Jlekninga 4

JleCuTTepoBCcKUii TON30HT. 3AMKHYTbBIE U OTKPBIThIE MOJIEJIN C
HeHYyJIeBOil KpUBU3HOI. 300MapK KOCMOJIOTUYECKUX MOo/IeJIeld.
IlapameTp 3ameijieHusi, KpuTU4ecKas IIJIOTHOCTb, CTaH/IapTHbIE CBEYMU.
ACDM wmogenb. OcraoBHBIE (pa3bl 3Bosonnu Beeaennoii. Tect yriioBoro
pa3Mepa.
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Bakyym m me-CurrepoBCKoe MJI0OCKOE pemnieHune

Huxkaxoit maTepun Kpome A-djeHa.

N\ 2
8
(ﬂ) = IG/\, A = const > 0 (4.1)
a 3
B mockom ciyuae g A < 0 pemenns Her!
' 8
% — (4)4 /%GA = (£)Hys = (4.2)

a(t) = const x efldst (4.3)

CHUHTYJISIPHOCTA ~ HET.
= 400 (TOXKe HeT).

KocMmomoruiecknii  TOpU30HT

A Bezer cebst Kak IIOTHOCTH BaKyyMa:

pH3optp) =02 \p=—p\ > p=0  (44)

[ToTHOCTD MOCTOSTHHA (UTO U OXKUIAETCS OT BAKyyMa).

HeCurrepoBckuii TOPI30HT

KakoB B MOMeHT BpeMeHU tj pasmep 00J1acTu, U3 KOTO-
poii JIOWAYyT CUrHaJbl B TOUKY & = (0 K MOMeHTY t > £

A t—oo

»
'

x=0 NpoCTPaHCTBO

Lis(t) = alto) / L

to a(t/)
t dt/

— const x eflasto =
to const X ettds

1
=
1
_H—ds

[1 _ ¢ Has(t=to) (4.5)

las(00) (4.6)

Curnajbl w3 obyacteir gajbine lgg(0o) HE AOWIYT 110
toukn x = (0 HUKOTHA!



Cayganm » = +1,—1

[IbLneBunnas marepud, A = 0

const
p=— (4.7)
a\’ ~ 8wG const . Gpar (13)
3 ad a2 a3 a? '
da\” 5
dt = a(t)dn = d_77 = Uppar@ — #Q (4.9)
=41
a(n) = Apaq sin? g (4.10)
Beenennas poxkiaercs B TOUKe U KOJLIAIICUPYET B TOY-
KY.

ZLH;I » = +1 MOXKHO IBHO BBIPA3UTD gy 9€PE3 MACCY
BCEJIEHHOI;

8rG -
7= (4.12)
px2riad =m = p = S (4.13)
G m Arnar
T 928 3 = Uar = gmG (4.14)



a(n) = tmaz Sth (4.15)
1 ama:c
t :/ a(n)dn = —=(shn —n) (4.16)
0

Kosnarca Her, BcesieHHasdA OTKPBITa U OECKOHETHA.

% Haitgure acumnroTuky pertenus mpu t — oo.

3oonmapk KOCMOJIOTHYECKUX MOJeJaeit

Vi3zmMeHeHuUe BO Bpe- 4 / /
MeHA OTHOCHUTEJIbHO- /
TO PacCTOAHHA MEX- A >0 |~ 7 #
ay TejJaMu (rajaKTH-
KaMmM, WUX CKoIJe- s 5
HuaAMU) BO BcejeH- -
Ho#i (T. H. MacmTab- -
Horo (akTopa R) B ] /
3aBUCUMOCTH OT pas- A=0 . 7
HbIX 3HaYeHHit A 1 k. /
Besne cunTaeTcH,
4To 0 <3p/c2 <p, /
dp/dR <0. IlTpuxo- ¢
BOM JMHUel moKasa-
HH Trpadmrum  AJA
T. H. «IIYCTBIX» MOJie-
aeit (p=0).  A<0 + g

