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OBIIASA XAPAKTEPUCTUKA PABOTHBI

AKTYaJbHOCTH padoThl

CopeMeHHas acTpodu3uka U KOCMOJIOTUst - HauboJiee MHTEHCUBHO

pa3BUBarOIHUECH obnactu COBPEMEHHOTIO €CTECTBO3HAHUA.

KonoccanbHble 1O 3eMHBIM  MacuitTabam  [UJIOTHOCTH — SHEPIUM,
peajM3ylolMecs Ha HavajpHOM OTane paciiupenvs Mupa u B
COBPEMEHHBIX  PEISITUBUCTCKMX  OOBEKTaX  MNPUBJEKAOT — ClOJIa
CIeUMaIUCTOB MO (PHU3MKE BBICOKHUX IHEPTUH M TEOPHUM DJIEMEHTaPHbIX
yactull. [InasmenHoe HaronHeHue Mwupa W ciloXHBIE  (QHU3UKO-
XMMHUYECKHE MPOLECChl B aTMOcdepe 3Be3/1 M MJIaHET AAtOT NPOCTOP s
CMENbIX TUIIOTE3 CNEeUUalucTOB B 3TUX obnactax. Ecim ydects, uTO
BONBIIMHCTBO 3THUX HAOMIONATENBHBIX JAaHHBIX MOJIYYEHBl C MOMOIIBIO
BHIHECEHHBIX B KOCMWYECKOE TMPOCTPAHCTBO aniaparoB, TO CTaHET
MOHATHO OOLIEHAyYHasi 3HAYMMOCTL JTUX MIeH, oT duiocoduu a0
TEXHUYECKMX NMPUITOKEHHI B 3MHBIX YCIIOBHSX.

OJHOPO/IHEIE W M30TPOIHBIE KOCMOJIOruyeckue moaenn @puamana
B npejieiax TOYHOCTH HaOJIFOIeHUH a/IeKBaTHO OTOOPAXKAKOT CTPOCHHE H
3BoMOLMIO Hamei Bceenennoit. C TOYKM 3peHHs OOmMMX perleHUiH
ypaBHeHMI DWHIITEHHA 3TO €CThb BechbMa 4YaCTHBIH BBIPOIKICHHBIH
clyuail, MoYemy peanu3oBaH HMMEHHO OH - BaXkKHeiwas npodrema
COBpPEMEHHO# KocMmosorui. OTBET © Ha 3TOT BOMPOC MOXKET OBITH

nojyyeH  TOJLKO ~ mocne aHanmza  Oonee  obuiero  Kiacca

KOCMOJIOMMYECKHMX PEILIECHUH - HEOAHOPOIHBIX M aHU30TPONHBIX. B aTOM
COCTOMT aKTyaJIbHOCTh pacCMaTPHUBAEMBbIX B JIMCCEPTALMH 3a/1aY.

[To MaTeMaTHYECKOM MOCTAHOBKE OHM ONM3KM K MaTeMaTHYeCKUM
mosiensmM - actpodusuuecknx obvekTos Bo Beenennoi.  [lostomy
€CTECTBEHHO ObLIO BKJIKOYHMTH pPE3ydbTaThl HTHX HCCIEJOBAHUA B

AUCCEPTALIMOHHYIO paboTy.
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U3 MMEPCYUCIICHHOI0 BbIIIE€ BBITEKAET UeJdb JAHCCEPTANMOHHOH

paboTbi:

B yccnenoBaHHe JIOKANbHBIX HEOAHOPOAHOCTEl Bo BeeenHoi u ux pob B
00pa3oBaHMK KPYyNHOMACINTa0HOi CTpYyKTYpsi BeesleHHoil;

B ucciegoBaHHe CTPYKTYPBI H0JIEBBIX 3B€3AHbIY 00PA30BAHMI U HX
ACTOHAIMH /151 00bsicHeHHs (PEHOMEeHA raMMAa-BCILIeCKOB;

B uccieoBaHHE HEOJHOPOIHON KOCMOJIOMHYECKOH MOIETH C YHEeTOM
BJIMSIHUS CKAJSIPHOIO TOJISL.

s pocTHKeHHST YKA3aHHOI Lesn B paboTe peuiensl cilelylolne 0CHOBHbIE

3ajavuM:

1. MccnenoBanue  uMcTedeHus — PeNSTUBUCTCKOrO — rasa ¢
NOBEpXHOCTH  4epHou  aeipel  (YJ[) B pamkax  wuaeanbHOM
PENSATUBUCTCKOM MrMAPOAMHAMHMKH.

2. llposenenue aHanu3a BO3MOKHOCTH BO3HUKHOBEHHUS
CTaUMOHAPHOW YAAPHOM BOJIHBI /U1 YKa3aHHOIO B myHkTe | ciyuas.

3. PaccmoTpeHuMe 3aaun peISsTHBUCTCKOM JAETOHALWM NIPU pacnajie
OJIHOPOJIHOTO M HEOJHOPO/JHOIO CKaJSAPHBIX MOJieH, obpasyroumx
NoJIeBbIE 3Be3HblE KOHUrypaLKH.

4. PaccmoTpeHue caMOCOrIacoBaHHOM 3a/1auk IBUKEHHUs BELIECTRA
B LEHTPalbHO-CUMMETPUYHON cucteme orcyera ¢ YJI B Hauane
KOOpAMUHAT.

5. Hccenenosanue 3a/1a4u BO3HUKHOBEHUS CTaTUYECKHX
HEHTPUHHBIX 00/1aK0B Ha one IBomoMoHupyrowel Beenennoii. TTo
MMEIOLUMMCSL  CBE/ICHUSIM O  MacCe HEHTPUHO OLEHUTH pa3Mephl
COBPEMEHHBIX TalaKTHK .

