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OB OAHOM W3 CITEHAPVEB ITPOMCXO>K AEHUS CKOTIAEHU TA AAKTUK
AHHOmMAYUA: USYUeHbl 60NPOCHl NPOUCXOKOCHUS CKOMAEHUIl 2AAAKMUK HA POHe HEAUMEHO HecmayuoHAPHOU MOOeAl
KOAAANCUPYIOUWUX cucem. Viccaedosara YCmouuugocHib MOOCAU OHOCUIEAbHO 08YX MO0 803MYUEH L, NPU AMOM Crienetb Mo0bl
onpedersien 6 cpeOHem KoAuuecmeo zaraxmuk. ITocmpoena kpumuieckas 3a6UcUMOCHb HAYANDHOZ0 SUPUAALHOZ0 OIMHOUIEHILS O
cmenery spanjenus. Haiiderol 3a6Ucumocu UHKpeMenni06 Heycnioiuusocniy om Gusuieckux napamenipos MooeAll.
Katouesvte cA06a: CcKOMAHUS 20AQKMUK, THEOPUS NPOUCXOXKOEHUS, HeCMALUOHAPHAS MOOeAb, HEYCMOUUBOCHb,
603MYLLeH s, UHKPEMEHIT HeYCHOUHUE0CIIL.
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ABOUT ONE SCENARIO OF THE ORIGIN OF GALAXY CLUSTERS
Abstract: questions of the origin of galaxy clusters are studied against the background of a nonlinear nonstationary model of
collapsing systems. The stability of the model with respect to two perturbation modes is investigated, with the degree of the mode
determining on average the number of galaxies. The critical dependence of the initial virial ratio on the degree of rotation is constructed.
The dependences of the instability increments on the physical parameters of the model are found.
Key words: galaxy clusters, theory of origin, non-stationary model, instability, disturbances, instability increment.
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GALAKTIKA TO'DALARI PAYDO BO‘LISHINING BITTA SSENARIYSI HAQIDA
Amnnotatsiya: galaktikalar to’dalarining paydo bo’lish masalalari kollapslanuvchi sistemalarning nochizigli nostatsionar model
fonida o’rganilgani. Ikkita tebranish modasiga nisbatan modelning barqarorligi o’rganildi, bunda moda darajasi to’dadagi galaktikalar
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o’'rtacha sonini aniglaydi. Boshlang’ich virial munosabatning aylanish parametriga kritik bog’liglil diagrammasi olindi. Beqarorlik

inkrementining model fizik parametrlariga bog‘ligligi topildi.

Kalit so’zlar: galaktika to’dalari, kelib chigish nazariyasi, statsionar bo‘lmagan model, beqarorlik, g’alayonlanish, beqarorlik

inkrementi.

BBeaenme.
CkorraeHust HanboJaee MacCUBHEIE
IpaBUTALMIOHHO CBA3aHHBIe oOpasoBaHus BO Bceaennoit
[cm., nampumep, 1-3]. Taxoke, B MX cOCTaB BXOAAT TOPSTIMIA
MOHI30BAaHHBIN Me>XKralaKTUUeCKuii Ta3 c TeMIlepaTypoii B
AGCATKM MUAAVOHOB KeAbBUMHOB 1 TEMHas MaTepus

(TémHas macca). Maccel ckolaeHuii raaakImk COCTaBAsIOT

ralaakTmK -—

1013-10% macc CoaHIla, MPUYEM OCHOBHAs AOAS MacChl
OOBIYHO IPUXOAUTCS Ha TEMHYIO MaTepuio. Ha sropom
MecTe 1O macce, KaKk  IIpaBuAo, HaXOAMUTCS
Me’KIaJaKTIMIecKnii a3, ¥ TOABKO Ha TpeTbeM — CaMM
raaakTUKN. XapaKTepHbIl pa3Mep MacCUBHBIX CKOILAEHUIA
raaakTuk — okoao 10 MaH. cBeToBBIX AeT. Ckopoctn
ABVIKEHUS TaAaKTUK BHYTPYU CKOIL/IeHN TaAaKTUK OOBIMHO
cocTaBAsiIoT 1-2 ThIC. KM/C. Macchl CKOIIAEHUIT ralakTUK
onpeAeAdIOTCs 110 M3MepeHMsAM paszdpoca CKOpocTeit
OTJEeABHBIX TaJaKTHK OTHOCUTEABHO CpejHEero 3HaueHIs
AnOOo II0 TeMIlepaType U paclipeAeAeHNIO TOopsi9ero rasa,
3aIT0AHSIOIIErO CKOILAeHIE.,

