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Îò ðåäàêòîðà

Íàñòîÿùèé 68-é òîì Òðóäîâ ÃÀÈØ íåâåëèê ïî îáúåìó è ñîäåðæèò

âñåãî ñåìü ðàáîò. Ïåðâàÿ èç íèõ � áëåñòÿùàÿ ñòàòüÿ Â.Â.×àçîâà, ïî-
ñâÿùåíà îïèñàíèþ òåîðèè äâèæåíèÿ ÈÑÇ, êîòîðàÿ èñïîëüçóåòñÿ âî
ìíîãèõ îðãàíèçàöèÿõ Ðîññèè âîò óæå áîëåå äåñÿòè ëåò, íî îïèñàíèÿ
êîòîðîé â ïå÷àòè äî ñèõ ïîð íå áûëî. Ñòàòüÿ Á.Ñ.Âîçäâèæåíñêîãî ñ
ñîàâòîðàìè ñîäåðæèò ðåçóëüòàòû îáðàáîòêè íàáëþäåíèé èçáðàííûõ
ìàëûõ ïëàíåò, ïîëó÷åííûå â ÃÀÈØ. Çàìå÷àòåëüíî òî, ÷òî âñå ðå-
çóëüòàòû ïðèâåäåíû â åäèíóþ ñèñòåìó êîîðäèíàò. Ðàáîòà Ä.À.Òàãà-

åâîé ÿâëÿåòñÿ ïðîäîëæåíèåì ïðåäûäóùåé òåìû è ñîäåðæèò ðåçóëü-
òàòû îáðàáîòêè íàáëþäåíèé äåñÿòè èçáðàííûõ àñòåðîèäîâ. Â ðàáîòå
È.À. Ãåðàñèìîâà è Å.Ë. Âèííèêîâà èçëîæåíà êëàññèôèêàöèÿ îáëà-
ñòåé âîçìîæíûõ äâèæåíèé â çàäà÷å äâóõ íåïîäâèæíûõ öåíòðîâ, ÷òî
çàïîëíÿåò ñóùåñòâóþùèé ïðîáåë â èññëåäîâàíèè ýòîé çàäà÷è. Â ñòà-
òüå Â.Í.Ñåìåíöîâà èçëîæåíû ìåòîäû îòîæäåñòâëåíèÿ çâåçä â ïëîò-
íûõ ïîëÿõ íà ïðèìåðå ïëàñòèíîê Àñòðîãðàôè÷åñêîãî êàòàëîãà. Ðà-
áîòà Þ.À.Øîêèíà ïîñâÿùåíà ðåçóëüòàòàì îïðåäåëåíèÿ êîîðäèíàò

ïåðåìåííûõ çâåçä â çàïàäíîé ÷àñòè Áîëüøîãî Ìàãåëëàíîâà îáëà-
êà. Â ñòàòüå À.Ý.Íàäæèïà è Ñ.Í.Êîðåøåâà ðàññìîòðåíà ïðîáëåìà
âíóòðåííåãî êîíòðîëÿ ñòàáèëüíîñòè óãëà è ôîêóñíîãî ðàññòîÿíèÿ â
êîñìè÷åñêîì àñòðîìåòðè÷åñêîì ýêñïåðèìåíòå.

Ê ñîæàëåíèþ, â ýòîì ãîäó óøëè èç æèçíè çàìå÷àòåëüíûå àñòðî-
íîìûÌîñêîâñêîãî óíèâåðñèòåòà Â.Â.Íåñòåðîâ è Ã.Ï.Ïèëüíèê, íåêðî-
ëîãè êîòîðûõ ïîìåùåíû â êîíöå òîìà.

È.À.Ãåðàñèìîâ
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Îñíîâíûå àëãîðèòìû

÷èñëåííî-àíàëèòè÷åñêîé òåîðèè

äâèæåíèÿ èñêóññòâåííûõ

ñïóòíèêîâ Çåìëè
Â.Â.×àçîâ

Àííîòàöèÿ

Ïîëíûé èíòåãðàë îáîáù¼ííîé çàäà÷è äâóõ íåïîäâèæíûõ öåí-

òðîâ, ìàëûé ïàðàìåòð � ñæàòèå Çåìëè, ìåòîä êàíîíè÷åñêèõ ïðåîá-

ðàçîâàíèé è ïðåäëàãàåìûé ïîäõîä ê ðàçðàáîòêå àëãîðèòìîâ ïîçâî-

ëÿþò â àíàëèòè÷åñêîì âèäå è ñ ìàêñèìàëüíî âîçìîæíîé òî÷íîñòüþ

ó÷åñòü âåñü êîìïëåêñ ôàêòîðîâ, äåéñòâóþùèõ íà èñêóññòâåííûé

ñïóòíèê Çåìëè.

The main algorithms of the semi-analytical theory of the satel-

lite motion, by V.V.Chazov

Abstract. Full integral of the generalized two fixed centres problem,

small dynamical oblateness of the Earth, canonical transformations

method and the suggested approach for programming enable the whole

set of the forces acting on artificial satellite to be taken into account

in analytical manner with the maximum obtainable accuracy.

Íà äâèæåíèå èñêóññòâåííîãî ñïóòíèêà Çåìëè îêàçûâàåò âëèÿíèå
áîëüøîå ÷èñëî ôàêòîðîâ: ãåîïîòåíöèàë, ïðèòÿæåíèå Ëóíû è Ñîëíöà,
ïîòåíöèàë, îáóñëîâëåííûé ïðèëèâàìè, äàâëåíèå ñîëíå÷íîãî èçëó÷å-
íèÿ, òîðìîæåíèå â âåðõíåé àòìîñôåðå, ñèëû èíåðöèè.

Àíàëèòè÷åñêèå ìåòîäû èíòåãðèðîâàíèÿ óðàâíåíèé äâèæåíèÿ äî-

ïóñêàþò ðàçäåëåíèå çàäà÷è íà ðåøåíèå ãëàâíîé ïðîáëåìû è èñïîëü-
çîâàíèå òåîðèè âîçìóùåíèé äëÿ ó÷¼òà ìåíåå çíà÷èòåëüíûõ äåéñòâó-
þùèõ ñèë [1].

Îáîáù¼ííàÿ çàäà÷à äâóõ íåïîäâèæíûõ öåíòðîâ ïðåäñòàâëÿåòñÿ
íàèáîëåå èíòåðåñíîé è ñîäåðæàòåëüíîé â êà÷åñòâå ìîäåëè äëÿ ãëàâ-
íîé ïðîáëåìû [2].
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Çàäà÷à èìååò ìàëûé ïàðàìåòð, ïðîïîðöèîíàëüíûé ñæàòèþ Çåì-
ëè, èíòåãðèðóåìà â êâàäðàòóðàõ è àïïðîêñèìèðóåò äâèæåíèå ñïóò-
íèêà â ãðàâèòàöèîííîì ïîëå ñî âòîðîé, òðåòüåé è, ÷àñòè÷íî, ÷åòâ¼ð-
òîé çîíàëüíûìè ãàðìîíèêàìè. Ðåøåíèå ãëàâíîé ïðîáëåìû ïðèíÿòî

íàçûâàòü ïðîìåæóòî÷íîé îðáèòîé, â ôîðìóëàõ äëÿ âû÷èñëåíèé ïîë-
íîñòüþ ó÷òåíû îñíîâíûå âîçìóùàþùèå ôàêòîðû.

Íåðàâåíñòâà, îáóñëîâëåííûå àíîìàëüíîé ÷àñòüþ ãðàâèòàöèîííî-
ãî ïîëÿ Çåìëè, ïðèòÿæåíèåì Ëóíû è Ñîëíöà, äåéñòâèåì ïðèëèâîâ
è ñâåòîâîãî äàâëåíèÿ, èìåþò âòîðîé ïîðÿäîê ìàëîñòè îòíîñèòåëüíî
ñæàòèÿ è ìîãóò áûòü îïðåäåëåíû ñ ïîìîùüþ òåîðèè âîçìóùåíèé.

Â ñòàòüå ïðåäñòàâëåíû ôîðìóëû, ñâÿçûâàþùèå ìåæäó ñîáîé ïà-

ðàìåòðû îáîáù¼ííîé çàäà÷è äâóõ íåïîäâèæíûõ öåíòðîâ, äàí ñïîñîá
ïîäñòàíîâêè ðåøåíèÿ, ïîëó÷åííîãî íà îñíîâå ïðîìåæóòî÷íîé îðáè-
òû, â âîçìóùàþùóþ ôóíêöèþ è ðàçðàáîòàí àëãîðèòì àíàëèòè÷åñêî-
ãî èíòåãðèðîâàíèÿ ýëåìåíòàðíûõ ñëàãàåìûõ. Ìåòîä ïîçâîëÿåò ïðîâî-
äèòü âû÷èñëåíèÿ ñ òî÷íîñòüþ, îãðàíè÷åííîé òîëüêî âîçìîæíîñòÿìè
êîìïüþòåðà.

Ïóñòü fM � ãåîöåíòðè÷åñêàÿ ãðàâèòàöèîííàÿ ïîñòîÿííàÿ, r0 � ýê-

âàòîðèàëüíûé ðàäèóñ Çåìëè, J2, J3 � êîýôôèöèåíòû ïðè âòîðîé è
òðåòüåé çîíàëüíûõ ãàðìîíèêàõ ðàçëîæåíèÿ ãåîïîòåíöèàëà â ðÿä ïî
ñôåðè÷åñêèì ôóíêöèÿì. Ïàðàìåòðû c, � âû÷èñëèì ïî ôîðìóëàì

c = r0 �
r
J2 �

�
J3
2�J2

�2

;

� = J3
2�J2 �

1r
J2�

�
J3

2�J2

�2 :

Ïîëîæåíèå è ñêîðîñòü îáúåêòà â äåêàðòîâûõ êîîðäèíàòàõ îáîçíà÷èì

x, y, z, _x, _y, _z. Â ñæàòûõ ñôåðîèäàëüíûõ êîîðäèíàòàõ �, �, w òàêèõ,
÷òî

x =
p

(�2 + c2) � (1� �2) � cosw;
y =

p
(�2 + c2) � (1� �2) � sinw;

z = c � � + � � �;
6



ðåøåíèå óðàâíåíèÿ Ãàìèëüòîíà-ßêîáè, ñîîòâåòñòâóþùåãî ãàìèëüòî-
íèàíó îáîáù¼ííîé çàäà÷è äâóõ íåïîäâèæíûõ öåíòðîâ, èìååò âèä

S =

�Z
�1

p
�(�)

�2 + c2
d� +

�Z
�1

p
F (�)

1� �2
d� + �3 � w;

ãäå

�(�) = +2�1�
4 + 2fM�3 +

�
2�1c

2 � �2
2

�
�2 + 2fM� + c2(�2

3 � �2
2);

F (�) = �2�1c
2�4 + 2fMc��3 +

�
2�1c

2 � �2
2

�
�2 + 2fMc���

�(�2
3 � �2

2);

2�1, �
2
2, �3 � ïðîèçâîëüíûå ïîñòîÿííûå èíòåãðèðîâàíèÿ. Âåëè÷èíû

�1, �1 � äåéñòâèòåëüíûå êîðíè ïîëèíîìîâ �(�), F (�), ðåàëüíûå äâè-
æåíèÿ ïðîèñõîäÿò â îáëàñòè èçìåíåíèÿ ïåðåìåííûõ �1 � � � �2,
�1 � � � �2, ãäå �2, �2 � äâà äðóãèõ êîðíÿ ïîëèíîìîâ.

Åñëè â ïðîèçâîëüíûé ìîìåíò âðåìåíè èçâåñòíû ïîëîæåíèå è ñêî-
ðîñòü îáúåêòà, èëè, äðóãèìè ñëîâàìè, íà÷àëüíûå óñëîâèÿ, òî ïîñòî-
ÿííûå èíòåãðèðîâàíèÿ âû÷èñëÿþòñÿ ïî ôîðìóëàì [2]

2�1 = _x2 + _y2 + _z2 � 2fM � (� � c��)

�2 + c2�2
;

�2
2 = [x2 + y2 + (z � c�)2] � ( _x2 + _y2 + _z2)

�[x _x+ y _y + (z � c�)2]2 � c2 _z2

+
2fM � c�� � (c� + ��)

�2 + c2�2
;

�3 = x _y � y _x:

Îáîçíà÷èì
�2 = a � (1 + e);

�1 = a � (1� e);
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�2 = Æ;

�1 = �Æ +�Æ;

" =
c

a(1� e2)
;

Q =
1� 2"�Æ � "2Æ2(1� e2)

1 + 2"2Æ2(1 + e2) + "4Æ4(1� e2)2
:

Äëÿ ïîñòîÿííûõ èíòåãðèðîâàíèÿ ñïðàâåäëèâû ôîðìóëû

2�1 =
fM
a
� �1� "2(1� e2)(1� Æ2) �Q� ;

�2
2 = fMa(1� e2) �

h
1 + 2"2(1 + e2)(1� Æ2) �Q+

"4(1� e2)2(1� Æ2) �Q
i
;

�2
3 = fMa(1� e2)(1� Æ2)��

1 + 2"2(1 + e2) + "4(1� e2)2
� �Q:

(1)

Âåëè÷èíû a, e, Æ, �Æ íàéä¼ì ìåòîäîì ïîñëåäîâàòåëüíûõ ïðèáëèæå-
íèé ñ ó÷¼òîì ñîîòíîøåíèÿ

�Æ =
2fMc�(1� �22)

(2�1c2 � �2
2) + 2fMc��1 � 2�1c2(�

2
1 + �22))

:

×àñòü ïàðàìåòðîâ îïðåäåëèì ïî ôîðìóëàì

p = �fM
2�1
� "2(1� e2)(1� Æ2)Q;

p2 + q2 =
c2(�32��22)

2�1�1�2
;

n0 =
p
�2

2 � 2p�2 + p2 + q2;

n00 =
p
�21 � 2p�1 + p2 + q2;

e = n0�n00

n0+n00
;
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k2
2 =

(�2��1)2�(n0�n00)2

4n0n00
;

k2
2
= � k2

2

1�k2
2

;

�2 =

q
(�2�1)n0n00(1� k22);

p0 = fM
2�1
�c� �1+�2

2
c2;

q02 � p02 = � �2
2

2�1
� c2(1� �22 � �1�2 � �21)+

+
2fMc�(�1+�2)

2�1
;

m0 =
q
q02 � p02 + 2p0�2 � c2�22;

m00 =
q
q02 � p02 + 2p0�1 � c2�21;


 = m0�1+m
00�2

m0+m00
;

s = m00�2�m0�1
m0+m00

;

d = m00�m0

m0+m00
;

k2 =
c2(�2��1)2+(m0�m00)2

4m0m00
;

k21 =
k2

1+k2
;

�1 =
p

(�2�1)m0m00(1 + k2);

à òàêæå

n0 =

p
(�2�1)3

fM
;

ê =
(�2�1)�a�e

fM
;

� = 1
2

p
�
sign(�3)(

p
A� B + C +

p
A+ B + C);

� = 1
2

p
�
sign(�3)(

p
A� B + C �pA+ B + C);

�
 = 4

(
p
A�B+C+

p
A+B+C)

2

�4C
;

ãäå A = 1� 
2, B = 2 � (s
 � d), C = d2 � s2.

Ñ òî÷íîñòüþ äî ïåðâîãî ïîðÿäêà ìàëîñòè îòíîñèòåëüíî ñæàòèÿ
âåëè÷èíû a è e, �e, ê áëèçêè ñîîòâåòñòâóþùèì çíà÷åíèÿì áîëüøîé
ïîëóîñè è ýêñöåíòðèñèòåòà êåïëåðîâîé îðáèòû. Ïàðàìåòðû Æ, s àíà-

9



ëîãè÷íû ñèíóñó, à ïàðàìåòð � àíàëîãè÷åí êîñèíóñó óãëà íàêëîíåíèÿ,
âû÷èñëÿåìîãî ïî ôîðìóëàì çàäà÷è äâóõ òåë.

Ñîîòíîøåíèÿ äëÿ ñæàòûõ ñôåðîèäàëüíûõ êîîðäèíàò çàïèøåì â
âèäå

� = a � (1� e cosE);

� = �s�cos ~'+

1�d�cos ~'

;
1
�
= 1+�e cos 

a�[1�e�e+(�e�e)�cos ] ;

sin =
p
1��e2 sinE
1�e�cosE ;

cos = cosE��e
1��e�cosE :

(2)

Êàíîíè÷åñêèå ýëåìåíòû l, g, h è óãëîâûå ïåðåìåííûå ~',  , E, ~
,
w ñâÿçàíû âûðàæåíèÿìè

l = E � ê � sinE � �( � l) +

2JX
j=1

(

p
j sin j + 
j

f sin j');

~' =  + g + �( � l) +

JX
j=1

(�2j sin 2j + �2j sin 2j ~');

~
 = h+ �( � l) +

2JX
j=1

(�Pj sin j + �
f
j sin j ~'); (3)

w = ~w + ~
;

~w = arctan

�
sin ~'

� cos ~'� �

�
;

p
1� �2 cos ~w =

1p
�


� cos ~'� �

1� d cos ~'
; (4)

p
1� �2 sin ~w =

1p
�

� sin ~'

1� d cos ~'
;
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öåëîå ÷èñëî J ñîîòâåòñòâóåò ïîðÿäêó ìàëîñòè îòíîñèòåëüíî ñæàòèÿ.
Ïàðàìåòðû �, �2j, ��2j îïðåäåëåíû ôîðìóëàìè

� =
�1 �K(�k2)

��2 �K(k1)
� 1;

�2j =
�

2
� �1

��2
2 �K(k1)

�
JX
k=j

1

j

(2k � 1)!!

(2k)!!

1

22k
C
k+j
2k (�k22)

k;

�2j = ��
2
� 1

K(k1)
�

JX
k=j

1

j

2k � 1)!!

(2k)!!

1

22k
C
k+j
2k (k21)

k;

K(k) � ïîëíûé ýëëèïòè÷åñêèé èíòåãðàë ïåðâîãî ðîäà ñ ìîäóëåì k,

C
k+j
2k � áèíîìèàëüíûå êîýôôèöèåíòû.
Òðèãîíîìåòðè÷åñêèå ðÿäû äëÿ óãëîâûõ ïåðåìåííûõ è äâà íàáîðà

ïàðàìåòðîâ


0; 

0
0; � = �
0 � (1 + �)
 00; 
jp; 
j

f ;

�00; �0; � = �00 + (1 + �)�0; �j
p; �j

f

ïîëó÷åíû àëãîðèòìè÷åñêè íà îñíîâå ýëëèïòè÷åñêèõ èíòåãðàëîâ

n0

Z
�2 d� + n0c

2

Z
�2 d�;

�3

Z
d�

1� �2
� �3c

2

Z
d�

�2 + c2
;

ãäå äèôôåðåíöèàë d� èìååò âèä

d� =
1

��2
� d p

1� �k22 � cos2  
;

d� =
1

�1
� d ~'p

1� k21 cos
2 ~'

;
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èëè, äëÿ èíòåãðèðîâàíèÿ �2,

d� =
d�p
�(�)

=
dEp�2�1

p
�2 � 2p� + p2 + q2

:

Ñîîòíîøåíèå d�=(�2 + c2) è ÷àñòü âûðàæåíèÿ �2d� ïîñëå çàìåíû
äèôôåðåíöèàëà d� íà d ïðåäñòàâëÿþò èç ñåáÿ ïðîèçâåäåíèÿ ïî-

ëèíîìîâ îòíîñèòåëüíî cos . Âûðàæåíèÿ �2d� è, ïîñëå âûäåëåíèÿ
öåëîé ÷àñòè, d�=(1 � �2) â ðåçóëüòàòå çàìåíû d� íà d ~' ÿâëÿþòñÿ
ïðîèçâåäåíèÿìè ïîëèíîìîâ îòíîñèòåëüíî cos ~'. Àëãîðèòì ñîñòîèò
èç ïðîöåäóðû óìíîæåíèÿ ïîëèíîìîâ è ïðîöåäóðû èíòåãðèðîâàíèÿ
ôóíêöèè êîñèíóñ ïðîèçâîëüíîãî óãëà, âîçâåä¼ííîãî â ëþáóþ öåëóþ
ñòåïåíü.

Äëÿ êàíîíè÷åñêèõ ýëåìåíòîâ L, G, H ñïðàâåäëèâû ôîðìóëû

L =
fMp�2�1

(1 + �)� �G� �H + I� � (1 + �)I�;

G =
�2
2

�1
� 2
�
K(�1)� fMp�2�1


 00 � �0H � I�;

H = �3;

îïðåäåë¼ííûå èíòåãðàëû

I� =
2fMp�2�1

� 2
�
�

JX
j=1

(2j � 1)!!

(2j)!!

�Z
0

1

�j�1
�
�
2p� p2 + q2

�

�j

� dE
�
;

I� =
2fMc�

�1
�2
�

+�

2Z
��

2

(�s�cos ~'+
)�
"
1 +

JX
j=1

dj � (cos ~')j
#
� d ~'p

1� �21 cos
2 ~'

èìåþò ïåðâûé ïîðÿäîê ìàëîñòè îòíîñèòåëüíî ñæàòèÿ.

12



×àñòíûå ïðîèçâîäíûå îò ïîñòîÿííûõ èíòåãðèðîâàíèÿ �1, �2, �3

ïî êàíîíè÷åñêèì ýëåìåíòàì L, G, H çàïèøåì â âèäå

@�1

@L
=

n0

1� �
;

@�1

@G
=

n0�

1� �
;

@�1

@H
=

n0�

1� �
;

@�2

@L
= � 1

�
� 


0
0

n0

;

@�2

@G
= +

1

�
� 1 + 
0 + 
 00

n0

; (5)

@�2

@H
= +

1

�
� (1 + 
0)�0 � 
 00�

0
0

n0

;

@�3

@L
= 0;

@�3

@G
= 0;

@�3

@H
= 1;

� =
�2

�1
� 1� �

n0

� 2
�
K(�1):

Â òåîðèè âîçìóùåíèé íåîáõîäèìî âû÷èñëÿòü ÷àñòíûå ïðîèçâîä-
íûå îò âîçìóùàþùåé ôóíêöèè ïî ýëåìåíòàì ïðîìåæóòî÷íîé îð-
áèòû. Ñëåäóþùèé àëãîðèòì ÿâëÿåòñÿ îäíîâðåìåííî è îáîáùåíèåì
òîëüêî ÷òî ðàññìîòðåííîé ïðîöåäóðû, è ïîäãîòîâêîé ê ïðèìåíåíèþ
ìåòîäà êàíîíè÷åñêèõ ïðåîáðàçîâàíèé äëÿ ó÷¼òà âñåõ äåéñòâóþùèõ
ôàêòîðîâ.
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Âìåñòå ñî çíà÷åíèÿìè ïàðàìåòðîâ ïðîìåæóòî÷íîé îðáèòû, îñíî-
âàííîé íà ðåøåíèè îáîáù¼ííîé çàäà÷è äâóõ íåïîäâèæíûõ öåíòðîâ,
âû÷èñëèì ÷àñòíûå ïðîèçâîäíûå îò ýòèõ âåëè÷èí ïî òð¼ì ýëåìåíòàì
a, e, Æ. Ïîñêîëüêó êîëè÷åñòâî íåçàâèñèìûõ ïðîèçâîäíûõ âòîðîãî ïî-

ðÿäêà ðàâíî øåñòè, à òðåòüåãî � äåñÿòè, òî äëÿ êàæäîãî ïàðàìåòðà
êàê åãî ÷èñëåííîå çíà÷åíèå, òàê è ÷èñëåííûå çíà÷åíèÿ âñåõ ÷àñòíûõ
ïðîèçâîäíûõ äî òðåòüåãî ïîðÿäêà âêëþ÷èòåëüíî óïàêîâûâàþòñÿ â
îäíîìåðíûé ìàññèâ èç äâàäöàòè ýëåìåíòîâ.

Êðîìå ïðîèçâîäíûõ îò ëþáîãî ïàðàìåòðà ïî òð¼ì ýëåìåíòàì a,
e, Æ è ïðîèçâîäíûõ îò ïîñòîÿííûõ èíòåãðèðîâàíèÿ �1, �2, �3 ïî êà-
íîíè÷åñêèì ýëåìåíòàì L, G, H, íåîáõîäèìî ïðîìåæóòî÷íîå çâåíî �

àëãîðèòì âû÷èñëåíèÿ ÷àñòíûõ ïðîèçâîäíûõ îò a, e, Æ ïî �1, �2, �3.
Ïðîäèôôåðåíöèðóåì êàæäóþ èç òð¼õ ôîðìóë (1) ïî a, e2, Æ2. Âû-
÷èñëÿÿ è îáðàùàÿ ìàòðèöó èç òð¼õ ñòðîê è òð¼õ ñòîëáöîâ, ïîëó÷èì
÷èñëåííûå çíà÷åíèÿ ÷àñòíûõ ïðîèçâîäíûõ îò âåëè÷èí a, e, Æ ïî �1,
�2, �3. ×èñëåííûå çíà÷åíèÿ ïðîèçâîäíûõ ïî êàíîíè÷åñêèì ýëåìåí-
òàì ïîëó÷àåì â ðåçóëüòàòå ñóììèðîâàíèÿ

@a

@Lj
=

3X
k=1

@a

@�k
� @�k
@Lj

;

@e2

@Lj
=

3X
k=1

@e2

@�k
� @�k
@Lj

;

@Æ2

@Lj
=

3X
k=1

@Æ2

@�k
� @�k
@Lj

;

L1 = L; L2 = G; L3 = H:

Ïðîèçâîäíûå íå ñîäåðæàò îñîáåííîñòåé òèïà äåëåíèÿ íà âåëè÷èíû
e, Æ, íî òàêèå îñîáåííîñòè ïîÿâëÿþòñÿ â ôîðìóëàõ

@e

@Lj
=

1

2e
� @e

2

@Lj
;

14



@Æ

@Lj
=

1

2Æ
� @Æ

2

@Lj
:

×àñòíûå ïðîèçâîäíûå îò óãëîâûõ ïåðåìåííûõ ~',  , E, ~
 ïî ýëå-
ìåíòàì a, e, i, l, g, h ïîëó÷èì ïðè äèôôåðåíöèðîâàíèè ôîðìóë (3).

Ñëàãàåìîå, òèïè÷íîå äëÿ âîçìóùàþùåé ôóíêöèè, çàïèøåì â âèäå

J � rn �
�z
r

�k �x2 + y2

r2

�m

2

�A; (6)

ãäå

J � ÷èñëåííûé êîýôôèöèåíò âòîðîãî ïîðÿäêà ìàëîñòè îòíîñè-
òåëüíî ñæàòèÿ,

A � îäíî èç ïðîèçâåäåíèé cosmw�cos q, sinmw�cos q, cosmw�sin q,
sinmw � sin q,

k � 0, m � 0,
n < �2 äëÿ âîçìóùåíèé, îáóñëîâëåííûõ ãåîïîòåíöèàëîì è ïðè-

ëèâàìè,

n � +2 äëÿ âîçìóùåíèé, îáóñëîâëåííûõ ïðèòÿæåíèåì Ëóíû è
Ñîëíöà,

àðãóìåíò q = q0 + _q0 � (t � t0) ÿâëÿåòñÿ ëèíåéíîé êîìáèíàöè-
åé çâ¼çäíîãî âðåìåíè è ïÿòè ôóíäàìåíòàëüíûõ àðãóìåíòîâ: ñðåäíåé
äîëãîòû Ëóíû, ñðåäíåé àíîìàëèè Ëóíû, ñðåäíåé àíîìàëèè Ñîëíöà,
ñðåäíåé øèðîòû Ëóíû, ðàçíîñòè ñðåäíèõ äîëãîò Ëóíû è Ñîëíöà.

Òàê êàê

r = � �
s

1 + 2c�
�

�
� c2

�2

�2
+
c2(1 + �)2

�2
;

z = � �
�
� +

c�

�2

�
;

x2 + y2 = �2 �
�
1 +

c2

�2

�
(1� �2);
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ãäå âåëè÷èíû c2=�2 è c�=� èìåþò ïåðâûé ïîðÿäîê ìàëîñòè îòíîñè-
òåëüíî ñæàòèÿ, òî ñ òî÷íîñòüþ äî ïðîèçâîëüíîãî ïîðÿäêà ìàëîñòè
âûðàæåíèå (6) ïðåäñòàâèì â âèäå ñóììû ñëàãàåìûõ òèïà

1

�2 + c2�2
� B � �n1�k1 � (1� �2) � A; (7)

ãäå
n� J � n1 � n+ 2;

0 � k1 � k + J:

Ñëàãàåìîå âîçìóùàþùåé ôóíêöèè ñòàëî ôóíêöèåé ñæàòûõ ñôå-

ðîèäàëüíûõ êîîðäèíàò. ×èñëåííûé êîýôôèöèåíò B íå çàâèñèò îò
ýëåìåíòîâ îðáèòû ñïóòíèêà, äëÿ êàæäîé ìîäåëè äâèæåíèÿ ïåðåõîä
îò (6) ê (7) âûïîëíÿåòñÿ òîëüêî îäèí ðàç.

Âòîðîé øàã ñîñòîèò â ïðèâåäåíèè âûðàæåíèÿ (7) ê ñóììå òðèãî-
íîìåòðè÷åñêèõ ñëàãàåìûõ ñ ÷èñëåííûìè êîýôôèöèåíòàìè è óãëîâû-
ìè ïåðåìåííûìè â êà÷åñòâå àðãóìåíòîâ.

Íà îñíîâå ôîðìóë (2) è (4) çàïèøåì

�k =

k+JX
j=0

aj � cos j ~';

1

�n
=

n+JX
j=0

bj � cos j ; (8)

�n =

nX
j=0

~bj � cos jE;

(1� �2)
m

2 cosm~! =

m+JX
j=0

uj � cos j ~'; (9)
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(1� �2)
m

2 sinm~! =

m+JX
j=1

vj � sin j ~';

ãäå aj, bj, ~bj, uj, vj � ÷èñëåííûå êîýôôèöèåíòû, îïðåäåëÿåìûå âìåñòå
ñ ÷àñòíûìè ïðîèçâîäíûìè ïî ýëåìåíòàì a, e, Æ. Ïîäñòàâèì ôîðìóëû
(8) è (9) â (7) è ïðèâåä¼ì ñëàãàåìîå âîçìóùàþùåé ôóíêöèè ê ñóììå
ýëåìåíòàðíûõ ñëàãàåìûõ òèïà

1
�2+c2�2

�X � cos(j1 ~'+ j2 + j3E + j4~
 + q);
1

�2+c2�2
� Y � sin(j1 ~'+ j2 + j3E + j4~
 + q);

(10)

ãäå X è Y � ÷èñëåííûå êîýôôèöèåíòû âòîðîãî ïîðÿäêà ìàëîñòè.
Â ïîñëåäîâàòåëüíîñòè ïðåîáðàçîâàíèé (6)�(10) ïðîìåæóòî÷íîå

ðåøåíèå ó÷èòûâàåòñÿ ñ òî÷íîñòüþ äî ïðîèçâîëüíîãî ïîðÿäêà ìàëî-
ñòè J îòíîñèòåëüíî ñæàòèÿ. Àëãîðèòì, îñóùåñòâëÿþùèé ïðåâðàùå-
íèÿ, âìåñòå ñî çíà÷åíèÿìè êîýôôèöèåíòîâ X, Y âû÷èñëÿåò ÷àñòíûå
ïðîèçâîäíûå îò ýòèõ âåëè÷èí ïî ýëåìåíòàì a, e, Æ.

Äëÿ èíòåãðèðîâàíèÿ ýëåìåíòàðíîãî ñëàãàåìîãî âîñïîëüçóåìñÿ
äèôôåðåíöèàëüíûìè ñîîòíîøåíèÿìè ïðîìåæóòî÷íîãî äâèæåíèÿ

dt = (�2 + c2�2) � d�; (11)
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è

d ~' = f0 � d� +
JP
k=1

f2k � cos 2k ~' � d�;

d = p0 � d� +
JP
k=1

p2k � cos 2k � d�;
dE = (

p�2�1 �+~p0) � d� �
p�2�1 � a � e cosE � d�+

2JP
k=1

~pk cos k � d�;

d~
 = ( �f0 + �p0) � d� +
2JP
k=1

�fk � cos k ~' � d�+
2JP
k=1

�pk � cos k � d�;
dt = (a2 + 1

2
a2e2 + ~a0) � d� � 2a2e � cosE � d� + 1

2
a2e2 cos 2E � d�+

2JP
k=1

~ak � cos k ~' � d�;
(12)

ãäå f2k, p2k, ~pk, �fk, �pk, ~ak � ÷èñëåííûå êîýôôèöèåíòû, îïðåäåëÿåìûå

âìåñòå ñ ÷àñòíûìè ïðîèçâîäíûìè. Óìíîæàÿ ïÿòü ðàâåíñòâ (12) ñî-
îòâåòñòâåííî íà j1, j2, j3, j4, _q è ñêëàäûâàÿ, èìååì

�A � d� = d(j1 ~'+ j2 + j3E + j4~
 + q)+

2
2JP
k=1

�Hk cos k ~' � d� + 2
2JP
k=1

Hk cos k � d� + 2
2P

k=1

~Hk cos kE � d�:
(13)

Ïðè ïîìîùè (11) èíòåãðàë ïî íåçàâèñèìîé ïåðåìåííîé t îò ïåðâîãî
èç ýëåìåíòàðíûõ ñëàãàåìûõ ïåðåõîäèò â èíòåãðàë ïî ïåðåìåííîé �

Ix = X �
Z

cos(j1 ~'+ j2 + j3E + j4~
 + q) � d�: (14)
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Ó÷èòûâàÿ (13), ïîëó÷èì ðåêóððåíòíóþ ôîðìóëó

Ix =
X
�A
� sin(j1 ~'+ j2 + j3E + j4~
 + q)

+X
�A
�

2JP
k=1

�Hk �
R
cos[(j1 � k) ~'+ j2 + j3E + j4~
 + q] � d�

+X
�A
�

2JP
k=1

Hk �
R
cos[(j1 ~'+ (j2 � k) + j3E + j4~
 + q]d�

+X
�A
�

2P
k=1

~Hk �
R
cos[j1 ~'+ j2 + (j3 � k)E + j4~
 + q]d�:

(15)

Èíòåãðèðîâàíèå âîçìîæíî íå âñåãäà. Âîçìóùàþùàÿ ôóíêöèÿ ñî-
äåðæèò ñëàãàåìûå êàê êîðîòêîãî, îò äîëåé îáîðîòà äî íåñêîëüêèõ
ñóòîê, òàê è äîëãîãî, ïîðÿäêà îäíîãî ãîäà, ïåðèîäîâ, è, ÷òî âàæíî
äëÿ âñåé òåîðèè, ñëàãàåìûå ñ î÷åíü áîëüøèìè ïåðèîäàìè è âåêîâîé

÷ëåí. Èíôîðìàöèÿ î ïåðèîäå êîíêðåòíîãî ñëàãàåìîãî ñîäåðæèòñÿ â
êîýôôèöèåíòå �A. Åñëè âåëè÷èíà

�A

a2
=

j1f0+j2p0+j3(
p
�2�1�a+~p0)+j4( �f0+�p0+ _q(a2+ 1

2
�a2e2+~a0)

a2

ìåíüøå çàðàíåå âûáðàííîé ÷àñòîòû, òî ñîîòâåòñòâóþùèé ÷ëåí âîç-
ìóùàþùåé ôóíêöèè ÿâëÿåòñÿ äîëãîïåðèîäè÷åñêèì, è àíàëèòè÷åñêîå
èíòåãðèðîâàíèå íå âûïîëíÿåòñÿ.

×èñëåííûå çíà÷åíèÿ âåëè÷èí Hk, �Hk, ~Hk, îïðåäåëÿþòñÿ âìåñòå ñ
÷èñëåííûìè çíà÷åíèÿìè ÷àñòíûõ ïðîèçâîäíûõ ïî ïàðàìåòðàì a, e,
Æ. Â ðåêóððåíòíîé ôîðìóëå (15), êàê è âî âñåõ ïðåäûäóùèõ àëãîðèò-

ìàõ, ïðîìåæóòî÷íîå ðåøåíèå ïðèíèìàåòñÿ âî âíèìàíèå ñ òî÷íîñòüþ
äî ïðîèçâîëüíîãî ïîðÿäêà ìàëîñòè J îòíîñèòåëüíî ñæàòèÿ.

Îáùèé ìåòîä ðàñ÷¼òà ïîëîæåíèÿ êîñìè÷åñêèõ îáúåêòîâ âêëþ÷àåò
â ñåáÿ ÷èñëåííîå èíòåãðèðîâàíèå îñðåäí¼ííûõ êàíîíè÷åñêèõ óðàâíå-
íèé äâèæåíèÿ ñ âîçìóùàþùèì ãàìèëüòîíèàíîì, ñîñòîÿùèì èç äîë-
ãîïåðèîäè÷åñêèõ ÷ëåíîâ, âû÷èñëåíèå íåðàâåíñòâ êîðîòêîãî ïåðèîäà,
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ïîëó÷åííûõ â àíàëèòè÷åñêîì ðåøåíèè, ìåòîä íàèìåíüøèõ êâàäðà-
òîâ äëÿ óëó÷øåíèÿ íà÷àëüíûõ çíà÷åíèé îïðåäåëÿåìûõ ïàðàìåòðîâ
íà îñíîâå íàáëþäåíèé.

Ïðåäëàãàåìûå àëãîðèòìû ïðîâåðåíû ïðè îáðàáîòêå âûñîêîòî÷-

íûõ èçìåðåíèé òîïîöåíòðè÷åñêèõ äàëüíîñòåé äî èñêóññòâåííîãî ñïóò-
íèêà Çåìëè Ëàãåîñ çà 1992, 1993 è 1994 ãîäû. Ïðîöåäóðà âû÷èñëåíèé
ïîëíîñòüþ ó÷èòûâàëà ðåêîìåíäàöèè Ìåæäóíàðîäíîé ñëóæáû âðà-
ùåíèÿ Çåìëè [3]. Ñðåäíåêâàäðàòè÷åñêàÿ ïîãðåøíîñòü îäíîãî èçìåðå-
íèÿ íàõîäèòñÿ â ïðåäåëàõ îò 2 äî 10 ñì. Íà ïÿòèñóòî÷íûõ èíòåðâàëàõ
îïðåäåëåíû êîîðäèíàòû ïîëþñà ñ òî÷íîñòüþ 0:000002 è âàðèàöèè ïðî-
äîëæèòåëüíîñòè ñóòîê ñ òî÷íîñòüþ 0:s00001. Ïîëó÷åí ðÿä çíà÷åíèé

êîýôôèöèåíòà ýìïèðè÷åñêîãî óñêîðåíèÿ. Òî÷íîñòü îïðåäåëåíèÿ êî-
îðäèíàò ñòàíöèé ëàçåðíîé ëîêàöèè ñîñòàâèëà 5 ìì. Âû÷èñëåííîå ïî-
ëå ñêîðîñòåé, òî åñòü âåêîâûå èçìåíåíèÿ â ïîëîæåíèè îáñåðâàòîðèé
çà òðè ãîäà, íàõîäèòñÿ â õîðîøåì ñîãëàñèè ñ ðåçóëüòàòàìè, îïóáëè-
êîâàííûìè ðàçëè÷íûìè öåíòðàìè îáðàáîòêè íàáëþäåíèé.
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Ðåçóëüòàòû íàáëþäåíèé èçáðàííûõ

ìàëûõ ïëàíåò â Ãîñóäàðñòâåííîì

àñòðîíîìè÷åñêîì èíñòèòóòå èì.

Ï.Ê.Øòåðíáåðãà.

Á.Ñ.Âîçäâèæåíñêèé, H.Ï.Ãîpáàòêî,

Â.À.Åëèñååâ, Ã.Â.Ðîìàíîâà

Àííîòàöèÿ

Ïðåäñòàâëåíî 91 ïîëîæåíèå äëÿ 4-õ èçáðàííûõ ìàëûõ ïëàíåò â

ñèñòåìå îïîðíîãî êàòàëîãà Òèõî. Íàáëþäåíèÿ âûïîëíåíû íà îáñåð-

âàòîðèè Ìàéäàíàê è â Çâåíèãîðîäå.

The results of the observations of the selected minor planets

in Sternberg State Astronomical institute,

by B.S.Vozdvijenski, N.P.Gorbatko, V.A.Yeliseev, G.V.Romanova.

Abstract. 91 positions of 4 selected minor planets in the Tycho

Reference Catalogue system are presented. The observations have been

made on the Maidanak observatory end in Zvenigorod.

