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CORRECTION OF THE ORBITAL MASS OF DOUBLE GALAXIES ESTIMATION

We obtain a more accurate statistical estimation of the mass of double galaxies moving in circular orbits, including
confidence intervals for different confidence levels.
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Introduction. Determination of the mass of galaxies is one of the most difficult problems in extragalactic astronomy.
One of the methods of estimating the mass of double galaxies is associated with the assumption of the motion of galaxies in
a closed Keplerian orbit. The method of determining the mass of double galaxies was developed by Page [8—11]. Later this
approach was improved in the works of Holmberg [2], Karachentsev and Shcherbanovsky [6], Noreldlinger [7],
Karachentsev [3-5].

Determination of the orbital mass. Karachentsev I. D. [3] considers the physical pair of galaxies that carry orbital
motion around a common center of mass. In the simplest case, we are dealing with a circular orbit for which according to
Kepler's third law the total mass of galaxies is determined by the formula:
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where R, — projection of the distance between galaxies on the picture plane, AV, - relative radial velocity, n — a
geometrical projection factor that has the form:
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R, Ta AV, are determined from observation but for an individual galaxy the geometric factor n cannot be determined,
therefore, statistical method of evaluation is used. An assumption is made about the random position of galaxies in relation
to the line of sight. Then, the simultaneous distribution of the random quantities i and Q in this case has the form:
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Further in the work [3] Karachentsev proposed to use the expected value of a geometrical projection factor <n>:2—g .

Therefore, we get an estimate of the coefficient that is being used at the moment:
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Changing the existing estimation of the orbital mass. Generally speaking, <1>¢ , so it is interesting to
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investigate the distribution of K. If we try to calculate the expected value of K, we can see that the integral diverges and
therefore no expected value exists. In such cases, the median is used as an estimate of the central distribution tendency [1].
The median is considered a robust estimate [1] and can be quantified numerically.

Using computer simulation, a median of the distribution was calculated, which is proposed to be used to estimate the
total mass of galaxies. Then the new estimation is 1.54 times more than (4) and looks like (2) with

K =1.54K, (7)

Of course, estimation is still quite rough. For some orbits, we can get a mass much less than the real one. In view of this,
other quantiles of distribution were also calculated (results are shown in Table 1). Table 1 contains confidence intervals for
different confidence probabilities and clearly illustrates in what limits the mass of double galaxies can vary.

Table 1
Values of quantiles of the ratio K/K, distribution
Probabilityq,% | 50 | 8413 | 1587 | 9772 | 228 | 9 | 5 | 15 | 25
Quantile o, ‘ 1.54 ‘ 20.26 ‘ 0.45 ‘ 1227 | 0.31 ‘ 238 ‘ 0.33 | 1015 ‘ 0.31

So, the lower and upper limits of the 10 confidence interval are 0.45 and 20.26 respectively and we propose to use the
factor K =1.5"%7K, in the equation (2). This confidence interval is very asymmetrical, so an estimation of its boundary
based on the statistical distribution of K is very useful. Estimation of the confidence intervals limits for some popular

confidence levels one can find in Tab. 1.
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Conclusion. The method of measuring the mass of double galaxies was considered. The use of the mass distribution
median is proposed instead of the inversed expected value of a geometrical projection factor. As a result, we propose some
corrections to the formula that was used for years. In addition, the confidence intervals for different confidence probabilities
were calculated to estimate its accuracy.
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KvneBckuin HauMoHanbHbIN YyHUBepcUTeT UMeHn Tapaca LLleB4yeHko
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AcTpoHoMMUYeckasi o6cepBaTopusi

Knesckoro HaunoHanbHoro yHusepcurteta umeHu Tapaca LLleBYeHko

M3MEHEHMUE OLLEHKU OPBEUTAJIbHOW MACCbI ABOUHbIX FANIAKTUK

MonyyeHo 60r1ee MOYHYO C MOYKU 3PEHUSI CMamuUCMUKU OUEHKY Macchl O80UHbIX 2anaKmuk, Komopblie A8UXymCsi No Kpy2oebiM op6umam,
pacyumaHo 2paHuybi AoeepumesnbHbLIX UHMEePE8anoes.
Knroyeenle crioea: eHezanakmuyeckasi aCmpoHOMUSsI, Macca 2anakmuk, 0eoliHble 2a1aKmuku.
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KviBcbkui HauioHanbHUI yHiBepcuTeT imeHi Tapaca LlleBueHka
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AcTpoHoMiyHa obcepBaTopis

