Jlekninga 5

I'opmzont /leCurrepa m Mmojean ¢ KpUBM3HOI. 300MapK
KocMoJiormideckux Mmojeseii. Ilapamerp 3amenjiennsi, cranjapTHBIE
cBeun n teMHasi 3Heprusi. Monenb AC'DM m Tpu OCHOBHBIE 31I0XH
Bcenennoii. Bo3pacT BcesieHHOIA
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HeCunrTepoBckuii TOPI30HT

KakoB B MOMeHT BpeMmeHU tj pa3mep 001acTu, U3 KOTO-
poit JOWAyT CUrHaJbL B TOUKY & = (0 K MOMeHTY t > 17

j oo
to _
x=0 npocrpa:lcmo
R,
dt
las(t) = a(to)/ =
to a’(t/)
t /
dt
= const X eHdStO/ =
1, const x effast
1
— i [1 — G—Hds(t—to)] (5.1)
las(00) = 7 (5.2)
Cx) = .
dsS ffds

CurnaJjbl 13 06J1aCTel, KOTOphIe ceffiac pabiie [gg(0o)
He foitayT g0 Toukn x = () HuKormal

8
Hys =1/ gG/\ (5.3)
A =3.39GeV/m® = 2.60 - 10747 GeV?
he 19 -5
Mpi =1/ = 1220910 GeV =22-107g  (5.4)

G=M,’=6.71-1073 GeV?
Hys =1.21-107*%GeV
las = 8.27- 10" GeV ™! =17.3-10% 1y

void Do ()

{
double cm = 5.068e13; // GeV~-1
double Lambda = 0.691%4.9e-6; // GeV/cm~3
printf ("Lambda = g GeV/cm~3\n", Lambda);
Lambda /= pow(cm, 3); // GeV~4
printf ("Lambda = %g GeV~2\n", Lambda);
double MP1 = 1.2209e19; // GeV
double G = 1/MP1/MP1l; // GeV~-2
printf ("G = MP1"-2 = Jg GeV~-2\n", G);
double HdS = sqrt(8.*TMath::Pi()/3.0*G*Lambda);// GeV
printf ("HdS = %g GeV\n", HAS);
double LdS = 1/HdS; // GeV~-1
printf ("LdS = %g GeV~-1\n", LdS);
LdS /= cm; // cm
double Ly = 9.46el7; // cm
LdS /= Ly; // light years
printf ("LdS = %g ly\n", LdS);



Cayganm » = +1,—1
[Tbutesunas marepus, A = 0. Uz (4.41):

B const (5 5)
p - 0,3 :
a\’ _ 8wG const . Gpar % (5.6)
a) 3 a3 a2 ad a? '
da\’ 5
dt = a(t)dn = o) = Gmas — 3@ (5.7)
n
w=—+1
a(n) = Apag sin? g (5.8)
Bceenennas poxkiaercs B TOUKe U KOJLIAIICUPYET B TOY-
KY.

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

8t
WT,O = amg:c (o ompegenenmio, cM. (5.6))  (5.10)
a
O6beM MOBepPXHOCTH TpexMepHoit cdepsl: 2m2a’
2.3 . m
pX2ma’ =m = p= 523 (5.11)
StG m A 4



a(n) = apmaz sh” g (5.13)
1 ama:c
t :/ a(n)dn = —=(shn —n) (5.14)
0

Kosnarca Her, BcesieHHasdA OTKPBITa U OECKOHETHA.
gy HE UMEET CMbICJIA MAaKCUMAaJIbBHOTO pa3Mepa.

% Haitgure acumnToTuky pertenus npu t — oo.

3oonmapk KOCMOJIOTHYECKUX MOJeJaeit

Vi3zmMeHeHuUe BO Bpe- 4 / /
MeHN OTHOCHUTEJbHO- /
TO PacCTOAHHA MEX- A >0 |~ 7
ay TejJaMu (rajaKTH- 7 -
KaMmM, WUX CKoOIlJe- s
HuaAMU) BO BcejeH- -
Ho#i (T. H. MacmTab- -
Horo (akTopa R) B ] /
3aBUCHUMOCTH 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

(um Kak OblIa OTKPHITA TEeMHAsl SHEPrus )

[Ib1b:
a(t) = constt*/?