Â 1991 ãîäó Êîìèññèÿ 20 ÌÀÑ íà Ãåíåðàëüíîé àññàìáëåå Ìåæ-
äóíàðîäíîãî àñòðîíîìè÷åñêîãî ñîþçà, êîòîðàÿ ïðîõîäèëà â Áóýíîñ-
Àéðåñå (Àðãåíòèíà), îäîáðèëà ïðîãðàììó ïîçèöèîííûõ íàáëþäåíèé

15-òè èçáðàííûõ ìàëûõ ïëàíåò íà 1992-2000 ãîäû.
Ýòà ïðîãðàììà ÿâëÿåòñÿ ëîãè÷åñêèì ïðîäîëæåíèåì áîëåå ðàí-

íèõ ïðîãðàìì Ä.Áðàóýðà, Á.Hóìåðîâà è Â.È.Îðåëüñêîé. Öåëüþ íî-
âîé ïðîãðàììû ÿâëÿåòñÿ ïîëó÷åíèå âûñîêîòî÷íûõ ïîçèöèîííûõ íà-
áëþäåíèé 15-òè èçáðàííûõ àñòåðîèäîâ, ïðèãîäíûõ äëÿ îïðåäåëåíèÿ
ïàðàìåòðîâ îðèåíòàöèè è ñèñòåìàòè÷åñêèõ îøèáîê îïîðíûõ êàòàëî-
ãîâ, îïðåäåëåíèå ýòèõ âåëè÷èí è ïîëó÷åíèå âûñîêîòî÷íûõ îðáèò èç-

áðàííûõ ìàëûõ ïëàíåò.
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Â ñîîòâåòñòâèè ñ âûøåíàçâàííîé ìåæäóíàðîäíîé ïðîãðàììîé íà-
áëþäåíèé èçáðàííûõ àñòåðîèäîâ â Ãîñóäàðñòâåííîì Àñòðîíîìè÷å-
ñêîì èíñòèòóòå èì. Ï.Ê.Øòåðíáåðãà â 1991 ãîäó ïðîäîëæàëèñü íà-
áëþäåíèÿ ìàëûõ ïëàíåò íà ãîðå Ìàéäàíàê íà øèðîêîóãîëüíîì àñòðî-

ãðàôå ÀÔÐ-1 (D = 230ìì, F = 2300ìì) è â Çâåíèãîðîäå íà øèðîêî-
óãîëüíîì àñòðîãðàôå ØÀ Èíñòèòóòà àñòðîíîìèè ÐÀH (D = 400ìì,
F = 2000ìì).

Â íàñòîÿùåé ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû íàáëþäåíèé 4-õ èç-
áðàííûõ àñòåðîèäîâ � 3.Þíîíû, 6.Ãåáû, 18.Ìåëüïîìåíû è 39.Ëåòè-
öèè çà 1991 ãîä íà äâóõ àñòðîãðàôàõ. Â òàáëèöàõ 1 è 2 ïðèâåäåíû
ïîëîæåíèÿ íàçâàííûõ ìàëûõ ïëàíåò ïî íàáëþäåíèÿì íà Ìàéäàíàêå

(46 ïîëîæåíèé) è ïî íàáëþäåíèÿì â Çâåíèãîðîäå (45 ïîëîæåíèé) ñî-
îòâåòñòâåííî. Òàáëèöû 1 è 2 ñîäåðæàò ïî ñòîëáöàì ñëåäóþùèå äàí-
íûå: íîìåð ïîëîæåíèÿ ïî ïîðÿäêó, äàòà, ìîìåíò íàáëþäåíèÿ UTC
(âñåìèðíîå êîîðäèíèðîâàííîå âðåìÿ), �, Æ � òîïîöåíòðè÷åñêèå ñôå-
ðè÷åñêèå êîîðäèíàòû íà ýïîõó 2000.0, (O-C) ïî � è Æ.

Íàáëþäåíèÿ èçáðàííûõ àñòåðîèäîâ íà ãîðå Ìàéäàíàê â Ñðåä-
íåé Àçèè ïðîâîäèëèñü Í.Ï.Ãîðáàòêî â ïåðèîä ñ èþíÿ ïî îêòÿáðü

1991 ãîäà. Âñåãî áûëî ïîëó÷åíî 47 àñòðîíåãàòèâîâ è 186 îòäåëüíûõ
èçîáðàæåíèé ìàëûõ ïëàíåò, ïî êîòîðûì áûëî âûâåäåíî 46 òî÷íûõ
ïîëîæåíèé.

Â íàáëþäåíèÿõ â Çâåíèãîðîäå ó÷àñòâîâàëè Á.Ñ. Âîçäâèæåíñêèé è
Ã.Â. Ðîìàíîâà. Ýòè íàáëþäåíèÿ ïðîâîäèëèñü â ïåðèîä ñ àïðåëÿ ïî
îêòÿáðü 1991 ãîäà. Âñåãî áûëî ïîëó÷åíî 70 àñòðîíåãàòèâ è 149 îò-
äåëüíûõ èçîáðàæåíèé ìàëûõ ïëàíåò, ïî êîòîðûì áûëî âûâåäåíî 45
òî÷íûõ ïîëîæåíèé.

Â êà÷åñòâå îïîðíîãî êàòàëîãà áûë ïðèíÿò Tycho Reference Catalog
[1]. Ïðè îòîæäåñòâëåíèè àñòðîíåãàòèâîâ èñïîëüçîâàëàñü ïðîãðàììà
âèçóàëèçàöèè îïîðíîãî êàòàëîãà [2]. Èçìåðåíèå àñòðîíåãàòèâîâ è îá-
ðàáîòêà íàáëþäåíèé ïðîâåäåíû Â.À.Åëèñååâûì.

Â êà÷åñòâå ðåäóêöèîííîé ìîäåëè áûë èñïîëüçîâàí ïîëíûé êâàä-
ðàòè÷íûé ïîëèíîì. Êîëè÷åñòâî îïîðíûõ çâåçä íà àñòðîíåãàòèâàõ
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âûáèðàëîñü â ïðåäåëàõ îò 9 äî 15. ×èñëî ýêñïîçèöèé íà îäíîì àñòðî-
íåãàòèâå ñîñòàâëÿëî îò 1 äî 5. Çà îêîí÷àòåëüíûå ðåçóëüòàòû íà äàòó
íàáëþäåíèÿ ïðèíèìàëèñü ñðåäíèå àðèôìåòè÷åñêèå çíà÷åíèÿ ìîìåí-
òîâ, ñôåðè÷åñêèõ êîîðäèíàò è ðàçíîñòåé (O�C) èç âñåõ ýêñïîçèöèé. Â

ðàçíîñòÿõ (O�C), êàê îáû÷íî, �O� � ïîëîæåíèÿ ìàëûõ ïëàíåò, ïîëó-
÷åííûå èç íàáëþäåíèé, �C� � âû÷èñëåííûå ýôåìåðèäíûå ïîëîæåíèÿ,
ïîëó÷åííûå èíòåðïîëèðîâàíèåì íà ìîìåíò íàáëþäåíèÿ èç �Åæåäíåâ-
íûõ ýôåìåðèä èçáðàííûõ ìàëûõ ïëàíåò íà 1991�1992 ãã.� (×àñòè I,
II è III).

Ïðåäâàðèòåëüíûé àíàëèç ðÿäîâ íàáëþäåíèé èçáðàííûõ àñòåðîè-
äîâ, ïîëó÷åííûõ íà äâóõ âûøåíàçâàííûõ àñòðîãðàôàõ, áûë âûïîë-

íåí â ðàáîòå [3]. Àâòîðàìè áûëî ïîêàçàíî, ÷òî ýòè ðÿäû íàáëþäåíèé,
ñêîðåå âñåãî, ÿâëÿþòñÿ îäíîðîäíûìè.

Â çàêëþ÷åíèå îòìåòèì, ÷òî íàáëþäåíèÿ èçáðàííûõ ìàëûõ ïëà-
íåò 3.Þíîíû è 39.Ëåòèöèè â ñèñòåìå îïîðíîãî êàòàëîãà PPM áû-
ëè ðàíåå îïóáëèêîâàíû (Àñòðîíîìè÷åñêèé âåñòíèê, 1996, ò.30, N 5,
ñ.478-479.), íî ñ ïîÿâëåíèåì íîâåéøåãî îïîðíîãî êàòàëîãà Òèõî áûëè
ïåðåîáðàáîòàíû è âêëþ÷åíû â íàñòîÿùóþ ñòàòüþ. Â óêàçàííîé ïóá-

ëèêàöèè áûëè îáíàðóæåíû è èñïðàâëåíû äâå îøèáêè: äëÿ 3.Þíî-
íû âìåñòî ïðåæíåãî ìîìåíòà 1991 8 11.71282 äàþòñÿ íîâûå ìîìåíò
1991 8 12.71282 è ïîëîæåíèå è äëÿ 39.Ëåòèöèè òàêæå äàþòñÿ íî-
âûå ìîìåíò 1991 8 1.73833 è ïîëîæåíèå âìåñòî ïðåæíåãî ìîìåíòà
1991 8 1.73594.
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Òàáëèöà 1. Ðåçóëüòàòû íàáëþäåíèé ìàëûõ ïëàíåò íà Ìàéäàíàêå.
N äàòà UTC R.A.(J2000) decl.(J2000) (O�C)

d h m s
Æ 0 00

s
00

3. Þíîíà

1 1991 7 6.82778 19 41 02.865 -04 23 20.53 .004 .05

2 1991 7 10.80394 19 37 39.938 -04 33 50.28 .037 .09

3 1991 7 16.79847 19 32 23.753 -04 54 18.44 -.005 -.11

4 1991 8 6.76201 19 14 57.755 -06 41 53.61 .010 .04

5 1991 8 8.73535 19 13 34.998 -06 54 8.62 .007 -.06

6 1991 8 10.72429 19 12 15.797 -07 06 43.50 .008 -.09

7 1991 8 12.71282 19 11 01.178 -07 19 30.24 .021 -.13

8 1991 8 15.72285 19 09 17.427 -07 39 8.97 .012 -.11

9 1991 9 7.76505 19 03 10.797 -10 10 55.08 -.002 -.09

10 1991 10 30.66178 19 37 04.618 -14 00 48.17 .033 -.08

6. Ãåáà

11 1991 8 6.79514 22 44 37.571 -11 57 16.26 .033 -.17

12 1991 8 8.77380 22 43 55.527 -12 25 21.68 .019 -.01

13 1991 8 10.75561 22 43 07.549 -12 54 19.07 .062 .29

14 1991 8 12.74921 22 42 13.535 -13 24 11.37 .029 .02

15 1991 8 15.76354 22 40 41.919 -14 10 30.45 .007 -.16

16 1991 9 7.80334 22 25 26.523 -20 05 42.90 .013 .04

17 1991 9 9.79118 22 24 07.744 -20 32 38.93 .034 .01

18 1991 9 16.87370 22 19 56.598 -21 58 56.24 .038 -.03

19 1991 10 31.66903 22 26 55.010 -24 20 11.44 .078 .17

18. Ìåëüïîìåíà

20 1991 6 2.77407 17 14 52.314 -06 33 44.17 -.045 .01

21 1991 6 3.77164 17 13 52.326 -06 32 04.22 -.015 .01

22 1991 6 6.88704 17 10 41.322 -06 27 51.71 .006 .16

23 1991 6 7.82431 17 09 43.255 -06 26 54.21 -.001 .04

24 1991 7 6.75002 16 42 33.909 -07 11 04.68 -.002 .05

25 1991 7 10.72274 16 40 00.533 -07 27 43.35 -.015 -.14

26 1991 7 12.76107 16 38 51.712 -07 37 06.17 -.002 -.03

27 1991 7 15.72228 16 37 24.567 -07 51 40.82 .004 .06

28 1991 7 16.70628 16 36 59.022 -07 56 45.84 .003 -.21

29 1991 9 8.66846 16 56 47.970 -14 02 11.43 -.007 .19

30 1991 9 9.68358 16 57 53.724 -14 09 14.97 .004 .22

31 1991 10 3.62465 17 29 39.121 -16 40 18.47 .005 .22
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Òàáëèöà 1. ïðîäîëæåíèå
N äàòà UTC R.A.(J2000) decl.(J2000) O�C

d h m s
Æ 0 00

s
00

39. Ëåòèöèÿ

32 1991 6 10.92500 19 07 51.550 -08 42 25.67 .035 -.12

33 1991 6 15.87535 19 04 41.997 -08 43 24.36 .023 -.23

34 1991 7 6.79530 18 47 51.474 -09 24 38.82 -.002 -.02

35 1991 7 10.76597 18 44 26.642 -09 38 53.45 .065 .25

36 1991 7 16.76194 18 39 27.372 -10 03 41.93 .083 .33

37 1991 7 30.69497 18 29 40.774 -11 13 04.15 .038 .14

38 1991 8 1.73594 18 28 32.909 -11 24 12.60 .035 .10

39 1991 8 6.71868 18 26 11.176 -11 52 03.85 .032 -.10

40 1991 8 8.70183 18 25 24.739 -12 03 20.45 .027 -.11

41 1991 8 10.69277 18 24 44.098 -12 14 43.90 .015 -.02

42 1991 8 12.68602 18 24 09.618 -12 26 10.91 .040 .07

43 1991 9 7.72133 18 26 23.307 -14 50 27.99 .019 -.08

44 1991 10 3.66968 18 45 13.241 -16 41 21.79 .034 -.06

45 1991 10 30.62694 19 17 58.246 -17 38 41.60 .023 .11

46 1991 11 1.60822 19 20 46.624 -17 40 11.89 .055 -.12

Òàáëèöà 2. Ðåçóëüòàòû íàáëþäåíèé ìàëûõ ïëàíåò â Çâåíèãîðîäå.
N äàòà UTC R.A.(J2000) decl.(J2000) O�C

d h m s
Æ 0 00

s
00

3. Þíîíà

1 1991 5 23.96481 20 01 17.752 -05 03 32.06 .019 -.25

2 1991 6 7.93854 19 58 46.674 -04 21 18.07 .015 -.13

3 1991 6 15.94201 19 55 24.782 -04 09 29.36 -.017 -.13

4 1991 6 22.93902 19 51 24.190 -04 06 35.07 .017 -.04

5 1991 6 28.94595 19 47 15.816 -04 10 03.62 .012 -.07

6 1991 7 29.88361 19 21 03.160 -05 55 59.48 -.019 -.12

7 1991 8 2.89196 19 17 50.953 -06 18 41.63 .019 -.11

8 1991 8 3.89329 19 17 04.845 -06 24 35.31 .009 -.13

9 1991 8 16.82106 19 08 42.493 -07 46 23.97 .017 -.04

10 1991 8 23.82448 19 05 38.844 -08 33 02.06 -.014 -.12

11 1991 8 24.83943 19 05 18.095 -08 39 48.70 .023 .02

12 1991 10 4.74525 19 12 59.553 -12 38 11.07 -.021 .04

13 1991 10 9.70966 19 16 37.152 -12 59 01.00 -.010 .15
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Òàáëèöà 2. ïðîäîëæåíèå
N äàòà UTC R.A.(J2000) decl.(J2000) O�C

d h m s
Æ 0 00

s
00

6. Ãåáà

14 1991 7 29.92964 22 46 22.331 -10 15 13.94 .036 .07

15 1991 7 29.94026 22 46 22.230 -10 15 21.33 .025 .28

16 1991 8 2.93395 22 45 41.616 -11 05 08.71 .011 .04

17 1991 8 3.99242 22 45 26.302 -11 19 03.97 .008 .02

18 1991 8 16.89262 22 40 04.668 -14 28 09.70 .027 .08

19 1991 8 23.87431 22 35 47.314 -16 19 02.00 .018 -.06

18. Ìåëüïîìåíà

20 1991 4 12.00648 17 36 50.050 -10 00 10.84 .008 .03

21 1991 5 12.93108 17 31 59.022 -07 37 33.51 -.006 .08

22 1991 5 23.88333 17 24 03.638 -06 57 50.28 -.019 .06

23 1991 5 23.89844 17 24 02.892 -06 57 47.74 .020 -.17

24 1991 6 15.90304 17 01 17.866 -06 24 48.10 .026 -.28

25 1991 6 22.89514 16 54 15.992 -06 32 08.95 .016 -.16

26 1991 6 28.89433 16 48 44.360 -06 45 10.35 -.007 .04

27 1991 7 29.80722 16 34 05.918 -09 13 41.30 .024 .10

28 1991 8 3.81303 16 34 22.387 -09 46 41.15 -.002 -.18

29 1991 8 14.78733 16 37 34.894 -11 03 21.54 .007 -.07

30 1991 8 16.78154 16 38 32.169 -11 17 41.82 -.009 -.10

39. Ëåòèöèÿ

31 1991 4 11.97908 19 01 52.233 -11 30 52.95 -.004 -.20

32 1991 5 12.94875 19 15 21.459 -09 34 19.87 -.003 -.26

33 1991 5 23.94491 19 14 52.865 -09 04 41.96 .061 -.06

34 1991 6 15.92269 19 04 40.089 -08 43 26.19 .015 .28

35 1991 6 22.91400 18 59 30.667 -08 50 38.13 .021 -.25

36 1991 6 28.91679 18 54 36.904 -09 02 11.75 .017 .01

37 1991 7 29.85979 18 30 9.909 -11 08 35.14 .011 -.29

38 1991 8 2.86572 18 27 57.688 -11 30 28.17 .027 -.30

39 1991 8 3.84330 18 27 28.697 -11 35 54.25 .033 -.08

40 1991 8 14.80949 18 23 39.686 -12 38 25.34 -.001 -.28

41 1991 8 16.80206 18 23 18.273 -12 49 53.59 .000 -.50

42 1991 8 23.80938 18 22 53.999 -13 29 52.77 .016 .31

43 1991 8 24.80808 18 22 56.977 -13 35 30.97 -.019 -.19

44 1991 10 4.70521 18 46 15.713 -16 44 46.37 .018 .01

45 1991 10 9.68100 18 51 31.872 -16 59 51.19 .029 -.11
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Ðåçóëüòàòû îáðàáîòêè

ôîòîãðàôè÷åñêèõ íàáëþäåíèé

10 èçáðàííûõ ìàëûõ ïëàíåò
Ä.À.Òàãàåâà

Ïî ïðîãðàììå íàáëþäåíèé èçáðàííûõ ìàëûõ ïëàíåò íà ïðîòÿæå-
íèè ìíîãèõ ëåò âûïîëíÿëèñü ðàáîòû ïî ôîòîãðàôè÷åñêèì íàáëþäå-

íèÿì 10 ìàëûõ ïëàíåò (1, 2, 3, 4, 6, 7, 11, 18, 39, 40). Ýòî ïðîãðàììà
èìååò öåëüþ óòî÷íåíèå ïîëîæåíèé òî÷êè âåñåííåãî ðàâíîäåíñòâèÿ è
ýêâàòîðà è âûÿâëåíèå ïåðèîäè÷åñêèõ îøèáîê çâåçäíûõ êàòàëîãîâ.

Â ðåçóëüòàòå ïîëó÷åíî 504 ïîëîæåíèÿ ìàëûõ ïëàíåò, ïîëó÷åííûõ
èç íàáëþäåíèé íà øèðîêîóãîëüíîì àñòðîãðàôå ÃÀÈØ (D = 230ìì,
F = 2300ìì.) çà ïåðèîä 1972�1982 ãã. Îáùåå êîëè÷åñòâî àñòðîíåãà-
òèâîâ ñîñòàâèëî 736 [1].

Ìàëûå ïëàíåòû ÿâëÿþòñÿ õîðîøèìè îáúåêòàìè ïðèëîæåíèÿ íî-

âîãî ìåòîäà âû÷èñëåíèÿ âîçìóùàþùåé ôóíêöèè, ïðåäëîæåííîãî â
[2]. Îðáèòû ìàëûõ ïëàíåò áëèçêè ê îðáèòå Þïèòåðà, îñíîâíîãî âîç-
ìóùàþùåãî òåëà Ñîëíå÷íîé ñèñòåìû. Óãîë íàêëîíåíèÿ àñòåðîèäà
Ïàëëàäà ïðåâîñõîäèò 34 ãðàäóñà, ýêñöåíòðèñèòåò îðáèòû Þíîíû áî-
ëåå 0.25. Äëÿ ïîñòðîåíèÿ àíàëèòè÷åñêèõ òåîðèé äâèæåíèÿ òàêèõ îáú-
åêòîâ ðàçðàáàòûâàëèñü ñïåöèàëüíûå ìåòîäû âû÷èñëåíèÿ âîçìóùå-
íèé â êîîðäèíàòàõ, îäíàêî áîëüøîå êîëè÷åñòâî ÷ëåíîâ âîçìóùàþùåé

ôóíêöèè ñîçäàâàëî çíà÷èòåëüíûå òðóäíîñòè íà ýòîì ïóòè.
Âûñîêîòî÷íàÿ ÷èñëåííàÿ ýôåìåðèäà DE200 èñïîëüçîâàëàñü íà-

ìè êàê ýòàëîí äëÿ îïðåäåëåíèÿ ïîñòîÿííûõ ïàðàìåòðîâ ÷èñëåííî-
àíàëèòè÷åñêîé òåîðèè äâèæåíèÿ áîëüøèõ ïëàíåò Ñîëíå÷íîé ñèñòå-
ìû. Ïðè îáðàáîòêå òîïîöåíòðè÷åñêèõ ïîëîæåíèé ìàëûõ ïëàíåò ýôå-
ìåðèäà DE200/LE200 çàäàâàëà òàêæå êîîðäèíàòû öåíòðà ìàññ Çåì-
ëè.
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×èñëåííî-àíàëèòè÷åñêàÿ òåîðèÿ äâèæåíèÿ, ïîñòðîåííàÿ â [2] äëÿ
êàæäîé èç äåñÿòè èçáðàííûõ ìàëûõ ïëàíåò, ÿâëÿåòñÿ ñîâîêóïíîñòüþ
÷èñëåííûõ çíà÷åíèé øåñòè ñðåäíèõ ýëåìåíòîâ îðáèòû íà çàäàííûé
ìîìåíò âðåìåíè, àëãîðèòìà ÷èñëåííîãî èíòåãðèðîâàíèÿ îñðåäíåí-

íûõ óðàâíåíèé äâèæåíèÿ ñ ýâîëþöèîííûì ãàìèëüòîíèàíîì è àëãî-
ðèòìà ó÷åòà êîðîòêîïåðèîäè÷åñêèõ âîçìóùåíèé â ëþáîé òî÷êå ñðåä-
íåé îðáèòû. Êàê ýâîëþöèîííûé ãàìèëüòîíèàí, òàê è ôóíêöèÿ ïðå-
îáðàçîâàíèÿ ìåæäó îñêóëèðóþùèìè è ñðåäíèìè ýëåìåíòàìè îðáèòû
ñîñòîÿò èç ýëåìåíòàðíûõ òðèãîíîìåòðè÷åñêèõ ñëàãàåìûõ. Êðèòåðè-
åì êà÷åñòâà ðàçðàáîòàííîé òåîðèè äâèæåíèÿ êàæäîãî èç àñòåðîèäîâ
áóäåì ñ÷èòàòü ñðåäíåêâàäðàòè÷åñêóþ ïîãðåøíîñòü îäíîãî èçìåðå-

íèÿ.
Ðåçóëüòàòû âû÷èñëåíèé ñîáðàíû â òàáëèöå, ãäå ïðèíÿòû ñëåäóþ-

ùèå îáîçíà÷åíèÿ:
n � íîìåð ìàëîé ïëàíåòû,
a � áîëüøàÿ ïîëóîñü â àñòðîíîìè÷åñêèõ åäèíèöàõ,
e � ýêñöåíòðèñèòåò,
i � óãîë íàêëîíåíèÿ â ãðàäóñàõ,

S � êîëè÷åñòâî ÷ëåíîâ â ôóíêöèè ïðåîáðàçîâàíèÿ,
F � êîëè÷åñòâî ÷ëåíîâ â ýâîëþöèîííîì ãàìèëüòîíèàíå,
� � ñðåäíåêâàäðàòè÷åñêàÿ ïîãðåøíîñòü îäíîãî èçìåðåíèÿ â ñå-

êóíäàõ äóãè.
Êàê ñëåäóåò èç òàáëèöû, ïîñëå îáðàáîòêè íàáëþäåíèé ñðåäíå-

êâàäðàòè÷åñêàÿ ïîãðåøíîñòü îäíîãî èçìåðåíèÿ íàõîäèòñÿ â ïðåäå-
ëàõ îò òðåõ äåñÿòûõ äî ÷åòûðåõ äåñÿòûõ ñåêóíäû äóãè. Ýòà âåëè-
÷èíà õîðîøî ñîãëàñóåòñÿ ñ îöåíêàìè êàê âíóòðåííåé òàê è âíåøíåé

òî÷íîñòè êàòàëîãà ïîëîæåíèé ìàëûõ ïëàíåò.
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Òàáëèöà 1.

n Name a e i S F �

1 Ceres 2.76 0.077 10.60 6100 160 0.33
2 Pallas 2.77 0.234 34.80 11200 680 0.41
3 Juno 2.67 0.258 12.98 7400 540 0.40
4 Vesta 2.36 0.090 7.13 4200 130 0.30
6 Hebe 2.42 0.203 14.76 5900 340 0.34

7 Iris 2.38 0.231 5.51 5900 510 0.37
11 Parthenope 2.45 0.101 4.63 4200 150 0.31
18 Melpomene 2.29 0.218 10.13 6000 380 0.32
39 Laetitia 2.77 0.114 10.37 5600 200 0.30
40 Harmonia 2.27 0.047 4.26 3200 70 0.29
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Îïðåäåëåíèå îáëàñòåé

âîçìîæíûõ äâèæåíèé â çàäà÷å

äâóõ íåïîäâèæíûõ öåíòðîâ
È.À. Ãåðàñèìîâ, Å.Ë. Âèííèêîâ

1

Ïðåäèñëîâèå

Çàäà÷à î äâèæåíèè òî÷êè â ïîëå òÿãîòåíèÿ äâóõ íåïîäâèæíûõ öåí-
òðîâ áûëà âïåðâûå ââåäåíà â àñòðîíîìèþ Ë.Ýéëåðîì â 1760 ãîäó, êî-

òîðîìó è ïðèíàäëåæèò ïåðâîå ðåøåíèå çàäà÷è äëÿ ñëó÷àÿ äâèæåíèé,
ïðîèñõîäÿùèõ â îäíîé ïëîñêîñòè [1]. Ëàãðàíæó óäàëîñü íàéòè ðåøå-
íèå äëÿ ïðîñòðàíñòâåííîãî ñëó÷àÿ [2]. Êëàññèôèêàöèþ òèïîâ äâèæå-
íèé â ñëó÷àå äâèæåíèé â ïëîñêîñòè ïðîâåë Ê.Øàðëüå [3], è ïîçäíåå
åå óòî÷íèë Ã.Áàäàëÿí [4]. Ñóùåñòâåííûé âêëàä â èññëåäîâàíèå ïðî-
ñòðàíñòâåííîãî âàðèàíòà çàäà÷è ñäåëàë Â.Àëåêñååâ [5]. È.Ãåðàñèìîâó
óäàëîñü íàéòè îáùåå ðåøåíèå çàäà÷è â ôóíêöèÿõ Âåéåðøòðàññà [6].
Íà îñíîâàíèè ýòîé ðàáîòû íàì óäàëîñü îïðåäåëèòü îáëàñòè âîçìîæ-

íûõ äâèæåíèé äàííîé çàäà÷è, ÷òî è ñîñòàâëÿåò ïðåäìåò äàííîé ñòà-
òüè.

1 Àíàëèòè÷åñêîå ðåøåíèå çàäà÷è

1.1 Ïîñòàíîâêà çàäà÷è

Êëàññè÷åñêàÿ çàäà÷à äâóõ íåïîäâèæíûõ öåíòðîâ, ââåäåííàÿ â àñòðî-
íîìèþ âåëèêèì Ýéëåðîì, ñîñòîèò â èçó÷åíèè äâèæåíèÿ ìàòåðèàëü-

1Íîâîñèáèðñêèé ïåäàãîãè÷åñêèé óíèâåðñèòåò
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íîé òî÷êè P ïîä äåéñòâèåì íüþòîíîâñêîãî ïðèòÿæåíèÿ äâóõ äðóãèõ
íåïîäâèæíûõ ìàòåðèàëüíûõ òî÷åê P1 è P2 (öåíòðîâ). Ïóñòü ìàññû
òî÷åê P1 è P2 ðàâíû ñîîòâåòñòâåííî 1 è m, ïðè÷åì 0 < m � 1. Íà-
÷àëî ïðÿìîóãîëüíîé ñèñòåìû êîîðäèíàò OXYZ ïîìåñòèì â ñåðåäèíå

îòðåçêà [P1P2], äëèíó êîòîðîãî ïîëîæèì ðàâíîé äâóì. (Â áîëüøîì
÷èñëå ðàáîò àâòîðû ïîëàãàþò ðàññòîÿíèÿ ìåæäó öåíòðàìè ðàâíûì
2c. Ýòî óòÿæåëÿåò âû÷èñëåíèÿ è íå ìåíÿåò ñóòè äåëà, õîòÿ íåñëîæ-
íî âèäåòü, ÷òî ïîäõîäÿùèì âûáîðîì åäèíèö äëèíû ìû âñåãäà ìîæåì
äîáèòüñÿ âûïîëíåíèÿ ðàâåíñòâà c = 1). Îñü ÎÕ íàïðàâèì âäîëü P1P2

òàê, ÷òî êîîðäèíàòû P1 è P2 áóäóò ñîîòâåòñòâåííî (�1; 0; 0), (1; 0; 0)
(ðèñ.1). Äàëåå åäèíèöó âðåìåíè âûáåðåì òàê, ÷òîáû ïîñòîÿííàÿ Ãàóñ-

ñà ðàâíÿëàñü åäèíèöå, è îáîçíà÷èì ÷åðåç t âðåìÿ. Ïðè ýòèõ óñëîâèÿõ
óðàâíåíèÿ äâèæåíèÿ òî÷êè P òàêîâû:

d2x

dt2
=
@U

@x
;

d2y

dt2
=
@U

@y
;

d2z

dt2
=
@U

@z
; (1)

çäåñü ïîëîæåíî

U =
1

r1
+
m

r2
;

r21 = (x+ 1)2 + y2 + z2; r22 = (x� 1)2 + y2 + z2:

Ïîñòàâèì ñåáå çàäà÷ó íàéòè çàâèñèìîñòü îò âðåìåíè êîîðäèíàò òî÷-
êè P è îïðåäåëèòü âñå âîçìîæíûå òèïû åå äâèæåíèÿ.

1.2 Óðàâíåíèÿ äâèæåíèÿ

Ââåäåì ïåðåìåííûå �, �, w ïî ôîðìóëàì:

x = ��;

y =
p

(�2 � 1)(1� �2) cosw;

z =
p

(�2 � 1)(1� �2) sinw;

(2)
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Ðèñ. 1.

â êîòîðûõ áóäåì ïîëàãàòü

� � 1; �1 � � � 1: (3)

Îòñþäà, ñ ó÷åòîì (1), ïîëó÷àåì:

� =
r1 + r2

2
; � =

r1 � r2

2
: (4)

Èç ýòèõ ñîîòíîøåíèé ñëåäóåò, ÷òî óðàâíåíèÿì � = const, � = const

îòâå÷àþò ñîîòâåòñòâåííî ýëëèïñîèäû è äâóïîëîñòíûå ãèïåðáîëîèäû

âðàùåíèÿ âîêðóã îñè OX ñ ôîêóñàìè â òî÷êàõ P1 è P2, à w = const

åñòü óðàâíåíèå ïëîñêîñòè, ïðîõîäÿùåé ÷åðåç ýòó îñü.
Ëåãêî óáåäèòüñÿ, ÷òî ñèñòåìà êîîðäèíàò �, �, w òðèîðòîãîíàëüíà,

è ïîýòîìó:

V 2 = _x2 + _y2 + _z2 = C1
_�2 + C2 _�

2 + C3 _w
2; (5)

çäåñü òî÷êîé îáîçíà÷åíî äèôôåðåíöèðîâàíèå ïî âðåìåíè, à ÷åðåç

C1 =
�2 � �2

�2 � 1
; C2 =

�2 � �2

1� �2
; C3 = (�2 � 1)(1� �2)�

ñîîòâåòñòâóþùèå êîýôôèöèåíòû Ëàìå.
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Îáðàçóÿ îáîáùåííûå èìïóëüñû, ñîïðÿæåííûå êîîðäèíàòàì �, �,
w:

�� = C1�
2; �� = C2�

2; w� = C3w
2; (6)

è ó÷èòûâàÿ, ÷òî, ñîãëàñíî (3), r1 = � + �, r2 = � � �, ïðèõîäèì ê
êàíîíè÷åñêîé ñèñòåìå óðàâíåíèé:

d�

dt
=
@H

@��
;

d�

dt
=
@H

@��
;

dw

dt
=
@H

@w�
; (7)

d��
dt

= �@H
@�

;
d��
dt

= �@H
@�

;
dw�
dt

= �@H
@w

;

â êîòîðîé ãàìèëüòîíèàí

H =
1

2

�
C�1

1 �2� + C�1
2 �2

� + C�1
3 w2

�
�� m

�� �
� 1

�+ �
:

Â ñèëó êîíñåðâàòèâíîñòè ñèñòåìû ñóùåñòâóåò èíòåãðàë ýíåðãèè
H = a=2, çäåñü a � ïðîèçâîëüíàÿ ïîñòîÿííàÿ. Ââîäÿ ïî ôîðìóëàì

�� =
@S

@�
; �� =

@S

@�
; w� =

@S

@w
(8)

ôóíêöèþ äåéñòâèÿ S(�; �; w), ìû ìîæåì çàïèñàòü óðàâíåíèå Ãàìèëü-

òîíà-ßêîáè:

(�2 � �2)�1

"
(�2 � 1)

�
@S
@�

�2
+ (1� �2)

�
@S
@�

�2

+

�
1

�2�1
+ 1

1��2

� �
@S
@w

�2 � 2m1�+ 2m2�

#
= �;

(9)

â êîòîðîì ïîëîæåíî m1 = 1 +m, m2 = 1�m.
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Èç íåçàâèñèìîñòè ãàìèëüòîíèàíàH îò ïåðåìåííîé w ñëåäóåò, ÷òî
@S
@w

= �, ãäå � � åùå îäíà ïðîèçâîëüíàÿ ïîñòîÿííàÿ. Ñëåäîâàòåëüíî,
S ïðåäñòàâèìà â âèäå:

S(�; �; w) = S3(�; �) + �w:

Äàëåå âûðàæåíèå (9) äîìíîæåíèåì åãî íà âåëè÷èíó (�2��2) ïðèâî-
äèòñÿ ê óðàâíåíèþ ñ ðàçäåëÿþùèìèñÿ ïåðåìåííûìè:

(�2 � 1)
�
@S3
@�

�2
+ I

�2�1
� 2m1�� ��2+

(1� �2)
�
@S3
@�

�2

+ I
1��2 + 2m2�+ ��2 = 0;

(10)

ïðè÷åì ÷åðåç I áóäåì òåïåðü îáîçíà÷àòü âåëè÷èíó �2. Ïðåäñòàâëÿÿ
ðåøåíèå â âèäå S3(�; �) = S1(�)+S2(�) è ââîäÿ åùå îäíó ïðîèçâîëü-
íóþ ïîñòîÿííóþ 
, ïîëó÷àåì äâà îáûêíîâåííûõ äèôôåðåíöèàëüíûõ
óðàâíåíèÿ:

(�2 � 1)
�
@S1
@�

�2
+ I

�2�1
� 2m1�� ��2 = 


(1� �2)
�
@S2
@�

�2

+ I
1��2 + 2m2�+ ��2 = �
: (11)

Èíòåãðèðóÿ ýòó ñèñòåìó, ëåãêî íàõîäèì

S = �
Z p

L(�)

�2 � 1
d��

Z p
M(�)

1� �2
d�+ �w + '(�; �; 
); (12)

ãäå ' � ïðîèçâîëüíàÿ äèôôåðåíöèðóåìàÿ ôóíêöèÿ, è êðîìå òîãî ïî-
ëîæåíî

L(�) = ��4 + 2m1�
3 + Æ�2 � 2m1�+ "; (13)

M(�) = ��4 + 2m2�
3 + Æ�2 � 2m2�+ ";

ïðè÷åì Æ = 
 � �, " = �
 � I. Äàëåå áóäåì èìåíîâàòü ïîëèíîìû
L(�), M(�) îñíîâíûìè.
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1.3 Ñâîéñòâà îñíîâíûõ ïîëèíîìîâ

Çàéìåìñÿ äàëåå èññëåäîâàíèåì ñâîéñòâ îñíîâíûõ ïîëèíîìîâ. Âî-ïåð-

âûõ, åñëè m 6= 1, ìû èìååì:

L(�;m1) =M(�;m2); (14)

Âî-âòîðûõ, íåñëîæíî âèäåòü, ÷òî

L(�1) = M(�1) = ��2: (15)

Äàëåå ðàññìîòðèì ñëó÷àé � = 0, òîãäà èç ïîëó÷åííîãî ðàâåíñòâà
ñëåäóåò, ÷òî îñíîâíûå ïîëèíîìû èìåþò êîðíè �3;4 = �1, �3;4 = �1,
à çíà÷èò ïðåäñòàâèìû â âèäå:

L(�) = (�2 � 1)(��2 + 2m1�� ");

M(�) = (�2 � 1)(��2 + 2m2�� "):
(16)

Â ñëó÷àå îáðàùåíèÿ â íóëü ïîñòîÿííîé ýíåðãèè a îíè ñòàíîâÿòñÿ

ïîëèíîìàìè òðåòüåé ñòåïåíè, îäíàêî åñëè ìàññû P1 è P2 ðàâíû, òî,
êàê íåñëîæíî âèäåòü, M(�) ñòàíîâèòñÿ êâàäðàòè÷íûì:

M(�) = 
(�2 � 1)� I: (17)

1.4 Ïåðâûå èíòåãðàëû

Ïîäñòàâëÿÿ âûðàæåíèå S èç (12) â (8), ïðèõîäèì ê ïåðâûì èíòåãðà-
ëàì çàäà÷è:

�� = �
r

L(�)

�2 � 1
; �� = �

s
M(�)

1� �2
; w� = �;

îòêóäà, åñëè âîñïîëüçîâàòüñÿ ñîîòíîøåíèÿìè (6), ìîæíî íàéòè:

_� = �
s

L(�)

�2 � �2
;
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_� = �
s

M(�)

�2 � �2
; (18)

_w =
�

(�2 � 1)(1� �2)
:

Íå ðàññìàòðèâàÿ ïîêà ñëó÷àé �2 = �2 ÷òî, ñîãëàñíî ôîðìóëå (4),
îòâå÷àåò ðàâåíñòâàì r1 = 0 èëè r2 = 0, òî åñòü èñêëþ÷àÿ ñëó÷àé

ñòîëêíîâåíèÿ òî÷êè P ñ öåíòðîì P1 èëè P2, ïåðåéäåì ê íîâîé íåçà-
âèñèìîé ïåðåìåííîé � ïî ôîðìóëå:

dt = (�2 � �2)d�: (19)

Íåñëîæíî âèäåòü, ÷òî ïîñêîëüêó �2 � �2 = r1r2 > 0, òî � ìîíîòîí-
íî âîçðàñòàåò ñî âðåìåíåì. Ñ ó÷åòîì ýòîãî ñîîòíîøåíèÿ óðàâíåíèÿ
(18)ìîæíî çàïèñàòü â âèäå:

d�

d�
= �

p
L(�);

d�

d�
= �

p
M(�); (20)

dw

d�
= �

�
1

�2 � 1
+

1

1� �2

�
:

Ââîäÿ îáîçíà÷åíèÿ

a0 = b0 = �; a1 = �a3 = 2m1; a2 = b2 =
Æ

6
; (21)

b1 = �b3 = 2m2; a4 = b4 = ";

ñîãëàñíî (13), îñíîâíûå ïîëèíîìû ìîãóò áûòü ïðåäñòàâëåíû â òàêîì
âèäå:

L(�) = a0�
4 + 4a1�

3 + 6a2�
2 � 4a3�+ a4; (22)

M(�) = b0�
4 + 4b1�

3 + 6b2�
2 � 4b3�+ b4:
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1.5 Èíòåãðèðîâàíèå óðàâíåíèÿ äëÿ ïåðåìåííîé �

Ðàññìîòðèì ñíà÷àëà äâèæåíèÿ ñ íåíóëåâîé ýíåðãèåé, òî åñòü ñëó÷àé

a0 6= 0. Òîãäà ðåøåíèå óðàâíåíèÿ�
d�

d�

�2

= L(�) (23)

ìîæíî çàïèñàòü, èñïîëüçóÿ âòîðóþ ôîðìó Âåéåðøòðàññà [6]:

� = l1 +
l2

}1(� � �1)� l3
; (24)

ãäå �1 � ïðîèçâîëüíàÿ ïîñòîÿííàÿ; l1 � êîðåíü L(�),

l2 =
1

4

dL(l1)

dl1
; l3 =

1

24

d2L(l1)

dl21
; (25)

}1 � ôóíêöèÿ Âåéåðøòðàññà, ïîñòðîåííàÿ ïî èíâàðèàíòàì

g2(a) = a0a4 + 3a22 � 4a1a3; (26)

g3(a) = a0a2a4 + 2a1a2a3 � a32 � a0a
2
3 � a21a4:

Ââîäÿ ïîñòîÿííûå c1, c2 ïðè ïîìîùè ôîðìóë

}1(c1) = l3 +
l2

1� l1
; }1(c2) = l3 � l2

1 + l1
(27)

è èñïîëüçóÿ ñîîòíîøåíèå (24), ìîæíî ïîëó÷èòü ñëåäóþùåå íóæíîå
íàì â äàëüíåéøåì ïðåäñòàâëåíèå:

(1� �2)�1 = (1� l21)
�1 +

l2

2
f(1� l21)

2[}1(� � �1)� }1(c1)]
�1 � (28)

(1 + l21)
�2[}1(� � �1)� }1(c2)]

�1g:
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Èç (24) è (27) ñëåäóåò, ÷òî �(c1) = 1 è �(c2) = �1. Íî, êàê ìû óæå
óñòàíîâèëè, ïðè � 6= 0 çíà÷åíèÿ � � 1 íå ÿâëÿþòñÿ êîðíÿìè L(�), à
çíà÷èò ñîãëàñíî (24) }01(c1) 6= 0, }01(c2) 6= 0. Íî ïðè }01(�) 6= 0, êàê
èçâåñòíî [6]:Z

dz

}(z)� }(�)
=

1

}0(�)
ln
�(z � �)

�(z � �)
+ 2

�(�)

}0(�)
z + const; (29)

ãäå � è � � ôóíêöèè Âåéåðøòðàññà.
Òàêèì îáðàçîì, ïîëó÷àåì:

J1(�) =

Z
d�

�2 � 1
= �(1� l21)

�1� � (30)

l2[(1� l1)
�2'1(�; c1)� (1 + l1)

�2'1(�; c2)];

ãäå

'1(�; ck) =
1

}0(ck)

�
�1(ck)(� � �1) +

1

2
ln
�1(� � �1 � ck)

�1(� � �1 + ck)

�
; (31)

çäåñü è äàëåå �k � ïðîñòî íóìåðîâàííàÿ � � ôóíêöèÿ (ïîñêîëüêó â
äàííîé ðàáîòå êîôóíêöèè �1, �2, �3 íå èñïîëüçóþòñÿ), k = 1; 2.

