsdgd dz2s© S o Odzlstseor §j Issyscd B
M sMtse dztsmls ! ftosdL o tsH(Is! RBdzsy j Mise s t.OL dz
tcOL 3] tots o (U s smEBQLd@ias M izH 5B dz" d3 H dzW W dzlz 1
Bdtsdj HdyddemSdr fteddzj dzj dzd v n) . [JH&OSC =~ dc
(Vanderbilt University) dzOh dzd MY smse, t
gL &z yOls' o hdqesSCtsds Hd O OL tsdzj MPQfds.tsils, Ists
10 dr thdssj Mj2yom mMsLHOs sy COC dzsor j
fteddzydf Odz! dets deser | EkEfmMstes2Mmlso ®© ( &zOf tod d&3j
CoOdzlssots? CStwdlflsscatwcOWdd )
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b dzj

HBSLHO OV dRdetsy jMlsets CoOdEstsoar 7 Issyd ¢, tc Of
B3y dzts f sdzzydls: dm¢ kzmMmise j dadzr 2 Cted Mls ©dzdz.
SHdtsdj tedz" J d Hobkdijtds J foodzkftesotsHdzdCtsor
CoOdzlstsor j Mlsj dzS d) . stsd3B d dzOydd tOL dzd ydz ~
Mz y Ol thdeso 52 d da? ts tc A0y lstistelzdg’ - o fipyj - BAS dzis & d
HOYJ o tfYtsefmjHdzd odzts?2 X duL dad .

rod Mew L Odzdz'-ggj ~o0O ddoyQ dgStdsodis Md3r mMdzi C o Odelstsor
"dMmMSEmMMmise j dzdets? s dzj CEdzs2 " . 1 dzv bsets, ylst
CoOdzlstsor n stsyd ¢, dzj sB ~dzdfild s  t8 O fiptOwHdzE i o
CoOdzssa " n Istsyd €.

[HdzO dL dzO0d B tsdzj j tcOMf esMisteOdzj dzdz" = TlIsj m C
Bsdzj C iz gaseo OV 1 f JlsOSCdw. 1 +1Iss dgjIstsHdC
Mdzsy dzr = MbstckzCIskte ftosdLosHdMw o on ndgdse
Ostsdiise ( ddzd dstsdzj ¢ & dz) dimf Otcw j i3 G 5 ojhi
dmlstsyded ¢ 4§ , ZO ftsHHjtydo O dglzs ftcd L OHOdz
ojhjMmMsa O dL dmistsydzed € ts9 fls ts dz BOdz' Yls
fso jtorndesisd dzOtcOMilsOjtsdes B H igazts &ts dats jdits jdAy I€ dz @
sMOYHOEhJjMmMw dO e jton desMmis! Olstsdzr ( Bsdzj !
Bdctedolkzs s 5 oo jterndesmisd, oMmMlstceOdo OWMm: o
o MsC ] SCStdMmMlsOdkzdzd yj ME B Mo jteh j dzmIOL s tfia®C
Mots2MmMlso ®  sdzzyos h d-s mw MstezClskte odzdw j s
f sHdztsy € d, fstsSCd ojhjfMmMlsa® dL dMissydsd ¢ ts
CtedMlsOdzdzd yi MEsj Mtse jtoh jdeMlsots fsHisySCd
daizd 4 s fsdms s dzbddrf daf dtsH d2VOHsOUYd t6j y d dBtse

hddz J dzjB St jody

RMEC EMMise j didazj? Edss dxf dzts § CO¢ Co0dzlstsoO® Is
sfse j degdetsisd S OC Br ¢crnteOdedls’' ¢ dgjBtdzr hdj ¢
soOdzdstsor j Istsy¢d ZOR sH W s i tod d3d dzj dzd J

L Of sd3d dzO¥ M d n EMistets?2 Mise OF . so0dzlsso " j Is ts
MistczS sktelz dzO (o jterndesisd  sdzztf tetso 5H dzd ¢ ¢
cCtedMmlsOdzdzr ¢. ¢ dzj Ckdzr ¢ dzed dzgj tsBtcOL k8 Is.
Sso0Odzssar j stsy¢d dBekls tBtKOLBO™ 9 Ols! Mw d
Ctej dgdzd W ddzd OtMmjdedH O ¢ Odzdzd W dzOdzj Misd dz

