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YCPEJHEHHUE YPABHEHUM CTAHJAPTHOM KOCMOJIOI MYECKOM MOJIEJIN
O BBICTPHIM OCHUJLISILIASAM: BIUSIHUE KOCMOJIOIMYECKOI'O YWIEHA
HA CPEJHEE 3HAYEHUE Y®PEKTUBHOI'O KOY®DPULIUEHTA BAPOTPOIIbI

C noMmoulp0 HPHUKIATHOTO aBTOPCKOrO IMakeTa MPOrpaMM IPOBENEHO ycpelaHeHHe 3((HEeKHOro CyMMapHOro
kodpdunmenta Gaporponbl K =(—A + p)/(A + €) KIaCCHYECKOrO CKAIIPHOIO IO M KOCMOJOTHYECKOrO WiICHa U
[IOKa3aHO, YTO B TPOIECCE KOCMOIOTMYECKON DBONIOLHMH TPH JOCTATOYHO OOJBIIMX 3HAYCHHUAX KOCMOJIOTHIECKOM
MIOCTOSIHHOM BeemenHast co cranun nHOISALNY IEPEXOANT Ha HEPEISITHBICTCKYIO CTa IHIO, a 3aTeM, TTOCIe ILIaTo, — CHOBA
Ha CTaJ(HI0 MO3AHEH HHAIALHUH.

Knrwouesvle cnosa: cmam)apmﬁaﬂ Kocmogiocuveckas Moaeﬂb, ycpeénenue UHBAPUAHMHBIX XAPAKMEPUCMUK, cpe()Hee 3HA-
YeHue KoCMoa02u4ecKkoco yCKoperus, CcmMaouu KOCMOJL02ULECKO20 pacuwiupenus, Yuciennas cpasumayusl.

BBenenune

B mpenpinymux padotax [1, 2] ¢ MOMOIIBIO YCPEAHEHUS IO MAKPOCKOMMUECKOMY BPEMEHHOMY WH-
TepBaly OBICTPO OCLMUIMPYIOIINX YUCICHHBIX PEILICHUH YPaBHEHUH KOCMOJIOTHUECKON IBOIIOLMHU AJIS
CTaHAAPTHOM KOCMOJIOTUYECKOW MOJENHU C HYJIEBBIM KOCMOJIOTHUECKHM WIEHOM OBbUIO IOKAa3aHo, YTO C
TE€YEHHEM KOCMOJOTHYECKOT0 BPEMEHH BKJIAJ B INIOTHOCTh 3HEPTUU MHUKPOCKOIUYECKHX KBaJAPaTHUHBIX
OCLMJUIALUI CKaJIIPHOTO TMOJI HaYWHAeT JOMUHUPOBATh HaJ| BKIAJOM B INIOTHOCTh SHEPTMH yCPEIHEH-
HOTO MaKpOCKOIIMYECKOTI0 CKaJISIPHOTO HOJIS, IPHYEM OTHOIICHHE 3TUX BKJIAIOB JOCTUrAeT HA MO3THHUX
BpeMeHax 3HaueHuit nopsaka 10°. OmHOBpeMEHHO ¢ 3TUM (P (PEeKTHBHOE MAaKPOCKOIIMYECKOE YPABHEHHE
COCTOSIHHSI CTPEMHTCSI K HEPETSITHUBUCTCKOMY, T.€. CpeOHHUN Ko3(h(HUIMEHT OapoTpombl K = p/g cTpe-

MUTCS K HYJI0. JTO sIBJI€HUE OBUIO MHTEPHPETHPOBAHO B [1, 2] Kak MpoLecc pOXKIEHHUS HEPesIITUBHUCT-
CKUX CKaJISIpHBIX 0030HOB. B ciydae oT/iMuunst OT HyJsl KOCMOJIOTHYECKON TTOCTOSIHHOM A MHBapHaHTHOE
KOCMOJIOTHUECKOE YCKOpeHHe (2 ompeaensercst He TOJIbKO KOAQPHUIUEeHTOM 6apOoTpOIb

QZ—%(1+3K), (1)

HO 3aBHCHUT TaK)X€ M OT BEJIMYMHBI KOCMOJIOTUYECKON MOCTOSHHOW. C y4EeTOM KOCMOJIOTUYECKON TOCTO-
SSTHHOH CYMMAapHBIH KO3 GHUITHEHT O6apOoTpONBl JOKEH OBITh IMEPeoNpeeicH I KIaCCHIeCKOTo CKa-
*
nsproro noyis D(t) cregyronmm 06pazoMm :
A+p A+D-D?
K= =
A+te  A+D?+@?

rne f'=df /dt. B cBA3M C 5TUM BO3HHMKAET HEOOXOJAMMOCTh MCCIENOBAHNUS BIMAHHUSA KOCMOJOTHIECKON

2)