2
a(t) = =constt /3
3

2
i(t) = —=constt /3
9

1
QO:+§

(5.15)

(5.16)

(5.17)

KaxkoB mapamerp 3amejjieHnd B Oojee obieM ciydae’?
(U B wem 3ak09aeTcsa 9TOT Oosiee OOt crydaii)?

Kpurnyeckas mjioTHOCTH

YpapHenne Opuaimana;

e

H2(1) = (9)2 _ %G(p+/\) -z

= JlocTrogaHag XabbJja celivac:

S %4
H:=—G A -5

Ecim nmpocTpancTBO 110cKOe, 3¢ = 0, TO

ST 3
_ A :H2 A:_HQ
3 G<p0+ ) 0 = p0+ 87TG 0

(5.18)

(5.19)

(5.20)

3
Pe = %HS — KpHUTHYeCKas MIOTHOCTD | (5.21)
h = 0.68 =
['sB ['sB
pe = 49-10°5 2 = 492" (5.22)
cm? M3

po + A nsmepdaroTcs.
Pesyabrar: B mpejenax ommboK

po+AN=p. = (5.23)

Hawe npocmparcmaeo 0O4€Hb OAU3KO K naocCkomy.

U3 (5.18):
ST 4
H? = —Glp+AN)—= =
— 8_7TG + + _iﬁ _
-3 PM T Prad T PA el
S

= 5 G (Pn + praa + pa+ px) (5.24)

YpaBHEHNE CITpaBeIINBO BCeTa, KOTma MOXKHO TpeHe-
Opeub MJIaBHBIM ITPEBPAIIeHIEM YILTPapPeIaTUBUCTCKOM
MaTeEPUN B HEPEJIATUBUCTCKYIO =>

Bcerma, kpome od9eHb paHHNUX 310X TTOCTIE CHHTYJISIPHO-
CTH.

N3 (5.24):

3
vy S & 5.25
Py Prad + pat pr = o (5.25)



13
(5.2

[

)

PYF Powa PR+ P = pe

BBeﬂeM OTHOCHUTEJIbHbIE IJIOTHOCTU CEUMAC:

Q= phy/pe
Qad = Paal Pe
Qn = p}/pe
Qi = pi/pe

Qv+ Qaad + OO0+ Q=1

()
PM = Py 0

0o ()*
Prad = Prad ( a)

pr=py =A
PK = PO (@)2
K a
3 8T H?
=gt = 5G=""
Pe= Snca Pe

H2 ap 3 ap ap
HQ:—()[P?w( ) +P2ad(g) +pA+PK( >

Pec a

5.25), JUist COBPEMEHHOM 310X (IO OMpeIeJICHUTO

(5.26)

= o (%) 20 (%) 4 0 2 ()] 30

ypaBHeHI/Ie CDpI/IﬂMaHa B OTHOCUTEJIbHBIX ITJIOTHOCTAX:

(5) = 1o ()0 () o0 (3]

(5.38)

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

(2) = ae o (2) v v (%) 63

i = Hoy/ Qs ad/a+ Qya? + Qal (5.40)

Hy —QMag/CLQ—FQCLQA

2 \/urad/a+ Qpa? + Qxal

1 1
= 5H@(QCLQA - ?QMag) (5.41)

(g ymo!)

1
qozé(QM_ZQA) =1, A=0=qy=1/2]

B kakoMm cooTHomeHnn Haxoadarced 2y u 247



CrangapTHBIE CBEYH U ITapaMeTp 3aMeaJeHns

Habstomaemast spkoctsb J(z) cTaHIAPTHOIO MCTOTHUKA
co cBeTuMOCThI0 L (9pr/cex):

L 1 1

J(2) K & L
Z = =
S(z) 1+z 142z S(z) (14 2)?
MOKPac- PaCTsKeHue
HEHUEC BPEMEHUN
(5.44)
S(z) — maomaab 2-chepor

, OKPY2KaIoIeil MCTOYHUK.
PacTskenne BpeMeHN:

dt; dto a; dtO
" a; ap ag "7 + z ( )
AT
dn
tO
dn
ti
-
X
S(z) ="

Sz, Qar, Qs Q) =7

J(z, 1, 20, Qx ) — SKCIIEPUMEHTAIBHO H3MepsieMasi Be-
JTMHNHA.

