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HNCTOPUS BOSHUKHOBEHMSA BCEJIEHHOM
I1.Y.Mup3aea, H.H.CabupoBa
byxapckuii HHKEHEPHO-TEXHOJIOTUYEeCKUN MHCTUTYT

Oxono 15 mwumapnoB ner Hazal BceneHHas BO3HUKIA W3 TOpPSYEro H
IJIOTHOTO MOpsI Marepuu W sHepruu. [lo mepe TOro kak KOCMOC pacUIUpsUiCsS U
OXJIAKIAJICS, OH TTOPOXKAaJ TAJIAKTUKHU, 3BE€3/Ibl, TUIAHETHI U KU3Hb.

Korna Bcenennass Obuta BIBOE€ MEHbIIIE HBIHEIIHETO pa3Mepa, B pe3ysbTare
SJIEPHBIX peaKlMil B 3Be37aX 00pa30BajoCh OOJBUIMHCTBO TSXKEIBIX JIEMEHTOB, U3
KOTOPBIX COCTOSIT IulaHeThl 3eMHOM rpynnbel. Hama ConHewynass cucrema
OTHOCUTEIBHO MOJIOJA: OHa oO0pa3oBajach M8ATh MUJUIMApAoB Jier Hazan. Co
BpeMeHEeM 00pa3oBaHMe 3B€37] MCTOIIMWJIO 3amachl rasa B TallaKTHKaX, W,
CJIEIOBATENIBLHO, IOIMYJSALMSA 3B€3J yMEHbIIaercs. Yepe3 mATHaAUATh MUJIIIMAPIOB
JeT 3Be3/bl, Mog00HbkIe HameMy CoJHIly, OyJyT OTHOCHTEIBHO PEIKH, YTO CIEIAeT
Bcenennyto ropa3no MeHee roCTeNPUUMHBIM MECTOM JUTSI TAKUX HAOJI0aTeNNeH, Kak
MBL.

Hame noHuManue mpouCXOXICHHUS W 3BOJMONMUA BcenmeHHON SBISETCS OOHUM
Y3 BEIIMYANIINX JOCTUKEHUN HayKu 20-r0 BeKka. DTU 3HAHUS MMOJYUYEHBI B PE3yJIbTATE
JNECSATUIETU NTHHOBAIIMOHHBIX SKCIIEPUMEHTOB U TEOPUH.

ACTpPOHOMBI HE YBEPEHBI, HampuMep, Kak 0Opa3OBaMCh TAIAKTUKH, HO HET
OCHOBAHUM JyMaThb, YTO 3TOT MPOILECC HE MPOUCXOAWI B paMKax boJblioro B3phiBa.
Tem He mMeHee, Mo/ieNb OOJBIIOTO B3phIBA 3alllfia TaK JAJIEKO, YTO OCTAETCS MHOIO
byHIaMEHTAIBHBIX 3araJIoK.

Ha Hamry BcelleHHYI0 MOKHO CMOTPETh C Pa3HBbIX TOYEK 3PEHUS — MUCTUKAMU,
Teosioramu, pustocopamu WM yueHbIMU. B Hayke Mbl n30MpaeM TPYIHBIN MyTh: MBI
NPUHUMAEM TOJBKO TO, YTO TMPOBEPEHO OKCIEPUMEHTOM WU HAOIIOJICHUEM.
AnpOepT DUWHINTEHH AaJl HaM TENeph XOPOIIO MPOBEPEHHYIO W MPHUHATYIO OOIIYIO
TEOPUI0 OTHOCUTEIBHOCTH, KOTOpas yCTAaHABJIMBACT OTHOLICHUS MEXIy MAacCoM,
DHEPIruey, NPOCTPAHCTBOM K BPEMEHEM. OWHINTEHWH II0KA3aj, 4YTO OJHOPOIHOE
pacrpeneneHue MaTepuu B MPOCTPAHCTBE XOPOLIO coryiacyercst ¢ ero reopueil. OH
PEeAnonaoxkui 6e3 oocyxaeHus, yto BeenenHas craTuyHa, HEM3MEHHA B CpETHEM Ha
00JBIINX MacIITabax.