O Teopum  IIPOMCXOXAEHMSI  CKOILIEHMIA
raaakTuk. Ilo oOpasoBaHMAM CKOILAEHMII TaAaKTMUK
CYIIECTBYIOT MHOIO CIleHapuii. 34ech MbI IPUBOAUM
OCHOBHBIe paOOTHL. ABTOpHI [4], cuMTaOT, 4TO yAapHbIe
BO/HBI, BO3HMKAIOIMe Ha HeAMHEeNHONM cTajuu pocTa
Ha4vyaAbHbBIX BO3MYII€HIIT IIA0THOCTH, HpUAAIOT
KOH/AEHCHPOBAaHHOMY Ta3y cBoeoOpas3Hoe pacipejaeeHne
TeMIlepaTypbl U IA0THOCTM. Macmmrab Bo3MyIIeHmit
M~102+10"Msun THIIIYEH AAs TeopuM aAmabaTIIecKux
BO3MYIIIEHNII IAOTHOCTY M CBSI3aH C IPOTOCKOILAEHVISIMU
¢$opMupoBaHNA  HMPOTOCKOIAEHMI
BBHIOpaHa COOTBETCTBYIOII el KpacHOMY
cMemennio Zc~3+5, 4ro coraacyercs C pesyabTaTaMU I10

raaakTukK. DIoxa

TaaaKTUK

roacJeTaM KBa3apoB 1 MOIIIHBIX PaAOVMCTOYHNKOB. YacTh
rasa (1 %) KoHAeHCUpyeTcs aAradaTIIeCK!, IMeeT HU3KYIO
TeMITepaTypy U BBICOKYIO IIA0THOCTh. BBIABMHYTa THITOTe3a
O IIPONCXOXKAEH!N ILIOTHBIX TeA 13 Takoro rasa. Ilocae
Harpesa okoa0 20 % rasza oxaaxjaerca go 10 K, n
IIpeArioaaralaoch, 4ro STOT Ta3 YXOAUT B TIaJaKTMKIL.
Ocrapmmiica ras Harper Ao 106 K, uro m obGbscHier
Ha0AI0AaeMyIO IIOAHYIO MOHM3AIIUIO MeXKIalaKTUIeCKOTo
rasza. Taxxke, B pabore paccMaTpMBaIOTCA JAUHaMMKa
YAQPHBIX BO/H, TEIIA0BbIE IIPOIIECCH B ra3e, ero nu3AyJdeHue
M BKAaJ B peHTreHOBCKMiT OH, a TaKXkKe IIpoIiecc
¢parmeHTanUM  XOAO0AHOTO Ta3a C oODpa3oBaHMeEM
BBIIIIEYTIOMHYTBIX OO'BEKTOB, UCXOAS u3
KOCMO/0TIYECKOI MoJeAn ropsuas BceaeHHast ¢ MaabIMm
BO3MYILIEHVAMU I1AOTHOCTH. B pabore [5]
paccMmaTpuBaeTcsa KaK MoJeAb OOpa3oBaHMs CKOILAEHVIA

TadakTHK, 3apaHee 3adaBajdl TOYHOIO HEOAHOPOAHOIO

pellleHns1 ypasHeHMIT DiHImTelHa. IlokazaHo, 4TO IIpU
KoA/arice CKOILAHMII OHa COXpaHseT ILAaBHbIN MTPOPUAb
ILAOTHOCTU Ha OOABITIel YacTy CBOel P OTAKeHHOCTIL.

