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C000oooo

Dark matter (DM), a major component of our universe whose nature remains un-
known, plays a crucial role in understanding our cosmos. This thesis analyzes a
neutrinophilic dark matter model featuring a proposed Dirac fermion that couples
to standard model neutrinos via a vector portal. Using Feynman diagrams, the decay
widths of the interaction boson and the cross sections of the annihilation processes
were calculated. The model’s parameters were systematically scanned to identify
configurations resulting in the correct relic density and to understand how different
parameters affect the final relic density. It was observed that the final relic density
is proportional to the mass of the DM particle, while it is inverse proportional to
the couplings. Comparison with results from O000000000 shows that code fails at
resonance but agrees within 20% in other regions. Measured neutrino fluxes from
experiments were used to constrain the parameter space. These constraints indicate
that the correct relic density imposes stricter limits on most of the scanned param-
eter space. Finally, a bisection method was introduced to optimize one parameter
for fixed combinations of others. Grid scans revealed the connections between pa-
rameters necessary to achieve the correct result. Further study needs broader scans

and better methods for the resonance.
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LQi iBQM

6Q i?Bb i?2bBb- KQbiHvV i?2 M im~ HmMBkb ="12XmhK/ yBBPBQM iQ

i? i-:"22F BM{B+2bwvUmM 7 QK y iQ j- M/ G iiBM: BM7TBGRIIRUQ |-

rBi? i?72 1BMbi2BM bmKK iBQM +QMp2MiBQM TTHB2/X h?2 iBK2 /2B
rBi? M Qp2dX/@ti UxVXQm @p2+2Q°Bii2M b MQ K H HZiiMM/U2X;X
i?7'22@p2+2QMQi2/ rBi? M “QﬁV#(Qp—EbL(D 7Q i?7262vMK M+ H+mH iBQM
bH b?2/ MQi=iB@MBb mb2/- KQM; Qi?2° MQi iBQMb /Bb+mbb2/ BM i?2



R JQiBp iBQM M/ AMi"Q/m+iBQM

aBM+2 i?2 #2;BMMBM; Q7 i?2 kyi? +2Mim v- +QMi Qp2 bB2b “2; “/BM
im 2b bm+? b ; H tB2b ? p2 'Bb2MX h?2b2 +QMi ' Qp2 bB2b H2 / iQ |
//IBIiBQM H BMpBbB#H2 +QKTQM2Mi Q7 K bb- r?B+? QMHvV BMi2  +ib
bQ@+ .HH2J ii2> UJ Vi F2b mT #Qmi kdW Q7 i?2 mMBp2 b2 K bb@ 2N\
i2MiX 6Q° +QKT "BbQM- i?2 FMQrM Q /BM v K ii2  U" "vQMbV QMHv
“2K BMBM:; e3W Bb . "F 1M2 ;v-r?B+? Bb "2bTQMbB#H2 7Q" i?2 ++2H:
MMBp2 b2X h?2i"m2M im2Q7. FJii2> M/. F1M2 :vBb biBHH iQ
kk QR VX

h?2 #2bi@FMQrM 2t KTH2 Q7 M Q#b2 p iBQM i? i T'Q#2b i?2 2tBbi2M
B#H2 K ii2° Bb i?2 Qi iBQM H bT22/ Q7 bTB" H ; H tB2bX ++Q /BM;
+QMbB/2 ' BM; QMHV i?2 pBbB#H2 K ii2 - i?2 "Qi iBQM H bT22/ Bb 2tT
/IBbi M+2iQ i?2 +2Mi2° U RXRKBWW2 BMB2Xp2/ Qi iBQM H bT22/ U; 22M
}:XRYRQM i?22 Qi?2° 2 M/-/Q2b MQi /"QT b 2tT2+i2/X

