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The influence of dynamic polarization on charged particles interacti
with carbon nanotubes in twofluid hydrodynamic model

Abstract

In this dissertation the effects of dynamic polarization on chagpgaticles channeling
through various types of singiewalled carbon nanotubes (SWNJrare studiedAt the very
beginning of the analyzihe interactions of charged particles with 4 different typeSWNTSs
by means of linearized two dimensional one and fluid hydrodynamic modelare studied
Types of SWNTs are (6, 4), (8, 6), (11, 9) and (15, T@e moded are used to calculate the
image potentiafor a charged particle moving parallel to the axis of SNENTs.Proton speeds
betweenl and 10 a.uarechosenA proton that moves witaveragesnergy(MeV) will induce a
strong dynamic polarization of valence electrons in the nanotubies in turn will give rise to
a sizeable image force on the protonywadl as a considerable energy loss due toctiiective,
or plasmasexcitations of those electrons. The dynamic image feras shown to exert large
influence in the angular distributions pfotonschannelledthrough short SWNTSIt is found
that thesejuantities exhibit novel features when the iglgtspeed matches the phase velocity of
the quasiacousti¢ plasmon.Numerical results are obtaingd show the influence of the
damping factor, the nanotube radius, #mel particle position on thenage potentiainside the
nanotube Results forimage mtential in the one and two fluidhydrodynamic modsl are
comparedor different type of nanotubesThe spatial and angular distributioof protons are
also computednd comparfor the two models

After that, we study the interaction of charged pdescwith a SWNT(6, 4) under
channelling conditions by means of the linearized, two dimensi@i3, two-fluid extended
hydrodynamic modelWe use the model to calculate analytically and numerically the image
potential and the stopping force for a protmooving parallel to the axis of the SWNT, both
inside and outside the nanotube at the speeds from 0.5 a.u. to IBha.effects of different
angular modes on the velocity dependence of the image potential are compared for a proton
moving in different typs of SWNTsWe also compute the spatial and angular distributions of
protons in the 20wo-fluid extended hydrodynamic model and compare them witt2Ehevo-
fluid hydrodynamic model with zero damping.

At the endwe investigate the interaction of chargpdrticles with straight and bent
singlewalled carbon nanotubes undehannelling conditions in the presence of dynamic
polarization of the valence electrons in carpamotube wallThis polarization is described by a

Vil



linearized two-fluid hydrodynamic mdel with the parameters taken from recent modelling of
several independent experiments on electron enesgydpectroscopy of carbon natractures.

We use the hydrodynamic model to calculate the image potential for protons moving through
four types of SWTs at the speed of 3 atomic units. The image potential is then combined with
the DoyleTurner atomic potential to obtain the total potential in the bent carbon nanotubes.
Based on that potentialye also compute the spatial and angular distributions ofops
channeled througlhe bent carbon nanotubes, and compare the results with the distributions
obtained without taking into account the image potential

Key words: Dynamic polarization, ProtochannelingJmage
potential, Carbon Nanotubes, Bé&tdnotubes

Scientific area: Electrical engineering and computer science

Specifc scientiic area: Nanoelectronics and photonics

UDK number: 621.3
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OLdBklsdlz CostHddOsE (. I1cdksy0' d §O0Ess0O Ol
H OBj steOdzdets M toslsdets * jHOdz SH HEkzese Mk HOls

3= Q 31 3F “n/(E*+a?+ag),( k=0, 11). 2, (36

[BLOS®E @O jSodHdMmls Odzs dats 1 CRLtetfBls aigfis S fel0 fdedsL )¢
Bsyj fj LOC?Ekydlsd HO <j WbkdCyd O ¢ dsddlkOdzdsa
2O OL d Bz ls dzlzli € fis® totft jEeaPBSRISEO B d fj &OS" | dLeth dd
dLEGOL Y b3Sy d & Coddsd gz Odzdzse  § slsj dzyd ® OO tH
By j Bs &OfdMmoOlsd £ Wsttdd Abkted jsSosSeE ©jHO 5 OL

H
Gy = G 1 093, (3.7)

u= b

UV ftojlsh HHOBEA] dqEeOfmists OF | g Ol sk k@@t § s H @
tcOYUkzdzOIs© £ ©HdER] GRB(EHY p OodiEbmisOCes S My dL oL
Ctsdzlsd dzgz Odzdzd f tslsj deyd * OdA0ktsy j dzOf dMOIsd k& W stcdid

H
Yi,3 =20 @l +2 Gy | G “i(E+a)ndi {03 “i(e+a)n . (3.8)
i=1

v sotsd3 dqLwOLEZ Wdceckzthgh € sCdsj indzy dW I diklsgfd * J tc
CotstcHd OB  d k2 SO ¢ jd&i MdzkyO £ tsHtej' ' £ ¢ tsde€ te
f slsj dzyd ° OdzO. v L Qo d mdzsMmis d S H dLBStO so dn
Of esCfd BOYd " § L O - dsdisQ toa@fhyd " tstd<cjtdn Of tets¢ Mmd
BsH j dzz ddzls j e ©OC ya' (Moliefg)zO {f ftcttsdzdn'd FKE) Wd * O Dtzdzy ©
Of es¢ MdIBPyd " O
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L t©OHE bk<jmofgfids dO°tEf@IEZ d20® ddals j-cO&uEdls dlsd ¢
dMS? EydsuD oty @k S g BEOYE' @O <] kO BIEdOH O?
OfesSMdBOYd O §sdOLd SH dLEOLO L @dPejhhkfiplgogisol

2

=40 g B4 (3.9)
@1

{ & H japdygH d di3j dzl d sdzd f Ot GBS Isste i O HNP B tisAdsch Oty  dz0
O IsOB dzd ydzed o5 [HB)el] toi jdatsdgsigflelkP® to 57 § Ot Odj OO L datsf

a = {3.222 5.270,2.012 0.5499 x 10 * nn?,

by = {10.330, 18.694, 37.456, 10688} nm' .

sstedMisgEOnpd | HagRsEsy d yd  j dzO O bk di ke ‘kzj tSe. t3°
fsmdP’

