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fts {ssCk foskstsdss M iBdsjdeddy i o Ldtgj B O sl dzOf
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1.2.3 CdzjShktedLOydw SshmddujmMSdn Of
] 50 j 6R desfls dzOW o dgzlstej dgdgw W L dzj § Iste

Isd by yOfmls: fseojtrndshisd Mo ] dsj deder A
f Sdzdzsfls! ¢ L OdedBOs s Hdl dzj Shtedyi MSdj OIS ted
fsCter lsqw, LOhdlsdy j flsjCdz0 Meddjyd = B8Ol
Hdt dzj Clstedud MEdd Ldzj d3d dels' s o, fsHo ey dedz"

L dzj Clstetsdetse © Mo tsj o5 tsBYIdgddzlf.te dlts Bidgjj LiskOdr Isls @ IsiO Y dldst
Hs HJj flsfst)as dsl@ds g tz' dzr 2 §slsjdydod. 1 ttsetsHWhd]
sBdzkyjddd ftedtsBtcjlsOsls o Mot yjtejH! o tBj Ll
dzj L d&2Oydlsj dz' dzr 2 f sdztsy dlsj dzt dgr 2 f tslsg dzyd Odz. )
tcOL dztsfls fslsj dzyd Odzts o §d uwithCddic Ot BL tevdaj ¢ Is tc & &
Codf dzj €  stcOy O h da WOClststetso 1 dzj SlstedL Oydd
CodemlstezS ydd sé¢, di3flzdz mder §  dzj SlstesdzOG dzd Isdz" J§

[CBdzsL jdigder | @ SCStdsdyj mMSdy Off OteOlIlsr dzO R s H
fsHe jtlceOjIsfqw oL Hj2Mlse s CGisteWw YyJ 2 dBOGdzdIstsW
L OteW y jdadg' §| yOfmlsdyr . [MtsBjdedats 1 sts COMOJ Isw
ZOdB @) fes?2 MtsisOo dzts?2 Y Ofls! ¥ [@akani,Peyan 2003zt alis] |
sB ZOH Ot Is 1 dzgj tc€& dzj ¥ s tEismias | dzy BE ©dz! € d =o ' Gl dzj € Is

] tojLkzdz sOIsj 9LOddBsHj2Mlsa dw LIssets  Of ff
BOCdzd ssMY j edzets? § d&ZOL dBs2 1 Isd bkMS st ddr j YOMmls
ftoetsded € O8 Is o jdalzlisde Is Qlstdsds Mo dzw jIsfqw L Otew y jdadj J ¢
ddzd jets 1 dzjSbtedL Oydw, €C0O0¢ 1Its ftoddWilsts CEBsot

fsojeodsils! OffOEOk0 C(ctskStocddssses Mfed
&Zj3y0hjes o bd scOiddcdpscs aD] s &Bisst dj S lsts:
fsojteodtsiisd, d Jjhy BBdjj bhndsydvjls WdLd

CesmMdsd ud MEBEets fesMiscOdzMisa © dz0 Of §f O OB [ B8H § s
CsmdssMO. s RO 0BT ] BO L Otewy jddw d f tsmdzd
tcOL oW H O, [De SonaSadtacrud Rich, 2014 tcd @ j H j dzO dzO tod Mz dz j

1 to ts bz d dzj 2 stetsdz sls Mmtsdzdzj ydzr = e Mmygr hj¢,
ftseo jtomndesisd MY klsdzd € O, CJ 0ad totdtslgdzlsy of Odgj @3 iz
ZHjdz dzzs ©WOHdOyYydtsdedzgz® 1 dzj Slstetsf tetso SH datsmls?
ftesdLotsHdIs! L OtewW ) jodadsy , HIESOCdzjdk sisesjcfisR j Wds J § j dzd
ofMmMstets ] decdes 5 sa P O 200 3 1 so.d S, ShhGuizoik €,
1 dzj SlstedL Oydd Stsmdddy MSdr Of f OtcOlstses dcetcOs s L
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tdfigtdz 1. 13 1 tesyd MM LOtwyjdzedw HJL dzj ClstedC O
[De SoriaSantacruz Pich, 2014]

[fdzd ©OMMBOkiedo Olt! 1 CoOlsted Od dgk¥ 1§ dzsfC &
COMs™ dzgzls O 60000 S5 J1tod {lssd EOCMdEOR d
%O or fMwlsj 25000 S5 wflklsddSd, &ORIBHWH R MW
NifMisCtsdl LOwwy jdds, fjHmisOodwsh jdlz Hdv ddn

I S st daj o€ j iU MYdsf O Ofls dz0 s j 67 datsfls !
fesddCOsls oadklste! oMmjn OjwdOdss, o¢d¥ yOw i
yomisdyr, Ikjd Bsd hj jyY f§tsBjc o¢dzei-ddols,
Ldzj Clstetsdy  f tsdad € RS Ie9s of Hs@ k9! @IERIdaRO d4) MS sdz S5 s

100000
(Hm?) £ TP <~im
10000 . =
- —e-mil <~0.1m
n & — - - - 8
= ~ === p-mil
§ 1000 L3210 1 =M _L LI 1111 .
5 1t 11t 1 1 1 <~10 mm
i 1 1l 11 1l 1 1811 |
R [ R | e S
R =i fii G s <~1mm
g g 10 <~0.1 e
5 : : = : T ::n =i = H— .”i'<~0'1 mm
b i MG 11 i
- ~ == =sasnia - H<~10 um
0.1 .
<~10 kA
0.01 !
0.01 0.1 1 10 100 1000

tdimkzdetsC 1. 14 | dzkBddzO fH tetsded S datso jdedw L dzj Clste
[Vette, 1991 L Qo dMmd ddsmisd s dnr 1 idagje@lstdts dz'fylf dzts
f &z dzC Is d tc dzOY tc EHAY tEaif™
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sOC odHdipzdaf 1O, o teslstsdz , co¢ Btsdzj J Isw 3 j
sstedisL Wisfw OlstsdsOdzsd Odz¢ d3ddedw . | dzzs d dzO { tetsdzd
BOIs j toed Odzr o dzOMmlksswh jj otjdv twOmMmMydlsr 9 Oj Ismw
f tots G tc O Bzd3dzts ¢ Ber§ets WRP24z] ¢ M O

1 O¢C s dzj dzdzr 2 LOteWH MBLHOjIs Mmddz dz § 1 dzj €
Hd! dzj Ssted € O. Clssls ftesyd MM dzOL ™ 9 O IJGrasdZA&4fs ¢ d d
Hilczer et al., 1986;Hwang Kao, 1981;Jonscher1983;InternationalSymposiumon Electres

andDialectricsé , 1 Z€harjestoragechargetransporte 1979]
rdzv Mmlsj COdzedw L OtWHESe tsojten detsfls! Csmdid y
fteso sHW M dd3d BOIsj ted OdzO dzd . s My Odzj ded ¥ H

ssMBduiMSd) OffOwOls' §wsCterilsr HdLdjCltedyj MS
ey dzr 2 s f dztso 52 Ists jiycddofd, € mdks od dipisC 5§ s dsd uj ME &
sBfMisswisjdz Mlsoats ftedotsHdls ¢ oL dadCdetse jdadt L d
fsojtrndsiisd ofmdjHimlsoadj {djSlktedL Oydd, o L
COLEWH' (Sut), MdjHMmlsomgHk EuslsisstEY w6 i @ ts @)l
Of { OO0, fwdosHwhd2 € jet §lsjt].

) 8o jtendesMisdzOW 1 dzj ClstedL Oydw Csmddyj MSBEts
Hdl dzj SstedujMSdj &OljtedOd §OHOshda Br flster o
LOosdMd sl Glcdifo sjiDevVindz ©OMY sdOc O Ishw
fedfco jten desmlsdesds Mmdzsj Hdl dzjSledSO o HJOt
fso jtendssmisd. [ded dBsekls Brils! L OReOUj dzr, dqdz®
sfls0o O Mw KkOA 1§ s isMiredzdiBa3] 1 v lsitts ff tsel jOte Dakissh Is dz
sj% Zcdztso G5 SBEOL YO, dzOR 5H YO jod tiffifndzj de@iztstf ts oo jtetg ;
beojddude Ok d HeMsdeOd dj MStsd ¢da € ddss td

ltesyd M dzOS Of dzdo Odzedw tslsted yOlsj dz' detse s L Ote
Mudls odej Hicj ded W Br Mlster = 1 dzj Clstetsdzts o, ftcdo jH
f s d dzdzs fyls o  to ECat@TZPayan R@B] s Is j

I fweddydyfd, d&jslkmv Ited sy mMno, Sttt
LOtwy jdadv HJ! dzj SlstedyjMSBEts 5O jted OkzO o dzj M dzj
Wslstst g Mmdw, oltstdydOvw 1 &dMMmdy L dzj CIstetsdatse
dzOG dzW H dzs s d 1 dZD6 tedimd dzbgd sy MMO, EHOydes
tc © B fClatgni, Payan, 2003]
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{ dMkdsS 1.15 Rbd MiseOyd™w L OEwy jddWw HG! d
o j&fs Bl jd&j d (BISHds)dtsd §osOBHH]C | o
©OL Hj O f HChtankzPay#EL03]s o3
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tdimMkzdesS 1. 16 Rdzdzt MstcOyYdw (tsdzsy dlsj dz! detsets L (
[Catani, Payan, 2003]

SsBEHO MfklsddS dOmtsHdlsMY o dzj Isj dzd 1 § d3dzc
dL dzz yJ dzd § sBr ydegs 9" L " 908ls Wrlstst igdmimds 1 dz,
fsdztsy dlsj dz' des dzg@ dzj MSBsdz' €5 otsdzr Is. 1 lststed ydzOWw
ftseo jton datsfls L da3 C b OOL B)ydP H tdaflzg e d2 ftesdL o tSH
L dzj SlstetsdzO dz@ wHddz fOHOs h g2  dzjSlstetsde. 1 tejuL
fsojtorndesisd WOCIduiMed MsOjlsmw tsdztsy dlsj dz' d

[Bhjj 1dzjSktesMisOldujmMStsj t©Oodso jH@jlsmw C¢
slsted yolsj dz' desets L OwWy jdedWw, o L' 90] d3se s 1 totsda
ftso jton deasMisdets @ ts L OteW 3 j ded W, 9" L 9 Odzdzts G 15 9 T
fjLkd dteks hd2 LOWH dBsyjls B! COC ftsdztsy Lk

s Yj lsOdzed J f sztsydd Is stxtcdits Ols j dz! dats @ s L OtcW H S
fsojtendesmisd Hdt dzj Slsteduj MSdn B &OMIsj2 Of §f OtsC

[MsB 5] 9 dzd d3Odzd | ZHJdzw jIsfyw fhdzz y O L OtcW y
fslsj dydOodzsd tslsHj dzj d ls B d&kzyorodzsts. Mt HIM s tsdgj
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Ldzj Stetsdyr L OMistejoO®cls o Hl dzjCltedSj. [ jlsOdd
BjmOddL BB fesdmosndls {djCltedL Oyd™ S OB j dzj 2,

-

Of f OO0 ¢ Bl jHJdY jd 7 o JCiu BEHisdize L OB )

OuanekTpuk

tdmMzdese 1. 17 1 Otewyjdedj COBjdzv ftod B

{Bhjj LOBWYjddj SCthidujmMStsets Off OO0 W

Sl =0:
(V)= 1) 15)- 1Y) - 1aadV) =0, (1.1)

GHIJV)Tudfmisr 2 fsmiskd 05 h 21\ i § Bistsddd B hsisE O h d
s ¢,;V) i udmisr MCdRjgdz 2 ¥ skt di M badbas 22 SI5€¢ oISt
Ldzj S s detbioudmisr 2 Is5C BtcOlsdets twOMY r dzj dede” 7+ &z

1 OG Y HdzOW MR j BBO tBh jets L OWyY jddw ¢ kg
dmizdSj 1. 18.

e VAYA e
SUNLIGHT |

SEC, Il}aclr.

i

{ dMkdesS 1.18 - jdkO Bh jc LOOEY ysjvdgfiej diqtym dgd
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JH] dBydts tYydHOI! dOdetsd hjets L Otwy jddw
1.19 HjEBsdhstedekjls cf Ofmdshls! odbzlste] ddzj &5 L
Hodyjlsmw 5 GCodsL | dds? stedls] J §osTtsisEs
[Evansetal.,1989] s O¢ &' odHdd, bt ¢ j tsilsO06HGaDAer § d
hJqted dets? R dZMA. H s

OKono3seMHoe NPOCTPaHCTBO, rAe cylecTByeT ONacHOCTb
3apAaxXeHnd KOCMMUYeCcKoro annaparta
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tdimkzdese 1. 19 [ Ofi@isviylsj! dedowdzlLlsttdy dggda)j jcits ke s Of ff
Yd ted L BBtSL dzOyj dzdzifBvansetaliyi®®r o h dtetsilskz

Il CsmMddduyud MSdr Off OcOIsOr dseotsets f € sdzj dzd !
Botclstsa OW tcOH 1 dzj € Istcts dadzOW Of f OtcOlsztc O tc O iy
CjtoBsS sdzlsj 2dgj eOr, COC 1 Iss HJj ZOdksf! t0Ode hj,
o jdzd ydls' detsdzs de@astdgCd MyklsdedC O, MmdedL dls! 1
f sMissw dzdzts?2 BIStesd3ddzd Olss tsdL Oydd  dzj € Istetsdedz n
Zd3j dz' N j dzd © fsd3j ~tsL O dh j dedes s d 1Ists? Of §f Ofte
CjtoitsC sdals j 2dzj e©@ fHtedotsHdl 1Cdzj BsdlE2 st L 4 dzjdf
sCtolzy O h j 2 M Zlsdzd € f dzOL o' ftocsn SHWYIs mCotsL
Cshmdsd yuj MEsets Of f OcOIlsO.

vsO0CdyJ or Mot dzgj scjIsdyd MEdy 1 dzj € lstetsdg f
1 dzj € Istetsdzdz’ n BdztsC ts9 , ZOR BHWh damw, ozZhRBRQE < O 1
dLtsdzw ydwvw ftesotsHBse, Ctsdedzgj Slstster St MO ddalsg @
Bdzjj yYdd® d&O 0,1 BB d L OtwyOls! dn. Clssls
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dzj f smtcj HMise j dedes Mo WL Odedz 2 M L Otew y Jjfddedf Bl3s teHsh!
ddzlsj ctcOdzr dz = MrJ B3 odzzlsted dzj 65, [NBOAT HOBKE o dz
4002, 1999NASA T HDBK i 40027, 2011}

mtslsw  dz0 ff jteBy Pls ol ECWOHOIEE Mw, ybt SCstfkzf
LOMdh OjIs tlIs eaLHj2Msadw fBlssCO 1 dzj Clstoetsdztse
[ sdzdlststc o dzzlstej dzdzj e ts L Otcw 3 j ded Vv ,MEQ f) B dzts § dzi) gzlizls
GioveA, 9" 9 j Hj dzdzts G 5 220 sfipte fJHedz] o 'slipslsfdz © MY s dzd € O
520 Is'fm. S M or Mslsts?2 23300 ¢35 d dzOC dztsdzj dzd
(20 sz dzls, CBEGHO BN dzs MHJ] &ZOdzes Mmtstsen j dzd § ) ,
L OteW y j dzd v H SHlé Uzo0 dsq 1, dddlLjl Om iz B B Rydnebal, 56 j dzj 2

[ dzw dzOfm fMmEkh j Mise j dgdz" 2 dqdzsjteifm ftoj HMISOO
sftcj HJdzWj B | o tsL d3gtsy dets s+ R BHO 1 dzj Clstetsc
fsojtorndesMisdes? fHtososHdBsMIsd BOIs| ted OdzO. I st
tIsdnr § ey mmi€atani, RayanzdP0BdY B8S OL Odzdz” d3d dzO0 td iz

O6bemHOe yaenbHoe YaenbHoe
CONpoTUBIEHUE CONpoOTUBNEHUNE
P B (em) r B/
@ - — }
= L 7
]

t dMkzdtsS 1.20 wlsjCOdigeiL PhikzED, § BEa b Odapsls '
2ifse jtor desMisdes?2  f tots o §CadsBaydn; 2003]i301s j ts d O

[ Oljted Odzr ! dy BlzHjsdf totsisd o dzj datf J dgl cgizj ety § s 16
toj ZOCMOYydd, BftjHjdvweshj] MStstsihls! MssSO L Ot
sBr Yydzts dzj RteOdzvls Btsdz hdj LOtWH' &O Isdf dydz
BOIs j ted O dz' OB ls0O! Is, COC dzjfiswlfE fs M &sBE bd jLJ
L dzj Clstetsdgdz” = yYyjtfwem d dai ftesdLotHWIS tOL oW H Az -
dzj dmitsd LEsIshw.

{Brydss Mmudlosls, ylsts JMmdd HJL d]Cstedyd M¢d
PHjd' desj 59 jten dzsfylsdzsj HOR[HdeEClsod@nd Qlld, |  Isitgj, dz! S
Ldzj Ctedyud MSd MoawLOdz M fsesHwh ddz Cstef zmsd,
l st bRz OS2 SodmsttkzSydsdadzs 2 KOl tod Odz,
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fesosHdBEMs! , dzj dZOCOfddoOjl MsOEYBIHS @D s
LfBCMdHds? Misd weodwjkiw djftseosHwh dd dzOfml
LOtewH, d dzjtSBOoBHJHBES dzOdzj Mjdedj HEsY sdzdadlsj o

sBdMyjudddy jets MisjcOddW.

t OL OB SISC O dats o ts Gass fif s jtsodg j 2dzd WH SidsS & else 6 dzbizts f) d3
Of f OtcOlstse IstjBlzjls ftotso jHjdzdzr 7 M jydod dzr A
sff toj HJ dzj ded & f OtcOd3] Istets o L dzj SlstedL 2] dztsfls d f to
(B sLdydBdeds' 7 BOIsjtedOdzses o dgj Ndzj 2 5o jton datsh

1.2.4 CdzjShktedL Oy(d s Ostishy dsd oy € dsis s@fstO® d U j MS d j
oo s?2 GOHdG! dzj Clhtcsdzdzs? Of §f Ot Ol

1l sdzt h Iz yofyls! ftseojton datsfisd Mtse toj d3j dzdz" ~
f sdzdzsmis & L Odzd &3O Is Hd1 dzj Slstedyd MSdj BOIs j tod
fsCter Isdw, L Oh dIsdzr § HGl§ Qtdzj02 , fn) tstdAlaj dacfla & L
Hd1 dzj Slstedud MEdJ Ldzj d3j dals ' s ¢, fsHoe ey dads
1L dzj Clstetsdegtse © Mmoatsj s tsBi jdsj. 1 twjLizdz IsOIsj 1 st
Hts HjfMwisCe ¢l) slstcd yoOls j dz' dgr 2 i ts ISy tiezpdj Otz ts
sBdzzyj dzd d ¢, 8d thwtsp s @sUsitetg jLHz'dz! s Olsj B d,dzkzdiag > W
ddzd dzj L dzOydlsj dz dz" 2 ftsdzsydlsjdz’ dzr 2 ftslsj dzyd Odz
tcOL dzsfls f slsj dzyd Odzts o d otLddCOsl 1 dj Cltotsf
Cof iz  stcOy O h dnA WOClststetso L dzj ClstedL Oydd: w
CodemlstezS ydd s¢, dddfkd Mder §  dzj ClstesdzZOG dzd Is dz'
tejLzdz OIsj tOMlsj COdzdw dhBf zdz? Mdzr = ksSCBse 15
COBjdz dgs?2 fjlsd,c thtesydetsisy Rozdff 50 jfen datsflsd, oL dz
o jdzdyddets?2 Bls Htsdzj?2 otsdzl sO Hts jHddedy d Hj fMmw
1 CtcOdzgdtetso Odgd™W HOdzgdetsets WicOGd3j dzls©®@ 1 sue. vOCdy
LdzjCltetsdzder 7 BdzsEC 5o BBAUSOY EDL OB S (2j £ B s daey
sBtcOIsdd3" s d dzj sBtcOIsddB d@F BIsC OL OB o tOBBIS] 1 I

RBY zdz' fdzgr | 1 dzj SlstcsdBOcdedIlsdz | fsdzv d fmoejls
2O 1 dzj Slstetsdegdz" j d wSflsduyjmMcédy HOLYydSd,.,i1g Cupr o
sod. JYyHOodzdMisOd3 © B dZOMISd 1 dzj SIstedL Oydd s¢ =~ st
2O wHdsdk dqL s, tcOB SISO jdg dzO ¢ J sMisOyd tsdz
mMdMmlsj 3" tedj dzZlsOydd, HtojHdOL ZOyj dedz" 2 Hdzw { to
dzj ftetso SHWhjhds &S CAstalaf OC sk, | tw©jiLkd O] oL d
Codzf OSB3 d SCtwfbkzmtsds, Htoduyujdd Mo jlstsear j &Y kzdz
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tsls HOdzj €82 LoOjLHT. Il twjLkd O] fttsdMmatsHdd
stedj dzsOydd Lt Istsets s ¢.

( fpdzd Wik Loy j ¢ Otels d dzO ftesyj MMO L dzj Slsted L O
HsMIsOlsydzs W ndzO, ss M §tsded &30ded j &3 S s5deC 6 Isd
Lz ClstetsMlsOIsdyj MEdr t©OLEGWHISSO HJdts tBMissdls M
dhij dzOrn sH dIsmw dz0 ) ls @Od diBhlisaizs Pulmisg 49F48s cCoakley,
Treadaway, Robinson Jr, 1985; Flanagaal.,1979; Frederickson, Levy, Enloe, 1992]

1 tod dzgv Is 5 [@atpd) IP&y#)'2003; Frederickson 1983; NASAT HDBK i 4002,

1999 ylsts St HO 1 dzj SlsteduyudmMSdy ftsdzw o dBOIsj ted Oc
HsMisde O ls Ctodlsdyd MSdr o J dzd yd dz, Mok ttsdL o ts
tcOL teWHMr 2 di3f zdz f, 9 ftJLbkd IsOIsy Colststetse s
Hd! dzj CIsted CfiplsigD I9 dday jSisStddss 5 L OtcW H O. sOC fMmdzj HMIso (
dqdzd dzj sBteOdd®@ 2 lsCOL o w©OBGI] MiEklsddto. .1
My tsdzls Odzdz" j§ tcOL tGWH' , sO¢ Y4, CO¢C d BBdZj J (
ZOL " 9 0j 3" § o ddbP@ixlip] dddzj €BGictsn Odsd ( Caf ) .

1 Of tew y § ded 4 , ftod CBbtesd 1 dzj Slstedyj Mc Ow 1
otSLHEMNdztsets L OLStO) EkyJ daf d@ByJls " Hjtey o Ols!
ftesets?2 o odHj dMGtwr, dz2OL'"™ 9 Ot Is { tctsB ded fz' B0 azD
sls 4+ dzj Sstedud MEts?2 fetsydesMmisd Hdt dzj SlstedC O d st

YyIsts COMOJ Ismw 1 dzj Slstedyd MSdn tcOL W HSO , {

L dzj SlstedL Oydd, bt fwddvlsts MuyudlkOls: , ylsts Hd! dz
s, ftotse doHOd lsddzz stEjsigdzj j  dzj Slsted yj' My w3 1 hdejs
¢ dzr HjlsOdzj 2, ddzls j oW j 2 Mr 9 PC, sflster j

COHdB dzj Sstetsdzd C d BscEkzls fkh jMise j dedets fyded 3 Ols ¢
HCttetsmis! , ) Ctbtstets? ftotsdmn tsHjls fomk tsaftsiz j Higc
Ldzjtee jlsdujmedn + dzjSlstesdzse dL Stsizduj MSs2
fsf OHOs h dd3 dzO 1 B)o.] tc R dgiis H s o Gy | ftotse j Hj d
MY s BRRES f ts C[Eredéritkgon, Levy, Enloe, 1992] ylsts f§ totsB dzj o3r
odzzlstcj dzgded s L Otewy jdzdj &5 s ¢ (slsH j dz' dz § tcOL t
Ldzj Sltetsdzdz” 2 fslstsC L SosmRdui MSts2 § dzOL &3
HisMisdeOjls §drsise dety tiAcdd j [Nl s20kl] fydls 05 Is,
L dzj StesMisOlsduj MS &j dad® s v ©1s ° dg®dg f dz@s 7 L 1 0
r dzv o dzkzlstej dzdzj 2 1 dzj € Istcd L O \jFfederiaksorgztevy|sEDIDe] j
1992] ylbsts tslsHjdz d& j] t.OL teW HRdz' tf czOdsditf zaits dgd Is tsotc Off
LOtwW Y jddY dz0 MfklsdzdSj CRRES 0y dz@E s ks v
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{5 OnH 08 h &L GizAL 01 Uil tse B dzlz yj dad vz S totfstes OF diz]
YOfmtse dzOB izt HOj Isigw Bdzs @ 5 to Bis dzPt dzetif ez brtz@ Offy @ w 1y O
o dzOfMmlsswh jj otjdw fHtoddlsO o COyjMmbs §oit
Ldzj SIstedL Oyd (.

|  tOgBedegu, 2007Isls Bj yOj Isqw, Yyt Cttefkzf dL Od
ZORGBHWN jesMw dizO0 ¢ jtmMsOydtsdOtedzts? wBteadlsj MY kzI
Cut ftod odzzlbtejdedej 2 1 dzjSltedL Oydd, jfMdd sl
ftcjorh Ozl 0

[ &z dzOG dzv H dzEAlg R 1dzQf SE Odzr s Offdz’r | koo dz
Wdze j dzitse, fted Ctsltster 7 dBsckls ftesdmMatsHdl: o dzk

CRRES pulses(1)

Several satellite anomalies:

some severe. (Private)
Bodeau, 200?
Dlschames Oceur

2 -11 -7 -6 -5 -4
A/m* 10
> I3 =) -1 0 1 2 3 4
pAjcm 10 10 10 10 10 10 10 10
5 -5 -4 -3 1 -1 0 1
nAfcmz 10 10 10 10 10 10 10 10
2 I 4i “”"“ g i i“hIIG I “ "Im 7 I i “ll“l 8 I I I"'" ql I Imll 10' i Immu
efecm-s 10 10 10 10 10 10 10 10
2 8 9 10 11 12 13 14 15
e/cm-h 1? 10 h(: iﬂ iﬂ W ﬁ HO
3 9 10 11 12 13 14 15 16
efcm-10h 10 10 10 10 10 10 10 10

W T Pulsing on CRRES IDM board (1)

Tvpical hiagh env. at GEO (1)
CRRES IDM few pulses (1)

t dmkzdetsS 1. 21 [§OMde j bktesoded + dzj Slstetsdzde A ff 1
ftesdmMratsHdIls! odzzlstej dzdzdd C ot

1.2.5 ItsLHj2MmMod] Owvlz dz0B s tgg Hals dzlz OH ¢ 51 dz
Of f OtcOlskztez CsMBdyuj MStsets Of f OwOls

Cdzj SbtesMlsOlsdyi MSdJ t©WOLWGWHT, CO¢ Mudlos s
[Space Systems and Their Interactiéns 1980] JHAEZOCEE o MsC OW C st
WOCIlduyu M dddd tOLteWHd d3d di3f zdz? MOdRd H 1L dzj € Is:
stsds ¥4 M zlsded € § Br zZO EMmlsOdztse dzj dzO  I§\Godlt, € ts
Frederickson, 1993] Mmf j yd Odz! dets f toj H dzOL dzOYJ dgdets G s H dzw
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1tOCIsdyimMeéd ot oMmjn smis Odz: dzr n mMdzz yow A i tc
EMmils Odzts o dzj dz' sO¢ C0O¢ dz20 My klsdzedC Orn dzjls dz] BE
mMsMissdls Mdztsy detsmls+ 1 df jL Szlsytg lad @y daddzddz@zd W 2z dz€ y d s dzd
Of f OteOlsseo d tjh jddvw ftespd 3 da WEkdS ydtsdzOdz

RA3j dzd B4 Mists | Hidsdd ©dz'sp , Hdd@ d dzs? (sistste’
CesmMdddud MSdr dkzyd?2 ddozd fteslstsdtsse. 1 ted wWikd€d - d
fsHmMdMmMisjdd d dr yYykeMmlsedlsjdz dz@ = S tdzj dzlstso .
9T LT 903 i3 | da CigdudMmpyiiRils EMSCtoj deder 7 1 dzj € |
Zdz' IstcOW dtsdzj IsO.

[Br ydzes Mydlsosls fsHMmMdmlsj Bz Gt dlsOdzj detcsd tis 2
HJ 2 Mise {Katzefalt, 1998]1 ¥ dzs T ts[iMePhefsdatsCauffman, Schober, 1975] yls s d
or MsC sotsdz' Isdg' ~ ftsdzdzy ydz' n BOIOtej W a, ftod dzj !
1 dzj SstesMlsOIsdyd MSd2 ©OLWYH d&Bsyjls dddyddttse O
Msdzdzj ydes?2 BOIsOtej d, vyt fHftedotsHdl € Hdzdlsj d dzt
dzQdfw 3 § dzd W . [ des e tsyd fmdzj dzdz" § Odes BOdzdd B dzf o7
M zlsdd S s tod Mzeray J983hils9 J ptcOdzfndzw Istster f jtoj HO9
sB BisCds yjddd §dlsOdzdv Mmise dzO M Cat@hilz@ayah, 2008fs tc ts 2
dzj S slstster 7 Mz yoOw n HenctRUEYgd ¢ &shEdsd YOMSE OHt
ftodj Bded C s, 9©jfM! BO yYykzeMmlseadlsjd dgr = € {1 dzj Clstots

ltetsdmnr sy Hj dzd § tcOL oW H dg" ~ di3f zdz2 Mse ftoj HMI
Jeyh id  tsded &30dzd J WdLd¢d tOLtwHdZ n ekl zdzizfgts,
ftesosHdIs! OdOdzdL kEOLBO, O OCYJ] ML HO9 Ols!

vssydetsjy LdzOyjdedi ftojHftocsBs?2 desg ®C ff tigtlzy zy f + ¢
slsd3j yodzd, f tcfNABSAIS EDBK {d0B2D1HP99] ylss 1 dzj ClstetsMmis Olsc
Bsyjls fosdLs2lsd, SSEHO dzOf oWy j dadets )ld /L 0E P S Is
o jdzdyddz® sy jls BT Is! Hisfisd ¢ dzizls O, ¢ waif@ W
o MsC 54 dzj o€ gz G I8 tp B &GH s azdte A dzthyfigds d € S OERBEGENS S fs
L O Hj fyw[Benneligt@liy2061]

Cdzj CtesMmlsOlsdyd MSdj tWOLEWH', MatHdr j ) Is
sBr ydzs dL zyoOs Ismw o ZzOB stcOlststede’ = 1 S MY j tod d&3y§
L OL j d3dzj dzdats 2 ftotso sHWhH j 2 [Fredemitksdis dzt996] s tp de ® dizts &
f sfMisOo dzj dzdz" | dzOB tstc O [BaErwadz Qrszag, Kigher, d 2/ Gkt 020 L O g ts
1L dzj Slsteduyui MSd?2 ftesBts?2 fftod tOHJOYdBdzdesdz L OteWw
M3 ud MEts?2 fdzOL 3" fm e jtendatsfls’ ¥ s¢, d&jJ
CaomMmMdud MEses 1 dzj Sstedyj MEsets fesBtsw ftod d B
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]l M@z yttOHdOydesdzdegse s L Otew y j dedWw dJodgd 4 smw Ist
ZOR sHWh 2 Mw, co¢ f tcOQo d dzts, f SH i tslsJ dzyd O dzt
B s Odzdzd Y4 S k2 f sHdztsY C Iz, ftocsoSHWHh[zs BOME Iz,
tcjLEdz Oy GBdEzyjddlk,j B CHsEORY, se@Bf tcj H J
HdL dzj Ssted S O Mdzs?2 B jJ BBz ts L OWHO, Ctslsster 2
LIssds Stsdzduyd Mlsets 1 dzj Clstedyd MEs?2 L dzgj e dd, o7 HJ
SEteOdzd Yj dzs, kOSC € OS¢ dag IJOf fyflsis tg dzdzj) G dkfilsld s Y didd!
Nanevicz, Adamo, 1976; Wals, Wenaas, 1985]

[ Mls+ s tElew, Sdediv 1987] ylsts Hdzw M kzlsdedC s B dZ!
sls esLHj2Msodwy Cut HjHMsOoadwils HJWWJjtj dyd
{ HdOC 5, fteso JC O 1 Istsets sy jddw &3 sigf &5 fzd ¢
M jydodz desets HJOGdesMisdyj MESets BStczHSo Oded W
odJdzdudde (o jterndsmMisdzse s fslsj dzydoOodzO, O OS¢ % J

Cdzj SIstesMisOIsdyd MS dJ tcOL oW HT ftesdmna tsHWHh
Cemidud M =@ nY HAPM sl | dpdz’ gERrd 2 1s dzd B BIsHY dMCese
sBh OW Hdzdlsj dz desfls! MsMlsOoadzv jiIs ©Is HjMWIsr 2 HE
dgdzj tls tejLCd?2 HjtejHded?2 Wtdals, ftetsHisdy O h d2Mmw
SO sy Jskb HBHOJEEET zdlszH O s5¢0 o S Jhifk

l tjLikzd O] 1 dzjSltesMisOIsdyj MSsets tcOL oW H
L d&zOydlsj dz' dzts 2 L odzj € Is tc kel GSezdhils d®87] [ dgjdae[c d g O ) ) d&3C
1 dzj ClstetsMmisOlsd yj L ff2yd L OU te 1 Is igts dfO G dzd Is dzts 2 {f tefigts 8 C
Ctsfo jdedesds oW ez 2 g dff Mistsydzd S sd3 d i3 zdz' fiyder =
SSEHO tOLwYH ftesdmMrtsHdls o8B dzifkjdectd@®H d mitjd|jlsCtddstal
fsdi3i nd YSfOHO]Is oY dg§ telgffedzddsh { iy Gtiste'd=yj M sdBlz |
fsdi3sh d ddzHEkSCIsdodets?2 MmewirLd 5 BOGdedlsdes Bz {f tsdz
tsls Cut tsB r ydzts dzd or L™ 908 s ftow BBtsG ts f so tc
ltcj sBZOHOs h dd3 odHtsds tIsC Qd $wiso rtsaf s g fiEEzs 30 =,
ZOtelzh jddw WEkdS ydtsddtese Odzedw MmdMmisg d3r .

(hy tfOfmMdjj oetLHj2Mlsoadj { dzj Slstesd3OG dzd Is dz" A
mMdMmMkj Bz Cshdddyj MSsets Off OOl O, f etsdztsy § dadzlz ¥
1.22). J CoOBjdzj otsLdzdC O¢ s dz@zOf c® of ff daf ® H Avd ¢
O nBHT tcOH d 51 dzj € Istoctsdzdzr n B¢ tse, or L’ 908 s
B sOdzdzd L Oyd d d ftesesHddS¢ o, fjtcj etcOdzd J IJ
9" o SH O3, fsotcj Y HJ ded J fjtejnrntBBHO, ftotsBtsd d
f OcOdgildgdd j GlsCOL", orotsHWI dqL Mmlstetsw + dzj 3 dz



[
'
1
1
1
Dl
'
1

P >

"".-
r s
Favay.
L] P preees L |
s s s
20 @
.

