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Kpavrounyovikn 11 A. Kopavikag kou I1. Zonkog
Inpawwoeig IV: H Eicwon Schroedinger yio copdtio 6g Kevipiko dvvapiko.

1. Axktwikn e€icoon

H &&iowon Schroedinger ywo évo. copdtio 10 omoio Kveitotl KAT® Omd Tn EMIOPOCT KEVIPIKMOV
duvdpemv Ba £xel, 6€ GPAPIKEG GUVTETAYUEVEG, TH LOPOT :

{_h_z(a_ﬂ%ﬁ}r L —+ V(r)}‘l’ 0 (120,0) = E¥, (r,0,0) (4.1)

2ul\or’ ror) 2ur
2ty e&lomon avt yphyope u ™ pélo Tov copatidiov (Yo va pny yivet chyyvon pe tov kBavtikd
aplOpd m), ONUEMCOUE HE TO TEPIMNTTIKO Ovopo {a}Tto GOVOAO T®V OEIKTOV 7oL Eglval
OTOPOITNTOL Y1 TOV TANPT KaBOPIoHS TNG KATAGTOONG TOV COUATIOON Kol YPAWOLE:
r =—h2( o +cotd— a 12 GZZJ 4.2)
00’ 89 sin” @ O

AoV o1 dupopikol terectég mov gppavifovror oty €E. (4.1) dev UTAEKOLY TV OKTIVIKY HE TIG
YOVIOKEG LETAPANTEG UTOPOVUE VO, YAEOVLE Y10t ADCELG LE TN HOPPT|
VY, (.0,0) =R, (MY, (6,0) (4.3)

Avtikotdotoon oty €€ (4.1) Bo pog odnyfoet 6to cupmépacua 6t ot cuvaptioelg Y, TPEMEL Va

etvat 13106VVaPTAGELS TOL SLoPOoPIKoD TeAeT| (4.2) Kot emopévag Ba ypayoue :
LY, (0,p) =21+ DY, (0,0) (4.4)

Metd v €& (4.4) sivar moAd evkolo va  dovpe 0Tt M oakTwvikn e&dptmon g (4.3) Oa
npocdopiletar and v e&lowon :

d* 2d L 2u 1(1+1)
Llrz e “(E-V(r)- = }RE,(r) =0 (4.5)
Xy e€lomon avtr onpeldcape pntd Tovg dvo deikteg amd tovg omoiovg Ba kabopiletar (TpoPavdg
AOy®m ™¢ (4.5)) n ovvapmon R: tov oOgiktn E mov agopd otnv gvépysla Kol Tov dgiktn / mov
aQopd 6TO HETPO TNG TPOYLKNG GTPOPOPUNG. No TapaTnpr)CoVE APEGHOS OTL 1| KUUATOGLVAPTN O
0V cwpoTiov e&aptdtot and Tov KPovtikd aptOpd m oAdd Oyt ol EMTPENOUEVES TILEG TNG EVEPYELOG
(ot omoiec Ba mpokdyouy amd v avdivon g €£.(4.5)). Avtd onuaivel 6t Oa vdpyovv 2/+1
SPOPETIKEG HETAED TOVG KATOOTAGELS Ol omoieg Ba Eyovv v dw evépyela . Me dAla Adywo Oa
&xovpe (To eAdy1oTO) EKOEUAMGHO TAENg 2/ +1 TV gvepyelak®V emmEdwV. No OTUEUDGOVUE OKOLO
011 10 €vePYO duva ko ( : avtd mov TeAKd kabopilel Tig duvapelg) eivoan

V)= P+ . 1(1+1)

O debtepog Opog otV mopamdve oyéon eivar €va omoocru«') KEVIPOQLYIKO Suvapkd 10 omoio
0QeiAETAL GTNV TPOYLOKY] GTPOPOPLT.

