Jlekninga 5

ITapamerp 3amennenna n TeMHas 31aepruda. Moageapr ACDM.
Bpemennas mikaJia TpeX OoCHOBHBIX 31ox Bcestiennoit u dpyukmums z(t).
YrioBoii pa3dmep, ctaHjgapTHble JIMHENKU U cTaHJapTHbIe CUPEHbI.
Tepmoannamuka Bceenennoii.
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IImomanap 2-cdepnl B 3-IJIOCKOM IIpocTpaHcTBe, | 3. [Lnomanab 2-cepbl B 3-1miockocTn
3-cepe u 3-ticeBaocdepe

1. JInuHA OKPY2KHOCTH pajinyca p Ha 2-IJIOCKOCTH

N

@ — TPOM3BOJILHBIN MaCIITaOHBI (haKTOP

(5.1
r(p) =a (g) = ax(p)
(5.2

2. Jlnmaa oKpy»KHOCTH pajuyca p Ha 2-cdepe
A

d?

P%_l\v\_\\ S, = dmp* = 4mr*(p) (5.5)
41V - \

(o) =a (£) = ax(p) = axto(z) (5.6

— -

4. ILnomans 2-ceprl B 3-cdepe
S, = 4mr*(p) (5.7)

r(p) = a sin (g) = asinx(p) = asinx(p(z)) (5.8)

5. [lnomane 2-cdepnl B 3-1iceBaocdepe
S, = 4mwr*(p) (5.9)

r(p) =ash (2) = ashx(p) = ashx(p(2))  (5.10)

a

C, =2nr(p) (5.3)

r(p) = asin (g) = asin x(p) (5.4)
a — pajmyc




S(z) = 4mr?(2) (5.11)
ax(z) — 3-ILJIOCKOCTD
r(z) = { asin x(z) — 3-cdepa (5.12)
ash x(z) — 3-mceBmocdepa
‘(5= 22 (513

X(2) — KoopIMHATHOE PACCTOAHNE OT MCTOUHNKA,
M3JTyIUBITIETO TIPH KPACHOM CMEIMIEHNH 2
(MOMeHT BpeMeHHu t;) 70 pUeMHIKa Ha 3eMJIe.

Borucaenue r(z)

KoopamnaTHoe paccTodane I0 NCTOUHNKA, N3y INBIIE-
IO B MOMEHT t;, M IPUHATOrO Ha 3eMJjie B MOMEHT t:

o dt
rT=x= — z) =7 5.14
= [ e (5.14)
2
()= Imde=—Ladt = dt = ——— dz =
a(t) a’ aoa
(5.15)

X = /ZO (‘a%) d"% B /0 aoéf/a) =

a
(TIpeHeOperyIn M3/Ty IeHIEM ); 2=zt 1\ =
a

© dz
/O aoHo\/QM(l + 2)3 + Q) + chv(l + 2)2

(5.16)

Pesymnbrar:

»x=0:

1 * dz
) =1 - :
0Jo /Qu(l+42)3+Qn

r(z Qu+Qa =1 (5.17)

x=+1":
dz

r(z) = agsin /
0 CL()HO\/QM(l + 2’)3 + QA + chm(l + Z)2
(5.18)

w=—1:
dz

r(z) = agsh /
0 aoHo\/QM(l + 2)3 + QA + chm}(l + 2)2
(5.19)




Moxkno n3 I1.Y. uckimrouurs Hy:
0 1 3
chrv _ Peurv _ (_%) -
Pc Pc ay/) 3G
8¢ % 3 1 s
=] —=—=—= = (5.20
S ( ag) G- ma - B

H()aO — 1/ V _%chrv

Hor(z) — Beipaxkenne 7(2) B €CTECTBEHHBIX KOCMOJIOTH-
YeCKUX €JIMHUTAX:

(5.21)

»x=0:
Hor(2) / dz O+ Q=1 (5.22)
= ; A= .
' 0 /(14 2)3 +Qy M
w=+1:
Hyr(z) =
1 : ¢ \% _chrvdz
sin (5.23)
\% _chrv 0 \/QM(1+Z)3+QA+QCUT’U<1+Z>2
w=—1:
Hor(z) =
Lo / Vi keuryd2 (5.24)
V QCU’M} 0 \/QM(I + Z)3 + QA + chrv(]- + Z)2

Habmromaemast apKocThb

I
T = i oree = (5.25)
@) =7 i1 47?5(2) - (5.26)
Hor(z: Qar, O, Q) = Ho L (5.27)

z4+ 1\ 4nJ(2)

SpkoctHoe paccrostane: Dy = (z + 1)r(z2).