6. MccieoBanue BOZMOXKHOCTH HAXO0XKIEHHUSA CAMOCOTTIaCOBAHHOTO
HEJIMHEHHOrO pelieHus Ul TOPOMAaNbHOrO BUXpA Ha done obiero
KOCMOJIOTMYECKOTO peleHus.

=

7. VI3yyeHue  CTAaTMYECKOro  pacnpefiesieHuss HEOAHOPOAHOIro
CKaJISIpHOTO MM0JIsl B LIEHTPANbHOM CHUCTEME OTCYETA.

8. PaccMmoTpenue 3ajauM nepexoaa OT COMYTCTBYHOUIEH CHCTEMBI
oTcyeTa K LIeHTpasIbHOM.

Metoabl Mcc/ieI0BaHUS: AHATUTHYECKUMH MeTo] (KayeCTBEHHas

teopus AubdepeHIMaTbHBIX YPaBHEHHH); YUCIEHHBIE METO/bl (METO/
Pyure Kyrra, nakeTsl TpUKIaaHBIX mporpamm «Mathematica»,
«Mathcad»).

Hayunasi HoBH3HA _paboThbl _onpefensieTcss TeM, 4YTO BCe

paccMaTpuBaeMble 3a1a4yd HEJIMHEMHBI W U1 CBOEHW peaiM3aliuu
TpeOyroT pa3paboTKu CreiHatbHBIX T[PUEMOB. OTH  pPe3yJbTaThl
SIBJISIFOTCS HOBBIMM M B MPUHLIMIIE IOIMYCKAKOT NPOBEPKY HaOMOAEHUAMHK
(TOponzansHbIN BUXPb BO Bcenennoi, ramMma-BCILIECKH).
Metoauyeckoi HOBU3HOM SBIIAETCA TaKXKe Teopus [epeBojia |3
COMYTCTBYIOIIEH CHCTEMBbl OTCYETa B LIEHTPajbHYK. JTa METOJAMKA
BaXXHA A8 paccMoTpeHus obpazoBaHMs ~ MeTarajnakTMKM U3
ucnapsiioweiics YJ[. Oma oOcHOBaHa Ha MaTEMaTHYECKOW TEOpHH
sIKOOUaHOB.
TeopeTnyeckasi ¥ NpaKTHYECKasi HEHHOCTDH Pe3VIbLTATOB.

1. Obmas ¢usuyeckas LEHHOCTH pE3YJbTATOB CBOAMTCSA K
JEMOHCTpauyuH BO3MOXHOCTH MOJTyYEeHUs! ACHUMITOTHYECKH
OJIHOPOHBIX MOJIEICH U3 HEOAHOPOIHBIX.

2. HecraumoHapHbie BHUXpEBBIE JBHXCHMS 1O YTBEPXKIEHHIO
actponoma u3 CIUA b. [Naprpumxa 6111 0OHapyKeHBl B pe3ysibTare
Habmoaenuit. B 3TOM npakTHuecKkas LEHHOCTh JaHHOIO pe3yJbTraTa.
B0O3MOXHOCTH TEOPETMYECKOTO OINKMCAHMUsi TOPOMIANbHBIX BUXpEH
MOXKHO HMCNOJNB30BaTH B IUJIA3MOXUMUM M du3uke B3pbIBa, B
71abOpaToOpHBIX ~ JKCMEPUMEHTaX, [Ae  MOAOOHBIE  CTPYKTYpbI
reHEPUPYIOTCS COOTBETCTBYIOLMMHU TPOLIECCAMM.
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3. TlpocTass oueHKa XapaKTepHOro pa3mepa CTalMOHaPHOM
HEATPUHHOM CTPYKTYpBbl JIaeT pa3Mep COBPEMEHHOTO CKOIJIEHUs
rajakTMK. DTOT pe3ybTaT MOJYYEH M3 NPOCTOM OUEHKH W HMEEeT
Ype3BBIYAWHO BakHOE 3HayeHue. COrjlacHO COBPEMEHHBIM JIaHHBIM
TECOPHH KpynHOMaciuTabHOro crpoeHus: BceeneHHol TeMHOE BelECTBO
(B 4aCTHOCTH HEHTPUHO) COCTAB/SET OCHOBHYIO Maccy BceeHHOM.
OKCIEPUMEHTAIBHO MOTyYEHHAs! OLIEHKa MacChl NOKOs HEHTpUHO (m,)
NO3BOJIAET C/€JIaTh BBIBOJ, 4YTO [OKAa €ro CpejaHsAs KUHETHYecKas
sHeprusi kT MHOTO 6OJIblIIe MacChl TOKOSL M,C”. [Ipyu 3TOM HEHTpUHO
BeAyT cebs Kak (OTOHBI M He MOryT 0Opa3oBbIBaThH I'PABUTALIMOHHO
3aMKHYTYIO cMCTeMY. IIpn BhIpaBHMBaHMM ITHMX JHEPIHMi ra3 HEHTPHHO
CTAaHOBHUTCS XOJIOAHBIM M HayuHaeTcs oOpa3oBaHHME I'PaBUTALMOHHO
3aMKHYTOro ob0siaka, HE TNPUHUMAIOLIErO y4yacTHe B  PAaCUIMPEHUH
BMecte  co  BceeneHHoit.  OObluHOE — BeImecTBO  MNONAJAET B
MOTCHUMAIBHYIO T'PABUTALMOHHYIO My OSTHX O0JIaKOB M  CO3/IaeT
BUIMMYIO 4acTh rajakTuk. Eciam s10 paccyJeHue CIpaBeIMBO, TO
MpocTas TEOPETHYECKass OLEHKa pa3MepoB HEUTPUHHOro obnaka
JIOJDKHA COBMNAAaTh ¢ HabMIOaeMbIMU pa3MepaMy CKOMIECHHH rajlakTHK.
Mcnonb3oBaHue 11s 3TOM OLICHKH IKCIIEPUMEHTAIbHO HalJEHHOrO
3HAYEHUS MAcChl MOKOA HEMTPHUHO m, JAEeT BO3MOXKHOCTH MOJYYHUTh
COOTBETCTBYIOIIMM NOPAAOK pa3mepa obnaka. M vice versa: ncnosb3ys
nogobHoe XO4 PpacCyKACHMH MOXHO NpeAcKasarth Maccy IOKOs
HEUTPUHO MCXOJ M3  pa3MepoB CKOIUICHWHM rajakTHK. 310
MPaKTUYECKH  BaXKHbIM  pe3ynbTaT  MOKHO  MCMOJAB30BaTh B
COOTBETCTBYHOIIMX JIEKIMOHHBIX KypcaX MO COBPEMEHHON KOCMOJIOTHH.