MOCTOSIHHOW Ha SBOJIIOIMIO CPEIHEr0 3HAYEHHs] CYMMapHOTO KO3 QHIHEHTa 0apoTpOmnbl CTaHIAPTHON
KOCMOJIOTHYECKOW Mozenu. YUCIeHHOe MOICTPOBaHKE B IaHHOH paboTe MPOBEIACHO Ha OCHOBE MOJEp-
HU3UPOBAaHHOTO aBTOpcKoro makera mporpamm DifEqTools [3], cBoOOOMHBIN HOCTYIT K KOTOPOMY OTKPBIT
Ha caiite [4]"

1. OCHOBHBIE COOTHOIIIEHHUSI MATEMATHYECKOH MOe N

[Tonnas cucrteMa ypaBHEHHUI paccMaTpyUBaeMoOM 37€Ch CTaHAAPTHOM KOCMOJIOTMYECKONW MOJAENH JJIst
MIPOCTPAaHCTBEHHO-TUIOCKOW MoJienn PpuMana B BEIOPAHHOHN CHCTEME SIUHUII UMEET CICTYIONINN BU/I;:
a” 12 2 2 21 2 2
37=km+® +O0°=H,"=A =§(km+CD + @) 3)

* o o

Hcnone3yercs IIIAHKOBCKast cuctemMa enuHul: G =c =/ =1, a B KauecTBe BPEMEHHOI IIepeMEHHOM — Ge3pa3MepHast epeMeH-
Has T=mt, e m —Macca CKaspHOro nouis (moapobHocty cm. B [17).
ok . . . .. . .
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— eIMHCTBEHHOE HETPUBHAJIBHOE ypaBHEHHE DWHINTEWHA, T1e

A =In(a); %EA’sz(t) (4)

(H(t) — moctossaHas Xab0ia), M ypaBHEHHE KIIACCHIECKOTO MAaCCHBHOTO CKassipHOTO oyt ( f =df /dt) :

®"+3H,P'+D=0. 5)
IIpu 3TOM TEeH30p SHEepruu-uMnysibca (1) UMeeT CTPYKTYpYy TEH30pa SHEPrUU-HMIYJIbca H30TPOITHON
WKUJIKOCTH C HPUBCOESHHbIMU TUIOTHOCTHIO SHEPTHHU U JIaBIICHUEM:

Lo o\, 1y n o
S—STE(CD +@ ) p_Sn(cD ) ) (6)
TaK 4TO
2
8+p=E.

Beipaxas mocrosHHyro Xa0bma H,,(t) w3 ypaBHeHus OiHmTelHa (3) uepe3 pynxkuun @, @' u
MIPOBOMIS CTaHNIAPTHYIO 3aMeHy nepeMeHHbIX O'=Z(1), mpuBeneM cucreMy ypaBHeHu# nons (3), (6) k

BUAY HOPMalbHOH aBTOHOMHOW CHCTEMbl OOBIKHOBEHHBIX UG (epeHINANbHBIX YpaBHEHUH B
TpexmepHoM (azoBoM mpoctpaHcTBe {A,D,Z}:

. |1 2 a2\
A =h_\/§(xm+z + @ ) (7)
'=Z ; (3
Z'=—\BYr, + 22+ D’ Z - . )
IIpu aTom
a' aa" h'
H=m—=mh, Q=—7+=1+—. 10
: e (10

Cucrema aBTOHOMHBIX OOBIKHOBEHHBIX AuddepeHunanbupix ypaBHeHui (7) — (9) umMeeT aBTOHOMHYIO
nojcuctemy Ha miockoctu (D,7), KOTOPYIO MBI B OyIeM HCCIIeI0BaTh.

2. Beruncienue cpeHUX MO BpeMeHH 0T GyHKIMII TMHAMHAYECKUX IepeMeHHbIX

Cpennue oT GyHKIHNA JHHAMAYECKUX TIEPEMEHHBIX 0Yy/IEM BBIYHCIATH 110 CTAHJAPTHOMY TIPABUITY

T+AT

v@®=— [ y(@)dr, (1n

T

rae 1 < At < T — HHTepBal ycpeaHeHus. B 3Tol pabore Hac OyIeT HHTEPECOBATh CPETHEE OT BEIIMUNHEI
k03¢ urmenta Gaporponsl (2):

22
K= A+ @T-@7 . (12)
A+ D+ D2

Vkazansblii Beimie aBTopckuil maker mporpamm DifEqTools mo3Bosisier BBIYUCHATH CPEAHUE OT
(yHKUMH OUHAMUYECKHX IIEPEMEHHBIX aBTOMATHYECKH HENOCPEACTBEHHO C YWCIICHHBIM pPELICHHEM
CHCTEMBI HeJIMHEWHBIX TU((epeHINaTBHBIX YPAaBHEHHUH C TOMOIIBI0 KOMaHIbI

