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(1. sG0�M�GsNgA�$� 100012 � 2. sG0�M��!�M�$� 100049 � 3. Kv��0il��Kv 310018)LF��?H 40 m 4 ��ZK�L|�>7zD`�Æ&%`��r�IÆ� 40 m 4 ��ZK�L|yYnI��H�rP3jk;�fnI�by��Æ�4�yYnIy�qhT�b������y8� �	T�b��H�r<3jk;	nI�b[yk;�I2^ÆyY��vtHk"�yH0	�r�I_)ZK�L|y o�TH:HB/	& , ��LeCF�'<h/� 40 m ��ZK��nI�b��qhT���P;"1'�TN82 � P111.44 ��� >C�82�A
1 �0���xX�Æ)j3�Æ�YJ�K{t"x�fl0�RSxX�Æl0xxGu4℄K{�=�j���jyÆ~|�K{�=xtFO}�DFe��}LpxSv����j3�K{86ma~OJ4℄K{fQ�=̀ �3/p�_FO��;\,x?I{��8Wy�=x-Æ8|�xX.)G/xX�ÆM^#�=J9*t`S)J/�o#�jV��� [1] �^Æ*\1hI"6,"R�=-��jxa\��xXmH���a:Oe�is|�xXmH)SxX�Æl0`�$=G/xX�Æxbx�YJ�xXmHxL�x"6E�XxE.�$)5t7�~m{.8/vxX)�gRxXmHtmH>����*9t7�~m{xg.4q��^tA��M{UR.8/vx�=.�SxmHtmH>�jtrtA/vx.'L�xmH-9tQmH�59�Mx=b��M/vx.'isxmH-9=bmHoR4
PM76�xmH,)2?gx.�2��$
xg.h���mH:O�)dx"%$ 40 m Æ�YJ��=6yCxA��q�H�txXmH��G�q�� 9%65�2005-11-29 � E)65�2006-06-03
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2 �zZoJ�s

40 m 3�Æ�YJ�K{^$GllXK{x"5K{%w�r	J�xX��&�ÆXJ�&�ÆXfQ�=�7H�$�~�~p�qXtd3'-~p{ÆS��JS<{℄;_giU�>G6yC�q_��_�r<6+�D�1�qFmC{< 6200 :1�XAmC~,^4qE8.�?t?IF�^�p�_F 2.1 × 108 mN/mm2 ?IVÆ
7.8 × 10−6 kg/mm3 97+ 0.3 ��376x6yCj:e2_u~176x�q�H�xX�;%wB	x
�'))dj:�qxa\��b7RYJ�tQ_6r59YJ�tQ�=t7�~mOMP/v�=.{.8#xXgRXmH#�b7R�xX�Æsi&XxM�rL�EVHSS�b7x~mH#K{�Pu�W-|���Æ�YJ�K{xXa�Æ�x.' ui ^ [uxi uyi uzi]��m"F^ [γxi γyi γzi]V(�;a.�~+�Æ�b7x"EVH [2,3] ^

ρi = a · u, (1)tra = [γxiγzi γyiγzi γziγzi], u = uT
i �̂ 1xX3�x"EVH23#℄ A O U 1%^

ρ = AU , (2)/��Æ���b7�1xt�.� ω dt#℄ W V�^xXXmH (exXt�"EVHx,�5oH rms) σ ^
σ =

√

ρTWρ
∑

ωn
, (3)3 Ruze ;$1ixXXmH�W-u� ∆dB xAt$^

∆dB = 10 lg(ηρ) = lg exp(−(4πσ/λ)2) = −4.3429(4πσ/λ)2 . (4)^�<ÆxXmH�59t7�~mOyE{.8/vxxXmH*^
i�;=76x.��.℄e2�t
,^�BmH��tA��M{UPSSxX.�/vxmH=76x.��.℄�
i�t
,^�BmH��BmH�*9t7�~mOyExg.4q��BmH;�=,P.6A)xXmHxx"8H� 40 m Æ�YJ�K{xXxmHH;mHSSj:}1 1 �
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≤ 1.07 (r-) [u�n5[ zG σ2 ≤ 0.10 (w������` σ3 ≤ 0.30 (! ) ��k
≤ 0.50 (W )