Ðàññìîòðèì òåïåðü ñëó÷àé � = 0, òîãäà

L(�) = 4a1�
3 + 6a2�

2 + 4a3�+ a4; (32)

è ðåøåíèå óðàâíåíèÿ (23) èìååò ñëåäóþùèé âèä [6]:

� =
1

a1
[}1(� � �1)� a2

2
]; (33)

ãäå �1 � ïðîèçâîëüíàÿ ïîñòîÿííàÿ, à }1 ïîñòðîåíà ïî èíâàðèàíòàì
(26) ñ ó÷åòîì òîãî, ÷òî a0 = 0.

Èñïîëüçóÿ (33), ìîæíî âûâåñòè ñîîòíîøåíèå:

1

1� �2
=
a1

2

�
1

}1(� � �1)� }1(c1)
� 1

}1(� � �1)� }1(c2)

�
; (34)
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ãäå ïîëîæåíî:

}1(c1) =
a2

2
� a1; }1(c2) =

a2

2
+ a1: (35)

Ñîâåðøåííî àíàëîãè÷íî òîìó, êàê ýòî áûëî ñäåëàíî ðàíåå, ìîæíî
ïîêàçàòü, ÷òî, åñëè � 6= 0, òî }0(ck) 6= 0 (k = 1; 2). Òîãäà ëåãêî
íàõîäèì:

J2(�) =

Z
d�

�2 � 1
= �a1 ['1(�; c1)� '1(�; c2)] ; (36)

ãäå '1 îïðåäåëÿåòñÿ âûðàæåíèåì (31).

1.6 Èíòåãðèðîâàíèå óðàâíåíèÿ äëÿ ïåðåìåííîé �

1.6.1 � 6= 0

Ñíà÷àëà ðàññìîòðèì ïåðâûé âàðèàíò � 6= 0, òîãäà ðåøåíèå óðàâíå-

íèÿ

(
d�

d�
)2 =M(�) (37)

èìååò âèä, àíàëîãè÷íûé (24):

� = n1 +
n2

}2(� � �2)� n3

: (38)

Çäåñü �2 � ïðîèçâîëüíàÿ ïîñòîÿííàÿ; n1 � êîðåíü M(�), à n2 è n3

îáðàçîâàíû ïî ôîðìóëå, àíàëîãè÷íîé (25) ñ çàìåíîé L íà M è l1
íà n1, }2 � ôóíêöèÿ Âåéåðøòðàññà c èíâàðèàíòàìè g2(b), g3(b), êî-
òîðûå îïðåäåëÿþòñÿ ïî ôîðìóëàì (26) ïóòåì çàìåíû aj íà bj (j =

0; 1; 2; 3; 4).
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Ââîäÿ äàëåå ïîñòîÿííûå d1 è d2 ñîãëàñíî âûðàæåíèÿì (27) ñ çà-
ìåíîé lj íà nj (j = 1; 2; 3) è }1 íà }2, íåñëîæíî óñòàíîâèòü, ÷òî

J3(�) =

Z
d�

1� �2
= �a1['1(�; c1)� '1(�; c2)]; (39)

ãäå '2 ïîëó÷àåòñÿ èç '1 ïóòåì çàìåíû ck íà dk, �1 íà �2, �1 íà �2 è
}1 íà }2.

1.6.2 � = 0, m 6= 1

Ïóñòü äàëåå � = 0. Âòîðîé âàðèàíò îòâå÷àåò ñëó÷àþ m 6= 1 (ìàññû
P1 è P2 îòëè÷íû), òîãäà ñîâåðøåííî àíàëîãè÷íî (33) íàõîäèì:

� =
1

b1

�
}2(� � �2)� b2

2

�
: (40)

Îïðåäåëÿÿ äàëåå ïîñòîÿííûå d1 è d2 ïî ôîðìóëàì (35) ïóòåì
çàìåíû }1 íà }2, ëåãêî íàõîäèì:

J4(�) =

Z
d�

1� �2
= b1 ['2(�; d1)� '2(�; d2)] : (41)

Åñëè m = 1 (ìàññû öåíòðîâ îäèíàêîâû), òî ñîãëàñíî (17)

M(�) = 
(�2 � 1)� I: (42)

è ïðè M(�) � 0,
0 � I � 
(�2 � 1): (43)

Äàëåå âîçìîæíû ñëåäóþùèå âàðèàíòû:

1.6.3 
 = 0.

Òîãäà èç (43) âûòåêàåò, ÷òî � = 0, òî åñòü äâèæåíèå áóäåò ïðîèñõî-
äèòü â ïëîñêîñòè w = const, ïðè÷åì âñåãäà M(�) = 0. Ñëåäîâàòåëü-
íî, � = �0 = const.
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Òàáëèöà 1.

N Çíà÷åíèÿ ïàðàìåòðîâ

1 � 6= 0

2 m 6= 1

3 � = 0 
 = 0

4 m = I 
 = �I
5 
 < �I � 0

1.6.4 
 = �I < 0.

Òåïåðü M(�) = 
�2 � 0. Äâèæåíèå âîçìîæíî òîëüêî â ïëîñêîñòè

� = 0.

1.6.5 
 < �I � 0.

Â ýòîì ñëó÷àåM(�) > 0 ïðè �2 > � > �1, ãäå �1;2 = �
p

1 + I=
 � 1�

äåéñòâèòåëüíûå êîðíè. Óðàâíåíèå (37) ïðèîáðåòàåò âèä:

(
d�

d�
)2 = �
(�2

2 � �2); (44)

ðåøåíèå êîòîðîãî î÷åâèäíî:

� = �2 cos(
p�
(� � � 2)): (45)

Òàêèì îáðàçîì, âîçìîæíû ïÿòü âàðèàíòîâ ïðåäñòàâëåíèÿ ïåðå-
ìåííîé �, çíà÷åíèÿ ïàðàìåòðîâ êîòîðûõ ïðåäñòàâëåíû â òàáëèöå 1.

1.7 Èíòåãðèðîâàíèå óðàâíåíèÿ äëÿ ïåðåìåííîé w

Îáðàòèìñÿ òåïåðü ê ïåðåìåííîé w. Êàê ñëåäóåò èç (18), ïðè � = 0

äâèæåíèå òî÷êè P ïðîèñõîäèò â ôèêñèðîâàííîé ïëîñêîñòè w = const.
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Ïîýòîìó äàëåå áóäåì ïîëàãàòü � 6= 0. Òîãäà â ñëó÷àå 1 òàáë.1 ñîãëàñ-
íî ïàðàãðàôó 1.6 èìååì:

w = w0 + �[J1(�) + J3(�)]; (46)

ãäå w0 = const, à J1(�) è J3(�) îïðåäåëÿþòñÿ ñîîòíîøåíèÿìè (30) è
(39) ñîîòâåòñòâåííî.

Â ñëó÷àå 2, êàê íåñëîæíî âèäåòü:

w = w0 + �[J2(�) + J4(�)]; (47)

ïðè÷åì ñëàãàåìûå, çàêëþ÷åííûå â ñêîáêè, íàõîäÿòñÿ èç âûðàæåíèé
(36) è (41).

Äëÿ ñëó÷àÿ 3 èìååì:

w = w0 + �[J2(�) +
�

1� �0

]: (48)

Ïîëàãàÿ çäåñü �0 = 0, ìû ïîëó÷èì ðåøåíèå äëÿ ñëó÷àÿ 4. È, íàêîíåö,
â ñëó÷àå 5:

w = w0 + �

2
4J2(�) + arctan

p�

tan

�p
�
(� � �2)

�
�

3
5 : (49)

2 Îïðåäåëåíèå îáëàñòåé âîçìîæíûõ äâè-

æåíèé â ïðîñòðàíñòâåííîì ñëó÷àå

Ïîëîæèì òåïåðü � 6= 0 è áóäåì ó÷èòûâàòü, ÷òî ñîãëàñíî (3) äëÿ
ïåðåìåííûõ � è � íåîáõîäèìî âûïîëíåíèå ñîîòíîøåíèé:

� � 1; �1 � � � 1: (50)
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Äàëåå èç èíòåãðàëîâ (20) ñëåäóåò, ÷òî ðåàëüíûå äâèæåíèÿ òî÷-
êè P âîçìîæíû ëèøü â òåõ îáëàñòÿõ ïðîñòðàíñòâà, â êîòîðûõ äëÿ
îñíîâíûõ ïîëèíîìîâ L, M âûïîëíåíû óñëîâèÿ:

L(�) � 0; M(�) � 0: (51)

Ñîîòâåòñòâóþùèå èíòåðâàëû ïåðåìåííûõ �, � îïðåäåëÿþòñÿ â ñâîþ
î÷åðåäü âçàèìíûìè ðàñïîëîæåíèÿìè äåéñòâèòåëüíûõ êîðíåé ïîëè-
íîìîâ.

Ïðè íåïðåðûâíîì èçìåíåíèè êîýôôèöèåíòîâ ïîëèíîìîâ êà÷åñò-

âåííàÿ êàðòèíà â ðàñïîëîæåíèè êîðíåé íå èçìåíÿåòñÿ äî òåõ ïîð,
ïîêà íåêîòîðûå èç íèõ íå ñëèâàþòñÿ è ñòàíîâÿòñÿ êðàòíûìè. Ïî-
ñëåäíåå îçíà÷àåò âûïîëíåíèå íåêîòîðûõ çàâèñèìîñòåé êîíñòàíò, ÷å-
ðåç êîòîðûå âûðàæàþòñÿ êîýôôèöèåíòû îñíîâíûõ ïîëèíîìîâ. Òà-
êèõ êîíñòàíò òðè: ýòî ïîñòîÿííûå èíòåãðèðîâàíèÿ �, � è ". Âûáèðàÿ
îäíó èç íèõ, íàïðèìåð �, â êà÷åñòâå ôèêñèðîâàííîãî ïàðàìåòðà, äëÿ
äâóõ äðóãèõ ìîæíî íàéòè ñîîòâåòñòâóþùèå çàâèñèìîñòè. Èíà÷å ãî-

âîðÿ, íà ïëîñêîñòè (�; ") âûäåëÿþòñÿ êðèâûå êðàòíûõ êîðíåé, ðàç-
áèâàþùèå åå íà ñâÿçíûå îáëàñòè, â êàæäîé èç êîòîðûõ êà÷åñòâåííûé
õàðàêòåð äâèæåíèÿ îäèíàêîâ.

2.1 Ñëó÷àé íåðàâíûõ ìàññ

Â äàííîì ïàðàãðàôå ìû ðàññìîòðèì âàðèàíò ïðîñòðàíñòâåííîé çà-
äà÷è ñ ðàçíûìè ìàññàìè òî÷åê P1 è P2 (m < 1).

Îáùèé ïðèíöèï ïîñòðîåíèÿ êðèâûõ êðàòíûõ êîðíåé ïðîñëåäèì
íà ïðèìåðå ïîëèíîìà L(�). Ðàçäåëèâ îáå ÷àñòè óðàâíåíèÿ L(�) = 0

íà �2�1 (÷òî âîçìîæíî â ñèëó ñâîéñòâà ïîëèíîìîâ (15)) è îáîçíà÷èâ
I = �2, ïîëó÷èì ñîîòíîøåíèå:

��2 + 2m1�� I�2

�2 � 1
= "; (52)
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äèôôåðåíöèðóÿ êîòîðîå ïî �, áóäåì èìåòü:

��+m1 � I�

(�2 � 1)2
= 0: (53)

Î÷åâèäíî, çíà÷åíèå �, óäîâëåòâîðÿþùåå ïîñëåäíèì äâóì óðàâíåíè-
ÿì, è áóäåò êðàòíûì êîðíåì ïîëèíîìà L(�). Ðåøàÿ äàííóþ ñèñòåìó
îòíîñèòåëüíî � è �, ìû íàõîäèì èñêîìûå óðàâíåíèÿ êðèâîé êðàòíûõ

êîðíåé:

� = �m1

�
� I

(�2 � 1)2
; " = m1�� I�4

(�2 � 1)2
: (54)

Èç ýòèõ ñîîòíîøåíèé, â ÷àñòíîñòè, ñëåäóåò, ÷òî �(�1=�) = "(�),
"(�1=�) = �(�), òî åñòü êðèâàÿ ñèììåòðè÷íà îòíîñèòåëüíî ïðÿìîé

� = ". Êðîìå òîãî, êðèâàÿ èìååò òî÷êó ñàìîïåðåñå÷åíèÿ A0 íà îñè
ñèììåòðèè, ãäå " = � = �m2

1=I, ÷òî îòâå÷àåò äâóì çíà÷åíèÿì �:

� = � I

2m1

�
s

1 +
I2

4m2
1

: (55)

Óðàâíåíèÿ (54) ïîçâîëÿþò âûÿâèòü àñèìïòîòèêó êðèâîé êðàòíûõ
êîðíåé, ÷òî ïîçâîëÿåò óñòàíîâèòü ïðåäåëüíûå ñîîòíîøåíèÿ, ïðåä-
ñòàâëåííûå â òàáëèöå 2.

Òàáëèöà 2.

�! +0 �0 �1 +1 �1
�! �1 +1 �1 �0 +0

"! +0 �0 �1 +1 �1
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Îïðåäåëèì òåïåðü òî÷êè âîçâðàòà êðèâîé (54). Äèôôåðåíöèðî-
âàíèå âûðàæåíèé (54) ïî � ïðèâîäèò ê ñëåäóþùèì ñîîòíîøåíèÿì:

d�

d�
=
m1

�2
+

4I�

(�2 � 1)3
;

d"

d�
= �2 � d�

d�
: (56)

Â òî÷êàõ âîçâðàòà êðèâîé íåîáõîäèìî îáðàùåíèå â íóëü ïðàâûõ ÷à-
ñòåé óðàâíåíèé. Ïîñêîëüêó êðèâàÿ êðàòíûõ êîðíåé íå ñîäåðæèò òî-

÷åê � = 0, òî äëÿ îòûñêàíèÿ òî÷åê âîçâðàòà äîñòàòî÷íî ïðèðàâíÿòü
ê íóëþ ïåðâîå èç ñîîòíîøåíèé (56). Â ðåçóëüòàòå ïîëó÷èì:

� I

2m1

=
(�2 � 1)3

8�3
; (57)

à èçâëåêàÿ èç îáåèõ ÷àñòåé ýòîãî ñîîòíîøåíèÿ êóáè÷åñêèé êîðåíü è

ââîäÿ îáîçíà÷åíèå �1 = (I=2m1)
1=3
, áóäåì èìåòü:

�2 + 2�1�� 1 = 0:

Ðåøåíèå ýòîãî óðàâíåíèÿ äàåò äâà çíà÷åíèÿ êðàòíîãî êîðíÿ, îò-
âå÷àþùèå äâóì òî÷êàì âîçâðàòà:

�1;2 = ��1 � �1; (58)

ïðè÷åì 0 < �1 < 1, �2 < �1, � =
p
�2
1 + 1. Ïîäñòàíîâêà ýòèõ çíà÷å-

íèé â (56) è îïðåäåëèò êîîðäèíàòû òî÷åê âîçâðàòà:

�2;1 = "1;2 = �m1

�
3

2
�1 + �3

1 � �31

�
: (59)

Â ïîñëåäíèõ äâóõ ôîðìóëàõ âåðõíèé çíàê ñîîòâåòñòâóåò ïåðâîìó èí-
äåêñó, à íèæíèé � âòîðîìó. Òàê êàê �31 > �3

1 +
3
2
�1, òî �1 = "2 < 0,

"1 = �2 > 0.
Ñëåäîâàòåëüíî, òî÷êàA1(�1; "1) íàõîäèòñÿ âî âòîðîì, àA2(�2; "2) �

â ÷åòâåðòîì êâàäðàíòàõ ïëîñêîñòè (�; ").
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Êàê èçâåñòíî èç àëãåáðû [7], ïðîñòûå òî÷êè êðèâîé êðàòíûõ êîð-
íåé ïîëèíîìà îòâå÷àþò äâîéíûì êîðíÿì ïîëèíîìà L(�), à òî÷êè
âîçâðàòà � òðîéíûì. Ïðè ýòîì â òî÷êàõ âîçâðàòà èçìåíÿåòñÿ íàïðàâ-
ëåíèå âîãíóòîñòè êðèâîé. Èç (59) ñëåäóåò, ÷òî

d"1;2

d�1
< 0;

d�1;2

d�1
< 0; (60)

è

d"1

d�1

=
1 + 2�2

1 � 2�1�1

1 + 2�2
1 + 2�1�1

(61)

d"2

d�2

=

�
d"1

d�1

��1

:

Òàê êàê �21 > 2�1�1, òî 0 < d"1
d�1

< 1, d"2
d�2

> 1.
Çíà÷èò, ïðè óâåëè÷åíèè �1 òî÷êè âîçâðàòà äâèæóòñÿ âëåâî è âíèç:

ïåðâàÿ � ïî êðèâîé ñ íàêëîíîì ìåíüøå, à âòîðàÿ � ñ íàêëîíîì áîëü-
øå 1. Ïîñêîëüêó â êàæäîé ïðîñòîé òî÷êå êðèâîé êðàòíûõ êîðíåé,
ñîãëàñíî (56), d"

d�
= �2, òî

d2"

d�2
= 2�

d�

d�
: (62)

Ïîýòîìó íàïðàâëåíèå âîãíóòîñòè êðèâîé èçìåíÿåòñÿ êðîìå òî÷åê
âîçâðàòà åùå è ïðè �� 1, � = �1, � = 0.

Òàêèì îáðàçîì, èç âñåãî âûøå ñêàçàííîãî î ñâîéñòâàõ êðèâîé
êðàòíûõ êîðíåé ñëåäóåò, ÷òî ìû ìîæåì ïîñòðîèòü åå, ÷òî è ñäåëàíî
íà ðèñ.2.

Ñîâåðøåííî àíàëîãè÷íî ðåøàåòñÿ çàäà÷à î ïîñòðîåíèè êðèâîé
êðàòíûõ êîðíåé óðàâíåíèÿ M(�) = 0. Ïðè ýòîì ñîãëàñíî ñâîéñòâó

(14) íàäî òîëüêî ïðîèçâåñòè çàìåíû:

d2"

d�2
= 2�

d�

d�
: (63)
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Ðèñ. 2.
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Ðèñ. 3.

Î÷åâèäíî, ÷òî ýòà êðèâàÿ âûãëÿäèò ïîäîáíî êðèâîé íà ðèñ.2.
Èòàê, êðèâûå êðàòíûõ êîðíåé ðàñïàäàþòñÿ íà íåñêîëüêî íåïðå-

ðûâíûõ âåòâåé, à ïîñêîëüêó ñðåäè êîðíåé îòñóòñòâóþò çíà÷åíèÿ �1,
òî îíè íå ïðîõîäÿò ÷åðåç ýòè òî÷êè. È ïðè íåïðåðûâíîì èçìåíåíèè
ïàðàìåòðîâ �, " êîðíè îñíîâíûõ ïîëèíîìîâ òàêæå íå ìîãóò ïåðåéòè
÷åðåç ýòè çíà÷åíèÿ. Òàê êàê � � 1, �1 � � � 1 , òî äîñòàòî÷íî ó÷è-
òûâàòü òîëüêî òå âåòâè êðèâûõ êðàòíûõ êîðíåé, êîòîðûå íàõîäÿòñÿ
â óêàçàííûõ èíòåðâàëàõ. Èçîáðàæàÿ íà îäíîì ðèñóíêå äîïóñòèìûå
âåòâè êðèâûõ äëÿ îáîèõ óðàâíåíèé, ïîëó÷àåì ðèñ.3.

Äëÿ ïðîñòûõ òî÷åê êðèâîé êðàòíûõ êîðíåé ïîëèíîìàM(�) ñïðà-
âåäëèâî ñîîòíîøåíèå, àíàëîãè÷íîå âòîðîé ôîðìóëå èç (54):

d"

d�
= �2d�

d�
: (64)

Îòñþäà ñëåäóåò, ÷òî d"
d�

= �2 < 1. Èòàê, äîïóñòèìàÿ ÷àñòü êðè-
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âîé èìååò íàêëîí ìåíüøå 1 è ñîñòîèò èç äâóõ âåòâåé: îäíà � NF �

äëÿ èíòåðâàëà (-1,0), äðóãàÿ � PGR � äëÿ (0,1). Ïðè ïåðåõîäå ÷å-
ðåç çíà÷åíèå � = 0 êðèâàÿ óõîäèò â áåñêîíå÷íîñòü, èìåÿ ïðÿìóþ
" = 0 ñâîåé àñèìïòîòîé. Íà âåðõíåé âåòâè èìååòñÿ òî÷êà âîçâðàòà

G, îòâå÷àþùàÿ íàëè÷èþ ó óðàâíåíèÿ M(�) = 0 òðåõêðàòíîãî êîðíÿ

� =
p
�2
2 + 1� �2 . Êîîðäèíàòû ýòîé òî÷êè îïðåäåëÿþòñÿ â ñîîòâåò-

ñòâèè ñ âûðàæåíèåì (59), â êîòîðîì íàäî çàìåíèòü �1 íà �2 :

� = �m2

�
3

2
�2 + �3

2 + (�2
2 + 1)3=2

�
; (65)

" = m2

�
(�2

2 + 1)3=2 � 3

2
�2 � �3

2

�
: (66)

Òàê êàê (�2
2 + 1)3=2 > �3

2 + 3
2
�2 > �3

2 � 3
2
�2, òî � < �2m2�

2
2 = �I,

" > 0.
Òåïåðü â óðàâíåíèÿõ äëÿ êðèâîé êðàòíûõ êîðíåé M(�), àíàëî-

ãè÷íûõ (56):

� = �m2

�
� I

(1� �2)2
; " = m2�� I�4

(1� �2)2
; (67)

çàôèêñèðóåì � è âûÿñíèì ïîâåäåíèå ñîîòâåòñòâóþùåé òî÷êè
V = (�(�); "(�)) ïðè èçìåíåíèè I. Êàê âèäíî èç (67),�

@"

@�

�
�=const

= �4;
@�

@I
< 0;

@"

@I
< 0: (68)

Ñëåäîâàòåëüíî, ñ ðîñòîì I òî÷êà V äâèæåòñÿ âëåâî ïî ïðÿìîé ñ íà-
êëîíîì �4 < �2 (òàê êàê �2 < 1). Ïîñêîëüêó íèæíÿÿ âåòâü êðèâîé
(67), òî åñòü NF , äëÿ èíòåðâàëà �1 < � < 0 âûïóêëà ââåðõ è íà-
êëîí â òî÷êå V ðàâåí �2, òî ïðè óâåëè÷åíèè I ýòà âåòâü ìîíîòîííî

ïîäíèìàåòñÿ ââåðõ, òàê ÷òî âåòâè ñ ðàçíûìè I íå ïåðåñåêàþòñÿ.
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Êðèâàÿ êðàòíûõ êîðíåé L(�), çàäàâàåìàÿ ïàðàìåòðè÷åñêèìè óðàâ-
íåíèÿìè (56), èìååò, êàê èçîáðàæåíî íà ðèñ. 3, îäíó âåòâü MC â
ïîëóïëîñêîñòè � < 0, ñîîòâåòñòâóþùóþ � > 1, è íàêëîíîì â êàæ-
äîé òî÷êå W = (�(�); "(�)), êàê ðàíåå ïîêàçàíî, ðàâíûì �2 > 1.

Àíàëîãè÷íî êðèâîé (67), êðèâàÿ (56) ïðè âîçðàñòàíèè I ìîíîòîííî
äâèæåòñÿ, íî óæå âíèç, òàê êàê êàæäàÿ åå òî÷êà W ñìåùàåòñÿ, êàê
ñëåäóåò èç (56), âëåâî ïî ïðÿìîé ñ íàêëîíîì �4 < �2. Ýòî âèäíî èç
ñîîòíîøåíèé, àíàëîãè÷íûõ (68), ïîëó÷àåìûõ ïðè çàìåíå � íà �.

Òî÷êà âîçâðàòà G êðèâîé (67), êàê ïîêàçàíî ðàíåå, ñ ðîñòîì I

ñìåùàåòñÿ âëåâî ïî êðèâîé ñ ïîëîæèòåëüíûì íàêëîíîì, íå ïðåâû-
øàþùèì 1. Ïîýòîìó, åñëè êðèâàÿ MC ðàñïîëîæåíà ïðàâåå òî÷êè G,

òî ïðè óìåíüøåíèè I îíè ìîíîòîííî ñáëèæàþòñÿ.
Èçó÷èì òåïåðü ñëåäóþùèé âîïðîñ � èìååòñÿ ëè òàêîå êðèòè÷å-

ñêîå çíà÷åíèå I0 = �2
0 , ïðè êîòîðîì òî÷êà âîçâðàòà G ëåæèò íà êðè-

âîé MC è ïðè I < I0 îêàçûâàåòñÿ ïðàâåå íåå, à ïðè I > I0 � ëåâåå,
òî åñòü äëÿ çíà÷åíèé I > I0 êðèâàÿ MC íå ïåðåñåêàåòñÿ ñ PGR, à
ïðè I < I0 � ïåðåñåêàåòñÿ ñ íåé â äâóõ òî÷êàõ (ñ íèæíåé æå âåòâüþ
NF êðèâàÿ MC ïåðåñåêàåòñÿ òîëüêî â îäíîé òî÷êå B (ðèñ.3), òàê

êàê ó MC íàêëîí áîëüøå, à ó NF � ìåíüøå 1).
Äëÿ òî÷êè âîçâðàòà G, ñîãëàñíî (65), èìååì:

�" = �m2
2

"�
�2
2 + 1

�3 � �2
2

�
�2
2 +

3

2

�2
#
= �m2

2 �
3

4

r
(�m2)4

4
: (69)

Äàëåå äëÿ êðèâîé MC, êàê ñëåäóåò èç (67), èìååò ìåñòî òàêîå
íåðàâåíñòâî:

�" = �
�
m1

�
+

I

(�2 � 1)2

� �
m1�� I�4

(�2 � 1)2

�
= (70)

�m2
1 +

I�

(�2 � 1)

�
m1 +

I�3

(�2 � 1)3

�
> �m2

1:
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Òàêèì îáðàçîì, â ñëó÷àå ðàâíûõ ìàññ òî÷åê P1 è P2 (m1 = 1,
m2 = 0) òàêîãî êðèòè÷åñêîãî çíà÷åíèÿ I0 íå ñóùåñòâóåò.

Ïðè " > 0 äëÿ êðèâîé MC èìååì:

m1� >
I�4

(�2 � 1)
2

èëè
I�2

(�2 � 1)
<

p
m1

j�j �; (71)

òî åñòü

"� � = m1

�
�+

1

�

�
� I

�2 + 1

�2 � 1
>

m1

�
�+

1

�

�
� 2

p
m1� > (m1 � 2

p
m1j�j)

�
�+

1

�

�
>

2
p
m1 (

p
m1 � 2j�j) ; (72)

îòêóäà ñëåäóåò, ÷òî ïðè ìàëûõ çíà÷åíèÿõ � â îáëàñòè " > 0 êðèâàÿ
MC ëåæèò âûøå ïðÿìîé "�� = m1+m2 = 2, çíà÷èò, è âûøå òî÷êè
G. Â òî æå âðåìÿ ïðè áîëüøèõ �, ñîãëàñíî íåðàâåíñòâó (70), MC

ëåæèò íèæå ãèïåðáîëû �" = �m2
1, à G, ñîãëàñíî (69), � âûøå, à

ýòî îçíà÷àåò, ÷òî äëÿ âñåõ çíà÷åíèé m 6= 0 êðèòè÷åñêîå çíà÷åíèå I0
ñóùåñòâóåò âñåãäà.

Ñ öåëüþ âûÿâëåíèÿ õàðàêòåðà ðàñïîëîæåíèÿ êîðíåé ïðè ðàçëè÷-
íûõ � è " öåëåñîîáðàçíî çàïèñàòü óðàâíåíèå (52) â âèäå:

��2 + 2m1�� " =
I�2

�2 � 1
: (73)

Ðàñïîëîæåíèå åãî êîðíåé, ñîâïàäàþùèõ ñ êîðíÿìè L(�), ìîæíî èñ-
ñëåäîâàòü, ôèêñèðóÿ �, � è âàðüèðóÿ ". Ýòî ñîîòâåòñòâóåò äâèæåíèþ
ïî âåðòèêàëüíûì ïðÿìûì " = const. Âûáèðàÿ ðàçëè÷íûå çíà÷åíèÿ
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Ðèñ. 4.

� è èçìåíÿÿ ", ìîæíî ïîïàñòü â ëþáóþ îáëàñòü èç òåõ, íà êîòî-
ðûå ðàçáèâàþò ïëîñêîñòü (�; ") âåòâè êðèâîé êðàòíûõ êîðíåé. Ëå-
âàÿ ÷àñòü óðàâíåíèÿ (73) ïðè � 6= 0 çàäàåò ïàðàáîëó ñ âåðòèêàëüíîé

îñüþ � = �m1

�
, à ïðè � = 0 � ïðÿìóþ u = 2m1�� ". Ãðàôèê ïðàâîé

÷àñòè (73) � êðèâàÿ òðåòüåãî ïîðÿäêà, èçîáðàæåííàÿ íà ðèñ. 4.

u =
I�2

�2 � 1
: (74)

Èçìåíÿÿ " ïðè � = const, òî åñòü ïåðåìåùàÿ ïàðàáîëó ïî âåðòèêà-
ëè, ìîæíî êà÷åñòâåííî âûÿâèòü ðàñïîëîæåíèå òî÷åê åå ïåðåñå÷åíèÿ

ñ êðèâîé (74), àáñöèññû êîòîðûõ è åñòü êîðíè îñíîâíîãî ïîëèíîìà
L(�). Ñîãëàñíî ñâîéñòâó (14) àíàëèç ðàñïîëîæåíèÿ êîðíåé ïîëèíîìà
M(�) ñîâåðøåííî àíàëîãè÷åí è îñóùåñòâëÿåòñÿ çàìåíîé â óðàâíåíèè
(73) m1 ! m2.

Èññëåäîâàíèå ýòèì ìåòîäîì ïðèâîäèò ê âûâîäó, ÷òî óñëîâèÿ (50)
è (51) âûïîëíÿþòñÿ ñïðàâà îò êðèâîé MC è ñâåðõó îò êðèâîé NF
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Ðèñ. 5.

íà ðèñ. 3 (ïðè m2 > 0). Äàëåå èç ñîîòíîøåíèé (54) ñëåäóåò:

@�

@m1

= �1

�
;

@"

@m1

= �; òàê ÷òî

�
@"

@�

�
�=const

= ��2:

Çíà÷èò, ñ óìåíüøåíèåì m1 ëþáàÿ òî÷êà âåòâè MC äâèæåòñÿ
âïðàâî ïî ïðÿìîé ñ íàêëîíîì ��2 < �1. Òàê êàê, ñîãëàñíî (62),

íà ýòîé âåòâè @2"
@�2

> 0, òî åñòü ýòà êðèâàÿ âûïóêëà. Ñëåäîâàòåëüíî, ñ
óìåíüøåíèåì m1 îíà ìîíîòîííî äâèæåòñÿ âïðàâî è âíèç. Çàìåòèì,
÷òî âåòâè ñ ðàçíûìè m1 îáùèõ òî÷åê íå èìåþò. Ïðè óìåíüøåíèè m1

äî m2 ýòà âåòâü ïðåîáðàçóåòñÿ â ëèíèþ SD (ðèñ. 5), îòâå÷àþùóþ
âåòâè êðèâîé êðàòíûõ êîðíåé óðàâíåíèÿ M(�) = 0, íàõîäÿùèõñÿ â
èíòåðâàëå � > 1.

Èñïîëüçóÿ ñèììåòðèþ êðèâîé êðàòíûõ êîðíåé îòíîñèòåëüíî ïðÿ-
ìîé � = ", ìîæíî ïîñòðîèòü è âåòâü êðèâîé (54) äëÿ èíòåðâàëà
�1 < � < 0. Îíà ëåæèò íèæå êðèâîé NF (êðèâàÿ TV íà ðèñ.5).
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Òàáëèöà 3.

N
Ìíîæåñòâà íà

ïëîñêîñòè (�; ")
L(�) M(�)

� < 0, I > I0

1
Îòêðûòàÿ äóãà

AE

2 Òî÷êà A

3
Îòêðûòàÿ äóãà

AB

4 Òî÷êà B

5

Ïîëóáåñêîíå÷íàÿ

îòêðûòàÿ âåòâü

BC

6

Ïîëóáåñêîíå÷íàÿ

îòêðûòàÿ ïîëîñà,

âûäåëåííàÿ ëè-

íèÿìè AB, BC,

AD

7

Ïîëóáåñêîíå÷íàÿ

îòêðûòàÿ âåòâü

AD

8

Ïîëóáåñêîíå÷íàÿ

îòêðûòàÿ ïîëîñà,

âûäåëåííàÿ ëè-

íèÿìè AD, AE,

E"
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Òàáëèöà 3. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà

ïëîñêîñòè (�; ")
L(�) M(�)

� = 0
9 Îòêðûòûé ëó÷ E"

10 Òî÷êà E

� > 0

11

Ïîëóáåñêîíå÷íàÿ

îòêðûòàÿ âåòâü

EF

12

Îòêðûòàÿ îáëàñòü

ïðàâåå ëó÷à E" è

âûøå ëèíèè EF

� < 0, I = I0

13 Òî÷êà G íà ðèñ.6
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Òàáëèöà 3. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà

ïëîñêîñòè (�; ")
L(�) M(�)

� < 0, 0 < I < I0

14 Òî÷êà L

15
Îòêðûòàÿ äóãà

KL

16 Òî÷êà K

17
Îòêðûòàÿ äóãà

KG

18 Òî÷êà G íà ðèñ.7

19
Îòêðûòàÿ äóãà

LG

20
Îòêðûòûé òðå-

óãîëüíèê KLG

57



Òàáëèöà 3. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà

ïëîñêîñòè (�; ")
L(�) M(�)

� = 0, I > I0

21 Òî÷êà 0 íà ðèñ.10

22 Ëó÷ 0"

� < 0, I = I0

23 Òî÷êà G íà ðèñ.11

� < 0, I < I0

24 Òî÷êà G íà ðèñ.12

25
Îòêðûòàÿ äóãà

DG

26 Òî÷êà D
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Ðèñ. 6.

Îáëàñòè, ãäå äâèæåíèå âîçìîæíî, íà ðèñ.5 è äàëåå çàøòðèõîâàíû

(÷åðòåæ îòâå÷àåò çíà÷åíèÿì I > I0).
Ïðèìåíÿÿ îïèñàííûé âûøå ìåòîä ïåðåìåùåíèÿ ïî ïðÿìûì � =

const, ìîæíî îáíàðóæèòü, ÷òî îòìå÷åííûì íà ðèñ.5 ÷èñëàìè òî÷-
êàì, ëèíèÿì è îáëàñòÿì îòâå÷àþò 12 ñî÷åòàíèé âçàèìíîãî ðàñïîëî-
æåíèÿ êîðíåé L(�) è M(�), ïðåäñòàâëåííûå â òàáë.3. Çàøòðèõîâàí-
íûì ó÷àñòêàì è æèðíûì òî÷êàì îòâå÷àþò èíòåðâàëû èëè îòäåëüíûå
çíà÷åíèÿ �, �, ïðè êîòîðûõ äâèæåíèå âîçìîæíî. Åñëè êîðåíü èìååò

îïðåäåëåííûé çíàê, òî îí îòìå÷åí (åñëè ýòî íå ñëåäóåò íåïîñðåä-
ñòâåííî èç ÷åðòåæà). Ê íàéäåííûì ñëó÷àÿì íåîáõîäèìî äîáàâèòü
òå, êîòîðûå îòâå÷àþò óñëîâèþ I � I0. Òàê, åñëè I = I0, òî òî÷êà âîç-
âðàòà G ëåæèò íà ëèíèè BC (ðèñ.6), è ýòîé òî÷êå îòâå÷àåò ñëó÷àé
13 (òàáë.3).

Â ýòîì ñëó÷àå óðàâíåíèå M(�) = 0 èìååò òðåõêðàòíûé êîðåíü.
Îñòàâøèåñÿ ñëó÷àè èìåþò ìåñòî ïðè óñëîâèè 0 < I < I0 . Òåïåðü
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Ðèñ. 7.

òî÷êà G ëåæèò âíóòðè ïîëîñû, îòâå÷àþùåé ñëó÷àþ 6 (ðèñ.7).
Ïðè ýòîì ïîÿâëÿåòñÿ åùå ñåìü ñëó÷àåâ ðàñïîëîæåíèÿ êîðíåé

(òàáë. 3). Êàê è 13-é, âñå îíè ðåàëèçóþòñÿ ïðè � < 0

2.2 Ñëó÷àé ðàâíûõ ìàññ

Ïðè ðàâíûõ ìàññàõm2 = 0. Â ýòîì ñëó÷àå çàïèøåì äëÿ � óðàâíåíèÿ,
àíàëîãè÷íûå (52), (53), â ðåçóëüòàòå ÷åãî èìååì:

��2 � I�2

�2�1
� " = 0;

�
h
� + I

(�2�1)2

i
= 0:

(75)

Çäåñü âîçìîæíû äâà ñëó÷àÿ:
1. � 6= 0. Òîãäà, ïîäåëèâ âòîðîå èç óðàâíåíèé (75) íà � è èñêëþ÷àÿ

èç íèõ �, íàõîäèì:
" = �� 2j�jp�� � I: (76)
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Ðèñ. 8.

Íåñëîæíî âèäåòü, ÷òî ýòî � óðàâíåíèå äâóõ âåòâåé ïàðàáîëû, èìå-
þùåé îñüþ ñèììåòðèè ïðÿìóþ � = ", öåëèêîì íàõîäÿùåéñÿ â òðå-
òüåì êâàäðàíòå ïëîñêîñòè (�; ") è êàñàþùåéñÿ êîîðäèíàòíûõ îñåé â
òî÷êàõ (�I; 0), (0;�I) (ðèñ.8).

Íèæíÿÿ âåòâü (çíàê ��� â (76)) ñîîòâåòñòâóåò èíòåðâàëàì � <

�1, � > 1, ïðè÷åì ïðè � ! �1, � ! �1, à ïðè � ! �1 � ! �0,
"! �I � 0, êàê ñëåäóåò èç (75). Òàê êàê, ñîãëàñíî (64) d"

d�
= �2 � 0,

òî ðåàëèçóåòñÿ òîëüêî òà ÷àñòü âåðõíåé âåòâè ïàðàáîëû (ñî çíàêîì
�+� â (76)), êîòîðàÿ èìååò íåîòðèöàòåëüíûé íàêëîí. Ýòî óñëîâèå
âûïîëíÿåòñÿ, êàê ñëåäóåò èç (76), ïðè � � �I . Íà ýòîé âåòâè �1 <
� < 1 , ïðè÷åì ïðè � ! �1 � ! �1, " ! �1, à ïðè � ! 0

�! �I � 0, "! �0.
2. � = 0. Èç ïåðâîãî óðàâíåíèÿ (75) ñëåäóåò, ÷òî " = 0. Òàêèì îá-

ðàçîì, â ñîñòàâ êðèâîé êðàòíûõ êîðíåé êðîìå ïàðàáîëû (76) âõîäèò
è îñü àáñöèññ. Òî÷êà G ñ êîîðäèíàòàìè � = �I, " = 0 � òî÷êà ðàç-
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âåòâëåíèÿ. Âûÿñíèì ðàñïîëîæåíèå ýòîé òî÷êè îòíîñèòåëüíî êðèâîé
(54) ïðè � > 1. Ýòà êðèâàÿ ïåðåñåêàåòñÿ ñ ïðÿìîé " = 0 â òî÷êå Q,
àáñöèññà êîòîðîé â ñîîòâåòñòâèè ñ (54) îïðåäåëÿåòñÿ óðàâíåíèÿìè:

�Q = �2

�
� I

(�2 � 1)2
;

2

I
=

�3

(�2 � 1)2
: (77)

Ïîñêîëüêó íà ýòîé âåòâè � > 1, òî èç âòîðîé ôîðìóëû (77) ñëå-

äóåò, ÷òî ïðè I ! 0, �! 1. Âûðàçèâ èç òîãî æå ñîîòíîøåíèÿ 1
(�2�1)2

è ïîäñòàâèâ åãî â ïåðâóþ ôîðìóëó èç (77), óñòàíàâëèâàåì, ÷òî

�Q = �2

�

�
1 +

1

�2

�
: (78)

Â ýòîì ñëó÷àå lim
I!0

�Q = �4. Ñëåäîâàòåëüíî, ïðè I ! 0 òî÷êà Q

ñòðåìèòñÿ ê òî÷êå (�4; 0), â òî âðåìÿ, êàê G � ê òî÷êå (0; 0) è ïðè
äîñòàòî÷íî ìàëîì I, G îêàæåòñÿ ïðàâåå êðèâîé (54) (íà ðèñ.5 ýòî �
âåòâü MC).