é (s) = DifEqTools[NumericDsolveMiddle](EQS, ICS, Methods, [ T, ¢(1) ], AT, s, N, M),
rae EQS — crnucok muddepennmansupix ypasaenuii; ICS — crnmcok HauanbHbIX ycnoBuid; Methods —
CITHCOK METOJIOB W TapaMeTpOB IMPOIEIypHl YHCIIEHHOTO HWHTErpupoBaHus; [T,¢(T)] — CHOHCOK,

COCTOSIIMN M3 HE3aBUCHMOW NEPEMEHHOW M ycpenHsieMoil (QyHKIMU; AT — [UIMTENBHOCTh WHTEpBaja
ycpenHenusi; N — uuciio pa30ueHus uHTepBana; M — meron uHTerpupoBanusi. llpusenmem mnpumep
IPUMEHEHHUs] KOMaH[bl, COOTBETCTBYIOLIMN POBEICHHBIM BbIUHCICHUSIM:
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Kappa Mid:=(t,Lambda,Phi0) ->
DifEqTools[NumericDsolveMiddle](EqF(Lambda),ICF(Phi0),[method=dverk78,maxfun=500000,
abserr = 1.#107(-6), relerr = 1.*10"(-6)],[tau,kappa(tau,Lambda)],4*P1i,t,100,S);

Ha puc. 1 u 2 nmoka3aHbl HEKOTOPLBIC PE3YJIbTAThl YUCICHHOI'O MOACITIUPOBAHUAA.
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Puc. 1. BiusiHMe Ha4aJIbHOTO 3HAYEHMS CKAJIIPHOTO ITOTEHIMANa HA BOJIOLMIO CPeaHero 3()(EeKTUBHOTO KO-
s¢dunuenta 6aporponsl: @ — npu A,, =0, ciomHas kpusasd — @, =1; nyHxrupHas kpusast — @, =10 ; To-

-12
JeuHO-MyHKTUpHas kpuBas — P, =100; 6 — npu MambIx 3HadeHmsIX A, =107 7, cimeBa HampaBo: ®, =1;

@, =10; ®, =100
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Puc. 2. Biusinue BeaIWdMHBI KOCMOJOTMYECKOH MOCTOSHHOM Ha 3BOJIIO-
nuio cpeaHero 3GdexTuBHOro KoddhduIreHTa O0apoOTPOINbI: CIUIONIHAS

kpuBag — A =0, @, =1; Toueunas — A= 10_10, @, =1; NIMHHO-ITYHK-
tupHast — A = 0.001, ®, =1; ToUueUHO-IIyHKTHPHASL — A = 1078, ®,=10;
IMYHKTHpHAs — A = 1078, @, =100 . Ha mo3guux cragusax OBe MOCIETHHE

KPUBLIC CJIMBAIOTCA

Takum 06p830M, MBI BUJUM, YTO IIPpU OYCHb MAJIBIX 3HAYCHUAX KOCMOJIOTHYECKON ITOCTOSHHOMN
Cp€aHEeC 3HAYCHUC BEACT ce0s1 aHaJIOTMYIHO MOACIN C HYJICBBIM 3HAYCHUEM KOCMOJIOTHYECKOM ITOCTOSH-
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HOW: Ha paHHEW CTaguy paclupeHus K — —1, 3aTtem cpenHuil KodhUIUEHT 6apOTPOITHI IEPEXOTUT Ha
KOJIeOATeHHBIA PEXXUM BOJIM3M HYJIEBOTO 3HAYEHUA. DTOT MEPEXOT IPOUCXOIUT TEM TOKE, YeM OOJIBIIIE
HavaJIbHOE 3HaUEHHE CKAIPHOTO rnoTeHImana. COOTBETCTBEHHO STOMY HHBAPHAHTHOE KOCMOJIOTHYECKOE
yCKOpeHHe mamaeT oT 3HadyeHus +1 mo —1/2, T.e. KocMoloTHYecKasi MaTepusl SBONIOIMOHUPYET OT HH-
(hISAMOHHOTO COCTOSIHUA K HEPETSTHBUCTCKOMY.

IIpu yBenuueHuM 3HAYEHUST KOCMOJIOIMYECKOW MOCTOSIHHOW MOBEJEHUE KOCMOJIOIMYECKON MOJENH
8 MAKPOCKONUYECKOM Macuimabe epemeHy CyILIeCTBEHHO M3MEHseTcs: cpeHuit koaddumuent daporpo-
Bl M3MEHSEeTCS OT —1 K HyJIeBOMY 3HAYEHHIO, a 3aTeM, IOCIe IJIaTo, CHOBA MajaaeT K 3HadeHuro —1. Ta-
KHM 00pazoM, B MAaKpOCKOITMYECKOM BpeMeHH BcelleHHas mepexouT OT paHHeH HH(IAIUN K HepeIaTH-
BUCTCKOMH CTaJluy, a 3aTeM — CHOBA K MO3IHEH MHQISALHH.
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