¢ j todsOdzq v .
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{t OHEZGO (2008, " Cod dzdCd, wWOL B dzS O)
skLdziytses v jtcej?2 wjtecjjody

1. rdzj odes? clag s 2 ¢, (ol dy cibBlsQadEvjls fcs 3

cOL dzr d3d HdzZddzOdsd o tsdzdz (Ists jMmils! wWOL dz" d3d yo
ftcdotsHdIls ¢ 1+ WWjSClkk ¢BJ dzZsese Mo jlsO. 1 MmJ

SHdesdz ¢cfOCjlsjé f BHdts2 Mesttshlekzdw , o tciPe Hal
BdzdL S jJHdddyd. JduHddr 2 foajl Mtshmistsdls du
0.4 BECB (Wdsdzjlssar2) HEts 0.7 BEHB (StcOMmdz 2
.H9jls MdzOBts ©WOMMjdoOjlsmw o ObdksmMW jtej, ¢ 6
otoj W Mkl fHtwosdmMrshydls defzp @Gdw stzizs & Gz
ftesdMmMatsHdls dz2O dBsdzj ¢ z2dzOA otsLHERO d s df
Cobbstets? Misjtfjde twWOMMjwdedy ©BOlsdts fftotst
o tsdzdz . vts  j Mmis: Yj B3 d3jdz' " j Hdzd dzO o tsdzdz
lslstsledig CBBIsE s sdzdzso O yOMmlis! My j SstcO Mo
Wdtsdzj stser j) BB N j, Yd @3 H dzd dzdzts 9 s dzdzts 9 OW

zyd ftotsoBHWIS ctteOLHEt Bdz hzg yYOfils:! Ols d3
HisfMisd ¢ dzlz Is - ZOh WL O dpsizOfiy . Is [Cdg,5 Wjlots o L j dzd sy
fsylsd it jdidiizdvicds ¢ (o jtrndtsMmisd 4 &
Osf@smMW jtor (M HEMOsydts?2 Issydesmis! 8 d@Bsy dal
BC A3 o fodzwtcder » N dqotslsOrn HB 168 0kE ajiEest S
stsdzh 2 etsLHEA O, Mo jls dmMfrIsr e0Ojls EtstcOLHB
otsLHEZRO. ltejyH] ofMmjet 1t wlsdatsmdlsmw ¢ G
mMddzt des tOMMmj doOjlsmMw d HB dzgOfp HEsSatSHdIl o

Ists jHfglis'dz" o tsdzdz, Mtslse jlsMmiselzs h dj € tcOmdats Bz
syjdddz dqL detsffrikmMise® k! Colstster 2 ftotsn
f sz yd dzts ' HGds,tcWvwlEE0 ARDO BSd M j, YJ B 9 L
.ssdzdyj Msoats tslstcOy Y dzdzaBic tirtsfipls d SPsS L O G H drj BIsY
2O ctOddyj SCtbtstern ftosdmManHdls lstcOy j dzd
Mo jlsO GlstcOy Oj Ismyw . dojls fsfOHOjls o Mds?2
t OL dztsfls fsCOL O] dzv o] dzsdzdzj ded W  Cdiy WI0@kz! db
otsLHERO, bz Yyl  sSnEL Als j3d3) tfotg jhdgts dzday J
n= 1). 1 itz stcOy jddj o fjteotsds Mdzzyod
o COfdzvr ftesdmatsHdls HdMY jtemdw e j Is0O, |
9" HJdzj ded §J o Mj-in O H dze dzac © ismEHRIsdfin fittdn tiBts dzdzv s+ W
Hdzddz' " j] otdzdzO, Isjdz fMdzOB jj tOMMjdo O8 Isfypw 1
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SstsL

Edzd dz* " ddzimpw HEts dzgj MEBBdz Cdr dzOdzsd3j Istetso Is s
mMojls dzaj MABtsy il cfykomlsose Ol & 1 IsHlzIsC OF ¢
ftoj dztsdgdzy ded d d3" daj MmMstsy 4 d3 dzOB dz¥ H Ols+ w9 d

