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htain page This article s about the scientific study of celestial objects. For other uses, see Astranomy [disambiguation].
Contents Astronomy is a natural science that deals with the study of celestial objects (such as
Featured content stars, planets, comets, nebulag, star clusters and galaxies) and phenomena that ariginate
Current events outside the Earth's atmosphere (such as the cosmic background radiation). It is concerned
Randorn article with the evolution, physics, chemistry, metearalogy, and mation of celestial objects, as well
Donate to Wikipedia as the formation and development of the universe.
* Interaction Astronormy is ane of the oldest sciences. Prehistoric cultures left behind astronomical
Help artifacts such as the Egyptian monuments and Stonehenge, and early civilizations such as
Ahoutwikipedia the Babylonians, Greeks, Chinese, Indians, and Maya performed methodical obserations
Cammunity portal of the night sky. However, the invention of the telescope was required befare astronomy was
Recent changes able to develop into & modem science. Historically, astronomy has included disciplines as
Cantact Wikipedia diverse as astrometry, celestial navigation, observational astronomy, the making of
calendars, and ewven astrology, but professional astronomy is nowadays often considered to
- Uil be synonymous with astrophysics.
b Printexport During the 20th century, the field of professional astronomy split into obserational and A& giart Hubble mosaic of the Crab Mebula,a &
v Languages thearetical branches. Observational astronomy is focused on acquiring data from SUPEMOYS remnant
Aftikaans observations of celestial objects, which is then analyzed using basic principles of physics.
semannisch Theoretical astronomy is oriented towards the development of computer ar analytical
SIS models to describe astronamical objects and phenomena. The two fields complement each other, with theoretical astronomy seeking to
Aol LIE!|30] (9E:
Frollse explain the observational results, and observations being used to confirm theoretical results.
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Major problems [edit]

See glsor Unsohved problams In physics

Although the scientific discipline of astronamy has made tremendous strides in understanding the nature of the universe and its contents,
there remain some important unanswered questions. Answers to these may require the construction of new ground- and space-based
instrurnents, and possibly new developments in thearetical and experimental physics.

+ YWhat is the origin of the stellar mass spectrum? That is, why do astronomers obsere the same distribution of stellar masses — the
initial mass function — apparently regardless of the initial conditions?5=) & deeper understanding of the formation of stars and planets is
needed.

s |3 there other life in the Universe? Especially, is there other intelligent life? If so, what is the explanation for the Fermi paradox? The
existence of life elsewhers has important scientific and philosophical irmplications. B4E5] |5 the Salar Systern normal or atypical?

s YWhat caused the Universe to form? Is the premise of the Fine-tuned universe hypathesis carrect? If o, could this be the result of
cosmalogical natural selection? What caused the cosmic inflation that produced our hamaogeneous universe? Why is there a baryon
asymrmetry?

o YWhat is the nature of dark matter and dark energy? These dominate the evolution and fate of the cosmaos, yet their true nature remains
unknowr. 5% What will be the ultimate fate of the universe 257

o How did the first galaxies form? How did supermassive black holes form?

o YWhat is creating the ultra-high-energy cosmic rays?

I'Au, 11.01.19 3)




IImag nexnuu

BBenenue

JIBOWHEIC 3BE3/IbI

COOTHOIIIEHUE MACCA-CBETUMOCTD
OYHKIUI CBETUMOCTH
HauanpHas GyHKIMS Mace

3aKIIOYECHUE
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BBenenue

dyHaaMEHTaIbHOM OPOOJIEMOM 3BE€31000pa30BaHUs
M 3BE3JHOM ABOIOIHH SIBIISIETCA BOIIPOC O Maccax
oOpazyromuxcs 3Be3/1. [I0CKOJIbKY 3BOIIOIHS
3BE€3/1bl ONIPEICIACTCS, B OCHOBHOM, €€ HaYaJIbHOM
MacCOM, TO pacIpeaesICHUE 110 MaccaM 3BE3,
00pa3yroINUXCs B JAHHOM MECTE U B JAHHOE
BpeMs (HadanbHas PyHkIus macc, HOM),
SIBJSCTCS KJIFOUEBBIM BOIIPOCOM ISl IOHUMAHUS
CTPOCHHUS 1 DBOJIFOIIUH 3BE3/IHBIX CUCTEM.