(o) H €. (4.5) oev eivon gdkoro va pehetnBel otn yevikn g popen. ' 1o Adyo avtd Oa
Eexwvnoovpe amd TNV TePinTon 1oV €AgVBEpov cwpaTiov :

d 2d 1(1+1)
[drz L }RM( )=0 (4.7)

(4.6)

+k% -




Ed® 1o Adyovg svkoMac yplyope k* = ;—é’E (E>0) xon aAAdEape avtiototya Kot Tov dgiktn (o

omolog Tpa etvat GuVEXNG ) TNG OKTIVIKNG GLVAPTNOTG.

IMa va Aoovpe v €€. (4.7) Ba Eekivnoovpe amd v anAn nepintwon [ =0:

d> 2d 1, d°
(ot R =~ )Ry ()] =0 (48)

H yevicn Aom ¢ tedevtaiog e€iomong lvat :

rR,,(r) = Asin(kr)+ B cos(kr) (4.9)
Eivar Aoywo va {ntfoovpe n Kopatocuvaptnon va gival menepacpuévn Kabag » — 0 kot ETopEVMmG
va dtaAéEovpie T Ao

R, (r)=4 sin(kr) (4.10)
IMa va cuveyicovpe Ba kdvoovpe TV aAlayn
R, (r)=r'2,(r) (4.11)
ko Qo Eavaypdyovpe v €5.(4.7) :
d> 20+h)d ,
_ —+k V=0 4.12
[drz dr X (1) ( )
Av mapayoyicovpe v e&iomon avt| akoun po eopd Ba whpovpe
2
42D d e 20D 20 (4.13)
dr rodr r dr

H tehevtaio enépPaon mov Ba kdvoovpe eival va ypdyovpue di Xu(r)=r1f,(r) omdte n e&lowon
r

(4.13) Oa yiveu

2
42D D e ey =0 (4.14)
dr rodr
Av topa cvykpivovpe 11§ e€lomcels (4.12) ko (4.13) BAémovpe 6T
1d
S =cxn(r) = xua()= C;EZH(F) (4.15)
Epoapudlovtag emavelinupévo v tedevtaio Oa mépoovpe
1dY 1dY
Xu(r)= ¢ (__j Zio(r) = Ry(r)= c'r’ (__j Ry (r) (4.16)
rdr rdr

H tehevtaio oyéon av cvvdvaotel pe to amotéreoua (4.10) Ba pog ddoel ) {NTOVUEVN OKTIVIKY
cuvéptnon :

R, (r) = Ac'r (1ij sinkr) (4.17)

rdr r
Tig otabepéc mov gppavionkav Ba 11g Tpocsdopicovpe amd T cvvOnkn opboywvidoTnTag TV
OKTIVIK®OV GLUVOPTNCEDV

[drr Ry (r)R, (r) = 8(k — K')5, (4.18)
0
(0 AaPape vroyn T0 OTL 0 dgikTNG k €lvol cuVEXNS ).

Tov cuvtedeot) 4 pmopovpe va tov vtoroyicovpe and v nepintwon [/ =0:

2



A S T 47
j drr* R, (1R, (r) = |4 jdr sin(k'r)sin(kr) =1 j drsin(k'r) sin(kr) =
0 0 —o0

4 7 4 7

= j dr[cos r(k —k")—cosr(k + k)] = AT j dr[ ") =) ] = (4.19)
2
= ﬁzw(k -k = |4= 2
4 V4

Mo ™ otabepd ¢ elvar apketd va Bempnoovpe v mepintoon /=1 . O vmoloyioudc Ba pog
1
00N YNGEL GTO OMOTEAEGLOL |c| = 7 Q¢ cuvnbwg N kavovikomoinon dev Umopel vo TPocdlopicel TV

@aon Tov otabfepmv avtwv. H cdupacn mov axorovbeitoar cuvimg eivat va dtohéEovpe

A= \/z Kol ¢ = 1 (4.20)
V4 k

Metd amd v avaivon avt £xovpe PPEL Yo TO OKTIVIKO HEPOG TNG KLUOTOGUVAPTNONG :
2

R,(r)= ,}%j, (kr) (4.21)

Omov

ji(p)= (1) (lij np (4.22)
pdp) p

elval ot Aeyopeveg opupikés ovvaptijoels Bessel .