Z"SCso 0O [SOljteddO ©jtdj j o dzO

1l jdzr 2iMleg sz ! efMmirm yoilse MfjSktcd®, Is. J
9 s dzdz. H49Jls Hdz &3 dzOd3, C tsdey ydats, ctsB j M j-
S5Ctots dzdgelzef 5 j fliso © toOL dzd ydz" = 1 dzj oz delsts o A s
Btsdzz hj eofMmjcet) . SOYH"™ 22 1dzj o3j des dL dzzyOyg Is
(dzOf tod dzgd to, dzddzj 2 yoOlsr 2 M jClstc oaBHBLBHO M
mMismMse jdz dMf 2MC Ols! o d Had dig @L digfoyjdis R ls SHddzdCds ¢
o d&3j MisJ 1 Ists ¢ totsdidets cihetsfdh je tOL dzd ydz
setotsdzde’ d3 tcOL detstsBtcOL dj 3 Hdzddz o tsdzdz, Ylsts o
ofMjn YOMbLij® ififsj Sdstg@nls: B j dzr 2 Mo jls.

Il otejdid" L OCOIO sMeLjONOK jetkFdzB)s WHsylsd
ftsojtorndesfisd, kOS ybt k', Clstster 2 ftosnt
Bdesets Mmddzgjets d HOYJ Y dzZlssegts Mo jlsO tcOf
dzOB dz¥ HOIs j dzw . 1 ZOGEtsHOY 1 stsdkkz, sH&zOE MY
CteOfmde” § bsdO.  OMMy wdaPp dztf § § H&dzigl getzd § Olst
OlsdstsmW j toj . t OmMmiwdedd o3 dev jlsipw COC W EkdzeS y
Hdzd dzj o tsdzde Mo j sO. SSEHO 1Ists Blsdatsh j dad §
tcOMmmJ vded J , i tod ¥ Cuxsitdidss d3 te &fr § W dzd W sBteOls
Yd o jtelsts?2 Mmisjfjded Hdzd dzr o tsdzdz .

CWWJGls t OB30dzO0 ( € tsd3B d dzOy J ts dzdz® jte Oddrd] W tet£(dg O digt
GOL On, NdHEC sMisw o d ¢Cttdmls OdzdzO~R , mMsf tcso 5
Yyoflstsisr . J slsdzd ydgiompw defivdzj he HBEBegts 8 Mz
tcOmMMmjwvddw Mo jlsO o MmMfjlCitej tOMmMmjvwdadase s (L
Clsster 7 dzjls o MyjChktj 4§t d yaahie e gL B
ftesatSHW yYjtejL otsHd 2 Mdzs?2 OmMigitgo OFf Iiigustc
JL &z yOjkmv OmMi Od ks, (! lssdz d&GsCter 2 OMW
¢ o MzEyoj M IsisdOyy s tels ldyls | tseabitsteRizdafsf Is @ deddz] € ts
ftcj HMsOo dzw s Is MBBB?2 Getsdds] Ctddyjmsss
ftoj zsdBazv s " dr 50 jton digi)ds B 26 O€ SHisjotz d3dzeizsly |
18, 9 Ctdzyy SCtdzytse, dz, C0O¢C B" &z BJ dz" d3, I
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4.

b dzj

( Mdzd Y § tcOL di3j e € Of j dz Zd3j dz@ M d s HiS G tc
fejHmsOadls!, ybkt SOfdd MsmisswYs-&aEji dlh,H d
BzHEl dhMfitHEeObOSEBdENe jls, C(slktter 2 ontHCJL
pBHT (fodsmOlsr2). [Bi wihdwjkfw s Isj &,
Oktsdiss, Mojl doj o] sddvels, O {scdsh O
Clster 2 dsckls My kmsdls M|t i e Odads -

hddz J dzjB St Jjody

[ dzaj o degts? Mo jls B dzf 2, f sz Ykt wtddyl
dL dzz yd dzd v .

vsojlssotsy dLdAzzyjddd, dqHENMj] f wtddyo, {t.
CslststcOV yjdztse j yj MSC sdiz? . ¢ dsOs dzi O uSsQ@izdgulg PvVL O
BOdZSEts EZedzO orBHO dLdzyjddw o Old@smWjtck
CtcOMmMdzte s Yo jlsO MOBOW Bdz h OW Hdzd dzO o s5dzdz
MdzdL 2, d d& odHdd ddj dedets + sk f sdzshmiz.