7 W
P, -t
Lo
§

H.J1. Hosuros. Kocmonozuueckue modeau. Quauveckas
anyursonedus, 1.2, cmp. 475



ITapameTp 3amenjieHusd

l a aa
=———| =—— 4.17
1 Hial, a2 (4.17)
[Tb1b:
a(t) = const t*/®
2
a(t) = gconstt_l/3 (4.18)
2
a(t) = —§constt_4/3
1
qdo = +§ (419)

Kaxkos mapamerp 3amejjieHns B Oojiee obieM ciydae’?
(U B wem 3akr09aeTcsa 9TOT OoJsiee 0O crydaii)?

Kpurnyeckas mjioTHOCTb

Ypapaenne Opuamana;

N2
a 8 »
H*H=(-) =—@aG A)— = 4.20
0-(2) -Feprn-2%  um
= [locTogaHag XabOJja celivac:
8
HZ =" Glpo+ 0~ (4.21)
3 ag
Ecau npocrpancTso miockoe, 2 = 0, To
S 3
— G A =H?= AN=-—"—"H? 4.99
3 (po +A) 0= Po T+ s ( )

3
= %Hg — KpuTHYeckad IJIOTHOCTL | (4.23)
h = 0.68 = R
9
e = 491070 — 4.24
P cMm? ( )
po + A u3MepsioTCs (CM. CIel. JIeKITHH).
Pesyabrar: B mpeenax ommboK
po+AN=p.= (4.25)
Hawe npocmparncmeo ouensv bAU3K0 K NAOCKOMY.
N3 (4.20):
8T 3
H = —G ra S~ o=
3 (PM+P e a2>
8T
- ?G (IOM + Prad T PA T pcurv> (426>

YpaBHEHWE CIIpaBe/IMBO BCET/Ia, KOTa MOXKHO TIpeHe-
Opeub mpeBpalieHueM YIbTPapPeaaITUBUCTCKON MaTepun
B HEPEJIATUBUCTCTKYIO =

Bcerma, kpoMme odeHb paHHUX 310X ITOCTIE CHUHTYJISIPHO-
CTH.



B copemennyto smoxy (1o onpeenenuto (4.23))

p?\/[ + pgad + P?\ + p(c]urv = Pe (427)

BBG,[[GM OTHOCHUTEJIbHBIE ITJIOTHOCTH.
O = phy/pe (4.28)
Qad = Paal Pe (4.29)
Q= pr/pe (4.30)
chrv — p(c)urv/pc ( )
Qpr + Qrad + Q0+ Qoo = 1 (4.32)

a 3
par = Py (3) (4.33)
ap 4
Prad = prad < a ) (434)
pr = py = A (4.35)
ap 2
Peurv = Pgum (_) (436)
a
3 H2
. =——H? —G = 4.37
o Hi [ o rao\® o (ao\? 0 ap\?| _
H* = De |::0M (;) + Prad <E> T PXA T Peuro <E> ] -

3 4 2
= 8 (90 ()" O (2) 4 20+ O (2] 439

ypaBHeHI/Ie CDpI/IﬂMaHa B OTHOCUTEJIbHBIX ITJIOTHOCTAX:

(2 = o (%) 0 () 00+ 0 (2]

(4.39)

Cunras ).q.q < {Qj HaflIeM gy B COBPEMEHHYIO SII0XY

(g) o [QM (%)3 + O+ Qoo (%)2] (4.40)

a = Ho\/QM aj/a+ Qna® + Qeyral (4.41)
. Hy —yrad/a® + 2aQy ,
i = 0=
2 \/urad/a+ Qpa? + Quyrad
1 1
= 5H@(QCLQA — ?QMag) (4.42)
1 a 1
= ————| =—(Qy — 20 4.43
qo Hga ., 2( M A) ( )
(Qeyrp yro!)
1
=50 —20) Qu=1=q=1/2] (444)