Mo mnpoémTa va avaeépoope OtL av dev elyape Bécel v amaitnon m Abvon pog va gival
nemepoopévn oty apyn (awtd Ba pmopovoe va copPaivel, yio mopadelypad, oV T0 COUATIO NTOV
elevbepo amd o amdcTaon Kot HeTd) Oa Empene vo KPATNCOVUE Kol TOVG 000 OPOLG GTN CYEOT
(4.9) pe toug cvvteAeoTEG VAL TPOGOOPILoVTOL AmO TIG GUVOPLOKEG OTTOLTIOELS TOV GUYKEKPLUEVOL
wpofAquatog mov Ba aviipetonilape. Av avti Yoo TOV TPMOTO ElYOUE KPATNGEL TOV OEVTEPO OPO TO
amoTéAeca 6T0 omoio Oa kataAnyope Oa oy

Rk,(r): —2k2 nl(kr) (4.23)
T
Omov
n(p)=(-1) (l—d j cosp (4.24)
pdp) p

etvar o1 Aeydpeveg c@arpikég cuvaptiioels Neumann.
Mmropel kaveig va glcdyet kot 11 s@aipikég ovvaptioels Hankel apotov kot dgutépov gidovg

hl(i)(p) =n(p)tij,(p)= (_1)1 (%%j % (4.25)

Oleg o1 Topamdve cLVOPTNOCELS (EMOUEVMG KoL Ol YPOUUKOL cLVOVAGHOL TOVg) gival AVoE NG
Baocwmng eElowong (4.7). Tlow amd OAeg O SwAéEovpe G KOMOO GLYKEKPIUEVO TPOPAN LA
e€aptatol omd TIG GLVOPLUKES OMOLTHGELS OV TO GLVOSEVOVY. A TOVIE, GTNV TO OTAN dLVOTH

TEPIMTOON TOL EAEVOEPOV GOUATION 1) GOOTN EXAOYN EIVOL VTN TOL UAG 0O YNGE GTO OMOTEAEC AL
(4.21).



2. EvalloxkTtikn Adon

To amotéheopa (4.21) umopei va mapaydel kot pe dAiovg tpomovg .Edd Ba avapépovpe évav amd
aVTOVG OV TAPOLGIALEL KATO0 eVOlaPEPOV. Ba Eekiviioovpe omd TNV anin okéyn Ot o EEpovpe
™ AOom ¢ eledBepng eicmong Schroedinger e KaPTEGIOVEG CUVTETAYUEVES :

-\ _ 1 ik-7
¥(F) = G (4.26)

- 2 2
TO Qvuopo k£ €xel pétpo k| = B E k). A@o¥ 01 GLVOPTAGELS OV ElGAYOUE LE TN oo (4.3):
hZ

W (r,0,0) = R, ()Y, (6,9) (4.27)
QTdYvoUV éva TANPES GVUVOLO vl TPOPAVES OTL UTOPOVLLE VO AVOADGOLUE TN cvvaptnon (4.26)
ot Pdon (4.27):

et =3 a,, R,(NY,,(0,9) (4.28)
I,m

Enedn to copdtio £xel kabopiopévn evépysta elvar govepd 0Tt povo 0pot pe Kabopiopévo k Oa
eneaviovtot 6To ToPATAVE® OVATTUYLLO.

