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Hayka xocmoJsiorusg — He BOOJIHE OOBITHA

e Hayumnwrit MeTo 1 HabIIOIAEMOCTEH W BOCTIPOM3BO/IN-
MOCTb

o AHHapaT KOCMOJIOTUH OIMCBLIBAET <«aHCaMOJIb Ooln-
HaKOBbIX BCEJICHHBIX», HE €JMHNYIHYIO BCGHGHHyIO

e Bcenennast — yHUKaJIbHBIN 00HEKT

e OrepaIoHaJILHO HEOIPEIEINMOe TIOHATIE BEPOAT-
HOCTHU — DaiiecoBCKasA BEPOSITHOCTH

e Cosmic variance — KocMUIecKasi HEOIIPEIeJIEHHOCTD
= HEKOTOPBIE TPeJICKa3aHNs B IPUHITAIIE HE MOTYT
OBITH IIPOBEPEHLI C JII000# Hallepes 33 aHHON TOY-
HOCTBIO.

e MymnTuBepc.




Jlekmmga 1

Ocnosrr OTO. 1.

JInddepennnaibaas reoMeTpus: MeTpuieckuii TeH3op, adpuHHasd
CBSI3HOCTDH, KOBapUaHTHAS MPON3BOTHAL



e J[BurKeHMe TeJT B TPABUTAIIMOHHOM I10JIe He 3aBUCUT
OT IIPUPOJBLI TEJI =

o [[puHIUIT SKBUBAJIEHTHOCT =>

o FpaBI/ITaL[I/IE[ €CTb ABJICHUEC I'€EOMETPUIECCKOE

IToctynar: /Ipmkenne B TI'paBUTAIIMOHHOM ITOJIE

eCTh CBODOJIHOE IBMXKEeHNE 110 Meode3NIecKoi JIMHIN
HNCKPUBJIEHHOI'O [IPOCTPAHCTBa-BPEMEHU

e OTO — Teopus rpaBUTAIINN CKAJIIPHON MaTEPUH.

JIBa merona amddepeHImaabHOil TeOMeTPUn:

1. Koopdunammwii

2. Kosapuantao-reomerputieckuit  (nuddepenimaib-
Hbie (OPMBI, BHerTHee AudepeHInpoBaHie )

Koopaunarer ¥, = 0,1, 2, 3 Tpon3BOIbHBIM 00pPa3oM
AOKAADHO TIOMETIAI0T TOYKN (COOBITHS) MPOCTPAHCTBA-
BPEMEHH.

KBaspar maTepBasia (CyMMUPOBAHUE IO OJNHAKOBBIM
BEPXHUM U HIKHAM HHJIEKCAM )

(1.1)

ds® = gudxtdx”

Juy — METPHYIECKUil TeH30D.

KBajipaT nnrepsaJia ecTb QpyHIaMeHTaIbHbIN NHBA-
PUAHT — HE 3aBUCUT OT TOI'0, B KAKUX KOOPJIMHATAX
MBI paboTaeM.

NHuTepBan m3MepsieTcd B €AUMHUIAX JJIMHBI, HO
MEeTPUYECKNIA TEH30P M KOOPAMHATHI HE NUMEIOT
onpeJieJJeHHOI pa3MepHOCTH!

PazmepnocTn BooOIIe n pa3sMepHOCTH s, g, U TV
B YaCTHOCTH

h=c=kp=1 (1.2)

E=mc* E=kpgT: w=FE/h; p=cE; p=hk =
m] = [T] = [w] = [p] = [k] = [E] (1.3)
Enmania m3mepenns sueprum — [9B.

[TepeBognble KOA(MDPUITMEHTHI BHIUNCIAIOTCS TT0I00POM
cTerneneit ¢, h, kp.

[Tprmepsr:
B=l= 5| = =3 = )
HGeV Y 105107 9pr-c o6 1075 (1.5)

" 109 1.6 - 102 spr

Gy 1.05-10*"spr-c¢ x 3-10%cmc! N
HGeVT) = 109- 1.6 - 10~ 25pr ~

~2.0-10""cm (1.6)




Tabauna npeodbpa3zoBaHus pa3MepHOCTeEIA

JHeprusa 1TsB = 1.602e-03spr
Macca 1I'sB = 1.783e-24r
TeMmnepaTypa 1I'sB = 1.161e+13K