B kakoMm cooTHomeHnn Haxogdarced 2y u 247



CrangapTHBIE CBEYH U ITapaMeTp 3aMeaJeHns

Habstomaemast ssproctsb J(z) cTaHIAPTHOIO MCTOTHUKA
CO CBETUMOCTbIO L:

Lo 1
CS(z) 14z 14z (4.45)

MOKpac- pacTsKeHnne
HEeHUe BpeMeHu

J(2)

S(z) — mwiomapb 2-cepbl, OKPYKAOIIEH UCTOTHHUK.
PacTsKkenne BpeMeHU:

dt; dty :
a; a a 0 14z ( )

dn);




IImomanap 2-cdepnl B 3-IJIOCKOM IIPOCTPAHCTBE,
3-cepe u 3-ticeBaocdepe

1. JInuHA OKPY2KHOCTH pajinyca p Ha 2-IJIOCKOCTH

>
N

C, =2mp =2mr(p)

" " (4.47)
0
r(p) =a (5) = ax(p)
(4.48)
2. JlnmHa oKpy»KHOCTH pajuyca p Ha 2-cdepe
A
0 d?
r~ { -
C, =2nr(p) (4.49)
r(p) = asin <£> = asin x(p) (4.50)
a

3. [Inomanp 2-cdepnl B 3-IJIOCKOCTH

S, = dmp* = 4mr*(p) (4.51)
o) =a (£) =ax(o) = ax(p(z))  (452)
4. Thomams 2-cdepbi B 3-cdepe
S, = 41r*(p) (4.53)
r(p) = asin (£) = asinx(p) = asinx(p(z))  (454)
5. Ilnomans 2-cdepst B 3-mceBocdepe
S, = 4wr*(p) (4.55)

r(p) =ash (£) = ashx(p) = ashx(p(2))  (4.56)

a



S(z) = 4mr?(2) (4.57)
ax(z) — 3-ILJIOCKOCTD
r(z) = { asin x(z) — 3-cdepa (4.58)
ash x(z) — 3-mceBmocdepa
‘(5= 22 (459

X(2) — KOOpIMHATHOE PACCTOSHNIE OT UCTOTHNUKA, M3JTy-
YUBITETO TP KPACHOM CMEINeHn 2 (MOMEHT BpeMeHH
t;) 0 MpUEeMHUKa Ha 3eMJIe.

Borucaenue r(z)

KoopamnaTHoe paccTodane I0 NCTOUHNKA, N3y INBIIE-
IO B MOMEHT t;, IPUHSATOrO Ha 3eMJje B MOMEHT ty:

o dt )
T =X= — z) =" 4.60
= e (1.60)
2
()= Imde=—Ladt = dt = ——— dz =
a(t) a’ aoa
(4.61)

- [ (-8) b [

/ (4.62)
0 aoHo\/QM(l + 2)3 + Q) + chv(l + 2)2

Pesymnbrar:

»x=0:

1 [ dz
)=, oy
0Jo /Qu(l+42)3+Qn

r(z

QO+ Oy =1 (4.63)

x=+1:
dz

r(z) = agsin /
0 CL()HO\/QM(l + 2’)3 + QA + chm(l + Z)2
(4.54)

w=—1:
dz

r(z) = agsh /
0 aoHo\/QM(l + 2)3 + QA + chm}(l + 2)2
(4.65)




Moxkno n3 I1.Y. uckimrouurs Hy:
0 1 3
chrv _ Peurv _ (_%) -
Pc Pc ay/) 3G
8tG b4 3 1 s
= || —=——=— (4.66
SH? ( ag> G- ma (MY

Hyr(z) — Boipaxkenue r(z) B €CTECTBEHHBIX KOCMOJIOTH-
qeCKUX eUHUIAX:

»=20:
Hor(2) / dz O+ Qp =1 (4.67)
= ;o Sy A= :
" 0 VOu(l+2)+Qn
w=+41:
Hor(z) =
1 . : \% _chmdz
———gin (4.68)
vV —=urv 0 /(14 2)3 + QO + Qo (1 + 2)?
»w=—1:
Hor(z) =
1 ? QC’LLT’U
sh / AL (4.69)
\/chrv 0 \/QM(1+2)3+QA+QCUT0(1+2)2

Habmromaemast apKocThb

L
— 4.70
I(2) (z + 1)%4mr3(2) ~ (4.70)
Hy
Hor(z; Qar, QL Qo) = 4.71
OT(Za M7 A7 > > + 1 47TJ(Z> ( )

Ecmn ects «cranmaptHasg csedas L, To Hor(z) MoxHO
M3MEPUTh.

Hor(z)
1 75 | e Qu=024, 24 =076
D =024, Qoury = 0.76
.50 a,=10,0=0
1.25
1|
0.75
0.5 ¢
0.25

B 1iockoit Becenennoit npu 6Osbmux A mpu ojHOM H
TOM 2Ke z paccrogrue r(z) 6oJiblie — CBePXHOBbBIE TYCK-
Jiee.



CrangapTHBIE CBEUN — CBEPXHOBBIE THIIA la.

44 F

MLCS

12+ ]
2 40} ]
g |

38| .
= _ — 0,=0.28, ©,=0.72]
E | i

361 - ©,,=0.20, ©,=0.007]

3l -~ =100, ©,=0.00]

A(m-M) (mag)

0.01 0.10 1.00
z
A.G. Riess et. al. The Astronomical Journal, 116 : 1009-
1038, 1998.

M — m — cBeTuMOCTh (1UeM 6OJIbITie, TeM TYCKJiee)
DKCIIEDUMEHT He COIVIacyeTCd C IPEJIIOI0XKEH!-
eM, 4TO BcesleHHada 3a1101HeHa TOJILKO MaTepuei.

Hazan Kk napamerpy 3aMeajeHus

Bo BTopom mopsnke mo z %

r(z) & Hio [z - Z; (1 LY _2 QQA>] (4.72)

Us (4.43): _—
qQo = 5 (4.73)
r(z) = Hio [z - %2 (1+ qo)] (4.74)

qo oIpe/iesideTcd IPAMO 110 KPUBOI T(Z), g < 0=
He 3aMejjIeHne, a yecKopeHue!

NMmeerca npubimsuresibHOe BhIpOXKIeHMe 110 (237 1 )y
IIPU MaJIbIX 2 =>
Yewm OoJibime z, TeM TOYHEE OLpEeIeIeHHe (.



Hesnb3st jin HAWTH cTaHJAPTHBIE CBEYH MOSpUe’

i e . MoxHO Jin UCHOJIb30BaTh TaMMa-0apcTepbl KakK
Y . CTaHJapTHBIE cBeY:W Npu Ooabmmx z7
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c: ~ ABSTRACT
.\ “g 5 - . Ganmarr?.y bursts (GR.BS) are v./idel_y propos?d as an effective probe to t.rarie the
‘31 D m ] Hubble_ diagram of the Universe in high redshift range. However, the c:_allbratmn of
Qa B = GRBs is not as easy as that of type-Ia supernovae (SNe Ia). Most calibrating methods
o 7 1 at present make use one or some of the empirical luminosity correlations, e.g., Amati
- m = relation. One of the underlying assumptions of these calibrating methods is that the
- jaF empirical correlation is universal over all redshifts. In this paper, we check to what
- 7 é extent this assumption holds. Assuming that SNe Ia exactly trace the Hubble diagram
- B B of the Universe, we re-investigate the Amati relation for low redshift (2 < 1.4) and
i £ high redshift (z > 1.4) GRBs, respectively. It is found that the Amati relation of low-2z
5]

GRB:s differs from that of high-2 GRBs at more than 3¢ confidence level. This result is
insensitive to cosmological models. We should be cautious when using Amati relation
to reconstruct the Hubble diagram of the Universe.