—2 gyet evoopotmOel

Ao v e€icoon avt (otnVv omoia 0 mapdyovtag kavovikomoinong (27h)
oT1g otabepég a) Bo TPooTaONGOLE VO TPOGOIOPICOVE TNV OKTIVIKT Guvaptnon. Mropovue va
amAOTOMGOoLE Alyo to mpdypata Bempdvtag Otl to dvucpa 7 givor oty kotevbuveon Tov dEova
z oeov outd dev mpdKeltal vo exnpedost v axtviky e&dptnon. Emopévog Eavaypdeovpe v

(4.28) pe ™ popeiy:

ikr cos 21 +
e’ = zaszkz (r)Y,,(0) = zaku/ . — Ry (r)F(cos ) (4.29)
/ i

Y10 TO TEAELTAIO POl YPNOUYLOTOUCALE TN YVOCTH LOPPY| TOV COUIPIKMY OPUOVIKDOV KOl YPOYOLLE
[N N

= -X 4.30

/( ) 2 l' d 1 ) ( )

A6 T oxéomn opHoymvidTTaG TV GOOUPIKAOV OPUOVIKDV

JdQY;,o (0, oY, @,0)=0,

Byalovpe 10 cvumépacpa  OtL ot cuvaptioels (4.30) — moAvovopa Legendre — tkavomolohv
oyxéon opboywviotntog:

2
=%
2/ +1
Mmropovue Topa vo ekpetaArevfodue ™ oyxéon ovty kol anyaivoviag oy e€lowon (4.29) va
dovpe 61t

Td&’ sin @b, (cos @) F(cos ) = j dxP,(x)P(x) = (4.31)

o /21+ 1
J.dxe F.(x)= Zakl sz(r)dep (VB (x) = (21, D ay Ry (1) (4.32)

"Exovpue Bpet Aourov ot :

R,d(r)—a Jr (2l +1 j dxe™™ P (x) (4.33)

il
I[No va ovvoeBodue pe ta mpomyovueva omors?uacpaw 0G UEAETGOVUE TO OAOKANPOUO TOL
epeavifetot oty TeEAevToio oyéon :



[ e D |
1= jl dxe™™ P(x) = ] 1-x%) (4.34)
AUES®G PTOPOVLLE VO SOTICTOCOVLE OTL
1
I,= [ dve" =2 SINT) _ 1 (ke
-1
1 1 .
I = j dxxe™™ = ii j dre' =i 9 SIm) 2ij,(kr) , ..., (4.35)
Y ik dr °, d(kr) kr
d sm(kr)
1, =2i'(=1) (kr kr
(=D'( )(krd(kr)] P 24, (kr)
KOl EMOUEVAS
l
Ry(r) = J4x(2I+1) j,(kr) (4.36)

kl
TOV GLVTEAECTN KavoviKomomong Ba tov tpocdlopicovpe amd tn cuvOnKn opboywvidotntag :

ArQI+D)F, 5., . 4r2l+1) 7
————\drr"j,(k'r)j (kr)——
|ak1| '([ l l |ak1| 2k

[Ma to tedevtaio Pripa xpnmuonouﬁcaue ) oyéon (4. 21) N omoio 00MNYEl GTO CLUTEPAGUA

TdrrzRZ,l(r)R,d (rN=0k-k"= ~O(k—k") (4.37)

J.drr Jy(k'r) j,(kr) = 5(k k" (4.38)
Enopévmg (kot dStoAéyovtag t @domn Tov a €161 MOTE 1) OKTIVIKY] GLVAPTNON Vo VO TPOYUOTIKT)
a, =iz, |2 2; + (4.39)
Metd amd avutd Exovpe Bpet OTL N AKTIVIKN GLVAPTNON Elvar
2k*
R, (r)=\|—Jj,(kr)
T
eVO TO ovamTuypa (4.29) £xel mapetl TNV TEMKN TOV LOPPT:
el = Zil(2l +1)j,(kr)P (cos8) (4.40)
!

3. Mgiétn TOV AVGE®V

AV ka1 0eV UTOPOVUE VO ODGOVUE YEVIKOVS KOVOVES, €lvol YpNGILO VO, OOVUE TN CLUTEPLPOPA TNG
OKTIVIKNG ££l0mONG Yol pic Eupeia YA SUVAUIK®V.