6B:m 2 RXR, Qi iBQM +m p2b Q7 bTB  H; H tB2bX h?2 Q#b2 p2// i I
+m p2 M/ BM "2/ Bb i?2 2tT2+i2/ Qi iBQM +m p2 Dmbi +QMbB/2 BM; i
/IBb+ 2T M+v Bb T Q#2 7Q  i?2 2tBbi2M+2 QZ)MX U6B:m 2 i F2M 7" Q|

h?Bb T?2MQK2MQM + M #2 2tTH BM2/ #v i?2RtIBAQ2R2 D Q726 B/ .JIX
i?72 Qi iBQM H bT22/ Q7 i?2 M/ 'QK2/ L2#mH - +QKT 2/ Bi iQ i?2 K
Q7i?2 Q /BM v K ii2' - M/ 7QmM/ Qmii? i BM i?2 2ti2"BQ" "2:BQM Q7
#Qmiey iBK2b KQ 2 .Ji? M Q /BMW v K ii2" (

MQi?2  TB2+2 Q7 2pB/2M+2 7Q" i?2 2tBbi2M+2 Q7 .J +QK2b 7 QK i?
*QbKB+ JB+ Qr p2 " +F:"QmM/ U*J"VX Ai bm:;2bib i? i i?2 mMBp2 b2
HKQbi~ i-r?B+? K2 Mbi? ii?2 T 2b2MBRMRT  QtBMDbIRIVWQ i?2 + BiB+ H
/2MbBivg(9)X .m2 iQ i?Bb Bi Bb TQbbB#H2 iQ /2i2 ' KBM2 i?2 TQ iBQM
+QMi'B#miBQMb Q7 i?2 K bb@2M2 ;v +QMi2MiX h?Bb rBHH #2 [/ 2b
BM +? TRk i?B/ p2'vTQTmH ~ 2t KTH2 7Q" i?2 2tBbi2M+2 Q7 .J Bb
i?72 2z2+i Q7 ;> pBi iBQM H H2MbBM:X ++Q /BM; iQ i?2 ;2M2  H i?2C
#2M/b i?2 7 # B+ Q7 bT +2@iBK2- M/ b +QMb2[m2M+2-i?22 bi  B;?
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6B;m 2 RXk, AHHmbi  iBQM Q7 ;" pBi iBQM H H2MbBM;X h?Bb ? TT2
Q#D2+i BM #2ir22M i?2 ; H tv M/i?2 1 i? BbbQ bi'QM; i? i Bi #2M/b
Bib2H7X U6B:m 28 \F2M 7 QK (

b22Kb iQ #2M/ b r2HHX aQ BM i?2 T'2b2M+2 Q7 p2'vK bbBp2 Q#D2

HB;?i 2KBii2/ #2?BM/ i?Bb K bbBp2 Q#D2+iX M BRXmnmdBMiBXQM Bb b

i?72 /BbiQ iBQM /2T2M/b QM i?2 K bb- Bi Bb TQbbB#H2 iQ /2i2"KBM2 i

Q#D2+i BM #2ir22MX *QKT "BM; i?2 /2i2°KBM2/ K bb iQ i?2 pBbB#H?2

i? 11?2 ; HtvBbbm "QmM/2/ #v KQ 2 K ii2Xi? M 6r2 b226 (

AM i?Bb i?2bBb- r2 2tTHQ 2 i?2 ?2vTQi?2bBb i? i/ "F K ii2> U.JV + M
T "iB+H2X g?BH2 .J /Q2b MQi M2+2bb "BHv ? p2 iQ #2 T "iB+H2-
T'2p H2Mi M/ 2z2+iBp2 TT Q +? rBi?BM T "iB+H2 T?vbB+b- bmTTC

2tTH BM p "BQmb bi'QT?vbB+ H Q#b2 p iBQMb d\K/ +QbKQHQ;B+ H T

h?2 /2i2+iBQM Q7 .J Bb /BpB/2/ BMiQ irQ T "ibX 6B bii?2 /B 2+i/2i2+

Q7 T°'Q/m+BM; .J BM +QHHBbBQM Q7 FMQrM T iB+H2b BM +QHHB

Q7 pBbB#H2 K ii2° /m2 iQ .9 X%+ MRPBMQKM/- i?2 BM/B 2+i /2i2+iBQMX

BM/B 2+i .J b2 "+?-i?2 .J T 'iB+H2b MMB?BH i2 BMiQ ai M/ “/ JQ/2
M/ i?22 "2bmHIBM; ~mt Q7 FMQrM T "iB+HXb Bb iQ #2 K2 bm 2/ (

