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STUDY OF CYLINDRICAL POLYTROPES

WITH COSMOLOGICAL CONSTANT

M. Sharif, S. Sadiq

Wccnepyetcss unavHAPUYECKN-CUMMETPUYHOE pacrpeaesieHne uaeanbHol XMNAKOCTY C HEHYNEBOW KOCMOJIOri-
YecKoli MOCTOSIHHOM A/t ABYX CJyHaeB MOJMTPOMHOro ypasHeHusi coctosiHusi. CchopMynnpoBaHbl v HUCIEHHO
peLUeHbl COOTBETCTBYIOLLME CTPYKTYpHble ypaBHeHusi. Oka3anoch, Y4TO NoNyHeHHble NOANTPOMHbIE MOLENU SABJIS-
OTCSl MEPCMNEKTUBHLIMU C TOYKM 3peHusi OU3UKU, NMOCKOJIbKY YAOBIETBOPSIIOT BCEM SHEPreTUYECKNM YCIOBUSIM.
MpoaHannsmpoBaHa yCTOWYMBOCTb MOAUTPON MYTEM BO3MYLLUEHNSI MAaTEPUAsIbHbIX MEPEMEHHbIX, @ NMEHHO, MO~
JINTPOMHON MOCTOSIHHOW 1 MOJUTPOMHOIO MHAEKCA, 1 NOCTpoeHa byHKLMs pacnpeaeneHus cunbl. HaiigeHo, 4rto
Npu BO3MYLLEHWUN MOJUTPOMHONA NOCTOSAHHON KOMMAaKTHbI OOBbEKT SABASIETCA YCTOMYUBLIM BO BCEX Clyvasix, B
TO BPeMsi Kak BO3MyLLeHVE MOANTPOMHOIO UHAEKCA MPUBOAUT K YCTOWYUBBLIM Pe3ySbTaTaM TOJbKO B MEPBOM

c/lyyae MOJUTPONHOIO YPAaBHEHUS COCTOSHUS.

1. BBEAEHUE

Uccnenosanne (pusuvecKux AacreKTOB ITOBEICHUS
3BE3/IHBIX OOBEKTOB, & TAKYKe PA3JIUYHBIX ITAIIOB UX
9BOJIIOTAN SIBJISIETCSI OJIHOM 13 HAanboJIee MHTPUTYIOTITUX
pobJIeM peraTuBUCTCKOM actpodusukn. Takue dak-
TOPBI KaK KOHJEHCAIIUsT Ta3000PA3HBIX COCTABJISIIOIIIX
u cOOCTBEHHAs TPABUTAIUS UI'PAIOT BAaXKHYIO POJIb B
dbopMupoBaHUE CTPYKTYPbI HEOECHBIX TE W B UX IBO-
Jonun. BHyTpeHHME 3aKOHBI 3TUX OOBEKTOB XOPOIIO
omucbiBaer ypasuenne cocrosuus (YC). B paGore [l
[MOKA3aHO, YTO MPHU CIENUAJIHHOM BBIOOpDE TeMIlepary-
PBI PACIIPEIEJIEHHOTO B 3BE3Jle ra3a MOXKHO IT00UTHCsT

* E-mail: msharif.math@pu.edu.pk
** E-mail: sobiasadiq.01@gmail.com

490

BBITIOJIHEHUSI TIOJIMTPOITHOI'O COOTHOIIIEHHS MEXK/LY J1aB-
JIHHEM ¥ TJIOTHOCTBIO. Takne 3Be3IHbIe MOJAECIN ObLIN
Ha3BaHbI MOJUTPOIHLIMI 3BE3/IaMU, OHU IPEICTABJISI-
0T co0OoI TPYOYIO AlIIPOKCHMAITIIO Oojiee peasnCcTu -
HBIX 3BE3JIHBIX MOJieseit. Bee 910 criocobcTBOBAO TPU-
BJICUEHUIO BHUMAHWS HCCIEIOBATENCH K MOICINPOBa-
HUIO KOMIAKTHBIX 00bEKTOB C ITOMOIIbIO ITOJIUTPOIIHO-

ro YC.

CTpyKTypa MOJIUTPOI ONPEJIE/IsieTCsl YpaBHEHHEM
Jleitna — 9mMaeHa, KOTOpoe IpecTaBisier coboit cuc-
TeMy HeJMHeHHbIX uddepeHuabHbIX ypaBHEHU
(ypaBHEHHE THAPOCTATHIECKOIO DABHOBECHUS U YDaBHe-
HUE COXpaHeHHsI Macchl). B pabore [Q.'], ABJISIOIIEHCS
[MMOHEPCKOil B 00JIACTH MCCJIe/I0BaHUsI U30TPOIIHBIX pe-
JISTUBUCTCKUX CEPUIECKUX CUCTEM C ITOJTUTPOITHBIM
VC, OBLIO OJIYI€HO YUCTIEHHOE PEeIlleHre CTPYKTYPHBIX
ypasuenuit. B pabore Takike 00CyK/1a70Ch, ITO T'pa-
BUTAIMOHHBIA KOJLJIAIIC MACCUBHBIX 3BE3J, MOYKET CJIy-
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JKATh MEXaHU3MOM BBIJEIEHUs OOJIBIIOr0 KOJNIECTBa
suepruu. B pabore |'_{)"] OBLI HAlIJIEH KJIACC TOYHBIX Perlie-
HU 71T CTATUIECKON MOJUTPOITHON cdephl, a TaKkKe
OIEHUBAJINCH PA3/IMYHble (PU3NIECKUe CBOHCTBA, KOTO-
pbleé MOYXKHO TOJIyIUTh C HUCIOIb30BAHUEM DPEaUCTUY-
HOIl Mojiesin 3Be3/bl. B pabore Eéf] HCCJIEJIOBAJIUCH KAK
U30TPOIIHBIE, TAK W AHU30TPOIHBbIE CHEPUIECKU-CUM-
MeTPUYHbIE PEJIATUBUCTCKUE ITOJTUTPOIIBI U OBbLIN TIOJTY-
9eHbl YUCJIEHHBIE PEIeHUsi CTPYKTYPHBIX YPABHEHUIA,
OIIMCHIBAIONINX MTOJUTPOTEI. B padbore r{;] OBLIN TTOCTPO-
€Hbl AHU30TPOIHbIE KOH(POPMHO-IIJIOCKHE TOJIUTPOIIBI
co chepuIecKoil cuMMeTpHeil, a ¢ TIOMOIIBIO YHEPreTH-
9eCcKuX yCJAOBUil ObLaa mpoBepeHa X 3 (OEKTUBHOCTS.
B pabore [:_6'] paccMaTpuBaIaACh MOJUTPOITHAS 3aPsIKeH-
Hast chepa ¢ 0600mmeHHBIM TOIUTPOTHBEIM YC 1 OBLTO
OKa3aHO, YTO YCTOMYUBOCTDL MOZEJIEH yBEIUINBACTCA
C YMEeHbIIIeHIEeM 1apaMeTpPa KOMIAKTHOCTH.