1 so jtondesmils! Mmisjezdz@,j] IsQWzOd &sfigjcOy Oj s Mmisdzdg
stsdzyj dzesj, Its o jtendesils: Mlsj ¢ dzO0O Byd d@ Mm
fsysd ojfMm! MmMoejls, fOHOENd2 dO dicects. [MlO
fosdmMrtsHdIls o dzzlstej dedej §J ttjcdds] dzd o jB® GOKCS
Hiczedr yYyOMmsd P MissETRO.cdasL € OY jIsmw B J dzf &3.

fsCter s btsdtdd Moatsjd yomsdy §imco d f§rd
OmMW¥ Odz' Is yJj BSCter 2, fr dz d fims¢ yoOMmisdy
OMmMW Gz f tcdsBte sOJIs faugAcda MIsd dzdz" 2 yojls

( Mdzd BT tcOL BBjte COf j dz Zdgi dz' "  d&ziqw BT H
tcOL d&ZOc Odzqw B" 5 MdzjHEks M j2 Htodyddz] : H dzw
ftoj dzsdgdlzv dzd !, dgJ sBRrtSHd s yYlstse " twOLdJdg’d
H dzd dz' odzdyr . 165 Hdzdd&zO0 o tdzdz » d md B dstis G dbL
Yylsts Mo jls dzgj BEZHjIs ttOL dzOEOIs! v .
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RMMststedw M oddesds (2008, hCwsdzr dgdSd, WdL d¢ Q)
skLdziytses v jtcej?2 wjtecjjody

1. 1 & jteoar™ 7, HOHJ T wlytej o j dzjl@Cits j Md gdad Istst dz
ZOL " dn@Blo'sC 24 detsfyls! wodzj dgd2, MmowL Odgdz' = ) ¢
fosdzvtedi Oyddzj stst dzj Slstedyj M ddz + WWjClstsds, C
LUW ]Sl ddlfplse dgj tseapgd.ls tc d
lfjtear j 1 WWJiCl MftsdsOdedets? § sdzw ted L OqytsHflz o
Od3d ed & Odzm & d d3 zud dz' d3 rYysL jwsdg ]l OdzOh j € 5
(tesh jdzj os2) Mmtsdzd

2. & j G dzj Is 5 sKBaCMOBM4H,0 1 Is Otcls tc O lsdzOIs ®aff v ( § © dndgdag O dz
oddezs? S dMmdzslsr  dzOL ™ o Qb ISCipiEe disO e IS @ @S BB dded Is j
fnts dz: dzsmd s ode@lesalDdzd jJO dearj M j Mise O, Colstster
i cdzj Istst dzji QVIg tdofcCsO dgzf] € femodléct®ad o( Mo W L@dz! fiets ¥ t
OdzOdzscdj 2 M WitktesBOGde s OB, GCwlstster § Is
d3ts d34 dzls ts 3.
40RO Mjcecdzgjlstsoa ®© Msdzr , Br &ZO f sdzkZyj dz2O ¢ tsd
(Pierre Seignette) d L et jiQdeRichefiey sg® tcdhls
fgoiHidz adH CtdMmMlsOdzdzdlsO Mjcedzj stsots?2 Mmtsdzd,
s dud ME 2 Ctedmls Odzdzd y Jiffi§ dsd2 mdétes fedz'C Is z {6 U315 )
HOY 4 4 M, dzts yOfmlss ftedHjlsmw dMme Ols! Is iz
BiHdyddzj , tcOdz hisjj SfAStHH. O Odzd o Of

Hjodgjlssolz Mtsdz fsdzyosls d dL o ddzO, (OJ:
Bodz "tsdz Stsdzdyjfmlsej MtsHjteydlsmw o oddatsctcC
orHjteyC] oddz0 o odHj CttdMmlsOdzdase oddzdatst
dzj 2stcOdzd L Oyd d¢ Addnides? offszdegs MsH 52 § sdZzyoJ
ZOlsted j o OV Mtsdz? (MJcedej Istsoa O Mtsdz ) .

" J. Valasek, Piezoelectric and allied phenomena in Rochelle Salt Phys. Rev.15, 537" @I90)Rev."17, 475
(1921)
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3.

stsL

sjfit! & fduod dsflsd Mmjcdylbses?2 Mmdd.