NnuHa 1TsB™! = 1.973e-14cu

Bpemsa 1TsB™! = 6.582e-25¢
[ITOTHOCTH 4YHCIIa YaCTHIl 1TsB% = 1.301e+41cM°
[IIIOTHOCTE SHepruu 1TsB* = 2.0856+38:apr-c:M“3
[llMOTHOCTE MaCCH 1TsB* = 2.320e+17r-cm°
JHEpPIrud 1spr = 6.241e+0213B
Macca 1r = 5.609e+23 3B
TemMmepaTypa 1K = 8.617e-14T53B
Ilmusa 1 cum = 5.068e+133B™ !
Bpems 1c = 1.519e+24T5B !
[lmoTHOCTL 4YUCHIaA YaCTHUIl 1cm? = 7.684e-42T5B>
[ImoTHOCTL 3HEprum 19p1"-<:M“3 = 4.796e-39T3B!
[IIOTHOCTBL MaCCH 1r-cu? = 4.310e-18TsB*




Dopmaau3M KOBapUaHTEeH OTHOCUTEIHHO IIPOU3BOJIBLHOMN
(rmazxoit) 3amensr KoopaunHat (auddeomopdusm):

o't = 2™ (x) (1.7)

KoBapnaHTHOCTEL JOCTUTAETCA 33 CUET MCIOJIb30BAHUA
00BEKTOB, TTPe0OPa3YIONINXCA CIIENNaIbHBIM 00Pa30M.

CxkaJigapbl — He IpeodPas3yoTCd:

X'0A

XA

\

>
-

Xl

KonTpaBapumaHTHBIEe BEKTOPHI IIpeobpa3yioTcs Kak
nnddepeHImaIbl KOOpamHaT

't = 2" (2") (1.9)

ax = 2 g (1.10)

= o da .
ox'*

At = A" 1.11
gy (1.11)

KoBapuaHTHBIE BEKTOPBI IPeodOPa3yloTcd Kak IIPo-
U3BOJIHBIE CKAJISIPa

e ,
BM_@ :>B#—

dp  Op Ox¥  Ox”

or'  dxvoxr oz Y
(1.12)

[TocTpoenne ckaasipoB M3 BEKTOPOB:

ozt Ox’
A/MBL B (%JUA oz’

I

B,='A°B, = A’B, (1.13)

= A'B, — nEBapuaHT (IpaBuUIo DitHmTeRHA!).

[TpousBogHasa 10 HAIIPABIEHUIO CKAJSIPHON PYHKIUN —
MHBApPUAHT:

Dup = (Aﬂi> oo AP A" (1.14)

OxH OxH

MHoromepHbIe TEH30pBI (110 OIPEJIETIEHN0) TPeodpasy-
IOTCS KaK IPOU3BEICHUA KOOPIUMHAT BEKTOPOB:

ox'™™ 0x° OxT )
OxP Ox'v ox'* °7

Bl = (1.15)

Jlnst cumBosta Kporekepa: 0/F = §F k.

CBepTKa 10 BepXHEMY 1 HIDKHEMY MUHIEKCY YMEHbIIaeT
pPa3MepHOCTh TeH30pa Ha 2:

01 0
oxP Ox'H

(BOODIIIE HE OCTATIOCH MHIEKCOB, CKAJIAD)

Al = AL = §7AL = A7 (1.16)

[Touemy meTpuyeckuii TeH30p - TEH30p?

oxH ox”
2 o
ds” = guda"de” = gz -dr ax’pdxlp -

= ds* = Jopda’da’ (1.17)




oxH 0x”

/
~ Yo = 9x'7 O’

a ., 9w

O60061mmenue: Ecmm V tersopa A”
C\ = AlBy—
TeH30p, To 1 BY - Tenszop (u T.1.)

Jloka3aTejabCTBO

ox'" 0x°
/,u . p v
Oy = oxP 8x’AA”BU

ox'" Ox°
oxr Ox'v

C A/MB/\ - A B}\V:

0z ox¥

 Qxr Ox'o
oz 0z _ Oz Oz
w({?x’AB P Oz pRTaciY

dxz® _  O0x” ox'®
8:6/)‘3 &C"TB ox?
B _ 0z’ 0z°

AT drv O

=

By

/
APBY =

(1.18)

(1.19)

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)

CaencrBue: Bernmunna, 3ajiaBaemad oOpaTHON MaTpu-
et K MeTpUIecKOMYy TEH30DY, CaMa, TEH30D:

9" gu\ = 05 = ¢"" — rensop (1.25)
ITogagTNE M OMyCcKaHme WHIEKCOB
Ecin A" — kKoHTpaBapuaHTHBI BEKTOP, TO
Ay = gAY (1.26)
— KOBapUAHTHBI BEKTOP.
1 naobopor:
Al =g A, (1.27)



NuaBapnaHTHBIT 00bEM

ox’  0x°

/ PR
G = axlugpgaxly

) e «CToJIbeII O
J=(J) = (8:1:’“) (%) (1.29)

+CTPOKA,
§=JgJT (1.30)
g=detg, J=detJ (1.31)
72 . g’
g=Jg=J=|= (1.32)
9
-
MaJIeHbKNIl \
o0beM,
IOYTH 52
TIJIOCKU

DjeMeHT 00beMa - 9TO TeOMEeTPUIECKOe ITOHSITHE,

MHBapUAHT!

V:/&@ V' =

Q
VAV

/ d*a’ (1.33)

Q
(1.34)

/
V/d‘lx/(@)d‘lx’/’/g—d‘l I
oz’ g
Q Q Q
_ ‘/g_/d‘lx':,/g—v’:» (1.35)
9 g

/
R

V/—gd*r — nHBapUAHTHEL 3/eMeHT 06beMa

uBapuaHThIil 9/1eMeHT 00beMa — MHBapUaHTHAsT Mepa
MHTEIPUPOBAHUS, HO HEe 00beM B (PU3UIECKOM CMBICIE!

[gwdatdx’) = [L?
[V —ygdz] = [L]
[d°x] = [mobas pazmepHOCTD] =

[v/—gd*z] = [mobas pazmepHOCTS)



KoBapuaHTHBIE TPOM3BO/IHBIE

,  O¢" 0p 0x”  Ox”
- 0zl Oxvox'm  Qx'm

(Oup)

— IIPOM3BOJIHAS CKaJisgpa Ipeodpasyercs KaK BEKTOP.

Oy (1.37)

(a’uAl/)/ — 8 A/y _ (9 ((9:5 AC() —

Ox'H - Ox'r \ Oz
o (o2 ., Ox0x’ 9A“

— A% + —
ozt \ Ox“ Ox® Ox'm Oz’
0z 9% oz’ OxP
Oxr QxPoxe ox® Ozt

[TpousBogHas BeKTOpa IpeodpasyeTcs KaK TeH30P ILII0C
ele Kakasd-To J00aBKa.

AY +

93A” (1.38)

ITapaJjiienbHbIi 1IEPEHOC

XOTUM KOBAPUGHMMHYIO NPOU3GOIHIYIO:

o v
{ (V,, AY = Ox® Oz v.A°

Ot OB (1.39)

Vo = 0,9

IIpob6aema: [Tomumo nsMeHeHHS 1OJIA «CaAMOI'O II0 Ce-
Oe» ecThb ele J00aBKa, CBA3aHHAsL C U3MEHEHHEM KOM-
TIOHEHT I10JIsI U3-32 KPUBOJIUHEHHOCTI CUCTEMbI KOOPIM-
HaT.

Cravasia mapaJsutesibio nepenectu A*(x) B Touky T, a
rotom cpasuuth ¢ A*(z)! Ilepenoc:

AM(7) = AM(z) — TV, AVdz? (1.40)

I\ = wooppuyuenmo, adunnotc ceasmocmu

e Boobme roBopsi, ompeesieHbl COBEPIIEHHO HE3aBUCH-
MO OT ¢!

ANT) — AM(3) = AMZ) — [A"(2) - T}, AVda] =
= O\A'da* +TH A da? =
= (O\A" + T AY)da* = V\Alda® (1.41)

VAl = Oy A# + TV AV (1.42)

Tpedyem, urobnr VA" 0611 TeH30pOM!

1
9TO OyJeT onpeesaTh 3aK0H Ipeobpasopanud [, .