B coorsercrBuu ¢ mociemanmyu HaOII0AATEIbHBI-
MU JIAHHBIME COBPEMEHHOI KocMoJiornu, Harra Beesen-
Hasl YCKOPEHHO PACIITUPSIETCS, ITO HOTBEPIKIACTCH Cy-
II[ECTBOBAHNEM HEOOBIYHOI'O BU/IA SHEPIHH, U3BECTHOI
Kak TemHas dHeprus. CorjacHo HEKOTOPBIM TEOPEeTH-
YeCKUM DPe3y/IbTaTaM, TeMHas SHEPrUsl MOYKET OIHUCHI-
BaThCsl KOCMOJIOTUYECKOI MOCTOSHHON (TakKe HHTEp-
npeTupyeMoil Kak IUIOTHOCTb SHEPIUM BaKyyMa), KO-
TOpasi XapaKTEePU3yeTCsl OTPHUIATETHHBIM JTaBJICHIEM.
ODTu HAOJIIOJICHNsT TPUBJIEKI BHUMAHNE K UCCJIe0Ba~
HUSM acTPOPUINTECKNX 00BHEKTOB C HEHYJIEBOH KOCMO-
JIOrHUeCKoil ocTosHuOi. B padore [ Gbuiu oy dens:
PpellleHus TIOJIEBBIX YpaBHEHU DifHITeiiHa j1ist cepu-
YeCKU-CUMMETPUYHOTO PACIIPE/IEIEHNs MacC B CIIydae
HEHYJIEBOIT KOCMOJIOTHYIECKOIT ocTogHHON. B 3T0it pa-
6oTe TaKKe UCCIe0BaAIaCh CTPYKTyPa HechepruiaecKnx
KOMIIAKTHBIX OObEKTOB U OBLIIN [TOJIYY€HbI UX 3BE3/IHbIE
CBOICTBA, TaKHe KaK Macca, PaJIyc, JaBJIeHHe 1 ILIOT-
HOCTbD.

B pa6ore [§] paccmarpupamach HeycToiumBOCTE
cdepriecKn-CUMMETPUYHOTO PACIPEIe/IeHAsT MATEePUH
B Cjly4ae HEHYJICBOH KOCMOJIOIMYECKON IIOCTOAHHOI.
Briio monmydeno, uro npu GOJIBINON KOCMOJIOTHIECKON
IIOCTOSTHHOI yBeJINYNBAETCS 3HaUeHHEe KPUTHIECKOI'O
ammabarmaeckoro mnekca. B pabore [H] obeysxmanocs
dbopMupoBaHUE aHU30TPOIMHBIX KOMIIAKTHBIX 3BE31 B
cJlydae HEeHYJIeBOH KOCMOJIOTHIECKOH TTOCTOSTHHON 1 ObI-
JIO TIOJIYYeHO, UTO IIPeJIOZKEHHAsI MO/IeJIb CIIPABE/JINBA
JI7IsT TI0001 KOMITAKTHOM 3Be3/6I. B pabore [:f(}‘] nucce-
JO0BAJIOCh BJIMAHUE HEHYJIeBOH KOCMOJOTMYECKON II0-
CTOSHHON Ha cEepPUYeCKU-CUMMETPUYHbBIE TOJIUTPOIIBI
I cITydasd UIeaJbHON KUJKOCT U aHAJIU3UPOBAJIICH
dusznveckne cBOMCTBA TOJUTPOITHOI cdhephbl. Boio mo-
JIYU€HO, UTO OTTAJKUBAIONIAs KOCMOJIOIUYIeCKasI II0CTO-
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AHHAgd CYIICCTBCHHO BJIMACT Ha IIOJUTPOIILI Ha Mac-
mrabax JJINH, CPABHUMBIX C KOCMOJOTHIECKON MTOCTO-
STHHOI.