h?Bb h?2bBb M Hvx2b bBKTH2 KQ/2H BM r?B+? i?2 T°QTQb2/ .J T

72°KBQM i? i +QmTH2b i2°Qm;? p2+iQ  #QbQM iQ i?2 aJ bT2+B}+ H

h?2 ;Q HBbiQ 2tTHQ 2 i?2 T ~ K2i2  aT +2b2i#vi?2 KQ/2H +QMbBbi2

[2MbBivX

Ai Bb bi'm+im 2/ BM i?2 7TQHHQrBM; r v, i} bi-i?2 i?2Q 2iB+ H # +

mM/2 bi M/ M/ /2 °Bp2i?22[m iBQMbBb/Bb+mbb2/X AMi?2 M HvbBb

i?72 2tTHB+Bi + H+mH iBQM Q7 i?Bb h?2bBb Bb K /2- BM+HmM/BM; i?2 |
M/ ii?22M/- +QM+HmbBQM M/ M QmiHQQF "2 K /2X



k h?2Q 2iB+ H" +F; QmM/

AM i?Bb +? Ti2 - i?2 i?2Q v M22/2/ rBHH #2 2tTH BM2/X 7i2° b?Q"
i?72 aJ- rBi? M 2KT? bBb QM i?2 M2mi'BMQb- i?2 ?BbiQ v Q7 i?2 mME
# B27r v-7Q+mbBM; QMHV QM i?2 "2H2p Mi T ib 7Q  i?2 2p Hm iBQ
7Q0mM/ BM i?2 G2+im 2 LQi2b Q7R XMIB2H 7" 22& MQ(Mmi K2+? MBbK Bb i
T 2b2Mi2/- M/i?2 +QM+2Ti Q7 "2HB+ /2MbBivBb BMi Q/m+2/rBi?i?2
/2+QmMTHBM;X AM //BiBQM iQ i?Bb-i?2 "QHixK MM 2[m iBQM 7Q" i?2
p2° :2/ + Qbb b2+iBQMb 2 /2 Bp2/X L2ti- i?2 62VMK M "mH2b iQ +]
KTHBim/2 M22/2/ 7Q" i?2 + Qbb b2+iBQMb ‘2 /2TB+i2/- M/ i?2 GQ 2
bT +2 Bb #2BM: //°2bb2/iQ + H+mH i2 i?2 + Qbb b2+iBQMbX 6BM H
? M/H2 i?2 "2H iBpBbiB+ FBM2K iB+b- BM+HmM/BM; i?2 J M/2Hbi K p

kKXR h?2ai M/ '/ JQ/2H

h?2 ai M/ */JQ/2H Bb i?2 KQbi +m "2Mi M/ +QKTH2i2 /2b+ BTiBQM Q7
Q7 i?2 T iB+H2b i? i 2tBbi M/ i?2 BMi2  +iBQMb #2ir22M i?2KX Ai +Q
UbBt[m "Fb M/bBtH2TiQMbV M/}p2 #QbQMb U7Qm ; m;2 #QbQMb M
>B::b #QbQMVX h?2 [m "Fb BMi2  +ii?2°Qm:? bi'QM; Mm+H2 > 7Q +2-
b MBMi2 +iBQM T "iB+H2X S?QiQMb 2 i?2 BMi2  +iBQM T “iB+H2
BMi2" +iBQMbZ @I/MP@#QbQMb 2 i?2 K2/B iQ b Q7 i?2 r2 F BMi2  +i

6B;m 2 kXR, 1H2K2Mi v T "iB+H2b Q7 i?2 ai M/ "/ JQQN2HX U6B;m 2

+QKTQM2Mib "2 b?RQXR BM };X



h?2aJBb [m MimK}2H/i?2Q vUZ6hVX h?Bb K2 Mbi? ii?2 T "iB+H2b
i?2 /Bz2 2Mi }2H/bX Z6h +QK#BM2b [m MimK K2+? MB+b rBi? bT2+B
KQ 2 +QKTH?2i2 /2b+ BTiBQM- bBM+2 i?2 [m MimK K2+? MB+b TT Q
+QM/BiBQMbX b +QMb2[m2M+2- i?2 aJ 7TmH}HHb i?2 “2[mB 2K2Mi
KQ/2HX h?2 BMi2  +iBQMb BM Z6h 2 /2b+LB#2B#? BB ;HR B HV
7mMM+iBQM Q7 RFX}2H/b (

bQMHvV M2mi'BMQb TH v "QH2BM i?Bb i?2bBb- 7m’i?2 /Bb+mbbBQ
i?2B° #2? pBQm  Bb QKBii2/ #mi + M ZM7 T MV B G 2/iBAHz B M