Miststetsdz Jd mis! Isd stejIsduyd MGz oL BBy detsfls
Ctod Mls Odzdzts i cdzi Bes&ts Y d3din ts drdzts odCoidg(d), , md ¢ dzj
SBOLBO" 90Is! AdtOdz dz" §j Wttedd" . o Htokzes?

fsdzzyjdedz" | dL oddzO, oflstcj yoOs lsmw Issdz € ts
~nJttOdz dzgtsfls © .

roes2dzdSCtsor jL OGigetdztiz] tedz" J| Mictsilsd & K dolefAnls ©d
Cobtstecsd3 sHddz StedMmlsOdzdz tslsdzd yOj Isfw tsls Htclze
Mddidzj stedd (f dzsMSsMmis: Hos2dzd S s Oded W) , d dzc
Hots2 dzd C tso Odzd W) ddzd slstcOy j dadijcdizi b s oyq dzig ts gz
SBicOLCEs . 9

t Ofmimdistsisted d3 o s totsf ts o sL iBsy dats O3 o dzd W dat
MjodgjIstst dzj Clsteduj MSdy Mot2MmMlsoa® Mjcdzj stso 57
seted, o wlsmikzlsMiseod) odzjhdzjets + dzj CIsted yd MEC
Bsdz ' BEts t©OL &) 6O, OCB Sifds Po s, csdeB) 4 Is CH 5,
[ sd3j dff toj HilsOo dzv ¥ Is s 52  tsd3EOMNEshylS s dtsus] dirfS
M sdels Odzdzs 2 f S22 BESOQYHf BDHs L alalf§ Odzds j B3 o dzkz Iste j C
© HJ1 dzj SBtOFRciOo dzj dedj GosdwtcdL Oydd E tOL dz
Mk ek fsdvtedL Oydy GBEBOLYO o yYjdsd it
CtodMls Odzdzd Is 3" gy dz2 "3 HB dzOdesteOL A3 6O,
SHdtsEs HBdR] dO, d MOt dkow ftdvtedL ydw Bl
sSOC 2 1 dzj Slstcd yd MS dHj Is1 i BsHO H O I/ ts Isttsdgj Rls @2y J
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2] =)

L L-—E)LEJL Y Li'hrl_,—EJJ
l= 0,1 Mag = 10
UTE= 1 drly = 1025 d0 sHdd ¢ dzj § Istetsdg)
I s sdz L 2 di3lv M cOo tsydzr d3d H Odedz’ o3 :
me=9,1*10%'¢ @
> =1,0545*10*1 3 * fy
] sHMisOo dzw W H Odzdz" | do= 28G5z, f sdzzy0oO,j d3:
p=1% =0,01) = 1dzdz 10°d3
Ui E= (@i >*np/2))%2m
Ui E=3,210%% %=0,24 J=19,5¢ 1 Mits dz!

) $('T}"-—1expl ;_i;j—_—lp.

rdzw tejhjdedv §tsfisOodzj dzdets? L OHOyYd otsMmf sdz L

17 6Oy O d3 dipesy disig@p dzj dzd 2 HdzW §f jteo '™ n HoOkznA
k(rl) k(T)

expt =) expt a)

A_
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) sHMsOo dzw j o5 sz yy dedets ] 0T 80 F g ( PEREOH
HOdzdzs o8 Mz YO Bty des  f o] daf s iz U ‘d3dzts € 15 iy O diz?
L C MY tsdzj dzls O)

k(Ts) - Ié(Tl) B k(TZ) ®Xpe RE—S_
exXpt o) expe L) :

[ OdzdasOo dzj dzd j syl Brls! twjhjds ksd ¢
fosc cExdety] § stek@OBBI L d2j e dg OCIdo Oydd

2,52
2,51 .

2,5 A.,.O

) .0'
2,49
2,48

&
2,47
2,46
L 2

2,45 : : :

45950 46000 46050 46100 46150

ANcOG i3 dzls ydmdzj dzdzr = HOdzdz" 7 isH j dzd tetso Odad W :

(o k(273)
46105 2,498138
46110 2,500149
46115 2,502161

vOCdd3 SEMLRAEHEE 3/ BBsd  (WEdRSydw Bt dsls s ddz0),
SHdts tojh jdadj) .