Xopoto m3BeCTHO, 9TO ChEepUIeCKU-CUMMETPUY-
HblE CTATUYECKHUE PeIleHusl M0JIEBbIX YpaBHEHUN DiiH-
mTefiHa ABJISIOTCS OCHOBOM 00ITTeH TEOPUN OTHOCUTE Th-
HOCTH, OJTHAKO ITUJINHIPUICCKI-CAMMETPUIHBIE CTATH-
JecKue pelleHrs He TaK XOpoIio u3BecTHbI. Vccire-
JoBaHne HechepPHUIeCKUX CaMOIPABUTUPYIONIIX CUCTEM
10 CBOEH 3HAYUMOCTH HUJET BCJIEJ 33 WCCJIEIOBAHIEM
[MUINHIPUYECKUX PEIIeHNI TI0JIEBhIX YPaBHEHUN DiiH-
mreiiHa B BHUJE TPABUTAIMOHHBIX BOJIH. B cBsA3uM C
9TUM MHOTHE aBTOPBI CTPEMIJINCH HAWTH IUJINHIPU-
9ecKue PEIeHNs, & TAaKXKe UCCIeI0BATh (PU3NIECKUE
CBOIICTBa 3BE3/IHBIX MOJIeJICii B KOHTEKCTe IIUJIUHIAPU-
geckoii cuvmerpr. B paore [f1] pacemarpusanacs
YCTOMYMBOCTD IUJIMHAPUIECKUX TIOJATPOI U OBLIO TO-
JIy4€HO, YTO, B OTJINYME OT CHEPUYECKUX ITOJUTPOII,
OHH ABJISOTCS yeTolauBpME. B pabore [[3] nsywamics
IAHIPUIECKA-CUMMETPUIHBIE CAMOTPABUTHPYIOITHE
JKUAJIKOCTU W OBIJIO TOJIYIEHO, UTO MaTepHuasbHbIe Be-
JINYUHBI OKA3bIBAIOT 3HAYUTEIHHOE BIUSHUE HA JIHMHA-
MUKY pacrpeeeHus IUINHIPTIeCKA-CUMMETPUTHON
marepun. B pabore [:_1-?3'] HCCIIEIOBAJIOCH  (DOPMUPO-
BaHNUE AHU30TPOIHBIX IUIMHIPUIECKAX KOMITAKTHBIX
00BEKTOB C HEHYJIEBOW KOCMOJIOTHIECKOH TTOCTOSHHOIA,
JIJIsE 9TUX OO'BEKTOB IIPOBEPSLIUCH YCIOBUSI PETYJISIPHOC-
i u ycroitumoctn. B paGore apropos [14] B xomn-
(HOPMHO-TITIOCKOM KOHTEKCTE OBLIN CHOPMYJTMPOBAHBI
MIAHJIPUIECKHEe MOJETN I aHU30TPONHBIX TTOJIAT-
pon u OBLIO IOJYYEeHO, YTO KOMIAKTHOCTBH MOJIesieil
BO3pacTaeT. B pabote |:_1-§] npejcTaBaen obmuit ¢hop-
MAaJI3M JIJIsT 3aPSIKEHHON aHI30TPOITHON TTUTHHIPIIe-
CKO#I IOJTUTPOIIBI, TPIYEM OKa3aJI0Ch, ITO OTHA U3 PaC-
CMaTPUBAEMBIX MOJIEJIeNl SIBJISIETCS IPUEMIIEMOI ¢ TOY-
KU 3peHus (HU3NKH.

B macrosmieit pabore paccMaTpuBaIOTCs U30TPOII-
HbIE [IUJINHIPUYIECKUE TOJIUTPOIBL B CIydae HEHYJIEBO
KOCMOJIOTUIECKOi TocTossHHOM. PaboTa moctpoena cie-
JyiormuM obpasoM. B ciemytoriem pazjenie 06CyxKa-
eTCsl PACIpeleiCHIe MATEPUH I JIBYX CJIy9IaeB IIO-
smrporaoro YC ijist MUINHIPUIeCKI-CUMMETPUIHOTO
[IPOCTPAHCTBA-BPEMEHH. DTO HEOOXOIUMO JIJIsI TIOCTPO-
€HUsi CTPYKTYPHBIX yPABHEHUIT, C TOMOIIBIO KOTOPHIX
MOXKHO HCCJIEJIOBATH (DU3UIECKIE XaPAKTEPUCTUKH 10~
JIUTPOIL. 3aTeM IOJIyIeHHbIe MO/ AHAJIU3UPYIOTCS
quciieHHo. Tak Ke MCCJIe/IyI0TCs SHePreTudecKue yco-
BUS JJIsI PacCMaTpUBaeMbIX Mojesneil. B paza. 3 mpo-
B€JIEH aHAJU3 YCTONYINBOCTU HOJIUTPOIHBIX MO/IEJeEH ¢
HCIIOJIb30BaHUEM paclierienus. B mocieinem pasese
chOpMyIMPOBAHBI OCHOBHBIE PE3YJIBTATHI.
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2. PACITPEAEJIEHUE 2KNJKOCTU 1N
CTPYKTYPHBIE YPABHEHU A

CdopmyupyeM ypaBHeHUs1 00IIeil TEOPUU OTHOCH-
TEJILHOCTH, KOTOPbIE OIHUCHIBAIOT PABHOBECHOE COCTO-
AHNE TUITHIPTIECKA-CUMMETPIIHOIO PACIIPE/I€IEHUS
Marepun, yiaoBjerBopstomue mnojgurponsomy YC. Jlu-
HENHDBINA 3JIeMEHT, COOTBETCTBYIOIUNA CTaTUICCKONA -
JINHJIPUYECKON CHMMETPUN, UMEET BU/L [:_l-t:;]

ds? = —A%(r)dt® + B*(r) dr? + C*(r) d¢® + dz*. (1)

IIpemmonaraercst, 970 Takoit KOH(MUIYPAIUUT COOTBET-
CTBYeT UJeabHAs KUJIKOCTh, OTPAHIICHHAS TUIIEPITO-
BEPXHOCTBIO X, TaK YTO

ry, = const.

Tenzop sHEPrUn—UMIIYJIbCA /I TAKOI'O PACIIPE/IETIEHILS
MaTepuu UMeeT BU/I

Taﬁ = (P + P)Vavﬁ + Pgozﬁv (2)

rae p, P u V, — IIOTHOCTH 9HEPrUn, U30TPOITHOE JIAB-
Jieane u 4-CKOpOCTb, COOTBETCTBEHHO. B comyTcTByIO-
mieil crcreme KoopAuHaT 4-CKOPOCTh UMEET BT

Vo = —A82 = V,V* = —

CoOoTBeTCTBYIOINE MTOJIEBbIE YPABHEHUSI

1
Raop — §Rga5 + Agap = 81T 4p

IPUHUMAIOT BUJI

87rp—|—A=BL< o CH>7

o= (49,
ST
a2 2. 40,

e mrpux obosHavdaeT Aud@epeHImpoBaHue Io T, a
A — kocmosorndeckas nocrosunas. Ilycrs C(r) = r —
koopmaaTa [IIBaprmuabaa. Torma mosesbie ypaBme-
HUsI PEJYIUPYIOTCSA K BUJLY