M/ J iB(M)

kKXRXR L2mi'BMQb

6Q° HQM:iBKR/iZ2 Vvr b#2HB2p2/iQ#2 irQ@#Q/v/2+ v-r?B+? H2 /b
PMQM2? M/-i?22M2 ;v Q7i?2 2KBii2/ 2H2+i'QMr b MQi/Bb+ 2i2 #mi
Qi?2°-i?2 M:mH KQK2MimKr b MQi T 2b2 p2/X hQ 2Mbm 2 i?2 +QMt
KQK2MimK M/ 2M2@/2BMb- M2mi BMQb r2°2 }’bi BMiQ/m+2/ #v S mH
T "iB+H2b rBi? HBiiH2 iQ M-QMQbDH DABBHQ? ;2 M/ bK HH BMi2  +iB(
"2BM; 2KBii2/ b r2HH BM i?2 /2+ v K F2b Bi i?°22@#Q/v T Q#H2K-

2M2 :v+ M#2 /BpB/2/ #2ir22Mi?2 2H2+i'QM M/i?2M2mi'BMQ-bQ +C
TQbbB#H2X h?2 2tT2 ' BK2Mi HT QQ7 7Q  i?2 2tBbi2M+2 Q7 L2mi BMC
M/ 2BM2b BM i?2 SQHi2 ;2Bbi 2tT2 ' BK2MiX h?2 /2i2+iBQM Q7 M2m|
#2+ mb2 Bi "2[mB 2/ bi'QM; M2mi'BMQ bQm +2 /m2 iQ i?2B" bK HH

M2rHv +QMbi m+i2/ Mm+H2 >~ TQr2  TH Mib 2p2Mim HHv T QpB/2/ i?Bt
h?2°2 Bb +Q "2bTQM/BM: M2mi'BMQ 7Q" 2 +? Q7 i?2 i? 22 H2TiQM
KmQM M/i mVX h?2b2 /Bz2 2MiivTi2b "2BM bmT2 TQbBiBQM-bQ 7
2H2+i'QM M2mi'BMQ + M #2 /2i2+i2/ b RMNQOM?2Q +QMB2[mi2BIMD Q7

i?Bb Qb+BHH iBQM Bb i? i i?72 M2mi'BMQb "2 MQi iQi HHv K bbH2bb
K bbrBi? MmTT2 #QmWQ Qi?2 2H2+i"QM M2mi BM@Xb M 2t KTH2 (

>Qr2p2°-i?Bb i?2bBb /Q2b +QMbB/2  i?2 K bb Q7 M2mi'BMQb- b Bi Bl
Qi?2° K bb2b M/ ? bKBMBK HBKT +i QM i?2 "2bmHibX AM+HmM/BM: Bi
i?72 + H¥+mH iBQMbX 6m i?2 KQ 2-i?Bb rQ F/Q2b MQi /Bz2 2MiB i2 #
Q7 M2mi BMQbX

kXK *QMi2Mi Q7 i?2 IMBp2 b2
6Q° 7m’i?2° "2 /IBM: M/ KQ'2 /2i BH2/ p2°'bBQM Q7 i?2 7TQHHQIBM;

H2+im 2 MQi2b R+QKK2M/2/X

Ai Bb r2HH FMQrM i? i i?2 mMBp2 b2 Bb 2tT M/BM; i M BM+ 2 bBM; "
7Q  i?Bb ++2H2  iBQM Bb biBHH MMFMQrM- K i?2K iB+ H/2b+ BTiB
2tT MbBQM Q7 i?2 mMBp2 b 2t)i BDb 2+ H2M7 B+ &Y +a BIME2 +?2Qb2M

