Jlektimga 11

CkaagpHble MOJIbl HEPEJIATUBUCTKOII MaTepun B OJTHOKOMIIOHEHTHOIA
mojesn (oKoH4danue). HadajabHble ycjaoBuUs 38 TOPU3OHTOM JIJIsI
aJmabaTmieckoii MoJbl. I'ayccoBbI ciydaiiHbIe 0 1 HadaJIbHbIe
yCcJIOBUS JIJId aJjuadaTndecKuX Bo3mylneHnii. Kocmumyieckas
HeonpeIeJIeHHOCTh — COSIIC variance
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Pe3tomMe mo mpoiijioii Jekin

e Bexmopnuixr mod nem soobuie.

e Jli00ObIe IpyTHe MOJIbI 38 TOPH3OHTOM — TOJBKO KOH-
crauTuble (h, ,0).

o Tenzoprvie Modvl n0d 20pU30HMOM — TPABUTAIINOH-
Hble€ BOJIHBI — OCHIJIJIUPYIOT C U3BECTHON da30il u
TaIAf0T BO BpeMeHn Kak 1/a

o Crasspnovie modvl nod 20pU30HMOM, OJIHOKOMIIO-
HEHTHAs CPeJIa:

— YP Bemectso:
+ ® magaoT Kak 1/1%, ocluLIupys ¢ U3BeCT-
HOI (pazoil

x 0 = 0p/p OCIWILIUPYET C IIOCTOSTHHOM am-
IJINTYA0M ¥ M3BECTHOI a30ii (aKyCque—
CK¥€ OCTUAJIISITINN )

— HP BemectBO

x & He MeHJOTCH

% 0 = dp/p pacTér Kak a/ayx — IKUHCOBCKAA
HEYCTOMYNBOCTD

Kaxue (ckanapuvie) modvl naommocmu npueest x oopa-
306aHU0 HaOA0JaEMbLL cmpykmyp ?

PaccMoTrpuM Bce MOJibI, BOIIEJIINE I10J T'OPU30OHT Ha
M I-cTagnm.

CaMas KOPOTKasl Cpei HUX — BOIIEINAL 10T TOPU3OHT
B MOMEHT 7}

KoopauHaTHbiii mMITy/IbC (BOJTHOBOE THCII0) MOJIBI OTIPe-
TensaeTcs

KegNeq ~ 1 (11.1)
JlmHa BOJIHBI cefigac:

k. 2T
1~ (@0Meq) = Geg(@oNeq) = ~—(a0neq) = (11.2)

ao >‘6q
Aeg ~ 2m(agneq) = 2m x 120 Mk ~ 750 Mux ~ (11.3)

1 a 1

0 ==—0; = =(1+ 2¢)0 11.4
32,00 = 30+ 2 (11.4)
Sy A 4.5 107", zeq A~ 3000 = § ~ 0.045  (11.5)

Moipl, Bomeamume 1o ropu3oHT Ha M/I-cTagun He Bo-
IIJIX B HEJIMHENHBIN PE2KUM =

Bceesntennas na macmrabax 750 Mk u 6oJiee — 3aBe0MO
OJIHOPO/THA.

CymecTByionye CTPYKTYPbl OIPEJIEIAI0OTCS  MOJIaMU,
BOIIEIIINMU 110/, TOPU30HT paHblne — Ha P/l-craTmmn.



HepengTuBucrckoe BeliecTBO
Ha A-JIOMUHHPOBAHHOII CTA/anN,
JINHEITHbIe BO3MYIIEHUA

1
 Hysn'

A cosmaer jgaBiieHKe U ILJIOTHOCTb, HO HE CO3/AeT BO3-
MYIIeHUsI JaBIeHNs U ILJIOTHOCTH!

(9.10) :  a(n) = , Hig = —GpA (11.6)

Homenuuan P.
17-KOMIIOHEHTa JINHEeaPU30BAaHHbIX YPaBHEHUI DIHIITe-
Ha JJ1d CKaaapraoit Momer (10.135):

// 12

/
" + 32@)' + (2 — — a_) O = AnrGa’5py; (11.7)
a

a a?

