
ÍÀÇÂÀÍÈÅ ÑÒÀÒÜÈ ÇÀÃËÀÂÍÛÌÈ ÁÓÊÂÀÌÈ

È. Î. Àâòîð11, ∗ È. Î. Àâòîð22

1Ãëàâíàÿ (Ïóëêîâñêàÿ) àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ ÐÀÍ, Ñàíêò-Ïåòåðáóðã, 196140 Ðîññèÿ
2Êàçàíñêèé (Ïðèâîëæñêèé) ôåäåðàëüíûé óíèâåðñèòåò, Êàçàíü, 420008 Ðîññèÿ

Ïî äàííûì êàòàëîãà GaiaDR2 î òî÷íûõ ïîëîæåíèÿõ è ñîáñòâåííûõ äâèæåíèÿõ òðåõ
êîìïîíåíòîâ çâåçäû ADS48, èõ ïàðàëëàêñàõ è ëó÷åâûõ ñêîðîñòÿõ íà ýïîõó 2015.5 îïðå-
äåëåíû ìãíîâåííûå îòíîñèòåëüíûå ïîëîæåíèÿ è äâèæåíèÿ êîìïîíåíòîâ. Òîëüêî ïî íà-
áëþäåíèÿì GaiaDR2 ìåòîäîì ïàðàìåòðîâ âèäèìîãî äâèæåíèÿ âû÷èñëåíî ñåìåéñòâî
îðáèò ïàðû ÀÂ, èç êîòîðîãî âûáðàíû òå, ÷òî ëó÷øå âñåãî ñîãëàñóþòñÿ ñ ïóëêîâñêèìè
äàííûìè. Ñðàâíåíèå ñ ïåðâûìè íàáëþäåíèÿìè XIX âåêà ïîçâîëèëî íåçàâèñèìî îöåíèòü
ñóììó ìàññ êîìïîíåíòîâ â äèàïàçîíå 1.15 < MA+B < 1.4 M�. . .

Êëþ÷åâûå ñëîâà: çâåçäû: äâîéíûå è êðàòíûå�çâåçäû: èíäèâèäóàëüíûå: ADS 48

1. ÂÂÅÄÅÍÈÅ

Êðàòíàÿ çâåçäíàÿ ñèñòåìà ADS48, îòêðû-

òàÿ Îòòî Ñòðóâå â 1876 ãîäó, íåîäíîêðàòíî

èññëåäîâàëàñü ðàçíûìè àâòîðàìè (ñì., íàïðè-

ìåð, G�untzel-Lingner 1955, Hopmann 1964), íî

èõ âíèìàíèå ïðèâëåêàëà â îñíîâíîì âíóòðåí-

íÿÿ ïàðà AB.

Ôèçè÷åñêè ñâÿçàíû (îáùèì ïàðàëëàêñîì

è ñîáñòâåííûìè äâèæåíèÿìè) òðè çâåçäû: À,

B è F, ñîãëàñíî èäåíòèôèêàöèè â êàòàëî-

ãå Mason et al. (2016).

2. ÃËÀÂÀ 1

Âåðñòêà ìàòåìàòè÷åñêèõ ôîðìóë:

ρ =
√
x2 + y2 , θ = arctan

x

y

µ =
√
µ′2x + µ′2y , ψ = arctan

µ′x
µ′y
.

Çäåñü

x = (αB − αA) cos δ × 3600,

y = (δB − δA)× 3600,

δ = (δA + δB)/2,

µ′x = µxB − µxA, µ′y = µyB − µyA.

Â òàáëèöå 1 ïðåäñòàâëåíû ÏÂÄ, âû÷èñ-

ëåííûå ïî íàáëþäåíèÿì GaiaDR2 è ìíîãî-

ëåòíèì ðÿäàì íàáëþäåíèé ïóëêîâñêîãî 26-

äþéìîâîãî ðåôðàêòîðà. Äëÿ ïàðû ÀÂ ìû ïðî-

âîäèì ñðàâíåíèå òîëüêî ñ ÏÇÑ-íàáëþäåíèÿìè

∗ example@list.ru

2003�2012 ãã. Äëÿ ýòîé ïàðû îáíàðóæåíî ñè-

ñòåìàòè÷åñêîå ðàñõîæäåíèå ïî ρ, êîòîðîå õî-
ðîøî çàìåòíî íà ðèñ. 1.