4. HabmoaeHuss nocjefHero BPEMEHH IOKA3bIBAIOT, HTO CHIbI
TACOTEHUS HE 3amelUIAroT paciuMpeHust Bceenennoid. HabGmopaetcs
YCKOpEHHe pasjieTalolerocs BeulecTBa. IJTOT (akT oObsACHsETCS
HalM4YUEeM B COBpeMeHHOW BceneHHOH monei, MpeBOCXOAAIMX - [0

-

macce Habmogaemyro matepuio. C 0OfHOW CTOPOHBI, OHa OOBSACHSET
ycKOpeHue pacumpenus Mupa, ¢ Ipyro — «romoraer» HENTPUHO
obpa3oBbIBaTh KpynHomacuitabHyio cTpykTypy. CamorpaBuTUpyOI1e
MoJisi, pacrnajarouidecs: Ha OTAC/IbHBIE KJACTePhl, MOIYT, B IPUHLIMIE,
3aMEHUTH OTBEJICHHYIO B KOCMOJIOTMM pOJIb I HEUTPUHO, €CIH
9KCNEPUMEHTBI HE MOATBEPAAT HAJIMYHMA HEOOXOAMMOHW Macchl MOKOS
HEWTPUHO.

5. KnacrepHas  cocrapisiomias — CKajlspHBIX — [0JIed  MOXET
0OBSACHUTH Haubonee 3araJIo4HbIi dhenomen COBpPEMEHHOMU
acTpou3MKH — KOPOTKHE raMma-BCIUIECKHM, KOTOpPbIE MO MOIHOCTH
U3My4eHHs] TIPEBOCXOAT H3JlyyeHue Bcel BceneHHOW B BUIAMMOM
criekTpe. B 3TOM NpUHLMNHANBHAS BaXKHOCTH MOJYYEHHOTO pe3ylibTara.

Ha 3aNIUTY BBIHOCATCH CJIeyronue OCHOBHBIC IMOJOKCHHWAL

1) uccienoBaHUe  YpaBHEHUM, OMMCBIBAIOMIMX  CTAaLMOHAPHOE
NBWXKEHHUE peSIITUBUCTCKOrO Tasa B nose YJI;

2) aHanu3 BO3MOXXHOCTM BO3HMKHOBEHMs YIapHOH BOJIHBI /1S
3a/1a4M, yKa3aHHOM B MyHKTE |;

3) pensiTHBMCTCKas JETOHALMs IONEBLIX 3BE3] C MEPEXOJ0M Ha
(poHTe ' BOMHEI  3HEPrMM NOJNS B OHEPIHIO  PENATHBHCTCKOH
BBICOKOTEMTIEPATYPHOM MIa3Mbl;

4) runoresa poxaenus Mupa @puamana uz ucnapsroieiics YJ1;

5) ouenka 0Opa3oBaHUE HEUTPUHHBIX NPOTOrajlaKTHK B pe3yabTaTe
pacinupeHusi BceneHHON M MX XapaKTepHbIE pasMephbl;

6) PBOMIOLMST  TOPOMAANBHOTO BHUXpd Xwmla Ha OZHOPOAHOM
pacIiMpsoIeMcs KOCMOJIOTuYeckom GoHe;

7) KOCMOJOrMYECKHE MOEJIH ¢ HEJIMHEHHBIM CKAAPHBIM NOEM;

8) MaTemaTHuyeckas METOJMKA Iepexoja 3 COMYTCTBYHOUICH

CUCTEMbI OTCYETA B HEHTPAJIbHYHO.
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Anpobauus paborel. Marepuanbl paboThl JOKAAABIBAIUCE W
obcyxkaannce Ha MexyHapoaHoi Hay4YHO-IIPaKTHYECKOM
KoH(pepeHumn «IIpobaenibl MeXaHuKu WM NPUKIAIHON MAaTEeMaTHKWY,
NocBslEeHHOU namsatu npod. @D.M. ®paukig. buuikek-1995; va 1V
Hay4HO# KoHndepeHyn KPCY (bumkek, 1997 r.); Ha DHHIITE HHOBCKMX
urenusix B KI'HY (Buuikek, 1997 r.); Ha MexayHapoaHoM cuMnosnyme
Mo SKCnepumMeHTabHON rpasutaumu (Camapkani, 1999r.); Ha HayuHOM
ceMHHape Ha Kadeape ¢pusukn UT'Y.