\

L

tdMkzdss 1.22 CdjSCltesdOcddlsdts §tdj 6ls Caf,
COBjdzd d d&OotsHdl o dedf IS d

[ dzv  dzOf MsBr 2 ddelsjteifm ftojHMsSOs dzv e s 1 dzj
ftod o dzlzlstizj Getizic? L Oy d [ANASAHT HBBH#G 9082 1999NASA T HDBK i
40027, 2011) Rdzls jtojm € degf df dacsiCddE tcOL o dlsdj d3 My k2l
clsCtor sfs@ sBIsGEGL sdi3 Bls ftoddzj dzgj dedv L OCter Isr 7 ¢t

4o jBO oL dd S dztse jdzdw s O ts ENASAE BIDEX i td@RAS W H 15
2011] Y sCOLOdZO dz2O0 tdMmizdzCy 1.23. GCdzj Clstetsdzr M
Ctef MO Comidyuj MSBets Off OwOlO d &OC Of dzd o O
tcj dzzlsOIls] otL BBy des otsL dzdCdztso jdedj Cut o dzj fts
MedB[sdgdds, ¢BtOdjhdds, w0Oj dl s, .120 1@ frdOjdst
fsCOLOdyr fwoteiyHjddY §JjyOlsder » f dzOls, o tsL dad € C

Paspsa ¢ HesaseMneHHbIX 3neKTpoHbI, MpoHUKatoLLme
IOpOXeEK uepes koprnyc

MpoBoaswme AOPOXKKU
neyaTHon nnaThl

MeuvaTHas nnata HesasemneHHsbIe vacTn

KOHCTPYKLUMW, AOPOXKEK

/

Kopnyc, anioMuHui

HakonmBlueecs aneKTpoHs! B
neyaTHoM nnarte

t dfkdsS 1.23 CdzjShkiesmsOlsdyjMSd) ©OL W HT
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it

{ dikzdesS 1.24 I sotjyHjddy §jyOlsds & ¢ dzOls

RL {Ists2 MRjd otstecissdd COLOMS 6 i@ s 15 (!
COYHBGEE OCkdodassets 4 dzj d3j dgls® 1 dzj S stetsdzdzs? Mo j
o' Ltsajls BOMh Is OB dzts j o J dzd yd dzd J BOMMtse OB Ot
jHEfEmisdds. wj2yy0mn § e dj idwkd cOgE Ee | ddgy?2 B
Bsdz hj bkyjde & ©OLdr & fltcOds [Higaghiyaimeetals 204 ™ &
dzts d [Gaptagtal, 2014] d H OY j [Gotmzelgzetzd,dl 9209
| wOodw®l¢jsdzj o J fHteH oS eSO 5t Cfffsiaasisgel e |s s o

pdzj N dzj 2 d o dekzlste] dafizjtd o t rolzfj I€fpMs d f DY RdzOMMd W d S O
oBLHj2Msoadw. Clkts, ftjyH] oMicet tOLWGWHT dzO
fsdkjnd, o Bboithses?2 COBjd ds?2 Mijlkd, §&§OHC
dzj sBtecOIsddz" d3 SIS OL Odg; L Ists tOLdsW i tots alag Hf dzdn3eq H ff
f zOls, O kOGCyj o SttdmlsOdd ddsjcwod d o Mm5jd

1.2.6 lteddigjdgvjdgr § BilssHT LOMdIsr 11C¢ s¢ tslis
odzzlstcj dzgdzj 2 1 dzj SlstedL Oydd

slzh imsolzjls, 5 CttO2dzj?2 3 ted H od® ofs frodadshylsiss W
o tcj dzw tcOL tcOB 5ls Odzr L WWJCIsde dzr J d3d tor L Oh dlIsT

Ldzj Clsted L[ON@ES gds d His., 2003; I OGréedRaderieksop dzts o
Dennison 2006;NASA i HDBK i 4002, 1999]
Clts, ftoj s emygdedj + dzj ChtetsMisOlsdyj MSda

dLsdzv" ydd, fsdsy ] ddsR] 4sdHAges] tedezaptgison 1983 0 3 ;

NASAi HDBK i 4002A,2011] ftej HEM&ZOtedo O h j j:
- fteddsd ded dzdd Hdzv dJLBEYYydd COBJdzj? ftsdzd
or MsC ks Isj Bozso ks d ©wOHJOYdtsdadzes 1+ dzj Clste
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- oL By dtsy kdjdy Mjddj Istdhd]dz tsfjsdidiydec
B ded BdL Oyde 1 dzgjtcedd {1 dzjShtesMlsOlsdyj MSE 6
ltcQoaddzt dzn 2 o" BBBte RO jtedOdzse M klsddt O dai
Eizsedwn CsMBdui MSsets ftosMseOdhnlss® fted orf B
fsojterndatsiisd s¢ f&PYHYolhscts]eiEsY lvdvejdigfSd jd
20000 d dr Mlsts2Ctsmis: ¢ ff sdzs k3¢ Os. Clsd &OIsj tod
Msf teslsdo dzj dzf f B BS sz dz1 ®lsfMw Atstesh Jd3d HJL dzj s
fteduddesdr S 52 + dzj SlstedL 2] dstsfylsd . 1 54 Bz
cOLodoOjdi3r 2 OolststcOBRBd d3J S[SIHE JOH Q@jlsy dsIsH t¢.dzj ¢AsC
d Hte., D20CRI|ststesds ftoj HZOGOjIsmw dhf sdz' L 59 Ols
tcOH d Oy d s dzdzts 2 L dzj Clstetstf totso sH dgsfyls s & | LOW IsC
L dzj Clstotstf totso tsH dets s ftcjorhOjl Zz0 dzj MCtsdz' € ts
sBjMfjydo Ol MmlstsC d o' tOodedo Odedj { dzj Clsted U
fsf OHOdzdwY 1 dzj CStesdeseo dL Sty 0 h j2 f dzOL i3 (
Zdzj dz' " j dadlsidetofjlstalts cOL teW HO fftcdotsHdls ¢ ko j dzd yj dz
tcOHd B! dzj Slstotsdzdzts? O f O OIskter s ¢.
1 od ded BOW ot o dzd BOdzd wWdLduimscdy GJwsyjm
[ e lsdzgj ® d Hte. , 2 0 1 3 Tyutnev¢ SaelooAbragneshint201,g, 2 @@ ¥ dzts
Oy tcOo dzj dzdzts o' Bt Ols+ LWWjiClsdedz j Isj m ded yd m
CsMisduj MSdr OffOttOlstses o § Oy H g dz'S driEzS te j Ozt
tcOH d Oyd s dadzts 2 L dzj Qs tets toBis SepAgmtE d H SR H O s @k
9" 60Oy j ded § a3:
O = AR (1.2)
CHAd DT f OtcOBj Ister , ftMmistswdadz § Hdzv05OD¢HKES
1 O0detsdz "dj ojdzdudd t@HH@EfHsdddztsRd3 ik dsj Cfisttedbsoff o
L dzOyJ dad ¥ d3q
(hj] BHddB OftcOodzjdzdj d@z L Oh dlsr tsls f stcOy O
ftoddsj dzgj dedj t6OL dzdude' = Mrj dslsjrndduimMcédn tjhj
ditf zdz' Mse dzO 1 dz P BtcOdggzh §f dzin g j dgtc. |, 2012, | ste
2001] w8 HO Mdzj HEZj s tsisdzisfipldsd , § t€Pdiz dejOodafiju W df~ to
l Oy dzz¥ o5 dz fted dMitsd: LtsoOdedd {Isdm 3§ Isk
Bj IssHts9 L dzj Clstcts d@3ZOG dzd Is dats 2 fn tsie ek figls d LdgBUNjsdfdzi dzg
ftesotsHWh dj 1 dzj Bj delsr, YwmojtendesMmisdz | ff wBrERZ)X
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L dzj Slstedyj MEts2 L jdgdzj 2, dzdets dzOf teW d3kz ¥ [Purvikdts ts
al., 1984]

[ dzw ofmin Is s dz€ d n ftcsotsHWhdn ftsojton detsfls
mMeftecslsdodzj degdj BIYHE Hokdw dzgt BT d3d ISBYECEE] Ht
E-ST-20C, 2008]  dzv ftcj Hislso ts@NgjjdpcHVj ddd®w ¢ tsds j & 2N, ffmr
ftejHislsoteOh jdzdv CtteslsCdn L OKR SOdd2 BijyHE
H s dzy dgr B' Is! dL sdzd tcts9 Odz" . v 0OC dBiYHE Mtsdzdzj Ydz
tejLdMmlstste 50 €[ &, slsotsHWh 2 Zls j ustgts i ls Ots tf 1§ ¢
COLGWHT or LT 90tls ofMmtfdzi MEd dOftewy jdedw, ftesnt
tejLdMmlstste.

s sdzj ydats, LOL jigdzj dzgdj ftesotsHwhdn 1 dzj d3j dzlst
cOLtWH", BHKEOSt L dOydlsjd ds djd' "Ojls drn ¢t

r hj SHddz o 0Oy daz2C Is@i5RPE Hzd ISl dzts 2 Mtsoidzd Bisd o3
Ldzj CstesdsOc dzd Isdzetsy + CtcOdzdteso Odzdd . 1 Hteddeydt J
ystser MeLHOL! WdLrduimSd d < dzjSltedyimMSd dzjd
1 dzj Clstetsdzd € 52 d ftesosHC 52, € Ifftg togg@dedzs Oy - ff Stff
1 dzj CltetsMisOIsd yj MSHdelzc s @z oW H tdsats.  Isltety B tso Oded j  dzO
ftiocsotsHEC B2 MBLHOK! CdzjlsSk AOtOHjW. (Mmdets, yYlst

[ desetsfdzs2dz" | L OhMdlsde §J fsCter Isqv, i tod d3j dav
s d Hdzv ftjHESISoawON jdzdvw fHtetsded Cdaetso jdzedw BT Mist
ZOC sCtcOMmMsydze" | HtosotsHWh dj fdzj desyde j HtsCter Isd
Gz ddzO ftotsded S detso j dzdw ftsdzw d dzy tsBJ M Jj ydoe OF
LWWJ Slsdo dastig B3OG daff & ldzts | 1 CteOded tetso Odzd § By Jls
stsdzh gdgts? 0, 1 & d Bisdyj j .

15 ftedyudds Ists@ts, Ylsts dzjls §sdds?2 ko]t
Bjtestf cdwWisdw dizd 1 dzj SlstetsilsOlsdyj MSdy tcOL tgW H T
dm¢ dzg yJ dz" , ftetso | tode®Onids Iy I8 sL B FM fdedzj dad 2 , w g
SBWLOIsjd des?2 LOHOYJ?2. RMY" " IsOdeds dzO ftsdzi -~ 5L (
ofmj 1 dzj d3jdalsr, o Cdzt yow wlsHjdz' dz" j kL dzr, BdzsC
ZO odzj "dzj 2 (o jtorndesMisdj darddzj CB tots Oz gots d ts tzitzts @
CsmMBdyj MSsets Of f OOl O.

[ dzw dmyr lsOdzd 2 tsB ' Ydzts dimf sdz! L zj Ismw G J
L dzj Sstets BOG dzd Is dzti2ts € f LB j205d) , ( tfosmizmeotsj 2 S OLOCIs
e dzOdzO + dzj ClstetsBOGC dzd Is dzts G 5 ([tBO k4ABO2:2002, 208Bk L H O C
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20 40 60 80
Bpems (HC)
t dikzHasK s tc gERY Iz def dfp@s d te 2¢ & {[ISO=143022002 2013]

[ m lsdf), Hfst @B dy dlsj d' desfls! d&fzdz MO {
[MYisls 10¢HE 50

1.3 [BHjdJteso Odzd] ftesyd Mmtse L Otew ¥y j dac
fsmdzjHkshdn 1 djShkesmisOlsdyj MSdn

stsotcj d3j dzdz" 2 Y tSHAatH € tjh jdedys Isj n dfdippy HS s:
oM EMmistetsj deddgO lsljdg@llcdsu j ME 52 d3sH j dzd fetsyj Mitse
ZzOh jets Mgy @O ded W-d3HgjLgfElsts] Yy j S 52 dBsH jdzd L Ots
Off OO0 ftod JjE& oL OdAEsH 2 Misddddds, ¢ sdaay
SCtdeL | didsp, thkescsS cOlsds fesisHdls yYjtjiL
MBI Ui M et fesfsteOdmiss ©, d HdW §shstes] dd
LdzOls' WdLduimMSd) ROwOClkjttdmisdSd 1Ikdi B dzOMLk

1.3.1 [BHjddtesoOdedj ftesyj Mmse L Oe®mygdd™ o
L dzj Clsteduj MSdr sl dyd Odse

ssfiduj MSd2 OffOwOls, dORsHWhd2MY dO ¢ j

f ZOL |BsMW jtor , fSHe jtedOjlsmw 1 dzjCltedL Oydd, Sfs
f ZOL di3ts2, YyOMmbdyr Ctlsttets?2 d&jsls HisflsOlstsydzt
1z d 1 dzjtec ksl | His ] 100jLEzdz sOIs] oL OddBBH, 2
s teso sy H OB M j @tsfyw, C tots a3 L sts@Ets, oL Hj2Mls

gL dizzyj ddwvw, fttsdmMrasHdls LOttwy jdedj HJ! dzj Slsted Yy
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Il sftesmr oisHj zdtceOBfedy H § @jctzd vz 1 dzj Slstotsfls O
fts s jtorndetsisd s¢, otLddCOshdn eoMmdzj HMmlse dj
tOMytejHjdjddw {djSktedyjmMSeets oy o St
tcOB Hls¢~dh ddz, 1 s9adEtse, 1983; ¢Sdhddzs, 1 BoadEtse
d Hi. , 1993; GCetal,rl¥4]jt, 1979; Purvi s

ljteor 8 1Oftsds BsHj dzdteso Odzgd™ L Otew ¥ j dad W
MsLHOdd) Jjets citdijltedui M2 BouHE]. hisfotsk jzd
BOLtSo" 7 L dzj d3j dzlsOtcdz" » SojterndesMmisji 2, IsO¢dn ¢
Hts. |, ZzjcCts BfdMmrea0jdd = dBOLj 3OIsdyj MSd. [t
BOIsj BOIsdyi MSdrn o jterndesisj?2 o Istej n d3j tcSdsaiys
Of f OtcOIsO f Eyjbtsd LOMf sy j ddw ttOL dzd ydz' = &C

ststef fp SCtsMdzduyud MSdr Of f OtcOIstseo ftojHT HEZN j @ &
Odzt B Rdzd j o sets -0 dgOoj@ s¢ [G)) 5d3j sted Yyj M O W sto¢
BOIs j BOR] WithpSider dzsmis: 8 . ¢ OtcOlsT dsotsects § 5§ B
BOIsjtcdOdzB9 : k¢ fizj f ZOMiIsd ¢ O, Colif sLdlsdz" = dBB0OIsj ted
Motsdds 1 dzj ShtesWdLdyujmMédds Mot2Mmlsea O (WtcOG d3J ¢
fso jtoerndesfils! H O {f BEBOV I8z L itWteQ dxds daizls s oz yip i is €
L dzj SltesWdLdyuj MSddzd Mmoets2fMmlse Odzd . Clsts IstcjBlzjls
CBduj MSsEts Of f OOlO. OS2 fBHOGH tj OddL 5o

wdzj Hizs b 27 1 l4stO ) I4ftdsts j dzd COtlsd dz tcOMmMytcj HJ
fslsj dzydOdzO, or" Lo Odzdescts L OteWwy jdadj dz ff tso jten detsf
ftosMistcOdzMmise j dzdes?2 MilCd, MsHjtey O j2 CEBdyd ME
dL cOBOttdlts ¢ tMmddoy B st GlfsGwqlyGzdsmksd O
dzO H ftso jtendetsimlss & . [ Odzj § zo ¢ or ff sdzdgv j Isf
otsLdzdC O hdrn o tjLizd sOIsj ®BNM jes d HWW, te]j dzy
10 tsMmdztse Odzd d f sdzkz yj dedets 2 d£] @ tdsldeoffdr ) Sedon f tdf jtsHs|j
fsojterndesmisd Miklsddt O d&OABHYWISMHY EyOMmisSd M
orwodwe sy oL dBsydr j dBiMlsO oL ddC detse jdedw 1 dz

1 Oydzgr 2 discdzj dzls ftoed ffitsififdsticts § tzd thtc d3tdzy se&z§ sH d
HOMS teydsd{ L P j en dzsMisd Of §f OO O, ftej Hj dwe h j 2
BsHjdd, d, Mtslse jlsflse jdedzts, SCtddyj et ddd
eOmMyUdlsd. (MisjMmisejdedets, §ted kojdduyjddd misjtf]
cOLBdjddY (EHPPEOBMEY O®yj2¢d MikSd, Lktetejd
[ fMdzd ftoddvils! ot oded BOdedj, Ut ftod BSHJ dzdtets
ydmdzs kL dtse Mmj e dnlyGdgss §lOEGs Wigde o, Yylsts f tod



47

BOh ddzdztse s o toj d3j dgdls . to juLlsC it jodds L @ fids@aizd L Oydd Mmtse
By jls HeMlsda@OlilsslOor L' 90jls dagj sBABHdBsMIs! o

BjlssHss ©OMYjlsO ¢ Otslsd dz

COMY toj 1jdjddy L dzj

Of f OOl O, d §sfhdjHksh j2 O s &s tcis@fiskojs Add)'C t

1 OtewW ¥ j dzd |
steB dIsy ,

fsojtendsmlsd Cwmdduj MSBEts
fesdmMosHdls, CO¢ kyj slkdjyodsh' , o

Of § Ot

CteWyj?2 BOCddlsshY jtds? § koL ksdls Ut sotstzdaty s Hs® Ji

L dzj SstesdzOe dzgd Isdetsets L dzzyj ded v,

9T LT 908hh jets Wil

{ O dslstcdds foHiesBds R OLOSIs ] odMlsdE ds e mw-

f &zOL &3O o BOG dzg s Y Jew f Is ) juBdgds d y ' ,
Ldzj e dv fMsfls Oo @ovkes, 1898)dzj j 100 4 J

Cdej ecd Isdyud MEdd My d Cilster
CjsMsOydcdOeds? swedlsr L Odd O Is

L dzj € lstots dzts o

CcO®ic" n

d d

Hd Of OL sdz
WedC yde ©OMftejHJdzjdedw yoOfmlsdy ¢cetstew yj 2

30 G dzc

HokR &OSC e j dedztse BS d iz € Gfiststsf wj @jOdePdS Is j okl ! da

=020, 4 &KKhA51D ¢4

3 3
f(v)—nla;e—m ?expge mjvj28+ g:' m, ;Zexpgé mjvjzg
b= 8 o0 o 8B § O o

(1.3)

GHYi S sdzyj dalsteOydw 1 dzj €IS tets dats om i d3OlE)Os DT IS i tistizts fig

kif sfls 5w dzdzOW[ 1 jrsddas yfigg©eds®  Hte. , 1986
RLSIstetsy dzr 2
1) SBdzyj dzlstcOydw yoOmlsdy

n, = 4phfj (v, Mav,
0

2) fdslsdsimls! §ssssO yOfmlsdy

3) HOo dzj dzd J
_ Al o _
P —4p8%mj gg'Ysz(Vj )"Zdv‘”ikTi ,
4) fdsbdshls f§sssC0 ! djtedd

° ~3
mn, az2kT 0/2
S B I- - Y o B

1 o
F==m ﬁ/?’f.(v.)vzdv=
] 2 J0 J J 2 éﬁjmjg

Ltedh dds 1
fslstst yomisdy ddj jls fdzj vikze M dy

(1.4)

(1.5)

(1.6)

(1.7)
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1 ts 202 H j dzdz" o3 L LSy j tod d3d dels Odz! dzg' n HOC
L Ofjghg dzj dzd v wOMMUdIs™ o O% Is MWy, Gyjdny. ¢ &ZOo dz' j § OO

t Offud s tsMdetse ™ 8 Oj Isfw dzO Mdzj Hize M j2 MmdMmisj d3d

sOC ftOoddzts, HA&' RO BOsdyYjMEBsets i dfioda
M sdz' LizjlsmY EktOodsj dzdy ! ZOMMisdzO:

DU (7 t)=- 4p £rt) (1.8)

] H'DUT f sls | dzyd Odze o dBis ey Szl t.o to | d3j dzd

I Mmdzkzyod, Jfmdd Ksyds {§tejdisted y'  dzOdzdud
oM sdz L ts9 Ols! MW EtcOodzj dedj &3 | Of zOMO.

1 jMimistsds e dlsj dz dats j EtcOo dzj dzd j f, (VD mtse C
nOwOCl | tdofipf Bz dej dzd j YOfIsdy 5 Moy dg

gLﬁé_,_EﬂueLﬂé:o, (1.9)
HE Ma o pv

CHj damlgRtmdisny ¢ Yol duj L Gl igRs i i k2
udfmlsj BO kteOodzj dzd?2 fowiLd Y] @ B pOBL
fso jton dzsfis: 8 Of f OtcOls O:
f(VrepxvnE Fo @V £, (V). (1.10)
1 H § ME ()i ocjtetswallsdztsfnlsdzf J nOOSCjtedmisdCd
L Otew y J ded W .
] dzts Is dzts fiyls ftosistcOdziise j decdelse s L OBWHO 9 fs¢
o' 60Oy dzd § O5:
i(FLU)FA Ve, ()1, (Vi U) (1.12)
vydls odzzlstej dzgdzdr IbsCtse ftotsotsHdBsMisd f§tede
f sl dzsfylsd zsC Odz! detsets ISSCO 20 Yo jtendesfisd Of
i(FLU)A FVE (V)T (V) +iend T EU) (1.12)
GHitU)Tf dztslsdesils! ItsCtse ftetso tsH d ditsfiyls (.

] dztsls dzts iy Is LOGWHO diPtsoy derdizisistsdyul OFHOKGOIs
ZteOo dzj dzd § O3:

s(rC,t)z iy (rC, ti)dti (1.13)
1 0Ctsdzj vy, ftsdzdgr 2 L dzjSltedyujmMSed?2 L OwwH Cisfyd

Qlt)=yis ;ﬁJ(rC,ti)dt i (1.14)
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JteOdzd ydz' | Efmdzsedw Hbv EkteOodzj dzdv 1 Z2OfMmMmtsc
fsCte’ BOMY sdsy jdedz’ & &O fsosHWh j &3 | @ idstsd® dzde
ftedBdzdy jdedd Hots2desets + dzj Slstedyj MStsets Mmdztsw:

0 v.0)- 1 €. .

1HJ BT slsdetsdilsj dzr dzgOW Hd1 dzj Slsted yj M& OB s dihtedsdig
Hdt dzj SUR(BEidYStas j dzy d O dg Mg jdss@lzddsucf MO, dz20 C st
VicQodzj dzedj HodyjdedWw L Otewy jdgde" = yYyOfmlsdy o 1
W ed (1.16)
i ompr
rdzv oMy o0 s dydodase, otLddsOshdn dO
ftesyd M Jeugd! dgeisedspdds ydlsr s 0! - 0O,
BOGdzd IssMW j tedes?2 f dzOL 3" Yyofilsdyr Clststets? W oo
Iksets Off OwOlO.
Nz dzS yd v tOMmy toj Hj dzj dad W yomisdy (fteiqHi
30 G dzdjIstdsdipsi 2 f dzOL dzr , dfdsi" Ovalz] e ¢ iz dgdgr  dp@C Mo j dzdzts
teOMmY toj vy Qzj G BHPY J az@)) &3 (
dtslse jIsMmlseazs h dj tcOMyJ Isdz" J [Garrettg Q979; depmett, § tc
DeForest, 1979] vy d fydzj dzdzts j tod h jdad j o rihtgd o [r t8 P elzdz] dzd 2 )
ftosMistcOdzmis e | ftosdL o sH Ismw M fdish s d3j IstsH
Cobstesdts dzjydlk Moo jlsMisoksh jj ddasj ¢teOdz' dats
fsojtondetsMisdglze ff dztslsdesfls! L OtewHBse d ¢ slsj dzyd Od

0 (G dSHﬁdF’;)é(F’ ;wfi)ﬁ)dSH”r(r\{ av. (1.17)
r-r & - [

yir-r

GHIIR) i ] dzslsdztsfls!: HOf sz desets Bsd3) dals© Ho 52 dzSG s 4 ¢
[fMdzse 52 ydmdzj dzdzgscéts tejh jdzdv daglsj ceOdz dats
LOMMdBOIstedo O 3" 7 d hgezdgudidz dzg 5d ved@L [ § sz y0Oj
btcOo dzj dzd 2, Mow L' o O hsdZ0 fHftE daty fislcyf oL OfteMeO=tgj Is to
BsHjdzd Of f OOl O:
a4 As, =U, (1.18)

GHJ T BOtedyOd Skdsdssmitets oL@WdiRcHY IHBEBdY d

ftsojtendsiisdr 2 flsjdydOd { dj djdso, HOsh 2
Hdfsdz desc s Bsdsj dzls©@ o o jwhdesiisdy 2 sl dzydC
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LicOo dzj dzd J i sdzdzts G ts ssC O Hdv ftsojten dztsfls
9" Oy J dzd J d3:
J=3,-3,- (@3, +h3, +gd, +J,,), (1.19)
GHET L dzj € Istotsdzdzr 2 JiSity Qo tstsde@adaiz™?;  IsksiCls Szt 54 dzj § Is
LI MYt YW dydj dzls o Iststed ydzts 2 h it Saisjt SWiitafsuddgidls 1 tige
Slste Oy j dad W gidej 5 Isitdliscidaiap j-oiztizj € Is wztiztizdzts 2 4 a3 fyfnd d .
1o GB' ydesdgd L @@yl &0 sy  fjweadyds § IS¢
LOsdimwhdj ks fsljdydodzd wOfMMkOkteds Oj G 1S
HdWWjtejdzydOdz dgsds L Otwy jdedd, Ctetsd3j +btet L
SlsHj dz' dzr dsd ¢ dzj d3j dzls O &q .
tdhow orhjftede jH] dzdgizsBBE®o daf Hadplg yHjddy tcOo
@ZOYj dzdj flsjdzydOdzO Ctdltejlsdetsets { dzj Bj dzls O f &
lted BfSdr hdn oj dzdyuddzOn §slsjdzydOdss, SEBEHC

4
o ~3
i k'I;aRg/,

—

e 850 (1.20)
potsHdlMw fodvisd] ©OHJEZMO Metttd® Jodss M ft
L OtewW ) j dzde’ W W EEIsHDlezst ftcdlswaedoOjls yoOmlsdyr . Gl
W tste d3lz dzj :

Adi |ap &0

R = RF?%J%%%/E, (1.21)

CHEi s OBk ddtkj GOV WEkdC ydvy, obGLEOMsOsh OW f] ko,
) tod B dzd RiBIBdREZES o ydMmdzdls! dL or ©Oy j ded W :

. 3
) 14D 548

=0,80Re— u . 1.22)
R ékTgﬁig H

1.3.2 dictsioPdzdj 1 dzj ClstesBOcdedlsdy & §sd3j n,
ftod {dzjSliesMmsOdujMSdr tOL Y HOR

RMSd L 50 Odzd j tOMM & s dadats 2 GOl j BOIs d u
L dzj SstedL Oydd SofidyujMSscts Off OO0 HOjlk o
L dzj SstesMisOlsduj MS dMso OL el deOf Fessdy jls
COwlsddyr tOMsjSOddY ktCtses 5 jet Ctstfkmkz §t
weodzw jlsfw tOMmyujls ojdduydds etLddCOsh R 1 dzjClst
BStelsso 24 ©OHdE! dzj Clhtesdedzgz Of § OOkl .
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1 OdB tsdz' jhdiwj sotdc o M j 2 f t& tslay jSHsketdsjd3 O @AY UgzsoCs H 5 € ¢
Bstclstso 52 COBJ dz' dzts? md misj d3d s ¢, wodzwe h jgets
Lz SlstedL Oydd d twjLbkzd sOstse oatsLHj2Mmlsedw Cwui,
s fsojterndzsMmisd s ¢Otclydizrr {tds@ibfplsyijCd@@dzd W IstsC tso
1 CodoOdzj dzlsdgts?2 1 dzj Slstcedyj MEs2 Maj o3 (¢ Cd) 4|
MtezCsztodes?2 1 dzj SlstesWdLduyj Més?2 dBsHjdzr 8 (a6
BsH J dz' 8 MM HSlstsyJ dede" =  dzj 3] dzlstso .

ClsO disHj dz2w jtfistc j RBas®d czid Misj sz + dzd Clsted yJ My
Yy BEBhls ddznkzCIsdodesmisi 2 d @GSLIdCol dizjrd3zl fifdistf h tsIs of oGz
1.26 ftdoaojHjdO o COyimlsey Htedd3jtcO 1 Codo Odzj
¢ } d ts didotairson Jr, Holman, 197.7]

Cb : 683 v

tdmizdzsS 1. 26 CGCodo Odzj dzlsdzOW + dzj CIlsted yd mMms OW
[Robinson Jr, Holman, 1977]
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{ Misj Mise j dadzts, mMf smMtse Wtecdzdtotso Odzdw { Iss2
L OHfiPY s J sd3j Istedyj MEts?2 Westtds?2 s ¢, d m +1Idn
ftsojtomndzsMisdzze MjlsCk, §Mmistets] dedzzt dzO tshmdetso |
L dzj 3 delstse L Istsets s ¢. SOYHOW wyj2¢0 1Iss?2 fMmjl
f oW di3slz G tsdz! dzdsStey dg ¢ t§ df'daigd ¢ s d3) . ssfmlsr Cts9C O BOL
ftosdLotsHdlmMwy M to@sh! s BEdzjern f jttOyd?awwiss]
Moot d3j dedzr 7 M kbddStse CBdzdyjfMmlsets SOTdm wyjd

t dBtcO f Sddidstodfsol Codo Puzg g S &2 1 g § 37 ([ C C ¢
ZLdzr, wOmMmMbswded] d&@BjyHE SClstster dzd H B HzEzdztzO fr) & g bz
~nOtOCIsjtedL s h Ow dqdisf zdzr i Cut . 1 tod dafifzdas/jldd datptsf
0, 1 tagf lOSCGd LOLBjtej zBHlsa§)) Stazdirjfso BOR v Is!

 Odzj 4 toOMmMMmydlsr 9 0j smw COlsddzO ttOMmIsj ¢ Odzd W
Ldz] B3 dzelsOdz s¢, otLddCOshoOw ftod 1 dzj SlstesMisOIlsd L
s¢, 6sftejH]jd®l§ BRAISdfud ME 52  dissH | dzdzj StelsOis offLOQNf dscfizdzS
Of f Ot Ol O, tcOMMmiztsld tc | dedssi 1odzjhCilstctsMmis Olsd yj M< d 2
g zdz' Mdz" 2 dMmMsyded¢ SO M R OLOSIsjtedMmisd S Odzd,

t OfMydls 1 CodoeoOdzj dzalsdets?2 1 dzj € Istzdsdz ) ©s2 ffpdnjsdg
10'd Btsdzj j kL dztse, MmoatsHdlsmw ¢ §r Wfffindsjjdisf ¢ st Els
HdWW Jjtej dgydOdz! dz@ = BkEZtOodzgjdzed?2 (Jruv). 1ted st
ZO 1 s M OHJSCOoOBd d3dd ot d3d dede” dsd L Olstc Ols O d3( .

I deOfmlstswh jj o uldis j dzeliglzisls MVC szdgu j lse s 1 s
Cslsster 7 BsHj dzdtelze s teOBtslskz 1 dzj SIstedyd MSdra d
slsdesd Is ipw SPICE (Simulation Program with
MlsOdzH Otclstsdz Hdzw Mn j d3tsls | R dzd y d3lpE 5 § BRCHEKIS o 3 HAlfcls B Ot
PSpice(Microsim), LTspice (Linear Technology, MicroCap (SpectrumSoftwarg, Circuit Maker
(TheVirtual ElektronicsLab), ProtelDXP (Prote), T-SpicePro(TanneResearchd ISH.

l etse § H | dedzts § dzO i3 | tisfy lintsoff Qetisen ,0 dz@) B tdir@fdel3 L defvdi, ts te
Or CAD PSpi se 9.0, Mi croCap 8 d LTspice I
sftejHjdzvj Btsy fs MetttsMisd OdOddL © + dzj CIsted
dmf sdz' L s Odzedw o €C Oyj MiseCjo oGy jdbdsddis chts frig-dgfils sk
zzyh j sz dL. -aAEGz S Bis®k stejBEZJIsMmw sCtsdizs 0,
1 CodoOdzj dalsdzizs 1+ dzj C Sted Uzism S Kz jsddB ddg y 0 1. 6)
1 CodoOdzj dzlsdzzy 1 dzj SIstedyd MS k¥ MOEMYE, ¢ itz iyg HG"
gizi J s ¢smMdi3dui MEd2 Off OtcOls MtcjHdzdr G OBOdIstso
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sOBdZzd Yo 1.6 1 OadMmddtsmis! otcj dsj dzd teOMmy
Cdzd yj Mlso O kL ILICEM i it dz"ielOts telas &R

s tsdzd U § f It &3 t®Pmal EO SeHfEpdEdsk dzv Is st ¢
2L @58 5rcAD PSpice 9.0 Micro-Cap 8 LTspice IV
1000 3000 27 24
2000 33000 85 75
5000 Isd b o 449 397
10000 Isd b o 1614 1428

1 O dfmd dsts s - L OlstcOls d3Oh ddzdztsects o tcj d3d dzd to
oLz S Of ot dzj ClstesMisOIdyuj MSsd wOLBYH], s
Ldzj Stedyui MEBs2 MRjdr 5C0L0dz0 dzO tod Mz dektgiOLl . :
BOh ddzdzs ] o toj W nkwQ@Llzd ydoe Oj smw o

] drBtsd3 MdzzyOj tedmbkzdesS 1.27 f5COLT 90 ls,
cOMYj O COBlsddy t©OMIsjSOddY fjtojntsHdy » ICse
s¢ M HBMsObsydks Bd hddBi Ctddyjfse s& ME gk
L OlstelzH dzd Is j dz' dzts. 1 i SBAatsHdBO ©OLKOBBSISCO Htokzc
COwlsddzr tOMmlksjSOddYy btsCtse, foLotdvshdn (ki
Ctsdzd yj fMlsotsd dzseo MjlsSd.
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[ dzv  teOMmMyjIsO o jddyddey dzOossHEBE o 1 sfHRC [ tots
B' dzO tOLtcOBBISOdRO MstekzSIskztedzOW 1 dzj SlstetsW dL d ud
ftescteORBdetsj tsBJ MY fJMIjEMe H Y ) £ F@pc@drdiz @ed df H
[ OteyjdzS s d Hte., 2008]

1] c¢cSaMleEMe tfgddalsj L d tclz jHSO ded@t] 2 dfCs drdCridsisizq)]delr izt
sd. IokjJesdOd dizr dGsHjd , hshsswhizs  dL
Istcj G tsdzidzdzgdf Catseo dzj cCts d B Mstets f sistetsd s )
1My stelsdtezjlsmw -Md EM¢g, c&aj elflcijtces tcOL zj Isfiv: o
Mo sC kY desfyls Mow L Odzgdz" = kL dziso . SOy HOW fjowy !
Ldzj StedujMSs?2 yjfd, o yYjosd sBOLEsh R
fsojtorndetsfmisd s ¢.

lted dzOdzdydd ddeW sted3Oydd s otsL ddsy dz’" = dgj MiIsC
COO®dzOMmisj COded™w f jtojrtsHd n kSt s Ctef lzfm
C ot ftoj HiNlsOo dzv 8 Is W ) o dHj g 2dz Mdese s dfr
nOOCIsjtedmisd S O], Mstslse jIsmise s h d d3d f Otc O d3j
f sHCdzs yoOs Isfmw ¢ IS YB3, o s3isEe dzs C BiIss Wz ¢ dztso §
tcOMmMMmMydlsr o0 Isw f jtejrtsHdy j IktsCd.

1 Oy des? B ddsMmis: ¥ twOMMdzOtcdo O c3ds2 w ¢ [ |
CodzdujmMsoatsds kL dzse d, Mmdzj Hise OlYj dzv dztizw j Big© o dzis
Bi ssHise BOC tots dftuHtsj Cifdittspo, O Yz @ ® TBJdzv 6 h d 7 dzO® dzj M
mMdzdL dls'y BB tO L dzOydls, ftsor Mdls Mestetsls
ISteOH d yd tsdadz’ d&3d yd Mmdzj dede” &3 BJ IstsH OB .

[ dzv  tOMmyjlsO o j dzd yd dg fsdizj ntsotséts fd e dzO dz(
ftosC zPIsMY OlsteOMMO 1+ stsets WteOe 3 des O s o dgj h dagj
C1 WWduydj dzlsO Istc Oldand Btfctez® yd,dJ HifststS I©ORVONVMA j et s
sd, © dOftewy jdad] dOoatsHSd © Js1su. ClO Bftej HJ
mMih jMmlse j dedets Edgj dz' h dIs! § tsctej h datsfiyls@i409%0). yd fmdzj dzd

l1tod o fpj nfnlsas@fs stf@infdsOIsted o O dsts?2 Mistelz € Is [z te dats
sdz0 daj fsLotdvjl ©OMMydlsr 90kk: 6¢[1, oL ddC
ftcjor hdebdtd. stshiadujmMSd) OffOwOls' dsstsct
HjlsOdzdL Oydd StdhnstESeddy nd i ESEsd YL igegns J-
10 L dztse . 1 JBBABHd®BE ftetse jHJ dad § EYHO 5]t
dimMmdzj Hise Odad 2 , ZOf tc ©o dzj dadz" R dzO ted h j dzd § L
L dzj SlstesmsOlduj MSdn t©OLtYHEBSe dz0 B Heafsis ogzds .  toOa
cOB SISO HEtsd d20 ftesotsHdIls! Mw € OC -dpj IsasGiffist®O oty j dedef c
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fed Cut, dmisd Lkjd o o ®&izscsWOSkstdsd Od
BsHjtedzedL Oydd BilssHTESO BOCtetsdBsH | dzd totso Odaed v ,
stcZhitEMls tOMyjlstse My dr & CCw, dzjtsBRtsHdd &
WEdeC ydesdzgdtetso Odedw s ¢ .