] sHMlsOo dzw w  f sdzzyj dedetsj L ¢z@ y jodzdq ) mets H Has P o dg
dzOr sHJ d3:

¢ =1,679*10

t= 2,68*10"2
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[HEZOCt HOdd 2 d&ilssH HOjIs dzdh: ftodBdzd ) j
Coote { dzgj tcedw OCIsdeOydd ftsyj mMho, o ¢ dzs Y«
csotteY, LOadMmdl Bl IsjdkfjtcOlskzter. MmOLOSCIsj
I j d&zd ygde@OL " 9 Oj lsfyw Ctedlsdyj MS 52 Isj B j . OIs
ftedBdzdL dlsjdzt dets EZCOLT" b P ckipiE tc@gER,dW ¢
Cdzommdud MS sz dzOHB Otc! | todes Bz T W1z dlzlzdzdir dighs
o' MsCdr I &Y jteOlzteOr wd Mfds] sy OmdEdhyj 2 ol dits
o jdzdS s, ojtoswWisdatsfmils! ftojtsHBdzjIls! BOt! jtco H
sded odesmwWils wMdzso dzts?2 9 C d&zOH ) M stetsMmlis!
ZOHBOt! jodztse s ftoslsjEOdPY oj OSwifls d y¥ tcdd d3
dzdzj o' 7 CtsdzjBOded?2, Is. j. dORtHWISMW o B dzdL ¢
Mz yO,] ftoslsj C Ojls tsastdD ICtisd3, s ziiadyj t8H tBaizjdp O B
hdqesCs?2 yoOfmlsd. 1ted fHtesdsjykstsyds » Isj st j to
BEHjIs o desfdlIs: ts fi) dzts o dats 2 o C dzOE, cHadM § © ts oyt
ftesdLojHjdzd] ©Oodetse j Mdes?2 L OMj dzj dedztizigls d dzC
vO0Cdd3 sBtOL Bd3, Gteddsj dzj dedz" 2 o7" h j § BHEzSH o
l OO ltcde Oj sy Mz yo,j 1 Ists dBsy jls ff 5¢ O
tojLbkd O, fwmddgigls Wrhsthtclsd ¢ suslbskuzdz dz t
CzOmMMmMdui MS s dzOH B Ot! jtodetsj v, fz@ B tzy G Oelzlf fyw
fesyj MMho.

UBGHO

k(T,)- k(1) & &4, E @ & E {r,-T,)d

k(T,) ex%%z T, X@ Ra,a, 9
R%%((TZQ('T ';(Tl)gc"rz T, 8314@1%"
E = ¢ 3 - = ¢ ’ - =
a T, -3 = 46,13C | MRS dz!
p-— KT _ 1,57*10, to= k(T)/A = 2,86 *10'2
exp(- RC"]'3)

vsO0Cddz tsBtOL tsd3, ffitedzidsyj dels] sisfi @EYs0 ™ 2 toj L kzo
L dzgj e dw OCIsde Oydd slso j Yo, ls ZyoOmls¢ kz )
sz dzdzj dzd tctso Odzed v .

1 i L sdzOdemdets] Iskdedzj dzdtctseo Oded j @ Htotsatsy HJ ded |
ofMicets (-t dmMPrHjdd] ojtoVvik@iBgbj?2 COYHSGL

p=ta*tg, 1=lhb= 0,5 dBBUiIiBEF5019D qf y==0055*1 53602
254



tg = tg = 0,02676,
pr = tg® = 7,16*10"

1oL sdzOdzmdzsj Iskzdzdzj dzdtetse Odzd j : o j totsW Is dzts
(Cclstesets MS ZOHT 9 O bfjY ¢ Otcls stz o dzd € O ¥ 51§ ezs
WO,

=1+ 1o+ 13

li=1l,= 0,5 d&drl;=0,5* dzB°&BUREL00, 5 iqg 3= =0,
0,5*1,602*10"

= ly+1,+13= (0,5 + 0,5 + 2)*10 = 3*10° dzci3

Pn= 3,67*10%°

vOCdds BiOL 5dgsj o)L dsrOTEEiEET' s Is 2 dzdzj dzd tots 9 O dz
ZO 6 fBttWHSCBo.

[ Odedz’ 2 f toosdnfj dzd totseo Odzdj dzj ¢S dn  yOfjflsdy
L dzj Ctetsdetse )  ydtej L (isdsflfagdpOuddr jds Bvw B @@ j ts
Efstes2 lse, kOCHdR ¢ OS

-MCOdzdtolzs M d2 Iskedgg & dzr 2 oB3d < to

- fsdzjo’ ] btOd dMmisster  G-ristdadz) Hias He,ts o @@ 6 d dgjj ti
Isdf O dgiSdrdizz § tc tsbflashiizd &w s ) ;

-lstsdzdzj dz' dz2f | HGHT (cJdz] tOIsster di oo rdhstdst s UK
5B d&zOMisd sl v) ;