Joka3zaTenbcTBa pacmiupeHuss BceneHHOW HakamuMBaluCch Okoyio 60 jer.
IlepBas BaxkHas NOJACKa3Kka — KpacHoe cmenieHue. [anakThka W3iIydaeT Wiu
IIOIJIOIIAET HEKOTOPBIE JIJIMHBI BOJIH CBETA CUJIBHEE, YEM JAPYTHE.

CoBpeMeHHbIE UCCIIEIOBAHUS MOATBEPKAAI0T GyHIAMEHTAIBHOE MOJIOXKEHUE O
ToM, 4YTOo Bcenennas opaHopoaHa B Oonbmmx MacmTabax. XoTs  KapThl
pacupeneneHuss OJM3JIEeKAIUX TajJakTUK JIEMOHCTPUPYIOT KOMKOBAaTOCTh, OoJjee
rIIyOOKHUE UCCIIEeIOBaHUS OOHAPYKUBAIOT 3HAYUTEIbHYIO OJTHOPOAHOCTb.

OpHUM 13 METO0B U3MEPEHUS PACCTOSIHUS SIBIISIETCS HAOII0ICHUE 32 BUIMMOM
SPKOCTHIO TajakTuku. Ecnu o/lHa rajlakTKa B HOYHOM HeOe B YeThIpe pasa ciadee,
YeM COIOCTaBUMAas TajJaKTUKa, TO MOXKHO MPEANOJIOKHUTh, YTO OHA HAXOJIUTCS B JBA
pasa nmanpme. Temeps 3TO OKHIAaHME INPOBEPEHO HA BCEM BHUAMMOM JHANa30HE
PacCTOSTHU.

CKOpOCTh M3MEHEHMSI PACIIMPEHUS CBSI3aHA C TPABUTALIMOHHBIM MPUTSKEHUEM
BceenenHoii, ompenenseMbiM €€ CpeAHEHW IUIOTHOCThIO. ECHM IUIOTHOCTH paBHA
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IJIOTHOCTH TOJIBKO BHUJMMOIO BEIECTBA B TajakTHKaX M BOKPYI HHX, BO3pacT
Bcenennoit, BepossTHO, cocTaBisieT oT 12 10 20 MuuimapaoB JerT.

Jpyras Teopusi, TEOpHUsI CTAIIMOHAPHOTO COCTOSHUS, TAKKE YCIEITHO OOBSICHIET
pacivpenue 1 oIHOpoAHOCTh Beenennoii. B 1946 rony Tpu aHrnuiickux gpusnka —
Xonn, I'epman bouan n Tomac ['onxg — mpeaiokXWiIn Takyr0 KOCMOJIOTHIO. B mx
Teopuu BceleHHas MOCTOSIHHO pacIIMpseTCs, U MaTepusi CO3JaeTCs CIOHTAHHO,
yTOOBI 3aMOJMHUTH MYCTOThl. OHU MPEANOJIOXKWIA, YTO MO Mepe TOro, Kak 3TOT
MaTtepuall HaKaIjIuBaeTCs, OH 00pa3yeT HOBbIC 3B€3/1bl, YTOOBI 3aMEHUTH CTapbie. DTa
TUI0Te3a YCTOMYMBOTO COCTOSIHMS TNPENICKa3bIBAET, YTO aHCaMOJIM OJIM3KUX K HaM
TaJaKTUK JOJDKHBI CTATUCTUYECKH BBINVISIACTh TaK e, Kak u janekue. Kocmomorus
Bonbiioro B3peiBa JieaeT Apyroe NpejickazaHue: ecliv BCe rajJakTUKU 00pa30BaliiCh
JTABHO, JAJEKWE TaNaKTUKHU JIOJDKHBI BBITJISACTh MOJIOXKE OJIMKAWIINX, TOTOMY YTO
CBETY OT HHX TpeOyeTcs 00Jbllie BpeMeHH, YTOOBI IOCTHYb HAac. B TakuxX rajmakTHKax
JIOJKHO OBITH OOJBINIE KOPOTKOKHMBYIIMX 3BE3l M OOJBIIE Traza, W3 KOTOPOTO
chopmupyroTcs OyayIiue MOKOJICHUS 3BE3].

