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TEOREETILISE FÜÜSIKA INSTITUUT

TIINA LIIMETS
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± σ

IJ��-G�� 5'������������������ �=7P�YIJ��-G�9 !'
� 	[Z�#]\�^�_

±
Z�#`Z�a�b 	cZ�#d\9b�b Z�#`Z�	e^

f 	cgC#dh�\�Z
±
Z�#`ZEg�\ 	egC#d\C	e\ �YZC#dZ�bE\

� 	[a�#`bEg�a
±
Z�#`Z�	e^ 	ca�#ibj^�Z �YZC#dZEg�\

� 	�b�#dZ�g9b
±
Z�#`ZE^�\ 	[b�#`Z�	eg Z�#`Z�	eg

k 	�b�#dh�_�	
±
Z�#`ZEg�\ 	[b�#`hE\C	 Z�#`ZEg�Z

D 	c^C#dZ�g�a
±
Z�#`ZEg�_ 	[b�#`_�l�b Z�#`Z�a�_

� 	c^C#`b�b�	
±
Z�#`Z�a�b 	e^C#ib�	cZ Z�#`Z�a�	

L 	c^C#]\9ZEg
±
Z�#`Z�	cl 	e^C#`h�aE\ Z�#`Z�hE^
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������������#��� �A@�� C ��(D�� �/

� 0FE#!HG�	�I
±

E#!JE>	+K 04E#!LG+E>G EM!HE#04N
O 0P	M!Q0FN�N

±
E#!JE>	�N 0F	M!<04R�E �SE#!JE#04K

� 0P	M!JI>	+K
±

E#!JE#0PT 0F	M!HI�E�K EM!HE>	+E
� 0FI#!JI>T�E

±
E#!JE>	�I 04I#!HI�I�E EM!HE>	+E

U 04K�!Q04K>V
±

E#!JE>	M0 0�K�!<0�0FV EM!HE�I�E
% 04K�!JN>GM0

±
E#!JE#0FV 0�K�!HN+K6T EM!HE>	+N

� 04K�!JR>T�	
±

E#!JE#0FR 0�K�!HR�I�I EM!HE#04V
7 0PTM!JE�R>G

±
E#!JE�I�E 0FTM!HE�V�N �SE#!JE�E�V

���������
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±
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�?(���� �1@A
6���������������
± σ B ��*C�� �/D
6��������������� �1@E� B ��*C�- �/

� 0GF�"IH�J�K
±
FL"MF�04K 0GFL"MH�0GN F�"IF�N�H

O 0�0�"MP�PL0
±
FL"MF�N-H 0�0�"QP�R:	 ��F�"MF�N�J

� 0�0�"S0GF�N
±
FL"MF�NT0 0�0�"MF�K�P F�"IF�0UR

� 0UNL"IH�04	
±
FL"MF�04V 0UNT"QP�K�J F�"IF�J�0

W 0GJ�"X	�	�	
±
FL"MF�N-H 0GJL"MJ�J�K F�"S0GF�H

& 04	�"MN�F�J
±
FL"MF�NT0 04	�"!0GH�V F�"IF�J�	

� 04	�"S0GH�J
±
FL"MF�N�P 04	�"!0�04V F�"IF�	�	

7 04	�"MN�K�H
±
FL"MF�N-F 04	�"!0GV�F F�"IF�V�H
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v0 − V = −18.147 − 0.01(B − V )
��0 �

b0 − B = −17.793 + 0.066(B − V )
��N �

r0 − R = −17.848 − 0.01(V − R)
�kJ �

i0 − I = −17.133 − 0.051(V − I)
��	 �
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u0 − U = −17.981 + 0.01(B − V ) − 0.104(B − V )2 �����

b0 − v0 = 0.354 + 1.076(B − V ) �����

v0 − r0 = −0.295 + 0.995(V − R) �	���

v0 − i0 = −1.008 + 1.041(V − I) ��
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������
���_�K�������?�`:T<U7����V��1���%43$�^.���7����\���9�(������1���%a.���%?3$�b.����c3d
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�T5�7'3 
������i:T<>7����2�91���%
± σ


M�����j<k����������� 
��[���j<k!h"��$����%?&'�(�
l Nnm�@po�NPq

± r @ r NPq < r @ r 	 s < r @ r , oX NP	�@cNb,8q
± r @ r N N r @ r N�m < r @ r o�N7 NP	�@tm'	 	
± r @ r N r < r @ r r u < r @ r Nbo� NP	�@p, u m ± r @ r Nb+ < r @ r 	�o < r @ r 	�o& Nbo�@vs�o r ± r @ r q q r @ r r + r @cNPq�mD NPs�@tm8+�N
± r @ r 	�o < r @ r , o r @ r 	 u� Nb+�@p+8s�N
± r @ r +8s r @VNbo�o r @ r s�N

w N u @tm�NPs ± r @VNn, , < r @vq�m r < r @ r , ,

���������
o���
M�������������������8���]!#" �$����%�&'�(�C)\+ , +]�K" �x. 0 �?1��2��%?365�7'3���1��-y�<>7��9�2��1���%?3��
. 0 �?1��2��%9@