Ecmn ects «cranmapraas ceedas L, To Hyr(z) MoxHO
M3MEPUTh.

H()T(Z)

Dy =024, Q) =076

e =024, Qoury = 0.76
1.5 1 a,=10, 0 =0

1.25

1.75

0.75
0.5 ¢
0.25

B 1iockoit Becenennoit npu 6Osbmux A mpu ojHOM H
TOM 2Ke 2 paccTosiuue r(z) 60JIbIIe — CBEPXHOBBIE 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 2QA>] (5.28)

115 (4.109): —
=" (5.29)
r(z) = HLO [Z - %2 (1+ Qo)] (5.30)

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

Q= 0.309 +0.006 (2 ~ 0.05, Qepu ~ 0.26)(5.31)
Qy = 0.691 & 0.006 (5.32)
Qrag < 1071 (5.33)
Qeuro] < 0.005 (5.34)
h = 0.6780 = 0.0077 (5.35)
w = —1.006 %+ 0.045 (5.36)
1. YpaBHeHNE COCTOAHUS TEMHOI SHEPTUM:
p=wp (5.37)
w = —1 = TeMHasd 3HePrus eCTb B TOYHOCTU BaKyyM-

HbBI KOCMOJIOrMYEeCKUi 4ieH. VIHadye «KBUHTICCEHINS»
(w > —1, ckajsipHOe T10J1e) WK «(DAHTOMHAS SHEPTU»
(w < —1, HEMOHATHO UTO =>
Bosbimoit paspois, Big Rip).

2. Onenka (2,4

Py
0, =2 (5.38)
g pe
«3akon Credana-Boabimmanas
04 230T51, Ty = 2.725K° (5.39)
L ——HZ h=0.68 = (5.40)
Pe = 3G - '
Q, = 053107 = Qg =~ 107" (5.41)

(ITpoBepnTe %)

OcuoBabIe ¢dra3bl 3BogOIuN BeesenHoit

Ypapaenne Opuamana;

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

(5.42)

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 o () + 0 ()] 610

3 4
QM (CL()) ~ de (a0> = aeq (5'44)
a a
ap QM 0.3
~ ~ =142z, = 5.45
Qeq Qrad 10— e ! ( )
Zeg = 3-10° (5.46)
T, 4
T_1+Zeq:>Teq_T0(1+zeq) 107K ~ 158
0
(5.47)

Kak naiitu Bpema t.,7

— He coBcem mpocTo, depe3 TeMIepaTypy.

hc 1 1
Mo — 1/ _ 5.48
Pl aQ \/a = G = M%l ( )
[G] = [MB]° = [M] 2 (5.49)
Mp=1.6-10"TsB =22-10""1 % (5.50)

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

7.‘.2

4
~—q,T
30
gx — 3bdeKTUBHOE YUCI0 CTereHeil cBOOOIB! (CTaT. Bec)
(oTOHOB U HEATPUHO:

Prad = (551)

4/3
21 (4
gy =2+ N (ﬁ) ~ 3.36 (mosyumm otom) (5.52)
N 2
a 8w
ay _ 8T, 5.53
(%) e (559
T=(1+2)T (5.54)
8 8 8w
He = —G = —G2 rad — _G2 *T4:
q 3 P 3 Prad 309
83 1 T2 [(1 + z )To]
— T2/2 ) 2 = “ 2
f\/ T VA Ve
(5.55)
. Mp
Mpy = —= (5.56)
90 I

Ha pagnanmoraHo- I0MIHIPOBAHHON CTa TN
*
1 1 Mg,

toy = = —
T 2H,,  2[(1+ 2)T0)?