Ily6ukauun. OCHOBHbIC pe3ysbTaThl JMCCEPTALMOHHOM PaboTH
ormybauKkosaHbl B ctaThaX [1-9] (em. cmucok pabot). B paGote [1]
JMCCEPTaHTOM . MPOBE/IEH  MCClEeJ0BaHHE YpaBHeHWs Ha (Ha3oBoM
MIOCKOCTH U (PU3MYECKHUI aHATH3 [0J1y4eHHBIX pemenuil. B pabote [2]
JAMCCEPTAHTOM Hai/IeHO 0000IIEHHE AHAIMTUYECKOTO KJIACCHYECKOTO
BMXDEBOTO  PELIEHHS HAa  Ciydail  pacIIMpsIOUIErocs ¢dona
KOCMOJIOTHYECKOH MOAENH (ApyrHe COaBTOPBI PealM30Balu YHCICHHbIH
BApUAHT JTOro pewenus). B pabGorax [4-5] nocraHoBka 3aaay
NPUHAICKHUT  HAYYHBIM  PYKOBOJMTENSAM, PACCMOTPEHHE  3a1a4yM
nonyyeHo auccepraitoM U B.H. ®@onomeessiM. Maen ucnoaszoBauus
SAKOOMaHOB MPUHANISKHUT AuccepTanTy. B pabortax [6-9] mocranoBka
npobsieM MpUHAANEKAT HAYYHBIM PYKOBOJMTENISIM, HCCJIEA0BAHUE
3a/lauM M (pu3MuecKue BBIBOABI NpPUHA/IEKAT AUCcepTaHTy. Jlpyrue
COaBTOPBI 0KA3a/1M NOMOLIb B KOMITBFOTEPHON peajiu3alyi.

Crpykrypa auccepraumu. JluccepraumorHas pabota COCTOUT W3

BBC/ICHHMS, TPEX [J1aB, 3aK/MOYEHHS U CIIMCKA LIMTHPYEMOIi NUTepaTyphl
u3 56 HaumeHoBaHui. PaGora copepxut 99 cTpaHuLpbl U 9 PUCYHKOB.

-9-

COJAEPXKXAHUE PABOTbI

Bo BBEJICHHH obocHOBaHa aKTyaJIbHOCTh TEMBbI IHUCCEpTALIMH, LETb
pa6OTbl, OCHOBHBIC PpE3yJIbTaThI. [lokazana HOBU3HA W Hay4Has
LHIEHHOCTD pE3YJIbTATOB. KpaTKO U3JIOKEHA CTPYKTYpa AUCCECPTAlMH.

B r.uiaBe nepBoi <<YPaBHCHHﬂ peﬂﬂTHBHCTCKOﬁ ra3zoMHaMuKu H

KOCMOJIOFHYECKHE MOJeNn» MpuBefeH 0030p uTeparypbl MO TeMe
JMCCEPTaLMOHHOM paboTel. §1 mocesmen 0030py BapHalMOHHOIO
NPUHUMNA JUIsl YPABHEHHH PEJISTUBUCTCKOW ra30MHAMHKH, KOTOPBIH
He M3/I0KEH JOCTATOYHO TMOJHO B IUMPOKO  MUCOOJB3YEMBIX
moHorpadpusix. B §2-4 s3amucaHo BBIp@KEHUE [UIA TEH30pa SHEPrun-
UMITYJILCA PESISTUBUCTCKOIO Ta3a W 3aKOHbl TEPMOJWHAMUKH C YYETOM
BTOpOW Bs3kocTH. Jlanee, BpIIMCAaHbl COOTBETCTBYIOLIME YpaBHCHHUA
DiHIuTeHHA JUIS LEHTPaJIbHO-CUMMETPUYHOTO. 110J15 B COMNYTCTBYIOLIEH
cucTeMe otcyeta. B §5-6 usnoxeusl ppuaMaHOBCKas U 1IECHTTEPOBCKas
Kocmoorudeckue moaenu. B §7 mposeaeH 0630p 06 MCHONMB30BAHNH
CKANSPHOTO M0JIsi B KOCMOJIOTHH.

Bropasi raasa «JlokansHbie HeoHOpoaHOCTH BO BeenenHoi». B
§1 paccmarpuBaeTcs JBIKEHME YJIBTPApEISTUBUCTCKOIO rasa B noje
[1Bapiyumsibaa. COOTBETCTBYIOWIMHA TEH30P SHEPrUU-UMITYJIbCa BBIOpaH

B BUJIE
' =(e+ p)up' =8} p- (M

Ucnonssyst (1), moiayduM HCKOMOE ypaBHEHHE  AJI 3aBHCHMOCTH

CKOpOCTH Ta3za v OT pajauyca r:

2dv( c __\i_):l('_"g___ 4C§J, (2)
vdr\1=c; 1-v*) r\r-rg l-c
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r/I€ ¢, - CKOPOCTh 3ByKa, , _ ZG_’A{ - rpaBUTALIMOHHBIH panuyc YJ1: 3aecs
8T 2

G - nocrosHnast Tsarotexus, M - macca YJ[. Jlna ypasuenus (2)
nocrpoeHa ¢a3opas MI0CKOCTh U MPOBEJAEHO €ro MOJHOE UCC/Ie0BAHKE.
B §2 npoBesen aHanu3 BO3MOXKHOCTH BO3HMKHOBEHHMS CTALMOHAPHbIX
YJ@pHBIX BOJIH HA OCHOBAHUM PE3YNbTATOB, MOJYYEHHBIX B §1. YcaoBue
CYLIECTBOBAHHMA CHMJILHOM YJapHOW BOJHBI MpPH  PeNISTHBHCTCKOM
nageHuu rasa Ha YJ{ npuBeno Hac K HEpaBEHCTBY LUECTOW CTEMNEHM.

Pemias HepaBeHCTBO MBI MOJTy4UM TpU 00JIACTH

+ > +

Vo
3/1ech Y, €CTh CKOPOCTh JIBXKEHUA raza 3a (POHTOM yJapHOM BOJHBI.

;
] B 0 5 i

T.x. pemienre 10KHO OBITh MOJIOXKHUTEbHBIM, HAC OyAET MHTEPECOBATH
001acTh 1/./3 < y, <l Ho MBI 3Haem, 4rto yk,,<1/\5 , CIEIOBATEJbHO
3aj/la4a  HE HMEET pEUICHUsA, T.6. HE CYIIECTBYET BO3MOXKHOCTH
BO3HUKHOBEHHsI CWJIbHOW yJapHOH = BOJIHBl TPU  PEJIITUBHCTCKOM
najxesuy rasa Ha YJI.