87rp+A=$<%)7 (3)
87rP—A:$ (AZI>7 (4)
SﬂP—A:%(%—%) (5)
SwP—A:%(ﬁI—%—l (gﬁj)) (6)
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B pabore [[7] C-smeprusi 1y IUIHHIPHIECKOTO
IPOCTPAHCTBA—BPEMEHH OIIPEJIEISAeTCs KAK

1
== 172V Vo),

rie

l2 = C(?)aC?Q): r= pl

3nech p, | u T — pajguyc OKPY>KHOCTH, y/eJIbHAasT JJINHA
u pajauyc 00JIaCTH, COOTBETCTBEHHO, a

0 0
Ers C2) =72

0z
— BeKTOpb! Kujumunra e MUIRHIPUYECKON CHCTEMbI.
C-sneprus /1 HAIIEro JIMHEeHHOIo 3JIeMeHTa, IPUHIMA-

(- 5)

P* = Cyally,

Gy =

eT BUJL
1
52 (7)

m(r) = 3

3aKOH COXpaHEHUs

Bia =0
Jlaer
A/
P'+X(p+P):0. (8)
Ucnonssyst ypasuenns (4) u (7), momyaaem
A" 8mrP —rA
A 1-8m

rie
T

m:27r/rpdr

0
— MOJIHAST MACCa BHYTDPH I[M/IMHPUYECKOIO KOMIIAKT-
r
noro oobexta. Torma ypasnenne (8) npuHumaer BujL

9)

mrP —rA

P/
* 1—-8m

(p+P)=0. (10)
Oxa3zaJjioch, 9TO pacipee/ieHre MaTepPu OTPaXKaeT pe-
QJIbHYIO KapTHHY, €CJIH OHO YJ/IOBJIETBODPSIET HEKOTO-
PBIM YCJIOBUSAM, U3BECTHBIM KaK dHEPIeTUYeCKHUe yCJIO-
Bust. [yt KoHUryparmm, cOOTBeTCTBYOIIEH N30TPOII-

HOU KUJIKOCTHU, 9T YyCJIOBUA NMEIOT BUJL

(11)

Teneps paccMOTpuUM 3BE3IHBIN O0BEKT IS IBYX
ciydaeB nogurpornHoro YC u cdopmyaupyeM CTPyK-
TypHBbIE YPaBHEHMUSI.
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2.1. Cayuaii 1

11 3TOTO CIydast pacCMOTPHM

P=kpy =kpy"V", p—po=nP,  (12)

e Y U n — TOPSJIOK TOJMTPOIBI U ee MOKa3aTellb,
COOTBETCTBEHHO, k — KOHCTaHTa, a py — OapuOHHAST
IUIOTHOCTB. BBeJieM HOBbIE IepeMeHHBIE:

P po(r) 1 Ampe
a=—, dp&) = , A=, —m—
e 0 (g) Do Of(n + 1)
(13)
A vac m(r)A3
= - p ) lr = é"? U(g) = ( ) N
8mp.  8mpe A 4mpe

31ech poe U pe — UEHTPAJIbHbIE 3HAYCHUS ILJIOTHOCTU
OapUOHHOI U TIOJIHOI HepTHH, P, — 1aBlIeHue, a Pyqe —
IJIOTHOCTL dHepruu BakyyMma. Liennt &, A, ®o(§) u
v(§) — Ge3pasmMepHas pajuaabHas KOOPAUHATA, KOCMO-
JIOTUIECKas! TIOCTOsIHHAS, TTapaMeTP IJIOTHOCTU U MAac-
COBBIil IApPAMETp, COOTBETCTBEHHO; A — KOHCTaHTa,
UMeIas PasMepHOCTh OOpATHON JiMHBL. 3HAYEHUE
A oxazamocsk pasapiM 1.3 - 107°% e~ 2, npu sToM co-
OTBETCTBYIOIAST IJIOTHOCTh YHEPIUHM BaKyyMa PaBHA
1072% r/em? [10]. Moncrasss ypasuenne (13) B ypas-
nernst (10) u (), nomyunm

dd g
d—o + 242202 (D7(1 — nov+ nady) — A) x
X

X (1—na+a(n+1)Pg) (1—%) =0, (14)

dv  AA20on

pri 5 (1 — no+nadg) =0, (15)

rie

8
I

B

¢/

b

A

rs

IIpuBeeHEbBIE BbINE YPABHEHUS OIUCHLIBAIOT BHYT-
PEHHIOIO CTPYKTYPY HMUJIAHIAPAIECKOTO KOMITAKTHOTO
obbekTa. Juddepennupys ypasaenue (:_1-4) o x, a 3a-
TeM, Heronb3ya ypasuenne (15), momyaaen

(1—na+(1+n)adg) (P§(1—na+naPy)—AN)

81+ n)aw .
A
257
. 1 8(1+n)aw +8(1+n) x
A
g d®
x a A2 (1 — na + nadg) + 2nzd) d—xo +

2.%(1)8' n—1 2
W ’I’L(I)O (]. na-i—a(n-i—l)@o) +
A
dd
+ a(n+ 1) (25(1 — na + nady) — )\)} d—xo +
~ 2
e Lo (16)

dzz

DT0 ypaBHeHNe Ha3bIBaeTcs ypaBHeHueM JleiitHa — M-
JIEHA, OHO OIUCHIBAET MOJUTPOIY B COCTOSTHUU THIPO-
CTATUYECKOrO paBHOBecHs. JIjis1 SHEPreTHIecKuX yeio-
BUIl B 9TOM CJIy4Yae MOJIydaeM

(i) 1 = na+nady >0,

(i) 1 —na+a(n+1)Pg > 0, (a7)
(iii) 1 = na+ a(n —1)®g > 0,

(iv) 1 = na+ a(n + 3)@y > 0.