B paborte [6] 6b110 BBIIOAHEHO ABYXKOMIIOHEHTHOE
Mogeauposanue N-Tea a4 u3ydeHns GOpMMUpPOBaHI
DoraTbIx CKOILAEHNIT TaAaKTHK, COAEPKAIIIX KaK CBETAYIO,
Tak U TeMHylO Marepuio. Ilpejcrabaena mpocTas
AUHAMMYeCcKas MOAeAb, I103BOASIONIAs — KadyeCTBeHHO
OOBACHUTh DTU UNCAEHHBIE Pe3yAbTaThl. YTBep>KaaeTcs,
yro ecau BO Bceaemnoit chopmuposasach cTpyKTypa
IyTeM MepapXUJecKoil KJAacTepu3aluy OT MaablX A0
KPYITHBIX MacIITabOB, TO ceTperanms MeXAy ralakTuKaMm
M TEeMHOI MaTepueli KakeTcs HeM30eXXHOH. 3Ortu
pe3yAbTarThl IO3BOASIOT IPeAIOAOKUTE, YTO BEPOATHBIM
cAe/CTBUEM TeMHOI MaTepum sABASETCS HeAOOIleHKa
BUPHMAaABbHBIX MacC CKOILAeHMi radaktuk. B pabGore [7]
mpeacrapaeHa  MoAeab  (POPMUPOBAHUSI — CKOILAEHIsS
raaaxTuk (P°M+SPH), coaep>kariie Kak TeMHYIO MaTepuIoO,
TakK 1 ra3. 91a Mogeab CKOILAeHNs 00pa3yeTcs B peayabTare
CAMAHMS TpeX OOABIIMX TPYIIl TaAakTUK, B KOTOPOIt
BpeMeHHas  peJakcallus — CO3JaeT  U30TepMHYecKoe
paciipejeeHue Macchl 6e3 IIeHTPaAbHOIO Ajpa.

Ms paccMOTpeHHBIX pabOT, MBI MOXKEM CAeAaTh
BBIBOJ O TOM, 4TO ClleHapuii (pOpMMpPOBaHMsl CKOILAEHUIT
ralaKkTuk, IIpeAcKa3blBaeT TaKle CBOJICTBA CKOILAEHMIT
rasakTuk, B IIeA0M OTAMYHBIX OT CIleHapueB, TIje
npoucxoaua koaaamnc. Ho
oIrpejeAeHHbIX IIPeATIOAOXKEeHUAX U pe3yAbTaTax aHaAu3a
AQHHBIX HADAIOAEHUIT 10 CKOILAeHusIM raaaktuk. OaHako

BCé DTO OCHOBaAaHO Ha

HET IIeABHOV  Teopum/creHapus
CKOILAGHMII radakTuk. /las Teopuy CKOILAEHMII TraAaKTUK

0OoabITIOE 3Ha4YeH1e numeert IIOCTpOeHme TOYHO

IIPOMCXOXKAEHIT

AHAAUTUYECKY PeLIaeMbIX KOAAAIICUPYIOIIIX MOJAeAeIA.
Hecranmonapnasn MoJaeab u OCHOBHBIE
ypaBHeHms. IlocTpoeHye aHaAMTHYECKU pelllaeMbIX
MOJeAeli COCTOUT U3 ABYX DTAIIOB: IIOCTPOEHIE HeAVIHEITHO
HeCTallOHAaPHOTO, B JacTHOCTHU, OCTeIIeHHO
IIyAbCUPYIOIIETO  COCTOSHMSA C  TOYHBIM
HeCTAlOHAPHOCTY, a 3aTeM, peIleHne 3ajadu o0
YCTOMYUBOCTY JAHHONU HEAMHEeNHON MOJAeAU C IeAblo
onpeaeaenyis KpUTepus U MexaHu3Ma HeyCTOMYMBOCTH.
DTO caesaTh MOJKHO, 3acTaBAssl KakK-TO ITyAbCUPOBATh
UMeloITecs cTalloOHapHble Mogean. Aas oToil nean
II0AXOASAT He BCe CTallMOHAPHBIE MOAEAN C TOYKU 3PeHs
QHAAUTHUKY, a IMOAXOAAT cpepmUyecKrie IIPOCTPAaHCTBEHHO

