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�Gnr¬�c�biyrc�xÈ`�jk��bieieds�jk�ts��Õfp�Gmkz�c�jwv}c�eie�v�~|nrmkfhct�³��nrj�fhc�x���c�b�v}eibdo"qrc�yµ�|�rjkv"��ypfQfhc�m � s�yµfhc�m���bis'fhcc�mk�Yc�nrz�vkc�y�Ü�c�jkjk�5cB���'j�eibic�À�jkbdo"q
fhbimkcY�1v
��nr¬±fhbic���s�v"�Gvkbds�yrjk¬ mkc�¼1nrc�yr��fhc�j
�|mkc�qhj}�rbic�z�c�eij9j}o"qreibic�ÀtcYy<�
»�°rm�fhbic
u�c�mkc�o}qry'nryrz¾fhc�m��9s�v]�4v}bis�yrjk¬ mkc�¼>nrc�yr�
��nhj�fhc�m�z�c�x�c�jkjkc�yrc�y§a5c�b�v"fhb�¸?c�mkc�yr�
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j}o"qrc�y
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1
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Ï¹y-c�bdyrcYx£c�mwjwv}c�y_��nrmko"qrz>��yrz � cYmkjknpo"q1vkc�y%~
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fp�Gj}j�fhbic�lHc�mkj}o"qhbdc��rnryhz-�5c�b+fhc�m|qrÃ'o"qrjwv�x�Ãtz�eib¨o}qrc�y¾��s�v"�Gvkbds�yrjk¬ mwc�¼1nrc�yr�!nry1vkc�mkq:�Gei��fhc�m·Ü�c�jkjkztc]�
y:�Gnrbdz��tcYbiv�e­�Gzp�¥Ü�b�v fhc�x ��mwc�qrjk�rbdc�z�c�e�~9�Gm�c�biyrc_x%���hbdx ��eic���s�v]�4v}bistyrjk¬­mkc�¼1nrc�yh� � sty�cYv¹~
��bt×�×Â
x fhmwc�q'nryrz�c�y
�rmks%Ò'c��'nrypfhc�x�Ã�zteibdo"q<²N~9��j9y:��o"q¿¶·eic�b¨o}q'nryrz�ºEä'½���n
c�bdyrcYx lHc�mwj"o}qrbdcY�rnryrz � s�y

s =
24π · f 2 · n

c
=

24π · [2000
x�x

]2 · 300/
j

3 · 1011
x�x

/
j ≈ 0, 3

x�x
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bim�c�biyrc�Û�Û��9�®����x�c�m"�
s�qryrc%{gbiyrjkct²±fhc�mwc�y�u�bdedf��Gnr¬
c�biyrc�x�»rc�mkyrjkc�q'�rbiedfhj}o"qrbimkx�fp��mwztcYjkvkc�eieiv�~|nhm}fhct�p´ bdc�biyÜ]�b-_�fp��mwztc�jwv}cYede�vB²?e¨�Gj}jwv·j}bdo"q���~
bij"o}qrc�y¾fhc�m
�Gnr¬�fhc�x u�bdedfhj}o"qrbimkx z�c�x�c�jkjkc�yrc�y l�c�mwj}o"qrbic��rnryrz©nhypfWfhc�mAv]�4v}j"��o"qreib¨o}q ��nr¬!fhc�x ���Gmkz�cYv�fhc�m
Û�Û��9�®����x�cYm"���G�rztc��rbiedfhcYv}cYy%l�cYmkj}o"qrbic��rnryrz!c�biy%���r�rbiedfhnryrz�j}x ��jkjkjwv]�G�_�Gyrz�c��5c�y8�N��bic·u�mkc�b�v}c�fhc�j
u�biedfhj"o}qrbdmwx�j � sty 29± 0, 5

oYxÐc�y1vkjk�rmkbdo"q1v9c�biyrc�m9{±�Gyrztc � sty 4, 76± 0, 02
x�x ��nr¬+fhc�xÝ���Gmkz�cYvB�

��bic�lHc�mkx�c�jkjknryrz-fhc�m|���rjwv]�Gypfhc!��~
bij"o}qrc�y¾fNc�y�Ï¹y1v}c�yrjkb�v]�4v}jkx%���hbix%� � s�y¿qrbiyN�7nrypf�mk°po}�'e¨��nN�¬ c�ypfNc�xÐÒ1v}m}��qre:c�mk¬­steiz�vkc|x�b�vkv}cYedj�c�biyrc�x {<biyrcB�Geë�N¤¥j�c�mkz>���5c�y%jkb¨o"q-fhbic|biyl���G�?cYedeic�Ê � c�mw��c�bdo"qryrcYvkc�yÜ�c�jkjÔ~�c�mÔv}ct�
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a5c�b�v"fhb�¸OcYmkc�yr�
∆t
��~|bij}o"qrc�y ���rjwv]�Gypf_qrbiyN��nryrf
mw°po"�'e¨��nh¬ c�ypfhc�m

��~7c�b±Ü�c�jkjk�5cB���'j Ò1v}m}��qreg�Gnr¬�fhc�xÁu�biedfhj}o"qrbimkx
0, 04± 0, 001

j ×�x�x
0, 002± 0, 0001

j
28± 2

x�x
0, 0017± 0, 0001

j
36± 2

x�x
���G�5c�eiedc©Ê/�7��nr¬�fhc�x u�biedfhj}o"qrbimkx � c�mwx�c�jkj}cYyrc¾���rjwv]�Gypfhc¾��~|bij}o"qrc�y qrbiyN� nrypf mk°po}�'e¨��nr¬ cYypfhc�y{<bdo"q1v}jwvkm"��qhe<biy
���rq:��yhztbizt��c�b�v � sty�fhc�m
��mwc�qrjk�rbdcYztc�ei¬ mwc�¼1nrc�yr�
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�Gnr¬Hc�biyrc�xèjkc�bivkedbdo"q�x�b�vªcYbdyrcYm�Ü�bi�'mwstx�c�v}c�mkj}o"qhm"�Gnr�5c��5s�j}b�v}bis�yrbic�mk�:�Gmkc�yæ��c�b�v}c�m·x�sty1vkbic�mwv|~|nrmkfhct�
´ bdm�c�mkx�bivwv}c�e�v}c�y«fhbic¿�+s�jkbivkbisty«fhc�j%»ps�v}s'fhbisNfhc��Gnr¬ªfhcYm-�Gnr¬ªfhc�x ��c�b�v}c�m%��yrz�c��rm}��o}q1v}c�y Ò'����e¨�
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bdm%qrbdcYmAy1nrm-c�biyrc � c�mke¨�Gj}jkeibdo"qrcQÜ�c�jkjknryrz�fhnrmko"qr¬ °rqhmkc�y��tÃtyhyrc�y<²�fhc�mkc�y ¤�mkz�c��ryrbij}jkc¿bdy
���G�5c�eiedc!Ö � c�mw��c�bdo"qryrcYv
jkbdypfO�

a5c�b�v"fhb�¸Oc�mwc�yr�
∆t
�]~|bij}o"qrc�y �+s�jkbivkbds�y�fhc�m
»ps�v}s'fhbisNfhc

��~7c�b±Ü�c�jkjk�5cB���1j ��nr¬+fhc�xÁÜ�bd�1mks�x�cYv}c�mwj}o"qrm"�Gnr�5c�yN�ö��c�b�v}c�m
0, 011± 0, 001

j
1, 796± 0, 002

oYx
0, 0016± 0, 0001

j
1, 720± 0, 002

o�x
���G�5c�eiedc%Ö[�<Ü�biv�fNc�x Ü�bi�'mks�x�cYvkc�mkj}o"qrm"�Gnr�5c�yN�ö��c�b�v}c�m�fhc�m�»ps�v}s'fhbisNfhc � c�mkx�c�jkjkc�yrc�jkc�b�v}eibdo"qrc�lHc�mö�j}o"qrbic��rnryrz�fhc�j+���rjwv]�Gypfhc�j+�]~|bij}o"qrc�y!qrbiyN�Onrypf�nrypf�mw°po"�'e¨��nh¬ c�ypfhc�x {gbdo"q>v}jwv}m"�Gqre1biy!���hq:��yrz�bizt��c�biv
� s�y�fhc�m|��s�v]�4v}bistyrjk¬­mkc�¼1nrc�yh�

á â ^��.ãÓ[�ig\�^_XA`

u�c�b9fhc�m���nhjw~7c�mwvknryrzQztc�x ��ÀÕ¶·eic�b¨o}q'nryrz ºEä'½!x�°rjkjkc�y�~|bim��5c�mk°po}�'jkb¨o}q1v}biz�c�y<²�fp�Gjkj fhc�m�nry>v}c�mkcYm
{<bdo"q1v®~7c�z�fhbic�{+�Gyrz�c

l = 6, 5f
q:�Gv��p�·�Gqrc�m�c�mwztbi�hv9jkbdo"q_��nrm
u�cYmkc�o"qry1nryrz�fhc�m9{<bdo"q1vkztcYj"o}q>~|biypfhbiz��

�tc�b�v
¬­steiz�c�ypfhc�»ps�mkx�c�e£�

c =
l

t
=

26π · f 2 · n
s

=
26π · [2 x ]2 · n

s
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ä q	r åætTu\u[}?~?�ç�èz0�é�?t�yëêÖêRìéí�îï���èt�y��
»+°rm|fhbdc!Â
x�mwc�o"qry'nryhz%fhc�m��Gnr¬¥fhcYx u�bdedfhj}o"qrbimkx ztcYx�c�jkj}cYyrc�y
´µc�mwv}c�biy¿fhbic����rjwv]�Gypfhc��Gnr¬¥fNc�x
���Gmkz�cYv7fhcYm�Û�Û��9�®����x�c�m"��c�mkz�bi�hv�jkbdo"q-fhc�m¥´Õc�mwv

s ð�ð�ñ = s ò;ó · 1, 628 · 10−2 �N¶·c�x ��À!»ps�mkx�c�e+ºçË1½�5c�mkc�o"qryrcYv
jkb¨o}q�fr��x�b�v|fhbic�{<b¨o}q1v}z�c�j}o"q>~
bdypfNbdz��tc�b�v|��n

Ì



n
���rjwv]��yrf_qrbdyN��nrypf_mk°po}�'e¨��nr¬­c�ypfhc�m �5c�mwc�o"qryrc�v}c

Â
x�fhmkc�q'nryrz�c�y
�rmws-Ò'c��1nrypfhc Ò1v}m}��qreg�Gnr¬�fhc�xa���Gmkz�cYv {<b¨o}q1v}z�c�j}o"q>~
bdyrfhbdz��tc�b�v
fhc�mAÛ�Û��9�®���Gx�c�m"� o

ÖtÍ�×
0, 455± 0, 002

x�x
179 234 326± 500 389

Ù Úbt×�×
0, 586± 0, 001

x�x
167 285 371± 304 637

Ù Ú
���G�5c�eiedcôbI�'��nrj�fhcYm9Ü�c�jkjknryrz�x�b�v�fhc�m�Û�Û��9�®����x�c�m"��cYmkx�b�vkvkc�eivkc|´µc�mwvkc·¬­°rm7fhbicª{<b¨o}q1v}z�c�j}o"q>~
bdy'�
fhbizt��c�b�v

ä q+p åætTu\u[}?~?�ç�èz0�é�?t�yöõ����[���Az|����t
��nrjkz�c�qrc�ypf � s�y�fhc�m���yry:�Gqrx�ct²5fp��jkj·fhc�m�¬­°rm·fhbic!yrbdc�fhmkbiztc���mwc�qr¬ mwc�¼1nrc�yr�!c�mkx�b�vkvkc�e�v}c�´Õc�mÔv·fhbdcnry � c�mkj}o"qrs��5c�yrc��+s�jkbivkbds�y x ��mw�'bdcYmwvB²�c�mkz�bd�hv�jkbdo"q c�biy�lHc�mkj}o"qrbic��rnryrz � s�y s = 0, 76±0, 02

x�xÓ¬ °rm
c�biyrc��|mkc�qr¬­mkc�¼1nrc�yr� � sty n = 295

²:~9�Gj·��n�cYbdyrc�m·{<bdo"q1v}z�c�j}o"q>~
biypfhbdz��tc�b�v � s�y c = 126 821 135 ±
3 251 823

Ù Ú c�mkz�bi�hvB�
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