Â òî æå âðåìÿ èç (77) ñëåäóåò, ÷òî ïðè I !1, �!1, �Q ! 0 è
ïðè äîñòàòî÷íî áîëüøîì I òî÷êà ðàçâåòâëåíèÿ ëåæèò ëåâååMC. Ïðè
íåïðåðûâíîì èçìåíåíèè I íàéäåòñÿ òàêîå I0, ÷òî òî÷êà G ñîâïàäåò

ñ Q è îêàæåòñÿ íà MC. Ñëåäîâàòåëüíî, â (77) �Q = �I0, I = I0.
Ðåøàÿ ïîëó÷åííóþ ñèñòåìó, ìîæíî îòûñêàòü

I0 =
8

9

p
3; � =

p
3: (79)

Èòàê, ïðèm2 = 0 ëèíèÿìè êðàòíûõ êîðíåé ïîëèíîìàM(�) áóäóò

âåðõíÿÿ âåòâü ïàðàáîëû (76) è îñü � = 0 (ðèñ.9).
Àíàëèç, àíàëîãè÷íûé ïðîâåäåííîìó äëÿ ñëó÷àÿ m2 > 0 , ïîêà-

çûâàåò, ÷òî M(�) � 0 ïðè �1 � � � 1 â çàøòðèõîâàííîé îáëàñòè
ðèñ.9.

Ïðîâîäÿ ëèíèþMC (ñì. ðèñ. 10), ïðåäñòàâëÿþùóþ âåòâü êðèâîé
êðàòíûõ êîðíåé ïîëèíîìà L(�) ïðè � > 1, è ó÷èòûâàÿ, ÷òî â ýòîì
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Ðèñ. 9.

èíòåðâàëå çíà÷åíèé L(�) � 0 ñïðàâà îò MC, ìû ïîëó÷àåì ìíîæå-
ñòâà òî÷åê (�; "), îòâå÷àþùèå âîçìîæíûì äâèæåíèÿì. Íà ðèñ. 9 è
àíàëîãè÷íûõ åìó ðèñ. 10, 11, 12 îíè çàøòðèõîâàíû. Êàê ìû óñòàíî-
âèëè ðàíåå, çäåñü íåîáõîäèìî ðàçëè÷àòü òðè ñëó÷àÿ.

1. I > I0 (ðèñ. 10). Êàê è ïðè m2 > 0 , îòìåòèì íà ÷åðòåæå
÷èñëàìè ìíîæåñòâà òî÷åê (�; "), â ïðåäåëàõ êàæäîãî èç êî-
òîðûõ äâèæåíèå âîçìîæíî è âçàèìíîå ðàñïîëîæåíèå êîðíåé
îñíîâíûõ ïîëèíîìîâ íåèçìåííî. Ïðè ýòîì áóäåì ïðîäîëæàòü
íóìåðàöèþ, íà÷àòóþ â � 2.1. Ïðèìåíèì îïèñàííûé ðàíåå ìåòîä

ïåðåäâèæåíèÿ ïî ïðÿìûì � = const, ó÷èòûâàÿ, ÷òî ïàðàáîëà
(74) ïîñëå çàìåíû � ! �, m1 ! m2 = 0 èìååò îñü ñèììåòðèè
� = 0, à ïðÿìàÿ (64) � ãîðèçîíòàëüíà: u = �". Ïîýòîìó òåïåðü
êîðíè M(�) ñèììåòðè÷íû îòíîñèòåëüíî îñè � = 0. Äëÿ íó-
ìåðîâàííûõ ìíîæåñòâ íà ðèñ. 10 ýòèì ìåòîäîì âûÿâëÿþòñÿ 2
íîâûõ òèïà ñî÷åòàíèé âçàèìíîãî ðàñïîëîæåíèÿ êîðíåé îñíîâ-
íûõ ïîëèíîìîâ (òàáë. 3). Ðåàëüíûì äâèæåíèÿì ñîîòâåòñòâóþò

çàøòðèõîâàííûå èíòåðâàëû �, �, à òàêæå æèðíûå òî÷êè.

2. I = I0. Â ýòîì ñëó÷àå òî÷êàG íàõîäèòñÿ íà ëèíèèMC (ðèñ.11).
Åé îòâå÷àåò ñëó÷àé 23, êîãäà îñíîâíîé ïîëèíîìM(�) = �8

9

p
3�4.
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Ðèñ. 10.

Òàêèì îáðàçîì, îí èìååò ÷åòûðåõêðàòíûé êîðåíü � = 0.

3. I < I0 . Òî÷êà G îêàçûâàåòñÿ ïðàâåå ëèíèè MC (ðèñ.12). Ýòî
ñîîòâåòñòâóåò ïîÿâëåíèþ åùå òðåõ íîâûõ ñëó÷àåâ ðàñïîëîæå-
íèÿ êîðíåé.

Îáðàòèìñÿ ñíîâà ê ðèñ.12. Âåðõíÿÿ âåòâü ïàðàáîëû (ëèíèÿBG)

(76) ìîæåò áûòü çàäàíà ïàðàìåòðè÷åñêè. Èç (75) ñëåäóåò, ÷òî
ïàðàìåòðè÷åñêèå óðàâíåíèÿ ïîëó÷àþòñÿ èç ñîîòíîøåíèé (54):

�(1) = � I

(1� �2)2
; "(1) = � I�4

(1� �2)2
: (80)

Ïðè j�j < 1 ýòè óðàâíåíèÿ è ïðåäñòàâëÿþò ëèíèþ BG. Âåòâü
êðèâîé êðàòíûõ êîðíåé ïîëèíîìà L(�) äëÿ �1 < � < 0-1<l<0
(ëèíèÿ TV íà ðèñ.5) çàäàåòñÿ óðàâíåíèÿìè (54), ãäå ïîëîæåíî
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Ðèñ. 11.

Ðèñ. 12.
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m1 = 2:

�(2) = �2

�
� I

(�1 � 1)2
; "(2) = 2�� I�4

(�2 � 1)2
: (81)

Äàëåå ïóñòü �1 = �2. Òîãäà èç (80) è (81), òàê êàê � < 0 íàõî-
äèì:

I

(�2 � 1)2
� I

(1� �2)2
= �2

�
> 0;

Ñëåäîâàòåëüíî, �2 > �2 (ïîñêîëüêó �2 < 1, � < 1), è

"(1) = � I�4

(1� �2)2
> � I�4

(�2 � 1)2
> 2�� I�4

(�2 � 1)2
= "(2):

Òàêèì îáðàçîì, ëèíèÿ TV âåçäå íèæå BG è ïîýòîìó íå ìîæåò
ïåðåñå÷ü 4DGQ.

Èç âñåãî âûøå èçëîæåííîãî ñëåäóåò, ÷òî ðàññìîòðåííûìè ñî÷å-
òàíèÿìè âçàèìíîãî ðàñïîëîæåíèÿ êîðíåé L(�) è M(�) âñå âàðèàíòû
ïðîñòðàíñòâåííîé çàäà÷è èñ÷åðïûâàþòñÿ.

3 Îïðåäåëåíèå îáëàñòåé âîçìîæíûõ äâè-

æåíèé â ñëó÷àå, êîãäà òðàåêòîðèè òî÷-

êè P ëåæàò â îäíîé ïëîñêîñòè

Îáðàòèìñÿ òåïåðü ê ñëó÷àþ çàäà÷è äâóõ íåïîäâèæíûõ öåíòðîâ, êî-
ãäà äâèæóùàÿñÿ òî÷êà îñòàåòñÿ â ôèêñèðîâàííîé ïëîñêîñòè w =

const. Î÷åâèäíî, ÷òî ïîâîðîòîì ñèñòåìû êîîðäèíàò âîêðóã îñè OX
ýòó ïëîñêîñòü ìîæíî ñîâìåñòèòü ñ ïëîñêîñòüþ z = 0 è òåì ñàìûì
ïîëîæèòü w = 0 ïðè y � 0 è w = � ïðè y < 0. Òîãäà èç óðàâíåíèé
(2) ñëåäóåò, ÷òî

x = ��; y = �
p

(�2 � 1)(1� �2): (82)
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Ïîñêîëüêó w = const, òî èç (12) âûòåêàåò � = 0, à ýòî îçíà÷àåò, ÷òî
îñíîâíûå ïîëèíîìû ïðèîáðåòàþò âèä (16)

L(�) = (�2 � 1)L1(�); M(�) = (�2 � 1)M1(�); (83)

ïðè÷åì

L1(�) = ��2 + 2m1�� ";

M1(�) = ��2 + 2m2�� ":
(84)

Òàêèì îáðàçîì, L(�) èM(�) èìåþò ïî äâà äåéñòâèòåëüíûõ êîðíÿ
�3;4 = �1, �3;4 = �1, è àíàëèç ñâîäèòñÿ ê èññëåäîâàíèþ âîçìîæíûõ
ðàñïîëîæåíèé êîðíåé è L1(�) è M1(�).

3.1 Ïîñòðîåíèå êðèâûõ êðàòíûõ êîðíåé

ïîëèíîìà L(�)

Îáðàòèìñÿ òåïåðü ê ïîëèíîìó L(�) è ðàññìîòðèì ðàçëè÷íûå ñëó÷àè
âåëè÷èíû ïîñòîÿííîé �.

1. � > 0.

Çàïèøåì âûðàæåíèÿ äëÿ åãî êîðíåé:

�1;2 =
�m1 �

p
m2

1 + �"

�
: (85)

Åñëè îíè äåéñòâèòåëüíû, òî óñëîâèìñÿ ñ÷èòàòü �1 � �2 è ïî-
ñêîëüêó � > 0, òî �1 < 0.

Î÷åâèäíî, ÷òî êðèâûå êðàòíûõ êîðíåé ìîãóò áûòü ïîëó÷åíû
ïðè îòûñêàíèè óñëîâèé, êîãäà �1 = �2, �1 = �1, �2 = �1, è,
íàêîíåö, �1 = �2 = �1. Ðàññìîòðèì ýòè óñëîâèÿ îòäåëüíî.
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(1.1) �1 = �2. Ñëåäîâàòåëüíî,

m2
1 = ��": (86)

Ýòî � âåòâü ãèïåðáîëû â ÷åòâåðòîì êâàäðàíòå ïëîñêîñòè
(�; ").

(1.2) �1 = �1. Èç (85) íàõîäèì:q
m2

1 + �" = � �m1; (87)

÷òî âîçìîæíî, åñëè

� � m1 è " � �m
2
1

�
: (88)

Ðåøàÿ óðàâíåíèå (87), ïîëó÷àåì

" = �� 2m1: (89)

Ó÷èòûâàÿ óñëîâèÿ (88), íàõîäèì, ÷òî ôîðìóëà (89) çàäàåò
ïîëóïðÿìóþ ñ � � m1, òî åñòü îíà êàñàåòñÿ â ñâîåì íà÷àëå

� = m1, " = �m1 ãèïåðáîëû (86).

(1.3) �2 = �1. Ïî ôîðìóëå (85) ïîëó÷èìq
m2

1 + �" = m1 � �: (90)

Äëÿ ýòîãî íåîáõîäèìî, ÷òîáû

0 < � � m1; " � �m
2
1

�
: (91)

Ðåøåíèå óðàâíåíèÿ (90) âíîâü äàåò âûðàæåíèå (89), êîòî-
ðîå ñîâìåñòíî ñ íàéäåííûìè óñëîâèÿìè îïðåäåëÿåò ïîëó-
îòêðûòûé îòðåçîê

0 < � � m1; �2m1 < " � �m1; (92)
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êàñàþùèéñÿ â ñâîåì êîíöå � = m1, " = �m1 ãèïåðáîëû
(85), ïðîäîëæàÿ, òàêèì îáðàçîì, ëó÷ (89). Î÷åâèäíî, ÷òî
òî÷êà êàñàíèÿ � = m1, " = �m1 ñîîòâåòñòâóåò êðàòíîìó
êîðíþ �1 = �2 = �1.

(1.4) �2 = 1. Òåïåðü, ñîãëàñíî ôîðìóëå (85), ïîëó÷àåì:p
m2

1 + �" = �+m1. Ðåøåíèå ýòîãî óðàâíåíèÿ îïðåäåëÿåò
ïîëóïðÿìóþ

" = � + 2m1; � > 0: (93)

2. � < 0.

Â ýòîì ñëó÷àå êîðíè L1(�) ìîæíî çàïèñàòü òàê:

�1;2 =
m1 �

p
m2

1 + �"

�� : (94)

Î÷åâèäíî, ÷òî �2 > 0, âåòâè êðèâûõ êðàòíûõ êîðíåé îòâå÷àþò
ñëó÷àÿì: �1 = �2, �1 = �1, �2 = 1, �1 = �2 = 1. Ïðîäîëæèì
ïîñòðîåíèå êðèâîé êðàòíûõ êîðíåé.

(2.1) �1 = �2. Ýòîò ñëó÷àé îïÿòü ñîîòâåòñòâóåò ãèïåðáîëå (86),
òîëüêî òåïåðü � åå âåòâè, ëåæàùåé âî âòîðîì êâàäðàíòå
ïëîñêîñòè (�; ").

(2.2) �1 = 1. Èç (94) íàõîäèì:q
m2

1 + �" = m1 + �; (95)

à äëÿ ýòîãî íåîáõîäèìî âûïîëíåíèå íåðàâåíñòâ:

" � �m
2
1

�
; �m1 � � < 0: (96)

Ðåøåíèå óðàâíåíèÿ (95) ñ ó÷åòîì óñëîâèÿ (96) îïðåäåëèò
îòðåçîê, ÿâëÿþùèéñÿ ïðîäîëæåíèåì ïðÿìîé (93) â ïîëó-
ïëîñêîñòü � < 0 äî òî÷êè � = �m1, " = m1, â êîòîðîé îí
è êàñàåòñÿ ãèïåðáîëû (86).
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(2.3) �2 = 1. Ïî ôîðìóëå (94) òåïåðü íàõîäèìq
m2

1 + �" = �m1 � �: (97)

Ýòî ðàâåíñòâî âîçìîæíî òîëüêî ïðè

" � �m
2
1

�
; � � �m1; (98)

è ðåøåíèå óðàâíåíèÿ (97) ïðè ýòèõ óñëîâèÿõ áóäåò ñî-
îòâåòñòâîâàòü ëó÷ó, êàñàþùåìóñÿ ãèïåðáîëû (86) â òî÷-
êå � = �m1, " = m1 îòâå÷àåò, òàêèì îáðàçîì, êðàòíîìó
êîðíþ �1 = �2 = 1.

(2.4) �1 = �1. Èç (94) ñëåäóåò
p
m2

1 + �" = m1 � �, è, ðåøàÿ
ýòî óðàâíåíèå, íàõîäèì " = � � 2m1, ÷òî ÿâëÿåòñÿ ïðî-
äîëæåíèåì ïðÿìîé (89) â ïîëóïëîñêîñòü � < 0.

3. � = 0.

Çäåñü
L1(�) = 2m1�� "; (99)

è êîðåíü

�5 =
"

2m1

(100)

ìîæåò ñòàòü êðàòíûì, åñëè " = 2m1, ëèáî " = �2m1, à ýòî �
òî÷êè ïåðåñå÷åíèÿ ïðÿìûõ � = 0 è, ñîîòâåòñòâåííî, (93) è (89).

Íà îñíîâå ïîëó÷åííûõ ðåçóëüòàòîâ ìîæíî ïîñòðîèòü âñå âåòâè

êðèâîé êðàòíûõ êîðíåé ïîëèíîìà L(�).
Ñ ýòîé öåëüþ íà ðèñ.13 îòìåòèì ÷èñëàìè îáëàñòè, ëèíèè è òî÷-

êè, îòâå÷àþùèå ðàçëè÷íûì âàðèàíòàì èõ ðàñïîëîæåíèé. Èñïîëüçóÿ
ìåòîä äâèæåíèÿ ïî ïðÿìûì � = const, íåòðóäíî óáåäèòüñÿ, ÷òî íó-
ìåðîâàííûì ìíîæåñòâàì òî÷åê íà ðèñ.13 ñîîòâåòñòâóþò âàðèàíòû
ðàñïîëîæåíèÿ êîðíåé L(�), êîòîðûå ñîáðàíû â òàáë. 4.
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Ðèñ. 13.
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Òàáëèöà 4.

� Ðàñïîëîæåíèå êîðíåé L(�)

1 �1 < �1; 1 < �2
2 �1 = �1; 1 < �2
3 �1 < �1 < 1 < �2
4 �1 < �1 < �2 = 1

5 �1 < �1 = �2 = 1

6 �1 < �1 = 1 < �2
7 �1 < �1 < �2 < 1

8 1 < �1 < �2
9 �1 < �1 = �2 < 1

10 1 < �1 = �2
11 �1, �2� êîìïë.

12 �5 < �1
13 �5 = �1
14 1 < �5 < 1

15 �5 = 1

16 �5 > 1

17 �1, �2� êîìïë.
18 �1 = �2 < �1
19 �1 = �2 = �1
20 1 < �1 = �2 < 1

21 �1 < �2 < �1
22 �1 < �1 < �2 < 1

23 �1 < �2 = �1
24 �1 = �1 < �2 < 1

25 �1 < �1 < �2 < 1

26 �1 < �1 < �2 = 1

27 �1 < �1; 1 < �2

72



3.2 Ïîñòðîåíèå êðèâûõ êðàòíûõ êîðíåé

ïîëèíîìà M(�)

Êàê ìû óæå îòìå÷àëè ðàíåå, èìååò ìåñòî ñîîòíîøåíèå L(�;m1) =

M(�;m2) è ïîýòîìó êðèâàÿ êðàòíûõ êîðíåé M(�) ïîëó÷àåòñÿ èç
êðèâîé äëÿ L(�) ïðåîáðàçîâàíèåì ïîäîáèÿ ñ öåíòðîì â òî÷êå O è
êîýôôèöèåíòîì ïîäîáèÿ k = m2

m1

< 1. Îáå êðèâûå � äëÿ L(�) è äëÿ

M(�) � èçîáðàæåíû íà ðèñ.14.
Î÷åâèäíî, ÷òî çàìåíîé â òàáë.4 �1 è �2 íà �1 è �2 ìû ïîëó÷èì 27

âàðèàíòîâ ðàñïîëîæåíèé êîðíåéM(�). Íî ñëåäóåò ó÷åñòü, ÷òî åñëè â
ñëó÷àå ðàâíûõ ìàññ âèä ïîëèíîìà L(�) íå èçìåíÿåòñÿ, òî äëÿ M(�)

ýòî íå òàê è åãî ñëåäóåò ðàññìîòðåòü äîïîëíèòåëüíî. Äåéñòâèòåëüíî,
â ýòîì ñëó÷àå:

M(�) = (�2 � 1)(��2 � "): (101)

Î÷åâèäíî, ÷òî âèä êðèâîé êðàòíûõ êîðíåé M(�) îïðåäåëèòñÿ çíà-
÷åíèÿìè �, ", ïðè êîòîðûõ �1 = �2. Åñëè � 6= 0, òî �1 = �2 ïðè
âûïîëíåíèè ðàâåíñòâà: " = �.

Êîãäà � = 0, òî
M(�) = "(1� �2); (102)

è ïðè " = 0, M � 0, è ìû ìîæåì ôîðìàëüíî ñ÷èòàòü êîðíåì ëþáîé
êðàòíîñòè ïðîèçâîëüíîå çíà÷åíèå �.

Òåïåðü, ïåðåäâèãàÿñü ïî ïðÿìûì � = const íà ðèñ.15, âîçìîæíî
âûÿâèòü âñå ñëó÷àè ðàñïîëîæåíèÿ êîðíåé M(�). Åñëè ïðîíóìåðî-

âàòü íà ýòîì ÷åðòåæå îáëàñòè ñ îäèíàêîâûì ðàñïîëîæåíèåì êîðíåé,
òî íåòðóäíî óñòàíîâèòü, ÷òî íîâûì ìíîæåñòâàì òî÷åê îòâå÷àþò âîç-
ìîæíîñòè, ïðåäñòàâëåííûå â òàáë.5.

3.3 Îïðåäåëåíèå îáëàñòåé âîçìîæíûõ äâèæåíèé

Èòàê, ïëîñêîñòü (�; ") ðàçáèâàåòñÿ ðàçëè÷íûìè âåòâÿìè êðèâûõ êðàò-
íûõ êîðíåé ïîëèíîìîâ L(�),M(�) íà îáëàñòè, â ïðåäåëàõ êàæäîé èç
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Ðèñ. 14.
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Ðèñ. 15.

Òàáëèöà 5.
� Ðàñïîëîæåíèå êîðíåé M(�)

28 �1 = �1; �2 = 1(� < 0)

29 M(�) � 0

30 �1 = �1; �2 = 1(� > 0)

êîòîðûõ ðàñïîëîæåíèå êîðíåé êà÷åñòâåííî îäèíàêîâî. Åñëè ýòî ðàñ-
ïîëîæåíèå îòâå÷àåò ðåàëüíîìó äâèæåíèþ, òî è òèï ýòîãî äâèæåíèÿ
âíóòðè êàæäîé îáëàñòè îäèí è òîò æå.

Ïðèìåíèì ìåòîä ïåðåäâèæåíèÿ ïî ïëîñêîñòè (�; ") âäîëü ïðÿìûõ
� = const, ÷òî ïîçâîëÿåò âûÿâèòü âñå âîçìîæíûå ñî÷åòàíèÿ ðàñïî-
ëîæåíèÿ êîðíåé L(�),M(�), îòâå÷àþùèå ðåàëüíûì äâèæåíèÿì, äëÿ
êîòîðûõ íåîáõîäèìî âûïîëíåíèå íåðàâåíñòâ

L(�) � 0; M(�) � 0; � � 1; �1 � � � 1: (103)

Ðàññìîòðèì ñëó÷àé íåðàâíûõ ìàññ. Òîãäà, èñïîëüçóÿ ðåçóëüòàòû
ðàçäåëîâ 3.1 è 3.2 è çàøòðèõîâûâàÿ îáëàñòè, â êîòîðûõ âûïîëíåíû
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ýòè óñëîâèÿ, ìû ïîëó÷àåì 41 ìíîæåñòâî ðàñïîëîæåíèÿ êîðíåé ïîëè-
íîìîâ L(�) è M(�) (ðèñ.16).

Â ñëó÷àå ðàâíûõ ìàññ ìû ïðèõîäèì ê êëàññèôèêàöèè ðàñïîëî-
æåíèÿ êîðíåé, ïðåäñòàâëåííîé íà ðèñ.17.

Èìåÿ 47 ìíîæåñòâ ðàñïîëîæåíèé êîðíåé L(�) è M(�), ìîæíî
êàæäîå èç íèõ ïðåäñòàâèòü ñîîòâåòñòâóþùèìè ãðàôèêàìè ïîëèíî-
ìîâ (òàáë.6). Çàøòðèõîâàííûì ó÷àñòêàì è æèðíûì òî÷êàì ñîîòâåò-
ñòâóþò èíòåðâàëû èëè îòäåëüíûå çíà÷åíèÿ �, �, ïðè êîòîðûõ äâèæå-
íèÿ âîçìîæíû. Åñëè êîðåíü èìååò îïðåäåëåííûé çíàê, òî îí îòìå÷åí
(åñëè ýòî íå ñëåäóåò íåïîñðåäñòâåííî èç ÷åðòåæà). Äëÿ ñîêðàùåíèÿ
ïèñüìà ââåäåíû ñäåäóþùèå îáîçíà÷åíèÿ:

A1 = � + 2m1; A2 = � + 2m2;

A3 = � � 2m2; A4 = � � 2m1;

B1 = (1 +
p
m)2; B2 = (1�pm)2;

(104)

òàê ÷òî A1 > A2 > A3 > A4 è B1 > B2.
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Ðèñ. 16.
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Ðèñ. 17.
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Òàáëèöà 6.

N
Ìíîæåñòâà íà ïëîñêîñòè

(�; ")
L(�) M(�)

� < 0
1 Ïîëóïðÿìàÿ " = A3

2
Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

ïîëîñà: A3 < " < A2

3
Ïîëóïðÿìàÿ " = A2, � <

�m2

4 Òî÷êà " = m2, � = �m2

5
Îòêðûòûé îòðåçîê ïðÿìîé:

" = A2, � > �m2

6

Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

ïîëîñà, îãðàíè÷åííàÿ ïîëó-

ïðÿìûìè è äóãîé ãèïåðáîëû:

A2 < " < A1, " < �

m
2

2

�
,

� < �m2

7 Ïîëóïðÿìàÿ " = A1, � < �B1
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Òàáëèöà 6. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà ïëîñêîñòè

(�; ")
L(�) M(�)

8 Òî÷êà " = B2, � = �B1

9
Îòêðûòàÿ äóãà ãèïåðáîëû:

�" = �m2

2
, �B1 < � < �m2

10

Êðèâîëèíåéíàÿ òðàïåöèÿ:

A2 < " < A1, " < �

m
2

2

�
,

� > �m2

11
Îòêðûòàÿ äóãà ãèïåðáîëû:

�" = �m2

2
, �m2 < � < �B1

12 Òî÷êà " = B1, � = �B2

13
Îòêðûòûé îòðåçîê ïðÿìîé:

" = A1, � > �B2

14

Ñåãìåíò ìåæäó ïðÿìîé è ãè-

ïåðáîëîé: �
m

2

2

�
< " < A1,

� < 0

15
Îòêðûòûé îòðåçîê ïðÿìîé:

" = A1, �B1 < � < �m1
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Òàáëèöà 6. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà ïëîñêîñòè

(�; ")
L(�) M(�)

16 Òî÷êà " = m1, � = �m1

17
Îòêðûòûé îòðåçîê ïðÿìîé:

" = A1, �m1 < � < �B2

18

Êðèâîëèíåéíàÿ îòêðûòàÿ ïî-

ëóáåñêîíå÷íàÿ ïîëîñà ìåæäó

äâóìÿ ãèïåðáîëàìè: �
m

2

2

�
<

" <
m

2

2

�
, " > A1, � > �m1

19

Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

äóãà ãèïåðáîëû: �" = �m
2

2
,

� > �B2

20

Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

äóãà ãèïåðáîëû: �" = �m
2

1
,

� > �m1

21

Êðèâîëèíåéíàÿ îòêðûòàÿ ïî-

ëóáåñêîíå÷íàÿ ïîëîñà ìåæäó

ãèïåðáîëîé è ïðÿìîé � = 0:

A1 < " <
m

2

2

�
, � > �B2
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Òàáëèöà 6. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà ïëîñêîñòè

(�; ")
L(�) M(�)

� = 0
22 Òî÷êà " = �2m2

23
Îòêðûòûé îòðåçîê ïðÿìîé:

�2m2 < " < 2m2

24 Òî÷êà " = 2m2

25
Îòêðûòûé îòðåçîê: 2m2 <

" < 2m1

26 Òî÷êà " = 2m1

27 Ïîëóïðÿìàÿ " > 2m1

� > 0

28
Îòêðûòûé îòðåçîê: " = A3,

� < m2

29 Òî÷êà " = �m2, � = m2
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Òàáëèöà 6. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà ïëîñêîñòè

(�; ")
L(�) M(�)

30
Îòêðûòàÿ äóãà ãèïåðáîëû:

�" = �m2

2
, m2 < � < B1

31 Òî÷êà " = �B2, � = B1

32

Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

äóãà ãèïåðáîëû: �" = �m
2

2
,

� > B1

33

Îòêðûòûé êðèâîëèíåéíûé

óãîë ìåæäó ïðÿìîé è ãè-

ïåðáîëîé: �
m

2

2

�
< " < A4,

� > B1

34 Ïîëóïðÿìàÿ " = A4, � > B1

35

Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

ïîëîñà ìåæäó äâóìÿ ïðÿìû-

ìè è ãèïåðáîëîé: A4 < " <

A3, " > �
m

2

2

�
, � > m2

36 Ïîëóïðÿìàÿ " = A3, � > m2

37
Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

ïîëîñà: A3 < " < A2
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Òàáëèöà 6. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà ïëîñêîñòè

(�; ")
L(�) M(�)

38 Ïîëóïðÿìàÿ " = A2

39
Îòêðûòàÿ ïîëóáåñêîíå÷íàÿ

ïîëîñà: A2 < " < A1

40 Ïîëóïðÿìàÿ " = A1

41
Îòêðûòûé óãîë ìåæäó ïðÿ-

ìûìè: " > A1, � > 0

42 Ïîëóïðÿìàÿ " = �, � < 0

43 Òî÷êà " = 0, � = 0

44 Ïîëóïðÿìàÿ " = �, � > 0

45
Îòêðûòûé îòðåçîê: 0 < " <

2m1, � = 0
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Òàáëèöà 6. (ïðîäîëæåíèå)

N
Ìíîæåñòâà íà ïëîñêîñòè

(�; ")
L(�) M(�)

46 Òî÷êà " = 2m1, � = 0

47 Ïîëóïðÿìàÿ � = 0, " > 2m1

Ñïèñîê ëèòåðàòóðû

[1] Euler L. Histoire de l'Academie royale des Sciences et des belles

lettres de Berlin //1760, 16, p.228-249.

[2] Lagrange J.L. Recherches sur le mouvement d'un corps qui est attire
vers deux centres fixes //Miscellanea Taurineusia t.4, p.188-215,

1766-1769.

[3] Øàðëüå Ê. Íåáåñíàÿ ìåõàíèêà. Ì.: �Íàóêà�, 1966, ñ.100-135.

[4] Áàäàëÿí Ã.Ê. //Àñòðîí.æóðí., 1934, ò.11, � 4, ñ.346-378.

[5] Àëåêñååâ Â.Ì. Áþëë.ÈÒÀ, 1965, ò.10, � 4, ñ.241-271.

[6] Ãåðàñèìîâ È.À. Ôóíêöèè Âåéåðøòðàññà è èõ ïðèëîæåíèÿ â ìå-
õàíèêå è àñòðîíîìèè Ì., Èçä. ÌÃÓ, 1990, 152 ñ.

[7] Êóðîø À.Ã. Êóðñ âûñøåé àëãåáðû. Ì.: �Íàóêà�, 1975, 431 ñ.

85



Îòîæäåñòâëåíèå çâåçä

íà ïëàñòèíêàõ â ïðåäåëàõ çîí

Àñòðîãðàôè÷åñêîãî êàòàëîãà.
Â.Í.Ñåìåíöîâ

Àííîòàöèÿ

Ðàññìîòðåíû ñïîñîáû îòîæäåñòâëåíèÿ çâåçä íà ðàçíûõ ïëàñòèíêàõ

�Êàðòû íåáà� ñ èñïîëüçîâàíèåì îäíîðîäíîé îöåíêè òî÷íîñòè, à òàê-

æå ðàñïðåäåëåíèÿ ñîñåäåé äàííîé çâåçäû íà ïëàñòèíêå.

Abstract Various methods of star identification on plates of

Astrographic Catalog are discussed.

Ââåäåíèå

Àñòðîãðàôè÷åñêèé êàòàëîã, íàáëþäåíèÿ êîòîðîãî ïðîèçâîäèëèñü ñ
1891 ïî 1948 ãîäû, äî íàñòîÿùåãî âðåìåíè âõîäèò â ÷èñëî êðóïíåé-
øèõ ïîçèöèîííûõ êàòàëîãîâ. Êîîðäèíàòíàÿ èíôîðìàöèÿ, ñîäåðæà-
ùàÿñÿ â íåì, àêòèâíî èñïîëüçóåòñÿ äëÿ óòî÷íåíèÿ ñîáñòâåííûõ äâè-
æåíèé ñîâðåìåííûõ ñïóòíèêîâûõ êàòàëîãîâ [4, 10, 11, 12].

Îäíàêî, ñîçäàíèå Àñòðîãðàôè÷åñêîãî êàòàëîãà êàê åäèíîãî öå-
ëîãî, íàòàëêèâàåòñÿ íà îïðåäåëåííûå òðóäíîñòè. Òàê, â èçäàíèè,

îñóùåñòâëåííîì âîåííî-ìîðñêîé îáñåðâàòîðèåé ÑØÀ[9], â êàòàëîãå
îòîæäåñòâëåíû ñ GSC[6] òîëüêî çâåçäû, âõîäÿùèå â êàòàëîã TYCHO[2],
ò.å. ìåíåå ïîëîâèíû çâåçä. Î÷åâèäíî, ÷òî â äåéñòâèòåëüíîñòè ïðàê-
òè÷åñêè âñå çâåçäû ÀÊ ïðèñóòñòâóþò â êàòàëîãå GSC, íî èõ êîððåêò-
íîå îòîæäåñòâëåíèå çàòðóäíèòåëüíî. Îöåíêà òî÷íîñòè êîîðäèíàò â
ÀÊ (ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå ïî îïîðíûì çâåçäàì íà óðîâíå
0:300[11]) ïðåäñòàâëÿåòñÿ èçáûòî÷íî ñòðîãèì êðèòåðèåì, îñîáåííî ïðè
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çíà÷èòåëüíîì ðàçáðîñå ýïîõ ðàçíûõ ïëàñòèíîê è àïðèîðíîì íåçíà-
íèè ñîáñòâåííûõ äâèæåíèé.

Â íàñòîÿùåé ðàáîòå ðàññìîòðåíû ñïîñîáû óâÿçêè äàííûõ î êîîð-
äèíàòàõ çâåçä, èçìåðåííûõ íà ðàçíûõ ïëàñòèíêàõ, ïî âîçìîæíîñòè

áåç èñïîëüçîâàíèÿ âíåøíåé èíôîðìàöèè.

1 Îòîæäåñòâëåíèå çâåçä âíóòðè çîíû

ñ èñïîëüçîâàíèåì îäíîðîäíîãî

êðèòåðèÿ

Ïðîñòåéøèé ñïîñîá ñîïîñòàâèòü èçîáðàæåíèÿ çâåçä íà ðàçíûõ ïëà-
ñòèíêàõ � ýòî çàäàòü íåêîòîðûé ïîñòîÿííûé ðàäèóñ îòîæäåñòâëåíèÿ,
è ðàññìîòðåòü ïîâåäåíèå ïîëó÷àþùåãîñÿ ñïèñêà îáúåêòîâ â çàâèñè-
ìîñòè îò âåëè÷èíû ýòîãî ðàäèóñà íà ðàçíîì ìàòåðèàëå. Â íàñòîÿùåé
ðàáîòå îäíî çíà÷åíèå ðàäèóñà èñïîëüçîâàëîñü äëÿ îòîæäåñòâëåíèÿ â

ïðåäåëàõ çîíû Àñòðîãðàôè÷åñêîãî êàòàëîãà.
Â òàáëèöå 1 ïðèâåäåíû ÷èñëà çâåçä, ïîëó÷èâøèåñÿ â ðàçíûõ çîíàõ

ïðè ðàçíûõ çíà÷åíèÿõ ðàäèóñà îòîæäåñòâëåíèÿ. Èç òàáëèöû âèäíî,
è ýòî ïîêàçàíî íà ðèñ.1, ÷òî ñóùåñòâåííîå óìåíüøåíèå ÷èñëà îáúåê-
òîâ çàêàí÷èâàåòñÿ ïðè èçìåíåíèè ðàäèóñà îòîæäåñòâëåíèÿ îò 2 äî
500. Èç ýòîãî èíòåðâàëà åãî è ñëåäóåò âûáèðàòü, íå çàáûâàÿ î òîì,
÷òî ñóùåñòâóåò íåçíà÷èòåëüíîå ÷èñëî áûñòðî äâèæóùèõñÿ çâåçä, à
òàêæå íåêîòîðûé ïðîöåíò îïòè÷åñêèõ äâîéíûõ ñ ðàññòîÿíèåì ìåæäó

êîìïîíåíòàìè, ìåíüøå íåñêîëüêèõ ñåêóíä, îòîæäåñòâëåíèå êîòîðûõ
òàêèì ñïîñîáîì, êîíå÷íî ïðèâåäåò ê ñåðüåçíûì îøèáêàì. Äðóãîé àñ-
ïåêò âûáîðà ðàäèóñà îòîæäåñòâëåíèÿ ìû ðàññìîòðèì â ðàçäåëå, ïî-
ñâÿùåííîì ðàñïðåäåëåíèþ çâåçä íà îòäåëüíûõ ïëàñòèíêàõ.

Ëþáîïûòíî òàêæå ñðàâíèòü ðàçíûå çîíû â ïëàíå ðàñïðåäåëåíèÿ
÷èñëà èçîáðàæåíèé, îáúåäèíÿåìûõ â îäèí îáúåêò. Ñîîòâåòñòâóþùàÿ
ñòàòèñòèêà ïðè ðàäèóñå îòîæäåñòâëåíèÿ 300 ïðèâåäåíà â òàáë.2. Ïî-
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Òàáëèöà 1. ×èñëî îáúåêòîâ â ðàçëè÷íûõ çîíàõ Àñòðîãðàôè÷åñêîãî
êàòàëîãà â çàâèñèìîñòè îò ðàäèóñà îòîæäåñòâëåíèÿ

Çîíà ×èñëî Ðàäèóñ îòîæäåñòâëåíèÿ, "

Êàðòû íåáà èçîáð. 0.7 1 2 5 10

Ãðèíâè÷ñêàÿ 322133 247736 215843 182086 178879 178715

Âàòèêàíñêàÿ 479975 394876 349017 271448 256020 255714

Êàòàíñêàÿ 319991 243117 213320 172515 161837 161150

Õåëüñèíêñêàÿ 284655 204928 180675 161000 159196 159108

Õàéäàðàáàä (ñ) 242543 194907 174762 151894 148910 148797

Þêëüñêàÿ 158651 141809 133155 120034 116847 116670

Ïîòñäàìñêàÿ 144001 121441 115111 110069 109322 109230

Îêñôîðäñêàÿ 631791 517395 460412 378438 364253 363868

Ïàðèæñêàÿ 436489 319556 284585 255567 252924 252712

Áîðäîñêàÿ 355059 263703 240090 223139 221778 221395

Òóëóçñêàÿ 433083 341243 307249 273794 269515 269010

Àëæèðñêàÿ 330449 250435 226143 202513 199514 199374

Ñàí-Ôåðíàíäî 346092 302549 280730 241442 225981 225071

Òàêóáàéñêàÿ 516609 406822 362345 317174 311483 311101

Õàéäàðàáàä (þ) 521867 431020 386059 313885 293936 293223

Êîðäîâñêàÿ 467395 407001 373030 318784 307462 307091

Ïåðòñêàÿ 604315 481548 422861 348648 338125 337838

Êàïñêàÿ 901229 784436 714660 583765 545031 543877

Ñèäíåéñêàÿ 743979 633510 570746 459426 428216 426748

Ìåëüáóðíñêàÿ 392584 302479 265878 223791 216775 216068

Âñåãî 8632890 6990511 6276671 5146682 5106004 5096760
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*

Ðèñ. 1. Îòíîñèòåëüíîå óìåíüøåíèå ÷èñëà îáúåêòîâ â ðàçëè÷íûõ çî-
íàõ Àñòðîãðàôè÷åñêîãî êàòàëîãà â çàâèñèìîñòè îò ðàäèóñà îòîæäå-
ñòâëåíèÿ
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ñêîëüêó öåíòðû ïëàñòèíîê ïî íåáåñíîé ñôåðå íà âñåõ îáñåðâàòîðèÿõ
âûáèðàëèñü îäèíàêîâûì ñïîñîáîì, ðàñïðåäåíèå ÷èñëà èçîáðàæåíèé,
îáúåäèíÿåìûõ â îäèí îáåêò, ìîæåò êîñâåííî õàðàêòåðèçîâàòü íàáëþ-
äàòåëüíûé ìàòåðèàë. Ïî îáùèì óñëîâèÿì ìåæäóíàðîäíîé ïðîãðàì-

ìû ñîñòàâëåíèÿ Àñòðîãðàôè÷åñêîãî êàòàëîãà, íà îäíó çâåçäó äîëæ-
íû áûëè ïðèõîäèòüñÿ äâà èçîáðàæåíèÿ. Áëèæå âñåãî ê òàêèì õàðàê-
òåðèñòèêàì íàáëþäåíèÿ â Ãðèíâè÷ñêîé çîíå. Íà îñòàëüíûõ îáñåð-
âàòîðèÿõ, âèäèìî, èçìåðÿëè çâåçäû ñëèøêîì áëèçêèå ê ïðåäåëüíîé
çâåçäíîé âåëè÷èíå íà ïëàñòèíêå, ïîýòîìó åñòåñòâåííûé òåõíîëîãè÷å-
ñêèé ðàçáðîñ ôîòîýìóëüñèé ïðèâåë ê ïðåîáëàäàíèþ îäèíî÷íûõ èçîá-
ðàæåíèé. Íàïðèìåð, ïðè ðàçëè÷èè ïðåäåëüíûõ âåëè÷èí ïëàñòèíîê â

0:5m, ïîñêîëüêó, ñîãëàñíî [8], N�(V ) / 3V�V0, òî ÷èñëî çâåçä íà ðàç-
íûõ ïåðåêðûâàþùèõñÿ ïëàñòèíêàõ ìîæåò ðàçëè÷àòüñÿ â 30:5 � 1:7

ðàçà.
Îáúåäèíåíèå áîëåå ÷åì 2-õ èçîáðàæåíèé â îäèí îáúåêò, âèäèìî,

ñâÿçàíî ñî çíà÷èòåëüíûì ïðîöåíòîì äâîéíûõ çâåçä è óæå óïîìÿíó-
òûì ðàçáðîñîì ïðåäåëüíûõ çâåçäíûõ âåëè÷èí ïëàñòèíîê (ïîñëåäíèì
ìîæíî îáúÿñíèòü òàêæå çíà÷èòåëüíîå êîëè÷åñòâî îáúåäèíåíèé 3-õ

èçîáðàæåíèé).