I'Au, 11.01.19 7



HavanpHast pyHKIUS Macc

* OITMCHIBAET MPOILECC POKICHUS 3BE3

* OompeAeaseT 3BOIONUI0 quarpamMmel 1 P u
UHTETPAJIbHBIX BEJIMYHUH 3BE3JHOU CUCTEMBI

HavanbHas QyHKIMS MacC M CKOPOCTh 3BE€31000pa30BaHUs
OMPEAEIISIIOT UCTOPUIO 3BE31000pA30BaAHUS

C(t,m) = b(t)f(m)

I'Au, 11.01.19



llonyyenne HOM 3Be31 mos

[IpakTyeCcKr HEBO3MOXKHO IPOU3BOIUTH IIPAMBIC
OACYETHI 3Be3/ B MHTEepBaie [M, m+dm], Tak kak
Macchl 00JIee MM MEHEE HAJIEKHO M3BECTHBI TOJBKO
JIJIST KOMIIOHEHTOB HEKOTOPHIX THIIOB JBOUHBIX.

* CoBpeMeHHas (PyHKIMS CBETUMOCTH
e COOTHOIIIEHHE MACCAa-CBETUMOCTD

e CoBpeMecHHas (PYHKIIMS MacC
 HavaneHas pyHKIUSI Macc

Salpeter (1955): f(m) ~m=3>  [0.4<m<10]

I'Au, 11.01.19 9
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log (dN/dm) + constant

Is IMF universal?
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JIBOMHEIEC 3BE31bI

1. MHorouucrnieHHs! (>90% 3Be3a BXoAUT B
COCTaB [BOMHbIX U KPATHbIX CUCTEM)

2. BaxHbl ona onpepgeneHnd
doyHOaMeHTanbHbIX NapamMeTpoB 3BE34

3. ObrnagatoT pasHoobpa3HbIMU
HabngaTenbHbIMU NPOABNEHUAMMU

FANLL, 11.01.19 12



Double stars = binary stars +
optical pairs

Optical Pair
Earth

o“

Binary Star
Earth

I'Au, 11.01.19
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HaOmromareIbHBIE TUITBI JIBOMHBIX
3BE3]I
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Orbital elements of a binary
system should define:

the size and form of the true orbit (a, e);

the position of the companion in the orbit at
any specified time (T, P);

the position of the orbit plane (i, );
the position of the orbit within that plane ().

I'Au, 11.01.19 15



Orbital elements

a Is the semi-major axis (in km, Rsun, AU, ™).
e is the eccentricity (from 0 to 1).

P is the period of revolution (in days, years).
T is the time of periastron passage.

| IS the orbital inclination, i.e., the angle between the true orbit
plane and the plane-of-sky (from 0 to +90 degree).

Q Is the longitude of ascending node, I.e., the positional angle
(measured in the plane-of-sky) of the ascending node, or the
positional angle of the line of nodes (from 0 to 180 degree).

o IS the argument of periastron, i.e., the angular distance
(measured in the orbital plane) between the line of nodes and
periastron in the direction of the motion of the component (from O
to 360 degree).