Expands to Infinity
g

“Recollapses ¢ 1o ]

2

Key words: cosmological parameters — gamma-ray burst: general — supernovae:
general

1 INTRODUCTION

Gamma-ray bursts (GRBs) are the most luminous explosions in the Universe since the big bang. The 1mtmlc I.llV—
alent energy they relemed in a few Becouds can be as large as 10*® ~ 10°° ergs. For recent reviews, see, e.g.,
l | . Thanks to their extreme brightness, GRBs are detectable up to redshlft z > El
II For example, the most dlstant GRB known today is GRB 090429B, whose redshift is as high as z =~ 94
. Due to their high redshift properties, GRBs are often proposed as potential candles to trace the Hubble
diagram of the Universe in the high redshift range. In fact, GRBs have already been widely used, together with ot].\er candles.
such as type—Ia supernovae (SNe Ia) to constrain the cosmological parameters {Schaefer] [2003;
_ Xu ; : [Liang ¢ 2008} [Firmani et all[20064) [Schacfer I
12008; |L || I|||M|| WEJ Vi & Me].l

12013; 12013 |I|I l2014;

arXiv:1504.07026v

c

'1 R R N R R R
: * * : : luminosities of SNe Ia make them the ideal distance indicators in tracing the Hubble dmgra.m of the local (low-redshift)

! ! universe. However, since we have little knowledge about the explosion mechanism of GRBs, the GRB candle is much less
M standard than the SN Ia candle.
Nevertheless, one can still calibrate GRBs using Lhe em| mca.l luminosit; conelatmns found in long GRBs. These cor-

relatlons mcludes Amatl relation (Fpeak — Fiso) (Amati et all [2006), Ghirlanda relation (Epei‘( E,)

A.G. Riess et. al. The Astronomical Journal, 116 : 1009- P sz::i“i“m:ii“?;,ﬁfpf‘;p..,‘i'?’L,_I‘f“ ety s
1 03 8 3 1 99 8 . * e-mail: linhn@ihep.ac.cn.

t e-mail: lixin1981Gcqu.edu.cn.
{ e-mail: wangsai@itp.ac.cn.
§ e-mail: changz@ihep.ac.cn.

Orpanunuenns Ha 2y u Q) 110 OJHUM TOJIBKO CBEPXHO- .
BbIM la. [Toka ectb 1pobIEMEL.

» lag-luminosity relation




ACDM-Mmopaenp — ctaHgapTHAS MO/I€JIb KOCMOJIO-
TN

ACDM — A Cold Dark Matter

(HekoTopbie) mapamMeTpbl CTAHAAPTHOI MO/ 1e/11

Qy = 0.3094+0.006 (25~ 0.05, Qepy ~ 0.26(4.75)
Q) = 0.691 =+ 0.006 (4.76)
Qpag < 1071 (4.77)
Qo] < 0.005 (4.78)
h = 0.6780 % 0.0077 (4.79)
w = —1.006 =+ 0.045 (4.80)
1. YpaBHeHNE COCTOAHUS TEMHOIN SHEPTUM:
p=wp (4.81)
w = —1 = TeMHasd 3HepPIrusd €CTb B TOYHOCTU BaKyyM-

HBII KocMoJiorudeckKuil djieH. lHaue «KBUHTICCEHIIN .