Optor = 0. Tlogcrasnsem (11.6):

3 3
& — 20+ = =0 (11.8)
N U
JIBa, THIIa pelIeHnii:
1
d(n) = const - o< — (11.9)
a
1
®(n) = const - n* o — (11.10)
a

[Tagaer!

IIromnocms

KosapuanTroe coxpanenue (10.136):

12

!/
k2D + 3L ¢ + 3a—2® = —41Ga*Sp
a a

(11.11)

[Togcrasiagem (11.9), npenebperaem (11.10),
rcronb3yeM o’ fa = —1/n

(mBa mocmenHux ciaaraembix ciesa B (11.11) coxparma-
FOTCH )

kD
kO = —4nGa*6p = dp = — 11.12
mGaop = 0p = — = (11.12)
J P 1
P ddox = xab=1 (e pactyT)  (11.13)

p  a? a’
Te BO3MYyIIEeHNs, KOTOPbIE YCIIEJIN BONTH B HEJIMHENRHBII

pexkum 710 3pbl eCurrepa, Oy1yT pazBuBaThCA U JaJIb-
mie (CBEPXCKOIICHUS TATAKTUK U HUKE).

Ho cTpyKTypHI O0JIbITIEr0 MacITada, ueM HabJII01ar0TCs
ceffuac, He MOABATCS HUKOIA!

CTpyKTypHas dBoJIoIUs BeeleHHoIT 3aBepIieHa.



IlepBuunble cKaJIspHbBIE BO3MYIINEHHUS B MHOTO-
KOMIIOHEeHTHOI BcejienHOIT

Ocrosuvie ypasenus 0af4 GO3ZMYWEHUT 6 UMNYABCHOM
npedcmasaenu

JluneapusoBanubie ypapaenns Jitamreiina (10.60)-
(10.62), mepenucatbl ¢ y9eTOM HECKOJIBKUX KOMIIOHEHT
MaTePUN A
) a’ a/2 )
l R
K0 +3—0 + 30 = —4rGa ;am (11.14)

a/
¥t P = —47Ga® Y (px + pa)ua (11.15)
A
o 3% 4 (2%~ ¢ - anc 2" 6py (11.16)
— —_— — = 47ma .
a a a 3 Px

JInHeapusoBaHHbIN 3aKOH coxpaHeHus TOU:
/

(5,0/)\+3%(5p)\+5p)\)—(,0>\+p)\)(]€21})\+3q)/) =0 (11.17)
/

a
[(pA+pA>]/+4E(pA+pA)UA+5p/\+(P)\+pA>q) =0 (11.18)

OcHOBHBIE KOMIIOHEHTHI CPEJIbI JI0 PEKOMOMHAITIN:
e bapuon-snekrpon-doTorHasd cpega A = By

e Temuaga marepusi: A = CDM.

e Heiirpuno (menromsr): A = L

O003HAYEHUY U CBSI3U:

o = pr/pa (11.19)
opy = u;\0p) (11.20)
Px = WxPA (11.21)

Ypasuenus (11.17) u (11.18) B Tepmunax 0y, wy, ug,A *:

/

(53\ + 3%(u§7/\ — w)\)(S)\ — (1 + w)\>k2?}/\ = 3(1 + wA)<I>’
(11.22)
/
[(l—l—w)\)v)\]/—F%(l—gw)\)(1—|—w)\)1))\—|—u§7)\5)\ = —(1—|—w)\)CD
(11.23)

A nmabarmyeckas MOJa W MO/Ia IMOCTOAHHOI Kpu-
BU3HbDI

Konreker:

e llHTepec mNpeaCTaBIAIOT MOJBI, OTBEYAIONINE 34
annzorponnto CMB u 3a pocT cTpyKTyp BelecTsa.

e Takue MOJIbI BXOJISIT 110JT TOPU3OHT TIPK TeMIIepaTy-
pax ne bosree T~ 100k3B (T, ~ 1 3B):
— GApPUOHBI U JIEKTPOHBI HEPETATHBUCTCTKAE