≤ 0.42 (r-) [u���nzG σ4 ≤ 0.10 ��kNQ/Æ σ5 DpKVT σ <�B|�VT σ =
√
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�r��nB�\�B��^?Gwz{[[ÆpK` σm �`{[�DpKI�`\zDK
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%$R 1 �=6yC�q�H 40 m YJ�K{R�t76u���℄^ 0◦ ∼ 90◦ �xxX�BmH}{RR 1 r06�a?�OgS��!xX�BmH (rms) x�ji^

9.365 mm(rms) 9��^ 0◦ ℄���i^ 2.894 mm(rms) 9�� 90◦ ℄�^1��xX�BmHx,i^ 6.562 mm(rms) ��tt�P (�9�^ 17.1 m/s) x 3 1��76�H}1 2 rxagS:�

S 1 �_2 ��uvyyY�CnI� 2 �TQ+$K ?�O
mmN}mr� 5rd` N}PN� 5r` N}mr� 5r&`{[DpK bjV 9.104 2.882 9.101jV 0.592 1.621 0.586B��� 1.013 0.619 1.294{[��DVTpK 1.538 1.313 1.736
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3 �zZ�riUoJ�xX,�P�.;2-W�BmH�)gRx�^GG/xX�ÆHoerner GYG�=#��jx��E<)3$llX�gS.llXR�=x�jrOJ�=A2xS<4℄#gSX;.XxCH^JP��^7HsgSXx��p�#��jR<Q�)2�xo)(�j�d;�=x�{��.Fx4℄XX.^�=x$�;f#e+C [4] �.�R�nO3�nfT$=�{td"{gSX;.XhxxCH�2f�e�{xXx�pgSX�eYJ��=xA��qr#2�xRPMx�3uxX3
���x'2)�^E>��$)^1xXx-JO� (q�O}�) dxXllX�(x.℄�K$>�)xX3
�hxx~�\�.�OMz6ux[)x"xn.N\$.℄xllX"2)�$1�xllX�;.ZxxXgS�\!xgSllX�n�2)6k21on6

S 2 �hTB3&+S

$1^xXx�pgSXe(gSX;.XxCH���$1llXn"�
G	�p��(j�O��T\1llX"V��
G�.{�pgSxX#"){Y�x 6 1A2 [2,3] �\ 6 1A2�3^ U0 �V0 �W0 �θx �θy O k tl<*,
R 2 >%gSllXx	�;EllX	�x'^ [U0 �V0 �W0] gSxX~�9EllX�
X O Y wx}��3^ θx �θy �L k = f/f0−1
f ^�llXx�(N f0 ^EllX�(N�ExXa� [x, y, z] (E�0) .Z;gSllX��1�hxx'23#℄1%^
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. (5)

m^� ∆uvw = cH ��S$ (1) V.'�;gSllX��1�x"EVH2�^
ρfit = a(u + ∆uvw) . (6)*�^ ρfit = au + bH, b = ac. (7)xX3�=Sx"EVH#℄^
ρfit = AU + BH . (8)



� 4 s Z&2|�k4 ��ZK�yYnI�r<�b 377�5$���UE<2{gSX;.XCH��x�pgSXA2H �.N3���b7�1xt�.� w dt#℄ W VA225u$j:�
H = −(BTWB)−1(BTWAU) , (9)ÆY�pgSXxA2 H {u ρfit Ze25$ (3) {u�pgSXx,�5mH (rms) �

40 m YJ�K{R�t76u����℄ (0◦ ∼ 90◦) ��pgSZxxX�BmH}{RR 1 r06�a?�xgS��!��tt�Px 3 1��76�pgS (gSA2 H^P���t76) Zx�H}1 2 rxgS:�OJ)�gSxJV2us)ux�H�
(1) �t76uxX^J.x+�'R}���+/��jo3�hxx~�'�gSx}��+/��xxX�BmHjgSZaL~��
(2) �t76uxX�BmHx�ji^ 1.615 mm (rms) Yx9��^ 90◦ ��xX�BmHx��i^ 0.710 mm (rms) Yx9��^ 0◦ ��^1��xX�BmHx,i^ 1.159 mm (rms) ;a��pgSxz6~+u�G 82.3% �
(3) �tt�Px 3 1��76�gS:O�axX�BxmH�3u�G 93.5% �

43.8% � 93.6% �52}�pgS#xX�BmHusGj!Æx�a#YJ�xX�ÆG/�f6L�
4 �zZ���A�
UoJ�xXR�pgSJVr�pgSXx"EVH5;w�~%9H A2�)%99�=x.��=x.)5UP/vx�>)�pgSXx"EVH)5UP�
x��t P )K{�t"xMP^$Y"F�xX�3�H=��x*.�.℄59K{�=)$p��=.�xXRK{�=�tux.=�� α x.℄)6FOx�~�K{�0t��	$�� α ~�A.�� γ xtA.℄F^