V2 /2 120000 teT  (5.57)



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

Wimem Touky meperuba a(t):

-\ 2
a 81 0 3
(5> - =Gp. [QM< ) +QA] (5.58)
3
al = 8éTG,OC (QM@ + QAa2> (5.59)
a
8 as
20l = —Gp, | —Qnr—a + 2aa8 (5.60)
3 a?
3 2Q
i=0= (ao) e (5.61)
a

20) 2-0.69
:__1_,/—A—1—,3/ —1=0.65 (5.62)

t ="
Pemenne aas )y, Q) # 0, Qo = Qpgg =0
a

(_)2 — H? [QM <a°> +QA] , Qo+ Q=1 (5.63)

a

[IpoBepsieTcs 10ACTaHOBKOIL:

aft) = ay (%—Ao . [sh (§MHOt)] " e

0O, /O 1/3
PR (L VAUT) 7 = (5.65)
a(t) [sh (3\/QnHot)]
2 1 \*? [Qa
= h Skt 5.66
?)H()\/QA e (Z + 1) QM ( )

BozspacTt Bcesiennoii

£
z2=0 =t arsh — 5.67
0 — O\/i ( M) ( )

Q= 0.691, Qy = 0.309, h = 0.678 =
to = 13.80 - 10" rer (5.68)

BospacT nepexoaa ot 3aMejijieHUs K YCKOPEHUIO

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



KpacHoe cmenienne - Bo3pacTt

Z t
0.01 13.66
0.01259 13.62
0.01585 13.57
0.01995 13.51
0.02512 13.44
0.03162 13.35
0.03981 13.24
0.05012 13.1
0.0631 12.93
0.07943 12.72
0.1 12.46
0.1259 12.14
0.1585 11.75
0.1995 11.29
0.2512 10.75
0.3162 10.12
0.3981 9.401
0.5012 8.597
0.631 7.724
0.7943 6.803
1 5.865
1.259 4.946
1.585 4.08
1.995 3.294
2.512 2.608
3.162 2.028
3.981 1.552
5.012 1.172
6.31 0.875
7.943 0.6468
10 0.4743

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 m craH/iapTHbIE€ JIMTHEKN

A0 D

Crangaprabie jguneiiku = AO(z) — Qur, Qn, Qe
CranjapTHble JUHEHKN CYINECTBYIOT — aKyCTUYECKUe

IINKN.

1. II;1ocKoe mpocTpaHCTBO

ds* = a*(t)(dn* — dx?)

(5.71)

B koHdopMHBIX KOoOpAMHATAaX BCE KaK B IJIOCKOW CTa-

THUKE: D
Al — conf
()
D = Dcon t Dcon =
fa( ) = f a(t)
Af — D _ap D z2+1D
Ta®)z(z)  alt) apx(z)  z(2) ap

= \apz(2) = 7(2), (5.17)\ = DH, z+1

(5.72)

(5.73)

/ﬁQM@+1P+QM1ﬂ@
0

(5.74)



1
AO(z) = DHy— i (5.75)
/ [z + 1%+ Q] Y22 '
0
Kax cebs Beger Af(z)?
o 2 K1
1 1 D
AQ(Z) = DH()’\/ QM + QA— = DHOF = — (576)
2 rHy r

— yOBIBaeT, KaK 1 OXKUJIAETCS.

o2 >1

/ Q2414002 = / Qur(z41)7 2z —
0 0

) = (5.77)

1 1
= 1 —
2\/QM( \/Z—|—1

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

(5.78)
1) VrioBoit pasmep pacTeT ¢ POCTOM PACCTOAHMsI!
o [Ipu 2z ~ 1.5 yryioBoit pazMep JOCTUTAeT MUHUMYMa,
(uirercest IUCTIEHHO).

2) Ecnu usectant D u z, To onpenensiercs §2y;!