. 40CF ‘ v 90 G 22 g O
Gl = 5 B Q “0 Q26EVYi). (3.10)
@1

{oHIPD ] ®BSHIWJC o OdzO i jtefig jj dztsoo tOh Is¥p Iz §l2€ JPHCs@BME d B e
Ze? jdd® ®,j HA@tsMIs | dzj d3j dals O ydzts ¢ e @O § dziz fyls WzaDigBYP o d  (
Ctckec O § st toj dasdzls df teQ Ling RLOIS daffL & COLtdxpc@I@EOtdd EkMmtej H ¢
C tsdzls  ddig Offiads j dzyd * Odzz ff 5. 10te [Jtslfipls@asds L@teakts dzd yd f
OLdBBzlsdze BsHEZEZOYd &2 ¥WEZdSyd 4 f(tlsjdyd O0zO0. sO0O¢
BsHEEZOYd " j ,0id fiflsswejtejOBjOdzts O i3 dzd Is 2 HIOE ts@figls t£ds deff tdstsiz
OlstsdM¢dn ddL o0 tOfMists’ OF FOddijotaed® @i d MY iso
OLdBEzlsdetsds ftetsMmiststelz dL d&zj ' & HolQ <filmfy) sHtelgOH dasldnsddf ¢
OLddBEzlsdzdr R Otediscdzd O (OB dzdlskzH j) Mz L Odd EQte? d o
sMisOdzd yYydOdBottc&C I8 ydes dBsclkz dqL sMmisOadlsd BJL 9
dLteOykzdz0e 0° O WkdC yd - J ¢ sgasdi@ay @EzdztfcL tc Pusls juddy d W
Cosdzels dzz Odzdzts e f 59 dzyd " OdzO § sfMls O J
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e:

SOCt j WkdCyd O fslkjdyd Ok L] stpde dy s
LOodMmd &H bktse kedkO (hlsts §s8COLE ] fkjlshsHdd
filsd dzyd OdzO BsH fs dz@@ i) O b ¢ tc d&3d

7
32 FY v e T2 U242 s
&1

v Medd dLEOULdzOs OF d KO Lk -'tds k< ju Of jdodssts Gaddf s df]
312L 0 SCtdlsddzzOcdzdzd § tslsj dzyd® Ocz. o toj BIOY QUpQHESI0s | “daizdaC
dMS? Eydets MO ' jLEtdkEO OS®EO kc? jddSO d HO
[dzj Sktedudes 87§, S8°Jj Mmj &BsS3j dLeOYkdOld dO
3y te] datsizizif imyj il S Qf sde@ dzt§ WFsaf O dzts O € Sed G@OS Hisd
filsjd sose jdjSltedqudse §s? 0, seLdesd dO d&Oj dj
sdf O (kfdjtjdzd SH LdHSs O &0tz | &g dz8 Odzug daB iy P
(WS EMfuwdY § OOk Nodd: * tdO.
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] dzO9 O 4

r ddzOodzd ys © f sdzOtcdL Oyd O

V fejlsisHdsd scdk0o?k ‘| ©OL&OEOd §syj M
d SfdmOdz &3 mOdzdL O3 ddzsj €OCyd  j ECRGUAdR® L] isEiec
nJjCMOCcEdzOddzd B j dzj Bj des Oteded . < j dzd C O. ) s dazls
MO®ts bk CdlsjSMmbslz jCtOddieO® O - jjLcdads dd dglst jeOlE dyer
Sotsds fsEdkOo? 2z Mj HJlO? dzts Otc O e BBIOE § ) tzis PR I s fj lizSE
fj COLOSIs] -jdzjt iptcasdazid dsg e OC yd * j .

4.1 Rdzsj 6OS yd O Qe t5 Hoej 0@ AsdrfsugdEddes ©

leddzdC 5B OL GOk WA AN dgsddfFs @&wd £ MOMsOak Ols
MO EfOHddd ' Gdsd kMsd 0 fj dGOH {Hizkp P EDSdHS 6 E
Mk Jdzj Clstetsded t©OMY sted ' Jjdzag ifQfistyfyls tte 2z zdzjo ietsidtpts JISHOK
KOS HO M) Sjcto0O AHjs’EazROSC dsdiC ISite@diOnk Oftsts fipcC
Ho tSH G d3j daL d ts dglas GiffjSttc@rel dadz tetzdss s O YO (L dHO) dzOdzasyj o d .

[ dzj S Istetsdzm € d cOfm k] (68dBazdL O dzOtc dzts ¢ Ho s
~ndHteSHd RZOBdUS BEOBSBEEzPdz | Faia) d9731B 146]. B i sdzn j Is
“d Ctld® < § dzpazdpts Ol OL Zdf e @G d * jj SdzOL ddsdzO® 2 tcOL &
HotSHd @] deL disded 3 j dzj SstesdzM S d @3 MstekzCIsEzZtc O RO, ¢
CoOdzlsdzgi OBy d IsOdeSsjH | iz I Gscade®) oW dzdidstfloCile ® s dzd  f to d
“JHddzMIse j detsdz W dzi©d HizO d§is ff f{HERD @zt §i3ls tdrP tcQo dztsls j 3 dzts a3
cemsdgeyd J W Jt€dzPeaizdz) C IstcSBzZOdtetsd3 dzO ° j Hdzesis O9 dzetsfls
ftcjoOLddzOY j 'k CtBfddStsoOddnr cGjtdjlsted MEdr GG
HdJ dzj SIsted ydesec Sz fF00,0 joiwWfdz® 21 ~dHtsHJdZOB]
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Ldz2O0yO" dzz f§ted i3y dez bk wds] i o O EiPdzPetaSa)j o jJddzs@ @S dzj
W dgjj dzO .

) edmkmsets fLdlsde dets dz20j dzj Chted MOdese * 5dzO
fjtelbkzicg PHHOYGEP) O j dzj ChtesdMS s5e ¢OMO ( ff ZOL d3ts dzO
CO' °d HPC O ZOBIUSE (odOdL Oyd" k.H shkPded s
qLdgj dagj Jjdzj Slstedudese §8° 0 b fushsstek dzOdsyj o d
"Bt 0 &S0 &0 shskoykz d&odsyjed knmdjH §td
(fdzdudss § Ot Lk ffdezydds deo dafsted fiple@nilsjcs st d MO © L dzO
HEZOL d HB (i) 6OMY SHj dzj ZOj dzj StedMOT O ©Oo dzd |Is
jCodoOd) dsdegs 5”2 fsLdlsdodse dzOj dzj SkstedMOS O

[osH®Bj doL dsded RdHESHdZOBIYSd &sHjdd S d
s ' ddi3 Md sidhkz § MO j jofids@LddEEEQLS ¢ H syis®@iys ] g g
jdzj Chtetsdz0 &0 thslsOykz d HddOBIUSk ddlsj e 0syd: k&

[Mdeso dzj §dzOL dzj “JHAOYddzj k2 fsdj dezlsdds A dHts

10 ,
— 4 5o = 4.1
3 26 =0, 4.1)