2 Î âîçìîæíîñòè èñïîëüçîâàíèÿ

äëÿ èäåíòèôèêàöèè çâåçä îöåíîê

áëåñêà èç Àñòðîãðàôè÷åñêîãî êàòàëîãà

Ïîñëå òîãî, êàê èçîáðàæåíèÿ çâåçä îáúåäèíåíû â îáúåêòû âíóòðè îò-
äåëüíûõ çîí ÀÊ, äëÿ ïîëó÷èâøèõñÿ ñïèñêîâ ìîæíî ïîñòðîèòü ôóíê-
öèè ñâåòèìîñòè, ò.å. ðàñïðåäåëåíèÿ îáúåêòîâ ïî çâåçäíûì âåëè÷è-
íàì. Äëÿ òîãî, ÷òîáû áîëüøèå îøèáêè îöåíîê çâåçäíûõ âåëè÷èí
íå çàñëîíÿëè èìåþùèåñÿ ñèñòåìàòè÷åñêèå ðàçëè÷èÿ çîí, ðàçîáúåì
ïîëó÷àþùèåñÿ ãðàôèêè íà òðè ñåìåéñòâà (ñì. ðèñ.2). Íà ïåðâîì

90



Òàáëèöà 2. Ðàñïðåäåëåíèå ÷èñëà èçîáðàæåíèé, îáúåäèíÿåìûõ â îäèí
îáúåêò ïðè ðàäèóñå îòîæäåñòâëåíèÿ 300 â ðàçëè÷íûõ çîíàõ Àñòðîãðà-
ôè÷åñêîãî êàòàëîãà

Çîíà ×èñëî îáúåäèíÿåìûõ èçîáðàæåíèé

Êàðòû íåáà 1 2 3 4 5 6

Ãðèíâè÷ñêàÿ 46044 126941 4496 1228 380 100

Âàòèêàíñêàÿ 107054 89258 54569 5634 1630 2

Êàòàíñêàÿ 54842 69611 34699 4342 883 4

Õåëüñèíêñêàÿ 64204 67495 26034 1422 333 1

Õàéäàðàáàä (ñ) 74735 57878 15201 1356 205

Þêëüñêàÿ 82804 28398 6345 4

Ïîòñäàìñêàÿ 79821 25158 4324 203 16

Îêñôîðäñêàÿ 164119 145798 51203 4549 853 1

Ïàðèæñêàÿ 116664 95105 37434 3042 1029

Áîðäîñêàÿ 116211 81135 22711 1451 527 1

Òóëóçñêàÿ 136270 107975 24708 1061 499

Àëæèðñêàÿ 91923 87179 19648 916 312

Ñàí-Ôåðíàíäî 132363 81373 15523 861 194

Òàêóáàéñêàÿ 150122 124722 34706 2372 685 2

Õàéäàðàáàä (þ) 137144 107100 48005 4748 1502 1

Êîðäîâñêàÿ 163486 133826 12056 21 1

Ïåðòñêàÿ 136451 147915 50228 4301 828 1

Êàïñêàÿ 252068 253476 47320 61 1

Ñèäíåéñêàÿ 208804 151245 66833 6501 1234 2

Ìåëüáóðíñêàÿ 94103 81958 36450 4778 1038 117

Âñåãî 2409232 2063546 612493 48851 12150 232

7 8 9 10 11 12

Ãðèíâè÷ñêàÿ 21 16 67 25 13 3

Êàòàíñêàÿ 2 1

Ìåëüáóðíñêàÿ 29 1

Âñåãî 52 18 67 25 13 3
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ãðàôèêå ïðèâåäåíû ôóíêöèè ñâåòèìîñòè çîí, ïîêàçûâàþùèõ çàìåò-
íûé ñïàä â îáëàñòè ñëàáûõ çâåçä (Ãðèíâè÷ñêàÿ, Îêñôîðäñêàÿ, Áîð-
äîñêàÿ1, þæíûé Õàéäàðàáàä, Êîðäîâñêàÿ, Ïåðòñêàÿ, Ñèäíåéñêàÿ,
Ìåëüáóðíñêàÿ). Âèäèìî, èçìåðåíèÿ â ýòèõ çîíàõ ïðîèçâîäèëèñü äî

ïðåäåëüíîé çâåçäíîé âåëè÷èíû ïëàñòèíêè, êîòîðàÿ íà ðàçíûõ ïëà-
ñòèíêàõ ðàçëè÷àåòñÿ ïðèìåðíî íà 1m. Îòñþäà è ïîëó÷àåòñÿ íàáëþ-
äàåìûé ñïàä ôóíêöèè ñâåòèìîñòè. Ðàçëè÷èå íàêëîíîâ ôóíêöèè ñâå-
òèìîñòè (íàïðèìåð, â Îêñôîðäñêîé è Êîðäîáñêîé çîíàõ), âèäèìî,
ìîæåò áûòü îáúÿñíåíî îñîáåííîñòÿìè ñòðîåíèÿ îáëàñòåé Ãàëàêòèêè,
ïîïàäàþùèõ â ýòè çîíû.

Íà ñëåäóþùåì ãðàôèêå ïðèâåäåíû ôóíêöèè ñâåòèìîñòè íàèáîëåå

àêêóðàòíî, ñ òî÷êè çðåíèÿ ôîòîìåòðèè, èçìåðåííûõ çîí (Âàòèêàí-
ñêàÿ, Õåëüñèíêñêàÿ, ñåâåðíûé Õàéäàðàáàä, Ïàðèæñêàÿ, Òóëóçñêàÿ,
Àëæèðñêàÿ). Òî÷íîñòü îöåíîê çâåçäíûõ âåëè÷èí (ïî õàðàêòåðó ïî-
âåäåíèÿ ôóíêöèé ñâåòèìîñòè) ïîðÿäêà 0:5m. Ñèñòåìàòè÷åñêèå ðàç-
ëè÷èÿ ìåæäó çîíàìè äàæå ìåíüøå, ÷åì íà ïðåäûäóùåì ãðàôèêå.
Èñïîëüçîâàíèå çâåçäíûõ âåëè÷èí èç ýòèõ çîí äëÿ öåëåé èäåíòèôè-
êàöèè íå äîëæíî ïðèâîäèòü ê îøèáêàì.

Íà ïîñëåäíåì ãðàôèêå ñîáðàíû äàííûå î çîíàõ ñ íàèáîëåå ïëî-
õî èçìåðåííûìè âåëè÷èíàìè (Êàòàíñêàÿ, Þêëüñêàÿ, Ïîòñäàìñêàÿ,
Òàêóáàéñêàÿ, Ñàí-Ôåðíàíäî, Êàïñêàÿ). Â íåêîòîðûõ çîíàõ îöåíêè
áëåñêà çâåçä ïðîèçâîäèëèñü ñ ïîìîùüþ äîñòàòî÷íî ïðîèçâîëüíûõ
îïîðíûõ øêàë, â äðóãèõ � çâåçäíûå âåëè÷èíû áûëè âûâåäåíû ñî-
òðóäíèêàìè ñîîòâåòñòâóþùèõ îáñåðâàòîðèé èç èçìåðåííûõ äèàìåò-
ðîâ ïî êàêèì-òî ðåäóêöèîííûì ôîðìóëàì. Îøèáêè, êàê ëåãêî âèäåòü
íà ãðàôèêå, èìåþò ãðóáûé è ìàññîâûé õàðàêòåð. Ïîëüçîâàòüñÿ òà-

êèìè çâåçäíûìè âåëè÷èíàìè äàæå äëÿ öåëåé èäåíòèôèêàöèè êðàéíå
îïàñíî.

1Êóðñèâîì âûäåëåíû çîíû, ãäå ïðîèçâîäèëàñü ãëàçîìåðíàÿ îöåíêà áëåñêà çâåçä ïî øêàëàì,

à íå ñ ïîìîùüþ èçìåðåíèÿ äèàìåòðîâ èçîáðàæåíèé
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Ðèñ. 2. Ôóíêöèÿ ñâåòèìîñòè â ðàçëè÷íûõ çîíàõ Àñòðîãðàôè÷åñêîãî
êàòàëîãà.
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3 Ðàñïðåäåëåíèå áëèæàéøèõ ñîñåäåé

çâåçäû íà ïëàñòèíêå

Â ïðåäïîëîæåíèè, ÷òî ìàêðîñêîïè÷åñêàÿ ñòðóêòóðà íà ïëàñòèíêå îò-

ñóòñòâóåò, çàïèøåì, ñëåäóÿ ×àíäðàñåêàðó [13], óðàâíåíèå äëÿ âåðî-
ÿòíîñòè w(r) îáíàðóæèòü ñîñåäíþþ çâåçäó âíóòðè êîëüöà ðàäèóñà r:

w(r) =

2
41�

rZ
0

w(r)dr

3
5 2�rn; (1)

ãäå n � ïîâåðõíîñòíàÿ ïëîòíîñòü çâåçä. Çàìåíèâ ïåðåìåííóþ w íà

z = w(r)=(2�rn) è ïðîäèôôåðåíöèðîâàâ (1), ïîëó÷èì óðàâíåíèå:

dz(r)

dr
= �2�rn � z(r); (2)

ðåøåíèå êîòîðîãî, î÷åâèäíî, äàñò ðàñïðåäåëåíèå w(r) íà áåñêîíå÷-

íîé ïëîñêîñòè:
w(r) = 2�rn � e��r2n: (3)

Ñðåäíåå ðàññòîÿíèå ìåæäó çâåçäàìè è åãî äèñïåðñèÿ ïðè ýòîì áóäóò

D =
1R
0

r � w(r)dr = 1p
�n

1R
0

p
xe�xdx = 1

2
p
n
;

�2
D =

1R
0

(r �D)2 � w(r)dr =
1R
0

x
�n
� e�xdx�D2 = 1

�n
� 1

4n
:

(4)

Çàìåòèì, ÷òî êîíå÷íûå ðàçìåðû ïëàñòèíêè ïðèâåäóò ê âîçíèê-
íîâåíèþ ïîïðàâêè:

Dideal �Dreal =
1

2
p
n

1Z
�R2

max
n

x � e�xdx = �(2; �R2
maxn); (5)
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ãäå �R2
maxn � N� � ïîðÿäêà ÷èñëà çâåçä íà ïëàñòèíêå. Íåïîëíàÿ

ãàììà-ôóíêöèÿ ïðè áîëüøèõ âåùåñòâåííûõ çíà÷åíèÿõ âòîðîãî àðãó-
ìåíòà äîïóñêàåò àñèìïòîòè÷åñêîå ðàçëîæåíèå [1]:

�(2; z) � ze�z
�
1 +

1

z

�
/ N�e

�N�; (6)

ò.å. ïðåíåáðåæèìî ìàëà äëÿ áîëüøèíñòâà ïëàñòèíîê.

Â òàáëèöå 3 ïðèâåäåíû ïàðàìåòðû ðàñïðåäåëåíèÿ ðàññòîÿíèÿ äî
áëèæàéøåãî ñîñåäà �, ïîëó÷åííûå ïî ïëàñòèíêàì ðàçíûõ çîí Àñòðî-
ãðàôè÷åñêîãî êàòàëîãà â ïîëèíîìèàëüíîé ìîäåëè:

� =
�0

N�
�
: (7)

Ïðèìå÷àíèÿ ïðîèëëþñòðèðîâàíû ðèñóíêîì 3. Îøèáêà ñðåäíåãî ïðè

ðàñ÷åòå � íà ïëàñòèíêàõ ðàçíûõ çîí ÀÊ õîðîøî àïïðîêñèìèðóåòñÿ
âûðàæåíèåì

"� � (2500� 3000) �N�1
� : (8)

Ñóùåñòâîâàíèå âûøåîïèñàííûõ çàâèñèìîñòåé ðàññòîÿíèé äî áëè-
æàéøèõ ñîñåäåé çâåçäû ïðåäñòàâëÿåòñÿ äîñòàòî÷íî î÷åâèäíûì ñâè-
äåòåëüñòâîì ïóàññîíîâñêîãî õàðàêòåðà ðàñïðåäåëåíèÿ çâåçä ïî íåáåñ-
íîé ñôåðå (íà ìàñøòàáàõ ôîòîïëàñòèíêè). Ðàññìîòðèì òåïåðü ðàñ-
ïðåäåëåíèå ñîñåäåé äàííîé çâåçäû íà òàêèõ ìàñøòàáàõ, ãäå ïîÿâëå-

íèå äðóãèõ çâåçä âîîáùå ìàëîâåðîÿòíî, åñëè èõîäèòü èç çàâèñèìîñòè
(3):

� <
Dp
N� � 1

� �D: (9)

Ïîñêîëüêó òàêèõ çâåçä, äåéñòâèòåëüíî, îòíîñèòåëüíî ìàëî, ïðåä-
ñòàâëåíèå î ïîâåäåíèè ôóíêöèè ðàñïðåäåëåíèÿ íà ìàëûõ ðàññòîÿ-
íèÿõ ìîæíî ïîëó÷èòü, îáúåäèíÿÿ â îäíó âûáîðêó ðàññòîÿíèÿ, èç-
ìåðåííûå íà ðàçíûõ ïëàñòèíêàõ. Â ýòîé ïðîöåäóðå åñòü îäíà òîí-
êîñòü. Îáúåäèíÿÿ â îäíó âûáîðêó ïîñëåäîâàòåëüíîñòü àáñîëþòíûõ
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Ðèñ. 3. Çàâèñèìîñòü ðàññòîÿíèÿ äî áëèæàéøåãî ñîñåäà íà ïëàñòèí-
êàõ íåêîòîðûõ çîí ÀÊ. ×óòü âûøå ðåàëüíûõ çàâèñèìîñòåé ïðîõîäèò
êðèâàÿ äëÿ Ïóàññîíîâñêîãî ðàñïðåäåëåíèÿ ñ óñëîâíîé íîðìèðîâêîé

(ñì. òàáë.3)
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Òàáëèöà 3. Ïàðàìåòðû çàâèñèìîñòè ðàññòîÿíèÿ äî áëèæàéøåãî ñî-
ñåäà â ðàçëè÷íûõ çîíàõ ÀÊ

Çîíà Ïàðàìåòðû â (7) Ïðèìå÷àíèÿ

Êàðòû íåáà �0;
00

�

Ãðèíâè÷ñêàÿ 4189 0.5312

Âàòèêàíñêàÿ 4099 0.5127 Ãðóïïà ïëàñòèíîê ñèëüíî îòëè÷àåòñÿ

Êàòàíñêàÿ 4517 0.5247

Õåëüñèíêñêàÿ 4020 0.5099

Õàéäàðàáàä (ñ) 4284 0.5155

Þêëüñêàÿ 4176 0.5134

Ïîòñäàìñêàÿ 3983 0.5136

Îêñôîðäñêàÿ 3952 0.5022

Ïàðèæñêàÿ 4318 0.5182

Áîðäîñêàÿ 4147 0.5126

Òóëóçñêàÿ 4111 0.5126

Àëæèðñêàÿ 3183 0.5047 Åñòü 2 ïîñëåäîâàòåëüíîñòè

Ñàí-Ôåðíàíäî 4620 0.5286

Òàêóáàéñêàÿ 4515 0.5221

Õàéäàðàáàä (þ) 4655 0.5208

Êîðäîâñêàÿ 4281 0.5251

Ïåðòñêàÿ 4552 0.5227

Êàïñêàÿ 4271 0.5226

Ñèäíåéñêàÿ 4622 0.5221 Óäàëîñü ïðîñ÷èòàòü íå âñþ çîíó

Ìåëüáóðíñêàÿ 5038 0.5354

Òåîðèÿ 4500 0.5
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ðàññòîÿíèé, ìû ïîëó÷èì î÷åíü êðàñèâî âûãëÿäÿùèé, íî àáñîëþòíî
íåôèçè÷íûé ðåçóëüòàò. Êàæäûé ìîæåò ïðîâåðèòü, ÷òî ïðè ýòîì çà-
âèñèìîñòü áóäåò âûãëÿäåòü î÷åíü ïîõîæå íà ðàñïðåäåëåíèå �2, ÷åãî
áûòü íå ìîæåò. Òàê êàê íàñ èíòåðåñóþò â êîíå÷íîì èòîãå âåðîÿòíî-

ñòè íàéòè çâåçäó-ñîñåäà íà ðàçëè÷íûõ ðàññòîÿíèÿõ îò äàííîé çâåç-
äû, ìû äîëæíû íîðìèðîâàòü ýòî ðàññòîÿíèå òàêèì îáðàçîì, ÷òîáû
îäèíàêîâûì çíà÷åíèÿì íîâîãî íîðìèðîâàííîãî ðàññòîÿíèÿ ñîîòâåò-
ñòâîâàëè îäèíàêîâûå âåðîÿòíîñòè íàéòè çâåçäó-ñîñåäà íà ðàç-

íûõ ïëàñòèíêàõ.
Ïðîùå âñåãî äîáèòüñÿ óêàçàííîãî ïîâåäåíèÿ îáúåäèíåííîé ôóíê-

öèè ðàñïðåäåëåíèÿ, ïåðåéäÿ ê îòíîñèòåëüíûì ðàññòîÿíèÿì íà êàæ-

äîé ïëàñòèíêå, � ïîäåëèâ âñå ðàññòîÿíèÿ íà äàííîé ïëàñòèíêå íà
�D.

Ðåçóëüòàò ïðèìåíåíèÿ ïîäîáíîé ïðîöåäóðû ïîêàçàí íà ðèñóíêå
4, ãäå âñå çîíû Àñòðîãðàôè÷åñêîãî êàòàëîãà ðàçáèòû íà äâå ãðóïïû:
á�îëüøàÿ ÷àñòü çîí, ïîêàçûâàþùàÿ çàìåòíûé ñïàä ÷èñëà ñîñåäåé ïðè
ïðèáëèæåíèè îòíîñèòåëüíîãî ðàññòîÿíè ê 0 (çà èñêëþ÷åíèåì Âàòè-
êàíñêîé çîíû, äåìîíñòðèðóþùåé âûáðîñ â íóëå) è çîí ñåâåðíûé Õàé-

äàðàáàä, Þêêëü, Ïîòñäàì è Ñèäíåé, äëÿ êîòîðûõ àáñîëþòíîå ÷èñëî
áëèçêèõ ñîñåäåé çâåçäû ïðèìåðíî â 3 ðàçà ìåíüøå, ÷åì â îñòàëüíûõ
çîíàõ.

Ñëåäóåò çàìåòèòü, ÷òî ÷èñëî òàêèõ áëèæàéøèõ ñîñåäåé ñîñòàâëÿ-
åò ïðèìåðíî ïî 3000 èçîáðàæåíèé çâåçä â êàæäîé çîíå, ò.å. îáùàÿ
âûáîðêà èõ äëÿ âñåõ çîí ÀÊ äîñòèãàåò 60000 èçîáðàæåíèé çâåçä,
èëè, ñ ó÷åòîì ïåðåêðûòèÿ ïëàñòèíîê, îêîëî 40000 äâîéíûõ çâåçä âî
âñåì Àñòðîãðàôè÷åñêîì êàòàëîãå. (Ïðè íàáîðå ñòàòèñòèêè ðàññòîÿ-

íèå ìåæäó êàæäîé ïàðîé èçîáðàæåíèé çâåçä ó÷èòûâàëîñü îäèí ðàç.)
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Ðèñ. 4. ×èñëî áëèæàéøèõ ñîñåäåé äàííîé çâåçäû â ðàçíûõ çîíàõ ÀÊ.
Ðàñïðåäåëåíèÿ íå íîðìèðîâàíû ïî y, à ïî x ïðèâåäåíû ê èíòåðâàëó
[0; "�]. Íà ðèñóíêå á) îòäåëüíî ïðèâåäåíû êðèâûå äëÿ çîí ñåâåðíûé
Õàéäàðàáàä, Þêêëü, Ïîòñäàì è Ñèäíåé. Íà ðèñóíêå à) â îáëàñòè
ìàëûõ ðàññòîÿíèé ðåçêî âûäåëÿåòñÿ Âàòèêàíñêàÿ çîíà.
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Âûâîäû

Ïðèâåäåííûå ñòàòèñòè÷åñêèå çàâèñèìîñòè ïîçâîëÿþò áîëåå êîððåêò-

íî ïðîèçâåñòè îòîæäåñòâëåíèå èçîáðàæåíèé îäíèõ è òåõ æå çâåçä
íà îòðåäóöèðîâàííûõ ïëàñòèíêàõ �Êàðòû íåáà�. Â êà÷åñòâå ïåðâîãî
ïðèáëèæåíèÿ â áîëüøèíñòâå ðàáîò âïîëíå óìåñòíî ïðèìåíåíèå îä-
íîðîäíîãî êðèòåðèÿ � åäèíîãî äëÿ âñåé çîíû ÀÊ äîïóñòèìîãî ðàñ-
ñòîÿíèÿ �� ìåæäó èçîáðàæåíèÿìè çâåçäû íà ðàçíûõ ïëàñòèíêàõ.
Ïðè âûáîðå �� 2 [2 � 5] â Àñòðîãðàôè÷åñêîì êàòàëîãå ïîëó÷àåòñÿ
ïðèìåðíî 4.6 ìèëëèîíà çâåçä, ÷òî áëèçêî ê ðåçóëüòàòàì [9].

Õàðàêòåð ïîâåäåíèÿ ôóíêöèè ñâåòèìîñòè çâåçä â ðàçíûõ çîíàõ
ÀÊ ïîêàçûâàåò, ñêîëü âåëèêè îøèáêè ôîòîìåòðèè â êàòàëîãå â åãî
íûíåøíåì ñîñòîÿíèè. Ïðåäñòàâëÿåòñÿ áîëåå áåçîïàñíûì âîçäåðæè-
âàòüñÿ îò èñïîëüçîâàíèÿ îöåíîê áëåñêà çâåçä ïðè îòîæäåñòâëåíèè
èçîáðàæåíèé íà ïëàñòèíêàõ, ïðèíàäëåæàùèõ ðàçíûì øèðîòíûì çî-
íàì.

Çàêîíîìåðíîñòè ðàñïðåäåëåíèÿ èçîáðàæåíèé çâåçä íà ïëàñòèí-
êàõ ïîçâîëÿþò ðàçðåøàòü êîëëèçèè ïðè îòîæäåñòâëåíèè äîñòàòî÷íî

ïëîòíûõ ãðóïï çâåçä ìåæäó ðàçíûìè ïëàñòèíêàìè. Ðàáîòà ýòà òðå-
áóåò çíà÷èòåëüíî á�îëüøèõ âû÷èñëèòåëüíûõ çàòðàò, ÷åì óæå ïðîäå-
ëàííàÿ, è åå ðåçóëüòàòû áóäóò îïóáëèêîâàíû â ñëåäóþùåé ñòàòüå.

Íàñòîÿùàÿ ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ
00-02-16282, �Ñòàíäàðò ñèñòåìû êîîðäèíàò è ôîòîìåòðèè çâåçäíîãî
íåáà�.
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Accurate positions of variable stars

in the western part

of the Large Magellanic Cloud bar
Yu.A. Shokin

Àííîòàöèÿ

Ïðèâåäåíû êîîðäèíàòû 436 çâåçä â çàïàäíîé ÷àñòè Áîëüøîãî

Ìàãåëëàíîâà îáëàêà.

Three catalogues of variable stars in the Large Magellanic Cloud have
been published recently [1, 4, 10]. They are based on observations with
CCD detectors for gravitational lensing experiments. Analogous work
of Hughes [7] was performed on the base of photographic observations
in LMC. In these catalogues, besides photometric data, equatorial co-
ordinates of variable stars are given. The authors of the three cited papers

used observations carried out with Schmidt telescopes or the Digitized
Sky Survey (DSS) to determine the positions of stars. DSS is also based
on observations with Schmidt telescopes. Such star positions can contain
systematic errors of 0.6�0.7 arcsec [9, 10].

In order to facilitate the procedure of position determinations, we
have compiled a catalogue of reference stars in the western part of the
LMC bar. This catalogue contains accurate positions of 436 stars in the
Tycho frame [6]. It constitutes a reference net with the mean density

of 200 stars per square degree in the bar area and can be a reference
catalogue for accurate position determinations with CCD detectors. The
overwhelming majority of stars (405) in this catalogue are Harvard vari-
ables [5]. Other stars are 18 Dublin variables [2] and 7 variables discovered
by Kurochkin et al. [8]. Several reference stars in our catalogue are not
variables. In the present report, we give only a brief description of the
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procedure of catalogue compilation and in the extent necessary for its
presentation.

For position determination, we made use of plates taken with two
telescopes, the double meniscus astrograph AZT-16 (F = 207 cm, D =

70 cm, field 5Æ � 5Æ) at Cerro Roble Astronomical Station and the
1 m reflector (F = 712 cm, field diameter 2:5Æ) at Las Campanas
Observatory, both in Chile. Unfortunately it was impossible to measure
the plates of the 1 m reflector because of their large size exceeding
maximum size of plate which we can measure using our ASCORECORD
measuring machine. We have prepared contact film copies of these plates
and measured them instead of the plates. The images of Tycho reference

stars on the plates of the reflector are too large and cannot be measured
accurately. For determination of star positions in the Tycho frame, we
used the plates of the astrograph. On the plates of the reflector, only the
western half of the LMC bar has been photographed.

Stars in the LMC bar are very crowded, therefore many of them look
on the plates as complex images consisting of two or more very close
components. The distances between them are less than the image size on

the astrograph plates because of the short focal length. If the plates are
photographed in different observing conditions, such as differing spectral
bands, different exposures, brightness changes due to variability, the
complex image looks variously on different plates. After measurements
of such plates, we shall get various positions for stars with complex
images. The coordinate differences for the double meniscus astrograph
can exceed the typical position error by a factor of 3 or even more. As a
measure of star crowding influence upon the derived coordinates, we use

two values, R� and R�, of coordinate ranges

R� = �max � �min; R� = �max � �min;

where �, � are the standard coordinates, derived from measurements of
m plates, �max and �min are maximum and minimum coordinates of a
star among these m values (similarly for the � coordinate).
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We had 3 measurable astrograph plates (2 inB and 1 in V band). The
instrument has no distortion, unlike Schmidt telescopes widely used in
deep surveys. The main defect of the astrograph is its short focal length.
In order to get the maximal possible accuracy of star positions with

our observational material, their determinations were carried out in two
stages. At the first one, the so-called �first determination�, three plates
of the astrograph were measured. 37% of the catalogue stars had, at this
stage, at least one value of R� or R� in excess of 0.65 arcsec. Often these
values exceed 1 arcsec. A typical position error for this instrument is 0.2
arcsec. We believe that there are no significant systematic errors because
of star crowding in the positions of stars with R�, R� of 0.5�0.6 arcsec

and less, as these values also include errors of measurements. Therefore
we regarded final the positions derived in the first determinations with
R�, R� less than 0.65 arcsec.

The coordinates of stars with R�, R� above 0.65 arcsec have been
redetermined at the second stage. For this purpose, we measured film
copies of two plates taken with the 1 m reflector in B and in V bands. At
this stage, the variable stars with R�, R� less than 0.4�0.5 arcsec were

used as reference ones. The influence of star crowding in this case was less
than at the first stage because of the long focal length of the reflector,
accordingly the ranges R�, R� were usually 0.1�0.2 arcsec. Thus, the
two stages of our reduction procedure used the best properties of the two
telescopes: the astrometric field of the astrograph and the high resolution
of the reflector.

Some variable stars formerly regarded as single have proved visual
doubles with a typical distance between their components of about 2

arcsec. If we cannot indicate the variable star in such a pair, we give the
coordinates of both components.

It is impossible to form a reference frame consisting of variable stars
around a star situated at the edge of the area covered by catalogue.
Around each of such stars, a second reference frame containing 7�9
nearest field stars in a small area, usually not more than 100 � 100, was
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formed. The coordinates of the secondary reference stars were determined
by means of the same procedure as that used in the first determination,
i.e. three astrograph plates were measured. We have determined the
positions of 26 variable stars using such small reference frames.

The catalogue now presented is not uniform in the sense of position
accuracy. The most accurate positions are those for stars with images
remeasured on the reflector plates. Their accuracy is 0.1 arcsec, but
this value shows only that there is a good agreement of two individual
positions. In reality, there are systematical errors in these positions, at
least because of the magnitude equation.

Using our catalogue, we have estimated the accuracy of the positions

in the GCVS Volume V and in the OGLE catalog [10]. The accuracy
of the first catalog is 0.4�0.9 arcsec in the LMC bar, but there are
systematic errors of 0.3�1.1 arcsec. The comparison of our catalogue
with the OGLE catalogue has shown that both are very accurate in
the sense of individual star errors. Mean accuracy of star positions in
each catalogue is approximately 0.1 arcsec. However, we have found
systematic errors in the OGLE catalogue of 0.3�0.6 arcsec, which vary

smoothly in the bar area. The authors wrote about a possibility of
errors to 0.6 arcsec due to the reduction procedure using the DSS as
the reference means. The comparison of the two catalogues was carried
out using 196 stars in common.

After the comparison of our catalogue with the OGLE one, we have
found some stars with small values (0.3�0.4 arcsec) of R�, R� but with
significant deviations (to 0.3�0.4 arcsec) of our positions from the OGLE
ones, after accounting for the systematic differences between these cata-

logues. Therefore we have redetermined the positions of 34 such stars
previously determined using plates of the astrograph. We have remeasured
their images on the plates of the 1 m telescope and have achieved a
significant decrease of the position differences with the OGLE catalogue.

Thus, the small values of R�, R� in the first determination do not
signify that there is no noticeable error (to 0.3�0.4 arcsec) because of star
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crowding in the positions of such stars. Note that the OGLE catalogue
was based on observations with a telescope of more than 12 m focal
length, therefore the influence of star crowding was significantly less
than in the case of the double meniscus astrograph. Having discovered

this fact, we have decided to improve our catalogue by redetermination
of those star positions which entered it after the first determination. For
this end, we had to measure the plates of the 1 m telescope.

However, while working on this project, it would be reasonably to
publish the first version of our catalogue, which has been created in the
most modern reference frame and is free from systematic errors inherent
to those catalogues which are based on observations taken with Schmidt

telescopes.
The catalogue presented consist of two parts: a Table 1 of coordinates

with identifications and plate information and remarks to individual
stars. The catalogue and the remarks are available to the users from
http://astrometric.sai.msu.ru/

We are grateful to Drs. Yu. Efremov, N. Samus, A. Kuzmin, and
V. Sementsov for assistance. Thanks are due to the Isaac Newton Institute

for the possibility to measure the reflector plates.

The Catalogue

The breaf description of columns.
Column 1 gives the LMC variable star number according to the GCVS,

[3]. An asterisk (*) following the number shows that there is a
remark for this star. In the Remarks (Part 2), �GCVS position�
means the star position given in the cited catalogue.

Columns 2 and 3 contain equatorial coordinates for equinox J2000 referred
to the Tycho frame.

Column 4 indicates the telescope with which the plates measured for
coordinate determination were taken. 1 m is the reflector (D=1 m,
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F=712 cm, field diameter 2.5 deg) at Las Campanas Observatory
(Chile), DMA is the double meniscus astrograph AZT-16 (D=70
cm, F=207 cm, field 5x5 deg) at Cerro Roble Astronomical Station
(Chile),ARmeans that the plates of both telescopes were measured,

vs means that the second reference frame consists of variable stars,
fs means that the second reference frame consists of field stars.

Column 5 contains the designations of the stars in various publications:
HV � [5], D � [2], 1,4,... 13 � [8].

Column 6 contains the designations of stars in the new catalogues based
upon optical microlensing experiments. These catalogues and cor-

responding designations are:EROS � [4],MACHO� [1],OGLE �

[10].
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Table 1

________________________________________________________________________

1 2 3 4 5 6

LMC RA 2000.0 DE 2000.0 Tele- Name Designations in

No. h m s o ' " scope new catalogues

------------------------------------------------------------------------

577 * 5 00 14.355 -68 54 32.23 1 m fs HV12517 OGLE LMC_SC15 35181

619 5 00 46.136 -69 04 54.40 1 m fs HV5534 OGLE LMC_SC15 81394

626 5 00 55.870 -68 26 20.71 DMA HV2260

634 5 01 05.149 -68 27 05.78 DMA HV2263

635 * 5 01 00.386 -69 03 42.97 DMA HV12524

693 * 5 01 54.611 -68 54 14.06 DMA HV885 OGLE LMC_SC15 148920

700 5 02 01.463 -68 35 02.53 DMA HV5537

728 5 02 21.210 -69 13 16.96 1 m fs HV12537 OGLE LMC_SC15 185375

729 5 02 29.876 -68 19 31.77 DMA HV12528

737 5 02 36.553 -68 44 41.32 1 m vs HV2276 OGLE LMC_SC14 54419

741 5 02 40.811 -68 24 21.26 DMA HV2274

758 5 02 51.537 -68 47 05.15 DMA HV2280 OGLE LMC_SC14 50505

769 5 03 06.210 -68 21 37.24 DMA HV12535

770 5 03 04.981 -68 40 24.60 DMA HV2281

771 5 03 01.312 -69 09 01.82 DMA HV5550

784 5 03 09.097 -69 13 23.90 DMA HV2288 OGLE LMC_SC14 84259

799 5 03 25.105 -68 46 20.86 DMA HV2285 OGLE LMC_SC14 117525

800 5 03 27.389 -68 32 22.22 DMA HV5547

805 5 03 26.505 -69 08 55.90 DMA HV2292 OGLE LMC_SC14 88441

819 5 03 39.017 -68 48 11.94 DMA HV5553 OGLE LMC_SC14 113861

822 5 03 39.021 -68 59 43.51 DMA HV2293

824 5 03 39.754 -69 03 04.87 DMA HV5556

828 5 03 49.625 -68 19 56.79 DMA HV5548

832 5 03 46.169 -68 52 36.18 DMA HV2291 OGLE LMC_SC14 109640

835 5 03 49.528 -68 56 02.42 1 m vs HV889 OGLE LMC_SC14 170002

839 5 03 51.296 -68 52 58.85 1 m vs HV2295 OGLE LMC_SC14 174756

840 * 5 03 49.589 -69 04 13.89 DMA HV5557

841 5 03 53.918 -68 41 23.92 1 m vs HV5555

847 5 03 57.316 -68 50 24.04 DMA HV2296 OGLE LMC_SC14 178619

849 5 04 02.383 -68 21 31.43 DMA HV2286

860 5 04 00.822 -69 15 36.24 1 m vs HV5562

864 5 04 05.217 -69 04 50.82 DMA HV890 OGLE LMC_SC14 156632

873 5 04 18.129 -68 33 59.83 DMA HV2297

874 5 04 14.149 -69 06 11.36 DMA HV2300 OGLE LMC_SC14 156647

876 5 04 15.498 -69 01 36.04 DMA HV891 OGLE LMC_SC14 160625

880 * 5 04 21.112 -68 43 42.62 1 m vs HV892 OGLE LMC_SC14 182466

883 * 5 04 28.494 -68 18 35.47 DMA HV12540

909 5 04 44.920 -68 58 31.45 DMA HV5566
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Table 1 (continued)

________________________________________________________________________

1 2 3 4 5 6

------------------------------------------------------------------------

917 5 04 55.861 -68 44 56.06 1 m vs HV5565

938 5 05 03.058 -69 18 30.36 DMA HV2306

941 * 5 05 06.362 -69 26 30.44 DMA D292

942 5 05 06.679 -69 00 52.54 DMA HV5570

948 5 05 08.939 -69 15 12.20 DMA HV2307 OGLE LMC_SC12 46999

951 5 05 14.502 -68 46 07.06 DMA HV5569 OGLE LMC_SC13 35127

955 5 05 16.053 -68 43 24.43 DMA HV12321

977 * 5 05 28.282 -69 21 50.89 DMA D293 OGLE LMC_SC12 37629

982 5 05 26.372 -69 11 35.08 1 m vs HV2311 OGLE LMC_SC12 51598

986 5 05 27.012 -69 19 44.30 DMA HV2313

995 5 05 34.712 -69 20 29.03 DMA HV2316 OGLE LMC_SC12 42626

999 5 05 42.004 -68 51 05.14 DMA HV2309 OGLE LMC_SC13 93279

1002 5 05 45.896 -68 38 54.22 1 m vs HV11977

1015 5 05 57.418 -68 26 17.72 DMA HV2305 OGLE LMC_SC13 125152

1016 5 05 52.393 -69 09 29.83 DMA HV12322 OGLE LMC_SC13 69033

1018 * 5 05 54.230 -68 53 15.34 DMA HV11978

1024 5 06 00.600 -68 42 51.67 1 m vs HV5575

1026 5 06 02.886 -68 28 18.77 DMA HV2308

1030 5 05 59.283 -69 06 29.00 1 m vs 1 MACHO 5 05 59.3 -69 06 30

1032 5 06 00.886 -69 06 17.08 DMA HV893 OGLE LMC_SC13 74156

1037 * 5 06 06.212 -69 36 43.21 1 m fs D78

1037 * 5 06 06.638 -69 36 42.04 1 m fs D78

1040 5 06 16.905 -68 40 33.62 DMA HV895 OGLE LMC_SC13 173745

1054 * 5 06 27.907 -68 52 18.31 DMA HV2318

1055 5 06 28.690 -68 56 40.77 DMA HV12323 MACHO 5 06 28.5 -68 56 41

1058 * 5 06 25.872 -69 26 46.95 AR vs HV5597

1061 5 06 39.884 -68 25 12.67 DMA HV896 OGLE LMC_SC13 194103

1064 5 06 34.108 -69 30 03.44 DMA HV5600

1065 5 06 39.115 -68 57 46.91 1 m vs HV5589 OGLE LMC_SC13 151864

1073 * 5 06 51.141 -68 17 46.01 DMA HV5581

1077 * 5 06 50.322 -68 49 36.98 DMA HV2323

1080 5 06 52.968 -68 39 35.47 DMA HV2319 OGLE LMC_SC13 178831

1081 5 06 52.873 -68 43 25.00 1 m vs HV2321 OGLE LMC_SC13 173734

1084 5 06 55.281 -68 38 14.06 1 m vs HV2320 OGLE LMC_SC13 247806

1085 5 06 58.362 -68 20 58.63 DMA HV5582

1087 5 06 58.320 -68 36 41.10 DMA HV898 OGLE LMC_SC13 247787

1088 5 06 56.164 -69 03 15.37 DMA HV2326 OGLE LMC_SC13 214116

1097 5 07 07.824 -68 53 19.58 DMA HV899 OGLE LMC_SC13 228645

1106 * 5 07 16.011 -68 53 00.38 1 m vs HV5602

1108 5 07 21.181 -68 20 48.07 DMA HV5592
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Table 1 (continued)