3. ÂÒÎÐÀß ÃËÀÂÀ

Òåêñò âòîðîé ãëàâû.

4. ÒÐÅÒÜß ÃËÀÂÀ

Äâèæåíèå âíåøíåé ïàðû ïðîèñõîäèò ïî íà-

ïðàâëåíèþ ρ, è ìû ìîæåì îïðåäåëåííî óòâåð-

æäàòü, ÷òî äëÿ âñåõ îðáèò ñåìåéñòâà íàêëîí

îðáèòû i ≈ 90◦, à äîëãîòà âîñõîäÿùåãî óçëà

Ω ≈ θ− 180◦. Ïîýòîìó ìîæíî âû÷èñëèòü óãîë
ìåæäó ïëîñêîñòÿìè âíåøíåé è âíóòðåííåé îð-

áèò. Â ðåçóëüòàòå ïîëó÷àåì, ÷òî ïëîñêîñòè îð-

áèò íåêîìïëàíàðíû. Äëÿ âñåõ âíóòðåííèõ îð-

áèò, ïðåäñòàâëåííûõ â òàáëèöå ??, óãîë ìåæäó

ïëîñêîñòÿìè ïðåâûøàåò 67◦.
Âûêëþ÷åííàÿ ìàòåìàòèêà:

v1 =

√
4π2m2

2

r(m1 +m2)
.

Ïîëàãàÿ m2 << m1, ïîëó÷èì

m2 = v1 ×
√
m1

4π2
r,

−→v1 = f × (−→µG −−→µph)/pt,

ãäå −→µph = (µph sin ψph, µph cos ψph) � ñðåä-

íåå îðáèòàëüíîå äâèæåíèå, ïîëó÷åííîå ïî
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Òàáëèöà 1. Òàáëèöà â äâå êîëîíêè

Ïàðà AB AB AB�F AB�F AB�F

Èíñòðóìåíò
26′′, ÏÇÑ

GAIA
26′′, ôîòî 26′′, ôîòî

GAIA

èíäèâèäóàëüíûå èíäèâèäóàëüíûå ñãëàæåííûå

Ïàðàìåòðû

T1 − T2 2003�2012 � 1968�1995 1971�1992 �

T0 2008.6 2015.5 1981.5 1981.5 2015.5

n 48 � 115 30 �

ρ, óãë. ñåê. 6.0534 6.00768∗ 327.3322 327.3339 327.1754

±0.0012 ±0.00008 ±0.0023 ±0.0010 ±0.0002

θ2000, ãðàä. 185.3604 188.2084 254.2942 254.2943 254.25739

±0.0059 ±0.0010 ±0.0017 ±0.0005 ±0.00001

µ, ìñä/ãîä 43.1 44.94 4.3 3.9 5.4

±0.3 ±0.18 ±0.5 ±0.2 ±0.1

ψ2000, ãðàä. 283.09 288.06 86.4 73.2 37.8

±0.7 ±0.16 ±19.6 ±7.4 ±1.1

ρ̇, ìñä/ãîä −6.4 −7.7 −4.2 −3.9 −4.4

±0.5 ±0.1 ±0.4 ±0.2 ±0.1

θ̇, ãðàä./ãîä 0.4034 0.4202 −0.0002 −0.0000 −0.00056

±0.0024 ±0.0017 ±0.0003 ±0.0001 ±0.00001

Çäåñü n � ÷èñëî èíäèâèäóàëüíûõ èëè ñãëàæåííûõ íàáëþäåíèé,

∗ � ïðèâîäèòñÿ çíà÷åíèå ρ ñ ó÷åòîì ïîïðàâêè Gaia�ÏÇÑ= +0 .′′03.

äëèííîìó ðÿäó ôîòîãðàôè÷åñêèõ íàáëþäå-

íèé; −→µG � ìãíîâåííîå îðáèòàëüíîå äâè-

æåíèå, îïðåäåëåííîå ïî íàáëþäåíèþ Gaia;

pt = 87 ìñä � ïàðàëëàêñ; f � êîýôôèöè-

åíò ïåðåõîäà îò îòíîñèòåëüíîé ñêîðîñòè îðáè-

òàëüíîãî äâèæåíèÿ ê ñêîðîñòè îòíîñèòåëüíî

öåíòðà ìàññ èåðàðõè÷åñêîé òðîéíîé ñèñòåìû,

êîòîðûé ìîæíî ñ÷èòàòü íåïîäâèæíûì. Åñëè

èìååòñÿ ñïóòíèê ó êîìïîíåíòà F, òî

fF = MA+B/MA+B+F.