-fNls OB d dzif I tstztlztf tots 0 ts HAfSCHIS © " Rtc j H dzOL dzOy j dedz’ 2

ZOf oWy jddw o dhmstsyddsOn §dlOdedw;

-Oolstst dzj S st dzdzOW L B MMdw L dzj Clstesdetse L

COltsHT dgmf sdz! L z¥ Isfyw : Hdzw  f sdzzyd dedw toj dzls
fzysCtse, 9" atsHd B -~  dzOWctizdp'lze i) € oHsdzw  de@SHAY g ® ©
Gjdzj tOtsteOR ; Hdzw W sttd3dtetse Odzdw 1 dzj S lstetsc
EmMStstjddd bwyjdr 7 dodtse) .

[0k jdzSts [ oG jdzd? | J dedzOHdJ o dYy
1. I sfmftsdz' L 2§ dzgmw W st 3z dzts 2 H dzw 9JswWilsdztsmls d
ftslsj dgyd Odz' dzr 2 B @tds'djotg,H JddgdBSI2L dPo lststctsdz L OH O

p:expg‘e%I an(U B) 3 036 (36%
g -

Vieigdn e v sweedk "D agwy aue
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2. RMitd Lizjds ZtcOodzj dzdj oOtetej dzgdzmMO M EZyjlbtd

eaE6

k(T)® Age pge RT 913

[ dzw tod hJ dzdw dmf sdz? Lkjd&3 MmMdzinHke " d2 ftedd
lsj B j Okt OR (pmexpéegar,lswmmns)msng Lk@ 01T d s
¢

sydddo IsOC dAdyg Efs B tgOQdxid3 |, dimf sdz L v sty kL
ANddzOdzt dzr &3 h Oetsds LOfdh jd3 fMmMdMmisy B dL Istej r
ydmdzj dedets tcjhddz j4J © f#0OCilsj Mat hemati ca,
A EadpdzOh d sy j datsydz § o dzd ud dz .

] sz yBF1: WM E,=46C 1 H d3; p=2.7 ™.

.l rydmdzd s o j tetsW Is dats fiyls ¢ ftosded C dztseo j dgd W  H dzw
(fjtoj Bdesy do o jtesWisdesisd Iskdzdzj dzdtetseo Oded v

e )
p:expge% (U B 872 10
g —_—
[ dzjtej L SO dzsE s sk dzdz dzdtetse Odzd W f 5zl G
s )
p=expm-2 0 [m(U B g 37 10¢
(;', -

) eddzydy lskdedzj edetse Odedw dmitsd Lkzjkmwle M
¢ Jjhj o Iskdedzgj dzz dz' = HIBHOR (HdBHOR CMOCd
&sB' S kMses2fmlse OF, t©fdiso Odzedz’ @ &zO Oolst
BjOkedyjMSdj SOsH' Hdv dOCOySd o ¢
Ldzj Cstetsdzdzr B d3q § tedsANG dejf KOS dgj, Is tSAXU | (D o tstsB h j
sfdetseo Odzdz" = dzO 1 WW jCIsj rytLjWimtsdo) .

MOt ZORSo O [ Oted Odedz® 1 W yj MdzOo 59 dzO
1. [ftejHjddd ojtswisdshls! jlladatk,lsyd® w@nhhsiss
wOLdzdyj {dzjteed?2 o 1 13Ce.fOMMO 1 dzj S IstetsdzO

240%°s J _ _
L0507 3Gy 21A0%C @BA0TT ) =exp{102=036=36%

sifjte! ©OMMUudkOj d oL dtsls: 1 dzgj ecd2:

p=exp{

In p(Dl) _ 1 (In001(105431034r >|G)3
20140%¢ ¢ 2A0°d3

l Cryy/ sdz2 d 11 tc0Oo dats:

=3.2400°%°1 ¥

E=_1(
2m
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_ 32404071
1602201 3 /4 J

=0.202 |

E=3.24Q0%°1 »®,02Q0°% dzj ¢ Is lalig<id=19500;r >/ d3ts dz19.55 H 3 d3 1S (

2. 1ltjHYsdzsy dd3, Ut tisdnCksjcdstinjsts O lsdzjte¢ yHaf i
s Iz dzdzj dzd tets 9 Odzd j of3, 0 t$tedls zlzizkizittGl Buz{ j 2 B
fMzh jfllse j dedkse s 9 S ZOHO o CodmsOodskz MS st
fMdMmisj Bz EZtcOs dzj dzd 2 :