7 22Hv- Bi Bb +QMpth)iB @M IQUi22 BM/B+2by "2 mb2/ 7Q" i?2 T 2b2

Ry



6B:m 2 kXk, .m2 iQ i?2 2tT MbBQM Q7 i?2 mMBp2'b2 i?2°2 Bb /Bz
+QKQpBM; 7° K2 M/i?2 bi iBQM v 7 K2X AMi?2 +QKQpBM; 7" K2 i?
TQBMib Bb mM+? M;2/ Qp2 iBK2- #mi i?2 T?2vaB+ N/ /BH M#2bb+ H2b
Qp2 iBK2X U6B:m 2MW¥2M 7 QK (

AM }KKXk?2 2tT MbBQM Bb bF2i+?2/- M/ Bi b?Qrb i? ii?2 /Bz2 2MiB iB
+QKQpBM; 7° K2 M/i?2 T?vbB+ H7> K2Bb + m+B HX h?2 +QKQpBM;
+QQ /BM i2 bvbi2K i? i 2tT M/b ii?2b K2 i2i? ii?2 mMBp2 b2/Q2b
i?72 /Bbi M+2 #2ir22M irQ TQBMib BM i?Bb 7° K2 "2K BMb +QMbi MiX h
QM i?2 Qi?2  ? M/-BbBM+'2 bBM; /m2iQi?2 2tT MbBQM Q7 i?2 mMBp
+QQ ' /BM i2b "2bmHi BM

rrovig ra(t); UKkXRV

rBi? 7Q  i?2 +QKQpBM: +QQ /BM i2X aQ- 7Q 2t KTH2- i?2 T?vbB+ H
/2°Bp iBp2 Q7 i?2 T?vbB+ H+QQ /BM i2,

da(t)
dt

dr dr
VTovEk #’b: a(t)a +

r=a(t)r+ Hr toyp UkXkV

H Bb i2Mm##H2 S ~KML2Bb /2}M2/ b

at).

o8 UKX]V

hQ /2b+ B#2 i?2 /vM KB+b Q7 i?2 mMBp2'b2 i?2 1BMbi2BM 2[m iBQM
G =8GT UkX9V
7 QK ?Bb ;2M2° H "2H iBpBiv?Rb:mpBI-iBEIM H *QMbi MiX Ai ? bi?2 7¢

Q7 i2MbQ  2[m BQM iB221BMbi2BM iPMMIQ?2Myi 2bb@2M2 ;v i2MbQ -
r?B+? 7TmM+iBQMb b K2 bm 2K2Mi 7Q  i?2 K ii2° +QMi2Mi Q7 i?2 mM

RLQi2i? ii?2°2Bb BKTQ'i Mi/Bz2 2NMm2#22r32°MK2iB7 i?3m##H2 *QMbi Mi
HoXH Bb iBK2 /2T2M/2MiHp?BbP2i?B p HM2 Q7 i?2 >m##H2 S ~ K2i2° Q7 iQ/ vX h?2 i"m?2
Q7 i?2 H ii2° Bb biBHH /2# i2/- bBM+2 rBi? /Bz2 2Mi TT Q68FKWTHbRbmHi p "B2b #
M4FKJTBHRb R (R)
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6B;m 2 kXj, *QbKB+ KB+ Qr p2 # +F;"QmM/ b Q#b2 p2/ #v SH M+FX P
HKQbi 2QKQ;2M2Qmb M/ BbQi'QTB+XW6EB;:m '2i F2M 7 QK (

i22 *J" U}; KXy Bi Bb H2;BiBK i2 iQ bbmK2 i? i i?2 mMBp2'b2 Bb ?2QK
BbQi'QTB+ QM H*QRKIHB2BY HYKX BMB+BTH2*QbKQHQ;B+ H T'BM+B
M/ i?22 bi'2bb@2M2 ;v i2MbQ  i?2 +QMiBMmBiv 2[m iBQM