�T5�783 
������zy\<>7��9�2�91���%
± σ


M�����j<k����������� 
��[���j<k!h"��$����%?&'�(�
l Nnm�@po u , ± r @ r�r u r @ r q�q r @ r q�oX Nnm�@ u u q ± r @ r�r u r @ r r + r @ r ,8s7 NP	�@tm m's

± r @ r�r u r @ r , s r @ r s�N� NP	�@po�m8,
± r @ r�r u r @ r r o r @ r r o& Nbo�@p, + u ± r @ r�r u r @ r ,�+ r @cNnm uD NPs�@p,�m u ± r @ r N r r @ r , r r @cN r q� Nb+�@po +8	
± r @ r NP	 r @{q q r r @ r ,8s

w N u @tm'q s ± r @ r q�m < r @ r u s r @cNbo�m

q|m



���������
	���
��������������������������! "������#�$%�&�('!)�*")��� ��,+"-���.��/��#1032�4503��.��76�894��:�;��.���#10��
+"-"�1.��;��#:<
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± σ


������?8@����������� 
��A���B8@�C "������#1$D�&�
E FHG < FHG%I

± J < J"J I J < J5K�L 8 J < J"J 	
M FHG < L * L ± J < J"J I 8 J < J"J"N J < J"K 	4 FHG <O) K * ± J < J"J I 8 J < J F J J < J�J F� FPI < J 	"	 ± J < J"J I 8 J < J F N 8 J < J F N$ FPI < I"I J ± J < J"J"L J < J5K�N J < J"K G
Q F L < I L ) ± J < J"J"L J < J G * J < J�J F� F 	�<O) K F ± J < J F"F J < K G%I 8 J < J * N
R F )�< I�FHG

± J < J F L J < J F"F J < J FHG

���������S)���
D�A�����T�����������5���U�C "������#1$D�&�V'!)"*�)��� "�W+�-"��.��/��#1032�4503�:.���XY894��:�;��.���#10��
+"-"�1.��;��#:<

�=2�450 
��A���ZXY8[4����/��.���#
± σ


��A���B8@�����\���1� 
D�A���?8@�! "�3�]��#�$%�^�
E F *�<_	�) N ± J < J"J ) J < J *") 8 J < J * N
M FHG < G K I ± J < J"J 	 8 J < J5K * 8 J < J F N4 FHG < G L G ± J < J"J ) 8 J < J F ) 8 J < J F J� FHG < L"N F ± J < J"J"N 8 J < J * K 8 J < J * K$ FPI < J G N ± J < J"J ) 8 J < J"J�L J < J5K�J
Q F L < J ) N ± J < J F K 8 J < J F�G 8 J < J5K *� F 	�<O* J"L ± J < J * F J < K I 	 8 J < J"J F
R F 	�< N"L5K ± J < J5K ) 8 J < F"F J J < J G"G

K I



���������
	���
���������������������� �"!$#%�&�'��( )*�+�-,$.�/%."�0#%��1�2%� 3��4��(�5&6�785&�93���:8;<7��9�=��3���(�5 �
1%2%��3��=��(9>

�?6�785 
������@:*;A7����4��3���(
± σ


B�C���D;-�������'� � 
B�����D;-!$#%� ����( )*�E�
F G /�>IH GKJ

± L > L�L J L > L J 	 L > L H8M
N G H�> G /%/

± L > L�L . ; L > L /%O L > L M'.7 G H�> G L M ± L > L G L ; L > L G H L > L .�.� G H�>QP'H*M
± L > L�L O L > L M%M L > L M�M) G H�>QM�. J
± L > L�L O L > L%L 	 L > L M�P

R G MB>SO G .
± L > L�L . L >SO%	 G L > L P G� G O�> J M�.
± L > L /%/ L >SO JBG L > G%G /

T GKJ >S/8M%M
± L > L M%P ; L > L M�	 L > G .%M

P'O
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` a b
± σ c ± σ d ± σ e ± σ f ± σg�hVi j k l l m"noipm"qAr