T-"- Lo ol !Q g
Tt T 7= (@0) PO = protyx|. (42

RLEGOL§ @) HinkOo? O * j HdzOud dek b § & &isdizili dids joloa,d © O
BioL d dzO ( oR (S U@ fipg didils Op ? O | HAAED e[ faiztsolibts HEEIER o 15 G
L OC5dz0 ( b@f tsts® O dZOJ7418ON G dAD0 L, B # ] 2 Mis 0o ? Opd tsd Is d iy
| jdzj Shtedydes d OC dzj lsdes 52 § .

vtejlsdeO ] oOdzj dsdedn jzjChtesdzO k2 jdzdS O dzO
st jdzj ChesdnNse cOMO L Odj GOtk j ©OL dd¢ j
be? jddudeds ©jLO hlsts tojL bdRE ju IO dsdsd ols?Ony das fls jf
sfdMOdO S jdd MO MistekSlkzied® kc? jdduddrn dzOdzasyj o
9jLO dL&j' 'k ke? jddCsodRO OkbdiO.0 Ofzj dgls de® | dzj S Is-
"sehkdeOt B 9QA®f U BYsGdREGL Oyd  j Hds Sy jjmisedz ¢ jj &z
" sehkde0’ £ DEOEjsdlsj Sfisk soj OdOddLj kMo O’ Okt
(' B0 sfdnNebpttzi @O tEslsOyYk dz0dats g s § © S uds difs
COROLdMOdse ‘ Sd0 MO j dj S lstetsdd GO:
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T mijHdesWdzedrHdzed R dHtesSHdAZOBdYSd &BsH| d&z
T resWdazzdHdzd R dHteHddOBdYSd oBsH| d&z
1T 1tesh dtoj dzad H o tsW dzlz JwiSddd dgtfHHjtadis H d dzO d3d

10 Mo O¢Cd tH dOo jHjddrn &BSHjEZO E dOMlsOs Sk <
HilsO? dzZO BOIsj BOISdYS O droets' j° O WdL d uSdfjS sdejsda y
dqdzls j sOC yd *“ k2.

4.2 mJ Hde§W dizdfH o5 H d dzO dgdOECdizd IS4 ¢
CjLbkdksolkd)

md HdzBW dzz dHdzed R dHteSHZOBIYSd &sHjdz fftsdzOoL d
ddzj Slstesdzed LdHO dOdtsyjod ftdfOHO k2 ~tBSc] dts’
sdf eodLd E ¢ jd& Eyd mMbshdyj kdzi v{ s@asd I drdtzO i
Jdzj CltetsdzO, o< Mj Mead jdzj Sltesdzd §sMdBBOISLO " & dz2O

L Medd dLBOLIBO Ct' d Mdzj H RAu.)I26]wedb fpishdiss Jods 5 d3f
" dHdddyO BohrSdas@H d &M, J Hdded yO HEXdda, BOMOdzd gz
BOMmJ , Jdzj i3j dzls Otedats dzQ H dp ff 5@ i | jozj ¢ sRbefdkt®s @ d  to
CodemMisRdzlsQ,Hd dzgd yO O dec[AZOdAS ds' s d3JzdzlOBE s dsm S dd3 * J H
HO ' j CCodbnb®aas® L OCtsdzO ° j Hd2OUD g=1 H 0 Bzt yd dzO g ¢ dzis
Ve =4p.

) SO tePastesmdzs* dzk ke ? j dzd ydglz dz0 dzts dzif alzh @O ¢
fsdzbf o] RAAIH. O O @@ Mj o Odzj delsded | dzj S stesded o
Ho SHJ ) diOds dAfdzts B 5 H dzd B O o dirg o jlstats=izO s O MY Stej ' j dz  H 2y
ftsoth ddzj, §tsotehddmEpiBics dj ¢kzhlsddz

sttedmisddts yddddntdydd ri(ssnH d dasddy jiskh sddss
Efdsj tOo Qe jH ) sMHEOsLORs O Bt dz0f) iz € 5\ dgos @e d dzt
ZOdzsyj o d, § OttOdzj dzdets Frgast Sid o0 GOEdE Oy O

Cods Istoj dzlz st Hzts o'tojj dBj ‘ddO o j CM)SE D, /=Bt O O

) ed kMot d&Oj dzj ClstedMOdese * ©5dz® HEo SHCIsCH 5
COMO C'd dEsyjds (shEOkcOlsd 0t dGOFDid stdmoc
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JdzH EC 5o Odzes B §f 5o toh  dzf SNE ), B 1 e’ JozBul (sizl Fjtsit tdats dkizO Is O
Bddzts ¢t bOYSj dzO yd dzd dph tsitf dg@dsts O dits o S ts §f 428 ¢ jdzO A
‘“Bdz0 kdzlsOtt fesistst® dzOdzsyj o d.

[dzj SstesdzmMC O sBEZ' jSO E dOdsyjesd sfidhkz  k
Cdzlsd dzz d Is § Isd@O s ifdagalskO “da| dzj Oted L 5o Ozt 23]: R dH tetsH d dzOC

pn(/'u,tz,t) +nD, Gi(/ ,Z,1) =0, (4.3)

W02 _pE(r /2

e 2B 20 + 2B BING 2 01- UG 2D . (4.4)
Ny N

[§j2OBsE | H@OYI GAdO juj ¥ d dddsf® Mdzjuj<d dzOv
1- - - - :
D=6 ﬁmi. 0 d440) ded URI(HERZY) =F (7 .28 +F y(r ./ . 21)

fejHmls0e? 0 EkSkfdd MCOLOwdd §tlsjdyyls Pdey € sOd Sf
flso OO ¢ O dzCrflzq () Grezd € & os@es ¢ dz0j dzj S s MO O. [k
stz OL P pnMsOo? 0 & w9 tgh d dgf SkjL tofipE dzjlz dak s s O ¢ O
Wk dHE, §@§mEjodeHtcQls BtoL ddzj " dejc 0O fEjdj<O O
M@=lUdsfdmkz j ' jHds] djsssigha] daed O On hdEl df
LEOLOj 4foth ddzMS O MddkO kiej® O bknmdiH HEydlsds d
Cj¥Wdyd jdbs bkt 0.