P α =
[

PY PZ

]

[

η

ξ

]

, (10)$r η = cos γ − cosα � ξ = sinγ − sin α � PY O PZ �3)��^ 0◦ O 90◦ RK{�0tuxtA"F�~1~"EVH.℄F^
ρα =

[

ρY ρZ

]

[

η

ξ

]

. (11)\6℄qn6�t�R	$�� α K{�=./vxxX"EVH25A.�� γ ��� 0◦O 90◦ x"EVHj:us��nyEO�jj:r��n"EF`j: 3 1��x"EVH"2?EK{^1��xxXmH\��jK{�=x�f6���t"x*,�
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S 3 ��u��v_2% �yyYnI&+S


R 3 >%
H�Ua$�� γ ^�~A.��~xX���^X��[�t/vxxXmH�VR^17����℄59�[G�~�76�x�t/vxxX�BmĤ #K{xX�BmHx,i|�e#7���exX�BmHus�S�a:O [5,6] ��t?��~u	$�� α x�pgSXxmH
u [3] �
σα = (η2σ2

Y + ξ2σ2
Z + 2ηξRY ZσY σZ)1/2, (12)$r σY � σZ �3)�� α ^ 0◦ O 90◦ �a?�x�pgSXmH� RY Z )�� α ^ 0◦ O 90◦�a?��pgSXmHx~At2��9GllXK{59�=x�R�~At2 RY Z ^ 0 e;~A�)d��� 45◦ �^?��~���j:��t76?���~Z���℄xX�BmHi}{RR 1 r06�?�OgS��!��tt�Px 3 1��76?��~Z (gSA2 H ^P���t?��~x76) �H}1 2 ?��~:��t76u40 mYJ�K{) 45◦ ?���~R�� 0◦∼ 16◦ hxxX�BmHi����Rt:�℄�xX�BmHi,u��(K{�nx7���^ 7◦∼ 89◦ 7����℄exX�BmHR?��~x�Zx,i�3^ 1.269 mm (rms) �0.357 mm (rms) u�G 71.9% �xX�BmHusGWLx�S:O�a��tt�Px 3 1��76)xX�BmHR��^ 0◦ �Wj��^ 90◦ �|��H;�t76uxX�BmH}{x|(~#�.NsK{�n7���9is�j�9xz6WYxK{8;R 0◦∼ 7◦ x}��7�.?��~fWL~#xXx�BmHus�S�aG/GYJ�xX�Æ�

5 �1=)d�t�qG 40 m Æ�YJ�K{xXmHRa.N&XO7H~�<�pxo'z6uxXmH�qx�H)��t76u 40 m YJ�K{��pgSO?��~E�g.�aZxX���BSSmH}{RR 1 r06�SSmH��!xXSSmHR7����℄ 7◦∼ 89◦ ex,i^ 1.248 mm (rms) ��tt�Px 3 1��76���BSSmH}1 2 SS:��H1℄�J�pgSO�~�?�f?6��aYJ�K{xXx�BmH|�xX���BSSmHG/xX�Æ*�YJ�K{x��fe�|�YJ��=�jxdÆ�}LpSv�~
)dx�q�H�j3�P;K{x�j�q'6$
xA.*,�
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Reflector Error Analysis and Correction for

Large-diameter Radio Telescope

ZHANG Ju-yong1,2, SHI Hu-li1,2, ZHANG Hong-bo1, CHEN Zhi-ping3

(1. National Astronomical Observatories, Beijing 100012, China; 2. Graduate School of the Chinese Academy of

Sciences, Beijing 100049, China; 3. Hangzhou Electronic University, Hangzhou 310018, China)

Abstract: Reflector error of 40m-diameter radio telescope is analyzed according to displacement

datum obtained by mechanical analyses of 40m-diameter radio telescope structure. From the

point of view of error correction, reflector dynamic error correction is discussed and calculated

by applying the techniques of the best-fitting surface and rigging adjusted. The result shows the

error of reflector is fallen distinctly by these corrections. These calculations and analyses provide

theoretical bases for 40m-diameter radio telescope engineering.

Key words: astronomical facilities and technique; 40m-diameter radio telescope; error correc-

tion; best-fitting surface; rigging adjusted