— CDM nepensgTuBrcTCKas

— mefitpuro (~ 1 MsB) u CDM (> 0.0519B) za-
MOPOXKEHBI, He B3aMMOJIEHCTBYIOT ¢ OapuOH-
9JIEKTPOH-POTOHHON I11a3MOi



OcHoBHBIE TTapaMeTPbl KOCMUYIECKOM I1JIa3MBbI:

® Np, NCDM
o T (mmm s o< T7)

e Boo01me ropopst, IMEI0T MeCTO BO3MYINEHNs TeMIIePa-
TYPBI, ILIOTHOCTH ¥ COCTaBa, CPeJIbl BMECTE.

e Eciu BosmymieHus Masbl (JUHEHHBIH PEXUM), TO
MOXKHO Pa3/IeIuTh Ha JBe JNHEeHHO-He3aBUCMbIe KOMIIO-
HEHTDI:

- Bosmyitriennst I0THOCTH (TeMIepaTyphbl) — OT/IEIbHO;
- Bosmyenust cocraBa — OTHEIBHO.

Bosmywenua naommnocmu — aduabamuveckas moda

BemecTBo mMeeT HeHYJIEBblE BO3MYIIEHNA IIJIOTHOCTU
SHEPruu (TeMIIEPATyphl), HO OTHOCHTE/bHBIE BEJINIU-
HbI, XapaKTepU3ylolye DapIOHHYI0 aCUMMETPHIO, TLJIOT-
HOCTb TEMHOU MaTepUM He 3aBUCAT OT TUITA MATEPUN:

()= (F0) =0

BOSMyMGH’U,ﬂ cocmaeca — Modvt nocmoAnHol KpUBU3HDL

(11.24)

BoamyIenns mI0THOCTH BeIecTBa OTCYTCBYIOT, HO:

e HeonnopoaHocTh OapuOHHOrO YMCJa — OapuUOHHAs
MO/Ia, IIOCTOSIHHON KPUBU3HBI

e HeogHopoaHOCTH IJIOTHOCTH TEMHONW MaTepum —»
CDM-Mmo1a 10CTOSSHHON KPHUBU3HBI

KpuBnsna mocTosiHHa MOTOMY, UTO M3MEHEHUsT KOHIIEH-
TpaLuuil paccMaTpuBaloTCd Ha POHE MOCTOsIHHON ITOJIHOM
IIJIOTHOCTH 3HEPIUN.

Habsromenns mokasbIBaoOT:
KPUBU3HBI MaJl.

BKJIaJ MOJ TOCTOAHHON

A nmabarmieckasg MoJa 3a TOPU30HTOM.
HauanpHble ycijioBusd JIJid aanadaTmmaecKoii Moabl
— YTO 3TO Takoe?

3a TOPU30HTOM BO3MYIIEHUS CYIIECTBYIOT B BHUJE KOH-
cranTHbIX Mon & = &) = const, dp/p = const u
001as TPOCTPAHCTBEHHO-BpeMeHHas KapTUHA, COOTBET-
CTBYIOIAA OJTHOU aduabamuseckol, KOHCTAHTHON MoJIe,
Ha 9BPUCTUIECKOM yPOBHE COOTBETCTBYET HAOOPY HE3a-
BUCUMBIX OJHOPOJIHBIX BCETEHHBIX HECKOJIBKO pa3jnda-
FOIUXCS TI0 BpPEMEHU 3BOJIIONUU U TTOTOMY WMEOIIIX
Pa3HyI0 TeMIepaTypy, WIN HadaBIINX pPa3BUBATHLCA B
pasHoe BpeMs.

Torma g agnadaTuIecKoil MOJIbI JIJId KayK 01 He3aBu-
CUMOU KOMIIOHEHTHI CPeJIbl MOXKHO 3aINCATh:

opy = phon(x,n) = phe(x,n)  (11.25)
opy = phon(x,n) = phe(x,n) (11.26)

DOyukrus €(X,n) — OnHA JJIT BCEX KOMIOHEHT A, Tak
KaK MOJIbI aJinabaTudecKue.