2. Onenka 2,44

Py
Q, =— (4.82)
T
«3aKO0H CTecbaHa—BOJIbLLMaHa»
P~ QSOTO, Ty = 2.725 K" (4.83)
L ——H?; h=0.68 = (4.84)
Pe= Sra - '
Q, =0.53-10"" = Qg ~ 107" (4.85)

(ITpoBepbre)

OcuoBabIe ¢dra3bl 3BogOIuN BeesenHoit

Ypapaenne Opuamana;

2\ 2 3 4 2
(9> = 1} {QM (%) + 2 () + 2+ s (2) ]
a a a a

(4-86)

1. Ilpn a — 0 momuHUpYyeT paanalnoHHbIN WieH (),.qq
=\
paJIMaIlnOHHO-TOMUHUPOBAHHAs CTAANd, Spa JTOMU-
HUPOBAHUS YILTPApPeIATUBUCTCKON MaTepun, «lo-
pAUNil BOBITON B3PLIBY

2. Tlorom momuuHpyer wieH 1y =
spa  JOMUHUPOBAHUS (XOJIOAHON HEPEeTSITUBUCT-
CKoﬁ) MaTepuu, dpa MNbIJIEBUJIHON MaTepuu

3. Ilorom jgomunupyer wien {2y =
spa JleCurrepa

B mepBoMm mpubamkeHMM ecTb BCErO TPU OCHOB-
Hble (a3bl SBOJIIOIUHU, CBI3aHHBIE COOTBETCTBEHHO C

Qrada QM? QA-



OTr pagnanmmoHHO-IOMIHUPOBAHHOI cTaamyl K
CTAJINM XOJIOJHON MaTepun

(2) = Fap four () + 0 ()] asm

3 4
o (@) ~ Qo (@> = (4.88)
a a
ap QM 0.3
N N — 142, = 4.89
R I (4.89)
Zeq A 3 10° (4.90)

(910 Bepro ¢ TouHOCTBIO J10 akTopa = 1.1 + 1.2.
[Ipobiiema B ToM, uro T, # 1))

T
_q:1+zeq:>Teq:TO(1+Z€q) ~ 1O4KON 1-B

Ty
(4.91)

Kak naiitu Bpema t.,7
— He coBcem mpocTo, depes3 TeMIepaTypy.

hc 1 1
M — = = 4.92
Pl G \/a :> G M%l ( )
[G] = [MB]* = [M] 2 (4.93)
Mp;=16-10"TsB =22-10""r (4.94)

«3axkoH Credana-bosbiimManay s GOTOHOB U HERTPU-
1o (mpyrux YP wacrur mer):

7.‘.2

4
p= 591
30
gx — 3bdeKTUBHOE YUCI0 CTereHeil cBOOOIB! (CTaT. Bec)
(oTOHOB U HEATPUHO:

(4.95)

21 [ 4\"?
gy =2+ — (—) ~ 3.36 (mosyumm otom) (4.96)

4 \'11
N2
a 8T
-] =— 4.
(a 3 Gp (4.97)
T=(1+2)1 (4.98)

8 8r 2 83 1
H,=1/—Gp=1\/—G—q.T*=T*,| —g.—
A T A T 00 * M2,

T? (14 2e9)T0)?

= = : (4.99)

MPl MPZ

. Mpy
Mp = —= (4.100)
\/ 90 9+
Ha pagnanmoraHo- JOMIHUPOBAHHON CTa TN
1 1 M

toy = == Ll ~ 85000 4.101
"7 oH.,  2[(1+ ze)To2 rer  (4.101)



Ot nomuampoBaHug martepun K ¢dpaze JleCurrepa
— OT 3aMeJijIeHns K YCKOPEHUIO

Wimem Touky meperuba a(t):

-\ 2
8 3
(9) — TG, [QM <@> + QA] (4.102)
a 3 a
8 3
a? = %TG,OC (QM% + QAa2) (4.103)
a
. 8w ag . .
200 = ?Gpc —QM—QCL + 2aafd, (4.104)
a
3 QQ
i=0= (ao) el (4.105)
a