L5800,

270 4 p)= kX8V
350 )=0 UkX8

+ M #2 /2IBRBM i?Bb 2[m iBQM Bb i?2 T 2bbm 2 Q7 i?2a@~mB/6 M/ 7°
Bb r'Bii2adX BAM i?2J KQ/2H i?2 mMBp2' b2 +QMi2Mi /BpB/2b BMiQ i? 22
/2T2M/BM; QM i?2 +QMi ' B#miBQM iQ i?Bb T 2bbm 2X
clJiiz2,
Jii2> Bbi?2i2°K 7Q° HH MQM®@ 2H ijBpBbiB+LTm iiBkBRb rBi?
b?Qrb i? iP7=Q0° i?2 2M2 ;v /2MbBiv

k! a s UkXeV

r?B+? Bb 2tT2+i2/- #2+ mb2 Bi /2T2M/b QM i?2 2tT MbBQM Q7 i?2 |
#MiBQMbiQi?22M2 ;v/2MbBivQ7i?2K ii2  BbbTHBIiBMiQi?2 +Q
K ii2 > U# "VQMMNV+QH/ .X

C _/BiBQM
_ /B iBQMBbi?2i2°K7Q" "2H iBpBbiB+ T "iB+H2bX 6Q  i?2b2 i?2
i?722M2 ;v /2MbBivX aQ riBX8 2[m iBQM

-/ a? UkXdV
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p Hm2 B®X PMHV bQK2 bK HH "2 b "2 2t+Hm/2/ #v iRRjZ2Km 2 2tT2 Bk

*EJjL2h Bb 7mim'2 mM/2'r i2° M2mi'BMQ i2H2b+QT2 2tT2 BK2Mi HQ+ i2/ BM i?2
/2bB:M2/ iQ 2tTHQ 2 /Bbi Mi bi"QT?vbB+ H bQm +2b M/ bim/v M2mi*BMQ T QT2 iE
(k9 X

9j



6B;m 2 jXd, *QMbi° BMbgZQ B?D+ MX >2"2 ; BMi?2 +Q "2+i "2HB+ /Z
b2ib i?2 bi'B+i2° HBKBi iBQMb iQ i?2 T ~ K2i2 bT +2 i? Mi?2 "2bi" B
2Bi?2°i?2 H2 /v 2tBbiBM; MQ  i?2 7mim 2 2tT2"BK2Mib

iXjXj S K2i2  PTiBKBXBM; rBi? i?2 "Bb2+iBQM J2i?Q/

~2: /BM;i?2T°QTQ'iBQM Q7 i?2 +QK#BM iBQMb i? i ;IFp2 i?22 +Q " 2+i
0:12 001V iQ i?72 +QK#BM iBQMb i? iH2 /iQr QM; "2bmHib- Bi Bb Q#p
i?72 +QKTmiBM; iBK2 Bb mb2/iQ + H+mH i2 mMM2+2bb v +QK#BM iB
"2H2p Mi +QK#BM iBQMb #Bb2+iBQM K2i?Q/ Bb mb2/iQ }M/i?2 +Q°
i? i +QM+HmM/2b BM i?2 +Q "2+i "2HB+ /2MbBiv 7Q" }t2/ +QK#BM iBQ
i2°bX h?22 7TmMHBKBW®2S ~ KZ{R22KRt +iHV i?PR kb BIMmMH iQ XK

+ H+mH?iBM 2 +? Bi2QIBBKBX2S ~ K2iB2¥XK?2 T ~ K2i2  iQ QTiBKBx2
b bi'BM; M/ 2im Mb i?2 QTiBKBx2/ p Hm2 Q7 Bi- 2Mbm ' BM; i?2 "2
T2+i2/ "2bmHiX aQK2 +? M;2br2°2 K /2iQ i?2iviB+ Hbim+im 2 Q7
AMbi2 / Q7 mbBM; iQH2 M+2 7Q i92i®BR2 +iH2T7 QK R222h22bmHIiBM;
Bb BKTH2K2Mi2/X HbQ #2+ mb2 Bi Bb /B{+mHi iQ T ' 2/B+ii?2 M;2 |
T K2i2 HB2b- bim+F +QmMi2 Bb BMBiIiB HBx2/iQ BMi2 mTii?2 HQ
R8 +QMb2+miBp2 iBK2b BM p Hm2 rBi?BM QM2 T2 +2Mi Q7 i?2 HQr?2
QmiTmip Hm2 Bb i?2M i?2 H bib2ip Hm2X
ANMNTIBKBXx2:'B/a27@?@KQQTb "2 #mBH/ "QmM/i?2 QTiBKBXx2 7TmM+i
rv bBMB/a2 "+XX&Q MQr Bi Bb TQbbB#H2 iQ }M/ +QK#BM iBQMb Q7 i-