4500 = Ap(1)

E
25=Aexp(- L 2
X 831 /s @Q73s )2
. E
6.00° = Aexp(- < + Ap(3
X 831 %/s CZOOs) PE)
U s api=@&.5Q0°%/ A
1 sz yo o3
6.00° = Aexp(- Ea“ )+4.5Q0°
8,311 /s Q00s
N E
1.500° = Aexp(- —2—
% 8.31* 200)
E
25=Aexp(- —2—
X 8.31* 273)
IN1.540° =In A- L(@
8.31* 200
InZS:MA-——EL—{Q
8.31* 273
oz BRI E®) Y sdzizyd d3
IN1.5Q07°- In2.5 - 7.42
E,= = > =46.1s H>
. 1 1 -1.609(10'4r ¢ 18

8.31* 273 8.31* 200

vifdte! @Mmydlsoj &
25 25

A= = €203 =1.6440°
a expé
e - <«
Xpe 8.31* 273)
[sME HO o jtosWIsdesMis! Iskdzdzj dzd tetso Odad W :
R
_45Q0° _, 75401
1.64Q0°

3.1 OMMudlOjd ojsvisdshls! ©jLcdkOdhdses sk da
CoOHLO o jtWisdsiisd Bty HjddY YjtjL ISt
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Il MAzzyoj dzjtejL sdzOdemMdztse 5 Iskzdzdzj dzd tetso Oded W o

MBtesh s oadHdets, Yl o jtesWisdesMmis! toj L 5dzOdzf
o jtoswisdesisd dzj ted L sdzOdzmdesc s Is Iz dzdz]
ltod dzyd Is z dzdzj dzd tcts 9 Odzd W dmt sdz' C & jHsdie'H Or dz
skzdedzj dz! desd3 HdtsH] Misjf jd dzjedtese Odzdw p
Yylsts dzOftewy jdedj ftosBtsWw MlsOdzso dlsmw t©cOo dz" o3
O tcOoa dzjdzd . 1 ted 1 Istsdz, ot oatej W W BsEt
Bj o Odgdsyj s zdzdzj dzd tetso Odzd j €. Clstsls + %W jSIls fi
O j todzts 2 nOteOCIsjtedMmisd¢d Eyomlsts¢, GHJ
Msftcso sy HOJ Isfiyw Zdsj dz' M jodzad j s yd dzr ss¢ 0.
HdWW J tej dzyd Odz! detse s M esilsd o dzj dzaddgte?  ddnyf tsfga
Hd ZOlstcsdzgdetse 5 G j dz] cOIstste®, GHJ GB'M Yydets § tod d
U Iz dzdzj dz! dz" § HtSH' ZORtsHWIS hdtesC sy i tod d3J
or MsC syoOMmistsisdz n fJtcj Cdz¢ yolsj dzj 2, tcOB tsls O
ftejorhoshdn YyoOfmlslsiry GEdsdtusi’ i Cloj, Is totffHdels ! H ts
s tetsd3j sts@ s, O Iskdedzj dz' desds + WW jCIsj tsfdats
MisOydsdzOtcdz" 2  dzj MsOydsdzOtedz 2 + WWjCIsr :
slsOydsdzOtedz” 2 L WWJCls
1ted ftesfkmMCoddd yjttjL Stdksotl kO,
Ctedlsdud MSlze o Plgeded ] z@OC sdzlsOC sy BlsmizisMmls:
Mdzsw Hd! dzj SlstedSO). CWWjSCl (ks ofLoOd Isj
YyjtejL Hdt dzj SltedS BjL Mftetslsdodzjddw L O fMmu
14 MsOydtsdzOteds 2 1 WWjCls
lted s z2mMCOdzdd yd iz ud 28z BOEstctsts®& Of tcHho "t
2O CtsdzZlsOCIlsy otLddSCOjld, (PHYS tdes OO tEy j dz
JL dzz yOls Ldzj StetsBOGdedIsdz j o tsdzdz . 1 tod

SfejHjdvjlshvy CEREOEYH | d&jf tsiplER®dz } &zOdS 0.

Il sLdedCdetso jdzadj dL dzzyj dedw MmewiL Odzs M Isj d3,
MELHOs )] MmMojteRiftesosHwh d?2 kS, ftd §jt
dLB" ssydzlz ¢ 5 tslsdetsh jdzds € smdatso dzts dzlzeUmts s
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