±
roi rom&h m-goism"hAt

±
roi rArom m"roiunvkAk

±
rwi r rAr

gAjwi gAk m"qoism-qAq
±

rwi r rvj m-qwi g rom
±

roi rom&h m"nVism-r k
±

roi rAr q m"goismAm"g
±

rwi r r�x m-rwi nAkAt
±

rwi r rAr
g�nVi g�x l m-qwi hAtAk

±
roi rom m m"noipm-j r

±
roi rAr q m"goismAm"g

±
roi rAr�x m"roiunvk n

±
rwi r r�x

g qoi jAj l m-qwi hvjwm
±

roi rom"g m"noipm"r�x
±

roi rAr q m"goism"hom
±

roi rAr�x m"roiunvt n
±

rwi r r�x
gPxPi g n m"qoiuhvqAq

±
rwi rwmyj m-qwi g rAr

±
roi rom_x m"nVismAm"k

±
roi rArPx m"goism"h h

±
rwi r r h m-rwi nAtAk

±
rwi r r h

g koi gAk m"qoi gArAg
±

rwi r�hAh m-qwi g�hvq
±

roi rom"r m"nVism-g r
±

roi rAr q m"goismAm-j
±

rwi r r�x m-rwi nAtAk
±

rwi r rAq
g toi j g m"qoiuh x_k

±
rwi r gAr m-qwi g rvj

±
roi rom m m"nVism-g�n

±
roi rAr q m"goism"hvj

±
rwi r r�x m-rwi q rAg

±
rwi r rAq

j�roi gAg m"qoiuhvtAq
±

rwi rwm-t m-qwi g�hvt
±

roi rom"g m"nVism-gPx
±

roi rAr�n m"goismAm"g
±

rwi r rom m-rwi nAkAt
±

rwi r r h
j$mAiuhvk m"qoi gAtAt

±
rwi rwm-t m-qwi hAkAg

±
roi rAgPx m"nVism&xvk

±
roism"hvj m"goismAm&h

±
rwi r rAg m-rwi nAt n

±
rwi r rAt

j�goi gAr m"qoi g�x&j
±

rwi r�hVm m-qwi gAj t
±

roi rom"r m"nVism"n h
±

roi rAr q m"goism"hAg
±

rwi r r�x m-rwi nAt h
±

rwi r rAq
j jwi gvj m"qoi jwm-k

±
rwi r�hvr m-qwi j$m"h

±
roi rom"r m"nVism-k�h

±
roi rAr q m"goism-g r

±
rwi r rAg m-rwi nAk n

±
rwi r rAq

jPnVi gAt m"qoi j kAg
±

rwi r�hVm m-qwi j j q
±

roi rom"r m"nVism-tAj
±

roi rAr q m"goism"hAt
±

rwi r rAg m-rwi nAtom
±

rwi r r h
n hVi gAk m"qoiunvgAg

±
rwi r r n m-qwi j j�n

±
roi r hvj m"nVism-t r

±
roi rAr k m"goism"h h

±
rwi r rvj m-rwi nAkvj

±
rwi r r h

qwmAi gAg m"qoi qvj g
±

rwi r�hvt m-qwi j�tAg
±

roi rAg r m"nViuhAh n
±

roi rAr q m"goism"hAr
±

rwi r�hvr m-rwi qwm-k
±

rwi r r�x
q�nViuhvq m"qoi jAjPx

±
rwi r�hvq m-qwi jPhvt

±
roi rom m m"nVism-k q

±
roi rAr q m"goism-gwm

±
rwi r rom m-rwi q�hAn

±
rwi r rAq

q qoiuhvk m"qoi j qAt
±

rwi r�hAn m-qwi j�qAq
±

roi rom"r m"nVism-t q
±

roi rAr q m"goismAm"q
±

rwi r rom m-rwi q rom
±

rwi r rAq
qPxPi g n m"qoi j gom

±
rwi r g�x m-qwi j jPx

±
roi rom m m"nVism-t t

±
roi rAr q m"goism"hAg

±
rwi r r n m-rwi nAtAq

±
rwi r rAq

q koiuhvt m"qoiunvrAq
±

rwi r�hAh l m"noi h h x
±

roi rAr q m"goism"hom
±

roi rArAr m"roiunvtom
±

rwi r rAg
q toiuh x m"qoi j k h

±
rwi r�hAh m-qwi j�tom

±
rwi rwm-r m"nViuhAh h

±
roi rAr q m"goism"h h

±
rwi r rvj m-rwi qwm&x

±
rwi r rAq

xvroiuhvq m"qoiunvgAr
±

rwi r�hVm m-qwi nArvj
±
rwi rwm-r m"nViuhAhAq

±
roi rAr q m"goism"hom

±
rwi r r h m-rwi q rom

±
rwi r rAq

xVmAi g h m"qoiunVmyj
±

rwi r�hVm m-qwi nAr�x
±
rwi rwm-r m"nViuhvg q

±
roi rAr q m"goism"hAq

±
rwi r rom m-rwi q r h

±
rwi r rAq

xvgoiuhvt m"qoi j q�x
±

rwi r�hvg m-qwi jPnvk
±
rwi r rAg m"nViuhVm"q

±
roi rAr q m"goism"h h

±
rwi r r h m-rwi qwm"n

±
rwi r rAq
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