IImomanap 2-cdhepbl B 3-IJIOCKOM IIPOCTPAHCTBE,
3-cepe u 3-ticeBmocdepe

1. JInmHA OKPYKHOCTH pajinyca p Ha 2-TJIOCKOCTH

N

R C, =2mp = 2mr(p)

(5.46)
P
r(p) =a (5) = ax(p)
(5.47)
@ — TTPOM3BOJIBLHBIN MaCIITaOHBI (haKTOP
2. JInmHa oKpy»KHOCTH pajuyca p Ha 2-cdepe
A
0 d?
' { -
C, =2nr(p) (5.48)
r(p) = asin <£> = asin x(p) (5.49)
a

a — pajnyc




3. [Inomaapb 2-cdepnl B 3-IJIOCKOCTH

S, = dmp* = 47r*(p) (5.50)
o) =a (£) =axo) = ax(o(z))  (551)
4. Tlnomams 2-cdepw B 3-cdepe

S, = 4mr*(p) (5.52)
r(p) = asin (&) = asinx(p) = asinx(p(z)) (5.53)

5. Tliomags 2-cdepbl B 3-1icesnocdepe
S, = 4mwr*(p) (5.54)
r(p) = ash (£) = ashx(p) = ashx(p(z)  (5.55)

S(z) = 4mr?(2) (5.56)
ax(z) — 3-ILJIOCKOCTD
r(z) = { asin x(z) — 3-chepa (5.57)
ash x(z) — 3-mceBmocdepa
x(z) = 22 (559

a

X(z) — KoOpZIMHATHOE PACCTOSTHUE OT UCTOTHUKA,
I3y IUBIIETO TPU KPACHOM CMEIEHUHN 2
(MOMeHT BpeMeHH t;) 70 IpUeMHIKa Ha 3eMJIe.

Borucaenue r(z)

KoopamnaTHoe paccTogane J0 NCTOUHNKA, N3y INBIIe-
IO B MOMEHT t;, M IPUHATOrO Ha 3eMJjie B MOMEHT t:

o dt
= [ _ 5.5
v=x= | o X (5.59)
2
()= Imde=—Ladt = dt = ——— dz =
a(t) a’ ana
(5.60)

0 2 p
a 1 dz
— - d e —
X2 /z ( a0a> “a /0 ag(a/a)

a i 2 ao 3 ago 2

G 2]
a a a
(peHebpersu U3y deHneM ); o _ L4 1\ —
a

: dz
/0 CL()HO\/QM(l + 2)3 + Qp + QK(l + 2)2

(5.61)




Pesynbrar:

»x=0:

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

7’(2 Qu+Qr =1 (5.62)

x=+1:
dz

T(Z) - s [/0 CL()HO\/QM(l + Z)S + QA + QK(l + 2)2
(5.63)

w=—1:
dz

riz) = aosh [/0 aoHo\/Qur(1+ 2)3 + Qp + Q (1 + 2)?
(5.64)

Mozxno uz I1.Y. nckmoants Hy. g » = 0 nerko:

»x=0:

Hor(z Qu +Qa =1 (5.65)

: dz
):/0 \/QM(l—i—Z)?’—I—QA’

Hyr(z) — Bepazkenue r(z) B €CTECTBEHHBIX KOCMOJIOTH-
eCKUX eJIMHUTIAX.

0 P _L(_ =\ 3 _
pe  pe \ @) 8nG

8tG > 3 1 2
T2 2 2 Z (566
3H3< ag> G- ma 560

Hyag = 1/v/ =82 (5.67)
)=+1:
HMQV:¢;@fmlézVQMu+zgi%TiQK“+ZV
(5.68)
e=—1:
HW@):x%Eﬁh!AZVQMUh@j?é%;QKﬂ+ZV

(5.69)



Habmromaemast apKocThb

L L

&) = s " weroree - O™
rz) = i1 475(2) - (5.71)
Hor(z: Qg Qa, Qx) = fol Miz) (5.72)

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

Ecm ects «cranmapraas csedas L, To Hor(z) MoxHO
M3MEPUTh.