3aKOHOM

OAHOpPOAHBIE B MOMEHT HayaJa KOAJallca MoJeau, AAs
KOTOPBIX M3BeCTHBI (PyHKITUM ¢pazosoii maorHoctu ¥, . B
pabore [8] AaH BBIBOA HEAMHEIHO IYABCUPYIOIINX
MoJaeAaen
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PO 7(f) 1)

Yo (r,v,,v ,t,A) = ,

0 + anzQé \/7
fe l—i Q3 R? 2 onrsm\y
R e e

34ech paaMyc CUCTEMBI MeHSETCS IO 3aKOHY
R=TI(H)R,, Tae H(w):Q%(l+kcosw)/(l—k2) - uMeeT

CMBICA KOD(pPUIIMEHTa PaCTAXKeHM: INapa, HpUYEM -

BCIIOMOTaTeAbHas IIepeMeHHas BMeCTO BpeMeHHN i,
2T
r=1- ’U| aMIAnTyJa  IIyAbCallui,  KOTopas
2T
NIpUHKMaeT 3HadeHus B wuHTeppade [0;1], a m

ByIp1aZpHOe OTHOIIIEHVIe B MOMEHT ¢ = 0, T- xuHeTHueckas

sHeprus, U- IOTeHIIMaAbHas SHepTIU, yHKIIL

XeBucariga,
=—O%rsinyg/(gIT?), v, =Qyr/TI> .

[Tos>xe T MOAeam ObLAM OOOOINEHBI Ha CAydail
TBEPAOTEABHOTO BpaIleHsI. Aast uccAeAOBaHUS
HEYCTOINYMBOCTEN Ha HeCTallMOHAPHYIO
HaK/AaJblBaeTcs Masloe, B 00IeM cAydae, HeCIMMeTPITIHOe
BO3MyIlleHMe. Mpbl  paccmMaTpuBaeM — MoJeab,  Ije
OPOUCXOXKAEHNE CKOILAEHUIT TaAaKTUK Ha paHHell CcTaauu

MoaeAb

KoAJallca IIPOTOCKOILAeHNI 00s43aHO IpaBUTALMIOHHOI
HEeYCTOMYMBOCTY HeAMHEHO HecTaIlMIOHApHO MOJeAl.
ompejeaseT B CpejHeM
raaaktuk B ckoraeHun.  CoraacHo
KaaccuuKanuy CKOILAEHMII TaAakTuk [9], ckoraeHms

IIpu sTOM CTemeHbr MOABI
KOAMYECTBO

Ha3bIBAIOTCSI  OOrarbIiMM, €CAUM KOAMYEeCTBO TIaAaKTMK
Haxoautcsa B wmHTeppade or 100 ao 1000. IToaaras
BO3MYIIIeHM ITIOTeHIala B BIAe

3D = A(y)r" exp(imp)P" (cosd) , 2)
U IyTeM pellleHus MpoOAeMBl YCTOMUMBOCTY DTOIA
HEpaBHOBECHOM MoJAeAn roAy4Jaem caeayroiee

HeCTauMOHapHoro AucnepcuonHoro ypasHenus (HAY):
1 S 4 imQ(N —2)!

—a Son s 3)
() TNV N+ 2N
rae
_ 1Py (cosh) v d*Py(cosh) ,
Siv=%Ww Eidc o ady, S,y =[N W E-sinh- —d(cosh)2 dy,

OctaapHble 0603HaUeHIs1 AaHBI B paboTe [8].