Bamerim, uro ypasrenus (14) u (15) npejgcraps-
0T cODOil cucremy JBYX JuddepeHnnaibHbIX ypaBHe-
uuii fyist aByx neussectHbix (Po u v). Pemum aru ypas-
HEHUs YUCJIEHHO C HAYAJIHHBIMU YCJIOBUSIMUI

v(0) =0, P(0)=1. (18)

Ha puc. :]: [IPUBE/IEHBI PEIIeHNsT yPaBHEHUA (ié) u
(15) st cyuaes mysesoii u HEHYJIEBOI KOCMOJIOIHYIeC-
Koit nocrosunoii. Ha puc. iha npuseieHbl 3aBUCUMOCTH
®o. Buano, 9To 3Ta BEINYNHA MOXKET OBITH IMTOJIOXKH-
TeJbHOM BHYTPH 00beKTa 1 yObIBAET IIPH y/IAJE€HIH OT
meHTpa 3Be3bl. bosee Toro, mpu A = 0 Beqmuuaa Py
yMeHnbinaercs O6bicrpee. Ha puc. :11'6 MIPUBEJICHBI 3aBU-
cUMOCTHU Oe3pa3MepHoit MaccoBoil pyukimu v. Bumo,
9TO U MMeeT OOJIbIIINe 3HAYEHUs [IPU OOJIBIINX 3HAYe-
HUASX A. DTO 03HAYAET, UTO YBEJIUIEHNE A\ IIPUBOIUT K
60J1ee KOMIIAKTHBIM MoJiessiM. Ha puc. Q’ MIPUBE/IEHBI 3a-
BUCHMOCTH SHEPIeTUYECKUX YCJIOBHI JJIsd CIIyYaeB Hy-
JIEBOM M HEHYJIEBO KOCMOJIOTMYECKON moctosuuoit. Ha
PUCYHKE BHUJIHO, YTO IIPU BCEX 3HAYEHUAX A BBIIIOJHEHDI
SHEPIeTUYIECKIE YCJIOBUS.
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D, v
1.0F

0.9F
0.8F
0.7F

0.6F

0.5¢L

Puc. 1. 3asucumoctu @ (a) n v (6) ot z gna A =0 (1), 0.3 (2) n 0.7 (3) npu n = 1.5, a = 0.2

EC(i) EC(ii)
1.00 T 1.20
0.98 f
i 1.15
0.96 f
0.94 | 1.10
0.92F 05
0.90 '
0.88 F 1.00
0.86 T
0.95
0
EC(iii) EC(iv)
0.80 = ‘ L6f
0.79] 1.5]
0.781 . 4:
0.77L i
i 1.3
0.76 i
[ 1.2:
0.75L
0 : 0 0.2 0.4 0.6 0.8 1.0
T z

Puc. 2. 3asucumoctn sHepretudeckux ycnosuii ot z gnss A =0 (1), 0.3 (2) n 0.7 (3) npu n = 1.5, a = 0.2

o d® z
2.2. Cotyait 2 T+ 24% (0 (0f — N)(1+a®) x
X
JI1s1 3TOTO Cilydast pacCMOTPUM
n Ba(n+1)v\
P=kp" =kp T/ p (1 - kPo%) =po, (19) 8 (1 't ) =0 (20)
rie
p(r) = pe®" (£). dv  AX2zon . )1
B 3roM citydae cTpyKTypHBIE YpaBHEHUs IPUBOJIST K dr 2 n (21)
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) v
1.0¢

0‘92
0‘82
0.7;
0.6;
0.5;
04"
0.3E

0 0.2 0.4 0.6 0.8 1.0

Puc. 3. 3asucumoctun @ (a) n v (6) ot z s A =0 (1), 0.3 (2) n 0.7 (3) npun = 1.5, « = 0.2

EC(i) EC(ii)
1.20
1.18
1.16
1.14
1.12
1.10
1.08
1.06
EC(iii) EC(iv)
DAL
0.92 |
0.90 [
0.88 |
0.86 |
0.84 |
0.82 |
0.80 |
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
x x

Puc. 4. 3asucnmocTn sHepretudeckux ycnosuii ot z gns Cayyas 2 gna A =0 (1), 0.3 (2) n 0.7 (3) npun =15, a = 0.2

HeitcrBys anasornano Coydaro 1, mosrydaem, 94To B

Cayuae 2 ypaBHenue JleiiHa—DmMjieHa IPUHUMAET BUJ, 8(1+ n)ozf:l%Q(I)Q" 2P
1 8(1+n)av L 8(1+n)av .
na 2 A i
(1+ad) @ -\ | T A ) "
1_8(1+n)av 207 | 1+ + X [n®" M1+ a®) + o (P —)\)]@_p
A c L d?*®
A2 — =0. (22
+ dx? (22)
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DHepreTuvIeckue yCJaOBHUs B 3TOM CJIydae UMEOT BHJL

i) 1+ ad >0,

(
(
( (23)
(

iv) 1+ 3ad > 0.

Perraem ypasnenns (20) u (21) 1 mosydaem saprcumoc-
n ¢ u v, MOKa3aHHbIE HA PUC. 13 Ha pucynke Buj-
HO, 9TO HOJIyYeHHbIE 3aBHCUMOCTH AHAJOTHYHBI 3aBH-
cuMocTsiM, nostydeHHbM it Coydast 1. Dueprernyec-
KHE YCTOBUS TAKIKE BBIIOTHEHDI (CM. HC. 4).