1.4 Ajdr d §fsmsOdksoCO LOHOY (f

] fesyd M LS &z Ol Oydd Csmdsd ud MS dn
CisMsOydsdOds?2 d or Mt ddf s Rz O B O e §
f ZOL ss2 fesdmMisHdl L dOyudlsj d dzOv  dzj SlsteqdL Oyc
ptejdBY d fsfdj cjsROcddlsd = Bkt d Mkzeslkts:
CsMBdui MSdR OffOwOktses, dORBHWHJRMY) , OBSER
fejor " Okl. 10 tjLbkd O] osLd]COsl 1 djSlEt
fsojthdsiisd BdsStss d COBjd d o fdfljd. ¢
L dzj SstesdsOcdedlsder 7 fsdsjn (Cf1), ofSLHj2Mflsalky hc
Estclsso’ | omdilsgss. Cdzj CltosdkOcddlsdy j §djad,
CtcOSCsotej dzj dedzr 5 MY AR d BGICOLOB Bt 52
dMS Oy jdds dai steROYdtsdzdzy 7 MdcdzOdzses d fdc dzOd
BdLduiMSsdl otk Hjdals ®fkisdgdt § Gousdkddgsd s
bftcOodzj dedj, ftojSwOhOsls OSCkdodesj WhkdeS ydtsdzad
[descdj MibklsddSd B dd folsjtwdr . | & Bd Mdkza
fslsjted. ltodL dzOdets, yYbsts o -LA2ORIRYL Oidd tc g ggv Mis
24i30% s ofjjn 6lCOLEGo.

I dzOfjlsswh jj otcj " t©OL©OBBISOd ©WH djlst
Ldzj ClstedL Oydd odzjhdaj?2 f§tojtwidesfmlsd sé. [ Hdz
L dzj ClstedL Oydd SsMBdujMSdn Of § Otc Ols =00 ePEAs @ LG
fsdzds] dMS s yjdedj SewOsdd & d dzj s5BOlsddr =
CsMBdui MSsets Of f OwOlO®, d dzjsSBRBHI®BE o j H
d afmd2 MdMmisj B o yYyjdsd @O0 sdiki-tskzMists2 yde sl

skh jlsobkjtie gOY dZcl df 5Oy O h d2 WOCIktte { dzj ¢
o bktd, vyt | d&jSkeshsObdujmMSd] ©OLEBYHT &

BdztsC On 1 dzj Clstetsded € (. Clsd tcOL toW H T fMtsL HOE Is
fsszfd Os hdj dzO or etsH' € tsjdff sz [das s 9 Is o Gz € ¢f fig lis A
Hts. ) . 48 HO Y Jj SGldtshwilshmy t©OL tGWHT zO 5B ¢ dzOH €

LlIsdfR SdeHj &zMOksieses, O OS] ©OLBYH'T d2O St
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fsdzdesdBz or atsHE dL MW § tstcOyylsislz' Rls 8 Isiz] iy ddB
WOClkiste BB Yydets tcOMMdzOstedo O Is € OC WOCIkite o dzlzls

) tcOdgdzd n S tsdelistezCydwers s¢ 11 C¢ WEAd ydesd
CjtodBsSC Bdzlsj2dzj 6O d B dzO ftwOSIsduyuimMéd dzO 100%
15 Sl OsCslszlsg PdaRtctso Qo lstsB@BOIsSdyud MSd ftede jdz €
oL dzdCdetso jdzgdw MmBtsjo d GlsCOLte BBKlstsac? O
cOLtcOBtSIsCd detso' n YsCtsdzjdzd?2 s¢ dzO BOL ] bkdzdoe

[ Z 4 Ef sdizd dzOdzd , & , ylsdgj te' ¢ LiPSdAsdzj dagfls 1 Ists
WOCIkstc® {1dzj SlstedL Oydd yj dz SeteOded Yyj dz" . 1 O(
flzls: dfm¢ dzs yj ded v oL sy desisd otsL dad C datso j dad W
dzj ftesMists?2. 1 JBBRBHdABRO tOL tcOBBISS @ LdztLos IsAs teH Rt ©
dLeBlsOo dzd e Ols* w  ff j yOlsdz" j f dzOlIsr Hdzw 1 dzj CIlstet
BOIs j te d Odzr Hisdzy dz" B dzOH Ols! st lsd d&3O0dz! dets?2 9 § dzd
Mlsstesdz , @BOLjtedOdz Jj yOlsdets?2 f dzOIsr Hitsdzy j dz tsfr
LdzOydlsj dzt dz" = § OtcOL dlsdzr = bsSse Eklsjysd, 0 M
BOIjtcdOdzO HBdzydzO BT IS! HisMis Ols 5y dats 2 H dzw B fr
dme dzt yjdedwv ftetspts2dzr » Wodzjdzd?2.

10 MjetsHdzvh dzd?2 H§ dz Isj dzdzts @ OW 1 dzj © Hzip tz@ tc
fMsmls O dzw Is 4 o j dzd Ydddziy § s HGUs@2 1 0 tdyddzj +{Isd
ZOL "™ 908 ls dOdsHd! dzj Clsted & O3 . [ dzw  fMtcOo dzj dzd v
BOtSCd -BpC Al 2 dmf sdz L 2§ lsmw H dzw dLceBslste
sls MO0 BLd [ HEZOCSE 1kt o jddyddzO { djSktstts
Emdzseo dwr L Jj d@gdes? OlsdismW jter . [ Mils! ECOL OdedW dz
L dzj Clstctsf totso sH dats s Ctsdf sL dyd tsdedz’ = BRBOIsj tod
Zdzj dz* h ©Oj Isfmw fted B C@O L Do OMyYdls GOL O H
ddL Csdii3sdz Cdzwtedzr » MsjHddzj dzd?2, o Istsd3 ydmdzj d

I st sz o MBCOW Isj d3dzso OW L dzj S stesf totso SH dz
fJyuOldzgr = f dzOls Htsdzy dzO@ B j M j ydo Ols! Mw dzgj L O |
LO Mudls Mddzt des Mo w L Odzde" » M § sdzd d3d tedets?2 BOIste
sBjMfjuyuydeOshdrn Jjdidz MdzOBLk® EkEHjd dkzt tdzsg d3dzlz
BOIsjtcdOdz Hisdzy jdz BT Is' Ctsdif tsL dlsdz 3.

¢ 2O dzts e d ydzr 2 f SHRBSH dzj sB R SH J di3ts  tsifipigh fij Shrpdscg Iz
L odzj o34 dzls Iz CsdmistczS ydd s o, dzs B s 3lz Lodzj d3d dzls |
Hdt1 dzj Slstedyi MSd2 St 2.



57

sdzdy i dzdi tdMEse Oo0Ottd?2 SComMB3dud MSdrar Of ff Ot
tcOL teW H O] , LO Mmudls odzjHtc] dzd W dztso r A BOIs j to
idzj SlstedL Oydd, weo dzw j Isfyw BJLEMAzce dzts dzj sBr BH(J
fded % § dzd v tdMSCO fobjted SCsMBduUuiMidn Off OOl
1LWWiClkdodes My sdz' L 59 Ols! 2O MmMsOHdd S tdfMmistelz
GOL OB O 910 BOPOdEFIs® | dzj Cltesdedz & € 5y tsdzj dzls &
s, YsLodvshdn @ fsorh jdds?2 ksydshls: s {§t
ftcj HSlso tcOM OIs! dm twWOLOdIsd ] .

[YyidzC 0 tdmMCO ©OoOttd?2 CtmidyimMcédr Of f OtcOl
cOLEBYHORBJOLEBEEBREIE @ j ydoOdzr dz" = RBilssHS OdzOC
BjlsOdzdzdL Oydd so¢, HtsLeotsdvshdas i fsor h jdedats?2
Cet d HftojHBslsotcOMN O dmr tOLOdISd] .

1 06 sdzj y, MLHOdd] StsmMdidy MSdms Of f OtcOIstse
IR jtedBj dgsOdz dgr 7 dMMdzj Hso Odzd?2 d&i L OhMdh j d
Ldzj SIstedL Oyd (. Jdzd oGzt yosils o MmMiBvwW BBSHJ &t
LS J tod d3j dzls Odz! dzts § ftsHIse jtey Hj ded § o4 dzdyddz d
Zd3j dzt M jdzdw Lsdn dzOo SHESKY j dod 3fa@IS ®dizgj dz" § d Md
odagj hdzgj?2 o jtendesnsd t41 d s¢, O kOCH] C0OBj
fesyjmmj dhmdjHse Odd? di3dsdizjlshv oL H]j2Ms
Eyjltsds Itscts, Yylsts Efdzceodw 'tcOBWKEH O O jodf o QflsikiA" s
CsmMBdUjMSsets fshmsteOdhss ®, o SC(thttesd dOR I
Wy dr 3 MmMezeyowd (Sshddyd mMcow sRztwW). b tsdzj
ftetso jHjdad d dmy r IsOdsd 2 ofmj n 1 dzj di3j dzlsts o 11 Co
tcOffiftsts) j dzdzr | 20 o dzj " dzj 2 Htseo jtondatsMmisd s¢ dzO &
sO¢dr dMmMMmMdzj Hiso Odzd?2 wodzw jlsqw  jtco tsfisj ff j dzdzets?
11Se s¢.

ltoso JHjdedz" 2 OdzOdzdL ftetsBdzj &3 HOJjIs oL diisy d

Ajdz2 to@BIHOdd,] KBjssHtsdsedd ftosjCisdoso Odz
Of f OtcOlbkter SCuMBdyjMSIdr Of f OtcOlstse, L otsdwsh
WOClktstetses 1 dzj SlstedL Oydd, 9 I3 ydmdzj MmdedL dls
9" L 9 Odzdz" n Cut, f zls b gste JiOwizfsdzj, dzj ez § MYdg@Ld © O h
L dzj SstesmMisOlsdyud MSdn Yslsjdydodase d da HBY EMC
dzZsor n B stsHtse dMMmdzj Hse Odzd™w B3y ~ L OF dh | dzdats
otsLHj2Mlseadw Cui .



58
[ dzv Hsfisdyd ddy {§ siisOddzjeddztsds ' y jodRjH Htagds &l s H
.1 O bitstjldujmMStsj] tetfdtseoddj d <Y
i tod d3j dzj ded W fMdzOB 5 ftcso sHWh dn ( 5B d&ZOH O
ftotso SHJ B MisH100°[ BL BO Hd! dzj Slsted yj MS d A
ttOH d tsBOIs j tod Odzts oF, ts Isefifrietf” tczi oL thptsAipisd@o j  f j Y Ols dz’
s¢ sBimMfiudls f(itjwOmftejHjdjdfij d&O¢Oofdd
o' tcOo dzd o Oz j { dzj ClstetsmlsOIlsdyj MSdnr f tslezddzyd
Ldzj SstesMisOldyuj MSde tOLtWHESS .
.1 OLtcOBslIsOIs! d34 s ts Hictsoat<Osdgds W 1t Qeds j Sslohd dzts o ¢
9 C dzs YO h Izs Cfdzj S Mstslse jlslsokzs h 7 &
2O tcOo dzj dzdzr 1 O o' Wodzjdzdj HtsBJdzdtelzs h dn
fsteOy jdzd™ Of f OtcOlskzte' s Hj2Mlsoadw Cut .
.1 OLtcOBSIsOIs! i3 IstsH dBsH J dzd tddsdar GRdzdifvis dgjtdis, 0 dpj L
fted L dzj SltetsmisOlsdyujMSdrn ©OLEBWHOR ofs WtO
fsfskf Os hdo &O oStH' J1tCd sd, ©BEOHOE M
L sOf OfF Ctdfmlstezdtese OdedY tyj dzdo Ols!  jvy f sdij
T CtdltejsdesE s tE@@BdM | HRBE & Of of @dzd j &3 t
BsHj dzdtetse Odedw o' f sdzdedls! twWOMYjlsT kitss dzj 2
COBjdz dets?2 fjlsd, oL dzd S O h da-t dejedls €8 ® dzO dfts d
so LMY jteddsj delsOdz! detsy dMmfdzj Hise Oded o J dzd yd
.8 i sdz? LsoOdedj 53 ftoj Hdzsy j dzdetse s dBj IstsH O te(
qddey § daj edzz® By ssHdSCk tBiMiJujddy f§odintL
tcOdedzd 7 L O OF jy fHtesjCldieso Odedw, O ISOCY
g r lsOded?2 tOL ddyde » bheweYBlsos dutHdimlsg
fsiRj AL Oh dh j dedetsfyls! € eotsLHj2flseads Cut Hd
420 § toj H tfta devddsiwvernd Is j dzv o .



59

| Z0o O 2 stdBftsLdlsdy j MdzOBts ftesosHWh d]
tcOHds! dzj S Istesdzdzts?2 O f OOkt € 5 d3c

Vujder B8d fRRUS I Z1€ jhj ® 2003 ¢. o dOkydesds
ComdiicdzOo lsdC ©Oe B dzO [ B tisk efdzdOS o @ dz®@itdctf HisBILB0M0R | d L
dzso " 2 f SHR GH ¢ tod N J dzd ® f tetsB dzj 03" ftoj HiSIsE
Hfdzj Clsted C s € tsf)dddfyjtdnCrs@H IsC) Afiggs(ICHOdzd® ¢Bj L toOL
dmf sdz! L s Odzdwy CtBYsLdlsdzr = MdzOBts HtesosHWH (.
L O3} dzjrizDy dstaifiizs My sd L 2j ds' B Hd!L dzj Ssted S50 daC
B j d3dets 2 fteso sHd issis! &, sBJMydudo O N dj I
or oo dzgdo Odedj { dzj SltedyjmMedr flsjdydodases d f
L dzj SltetsisOlsdyj MSdr ttOL W HESO .

] de@fy h j &5 ttOL Hjdzj dL dztsy j dzr toj L Ezdz sOIst C
Cdif sL dlsdzr A Hdl1 dzj SlstcdC tso , sB dzOH O h d A fn dzO |
otsL d3tsy dats s ¢ dme dzg yd dzdv G wut d tsLotsdzdesh dj
BsHj dzdtctso Oded W tcOH d Bls j rodzd fpisimisPd | [k ff IststsAcih S o
Hd1 dzj Slsted S d L Od3j dgj dz@ dzO Ytoj Haztsy jdzede | (wOCIs
Hat dzj Slted Sq. 17 dzts EMlsOdase dzj des, vyt OCdj H
L dzj CSstesMlsOIsduyu MSdrmr ©WOL tGWHTSH, HdEej, Hftadl Ot d2ty I8
fsojtondesMldB $hicw OO 2 tcjor h O hdn dzOB dzt HOJ B |
ZOdREHN jd&§ MezEyO®] (cjtskOcddlsdr j Bbktsd). 10
Codif sL dlsder j] MOt fesosuwhdj HdL djCkedSd da
MBtesMisw i B d3j 20 ( dzfeItdpzO Ylgjtsl oH &1 ,150 Otc L © f toj ®
Mtseotcj d@3j dzdzr = Bl 7 C 1 [ .

2.1 ltoddzjdzgjdzedj SoBYBLdIsde » MdzOBts {1 to
cOHdB®ROIjtcdOdzte 9 111G so

{ oL &y dshisd ¢ Wydpfdss) g dzdty MdzOB s C eyl
COHdROIjtedOdkzses o 1tCd s¢, SCtbtsBr st O s dxj
orh jef sk 8y g0OF LRI "Hite 2003 GEHE. 1 j2 Mk
fpdzj Hizd s dL  dQhujjcisf ¢ 5B LpBUE® B3] " d dz, HEz® ] daf fip§ dz®
L dzj GnistOts d uj S dn GOL W HISD (Swut), ptsL dgd ¢ O h
Hdt dzj Slsted S s 50, dzj sBRsHd®BES dhf sdzb s Bsfls
Clsster 7 BdzdL $ O °Ldldg.j dzd W deje d A dr M kOS2



60
sfted Hydzd dzds dzj wWodzfezE MY steleFstse tef ZOBORd. 1
cfdzsnddsde Hd1 dzj Clstcd C Od3d . 18 1iIsd HJ! dzj Slsted ¢
Licj dzgd W dgj Stslstster n  tc OHzf tizlf 2 = dzchy J S Ly difdte dziFg Is tc O
WOCIkitetse 1 dzj SlstedL Oydd { sdrsfstzfRBgesdcd weo dws
tOLedisdy Stdyjfydd ftodhjdjddy Csd@fsLdlsd
COHdtsBOjtcdOdzsce © 116G s¢ oLotsdwjls o HOC
fiteinrntbH € ftotsjCIlsdtetso Odzeds d dzg dadsds jswo td) wdag ™ H dg" -
r i 2msodets j dzj Hd dzflse j dzdzts?2 Htedyddets?2 + dzj Slstetsfis @
otsLdedCdetse jdzdj SCtdlsdud mMédmr, fHjHftesBs2dz » L C

f s torn detsmis dzr d3q L OteWw H O3] , ZzOC s dzj dzdzr dzd )
ftesosHwh d3d ddzd fdzzicdzs g " ddeimistezC ydd
ttOHd L dzj Clstetsdzdzts? Of f Ot Olskzter . 1 sMEtsdzr Sk + dzj §
ftslsj dzyd Odzts o, slsdzj Mj dedes?2 € twOMmMMmistswdads d3j Y HE
ZOdetsdzj § 1 WWJiSlsdedz 2 My w[fists B'o tc Qedediag » @dize] d  # dzds
{ Misd Mise j dzdzts, Yls ts 9" .09 dzd 9 Odzd | f ots@sdptwizy ¢ ® dzts o
Hsfisdy jddwY 1 dzj Stedquyuj Meddz i sdzj &3 ftcj HY tetsB 52 dats
4C Btesmlis! tej zOS MOydd 1 dzj Sltcdyj MEBsEets L Otew

o t6§ d3j dEgOg MOy dod)j dfdeEX: fiy
e,

t= ; (2.1)
GHER T Hd! dzj Slstedyj MS OV 1 totsdzd @i @ jedsts fif lde'ts & HsdAd dhjsSnldsts
[iceSts odHjlss , Ylsts Hov10 dBO Byts  HY cct tsoz jtsSH I8 t6 ffSats

toj ZOCMOYydd MsmisOo dzv jIs MislstBFc Bis dzgr )y ¢ tzlle® s d k
L OV Hts9 , sO¢ COC¢ tojzdMBB®YydL Lidr o isO t@WMejtspy
Hd1 dzj Slsted S tso L OteW 3y J dzdzr o3d Yyoflsdyodd dL s ¢
st OHdydhdedasL s’ = Hdk Yl sott (BOCBOYdd L
MsmMis o dzv j Is s IsSdfdzH( I/ Mydgd] ving dzw & Isfw f slsj dzy
sBi jdBder » LOwWHBe d dMmlstydgdcOGdd it idd Holow fod & t
lteso jJHj B BYyjdeCkz oL Bsydtsmisd Isjrdesdztse d yyg
dLeleAd¢ iz dzso scts 1 ¢SE jsidag Gadtsw Hdz" ~e s ¢. [ Mmdetse 52
tsls d3j YO dzts iy tcOdz 4, weo dzw j Isfyw LORJ dzO@ IstcOH d y(d:
Hdt dzj Slsteduyd MSdj t©OHdBs®RBOL,j ted Odz' sB dzOH O h d j
Msftewyjd M "] ddiid NQJj dZOHO YL sE 5" SO BV
sStcOH d yd sldatlg ClstaidfS so s ¢, fHdzj YO dr L Od3j dzgj da
MY stcdBz dzd tetso Ols! oL 2SO h dj ftod L Issd3 L OHOYCJ,



61

1 0detsdzr "z s OMmdatsfyls ftod G&kblsR] daRnd s4 dzj
Of f Ots'Olsgzd¢ ftoj HMIsOodzwe Is 1 dzj CIstesMisOIsdyud MSdy ©O
fodzd 3d tedztse s RO jted OdZO Cstcf zmMse § sdzkzf tctseo SH dzd €

rs Y038 0ctHB ftotsh dets citst uffls W dejdiedi We ts df tor] dedsSets
ddzls j g Qdz' 3 € tetsmn § d3r (Rfuw) ®lsmizlsmMlseo s Odzd o
ftoddsj dzgj deds o Btstlstsoats?2 tCd s¢.  GLemjrhjj df tcdsp
Rfg 9o ®BIbsOdzdyimédr d d&jlOdkzass jteORkdyd MSdn
d&duydd cjtodii3cCtsdzlsj 2dzj etso, L Of sdzdzj dgdz" = OteG s dat
te@j h OdzOMm* 1 tC¢d s¢, ftOClsduimMscd ¢ sddsmls: s
slsjyjmlse jdeder = s¢ ftejH" HEN jets f 5C sdzj dad v .

1 OydsdzOdz dzts Csmdd uj MS Oc¢ j dzls ls@dets
fsdbftcosHddCtBor | fwdete’ d Rf& o -Af ZOfs&KT
fosh &sets fissdjlsdy. 10detdj] "] foHlso j!t

Cstef Mtse Hdzwv GjtedBIIsdLOydd ftosdzkftesotsHdzd s
OdzOdzdL j BIsC OL ths daOc Wi §aydfOdizzsd3 H dzv L Lz dgs dgd v
Od3j ted S OdzyOdBd dz©@ § tsylsd ¢ jcBAAEHAY Fadeatichkrgingds tc B d
High Altitude) [Mullen, Gussenhoven, 1983] Istsls dzj Btsdz' hts2 s¢ ( MisOts
or Msls® 1,8 &) Brdz 9rojHjdz dePs dzgjcB B &0 3 6 s @zo
IIssets s¢ fsmdzy dBsh dets?2 fgtp dzdlzgzgdete s L dofigfiyddyd C df sis B
Ldgjtedij 3 11. 1 twjLEd sOIsj odzzlstcj dzdzj 2 1 @] Clsts
fijtcljrBHse dBshdzr 7 IstcOdeL dMlssteseo COPYJ MERH MBOJ
dL Bl jBO fodzdditd » SCttfbkzmMtse dO € todMmls Odzdzr
# Isjr Ut 1 dzj Clstetsdzdz” § 1 dzj d3j delsdlz J [ § p d35 dej ¢
Mow L Odadz" jdzdn] s Ay 5dzOdz! dzr = o tsL Bsy detsMmis§ 2,
d {dzjtcetslf sistcl b tegigdedcdzd WsPdzd cSLLOLHES Bisd]
fMisOlsduiMEdd3 etsLHj2MsadV 3. 1,8 ML Y izD] % detd fa
ofmirn BLCOLBY s¢ ftesdmMrHYI 8 odday + dzj ClstedL
1 s ¢ OL Odzdz" o3 f ted ud dzO d3 Isjrdesdzse dyj MS d
fsdkzktfftetizg Ctso" 7 ftedetstese d Rfw o CBteflkzmMOa d
Hd1 dzj SIsted yj MS dn tcOHJsBOIs j ted Odzts @ W dzw j Isfyw
mMzsy dzr 5 { sOftsds & Htetsj CIsdesoOdedd d dL e tslstso dzj
vdzj Hzs h s B jCIsOB], 5B d@iH@ryddiddd LSO sgdi S
wg dzw e Isfw, fts dzOh j 3z d3dzj dzd ¢ Hdl dzj Slsted S d
otej BBW Hdzw 1Ists?2 yjdzd Mlsj C dztslsj € ffl8ts defdcligi" ¥ sz OS]
EHjd dzk® ftetsosHd®RsMis: d dddf)n sls Casaij digiptksdstdtidue f



62

fslsjte! dzO@ yOfmlsslsj 1 [y dz BBSdZjj 0,025
ftotsdzd yoj Bsfylsd dz0@ k2 3j yOMmbtslsj dzgj Btsdzj j
5Bl j Bdes? fosotsHdBshisd dz0 §shstw ddzsds lss@Gy H
Cut ftod 1 dzjSltetsdzdzsd3 tsBzzyj dedd sOStsets HIL dzj §
ZOddi3 d Migdzj, S HGABHCHD BOL yse flsj ¢ dslsj S mlstsdzd
dzj M sdzr Cdr  Hdzj2 M fitedsudui MSdas @t jsaiEds
H Y 5 dzadgfsiailzdz’ fdad 3 § dzd & olsw dditsdgtisd]  fitsts” | dg@yj daflyts
L dzOydlsjdz dets ko jdzdydoeOjls o stetshisd@isils' M6 ¢E dadc O
Edzj lsdets jhj t©OL GlsBjlsibists w06 tctnp izigd®s i Gw
Hdl dzj Clsted § Odz® daBL s@dediagj MS dj { dzj d3j dzls rdze Ischiztsjosizh
L dzOyj dzd ¥  dzj Sltedyuj MSd2 Ywlsjdydod 1 fMdzyoj
Ldzj d3j dels Ocffw wip fry®llsdz" | IstsCtsojHbEMd] ftotse sHdedC
fjuolbdy 2 ftsotHddS, dOR o df gy Bt ds | 8 gzzd
dzd yj s MisteOh detsets d daj ftesdLs2Hjls. | j fdzd
Cdizsotsdzi Is ftosdLts2Hils o ftoseosHddS, MjHddws
ftedBtstetse, Ists dzj sBtOldi 2 HEeOYISjzdr ftedB it

[86dC0O0 fmisictsy ddw dOmEsmiz] 2 tt@®PBR &k c jsdeg 8
ftod &3 dzj dzed ™ CtsdBBftsL dlsde’ » MdzOets HtetsotsHWh R
Coyjfmbeoj ®KROjtedOdss SCttflzhmtses ftsdkzftetso 5H dad !
ROl j ted OO G syt dfs Is # jizs oL Bsy datsfiyls da
CoBBzdd S Oyd2, OSdn COS ©OLI j&, S$OCMdOd d

ukzh jmMokzjls WottdkOd dzOwW OdOd&sedw k0o dzj dzd
slsfkzlsmisodd Bi jRde R L OteW HslstsCoso o ditdsstods H f t3is )
L dzj SlstedyujMSCBD dadajEltEdmsolsdSj (4 = 0) d o9jClk
fesyjiifs@tsedd Htekd Hikzck. R&jjls BjMsts d §SHS

1 so jHjddj Ists$ O daRO fdetg @ dzd Wnjd dds @atsH e OL dzd Y Os h
offiesdLotsHdl COlsddz §slss¢O ddHkzSydd wjL St
ftetsdzd YO dgtoijlsCofls toef Y ts o . uddztser j dzddedd { dzj Slste
fsojtendshmiswd fseosHddSso. | jipS@BO jiffdd dd ojj@
Hdt dzj Slsted S L OB dedls: Hd! eeff Bistgt 156  dgi f dsd dets D
5Odze j dzyd Oc! dets?2 S sl Sdzj dzls’ Epoj jCOsksta® i ctg 1€ dptichinflsud
dsted@3Odzj dz ¢ 59 ] ton stisdd SROstoGh dgzg Gls gt W h § fsdz
fcsotsHO oMjGeHO dL GBlsssdeBlsﬁjWSajLi & jsQeldsts 5l Is @ ldodf:



63
) sdzv B C R 20 f shistw dadztsds sCj) o 1 dzjSlstets
fosodisfipBel Isj stedd thdst®O yddepOlstda] ud MEsets §sdzv o
L OHOYJ IsHoatef ydBsin¢ dr ftotso sH dzd ¢ 5L =09/l di3j JOB Yatc gL oAgCE
dzOB 52 f to =6 iDq, BEBHSid OL dzsfls ! § sl j doy GGy iyl j o
mMsfeslsdodzj dzdj Mte HT BiYHEZ Hokzd3w fHtotsotsHdzd § O
fclssCd oD § gty L dfstps) 6T SN o Ol 9 O h s wHdd d
Meslse jIsflse j dzdztsydon diafpiligs Osoesiizy C O h j s o dzj ¢ 15
[sMs HO MLOLE MdjHkjls o0y ds] dJdisjcwOd des

c=1-9 ¢ 2.2)
R e,

vOCdd BB EOL BBRES uhpipdmigis®e o { dzj SlstesflsOlsd
Yyofmisslsy 1 Sy, d@ydts tyjddls! IlvBE EfiddsdiiwCHdz
dJ s @ dzdzd ud M < o B3 C 4 1els® stirdzd o OfdpfsIO Hifogstefls §) dz02 H
Yb®= 3.,°gBl 0 ddzd Msf BRES’®BEGRLE60 [ [dB) . [ By
sBtcOL 5d3, d3d dzd ©3O dz' dzlz ¥ 9 j dzdruld dzl o Hndsf to txily) dseddyd:
ftetso sHdzd & O], ftsdzj M j dade” i3 ff scdzdetsfyls ' ¥ Oda' dafg @zC
mMdlskzOoydd, CseHO ftosotsHddCd dL sdzd tets o Odg H
Msfteslsdodzj degdWw iy HEZz deddsd BEZHjIS dZOBoRZSGts B S
MdzOBts oo tsSHYWEBPY MdOtrtzzgdty COBJj dzv ) o sdzdzso T «
fsetcdedesy Msfteslsdo dagpzd j 2 Nk Pezd IszOdzj3j B H dzd «
wodzw jIlsfqw dzj Mih j Mise j dedzts?2 fy IstsySd Ltejdzedw ko jd
l tetso j H j dadz | orhj syj dzC d dzj ts B RtidsHifsdg s fylg din ¢
fjtejrtsHO ¢ fttsjCldtesoOdzds  dL GBlstse dzj dzd®
sotse s fsCtsdj ddy dO0 thdse] fteddi diddy o d
CoBfsLdlsde" » fMdzOBts ftesotsHWh dR HJ1 dzj Clsted yj M
OSCHsRej AsH dzgj Istsdz Ct5 WodzW jIsfyezj dg sB R SHJ A3 ds,
g yYjdzs fdzzyj dzd¥ HOdzdzr 7 HdzW tsB tsfdats 9 Odack
dmMmdzj Htso Odzd 2 d tcOL OB SIsBE ) sB dzOMis d fMsL H
BOIs j ted Odzts dz0 d3d B' dzd i tc ts 99 Qudgddwr of O ldnjtsdsldsdz’y
stcj Bso Odzd Wid3H 0119 v uc v dfMmils j BO tOLtOBBISSEd d
ftesdLotsHmMisats. 1 0Olsjdzlsde” § dmMmozi Hiseo OdzadwW . wiSHJ (&
[Mdzso dzts? L OHOYj2 ftesojHjddw §OIsjdelsde 7
Ftecsodzv Cdsj PdedtsB dzOfMiIsd M tsmse o gL d3j toj dzd W d
Msslse jlsMisobks h j2 fiojHdzOCO] & 8 SEhf 5L dlsdzr d5 Hd




64

]l ABH] ftseo jHjddw 4§ Olsjdalsde" = dfmfmdzj Hise Odzd 2
o Bl jd&3] BESdZjj 10000 J-§ Faiffoud HOs2 dzls dzt€ & dzgf dzlsiz®
dimidzi Hise Odedw ftetso sH d dzd ! -dfiplz? 15 g Pz @ e ts teelzO Bz jtaly
HOdzdz" = AJHJEEOM dzesets ddeMisdlsizlsO § tesd3’ M dzj dzdats?
stsjHddzj dzdz' = ZzIsObtse ¢ di3jtedCd, [ orteltsl) & Bs& dse rf €t
I M Bdtedes? B OdedL Oydd ddalsj dzdzj S IskzOdz' dets?2 Mmse Ml

lteso jHjdzdzr 2 fsdMmME 5 MlstcOdzO Ry, sfted HJ dzj ¢
or wogdls! d tlstsBtcOls! Hdzw fsfmdzjHkeh jets OdzOdzd L
Oz Ut tgj MC 52 ddaW stedzOyYydd, toj dzj o Odglsde" = B j G|

I 7§ tsdzdzj dedz’ § U Olsj dzlsdz” § d midzj HissjorCidgo vy TS tEs 6 sy
tcOL tcOB OIS 90 B2 BIiBHdSd dJLBjtoj ddw d dd@sH dz
tcOL tcOBtsSlsOdzdztsy © HIMMj tesPypzzted | tc®B &ZBH O s - e
d dz0 {Ists Isj n dzd ug th tistg Bl e j d BS Bt j IS j dzd § ~ 2
WiotOdv 2013 GESHO ¢l jyOkdOW f OO H&Y Bl
Of f Otc MlecoCe3j " d, @I dH 2O § tsdzj L dzzs BSHjdz2w ~20Q16HA
GSHO ¢sOBjdz dgr 2 Bdes e s8¢ sdzls OC Isdz" 2 cOL]l jd&3 ¢t
Emlss2 ydoetsMmis: ¥ ¢ otsL dzed € dztso j dzd[t ¢ Bl taif) o8 jlstafsdip D Is | tq
LEOLOdzdets] IsjrdedyimMEtsy tejhjdedy ddzddls o 0Oy datsy
L Cfipffis] dels Oz dzr 7 dMidzi Hise Odzd 2, L dzsyj dede’ 7 o dz

2.2 UvjndtdztedY dLGEBlstsodzj dzgdwWv BBH |
MdzOBts ftesotsHWh R HJL dzj CIlsted €

[OLtcOBBISOdZO IsjrdtsdEZtedY dLEBltsodzj dzdw dBtsSH
KOs j tod OzO dzO tsdzasoLjd df@te Off ddigOdzC el fujtddnidats ¢ ts
sjrdzeduy Mitsets Eeodzj tesHO (ctcOWdlsdtotse Odadzs?2 MOy d

[ Mdzts o 52 CdiRf sL dlsdetse 5 Hd! dzj Sstedyj MEsE s
e dzj o sSHs@GUs@W d dz, 9 (bt 2 HtSBOO dz¥v dzlpw  d3j dz€ ts
CloOW dIsd tcts o @dzdatsg2 s dAy @ dzls tc Oy d W fstesh CO o' BdtOd
EH ] dztsdzOY dfde® s5H d BBsfils! B tc FilafodLigis s O &z dzO 1

1 OtcOWddze ftcj HMisOQodzw jIs MsBB2 Md3j M ftcj HJ
BOMNORA 50 d Jsdzzyojlsmy dL fdReidsidd dz&x G dggdhudide” Q¢
M2, O BOCYJ M ttOLd B3 ftdddk tOBBd H&v { tsd
stsySd § dzOesdzj dzgdw, vyYyojl0O, ftsydshmisd. mtcOdzdIsf
NdqHEtsd, IsOC d o ko jtHtsds 9dH] .