= <2D§f((,:)+ 1))2

(5.79)

D in y Af
Depny=—= GXY _ gin YA = (5.80)
a a
AQ—Dconf— D _a D D(z+1)
~siny  a(t)siny a(t)agsiny  agsiny
D 1
== ° (5.81)
0 sin fz d:
0 aOHO\/QM(1+Z)3+QA+chTU(1+Z)2
3. 3-nceBaocdepa
D 1
AG == i (5.82)
0 aoH()\/QM(1+Z)3+QA+chrv(1—|—Z)2
A0 = AO(z, D, Qpr, O, Qo) (5.83)



«CTaHﬂapTHbIe CHUPEHbI» - I'PAaBUTAIIUOHHBIE CUTI'- Hanford, Washington (H1) Livingston, Louisiana (L1)
HaJIbl OT CJ/IMAHMA YEepPHBbIX AbIPD " HeﬁTpOHHbIX
3BE3 /],

(gravitational wave standard sirens)

— L1 observed
|— H1 observed | H1 observed (shifted, inverted)
I I I

1.0t r .
0.5F 1F .

Strain (10%)

-0.51 1r 1

-1.01f — Numerical relativity | H H— Numerical relativity U 8
Reconstructed (wavelet) Reconstructed (wavelet)
| Reconstructed (template) [ | Reconstructed (template)

0.5' ' T : :—— \ | I —

| — Resldual |— Resldual

256
128
64
32

Frequency (Hz)

Normalized amplitude

o N b~ O

0.35 0.4 0. 0.35

LIGO detector Time (s) Tlme(s)

[To mpodno rpaBUTAIMOHHOTO BCILIECKA C XOPOIedt
TOYHOCTBIO BOCCTAHABIMBAIOTCA MACChl YEPHBIX ABIP U
UX MOMEHTHI = abCOJIIOTHAS SHEPTeTUKa, BCILIECKA.

[To 3amemiennio KojaebaHMit BOCCTAHBINBAETCA 2.

AOcoroTHAS HEPreTHKa BCILIECKa + 2 + HaOJII0gaeMasd
AMILIATYIa = «CTaHIAPTHAS CUPEHA>.

Peructpupyrorcs Ha3eMHBIMI JeTEKTOPAMU IPABUTAIIN-
OHHBIX BOJIH ¢ paccToguuit z ~ 0.1.

YBeuueHne 1yBCTBUTETLHOCTU aHTEHH B OYIyIIeM yBe-
JIMYAT PACCTOSHUE.




Tepmoaunamuka (ropsueii) Beenennoii

XuMuYecKuii moTeHIuajl B pPAaBHOBECUN

dE = —PdV + TdS +»  1dN; =0 (5.84)

Tepmognnammiaeckoe VI xuMmmieckoe paBHOBECHE:
[IpeBparrenne yacTuil MHOTO OBICTpee paciiupenus Bee-
JIEHHOI:

dV =dS =0 = Y pdN;=0 (5.85)
[IpuMep peaknmy B paBHOBECUM:
141'+'/42 — B+ By (5.86)

[TpeamooxkuM MaJiblil BBIXO/, M3 XUMHUYIECKOTO PaBHO-

Becusi, dIN # 0:

pa AN + padN — pp dN — pp dN =0 =
= pay + pa, = pip, + pp, (5.87)

B obmem ciayuae:

Ai+---+A, B+ +B, =
= oy A, = ks, (588)

[losie3Hble cieaCcTBUSL:

etesretety+-+y=p, =0
b+b=2y = m=—

Pacnpenenenus  @Pepmu-/Ilupaka wu  bose-
DiiHimnTeiliHa B HUMILYJIbCHOM MOPeACTaBJICHUN
(uaeasibHBIE Ta3bl)

Obwranas 3anuch pacupegeneanit @/ u b upeanpHoro

I'a3a:
gi )
eEi-p)/T 1" —b

e N, — 4HCJIO YACTUIL B SHEPIeTUIECKOM AIMUKE HOMED
¢ c sHeprueit F;

® ¢, — UNCJI0O MUHUMAJIBHBIX dvdeeK (hazoBOro mMpocTpaH-
CTBA OJIHOl YACTHUIIBI B 9TOM SAIIUKE (CTAT. BEC SAIIUKA).