Kocmuueckoe (hoHOBOE M3IIyu€HHUE SBISIETCS MPSMbBIM JI0KA3aTE€IbCTBOM TOTO,
yTo BceeneHHas A€MCTBUTENIBHO PACIIMPSUIACh U3 TUIOTHOTO M TOPSIYETO COCTOSHUS,
MOCKOJIBKY ATO yCJIOBHE HEOOXOAMMO JUIsi BO3HUKHOBEHMS U3IyueHUs. B miuoTHOM,
ropsiueii panHeil BceneHHol B pe3ynbTaTe TEPMOSIESPHBIX PEAKIUA 0Opa30BaIHCh
AJIEMEHTHI TSKEJIEe BOJOPOJA, BKIIIOYAss AEUTepui, reaud u nutuil. CoBpeMeHHas
Bcenennas npenocraBuia MMPOKKUE BO3MOKHOCTHU JJI Pa3BUTHS KU3HU B TOM BUJIE,
B KaKOM MBI €€ 3HaeM: B TOW 4acTu BceneHHO#, KOTOpYI0 MBI MOKEM HaOIIOAaTh,
Hac4YMThIBaeTCss okojio 100 MmmmmapaoB MWIIHAPIOB 3Be3J, MOA00HBIX COHILY.
Onnako kocMosorusi bonbplioro B3pbiBa MOJpa3yMeBaeT, YTO KU3Hb BO3MOXKHA
TOJIbKO B TEUEHHE OTrPAaHMYEHHOTO MPOMEXKYTKa BPEMEHHU: B JIaJIEKOM MPOILIOM
Bcenennas Obuia CIMIIKOM TOpSYEH, W €€ Pecypchl JJIs OyIyIIero OrpaHUYEHBI.
BoNbIIMHCTBO TAJIAKTHK BCE €I1l€ TPOU3BO/ISAT HOBBIEC 3BE3/Ibl, HO MHOTHE JIPYTUE YKE
ucyeprnaiu CBOU 3amachl raza. Uepes TpualaTh MHUJUIUAPJOB JIET FajJaKTUKU CTaHYT
HAMHOTO TEeMHee M OyAyT 3amoJIHeHbl MEPTBBIMU WM YMHPAIOIIUMU 3BE3/IaMH,
MOATOMY IUIAHET, CIIOCOOHBIX MOJJICPKUBATh KU3HH B €€ HBIHCIIHEM BHJE, OyIeT
ropasgo MEHbLIE.

B Onwxkaiiiem OyaylieM Mbl 0XKHJIA€M, YTO HOBBIE SKCIEPUMEHTHI oOecreyar
Jdydiliee MOHMMaHue bBosbIIoro B3pbIBa. YCOBEPIIEHCTBYS H3MEpPEHHSI CKOPOCTH
pacliMpeHust U BO3pacTa 3BE€3Jl, Mbl, BO3MOYKHO, CMOKEM MOATBEPAUTH, UYTO 3BE3/IbI
JIEVUCTBUTEIILHO MOJIOKE pacuupsitoniercss Beenennoit. HegaBHo 3aBepllieHHbIE WA
cTposiuecss 0ojiee KPyImHbIE TEJIECKOMbI MOTYT MO3BOJUThL HAM yBHUJETh, KAaK Macca
Bcenennoil BnuseT Ha KpHUBU3HY MNPOCTPAHCTBA-BPEMEHM, YTO, B CBOIO OUYEpEb,
BJIUSICT HA HAIM HAOIIOJEHUS 32 TAJICKUMHU FaTaKTUKAMH.