65

1dWiswdz § §OteOW dds IsmPdzOfth)d sy dgHzd tudmist
or MsSCssyYydh jdedz" § d tydh jdede J. 1" M stsddh jld2dg
13, 14, 15 d ftjHdOL ZOyOs smw ndv Jhfsd Lo
ftojHl wodws hd2 sfsB' j IttjBtses Oddw ¢ vydfbsslsj d

{dh jddz §j fO0OLOR4EY w ddijel Ijrnddud MEsy d
ftod Bj dzw s Isfqw o COyYjfMlseaj Mt jor s &OjtedOdso
AdLduimMSd) Mmos2Mmbsa® dzj Stslstster n tsydh j dzdz m
1] Ju2868389) ftedeojHjdz2.d.1s08B dzd y

sOBdZdYyo® 2.1 Adrduyijmscédj Met2MmlseaO® tydh jdedzr = I
1-2,-1p2uvd3 vy Juuv-823683

1 d2Oyd dzedJ Hdzv d30te§

1 Od d3j detso Odzq J
1-2 u-1 U-2 u-3

tc Is © dzdz i
| sedhisodadujf 0" a1 m
l dzj h dzd 2 9 ( ] B zZzsetsHY FigOC
BJ d&zcets Yo _ .
sklsjd¢d Mmjtetsc

Uiy jcOkeO f

_ _ 52,0 52,058,0 52,056,0 50,0:56,0
dzj ded ¥ J

[ OMmtse OV H 5 dzw

: o 0,80 1,80 2,30 3,00
dzi BBdzj §

Cdzj Sstost totso’egh| 10'% 1 3*

[ OMftse OV H Bdzw

. . { sMmizlsf - - 0,2
dzj Btsdzj J

1 Of sczdzj dzdz’ | fodbftesosHddSsor j d 1dzjSltets
Mset? sehdd 2 ¢ &OMM &OkjtedOdss, ROw©OCIl]ted
SBEMmdse dzj dzdzts? o0 jHjdedj B o MstekCllztlk § tsdzd dj o
mMdfmlsj dlssvmE] dL fesosHWhdn, MowLbkshdn €y
fow L bksh j2 shdse] dOfcddj dd j §sdkddjt’ &sdt
Cjljtesyjfdr j. uvOCdd GBLOLESH JMRsHd 2 §dd
SftejHj - dBduiBBHEoMotejLd Sdks h jets S SL

| &Of sdedzj deder 7 fsdzd B .OR e COyifmlsej
dMfsd Lks kMY (ottsh (ssewOLd j ®KOjtdOd SO



66

B4 dz¢ sHdMY j emdz" § uOMisdyr Mmj tej B tc Oz cfdzjHteddHEA] d dg
sB EkMdse dj dats, fsdddts df L dzjClkedui MSdR  fe
Efss2 ydosfl! ¥ ¢ d&OctkjoOddy . Ajdedes? e j dzdz
dn Mmismssdtshls! fMekSlbtdtess Ols! MW o yjf dgr j
ROdetdj j yOMmlsts dMisd Lkjdk 7 fesosHYhdn € Y

sindeduiMSd2 bkedjtesH BT ydts dMisd Lkjlshw
MesteOddd bcedjwsndms' 5 ojhjhmlse o bkfdssdwi d
fstesh 8¢ ) LOL dj tcOdstids. 4 @figl§ s o Gls Ml &' W s MG Ols &
Fedzj otsHistesHT , 1OCdj, C0OC Oyjbddjds f(todtotsH dz
s jayigydcoOdedj fMrt' v ftod dajHBMSOLS ] Cdmdsts
skklsflsod oGLHEDO. 9 jcHy 0 dids 2k ¢ jotis@y i B
Y dztslsde” § Isfqw d ¢ teOdelz dzdite@ly dgnte’ o tc OB Y J Y QfiPlinds g
fsdzeyj dedv Ikjrdduyj Misets EcecdzjtesHO. [ OBsYOWw YO
Bq dzdzd 520  f jteo g Ydz B dztSotaly fiplsdo dzdaiftsdslo dzO € Ly ! dzj
kjnddUjMSSEE bedjtecHO wodws sfw &Odshls! oL d
fstedfmissmisd. I} shdjHd"vY syjkdeOjlshnvw §t fMisjfjd
bvjd des?2 ftsojtendesfylsd S 08EQkizOBL LHj @F GBY S§ 66
Yomisdy Isjrndduj MStsets i dysjstelise a3 s i Go dft j o On g
kjnddUjMSSE bEdzj tSHO Wodv jlsiw MmoHj oy Odzifj oz
15%. 1 dn fehmlsOs ornmHdBL EdMABEkOd:. s SEEEEMO H
sCqfdzy dedv dz0 Yo jthdesiisd GBEOLES sMw € dMdsts
COtBtCMdd dz j d Is.4§.), SCtbtst’j MOsddlsj d dats

1iStlttr | §5COL Olj dzdd I jotfded wijf 5 o6 SO dzi )t

v OB dzd W@ d2) .teAIsH IS | ~8dBfwiffEud 2BB8 S v ~nded ud MS dJd

1 Odd3j dzso Odzdj §SCOL Ok | Stedsr § 6

LHj dz dzOY Ekfdzse ddDw o jton dzsils: 147 18
1 slsjted ftod dzOc%ej o Bezd dzj f B dz) § 5 0,5
1 sdzt dzsB s dRoj dzg 0,2

[ OfMMBSe OF HEedY sMsOCO §tshdj {4
0045 & |- §p@) 6613 0,08
05 5 | [86¢%)6613 0,001
014 5 | P&%) 6613 0,01




67

[ MsB j dzdesMils! §stesh s Ijrdduy MEBEts k6dzj tot
Movw L OdzA jtco z& syjtej H! M Jdet 1dzgjtecjlsdyd ME !
dzj MC s j demdtes g Ofpdzs 2 &ORBSHWH AW RO CctOd
ftsorh jdedes?2 Isj B3 j cOktcy ftesdmMratsHdls Csif j dhor
ftseo jtorndesMisd G®EE &z Rckzcd@Gd OCIsde dzr isd vyJj dzlsts
Wstcdzdtectso Odedd MlstezClskzter d Mots2Mmlse dzOf tsdzdzj dzdzt
Isj B j tOlskzts’ ftesdmMatsHdls , Ei@dgd dzif ¢ OF d Mekzsfgtss |
LOCOdzydoe OjIsmw ftod Isj B JtcOlisk sz sigdd O @ s (
o9LOdhBBHJ2MIsadw OSIsdoade = yJdzlstetses M tOHJSE OdzO
COteBtsSCMddz dz" j, cdHtetsSCMddz dgr j, € OteB tsdad dz' dz" §

] ks Mzzyo,, CSEGHO dzj sBatsHdBs  sdzzydls
1L dzj Clsfipm? HftosotsHdBsMIs! 8 o8 COyjmbe, ftoetsotsHW'
By ZE sHdMY jtemdese s M tej BLO. 1 sMEtsdzr Sk 1 Ists Ht
fted S zOHdz" = yYyddzvn yYyoOfmsts dMfsd Lkl §stetsh € d
CsdiRf sdzj dzls sijidlz dzykzd&mlse dgOy dzesmis d, yls s, )
dzj MisOB ddz! detsisd  OtcORj Istctso . 1 BBRaBH B slsd3
fticso sHdBsMIs! SCOL" 90 s ftso jtern desfls! twOBsYd~A
ud @3, fitemfjSisdede d3 dzOf tc@afdzj defjj s s aof gy j tesfin ez’
tcOL dzdydz' = B sOdkzdzseo, o jten desis! wWOBBYdna YO

gowLblzshdj Ctdiftsdsg dalsr 1 dzj Sstetsf tetsotsHWN jaEts
WdeMmMdekzels MbsickSlskztck ftosoasHWh jes € tsdif tsdzj dzls
fcsosHWh j s C i sdzj dzls O, sBtOL B8O Odedj 1 dzj Clsts
ssdzh ddzr Hdt dzj Slsteduyui MSdr ftosmdsj ¢ BjyHE ttOBCE
fsmistswdzamlsots 1 dzj SltesWdLdyj mMSdr Moeat2fMmlse dBOIs
dzO § 5 dzdzj fdssizzdRd3j tc O = hdesC s ftodd3j dgv ¢ Is sO¢dj t
Mddalsd sdud MCdj Mitsd , §sdzzyoj & Jj flklsjd ¢ sdH
O IsOCYJ Isjteidsy dzOMiIsdydzr j § tsdzd ozd o' .

Il dmeatsHdsdk mMmsswddd (MsOHdw 1) Mmdisd
st J dz# 8 CtsdzH j dzlMOydd d dzj Btsdz " ts2 Bsdzj ¢ Iz dzv to dzt
Anstesh s Mdz3jhdeOs hdjmw M fteseotsHWwh j2 Cod3f sdzj
1 sfdzy dedL CBIsj BY J cOlskztedzes?2 Isjted3dd yj MEs2 BKGOB
dzj f dzOo € 5§ fyEdidsusdzElzd f s - ta@dzv v Lt OMise sted d3tsfls ! (
sj tcdi3stsB tc OB BIs ¢ J ftoesdmMatsHdIls ftdzddj tcdL Oydw fy
Iso j toH 5] mMsMmissWw dzd J d ftljtej?2 tw©OMmlseotstcd &idtsfisd
ftoj HMsOadzv jIs MsB 52 i tads fr) 1) tc Osdlzdndz’'o j wi2dz" 3ts df jsColdr| o3



68

SBXZOHOjIs Atttsh j2 AddkduyuimMis? d o zOesMmlss?C
ftosdmMatsHdl ttsMmMis 1 dzj Slstedyj MEs2 ftosotsHdBsMIsd
dmMrHdsets MomMisswddwYy d adHO Misd , O OCYJ ft

)| Isj mdesdzse d d ftesdL o sHMIse O zOf s dzdzj dzdz'
L dzj CSstecsf ecsosHWh dr fsdzdd3j teseo hdtesCts dmMf sdz' L E
J dzts dzW tstc 30O dzfi HYf jtectsoHHzAR' Is )" f tsdzd ¢ 5 dzH SHENHO y dhd
stedzOdz! H GO Htsd3 H

- odzdl ¥Wifcdasyz2SIsr  f sdzd € s dzihj daff @uedsds otc @L dzdi

- LY sChduedL fzd yor sy s MY sMtse Ok ~ dd3d uj M

LYsCdHd HGezffr C

- Ctoj Bded 2 st Oded g MSdJ .

l C€Oyjmbej MmMewrL ks hdrn SR sdy dzlsso YyOMmMlsts ¢
soCdi, ¢O0S: At dzdf tfidefrgriidmE@| )( & § sdzd s § Is eRaw,ls 5@ 4
sO¢ Y J fsdzd OB H T, fsdzd B H T d ftdzdosted &zOIsT
qdsj ¢ Is Isj ddzd ddzr § ftoj qdiszh jMmlseO® ddzd dzj HsMIsO
f zOMmilsd ydesmisd, ~ddi3d yd MS 52 L afts dade®e stntsdgi2 § Glin'ls
L OHOdzdzr d©3d Mo 2 Mlso OB © HEMIsOlsydts "N dqots$ sd3 H

rdzv kedzizy" jddv bjn ddd dd'- &j-0dduimsdn
dzOc te o o ZOG sflsts2 Ctsfylsd o 1 dzj Clstetstf totso tsHW M (lj
COyjMmMlseaj dzOf sdzdedlsj dzj 2 B" Yydets ftedd3j dgvsls G
f sdzd dzgj 6t O n dzOf tsdzdzd Is § dzw CtsdzjBdzj Isfpw  tslIs 30 Ht
ftojmMdzjuizjls yjd Mmddyjdd” MssddBshmisd BOl]| ttdOc
f sdzd d3j tetsdtsH qIABBIS B BH BZOC 5, d dzd Is+ 9 odH L, Ylst
Of sdzded Is § dzv di3d e j HMis Oo dzv j-dsq d3f s BT o jiy dztf sedzy j fr
dzOf tod d3j tc, fcC 0L Odets, Yylsts HtsBOodzjdzedd o tcOMmls:
Codzdyd Mse BISCweshs s du@ddd) MI&MHIs iyl fy ¢ 1 Mote thy
f 50 jten dzsiyls & 9JHJIIs ¢ f 5w e dzj dzd & L OtctsH " h j 2
2O sdzdzd Isj dzd s kzls o7 f sdzdgw Is! sOC Y j tsdzr 0Odzlsd

[Mdesoadzr | 1 dzjSltedyimMSdj RrOwOCIjtedMmisdSd dzO
f OtcOR3J Stc®BIF e BERY tsdzj dzlsso . 1 L stsd3z  dzO Y ts dzdzj dzdz
) fjtcotsds ftodsdzdy j ded d, ¢ o¢ mMdMmlsj B3z ftotseo SH Y
mMsfteslsdodzj dzd?2, ®BINHE Ctslktste’ @3 B EZMdzOe dzd o O] Is

glzh jMmMlsolzjls dzj MC tsdA € iste Isttf tf aytsai R dirfils tetlzts dzd dzj t
f dzslsdzes 2§ OC B9 OdzgdzOV ; yYJ f dzOV,; hlscse Cs9 OW .

s= ==



69

UHJ dz dgts tsB § d3dats § Mtsf tetslsd o dzj dzd § f dzts Is dzts
LOoadMmdls tsls Mtstslsdetsh jdzdw HJOMR) steseo ftosotsHWwhd
Msfted C sMmdatse j &d W tod O fridyfdicyj)H, j dzj dedetsds H Oo dzj dzgd d o
o jddyjddjd lse jteHtsMmisd d&OIj ted O©dzO. st toslsd o dz
Msjfjdd HdMY jtemdesMisd ftesotsHWh jets € it tsdzj dals C

[lsdetsdIsjdz' dgr 2 tsBi jJd&3 ftesotsHWh jets € tsdif sdzj d
MMmlsj dsj dzj dBjdzgjq 0, 52. SSGHO lsdsmdlsj dz dzr 2
HOdzdese 5 L dzgOyJj dedv, fHtsdmMrotsHdIls tBKOL O Odedd
YJ f dets2 MtczC Iskzter yomilsdyr sBtcOL kz8 Is 1 dzj € Iste
Cdzj Chietsf tetso SHMB OOV  siidfipsp B0 B OL £ j Isiw, ¢
ftocsotsHWN jets CtodRBYftsdzj dzlsO fswodwe Isfpw L OL sSter l
Hdt dzj Sstedud MSdd3 ff tsdzd d3d tets d3.

Cdzj Sstedud MSdy Mots2MmMlseo O dzOf sdzdzj dzdets e 5 ff 15 dzc
Jdzs? (ot h j ® fisdflyi ks di Msyuyjlsoddw. 1 vy
nOtcOCIsj todz" n fmd mlis j d3, Colstster § sls dzd yoOs Isfmw it
ftesosHd®BsMIsd d ROwLOCIsjtedL z8 Isfyw :

- f dztsls dzr d3q CsdzlsOC s O], mMsf osilsd o dzj dzd j

Msftesisdodzj zddg@HEHC Opzrf v (
- CsdzlsOCIsOBd yjtedL btsdtd] ftshds2Cd ddzd
B nOded L &3 fetsosHBsMisd ( MdMmisj 3O 1 1) ;

- fteseotHWN ddd yofmilsd yodd , tcOL H J dzj dedz’ d3d

ssdzh  dets? Btsdzj § 2 dzd3 d 8 Boi€ @eLindss o deftf digdl coftsyd sl

f tots o ts HigEfi§l) RO | | 1) .
lted Ed3djdz hjdedd EHJj dz' dese s tsBI J BO ftetso sH W
qd 111 Ekejdduydeojlsmw, O MmdMmisjdr | kdjd' "Ojlst

VJmndzsdzse VY dJLGEeBIsBodzj dzgdwv StsdBEfsLdlsdetsets H(J
o' MBS sy j dedzts-8f ff OB WOj ¢t f stesh ¢ O -&F T ddg 1
9" BtoOdgdets?2 tflsd z3Odz! dzets?2 o j dzdyddets?2 EkHJ dz' dets?2
fdzy Hizs M j d3.

I MsOC@®Ughls 300 &z dL SdddujmSsets Msj s d
fsHsGtcjosd3 ftetseo sH ddztsm'  ldnjddy dedf @ jOgE]d] d3  {f EOdedDjW tef izl
s " Odzs? 150 ¢ fOwOWddzO 12 d §sfdzy § zOe dz
s ls ki h OdzS d, ki h Odz€ O o ¢ dz¥ YO dzOfy! d ftetsqL ¢
tcOMY dzOo dzj dzdz" 2 f OtcOW Rz B R 19 tofff dyf  dzjs falyiHEORE UEfS):
ZOo jMSd Ijrddyi Mites kedjttsHO BEOMMs2 12 ¢.



70

YJjtojL sHddz yofp § sMmdzj ZOYyodz® Mmdjh do Odzd
dLBjtejdedi ftososHdBsMIsd IsjMmMssottets MdzOBt f totfs
LdzOyj ded ™ L Bj o] dedets? G tetso 5H d dfTiydsafy d sz f z@ S Gl
EedzjtesH d odetseo! HtosotsHdsMhm! Md3i" deoOddj . 1 t
ftosotsHWh dj HJ1dzj SltedSd ) oj dzdyddes?2 kHj dz' dat
Hd Of OL %1, [ Blodg

ltod 1 Itsds Hdzv f t5dzkz UsiLdddwd steaizs@ sy tHod + g dgtfs to d
9J dzd yddzOdzd EkHj dz' dats? sB i j d3dats 2 ftocso sHd @3sMIsd
ftotso sHd BsMisd BB HJ dz' desG s Hd1 dzj Slstcd € O sls
ftedoe jHj dzdzOW O tedmbkdSj 2.2 o MdzjHB2" Cddfts
dLCEBIsOs dzd o Ocdzd ! tsBIBQI5Y RO Mifptste J EY &) dizjc dffj LicCSEHIOS -
sBtOL Yyr doigjdzd EkHJjdzt dglz¥ wBI j dBdzzd ftetseo sH d s Mls

2.3 CCmyjteddj dZsOd desj dfMdzj Hise Odzd j
fososHWYh g8 HigH g Sus@ddug B3OS j o d O dzts

ybse' sBjMfjudeOl! Mkt odshmddscs f§td !
CoffsL dlsdy 2 HO! dzj ClstedC Hisdyjdz 5B d&ZOHOK! Gflsq

(s ©LdOYOjls, Ykt M GHdEs?2 hHssesd , &kt
Hgt dzj SlstedCtsds, daj HEBEEMSOshdd L dOydlsjd dr 5
fesosHdBEMs! {lstsets EOjttdO®RO HedydO B'fls! HE

LOtWHEe d dmMCdzs yd dedv fteteg @R dewri W & dpjtf dedfed] i35 ozis ¢
fsdzzyjded® Mo jHjded?2 BB 1 dzjChtedL zj ddsMisd SOC CH
]l C€Oydimlej dMrtsHdsets d&OLjtedOdzZO HA&Y dL G|
ftocsotsHWh jes H1 dzj SlstcdC O fted ftetso jHjdzedd HOdz ¢
o' BiOdz o' MsCsBYdh J dzddf Qe Of PuzOW W s O 9 dzv dzf fry'r it
Isjirdedyd MEse s Is@dzizlg t8dEEREZAEL 0§ OsitHdzy j dzlstcOydw Isj - dzd
teOL dzd ydzf r3tistBjledldL dgtOEts C 3 sL dlsdetsets HL dzj Slsted € O
{BOL jyYy Hd¥ JhndjH sbplzd Ok @4 lE jstdshylsid o uf B
fdzsMCd?2 SCtdeH j dzMOlstste M BrtcOdeder 3 S dz ysdz ( te
CtsdzH | dZWOBG sB@, Istsdzh d 20 digs e ALy dlL,dgj teJ dedwv f tots
11y i tod Isj &3 j tOIslztej fdzs i 25 LAgss UWOLLOWS
f sffdzj Hise Ols j dz' dats ftoctso tsH d Is dL d3d tej dzd W co¢
fshistswdzdetsds stsCj, OS d dLdBjtejdedw Jjcets HJL dzj €



t dikzdese 2.1 [BOLY' BsH,jdz detsets Ctsdif sL dlsdz
L dzj8bdL dyj mMSdr R OwOCIsjtedmisd$

) sfdzj Hiks hdj 1Sy jteddjdas 5 dMMdj Hse Odzg
sBtOL yYytse fted otsLHj2Mlsoadd dzedL S 54 dgj tec jIsddg® M ¢
EflsOdzso € j Hdzw dLbEyjddw + dzjShtedL zj d3ts fiflrdzs d -
OB BjlssH]S ), SfdMOddgs? o ©OLHjdj 2.7.1.

RL B toj dzgg W bHj & desets B joldeod s o fi s foidssly
Coif sLdlsdetsets Hg! dzj SlstedC O f; wOLdF &5 sy dalsd
ftetseo sHddztsfy! ¢ shofjlnsdg dgs ddgidsitteijtdg) v SfsE® U dgEh
L dzj ClotetsdsflBstc® 1 s 2

RL&BBjejddzj Cotedyj MSs?2 fsddyoj dsmisd feso
d BB3dls0dho 17

10 tdMmkdSj 2.2 §sCOLO0RO §sdizyj ddow dzodkd
LdzjSlstedyuj MSsets MmMesfteslsdo dzj dagdd ¢ dts Hsjtedf Sops ¢ tsls € Gs
HsB Qo dzj dgdzsets Isjrdzdyd MEsets kEedzj scsHO. 1 t6d 99
9 HOwOWddz dzOB dzs HOdzis)! f dzOo detsy Mmdady jdedj kZH ] dz
L dzOuj dedY f OHjdedd Mtsftetsisdodzj dedV L dzOydlsj dz' dets |

I Mz y®j HdldjChieduyjmMsSs? fsddyo] ssfls
6EOMMEe ) Tded Uj MS et kedjtesHO jY oL ttOflsOdd
9" hj dzgOB dzs HOdzw Mizh jMlse jdader 2 totsfls.

1 dzd ftotso j HJ dzr ftcjHO OtcdlIsj dz' dzr j dmmdzj Ht
BB jd dscts CtRfsLdlsdses HL d&jSkedSo M) fesyj
kjnddujMSseEts kodjtesHO. [dd (sHe jtwcOdkdm!  t
1L dzj Sstetsdetse fp L dgjtecdji?2 30 €11 dzO St jted d3sj dals
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] BBOLYOr dqL o' MsCtydmMsets § OOW ddzO B j I
olststets? d3d oziz Is § dzOB dz¥ H O dzd ! fjtedsHdyd MSdj 1
sBtcOL o Odzedj WwWhdes tcOL dzdyddi3r = HtejoeosoeadHde » Wdc
] sBtcOL yona, MtsH j ey O dA, § g - dzscBulzizimyG i d Iz alalg] te
L dzj Csteduyud MSdr ©OLEGWHB d2O0 o jterndesmisd d §ts
vsO0Cdds tsBOL 53, ftcj Ho OtedIsj dz' dzr | dimMmdzy H B¢
Eizse dwn, §8C0OLOdd, uykt GEEOH ! diksh g dd Gt di
L dzj SlstedL Oydd, O f§sodzzyd ddzOw L Osdmddtsmis! EHJC
Hd1 dzj Slstcd € O tsls Ctsdzyd delstcOydd ftesosHWh j @5
feso BH BEMIs: ¥ Llssets HJL dzj CltedSO. 1 lsdgi pid Re
dimimdzj Hso Odzgd?2 s of Btstolz tflsdd3Odz dzf = € tsdzyj dzls t
stesdgy Issets, dg sBraBBHd®BS o' wodls! ftodydds
ftesdzd yoJ disfmilsd BsHJ dz desets SCtsdi3f sL dlsdzse s HJ L
sjrdzedyj MEtsets kedzj esH O.

2. 4 AdBEESEOdYj MSOY &BsHjd &EIStshmstl
CoBfsLdlsdzsets Hgl dzj Skted S O

t OL tcOB t5ls OdzdzO W dzO d3q Isj ~n dzsdztse d W dLesIsse
Hd! dzj CIsted € O, sB ZOH O8 h jGets i t5ded 834 glzldzts 2 dzj # tizf |
L OC dzt yOs h 2 Mw o 1 tofiffdzj Hbrdzjj dg.s @ O dzd d L Oo d Mmd A3t
HdL dzj Sstedud MEts?2 JtesdedyoOj disMmisd dBsH | dz' dese s €
sj mndzdyd MEtsets Eedzj tetsHO ( MOY d) BN dzs EfMmlsOdztso ¢
CeBRf LSO oatLtcOMISOjIs o 2 00ydal ,Is jf-taddd uzjomjiCddeus) ¢
Hts 10 ®&OmMmtser 7 %. v OC s o dzd yd dad J Hd1 dzj S
sBi W ided Is: d3tsH J dz' ® fsdzv tedL OyldOc dzy O dzj CUstsle[tE s
ML HOdzd j -BRgjLdgElss] yj ME 2 dB3tsH j dzd w9 dzj dzd Ws. 3
OGtej ¢ dtctso Odzd jdzOifizs t5 D) A HEadzts d3j s Ols T, mMemlstswh dj
yomisdy. s tots d3y sts¢ 5, 3 H j dz! BOLdtlkzjIlsmw dz0
Ctodze dztsd3d tc Ols T wo dzw e Isfw f ctizotizesyOMfgdy 1CGELd3 df
Ctodze dzts 3] tc Ols ¢ 213 O frpls'dfnls 2 ZO Is ¢ ) COyd Mlso J BOC to
Odes 3O dz! detsj] ko jdzduyjdedd H1 dzj Stedyd MEB2 { tosd
cOLtcOBSISE ] 1 IB82 d&BsHjdd & sfdqteOddm: dO 234
d ftd S dzOH dzs 6 5] JrAAEASAHIH®Q , 2 Ofodl; h d Y P dzHl Ofids O j o fr
g4 dzOtemC d 2, 1 JLMmMEHddtse , H4Jjots CB9, 2007; A J H
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ftsfowh j dadz" § dL kzyj ded ® Hd1 dzj Slstedud ME dn ot
dzj 2§ stew HBsYJ dedes? Md3d Md Hd!1 dzj SlstedStse M toOL dzd
t OMMdislsted d3 tSlsdztsmdlIsj dz' dalz¥ HJ4 dzj CIsted yd MS z¢
Hdt dzj Slstedyud MEts2 dBOIstedyr (§f OtcOW ddzO) , dzOff tsdzdzj d
sjrdedyd MEtsets EedzjtesHO (MOYd) M csBizsmdlsj dz dats?
s sse st tea] czs(le Cslif sL dIsO fsLodY jlIs i tc
tOMY tej Hj dzj ded™ JetsotsHwh j2  ftoddimd, qdgd s nj?
ZOf cOo dzj dzd j d3 tMj 2 tlsdesmdlilsj dz! dets o dgj M dgp ds s
Ckzesoats? YoOmlsslsts?2 ¥
E. =E, ®p(- im), E, ={0,0,E.}, (2.3)
L Hji 7 d3dzd dgOW | Hidodi[j gy, O
10dzdudd ftesotsHWh jets dzOf sdzdzdIsj dzv iy Blsdesmd |
ad ftoSH GBS fwsbsnwh j2 MejHi M HdefAsq dstoefdk
¢ MmEkh jiMmlse j dzdzs Bz tslsdzd yd ¥ dfigtisdryisie ts ok Asdfgl s L ed ISTOO gk
Yydmlstsets Hdd @) Od YOV df csotsHWwh dn Mets2Mmilse § todd
lted L Istsd3 ftoj HY sSdzOG O  Ismw, ylsts ftedd3d mdz J
SIsHjdz dz28 = orf swdgklsr 7 ddzd M dz¥ Mdzlzlsr = 1 dzdzd §f Mts
t Odzj § o] vgOxmesjlstgd € so, u di3d tcdasodzts | tzts gelela] jsdet® , o
Hdzw dMmetdiis?2 W W jCIlsdodes? Blsdesmdlsj deigdzts?2 H 4 dzj
€ =€, +cBOR % @,. (2.4)
2e, +e
Clsts t©0Oo jdMmMlseats MmMtsof OHOJIs Wiy d ¥ OezgOdzts 2 [ (R
1 dlsOjomed?2,0 109d8R2FOR 1 Ists dzOL " 9 O Ismw W @ik dts
By ssHBd kMte] Hdzd dzd v o Hwl BECIs df & dzdzj wijjddis dats dis Grpidgizde
eq =6, +cQ3,. (2.5)
) tcOf tyldsjo j ted € S0, d# B tcdzts ols OCpIlFL | tdA® fipfp Bts Is tc2j
- Sesthtssso sHWwWh dn o swdzglzlsr 7 1 dzdzdf ifsdHtSO ©® H 1 (
q3j s s Wttdkz 1 dzdd{ MidH G b(ac®) § datf § dpéffus dbe s fy de
fMtcj Hdzjt@d Lfisjdis Misd tsftey HIgazhtgdMmwe C OCERBJtedzso, | Iz

— 1.41 2 20
b:_(%_+—+— , 2.6
3 ch 1-n 1- ng (2.6)

GHJ odgtfutdjadj dzv jIs Cwsi wWdydgdzs HIfbdzvtedL Oydd
LOodfdls ©l Glsdtsh jddw §sdksmj2 d orf tOy 0jlsmw
sls I8 e § fsdH O.
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[ v or bW dzk st | dzzdfMsEdHO (otOh jdadj o6t

1-e? 21 1+e § A& b’d°

n= In -eq e=g- —8 , 2.7
e (%2_ 1- e 9 2 a§ 2.7)

¢
Hdzw M dzs fdzzlssets | dzdzdf MsdHO (otOh jdadj oGS teke

1- € . 32 6

n= - arctge. ), e=g--1Q . 2.8
R 29

rdzv St WWdydjdsO fMtsj b,dej Nt @bt d @SR N6 )
sBhdds Mots2Mmlsatsdy Wodwjlsmw jet Mmikh jflsha), dda s
ftcdoe j HJ dets dz@ fryelzffin A dsCojls s2eddls.! o o sH WBtedBzdzr ( 2
o odHj hOwdSte, HE Mdkzyowss dddbisdds ot dz &
Hdl dzj Cteduj MS 2 fesddyoj dsmisd ¥ stk ki
eq=6+ch@,. (2.9)
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KoapdpuumeHT cpefiHein nonspusyemMoctu

OTHouweHune ocei annuncouaa (b/a)
tdmMezdss 2. 4 1 0Oodmd diigtsmls QtSiWWBdSLISdJISdSISZIﬁBhfIJt@Zq’I-WdZ
ftesotsHwh dnr 1 dziiptf g o T Is\f dz2IsT -

1 OHISOBj Isd s’ Yylsts ¢ odzkyd dedetsy Mtstsisdatsh § dzd 4
oL iBsy de" 7 B jHjdzjdd?2 WWjCldodas?2 w4 dzj Clste
Wtz dzs2 . [ty dzs ftedo jMmisd MssBteOy jddy o  d

e =6e+ch@, - e, =€ C(IL cC'E)‘l. (2.10)
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l o B Wiste dzlz dzr (2.9) d (2.10) HOsl {6
9" 6Oy J dad (2.10) ModHjlsjdz Mise zjdh-15 0C Oy ldtis -
Bsydls BrIs! ftsdzjLdzr d3d Hdzw L OHOY §JjtSsdzvydd.

1 sdziz yJ dadz" J§ 9" O 4 dzd W (2. s i (H2d.11dBj) < Is te
ftosded yoj disfmlsd SCtsBRBYtsL O s Cdyj destcOydd da
¢ Otels d dz" B dzd ftctse j HJ dz My Jdydodz dz" § 1 Sy j
mMsmlsswh - gL Hd1 dzj Slstcd yj ME 52 BOIsted yr (f
BB &z€ sHifdEitfdi e f stesh Ctsd3 Isjmdzdyd MEBE B Fecdzj esH O
Codif sLdlsr ) tOL dzdydets?2 Ctsdayj dz2stcOydj 2 dzOf tsdzdzd
M dhf sdz L soOdzdj &3 OMisteso 82 1 dzj Clstetsdzdzs?2 o3d € to

RLGEtSIstsodzj dzgdj 1+ Sy J tod d3j dzls Qudef L dedr j~C Istdeadt€ G f teeots
shdzseo ] (O0XOYJdHEEsbsHYN jes fstesh CO Isj BBy
L OHOdzdzts? BOMMBse 52 Ctsdzyj delstcOyd jy23Ctsliils B 0 @ 5 d3dzf
~ddBdud MEsets Misj CdzO d&zO dBOG dzd Is dzts 2 d&3d h Odz§ |
f OtcOW ddz® M IIsjrodedyuj MSdods [zc dzy totsH tsdf st d dzls jf dstil
f OOW ddzO 1 2, fesmdzy Jet tOMYf dzOo dzj dedw o € dz¥ y
99 JjJHJjddy dOoiMEd Ibjrmrddduyd MEBets EZedzj tetsH O dzj SE
MiSkdn " degles? tcOBBIS] BIhOdzSd) d §tsmdzj HEze h

1 Olsj o3 f sdzlz yJ dzdz" o3 tcOMY dzOo dzj dzdz' o3 BsH j dz
My J ydodz' des dL EBIstse dzj dedeztd wyj2Ckz. 1 fjtcotds
f OtcOWddzO M Iirndedyj MEdzdziz caz] e H gdgs o g MY o34 -
LOo jtcHjoOdedj ftosdmMatsHddzts ftod otLHj2Mseadd L

[ dzw  dL d3j toj def oi3C o d® y j 2z ¢ | L Of tsdzdzj dedets 2  BSH
i sfdzj L Olse jteH j o Odzd W BsH J dz' detsG s HdL dzj SIsted €
d izdzd Is @ dzn®. 10Ijdz o ydmdzw dzd tslsdesmdlsj dz! dzkzs |
COYHBGES H1 dzj CIsted € O.

dtcOQodgj dedj dBsHjdzd (2. 9) M HOdzdzr &3 + S M j to
ftoj HY Bzt jded] B BkRojdzdujdedd cor swdklssmisdeé
fted i3 MBMmisiisds dn Ctdyj dzsteOydd ftsLotsdvjls ¢fs
ftosdd yoj iisfmlsd SsRBRYSLdO fted ko jdzdyjddd ¢ tsda

stcQodzj dzdj IsittejlsdudimMédna tOMyjlstse M + ¢ MY,
MscazOmMdd ftod ) Hf sdsy jdddzztsny Qo  fipdf dgy filsial - s I
sls dr Stdyd dzgsteOydd o tBttOL Y Hted Mmkh jMmisease C

E:a- b, . (2.11)
a
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vtOodzj dzdj GtjHMCOLORI2 bjtttjsduyjMSs2 &
corswdzzlstsiplsde ddzd ¢y dz¢ MfzefBHEGe NOGH tsHhkic !
fl LS jtodd3j dels Odz' dz" d3d H Odade’ 3, Y toj HiMIsOo dzj dats ¢

Imj St WWdydjdasr L dzOyd o3 l bktseds df dzOH J
thisOlsdMmisdSd d Mstslsb-iitisdy dzadzs 4 & Dy JIgiaiEsy jH j dstf i
fedddudsy 2 HdY kOSsEs tsHO | SMYjteddj dals @dz0,dzr 7
fsdztydd, Ut ftd Byjd oGOd & Ctdyj delstc®y09w o
fted f§tej HY tsdztsy § dzd di0g rOlelW dplislsfts fif s H f USlsiBsiy g Glzd M § dz¢

1 toj HiNls Oo dzj dedz’ j L Cfint § tod o3 dzls Odz' dz" § H O dzdz"
fsCOLT 9085 L dzOydlsjd detsj odzdwdedj MitsmssO ¢

Hdt dzj Sstedyd Mk Hosddyoj dsmis! dzOyd dzOw ¢
BOMM. r di dzj Cdedeq@jj S Pl Hasctsmdze yo©J L Olso jtoH j o O
cOL O orhj, yd 3 fHted LOejtcH]joOoOdzdd M otSLHJ:

sjnddujfMStet bkedjttsHO® 10% &OMM. foylsd o 3

184
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tdmMEzdes¢ 2.5 1 O0adMmddtsMmis! ttOMyjlsdats?2 O s B Is .
(Ctedd @BHld or bwdkls' i { &zdfmMsdutss): +CMfjts
teidd3 LOofmfpdDOZQY ; ©WOMMUdIsOdzdzts? o §tedBdz

L dzdzdf MsdHtse (StedeOW 3); 1 CMmYf jtedd3j dzls Odz! dzts
OoBLH|] Wnkad st OO 4) s BOMMtsets?2 Ctdzyj dzlsts

15 sk yj dedyr &5 H O-dgds Wy QG § S SRiAsE 5 O dzO dzd |
YOMifdsus s €O MOy d S OO Gyl fasded wodadjjH j dzd ¥ 1 St
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Fedzj esHO o tOMfdzOd W PdBON dWzOL Oldsddj tcH j 9 Oded v
ted MizdzC ORF , A 0GR F [ BsY dets dzOB dz H Ols ! dL o34 dzj dzd §
fdeted cOyYd?2 yofmbsdy fstesh O MOxd ftod o8] HJddd

[ Odgdz" §| 1 Cf 5 kmdzsesdVvdse ®lse g tcezj & ©tzd ¢ O d3if
ted iz dz¢ On 2.8, 2.9, GHJ tejydds L Olse jtoHj o Odzd
otsLHj2Msoadjd3 kdz' stcOL o kCO o fHtosyjMmMMmd L Olse j toH

)| Mz yoj Br Yydetsets iy ddBO L Olse jtcH j o OdedW
or swalglzIs( cdmkzdzesS 2. 8). lted otLHj2Mlsadd kdz Ist
yomisdy fsesh O MOYyd d&jdwjlsmw  dzOBdzé HOJ Isyw
fts ofjjBE dL EsBz SBEOLYO (ttdhmkzdsS 2. 9) .

l totso j Hj dzdz’ 2 -d3d dzjtcSisldnt€ tisdpditzy j M S d 2 LOHD dzduls  teSef J)
Yyofmilsdyr f stcsh €O Moy d d3j dav ¢ Is Mo 58 W stedzlz,
¢y ds Makzlsshisde yYyoOmisdy fsesuwhda §fddjmj?
ctsBl Whded s ¢ tisMmls HJ!1 dzj Slstedyj MSsQd tissézy Yy O juc
f sHlse jladpvn @O j BOId Ui MS di3d ©OMYJ sOid.
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t dmMezdesS¢ 2.7 dwtHjt)C
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TIMT Ne2 Maﬂom.

tdmEzdzese 2.8 wtHjte)y( ( dMkzdtse 2. 9 wtHjtey(
(BB Yydzr 2 twjyddz L O (oeBLHjJ2Msod] &dz
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vsO0Cdd3 BBtcOUsOdg,” tjeslodgH j dzdzr 7 ttOMyj Istse M df
dzO d3d W-dg@ld F d8OIsd yj ¢ ts2 BtsH j dzd nstetsh s mts
LSy §tod B3j dels Odz! dz" d3d H-Gydellzte B3 ¢ 16 d U gz € Is tigts dz@tizO dzo

lrwodzj dgdzgOW WLy MSOWw COtclsddzO f BHCEL Chylddy, d
Bjdzvesls Moty Wistedzgz o L OodMmddsMmisd s € sdzyj dzls
cor swdzlstsfylsd e d dzd ¢y dzt Mdzz s s filsd e yofmisdy
Csdeyj delstcOydd tHtsLeotsdwjls c¢tsBl Widedls' ¢ tetsfls H(
st BEcHESC s, ddscds Witgtfddy i -~ dzd yd MSsets k6 dzj tots
otsLddC O ls Cts90dzjdglsdgr j| "B IuUuimMmédy MmevwrLd, O
HJ to ] 00dz so t5) oLOdhisHj2MIsad |, OB yoOJjls
Odes BOdz! detsets koljwf yj 2 HffoEHgz§ yoj dismisd. [ dz L
Edz' IstcOL oSS0 d3d otsdzdzOdzd dzO L Ofylsr 9 O h d2 t6Of
n90IsOjIs HdzY tOMf OHO tBtOL k8 h damw € sdzc dzsd3j te C

RIssetsds fteso jHjdedzr » © L Issd3 OLHjdzj Isjtstey |
BZOIsj 3OIsdyd MS OW BtsH j dz@ BJCtesmistckzCIskzter MdzOB ts
17 ff tsdzdgjidfddntjj ted d3j dzls Odz' dz" | dmmdzj Hse Odzdv €0
OH j € 9 Ols dats sfdmr 904 Is dL d3sd dzj dzd J Hdt dzj Slsted .
ftocsotsHWh jets ,dzOtzstzededzlp peztstcd Is j dz' dzts sBil widaw j Is
MicteicOydyi2 uvoOmldd yf sdz® fsEatzgzdfls j lhyls tc O dzd Is ¢ 1 Istsle
Edz' IstcOL oSO fted MBBIhdoOdedd SCtfiEf sdzj dzlstse € 53
90y jdzg Hdzv MtsLHOdedw 1 WW jslsdix dagdd 1§ jsrhtizfztsdzty ds diafs
sB ZOH O M jes ftsdad ) 4 dedzts?2 1 dzj SIstedL zj dzssfmlss ¥ .