Q, =024, Q=076
Oy = 024 Quurw = 0.76
1.5 | 0y =10, Qp =0

0.25

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

CraHngapTHBIE CBEUN — CBEPXHOBBIE THUIIA la.

44 F
. MLCS

42F ]
% 40 B ]
£ [

381 .
= i — Q,,=0.28, Q,=0.72]
= - ]

36 . 0,,=0.20, ©,=0.007

3l -~ ©=1.00, ©,=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 (1eM OOJIbITIe, TeM TYCKJee)
ODKCIIEpDUMEHT He COIVIACyeTCd C IPEJIIOI0XKEH!-
eM, 4TO BcesleHHada 3a110J1HeHa TOJILKO MaTepuei.



Hazan Kk napamerpy 3aMeajieHus

Bo BTopom mopsike mo z %

r(z) = HLO [z — %2 <1 + L _2 2QA>] (5.73)

U3 (5.42): N
=1 (5.74)
r(z) = Hio [Z - %2 (1+ QO)] (5.75)

Qo oIpeiesideTcd IPAMO 110 KPUBOU ?“(Z), g < 0=
He 3aMejjIeHne, a yecKopeHue!

NMmeerca npubimsnuresibHOE BBIPOXKIeHME 110 (1) 1 ()
IIPU MaJIbIX 2 =>
Yewm OoJibime z, TeM TOYHEE OLpEeIeIeHHe (.

_05 .
Ao -7
o]
a 1 gerd™® ‘

- Expands to Infinity

llapses . 1o -
(& %e@ Recollapses 0,20 -
. O N7
%)
MLCS

-1 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 | |

0.0 0.5 1.0 1.5 2.0 2.5
Qy

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

Orpanndenus Ha (2); 1 () 0 OJHUM TOJBKO CBEPXHO-
BBIM la.

Hobenesckasa 2011 1.
Coun IlepamyTrep, bpaitan [HImuar, Agam Pucc.



Henb3s i HailTu cTaHgapTHBIE CBEYN ITosgpde’ ACDM-Mmopaenp — ctaHgapTHAS MO/I€JIb KOCMOJIO-

Tun
MoxKHO M HMCHOJIb30BaTh raMMa-0apcTepbl Kak

CTaHJAPTHBIE cBeYNr IIPpU OOJbINNX 27 ACDM — A Cold Dark Matter

(HekoTopbie) mapamMeTpbl CTAHAAPTHO# MO/1e/11
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Qrad

0.309 £ 0.006 (Qp ~ 0.05, Qepar ~ 0.26) (5.76)
0.691 & 0.006 (5.77)
1074 (5.78)
0.005 (5.79)
(5.80)
(5.81)

Are long gamma-ray bursts standard candles?
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ABSTRACT

Gamma-ray bursts (GRBs) are widely proposed as an effective probe to trace the 1 . ypaBHeHHe COCTOAdHU4Aa TeMHOf/,I aHepPI/II/I:
Hubble diagram of the Universe in high redshift range. However, the calibration of

GRBs is not as easy as that of type-Ia supernovae (SNe Ia). Most calibrating methods
at present make use one or some of the empirical luminosity correlations, e.g., Amati
relation. One of the underlying assumptions of these calibrating methods is that the p p— w p (5 8 2)
empirical correlation is universal over all redshifts. In this paper, we check to what :

extent this assumption holds. Assuming that SNe Ia exactly trace the Hubble diagram
of the Universe, we re-investigate the Amati relation for low redshift (2 < 1.4) and
high redshift (z > 1.4) GRBs, respectively. It is found that the Amati relation of low-2 — 1 : _
GRBs differs from that of high-2 GRBs at more than 3o confidence level. This result is w TeMH aﬂ 3:[_IeF)I‘:[/IH eCTb B TquOCTI/I B a’KyyM
insensitive to cosmological models. We should be cautious when using Amati relation

to reconstruct the Hubble diagram of the Universe. H]Z)Iﬁ KOCMOHOPI/IquKHﬁ UI.HGH . I/IHa‘—Ie «KBI/IHTSCCGHHHH »

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

iy | (w > —1, ckassipHOe T0Jie) WK «(DAHTOMHAS SHEPTUI»
(w < —1, HETOHATHO ITO =>
Bosbimoit paspois, Big Rip).