B T0 :xe Bpemsd, ipu (pUKCUPOBAHHOM COCTaBe CPEIbI, P
1 P OJJHO3HAYHO 3aBUCAT OT TEMIIEPATYPhl =>:

Spy = g’;aT(x n) (11.27)
Spy = Z];(ST(X ") (11.28)
Ho:
oT . oT
0T (x,n) = 877577—6,—778( X, 1) (11.29)

e(x,mn) u 0T(x,7) OMHO3HATHO CBSI3AHBI, TOITOMY OITPE-
nenenenus (11.27,11.28) u (11.25,11.26) s5KBUBATEHTHBDI.



Dopmyitbr (11.27,11.28) MOXKHO CIUTATDH ONPE/IC/ICHUEM
aI1abaTUIeCKON MO/IBI.

CoBmectumo s ompegenenue  (11.27,11.28)  wum
(11.25,11.26) ¢ ypaBuernsamu (11.17)-(11.18)7

[Tokaxkem, uto ¢ (a caegoBATESILHO U BCE OCTAJBHOE)
JEfICTBUTEIBHO BHIPAYKAETCS TOJBKO Uepe3 € — IIPH TOM,
9TO ypABHEHUS 3aIUCAHDL JIJI OTIEIbHBIX KOMIIOHEHT .

Wcnonbayem (11.17) -
coxpanenne TOU, sasucauiee oT A:
/

(11.17): 5pA+3 (6pr+0p) — (pa+pa) (K*v\+3D) =0

(11.30)
3a ropu30HTOM MOXKHO cunTarh k = 0, ocraerc:
/
a
E((Sm +0py) —

opy +3 (px 4 pr)30" =

a/
Opx = piei P = —3— (P +p2) KOB. cOXP. (9-7)\

/

—3(pr + D) [(%5)/+®’] =0= (11.31)

/ /
P = — (%) (11.32)
a
— 3aBUCUMOCTU OT \ HET!
Perrerme (11.32):
a/
(Dk(xa 77) - _Eg(xa 77) o C(Xv k) (1133)

((x, k) BaxkHa, T.K., B IEHCTBUTEILHOCTH, U OTIPEIEIISIET
KOHCTAHTHYIO MOJLY 32 FOPH30HTOM.

M3 koBapmanTHOro coxpanenus (9.7)

/

Py = —35 (pr +pr) = (11.34)
a 1 pl)\ \ ; 0p)
a 3 (pa + Do) £
J )
S —— R Wty
3 e(py + py)
B (11.33) cokparmaercal =
1 9 1 0pwo
C=—d+-— P gy Pt 36)
3 Px+ DA 3 Prot + Dot
— TaK KaK Moja aanabarndecKast
1 5pt0t
(= @y Pt 11.37
3 Ptot + Dtot ( )

BumecTo ¢ MOXKHO MCTIOIB30BATH (U YACTO UCTIOJIB3YETCH)
BEJTTINHY

a’ 2 a(paFpa)us

R=—-P+ Utot; Vtot = Z ( o —I—p)\) (1138)
A
115 (11.14), (11.15) u
J I Pto
P Ot (ammabaruanocts)  (11.39)
PXTDPx Ptot T Dot



caeayer
k2d
127TGCL2(p + p)tat

(—R = — 0 B ipenenie k — 0

(11.40)
3a ropuzoHTOM ( M R — OJHO 1 TO JKe.