2.5 stsdif! s Isjtedztsy dIsHj dzdeso Odzdy t©OH(
ftesotsHwh dR Hd1 dzj SIsted € 59O

JHddds d1L o Oy dz' n 1 IsOf tso dmMmdzy Hiso Odzd W ]
ftesotsHWh drn HJ! @ZsMBteddusbyj daidgy d «KOIj BOIdUJ
BsH ] zdteso Odzedj sy MihMse tOHJdOYydtsdedets?2 1 dzj € Ist

lted Ctsdsf! s lsjtodesds d3sH j dzdtetso Odedd 1 dzj SlstedL O
dMf sdz? L so Odzd MO §j GJtosMmisr j dBsSHj dzefshOicW t§ Q fdeg
dL dzdh ded i3 klstsydsj dzad v &3, Crilstster § Bsclkzls kMmdzs
[ ¢ BtcOd3j " d dz, dL Otctse , . 1nastylef*H O da @, MILddl,5 a yls s
fHOHOs N dj] dgO ftso jtendasls! HJL dzj SlstedC O Ctsmdsdy
d ftejHMmsOQoadwe hdj s dkzs i OmMdasmlis: o § dzOo
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s5400€1 1 HB[PspdEBe dd wit. SkTDEBOEdM! s o HML
qdzj ¥ Is yjdzr2 MmfjSiste +dzjtecjlsdud My §Btchdzipssy dd &
fsfOHOs N jj dO fojtrndtsMmis! HJL dzj CIstedC O, Wwodzv,
RdzZsjtejfm ftojHMlsOodzw jils dzj Mf sC 52 dzOW G § 5d30G C
1 dzj ClstesMlsOIsdyj MSdr t©OLtWHB dzOdBtsdzjj o jtetsw
f siejsdz ots otcj d3gj ded COC o Isjuyjdedd fGtsatsyHjddW
sBMIsOdzso Cj, ntlw ojddyddr IsCO 1 djCltesdese,
fzh j Mise j dzdets t6OL dzd yOlIs! MW [ | beed Bpez ¢, fusdsts o gl Jodsd
f dzslsdzsimisd { dzj Slstsdedzse s Ists5C = W° Ak dyf JaEasl o i ls
o' Bjtej 3 HJOY OLsde o dzdyddz f dztsls dzsfyls d “i0GzAILEs to ts dz
Oy OLsdz o jdzdyddze EkH | tksdzedko tswadsjidsdits 2 § toldizlp BGis +
10 BLdHdzy f.eOCIsduiMSd dzj f etse sH weh JHRE [fdi0ihf dgy to dz
ftocsotsHWh dr Hl1 dzj SlstcdStse, tBEZOHOshdR orf M 52
1 tod BsHJ dzdtctse Odzd d BzHjd&3 dMftsdz L so Ols! |
H! dzj S[lsptedid@zZ] " ddz, o¢L Otetso,, G sy @, oA HE R ]M
ots ot d3j dzd IlHgsC &P Buadzizts o dzO tedMmizdzeC § 2. 10.
rdt dzj Slsted ¢ Ctsmd3d yj Midwgits anfsts @t O IHAs fryfistjIsHsylxiz
stsdzh ddzs . 1 rBjtej dd Hdzv twOMyjlstse Istf.dydez® I[stsc
reo wWdrduimeédnmn wodzgddw, dJdgshdn fsisde
Bz3j Mists fted 1 dzj SlstedL Oydd Hd1 dzj Clsted € O. Clsts
fedmMratsHWwh jj o tjLikzdz IsOIsj oBLHJj2Misadw d&Oc dzd
LOGWYHO 5 HL dzj SlstedS k2 dz2O L OL j dgdzj dedz" 2 dzd y dzd 2

LLLEE s

) :/ 1

t dmizdesC 2. 10 [ sHJd  ddjLlcwivdz®zpded 2 H B4 Iz) &z6z6 g
Ldzj Cltcisdiy ZBMABed@lszOd dr 2 o jtendzd? { dzj SltetsH
Ldzj Cotesdese L Ssmdsdyj MS 2 § &zOL d
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106w Hdyr 2 k¢ iy disd] B, NsgO0shd2 5 B
BftejHjdvd 2 JjeoR(MHEY tesB s dgzisdettPagi de:
V_ g

° R CIR’
GHVi tcOL 2z tsIsj dzyd Odzse ( dzOftew y jdedd ) @iy HE odt
fslssStsd + dzj Slstesdetse  d; Chad >psidsdy b id dz oA 1€ tsfiphefl§d®i, @
LOteWH L dzj Clstesdztse (s dz) , dzOC s, dzjodzdis @y JjHdAdztdrdi Cols te
tjLizde sdtelkzs h i) dzss8 g2 sfz®S s dzjdefj L OWHO
tcOL dztsdjds

tdhov fdzzyjdedetsy HIWW jtoj dzydOdz: detsj LktcOo daj
f tetF0q=0, {tsdzzyOjd or tcOy j dad J :

CRIn iogg: =t (2.12)
ddzd
q=i, TRAL- &'°R). (2.13)
1760y jdedj (2.13) HOjls LOsdhmddshls!  do
L dzj CSIstedL Oyd (.
1 teff- o qg=q, =i, CR. I MstcOdoOj o3 2 o HJL dzj Slged &

t Offujilsr L Otwy jdd"w HJ!l dzjCltedSO §rlktss sd
ftoso SHJ dfdnif ' sdzfmL s Oded j &3 ff tots G tc O 33" md 3o sdz! dzts:
svdf dyde § wOMmyujlsdy §j Stder j 1dzj SltedL Oydd ftde

1 dH dzts, Yybsts 0 I LOtwW )y jddw Htejorhoj
LOBY Y jdedj Hd1 dzj Clsted§ OC &c o jLABfapdriBd o ls @ dgj € Is
[HdZOC s M twsissd L OYHO oaBLtOMISOjls dzOf tow 3 j dac
~tsH Cttdots?2 LOwYwyjdedw ot otj dgided L Odgi Hdzw jIsT
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g=10"2] B & Sted o @x10Y)] Bl S tedp O 2



83
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qst_q
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8, a0 dzj Clsted yj MS Owi wflsiEEsioisdgddd wdzO v
f sfyls s dzdzOW  H d 1 dzj C Is to deC=03); d § s 6 dzff kPl fiynd, 4 dKYE t5 tc d
5B d&Zz yOj BOVY o jtondzsiistcd ¢ @ dzsf ©df ez B HBOW 2 0 dzC
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v OB d&ZdYyo 2. 3
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fod" » Hd!djCltedCj o fsyjmhj djSktedL Oydd.
E=> =3 =D gure) (2.19)
ee €65 oS
GHsj:%'l'ljtsaJtG:dzlsfnlsdzOW f ¥ dzsfls! L OWH O, s dk 3

MmOtOCIsjte dL d3j dzj ded W dZzOf tew 3 j dedetsfylsd 1 dzj G Is
Hd! dzj Clsted SO oadHjde dL tdmkzdS O 2. 15.

sO¢C d MdzjHkzjls tsyYdHOI: dL o7 Oy jdedw (2. 1¢
1 dzj CSlsted yj MSustesj Mffigjdzwi daj Sflsted L Oydd OdzOdztseé d yJ dz
L OteW ) § ded v . 1 Of tew ) j dzdzts iy ls ¢ fsdzvy tOMmMlsjls Mt o
o jdzdyddad / GLlBsdMArsHdl {djClsMlsOlsdyj MSd2 t©C

H f sdstsh 1 s 9" Oy J dzd W (2.19) dzj ¢ Y§ O dedstfots
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@O wdMbdRgGs Bdtds? ddddj?2 §sS0L0d bese jd@ d
fsdv, ftod CShttesd dZOMskfOjl ©OL

lted HoMisdy jddd MisOydtdotedse tsdzdngs M tsd dad B0,
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(Oftewy jddj). | lsOBddyj V2.c0L detsiflog H jidsls j dz
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sOCdds BBEKOL 53, O3 ftojHAzEY j d2O0 Eftesh j
fiesosHWh do CdifsL dlsdy & HJ! iy &tsetgts ds®@ s o uf e SHAY
1L dzj Sstetsdzgdesets dL dzzygj ded v, fsf OHOsh jets dgO 1 58
ot d3 ded i dztsls dzts iy Is ¢ ksCO dzj Stotsdatso . [ BH j d
fsCOLM 90] s, Yylsts fteddzi dzgj dedd fMdzOBts ftotsazsA W h
Ldzj Steduj MS 52 (%199 saiddpisdsy dets 180" s o' MsC s 1 W
fteddydfj tHsLotdvjls ctotstedls: s oL iy detsfmisd
Of f OtcOIstso . 168 dzgijtsBrtHddBs Eydlsr 8 Ols! | Ylsts 1t
f sHisB df sl Mistsdzd sz Ed3j dzt " OJ Isfw  § tod d3d tedets daC
o 90Ckbkd® ddL CtdBSdz Sdvtedsy & Mtsj Hddzj dzd 2 .
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2.6 CCMyjteddj dsOd desj dMmMmdzj Hise Odad j L
ftosotsHWh R Hdl dzj Slsted§ 5o

[ dzv L St jtod d3j dzls Odz! detscé s ff s HAlS onj tdftaidj degfts'H jodzde
1 dzj SlstedL Oydd B dzts ftetso j Hj dats Isi Misdtctse Odzd J
CtBf L dlsdzsets MdzOBE ftsotsHWh jets BsHj dz dzsets
ZHjdz dzes? GBI j BBdes?2 fteseo sHd BsMmisd .

2.6.1 [ibBHdCO d Lkl OdwlE Oksighd dfy dzas szdf s t
Hgt dzj Ssted S 5o

1 OHOYO MmMshiysdds) dzfd o dzOB StcOIststedz ~ 1 C MY J te
L dzj ClstedL Oydes ftsdzdd3j teder » tSBWOL Yytse §f SH OBSLHJ?Z
f dzO L [@yutnev et al., 2013] Il MmMetbkes jlsmMlseadd M fteddzwliIsts?2 d
ojtrndvw ftseo jtordatsis! HL dzj SlstcedC O HBdzy dzO f tsSH ®
d &34 Is' Bdrj@iedg" 2 d3j sOdzdzd yd M&¢d2 Mdzts2. 1 O3d B dz
sfmdsodzr = 90kdOdzlstse  sMlsOdesoa ¢ d 1OSCdnm + SMY j t
Bsdest dzgj 66 jIsd ud ME d o3sd + dzj & ISQeitsldzOf3s(H o) t¢ g jtassfigivy 2
) Emdzse dvw R s §ldsacnsOs tsisfiH sd3 tcOMY sdztsy j dadz L
L odzj d3d dzls ' . 1 5C0OL Odets, Yysts tOLoadldy ftesBtsw 9
fsojterdzsmisd fsdzd 3 O dzj oL By dets. I 5 o lststetsd
&zOn sH dIsfw Ctsdz yJ o Ovizd w jOfg §j @3tz dgR@'C O RBpls Ouzs dzj
dzj f sMtcj HMilse j dzdets? B dzdL sMisd Bls dzj j, ©OLWGWHT
dmCtesots?2 MOtsdz LWhd2 ©WOLWGWH. 1 tSHtttsBds EZ{§ tdw
tcOLHjdzj 5. 1. 1.

Rdzlsj dzmdo detsy dMtf sdz' L ts8 Qlizd i J if edy® s o dzjdfislsiasts dits
d dzls § tceo Odzj 20150 G411 M yJdz s dLEyd dzdvw B §
odzgzlstcj dzdzd n 1 dzj Slstcdyj MSdr f sdzj 2.7 oc adse , dzGy Ot
Is tc z H O d3d i tdesEEYAE O dfd ts guohHAK, K991;u ¥ Is dejHets 1985; Gross, Dow,
Nablo, 1973; Gross, Sessler, West, 197@|dzv tsdifz yj ded™w fEzySC tse d3ts dzts
1 dzj Clstetsdzgse ftoddgj daw dzd { dzj S Istetsdzdzr | fE2hCd, B d
Isj Bf j cOlskztc] , 9 COyJmlsej tsBtcOLOPR] L dffpfste d'dad4s g
f sdzd B deitsdgj oW dzd IssCd, fisj SEOEO jddjts cfis ) e jlsi dap’ cdats o
Mz yo, , CseHO ftesBjG 1 dzj Clstetsdzseo BTM dz d3j dzt h §
tcOMh j f dzj dzdzets ¢ ts YyddzddzHtce© A OOH j W) . l totseo j HJ dz
cOHdOyYydtsdzdzglz e 1 dzj CIstetsff totso tsH dasdpisQlg W@ ®Izv & dzdsagd
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fsdzd d3j c©@. [COLOdzsfyy, yYlsts o Isdkhistsd tc Oded g
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Bl jBBder 2 ftesBts?2 d2O0 SHddz L | dzjsC Isitg e ®e0 fif totisesid
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[H&RZOS B EX] on dOOsn YOBOte Iswy jfMmisd 1 Isdr
dL zud dzd § Emdztse d 2 sBteOL 5o Odedw 1 dzj ClstetsMisOlsd
sH dztsls ts tc ts dzdzj B sOdzdzd L J tetso Odzdz' n i sdzd dzj to
Bz dzj 6CjiIsdui MS ddd  dzj S IS8 6 dzCddl  fjnts dfj ety &
ftso jtorndatsfisd (Isr dz' dzr 2[Spacezrjaft GhaitggHTechn®logy Gt HATPY )
vsOCBy MM jddy OCyjdzZsO dmMmdzi Hse Odzd?2 HJC IS¢
Irwigded dzsfy! , ybts &O SsmMidujmSdr Off OtOlkon
HdW W J tej dzyd Odz! dzOW LOtWHECO o jtrndesfglsd d  da
ftcdotsHwhdj t€OolBtsE, OF & ttwHj MzEyoOje d o -t
HdWW j tej dzyd Odz! dats 2 L OteWw H G d fMdzz ) Ols fIOIDE ¢ ¢ + I
oL ddSOshdj] o dmsdjdls BOcdedlsdes? Mize B ®HEF d H
Hdzw 1 dzj CSlstetsdetse  fyp 1 diatdentoppg2r., PPEEew HE O 20 €1

[Mdzso dets?2 L OHOYjJ2 1 Idr dMmMmdzj Htse Odzgd 2 Tls O dzt
d LOoadMmMddsMmisd 1 djttedd 1Isdrn twOLEWHEBS sl &
i dztsIs dgts iy Is fslstsC O, dzO dztf a §f s © ,d dzf | dstfs itz Blintste @ j d
17 dzts kMl Odeso dzj dzts, Yybsts Cwut sftej HJ dzj dzdzs Bs@
Bl j d3dzsdz ftesBts) Yodd®Bftd oGO feeH disbikdz L (T ¢tk
slsCter sts?2 o jterndesisd fdzddsj c® dz2O Bdzdy ©2h (d
( C ol ), BEZH! Ol dOLGtg@Rd W sdzd di3j s © d d3j Is O dzdzO
COd3d o' . [BO 1Isd 9dHO ©OLEGYVWHEBS ntteh s dLoj
seo jteH" 7, YdHSdAR ddzd cOLttsBtOLd = HJt dzj CIlsted €

[HAdZOCts o nAftsHJ Ef sd3w dgzlsr = eor hj dMmfMmdzj Hiso (
Em@dls j dzj 2 B &zO orHoddklsO ccditskjL O  fMmkhj
My JydW¥Wdyj mMétsets adHO Cwut, MowL Odegdztse s ) B KGO
sBd&EYO] B2 o jthdshisd, §sdzydeh jcdi Bl wrfusiifi
ftesBY [ Ce&P )X ddz d Hts. |, 1989; cekzhCddz, wjtecy
1976] Isftesih & jcet Mmkh jMmsoseaOddd HOYJ (1
SHdtsMisstosdzdz] dBBj lsOdzdzdL dqetso Odede” 7 ff s ddyuinevedal, =
1994; Tyutnevetal, 1997] v jd3 Btsdzjj o' L " 9 0jls MmMtsdEdzej dad j ¢
ZOlktedyr 7 kmksedwn CuMidyujmMitscts §eshsicOdhkss O.
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fsLodwdz teOMMydlsOls! Msfteslsdodzj dzadj St sL dlsdats
GOL Bj teso L dzj ClstesHse o kidh disi iy Ga d s i i
Hd1 dzjQ.sterfISE SiIstso dzj dzdz” 2 BBtOL j Yy fsd3j M Odzipw o tc Ok



92

CNA TonwuHou 2 MM

N

Moponoxka n3 antoMUHUSA

{ M desS 2 .flBOE® tfoegoysHY " j 5 S Bl L dls dats
Hazw ftosdfy e@uzd?2 &0  dzj ShktedL zj d3tsfl

RL O3] toj dzd j ftso jtordesMsdese s §slsj dydodza L O
Hdt dzj Slsted S O f totsd L odsjHistekzsoz0 dfd Ui H@BsE 55 CIstezH § dzfy
B IssHlz L dB3j W jlsmw fjtef i3j dedesj dzOftew > jdedd, (1
oBdzdL d LOteW )y jdzdesets HJL dzj Slsted € O. 1 § toj d3j dzdzts
dL d3j dzj ded d ' tf ss@lzclzr 7 Bj R Odzd Ui MSdd3 otsLBEYHJ ded .
1 dzj ClstetsH) .  Olsyd ¢ H dzw gL d3j toJ dzd v f slsgy dzyd
fjted digi M j ded W 9 stcj Bzj dzlz® stsy¢ kz dzO H ftso,
CtsdemstczC yd tsdadets @ ts BOIs j e OdzO. R LdzlsjctdsY | dg'tsjs j day
MsmisOo &z dzd ®lIs 20 HEts 2000 I .

J mMetslseo jIsMisoedd M tOL tcOB ts5ls Odzdats?? Bj stsHd
sBtOL Yyseo CtBftsLdlsdy 7 HJt dzj SstedStsea dzO 3 IsO
EMmlsOdzOe dzd o Odzipw  dMtfr skzj 3" 2 tBteOL jOF." d1jtc ddz  itels ts
COyJj Mlse j dzdats 2 BB3j sOdzdzdL Oyd d o fmdn ftosotsHWN
sMmizh j Mise dzw dzOfM! kS OYSO COdijte’ HE HsThdsdsEisdzd w
Emls 0OdzO o dzd © O dzd ! dzgzy dz" § L dzOyd dzedw 4 dzgj e ddf d
ftctso tsH d dzts iy sB dzlz yJ dzd 4 d Yd teg L s tcj HJ dzj dedg’
dL d&zj toj ded v ftso jtorndesMmisdesets ff tslsj dzgyd OdzO. 1 ted
BOC g BOd descets §slsj daydOdO. [ fdd o {§tesyy .
fesdmnsHddd 1 djjs 4o figle @ls d yjsisS sded ¥ S fdtese Od

l setoy M detsfyls: dL dgjtej dedv o j dzdudde  5O©) D st
O §OwLOdG] Ister Ry’ i &fjsicitagvh dasils: & 20 %.



93

2.6.2 CCMmfjteddsj dzsOdz datsj dMfdzj Hise Oded § 1 d
fzOets fsosHWh R Hd!L dzjSlsedC o

rdz 1 Sy jtoddzj delsOdz! detséts fftsHIse jtoy HjdedwWw o' ot
1 dzj SlstcdL Oydd MmMdzOBts ftesotsHWh da HJ1 dzj ClstcdC 59O
dLelssodzj dzgdz" » BKGOL yse CBRYfsLJlsdsects MdzOB s
LOHO9 O 3" i3 i ge@ry flztz@ v B | j dzdets?2 f toso sH d d@3sfis d .

17 20 dmMftsd LsoOdzO Isj - dzsdzse dw dLGeBlstse dzj
BOIs j o OdzO dz0 sMmdztso § dzOmr h j dzdzts G 5 Zcdzj o sH
Bl ZE sHdMY jtemMdese s fcsosHWh jes st O cwOWd
Isj ndesdzse dd BBKOL Y’ CsBRf sLdlsdzese s MdzOB B f tets
fsHo J e OdzOM! IsjMisdtctso Odeds Hhllsjdz asLHj2MIse dV
dLazzyj ddv. 1 ftsyjmhi dmfrlsOdd?2 tftejHj dv dm
ftoso sH WM jdgjt€ IsHe d € O.

tdLbkd sOIr dMmMmdzi Hse Odzdw 1 dzj CIstedL 2 dssMmisd
ftocsotsHWh dr H1 dzj SstcdStse ftede jHjdzr o IsOBdzd Yy,
fOcOWddzO0 d Ctsi3ftsL dlsdz n Hdt1 dzj Slsted € 59 M ¢t
f OtcOWlgd, 82 Hts 6, 51 &OMMtser & %.

17 f tsdzdzj dzdzts § L Sy J tod d3j dzls Odz! dats § Isj Misd tetso
Hdt dzj Ssteduyud MEdr BOLJdOZO M o Jj dzd yddzOd3d EkH J ¢
Hd Of OLBIEEY [ BOR Elsjd3 oL Hj2Mlsady §EyYS O jlakds)lts
L dzj Clstetsdese 40 G4 | fsCOL Odzts, Yybsts §slsj dzydOd
Hd! dzj SIsted C tso dzd ftcjorhosl ftcj HJ dzO ykze mise
MsmMisQoadzwe h jets 20 .

ltod Isdh ddy SBEOLYsSe IsjMmisdielzj dse s2 gt dzj
dzPtew ¥ j dedets sy 1 dzj Clstedyd MEsets fsdzw o B § A3
(2.20) B'" d&ZO 3j dzj 4

ClsO o jddyddzO L dzOydlsj dz' dets d3j dz' hj Ctedlsdyy f
dZOyd dzOs sfw 1 dzj ClstetsMis Ols Y j2MSIHAiBeOL ew T |, sl



94
vOBdIYO 2.4 (jLbkd kOLT dMyr kOdd?2 dz® 1 dzj € lsted
fdzOBts fsosHWh R HdL dzj SlstedC 5o

, Cdzj tead
shisd "M E B i csed 1 ddud
o] 1 (0
- 1 Bd3j t6 sBi Vv d3dz ’ J_ H
o3 Girfiro Cl1f dzslsdzl f 5o j ton dafs
/17 tBtOL | _ ftctso SH _
z 6 dzj t _ kSO fk flsjdeyd(
[ Bk _
0 LT
40/10° [ jdaj g 2
1. [BtOL j 6,02 9,910 40/10* [ jdaid 2
40/10° [ jdaj g 2
40/10° [ idei i 42
2. [BOL j Y 623 . 40/10* [ idei i 42
1,6%10
40/10° [ jdaj g 2
40/10° [ idei i 42
3. [Bt®GOL j 637 6 L '1t° 40/10* [ jdaid 2
40/10° [ Jdzaj g 2
40/10° [ jdaj g 2
4. [B®GOL j 651 121 1% 40/10* [jdaid 2
40/10° [ Jdzaj g 2
[BGOL j 1 40/10° 1600
5. 1 OteOW d d 0 0,51 1'H 40/10* 1700
HEB O9 54 3
40/10 1800

ddzj HBJilOISEH IS 9o ded B30 ded j dzO bts, ybts fwd Isj M
oLHj2Mlsad] ©GOHJOYdtsdedzs?2  dzj SlIstedL Oydd m § dzt
Eimdzseo dw dz Isdf dydets? ¢ JjtsdizOcdedIlsdes?2 MmkzeBkted, fto
CMmdd wi MC dad Off tf iPdcDdsest ¢ i dets SOCY ] dMmMdzj Hiso
1 dzj CSlstedL Oydd M f dztslsdetsfyls ssCO dO He O (¢t
Hsfisd e @EA0d g LB g o5 daj d3jdzjj, fGtetsetsHddBshis:
sBJ MY jyde OdzO fldtcjlsjiC@®dgyf] LREBEYOHOdzd o O CIstcd y



95

o' .09 dzd ® Odzd ! , d dzOff tow y j dzdzts fiyls Ldzj Clsted yg f
Ctedlsdyj MSts2, ybsts tsBjMfjudo Odts tlsmikzlsMmisodj ot

] byj otjdkv dmifrlsOddY sBKOL Yytss dsHj dz
(yuddys sf OtwOW d dz®) f kHj d dets? s [jodddy I C PG OatAsy d
sded f§ sHo jtoyj dar Mddzt desdBz o tsL Hj2Mmlseads 1 dzj Cls
{59 jton detsls o Hisflsd e Os Is 1800 I . tjLEkzd OIs
L dzj CotetsMis Ols d y@e® S o jotOl g fAlsdd § OwOW d dzO, ¢ OL

lted 4 lstsd3, Yjd& Btsd hj Br d&zO0 f deslsdesfyls?! 4 dzj
fetsdMrtsHddd djShteduj MSdj tOrLa st d iRz
COLWGYHO o dddizblz. Y aislseds® s @ @diistis O gidky dzo
B dzzls 2 ff dB IstfizsdlsHp LSS0 L§ | HEMsGcOWOsd 50 d3d dzk

{ dMmkdsS 2.20 JdLEZOd dzOv S Otlsddz® otsL dzd§ O
fsojwendshlsd ydmlsses § OOl Qdds ] L kd
fslstCtsd { dzj Clotesdatse ) L dzgjtecdy2 4

vs0Cdd3 tsBLOL ts503, fsdzlzyj dedz" § dz2Od3d tej L zdzt ISC
Ldzj CSlstedL 2 d@3sfmisd CtsBYtsLdlsder » fMdzOBts ftetso sHWH
ftososHdBsMis: ¥, dzj y &MY 2 B dGin JOMAOL Sazpdzd P 6 OL &
By ssHdCd d zOB Bt Ols s to dzts 2 EmisOdztse € (, f SHIs¢
BsH j dzdtctseo Odzed v Gtso StoW lszts s dzddBR | ¢ FOHs datlzdn Is d dzjf e
fsLotsdzvels MHj dzOI! fteWwdiBs?2 or" atsH B o tsL BSydatsMmls
MdzOBts ftesosHWh drn H1 dzj StcdStse HdW L OMdIsr
tcOHdtsL dzj SIstetsdzdzts? Of f OtcOlskzter



96
2.7 RfMdzj Hso Odzdj o dzdw dzgdvw MckzOBt § tots
L dzj StedujMSd) ROwLOSIjtdhisdsd bkl

[ &zv BtMdtse Odzd W o 5L d3tideEdss fifils dH Lt Qizly jSdB to IS tdsSAH ©
2O HJdt1 dzj CIsted S d, s O ©H § g Misi OB G2 M dzv yOs
otsLde S detse jdegdw 1 dzj SlstesMisOlsdyud MSdr ©OLKGYHBS
CodRf* s Isjtodesy BSHJ dZzdtetso Odzgd ) tcOB Silszdsd$ §8 B8Ot
[ 6BtOBIh ddz, ¢L Ottse., 1 BYdHOJOO, 2015a]

2. 7.1 RifMdzj Hs0 Odzgdj o dzdwW dgdWw MdzOBts Htotso tSHWH |
nOOClsjtedmMisdSd Mt Misay OmMis&e OF ¢ dzO

] LIsdn yd dzv A ftotso sH d dzipw 3O M d dzdz" 2 tc Oy
Bzdz! sdodBcOIsstcO®, t©WOBEISOsE N jes dzO YoMkl ¢t
ftodoe j@d@pas21. 1" ydmdzj dzdv fesdLetsHddzdm' M0
1 dzj € Is tc 8 detiiffspicel¥.

1 O3 dzO f j yOlsdzs?2 f dzOls™ Bzdz IsdodBtcOIststcO MM
ieMdzOf Bso M G L dzj ©€dptcd S OyJ Miso J BOIjtcdOdzZO 1 Ists:
99 jHjdeds © 1 dzj CSlstedyj Mk MajdBz o Mtstlse jlsMmise
dztscfiziz O dz* Cslsster n Mo w L Odgr fn ZHJ dzt dzts2 frpdEBBits) C
ftocscotSHHNH Y dzsCIstedC O d SCSlbister j dqd3dlsdtelzesls HES] ¢
fswodzj dzd f tctipyari®m EHBsMis d .

I silssg + dzj Ctedyy MC OV  Mn j B3OM do@frtyjtoiadsdg 3 dz
Hddzj S st difzdets S 2. 22) ftojHEZMBOStcdo OdzO dzO dzd ¢
lted tOMYJlsOn oM HsYRSEREDIS jdddsjddrd] tsteijdldeChfldsotas ]

Il " asHdzs?2 MdedzOdz, Ytsdzeyjdzdzr 2  f sd3sh v ¢ g Of
M~ JLdspicelV, Isdf soatsets BBzdz sdoadBtcOIsstcO, MaJ BBO C I
ftoj HMIsOo dzj dz dzO0 tedMmizdzC § uv=21,2633  dkfij.tc d a3y dRddsizjHe
o tcwy jdzdw 9,8 1. 10 tedmdeSj 2.24 ftojHMIsOs dz
dL 3 dzj dzdz’ o3 O iR fiifO B 5 i3

I dzs fteso JH] des BBSH ] dzdtetso Odzdj o' mntsHdzSG B
Mcfteslsdodzj dzgd?2 tjLdmMststese 5 [ [, 2 [[d&B I 1 |
ftedoJHjdzr dzO tedimlzdeCy 2. 25, tdmkzdCj 2.26, d



97

ém ﬁm
2K 2K
R2 R3
CD‘” 100K §100K
T o
a1 o G Q2
2N3904 - 0.01p 0.01p . 2N3904
.tran 60m
tdmMezdes S 2. 21 1Adcddmdf dioes Hzadts M ¥ B dzs S fo g By ©F
ém o g im
K 50006 5000K 2K
R2 R3
Cj” §100K §100K
T 08
R5 — R10
- §5000K § S0s0R §5000K —_—
§5000K 5000K
a1 CH1 ‘TIZ a2
2N3904 1 0.01p 0.01p o 2N3904
R14 R13 |
e 5000K 5000K -
§5000K §5000K
.tran 60m L
tdmMedesS 2. 22 ltwddydf dOd a€20? skt ipR@G o5z z0ig 4

B0 j e OkzO § j yOls dats 2

f &zOls

Blzd sdo dBteO
f) dzOYBtsEs o RS B L4 1 dadzj S Isted €



98

1ov. V[n002)
CnnnannnannnERranannananeRnRRANAN

wummmmmm?mmmmm_.“““..; ARARARA RN ARARAR AR AR RARAR TR AR RN RARARARRARRARAA

v --------------

v+ --------------

gw“mmmmmimmmmn A S oA

v ; ] +

ﬂ‘l;ms Er:ls 12ms 1Br;n: - 24ms 3Il}ns 36ms 421n-s - :Bms 54ms - Bl;ms

{ diEzdss 2. 23 I qissiodasds dadzosz] o (B cOscO, t50
fcteOdid’ OdzOdzd L OLTSpURIVE stets dzder 7 MR j d

V[n002)

BV-erreree e seesese e snsseb oo snssssed s ssnssss s fesssans s e

swummmmmmmm-mmmmmmmmmmmm@mm-mmmmmmmmmmmmmmmummm@mmmmmmmmmmmunmmmmmmmmm
P Y OSSOSO SN SOOSU TSN SO SOOI OO
Y rrreemmnnnnnnreannaann .......................................é....... O LT LTI TP PP PP PR PP PR ...........E.................................... S CCCLTTTT PR TTPRRPPP

ov-
0 T T
25ms 26ms 27ms 28ms

{dikdsS 2. 24 1 isHds? BEEzPRknkEE 5d2 (&) ¢tk
2.23, dats M ko jdzduj dRestzes BORE BB Bdts Py Mgt



99

{/

V(n002)

!

L B T B B B ] e

25ms 26ms 27ms

t dEzAesXT5 wtsod3j N jdeder | " AatsHde | MdedzOdzr Bkzdz' Isd
RSERLS5, MtsMisOCodve hddid 5 [ [ & 2 giflak ldd fits of tf gz
Bz dz' Isd o dBic@ipde@®Mz ; dzd dzd v lseo j yOjls BBkdz sdo dBtcOlst
MdzOB s HiWid Qs dsf SL H i detizg Slstcd S O o  jJ yOlsdats?2 f dzOls

[ BH]j dZzdtcso Odzedj] Y tsCOL Odzts, yYbts dmMEOyjded?2 of
gy dz22 h jdedd Mfteslsdeo dzj dzd 2 HS 1 [ [ d&3 dai f tot
mMfteslsdodzj dzgd?2 tojLdMmlststetse S5 HPEG, Hekzd (i3 WtcAc
ftcOCIsdyj M<d Mtso f OH Odzd fi Msslse jlsmise zs h dd3
Bzdz sdodBtcOIssO® (teOL dzd WWH)j. s istOcp i ddfts] dRj. B5S
sdf sotséts dzdz sdoadBtcOlssc® (Mddww ddddwy)o My
MtcOo dzj dad v .

RMCONJ ddW of ntefH dfts ety dig fia{dpQ de@UiedrjdedDd dzd 2 f sV
CSGHO detsdzd dzOdzr tjL dMmiststcse B dzd Mmdedy jdz HB o
fded > j ded d dzts di3d dzOREERL 5tc jHits] fPsOds D [ d5 1 Isd dME Oy j
(. tedhmizdsS 2.27) .