OrMeTuM, 4TO0 MO/ KO/AeDaHMI BBICOKMX CTelleHelt
IIPUBOAAT K TPOMO3AKNM CUCTEMaM HMHTeTpaAbHBIX UAU
AunddepeHnnaabHbIX  ypaBHeHMiI. Paccmorpmm  Moay
koaebaHmit ¢ N=14, m=5. B aToM caydae cKOILAeHUEe IMeeT
npumepHo 120 raaaxrux. V3 (6) Haxoaum, 4To

1 —_—
a(p)y=——— K  t=1.14. 4
(\V) (1+7\,COS \|j)26 149 (Y‘l:) ( )

HAY aas moa N=16, m=6 u BHIpa>keHUs A4 Kiag
MBI 34eCh He IIpUBEANL.
AuddepeHnIaabHbIX YpaBHEHNMII 56-TIOpsAAKa B caydae

Tak MBI UMeeM cucTeMy

N=14, m=5, a aaa Boamymenus c N=16, m=6 umeem
cucreMy AndpepeHINalbHBIX YpaBHEHNIT 64-TIopsiAKa.
Anaaus pe3yasraTos 174 3aKAIOYEHIIS.
ABYX MOJ, KoaeDaHII1
1nccaeAoBaauch uncaenHo, pemas HAY oraeasno aas
KaXkaoym Moasl. Hamu  HaligeHbI
3aBMCMMOCTH MHKpeMeHTa HeyCTOMUYMBOCTI OT 3HauyeHIs
BMPIaAbHOIO OTHOIIIEHNsI B MOMEHT Hayaaa Koaaarica. Ha

Heycroitunsoctn HaMu

COOTBETCTBYIOIIIIE

puc.1 npuBeAeHbI KpUTUIECKNE 3aBMICUMOCTY Hada1bHOTO
BUPMAaABbHOIO OTHOIIEHNUs OT IlapameTpa BpaileHu:. V3
rpadmka BUAHO, YTO C POCTOM IIOpsAAKa MO/J 3HadeHIe
KPUTUYECKOTO HavyaAbHOTO
YMEeHBIIaeTcsl, 9TO O3HaYaeT, YTo 001acTh HEYCTOIMUYMBOCTH
MeJJAeHHO  yMeHbIaercst.  VIHTepecHo, 4TO
HEYCTOMUMBOCTM OYeHb CAabo 3aBUCUT OT CTelleHU
BparreHusl.

BUPpHNAABPHOTO IIapaMeTpa

TeMII

_{0.026

0.01f |

0.0 0.1 0.2 03 0.4

0.02 - . — . 0.020

0.00 L i L i i i i L
0.0 0.1 0.2 0.3 0.4 0.5 O 06 0.7 0.8 0.9 10

Puc. 1. Kpumuueckue 3a6ucumocmu HA4aAbHO20
SUPUAADHOZ0 OMHOUIEHUS. O napamempa épauierus (6sepxy
ors N=14, m=5 u 6nusy 0ra N=16, m=6). Heycmoituusocmu om
@r /|U|)O u Q (ssepxy s N=14, m=5 u enusy ors N=16, m=6).
Hugparu y Kpusvrx o0003HAueHbl SHAYEHUS hapamempa
8pauLeHUs.

Ha puc.2 npuseaeHo mnoseJeHue JHKPEMEHTOB
HEeYCTOMYMBOCTU ~ OT  BUPUAABHOIO
napaMerpa  BpallleHus. 3HayeHus
HEeYCTOIUMBOCTU B KaKJOM CAydae yBeAMYMBAIOTCA C
pocTOM  3HayeHMs TapameTpa BpallleHus.
IIOKa3bIBaIOT, qTo COOTBETCTBYIOITast
HEeYyCTOMYMBOCTY HauMHaeTcss mpu 3Hadenun (27T /|U|)O

OTHOIIIEHIIA u
MHKPEMEHTOB

Pacuetsr
obaacThb

=0.024 a5 mepBOIl MOABL, a AAsl BTOpPOM (2T/|U|)O =0.018.
Oba 3HaueHMs] BUPMAABHOTO OTHOIIEHMs COOTBETCTBYIOT
cay4aro Oe3 BpallleHIs, a BKAIOUeHIe BpallleHle IPUBOAUT
K gecrabmamsanyn. CoraacHo ©®THUM pe3yabTaraM,
cooTBercTByIomas uaMka HEYCTOIMYUBOCTU CBsA3aHa C
MeXaHI3MOM HEYCTOVYNBOCTY pajualbHBIX OPOMNT.
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