Takum oOpazoMm, nto0ass HOBasi KOCMOJIOTUS 0OS3aTENbHO OYJIET BKJIIOYATh B
cebs kapTuHy Oonbiioro B3peiBa. Kakwe Obl W3MEHEHUS HU TPOM3OILIN B
OmmKalIme AeCATIICTHS, KOCMOJIOTHS TpeBpaTuiach U3 obnactu Quiocopuu B
¢u3HUeCKy0 HayKy, TJ/I€ THIIOTE3bl TMPOXOASAT TMPOBEPKY HAOMIOJACHUSIMHU U
AKCIIEPUMEHTAMH.
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STAR FORMATION IN GALAXIES:
COSMOLOGICAL CONTEXT
B.T. Mukhamadiev, Sh.U.Mirzaeva, N.N.Sabirova
Bukhara Engineering and Technology Institute

The material talk about star formation in galaxies which is the main driver of
their evolution. The principal concept is: stars are formed from gas, in dense
molecular clouds. Then the main factor determining the currect star formation rate is
amount of gas. But observationally the star formation rate depends also on potential
well depth, on angular momentum, on triggering by spiral density waves and by
nearby supernova remnants, on outer gas accretion... It is so quite clear that the
cosmic star formation history is rather complex.

The main star formation paradigm, according to which stars are formed from gas
clouds by their compression and fragmentation under the influence of gravitational
instability, was finally formed in the 20th century. The author of the paradigm was
James Hopwood Jeans, who formulated it in general form in 1902, while still a
graduate student. Having written down the system of equations for a spherical self-
gravitating gas cloud, he solved it analytically and derived an instability criterion: for
compression and fragmentation to become irreversible, the mass of the cloud must be
greater than the “Jeans mass”.

Many deep ideas and classical results in the theory of star formation were
introduced by Richard Larson in the 1960s and 1980s. 20th century [1-7]. In the 80s.
it was already clear that stars are formed in molecular clouds, and, accordingly, the
rates and characteristics of star formation should depend precisely on the properties
(and amount) of molecular gas. The observational basis for the physics of global star
formation in galaxies was laid by Robert Kennicut.

"Normal™ star formation and "outbursts" of star formation. In order to measure
the rate of star formation in a galaxy, it is necessary to count the young stars in it. The
simplest approach to this problem is to count massive stars, because massive stars
live a short time, no more than two or three tens of millions of years, and by their
number one can estimate what the rates of star formation were during these recent
tens of millions of years.

A huge contribution to the measurement of star formation rates in distant
galaxies was made by the Herschel space telescope. It was an infrared cooled space
telescope with a huge 3.5 m mirror, and it measured the radiation of galaxies at
wavelengths of tens and even hundreds of microns.

A decisive contribution to the study of star formation at high redshifts up to 3-4
was made by the Herschel infrared space telescope, launched by the European Space
Agency in 2009 and operating with liquid helium cooling until 2013. The Herschel
telescope was focused on observations in far infrared, from 60 microns to
submillimeters; the complex of his tools made it possible to construct energy
distributions in the spectra of distant galaxies, related to dust heated by star
formation. It was after the receipt of the results from 35 Herschel that the total
infrared flux, Ltot, was calibrated and became the most popular indicator of the star
formation rate, which was obtained by integrating the energy distribution in the
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spectrum in the range from 8 to 1000 um [8].

Areas for which deep multicolor images already existed in optics were
purposefully observed: areas of the GOODS, CANDELS, and COSMOS surveys.
The availability of high-resolution images, including those obtained with the Hubble
Space Telescope, facilitated the identification of Herschel infrared sources and made
It possible to construct energy distributions for individual objects in the full range of
electromagnetic radiation, which, in turn, provided reliable estimates of both the star
formation rate and redshifts and stellar masses of galaxies. Tens of thousands of
galaxies have been measured in the redshift range from 0 to 4! The final results on
the estimation of the cosmic history of star formation for this redshift range are
presented in [9]; a review by Madau and Dickinson on these new data had been
published a year earlier in Annual Reviews A&A [10]. It was this epoch-making
result that made it possible to finally make sure that equal mergers of galaxies (large
merging) - and the accompanying bursts of star formation - contribute negligibly little
to the cosmic history of star formation. The main mode of star formation in galaxies
IS smooth, requiring a constant laminar supply of gas from outside. Hence the final
victory of the picture of the evolution of disk galaxies with the need for constant
accretion of external cold gas.
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