Edzd o5q ded MOC § o5 65,20 M gisd dgi * 4.34c@ U d dg@zOH d j H dzkz
©J H dz2O Yy Oiozizt)  f s

o 2 ~

a Q '
é#f?+g&_ aD|f+bDﬁ‘81(/ ,zt) =-nDiF(r/,zt)

. (4.5)

sOCt “j E fdbOSkE MdMmksj B feshmissteds o tcj d3j dzfm¢
ZzOCh j& tjh Oo @9 P fiftipgerBegteis Pls tc O dzMPsde dAzPC &£ W 2 dzC yd * |
Arj,zt)lstcOdeV stedzdOydsded § Ot HjWddedh j &3 € O

a A mk,mwe™ M dkdw. (4.6)

AT ,z,t):ﬁ :
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RL©BOLNJ4 .436d 3 dets 3 Is 4eBinoxfipiHts{te gDy d *

n(mk,w) = ¢,

(4.7)

lod k@) Gtojfdds o OF O&-H-dﬂ/b‘ﬁ ide j dey«dO HAjEG dzls (

B; - -é%“%éon o 16 j-f5lp tEm @G MdMisj O b RaigkBgsesl K j ¥ d oz
5 1 d5 16 O dz@ s s d
vdL BOL g(mk.wyfnd HIWdddhj COts:

m%g

Co(m!k’,/’/) - ° (48)

% 28+a% e W-ig v

VS kY dd bOdMY steddMOdd f§ljdyd Odk ‘j HO COs:

F(r,mk,w

r=R = Fext(r’m’k1M/)

r=R+F'

(4.9)

s 85?7 Oh ¢ d lsjdeyd Oz My dBsYJ dLeOYzdOd §c@ts<k

(4.10)

F ext(r1j ,Z,t) = ﬁwcp? ’

[r-r|

CGHj) ‘Jj ckfmlsddd Myfs? 0hs jc d&Oj d) S ks dumddddzH (@ d dk
CsBEeHd dz@JQ(é,tB@Q%d(r'- ro)d( - 0)d(Z - vi), O dzj Qittdd L Of 6 &g d

A% =rdrdjdZ. sstteHd O] MO fdd L &ZOSSE Mj SHES
COROEdMOdse * &do

Coulombts o s j-dzitd MAdz dstsy j  dzOY d ) BolrifrBekseluyts dsj dzbz
[r-r|

Istc Odzm@usdfe'dg dzO Moz Hj <d dzOyd dz
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1 1 s iim'-"+i z-7 '
T AT ok (4.11)
r-r m=- 5.

fted wigdgle,r) 340, (Kl r )KL (K] 7)), 6wt mingr,r} d rot max{r,r},

Ol K, dB3sH W d(Bessesizjj WEkdCyd J fteaim.d Htekzej otefmlisy

1 Od3j destBOL @d B e O, 4d. 1ffe jf) jf odStsGddL Olsd WO Mmj HBBJ ' (
F o (r.mk,w) = 2000, (7, ro)a(w- k). (4.12)

1 O Gifzsed® 6 04 1 2

F oa(r,mKk, )

r=R — ngmk(R1 fo)d(W- kV) ’ (413)

fed WwWOlR o) 340..(K]7r)KL(KIR).
RA&zHEZC 50 Odzed Y lsjdzyd Odz  BO Mmdzj Hj<d ts8dzd ¢ :

Fina(rJ/,z2t) = ﬁrliid(irjtl)dﬁ', (4.14)
r-r

ftod UjBEMEdO JdHzCte Odtse d&0j &zjSkttdmOt 0
ro(F)=-n(,Z,0dr - R).

4 dabic OL Gz d4 D01, 4mdtfydes S OB k MAkEyo, b Mmfs?
HsedipQi LO dLBj' & ddHbzS e Odse f§lsj dyd Ok d €t
ZOdztsyj o d :

Fina(7,mk,n) =- Rg,, (r,RIn(mk,n), (4.15)

fted wigdlz,R=pd (k[NK.(KkIR), cHGOCsOR.
1 0 sifzsted OO04Mdas5 " j] HO 90y (d:

F.q(r,mk,w

r=R =- Rgmk(R7 R)n(m! k! M/) ’ (416)
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¢ H J 9 (R R =4d ([k|RK,(K|R).
1 OB destROL @ dtc OB s .d7 O ] :

n(mk,w) = c(mk,WF _.(r,mKk,n)

=R (4.17)

GHy cmkm WEdtyd © SHLdo O dqdHEZzS e Odzj  soteh ddzmC
ftslsjdyd Oz d HOBO " j MdzjHj<dd dL cOL t5d:

_ Co(mKk,w)
cmk.w) = 1+Rg,, (R R)c,(mk,w) (4.18)
4 d3j dafsldzc OL @d 4 tc OBH ®BBR L' 70 Mj :
n(mk,w) =2Qc(mk, ) g, (R, r,)d(w- kv). (4.19)
4 d3] dzfsidic OL @d 4 tc O OH @R L 50 Bis:
Fina(r,mk,uw) =-20RQq,, (7, R) g (R ro) c(mk, ma(w- k). (4.20)

1 tod d3gj dets 5 FHodzerBéssellzp Is tc O@sipdf dyctdz® ) 4 to § IofrL eHOdzd
420 MetsHd dzO:

Fina(r/,28)=- 4RQ5. FE” (KO (K] )KL (KR e(mk kydk|,  (4.21)

fted Wj Bz Mds 0 GKAR) s4pdk| NK@KIRY Cots d HO
Inc(R 7o) =40 (1K 7o) K (IKIR).

RLIGOL L40 24 dzH 2SB89 0dzed Y BIsjdzyd Oz S°d fsisd
Jdzj StetsdzmMC 56 ¢ OMO dO® L dHE dOdsyjed bkfmdjiH ftd
ZdzzlstcOh ¢ jd3 fesmiststelz dzOdzetsyj od ftej HMISO? O 6 dzOo &
dqdLets' ] 0 E EMmo B dzsdzs ds i®j dztpsiitsiiizd sotse dL teOL O My
WdLrduy¢y eoJdzdyddse € jJ] BHtej' 'k Eldy@ o] dBusdts d
mMd &y ,kzofdartd@adz Wdeckztedh j BtoL ddzO ° t5dz0, s0O¢
gqdzlsj dzt dIsjIs § jtelskztce®m@. j Jjdzi CltesdzMC 56
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VL @Bk CtgdOgdsls j 3y &zO (S OHO dzgj 5O € OdzO dzd ) O dizt
fsoth &S O ckmisddO jdjSlesdd &0 shslsoyk dO ds

Nn=0428. [0 0O ot H dztfIEhy O Is @A fj disoe O fadashls d dzj J dzj €
@ e OV d Is &ztf24]. € Oo dzq

43 1 9 sW dzlz d H dzd ~ d H tc 5 H d(dBpdisddrd: lsfd y ¢
tcjL zdzlsOIlsd)