B §3 nannHo# rnaBel 0OCyxmaeTcs runoTesa, KOrja HcrnapeHue
manoii  YJ[ senserca "neroHatopom” poxaeHus Mupa. [lenrpassHo-
CUMMETpUYHOe HcrnapeHue YJ[ nocramiser BO BHEWIHIOK 00JacTh
Ha4a/lbHBIM MOTOK ~ MAaTepUM, KOTOPbIH, PacIMpSISCh, TIEHEPUPYET
BCLIECTBO M co3xaer paHHio Bceenennyto. Mcmapenne Y]I ¢
OTHOCHTEJIBHO MPOU3BOJIbHBIM Pa3MEPOM U 00ECTeYnBAET NPUUHHHYIO
cBsi3aHHOCTL Mupa. ITlocnenyromee wucuesnosenue YJ|  npusoaut k
OHOpOAHOW W wu30TponHoW Bceenennoit. (Bo3MOXHO coxpaHeHue
cienos YJI B Manbix QuiyKTyauusix METPUKM, KOTOpble obecreuyar B
Oyaywmem kpynHoMaciuTabHy0 CTpyKTypy BeenenHoid.)

PaccmoTpena He camocornacopanHas 3ajada  JIBHOKEHMS

BelecTsa B nosie HIpapumuabaa. [last 3T0ro BOCoib3yeMcsl 3aKOHOM
COXPAHCHMS  SHeprMM 7% =() M ypaBHEHMEM JUId  MPOEKUMH

i |
JMBEPrEHUMKU OT TEH30pa DHEPrUU-HUMITY/IbCa HAa 4-CKOPOCTH 4'TX =(.

HMcronb3ys BeIpakeHHE /111 TEH30pa SHEPrUU-UMITY/Ibca, NPUBEAEHHOE

BBIllIE, MOXHO TONYYUTH CJEAYIOULYKD CHUCTEMY YpaBHEHHH Ui
1

OTpe/Ie/IeHUs] 3aBUCUMOCTH TUIOTHOCTH SHEPrHH € U 4-CKOPOCTH © OT

pacCcTosdHUA 1O Hayalla KoopAaAuHaT 7:

s
de 4 ¢ A
-—‘: 77;+ [.W.
dr 36 (;rzu'vlfll'r+(u')

du' 4 A -
"

)‘ (3)

@3 cow i)

YucneHHo peuras AaHHYIO CUCTEMY, MOJYyYUM rpauKy 3aBUCHUMOCTH

s ul(r). M3 HUX BMAHO, YTO HE3aBMCUMO OT HadalbHOH

e=e(r) u u
TUIOTHOCTH 3Heprud S(PQeKTsl BSI3KOH AMCCHMALMK MPUBOAST K
ACUMMTOTMYECKOMY TEYEHUIO C IIOCTOSSHHOW BEJIMYMHOW €. ITO
BEJIMYKMHA M TOJICPIKUBAETCS TMPH TMOCICAYIOIEM KOCMOJIOTHYECKOM
paclIMpeHUH.

Hanuyue Bo BceneHHOM TEMHOro BelecTBa B BHUJE HEMTPHHO,
B3aUMOJIEHCTBME KOTOPOr0 C J[PYIrMM BELIECTBOM OCYLIECTBJIAETCH
TOJMBKO C TOMOIIBIO MOJEH TACOTEHHs, NPUBOAMT K LEJIOMY Py
BKHBIX KOCMOJOrHYecKuX cieacTBui. [loka temmnepaTypa HEHTpMHO
CYIIECTBEHHO OOJibIlle WX MacChl TOKOs, 3TH 4YacCTHUUbBl BEAyT cebs
aHajoruyHo (GoToHam, BHOCS JMIIB BKjAag B oOmyto maccy. [lpu
YMEHBLUCHUH KHHETHYECKOH SHEPIUM IO MacChl MOKOS OHU [IEPEXOIAT B
PEKHUM XOJIOHOTO BELIECTBA M MEPBBIMU HAYMHAKOT BHICTPAMBATDH
KpynHomaclutabuyo cTpyktypy BceenenHoil. Tenepr HeHTpHHHOE
00/1aKO MepecTaeT pacimMpsaTcs,  HAXOAUTHCS B COCTOSHUM PABHOBECHS
NOJL BIUSHUEM CODCTBEHHOIC MONA TATOTeHWs. Takue HeWTpuHHbIE
«1poto3se3gb» paccmarpusatotes B §4. Ilpum sTOoM mcnone3yercs

60I1bLlMaHOBCKO€ pacnpeici€eHue HCI‘/'ITPHHO 14 HBKOTOHOBCKaAs
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rpaButauus. BaHO OTMETHTH, 4YTO XapakTepHBIH pasMep Takoro
oblaka COOTBETCTBYET Habill0JaeMOMy HbIHE XapakTepHOMY pasMmepy
CKOIUICHHs TaJaKTHK. JTa oueHKa 0/1M3ka K 0oOlenpuHATOM, OJHAKO
NOTy4€Ha CYIECTBEHHO NPOLLE CTaHAaPTHOTO MOAX0/1a.

B §5  paccmaTpuBaeTcs = BO3MOXKHOCTH — HaXOXKICHMS
CaMOCOrjacOBaHHOTO HEAMHEHHOTO pELUEHUs] A TOPOMAANBHOTO
BUXpsi Ha (oHe OOIIEero KOCMOJOTMYECKOro paciiupeHus. DBOTIOLHMS
obnacTtu Me'raranaxmxu, CYWECTBEHHO MEHBIIEH TOpPU30OHTA Ha
HEPEIATUBUCTCKON CTaauM, INpH MpeHeOpeXeHUH IUCCHUMATUBHBIMU
npoLieccaMi MOXET OBITh OMHMcaHa CHCTEMOM ypaBHeHWH Diinepa u
HEMPEPBIBHOCTHA  COBMECTHO ¢ ypaBHeHueM  [lyaccona s

FPaBUTALHHOHHOI'O [TIOTEHLMAJA:

v __y[2
= +(vV)v V(p(t) +(p) )

%+div(pv)=0, Ap=4nGp(1).