ILQ K HHV iQH2  M+2 Bb b2i iQ /2i2°KBM2 i?2 ++m’ +v Q7 i?2 #Bb2+i2/ T * K2i2
F22Tb rQ FBM; r?BH2 UmTT2 nHBKBi @ HQr2 ' nHBKBi = iQH2" M+2VX

99



i? i +QM+HmM/2 BM i?2 +Q "2+i 2HB+ /2MbBiv M/ MQi DmbiirQ b BM i
;' B/ b+ MX h?2 ++m” +vQ7i?27QHHQrBM; b+ MbBbb2iiQyXyR-K2 N
i?2 }M H "2HB+ /2fMb®12 BMO1 U2t+2Ti i?2 #Bb2+iBQM K2i?Q/ ;2ib bim+
i?72 HQr2  Q mTT2 HBKBiV-b?QrBM; ?2Qri?2 T ~ K2i2°  M22/iQ +? M;?
"2HB+ /2MbBivX h?2 ;"B/ b+ Mb ? p2 50Q50H 72V m+@BM i D 72bQHMIiBQM
7 " Q40000 i 500X

PTiBKBm2 7Qds R
AM i?Bb b+ Mi?2 QTiBK HBp RPm2 KOM2/ 7Q i?Bb b2i Q7 T = K2i2 b,

05<R< 4 BM HBM2 " bi2Thb
10 3<gs< 03 BM HQ; "Bi?KB+ bi2Th
g=0:1

h?Bb Bb /2TB+i2/{B¥ };m 2

6B;m 2 jX3, PMiBMQHI?2 ; B/ bgg MBRX 6Q 2 +? +QK#BM iBQM Q7 i?2k
T K2i2'bi?2 + H+mH i2/ ~2HB=+0/2M ODIX Bb?2 }t2/ T ° K2i2  Bb
g=0:1X

b 1bi bi2T iQ BMi2 T 2ii?2 22 imK T b?RQr+? M;2gs?BM+"2 b2b

iQ biBHH ?Bii?2i *:2i2/ /2MRBWERMO 2XgVH Db iQ BM+ 2K2Mi Q7
i?72 K bbX h?Bb K F2b b2Mb2- #R+ Zbm2Hi;:BMi2A QM2 iQ +QmMi2°

i?Bb 2z2+i-i?2 K bb ? biQ BM+ 2 bXX ii?i2Q 2BOMMNMw#2 b iQ i2M/ iQ
BM}MBiv- iQ +QKT2Mb i2 i?2 "2HB+ /2MbBiv- r?B+? i2M/b iQ x2 QX

98



PTiBKBR2 7Qds ¢

b MQi?2 2t KTH2 7Q" QTiBKBx iBQM Q7 T ~ K2i2m#VvBi®2 #Bb2+iB
QTiBKBx2/7Q  /Bz2 XMi MM hIRBM2Qb2M T °~ K2i2'b "2,

10 3<gs< 03 BM HQ; 'Bi?KB+ bi2Th
10 3 <g< O:3; BM HQ; "Bi?KB+ bi2Th
R=1:5

h?2 "2bmHi Bb b?QriMMM };m 2

6B;m 2 jXN, PTiEIQHI?2 ;"B/ bgs MM@X 6Q 2 +? +QK#BM iBQM Q7 i?2tk
T K2i2°bi?2 + H+mH i2/ 2 HB=0/22M OBILX Bb?2 }t2/ T ~ K2i2" Bb
R=1:5X