Havanrvnvie yerosus ona VP eewecmea 3a 20pu3onmom
na P/-cmaduu

Orad = —2® (st sE00BIX cKasIpHBIX MOz (10.149))
(11.41)
Ha PJI-ctagum, mma raaBHBIX YP MOJ 3a TOPU30HTOM
(mockosbKy Y P MOABI TOMUHUDYIOT) Pror = Prot/3 =

5,0tot 1 3
— —p+ =P+ 0=—P= (1142
¢ 3(Ptot + Prot) 1 2 ( )
2 2 4
d=—-(C=—R; 0pp0a=-R 11.43

B kauecTBe Ha4aJbHOIO YCJIOBUA JIJId ajuadarude-
CKMX CKaJIIPHBIX MO/l MOXKHO B3STh

oy (k) mm R (k)

Havarvrwvie yeaosus das HP eeuecmea 3a 20pusonmom
na P/-cmaduu

Ha PJI ctaguu, ge caumkom 3a0r0 10 PJI—MJI niepe-
X0J1a UMeeTcst HepesidaTuBucTckoe Beriectso — B u CDM.
[nsa HP BemecTna

/ /

pr o 1jad = PM — 3% (11.44)
P a
s VP Bemectsa
/ /
Drag o 1/at = Prad — 4@ (11.45)
Prad a
Orcrona
5 / /
Sy = 20 _ PuE g0 (11.46)
PM PM a
5 ra ! '
Srag = Lrad _ Prad® _ 4%, (11.47)
Prad Prad a
3 3
5]\/[ — Zérad — —éq) — R (1148)

OTU COOTHOIIEHUST BBITOJHAIOTCA JId KaXKJI0H KOMIIO-
HeHTHI B oTaenbHocT: B, CDM, ~. ..

Uror:
2 2
d(k) = —ég‘(k) = —gR(k) (11.49)
5rad(k> — %R(k) (1150)
(k) = R(k) (11.51)




HavaabHble ycjaoBus AJs MOJ, IIOCTOAHHOI KpU-
BU3HbBI

st MoJ OCTOAHHON KPUBU3HBL (1o = Rip = 0 10
OIIPeIEIEHIIO.

st KaxKaoil OT/IeIbHOM KOMIIOHEHTBI A:

(r=—0+ 12N S S (11.52)

3(pr + py) 3(1 + wy)

HauajbHble yCIOBHUS [1JIsi MOJI IIOCTOSIHHON KPUBU3HBI
BbIpazKaroTcd gepes ()

5 5y

Siv =30 — Cv) = Tron 15 an (11.53)

Obprano X =v; Sy = Sy, = wy =1/3

Sy — by — 257, A= B, CDM (11.54)

g YP marepun ()

5, = ngT?’ (11.55)
3
n, = gv%T?’ (11.56)
7T2 4
Py = QV%T (11.57)

— = 3— 11.58
o g (11.58)
O vk
— = 3— 11.59
- (11.59)
0 o1
5 = 4 (11.60)
Py T
(11.61)
) 0 3
T g (11.62)
S~ n, 4
PeanbHBI nHTEPEC IPEICTABIAIOT:
0(ny/sy) dny dsy  dny §5 B
OVES oy Sy iy T
5p)\ 3 3
=\A\—HP\=—2—-0,=6\—-9,=5)\=
\ \ 1T AT =5
(11.63)
)
S\ = (n)/5) — «DHTPONUIHBIE MOJIbI» (11.64)
ny/s




I'ayccoBbl ciry4aiinble moJist

Pacnpenenenue I'aycca

1 (¢ — )
F(q) = - 11.65
(@) V2mo? =P [ 202 ( )
qo — cpejHee, 0> — JUACIHEPCH.
q=aq+b (11.66)

— cHoBa layce, ¢qo = aq+ b, 0 = ao.

g ompenenennd ciaydaiiHON BeJUYWHBI HYKeH aH-
cabJib coObITHiT (CHCTeM).

O6006meane Ha MHOTOMEPHBIi caydaii
['ayccoB HAOOP CiIydaliHBIX BEJIMYNH

1
F(Qb IO >QN) - NGXp _§QmanQn + LnQn]

(11.67)

M — moI0XKUTEeIbHO ONpeie/IeHHass CUMMEeTPIIHAs MaT-
puIa,

/F(q)d”q = 1; N = (det M) Y2(27)" N2 (11.68)

(gm) = (M) Ly (11.69)

qz

9 Ecim npusectu M, K
[JIABHBIM OCAM, TO IIOJIY-
YUTCA IIPOCTO IIPOU3BE]Ie-
HIIe OJHOMEPHBLIX [aycco-
BbIX (PYHKIIMI

Habop smHelHbIX QYHKIUH OT TayCCOBBIX CJIYyJIalHbBIX
BEJININH — TOKe HADOP TayCCOBBIX CJIYUANHBIX BEJTMIUH.