3. PACILIEIIJIEHME ITOJINTPOII

PesiTHBUCTCKIE 3Be3JIHBIE MOJIEJIM He DPabOTakoT,
€CJIM OHI HE YCTOWYINBBI OTHOCUTEILHO (BJIyKTyaluii 1o
MaTepHAJIBHBIM [IEPEMEHHBIM, HALPUMED, JABJICHHIO U
wIoTHOCTH SHeprun. VX HeGoJIbIoe BO3MYIIIEHIE HAPY-
[IA€T COCTOSIHNE PABHOBECHS] HEOECHBIX TeJI, YTO HPHU-
BOJIUT K BO3HHKHOBEHHIO PA3HOOOPA3HBIX MHTEPECHBIX
SIBJIEHUI, TaKUX KaK KOJUIAIIC, PACIIUPEHUE, PACIIEl-
JIEHUEe W OLPOKH/(bIBaHNe. PacIienienne n OnpoKu/Ibl-
BaHIEe CAMOI'DABUTHPYIONHX 00BEKTOB COOTBETCTBYIOT
HOSIBJIEHUIO B DPACIPEJICJICHIN MATePUH PaJnajbHBIX
cunt ¢ pasubivu smakavu [18]. Ecmn pagmanbnas cn-
Jla HalpaBJieHa BHYTPb KOMIIAKTHOTO OOBEKTa M Me-
HSIET CBOW 3HAK B HEKOTODOI TOUKe (TOUKe pacIierie-
HUsl), TO TIPOMCXOJIUT PaCIIellJIeHHe, B IIPOTHBHOM CJLy-
“Yae MPOUCXOAT ONPOKUIbIBAHIE. DTO HE MMEET OTHO-
IIEHUs K KOJUIAIICY HJIH PACIIHPEHUIO MATEPUH, & JIAIIb
K TeHJICHIINH K PACIIEIIEHIIO B HEKOTOPOH KOHKPETHOI
TOUYKE BHYTDH KHJIKOCTH. [IpoaHaJu3upyeM ycTondn-
BOCTB MOJIEJIEll IUIHHAPHIECKIX TOJUTPOI ¢ HCIIOJIb-
30BaHMeM paciierienus. st 5Toro byHKIMIO pacupe-
JICJICHVsT CHJIBI OIIPEJIENTUM KaK

_ap

8mrP —rA
T dr

R
1—8m

(p+P). (24)
Jutst KarK10T0 Caydast Mbl HAPYIITaeM COCTOSTHIE PaBHO-
BeCusd CUCTEMbI, BOBMYyIIad IIJIOTHOCTb SHEPTUU U J1aB-
JIEHUE TIOCPEJICTBOM BO3MYIIEHUS MOJUTPOIHBIX I1apa-

MeTPOB.

3.1. Cayuaii 1

CrauaJta BBeJIeM BO3MYIIEHHUE TOJTUTPOITHOM TOCTO-
AHHOM, & UMEHHO,

k—k=k+ ok,

496

TOrJ[a IJIOTHOCTH SHEPIUU U JIABJIEHUE TOXKe OYIyT
HUCHBITHIBATH BO3MYIIIEHUE:

P="hP, j=po+nhP, (25)
rue h = l::/ k, a Twibnoii 0003HAYEHBI BO3MYIICHHBIE

BeJIMIUHBL. [J0/ICTaBIsAs BO3MYIIEHHBIE IAPAMETPHI B
=1
ypasHenue (24), mosryamum

iy 8mépe(a®y — )

R = p.®f | Aha(n+1) 7 A<1_80¢(n+1)f1>
A

x (I —na+ aln+ 1)hdg) |,

9TO COOTBETCTBYET HAPYIMIEHHOMY COCTOAHUIO CUCTEMBI.
Ucnonwbsys cooTnomnenune

o

A
= —R7
Arp?
MOZKHO IIepeNncaTh 9TO ypaBHEHNE B BHUJIE
Ady 26D (ady — \)

d—f 1 8a(n + 1)
A

k= h®fa(n + 1)
x (1 —=na+a(n+1)hd®q). (26)

Teneps paszitokuM GYHKIIIO R B pan Teistopa u
[TOJTY IUM

SR=R(E,1+h,v+6v) = R(E,1,0) +

OR
+ 5 Sh+

h=1,0=v

of

55 ov.

h=1,0=v

(27)

HOCKOJ’H)Ky B HEBOBMYIIIEHHOM COCTOAHUU CHUCTEMa Ha-
XOJUTCA B paBHOBECUU, TMEEM

R(¢,1,0) = 0.
U3 ypasmennst (26) nosty«aem
OR 2080t
oh hetime  1— 8(1 —I—un)ow
X [(n+1)(a®y—A)+ (1 —na+ (1 +n)ady) | +
d®y
dL—— 28
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OR ~16(1 +n)agdy (=X + adp) (1 —na+ (1 +n)adg) (29)
o0 h=1,5=v A (1 _ M)z
A
Bonee Toro, maccoBast GyHKIMSA B 9TOM CJIydae JaeT
v nad
ov = %ML = Tf1(5)5h7 (30)
rie
1
hie) = [ éapia
0
Tloncrasnsis ypaBHenust (g&:)—(',_g(_]') B ypaBHEHUE (:_2-?), Jitst (DYHKIIUU CUJIBI TIOJTy 9aeM
- 24(1 Do (— i 240 (1 — 1 i
5By — Shap ( —I—un)af 0(=A\+« 0)+ af 05 na + (1 +n)ad)
A—-8(1+n)aw A—8(1+n)av
n 8A2n(1 + n)a2Ef1(€) (A + a®p) (1 — na + h(1 + n)ady) n d®g
(A —8(1 + n)av)? s |-
Vcnonbsys nepeMenuyto & = a:jl, MeperuIeM 3TO ypABHEHHE B BUJIE
5 a | 21+ n)xfiafbo (a®g — ) 2x;1a<190 (1 —na+ (14 n)ady)
0y = ohdy 1 8(1+n)av + 1 8(1+n)aw +
A A
- d®g
8n(1 +n)xAa?fi(x) (a®y — A) (1 — na + h(1 + n)adg) n dr (31)
(1_ 8(1—|—n)0w>2 A
A

L1t aHa 38 PaCIIeIIeHns IPUBEIEM 3aBUCUMOCTH (DYHKITUH PACIIPeIe/IeHNsT CUJIbI 11t (DUKCUPOBAHHBIX TOKA3a~
TeJid IIOJINTPOIIBLI U IapaMeTpa & U JJId Pa3INYHbIX 3HAUYeHUIT KOCMOJIOTMYECKOIl IIOCTOAHHOI, CM. PHUC. 'ﬁa. Buno,
9TO IUJIMHIPUYECKNE TIOJUTPOIIBI OCTAIOTCS YCTONYINBBIMU IIPHU JIFOOOM BBIOODE TapaMeTpPOB N, (v U A.