I'Au, 11.01.19 16
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YTnoBbIC OPOUTATILHEIC DJICMECHTEI
(anemenThsl KomnoOenna)

Ot 4ero K uemy Hampasnenue Jnana3on

OTCUUTHIBACTCS | OTCUMTHIBACTCS | OTCUETa 3HAYCHUM
Haxion Ot K miockoctH B nanpasnenun | +90°
OpOUTHI, | KapTHHHOM OpOUTHI MUHUMAJIbHOTO

ILIOCKOCTHU y1Jj1a HaKJIOHA
[Tozurmonnsiit | Ot cepepHoro | K nmunuu y3noB | B manpasnenun | 0° - 180°
yroi, €2 nojroca Mupa (BocxomsuiemMy | Onukaiiiero

y3I1y) y3Jj1a

Honrora Ot K nepuactpy B nanpasnenun | 0° - 360°
rnepuacrtpa, @ BOCXOSIIETO ABUKCHUSA

y3J1a KOMIIOHCHTA

I'Au, 11.01.19
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AHaJiorus: opueHTanus camojeTa / cyaHa

* VYroa tanraxa (KuieBas Kauka): HAaKJIOH OPOUTHI |

*  Yros KpeHa: NO3UIUOHHBIN yroJ £

* VYron kypca (yroy peiCKaHbsl): 10JITOTa IIepracTpa ®

I'Au, 11.01.19



Derivable orbital elements and
fundamental stellar parameters

orbital |spectroscopic eclipsing
a |am a;sin 1 [SB1], asin 1 [SB2] [no
| |yes no yes
Q |+180°?|no no
m |x°tm |f(m) [SB1], msin’i [SB2] |no
R [no no Ri/a

I'AHII, 11.01.19

, P, T, o are derived for all three types of binaries
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COOTHOIIIEHHUE MAaCcCa-CBETUMOCTD

o Jlins onpenenenuss HOM neobxoaumo 3HaTh npousBoaHy CMC:
dN/ d log (mass) = dN/ dM,, * dM,,/ d log (mass)

e Owmrmmpndeckue CMC KOHCTpYHUPYIOTCS 110 JaHHBIM O
BH3yaJIbHBIX JBOMHBIX C M3BECTHBIMM IapajiakcaMu (1o m~1.5) u
O CIICKTPOCKOIINYECKHUX JBOMHBIX C 3aTMEHHUSIMH (CBEIIIE M~1).
Takux 3Be37 ¢ npuemiaeMbIM kadecTBOM JaHHbIX 100-150.

* Teopernueckue CMC cornacyrTcs ¢ SMIOUPUYECKUMU U
MCTIOJIB3YIOTCS, KaK MPABUIIO, I UCCIICAOBAHUS BIVSIHUS
pa3InYHbIX 3(PPEKTOB.

I'Au, 11.01.19 21



e JlaHHBIC O

KOMITOHEHTAX
JIBOUHBIX C
IpUEMIIEMOM

TOYHOCTBIO (BCETC
n3BecTHO ~60)

* COBpEMEHHBIE vl ]
sgannsg o CMC MAJIOMAaCCHUBHEIX 7 ]
.(ijl‘l\\|l\l‘\l\||:

o
cJIa0BIX 3BE3/ HE 3BE3 1505 R S
ITO3BOJISIOT JEJIaTh "
BBEIBOJIBI O S :«;ﬁhgdz -
noseAacHun HOM B +,, %
9TOM JIMana3oHe Tret

) e r C 1 w C 22



OO0bscHeHue orkiioneHu or CMC:
HEKOTOPBIE KOMIIOHEHTBI CUCTEM SIBJISIIOTCS, B
CBOIO OU€pedb, HEPA3pECIICHHBIMU JBOMHBIMU

3aHWKeHHas (11 JaHHOU
MAacCChl) CBETUMOCTbh 3BE3/bl
L MOJKET OOBICHATHLCS
— (‘ HEpPA3PEIICHHON
JIBOUCTBEHHOCTBIO.