V fto] sk tsH dats d3, CJHdW dZEdHdsd BtsH j iz, Med 8 0O
f smMBOStcOdzd dzO dMmisd dzOyd dz, BJL BLdO Bk SCtd Is
ezfmjHddr ObLSEO kc6° jUfOOdd § OO dzjf BZj § tizf At wdal.
soe dHH JfdE OL Odzs HO M tsMmise O EL & jeH dzdswWEOdizls jozlr | Sz
d M Lid3d =~ jdzj Sltetsdzd ) , 5L dzRAIEHE H jsh € Odsd >fj W tej €
Cs'"J BHEBO OO k& ~ j o desdeHsddscizOd3tizH Jsd2@) . ofigfgLiEstiis] GdRts)
dZOoyddz0 HO Mmy ftejoOLd' § so® MdkkzoOyd © °j HO
HoBBHdMJ dzL dtsdzd MdMmlsj d3 ttOL zdydlsdms WdkzEdHO Ct5° d
Cts' d Mmd dzOdzOdy) L ddg@idiadniejonddztst tctsy jds[E7]. 1 jiero @dz ISHOE EO® d
Ho BW dzkd H dzd 3sH j dz Bptonts Of o (d sifdperkdEdd teds @(dzf P a8 P o
My j CstcO  dzO zdaBIOsLO Mddrdzjj 4 B O dBsHjidz BdB o
[29].

[osWdkdrHdd RdHEBH]ROBIUSH &sHjd Ss°'d <j 0,
ftojHds)Az ) BOLJE©O d2O ) dztsertsiH dzff whd ffChids@ds Is o dpl
dizls j €0Cyd ' j E MoOCtd SH WdkdHO SEsckz<O0s 0O jdzj €Lk
Bd Mj t©OL nplessed@rg) ji€jf sdzOdzlsdzj bkyj msOdsmlsd L
iCMfjteddj dlsOdzdets dHjdlsd¥ dCtso Oded o5 o t6j H dztsfls d BO,
dd MCi f ®OL & dz.

sOts d fteddzdisd Lo’ j ¢ OF tte dffifdsjdlsipss H@bEsSERE 1S ¢ d
(au) [20]. O 5 fydiisj &3 * § H d didphrBo Z e OmRI g4 d dzd yO H Iy d dzj
Jdzi ClsmsdzO,j Hdded yoO BOMJ, J dzj efd dalsjOHefiziad \AD j daf] J$ dBjteldld
6j HEZG PialcliE® 0 CtihlsOREOdddy0 Odc HaHO o dp®s st o5 d
OsdBMSdd “ jHdddyOkO bk Coultbsiic HOOS §dz®@ ts'dzinis @Ess @
SH dzsWze=1, "MIsts L dGgdp. HO ° j

t ROIstcOBRs H oD Wisaraltw Gjdda] w Wozz d H , "Mmdzj § ° j d2O"
f seotehddzd dzOdetsygj o (), Cts''d MOHtY J Istcd , ts H dats fiy dats
Fc? jded € O.
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sOs d bk ftejbatHdsd MNkzy0 k  jHjisdefgde dkz
Ee? jdzdudze dzOdzsyjo C OB B M t5dzOWRizts 1 I ds@ s il Pdzdf dzt
HO fj o0dzjdzalsded jzjClhtetsdzd Bsclk 60O L i3 jCss
COMYy stej ' jd2 Hiky yddddHedyd {§so i, EHeie" djdf
n? =0.321, 5 H dat§ fpdas, fsoteh ddzgMC O Bt dz0 ckmsddd ¢t
J dzj € Istets dzO, ts wdzls g ds s to'tsjdza O df ts Ols s di3kz LE § dzdnzO,
cOo dzsls jydzj ftsoteh dqdzMCj ckMmisddzj (SOHO dzj BO ¢ OdzO

v O¢ tSsjed flsqd dsted dzv ts d Ydzd € St H gD R)dzd § gd M isy jdsilz
GOdsYyjo bkhErts®gf Okt smfPlstcOds O &6 &Ofd) € BE &0 s a
ViEdzls Ot dzOdetsyj o, 1 OtcOdzj deczts, SHj dity) . tffalj opteds dagO fiy
‘5 42O, b Bddts Ctd IstjdkzlsClk ot dj dzO, BSH

Fo(t) =(r=ry/ =0,z=vt).

) tedMmimlsets &Oj dzj SstedMOdese  s5dz0 HBo et
cOMO C'd ooy jdks MOkl $O0t &OAGDjElstednoc

qdzH LC 50 Odztsds f 5o t6h  dzfy SNE), B 1 " dz Ut @izl FjtsiE s dkdzO s O
Bddts Gt j IOysJ dz0 vyddzd dzs @y dis & et Af dzd  dgQds
ndHteBHd OB YUS 56 BSHj O d BoH,] f§sMBOteOds o]l
ZOdzsyj o d .

sOts d bk fjlsitsHdsd &SHj ke, jdjithkkesdnso i

dZzO dzts ynjjo dsff deftlz] RtcdL 59 Odzd d3 * § H dzOyd dzO dEliEd  Ciadrpds=odidz d
dzd dzj Otcd L s Odetse -~ dHRBHJ 2O y¢ s6¢ dBsH | dzO

M, (/ut, Z)t) + niO.D" G_jl (/ , Z,t) = O’ (422)
i,z =D\F(r/.z2Y) - i_i(i)D"ni (/.zt) +n_1;DII[DI?ni v.z0l- g‘ai v,z (4.23

[§itOBsl * jH 0420 EOABD * ju j ¥ d defEPO Mdzj Hj <d Oy
Dllzééfﬁ+é2§- 0 428 O d WR(GQZY) =F o (r./ .2 +F g(r ./ . 2.1)
ftcjHMIsO? O EZSCEfdd MEOzOtedzed f slsj @dAutdls Pdiry &' SOdd Cf
fllso OO S OdzOfld &) GEz S & os@EEs ¢ dzOj dzj Clsted MO O. [ oka
flstc Gdzde O3 4 HMIisOo? O & o th d df S jr ¢ IO ddjdzlsides Ok y'dj
Wk dHE, fBdmUGaH©dls BtLddz "dEjc 0 ] k<0 O
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mM@=Udsfdmiz j * jHdas] dzj S lstetsdzig®ar] w&k@dz' gO® OH jzf) daetelz | f
JL©ORD j4 . fsoteh ddzMS O MddzO tej* O bkmdjH Hsydlsds d
Coji%dud jWwd @) &OSE SH  jHdsY ZkdH dse &sHj &0,
4224423, 6Hj L O MolOSHazf dzdfismiss d 5 “jHOd § Ot
iz YyOiszy Higlz cit df MlsOdzd § OteO®Rj stbdhj MOH detAn jj S O d3 o C
fsdigj dezlsdn WakkdHO 6 jHddOUyuds d & sfhilsjd Mdazyo

sOt d k& ° jHdzsW dkdH tsdgd Wis i j Bz8z0 qd dzQf teggtsR | d3ts
fs?gteL dquig)zt). | O IsOf(d fipsCwhf dZ 4.20-4Z3ndj dzOm o ds®  * j H dziz
4 HaEoug(Ezl):f s