C))
31ecb V, p, @ —  COOTBETCTBEHHO CKOpOCTb, JaBJICHHE M
IPaBUTALIMOHHBIA NOTeHUMaN, G — TMOCTOSIHHAS TArOTeHUs, P(f) —
O/IHOpOJHAs IUIOTHOCTb, 3aBUCAILAs OT BpeMEHH f. B jaHHOM ciydaer
YHAeTCs HAWTH TOYHOE pElIEHME /i paciuMpsioerocs ¢ (GoHom
BAXpsi. [Ipn 3TOM NMPOMCXOAMT HanoKeHUE BUXPEBOrO ABMIKEHMS HA
KOCMOJIOTMYECKOE TPH YCIOBMH, 4TO YPaBHEHMS] TMAPOJMHAMMKH -
HENMHEHbL. Actpouznyeckoe MNPUIOKEHHE TAKOM MOJEIH MOXKET
OBITh MHTEPECHO B CBA3M CO CLIEHApPHEM 0Opa30BaHMs PaaMOTraNaKTHK.
B §6 paccmMoTpena pensTHBHCTCKAs ACTOHALMS MONS  C
obpaszoBaHMeM 3a  (POHTOM  BOJNHBI  PENSATHBUCTCKON  [UIa3MBI.
Coepuyeckn  CHMMETPHUYHOE — BMJKEHME  IUIa3Mbl  JOMYCKaeT
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aBTOMOJIENILHOE  pEellieHUe,  KOTOpPOE CBOJMTCA K  MCCJICAOBAaHHUIO
ypaBHEHUs /U1 PajinaibHON CKOPOCTH IIa3Mbl v

i :
ﬂ%_lv. WE Loy ot R )
d&‘_m—‘kl—vi E1-vE

3neck © - CKOPOCTh 3ByKa, &=r/t - aBTOMOJIE/IbHas MepeMeHHas,

CKOHCTPYMpPOBAaHHAasi M3 pajMaibHOW KOOPIAMHATBI » W BPEMEHHM [ ,

(ckopocTh cBeTa c=1). PeuieHne 3TOro ypaBHEHMs Ha (PpOHTE BOJIHEI,

JBUKYLIEHCA CO  CKOPOCTBIO  D=2w/(l+0’), HMEET OECKOHEUYHYIO
NPOU3BOAHYIO. 3HAYCHUE CKOPOCTH v IPU 3TOM PAaBHO CKOPOCTH 3BYyKa
© . BenuunHa CKOPOCTM MOHOTOHHO MAajaeT 0 3Ha4YeHusi v=0 B TOUKE,
COOTBeTCTBYIOWIEH y3i1y auddeperimanbHoro ypasHenus (5). [lanee
pelueHMe «CIIMBACTCA» CO 3HAYeHHeM v=0. DTO peleHHe CrpaBeIMBO
J0 3Ha4YeHus £=0,(r=0). B MecTe CIIMBKM pEIIEHUH Pa3pbIB UCTIBITHIBAET
TOJILKO BTOpas MPOM3BOAHAS v, YTO JIONYCTHMMO /Il YPaBHEHHMA
nepBoro nopsjaka (5).

[aaBa tperbsi «HeoaHOpOaHBIE KOCMOJOTHYECKHE pEIIeHUs CO
cKalApHBIM ronem». B §1 M3yd4eHO CTaTHYECKOE pacnpeaeieHue

HEOIHOPO/IHOrO CKA/SIPHOTO MONS B LIEHTPAJbHON CHCTEME OTCYeTa €
METPUKOHU

ds’=e"dt* —e*dr* -r’dQ’, (6)
rae v U A - QYHKUMHM TONBKO OT pajManbHON KOOpAMHATHI 7 (TO €CThb
MOJENb  SBISETCA  HEOJHOPOAHOH M craiuoHapHOH).  byzaem
UCCNIE0BaTh 3Ty MOJENb C YYETOM BIIMAHUSA CKansipHOro rnojis ¢ ¢

JlarpaHXuaHoMm
] i
L=’?:gk‘P.,(Pﬂk -

Ipu 3TOM GbLIM NOMyYeHBl COCTBETCTBYIONIME YPaBHEHUs DiHIITeHHA

()
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Janee OblIO TNPOBENICHO YMCIEHHOE HCCAEJOBAHME [MOJYYEHHOM
cucteMbl ypaBHeHuH (8) u (9) c BbIOOPOM KOHKpPETHOrO BMIA

NOTEHIUAILHOM SHEPIUM HEJIMHEHHOTO CKAISIPHOTO MOJIsl B BUIE

1 aaud
v o lmrorokh . (10)
2 e
rac m- MacCa KBaHTA CKajlspHOro IoJd, ¥ - KOHCTaHTa €ro

B3aUMOJICHCTBHUS C CAMUM CODOIA.

Beiin paccMoTpeHb! Ba XapaKTepHBIX CIyyasi:
) Ksagpar maccel ckaispHOro nojst BeIOMpasCs OTPHLATEILHBIM.
[Tonyyennas Takum  o0pasoM  Mozenb  MOpCACTaBIseT  coboi
aCUMIITOTHYECKHU IIOCKYI0 Beenennyio.
2) KsaapaT macchl CKalaspHOTO MO IOJOKHTENbHBINA. B 3TOM Cciiyuae
NoNe @ -—sconst ¥ WIpaeT poib >PPEKTHBHOH KOCMOJIOTHYECKON
KOHCTaHTBhI, 33 CYET KOTOPOM JIaHHAs! MOJIENb IKCIIOHEHLMATBHO OBICTPO
pasaysaetcs (Mup ae Cuttepa).