Paccmarpusaem cayvait L, = 0 = (¢,) =0

Popmyia Buka

Ecmn g, — rayccoB Habop caydaifHbIX BEJIUYNH, TO KOP-
pPeNATOPbl HEYETHOIO YUCJIa BEJIWYUH PaBHBI HYJIO, a
JIJISI YeTHOT'O YMCJIa BEJIMYUH

<QpQTQSQt> — DprDst + DpsDrt + DptDrs; n .

(11.70)
rie Dy = (qyqr) n T.1. V1 0bpatHo.

CMBICJI YCPEIHEHNA — YCPeOHeHue no ancamono
Ciyuaiinoe moJie

Kybuueckast pelierka co cropoHoit L, mar a.
©i = p(X;) — rayccoB HAOOP CIOyUIARHBIX BEJINIUH =
CAYUATIHOE NOAE HA PEULEMEKE.

e [ayccoso cayuaiinoe nose: npenen a — 0



Dopmyna Buka 171 rayccoBbIX CIydalHBIX II0JIei

{p(x1)p(x2)p(x3)p(x4)) = D(x1,%2) D(x3, X4)+
+ D(Xl, X3)D(X2, X4) + D(Xl, X4)D(X2, Xg) (1171)

o Dlxix,) = (p(x)olx))  (1172)

— IBYXTOYETHBIE KOPPETATOPHI — OCHOBHON 00HEKT M3Y-
JeHUsI TEOPUU CJIyYalHbIX MOJIEHN.

Odnopodnoe u usomponmoe cayuatinoe noae:

D(Xl,Xg) = D(|X1 — XQD (1173)
[lepexomum Kk @ypre-obpazy
o) = [ ™ok (k) = ) (1171
. 1 3X e—ikx x
(0= [ dxe g (LT)

Bynyunr mmrerpaoMm ciaydaiinoro moss, Pypbe-odpas
CJYIAHOTO TIOJIS CaM SIBJIAETCS CJIydaliHbIM ToJeM (B
nmpoctpancTse k).

(o)oK = o5

= \z=x—-y=>y=x—12\=

1 o
_ (2 )6/d3xd3ze—z(k+k)xezkzD(|Z)_
T
1 y P(k)
— S(k+ k) | @ze™*D(|z|) = Sk + K
Gl ) [ e Dija]) = 5 Stk + k)

(11.76)

/d3xd3y e_ikxe_ik/yD(]x—y]) —

tak kak P(k) saBucut or |k|, uerHa, meiicrBuresbHa.

(o)) = e k)| (LT
P(k) = /d3z %2 D(|z) (11.78)

P(k) — HEOTPUIIATEThHA:
/ FpEk, f(k) = f(~k)  (11.79)

) > 0 (ycpeanenue 1o arcam6iio ¢@!).

Kk [ F0pK)PK ) -

OueBusiHO: (

</f

B B P(k)
_\(1177)\ = /d3k]f(k)\2(27r)3 > 0= P(k) > 0.
(11.80)
P(k) — cnexmp mowgnocmu cayuatinozo noas.
PPk
P(k) = — (11.81)

— TOZKE Ha3bIBaACTCA CIIEKTPOM MOIITHOCTH. CMBbICT:

<80 /dBdek/ i(k+k')x < ( > k/>>

—47r/000dkk (];(:;Z)—/ /0 (Ink)P

(11. 82)




Baoicno: Cormacno (11.77) P(k) ompenengerca ycpes-
HeHneM 10 aHcambuio, mo cormacuo (11.78) P(k)
MOXKEeT ObITb NPUOJIUBUTEIBHO OLIEHEHO YCPeIHEHNU-
eM 110 peajm3alni, eCIM TayCCOBO CJydaiiHoe oJe
OJHOPOJHOE U U30TPOITHOE —>

baftecoBCcKasi BEPOSITHOCTD.