VoB, =7

CkaJisgp He MeHsIeTCs TIPU IapaJiie TbHOM ITePEHOCE:
A"(#)B, (&) = A"(z)B,(x) (1.43)

A (z) — TV AYda| B, (i) = A"(2)Bu(z) =  (1.44)

AM()[B() — By(x)] = T} A"da’ B, (7) =
~ [ AVda B, (z) = I, A'dx’ B, = (1.45)

B,(%) = B,(z) + I',dz"B, (1.46)
B,(%) — Bu(%) = (0\B, — I')\B,)da* = (1.47)
V)\Bu - a)\Bu - FZ)\BI/ (148)

[TpaBuso Jleitbuura (serko mposepsieTcs ¥ ):
V)\<AMBV) = (V)\AM)B;/ + A’u(v/\B,/> (1.49)

[IpaBuno mudppepeHIIpoOBaHsS TEH30POB  BBICIIEIO
paHra caeayer u3 npapuia Jleitbnuma;

VA(A"B,) = (O\A"+T". A%)B,+A"O\B,~T%,B,) =
ONA'B,) + TV (A”B,) — TS, (A"B,) = (1.50)

V)\Cﬁ = @ij + 1% C7 — ngcg

Ao v

(1.51)

I'eone3smaeckue

['eosiesnvdeckass TUHUS — TaKas KpuBas, BI0JIb KOTOPOI
KaCaTeJbHbIU BEKTOP K HEU IEePEHOCUTCH ITapasljiejbHO
caMoMy cebe.

dut(T)

u dr) = o
u' (T +dr) =u' + o

dr (1.52)

u' (T 4+ dr) =at (T +dr) = ut(T) — FﬁAUV(T)dZE)\ =
= v (1) — T!\u”(1)u(7)dr = (1.53)

dut
deT = " W’ (r)u(7)dT = (1.54)
-
dut b
— + I uut =0 (1.55)
Mensiem MecTaMu v 1 A\ U CKJIAJIbIBAEM:
dut 1 b
F+§(F5A+F’;y)u u” =0 (156)



dut

A
. ~+ F{M}u u' =0
F/EV/\} 2 (F/Ij)\ + Ff\Ly)

(1.57)

(1.58)

FGO,JGSI/IUIGCKI/IG OIlIPpELE/IAIOTCA CHUMMETPU30BaHHBIMU

Ko punreHTaMyu CBI3HOCTH.

Apnsarorcest u KosdPUIMEHTHI CBI3HOCTU Ha CAMOM JIe-

JIe CUMMETPUIHBIMU !

MeTpudHOCTh CBA3HOCTH

XoTuM, ITOOBI OTepary MOMHATHS /OMYCKAHNS WHEK-

COB OBbLJIa YHUBEPCAJILHOIL:

g VA" =V, A, A, = g,A" re. (1.59)
QW(VAAV) = VA(QWAV) (1.60)
[To mpasuy Jleitorma:
Vg A”) = (Vagu)A” + g (VaAY) =
= g (V)A") = (1.61)
Vaguw =0 (1.62)

MeTpuaecknit TeH30p KOBApPUAHTHO MTOCTOSHEH,

€CJIN CBASHOCTb METPUYHA.

3akoH mpeobpa3oBaHnuda a(pMHHBIX CBI3HOCTEIA

V, AY = 0, AF + FKVAV (1.63)

ox® 0x'F
oz’ OxP

(VA" = (VA7) =
ox® Oz

" 92 9P

(0. A" + T2 A7) (1.64)

OAM o
Ox' FAMVAVZ

o [0z . 0x'7
= AY) T ——=A° =

Oz ((%0‘ ) RS
o

0 (0™ Ao ozt 0 A” ox"
02\ Oxe A P

oz Ox'
B oz’ 9% Oz Oz O AY ., 0z’
92 0xBOxe

A“ |

+ ox® Ox' OxP T oxd
020 9 AP
9z OxB Oz

(VA" =

A =

ox® Oz’
B AY
* oz’ OxP Loy

(1.65)

oz’ 02z
'y _ (634
A 92 OxBOxre AT

8:13’ "
M o0

5 ox® Ox'*

Fay ox' OxP

A° (1.66)

AV, ACAD 5 A

ox’ 9%z
~ 92 0P 0xt

8 833 8IW

507\ Dl LT Ox" | Oar
i i

L Ay oxe 056/5

(1.67)



ox® 0x'" Ox° 5

o
I =

ox’ 0zt O%z'"

Ox' OxP Oz =

Oz’ 00 0P Oxe

ox'"  0%x° ox” Oxt

82:6/”

=0 %

0x° Ox'"Ox' * Oz’ 0x'8 OxPOxe

o 0x® 0™ Ox° 5
FA(S =

Oz’ 0P Ox'd “° i

oz’ 9x°
0z Oz 0x'

AdunnHast cBI3HOCTL — HE TeH30p!

Kpyuenne

[0 (6% a
Cﬁv - FBV B

[Tpeobpazyercs Kak TeH30p.

(1.68)

(1.69)

(1.70)

(1.71)