100

V[n002)

B T - /( __________ -
e
S SN W N
ov T T
25ms 26ms 27Tms
tdmizdese 2. 26 uwtsodgih jdedz" §j of atsHde § Mdc dzOdzr

tej L d MBSsé&RIsD, MtsMmisOo dzw s Md dgyf v 5 &z dz§ ¥ ditsis o j YO, |
Bzdz' sdodBOIsstelz; CtOMdzOWY dzddzdw slse j yojls
d My tsdz’ jsdaGdisf H etors d5ff L dilfdztEgd € Isted € O f4duols
Bzdz' sdodBtcOIsstc® (¢ jicdsHBM s5dzi B Odzd 2
ORY &z IsHO ofr AsHdzse s dZOf oWy j dzgdw 9, 65 I,

9

vsO0Cdds sBOL sd3, Msfteslsdoadzjdzdj 500 €[ 3
Hd{ dejdTlO sB dzOH O h j ¢ 5 TdzOBats 21 jfyedsodistsRd diftsdndsls j& , d3lz
tcOB SIsO8 M j ¢ 70820y . yOMisfisfsgdz' L s O h d M 1Ists?2 o j
L dzOy g ded ¥ Bsy dats [z olzjsdzd o Q fistizts 8 sHH o3 tifigels] o354 dz2v § C
Hd! dzj SIsted S ©O. [ Bd W) H(J2deW1w7 )o rtc @¥2j.dd 8) t©OL HJj dzO 2

Wa C

_ee

= &€ (2.23)
RC
1d3¢ tsfls BjiyHE foseosHddSOR] o jyobds?2
] sHMMlsOa dzvw 1 sz ojdzdyddsz o9 o" Oy jdedd (2.23),

_ 885003

8500 "3 =26500° { cit t



101

V[n002)

[0.0v-

25ms 26ms 27ms 28ms

t dMkdsS 2.27mde @B daBzdz' sdo (B0 sE0O, MEEGIE &R !

oo SHY B GEL dlfdEg S sedS0 o §j yOlkds?2 § &Olsj,

REERL5, MsMmlsOodwsh jd 200 v&[ @&, 8) ikid s ® kY tdjsk @
dzOf oWy j defffts s @& j 8 6z J 3B 27 Isdzd

vOCdds tsBtOL tsd3, HozW dStedzOdz! dets? OB BIST Bz
M H | hpozPsrd2 dzj §jlstsd § dzsdOY dide@® sH d BsMis da s dey d&zQ
2,68 wWod Ywddwlsr j dzOd3d L dzOy | dzdit0® § dlisEH dfvis s o
ffpHdsy jdder 7 MzOwd! djcSlbtisfPtBa nntsesh s o dimr o OF

rdzv S jtedd3j delsOdz dets?2 ftetse jtelC d ff sdzlzyj dede
o' f sdzdzj dets BOC j sdtetso Odzd jis Al tsdf@ dfG Pk B3ROzt L
ftotsotsHWh X Istedfi.dz [ OC j Isdz 2 SBKBOL jy dkzdz Isdec
Ldzj Sbtedyj MSts?2 MAojdzj, HtojHMisOo dzj dzdets?2 20 tod Mz
ftodf OVdade' d3d ftesoa BHOMBRI Hdzv §tsHOYd dzOf tew y j dad W
(edMizdsC 2. 28)0h E§&RKJ "N Bdefifv do { SHISG ] 9 Odzw o B f
60Auy o Mikhdd desds hCOWE. 10OjdE 9 YOhSE 1 jlstec
ftosotSHWh jets5 RO jted OdzO' R OO didflal jTNS B B ROt
Ldzj Sotetstf tetso t5H dzts fiyly ! tc JOSERY iy isehidstPriiek dzRo Is

l sz tsMisr 9 OdzdW Hts CtsBRZOds2 Isj B j cOlskzts
Mdc OO dkd' sdeo dBtOsEO®. |' AatsHds?2 fdedod
shyd ziztetcOW O Tektronix 3012J)] (tedimMkzdesS 2. 30)



t dMezdesS 2. 2BH 1A jdsjddtscots B tOL yO hiElzdz' Isde dB teC
ftoso jHjdedd IsjMmlstseor i dmfr lsOded 2

=

{ {MkdtsS 2.29 RLBjjddj o' ASHAGSEE O Wy j dz
5y d dzdEeineit3aB



103

30 ftej HMIsOo dzj dz o8 - tsBAEOL
d3tedsu 4 Cgilzj B @aRXzdlszH O or |
98] . RLMBjtejdedzr 2 fYtslstejBadzw jd3r 2 IstsC 5, 4 3o .

stcOodzjdzdj f OttO3d steso Bkzdz sdo BtcOIststc O, f ts¢
tejLdMmiststetse M Msy tetsls d odiz) sldRepfiP 11 63 dgMm( § J tefd B Hs 5%
dL Bj o] dedzgs e 5 20 W3OS ) Is4izts dafEfs)s to Ow @ jjIs (dzj L dzOy d Is j dz!
11, 6%, d GeBEmdasakizpipsd cHcf eshEad) dd?2 dhf sd L
(tejLdMmlsster BOC jlsdz0¢ B iotsigtc Dst @ sl dsg dzf dzdfey N 1 %
tcOL BleBHE MmN 10 %) . t OfMyils Ytcetejhdtsisd 4 jtedts
COHdBL dzj di3j dzls OB, HtedojHjdedzr B3 O Mo j k) tedfy

10 tdhkzds) 2.
Bzd sdo dBOSB®O.

comMsded C O s e, HOdz o j dzd yd dzlizd Jl 2 90! - b H detseyty  frpdtag) o
sBtcOL YO, ftotsH | dzOdzdets fndz@@@Bd f E s C PEAH S OS2 H O
Csdzj B@®dzd™, 44 d3Mm, A~ 5 Mtsef OHOE M d2 f o j dz
sBOL yO. vOCddz tsBEKOL 543, tcJ L z d® HsjGIsy O Isiipfidz} H Ste

BsHjdzd Gd sdodBOsstO® M foddjdsddjds O
LS j tod d3j dzls Odz! dets[ M dze © dzdels O da3sBS j $ @ e O3 "  dz,

Tek PreVu | [ — ]

< Tun Bxoaa v
vmn. K1

_| MocT. TOK

A

4 Mepem. TOK

”1 ...... ......

+

Twn exoaa MHEepCKA
NocT. TOK Bbikn

Monoca
npon.
MonuHan

BepT.macuw

2.00B
Jaen

MonosxeH.
2.86 div

CMmeleHwe
0.000B

3aKOpoyeH

Qcnabn.
NpoOHWK
1X

t dfMkdsS 2.30 JrocHds?2 Mdcdod O s s O
MdzOBts foSoBHWh jes Hl dzj SlstedS O o j yOlsdzs?2
ftj HilsOo dzj dzdzs 2 2O tod Mz dej , 2 4@sBlgdrIH Ot s i SH il

ZOY tow 5 j deftls @), 88z j 5 2 ssS 5, 4 d5d



104
ltetso j Hj dadzr § d fifndzj HO olsO dzgf 1 L diftssiHdEmjlte y H L O d3j dz

fjuOldy o § &zOk BBkl 52§ OF & OOVt Jdsdlz’ GO H g dz
Hdzv fsL HOddY yYdWitesos?2 Off OOkt , dzj ykoe mlse d

272R MMdzj Hiso Odzd j o dzdw dzgdw M zOB 5 ff Qs sy P fEd H
TOEOCkjtedmisdSd kMmlses2fmiss 1{Cd s dO

10 fMdzjrkshjd 10f) dhfmdjHss Odd2  B' &
COesltsmf shse dshisd yditssr T khstes2mss, ©OBTIS
sEOHdUdBhd & HIhEPEEEdSEY " (s oy d2Oh] sd L 5o
Bd § to s MSNFABIDA [SN74S124, SN54S124 |, 2004 ( O dzOuifsI1 | 4 1) , &0
(o2 B ds fMHj Odzs | B0 %S dtezj B @lnjsdets@ils o st
Cjdzjtediolzs h g2 O o' RH) Y BSkc s dOdH je & d i Dda
Lsdn dEfbd e LOHO MY fhkisjd LOMUYjsO do
ZOf tewy jdzdw dzO@ Mtstslse jlslsoks hdj EkftcOodwes hdj
Yyomissiso 37 [fq1y. 1 COouijfmbej d&dsOydd ¢ yols
f 16 d M) jduif devfds s o 5HO, dadlsdiele hdj HstsyCd §j Yo

Tek Cton | [}

: : : : : 4 : : : : K1 Nepuog,
. O, : 27.03nc

”l'::::i'_;:::i:;::é::::".lé::::'::::;::.,::i:::,:i::::é:"!::dl K1 YacTtoTa
I A I Z \ i A I S 3 37.00MIy

@ ........
(4] S00mB<Q | K2| 2.00mB [[[10.0nc/ A K1 £ 0.00B

{ dfMkzdtsS 2.31 JrosHds? MdcdOdk ) &zd sde d

RLABjtojddw fJtosronsHddzd © HoO { Of O: zO Mt
LOfdMmr a0zl d L O s Oz tcjL zdz' I§@ks. 91 O~ g
wdrdudimsd, O bOCxJ, daJ drLijdvw JjJj B Mssy sd
f sdzlz uj dzdz’ ¥ to thjectOssh f 2 H{ddafpisjHS Idafi@dO W dlsig - g dg j M €



105
b djstesH C sdzd yj Mlse j .7un5 dets@iise o] € bted yj M&zB§ s f

f to tHowtd jHAE dzj Clsted € O M flld@o d dzts 3L 10
JrAtsHdts? MdcdeOdz tojcdMmistediotse Odzw fy  sdgsh 1

Tek Bbin. | —iH C 3anyckom
e e
. . . . . . : . . e
K1 NMepuoa
_________ i A 29-04nc
”14- K1 YacToTa
' ' ' ' Loz : : 1 34.43MIu
L f G ) i
C[:{|| S00mB< | K2| 2.00mB |r|10.0nc] A| K1 J—10.0mB

{dfkzdsS 2.32 IroisHds?2 Mdedod  &gezd ksd
O OBt oo SHWH G| Y @lstegqls dzr 2

[ detse tsC te Ols dats § f UsjoHslastds' j dzdf Js ¢ @ Lte@sdzts Ylsts dz0Odz
Cdi3f sL dlsdzse s MdzOBde dof Es s 4 O jfetdeOCIsd yd MSd dad
Gjdzgj cqtelzj Gzgse s di@f zdzr MO. [ O¢CMd ©3O0 dz! dzts § gL d3d «
gL d3d eiifplzd3?7 Hts 34,4 [1y.

stcOIsCd?2 tBL Bt YyeddLtsols 't tgdnlsdsOB Ols™ 9 O dits 2
ftod o3 dgv § d3ts 2 &z s ¢, sO¢C 52 Co¢ BdztsC fjt]
ddW stedzOyd d, L tcOo dzw s h d j Btstclstsor j ydgWwttse r j§
fcsCOLr90jls, ybt lsj yd Mlse j dedzr | tdaFLIdc OBICIstE 5[ o j
ftesyd Mmtster M LOSBOUSPIUUOE) IS SBOBR 0 TME, o 1 vAh ¢
MSLHORO kdzde j temOdz dzOwY Mo w L dzOW d3ONM d dzO d3lz dz
ColststcOY dd&3j i ls LOHO Ojldflzsf sl Ilsso bz YyoOMmstslskz 1

]l dzOfmlsswh d2 disdzj dals dz0 S smd3d yd MSdr OF §f OtcOIs
BOG dMistc Odzr dzr 2 f sfdzj His9 Ols j dz' dgr 2 ddzlsj tcW j 21 (
HOdzdzr n), fJtotslssitsd fjtejHOyd d tBdBj dZO H Odzdz -,
HsC Zd3j fes @ o j e Odz' dzOwW  éfn o 2004420 Win s d3A Coisdi@s s + & i Jte
MtsMisOo dzv s hgf 4 [ B uf B-Z BWRI;7 Ov dzd 9 § tc Otz dz@POC Mo v L dzOW
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]l Mot d3dj dzdzr = S tsMdBBdyd MSdr Of f OtcOISOR L Otcklz
B Mister 2 d §6d3 - ckzmMWBAMIlsJ @ s cfttc tSipsMipdOtc B Otc OB S
(et dts CostHdddiekzjls [otsfj2MCs] Comddyuy!
ftoj Hilsgwigdlze Hdzv fteddsj dzgj dedv o dzOkzydes?2 Of f OtcOlsk
or MsC 82 HsfkzmMCikzers MOIBOHFedShistjdzi HEjIs dL WY
AjHjtLOd dsets Sty MSsets OCjdsmlse © t simdd,
Codalste OCHESS) dets dzO2Isd dJdeW sted3Oyds s odzj Hicj dzdd
ftesdL o tsHMise O: Ct OLtcOBtSIsCO BOLBSOr a1 dzj d3j dzls ts¢
dzOL dzOyj ded v, o Cdzt yOs hzs Of f OtcOlskztckz, §tSHH]teyd
cUMistets? Mis 9se ts ¢ ek d

vsOCdd3 SBELOLBAR, & Bsyjdz e jtecHts Mydlsols: ,
yomistsisjy 37 [1y, ftd L Odj dzjo EneDsdsy dytatisty tEr “Hlf
Motsj?2 tOBGlEMfiicBstjlsijse j teh j dzdets dzj yko fMmilse dlI

273RMMdzi Hso Oded j o dzdwdzdw MdzOBB HtetsosHWHh AR H
HOdzdzr = 9 COdZOdZOR Mo wL

rdzv  tlojlO d&O otftts,  dickudss] dldd | d HOsRY
ftotsotsHWh (] Hod | tZENGkBd Mo On or Ml Ml stetsMis dats 2
ftetseo jH]jdts dfMmMdzi Hiso Qdef gad ditf! dpd “isgdftse dzO MEts
HOdzdzr ». RMMdzj Hso Odzd ] BB REEZSMH! MdzjHEE " dd

RL B t6] dzd J ¢ suafs ) lsido dedf jrte § @I MA SHJ dzs  d >
M sdz' LsoaOdzdj d3 o' MBS sME StetsMmis dzts 2 Mdlsd ¢ jtedH
( Isj - detskttereefoy dztsC Odz! dets?2 fMmjlsd | EEE 802. 3u Fas
ftesotsHddzmwy o MdzjHEeEh jdg fstcWHEC .

roeo0 l1ls MjHdd"sEHO COH@yY § OtcOé Hdzd dets?2 2
5. [Bl jCIstsdy dMmMmdzy Htse Odzdw W o dzv j ISRQHS HiTEsj® Qv G

H f sd3tsh & M JydodzdL dtetse Odzdzts ¢ ts erf [Tl O d3d3«
Cottrell, Dunigan, 2003] tcOB SISO N jets yYjtedlL C 53O dzH dzlz &
ezmmCswLr ydzs?2 o jtemdd M -dz@HOMN Isftafy M sz s defiy Q
Javai JRerf, L d3j toWv dzO ! M stotsMmlis 4t HOYd H Qidex’ -
M stetsMmis! fijtejHOYyd d¢ Juolgts2300 HOszdzcd € 1 ftsMtc ] H
MsjHddzd dzdzts?2 fp 1 s ¢ @®OMOIC Ns Mgisg o @O- €OEISO,
dL d3j tef ded 2 -dm{pus O WY <hzj ded 2 .
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B JPerf 2.0 - Network performance measurement graphical tool E @ d
Help
Iperf command: hinfiperf.exe -c 192.168.0.3-P 1 -1 1 -p 5001 -f k-t 10
Choose iPerf Mode: # Client Server address 192.168.0.3 Port 5001
Parallel Streams 1 j@,
Server

Mn, 23 anp 2012 15:24:48]

Application layer options a Bandwidth
Enable Compatibility Mode - - o
Transmit 10 )

Bytes ® Seconds

Output Format KBits -
Report Interval 1 seconds
Testing Mode Dual Trade

test port 5001

Representative File

Print MSS
Transport layer options A
Choose the protocol to use '-lii: [81150,00KBits/s]
W TCP
(1948 5.0 6.0 5ec 10112 KEvies 82838 Khits/aee -
HulTeqUEnait [1948] 6.0- 7.0 sec 9074 KEyles 73875 Khitsisee

[1948) 7.0- 8.0 sec 10128 KEvtes 82969 Khita/sec
[1948) B.0- 9.0 sec 10192 KBytes 83443 Khitsisec

TCP Window Size

Max Segment Size [1948] 3.0-10.0 sec 9976 KBEytes 81723 Khits/sec
[1948] 0.0-10.0 sec 99104 KBytes 81150 khitsisec
TCP No Delay Dane.
upp &
Save Clear now Clear Output for new Iperf Run

-

tdMkdsS 2.33 [Bhd2 odH Cdaffj eshOBI tyPiipsd 1«

C:AWINDOWS\System32\cmd.exe

BC :“Documents and Settings“~All Users“JlokyrmeHTw crkopocTe ceTu-~jperf-2_0.03C:\iperf

glserver 11°ten1ng on TCP port S001
QICP window size: 8.00 KByte <defaultl

BL1708]1 local 192_168.0.2 powrt 5001 connected with 192 _168.0.3
[ ID] Interval Transfer Bandwidth

Q17081 0.0-1@.0 sec 109 MBytes 920.9 Mhits./sec

QI[1896]1 local 192_168.0.2 port 5001 connected with 192 _168.0.3
[ ID] Interval Transfer Banduwidth
[1896]1 0.0-10.0 sec 109 MBytesz 920.9 Mhits.rsec

BIL1888]1 local 192.168.0.2 port 5001 connected with 192.168.0.3

Bl ID] Interval Transfer Bandwidth
[1888] 0O.0-10.0 sec 109 MBuytez 91.4 Mhitsz.rzec
[1200]1 local 192.168.0.2 port 5001 connected with 192.168.0.3
[ ID] Interval Transfer Bandwidth

Bl1700]1 0.0-10.0 sec 109 MBytes 920.9 Mhits-sec

Q18761 local 1922_168.0.2 port 5001 connected with 192_168.0.3
[ ID] Interval Transfer Bandwidth

Q18761 0.0-10.0 sec 109 MBytes 91.1 Mhits./sec

tdimMzdzsfBRdB4eadH Mmj tco j todats Rerfifyt® Mus@o jf tichtsjc dedddizd3a] L

[ Odedztsy 1 [ MtMmissdls dL Hipjkce jup@fls jL20§lzdf @ j d
1 s ) edOf& ] tasRig@intzd § jtotsd ) s52i @O CaddtsdaAsdgs ) s
sBiMfiudeOjls fJitjhoOonlz tf QY it so OHf Bdadzj dzd v o .
fesfbmMCOddy (s MCstsfisd. CkO MCstshmis! L Os.
dtjHdzj j ofoHdMY 6 tjLbkd OOHE §wisd § tfdy
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b lzls! dL Bjtej dzd?2 Mmissdls o ftcj HJ dy Cafdf ro
mMesmMisswdzdw § j yOlsdes?2 f dzOIsr Mmilsjots?2 COtlr d Mt

1. RLBjtejded] MEstesfmisd §jtcjHOYd HOdzdzr = YJ
M smMsetsdy LOMNdIlsdzr &3 1+ I sCMdHdzr d@3 OSB3 M
CLidBBzde ¢4 yOldzsets Bsdzls Oy O.

2. RLBj toj ded § fipQ mtOmffls dH Offfgdz 7 ydteiL f dzOsk
fsCterisdidd dL d&O0CO (tedmkzds¢ 2. 35, 0O).

3. RLBjtjded) MEtstsMmisd §jtejHOYd HOdzdzr = Yd
fsCter IsdjdiazOdzpinPREs C o' d j Mfz@®BESHY M jets H !
(tedmkzdes¢ 2. 35, B) .

Q) B )
t fHizdesS 2. 35 Jdgj "ded?2 odH fj yOlsdets?2  dzOIs”
d M fsCter Isdjeds odsH Wi gg@ests Hd 1 dzj € Istcd

1 HJ My MzjHkzjls tslsdzjilsdls’ , Ylsts EHOdzj dzd 4§ b
dzj stcd o d Odz! dets? L OHOY 2 ,'Miipd C sbtzsyL dzgf L bgsfgls dzm §
stsds uydmdzi MfjydoOdzdL qietseo Odedz" = Hdzw + §f 5CMdHdz -
EHOdzj dzes d3i n Odzed yd MSddz MY smMtsetsdz, d3j dz€ 5L j todzd Mis't

v ndzsdzse dw  dzOdzj MJ dedv dzO  jJ yOls dzf totsff O s & ts
HdL dzj SIstedC O fHtetsBdzs B dMOdzO © w©WOLHJjdzg 2. 7.

RISOC, HOdzdletsy 1 J] Gjdzjtedteso Odzts Mistetse s tSH dzt
Yylss 0L Odzd dzj sHdesCteOlsde j Isj MlsT 9 MO = t
(MdMmMlsj Gddese 5) 1 tetsc tc O dzdzdafsic stc GBig Iy j fud 46 18 dzts 1 teotDd
fsCterisdqw d M fssCterisdjdd dqL MmMdzOets ftetsotsHWHh |
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f OtcOW d,d80 O Hacsd sHWh jets dzOf sdzded Isj dzv  (Isj ~ dzd
Btsdzj§ 50 M Odetse  jtej HOUR] ded didejd v 3O df jts AL cOrsk
mMitstesMmMisy §jtejHOYd HOdzdz" = (9 t©6OREOR BHAEEEBE |
ddeW sted3OYydtsdedzr = § OC jIstsa) . [ OCMd BOdz dzgOwe. H sfis

vOCdd3 BBtOL tsd3, o dzOh j d3 d iy dzdw s o &dze dizj fizs ¢ @
M 1dzj ClstedL Oyd4 2 L dzj d3d dzlstso Btstclstso ts2 tcOH d 514
f s5Ctsdzj dzd v, dzfj BBEZOHO* hdrn Gjtd3jlsdyds &3 Ctsteff 1
fcltsCtse 1 dzj Cstesdztseo, Ctslstster | dBsckls Qo ObHtc
B' dzs ftej Hdzsy j dzs ML H OIs! dzsor 2 d3OIsj tcd Odz H dzw
sjrndzdyj M sets EZcedzj esH O, Colister 2 Br HtOCIsdyg f
cOLtGVYHEBS9 © tjLbizdz sOIsjy odzzlstej.dzdzj 2 { dzj ClstedL Oy

2.8 Jlreotsw] 8 6 d&zO

vjBtejlsdyujmMSd ethdssOdkzd d S jteddj dzls
fteddg dgj dzgd v fMdzOBts HtesosHWh drn (5B EZOHOE M da [kt
10%10%° [ BL & Hd! dzj SIsted yj MS dna Codif sL dlsdzr 7 tOH
Cistster 7 o Mtsfflsasj sfEjjwdliddd Ojls o teOo dzd o Odzd
Hdt dzj SstedCOR L O fujls {dzjSltetsdetse orf MisSda  + d
ftojHSlso tcON O s o t|IL GzdiSIsasDd | i giets & jif .
- ©OL©KOBGBISOdRO Isjhdsdkasedw f tsdzlz y j ozd w ¢ s
H! B §C S0, ftsflstswh da qL f tsdzd d3j to dats 2
Bj S sHdMY j ehdse s dzOf tsdzded Is j dzw ;
- LMY jted i) dals Odzt dz" o3 YfLizAsej o) d B3y Iy B dats olxiyy jdrz! dzi
fesosHdBsMisd  tskdshdlsj d das? Ht4 dzj § I
Hd1 dzj Slsted C tso tsls Ctsdzyj @Y ts@zdaff df j dfMsts o tf HsW
FftcOodzwls! R fttsotsHdBshs: & ;
- ©OLKOBSIOdBOL }dOlgd t5j S Ow B H j d o&B3d ¢
fosotsHWh jets CtRftsLdbdsets HdL d&zj Slsted € O,
Bi ZCsHIMY j edets @ s dzO tsdzdzd Is | dzw ) ¢ 5 dzG
or Miskff Pt ho totsdzd ROSEBHJY tsdzj 2, d tsBi w
slsdetsfdlsj dz' dgs? Hdt dzj Slsteduj MS 2 Ytetsdedyoj
ZOf sdzdzd s j dzv .  OL cOBBlsOdz MY sise kflstcOd
MmMdzOBts ftososHWh dQ CdiRf sL dIsdz” n H o @iz K tc
Fdz2 IsteOL o9 2C O;
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or f Sdzdzj dets BOIj BOdyYj MS 5] dBsHj dzdsse Odz] ,
dMidzj e Odzdj sy mMmses L dzj SlstedL Oydd ¢t
ojdadydds da EHJjd dets?2 L dzj S lstd 5 DRI tots
L dzO Y j dzd 2 flsiesCis@izts fiylsiaf € Is to s dzts o f s On Qs h
BCBdL | Bdets? § smdd Ui MA ISE( Miff @ Is@dz0v Sls j ¢
sBMisOdsos CA)HE WA® HOO fsSKLYHSO o' hj MOB A
Blztc! ) . 1 8COL Odzgts, Yls ts Ci3f sL dIsdz" § fn
SBHOE N dj krjd dzs?2 1 dzjSlted yim¥ g8 dgtcso
sBdMfjudeOsls fjtejteOmMyftejHjdzjdzdj dzOC OYF dz
9" 0o dzd © Odzd § L dzj StetsMisOlsdyyj MS dna fsls,
oL dzf S detso jdedj 4 dzj ClstesMisOldyjMSdn tOL oW
ftotso j HjaBl dRQISAjC 5 BsHj dzdtese Odzdj d + S My
Ldzj Stedyj MSdn ROOSIjtedmsds ydWtser a |
Cslsste’ 7 MsHj Y Oy C(osBfsLdlsdy j MdzOs s
Yysts dan dmMfsd Lo Oddd daj o dafginlds] ¢ dzC fisdad
cOBtslsOs hdn dO yomslsOGr HB 100 1y, t
f 5tcOy 08 hdn WOClktstetss 1+ dzj SlstedL Oydd.
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L 090 3 [ jscHBEEEdY SodfdjShdsecs § s,
LYW jClktse oBLHj2MsadY { dzjSkissflsOls

1 Offlstswh OW  § @O ot igsHOdz ©WOL tcOBBISCd f todc
B ssHsdtedd SCt@3f dzj Sdese s ftesj SIsdteso Odzdw d ¢
EmMstes?2 Mise Csmd3d yd ME se s f tod d3j daj dad W 9 y4J dz
BJLBYOMdesMisd ls §f stcOy O M jdfeLO HAjR.Mlso dw W OC Is st

ltesj Ssdeseo Odedy BwOoddzn [ fLpe jsipsdzr 2 d HEMISO
ftosy e stcddz d Hte.dzgOSCQ 1 & j M des] ML HOdzdj € C
fcsCtdzj dedw IsteiBlzjls fteso jHjddw dMmMmdzj Hise Odzed 2
ftoesj CSlsdtcso OdzgdW WwWWHO Codfdzj CSMder = sy Slsdz"
orLro90jd J 1dzjSlstedL Oydgj 2. dststslse jIsfMmiso zs h dJ
JHddzr 2 By ssHBdsecdyj Msd?2 Csi3tf dzj € fy ftetsj Cisdt
Of f OtcOlskzter SCmMdddyd MSdr Of f OtcOIstsea, MsH j ey Oh ¢
BsH j dzd , By sHT  BzEswds " , dzOff tc ©9 dzj dgdz" | d
f stcOy O h dn YWOClsstetso L dzj SlstedL Oydd d ftsL o
sB tsfMdzts o Odzdzts Mls ¢ ftoedded 3Oj 3" = fJtetsj Clsdeg" = toj " j
Edzi dz@ " dls! L OlstcOIs™ dzO tcOL tcOBHEs ISt tlzd & jsHydis us M j ¢
ftotsdg3 hdzj degdzr » ftojHftedwisdwn detseots? Isjndzsdztsed(
s¢. s o'hjzfsdvdkzlsr &3 ftosj Slsdzer i3 L OHOYOdB tsls dzk

- B M jyd ddd W izdzC ydtsdzOdz! dzts ? BJjL Y OMmdats

Of f OtcOlsseo ftod Cwut,

- Eyil dug B6Er fjtjctokzLs¢ ftod {1 dzj Cltetsfls

ssCOLBs 111G sob,

- ftodd3j dgj dedj desor 7 M jydOdz dz" 7 KBjlssHB L

9tSLHj2MIseadw Cui ,

- fteddsj dzgj dedj S tdemlstckzCIststeMCdn tj " jdad?2 H dzw

tcOHdOyd sdyderdad 2d Lddziz dzj ClstetsBOG dzgd Isdzr = ff tsd3j -
- dMfsd LseOddy Mfjydods d » &jbsuHds dmf’
C oBLHj2MIseadE Cui,

- feddyj dzj dzd § detse r - fEdsQigffttsts af tyufvsidafilt = H 1 dzf S
BOIsj ted Odzts o sBJjMfjyde O hdn MlstsC L OteW H
wo dzj ded W .
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3.1 IwsLuj2fsadj Sut d WlkdSydsdod
CeMEdujMSdE Off OwOkse

ltoddgW Ists  Hj dzd Is Mtse toj d3j dadzlz ® L odzj d34 dzls dzlz &
COljcetsted?: f ts1Consengrs J dz! fidtdzosr h (zj dzdzlz ¢ Indusei@y H O dz
o 5 j dzdistilitarie) d B3¢ BMSdaee . ( [ Misj Misoe j dedets, Istej Btso Od
mMih j Mise j dzdzs tslsdzd y O Isfmw . stsmdizd yi MSd2 Of f OtcC
fmd misj d3, sBjMfjydoeoOshdn jets WhkdeS ydsdzdtctso Oda
EftcOQodzj dadj ff Odzj dzv o3 ff i@ alzdzj dzdzi -~ H 8 P Ol j &', dz'lzdzd
Is. . GCdzj CltetsdzdzOY BOL O 1 Isdh MmdMmilsj dd Hisdzy dzgO o
Isj B jtcOlskzte (IsjtedBsyds dzdtetso Odzed j) , 5B d&ZOH Ols! Lk f
sse j dedes odetOydd (ftod L OFBNESE dz@ ¢ )z dzlhusciss|d
dzj 6 j todzd Isd ydz" - Eidzse dw A, Hisdzy dzO@ 9" H jtey do Ols!
BZOC tsdzj y, dd&ijls: or MsC ke EfmMs2ydetsmls: ¢ 1 dzj ¢
L dzj CltetsmisOlsdyj MSdn tOLWGWYWHOR o bkfdzscadwrh ftotslk

Il 1tlsdr EfmMdzsesdwr d&O fjtcots] ¢ B @B ddzrm SH # ¢
2012]d HEBdEse j ydgsmis: C sikd s @6ER d ddj 2 6 ks o€ d

W OClstsr sBj M jude 0¥ Isfw COoyjmsetsds dmMESH
ftetsjClsdtetso Odzgdw d dLGEtlto dzj dzedV C R sdzj dzlstso
90y dzj 2N OV s d L Hj ! BB megimy dBj Ny dzf 8 Is t

fMse &3 MisdIBEMBGo toj d3j dedetsds + sOf § tOLodIsdw + dzj €
Ctedisdud MS dJ o WizdeLNQ[idls  dzts o DI dzC fytd ts mlal ik @zt D f) dats |
L dzj CIlstetsdzdz’ ~fo ) ic P EZIEE 85 tc T30 6 dzgf © dzts 2 Mo &3 Misd iz 1
f totsB dzj RO otsLdzd S O4 Is ftcd i tod d3j daj dzd d ykze milse
Slso jIsmise § dzdz' ~ dYOHL tstBQ ffdEty g iz, B 1S taylOtnes igfshi iy d3 |
i tcOo dzj dzd v . {20 Blsdtsmdlsmw dzj DNsjsdiz! B tklz GO ¢ K
dzj sOIsj dz' dz' df sQIWdQt@Q s\ IsHs]dz! € 5 Mo toj d3j dadzer 2 € &
dzj sOIsj dz' dzr 2 Of f OtcOIs (] ¢) i sdzdztsmls* & L Qo ( f
Ldzj SIstetsdzd € d, d HOYJ H dzw tolz ydze fMtej HMise 74
MdMmisj 3" d Mmjtesmdmls dr .

[ Mdzdo BHYdz Is T d 9 Jtclstsdzj Isr fsHe JtcGg O Isfmw d
otsLHj2Mlsadwdy BBIs ttOHOttss OL totsHictsBBO , hdqtoetsC ts
EHOtO dtsdzdzd d, sts Hdzw Cmdizd yJ MEts?2 O f OcOIsse
L dzj ClstetsMisOIlsd yd MS d? dz’'tgjOL igef ls jdB® COBE SIS 28 1
G J sdBBOG dzd ls[da" jrdzdBSl,tc ' § Bt Od3d h ddz, v Oj dz€ 5, . 2 0 & 2 cdzdzes
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[ ¢ Hofodddlsjd ds f(soHojLcOs sy GBI d dgj Okt
Bste! B' ( Meslko jlkfsokshdn Stdisted) ts.

[ J2Msekze hdj d ©OLKOBOI" 90jd3F J MisOdzH OtclsT
OodOyddedets? IsjndedSqd §"lkOs s §sCterls! oMy GE
2O [, oCdzt yow M’ Isdw dzd L §lssB T | ctfste GsadarMids'd , €
tOLOBBEE2 d ojted¥dCoydj?2 (dOftddjt, Isjflsd

lsdevIsdj WlkdC yqdtsdzOdz] s Ud Bg L 5§ O dts flsadd3d Is ,
sftjHjdvjls fMdskoyds, o (k2 CBjLEBYO
Wl dzC y g s ded to totz@dech O dz B 5 d dzd Mg Misj & . v sydasls!
sBtStczHBo Odzdw, MowL Odzdesets M BJ LY OMdesMmiss & 1
1 o dzOtbk" jdedd WhkdeS ydodzOde des? B jL Y Ofdesils g
Yd izse § $ 0, L Ctsdzsedd, Cfipthaylaly fndedgts i lsaff. fi MctOksgst i o

Of f OcOlskztej dzj f sMtcj HMise j dedzts Bsckzls B' Is! t
WEdeS ydesdzOdz! dets? B jL s OfdesMmisd. Clsts o Bsdz h 52
s o. s Mty Odz ded ¥, o fmJ Ldzj ¢ stetsdzdz J o dls j d
WEdeC ydesdzgdteso Odgdw, wBhdBSC OB © twWOBBI], ddzd HO
L dzj SltesmisOlsdyj MSdds ©WOLWGGYHOR (Cutf), Yls ts "

un

iMstezCIsdodzr n 1 dzj CstcsdBOcdzdlsdzr = otsLpg d gl dzde® ¢
Odzd mMisddz, [ Oty dgSts, 2012; sdteddzdztsea, [ Otoyy dzs
1 sdz hddzmlsets L OCBsdzse, dJdzemlstekzS yd2 d MmlsOdzH (
slkw d ftojHEkMdBBOItcde O ls Mtstslse jIsfilsealzs hdj dmt
9 J Bisdets s ZOtelzh j ded W YyJ zsfilsdetsmisd W EZdzS yd tsdzO
Emstcts2Mmilse d MmMdMmisj &3 fted Cuti . l tjLkd sOIsj

Y—

11

zo J dzd yJ dzdz" d3 tedms Od3 BJLBYf OMdesmis d, 0] f sfis
sStcj BB OdzdW d3 Blso f sHBp Pdetes @B Jicd HDEC ] 3. 1.
]l tOB[lORISO d Ht. , 2010; sdted dzdzso, [ Otoyy

fsC OL Odzts, Yylsts Cut wWodzw jlfmw HdddE dL dOdset
nOwOC s jLeq,?2 Mieasize M d A O 1 dzj € Istctsdadz j mMd Mmisj d3
MsOkduj MStseEts 1 dzjSlstedyjMmlsoa0 d fomdjHbkshjj
G OHJd ! dzj SOffifttmiEdsz ez d C OlsQ s aldd,j plsth) s i s t O dzg
EHOj Ismw. 1 54 Bz o My lste jOdzd I tc j fBtizfy dzjmv i is s @ B f) dic C
WEdeC ydtsdzOdz! dets?2 B L s Oz Bl @ i34 Mdizds, tog lgdizissE, 3
#0jdSts, 2008]
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{ Ofh dtcj dedzts§ 1 ted df lesdLosHdlj d&zd § SH
Ldzj ShtetsdzdSd o Mmdmls ktcj B Odzd2 € fdady §
) BjLEsY Ofdesls: MesC s f osdidisl nde

A 4
UmlzHh jdzdj { dzj SIlstets
sBfMlsOdetse C o, dzj M

9 j W s dzts fif 1§ ‘dzts® § izt

A 4 A 4

Lo jddujddj otMmftd dlstej d3dzj dzedj o filsd
1dzj d3j dzlsdes?2 BOLT , & a3d dzd @30 dz dzf = Btej B
dr thdetse j € G4 MisOdzH Olstse B L YO

A\ 4 A 4
vjnddujMSt) tjeckddwuse Oddj d
BjLtsfOMdshsd d Sfu dj &Bsckl ¢
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Isj mded yj ms s2 HSC Zd3d dzsOyd (. RdSGHO ff OtecOM@j Ist
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\ 4 l \ 4

}tletsd L © tSH fe—
VfteOodzj dzd § f§tetsyg sjiMmisdtetse [ tsH] dzdtetseo Oded 4 H 7
edMmMC O, 56 tc0Odzd| ftescteOdBdsr Isj fMmisd

—» BtclzH 59 (

so0OdzdWd¢ Ooyd tsdz
kjMsdtese Odzd j € B
sBtstclzHtso Oded W

A

A

1 0L jdsdetsy Isjflsqd
i 5Ol j &z dase s O

A 4 A 4 A 4 A 4 \ 4

tOLteyhjdedy

] SHHjtY CO

t dfkzdetsS 3. 4. ltwesyjHbEt' fotsjSilsdietse Odedw
W kdz€ yd s dz0d @Ads@ts gl

so0ddWdsOydw L O jteh jddesets ftesj CIsO s¢ MM
q d3j dzdzts :

- HOdzdzr j] HBMiskzydr HAY O&OddL O,

- kbjMsdtse Oddj SttefkMO d Ctiftdj distss d daf

- bimMdetseo Odzdj GBtsStckzHSe Oded W ,

- O0dzOdzdL tojLEzdz sOlstse dsHJ dzdtetseo Odzed v,

- biMmMsdigse@dd yYjJ dzsd.
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sOC B2 "NdesSCd?2 MfjSlste HOdgdzr =7 wWodzv jlsmw toj
fteseo jtodls: ofj MdMmisjdr, et eoMmjn tjxddkoO~, d&O
ftcd ofMmMjnr dOJttOodzj dzdW m B A&z Y dd Vv . so0OdkzdWd< o
Ctedlsdydesmisd tBi j Cl50.