IlepBuunbie ammadaTrmieckme CKaJSIPHBIE MOIbI
1 HaOJIIOIeHud

e Habmoienns roBopsaT 0 TOM, UTO B Ha9aJIbHBIX BO3MY-
MEeHUIX JOMUHUPYIOT ajuadaTudecKue CKaJIgpHbIe MO-
bl

e 'TeH30pHBIE MOJBI M CKAJSIPHBIE MOJBI ITOCTOSHHOMN
KPUBU3HBI He 00HAPYKEHBI, €CTh TOJHKO OTPDAHUYEHHS
CBEPXY.

AnnabaTtmdeckne CKagpHbIe MOJIBI CaMble CyTIECTBEH-
HBIE — CMaHIapMuas Kocmonrozuseckas modeav (CKM)
BKJIIOYAeT II0Ka TOJIbKO HX.

[Ipenmnosaraercs, 9To HadaJIbHbIE JaHHBIE JIJTd

aIabaTIIecKoil CKaJIAPHON MOl —
KOHCTAQHTHbBIE MOJIbI 32 TOPU30HTOM —
PEICTABJISIOT OJIHOPOIHOE 1 N30TPOITHOE T'ayCCOBO CJIY-
Jaiinoe mojie u xapaktepusytorcd dynkrnmeir R(k)
(C(k)), Tepe3 KOTOPYIO BBIYUCISIOTCA OTHOCHTEJBHBIE

(bIyKTyaIm MI0THOCTH U BOBMYTIEHUA I'PABUTAIINOHO-
ro norennunaa, (11.49)-(11.51).

OJIHO3HAYHO OMHUCHIBAETCS JIBYXTOUEUHBIM KOPPEIATO-
POM:

o PR(k) /
= g ok +k)

3agada HaOIIOAEHUN — HAHTH OJHY CKaJIAPHYIO (PyHK-
o Pr(k) — crekTp MONHOCTH KOHCTAHTHON MOJIBI
aInabaTUIeCKUX CKAIIPHBIX BO3ZMYIIEHMUII.

(R(K)R(K)) (11.83)



Cupica yepeanennsa (R(K)R(K')) —

ycpeJaHeHne 110 aHcaMOJIi0 BCeJeHHBIX.

Onerika Pr(k) gepes IByXTOUYEUHBINH KOPPEIATOD:

Pr(k) = /d3x e™D(|x]) (11.84)

Tak Kak Mbl mMeeM JIeJI0 TOJIbKO C KOHEYHBIM par-
MeHTOM BceneHHOIl BHYTpHU MOPHU30HTA, TO OIEHKA JIaeT
JINIIb KOHEYHYIO TOYHOCTD, B IIPEJINOJTOKEHUN OJHOPO/I-
HOCTU 1 U30TPOIINH.

OcraTtounas HEOIIPEeAEJIEHHOCTb —
KOCMUYMECKAA HGOTLp@(?@./L@HHOCm’b, cosmic variance

Eciin HekoTopas Teopus IpeIcKa3biBAET OLIPEIeIeHHY IO
Pr(k), To npejickaszatne 970 HEBO3MOXKHO OYJIET TIPOBe-
pUTH ¢ J11000i1 Hamepe 1 3aJaHHOl TOUYHOCTHIO.

Tounocrs usmepenuii 3jech Hu upu yem. CM. KApTUHKY.
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Bumecto Pr(k) 00bIMHO HCTIOMB3YIOT

Prk) = - Pak) >

o2

(11.85)

(R2(x)) /0 N d—:mw): /O " d(nk)Pr(k) (11.86)

Wnora ucnosbsyercs obosnauenue: A% (k) = Pr(k)

[IpocTeiitee mpeamoaoXKeHNe - TIOCKII CITEKTP:

Pr(k) = const

— cnexmp Lappucona-3envdosua.

