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A soft

tf HasHaueHune naketa GravPerturbations
st

3apaun Teopum rpaBMTaunm, pellaeMbie C NOMOLLBIO NaKeTa GravPerturbations

MakeT GravPerturbations No3BonsieT BbIYUCAATL B aHaNUTU4ecKoii hopme OCHOBHbIE

reomeTpuHeckne obbeKTbl PENATUBUCTCKON Teopun rpaBuTaLuy BO BTOPOM NOpsifKe no
BO3MYL|EHMNSIM OTHOCMTEJ/IbHO HEBO3MYLLIEHHOIO FPpaBUTaLMOHHOrO MoJIA: TEH30p

Maker nporpamm diinwrTeiina, Gk, Tensop Puuun, R;; v ckansipuyio kpususHy, R. Mycte g?k(z) =

GravPerturbations KOBapMaHTHbI METPMHECKMNIA TEH30P HEBOSMYLLEHHOrO rPaBMTaLMOHHOrO NONs, rAe
1O puii Mennagbesuy z = [a!, 22, 23, 2] =coords - ynopsaoUeHHbIli cNMCOK KOOPAMHAT 4-X MEPHOFO pUMaHOBa
WNrnaTtses npoctpaHcTBa, a hk(z) = gk (z) — g?k(z) — Masible BO3MYLUEHUS FpaBMTaLuoHHOro coHa

ggk. Torpa cooTBeTcTBYIOWE TEH3OPHbIE BE/IMHMHbI MOFYT bBbITh 3anucaHbl B Buae:
HasHaueHue nakera

3arpyska nakeToe R = R(O) —+ R(l) + R(2> +..., (1)
Mporpammusie X

npouegypsi: roe R(F) — COOTBETCTBYIOLNE TEH30pPHbIE BENUUYUHBI, NPOMOPLNOHAaNEHbIE Kk-bIM CTeneHAM
onmncanmne hj} W MX NPOM3BOAHbIX.

BbiuncneHne atux Benn4mH, ocobeHHo Bo BTOPOM Nopsiike Teopvn BO3MYLUEHWI, NPUBOANT
K HeobXoAMMOCTN NPOM3BOANTL FPOMO3AKNE aHANIMTUYECKMNE BbIYNCIEHNS, KaXKablii 3N1eMeHT
KOTOPbIX 3/1eMeHTapeH, 0AHako 6onblIoe KONMYECTBO TaKUX 3/1EMEHTOB NPUBAOAMNT K
6onblIMM 3aTpaTaM BPEMEHMW, a TaK)Xe HEPEAKO - K BbIH4MCANTENbHBIM ownbkam.
ABTopckuii nakeTt GravPerturbations npegHasHaYeH ANns aBTOMaTM3aUWKN 3TUX BbIHUCIEHWNIA
B CUCTeMe KOMMblOTepHoii MaTemaTunke Maple Ha ocHoBe ee BHyTpeHHeli 6ubnuoTekn
Physics. [Jns Bbl4MCNEHNS yKa3aHHbIX FrEOMeTPUYECKUX BENNHUH Heobxoammo 3ajaTh

AsTopckue npasa un
ccwinkn

KOOPAVHAaTLI, HEBO3MYLLEHHYIO METPUKY g?k(z) " ee KoBapmaHTHbie BosmyLeHus h;k (), a
TaK>Ke yKasaTb TUMN BbIBOAMMOI BE/MYMHbI, €€ BaJIEHTHOCTb 1 NOPAAOK BO3MYLLEHMNSA.

1. Mpwn 3ToM, Kak HeBO3MYLLEHHbIVi METPUYECKU TEH30P, TaK U €ro BO3MYLLEHUS] MOXKHO
3afjaBaTb B BuAe pyHKLMOHANBHON 3aBUCUMOCTMN OT HEN3BECTHbIX PyHKLNNA.

2. B paHHOM nakeTe noka peanin3oBaHa NporpaMma BblYMC/IEHWI BO3MYLLEHUI
reoMeTpU4ecKnx 06 bEKTOB BKIIOUUTENBHO [0 BTOPOro Nopsifika o MasiocTy BO3MYLUEHUN.
OgpHako, B 6nuxaiiee Bpems ABTopbl HaMepeHbl ony6nMKOBaTb COOTBETCTBYIOLLYIO
nporpaMmMy Ans nw06oro nopsaka Teopum BO3MYLLEHUN.

3. OTmeTuMm, 4TO, gaHHas NporpaMma MpUMeHsinach y>ke ogHum s AsTopos npu
nocTpoeHUM Mofenu makpockonudeckoii BecenenHoii [2].
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PaboTa ¢ naketom GravPerturbations

[nsa sarpysku nakera cpaiin Perturb.m poneH 6bITh NoMeleH B Ty >e nanky, B KOTOpPOii
HaxOAQUTCA coxpaHeHHbIi pabounii caiin name.mw, nubo ykasaHbl abcontoTHble Unm
OTHOCUTENIbHbIE CCbINIKM Ha 3Tu daiinel, Hanpumep, D:/Maple/libraries/Perturb.m.