20) 2-0.69
:__1_,/—A—1—{”/ —1=0.65 (4.106)

t ="
Pemenne agsa )y, Qp # 0, Qe = Qpgg =0
a

<_)2 — B2 [QM (ao) +QA] L QA Qy =1 (4.107)

a

[IpoBepsieTcs 10ACTaHOBKOIL:

at) = ay (%—Aj) . [sh G@H@)] a0

a0 _ oy (/)
] T (4.109)

arsh

2 ( 1 )3/2 o)
- 3HW/ z+1 Qs

BozspacT Bcesiennoii

7
z2=0 = t) = ———arsh — 4.111
e () e

Qp = 0.691, Qy = 0.309, h =0.678 =
to = 13.80 - 10” mer (4.112)

BospacT nepexoaa ot 3amMeijieHUs K YCKOPEHUIO

24+1=165=t="7.61-10jger
to—t =6.2- 10" ner

(4.113)
(4.114)



KpacHoe cmenienne - Bo3pacTt

e KO NNV NGV VR Nl N eoNeoNoNoNoNeolNoNoloNoNoloNoNoNoNoNoNoNe RGN\

.01
.01259
.01585
.01995
.02512
.03162
.03981
.05012
.0631
.07943
1
.1259
.1585
.1995
.2512
.3162
.3981
.5012
.631

. 7943

.259
.585
.995
.512
.162
.981
.012
.31

.943

t

13.
13.
13.
13.
13.
13.
13.
13.
12.
12.

12

12.

11
11

10.

10

QOO P EFENNWPkdPdxOTON 00 O

66
62
57
51
44
35
24
1

93
72
.46
14
.75
.29
75
12

.401

.97
124
.803
.865
.946

.08

.294
.608
.028
.5b2
172
.875
. 6468
4743

O
I
ct

OO ~NNOOD P WWNNRP,P PP OOOOOOOOO

.1433
.18

.2261
.2838
.3559
. 446

.55382
.6975
.8701
.083
.344
.661

.045
.504
.047
677
.397
.201

.075
.996

.934
.853
. 719

.19
T
.25
.63
.92
.15
.32

Tect yrsioBoro pasmepa

A0 D

Crangaprabie jguneiiku = AO(z) — Qur, Qn, Qe
CranjapTHble JUHEHKN CYINECTBYIOT — aKyCTUYECKUE
TUKH.

1. II;tocKoe nmpocTpaHCTBO

ds* = a*(t)(dn* — dx?) (4.115)
B koHdopMHBIX KoOpAMHATAaX BCE KaK B IJIOCKOW CTa-
THUKE: D
Af — —Zcont (4.116)
x(2)
D = Depnra(t) = Degnp = —— 4.117
gD aw D 241D _
Ta®)z(z)  alt) apx(z)  z(2) ap
—\agz(z) = r(2), (4.63)\ = DHy — et
/ sz 4+ 1)° + Q] 22
' (4.118)



z+1
/ [z + 1%+ Q] Y2z
0

£6(z) = DH, (4.119)

Kax cebst Beger Af(z)?
o 2 K 1

1 1 D

il T
— }/6bIBaeT7 KaK 1 O2KHJaeTCA.

o2 >1

/ (241 0] 2z = / Qs (2 1) 2z —
0 0

2\/1974 (1— \/zlﬁ) = (4.121)

1
AQ(Z) = QDH()\/ QMli;l ~ QDH()\/ QM(Z + 1)
vzt

(4.122)
1) VryoBoii pasmep pacTeT ¢ POCTOM PACCTOAHMsI!
2) Ecium wsBectabl D u 2z, To onpenessiercs (2!

o [Ipn z ~ 2 yrjoBoil pazmep JOCTUTAET MUHUMYMa
(WTIeTest TUCIeHHO).

2. 3-chepa

f
/g
Dcong -7 <
Diony = sin YA (4.123)
D = a(t)Deony (4.124)
ng_ Doy D D D+l
~siny  a(t)siny  a(t)agsiny  agsiny
D 1
-~ °F (4.125)
0 sin fz dz
0 ag Hon/ Qs (142)34+- Q0 +Qcurv(142)2
3. 3-nceBaocdepa
D 1
A== °r (4.126)

o sh fz dz