H agempia pog Oa givar 1 e€lowon

> 2d 2u 3
{?-'_rdr (E- V(r))}RE,(r)—O (4.41)
oMoV
V() =V (r) 42 l(l“) (4.42)

Otav = 0 kot agod #°V(r) = 0 sivar Tpogavég 6Tt To evepyd duvapkd Bo kuplapysitat and To
KEVIPOPUYIKO duvoptkd (Vo v mpodmdbeon ot [ # 0) ko n Avon g €€.(4.41) eivor yvoort:



2k? 1d j’ sin(kr) (443)

R,(r)= Jz(kr) (1) k/[ ar

H Mon avt) aeopd 6to npé[}?n]ua pag povo otav » — 0 ko emopévog Bo mpémet va Ppodue ™
HOpOY| TNG GTNV TTEPLOYT| avTh. Oa ypawyoupe

r

. - ( 1)" 2n+1
kr) E kr
sin(kr) 2 (2n+1)'( )
omote M €€.(4.43) Ba mhpel T popon
2 r’ (=D
R == . |[= 2 ( 4.44
W=D = (Jz;(znﬂ), Py (4.44)

Eivon mpopavég 011 oty mapoandved duvapocelpd o mo onuavtikog 0pog Ba givar o n=/ apov ot
napoywyicelg undeviCovv OAOVG TOLG TPONYOLUEVOLS Kol OAol ot emduevol Ba pndeviovtan
TaxOTEPA OO AVTOV. Enouévoog (’)wv r — 0 n Abon (4.43) Ba mpoceyyileTon amd TV :

n
Rk[(r) ( 1) l ( 1) k21+ll‘ . Rk[(r) EL kl+1rl
Z kT (20! 7 QI+1)!

(4.45)
H mopandve avaivon dev woyvet , BéPata, oty mepintmon [ =0 ondTe 0 KEVIPOPLYIKOS OpOC Agimel
oo TO £VEPYO SLVOULIKO Kol ETOUEVAOS TO TPOPANLLOL TTOV TTPETEL VO LEAETNGOLLLE gfvat

d> 2d 2;1 _
[ Ty = (E- V(r))}Rko(r)—O (4.46)

Oa kdvovpe v Aoy R = lcf (r) omodte M mponyovpevn eEicwon Ba mhpet T pLopen
r

&2 _
7ot (E=V ()6, =0 (4.47)

Av doxypdoovpe Aon g popeng & ~ ¢ Bo mapovue
aa—1)+7r i—é‘(E —¥)=0 (4.48)

agov 7’V — 0 1 televtaio eElomon Bo [Log 0dMYHGEL GTO GUUTEPAGHLOL

a(a—1)=0
H emiloyn mov kpatdel v axtivikny cuvdptnon nenepacpuévn v » =0 eivarn a =1 Kot eTopévag
oto Opo r — 0 n cvvapon R,, ocvuneppépetol cav o otadepd Omme tpoPAiénetorl kot and To
arotédleopa (4.45) av Bewpovoape 6Tt avtd umopet va emextabel katl oty mepintmon [ =0.
®o mepdoovpe TOPA 61O Oplo ¥ —> o0 . Av cvuPaivel To dSvvokOd Vo pundevileTar TOAD ypriyopa
PV (r)—0 ko ov [ #0 kot TEAL TO KEVIPOPUYIKO SUVOUIKO EXEL TOV TPAOTO POLO KO ETOUEVOS TO
TPOPANUE poc ocvvictator 6To vo Ppodpe TN cvumeplpopd g Avong  (4.43) oe peydhec
OmOCTAGELS. ATO TN Hopen NG elvar avepd 611 M kuplopyn cvvelceopd Bo mTpoépyeTal amd Tig
TOPOYOYICE TOV MTOVOL aPOV Ol TOPAYMYIGELS TOV OPOV TTOV EXOVLV SUVAUELS TNG ATOCTUCNG
otov tapavopacti Ba divovv acBevéotepo amotédeopa . 'Etot:

R, (r)=(~1) k!(ljJ sintkr) o yy |2 i jr _sin(kr) (4.49)

B
KOl apov

' iSin(kr) = —k cos(kr) = k sin(kr — Z) ,
dr 2

2
(1) sin(hr) = -k costhr - 5) = sinthr - ),



d' 1¥/4
—1) —sin(kr) = k' sin(kr - —
( )dr’ (kr) ( 2)
Ba &yovpue o1

2 sin(kr—Iz/2
N (4.50)

r

H mapondve avdivon dev toydel oty mepintoon [=0. Agv 1oydel eniong edv 10 dUVOLUKO

pundeviletar pev Kabdg » — oo oAAd Oyl t6c0 ypnyopa 6co vmobécaue. Av dniadn V(r) ~

1+
rlZ

kabog r >0 pe a<l elvor mpogavég O6tL avtdg givor 0 6pog mov yopaxTnpilel To EvePyO
SuvapKd Kot Oyl 0 KEVIPOPUYIKOG. [t va dodpe TL yivetal oTig TEPMTMOELS aVTES Oa yupicovpue
otV €&. (4.47). Oa kdvovpe v oAl

&(r)y=e""g(r) (4.51)

kot Oa v Eovaypdyovpe

j—;¢<r)izik%¢<r>—i—é‘V(r>¢(r>=0 (4.52)

To dvvopikd PéPoara undeviCetor oto Opo » —> oo oAAG ovtd dev onuaivel Kat’ ovaykrn, 0Tt
UTOPOVLE VO TAPOAENYOVUE TOV TEAEVTOIO OPO OTNV TOPATAV®D €5IGMOT. AV UTOPOVGOE VO TO
Kévoue Bo KATOANYOLE GTO GUUTEPAGLLA OTL 1] GLVAPTNON @ €lval pio oTaOEPA Ko ETOUEVOG

+ikr

§(r)y~e™ = R(r)~

(4.53)

o€ ovppovia pe to anotédeoua (4.50). Oa umopovoe SPMS 1 GLVAPTNON @ Vo, LETAPAAAETAL TTOAD
apyl £161 OCTE

i2ikdi¢(r) ~ 2—'IjV(r)(é(r) (4.54)
r h

omote M 0evTEPN Tapdywyog oty €. (4.52) elvar apeAntéa. H eficmon (4.54) pmopel vo Avbet
€0KOAOL KOl TO QTOTEAEGLOL TV

i r ! !
H(r) ~ ¢(r0)exp[$k—;; [arv(r )] (4.55)
Xy mapamdve oxéon r, eivar po awBaipetn (aAld peyddn) amdctaon. Ag modue topo OTL
V(r)= % To ohoxApopa yiveton apécmg Kot Oo Tdpovpe :
r

in c 1 1
B(r) = Jr)exp| F-25 (=) |~ () (456)
koo 'ry r
To amotélecpa avtd pog AEeL OTL LTOPoVE VO, OE®PNGOVUE TN CLVAPTNOT ¢ Gav o oTtadepd Ko,

EMOUEVMG, OTL OTaV TO Ovvoukd eivor tétoro wote limrV(r)=0 n oaxtviky ocvvéptnon

r—>0

CLUTEPLPEPETAL GE UEYAAEG 0mooTdoels Omwg dnAdvovv ot oyéoelg (4.50) 11 (4.53): cav éva

erevBepo (opaipikd) kOo T0 omoio ofnvel 6to amelpo. Av dpwg V(r) ~ < n ékepaon (4.55) Oa
r

yivet

H(r) ~ ¢(r0)exp($%clnij (4.57)

Ty
KOl EMOUEVAS



R(r) ~ %exp{ii{kr - k,thz cln Lﬂ (4.58)

o

To amotéleoua avtd pog Aéet kKatt a&toonueinto : Oco kot av amopoakpvvlel £Evo GoUATIO amd TV
apyn dev Ba amedevBepmBel and v enidopacn evog dvvapikob Coulomb.