Temreps BBesieM BO3MYIIEHUE TTOJUTPOI TTOCPEICTBOM BO3MYIIEHUS TMTOJTUTPOITHOTO WHJIEKCA,

n—n=n+on,

TOTJIa TIOJIYIUM

5B — 20 Apc®y (A +a®yt™) [(A=8(1+n)av) (1 — na)lndg + ady) N
’ (1 B 8(1+n)av)2 A
A
+4(1+ n)a:leOzfQ(a:) (1 = na + nady) ) oh, (32)
‘ r
re Ha puc. §6 MTOKA3aHbI 3aBUCUMOCTU (DYHKIINHA PAC-

[IPEJIEJIEHIST CUJIBI JJIS PA3JINYHBIX 3HAYEHUN KOCMOJIO-

z TUYECKO MOCTOSAHHOM. BHaHO, YTO MpU BO3MYIIEHUH

fa(x) = / 2@ In ®od. N KOMIIQKTHBI 00BEKT OCTAeTCsT YCTOHTUBBIM IPH JIFO-
) 60M BBIOOpE TTAPAMETPOB.

497
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3.2. Cayyait 2

CuadaJia BBeJIEM BO3MYIIIEHUE TIOJTUTPOITHON TOCTO-
AHHOM, & UMEHHO,

k—k=k+ ok,

TOr'/la IIJIOTHOCTDb QHEPI'UN U JTaBJICHUE TaK2Ke 6y,ﬂyT uc-
ObITHIBATH BOSMYIIIECHUE!:

Po

1+ hkp(l)/n

P=hP, jp= (33)

)

rue h = k/k, a Tuibuoii 0603HAYEHBI BO3MYIIECHHDIE
BeImInHGBL. VICTIO/IB3ysT TPUBEIEHHOE BhHIIE YPaBHEHHE,
JIJIST BO3MYIIIEHHOH IIJIOTHOCTH HEPTUU IOy daeM

p=p+nP(l—h),
/e Mbl UCIIOJIb30BAJIN COOTHOIICHHE
h=1+0h.

[ojicTaBisas BO3MYTIEHHbIE MapaMeTPhl B yDaBHEHUe
(24), momyuaem ypasnenue

AP 8mlap P — 8mp A "

R = hap.A(n +1)®"— -
A—8a(n+1)v

dg¢
x {pe®"[1+ a{n + h(1 — n)}®]},

OIHMCHIBAIOIIEE BO3MYIIIEHHOE COCTOsiHME cucTeMbl. Vc-
10JIb3YsI 6e3pa3MepHyIO EPEMEHHYIO

v

A

Arp?

]2{:

)
HEpEHHIIIeM 3TO yPAaBHEHHE B BHUJIC
Séap P — 8mp

A—8a(n+1)w
X (pe®@" 1+ a{n+ h(1l —n)}P]).

Ucnonways paznoxenne B psaj Teitmopa, moaydaem

- P dP
v 1 d
+ ¢ Aa(n+1)P—4nafs(x) UL X
A-8a(n+1)v
A" — 81pAA
87rapvx 8Tp NAx oh, (34)
A—8a(n+1)v
rje

x

fa(z) = / £ dz.

0
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s anajm3a paciieluieHus TPUBEIEM 3aBUCUMOCTH
GYHKIMYM pacipejie/ieHusi CUJIbl IPU (PUKCHPOBAHHBIX
[IOJTUTPOITHOM HHJEKCE W IapaMerpe « W IPH Pas3-
JINIHBIX 3HAYEHUSIX KOCMOJIOTHIECKON TIOCTOSTHHOM, CM.
puc. '(_ia. Bugno, uro mwimHapudeckue IMOJATPOIBI
OCTAOTCsl YCTONIUBBIME TIPHU JTFOOOM BBIOODE ITapaMer-
poB N, o | A.

Temepb BBejieM BO3MYIIEHUE ITOJATPOI  ITOCPET-
CTBOM BO3MYIIEHUS TIOJUTPOIHOTO WHJIEKCA,

n—n=n+on,

TOria IIOJIYyYINM

. " Ind dd .
shy = | (2L AP 5+ ad) x
A X
y (Aza®™! — Az))(1 + In 3)o"

A —8a(n+1)v
8a(;1xa(1>"+1—)\;1x)

+ = +327mp. D" (14+a®) x
(A—8a(n+1)v)?
v ntbl v
i | Ara® M) Lol on, @35)
(A —8a(n+1)v)?
riae x

fale) = /JECD” In @ dé.
0
Ha puc. '9’6, 6,2 ipuBejieHa (DYHKINS PACIIPEICICHIS CH-
JIBI JIJIST PA3JINIHBIX 3HAYEHUI KOCMOJIOTHIECKOH TOCTO-
siHHO#. BuHO, 9TO 1OJIMTPOIIHAST MOJIEJIb UCIBITHIBAET
pacielieHue Ipu yBeJIUYeHUN 3HAYeHUsT A, T.e€. IPHU
BO3MYIIEHUN 7, HAJIAYNAE HEHYJIEBOI KOCMOJIOTMIECKON
[TOCTOSIHHO# IIPUBOIUT K HEYCTOWUMBBIM MOJIEJISIM.