é 2

He 0y AR PIR 20 =R (1 20 (4.29

{OHd &OSChj¢ ©jhO0o0OS0O COs d bk (FajesBedsel dzsds e
ts ®ls ts O dzimG usds"dd :

AT 2= 2;)3 A AFAC Mk we™ < dkd. (4.25)

RLicOLMA. Rbd dzj des o3  Is 4c20fdznth ks i i@ d * j

n(mk,w) =

F(r,mk,w

7 & s Ry (4.26)
b%Z+R28 +ai%2+R28- W - igw
(; = (; -

ftod yFmkn)

r=R = Fext(r’m’k1M/)

r=R +Find(r’m’k’M/)

r=R-*

RLicOL< AR 6L (i dshp Qis(df: Iz :

ni(mk1M/): CiO(I'n,k,l/l/)F(/',m,k,m

FeR (4.27)

CHjgzej ddzls j tOCE <O i®EBdS ¥ dOaPHLEOBEO Gz oy & &
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(4.28)

0S¢t JHADWDdE " | diss d Bp, MOBJEO® j & Isj Hej
HsBd OWMs:

n(mk,w) = c,(mKk,mF (r,mKk,w)

reR (4.29)

¢ W § (M w) =n, (mkw)+n,(mkm) d cy(mku) = c2(mk,m)+comk,m).

l shlsts Mdss kMot dozd HO fMj SO bk ftjlsk SH dasds
“jHdO fsLdkdodets dzOj dzj SlstedMOdZO yjMlsdyo ( ° sda) ,
b fejsnshHdsd Mazyo k.

ﬁriXt(r_:t)dsFl
[r-r|

Feoelr /. zt)= : (4.30)

CGHj) ‘Jj ckfmlsddd Myfs? 0hs jc d&Oj &) S ks dumddddzH (@ d dk
CsBEeHd dz@;,g(é,u);@(g%d(r'- ro)d( - 0)d(Z - vi), O dzj Qitdd L Of 6 &g d

A% =rdrdjdZ. sssteHd O] MO fdd L &ZOSSE Mj SHES
COROEdMOdse * &do

Coulombs e ls j-dzttd MAdz By j dzOf d fy EoerrBekselsyts dzj dzb
[r-r|

Istc Odzm@usdfe'dg dzO Moz Hj <d dzOyd dz
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1 1 W nNim'-"+i z-z '
; *-|=(2p)2 a gm0 g (r, r)dk, (4.31)
r-r m=- o.g

fed wigglz, ) 340, (k| rJ)K,(KIr),  ewitmingr,r}y dr.t maqr,r},
Ol K, BsH d W d SBesselsdzjj WhkdzSyd‘j o jmd Hikcj otefmls]

| Od3j dets B@BIBG L ©4ABd Mt ' do OMjd® ‘Hjssd O

Fee(r,mk,m) =200, (r, ro)a(w- kv). (4.32)

10 tshdtsolz ftojlsansHdte ddqLtOLO 9 0)(d:

F o (r.mk,w)

r=r = 24 (R ro)d(w- kv, (4.33)

ftod Wi GRR7H)FAAL(KIMH)KL(KIR). Rd&2HESC 50 Odzd  f sIsj deyd ™ Oz
tsB dzd € :

Fmd(f,/,z,t)=ﬁri2d(7rjt)d3?, (4.34)
[r-r|
CHJ “ ckfmisd @ dJddHEZCtseo Odzse  dzOj dzj Slsted MO O

Foa@ D=0 Z,0a(r - R).
o d3j desl3c OL @d U@l 4d. e ' do O jd5, HEBBI O fMj:
Fia(7smKk ) =-Rg,, (r,Rn(mKk, 1), (4.35)
ftod wd &lr.RI4M (KINK(KIR, @eHj Mdiss dMS BrKRIsd dzd H

[ Hdasth) MBOELO®RS HO diPjdzts Y azd dzBgzO LI j & toj dzj o O dzls dzj
COULdZOdBE L O st kdkzlsOt d&Odsyjosd.

1 0 Gffzco® &G4 .3 5] &Of dmolsd
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Fiq(r,mk,w

,-r =~ Rg.(R RIN(mk, ), (4.36)

fod  Uj GRRR I, (KIRK(KIR). ) Ok disds OL O L 8BL, 4d 29
Mtcj ' do O jd3, HEtSBJd OWBG:

n(mk,w) = c(mk,mF _.(r,mKk,w)

rers (4.37)

GH] j WkdCyd O ftswucd afCzig geH BQetise Qalgj ¢ ZMmisddzj dzO
COts bk ‘“jHdsW dbdHdsd dsHjdk HOO MdjHj<dd Lo

_ Co(MmK,w)
k) = R (R R (M) (4.38)
v 3] defsidic OL @d 4 tc@BH ®WBR BT7O0 MmJ :
n(mk,w) =2Qc(mk,m) g, (R, r,)d(w- kv). (4.39)
1 Oz destzgOL @ 4L TBItsB4d. 3BRBES HO ° §
Fina(r,mk,uw) =-20RQq,, (7, R) g (R ro) c(mk, ma(w- k). (4.40)

} ted 3 diatste3@ RS5O  dzo j L dzj A lzted ' J tsibLjtc QoL QedpfighOs tg EOYd * § )

Fina(r/,zt)=- 4RQ£’§1 " KN (K] )KL (KR e(mk kvdk, (4.4

ftod Wik Mds Jn¢aedR)s4pdk| NK@KIR) ¢o0ts d HO
Inc(R 7o) =40 (1K 7o) K (IKIR).