IMass

I'Au, 11.01.19 23



CMC 3Be311 yMEPEHHBIX MACC

* [Ipu 00beAMHEHNY JAHHBIX O KOMIIOHEHTAaX
3aTMEHHBIX CHEKTPOCKONNYECCKUX JBOMHBIX
C JJaHHBIMM O (ITPEUMYIIECTBEHHO MCHEE
MACCHBHBIX ) KOMIIOHEHTaX BU3yaIbHBIX
JIBOUHBIX OOBIYHO JIEJIAETCSI €CTECTBEHHOE
IPEANOI0KECHHE O CX0XKECTH DBOIIOLUM U
(PU3UYECKUX XapaKTEPUCTHUK ITUX JIBYX
THUIIOB CHCTEM.

I'Au, 11.01.19 24



PaanycChl H30JIMPOBAHHBIX 3BE3 U
KOMIIOHECHTOB 3aTMEHHBIX JIBOUHBIX

| JIMHUS: PAIAYChl OJITMHOYHBIX
4 3Be3x I'T1 u3 karanora

| (CADARS, 3rd edition,
Pasinetti-Fracassini et al.
2001), onpenencHHbIC
(oTOMETPUYECKUMU
MeTogamu. 3500 3Be3
(anmpOKCUMHUPOBAHO
CILIaliHOM).

TOYKU: PaJINyChl 3aTMEHHBIX
| nBouHbIX PI'TI u3 Karamnora
. - acTpoU3NYECKUX

_ 4 mapametpoB (Mankos 1993),
S Em— e 114 KOMIIOHEHTOB.

0 B A F G K M 25




HN3omupoBanubie A-F 3Be3ab1 I'T1 nmeror
MEHBIIIUE PaInyChl (M/ Ui MEHBIUE T ),
4eM KOMIIOHEHThI 3aTMEHHBIX JIBOMHBIX

3BE3bI PAHHUX
CIIEKTPAJIbHBIX KJIACCOB
BpaIllaloTCs OBICTPO;
KOMITOHEHTBI T€CHBIX
JTBOMHBIX CUHXPOHHU30BAHbI.
CKOpOCTh BpalllCHUS BIUSET
Ha BOJIIOIHUIO.

10

® * " xx

« XX, x
R ® X

= %K Lis ®

L w
X ux X % x ®
LRl 1 How oy %
A
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I N | 1 1 1 |

Db GEKT celeKIuM:
IpEeUMYIIeCTBCHHAs

JInnns - IICpuoabl BpAILICHUSA OAUHOYHbIX 3BC3/1,
OpHUCHTALUA KOMIIOHCHTOB

¥ TOYKHU - IEPHUObI 0OpaIIeHUs KOMIIOHEHTOB
JABOUHBIX. TE€CHBIX NBOUHBIX

I'Au, 11.01.19 26



H3onupoannbie B 3Be31b1 I'T1 nMmeroT, B
cpeaHem, Ha 20% OobIIne pagnycChl,
4eM KOMIIOHEHTHI 3aTMEHHBIX JIBOMHBIX

* OTHOCHUTEIBHO HEOOIBIIOE YBEINYCHUE paauyca (B
IIpOIECCE SBOJIIOINM) B-KOMIIOHEHTa TECHON IBOMHOM
IPUBOJIMT K 3aMOJHEHHIO Hoa0ocTH Poria u
IIPUOCTAHABINBACT JAIBHEHIIIMNA POCT, a TAK)KE UCKIIIOYAECT
3B€3]1y U3 CTATUCTHUKH Pa3JeICHHBIX CUCTEM.

e CHCTEMBI K€ JOCTAaTOYHO «IIUPOKHE», UTOOBI COXPAHUTD
pa3eIICHHBIN CTaTyC, UMEIOT MEHBIIIYIO BEPOATHOCTD
OTKPBITUS

I'Au, 11.01.19 27



CMC 3Be311 yMEPEHHBIX MACC

4JI|IIIIIIIIIIIIIIIIIIIIIIII_
3 E log Luyo rozp— e =
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E:Tz visual binaries —
4 o e
—2EF H, =
0 — E
e p=—= Hipparcos VB ]
4;I_-_I_FIIIIIIIIIIIIIIIIIIIIIIII_
o 3 4 o G 7