________________________________________________________________________

1 2 3 4 5 6

------------------------------------------------------------------------

1109 5 07 21.695 -68 20 18.25 DMA HV2324 OGLE LMC_SC13 267454

1114 5 07 17.960 -69 09 54.20 1 m vs HV2329

1115 5 07 23.304 -68 38 30.74 1 m vs HV2327 OGLE LMC_SC13 247801

1119 5 07 25.764 -68 28 36.68 DMA HV2325 OGLE LMC_SC13 261046

1120 5 07 26.260 -68 29 13.66 DMA HV5595 OGLE LMC_SC13 261045

1123 5 07 26.091 -68 53 19.79 DMA HV2328 OGLE LMC_SC13 228660

1125 5 07 26.682 -68 51 42.03 1 m vs HV11979

1129 5 07 32.113 -68 35 36.34 1 m vs HV5599

1130 5 07 30.684 -68 47 34.64 DMA 4

1132 5 07 38.969 -68 20 05.98 DMA HV5598

1135 5 07 36.333 -68 57 20.67 DMA HV5608

1145 * 5 07 48.909 -68 27 34.14 1 m vs HV12324 MACHO 5 07 48.9 -68 27 35

1146 5 07 42.171 -69 14 47.88 DMA HV901 OGLE LMC_SC11 32393

1147 5 07 45.163 -68 55 59.56 DMA HV11980

1155 5 07 50.069 -69 02 44.70 1 m vs 6 OGLE LMC_SC11 54739

1165 * 5 08 03.324 -68 37 32.67 DMA HV5609

1178 5 08 18.251 -68 46 47.11 DMA HV904 OGLE LMC_SC11 162232

1182 5 08 15.640 -69 29 04.22 1 m fs HV5619 MACHO 5 08 15.5 -69 29 06

1184 5 08 22.219 -68 56 52.97 DMA HV5614

1185 5 08 16.353 -69 43 03.22 1 m fs D84

1216 5 08 50.081 -68 39 42.56 DMA HV2333

1219 5 08 49.519 -68 59 59.03 DMA HV2339 OGLE LMC_SC11 227948

1223 5 08 48.903 -69 39 14.14 1 m vs HV5624

1224 5 08 56.063 -68 55 33.01 1 m vs HV11982

1225 * 5 08 57.637 -68 50 58.99 1 m vs 8 OGLE LMC_SC11 244566

1226 5 08 54.300 -69 14 33.64 1 m vs HV11983 OGLE LMC_SC11 206018

1232 5 09 14.041 -68 24 14.46 DMA HV5616

1236 5 09 18.347 -68 17 58.54 DMA HV2335

1237 5 09 15.956 -68 44 29.43 1 m vs HV905 OGLE LMC_SC11 257240

1239 5 09 16.015 -68 58 40.58 DMA HV2342

1240 5 09 11.309 -69 29 49.39 DMA HV2346

1243 5 09 15.136 -69 09 02.59 DMA HV11985 OGLE LMC_SC11 217136

1255 5 09 26.958 -68 54 12.74 1 m vs HV906 OGLE LMC_SC11 331546

1257 * 5 09 28.271 -68 47 51.50 DMA vs HV11984

1258 5 09 18.912 -69 50 14.25 DMA HV2350

1263 5 09 29.194 -68 55 02.47 DMA HV5622 MACHO 5 09 29.1 -68 55 03

1282 5 09 38.268 -69 07 25.98 DMA HV11988

1283 5 09 36.056 -69 24 22.50 1 m vs HV5632

1284 5 09 41.985 -68 51 24.75 DMA HV5626

1285 5 09 42.187 -68 52 58.32 DMA HV11986
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Table 1 (continued)

________________________________________________________________________

1 2 3 4 5 6

------------------------------------------------------------------------

1287 5 09 44.457 -68 46 36.39 DMA HV5625

1288 5 09 43.081 -69 00 30.07 1 m vs HV5629

1289 5 09 40.117 -69 20 27.77 DMA HV2348

1293 5 09 50.352 -68 18 00.39 DMA HV2340

1297 * 5 09 50.174 -68 31 17.86 1 m vs D223

1300 5 09 51.336 -68 48 44.95 DMA HV5628

1303 * 5 09 49.170 -69 18 29.79 DMA vs D302

1303 * 5 09 49.369 -69 18 31.44 1 m vs D302

1304 5 09 52.035 -69 06 57.50 DMA HV11989

1305 5 09 57.566 -68 39 29.82 1 m vs HV910

1307 5 09 56.356 -68 59 40.65 DMA HV908 OGLE LMC_SC11 320035

1310 * 5 10 02.965 -69 01 15.90 DMA D301 OGLE LMC_SC10 44984

1311 5 09 59.316 -69 08 40.40 1 m vs HV2349 OGLE LMC_SC10 35605

1320 5 10 05.652 -69 13 14.38 DMA HV5633

1321 5 10 09.951 -68 45 35.92 DMA HV5630

1351 5 10 36.118 -69 08 17.88 1 m vs HV911 OGLE LMC_SC10 35590

1352 * 5 10 28.475 -69 53 16.35 DMA D92

1356 5 10 43.336 -68 46 50.46 1 m vs 11

1366 5 10 56.309 -69 01 55.73 DMA HV2356 OGLE LMC_SC10 119173

1369 5 10 59.466 -68 51 39.51 DMA HV5642

1377 5 11 04.188 -69 00 02.92 1 m vs HV11990

1385 * 5 11 11.339 -69 12 29.90 1 m vs HV2359 OGLE LMC_SC10 105186

1386 5 11 10.778 -69 18 37.26 1 m vs HV11991 OGLE LMC_SC10 95782

1389 5 11 19.878 -68 33 07.21 DMA D235

1398 5 11 13.989 -69 59 31.63 DMA HV2366

1404 5 11 31.385 -68 35 29.05 DMA HV2358

1427 * 5 11 50.188 -68 30 58.99 1 m fs HV2361

1428 5 11 47.696 -68 52 53.72 DMA HV5650

1429 5 11 47.555 -68 53 34.44 1 m vs HV11993

1430 5 11 48.799 -68 46 22.61 1 m vs HV11992 OGLE LMC_SC10 208170

1440 5 11 53.276 -69 06 48.45 1 m vs HV913 OGLE LMC_SC10 181906

1445 * 5 11 59.005 -69 03 26.18 1 m vs HV5651 OGLE LMC_SC10 259946

1448 5 12 01.944 -68 50 38.90 1 m vs HV2364 OGLE LMC_SC10 278750

1458 * 5 12 07.896 -68 52 02.31 1 m vs HV11994 OGLE LMC_SC10 274214

1462 * 5 12 15.107 -68 55 52.03 1 m vs HV11995

1466 5 12 18.787 -68 52 44.76 DMA HV2367 OGLE LMC_SC10 274140

1475 5 12 20.635 -69 22 44.89 1 m vs HV5658 OGLE LMC_SC10 235307

1478 5 12 26.157 -69 13 56.86 1 m vs HV2371 OGLE LMC_SC10 245236

1485 5 12 28.885 -69 31 07.10 1 m vs HV5661

1486 5 12 32.355 -69 20 02.23 DMA HV5659
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Table 1 (continued)

________________________________________________________________________

1 2 3 4 5 6

------------------------------------------------------------------------

1487 5 12 34.747 -69 12 33.88 DMA HV11996 OGLE LMC_SC10 250322

1489 * 5 12 42.167 -68 34 59.34 1 m fs D244

1493 * 5 12 48.170 -68 29 06.39 1 m fs HV2368

1494 5 12 40.555 -69 36 04.16 DMA HV5665

1495 5 12 47.041 -69 06 08.77 1 m vs HV914 OGLE LMC_SC9 58697

1499 * 5 12 39.279 -69 54 56.40 1 m vs D99

1500 5 12 49.781 -69 00 50.06 1 m vs HV2372 OGLE LMC_SC9 65304

1508 5 12 56.253 -68 57 52.13 DMA HV5663 OGLE LMC_SC9 71784

1510 5 12 54.796 -69 18 52.37 DMA HV5666

1511 5 12 57.652 -69 02 03.50 1 m vs HV11997 OGLE LMC_SC9 65386

1518 5 13 04.071 -68 46 17.58 DMA HV2373 OGLE LMC_SC9 90526

1527 5 13 07.855 -69 03 09.25 1 m vs HV11998 OGLE LMC_SC9 65307

1552 5 13 14.764 -69 14 32.51 1 m vs HV11999

1566 5 13 18.668 -69 57 57.08 DMA HV5673

1572 5 13 33.061 -68 46 28.90 1 m vs HV5669 MACHO 5 13 33.1 -68 46 24

1573 5 13 33.694 -68 57 07.22 1 m vs 12 OGLE LMC_SC9 166047

1578 5 13 32.867 -69 21 42.35 DMA HV2377

1580 5 13 26.543 -70 04 55.73 1 m vs HV12568

1595 5 13 49.183 -69 05 42.43 1 m vs HV5671 OGLE LMC_SC9 250306

1598 5 13 50.450 -69 05 01.07 DMA HV2378 OGLE LMC_SC9 250313

1605 5 13 53.009 -69 21 37.28 DMA HV5676 OGLE LMC_SC9 216934

1606 5 13 56.416 -69 00 55.56 1 m vs HV12000 OGLE LMC_SC9 257206

1607 5 13 51.726 -69 34 13.16 DMA HV2385

1609 5 13 52.790 -69 34 48.78 1 m vs D102 OGLE LMC_SC9 198335

1611 5 13 49.302 -69 57 52.46 DMA HV2390

1614 5 13 50.781 -69 51 47.45 1 m vs HV5682

1615 5 13 56.814 -69 15 56.68 1 m vs HV5675 OGLE LMC_SC9 230584

1618 5 14 00.759 -68 57 56.81 DMA 13

1629 5 14 04.827 -69 04 42.47 DMA HV12002

1631 5 14 06.300 -69 04 25.98 1 m vs HV2383 OGLE LMC_SC9 250286

1632 5 14 07.537 -69 01 13.03 DMA HV12001 OGLE LMC_SC9 257262

1634 5 14 11.031 -68 55 34.56 DMA HV5674 OGLE LMC_SC9 269513

1639 5 14 18.113 -69 12 34.83 DMA HV915

1641 5 14 08.971 -70 11 20.96 DMA HV5693

1647 5 14 19.440 -69 29 24.32 DMA HV2392 OGLE LMC_SC9 204218

1648 5 14 12.774 -70 13 38.53 DMA HV5694

1653 5 14 25.585 -69 25 02.16 1 m vs HV2393 OGLE LMC_SC9 210651

1658 * 5 14 29.602 -68 54 35.14 1 m vs HV5680 OGLE LMC_SC9 379149

1661 5 14 33.261 -69 02 29.92 DMA HV5681

1663 * 5 14 29.072 -69 42 23.78 DMA D307
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1670 5 14 40.847 -68 46 25.04 DMA HV2389

1671 5 14 40.890 -68 47 44.55 DMA HV5683

1682 5 14 38.998 -69 30 27.92 1 m vs HV2396 OGLE LMC_SC9 304869

1684 5 14 43.443 -69 04 25.80 1 m vs HV5686 OGLE LMC_SC9 357563

1687 * 5 14 42.612 -69 30 56.62 1 m vs HV2397 OGLE LMC_SC9 304820

1688 5 14 48.936 -68 56 01.66 1 m vs HV5685 OGLE LMC_SC9 379131

1689 * 5 14 39.899 -69 58 40.20 1 m vs HV2399

1689 * 5 14 40.239 -69 58 39.88 1 m vs HV2399

1690 5 14 47.195 -69 14 42.09 1 m vs HV5691

1693 5 14 52.195 -68 49 03.63 DMA HV2394 OGLE LMC_SC9 391734

1694 5 14 49.532 -69 12 40.91 1 m vs HV5692 OGLE LMC_SC9 342099

1697 5 14 49.991 -69 20 30.28 1 m vs HV5695

1701 5 14 54.105 -69 03 15.40 DMA HV5689 OGLE LMC_SC9 365050

1706 5 14 53.437 -69 28 44.41 1 m vs HV5696

1709 * 5 14 57.822 -69 35 28.62 1 m vs HV5698

1715 5 15 06.805 -69 01 39.26 1 m vs HV2398 OGLE LMC_SC8 70457

1722 5 15 10.437 -69 22 58.15 DMA HV2400 OGLE LMC_SC8 33629

1726 5 15 04.604 -70 07 09.92 1 m vs HV919

1727 5 15 10.851 -69 32 23.06 DMA HV2402 OGLE LMC_SC8 21319

1729 5 15 06.873 -70 01 49.69 DMA HV5704

1733 5 15 16.882 -69 08 09.01 1 m vs HV5697 OGLE LMC_SC8 64736

1737 5 15 18.756 -69 13 31.83 DMA HV917 OGLE LMC_SC8 52582

1738 5 15 21.439 -69 05 00.98 1 m vs HV918 OGLE LMC_SC8 70430

1742 5 15 20.452 -69 24 42.68 1 m vs HV12003 OGLE LMC_SC8 33708

1743 * 5 15 26.135 -68 43 02.31 DMA D258

1746 5 15 24.697 -69 06 20.29 1 m vs HV5699 OGLE LMC_SC8 64724

1756 5 15 28.249 -69 13 57.83 1 m vs HV12004 OGLE LMC_SC8 52604

1762 5 15 24.222 -70 10 51.98 DMA HV12573

1769 5 15 38.402 -69 15 19.80 1 m vs HV920 OGLE LMC_SC8 145094

1773 5 15 40.466 -69 04 27.90 DMA HV921 OGLE LMC_SC8 162069

1781 5 15 45.464 -69 22 02.86 1 m vs HV2407 OGLE LMC_SC8 132537

1782 5 15 51.648 -68 40 43.94 1 m fs HV5701

1786 5 15 53.806 -69 02 23.01 1 m vs HV5706 OGLE LMC_SC8 162104

1791 5 15 47.976 -69 55 03.42 DMA HV2415

1794 5 15 58.282 -68 58 12.96 DMA HV2406 OGLE LMC_SC8 167854

1799 5 15 57.026 -69 21 46.53 1 m vs HV2411 OGLE LMC_SC8 132583

1800 5 15 59.953 -69 04 29.57 1 m vs HV2408 OGLE LMC_SC8 162087

1801 5 16 00.017 -69 16 01.81 DMA HV5705

1805 5 16 04.554 -68 59 50.34 1 m vs HV2409 OGLE LMC_SC8 167797

1806 5 15 58.020 -69 42 43.53 DMA HV2416 OGLE LMC_SC8 95310
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1808 5 16 00.202 -69 32 17.61 DMA HV2414 OGLE LMC_SC8 111959

1812 5 16 08.031 -69 01 51.78 1 m vs HV2410 OGLE LMC_SC8 162176

1816 5 16 06.442 -69 28 25.16 1 m vs HV922 OGLE LMC_SC8 118587

1817 5 16 04.971 -69 38 40.84 DMA HV5710

1821 5 16 06.502 -69 38 36.96 1 m vs HV5711

1824 * 5 16 07.391 -69 41 02.26 DMA D108

1826 5 16 09.843 -69 32 39.68 DMA HV923 OGLE LMC_SC8 111955

1827 5 16 04.011 -70 07 59.73 DMA HV2419

1828 5 16 14.719 -69 02 32.76 DMA HV12995 OGLE LMC_SC8 162101

1833 5 16 16.816 -69 05 04.78 1 m vs HV5707

1839 5 16 16.080 -69 43 37.02 1 m vs HV925

1840 5 16 10.968 -70 17 36.12 DMA HV926

1841 5 16 25.338 -68 49 51.03 1 m vs HV2413

1844 5 16 26.520 -68 53 55.78 DMA HV5708

1847 5 16 16.708 -70 10 07.05 DMA HV2421

1877 5 16 47.424 -69 44 15.16 DMA HV2423

1881 5 16 52.680 -69 22 03.94 1 m vs HV2422 OGLE LMC_SC8 224912

1883 * 5 16 54.919 -69 19 50.44 1 m vs HV927 OGLE LMC_SC8 224901

1884 5 17 01.255 -68 37 14.57 DMA HV2418

1892 * 5 16 58.551 -69 51 17.33 1 m vs D113

1894 5 17 02.070 -69 38 51.82 1 m vs HV5716 OGLE LMC_SC8 285174

1897 5 17 09.642 -69 13 14.05 1 m vs HV12005 OGLE LMC_SC8 331791

1898 5 17 09.045 -69 32 21.11 1 m vs HV5717

1900 5 17 06.943 -70 06 24.92 DMA HV2431

1901 5 17 14.547 -69 22 50.41 DMA HV12007

1907 5 17 18.116 -69 32 59.60 DMA HV12006 OGLE LMC_SC8 298699

1909 5 17 16.164 -69 50 34.86 1 m vs HV2429

1910 5 17 24.725 -69 20 57.69 DMA HV2426 OGLE LMC_SC8 318671

1914 5 17 30.764 -69 12 02.41 1 m vs HV2427 OGLE LMC_SC8 337497

1917 5 17 31.798 -69 25 11.44 1 m vs HV2430 OGLE LMC_SC7 55965

1918 * 5 17 35.308 -69 09 17.50 1 m vs HV5718 OGLE LMC_SC7 93939

1922 5 17 38.203 -69 03 29.21 1 m vs HV5720

1926 * 5 17 35.704 -69 48 13.35 1 m vs D115 OGLE LMC_SC7 6487

1927 5 17 44.366 -69 07 11.04 DMA HV5723

1928 5 17 38.407 -69 45 19.52 DMA HV5729 OGLE LMC_SC7 6477

1932 * 5 17 46.357 -69 47 22.26 DMA D116

1933 5 17 52.239 -69 02 10.93 DMA HV5724

1934 5 17 39.840 -70 21 27.50 DMA HV12577

1936 5 17 51.124 -69 29 47.40 DMA HV2436 EROS 1046

1938 5 17 55.575 -69 07 41.18 DMA HV5725
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1943 5 17 53.050 -69 40 35.10 DMA HV12986

1947 * 5 17 55.304 -69 45 46.31 1 m vs HV2442 OGLE LMC_SC7 6475

1948 5 17 56.553 -69 38 53.44 DMA HV2439 OGLE LMC_SC7 21841

1949 5 17 56.294 -69 40 25.61 DMA HV2440

1951 5 17 56.358 -69 47 21.14 1 m vs HV2443 OGLE LMC_SC7 6499

1952 5 17 59.840 -69 30 07.84 DMA HV2437

1956 5 18 03.780 -69 25 35.92 DMA HV2438 OGLE LMC_SC7 55964

1958 * 5 18 00.888 -69 44 10.86 1 m vs HV5733 OGLE LMC_SC7 14079

1962 * 5 18 41.904 -69 38 22.99 1 m vs HV12009 OGLE LMC_SC7 142153

1966 5 18 06.569 -69 39 00.54 1 m vs HV12008 OGLE LMC_SC7 21940

1971 5 18 08.958 -69 50 43.67 DMA HV5734

1973 5 18 19.396 -68 52 34.99 DMA HV5731

1975 5 18 12.337 -69 43 33.82 1 m vs HV5735

1979 5 18 21.208 -69 03 05.23 DMA HV5732

1989 5 18 28.566 -69 40 03.31 1 m vs HV5737

1993 5 18 29.617 -69 48 40.97 DMA HV5738 OGLE LMC_SC7 126780

2007 5 18 45.450 -69 03 21.79 DMA HV2444

2009 5 18 45.687 -69 06 32.58 DMA HV5736 OGLE LMC_SC7 214432

2011 5 18 40.660 -69 38 58.53 DMA HV5742

2020 5 18 49.136 -69 21 29.36 1 m vs HV2445 OGLE LMC_SC7 303837

2021 5 18 50.274 -69 16 36.12 DMA HV5741 OGLE LMC_SC7 318572

2022 5 18 49.285 -69 35 22.80 1 m vs HV5743

2024 5 18 51.091 -69 39 12.82 DMA HV12010 OGLE LMC_SC7 262813

2026 5 18 56.435 -69 34 02.78 1 m vs HV5752 OGLE LMC_SC7 278113

2028 5 18 52.991 -70 04 18.19 1 m vs HV2451 MACHO 5 18 53.0 -70 04 18

2033 5 19 03.701 -69 14 11.30 DMA HV5744

2035 5 19 02.616 -69 40 10.06 1 m vs HV12011 OGLE LMC_SC7 262801

2044 5 19 15.830 -69 14 45.73 1 m vs HV2448 OGLE LMC_SC7 318528

2045 5 19 11.812 -69 42 25.02 DMA HV12012 EROS 1044

2047 5 19 14.850 -69 36 18.00 1 m vs HV932 OGLE LMC_SC7 270379

2049 5 19 17.222 -69 30 25.25 1 m vs HV5749 OGLE LMC_SC7 286535

2056 5 19 23.290 -69 09 54.23 1 m vs HV5747 OGLE LMC_SC7 331967

2064 5 19 30.490 -68 41 09.55 DMA HV2447

2065 5 19 21.864 -69 39 04.94 1-M vs HV12013

2066 5 19 25.403 -69 18 26.70 DMA HV5750 OGLE LMC_SC7 311535

2067 5 19 30.399 -68 57 36.78 1 m vs HV2452 OGLE LMC_SC7 472701

2068 5 19 31.098 -68 53 41.21 DMA HV5746

2070 5 19 27.794 -69 30 30.44 1 m vs HV2453 OGLE LMC_SC7 286532

2077 5 19 26.441 -69 51 50.87 DMA HV5756 OGLE LMC_SC7 239698
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2080 * 5 19 42.504 -68 44 57.91 1 m fs HV5751

2080 * 5 19 42.680 -68 44 54.72 1 m fs HV5751

2083 5 19 38.052 -69 37 44.62 1 m vs HV2455 OGLE LMC_SC7 388032

2087 * 5 19 41.670 -69 28 37.36 1 m vs HV12014

2087 * 5 19 41.872 -69 28 35.86 1 m vs HV12014

2088 5 19 43.800 -69 22 53.88 1 m vs HV5757 OGLE LMC_SC7 424850

2095 5 19 56.360 -68 35 50.28 DMA HV5755

2099 5 19 51.037 -69 28 23.93 DMA HV12015

2100 5 19 55.184 -69 09 44.10 DMA HV5759

2102 5 19 53.295 -69 27 33.60 DMA HV5760

2104 5 19 46.961 -70 15 30.52 DMA HV2462

2110 5 19 59.956 -69 10 25.51 DMA HV933 OGLE LMC_SC7 447509

2111 5 19 58.749 -69 19 15.39 1 m vs HV2456 OGLE LMC_SC7 432869

2115 5 20 04.545 -69 16 50.87 DMA HV2458 OGLE LMC_SC7 440072

2122 5 20 03.977 -69 36 38.91 1 m vs HV936

2124 5 20 12.212 -69 02 01.82 1 m vs HV2459

2127 5 20 06.998 -70 04 09.34 DMA HV2464

2131 5 20 21.929 -68 43 02.51 DMA HV2460

2135 5 20 16.193 -69 25 05.51 DMA HV5763

2139 5 20 23.064 -69 02 17.54 1 m vs HV5761

2141 5 20 14.035 -70 06 26.51 DMA HV5765

2143 5 20 14.569 -70 06 59.71 DMA HV5766

2150 5 20 28.625 -69 01 31.85 DMA HV2463

2156 5 20 22.964 -70 02 33.07 1 m vs HV937 OGLE LMC_SC6 11

2169 5 20 37.901 -69 08 52.34 1 m vs HV5764

2171 5 20 37.408 -69 30 56.71 1 m vs HV2466 OGLE LMC_SC6 66530

2173 5 20 41.623 -69 07 34.85 1 m vs HV2465

2175 5 20 42.755 -69 08 50.96 1 m vs HV5767

2179 5 20 45.446 -69 12 56.50 1 m vs HV5769

2180 5 20 44.386 -69 22 24.44 DMA HV5770

2181 5 20 42.468 -69 42 57.21 DMA HV12016

2183 5 20 42.406 -70 09 50.23 1 m vs HV5771

2187 5 20 52.853 -69 37 40.39 1 m vs HV2467

2190 5 20 46.822 -70 31 06.96 DMA HV12580

2193 5 20 56.005 -69 48 20.61 DMA HV939 OGLE LMC_SC6 149023

2194 5 20 56.399 -69 49 24.38 1 m vs HV5772

2195 5 20 54.145 -70 12 22.43 1 m vs HV5773

2200 5 21 12.488 -69 03 07.49 DMA HV938

2204 * 5 21 18.887 -69 11 47.54 DMA HV5774 OGLE LMC_SC6 350603

2208 5 21 15.010 -69 49 33.85 1 m vs HV2468 OGLE LMC_SC6 149017
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2215 5 21 27.968 -69 30 16.31 DMA HV12017

2216 5 21 22.466 -70 10 31.84 DMA HV2469

2219 * 5 21 26.797 -70 08 38.71 DMA HV5778

2232 5 21 47.279 -69 20 41.05 1 m vs HV5777 OGLE LMC_SC6 330218

2239 5 21 54.587 -69 23 05.22 DMA HV2471

2241 5 21 56.089 -69 19 06.60 DMA HV5780 OGLE LMC_SC6 337291

2242 5 21 48.000 -70 09 57.11 1 m vs HV942

2243 5 21 49.146 -70 04 34.44 DMA HV5779 OGLE LMC_SC6 242669

2244 5 22 01.181 -68 51 32.23 DMA HV2470

2247 5 21 48.265 -70 30 25.96 DMA HV2473

2249 5 22 01.967 -69 22 46.43 1 m vs HV941 OGLE LMC_SC6 447868

2251 5 22 06.629 -68 56 31.02 DMA HV940

2254 * 5 21 51.090 -70 41 35.54 1 m fs HV5786

2269 5 22 22.765 -68 57 29.32 1 m fs HV943

2270 5 22 23.040 -68 56 34.28 1 m fs HV5782

2271 5 22 12.271 -70 04 31.35 1 m vs HV2474 OGLE LMC_SC6 356428

2273 5 22 19.378 -69 37 54.76 1 m vs HV944 OGLE LMC_SC6 404591

2275 5 22 20.721 -69 34 02.03 1 m vs HV12018

2277 * 5 22 28.455 -69 00 04.71 1 m fs HV5784

2277 * 5 22 28.462 -69 00 02.69 1 m fs HV5784

2282 5 22 25.581 -69 49 29.33 1 m vs HV12019 OGLE LMC_SC6 384159

2283 * 5 22 27.356 -69 53 24.20 DMA HV12020 OGLE LMC_SC5 26913

2284 5 22 31.053 -69 34 05.46 DMA HV2475

2287 5 22 29.409 -70 10 22.50 DMA HV12021

2291 * 5 22 34.863 -69 55 43.39 1 m vs HV945 OGLE LMC_SC5 19786

2295 * 5 22 39.166 -69 58 09.54 1 m vs HV2476 OGLE LMC_SC5 19806

2297 5 22 43.682 -69 37 20.59 1 m vs HV946

2300 5 22 40.187 -70 00 39.60 1 m vs HV2477 OGLE LMC_SC5 12934

2301 5 22 41.073 -69 58 43.24 1 m vs HV12022 OGLE LMC_SC5 13053

2303 5 22 44.170 -69 44 41.64 DMA HV5790

2307 5 22 48.274 -69 42 45.49 1 m vs HV2478 OGLE LMC_SC5 49713

2311 5 22 44.464 -70 09 39.39 1 m vs HV2481

2313 5 22 43.195 -70 23 04.85 DMA HV2484

2317 5 22 50.582 -69 53 20.14 DMA HV12023 OGLE LMC_SC5 26915

2318 5 22 56.284 -69 19 58.69 1 m vs HV5791 OGLE LMC_SC5 99563

2319 5 22 51.939 -69 47 30.87 DMA HV2480 OGLE LMC_SC5 41285

2326 5 22 58.344 -69 26 20.90 1 m vs HV2479

2330 5 22 52.881 -70 07 45.91 1 m vs HV5792 OGLE LMC_SC5 94

2332 5 23 01.448 -69 27 07.72 1 m vs HV2483

2336 5 23 04.678 -69 16 57.47 DMA HV2482 OGLE LMC_SC5 106184
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2342 5 23 07.679 -69 33 49.91 1 m vs HV12024 OGLE LMC_SC5 193998

2345 5 22 59.478 -70 33 24.35 DMA HV2487

2353 5 23 04.472 -70 31 13.70 DMA HV12586

2356 5 23 15.830 -69 53 58.19 DMA HV12025 OGLE LMC_SC5 145323

2358 5 23 14.081 -70 06 24.35 DMA HV12026 OGLE LMC_SC5 118861

2367 5 23 19.324 -69 53 35.29 1 m vs HV947 OGLE LMC_SC5 145264

2370 5 23 29.053 -69 18 37.62 DMA HV2488 OGLE LMC_SC5 220851

2371 5 23 27.188 -69 42 42.17 1 m vs HV5797

2384 5 23 37.906 -69 57 53.49 1 m vs HV2489 OGLE LMC_SC5 138037

2385 5 23 35.025 -70 16 06.11 DMA HV2490

2387 5 23 39.188 -70 00 14.28 1 m vs HV948 OGLE LMC_SC5 131209

2390 * 5 23 51.289 -69 13 55.73 DMA HV5800 OGLE LMC_SC5 338247

2391 5 23 51.044 -69 07 30.77 DMA HV5799

2394 5 23 50.876 -69 20 54.33 DMA HV12991

2396 5 23 51.855 -69 20 20.34 DMA HV12992

2397 5 23 49.283 -69 39 30.20 DMA HV12029

2401 5 23 53.547 -69 20 50.50 DMA HV5803 OGLE LMC_SC5 327787

2405 5 23 45.915 -70 25 01.38 DMA HV5808

2409 5 23 52.208 -70 03 30.15 1 m fs HV5809 OGLE LMC_SC5 238336

2410 5 23 47.541 -70 30 13.34 DMA HV2494

2414 5 23 54.145 -70 10 05.82 DMA HV2493

2417 * 5 24 06.299 -69 25 11.54 1 m fs HV2492

2418 * 5 23 56.006 -70 29 32.09 DMA HV12592

2419 * 5 24 07.042 -69 23 36.87 RA fs HV5810

2422 5 24 04.144 -69 58 19.85 1 m vs HV12030 OGLE LMC_SC5 251617

2424 5 24 06.456 -69 48 22.21 1 m vs HV12031 OGLE LMC_SC5 267140

2436 5 24 17.141 -70 12 07.56 1 m fs HV5817

2437 5 24 21.333 -69 48 30.28 1 m vs HV950 OGLE LMC_SC5 267138

2443 5 24 30.532 -69 11 20.91 DMA HV5816

2444 5 24 25.501 -69 46 19.03 1 m vs HV12032 OGLE LMC_SC5 275412

2450 5 24 25.086 -70 10 23.66 1 m fs HV2500

2455 5 24 33.291 -69 36 40.27 DMA HV2497 OGLE LMC_SC5 416554

2456 5 24 29.389 -70 09 58.64 DMA HV2498

2459 5 24 34.870 -69 44 19.72 1 m fs HV2499 OGLE LMC_SC5 399066

2461 5 24 33.961 -69 54 48.66 DMA HV2502 OGLE LMC_SC5 372083

2463 5 24 33.683 -69 56 21.94 1 m vs HV954 OGLE LMC_SC5 364380

2470 5 24 41.407 -69 43 31.75 DMA HV2503 OGLE LMC_SC5 399079

2475 5 24 45.253 -69 42 00.64 1 m fs HV2506 OGLE LMC_SC5 399097

2491 * 5 24 55.953 -69 43 52.72 1 m fs HV2508 OGLE LMC_SC5 399077
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Remarks

The GCVS position is regarded as erroneous if it differs from the position
in our catalogue by more than 3 arcsec at least in one coordinate.

V577 The star has a very close component excluding
accurate position determination. The star position
was derived from one plate of the 1 m reflector.

V635 The star images were measured on two plates of the

astrograph. The coordinates are not very accurate.
V693 The GCVS position is erroneous.
V840 SY Dor n
V880 In V band, a complex image consisting at least of

three very close images.
V883 The star has been measured on two plates of the

astrograph. The coordinates are not very accurate.
V941 The GCVS position is erroneous.

V977 The GCVS position is erroneous.
V1018 The GCVS position is erroneous.
V1037 There are two components separated by 2.5 arcsec.

We cannot indicate the varying component.
V1054 The GCVS position is erroneous.
V1058 The star images were measured on two plates of the

astrograph and on one plate of the reflector.

V1073 Star images were measured on the astrograph plates.
The coordinates are not very accurate.

V1077 SZ Dor
V1106 TT Dor
V1145 The star position has been derived from one plate of

the reflector.
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V1165 The GCVS position is erroneous.
V1225 Has a complex image in V band.
V1257 The position of the star has been

derived from two astrograph plates in
the reference frame of variable stars.

V1297 The GCVS position is erroneous.
V1303 There are two close components

separated by 2 arcsec. We confirm the
variability of both components. This
star was regarded formerly as a single
object.

V1310 The GCVS position is erroneous.
V1352 The GCVS position is erroneous.
V1385 The star was marked in disagreement

with the remark for it in the atlas of
Hodge and Wright, 1967. Instead of
V1385 (HV2359), component to S and
E was marked.

V1427 The coordinates have been derived
from one plate of the 1 m reflector.

V1445 TU Dor

V1458 The GCVS position is erroneous.
V1462 The GCVS position is erroneous.
V1489 The GCVS position is erroneous.
V1493 The position has been derived from

one plate of the reflector.
V1499 The GCVS position is erroneous.
V1658 The GCVS position is erroneous.
V1663 The GCVS position is erroneous.

V1687 TV Dor
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V1689 There are two components. We believe
that the NE one varies. The positions
of both stars have been derived from
one plate of the reflector.

V1709 According to Hodge and Wright,
1967 the star is double and the N
component is probably the variable.

Really it looks more complex than
double. There are at least four very
close, not separated components. In
the catalogue, the coordinates of the
N component are given.

V1743 The GCVS position is erroneous.
V1824 The GCVS position is erroneous.

V1883 The GCVS position is erroneous.
V1892 The GCVS position is erroneous.
V1918 OGLE LMC_SC8 337546.
V1926 The GCVS position is erroneous.
V1932 The GCVS position is erroneous.
V1947 There is a very close component to

E, which excludes accurate position

determination. The catalogue position
has been derived from one plate of the
1 m reflector.

V1958 TW Dor
V1962 The GCVS position is erroneous.
V2080 There are two components. We cannot

indicate which component varies.
Their positions have been derived from

one plate of the reflector.
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V2087 There are two components, but we
cannot indicate which of them varies.
The position of the SW component has
been derived from one plate of the 1 m
reflector.

V2204 The GCVS position is erroneous.
V2219 The GCVS position is erroneous.

V2254 Has a complex image. There are at
least three very close, not separated
components. The declination is not
very accurate.

V2277 There are two close components, N
and S. We believe that S varies. The
position of the S component has been

derived from one plate of the reflector.
The position of the N component is not
very accurate.

V2283 OGLE LMC_SC6 377026.
V2291 OGLE LMC_SC6 369970.
V2295 OGLE LMC_SC6 369993.
V2390 The GCVS position is erroneous.

V2417 TY Dor n
V2418 The GCVS position is erroneous.
V2419 TX Dor
V2491 The star has a complex image and was

measured with difficulties. Its position
has been derived from one plate of the
reflector.
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Ñèñòåìà âíóòðåííåãî êîíòðîëÿ äëÿ

êîñìè÷åñêîãî àñòðîìåòðè÷åñêîãî

ýêñïåðèìåíòà
À.Ý.Íàäæèï, Ñ.Í.Êîðåøåâ

1

Àííîòàöèÿ

Ïðåäñòàâëåíà îáùàÿ êîíöåïöèÿ ñèñòåìû âíóòðåííåãî ìåòðîëî-

ãè÷åñêîãî êîíòðîëÿ âåëè÷èíû áàçîâîãî óãëà è âåëè÷èíû ýêâèâà-

ëåíòíîãî ôîêóñíîãî ðàññòîÿíèÿ àñòðîìåòðè÷åñêîé ñèñòåìû äëÿ êîñ-

ìè÷åñêîãî ýêñïåðèìåíòà �Ëîìîíîñîâ�. Îïòè÷åñêàÿ ñõåìà ìåòðîëî-

ãè÷åñêîé ñèñòåìû ïîñòðîåíà ïî áëèçêîé ê àâòîêîëëèìàöèîííîé ñõå-

ìå ñ èñïîëüçîâàíèåì èìïóëüñíîãî ìîíîõðîìàòè÷åñêîãî èñòî÷íèêà

èçëó÷åíèÿ, ðàñïîëîæåííîãî âáëèçè ôîêàëüíîé ïëîñêîñòè, è ðåòðî-

îòðàæàòåëåé â âèäå äèôðàêöèîííûõ ýëåìåíòîâ, íàíåñåííûõ íà ïî-

âåðõíîñòè ïëîñêèõ çåðêàë, îáðàçóþùèõ ýòàëîííûé óãîë. Ðàññìîò-

ðåíû âîçìîæíûå òåõíîëîãè÷åñêèå ñïîñîáû íàíåñåíèÿ äèôðàêöèîí-

íûõ ðåòðîîòðàæàòåëåé íà ïîâåðõíîñòè ïëîñêèõ çåðêàë.

1 Ââåäåíèå

�ËÎÌÎÍÎÑÎÂ� � ïðîåêò êîñìè÷åñêîãî àñòðîìåòðè÷åñêîãî ýêñïå-
ðèìåíòà, âêëþ÷åííûé â �Ïðîãðàììó ðîññèéñêèõ êîñìè÷åñêèõ èññëå-
äîâàíèé äî 2010 ã�. Ãëàâíûìè öåëÿìè ýêñïåðèìåíòà ÿâëÿþòñÿ: (1)
ñîçäàíèå âûñîêîòî÷íîé è ñòàáèëüíîé íà äëèòåëüíîì èíòåðâàëå âðå-

ìåíè ôóíäàìåíòàëüíîé ñèñòåìû íåáåñíûõ êîîðäèíàò è (2) ïîëó÷å-
íèå âûñîêîòî÷íûõ àñòðîìåòðè÷åñêèõ äàííûõ, íåîáõîäèìûõ äëÿ ðå-
øåíèÿ øèðîêîãî êðóãà çàäà÷ çâåçäíîé àñòðîíîìèè è àñòðîôèçèêè.
Óñïåøíî âûïîëíåííûé â òå÷åíèå 1989-1993 ãã ïåðâûé êîñìè÷åñêèé

1Âñåñîþçíûé Íàó÷íûé Öåíòð �Ãîñóäàðñòâåííûé îïòè÷åñêèé èíñòèòóò èì. Ñ.È. Âàâèëîâà�
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àñòðîìåòðè÷åñêèé ýêñïåðèìåíò HIPPARCOS [1] ïðîäåìîíñòðèðîâàë
îãðîìíûé ïîòåíöèàë êîñìè÷åñêîé àñòðîìåòðèè. Â îòñóòñòâèè ïîìåõ
ñî ñòîðîíû çåìíîé àòìîñôåðû è ãðàâèòàöèîííîé íàãðóçêè íà èíñòðó-
ìåíò áûëè èçìåðåíû ïîëîæåíèÿ, ïàðàëëàêñû è ñîáñòâåííûå äâèæå-

íèÿ áîëåå ñòà òûñÿ÷ çâåçä ñ âèäèìûìè âåëè÷èíàìè V < 12m ñ áåñïðå-
öåäåíòíî âûñîêîé òî÷íîñòüþ � îêîëî 1 ìèëëèñåêóíäû (ìñ) äóãè äëÿ
ïîëîæåíèé è îêîëî 1 ìñ/ãîä äëÿ ñîáñòâåííûõ äâèæåíèé [2]. Îäíàêî
ðåçóëüòàòû ýòîé ìèññèè, íåñìîòðÿ íà èõ áîëüøîå íàó÷íîå çíà÷åíèå,
âñå æå åù¼ íå àäåêâàòíû ñîâðåìåííûì ïðîáëåìàì çâåçäíîé àñòðî-
íîìèè è àñòðîôèçèêè. Íåîáõîäèìî åù¼ íà äâà-òðè (!) ïîðÿäêà âåëè-
÷èíû óëó÷øèòü òî÷íîñòü èçìåðåíèé àñòðîìåòðè÷åñêèõ ïàðàìåòðîâ

çâåçä è îäíîâðåìåííî íà 5�7(!) çâåçäíûõ âåëè÷èí ïðîäâèíóòüñÿ ê áî-
ëåå ñëàáûì îáúåêòàì. Èìåííî íà ðåøåíèå ýòîé ÷ðåçâû÷àéíî ñëîæíîé
çàäà÷è íàïðàâëåíû âñå ðàçðàáàòûâàåìûå â íàñòîÿùåå âðåìÿ íîâûå
êîñìè÷åñêèå àñòðîìåòðè÷åñêèå ïðîåêòû.