RLtcOL L40 4dqdzH2Ctso0dzed Hslsjdzyd Oz Ss5°d (¢sisd
jd&zj ChtesdzMC e cOMO &O LdHk d&Odtsyjod bkmdiH f§td
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EdzzlsteOh ¢ j o3 ftesMiststel dOdsyjod ftjHmMs0s? 0 ¢ koo d
Lo jSO bk bkfo tsdi dasth jrdelas ¥ dib@ HEdndetso £ tso 56 L to
WdLduSy ojddudds St°j GHEj'E'E EsdyO.u f &ZOL dt
Mz YO & HosWdkdHdse SdHEsH]ZOBIYS S5¢ &sHj &0, ¢

HSHOIsdzed Mz yo COHO O d ¢ DR dzfCatz| | & @ fz< jods H
R<r<wo,

VLJdLOL L . B " j ok IstcOdzMW Sted3OYd " & s k dzts dats ¢
Jteddzso O PBY U gH zPC Iz

(7,7 ) =40 (1K r KL (K] 7), (4.42)

GHY rStmin{r,r} d r.tmax{r,r}. [o60 WEkdlyd ©0 Mmj HO? § (§t°

BIMsdBO cHJ My dLetHd ¢slsjdyd OOEBJAF ¢dadb(
CjLEdklsOl ftjlsitHd) OdOddL | otejHdshls ¢Ot@uzHzC

440 ¢t j Wdektd" bk Ho f,(n R dddsdR o) i 2 By df tefs d3  daC

fojlsnisrdl HjWdddyud WL eOddefs ol 4R q@id’ & SH ST
oM’ OF 0 ‘' SdO ©H yjdstO dOdsyjod d §sdzfis] yc
soj WEkdSyd' j bk o tddHdisy® O o ®9ddd S so Olsd .

(7, R =40 (IK| r )K, (k[ r.), (4.43)

GHJ r.tmin{r R d r.*t max{r,R. s ORKE s <aj, o O dr. R 7. § r,
SOSB8 HO ftjlsntsHdzd dLEOL MO §:

I (7, R) =40 (IKIRK (K[ 7). (4.44)

ddzd ydzes Sots’ OdzgOdzdL d d a @ ditckzelkz Jtcddsealz WEkdz

Im(R 7o) =40 L (IKIR)K, (K] 7o) - (4.45)

1 0 sisEshl 0L BOSEOS 0 LOC? byl j&s HO <j dL s
fslsdyuj] GH &OjdjSktedmMo’ O &0 LdHk d&Odsyjed &
Odtsyjod BdIsd:
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Foa(r/ .2 =-4RQA B "KLK KK ) (KR e(mk kwdk|.  (4.46)

m=- o g

44 1 totsh d tej dzd Ho tsW dziz d H dzd ~dHE
(OkOdzdlsdyuscd tjLizdazlsOlsd)

V ftojlsriHdtd HoBW dkzdHdtsd ~dHttsHd dZOBOYS 53
fsoteh ddapOdzHyPo d MRs IstejlsdeOdd $OB( Hog ‘dzjW d@bdfHna
L BCodtlk o et Gisdk) ¢k ehhlsdd] ddjedifOsitOd o *
&) dalzls f o5 W ozl e my, opO=36, Ay, * § ObtdnC O ¢ kMydstsl dZ0] ¢ 6
d L dzts imf=dz07, S H dzs fifets321. [ o j otej Hdzsflsd Mz j & dted M d
[31] d [32. vots' S id Jjofded MCJ [IPBe @Oz CUstejsin | Wakl
HosWdzedHded HotsHd i dat disdzad R dHEBE EdZOBERQS d togs v 4 ¢
Gtokzf j f dzOL i3stsdz0. [tweEst sdatstmes’ O § t©s iPls oHdy g dH 15 d3d dD dzls
Zuj fls OdzelfiPls @V E B dzj S & dedj 8] g Zjdejdzs fdzs © dzad d3 262 j
dzO dzts 4 j[29]d 5O

40O HtdstcOdzj “[34]H G CHPL Odfisls ke OC yd " @( I sBP' 24 Ok
1 Otclsitsyda J toEHzDE dig B H jedilr O dz@ dzpPd30C j dzd j W d B ts5 9 O lzjted® y L
JBfdted MS dEO § PWOER] tsdd3j dzls O drd@ W50 i dalpsiilsjO Sdtsi30] dzts o
fsMmipddd O0dOddndwBOd] go ps®digzj sdusj Jdajtecd J
WkEdrno. [o00° ftdfisedH Fus@usH'd] HSstsdzj SIsdoeadedrmr tsfyy
WkzEdH O, hlss LO SO ¢d jWjceoOol k0 °~ § d&zOL ddsdz ¢
jdzjteecd ) hilsts Mj HBBles MdOyj [EBEB5LC ffdiztadods zdzls Godad
EdzzlstcOh ¢ O ddzlsjteOCyd O L Odzj 5Ote®” o O, ksdyo® ~ f
MotsHd dz@ " jHdesW dzkdHded O + °~ f dzOL d3ts da.

LV 6 & sk o] dats ¢ tsahpsEYigdoOd tHzz0 (S O dzls dzts 3§ © O dzd U S
qdzs j €OCyd §j dL ' &, dsCbghmEnddy fHdizdd o. st
ddzls j cOCyd " J WdhkkEdHO d S jdz EIsdyO® d&O {§6Ilsj dyd O
CoOdelsdL Oyd sdd HotWdkzdHddsE Ho tsHJ MU ttegsLez dis doHs
BOIs j BOIs d yS[}9 rdsetzdi3gH j 20, W dcektedh kz §tsotcOldsy Wi
Csj Mj s 0o’k 'k SOt ftidj Hsdud® did ks dd ©ijl jz
CoOdzsdzsBj - Odzd US s¢  ff tyf{l)®Bwed ‘O LYW degidef L of § & d y dzts
s d B3Odzd Ik tefplf § f§EHZAEOB s B ¢ dOMs] ydas[dzlzdsts 1 j dz € 57 «
fteshdtojdzgd HotsWdzkdHdzed dfswisdezd iz Hisdgis® ¢ &OJG®dzd fi
f4telszteBOYyd & J dzj§ stbdzdzenC tsa O My M B sPded) dzts Gleii0d 2 te
9 Odz dzOdetsyj 9 d .
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U HoBY b dH des 5 S H Pzl L DB s6 GO ddzh 2 tc ¢ & fils d dzkz
o OC ¢ WkkdHnO, SCs58°'0 ‘'jJ BddO HOLO §Of

n (mKk,uw) = c’(mKk,WF (r,mKk,m),_, (4.47)

GHifdss W dz@(mkf) s L dzOy d dzff d &ZO st dzSitsgr B¢ W dzzd H O
(i={s,p}).stsH ftshdtcj dzte Ho W dZzEdH dzgtse dBsH | ZO, EkEftcOo
“d S OB:

2
nio%z + :;2
c,(mk,w) = §

_ 2 2 2 2 2

i=s.p 2, M Q TFD%Z m
b% + R2 8 +a| + RZ

¢

DO

(4.48)
+W - wW-igw

DO

Vsosd3 difitchPat’ d HBwWQIs dids HiftzQdE 0 EftcOQots f sdij dzizls
Wted Cojdykz dL ¢ o@Ridazp d OdzOdisfortgds d L te O #0324 30 ° &
ng =0.107, a™™ =’ - %nio,mr20.48,%20.15,g520.1q’gp:0.09t:ts‘J Mz EMmets®
20 thdtseok jCMmfjteddj desOdzdzdn L Edzls Ols O.