IMmass

e JlaHHBIC O 3aTMEHHBIX
JIBOMHBIX HE MOT'YT
OBITH UCIIOJIL30BAHBI
i1 nonyyenuss HOM
OJJMHOYHBIX 3BE3]

* TpeOyeTcs peBU3UA
H®OM B nmnamnazone
macc 1.5-7 m,

28



CMC MaCCHUBHBEIX 3BE3]I

* Karamor ButpudeHko
u 1ap. (2007) comepkut
31 3Be3my ¢ maccou >
10 m,

 Ilapaiutakcel (kpoMe o
VIir) HeM3BECTHEI

* TOYHOCTH mapaMeTpoOB:
3 1 Macca — 10%, 3Be3aHas

08 10 12 14 16 18 20 BennumHa — 0.1 m

I'Au, 11.01.19 29



3aKJIIOUYCHHUEC: NPeKIeBPEMEHHO /ICIIaTh
BbIBO 0 popme HDOM, 1TOCKOJIBKY
MONYJISLNS JBOMHBIX 3BE3[ N3y4YCHA
HEJOCTATOYHO

e CoBpemennsie 3HaHUA 0 CMC cambIX C1a0bIX U CaMBIX
APKHUX 3BE3]] HE MO3BOJIAIOT A€JaTh ONPEACICHHBIE
BEIBOAKI O moBeageHnu HOM B »TuX amana3oHax.

« HOM py1a yMepeHHBIX Macc TpeOyeT peBU3MH, T.K.
KOMITOHEHTBI TECHBIX JBOMHBIX HE MOTYT CITYKUTh
MaTepruaiIoM JJIsi KOHCTpyupoBanuss CMC
M30JIMPOBAHHBIX 3BE3/I.

I'Au, 11.01.19 30



OyHKIMA CBETUMOCTHU

e JlokanpHasga ®C — onpenenseTcs o JaHHbIM
0 3BE€3/1aX HA PACCTOAHUAX S-20 mapcek or
CoJHIIa HA OCHOBAHHM MX MApPaJIaKCOB.

o doroMerpruueckasa OC — onpenessieTcs mo
r’TyOOKHMM 3BE3JHBIM IIOACYETaM B 0030pax;
tunuuHbie paccTosHusa — 100-200 mapcek.

I'Au, 11.01.19 31



JI1s1 manpHENIIero npeoopa3oBaHus
dC B HOM HEe0OX0IUMO

y4eCTh HEIOJHOTY HAaOII0AaTeIbHBIX JAHHBIX
(11 nokanbHOM DC);

OLICHUTD (CTAaTUCTUYECCKH) A0Jt0 3Be34 ['11 B
TaHHOM aHcaMmOJIe;

y4eCTh IOTJIOMICHUE B MEK3BE3HOM cpeie (s
doromeTpuueckon OC);

y4ecTh HCKakeHne popmbl OC n3-3a HAJIM4HUS B
CTaTUCTHKE (DOTOMETPUYCCKH HEpa3PECIICHHbBIX
JIBOWHBIX CUCTEM.

I'Au, 11.01.19 32



D (DEKT Hepa3peICHHBIX JBONHBIX

I'Au, 11.01.19
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lg ¢(My)

OyHKIUA CBETUMOCTH U
HEPa3PEIIEHHbIC JBOMHEIC

] CruiowmHas JUHUS -
HaOmrogaemas OC, npyrue
nuHuU - OC, uCTIpaBICHHBIE 32
HEPA3PEIICHHBIE JIBOUHBIE C
PA3JIMYHBIMU pacOpeICICHUSIMA
CHUCTEM I10 OTHOILICHUIO MacCC

A T B B B KOMIIOHCHTOB.
) 10 20 30

My

He Tonbko ¢poromerpuueckas @C, HO u JokajpHas OC
oABEP KEHA BIUSHUIO 3 (PEeKTa HEPA3PEIICHHBIX IBOMHBIX