h?2 BM~m2M+2 Q7 i?2 +QmTHBM;b QM i?2 + Qbb b2+iBQM Bb FMQrM
Q7 +QMmTHBM; BM+ 2 b2b i?2 + Qbb b2+iBQM M/ i?2°27Q 2 /2+°2 b;
6Qg i?Bb Bb QMHvV i?2 + b2 7Q" " iBQb Qp2  QM2- #2+ mi2 2Hb2 i?2 T°
BbBD ! -r?B+? /Q2b MQi /3aR2MI2QMbmHib Q7 i?2 ;"B/ b+ M BM/B+ i2
2Bi?2° 7Q  @®RBR2i?2 "2HB+ /2MbBiv /’QTb- r?B+? H2 /biQ M2+2bb ™
Q7 i?2 .J K bb-iQ 2M+QmMi2" i?Bb 2z2+iX "2bB/2b Bg BW/MQiB+2 #H
HQgs d>7 102 Mis<5 103V +? M;2 Q7 i?2 +QmTHBM; iQ i?2/ “F b2
/IQ2b MQi ? p2 Mv BT KRQWBM; i? i Bb/Q2b MQi ? p2 BKT +i QM i?2
"2HB+ /2MbBivX h?Bb K F2b b2Mb2- #2+ miy2 BWHi "RT/QKBMH2i T Q + 2|
UBM i?2 }'bi Q/2° Q7 i?2 62vMK M /B ;> KV M/ BM+ 2K2Mi Q7 QM2

/2+°2 b2 Q7 i?2 Qi?2 X PM i?2 Qi?2> ? M/ i?Bb r@gnHW¥/KR2QM i? i 7Q" -

9e



gi?2b K2 i2M/2M+v b?2QmH/ #2 Q#b2 p #H2- r?B+? Bb MQi i?2 + b2 B
TQbbB#H2 "2 bQM 7Q" i?2 bvKK2i"B+ TT2 > M+2 Bbi? i i?2 +QmTHB
/2MbBiv MQi BMi?2b K2r v M/i?22z2+irQmH/ #@pBbBBHH2'7Q" 2p2 M
gi? Mi?27?2°2mb2/" M;2X

9d



93



9 *QM+HmMbBQM M/ PmiHQQF

AM i?Bb i?2bBb M2mi'BMQT?BHB+ / "F K ii2° KQ/2H rBi? p2+iQ  TC
T 2b2Mi2/ BM jiXR-i®BIM i?2 ;Bp2M G ;" M;B Mb i?2 TQbbB#H2 BMi2" -
1121 ?2B//2M b2+iQ"

C h?22Z% 12+ v

C h?2Z% DD /2+ v

C h?DD! MMB?BH iBQM

C M/i?RD! z%° MMB?BH iBQM

r2 2 Q#i BM2/X gBi? i?72 62vMK M /B ;° Kb M/ i?2 ++Q /BM; mH2b- i
Q7 i?22TQi H M/i?2 + Qbb b2+iBQMb Q7 i?2 MMB?BH iBQM T Q+2hbt
iBQMX h?2b2 "2bmHib r2 2 i?2M BKAG 2K2MMHBM B+ HHv bQHp2 i?2
"QHiXK MM 2[m iBQM 7Q i?2 vB2H/X h?2 2z2+ib Q7 i?2 7Qm  /BK2Mb
+QMbBbIiBNM@GAR b i?2 K bb ™ iBQ BMi?2 MmK2)BgsH MH+mH iBQMb
rb M Hvx2/ #v /IQBM; ;"B/ b+ Mb Qp2 irQ T ~ K2i2 ' b-r?BH2 }tBM; i?z
Q#b2 pBM; ?Qri?2 }M H "2HB+ /2MbBiv +? M;2b 7Q" +? M;2b Q7 i?2 ir
b2+iBRMRh?2 "2bmHib b?Qr-i? ii?2}M H "2HB+ /2MbBiv BM+" 2 b2br
Q71?2 .J T "iB+H2 M/ /2+°2 b2b rBi? ?B;?2° +QmTHBM; +QMbi Mib-
2biBM; Bb i?2 /2T2M/2M+v QR X?2X 2bh?2iBR~m2M+2 Bb MQi b HBM:
BMi?2 Qi?2° T~ K2i2 b- #2+ mb2 i?2 /QKBM Mi MMB?BH iBQM /2i2"
[2MbBiv M/ b B/ +? M;2bB7i?2K bbQ7i?2p2+iQ TQ i HBb2[m HIiQ
T "iB+H2-H2 /BM; iQ +QKTH2t #2? pBQm X //BiBRMM2HHW 2bQM N\
r?B+? i?2 + ' Qbb b2+iBQM ;2ib #B; M/ i?2 "2HB+ /2MbBiv #mM/ M+2
7 BHb iQ ;Bp2 +Q "2+i "2bmHib- bQ M BKT Qp2K2Mi Q7 i?2 MmMK2 B+
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