Åñëè êîëåáëåòñÿ öåíòð ìàññ ñèñòåìû ÀÂ, òî-

ãäà

fC = MF/MA+B+F,

fA = fC (MA+B/MA),

fB = fC (MA+B/MB).

Åñëè èñïîëüçîâàòü çíà÷åíèÿ µph ñîãëàñíî

ñãëàæåííîìó ðÿäó, òî

m2,F/
√
r = 0.0030± 0.0006 M�,

m2,A/
√
r = m2,B/

√
r = 0.0027± 0.0006 M�;

åñëè èñïîëüçîâàòü çíà÷åíèÿ µph ñîãëàñíî èí-
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Ðèñ. 1. Ðèñóíîê â äâå êîëîíêè.

äèâèäóàëüíûì íàáëþäåíèÿì, òî

m2,F/
√
r = 0.0039± 0.0017 M�,

m2,A/
√
r = m2,B/

√
r = 0.0035± 0.0015 M�.

Ðåøàåòñÿ ñèñòåìà óðàâíåíèé:

x(t) = x0 + ẋ(t− t0) +BXϕ +GYϕ, (1)

y(t) = y0 + ẏ(t− t0) +AXϕ + FYϕ, (2)

ãäå x = ρ sin θ, y = ρ cos θ; ôàçà ϕ = (t− t0)/P ;
Xϕ = cos (Eϕ)− e, Yϕ =

√
1− e2 sin (Eϕ) � îð-

áèòàëüíûå êîîðäèíàòû, ñîîòâåòñòâóþùèå äè-

íàìè÷åñêèì ýëåìåíòàì îðáèòû P , T è e; x0 è

y0 � êîîðäèíàòû öåíòðà ìàññ â ìîìåíò t0; A,
B, F è G � ýëåìåíòû Òèëå�Èííåñà, ïî êîòî-

ðûì ïîëó÷àåì ãåîìåòðè÷åñêèå ýëåìåíòû îð-

áèòû (a, i, ω, Ω). Â òàáëèöå 2 ýòà îðáèòà ïðåä-

ñòàâëåíà ïîä íîìåðîì 2.

5. ÇÀÊËÞ×ÅÍÈÅ

Â äàííîé ðàáîòå äåìîíñòðèðóåòñÿ âîçìîæ-

íîñòü. . .
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Àâòîðû ïðèçíàòåëüíû. . .
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Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå. . .
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Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèê-

òà èíòåðåñîâ.
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Relative Motion in the Hierarchical Triple System ADS48 on the Basis of GaiaDR2
and 26-Inch Refractor of Pulkovo Observatory Data

O. V. Kiyaeva1, R. Ya. Zhuchkov2, and I. S. Izmailov1

1Central (Pulkovo) Astronomical Observatory RAS, St. Petersburg, 196140 Russia
2Kazan (Volga Region) Federal University, Kazan, 420008 Russia

According to the exact positions and proper motions of the three components of the star ADS 48
from Gaia DR2, their parallax and radial velocities for the epoch 2015.5 the instantaneous
relative positions and motions of the components were determined. Only from the Gaia DR2
observations, the family of orbits of the AB pair was calculated by the method of apparent
motion parameters, from which those that best agree with the Pulkovo data were selected.
Comparison with the first observations of the 19th century made it possible to independently
estimate the sum of the masses of the components in the range 1.15 < MA+B < 1.4 M�. The
orbits of the outer pair were calculated: with a minimum period of 79 × 103 years and the
most probable one—about 3× 105 years. It is concluded that the system is stable for the most
probable value of the relative radial velocity ∆Vr = 0.7 km s−1 and may be unstable near the
boundaries of the possible velocity difference. A detailed analysis of homogeneous Pulkovo
observations revealed a disturbance with a period of 11 years. It is shown that this disturbance
is associated not with a star, but with a periodic climatic process that changes the observation
conditions. Comparison of instantaneous and average relative motion does not exclude the
presence of a planetary mass satellite in one of the components.

Keywords: binaries: general—stars: individual: ADS 48