KuiBcbkoro HauioHanbHoro yHiBepcureTy imeHi Tapaca LleBuyeHka

3MIHA OLUIHKU OPBITANbHOI MACU NOABIVMHUX FANTAKTUK

OmpumaHo 6inbw MoYHy 3 no2s1s10y cmamucmuKu OYiHKy Macu rnodeiliHux 2arlakmuk, w0 pyxatomscsi KosioeuMu op6imamu, 064ucsieHo Mexi
doeip4yux iHmepearnis.
Knro4oei cnoea: nozazanakmuyHa acmpoHOMisi, Maca 2asakmuk, nodeiliHi 2anakmuku.
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KuiBcbkoro HauioHanbHoro yHiBepcuteTy imeHi Tapaca LlleBuyeHka

KONoOBI OPBITU HABKOJIO COEPUYHO-CUMETPUYHOI PENATUBICTCbKOI
KOH®IFYPALII Y MPUCYTHOCTI ®AHTOMHOIO CKANAPHOIO nNons

Po32nssHymo yacmkoei moy4Hi po3e'sizku cninbHoi cucmemu pieHsiHb EliHwmelHa U pieHsiHb ¢haHMOMHO20 CKaJIipHO20 Mo
3 HeHynboeUM mnomeHyianom camodii. lMpoaHanizoeaHo po3nodin Kpyzoeux op6im npPob6bHux min, wo e3aemodiromb nuuwe
2paeimauiliHo. 3HalideHO ymoeu, 3a sIKUX iCHylomb He38'si3Hi ob6nacmi cmilikux kKosioeux opbim, iCHyeaHHs1 SIKUX MOXe
nposisumu cebe yepes hopMy pesismueicmMcbKUX PeHM2eHi8.CbKUX JiHill 8 aKmueHUX s0pax 2anakmuk.

Knroyoei cnoea: ckansipHe none, op6imu npo6HuUx min

1. Betyn i 6a3oBi cniBBigHOWeHHsA. CkansipHO-NoNbLoBi MoAeni MocigatoTb BaXnMBe Micle y rpasiTauiiHii disuuj,
30Kpema, y Mogensx iHdnauii paHHbLoro BececBiTy Ta B Mogensx AMHaMivyHOI TeMHOI eHepril (auB., Hanp., [1-3]). Cepen Hux
po3rnsifatTe MOAENi AMHAMIYHOI TEMHOI eHeprii Ha OCHOBI (DAHTOMHUX CKandpHMX nonie. [N OCTaHHiX, SK BiAOMO,
nopylyloTecs crnabka eHepreTMdHa BMMOra, 3aBAsfkM YoMy (haHTOMHe ckansipHe norne Mae iHWy MnoBediHKy nig 4vac
esonwouii Beecity i T. n. [4]. Akwo Taki nons cnpaeai iCHYyHTb, BOHM MOXYTb NposiBUTM cebe B po3nofini konosux opoit
NpoBHMX TiN, WO, y nNepwoMy HabnuKeHHi, MOAENIOTb PyX PEYOBUHM B aKpeLuiiHUX AMCKax HaBKOMO KOMMAaKTHMX
acTpodi3anyHMx 00'ekTiB. 3a3HauMMO, WO HasBHICTb KK 3aBFOAHO MArioro KIacU4HOro Ym PaHTOMHOMO CKansipHOro nons
MOXe NPU3BOAUTM A0 CYTTEBOI 3MiHW TOMOMOrYHOI CTPYKTYPU NPOCTOPY-4acy rpasiTyro4oi koHdirypauii [3, 5-9], wo, y csoto
yepry, Moxe NpU3BoaUTU OO0 3MiH Yy pyCi peyoBuHWU. Hanpuknag y Bunagky poss'askiB [5,6,9] i3 6e3macoBum ckansipHUm
noniemM BMHWUKaKOTb 06acTi CTiMKMX KOonoBmx opoiT, Wwo He nepeTuHarTbes [9—11].

DyHKUioHan Aii 3a HAasABHOCTI haHTOMHOrO CKanspHoOro nons ¢ i3 camoAieto
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