Â îñíîâó áîëüøèíñòâà ðàçðàáàòûâàåìûõ â íàñòîÿùåå âðåìÿ ïðî-
åêòîâ ïîëîæåíà ìåòîäèêà òàê íàçûâàåìîé �ãëîáàëüíîé àñòðîìåòðèè�
[3], àïðîáèðîâàííàÿ â ýêñïåðèìåíòå HIPPARCOS è ïîêàçàâøàÿ ñâîþ

âûñîêóþ ýôôåêòèâíîñòü. Ãëîáàëüíàÿ àñòðîìåòðèÿ � ýòî ìåòîäèêà,
ñî÷åòàþùàÿ ñïåöèàëüíî ðàçðàáîòàííûé ñöåíàðèé íàáëþäåíèé è ñî-
îòâåòñòâóþùèé ýòîìó ñöåíàðèþ ìåòîä îáðàáîòêè äàííûõ. Ñóòü ýòîé
ìåòîäèêè ñâîäèòñÿ ê ïðîâåäåíèþ ïîñëåäîâàòåëüíîé îòíîñèòåëüíîé
ïðèâÿçêè ïðîãðàììíûõ çâåçä äðóã ê äðóãó ïîñðåäñòâîì èçìåðåíèé
óãëîâûõ ðàññòîÿíèé ìåæäó íèìè äî ïîëó÷åíèÿ çàìêíóòîé îïîðíîé
ñåòêè, ïîêðûâàþùåé âñþ íåáåñíóþ ñôåðó. Çàòåì ïîëó÷åííàÿ îïîðíàÿ
êîîðäèíàòíàÿ ñåòêà îïèñûâàåòñÿ ìàòåìàòè÷åñêè â òåðìèíàõ àñòðî-

ìåòðè÷åñêèõ è èíñòðóìåíòàëüíûõ ïàðàìåòðîâ, è ìåòîäîì íàèìåíü-
øèõ êâàäðàòîâ íàõîäÿòñÿ ñàìîñîãëàñîâàííûå ðåøåíèÿ äëÿ íåèçâåñò-
íûõ âåëè÷èí: ïîëîæåíèé, ñîáñòâåííûõ äâèæåíèé è àáñîëþòíûõ ïà-
ðàëëàêñîâ ïðîãðàììíûõ çâåçä, à òàêæå äëÿ íåèçâåñòíûõ èíñòðóìåí-
òàëüíûõ ïàðàìåòðîâ. Èñïîëüçîâàíèå òàêîé ìåòîäèêè ïîçâîëÿåò çà
îòíîñèòåëüíî êîðîòêèé ïåðèîä âðåìåíè îõâàòèòü íàáëþäåíèÿìè âñþ
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íåáåñíóþ ñôåðó è çíà÷èòåëüíî (ïî÷òè íà ïîðÿäîê âåëè÷èíû) ïîâû-
ñèòü ôèíàëüíóþ àñòðîìåòðè÷åñêóþ òî÷íîñòü íàáëþäåíèé â ñðàâíå-
íèè ñ òî÷íîñòüþ îäíîðàçîâûõ íàáëþäåíèé.

Ìîæåò ïîêàçàòüñÿ ñòðàííûì, ÷òî àáñîëþòíûå âåëè÷èíû ïàðàë-

ëàêñîâ ìîãóò áûòü ïîëó÷åíû èç îòíîñèòåëüíûõ èçìåðåíèé. Îäíàêî,
êàê ýòî íå êàæåòñÿ ïàðàäîêñàëüíûì, ýòî äåéñòâèòåëüíî âîçìîæíî â
ñëó÷àå, êîãäà ïðîèçâîäèòñÿ î÷åíü òî÷íàÿ âçàèìíàÿ ïðèâÿçêà çâåçä,
íàõîäÿùèõñÿ íà áîëüøèõ (ïîðÿäêà îäíîãî-äâóõ ðàäèàí) óãëîâûõ ðàñ-
ñòîÿíèÿõ äðóã îò äðóãà, è êîãäà íàáëþäåíèÿ îäíèõ è òåõ æå çâåçä
ïðîâîäÿòñÿ ïåðèîäè÷åñêè íà ïðîòÿæåíèè íåñêîëüêèõ ëåò [3].

Îñíîâíîé ïðîáëåìîé ãëîáàëüíîé àñòðîìåòðèè ÿâëÿåòñÿ íåîáõî-

äèìîñòü èñêëþ÷åíèÿ âîçìîæíûõ ðåãèîíàëüíûõ è ñèñòåìàòè÷åñêèõ
îøèáîê. Ïîñêîëüêó âñå äàííûå èçìåðåíèé ñâîäÿòñÿ â åäèíóþ ñèñòå-
ìó óðàâíåíèé è îáðàáàòûâàþòñÿ ñîâìåñòíî, òî êàæäàÿ òàêàÿ îøèáêà
áóäåò íåìèíóåìî ñêàçûâàòüñÿ íà òî÷íîñòè îïðåäåëåíèÿ àñòðîìåòðè-
÷åñêèõ ïàðàìåòðîâ äëÿ âñåõ ïðîãðàììíûõ çâåçä. Ïðè÷èíîé âîçíèê-
íîâåíèÿ òàêèõ îøèáîê ìîãóò áûòü êàê íåóäà÷íî âûáðàííûé ñöåíà-
ðèé íàáëþäåíèé, íå îáåñïå÷èâàþùèé ðàâíîìåðíîãî ïîêðûòèÿ íåáà

è íåîáõîäèìîé èçáûòî÷íîñòè äàííûõ, òàê è íåñòàáèëüíîñòü èíñòðó-
ìåíòàëüíûõ ïàðàìåòðîâ àñòðîìåòðè÷åñêîé ñèñòåìû.

Íàèáîëåå êðèòè÷åñêèìè èíñòðóìåíòàëüíûìè ïàðàìåòðàìè àñòðî-
ìåòðè÷åñêîé ñèñòåìû ÿâëÿþòñÿ âåëè÷èíà óãëîâîãî ýòàëîíà, îòíîñè-
òåëüíî êîòîðîãî ïðîâîäÿòñÿ èçìåðåíèÿ áîëüøèõ óãëîâûõ ðàññòîÿíèé
ìåæäó çâåçäàìè, è âåëè÷èíà ôîêàëüíîãî ðàññòîÿíèÿ èçîáðàæàþùåé
ñèñòåìû (ïîñëåäíÿÿ îïðåäåëÿåò ìàñøòàá èçîáðàæåíèÿ íåáà íà àñòðî-
ìåòðè÷åñêîì ïðèåìíèêå èçîáðàæåíèÿ). Îáà ýòèõ ïàðàìåòðà ìîãóò

èçìåíÿòüñÿ ïîä âîçäåéñòâèåì ïåðåìåííûõ òåìïåðàòóðíûõ è ñèëîâûõ
íàãðóçîê íà àñòðîìåòðè÷åñêóþ ñèñòåìó, âîçíèêàþùèõ ïðè ïåðåîðè-
åíòàöèè êîñìè÷åñêîãî àïïàðàòà, èëè â ñèëó ðåëàêñàöèè îñòàòî÷íûõ
íàïðÿæåíèé â îïòè÷åñêèõ è ìåõàíè÷åñêèõ ýëåìåíòàõ ñèñòåìû. Ïî-
ýòîìó íåîáõîäèìûì ýëåìåíòîì ëþáîé øèðîêîóãîëüíîé àñòðîìåòðè-
÷åñêîé ñèñòåìû ÿâëÿåòñÿ ñèñòåìà âíóòðåííåãî ìåòðîëîãè÷åñêîãî êîí-
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òðîëÿ îòêëîíåíèé ýòèõ ïàðàìåòðîâ îò èõ íîìèíàëüíûõ çíà÷åíèé. Â
ïîñëåäóþùèõ ðàçäåëàõ ýòîé ñòàòüè äàíî îïèñàíèå îáùåé êîíöåïöèè
ïîñòðîåíèÿ ñèñòåìû ëàçåðíîãî ìåòðîëîãè÷åñêîãî êîíòðîëÿ àñòðîìåò-
ðè÷åñêîé ñèñòåìû �Ëîìîíîñîâ�. Ýòà êîíöåïöèÿ áûëà ïðåäëîæåíà è

ðàçðàáîòàíà À.Ý. Íàäæèï [8] è áîëåå äåòàëüíî ïðîðàáîòàíà â òåõíî-
ëîãè÷åñêîì ïëàíå â ÂÍÖ �ÃÎÈ èì. Ñ.È. Âàâèëîâà�[9].

2 Óãëîâîé ýòàëîí

Ìíîãèå èç ðàçðàáàòûâàåìûõ â íàñòîÿùåå âðåìÿ êîñìè÷åñêèõ àñòðî-
ìåòðè÷åñêèõ ïðîåêòîâ ñëåäóþò êëàññè÷åñêîé îïòè÷åñêîé ñõåìå HIP-
PARCOS. Ýòà ñõåìà ñîñòîèò èç îäíîãî òåëåñêîïà è ðàñïîëîæåííîé
ïåðåä íèì ñèñòåìû èç äâóõ ïëîñêèõ çåðêàë, ðàñïîëîæåííûõ ïîä íåêî-
òîðûì çàäàííûì óãëîì äðóã ê äðóãó. Òèïè÷íàÿ êîíôèãóðàöèÿ òà-

êîé îïòè÷åñêîé ñèñòåìû ñõåìàòè÷åñêè ïîêàçàíà íà ðèñ.1. Ïëîñêèå
çåðêàëà äåëÿò àïåðòóðó òåëåñêîïà íà äâå ÷àñòè, òàê ÷òî îáðàçóåòñÿ
îïòè÷åñêàÿ ñèñòåìà ñ äâóìÿ ïðîñòðàíñòâåííî ðàçíåñåííûìè ëîêàëü-
íûìè ïîëÿìè çðåíèÿ â ïðîñòðàíñòâå ïðåäìåòîâ è åäèíûì ïîëåì â
ïðîñòðàíñòâå èçîáðàæåíèé. Âåëè÷èíà óãëà ìåæäó ïëîñêèìè çåðêà-
ëàìè îïðåäåëÿåò íîìèíàëüíîå óãëîâîå ðàññòîÿíèå � áàçîâûé óãîë
(óãëîâîé ýòàëîí) � ìåæäó öåíòðàìè ëîêàëüíûõ ïîëåé çðåíèÿ. Â ðå-

çóëüòàòå ñîçäàåòñÿ âîçìîæíîñòü äëÿ äèôôåðåíöèàëüíûõ èçìåðåíèé
óãëîâûõ ðàññòîÿíèé ìåæäó çâåçäàìè (ïîïàäàþùèìè â ðàçíûå ïîëÿ
çðåíèÿ) îòíîñèòåëüíî áàçîâîãî óãëà. Î÷åâèäíî, ÷òî âåëè÷èíà áàçîâî-
ãî óãëà äîëæíà ñîõðàíÿòüñÿ ïîñòîÿííîé íà ïðîòÿæåíèè äîñòàòî÷íî
äëèòåëüíîãî èíòåðâàëà âðåìåíè; âðåìåííàÿ ñòàáèëüíîñòü áàçîâîãî
óãëà äîëæíà áûòü àäåêâàòíîé òî÷íîñòè èçìåðåíèé, ÷òîáû äåéñòâè-
òåëüíî ñëóæèòü óãëîâûì ýòàëîíîì. Ïîñêîëüêó â óñëîâèÿõ îòêðûòîãî
êîñìè÷åñêîãî ïðîñòðàíñòâà ýòî òðåáîâàíèå âûïîëíèòü ïðàêòè÷åñêè

íåâîçìîæíî, òî íåîáõîäèì íåïðåðûâíûé ìîíèòîðèíã îòêëîíåíèé áà-
çîâîãî óãëà îò åãî íîìèíàëüíîé âåëè÷èíû.
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Ðèñ. 1. Òèïè÷íàÿ êîíôèãóðàöèÿ àñòðîìåòðè÷åñêîé ñèñòåìû òèïà
HIPPARCOS.
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Ïðåäëîæåíî ìíîãî ðàçëè÷íûõ ìåòîäîâ äëÿ âûñîêîòî÷íîãî êîí-
òðîëÿ óãëà ìåæäó äâóìÿ ïëîñêèìè çåðêàëàìè. Îäíàêî â äåéñòâè-
òåëüíîñòè âåëè÷èíà óãëîâîãî ðàññòîÿíèÿ ìåæäó äâóìÿ ëîêàëüíûìè
ïîëÿìè çðåíèÿ (óãëîâîé ýòàëîí) ðàññìàòðèâàåìîé îïòè÷åñêîé ñèñòå-

ìû îïðåäåëÿåòñÿ íå òîëüêî óãëîì ìåæäó äâóìÿ ïëîñêèìè àïåðòóð-
íûìè çåðêàëàìè, íî çàâèñèò òàêæå îò âçàèìíîãî ðàñïîëîæåíèÿ âñåõ
îïòè÷åñêèõ ýëåìåíòîâ àñòðîìåòðè÷åñêîé ñèñòåìû, âêëþ÷àÿ ïåðâè÷-
íîå è âòîðè÷íîå çåðêàëà òåëåñêîïà, ïðèåìíèê èçîáðàæåíèÿ è äð.
Â ÷àñòíîñòè, íåîáõîäèìî êîíòðîëèðîâàòü þñòèðîâêó òåëåñêîïà, ïî-
ñêîëüêó åå íàðóøåíèå ïðèâîäèò ê íåêîíòðîëèðóåìûì àáåððàöèÿì îï-
òè÷åñêîé ñèñòåìû è, êàê ñëåäñòâèå, ê ñìåùåíèþ öåíòðîèäîâ èçîáðà-

æåíèé çâåçä. Êðîìå òîãî, íàðóøåíèå þñòèðîâêè òåëåñêîïà ïðèâîäèò
ê èçìåíåíèÿì âåëè÷èíû ýôôåêòèâíîãî ôîêóñíîãî ðàññòîÿíèÿ îïòè-
÷åñêîé ñèñòåìû, îïðåäåëÿþùåé ìàñøòàá èçîáðàæåíèÿ â ôîêàëüíîé
ïëîñêîñòè. Êîðî÷å ãîâîðÿ, ñèñòåìà êîíòðîëÿ óãëîâîãî ýòàëîíà äîëæ-
íà áûòü êîìïëåêñíîé, òî åñòü îõâàòûâàòü âñå îïòè÷åñêèå ýëåìåíòû
àñòðîìåòðè÷åñêîé ñèñòåìû. Â ïîñëåäóþùèõ ðàçäåëàõ äàíî îïèñàíèå
ðàçðàáîòàííîé íàìè ñèñòåìû êîìïëåêñíîãî êîíòðîëÿ óãëîâîãî ýòà-

ëîíà àñòðîìåòðè÷åñêîé ñèñòåìû �Ëîìîíîñîâ�.

3 Ïðèíöèï äåéñòâèÿ ñèñòåìû

ìåòðîëîãè÷åñêîãî êîíòðîëÿ

Ïî ñâîåìó ñõåìîòåõíè÷åñêîìó ðåøåíèþ ïðåäëîæåííàÿ è ðàçðàáîòàí-
íàÿ íàìè ñèñòåìà ìåòðîëîãè÷åñêîãî êîíòðîëÿ àñòðîìåòðè÷åñêîé ñè-

ñòåìû î÷åíü ïðîñòà. Îíà ñòðîèòñÿ ïî õîðîøî èçâåñòíîé àâòîêîëëè-
ìàöèîííîé ñõåìå ñïåêòðîãðàôà Ëèòðîâà. Íà ðèñ.2 ïîêàçàíà åå ïðèí-
öèïèàëüíàÿ ñõåìà. Íà ïîâåðõíîñòè êàæäîãî èç äâóõ ïëîñêèõ çåðêàë,
îáðàçóþùèõ áàçîâûé óãîë àñòðîìåòðè÷åñêîé ñèñòåìû, íàíîñÿòñÿ ðå-
òðîîòðàæàòåëè â âèäå ïëîñêèõ äèôðàêöèîííûõ ðåøåòîê ñ ïðÿìîëè-
íåéíûìè øòðèõàìè. Âáëèçè ôîêàëüíîé ïëîñêîñòè (òî÷íåå, â îïòè-
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Ðèñ. 2. Ïðèíöèïèàëüíàÿ ñõåìà ìåòðîëîãè÷åñêîé ñèñòåìû.

÷åñêè ñîïðÿæåííîé ñ íåé ïëîñêîñòüþ) ðàñïîëàãàåòñÿ òî÷å÷íûé èì-
ïóëüñíûé èñòî÷íèê ìîíîõðîìàòè÷åñêîãî èçëó÷åíèÿ. Èçëó÷åíèå ïðî-
õîäèò ÷åðåç âñþ îïòè÷åñêóþ ñèñòåìó, îòðàæàåòñÿ îò äèôðàêöèîííûõ
ðåøåòîê â îáðàòíóþ ñòîðîíó, âíîâü ïðîõîäèò ÷åðåç âñþ îïòè÷åñêóþ
ñèñòåìó è ôîêóñèðóåòñÿ íà àñòðîìåòðè÷åñêîì ïðèåìíèêå èçîáðàæå-
íèÿ. Íà ïðèåìíèêå ôîðìèðóþòñÿ äâà (ïî îäíîìó îò êàæäîãî ðåòðî-

îòðàæàòåëÿ) ôîêàëüíûõ ïÿòíà, ÿâëÿþùèõñÿ äâóìÿ èçîáðàæåíèÿìè
òî÷å÷íîãî èñòî÷íèêà èçëó÷åíèÿ. Ïðè ïîëíîì ïîêðûòèè ïëîñêèõ çåð-
êàë äèôðàêöèîííîé ñòðóêòóðîé ðàçìåðû è òîíêàÿ ñòðóêòóðà ôî-
êàëüíûõ ïÿòåí ïðèìåðíî òå æå, ÷òî è äëÿ èçîáðàæåíèé íàáëþäàå-
ìûõ çâåçä. Äëèíà âîëíû èçëó÷åíèÿ ìîíîõðîìàòè÷åñêîãî èñòî÷íèêà
è ïðîñòðàíñòâåííûé ïåðèîä äèôðàêöèîííûõ ðåøåòîê ðàññ÷èòûâà-
þòñÿ òàêèì îáðàçîì, ÷òîáû îáåñïå÷èòü ðàâåíñòâî óãëîâ ïàäåíèÿ è
îòðàæåíèÿ èçëó÷åíèÿ íà ðåøåòêàõ. Â òàêîì ñëó÷àå óãëîâîå óâåëè-

÷åíèå äèôðàêöèîííûõ ðåøåòîê ðàâíî åäèíèöå è îíè âåäóò ñåáÿ ïî
îòíîøåíèþ ê ïàäàþùåìó è îòðàæåííîìó îò íèõ èçëó÷åíèþ òî÷íî
òàêèì æå îáðàçîì, êàê è çåðêàëà, íà êîòîðûå îíè íàíåñåíû: óãîë îò-
ðàæåíèÿ èçìåíÿåòñÿ íà âåëè÷èíó 2� ïðè èçìåíåíèè óãëà óñòàíîâêè
çåðêàëà íà óãîë �. Òàêèì îáðàçîì, èçìåðÿÿ ñìåùåíèå öåíòðîèäîâ
ïÿòåí ðàññåÿíèÿ â ôîêàëüíîé ïëîñêîñòè, ìîæíî êîíòðîëèðîâàòü è
òî÷íî èçìåðÿòü âåëè÷èíó îòêëîíåíèÿ óãëîâîãî ýòàëîíà îò åå íîìè-

íàëüíîé âåëè÷èíû.
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Ïðè áîëüøèõ ãàáàðèòàõ àñòðîìåòðè÷åñêîé ñèñòåìû íàíåñåíèå äè-
ôðàêöèîííîé ñòðóêòóðû íà âñþ ïîâåðõíîñòü àïåðòóðíûõ çåðêàë ïðåä-
ñòàâëÿåò ñîáîé ÷ðåçâû÷àéíî ñëîæíóþ òåõíîëîãè÷åñêóþ çàäà÷ó è ìî-
æåò áûòü îïðàâäàíî ëèøü â ñëó÷àå íåîáõîäèìîñòè êîíòðîëÿ òåêóùåé

ôîðìû ïîâåðõíîñòè çåðêàë. Ê òîìó æå ïðè íàíåñåíèè äèôðàêöèîí-
íîé ñòðóêòóðû íà âñþ ïîâåðõíîñòü çåðêàë ìîæíî îæèäàòü çíà÷è-
òåëüíûõ ïîòåðü ñâåòà îò ïðîãðàììíûõ çâåçä. Âìåñòå ñ òåì ïðè óìåíü-
øåíèè àïåðòóð ðåòðîîòðàæàòåëåé óâåëè÷èâàåòñÿ ðàçìåð ôîêàëüíûõ
ïÿòåí è ñíèæàåòñÿ òî÷íîñòü èçìåðåíèé êîîðäèíàò èõ öåíòðîèäîâ.
Ïîýòîìó â êà÷åñòâå êîìïðîìèññíîãî ðåøåíèÿ ìû ïðåäëîæèëè èñ-
ïîëüçîâàòü ðåòðîîòðàæàòåëè, âûïîëíåííûå â âèäå äâóõ ïðîñòðàí-

ñòâåííî ðàçíåñåííûõ íåáîëüøèõ ñóáàïåðòóð, ïîäîáíî òîìó, êàê ðàñ-
ïîëàãàþòñÿ âõîäíûå çðà÷êè â çâåçäíîì èíòåðôåðîìåòðå Ìàéêåëüñî-
íà. Ïðè ýòîì íà êàæäîì çåðêàëå îáúåäèíÿþùåãî óñòðîéñòâà äîëæíî
áûòü íàíåñåíî ïî äâå äèôðàêöèîííûå ñóáàïåðòóðû, ðàñïîëîæåííûå
âáëèçè èõ êðàåâ, êàê ýòî ïîêàçàíî íà ðèñ.2. Â òàêîì ñëó÷àå ôîêàëü-
íûå ïÿòíà áóäóò èìåòü òîíêóþ ïåðèîäè÷åñêóþ ñòðóêòóðó, âîçíèêà-
þùóþ â ðåçóëüòàòå ñóïåðïîçèöèè äâóõ ïó÷êîâ ëó÷åé, èñõîäÿùèõ îò

äâóõ ñóáàïåðòóð. Î÷åâèäíî, ÷òî ïåðèîä ñëåäîâàíèÿ èíòåðôåðåíöè-
îííûõ ïîëîñ áóäåò îïðåäåëÿòüñÿ ðàññòîÿíèåì ìåæäó öåíòðàìè äâóõ
ñóáàïåðòóð. Ïðè èñïîëüçîâàíèè òàêîé ñõåìû êîíòðîëÿ èçìåðÿåìûì
ïàðàìåòðîì ÿâëÿåòñÿ ôàçà (âåëè÷èíà ñìåùåíèÿ) èíòåðôåðåíöèîí-
íûõ ïîëîñ.

Ïðè ðåàëèçàöèè èíòåðôåðåíöèîííîé ñõåìû âîçíèêàåò íåñêîëüêî
ïðîáëåì, òðåáóþùèõ îòäåëüíîãî ðàññìîòðåíèÿ. Ïðè àâòîêîëëèìàöè-
îííîì õîäå ëó÷åé è áîëüøèõ óãëàõ ïàäåíèÿ èçëó÷åíèÿ íà ðåøåò-

êè âîçìîæíî íàðóøåíèå ïðèíöèïà òàóòîõðîíèçìà. Ýòî íàðóøåíèå
âûðàæàåòñÿ â íàëè÷èè çíà÷èòåëüíîé ðàçíîñòè îïòè÷åñêèõ äëèí èç-
ëó÷åíèÿ, äèôðàãèðîâàâøåãî íà ðàçíûõ ñóáàïåðòóðàõ äèôðàêöèîí-
íûõ ðåòðîîòðàæàòåëåé. Îíî ìîæåò ÿâèòüñÿ ïðè÷èíîé íåêîãåðåíòíî-
ãî ñëîæåíèÿ äèôðàãèðîâàâøèõ íà ñóáàïåðòóðàõ ïó÷êîâ ëó÷åé, ïðè-
âîäÿùåãî ê ôîðìèðîâàíèþ â ïëîñêîñòè ïðèåìíèêà ïÿòíà ðàññåÿíèÿ
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ñ ðàçìåðàìè, îïðåäåëÿåìûìè àïåðòóðîé êàæäîé èç ðåøåòîê, è íå
èìåþùåãî òîíêîé ñòðóêòóðû. Åñëè äàæå ðàçíîñòü äëèí îïòè÷åñêîãî
ïóòè íå áóäåò ïðåâûøàòü äëèíû êîãåðåíòíîñòè èñòî÷íèêà èçëó÷å-
íèÿ, òî è â ýòîì ñëó÷àå íàðóøåíèå òàóòîõðîíèçìà ìîæåò ïðèâåñòè

ê çíà÷èòåëüíîìó óìåíüøåíèþ êîíòðàñòà èíòåðôåðåíöèîííûõ ïîëîñ
â ïÿòíå ðàññåÿíèÿ. Îäíèì èç íàèáîëåå ýôôåêòèâíûõ ìåòîäîâ óñòðà-
íåíèÿ ïîñëåäñòâèé íàðóøåíèÿ òàóòîõðîíèçìà ÿâëÿåòñÿ ââåäåíèå â
îïòè÷åñêóþ ñèñòåìó èñòî÷íèêà ìîíîõðîìàòè÷åñêîãî èçëó÷åíèÿ êîì-
ïåíñàòîðà ðàçíîñòè äëèí îïòè÷åñêîãî ïóòè.

Âõîäÿùèé â ñèñòåìó êîíòðîëÿ èñòî÷íèê ìîíîõðîìàòè÷åñêîãî èç-
ëó÷åíèÿ äîëæåí èìåòü ñòàáèëüíûå ñïåêòðàëüíûå õàðàêòåðèñòèêè.

Íåîáõîäèìîñòü ïîääåðæàíèÿ ïîñòîÿíñòâà ñïåêòðàëüíûõ õàðàêòåðè-
ñòèê èçëó÷åíèÿ îáúÿñíÿåòñÿ òåì, ÷òî âàðèàöèè äëèíû âîëíû èçëó-
÷åíèÿ ìîãóò ïðèâåñòè ê âçàèìíîìó ñìåùåíèþ ôîðìèðóåìûõ ðåòðî-
îòðàæàòåëÿìè ôîêàëüíûõ ïÿòåí. Íàëè÷èå òàêîãî ñìåùåíèÿ ìîæåò
áûòü îøèáî÷íî ïðèíÿòî çà ñëåäñòâèå èçìåíåíèÿ âåëè÷èíû ýòàëîí-
íîãî óãëà. Ïðåäåëû äîïóñòèìûõ âàðèàöèé ñðåäíåé ðàáî÷åé äëèíû
âîëíû èñòî÷íèêà èçëó÷åíèÿ è, êîíå÷íî æå, ñïåêòðàëüíîé øèðèíû

èçëó÷åíèÿ ìîãóò áûòü ðàññ÷èòàíû ñ ïîìîùüþ âûðàæåíèé, îïèñûâà-
þùèõ óñëîâèå àâòîêîëëèìàöèè. Íàèáîëåå ïîäõîäÿùèìè ñ ýòîé òî÷-
êè çðåíèÿ èñòî÷íèêàìè èçëó÷åíèÿ ÿâëÿþòñÿ îäíî÷àñòîòíûé He-Ne
ëàçåð è íåêîòîðûå òâåðäîòåëüíûå ëàçåðû. Ñëåäóåò îòìåòèòü, ÷òî ê
èñòî÷íèêó èçëó÷åíèÿ íå ïðåäúÿâëÿåòñÿ òðåáîâàíèå ñòðîãîé ìîíîõðî-
ìàòè÷íîñòè èçëó÷åíèÿ, à íåîáõîäèìî ëèøü îáåñïå÷èòü ñòàáèëüíîñòü
åãî ñïåêòðàëüíûõ õàðàêòåðèñòèê âî âðåìåíè.

Äëÿ ïîëó÷åíèÿ â ôîêàëüíîé ïëîñêîñòè òåëåñêîïè÷åñêîé ñèñòå-

ìû èíòåðôåðåíöèè èçëó÷åíèÿ, äèôðàãèðîâàâøåãî íà ðåòðîîòðàæà-
òåëÿõ, òðåáóåòñÿ îáåñïå÷èòü äëèíó êîãåðåíòíîñòè èçëó÷åíèÿ, ïðåâû-
øàþùóþ ðàçíîñòü îïòè÷åñêîé äëèíû ïóòè, âîçíèêàþùåé â ïðåäåëàõ
êàæäîé ñóáàïåðòóðû ðåòðîîòðàæàòåëÿ. Îãðàíè÷åíèÿ íà ìèíèìàëü-
íûå âàðèàöèè äëèíû âîëíû èçëó÷åíèÿ è íåîáõîäèìîñòü îáåñïå÷åíèÿ
çíà÷èòåëüíîé äëèíû åãî êîãåðåíòíîñòè òðåáóþò, íà íàø âçãëÿä, èñ-
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Ðèñ. 3. Ñõåìà ôîðìèðóþùåãî áëîêà ìåòðîëîãè÷åñêîé ñèñòåìû.

ïîëüçîâàíèÿ ëàçåðíîãî èñòî÷íèêà èçëó÷åíèÿ.

4 Ñõåìà ôîðìèðóþùåãî áëîêà

ñèñòåìû ìåòðîëîãè÷åñêîãî êîíòðîëÿ

Ïðèíöèïèàëüíàÿ ñõåìà ôîðìèðóþùåãî áëîêà ñèñòåìû êîíòðîëÿ óãëà
è äåôîêóñèðîâêè ïðåäñòàâëåíà íà ðèñ.3. Íà ýòîì ðèñóíêå öèôðîé
1 îáîçíà÷åí èñòî÷íèê èçëó÷åíèÿ. Ñôîðìèðîâàííûé èì ïó÷îê ñâåòà
ðàñøèðÿåòñÿ êîëëèìèðóþùåé îïòè÷åñêîé ñèñòåìîé 2 è íàïðàâëÿåò-
ñÿ íà êëèí 3, íà ãðàíè êîòîðîãî íàíåñåíû ÷àñòè÷íî îòðàæàþùèå
ïîêðûòèÿ. Êîýôôèöèåíòû îòðàæåíèÿ è ïðîïóñêàíèÿ ïîêðûòèé âû-

áèðàþòñÿ òàêèìè, ÷òî îáåñïå÷èâàþò ïðèìåðíî ðàâíîå ñîîòíîøåíèå
èíòåíñèâíîñòåé äâóõ îòðàæåííûõ îò ïîâåðõíîñòåé êëèíà 3 ïó÷êîâ
ëó÷åé. Îòìåòèì, ÷òî íà ðèñ.2 èçîáðàæåí õîä ëèøü îäíîãî èç ýòèõ
äâóõ ïó÷êîâ.

Îòðàæåííûå îò ïîâåðõíîñòåé êëèíà ïàðàëëåëüíûå ïó÷êè ëó÷åé
íàïðàâëÿþòñÿ íà ïðîïóñêàþùóþ äèôðàêöèîííóþ ðåøåòêó 4, äèôðà-
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ãèðóþò íà íåé è ôîðìèðóþò â �1 ïîðÿäêàõ äèôðàêöèè ðåøåòêè
5 ÷åòûðå ïîïàðíî ïàðàëëåëüíûõ ïó÷êà. Êàæäàÿ ïàðà ýòèõ ïó÷êîâ
ïðîõîäèò ÷åðåç äèàôðàãìó 6, äåëÿùóþ ïî ôðîíòó êàæäûé èç ïó÷-
êîâ íà äâà, ÷åðåç äâóõïðèçìåííûå ñèñòåìû âûðàâíèâàíèÿ ðàçíîñòè

õîäà 7, êîìïåíñèðóþùèå íàðóøåíèå ïðèíöèïà òàóòîõðîíèçìà â äàò-
÷èêå, ÷åðåç ñèñòåìû îïòè÷åñêèõ êëèíüåâ 8 è 9 è íàïðàâëÿåòñÿ íà
ëèíçó 10, ñîáèðàþùóþ ïó÷êè â äâà ôîêàëüíûõ ïÿòíà, ðàñïîëàãàþ-
ùèõñÿ îò ñâåòîäåëèòåëÿ 2 (ñì, ðèñ.3) íà òîì æå ðàññòîÿíèè, ÷òî è
ôîòîïðèåìíàÿ ìàòðèöà 3. Ñèñòåìû îïòè÷åñêèõ êëèíüåâ 8 è 9 ïðåäíà-
çíà÷åíû äëÿ èçìåíåíèÿ íàïðàâëåíèÿ ðàñïðîñòðàíåíèÿ ïðîõîäÿùèõ
÷åðåç íèõ ïàðàëëåëüíûõ ïó÷êîâ ëó÷åé. Êàæäàÿ èç íèõ ñîñòîèò èç

äâóõ êëèíüåâ, âðàùàþùèõñÿ íåçàâèñèìî äðóã îò äðóãà âîêðóã îñè,
ïàðàëëåëüíîé îïòè÷åñêîé îñè ëèíçû 10. Ñèñòåìû êëèíüåâ 8 ñëóæàò
äëÿ êîìïåíñàöèè òåõíîëîãè÷åñêèõ îøèáîê íàíåñåíèÿ äèôðàêöèîí-
íûõ ðåòðîîòðàæàòåëåé íà çåðêàëà íàáëþäàòåëüíîé ñèñòåìû è îøè-
áîê ñáîðêè è þñòèðîâêè îïòè÷åñêîé ñèñòåìû äàò÷èêà óãëà è äåôî-
êóñèðîâêè. Ñèñòåìà êëèíüåâ 9 ïðåäíàçíà÷åíà äëÿ îáåñïå÷åíèÿ áëèç-
êîãî ê àâòîêîëëèìàöèîííîìó ðåæèìà ðàáîòû äàò÷èêà ïðè òåïëîâûõ

è èíûõ äåôîðìàöèÿõ êîíñòðóêöèè íàáëþäàòåëüíîé ñèñòåìû, íàïðè-
ìåð, ïðè íàêëîíàõ áëîêà ïëîñêèõ çåðêàë, ãëàâíîãî è âñïîìîãàòåëüíî-
ãî çåðêàë íàáëþäàòåëüíîé ñèñòåìû, ïðè óãëîâîì óõîäå äèàãðàììû
íàïðàâëåííîñòè èñòî÷íèêà èçëó÷åíèÿ è ò.ä. Áëèæàéøèå ê îïòè÷å-
ñêîé îñè ëèíçû 10 ïó÷êè ëó÷åé íàïðàâëÿþòñÿ íà äèôðàêöèîííûå
ðåòðîîòðàæàòåëè, íàíåñåííûå íà ìàëîå ïëîñêîå çåðêàëî îáúåäèíÿþ-
ùåãî óñòðîéñòâà, äèôðàãèðóþò íà íèõ è â áëèçêîì ê àâòîêîëëèìà-
öèîííîìó ðåæèìå âîçâðàùàþòñÿ íà ïîëóïðîçðà÷íîå çåðêàëî 2 (ñì.

ðèñ.3), ïðîõîäÿò ÷åðåç íåãî è ïàäàþò íà ôîòîïðèåìíóþ ìàòðèöó 3.
Îñòàëüíûå ïó÷êè ëó÷åé ïàäàþò íà äèôðàêöèîííûå ñòðóêòóðû, íà-
íåñåííûå íà áîëüøîå ïëîñêîå çåðêàëî îáúåäèíÿþùåãî óñòðîéñòâà,
äèôðàãèðóþò íà íèõ, âîçâðàùàþòñÿ â áëèçêîì ê àâòîêîëëèìàöèîí-
íîìó ðåæèìå íà çåðêàëî 2 (ñì. ðèñ.3), ïðîõîäÿò ÷åðåç íåãî è ïàäàþò
íà ôîòîïðèåìíóþ ìàòðèöó 3.
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5 Ñòðóêòóðà ôîêàëüíûõ ïÿòåí,

ôîðìèðóåìûõ ñèñòåìîé êîíòðîëÿ

Õîä ëó÷åé, îïèñàííûé â ïðåäûäóùåì ïîäðàçäåëå, ïðèâîäèò â ïëîñ-

êîñòè ôîòîïðèåìíîé ìàòðèöû ê ñóïåðïîçèöèè 4 ïàð ïó÷êîâ, ôîð-
ìèðóþùèõ 4 ðàçíåñåííûõ ïî ïëîñêîñòè ôîêàëüíûõ ïÿòíà. Äèàìåòð
êàæäîãî èç íèõ � dô îïðåäåëÿåòñÿ ñâåòîâûì äèàìåòðîì äèôðàê-

öèîííûõ ðåòðîîòðàæàòåëåé � d, êîòîðûé ìîæåò áûòü ðàññ÷èòàí ñ
ïîìîùüþ âûðàæåíèÿ:

d =
2�

Dp

Fýô; (1)

ãäå: � � ðàáî÷àÿ äëèíà âîëíû äàò÷èêà; Fýô � ôîêóñíîå ðàññòîÿíèå

íàáëþäàòåëüíîé ñèñòåìû; Dp � ðàçìåð ïðîåêöèè ñóáàïåðòóðû ðåòðî-
îòðàæàòåëÿ íà ïëîñêîñòü, ïåðïåíäèêóëÿðíóþ íàïðàâëåíèþ ðàñïðî-
ñòðàíåíèÿ ôîðìèðóåìîãî äàò÷èêîì ïó÷êà ëó÷åé.

Ýíåðãèÿ âíóòðè êàæäîãî èç ýòèõ ôîêàëüíûõ ïÿòåí ðàñïðåäåëÿåò-
ñÿ ïî êîñèíóñîèäàëüíîìó çàêîíó ñ ïåðèîäîì ñëåäîâàíèÿ, îïðåäåëÿ-
åìûì ðàññòîÿíèÿìè ìåæäó öåíòðàìè ñóáàïåðòóð ñîîòâåòñòâóþùèõ

ðåòðîîòðàæàòåëåé.
Íåîáõîäèìîå äëÿ íîðìàëüíîé ðàáîòû äàò÷èêà âçàèìíîå ðàñïîëî-

æåíèå ôîêàëüíûõ ïÿòåí â ïëîñêîñòè ôîòîïðèåìíîé ìàòðèöû, îïðå-
äåëÿåìîå âûáðàííûì àëãîðèòìîì îïðåäåëåíèÿ êîîðäèíàò öåíòðîè-
äîâ ïÿòåí, ìîæåò áûòü ëåãêî ðåàëèçîâàíî ïóòåì ñîîòâåòñòâóþùèõ
þñòèðîâîê ñèñòåì êëèíüåâ ôîðìèðóþùåãî áëîêà äàò÷èêà óãëà è äå-
ôîêóñèðîâêè. Îäíà èç âîçìîæíûõ êîíôèãóðàöèé ðàñïîëîæåíèÿ ôî-
êàëüíûõ ïÿòåí ïðåäñòàâëåíà íà ðèñ.4.

Çäåñü öèôðàìè 1 è 2 îáîçíà÷åíû ôîêàëüíûå ïÿòíà, ñôîðìèðî-
âàííûå ñ ïîìîùüþ ðåòðîîòðàæàòåëåé, íàíåñåííûõ íà ïëîñêîå çåð-
êàëî M1 (ñì. ðèñ.2); öèôðàìè 3 è 4 îáîçíà÷åíû ïÿòíà, ñôîðìèðî-
âàííûå ðåòðîîòðàæàòåëÿìè, íàíåñåííûìè íà ïëîñêîå çåðêàëî M2.
Ìåðîé ôîêóñèðîâêè íàáëþäàòåëüíîé ñèñòåìû â ýòîì ñëó÷àå ñëóæèò
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Ðèñ. 4. Ðàñïîëîæåíèå ôîêàëüíûõ ïÿòåí â ïëîñêîñòè ôîòîïðèåìíîé
ìàòðèöû

ðàññòîÿíèå ìåæäó öåíòðàìè ïÿòåí 1 è 2, 3 è 4.
Âîçìîæíûé â ïðîöåññå ýêñïëóàòàöèè íàáëþäàòåëüíîé ñèñòåìû

âçàèìíûé ðàçâîðîò çåðêàë îáúåäèíÿþùåãî óñòðîéñòâà ïðèâåäåò ê ñî-
îòâåòñòâóþùåìó ñìåùåíèþ ìàêñèìóìîâ ðàñïðåäåëåíèÿ ÿðêîñòè âíó-
òðè ôîêàëüíûõ ïÿòåí 1 è 2, ëèáî 3 è 4.

Äëÿ ðåàëèçàöèè íåêîòîðûõ àëãîðèòìîâ èçìåðåíèÿ âçàèìíîãî ðàç-
âîðîòà çåðêàë ìîæåò îêàçàòüñÿ ïîëåçíûì íåêîãåðåíòíîå ñëîæåíèå
ðàñïðåäåëåíèé èíòåíñèâíîñòè â ôîêàëüíûõ ïÿòíàõ 1 è 3, 2 è 4. Òà-
êîå ñëîæåíèå ìîæåò áûòü îñóùåñòâëåíî êàê ýëåêòðîííûì ïóòåì, òàê

è ÷èñòî îïòè÷åñêè çà ñ÷åò ñîîòâåòñòâóþùåé þñòèðîâêè ñèñòåì îï-
òè÷åñêèõ êëèíüåâ ôîðìèðóþùåãî áëîêà äàò÷èêà. Îòìåòèì, ÷òî ýòà
îïåðàöèÿ ïîòðåáóåò òàêæå è äîïîëíèòåëüíûõ ìåð, ñâÿçàííûõ ñ íåîá-
õîäèìîñòüþ íàðóøåíèÿ âçàèìíîé êîãåðåíòíîñòè èçëó÷åíèÿ, ôîðìè-
ðóþùåãî ñîîòâåòñòâóþùèå ôîêàëüíûå ïÿòíà. Îäíèì èç âàðèàíòîâ
ðåøåíèÿ ýòîé ïðîáëåìû ÿâëÿåòñÿ ïðèìåíåíèå â ôîðìèðóþùåì áëî-
êå äàò÷èêà äâóõ íåçàâèñèìûõ èñòî÷íèêîâ èçëó÷åíèÿ.