3ameTnm, 4TO B OOOMX Cllyyasix pachpe/esieHHe Nojs CHIbHO
HEOJIHOPO/IHO, YTO MOJIENTMPYET HEOJHOPOAHYIO Beenennyio.

Taxoxe paccMoTpeHa aHanorus CKaaspHOro MoJjis W OOBIYHOTO
BCILLECTBA, C MOMOLILK KOTOPOH MCCaeayOTCs 2P PeKTHBHBIC JIaBICHUE
Y [UIOTHOCTh SHEPTUH CKAJSIPHOTO MOJISL.

B §2 npuenena obuas MeTonka nepexoaa U3 comyTCTBYOUEH
CHUCTEMBI KOOpJMHAT B LEHTPAJbHYI) C MCIOJIb30BAHWEM SKOOWAHOB.

~15%

DTOT MPUEM OCHOBAH HA MCIIOJIHb30BAHUM B KAYECTBE MPOMEXKYTOYHBIX
MEpPeMEHHBIX JWICPOBBIX M JIarPaHXEBbIX paJMaibHBIX KOOPAMHAT.
BaxHOM 0OCOOEHHOCTBIO YKAa3aHHOTO OTOOpaXKEHHS METPHUK SBIISAETCS
€ro HeOJAHO3HAaYHOCTh. TpéM wu3BecTHBIM Mozensam Je Currepa
COOTBETCTBYET OJIHO M TO JKE€ BHIPAXKEHHWE /ISl METPHUKH B LIEHTPAIBLHOM
cucTeMe OTcuera. OJTO MO3BOJSET BHIOpATh pPasjiMYHBIE BapUaHTHI
CLIEHAapus B M0JYYEHHOM BBILIE KOCMOJIOrHyecKom pentenuu ¢ Y/J1.
B 3aksmoueHuu NpuBeIeHb

OCHOBHBIE PE3VJIBTATBI PAGOTbI

B ganHHOM  jmccepTalMOHHOM — paboTe  paccMarpuBaiuch
MaTeMaTHYeCKHe MOeiau acTpoduznyeckux oObekToB BO BeeneHHOM.
Bei1H 1o1ydeHp! ciaeayone OCHOBHBIE PE3yIbTaThl:

1. ITomyueno ypaBHeHHE ABMKEHHUS YJIbTPAPEIATUBUCTCKOrO rasa B
nose  IllBapumuinbia ©  [POU3BEAEH  €ro  noapoOHbIM
Ka4eCTBEHHbIH aHAIN3 Ha (a30BOM MIOCKOCTH.

2. C noMoInplo pelieHuss HEJMHEWHON 3ajayu O CTAMOHAPHOM
MOTOKE peNsATHBUCTCKOro rasa B moae YJI wuccienoBaHo
obpa3oBanue yaapHbIX BOAH. Ilokasano OTCyTCTBHE CHIIBHBIX
CTallMOHAPHbIX Y1apHBIX BOJIH.

PaccmMoTpeH  mpouecc  MPOXOXKACHHMS  PEISTUBUCTCKOH

JIETCHALIMOHHOW BOJHBI MO CKajJApHOMY IOJIO € MEPEeX0/I0M

SHEPrvM TOJisi B DHEPTHI0 BbICOKOTEMMEPATYPHOH [Ia3Mbl,

oOpa3syroleiics 3a GPOHTOM BOJIHBI.

4. TlokasaHo, 4TO BKJIIOYEHHE BA3KOCTH B yKa3aHHOW B IMyHKTE |
3a/1a4€ NPUBOAMT K MOSBJCHMIO ACHMITOTHYECKH OJHOPOIHOIO
MOTOKAa  YIBTPApElsATHBMCTCKONO — rasa. DTOT  PesyibTar
YKa3blBaeT Ha BO3MOXKHOCTE 0Opa30BAHUA 4aCTH OAHOPOIHOTO
Mupa ®pumana u3 ucnapsromeics YJ1.

(98}
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PaccmoTpeHo obOpa3oBanuMe HEHTPUMHHBIX [IPOTOrajakTHK B
pe3ynbTaTe YMEHBIUEHMs HX TeMIlepaTypsl B  Hpoliecce
sBomouuu Beenennoi. [lokaszaHo, 4To MX xapakTepHbIi pazmep
COM3MEPHM C pa3sMepaMU COBPEMEHHBIX MalaKTHK.

Hccnenosana  3BomOUMS  TOPOMAANBHOIO BUXpSl  Ha
pacmpsfolieMcs  Kocmonoruyeckom (one mupa @puamana.
[IpoananuzupoBaHbl BO3MOKHOCTH acTpodU3MUECKHX
CJIEACTBUM.

PaccMOTpeHBl HEOJHOPO/HBIE KOCMOJIOTHYECKHE MOJENH C
ONMMCAaHMEM MATEPUH B BHUIE HEJMHEHHBIX CKaJSPHBIX MOJEH,
JHUKTYEMBIX TEOpUEW DJieMEHTAapHbIX uacTuu. Haimen kiacc
pellenuil, NepexoAsmMX aCHMITOTHYECKH B OJIHOPOHYO
130TponHyto Beenennyio.
Haiinena  maremartuuyeckas METO/IMKa nepexoxa 0T
COMYTCTBYIOMIEH CHCTEMBl KOODAMHAT K LIEHTPAJIbHOH C

. UCIIOJIb30BaHUEM SKOOHAHOB. HHTCPCCHO OTMETHTDH, YTO TPEM

KOCMOJIOTHYECKMM MOJENAM (OTKpBITast, 3aKphITasi M IJI0CKast) B
COMYTCTBYIOLIEH CUCTEME COOTBETCTBYET OJiHA €JMHCTBEHHAs B
LIEHTPaJIbHOM.
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OcynoB PaBuibe XapcanoBu4
Bup TekTy y 3MecC aaAaMABIH MaTeMaTUKaABIK MOAEAAEPH
AHHOTALIMS