RMf sdz L s9 Odzd j BsH j zdtetseo OdzdwY M smMtseBMmilse 2§
fsLotsdYjls §sdzydlk! Ctoddyjmlse jdds j HOdzdz j ¢
CtedlsdujMSde Bd&OMIj2, bktejBkshdi tsls§ dzsdzj dzd 2
sftej dzj dedv Ektetsodzgj?2 IsjMmisdqtetseo Odegdw, § sdzzyg dedv
By dls Brisdy ftesojHjdts + CMfjteddgd dzgls Ozt detsy  mmd

] SHo WS G, Mdzj HEj IsylststHeg jotg ipledsiz’ 7 dzj I fjedi i dpvict
Istcj BEZj Ismw i tod d3j daj dzd 4 dzso ' B S ujdefd 2 W vy d ts
BJLEBY OmMdesMmisd { dzj ¢ Is.tc stdsls ~ts flztinjsHejsdWnjlslom s ¢ dzj H Iz &

- MW dzdets] oL tcOMIsOded] bktesodzj?2 EcectesL |

- ofj BGd "OW JddsjcteOydw BsHEzd d@s?2 §shdd

- ©OMmh dtej dedzatsj J “H B dgj A ded UsMC dr EMistets2 Mise

- Eyifmbsyddd] bkttjBsoOdzgd?2 dzO hIsOlsdzgze ¢ OO

- Miste] dgdzj dzdd ¢ dMYtsd L seo Odzd® ¢ tsd3d3j eud M&d

veojdduyde Osh djmw Ekttsodzd BkcetetsLt d t©OL dztssB te
B' Is! CoOdzd W d yd tsticgj @Bdz'® Iss ¢ yYylstser f smistsw dzdetsy M
COLOBBSISCd COLOdkdtetss Odzts HEsfMisdy jddj <+ WWJjgs
SetOdzd yd dzd? BE¥ HY JISO.

1 tsdz h Ow  yOfgls! 1 dzj Clstets i3OG dagf s das @0 L OOt Glizls dtc
Ctedisdud M dj OhdeSHtsd Bzl L SYOLl" jd¥ ot otej BV ¢
ddzls j deifd p desmlfdfsHIse jtoy HjdedWw 1 Istsets Hisdzy dz BI Is!
YL dgj dedztse s yds dzO fmMlsOtej dedj, SCtstotosL gW W gCifgo tef
LOhMdIsr . vOCdj dLakjtdajlszad vo ts tcdzta piak ff ipks@®C © Midziz i) B ¢
stczHdats ddzd HOY | dzj otsL dstsy des o' ff sdzdzedIls! . CIlsO { t

YistsB ' zd3d dzt " d Is: md mis j dzdzlz © Mssd iigsmls’ |,
sBBtczHBS Odzed j, Ylsts wWodzw jlsw yj tojiHasRy df tcds@®ddz ]
BjLESfOMdesmisd. vOCB2 HYBHAtSH HBsdy jdz S dteOls! i
BilssHCd Iijdistfpdzte DadEdads. desor @3 o sf tesMOdE, C Blstst
Hdzw B jMf jyj dedv yj dzsmisdesmisd W EkdeS yd sdzOdn dats 2
L dzj Sotetsdadzs? Of f OtcOlskztsr s ¢, &y dts lsdzj flsd

- O0dzOdzd L 9tSLH]2MIse W Cut dz0 R[ ¢ m Yd

BdStesMajdd d BitjHjdzjdd] ttdmMfO dr tls¢OL



124
OzOdzdL otsLHj2Mlsadw Cui dO WdBsHkzdzd Of ff Ot

BSHj Zdiese Odzdj beCop EONBECPUbE &6 M Y|
fsdjoiser D ksCso.

3.2 RMMdzj Hso Odzdj o dzdwdzdw 1+ dzj SIStetsT
ZO0 tlstoLr" 1160

l dBsHjdwvs ddsj dzlmdo desilsj 2 BISCOLBO RS d°, i tc
[ 1 OHY Yy desls! Gt R, 2006; dajBH S pdzifMildydy dastsel , z2d
Mss2¢tsMisd Rfd (foob¥B SEs oOHED2NddY | dzj ¢ Ist

( BOS Md BOdz! detsdzslz dzOf oWy § dad ¥ - Vg, ¢ lste g ls Oflstafjunj s dgChe

ftoed tcOLtcOBISC] wOHdEL dzj Sstotsdzdets? Of f OteOlslzter  (
Vi >Vss,

ks t©dMS ©ls¢oa O U 2dilse v  u{[ OfbtdgCogdje"tafjds, d dIts

r OHdztse,. 20 W2j]2Mmisea dlilsj dz' desfisd, CO¢ Ekf td3d dzO dzts

1 ¢ zEOIsdtckzj 3" 7 O ¢ jtsMisOydtsdzOtedz" = ddzd o' fr

L dzOydlsj dz' dgtsj (G datss LisHlsj R0An Iseed Wd LC o | .

3.2.1 [ BH Jjadsts figlsizls jsdNdOL s fted oL HJ2Mseadd

[COLL O JLOOMstesW dyj MSdr dzj Slstedyj MSdr
mMtserisdw, dzgj MowL Odedzr §j M o dzzlstej dedzd d3d 3§ =~ Odzd L
otLHj2Misodw fted dztsy J dzdzif ftslzdo dejts"Cdd)) ¢ s fipia® i EOindgisz s
fed3d nt52 JelsCOr . Gisydzs tbizhigd stzOds dzORHIsHj L St
S o. tOLroadlsdjy tlIs¢OL B9, MowL Odzdz" = ) otsLHJ2MIs
LOeadMmdls ©ls Mmisj§jdd d dasjj@dsClyfddd fte Ste g joi J g A
BdCtesMaidd (LO Muydil Mttslse jlsMmiselzs h drn Mo j Bs,
Ehdzse dw dsd  § f tod d3 daj ded v (rO0L0OCIjtdmisd s O®d
LOQadMmwh ddsd btsd ¢t [whs tgAdgiisfs, d ls j@Evdzg o0, ¢ 201 5]

15 E2COL Odzdzs? o Ytz W iis@BO Y didein ¢ ©®B ' BB H j RADC- f tod
TR-89177,1989]d & dfr" o O h OW  dzls jl daf) d o dzsiliyls 1 dz0M8 Is{G O Lyt ez,
B Is! dzgj vlassyj steOL dzd yOls! slsCOLr, MmMoewL Odedzr § M
slsCOL T, 9" L o Odfdzrlzde jC uf)y efdzizftpacvjdzded dzd dsj = Odzd L d3C
Slsdetsmdls! ¢ fitcor &3 ddzvj &€ ESD, O Ct5 oltster &3 d«

1 sMEdz! ¢ BOCOLOIOMIstesW d yd M dn 1 dzj CIlsted
Mo w L Odzds’ fl odzzlstej dzdzd d@3d 3 ~ Odzd L BBOBd tsIsC OL
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otej i3 dagd MWOIs LIS dz! €5 SIs o jtesWisdzsMmisd o LWzl ¢ dztso
sCtezy O h j2 1LdzjSlbtedyuiMéts?2 MmMtejHd d ykzefmlseadlsj
tedmM¢ oBLddCdse jddy {djSltedud MSdr fjtejctekzL
o jJddgd dz0 o WhkdzCydd tOMmfitejHJdzj dedVw ykg Mlse dlsj dz'
mlsw  fmih jMsokjls dhktsects oadHBe dBsH] dzdtese O
sfteJ Hjdzj dzdv toj Ozt dzr = Y ttesetss drn EMksts2ydet
nOtOCIsj ted Mdsyd CPOA@Y , BEsOLdz? Isj &zO yJj &zse j €O ( Hu ma
( Machine Model ), BBtsH j dz! M LOwLwyjdzder d3 ¢t
dZ2Ood &zz yh dd3 dMmlstsydzd S s dqdeW stedsOydd B ykemlse dls,
J Hddziise j dedz’ o3 d Mls 5y'ddd © tzd3z) , ¥ § wzy 1 Wil EEBIERY3zdz" 3 o

3015- Human Body Mode]MIL -STD-883E, 1996]
dtnd BO ftoso jteCd Rfuw dzO Mists2CtsMmisy ¢ Cut s

R1 R2

BbICOKOBONbTHbLIN
FrEHEPATOP D I
MCNbITYEMOE
c1 YCTPOUCTBO

{dMkdzse 3.5 wnj kO fse jteCd Rfu d&O flss?

vdftsery (OOl Ister Mnj B VFt2A0DIdZdC, = BOPzO .
V BEsMs] 2O R8O RPO,tcsisdodzj dedj Sty d yJ dztse j €

1 tod 1Isdn f OtcOd3j IstcOn Hdzd Is§ dz! dztsyls L ey
diz3f dzr MO IstsC O ttOo dzO:

t =R, T, =150 dzfn) .

ltoj &3 dzOtcOMIsOdzdw o r 5H el dStEzy dadBf B dzisf) O dFfelds @
(Mds. tdmizdesE 3. 6) .

456 zOmMdatz BJOKD . 7, ofmMd or atsHT Rfd (9" 9BBHT
( GND) d cldlsOdzd 4 e (vDD) ) fsHo JtcG OF 1&/FW €
f szt dlsj dz' des?2 d ltedyOlsj dz¢ dets? ftsdzwtcdesmisd M

1 smdzy dMmfr lsOdzd?2 dz0 Miss2CtsMmisy € oWy (= thts todst
R[ d. [ Mdzd EfMisOdztse dzj dzts, -dzdlsts lbts® skl ] fifcd o ZOO§
oJdzdyddzz, Ik Ikt OMMHdBBOdeo OjIsmMw ¢ OC I OL

v O¢, ) sOoftdzaffayjH j3Az'l tojL zdz SOIsT dmt r IsOdzd
otsLHj2MIlsade Cui UBSIEE RiHEIXDevice RelialilKy Report, 2015]
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100%
90%

36.8%

10%

tRL toL

t dmkzdesS 3.6 A0 d Bekgz' ff @  to @ Mt W s @EA S IS
dZO0 flls2 CSsfif uf 65 BjlssHkz 3015. 7

5OBdRIYO 3.1 (jLEd kO dMfrksOdd?2 R

Device Latchup Human Body Model
Passing Voltage

XC4VLX15 pass N2, 000V
XC4VLX25 pass N2, 000V
XC4VLX40 pass N2, 000V
XC4VLX60 pass N2, 000V
XC4VLX80 pass N2 ,000
XC4VLX100 pass N2, 000V
XC4VLX160 pass N2, 000V
XC4VLX200 pass N2, 000V
XC4VSX25 pass N2,000V
XC4VSX35 pass N2, 000V
XC4VSX55 pass N2, 000V
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1 4d Mdislstew  dzO Ists, Yylsts d&jstsH 3015. 7 wodzwj
ykzemlse dlsj dz' detsmisd R GdaltssL pgB® MsdgdsC sects ttOM
tcjLizdz? SO dBseclkzls dmMf sdz' L so Ols! MW o BOISIELBOISd
i tcd f smistets§ dzd d Wizdz¢C ydd tcOMmMyf toj Hj dzj dzed W ylkze
Lz Slstedyud MSdr fjtejcectolzL 5C.

[ BtsMmdetsdy OQelzf ) dztsy desylsd dMf sdz L s9e Odzedd ISOCts@
ykzemlsedlsj dz' detsfmils! R[f & & otLHj2Mmlsoads 1 dzj Cjlsted
(tetseo j dz@ vykoefmlsodlsj dz2 desmlsd Rf & ¢ otsLHj2MIsods

vsO0Cddz tsBEOL tsd3, 9 dBJ b fsdzf) d edzists f lszfl ©fs lseGGadHsjo 2 di
Ldzj CSlstedud MSdr Jto] Gtclz-TRSBD-177[RADG-9R-89-17@2dA898 d5I1sR OD.
sf {1} RI ¢ cOMMdzOIstcd 9 O Ismw ssdz ¢ts §COC toj L Iz
sCtokzyo0sh j2 1dzjCltedyj M2 MtejH' j AMiydzdiilse dls j dz

RfMMrtsHY dL orhj dLdtsy j dzdzsgts, o tOBBISj-L Pte] H
COlsoOmMstesWdyjmMSédr 1 dzj Clstedyd MSdr HjtejcetolzL 8C
Of f OcOIlskzter , 9" Lo Odzdzr » oBLHj2AMIsadjd3z Cdafj: ] f

P(f)=P(c)(f|c), (3.1)
GHHf -9 jtotsw Isdets ) Is ! 5| GoL L HRi[ 24P toT¢ s dets s ¢ ¢
Rfag M dmssyd&E)sdg Jj st ;ls dztsm s ¢ B9 oL L HRjS2uMm IschLd W
CsdelsOCIsy M dMmlstsyded S sd3 Cut .

[ dzw fsdzzyj ded v P(fee) tesB Isdzfmisd Y sdz' L s0 Odz H
~nOOSCIsjtedL 2z ls tOMY tod HJ dz dgd)d HidRic tsecftsjos 6 Gsdz @AM tie
s. y. M LOhMdlss?2 Bl Cuf) .

10 twdMmMikzdzSj 3.7 {ts¢OL Ode sdftser j oMmlstetsj o
Rfdg tsIs CuitsB SigistgdgOsils B Mister 2 BlsoatsH ttOL teW H

]l tOpBrAsgnl983]f ¢ OL Odets, yYlsts ©OMY e HY dzj dzedJ
B dzs Of ftesC M BItese Ols! dzse deste 3O dz! dz' B Vils P Y to,
tcQodz" d@3 2200 I :

oy,

alnvry - INVsor,
e i 7 O0H
2 s

VTH g

O:

1 ..
f =@
(VTH) Vru GTH Q/Z_p

10 tedmizdeCj 3.8 ftdojHjds cOWdS WkdSydd (

{

(3.2)
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1 1
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tdmbedse 3.8 | 6OH)f6 HEdkfadd(3. 2)
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f sdzlz yj dz L dzOyJ dzd W vinABts d3j ¢
j Gt dested3sOdz’ detsets twOMmf toj Hj dzj dad W

I tc OHGiustj 1986]B ' dzq
ftod HY sdztsy § ded d

Ay - vy )

0y,

1 ___Qg slvm) 2
f(VTH):W@ 2 : (3.3)
I OB ddYyd 3.2 { tcjfHCOndOlyjdsitds o Lta@fjtadgdhj dzd dzd
Iy sddzj dzd?2 R[ &, 1 SRACVHDREIZ17PIUE2008]08 &5 ls j

s OB dZdyo 3. 2

1 Ot OdBYris te*

tcOMY toj HJ dzj ded W

. r RMY sdzdzj dzdj RS . .
} =i e 1 jL qisOh 5] & LONdlss2 e g Hdaj ¢
1 2 3 4
mvg,), | 1175 8000 4588
s(vy), 375 1750 1790
RMARBsHY dL stsG ts, Ylsts  dats tc d3Orlzi fghsts dzj taCdtst oD H &

fdzz YO2 d& § vip B g usglds™ L Bhsef)utd () L ON dis 2 ddps OO o .

+
d disiéls dstdOd dsj oMYt Hj dj dd j ngsaf'ﬂ;jﬂ ) dzj

SOCY ] ddBBjdls detstedzOdz! detsj twOMmMftcjHjdzjdedj fyp O o3
i, )- m(vml); v, )
]l My 4 bOBdkdJyr 3.2 fftwde jHjdr L dzOyy d
9 § dzd uw, dz
10 tdmMkzdsj 3.9 fHtde j HJ der CteOWdSd WEkds yc
ftecdojJHjdzdzr = ©® IsOBdzdyYyy 3. 2.

I " BC 0O, dzO 2t fig datffRCEIDBIC- B —PIS 2006]L dzO Y J dzd V¥ ff Ote
tcOMYftej Hjdzj dedw (3.3) Br dzd ¢ sczlzyj dz' [RACHMDB-21B 516§
1985t j H dzv W o dzls | dzfid g detshi® ' o tsisg P2 figls o v B' dzO
B Is! wsyjdz f§sotyd, kOC ¢OC wdd wodws sfqw toj
Emtej Hdzad ded¥ Yt Isdf Od3, Isjdgjdgusdasfeydivit ddds tftdg xxaal. " d

R a3 dzdzts  § 51 Is &5 dpifvy,, ) EZOdIE dzdfjnf Sdz' L S Odzts ¢
e OMY toj Hjugz dzddt®@ thdztsse j
d dzls § dzfnd o dzts @)d -ifs CoOaLdsv0] N fyl$ a

Cuf

9

Cbtstetsets B' &0 ff szl
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[ ydts ftejHfsdsydls!, s wiz] tc Ofiptfdmy jj Hsifdzd dzdizfs
COMtejHjdjddjd (e t©dhkdsS 3 [RAC-HDBKATRusE ]

2006 O, ,M¥BEg'j shy dizseBqdBduiEgnhedmny tj HJj dzj ded J
Colses f tod @@esd1983] tc @pdmls £ ¢ M sdzj ey Odz! dz' 5 6O

f (V) = QG (3.4)
1103 |- /\

510* |

1 1
5.10% 1-10*

{t dMkdetsS 3. 9 4 tef@y, HSty d¥trdgSazpd 2( 3. 3)  H dzw

Vin = VTH1’ Viy :VTH3 q Vi = VTH2

CCMmysdej deydOdz! detsj wOMtjHjdziddj ddzskzdlsd:

fsmMSsd Sk § dskdashls! o mvds dzb fisls ¢ j 2ASHCoQLYO LR
fjtejctokL 5C otL©OMBOjl ftod Mddyjddd jj §stsa
ltoj HY SdzOG OW | Yls ts tcOMY tej Hj dzj dzd j f sStcts

LS sdzj dzyd O dF o5 6OMYtejH]dzjdedj g (3. 4),cH 1
Sy dHOd]Y &@fhdk) d®s &zdykz 3. 2), Hé@”=1/lfl(1§1%3)§))L Ols |

f sz 4O s Q Lcd@®@ wigsded j 01, P,0 0 Rtstdise j Isls e j dedzets, Mz
f dztsls dzsfls d  ovgtetsw Is dats iy ls of
f (v, ) = 0,0002G ©°00Bm (3.5)
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2:10*

1104}

0 —

5.10° 110

tdfmizdse 3.10 BONfeddsagigdes. 3) d oBsH

1 d Mdiislstew  dzO0 Issls syjoadudzr 2 WOCIk, ybt ¢ttt
WikdS ydsdzdqtelz j Is R{ o, weo dzw j Isfyw G dz@= dz'L ag j§ 2WindsCo!
L dzj Slsted yd ME dn fitcjctkzL B8, ®RsFklsc OBOEGE | ted Mt
e dBzOIstcd o O d3ts 2 d3tsH j dzd fesmMitsd Ck dLetslsse
Htsfisse j tedz” A H Odzdz' n 5B 1Isdn ~nOtOCIsjtedMmisd ¢ C
o tsL dzd € dzts o jddpdjwin S1dd2j Cflsjtdc j G tolzL € .

1 Of ted 03§ to, 9 QOodOydesdedesds + dzj Clstotsdzdetsdz B (St
ssCOLBso-LOf wtsdu j2Mlsoadw 1 dzj ClstedyjmMédr fJjtojcetolzL
Ldzj Clstesf JlsOdzdv BStczHtses Odzdw dL o j fplsde § s &) fifds
syd dz2¢ 0 oj dzduyddz bktetseodzw oLHJj2Mlsodw + dzj CIsted yd
sCtekzy O h j2 1dzj Slstedyj MS 2 fi)te JJRADC-TRB%HIT7j 1888k O §) Erts ¥

LOHOYO dzgj t©OMMd3OIstcd o OdzOM! . 1 sidletszgils  tc da s OL
COkOMmesY dujMSdr djClteduyiMSdn fjtejcetekl 856 d
Of f OtcOlskzter |, 9" Lo Odzds n dzOassL H G Hfyts ezt |j tgo Ozt iy :

teOMftcjHjdzjded ] f dztslsdesfisd ff stcsetso s ® @O Yy 3 j dzd
UBGHO o) tdPEveds detssfilpl€'OL OL @[ asdj 2 Mlseadw  Cut
dimlssydzed S sd3 St BEHjIS ddiils: o dH:
P(f |c)=e’q‘*“* ,

CHwi f stetsetso s dzOf tow 3 giddDitc O3] Ustdets fieOifindfrte;j H j dzj dzd

[ dzv oMy IsO Pe) J sty dalst@stids@Is s 1 bzdf € s dC et  d MY
MsOldmMisd¢ O ftetslsj COdedwY 6 jsd@BOcd]Isde = BEE! , €
L dzj Clstesdzatse o 5L tCiCHIPISED J fists tatEH SO dzis) tddafOdzd d3O dzts i+, !
Mz dls! GG Jjtsdi3Ocdedisdz § BERted ) dhOkeilCOfiPts d3 rRedi] txiekEss
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sO¢dr BEt! s dr tBhjets yYydmdzdO dhiftsd L s OdzO
dimlstsydzed SPEXZ €@t1 cEtsH, SCtlsttOw o ydmdw zofm: s
In(t-h(D)g,
Plc)=1-e > (3.6)
GHU() T Hisdzv Bletsll 0 tsls o MdiSEde' &R sEOE'dz L O  t,J ted ¢
sro0Olsr 90j i3 2 tMHs®KLRMIsE 2 ;
UBGHO 9o jtoWilsdesMls! lhOOL@GLMj®R istotdd’ FdtdL
P(f ) _ i-e-l_ e|n[1-;(u)]®ge_ ami 3.7)
' y
O HMzw dsHjozd ddzlsj dzimd o desfilsd tslsC OL ts9 Ry, Mo
ftoed { &SORUAEHO s O tChtsL jdid 7 ttBdlsOn,  tsdzk-

o g e >1®gue on
oz (3.8)
I 5L sy desfyls:  dMisd Lo Odedw  fisdojHj dzdets?

ddzlsj dzifd o dzsilsd BlsC OL s tOMmdiislsted d3 dzO  ted d3 to
Of f OtcOlslztej s¢, 1 € MY EzPisdg®tzdgedyt ~d diap &' fipth)C 1 dzd:

vOCdj] s¢ wjekzdvtedts MlsOdsoswlsmw BI jCIlsOR]
otcj 3w d sz cJjtsdBOcdzdlsdzr = B Ets! d MmMkzeB Lkt
Lz SlstedL Oydd s ¢ d [Casni,Rdy&nd2068) dzd & G ut

s OC dzr tsls d3j YO dzqd ( . IsOB dzd y Iz 1.5) H (
CJBROcddIsdts? BERtcd Bed dgrdgse fif.mMfus@® L EZQIsmMwdzj € Istets
sBr Yydes o tsL dzgd € O Is dzO RC sstitelzfl yup Y v WE 1D Q Ik
dmf sdz L v HOdgdz" j, HtedojHjdeder | © IsOBdzdyy 1.
tcOMmf tej Hj dzj dzd J otcj d@3j dadO HaSBLEHIGNRAIS® R [ & dzf € Isted
wWodzw jIsmw 1 CMY sdzj dzyd Odz! dzf 3P(c) BEodz  tsifisteij H j dzd Is !

c 1085—(])

Pc)=1-e 3  =0,0072¢
stesd3j ke, fomMitd Sk Motej dj dedz j sf [}
sts d EkMtej HdzWIls! L dzGQug diasij§ st (V3 .d4)d J diglsd® iz jeBts.0
Lssets L O yddbdetc Qdisidafd® j df OH dzteaky | { DHezsay 801
s¢ Mmdzj Hize Mz dsHjdz@ ddzlsj dzgifd o desmisd BIsC OL s9,

- In1- 0,00728&4 000012+ )

| ..AC =
ESD 0,00876

(3.9)
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10 tdfmidSj 3.11 ftedo jlujEd OV dC L Oo did Bt

6-10°

410%}

2108

0 1 1
5-10° 1.107

{dMkzdsS 3. 11 | ©OYEW, L 0o dnddsnisd

t OL OB t5ls OdzdzOW dzO B (BtsH J dz Eydlsr 9 0j s 9 dzd
s5lsCOLT ddzsjcteOd dF 7 MRjd Bl sk S sfddigst
L dzj ChtesdBOc dzdlsdzr 7 §sdsjn fted Swt d &Bsyils B IS
LdzOyj dzd?2 o Isjrm Mmdzzyowas, d Mdzd disy dzts tsyg ded ks
ZOfted 3y o, Hdov 11 C¢ SCoMBdUiMids Off OOl tzd ,
or Ml sl dedzdflsdyj MSdr BB dlsOR.

3.2.2 [yYyddzC O dzOH )y desmisd + dzj § Is tc 5 dzdz"
11C¢ CmMdB3dud MEdma O f OtcOIstso

[Mdztso 2 Of f Otc Ols Iz te ) tshidseCi® jozis j» dadz’ L Fdzj S dis tsts dzdertsjo df
(Cf1), Ctltster j o L dOydlsj dz dets?2 Mlsj tf j daddatisH toj
BjLf OMdzsmisd Of f OtcOIls[zdes o Oz sdhdz, © r PjdiAsd , ]
vdrdij dzj o, ¢BwOM]".ddd o ddHidasptsdzRD 1R CHECsA| Cgls SHA
Cf1 dmfsd LizsIlshmw & shHak d4 1 §®eAD Y A | 2iRsils o g Is i
LIsdds MisOdzH Otelstsds d dzls § dzfpd @ detsfyls: IS OL 89 Cf 1

|
Lep :é I i (3.10)
i=1

GHgyrd Hiedzdo dzsfils! &isC Qdzlsp dzf)ff 4 dadshdss 5 Hlg SRR Msje
Csdzdyj mMsets St rR o GCf 1.

stetsdzy Itsets, $ 1 DfcPazsPizd COF R, 2006; R E@HJ Y
cOMud SO Of f OtcOlskzter CmMdi3dud MS 65 dOL Hfdeits o O dzd W
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L =$od)-q [17 (3.11)

GHJso 1 CeL WWdydJ dzls, Clsster 2 Eydlsm @ 04 Is f tc
ddzls j dzgifd o desisd lsS OL 59 CtR 9 Of f OOl kzte] ,
Istcj Btso OdzedW o3 t6OL dzd ydets2 171 .

10fted i te, Hd&zv Off ODstcdL ¢ sBsE @8 PSSO dt
so=0,2.

10 fittar 2 oLcdvH, ddC &Ed,n I jeds B ids dsj i 96,0
Hisdzy dzgts, Nt Oezy Getsfipls! Ry J HI WD 6] BOI | B3OS d .
1L MY dz OlsOyd tsdedets? ddzalsj dzmd o desmisd H$BOOL s  H dzw

A
I =K, 0, QK,, (3.12)
j=1

CGHgrel SBIWWdydydas odzdwdzdw dastzd B@rlst Of 7 d das ¢z
slsCOLtss bdfO (cwkzffr) CtrR, wOMMU]lOddow {t
Hsdze s j Yydgtsfipls 1 , Sy MEgRd | dalsrj, daukfjlsdzjed@fh di ¢ iy d
ddzls j dznd o detsflsd IsCOL s o L Qo dIid dstsif Fdzts ts g Y dplOL
WOCIlststotso .

Clsts Hj2Mlsoadlsjdz dzs OS¢ Htod Emdtssdd, <yt o
flsifddz ddedsjcteOydd Ctlstter A" & @i g™ ] Ogze6 BO Is Odgq I
1 CiYf &z Ol Oyd sdedzs? ddzlsj dzipd o desfls § | ©ls Y Qudasdnls ! § € d R

vO¢, Hdw ofjn ctkzff R[4 &Olj BOIdUj MSOW d

e =1, Ker &K o K K &K, (3.13)

GHgT BOL o OV ( dzlsj defd spelztg i Ist i \fSipk JOdzlds o t6 R HAZO, L
fdztsy dtsfisd Rf & d Isj BYf jeOlsdtelf WSEtelzd Oy d jj dls , ) teLjC
sdf 0 CtfRMOCHf Y dydjdls, LOsdMmwhd2 tls &GOS fMd
fdlsOdgk™1 St wwdydy dzs 1 ¢ MY dziz O IsiQ Ui, ts ) Eizten cffldn
LEMY ze @lsDyg i YW dydjdzs ftedj B3d, LOadmwhd2 sk
I (3.13)suLidOMPdafflgr o 0 sw {5 ¥istedslzdzj:
s, =A@ (3.14)

CHQIIT S WW dydj dils s jBBtHjje@sktcO Sty 0 h j2 M

[Hdde L & siditiadjyddl déls3s.olp4 ) d B3P J § B datlz® dzd Y J ded
Rfd, Sttt LOCd yojlsmw o kd, vylsts, dOyddo
fs CazOmMmdW d < Oyddo Hiyy e fiplaydzd ®OrR,$ #HQG J &€)s s h
dzi LOadMmdls,suls.@dnd s dOBdAF GIs ISj B JOkzter 6t
Misjfidd ddasjcecteOydd o ¢ tsmmdd daj f§sdLoHWISH
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ftesdLotsHMisa ® (R1) dmf sdz' L 28 Isfw  &BsHj dzd L S
ftedeo jHjddz § P DficQaastpdzd:C Ft R, 2006]
Lo = K+ o Ko ) (3.15)
CGH@g el dalsj dzmd o dzatsyls s IsL 104 tsio W WCdtotdgmplsalsiezO ; L Oo d MV
5j B3 j O kzter a&igdddO©pimddd o dzsisd &STOL &1 Whittoydz
L e zzOlsOydd, L Oo d fipfifdzfs®d d BiIs + § FhHdk G BBY d ¢ d J del
ftedJ &3¢ d, LOoadmwh d?2 ls ktesodzw COyjMmlsoO® R .
[ BH ] dz (3.15) BBMXOHOjIs Isjdid 34 tctOdzd yJ ¢
xelSOCN ] d&dils BetwOdduydddj 6 Mhzsydshmisd RS .
L Od B is o 59 O dzO[MIYf +HDEHK L TY B O18I5]0
=(C,(, +C, b, )b, B, GO°, (3.16)
CHE T ddzls j dzid o dzetsfyls! tsISLTOC 5o % Wodtay(dinjlsiftzaz® j 3 d RO,
lsj B jteOlskzter C£ fo ffiytis cpbn@(; o dezts f s skCOL KLos ! & W &
L S dz2OIsOydd, LOadmwh d2 tsls Yol mlsCCrs fifisidd yffij disdse d
L@dwh d2 s besodyl COYYHEDj dfu; L Oodmwh d2 |
fjtcdsHO o7 fkMEO RS d
1 O34 Isd d3, uist telj dzQ iz dedsimy f ts[ML sHRBEE2H7F-N2fi1 896) dzH O te

- 17
Ol@xpe K (%rjp+273 298 (3.17)

GHfol L dzgj e dv KkOSIs DGy dzdzOVW Ty i s dig QuediOO Is Is g @3t
¢ o d fls%@ dzdzO |

[sHjd (3.16) BB®EOHOjI Ikjkd i BcEtOdzdyj
L 2Oy CddsQend di3ddls BetwOddudddd §tshdbsy dzhlsd
flsjfjd ddasjceteOoydd Sistster 7 [MLsHDBK-21ZRENE 1995) 0 0 0
f ted o JfmdeideOz BOBY BA IO §i f) dz!

IP:(I BDc"pMGFC"pT C"p’co"'l BPCbECbQCpr+I Eos)éhoe- (3.18)
] BsH jd&zd (3. 18) fjteos] MzOCOj BBS] ~OOSC IS,
olststetsj 1 ddzsj dzldo desfls: tole§ OLIts o d dRldsjtedffipofrpQuizts fE

tsB zMdztso dzj dzdzr = Mlsts?2 C sMmiss & R[ & 0Oy yjdt s js?2 Mis
[ 0BtcOdZd " ddz, rr OHdztsea, 2012]

s OtcHd dz0dz' dg" 5 Blsdzdydjdz BsHjdzd (3. 18) tsls
ftedmizlsfise dj oorodzl A lsfipdz@dn@p dpteiatizts sofOf das. miwlzY e OALY
MsMlsOes Of f OteOllzter , tOMY tsdztsy [ ¢zBzts D d3gzO  alaizj v dRjHAUzt
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J fls © d4MIR #IBBK-217FN2, 1995] f tod o J ) fizgz® [z ¥Wh eV iz H ey

tc O ) Wdods O
. __Inp- 5760 @ 2a0¢ar,
Fos 8,76400°

G HVHT BOSC M &30dz! dets HEsf ZMmisd s dzOf tew y jdedj L dzj !