4. SAKJIFOUYUTEJIBHBIE SAMEYAHNA

CaMOrpaBuUTHPYIOIIE KOMIIAKTHBIE OOBHEKTHI TTPH-
HaJIeXKaT BaKHOMY KJIACCY AaCTPOHOMUYECKUX TeJ,
n3ydeHne KOTOPBIX B IIOCJEIHEe BPEMs CTaJlo OCO-
O6eHHO BaxKHBIM. B Hacrosiieil pabore B pamkax 00-
el TeOpUU OTHOCUTETLHOCTU UCCJIEI0OBAH TIOJIATPOII-
HBI KOMIAKTHBIA OOBEKT C M30TPOIHBIM pacipeie-
JIEHNEM MaTePUU Ul [IAJINH/IPUIECKU-CUMMETPUIHOTO
MIPOCTPAHCTBA—BPEMEHU B CJIydae HEHYJIEBOH KOCMOJIO-
TUYIeCKO OCTOsTHHOI. B BbIOpaHHOIT reomerpun ObLIA
HCIIOJIb30BaHa pajmajbHas Koopaunata [IIsaprummis-
Jla U PacCMOTPEHBI 1T0JIeBble ypaBHeHud. /[Ba HesmHeli-
HBIX OOBIKHOBEHHBIX 1 PepeHITNAbHBIX YPaBHEHNUS,
ONHCHIBAIONINX BHYTPEHHIOIO CTPYKTYPY KOMIIAKTHOI'O
06bekTa, chopMYINPOBAHBI JJI ABYX CJIy9YaeB ITOJIUT-
porroro YC. Ilo amajorum ¢ mosmTporHOil cdepoii,
[TOJTUTPOIHBIN MUJINHADP XapaKTepusyeTrcs TpeMs 0Oe3-
pa3MepHBIME IapaMeTpaMi, & MMEHHO, ITOJTUTPOIIHBIM
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Puc. 6. 3asucumoctu 6Rs (a) n 8R4 (6,6,2) ot z anss A =0 (1), 0.3 (2) n 0.7 (3) npun = 1.5, o = 0.2

WHJICKCOM N, PEJIATUBUCTCKUM IIapaMeTPOM (v, OTpazKa-
FOIIUM POJIb PEIATUBUCTCKUX 3(PMDEKTOB B €r0 CTPYK-
Type, U KOCMOJIOTMYECKON IOCTOAHHON, OTpazKaloliei
POJIb IIOTHOCTHU BaKyyMoii sHeprun. B pabore unciieH-
HO PelIeHbl CTPYKTYPHBIE YPABHEHUS U IOy I€HO, UTO
MaccoBasi MYHKIWS sIBJIA€TC MOHOTOHHO BO3DaCTAaIO-
meit. Oka3asoch, 9TO B CJydae HEHYJIEBOI KOCMOJIO-

IMYECKOIl MOCTOSTHHON A\ OHa pacTreT ObICTpee, UeM B
ee orcyrcTBue. llepCreKTUBHOCTD MMOJIyYEeHHBIX MOJIEe-
Jieit ¢ TOYKH 3peHus (PU3WKU UCCTAETOBATACH C TTOMO-
MBI0 YHEPreTUIECKUX YCJAOBUil; OBLIO IOJLYyYEeHO, UTO
paccMaTpuBaeMble MOIEH YIOBIETBOPSIOT BCEM JHED-
PeTUIECKUM YCJIOBUSIM KaK JJIsT HYJIE€BOW, TakK W JJIsd
HEHYJIeBO KOCMOJIOTMYECKOIT IIOCTOAHHOM.
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AHajmm3 yCTOWYMBOCTU 3BE3JHBIX MOJejiell O4YeHb
BazKeH JIJII TPOBEPKU WX IEPCIEKTUBHOCTU C TOYKH
3pennsa ¢pusukn. B paboTe MCIOIH30BAIOCH MTOHSITHE
pacIHIensieHns, a CHCTeMa BBIBOJIMJIACH U3 COCTOSHHS
paBHOBecHUs NP TOMOIIM BO3MYyIeHuit. Boamytenne
IUIOTHOCTU SHEPIUHM U JABJIEHUS] CHUCTEMBI BBOJIMIOCH
JJIs1 JIBYX CJIydaeB HOJUTPOITHOIO YPaBHEHUs COCTOSI-
aust. s Coaygas 1 BBOAMIOCH BO3MYINEHHE TTOJTHT-
POIHON IIOCTOAHHON U IIOJIUTPOIHOIO UHACKCA U CTPO-
WINCh 3aBUCHUMOCTH (DYHKIUNA PACIPEeeHIs CUIIbI
5]:21 u 5]%27 OTIMCHIBAIOIINE TIOJTHBIE PAINAILHBIE CUJIBI.
Brino maiimeno, uro monydennsie B Ciyuae 1 moze-
JII yCTONYIUBBI OTHOCUTEIBHO BO3MYIIEHUN 1IpU JTF0O00M
BoIOOpE N, o U A, a MojeJin, nojydennbie B Ciydae
2, YCTOIYUBBI TOJLKO IPU BO3MYIIEHHOI TOJUTPOITHOM
oCcTOsiHHOM. J[Jj1si aHM30TPOIHBIX ChEPUIECKUX IO-
JIITPOII PACIIEIVIEHHe U OIPOKHU/IBIBAHUE ITPOUCXO/IAT,
KOI/Ia IIJIOTHOCTb SHEPINU U JIOKAJIbHAs aHU30TPOIINS
CHCTEMBI BO3MYIIAIOTCS IOCPEJICTBOM BO3MYIIICHUS ITO-
JITPONHOM TIOCTOSHHOI I OIMTPOTHOTo HHsekca. [19],
B TO BpeMsI KaK JIJIsl U30TPOITHON ITUJINHIPUIECKHI-CAM-
METPUIHON KUJIKOCTUA B 00OUX CIJIyUAAX JIJIsT HEHYJIEBOI
KOCMOJIOTHYECKOIl ITOCTOSTHHON yCTONYMBBIE MO
MIOJIyYaIOTCs IIPU BO3MYIIEHUM IIOJUTPOITHON IIOCTO-
AHHOM.

ABTOpPBI BBIpayKarT 0JIAr0JAPHOCTH BhICITeil Ko-
muccun 1o obpazomanmio, Mcmamabas, Ilakucram,
3a (DUHAHCOBYIO TOJJEPXKKY B paMKaX ITPOTrPAMMBI
Indigenous Ph.D. 5000 Fellowship Phase-II, Batch-III.
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