N; =

(5.91)

PaccmarpuBaeM 0b6beM V ¢ OQHOPAHBIM [a30M YaCTHUIIL,
Suepretndeckuit amuk dI' = d°rd’p BOm3M >Heprun
E.
Torna

dl’

= 5.92
9 =4 (5.92)

® 0 — 00beM MUHUMAJILHON A9eiiKu (pa30BOro mMpoCcTpaH-
CTBA YACTHIIBI

® ¢ — CTATUCTUUIECKUil Bec (KOJIMIECTBO) BHYTPEHUUX
COCTOSTHUI JaCTUIIBI (CITUH, CIIMPATHLHOCTD )

g dl’
dN = 4 S E—T L1 (5.93)
3 kB.MeX.:
a=h®=(27)°h’ = (27)° (5.94)

Pacropenenenne ognoponso BHyTpu V. =
HET 3aBUCUMOCTH OT KOOPJWHAT U B dl' MOXKHO BKJIIO-
YUTL BeCh V':

dl' = Vd’p = (5.95)



1 Vdip
(2m)3 7 elE®)-H/T £ |

MozkHO mepenmcaTh KaK IJI0THOCTE pacipeaeseHnd MM-
IyJIbCA:

dN =

(5.96)

1 dN g 1 B
V % — (p) — (277_)3 G[E(p)_”]/T 11 f(E(p))
(5.97)
Hopmupopka:
/f(p)d?’p = n — quciao dactuil B 1 oobema  (5.98)
Kax Beipaxkatorest n, p, p qepe3 f(E)?
Jnst qacrur tuna @ — f;(p)

VaTerpupys« 1o yryiaM — IJI0THOCTD YNCIa TacTHI] Yepes

pacIipejiesieHne 110 SHePruu:
= / fi(p) 4mp* dp =

- /fz’(P)dg
—ir [ 5B

[T1oTHOCTL 9HEPTUN
= 4 / fz

PZZ/fz'(P)E

2 EdE (5.100)

m? E2dE
(5.101)

[lapenne

AS

4

KomecTBo 9acTHI] ¢ IMITYILCOM B d°P 0OKOJIO P, HaJle-
TAIONIUX C OJIHOI CTOPOHKI 3a At:

An; = 0. f{(p)dp ASAL
muv; m P

i —— I =
b V1 — 2 V1—0?

OT oHOI YaCTUIRI IIJIOIMIAAKA MOJIYIaeT HMOJIydaeT UM-
nyabc Ap, = 2p, =

JlaByieHne ecTh IepeJaHHbIl MMITYJIbC Yepe3 eIuHUILY
TJIONIA/ I B eINHUILY BpeMeHH (p; cyieBa - gaBienue!):

p- 1
pi = / 2pz—fz-(p)d3p = \pi = gpz, 2 — 1\ =
p2>0
oo 4
47 dp _4r / J(E _ my)¥2dE

3 ), Elp
(5.104)

(5.102)

(5.103)




OcuHoBHBIE POPMYJIBI:

g 1
(27)3 (E—p)/T 1

f(E) =
—47r/ fi(E EQ—m2EdE
_47T/ FAE)E? — m? BdE
_ 27 . 2 _ 0y )3/2
=5 [ HENE - ) ap

(5.105)
(5.106)
(5.107)

(5.108)

YiabTpapeJsaTUBUCTCKUE dacTullbl: 1" > m;, p; = 0

W3 (5.107):

pi = 4 / J F3dE =
o (2m)

3 BE/T +1
. 00 3
_ i T4/ ©_dz (5.109)
27T2 0 e+ 1
TabmmaHbIe NHTErpaIbl:
oo 2n—1 22n—1_1
/ S P — % (5.110)
g e +1 2n

oo 2n—1 2 2n

/ R C (5.111)
g e*—1 4n

1 1 1
Bi=-, By=—, By = — 5.112
P TP T30 T 42 (5.112)

n=2= o 3 _—
/ SRS (5.113)

, e+1 430

o0 3 1
/ ot (5.114)

) e —1 30

Obbemuasa dopmyna Credbana-bonbrivana mra Y P-
JaCTUIl TUTIA 1:

( 7 7.‘.2
ég’ 30T4 — Pepmu-/lupak
Pi = 1 2 (5.115)
SOT ' _ Boge-Ditamreiin