ANzdz2Cyd " O sHLdo O dqdzHzS s Odzj deBoiglf  Uz®'C S d Blctss,
‘"POBO MdzjHj<ddB dL cOL 5d3:

Co(mk, w)

c(mk,n) = 1+ Rg, (R R) c,(mk,u) -

(4.49)

RLtcOL L O ddzv ¢ S&CGdsd dif tzls jfdey (sE@dz dzis @ BtsH j dziz

o

Fina(r/,2t) =- 4RQ§ ™ (KN (K] )KL (KR) e(mk kwdk|  (4.50)

m=- o.g

COHO M "tsdz dOzOL d Ek ftetsMmMisstez0CzdzRIs OO wiz® dzts jy j o 1 &
9 0dz dzOdzsyj od dqLtOL L O dqdznzCtse Odzd § sIsj dzyd ® Odz T

Fina(r/,21)=-4RQ a E” "KL (KK (KT )l n( kIR e(mk kydk], - (4.59)

m=- o g

37



] Z0o O 4. 1 ddOBRBdYs O {tsdzOtcdL Oyd " O

L R<r<ao,

4.5 Adrdysd ojddyddzy tSH L dzOyoO*

V fejlsitHddds HjMdE B0 OdBkE & BdEap®d ] € Odz0 dzd iy O dzt
s O j wdd Chk@® GEBhkEQuEzdgd Oy EOdysd Of 0wl (-
sfdmikz 4§ ¢omMaziHdyd HJOBdUSS §odzOtedL Oyd § d ¢
flsjdyd Oz COs sfhdsod WqLduSk ojdduddlz S 0O
CjlsOs | ‘' 5d0 bk O B dko &b Qiasd.ls Ols d o dzs 0 dzO dzd
feshmiststel MO JdHESte Oded 3 § slsj dzyd  Odzs B H j % d dzd M C
fsBs<k St df <j&s k MSasfkz ¢ &ofdyds &j5 OdedC j
COdOdd MO j * 5dzO.

1o O WdLduOO ¢ 5] tzd wddt d @M @8 dzO j) B @B Oo dzkz
HiWddedh j s C Ot fddzk Emdjtejdeze HEY Mj dOdsyjed
dz0j dzj S Isted MOdzd Wd Misd WdO iz Isf Qeotlir(ls tsfiedzdz Qlz O 4 ftodf . dzO J ¢
fj SCtoj iy Bdelzlsf@c dzOdzsyj o d, § OtcOdzj tztzstsH | dgs,”  rHstipy

steO° j CrisB®(d=r,/ =0z=vl), HjWdddhj Mmj @O fdjHi<d dOr

S=Q

na(r 2t
”‘Flnd(pzj ) r=ra) 0.2t (4.52)

[ezcO WdLdue O oj dzduddeBis§ eyt .Odesedd @] BEz ‘oz !
[36]L O ‘" tsdz OJjELG € sdedMP® Doy ke B @B JdeBdzgsyj o d, f OO
5 O tohplstsd OFjz, Wy rsEr IALBAZEY, HiWdddh § T
O fmdzj Hj <d dzOyd dz:

Q

Uin :EF na(7/ 2 Z,1)

r=rq,/ =0,z=vt * (453)

sted <O WdLduS O oJ dzdud dz®d &G .dzd HQE[IZEY F Bis
HiWdddMOdzO0 SOt ©OHd Odkdz® fMddO St 0 Hjdkz  j &
COH] Odzdats Ctej 5O j  t5dz0) @ O tefcizd dz@jHaiz§L &l fpgd dista)jj <
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BtoL ez dglz s Otc dzOdzsy 4 o d ,ts Miff O telfDdz jtcdPdyds ° HOdalz' stc O j C Ists
Fo(t):(r:ro,/:o,z:vt), Hiwddzdhj My dO MmMdzj Hy <d dzOyY(d de:

For, =QEm, Emn,(Q B. (4.54)

U ftejilsnHdER fdUte@sOs > O ©WOHJ Odzdzz € &Y tsdzj dzls iz
ftslsduyd tSH HJ&ZBOBJUESd ftsdzOtedL Oyd 4 d HOIO " jJ €O

“’Uim
. 455
Wy ( )

Eier -

10 MBFERtsHdzs OdzOdzd L  teofstm jro v teds®i (EEQABSoylE dd L 6OL O
fsilsd dzedf <Qdz d Casjdel jtedpds dad O e dejoLlgfted HJ W dded MOdej WdL d

4.5.1 mjHdsYWd&Z=zdHdd ~dHtesHddZOBd yusd

1 OkMmilsOo dzO M wO4.52d; OO B dqLOL O L O ddzH z2$ 59 (
" dHdesW dzzd Hdzd - dH et BARO dsHUSSBA] | dshis): dz (

é a2 iy +ik(z vt 2 0
Hae4RQA A ™™ LU KIr) L (K| £)K, (kIR) ém k ky dkg

_ m=- 9 g : 4.56
s=Q-& z ’_f=6, oz w (4.36)

Htej' o OF j&5 fejlsnisHdse dLEOLO M) &syj 0L
iz H Ok §Of:

S=80 ng ﬁlm(kfo)Km(kR)'m[c(m’k'k")]dk’ (4.57)

CGHjcmkkyWEkdS yd © SHLd9O dqdHkzC e Odzj Y soth ddzmC j
fslsj dyd {O&O:E BIKKO4 . 18

1 slsj dgyd * Odz lzdeDO . RO @B JLIEOLO L O ddzHEZS 5o (
“jHdzsW 2z d H dzd T dftE o j dz 6 @0 658 BLE 4 O &3t
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= 4QRE fnloo)Ki(KRRelo(mk kvdk, (4.58)

CHj clinkk) SO d k ftjsisHdsd fMdtyd & WkdSyd' O
Bies dzj ckfmisdds dz©@ Myde ©®OF fisf4sls]ezyd Odz H OO

sd ZO &SP QL HBBIB S 4fj d&syj Mo jMmisd d&zO:

I-lUim
= —. 4.59
W ( )

ro*d mwj' de Ot fjsHdpugss] JI®BOOD] MOHEY

=

imrg
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