(11.87)

Kak peaJbHBII CIEKTP MOITHOCTH OTJINIAETCA OT CIIEK-

Tpa ['appucona-3enbgoBuda’

HabJrroieans mokasblBaioT, YTO HaYaJIbHBIN CIIEKTD

durykTyamuit 6J1M30K K ILJIOCKOMY.

Crenennas nmapamerpusarms (s — scalar):

Pr(k) = Az (kﬁ*) "

k1
b= 4y~ 500 Mux

CoBpeMeHHbIe 3HAUYEHUSI:

ny = 0.9667 & 0.0040
Ar = 244175988 » 1077

— 0.002 Mk !

OTHOCUTE/IbHASA aMILTUTYTa BO3MYIIIEHMI

Ap = /Ap ~4.5-107°

(11.88)

(11.89)

(11.90)
(11.91)

(11.92)



6 mapamerpoB CKM

Qusnueckad
IIJIOTHOCTD
0apHUOHOB
Qusnueckad
[JIOTHOCTD
TEeMHOI
MaTepun
Bospact to
CKaJisipHbIit
CIIeKTPaJIbHBI N
NHIEKC
AmMruTyna
dbrykTyammit
KPUBU3HEI
OnTnueckast
TOJIIIIHA, T
PEOMHU3BAIINN
[IpuBenennas
[TOCTOAHHAA h

XaboJia*

Qph* |0.02230 & 0.00014

Qcparh? 1 0.1188 4 0.00010

(13.799 £ 0.021) - 10” ner

0.9667 £ 0.0040

Ar, A% | 2.44170058 x 1077

0.066 £ 0.012

0.6774 £ 0.0046

*[TocTognnas Xab0/ia He BXOAUT B 9UCI0 6 mapaMeTpos!

IlepBuyHbIle MOABI HOCTOSHHOII KPUBU3HBI U HAa-
OJIF0/IeHU A

Anasormuno agnadaTUIecKIM MOIAM:

PSCDM(k> u Psy(k)

S — 9HTPOIHITHBIE MOJIbI)

JToTIOTHUTEILHO, MOTYT OBITH KOPPEJIAINH C 8 ruadaTh-
YECKOI MOJIOM, KOTOPBIE 3a/a0TCA ITapaMeTpoOM

Prs

p= PP

RE)SE) = [ Prst) (1193

Ouenku jist Ps,.p,,, (k) 1 Ps, (k) 3aBucar or mpeoJo-
JKeHnit o J:

k
Pscou(®) 0.07, B=0 (11.94)
Pr
k
Pseou™ _ 004, 521 (11.95)
Pr

MO,HbI IIOCTOAHHONI KPUBU3HbI Ma.JIbI.

B CKM PSC’DM(k) = PSB(]f) = 0.



IIepBuanable TEH30pPHBIE MO/l 1 HAOJIIOIeHUS

Tenszopubre MoibI 710 cux 10p (HOstOpb 2021) He 0OHADY-
JKEHBI, [T09TOMY MOZKHO TOJIBKO IIPEJIIOIaraTh, 9TO OHU
00pa3yIOT TayCCOBBI CJydYaiiHbIe II0JId, IPUYIeM OJnHA-
KOBBIE, HO HE3aBUCUMBIE /I PA3HBIX KOMIIOHEHT II0JIsA-
PUBALN:

(A) g (B) oy Lo Pr(k) /
(h(s) MG 0 = 304 ol +K) - (11.96)
[Ipennonaraercs crekTp, OJUBKUA K ILJIOCKOMY:
]{ nT—l
Pr= Ay (k_> el (11.97)
A > dk
S = [ Feo )

A
OTHotrenne TEH3O0PHBLIX U CKaJIAPHBIX MO/

(PLANCK-2015)
Ar
AR

Ouenb BarkHas BeJMYNHA, TaK KaK IIO3BOJIAET Pa3JIH-
YaTh pa3Hble MOJIEJN WHMJIAIIH.

B CKM r = 0.

r=2L <0.067, 95% (11.99)




