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BDCFEHGJILKMCONLPLQJR�SJT#U1I4VMWXGYU1ILK[ZMNLQ1\1]_^M`0Ba]_Zb\AVOc�U1I4VMWdGaeFP�ZgfhVi\AVkjmlnGJopPLKMq�Vi\1\AVrGJI4ViKD\AVJN�P�^bU1QJRLSJTMZ
fhViEsPmCtGJu�N�ZbILWnVJTbCvRw\�Zyx

•

GszOo_Zb{F|}Gy~�`!��]_Zbq�]�Gsz)e1|}GJ��T[V�W�Cs\�GyNL]
1, 5 · 1011 m

c

•

W�]_zOq�G�U1I�GJq�]_Zb\1]_GvWdVi\1]�Vte1|}GJ��T[V�GyNL]�S�{�V�q�ViEONL]pq-Q1q�zOo�V�zA|=Q1{HGy~�Tb]�f�Viop]
λmax = 500 nm

c

•

NLP4VH|�V'N�|}GJ\�ZMTbKM\AVOcFTbKMCFop]1Zb\�ZbIL{y]�V'U1I�GJq�]_Zb\1]_GvWdVi\1]�V-U3GsT���GszOKvSJTMZb{HG'K[Z�e1|}GJ��T[VXR�ViEJV+UAVJz�V�\AV
U�|=CsPLEH^�G�U.G[W�]_ZbILK[T4�1\1]

1m2
W�Tb]�SH{yQ

1 s
Q�NLP4VMW�]_GJ\�Z�R�\AV!��]_Zbq�]AU1I�GyNLP�GJUAVJzOo_Z+z1G�U1I�GJq�]_Zb\1]

N�|}GJ\�ZMTbKM\FCsT4��cAW�Cs\�GyNL]
Q = 1366 W

m2

W�CFKM\AVJTbK-U1I�GJq�]_Zb�0e1|}GJ��T[VO����GJI��[W�\AVkR+GJPLILKMCsq�Vi\�CtW�Cs\1]pEtK�WdViILP�Gy~�Tb]�Viq�]%P4Viu1op]_TMG[W�Csq�]��
��WnVi{�VO� �.ViE�|�VJz�Viq-CHc��[Z-e1|}GJ��TMZ�U1I�GJq�]_Zb\1]pQJRLZ�R�ViE�Tb]�VH|}G�z1GyNLEHGJ\AVio_Z!TbKvViIL\�Zy�

7�819�8�:�;=<D�.@
eFPLILQ1q�]_Zb\�U1I�GJP�GJ\��[WaG'\AViP�^b�[Zb\1]pQ

j0

UAVJz�V�\AV�P4ViI�TbK[ZnK[ZnKk|}GJP4V
197Au

G'{yILQ1u.Gy~�Tb]
d
��eFPmW�]_ZbI�zOK[Gij

\�G1cJ�[ZdW�RLZMzO\�GyNLP�TMZnTbKvVJNLQ�Q1o_Zb{�V+Gsz1zOKM]�VH|=CsWdVi\1]pQ
j1

U1I�GJP�GJ\��[W���BDCFKM\AVJTbKMCO`�WnViILP�Gy~�`nU1ILK[ZbEsI�GiR�Q
TbKMCF\1\�Zb{HG-\AV�Gsz1zOKM]�VH|=CFWnVi\1]_Z�U1I�GJP�GJ\Oj�Kk|}GJP�G1����ILKMCvR�SJ`ycH�[Z�{H^MN�P�Gy~�`�Kk|}GJP4V�W�Cs\�GyNL]

ρ
c�VdRLZb{HG�q�VJN4V

ViP�GJq�G[WnV
mAu
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7�819�8�:�;=<0��@���zOo�V�T4��^bPL\�COT����
 #VH|}Z��}U1Q1\1EsP�G[WXZv�X¡MI��szA|}G�Zbq�]pPLQJRwZ+]pK[GJPLI�GJU3GvWXG�EsWdVi\FPmC

γ
K�]p\�P�Zb\�NLCsW�\�Gy~�Tb]�S

J0

�}op]_TbKMuAV!EsWdVi\Oj
P��[W¢\AV0RwZMz1Zb\£N�P�ZbI4VJzO]�Vi\��g��¤�I��szA|}GYGJP�GFTbK[GJ\�Z¥RwZMNLP¥EsQ1op]_NLP4SrN�EHGJILQ1UASOc'W�CFEHGJ\AVi\AS¦K?G�|}G[W�]pQ�c
G�U1I�GJq�]_Zb\1]pQ0WXZbW�\�^bPLILKM\FCFq

r1

]�{yILQ1u.GyN�Tb]
d1

�+�3z1ZMTbCOz1G[WdVi\�G1c��[Z�{yILQ1u.Gy~�`-NLEHGJILQ1UFC§U.G[W�]p\1\AV
u�CO`�q�\1]_Z�RLNLKvV']1W�Cs\�GyNL]_`

d2 = f ·d1

�
f < 1
�g��¨FViEF]�U.G[W�]p\1]_Zb\�u�CO`�U1I�GJq�]_Zb��WdZbW�\�^bPLILKM\�C�\�GvWXZ�R

NLEHGJILQ1U�CHc�Viu�C0z�VMW�EyVtU1I�GJq�]_Zb\1]_GvWdVi\1]�V#GJPLILKMCFq�Vi\AV¥U1ILK[ZbK�q�VH|=CDGJu1]_ZbEFP[c�Q1q�]_ZMNLK[TbK[GJ\�CDPLQ1��KvV
NLEHGJILQ1UASOc1uFC1|�V�W©GJu1Q§U1ILKMCFUAVJzOEyVJT���P4ViEJV�N�Viq�VHª
BDCF\1]pE«U.GFz�VJ`§zOo�V#\AVJN�P�^bU1QJRLSJTbCOT��aUAViI4Viq�ZbPLI��[W�x

r1 = 30 cm
c
d1 = 5 cm

cX{H^MNLP�Gy~�`§G�|}GvW�]pQ
208Pb ρ = 11, 3 g/cm3

c%U1ILK[ZbEsI��iR-TbKMCs\1\�C
σ = 14b

c
f = 0.5

�#¬XKMCDKvVJGyNLK[TbK[^MzOK[GJ\�G#G�|}GvW�]pQ
W�U1I�G[WnVJzOKvVkRLSJT!P�^�KMq�]�Vi\�^vª

­�ZbILq�]p\#GFz1z�Vi\1]�VOx�®°¯.±�;}<H²v:�;=8°�A³A³�´Dµ�@

¶�·y¸�·[¹vºv»b¼�½�¾F¿
­�GJq�VJN�K�esG[W�]p��N�EF]

KvVJz�Vi\1]�V�z1GyNLP�^bU1\�Z�I��[W�\1]_Zb�!\AV�NLPLI�GJ\1]_Zyx
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