4. DVGIKI GNUAGCLE TNC OKTIVIKNC GUVAPTNONC

Kietvovtag, Oa korta&ope ) Quotkn onuocio g akTvikng cuvaptnons. Eitvat kot apyn mpopoveg

O0tL M mwocHTNTAL Rn,(r)| Oa mpémer va oyetiCetar pe v mokvotnta mbavoétrag vo Ppebel To

COUATIO GE AmOCTOOT HETAEL » Ko 7 +dr oamd v apyn (Kot pe evépysla mov yapoktnpiletar amnd
oV aplud 7 Kol HETPO NG GTPOPOPUNS TTov Yapaktnpiletal and tov apBud /) . Ev todtoig dev
elval axpiPac n mokvotnta mlavoTTaS. AVTO UTOPOVUE VO TO OMIGTMOCOVUE O TN CLVONKT
KOVOVIKOTOINGNG :

R,(M[ =1 (4.59)

J-drrzR:F ("R, (r)=90,,0, = Idrrz
0 0

H oyéon avt pog Aéet 6t ) mocdta mov umopet va epunvevdel og mukvotnta mbovotnrag eivor n

2
Pu(r)=r|R, (1) (4.60)
kot 1 mBavotta va Ppedel 10 copdtio oe amdotacon petald » Kot r + dr givon
dP,(r) = p, (dr=r*|R, () dr (4.61)

AV 10 gvePYELOKO PAGLLO EIVOL GLVEYES M GYECT] KOVOVIKOTOINGNG £ivon

]gdrrzR:[, ("R, (r)=08(k—-k")o5, (4.62)

Eivar mpopavéc ot emedq n petaPinty keivon cuveyic m mocdmnTa |R,d(r)|2 dev  givan

OAOKANPOCIUN Kol ETOUEVMG Ogv €lval duvatov va, epunvevdel o¢ mokvotnta mbavotntog XtV

TEPIMTOON QLTI UTOPOVLLE VO ELGAYOVLLE TH GLVAPTNON
1 k+Ak/2

R,(r)=— dk.R, ,(7) (4.63)
Kl defmkl'.k/z 1141
™ péon T, dnAadn, e cvvaptnong R oe o Lovn evépyelog ebpovg Ak .I'a ) cvvaptnon
0TI 1oYVEL OTL

) _ 1 k+Ak/2 k+Ak/2

[arr? B[ =— [ ak [ dk,5(k—k)=1 (4.64)

0

k—Ak/2 k—Ak/2
r /4 = 2 /4 I4 r r I4
KOl ETOPEVOC 1) TOGHTNTOL 7 ‘Rk, (r)‘ umopel va epunvevbei og 1 wokvotnta mlavotrag vo Ppedel

TO COUATIO G AMOGTACT] LETAED 7 Kol 7+ dr Kot pe evépyeta o€ o {ovrn evpovg Ak . Zopewvo e
TN AOYIKT VT Kot G€ OTL POopEd 6TO GLYKEKPLUEVO TPOPANUa N mbavdtTa va Bpodie T0 copdTio
TOAD KOVTA GTNVv apyf] Kot LECH GE o «OTEVI gvepyelakn Covn dk stvan

2f 20 T
dP,(r)=— : kr)*'* drdk 4.65
u(7) 7Z'|:(2[+1)J (kr) (4.65)
Kot 6nwg B Teppévape etvat TOG0 PIKPOTEPT OGO HEYAAVTEPT EIVAL 1] GTPOPOPUT] EVD OEV VILAPYEL
nepintwon va Bpedel 10 copdtio oy apyn. Avtictorya 1 mboavotra va Ppedel 10 coudTIo TOAD
pokpld amd Ty apyn eiva

dP,(r) = %sinz (kr —%[)drdk (4.66)