Kapa 49yHKYpAYH TDaBHTANHAIBIK TAJAaChIHAAIbI PENSTHBUCTHK ra3fAbliH CTAOHOHAPADIK
arsIMbI M3WAZeHer. Kapaisin jkKaTkad arbIMJa COKKY YPYY TOJKYHAAapbiHbIH Haliza 6Goayy
MYMKYHAYKTepY aHaxm3feseT. By mpomeccTe >KMHYH HIS3WKEKTHKTHH 3CENKE aTbIHBIIIL]
Genyxuenepays naiga GOAYUIyH MOAEIAEHT >KaHa ACHMOTOTHKANBIK GHP TEKTYY arbiMinl Geper
(6yn 6yynaupm >XaTKaH Kapa YyHKypAaH AanamjniH nafifa GoxyycywyH >KeHeKeil Typaery
MoZenn Ooxyn 3cenTeneT). YiaaMm KHHHHKH TAJTaKTHKaTbK TONTOPAYH nHaidaa GoayycyH
MOJE/166YY, S3YHYH TIpaBHTALMAABIK KYYTOpy MEHEH TeH CajJiMaKTaHyydy CTalHOHapAYyy
HeHTPOHIYK TYMAaHAYYJAYK YYYH YbITapbLIBINI ajbIHIaH. AanaM MeHEH KOWO KeHedyydy Xuiiaus
TOPORMATHK KYIOHY B3HJAEHreH. PajuorajakTHKaHbIH IHHAMHKACHl YYYH KOJAOHYJIyyra MbIHAAH
KYIOHAYH 3Kee CyHyml KbUIbiHTaH. CBISBIKTYY 9MEC CKajispAblK Tajlaa MeHeH TOoTypyJ/ray
AanaMIIpiE aJTavkbl aGATBIHBIE GEp TEKTYY 3MeC MoAellepH xapairaH. Mpmmaa#l mozenaepaus
IBOMIONAACH YYYH TaGBLITaH Yb{raphUIbIIITAD ACHMITOTHKAMBIK TypAe (DpRAMaHIbIH MOAENACPH
CBIAKTYY GHMp TEKTYY MOAE/LICPAMH YbirapbLAbIIbIHA yMTyaaT. JKaaust bixma GofoHYa SKOOAAH b
KONXOHYy MeHeH ge CHTTEPAHH METPHKACBHIHBIH KOIIO >XYPYYYY KOOPAMHAT CHCTEMACHIHAH
6OpOOPAYK KOOPARHAT CHCTEMAChIHa @TYYCY Kapajiras.
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IOcynos PaBuib XapcaHoBuy
MaremaTuyeckue MOAeIM HEOJHOPOAHOW Beenennoit

AHHOTALIUA

Hccnenyercs crauMoOHapHOE TeUEHHE PEISTHBUCTCKOrO rasa B rpaBHTaLMOHHOM MOJe
YJI. AHnanuzupyercs BO3MOMKHOCTL MOSBICHMS YAapHBIX BOJH MPH YKa3aHHBIX
UCTEYEHHHU. YUYET BTOPOH BAZKOCTH B 9TOM MPOLECCE MOAEIMPYET POXKIEHUA YACTHIL U
JaeT aCUMNTOTUYECKH OJHOPOJIHBIA MOTOK (3TO yMPOLIEHHAs MOJENb POKIACHUA
Bcenennoit u3 wucmapsroweiica  YJI). [lomyueno pemienue nd CTallMOHAPHOIO
- HEHTPUHHOTO 0bJlaka YpaBHOBEILIEHHOTO COOCTBEHHBIMH IPAaBUTALMOHHBIMH CHIIAMH,
MOJIEJIUpYIOLUEEe MOCHEeNyoliee pa3BUTUS CKOMJIEHHs ranakTtuk., Hccnemyercs
pacuupsoencs BMecTe co BeesleHHOM TopouaansHblil BUXph Xuta. [pemanoxkeHo
HCMONB30BAHKE Mapbl TAaKMX BHUXpeH AN OUHAMHUKM pagHOTANaKTHK. gM3yueHsbl
HEO/IHOPO/IHBIE MOJIENTH paHHe# BceneHHOMH, 3an0oNMHEHHON HETMHEHHBIM CKATSAPHBIM
nonem. HaigeHHble pemleHuss [ SBOJIOLMH 3THX Mojejed  aCUMNTOTHYECKH
CTPEMSTCS K OTHOPOJIHBIM MOJEIAM THIa Monened Mdpuamana, PaccmoTpeH nepexon
meTpuku e Currepa OT CONMYTCTBYIOUIEH CHUCTEMbl KOOPOMHAT K LEHTPAJIbHOH MO
obLei METOAMKE C UCIIOJIb30BaHHEM SIKOOHAHOB. '

‘ Usupov Ravil Kharsanovich
The mathematical models of inhomogeneous Universe

SUMMARY

The stationary current of relativistic gas in a gravitational field of BH is explored. The
opportunity of occurrence of shock waves is analyzed at indicated outflow of gas. The
account of a second viscosity in this process simulates the creation of particles and
gives asymptotically homogeneous stream (it is the simplified model of creation of the
Universe from evaporation BH). The solution for stationary neutrino cloud balanced
of proper gravitational forces is obtained that simulative subsequent developments of
galaxies evolution. The toroidal Hill vortex expanding together with the Universe is
explored. The usage of a pair of such vortexes for dynamics of radiogalaxies is offered.
The inhomogeneous models of the early Universe filled by nonlinear scalar field are
investigated. The obtained solutions for evolution of these models asymptotically
aspire to homogeneous models such as Friedmann models. The transition of the
deSitter metric from an comoving reference to centra) one is considered in general
technique with use of Jacobians.