1 INTRODUCTION

Gamma-ray bursts (GRBs) are the most luminous explosions in the Universe since the big bang. The isotropic equiv-
alent energy they released in a few seconds can be as large as 10*® ~ 10°® ergs. For recent reviews, see, e.g., (1999);
;IKumar & Zhang \I . Thanks to their extreme brightness, GRBs are detectable up to redshift z = 9

2015). For example, the most distant GRB known today is GRB 090429B, whose redshift is as high as z = 9.4 2 O
For ol ut GRD ko . . Onenka €244

gl arameters ( 3

Dai & Liang [2008): [F - [2008; [F Illll
|I|I|I||| [Wei, Wu & Melid Men

12013 |||I|I [2014;

lu@nomtim of SNe .Ia make them-the. ideal d_ista.nce mdlcators n -tracmg the Hubl;le dmgra.m of the local (1-0w redshift) << 3 aKOH C Te(b aH a_ B OHbHM aH a >>

universe. However, since we have little knowledge about the explosion mechanism of GRBs, the GRB candle is much less
standard than the SN Ia candle.
Nevertheless one can stlll calibrate GRBs usiny Lhe em)| 1l‘lCE.l luminosity correlations found in long GRBS These cor-

s
Yonetoku et al)

arXiv:1504.07026v2 [astro-ph.HE] 20 Aug 2015:

(5.83)

) Liang-Zhang relation (tb

2
P, = Q;T—OTél, Ty = 2.725K° (5.84)

4), Yonetoku relation (Epnk L,,ﬂ_,)
), Flnn.anl relation (To.45 — Epeak — Liso)

Epeak — Eiso)

* e-mail: linhn@ihep.ac.cn.

+ e-mail: lixin1981@cqu.edu.cn.
1 e-mail: wangsai@itp.ac.cn.

§ e-mail: changz@ihep.ac.cn. 3

© 2015 RAS pc H h - 068 = (585)
[Toka ecTb 1IPOOJIEMBI. 8t

Q, =0.53- 107" = Qg =~ 107" (5.86)
(ITposepnTe %)




OcuoBabIe ¢dra3bl 3Bogomun BeesleHHoi

Ypapaenne Opuamana;

() =8 o ()" o (2) 0w ()]

(5.87)

1. Ilpn a — 0 momuHUpYyeT paanalnnoHHbIN wieH ()..q
=\
paJIMaIliOHHO-TOMUHUPOBAHHAs CTAaNd, Spa JTOMU-
HUPOBAHUS YILTPApPeIATUBUCTCKON MaTepun, «lo-
pAUInii BobITO B3PLIBY

2. Tlorom pmomuuHpyer wieH 1y =
9pa  JOMUHUPOBAHUS (XOJIOAHON HEPEeTSITUBUCT-
CKOI?I) MaTepuu, dpa NbLJIEBUJIHON MaTepuu

3. Opbl JIOMUHUPOBAaHUS KPUBU3HBLI HET, XOTA MOIJIA
Obl OBITH, HO (i MaJjio, a {2, Ha00OPOT, BEJIUKO.

4. Tlorom momuHupyeT WieH {2y =
spa HeCurrepa

B mnepBom mpubsim:keHun ecTb BCEro TPU OCHOB-
Hble (a3bl SBOJIIOIUHU, CBA3aHHBIE COOTBETCTBEHHO C

Qrada QM: QA-

OT paamanmmoHHO-IOMIHHUPOBAHHOI cTaamnl K
CTAJINM XOJIOJHON MaTepun

(2)2 _ %ﬂGpc [QM (%)3 + Qg (%)1 (5.88)

3 4
Oy (@) ~ Qg (@) = (5.89)
a a
Qa QM 0.3
~ ~ — 142, = 5.90
Qeg de 10_4 T2 1 ( )
Zeg ~ 3+ 10° (5.91)

T,
Tt =1 2o = Ty = To(1 + 20) % 107K ~ 198
0
(5.92)