I'Au, 11.01.19 34



Bausaaue 1BOMCTBEHHOCTHU 3BE3] HA
TOYHOCTb ONPEJICIICHUS HaYaJIbHOMN
(P YHKIIMH MacC

I'Au, 11.01.19
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CocTaB HAOJIOIAEMOTO
3BE3IHOTO aHCAMOJIA

IlepBruYHBIE KOMITOHEHTHI
BTopru4yHbIE KOMIIOHEHTHI

DOTOMETPUUECKH HEPAZPENICHHBIE
JIBOVHEIC

OnOuHOYHBIE 3BE3IbI

I'Au, 11.01.19
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MoaennpoBanue HOM KOMIOHEHTOB

6 o o o OOOOQ

d o o OOQOQ

I'Au, 11.01.19
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MoaennpoBanue HOM KOMIOHEHTOB

I'Au, 11.01.19
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lg F (1g m)

H®M KOMIOHEHTOB NBOUHBIX

\
Al -
III|IIII|IIII|I\III|

-1 -9 0 5
lg m

Pacrnipenenenue no maccam riiaBHbIX
(iuHuA 1) 1 BTOpUYHBIX (JIUHUA 2)
KOMIIOHEHTOB JIBOMHBIX, 0Opa30BaHHBIX
HE3aBHCUMbBIM BBIOOPOM JIBYX 3BE3]1 U3
ncxoaHou crenednHnoil HOM ¢ mocToIHHBIM
HaKJOHOM (cIutonrHas quHus). bosee
KpyTas ¢opMa JIMHHUHU 2 OOBSICHIETCS IMOUYTH
MOJHBIM OTCYTCTBHEM MAaCCHBHBIX 3BE3]1
Cped BTOPUYHBIX KOMIIOHEHTOB (BCE
MAaCCHUBHBIE 3B€3/Ibl CTaJIU TJIaBHBIMU B
CBOMX Iapax). AHaJIOru4HO, 3aru0d auHuu 1
IUISL MAJIbIX MAcCC - CJIIEACTBUE OTCYTCTBHUS

MaJIOMAaCCUBHBIX I'"TaBHBIX KOMIIOHCHTOB.

I'Au, 11.01.19 39



Resume: to make definite conclusions of
the IMF shape, It IS necessary to study
binary population well enough to...

 Correct the luminosity function for unresolved
binaries,

 Construct the mass-luminosity relation, (in
particular, of intermediate stellar masses) based
on wide binaries data,

« Studying the observational IMF, separate mass
functions of primaries, of secondaries, of
unresolved binaries, and.the fundamental IMF,,



[TouemMy KENThIM KOMIIOHEHT SIp4Y€ rojryooro?

I'Au, 11.01.19 41




B03MOXHBIE TPUYHUHEI

3BE3/Ibl UMEIOT PA3JIMUYHBIN KJIACC
CBETUMOCTH

Habmrogenus BeayTes ¢ GUILTpOM H/Uian
BOOOIIIE HE B ONITUKE

HecTangapTHoe u/vny CUIBHOE
[IOTJIOIIIEHUE

Onruyeckas mmapa

I'Au, 11.01.19 42



Albireo: A Bright and Beautiful Double

Sometimes, even a small telescope can help unlock a hidden
beauty of the heavens. Such is the case of the bright double
star Albireo. Seen at even slight magnification, Albireo
unfolds from a bright single point into a beautiful double star
of strikingly different colors. At 380 light years distant, the
two bright stars of Albireo are comparatively far from each
other and take over 7000 years to complete a single orbit.
The brighter yellow star is itself a binary star system, but
too close together to be resolved even with a telescope.
Albireo, pictured above, Is the second brightest star system
toward the constellation of the Swan (Cygnus) and easily
visible to the unaided eye.
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