> restart
read “Perturb.m’;

> with(GravPerturbations) ;
|Einstein_Comb, RicciScalar, Ricci_Comb, perturd] [N

Y Iporpammuas mponeaypa GravPerturbations[perturb]

BubrmoTexa GravPer on: B zar cbaiirte Perturb.m, COTEPKHT MHOTOMaPAMETPIHECKYIO MPOTPAMMHYEO
npoLeAypy perturb:

perturb(coords,g0,h.n,mode)

OGs3aTeabEbIe HAPAMETPBI MPONEIYPHI - IPHEOIATCA B CTPOTOM MOPATIKE:

coords - [rum:crmcox] - crucox xoopmumHaT;

80 - [tumsymbol] - marprma < s it MeTprE;
h - [ram:symbol] - MaTpHIia KOBapPHAHTHBIX KOMIIOHCHT BO3MYIICHHIT METPHIECKOTO TCH30Da;
n - [tumuenoe] nopamok BosMymerit (B RaHHOI MpOrpaMME STa BCUHHA MOCT PUHNMATS Tombio sHascrm 0,1,2;
® fimen Gymymen Mt BO3MOKHOCTE Aty # Ha GoTee BEICOKHE TTOPATKH);
mode - [m bol] : Einstein - Tensop Dftsrreitna; Ricci - Tensop P RicciScalar - cxanap Prraum;

HeoGs3aTe-THHLIM NaPaMeTPOM M ONETyDhI ABTACTCA BATEHTHOCTS Teu3opa, char (1711 Temsopa Ditemmredia u Prreayd
3TOT MapaMeIp 3anacTes B hopMare

char={e1,2], rae o= =1:

[1.-1] - NBWTBI KOBAPHETHBII TEHIOP;

[-1,1] - Tersop co cyemammEmH KoMIOHEHTaNES

[1.1] - ABAKIE KOHTPABAPHHTHEL TCH3OP;

o ymomuaHmio char= 1l

1

Puc. 1. Bupg okHa Maple ¢ 3arpy>keHHbIM nakeToMm.

obsekTor npn pabore c nakerom GravPerturbations

Mpeaynpexpaenme o hopmaTe BLIBOAA TeH3OPHE!

3ameTVM, 4TO NpU BbIBOJE BbIYMCIEHHBIX TEH30PHbIX 06BEKTOB CHa4ana MosiBASIIOTCS
KOMMEHTapun o Tunax BbIBOAWMbBIX BENIMYUH, HYTO ABNSETCS cleCTBUEM MCMNOJSIb30BaHUSA

nakete Maple Physics. B npunaraemom ncnonusemom cpaiine cm. maple-caiin nokasamo,
KaK OCyU|eCTBNTbL BblBOA KOMMOHEHT TEH3OPOB.
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KomaHgbl naketa GravPerturbations

VHuBepcankHas KOMaHZa aBTOMATH3MPOBAHHOFO BLIBOA,

Bubnuoteka GravPerturbations, conepxauwjascs B sarpy>kaemom cpaiine Perturb.m,
coAepXXUT MHOronapamMeTprHecKyto NporpaMMHyto npoueaypy perturb:
perturb(coords,g0,h,n,mode)

O6s3aTenbHble NapaMeTpbl Npoueaypbl - NPUBOASITCA B CTPOroM nopsifke:

1. coords - [Tun:cnucok] - cnucok koopauHaT;

2. g0 - [Tun:symbol] - maTpuua KoBapnaHTHBIX KOMMNOHEHT HEBO3MYLEHHOV METpPUKU;
3. h - [Tun:symbol] - maTpuLa KoBapMaHTHBIX KOMMNOHEHT BO3MYyLUEHU METPUYECKOro
TeH30pa;

4. n - [Tun:uenoe] nopsifok BoaMyLleHuii (B AaHHOV NporpaMMe 3Ta BeNMYMHA MOXET
MPVHMMAaTb TOJIBKO 3HA4YEHMNS 0,1,2);"

5. mode - [tun:symbol] Bbivncnseman sennumna: Einstein - Tensop diiHwTeiina; Ricci -
Tensop Puyun; RicciScalar - ckansp Puyun;

HeobssaTenbHbiM napameTpom npoueAypbl siBNsieTcss BaneHTHOCTb Tensopa, char (ans
Tensopa DiHwTeliHa n Puyun). 3ToT napamertp sapaetca B hopmaTe

char=[el,e2], rpe et = +1:

[-1,-1] - pBa>xAbI KOBapMHTHBIA TeH30p;

[-1,1] - TeHsop co cmellaHHBIMU KOMAOHEHTaMMU;

[1,1] - ABa>kAbI KOHTPaBapUHTHBINA TeH30p;

no ymonudanuto char= [-1,-1].

Mpwn ncnonHeHun npoueaypsl perturb(coords,g0,h,n,mode) nckombie kKoMnoHeHTBI TeH30Opa
BbIAAIOTCS B BUAE MaTpULibl, NPUHEM BbIBOJ COMPOBOXKAAETCA CNOBECHBIMM
koMmMmeHTapusmu. Kpome Toro, 6ubnuoteka GravPerturbations copepxxut Tpu ynpouerHbie

nporpaMmMHbie Npoueaypbl, nossonsowmne B 6onee npoctom chopmaTe BbIBOANTH
BblHNCNeHHbIe 3HAYeHNSI TEH3OPHbIX BENTUYMH.

9B 6nuxaiiwem Gygyuiem Mol paciunpyuM BO3MOXHOCTb BbIYUCTEHUS BO3MYLYEHUI Ha

6onee BbicoKMe nopsiaKu
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