Kax naittu Bpema t. 7

He coBcem mpocTo, depe3 cOBpeMeHHYI0 TeMIIepaTypy 1
Heq-

«3axkoH Credana-bosbiimanas jj1s1 GOTOHOB U HERTPU-
1o (apyrux YP wacrur Her):

7.‘.2

Prad = %Q*TZL (593)

gx — 5bdEKTUBHOE YUCI0 cTeleHeil cBoOoIbI (cTatT. Bec)
dOTOHOB 1 HEATPUHO:

21 [ 4\"?
gy =2+ — <—) ~ 3.36 (mosyuamm otom) (5.94)

4 \ 11



a\’ 8r
) =@ 5.95
(a ey (5.9
T =(1+2)T, (5.96)
87 s ST 2
H, =+ —Gp=1/—G20p01 = \| — G2—q,T* =
q 3 P 3 Prad 3 309
8m3 1 T° (1 + 2¢) To]?
= T?V/2 § = °q 2
\[\/ 90 ! Mg, Mf;z\[ Mp, V2
(5.97)
i} Mpy
Mpy = —= (5.98)
90 9+
Ha pajanannoaHo- JOMIHAPOBAHHON CTaIIN
1 1 M
toy = = _ il 2~ 120000 5.99
" 9H,, 2]+ zeq)TOP\[ ner (5.99)

Ot nomuampoBaHusg marepun K ¢aze leCurrepa
— OT 3aMeJjieHns K YCKOPEHUIO

Wimem Touky meperuba a(t):

N 2
8 3
(9>-——EG%[QM(9§ +£M] (5.100)
a 3 a
8 3
a? = ngc <QM@ + QAaz) (5.101)
a
. 8w ag . .
200 = ?Gpc —QM—2a + 2aaf)) (5.102)
a
3 QQ
a-—O::>(aO) e (5.103)
a

20 2-0.69
:__LﬂL—LJ—W ——1=0.65 (5.104)

t ="
Pemienne agsa )y, ) # 0, Qg = Qg =0
a

(—)QEQIQM(WU +§h],QM+QA1(5HB)

a

[IpoBepsieTcs 1m0ACTaHOBKOIL:

a@)—-ao(%%§>b®[ﬂl(g\/ﬁXﬁ%é>]W3 (5.106)



KpacHoe cmenienune - BO3pacT - pacCTodHUEe
Wt (/)" (5.107)
S(H) — 2/3 ' z t,G t0-t,Gy R,Gl
alt) [sh (5 Hot) | 0.01 1586 0.1433 0 144
9 N2 [, 0.01259 13.62  0.18 0.1812
t=-—"_ arsh ( > 4 (5.108) | 0.01585 13.57  0.2261  0.2279
3Hov/ z+1 Qu 0.01995 13.51  0.2838 0.2866
0.02512 13.44  0.3559 0.3604
BozspacTt BcesienHnoii 0.03162 13.35 0.446 0.453
0.03981 13.24  0.5582 0.5692
2 QO 0.05012 13.1 0.6975 0.7148
z=0 = to—-gifzﬁizaﬂﬂl< 5;—) (5.109) | 0.0631 12.93 0.8701 0.8971
0V =22A M 0.07943 12.72  1.083  1.1925
0.1 12.46  1.344  1.409
Qp = 0.691, O = 0.309, h = 0.678 = 8-1%22 1%-%@ é-SZé é-ggf
ty=13.80-10"xer (5.110) | o 1995 11.29  2.504  2.742
0.2512 10.75  3.047  3.407
BozspacT nepexoga ot 3amMejijieHUs K YCKOPEHUIO 0.3162 10.12 3.677 4.216
0.3981 9.401  4.397  5.193
ST =165 = =761 10%er  (5111) | o ears o oom  aere 9 ook
to—t =6.2-10° et (5.112) = 0.7943 6.803  6.996  9.299
1 5.865  7.934  11.07
1.259 4.946  8.853  13.03
1.585  4.08 9.719  15.12
1.995 3.294  10.5 17.3
2.512  2.608  11.19  19.52
3.162  2.028  11.77  21.73
3.981 1.552  12.25  23.89
5.012  1.172  12.63  25.97
6.31 0.875  12.92  27.93
7.943  0.6468 13.15  29.77
10 0.4743 13.32  31.47