Ïðè íåêîãåðåíòíîì ñëîæåíèè ôîêàëüíûõ ïÿòåí 1 è 3, 2 è 4 ðàñ-
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ïðåäåëåíèå èíòåíñèâíîñòè � I(x) â èõ öåíòðàëüíîì ÿäðå ìîæåò áûòü
îïèñàíî ñ ïîìîùüþ ñëåäóþùåãî âûðàæåíèÿ:

I(x) = 2 cos

�
4�

T1 + T2

x+
'0

2

�
cos

�
2� x� '0

2

�
; (2)

'0 � tg �(D1c cos � +D2c cos 
)

2�
;

ãäå � � óãîë âçàèìíîãî ðàçâîðîòà ïëîñêèõ çåðêàë. Èç ïðèâåäåííûõ
âûðàæåíèé ñëåäóåò, ÷òî íåêîãåðåíòíîå ñëîæåíèå ôîêàëüíûõ ïÿòåí 1
è 3, 2 è 4 ýêâèâàëåíòíî, ïî ñâîåìó äåéñòâèþ, íåêîòîðîé àïîäèçàöèè
ðàñïðåäåëåíèÿ èíòåíñèâíîñòè â ôîðìèðóåìîé âíóòðè íèõ èíòåðôå-

ðåíöèîííîé êàðòèíå.
Ïðîâåäåííûé íàìè ðàñ÷åò ïîêàçûâàåò, ÷òî äàæå ïðè çíà÷èòåëü-

íûõ, äîõîäÿùèõ äî 1 ì ôîêóñíûõ ðàññòîÿíèÿõ ëèíçû 10 ôîðìèðóþ-
ùåãî áëîêà â íåì ðåàëèçóåòñÿ áëèçêîå ðàñïîëîæåíèå ïàðàëëåëüíûõ
ïó÷êîâ ëó÷åé, ÷òî ñóùåñòâåííî çàòðóäíÿåò óñòàíîâêó â íèõ íåçàâè-
ñèìûõ ïðèçìåííûõ êîìïåíñàòîðîâ ðàçíîñòè õîäà è ñèñòåì îïòè÷å-
ñêèõ êëèíüåâ. Îäèí èç âîçìîæíûõ ïóòåé óñòðàíåíèÿ ýòîé ïðîáëåìû

ñîñòîèò â èñïîëüçîâàíèè â ñîñòàâå ôîðìèðóþùåãî áëîêà äâóõ äîïîë-
íèòåëüíûõ êîëëèìàòîðîâ ñ óâåëè÷åíèåì 3-5 êðàò, óñòàíàâëèâàåìûõ
ïîñëå ðåøåòîê 6 è íà âûõîäå ôîðìèðóþùåãî áëîêà, íåïîñðåäñòâåííî
ïåðåä ëèíçîé 10.

6 Î òðåáîâàíèÿõ, ïðåäúÿâëÿåìûõ

ê èñòî÷íèêó èçëó÷åíèÿ

Âõîäÿùèé â ñîñòàâ ôîðìèðóþùåãî áëîêà èñòî÷íèê èçëó÷åíèÿ äîë-
æåí óäîâëåòâîðÿòü êàê îáùèì òðåáîâàíèÿì, ïðåäúÿâëÿåìûì ê àñòðî-
ìåòðè÷åñêîé ñèñòåìå â öåëîì, òàê è ðÿäó ñïåöèôè÷åñêèõ òðåáîâàíèé,
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îáóñëîâëåííûõ ïðèíöèïîì äåéñòâèÿ è êîíñòðóêöèåé îïòè÷åñêîé ñè-
ñòåìû. Ê ÷èñëó ïîñëåäíèõ ìîæíî îòíåñòè òðåáîâàíèÿ ê óðîâíþ èçëó-
÷àåìîé ñâåòîâîé ýíåðãèè, à òàêæå òðåáîâàíèÿ ê ñòàáèëüíîñòè ñïåê-
òðàëüíûõ õàðàêòåðèñòèê èçëó÷àòåëÿ è ê äëèíå êîãåðåíòíîñòè èç-

ëó÷åíèÿ. Ýíåðãåòè÷åñêèå õàðàêòåðèñòèêè ìû çäåñü ðàññìàòðèâàòü
íå áóäåì, ïîñêîëüêó òðåáîâàíèÿ ê íèì âî ìíîãîì îïðåäåëÿþòñÿ èñ-
ïîëüçóåìûì â äàò÷èêå ñïîñîáîì ñ÷èòûâàíèÿ è îáðàáîòêè èíôîðìà-
öèè. Íåîáõîäèìîñòü ïîääåðæàíèÿ ïîñòîÿíñòâà ñïåêòðàëüíûõ õàðàê-
òåðèñòèê èçëó÷åíèÿ îáúÿñíÿåòñÿ òåì, ÷òî âàðèàöèè ðàáî÷åé äëèíû
âîëíû èñòî÷íèêà èçëó÷åíèÿ ìîãóò îáóñëîâèòü âçàèìíîå ñìåùåíèå
ôîðìèðóåìûõ ðåòðîîòðàæàòåëÿìè ôîêàëüíûõ ïÿòåí. Íàëè÷èå òà-

êîãî ñìåùåíèÿ ñíèæàåò îáóñëîâëåííîñòü äàò÷èêà, ïîñêîëüêó ìîæåò
áûòü îøèáî÷íî ïðèíÿòî çà ñëåäñòâèå ðàçâîðîòà áîëüøîãî èëè ìà-
ëîãî ïëîñêèõ çåðêàë. Ïðåäåëû äîïóñòèìûõ âàðèàöèé ñðåäíåé ðàáî-
÷åé äëèíû âîëíû èñòî÷íèêà èçëó÷åíèÿ è, êîíå÷íî æå, ñïåêòðàëüíîé
øèðèíû èçëó÷åíèÿ ìîãóò áûòü ðàññ÷èòàíû ñ ïîìîùüþ âûðàæåíèé,
îïèñûâàþùèõ óñëîâèå àâòîêîëëèìàöèè. Èç ýòèõ âûðàæåíèé ñëåäóåò,
÷òî âåëè÷èíà äîïóñòèìûõ âàðèàöèé ðàáî÷åé äëèíû âîëíû äàò÷èêà �

�� äîëæíà óäîâëåòâîðÿòü ñîîòíîøåíèþ:

�� � 2��c cos 
 cos�

�2 cos � � �1 cos 

; (3)

ãäå ��c � äîïóñòèìîå îòíîñèòåëüíîå óãëîâîå ñìåùåíèå ôîêàëüíûõ
ïÿòåí èç-çà âàðèàöèé ðàáî÷åé äëèíû âîëíû äàò÷èêà. Åñëè ïîëîæèòü
��c ðàâíûì 0; 00100, òî ïðè âûáðàííûõ çíà÷åíèÿõ ïàðàìåòðîâ äàò÷è-
êà äîïóñòèìûå âàðèàöèè äëèíû âîëíû èçëó÷åíèÿ íå äîëæíû ïðåâû-

øàòü�1; 5�10�9ìêì. Òàêîìó òðåáîâàíèþ, â ïðèíöèïå, óäîâëåòâîðÿåò
èçëó÷åíèå îäíî÷àñòîòíûõ He-Ne ëàçåðîâ è ðÿäà òâåðäîòåëüíûõ ëàçå-
ðîâ. Çäåñü íåîáõîäèìî îòìåòèòü, ÷òî ïðèíöèï äåéñòâèÿ ðàññìàòðè-
âàåìîãî äàò÷èêà íå òðåáóåò ñòðîãîé ìîíîõðîìàòè÷íîñòè èçëó÷åíèÿ,
à òðåáóåò ëèøü îáåñïå÷åíèÿ ñòàáèëüíîñòè åãî ñïåêòðàëüíûõ õàðàê-
òåðèñòèê âî âðåìåíè.
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Òðåáîâàíèÿ, ïðåäúÿâëÿåìûå ê êîãåðåíòíîñòè èñïîëüçóåìîãî èç-
ëó÷åíèÿ, îáóñëîâëåíû ðåàëèçóåìûìè â ðàññìàòðèâàåìîì äàò÷èêå óã-
ëà è äåôîêóñèðîâêè çíà÷èòåëüíûìè íàðóøåíèÿìè ïðèíöèïà òàóòî-
õðîíèçìà. Íåîáõîäèìîñòü îáåñïå÷åíèÿ â ôîêàëüíîé ïëîñêîñòè íà-

áëþäàòåëüíîé ñèñòåìû èíòåðôåðåíöèè èçëó÷åíèÿ, äèôðàãèðîâàâøå-
ãî íà ðåòðîîòðàæàòåëÿõ, îáóñëàâëèâàåò íåîáõîäèìîñòü âûáîðà èñ-
òî÷íèêà èçëó÷åíèÿ, îáåñïå÷èâàþùåãî äëèíó êîãåðåíòíîñòè, ïðåâû-
øàþùóþ ðàçíîñòü îïòè÷åñêîé äëèíû ïóòè, ðåàëèçóåìóþ â ïðåäåëàõ
êàæäîé ñóáàïåðòóðû ðåòðîîòðàæàòåëÿ.

Òðåáîâàíèÿ ê ìèíèìàëüíûì âàðèàöèÿì äëèíû âîëíû èçëó÷åíèÿ
è íåîáõîäèìîñòü îáåñïå÷åíèÿ çíà÷èòåëüíîé äëèíû åãî êîãåðåíòíîñòè

ñâèäåòåëüñòâóþò, íà íàø âçãëÿä, â ïîëüçó âûáîðà ëàçåðíîãî èñòî÷íè-
êà èçëó÷åíèÿ äëÿ ðàññìàòðèâàåìîãî äàò÷èêà óãëà è äåôîêóñèðîâêè.

Èìååòñÿ, îäíàêî, ìíîãî äðóãèõ âàæíûõ òðåáîâàíèé ê èñòî÷íèêó
èçëó÷åíèÿ, íà êîòîðûõ ìû íå ìîæåì çäåñü îñòàíàâëèâàòüñÿ èç-çà
îãðàíè÷åííîãî îáúåìà äàííîé ñòàòüè.

7 Îá ýôôåêòå �èñêðèâëåíèÿ ñïåêòðàëüíûõ

ëèíèé� è î åãî âëèÿíèè íà äàò÷èê

ñ äèôðàêöèîííûìè îòðàæàòåëÿìè

Èçâåñòíûé èç òåîðèè ñïåêòðàëüíûõ ïðèáîðîâ ýôôåêò èñêðèâëåíèÿ
ñïåêòðàëüíûõ ëèíèé, îáóñëîâëåííûé çàâèñèìîñòüþ âåëè÷èíû ïðîåê-

öèè óãëà äèôðàêöèè èçëó÷åíèÿ íà ïëîñêîñòü äèôðàêöèè ðåøåòîê �
�c îò âåëè÷èíû óãëà �, êîòîðûé ñîñòàâëÿþò ëó÷è ïàäàþùåãî è äè-
ôðàãèðîâàâøåãî ïó÷êîâ ñ èõ ïðîåêöèÿìè íà ïëîñêîñòü äèôðàêöèè
ðåøåòêè, ìîæåò òàêæå îêàçàòü ñóùåñòâåííîå âëèÿíèå íà îáóñëîâ-
ëåííîñòü ðàáîòû äàò÷èêà óãëà è äåôîêóñèðîâêè. Äëÿ ðàññìîòðåíèÿ
ýòîãî ïîëîæåíèÿ çàïèøåì óñëîâèå àâòîêîëëèìàöèè â âèäå, ó÷èòûâà-
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þùåì ïàäåíèå íà ðåøåòêó ïó÷êà âíå åå ïëîñêîñòè äèôðàêöèè:

sin�c =
��

2 cos �
; (4)

ãäå: �c � óãîë, îáðàçîâàííûé ïàäàþùèì è äèôðàãèðîâàâøèì íà ðå-
øåòêå ïó÷êàìè ñ èõ ïðîåêöèÿìè íà ïëîñêîñòü äèôðàêöèè ðåøåòêè,

ò.å. íà ïëîñêîñòü, ïåðïåíäèêóëÿðíóþ åå øòðèõàì; � � óãîë, îáðàçî-
âàííûé ïàäàþùèì è äèôðàãèðîâàâøèì ïó÷êàìè ñ èõ ïðîåêöèÿìè íà
ïëîñêîñòü äèôðàêöèè ðåøåòêè. Èç (4) ñëåäóåò, ÷òî íàêëîí ïëîñêèõ
çåðêàë îáúåäèíÿþùåãî óñòðîéñòâà íàáëþäàòåëüíîé ñèñòåìû âîêðóã
îñåé, ïàðàëëåëüíûõ ïëîñêîñòÿì äèôðàêöèè ðåòðîîòðàæàòåëåé, ïðè-
âåäåò, òàêæå êàê è âàðèàöèè äëèíû âîëíû èçëó÷åíèÿ, ê ñìåùåíèþ
ôîêàëüíûõ ïÿòåí, ôîðìèðóåìûõ äàò÷èêîì â ôîêàëüíîé ïëîñêîñòè

àñòðîìåòðè÷åñêîé ñèñòåìû. Âçàèìíîå óãëîâîå ñìåùåíèå ôîêàëüíûõ
ïÿòåí ìîæåò áûòü âîñïðèíÿòî äàò÷èêîì êàê ñëåäñòâèå ðåàëüíî îò-
ñóòñòâóþùåãî âçàèìíîãî ðàçâîðîòà çåðêàë âîêðóã îñåé, ïåðïåíäèêó-
ëÿðíûõ ïëîñêîñòè äèôðàêöèè ðåòðîîòðàæàòåëåé.

8 Âîçìîæíûå òåõíîëîãè÷åñêèå ñïîñîáû

íàíåñåíèÿ ðåòðîîòðàæàòåëåé íà

ïîâåðõíîñòè ïëîñêèõ çåðêàë

Íàíåñåíèå äèôðàêöèîííûõ ñòðóêòóð íà ïîâåðõíîñòü êðóïíîãàáàðèò-
íûõ çåðêàë ïðåäñòàâëÿåò ñîáîé ÷ðåçâû÷àéíî ñëîæíóþ òåõíîëîãè÷å-
ñêóþ çàäà÷ó. Ðàáîòû ïî åå ðåøåíèþ â íàñòîÿùåå âðåìÿ ïðîâîäÿòñÿ

êàê â Ðîññèè, òàê è çà ðóáåæîì. Ïðèíöèï äåéñòâèÿ ðàññìàòðèâàå-
ìîé ìåòðîëîãè÷åñêîé ñèñòåìû íåñêîëüêî óïðîùàåò çàäà÷ó, ïîñêîëüêó
òðåáóåò íàíåñåíèÿ íà ïëîñêèå çåðêàëà îáúåäèíÿþùåãî óñòðîéñòâà íà-
áëþäàòåëüíîé ñèñòåìû äâóõ ïàð îòíîñèòåëüíî íåáîëüøèõ ïî ïëîùà-
äè ýêâèäèñòàíòíûõ ïðÿìîëèíåéíûõ äèôðàêöèîííûõ ñòðóêòóð ñ îò-
íîñèòåëüíî íåáîëüøèìè ïðîñòðàíñòâåííûìè ÷àñòîòàìè; ïðè÷åì áåç
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íåîáõîäèìîñòè âçàèìíîé ôàçèðîâêè, êàê âíóòðè êàæäîé ïàðû, òàê è
âíå åå. Ïîñëåäíåå çàìå÷àíèå ïîçâîëÿåò ïðèíÿòü, â êà÷åñòâå îñíîâíî-
ãî, ìåòîä ïîñëåäîâàòåëüíîãî íåçàâèñèìîãî íàíåñåíèÿ äèôðàêöèîí-
íûõ ñòðóêòóð íà ïîâåðõíîñòè çåðêàë. Îòìåòèì, ÷òî íåèçáåæíûå ïðè

ýòîì ìåòîäå îøèáêè â îðèåíòàöèè øòðèõîâ ñòðóêòóð áóäóò ñêîì-
ïåíñèðîâàíû ïóòåì ñîîòâåòñòâóþùåé þñòèðîâêè ñèñòåì îïòè÷åñêèõ
êëèíüåâ ôîðìèðóþùåãî áëîêà ìåòðîëîãè÷åñêîé ñèñòåìû.

Äèôðàêöèîííûå ñòðóêòóðû íà ïîâåðõíîñòÿõ çåðêàë ìîãóò âûïîë-
íÿòüñÿ êàê â âèäå ïîâåðõíîñòíîãî ðåëüåôà, íåïîñðåäñòâåííî âûãðà-
âèðîâàííîãî èëè âûòðàâëåííîãî íà çåðêàëàõ, òàê è â âèäå íàíîñèìûõ
íà èõ ïîâåðõíîñòü ïðîïóñêàþùèõ ïîëèìåðíûõ ðåøåòîê. Ïî ñâîèì

îòîáðàæàþùèì ñâîéñòâàì îáà âàðèàíòà èñïîëíåíèÿ ðåøåòîê ñîâåð-
øåííî ýêâèâàëåíòíû è îòëè÷àþòñÿ ëèøü ñâîèìè ýíåðãåòè÷åñêèìè
õàðàêòåðèñòèêàìè.

Ñ òî÷êè çðåíèÿ òåõíîëîãè÷íîñòè, íà íàø âçãëÿä, áîëåå ïåðñïåê-
òèâíûì ÿâëÿåòñÿ âòîðîé âàðèàíò, îñíîâàííûé íà èñïîëüçîâàíèè ïðî-
çðà÷íûõ ïîëèìåðíûõ ðåøåòîê. Ïðàêòè÷åñêè îí ìîæåò áûòü ðåàëè-
çîâàí ñ ïîìîùüþ èçâåñòíîé è øèðîêî èñïîëüçóåìîé ìåòîäèêè ïîëó-

÷åíèÿ ðåïëèê äèôðàêöèîííûõ ðåøåòîê. Ïðè ýòîì â êà÷åñòâå îðèãè-
íàëîâ ìîãóò áûòü èñïîëüçîâàíû ðåëüåôíûå äèôðàêöèîííûå ðåøåò-
êè, ïîëó÷åííûå ìåòîäîì ãîëîãðàôèè. Ïåðñïåêòèâíîñòü ïðèìåíåíèÿ
ãîëîãðàôè÷åñêèõ îðèãèíàëîâ îïðàâäûâàåòñÿ, â ïåðâóþ î÷åðåäü, ãèá-
êîñòüþ âàðüèðîâàíèÿ èõ ïðîñòðàíñòâåííîé ÷àñòîòû è îòíîñèòåëüíî
íèçêîé ñòîèìîñòüþ.

Â êà÷åñòâå íåäîñòàòêîâ òàêîãî âàðèàíòà èñïîëíåíèÿ ðåòðîîòðà-
æàòåëåé íåëüçÿ íå îòìåòèòü áîëåå íèçêóþ, ïî ñðàâíåíèþ ñî ñëó÷àåì

íåïîñðåäñòâåííîãî íàíåñåíèÿ ðåëüåôà íà ïîâåðõíîñòü çåðêàë, ðåàëè-
çóåìóþ äèôðàêöèîííóþ ýôôåêòèâíîñòü â ïåðâîì ïîðÿäêå äèôðàê-
öèè ïðè áîëüøåé òðåáóåìîé ãëóáèíå ðåëüåôà äèôðàêöèîííûõ ñòðóê-
òóð. Âìåñòå ñ òåì îòñóòñòâóþùàÿ â ýòîì âàðèàíòå èñïîëíåíèÿ íåîá-
õîäèìîñòü â íàíåñåíèè ðåãèñòðèðóþùåé ñðåäû íà ïîâåðõíîñòü çåð-
êàë, åå ýêñïîíèðîâàíèè, õèìèêî-ôîòîãðàôè÷åñêîé îáðàáîòêå è èîí-
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íîì òðàâëåíèè ìàòåðèàëà çåðêàë îáóñëàâëèâàåò íåñîìíåííóþ ïðåä-
ïî÷òèòåëüíîñòü è ïåðñïåêòèâíîñòü òàêîãî âàðèàíòà èñïîëíåíèÿ ðå-
òðîîòðàæàòåëåé.

9 Çàêëþ÷åíèå

Ïîñòðîåíèå ìåòðîëîãè÷åñêîé ñèñòåìû ïî áëèçêîé ê àâòîêîëëèìàöè-

îííîé ñõåìå ñ èñïîëüçîâàíèåì âíóòðåííåãî ëàçåðíîãî èñòî÷íèêà èç-
ëó÷åíèÿ è ðåòðîîòðàæàòåëåé, âûïîëíåííûõ â âèäå äèôðàêöèîííûõ
îïòè÷åñêèõ ýëåìåíòîâ, ÿâëÿåòñÿ, íà íàø âçãëÿä, îäíèì èç ïåðñïåê-
òèâíûõ ïóòåé ñîçäàíèÿ òàêîé ñèñòåìû. Â òàêîì èñïîëíåíèè ñèñòåìà
ìåòðîëîãè÷åñêîãî êîíòðîëÿ ïî ñâîèì ñõåìîòåõíè÷åñêèì ðåøåíèÿì
âåñüìà áëèçêà ê îïèñàííûì â ëèòåðàòóðå äàò÷èêàì âîëíîâîãî ôðîí-
òà, ðàáîòàþùèì ïî ãîëîãàììíûì ñòðóêòóðàì, íàíîñèìûì íà ãëàâíîå

çåðêàëî àäàïòèâíîãî êîñìè÷åñêîãî òåëåñêîïà [4, 5, 6, 7].
Ðàçðàáîòàííàÿ íàìè ñèñòåìà ìåòðîëîãè÷åñêîãî êîíòðîëÿ âåëè÷è-

íû áàçîâîãî óãëà è âåëè÷èíû ýôôåêòèâíîãî ôîêóñíîãî ðàññòîÿíèÿ
àñòðîìåòðè÷åñêîé ñèñòåìû �Ëîìîíîñîâ� çàìå÷àòåëüíà âî ìíîãèõ îò-
íîøåíèÿõ. Âî-ïåðâûõ, êîíòðîëèðóåòñÿ âñÿ îïòè÷åñêàÿ ñèñòåìà � âñå
âõîäÿùèå â íåå îïòè÷åñêèå ýëåìåíòû, âëèÿþùèå íà èçìåíåíèå âå-
ëè÷èíû óãëîâîãî ýòàëîíà, âêëþ÷àÿ àáåððàöèè îïòè÷åñêîé ñèñòåìû.

Âî-âòîðûõ, òî÷íîñòü èçìåðåíèé íå çàâèñèò îò âîçìîæíûõ íåáîëüøèõ
èçìåíåíèé â ïîëîæåíèè èñòî÷íèêà èçëó÷åíèÿ èëè ïðèåìíèêà èçîá-
ðàæåíèÿ. Â-òðåòüèõ, òî÷íîñòü êîíòðîëÿ çíà÷èòåëüíî âûøå (êàê è
òðåáóåòñÿ îò ñèñòåìû êîíòðîëÿ ýòàëîííîãî óãëà), ÷åì òî÷íîñòü èç-
ìåðåíèé ïîëîæåíèé ïðîãðàììíûõ çâåçä, ïîñêîëüêó âåëè÷èíà îòíî-
øåíèÿ ñèãíàëà ê øóìó ìîæåò áûòü ñäåëàíà äîñòàòî÷íî áîëüøîé.
Â-÷åòâåðòûõ, ñèñòåìà êîíòðîëÿ ïîçâîëÿåò îñóùåñòâëÿòü íåïðåðûâ-
íûé ìîíèòîðèíã âåëè÷èíû óãëîâîãî ýòàëîíà è âåëè÷èíû ýôôåêòèâ-

íîãî ôîêóñíîãî ðàññòîÿíèÿ òåëåñêîïè÷åñêîé ñèñòåìû. Íàêîíåö, äëÿ
îïðåäåëåíèÿ êîîðäèíàò öåíòðîèäîâ ôîêàëüíûõ ïÿòåí è èçìåðåíèé
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ðàññòîÿíèé ìåæäó íèìè èñïîëüçóåòñÿ òîò æå àëãîðèòì, ÷òî è äëÿ
ïðîãðàììíûõ çâåçä.

Ñïèñîê ëèòåðàòóðû

[1] Perryman M.A.C. et al. //A&A, 1992, 258, p.1.

[2] Perryman, M.A.C. et al., The Hipparcos Catalogue //A&A, 1997,
323, p.L49-L52.

[3] Lindegren L. //A&A, 1980, 89, p.41-47.

[4] Õàðäè Äæ. //ÒÈÈÝÐ, 1978, ò.66, âûï.6, 31-85.

[5] Çóåâ Â.Ñ. è äð. //Êâàíòîâàÿ ýëåêòðîíèêà, 1975, ò.2, � 1, 92-98.

[6] Àíèùåíêî Â.Â. è äð. //Îïòèêà àòìîñôåðû è îêåàíà, 1993, ò.6,
� 12, 38-46.

[7] Êîðåøåâ Ñ.Í. //Îïòè÷åñêèé æóðíàë, 1995, � 10, 46-54.

[8] À.Ý. Íàäæèï, Îò÷åò, ÃÀÈØ, 1997; íå îïóáëèêîâàíî

[9] Ñ.Í. Êîðåøåâ, Îò÷åò, ÃÀÈØ, 1998; íå îïóáëèêîâàíî

144



Ãðèãîðèé Ïåòðîâè÷ Ïèëüíèê

12 ñåíòÿáðÿ 2000 ã. íà 84 ãîäó æèçíè ñêîðîïîñòèæíî ñêîí÷àëñÿ
ñòàðåéøèé àñòðîíîì Ìîñêîâñêîãî óíèâåðñèòåòà Ãðèãîðèé Ïåòðîâè÷
Ïèëüíèê.

Ãðèãîðèé Ïåòðîâè÷ ðîäèëñÿ 5 íîÿáðÿ 1916 ã. â ñåëå Âëàäèìèðîâ-
êà ×åðíèãîâñêîé ãóáåðíèè â ñåìüå êðåñòüÿí. Êàê îí ñàì ïèøåò �Â
1929 ãîäó â ïîðÿäêå ïëàíîâîãî ïåðåñåëåíèÿ âñÿ ñåìüÿ ïåðååõàëà íà
Äàëüíèé Âîñòîê è ïîñåëèëàñü â ã.Ñïàññêå�. Â 1934 ã. Ã.Ï.Ïèëüíèê
ïîñòóïàåò íà ïåðâûé êóðñ Äàëüíåâîñòî÷íîãî óíèâåðñèòåòà, êîòîðûé

óñïåøíî çàêàí÷èâàåò â 1939 ãîäó.
Â ôåâðàëå 1940 ã. Ãðèãîðèé Ïåòðîâè÷ ïðèçûâàåòñÿ â Ñîâåòñêóþ

Àðìèþ. Â ñîñòàâå 1 Áåëîðóññêîãî ôðîíòà îí ó÷àñòâóåò â îñâîáîæäå-
íèè Âàðøàâû, Ïîçíàíè, â áîÿõ íà ðåêå Îäåð, â øòóðìå Áåðëèíà.
Çà îòëè÷èÿ â áîÿõ Ãðèãîðèé Ïåòðîâè÷ íàãðàæäåí äâóìÿ îðäåíàìè è
òðåìÿ ìåäàëÿìè.
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Ïîñëå äåìîáèëèçàöèè â 1946 ã. îí ïîñòóïàåò íà ðàáîòó â �Ñëóæáó
Âðåìåíè ÃÀÈØ� è ïðèíèìàåò àêòèâíîå ó÷àñòèå â îáóñòðîéñòâå íîâî-
ãî çäàíèÿ èíñòèòóòà íà Ëåíèíñêèõ ãîðàõ. Íå îñòàâëÿåò îí è çàíÿòèé
àñòðîìåòðèåé. Åãî ïåðâûå ðåçóëüòàòû áûëè ñîáðàíû â êàíäèäàòñêóþ

äèññåðòàöèþ �Îøèáêè îïðåäåëåíèÿ âðåìåíè ïàññàæíûì èíñòðóìåí-
òîì, çàâèñÿùèå îò ïîðÿäêà íàáëþäåíèé� çàùèòà êîòîðîé ñîñòîÿëàñü
29 ìàðòà 1954 ã. Íàó÷íûì ðóêîâîäèòåëåì ýòîé ðàáîòû áûë ÷ë.-êîðð.
ÀÍ ÑÑÑÐ Ñ.Í.Áëàæêî.

Êàê àñòðîíîì, Ãðèãîðèé Ïåòðîâè÷ óäà÷íî ñî÷åòàë â ñåáå êà÷å-
ñòâà òåîðåòèêà è ïðàêòèêà. Åæåãîäíî àñòðîíîìè÷åñêèå íàáëþäåíèÿ
çàíèìàëè ó íåãî îò 60 äî 100 è áîëåå âå÷åðîâ. Áîëüøàÿ ÷àñòü åãî

ðàáîò îñíîâàíà íà ñîáñòâåííûõ íàáëþäåíèÿõ. Åìó óäàëîñü ïîëó÷èòü
âåñüìà èíòåðåñíûå ðåçóëüòàòû. Òàê, îðèãèíàëüíûì ìåòîäîì îí îïðå-
äåëèë äîëãîòó îáñåðâàòîðèè íà Ëåíèíñêèõ ãîðàõ è ïîêàçàë, ÷òî âñå
ìåðèäèàííûå èíñòðóìåíòû, óñòàíîâëåííûå íà îäíîé îáñåðâàòîðèè
èìåþò ñõîäíûå ñåçîííûå îøèáêè.

Äàëåå íàó÷íûå èíòåðåñû Ãðèãîðèÿ Ïåòðîâè÷à ðàñøèðÿþòñÿ è
âêëþ÷àþò â ñåáÿ âîïðîñû íåðàâíîìåðíîñòè âðàùåíèÿ Çåìëè, ïðèëè-

âû, íóòàöèþ è äâèæåíèÿ ìàòåðèêîâ. Î÷åíü èíòåðåñíûå ðåçóëüòàòû
ïî îáðàáîòêå 25-ëåòíåãî ðÿäà íàáëþäåíèé áûëè îáîáùåíû â åãî äîê-
òîðñêîé äèññåðòàöèè �Âñåìèðíîå âðåìÿ è ïðîáëåìû ôèçèêè Çåìëè�,
çàùèùåííîé â 1979 ãîäó. Â ïîñëåäíèå ãîäû åãî î÷åíü èíòåðåñîâàë
âîïðîñ î âëèÿíèè äâèæåíèé æèäêîãî ÿäðà Çåìëè íà âðàùåíèå åå
òâåðäîé îáîëî÷êè.

Æèçíü èíñòèòóòà áûëà è åãî æèçíüþ. Îí ÿâëÿëñÿ ÷ëåíîì Ñîâåòà
âåòåðàíîâ âîéíû ôèçè÷åñêîãî ôàêóëüòåòà, ðóêîâîäèë êóðñîâûìè è

äèïëîìíûìè ðàáîòàìè, ïðîâîäèë ïðàêòèêó ñòóäåíòîâ Àñòðîíîìè÷å-
ñêîãî îòäåëåíèÿ. Â ÷åëîâå÷åñêîì îáùåíèè åãî îòëè÷àëà äîáðîòà è
áëàãîæåëàòåëüíîñòü.

Èñòîðèÿ åãî æèçíè íàâñåãäà âîéäåò â èñòîðèþ íàøåãî èíñòèòóòà.
Ïî ïîðó÷åíèþ àñòðîíîìîâ ÌÃÓ ïðîôåññîð È.À.Ãåðàñèìîâ.
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Âèëåí Âàëåíòèíîâè÷ Íåñòåðîâ

16 àïðåëÿ 2000 ã. íå ñòàëî Âèëåíà Âàëåíòèíîâè÷à Íåñòåðîâà �
äîáðîãî, îáàÿòåëüíîãî ÷åëîâåêà, âûäàþùåãîñÿ ó÷åíîãî, ÿðêîãî ïðåä-
ñòàâèòåëÿ òàëàíòëèâîé ïëåÿäû àñòðîìåòðèñòîâ, çàâåäóþùåãî îòäå-
ëîì àñòðîìåòðèè Ãîñóäàðñòâåííîãî àñòðîíîìè÷åñêîãî èíñòèòóòà èì.
Ï.Ê.Øòåðíáåðãà, äîêòîðà ôèçèêî-ìàòåìàòè÷åñêèõ íàóê, ïðîôåññî-
ðà, ëàóðåàòà Ëîìîíîñîâñêîé ïðåìèè ÌÃÓ.

Âèëåí Âàëåíòèíîâè÷ îòäàë âñþ ñâîþ æèçíü áåñêîðûñòíîìó ñëó-
æåíèþ ñâîåé ëþáèìîé íàóêå � àñòðîíîìèè. Ýòî áûë ó÷åíûé øè-
ðîêîãî äèàïàçîíà çíàíèé, ãëóáîêîãî ïîíèìàíèÿ àñòðîìåòðè÷åñêèõ
è îáùåàñòðîíîìè÷åñêèõ ïðîáëåì. Îí îáëàäàë ïðåâîñõîäíûì äàðîì
ïðåäâèäåíèÿ ïðèîðèòåòíûõ òåíäåíöèé â ðàçâèòèè àñòðîíîìè÷åñêîé
íàóêè, âûáèðàë íàèáîëåå òðóäíûå è àêòóàëüíûå çàäà÷è.
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Ïîñëå îêîí÷àíèÿ â 1957 ã. àñòðîíîìè÷åñêîãî îòäåëåíèÿ ÌÃÓ Âè-
ëåí Âàëåíòèíîâè÷ áûë ïðèíÿò íà ðàáîòó â ÃÀÈØ, ñ êîòîðûì îí íå
ðàññòàâàëñÿ äî ïîñëåäíèõ äíåé ñâîåé æèçíè, ïðîéäÿ ïóòü îò ñòàð-
øåãî ëàáîðàíòà äî çàâåäóþùåãî îòäåëîì àñòðîìåòðèè. Â 1963 ã. îí

çàùèòèë êàíäèäàòñêóþ, à â 1984 ã. äîêòîðñêóþ äèññåðòàöèþ. Â ïå-
ðèîä 1965�1982 ãã., áóäó÷è àññèñòåíòîì, à çàòåì äîöåíòîì êàôåä-
ðû çâåçäíîé àñòðîíîìèè è àñòðîìåòðèè ÌÃÓ, Âèëåí Âàëåíòèíîâè÷
ðóêîâîäèë êóðñîâûìè, äèïëîìíûìè è äèññåðòàöèîííûìè ðàáîòàìè,
âåë ïðàêòè÷åñêèå çàíÿòèÿ, ÷èòàë ëåêöèè ïî îáùèì è ñïåöèàëüíûì
êóðñàì. Èì áûëè ïîäãîòîâëåíû è ïðî÷èòàíû êóðñû ëåêöèé �Âðà-
ùåíèå Çåìëè�, �Êîñìè÷åñêàÿ ãåîäèíàìèêà�, �Ñòàíäàðò îñíîâíûõ âû-

÷èñëåíèé àñòðîíîìèè�. Îñîáåííî âåëèêè äîñòèæåíèÿ Âèëåíà Âàëåí-
òèíîâè÷à â îáëàñòè ôóíäàìåíòàëüíîé àñòðîìåòðèè. Åãî ðàáîòû ïî
ñîçäàíèþ íîâîãî àñòðîìåòðè÷åñêîãî êàòàëîãà ïîëîæåíèé è ñîáñòâåí-
íûõ äâèæåíèé 4 ìëí. çâåçä óæå çàñëóæèëè ïðèçíàíèå âî âñåì ìè-
ðå. Ñ èìåíåì Â.Â. Íåñòåðîâà íåðàçðûâíî ñâÿçàí êðóïíåéøèé íàöèî-
íàëüíûé êîñìè÷åñêèé ïðîåêò ñîçäàíèÿ âûñîêîòî÷íîé êîîðäèíàòíîé
ñèñòåìû âñåãî íåáà � ïðîåêò �Ëîìîíîñîâ�, äóøîé è ãëàâíîé äåéñòâó-

þùåé ñèëîé êîòîðîãî îí ÿâëÿëñÿ.
Èññëåäîâàíèÿ â îáëàñòè ïðèìåíåíèÿ ðåçóëüòàòîâ ëàçåðíûõ íà-

áëþäåíèé ÈÑÇ äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ âðàùåíèÿ Çåìëè è êîñ-
ìè÷åñêîé ãåîäåçèè, ñòàâøèå îñíîâîé îðèãèíàëüíîé äîêòîðñêîé äèñ-
ñåðòàöèè Âèëåíà Âàëåíòèíîâè÷à Íåñòåðîâà, ñëóæàò ýòàëîíîì íàó÷-
íîé ñòðîãîñòè è ãëóáèíû ðåøåíèÿ àêòóàëüíûõ çàäà÷ àñòðîìåòðèè.

Åãî ó÷åáíèê ïî îáùåé àñòðîìåòðèè è ìíîãèå ðàáîòû ñòàëè íà-
ñòîëüíûìè êíèãàìè àñòðîíîìîâ â Ðîññèè è çà ðóáåæîì. Âèëåí Âà-

ëåíòèíîâè÷ âîñïèòàë öåëóþ ïëåÿäó ó÷åíèêîâ, ñðåäè êîòîðûõ áîëåå
äåñÿòêà äîêòîðîâ è êàíäèäàòîâ íàóê. Îí áûë òàëàíòëèâåéøèì ïåäà-
ãîãîì è ïîïóëÿðèçàòîðîì íàóêè, ìîã ëåãêî è óâëåêàòåëüíî ðàññêà-
çàòü î ñàìûõ ñëîæíûõ ïðîáëåìàõ.

Âî âñåõ ïå÷àòíûõ òðóäàõ Âèëåíà Âàëåíòèíîâè÷à ïðîÿâèëñÿ åãî
ðåäêèé, îñîáåííî â íàó÷íîé ñðåäå, ëèòåðàòóðíûé äàð. Êàæäàÿ ñòà-
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òüÿ îòëè÷àëàñü íåîáûêíîâåííîé ÷åòêîñòüþ â ïîñòàíîâêå çàäà÷è è
ëîãè÷åñêîì åå ðåøåíèè, à òàêæå ïðåäåëüíîé ÿñíîñòüþ è ëàêîíè÷íî-
ñòüþ èçëîæåíèÿ, íå ÷óæäîãî òîíêîãî þìîðà. Ýòî êà÷åñòâî ïîçâîëèëî
Âèëåíó Âàëåíòèíîâè÷ó ñäåëàòü ïðåâîñõîäíûé ïåðåâîä ñ àíãëèéñêî-

ãî äâóõ ìîíîãðàôèé: �Âðàùåíèå Çåìëè� Ó.Ìàíêà è Ã.Ìàêäîíàëüäà
(Èç-âî Ìèð, Ì. 1964 ã.) è �Âåêòîðíàÿ àñòðîìåòðèÿ� Ý.Ìàððåÿ (Èçä-
âî Íàóêîâà Äóìêà ÀÍ ÓÑÑÐ, 1986 ã.). Âûõîä â ñâåò ýòèõ êíèã íå
òîëüêî çíàêîìèë ñ èçäàíèÿìè, ìàëîäîñòóïíûìè øèðîêîé íàó÷íîé
îáùåñòâåííîñòè íàøåé ñòðàíû, íî äàæå ñ÷àñòëèâûì îáëàäàòåëÿì àí-
ãëèéñêèõ îðèãèíàëîâ ñóùåñòâåííî ïîìîã â òðàêòîâêå ðÿäà íåòðèâè-
àëüíûõ âîççðåíèé àâòîðîâ.

Âèëåí Âàëåíòèíîâè÷ áûë èñêëþ÷èòåëüíî îäàðåííûì, îáëàäàþ-
ùèì ïîòðÿñàþùèì ÷óâñòâîì þìîðà, íåîðäèíàðíûì ÷åëîâåêîì, ïðå-
êðàñíûì è âûñîêîýðóäèðîâàííûì øàõìàòèñòîì, ìíîãîêðàòíûì ïî-
áåäèòåëåì ìåæäóíàðîäíûõ òóðíèðîâ ïî ñïîðòèâíîìó áðèäæó, èçó-
ìèòåëüíûì ìóçûêàíòîì, âåëèêîëåïíûì ñîáåñåäíèêîì. Åãî ñóæäåíèÿ
÷àñòî áûâàëè íåîáû÷íûìè, íî âåñüìà îðèãèíàëüíûìè è ãëóáîêèìè.
Îí áûë íåîáûêíîâåííî ñêðîìíûì, ìàêñèìàëüíî íåçàâèñèìûì ÷åëî-

âåêîì, êîòîðîìó áûëà ÷óæäà îêîëîíàó÷íàÿ ñóåòà.
Êàê ãëóáîêî ïîðÿäî÷íûé ÷åëîâåê, âåðíûé äðóæáå Âèëåí Âàëåí-

òèíîâè÷ èñêðåííå ñïîñîáåí áûë ðàçäåëèòü âñå òÿãîòû è ãîðå ñâîèõ
äðóçåé è êîëëåã. Åãî ìíîãîãðàííàÿ ëè÷íîñòü è ÷åëîâå÷åñêîå îáàÿíèå
îñòàíóòñÿ ñ íàìè íàâñåãäà.

Àñòðîíîìû Ìîñêîâñêîãî Óíèâåðñèòåòà.
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