1ts fMmEkilsd, BsH | dz! (3.18) msydets tcOMmMmdzOIstcd o

f sdzdzs? BtsH j dzd, § SAbpsrdi®Be fits dOafigH EOIIBED 21y ~N2, 1995]

l P :(l OX+I MET-'-I HC+I CON+I PAC+| ESD+I MIS)dO6’ (320)
G H dox, OMET, &nc, dcon d amis m Ot OS IsjtedL iz Is o dzls § dzind o daednls
~nOOCIsjtedLizj s ddzlsj dzifd o dzsis! slsCOLtses Ctstelf ZMC

l sHiesB detsy I dmMOdedd BsHjdzd (3.20) d ddlst
ftcdoe j H[REDC-TR-89-177, 1989] [ H dzOC 5 L de@wujjdpkvd o4 Bt % W
Cslsster | onBBHWI 9o twOMyjlsds J W stodilz dzr mMtsmis O«
Isj ndesdzsc d 2, a3d dzd i3O dz* dz" 2 tcOL i3j o Ctslstster A dz.
B ssHBEZEEdY BOds ftodetHds?2 HEY §tO]ls@uidisdd
r OHdzatse, ) tsdzj MMSd2, 2007]

{OLodlsdj @3 dB3jIssHiBe (Scds) cma @A o 20y Szl
[RADC-TR-89-177, 1989]% o dz¥ (3 It H tsatBlusy' VRIAC-HDBK-217Plus 2006]. J
fi)ls © dzH[RIAGSHDBK-217Plus 2006]f ted o j H j d2 (BsH j dzd tOMyj s O
Rfu BlsHjd dets Hdzvw § dzOMsdSser 7 &) &G HougBettz 2 :
tsfdzts © O dzO &0 Mg OlszgMIBHDBK -344A,  1993], Clstster § Is t
LSy jtedBj dels Oz dzr & Midzj Hise Odzed2 d dMmyr lsOdzd 2
ftetsj SIsdtetso Odgdw™w 1sOCdj HOdzdz jJ tslsMmizls fRACHPEK- Ists
217Plus, 2006} ted H j sfqv  f tetsotsH dIs! dzgO Bhdese j c¢lsditsor n
d ¢t WWdydjdelsse. [ fisjMmise jdadets, ylsts o 1 Istsd3 fMmd
s[ [l 1R BEHJjI o9 jfm BO dzj o MsC 2.

s Mty Odzj ded® twwOMuUJ st d dzlsydghpeidendds3if 1200 MSBIdA AL 88
Istsdz! $t5 Cuf, MowLOdeder § M {dzjClstedL Oydji?2 RIfuw 9
flowL Odedz’ j M ©OLEBYHOR] M WkdSydsddtse Odzd j &3
ftesmMistcOdzmis e O. ] st Y4 otcj d3v, s P6zd .o d et iyrd.
9" Oy jdzdJ 3 (3.9), ddzlsj dzlmdo desils! slsCOLtse s [
steBdlsj, eBtOLHEB (9o dgjMmMEtsdz €8 tOL), o7 hj, yYd

vsO0Cddz BBKLOL A3, By dts CtsdeMlsOlsJtctso Ols! , yYls
B StsHT™ dasMUEB1$4 dzS d dzOH j ) detsyls d cfmMe jternBtsdz h
fteO0Cisdud mMédn ttOMyudltse sf [} wirR", Foddjd"jd

, (3.19)
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I'd3g sy M Isjd3 HesdebdEidbdizds R & 6] ¢ kzdzV tcdat
dzOH j Y detsflsd Motsj?2 HtesHESydd. § tdd dsj@sQizd Wosd 93j. H3j d
dL Is0¢ s JG11as(1s80). WIANX Device Reliability Report, 201%] d tc RILINX .

v OBd&dyod 3.3 Rzls| 2t Getliplsd ®WRE G OL s59 ¢

ltesdL o JH]Jddd 1 ydmdzs tls¢ 0O

vjrndzsdzise| dzO otej W Iy ftede j HY dadets

f = 1Q5A oty d&3w d mFIMIs
0.040mm 1,061,660 24
0.045mm 1,308,770 9
0.065mM 2,841,216 4
0.09mm 10,688,689 2
0.13mMm 2,228,85 5
0.15mm (FPGA) 3,287,432 4
0.15mm (EPROM) 2,110,352 12
0.18/0.15mm 2,549,331 10
0.18mMm 3,777,837 14
0.22/0.181m 2,115,203 6
0.22mm 1,921,346 6
0.25mMm 3,133,971 4
0.35mM/0.25mm 2,200,928 5
0.35mMm 4,498,059 15
0.35mm (EPROM) 1,051,856 24
0.5mm 2,090,846 12
0.6mm 813,893 14
0.6 nm (EPROM) 1,069,748 23
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vsOBd&JYO 3.4 Rdzlsj dzlmdo desfyls! ©BISE OB ¢

ltedo jHY
_ ANOCIsdy .
[ Bl Y| s bezis| s tsdzfs i tsdzdzts §
fdCtes DHY teTj >
f Otcls| 5IsC O d3d € tets .| d MYls ©dzd 2
126A
Tj = 1@ 5
XC4VLX60 5 1Y 226 344,295 719,573
XC4VLX80 3 0 165 265,545 712,858
XC4VLX100 1 0 45 90,855 259,245
XC4VFX60 1 0 42 84,63 182,316
XC4VSX25 1 0 37 75,757 100,039
XC4VSX55 1 0 45 90,045 222,731
1 tod 3 yOdzed § : 1) { 5 SiCLls O o frfdig HHdirfdsye Sddfj .
dzzyh jddi ftsyimnmno.

s to ts g js GtfUG116 (v.8.0). XILINX Device Reliability Report, 201fjtcd ® j H j dzO
Wstedizz dzO H dztlzOm Pl Pls@ME stewes h jets WOCIsO ¢
A= expe—C%— 03 (3.22)
98 u, +273—g
GHfol Ldgjeadw kOSCIsq 50 G6Y dedzOW Ty i ts dig QpdEOWEDY;, Is j dit
C to d flsuizdzO,
dtcOo dzgd @ OV W stc dzlz dz' (3.17) d (3.21) dzj Is ts
stsydetsfilss ¢ Hslstswaadgj glzd @ s sWind yd J dzlstse . stetsdzy Ist
ulsts fetsdlgPuidied p dsHjdd (3.18) wodwjlshv d
ddzls j dzifd o dzesfyls ! 8  tsdg)C, O LI@jso Sftmi fiftsls O dagkos (d M sdz! L s !
fsLotsdzdls fsor Mdlssyy w8 I ts af pais detAMmlg o desmis j 2 sIsC Ol
dmf sdz' L s9 OIs! HBsHjd&Z (3.18), fttjsBttOLB9 O JJ
L =8, 01, QO A+ 5 B¢ B By +1 05)A0°, (3.22)
GHaT ddzlsj demd o detsils: MWISAOL isfgS t§ vy 4nfls @rIZdD B Sasds te ;
T fO0tcOdsj Ister d jddzlsT ts 1 ¥tV BizelT (8. WAWBd)y d j dzls dstsH j dzd
Cst WWduydj dzls dssH jdzd (3. 15) .
1 2O Upszdd ‘prdeeostsy toj H Y dzV B IsipWw 5 BSHJ dz2{MB-d Is
HDBK-217FN2, 1995] | dzOskk e iej H j dzv j Ismw g ORY t§ Gasthisdzd
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2006; 1 OHJydztsfls! Tfitd@py sy tlcj @Y &BJIsmw 5 IsOB dzd
[ 1 OH iy desflss Gt R) drOay ff &S CAcG [H § dzw & Isfqpw 5 H Odzdz" o
sy sOn {5 dOttgtydasdntsud b fJfdapds? .
sdzjHzjls Bl , Yylsts o BsHjdzd (3.22)
dzOH j ) detsfylsufs red [ 1O dd3j dedets d3tsH j dzd o d3j IsEMHL- Mo
HDBK-217FN2, 1995; 1 OHY )y desfls! Gt R, 2 0dg; Is § HOSHAZ IS 6
217Plus™ [RIAC-HDBK-217Plus 2006] v OC 52 fSHABH foLotsdwjls
By IssHdCE WOMYJIsO dedsf emeg o rizEMIsd SIS OL 59
1.1 0 tsfdetse j Data ez da® s [ [} 1 RUY st toj-H j dzw
ftesdLotsHdls] dz .
Lrdzv L ss?2 Wdtd3 s dAPE tsaz€f Heevoaztsifgidity refor).
v dff tsdzts d3d dzO dz sf [} HJ1RHY dHl dsd¥dydtelzj
C dzOmmd W dPevidayaigpibty report
4.1 5 H O dddevicdy reliability report sff toj H j dzw 6 Is W ud mdzj da
ddzls j dzfyd @ dzsfis d tslsck OL 5 dRi CUs{do iRz Qg u d Is 7
Ldz2Oyd dzdy EMCsStcWME h jets WOCItsteO (
5.1 8 HOddz &3 M g O 5 v dashHB ! St tej H j 2 Q bs]yw L
Ctsi WWdpda dzlsO
6. 1 8 IsOB dzd yoOd3 [ fAQoytdpiaplst: © € 5 Rt RH J, dzW2j0lOfGW] L
Ctst WW dd.j dzls O
7.1 15 HOdzdz o3 [MiISHDBREDDWENDI95] Y t6j H j tp Mikzpezdz j L dz
L VW dyGirds @OMMudls™ o O sV L eg@egsded v Misfls
8.t OmMMmMuydlsr 9 ©j Isfmw L 2Oy 4 dzd § 1 S &z Ols Oy d 5 dz
4l R B8 Wstediszdzy (3.22) .
vsO0Cddz sBOLtsdz, dMftsd: L 5o Odzdz 2 9 dzOfflstsw h
Hsfistse j tcdzts s tcOMyj sdets?2 Byj de& d ddzlsg dzid o dztsfr
dmMfsdz! LEjJ B = o Btiltsots?2 Off OtOkztey s6¢.

w N

3.3 RMMdzj Hso Odzedy o dzdqwWdzedw GCut dz2O
1 dzj ClstcstcOH st dzj d3j dzlsts o 11 S0

I o7 tOyjdedd (3.9) ddasj dzind o dasjnisls tc tisds Ol a3t
I1C0 BYtejHjdvjlsmy L dOuj dd v &i3q Vni st B tyedaise s dafo
ftesdLotsHdlsd dzj d3 { dzj d3d daldsdpy?  fete@fl ' d M fipfdzd B8 & O dzgf &7
GOf Wy jddY, oLddSOshNdr fwd ! dj ¢tk fgko s wjsh
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sduddoe, o¢BtQdjrhddz 2 0 jdet d yOfmlsts dMmy§f tsdz L z¥
BsHJ dz' , Jddzd &BsHJ dz' L [Oste}vyd) jdrdzts clists X dsH jtsadzj dBsOQ0 5

t OL tcOB SIsOdedz §  dz@® §dzd telfy ads@dadff"S d d d3stetso § H § dzdz" |
dMidzj H 59 Odzdle'tc Qudeevd Mflsfslics e  Stise s  dzOf 6w 3 j dad W ,
Ldzj Clstetsdzdz » CSd3f tsdzj dzlstse ftcd o dzzlstcj dzdzd -~ tcOL t
o jdzdyddy ®&sckzls Mizh j Mg jdefdts @iy O eipy &S5 {f e

[sHj dzdteso Odzgds CDM Cwut f dHes “ih,j Chang, RME; dzd S
Sowariraj et al., 2004] R d34 ¥ Is fnpw[Colmad dEdatman, Petrice, 201Q] OtslzB § 3 dz
dmmdzj Hso Olsj dzj 2 B Itsdzg, yYybts ftoed MtsjHddzj dedd
dr fttotsctedsIlsGDOM Os jfifls O MmMdedy 04 Isw o dzj MEsdz! €t
ESDA [Industry Council on ESD, 2010] H O J ftej HdZOG O] Ismw 99 J Mis
flls OdzH Otels' ekt dBEH p@j &s BSH j ZCBM - ICatgedy j dz
boardmode) . RfMMdzj Hise Odzdw 1 Istsets 9o &20tDEB O EAALQIs r{
HOdzdzts?2 Isj i3OI Cj desfywils CcHjC zOtcOlsdodzr 2¢& =~ Ote
fstescOd3 tslIsC OL s d kzf § Gsdal) &) 6 tsaz@ dedgj dzlstso d

1d%4d fHtwdejHjdgr tojLlzdz sOIsr dBsH | dzdtetse Odzd W
W stcdsr ssC O ftod otsLHJ2Mlse dd CBM . LT B ts d
dmf sdz' L s OdzO M My j ydodz! dets tOL tcPp Bls Gegep®Y , o35
20131 thdeseo OdzdzOW dzO@ L O3 dgp VW@l ¢ GJsPS dortsL i QR @
f OtcOdi3i ster C Ry sdzj dzelstso + Codo Odzj dzlsdzts?2 1 dzj CIsted

CCodoOdzj dglsdzOY Mrn jBO oetsLHj2Mlsadw CBM Cut
17 I s8C0OLOdZ0 d20 tdmbkzdzCjy 3. 12.

IlsLHj2MmMsadj Cut zO0 f tsdR joldsipw  IsitdOi2d d b ste €
Mrd B2, dts tSd di3j J BB Cd B BMY I BECBMBSHEZ
(edMmMkzdes¢ 3. 13) .

Imd v BenHlse MrjdBi LOLWYjde ls or MsC o sdz Is
Isd Misd e®a. Qded W d ded y d d € ESjdESIPC s tef OL § dzdzy dedetse s 6 OL
o' asHEE IStcOdzL dMistste©. [ Mdzd shegsd CBT Y dg B IOUGA d:
sts 1 Ists dzOftewy jdzd j By dets ttOMMBBOIstede Ols! ¢ OC fts

J HOdzdzts?2 A j d&3j H OldayddCists dic j R[S @€ izt pdie ¢
shyd zizsctcOW , Bsy des dzOB dz6 HOIs! dO jets HJMY dzj §

(Bl jSltsd®3 dMidj Hise Odzd?2 fdzzy Ol  fd dzse © j
EmlsOdztso dzj dzdz’ | dzO IsjMmlstsets?2 fj yOldats?2 § dzOlsj .
f e sdgs 3 ) f dztsh OH! 5 Bj lsOczdzd L OWE § 63080 0 &3S i
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HdzW  HOddzs?2 f dZOlsT B' 20 J-m3BEE PR fisd s O dges 1 &
y BCsflst ddsj il STLjHjdvshjj oddwddj dzO Wtk

Ry

1 Om
Ltip

39

Ru | L

wwuHa VDD wmnHa VSS

S\

BbiBog MMC Lpin
Coin

+

tdMmizdesC 3. 12 GCC o doDEgRazING e Slig] p df dad DR+ Ols y d &
s tetsils d o dzChedyj BHEGIE!; o' Gisy BCisfids; BiYHE orf otfs
Rp-Mtsftetsisdodzj dedd Eklsjuscd didopzzi] aizlso t&IOOUHHS dig 24 ;
dBdIsdtolzj €mtcOL dctf 81 @dzj dzls dzOW v jdzeCdshply ' 7 frifddidso j s dz

Mo wL Odzadz" 7 M djwoltCHot® rdzjudzls dzOvY v 3¢ sMis!  fd Mis | o
Mo w L Odedz” 7 ) dfnodsdrsklf IR sdetsMis! t©OL oW H dzls ¢ S

L

1 OtcOL dlIsdz" §  d dzggh ¢ IsjddpHdiasfridsdde dzts fy s tcOL teW H dzts G
Brils! j i dzj dzr fts or cOyjdedts Hdzw ©WOMYY SO ddzH 26
Hdzd dzj H("Bgds)H Of J e GCi3@EBPY qlffhe, 2007]

| _02|§ a2l g §Q’. (3.23)
¢r = 4u

RUH S s bt fply B e sdz dese 5 tsldzavelytsde@d s @B 2 o jita
stsdzh dhaggs?) jIs B ' jsdzj @ w8 W s te dslz dzj .

1
=mh— 24
mh. (3.2

G Ho= 1, 2°G S RDC dzd Is dzOw § sfls 5w dzdzOW .
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pa3pAanH blil HAKOHEeYHUK

Q1 NcTouHUK
Hanps-
XeHun

{ dikdsS 3. 13 vhj B0 oL H @ Gdw dfy S HSEMs fiflart  odzCo
Loin-  dzH 2 S Is d o dzts ffls - Y dBQ fMEs1O; d3j ¥ HOn- 8 038 tstiBYsE Is dzts 2
f ZOBRs- H Ol ydS Ists§ O
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ML HOdO dtsH | dz ddzls j dzld @ desflsd IS OL 5o
CemMBdyuj MS 2 Of§f OteObkter, MowL Odede' § M Ikt
Cut, d kEydlr a0sh ow MsOlsdmisdSkz ¢ j sdB3OG dzd
ftese jH] &Y j tod d3j dels Odz! dats § d ) fn) dzj daOsfotcd'dad] j o
Mtstslse jIsMiso zt NidB] CEE&EBOO it 2y d3jtfdrsdts o o dzlz Is |
COLtWHOR dO fJj yOlsde jo rfwoaCisj dz' diArkf@iz | Gidisoar Q)
[ [ stcOdzL dMiststetso ;

ftoj HAztsY § dzf  tSted ¢ (lsigCrdnzdial jjf ¢ dgQ iz uteigts" j dzd v ,
fMtsh tcOdzj dzd jdats iy g dzts fifllslz dzC y d 5 dzO dz! dzts 2 BjL Tt
toj Ctsd3j dzgH zj Isfqw  f tod d3j dgv Is ! ZO 1 0O j ¢ tsdzfy
s ¢, L OC dzs yoOs " dj fMmyw ) tcOL d3j M jdzdd kL dztse
ornBBHdZ 3 Mfteslsdodzj dzdj &3 o My J ydOdz dzr 2
Colssterjls dmjofis? dzgzes W k2 dzC yde : sB MY judoe O] s
gL dzlz yJ dzd 2 , orLr 90 hdn o,0dk Isticrj jdhgdE j& y dtodd) ] Slst
1 dzj Clstes 3O dgd Isdzets?2 Mtseo dzj Misd dstsmisd f Hickze d
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L 00 O 4 [ jlssH' KBoHj ks OddY bto dzj -
oL dzd S O hfStlsso 52 C OB d degs?2 Mjlsd

JHdzdd3 dL 90y dzr » fteddydftses ftetsj Clsdtetseo Odzd
f stcOy O h A YOClststetso Ldzj ClstcdL Oydd, W dzw j Is i
L dzj ClstetsMisOIsd yd MSdn tcOL W HSO . Clsd tcOLUmnte Hr
fsd3j ~ d, Cslsster | BSCOLTM 908 Is dzj GOIsdo dzsj o dzd W &
dzj sBtcOIsddz3r @3 Bl OL O. I Mdztse dz" d3d 6 yJ fIsstc ©d3d
WicOG d3gj dalsT Bsteclstsoas?2 COBJjdzt dgs?2 Mmjlsd (1s4),
[ 1OBSddz, ROOdMtse, [ sBtetsLtse, 2004]

uSotej d3j dzdz’ J MstczC Isztcdzr J L dzj SlstetsWdL dygd M
Of f OtcOlstse, W©OLtOBBISOdzdz" §, ZHlfsdzdo tBdzW f I5C ff SR BH ¢
SO HBMOLtydts Mdzsy dzr » SCdmlstekzS yd2 d sy dzd
1 dzj ClstetsdB3OG dzgd Isdz = f ®dR|%, i OIS s wpdztslhfhs ' ls d@jOy J dets ¢
BN dzs ML HOdes Mtsslse jlsMmisoalkzs h jj i tc ts Gtee\® dftidiEs, |
shdzso Odzdets ] dz20 3j ssHj Ctsdzj ydzr 7 dzj oz daslsEOMe 1 (
ftesotsHdIsMY ttOMydl COlsddy tOMmlsj COddw IssCso
olsstetsdy 1 IsOfj fHtseotsHdIsMw ©OMUYJls oj dzdyd dff s dzO:
ftseo jton detsis[] OtspdS s, vt bdtsses, w0Ojdits, 2007

t OL ttOB t5ls ¢ OF A¢ sAfRHQL Mi€tse dhso sets € ts5dzj ded W
fsorhjddids dr Mizsydtsmisd  IsteiBlzjls dser s s
fteddeyddy - fsmistetsj dgd W MistczC Iskztcdz n BsH j dzj 2 fi
sMisOIs! Mw § tej 3 dzd A3 . [ dzd W OB O da OdptizS isO Ll te @iB. 5 Is O
st sdzso © ¢ . 1 .,  stesWjjooO ¢.1 ., Il sisted € tso (
HjlsOdzdL Oydd 1L dzj Slstedyd MSdn Mrddd HEGdy 2O B ' |
My zlsdzed € 5o . 1o Y HJ ofMmicts z mdztsy ded dzO ¢ 5 dz
H Sfdzdzd Is j dz! dgr - 1 dzj B3 delstse,  -ffijatej LHGDdBAE yrdz' ddiq e
Cod3f * ¥ Isjtede” d3 Zf Qo dzj ded j d3, Odzlsj dzdzOdzsd fp W OL d |
fted dBBSH] ZJess Odzdd My Elsded s 3" MlsOdzC do O o3
dzd dzj 2dzr = HIWW j to] ddaddPQdz! G5 12 thipg®O® fajedzts iy ls ¢ Mistc iz
dzj sBrSH &3  ff tod dzed B3O Is ¢ ots o dzd d&3Odzad J . 1ted ] ts
Mdzts ) dzts My ls ¢ sfdmOdedw dtsH j dzd , fMzh j Mise § dzdzts o 5L
fMlsjfjdd HilOdEJLOYydd € tsdflstel Misded S s g dtis g dzy j fiy
BsHjdd s¢ dokj kL dsgs" HBO® k0 desosets § ¢ tsdzj dzd
oBLOME s sies®RjLOIssets, ftod dLB' ssydetsds € tsdzd
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fsctej hdetsfyls! o tOMY [sIOEIs tad ¢ ity i) tste ff O fipdridcifdag B8 «
MdMmlsj BO ottsBh j dBsyjl MisOls! dzgj kMlss2 ydoe 2.

]l HOdzdetsd3 tcOL Hjdzj tOB®IST dL &zZOcOs Isiw toj L zdz
dmmdzj Hise Odzed 2, dzOff tc Oo dzj dzdz" = dzO ted M J dad § L
1 dzj Cltetsis Olsd yj MBdscIs el tto Vv Het®a d t82Odzj € Is to ts dzdzlz 8 o)
Of f OOktse dsotscts §Sdjddy fm of MESs2 Misjfjd
100 L dzse MilkSd dR MmtekzSbkztedts? 1 dzj Slstetst o L-d Y f
KOl j BOIdUd MEs2 L OHOYd sePinh gt Qad ¥ ¢ SigEOYJIE
1 dzj StesMlsOlsdyj MEtsd3 cOLGWH|] GftejHjdzj dz tcOL d3j |
9 Ctbttts? 1 djSlteskOcddlsd j fts®kBjind o § OB, dvnA
Of f OcOlskzter . Clsts f tsL o oy ffijists if Tolsdi'L b s @figy j 1§ dzy fi) dz
fsetcjh desfls! 8 Istsdz €5 © {1 Ists?2 B dOMId, vyt Mmif
MstezClskztodats?2 1 dzj SltesW L du MEBs2 dBsHjdzd d HOjIs
¢l [RLCMA j o' BSd "2 tcOL djdgddeiisd L O (ks s

4.1 [jlsH ©OMUjlO SOwklsdds ©OMIsj S
| dzj SstecBOC dzdlsdz’ & fsdsjn o OCIdo dats

ltesjSIsdtcso Odzdj BBtolstsots? twWOHdSL dzj € Istots dzdzets
Isoséts fsCtsdzj dzgdw Mmow L Odes fy ,d Mif 6z sdr Py | GO G
ots dGgdesedr Htkzedr Mzeyows, ojMm! B3O ftoslsdotste]
Ptesodzj 2 { dzj Slstesd3OcdzdIsdz’ » Sl =a] e itpwjdisEs
CdeS tojIsdesds d3j Misy wWOLEGWHO  ILtsEGHO i fsdsh: s
9" BtcOls! stflsd &30 dz! dz" 2 o O0OtcdOdzls tw©OL B " jdedw 1t
ftesojMisd I©tsyde 2 tOmMydls ¢ Otelsd dz tcOfmilsj € Odad W
oL ddCOshdrn Cf1, Cohd0O0OdkzoOtfghgz) § gisg ] th" g B dzd I
sftejHjdds 't odgidfysidd =, fttdeosHwhdj ¢ of AtsHE (
ftej HEMBsSIStej Is! o HOd dzj 2h jd3 dzj sBrtsHd A" § L O d

1d3d dL dzOcOs Ismw  tcOL tcOBSIsOdzdz" j d3j IstsHT d
cOmMyjlstseo 1 CodoOdzj dalsde" 7 1 dzj Clsted ygant€ g€ ity w3z
ydmdztsds dzddej 2 dz" = ktOo fzj dzed?2, HBMisdeOs hddg 10

4.1.1 AdLrdyjmeow dBtsHjd tOMlsjCOoddw ItsCO f

sOlsddz0 fdv ©OMjSOddY LSO ks Cui (I
B2 fj dp Pifisls jsdayld© dz dzf = dzqdzdi@dddsdats ¢  ydzO § Ots
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MSLHO O B2 Ho k3w dzddzj 2 dz" d3d L OteWw H Od3d . CCod
SHddZOS o' 2 5 ojadudd d fsksdottitsdsyd o f
M2 Ctkced §hdydquysmsue 5 fdj dj dsElst s IsO ts MsBHeC
flsjd fitejdBinhjddw BjMmMCtdz ydets?2 oW d3s? dzd dzd d
ddzdd. Skt Hjd&Ojls LOHOYUE & ddOGHBIEddH9 §46]s]j d
[okzd3jtedes] LtcOodzj dedj [ Of ZOMO g s tofdts 2 ¢ ts dz?
[Bhjd twihjdedj BktcOodzjdzdw (4.1) MmMtsHjteydls H
U=F(x+jy)+Y(x- jy).
| teBd&OMisd, cHj MftOs jHdds & Yers®dpasddy o &
QdzOdzd s ud M ddsd WEdzCydw di3d, dof d3g Br dzQ@as@zg ufiger jo 1l
50§ COC Wwakwjdlemy 1 d&zj SteshsOlduiMSdd  slsj da
Brls! Hj2Mmlsodlj d dets?2, Isks H tgded dgOV B YO ls 16 OF tz@S 1
feslsdo s sdsy 0 § L dzOCY. ddisfgs OwspErjsHilz ¥4, dzS Y d
Fx+iy)=u+jv

0. (4.1)

q . .
Y(x- Jy)=w- V.
VHiWMWY o 2w s Isfgw  Hj2flse dlsj d dzr Bd o j dzd W d dzO o3
t OL dztsy j ded § 0OdzOdzd B df Y jofn Sdsni W KedEsPd AW H H O] Is:
F(x+jy):F(rejq):£'1 AJ”ej”q:'aE:_ ﬁr”coan+j§1 Ar"sinng,
n=1 n=1 n=1

Yl p)=¥ b= e =4 By comar 1 B

n=1 n=1 n=1

50C COC dsded B j FWoiudd da¥ ey &zd uddzj d ot
L dzOC & f toqf cztsERy @zt o ' f s dzdAvEE. v Istdn® enjQuzi s o s

u=w.
G.J. tjOd dF JF i OpOd dd z 5§ H0O MdzjHikjls:
U = 2u.
[ fodedh j 2 Mls o  l/j=ax, dzts 5@ H O
U+jV =2+ jv)=2F (x+ jy) = f(x+ jy). (4.2)

}sdz LW d20f dMOdzde” 5 o' M teOL dzisy § ded § o,
Cokzesor &3 GOLdBsdd S OR, ddets §Lklsj-@5 kdisksdty difftss
ybsts Wk edzj so steW jIs kZtwOodzj dzds [ Of zOMO:

V- jU == jf (x+ jy) = F(x+ jy).
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0 20 dzts ¢ d Y dzsU sasdibp b O tzs 2 Y O +jy), VY Inds y deg O cz
Yyomils: Wigxdzy)yd §f B sUdeudidgy, lxGyyj tjLd, 1sOCdd3 tsBt.OL
W= f(z). (4.3)
{Ud odHdiexy) dMitsy)f tej HisOo dzw ¥ Is MtsBts2 Msy oWy j dzdz
L 02 Hj d§ yHdzV n v f sczv  dzd daf (Rl ¢ Y taj GidylsHOD dzw
Mkl Hobkn dddzj2de & LOGWHEGSe. | fodvtd o CGt
Z=X+ jy =rcosg+ jr sing=rel?. (4.4)

[Mizd SHdde dzddzj2de 2 L OY"H ©OMYsdsyjd o

s fls OaszWéq(p:ééllnr.

Clsts o' Oy jdzdj Htej HMIsOo dzw-;&q@é'hms sl QL dz

dMSsdkzy WkdSyds §jtjfdmoOl: o odH:

W=U+V =- qlnz:_ ginr _Jgq _
2pe 2pe 2pe
__gh(x+iy) _ ain(¢+y?)* jqarctdy/x)
2p e 2p e 2p e

(4.5)

sjfjte! djelt d&of dhdls: | of)&oOy P k] jzd dziz? dzts ¢ s
ZOR sHdlsmw o f s o tseg pllép), dodsiBjta® digaizj Hilze M jj o7 1
f slsd dzyd ©dzO:

U=- %q(p $'InR=- leq(p ¥Hn[r2+12- 2, codq- )=
=- %q(p éélln[(r cosq - r,cosq, ) +(r sing- rosinqo)z]: (4.6)
=- %q(p ¥'in(A% + B2}
b ted L X0k y 2OB & o' 1Oy jdzdd (4. WA +BY dE YO,
W dw | IshY o) OrA-B)? uyOHBO® (MCdE ¥ lkdSyds &y
W=- %én(A+ jB)=- %én(reiq - roejq°)= - %én(z- Z,). (4.7)

I ©spd MizEzy0o] §tdzuj ddssj o' ttOy j dad W Hdav. 7)
ddzj 2z 7 LOLWHBE, GELGHWHIJEMY o ktyS On

o1
W—-zeia:lqsln(z- z,). (4.8)
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sjfjt! ©OMfsdey oy H i2fteY Hs §gta) USEHO
9T 0Oy jded™ (4. 8) dij§ QO] Bk @O0 PEESE S Ho kY

z+ ja
z- ja
{jhjdedj {bsct keOwdikizillk sEHshdl| d ds
U+jV _-asin{U/j)+asinv

W =In

=2j arctgE =2]j arctgg . (4.9)
z

z=actg

2] codU/j)- cosv
toOLBdidedd or" Oy JddwVw O Hj2Mlsodlisj dz' dzze d d3dzd
= asinVv y= ashu _ (4.10)
chU - cosv chU - cosv
J IS EHO §Mdzjv:dmM< dz¥ yJ dzd W
x* +y? - 2aycthU +a* =0 (4.11)
d
x* +(y- acthU f =a*cosech?U . (4.12)
[+ fedkkyddd, ybkt (Coditljdydod d j ddd

sCtokzy desfilsj 2 iy y.j deleftc Qdsds dslzQ dgOfyd) ded v f tsilsj dzyd O
y>0, sdstcd yOlsj dzydd., CBGEHO
O Odzse d yder &3 sBtOL sd3, dhUds qBY J &L EkZtcOo dzj d
X2 - 2axctgV +y?- a> =0, (4.13)
d HOdzj j
(x- actgv)’ +y? = a’cosedV . (4.14)
R & 1kt MazEyoj & dijjdB Mddaser j ddddd,
ftesmntsHY M dn WiyFradgsia)s d tshd
[ Mdzd oL WwWIls! HoO tOQodzer »n B HBSHEME EsAY Ydz
y=Ta), Cslstster j BlHEI wWoadwis! Mw syt oOddd orntsSHO
COLwBYH], d LOHOB! tcOfghls svishs] | § ikl w]idtisxgad d¢din i
COtelsddz® 1 dzj SlstedujMStsets sy disjjls adH, §&CC
l sdzlzyj dedz" § o7 6Oy jdzdV HdzW {1 dzj Slstedyd MEBsEts
f s smisd, foLotdvsls f§jtj2ld € w©OMyjlk ¢
fososHWYh j2 foePuiBdsipnlsd ftod
| ftesoHWh j2 MMtejHj HodYjdedj + dzjSlstedyj MS e
Ldzj Slsted U ME ts&sO sis®O© § slsj dzyd Oz@dy, L el s j ¢ ts

U(xy)d d2d(x,y), (4.15)
GHJ
W=U+V = f(z)= f(x+jy). (4.16)
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SLHO9 O] BBOW

ltesHdWW jtoj dzydteclzj o3 odfytcOy jdzdi (4. 1)
WYY 2 = 1),

XXX
M:E+Jﬂ: fI(Z)E:]f I(Z)
b Wy My

Vilsdesy dd3 o lststetsy j dntsfstsdflas® o diatf j ¢ dzj 3z § j tco 5§, I

tej Odz! dzts? (s gdzd figls BRYOH B 4 d3:

W_ W W

dx wy dy X

18 tiIsts jMmlis: Emazse dd oL Od d3dzs?2 Ukip)lsseah® dzO dz

V(x,y) = const sOC o3 Exd odHj dzd, dzsstsj] dL LiIsdn f

L Codyftslsj dzydOltiztsdzH B Wf dz§f 2w, sfdmr o0 h OWw 1 ISt

f slsj dzgyd Odz! dats 2 . rteketsy yd Middi2Mmlsets Ctedoer -,

BHjIs ftejHMIsOoadzwis: o {1 Issdy mMdzkyo0,j MmMddztser j dzd
t OmMmdsslstcd d3 ftoetsdL o sH dzlz®

dW _ dU + jdV _ (U /px)dx-+ (pU /py)dy + j[(V/ px)dx+ (v py)dy]
dz  dx+ jdy dx+ jdy '

| fieskejlmisadd f Ml diskddad M uBd ISS&.HO5) L C
dW _ (uv/py)(dx+ jdy)+ j(WV/ix)(dx+ jdy) _ v W _pu U

. =+ ] j—-. (4.18)
dz dx+ jdy My X px My

vOCdd BSBLOLGA, Jjhmdd o COyjmsely (st dgued €
YoMl o d\Odzjc@d MEPsMls Oo dzv s h j 2  dzOf oW ¥ j dedzesfyls
©jdB® dzOw dWOdpts Oo dzOy-Mjsdits Oo dzv s h j2. 1 JjL Oadmddis

(4.17)
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COuyd mMisey BIsj dyd @y dztOIBY tzf ey Od o § § Iststc OE odzO {f te
HOdzgdzts?2 IstsySj ftej Hj dzdWidie dstsdz ddg w8y Wiz dzSdys/ gL
Lodzj o34 dzls dz@ad dzOo dzj dzad d BOSC Md @30 dz! detse 5 EZodsdzd yd ¢
Ldzj osd dzls Hd&zd dzr o dzOf tcOo dzj dzdnflzO gt st jfedzdztedz O
Mstej d&zC d, IBSEHO dL o" Oy jddwv (4.18) tdzzydd
dvv_gzﬂqdzw

dz| pn ps dz
9 LOBMsRsls sscts, wWodwe lsimw ddd\V sisj dzyd Odz! dzg'

( M slsj dzyd Odz! dzOw W 2 dz€ yipWw ,dz¢ Ists 2 f dztslsdets yls ‘B L

:EM‘ AN _1 W (4.20)
rosp

=== (4.19)

GHrjzH jdzt desy Mesfteslsdodzj dedj Mmtej HT .
{ Mdzd or BtOIs! o COyJMmisaly fHstislsj dzyd Odz! dets?2 Wz dzl
1uU 1uV
\ e
I ¥ stdkkd&on . 20) c{ (4.21) fteddvists Iss X j
v 0Cdd3 sstsousd3, iMmMdzd ftetsotsHded & ¢ WO U dz

q fddser dgd/ ddzg dedsisds 8¢ UjtejL dzj €5 BEHj ©08 j

4.2)

1200 17V V-V,
A—ds=-f—= .
vun tvl}JS t
stesdB] bets, dzO2HjdB ©OMY ) Hjdjdd] §dsldt

W deC We v ez iz 2 77 B L O HEBe fskdo sy sdsy d&se s

I—ﬁds——

1

G +(y+a) §

U =Rew)=I (4.22)

Rl e(y-af &
lted ftodzEydddd orf tcOy | ddWw (4. 22) dmyf sdz' L
¢ 5Bl dzj CBfgiaeinds dts
In(d@’) m|(d) itr 2 K.
RL 9" 6O jdd™ (4.22) wHdkv (6lsjdydoko !
HAWW jtej deydOdz! dese s L OC O [ BO Mazj Hikjls Mslsdet
1

= ®. (4.23)
tOmyfdh jds 9" Oy jdedj (4.23) 48 C B tsdej delsOB,
= _1f X X y+ a y-a 1. (4.24)

rTx+(y+a) x2(+y éz’f(yl-a2+§((y-@fi'
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{ OffMudls Odzda®y j dafflv g4t 24) ) dmisd Lse Odd
COtlsd O ©OMs] C Ot dfshd i dasdps@ § dzsfe 52 |
fejHMisOo dzj 2O 20 tedmizdSj 4.2. | ©OMYjlOR s

9" TBHO bSO dtsted3d totso O jizks flsad] dpdats(, dzd fudz,d B, Is TECsIg
fdzslsdtsfmisd Ist¥=0, ys0) IstswSHid (B! MdBBRIbsedd (4t
MejHddweshddy ssycd ontsHO d 9" aBBHO Iktsitse, I[sOC

y o X
t diedtsS 4.2 1tesWdd EsHEzdY k¢ 0,0 00 fif lisjsh @tHM .
f zOMmisddzr , §skzzyj dzdzr 2 OdzOdzdIsdyj MSddz My s

sOC odHdts dL §(odzkzyjdd » twjLkzd sOtss, KO
ssC 0O (StOMmde 2 yYyojls dzO twdMmkzdzC j) dzOBdzé HOJ Ismw
Bjtej GlsHOsdAY stsigj ¢ BsH zdz f dzslsdesisd IstsC C
fJjtedWjted2dets? Ltsdzgj BsHEd §dslsdshisd sCO {§tC

1iBBatsHdB L OdkjIsdls! , Yylsts o dhftsd L] is?
dzd dzj 2 dzgtsets L OtWHO WwWodzw jlIlsw fasi fisSssRlzj uddsO yds@zftg?2 |
9ontHO Mktej 3dIlsmw ¢ BjMEBdz ydesmilsd (Hoea O dE¢O
Hij2Mlsoadlsj dz¥ desfisd dd3j j sfiqw tsftcjHjdzjdedz J ff dzsh O
stsyS¢ On BlkHjIs dgOBdz¥ HOIs' Mw  df@&S imd ) ddzdete@w  offj ddaslay
By MCtsdaj ydets Btsdzr " OW) . dzw dday j dgj toder = tcOMmyj Istse
ORf dzdlskH" SO ffted tOLWYH ], fHtesdmMasHWN jd dzO
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stesdj ktojodittds? $Owklsdd toOfksE0 dfft s ostsew
f ZOMmlsddzr , §=COLOddks? &0 tedmikzdSj 4.2, HdAY &+
CeOW S dddd? bosody?2 HBosHEdY ©OLEYHAGEES IECC

2 I Q.QEJ /_\
/ 0 ‘«
@ [

e
N

2
=
1 g ‘)%\1_/&?

t dMkzdzsS 4.3 [ddedd ktetsodzy 2 dsHEZDY kSO,
f ZsMCERsmveh j 2 § &zOfmls d dz

RL tedmMkzdzC O 4.3 odHdes, vybts ftod Ed3j dz' " j dzd «
Ptesodzj 2 RBsSHEEY t©OLEGYHBGES IS¢ 0, 2Oy d dzOw
Cdeyj delstedyj mMedj §dzsh OHSd, BEwOdduyudos O hdj B

[yddedls! EC i O OdzlssC O tcOL teW"HO Bxydd S sts@fgfdus
WodzW jlsfw sfyl s Mddi3B) stedd L OH OQsdsy HIj Misle § dizddtydziz®e
dzj dzz dzj o 52 GfMlsOjilsfiy bbdHOSdEL s&f 6y geizdw (4. 24)

-1
Y orx*+a’

VA yjmMits] tslstsBtcOy j dad | HOdzgdets?2 WEkdzC ydd,
Oingin, ftdeojH]jdts dzO tedmlzdzS 4 4. 7.

17 20 fteseo jHjdzO 1 ¢ jtod &3 dals Odz! dzOW ftotso j
tcOMmisj € Oded W StsCO 5 f§ojterndsiisd GftesotsHwh j2
My d udkOd + CMY jtedd3j delsOdz! detsdz Mlsj dzvy (ted mizdatss
Misd Cdzsls j €S Mistsdzd Is O, B30QdgkE, o' ) C st zictfdzis? 9 dgP ¢ O dzc
sted J dzZlstelzw iy dz0 f sdzlz yJ dedzlz © OOz Isdyd M ddz
ftedf Ovdz o' 9 tsH.S (tedmikzdes¢ 4. 5

(4.25)
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qmgzil%Jwa&J
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p &i3d e
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t dmk
dzts ¢
4
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cone; s Otclsd
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quSBHg?Qmwmm’
0 B s
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